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NPEAUCNOBUE

Opuum us (barc'ropon, -obecreynBaOIUX YJIy4YUIEHHE KayecTsa
NOATOTOBKM yuHuTesdell (UMKM cpefHHX 06meo6pasoBaTelIbHEIX
LUIKOJI, ABJSETCS YCBOSHHE CTYAEHTAMH IEJATOTMYECKHX BY30B Teope-
TUYECKHX 3HAHUM mo (QUBMKe X yMeHHe NPMMEHATH MX B IPAKTH-
YeCcKUX YIpaskHeHHMAX. Pa3sBUTHUIO NPAKTHYECKHX HABLIKOB CIIOCOG-
crByeT pemreHnue 3agady. Haseiku, moaydyeHHBIe CTYJEHTAMH DU penie-
HHM 3afad Hacrosmero «COopuMkas, GYAYT IOJI€3HEI B MX JaJib-
Helineil nmeparoruyeckoif AeATeBHOCTH,

IIpeanaraemerii « COOpPHHUK» COZEPIKMUT 3afayM 10 BceM pasjesaMm
Kypca ofureil pu3uKu B COOTBETCTBHH C JeiicTByollell mporpaMmoii.
B Hauasme Kamjgoro maparpada AaHE KpaTKUe TeOpeTHUYeCcKHe cBe-
JeHMs ¢ YKa3aHHEeM OCHOBHHEIX 34KOHOB H (OpMyJ, KOTOPHE HUCIIOJIb-
3yloTcs IpH perlenuu sajgad. B koHne «C60pHHEA» MOMELIEHB OTBETH
K 3alayaM, peileHUs HaumboJjiee CIOKHBIX 3a/lad, a TAK)Ke Bce HeoO-
XOAMMBIe CIpABOYHBIE CBEJEeHHA.

Tpya mexay asropamMu «COOpHMKA» paclpefiesieH CJHeAYIOUHM
o6pasom: §§ 1—6, 8—10, 21—23 cocraBun A. C. Muxynuu;
§§ 11—16 — N. ®. Capunkasn; §§ 17—20 — T'. A, 3arycra; §§ 24—
30 — T. II. MaxkeeBa; §§ 7, 31—36, npeaucIoOBHe M NPHJIOMKEHHS —
M. C. Ileapuk.

ABTOPH BHpa’XalOT HCKPEHHIOKW (JaroJapHOCTH npodeccopy Ka-
deapu 06meit pusuxku MUPHU M. E. Mpoxosy, koueKTUBY Kaden-
pbl  (PUKKHM ADPXAHTeJbCKOTO -  IeJarorHyecKoro MHCTHTYTA
um. M. B. JlomonocoBa, Bosrsasiasemoii mouentom A. H. Cypos-
LieBLIM, COTPYAHUKAM Kadeaps obmeil ¢pusnkn MHHCKOrO nmefaroru-
YecKoro HHCTUTyTa UM, A. M. Topskoro, gouenty MI'TIH um. B. HU. Jle-
muHa 0. H. IlammAy, B3ABIINM Ha ce6A TPYHA IO peleH3HPOBAHUIO
pyxomucu. Ix KpuTHYecKHe 3aMeUaHHS YUTEHBl [TPH OKOHYATeJIbHOMK
JopaGoTke pykKon#mcH M BO MHOTOM cnocoﬁc'rnona.un YAYUIICHHIO
ee KavecTBa. _
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MEXAHMKA

§ 1. KHHEMATMKA

Cpeanas CKOPOCTb TOYKM:

i}’)___’

rae AF — npupamenHe paaMyc-BeKTOpPa F(t) = ix(t) + jy(t) + E2(t) sa

BpeMsa At (i, j, B — eauHUUYHBIe BEKTOPH (OPTH) ocelt MPAMOYIOJib-

HOM cucreMHBl KoopauHaT, x(t), y(t), Z(t)—-—ROOpp;HHaTbI TOYKH).
MrHOBeHHAS CKOPOCTb:

AP dF
T=lm = ar

Moaynp CKOPOCTH:

17 dx)2 | (dy\? , (dz)\?__ 48
SRRV RN

191 /\/dt+dt+dt at’

rge ds — nyTh, NPOMAEHHKIE TOUKOM 3a BpeMd di.
3aKOH CJOMXKeHHs cropocreil Tannnes:
i;__‘ UI+301

rge U — CKOPOCTH MATEPMAJBLHOW TOYKHM B yCHI0BHO HeIIOBUA HOM
cHcTemMe KoopaMHAT (aGcomoTHas CKOPOCTB), U’ — ee CKOpPOCTh B
OBMXKyIIelicA cHcTeMe KOODAMHAT (OTHOCHTEJIBHAS CKOPOCTH), Uo —
CKOPOCTh NMOABHKHOM CHCTEMBI KOODJAMHAT OTHOCHTEJIHLHO HEIOABHIK-~

Holl (mepeHOCHAsl CKOPOCTD).
Cpeanee yCKOpeHMe TOYKH:

_a
<a>> —At ’

rae AU — mpupanieHMe CKOPOCTH 3a Bpemsa At.
MrHOBeHHOE YCKODEHUE:

_1 i; dv
At—»O At dt

Moxyns ycKopeHHA:

a=3= \/(a!t2 ) + (dt*)’

TonHOE yCKOpeHHe NpH KPHBOJHHEHHOM ABHIKEHHH:

-
—> - =g = 7 —»dv
a=a Qr=NR— 1T~

nta=np r

rae @, u @, — HOPMAJIPHOE M TAHICHIMAJLHOE YCKODEHHS, 7L U T —

.eAHMHHUYIHBIe BEKTOPhl B HAIpPaBJeHHH I'IAaBHOY HOPMAJH M KacaTeNb-

HOH K TpaekTopmu, R — paguyc KPpHBH3HEI TPA€KTOPHH.
HanpaBieHme BeKTOpa IOJHOTO YCKOpDeHHA ONpejesasderci uU3
COOTHOIIEHMA

tg a==",
Ifie o — Yroid MeXKIy BEeKTOPAMM IOJHOT'O YCKOPEHHMSI M CKODOCTH.
Yraosas CKOPOCTb M YILJIOBOE€ YCKODeHHe Ipu BpaI.IIaTeJILHOM

IBUIKEeHUH

3=09 z_ds
=g T

CBaAsp nuHelHOH H yrnoxoﬁ cxopoc'm.

v—[w, rl,

rie 7 — paguyc-BeKTOD . paccma'rpnnaemoﬁ TOYKH OTHOCHTEJbHO
1060 TOUKHM OCH BpalleHHA.
Cesasb yrnosoit ckopocrn ¢ mnepuoaom T u vuacroTodf Bpaime-

" HHA n:

2n
W_=— = .
T 2nn

an == (l)zR, A= SR,

rpe R — paccrosHue oT ocH BpamieHMA.
Y papHenue rapmonm:ecrmx KoneGaHuil ¥ ero pemenue:

dt’ +w0x 0, x=A cos (0ot + ¢),

rae x — cmeuenue, A — aMnauryzaa, wo — cch'rBeHnax JacTOoTa KO-
nebanuit, ¢ — HauaabHaA Qasa.

lpu ciaoKeHUH ABYX OZWHAKOBO HalpaBJeHHBIX rapmonnqecxnx-
KoJse6anuii ogHOH M 'roﬁ YK€ YacTOThI

=A, cos (wt+q;), x3=A; cos (ot + ¢2)
aMILIATYAa B (asa CIAOXKHOro KoJjebanms onpefiesIfeTcsS COOTHOIe-
HUAMH:

A=A’ A24 24,4, cos (92— @), tg p=Ai8ing +4,0ing,

A\ cos @1+ Az cos p; )
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" YacroTa GueHHH TIPH CIOKEHMHM rapMOHMYECKHX KojebaHH# ¢ dyacro-
TaMHa Vi H V! ]
v= lV] —_ Vzl .

IIpamoamHeiiHOEe ABHKCHHE

1.1. B kKaKoM caydae NpPOHAEHHBIH Ma'repna.nbﬂoﬁ TOUYKON IIyTh
¥ MOAYJb BeKTOpa IepeMeIlleHHsd COBIAZAIoT?

1.2. KoopAMHATH MATEPHUAJbHON TOUKM HM3MEHSIOTCH CO Bpeme-
HeM Mo 3aKOHy x =4t, y=23t, 2=0'. Halitu 3aBuCcEHMOCTb TpoiifeH-
HOT'O TOYKOM - IIYTH OT BPEMEHH, OTCUMTHIBAS paCCTOSHHE OT HAa-
yaJIBHOTO ee noJioKeHHd. Kakoii myTte npoiiger Touxka 3a 5 c?

1.8. IlepByio 4eTBEPTH NYTH MOTOUMKJIUCT [IPOEXAJ CO. CKOPOCTHIO
v;=10 M/c, BTOpDYIO CO CKOpPOCTBIO Us=15 M/c, TpPETBIO CO CKO-
pPocTBIO V3 =20 M/C U HOCAELHIOI €O CKOpocThio Us=25,0 M/c. Onpe-
JeJIUTh CPeAHII0 CKOPOCTh MOTOLIMKJINCTA HA BCeM NIYTH.

1.4. HaiiTH cpegHIOI0 CKOPOCTh JABHIKEHHA ABTOMOOHWJSA, €CJH

o]

1 -
M3BECTHO, UTO —— YACTH BPEMEHM OH JABHIAJICH CO CKOPOCTHIO 16 m/c,

a BCce OCTaJlbHOe BPeMSA CO CKOPOCTBIO 8 M/c.

1.5. Tlaccaskup 9JIeKTPONOE3ha, MOBMIKYIIErocsi ¢O CKOPOCTHIO
15 m/c, samMeTHn, UYTO. BCTPeYHHIH nNoess pAauwHoid 210 M mnpomen
muMo Hero 3a 6,0 c. OnpezesNThL CKOPOCTH BCTPEYHOrC IMoe3aa.

1.6. OnpefiesIATE CKOPOCTH BEJIOCHIEAMCTA M TEUIeX0Ha, €CJHU
M3BECTHO, YTO IIpH ABUKEHHM HX B OJHOM HAIIpABJEHUH 3a KaKIYIO
MUHYTY ABHMKEHHUA MELIeX0] OTCTAET OT BeJOCUIIeAUCTA HA PACCTOAHMIE
$;,=210 ™M, a ecau, He MEHHES IO MOAYJIO CKOPOCTH, OHHM JBH-
JKYyTCS HABCTPEUY APYr APYrY, TO 38 KaMKjble 2 MMH paccTOSHHE
MeXAY HHMH yMeHbIIaeTca Ha S; =780 M.

- 1.7. TIpy HeNOABMIKHOM 9SCKAJIATODPE METPOIIOJNMTEHA IACCAMKUP
noguuMaercd 3a ;=120 ¢, a mo ABMMKYIIeMycA IpU TOH Ke CKO-
POCTH OTHOCHUTEJIBHO CTyIeHeK 3a ;=30 c. OnpegesuTs BpeMa mogne-
Ma Iacca’kupa, HEIOABHIKHO CTOSAIIETO HA ABMIKYIIEMCHA BCKAIaTOpe.

1.8. MoTopHada JOAKa IJLIBET IIC peKe H3 OAHOr0 INYHKTa B
Apyroit u o6parHo. Bo cKOJBKO pas BpeMs ABHUIKEHUSA JIOZKU IIPOTHB
TeveHuss 6oJbUle BpPEeMEHHM ABHKEHUS II0 TEYeHHIO, eCJM CKOPOCTH
TeyeHust v, =2,0 M/c, a CKOPOCTH JIOAKH OTHOCHTEJIBHO BOABL Vp=
=10 m/c?

1.9. OnpeaenuTs CKOPOCTE MOTOPHOH JIOAKH OTHOCHUTENBHO BOAEI,

€CJM IPH ABMIKEHHM IO TedeHHMIO PeKH ee ckopocTs 10 m/c, a mpu

ABUMKEHMM npoTus TeueHud 6,0 m/c. Yemy paBHA CKOPOCTH TE€YEHMS
BOAHI B peke?

"~ 1.10., OnpejennTs NPOAOCJIKUTEILHOCTb IIOJETA CAMOJIETA MEKAY
IBYMSA IIyHKTAMH, PAaCIOJIOXKeHHBIMM Ha paccTodHuu 1000 kM, ecsu
CKOPOCTh BCTPEYHOro BeTpa v; =25 M/c, a cpefHAR CKOPOCTh CaMO-
JleTa OTHOCHTEJIBHO BO3AyXa v:= 250 m/c. Yemy paBHO BpeMsd IoJieTa
caMoJieTa IpHM IIOIYTHOM BeTpe?

! Bech U ganee B ypABHEHHAX ABHIKEHMS BeJMUMBRI BLIDAKEHH B exuHuUax CH.

1.11. OnpefenuTs CKOPOCTH BCTPEYHOrO BeTpa, €CHH HpHU IBHU-
JKeHUH aBTOGyCca CO CKOPOCTBIO U =15 M/c Kanjan ZOXKAd, HMelolIHe
BePTHKAJBHYI0 COCTaBJAIINYIO cKkopoctH v:=10 Mm/c, oﬁpasyro'r Ha
OKOHHOM CTeKJIe aBTo6yca IOJIoCH Iojx yriaom o =30°.

1.12, OnpeaesuTh BpeMs IIOJETA CAMOJIETA MEMKZAY ABYMI. IIyHK-
TaMH, HAXOAAMMMHUCA Ha paccrosHud 500 KM, €C/Id CKOPOCTH CaMo-
JeTa OTHOCHTeJNbHO Bo3Ayxa v, =100 M/c, a CKOPOCTb BCTPEYHOIO
BeTpa, HANPABJIEHHOro NOX yrjioM o= 30° K HANpaBJIEHHIO ABUIKe-
HUA, V=30 M/c.

- 1.13. C xakoiit Hau6oJIbIIEH CKOPOCTHIO HOJMKEH UIATH no,u DO IeM
9eJIOBEK, YTOOHR MOXKAL HE INOMAAAJI HA HOTH, €CIH OH JMAEPIKMUT
30HT Ha BeIcoTe 2,0 M M Kpaii 30HTa BhIcTynaeT Brnepexa Ha 0,30 M‘?
Kansu aomxpas majalorT BePTHKAJbHO co cKopocrbio 8,0 m/c.

1.14. TypGopeaBTnBHBIi camoser 3a 1,5 4 moJiera npeogoen
paccroarue 700 kM. OnpefesuTs CKOPOCTh BeTPa, €CJH €ro Hanpas-
JIeHHe COCTaBNAeT yroh o =—90° ¢ HampaBJeHHeM IBMIKEHUSA CAMO-
JieTa, CKOPOCTh KOTOPOro OTHOCHTeJbHO Bo3ayxa 200 m/c.

== 1.15. /e noaBoxHBIe JIOAKM IJILIBYT HABCTPedy APYT ADPYTY
KaMXJaasa co ckopoctbio v. C mnepBoif JOAKM GREII MOCHAH YJILTpa-
3BYKOBOH CHUTHAJI, KOTOPHIii, OTPa3SUBIINCh OT BTOPOil JIOAKH, BEPHY.JI-
cst obpaTHO uepe3 Bpems t. CkopocTs curnaga ¢. Ha kaxom paccrosnun

HaXOAUJIMCHh JIOAKH B - TOT MOMEHT, KOrja ObIJ NMOCAaH cuUrHAN? .

1.16. IBa JIOAOYHMKA [OJKHB NEPENJILITh peKy U3 IIYHKTa A
B nyHKT B (pumc. 1.1). OpuH U3 HHX HANpaBJfAeT JIOZKY IO IpAMOM
AB U, ZOCTHIHYB IPOTHBOMOJOKHOrO fepera, OKA3bIBAETCS B MYHKTE
C. s Toro uro6Bl momacTh B NYHKT B, OH ABHXKeTCA NPOTHB Tede-
HMA BAOJL Gepera orT nyuxra C K nyHktTy B. Bropoil moaounmk
HaIlpaBJifeT JOAKY TaK, 4TO, LOCTHIHYB IIPOTHBOINOJOMKHOro Gepera,
cpasy oxasbiBaerca B nmyHKTe B. Kakoii M3 Hux momas B nyHxr B.
6bicTpee M BO CKOJIBKO Da3, €CJAM CKODOCTh JIOAKH OTHOCHTEJLHO
BoAbl B ofoMX ciaydadx OZMHAKOBA M paBHa v, =2,0 M/¢, a cko-
pocTb TedeHUuA BOAH vy =1,2 m/c? CKOpOoCcTh TeueHHA BOAH ¥ 6eperos
¥ Ha CepeAUMHE PEKU CUMTATH OAUHAKOBOIL.

1.17. [IBuxenue MaTepHaJbHOK TOYKM 3aJaHO YpaBHEHHUEM

x=at+bt*+ct’, rae a=5,0 m/c, b=0,20 m/c?, ¢=0,10 m/c’.

OnpeznenuTk CKOPOCTH TOYKHM B MOMEHTHI BpeMeHH 11 =2,0 ¢ U to=
=4,0 ¢, a TakXKe CpeAHIO0 CKOPOCTL B HHTEpBaJe BpeMeHH OT t
o to.

1.18. OmpegesnTh TpPAaeKTOPMIO [ABHUIKEHHMA TOYUKH, B3a4aHHOTO
ypaBHeHuAMHu: x=4t’+2; y=6t>—8; 2=0. ITocrpouts rpaduk
3aBHCHMOCTH IIyTH, IIPOHJEHHOIO TOYKOU, OT BpeMeHH.

1.19. JIBuixeHne MaTepuajbHON TOYKM 3aJaHO YypaBHEHHSIMH:

2 2
x=28t"44; y=6t"—3; 2z=0. OnpeaeJuTL MOLYJH CKOPOCTH H YCKO-
PEHUS TOYKM B MOMEHT BpeMeHH (=10 c.

1.20. Kakoii nyTe mnpoiiger Teso 3a Bpems t=10 c¢ oT HauyaJja
}IBHJKeHHSI, €CJIU - yPaBHEHHUA €ro ABHIKEHUSA X = 2t2-}—3t-|—4 y-—
=312 44t —2, z=07

1.21., Ha pucyuxe 1.2 npusepensl rpatbmm CKOpoOCTeil ABYyX Tek
A u B, gBMRYIIUXCA NPAMOJUHENHO, KOOPAMHATEI KOTODHIX B Ha-
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YaJbHEIH MOMEHT BpeMéEHH (=0 coBHagaT. ‘{epes KaKoe BpeMsa
HX TepeMelleHud COBIaAyT?

1.22, prmonunennoe IBH)KE€HHE TOYKH ONMCHIBAETCH ypaBHe-
HHEeM r_3t21+4t2]+8¥k Haiitu nyTh, npoiizennstit 'roqrcoﬁ 3a mnep-
Bhle 4 ¢ IBHIKEHUSA.

1.23. CxopocTh MaTepHaJIbHOIL 'rornm, ABHKyINelics BAOJBb OCH
X, omnpepensercd ypaBHeHUEM vx—-O 2-—0,1t. Hailitu KOOPAMHATY
TOYKM B MOMEHT BpeMenHu t=10 c, eciM B HAYAJLHEIX MOMEHT
BpeMeHH OHAa HAXOAMJIACH B TOUKe Xo=1.

1.24. Ha pucyuke 1.3 npusefiéi Tpadnk 3aBHCHMOCTH BEPTHKAJIb-
HOI INIPOEKIM CKOPOCTH ABM)KeHMA KaOMHE JudTAa OT BPEMEHH.
OmnpeaennTs mepeMelnieHue KAaOGMHBI M NpoigeHHHI €0 nyTh. Ilo-
CTPOUTH I'PAGHEK 3aBUCHMOCTH yCKOPeHUHA KAOMHBI OT BpeMeHH.

1.25. Camoner AJA BajeTa AOJKEeH HMeTh ckopocth 100 m/c.
OnpenenuTs BpeMda pasbera U yCKOpeHHe, ecIM AauHa pasbera 600 m;
ABHIKEHUE caMOJieTA IPHU 3TOM CUNTATH PABHOYCKOPEHHBIM.

1.26. AsTOMOGMAbL ABHMKETCA CO CKOopocrbio v =25 m/c. Ha my-
T™H $=40 M NpoU3BOAUTCA TOPMOKEeHHe, II0CJIe Yer0 CKOPOCTh YMEHb-
maerea n0- vz=15 m/c. CuuTadg ABMIKEHHME ABTOMOOMJIA pPaBHO3A-
MeJAJIeHHBIM, HANTH MOAYJNb YCKOPEHHSA M BpeMsd TOPMOXKeHHA.

1.27. Teno, coBepuiaomee PaABHOYCKOPEHHOE ABHUIKeHUE, NPOXO-
AUT OAMHAKOBEIE COIPHKACAIOLIMECA OTPE3KHM MYTH AJHHOHK $=15 M
cooTBercTBeHHO 3a 1,=2,0 ¢ u 1,=1,0 c. Onpeseaurs MoOAYyJIH
YCKOpeHHA U CKOPOCTH Tejla B Hadalle NePBOTO OTPesKa IYyTH.

~ 1.28. OnpegennTtd NMyTh, MPOXOAUMBIH uacTHIeH, KOTOpAs ABM-
JKeTcd Mo NpaMosmHeiiHoil TpaekTopuM B TeueHne 10 c, ecau ee Cko-

pocTh H3MeHAeTCS 1O 3akoHy v=30-}2t. B MOMEHT BpeMeHH

to=0 s=0.

1.29. B xomnpe ana 3a6MBKH cBaif rpy3 paBHOMEPHO NOKHUMAaETCH
Ha BeicoTy 4,9 M 3a 5 ¢, OCJie 4ero cpasy najaer Ha CBAlo. Onpe-
JeJINTh, CKOJIBKO YAAPOB fenaeT rpys 3a 1 MuH.

1.30. Onpegesuts BpeMa noawseMa JudTa B BHICOTHOM 3JaHHH,
CUMTAd ero ABMKEHUe NPH Dadroke ¥ TOPMOXEHWH DaBHONEpeMeH-
HEIM ¢ yckopenueM a=1,0 M/c’, a Ha cpegmeM yuacTKe — paB-
HOMEPHHIM €O CKOpocTho v=2,0 M/c, Bricora moawema h=60 M.

- 1.31. OnpefennTs HAYAJIBHYI0 CKODOCTBL Teja, GpOIIeHHOro Bep-

246 8 10121308 Ic

Puc. 1.3

THKAJBbHO BBEpPX, €CJIH OTMeTKY (BHEICOTY) 60 M oOHO IIpOXOAMJIO
2 pasa c mpome:xxyTKom BpeMmeHu 4,0 c. Conpo'rnnnerme BO3AYXa
He YYHTHIBATH.

_.-)—1 .32. Temo, GpoleHHOe BEPTHMKAJHHO BHM3 C HAYAJBHOH CKO-
pocteio 19,6 M/c, 32 mOCHEZHIOI CEKYHAY HPOIIJIO n=%— YacTh

Bcero nyTH. OnpezennTh BpeMs NAJeHHS TeJA M ero KOHEUHYIO
ckopocThb. C Kakoil BHICOTH 6polleHo Teso?

1.33. Tesno 6poleHO BEPTHKAJIBHO BBEPX C HAUYAJNBHOM CKOPOCTBLIO
21 m/c. OnpenenuTs BpeMsl MeKAY ABYMS MOMEHTAMH IPOXOXKJe-
HHUS TEJIOM OTMETKH NOJOBUHE MAKCHMAJBHON BBICOTEHI. Conpo'rmme-
HYe BO3AYXA He YYHUTHIBATE.

1.34. Ha BepTHMKaJBHO IIOABENICHHOH TOHKON HMTH 3aKpeIJIeHO
n CBHHIOBBIX IIAPDHKOB TAK, YTO HHUMKHUH IDapHUK IOYTH Kacaercs
nosa. Korga BepxHMii KOHeL, HHTHM OTNYCKAETCH, IIAPDHKH OfMH 38
APYTMM yZAapaioTca O moj. Kak AOJIAKHEI OTHOCHTBLCH DACCTOSHHA
MeXAy WIAPMKAMU U PACCTOAHHA OT IIAPHKOB A0 IOJNA, YTOGHI
yAaphl CABIIAJKCH Yepe3 paBHble NMPOMEKYTKH BpeMeHu?
© 1.35. Onpegenurh HAYANBLHYIO CKOPOCTb, KOTOPYIO HeoGXOZMMO |
coo6mnTh Teny, GpoLIeHHOMY BePTHKAJLHO BBEPX, YTOOH OHO BEpHY-
Jock obpaTHO uyeped t=6 c. YeMy paBHA MAKCHMAJbHAA BLICOTA
noasema? ConpoTHBIEeHHE BO3AYyXa He YUYHMTHIBATD.

1.36. Yacrnna ABUIKETCA ¢ YCKOPeHHeM &= 2ti- + 4tT+ 3k. Onpe-
JeJIMTh MOAYJL CKOPOCTHM YacCTHIbl B MOMEHT BpeMeHH t =2 ¢, ecau
B Ha_:zam_,’nmﬁ_, MoMeHT BpemeHnm (=0 ee CKopocTh Ghlia
Uo=3i+1j—1k.

1.37. Ha HaKJOHHO# NJIOCKOCTH C YIJIOM HaKJOHA 0. = 30° JIe:KHT
reyio. Kakoe MUHMMaIbHOE yCKOPEHHE HEOGX0AMMO COOGIUTh HAKJIOH-
HOHM IJIOCKOCTM B TOPH3OHTAJIBHOM HAIIpaBJeHUM, 4TOBHI Jrexaliee
Ha Heit Teso cBoGoamo magasio?

Kpusoansueiinoe npHmeHue

4+1.38. KakoBa TDPaeKTODHA TOYKH, €C/IM e€e paguyCc-BEKTOD OTHO-
.CHTeJILHO HaYuaja KOODAMHAT M3MEHSeTCS CO BPeMeHeM IO 3aKOHY

r—-2tz+8t j?
s 1.39, Paguyc-BeKTOp YaQCTMIEI ONPEAEIAETCH BHIDAMKEHHEM I =

: K 9



—3tl+0 5¢2 ] Onpeznenuts Mouynn cxopoc'm U YCKOPEHHS YaCTHUIIBI

B MOMeHT t=15 c.
1.40. OnpeaesuTh CKOPOCTDH IMYJH, €CJU IIPH Buc'rpe.ne u3 THCTO-
Jera B TOPM3OHTAJBHOM HAIpaBjieHHMM BO BTOPOM H3. ABYX BepTH-

KaJbHO 3aKpenJeHHBIX TOHKHX JIHCTOB 6ymarn, HaxXomadmmxcea Ha

paccroaanu [—=20 M, npoGoMHa OKazajach Ha h=05 ¢M HHMXKe, UeM
. B NEPBOM.

1.41. Pakera samnyimeHa TNOZ ermM o.=60° K roOpH3OHTY C Ha-
qaJgbHOM CKOPOCTBhIO Uo=90,4 M/c. OnpegeiuTh BpeMs FOPEeHUSH
3anajia paKeThl, €CJIM M3BECTHO, YTO OHA BCIKXHYJIA B HaWBHICIIEH
TOYKE CBOEl TpaeKTOpHH.

1.42, Tlox xaKUM YIJIOM K TOPHBOHTY HYKHO HAIDPABUTH CTPYIO
BOAEI, 4TOGBI BHICOTA €€ IoAbkeMa Onla paBHA DpacCTOAHUIO, Ha
KOoTOpoe ObeT cTpy#d BOABI?

1.43. okazaTh, YTO IPM OTCYTCTBHH COIIDOTUBJIEHHS BO3AYXa
MaKCHMMaJbHasl JAJIBHOCTE IOJIeTa Tejna, OGPOLIeHHOro IIOf, YIJIOM
K TOpM30HTY, OyaeT mpu o.—=45°.

1.44. Ilog KAKMM YIJIOM K TOpPH30HTY GpOIIEHO TeJso, €CJIH H3-
BECTHO, YTO MAKCMMAJIbHAS BHICOTA IOJ'beMa paBHa 1/4 yacTu AANbL-
HocTu mojeta? ConmpoTHBJIeHMEe BO3AYXAa HE YUYHUTBHIBATH.

1.45. C Gamuu BuIcOTO 19,6 M B ropM3oHTAJIFHOM HaNpaBJe-
HHHA OpolIeHO TeJyio co cKopocthio 10 M/c. 3anmcaTh ypaBHeHHe
TpaeKkTOpuHu Tesia. UeMy paBHA CKOPOCTH Tejia B MOMEHT majeHus?
Kakoii yros of6pasyer 9Ta CKOPOCTh ¢ TOPH3OHTAJBLHHEIM HAIpaBJe-
Huem? CoIpoTHBJI€EHHMEM BO3AyXa npeHebpeub..

1.46. W3 oxHO# TOUKHM OJHOBpPeMEHHO GpOIIEHB! ABA TeJa C OXH-

HAKOBOH CKOpPOCTBIO IIOJ, PA3HBIMH YIJIaMH o M Qg K TODHIOHTY.
OnpeaenuTs paccTofHUe MexAYy Tejmamu coyerss £=2,0 ¢ mnociae
HAYaJa ABHMKeHUS, ecaH vo=—=10 M/c, a a;=80° u as==60°.
' 1.47. Ha kaxoil BbICOTe BEKTOp 'cxopoc'rn Tesna, GPOILIEHHOI'O IIOJ
yriaoM o=45° K rOpM3OHTYy C Ha4aJbHOi cKopocrbio vy=20 M/c,
6yp;q'r COCTaBJATE C TOPH30HTOM yroa f=30°? CompoTusieHue
BO3LyXa He YYHUTHIBATE.

1.48. Yepes kakKoe BpeMs BEKTOD CKODOCTM Teja, GpPOIIEHHOTO
moj yryioM o =60° k ropmsoHTy ¢ HayaJbHOH ckopoctsio 20 Mm/c,
6yaeT cOCTABJIATh C FOPMBOHTOM yroa f==30°? COl‘IpOTHBJIeHHe BO3-
AyXa He YUYHUTHIBATD.

1.49. C BepumMHH ropsl 6GpOIIEHO TeJNO B TOPHM3OHTAJILHOM HAa-
IpaBJIEHHHM CO CKOpOCThI0 19,6 m/c. OmnpeaesnuTs TaHreHIHAILHOE
H HODMAJBHOE YCKOpeHus tena cuycra 2,0 ¢ mocae Hauvaga ABHKe-
uuga. Kaxoit yrox 06pa3ye'r BEKTOP ITOJIHOTO YCKOPEHHUHA C BEeKTO-
poM ckopocTu?

1.50. MaTepuanbHasd TOYKA COBepIIaeT [BUXMKEHUE B IL7TOCKOCTH
XY, onuceisaeMoe ypaBHeHUAMH X =3 sin wi, y =23 cos wi. 3anucaTs
ypaBHeHHe TpaeKkTopuM Toukd. HaliTw s3aBucumMocTs mpoiizeHHOrO
TOYKOM IIYTH OT BPEMeHH, cuMTasd, 4To npu t=0 s=0. T
+ 1.51. MaTepuajbHAdA TOYKA ABHMKETCA B nnoclcoc'rn/XY Omnpe-
J.IeJIHTL TPaeKTOPHIO TOUKH, €CJIH ee ABHIKEHHE 3afiaHo ‘ypaBHEHHAMU ;

_ x=3 sin ot, y=2 cos.wt.
10 =

BpamarteabHOe ABHIKEHHE

1.52, OmpeAesUuTh CPEAHIOI CKOPOCTH ABUIKEHHS CaMOJIETA, eCJIH
HN3BECTHO, UTO OH BhlJeTes U3 Xalbaposcka B 6 uw mo mecTHOMY
BpeMeHH ¥ TpuOhIa B MOCKBY B 6 4 10O MOCKOBCKOMY BpPEMEHWH.
Cuurarth, uro MockEa m XalapoBcK HaxoaaTcs Ha mmpore 50°.

1.53. Ha ropmsonTannbHoM Bany, cosepmamomem 200 o6/c, Ha

paccroaauu 20 c¢M Apyr OT Apyra 3aKpeIJieHH JABa TOHKMX. JMCKa.
Anda onpeaeneHus CKOPOCTH MoJeTa NMYJW NPOM3BEAEH BHICTPE] TakK,
yTo nyjaa mpobmna ofa AMCKA HA OJHMHAKOBOM PACCTOSHHMH OT OCH
Bpamenusa. OnpezeinTs CKOPOCTH HYJH, €CJHHM YrJOBOe CMeIleHHe
npoGouH okasajioch paBHEIM 18°.
‘ 1.54. Iipn nosopoTe TPaKTOpa, ABHIKYLIErOCH CO crcopoc'rbm
24 XM/4, ero LEHTpP MacC OIMCHIBAET AYry paguyca R=9,0 m.
Haiitu pa3sHOCTL CKOpOCTedl T'yCeHHMI, TPAKTOPA, €CJH pPACCTOSHHE
Mexay suMua d=1,5 M.

1.55. Ha TesexxKe, aBHKyulelica 10 poBHoi n.nom,amce BIOJb
ocH X €O CKOpPOCTBIO U, =25,0 M/¢, yCTAHOBJEH ABMUTATeJb, HA BAaJ
KOTOPOTO HACAYEeH AUCK A¥aMeTpOM D=20 CM, COBepIaui n=
=13 o06/c. Hanpagyienne BpameHus AUCKA TAKOBO, YTO JWHeHHAS
CKOPOCTB. 1000 TOYKHM B MOMEHT IIPOXOXKAEHUS €I0 KpailHero HWMK-
HEro INOJIOKEHHA coBnagaer ¢ HanpabieHmem ocu X. Kakx Gyger
ABUTaTbcA JHUCK, €cJM OH copserca ¢ Bajaa? CuuraTh, 4YTO HpPH
KAYEHHH [JICKA II0 IJOIAjKe CKOJbKeHHe OTcyTcTByeT. TpeHue
He YUYHUTHIBATD.

1.56. C xakoii CKOpPOCTbIO ABHMraJach IOBO3KA IIpM KUHOCHEMKE,
ecau IpH JAeMOHCTpanuu KuHOGHMIAbMa HA DKpaHe 3afHMe KoJieca,
uMmeronue Mo N =12 cuun, xKa)yrca Heppawalomumuca? Juamerp
kosmec D=1,0 m. KunocreMra NmpomsBoausack CO CKOPOCTBIO Uy=
=24 Kajgpa B CEKYHAY.

1.57. Ckobko 0OGOpOTOB caefanu KoJjeca aBTOMOGHJIS noce
BKJIIOUEHHA TOPMO3a [0 NOJHON OCTAHOBKH, €CIM B MOMEHT Hadaja
TOPMOYKEHHUS aBTOMOOGMIIbL UMeJI CKOPOCTh vo== 60 KM/4 U ocTAHOBUII-
cd 3a t=3,0 ¢ nocye Havasa TopMokeHua? [uamerp kosec D=0,70 m.
YeMy paBHO CpejHee YIJIOBOe YCKODEHHMEe KOoJIeC NPU TOPMOYKeHHH?

1.58. CxopocTs 3nexTpomnoeaga 36 Km/4u. OnpejesuTh CKOPOCTH
Touku A Ha oGojme KoJsieca 3jaexTporoesga (puc. 1.4) mo orwome-
HHMIO K pe/llbCy B MOMEHT, KOTZ& OHA Ha-
XOAUTCA B HAUBHICIIEM IOJIOMKEHUH, B HAU-
HHU3UIEM II0JIOMKEHHH M Ha YDOBHE OCH KO-
meca. Paguyc komeca 0,50 m. Touxka A
HHM)Ke YpOBHA penbca Ha 5,0 cm. UYemy
pPaBHA YIJIOBasi CKODOCTh BpA&IMIEHMS KO-
neca?
=2=.1.59. OnpesenuTs yrijoBoe YCKOpeHHe
MaXOBHKA, 4YaCTOTA BpPALIEHHA KOTOPO-
ro 3a Bpema N =20 nojiHMX 06OpOTOB
BO3pocJa paBHOMepHO oT ny=1,0 06/c mo
n=>5,0 o6/c. :
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1.60. 3a Bpemsa ABHM)KEHMS B KaHaJje CTBOJNA IIYJA AEJNAeT OLUH
monHHA o6opor. KakoBa cpefHAA yrioBas CKODOCTh BpaLleHUAS
ImyJu, eCcJH B MOMEHT BhljeTa ckopocTh ee v=860 M/c, a aAnmuna
crosa I=1,0 m? YeMy paBHO cpefHee YrioBoe YCKOpeHHe myJjn?

1.61. OnpesenuTs YrIOBYI0 CKOPOCTH M YrIOBOE YCKOpeHHue TBep-
AOTO Tena, BPAIIAIOMIErocA BOKPYT Hel'IOI[BHJKHOH ocH Z 1O 3aKOHY
o= at——bt rge a=20 ¢~ ', b=1 ¢~ °. KaxkoB xapakrTep ABH)XeHHS
9TOro 're.ua? IlocrpouTrs rpacbmcn 3anncnmoc'm YTrA0BOi cxcopoc'rn
" ymonoro YCKOpDEHHAS OT BpPEeMEeHH.

KoxeGaTenpHoe ABHIEHHE

1.62. AMIInTYAa TapMOHHYECKOro KoJjeGanus pasma 5,0 cm,

- mepuog — 4,0 c¢. OnpeneanTs MAKCHMAJIBHEIE CKOPOCTh H YCKOPEHHE

xoJsebiomeics TOYKH, eciM B HAaYaJbHHI# MOMEHT BpDEeMEHH TOYKa
HAXOAMJACH B NOJIOKEHMH MAaKCHMaJbHOIO CMEIleHUA.

1.63. Yepes kakoe BpeMsA OT HavaJa ABHIKEHHH TOYKA, COBEp-
maomas rapMoHnYecKne KojebaHua ¢ nepuonoM 12 ¢ M HavanbHOM
dasoii, pasHoii 0, cMECTUTCS OT MOJIOYKEHHSA PABHOBECHS HA pacc'roa-
HHEe, KOTOPOe PABHO NOJIOBHHE AMIVIMTYAR?

1.64. Hanucaths ypaBHEeHMe KO0Je6aTeLHOTO ABHIKEHMSH MaTe-
PHAJBHOR TOYKH, conepmaxomen KosnebaHue ¢ amn.nn'rynon 5 cm,
mepuoAoM 2 ¢ M HavaJbHOK daszoif 45°.

1.65. Konebanua wmarTepmasbHON TOYKH onmcEIBaIOTCS ypaBHe-
Huem x=0,03 sin n (¢4 0,5). Onpegenurs Haumbojbiiue 3IHAYCHMS
CKOPOCTH M yckopeHusa. Yemy paBHa dasza konebanmuii cmycrs 5,0 c
OT HavaJja ABUKeHUA?

1.66. Onpesenuts HauaJAbHYIO a3y I‘apMOHH‘!GCKOI‘O KonebaHuA
Tesa, ecan uepes 0,25 ¢ oT HauaJa ABHUIKEHUA CMelUEHHE, U3MEHHIO-
HIeeC MO 3aKOHY CHHyca, OBLJIO PAaBHO IIOJIOBHHE ammm-rynm. Ile-
puog koaebanua 6,0 c.

1.67. Cunras aBMIKeHMe IODIIHA B IMJIMHJApDe aBTOMOGHUJIBHOTO
ABUTATEJA FAaPMOHHYECKHM KoJe6aHueM, ONpee uTh MaKCHMAJbHELE
3HAYEHUA €ro CKOPOCTH M YCKOPeHHMS, ecJy aABTOMOGHMIbL ABMIKETCH
co ckopocTeio v=T2 KM/4u HA mnpamoilli nepenaue, paguyc KoJec

. R=2344 MM, xox nmopmuda =100 mm.

‘ 1.68. HamucaTs ypaBHeHHe KOJIe68TEJIBHOIO IBHIKEHHS MaTe-
pRajJbpHOM TOYKH, cOBepliaomei ABa OAUHAKOBO HANPABJIEHHHIX Iap-
MOHMUYECKHX KOJEeGaHHA, KOTODhlE ONMCHIBAIOTCA yDPABHEHUAMH :

. x1=4sin2=n (t+-%->; y=38sin (2nt+’2‘—).

1.69. KakoBa yacToTa H3MeHeHMS aMIJIMTYABI CJOKHOIO KoJseba-
HHUHA, TONYYeHHOTO B Pe3yJIbTaTe CIO0MKEHHA NBYX OJNMHAKOBO HalpaB-
JIeHHBIX TapMOHUYEeCKUX KojaeGaHuit ¢ yactoramu 440 u 440,6 Tu?

1.70. HaiitTe ypaBHeHMEe TPAaeKTODHM ABMUKEHHS MATEpHAJBHOH
TOYKM, KOTOpadA YYacTByeT B JABYX B3AMMHO IepIEeHAUKYJIAPHBIX
KoNnebGaHNAX, 3aJaHHAIX YpaBHEeHUSMH

‘ x=2sin n(2t+1), y=2sin (2nt+90°)
YxasaTh HalpaBieHUE ABUKEHHA.
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1.71. Croxurs. rpaduyeckH [Ba B3a¥MMHO MNePHEHAMKYISPHBIX
KOJNeGaHHA ¢ ONMHAKOBHIMM aMILUIATYAAMH M d)aaamm, nepHOALI
KOTOPHIX COOTBeTCTBEHHO PaBHBI luz2ec. :

§ 2. AMHAMMKA MA'I’EPHAI!beIOﬁ TOYKM
. W CUCTEMbl MATEPMANDBHLIX TOYEK

OcHOBHOe ypaBHeHHe AMHAMMKH (BTOpo¥ 3axoH Hslotona):

dt F

rae p=mv — MMIYJIbC YACTHIH, M — ee Macca, U — CKOPOCTb.
HMnynasc cuéTeMBI paBeH CyMMe HMIIYJIBCOB ‘€€ OTAeNbHEIX dJac-
THIL: . '
p=23 p.
ITocTynarenbHoe ABMIKEHHE CHCTEMBl YACTHI[ KAK IEJIOTO MOMHO
XapaKTepH30BaTh ABUKEHHEM OJHOIf TOUKH — LIEHTPA MACC CHCTEMBI |
dvc
ma =
rae m= iZm, — CyMMapHAS MAaCCA BCeX YACTHIL paccua-rpunaeuoi&
cucremsl, F= 2 F, pPesyJbTHPYIOINAA BCeX BHEMIHHUX CHJ, U, —

CKOPOCTEP ABHXXEHHA LeHTDpa Macc.

Paguyc-BeKTOp, ONpejesdloOUIMid I0JI0KeHMe LeHTPa MAacC CH-
CTEéMBI 4YaCTHI} B IIPDOCTPAHCTBE OTHOCHTEJIBHO nponano.nbuoﬁ TOY-
ku O:

- __ ) m,ﬁ
e z m; ? .

rEe m; — Macca i-4aCTHUHI, I'; — €¢ DAJAMYC-BEKTOP ¢ HAYAJIOM B

ToukKe (.
" YpaBHeHHe JBHIKEHUA TeJIa NepeMeHHOHR Macchl:

dv _ —»dm
m = +F

rAe U — CKOPOCTh OTAEJAEMOro (npuooennnaemoro) seﬁigé'rna oT-
HOCHTEJIbHO ABMIKYILETOCH TeJa.
Cxopocts pakersl (dpopmyina I.Inomcosclcoro)

v=uln?° ,
rie U — CKOPOCTh YACTHI, OTHOCHTEJIbHO paxeTnl, My u M — Ha-

YaJbHAA M TEKYUIad MacChl PaKeTHL.
Cuna TpeHHS CKOJIbMKEHHS:

F=pN,

rae p — koabodunueHr TpeHnda, N — cHJa HOPMAJIBHOTO AABJCHHSA.
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2.1. Tlox, neiicTBMEM. HEKOTOPOW CHMJLI TeJNO Maccoit m=3 Kr
- coBepIIaeT NpPAMOJIMHEHHOe JBHKeHHe, ONHUCHBACMOE ypaBHEHHEM

x=2t*—8t>{ 5t +4. Yemy paBHa JAelicTBylOImasd HA TEJO CHUNA B
- MomMeHT BpeMeHu =05 ¢? .IlocTpoutrs rpaduir 3aBHCHMOCTH CHJIIBI
OT BPEeMEHH.

2.2. Kaxkosa CKODOCTL OyJH IOPH BHLJIET€ H3 JLYXOBOTO PYIXKbA,
ecnu ee macca m =2,5 r, gnuna creona [ =0,70 M, kaym6p D = 5,0 mm,
a cpeiHee JAaBJeHHWe BO3JyxXa BO BpeMs BhicTpena p=9,8 Mlla?

2.3. Baron maccoii 10* Xr oTHenuica OT ABHMKYIIErocs COCTaBa

H, ABUrasch pasBHO3aMejJieHHO, 3a 20 c¢ mpomea nyth 20 M, mocie

gyero ocraHoBuiciA. Hailitm cmny TpeHus, ko3pdHIMEeHT TpeHUA U
'HAYAJIBHYI0 CKOPOCTH BATOHA.

~ 1+ 2.4, Tlo ckoJb3KoOii Kopore OGBIYHO HAYT, Aeaasd MaJleHbKMe MIATH.
T xaxoit IIMPDHHOM IIAara MOJXKeT HATH YeJIOBeK, He 0osch YIIacTh,

eCcJH JAJIMHA €ro HOr paBHa 1 M, a KosbdHUIUEeHT TPeHHA MOAOLIB

o6yBu o gopory 0,17

¢« 2.5. AproMoOHJIb ABMIKETCH BBePX [0 HAKJIOHHOH ZOpPOTe CO CKO-
pocteio v=10 m/c. OnpeaenuTh IyTh, NPOAEHHHIH aBTOMOOGHIIEM
RO OCTAHOBKM, M BPeMS €ro ABH)XEHMS, ecJH KO3G(HIMEHT TPeHHH
w=0,5, a yron maknona ao=10°,

¢+ 2.6. Onpegennts Icosdubnnneur TpeHHA MeKAY HAKJIOHHOH nioc-
KOCTBIO U ABHUKYIIMMCS IO Hell TeJOM, eC/ii M3BECTHO, YTO 3TO TEJIO,
HMesl HaYaJIbHYIO CKOPOCTH U= 5,0 M/c ¥ ABUrasAch BBePX IO HAKJIOH-

HOH ILJIOCKOCTH, TPOXOAUT myTh s =2,0 M. ¥Yroa HAKJIOHA IJIOCKOCTH

o ==230°,
2.7. Teno, KOTOPOMY COOOLIEHA HAYAJILHASA CKOPOCTD, IIADAJIJIeNb-

Has HAKJOHHOM IIJIOCKOCTH, IOAHMMAETCA IO HAKJIOHHON IIJIOCKOCTH

¥ 3aTeM oIlycKaeTcHd. B KaKoM cayvae IIpH NogbeMe MJIM NPH CIyCKe
¥ BO CKOJIBKO pas BpeMd ABHKeHusd Tesa 6oJblae, €CJIH OHO BEPHYJIOCH
B IepBOHa4YaJbHOE NoJOXeHHe? ByxerT JM KOHeYHAS CKOPOCTh IIpH
CIIyCKe paBHA& HAYaJbHOH cKopoctin npu nopneme? Kosdduiraent
TPEeHUA MeXKAY TeJOM M HAKJOHHOHU njockocrhio p=0,20. Yro.n
HaKJIOHA& IJIOCKOCTH o =45°,

v 2.8. Yemy paBeH K03dGUUUEHT TPEHHA KOJEC an-romoﬁmm 0 zo-
pory, ecau IpH CKOPOCTH aBTOMOGHIA v=10 M/C TOPMO3HOH IyTH
paBen s=8,0 m?

2.9. Ha Tenexke Maccoﬁ m; =20 Kr JexuT rpys maccoit m;=
=5,0 kr. K rpysy mpunoxena cuna F, coofmamomas TeJaexKe
¢ rpysoMm yckopenme a. Cuna geiicrByer mox yryom 30° X ro-
pusonry. KaxoBo MaKCHMAaIbHOE 3HAYEHME STOM CHJBI, IPH KOTOPOM

. TPy3 He 6yAET CKOJB3UTH I0 Tesaexke? KosdduunenT TpeHnsa Memxay
rpysom u Tenemxkoi u=0,20. Tpenuem mexxny Tesmexkoit u poporoi
npenebpeub. C KAKHM YCKODEHMEM 6yne'r IBUTATHCA TeJeKA IOH

,-AeltcrBuem cuasl F?

! 2.10. Yepes HentoaABHKHELH 610K nepexnny'ra TOHKaA Hepac'rsmcu-
Masg HHMTH, Ha KOHIAX KOTOPOHl IOABeIIeHE! ABa TIpPy3a MacCaMH

=200 r ¥ m;=300 r. Kakoit oyTs npoiizer Kaxanili U3 rpysoB
3a 1 ¢? Cunrarts, uro Giok Bpamaerca 6e3 TpeHHA. Maccon O6s10xa
npeneﬁpe'n: .
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Puc. 2.1 _ Puc. 2.2

2.11. I‘py_a Maccoi. m=10 Kr NOAHHNMAETCA BBEPX C IOMOIILIO

- CHCTeMbl MOABHIKHOIO H HEmOABHIXHOTO 6yokoB (pmc. 2.1). Ompe-

ACJIUTH YCKODEHHe Ipy3a, eciM K KOHIY HATH, NEepEeKUuHYTOH uepes
HENOABUIKHEIN 6JIOK, NPHIOKEeHa CHIIA F=60 H. Maccoii HuTH
u 6JIOKOB mpeHeOpeyus.,

2.12. OgHOpoAHEI crep:xens AnuHOM L —=5,0 M nozHuMaerca
BEPTHUKAJIBHO BBEPX Mo AeifcrBueM cuin F=500 H, npunoxeHHoit
K OAHOMY H3 ero KoHNOB.. C Kaxo#l cHIoH pacTAHYT CTepKeHb
B CEYEHHM, HAXOAAIIEMCA Ha paccrodHnu [=1,0 M OoT ero HHIKHero
KOHLa?

2.13. Teno Maccoil m JIeAKHT HA HAKJIOHHOHM MJIOCKOCTH C YIJIOM
HakJloHa o= 30°. Kakoii myTh npoliieT Tej0o N0 HAKJIOHHOM IIJIOCKOC-
@ 3a {=1,0 ¢, ecIH HAKJIOHHON IJIOCKOCTH COOOIIUTEL YCKOpeHHe
a=3,8 m/c?, nanpasnennoe BepTuxkanbno BHu3? Koadduiuenr rpe-

- HUf cuuATaTh paBHbIM p=0,20.

2.14. Isa rpysa maccamu m;=4,0 Kr ¥ m:=1,0 Kr cBasaHsl

"HUTBIO, TIePEeKHHYTOH uepes 6JIOK, KOTOPHIH NpHMKpemnJyieH K IPH3Me

(puc. 2.2), 1 MOryT CKOJIB3UTh 1O rpaHaAM 3To#d upusmul. Haittu
yckopeHue rpysos, ecau o=60°, f=30°, a xoaddunueHT Tpenus
u=20,20. Hccie0BaTh BO3MOXXHEIE CHYYAH.

2.15. Kakoe HauGoabIlee YCKOPEHHEe MOJKET PasBHTh aBTOMOOHJIb
NpH [ABH’KEHMH BBEPX II0 HAKJIOHHOM JOpore ¢ YIJIOM HAKJOHA
o =20° ecau xoadbduLUEeHT TPEHHS KOJIEC O HOKPBITHE AOPOTH | =
=0,5? Kakoil myTh npoiiger aBromo6unb 3a t =10 ¢, eciu B MOMEHT
HayaJja NOABeMa CKOPOCTh ero vo==10 m/c?

o 2.16. Ha ropnsomanbnon MOBEPXHOCTH JIEXKHUT TeJ0 Maccoi
5,0 xr. Kakoif nyTts mnpoitzer sTo Teno 3a t=1,0 ¢, ecau K HeMy
npuaokKUuTe cuay F =50 H, o0pasyiouyio yrosa a=60° ¢ TOpH3OH-
tom? KoaddpuiuueHT TpeHUsS MeXKAY TEJOM H NOBepXHOCTBIO u= 0,20,

2,17. C kakuM  ycKopeHHMeM OyjeT JABHraThcs TeJo -Maccoil
m=2,0 Kr B rOPM3OHTAJBPHOM HAINPaBJeHUU, €CIH K HEMY NPHUJO-
sxeHa cuua F=5,0 H, sHanpasierHas noj yriom o= 45° K rOpU30H-
Ty? Koadbduuuent rpenus p=0,10.

2.18. OgHopozHas TAKeNad THOKAA HATH IJIHHOH | JIEKHUT HaA
HAKJIOHHOH INJIOCKOCTH IIPHU3MBI, PACIOJIOKeHHOH moj yriom o K
FOPHUB0HTY, 4 OZUH KOHEI[ HUTH CBHCAET BJIOJIb BEeDPTUKAJLHOM IrpaHu
npuambl. I[Ipy kakoif HaMMeHbIneil AJHMHE CBHCAIOIIEH YACTH HUTH
HAUHET CKOJNB3UTh, CIOA3AH C NPHUIMBL, ecau KoapPUIMeHT Tpe-
HuA p?
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Puc. 2.3 Puc. 2.4 ¢ Puc. 2.5

2.19. OgnopoAHas ueNb JEKHUT Ha ropMsoHTAJbHON! MOBEPXHOCTH
CTOJIa, ¥ TIPM BTOM OJMH ee KOHel cBucaeT co croja. Ompepenurs
‘KO3 DUUKEHT TPEHHHA, €CAM U3BECTHO, UTO LEeNb HAYUHAET COCKAJb-
3EIBATH CO CTOJIAa, KOTA& AJUHA CBHCAIONIIEr0 KOHILA COCTABJISET 1 /6
yacTh o6IIell AJIMHBI LEIH.

2.20. K AVHAMOMETDY, 10/IBEeLIeHHOMY B rabune audra, IPUKpen-
nen rpys maccoit 5,0 xr. JIugr asuKerca Beepx. OnpenenuTh YCKO-
peHue nudTa, CYUTAR €r0 OZUHAKOBLIM II0 MOAYJIIO IPH pasroHe
¥ TOPMOJKEHUH, eCJIM HM3BeCTHO, YTO- BO BpeMs pas3roHa IOKa3aHHe
IunaMmomeTpa Gosblile, weM NpPH TOpMOKeHuH, Ha 15 H.

2.21. K moronry kabuuel JudTa OpHKpenjeH AHMHAMOMETpP, Ha
KOTOpOM nojBemeH 6Jok. Uepe3 GJIOK NMEepeKHMHYT HEPACTAMMUMBIN
ITHYP, K KOHI[AM KOTODPOro NpHBA3AHE I'py3sl maccaMy m;=1,0 Kr
¥ my;=2,0 xr. Kakoro Gyser nokasaHue AMHAMOMETDA NpPH ABUMKE-
 HHMHU TPY30B, €ClU JUPT HEMOABH)KEH HJH ABHKETCA BBEPX C YCKO-
peruem 3,0 M/c?? Macco#t 610ka ¥ muypa npenebpeus.

2.22, Yepes HenoaBHKHEIN 610K A NepeKHMHYTa HUTb, Ha OXHOM
KOHIle KoTopoit moxBemler rpys maccoit m,=3,0 kr, a Ha ApPyrom
kKoHUe Bropoit Giox B. Yepes 6510k B rake NepeKHHYTa HHTb,
Ha KOHIAX KOTOpOIi MOABEINeHH I'PY3kl MaccaMu my=1,0 Kr u mz=
=2,0 kr (puc. 2.3). C xakuM yckopeHueM OyneT IBHraThca GJIOK
B, ecau BCIO CHCTEeMY IIpeJOCTABHThL caMmoili ceGe? Maccy 670KOB
u HuTell He yuuTHBaATH. MccrenoBaThs BO3MOMKHBIE CIYYAaH.

2.23. Ha ropu30HTAJBHOK TIOBEDXHOCTH TEJEXKKHM JIEKUT Ipy3
Macco#t m; =2,0 Kr, cBABAHHHIHA ¢ APYTUM rpysoM maccoit mqs=1,0 kr
C IIOMOIILIO TOHKOM HepaCTHKUMON HUTH, KOTOPasA NePEeKUHYTa Yepes
HeIOABMIKHBIN GJIOK, YKpenseHHHIH Ha TesexkKe (puc. 2.4). C Kaxum
HauGoJNBUINM YCKODEHHeM HYJKHO ABHUIATh TEJEXKKY BIpaBo, YTO6HI
rpy3bl HAXOAWIHCH B IIOKOE OTHOCHTeN bHO Hee? Hoadduument Tpe-
Hus 060MX IPY30B O IOBEPXHOCTh Tese:xKH pw=0,1,

2.24. Bax ¢ BOZOi CTOMT Ha HAKJOHHOH IIJIOCKOCTH C YIJIOM
HakmoHA o=30°. C KakuM HanpaBJe€HHHEIM TOPH30HTAJBHO YCKO-
peHHeM ZXOJIKHA ABHTATHCH HAKJIOHHAS ILJIOCKOCTh, YTOGH IOBEpX-
HoCTh BOAB B fake Ghljia mapaJiensHa eii?

V2.25. Ha Tenexxe, nnnmymeﬁca B TOPHMBOHTAJHLHOM HAIIpaBJe-
HUH C ycKopeHueM a==9,8 m/c’, ycraHoBien orsec. Hafitu mataxe-
HMe HHUTH OTBeCa M YIoJ, KOTODHI o6pasyeT HMTb C BEePTHKAJLIO,
eCcJIM Macca NOABEIIEeHHOTO Ha HHMTH rpysa m=0,10 kr.
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Puc. 2.6 Puc. 2,7

2,26. Teso maccoit m=1,0 Kr ckoJE3uT M0 GOKOBOIf TOBEpXHOCTH
KJIuHA Maccoit M =2,0 Kr, JeKalero Ha raajkoil ropM3oHTAJIBHOR
NMOBEPXHOCTH CTONA. BOKOBHEIe rpaRM KJIuHA o6pasyioT yroa o =45°
(puc. 2.5). C KakuM yYCKOpeEMeM OyjeT ABUIaThCA KJUH IIO0 CTONY,
ecJIi TpeHHe MeXAY TeJOM M KIMHOM, a TaKiKe MEeXAY KJIUWHOM
M CTOJIOM OTCYTCTBYET?

2.27. Ha xoHue noCKM\ AjuHOi [ m maccoit M, memameii Ha
raagKoil IOBEPXHOCTH CTOJI \t HaxXoggrCd KOPOTKHMHE Opycox Mmaccoii
m (puc. 2.6). Kakyio CKOpocTb UV HEOGXOAMMO COOGIIMTEL TOMYKOM
JOCcKe, uTalOhl OHA BBICKOJB3Hysa H3-mofx Opycka? Kosddunuent
TPEeHHA CKOJbKEHHS GPYyCKa IO MOBEPXHOCTH ROCKH L. Tpenue mocku
0 IOBEPXHOCTh CTOJIA HE YUUTHLIBATE.

2.28. Yepes HemOABHKHBIH OJIOK MepeKHMHYTA TOHK&S HEPAaCTA-
MHUMasg HUTh, HA KOHIIAX KOTODOil mNoJBemIeHH TIPy3H MaccaMm
m =10 Kr u my=2,0 kr. B HauyanbHBEI{ MOMEHT BpeMeHH 006a

rpysa HAXOAWJNHACh HA OJHOH BuIcoTe. OmpeAeNuTh, HA KAKOe pac-

CTOSHHE CMECTHTCH LIeHTP Macc rpysoB uepe3 t=1,0 ¢ or Hauana
ABMKeHud, CuMTaTh, YTO TPEHHS HET, & MAcCH OJIOKA H HHTH
npene6pe>1cmwo manb. HaliTH yckopeHHe IIeHTPa MAacc Ipy3o0B.

2.29. Ha xaxoe pacCTOAHHE CMECTHTCH HENOABHMKHO CTOAIAS
Ha BOZEe JOZKAa, ecJN deJoBek Maccoli m;=T0 Kr npoiifer ¢ Hoca
Joake Ha Kopmy? Hauna moakm 2,5 M, ee macca m:=100 xr.
CouporusieaueM BOAB IpeHeGpeub, )

2.30. Ky6ukn maccamu m;=0,1 xr, my=0,2 kr u m3=0,3 xr
PACHOJIOKEeHH HA TIJIAJKOH TFOPM3OHTAJBHOM IIOBEDXHOCTH CTOJA
(puc. 2.7). Kybuk maccoit m. yaep:xupaerca Ha BhicoTe =230 cMm
HAJi IOBEPXHOCThIO cToJa. Ecau ero ocBo6oAUTE, TO CHCTeMa NMPUAET

B aBukeHnme. Ha Kakoe paccTofHHe IlepeMecTHTCH KYOMK Maccoii

m3 K TOMY MOMEHTY, KOrja KyOHK Maccoll m: KOCHeTCS IOBepXHOC-
@ crona? KoabduumenT TpeHusa memxpay ky6uxamu paseH |i. Tpe-
HUA B GJIOKe HeT, MacChl 6JOKa M HHTH npene6pemnmo MaJnkl.

2.31. PakeTa c JXMAKHM TOIJIMBOM Maccoit M=15.10° kr samye-
KAEeTCS B BEPTHKAJIBHOM Halpasjenuu. Pacxoa Tonausa @ =150 kr/c.
Ha xkakyio BeiCOTY NOAHiIIMeTCS paKera 3a BpeMa paGoTh [ABH-
rarens t=1 MuUH, ecaM CKOPOCTHP MCTeUeHHUA Ta30B M3 COILIa

. Isano-Bpauxincskoro
BOART ¥F INHOTO _iucmyy‘ry

4B, & -
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Puc. 2.8 ‘ ‘ Puc. 2.9

uTOGRBI Wepe3 HEKOTOpOoe BpeMs OT HAYAJa ABHIKEHHA OHA MorJa
OCTABATbLCA HENOABHUIKHOM B moJje TsaecT? CKoOpocTs razosoifl cTpyu
OTHOCUTEJILHO PAKETHI U. I/Iameuenne YCKODEHUS CUJIBL TAMKECTH C BhI-
COTO# HEe YYUTHIBATD.

2.33. IInardpopma Harpymeﬁa necrcom, KOTOPBIH  BEICHITIAGTCH
uepe3 oTBepcTHA B JAHe C INOCTOSHHOM cKopocThio Q=10 Kr/c.
Ha#itu cxopocts nmaTdopMmbel uYepes BpemMsa (==2 MHH OT HavaJa

nanme}ma, ecau npu t=0 CKOPOCTh vo=0, macca naardopMel M=
" =20.10° Kr u Ha Hee HauaJa HeiCTBOBATH MOCTOSHHAS CHJIA THATU
F=1000 H. Tpeune He yYUTHIBATDL.

2.34. TopH30HTAJbHO PACIOJOKEHHBIR AUCK BPAIIAETCA BOKPYT
BePTHKAJIbHOW OCH, mpoXoadAmeit yepes ero mentp. Ha aucke nemwur
rpys Ha paccroanuu R =10 cM or ocu Bpamuenus. Halitm xospdu-
IHEeHT TPEHUA IIOKOS MEXAY LHUCKOM H IpYy30M, €CJIM INPH 4YaCTOTe
Bpamenuda gucka n=0,5 06/c rpys HaudHAeT CKOJIB3UTEL II0 ITOBEPX-
HOCTH JUCKA.

2.35. OnpesesuTh MaKCHUMAJIbHOEe 3HAYEHHE CKOPOCTH, C KOTOPOMH
aBTOMOGHIb MOXET ABUTaThCA HO 3aKPYIJIEHUIO achalbTHPOBAHHOTO

mocce paguycom R=100 ™, ecnu xosdpduumenT TpeHmMsa MexIy

IUMHAMM aBTOMOOMISA u acdanbTom u=0,60.
¢2,36. Ilpn xaxoif cKopocTH aBTOMOGMIA AaBJieHHe, OKa3hlBaeMoe
MM Ha BOTHYTHIH MocT, B 2 pasa "GoJibllle AaBJIEHUA Ha BBIIYK-
aetit. MocT? Pagdyc KpUBHU3HEI MOCTOB B“ oﬁonx cayyasx R=30 m.
2 2.37. OmpeneauTs mepHOS, ofpalleHnss KOHMYECKOTO MafgTHHKA

(puc. 2.8), ‘ecam ero jgaumHAa ! —49 cm, a yrou, o6pa3ye1vn>1ﬁ HUTBHIO

C BEepPTHKANBI, o= 60°.

2.38, Teo maccot m— 200 r non;BemeHo Ha . HATH ' RIIMHOM
=80 cm. Ero OTKJIOHHJTH o' MOJIOXKEHNA DPABHOBECHS JO BBICOTHI
TOYKH IOABECA ¥ OTIYCTHJH, B De3yJbTaTe 4ero HUTh oGopsaacs.
.Ha xaxoit BrlcoTe Haxo;m.nocs TEJO B MOMEHT DPasphIBa. HHTH, ecau
OHa pasphIBaeTcA HMOX AeHcTBHeM cuinl F=4,0 H? ‘

2.39, Cocyxn ¢ Bozoii, IIOgBEIIeHHBIH HAa BepeBKe nmmon =1 m,
BpaIlgaeTcss B BePTHKAJBHON IJIOCKOCTH TaK, 4TO BOJA ‘M3 HEro He
BeluBaeTcA. OnpeAeauTh MaKCHMAJAbHOe 3HAYEHHE nepuofa obpa-
eHus,

_.—-,2 40. BuyTpH BepTHKAJIBLHO paCIIOJIOJReHHOI‘O 'KOHYyCa ¢ YTJIOM
“MpH BepmuHe 20 =90° HAXOTUTCHA TeEJIO (pnc. 2.9). Ha xaxom mu-
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HHMAJIBHOM paCCTOAHHMK OT BEPUIMHBI KOHYCA MOJXKET HaXOJUTHCA
TEeJIO, eCNH KOIPPUIMEHT TpEeHUA MEKIAY TEeJIOM H TIOBEPXHOCTBIO
konyca u=0,20, a Kouyc BpailaeTcs BOKPYT CBOeil OCH C yrJjioBOil
cropoctbio »=7,0 pax/c? UYemy paBHO MaKCHMajJbHOe 3HadYeHHE
3TOro paccTosHuA?

§ 3. 3AKOHBI COXPAHEHMS 3HEPT MM,
MMNYNbCA MU MOMEHTA MMNYNLCA

OnemenrapHad pa6ora cuiasl F

HepeMenlesun dr:
dA .

d?’.,

I
o

MoutHoCTs CHJIIBL F:

N=F%,

I

rae U — CKOPOCTb.

Pa6ora cuy nosis paBHa yObIIM HOTEHNMAJILHOM dHEPrHM YacTH-
Bl B JAHHOM IIOJIE:

A= Ep| _— Epz.
Hpﬁpamenné KHHETHYECKO! HHEPr¥H YacTHIhI:
Ex—E =A4,
rae A — pabora pe3yJbTHPYIOLIEH BCex CMJI, AeHCTBYIOIIMX HA dYac-

Tany. IIpupamenne mojiHoO# MeXaHUYECKOH SHEPTUH YaCTUIIHI B IIOTEH-
INAJILHOM IIOJIE: -

E2—El =Ac'ropa

rae Aenp — anre6pauueckas cyMma paGoT Bcex CTODOHHHMX CHJIL.
3aKOH M3MEHEeHHd MMIYJbCA CUCTEeMBEI:

ap
dt _F

rae F — pesyabTHpyOLIafa BCeX BHENIHHX: CHJI.
B zaMxuHyTO# cucTeMe IOJHBIi MMIYJbC He U3MEHAeTCH (3axoH

coxpanerma MMIIYJIbCA): )
P=2P;=3mU;=const.
MoMeHT cuasl M OTHOCUTENHHO HEKOTOpOIt Touku O:
M=[F, F],
Tfie I — PajuyC-BeKTOD, npopefeHusiii 3 Touku O B TOYKY NPUTO-
—
JKeHUuS CUJIH F., . :
Momen'r MMIIyibca t:ac'mum L orHOCHTESIBHO HEKOTOpOii Touku O:
—-[r, Pl=m(r, ¥},
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rae I — paguyc- Berc'rop, JIpOBeJeHHbI u3 Touku (O B TOUKY, rie
HAXOJAUTCH YACTULA, P== MU — HMIYJILC 4BCTHIEL
3aKOH M3MeHeHHS MOMEHTa MMIIYJIbCa: L cucrems::

dL 2
a0

rge M — cyMMapHBI# MOMEHT BCEX BHEIIHHX CHII.
3aKOH COXPAHEHHUS MOMEHTA HMILYJIbLCA:

L= ZZ,-.-—— const,

T. €, MOMEHT UMIYJbCa 38MKHYTOH CHCTeMbI Y4CTHI[ OCTAETCHA IIOCTO-
SHHEIM.
3.1.- Ha#ttn pabGoty, coBepumiaeMyio IpH HmojbeMe Ipy3a maccoit
m=10 Kr mo HakJOHHOY¥ NJOCKOCTH ¢ YrJOM HAKJIOHA o =45°
Ha PaccTOAHMM $=2 M, ecn¥ BpeMfA mnoxwema t=2,0 ¢, a rcoatbdm-
umeHT TpeHua u=0,10.

3.2. Hapamro'mc'r maccoit m =70 Kr comepiuaer aammnoﬁ npH-
HOK ¥ 4epe3 ¢ =14 ¢ umeer cKkopocTh v =60 M/c. CunTas ABMKEHME
nmapallloTHCTe DPABHOYCKODEHHBIM, HaliTM paboTy IO IIpeoXOJIeHHUIO
CONIPOTHBJIEHUA BO3AYXA.

3.3. Kakyio MOUIHOCTDL ZOJIMKEH ?asnunan’ TPAKTOp IIPH IiepeMe-
eHHM npuiena maccoir m=5-.10° Kr BBepPX IO YKJIOHY CO CKO-
pocrsio v=1,0 M/c, ecru yros HakgoHa a=20° a koabduHLMEeHT
Tperus npunena p=0,20?

3.4. Temo macco#t m=1,0 kr 6pocuyu c nonepxuoc'rn 3eman
nox yriom o =30° K ropHB0OHTY ¢ HauaabHOUN cropocThIo Uy=38,0 M/c.
HaiiTy MOIHOCTE CHJBI THAKECTHM B MOMEHT BpemeHH [=15,0 c.
Yemy paBHa pabora arToif cusasl 3a Bpems t=25,0 ¢? Conporusine-
HHMeM BO3JyXa IpeHeOpeub.

3.5. Kakyio pa6oTy cOBepuUIAOT ABUTATEJH DNIEKTPONOe3a Ha
myr 100 M npu pasrone ¢ yckopeHuem 1,5 m/c’ BBepX Io yKJOHY
¢ yrsiom HaknoHa 10°, ecan macca snexrpornoesza 1,2-10° kr, a Ko-
sppunuent rpenna 0,057

¢ 3.6. OmpezesuTs MOIIHOCTH p;snra'rena IMAXTHOM KJIeTH, NOZHH-
MaoIero ua3 maxTe raybumoit 200 M rpys macco#t 1,0-10° xr
3a 60 c, ecan KII pasen 80%.

3.7. Ioeax maccoit 1,0-10° xr NOAHMMAETCH BBEPX NO YKJOHY
¢ yraoM HakJoHA a=10° co ckopocTei0 15 M/c M mpoxozur NyThH
2,0 xM. Onpegenuts paGoTy M CpefHIO MONIHOCTH,- PA3BHBAEMYIO
TenJoBO30M npH ABMKeHuM moesxa. Kosddunmenr rtpemusa 0,05.

3.8. Haiitn 06my10 MOUHOCTh, PA3BMBAEMYIO0 MOTOPAMH 3JIEKTPO-
noeasa, KOTOPHI# COCTOMT U3 1= 6 Baronos mMaccolf mo m =4,0-10° kr,
ecJi OH B TedeHMe t =10 ¢ or HaYAJA ABHKeHUHA NMPHOGPEs CKOPOCTh
v=10 M/c. Kosdhdunmenr rpennsa upunars pasgum 0,20.

3.9. Kakyio pa6ory Heo6XOofMMO 3aTPATMTH, YTOGHI NEPEBEPHYTH

Ky6 maccoit 5 kr u pe6pom 0,1 m ¢ opHoil rpann Ha Apyryio?
3.10. Kakyio pabory HeOGXOAHMMO IPOM3BECTH, YTOGHI. Teierpad-.
HHit cTon6 maccodi 200 Kr, K BepIIMHe KOQTOPOrQO IIPHKPEIJIEHA

20

Kpecropuna macco#t 30,0 kr, mepeBecTH H3 TOPH3OHTAJBHOIO IOJIO-
’KeHHs B BepTuHKaJbHoe? IimuHa cronb6a 10,0 m.

¢ 3.11. OzuH pa3 KaMeHb GpOCAIOT CO CKOPOCTBIO V) IIO ropnaon-
TAJHHOM MOBEPXHOCTH JbJa, & BTOPOH pas co CKOPOCTBIO Uz B BO3-
ayx moa yraom 45° x ropmgoHTy. B RaKOM cayuae KaMHIO €O06-
meHa 66b1Iag HAYAJIbHAS CKOPOCTh M BO CKOJIBKO pas, ecJiu B o6oux
cHydafAx TepeMelleHUe ‘KaMHA oxuHakoBo? Koabduuuenr rtpenus
KaMHA 0 Jej NpUHATH paBHeIM 0,02. ConpomBJIeHne BO3JyXa He
YYHUTHIBATD. .

3.12. Temo maccoit 2,0 kr mox neﬁc'rnnem cual 50 H moanu-
MaeTcs IO HAKJIOHHOH INJIOCKOCTH ¢ yrjoMm HakxjoHa 30° Ha.BEICOTY
1,0 M. Koaddunuenr TpeHus Tesa 0 HAKJOHHYIO miockocts 0,20.
Onpenennrs 3HaueHWe cOBeplIeHHO paBoThl. Ha yro moitzer sta
pabota?

3.13. Ha ToHKO# HHTH ;unmoﬁ 0,50 M mozBeleH NPYXUHHLIN
OHCTOJIET TAK, YTO CTBOJ DACIOJOMKEH ropusoHTadbHo. Ha xaxoi
YroJl OTKJIIOHMTCA HMTB IIOCJIe BBICTDEJIA, €CaH Iyasa maccoit m=20 r
HpH BBLJIEeTe U3 CTBOJIA MMeeT CKOpocTh v=10 M/c? Macca mmcro-
nera M =200 r. ‘

3.14. OmpezenuTh MomHOCTh Huarapckoro Bogonaja, €Ciad €ro
BeicoTa h=50 M, & cpexHerozoBo#t pacxoA Boakl Q@=5900 m/c.

3.15. Kakoit kuuHeruuecko#t sHeprueit obrasaso Teso maccoif

2,0 ¥r, ecsiM OHO TOAHAJOCh O HARJIOHHOM IJIOCKOCTH C YIVIOM

nHakiaona 30° Ha BEICOTY ‘1,0 m? Kosbdunumenr Ttpenus Memny
TeJIOM ¥ HAKJOHHOH nnockocrsio 0,10.
"~ 9 3.16, Ilyna maccoit m yaapsercs o 6anjMCTHYeCKHI MaATHHK
Macco#t ‘M u sacrpeBaer B Hem. Kakas nosa KHHeTHYecKoOif aHep-
rMM NyJH nepeitzer B Temymory? '

3.17. Ira wmgpa maccamu m;=0,20 kr u m,=0,80 kr, moa-

'BellIeHHLIe HA ABYX MapajjieIbHBIX HHTHAX AauHo# 2,0 M, Kacalorcs

Apyr apyra. Mensmnii map orBozurca Ha 90° oT mepBOHAYAJb-
HOT'O TOJIOMKeHMA ¥ ornyckaercsa. 1) Haiita ckopoctn miapos mnocae
CTOJKHOBEHHUHA, cunTad yxap abcoyiorno ynpyrum. 2) Kakosa cko-
poCTh IAPOB NOCNE CTOJKHOBCHUH, €CJM yAap A6CONIOTHO HEYNpy-
ruit? Kakaa vacTb sHepraM mnoiijer Ha HarpesBaHue mapos?

3.18. Kakas sHeprusa momna Ha AedOPMALMIO ABYX CTOJKHYB-
IWIMXCA 1IapoB MaccaMu m;—=me=4,0 Kr, ecJ¥ OHM ABHUIaJNCh Ha-
BCTpeuy APYr ApPYry co ckopoeramu v;=3,0 m/c u v,=8,0 M/c,
a yaap 6uin npamoit Heynpyrumif?

3.19. lIsa mapa nojBemieHH HA TOHKMX IapajijiejJbHAIX HUTHX,
Kacafch APYr Apyra. Mewpmmuit map orsoauTca nHa 90° or mepso-
HAYaJIBHOTO NMOJIOXEeHHMd M oTnyckaercd. Ilocne yaapa mapsl moxHH-
MAOTCA HA OAMHAKOBYIO BHICOTY. OmpeaesnTh Maccy MeHbINero mia-
pa, eciu Mmacca Goasmero 0,6 xr, a ypap aGcomiorHo ynpyrui.

3.20. lllapux maccoit m, ABHKymmitcs FOPUIOHTAJIBHO, YAAPAETCH
O IIOBepPXHOCTh NPH3MHM Maccolf M Tak, 4YTO OTCKAKHBAEeT BepPTH-

N

KaJIbHO BBepX Ha BhRICOTY h. Cumras yaap abCcoyOTHO yNpyrum, -

OIpeAeIUTh CKOPOCTb, NOJYYEHHYIO. IIpU3MOH B peayjabrarTe yAapa.

TpenneM npusMul npeneépeyds.
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¢ 3.21. Mosorox maccoii 0,80 kr B MOMeHT

yAapa o IUIANKY I'BO3JA HMEeT CKOpocTh 1,5 m/¢

u 3abuBaer ero B GpeBHo: Ha ray6muy 5,0 Mm.

Kaxko# -Macch rpys HeoGXOZHMO IOJIOKHUTE Ha

nmanxy rBO3/sA, 4TOGH OH BoIIes B GpeBHO Ha
TQKYIO Ke riayouny?

3.22. Haiitu MIHOBEHHYIO MOLHOCTb, passu-
BaeMYIO CHJIOH TAMeECTH, K HCXORY nepBoii ce-
KyHAB majieHus tena maccoii 1,0 xr. Compo-

Puc. 3.1 THBJICHHE BO34yXa HE YYHTHIBATB.

) 3.23. MaJjieHbKMii HMIADUK JIEKUT HA MOBEPX-

HOocTH GosbImoro mmapa pajgmycom 1,0 m (puc. 3.1).

Kakyioo HaYalBHYI0 CKOPOCTh HEOOXOAMMO COOOIIHTH MAaJIEHBKOMY

LIapUKy, 4TOGEI OH OTOpBAJICA OT MOBEPXHOCTA O0OJBLIOTO IIapa

B Touke M, pacnoyokeHHOH Tak, uro yroa a=60°? 1) Tpenuem

npeHebpeys. 2) Cunrars, 4TO KO3(PDUIIMEHT TPEHAA MAJIOTO mrapuka
0 IOBepXHOCThb Gosbmioro pu=0,30.

3.24, Illapuk AnA HUrpbl B HACTOJNBHEIM TeHHUC DaJUYCOM I'=
=15 MM u maccoit m = 5,0 r morpyxeHn B Bogy Ha ray6uny k=30 cm.
Korza mIapuk OTHYCTHMJIH, OH BHINPBIrHYJ M3 BOAKI Ha BHICOTY h) =
=10 cm. Kakoe KOJHYECTBO TEMJIOTH BRIAECJHJIOCE BCJIEACTBHE Tpe-
HUS WAPHKA O BOAY?

38.25. I'pys maccoit m =5,0 Kr nofgHUMAETCA 110 HAKJOHHOM IITOC-
KOCTH C YIJIOM HakJioHa o=—30° mop pgeitcrBuemM cuanl F =40 H,
obpasyromeit yron p=30° ¢ manpasienneMm nepemewmenusa. Ha xa-
KO€ DACCTOSHHE CMEeCTUTCH I'DY3 BAOJMb HAKJIOHHOH IIJIOCKOCTH K MO-
MEHTYy, KOrAa ero ckopocrs v=1,0 M/c, ecIX HayaJabHAsI CKOPOCTH
rpysa paBHa HyJI0 M KoapgunuedT TpeHusa u=0,10?

3.26. Mau OGpocuin BepTHMKANbHO BBepX. YTo 6oJbIle: Bpems
noA’beMa HJIM BpeMs majeHud?

3.27. C primIku 6pocaloT 6OMBLIOH HAAYBHOM 1IAp TAK, UTO OAHUH
pas3 eMy cooO6LIAIOT HAYaJIbHYIO0 CKOPOCTh, HATIPABJIEHHYI0 BePTHKAJIb-
HO BBEpX, a JAPYroil pa3 TaKylo e CKOPOCTh, HO HAINPABJEHHYIO
BePTUKAJbHO BHH3. B KaAKOM cjydae B MOMEHT yjAapa liapa o
3eMJII0 ero BePTHKaJIbHAS CKOpOCThk Oyaer Gosbire?

VvV 38.28. I'pys maccol m mogHMMaeTcA HA BHICOTY h. BaBHCHT JH
npu aroM pabora, coBepulaeMas NOSHEMHBIM MEXAaHH3MOM, OT CKO-
poctn nogwrema? ITouemy?

3.29. Bpycox mMaccoii m u gnunoii ! NEXUT HA TOPHU3OHTAIHLHOH
NOBEPXHOCTH cToJjia. Kakyio paGoTy Haj0 COBEpIIUTH, YTOGHI NoBep-
HYTh OPYCOK BOKPYr IeHTPA MAacCC B TOPH3OHTAJbHON IJIOCKOCTH
HA MaJIEIii yroJn o, ecjin KoapduuueHT TpeHHA Gpycka O cToa p?

3.30. Ilpu B3priBe rpaHaThl, JeTAmeil co ckopoctsio 8,0 M/c,
o6pasoBanuchk ABa OCKOJKa. OCKOJIOK, Macca KOTOPOTO COCTABJIAJA
0,3 macchl rpaHaThl, IPOAOJIIKAJ ABHMTaTbCA B NPesKHEM HAIpAaBJe-
HHH cO0 cKopocrbio 30 M/c. OnpegenuTh CKOPOCTH BTOPOrO OCKOJIKA.

3.31. Mau maccoit 150 r, asuxymuiica co ckopocrhio 6 M/c,
yAapsfierca O CTEHKY TaK, YTO YroJ MeXJY BEeKTOpaM# CKOPOCTH
IO yaapa m mociye yaapa pasex 60°. Cumrada ymap ynpyrum, onpe-
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AIeJIATD €T0 IIpOJ.IOJIDKHTeJIbHOCTL, ecan H3BecTHO, 4TO cpepMAs CHAa
yxapa 20 H.

3.32. M3 Gpamacnoiira ceuennem S=5,0 cm? ropnaon'ram:naa :
CTPY# BOABI 6heT cO cKOpocThIO V=10 M/C B BepPTUKAJLHYIO CTeHKY
croAmlledl Ha peJbcaX BaroHeTKM H CBOGOJHO CTEKaeT IO CTEHKe
BHH3. C KaKuM ycKOpeHHeM 6yjeT ABMIraThCsd BArOHETKA, €CIH ee

~macca m=200 Kr, a HanpaBJIeHHe CTPYH BOJALI MAPAJJIEIbLHO pejib-

camM? CONpOTHUBNEHWE ABHKEHHIO BATOHETKH NPHUHATHL PABHBIM I'=
=0,01 ee cuan TiaKecTH. _

3.33. HaiiTn HagYanbHYI0 CKOPOCTH CKOJb3AleH IO JbAY XOK-
KeifHoii maiiGkl, ecsi oHa A0 yxapa 0 GOPTHK Ipolria myThk s=>5,0 M,
a fiocsie yaapa, KOTOPBIi MOKHO CUHTATH a6COMIOTHO YIPYTHAM, OIpOII-
Ja ellle HEeKOTOPEI# NyTh M uepe3d t=2,0 ¢ ocraHOBUiach. Koad-
bunueHT Tpenus maii6u o aex 0,10.

3.34. Ha NOAHOKKY BATOHETKH, KOTODad KBUSKETCS IIPAMOJI-
HelfHO co ckopocThio 2,0 M/c, mpHIraeT 4YeJaoBeK Maccoii m,=60 kr
B HanpaBJieHUH, NEePNeHRUKYJAPDHOM K XOAy BaroHetku. Macca
BaroHeTku m; =240 kr. OnpepesuTs cxopoc'rb BArOHETKH BMeCTe
€ YeJIOBEKOM.

3.35. s mymxn maccoii 1,1-10° xr nponanenen BBICTPEJI B TOPH-
30HTAJBHOM HampaBJjeHuH. Macca cHapsaga 54 kr. CKopocTs cHapsaja
OTHOCHTEeNBbHO 3eman v=900 m/c. OnpeaesuTs CKOpPOCTHL cBOGOJ-

HOTO OTKATA OPYAMA B MOMEHT BLLJIETA CHADAAA.

3.36. Ha nnardopme ycraHoBieHa Ge30TKATHAS NYINKA, M3 KO-
TOpOl IMPOMBBOZUTCHA BHICTPEJ BAOJb KEJIE3HOAOPOKHOrO IYTH IOJ
yriioMm 45° K ropusonTty. OnpefesuTh HAYAJbHYIO CKODOCTh CHAPSAAA,
€CJII HM3BECTHO, 4YTO IIOCJe BBICTpeJa IJIaTdopMa OTKATHIACH HA
paccrosuue 3,0 M.  Macca miaardpopmm ¢ nymkoi M=2,0.10% xr,
macca cHapaza m =10 Kr, K09¢pPHUUHUEHT TPEHHA KAYESHHA MEXKAY
KoJecaMHu miaargopMel m peabcamu. p=0,002.

3.37. 'panaTa 6pomeHa nox yriaom 45° K TOPH3OHTY cO CKO-
pocThio v9=20 m/c. Yepes 2,0 ¢ mocme MomeHTa Gpocamus rpaHa-
Ta paspeiBaeTcd Ha JBa OCKOJIKA, MAcCChl KOTOPBIX OTHOCHATCH KaK
1:2. MeHbIIMii OCKOJIOK B pe3yJIbTATe B3pLIBA IOJYUYMI JOIOJHH-
TEeJIbHY1I0 CKOPOCTh v =50 M/c, HAIIPABJIEHHYIO TOPH3OHTAJIHLHO BAOND
HATIpABJIeHHS OpocaHust rpaHaThl. OIpeAeJNTh AAJNLHOCTH IIOJIe-
Ta GOJBIIET0 OCKOJKA, €CJM M3BECTHO, UYTO MEHBIIMH OCKOJIOK
ynays Ha paccroanue $,—83 M. CompoTuBieHHe BO3LYXA HE yum-
THIBATB.

3.38. Tpu soxku Kaxpas Maccoit M =250 Kr uAyT ApYyr sa
JPYrOM €O CKODOCTBIO v ==5,0 m/c. I3 BTOpOif JOAKH OJHOBDEMEHHO
B IIepBYI0 M TpeThl0 GpocaloT rpysm maccoif mo m =20 Kr co CKo-
poctbio u=2,0 M/c OTHOCHTeNbHO cpexHell Joxku. OnpefeauTsh CKO-
POCTH JIOZOK IIOCJIe nepe6pocm rpy3o0B.

3.39. Ise nmogku maccoit M =100 kr xaxzas HAYT napaJmem.-
HBIM KYPCOM HABCTpeYY ADYT APYTY ¢ OLUHAKOBOM ckopocThio 5,0 M/c.
Korga smozku BcTpedalOTCA, U3 IEPBOH BO BTOPYIO Nepe6pachlBAIOT
rpys maccof m=25 Kr, a 3aTreM H3 BTOPO¥ JIOAKH B NEPBYIO
nepebpachBalOT Takoif ke rpya. B apyroit pas rpyss nepebpachi-
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BAIOT U3 JIOAKU B JIOAKY OAHOBPEMEHHO. OmpefesInTs CKOPOCTH JIOZOK
B oboux caydanAx.

8.40. Kysasnza Maccoif .20 Kr mogHaTa Ha BHICOTY h=1, 2 M
u cBOGOLHO majmaerT Ha HaxoBaJbHIO. Kakosa cpe,zuma cHJIa yjaapa
KYBaJjbl O HAKOBAJBLHIO, €CIM yZAap HEYNPYruy, a NPOXOKHUTENb-
- HocTh yaapa 0,005, c?

) 341. K Ma'repna.nbnoﬁ TOKe, IOJIOKEeHHE lco'ropon onpepesaeTcs
Paguyc-BeKTOPOM r—3z+2]—|-4k npunoxena cuaa F= 5z+41+3k

Onpefe/aUTh MOMEHT. CHJE ‘M OTHOCHTENBHO HAYAJA KOOPAHMHAT,

MOAYJIb BeKTOpa M M MOMEHT cHIH M, OTHOCHTeNbHO OcH Z.

3.42. Temo maccoit m =100 r Gpoweno nox yraom o =45°
FOPHU30HTY C HavyaJbHOH CKOpocTbio vo=20 m/c. Hailitu Mozynb Mo-
MeHTa MMIYJIbca TeJa OTHOCHTEJBHO TOUKH OpOCAHHA B MOMEHT
HAXOXJEHUS ero B HAMBBICIIEH TOYKe TpaeKTOpPHH. COIpOTHUBIIEHHE
BO3AYyXa He YUYHUTHIBATE. '

3.43. IoxasaTh, 4TO NpPH ABUKEHHH Tesa HOJ AeiiCTBHeM LEHT-
pPaJbHOM CHMABI MOMEHT HMIYJbCA TeJIa OTHOCHTENHHO TOUKHU, ABJIHIO-
IeACs II0JII0COM NOJIA, eCTh BeJIMUMHA IOCTOSAHHAS.

3.44. TloxasaTh, 4YTO NJaHETH, JABHXKYIUecs HOJ HeiicTBUeM
LEeHTPAJNBHBIX CHJI, MMEIOT IJIOCKYIO TpaexkTopuio. CuJjoit conpo'rms-
JIeHUSA ABMIKEHHIO IpeHeGpeus.

3.45. Ha rapaaxoif ropuaoHTaJbHON IJIOCKOCTH JIEKHT OLHODOJ-
HH crepkeHp aauHoi [=0,50 M u maccoit m=1,0 kr. Ilo nnoc-
KOCTH CKOJIb3UT LIAPUK Maccoit m; = 0,30 kr co ckopocrbio v =10 m/c,
Hanpas/ieHHOH NepneHAMKYJAAPHO crepykHio. lllapuk yzapserca o
crep:keHb M ocraHaBiauBaerTcd. Touka yjmapa HaXOAMTCA Ha pac-
cTOAHMY [ =20 cM OT cepefHHH CTep)KHA. [JuaMeTp IIAPUKA DaBeH
JuamMerpy crepskHs. OnpeZesUTh MOCTYNATEIbHYI CKOPOCTh CTEPXHSA
Tocie yzapa M YIVIOBYIO CKOPOCTB OTHOCHTENBHO €ro LeHTpa MAacc.

3.46. lokasaTb, YTO YEJOBEK, CTOAIIMI Ha HMAEAJBHO TIJIagKO
rOPUMBOHTAJIBHOH IIJIOCKOCTH, MOJKET IIOBEPHYTHCS BOKDYI' BEPTHKAJIE-
HO#l OocH, eca¥ OH HauleT BpallaTh PYKY HaJ IoOJIOBOM.

3.47. IlokazaTh, uTo BTOpO# 3aKoH Kemnépa (paguyc-Bexrop, npo-
BeeHHM# or CoJHIIA K INJaHeTe, B pPaBHble BpeMeHa ONMUCHIBAET
paBHEIe MIOLIAAM) €CTh CHeJCTBHE 3aKOHA COXPAHEHNS MOMEHTa
UMIIYJIbCa.

‘ 3.48. Teso maccoyt m 6por.ueHo MOJ YIJIOM O K TOPH3OHTY CO
cKopocThi0 v. HaliTH 3aBUCHMOCTE OT BpeMeHM MOAYJS MOMEHTa
. HMIIYJIbCA TeJla OTHOCUTEJBHO TOYKM OpocaHus. ConpoTHBJIeHHEM
BO3RyXa IIpeHebpeus.

3.49. Uz Touru c KOOPAMHATAMU (0 3, 0) (m) Bep'mxa.nbno
BBepX Gpocusnu Teno maccoit m=0,5 Kr co ckopocrhio V=25 M/c.
Haiitu mpupdimeHue MOMeHTa MMIYJbCa TeJa OTHOCHUTEJBHO Hayaja
KOODAMHAT 32 BpPEeMs er0 IHoJieTa BBePX H 06paTHO B MCXOZHYIO
Touxky. ComnpoTusiendeM Boaayxa mpeHeGpeub. Och HaIpaBJeHa
BBepX.
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§ 4. MEXAHHKAi TBEPAOIO TENA

YpasHeHHe IHHAMHKH TBEepAOro TeJa, Bpamalomeroca BOprt‘
HeInoABHKHON ocH Z:

IBZ=M2,

rge M, — anreGpamdyecKkass CyMMa MOMEHTOB BHEIIHMX CHJI OTHO-
CHTEJIbHO OCH Z.

MoMeHT MHEepIMM HEKOTODHIX TeJI: d

1) Touku macco# m Ha paccrosHMH R oT ocuM BpallieHusd:

_ T=mR?%

2)  OZHOPOAHOrO .CTEPKHA JJIHHON | OTHOCHTEJIBHO OCH, IPOXO-
AAule#l yepes €ro NEHTP MACC NMEPNEHAUKYNAPHO CTEPIKHIO:

S
I==—ml
1277
raie m — macca crepxHs. Ecim och BpameHusa nepHeHAUKYJApHA
CTEepPIKHIO H IPOXOAHNT Yepes ero KOoHel, TO’ -
I =;—m12;

3) oaHOpPOAHOro AMCKA MJIM LHIMHAPa paauycoM R u maccoit
m OTHOCHTEJNBHO OCH, COBIAZAIONIEH C OCHIO AMCKA HJIM IMJIMHADPA:

1 p2,
I-_ZmR,

4) TOHKOCTEHHOM TpPYOGH HMJIM KOJbIA OTHOCHTEJALHO OCH, COBHA-
Jalieil ¢ ochlo TPpYOhl HJIH KOJMBUA:

I=mR? _
5) moJIoro HUMJIMHAPA Maccoift m OTHOCHMTEJBHO OCH CHMMETDHH:

I=1-m (R}—R?),

rge R, u Ry, — BHYTPeHHMII 1 BHEUIHMH pajguychl;
6) ozmoposHOoro mapa maccoit m u paguycom R OTHOCHMTeNbHO
ocH, COBNAZAOIEl ¢ ero ANaMeTpPOM:

I=§—mR2;

7) TOHKOrO amucka paauycoMm R u Macco¥t m OTHOCHTENBHO OCH,
cosnagaioureif ¢ guamMerpom:

1 p2
4mR.

" MomeHT uHepuuu Tena I OTHOCHTENBLHO IPOM3BOJNBLHON Ocu orI-
penenserca 1o Teopeme Illreitnepa:

I=Io+ma2,
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rge Io ~— MOMEHT MHEPLHU Tejia OTHOCHUTEJBHO OCH, IapaJiiaejlbHOI
JaHHOH M mpoXopsulell dyepes LEHTP Macc, a — DAacCCTOAHNE MEMIY
0CAMH,

Pa6ora BHemIHMX CHJI IIPH IIOBOPOTE TBEPAOIO Tejia BOKPYD He-
. HOIBHJXHOH ocu:

= iP Mzd@-

‘Kuneruueckasa 9Heprud TeJa, Bpamalon.:er‘oca BOKPYI' HEIIOABH K -
HoH ocH:

Kuneruyeckan 9HepruAa TBEPAOIro TeJsia HPH ITJIOCKOM ABHUXKEHHMU:

2 2

Iw
E,="Y% | 20
k 2 2 >

rje m — Macca Teja, U, — CKODOCTh LieHTpa Mace, ] — MOMeHT uHep-
IHMH OTHOCHTEJBHO OCH, IpOXoasuieil uepes HeHTP Mace, w — YILJIO-
Bas# CKODPOCTH BpAIIIEHMHA BOKDYT TOM e OCH.

MoMeHT uMMIyJsBca TBEPAOro TEeJa OTHOCUTENbHO HEIOABHIKHOM
ocu Z;_

Lz= zWz»

rge I; — MOMEHT MHEPIUM TeJa OTHOCHTEJIbHO OCHU Z, wy; — YIJIOBas
CKOPOCTD.

Ycaosua PaBHOBECHA TBEPAOrO TeJia

1. PeaynbTUpyIOmlas BCeX BHELIHHX CHUJI, IPUJIOKEHHEIX K Texay,
JoJKHA OBITH paBHO HYJIO, T. €.

F=23F;=0.
2. CyMMapHBIii MOMEHT BHEILIHUX CHJI OTHOCHTEJILHO JI060ii TOUYKH
JOJKEeH ObBITH paBeH HYJIO, T. €.

M=ZM;=0.
JHHAMHKA BpamaTeabHOr0 ABMIKEHHA TBEPAOro Teaa

4.1. OnpezesurTs MOMEHT HHEPIHMH LIAPA OTHOCHTENLHO OCH,
COBNajalomiedi ¢ KacaTeNbHOH K ero nosepxHoctd. Pagmyc mapa
0,1 M, ero macca 5 kr. :

-4.2, Yemy paBeH MOMEHT MHEPUHMH TOHKOTO IDPAMOIO CTEDPIKHSA
anugo# 0,5 M ¥ maccoit 0,2 Kr OTHOCHTENBHO OCH, IepHEHAMKYJIAD-
HOH K ero AJMHe M NpOXOAAllell 4yepes TOUKY CTEepiKHSA, KOTOpas
yaanena va 0,15 M or oiHOTO M3 ero XoH1OB?

4.3. OnpefenuTs MOMEHT MHEPIHUHN 3€MJIM OTHOCHTEJIBHO OCH Bpa-
LleHudA, NpUHAB ee 3a map paguycom 6,4 Mm u maccoit 6.102* kr.

4.4. Ha 6apa6an paguycom R =10 cM HaMOTAHA HUTh, K KOHIY
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‘ ”lll m

Puc. 4.2

“”' m;  Puc. 4.1

KOTOPOM NpUBA3aH rpya Mmaccoit m — 0,50 kr. Haiitu MoMeHT HHepLMU
6apabana, eciu Tpy3 OIycKaercs ¢ yckopenuem a=1,0 m/c’.

4.5. MaxoBHK, IpeAcTaBISOmuii co6oit auck Maccoit m =10 xr
u paguycom R =10 cm, cBoGoAHO BpauiaeTcsi BOKPYr OCH, KOTODas
TIPOXOAMT uepe3 NEHTD, ¢ Kpyrosoii wacrtoroii 6 ¢~ '. IIpm Topmo-
JKeHUM MaXOBHMK OCTaHABJHBaeTcd yepe3 { =25 c. OnpemesuTsL TOPMO-
3AMUNA MOMEHT. -

4.6. Yepes 6a0K, Macca Koroporo m==100 r, nmepexmHyTa TOH-
Kafl THOKasd HepaCTHAKHUMAA HHTHh, K KOHIAM KOTOPOH IOABEIIEHH
ABa rpysa maccamu m; =200 r u m,=300 r (puc. 4.1). Tpysu
YAEPIKHUBAIOTCA B HENOJABUIKHOM NOJIOXKeHHH. C KAKMM yCKOpeHHeM
6yLyT ABUraThcsA TPY3hl, €CJIH HUX IpefocTaBuUTh caMHM cebe? Yemy
PaBHO YTJI0BOe yckopeHHe 670Ka, ecau ero paauyc 10 cm? Tpenmem
npeHe6peds.

4.7. VI3 x0N0ANA C TOMOUIGI0 BOPOTA MOZHMMAJOCH BeApO ¢ BOAOH
maccoit m =10 kr. B MmomMeHT, KOorjga BeApO HAXOAMJOCH HA BBHICOTE
h=5,0 M OT MOBEepPXHOCTH BOJBI, PYKOSTKA OCBOGOAMAACH, M BEAPO
crano pBUrathes BHUS. OnpefesuTh JUHEHHYIO CKOPOCTh PYKOATKH
B MOMEHT yjAapa Beipa O MOBEPXHOCTE BOAHI B KOJIOAIE, €CIAH pa-.
Inyc pykoatkm R=30 cm, pagmyc sBana Bopora r=10 cm, ero
macca m; =20 kr. Tpenuem u Maccoit Tpoca, Ha KOTOpPOM TOZBe1IeHO
BeApoO, IIpeHeOpeyb.

4.8. MaxoBuk Maccoil m,=1,0 Kr yKpemjieH HA IIKHMBE pajuy-
com r=25,0 cM um maccoit my=200 r, KOTOPHIl HIPpUBOAUTCA BO Bpa-
HieHMe ¢ MOMOINbIO ONMycKalouiedica rupu maccoi mi=500 r, npussa-
3aHHOHM K KOHIy HAMOTAHHOI HA LIKMB BepeBKHM. Uepe3 Kakoe BpeMs
CKOpOCTh MaXOBHMKa ZocTUrHeT n=>5,0 06/¢? CunraTh, 4TO Bed Macca
MaXOBUKA pacnpejesieHa mo ero oboxy Ha paccrosHum R =40 cm or
ocH BpallleHud.

4.9. K KOHLY TOHKOM Hepac'rmicnmoﬂ HUTH, HAMOTAHHOH Ha IH-
JVHAPUYECKMI CIJIOIIHOM HEeNnoABMMKHEIA Gsok Maccoir m, =200 r,
MIPUKPEIJIeHO TeJso Maccoii my=500 r, KoTopoe HaXOAUTCH HA HAKJIOH-
HOIl TIJIOCKOCTH ¢ yIJioM HakJoHa o=45° (puc. 4.2). Hurs, ynep-
JKMBAOLIAS TeJO, IMAapajjejbHa HAKJOHHOH miockocru. Kakoil myTs
IpoitieT TEJO IO HAKJOHHONK mjockocTu 83a t=1,0 c, ecan xoaddu-
IMeHT TPEHMH CKOJb)XEeHHA II0 HAKJOHHON maockocru u=0,10?
TpenueM B GJOKe IpeHeGpeds.

4.10. Karoit nmyTs npoiiger kKaramuiica 6e3 CKOJIbMEHHA IUCK,
NMOAHMMAACL BBEpPX II0 HAKJOHHON IIJIOCKOCTH C YIJIOM HAaKJOHA
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ecnu emy coobmieHa HAuaNbHAA CKOpoCTh 7,0 M/c, napamxenb-
HAKJOHHOMR miockocTH?

4.11. Wap craTiBaeTcs N0 HAKJIOHHOMK NIOCKOCTH € YIJIOM HAKJIO-
30°., Kakyo cxopocTb Oypser uMeTh LEHTP 1IApA OTHOCHTEJHHO
KNOHHON IJIOCKOCTH uepe3 1,5 ¢, eciM ero HAYAJBHAA CKOPOCTH
18 paBHa HYIMO? _

4.12. Kaxky0 MOIHOCTL AOJKEH DPASBHTH MOTOp, IPUBOARIIMI
ABHKeHHEe CTAOMAM3MDYMOIMA IMpOCKON, KOTODHIA umeeT Gopmy
Acka paguycom R=1,0 m u maccoit m=1000 kr, ecnu B Teuenue
=1 MUH yrjioBasa CKOPOCTb JOBOAUTCH AO m—31 paz/c? Tpeuuem
[ CONPOTUBJICHUEM BO3AYXA NpeHeOpeub.

413. BLuWCHWTL KUHETHYECKYIO DHEPIHIO AMCKAa Maccoft 2 Kr,
Kargmerocs 0e3 CKONbKEHMA IO TOPH3OHTAJNBHOM IMOBEPXHOCTH ¢
OTHOCUTENLHOM CKOPOETHIO 2 M/c.

4.14. Kaxyw paboTy HyKHO COBEPIINTH, YTOOH MAXOBHKY B BUJE

pucka macco#t 100 xr u papguycom 0,4 M coobmuTh UacTOTy Bpa-
menus n=10 06/c, ecaiu OH HAXOAUJCH B COCTOSHHY NOKOA?

4.15. Onpepenuts TOPMOSKIUUE. MOMEHT, KOTODBIM MOXHO OCTA-

- HOBHTb 32 t==20 ¢ MaxoBoe Koyeco Maccoit m =50 Kr u paauycom

R=0,30 m, spamaiomeecs ¢ wactoroit n=20 o6/c. Maccy maxo-

BHKAa cUUTaTh pacupepeneHHo# no odony. tIemy paBsHa pabdora, co- -

BepUIAEMAHA TOPMOIAIIUM MOMEHTOM?

4.16. HaitTu moAE3HY® MOIMHOCTH Asurared, npnnonamero
. B ABMiKeHMe nnaThopMy B BHAE sucka maccot m; =280 xr u paguy-
com R=1,0 m, Ha xpaio KOTOpPO# CTOMT 4esOBEeK Maccoit m, =060 kr,
ecnn 3a t=30c nnardpopma npuoGperaer CKOPOCTb,  COOTBETCT-
BYIOmy®W dacrore n=1,2 06/c.

4.17. mck maccolt m,=5 Kr m paguycoM R=25 cM, Bpamaio-
muitca ¢ yactroroit n=10 06/MHH, NPUBOAUTCA B CHENJCHHE C HE-
TOABMMHLIM AMCKOM MAccOo# my=10 xr Takoro e paguyca. Onpe-
AENUTL DHEPrUI0, KOTOpas# TWOWJEeT HA HArpeBaHHWe HJUCKOB, eCchM
NPH KX CHENJIEHWM CKOJbIKEHUE OTCYTCTBYET.

418, Tlpn Hauyuu TPeHHK OOPYY CKATHLIBAGTCH C HAKJIOHHONK
IJIOCKOCTH, & NPYM OTCYTCTBMM — CKOJIB3UT o Heit. B xkakom ciayuae
¥ BO CKOJIbBKO Pa3 CKOPOCTb, KOTOPYI0 Gyaer uMeTh o6pydY y OcHOBaA-
HHS HAKJOHHON mJocKocTH, Gosabuie?

4.19. Ulapuk, crarupaommniics 6e3 CKONbKEHUA NO nalc.nom-xoﬁ
NJAOCKOCTH € YyMJIOM HakJoHa o =30°, yzapaeTcs o ropH3OHTAIBHYIO
TJIOCKOCTh N TIOCJie YAApa NOACKAKWEBAEeT HA Bulcory h=12,5 cm
(puc. 4.3). IipeneGperas Tpenuem u cuuras yaap abcomoruo yupy-
TUM, ONpEAeJHNTL NYyTh 8§, NPOHAEHHHN INMAPMKOM MO HAKJIOHHON
NLJIOCKOCTH.

4.20. Tuck paguycom R PACKPYUMBACTCA BOKPYT Bep'mnam;noﬁ

OCH C NMOMONILIO BepeBKM BINHON [, KOTOPYIO TAHYT C HOCTOAHHON

cunot F (puc, 4.4). Tlocse 3TOrO AHCK COCKAKMEBAET C OCH M Toma-

A8eT HA TOPHMIOHTAJABHYIO IIJOCKOCTD. CKOJIEKO oﬁopo'ron cjpeJyiaet

AMCK HA IJOCKOCTH AOC TONHOM OCTAHOBKM, €CJH ero macca M, a
KO3DOUUNEHT TPEHMA AMUCKA O ILJIOCKOCTD w?

4.21. [isa mapa OAWHAKOBOTO PA3MepAa, M3TOTOBJIEHHEIE M3 QJII0-
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Puc. 4.3 ‘ Puc. 4.4

MHHHMA WX MenH, BpallaloTcs He3aBUCHMO ADYr OT Apyra BOKpDYr
obmieil HeMOABHMMHOK ocH, IpoOXoAdAlled Yepes MX LEHTPH, ¢ YIJO-

BBIMH CKOpocTaMu w, = 5,0 'pag/c u we:=10 paa/c. C xakoit yriaoBo#
CKOpPOCTBIO Bpallaauch Obl 06a wmwapa, ecau 6B HX JKECTKO COEAH-

- HAJU?

PaBnoBecHe TBEpaOro Tesaa

4.22, OzHopoauulit crepxensp aimuoit 1,0 M m Mmaccoit 5,0 kr
NMOABEIEH FOPUIOHTANBHO HA ABYX NAPAJIENbHBIX BEPEBKAX ORHHA-
KoBoM auuuel. K crepaxkHio npukpenjied rpy3 maccoi 10 kr Ha
paccroaauu 0,25 M oT oAHOro M3 ero KOHLOB. OnpefenuTs HATA-
JKEeHHA BEPEBOK.

4.23. Yepes 610K, npuKpeneHHbHE K AHHAMOMETDY, IepebpolreH
KaHATHK. OAMH KOHell KAHATHKA 3aKpeIlJieH Tak, 4To obpasyer yroj
a=60° ¢ Bepruxambio (puc. 4.5). K apyromy koHuy nojasemieH
rpys maccoii m=0>5,0 kr. Onpezenurr mnoKasaHHe JWHAMOMETDA.

4.24. Ha ropM30OHTAJEBHON IIJIOCKOCTH JIE;KHT Tpy3 maccod m =
=10 Kr, K KOTOpOMY INDMKpPENJIeHK BepeBKH, IEDEKHHYThle 4Yepe3
6moku (puc. 4.6). K xoHnmam BepeBOK HOABELIEHB! I'PY3Bl m; U My.
Onpegenurs HauboJblllee 3HAUYEHHE MAcChl Ipysa m;, IPH KOTOPOM
cucrema Oyjzer eule HAXOZMTHCA B paBHOBecHMH, ecaum my=>5,0 kr,

=45° a;=30° u KoapdHLHEHT TpeHUd rpy3a O I'OPH3OHTANBHYIO
nnockocrd p=0,50. Maccamu GJIOKOB H BepeBOK U TpeHHeM B 0JIOKAX
npeHe6peyus.

oy oy my
m m,

m
l

LT IT 77777777707y 77777 7r 77077/ F 777

Puc. 4.5 : ‘ Puc. 4.6
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4.25. OpuopoaHblit crepxenb Maccoli m=2,0 Kr HoxBemeH HA
IBYX HHTAX OAMHAKOBOM niuHBIL, paBHOII a=50 cm (puc. 4.7).
OnpenesuTh IJUHY CTepPyKHA, €CJH HaTAKeHHMe HuUTedr F—=30 H.

4.26. CrepxeHb AB maccoit m;=>5,0 Kr HIapHUPHO NPHKpPEIeH
HHKHMM KOHIIOM K BepTUKaibHOH crenke (puc. 4.8). K BepxHemy
MOHIY CTepKHS, KOTODHIiI NpHBA3aH K CTeHKe BepeBKoi CB, moj-
BellleH Ipys Maccoit my,=3,0 kr. OmpeieJuTh HATSMKEHHEe BEPEBKH
CB, ecaun yron o=45° a gauma BepeBKH CB B 2 pasa MeHbIIe
JUTHHEL cTep:kHA AB. A

4.27. Ha HaKJOHHOI IJIOCKOCTM C YIVIOM HAKJOHA ‘35° croHT
OAHOPOAHEINl npaMoil muauuip pasuycom 10 cm. Yemy paBHa Hau-
6oJbIas BBICOTA LUUJIMHAPA, IPHU KOTOPOIH OH elle He ONPOKMHeTcA?

4.28. Opuopozuasa ropuaoHTanbHas 6asika giauHoi 1,5 M i mMaccoit
50 xr sakpensieHa B cTeHe ToJuHOM 50 cM Tak, 4TO omMpaercH
Ha Hee B TouKax A u B (puc. 4.9). K cBoGoaHoMy KoHIy Gamku
MIOABEIITeH I'Py3 Maccoi 100 Kr. OnpefleJINTh CHJBl DEaKLHUH B OOpax
A u B.

4.29. OpxopoaHbIii miap Maccoll 2 Kr IPUKpENJIeH K BepTHUKAJb-
HOM cTeHe ¢ IOMOIILI0O HHUTH (pHC. 410) C kaxoil cujoii map
AABUT H& CTEHY, eCIH HHTb obpaayer ¢ Heil yroa o=30°? Tpenme
He Y4YUTHIBATH.

4.30. TIpu KaKoM HaMMEHbIIEM 3HAYEHUU KodddUIeHTa TPEeHUA
MexJy creHoif u mapom (cm. puc. 4.10) Touka A, B KoTopoit 3akpen-
JieHa HHMTBb, M LEHTp luapa OYyAYT HAXOAUTBCS HA OAHON BepTH-
Kaam?

A
L4
||||
m
©)
Y P) If M 15Mm
Fr . - 39m

Puc. 4.10 Puc. 4.11 Puc. 4.12
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Puc. 4.13 Puc. 4.14 Puc. 4.15

4.31. Jlectuuna AB omnupaeTcsi KOHLOM A HA BEpPTHKAJbHYIO
TIafKYI0 CTeHY, a KoHIloM B — Ha nox (puc. 4.11). Koadbduunuenr
TpeHud JecrHALHL 0 moa p=0,3. Yemy paBHO HauGOJIbIllee 3HAYEHHE
yrama o, oGpaaoBaHHoro JIeCTHUIeH C BepPTHKAJBLHOH CTEHOH, NpH
KOTOPOM JIECTHHIA Gy[eT elle HAXOAUTHCA B paBHOBeCHH?

4.32. Ha rpy30BOM aBTOMOGHMJIe YCTAHOBJIEH HOABEMHEI KpPaH
(pmc. 4.12). Macca apromo6uns BMecTe ¢ kpanom 3-10° kr. Paccroa-
HHEe MeXAY OCAMM IepefHUX H 3aAHUX Kojec 3,5 m. Kakoii makcu-
MaJIbHBIH¥ rpy3 MOYeT NOAHATH STOT KPAH, €CJIU 3aXHAA OChb H TOYKA,
B KOTOPOIi mojgBenied rpys, HaXOoJATCA Ha paccroaHmax 1,60 u 6 M
OT BEePTHKAJIBHOH IJIOCKOCTH, MPOXOAslIell Yeped HEHTP Macc aBTOMO-
6uns ¢ xpaHOM?

4.33. HaiiTy KOOpAMHATH LEHTPa MAacC CHUCTEMBI, cOCTOANIeH u3
YyeThIpex IMAPHKOB MaccamMd mo=200, m;=300, m,=400 wu
m; =100 r, KOTOpBEIe PaCIIOJIOJKEHHKI B BEPIIMHAX M LEHTPe PaBHO-
CTOPOHHEro TpeyrojJbHukKa co cropoHoii 20 cm. KoopaunaTHbie ocu
HaIpaBUTh TAK, KAK YKA3aHO Ha pucyHke 4.13.

4.34. Onpe,me.rm'rb TOJIOXKEeHHe HEeHTPa MacC CTEPXKHA, coc'roamero
M3 JABYX uacreit OfMHAKOBOH AJHUHBI H OAWHAKOBOrO IIOIIEPEYHOTO
CceyeHHdA, OfHA M3 KOTODHIX CBHHIIOBasl, a BTOpAsA JKeJe3Has, e€CiH
ero o6masa asuuaa 0,60 M.

4.35. B ogHOopogHOM Jucke auamerpom 60 cM BEIpe3aHO KpyTr-
noe oreepcrue AuaMeTpoM 20 cM, IEHTP KOTOPOrO HAXOJAMUTCA HA
paccroauun 8,0 cM oT ueHTpa Aucka (puc. 4.14). Onpeaesnth mO-
JIOJKEHHME LIeHTpa Macc THCKA.

4.36. Bpycox TOMIMHOK h J€XUT HA HENMOABMIXHOM ITHJIMHADE,
paguyc koroporo R (pumc. 4.15). IIpy KakoM COOTHOLUEHMH MEXAY
h 1 R 6pycox OGyaeTr HAXOAUTHCA B IIOJIOKEHWH YCTOMYUBOrO PABHO-
Becuss? CuuraTh, 4TO TPEHHe MeXXAY OpycKOM M LIMJIMHIPOM JOCTa-
TOYHO BEJIHKO.

§ 5. MEXAHMKA XMAKOCTEA M FA30B

s cTaMoHAapPHOTO TedeHMs HeCKMMaeMOM KMIKOCTH cIpaBej-
JINBO ypDaBHEHHE HEePA3PHIBHOCTH CTPYH:

vS =const,
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rje U — CKOPOCTh MKHUAKOCTH, S — IJIOWIAJb IONMEPEYHOro Ced4eHHus
TpYOKH TOKA.

O6peM KHAKOCTH, IIpOTeKaIOII[eK 3a ep;nmmy BpeMeHH yepes
ai060e ceyeHMe TPYOKH Toka (pacxopn):

Q="vS.

CropocTh ucTeUeHHs HAeaJbHOH xmmcoc'm 4epes MaJoe OTBep-
CTHe B IIMPOKOM COCYAEe:

2gh,

rge h — ray6uHa OTBEpPCTHA OTHOCHTENHHO YPOBHSA MHUIKOCTH B UIM-
POKOM cocyze. .
Ypasuenune Bepuynnu:

p+ "2—"?—1— pgh=const,

TAe p — IJOTHOCTh JKUAKOCTH, D — CTATHYECKOE AABJICHHE IKUJ-
KOCTH, U — CKOPOCTHb T€4YEeHMS KHAKOCTH, i — BHICOTA ceqerma TpYy6-
KM TOKa HaJ HeKOTODHIM YDOBHEM.

TIpu nepexoae o6bema V MHAKOCTH M3 TIPOCTPAHCTEA, I'E AaB-
JIleHUMe p;, B NPOCTPAHCTBO C AABJEHHEM pp;, BHEUIHNUM JABJEHHEM
coBepiaerca padoTa

A=(p:—p)V.

IIpu 1aMUHAPHOM TeYeHUH MKUIAKOCTH IIOMEIEHHOEe B IIOTOK TeJso
MCHBITHIBAET JT060BOe CONMPOTHBIIECHHE

F=rno,

rae r — xoadduuMenT, 3aBUcAIMA or dopMEl M pasmepa Tena,
1| — BH3KOCTbH, U — CKOPOCTh TIOTOKA.

IIpu gBH)keHuM HmIapa B BA3KOiIl cpefe cuia conpo'mn.uenns (bop-
mysa Croxca) ,

F=6aRnv,

rae R — paguyc mapa.

O6beMm V xupakoctu, nporexamwinell uyepes rpy6y asmuoit ! u pa-
auycom R mpm JaMUHADHOM mmmeunn 3a BpeMdA !, ompegejdercs
no ¢opmyne Ilyaszeiina: .

1:1.RApt
M

rae Ap — pasHOCTb JABJEHMI HA KOHLUAX TPYyOKM.
B cayuae TypOYyJeHTHOrO IIOTOKA IIpM He OYeHb OGOJIBIIMX CKO-
pocT#Xx 106080 CONPOTHBJICHHE

2

F=C,Spv’,
rae Cy — xoadduIMeHT JIO60BOrO CONPOTHBJIEHMH, 3ABHUCILIMIE OT
dopmMul Tesa u uucia PelfHoabaca, S — nioliagk NpPOEKIUH Tesa

HA [JIOCKOCT, NMEPHEeHAMKYJIAPHYIO K CKOPOCTH NOTOKA, p — nort-
HOCTB CpefkI.
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.1/2 o6bema mosca.

Yucao Peiinonbaca:
. Re — lpu

14

‘

rge | — pesmuuHa, XapaKTepusylowasa JuHelHbBle pa3Mepsl o0Tekae-
MOTO TeJia.

I'uppo- u aspocTaTHKA

5.1. Onpe,a;e.rm'rb ray6uHy, Ha KOTOPYIO He00XOZUMO TIOrDY3WTH
B BOJAY BO3AYIUHBIA mucroser Kaaubpa d—=T7,0 MM, 4ToObI mpH HAa-
JKATUU HA CIYCKOBOM KPIOYOK BRICTPeN He npougoluesn. [{aunHa creoiaa
nucrojera [=22 cm. Maceca nyau m=T7,0 r, & €ee CKOPOCTb B MO-
MEHT BBLJI€TA M3 CTBOJIA IIPH BBHICTpesie B BO3xyXe v =27 M/c.

5.2. OnpezenuTh HATAKEHHE TPOCA npxu NOAHATUM W3 BOXBI Ke-
nesoberTonHOil TaMTH o6memMoM 2,4 M’ ¢ yckopenuem 0,50 m/c’

~ JIoGoBOE. CONIPOTHBIIEHHUE He yuuTeiBaTh. CuMTATh IJIOTHOCTH JKeJe30-

6eToHa pr=2,2.10" xr/m".

5.3. Yemy pasex KIIl zBurarens, IIpPIBOZ(SIIJJ;EI‘O B feiicTBHe
THApaBJIUYeCcKUI Ipece, IJIOUIALHM HOPIIHEH KOTOPOro OTHOCATCH KaK
1:100, ecam npu noxameme rpysa Mmaccoii m=>5-10" kr wmausrit
nopureHs 3a t=1,0 muHn cgenan n=100 xozos? Xoa mMajsoro mopui-
HA n;=20 c¢m. Mowmnocrs asurarens N =2,0 xkBr.

5.4. JIlpa mapa — AJIOMMUHUEBBI# ¥ MeAHBIH, ONUH U3 KOTOPHIX

'CHJIOIIHOM, & ApPYro#t moJslii, mojgsenieHbl K KOHIIAM HepaBHOILJIeYe-

T0 phlYara ¥ YyPaBHOBEUIEHHI B BO3AyXe. ¥ CTAHOBHTb, KAaKOH H3
IIAPOB HABJISETCS IIOJBIM, €CJIH IPH IOTPYIKEHHH MX B COCYZ C BOAOM
paBHOBecHe He Hapylraetcs. UeMy paBeH 00'beM NOJOCTH, €CJIM Macca
MeznHoro wmapa 0,4 Kr?

5.5. B cocyg ¢ pTyThio M BOAO#H GpolleH cTaabHON mapuk. Kakaa
gacTk 0o0beMa ImapuKa 6yJeT HaXOAMThCA B Boje?

5.6. Onpene.wm'rb Maccy npo6KOBOro 1nosca, CnocOGHOroO ymepikaTh
YyeJIOBEKA Maccoit m; =60 kr B Boge Tak, YTOOHl roJOBa H IJeYH
(n=1/8 o6pema) He Onlau nNOrpyKeHH B Bojy. IlmorHocTh Tena
YyeJIOBeKa NMPUHSATH paBHoﬁ p1=1007 kr/m".

5.7. Cocyn ¢ . BOAOH JABMIKETCS BEePTHKAJIBHO C YCKOPeHHMeM
a=1,2 M/c , HampaBJieHHBIM BBepX. OmpefesuTh faBJIeHHe HA TJIy-
6une h=0,20 m.

5.8. K nnasawmemy B Bofie IpOOKOBOMY
noscy o6bsemom V =50 am® mogsemena Ha HATH
egesHasa rups. OnpezesMTsL Maccy TMPU M Ha-
TAMEHHe HUTH, €CJM B BOJY IOTpYKeHa

5.9. /IBe BepTUKAJLHO PACHOJNOMKEHHBIE TPY-
Onl, ceyeHMA KOTOPHIX S| U S,, COEAUHEHBl ZPYT
¢ JAPYTOM M 3aKpbITH HEBECOMBIMM ITOPILUHAMM,
COeJMHEeHHBIMHX TOHKOM HEBECOMOU HUTHKO IJIH-
Hoit [ (puec. 5.1). IlpocTpaHCTBO MeKAY INOpIU-
HAMK 3aI0JHEHO BOJOH nJjoTHOCcThI0 (. Haittu
HATHAMEHUe HUTH, €CJH KOHI[bI COCY/JOB OTKPHITH
B aT™mocdepy. " Puec. 5.1
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5.10. BensoBos, LMCTEPHA KOTODOTO 3aIOJIHEHA GEH3WHOM, ABH-

rajcsd co CKoOpocTbio v =36 KM/4 M BCJeJCTBHE TOPMOKEHHSA OCTA-
HoBuica 3a t=10 c. OnpenesnTh, BO CKOJHKO DPas CHJIA AABJICHUS
HA MHEPeJHIO CTEHKY IHCTePHBI BO BpEeMS. TOPMOMKEHHA GOJblle,
UeM Ha 3a/HIO, €CJIM UHCTEPHY MOXKHO CUMTATH IPAMOYTOJJbHBEIM

napaJjuiejienunegom aauHoi [ = 3,0 m. BHco'ra 3aIOJHEHU S nnc'repuu_

GensurHoM h=0,50 M.

T'mapo- u aspoagHHAMHKA

5.11. B mupoKoM LHJIMHAPDHYECKOM COCYZe, HAIIOJHEHHOM BOA it
Zo ypoBHA 75 cM, MMeIOTCA JABa OTBePCTHSA, 4Yepe3 KOTOphle GhIOT
cTpyu Boanl. HuxHee oTBepcTHe HaXoAUTCH Ha BbicoTe 25 cm. Ha
KaKo¥ BBHICOTe HAXOAHMTCA BepXHee OTBEpPCTHE, ecaH 06e cTpyu mepe-
CEeKajOT TOPH3OHTAJBHYIO ILIOCKOCTh, PACIOJIOXKEHHYIO HA YPOBHE
AHA COCYRa, B OAHOU TOuke?

5.12. Bax B TeHJepe NapoBosa, nmemmnﬁ AymunHy | =4,0 M, HaMOJI-
HeH BoJoii. B sagneil crenke 6aka Ha Bhicore h=1,0 M OT BepxHero
YPOBHA BOABI 006pasoBajoch OTBEPCTHE, yepea KOTOpOe BBITEKAET
cTpysa Boabl. Ompepenutn CKOPOCTH CTDPYH, €CJM IapOBO3 LBUXKETCHA
¢ yckopenmeMm a==0,50 M/c’. YeMy paBHa CKOPOCTH CTPYH IIpH
TOPMOYKEHUH C TAKHM Ke yCKOpeHHeM?

5.13. B mupoxoM cocyne, 3alOJHEHHOM Bonoﬁ Ha BBICOTE
h=0,1 M umeerca orsepcTHe ceueHHeM S =2 cM’, Yepe3 KOTOpOe
BEITeKaeT CcTPyd Boxbl. K cocyay cmepxy moxsesena TpyGa, uepes
KOTOPYIO IIOCTyIlaeT BOJA TaK, YTO €e YDOBEHb B COCyZAe OCTaeTcs
HeM3MeHHBIM. CKOJIBKO BOAHI HOJKHO EXKECEeKYHAHO BJHBATHCA B
cocy [, 4ToOBI BEITEKAIONIAs Yepes OTBEPCTHE CTPYS AOCTUIJIA YPOBHSA
‘AHa B cocyle B TOUKe, Haxoasmelcsa Ha paccrosHum [=0,0 M
OT Kpasi cocyza?

5.14. Begepko ¢ Booil mnojBemeHO K NPYXHHE K COBEpIIAeT
BepTHKAJbHbIe TapMOHMYECKHE KoJebaHus ¢ nepuogom 2,0 ¢ u ammu-
tyxoit 10 cm. Yepes masoe oTBepcTHMe B cepeiuHe JHA BeJepKa
BEITeKaeT cTpys Boabl. Ompezenurk HauboJblnee KM HaXMeHbIlee
3HAYEHHA CKOpOCTeil BHITEKAHUA BOABI CKBO3b OTBEPCTHE, €CIH YPO-
BeHb BOAK!I B Beiepke 10 cm.

5.15. Ilo pr6e ceuennem S =4,0 cm’, H3OrHYTO# mOJ NPAMBIM
yriom, Teuer Boja. C xaxoit cmnoit Bo;a peficTByer Ha TpyOy,
ecyy eyKeCeKyHIHBIH pacxojx Boaul @ =2,0 Kr/c?

5.16. Kakyio cHJIy Heo6XOAMMO NPUJIOMKHTL K IOPIIHIO TOpH-
30HTAJIBHO PaCIOJIOMKEHHON CIIPUHIIOBKHM, UTOGH BRITEKAIOMIAA U3 Hee
CTPYS BOABI HMeJia cKopocTh v =10 m/c? Paguyc nmopmua R = 2,0 cm.
Tpenunem mpeHebpeusb.

5.17. Kakoe CONpPOTHBIEHUE OKABLIBAET BO3AYILIHBEIM IOTOK, Ha-

Oerafommift HA aBTOMOOHMJE IIpHM OCKOPOCTH ABHKEeHHA 144 xM/4, -

ecnu miomangb Jo6osoit mosepxsoctu 3,0 M?? Kosdduumenr mobo-
BOTO CONIPOTHBJIEHUSA IPUHATE paBHBIM Cxy=0,6.

5.18. Kakyo MOIIHOCTH pa3BHBAET ABUraTesjb MOTOIMKJA, €CJIH
IpH BCTPeYHOM BeTpe U; =10 M/C MOTOLMKINCT €JET CO CKOPOCTHIO

vo=20m / ¢?"Macca MOTOUUKJIMCTA BMEcCTe ¢ MOTOLMKIoM m = 200 Kr,
Ko3ddunEeHT TPEHHA = =0,20, obmasa nyomajgb JOGOBOH NOBEpX-
HoctH S=1,2 M’

5. 19. OnpefesMTh MOIIHOCTh BO3AYLIHOTO IOTOKA, Ha6era10mero
HA. 9JIEKTPONOE3xk, KOTOPHIH MABHIKETCS €O CKOPOCTHIO 100 xm/4,
ecJu Iaomanbs no6osoii noBepxuoct 10 M2,

5.20. Yepes ropu3oHTAJBHO PacHOJIOXKEHHYIO TPYOy nepemel-moro
CeYEHHS eKEMUHYTHO NMPOXOAMT BOAA obbemom 2 m°. OmpeaesauThb
Pa3HOCTh yPOBHEI BOAHLI B MaHOMETPHIECKUX TPy6ax B mecrax cede-
uuii amamerpamu 0,3 u 0,1 m. .

5.21. OnpefieIUTh CKOPOCTh TEYEHHMS BOJB B ILIMPOKOH 4acTH
FOPH30HTAJIBHO PACIOJIOKEHHOH TpyGHl IepeMeHHOro CedeHUd, ecJm
pagHyc y3Koifi yacTH B 3 paza MeHbIIE pajHyca UIMPOKOH 4YacTH,
a pa3HOCThH JaBJEeHMI B IINPOKOi U y3Koit yacTaxX Tpy6st Ap=10 kIla.

5.22. Kakyio MOIIHOCTL Pa3BMBAET CEpAlle YEeJIOBEKA, €CJH IIpH
KaxkaoM OHeHUHM JIEBRIH JKeJIyHodeK, COKpamiafch, BHITAJKHBAET B
aopTy Kposb Maccoii m=T70 r mox paBaenuem p=—26 klla, a 3a
t=1 MHH IPOHUCXOZHAT npnﬁnnawrem,x{o n="75 corcpamermﬁ Key-
Jouka? .

5.23. Onpe,uenn-rb pabory, COBEpIIaeMyio HpH nepeMeleHUN
BOAEL 06BeMOM 2 ™M’ B ropM30HTAJNBHOU TPYGe nepeMeHHOTO CeYyeHus
¢ aasaenmem ot 50 xo 20 klla. _

5.24. Crexaanublii mapuk paguycom 0,50 MM nagaer B GOnplIOM
cocyze ¢ rJIMIEPUHOM ¢ YCTAHOBUBIIEHCA cKopocThio 5,0 cm/c. Haiitu
BASKOCTH IJIMIIEPHHA, ech nAOTHOCTH cTekja 2,7 - 103 kr/m3, mror-
HocTh rimnepusa 1,2.10° kr/m’.

5.25. Yan BMecTHMOCThIO V =2,0 M’ HomkKeH 6HTH HANOJHEH
Bogo# 3a t=5,0 mMuH. OnpefeJHTsL HAUMeHBIIUII pasuyc TpyOHI,
KOTOpasd MOMKeT GhITh KHCIONL30BAHA AJS COeKHHEHWs YaHa C BOZO-
HanopHo#l Gamseil, Haxoaauieiica Ha paccroauu =500 M, ecim
YpoBeHb .BOAK B OamHe HAa h=20 ™M BhHIIe YPOBHS OTBEPCTHA
B YaHe.

5.26. Kakoe conpormnnenne ucIeiTeIBaeT niap auamerpom 0,50 M,
IBHKyLIMiica B Boaayxe co ckopocrsio 10 m/c? Cuurare koaddm-
IMeHT J0o60BOro comporuBiieHna gaa mapa C,=0,25.

5.27. BeluncauTh MaKCHMAJIBHOe OHAYEHNEe CKODOCTH IIOTOKAa
Bogbl B TpyGe auamerpom 2,0 cM, mpu KoTopom Teuerue Oymer -
ocTaBaThes JaMuHapHbiM. KpuTnueckoe sHauenue yucna PeitHonbaca
ans tpy6s npunbiausutenbHo paBHo 3000. KaxoBo cooTBeTcTBYIOIIEE
3HAaYEeHHEe CKOpPOCTH aAnsA TpyOrm auamerpom 0,10 cm?

5.28. OzuH U3 MeTOKOB OIpefieIeHUA BABKOCTH XKuAKocTel 3arcmo-
YaeTCA B M3MEPEeHHMM CKODOCTH MAafeHHUsd WIaDUKA B LIUJIMHADE, KO-
TOPHIl -3aINOJIHEH HccaelyeMOH JKHUAKOCTBIO, M BBEIYMCJIEHHMH 1 IO
dopmyse Crokca. IIpuHuMas AJnd WIapa KPUTHYECKOe 3HAYEHUE YHC-
na Pedinoasaca Re =0,05, HaiiTt MmakcuManabHOe 3HAYEHHE pagHyca
CTaJIBHOTO IIAPUKA, KOTOPHI MOKeT GHITP HCNOJIL30BAH B OIBITE
NpH ONPefesIeHMH BABKOCTH INIMIEpHHA.

5.29. Ha nmco're h=200 KM DJ0THOCTH, aTMOChephl paBHA
p=1,6-10""'" xr/mM>. OneHUTL CHAY COMPOTHUBIIEHNS, HCIILITHIBAEMYIO
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CIIy THUKOM C nonepeqHHM ceyenuem S = 0,50 m? 1 maccoit m =10 KT,
JNIeTSAIMM Ha DTOM BEICOTE.

5.30. B cocyZe HaxozATcsa OBe HECMELIMBAIOIIHECHT HIACaJIbLHEIC
SKUIKOCTH . IJIOTHOCTAMU ; M (0. ToOJNIIMHA CJIOEB COOTBETCTBEHHO
hi 1 hs., C HIOBEPXHOCTH KHAKOCTHM B COCYX OIIYCKAIOT IIaPHK.
OnpeaeauTs IIJOTHOCTL MaTepHaja IIaPUKA, €CJIH HBBECTHO, YTO OH
AOCTUTAET AHA COCYAQ B TOT MOMEHT, KOT/8 CKOPOCTh CTaHOBUTCH
PaBHOI HYJIIO.

§ 6. HEMHEPLLMAJIbHBIE CUCTEMbI OTCYETA.
CUNbl UHEPLLMM

B cucreme orcuera, gBnxyuieiics OTHOCUTENBHO KaKoi-1ub0 UHEp-
IUaJBHOM CHUCTEMB! ITOCTYIIATEIBHO U NMPAMOJMHEHHO C yCKOPEeHHeM

d, Ha TeJIO AeHcTBYeT CHJIa MHepIUH
Fm-[z — mﬁ.-

B cucreme orcuera, Bpamamonieiics ¢ NOCTORAHHON yraoBoil cko-
POCTBIO ® OTHOCHUTEJILHO KAKOH-JIN00 HHepUHaJbHOH cHcTeMBl, gelicT-
BYyeT uenwpoﬁemnaa cuJa nHepunn

Fua =mo’R
u cuna Kopuosauca
Fyx=2m[v’, o),
rie R — papuyc-BeKTOp, NPOBEIZEHHBIH OT OCHM RpAIlCGHUS K IEHTPY
Macce Tena, U — CKOPOCTH TeJla OTHOCHTEJIbHO Bpallialoleiica HeHHep-
LHAaJbHOH CHCTEMHI. ‘

6.1. OnpeneauTh CKOPOCTH 3JIEKTPOIIOE3 a B MOMEHT HAYAJA TOp-
MOKeHHs, CUYUTAA e['0 ABHIKeHHe DaBHO3AMe[JIeHHBIM, €CJM OH OC-
TaHOBHJICA, mpoiiga nyrs s=200 M, a DnoaBelmeHHBIf B BaroHe
OTBEC IIPM TOPMOXKEHHMH OTKJOHUJICA HA YroJl a-==25° OT BepTuKaJb-
HOTO HANpaBJEHHUA.

6.2. C xaKUM YyCKOpeHUEM [OJIKHA [BUraThCA B TOPHIOHTAILHOM

HaIlPaBJIEHMM HAKJOHHAHA ILJIOCKOCTb C YIJIOM HaKjoHa o =30°, 4To-

OBl IIPH OTCYTCTBMM TPEHHA HaxojdAllleecAd Ha Heil TeJo He mepemelia-
JIOCh OTHOCHTEJBHO HAKJOHHOM NJOCKOCTH?

6.3. C xaKuM HaMMEHbIUIUM FOPHMBOHTAJIBHO HANIPABIEHHRIM YCKO-
peHHeM JOJIXKHA ABUraTbCA HAKJIOHHASA IIJOCKOCTh C YrJIOM HAKJIOHA
o, 4TOORI Jexkalliee Ha Hell TeJO IMOAHMMAJIOCH IO HAKJIOHHOMN IJIOC-
koctu? KoaddumnueHT TpeHHA MeXAy TeJOM M HAKJOHHON 1JoOC-
KOCTBIO .

6.4. Ha HaKJIOHHO! IIJIOCKOCTH C YIVIOM HAKJIOHA oc—10° JIQHKHUT
testo. HaxkjOHHAS IJIOCKOCTh JBUIKETCA C yCKOpeHueM a=1 m/c’,
HANMPaBJIECHHBIM FOPU30HTAJIBHO, KaK YKa3aHo Ha pucyHke 6.1. Uemy
JOJIKHO OBITH PAaBHO HaUMeHbIllee 3HAYEHHE KO3(PGUUMEHTa TpeHUd

<) MEMXAY TeJOM UM HAKJOHHOM IIJIOCKOCTBIO, UTOGHL TeJO He CKOJIb-
3ugo0 no Hei? YemMy HOMKHO OHITH DPABHO COOTBETCTBYIOIEE 3HA-
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Puc. 6.1 ) Puc. 6.2

yeHHe KoadduueHTa TPeHuH, €CIIH YCKODEeHHe HAKIOHHOM ILJI0CKOCTH

‘OyeT HAIpaBJEHO B IPOTHUBONIOJOMHYIO CTOPOHY?

6.5. B ropu3oHTaNBHO pacnonomem{oﬁ TPpyOKe HAXOAUTCSA IIAPUK
(puc. 6.2). Kakoit nmyTs mnpoiizeT sTor apuk sa Bpemsa t=1,0 c,
ecau TpyOKa 6yaer JIBHI‘aTLCH B TFOPH30HTAJILHOM HANPABJIEHHU C
ycropenuem a=2,0 Mm/c?, HamlpaBJeHHBIM MO YIJIOM o=45° k
Tpy6re? HoadduiiieHT TPeHHS CKOJIbMKEHHUS MeXAY IIaPHUKOM H
rpy6koit p=0,20.

6.6. Ha ropmsoHTAIBHO PACIOJIOKEHHOM [AHCKe, BpallaioleMcs
BOKDPYT BepTHKAJbHOM OCH, Ha paccTosTHUM R =8 ¢M OT ocH BpaleHus
JexuT Teno. OnpenenuTh KodPPUIMEHT TPEHHSA MEXKAY AUCKOM M
TEJIOM, €CJIM IIPM YIJOBOM CKOPOCTH w=25§ pajx/c Tejao HAUYMHAET
CKOJIb3UTH II0 IIOBEPXHOCTH ITUCKA. '

6.7. Ilo TOpH3OHTAJBHOMY YYACTKY AOPOrM eJeT BeJIOCHIIEAMCT,
omncHBaA aAyry paguycom 10 M. Ilox KakMM yriaoM K TOPHU3OHTY
HaKJIOHEH BEJIOCHMIIeJMCT, €CJIH ero ckopoctb 6,0 m/c?

6.8. C xaxoii HauMeHbIIeil CKOPOCTBIO MOJKET eXaTh Mo'rounmmc-r
10 BHYTDEHHell BEPTUKAJbLHOH CTeHEe IMIMHADHYECKOTO CTPOSHUS
paauycoMm R=12 M, OnuCHIBAA TOPHU30HTAJNBHYIO OKPYIKHOCTh, €CJIH
koodduiMeHT TPeHUS TOKpHIIIEK O cTeHy w=0,50, a mentp mMace
MOTOLMKJIMCTA M MOTOLMKJIA HAXOjurca HAa paccrosumm [=1, 0™
OT CTeHHI? :

6.9. TOpU3OHTANBHO pACIOJNOMKEHHEIH CTepKeHb AJMHOH [ —
=0,50 M Bpamaerca ¢ NocToSHHOM yryoBoil ckopocTeio @ = 2,0 paj/c
OTHOCHTEJIbHO BEPTHKAJILHOM -OCH, IIPOXOASINel yepe3 ero cepeiuHYy.
Ha crepixens HageThl jnBe He0OJbIIHEe MYQTHl, KOTOPHIE CBA3AHH
HUTBIO IauHO# l;=10 cM ¥ pacmono;XeHbl CHMMETPHUYHO OTHOCH-
TeJbHO oCH BpaleHHA. C Kako# CKOPOCTBIO OTHOCUTENBHO CTEP:KHSA
MydTel NMOZOMAYT K ero KOHIAM, eciau HUTh Iepeskeub? Tpeume
He YYMTHIBATD.

6.10. ToxazaTsh, UTO BO BpPANIAKOIIEMCH BOKDPYT BePTHKAJILHOMN
OCH COCyZAe IIOBEDXHOCTH JMXHUIAKOCTH HMeeT (opmy mnapabosonaa
BpallleHUA,

6.11. B nenTpe rOPU3OHTAJJIBHO PACHOJIOMEHHOr0 AUCKA PAJUYyCOM
R =2 ™M ycraHOBJIeHa MUlIeHb, & HA ero Kpald — BO3AYIUHBIH ITHCTO-
Jger. IIpy HeNOABM)KHOM AHCKE WIAPHK IIONAZAET B IEHTD MHIIEHH,
Ecau guck BpamiaeTcs BOKPYr BepTHKAJbHOM ocH, mpoxomgameid de-
pes ero LEHTp, ¢ NOCTOAHHOM yrJyoBoi#f ckopocreio w=0,5 pax/c,
TO WAPHK NOMAZAET B TOUKY MHIICHU, CMELIEHHYIO OT ee uen’rpa
Ha s—-10 cM. Onpegeants CKOPOCTP LIAPHKA.
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6.12. dnexrpoBo3 Maccoii- 1-10° kr gBukercsa ¢ ceBepa Ha IOT -

B CEBEEDHOM IMOJYLIAPHH IO - FOPU3OHTAJILHOMY IIPHMOJUHEHHOMY
myTH ¢o ckopocThio 30 M/¢ Ha mmpore 60°. Onpejgenurs ropusoH-
. TAJBHYIO COCTABJAIOILYI0 CHJKI, ¢ KOTOpPOIl 3JIEKTPOBO3 MABHT Ha
peJybCHL.

6.13. OnpefenuTh, Ha CKOJBKO HM3MEHHTCH cuna, JedcTByOmAa
HA TIOBEPXHOCTh BEeMJIH, €CJIM TeJO0 MACCoil m, ABUMKYyIIeecs BIOJb

9KBaTOpa C BOCTOKa Ha 3alajg CO CKOpPOCTBHIO l), H3MEHHUT HanpaB-‘

‘JIeH’e ABUIKCHHS HA IIPOTHUBOIIOJIOMKHOE,

6.14. Ha reorpacduueckoii mmpore ¢=60° Teso cBoGogHO ma-
gaer Ha 3eMiai0 ¢ BBEICOTHI h =200 M. OnpexeJuTs OTKJIOHEHHE
TeJla IOJ, BJIMAHUEM KODPHMOJIMCOBOH CHJIL HMHEPIMH, BHI3BAHHOM Bpa-
meHneM 3eMJIH.

6.15. B TOuKe, pacnosJioKeHHOH Ha mwupore ¢==60°, U3 pyxba
npou3BeJleH BBICTPEJ CTPOro BePTHKAJBHO BBepx. Uepea Hexoropoe
BpeMsA IyJd ynmaja Ha 3emiaio. OnpefesMTh, HA CKOJBKO CMECTHJIACH
ynaBmaa NyJdA OT TOYKH BHICTpEJa, €CIH ee HAa4aJibHad CKOPOCTh

=200 m/c. ConpoTuBieHMe BO3AYXa HE YYHUTHIBATD,

6_ 16. B Jleunnrpage B McaakmeBCKOM cofope YCTAHOBJIEH MAAT-
Huk Pyxo, amuna xoroporo 98 m. Ha kaxoii yron mnosepsercs
MJIOCKOCTh KadaHMit MaaTHUKA 3a BpeMa 10 mun? Teorpaduueckas
mupoTa Jlenuarpazia 60°. PemuTe 3asady B ABYX CHCTEMaX OTCYETa:
HeMHepUHAaJbHON M reJIMOLEHTPHYECKOI.

§ 7. SNEMEHTbI CNEUMANBHOW TEOPUM OTHOCHTEABHOCTH

IIpeo6pasosanus Jlopenua':

— t—(v/c’
= EU iy, 2=z, t'= ( z:);c,
V1 —v?/¢? Vi—ve/e

rfe ¢ — CKOpOCTh CBETa B BaKyyMe.
Coxpaillienre JJHHBI IBUKYIIErOCH TeJja:

I'=1-/1—0v?/c?,

roe !’ — nauMHa ABMMKYUIErocs Teja, | — cobcTBeHHAs AJIHHA.
3amejsieHHe X048 ABHKYIIUXCH YACOB:

At =At 1 —v?/c?,

rage i’ — MHTEPBAJ BPEMEHM MeEKAY COOHTMAMM B ABUXKYIeiics
cHCcTEMe oTcueTa, Al — MHTEpBAJ BpPeMEHM MEXXAY TeMH e cobmi-
THAMH B HeNnoABMKHON cucreme.

PenaTuBuCTCKUI 3aKOH CJIOKEHMS CKODOCTeii: .

! IITpuXu OTHOCATCA K IIPOCTPAHCTBEHHO-BPEMEHHEIM KOODZAMHATAM CHCTEMH
oTcueTa, ABMRYINEHcA OTHOCHTENBHO HEMOABUKHOM . CHCTEMBl KOOPAHHAT CO CKOPOCTHIO
U B TOJIOMKHUTEJbHOM HanpasieHuu ocu X, mpuueM ocu X’ m X coBny,luloT, a OCH
Y uY, Z u Z napanneasbssl.
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\/ v?/ctu

— U — u.+v W v1—b?/c’u;
T4/t Y 14vul/er ’ b= Atouje

rhe Uy, Uy, U, — NPOEKIHMH CKOPOCTH B HEHOJBHMIKHON CHCTeMe KOOD-

’

AuHAT, U,, U,, U, — NMPOEKIHH CKOPOCTH B JABMIKYIIeHCA cHCTeMe.
KBagpaT MHTEepBaaa 8;2 Mexmy cob6piTHAMU I U1 2 — UHBapuUaHT-
HAfd BEeJIMYHNHA:

sto=c’t,— 15,

roe tio — HHTepBaJI BpeMeHM MexAy cobmtuamu I u 2, l,; — pac-
CTOSIHHE MeXJy TOYKAaMH 1'um 2, B KOTOPBIX NPOM3OIIIM [aHHBIE

'COBBITHSA.

PenaTuBucTcKMe Macca M MMIIYJbC:
mov

— 0 p =
V1-—v?/ V1—v?/
rage mo — mMacca IOKoOdA.

Ilonnas sHeprus Tena:

m=

moc?

. § ,
V1-—v?/c?
Kunernueckas 9Hepruda ABHKYILIErocsa Teja:

1
—_—rr 1 .
V1 —v?/c? )
7.1. Ilonyuuts obGpaTHEle npeo6pasosanusa JlopeHua:
r=— x’ 4 vt ) ‘e t' 4 (v/cH)x’

‘\/1——_——v—2/?7»y_y’ z=z! m'

7.2. CrepikeHb [IBUKETCSA C HEKOTOPOH IOCTOSAHHOH CKOpPOCTBIO
v. Ero gsmua B HemoABHKHOM cucreme [, =3,0 M, a B cucTeMe oTcue-
Ta, CBA3aHHON co crepmHeM, [;=6,0 M. OnmpesieuTs cOOCTBEHHYIO
OJMHY CTEpPyKHA M ero CKOPOCTb OTHOCHUTEJBLHO HEIOABHIKHOM cHCTe-
MBI OTCUETA.

7.3. Cropocrp aBusxkenuss 3emanm Bokpyr Coannma v=380 km/c.
Haiitu coxpalienne gramerpa 3eMJM B CHCTeMeé KOODAKHAT, CBA3AH-
Hoit ¢ Conuuem.

7.4. PeakTHBHHEIH caMoJeT JeTHT co CKOpocThbio 1000 m/c. Ha
CKOJBKO Yachl, HAXOAAINNECS B caMoJiere, OYAYT OTCTABATH OT YACOB
Ha 3emue?

E=mc’=

rae Eo=moc® — aueprus nokos.

Ev=E—mo’= mocz(

7.5. Ogun us OGnmsnenos B Boapacte 20 JeT oTnpaBiasieTcas B

JajleKoe KOCMHYeCKOoe IIyTellecTBMe K 3Be3fe ADPKTYp Ha kopabie
co cxkopoctbio U=0,99 c. [Ina kureneil 3eMJM paACCTOSHHE [0 3Be3-
Ibl Apkryp cocraBisier 40 cB. ser (T. e. pacCTOSHHE TAKOBO, 4YTO
CBeT OT 3Be3Anl AoxozuT mo 3emym 3a 40 jger). Ha ckoapko Jer
KOCMHYECKHI nyTellleCTBEHHHMK OKAMCETCA MOJIOXKe CcBoero  Gpara,
ocraBuieroca Ha 3demJe?

7.8. Ilonbsysick mpeoGpasosaHusmu JIopeHI|a, BHIBECTH peJATH-
BUCTCKUH 3aKOH CJIOXKEHHS CKODPOCTeIf. :
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7.7. Tloakaysich GOPMYIaMHU CIOKEHUA CKOPOCTEH TEOPHH OTHOCH-
TEJbHOCTH, JOKA3aTh, YTO CJIOKEHHE EKOPOCTEl HUKOTXA He NPHBOXUT
K CKOpOCTAM, GOJBIINM CKOPOCTH CBETA.

7.8. Tlokasars, 9TO0 (OTOH, HM3aNydUaeMblii B HANPABJIEHUHU 3eM-

JIA €O CKODOCTBIO € 3Be3[0ii, KOoTopas JBHKeTcI K 3eMJe CO CKO-

- pocrbio v, mpubmuixaercd K Heil He €O CcKopocTeio ¢4-v, a co

CKODOCTBIO C. -

7.9. IIBe pakers yp;a.ualo'rcsl OT 3eMJIM B TPAMO NPOTHBONOJIONK -
HBle CTOPOHH cO cKopocTthio 0,8 ¢ orHocurenbno 3emiau. Haiitu,
¢ Kakoif CKOPOCTBIO JBH’KETCS OJHA paKeTa B CHCTEME OTCYeTa,
CBA3aHHOM ¢ Apyroit pakeroii.

7.10. Yckoputear coo0mMuUI pagWOaAKTHBHOMY SJIPY CKOPOCTH
v=0,4 c. B MOMeHT BBII€TA M3 YCKODHTeJA AAPO BHIGpPOCHJIO B
HAIIpABJIEHHH CBOEro JABMIKeHHdA [-uyacTHLy co ckopocthio 0,75 ¢
OTHOCHTEJIBHO YCKODHTeJA. Han-rn CKOPOCTh YACTHIBI OTHOCHUTEIHLHO
aapa.

7.11. KakoB BO3pacT KOCMOHABTA II0 YAcaM 3eMJH, €CJU OH
B 30-71eTHeM BO3pacTe yJjeres Ha paccroanue xo 20 cB. ser? CuuraTth
€ro BO3pacT IO YacaM KOCMOHaBTa 35 Jer.

7.12. Bo CKOJBKO pa3 pPeJATHBHCTCKAs Macca JJIEKTPOHA, ABH-
JMyieroca c¢Q ckopoctbio v=0,999 ¢, Gosbiue ero Maccel NOKOsA?

7.13. PenaTUBMCTCKAaA Macca Teja, ABHXKYNIETOCHa ¢ OIpeiAesieH-
HOM CKOpPOCTBIO, BO3pOCJia IO CPABHEHUIO C €ro MAacco# IIOKOA Ha
209%,. Bo CKOJMbKO pas NpH 9TOM YMeHbIUHUJACH ero AJuHA?

7.14. PenaTusucrckas Macca ABHMKYyHIerocs mporoHa B 10° pas
fospmie ero mMacesl MoKos. HaiiTH CKOpOCTh ABMIKYIIErocsi IPOTOHA.

7.15. Tero msmxercs co ckopocrbio 200,0 Mm/c. Bo ckoabko
pas yBeJHUYHJACh ILJIOTHOCTh ABHIKYILIErocs TeNa II0 CPABHEHHIO C
IIJIOTHOCTHIO TOTrO JKe Tesja, HaxondAuierocss B moxkoe? (Pasmepsl Tesa,
NepHeHIUKYJIAPHEIE K HANPaBJIeHHUI0O ABUMKEHHS, He COKpaNiaiTcsd.)
TIpu pellleHuH 3afayd MCIOJB30BATH OIpejesleHMe IIJIOTHOCTH KAaK
OTHOIIIeHNe MAacChl IIOKOS TeJa K ero obomemy.

7.16. DnekTpoH ABUKeTCA €O cKopocThio 200,0 Mm/c. Onpenenn'rb
KMHeTHYECKYIO DHEPrHIO II0 KJIACCHYeCKOH X penamsnc'rcxon dop-
myaaMm. CpaBHHTH pe3yabTaThL.

7.17. Haiity orHolIeHMe KMHETHUYECKOM SHEPrMU B3JEKTPOHA K
ero »HepruM IIOKOHA, €CJN CKopocThb sjaexktpona 150,0 Mm/c. Kakos
PeJIATUBUCTCKUI MUMIYJIbC 37I€KTPOHA?

7.18. IlosHad SHeprMs Me30HA B 8 paa Gosblue ero anepmu
nokosa. KakoBa ckopocTs MesoHa?

7.19. KakoMy M3MeHEHHIO Macchl COOTBETCTBYET M3MEeHEeHUe BHep-
ruu Ha 1,0 dx?

7.20. IlokasaTh, YTO0 KMHETHYECKAS SHEPIrus B PeJIATUBUCTCKOM

- /1 - v2 / cl
NepexofuT B KJIacCHdecKoe BhIPAXeHue AJIA KUHeTHYecKolt aHep-
ruu: mov’/2.

cllydae Ek=7n()(.'2 IIpY MaJbIX CKOPOCTAX ABHMKEHNA
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§ 8. YAIPYITME CBOMCTBA TEN
OrHOCuTeNnbHAA NpoAoNbHAaA AedopMalUA:

Al
1’

rae Al — mpupaileHue AJIMHEI IPH DPACTSXEHHUH MM CHKATHM, [y —
ayIMHA Tesa Ao AedopMaiuM.

OtHOocuTenbHOI Jedopmaimeil KpydyeHHsS HA3HRIBAETCA OTHOIIIEHHE
yIJja 3aKPYy4YMBaHHA K AJIMHE CTEPIHKHS:

g, =@/l.
OTHOCHTEIbHOE N3MeHeHNe 00'beMa IPH IPOAOJIBLHOM KedopMaIHH

A e (1—2u),

€=

rie u — xoadpunuent IlyaccoHa, paBHBIH OTHOLIEHWIO OTHOCHTEJb-
HOH mnomepeuyHoil medopMalUH K IIPOAOJIBHOIM :

—
w=_-
Hahpsmcen_ne npu ynpyroit aedpopmanuu:
dF
o=-—,

rae dF — cuna, peficTBylolad HA 3JEMEHTAPHO MAJBIH y4YacTOK
IAaHHOTO CEeYeHMH.

3aBHCHMOCTE MEXKAY OTHOCHTEJbLHOH NpoxOJbHOM medopmalueit
u gedopmupyiomeit cujoit (3akon I'yka):

rae o — xkoadoduuuesT ynpyroer#, E — moxynas IOHra.
Paspymalomasa cuja:

Fm = O/nSs
rae o, — pas3pyilialolllee HalpAXEHUe.
OTHOCHTEJIbHOE H3MEeHEeHHe TOJIHINHBI :
Ad
&y —— d = ﬁO’,

rae } — Koo OUIUEHT IONEPeYHOTO CKATUS IPHM HPOJOJLHOM pac-
TAKEHUH.

Hedopmanusa caBura xapaKTepusyeTcsi YIJIOM CIBUIa, OIpefe-
NAeMBIM o dopMmye:

F,
‘l’"=n—§——np, G )

rge n — koadpdunuent cxBura, F, — cuna, BBHI3BIBAIONIAH CABHT,
0, — KacaTeJbHOe HaIlpsKeHHe, G — MOAYJb CABHUra.
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Moayas ¥Oura E, Moztyn§ caura G M K03(pPHUIUEHT Hyacqom_l
{ CBS3aHBI COOTHOLIEHHEM : :
E
G=———01
2(14p)
YTOoa 3aKpPYUYMBAHHA CTEPIMKHS:

oMl
$=aer”
rge M — Bpamawiuuit MoMeHT, | — IJMMHA CTepXKHA, R — paguyc
CTepIKHA.
ITorennuanbHad dHepPrus ynpyro gxecbopmnponannoro CTepIKHS:

Ee}
Ep= 2l Py

rae V — o6bem cTepKHA.
III0THOCTD DHEPTHH YIPYIO p;e<b0pmnponannoro CTEPIKHSA:

1 g2
= Ee,.

8.1, I'pys, noaBelIeHHHI! HA pe3WHOBOM IIHype AJunHoi 50 cmM,
BPaIaloT B TOPH30HTAJBLHON IIJIOCKOCTH C IOCTOAHHON CKOpPOCThIO
TAK, 4YTO WIHYD OMHCHIBAET KOHMYECKYIO IIOBEPXHOCTh C YIJOM IPH
BepmuHe 120°. OnpemenuTs OTHOCUTEJIBHOE YJAJHHEHHE UIHypa IpH
BPAILEHWH, €CJIM IIPH HEMOABHIKHOM rpyse pacTsyKeHue HIHypa 1 cM.
PacTseHue CUNTATh NPOMNOPLUHOHAJIBHBIM IIPUJIOMKEHHOMR CHJe,

8.2. Kakyo Harpys3ky Heo6XOAuMO NMPHJIOKUTE K &JIOMUHHEBOMY
CTepKHIO, 4TOGK OH IpH Temneparype 10°C mmen Ty ke ANUHY,
yro u npu 0°C? Ilaomaak NOMEepPeYHOro CeUeHUS CTEePHHA S=1,5cm’.
Mogyns Oura E=70 I'lla.

8.3. PeauHOBHI!I IIHYD pPacTAHYT TAK, YTO €r0 AJMHA YBEJIHYH-
"Jack B 2 pasza. KakoB anamMerp pacTAHYTOrO IIHypa, €CIH N0 PacTH-
sKeHNd OH O6nin 1 cm, a koaddunuenr Iyaccona anas pesunm 0,57

8.4. OnpenenuTs OTHOCHTEJbHOE H3MEHEHHe OOBeMa CTaJIBHOM
NPOBOJIOKH JUAMETPOM 2 MM IpH pacTAKeHHHU -ee cuioii 1 xH.
Koadpduuuenr Ilyaccona n=0,3.

- 8.95. IIpu Kakoil AjiMHe NOABeIIeHHAS BEPTUKAJBLHO CTAJNbHASA IIPO-
BOJIOKAa Ha4YMHaeT pBaThcA noA paeiicrBueM cobecrBeHHOro seca? Ilpe-
Jen MpOYHOCTH craad p.. - 0,69 I'lla.

8.6. OTHOCHTENBHOE N3MeHeHUe of6beMa NpHU NMpoxoJbHOM zedop-
Manuu CTEPXKHA paBHO HyJIo. Onpeaenurs Koa(bdmunen'r Ilyaccona
MaTepHAaJa CTepIKHA.

8.7. Hpaman NpPOBOJIOKA AJIMHON [ NMOAHMMAETCA BEPTHKAJBHO
BBepX NOA HAEUCTBHEM CHJIbI, NMPHJIOKEHHON K ee BEepXHEMY KOHLY.
IIp# KAKOM YCKOPEeHMH HACTYNHUT PASPEIB IPOBOJOKH?

8.8. HaiiTu oTHOCHTE/IbHOE YAJHHEHHE IIPOBOJOKM AJUHOM [, Mox-
HUMaeMoOif BEepTUKAJIbHO BBEpPX C YCKODeHMeM a, moj jeiicTBUeM
IIOCTOSIHHOM CHJIBI, KOTOpasA IPHUJIOJKEHA K €e BepXHeMy KOHIY.

8.9. Onpepenuts Ko3ddunuenT IlyaccoHa ajJllOMHHHMEBOTO CTEPHK-

HH, €CJM HM3BECTHO, YTO IOJ JAeilcTBHeM HEKOTODOH CHJILI, NEeplHeH-
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AVKYJISAPHOH CeYEHHIO CTeP:KHSA, OTHOCHTEJbHAA NMPOJOJbHAA p;ed)op-
mauusz paBHa & =0,001, a npu kKacareJabHOM HanpaB.neHnu Taxoi

JKe CHJIBI OTHOCHUTeNbHHIH caBur pased ¥ —0,0027.

8.10. OnpezesnTh TOMLUMHY HHTH, HA KOTOPOil MOABEIIEHA paMKa
3ePKAJILHOTO raJIbBaHOMETPA, CAH TIOL AEHCTBHEM BPAIAKOIIET0 MO-
menta M =0,3 mH-M oHa. moBopauuBaercd Ha yroa ¢=2°. ,Ilmma
HUTH /=10 cm. Moayns casura marepuana HuTH G =86,5 I'lla.

8.11, OmpezenuTh OTHOCHTEJLHOE YAJUHEHHE MEXHOTO CTCPIKHS,
€cJqM TIPH ero pacrsxeHuu cosepmaerca paGora 0,12 Ik, Jinna
CTEPKHSA 2 M, IJOLIALb ero IOIePEeYHOTO ceueHHs 1 MM’

8.12. Yemy paBHA IJIOTHOCTh YNPYTroii SHEPrHM pACTAHYTOTrO
CTAJIBHOTO. CTeP)KHSA, ecaud OTHOCHTeJbHoe yinauueune 0,0017?

8.13. Tsa Baroma maccamm m=2,0-10! kr, gBuralommecsa Ha-
BCTpeYY ADPYT APYTY CO CKOPOCTAMH U =2 M/c, crankuBaiorca. Omnpe-
JEeRWTh Cc)KaTHe NPYXUHBI 6ydepoB BA&rOHOB, €CJH IIOA HdefCTBHEM
cuasi F =40 xH npyxuna cxxumaerca Ha xo—=1 e¢m. Cuurarh, 4TO
COKaTHe IPYMXKMHBI IIPONOPIHUOHAJILHO CHJIE.

8.14. OnpegeAuTs cuiy, ¢ KoTopoli rHMHacT maccoit m =60 kr
Je#CTBYeT HA YNPYTIYIO CEeTKY IpPH MNpPHIEKe ¢ BBRICOTH h=28,0 M,
ecJu IOJ JelicTBHEM CHJIBI THMKECTM THMMHACTAZ CeTKAa npom6ae'rca
Ha xo=16 cm.

8.15. Kakyo cuay He06xonnM0 Pa3BUTh IIpH HATHAKEHHUH JIYKa
Ha ¥x=0,20 M, ec;iM BcA coseplraeMas paGora maer Ha coolbleHHe
cTpeJie KMHETHYeCKOl sHeprum, a Haubosblias AAJBHOCTH MHOJETA
crpensl s=36 mM? Macca crpeant m=>50 r.

8.16. Ha Kakyl0 BEICOTY IOAHHMAaeTCI KaMeHb Maccoll m = .30 r,
anymennmn BePTHKAJLHO BBEDX M3 DOTAaTKH, PEe3HMHMOBHI KIyT
KoTopoii ceuenneM S=0,20 cm’ u gauHOH !=30 cM OHLII pacTAHYT
Ha Al=20 cm? ConpormsieHue BO3ZYXa He YYHMTHIBaTh. MOAYJb

IOnra gna pesunn E=17,8 Mlla.

8.17. Camosner caauTcs Ha naayly asBmaHocla, UMes CKOPOCTb
100 xm/u. 3auenuBIIMCh 38 KAHAT TOPMOJKEHHSA, camoJier Ipobe-
raer Ao moiaHO# ocraHoBku 50 M. OnpezenuTh neperpysku, ecid
JKECTKOCTh KAHATA He MEHSeTCHA II0 Mepe ero pacCTAMKEeHHd.

8.18. IoacraBKky, Ha KOTOPOH NEKHUT TeNO, IOABEIICHHOE HA
NpyXXUHe, OIMyCKAIOT ¢ yCKOpeHueM a << £. Jlo xakoil MaKcHMaJbHOM
AJHMHBI PACTAHETCS IMPY)KHHA, €CJIH B HAYAJIbHBINA MOMEHT OHA Ohljia
He pactauyta? Macca Tena m, JKECTKOCTh NPYIKHHEL k.

§ 9. MEXAHMYECKME KONEBAHMA U BONHBI

Ypanneune 3aTyxalomux koneGaHuii U ero peleHne:

dt2 -I—Zﬁ _+u)x 0, x= Ae ¥ cos (ot + @),

rae f — xoaddunMEHT 3aTyXaHMSI, @ — YACTOTA 3aTYXAIOIMUX KOJIe-
Ganmii:
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JlorapudmMuyeckuil JeKpeMeHT 3aTYXaHHA:

A,
O=In "

a1

=pT.
Tleprox Majbix KoNeGaHUH MaTeMATHUECKOrO MaATHHKA:
T=2x-\l/g,
rge | — AJMHHA MAATHUKA, & — YCKOPEHHeE CHIIBI THKECTH.

Tleproa KosneGanuil Tena, TOABEIIEHHOrO HA IIPY’KHHE:
T=2n\m/k,

rjge m — macca Tejaa, B — MeCTKOCTh MPYIKUHLL.
Ilepuop mMansix Konebauuil pUINIECKOro MAATHUKA:

T=2n-/L/g,

rae L=rfl—d-— NpHBEeACHHAA IJIMHA (PH3UYecKOro mMasgTHHKa, I — MO-

MeHT HHepUUN MAATHHUKA OTHOCHTENBHO OCH Kavayuif, m — macca
MadTHHKE, d — Kparyaiiiiee paccTosiHde OT LEHTDA Macc. A0 OCH
KaJyaHuil,

Ilepuosi KPYTHABLHBIX KoJieGaHMi:

T=2n \/ﬁ;zj

rage I — MOMeHT WHepuUHH, k=—(1:i (M — MomeHT cHaBI, ¢ — YroJ
i

3aKpYUMBAHUA).
Ilepuox saryxalomux kKoJseGaumii:

T=2n/~ k/m—p?
The Bzern — K03((HIMEHT 3aTyXAHH.
AMnimMTyza BHIHYKAGHHBIX KoJsebaHuif npu JeicTBMH BBI-
Hymxpawomei cunsl F=F, cos wt:

A=
(u)“—m ) +4ﬁl(n’

F
rae fo=i, 0y =< 2nvy= \/k/m, w=2nv, v U Vv, — 494CTOTHL COO6-

CTBEHHBIX KONEOAHMM IPH OTCYTCTBHH 3aTYXaHUA M BHIHYKJalolmel
CHJIHI,
Tlepuog KoseGanuil 04HOPOLHON CTPYHEI:

T=21/m/F,
rae | — AJMHA CTPYHBI, M — Macca eJUHHMILI JNJIMHLI CTPYHBI, F —
ClJia HaTAMXKEHUSA CTPYHHL.

Ilonnasa 9HEPrusa Ma'repnanbuon TOYKH M&CCOH m, KOoTopas co-
BepHraeT rapMoOHRYECKHe Koneﬁa}mn :

44

E=E.+E,="T24

CKOpPOCTH pacIpOCTPAHEHHA BOJHBI:
U ==AV,

rae A — ANJIMHA BOJIHBI.
CropocTes pacnpoOCTPAHEHMA IPOAOJIBHBIX BOJIH B TOHKMX CTEPIK-

HAX:
L= ‘\/l?/p, 7

rge E — moayns IOHra cpegbl, p — ee IJIOTHOCTD.
CropocThb pacnpoc-rpanemm [OIepeYHBIX BOJIH:

G/p,

rae G — mMoayJsab cABHMra. :
CropocTh NPOAOJBHBIX BOJH B HEOIDAHMUYEHHON ymnpyroi cpeje:

v=k/o,

rge K — MOAYNh BCECTOPOHHEIro CiXKaTHHA.
YposeHb rpPOMKOCTH 3BYKa, AB:

Ly=10lg -’—.

rge I — HHTEHCMBHOCTH 3By1ca, I, — HMHTEeHCHUBHOCTHL HA nopore CJIBI-
HIMMOCTH.

Yacrora 3ByKa, BOCOPUHHMaeMasa HaGaoOAaTeIeM, COrJIACHO IPHH-
uuny donnepa, onpepensiercsa no ¢gopmyJie:

o c+v
eFu
r'Ae ¢ — CKOPOCTH PACIIPOCTPAHEHHA 3BYKA, U — CKOPOCTH ABUIKEHUS
HabJjaloaarensa, U — CKOPOCTh MCTOYHHKA 3ByKa, Vv — YacTOTa 3BYKAa,
MOCHIIA€MOI'0 HCTOYHHUKOM. BepxHue 3HaKH fepyTcs mMpH cOIHIKEHHNU
MCTOYHMKA M HabjojzaTens, HAXXHUE — IOPM HUX YAaJIEeHUH.
KoneGanua

9.1. Teso maccoii 5 r corepmaer KoJaeGaHHe, KOTOpPOE OIHUCHKI-
BAE€TCA YpPABHEHHEM:

x=0,1 sin %—(t+;—)

Haittn 3naveHHss KMHeTHYeCKOH M mOoTeHUMAJbHOU sHepruii Tesna
yepes 20 ¢ or momenTa Bpemenu t==0. Yemy paBHa nosHasd >Heprus
Tena?

9.2. OnpenesaTh MAcCCy Tejsa, COBEPUIAIOILErO TrapMOHHYeCKHe
KonebGaHus ¢ amnaurygoit 0,10 M, wacroroit 2,0 T'm ¥ HavYaJIbHOIL
daaoit: 30°, ecsim mosnas 3Heprusi KoaeGamum# 7,7 mIxk. Yepes
CKOJIBKO CeKYH/J, OT Hadajia OTCYeTa - BpEMEHH KHHeTHU4YecKas 3Hep-
rua G6yzer paBHA IOTEHUHMAJNLHOU?



9.3. OnpesenuTs aMIINTYAY rapMOHHYECKHMX KojebGaHMii Mare-
pHAaJIBHOM TOYKH, eclU ee NOJHadA Kojebarenbuasa sHeprus 40 mJx,
a pgelicTBylOIlaA H4 Hee CHJa HPU CMEIEeHHH, PaBHOM IHOJIOBHHE
amnauryasl, 2,0 H. :

9.4. Bo CKOJBKO pa3 YMEHBUIUTCA IIOJHAA dHEPrHd KosebaHUi
CeKYHJHOTO MASITHMKA 3a 5 MHH, eClM JorapudpMuuecKnit JeKpeMeHT
saryxanua 0,0317

9.5. AMmumTysna xojebauuii kameproHa 3a 15 ¢ ymeHbmngach B
100 pas. HaiiTu xoaddpuuuenT saTyxanua kosebGaHuil.

- 9.6. TlocTpouTk rpadMkK 3aTyXamoulero rapMOHHYeCKOro koJeba-
HH#, yacrora xKoroporo 10 I'n, Hauvanpras aMnauryza 6 cm u Jora-
pudmuueckuii gekpemenT saryxanusa 0,01.

9.7. Kax H3MEHUTCA XOJ MASATHHKOBBIX 4YacOB IIPH TNOJHATHH
MX Ha BeICOTY 20 KM HaJ NOBEPXHOCTHIO 3emuu?

9.8, MaremaTnyecKHil MaATHHK NOABEIIeH K IIOTOJIKY BaroHa
aJiekTponoeafa. Bo CKOJIBKO pa3 M3MEHHUTCS €ro nepuoj kojgeOaHHH,
'eCJIX BATOHY COOGILMTEL IOPM3OHTAJIBHOE YyCKOpeHue a?

9.9. Illapuxk Mmaccoif m=200 r, moABellleHHH Ha IpPYKHHe,
koJyieGierca ¢ wacroroit v=>5,0 I'u. OnpegemmTsb Koad)d)nnnem' ynpy-
FOCTH NPYIKHUHEL,

9.10. OnpenenuTs mepuox KoJseGaHHMil rpysa Ha npymnnnmx Be-
caxX, €eCJH. B COCTOAHHMHN DABHOBECHUS OH CMEINAET CTPEeJKY BecoB
Ha Ax=2,0 cM OT HYJIEBOTO. JZeJIeHHH, COOTBETCTBYIOIEro HeHArpy-
JKEeHHOM mpykuHe.

9.11. Onpegenurs MUHMMAJLHYIO YaCTOTY KoJeGanuif naxionHol
IJIOCKOCTH (B MPOAOJBHOM HANpAaBJEeHHUM), IPU KOTODO HaxojAmeecH
HA Hel Te/JO0 HAYHET CKOJb3UTh. YTOJ HAKJOHA maocKocTH o =10°,
aMnauTya xKoinebanuii A =10 cMm, K0apDUNUEHT TpeHUA TEJA O HA-
KJIOHHYIO ILIOCKOCTH p=0,4.

9.12. C kakoif uyacTroToll GyaeT COBEepPIUATH KOJEOaAHUS MAaJIeHb-
KUl TAMeNRI IIAaDHK, IOMEIUEHHBIH MeXAY IABYMHA IepeceKalo-
IUMUCHA TJIOCKOCTAMH, KOTOphle o6pasylor yrox a=170°, ecau oxna
u3 TIockocreit o6pasyer yros f=_5° ¢ ropMBOHTOM, a IIAPHMK TIE€PBO-
HauaJbHO OBLI moZHAT HA BeEIcOTY h=10 cM (puc. 9.1)? Tpenue
M yAap LIapHKa O IJIOCKOCTh OTCYTCTBYIOT.

9.13. Craxan maccoift m =20 r ¥ NJOILIAJABIO NONEPEYHOro ce-
yeHus S=>5 cm’ comepMT pPTYTh Maccot my;=80 r u miaBaer
HA IOBEPXHOCTH BOAHI, Iloj meitcTBHEM BEPTMKAJBHON CHJIBI CTAKAH
BBIBOJUTCA M3 MOJIOKEeHHUS pPaBHOBECHS H OTIIYCKAeTCA. Onpene.rm'rb

nepuoa KojeGaHU# CHCTEMAI.
¥

.
' 4

Puc. 9.1 _ : ' Puc. d.2
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9.14. Haiitn gacrory KomebGaumii rpysa maccod m=0,20 kr,
TIOABEIIEHHOTO HA NMPYXXHHE M IIOMEIeHHOTO B MAacJo, ecau Koaddu-
IIMEeHT TPeHHA B Macje r=0,50 Kr/c, a 3eCTKOCTh NPYXHHH k=
=50 H/m.

9.15. Crepaxens anuuOM l—50 cM coBepiIaeT KONeGAHHHA OKOJIO
TOPDH3OHTAJBHOM OCH, MpoXojsieil 4epe3 TOYKY, KOTOpas pacoio-
JKeHa Ha paccrodHuM d—=12,5 cm or xoHIA c'repilcna. Onpegenuts
4acToTy KoJsiebaHuii cTepKHA.

9.16. Ha xommax crep:XHsa, Macca Koroporo m—60 r u anuuHa
1=49 cm, yKpenJeHb ABa IMapuKa MaccAMd m =70 r u m,=90 r,
a4 CTep)KeHb NOABeIIeH TAK, YTO MOJKET COBEpIIATH KOoJeGaHHA OKOJIO
TFOPH3OHTAJIbHOM OCH, MpOXOojsdleiil uepes ero cepeguHy. OnpemeanTs:
Mepuox MaJHX kojebanuii crepikHs.

9.17. K morosxky midTa HOABEIIEH CTEPXKEHb 38 OAMH KOHeIl
TaK, 4YTO MOJXKeT coBepmaTh KojxeGanusa. [amHa crepxusa 50 cm.
Onpeaenurs nepnon KoJrebaHMil cTepskHsA, ecau audT ABHKETCH C
yckopenueM 1,2 m/c?, HanmpaBJeHHBIM BBEpX.

9.18. Op;nopop;nbm AucK pajuycom R—=0,10 m coBepmaeTr KoJie-

'6aHMA BOKPYT I'OPM3OHTANBHOH OCHM, KOTOpPa# HNPOXOAHMT 4Yepe3 TOY-

KY, PACNnOJIOVKEHHYIO Ha DacCTOAHHH g— OT HEeHTpa AMCKa, H IIepneH-

IHKYJIAPHA MJIOCKOCTH Aucka. OnpegeiMTh 4aCTOTY KoJjieGaHuii AuckKa.

9.19. CtpyHa, Ha KOHIaX KOTOpOil 3aKpenJieHH rpys3sl Maccoil
M =0,40 kr xa)xAbli, mepeKHHYTa uYepe3 ABa HEMOABMIKHBLIX GJoKa,
pacroJyioxKeHHbIX Ha paccroaauu 1,0 M (puc. 9.2). K cepepune crpy-
HBI NPMKPENJEeH TOYEeYHHI rpysMKk maccoit m—=9,8 r. Onpegemurs
nmepMoj MAaJIEIX IIOIlePedYHBIX KoJeGaHumii rpysuxa. Maccy cTpyHH
M ee HAYaJbHOE HaTAKeHHe, BRI3BAHHOE IPY3UKOM M, He YIATHBATH.

9.20. OmnpeaenuTd IepHOA KPYTUJILHEIX - KOJeGaHMH ’KeJe3HOro
mapa paguycoM R=0,1 M, NOABEIIEHHOrO HA CTAJLHOU IIPOBOJIOKE
paguycom r=1 MM ¥ pauHOi I=1 M. Moaysb CABUTa AJH CTAJH
npUHATH paBHBIM G =80 I'Tla. ’

9.21. OnpefenuTs aMIJIMTYAY BHHYMKACHHHX kojgebamuit rpysa
maccoit 0,2 kr, nmojgBeiIeHHOro HA NpPYyuHe xectkocrbio 20 H/m,
ecJHu JeiicTBYeT BBIHYXKAAKOINAA CHaa ¢ ammymrypoit 2 H u wacro--
To B 2 pasa Gosbumieid coberBenHOM uacToTE KoJe6aHME Tpyaa,
a xoadpouuuent saryxamua 0,5 ¢~ '.

9.22. Illlap-30H[, UMEIOLINI HEPACTAXKUMYIO 000JIOUKY, NOZHAJICH
Ha MAKCHMAJIbHYIO BBHICOTY M COBEpLIAeT MaJibleé KOJeGaHUA OKOJIO
paBHOBecHOro yposHsi, Halttu mepuon »THX xoseGaHmii, cuMTas, 4ro
Ha TaKo# BEICOTE IVIOTHOCTE BO3AYXA y6uiBaer ¢ BEICOTON paBHOMep-
Ho Ha 6=1,2.10"% wuepes kaxxasle h=100 m. Tpennem mapa
0 BO3AYyX mnpeHelGpeub.,

9.23. JIBa mapuxa MaccaMM m, M Mo, CKPENJIeHHBIe MEeMXAY
c060if NPY)KUHOM, KECTKOCThL KOTOPOH Kk, JeKaT HAQ I'OPH30HTAJb-
Hoit nyockocTH.' [Ipy’XKuHa pacraruBaercs M oTiyckaercs. Onpene-
JIMTE IIePHOJ| BO3HMKIUUX KojeGaHuit mapuxos. Tpenue He YUMTHI-
BATE.
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9.24. B KakoM ciiyuyae Tejo, HaxXojgamieeca B Touke A (puc. 9.3),
OOCTHrHET TOYKH B GhicTpee: ecsin OHO OyAET CKOJIB3UTH IO IOBEPX-
HOCTH c¢ephl uMaAUd BRONAb npamMoii AB? CuuTaTh, 4YTO PpPaCCTOSIHHE
AB ropasjio MeHbIlIe pajHycCa, 4 TPeHHEe B 060HMX cayyasax npeHe6pe-
mumo Majyo. HavyanbHasi CKOPOCTH TeJla paBHA HYJIIO.

9.25. Kak onpepenuTh HeM3BEeCTHYIO Maccy TeJjia m;, UMesd CeKyH-
AOMeEp, IPYKUHY U APYroe TeJ0 M3BECTHOU MAaceel my?

BoanoBoe JABHKEeHHe. AKYCTHKA

9.26. HaiiTn CKOpPOCTH PACHpPOCTPAHEHHUS 3BYKOBRIX KoJeGaHmii
B BO3jyXe, AJHHA BOJHH KoTOpeiX 1,0 M, a yacTtora KOJMeGaHuii
340 Tu. Yemy paBHA MAKCHUMAJbHAA CKOPOCTH CMELICHHA YACTHIL
BO3AYX&, eCNU aMILIuTyna Kojsebanuit 0,2 mm?

9.27. Ha KakKoM pacCCTOSAHMM OT MCTOYHHMKA KoJeGaHMif, coBep-

maeMBIX IO 3aKOHY CHHYC2, B MOMEHT BpPEeMEHH t:—g— cMellleHHe

TOYKH OT TOJOKEeHHA PABHOBeCUA DABHO IIOJIOBHHE AMIIIHTYHBI?
CROpOCTL pacnpocTpanenus Konebanuii 340 m/c. Ilepuon xoseGanui
103

9.28. OnpefesuTh CKOPOCTH PACIPOCTPAHEHHA BOJIH B O3epe, eciif
nepuoj KayaHHs JIOXKH, HAXOAselicd Ha NOBePpXHOCTH BOAH, 4,0 c,
a pacCTOSHHE MEXAYy OJmKaHmumu rpebusMu BoaxH 6,0 M.

" 9.29. Bo CKOJBKO pa3 H3MEHsSeTCA AJMHA YJIbTPa3ByKOBOM BOJHEI

Ipu mepexojie BOJHEBI M3 CTAJM B MeJb, €CJM CKOPOCTH pPacmpocTpa-
HEeHUd YJAbBTpa3ByKa B MeaH H CTaJNU  COOTBETCTBEHHO 3600 wu
5500 m/c?

9.30. HaiiTh CKOPOCTb PAaCNPOCTPAHEHMA yJIbTPa3ByKa B xeese,
ecou moayab IOmra ana sxenesa 20 I'lla, a nmaotHoeTs 7800 xr/m .

9.31. OnpexenuTh CKOPOCTH PacIpOCTPAHEHUA MOIMEPEeYHBIX 3BY-
KOBBIX BOJIH B Meau. Moayab casura aas mexu 12,0 I'Tla, mnort-
HoeTh mMegu 8900 kr/m°.

9.32. OupepenuTh cKOpocTh 3BYKa B BOJe, €CJH Manec'rHo, YTO
MOAYJb BCECTOPOHHero cxkarus soiel 1,98 I'Ila.

9.33. Yemy paBeH K03bQdUNMEHT BCECTOPOHHErO CMATHS BOJEIL,
€CNU IIOCJIAHHEIN ¢ KOpabJsf yJbTpasByKOBOH CHIHAJI, OTPA3HBIIKUCH
Ha ryOouHe h=1,5 kM, BepHyJica uepesd t=2,1 ¢?

9.84. OnpefenuTh HaTHMEHHE CTAJLHON cTpyHm aiuHoi 0,50 m
u puamerpoMm 0,20 MM, eciM M3BECTHO, UTO OHA HACTPOEHA B YHUCOH

¢ KaMepTOHOM, dacrota Koroporo 430 Ii.
9.35. HaiiT cKopocTh pacipoCTPaHeHHS NOIMEPEYHBIX 3BYKOBBIX
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"BOJIH B CTAaNbHOH cTpyHe AuamerpoM. 1,0 MM, HaTSHYTOH ¢ cuioi

100 H.

9.36. Yemy paBHa CKOPOCTE PACIPOCTPAHEHUS 3BYKOBOI BOJIHBI
B MeJHO# mpoBoJoKe aauHoi 10 M, KoTopas HATSHYTa ‘cutoit 200 H?
Macca nposojyoku 50 r. ‘

9.37. Cronbko OMeHHH B CeKYHIY JAaeT HaTAHYyTas CTaJbHAHA
CTPpYHAa ¢ KaMepTOHOM, 4acToTa KoJjebanuit Koroporo 430 Ty, ecim
HaTsKenue crpyusr 100 H, ee gumua 0,5 m, a guamerp 0,3 mm?

9.38. B npu6ope Kynara npu NpogoJbHOM HATHPAHHH KeJE3HOTO
crepxHaa aauHoil L =0,50 M, KoTOpHIi 3aKpelNjieH B Cepe/iHHe, IIOpPO-
LIOK, HACHINAHHLIN B CTCKJSIHHYIO TpPYyOKYy, oO6pa3oBaJl cjoii Heoxu-
HAKOBOM ILJIOTHOCTH, IIPUYEM PACCTOSHHE MEXKAY ABYMA MAKCHMY-
MaMH IJOTHOCTH OKasajioch papHbIM [=3,0 cm (puc. 9.4). Ompe-
JAeJMTh CKOPOCTH 3BYKa B JKeJjie3e, €CJIM B BO3JyXe OHA COCTaB-
aser 340 M/c.

9.39. OnpesesuTh 4aCTOTY OCHOBHOI'O TOHA OTKPBITOM TPYOBI AJiM-
Hoii 1,0 M, KOTOpasA 3amoJIHEHA BO3AYXOM.

9.40. Yemy paBHA YacTOTA OCHOBHOIO TOHA 3aKPHITOH ¢ OLHOTO
KoHna TpyOnl anumoii 1,5 M, ecaum oHa 3sanosHeHa Bopoii? Cko-
pOCTh paclpocTpaHeHHA 3BYKa B BOJe NPUHATH paBHO# 1,5 km/c.

9.41. YpoBeHb TPOMKOCTH ILIYMa CaAMOJIETA HA PACCTOSAHUM 5 M
pasen 120 1B, a THXOro pasroBopa Ha TOM ’K€ DaCCTOAHMH —
40 gb. OmpegenuTh OTHOILIEHHE HHTEHCHBHOCTeH M  abcosoTHHIE
3HAYEHUS WHTEHCHBHOCTEH 3THUX 3BYKOB.

9.42. Ha cKoJBbKO AeuubesiOB OTIMYAIOTCA 3BYKH, COOTBETCTBYIO-
lme nopory cnmmumoc-rn Ty=10""2 BT/MZ) ¥ nopory Gonenmx
omyuwenuii (I=10° Br/m?)?

9.43. IloaBogHaA TonKa, ABUKYIIASICH co ckopocreio V=10 m/c,
MOCHIJIA€T YJbTPA3BYKOBOM curHaJs uwacrorToii v=30 kI'n, KoTopsIii,
OTPa3UBIINCh OT NPENATCTBHS, BO3Bpamiaerca obpaTHo. OnpeaenuTsb
PA3HHLY MeXAYy 4YacTOTAMH NOCHLJIAEMOTO M NPUHATOTO CUTHAJIOB.

9.44. J]IBa KaTepa ABMIKYTCA HABCTpPeYy APYr APYrYy C OAMHA-
KOBOi1 ckopocTbio, paBHOH v=10,0 m/c. C mepBoro xarepa mochI-
JaeTca yNbTPasByKoOBoM curmas udacroroii v=50,0 kI'u, Koropsiil
OTpaj)kaeTcA OT BTOPOTO KaTepa M NpPUHHMaeTCid Ha nepsoMm. Omupe-
AEeJIUTh Y4ACTOTY NPHHATOTO CHIHAJA.

9.45. IBa 3nexTpomoesfa MAYT HaBcTpedy APYr APYTY CO CKO-
poctamu v;=30,0 m/c u v;=10,0 m/c. IlepBulift moesx paer
CBMCTOK, BHICOTA TOHA KOTOPOTO cooTBercTByeT yacrotre v=500 T,
OnpenenmuTs 4aCTOTY, BOCIPHHMMAEMYIO I1aCCAYKHPOM BTOPOTO BJIEKT-
pormoesjga mepen BCTpeueil M IOCJe BCTpeud n0e3JoB. demy OBLIN
0Bl paBHbI COOTBETCTBYIOIIME YACTOTHI, ecJaM OBl MaccaXup HaXO-
AUJICA Ha IIePBOM 3JIEKTPOIOe3fe, a CHUTHAJI JaBaJl BTOPO#H?

9.46. IlogBogHAs JIOAKA, IOTPYKAACH BEPTHKAJLHO, HU3JIy4YaeT
KOPOTKHE 3BYKOBBI€ HMIIYJbCH CHTHAJA CUAPOJOKATOPA HAJIHTENb-
HOCTBIO T; B HANpAaBJEeHHM AHA. J[JIMTENbHOCTh OTPAXKEHHBLIX CHUIHA-
JIOB, HM3MEPEHHBIX THAPOAKYCTHMKOM HA JOJKe, paBHa 1. HKakoBa
cKopocTh norpyskeuuss sogku? CKoOpocTh 3ByKa B BoAe U, IHO ro-
PHU3OHTAJIBHOE.
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§ 10. 3AKOH BCEMMPHOIO TSTOTEHMA

IIBe mMaTepwanbHBIe TOYKM MACCAMH M, M My, PACIIOJOKEHHEIE
Ha pPACCTOSAHHUU r, B3amMoOAeHCTBYIOT ¢ CHUJION

mm
F=Gm,

rae G — rpaBUTAlHOHHAA IOCTOSHHASI.

‘IIpu pBuMenun naaneT BOKPYr CoOJIHIA ¥ - CIYTHHKOB BOKDPYT
maaHeT (B TOM 4YHCJE M MCKYCCTBEHHBIX) KyOnl 6Gonbluux. moJyoceii
SJLUIICOB NPONOPIHOHANBHE! KBAAPATAM BpeMeH O6pAlleHAA NIdHET
(rpetnii saxkon Kemsepa):

. 10.1. IlepBHIifi UCKYCCTBEHHBIH CIIyTHHK 3eMJH MMeJ Iepuoyn o06-
pameHusa 1 u 36 muH., Cuuras opGUTY CIIYyTHHK& Kpyromoif, a asu-
JKeHUe DABHOMEDHBIM, OIPEAEJUTH BBICOTY IIOJIETA CIIyTHUKA HAT
IIOBEPXHOCTHIO 3eMJIH.
" 10.2. Ha rakyio BBICOTY HEO6XOAHMO 3AIYCTHTL HCKYCCTBEHHBIH
CyTHHE 3eMJM, 4ToOB ¢ 3eMJIH OH KasaJcd HENOABHKHBIM, a €ro
op6uTa 6blJa KpYroBo#l M sexaJa B IJOCKOCTH sKBaTopa? Pammyec
3emsn R;=6,37 Mwm, a nepuopa cyrounoro spamieHds T =24 u,
10.3. Kakyio cxopocTh HeoO0X0ZMMO COOGIIHTH Texy, 4TOOBI OHO

MOIJIO YAQJHUTbCA ¢ ITOBepXHOCTH JIyHH B GeckoneuHocTh? Macca

JNyust M;=17,3-10% kr, paguyc Jyust Ry =1,74 Mm.

10.4. OnpegenuTs CKOPOCTH ABUKEHUA JIYHBI BOKPYT 3eMJH, cCUH-
TadA, 4ro JIyHa aBUKeTcs IO KpyroBoit opbure. Ilpunares Maccy
3emnu pasmoit M,;=5,96-10>* kr, a paccrosuue mexpay Jlyuoit
u 3emiueit R =384,4 Mwm. :

10.5. Ha xakoM pacCTOAHMM OT LUEHTpa 3eMIH - KOCMHYEeCKas
paKera, ABMXYmIafcH k JlyHe, 6yaer npurAruBathcea 3emueit n JIy-
HOH C OAMHAKOBOMH cHNOI? Macca JIlynn B 81 pas meHbllle MacchH
3eMJIH, a pACCTOAHME MEXKAY UX HeHTpamu B 60 pas GoJsbire papuyca
3eman.

- 10.6. C kakoit cxopoc'rmo ABukercsa BOKpyr CosHua 3eMJas, ecau
pacc'rom-me MEXAY HHUMH OKOJIO 150 T'm, a macca Coannma
1,97-10% kr?

10.7. OnpepenuTh CpeAHIOW IUIOTHOCTH 3E€MJIM, €CNH W3BECTHO,
4TO ee paguyc 6,37 Mm, a yckopeHue cBoGogHOro mazenus 9,8 m/c’.

10.8. OmpesenuTe Maccy 3eMJH, €CIH HM3BECTHO, YTO HCKYCCT-
BEHHBI} CNYTHUK, 3amyLIeHHBI# Ha BhicoTy 1 MM, MMmeeT nepuop,
obpamenuna 106 muH.

10.9. BuIuMCINTB CPELHIO CKOPOCTh Bpawenus JIYHEI o op6ure,
cuHMTas cpennee paccrosnue ee or 3emun 384 Mm, a maccy 3eman
5,96-10% xr. _

10.10. HaiiTu BTOPYI0 KOCMHYECKYI0 CKODOCTH, T. €. HAUMEHb-

. litee 3HAYEHWE CKOPOCTH, IIPH KOTOpOH paKeTa MOMKeT yna.nn'rbcx oT
3eMsn, BHIAAA 3a MpeAeJbl €e IMOJS TATOTEHHA.
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10.11. Ha cKOJBKO YMEHBIIUTCA MAaCCa TeJia HA BepluinHe Daubpy-
ca (h=6 kM) 1O CpaBHEHMIO ¢ ee 3HAYeHMeM HA YpPOBHe Mopsa?

10.12. Ha kakoii BBICOTE yCKOpEHHE CHJILI TAMKECTH BABOEe MEMb-
IIe ero 3HAYEHHs HA MOBEPXHOCTH JeMJtu? .

10.13. Kakoe ycKOpeHHe IOojay4aeTr 3eMJm MOA meiicTBHEM CHJIbI
nputaxenns ee Counnem?

10.14. Kocmudeckasi pakera, cTaBIIas ncrcycc'rseuuon n.naue'ron,
asuaxerca Bokpyr CosHuma ¢ mepuoaom obpamenus 450 cyr. Haiitu
cpeanee ypajenue or CONHIIA HCKYCCTBeHHOM IJIaHeTHI, €CJU U3BECT-
HO, 4TO cpeaHee ynajeaue or Coanna naanersl 3emuasa 149,5 I'm,
a ee mepuox ob6pamenna 365 cyr 6 4 9 Mmun 10 c. C‘m'ra'rb OpGHUTH
MJIAHET KPYroBHIMH.

10.15. Yemy paBHA JUHEHHASA CKOPOCTE. mmxcemm 3eMu BOKPYT
ConHLa B NepUresIUH, eCJH -HaHMeHblIee H HauGOoJIbIIee  paccTod-
Hud or 3eman 7o CoJsHIA COOTBETCTBEHHO r; =147 T'm u ro =152 I'm,
a CpefHAA CKOPOCTh ABHKEHHS 3emiu mo opbure {(v)=29,8 km/c?

10.16. Onpegenurs paboTy, KOTOPYIO HEOGXOZUMO COBEPIIUTS,
4TO6HI TEMO Maccoit 5- 10° kr, HaxopAmeeca HA TOBEPXHOCTH 3eMJIH,
OTIIPABHTL B MEKIUIAHETHOE l'IpOCTpaHCTBO Conpo'mBneHneM BO3-
Ayxa npeHeGpeus.

10.17. UsBecTHO, uTO IIO Mepe ynennqem«m paguyca op6GUTHI
CKOPOCTh HCKYCCTBEHHOTO CNyTHHMKa 3eMJM yMmenbiigercda. O3zsadgaer
JIM 9TO, YTO NPH 3allyCKe COYTHHKA HA OPGUTH GoJblllero pajamyca
ABUTaTEJM paKeThl JOJIKHBEI COBEpPIIATE MeHbInYIo pabory? Ilouemy?

10.18. HaiiTu papseHHe B IEHTPe XKHUAKOK NJaRETH, pPazHyC
KoTopoii R, ecsu oﬁpaay:omaa ee JKUIAKOCTh HEeCXKWMAEMA M JMeeT
IIOTHOCTB p.




Inaea II

MOHEKW'ISIPHASI DU3UKA U TEPMOAHHAMMKA

§ 11. OCHOBbl MOJNEKYNAPHO-KMHETHHECKOW TEOPMM FA30B

OcHOBHOe ypaBHeHHe KHHETHYeCKOH TeOpHH rasoB (ypaBHeHHe
Knayauyca): 9
D=3—n (Eys),

rje p — AaBJeHMe rasa, n — KOHUEHTpauus mojerya, (E,) — cpes-
HAA KHMHETHYEeCKAs 9HEPrUfA MOCTYNATEeJbHOIO ABHKECHHMA MOJICKYJIHI.
CpenHdas 3HePrud MOJIEKYJIBI :

(Ey =%-kT
, 2
rJe i — cyMMa NOCTyNaTeJbHbIX, BPAIlaTeJbHBIX K YABOEHHOrO 4YMC-
aa wxonebaTesbHEIX creneHell cBoGOABI. st MOJIEKYJ ¢ KECTKOM
CBA3BIO MeXXAY aToMaMM i CcOBIajaeT ¢ YHCJIOM ee cTemeHeill CBO-
6oxel', K — mocrosHHas Boarumana, T — TepMOAHHAMUYECKAS TeM-
riepatypa rasa.
3aBUCHMOCTL RABJIGHUS rasa OT KOHIEHTPAIMHM MOJIEKYJ M TeM-
TIepaTypHI:
‘ p=nkT.
YpaBHeHHe COCTOSHHS HAeaJbHOrC rasa (YpaBHeHue MeHpeJiee-
Ba — Knaneiiposa): n

rae V, m u M — o6mem, mMacca M MoJApHas macca rasa, B —
MOJIApHAs Ia30Basg IIOCTOAHHAaHA.
ILaBneHne CMecH rasoB (3aKOH IIaJm'rona)

p= Zp,,

rjAe p; — mnapiHaJibHOe xaBJjeHUue i-ro ROMHOHGHTa CMeCH, 2 — YHCJIO
KOMIIOHEHTOB,

Cpezusas xKBagpaTUuHas, CpefHAA apmbme'ru‘lecxaﬂ ¥ HAHWBEPOAT-
HeHIIas CKOPOCTH MOJIEKYJIY

(D) = \/3RT’<> \/SRT ' T

v
Bo Bcex zamauax §§ 11—14, ecam st0o He 6GymeT cnenUAIBHO OrOBOPEHO,
ra3 CUMTATH UAEaJIbHBEIM, MOJEKYJH rasza — MMeCTKHMM, 00beMHBIMH.
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Pacnpezgeiienne Makcsena:

; / )
dN (v)=N (%)3 2 e—my*/2kT 4 up’dy,

rge dN (v) — 4HCII0O MOJIEKYJI, CKODOCTH KOTODHIX JIEKAT B HHTEp-
Baje OoT v mo v-+4dv, N — ofmee 4YHCIO MOJEKYJ, Mo — Maceca

. MOJIEKYJIBI.
Bapomerpuueckas dbopmyna:
h—h
p=ree RT( o)
TAe p H py — LaBJIeHHE rasa Ha BBICOTE h u hy.

Pacnpenenenne BoabnMmaHa:

(E—Ey)
n=ne ¥’

rae nyg 1 E) — KOHIEHTpPaIMA H MOTEHIMAJHbHAA SHEPTUA YACTHI]

Ha BBICOTE hy.

OcHOBHOe ypaBHEHME KHHETHUYECKOH TEOPHHM ra3os

11.1. Mukpockonuueckasa OBIJIHHKA yriepoga ofjajzaer maccoi
0,1 ur. OupeaennTh, U3 CKOJLKMX ATOMOB OHA COCTOMT.

11.2. PagoHOBEIe BAHHBI, IDHMEHAEMBIE AJS JIeYCHHUS, COAEPIKAT
1,8-10° aTomoB pazona B Bose ob6memom 1,0 am®. Ha ckoabko
MOJIEKYJI BOABI MPUXOAMTCA OJMH aTOM pajfoHa B JeueOHOI BaHHe?

11.3. CxonbKko yacTHUl (ATOMOB H MOJIEKYJI) HAXOZUTCH B a30Te
maceoit 1,0 r, ecsm cremedHb Auccouuauuu asora 7,097

11 4. CKOJIBKO aTOMOB PTYTH COAEPXKMTCA B BO3AYXe 00BEMOM

1,0 »* B moMemenuu, 3apaxxeHHOM PTYTbHIO, IIPH TeMnepaType 20°C,

ecJid JAaBJIEHHMEe HACHIIIEHHOIO IIapa PTYTH IIpH 3TOH TeMmepaTtype
133 mIla? ‘

11.5. Kakosa giuna pebpa ky6a, comep:xamero 1,0-10° mose- -
KYJ MAEeaJbHOTO raza NMPU HOPMAJBHBIX YCJIOBHUAX?

11.6. 'as HarpeBaeTcA B OTKPBHITOM COCYJe IPH HOPMAJBLHOM arT-
mocdepHoM papsenun oT 27°C mo 327°C. Kakoe mpupalleHue IMOJY-
YUT IIPU DTOM UHCJIO MOJIEKYJI n egunune ob6wema rasa?

11.7. B cocyzme o6wemom 1 am" comepskMTCS HEKOTOPHI ras mpu
remmeparype 17°C, Haiitu npupaniesue mapjeHUS rasa, ecJIiM BCJeN-
CTBHe yTeuyKHu rasa u3 Hero Beiiger 10%' monexy:.

11.8. B cocyze o6bemom 3,0 am’® naxogurcs resuit maccoii 4,0 mr,
azor maccoit 70 mr u 5,0-10%?' mosmexyn Bomopoaa. KakoBo aas-
JIeHHe CMECH, ecau remmeparypa ee 27°C? ‘

11.9. B zaxpeiToM Ky6udeckoM cocyze, pebpo Koroporo [=1,0 cm,

- umeerca N Mojexkya Bo3ayxa. CTeHKH KyOHKA TaKOBBEI, YTO MoOJIe-

KyJB BO3AYXa, MOMAB HA& CTEHKY, OCTAIOTCA HA Hell B TedyeHHe
1=1,0-10"? c. HaiiTn uucii0 MOJeKyJ BO3AYXa, HAXOAALIMXCH HA
CTeHKAaX, ecjiu Temieparypa cocyaa 300 K.

11.10. Ina panpHeili KOCMHYECKOH CBA3M MCIOJb3YETCA CIIYTHHK
o6bemom 100 M*, HaMONHEHHBIN BO3AYXOM NPM HOPMAJNLHEIX YCJIO-
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BHSX. Me'reopwr npobuBaeT B ero KOpIyce OTBePCTHE IIIOLIAABIO
'8=1,0 cm’. HafiTu Bpems, uepes KOTOpOe LaBJICHHE BHYTDH cryT-
HuKa usMeHurca Ha 1,0%. TemnepaTrypy rasa CUMTaTh HeM3MEHHOI,

11.11. B repmMeTHYeCKH 3aKDPBITOM COCY/€ CMEILIAJU IOPOBHY KHC-
JIOpoj ¥ renuii, a 3aTeM B CTEHKe COCYAa CAejaJju oTBepctue. Kakos
COCTAB MOJIEKYJAPHOTO NMYYKA, BHIXOAALIEr0 M3 Hero?

- 11.12. OnpeaenuTs CPEAHIOI KMHETHYECKYIO 3HEPTHIO BpaIaTe hb-
HOT'O ABMIKEHWS MOJIEKYJ BOZOPOJa, COLEPKAINMXCA B 1 0 moxp npu
18°C.

11.13. HaiiTu cpeaHIO0 9HEPIUIoc MOJEKYI, COAEPKAUUACS B 230~
Te macco¥ 7,0 r mpu remmeparype 16°C. Kakas dacTe sToit sHep-
TMH IPUXOAUTCA HA JOJIO INOCTYHATeJBHOIO ABMIKEHHA M Kakad
Ha JoJio. BpamaTeabHoro? KosebarenbHble cremeHM CBOOOLEI MoOJIe-
KYJI a30Ta He. BO30YXXAAIOTCS.

11.14. B cocyzne o6wemom 2,0 aM° HAXOAUTCA ras mox AaBJIeHHEM
0,50 MIla. Yemy paBHA cpeAHAA KHHETUIECKAS SHEPIHs MOCTYIA-
TEJILHOIO ABHIYKEHHS MOJEKYJ rasza?

11.15. Kucsopox maccoit 12 r nHaxomurca npn TeMIlepaType
700°C, npu atom 409% MOJIEKY,S AUCCOMHMPOBAHO Ha aToMBI. JeMmy
paBHa CpefHAs DYHEPTHA TeNNOBOro ABMMKeHuUA uacTHi? Koseba-
TeJbHBIE CTEeNEeHH CBOGOABI MOJIEKYJ KHCIOpOJa He BO36YKAAIOTCA.

11.16. ¥ rasa, cocTosmiero us HeTH PeXATOMHBIX (o6 BbEMHEBIX) MO-
neryJs, npu remmneparype 1,00-10° K BO3GYIKIAIOTCA BCE CTENEHHM
¢B06OaRI (BKJIOUAA KosebaTenbuble). HaiiTH cpesHIO0 DHEPIHIO MoJe-
KyJael Taxoro rasa. Kakas yacTbh 2T0if 9HepruH NPUXOAUTCHA HAa
JOJIIO IOCTYMATENbHOr0 ABHMKEHUA?

11.17. o xaxoii MaKCUMaJBLHOI TeMIepaTyphl MOMKeT HATPEeBATh-
CA H3-38 TPEHUSA O BO3AYX NMOBEPXHOCTH CAMOJIETA, KOTOPHI JIETHT CO
CKOPOCTHIO, GJIM3KO# K CKOpPOCTH 3BYKa? CUMTATH, UTO BO3AYX COCTOMT
M3 JKEeCTKUX MOJIEKYJ a30Ta. TeMIepaTypy OKpY’Kalollero BO3AYyXa
npuHATH pasHoii — 10°C,

TazoBble 3aKOHBI

11.18. HexoTophiii HAeaNbHEI ra3 MCIBITHIBAET CHAYaJa H306ap-
HOe DpacIIMpeHHe, a 3aTeM MHM30TepMHYecKoe cxkatme. H306pasuTh
3TH IIpouecckl B Koopauuatax p, T u V, T. -

11.19. Nzo6pasute rpadpuyecKH 32BHCUMOCTb IJIOTHOCTH ( He-
KOTOpoi#f Macchl HAeaNbHOrO rasa OT AAaBJIEHHS D IIPH H30TEPMH-
YeCKOM IIpolecce, ’

11.20. OnpegesnenHaf Macca MJAeaJILHOTO rasza H30XOPHO Harpe-
Baercs, a szareM uzobapHo cxkumaerca, M306pasuTh rpaduku 3THX

nmpoleccoB” B KoopAuHaTax: a) p, V; 6) p, T; B) p, T.

' 11.21. HexoTopas Macca UgeaJbHOrO raza u3o6apHO HarpeBaeTcsd,
a 3aTeM IIOCJie MB0TEePMUYECKOTO CIKATHA U HM30XO0PHOIO OXJaKae-
HUSA  BO3BpallaeTcd B MCXOAHOE cocrosiHHe. M300pasuTh 3TH IIpO-
meccht B Koopaunatax p, V u p, T.

11.22. Ha pucynxe 11.1 n306pakeHsl npouecchl, IPONCXOAANLHAE
¢ HAeaJbHBIM ras3oM onpejejieHHOH Maccel. M3o06pasuTh oTH Impo-
. Iecchl B KoopauHaTax p, Vu p, T.
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11.23. Ha pucyure 11.2 unzobpaskeHbl M30TEPMBl AJIA ABYX He-
aJBHBIX TA30B C OXMHAKOBEIMM MACCAMM /1 ¥ DPA3TUYHBIMU MOJAPD-
HBEIMM MaccamMu M, HaxXofAIMXCA IIPH OZMHAKOBOWX TeMIlepaType.
BoiACcHUTB, KaKad M30TepMA OTHOCHTCA K rasy c¢ OoJsbmeif mousap-
Ho#i Mmaccoif., Hakum OyzerT pesysbpTaT B CHydae ORMHAKOBHIX MO-
nApHBIX macc M M pasjiuYHBIX Macc rasa m? _

11.24, N3o6pasurs rpadudeckun B Koopauuartax p, T nBe 130-
XOpHl, COOTBETCTBYIOIIMEe Pa3HHIM MaccaM OZHOIO M TOrO JKe rasa,
3agMMAaIOIHUM OANHAKOBRIE 00HEMBL,

11.25. Onpegennts XapaKrTep uaMeHeHuda gasiaenud (puc. 11.3, a),
o6bema (puc. 11.3, 6) u remmeparTypsl (puc. 11.8, 6) mpeanbHOroO
rasa HEKOTOpPOil MacChl B IIpoLEecCax, NIpeACTaBJIeHHBIX Ha rpadpuKax.

11.26. IIpn mpoBeseHUM onkiTa TOppHUUENIH BHHIY 6apome'rpn-
yecko#i TpyGxu obpasosajyica NMy3HIpeK BoaAyxa oOmemom 2,0 mMm°,
Kakum cran o6beM OY3LIPbKA, €CAU OH NOAHAJNCA ¥ HAXOZUTCH
Ha paccrogHuu 1,0 ¢cM OT ypoBHA PTYTH B TpyGke? .

11.27. O6Bem nyseIpbKa BO3AYyXa IO Mepe BCIJIBLIBAHUA €ro co
JHA 03epa Ha MOBEPXHOCTH yBeJuuMBaeTcs B 3 pasa. Kakosa riy-
6uHa osepa? ,

11.28. B mape auamerpom 20 cM HAXOZMTCA BO3AYX Maccoi
7,0 r. lo kakoii TemmepaTyphl MOJKHO Harpers 3TOT LIap, €CJH

- MAKCHMAJIbHOE JABJIEHHE, KOTOpOe BhIZIEPIKHBAIOT CTEeHKH mapa,

0,30 MIIa? Monapuaa macca Boaagyxa M=0,029 xr/mMojb.

11.29. IIpn HarpeBaHMH ras3a BHeKoTOpoii Maccei Ha 1 K npm
MOCTOAHHOM JaBJieHWM 00beM rasa ysenmumusaerca na 1/300 uacrs
€ro ImepBOHAYaJBHOrO 3H&YEHHA. OnpefesUTh HAYAJIBHYIO TeMIepa-
TYpy rasa.

VA

7 >

Puc. 11.3
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¥11.30. OTKpHITAsA cTekJAHHAA Kojaba BmectumocTthio 0,40 nmP,

copepxalnas BO3AYX, Harpera xo 127°C. Kaxoit o6mem saiimer Bona
B KoJGe NpH OcThIBAHUM ee a0 27°C, ecau IiOcNe HATPEBAHUS ee
FOPJIBIIIIKO ONYCTHTH B BOAY?
. . 11.31. Cxonbko KavaHUii I MOPIIHEBOrO HACOCA HALO CXeNdTh,
4TOORI Harcaqa-rb nycryio kamepy ¢pyTGoJbHOTO MAYa O6beMoM V=
=2,5 amM’ 5o AaBieHWUH, IpeBHINAIOLIETO armocheproe B 4 pasa?
3a KaxkJaoe KadaHHe' Hacoc 3aXBATHIBAET M3 aTMocdephl BO3LYX
o6bemMoM V=200 cm’. Temnepa'rypy MAYa CYMTATH IIOCTOSHHOIMA.
11.32. CronBbKO KadaHuii IOPILUHEBOro Hacoca morpebyercs AJA
TOro, 4To6bl AaBjenue B GayioHe ob6vemom Vi=1,5 am® ymeHb-
- muTh B k=100 pas? O6mem kameprl Hacoca V=100 cm’. Hs-
MEeHeHMeM TeMIIepaTyphl IIDM OTKAYMBAHMM rasa IpeHeGpeub.
'11.33. B ognoM GasloHe BMecTHMOCTBIO 15 am® HaxommTca ras
nox masiaenuem 0,2 MIla, a B Apyrom — TOT ke ras moj AaBJeHHEM
1 MIIa. Bannonsl, TeMIepaTypa KOTODBIX OZHHAKOBA, COeXHMHEHBI
TpyOroi#i ¢ kKpanHom. Ecam OTKpHITE KpaH, TO B O6OMX GaJoHAX
ycraHaBiinBaeTcs aasienue 0,4 MIla. Kanona BMECTHMOCTBb BTOPOTO
G6asona?
11.34. Buytpu Tpy6H, HAaNMONHEHHOH BO3AYXOM M BaKPHITOH C
0GOHMX KOHIIOB, MOYXET CKOJB3UTH Oe3 TPeHHus IJIOTHO MpHIeraio-
it K cTeHkaM TpyOb! mopiueHb maccoit m—=4,0 Kr U NJIOAABIO
- 2,0 am’. OnpegeMTL OTHOIIEHHE OGHEMOB BO3AYXd B Tpybe mo obe
CTOPOHBI OT TOPIIHS NPU €e COCKAJIb3LIBAHHN 110 HAKJIOHHOM IJjocC-
KocTd, oGpasymolleii ¢ ropusoHrom yroa a==60° (puc. 11.4). Koad-

. ¢puUnHeHT TPeHHA MeXKAY TPYGOil U HAKIOHHOM ILIOCKOCThIO p=0,25.

H3BecTHO, YTO B rOpPH3OHTAJNBHO Jekamed TpyGe moOplHIeHbL 3aHH-
MaeT cpejHee MNOJIOKeHHE, IIPH. 9TOM [AaBJIeHHE BO3AYyXa B Tpy6e
pj—~ 1,25 kIla. Temnepatrypa Bo3AyXa B TpyOe NMOCTOAHHA.

11.35. Byper nu jaBaTh HpaBUJIbHbIE HOKAZAHUSA YalIeUYHEI PTYT-
HEIHE Gapomerp (pmc. 11.5), ecam yacTp ero TpyOKH (HHKe YpOBHSA
PTYTH) chejaHa U3 MArKOil peswnsni?

11.36. B vamieuHEI# PTYyTHBIH GapoMeTp NONAJ BO3AYX, B Pe3yJb-
TaTe 4Yero INpPHM HOPMAaJIbHBIX YCJIOBHAX GapoMeTp IOKAa3bIBaer
98,6 xIla. PaccrosHue OT ypoBHA PTYTH B TpPYOKe A0 3amafdHHOTO
KoHIa ee 10,0 cum. KaxkoBo HcTHHHOe 3HaueHHe aTMOChEPHOrO AaB-
JieHud, ecau npu temneparype 20°C 6apomerp nmoxkassisaer 97,3 xlla?
TensoBsIM pacmIMpeHHeM PTYTH U TpyOGKM npeHebpeus.
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11.837. U-o6pasnad Tpy6GKa 3aIloJHeHa BOjoli, 008 KoOHIA KO-
ropoil sanagHbl (puc. 11.6). M3 ofgHOro koJieHa BO3LYX YJAaJleH,.
JaBJIeHVE BO3JAyXa B APYIOM KoJieHe Ipu Temmeparype- 20°C paBHO

'HOpMaskHOMY aTMocdepHoMy. Kakoit Gyxer pasHocTh YPOBHEH BOABI

B KoJIeHaX, ecau Tpy6ky Harpers fo 100°C? Cumrars, uto ly=15 M.

11.38. B aByx cocylax OAMHAKOBOTO o6hbeMa HaXOAATCH TeJauil
U aproH, Macchl KOTOPBIX paBHBI. Bo CKOJBKO pa3 JAaBJE€HHE Ieusd
Gospllle, YeM aproHa, €CAM TeMIepaTyphl I'asoB OJAWHAKOBBI? w

11.39. dasnenue B uMmauHApe mapoBoii mamuusl o6bemom 20 am”
mocJae OTKPLIBAHMSA KJjanaHa yMenbmujgock Ha Ap=0,81 MIla. Ka-
KOBa Macca 1napa, BhINYIIeHHOro us nuauuzpa? Temmneparypy mapa
cuyrath 100°C.

11.40. I‘aaome'rp BMeIaeT IPH HOPMAJBHEIX YCJIOBUSX YTIJIEKHC-
aeii ras maccoit 0,50 kr. OmpeAesnnTs Maccy Haxojsllerocs B raso-
MeTpe YrIIEKHCJOro rasa, e€cjJld repMoMeTp mokaasiBaeT 17°C, a ma-
HOMETP 93.3 klla.

11.41. TInotHoceTs rasa npu gasaenun 0,20 MITa u TeMmneparype
7°C pasna 2,41 xr/m°. Kakoa Macca 1 moxs artoro rasa?

11.42. B 6apomerpuyecKkyio TPyGKy NpH HOPDMaJIbHEIX YCIJIOBHSX
monajl BO3AYX, BCIEACTBHME 4Yero (apoMeTp mNokasad  JaBJeHHe
0,10 MITa. KakoBa NJOTHOCTH BO3AYXA HaZ PTYTbIO?

11.43. Ta3 umaxoaurca npu Temneparype 20°C U  ZaBJIeHHH
0,50 MIla. Kakoe pasienue mnorpebyercss JJifi TOro, 4robhl yBe-
JUYUTh IIJIOTHOCTH rasa B 2 pasa, e€cJHM TeMmneparypa ero 6yner
JoBejgeHa go 80°C? _

11.44. Onpepenuts Maccy 1 MOJbL cMecH, COCTOAIIEH U3 KHCAOPOAA
Maccoit 8,0 r u yraekuciaoro rasza maccoi 22 r.

11.45. IIpuuaB, 4TO BO3AYX O Macce cocToMT M3 769, asora,
239% xucaopoma m 19 aprona, HaiiTm maccy 1 Moub BO3AYXa.

11.46. HaiiTu o6peM cmecu, cocrosineii H3 aszora maccoil 2,8 Kr
U Kucjopopa Mmaccod 3,2 kr u umeoumeil remmeparypy 17°C u
nasaernue 0,40 MIla.

11.47. B 6annoHe BMecTUMOCThIO 14 aM® HaxoZuTCS cMech reJHs
¢ KucjaopogoMm wmaccoit 64 r mpu Temneparype 7°C u paBieHuM -
0,12 MIla. HaiiTnu mMaccy reauss M Maccy KHCJIOPOoJa B CMECH.

11.48. Onpenenurhb NIOTHOCTH CMECH, COCTOSIEH U3 resnsa Maccoit
8,0 r u aprona maccoit 4,0 r, npu Temneparype 17°C u pasie-
uun 0,10 MIla.

11.49. T'peMy4YuM rasoM HA3BIBAETCS CMeCh, COCTOALIAS U3 OXHOMR
YacTH BOAOPOJA M BOCBMH 4acTeil KHcjaopoza. OmpelenuThs IJIOT-
HOCTHh I'DEMYYEro rasa IPpH HOPDMAJbHEIX YCIOBHUIAX.

Pacnpenenenna Makcseana ¥ Boabumasa.,
Bapomerpuueckas dopmyia

11.50. ¥z agpa atoma pazus BeLIeTAlOT o-dacTAUB! (M = 0,004
KI'/MOJIb) co cKopocThio 15,3 Mm/c. IIpu Kakoit TeMmepaType aTOMBL
resnss uMead OBl TaKyIO ke CPeJHIOI0 KBAAPATUYHYIO CKOPOCTH?
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‘11.51. TlosmHaa KUHETHYECKAS DHEPTrHS MOJIEKYJ MHOI0ATOMHOIO

rasa, macca koroporo 20 .r, paBHa 3,2 klx. Haiitu cpegnion

" KB&APATHYHYIO CKOPOCTH MOJIEKYJI 3TOrO rasa.

11.52. KakoBsl cpefHsAs KBajpaTHuyHas K cpejHAR apudmeTH-
YecKasd CKOPOCTh IBLIMHKH, HAXOAmelca B BO3gyXe BO B3BEIIEHHOM

cocTosHUM npu Temiepatype 17°C, eciu macca ee 0,10 ur?

11.53. Bo cxoabko pas _CPeAHAS KBAJPATHIHAS CKOPOCTE MOJIEKY I
BOZOpOfa GoJsble cpem{en KBaZAPATUYHOH CKOPOCTH MOJIEKYJ BOJA-
HBIX NMApoOB IpH TOMH ke TemmepaType?

11.54. ITpu Kakoii TeMIepaType MOJIEKYJbl aprOHA HMEIOT TAKYIO

JK€ CPEJHIOI0 KBaJPAaTHYHYIO CKODPOCTb, KAK MOJIEKYJBI TeJuf npn‘

100 K?

11.55. B cocyae o6memom 1 am® HaxozumrTcs ras Maccoﬁ 6 r
nop pasienueM 80 klla. OnpezesuTh CcpeAHIOI KBAAPATHYHYIO CKO-
POCTh ‘MOJIEKYJI rasd.

11.56. KaxkoBa cpeiHAs KBagpaTH4yHas CKOPOCTh Mo.nexy.n 'HEKO-
TOPOr'o rasa, eCJM M3BECTHO, YTO MJIOTHOCTH ero 30 r/M°, a naprienme,
OKa3BlBAEMOEe MM HA CTECHKM cocyAa, 3,6 gIla?

‘ 11.57. B o6wzeme 1,0 cv® npu paBmenuum 20 kIla HaxozuTcs
5,0-10' mostexys resmus. OnpezenuTh CPEAHION KBAADPATHYHYIO CKO-
poCTh MOJIEKYJ IIPH 5THX YCJIOBHAX.

11.58. OnpegenuTs cpefHION apubMeTHYECKYIO CKOPOCTH MO-

JIeKYJl rasa, eclM MBBECTHO, YTO CPeAHAS KBAZPATUYHAA CKOPOCTS

ux 600 m/c.
© 11.59. Kakosa . HauBeposiTHeHIIaA CKOPOCTh MOJIEKYJ METaHa H
reJaus nmpu temmepatype 127°C?

11.60. ITonbsyschk pacnpegeseHueM Makcsesnna M MOHATHEM OTHO-
CUTEJIBHOM CKOPOCTH U KAK OTHOIIEHHS CKOPOCTH MOJIEKYJ U K
HauBepoATHeMHIIe#l CKOPOCTH U, IOJYYHTh TO K€ paclipefesieHHe
B IIDMBELEHHOM BHJE:

dN(u) =N_\/i-_g—"’u2du.
n

11.61. Kakag 4acTh MOJEKYJ asoTa npu_ temnepatype 7°C 06-
najlaeT CKOpocTAMH B uuTepsaye or 500 mo 510 m/c?

11.62. Kakasa yacThk MOJIEKYJI KHCJIOpOZA 00JafaeT CKOPOCTAMH,
OTJMYAIOUIMMHICS OT HaMBepoATHeHmel He Gosbmie yeM Ha 10 M/c,
npu temneparypax 0 u 300°C?

11.63. OnpezesUTs OTHOIICHHE YHCJIA MOJIEKYJI Bonopona, obna-

HaloImux CKOpPOCTAMM B HHTepsaje or 2,0 mo 2,01 kM/c, k¥ yucay
MoJIeKyJI, oGjajalommx ckopocrsmum or 1,0 mo 1,01 RM/C, ecau
TeMieparypa Bogoponxa 0°C.

11.64. OnpeaeauTs BRICOTY TODHI, €CJIM JABJEeHHE HA €e BepIIMHE
PaBHO IOJIOBHHE JAaBJICHMA Ha yYpoBHe Mop#A. TemmepaTypy CUMTATH
BCIOAY OXMHAKOBOI u pasuoif 0°C.

- 11.65. Ha mosepxHocTn 3emuu Gapomerp mokasbiBaer 101 klla.
KaxoBo 6yzer nokasanme Gapomerpa npe mojgbseMme ero Ha OcraH-

KHHCKYIO TeJIeBUBHOHHYI0 GallIHIO, BEICOTA KOTOpOil 540 M? Temme- -

DPaTypy CUMTATH BCIOAY OAMHAKOBOK M pasHOU 7°C,
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11.66. IIpu moxbeMe BepTOJeTa Ha HEKOTOPYIO BEICOTY 6apoMeTp,
HAXOAAMIHHicA B ero kabune, H3MeHUJ cBoe mokxasanume Ha 11 klla,
Ha xaxoil BBICOTE JIETUT BEPTOJIET, €CJIM Ha B3JIETHOM MJOLIAAKe
G6apomerp mnokaseiean 0,1 MIIa? Temnepa'rypy BO3AYyXa CYHTATH
BCIOAY OXMHAKOBOH M pasuoii 17°C,

11.67. KakoBBl JaBJeHUE M 4HCJIO MOJIEKYJ B eAMHHIE o0BeMa
BO3Ayxa Ha BhicoTe 2,0 KM Hajg ypoBHem Mopsi? [laBienHHne Ha
ypoBHe mops 101 xIla, a TemnepaTtypa 10°C H3meHennem Temie-
pPaTyphl ¢ BEICOROMH npeHe6peqL.

11.68. ITniuHKM Maccoif 1 ar B3BelmeHBI B Bosgyxe. OIpesenauTs
TOJIHHY CJOA BO3AYyXa, B MpefieslaX KOTOPOro KOHLUEHTPALHMA IThLIH-
HOK pasiHuaeTrcd He Gosee uem Ha 1,09. Temnepa'rypy BO3AYXa
BO BceM o0'beMe CUHTATH OJMHAKOBOII M pasHoil 27°C.

11.69. Y nosepxHOCTH 3eMJIH MOJEKYJI Bonopop;a mouru B 1,0-10°
pa3 MeHbIlle, YeM MOJIeKYJ a3ora. Ha xakoil BrIicOTe YMCJIO MOJIEKY]
Bogopoxa O6yjaer PABHO YHCJY MOJIEKYyn as3ora? Cpenmoro Temile-
parypy armocdeps npuHATh pasHoii 0°C.

§ 12. SBNEHMA NEPEHOCA B FA3AX

Cpepusa aauHa csBoGomHOro mpoGera MOJIEKYJI Trasa:

A =_{_"_ ’
4 \/End%

rae d — mbd)ewmnnmﬁ AUAMETP MOJEKYJI, 1 — KOHIUEHTpalud MoJe-
Ky
‘CpeaHee 4YHCJIO CTOJKHOBEHHUIf OAHOII MOJIEKYJH B €IHHUIY Bpe-

MeHM:
(2) =\/5td2n(v).

O6mee 4YHCAO CTOJKHOBEHHMI BCeX MOJIEKYJI B eJMHHIEe 00BbeMa .
3a eIUHHMUY BpPEMEHH:

| z=—;—(z)n.
Yucsmo MoJIeKYJ, YAAPAOIIHXCA 38 €IHHULY BPEeMEHH B eZHHUY-

HYIO ILIOLIAJAKY, KOTOpas NoMellleHa B rase:

nv
20= 1"

Macca onpepeseHHOro KOMNoHeHTa rasa dm, KUGDYyHAUPYIOIIA
3a Bpemsl dt 4yeped mAomAAZKY dS, pPACHOJIOKEHHYIO NEPIeHAUKYJIAD-
HO ocH X:

dm= — D% dsdt,
dx

rae D — koadpodunnenr gudpodysun, :;—‘;— rpajHeHT IJIOTHOCTH. 3HAK
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.HHHA yOGLIBAHHA IJIOTHOCTH.

MHHYC 06YCJIOBJIeH TeM, 4YTO IIepeHOC MAaCChl IPOMCXOJHUT B HaNpasJje-

Kosdpduuuent nudpdysuu:
D= %-( v) (A)..

Cuia BHyTpPeHHero TpeHUs dF MeXAY ABYMA CJIOSMM IJIOMIAZBIO
dS, EBMKYWHMHUCA C Pa3jJUYHLIMHU CKOPOCTSIMM:

dF = — nd—vdS,
. dx
rAe 7 — AUHAMHYECKAas BA3KOCTD, Z—Z—— rPajiieHT CKOPOCTH TeueHHus

rasa B HaOpaBJEeHHU, NePIeHAUKYJISPHOM K Mioliajgke dS. 3Hak
MHHYC O3HadaeT, YTO cHJia TPeHHA, gedcTByiomaa Ha 6GoJiee GHICTPO

" ABHAYUIHeCA CJIOU, HallpaBJieHa NPOTHEB CKOPOCTH.

~

JunHaMudecKas BA3KOCTD:

n=3(v) (Mo,

rae p — IJIOTHOCTH rasa.
KoamuecTBo TemnoTh, nepeHocuMoe 3a Bpems di uepe3 ILIO-
mwaakKy dS, pacloNoOKeHHYI0 MepneHANKYIAPHO ocH X :

_ 4T
dQ= doSdt,

T
A€ * -— TEeIJIONPOBOLHOCTS, Z—x—— rpafHeHT TEeMIePATYpbl. J3HAK

MUHYC IIOKa3bIBaeT, YTO II€PEHOC BHYTPEeHHeH sHepruu nponcxo;m'r
B HaIpaBJeHNU YOLIBAHUA TeMIEpaTypHhI.
TenaonpoBoHOCTS:

1
n=5-(v) {(A)pcy,
rge ¢y — yaenbHas TeNJOeMKOCTh rasa IMpW MOCTOSHHOM oOmeme'.
Cpeanaa paauua ceoGomuoro mpo6era MoJeKy.Ji.
Yucao cToIKHOBEHHII

12.1. B me:x3Be3AHOM IPOCTPAHCTBE COZEPKUTCA 1 MOJIEKYyJa B
ob6beme 15 cm’. Kaxoma cpeguas anvHa cBoGOAHOrO mpoGera Mo-

JIERYJI, €eCU NIPEANOJIONNTD, YTO OKDY KAloIHie MOJIEKYJIbl ABIHIOTCH

MOJIEKYJIaMH BOZopoga?

12.2. Yemy paBHAa CcpeaHSs AJMHA CBOGOZHOro mpoéera Monercy.n
rejiusl, €cjiM cpejHee pacCTOAHUE MEXAY HUMHU 4 Hm?

12.3. Cpepuas pgiauna csobomHoro mpofera MOJEKYJ BO3AYXA IIPH
HOpMAJbHOM gaBjenuu 62,1 HM. OnpefeauTh CpegHIO IJMHY CBO-
6ogHOTO mpoGera MoOJIEKYJ BO3ZYXA IIPH CBEPXBHICOKOM BaKyyMe
(1,33 uIla). TemmepaTypy CUMTATL OLHOU M TOR XxKe.

' Cm. c. 94.
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 12.4. B GasoHe BMeCTHMOCTHIO 10 AM°® HaXomUTCH resmii Maccoi
2,0 r. OnpenenuTh CpeAHION IJIHHY CBOGOZHOro mpobera Monercy.n
rejus. .

12.5. KakoBa NJIOTHOCTH PA3PEIKEHHOIO KNCIOPOJA, ECIM CPENHAA
AJIMHA ¢BOOOmHOrO mpobera ero motgekyJsa 1,0 cm? :

12.6. OnpegesuTh CPeAHIO KBaJPATHYHYIO CKOPOCTH Moneuy.n
aproHa, Haxogpsameroca noj Aasienuem 0,10 Mlla, ecsim mssecTHO,
YTO CpeiHAA AJUHA cBoGogHOro mpobGera ero monaekya 0,10 mMKm.

12.7. Kakoe naBjieHHe HYXXHO CO3/aTh B KoJj6e JHaMeTpOM
0,10 M, cogepikalieit asor npu tTemneparype 20°C, 94To6GHl IMOJYYHUTH
BaKyym? ’

12.8. MoO:XHO JIM CUUTATE COCTOSHUE ra3a MpHu nasnem«m 133 mxlla
BBICOKMM BaKYYMOM, €CJH OH CO3JaH B KoJbe auamerpom l=0,50 M,
cozepxkamei xucaopoa npu 0°C? ) )

12.9. B chepuyeckom cocyae mmamerpom l=0,40 m Baxoaurcs
asor npu remnepatype 20°C, IIpu KakoM AaBJIEHHM MOJIEKYJHI a30Ta
NpaKTHYeCKH He OYAYT CTAJKHBATBCA APYTr ¢ Apyrom?

. 12.10. B cdepunueckom cocyae smMecTumocThio 2,0 aM° HaxoauTCH
Bogopoj. Ilpm kakoil MIOTHOCTH BOAOPOJA MOJIEKYJIEI €ro IMpPaKTH-
YecKHM He OyAyT CTaJIKUBaThCcA APYr ¢ apyrom?

12.11. KaroBo cpeaHee 3HaUEHHE IPOMEKYTKA BPEMEHM MEXIY
JABYMA IOCHIeAOBATEIbHEIMU CTOJIKHOBEHMSIMU MOJIEKYJI BOJOPOJA NPHU
JaBineann 13,3 IIa u remmepatype 100°C?

12.12. Cpeanas anuHa cBOGOZHOTO npobera MOJEKYJ reaus Ipu
HopMaJbHBIX yenoBuax 230 um., Haiitu cpegHIO0 MPoa0IKHTEIBHOCTD
csobogHOrOo mpobera mosekyn requsa upu gasienuun 1,0 mIla n
Temneparype 17°C.

12.18. CxoapKO CTOJKHOBEeHH 3a 1,0 ¢ MCOBITHIBAIOT MOJIEKYJIbI
YIVIEKHCJIOTO rasa, HaXOAALerocs IpH HOPMAJBHBIX YCJIOBHIX?

12.14. Cpepuad KBagpaTH4yHAS CKOPOCTH MOJIEKYJ HEKOTOpPOTO
raza 900 M/c, a cpeguss aauHa cBoGoZHOro mnpobera mpu >THUX
ycaoBudax 4,0 mpm. ONpefesIuTh cpegHee YKHCIIO CTOJKHOBEHUH MoJe-
KyJ aToro rasa 3a 1 c.

. 12.15. Cpeguaa Anuna cBobomHoro mpobera MOJEKYJ BOLODPOAA
IpH HEKOTOPOM JAaBjieHMM M TeMuepatype 21°C pasua 90 am. B
peayJjbTaTe H30TEPMHUYECKOr0O IIPOlEcca MABJIEHHE rasa yBeJIUUUJIOCH
B 3 pasa. HaiiTu cpegHee umcjiO CTOJIKHOBEHMI MOJIEKYJ BOAOpOAa
3a 1 ¢ B KOHlle mpolecca.

12.16. ITpu remneparype 47°C M HeKOTOPOM NAaBJIEHMH CpeIHSA
anuna cBoGoAHOTO Npodera MoJeKyJs Kucaopoga 40 um. B pesyiabrate
HM30TEPMUUECKOTO caTusg ofbeM rasa ymeHbIIHJcA B 2 pasa. Omnpe-
JeJNTh CpeJHee 4YMCJO CTOJKHOBEHHI MoJieKyJ Kucsaopoaa 3a 1,0 c
B KOHIE CiKaTHA,

12.17. B cocyze BmectumocThio 1,0 am’ Haxomgurcs azsor npu
TeMmepaType 7°C u gasaenuu 0,20 MIla. OnpesenuTs YHCIO CTOJIKHO-
BeHUW#l MOJIEKYJ a30Ta B 3TOM cocyze sa 1,0 c.

12. 18 Karon peHTreHoscKol Tpy6KHM MMeeT B AUCKA ILJIOMIANBIO
1,0 cm® Omnpezenurs uucio MOJIEKYJI BO3AYXa, YAAPSIOIIUXCA 3a
1,0 ¢ o xarox mpm Temmneparype 17°C u pasmenmuu 13,3 wmlla.
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12.19. Kak H3MEHHTCS YMCJIO YAApPOB MOJIEKYJ OAHOATOMHOTO -
rasa o CTeHKy GasioHa miomazsio 1 m° 3a 1 ¢, ecam naBieHme

rasa yBeJHUYHUTCS B 4 pasa, B cayuae 1) nsoTepMqucuopo u 2) uso-
XOPHOTO IPOIEccoB?

Jnddysns, BA3KOCTh M TEIJIOIPOBOAHOCTH ra3os

12.20. Cpegnsasa gauHA CBOGOAHOTO MpoGera MOJIEKYJ rejMs IpH
HOpPMAJIBHHIX ycaopuax 0,23 mrm. OnpeaesauTsb xoad)(bmmen'r p;mbd)y-
3AH TeJHA NPH HTHX YCJOBUAX.

12.21. OnpeaenuTs ko3pPunuent zmd)d)yapm xncnopona IIpH HOP- '

MAaJBbHBIX YCJIOBHAX.

12.22, Kaxop xoaddunuest zudbdysnn BoFOpoJa MPH HEKOTOPHIX

ycnom«mx, ecau Koaddunyenr a1ud@ysuM reJua IpH 3THX YCIOBHIX
92 mm?/c?

12.23. Road)(bnunen'r Inddysuu KuCJOpPOZa INpH Hopmam,umx
. ycaosusax 14,1 mm?/c. Ompegenuth, KakuM 6yzeT KodhdUIHEHT
Auddysun npu remneparype 50°C, ecom HarpesaHMe rasa IpPOMCXO-
OUT NPH IOCTOAHHOM obbeme.

12.24. Bo CKOJIBKO pa3 U3MeHUTCA Koo buuueHT Auddysun 1By X-

aTOMHOI'0 rasda npH yMeHblIeHNH LaBJICHU S B 2 pa3a B peayabraTe

MB0TEPMHUYECKOI'0' paciiypeHusa?

12.25. Koadoduiuent auddysun yriekucaoro raza Ipu HOPMAaJib-
HBIX ycaoBuax 10 mm®/c. Ompepenuts nnnamnqecxym BABKOCTBb
YTJIEKHCJIOro ra3a IpH 5THUX YCJIOBHUAX.

12.26. Brruncanrs xoadpbuunuest pudpdysuu u J.[HHaMH‘-IGCKYIO
BSA3KOCTh agora npu gasienuu 0,10 MIIa u remneparype 7°C.

12.27. Ina renus AMHaMHUYecKasd BABKOCTL IIDH TeMIepaType
0°C pasua 16,3 wmxlla-c. OmpemenuTh AMAMETD MOJEKYJ TIeJHA.

12,28, HaiiTu guHaMUUYECKYI0 BASKOCTb BO3AYXa IIPU TEMIEPaTy-
pe 100°C u HODMAJNILHOM JABJIEHWH, €CJH NPH HOPMAJBHBEIX YCJIO-
BUAX oHa paBHa 17,2 mklla-c.

12.29. IIpu Kakoii TeMnepaType AMHAMHYECKas BASKOCTH a30Ta
paBHa AWHAMHYECKOH BS3KOCTH BOAOpOja IpH TemmnepaTtype 19°C?

. 12.30. ITpocTpaHCTBO MEXAY ABYMS KOAKCHAJbHBIMH IHMJIMHADA-
MH, paguychl KOTOPHIX paBHB 5 U 5,5 ¢M, 3alOJIHEHO KHCIOPOLOM
npu temneparype 0°C. OnpenenuTs, BhIllle KAKOTO KaBJECHUA AUHAMHU-
yecKasl BA3KOCTh KHUCJIOPOJd He OyAeT 3aBHCETh OT AABJICHHA.

12.31. OnpezaennTh TENJIONPOBOAHOCTD XJIOPA, €CJIN M3BECTHO, YTO
HUHAMHMYeCKAR BABKOCTh JAJIA HEero IPH 3TUX YCJOBHAX  paBHa
12,9 mklla-ec.

12.32. OupepenuTsb -rennonpononnoc'rb aproHa NpH HOPMAJIBHBEIX
YCJIOBHAX.

12.33. TennonpoBOAHOCTh TPEeXaTOMHOIO rasa ¢ JKeCTKUMH

(o6 beMHREIMH) MOJIeKYyJaMu paBHa 1,45 cB'r/(M K), a xosbdunment

mubdysur npH Tex xe yenosuax 10 mxm?/c. OmpenesauTh UHCIO
MoJnekyJs B rase obsemom 1,0 Mm% mpm »THX ycnoBusax.

12.34. HaiiTu npegesibHOe 3HauyeHHe LABJIEHUS, HHUIKE KOTOPOTO
TEeILJIONPOBOAHOCTh BO3JYX&, 3aKJIIOUEHHOIO MeXIYy CTeHKaMH cocyna
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" Mioapa, HaUMHaeT 3aBUCETH.OT AaBJeHUs. PaccrosHnwe MexAy CTeH-

kamu [=6,0 MmMm. JluamMeTp MOJIEKYJB BO3ZYXa IPUHATH PABHHIM
0,30 um. Temneparypa rasa 17°C.

§ 13. NEPBOE HAYANO TEPMOAMHAMMKM

IlepBoe Ha4YaJI0 TepPMOAMHAMHKM MOKeT OLITL 3allMCAHO B BHJE:
Q@ =dU -+ 64",

rae 6@Q — KOJMYECTBO TEILUIOTH, NMOABOAUMOE K cucTeme, dU — mpu-
pallleHHe BHYTpeHHe#l bHeprum cucTeMrl, A’ — paGora, copepiae-
Mafg cHCTeMOll NMPOTHE BHENIHHX CHJI.

BHYTpeHHASA 2HEPTUA HJeaJIbHOTO rasa:

U= g-c‘_,T,

rae Cy — MOJIIpDHAS TEIJIOEMKOCTh rasda NIPH MOCTOAHHOM obBeme.
MonsApHas TeNJOEMKOCTh rasa IPH NOCTOAHHOM ofneme:

Cy=-iR.
Ve
MoJsipHas TeInJIOEMKOCTh r'a3a NPH IIOCTOAHHOM JaBJIEHHM:
Cp=CV+R.
Pab6oTa, coBepinaeMas rasom:
={pav.
PaGora mpu msoTepMmuecKOM mpoiiecce:
\ "L
A'=2RTIn %
M Vl
Ypasnenue apmaGarudueckoro npouecca (ypasHeHue IlyaccoHa):
pV'=const,

rae Y:%j — TIOKa3aTeNb aguabaThl.

PaGora npu aguabaTHOM IIpolecce:

m
ZHCV (Tl — T2)
YpaBHeHHe NOJUTPOINYECKOTO Mpolecca:
pV" =const,
rae n=——:>="— — QNoKa3aTeJb MOJHUTPONL, C — MOJApHAS TeIJIOEM-

C—'CV
KOCTPE ra3a InpH nNoJHTPONHYECKOM npouecce.
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Pa6oTa npH mOJHTPONMYECKOM IIPOLECce:

‘ RT ( T,
A’/ —m . BT, 1___z_>,
, M n—1 T,

YpaBHeHue BepHyJanu [ns cpeibl ¢ TEPeMeHHOIH IIJIOTHOCTBHIO
(raam npu GOJBIIMX CKOPOCTAX TEeYEHUS) IIPU He CIUIIKOM GOJIh-
IIAX meperajax BBICOT:

2

9 o
vi—vt S dp_
2 + 0
» 1

rge v; M Uy — CKOPOCTH rasa B JByX IIPOM3BOJIBHBIX TouKax ] u 2
2

JJUHUHU TOKA. I/IHTeI‘paJI Si—p 3aBMCHT OT BHJA IIpolecca H3Me-
)

HEHUH COCTOAHUSA rasa MeXKJy STHMH TOYKAMH. ‘
Hast a,u;naﬁa'rnoro TeUeHHA MJeaIbHOrO rasa (ypaBHeHne Bep-
HYJLIIH):

vi—vti vy R 5 — -
D 1_?—1 M(Tz T,)=0.

TenaxoeMkocTh

13.1. Haiitu mondApHsle Tenyoemroctu Cy u C, a TakKe uxX
OTHOILEHHA y AJA UAAJIBHOIO rasa, COCTOALIETI0 U3 MOJIEKYJI: a) OAHO-
aTOMHEIX; 6) ABYXaTOMHBIX C JKE€CTKUMM MOJIEKYJaMHU; B) ABYXaTOM-
HBIX C'YHOPYIMMH MOJIEKYJIAMM; I') TPEXATOMHBIX C JKEeCTKUMH (00BbeM-
HBIMM) MOJIEKYJaMH; [) TPEXATOMHBIX ¢ yuOpyrumu (o0beMHBIMM)
MOJIEKYJIa MU,

13.2. VYaenbuas TENJOEMKOCT: NPH IIOCTOAHHOM NABJICHHHU He-
roroporo rasa 970 Hx/(xr-K), monspmas Macca ero pasHa
0,03 kr/monn. OnpenesnTh, KAKMM YHCIOM CTeNeHeil cBOGOIBI 06Gia-
JAI0T MOJIEKYJIBI 3TOTO rasa. ,

13.3. PasHOCTh MeXAY YAeABHBIMHA TEIJIOEMKOCTAMM IIPH IIOCTO-
AHHOM [ aBJICHHH H IIOCTOAHHOM O00'beMe HEKOTOpOro rasa paBHa
260 x/(xr-K). Onpeaenuts MoJsApPHYIO Maccy AaHHOTO rasa.

13.4. IIn0THOCTE HEKOTOPOro rasa IIPH HOPMAaJbHBIX YCJIOBHSX
p=1,25 kr/m’. OTHolIeHMe yZAeJBbHBIX TemJoeMKocTeid 1, 4 Omnpe-
JeJINTHh yJAeJdbHEIe TEIJIOEMKOCTH ¢, H Cp 3TOro raasa.

13.5. Onpegenuth y AJIS rasoBoil cMecH, COCTOsSIEil H3 BOLOPO-
na maccoit 4,0 r u yrsmexkucaoro rasza maccoii 22,0 r.

13.6. OTHOWIEeHNEe YZAENbHBIX TEIJIOEMKOCTEH CMeCH, COCTOAILEeH
M3 HeCKOJIbKMX MoJied azora M 5 Mmoseil ammuaka, 1,35. Ompe-
REeJIUTh IHCJIO MOJIeH a30Ta B CMeCH.

13.7. OnpeaenuTs yjesbHble TENJIOEMKOCTH Cp M Cy - CMECH, CO-
crosiled M3 a3zoTa B KoJudecTBe 1 Moub, meTaHa — 4 MOJB H ap-
roda maccoit 8,0 r.

.13.8. Bosayx cogep:xur 259, BO,I[HHOI‘O nmapa. Cuurda cyxoit
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BOBAYX ABYXATOMHEIM TasoM ¢ MoOJApHO# maccoit 0,029 kr/moxs,-

ONpeReJHTh YAEJbHYIO TEIJOEMKOCTh BJIAMKHOIO BO3AyXa IPH IO-
CTOAHHOM AABJICHUH,

13.9. Haiitu ynenbpHBIe TEIIOEMKOCTH BO3AYXA ¢, M Cy, CUUTad,
YTO B €r0 COCTaBe HAXOTHTEs: a30T — 76%, KHcIOpOX — 23%, ap-
rox — 1,0%.

13. 10 KosnuuecTBO TENIOTH, Heo6XoauMOe MPH HATPEBAHWM rasa
Ha 25 K npu nocrosuuom pasmeHuu, passo 500 Ik, a KoJju-
YeCTBO TeNJOTHl, BHIJeJsdeMoe MpPH OXJIaKAeHHHM TOTO e rasa. Ha
75 K npu nocrosmHoMm ob6weme, 1,07 xllx. OnpemesuTs y JAHHOTO
rasa.

13.11. HaiiTu mosapHyIO 'ren.noemcoc'rb H/JeaJBHOTO rasa B IIpo-
Iecce, IpM KOTOpPOM TeMIlepaTypa rasa: 1) IponopnuoHaabHA
KBagpaTry ero obomema; 2) o6paTHO IPOIODIMOHAJBHA ero 00beMy.
TenysoeMKOCTh r'asda B KOJIHYECTBe 1 MOJb IPHM NOCTOAHHOM 06'beme
paBHa Cv.

IlepBoe HAYAJIO TEPMOZHHAMMKH B NPHMEHEHNH
K HIeaJbHOMY Ta3y

13.12. MuoroaromMuu#f ras, Haxo sIIMHCH IOJ = JaBJIeHUEM
0,10 MIla npu remneparype 7°C, 66121 uso6apHo Harper na 40 K, B pe-
ayJbTaTe yero oH 3aHAM o6wvem 8,0 aM®. OmpemennTh KOJHUUIECTBO
TEeNJIOTH, NepeJaHHoe rasy. ‘

13.13. B _BAKDBITOM COCYAie BMECTHMOCTBIO 20 ,u,M COAEPKUTCA
OJHOATOMHBHI ras, maoTHocTh Kortoporo 0,20 kr/m’. Kosmuecrso
TEeIJIOTHI, HeoGXomuMoe JJsd HarpepaHumst rasa Ha 80 K npu stux
ycaoBuax, paBHo 997 k. Haiiti MOJAPHYIO Maccy 3TOro rasa.

13.14. Tas, ana koroporo c¢,/cy—=4/3, HAXOAUTCA NOX Aasie-
Huem p=0,20 MIla u 3anumaer ob6wem V,=3,0 JIM B pesyas-
TaTe M306apHOro HATPEBAHMA OGHEM €ro yBeJMUWJCA B 3 pasa.
OnpeaesuTh KOJUYECTBO TEILJOTHI, IEPeAaHHOE rasy.

13.15. BakpuTeiit 6annon BmMecrumoctbio 0,80 M® 3anosHen aso-
ToM mop aaBiaenmeMm 2,3 MIla npm temneparype 20°C. Koxuuectso
TEIJIOTH, nepesaHHoe rasy, paBHo 4,6 MJIxk. Onpezesurte Temne-
PaTypy M AaBJieHMe Ta3a B KOHIE IIpoLecca.

13.16. [IByxaToMHRKIi ras HaXOAHUTCA B 3aKPBHITOM 6aJlJIOHE BMe-
ctumocthio 5,0 am® mox paBnenmem 0,20 MIla. ITocse HarpeBaHusA
AaBJjieHHe B 0aJiIoHe yBeauqyuiioch B 4 pasa. OnpepennTh KOJH-
YeCTBO TENJIOTH, IIepeaHHOoe rasy.

13.17. B uuaungpe auamerpom d =40 ¢M cOAEPKUATCH ABYXATOM-
HH raz o6semom V =80 am®. Ha CKOJBKO cCJeZyeT YBEJIMYHUTH
HATPY3KY NODIIHS IPH NOJABOAE KOJHYecTBa TemaoThl Q=84 JIx,
YTOGHI NOpIIeHs He NMpHINEJ B JABHXKeHHe?

13.18. Mazobpasuts AJjs HAeaJbHOrO rasa IPHEMepHble rpadUKH
HM30XOPHOTO, 3002 PHOTO, H30TePMHYECKOTO X aANabaTHOro IpoLeccoB
HA AuarpaMmax: a) p, V; 6) p, T; B) V, T. )

13.19. /IsyxaToMHBI ras, HaxXOZALIMIiiCA NpPH TeMnepaTrype
250°C, cHXHMAIOT M30TEPMUYECKH TAK, YTO €ro o6heM yMeHbIIaeTcs
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B 3. pasa. BaTem ras pacuupsercs agMabaTHO X0 HAYAJBHOIO AAB-
aenund. HajiTn TeMnepaTypy rasa B KoHIle agua6aTHONO pacUIMpPeHN.
' 13.20. [ByxaToMHBI ras, HaxogAmWUHCA HpPH TEeMIIepPaType
22°C, azuabaTHO CKHUMAIOT TAK, 4YTO €ro AaBJieHHWE BO3PACTAaeT B
2 pasa, a 3aTeM OXJaXMAAIOT NPHU NMOCTOIHHOM oGBEMe JO HAYaJb-
HOTO J8BJIeHUA. BHIUMCIUTH KOHEUHYIO TeMOepaTypy rasa.

13.21. B xakoM ciydae MAeaNbHEIH ra3 Mp¥ OJHWHAKOBOM YBeJH-
yeHuH o6bema cosepmaer 6OsplIyio pabory: mpH naoﬁapnom,
M30TepMUYECKOM HJIH aauabaTHOM npounecce?

18.22. B xaxoM ciyyae Haj MAEAJBHBIM ra3oM IpH OAMHAKOBOIL

CTeIIeHH ero CXaTuda n— V——l— coBepluaerca 66.711:1118.5[ paﬁo'ra. npn

N306apHOM, M30TEpMHYECKOM MJIN afumabaTHOM mpouecce?
. 18.23. Kucnopox maccoit 64 r marpenu Ha 20 K npu mocTodH-
HOM gaBiennu.- Haiitu paGory, coBeplIeHHYIO rasom.

13.24, Tas, sanumalomuii o6seM 22 aM® mox JaBieHueM
0,10 MIIa, n3o6apuo Harper or 20 zo 100°C. Onpepenutp pabory,
COBEPUICHHYIO rasoM.

13.25. Pacmupsasacsk, TpeXaTOMHBIN ras, coc'roamnit H3 JKECTKHMX
(06'beMHEIX) MoJIeKyJ, cosepmiaer paGory 245 Jlx. Kakxoe kosm-
YeCTBO TemJOTHl OBbIJI0 MOABEJEHO K Fa3y, eCJH OH pacliupsercs:
1) uzo6apuo; 2) nsoTepMHIECKH?

13.26. Bo Bpemsa M3006apHOro cikaTUsd NPH HayaJbHOIl TeMmmepa-
Type 100°C o61em ' Kucmopoxa maccod 10 Kr ymensmuics B 1,25 pa-
3a. OnpegeauTs paboTy, COBEpIIEHHYIO Ira30M, U KOJHUYECTBO OTBEAEH-
HOM TemJoTH. -

13.27. Ha pucysuxe 13.1. ransl rpa¢mku NATH H30IPOIECCOB B
KoopAuMHaTax p, V. Kak M3MeHseTcs BHYTPeHHAS SHePrusA M/eatb-
HOro rasa B XOfie Ka’XJA0Oro M3 IpolieccoB?

13.28. M306pasurh AJIs MIea bHOTO rasa IpUMepHBle rpaduKu;
a) U30XOPHOro, H306apHOro U aAMabaTHOTO MPOIECCOB HA AuarpaMme
U, T; 6) n30X0pHOro, u300apHOTO, U30TEPMUYECKOI0 M aauabaTHOIO
npoueccoB Ha auarpammax U, V u U, p.

13.29. UpeanpHblii ra3 HEKOTOPOM MacChl IIEPEXOAUT M3 COCTOH-
HHSL ¢ B COCTOSHHEe b ABYMA pas3JUUYHRIMH cmocobamu: I u 2
(puc. 13.2). OauHaKOBEI JM B Ka)XAOM mpolecce: a) pabora, co-
Bepmaemas rasom; 6) npuparienue ero BHyTpPeHHel aHeprun; B) caoﬁ-
LleHHOe a3y KOJHYeCTBO 'renno'ru?

A 2 PA a PA b
!
! 2
2

‘, 3 , b

/ 5 4 . . a -
0 v g 14 0 /4

Pue. 13.1 Puc. 13.2 -  Puc. 18.3
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13.30. HekoTopoe KOJHMYECTBO HAEAJBHOIO TIa38 NepeXONUT H3
COCTOAHMSI @ B COCTOSIHMe b- ¢ MOMONmIbI0 ABYX PA3JIHYHEIX IIPO-
neceoB: I m 2 (puc. 13.3). Ilpr kakom npouecce paGora, cosep-
1IeHHAd rasoM, 6yzer no.noxcn'renbnoﬁ a IPH KAKOM — OTPHIATEeNb-
HOH?

13.31. Apror maccoit 10,0 r Harpe'r Ha 100 K npm mocroaHHOM
Aapienuu. OnpeseauTh KOJMYECTBO TeNJIOTH, IepefaHHOe Tasy, IpH-
paluieHue BHyTpeHHell sHepruy u paGoTy, COBEPIIEHHYIO rasoM.

13.32. Kakaa J0Jd KOJMYECTBA TEIJIOTH, NOABEAEHHOr0O K Hje-

 aJbHOMY rasy npu u3o6apHoM mponecce, PACXOAYeTcd Ha yBeJIHUYEHHE

ero BHYTPeHHe#H DHeprMH M Kakas — HA paGoTy HpHM pacCIIHpPeHHH
B cJydae: a) OJHOATOMHEIX; 6) /JBYXaTOMHBIX C JKECTKMMH MoJe-
KyJaMH; B) TPEXaTOMHBEIX C JXeCTKHMH (06BeMHBIMH) MOJICKYJIAMH
rasos? .

13.33. OgnoaTomMubIid raa, HaxXomZAImMMicA T1oJ  AAaBJEHHEM
0,30 MIIa, uso6apro pacmmupserca or 2,0 zo 7,0 am’. Ompege-
NUTH paboTy, COBEePIIEHHYIO ra3oM, H IpApalleHMe ero BHYTpDeHHel .
SHEPTHH.

13.34. IIpu n3o6apHOoM pacCUIMPEHMH HEKOTOpPOil MAcCH Tpex-
4TOMHOIO rasa C KeCTKHMH (00HLeMHBIMH) MOJIEKYJaMH, HaXOfslie-
rocqa noj aasnenuem 0,2 MIla, BHyTpeHHAA Heprus ero U3MeHUIach
Ha 4,8 x]l»x. Haitty npupamenne o6bema rasa.

13.35. Yrnexucasii ras maccoif 4,4 r nmop gaBmenuem 0,10 MIla
npu Temneparype 87°C aguabarno csxumalor g0 1/20 ero HauaabrHOro
o6bema. OnpefeINT, KOHEUHYIO TeMIEPATYPY M AaBJedue rasa, MpH-
pailleHHe BHYTPEHHeH 3HepruH U pa6oTy, COBEpLIEHHYIO Ira30oM.

13.36. Kakoift o6peM CKATOro [BYXATOMHOIO rasa HYIKHO H3-
pacxoaoBaTh AJs coBepineHus pa6ornl 250 kllxk, ecam npu aaunabar-
HOM pacuimpeHuu obGbeM ero yBeJuuuBaeTcd B 2 pasa IIpH Ha-
9aJabHOM pAaBjeHuu 0,18 MIIa?

13.37. Ilpn ymeﬂhmemm o6beMa kucaopoga or V,;=20 am®
ao V,=10 am® ero paBieHme Bo3pocao or p;=0,10 MIla g0
p2=0,25 MIla. Kaxoso npupamenue BHyTpeHHeil sHeprum rasa?

13.38. Tesuit maccoit 20 r, 3akIOYeHHHI B IHJIAHADe NOX
NOpIIHEM, OYeHb MEeAJICHHO IepeBORAT U3 cocToannd 1 (p, =—=0,41 MIla,
V1=82 am’) B cocrosmme 2 (p,=1,6 MIIa, V,=9,0 zms) Kaxoit
HanGosbuiell TeMIlepATYpH AOCTHIaeT ras IIPHM BTOM IpOLECCe, eCJH
rpaduK 3aBUCHMOCTH JAABJEGHHA oOT o6neMa — npaAmMas JHUHAA
(puc. 13.4)?

13.39. UgeanwpHulil ras mnepesogAT U3 COCTOAHUA I B cCOCTOAHME
3 ¢ noMoub0 N306apHOr0 ¥ M30TePMHUECKOTO NpoleccoB (cM. puc. 6
k orsery 11.18). IlosmoxuTenbHB MJIH OTPMUATEJbHH: pafora A,
COBEpIIeHHAd Ta30oM, ¥ KOJHMYECTBO TENJIOTH @, no.nyt!el-moe rasom,
B KAXXJAOM M3 YKa3aHHBIX Ipouneccos?

13.40. B peayabrare aguabaTHOTO pacmnpemm KHcJopoaa mac-
coit 3,2 r, HaxXOAALIErOCA NpU TeMmmeparype 20°C, naBieHHe YMeHb-
wugock or 1,0 xo 0,38 MIla. OmpesenuTs: 1) BO CKOMBKO pas
yBeuuuica o6beM; 2) TeMIepaTypy B KOHIle npouecca; 3) KaKoe
KOJIMYECTBO TEIIOTHI Heo6X0ZAMMO cOOGIIMTL rasy NIPH NOCTOSHHOM
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g
Puc. 13.4 Puc. 13.5

06'beme, IJIS TOTG YTO6E! TEMIepaTypa CHOBa IOBbicmyack mo 20°C;
'4) Kakoe NpU 3TOM YCTAHOBUTCH LaBJIEHUE.

13.41. B nuauMHApe NOJ NOPIIHEM HAXOAUTCH ABYXATOMHEIA ras
B kojudectBe 1 moap mpu Temmeparype 27°C. Cmavajyia raz pac-
mupsaerca aaguabaTHO TakK, 4uT0 00BEM €ro yBeJIUYWBAETCH B 5 pas,
a 3aTeM CXKHMaeTcd H30TEPMHUYECKH A0 IIePBOHAYAJILHOrO O6HhemMa.
OmpejieTUTh COBEPLIEHHYIO ra3oM paboTy.

13.42. Bo3ayx maccoii 0,50 Kr u30TeEpMUUYECKH CIKHMAIOT OT JABJIe-
Hus 0,10 mo 1,0 MIla, npu atom copepuraerca paGora 103 xx.
B koHue cxkaTHd NPHU IMOCTOAHHOM LABJEHUU K BOSAYXY HOABOJHUTCS
KOJINYECTBO TENJIOTHI, PABHOE€ OTBeJeHHOMY paHee IIPH H30TePMH-
yeckoM cxatun. ONpefesNTs TeEMIEpaTypy U o6beM B KOHIE Kax0-
ro M3 3THX IIPOLECCOB.

13.43. UpeannsHBIii ras nepexoauT M3 -cocroguua I (p, Vi, T))
B cocroanue 2 (p2, Vo, Ty). 3aTeM u3 cocroauua 2 ra3 MejJEeHHO
apguabaTHO mnepexomutr B coctodaHue 3 (pi, Vi, Ti). UssecrHo, uro
npu nepexofe 2-—3 ras .coBepuiaer paboTy, PaBHYI KOJHYECTBY
TEeIJIOTH, IepefaHHONl eMmy mnpu mepexoze I[—2. IIokaszaTh, 4TO
T3=T,. Uso6pasuts npouneccsl 1 —2 u 2—3 Ha auarpamme V, T.

13.44. ITukJ, COOTBETCTBYIOLIME Ipolieccy, NPOUCXOAAINEMY C
HJeasIbHEIM ra30M HEKOTOPOIl Macchl, COCTOMT U3 ABYX M3006ap U ABYX
usorepM (puc. 13.5). M306pasursk nuka B koopgunarax (T, p), (p, T) u
(U, V) u BBIACHUTH, Ha KaKHX yuacTKax pabora, cosepmaeMas
rasom, A’ <0, a Ha Kakux A’ > 0.

13.45. UgeansHBlit ras cosepuiaeT LMKJ, COCTOAIIMIT M3 ABYX
HM30TE€PM M. ABYX u30oxop (puc. 13.6). Maobpasurs 3TOT mpoOLecC
B xoopamHarax (p, 7), (p, T) m (U, V) u BHIACHHTH, KaK W3-
MeHAeTCA BHYTPEHHSH 3HEpPrud rasza Ha KAKAOM YdacTKe,

- 13.46. Ecim wmpeanbHEIi ras3 copepuiaer mnpouece J—2—3
(puc. 13.7), To.emy cooflaeTca KoamyecTso TemaoTh Q. Kakoe
KOJIMYECTBO TENJOTH Nepejnaerca rasy B mpouecce [ —4—387

13.47, Tpexa'rOMHmn ra3 ¢ JeCcTKUMHU (06'beMHBIMU) MOJIEKYJIAMHU
o6nemom 20 am’, Haxozamuiica mox zaBiaeHmem 0,10 MIla, mepeso-
AAT B COCTOsIHME, NIPK KOTOPOM €ro o6beM yBeIMYUBaeTCA B 2 pasa,
a gasyneHue B 3 pasa. OnpefesiuTs KOJMYECTBO TEMJOTHI, HEOGxO-
IMMOe rasy AJd DTOro HePexofa, UBMEeHEHHE ero BHYTpeHHe#l sHep-
TUH, 4 TaKixke paboTy, COBEpIIEHHYIO rasoM, IIPH YCJOBMH, UTO Iie-
pexox ocyn.:ec'rn.nae'rca no myrtu: 1) 1—3—2; 2) 1—-2; 3) 1—4—2
(puc. 13.8).
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13.48. Tas o6wemom 50 am®, Haxogawmmitca mong  maBiIeHUeM
0,30 MIla, HarpeBarOT HpPHM IOCTOSHHOM OGBEME ZO TeX IOp, IOKa
JaBjleHHe ero yBeaWuHTca B 2 pasa, mocjie 4ero ras HM30TepMH-
YeCcKH pacumgpsercs A0 HAYAJIbHOTO AABJICHHMA, W, HAKOHEI], ero 0X-
NaX Q0T IPH NOCTOAHHOM JAaBJIEHWH JO HadaJbHOro ofsema. Ompe-
HeNUTE paboTy, COBEPIIEHHYIO Ia30M B KAa)KJOM H3 3THX INIPOLECCOB.

13.49. BoneHGOJmHLm mMAY maccolk m=200 r um ob6neMoM
V=8,0 am® Hakauan g0 m36bITOuHOro AaBieHua p=20 xlla. Mau
6l moaGpomeH Ha Beicory h=20 M M mocje najfeHus HA TBEp-
OBl TDYHT HOACKOYHMJI IOYTH HA TY ’Ke BHICOTY. OIeHUTH MAaKcH-
MaJIbHYIO TeMOepaTypy BO3AyXa B Msi4e B MOMEHT yjapa O TDYHT.
TemnepaTypa Hapy:Horo Bozayxa T'—300 K.

13.50. B BepTHKANLHOM NMJHHJPE HMEETCA HACAIbHBIN 0fHO-
ATOMHEIH ra3 B KOJHWYECTBE v MOJIb. I[HIMHAD 3aKpHIT CBepXy HOpIII-
HeM Maccoit m uM maomaabio S. BHauajie NOpIIEHL yAep:KHUBAJICS
HEIIOABHIKHO, rasd B LUJHHApPE 3aHHUMaJ o6beM V,; M HMeJ TeMIle-
parypy T,. 3aTreM mopuieHb OCBOGORHJIH, H IOCJE HECKOJBLKHX KOJIe-
6aHuit OH mpumea B cocTosgHMEe IoKo#A. IIpeneGperas B pacuerax
BCEMH CHJIAaMM TPEeHHs, & TaKXe TeIlJIOEMKOCTBHIO IMOPINHS YW IHU-
JAHApA, HAWTH TeMImepaTypy X o6beM rasa P HOBOM ITOJIOMKEHUM
nopureEs. Besa cucreMa TemyionzosiMpoBaHa. ATMocdepHoe paBJeHHE
PaBHO py.

13.51. B pacmosio:KeHHOM T'OPHBOHTAJBHO LUMIMHIDE C OZHOH CTO-
POHBI OT 3aKpEeNJIEHHOT'0 NOPIUHSA HAXOAUTCA HUAeaILHBIHN ra3 B KOJIHU-
yectBe 1 mosb. B gpyroit wactu muimeApa — BakyyMm. Ilpyxuma,
pacIoJioKeHHaA MeXXAY IOPIIHeM M cTeHkoil muauuapa (puc. 13.9),
HAXOAHUTCH B HefAeOPMHPOBAHHOM cOCTOAHMM. I[UIMHAD Tersouso-
JIMPOBAH OT OKpYy:xatoweil cpeanl. IlopiueHs 0cBOGOMXKAAIOT, U IIOCKE
YCTAHOBJIEHMA paBHOBecus 00beM, 3aHMMaeMBIH rasoM, yBeJUYHU-
BaeTcA BABoe. Kak MBMeHAIOTCS TeMIepaTypa rasa U ero jasieHue?
TensoeMKOoCTH WLHUJIWHADPA, IOPIIHA K IPYKUHBE IpeHeOpexKHMo
MAaJIbl,

13.52. [unuugpudeckoe yriayoseHue 3aKpbITO csoﬁonno JBUTAI0-
IUMCS NOPIIHEM A, TIOA KOTOPBIM OCTAJACh KaMepa BMECTHMOCTBLIO
38 cm’, samosiHeHHAa® BO3ZYXOM IIPM  HOPMAJBHBIX  YCJIOBHAX
(puc. 13.10). Ha mopumens nagaer rpys B maccoit 1,5 Kr ¢ BBICOTHI
0,50 M. OTpeAesuT TEMIEPATYDY BOSLYXA IOCTE CIKATHA €ro YIIas-
XM TPY30M, CUATAA CKATHEe aguabaTHBIM IIPOLECCOM.
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Puc. 13.11

. 13.53. HenoaBu:KHHI GalJiOH COAEP)KHT YrJIeKHCHBLI# ras o0b-
emom 20 am® nox xasnemmem 3,0 MIla npu Temmepatype 27°C.
C Kakoif CKOpOCTBHIO HAYHET ABUTAThCA OAJIJIOH, €CJAM OTKPHITH BHI-
nyckHo# BeHTHsb? Macca Gansona 20 kr.

13.54. B peayasrare TOJILTPOTHYECKOTO CIKATHA OT nan.nemm
0,100 zo 0,800 MIIa o6nem 18,0 M Boszyxa ymembmmuscs B 6 pas.
OnpenesuTh NMOKasaTeN b MOJUTPOILI U paboTy, coBepUIAEMYIO rasoM
NpU CXKATHH.

13.55. Asor maccoit 1,0 Kr, HaXOoZAIIMiicE IpPH Temmeparype
700°C u paBmennu 2,5 MIlla, nmoJmrTpommMyecKH pacuIMpsierca 0
pasyenusa 0,10 MIla. OnpegesuTs TeMmepaTypy B KOHIE IIpoliecca
u pabory, coBepmaemyio raszom. ITokaszarenb moaurpons n==1,18.

13.56. UpeanbHulil AByXaTOMHEIH rasz B KojguuecTse 1 MoJb pac-

' IHpseTcA IO NOJUTpPONe ¢ mokasaTteseM n=1,2, upu 3TOM TeMIle-

parypa raza ymensmaercs Ha 1,0 K. Onpegenuts: 1) mMoaspryio
_ TEIJIOEMKOCTh I'asa HpPH 3TOM IMpouecce; 2) KOJHUYECTBO TEIIOTHI,
‘nmony4yeHHoe rasom; 3) pabory, conepmaemyxo rasom.

13.57. T'az cosepiiaeT MOJUTPONMYEcKHil Ipouecc (puc. 13. 11),
B pesyJbTaTe KOTOporo o6nem ero Bozpacraer B 5 pais. Havanab-
Hbl o6beM rasa V), HauajibHOe faBieHue p;. OnpepesuTs: 1) moka-
3aTeJIb MOJUTPONEL n; 2) MOJSAPHYIO TenaoemkocTs C rasa; 3) npupa-
IeHUe BHYTpeHHe# anepruu AU; 4) paGoty A’, coBepiiaeMylio rasom.

OleMeHThl TA30XHHAMHKH

13.58. OnpenennuTh MaKCMMAJBHYI0O CKOPOCTH BO3AYXa NIpHU ajgu- -

abaTHOM HcTeueHMHM M3 cocyia Goaburoro ofseMa B BaxyyM. Temme-
paTypa BosAyxa B cocyse paBHa 293 K.
© 13.59. TemnepaTypa ABm:xyuierocs sosayxa paBsa 273 K. Ompe-
IeJIUTh 3HAUEeHWEe TEeMIEePATYPHl TOPMOMKEHUSA AJA IIOTOKA BO3AYXa,
obnagaromero ckopocreio 500 m/c. Temneparypoil TOpMOMEHUS ra-
30BOTO IIOTOKA HABBLIBAETCHA TEMIIEPATYypa, KOTOPYIO uMesJ Onl ras
nocJe ero axuaGaTHOrO TOPMOMEHHS AO IIOJHON OCTAHOBKH.
13.60. IIpu xakoil TeMmepaType MOKHO NOJYYHTH ATOMBI KCEHO-
Ha €O cKopocThio U=1,20 KM/c npu aauabaTHOM HCTEYEHHU CTPYH
rasa B Bakyym? MossapHaa Macca KceHoHa M=0,131 kr/moxs.
13.61. Haiitn cxopocTh azuabaTHOTO MCTeYeHHSA CTPYH HAeaJb-
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HOTO rasa M3 COCyjAa 4Yepe3 MaJjioe OTBEPCTHE B BakyyM. CropocTsb
pacnpocTpaHeHHs 3ByKa B rase v,.

13.62. Onpele/uTh TeMIePATYPY M CKOPOCTH CTPYH TS, BEITE-
Karpeil azuabarHo H3 Oajasond, npu gpapjerun p;—0,20 MIla.
HdaBmenpe ¥ Temmepatypa B 6ajIOHE COOTBETCTBEHHO DABHEL D| =
=2,0 MIla u T, =27°C. _

13.63. AxuabGaTHOoe HCTeYeHHe B BaKYyM NPOAYKTOB CrOpaHHA

TOIINBA B ABMraTelNe KOCMMYECKOf paKeThl NPOHCXOAMT IIPH TeMIle-
patype 3,00-10° K. Ilokasatenr aamabarts v=1,2. Cpegudasa mo-
NApHAA Macca NPOAYKTOB cropanus M =0,030 kr/moan. Ompege-
JINTh, BO CKOJIbKO pa3 CTAPTOBAA MACCA PaKeThl Mo AOJIKHA IPEBHI-
LWIATH ee KOHEUHYIO Maccy m, 4ToGhl paKeTa MOrJia JNOCTHYbL I€PBOM
KOCMHUYECKOH# CKOPOCTH v;. BiuAHMeM CHJIBI THMXKECTH M TPEeHHeM
0 BO3ZYX HA Y4YacTRe YCKOPEeHHS DPaKeTH npeHeGpeds.
. 13.64. CxopocTs aguaGaTHOro MCTEYEHHMS NPORYKTOB CrOPAHUA
M3 COIIa KOCMM4YecKoil pakxeTrl pasHa 2,0 xMm/c, remnepatypa 900 K.
Onpegenurs TeMllepaTypy B Kamepe cropanus u npegenbHbuit KILI.
CuuraTh, UTO TONJHUBO IIOJHOCTHIO CrOpaeT M M3 COILJIA BLITEKAET
YTJIeKHCJBIH ras,

13.65. Kocmuueckuit xopaGap ABHMKETCA CO CKOPOCTBIO U B
HAeaIbHOM rase, Teminepatypa Koroporo T'. B Kakoif Touke Ha NMOBepX-_,
HOCTH KopabJssa temmeparypa rasza 6yzer Maxcnmanbnoﬁ M 4eMy OHa
paBHa?

13.66. B xamepy cropaHus peaKTHBHOTO ABHIATEJA IOCTYIIAaeT
B CeKYHRY Bojopox Maccoit m u Heo6XoguMoe IJsI TOJHOTO Cro-
PaHMS KOJMYEeCTBO KHcaopoga. Ilnomaasb ceueHUs BRIXOLHOrO OTBEp-
CTHUSA COIJIA ABUraTensa S, AaBjeHHE B YTOM CeUeHHMHM p, abcoxoTHas
remueparypa T. OnpegenuTs CHIYy TATHM JBUTATEJSA.

13.67. OnpepenuTh CUJY TArM PEAKTHBHOrO ABUMTAaTeNsd, B KOTO-
POM HMCHOJIB3YIOT B KAYeCTBe ropioyero BOAOPOA ¥ B KayecTBe OKHCJIN-
TeJA XKHUAKUHA Kucaopoh. Cexynaublifi pacxoa sogopoxa 24,0 kr/c. -
PasHocTrs TeMnepaTryp B KaMepe cropaHusa M B CTpye axuabartHo
BhITeKaomero rasa 4,80.-10° K.

§ 14. BTOPOE HAYANO TEPMOAMHAMMKM

Koadpdunmnent monesnoro geitcrsua (KII) Tennosoit MalIMHBI:
_@—Q;
n= Q ’
rae @) — KOJHYeCTBO TEIJIOTHI, MOJIYyYeHHOe paGouUM TeJIOM OT Harpe-
BaTeNd, Q; — KOJNYECTBO TEIlJIOTHI, ItepefaHHoe pabouyuM TesoM Xo-
JOAAIBHUKY . ‘
KII npgeansnoro nukiaa Kapuo:

_T—T,
n— Tl ’

roe T) — 'remnepa'rypa HarpeBaTtend, T'; — TeMmepaTypa xo.nozm.nb-

'HHUKAa.

XonoguabHel# K03DDUUMEHT XOJOZMILHON MAaLIMHEL:
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rae Q5 — KOJUYECTBO TeMJIOTHl, OTHATOE OT OXJAMXKAAeMOro Teiaa

3a nUKJ, A — paGoTa, coBeplieHHaA HAJ ra3oM 3a LIHKJL.
IIpupamesye SHTPONMHM MPH NepeXoje CUCTEeMbI U3 COCTOSHMA I

B cocroanmue 2:

(3]

AS = s?—sl TQ
1

TepMoguHaMuYeCcKad BePOATHOCTD {2 (c'ra'mc'rnqecrcun Bec) M 9HT-
poniua S ¢BABAHEI COOTHOIIEHHEM

S=kInQ.

Temns0OBBIe ABHTATEJHM H XOJOAMJIbHEICE MAINMHEI

14.1. Ha pucyske 14.1 aanml guarpaMMBl ABYX IMEJIOB KapHo:
1—2—8—4—1u 1'"—2'"—3—4—1’. B xakom u3 umc.nos MalIuHa
Oyzer umers 6oabmmit KITIL?

14.2. Ha pucyure 14.2 gaHnl auarpaMMHB ABYX uukJoB Kapmo:
1—2—83—4—1 nu 1—2—38'—4’—1. B KaKOM 3 IMKJOB MalllMHA
Oymer mMers Gonmbmmuii KIII?

14.3. B pesysabTaTe KDPYroBOrO IpoOIecca ra3 COBEPLIMJ paGoTy
2,0 k]l ¥ mepeaas XOJOXUJBHUKY KOJHYECTBO TeIJoTH 8,4 xl];xc.
Onpegenuts KIII nuxia.

14.4. Tas, cosepmatomuit uka Kapuo, 3/4 Tenjorsl, mMOJy4YeH-
HOIl oT HarpeBaTesd, OTHAAET XOJOAMJbHUKY. Temmneparypa Xo0JO-
aunbeuka 0°C. OnpezesuTh TeMIepaTypy HarpesaTesd.

14.5. Tas cosepmaer muka Kapuo. A6comiorHas TemmepaTypa
HarpeBaTeJid B 3 pasa Bbhinie aGCcoJIOTHON TeMnepaTyphl XOJIOAWJIB-
HUKa. Kakyio [0J10 TenJoTH, MOJIydaeMoil 3a OJUH LIMKJ OT Harpe-
BaTeJsd, ra3 OTAAET XOJOAMUJIBHUKY?

14.6. UpeanbHasa TemjoBasd MaluMHA, paGoraomas @O IMKIY

Kapno, umeer TeMmnepaTypy Harpesatenda 227°C, temnepaTypy XoJIo-
munbHuKa 127°C. Bo cKOJMBKO pas HYKHO YBEJUYHTHh TeMnepaTtypy
Harpesartesnd, 4To6m KIIJ] mMamunsl yseauumicas B 3 pasa?

14.7. Temnepatrypa HArpeBaTelNsi TeIJIOBOHl MaumMHK, paborTalo-
mei no uukay Kapmo, 427°C, xonoaunbHuka 227°C, npuyeM Xo0J0-
IUJIBHUK 2TOii TenuoBoil MamIMHBEI CHYXKUT HarpeBaTeseM [APYTro#
TensoBoil MamuHel., ¥ Kakoi u3 mamuH KIIJ] Gosbnre  BO CKOJIBbKO
pas, ecaH pas3sHOCTh TeMIepaTyp HarpeBaTeNii M XOJOAUJLHUKA Y
o6erx MalIuH OJUHaKoBa?

14.8. KIIT mapoBoii mamuHus cocraBasger 50% or KIII] uzeans-
HOH TeIJIOBOHM MAIIMHEL, KoTopasd paboTaeT mo nmuxkny KapHo B TOM
J’Ke HHTepBaJie TemnepaTyp. TemmepaTypa mapa, MOCTyHamoulero ua
KOTJa B napoBylo mammuy, 227°C, TeMmepaTtypa B KOHAeHcaTope
77°C. OmpeaesuTh MOLIHOCTH IAPOBOM MAIMMHEL, €CJM OHA 3a 1 u
norpebaser yroab maccoit 200 Kr ¢ TemJOTBOpPHOH cIOCOGHOCTHIO
31 MIx/xKr.
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14.9. Temnosyio mamuHy, paboraouyo mo uukay Kapuo ¢ KIIIT
N=20%, MCIOJB3YIOT NP TeX e YCJHOBHAX KaK XOJOAUILHYIO
mawuHy. HaliTH ee Xosoaunsusiii koagpduuuent.

14.10. Kakyio paGoTy coBeplIalOT BHEIIHHe CHJBI B HjeaJsbHOM
XoNoAuabHON MmaminHe, paGoTaloweil mo obpatnHomy nukay Kapso,
4TOGBl OTHATH y XOJOAWUJIBHHKA, TeMIlepaTypa Kkoroporo — 10°C,
100 xx rennormi? Temnmeparypa oxjaspaemoit Boamt 10°C.

14.11. B ugeansHo#t xonozunsHo# mMaumue, paboTaioweii mo 06-
paTHOMY UHMKIy HKapHO, coBepmiaeTcs IIepeHOC TEIJIOTHI OT TeJja
c Temieparypoit — 20°C x Boje, umelomeit remnepatypy 10°C. Onpe-
JeJINTh, KAKOe KOJHYECTBO TENJOTHl GyAeT OTHATO OT OXJaKjaae-
MOro Tejla 3a OAMH IMKJ, €CJM H3BeCTHO, 4YTO JaHHAd  XOJO-
ANNbHAA MAIIKHA INPHBOAUTCA B JAEHCTBHE C IIOMOIILIO TEIJIOBOMH
MAaIIMHLI, KOTOpad pa6oraeT B MHTepBaje remmepatyp 202—107°C
M IepejaeT 3a KAMABIA IHKJ XouoAuabHMKY 504 KJ[MK TemJIOTHI.

14.12. Xos0aUIBHHAK MOINHOCTHIO P 3a Bpems T IPEBPATHN B JIek
n JUTPOB BOAHI, KOTOpas NepBOHAYaJIbHO HUMeJa TeMnepatypy t°C.
Kakoe KOJIM4YeCTBO TEIJIOTHl BHIJEJIMAOCE B KOMHATE 34 3TO Bpelvm‘?

14.13. MoMamrHmii XOJOZUABHMK TOTPe6NAAET TOK CpefHeil MoIi-
HocTei0 40 Br. Kakoe KOJMYECTBO TemJOTHI BBIAEJIUTCA B KOMHATE
39 CYTKH, €CJIH XOJIOAMNBHBEIA Ko3(pdHuLHeHT r —9?

14.14. Beruucaures KIIJX nukxna KapHo, coBepmiaemMoro Tpexatom-
HBIM Ta30M, COCTOAIIMM M3 KecTKHMX (O0BeMHBIX) MOJIEKYJ, ecJiiu
npu anHaGaTHOM pacuupeHuu o6beM ero yBegu4uBaerca or 6 go
7 nme,

14.15. JipyxaTomHslif ras cosepmaer uukja Kapuo. OnpegesmTsb
KII puksa, ecJM M3BECTHO, UYTO HA KAMKABIH MOJIb HTOr0 rasa
IIpM ero azuabaTHOM CKaTUHM 3aTpaduBaercda pabora 2,0 xllx. Tem-
nepaTypa HarpeBarteass 127°C.

14. 16 Haumenbmuit o6bem rasa, coBepmarpmero nuka Kapwo,
12 am®, Onpenenwrb Haun6oJIBbIIH i 05'I>eM, ecan o6beM rasa B KOHIE
M30TEPMUECKOTO DPACIIIPeHUs 60 aM°, B KOHIle M30TEPMUYECKOTO
caxatua — 19 am’. )

14.17. Ta3, cosepmatomuii nukn Kapno, KIIJI xoroporo 259,
IPH HM30TEePMHYECKOM pacCIIMpPeHMH Ipou3BoiuT pabory 240 IIx.
Kaxosa paGora, coBepluaeMas ra3oM IPH M30TEPMHUYECKOM CHKATHH?

14.18. Ha pucyHke 14.3 mokasaHbl guarpaMMel V, T aByx Kpy-
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TFOBBIX npon;eccon. B kakoM u3 HUX ras coBepuiaer 66JbIIyIO pa-
6ory: B npouecce I—2—3—1 uau B npouecce I —3—4—17

14.19. [IsyxaToMHEIH ra3 coBepiuaeT UHKJ KapHo, MpHYeM Ipu
H30TePMHUYECKOM DacUIMDEeHUHM ero o6beM yBeauduBaeTca B 2 pasa,
a IpM mocjeayoiueM aauabaTHOM pacIIMpeHHH OH IIPOM3BOAUT pa-
6oty 300 x/Ix. Onpegenurs paboty, COBepIIaeMyIO ra3oM 3a OAMH
UYKJIL.

14.20. Ha pucynke 14 4 mMokasaHHl B4 3aMKHYTHIX TeDMOJMHA-
MHYEeCKUX LHKJA, IPOBEJEHHHX ¢ UAeabHBIM OLHOATOMHEIM rasoM:
1—2—3—4—1n1—5—6—4—1. Y raxoro u3 nukjos KIIJI Beiute
M BO CKOJBKO pas?

14.21. I/Ineanbnbm ras B Ronnqec'rne 1 MOJB coBepIIaeT LMKJI
KapHo, cocroAmuii H3 ABYX H30X0p M ABYX u3obap (puc. 14.5).
TeMmneparypa rasos B Touykax I u 3 paBHa cooTBercTBeHHO T,
u T3 Onpepenuts pa6oTy, coBeplIaeMy!0 rasoM 3a IMKJ, €CJIH
M3BECTHO, 4YTO TOYKH 2 M 4 JeXAT Ha OJHOIl M3oTEepMme.

14.22. Upeanpuelit ABYXaTOMHBEIH Ta3 coBepllaeT IIMKJ, COCTOA-
muil u3 ABYX M30X0p M ABYXx uso6ap, nmpuuem HaubGosabliee gaB-

- JIeHHe B 3 pasa Gosblie HauMeHbllero, a HaubGoabpwnui o6beM B 5 pas
Goxpme Haumenbuiero. Onpegenuts KIIJ uukaa.

14.23. Boagyx maccoit 1,0 Kr coBepuiaer IIMKJ, COCTOAIMI u3
ABYX HM30XOp M AByX u3o6ap (puc. 14.6). Hauanburiit o6wem rasa
80 am’, zamnenue uamenserca or 1,2 a0 1,4 MIla, Temneparypa
t3=150°C. Omnpegenuts: 1) KOODAMHATH I[IePECEYEHHS H30X0p M
us3o6ap; 2) pa6Gory, coBepiIiaeMyl0 rasoM 3a OAMH LMKJ; 3) KOJH-
4ecTBO TEIJIOTHI, TIOJYy4YeHHOHl oT Harpesartensd 3a mnuka;, 4) KIIJ
mukaa; 5) kaxoit KIIJI umen 6 umra KapHo, H30TepMBI KOTOPOTO
COOTBeTCTBOBaJIM OB HamGoabmell M HauMeHbIell TeMmepatypam
paccMaTpUBaeMOro IIHKJIA.

14.24. VpeanbHBIil TPEXaTOMHEIA ras M3 KECTKHX (oﬁ'belvmux)
MOJIEKYJI HATPEBAIOT IIPH NOCTOAHHOM 006'beMe TaK, UTO ero AaBJIeHHe
BospacraeT B 2 pasa. ITocyie 5TOro ra3 M30TepMHYECKH pACIIHPAETCH
Jio HAYaJIBHOTO AaBJICHUA M 3aTeM M300apHO CIKHMaeTcA A0 HAYAIb-
Horo o6pema. Onpegenure KIIJl unkia.

14.25. ApeanvHblii TpeXaTOMHEIA ra3d ¢ XeCcTKHMH (06BbeMHBIMH)
MOJIEKyJIAMH HATPEBAIOT IIPH IOCTOSHHOM 00BeMeé Tak, YTO ero Aas-
JIeHMe BO3pacTaeT B 2 pasa. I'Ioc.ne aroro ra3 agnabarno pacirupsercs
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10 HAYANBHOTO AABJEHHA K 3aTeM M306apHO clKHUMaeTcA LO HAYAJb-

Horo o6wema. Ompegenuts KIIIl nuxia, coBepmaeMoro rasoM.
14.26. Ha pucynre 14.7 npuBefieHH JHarpaMMbl ABYX LUKJIOB

1—2—3—4—1 u ]—5—6—7—1, cocTOALIMX M3 JBYX H30XOD

‘M gBYX ajguabar. B ofoumx mukaax pabGouee Teno (MAeasbHBIA ras

¢ IIOKas3aTesieM aguabaThl y) NojayuaeT OT HarpeBaTeds OJMHAKOBOe
KOJHMYECTBO TENJOTH (, HO HMeeT pA3HHE CTeleHH COKATUA
n (n=g'—, rae V| — MmakcuMaJbHelil 06beM, a V, — MUHUMAJNBHBIH
N :

o6beM pabouero resna). Kak Biauster crenedHp cxxatus Ha KIIJ[ Temnro-
BOrO ABUraTens?

14.27. Ha pucyuxe 14.8 nao6pamen IIMKA Kap6iopaToOpHOro ue-
THIPEXTAKTHOIO JABHraTeNss BHYTPEHHEro CropaHMs, COCTOSLIWiA u3
AByx usoxop I—4 n 2—3 u aByx aauabar 1—2 n 3—4. CreneHn

‘C:KATHA ropioveil cMecn, KOTOPYI MOYKHO CUMTATH MAECANBHBIM ra3oM

¢ noxasaTeneM azmaGaThl Vs n=.‘:,—'. Onpepesmry KIII 1mukaa.
2

14.28. B nukje gBUraTeNd BHYTPEHHEr0 CrOpaHHA, pacCMOTPEH-

' HOM B mpejBIAyIIelt 3azaue, ropiouas cMech, KOTOPYIO MOMHO CUH-

TaTh ABYXATOMHLIM IazoM C JKEeCTKMMH MOJICKYJIAMH, CKMUMAeTCHd IO
o6bema 2,0 am®. Xox u AuaMeTp MNOPIIHS PaBHBI COOTBETCTBEHHO
40 u 15 cm. Onpepesnurs KIIH uuxna.

14.29. CpaBuuTte KIIJI ABYX TenjoBRIX MAIIMH, IMKJIB paGOTh
KOTOpPHIX H30o0paskeHnl Ha pucynxke 14.9. Ileppmi#ft LuKJ cocTOMT
u3 AByx aguabar I1—2 u 3—4, usobapmt 2—3 u usoxopst 4—1,
Bropoit — u3 aByx aauabar 1—2 u 3—4 u fABYX usobap 2—3 u
4—1. Yuacten 2—3 y 060X LMKJIOB OZMHAKOBBI.

14.30. Ha pucynke 14.10 nzofpaxeH UK YeTHIPEXTAKTHOI'O ABH-
ratens Jusess, cocroamuit u3 nzobaps 2— 3, nzoxopul 4—1 u ABYX
aguabar I1—2 u 3—4. Crenenp aguabatrHoro cxatud n=V,/V, a
crenenb n3o6aproro pacmupeHus k="V;3/V, Onpegeaurs KIIJ nuxk-
sa. PaGouee BemecTBo — Maea buulil ras ¢ moxasaresneMm aauabaTH y.

14.31. Ha pucynke 14.11 msofpaskeH LMKJ NPAMOTOYHOrO BO3-
AYLUIHOPEAKTABHOTO ABUTaTes]d, COCTOALIEro U3 ABYX azuabar I—2 u
3—4 u pgByx u306ap 4—1 u 2—3. CreneHb NOBLINIEHHS AABACHUA
npu aguabarsom cxarum 8=p,/p,. Onpegesurs KIIJI uukaa. Pa6o-
yee BeIIeCTBO — MACANLHBIN ra3 ¢ moxkasaTejieM aguaGaThl Y.
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14.32. Tensnosag mamuua paboTaeT Mo HHEKAY (pnc. 14 12), cocros-
lleMy M3 H30X0pH 2—3, u306apn 3—]1 m moaurpon [—2, Ha
KOTODOIl JaBiieHHe rasa M o6BeM CBASAHBI COOTHOLIeHHMEM p=oaV,
rge o — mocroaHHas BeauuuuHa. Haiirtn KIIJ tennoBo#f MaIIHHEI,
ecIM B KauectBe paGoyero Teja B Heil HCIONL3yeTCA OAHOATOM-
HBI# ujeanbHH# ra3. OTHOIIEHHMe MAKCHMAJBHOH TeMIepaTypn B
HUKJIe K MUHMMAJbHOH paBHO 4.

JHETpOIMA

14.33. Jo xaxoii TemmepaTyphl HYKHO HOBECTH KHCJIOPOJA Mac-
coit 4,0 xr, maxoaamuiica npu remmeparype 227°C, He MeHAs ero
o6beMa, YTO6H YMEHBLIIUTHL SHTPONNIO Kucjopoia Ha 1,31 kllx/K?

14.34. Ilpu HarpesaHMu aprosa maccoit 8,0 r ero a6comoTHas
TeMIepaTrypa yBeauuusiach B 2 pasa. OnpefiesMTh IpHpallleHUe 3HT-
pormuu npu 1) msoxopHom u 2) uzobapHOoM HarpeBaHHH.

' 14.35. Tesuii B kosmyecTBe 1 MOJb, H300aPHO PACIINPAACH, yBe-
JUYUI cBOH o0beM B 4 pasa. HaliTH npupanjeHe BHTPOIHH IIpH
STOM pAaCIINpPEeHHH.

14.36. [Ipa o6bema rasa, HaXOJHBIIErocA IePBOHAYAJNBHO IIpU
OoZHOH M TOi Ke TeMIlepaType M AaBJIeHMH, CXKHUMAIOT OT 3HAYEHUH
V mo V/2: oaun usoTepMHUYeCKH, a apyroil agmabatHo. B kKakom
cjydyae KOHeUHas TeMmmneparypa Oyaer Goabuie? Byger su umers
MeCTO M3MeHeHHe DPHTPOIMM IIpH oGOMX mpoueccax?

14.37. Kak 6yger smirasgerk uuksn Kapuo Ha aumarpamme S, T,
€CJIM BBIPA3UTH COCTOAHHME CHCTEMBHI 4Yeped sHTpomMio S u abcouior-
HyI0 TeMmnepaTypy T BMecTo gaBseHuA U oO6bema?

14, 38 B pesynbraTe H30TepMHYECKOTO CXKATHA BO3AYyXa 06beMOM
887 am®, HaxopmAlLIeroes mpu remnepaType 30°C ¥ HauaJbHOM Aas-
JIEHHH 010 MIla, surponusa ero ymenbuiusach Ha 673 Ix/K.
OnpeaenuTsh 06beM BO3AYXa B KOHIE IIpoliecca.

14.39. Kuciopon ¥ BOJOPOJ, UMeIOIMe paBHbIE Macchl, OJMHAKO-
BO M30TepMUYECKM CKHMAIOT. JlJif KaKoro rasa npupaleHHe 3HTPO-
nuu 6yaer 6oJbine M BO CKOJIBKO pa3?

14.40. OnpepesuTh NpHUpalleHNe SHTPOIMH YIJIEKHCJIOrO rasa
maccoit 1,0 xr B mpouecce cxkarusas or aaBaenus 0,20 MIla npm
remneparype 40°C po aasnenua 4,5 MIla npu temnepatype 253°C.

14.41, BeiupcauTh INpHpAIleHHEe SHTPONHH OJHOI'O MOJH HAEalb-

76 .

9TOTO COCTOAHHMA CHCTEMBI?

P , 3 P PA
‘ 1 2
2 N —
|4 — 3
T e
0 2 7 7 LV

Puc. 14.11 Puc. 14.12 Puc. 14.13

HOro rasa NpH pacIIHPeHUM €ro mo nosurpone pV” = const ot 06vema
Vi mo o6wema V.

14.42. UpeanbpHslii ra3 ydacTByeT B ABYX oOpaTHMEIX mporec-
cax 1—2—83 u 1—4—3 (puc. 14.13). IlokasaTh, YTO TEMmiAOTa,
coolIeHHAS ra3y B KamAOM U3 IPONECCOoB, PasinMiHa, a H3MEHEeHHe
SHTPONHH OAHO H TO Ke.

14.43. Kucnopoxg maccoit 1,0 kr npu gasresuu 0,50 MIla =
Temuepartype 127°C, u306apHO paclMpaAch, yBeJIHYMBAET CBOH 06beM
B 2 pasa, 4 3aTe€M CXKHUMAETCA H3OTEPMHYECKH A0 /JAA4BJeHUSA
4,0 MIla. OnpegesiuTh cymMMapHOe IpHpalleHue SHTPOIHMU,

14.44. Bospyx maccoit 1,0 Xr cxkumaloT aamabaTHO TaK, 4YTO
o6neM ero ymeHbmaercsa B 6 pas, a 3areM NpH IOCTOAHHOM o6beme
JaBnenue Bo3pacrtaer B 1,5 pasa. OnpeaenuTts nmpupalieHHe 3HTPO-
MHU B 3TOM IpPOLECCce.

14.45. OmpegesiuTh npUpalieHue 3HTPOIMMH IPH CMEILIeHHH a30Ta
Mmaccoit 3,0 Kr M yriekucsoro rasza maccoit 2,0 kr. TemnepaTypwr
M JaBJIeHHA ra3oB [0 CMELICHUS OAHHAKOBLL. :

14.46. ]ipa 6annoHa ¢ KHCJIOpPOZOM BMectHMocTaMmu 2,0 u 4,0 am®
coeAMHeHBl TPYOKoO# ¢ KpaHom. HauanbHBE TeMnepaTyphl B OGoHMX
6anyonax opuHAKOBE u pasBHel 27°C. aBienne B mepsoM 6aJ-
gone 0,10 MIla, Bo Bropom 0,60 MIla. HaitTu mpupalnexmne sHTPO-
MMM CUCTEME! IIOCJe TOI'0, KaK OTKpPOIOT KpaH, ecJiM BCH cHCTeMa
3aKJIOYeHa B TEIJIOM30JIUPYIOIYIO 0GOJIOUKY.

14.47. [IBa GasuoHa ¢ BoagyxoMm BmectuMoctamu 0,50 um 1,0 m®.
coefuHeHHI TPYOKOi ¢ KpaHoM. B nepeoM 6aJ110He HaXOANTCH BO3AYX
maccoii 3,0 kr npu rtemneparype 27°C, Bo BTropoMm — 5,0 Kr mpu
remneparype 57°C. Ha#iTm npupalieHHe SHTPOIHMH CHCTEMEl IIOCJE
OTKPHIBAHUSA KPAHA M JOCTH KEHHS PABHOBECHOrO COCTOSHMA. CTeHKHU
6asy0HOB M TPYGKa 06eCIIeUHBAIOT IIOMHYIO TEIJIOH3OJSIHIO BO3AYXAa
OT OKpyalolieil cpenmbl.

14.48. NpeanbHBIt raz B KoaMyecTse 1 MOJIB HM3OMETpHUYECKH
pacIupsaeTcd TaK, YTO IIPU 3TOM . IPOMCXOAUT NpHMpAallleHHe HTPO-
muu Ha 5,75 /K. OnpemenuTs HaTypasibubiéi jorapu¢dM OTHO-
LIeHUs TePMOAHMHAMUYECKMX BePOATHOCTEH HAYAJIHHOIO M KOHEUHOI'O
COCTOAHUI rasa, a TaK/Ke OTHOLIEHME HAYAJBHOIO M KOHEUHOro ero
naBJIeHUA.

14.49. OHTpONMUA TepMOAMHAMHUYECKOH CHCTEMBI B HEKOTODOM CO-
crosunu paBHa 3,18 MJlx/K. UeMy paBeH CTATHCTHYECKHIl Bec
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§ 15. PEAJNIbHBIE TA3bl M XMAKOCTH

Ypasuenue Banu-aep-Baanbca ansi mpoM3BOJbHOH MACCHl m rasa:

(p+m &) (v—mb)=rrr,

rie a u b — nmocrosHuble BaH-mep-Baaabca. _
CBA3b KPUTHYECKUX [IAPAMETPOB — MOJIAPHOTro 06bemMa, KaBJeHus
M TeMIepaTypel rasa ¢ HOCTOSHHEIMM a u b Ban-zep-Baansca:

a 8a
Vmc=3by px"_‘Ws Tx=m§-
YpaBuenue Ban-sep-Baasbca B IpUBejeHHBIX BeIHUYMHAX AJIS OXHOTO
MoJd:
(n—}—%—) (30)—— 1)= 81,
_p =V _ T
rge n= o w_V“, T= T

OrHOCUTeIbHAA BJIAKHOCTL BO3AYyXa @@
(p=_P_,

rge p — IapuuajibHOe JaBJIeHHe BOJSHOIO .mapa, Haxonamerocx B

BO3AYXe NIpH AAHHOI TeMmeparype (aﬁcomo'maa BJIAKHOCTb), Do —

JaBJIeHHe HACBIINIEHHOTO NAapa NmpHu Toi Ke TeMIeparype.
Ypasueunue Knaneiipona — Kiaysuyca:

dap __ A
daT T(Uz—vl)

rie v, B Vs — yAenabHBEle 00BbeMBI BellecTBA B JABYX COCTOSIHUAX,
T m A — TeMmMneparypa ¥ YJHeJIbHAd TEIJIOTA IIepexXofka BellecTBa
uz 1->2.

IToBepXHOCTHOEe HATAMKEHHUE: !

AE
o===
AS’
rie AE — uaMenenue cBo6GOAHOI dHEpTUK IIOBEPXHOCTHOTO CJIOA 3KUJ-
KocTH, AS —— H3MeHeHMe IIJIOIIAAM HTOrO CJIOH.

Ho6aBsounoe nasieHue, BEI3BAHHOE KPUBM3HOM ITOBEPXHOCTH KU -

koctu (bopmyina Jlamsnaca):
Y b S
Ap—p (Rl +R2),

rae R, u R; — paguychl KPMUBH3HBEI [ABYX B3aMMHO IePIIEHIMKY-
JIAPHEIX CeYeHMIi IIOBEPXHOCTH KHMIAKOCTH.
BricoTa MOAHATHA XHAKOCTH B KaIUJNSIPHBIX prGKaX°

h= 24 cos 6
- pgr

1
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rae o — KpaeBoii yron, © — IJIOTHOCTH xm,nxoc'm, r.— paguyc Ka-
HaJa TpyOKH. .
OTHOCHTe/IbHOE HM3MeHeHHe 06beMa KHAKOCTH NPH HATPeBAHMH:

AV _ BAT,

rge f — 'remnepau-ypnmﬁ Roatb(bnnneu'r 06BeMHOr0 paclIupeHH .
OTHocHuTeNbHOE M3MeHeHHe ofbeMa xmmcoc'm NpU H3MEHEHUH
AAQBJICHHAS :

AV
—V— = —EkA D,
rae k — xoshdunuenT cxaTUA.

IInoTHOCTL *KHAKOCTH NIPH TeMNepaType t:

rie po — nuaorHocts npu 0°C.
Ocmo'rnqecxoe IaByieHMe pacTBopa (dopmyna BaH'r-I‘od)d)a):

p=CRT,

rue C—MLV-—— YHMCJIO MOJIel PACTBOPEHHOTO BEIeCTBA B eAUHHILE

o6beMa pacTBopa.
. PeanbHBIE ra3nl

15.1. Apron maccoit 4,0 r sanumaer o6bem 0,10 am® mox aas-
neuuem 2,5 MIIa. Haiitu TeMnepaTypy rasa, CUMTasf ero HMAeaJb-
HBIM, peaJibHBEIM.

15.2. KakoBo gaBieHne yrjeKMcJIOTO rasa npn 'remnepa'rype 3°C,
ecqM ero IJIOTHOCTh NHpH ®ToM TemmepaTtype 550 kr/m>?

15.3. BeIuMCAINTE BHYTPEHHEE JAABJICHHe BOJbl, €CJM H3BECTHA
IIOCTOAHHAA ¢ B ypaBHeHuu Bau-nep-Baasbca.

15.4. HaiiTu guameTp MOJIEKYJIKI &PrOHA IO M3BECTHON MOCTOAH-
HO#t b B ypaBHeHuu BaH-mep-Baainbcea. :

15.5. B 6GannoHe BMecTHMOCTBIO 22 AM® HAXOZMTCA a30T MACCOIf.
0,70 kr mpu Ttemmeparype 0°C. OnpejesuTer HLaBJeHHE rasa Ha
CTeHKH 0AaJjijloHAa, BHYTpEHHee AaBJeHMe rasa u co6CTBeHHBIH 00BeM
MOJIEKYJI.

15.6. 06'LeM xnc.nopo;:a maccoii 4,0 r ynennqunae'rca or 1,0
zZo 5,0 am®. PaccmaTpuBas raa Kak peaJsbHEI, HaliTH paGoTy BHYT-
PEeHHMX CHMJI DK 3TOM DACUIMPEHHUH.

15.7. HaliTn 3Ha4YeHMA NOCTOAHHEIX a M b ansa 6Geusosa (CeHs)
B ypaBHeHun BaH-mep-Baajsibca Mo M3BECTHBIM AJIA HEr0 3HAYEHUAM
KPHUTHYECKKX TeMIeparyphl T, H AaBJEHHUA Di.

15.8. OmpejennTs IJOTHOCTH BOAKI B KPHTHYECKOM COCTOSHMH
no usBecTHOM mocTosiHHO# b B ypaBHeHuu -BaH-jzep-Baaisca.
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15.9. HaiiTy nJJOTHOCTH BOAOPOJA B KPUTHYECKOM COCTOSHMM IO
U3BECTHBIM JAJIA HEro 3HAYEHHUAM KpPUTHYECKHX TemmepaTtypbl T,
M JaBJeHHA D,. : )

15.10. Kaxoso BHy'rpeHHee JaBJIeHU€ YIJIEKUCJIOr0 ra3a B MOMEHT
COKHIKEHHUsA, eCJH NP 3TOM ero IOTHocTh 550 kr/m% a Takxke
HM3BECTHBI' KDUTHYeCKue TeMmneparypa T, u aaBienue p,?

15. 11 KakoBa Macca BOABI, HAJATOH B COCYA BMECTHMOCTHIO
30 cm’, mpum KOTOpOii ee MOXHO NPHUBECTH B KPHTHYECKOE COCTOS-
HHEe NIyTeM HArpeBaHHMs 3alIaAHHOIO COCyJa ¢ BOAO#H?

15.12. HaiiTy KpHTHYecKHi 006beM KHCIOPOAAa B KOJHYECTBE -

1 MOJB IO HM3BECTHBIM JAJIA HEro 3HAYEHHAM KPHTHYECKMX TeMIle-
parypu T« U JaBJeHUA Dx.

15.13. OnpezenuTs AUaMeTP MOJIEKYJH KHCJIODPOAA TIO H3BECT-
HHEIM AJIS1 Hero 3HAYeHMAM KPHTHYeCKHX Temiepatrypsl T, u fgaBie-
HHUA D,.

15.14. KakoBa cpeJHAA JJKMHA CBOOOZHOIO mpoGera MOJIeKYJI aso-
Ta IPH HOPMAaJILHBIX YCJIOBHAX, €CJIM H3BECTHA MOCTOAHHAaA BaH- nep~
Baansnca?

15.15. OnpepesuTs CpeAHIO NJIMHY CBOGOAZHOrO mpobGera MoJe-
KYJI aproHa IpM HOPMAJIbHBIX YCJIOBHSAX, €CJU IJf HEro M3BEeCTHBI
KpuTHdecKkue Temneparypa T, U jgaBjeHHE D,.

15.16. Bogopoa HaxoauTcsa npu Temnepatype 27°C m zapaeHun
0,20 MIla. CumTass M3BeCTHBIMHM JJIA HEr0 KPUTHUYECKHEe TeMIe-
parypy T. u paBieHHe p,, HaiiTM kKosdduumuenT AubdYy3UH BO-
AopoJaa.

15.17. JaBnenue rasza B 12 pas GoJbllle ero KPUTHUECKOTO JAaB-
JeHns, 060'beM paBeH IOJIOBHHE KPHTHYeCKOro obGwema. Hcmonbsys
ypaBHeHMe Ban-zep-Baajsibca B npuBeJeHHRIX BeJIMYWHAX, OIpEje-
JIATH, BO CKOJBKO pa3 TeMmmepaTypa rasa GoJibille ero KpHUTHYeCKO
TeMIepaTy phl.

15.18. Croasko Monercyn BOJASIHOTO IApa COAEpKUTCA B KOMHATE
BMectumocThio 150 M® mpu TemmepaType 20°C M OTHOCHTENBHOIM
BaaskHocT 309%?

15.19. Boazyx o6memom 1 m® maxozutca npu Temmneparype 17°C
M OTHOCHTeJbHOM Baa)kHocTH 509%,. KakoBa Macca BeImaBuieif pochl,
€CJIN, He MeHSAfA TeMIIepaTypy BO3AyXa, YMEHbIIUTD ee 00beM B 3 paaa"

15.20. HaitTu maccy BaakHOro Bospyxa ob6wemom 1,0 M’ mpu
Temnepatype 29°C, oTHOcuTenBHOM BaakHocTH 609, M HOpMaJbLHOM
aTMoc¢epHOM LaBJIeHUU.

15.21. OTHOCHTEJIbHAA BJAMKHOCTh BOB/AYXa, HAXOJSALIErocd B CO-
cype npu temneparype 20°C, paBHa 709%. Ha cKOJIBKO H3MeHHTCA
OTHOCHTEJIbHAA BJAXKHOCTbL BO3AyXa, ecJu ero Harpers jgo 100°C,
YMeHBIIMB NIpn 2ToM 00beM B 2 paza?

15.22. B crakaH HAJWUTH JABe HECMEINHBAKIIUECH XUJKOCTH:
rerpaxjgopuj yriaepoga CCl, u soga. IIpr HopMasHOM aTMochepHOM
paBaeunu CCl, kunur npm 76,7°C, a Boga mpu 100°C. IIpu pas-
HOMEPHOM HArpEeBaHUU CTAKAHA B BOAAHON 6aHe KMIICHME Ha FpaHUIlE
paszena KHAKocTell HauumHaeTcs Npu Temmeparype 65,56°C. Onpege-
JATH, KAK&A U3 ¥KHIKOCTeil GhicTpee BBIKMIAET MPH TAKOM «MNorpa-
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HUYHOM» KHIIEHHHM M BO CKOJBKO pas. JlaBjieHue HaCBIIEHHLIX apOB
Bogul npu 65,5°C cocrasiasier 26,0 xlla.

15.23. KaxoBo aTrmocepHOe HaBJIEHHe, €CJH BOAA KHIHUT IIpHU
Temueparype 95°C? Yaeaburle 06’I>eMI:I BOJALL M ‘[Iapa PaBHHBI COOT-
BercTBeHHO 1,04 AM’/Kr M 1,67 M 3 k.

15.24. B 3akpeITOM cocyZe BMecTHMOCTBIO 4,0 AM® HaXOAUTCH
Bosa Maccoii 2,0 kr npu temneparype 373 K. Ha CKOIBKO HYXHO
IOBBICUTh TEMIIEPATYPY CHCTEMBI, YTOOH Macca HACHIIIEHHOTO Iapa,
Haxoadmeroca HajA BOJAOM, yBeanuuaach Ha 1,6 r?

15.25. o kakoif TemuepaTrypsl Obl Harper HACHIIIEHHBIH BOAs-
HO# map, Haxogawmiica npu Temneparype ¢ = 50°C, ecam gaBieHune
ero yseauumyoch B 8 pas?

JEKnaaxoctn

15.26. CxoJBKO MOJIEKYJl COfiepXKHTCE B Boje o6bemom 1 m>?
KaxoBa mMacca MOJICKYJIHI BOABI?

15.27. BueiuucauTs 06peM, 3aHUMaeMblii MOJIEKYJIOH BOABI, M peb-
po KyfuKa, IPHXOLAIIErocs HA OZHY MOJIEKYJY.

15.28. C kaxoif cHJIOif BTArMBaeTcA BHYTPHL BOALI ee MOJIEKYJIA,
KOTOpasaA HaXOAHUTCH HA NOBEPXHOCTH, €CIH Monercynapuoe (moBepx-
HocTHOe) aasiienne Boabl 1,0 I'lla?

15.29. Huoxnuit xpaii TOHKOI npamoyronbnoﬁ IJIACTHHBI IPH-
BEeJIecH B CONPHKOCHOBEHHE C IIOBEPXHOCTHIO KUAKOCTH. UTOGH 0OTOP-
BaTh IJACTHHY OT KMAKOCTH, HYXKHO TmojelicTeoBarh cuioii 8,8 MmH.
MAnuna umxuero kpada naactuHel 6,0 cm. YUemy paBHO MOBEPXHOCT-
HO€ HATSXKeHHe KUAKOCTH?

15.30. PaMmka ¢ NOABHXKHOH HHUMKHeEH MepeKJagUHOH JJaH-
HOii 15 cMm 3aTAHyTa MBUJALHOH miaeHkoil. Kakylo Hago coBepmiuTh
pa6oTy IPOTHUB CHUJI IOBEPXHOCTHOIO HATSKEHHMS, YTOOH pPaCTAHYTH
nnenky Ha 4,0 cM, ecoiu 0 =45 MH/m?

15.31. KouTyp u3 npoBoJioku guameTpoM 1,22 MM MMeeT IIOABH K-
HyI0 cropoHY AB (puc. 15.1). OupegesnTts, U3 KAKOTO MaTepHala
U3rOTOBJIEH KOHTYD, €C/IM IOCJe 3aTATMBAHMA €ro MBIIBHOM IJIEHKOM
cropoHa AB ocrasach B paBHOBECHH. I'Ionepxnoc'ruoe HaTIKeHue
MBIJIBHOTO pactBopa 45 MH/m.

15.32. Ha kaxkylo BBICOTY HOAHHUMAETCH IIOJ AeHcTBMEeM KaIuJ-
JIAPHBIX CHUJ BOJAa B 06pas’soBaBIOMXCA B NMOYBE KANMMJJIAPAX AUAMeT-
pom 0,3 MM M B cTeGnAX pPKH, UMEIOLIMX CpeAHHI AuaMeTp MHOp
20 mxm? CMaunMBaHHME CUHMTATH MOJIHBIM.

15.33. Onpeaenuts pabory, HEOGXOAUMYIO AJIA IpPEBPAIlEeHUSA BO-
abl maccoit 1,0 r B TymMaH, T. €. AJA pacHblJieHUS €e B KaneJbKH
auamerpom 0,20 MKM.

15.34. Kaxoe KOJHUYECTBO TENJOTH IOJydYaeT KAIIA PTYTH, 06-
pasoBaBLIasiCA NIPU CAMAHMK 64 Kaneab paauycom 2,0 MM Kaxpasa?

15.35. ®utunp noguumaer Boxay Ha Beicoty 8,0 cm. Ha kakyio
BHICOTY MO TOMY e (UTHJIO NOAHUMAETCA KepOCHH?

15.36. BrluMCAUTL pasHOCTH YpOBHeil BOAB B KamMJJAspax JHa-
merpom 0,5 u 1,0 MM, KoTOpble HMOTPYKeHBI B cOCYyJ ¢ Bojoii. Ka-
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KOBg 61:111& el pasHOCTBP ypoBHeil, ecim GH KamuIIApEl norpyamm
B COCYJ C PTYThIO?

15.37. B cocyn c¢ Beaoit npu temmeparype 20°C onyr.uen Ka-
MUJJaAp AuameTpoM BHyTpeHHero xauana 0,10 mm. IIpu Harpesannu
Boasl f0 70°C ypoBeHB BOAL B KaIMJISApe CHU3WICHA Ha 3,2 cm.
OmnpenesnTh NMOBEPXHOCTHOE HATHAKEHHWE BOALI IPM  TeMIEpaType
70°C. PacumpenueM cTeKJia IPH HarpeBaHMU IpeHeOpedb.

15.38. [dans geMOHCTpANUHU ITOBEPXHOCTHOTO HATAMKEHHS B IIPOBO-
JIOYHOe CMUTO, BCE INPOBOJIOYKH KOTOPOI'O IIOKPHITHI TOHKHM CJIOeM
napaduna, HajupaoT Boxy. o kKakoil HauGonpliel BRICOTHBI MOMKHO

. HAJIUTH BOAY B TaKOe CHMTO, YTOGHI O0HAa He IIPOTEKAJa CKBO3b OT-
Bepcta B Hem? Cuumrars, 4TO OTBEPCTHA HMEIOT KPYIIyio dopmy
auamerpom 0,20 mm.

15.839. B nHe CTEKJIAHHOrO cCOCyJa € PTYTHIO MMEETCA TPEIIHHA.

Buicota cronb6a pryt™s B cocyge 20,0 cm. Ounpesenuts Hau60JbL-
Wy IHPHAHY TPELHHbI, IPH KOTOPOd DPTYTh eile He 6yZeT BBIIMA-
BaThCS U3 COCYAA.

15.40. C xaKMM YCKOpeHHMEM HYIKHO IOJHMMATh KATUJLIAPHYIO
TPpYOKy C HaBmclIell BHHU3Y KameJbKo# BOABI, 4TOGH BHICOTA CTOJIGA
BOJAEL B TpyOke yMeHbIIMNAch BABOE (YaCTh JKMAKOCTH BBLIMJIACH)?

15.41. B cTeKnAHHLIN KANMJINAD, ONYIIEHHHIH B COCYJ C BOXOIL,
KOAKCHAJIBHO BCTABJIEH JPYroil Kamuiidgp, BHYTPEHHHI AHAMETp KO-
TOpPOro paBeH IIMPHHE 3a30pa, 06pPa30BAHHOIO MEXAY KamUJHIIpaMMu.
B kakOM K3 KaIHJISAPOB YPOBeHBb BOAKI GyZeT BhIIE U BO CKOJBKO
pa3? Tosmuuo#l CTEHOK BHYTPEHHEero KalWJIspa ImpeHeGpeus.

15.42. OnpegenuTth AHAMETDP Kallld 30JI0TA B MOMEHT €€ OTpHIBA
OPH NJIABJIEHHHM 30JI0TOH mpoBosIoKM Amamerpom 0,20 mwm.

15.43. IIpu nxnaBieHMn cepe6pAHO# IPOBOJOKH  JTUAMETPOM
d=2,0 mM ofpasoBanocs 12 Kamens cepebpa, nIpu 5TOM IIPOBOJIOKA.
- yxopoTtunach Ha b =205 mm. OnpezenuTs nonepxuoc'rnoe HATS)KeHHe
HKHLKOTO cepebpa.

-15.44. B XHAKOCTh HA HE3HAYHTENBHYIO r.nyﬁnny ONIIyIIeHa Ka-
NANIAPHASA TPYOKA ¢ AUaAMETpOM kaHana d=2,0 mm. KakoBa macca
polrefmei B TPYOKY >KUAKOCTH, eCOH IOBEPXHOCTHOE Ha'mmeuue
ee 0 =43 MH/M? CMauHBaHHe CUMTATH ITOJHEIM.

15.45. B OTKpDHTOM kanuJisgpe HAXOAWTCA BOZa. KakoBa mo0J-
¥Ha GHITH Macca BOALI, YTOGH NPU BEPTHKAJILHOM IIOJIOMKEHHH Ka-
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nuianspa B o6pasoBaBlIeMcs CTONOHMKE HHIKHUN MEHMCK OLIJ BOTHY-. -
THIll, IJIOCKHMI, BRINYKJBIH? BHyTpenuwit aumaMerp Kanmuiispa
1,0 mm. CMauuBaHHE CUMTATD IOJHBIM. :

15.46. B OTKpBHITOM KaIMJLISADE, Bny'rpenmm AHuaMeTp KOTODOro
1 MM, HaxXoAuTCA Kanas BOAH Maccoii: 1) m =18 mr; 2) m =23,3 mr;
3) m =34 mr. OnpefieMTh pagnychl KDUBH3HE BePXHEro R | M HUIKHe-
ro R; MeHHCKOB B Ka’X[JOM H3 DTHX CJy4YaeB NPH BePTHKAILHOM
II0JIOYKEHUH KauJaJapa. ‘

15.47. B ropM30HTANBLHOM KaImuJLIApe, BHyTpeHHHH AHaMETD KO-
Toporo 1,0 MM, HaxXoAUTcA cTONOHK raunepuua. Kakoit nomkHa GMTh
AJIMHA c'ro.nﬁmca, qTOGEl MPY BEPTHKAJIBHOM IOJOMKEHUM KAIMJJIAPA
TJMI[epDMH M3 Hero He BRUIMBAJICA? CMauyMBaHME CUHTATH IIOTHBIM.

15.48. B BopoHKY HaJuT cnupT. duaMeTp OTPOCTKA BOPOHKH
0,40 mM. lo xaxo#t BBICOTH HY’KHO HAJMTB CIUPT, YTOGH OH HAYaJ
[0 KQIJIAM BEIJIHBATHLCA K3 OTPOCTKA?

15.49. Topu30oHTANbHBIA KANMJJIAP ¢ BHYTPEHHHMM [AHaMETDPOM
d=2,0 MM HamoJIHEH KaCTOPOBHIM MacjyioM. J[JuHa cTOJ6HKA Macja
B Kanuanspe [—=4,0 cm. Ilocie Toro xax Kanuansap Oblg NOCTAB-
JIeH BepPTHKAJIbHO, U3 HEro BRITEKJIO MacJO maccoil m =77 mr. Onpe-
LeJuTh IIOBEPXHOCTHOE HaTa)KeHue Mmacia. CMauMBaHume CYHTAThH
MOJIHBIM. -

15.50. Rann.n.nap, BHelnHMil AmameTp KoToporo 3,0 M, 3anasm_
C OZHOTO KOHIA. B 3anagHHOM KOHIe MMeeTcA HeGOJBIION CTOJNOHK
pryma (puc. 15.2). O6mas macca kanuanapa co pryreio 0,20 r.
Kanunaap 3anad#HHbBIM KOHIIOM ONYINEH B COCYX ¢ Bogoii. Ompe-
AeNUTh rAyOMHY NMOrpYKeHud Kamuajaapa B Boay. CmauuBaHue cuu-
TATh IOJHBIM.

15.51. Onpegeants Maccy cCIupTa, NOAHATOO MEXAY AByMs
MJI0CKONAaPaJJIeIbHBIMH CTeKJAAHHBIMH IJIaCTMHAMH InupuHO# 10 cMm,
KOTODEIE ONMYIIEHBI B COCYJ CO CITHPTOM.

15.52. /Ise BepTHMKaNbHBIE IUIOCKOIAPAJJeNbHbIE = CTEKJISHHEIE
NJIaCTHHH, HAXOAAUIMecH Ha paccrogauun d =0,20 MM japyr ot apyra,
fMorpyeHsl B JKHAKOCTb. ONpefeNHTs NJOTHOCTH KMAKOCTH, €CJIH
M3BECTHO, YTO OHA MOAHANACH MeXKAY IJIACTHHAMM Ha BEICOTY h =
=3,24 cMm. IloBepxHOCTHOe HATSIKeHMe Xuakoctn o=27 MH/m.’
CMaunBaAHHME CUHTATH TOJHEIM.

15.53. Kanaa pryram maccoit m=1,36 r BBRemeHa Mexpy na-
pasneIbHBIMH CTEKJIAHHBIMHE MuacTHHAMM. KaKylo CHJLy HYXKHO IIpH-
JIOXKHUTH AJIA TOrO, YTOGH DPACIIIOIIMTL KalJaio AO TOJINMHE d=
=0,10 MM? HecMaunBanue CUMTATH IMOJHBIM.

15.54. KaxoBa 6yaer BeicoTa croniba pryTs B 6apomeTpmuyeckoif
Tpy6re auamerpom 2,0 mm, ecau armochepHoe xasaenue 0,10 MIla?
Kakxop goakeH O6HITP MMHHMANbHHEIA gnaMerp GapoMerpuyeckoit
TpyOKH, uTOOBI MOMPABKA HA IIOBEPXHOCTHOE HATAMEeHHe He Ipe-
Beimaya 13,3 Ila?

15.55. Bapomerpuueckas Tpy6Gxa ¢ AMaMeTpOM BHYTPeHHEro ce-
yennda d=4,0 MM 3an0JIHEHA PTYTBHIO M TIOTpPYeHa OTKPHITHIM KOH-
oM B WIMpPOKHii cocyn., PasHocTsy ypoBHeil pryTu B 'rpyGrce U cocyne
Ah=1T5, 6 cMm. Yemy paBHO aTMOchepHOe Aasjenue?
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15.56. PasHocTh yposHeit Bogr: B U-o6pas-
HOM KaIMJLIfpe ¢ ZHaMeTPaMH KaHAaJoOB d|=
=1,0 MM u d3=38,0 MM paBHa Ah=2,0 cm
(puc. 15.3). OnpefenuTh MOBEePXHOCTHOE HATH-
sxeHue BoAbl, CMauYMBAHME CUYUTATh IIOJHBIM.

15.57. PasHocth yposueit pryru B U-06pas-
HOM Kanujajaspe npeamaylieii samzauu 1 cwm.
OnpefeJuTh NOBEPXHOCTHOE HATAMEHHE DTYTH.
HecmauyupaHHe CUMTATE IIOJHEIM,

15.58. BakyyMmHuRlil HacoC coefHHEH ¢ OTKPHI-
TeIM U-06pa3HeIM PTYTHEHIM MaHoMmeTpoMm. llua-
MeTpHl TpyGokK MaHomMerpa 0,25 m 4 em.
KaxoBa pasHOCTH JaBJIeHHH BO3JAYyXa, €CJH YPOBHH DPTYTH B TPYG-
Kax oauHaKoBhI? K Kalcof»i U3 TPYyOOK JOJMKEeH ObiTh NPHCOEXUHEH
AnA sToro Hacoc?

15.59. IlnorHOCTs BOBAYXa B Ny3hIpbKe, HAXOAAIEMCA Ha AHe
Bojoema IJybunO# 6 M, B 5 pas GoJiblie IJIOTHOCTH BO3AyXa IIpH
aTMocdepHOM ZaBiieHuM (Ipu ToH e Temmeparype). OnpemenuThb
pPajguyc nysBIpbKA. '

15.60. Onpegesnty n064BOUYHOE JAaBJIeHHe U ILJIOTHOCTE BO3AY-
Xa BHYTPH MBIJIBHOIO Iy3mipa guametrpoMm 1,0 cM mpu TemnepaType
20°C u aTmocdepnom pasienun 0,10 MIIa. TloBepXHOCTHOE HaTSMKe-
HHe MBUIBHOH Boael 45 MH/m.

'15.61. Kakyio paGoTy IPOTHB CHJ NOBEPXHOCTHOT® HATSIYKEHHA
HYMXHO COBEpIIMTBH, 4TO0BI, BEIAYBafd MELIBHEIH HOYy3HIpb, YBEIHIHUTH
ero xauamerp or 1,0 mo 9,0 cm?

15.62. MuursHBIH Dy3pphb chepudeckoit GopMEI BEHIAYBaeTcd TakK,
YTO €ro pajguyc KaXKAYI0 CEeKYHAY yBeJauunBaerca Ha 1 cm. Bu-
YHCJIUTD MOIHOCTE, HEOGXOAUMYIO AJIA BEIAYBaHUSA IY3BIPA pajuy-

com 5 cm.

15.63. [IBa MEIIBHBIX IIYy3bIDA paguycamMu 8 u 4 cM BBILYTH
Ha pasHBIX KOHIAX ofHOH M ToH ke Tpy6ku. Oupemenurs: 1) xaxoit
IMy3HPh 6yJeT yBeJMUYUBATHCA M KaKOH yMeHbHIATBCH, €CIM HX Ipe-
JOCTaBUTL caMUM cebe; 2) HA CKOJBKO MBMEHUTCS pajuyc MAaJIoro my-
SHIPA, eciu pajguyc Goxabiioro mameHuscda ua 0,2 cm.

15.64. Kakyfo pa6oTy HYKHO COBEPIIHTBH, YTOOLI BRIAYTH MBLJIb-
HEIA myasipb guamerpom 10 cM" IIponecc BBIAYBaHHUA CUMTATH H30-
MeTpHUYECKHUM.

15.65. Yemy paBeH Ko3d(DHIHMEeHT 06BLEMHOrO pacHIMPEeHHA Ke-
POCHHA, €CJIM YPOBEHb ero B OZHOM KOJeHe COOOWIRIOIMXCS CO-
CYZOB, B KOTOpEle OH HaJuT, 28 cM, B aApyrom — 30 cm. Temme-
parypa B ogHom xoJjeHe 10°C, B xpyrom — 80°C,

15.66. Haitty nioTHOCTH p, Macja B IHApAaBINYECKOM cucreMe
Ipecca TPH JABJEHHH D, €CAH IJIOTHOCTh €ro IpH JABJIEHUU P,
6uia p;. Kosdduuuenr cxxatua paseH k.

15.67. Koabdunuenr o6beMHOr0 - paclIMpeHMs PTYTH =
=0,18 mK~!, a xosdduummenr cxarus k=39,5 nlla—'. Kaxoso
HpHUpallleHHe BHENIHero AaBJIeHNs, IPY KOTODOM COXPaHUTCH NOCTORH-
HBIM o06BbeM pPTYTH npH HarpesaHuu ee Ha 10 K?
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15.68. HaiiTn ckopocTh NafeHuUsA KaleAbKM BOAB B . BO3AYXe,

" ecJH ee pagUyC-dH MKM.

15.69. Ha gHe DMJIMHAPUYECKOrO COCYZA, HAMOJHEHHOTO KaCTO-
POBLIM MACJIOM JIO BHICOTHI 25 CM, YAEPKHUBACTCH AePeBAHHBIA WAPHK
guamerpom 9,0 mm. KakoB koadduueHT BAZKOCTH KACTOPOBOTO Mac-
Jla, ecJu T0cje TOro, Kak IIaPHK OTIYCTHJIH, OH BCILIELI HA TOBEpX-
HocTh depe3 10 c? ILnoTHocrs AepeBa mpuHsTH paBHO 400 Kkr/m>.

15.70. OcMoTHUeCKOe AaBJIEHHE PAcTBOpa IpH Temmeparype 27°C
paBHO 0,2 MITa. CKOJIBKO YaCTHI, DACTBOPEHHOTO BEIIECTBA HAXOLHUT-
ca B pacTBope o6bemMom 1 am3?

15.71. JIna yBeauueHHA OCMOTHYECKOTO JaBJIEHUS PACTBOPA HYIK-
HO YBEJMYHTh KOHIEHTpauulo pacrBopa B 1,3 pasa. Ha ckoabko
rpagycoe HeoOXOxMMO HaArpetrh pacTBOpP, 4YTOGHI, He H3MEHAA €ro
KOHIIEHTPAIlNH, NOJYYHTh TaKOe 3Ke YBeJUYeHHe OCMOTHYECKOTO
pasienusa? HauanbHasa Temnepatypa pacreopa 0°C.

15.72. KakoBo ocMOTHYeCKOe AaBJeHHE PACTBODPA, €CJH B HEM Ha
OJlHY MOJIEKYJy PacTBOPEHHOro BemlecTsa mnpuxoautca 800 moie-
KyJs Boasl? TemmepaTypa pactsopa 47°C. [Iucconuanas oTCyTCTBYET.

15. 73 IloBapennas coJsib Maccoii 3,0 r pacTsopeHna B Boze 06neMOM
1,0 am® npu remneparype 30°C. OcMOTHYECKOE AABJIEHME IPU DTHX
yesoBuax oxaszajgock (0,17 MIla. KakoBa crenmensr AuCCOTMAIMH MOJIE-
Ky cosm?

15.74. Cocyn Bmectumoctsio 1,0 AM’, M3rOTOBJIeHHEIH M3 MOJIY-
NPOHUIIAEMOTO BeIleCTBA, HANOJHEH BOJAOH, KOTOpAs COAEPKUT
nosapeHHyo conb Mmaccoit 0,20 r, u onymen B8 Boay. Ha ckosbko
BCJIEICTBHE OCMOTHYECKOrO JaBJICHHUA MOAHMMETCS YPOBEHb B Y3KOii
TpyOKke, BCTaBJIeHHON B TNOJYNPOHMIAEMLI COCYA, €cJId NPH TeMIle-
patype 27°C Bce MOJIEKYJBI COJIM AHUCCOLMMPOBAHEI?

§ 16. TENNOBLIE CBOMCTBA TBEPALIX TEN.
PA3OBbIE NEPEXOADLI

OTHOCHUTEJIbHOE M3MEHEHUEe AJIMHBI IpH U3MEHEeHHH TeMIIEPATYphI

- ua AT:

A{-«: aAT,

rie | — HavaJbHAaA JAJUHE, 0 — KO3PHUIMEeHT JUHEHHOrO paciIy-
peHus. ‘ ‘

- MonspHad TemJI0eMKOCTh XMMHYECKM NPOCTHIX TBEPABIX TeJX B
KJIACCUYECKOH TeopMM TeIlJIOeMKOCTH (3aKOH [[losioHra — IITH):

C=3R.

Tennonepegauya u3 opHOM: cpenm B APYryI0 uepes IJIOLIAAKY
dS 3a Bpems drt:

Q =adTdSdx,

rge o — Ko3h@GHUIHUEHT TeNJIo0TIauH.
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Tenmossie cBOHCTRA - TBEPABIX Tea

16.1. KakoBo OTHOLIeHHe AJHH ’KeJe3HOr'o u Mep;Horo CTEpIXK-
Heit nmpu Temmeparype 0°C, ecim pasHOCTh MX AJMH NpH Ji060i
TeMIepaType OofHa u Ta Ke? ‘

16.2. Yacst ¢ MeTalAMYeCKUM MASATHHKOM cremaT Ha 8,0 ¢ B
cyTkn npu Temneparype 3°C m orcralor Ha 7,0 ¢ B CYTKM Ipm
Temmeparype 23°C. Hafitn kosdduunuent smuneiiHoro pacmmpenus

MaTepHajla MAasSTHHKAa W TEeMIEPATYDY, IIpH xo'ropoﬁ yacel GYyAYT

MATA NPaBUIBHO,

16.3. HaiiTu 3aBUCKMOCTH IIepU0Oka CBOGOZHBIX KOIEeGAHUH OFHO-
POJHOI'O TBEPAOIO TeJjIa BOKPYr TOPHM3OHTAJIbHOIM OCH, He IIPOXOAAIIeik
Yyepes ero LEeHTP TAMKECTH, OT TeMIepaTyphl.

16.4. Kouusl cranbHoro crepxusa cedenuem 5,0 cm’ Harayxo
3aKpellJieHsl B ABYX creHaX. KakoBa cuJja, AelicTByiomas HA CTEHEI
npu remneparype 20°C, ecam npu 10°C crepxkeHb HaXoguica B
HEeHAIIPAXKEHHOM COCTOSHUM?

16.5. Amomunnessii yaitHuk BMecTHMocThI0 3,0 am° HamosHeH
Bojoit mpu remuepatype 5°C. CroJbKO BOABI BHITEUET K3 YalHuKa
npu HarpeBanuM ero mo (0°C? 3agzauy pemurs 6e3 yueTa U C
YYeTOM pacIIMpeHHs MaTepuasa waliHUKA.

16.6. Jlarynnas mkaJsa pryTHoro 6apomeTpa rpagyupoBaHa IpH
remnepatype 0°C. Yemy paBHO aTMochepHOe AaBjeHME, €CJAM IpH
remneparype 30°C Gapomerp nokasksipaer gasiaenne 101,1 xITa? Pac-
MHpeHueM cTekJja nmpeHebpeus, ‘

16.7. BeluucaKTh IO KJACCHYECKOR TeODHH TEIIOEMKOCTH YIeJib-
HBIe TeIJIOEMKOCTH KpHCTaNJIoB: 1) ajmoMUHNSA; 2) Meau; 3) NJIATHHEL,

" 16.8. ITospayfACh KAACCHYECKOH TeOpHell TEeIJI0eMKOCTH, BBIYMC-
JUTH yAedbHbIe TenyoemKocTH KpucraiaoB KCl u CaCl,.

16.9. Tomuuna aepessannoit crensl 10 cm. Kakoit gonxkua 6uTH
TOJIUIMHA KHPIUYHON CTeHBI, YTOGRI OHA o6Jazasia TAKOH Ke TemJo-
MIPOBOAHOCThIO, KAK AepeBAHHAA?

16.10. e nnacTHHBI — MeAHAH M JKeJe3HAT — ONUHAKOBON
TOJIIUMHB! BIJIOTHYIO NPHJIEraloT APyr K aApyry. Temmeparypa Ha-
PyxkHO# nMoBepxXHOCTH MeAHO#W njacTuHkU 100°C, xkesesmoit — 0°C.
HaiiTu TemnepaTypy B MecTe CONPHKOCHOBEHHMA IIJIACTHH.

16.11. CroJBKO. HYJKHO CyKeuyb KaMeHHoro yria B meuu, KIIJI]

" Koropoit 709, 4To0Bl BOCIOJHHUTH no'repxo Tenja 38 CYTKH depes
KHPIOHYHYI0O cTeHy miomagbio 20 M’ um tommusoit 0,20 M, ecam
TeMIepaTypa BHYTPeHHeii nosepxunoctHm creHbl 20°C, a BHemHeil
10°C? Tennora cropanus yras 30 MJ[x/xr.

16.12. dnexkTpuveckas Ieyb MOIILHOCTE10 2,0 kBr, BHyTpeHHaA
TIOBEPXHOCTh KOTOpOii ILI0IaARIO0 25 pm’, MOKPHITA OTHEYNOPHBIM
MaTepuasoM ToamuHOM 10 cm. Roatqunnen'r TeIJIONPOBOJHOCTH
orHeynopsoro marepuana 0,80 Br/(m- K). Kaxosa TemmnepaTypa Ha-
PYKHO! ITOBepXHOCTH IIeYH, €CJIM TeMIlepATypa HA BHYTpeHHeil ee
nosepxHocrn 1200°C?

16.13. Haiitu xo.untxec'rno TeNJIoTHI, TepAeMoit 3a Bpema 1=1,0 ¢
¢ mnomanu S = 1,0 m* kupnu4Hoii cTenH ToamuHON [ =51 cM, a TakxKe
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TeMIepaTypy BHYTDEeHHeH M BHEINHell TOBEpXHOCTEH CTeHHI, eciH

reMneparypa B momewienunu i, = 20°C, a TemTiepaTypa HapPYMHOIO

Bo3ayxa ti=—20°C. Roacbtbnunen'r TEIIJIOOTAA4YXd CO CTOPOHEI II0-
MelleHuA ocl——12 Br/(m*-K), a ¢ Hapymnoﬁ CTOPOHBl ' CTEHBl O —
=6,0 Br/(m*-K).

16.14. [Ina yMeHBIIEHUA TEIJOBBIX no'repL CTeHOH 3gaHMdA, pac-
CMOTpEeHHOH B IIpexRIgyIneil 3ajade, M IOBLIIIEHUS TEMIIEPATYpPH
BHYTpeHHell IIOBEPXHOCTH CTeHAl IPHMeHeHa N30JAIUS CJoeM IpoOoKu
romueoi 5,0 cM B ABYX BapuaHTax: 1) cioifi npo6kum MOKpHI-
BaeT CTEHY C BHYTPEHHeH CTOPOHH 3iaHUA; 2) cjoi npo6KH NOKDHI-
BAeT CTEHY ¢ HADYKHOM CTODOHHI 3zaHmMa. OnpejenuTs TeMiepaTypy
KHPIUYHON cTeHHl ¢ BHYTpPeHHeM CTODOHH 3JaHHUA B 0O0MX BapHaH-
TaxX. YKasaTh, KaKO¥ U3 BAPHAHTOB HABJfAeTCA HAWBRITOJHEHIINM
M KaKo# IpPOIEHT TeNJIOTH ¢ eroc NOMOIIbI0 MOYKHO cOepeub.

16.15. TemmepaTypa rasos B TOIKe IapoBoro xorjia t;=800°C,
TeMmepaTypa Bogbl B Korjae I5=150°C. CranbHble CTEHKM KOTJa
rosmuuao [ =2,5 ¢cM NMOKPHITH C BHYTPEHHeil CTOPOHHI CJIOEM Ha-
Kunu Tonmuuo# l;=5,0 mM. Kakoe xoamyecTso 'ren.no'ru nepeaa-
erca 3a 1,0 ¢ uepes MoBepXHOCTh KoTJaa miomagbio 1,0 m?? Koad-
GUNHEeHT TEeNJICOTHAYH CO c'roponm rasoB a; =46 Br/(M2-K), a co
CTCPOHBI BOAB a2 =2,3 kBr/(M> R) .

16.16. Kaxoli TOJMINMHEI CJOKh caXHM JOJMEH IOKDPHITE KOTeJ,
OIMCAHHEIH B NpeAbIAyINei 3azave, ¢ HaApYyKHO¥ CTOPOHEI, YTOOKI
NMPH OTCYTCTBHMM HAKHNHU C BHYTpPEHHeli CTOPOHHI KOTJI& KOJUYECTBO
TeIJICTHI, TepesaBaeMoii KOTJIOM, ocTajoch Ge3 mameHeHuA?

‘dazoBbie mEPexOaBl

16.17. Kycok ipjia HaXOZAMTCA B 3aKpHTOM cocyze. Ha ckoJabKO
HAJO0 MOBBLICHTL HaBJIEHHE B cOCyJAe, YTOGHI AaBJeHHE HACHIIIEHHOrO
napa, HaxXoAAIIETOCA HAJ JBAOM, MOBRICHJIOCh Ha 59%? Temnepa-
Typa B cocyje NOAAepIKUBaeTcCA NMOCTOAHHON M paBHoif — 20°C.

16.18. OmnpepenuThs TeMnepaTypy NJaBJeHUA AbjA NPH AaBIEHHH
1,0 MIla. CuuraTh, 4YTO IpHM H3MeHeHHH JABJCHHS B MNpeAenax
or 0,10 no 1,0 MIla nioTHOCTh JbAA W BOABI H yJeJbHAs TeIJoTa
NJIABJICHASA MOCTOSHHEI.

16.19. OnpesenuTs NpHpalleHHe SHTPOIHMH IIPH 3aTBEPACBAHHH
pryTH Maccoit 1,0 kr mpu TemmnepaType 3arBepAieBanus —38,9°C.

16.20. Kycox nppa Maccoit 0,30 xr, uMeBIIH# MepBOHAYANBHYIO
remneparypy 233 K, npespamen B map npu Temmneparype 373 K.
M aTMochepHOM JAaBIIEHUH. Onpenennu npupalieHyue SHTPOIWH IIPH -

9TOM Tpomecce.

16.21. Crpysa sogsiHOTO mapa npu TeMnepaType 100°C Hanpas-
JeHHas Ha raelfy abaa maccoii 4,0 kr npm rTemneparype — 20°C,.
pacTonmiia ee H HArpesia noaydusmylocd Boay ao 60°C. Haiitu
npUpaleHrne HTPOIMHU NPH 3TOM MpoLecce.

16.22. OnpegennTs NpHUpalieHie SHTPONHU NPH IIABJEHUH JbJA
B KoJMuecTBe 1 MOJIB, €CJIM M3BECTHO, YTO IIPM YBEJIMYEHWUH BHEUI-
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Hero fapjeHnda Ha 10 Mlla Temmeparypa njaB/JeHMA JIbJa U3-
menderca Ha 1 K. ‘ ‘

16.23. Kaxkozro. HpUpalleHne TeMIepaTyphl KyCKa JbJA, HaXO-
AHAILIETOCA IPH HOPMAJBHEIX YCJIOBUAX, €CJIU €ro aguabaTHO CiKATH
Ro nasnenna 10 MIIa? Kaxasa mosis Maccel Jbja IpU STOM Dacimia-
BUTCA? -

16.24. Ypenbuaa Ttemsora mcnapenus Gensona (CeHg) BGan3m
ero Tpo#HOH rtouku pasHa 0,43 MJx/kr. Uemy paBHA ero yAhesb-
Had TeIUIOTAa NJAaBJICHHMA  IPH STUX YCJOBHAX, €CJH TeMIlepaTrypa
TPOHHON TOYKM M paBHOBeCHOe JAaBJEHHe Mapa B DTON TOUKe COOT-
BETCTBEHHO paBHm 6°C u 4,8 klla? ns xpuBoii BO3rOHKM B TPOIi-

HO# 'roqxe =324 IIa/K.

Tnasa Ili\

SNEKTPUYECTBO U M{AI'HETM3M

§ 17. INEKTPOCTATHMKA

3akon Kynona:
1 ]ail |Q2|

4nao r2

rae r — paccTosHMe MeKAY 3apAfaMu @ U @, £0=8,85 n®d/m —
SJIeKTpHUYecKasd NMOCTOSHHAI.

MOAYJH: HANPSIKCHHOCTH K MOTEHIMAJI IIOJIA TOYEeYHOIro 3apsajga:

1 1
E— 19 o1&

4ney T 4ne, 1

CBA3b MeX/Jy HaIPAKEHHOCTHIO M NOTEHLUANIOM IIOJA:

=

E= —grad ¢.

MOJIYJIB HaNnpaAXEeHHOCTH U IOTeHIHUAJ IOAA TOYEYHOIro AMIIONA:

E=-—2.[14+3cos’ ®, 9$=7—2I

4ney r 4ney r

rie p — 3JEeKTPMUYECKHI MOMEHT JMIOAdA, I' — PaJUyC-BEeKTOp, IpO-
BeleHHBIII W3 IEHTpPa AMIIONA B TOUYKY, rge omnpegenderca E n
@, ® — yros MexRAy BEKTOPAMM I U P.

Teopema Octporpagckoro — I'yacca M IVPKYJIALBS HANPAMNKEH-
HOCTH E .

$EAS =8 /2, § (EdP)=0.

MoAyab HANPAKEHHOCTH 3JIEKTPUYECKOTO MOJA y IOBEPXHOCTH

NPOBOJAHUKA B BaKyyMe:
E=c¢ / 0y

rie ¢ — MOBEPXHOCTHAMA NJOTHOCTH 3apAAOB HA TPOBOLHHUKE.

BexkTop Du TeopeMa Oc'rporpancrcoro — Taycca gna Hero:

D=eE+P, §DdS=q,

rIe P— nonapnaonannoc'rb IMDJIEKTpUKa, @ — anreGpaudeckKad
CyMMa CTOPOHHMX 3ap#A0B’ BHYTPM 3aMKHYTOH NOBEDXHOCTH.
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. Ans HM3OTPONHHX JUDJICKTPHKOB: P —=xeoE, D=-¢eok, roe »
& — HAM3JIEKTPUYECKAH BOCIIPHHMINUBOCTD M ,mna.uerc'rpnqecrcaa HPOHH-
11aeMOCTh.

EmKocTs nyockoro KoHAeHcaTopa:

C= GSOS / d. )
SJIeRTquecxaa 9HEPIudA YeAUHEHHOI'0 3apAXKEeHHOI0 NIPOBOAHHUKA &

=1
E= s Q.
OHeprus 3aps’KEeHHOTO KOHAECHCATOpA:
— LA
E= 2CU .

O6BeMHasd NAOTHOCTH YHEPTHH 3JEKTPHUECKOTO TIOJIA:

__egl?
w = 5

3axon Kyaomna

17.1. OBa ogHOMMeHHBIX 3apsaza @ =0,7 1 @:=1,3 HKs Haxo-
AATCA B BO3gyXe Ha paccTosHMH r=6,0 cm apyr or apyra. Ha
KAKOM DACCTOSHHM MEKAY HMMHM HYMHO IIOMeCTUTh TpeTHit 3aparn,
uTo6Bl pesyJbTHpYIOWIAS CHJIA, AedeTByloluas Ha KamAull sapan,
6st1a paBHA HyJIO?

17.2, MadaTHHK COCTOMT M3 METAJJIHYECKOr0 LIADHKA, MMOZBEIIeH-
HOTO HA HeBeCcOMOif HepacTAKMMOH Henpoeogsauieit nutu. Kax mame-
HHUTCA IIepHOJ ero KoJjeGaHMIl, €CiM MAPHKY COOOIIMTL NOJIOMH-
TEeJNbHEIN 3apsAn, a Apyroft WAPHK, 3apAKEHHBIH OTPHIATENBHO, NO-
MECTUTh BHH3Y HA OAHON BePTHMKAJNM C HMTLIO NOABECA MAATHHKA?

17.3. lisa Toueunwnix 3apaga Q-—=1,1 HKa xampnil Haxozarcs
Ha paccrogHun r=17,0 cm. C kKakoii cujoii ¥ B KAKOM HaIpPaB-
JIEHUH OHHU AeHCTBYIOT HA €AUHHYHHIA ITOJOYKHMTEe/IbHEIA 3aPAK, HAXO-
AAUipiica HA TAKOM JK€é PAacCTOAHMM OT KAaJXKJOro u3 HUX?

- 17.4. OgnoumeHHsle 3apanu @, =0,2 mKn, Q:=0,5 MKa n Q;=
=0,4 MKJ pacnosio’keHbl B BepIIMHAX TPEYTrOJbHHKA CO CTODOHAMH
a=4,0 cM, b=5,0 em 1 ¢=7,0 cM (pue. 17.1). Onpegennrts MOAYJH:
U HampaBJeHWE CHUJBI, AelicTBylomeill Ha sapsapx Q.

17.5. B neurpe KBagpaTa pAaCIOJIOKEH IOJOMKHTENbHBIA 3apsan
250 uKxa. Kaxoif oTpuuaTeabHBIH 3apAX HALO IIOMECTHTbL B K&XK-
Joil BeplIMHe KBaapaTa, YTOOLI cHcTeMa 3apanon HaXOAUJach B pPaB-
HoBecHn ?

17.6. B BepmuHAX U LEHTPe IIPABUJIBHOI'O TPEYI'OJbHHUKA CO CTO-
ponoii 5,0 cM pacmosoeHb OZUHAKOBHE IOJOKHUTENbHBIE 38PAILI
0,56 MKn ramaniit. Kaxkas cuia peifcTsyer Ha OTpHLATEIbHEI 3apAx
0,7 mKn, maxogsamuiica Ha IPOAOJIKEHMH BLICOTHI HA4 PACCTOSHMH
7,0 cm or BepmmHH? PaccMoTrpers ABa CIYy4aS DeIISHHI.

17.7. B BepmmHAX IUECTHYTOJNBHHKA HOMeNeHEl  OAMHAKOBBHIE
IHOJIOKUTEIbHEIE 3aPARbI 10 #Kn kaxasiit. Kakoli orpuuareapHbii
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Puc. 17.1 ' ' Pre. 17.2

3apAj HAfO NOMECTMTb B IEHTPE INeCTHYTOJbHHUKA, YTOGHI pesyJib-
THpYIOLIas CHJa, AeHCTBYOmIas HA Kamp;mﬁ 3apag, Grina pasHa
Hynaw©?

17.8. Illapuk Maccoit m, HecyuMii sapag Q, naxop;wrca BHYTpH
raagkoii coepsl auamerpom d. Kaxoil 3apAx HYKHO ITOMECTUTH
B HMIKHell TouKe cepHl AJiA TOr0, YTOGH 1IaPUK HaXOZuJCA: 1) B pas-
HOBecHMM; 2) B yCTOWYMBOM DABHOBeCHH?

17.9. Ilapuk maccoit m=4 r, Hecymuii s3apax @ =278 HKui,
nOABElIeH B BO3JyXe Ha HeBecOMOH HepacTsumo# HempoBoasieit
HuTH. IIpn npubiamoxeHmu K HeMy 3apajs @: NPOTHBONONOIKHOIO
3HAKA HHTh OTKJOHHJIACHL HA YroJ o=—=45° OT BepTHKAJHHOTO HA-
npasienusn (puc. 17.2). Hafitu Mmonynn 3apsijga Q2 ecil paccToaHue
r=6 cm. ' )

17.10. [Ipa oauHaKOBMX wIapukKa maccoli m =20 Mr kaxxami
NoABeIIeHH B BO3AYXEe HA HEBECOMBIX HEPACTMKMMEIX HENpPOBOASA-
IUX HATAX AJmHoi# [ =0,2 M, 3aKpenJieHHHX B OGHON TOYKe IIOABEcA.
OpuH ¥3 IIAPUKOB OTBeJIX B CTOPOHY H coOOIMAM eMy 3apan @,
saTeM ornycTuau. Ilocsie cCONPUKOCHOBEHHA ¢ APYTHM IIAPMKOM OHH
pasonuIMch TaK, 4T0O HUTH obpasoBasm yrox o=60°. OmpezesuTn
MOAYJb 3apAAA @, COOOILIEHHOrO MepPBOMY LIADHKY.

17.11. Tpu mapuxa maccoii m=5 r Kamxjbii NoABeIeHH B

BO3AYyXe Ha HEBECOMAIX HEpACTAXKHUMEBIX HEIIPOBOAAIIMNX HUTAX AJHHOM L

=1 M k oanomy kpiouky. IIpu coobImenuH IIapHKAM OJMHAKOBBIX
3apAAOB @ IIAPHKH pPA3OLIJHCE TAK, YTO YroJ MeXAY HUTAMHU
craa a=40°. OnpeAenuTh MOAYJAL 3apAja HA IIADHKAX.

17.12. B mopenu aroma Bopa — Peazepdopaa smeKTpOHH ABH-
JKYTCA IO KPYTOBHIM OPGHTAM BOKDYT IOJIOMKHTEJBHO 3apAMKEHHOTO
appa. OnpefieMTh CKOPOCTb U M YCKOpDeHMEe ¢ BJIEKTPOHA B ATOME
BOZOPOJa, ecim pagmyc Goposckoii op6ursl r=>52,9 mm.

17.13. 3apaxeHHblil mapuk Maccofi m =10 r, nmoABelIeHHKH B
BO3ZlyXe Ha HeBecOMOM HepacTS:KHMOH HempoBogsmieit muTH, 06pa-
aymomeifl yron a=45° ¢ BepTHRAJbBIO, ABHMXKETCA C MOCTOAHHON yr-
080 ckopocthio ® =10 paza/c mo OKPYKHOCTH DAjHYcOM r=>5 cm
(pme. 17.3). B Touke B HaxoauTcs APYrof HENMOABMKHEIN Baps-
sMeHHBH mapuk, npuuem paccroauune AQ=0B. Haﬁm MOAYJIH 3apH-
OB UIADHKOB @, CYHTAA MX OJAHHAKOBHIMH. _

17.14. 3apamennas wacTuua Maccoit m, Hecymaa sapag Q, ABA-
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Puc. 17.3 Puc. 174 Puc. 17.5

JKeTcHd BOKPYr 3aKPENJIEHHOTO TOYEYHOro 3apfAja @ 1O 3JLIHITH-
yeckoli op6ure (pnc. 17.4). MuHAMANTBHOE PACCTOAHME MEXKAY 3aps-
AoM U dacTunedl @ paBHO I, a MakcHMajbHoe R. Yemy paseH
nepuop T o6palneHus 4acCTHIIBI BOKPYT 3apana Q.?

17.15. JIpa mapuka A u B maccoit m=0,1 kr xaskAblii uMelOT
OJMHAKOBEIE II0 MOAYJIO M MPOTHBONOJIOXKHEIE MO 3HAKY 3apARB
Q=10 mxKn. IIlapuxk A mnojgBelleH Ha HIOJUpPYIOIel NpyXuHE
skectrocreio k=9,8 H/m naa mapukom B (puc. 17.5). B nauans-
HOM IIOJIOXKEHHHM CHJIA KYJIOHOBCKOTO B3aHMOAECHCTBHA MEXKAY 1IAa-
PUKaMu paBHa 4mg. BepxHuif KOoHeL[ NPYXHMHBI MEAJNEHHO ITOAHH-
maoT. Ha cKOABKO HAaj0 mepeMeCTHTh TOUKY O, YTOOHR HATAKEHUE
HeBecOMOH HepacTAXHMOM HenpoBoasieid mutu BC cTano paBHEIM
Hym10?

17.16. Ha Tonko#i HuTH AauHOM [=8 cM paBHOMEpHO pacmpe-
JeseH zapan @ =—350 mxKia, zeitcteylomuit cuaoit F=120 mxH
Ha TOYEUYHBIH 3apaj @, HAXOAAIMUUCH HA UPOAOJIKEeHHH TOH XKe
HATH Ha PAaCCTOSHHU /' —6 cM OT ee cepefuHE. ONpenesdTh 3Ha-
YeHHEe TOUEYHOro 3apanga @i, eCJIM BCA CHCTEMA HAXOLUTCH B BO3AYXe.

17.17. TIlpoBosiouHOoMy KoJaBLY pazmycoM R=5 cm coobmunu
gapan Q=40 uKa. C xakoit cujgoii F, 6ymer pacTATrnBaThCA
KOJIBIIO, €CJIX B €ro LeHTPe IOMeCTUTh OAHOMMEHHBIN 3apal Q)=
=30 uKn? Cuibl, pacTAraBamique KOJLIO 34 CYET COOCTBEHHOTO
noJjsd, He YYUTHIBATD.

17.18. Tlo TOHKOMY IPOBOJIOYHOMY KOJBLY pajzuycoM R=6 cm
PaBHOMEDHO pacTpejiesieH 3apsaj Q=10 aKxa. Onpegeaurs cuny F,
JeMCTBYIOIIYI0O H& TOUYedyHBIN 3apsax @, =3 uKax, Haxopamuhica Ha
PacCTOSHUH r=5 cM OT NeHTPa KOJbLA Ha IpPAMOH, mepHeHAu-
KYJADHOH IIJIOCKOCTH KOJIbIIAa M IIPOXoAsAauleii yepes ero IeHTp.

17.19. IlMapur maccoit m=1,0 r, Hecymuii sapag Q=90 =K,
NMPHKDPENJIeH K OfHOMY KOHIY HeBECOMOI HepacTSKUMOI HeIpoBo-
aaweit uuru., Apyro#i KoHel, HMTHM IPHMKpeEIIeH K caMoii BBICOKOI
TOUKe KoJibLia paguycom R = 5,0 cM, KOTOpoe HaXOAKTCH B BEPTHKAJIE-

"HO# nurockoctH. KoabI[o MBrOTOBJIEHO M3 KECTKOH IPOBOJIOKH, AUAa-

MeTpOM KOTOPOH MOKHO npeHe6peyb. Ha koJblie paBHOMepHO pacipe-

AeyeH 3apajg @, =90 HKs Toro Ke 3Haka, uro U Ha mapuxe, On-

PefeINTh AJHHY HUTH !, IpH KOTOPOH mNOCJe OTKJIOHEHHS NIADHK
OKaYKeTCd Ha OCH KOJbIA, NEPHCHAHKYASPHOH €ro NJOCKOCTH H
npoxojaiieil yepes IEHTD.
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17.20. TopU30HTAIHLHO PAMOJIOKEHHOE TOHKOE KOJBIO pajHyCcoM

R=20-¢cM paBHOMEpDHO 3apSKEHO 3aPAJOM JUHEHHOH NJIOTHOCTHIO

1= 40,10 MxKa/cm. ¥z uenTpa KoJblia BePTHKAJALHO BHM3 HajaeT
TeJlo Maccolt m=>5 T, Hecymee sapan Q= — 10 aKa. Onpeneants
YCKOpeHHMe 4 Tejla B TOT MOMEHT, KOTZa OHO OyAeT HAXOAHTHCA
Ha paccrosHuH h=30 cM OT nyockocTH Koabnma. Paccmorpers AndA
cJy4dad MOJIOMKHTEIBHOTO 3apana Q.

HanpsasenHOCTs H NOTCHIHAN WO

17.21. B 0ZHOPOAHOM 3JIEKTPMYECKOM IOJie, CHJIOBBIE JIMHUH KO-
TOPOTO TOPHM3OHTAJILHEI, HA TOHKOH HeBecOMOH HepacTSKMMOW HHTH
anuuofi [—35 cm noazsemen mapux Maccoii m=15 r, Hecymmuii

.3apag @—=3,0 mxKin. Haiitu nmepuos coOGCcTBeHHBIX KoJieGaHMiT ma-

PHKA, €CJM HANDAXKEHHOCTh 3JeKTpHYeckoro moas E=40 kB/m.
- 17.22. Illapux maccoit m=1,0 r, Hecymuii sapasg @ =1,0 MxKi,
NOABEIIEHHKIH Ha HepacTAXHMOIl HeBecOMOIl HempOBOASAILEH HUTH,
HaXOANTCA B OJHOPOJHOM D3JIEKTPUYECKOM I0JI€; CHJIOBble JMHHH -
KOTOpPOTO TOPHU3OHTAJNLHHM H HaIlpaBJEHBI cJieBa Hamnpaso. lllapuk
OTBe/leH BJIeBO TAK, YTO HUTh OTKJIOHHJIACH HA yrosa o =45° oT BepTH-
KaJyy, u ornyumed. HaiiTu manpsaxennocTh nonsa E, ecau cuiaa HaTA-
JKeHUSA HMTHM NPH IPOXOKAEHWHM IIAPAKOM BepPTHKAJBLHOTO IOJIOMXKe-
HufA paBHa F,=80 mH.

17.23. Illapuk maccoit m=2,0 r, Hecymuii sapsan @ —8,0 mxKi,
nojABellIeHHbII HA HEeBeCOMOH HEPACTAMKHMON HeNpoBOJAINEH HUTH
Annnoi [=1,2 M, coBeplIaeT BpalaTejibHOe JBUKE€HHE BOKPYT BepPTH-
KaJIbHOH OCH TAK, YTO YrOJI, COCTABJAEMLI HHUTHIO C BEPTHKAJBIO,
o= 20°. Haitrtu nmepuop o6pamenna T mapuka, eCIH CHIOBHE JHHUHA
SJIEKTPUYECKOro II0JIS HAaNpAXeHHOCcTsIO K =1,4 RB/M BepPTUKAJNBHEI
¥ HAIPaBJIeHHL BBEPX.

17.24. Toueunsle sapagu @ =20 sKa u Q;= — 10 uKa Haxo-
IATCA B Bo3gyxe Ha paccrogHuu r=10 cm apyr or zgpyra. Onpe-
JeJIUTh HAIPAKEHHOCTh nojisi E B Touke, yAajleHHOW HA pacCTOSHUe
ri=8 cM OT mnepBoro m r;==7 .cM OT BTOPOI'O 3apAAOB,

17.25. DnexTpuUuecKMil AMIOONL ¢ 3apagamMu Q)= +90 aKn u
Q= —90 HKn u paccrosumem Mexxkpy HuMmH [=10 cMm Haxogurcest
B Bo3ayxe. OmnpeaesuTs HANDPAKEHHOCTH IIOJIA HA OCH  JUIOJISA
HA paccTOAHHH [/4 OT OZHOrO M3 ero 3apsAJoB; B LEHTPe AUIOJA;
Ha TEepIeHAUKYJIfpe K OCH JHIIOJIA, NPOXOAAIIEeM uepe3 OAUH M3
€ro 3apAAOB, HA PACCTOAHMM [/2; Ha NEepHeHJUKYJIAPe K OCH SUIOJSH,
BOCCTABJICHHOM H3 CepeAuHBI ero, Ha paccrosuum [/2. IlocTpours
rpa¢ur E=/[(l) paclpeaeseHus IIOJNA MeXAY 3apATAMH,

17.26. [IBa TOYeUHBIX MOJIOMHUTEJLHHIX 3apaia @ —=@Q,=Q Ha-
XOZATCA B BO3AyXe HaA paccTosiHuM /=5 cM Apyr or apyra. Haiitu
HA OCH CHUMMETDUMM 9HTHX 3apfAjOB TOYKY, B KOTOpOil HampsKeH-
HOCTH DJIEKTPUYECKOro noja E maxcumasbHa.

17.27. MelIbHBIN NTY3HIPb, BUCHAINUI Hd4 KOHIE TOHKOM TpyOKH,
IPH OTKPHITOH TPYOKe crArMBaeTcs moj AeilcTBHEM CHMJI ITOBEPXHOCT-
HOrO HaTaMeHUudA., MOJKHO JIM NHpPeJoXPAHHTh NY3HIPh OT IIOJHOIO
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cxaTud, cooburaa emy Gospmoit asekTpuuyecknii sapan? (IIpu stom
clefiyeT HMEeTh B BHAY. OUDAaHHMYEHHYIO AUSJIEKTPHUECKYI0 MPOYHOCTH
BO3AYyXa, paBHyI0 E;—=3 MB/m.) Ecnin gma, To kKakoro mmamerpa d
OCTaHeTCA MBUIbHBIH HMy3Hpb?

'17.28. IBa MOJBIX MeTaJJMYECKMX LIAPUKA DPACHOJOMKEHH KOH-
LeHTPUYecKHn. 3apsa Menbmero mapuka 2 HKi, a 6oxpmoro 5 K.
HaiiTh HanpsKeHHOCTH NOJIS BHYTDH MEHBINEro IIapHKa; B TQUKe,
KoTOpas ynajlleHa Ha paccTosHMe 7 cM OT ofliero LeHTpa M Ha-
XOAUTCA MeXAy IIapUKaMHu; B TOUKe, HaXoxdueiica BHe IIapPUKOB HA
paccrosaaun 15 ¢M or ofiiero umexrpa.

17.29. QnuuHelt ToHKHA NpsAMOR cTeps/KEHBb, PACIIONOMKEHHEIH B
BaKyyMme, DaBHOMEPHO 3apfXXeH 3apAAoM JWHEHHOH =  IJIOTHOCTHIO
1=1 HKa/M. OnpeaenuTs HANPAKEHHOCTE anémpuqecxom IOJIA Ha
paccrogHun r=2,0 M OT cTepKHA.

17.30. 1Ba GecKOHeYHO AJMHHKIX NapPaJINENbHEIX CTEPKHS, HaXO0-
AdAmyecad Ha DACCTOAHUM [=2 M B BaKyyMe, 3apsiKeHbl paBHOMep-
HO 3apaaoM muHeHHOH noTHOoCcThIO T=15 HKi/M. Onpegenuts cury,
NeHCTBYIOIYI0O HA €AMHUIY AJIMHALI CTEpPMHs.

17.31. Bapaxg @ =20 uKsa pasHOMepHO paclnpenesieH HA TOHKOI
HUTH JymHON [=1 M. OnpefesuTs HANPAKEHHOCT: IOJA E B TOuKe,
Haxogsmeiica Ha paccrogHuM r=10 ¢M OT HMTU ¥ PABHOYAAJCHHOK
OT ee KOHI[OB.

17.32. Touxoe IOJYKONBLO papuycom R paBHOMepHO 3apsxceno
3apAAOM JIHHEHHON IJIOTHOCTBHIO T M HAXOZUTCA B Bakyyme. Ompe-
JIeJINTh HAIPAKEHHOCTb N0JA E B LUEHTPe KPUBHU3HEL.

17.33. ToHxoe KOMBIO pazuycoM R paBHOMEDHO 3apSIKEHO 3a-
PAAOM JMHEHHONH IJIOTHOCTBIO 7. ONpeAeNHTh . HANPAKEHHOCTH
3JIEKTPHYECKOTO IOJISA B BaKyyme: 1) Ha paccToSHMH K OT LieHTpa
KoJblla Ha OCH, OEePIeHAUKYIAPHOR K ero IJIOCKOCTH M NPOXOAA-
me# vepes ueHTp; 2) B HeHTPe KoJubla. Ha KakoM paccTOSIHUM
OT IeHTPa KOJIbIlA Ha OCH Hanpamermoc'n, nona GymeT MaKCcHMAJb-
HOH? MHMHMMANbHOM?

17.34. 3apasg Q=10 ®HKj paBHOMepHO pAacCHpejieleH IO AyTe
OKPYIHOCTH, paguyc KoTopoif R =1 cmM, ¢ yraoM pacteopa: 1) n paj;

2) 23—" paa. OnpeperuTs HANPAKEHHOCTD BJIEKTPUYECKOrO II0JA B LIEHT-

pe OKPYKHOCTH.

017.35. Touxuit oanopozaun¥t auck paguycom R, pacnosoxennblit
TOPHM30HTAJBHO, 3apAXKeH PABHOMEDPHO 3apAAOM MOBEPXHOCTHOM MJIOT-
HOCTBIO 0. OnpeznesnTh HANPAMEHHOCTh 3JEKTPHYECKOrO IIOJIA B Ba-
Kyyme: 1) Ha paccToaHMM A OT LEHTpa ANCKA HA OCH, IEepIeH-
AMKYJISAPHOM K MJOCKOCTH JHUCKA M TPOXOAAmeit uyepe3  ILeHTD;
2) B nenrpe aucka. Ha KakoM paccTOSHMM OT IEHTpa AUCKA HA OCH
CHMMETPHH HANPAXKEHHOCTh NOJAA OygeT MaKCHMaJbHOU? MHUHHK-
MaabHOU?

17.36. 3apaag Q@=9 nKxn paBHOMepHO pacIpefesieH Ha MOBEPX-
HOCTH aHucKa paguycom R =4 cM, Haxogameroca B saryyme. Haiitu

HANPAKEHHOCTD NoJiA E B Touke, JiexKaliel HA NepIeHANKYIApe, MPo-
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XoadmeM qepes HeHTp AMCKA, U o'rcToamen Ha PACCTOSHHHU 1—3 cM
0T Hero.

17.37. Oupefe/MTh MOTEHHMAIL NOJA B IEHTPe KOJBLA C BHeNI-
HUM paauycom R,—=40,0 cMm u sHyrpeanuM R,=20,0 cmMm, ecau
Ha HeM PaBHOMEpHO pacnpejeieH 3apag Q@ —=0,6 MxKu.

17.38. JIse GeckoHeuHO AJMHHBE NapajjielIbHble HUTH 3apAMKeHE
PA3SHOMMEHHEIMH 3apAAAMH M HMEIOT OAWHAKOBYIO JIMHEHHYIO IJIOT-
HOCTH 3apafoB T. OnpexesmuThs NOTEHUHAJ NOJA B TOUKE, .uexcamen
HA PACCTOAHMAX Iy M r; OT 9THX HHUTeMH.

17.39. Torkoe IJIOCKOe KOJBLO, BHYTPEHHUH M BHEIIHWH pajgmy-
chl KOTOPOr0 DABHBI COOTBETCTBEHHO R, um R, 3apfAKeHO 3JEKTPH-
YeCKHUM 3apAAO0M NOBEPXHOCTHOM IJIOTHOCTHIO 0. ONpexeNdTHh NOTEH-
gAan MoNA B TOYKe, Jeaulell Ha NepHeHAUKYJAApe, NMPOBEJEHHOM
yepe3 IEHTD KOJIbLa, M OTCTOAINe# HA paCCTOAHMH I OT NEHTPa
3TOr'0 KOJIBIIA.

17.40. lllapux paaumycom R;=0,2 cM, umeromuil 3apax Q=
=18 nKua, naxoaurca B Bosayxe. HaliTv pagnycs sxBHNOTEeHOUANL-
HBIX IOBepXHOCTel, MOTeHUHAE KOTOPHIX OTJNYAIOTCA APYT OT APY-
ra Ha Ap=15 B. BiusgHNeM ApPYrux 3apsAKeHHEIX Tes npenebpeds.

17.41. Illapux pagunycoM 1 cM ¢ paBHOMEpPHO DacIpeAeJeHHBM
IO ero IOBepXHOCTH 3apdaaoM @ HaXxoaurTcAa B Bo3Ayxe. Cumtas
noreHuuas 6eCKOHeYHOCTH PABHHIM HYJIIO M IpeHeGperad BIHSHHEM
APYTHX 3apAXeHHBIX NPEAMEeTOB, ONPEAeIHTh DaJMYCH  9KBHIIOTEH-
IUANBHEIX IOBEPXHOCTell, MOTeHUUANBE! KOTOPHIX OTJIHYAIOTCH JAPYT
or apyra ua 0,1 moTeHmmana Ha IOBePXHOCTH IIAPHKA.

17.42. B OAHOPOAHOM DYAEKTPHYECKOM II0Jie BHIGPAHH TOYKH

‘A, B, €, D n E, pacnojio)keHHbI¢ HA PaBHBX DACCTOAHHAX APYT

ot apyra. Haiitn norenmmuanant Touyek B m D, mpuHMMasa IOOYEPEAHO
A, C 1 E 3a TOYKHM HYJEBOTO IIOTEHIHaJa, €CJM PAa3HOCTH MOTEH-
nuaJioB MexAy Toukamd B u D 50 B.

17.43. DKBUNOTEHLEUANBHAA JUHUR MPOXOAUT dYepe3d TOUKY NONHA
HanpaxeHHocTs0 E,=5,0 kB/M, OTCTOAIYyI0 HA PACCTOAHMH [=
=2,5 c¢cM oT 3apaaa, cosgapiero moje. Ha KakoM pacCTOAHHM
OT CO3JAIOLIEro I0Jie 3APAAA HYKHO IPOBECTH APYryI0 KBHIIOTeH-
IHANBHYIO JHHHIO, YTOOHE HANpSIKeHHe MeXKAY JAWHRAMH GOm0
AU=25,0 B?

17.44. Haiitn noTeHnuas ¢ KaIjaX PTyTH, moayduusmefica B pe-
aynbTaTe CAMAHMA N OLUHAKOBBIX MIADOOGPAasHEIX Kalejb p'ry'm,
MMEIOLIHX OZMH M TOT e IOTeHLHAJ Q..

17.45, 3apsag 0,5 nKn1 pasHOMepHO pacmpezesieH Ha TOBEPXHOCTH
I0JIOTO METAJIMYECcKOro mapura paguycom 2,5 cm. Haittu noren-
IMAaJ SJeKTPHYECKOTO MNOJA B LEHTPe, HA IIOBEPXHOCTH LIADHKA
u Ha paccrosHud 5,0 cm or uenrpa. Ilocrpouts rpadur aaBucH-
MOCTHM MOTEHIMAJA IIOJII OT PACCTOAHMSA A0 ILIEHTPa LIapHKA.

17.46. Toueunsle sapaan Q= — 17 uKx u Q.= + 20 uKa naxo-
AATCA OT TOdYeuHOro 3apaxa Q3= + 30 HKx cooTBeTcTBeHHO Ha
paccroaunn ;=2 cM # l;=05 cm. Kakyio MmHRManbHYI0O pa6oTy
NPOTHB 3JICKTPHYECKUX CHJ HAAO COBEPHIHTh, YTOGH  IIOMEHATH
MecTaMH 3apAakl Q M Q7
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17.47. BapsxenHLI MapHUK Maccoll m = 1 T MOABENIeH B BO3AYXe
Ha HeBeCOMOl HepacTsa xumoit HenposoxAmeit uutu. Usganexa k Hemy
MeAJICHHO HNpUGIMKAIOT ApYroil sapdKeHHEIA WIAPUK M IIOMENaioT
€ro B Ty TOYKY, B KOTOpOil IIepBOHAYAJHLHO HAXOAMJICH IEpPBBIL
. IIapUK HA HHMTH, IPH 3TOM OH NOAHAJNCA Ha BEICOTY h=1 cwm.
Oupeaenuts paGoTy, COBepIIAEeMYIO0 BHEITHUMHU CHJIAMM IDH IepeMe-
LeHNH PYroro INapHkKa.

17.48. lllapnk, umelomuii 3apax Q= 1 mxHKJi, noasemen Ha He-
BecOMOIi maosupylonieif npyxune xecrrocTso k=9 H/m. W3 Gecko-
HeYHOCTH MeAJIeHHO NPHGIHAKAIOT APYrodl IMapMK ‘C TAKHMM K€ 3a-
PAZOM H NOMELAiOT ero B TY TOUYKY, T'le NepBOHAYAJIbHO HAXO-
AWJICA UIaDHK HA npyxkuHe. Kakyio paGory copepmiuiyd TIpH 5TOM
3JIEKTPOCTATHYECKHE CHJIBIT

IIpoBogHAKY H AMIJIEKTPHKH B JJIEKTPHUCCKOM NOJIE

17.49. Onrir KaBenpuina 3aKJI0YAETCH B H3MEPEHHH 3DJICKTDH-
YeCKOTO IOJIA BHYTPH 3apfAiKeHHOH Meraniamueckoit cdepni. IToka-
3aTh, IOJB3YyACh 3aKOHOM KyJIOHA M IPHHUUIIOM . CYIIePIHO3HINH,
4TO HANPAMKEHHOCTE IOJA BHYTPH 3apsKEHHOH  MeTaJlIM4ecKoi
cheprl paBHA HYJIO.

17.50. OpuHakoBEle 3apAABl @ HAXOLATCA HA. PACCTOSHUAX [
¥ l; or 3aseMiyeHHOH MeTaanudeckoii cgepn maJsoro pazmyca R
(puc. 17.6). Paccrosnue A0 IIOBEPXHOCTH 3€MJIH H APYTHX 3a3eM-
JIeHHLIX NpeameToB MHOro Gossbiie [, u [,. Haiitm cuary, ¢ KoTopoii
3apagel gecTBYIOT Ha cdepy.

17.51. Halitn 3apaj @, 3a3eMJIeHHOTO0 MeTAJJIUYECKOTO IIaPUKAa
pazuycom R, eCliM Ha DACCTOAHMUU T OT ero uen'rpa HaXOJHUTCH TO-
yeyHBIH 3apax Q.

17.52. Majenbknit mapuk, umeromuit zapax Q=20 uKn, na-
XOZUTCA B BAKYyMe Ha paccTOfSHME [=—05 cM oOT LeHTpa AoO 3a-
3eMJIEHHOII IIJIOCKOH MeraJuinyeckoi creHkH. C Kakoii cmioif omm
B3aHMoOAeicTByI0T?

17.53. Ha paccrosgHum r OT IleHTpa IIapHKa Haxop;n'rca TO4eu-
Hu# 3apaj Q. Yemy paBed noreHuuas ¢ mapuxa?

17.54. BayTps nomnoit nposozsameit cheprsl pagmycom R, HMelo-
meit 3apag -+ Q;, yepe3 MaJieHbKOe OTBEPCTHE BHECHH TeJIO, HMEI0-
mee 3apaAx —Q:. YeMy paBeH NOTEHIHAJ TOUYKH, HAaXOoAsmeHcs
HAa paccrogHHH >R or uenrpa cheprr?

17.55. B meHTpe MeTasmMueckoi cdepH NOMemeH TOYeWHHIH 3a-
pag Q. OnpenenuTth 3JeKTpMYECKOe. [OJie€ BHYTPH H BHE c(bepm
B cIy4ae, eciim 060JI04KA: He 3apsXKeHA; 3a3eMJICHA.

17.56. B oxHOpOXHOE 2JIEKTPUYECKOE IIOJI€ HANPIAKEHHOCTHIO E
BHECJIM METAJUITHYEeCKH# wmapuk. VI3BecTHO, YTO IJIOTHOCTH IOBEPX-
HOCTHHIX 3apAJOB HA «IOJIIOCE» MIAPHKA -B TOUYKe A (puc. 17.7) paBua
oo. OmpefiesMTh IUIOTHOCThL NOBEPXHOCTHHIX 34pHANOB B TOYKe B,
eciu pajauyc, NpOBeeHHbI U3 IEHTPA B 3 3Ty TOUKY MIAPHMKA, COCTAB-
JfeT Yroa o ¢ HanpannenneM BEKTOpAa E BHELIHETO BJIEKTPHIECKOro
HoJs.
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17.57. Jipa MeTalIH4YeCKHX LIADMKA pPAjHYCcOM r=1 cm Kax-
OB HAXOAATCA B BakyyMe, Paccrognue MeXAY MX LEHTPAMM PaBHO
=2 M. OnpeaenuTh pa3HOCTh IOTEHIHAJOB MEXKJAY NIaDHKAMH,
ecJId KaXXJOMY UWIAPHKY COOOLIEH IPOTHBOMOJIOMKHEL 10 3HAKY 3apsf,
Q=2 K.

17.58. IBe meralnvyeckue IJIACTHHH, HAXOASLIHECHA B BaKyyMe
Ha MAaJIOM DpPAaCCTOSAHHH, PACHOJIOKeHH napaajenbHo (puc. 17.8).
IInacrune I coobGmiaior 3apaxn @, maacTuHa 2 He 3apskesa. Ilmoma-
AY TJACTHMH OAWHAKOBH ¥ paBHEI S. HaliTu nosepxHOCTHYIO NJOT-
HOCTb 3apAJOB HA 06eMX CTOPOHAX IJIACTHH.

17.59. B mpocTpaHCTBO MEXAY ILJIACTHHAMH  He3apAKeHHOro
ILJIOCKOT'0 KOHJIEHCATOpPA BHOCAT METAJUIMYECKYIO IJIACTHHY, HMeEIO-
mYyIo 3apax @, TaK, 4YTO MeXAY IJACTHHON M OOKJaJKaAMM KOHAEHCA-
TOpa ocTalorca 3a3opel [, u > (pmec. 17.9). IInomaam mJjacTuH
OAHHAKOBH ¥ paBHHE S. OnpefenuTh pasHOCTh MOTEHIMAJIOB MEXKAY
O0KNaAKAMH KOHAEHCATODA.

17.60. B oaHOPOAHO 3apAXKEHHOM lIapHKe paguycoM R uMeeTcs
cdepryecKas MOJIOCTh PAAMYCOM I, LEHTP KOTOPOii HAXOAHUTCA Ha
PaccTOSHUM d OT HeHTpa mapuka (puc. 17.10). Haiitn HanpsixeH-
HOCTh DJIEKTPHMYECKOro IIOJI B PA3JIMYHBIX TOYKAX MOJIOCTH, €CJIM
IJIOTHOCTh 3apAAA Ha MIapWKe DaBHA p.

17.61. TlonAapHYIO MOJIEKYJIY MOMKHO NPEACTABHTh B BUAE YKECTKOM
rantead anuuoi [=10,00 HM ¢ mapukaM¥ Ha KOHIAX Maccoit
m=10"%" r kapbeii, Hecymumu 3apagH +Q u —Q(|Q|=
=0,16 aKx). Onpesemuts nepuos KoxeGanuil nmMoJdpHOH MoJie-
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_KYJIbl B OZHOPOJAHOM 3JIEKTPHYECKOM II0JI€, nanpameunoc'rb KOTOpOTo
E=0,30 kB/cm. -
17.62. Illapuk paguycom R =5 cm, umelomuii sapag @Q =
=210 uKJ, HaXoZUTCS BHYTPH LUSJIEKTPHKA AUIJIEKTPHYECKOi rmpo-
HHIAeMOCThIO & ="T7. OnpeAesuTs MOAYJb K 3HAK IIOJNSPHIANUOHHOTO
3apfAfa, BO3HHUKAIOINErO B JHAJICKTDHKE Y IIOBEPXHOCTH B3apsaAKeH-
HOTO INapUKa M SKPAHHUDYIOIIErO CBOMM IIONeM feiicTBHe 3apsja
IapuKa, a TaKXe ILIOTHOCTh  PACHpeAeseHus TOJIAPU3AUYOHHOTO

3apsaga.

17.63. MerannudecKHil 118 pUK pazmycom 2 cm, umeromuit sapag,
12 uKs, OKpyeH cjloeM AMSJEKTPMKA TOJINUHON 7 CM AMDJIEKT-
puyecKkoit MpoHUIIaemMocTEIO ¢ = 3. HafiTh HanpsaxeHHOCTD IIOJIA B TOY-
Kax, JeX4IIHX HA paccTodHMAX d M 11 cm or ueHTpa wapHKa.
ITocTpouTs rpagux 3aBHCHMOCTH HANPAMKEHHOCTH IIOJA OT PACCTOSA-
HUA ZO LEHTpa IIapHKAa.

17.64. Mexxay niacTHHAMH ILJIOCKOTO KOHAEHCATODPA, 3apHAMEH-
HOTO o Hanmpaxerua U =400 B, noMemeHa ausJeKTprdecKas mniac-
THHA TONMMHON h=1,2 CM M AUBJIEKTPUYECKOl IIPOHHIAEMOCTHIO
e=>5. Hailtu: 1) noBepXHOCTHYIO IJOTHOCTH C CBOGOAHBIX 3apd-
non Ha OOKJaZKax KOHMAEHCATOpa; 2) MOBEPXHOCTHYIO ILJIOTHOCTb
0’ CBABAHHEIX 3aPAAOB (3aPAA0B NMOJAPH3AIMM) Ha IJACTHHe.
© 17.85. 3apax @ =0,4 MxKs paBHOMepHO pacrnpezeseH no o6bemy
mapuka paauycoM R =3,0 cm. Hailitu Hanpsa:keHHOCTB, PJEKTPO-
CTATHYECKYI0O MHJIYKHIUIO U IIOTEHUMAJ IIOJA HA DPACCTOSHUAX r|=
=2,0 eMm # ry;=4,0 cMm or uenrpa wapuka. IlocTpours rpadux
3aBUCHMOCTH HANPAXEHHOCTH M NOTEeHIHAJNA IIOJA OT PACCTOSHHS
A0 IleHTpa mapuka. JluajexTpuuecKas IPOHMUIAEMOCTh MaTepHaa
mrapuKa &=>5.

17.66. Cdepuueckuii cioii, orpauuyernsti paguycamu B =38 cm
u Ry=5 CM, DABHOMEDHO 3ADSKEH 3ADAAOM IJIOTHOCTBIO (=
=8 MrKux/m®, [lusnexTpuueckas NpOHUIIAEMOCTE CJIOA & =5, & OKPY-
JKamouei cpegnl £, =2,5. HaliTn MHAYKIMIO U HANPIKEHHOCTDH DJIEKT-
pHYecKoro moJjs: 1) B meHTpe cyod; 2) MeXAY NOBEPXHOCTAMH
CJIOS HA pACCTOAHMU r=4 CcM OT LEeHTpa; 3) BHe CJOA Ha pac-
CTOAHMM [==4 cM or HapyxHoit noepxHocru. ITocTpomts rpadux
3aBHCHMOCTH HAIDAMKEHHOCTH IIOJA OT PACCTOAHHA AO LieHTpa cde-
pudeckoro cyos. YeMy paBHa PasHOCTh MOTEHIMAJIOB MEKAY IOBEPX-
HOCTAMHM cJoa?

DAEeKTPOEMKOCTDh

17.67. OzHoMy wapmky coo6muam sapan Q=13 uKxa, apy-
romy — @Q;=18 uKJ, saTeM mapUKH COeAUHUIN NPOBOZHUKOM. Haii-
TH OKOHYATEJILHOE pacHpejieleHHe 3apAfOB HA IIAPHKAX, HAXOA-
mUXcA AajleKo APYr ot apyra. Paguyc mepsoro mapuka R, =8 cM,
BTOporo R;=18 cmM. EMKOCTEIO COEAMHHTENIBHOIO ITPOBOAHHKA Ipe-
HeOpeus.

17.68. [Isa sapsaxeHHHX WIApHKA paguycamu R, m R; wumelo-
mue 3apaAbl Q; ¥ Q: COOTBETCTBEHHO, HAXOAATCA OAMH OT ADY-
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roro Ha PacCTOSHMM HaMHoro Gosbimie X paauycon. Haiitu zapagst

@ ¥ Q) m MOTeHLMaJ (¢ IIAPUKOB IOCJE TOr0, KaK MX COeRHHMIM

MPOBOAHUKOM.

17.69. Merannudeckuii mapux paauycom R, =05 cMm 3apsxeH Ao
=150 B. Yemy paBHa HAIPSAKEHHOCTb ITOJA B TOUKEe, HAXOAAIIEHCH
Ha paccrosHuMH /=10 c¢m or noBepxHocTu mapuka? Kak mamenurcs
HAaIPAMKEHHOCTD TTOJIA, €CJIH IIaPUK COeAMHUTEL CO BTOPHIM He3apsKeH-
HBIM IIAPMKOM, pajguyc xoroporo R;=10 cm, a aaTem BTOPO# mIapuK
yZaJsuTh Ha Goablioe paccTosHHe?

17.70. OgHOlt ®3 TNJIACTHH IIJIOCKOTO KOHAEHCATOPA €MKOCTBHIO
C coobmuau 3apaa -+ @, ppyroii — 4Q. HaiiTu passHocTh MOTEHIMAJIOB
MeXXJy IJacTMHAMM KOHJEHCATOpA.

17.71. Mexy IJacTHHaAMH ILJIOCKOTO KOHZeHcaTopa (ILIOIIaxb
xamnoﬁ naactTuHE 90 cM’) HAXOAATCS CTEKJIAHHAA IJIACTHHA TOJ-
mHUHOM 1 MM M caloasHafd IJIACTHHA 'ronnmnoﬁ 2 mMm. OnpeneanTs
€MKOCTh KOHZEHCATODA. .

17.72. BeIYHCIAUTHD €MKOCTh unnnnupnqeclcoro KOHAeHcarTopa, ec-
au ero pgiauHa 50 cM, paguyc BHYTPEHHEro IMIWHApPA 4 cM, BHeII-
Hero 9 ¢M M IIOJIOCTE MEXAY LWJIMHAPAMH IO Bced AJMHEe KOH-
JeHcaTopa 3amoJHeHa TpaHCcGOPMATOPHHIM MACJIOM.

17.73. HaiiTy BHYTPeHHHM# pagMyC UMIUHAPUYECKOI'O 6a1ceJm'ro-
BOTO KOHZeHcaTopa (¢ =6) emkocThio 1,5 Mxd, eciu BHemIHKIt pagnyc
10,0 cm, aauHA KOHAZeHcaTopa 20,0 cM.

17.74. IBa xougeHcaropa eMKocThio C, u C., paccuuTaHHEIE Ha
MaKCHMaJibHOe HanpsikeHue U, u Us COOTBETCTBEHHO, COe€IAMHEHBI
nocjezosaTeabHo. Kakoe HanpAKeHue MOKHO ITOJATH HA 3Ty CHCTEMY
KOHZIEHCATODPORB?

17.75. Kougencatopsi emkoctssiMu C =1 mMr® n C;=2 wmxd
3apsKeHBl A0 pasHOcTH noreHnuanoB Ag; =10 B u Ag;=50 B
COOTBeTCTBeHHO. Ilocsie 3apAAKH KOHAEHCATOPH COeAHHMJIM OXHO-
MMEHHEIMHE nojaiocamMu. OnpefesuTh Pa3HOCTh NMOTEHIUAAOB A MekK-

Iy OOKIaAKAMH KOHAEHCATOPOB IIOCJIE X COCAWHEHHA.

17.76. Kougencatop emkoctbio C, =20 Mxd 3apaxeH A0 Hamps-
meHun U;=200 B. K BemMy npucoeAMHAIOT IapaJiljeJIbHO He3apsa-
JKeHHBIH KOHZeHcaTOp eMKocThio Co=300 Mk®. Kaxoe nHampsa-
JKeHHe YCTAHOBHTCH IIOCJIe MX COeNMHEeHHA?

17.77. Cucremy xouaeHcaTopoB eMKocThio C =100 mxd, cocroa-
IYI0 H3 TpeX IapaijielbHO COeAMHEHHBIX OAUHAKOBHIX KOHAEHCATO-
POB, BKJIIOUMJIM B cerhb HanpsxeHnem U =250 B. Ha obkiaaxax
OAHOTO M3 KOHAEHCATODPOB IMoABMJCA 3apas @ =10 mKa. On-

penesinTeh €eMKOCTD U 3apAj Ka)KAOI‘O M3 ABYX OCTANBHBIX OAHHAKO-

BHIX KOHJEHCATOPOB.

17.78. MakcuMaJIbHaA e€MKOCTh KOHJAEHcCaTopa IepeMeHHOH em-
KOCTA Cmax =350 nd. CKOJBKO NIACTUH NOAYKpPyrioit ¢popMH pa-
JuycoM R=5 cM COmepKHUT KOHJEHCATOD, €CJH DPACCTOSHHE MEeXAY
HuMa d=1 mm?

17.79. U3 xoHaeHcaropop emroctbio 0,5 Mxd xaxamil, paccun-
TAHHHX Ha paGouee HanpsikeHme 1,0 kB, Heo6xoammo cocTaBHTH
6aTapei0 KOHAEHCATOPOB €MKOCThIO 1 0 Mk®P, KOTOPYIO MOMKHO ORLIO
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OBl IPHCOEAUHUTD K MCTOUHHKY TOKa Hanpsxenuwem 2,0 kB. Cxoabko

HYJMHO JJIA 3TOro KOHAEHCATOPOB M KaK HX COGJIHHHTL? Ila'rb cxemy |

COaMHEeHUA.

17.80. Haiitu pa3sHOCTP NOTEHLMAJIOB MeXKAy Toukamu A u B
cxeMmbl, ©300paskeHHo# Ha pucyske 17.11. EMKOCTH KOHJEHCATOPOB
C1=0,56 Mmr® u Cy,=1,0 mg®P; 3C ucrounuros 7, =2Bu Z,=3 B.

17.81. Haility eMKocTh faTapeM KOHAEHCATOPOB, M306parKeHHOH
Ha pucyHKe 17.12, ec1u eMKOCTh KaKJAOTO KOHIeHcaTopa pasHa C.

17.82. B cxeme, nzobpaxkenHoll Ha pucyHke 17.13, nepBoHayaib-
HO BCe KJIYM DASOMKHYTHI M BCEe KOHJEHCATODHI He 3apfAXKeHHI.
3arem saMmuIKaloT KJaoun K1 u K2, a kmou K3 ocraercs pasoMK-
HyTeIM. CoycTsi Hekoropoe Bpemsa kKialoun K1 u K2 pasmbikalor,
a kiaou K3 sammixalor. Halitu sapsaa Ha koHaeHcatope CI mocie
YKasaHHBIX nepeKjaiodyeHuif. EMxoct KoHpeHcaTopoB u IIC mcrou-
HHKOB YKA3aHEI HA PpHCYHKe OYKBAMH.

17.83. Yemy paBHAa eMKOCTb CHMCTEMbI, €CJIH Memny oOKIaKa-
MH IJIOCKOTO KOHZEHCATOpAa BHOCHTCSI B OZHOM cJjiydyae IJIAaCTHMHA
M3 AMDNIEKTPMKA, & B APYTOM — IIACTHHA H3 nposoauuxka? Tox-
IMHA Ka’KAOH IJIACTHHHI DABHA IIOJIOBHHE pPaccTOSHMA d MexAy
‘OOKJIaAKAMHE.

17.84. HanpameHHOCTh NOJA 3apPAKEHHOrO IJIOCKOTO KOHAEHCA-
TOPAa ¢ PACCTOAHMEM MeKAy mniaacruuamu 6,0 cm pasHa 150 B/cm.
IlapannenpHo MJIACTHHAM B KOHAEHCATOP BHOCHUTCS He3apsAXeHHAs
MeTaJlJImdecKas njactuHa roamuuoii 1,5 cm. HaiiTn pasHocTs noren-
LMAJIOB MEXAY IJACTHHAMH KOHJEHCATOpA A0 M IIOCJie BHECEeHHs
MeTAJJINYEeCKO# IIIACTHHEI.

17.85. B ninockuit konzpencarop (puc. 17.14) noMeuiaior ABe MeTa-
JIMYeCKHe IJACTHHH HA DABHHIX PACCTOSHHAX M KOHIEHCATOP NOX-
KJI0YAIOT K HCcTOYHMKY ToKa DJIC Z. HaiiTn: 1) noTeHIHANE KaKA0H

U3 IJIACTHH; 2) IpUpalleHHe TOTeHIMAJOB HJIACTHH b M ¢ M HANpHA-

MKEeHHOCTH NOJIeH BO BCeX IPOMEXYTKaX, IIOCJE TOr0 KaK IJIACTHHEI
b ¥ ¢ Ha KOpOoTKOe BpeMs OYAYT coefMHEeHBI IIPOBOAHHMKOM, & TaKiKe
onpeResuTh, OYAYT JIM 3apAABl HA IJacTHHAX b M ¢ RO M mocie
3aMBIKAHWUA M YTO INPOM30iiZeT mpH BTOM C 3apAJAMM IJIACTHH
aud.

17.86. B miocKMil KOHAEHCATOP ¢ MJIOUIAABIO ILJIACTHMH S M pac-
CTOSSHMEM MeKAY HMMH d BABHTAETCH AMIJIEKTPHUYECKAS IJIACTHHA
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ronmunoil h (h<<d) musaexkTpudeckoll mpoxHmuaemocrbio g,. C 1o-
MOIIBI0O MCTOUHHMKA TOKA MEXKJY ILJIACTHHAMM KOHAEHCATOpa MOAAED-
JKHUBaeTCA ITIOCTOSTHHAA DABHOCTH mnoTeHnuasoB U. Haiitu eMKocTs
KOHJEHCATOPA B 3aBUCHMOCTH OT TOJIIWHLI /i BIBUIaeMoOil IJIaCTUHBI
¥ HaIPSAXXeHHOCTh 3JeKTPHYECKOr'0 10Js B BO3AYIIHOM K| u guajekT-
pudeckoM E; cyosix, & Take HAIPAMKEHHOCTb IIOJS B OOOUX CJIO-
fAX, eCJM KOHAEHCATOP CHAYAaJa OTKJIIOYAETCS OT MCTOYHHKA TOKa&
U TOJBKO IIOCJIe DTOrO B KOHAEHCATOP BABHraercs yKasaHHAS IH-

. dJIGKTPHYECKadA IJIaCTHHA.

17.87. Mexy NJIaCTHHAMM HAKOPOTKO 3aMKHYTOTO IIJIOCKOTO KOH-
JeHcaTopa IOMECTHJIH MeTaJIMYeCKYIO IJIaCTHHY ¢ PaBHOMEPHO pac-
npeAesieHHBIM 3apanoM @. IlnacTHHYy MejpJieHHO NepeMelialoT Ia-
pajnenbHo camoii cefe Ha paccrosnue x (puc. 17.15). Kakoii sapag
IPOXOAMT NpPH TOM II0 BHeImHell IlemM KOHAeHcaTopa, ecJH pac-

. CTOSIHME MeKJY IJIACTHHAMHu paBHO d?

17.88. Mexay NJacCTHHAMH HAKOPOTKO 3aMKHYTOTO ILTOCKOTO KOH-
AeHcAaTOpa HAXOAUTCA TOUYEUHBIH 3apan Q. Ilnomaab naactuH 6ecko-
HEYHO BEJIMKA, PACCTOAHMEe MeXXAYy HHMHU paBHO d. IlepBoHavasBHO
3apAX HAXOAWUTCA Ha paccroauuu d/3 oT JseBoil nnacTuHm. Kakoit
3apdj NpoifeT MO MPOBOAHMKY, 3aMBIKAIOLIEMY NJIACTHHBI KOHZEH-
caTopa, IpH IepeMellieHHH 3apsijfa @ B HOBOe IIOJIOMKEHHe Ha pac-
crosHuM d/3 oT mpaBoif mAacCTHHH?

17.89. Ilnockuii KOHAEHCATODP C PACCTOAHMEM MEXAY INJIACTHHA-
ME d=1 MM 3apsixeH Ao Hanpstoxkenns U=1 kB. Halitu cuay
nsanmongﬁcwnna MEXAY NJACTMHAMH KOHAEHCATOpa Ijowmankio S=
=50 cm”.

3nepma JJCKTPHYECKOr0o noJsa

17.90. [IBa npoToHa M ABA MOZUTPOHA, NEPBOHAYAJHHO IOKOMB-
mMecs B BepIIMHAX KBazpatra co cTopoHoiM a (puec. 17.16), pas-
neralorca. OTHomeHnuwe HX Mace my/my=200, a 3apaAgsl ozMHAa-
xoBbl. HaiiTH oTHOINeHHe CKOpocTreil NPOTOHOB M IO3UTPOHOB IOCHE
pa3jiera (Ha GeCKOHEYHOCTH).

17.91. Ha pucyuxe 17.17 usobpakeHa KanejbHad a.nex'rpoc'ra-
THYeckass mamuHa (reHepatop KensBuna). M3 Tpy6Gkm B nosasrit
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UB0JIMPOBAHHBIN MeTaJI/IMUECKHH map paguycoM R magaioT Kalju
BOLBI, 3apsiXKeHHBIe [0 MOTeHHMasaa ¢, Kak saBucuT npeaeabHbIH
TIOTEHIIKAJ, 4O KOTOPOr0 MOMeT 3apAAUTHCA 1ap, OT BLICOTHI Haje-
HHUA Kallelb, eCJIH pajuyc Kamau r?

17.92. Ha meTasidvecKuii M30IMPOBaHHLIY mapuk paguycom R
HAIPABUJIHM IIYYOK 3APSAKEHHBIX YACTHI[, HMEIOIUX MAcChl M H 3apd-
oel @. CKOPOCTH YacTHIl, HAXOLAIIUXCH OYEHBb LAJIEKO OT IIADHKA,
PABHBI Vo ¥ HAIIPABJEHE! K €ro NEeHTPY. CKOJLKO YaCTHIl, CMOMXKET JOC-
TUTHYTh IIOBEPXHOCTH INADWMKA, €CJAM IpH IONAJXAHMH HA ILIAPHUK
4aCTHIA <«IPHJIKIIaeT» K HeMy?

17.98. JIBa oAMHAKOBHIX TOYEUHHIX 3apfAfa @, HaxoAslIMeCH Ha
KOHIAX OZHOro auamerpa (puc. 17.18), ABMMKYTCA IO OKPYKHOCTH
paguycom R Bokpyr sapaza Q. Haiitm yriosyo CcKOpoOCTb [BH-
JKEHHA 3apAfoB @ ¥ OTHOmEHHe Oo0uieli KHHeTHYecKOH YHepPruu
3apAXOB K IOTeHIMAJIBHOIM, '

17.94. B ogHOpPOZHOE DJIEKTDHUYECKOE IOJe HANPAKEHHOCTHIO E

TIIOMEIeHhl BAOJb OZHOM M TOif ke CHUJIOBOM JIMHMM HENOABHIXHEIN -

3apAj -+ @) ¥ Ha pACCTOSAHMM [ OT Hero 3apAKEHHBINH LIAPDHK Mac-
coli m u sapagom -+ Q: (puc. 17.19). llapuk ormyckaior. Kakyio
MAKCHMAJIbLHYIO CKOPOCTH OH IOJYYHMT, JABUTAACH BJAOJbL CHJIOBOM
JTUHEENA?

17.95. IlnacTHHHE H30JHPOBAHHOTO TJIOCKOr0 KOHAEHCATOPA MeEJ-
JICHHO pAa3ABUTAIOT TAK, YTO' €MKOCTH ero MeHserca oT €, mo (s
(C;>C;), npudyemM mnose MexXAYy IJACTHHAMH BCe BpeMs ocTaercH
oxHOpPoAHBIM. KaKkyo paGoTy nmpoTHB 3JIEKTPHYECKMX CHJI cCOBepmiaT
BHeillHMe CHMJIK, €CJIH 3apAj KOHAeHcaTopa Q7

17.96. Ilnocxkuii BO3AYIIHEIA KOHAEHCATOP C pacc'rosnmem MeX Y
naactuaamu d=5 cM u Iuromaaso miaacrna S=500 cm? moacoe-
AuHeH K HCTOYHHKY ToKa IJ[C ¥ =2 kB. IlapaanensHo miacTuHaMm
B KOHAEHCATOP BBONUTCS MeTAJIIMYEeCKas IUJIACTHHA  TOJIIMHON
h=1 cm. Kakyio paGory coBepmaeTr MCTOYHMK TOKa?

17.97. Haiitu  mexaumuueckyi0 paboTy, COBEPIUIEHHYIO 3JEKTpH-
YeCKMMH CHJIAMH NIPH NOBOPOTeé DYYKH HACTPOUKHM KOHJEHcaTopa
flepeMeHHON eMKOCTH, TOAKJIIOUYEHHOr0 K HCTOUYHHKY ToKa ¢ IJIC & =
=300 B, eciu emKocTh ero usmensercda or C;=10 mxd gmo C,=
=100 Mx®.

. 17.98. _I'I.nocxni«i BO3AYIDHEIN KOHAEHCATOP eMKOCThIO C;=1 Mr®D"

3apAAMAH A0 pasHocTH NoTeHnuanos U;=300 B u oTkIOUMIM
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OT HCTOYHHKA HanpsakeHUA. Kaxyo paGoTy IpOTHB 3JIeKTPHYECKHX -
cux’ Heo6XOAMMO COBEPIIUTh, YTOGH YBEJIWYHTH PACCTOSHHE MEKIY
nIacTHHaM¥ KouJenHcaropa B 5 paa? KakoBa 6yper mocjie’ 2TOro
pasHoCTh HoTeHUuasoB U, MexAy miacTMHaMH?

17.99. Ilnockuil BO3AYIIHBIY KOHAEHCATOD HAXOAMTCSA BO BHEII-
HEM OJJHOPOJHOM 2JIEKTPUYECKOM II0JIe HAIIPHKEHHOCTHIO E M pacmno- -
JIO¥eH NePNeHAMKYIAPHO CHJIOBRIM JMHMAM nons (puc. 17.20). Ilno-
mazxpb Kamgoll M3 miaacTuH S, MO NJIACTHHAM DaBHOMEPHO pacipe-
geqeHnl 3apAfll + @ H —@Q, paccTosHMEe MeXAY IJacTHHaMHu d.
Kaxyio paGoTy NDOTHB 2J1eKTPHYECKUX CUJI HYMKHO COBEPIINTDH, YTOOBI
TIOBEPHY Th Konnenca'rop Ha 180° BOKpYr OCH, TepIIeHIHKYJIAPHOH
BEKTODY E?

17.100. Ha c(bepnqecrcoﬁ o6oJiouke paguycom R paBHOMepHO
pacupefiesies 3apag @. Ucnoabays 3aKOH cOXpaHeHUA BHepPrum, HaiiTu
3JIEKTPUYECKYIO CHJY, NPUXOAAIIYIOCH HA eIMHMLY IIJIOIIAXHU 060-
JIOYKH,

17.101. [IBe KOHIEHTpPHYECKHE cd)epnqecrcue TIOBEPXHOCTH, HAa-
XOLAIIMecA B BaKyyMe, MMEIOT DAaBHOMEDHO pACIpPeAeieHHbIe OXU-
HaxoBele 3apagnl @ =3 mMxKiu. Paauycm sTux mosepxsocre#t R =
=1 ™M ¥ Ry=2 M. HaiiTu 5Heprui0 3JEKTPHUECKOrO IOJA, 3aKJIO-
YeHHOro MeXAy »THMH chepamu.

17.102. Kax u3MeHAIOTCA eMKOCTh C, pPa3HOCTh NOTEHIMAJIOB
¢ —¢@:=U Mexay niacTHHaMM H dHeprus NoJsa KoHgeHcaTopa W
IpH yBeJWYeHUH (YMEHbINEeHMH) DACCTOAHMA d MEXKAY NIACTHHAMH
KOHJieHcaTopa, ecjaM: 1) KOHAEHCATOP 3apAAHJM H OTKJIOUYMJIM OT
HCTOYHMKA IIOCTOAHHOI'O HAIPAKEHHA; 2) KOHAEHCATOP NOAKJIIOYEeH
K MCTOYHHUKY IOCTOSHHOIO HANPAKEHHA? Oﬁmacnwrh IPHYNHY H3-
MeHenusas C, U u W,

17.103. JIsa xoageHcaTopa eMxocThio C, u C; aapsmcenu IO pas-
HocTe#t notTeHumanoB Ag, M Age (Ag = Ag;). lokasaTh, 4TO NIPH nAa-
paJIeIbHOM COEAVHEHHMH STHX KOHJAEHCATOPOB MX O6IIas 3JIeKTPO-
CTaTUYeCKAd 2HepruA yMeHbmaercd. O6bACHMTH, MOYEeMY NPOHCXO-
AUT yMeHbIlleHHe SHeprHHu.

17.104. IBa koHpgeHcaTOpa eMKOCTHIO C1=2 MKP u C.=3 MKRD

'c eAUHHIH MOCTAEeNOBATENLHO U 3APAXUIN KO PA3HOCTH TOTeHUUAIOB

U=1 kB. Kak u3MeHHTCA SHEDPIrHAf CHCTEMEI, €CJH ee OTKJIOUYUTH

i ottt

— a —//
‘ Trrrrnt

Pune. 17.19 Puc. 17.20
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OT MCTOYHHKA HAIPAXKEHHA U OJHOHMMEHHO aapax'ce}mme OOKNIaAZKU
KOHAEHCATOPOB COCAHHHUTH NapaJJeibHO?

17.105. B mDpoCTpaHCTBO MEXKAY NIACTHHAMH. IJOCKOTO BO3AYII-
HOrO KOHJEHCATOpa BBeJeHa KaIJid Macja, uMelomas 3apias Q=
=3,2 aKa. OupepenuTts cuiay, AeHCTBYIOILYIO CO CTOPOHBI 3JIEKTPH-
YecKoro moad Ha 5Ty KalJo, M SHEpruio B efuMHHIE 06bema aTOro
NOJA, €CJH PpAaCCTOAHHe Mexay nnactuHamd d—=6,0 MM B K HHUM
NpHIOKEeHa pas3HocTh IoTeHunuasos U=360 B, noajepxkuBaeMasn
ucrounukom IJC.

17.106. Ilocne BAPANKH [0 PABHOCTH no'reHIJ;na.non U=1,5 kB
MJIOCKKH BOBAYUIHBIH KOHAEHCATOP C PAcCCTOSHHEM MEKAY IIaCTH-
Hamu d=2,0 cM u njomazas miacrua S=10,20 M° KamAasd OTKJIO-
4aIOT OT HCTOUYHMKA TOKA M YBEJMUYUBAIOT PDACCTOAHHE MEXAY Ijac-

THHAMH BABoe. OnpemenuTts paboTy, coBepliaeMyi0 IPOTHUB CHJI MOJS .

IO Da3ABUIKEHHUIO IIJACTHH, X IIJIOTHOCTh YHEPI'MH BJEKTPUYECKOro
IIOJIA KOHAEHCATOpa OO0 M IOCJIe PasABUIKEHMS NJACTHH.

17.107. TInockmit KOHAeHcCATOp C IJOImAZBI0 miacTuH 20 cm?
Kaxaas M DACCTOSHHEM MEKAy HUMH 3 MM  3alloJIHEH JUJJIEKTDH-
KOM JHBJIEKTPUYECKOH IpOHMIAeMOCThI0 £=3. HaliTu eMKOCTbH KOH-
IeHcaropa; 3apaj, KOTOPEIH He06X0AMMO COOGIINTE, YTOGHI 3aPAAUTE
KOHAeHcaTop Ao HanpsxeHus 300 B; uameneHue HanpPSAKEHUA KOH-
ZeHcaTopa, ecJH B 3aPAKEHHOM COCTOSHMH (OH OTKJIIOYEH) U3 HEro
BEIHYTE JAH3JEKTPHK; DHEPrHI0 IIOJIA KOHJAEHCATOpa IIPHM HAJHUMNHU
ZU3JIEKTPUKA U Ge3 Hero.

§ 18. MOCTOSHHDBIA 3NEKTPUYECKMHA TOK

de
dt’

Cuna toka: I=

3axkoH OMa I8 HEOLHOPOAHOTO yJacTKa I[eNH:

RURS
I=
R12

rage U, — HanmpsaXKeHMe HA ARHHOM YyuacTKe uenu, R,; — cymma
BCEX CONPOTHUBJIEHMI yyacTKa.

IIpaBuna Kupxroda ang pasBeTB/IEHHBIX lemeii:

1. Aare6paMyeckada cyMMa CHJI TOKOB, CXOASIIMXCHA B Y3JIOBBIX

n .
'rOtncax, ‘paBHa HYyJIO: ZIk=O. ToxM, HNpPHUTEKAOIIAE K Y3JOBRIM

TO‘IKaM, CUUTAIOTCA IOJIOMKUTEIbHBIMH, BEITEKAIOLIHe — OTPHIATE/Ib-
HBIMH, HJIKM HaoGOPOT.

2. Ina mo6oro 3aMKHYTOTO KOHTYPAQ, NMPOU3BOJIBHO BHIGPAHHOrO
B CJIOMHOM LienH, ajrebpamueckad cyMMa IIPOM3BEAEHUH CHUJI TOKOB
I, Ha compoTHeieHHe R, COOTBETCTBYIOLKMX Y4YACTKOB IIeTIM paBHA
anre6paudeckoit cymme Bcex IJJC, AelicTBYIOIIMX B BTOM KOHTYype:

b=t

104

Jana pemieHus sazayu BeIGHpaeTcad IPOM3BOJIbHOE OIpefeJIeHHOe
HapaBJjieHHe 06X0Aa KOHTYypa (HampHMep, II0 HMJIM IPOTHB YaCOBOH -
crpesku). Bo BceX ydyacTKax IEemHM NPOH3BOJHHO BHIGHPAIOTCA Ha-
npaBiieHHa TokoB. Tokm, coBmagarompume ¢ BHIOpAHHBIM HAallpasJe-
HHeM 06X0/a, CYNTAIOTCA IOJIOKHTEJIbHEIMH, IIPOTHBOIIOJIOMKHEIE 9TO-
MY HaNpaBJIeHHI0O — OTpHIATEeNbHEIMH. JJ[C HCTOYHHKOB TOKa CYH-
TaeTcAd MMOJIOKHUTENBHOH, €C/M OHA YBEJIUYMBAET MOTEHUHAJ B Ha-
npasBjIeHHH 00X0fa KOHTypa.

MomnocTs, pasBHBaeMasi TOKOM Ha PaccCMaTPHBAEMOM Y4YacTKe
e :

P=U,,l.
3axon Ixoyna — Jlenna:
Q=1I’Rt.
3axom Oma

18.1. Cuza Toxa B MeAHOM npoBojAe cedeHneM S =1 mm?, I =10 MA.
Haiitn cpefHIO0 CKOPOCTh (V) YNOPAXOYEHHOrO ABUKEHHUA BJEKTPO-
HOB BJAOJIb IIPOBOJHHUKA, €CJH CUHTATH, YTO HA KAMJIBIA aTOM Memu
NPUXOAUTCHA OAMH DJIEKTPOH IPOBOAMMOCTH. ATOMHAaf# Macca MeaH
A =63,6, mrornocts p=8,9 r/cm.

18.2. B reuenne 20 ¢ cuia TOKA pPaBHOMEDHO BO3pacrajia OT
0 no 5 A. Kaxkoii aapan 6uia nepeneceH?

18.3. B npoBOZHMKe IJIOUAABIO IOIE é)etn-toro ceuenns S=5 cm’
M YMCJIOM CBOGOAHBIX BJIEKTPOHOB o= 10’ cm~3 cusa Toka I =10 A,
OnpesennTs HANPABJIEHHYIO CKOPOCTb 3JIEKTPDOHOB U, CUMTAA €€ OJH-
HaKOBOM AJ1 BCeX BJIEKTPOHOB.

18.4. Onexrpuveckan menk (puc. 18.1) COCTOMT M3 MCTOYHMKA
TOKA ¢ BHYTPeHHMM conporusjenneM 0,2 OM uH BHemIHero coIpo-
tuBjierusa 12,0 Om. Halitu cuixy Toka Bo BHemHelt uenu, IC
HMCTOYHHKSA, €CJH BOJHTMeTp MokaskiBaer 120 B; compoTHuBJIeHHe,
KOTOpOe HEOOXOAMMO MOAKJIOYHTH BO BHENIHIOIO LieNnb, YTOGHI MOJIY-
YNTh OT JTOr0 MCTOYHMKA CHJIY TOKa 1 A, a TakXe CHJY TOKa
B IleNd M IIOKA38aHME BOJBHTMETPA NP KOPOTKOM 3aMEIKAHMH HC-
TouHnka. ConpoTHBJIEeHUEeM BOJbTMETpA IpeHeGpeus. )

18.5. Barapea Hu3 ABYX mapajjleJIbHO COeAMHEHHEIX MCTOYHM-
koB ¢ IC 2,0 u 1,8 B u BHyTpeHHUM comporuBiaeHuem 50,0 MOm
Ka’KABI# 3aMKHYTa IPOBOAHMKOM conpoTubieHdem 2,0 Om. Haiitu
CHJIy TOKa B HPOBOAHHKE M B KAXXJAOM HcTOYHuMKe. Paccmorpers
AJIA caydas MOCJEJOBATEJLHOTO COeAUHEHUM.

18.6. Kaxoso nmoxasanue Boabrmerpa (puc. 18.2), eciiu ¥, =1,8 B,
Z:=2,1 B, rn=0,1 Om, rs=0,2 OM? Cunoif ToKa B BOJIBTMETDE
¥ CONPOTHBJICHHEM COEANHEHHEIX NMPOBOJOB npeHeGpeyub.

18.7. A3 mepHoil npoBosioKK AJauHOH [=120 M n nomAABIO -
monepevyHoro ceuenus S—24 MM’ HamoraHa KaTymka. Haiitu mpm-
pallleHHe COIPOTHBJIEHHS KATYIIKH IIPH HarpeBaHMM ee oT i =20°C
Ko to=T0°C.
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Puc. 18.1 " Ppe. 18.2 . Puc. 18.3

- 18.8. Hafitn TeMmnepaTypy HUTH BOJAbGPAMOBOM JIAMIIH HAKAJIHU-

.BaHHUA B paﬁoqu COCTOAHNH, €CJIM HN3IBECTHO, UTO COIIPOTHBJIEHHE

HHTH B MOMEHT BKJIOUeHMS npu temneparype 20°C B 12,6 pasa
MeHbIle, YyeM B paBouem cOCTOAHMH.

18.9. K xoHTypy, cocrosmemy us peaumcropoB R1 u R2, R3 u
R4 (puc. 18.3), B Toukax A u B NOAKJIIOYEH MCTOYHHUK ITOCTOAH-
Horo HanpsyxeHud U, a B Toukax C ¥ D — BHICOKOOMHEI BOJIETMETP.
Kakyo pasHOCTP IOTEHLMAJIOB IIOKAXKET BOJBTMETD?

18.10. Ha pucynke 18.4, a u 6 n3o6paedsl ABe 3JIEKTPHUYECKHE
LNy, COCTOSIIMEe M3 DPEe3UCTOPOB C M3BECTHBHIMM COIIPOTHMBJICHHSIMH
R u 2R u pe3ucrop HeM3BeCTHOrO COIpOTHBIeHM# r. Ilpm Kaxkom
3Ha4YeHMU I' COIIPOTHBJIEHUSA 06enx uenelf, UaMepeHHLIe MeXAY TOUKA-
Mu A u B, okaxyrcs ONMHAKOBHIMM H KAKOBO HpPH STOM OyJeT
ofIiIee CONpoTHBJIeHHE Iemneii?

18.11. K 6arapee ¢ 9[IC ¥ =9 B u Hen3BeCTHHIM BHYTpEH-

HUM CONPOTHBJICHHEM MNOAKJJIOYEHBI IIOCHIEAOBATEIBHO aMIEepMeTp M

BoabTMeTDp (puc. 18.5). Conporusienus npuGopos nHenssecTHH. Eciu
NapaJsijieIbHO BONLTMETPY BRJIIOUUTh IIPOBOAHHK HEM3BECTHOI'O CONPO-
THBJIEHHUS, TO NIOKA3aHHe aMNepPMeTpa BABOE YBEeJIHMUYHUTCS, & IOKA3A-
HHe BOJLTMETDPA BABOE yMEeHbIINTCA. KaKUM cTaHeT NOKA3AHWE BOJLT-
MeTpa IOCJe MOAKJJIOYeHHSA MPOBOAHHKA?

18.12. HaitT ofllee COMPOTHBJEHHE YUACTKA LM MEXKAY TO4Y-

=0

O

Puc. 18.4 ' -
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Puc. 18.5 ‘ Puc. 18.6

rkamu A um D, uzobpaxkeHHoro Ha pucyuxe 18.6, ecoim R, =0,5 Om,
Ry;=1,5 Om, R3=R,=Rs=1,0 Om, R;=0,7 Om. Conpo'msneHHeM
COEeMHUTENbHBIX ITPOBOJOB IIpeHeGpeydb.

18.13. Haiitu o6iee COnpOTHBIIEHME YUYACTKA IEIH MeXAY TOY-
kamu A u B, uso6paxceHHoro Ha pucyuxax 18.7, ecan CONIPOTHBJICHIE
KaXJgoro IpoBOogHUKA paBHO R.

18.14. BetuucauTh ob1iee CONPOTHBISHNE yYaCTKA Ieny, n306pa-
sKeHHOTO Ha pUcyHKax 18.8, ecsm conmpormBienme R=1 Om.

18.15. HaiiTt o6mee compoTuBnenue R, yuacTka- Lenu, CORep-
samiero 6ecKOHeWHOe 4HCJIO -TPOBOAHMKOB (puc. 18.9) compormsie-
HueM R xaxabii,

18.16. Yro nokaxxer ammnepmerp B cxeMe (puc. 18.10), ecau
Ry=R;=R;=10 Om, R,=15 Om, Z =30 B? Conporuienmne amiep-
MeTpa OYeHb MAaJjo.

18.17. Ina nuTaHusa npuGopa HANpPSKEeHME HA €ro BXofe HYKHO
YCTAHABJHUBATE KAK MOMKHO TOYHee, J[JIf. DTOr0O HMCIOJL3YIOTCS HBA
peocraTa, cOeAHHEHHBIE TAK, K&K NOKAa3aHO Ha pucyHKe 18.11. [lmuHN
PEOCTATOB OAWHAKOBEI, & COMPOTHRBIEHMEe OZHOro w3 Hux B 10 pas
Gonbie conpoTuBNeHus Apyroro. Kax mocrymurh, 4To6Hl yCTaHOBUTH
HanpsKeHne KaK MOYKHO TouHee? Bo CKOJIBKO pa3 TOYHOCTh YCTAHOBKH
HanpsaxeHus Oygmer GoJiblle, 9eM B TOM cCJy4ae, KOrJa MCHOJb-
3yeTcsa NUIObL OAMH peocTaT? Kak ciexyer BKJIIOYMTH PeOCTATHI,
eclH AAA NHTAHUA NpHUGOpa HYKHO YCTAHABAMBATE KAK MOXHO
TOYHee He HAIIPAXXeHHe, & CHUJY TOKa? :

18.18. IIpn kakoM YCJIOBHUM 4UepPe3 IPOBOLHUK conpo'mn.nennem‘ o
R, mopgxmioueHHBI# B Toukax A ¥ B (pmc. 18.12), me 6yger
uATH TOK? BHYTpeHHMM COINDOTHBJIEHMEM HCTOYHHMKOB npeHelpeusb.

18.19. B uenu (puc. 18.13) # =38,0 B, r=0,8 Om, R, =0,6 Om,
R;=2,0 Om, R;=8,0 Om. Halitu cuisl Toxka B R1, R2, R3.

18.20. B uenm (puc. 18.14) Teuer mocTOAHHHIN Tok. Kilou K
pasMuIkaioT. Yepes KaKoe NIPUGINBNTEIHHO BpeMs 3apAJ Ha KOHACHCA-
Topeé ymenbiinTca Ha 1/1000 cBoero mepBOHAYAJIHLHOTO 3HAYEHMA?

18.21. Kongencarop emrxocrsio C=10,0 MkP BrJIOYeH B Iienb
nocrogHHoro Toka (puc. 18.15). OnpenesnTh M3MEHEeHHe 3apAAa HAa
KOHJEHCaTope mocjie 3aMBKaHHA kKJaoua K, ecum R 1=2,0 Om,
R;=R,=1,0 Om, R3=5,0 OM, ¥ =10,0 B
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18.22. Haittu sapaz Ha KouJeHcaTope eMKocThIO C, ecqid B LenH
(puc. 18.16) Teuer mnocTosHHHI# TOK. HamnpsaxeHde Ha KJeMMax
U, conporuBienus B uenu R, u R,.

18.23. Hmeerca Garapea ¢ 9C Z =100 B u BHyTpeHHUM CO-
nporupienueM r=2 Om. Ha Harpyske Hy:XHO MOJYYUTBH HAIpIKE-

Pnec. 18.10

Puc. 18.9
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R A R B R2

- R R2
4

G

Tpudop

Puc. 18.11 Puc. 18.12 Pac. 18.13

Hue U=20 B, npuuyemM u3MeHeHHe CONPOTHBJIEHHS Harpysku R or
50 mo 100 OM goskHO BHI3BIBATH U3MEHEHHEe HANDAYKCHHS Ha Hel
He Oonee uem Ha 29%. CocTaBHTh TNPOCTYI0O cXeMy AJA HNUTAHUHA

Harpy3KH H pacCCUHTaTh IIapaMeTphl 3TOH CXeMBl.

18.24. Onmpegenurs cuay ToxKa Ha yuyactke AB (puc. 18.17).
3AC mcrounnra % —20 B, BHyTpeHHee conmpoTupjieHne r=1 Om,

- moreHuuansl tTouek A u B ¢,=15 B u ¢3=>5 B, conpornBienne

mpoBofoB R =3 Om.
18.25. [IBa oxMHAKOBBEIX BJIEMEHTA COCAHHEHBI MEXKIY c06oif Tak,

KaK NMOKa3aHO Ha pucyHkax 18.18, a u 6. OnupefenuTs HaOpAXKEHUE
MeXAy ToukKamMu A u B. '

18.26. Hafitu cuay TOKa uepes mnepembldky ab (pumc. 18.19),
€CJIM CYHTATB, YTO COIPOTHBJICHUE NMEepPeMbIYKH, TOABOASAILINX IIPOBO-
JOB M BHYTPeHHee COIIpOTHBJEeHHe 6aTaped NpeHeGpPEeKHMMO MAJIBL

18.27. K ogHOMY KOHLY ABYXIIPOBOZHON JHMHHUH NEpefaydH 3JEKT-
POBHEPTHH NMPHCOSAUHEH HCTOYHUK nmocroauHol 3J[C, a k gpyromy —
norpe6GuTess cONPOTHBAEHHUEM Ry. B AMHMM NPOH3OUINIO NOBpEXKACHHE
H30JALMU, B DE3YJBTATE Yero cHMJa TOKA B HCTOYHHKE BO3pOCJA
B 2 pasa, a cuna TOKa B Harpyske R, ymana B 8 pas. Haiitu
COIIPOTUBJIEHHE M30JMALNU B MeCTe NOBPEKACHUSA, CAN AJHHA KaxK-
JOro INpoBOAa JIUHUM paBHA [, & CONPOTHBJEHHE eRMHUIL [JIHMHEI

NpOBOJAAa PABHO p.
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TIpaswna Kupxroda

'18.28. Kak Ha MOCTHKe YHTCTOHA M3MEPHTH COIPOTHBJIEHHME
rajJbBaHOMETPA, KOTOPHI OGHIYHO BKJIIOYAIOT B AHATOHAJL MOCTHKA,
He NOJb3yACh BTOPBLIM rajbBaHomMerpom? BHYTpeHHHM cOmpOTHBIIE-
HHMEeM HCTOYHHMKA IpeHeOpedb.

18.29. Haiitn cuny TOKa B KaxJ0odl BETBHM MOCTHKA YHTCTOHA
(puc. 18.20), ecom IJAC ucrounmka ToKa % =2 B, R =30 Om,
R;=45 OmM, R;=200 OM u rajJnBaHOMETD IOKashiBaeT CHJIY TOKa,
PaBHYIO HyJI0. BHyTpeHHAM CONMPOTHBJICHHEM HCTOUYHHKA NIpeHefpeys.

18.30. B nneun moctuka YurcroHa (puc. 18.21) BKIIOYEHEI pe-
SHCTODHlI ¢ WU3BECTHBIMH conpoTtusieHusmu Ro, R;, R, m K Hemy
npujioxeHo Hanpskeane U. HafiTu comporuBienue R, eciu rajabea-
HOMETD COIIPOTMBJIEHHEM I MOKA3RIBAET CUJIy TOoKa I, Bny'rpemmm
COIPOTHBJICHUEM MCTOYHMKA MpeHebOpedb.

-18.31. B nyleun MOCTHKA YHTCTOHA BKJIOUEHH JBe€ JIAMIIKI OfH-
HaKoBo# MomHocTH (puc. 18.22), paccumraunbie na 110 B u 220 B
cooTBeTcTBeHHO. HaiiTH oTHOImeHne compoTuBiaenuit R,/R; nney npu
YCJIOBUM pPaBHOBECHA Moc'm:ca, npeHeGperasi BHYTPEHHUM COIIDOTHB-
JeHreM MCTOYHHKA.

18.32. B nenu (puc. 18.23) Halitu cuay TOKa B KamAOH BeTBH,
ecin 3/1C MCTOYHMKOB TOKA paBHEH Z ;=1 B, Z:=3 B, Z#3=5 B,
a conmporuBjeHMa R, =2 Om, R;=4 Om, R;=2 Owm. BHyTpemmM
'COIIPOTHBJIEHHEM HCTOYHUKOB NpeHebGpeub.

18.33. Haiitu cusy Toxa B Hemu (puc. 18.24), ecam y kampmoro
anemeHTa IIAC 2,2 B u “BHyTpenHee comnpoTusienue 20,0 mOwm,
a R=Ry;=2,0 Om, R3=6,0 Om, R4;=4,0 Om u R5=0,9 Om.

18.34, Tlorenunuomerp conporunienuem R (puc. 18.25) Haxogurca
nop mampsxenuem U. Halitu wanpasxenue U, Ha Jamme conpo-
THBJeHHeM R; B 3aBHCUMOCTH OT BKJIIOUYEHHOM UACTH X IIOTEHIIHOMET-
pa. BuyTpeHHuM comporHBJeHHeM GaTapeu IpeHebpeds.

18.35. HaiiTu cuay TOKa B KaKAOM u3 dJeMEHTOB (puc. 18.26),

BHYTPeHHHME COIIPOTHUBJIEHHA KOTOPHIX OAMHAKOBH KM paBHH 0,3 Om, .

eciu ,=1,3 B, €:=1,4 B, ;=1,6 B, R=0,6 Om.
18.36. HaiiTu cuny TOKa rajbsaHOMeTrpa, BKJIIOYEHHOTO B lemnb
(puc. 18.27), npenebperasn BHYTDEHHUMH COIIPOTHBJIEHUAMH dJIEMEH-
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T0B, ecm #,=2,0 B, €.=1,0 B, R,=1,0 xOM, R;=500,0 Om, -
R3;=R;=0,2 xOm.

18.37. HaiiTi cuay TOKa rajbBaHOMETpa, BKJIIOYEHHOrO B Ilienp -
(puc. 18.28), ectu F 1= 2=1,6 B,r;=r,=0,5 Om, Ri=Ry=2,0 Om,
R;=1,0 Om, R,=3,0 Om.

18.38. B cxeme (puc. 18.29) usBecTHml cuaa ToKa I, M compo-
TUBJIeHUA BceX peaucropoB. Halttn IJIC Garapen, npeneGperas ee
BHYTPEHHHM COIPOTHBJIEHHEM.

18.39. HailiT cune Toxa BO BceX ydacTKax uenu (puc. 18.30),
ecim F =24 B, Z:=18 B, R, =20 OM, R;=R;3=2 Om. Bny-rpeﬂnnm
COIIPOTHMBJIEHUEM HCTOYHHMKOB IIpeHeGpeub.,

18.40. Tpu ucrounuka ¢ 3IC ¥#,=10,0B, #:=5,0 B, #3=6,0 B
¥ BHYTPeHHHMH conporusiexuamMu r;=0,1 Om, ro=0,2 Om, rz= "
=0,1 OM coeau:ieHHl, KAK TIOKA3aHO HA pHUcyHKe 18.31. Onpezenurs
HaIIpAKeHHe HA PpesucTopax conpomsnennamn R,=5,0 Om, Ro=
—1 0 OM, R3—3 0 OmMm.

18 41. Haittu cuaml Toxka Bo Bcex yuacTtkax nemy (puc. 18.32),
ecoim #,=20,0 B, #,=33,0 B, r=0,2 Om, ro=0,5 OM, R, =
=0,8 Om, Ro=2,0 Om.

1



/s _R2

6 R
HL'—'E-'J—.
62 R | -—Gz—l —se
63 R3 I

Puc. 18.31 Puc. 18.32 ‘  Puc. 18.33

18.42. OnpegenuTh CHJIBI TOKA BO BCEX YYACTKAX Ilemu (pHC.
18.33), ecin 7, =27,0 B, #,=380,0 B, r; = 80,0 MOm, r,= 50,0 mOm,
Ri=R;=R;=8,0 Om, R;=1,97 Om, R;,=2,95 Om, R;=12,0 Om,
R;=1,20 Om.

18.43. Haiitu cuay Toka B memu (puc. 18.34), cunnl Toka B
OTAENBHBIX BETBAX IEeNM U SKBUBAJIEHTHOE COIIPOTHUBJIEHHE IIPHU pa-
30MKHYTOM M 3aMKHYTOM KJiode, eca R =Ry;=10 Om, R3—3 Own,
R,=6 Om, =18 B. BuyTpeHHMM CONpPOTHUBJEHHEM HCTOYHHKA
npeHeOpeun.

18.44. [Ipa ncrounuka ¢ 3C Z,=30 B, Z,=16 B u BHyTpeH-
HHMH COIIPOTHUBJIEHUAMHU 1| =1 Owm, ro=2 OM BKJIIOUYEHH! IIapaJljeb-
HO (puc. 18.35) u paforaloT Ha OGIIYI0 HATPY3KY COMPOTHBJICHHEM
R =25 OMm. OmpezesuTh CHUJEI TOKA BO BCEX BETBAX M MOIIHOCTb,
norpebaeMy0 Harpysxoi.,

[T

18.45. OmpesesuTh CHJABI TOKA BO BCeX YYACTKAX Ienu (puc. '

18.36) u MomHOCTB, PA3BHBAEMYIO KaXABIM MCTOUHMKOM TOKA4, €CJIH
Z,=6,0 B, ¥,=10,0 B, Z;=20,0 B, r,=0,2 Om, r,=0,2 Om,
r3=0,40m,R,=19,8 Om, R;—45,8 Om, R;=100,0 Om, R, =99,6 Om.

18.46. OmnpegesuTs CHJBI TOKA B OTHENbHEIX BeTBAX uenu (pHC.
18.37), eciu #,=130,0 B, ,=117,0 B, Rl—l 0 Om, R2=0,6 Owm,
R3;=24,0 Om.

18.47. Ecau moTeHmmajy aHoZa ¢pOTOSJIEMEHTA BHIIE, 4YeM II0-
TEHLHAN KATOAA, TO cHia TOKa dorosnemenra Io=10 MA (TOk Hachl-
HIEHNSA); B IIPOTHMBHOM CJIy4dae cHJa ToKa ¢oToanemenra pasHa 0.
IIpenebperass BHYTpEHHUM COIPOTHBJEHHEM MCTOYHHKOB, HAMTH Ha-
npsKeHUsT Ha (POTO3NEeMEHTaX B cXeMaxX, N306pasKeHHBIX HAa PHUCYH-
ke 18.38, ecain ,=0,1 kB, #,=0,2 kB, R, =1,0 xOmM, Ry=2,0 kOm,

R;=38,0 xOm, R;—4,0 xOM.

R2 R3

61 =62
(]

62 63

Puc. 18.34 Puc. 18.35 Puc. 18.36
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PaboTa ¥ MOIHOCTH TOKA

18.48. Kak m3 vuyeTnipeX TOHKMX IIPOBOJIOYHBIX cIHpajeil co-
nporusgenuamu 10, 20, 30 u 40 OmM, paccynTAHHBIX HAa MOIIHOCTH
He Gosee 2 BT Ha Kaxmoii, cocraBuTh HArpeBaTeJb HAUGOJbIIEH
BOBMOXKHOM MOIIHOCTH, -€CJIH MMeeTcd MCcTOYHMK Toka ¢ IC 20 B
M BHYTpeHHMM conporusieHnem 20 Om?

18.49. [Ins TOro uToOBI BKJIOUMTL JAMIY B CeTh HAIDPSAMKEHWEM,
COJIBIIMM HAIPAMXKEHUA, HA KOTOpPOe paccuKTaHa JaMIla, MOYKHO BOC-
moJib3oBaThesd cxemoil a uiau 6 (puc. 18.39). ¥V kakoil u3 sTHUX
cxem KIIJ] Brlnle, ecaiu B KaXAOM cJydae JlaMIma TODHT B HOp-
MaJIBHOM pexxume?

18.50. Jlammna, BKJIIOYEeHHAA B ceThb Hampaxenuem U, =200 B,
norpebGader MomHOcTs P=40 BT um ApKO rOpHT, ImpHUYeM TeMIie-
parypa Hutu t,=3000°C. IIpy BKJIIOUEHUH B CETh HANPMAKEHUEM
U,=100 B namna norpebaser MouHocth Py =25 Br u ene cserurca,
TAK KaK TeMIepPATypa HHMTH NpPH ITOM paBHA to=1000°C. Han'm
compoTuBJeHns R, uutu namnm npu remmeparype t=0°C.

18.51. Tox mouHoCTHIO 10 KBT He06x0AMMO NEpeAaTh 0 MEIHBIM |
nposoaaM Ha paccroanue 500 M npu Hampa:xerun 200 B. Onpe-
JeHTh He06X0AuMOe cedeHe NIPOBOJIOB, HANIPAMKEeHUE B HAYAJIe JIUHHHK
mepefiady ¥ MOIIHOCThL NOTePh B JIMHMMU, €CJ/IM HATPSAKEHUe Yy IOTpe-
OuTensa HMXKe YKa3aHHOTO Ha 5%, a NMOTepH HAUDPAMKEHMS B JUHUHN
He AOJIKHBI IpeBhImaTh 109,.

.18.52. TenepaTop mnocTrosguHoro Toka paspuBaer IJC 150 B u
JaeT BO BHEUIHIOI nenb cHay Toxa 30 A. OmpefejMTh MOLIHOCTD,
Pa3BUBAEMYIO I€eHEPATOPOM; MOIIHOCTh IIOTeph BHYTDH HMCTOYHMKA;
MomHuocTe norpeburena; KIIJ[ ucrounmKa, e€cJiM €ro BHYTpPEHHee
conporusnenue 0,6 Om.

18.53. Ha ropu30oHTaJBHO PACIIOJIOKEeHHBIH BAJ ABUTATEJISA PASHY-
COM I PaBHOMEDHO HAMATHIBAETCS HUTH ¢ I'Py30M Maccoifi m Ha
KoHIle. JIBHTaTeNlb NOAKJIOYEH K MCTOYHHKY HOCTOSIHHOTO TOKA C
OAC Z u cunoii Toka B nenmu J npu IIOJMHOM COIPOTHBJIEHHU LeNH
R. Yemy paBHO UHMCJIO 0G0POTOB BaJjia B CEKyHAY?

18.54. Xon0auAbHEK MOIIHOCTEIO P 32 BpemMf { IPeBPATHI B JeZ
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n AMTPOB BOJAK, KOTOpasA IePBOHAYAJIBHO HMeJa TemmepaTypy O.
. Kakoe KOJHMYECTBO TEIJOTH BHIAEIUJIOCH B KOMHATE 3a 5TO Bpemsa?

18.55. TemnepaTypa 3JeKTPHYECKOTO HATDeBATENHd, HOAKJIIOYEH-

HOTO K MCTOYHHMKY TOKa, paBHa f. IIpM oxjmaxaeHuM HarpesaTess
¢ NOMOIBI0 BEHTHJIATOpA OHA IOHHJKAaeTcHA RO 3HadeHus f2. By-
AYT JIH KOJUYECTBA TENJIOTHI, BHIAeJIAeMOil narpena're.nem, B o6omx
CAYyUIasiX OTHHAKOBRI?

18. 56 ONeKTpUYECKHNA HArpeBaTe b, BKIIOUYAEMBIH B ceTh HANPHA-
menneM U =220 B, H3roToBJeH H3 KOHCTAHTAHOBOTO IPOBOAA, KO-
TOPH# AoyKeH HarpesaTheA O ;= 420°C npu TeMnepaType OKpY-
xawmeit cpeant t) = 20°C. OnpeseJuTs MOLIHOCTh HArPEBATENR, NJIHM-
Hy | » pguamerp d npoBOAA, €CJAH H3BECTHO, YTO ILJIOTHOCTH TOKA
B KOHCTAHTAHOBOM IIPOBOJE HE AOJIKHA IPeBHIINATh J =15,2 MA/M .
Koabdunuenr rennoorgauu npmHATh paBHHM k=64,7 Br/(M%.K).

18.57. IIpunumas oxnaxzaeHue HakaausaeMod npPoBOJIOKM B
BO3AyXe NpPAMO IIPONOPLMOHAJIBHEIM PA3HOCTH TEMIEPATYP HpOBO-

"JIOKH M BO3AYXA U HM3MEHEHHEe COIIDOTHUBJICHHS €€ ¢ IMOHMMKeHMeM
TeMIlepaTyphl He3HAYUTEJIbHBIM, II0KA3aTh, YTO OTHOCHUTEBHOE YA JIH-
HeHMe IIPOBOJIOKM, HaKaJIMBAEMON TOKOM, NIPAMO IIPOIOPIMOHAJJLHO
KBajJpaTy TOKA.

18.58. HwmeroTca aBe NPOBOJIOKM KBAJAPATHOTO CEYeHHS, H3IOTOB-
JIeHHBle M3 OJHOIO M TOro Xe maTteprHajia., CTOpOHA CeYeHHS OAHOI
NpoBOJIOKM a;=1 MM, a apyroi — a,=4 mMm. Qas Toro uTo6h
pacijaBHTh IIEPBYIO MPOBOJIOKY, Hy:XHa cuna Toka I; =10 A. Kakoii
AOJIHA ObITH cuiya Toka Iy, 4ToGH PacILIABHTH BTOPYIO IIPOBOJIOKY?

18.59. Kakoe KOJNYeCTBO TeNJOTH BhifeIUTCH B enn (puc. 18.40)
IpM IepeKJIOYeHMH Kaooda K uns mososxkenusa I B noJoxeHue 2,
ecau IAC ucTOUHMKA Z, eMKOCTh KAMJAOro Koujaexncatopa C?

18.60. Quox BKJIIOYEH B Ielb, H300paKeHHYI0O HA  DHCYHKe
18.41, a. HxeannsuposaHHAas BOJIbT-aMIIEDHASA XaPAKTEPUCTHKA AHO-
ha npuBefeHA Ha pucyHke 18.41, 6. KoHgeHcaTop npeiBapHTEBHO
He sapsaxeH. Kmou K samiikaior. Kaxkoe KoJaM4eCcTBO TeNJIOTHE BHI-
AelUTCA HA NpOBOAHMKe R npu 3apsagke koHpeHcatopa? Emkxocts
xoHzeHcaTopa C, IC ncrounuxka #. BHYTPeHHHMM CONPOTHBJIEHHEM
HMCTOYHHKA IpeHeGpeus. .o

18.61. PemuTs OPeABIAYLIYIO 38224y AJIA CXeMBl, n306pasKenHoi
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Ha pucyHke 18.42, a. BonbT-aMnepHasi XapaKTEPHCTHKA AHOAA IIPH-
BeJleHa Ha pucyHKe 18.42, 6.

18.62. Kaxoro ce4eHHsI HeOOXOAMMO B3ATh cnmmoamﬁ npeso-
XpaHHUTe/Ib, €CIH U3BECTHO, YTO OH IJIABHTCA MPH NOBHILIEHWM HA
At=10°C Temnepa'rypm NMPOBOAKH, BEIIIOJIHEHHON U3 MeHOro IpOBO-
na ceuenveMm S =5 mm’? HauanbHasa remneparypa t, = 20°C. Orpaueit
TEILJIOTHl B OKPYXKAIOMIYIO cpefy mpeHeGpeds.

18.63. B mens, coc'roam;ylo M3 MEeAHOIO NMPOBOJA IIOIIAABIO IIO-
mepeyHoro ceueHna S, =38 mm?, BKIIOYeH cnm-monmﬁ OpeaoOXpaHu-
TeJh NI0IaAbIoO monepevyHoro ceyeHna S;=1 mm’, Ha kakoe moBhile-
HUE TeMIlepaTyphl IPOBOAOB MPU KOPOTKOM 3aMAIKAHHM IENM PACCYH-
TaH 3TOT HpeAoXpaHuTenb? CUATATH, YTO NPH KOPOTKOM 3aMEIKAHUU
BCJIEACTBHE KPATKOBPEMEHHOCTH IIpOliecca Bce BhIJEeNHUBINEeCS KOJIM-
YecTBO TEIJIOTHI UAET HA HarpeBaHue menn. HavasnbHas remneparypa
npexoxpauuTend to,=17°C. .

18.64. OnexTpuuecKknii yaiiHnk umeeT xBe o6MoTKH. IIpu BKIIOUe-
HUM OJHON M3 HMX BoAa B uyaiiHuke sakunaer uepes t) =15 muH,
IIPH BKJIIOYEHHUM Apyroit — uepes t,—= 30 muH. Yepea KakKoe Bpems t
BaKMIIMT BoJa B YalfHMKe, €CJIM BKJIOYHUTH JABe OOMOTKH: 1) noce-
JOBATEJBHO; 2) napaJjijeabHo? .

18.65. HarpesaTesbHRIl 5/1eMEHT, M3TOTOBJIEHHBIN N3 HUXPOMOBO-

,To mposojga auamerpoM d==0,15 MM, paccuuTaH Ha HAIpAKEHUE .

U=220 B u ponxeH HarpesaTbcs G0 l;=450°C npu Temmneparype
okpyxkaromeit cpeast ¢ =20°C. Halitu cuyy TOKa B- HarpesareJje,
LJKHY IpOBOAA M Mom;nocn. HarpesaTeNsd, ecau KoapouuueHT rem-
noorxaun k=175,6 Br/(m*-K).

18.66. DnexrTpuueckuit uvaitnuk BMecTMMoOcThIO 1,5 aM® uMmeer
CONMpOTHUBJIEHME HarpepatTeabHoro asjiementa 80 Om, KIII 809% u
pa6oraer npu HanpsxeHuu 220 B. HayaapHas TeMmMmnepaTtypa BOJHI
20°C. OnpefennTs MOIIHOCTE TOKA, NMOTpeGaAeMyI0o YailHMKOM; CHIY
TOKA B HArpeBATEJIbHOM BJIeMEHTe; BpeMfl, B TeueHUe KOTOpOro BOJa
B YaiiHMKe 3aKHNHT, U CTOMMOCTb 5HepruM, ecam 1 xBr-u crouTt
4 Kom. .

18.67. 9IC ucrounmxa 24 B, conporuBJeHHe BHemIHelH r:erm
10 Om, majenue HanpsikeHus BHyTpu ucrouHuka IJIC 4 B. Ompe-
OeJUTL HANpSAMeHHe HA 3a)XKHMaX MCTOYHMKA, CHJIy TOKa B IeIH,
BHYTDEHHEE CONPOTHBJICHMe HCTOYHHKA; MOLIHOCTh, MOTPe6isgeMyIo
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BHeITHEH IIelIbI0; MOIIHOCTH MOTEPh 5SHEPrd¥ BHYTPH. HCTOYHHKA
M MOJHYIO MOUIHOCTb.

18.68. C xaxum KIIJ] paGoraer cBunnosniii akxymysasarop, IJC
KoToporo 7 =2,15 B, ecsu BO BHeuiHe# Ifeny COIpPOTHBJeHUeM R =
=0,20 OM cusa Toka I=5 A? Ha Kakylo MaKCHUMAaJLHYIO IIO-
JIe3HYI0 MOLIHOCTBE PACCUMTAH amcymymmop" Kax usmenurcs npH
arom ero KIIJI?

18.69. ITo ganubim 3agauu 18.67 mocTpouTs rpaduk M3MeHeHu:
1) cunsl Toxka I B memm;. 2) MONMHOM MOUIHOCTH MCTOUYHUKA; 3) MOII-
HOCTH TOKa, NepefaBaeMOi BO BHEUIHIOK Iienb; 4) HalpAKeHUS
Ha 3ayKMMax Hcrounuka; 5) KIIJl uMcrouyHMKa Kak (QYHKIUM mepe-
MEHHOTO BHeITHEro COIPOTHBJIEHUS, B3AB CJEAYIOI[HE ero 3HAUYeHHS
(B Om): 0; 1; 2; 4; 10; 22; 46,

18.70. Barapea ¢ 3/IC 50 B u BHYTpeHHMM COIPOTUBJICHHEM

5 Om sambIkaeTCcs Ha BHELIHee [IEPEMEHHOE COIIDOTHBJICHHE, JAIOLnee

BOBMOKHOCTb M3MEHATb CHUJAY ToKa B memnu or 0 go 10 A mocue-
ZosareibHO 4deped 1 A. IlocTpouTh rpaduiu 3aBUCHMOCTH OT CHJIBLI
TOKAa: 1) MOLIHOCTH TOKA, OTAABAeMOM MCTOYHMKOM TOKA BO BHEUIHIOIO
Lelns; 2) MOIHOCTH, PACCEMBAIOILEHCA BHYTPH HCTOUHUKA; 3) MOJHOMN
mowguoctH; 4) KIIJI ucroyHHuKa.

18.71. Barapes ¢ 9J1C 40 B 1 BHyTpeHHUM conpoTuBieHHeM 5 Om
3aMBIKAETCA HA BHEIIHee CONPOTHBJIeHHWEe, H3MeHsomeecs ot 0
zo 35 Om. Ilocrpours rpaduk 3aBHCHMOCTH OT BHEIIHEro COIpPO-
THBJIeHHA: 1) MOIIHOCTH TOKA, OTAABAaeMOil BO BHEIIHIOI Ielb;
2) MOUIHOCTH NOTEph PHEPrUH BHYTPH MCTOUHUKA; 3) mOJHON Moul-
HoctH; 4) KIIJ] mcToUuHMKA TOKA.

18.72. Ilpu KaKOM 3HAYEHHH CONMPOTHBJIEHMSA BHEIIHeH emy MOul-
HOCTBh, OTAABAae€MAf HMCTOYHHKOM TOK& BO BHEIUIHIOK UENb, MaKCH-
MaJbHA M KAKOBBI IIPM 9TOM CHJIA TOKA M MOIIHOCTH?

§ 19. TEPMODNEKTPOHHASI IMMCCHUA M KOHTAKTHBIE SBNEHMA

Pabora BHIXOZa 3NMeKTPOHA M3 MeTaNJa:
A =eq.
3aBHCHMOCTE HJIOTHOCTH TE€PMO3JIEKTPOHHOTO TOKA OT HAIPSMKe-

HHUSA Ha aHoJe (HaCBHILIEHHEe He MMeeT MecTa) BhIpakaercs Gopmy.soit
Borycaasckoro — JIsurmiopa:

J=KU*"?,

rie K — NOCTOSIHHAS, XapaKTepusyoliasd pasMephl 1 GopMy BIEKTPO-
ZI0B ¥ He 3aBHUCRINAA OT TeMIIepaTyphl KaToAa. sl NI0CKUX 3JIeKTpO-

OB ‘ -
. =_V_2_\/2 1
9n Vm 4?2’

rAe d — pacCTosSHUE MeXKAY IIJIOCKHMMH BJIEKTPOAAMH.
3aBHCHMOCTD IJOTHOCTH TOKA HACHIIIEHHS OT TEMIIEPATYDHI BBI-

paskaerca dopmysoii Puvuapacona — Jlemmana:
" .

Ju=BT% ¥, —
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rae B — nocroannas, pasHas 602 xA/(m?:K?), k — mocrogHuas
Bonpumana, T — TepMOAMHAMHYECKAS TeMIleparypa KaToza.
KouTakTHad PA3HOCTH IIOTEHIMAJIOB:
A, — A, '

BHEIIHAA AQp,= =

BHYTPEHHAA A(p,-:—’%'—ln:—:,
rge n, U n; — KOHUEHTPAalHMA 3JeKTPOHOB npononnmoc'm B KOH-
TAKTHPYIONIMX MeTaNIaX.

B orpanuuensHom uHTepBase Temunepatryp TepmodJIC # 3aBucur
OT PA3HOCTH TEeMMOEpaTyp clIaes AJA UEeNd H3 ABYX PAasAHIHBIX
METAJIJIOB '

& =a(T:—T)),

rae o — KoshGHIMEHT, 3aBUCAMMI OT NPUPOALI KOHTAKTHPYIOLUX
MeTaJLIOB.

Tepmoa.nelc'rpomlaa IMHCCHA

19.1. OaekTpoH co ckopoctbio 1,3 Mm/c yaapserca o IJAaCTHHKY
ua 1esus. Ilpousoiiner JM BHIDHIBAHHE HOBOrO JEKTPOHA M3 MJjac-
iHKN? Ecau aa, To Kakoili HaMMeHbIIEH CKOPOCTBIO AOJIKEH 006Ja-
JaTh 9JIGKTPOH, 4TOGB! NPOM30LIJIO BHIPDHIBAHHE HOBOTO 3JEKTPOHA
C NOBEePXHOCTH IJACTUHKH?

19.2. B 3J1eKTPOHHO# JaMIle TOK HACHIUIEHUA JOCTUIraeT SHAYECHUSA
Iy=2,86 MKA npu TemnepaTrype BOJAb(PAMOBOrO BOJIOCKA KATOAA
T =2 kK. HaiiTu guaMeTp BOJIOCKA KaTOJa, €CJIM AJIHHA ero [—2 cMm.

19.3. Bo CKOJIBKO pa3 M3MEHHTCH YAEJLHAA TEPMOIJICKTPOHHAA
aMHCCHA BOJbdpamMa, HaXOLAIEeroca npu remuneparype 2400 K, ecom
TMOBEICUThL TEMIepaTypy Boabdpama Ha 100 K?

19.4. Ha anoge 3eKTPOHHOIM samikl 3a 1 4 paGoTHl BHAEAUIOCH
63 Ik osHeprum mpu cuie Toxa B jamme 6,3 mA. Haiitu ckopocth
JIEKTPOHOB KATOJAHOTO NYy4YKA, CUMTas, YTO BBiJeJICHHe TeIJIOTH
[IPOMCXORHUT TOJLKO 38 CYET KMHETHYeCKOH SHepruM 3JIeKTPOHOB.

19.5. HanpsaxeHHOCTE NOJA MEXKAY AHOJOM M KATOAOM TeJIeBH-
3MOHHOII TpYOKHM, HaXOJAIIMMHCA Ha paccroaaum 10 cm apyr or
Apyra, pasHa 100 kB/m. HaiiTu ckopocTh W 3HEDPruIo 3JeKTPOHOB
B MOMEHT yzapa MX 00 3KpaH TpyOKHM, ecJy CUUTATh IOJIe OXHO-
POAHBIM.

19.6. Anoaunlii Tok ajexkTpoHHoil Jgamnel 10 MA. CKOIbKO
SJIEKTPOHOB BBHIJIETAET €IKECEKYHAHO M3 KATOLA JaMIbi?

19.7. HaiiT KpYTH3HY XapPaKTEPUCTHKHN TPEX5JeKTPOLHOM JaMIIBI
M cpejlHee BHYTpPEHHee COIIPOTHBJIEHHEe €€ Ha Y4YacTKe H3MEeHeHHdA
aHOZHOrO HampsKeHHA oT 55 mo 80 B, BHIBLIBAIOIIErc H3MEHEHHe
aHogHoro Toka or 40 gmo 70 MA, ecan Road)(bnuueu'r YCUJIeHUA
paBeH 1.

19.8. TpexsseKTpoaHasd JaMIla UMeeT BHYTPeHHee CONPOTHBJIEHHE
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3 kOm ¥ KpyTH3HY xapakrepucTukd 3 MA/B. Haiitn xoadpduuuenr
YCHJICHHSA 9TOM JIaMIIBI.

19.9. BuyrpeHnnee conpo'mn.nelme TPEX3JIeKTPOAHOM JaMIBl C
Kosddunuentom ycunenus 40 pasuo 8 kOm. Haiitu nusmenenue anoj-
HOrO TOKa H KDPYTH3HY XapaKTEPMCTHKH, €CJIH H3MEHEHHEe aHOZ-
HOTO HanpsXeHHA cocrasisier 120 B.

19.10. OnpefesUTh KOHIEHTPAIHIO SJIEKTPOHOB B IIYYKe BJIEKTPOH-
HoJIy4eBoil TpyOkM ocumiorpacda BOam3u sxpaHa. CeueHue myuka
S=1,0 Mm%, cuna Toka I =1,6 MKA. DIEKTPOHH BELJIETAIOT U3 KATOAA
6e3 HaYaJbHOH CKOPOCTH H YCKODSIOTCH MEKAY KATOAOM H 2HOZOM
SJIEKTPUUYECKHM ITOJIEM C PasHOCThIO ImoTeHuuasop U—=28,5 kB.

.

KoHTaKTHLIC ABJICHHA

19.11. Kaxoit nanbGonpInii 3apas MoKeT IpOTeysb IO TepMoImape
Meb-IUIATHHA NIPDH NOTJIOIIeHHH ropAdHM cnaem Q =4,19 Ik sHep-
run? Temneparypa ropadero cmas tj==100°C, xomogmoro f,=0°C,
9IC ¢ =0,76 MB.

19.12. Tepmonapa BHCMYT-xKeje30 ¢ nocroanHo# o=92 MxB/K
¥ conmpoTuBieHueM R =05 OM mnpHcoegMHEHa K TraJbBaAHOMETPY
BHYTPEeHHUM conpoTtuBjenneM R, =110 Om. Kakylo cuiny Toka moka-
JeT rajJbBaHOMETD, €CIM TeMIepaTypa OAHOrO clas TepMomaphl
t;=100°C, a gpyroro t;=0°C?

19.13. [Ins msMepeHus TeMImepaTyphl CpPefbl B Hee INOrpyXaloT
OAMH clail TepMonaphl HMKEJIb-XpoM ¢ mocrosHHoii a=0,5 mxB/K,
KOTOpas IpHCOeAMHEHA K rajbBAHOMETPY BHYTPDEHHHM COIIPOTHBJIe-
HuemM 2 KOM u nueno#t genenmma 10 uA/gzen. Yemy papHa TeMme-
paTypa cpelibl, ecjiH IPU TeMIepaType -Broporo cnad 15°C orkjoHe-
HHUe CTPeJIKM rajibBAHOMETpa cocTamjifgeT 25 memenHuit?

19.14. Onpegesnte SAC TepMosseMeHTa IIPHM Pa3HOCTH TeMIIe-
patyp cmaes 500 K, ecsu TepMosjeKTpHYeCKass IOCTOAHHAS €ro
50 mxB/K.

19.15. OnpeznenuTk cOnpoTHBIIEHHE rajibBAaHOMETpA C IeHOH AeJre-
HHAA mKaJe 15 HA/pges, ecau compoTuBJieHMe TepMmonapus 6 Om u
€10 MOJXHO M3MepATh MHUHMMAJbHOE M3MeHEeHHe TeMneparyphl 6 mMK.
TepmoaneKTpuyeckad uocrosgunas tepmonaph 50 mB/K. Orknome-
Hile CTPENIKH rajibBaHOMerpa 10 zenenwuit.

) 19.16. PaGora BRIXOZa. 5JIeKTpoHOB H3 Megu 4,47 3B, a mn3

cBuHIA — 3,74 3B. Kakopa BHeIIHAs KOHTAKTHAA PA3HOCTHL IOTEH-
IIAAJIOB B COeAMHEHUH BTHX JBYX MeTayioB? CUMTATL KOHUEHTpA-
UMM 3JIEKTPOHOB IIPOBOAMMOCTH OAUHAKOBEIMH.

19.17. OnpezenuTh BHYTPEHHIOI0O KOHTAKTHYIO pa3HOCTh no'ren-"

LKAaJIOB MeXAYy MeAbI0 U KajueM npu temieparype 27°C.

19.18. Tepmomnapa KOHCTaHTaH-3ese30 conporusiaenuem 0,25 Om
NOAKJIOUYEeHA K rajJibBAaHOMETPY conpoTusjeHueM 5,0 OMm u ueHoif
JemeHusa mkaasl 0,95 MrA/gen, KoTopsiit Ipu HArPEBAHHM cHAS
noxkassiBaeT cuay Toka 85,0 MxA. Ha ckoabko Harpesacsa cmait
M Ha CKOJIBKO JeJIeHMH IIKAJBI OTKJIOHMJIACH CTPEJIKA, €CIAM MOCTOSAH-
Has TepMONaph! 51,60 mxB/K?
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$ 20. DNEKTPHYECKMA TOK B INEKTPONUTAX M FA3AX
.CKOPOC'_I'B YCTAaHOBMBIUIErOCA HAIPaABJIEHHOI'O JABMMXEHHS HOHOB: .|
. Uy = biE »

rae E — HAIPAMEHHOCTh MOJS, by — MOABHIKHOCTH HOHOB.

3axor OMa aJid 3JIEKTPOJIATOB: '
J=neQo(bs+b_)E,

rae o — Koap@PUIMEeHT ZUCCOUMUALUU, Ny — UMCHO MOJIeKY] PacTso-
PEHHOro BeLleCTBA B 3JEKTPoaUTe 060HLeMOM 1 cm’;
AJs 4308 NPY HEGOJILIIKMX IJIOTHOCTAX TOKA:

J=Qno(b++ b_)E,

rae Ny — 4YWCIO NMAP MOHOB, HAXOAAIIMXCA B eXMHMIE 00BLeMa rasa
(HachllleHHe He HMEeT MeCTa).
TIOTHOCTE TOKA HACHIMIEHHS MEKAY NJIOCKMMH DIeKTPOAAMH, :
OTCTOALMMHU HA PACCTORAHHM d ADPYT OT ILpyra:
J=Ned.
TlepBniii 3akon Papaged:

m=kIt,

rae k — 3JeKTPOXHMHUYECKHI 3KBHBaJIeHT, ] — cHJIa TOKA.
Bropoii zakon Papaznesn:

1
N k=-F—x,

Tae x= g—-— XMMHMUYEeCKH# SKBHBaAJIeHT, A — aTOMHad macca, Z — Ba-
JIeHTHOCTL; F — umcyo Papages.

DaekTpHYECKH# TOK B 3JEKTPOIHTAX

20.1. OnpegenuTs Maccy MeJH, BhHIAeJMBIIeHca Ha 3JeKTPoAax
H3 pacTBOpa cynmba'ra Mean (CuSO4) B TedeHMe 2 4G IpH cuJe
ToKa 10 A.

20.2. IIpu paspage saeMeHra pa3paaAHmM ToKoM (0,2 A O6nin
H3pacxofosaH DMHK maccoit 5,0 mr. Halitu BpeMa paGoTul seMenTa.

20.3. IIpu cuyse TOoKAa pacTsopa 1 A Ha KaToAe BHEJHIIOCH
8,05 r BemecTBa. OnpesenuTh 3JEKTPOXMMHYECKHN SKBUBAJIEHT Be-
IIEeCTBA, €CJAM TOK Yepe3 PACTBOD IPOTEKas B TedeHHe 2 4.

20.4. Kaxolt sapaj ipomes uyepe3 pacTBop cyJjabdaTta cepebpa
(Ag:S0,), ecan HA KaToAe BHIAENMIOCH 4McTOe Ccepe6bpo Maccoit
16,77 r?

20.5. Tox -mJIOTHOCTBIO 5 MA/CM NpOTEKAET UYepe3 3JNEKTPOJIH-
THuecknii pacrsop cyiasgara Hukena (NiSO,). 3a kakoe BpeMa OT-
JIOKHUTCA cnod ToammuHo¥# 50 MKM H Kakaa MOUHOCTD HYIKHA AJdA
TOro, uTo6nl B TedeHme 1 4 MOKPHITH HHKeJeM IIOBEePXHOCTh IJIO-
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wazsio 1 MM’ g0 ykasaHHON  TOJIIMHEI, e¢NM Hampsasxenue 7 B?

20.6. Osxa rasbBaHNYECKOro IOKPHITUSA 30JO0TOM MHOJL3YIOTCA pa-
' CTBOPOM XJIOpHZAa 30JI0TA (AuCla) Yepes KaKoe BpeMA MOMKHO nony
YUTH CJIOMH 30JI0Ta TOJIIMHON 5 MKM, ecaiu nmioTHoCTh Toka 0,2 A/amM*?

20.7. Kakoii sapsaf HYKHO IIPOIYCTUTH depes3 3JeKTPOJHUTHYEC-
KYI0O BaHHY, HAIOJHEHHYIO IIOAKHCIEHHOH BOIOM, YTOGH 3aIIOJTHHTH
BOJOPOZOM INAap-30H[] AuaMerpom d=10 m mpu HOpM&JIBHHX yciao-
BHAX?

20.8. Ilpu sjexTpoJsiuse BOABI Yepe3 BAHHY B TeueHHMe BPEMeHHU
t—=25 mMuH cuna Toka Omuia I=20 A. Kakosa TeMmIepaTypa BEI-
AeJMHBIIErocd KHCJIOPOA&, €CJH OH Haxoaurca B obweme V=1 x
IOoJ AAaBJEeHUEM p= 0,2 MITa? DeKTPOXMMHUYECKUH SKBUBANEHT KHC-
Jopoga 8,29-10~ RI‘/RJI.

20.9. 3nas aTOMHBIE MAacCChi DJIEMEHTOB, ONpPEEIUTEL JIEKTPOXH-

MHYEeCKHe SKBUBaJIEHTHI cepebpa, MeAM, aJIOMHHHMA U HUKEJ.

20.10. IIpu cune Toxa 2,2 A 3a 1 u 12 MHH B 5JeKTpoJHTE,
coZepixalieM MeAb, Ha KaTojJe BBIAeaHJach mMeab Mmaccoi 1,65 r.
Onpegenurs KIIJ ycTaHOBKH.

20.11. Tpu Bauus ¢ pacrsopamu CuS0,, AgNO;, NiSO, coexune-
HBI MOCJEJ0BATEIBHO. 32 BpeMdA NPOXOXKACHHSA TOKA B NEpPBOil BaHHe
BEIJesauIach Menb maccoit 10 r. Ckospko HuKenda u cepeGpa BIgeTH-
JIOCh BO BTOpPOHl M TpeThbeil BAHHAX COOTBETCTBEHHO? _

20.12. B uemnp 51eKTpHYECKO BAHHEI ¢ PACTBOPOM CyJibdaTa MeaH
BKJIIOYEH aMIlepMeTp, IOKasbBalInuit cugy Toka 5 A. Ha katoze
32 256 MuH BBIZeqHNach Menb Maccoit 2,1 r. IIpaBHAIBHO MM TOKa-
3BIBaeT aMiepmerp?

20.13. KakoBO HaKOILJIeHHEe 3apsJa B AKKYMYJSTOpPE, COXEPKa-
meM nepoxcup ceuHua (PbO:) maccoit 20 r?

20.14. Ha ocHOBaHMM 3AKOHOB 3JICKTPOJH3& ONPEICJIHUTH MACCY
BOZOPOJHOTO MOHA U 3aPHAM 3JeKTPOHA.

20.15. Yepes crexnanuyio Tpy6Ky ceuenHuem 83,4 mm?, zamou-
HEeHHYIO pacTBopoM noBapeHHoii conu (NaCl), npoxoaur Tox 2,7 A.
OnpeneJmTL, CKOJIBKO Ilap HMOHOB ofpasyerca 3a 1 ¢ B ofmneme
1 cm’, ecaM MOA BIMAHMEM PJEKTPHMYECKOTO MOJA HOHBI XJ0pa
nepeMeInalOTCA B - pACTBOPe CO CKopocrbio 1015 MKM/c, a HMOHEI
HaTpuaA — 675 mkM/c.

20.16. Onpeae NTh KOHUEHTPALUIO HOHOB HATPHSA B BOZHOM pacT-
BOpe IIOBapEHHOI COJM MaJIO KOHIEHTPALHH, €CAH CHJIA TOKA B
IJIOCKHX 3JIEKTPOJAX, PACIOJIOKEHHBIX HA paccTrosunu d=—=10,0 cm,
paBHa I=1,8 A. Hanpakenue Mexny saexrpogamu U,=20,0 B,
a NOABMIXHOCTH HOHOB: by,, =0,45.1077 2/(c -B); b =0,68X%
X 1077 m*/(c-B). Ilromaap mnactus S=10° cm?.

20.17. ,U,'z A NOKPHITHA cjioeM cepefpa NOBEPXHOCTH ILJIOIAXBIO
S§=500 cm° moHagobunock mpomyckate TOK [=2 A B TeueHue
t=5 4 yepe3 pacTBOpP COJH cepe6pa Haiitu TonuuHy cjosa ce-
pe6pa.

20.18. Onement ¢ IAC ¥ =1,5 B u BHYTPEHHHM CONPOTUBIE-
HueM r =0,5 OM 3aMKHYT Ha HArPY3Ky conmpoTneiaenueM R —=3,0 Om.

120 , . .

Haiitu Bpemsa paGoThl DIeMEHTa, B TeYEHHE KOTOPOrO B HEM H3Pacxo-
JOBaHO IMHKa Maccoit m=>5,0 r.

20.19. Kosddunmenr gucconuanuy pacTBopa HUTpaTa cepebpa
(AgNO;) ¢ konuenrpanueit n=30 kr/m® pasen a=45%. Haiitu
YAENLHYIO 3J€KTPOMPOBOAHOCTEL ITOro pacrBopa npu t=18°C.

20.20. CKOJBKO 9JIEKTPOIHEPTUM PACXOAYETCH Ha MOJYyISHUE AJII0-
MHHHUS MaccoM 1 Kr, ecJli 5JIEKTPOJNN3 BERETCA NPHU. HAIPAKEHUH
10 B, a KIIJ] Bceii ycranosku 809%? AtomHas macca anioMuHus 27.

20.21. Haiitu xoadpduIMeHT AUCCOIHUAIIHN PACTBOPA XJIOPHAA ce-
pebpa (AgCl), ecam yzpeabHOe conpo'mlmenne ero p=0,25 OMm'm
npu Kouunentpanuu n=120 kr/m* u Temmeparype t=18°C.

20.22. Kosdpduunent aucconpmanum BOJSHOIO DACTBOPA  XJIODHAA
rasusa (KCl) 77,59,. HaiiTn KOHIEHTPAUHIO PACTBOpPAa, €CJU YAEJIbHOE
conpotusiedue ero 74 mOm- M. :

DNexTpPpHYECKHH TOK B ragax

20.23. Kakoii OTHOCHTEJBHON CKOPOCTHIO AOJIXKHH O6JamaTh MO-
JIeKyJBl HeoHA, 4YTOOBI TMPH COYAApPEeHHH IPOM30OLLIJIa OAHOKpPaTHad
HMOHM3AIMA OZHOM M3 HuX?

20.24. Bo3ayx, 3aKNIOUCHHBIR MeXAY IIJIACTHHAMM ILIOCKOTO KOH-
JeHCcaTOpa, MOHU3YeTCSA BHEIIHMM HOoHuM3aTopoMm. Haiitm ckopocTh
HOHOB B 110JIe KOHAeHcaTopa eMKocThi0 50 nd u naomansio NMIACTHH
250 cm’ Kaxaas opu Hanpskenuu 400 B mexay Humm.

20.25. HaiiTu KOHIEHTPAIMIO HOHOB MEXAY NJACTUHAMU ILJIOCKO-
ro KOHAeHcaTopa eMKOCThIO 6,6 nd, ecom BO3AYX MOHH3YyeTCS BHEII-
HKM HOHM3aTOpOM W Npu Hanpsxenun 450,0 B cusia Toka 7,0 MKA.
HachllieHe He HMeeT MecTa.

. 20.26. Apron, HaxogAmwuica MeXKAY IIJIACTHHAMH KOHJEHCATODa
nromazasio 300 cM? KaKaas ¢ paccTogHMeM MeXKAYy HHMH 5 cM,
HOHHM3YeTCH BHEIIHUM MoHM3aTopoM. HaiiTn uucio nap HOHOB, KOTO-
phie ofpaayiorcs 3a 1 ¢ B aproHe o6memom 1 cm’, ecam cuia
TOKA HACBIIIEHHMS MeXJy IJACTHHAMH 4 nA.

20.27. Kaxoif cxopocTeio JoseH o61axaTh BJEKTPOH, YTOGH!
MOHM30BATH ATOM AproHa npu ygmape?

20.28. Mexay niacTHHAMH IJIOCKOTO KOHAEHCATOPA, HAXOAAIIH-
MUCH Ha pacc'rommn 5,0 em apyr o'r apyra, sa 1 ¢ B BO3gyXe
o6remom 1 cm® oGpasyerca 6,6-10° map umomoB moz zaelicTBHEM:-.
BHEIIHero MouusaTopa. HaiiTu niomapabr NIacCTHHHE KOHAEHCATOpA,
eCJIH CHMJa ToKa HacehlmeHus 3,0 mA.

20.29. Han'm YMCJIO Tap MOHOB, ofpasylomuxca B aTMmocdepe
B 06beMe 1 cM® IpH HOPMAJILHEIX YCIOBUAX 38 1 ¢ MeXAY IJIACTUHAMH
NIJIOCKOTO KOHAeHcaTopa Iuromajzsio 250 cM’ KakAa#, ecjd MpH
PACCTOAHMHE MEXKAY IIJIACTHHAMHE 5 CM CHJIa TOKa HachuleHus 1 ¢A.

20.30. CorsacHO ONBITHHM JaHHBEIM, MCKPOBOIf pa3psaj B Bo3jtyxe
TIPH HOPMAJLHBIX YCJIOBHSAX HACTYNAeT IPH HAIPAKEHHOCTU IIOJNA
30 xkB/cm. Haitt pamny cBoGomHoro mpobera 3JIeKTpOHA, o6.nap;a:o-
iero sHepruei 15 aII',xc NpPH AAHHBIX YCJIOBUAX.

20.31. IIpu kKakoii pasHOCTH nowenunanon MeXAY a.nex'rponamu
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3a)KUraeTcA HEOHOBAd JIAMIA, €CNH DHEPrus HOHHU3AUHH  HEOHA
A=21,5 3B, a cpexHee DACCTOSHHE MeMKJY ABYMS IIOCJI€OBATEIE-
HEIMH CTOJKHOBEHUAMH JIEKTPOHA € aToMaMH rasa pasHo 0,4 um?
OJNEeKTPOAB MMEIOT Buj GOJBUIMX IIJIACTHH, pacno.noxcem{blx Ha
paccroaruu d—=3,0 MM Apyr ot aApyra.

.20.32. PasHocTh moTeHUOHaJ OB Mex Ay obnakom u 3emueil B Mo-
MeHT paspapma (monnumu) jgocruraer 10 MB, a nporexmmii 3apsn
30 Ka. Haiitu sHeprumwo paspsAia W HANPAMKEHHOCTb IOJH, eCIH
BHICOTa 006JaKOB 4 KM.

20.33. 9sexTpoH IPOXOZMUT NYTh 10 cM B NOJe HANPAKEHHOCTHIO
10 MB/m. CKOJIBKO ATOMOB KHCJIOPOZA MOKET HOHM30BATE OH HA
cBoeM IyTHu?

§ 21. MATHUTHOE NONE. AEACTBME MAFTHUTHOIO NONA
HA RBMKYLLIMECSA 3APAABI M TOKM

HuayRuus MarHMTHOTO INOJS, CO3/8BAEMOr0 3JEMEHTOM IPOBOJA-
HUKa AauHoil dl, mo roropomy Teder Tok I (3akoH Buo — CaBapa —
Jlannaca):

d§=P———° a7

4n r*

rge ¥ — pagMyc-BeKTOD, IIPOBEAEHHBIH OT a/IeMeHTa NPOBOSHUKA B
TOYKY, B xo'ropoifx ompejeNAeTcd HHAYKIHUS dB r — MOAYJb B3TOTO
BEeKTODA, dl — BEKTOp, YHCJIEHHO DaBHEIH AnuuHe dl ajJeMeHTa Ipo-
BOAHUKA M HANPABJIEHHEIN B Ty CTODPOHY, KyZa TedeT TOK, Mo==
=4r-10"7 /M — MArHUTHAS MOCTOAHHAS.

Moagyar uHIYKLUHK B MAarduTHOro IoJf, co3zaBaemoro 6Gecko-
HEYHO AJMHHBIM IPAMOJMHEHHEIM NPOBOAHMKOM Ha paccTodAHMM R:

e ol
B=3.

B cnyuae npoBogHMKA KOHEYHOHN AJMHBI MOJAYJAb MHAYKIHH Mar-
HHTHOrO noJs B Touxke A (puc. 21.1) BHumMciagerca mo Gopmyie:

B=-4!‘f:f—o(sin B1 +sin By).

Moaynp HHAYKIMH MATHHTHOIO IIOJA HA OCH KPYTOBOIO TOKA
pagnycoM R Ha paccTOSHHH d OT NJIOCKOCTH KOHTYpA:

B IR
_2(R2+d2)3/~2 .

Moayns MHAYKIMHM MATHMTHOrO NOJA HA OCH COJICHOHMAA B TOY-
ke P (puc. 21.2):

=-*";nI(cos oy + cos as),

rge n — ‘IKCJIO BHTKOB, npnxogamnxcn Ha e,umnmy AJIHKH coye-
HOH A,
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Ilose BHYTpU AJMHHOTO TOHKOTO COJEHOMZAA:
B=ponl.

ITUpKyIAIUSA HHIYKUUK MATrHUTHOTO IIOJSA BJAOJL 3aMKHYTOTO
KOHTYpa B BaKyyMe paBHA anreﬁpam{ecxoi«'x CyMMe TOKOB, OXBa-
THIBAEMBEIX BTHM KOHTYPOM, YMHOKEHHOM Ha o:

@Bdl ] p.oZIx.

WNHAYKIMA MATHHTHOrO NOJHA, COBABAEMOr0O ABMIMYLIMMCS 3apd-
oM Q: .

§=%7Q3'[U, ﬂ’

rae U — CKOpOCTh 3apafa, ’ — pajzMyc-BeKTOP, IPOBefieHHBII OT 3apd-
A8 OO0 TOYKH, B KOTOpPOil ompegendercs HHEYKUuA B.

B ciydae OJHOPOAHO M3OTPOMHON CpeAkl MATHMTHAS MHAYKIHS
CBA3AHA ¢ HANPIKEHHOCTHI0 MATHHUTHOLO IOJISI COOTHOIICHMEM:

. B=ponH,
rAe | — MATHATHAS NPOHHIAEMOCTb CPEXHI.

MarsuTHeIfi MOMEHT 3aMKHYTOIO IIJIOCKOTO KOHTYpA, [0 KOTOPOMY
Teuer TOK I:

Dn=181,

rae S — maOCIIAAL KOHTYPA, 77 — €AUHMYHBIA BEKTOP HOpMANM K
NJIOCKOCTH KOHTYPA, HAIIPABJIEHHEI Tak, YTO HpH HaGNIOfeHUH ¢ ero
KOHIA TOK B KOHTYPe KAaMKeTCA HAYIIMM IPOTHB YaCOBOM CTpEeJKH.

MaruuTHelf IOTOK, NMPOHHU3HBAIOIIWI DJIEMEHTAPHYIO IJIOLIAX-
Ky dS:

d® =B cos adS,

rge o — YroJ MeXZy HOPMAaJjbl0 71 K IJIOIAJKE B BEKTOPOM B.
MaruuTHER TOTOK B cepAeYHHKe TOPOMAA, HMEIOIIEeM BO3AYLIHbI
3a30p (dbopmyna FonkuHcoHa): :
(D=—-l[—-—,
! + I
HonS woS
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" rge N — uncno BHTKOB Topouga, | — cumia Toka, | M [y — AJIMHBI
" cepAeUHHMKA M 3430pa BIOJb OCEBOM JIMHHMH, |\ — MarHUTHAS IIPOHU-
[aeMOCTh CEpPAeYHHMKSE, S — MJOIIAXAL CEeUeHUN CepAeuHMKA.
Ha smnemenr dl nmpopopumka c Toxom I, maxXopsaimmiica B Mmar-
-
HUTHOM IIOJle HMHAYKIMed B, geiicTByer cuya (sakoH Awmmnepa):

dF =I[dl, B].

Ha sapax @, aBukymmiica co cxbpoc'rmo U B MArHETHOM IIOJie
uHAYKIMeit B, peiicrByer cuna JlopeHua:
F=Q[v, B].

IIpu nomewmeHuu NJIACTHHEL C canoii Toka I B ogHOpOAHOE MAar-

HUTHOE IT0Jié HHAYKIMeH B, KOTOpoe HAIIPABJIEHO NMEPUIEHAHKYJISIPHO
K TJIOCKOCTH IJIACTHHEI, BO3SHWKAET IIONepeYHas pPa3HOCTb IIOTeH-
IHAJIOB:

,—RIB
Ap=R 2
1
rae R = -~ — IHOCTOAHHAA Xonna, n — KOHLEHTpALMA HOCHTes el 3a-

paja, e — sneMeHTapHbili 3apaj, d — TOJILNHA MJACTHHHI.

Cuna B3aumMogeilcTBUSA B BaKyyMe ABYX AJMHHEIX NapaJjeJbHBIX'
NIPAMOJIMHEHHBIX IIPOBOAHHUKOB ¢ cujamu Toka I, m I,, oTHeceHHas
K eJHHMIe AJMHBLI IPOBOAHUKOB:

I,
f=o 2nd ’
rge d — pacCcTosHHME MeKAY NPOBOIHUKAMH.
Ilepnon kosie6aHuit MarHuTHOM cTpesKu (MJIH KOHTYP& C TOKOM),
o6nagaiomelf MArHUTHHIM MOMEHTOM D, M HAXOZAUIeHCA B MATrHHT-
HOM IoJle HHAYKIHeH E, onpegeasierca Gopmyiok:

I
T = 2n\/ B’

Pm

rge I — MOMEHT MHePIMM CTDPeaKM (HJIM KOHTYpPA) OTHOCHTEJILHO
TOYKH IOABeEca.

Cuna, peficTeyomas Ha MATHUTHBIH AUIIOJb:
aB
F= = D
aE

rne 22 — NpOM3BOAHAL BEKTOPA B IO HANPABNEHMIO NHIOJA.

Mexammecrcnﬁ mMoMmeHT M, OeHCTBYIOIIMI HAa KOHTYP C TOKOM
(MM HA.MOCTOAHHHIN MArEUT) B OAHOPOAHOM BHEIHEM IOJE:
- — —
M=([pm, B)].
21.1. Ilo aBy™M napajneabHbIM GeCcKOHEYHO ANHHHBIM IIDOBOJHH-

KaM, HAXOAALIMMCA Ha paccTodHuM d =10 cM apyr oT Apyra, TeKyT
TOKH IIPOTHBOMONOKBOrO HanpasieHusa I — 30A. OnpexenuTs MaranT-
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- ———3
e —
Puc. 21.3 Puc. 21.4 Puc. 21.5 Puc. 21.6

HYI0 MHAYKIUWIO NMOJS B TOUKE, PACIOJOIKEHHOM nocepefuHe MeXIY
NpoBOXHUKaMH. YeMy paBHA MarHUTHAs HHAYKIUSA IOJA B TOYKe,
KOTOpas HAXOAMTCH Ha paccTOgHMH r; =15 cM oT ogHoro u ro=5,0 cm
OT APYTOTo NIPOROAHUKA?

21.2, Haf ity cHay TOKa B GEeCKOHEUHO AJUHHOM = IIPOBOJHHKE,
KOTODBI# MMeeT KBaJpaTHBIN uMaru6 co cTopoHoii kpaapara a =40 cm
(puc. 21.3), ecsim MOAYJIH MATCHHTHOM MHAYKIMHU IIOJA B TOYKEe A,
pacnoJyiokeHHo#l B neHTpe KBagpatTa, B=63 MkTx.

21.3. OnpefenuTs MATHHTHYIO HHAYKIMIO NOJS B IeHTPe KBaj-
paTta co croponoil =10 cm, mo KoTopoMmy Teuer Tok [=20 A.

21.4. Onpenenwrb MATHUTHYIO MHAYKIUIO IOJS B TOYKe A (puc.
21.4), Haxopsuleiicsi HA IPOJOJIKEHHM OJHONH M3 CTOPOH IPAMOTO
yria, o6pasoBaHHOr0 GeCKOHEUYHO AJHHHBIM IIPOBOAHHKOM, IO KO-
Topomy TeueT TOK I=15 A, Ha paccrosiumu ¢=10 c¢M OT BepWIMHH
yrJa. '

21.5. Tor I =10 A reueT no 6eCKOHEYHO AJMHHOMY NPOBOAHUKY,
corgyromy mnop yrjaom o =90°. Hailtm MArHATHYI0 MHAYKIMIO MOJS
B Touke A, Jexaunleif Ha OHMCCeKTpHCe YIJa HA PACCTOAHUM 4@ =
=0,20 M oT BepmiuHE (puc. 21.5).

21.6. Yemy paBHa cHJIa TOKA, IPOXOAALIEro N0 IIePUMETPY NHpa-
BHJILHOTO MNIECTHYTOJIbHMKA ¢O cTopoHod a—=—20 cm, ecau B ero
LleHTpe MarHuTHasd MHAYKuua B=10 MxTna? _

21.7. Opa nuHe#HHIX  mpoBOgHMKA cuyaMu Toka I, =3,0 A mu
I,=4,0 A pacmosoxeHsl OAMH TOPM3OHTAJbHO, & APYrod BepTH-
KaJbHO. OnpefesnTs MOAYJNh MATCHMTHON MHAYKIMUH B TOYKE, PACIO-
JIOKEeHHOM HA cepeAMHe KpaTdyaiiluero pacCTOAHMA MEXKAY IMPOBOJHH-
kamu d=0,10 m. . ,

21.8. B aByx 6eCKOHEYHO JJMHHBLIX NapaljielbHBIX MPOBOAHHKAX
cuJisl Toxa paBHH [=2,5 A. TOKH MMeIOT OJMHAKOBOE HAIPABJEHHE.
BelusCINTS, MATHUTHYIO MHAYKIMIO IOJIA B TOYKEe, KOTOPAA Pacnoo-
sKeHa Ha paccroanunux 40 cm oT oxHOro mpoBogHuKa u 30 cM OT
APYroro, ecjim paccrosinue mexay HuME 50 cm.,

21.9. OnpefesuTh CHJIY TOKAa B KaTylike paguycom 30 cm, co-
gepxameit 600 BUTKOB, ecyiu B LleHTPe KATYIUKM MATrHUTHAA HHAYK-
uus paBHa 7,5 MTiu. CuuMrarh, 4YTO IJMHA KATYIIKM 3HAUYMTEJb-
HO MeHbIIe ee pajguyca. ‘

21.10. IIpamoit OGeckoHeYHBI# NPOBOZHHK MMEET KPYLOBYIO IIeT-
a0 paguycoMm R=80 cm (puc. 21.6). OnpeaesuTb CHUJIIy TOKA B
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IIPOBOZHUKE, €CJIA H3BECTHO, 4TO B TOuke A MAarHUTHAS MHAYKIUSA
B=12,6 MxTa. ~

21.11. Yemy paBHA MarHMTHas HMHAYKUMS NONA HA OCH Kpy-
TOBOrO BHTKA B TOUKE, DAcCHNOJIOKEHHOH Ha paccrogunu d=40 cm
OT UEHTpa, ecJAU B LEHTPe BHUTKA, PAAHYC rcomporo R=30 cm,
-HHAYKUUA By—25 mxTn? :

~21.12. HajiTy MarHNTHYIO HHAYKIUIO IIOJIA B LEHTPE COJIEHOMAA
aauHoit =20 cm 1 amamerpom d=4,0 cMm, cogepxamero N =400
BHMTKOB, €CJIM CHJIa TOKA B 00MOTKe cogenompaa —=2,0 A.

21.13. OnpegenuTs CUNY TOKA B BEPTHKAJILHO DACIIOJIOMKEHHOH
‘KaTyIIKe, KOTopad cOAep:KUT n =8 BHTKOB IIPOBOJIOKH pPAZHYCOM
R=20 cM, ecqi1 moMelleHHaA B ee IEHTPe H4 OCTPHe MATHHTHAA
CTpeJiKa OTKJIOHMJIAach Ha yroa o =45°. IIJI0cKoCTE BUTKOB KATYIIKH
COBIIAZAET ¢ IJIOCKOCTHI0O MATHHTHOTO MepHAHAaHA. ['opM3oHTaIbHAA
COCTABJAIONIAA MATHHUTHOH HHAYKUMH TOoAA 3eMJu B;=—=20 mxTax.

21.14. Kongencarop emrxocthio C=8,0 Mk® ¢ mOMOIIbIO cIie-
UMAJLHOTO IEPeRJIouaTe/]s IepuOAUYecKH 3apsikaercd or Garapew,
91C xoropoit # =100 B, u paspamaerca uepes KaTymry. CKOJBKO

pa3d 3a t=1,0 c mepekaOYAeTCS KOHJEHCATOP, €CAM MATHUTHAS

CTpeJiKa, TIOMeINeHHad B LEHTPe KATYIIKH, OTKJOHHJIACHL HA YroJ
a=45°? O6moTka karymxu umeer N =50 BHTKOB paaumycom R —
=12,5 cM B pacCHmoJIOKeHA BepPTHKAJIBHO B ILJIOCKOCTH MATHMTHOIO
mepuguaHa. [opHU30OHTANIbHAA COCTABJIAIOLIAN Marnnmoﬁ MHIYKIAYU
nosda 3emau B=20 mxTu.

21.15. OnpesenuTs MATHHTHYI0 HHAYKLMIO B IEHTpEe IIapa pa-
AuycoM R, paBHOMEPHO NOKPBITOTO 04eHb GosablunuM qyucaoM N napaJ-
JIeJIbHBIX BUTKOB TOHKOH IIPOBOJIOKM, II0 KOTOPHIM IPOXOXUT TOK I.

21.18. Chepa paauycom R, mmelomiasi 3apfaa ¢ IOBEPXHOCTHOM
NJIOTHOCTHIO O, BpPAIlAe€TCs BOKPYr ee JAWaMeTpa ¢ YIJIOBO cKo-
poctbio . HailTh MarHuTHYI0 MHAYKLMIO, BO3HMKAIOLIYI0 B IEHTDE
chepn.

21.17. Onpegenuts Marnu'muﬁ MOMEHT KDYroBOrO BHTKA C TO-
KOM, €CJIH M3BEeCTHO, UTO HA ero ocu Ha paccToauuu d=—4,0 cmMm oT
UeHTPa HHAYKIMS MarHuTHoro moias B=125 mxTxa. Paguyc Burka
R=3,0 cm.

21.18. Cosenoun naauHoM [=10 eM u auamMerpoMm d=— 40 cM
cogepxxur n=20 BHUTKOB H& KAaXJIOM CaHTUMeTpe AJHuHBI, Omnpe-
JeJINTh MATHMTHEIH MOMEHT COJICHOMZQ, eCJH CHJA TOKA B HEM
I=2,0 A.

21.19. B pnuHHOM NPAMONHHEHHOM OZHOPOXHOM NPOBOJHUKE pa-
auycoMm R=1,0 cm cuna roka I=50 A. OnpeaeauTs MArHATHYIO
MHAYKIUIO NOJA BHYTPM NPOBOAHWKA HA paccrogHuu r;=0,80 cm
OT HeHTpa. UeMy paBHA MATHHTHAA HHAVKIUUA IIOJNA BHE IPOBOA-
HUKA HA DACCTOAHMH rp==5,0 cM OT ero meurpa?

21.20. B romkoit TpyGe pasuycom R=5,0 cm cusa Toxka 100 A.
Onpegesnurt MArHHTHYIO HHAYKIUIO NOJAA B LEHTPe TPYOGR M BHE
Tpy6nt Ha paccrosuuu r=>5,0 ¢cM OT ee MOBEPXHOCTH.

21.21. B ToHKOcTeHHO# aNMuHHON TpyGe cuia Toxa I=5 A. Ilo
ocu TPYOHl pacnoJIOKEeR TOHKMH NPOBOZHHMK, IO KOTOPOMY Teder
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Tako#t Xe TOK B 00paTHOM HafnpapjeHud. HaliTH HHAYKOHIO Mar-
HUTHOTO TOJIST B TOUKAX, PACIOJNOMEHHBIX BHYTPH TPYOHl Ha paccros-
HAM ry=2 cM U BHe TPYOHI HA PACCTOSHHH r;=12 cM OT ocu TPYOGH.
21.22. OmnpezesauTs CHKOPOCTH DPABHOMEDHOTO IIPAMOJIMHEHHOTO
ABUKEHUS BJIEKTPOHA, €CJH M3BECTHO, YTO MAKCHMAaJbHOE 3HAYCHHE
HMHAYKUUH CO3[aBAEMOr0 MM MATHHTHOTO IIOJIA HAR PACCTOAHMH I =
=100 u™ or TpaekTopuy B=0,25 mxTxr. .
21.23. HaiiTn MakcHMaJbHOE SHaYeHUe MATHUTHON HHIYKI[HH
NHOJfA, CO3LaBAEMOr0 NPAMOJHHEHHO ABHIKYIIUMMCS 3JEKTPOHOM, KO-
TOpPHIH IIpomies YCKOPAIOUIYI0 DPas3HOCTh NoTeHmuasos U=10B B
TOYKe, OTcroAmeil OT ero TPAeKTOPHMM -Ha paccrosHuu r=10 HM.
21.24. IIpunumasa opOMTY BJIEKTPOHA B HeBO3OGYMKACHHOM aToMe
BOAOPOZA 3a OKPYMKHOCTh paguycoM R =53 nm, onpejeauTh Mar-
HUTHYI0 HHAYKIHIO DOJIA, CO3AABAEMOr0 B L[eHTpe OPOGHUTHI
21.25. Toukuil 360HMTOBEIHl AUCK paauycom R=20 cm paBHO-
MEepHO 3apAKeH a.nem-pnqecxnm 3apAJOM ¢ MOBEPXHOCTHOHK NJOT-
HocTho 0 =1 Ki/m% Juck Bpauaercs B BO3AyXe BOKPYT mepreHju-
KYJIADPHO# OCH, MpOXOoAsAIIeil uepe3 ero LEeHrp, ¢ Yrjiopoi uyacToToi

w=10 p-c—a“—. OnpenesuTe MATHUTHYI0 MHIYKIAIO B IIEHTpE NHUCKA.

21.26. B coseHOMAe, HAMOTAHHOM HA CTAJBHON cepAedYHMK IJIH-
Hoit 20 cm u ceyenmem 2,0 cm?, cmma Toka 1,0 A. OmpeseiauTs
MATHUTHELA ITIOTOK B CepAeYHMKEe N ero MACHHTHYIO IPOHHIAeMOCTD,
ecanm cosaeHonp coaepxkut 400 surkos. CooTHolleHuMe Mexay B u
H pns crajnu B3sATh M3 rpadpuxa B= f(H).

21.27. Ha uyryHHOM KoJbHe ceueHmeM 4,0 cM’ HaMOTaH IHpO-
BOJ, B OJAMH CJIOH Tak, 4TO HA KAXKAKI MeTp ANUHB IIPHXOZUTCS
500 BuTKOB. Onpefe/MTE CHAY TOKQa B OOMOTKe, eCIM MArHHTHBRIM
NOTOK, MPOHM3BLIBAIONIKMI KoabLO, 0,20 MB6. YeMy paBHa MATHHTHAA
NPOHMIAEMOCTh YYryHA IOpH 2TOi cuie Toxka B o6morke? Ilpm pe-
IIeHHW 384844 BOCIOJB30BAThCA rpaduxom B=f(H).

21.28. Yepea o6moTky Topouza aumamerpom d=0,40 m ¢ xees-
HBIM CepAeYHMKOM NpPOXOAMT TOK. OmnpegesuMTh MArHUTHYIO IIPOHM-
IaeMOCTb JKeJjie3a, ecJi¥ IPY H3MEeHeHMH BO3AYIIHOTO 3a30pa B TOponae
or h)=1,0 MM 10 h;=2,0 MM NOTOK MarHuTHOM# HHIYKLUMH HU3Me-
uaercqa or O, =0,30 MmB6 zo0 ©:=0,25 MB6.

21.29. Yemy paBeH MOTOK MHAYKUHM B JKeJIeBHOM TOPOMAE KBaJ-
PATHOrO CeUYeHHUHA CO CTOPOHOI a =5 cM, cojep)KaineM OAHOCJOHHYIO
o6moTky M3 N =400 BuTKOB, B KOTOpO#t cMima Toka I=2,0 A?
Hunamerp Toponza 25 cM, MArHATHAA IPOHKUIAEMOCTS JKeseaa p=400.

21.30. Chepuyecknit KOHREHCATOD, 3aIIOJIHEHHBIN JMBIEKTDHKOM
¥ 3apAMKEOHHBIA 70 HeKOTOPOH Pa3HOCTHM MOTEHLHAJIOB, Pa3PAKAETCS
yepes ¢BOi auaeKTPHK. KakuMm GymeT MarHuTHOE I10JI€ TOKOB paspaga
B IIPOCTPAHCTBE MexAy chepamu?

21.31. B oZHOPOAHOM MATHHTHOM IOJIE C mmymmeﬁ B= 0 10 Tn
HAXOAUTCA MpAMO MexHE MPOBOAHNK cedenueM S = 8,0 Mm%, KOHIE

" KOTOPOr0 MNOAKJIIOYEHB! re6xum MIPOBOAHHKOM, HaXOAAIIMMCH BHE

noasf, K HCTOYHMKY INOCTOAHHOI'O TOKA. Onpe.ne.!m'rb CHJIy TOKaA B
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IPOBOAHUKE, €CJIM M3BECTHO, YUTO IPH PACHONOMKEHWM ero IepIeHAH-
KYJASpHO K JHHUAM WHAYKIUM IO0JA. BeC IPOBOAHHKA YPaBHOBe-
IIUBAETCA CHJIOM, AelicTBYIONIeH HA MPOBOLHUK €O CTOPOHEL ITOJIA.
Bec rubxux nmpoBoAHMKOB HE YYHTBIBATE.

21.82. Ha xapxac gmueoit /=10 cm u amamerpom d=5,0 cm
HamoTaHo 150 BuTKOB nposoxa. Yepes cepegmHy Kapkaca B Ha-
npaBJeHHH OLHOIO H3 €ro JMaMeTPOB IIPOXOAMT MeIHEIH IIPOBOIHUK
¢ cujaoit toka I =>5,0 A. CunTadA Mar’HuTHOE IOJIe BHYTpH cpexHeif
4acTH COJEHOUIA OJHODOAHLIM, OIPEAEeNUTH CHJIY, C KOTOPOH OHO
JelicTByeT Ha Y4YaCTOK HNPOBOZHUKA *BHYTDH KapKaca, €cjid CcHIa
TOKa B cojeHouze I.=1,0 A.

21.33. B mosne GecKOHEYHO AJIUHHOIO NPAMOJHHEHHOrO IIPOBOA-
HHKa, B KOTOpoM cuja Toka I =20 A, HaXomuTCA KBajpaTHaf
pamra co ctoporoit a=10 cM, B KOTOpo# cmia ToKa I,=—1,0 A.
IIpoBOAHMK M paMKa pAacCHOJIOKEHB! B ONHOM IIJIOCKOCTH TAK, 4YTO
JBe CTOPOHBI PaMKM NepHeHAMKYJISIPHE K IIPOBOAHHKY. Paccroamue
oT IpoBoAHMKa Jo G.mxaiimeit cropombl pamrm !=25,0 cm. Ompe-
OeJIUTh CHJY, AeHCTBYIOIIYIO HA PaMKY.

21.34. Yemy paBHa MOILIHOCTH MATHHUTHOM CHJIBI, PA3BUBaeMasd
MpU MepeMemeHNK npaAMoNuHefHOTO NMPOBOAHUKA AJaMHOH | =20 cm
co ckopocrtbio v=05,0 M/c B OZHODOZHOM MATHUTHOM IHOJE€ C MH-
aykumeir B==0,10 Tu, ecayu yros MexIy HanpaBJeHHEM IBHKEHUS
NPOBOAHMKA M HalpaBJIeHUEM MATHUTHBIX CHJOBHIX JUHUK o =90°,
a cuja Toka B mposBogHuKe I =50 A?

21.35. Ha aByx mapaJijleIbHBIX LIMHAX, PACHOJOKEHHBIX TODH-
SOHTANBHO HA PACCTOAHMHA [=10 cM, J€KHUT TOJNCTHH MNPOBOTHHK
maccoit m =100 r, IlInues DOAKNIOYEHE] K nc'roql-mrcy HaIpAXeHu,
M B NMDOBOJHMKE BO3HMKaeT cuira Toka I=10 A. Ilpu cosmanmu
MATHUTHOTO IIOJIfA, BEKTOP HMHAYKLHUH KOTODPOTO NepleHAUKY IAPeH
IIJIOCKOCTH INHMH, IIPOBOAHMK IPHXOAMT B PaBHOMEPHOE JBUIKEHHE.
OnpegesuTs HHAYKUHIO M0JIA, ecIM K03 GUIMEHT TPeHMs IPOBOLHUKA
o mmaL p=0,20.

21.36. OnexkTpoH, mporuexInmit ycxopsnomylo Pa3HOCTh . ITOTOH-
muaysoB U=500 B, momas B BaKyyMe B OAHODOJHOE MAarHHTHOE
moJie ¥ JBHIKETCA IO -OKPYKHOCTH paauycoMm R =10 cm. OnpenenvdTs
MOAYJIb MAarHUTHOH MHAYKIUM, ecJH CKOPOCTb 3JIEKTPOHA NepHenzu-
KYJIZPHA CHJIOBBIM JTHHHSM.

21.37. OseKTpOH, ABMMKYLIMIiCA B BAKYyMe€ CO CKOpDOCTBIO U=
=10° M/c, nomajaeT B OAHOPOAHOE MATHHTHOE NOJE C MHAYKIHeil
B=1,2 mTn nmox yriom o=30° K CHJOBHIM JMHHAM noas. Ompe-
ACNNTH DPAAUYC BUHTOBOH JIMHMM, nmo KoTopo# 6yzer aBHraThcd
3JeKTPOH, M ee Iuar.

21.38. OnpesesuTs HAaMMEHbIIEe 3HAYEHHE PAJUYCA AYAHTOB IHK-
JIOTPOHA, NMPEeAHA3HAUYEHHOTO NJs YCKOPEHHA HIPOTOROB A0 PHEPrHu
E=0,80 nllx, B KOTOPOM HHAYKIUS Mar"gurHoro moas B=0,5 T
3aBHCHMOCTh MACCHl IPOTOHA& OT €r0 CKOPOCTH HE YUMTHIBATH.

21.39. HaiiTH CKOPOCTH o-YACTHLLI, KOTOpaf NP ABHIKEHHM B
MPOCTPAHCTBE, I'le MMEIOTCH B3AUMHO MNEePHEeHAMKYJIADHEIC BJIeKTDH-
YecKoe M MArHHTHOE IIOJIA, He HCHLITHIBAET HHKAKOrO OTKJIOHEHHA.
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MarauTHad HHAYKLINA 108 B=6,0 MT, HaNpAMXEeHHOCTb BJeKTPHU-

_ geckoro nojad E =6 kB/m. HanpaBsieHue CKOPOCTH O.-4aCTHIIBI nepneH-

mukyaapHo B u E.

21.40. Toukrasa MexHasH JIEHTA 'ro.m.unuon d=0,10 MM momellleHa
B OZHOPOAHOEe MATHHUTHOe MoJie ¢ HMHAYKHHe#r B=0,90 Ta rax,
YTO IJIOCKOCTEH JIEHTH MEePIEeHIUKYJNAPHA CHJOBHIM JMHHUAM IOJH.
B senre cuna Toxka /=10 A. OnpejesuThs pasHOCTh IIOTEHLHUAJIOB,
BOSHUKAIOWIYIO BJOJb IIMPUHBL JIEHTHI, CYUTAM, YTO B MeJH HMeeTCH
IO OZHOMY CBOOOZHOMY 3JIEKTPOHY HA KaXABIf aToM.

21.41. Ilonarad, 4To B aJIOMUHHMH YHCJO CBOOOAHEIX DJIEKTPOHOB,
DPUXOAAIIKMXCHA HA KaXABIHA aTroM, Z =2, ONpeAeJUTh PasHOCTh IIO-
' TeHIMAJIOB, KOTOpAR BO3HHKAET BJOJb LUIMPUHEI JIEHTH [IPHU IIOMelle-
HUH €e B OJIHOPOZHOE MATHHTHOe IoJe ¢ uHAyKuueit B=0,60 Ti.
Mupuna neutsl b=10 cm, NJjoTHOCTH TOKa B JieHTe j=25,0 MA/M .
BeKkTop MHAYKUMK MATHUTHOTO IIOJS IEPIEeHAUKYJApPEH IJIOCKOCTH
JIEHTHI.

21.42. B ogHOPOAHOM MATHMTHOM IIoJie ¢ HuAYKuuei B=0,80 Tn
noMellleHa TOHKAA MejHad TJIACTHHA, B KOTOpOM cnia Toka I =5,0 A.
BeKTOpD. MHAYKIUKY MATHUTHOTO MOJM MEPHEHAMKYJIApPEH IJIOCKOCTH
naacTuHbl. Tonmuxa naacTiHil d = 0,01 mMm. OnpeferdTh KOHIEHTDA-
110 ¢cBOGOAHBIX 9JIEKTPOHOB B MeJlH, €CJIM BOSHHUKINASA BAOJb NIAPHHBI
JIeHTHl PA3HOCTh MOTEeHUHUAJIoOB Ag==2,0 MxB.

21.43. B6ausu coONEHOWA, CO3AAIOIMEro MArHUTHOE MOJjie ¢ MH-
Ayxkuueit B=0,2 mTa, HampaBiieHHe KOTOPOrO COBIAjaeT C  HA-
IIpaBJieH¥eM IOPHM3OHTAJIBHOH COCTABJAIOLIEH MAarHUTHOTO NOJA 3eM-
Ji¥, IOJBellleHa Ha BepTHKAJHHOM OCTPHE MATHUTHAA CTPEJIKA MACCOi
m=6,0 r u gauHoi /=10 cM, MarHUTHEIII MOMEHT KOTOpPOH D, =
=2,0 A-m°. OnpesesuTs 3HaUYeHHe TOPU3OHTANLHOH COCTABJIAIOLIEH
MHAYKIHHA 3€MHOr0 MaTrHUTHOTO II0OJIf, €CJIM CTPeJIKa cOBepIIaeT KoJe-
6anmua ¢ mepuogom T —=0,67 <.

21.44. MarHuTHasi CTpeJKa KOMIIaca COBeplIaeT KoJjieGaHuA B
MarsMTHOM moJjie 3emyn. Macca CTpeNIKM m = 3,0 r, xgnuua 1=6,0 cm
H MATHATHEIA MOMEHT p,=3,14 A.m?. HaiiTu nepwop koseGanmit
CTPEJIKH, €CJIM IOPHM3OHTAJIBHAA COCTABJAAIOMAS MATHHUTHO# HHIYK-
uun noas 3eman By=20 mxTiu.

21.45. MarnuTHas crpenka AauHoit =10 ¢m u maccoit m=6,0r,
NnojBelIeHHAA HA OCTpHe, COBeplIaeT KOJe0aHMA B MATHHTHOM IOJe
3emum. OnpesenuTh 3HAUYCHUE FOPHU3OHTANBHOM cocTaBadmpouel Mar-
HUTHOM MHAYKIMH IOJSA 3eMJH, ecIH MATHHUTHHIHE MOMEHT CTPEJIKH
DPm=40 A .M?% a nepuop xose6anumit T =0,50 c.

21.46. ConeHoMA M IOCTOSAHHBIH MATHHT, OCH KOTODPHIX pAaCIO-
JIOKeHHl BAOJb OXHOH NpAMOH, HaXoAATCA Ha paccroaHuu d=1,0 m,
3HAYMTEJbHO INpEBBHIMIAIOIEM HX pasmephl. OnpeseauTs CHIY
B3aHMOJEHCTBUSA COJIEHOMAA M MATHMTA, €CJAM MX MATHHUTHEIE MO-
MEHTH COOTBETCTBEHHO (Pn) =1,5 A-M> u (Dn)2=1,0 A-M°

21.47. B aByXx mapajijlelbHHX NPOBOAHHMKAX ABYXNpOBOAHOM Ju-
HHM piawHOM [=5,0 M cuint Toka paBHKW I=500 A. HanpasneHue
TOKOB ITPOTHBOMIOJIOkKHOE., C KaKoi cuJoii B3anMoeiicTBYIOT NIPOBOAA,
eCJIN paccTofAHUe MeXAY HUMH d =25 cm?
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21.48. Bartapes akkyMmyaaropos ¢ 3C € =120 B u BHYTPeHHUM
comporusyiennem r—=0,50 OM coexguHena c¢ mnoTpefHTeNeM IByMs
MeIZHBIMM YNapaJiIeJbHBIMU IIPOBOAAMH, DACIOJIOXKEHHBIMH HA pac-
crosanu d=>5,0 cm oaun ot apyroro. IlpoBoga yKpemJieHH Ha
H30JATOPAX, PACCTOSAHME MexXgy KoTopbimu [, =50 cm. Onpeaénurs
CcHMJIy, BeHCTBYIOIIYI0O HA HM30JIATOPHI IIPM KOPOTKOM S3aMBIKAHMU HAa
3aKUMaX IoTpebuTed, CJH AJIUHA IIPOBOJHUKOB [ = 20 M, a ceuenne
nposogos S=3,0 mm’ ‘

21.49. Touxuii marHur aaugoi 12 cM, MATHUTHHIH MOMEHT KO-
roporo 6,0 A.m%, nomemeH B OZHOPOAHOE MATHHTHOE IiOJle C MH-
aykmueit 0,2 Ta. Ock MarsEdTa o6pasyer ¢ BEKTOPOM HWHAYKIMHM
MarHuTHoro noJsa yroa 90°. OnpefeJHUTh MOMEHT CHA, AeiiCTBYIO-
IIMX HA MAIHHT.

21.50. Kaxkoii Bpamaomiii MOMEHT HCNBITHIBAET DAMKA C CHJIOH

Toka =10 A npu noMelleHHH ee B OAHOPOJHOE MATHHTHOE IOJIE-

¢ HHAYKIHMeH B=—= 050 Txa, eciu pamMra cogepXutr N =50 BUTKOB
nnomanpio S=20 cm’, a ee HopMaJb 06pa3ye'r C BEKTOPOM HMHIYVK-
MM MATHMTHOTO NIOJA yroJa o ==30°7

21.51. Pamxka raabBAHOMETpa, coAepaaias N =500 BuTKoB nJ0-
mazasio S=2,0 cm’ noxBemeHa Ha TOHKOH HuMTH Asamuolt =10 cm
B 3a30pe MeXAY IOJIOCAMH MATHHTA, KOTODHIH CO3JaeT MarHHTHOe
none ¢ unaykumeit B=0,20 Ti, HanpaBJeHHOe pPAAMAJIBHO K OCH
Bpamenus pamku. KakoBa nena JesleHMS IDKAJbI, €CJH OHA pacIo-
JoxeHa Ha. paccroaHum L=1,0 M or 3epkajabiia, a JeJileHUA Ha-
HeceHHl uepe3 d=1,0 mm? Paguyc HutH r =50 MKM, MOAYJIb CABHra
marepuaJsa HutTH G =45 I'lla.

21.52. IIpn ygmape MOJHHH 'rpyﬁrca nuamerpom d=1, 5 cM H
TOJINMHON cTeHOK h = 1,0 MM, coeIMHAIOLIAA MOJHHEOTBOX ¢ 3emieil,
MTHOBEHHO npe‘npa'mnacb B KpYIJblii cTepsxeHb. IIpOU3BECTH OLEHRY
CMJIBI TOKA& pas3psajga, ecJH H3BEeCTHO, UYTO NpeAesbHOe HAaIlpsaxe-
Hne, IpH KOTOPOM paapymae'rca MaTepHaJ TPYOKH IIpHM CIKATHH,

ap =20 I‘Ha.

§ 22. JNEKTPOMATHMTHAS MHAYKUMS.
SHEPTMS MATHWTHOTO nons

3aKOH 3JIeKTPOMATHKUTHOLI Hnnyxmm Papaged:

gl—— —'"d'?'.
Iipn pBMKeHHUU NPOBOZHMKA AJHHOH ! B MATHMTHOM HoOJleé C MH-
AyKunueit B

$;=Blv sin o,

rpe v — CKOpOCTB ABHKEHHS IIPDOBOAHHKA, O — YIroJl MEXAY HAa-
' NpaBJeHHAMH CKOPOCTM H BEKTODA MHAYKIUH MATHUTHOTO IIOJS.

3apaj, HEAYIUDPYEMEIlk B 3aMKHYTOM KOHTYDE COIPOTHBJeHHeM R
IIPA U3SME€HEHHH MAaTrHHTHOI® IOTOKAa, npormamnalomero KOHTYp, OT
M, mgo (D2 .
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Q=1 —Dy).
- I/In;:yxTnBHoc'rL coJieHOM A :
L= puon’v,

rfie n — YHMCJO BUTKOB, NPHUXOAAUIMXCH Ha' eAUHHUILY AJUHHE CcOJIe-

.uHoupa, V — ero ob6meM.

9/1C caMOMHIYKIIHH

#.——L%%

MarsEuUTHBIA IIOTOK, CO3JaBaeMBlif 'roxom, B KaTyIOKe nunym‘nn-
HOCTBIO L:

O=LI.

BaayMHaA MHAYKTHBHOCTB ABYX COJICHOMJIOB, MMEIOIMX OOLImil

cepAeYHUK

L|2=up,on|n2V.

MrHuoBeHHOe 3HAYEHHe CMJIEI TOKA B INemH, coxep:xameir IJC
&, COIPOTHBIEHUE R M MHIYKTHBHOCTL L, uepe3 Bpems t mocie
‘3aMBIKAHUA :

-7 - Tt
I B (1—e ).
IIpy pasmeikaHUM Uenn

B,

I=Ioe_ k3 >

rae Iy — cuna Toxka B memu npm t—0, ¢ — BpeMA ¢ MOMEHTa pas-

MBIK&HHA ILEIH.
IInoTHOCTH 9HePruM MarHMTHOI'O noJjd:

w=2H2

2

MarsuTHas 9HePrud KATYLIKH C TOKOM:
LI®
T
-22.1. OnpegeauTs paboTy, COBeplIaeMyIio IPOTHB MATHUTHHIX CHJI
NpH NepeMelleHHMH TpoBogHUKa aauuoil [=0,20 M, 1o KoTopomy
reder ToK I=05,0 A, nepneHAMKYJADHO JIMHMAM MArHHTHOM MH-
ayknuu B=100 mTi, ecsu nmepememienue nposoguuxa s=0,560 m.
22.2. Butox paguycom 10 cM, NO KOTOpOMY TedeT IOCTOAHHBIH
Tok [=20 A, moMemeH B MarHUTHOM Ioje ¢ MHAyKumed 1 Tx
TaK, YTO €ro HopMaJhb o6pasyer ¢ BEKTOPOM MATHUTHON HHAYKIHM
yron 60°. Onpegenuts paboTy, KOTOPYIO HYMHO COBEPIIHTH IIPDOTHUB

* MArHUTHBIX CHJI, YTOOBl YZAJMTHL BUTOK M3 NOJIA.

22.3. OnpeneauTs pa3HOCTH IIOTEHIIMAJIOB, BOZHUKAIOIIYIO HA KOH-
max BepTHKAJbHONK aBToMoGHALHON aHTeHHB! AanHOl [=1,2 M npu
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ABHIKEHUHM aBTOMOOHJS ¢ BOCTOKA HA 3anajJ B MATHUTHOM IOJe
3eman co ckopoctbio U=20 M/c. I'opH3OHTaJIbHAH COCTABIAIIIAN
3eMHOI'0' MATHHUTHOTO NoJasa B, =20 mkxT..

22.4. AmromunueBri auck paguycom R =40 cm Bpamaerca Bo-
KpPyr BepTHKaJbHOM ocu ¢ uyacroroir n=40 o6/c. KakoBa pasHocTh
IOTeHUUAJIOB MEXKAY IeHTPOM M KpaeM IHCKAa, ecJH BepTUKaJIbHAsd
COCTAaBJAIOINAS 36MHOTO MArHHTHOro mojas B=50 mxTx? '

22.5. Hene3sHOZOpPOMHEIE PEJIbCH M3OJMPOBAHEL ADYT OT Apyra
M OT 3eMJIH M COeJMHEeHBI yepe3 MMJIJIMBOIbLTMeTp. HakoBo moxa-
3aHue npubGopa, ecaM II0 peabcaM IIPOXOAUT I0e3], CO CKOPOCTBIO
20 m/c? BepTHKaJILHyIO COCTABJAIINYIO HHAYRIIMY MATHUTHOI'O NOJIS
3emun npuHATEL paBHOM B =50 MxTi, a paccTodHue MEXKAY peabcaMu
1,54 m. Camonugykuueil npeseGpeys.

22.6. Yemy paBHA HUHIYKIHA OZHOPOJAHOTO MAaTHHUTHOI'O IHOJId,
ecJM OPU BPAIEHUM B HEM IPAMOJMHEHHOr0 NIPOBOJHHWKA AJIMHOH
{=—0,2 M BOKPYr OZHOTO M3 €ero KOHIOB C YIVIOBOH CKODOCTBIO
w=250 pax/c Ha KOHIAX IIPOBOJHHKA BOSHHMKAaET PA3HOCTL HOTEH-
muajgos U=0,2 B?

22.7. Pamxka, cogepxxamaa n =10 BUTKOB ILtomaznsio S =>5,0 cm?,
IpHCOeIMHEHA K O6aJIIMCTHYECKOMY IaJIbBAHOMETPY C BHYTPEHHHUM
conpoTusienneM R; = 58 OM ¥ momenieHa MeX 1y MOJIIOCAMU BJIEKTDPO-
MATHHUTA TAK, YTO JHMHUM MATHHUTHOH MHAYKUMY NePIeHAUKYJJIADPHBI
IMJI0CKOCTH pamixu. OnpefesnuTs JAHIYKIHMIO IIOJH, CO3JaBaeMOTO
BJIeKTPOMATHUTOM, €CJIM NMPH NoBopoTe paMKK Ha 180° B menu rayibBa-
HOMEeTpa MpOTeKaeT 3apa,r.; Q=30 mxKa. CompotunieHue paMKH
R;=2,0 Om. :

22.8. K 6annucTHYeCKOMY TIaJIbBAHOMETPY C BHYTPEHHMM  CO-
IIPOTHUBJIEHNEM I'.,=31 OM mnpucoegHHEHO KOJbIO paauycom R =
=1,0 M, MSrOTOBJIEHHOS U3 AJIIOMHHUEBON IIPOBOJIOKH CeYeHHeM
S--1 0 MM’ Ha Kakoe paccTOfHHEe OTKJOHMTCA 3afiYMK Ha ILIKaJje,
€cJIM KOJIBLO, Je)Kallleé Ha TOPHU3OHTAJNbLHON IOBEPXHOCTH CTOJA,
JTIOBEPHYTH C OZHOM CTOPOHEI Ha ApYryio? BeprurajbHaA COCTaBIAIO-
mAaA MHAYKIUM MArHutHoro monad 3emum By=50 MkTia. 3aitumk
OTKJIOHAeTCA Ha 1 MM IIpM HIDPOXOMKJAEHHMM Yepe3 pPAMKY raJjbba-
HomeTpa 3apama 1072 Ka (6annmcTMueckass NMOCTOSHHAH TraJbBa-
Homerpa Co=10"% Ka/mm).

22.9. OnpefeauTs HHAYKTHBHOCTh KATYUIKH, eCl¥ NPH N3MeHe-
HUM B Hell cuiusl Toka oT 0 70 5 A 3a BpemMs 2 Cc BO3HHMKaeT
9AC camouuaykmunu 1 B,

22.10. B pymnuHOil kaTymke paguycom R=2,0 cM, copepxkameit
N =500 Burkos, cuna tToxa I=>5,0 A. OnpeseautTs MHAYKTHBHOCTD
KATYLIKH, eCIIM MHIYKUMS MATHHUTHOIO IOJIA BHYTDH KaTyIIKH B=
=12,5 mTa.

22.11. Ha anuuuu# cTajbHON cepaeunur ceuenumem S=4,0 cm?
HaMOTaH cojieHouj, cogzepsxamuii 1000 BHUTKOB, MO KOTOPHIM IIpO-
xoauT Tok I=0,50 A. OnpeaenuTh MHAYKTHBHOCTL COJIEHOMZA IIPHU
STHX YCJOBHSX, €CJH HAIPAXKEHHOCTP MATHHTHOrO IOJS BHYTDH
conenonza H=2,0 xA/m. BocmoassoBarbest rpaduxom B=f(H).

22.12. HaiiTH MHAYKTHBHOCTH COJIEHOMJA, NOJYYEHHOrO NPH Ha-
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MOTKe NpoBoja ZJAuWHON [,=10 M Ha TUIHHIDHYECKHI Kese3HBIH
cTepeHb IAuHOM l;=10 cm. MaruuTHas nponnnaemoc'rb xeJsiesa
u==400.

22.13. Ha :xenesunlii cepaeunux cedenueM S; =5 cm’ u zmnnoﬁ
l=30 cM HaMOTaH COJIeHOH[, cojepskamiuii 500 BUTKOB MeHOIL
IpoBOJIOKH cedeHueM S;=1 mm2. Yemy paBHA HHAYKTHBHOCTE COJIE-
HOHJA IIPH MNOAKJIOUEHUHU ero K akkymyiasaropy ¢ IIC 1,26 B?
BHYTPEHHUM COIPOTUBIEHUEM AKKYMY IATOPA U CONPOTHUBIICHUEM IO/ -
BOAAIIUX IIPOBOAHMKOB IpeHeGpeub. BocmoabszopBaThbea - rpaduKoM
B=f(H).

22.14. Ha o6uiuii kapxac HaMOTaHH ABe KaTyHmIKH. ONnpeneiauThb
k03 GUNMEHT B3AUMHONU MHIYKIMH KATYIIEK, €CJH IIOCTOAHHBIH TOK
5,0 A ‘B mepBoii KaTyIIKe CO3ZaeT BO BTOPOH MAarHUTHHIM IIOTOK
cuennenua 40 mBG6.

22.15. IIpu N3MeHEHHH CHJIBI TOKA B KATYIIKE CO CKODPOCTBIO
100 A/c B apyroii xaTymwke umHAyumposatach DJIC 0,2 B Haiitu
k03 PHUMEHT B3AUMHONR MHAYKIIMHU.

22.16. OmpepennTts K03dDHUIMEHT B3AHMMHON HMHIYKIMH MEXLY
KOJIbIeBOH KaTyUIKOM ¢ HedeppOMATrHUTHBIM CEPASYHUKOM, COAepa-
et N BHUTKOB, M AJUHHBIM IPAMOJUHEHAHBEIM HPOBOJOM, PaCIOJO-
SKeHHBIM BJOJb OCH KaTymku. BRICOTA KATYWKH h, BHyTpeHHHIl
¥ HAPYKHBIH pajuyChl COOTBETCTBEHHO PaBHEI R, u R,.

22.17. 3aMKHYTad HAKOPOTKO KATyWKa xuaMerpom 10 cm, nmeio-
mas 200 BHTKOB, HAXOAUTCSA B MATHMTHOM IoJie, MHAYKIOHA KOTO-
poro yBenuuuBaerca oT 2 go 6 Ta B Teuenue 0,1 c¢. Ompegenutsn
cpeznHee sHaveHue D C UHAYKL UK B KAaTyIIKe, €CJIM IIJIOCKOCTh BUTKOB
NEepHeHAUKYJIAPHA JHHUAM MATCHHUTHON MHAYKIMH.

22.18. OnpenesuTh 3aBHCUMOCTH or BpeMeHH SI[C NHIYKI[HH,
BO3HHKalOmeil B paMke miomazbio 20 cM?, moMeIIeHHOH B MArHUTHOE
noJjie, €CJH MATHHTHAS HHAYKUMS H3MEHAeTCH N0 3aKoHy B=
=0,03(14¢"*). Ilnowagsb PAMKH NEePHEHAMKYJADHA BEKTOPY Mar-
HUTHOM MHAYKIMH.

22.19. Muamerp Kapkaca cojenoupga d=0,10 m. ComeHoup co-
aepxuT N =500 BuTkOB. IlpH nozucmoqeunn COJICHOMJA K AaKKY-
mynsaTopy ¢ 9AC % =12 B uepes t=1,0.10"° ¢ cuna Toka B Lenu
Aocruraer 3Hauenus I =2,0 A. OnpeaesuTs AJMHY COJIEHOUJA, €CIIH
ero conporusienue R =23,0 OM, a CONPOTHBIEHHAMH AKKYMYJATODA
H NOABOAALIMX NPOBOAHMKOB MOKHO NpeHeOpeub.

22,20. OnpefenuTh 9HEprui0c MATHUTHOIO HOJAS COJIEHOMAA, CO-
pepacamero N =500 BHTKOB, KOTOpHleé HAMOTAHH HA KADPTOHHBIH
xapkac paauycom R=2,0 ¢cm m gausoit [=0,50 M, ecau cua
ToKka B Hem I =5,0 A.

22.21. Pagnyc AIUHHOrO NAPaAMATHHTHOTO CepPAeYHMKA COJIEHOMIa
R=1,0 cm. Conenoupg comepsxur n=10 BuTKOB Ha 1 cM JIMHEL
O6MOTKA BHIIIOJTHEHA K3 MEJXHOIC INpoBoaa ceueHmeMm S=1,0 mm>.
Yepes Kaxoe BpeMsi B 0O6MOTKE COJICHOMAA BBIZEJIHUTCH KOJIMYECTBO
TEIJIOTHl, DPABHOE SHEPrHU MAIHHTHOIO MOJA B CepAeYHUKe, eCau
OHA MOJAKJIIOYEHA K MCTOYHUKY IOCTOSIHHOTO HANDAXKeHHA?

22,22, B o6MOTKe COJIeHOMAA, CONMPOTHBJIeHHE KOoTopoi R —1,0 OM
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" u mHpyKTEBHOCTH L —20 MIH, cuia Toka I=5,0 A. Uemy paBHa

3HEPTUsA MATHUTHOTO IOJA coJeHOuZa Yepes i=1,0 Mc nmocne oTKIIO-
YeHUsI UCTOYHHUKA? .

22.23. Ha xese3sHOM KOJbIE, CpeAHHiI AuameTp KOTOporo d=—
=20 cm, umeeTca OoOMOTKA ¢ 4HcqoM BHTKOB N =800. B koJibue

cAejlaHa IpOpe3k mupuHo# b=1,0 Mm. IIpu cune Toka B 0GMOTKe |

I=1,0 A marHuTHad MHAYKIMA B 3a3ope B=0,8 Tia. Onpexeantsb
MATHHTHY IO IPOHHIAEMOCTD JKejieaa [IPU 9THUX ycaoBuax. PaccesHuem

moxA y KpaeB 3a3opa npeHeGpedn.

22.24. TOpoMA C CepACYHMKOM M3 YHCTOTO JKejiesa HMeeT oG-
MOTKY, cojepkamyio N = 500 BHTKOB, B KOTOpOii cuia Toka =2 A.
Ceuenne Topouzaa S =10 cm?, cpeanuit paauye R =30 cm. Onpegenurs
MATHHTHYI0 DHEpPrHIO, 3allaceHHYIO B cepAeuHuMKe. Bocmosb3oBaThesa
rpaduxom B= f(H). -

22.25. BuTOoK H30JMPOBAHHOI'O IIPOROJA MSOTHYT B BHAE BOCbMeEp-
KJ, KOJIBIla KOTOpo# mMeloT pajguycH r =6,0 cm ¥ r;=3,0 cm.
Buroxk HaxoauTcs B MATHMTHOM IIOJie ¢ MHAyKuueir B=1,0 Tu.
BekTOp MArHMTHOH HMHAYKUUH IePIeHIMKYJISApPEH IIJIOCKOCTH BHTKA.
HMsonanusa mpoBoZia PACCYMTAHA HA HANpSKeHMe 10 B. IIpousoiiger
nu npoboil wsoIAUMA, ecaH Maruwrnoe [oJie Pe3K0 BBHIKJIIOUUTH?
Bpems BBIKJIIOUeHHA nosas At=10"°

22.26. B BepTHKAJIBHOM Marnn'rnom nose c¢ Goapuio#f BBICOTHI
najaeT KOJbLUO AUAMETPOM d, M3rOTOBJEHHOE U3 TOHKON IPOBOJIOKM.
IIn1ocKOCT: KOJBIA BCe BPEMS ropH3OHTAJBHA. HaiiTH ycTaHOBUB-
LIYIOCS CKOPOCTHh HNAJEHUA KOJbIA, €CHM HHAYKUUSA IOJIA MEeHAeTCH
¢ BEIcoTo# 1o 3akouy B ==By(l-4 ah).

§ 23. NEPEMEHHbBIA TOK.
SNEKTPOMATHMUTHBIE KONEEAHUS M BOJIHLI

9ddeKTHBHBIE 3HAYCHUS CHJIEI TIEPEMEHHOTO. TOKA M IIePEeMEHHOTO
Hanpamenna'

T
Iy= ;S Pdt; Uy=-{ uat,

rAe T — nepuoj TOK&, i U U — MTHOBEHHBIe 3HAYCHMS CHTHl TOKA
H HAIPAXKEHHUH.
B cnyuyae CHHYCOHAAJIBHOTO TOKA

In Un
I =" —» Ua(b =
V2 Y]
rae I, u U, — aMOAUTYZBl CHJBLI TOKA U HANPAXKEHU.

HpK nocJjeaoBaTeJIbHOM COEJHHEHHH B 3JIEMEHTOB IeNu IOJIHOe
COIIPOTHBJIEHME NEepEeMEHHOMY TOKY

AV B (o)

rge R, L u C — aXTUBHOEe CONPOTHBJIeHHe, HHAYKTHBHOCTh M €MKOCTh
LeNlH, » — KpyroBas 4JacTOTA.
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MoOmHOCTh IIepeMeHHOr'0 TOKA: ‘
N=1I,,-Uyy-cos ¢,

rAe ¢ — CABHT (a3 MeXAY TOKOM H HANPSIKEHUEM.
Ilepuop, cnoﬁop;nmx 3a'ryxalom;nx Ro.ne6a1-nm Ko.neﬁa'rem,noro KOH-
Typa:

JlorapudMuuecKHit JeKpeMeHT 3aTyXaHHA:

=B
8= 2LT.

CKOpOCTH pacipocTpaHeHMA DJIEKTPOMATHUTHRIX KoJle0aHuil B U30-
TpONHON cpefe AMINTEKTPHUUECKOH NMPOHHLAEMOCTBIO &€ M MATHHTHOM

'TMIPOHHIAEMOCTBIO |L:

rge c= — CKOpPOCTH DACIPOCTPAHEHMH BJIEKTPOMATHUTHHIX KO-
Eolto
neGauuil B BaKyyMme.

23.1. OnpenesuTsh 3¢ deKTHBHOE 3HA YSHHE cnuyconnam,noro TOKA,
ecJi ero cpejfHee 3HauyeHHe 3a moJumepuoza 2,0 A.

238.2. Haiitm addexTuBHOE M cpefjHee 3HAYEHHE CHILI TOKA IIpd-
MOYTOJbHBIX HMNYJBCOB, NMEPHOA KOTOPHX B 4 pasa Gosbue ux
AJHTEeJIBHOCTH, & Ma&KCHMAaJbHoe 3HayenHe 0,80 A.

'23.3. IIpm6op MaruHuTO3JEKTPHYECKOH CHCTEMEBI IOKA3LIBAET CPEJ-
Hee 3HAYeHMe H3MepAeMOil BeJIMUYMHEI 38 TEPHOJA, A MpUGOp TEeNnJIoBOMH
cucreMl — addexTHBHOEe 3HaueHHe, KakosBn 6yAyT NnOKasaHHA aM-
NepMEeTPOB 3THX CHCTEM INPU MOCHEAOBATEJBHOM MX BKJIIOYEHMH B
Lelb, MUTAEMYIO OT OJHOIIOJY IEPHOAHOTO BRIIIPAMMUTE A, €CJIH AMILIHK-
TyJXHOe 3Ha4YeHHe CMJIN TOKa 5 A? -

23.4. 3aMKHEYTHII KOHTYP B BAJEe KBAJPATHOI pPAMKH CO CTOPOHON
a=8,0 cM pPaBHOMEDPHO BpaIIaeTCHd C YIJIOBO# CKOPOCTBIO =
=105 -ﬂc‘i B OZHOPDOZHOM MATHMTHOM II0JIé ¢ HMHAYKnHel B=
=3,0-10% Ta. Och BpameHuHA NPOXOAUT dYepe3 NEHTP PAMKH H
NepHeHANKYJIIPHA NHHAAM NOJA MAarHUTHON muxykimuu. Haiitu aMm-
NIUTYyLHOe M JelicTByloniee 3Ha4YeHue I C B KoHType.

23.5. OnpenesnTh eMKOCTh KOHZEHCATOPA, KOTODHIL B IelM me-
pPeMeHHOro ToKa c¢ vacroroif 50 I'm okasmBaeT Taxoe Ke COIpO-
THBJIeHHe, K&K M Pe3HCTOp ¢ colipoTuBieHHeM 100 Om.

23.6. [Ina ompeneseHMA MHAYKTHBHOCTH [ApOCCeNs €ro cHAYajaa
BKJIOYAIOT B lenb MOCTOSHHOIO TOKA, & 3aTeM B IeNb IIePeMeH-
HOro Toka dacroroif v=50 T'u. IlapannensHOo X ZApoCCeNI0 INOA-
KJIIOYeH 3JIEKTPOAMHAMMYeCKUt BoabTMeTp. OmpejesIMTh MHAYKTHB-
HOCTB JAPOCCEJIR, €CJIH NPY IPOXOXKAEHHH uYepe3 HEro IOCTOSAHHOTO
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Toka I =3,0 A mnoxasanme BoasTMeTpa U;=15 B, a mnpu nepe-
MexHOM Toke [;=2,0 A coorBeTrcTByloIlee mokasauume U,=—120 B.

23.7. B cerp manpsxenuem 220. B BKIIOUEHBI NOCJEA0BATESHHO
KaTymka HHAYKTEBHOCTHIO 0,16 T'H ¥ NpPOBOAHMK COMPOTHUBIEHUEM
2,0 OM, a Tak:Xe KOHAeHcaTOp eMKocTbio 64 wmrd., OnpexpeauTsb
CHJIy TOK& B LemnH, ecau 4qacrora ero 200 I'm. IIpm xakoii uacroTe
HACTYIIUT DPE3OHAHC HANPAKEHHUH M KaKOBH GYIAYT IpKH DTOM CHJIA
TOKA M HANpsAKeHHMEe Ha 3a’KMMaX KaATYIIKM M KOHAeHcarTopa?

23.8. NIyra IlerpoBa muTaeTcss TOKOM IIPOMBIIIJIEHHONH YacTOTH
¢ spdexrusnrim Hanpsxenuem 127 B. OnpefenuTs MHAYKTUBHOCTH
Ipoccensi ¢ aKTUBHBIM COIIPOTHBJIEHHEM 1,0 Om, KOTOpPHI#L HYIKHO
BKJIIOYHTh IIOCJI€L0BATEIbHO C JAYToM, YTOGBI MOJYyUUTH CHJIY TOKA
20 A mpu compotuBaeHuu ropsaimei gyru 2,0 Om.

23.9. HeonoBas jlaMma, KoTopas 3a’KHraeTcd M TacHET IIPH Ha-
npsaxenun 84 B, BkJlOuYeHa B IeNbh INIEPEMEHHOI'0 TOKA IIPOMBIIII-
JNeHHOH YacToTH ¢ apdexTunHbIM Hanpsxenuem 120 B. Onpegesnts
BpeMA MEKAY BCIBILMIKAMY JaMIBl U IIPOLOJIXKUTEJIBHOCTD BCIIBILIKH,

23.10. PryrHo-kBapueBad gamna IIPK-2 nmopkiiodaeTcsa K MCTOY-
HHKY IIepeMeHHOro HampsikeHusa vacroroit 50 I'm uepes gpoccers,
pabouee Hamps:xenue Ha xoropom 180 B, a sddexrussas cuaa
Toka 4,0 A. OmpejenuTs aKTUBHOE conpomBneHne Apoccesis, ecju
ero uHAYKTHBHOCTh 0,10 TH.

23.11. KongencaTop eMKOCTh0 5 MK® M IIDOBOAHUK CONPOTUBJE-
uueM 150 OM BKJIOYEHEl MOCJELOBATEJBHO B IENb II€PEeMEHHOr0
Toka ¢ Hanps:xeHueMm 120 B u wacrtoroit 50 I'u. Onpenenurs makcu-
manbHOe u 2 GeKTHBHOE 3HAUEHUE CHJIBI TOKa, CABHI ¢da3 MexAy
TOKOM M HaInpfAKeHHeM, a Takke 3(pGeKTHBHYIO MOIUIHOCTD.

23.12. Onpepenutrs 3PPEeKTUBHOE 3HAYEHHE CHJIBl TOKA, 3poex-

TUBHYIO MOIIHOCTh H CABHUT (a3 MeXJAY TOKOM M HAIIDAMEHHEM, eCJIN
NPOBOAHUK compoTHBAeHueM 150 OM U KOHAEHCATOP €MKOCTBHIO
5,0 Mx® BKJIIOYEHHI NapajijieJJbHO B Lellb II€PeMEHHOTO TOKa Ha-
npaxenueM 120 B u uwacrotoit 50 I'm.

23.13. B uens nepemensoro Toka uactoToif 50 I'y BKJIIOYeHEBI
KaTYIIKAa UHAYKTHBHOCTH, BOJIBTMETDP, aMIepMeTp M BaTTMerp (puc.
23.1). IlokazaHuA BOJBTMETPaA, aMIePMETPa M BATTMETDPA COOTBET-
erBeHHo 120 B, 10 A u 900 Br. OnpemenuThb
KO3 DULINEHT CAMOMHAYKIUM KaTYLIKH, ee aK-
THBHOE COIIPOTHRJIEHHE M CABUr (as MexAYy
TOKOM M HANPAKEeHUEeM.

23.14. B uens mepeMeHHOro Toxa ¢ 3ddex-
TUBHBM HanpskeHueM 220 B mopxiioueHbl no-

cJIe JOBATEJIBHO KaTyWKa HHAYKTHBHOCTBIO

4 0,50 T 1 akTMBHEM conporuBiaeHuMem 10 Om

u KoHxeHcaTop eMmkocthio 0,60 mMkrd. Onpene-

auTh 3QDEKTUBHYIO CHIY TOKA M 3PeKTHBHYIO
MOUIHOCTB,

23.15. Tpx OZMHAKOBO 3apSMEHHBIX KOH-
aencaTopa eMKocThio C = 5,0 Mx® Kaxanit coe-
Puc. 23.1 OMHAIOT B OGaTapel0 H HOAKJIOYAIOT K
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KaTyllKe, aKTUBHOE COIIPOTHBJIEeHHNEe KoTopoit R —20 OM U UHAYKTHB-
HocTh L=0,02 TH, Bo cKOJEKO pa3 GyAYT OTAMYATHCS IEPHUOALI
3aTyXalomux KoJelOaHul, eciu KOHAEHCATOPH OAWH DPa3 COeAUHHUTH
napajjesyibHO, & BTOPOH — MOCJIeLOBATENBHO?

23.16. PesonaHCHas 4acToTa KoJe6aTe IbHOTO KOHTYPA, COCTOSIIILE-
TO U3 TOCJEeJOBATEJBLHO COJWHEHHBIX KOHZEHCATODA M KAaTYUIKU
HHAYKTHBHOCTH, Vo=4 KI'u. OnpemesuTh HHAYKTHBHOCTH KATYLIKH,
€CJIM TIOJIHO€ COIPOTHMBJIEHHE, OKA3bIBAEMOE 3THM KOHTYpOM Iepe-
MEeHHOMY TOKY uyacTtoToifi v=1 kI'm, paBHo Z=1 kOM, a aKTUBHOe
conpoTuByieEne KaTymru R=10 Om.

23.17. 3apaxeHHB# KOHAeHCATOpP eMKocThio 0,560 Mk® moakJio-
YUJIH K KaTylke HMHEIYKTHBHOCTHIO 5,0 MI'm. Yepes kakoe Bpemsa

"OT MOMEHTa NOAKJIOYEHHA KATYUIKH J3HEPrudd 3JNEKTPHYECKOr'o I0JdA

KOHZEeHCATOPA CTAHET PABHON 9HEPrHH MATHMTHOTO IOJIA KATYIIKU?
AKTUBHBIM CONPOTHBJIEHHEM KATYIIKH NpeHeOpedb.

23.18. B xonefaTeIbHOM KOHTYpE, COCTOSINEM U3 KOHAEHCATOPa
M KATYIIKM HHAYKTHBHOCTHIO 5,0 MI'H, MpOMCXOAAT 3JI€KTPOMATHUT-
Hble KoJebaHUsd, IPH KOTOPBIX MaKCUManbHAA cHJa Toxka 10 MA,
OmnpefennuTh €eMKOCTh KOHZEHCATOpa, ecJM MaKCHMAJbHAas Pa3HOCTD
TMOTEHI{UAJIOB Ha ero oOkJagkax gocruraer 50 B, a aKTHUBHBIM CO-
MPOTHUBJIEHNEM KATYIHKHM MOJMKHO IIpeHeGpeub.

23.19. Kakoe COIPOTHBIIEHHE MOMKET COAEPIKAThH KOJebaTeJbHbIN
KOHTYD, COCTOAIIMI M3 KATYIIKU HMHAYKTHBHOCTBIO 10 MI'H M KOH-
JeHcaTopa eMKOCThIO 4,0 MK®D, YTOOH B HEM MOTIJIH €eille BOSHUKHYTh
9JIEKTPOMATHUTHBIE KoJiebauua?

23.20. OnpepennTh 4acTOTy COGCTBEHHBX KoJeGaHHU KoJebaTehb-
HOIO KOHTYpPa, KOTOPBHI¥ COCTOHT M3 KOHJEHCATOPA €MKOCTbI0 C—
=2,0 MK® u xarymkn gaunHoi [=0,10 m u paguycom R=1,0 cm,
cogepxaireiit N =500 BUTKOB, eCJIH MATHUTHAS MPOHULAEMOCTDb Cpe-
LB, 3aNOJHAIONIEH KaTYIIKy, paBHa p=1, a CONMPOTHBJIECHUEM Ka-
TYILIKH MOJXKHO IpeHeGpeyb.

23.21. Kosre6aTeqbHBIE KOHTYP COCTOMT U3 KOHJEHCATOPA €M-
kocTthlo 2,0 Mx®P u kKarymkum MHAYKTHBHOCTBIO 0,10 T u compo-
tusjieHueM 10 Om. Onpegennrs sorapupmudecKkuii JeKpeMeHT 3aTy-
XaHUA KoJebauuii.

23.22. OnpegesnuTh aKTHBHOE CONPOTHUBJCHHE KOJe6GaTeJIbHOTO
KOHTYpAa, HHAYKTHBHOCTL KoToporo L =—1,0 TH, ecaun uepes t=0,10 ¢
aMIIUTYAHOE 3HAYEeHME PA3HOCTH IIOTEHLMAJIOB HA OOKJIAAKAX KOH-
JeHcaTopa YMeHbIIWJIOCh B n—4 pasa.

23.23. OnpeneauTs YACTOTY COGCTBEHHMX KoJgebauuii KoaebarTennb-
HOTO KOHTYpA, CoAepiKaliero KoHaeHcaTop emkoctblo C=0,50 Mx®,
€CJI1 MAKCHMAJIbHASA PA3HOCTE NMOTEHIMAJIOB HA €ro O6KIaAKax JOCTH-
raer U,=100 B, a MakcuManbHAd CHJIA TOKA B KATYUIKe paBHA
I,=50 MA. AKTHBHEIM CONMPOTHBJICHUEM KATYIIKH NpeHeGpeub.

23.24. Kakyio aHepruio HeoGXOJMMO MOABECTH K KoJieGaTeJbHOMY
KOHTYPY C JorapH¢pMuyecKMM JAeKpeMeHTOM 3aTyxanusa ©=0,03,
4yTOOBI MOAACPIKUBATL B HEM 3aTyXalollHe KoJeGaHUA B TedyeHUe
t=1 4, ecIM KOHTYpP COCTOMT H3 KOHAEHCATOpA eMKocThi0 (=
=0,050 Mk® u KaTymIKM MHAYKTHBHOCTHIO L =—2,0 MTH, a MaKcH-
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MAa/NbHAS CHJIA TOKA B KATYIIKe AOCTUraer sHadeHus I,=5,0 mA?

23.25. Ha KAKYIO AJIMHY BOJIHEI HACTPOCH PajHONPHEMHUK, eCNH
ero ITpHEMHBIH ROHTYp obaazaer MHAYKTHBHOCTBIO 1,5 MmTH u em-
KocThi0 450 ud?

23,26. OnpeaeauTs CcKOpPOCTH pacnpoc'rpanerma 3JIeKTPOMATHUT-
HEIX KONeGaHUH B cTeKie, ecau e¢=T, p=1.
© 23.27. IByXnupoBOAHAS JIMHHMA HHAYKTUBHO CBA3aHA C IeHEpaTo-
pOM 3JIEKTPOMATHMTHBIX KoJie6aHMi UM norpykeHa B cumpr. Ompe-
JeJIUTh 4aCTOTY I'eHepaTopa, e€CJHU PAaCCTOSHUE MEXAY NYUHOCTHAMH
B crosaueil BomHe 0,50 M, a OTHOCHTENBHBle 3HAYEHUS JUIIEKTPH-
YeCKOIl ¥ MarHuTHOMk TIPOHMIAEMOCTEH CIIUPTA COOTBETCTBEHHO 26 u 1.

23.28. TIpx nozaue Hanps:kenus U, =100 B na nepBuumyio 06-
MOTKY TpaHcopMaTOpa ¢ TOPOHAAJIBHEIM (PepPUTOBEIM CePAEeYHUKOM,
MarHHTHas IPOHKUIAEMOCTh KoToporo u;=2000, Hanps:xeHue Ha ero
pPasoMKHyTo# BTOpHUYHOH ob6MoTke U,;=109 B. Kakoe HampsxeHue
651510 6B Ha pa3OMKHYTOH BTOpHYHOH O06MOTKe, eciiM O6RI MarHMTHasd
MPOHUIAEMOCTh cepAeYHUKa Obina o= 20? PacceAnme MarsMTHOTO

NOTOKA M NOTEPH B CEPAEUYHHKe He YUMThIBATH. KoadduuueHT TpaHc-

dopmanuy TparchopmaTopa k=2.

Frnasa IV
ONTUKA

§ 24. MHTEPOEPEHUMA CBETA

IIpu unTepdepeHIMK ABYX KOTePeHTHEIX BOJH PACCTOSHHE MEKLY
BOBHUKAWIIYUMH HA SKpaHe ABYMA COCEIHMMH nn'repd)epennnonnmmn
MMOJIOCAMH BHIPAIKAETCHS COOTHOLIEHHEM

Ax‘—-?k,

rge | — paccTosHue OT SKPaHA RO MCTOYHHMKOB cBeTa, d — Paccrof-
HHEe MeXJAYy MCTOUHMKAMM CBeTa. .,

IIpn oTpasxeHud OT NJOCKONApPAaJIeJbHOU ILIACTHHKH, HAXOHA-
melicad B BO3AYXe, ONTUYECKASA PA3HOCTL XOJA CBETOBBIX BOJH:

A=2hn cos ﬁ+g—,

rae h — ToMmuMHA IJIACTHHEL, 0 — YrOJ NajeHUA aydei, § — yroxa

TIPEeJIOMJICEHN A, N — IIOKa3aTeJib IIPeJIOMJIEHUS IJIACTHHBI.

YcnoBrue MAKCUMYMOB HHTEHCHBHOCTH CBETOBEIX BOJIH IIDH MHTEP-
depennun:
A=+ k),

rae k=0, 1, 2, 3 ...
YcnoBue MUHHMYMOB:

A=i(2k+1);—.

Pagnych cBeTanx M TeMHHX xoJen HbioroHna:

rae m=1, 2, 3 ...

B oTpasxeHHOM cBeTe YeTHHIM /M COOTBETCTBYIOT DPAAMYCHI CBET-
JIBIX KOJIell, HeYeTHHIM — TE€MHHEIX, B IIPOXOAALIEM cBeTe — HaoGopoT.

24.1. PaccTrosHNe MeXAY ABYMSA KOrePeHTHHIMHM MCTOUHUKAMH CBE-
ra (A=0,5 mMxm) pasHo 0,1 mM. PaccrogHue Me:xay HHTepdepeH-
IMOHHBIMM MAKCHMYMaMH B cCpefiHeil uacTH HHTepdepeHUNOHHOM
KapTHHH paBHO 1 cM. OmpesesuTh paccToOdHMEe OT HCTOYHUKOB JO
BKpaHa.

24.2. Ha 6unpusmy Ppenens nagaer cser (A=600 um) or ucrou-
auka, HaiiTn paccroanme mMexjy cocefHUMH HMHTepdePeHIHOHHEIMH
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MaKCHMYMAaMH, o0pasyioliuMucsa Ha SKpaHe B DE3YJbTATe HHTEp-
depeHIIH, €CJIM PpPACCTOSHHME OT MCTOYHHMKA JO npuaMbi 1 M, a
OT.IIpU3MH K0 3KpaHa 4 M. IIpesomusiomuit yros npusms 2-10 7% pazx,
IoKasaTesJb HpPeJOMJEHHHA ee n=1,5.

24.3. Haiitu uncio N monoc muTepdepeHnuu, o6pa3soBaHHbIX OH-
npusMolf ¢ MoKasaTeNeM IIPEJOMIICHHS N ¥ IPEJIOMJIAIOIIUM YIJIOM ),
ecJH AJMHA BOJHBI HCTOYHMKA A. PaccTosiHMe OT MCTOYHHMKA -CBeTa
L0 OMIpPUBMHL @, & OT OMIIPU3MBI A0 3KpaHa b.

24.4. Ha seprasa PpeHend, NOCTaBJIeHHbIe NOA yriaom o=10°
(puc. 24.1), mazaer cBeT OT IIeJH, HaXoAAiIelics HA DPACCTOSHHH

=10 e¢M oT JHHUM NepeceuyeHUd 3epKaJj. JJIMHA BOJHBI MCTOYHHKA
A =600 um. OTpaXeHHBI# OT 3epKaJj CBeT AaeT MHTeP(EPEHIHOHHYIO
KapTHHY Ha 3SKpaHe, PACNOJIOKEHHOM HA& paccroaHuu L =270 cm
OT JIMHUM IlepecedeHMsI 3epkaj. OupefesuTh pPACCTOSHHE MEXAY
vHTep(hepeHIMOHHEIMY I0JOCAMH H& 9KpaHe U HauBGOJBIIYIO IIUPUHY
IieJM, MpH KOTopoil umHTepdepeHIMOHHAA KapTHHa MoxkeT Habuio-
IaThCH.

24.5. OnpeaeanTte yron o wMexAy B3epkanamu Ppenend, ecau
paccTofiHMe X MeMAYy MaKCUMyMaMH WHTepdepeHIMH Ha BKpaHe
paBHO 1 MM, paccTOAHMe @ OT JHHHUH IepecevdeHHs 3epKaJl A0 3KpaHa
1 M, a 10 ucrounuKa r=10 cm. [{JMHA BOJHBEI MOHOXPOMATHYECKOTO
ceera A=0,486 mMrM. Marepdepupylonue ay4uu NajaioT HA SKpaH
HOPMAJBHO.

24.6. UurepdepeHIMOHHAA KAPTHHA Ha dKpaHe M moJsydaercs
C IMOMOIIBIO CXEMEI, H300paKeHHOoMi HAa pucyHke 24.2. McTouHuK S|,
HaxXopAalIuiica Ha paccTosHMM l;=1 M OT BKpaHa, H3JIydaeT MOHO-
xpomaTuyeckuii ceer (A=0,5 mxm). Il;mockocTs 3epkayia 3 mapaJ-
-JlenbHa JNyuyy S|A M yzajeHa OT Hero HAa paccTogHue A=2 MM.
Onpepenurs, uro O6ymer HaAGMIOAATBCA B TOuKe A (ycHJeHHe HJIN
ramenne). Kak M3MeHHTCHS OCBElIEHHOCTH- B 3TO¥ TOUKe, €CJIM HA
nyta ayda S|A, NepHneHAUKYJIAPHO K HeMY, IOMECTHUTH ILJIOCKO-
napaJjjejbHyIo crrexmmnylo naacTuHKY (n=1,55) 'romum:oﬂ d=
=6 MrM?

24.7. Ha guadparmy c AByMS ySKMMH LIETSAMH, HAXOLALIMMUCH
Ha paccTosgHuHu d—2,5 MM, MaaeT HOPMAJbHO MOHOXPOMATHYECKHHK
cBeT. UuTepdepeHINOHHAA KapTHHa 00pasyeTca HA 3KpaHe, OTCTOS-
- meMm or auadparmul Ha paccrosnme =100 cm. Kyna u Ha Kaxoe
paccTosHNe CMeCTATCA HHTepdepeHLUOHHBIe IOJIOCH], €CIM OLHY U3
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meJsieif 3aKpPHITh CTEKJAAHHON NJIACTHHOH TOJHIMHON A=1 MKM #u
¢ mokKasaTejileM mnpeJjomJjenus n=1,5? '

24.8. Isa KOrepeHMTHBIX HCTOYHHMKA CBeTA C AJUHOH  BOJXHBI
A =480 HM co3aal0T Ha 3KpaHe HHTEepPEPEHIMOHHYI0O KapTuHY. Ecan
HA NMYTH OJHOTO H3 NMYYKOB IIOMECTHTH TOHKYIO KBapLEBYIO IJIACTH-
Hy ¢ nokasaTejieM mnpejominesus n—1,46, To uHTepdepeHIUOHHAS
KapTUHA cMelnaeTca Ha m =69 mnoxnoc. Ompesenuts TONIIHMHY d
IJIACTUHHI,

24.9. Tonrkad NJeHKa ¢ MOKasarejeM upejomyeHuss n=1,5 oc-
BelaeTcss pacCeAHHHIM CBeTOM ¢ AJMHON BOAHBI A =600 mm. Ilpn
KaKoil MUHHMMAJIbHOH TOJINUHE IJIEHKH ¥MCUYEe3HYT HHTep¢epeHLHOH-
HEIE IT0JIOCHI?

24.10. Ha nnockoii mpo3pa4yHoii NoBepXHOCTH o0pa3oBaHa TOHKasA
mpo3payHas IJIeHKa ToauuHoii 0,396 mkMm. Kakyio oKpacky mpuMmer -
IJIeHKAa NP OCBeleHHH ee GeJIbIM CBETOM, NaJAaloIUM IIOA YIJIOM
30°?

IIokasarenk mpejioMNeHHs cTexksa 1,5, a maTepuana nneHku 1,4,

24.11. Ha crerkJAHHYI0O NaacTUHKY (n,=1,5) HaHeceHa mpo3pady-
Had TIeHKa (22=—1,4). Ha nseHKy HOpDMAaJBHO K IIOBEPXHOCTH MAajaCT
MOHOXpoMaTHdeckHii ceer (L =600 uM). KakoBa HauMeHbHIAA TOJIIH-
Ha IJIEHKHM, eCJIM B pe3yJjbTaTe WHTepdepeHmuu OTpa)KeHHb[e ayuu
MAaKCUMAJIBHO ocaabmensi?

24.12. OnpepesuTs TOJNIIMHY CJIOS MAacja Ha nonepxnoc'm BOJABI,
ecym npH HabiaoaeHum mojp yrjiom 60° k HOpMaJiM B clieKTpe OTpa-
JKEHHOTO CBeTa BHUAHA 3IHAUMTENLHO YCHJIEHHAS JKeJTas JHHUS C
IInHO#M BOJIHBI A =0,589 MEKM.

24.13. KakoBel JOJKHB! OBITE IIpefebl H3MEHEHHS TOJIHHEI
MJACTHHKM C IIOKasaTejieM IpedoMmjaeHuss n=1,6, 4ro6el MOkHO
6bl10 HaGaIOZATH HHTEPEPEHLUUOHHBIA MaKCHMyM 10 -ro TOPAAKA
Anda cBera ¢ gauHON BoaHE A=500 EM?

24.14, PacmosoeHHad BEePTHKAJbHO KJIMHOOOpAasHAs MBIbHAN
maeHka Habaiogaerca mox yriaoM 90° K BepTHKAJId B OTPAKEHHOM
cBeTe Yepe3 KPAaCHOE CTEKJIO, IIPONycKalollee JYy4YH ¢ LJIUHON BOJHBI
631 M. PaccrosiHne MexAy COCEAHUMM KDACHBIMH IIOJOCAMH 3 MM.
KaxoBo paccTofgHMEe MeXKIY COCEIHHMH CUHMMH IIOJIOCAMH, €CJIM Ha-
6a10/leHIe BeCTH Uepe3 CUHee CTEKJIO, IIPOoIycKalolllee CBET ¢ AJIUHOM
BOJIHBI 460 HM?

24.15. B Tonkoii KAMHOOGpA3HOM NIACTHHKE B OTPAYKEHHOM CBETE
IpU HOPMAJIBHOM IIafieHHHU Jydueil ¢ aauuoii Boauml 450 M Habuio-
AAalOTCA TeMHBle HHTephepeHIMOHHBIe TI0JIOCHI, PACCTOSIHHE MEXIY
koTopeiMu 1,6 mm. Haiity yron mexxpay rpaHaMy IIJIACTHHBI, €CJIH
NMOKAa3aTeNb NpeIOMJIeHUs IJACTHHKHU 1,5.

24.16. IIpu oceeuleHHMHM KJIMHOOGPA3HOM  IJIACTHHKM  IIYYKOM
napaJjenbHbIX Jydeli HarpueBoro niaamMenm (A; =589 HM), majaio-
IINX HOPMAJIBHO K IIOBEPXHOCTH, 00pasyloTcA MHTephepeHLMOHHbIE
TIOJIOCH!, TIPUuYeM HA AJguMHe B 13 MM ykaagmiBaerca 46 TeMHBIX
moJjioc. 3aTeM NJIACTHHY OCBEINAIOT CBETOM C AJIMHOM BOJHBEI Ag=
=499 mM. OnpesesuTh UYMCIO TEeMHBLIX NO0JIOC, YKJIAALIBAIOIIHXCH .
B 9TOM cJjaydae Ha TOH ke AJIHUHE.
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- 24,17, Bo3pyumHe# KAMH, UMEOMHUNA HANGOABIIYIO  TOJIIUHY
0,01 mm, ofpazsoBaH TOPHM3OHTAJLHON IMOBEPXHOCTHIO M  IJIOCKO-
-[IapasieIbHOM CTEeRIAHHON miaacTunkoi. IIpu ocBeleHun nMJIacTHHKH
BePTUKAJBHEIMH JydaMH c auuHoit Boauul 0,580 mMkM Ha6GaiogaTens
BHAKUT B OTPaXEHHOM CBeTe HMHTepdepeHUHOHRBIe moJochl. Ilocae
‘TOTO KAk B IPOCTPAHCTBO MEXKAY . IJACTHHKON H IOBEePXHOCTHIO

BBeJIM JKHUAKOCTb, YHCJO HHTepdepEeHIMOHHHIX IIOJIOC YBEJHYHJIOCH

Ha 12. OnpepsesuTh moKasaTelbh IMPEJOMJEHUA KHAKOCTH. CuutaTs,
'YTO M3-3a MAJIOCTHM yIrJjia IpM BepHIMHe KJHHA YroJ MajeHus Jydei
Ha IPAHHILY BOSAYIIHOrO KJIMHA GJIM30OK K HYJMIO.

. 24.18. Ilouemy menrp xosen, HeioTOHA, HaGaIOZaeMBIX B IPOXO-
AAIIeM cBeTe, OOBIYHO CBETJEIH?

24.19. B ycraHoBKe AJd Ha6GmogeHHs koJsen, HBIOTOHA IJIOCKO-
BRIIYKJAA JIMH3A CAEJAHA IOABMIKHOM M MOJMeT IepeMellaThCA B
HANpaBJeHUH, HEPICHIUKYJIAPHOM IacTHHKe. YTo 6yjeT mpomcxo-
OUTH ¢ KoablamM#d HeIOTOHA NpPH YAAJEHUH U NPHOGIMIKEHHHM JIHH3HI
K niaactrHKe? Koabna mosyvaioTces ¢ NOMOLIbI0 MOHOXPOMATHYECKOTO
cBeTa.

24.20. Ha ycTaHOBKY IJja mnoJjydeHus KoJjen HbloToHa mazaer
HOPMAaJbHO MOHOXpoMmaTHuecKHil cBer (A=0,5 mrMm). OnpepemuTh

TOJILIMHY BO3AYIIOHOIO -CJIOA Tam, rjge B OTPaAXEeHHOM cBeTe Ha-

6aonaerca H-e cBeTJIOE KOJLIO. .

24.21. OnTHyeckada CHJIAa ILJIOCKOBBIIMYKJO# nuasM (n=1,5)
0,5 antp. JInusa BRIIYKJIOH CTOPOHOM JIeKUT HA CTEKJIAHHOH NJIacTHH-
kKe. OnpenenuTs paguyc 7-ro TemHOro koJsbna HrploToma B mpoxo-
Aantem csere (A=0,5 MKM). -

24.22. JIBe IJIOCKOBBIIIYKJIBIE JHUHIBI IPHMATH BILJIOTHYIO CBOMMH

BHIIIYKJIBIMHM IIOBEPXHOCTAMH, PAJUyChl KPHBH3HBI KOTOPHIX R, u
- Ra. Onpene.un'rb paguyc r, n-r0 TeMHOI'O KOJIblA, €CJiM AJHMHA Ia-
Zamleil cBeTOBOM Bonnu A. Habmomenue BejeTcs B OTpaXeHHOM
cBeTe.
' 24.23. HecuMMeTpHYHAS ISBOSKOBBINIYKJIASA JIMH3A JIEKHT OAHOI
M3 CBOHX IIOBepXHOCTell Ha ILJIOCKONapaJieabHOH miacturke. 1lpn
HabaogeHun KoJel HbloToHa B OTpasKeHHOM cBeTe ¢ A=—=589 HM
paauyc r; 20-ro TeMHOro KoJblla OKasaJjcd paBHbIM 2 MMm. Korga
JUH3Y IMOJIOMHUIM HA IUIACTHHKY ApPYroil I0BepXHOCTBIO, TO PAAHYC
r; TOro e TeMHOro KoJjbla cranx 4 MM. OnpegenuTs @QOKycHoe
paccTodgHue JUHBHI, €CJH NOKA3ATeNb IPeJIOMJTeHHS CTeK/I, U3 KOTO-
poTo OHA HBrorosJieHa, 1,5.

24.24. KakoBO paccTOsiHHe Memp;y 20-m u 21-M MaxcMMyMaMn
cBeTJhIX KoJell HbIoToHA, eclIM paccTOSSHHE MEXAY 2-M U 3-M —
1 MM, a mHabalogeHue BefeTcd B OTpayKeHHOM cBere?

24.25. Mexay IJIOCKOBBINYKJIOH MUHA0H U CTEKJISHHON NMJACTHH-
Kolf, HA KoTopoil OHA JIeKHUT, HET KOHTAKTA BCJIEACTBHE NONAJAHUS
uslan, [Ipu srom pazuyc 5-ro remnoro koasua Heioroma 0,8 mm.

Ecay nelis YAAJAMTH, TO DajHyc 3TOoro KoJabua crader 0,1 cm.

‘HaliTH TOJIIMHY CJOA IBIIM, €CJU PaXHYC KPHBH3HBEI JMH3BEL 10 cMm.
Halmoaenre BejeTca B NMPOXOASAILEM CBeTe.
24. 26 Mexay crexaanHON IJIACTHHKOH M Jlexcanxeﬁ Ha Hei
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nnoctconmnyx.non JIMH308 HAXO-
AUTCA MUAKOCTh. Kakos ee mokasa- A
TeJb IPEIOMJIEHHA, €CJIM IPH Ha- A
GJIOIecHUM B OTpayXeHHOM cBeTe §

(A=600 BM) paguyc 10-ro TemHoOTrO B
koabna Helorona 2,1 mm? Paguyc
KPUBHU3HEL JIUH3H 1 M. » _

24.27. Uurepdepomerp, usobpa- L
JKeHHHIH Ha pHcyHKe 24.3, CIyXHT U
IJIS A3MEPEeHUs MOKA3aTeNd IIpesIo- Puc. 24.3
MJIEHUSI INPO3padHBIX BellecTB.
3aech S — 1ilenb, Ha KOTOPYIO NajgaeT MOHOXPOMATHYECKMIi cBeT
(A=598 nm); D — anadparma ¢ AByMA IeNdMH; AJIHHA TPyGox A
H B, 3amosneHHBIX Bo3ayXoM, paBHa 10 cm. Eciam 1pyGry A 3a-
HOJIHUTh AMMHAKOM, TO HHTepdepeHIHMOHHAS KApTHHA HA 3JKpaHe
M cmectuTca BBepx Ha N=10 nonoc. OnpexesnTs nOKAsaTeNb IIpe-
JIOMJICHHS aMMHAKA.

24.28. OnpexennTs noKaszaTeNk NPEJIOMJIEHHA ILIEHKH, KoTOopasd
npocBeridsa GH moBepxXHOCTHL crexya (n=1,67), maxopasmeroca B
BO3AYXeE.

24.29. TIoBepXHOCTh CTEKJAHHOM NJACTHHKH IIPOCBETJICHA MJIs
eJaToi o6nactu cmexTpa. Ilokasaresp NmpeIOMJICHUA ITPOCBETJIAIO-
meit nieHEM AA8 KenTHX aydeit 1,28. Kakyio gomo mnapalomngero
TIOTOKA OTpasuT INJACTHHKA B o6yacTaAx cmekrpa A; =600 =M,
A2 =400 aM? TIokazaTesb HPEJOMJEHHA CTEKJIA M IJIEHKH AJaA (QHO-
JeTOBHX Jnydeit cuurars Ha 0,01 Gosble COOTBETCTBYIOINMX IHOKAa-
saTeseil NpPeJIOMJICHAS AJIA KENTHIX Jydeit.

S
X

Al

§ 25. AMOPAKUMS CBETA

Paguyc k-#t 3oHM PpeHens HOpPH INPOXOXKIeHMH cdepuduecKoii
BOJIHHE 4Yepe3 KPYIVIOe OTBEPCTHE:

n=r/ s

rge a — paccroaunue asuadparMul ¢ KpyrjblM OTBEPCTHEM OT TOUEYHOrO
HCTOYHHUKA cBeTa, b — paccrosHue Auadparmsel OT 3KpaHa, HA KOTOPOM
rabaiogaerca JupaKUUOHHAA KapTHHA, B — HOMep 30HHI PpeHesd.

YcnoBue riasHEIX MAKCHMYMOB MHTEHCHBHOCTH B cjayuae ¢ppayH-
rogepoBoif gudpakuuu Ha AMGPAKIMOHHON pemeTKe IIPM HOPMAJIb-
HOM IIaJeHuu Jydel: :

d sin ¢p== =+ kA,

rae d — MepHOA PpeLIeTKH, kK — HOMep IJIABHOTO MAKCHMyMa, ¢ —
yroa audparkumy.
Yriosaa gucnepcus p;nd)paxunonnoﬁ PeLIeTKH :
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rge 0@ — YrioBoe pacCTOSHUE MeXKAY CHeKTPAJLHEIMHA JIMHESMH,
OTJINYAIOUIMMHECA IO AJHHE BOJHBI Ha SA.
Jluneitnaa aucnepcua AUGPaKIMOHHON DPELIETKH:

_ 8l
Di=5»
rae 0l — nuHeliHOEe pPACCTOAHHNE MEXKAY CIIEKTPAIbHBIMH JIMHUAMY,
OTJIUYAIOUIMMHUCA TI0 ZJIMHE BOJHBEL Ha OA.

A Maxeix yriaos gudpariuu

D/~FD,.
Paapemalomaa cuia Oo6BeKTHBa TeJlecKoIla:

D
E= 1,225 °

rge D — puaMeTp BXOZHOro 3padyka 06HeKTHBA.
®opmysa Byabda — Bporra:

- 2d sin Yp=EkA,

rge d — paccTOSHME MeXKIY ATOMHBIMM IIJIOCKOCTSAMH KpMCTAJLIA,
) — YIoJl CKOJbMEHUA, B — TMOPAJOK CMEKTPA. »

25.1. Ilepea, auacgparmoii ¢ KpYIJIBIM OTBEPCTHEM  PpPazHyCcoM
r=1,0 MM momMecTH/JIM TOYEUHHIH HCTOUHHMK cBera (A=0,50 mMEM).
Haiitu paccrosume b or auadparmMel g0 TOUKM HaGaIOzeHus, IJsA
KoTopoi#l uucio 30H Ppenena B oTsepcTHu n=4. Paccroanue or
HCTOYHUKA cBeTa Lo auadparmel a=1,0 m.

25.2. Paguyc 4-it sounl PpeHens ZJas NJIOCKOTO BOJHOBOTO (hpoHTA
ry=38 MM. Onpegsemuts paguyc 12-i1 30HH K3 TOH e TOUKH HAa-
610 feHHUA.

25.3. Haiitu yrasl ¢, ompeiesdiolHe IIOJOKEHHE MUHHMYMOB
npu cbpaynrod)eponon Zubdpakuuy, ecjJH IJIOCKAsA BOJIHA A Iajzaer
Ha INeJb IMMPHHON @ IO HANpPAaBJEHHMIO, COCTABJIAIINEMY YIOJd O
C HOPMAJBIO K IIJIOCKOCTH IIeJIH.

25.4. B Touke A (puc. 25.1) HaxoguTCA TOUEUYHHH MHCTOYHHUK
MoHOXpoMaTHdeckoro ceera (A=500 um). Auadparma c orBepcTiEM
pazuycoMm 1 MM mnepememaercs U3 TOYKH, OTCTOAIIEH OT A Ha
50 cM, B TOYKRy, orcrodauyo or A ma 1,5 M. Ckoabko pas 6yzer
HaOMIOfaThCA 3aTEMHEHUe B TOuke B, ecam AB=2 m?

25.5. Ha menp mmpunoit a =0,1 mMm na-

0 JaeT HOPMAaJIbHO IYyYOK MOHOXPOMATHYECKOTO

ceta (A=>500 um). Judpakumonsaa xKapru-

Ha Ha0OJaiofaeTca HA JKpaHe, HAXOIAIIEMCH

A 8 B MOKAJBLHON NJIOCKOCTH JMHSBI, ONTUYECKAS
" cuna xoropoit D=5 pnrp. Haiiru paccros-

HUe MeXJAY MHHMMyMaMH BO 2-M IIOpAgKe.

25.6. CeeT OT TOYEYHOI'O MOHOXPOMATH:

YeCKOT0 MCTOYHMKE najzaeT Ha guadparmy

Puc. 25.1 C KPYIJILIM OTBEPCTHEM, paguyc KOTOpPOro
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MOKHO MEHATh NpPOH3BOJLHO. Ha sKpaHe, pacmoJIo;KeHHOM HA pac-
croauun [,=125 cm ot auacdparmel, nmoayduajach AudpPaKuIOHHAS
KapruHa. HaiiTH AJMHYy BOJHB NajaloIero. CBeTa, €CJIH B’ IEHTpe
And»pammonnoﬁ KapTUHBI MakcuMyM HabOsomaerca nmpu ri=1 MM, a
cHeAyIoOnuE 3a HUM — npH 'y— 1,29 mM. PaccTosuume oT Hc'mqnmca
no auadparmu l; =100 cm.

25.7. Indparmunonnas pemerka coxep:kut 100 mrpuxos Ha 1 Mm
aanabel. OnpefesiuTs AJIAHY BOJIHBI MOHOXPOMATHYECKOIO CBeTa, Ia-
JAlOmero Ha pelleTKy HOPMAaJbHO, €CJIM YroJl MEXAY AByMdA dpayn-
rodepoBriMu MakcumMymaMmu l-ro mopaaka 8°.

25.8. Kaxoii Hau6Gosbimmii nopagok cnekrpa HaTtpusa (A=590 um)
MOJKHO HaOJogaTh IIPH NOMOINY AN(PPAKIUOHHOH pelIeTKH, MMelo-
meit 500 mTpuxoB Ha 1 MM, ecJH cBeT IajaeT HA PeEIIETKY IOJ
yraom 30°?

25.9. Bruiuucauths HaubGoabmuii yroJs, Ha KOTOpPHIii ,qmbparnpye'r
NYYOK MOHOXPOMATHYECKOTO CBeTa, NAaJAl0NIero HOPMAaJIbHO Ha
ZndpaknMoHHYI0 pemerky, umeiomylo 10 000 mrpuxoB Ha 1 cm

npu mmpude B 4 cMm. JlaMHa BOJHHE majawinero ceera 546 um.

25.10. Ilocroannas audpaKImUOHHON pelleTKH, YCTAHOBJICEHHOH B
ciiekTpomeTpe, 2 MKM. IloZ KAKMM YrJIOM K OCH KOJIINMAaTOpa CJeLyeT
YCTaHOBUTL 3PUTEJBHYIO TPYOy AJA HabJIogeHMd cNEeKTpalbHOH JIH-
HUH C AJUHOH BoJaHH 410 AM?

25.11. Ha Kaxom paccTOSHMU APYT OT Apyra OYyAYT HAXOAUTHCH
HQ BSKpaHe [OBe JUHHWHU CIOEKTpPa PTYTH ¢ AJAUHAMH BOJIH 577 u
579 HM B cnexkTpe l-ro mopsiaxka, NMOJYYEHHOM IPH IIOMOILLM JH-
¢dpaxnuonnoit peuwerku ¢ nmepuoaoMm 4 Mm? PoxKycHoe paccTodAHHE
JUH3HI, NPOEUUPYIOIell CHeKTp HAa 3KpaH, 60 cm. Jlyun mazaror
HA peuIeTKy HOPMAJBHO.

25.12, Ilepuox gudparuuonuoii pemerxku 4 MkMm. [ludpaknuoHHas
KapruHa Habjaoofaercs ¢ NOMOINBIO JIMH3H € (DOKYCHBIM pAacCCTOS-
HMem 40 cm. OnpefenuTh AJMHY BOJHBI ITaJAIONIEr0 HOPMAJILHO
Ha DelLIeTKY CBeTa, eCJH MePBHI# MaKCUMYM IIOJydYaeTcs HA PACCTOS-
HUE 5 CM OT LEHTPAJBLHOTO.

25.13. CuexTps 2-ro ¥ 3-ro NOpALKOB B BHAMMOM o6racT oT
IMPPaKIIMOHHON PEelIeTKH YACTHYHO IIepeKphiBaioTcH. Kako#l aamue
BOJIHBI B CIleKTpe 3-ro mopAzka coorBercTsyerT A="700 HM B CNeKTpe
2-ro mopsagxa?

25.14. Ha nudpakKLHUOHHYIO PELIETKY C MEepPHOJOM 2 MKM IajaeT
HOPMAJIbHO CBET, IIPOMYIEHHEIH CKB0O3b CBeTOOMALTP. PHALTD IIPO-
myckKaeT BOJHE AJjguHOM or 500 po 600 mm. Byayr mm CIIeKTPHI
PasINYHBIX NMOPSAKOB HAaKJIAaAHKIBATHCSA APYr Ha apyra? '

25.15. IToxg yriom o=30° naGmiogaercss 4-ii MakcUMyM [Jd
OJAWHBL BOJHBEL A=0,644 MrM. OnpeZeiuTh INOCTOSHHYIO Iudpax-
LIMOHHOH DeIleTKH M ee LINPMHY, €CJIH OHA I[I03BOJISET PA3pPelInTh
Ar=0,322 M.

26.16. IloxasaTh, UTO ecau MepHOJ peleTKH d COM3MEPHM C
IIMPUHOH IeJH g, TAK 4YTO d=nd, TO B AUGDPAKLUOHHOM CIEKTpe
ucuesaloT BCe MAKCHMYMBI, HOMepa KOTOPBIX KPATHEI 1. ‘

25.17. KakoBa go/KHA OITh NMOCTOAHHAA AUMPAKIMOHHOHU pe-
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LIETKH, YTOOGH B cneKkTpe 1-ro mopAaka NMpH HOPMAJBHOM IafeHHH
ayqeil MOKHO 6HO paspenuts D-py6ner Hatpua (589 u 589,6 um)
TaK, YTOOLI YroJl PACXOKAEHHUS MEXAY KOMIIOHEHTaMu Ay6iera pas-
HANCA 57

25.18. I[mbpaxnnounaa pellieTKa IIHPHHOM 2 cM HMMeer IIO-
‘cTOSHHYI0 5 MKM. OnpezennTth paspemalolIyl0 CIOCOGHOCTH 3TOl
pemerky B 3-M nopsagke. Kakosa HaMMeHbIIaa Pa3ROCTHb AJHH BOJIH
ABYyX paspelmaeMEIX CHOEKTPaJbHHIX JHHHA B Xearo#t o6GnacTu
(A=600 uam)?

25.19. CpaBHHTE paspemalouiue cTI0co6HOCTH AAGPDPAKINOHHBIX
pellleToK, ecym OAHA M3 HHUX umeer 420 mTpuxoB Ha 1 MM npu
mupuHe 2 cM, a BTOpad — 700 mTpnxoB Ha 1 MM npu mmpuHe
4,8 cm.

25.20. OnpezesMTL YrAOBYIO AUCIIEPCHIO nmbparcnnom-xoﬁ perreT-
KH ¢ mepuoaoM 2 MKM AJIA CHeKTpa 2-ro nopsapka, ecau A=500 HM.

25.21. KakxoBa JuHeliHas gucnepcus AuGpPakmMOHHONH pelleTKH
Ana piauHel BoaHM 0,589 MKM B cmekTpe 2-ro mopazKa,  ecan
IOCTOSHHAA pemeTKHM 4 MKM, a. POKYCHOe PacCTOdHHMe NPOoenUpYIo-
me#t auH3N 50 cm.

25.22, Ha BepmuHe TejIeBUSHOHHON GalIHM HAXOAATCA HA pac-
croaunu | =20 cm aBe KpacHble JaMiK (A =640 am). KakxuM ZoKeH
OnTE HaMMeHbIIMIT AMaMeTp OGBbEKTHBA 3pUTENbHOMH TPYOH, YTOGH
9TH JAMIK MOKHO 6BIJIO YBUAETh Pasfie/IbHO ¢ pACCTOAHUA r=15 km?

25.23. KaxoBo 0JKHO OHTP MUHHMAJIBHOE DACCTOAHHE MEXKAY
ABYMS TOUKAMM Ha HNOBepXHOCTH Mapca, YTOOBI MX MOMKHO OBIJIO
pas3IuduTh B TEJIECKON ¢ AuaMeTpoM ofbekTHBa 60 cm (=500 um)?
Mapc HaxomuTCd B BEJIMKOM npo'maoc'rosnnn, T. €. paccToaAHUe
or 3emun 56 I'm,

25.24, Jluamerp sepkaJbHOro 00BeKTHBA Teneckona KpruiMckoit
oGcepBaropuu paBeH 2,6 M. OnpegesuTs Pa3peIIAOINYIO CIIOCOGHOCTD
Teneckona. IIpuHATH, uTO rias Haubosiee YYBCTBUTENEH K JJIMHE
BOJIHEL 550 M.

25.25. Ilydox csera (A-—600 HM) OT HaXojAmerocs Ha 3emJe
snasepa GOKYCHPYIOT C NOMOMILIO TEJeCKOma, Auamerp o0hLeKTHBa
xoroporo 2 M, Ha AyHHEIH Kparep. KakoB 6yzer pasmep CBeTOBOTO
naTHa Ha JIyHe, ecqM paccTostHHe OT JIyHE R0 Semuu 384 400 km?
BananueMm atMmocheph npeneGpeusn.

25.26. IIpu xaxKoM HampsAkeHMH paboTaeT peHTreHoBCKadA TpyO6kKa,
eciu ee M3NydeHHe ImajgaeT Ha kKpucrasaa kKaasunura (CaCO;)? Han-
MEHBIIMA Yyroa MeXAy NOBePXHOCTBIO KPHCTAJNJA M NIYYKOM DEeHTre-
HOBCKHX JIydeil, IIDH KOTODOM MOXXHO OTMETHTH B3epPKAJILHOE OTpAa-
sxenne, 2°36’. CooTBeTCTBYIOIlee MEIKIIJIOCKOCTHO® PACCTOAHHE IIPHU-
HATH PABHEIM IIOCTOAHHOI pemierkn KaabuuTa (d=304 mm).

25.27. IIpu ocBemenuu Kpucranna xjaopuza xaausa (KCl) momo-
XPOMATHYECKHMH DEHTTeHOBCKHMMHY JIydaMH ¢ AJHHON BOJHHE 145 nm
H IIPH yrie MeXAY NYYKOM DEHTTeHOBCKHMX Jydell M IOBEPXHOCTHIO
KpucTasnia 14°20’ mosABAAETCA NPH 36PKAJBHOM OTPAKeHHMH MAaKCH-
myM 1-ro mopanka. HaiiTu paccrogHHe MeRAY COCeIHUMM ATOMHBIMM
IIIOCKOCTAMHK KpHCTAJLIA.
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_ 25.28. KaxoBa NOCTOSIHHAA KPUCTAJNINYECKOH PellIeTK! y XJIOpHAa
Hatpus (Na Cl), ecim MOHOXpOMATHYECKOE PEHTIC€HOBCKOE M3JyJYeHHe
¢ AJUHON BOJHH 71,2 M 3ePKANBHO OTPAKAETCA OT €ro eCTeCTBeHHOMH
rpaH# IJIOCKOCTH cnaiiHocTu? MakcumyM 1-ro nopagka HaGaiogaeTca
npu yrae 7°18’, ‘ _

25.29. Ha wkpucrann xaabuura (CaCOs3;) nazaloT pPeHIT€HOBCKHE
Ay4yr pnaHoM BOJHEI 32 nM. Ilpm KakoM yrje MexAy NYyYKOM
nydell n MoBepXHOCTHIO KpHcTasa Gyser HaGaoAaTbca HHTEpdEpeH-
LHOHHOE 3epKajibHOe oTpakeHue 1-ro mopsaaka? CooTeeTcTBYyIomIee
PacCTOAHME MeKAY ATOMHBIMH IIJIOCKOCTAMH IIDHHATH PaBHHKIM HOC-
TOAHHOI pemerkn kKaabuura (d= 304 mm).

25.30. PeHTreHOBCKOE H3JIyUeHHE I1aJ8eT Ha eCTEeCTBeHHYIO I'paHb
Kpucrajaa kamennoii conmu (NaCl), oT xoTopoii NpoucXoANT 3epKajb-
HOe oTpakenMe 2-ro mopagka. HaiiT¥ JJIMHY BOJHH PEHTTEHOBCKOIO
HM3NYYCHEA, €CJHM YroJ MeXXAY IYy4YKOM PpeHTIeHOBCKHX JiydeH n
noBepxHocThI0 KpHucTasua 11°36’. IlocTossHHAA pellleTKH KPHCTaJJja
KaMeHHo# comm 280 mm.

§ 26. TEOMETPHYECKASR ONTHKA

Popmyna chepuyeckoro sepkasa:

12 _ 1,1
= =a+t

‘rae d ¥ f — COOTBETCTBEHHO PACCTOAHHA MpeaMcTa u n3obpaxeHus

oT moJioca 3epkana, F — ¢okycHoe paccrosHue sepkaia, R — paauyc
KPHBHM3HEI 3epKaJia. ' '
3aKOH NpeJIOMJIEHHS CBeTa:
sin a ny
—_— ==l == —
sin p 21 ™ ’
rie o — YroJ NajeHus, § — yroj NpeJOMJEHUS, Ny — OTHOCHTENb-
HBIH ITOKA3ATENb MPeJIoOMJIEHUS BTOPOM cpejfbl- OTHOCUTENHLHO NepBoii,
ny ¥ ny — aGCOJIOTHRIC IIOKA3ATENH NIpPEJIOMJIEHHA NepBOHl M BTOPOH
cpex.
Popmysa TOHKOI JMHBH:
1

F 4
rde d ¥ f — COOTBETCTBEHHO PACCTOAHHMSA OT OITHYECKOTO IEHTpa
JIMH3BI JO IpeXMeTa M A0 U300paKeHusd.

OHTH‘IeCKaK CHJIa TOHROﬁ JINH3BI .
N S (.1_ _1_)
D=F=0-Dig+5)

rAe N — OTHOCHUTEJIbHEIA IOKa3aTeNb MPEJOMJECHUS JIMHAEL
OntHyeckas cuMJja CHCTeMBl JABYX TOHKWX JIMH3, CJOMEHHBIX
BMecCTe: ‘ B

D=D;+ D,
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rae D) u D; — onTAYecKHe CHMJIBI JIMH3.
Honepetmoe yBeJInUeHHe B aepxanax H JIUH3aX:
] I'= *7
rae h u H — BeIcOTAa npeamera u BHICOTa H300paKeHnusd.
YBeJHYIeHHE JIYIIBI:
| “ r=t.
rae L — paccrosuue Hamayuiiero 3speund, F — Qoxycuoe paccrosnue
JYNEL. '
YBesiuueHHe MHKPOCKOINA:
__Ld
F\F,’ _
rge L — paccToAaHMe HaMJIydlnero 3peHusa, d — PACCTOSHME MEXKAY
~ 00'eKTHBOM U OKyJApoM, F  uFy — (bonycl-me paccToAHUA 00’ bEKTHBA
H OKYJApA.
¥YBesmueHue TeJIECKOMNA :

F—'—i;-,

rae Fi n F; — dokycHEIe pacCTOAHMA OGBEKTHBA H OKYJIApA.

OTpaaceHnmue cBera

26.1. Bo MHOruX U3MEpHUTEJBLHEIX NpUGOPAX POJIb CTPEJIKM Hr-
paeT CBEeTOBOIl JIyd, OTPAKEHHEIH OT MAJEHLKOTO IIJIOCKOTO 3ePKAIbIA.
Ha xakoif yron IOBepHYJIOCE 3epKasiblie, €CJIH OTPAMEHHBIH Jy4
TmepeABUHYJicA II0 miKaine Ha 32 mM? Paccroanme oT IMIKaJaml [0
3eprajbla 2 M.

26.2. ToxazaTh, uTO AJIA MONYUeHHs] M300paskeHUA UeJOBEKa BO
BeChb POCT B IIJIOCKOM 3€pKaJjle BRICOTa 3epKaJjia JOJXKHA OBITH He
MeHee IHOJIOBHHBEI POCTA UYEJIOBEKA.

26.3. Onpegennrts yroJa MemxAy ABYMSA IIJIOCKUMHU 3epxanamn,
€CJIH TOYeUYHBIH MCTOUYHMUK CBeTa U ABA ero H306pa’keHNA B 3TUX 3epPKa-
JlaX JIEJKAT B Bepmm{ax PaBHOCTODPOHHETrO 'rpeyronbz—mna. ITocTpouts
Jepreix.

26.4. Kax pacnonomnn ABa IJIOCKMX 3€pKaJja, YTOOBl IIpH JIIO-
6oMm yrie majgeHus NagalOUMil JYY M JIyd, OTPaAsUBIIHiicS OT oﬁonx
3epKAJ, OBIJIM NapaJljieJbHBEl APYT APYry?

26.5. C momompio cdepuyeckoro sepraja IOJYdYeHO u306pasxe-
HHue npeamera A (pmc. 26.1). IlocTpoenueM ONMpeAeSHTH IOJOMEHHE
u doKyc 3epkaja; BOTHYTOE OHO MJH BHIIIYKJOe?

26.6. HaBecTHO pacmosiokeHHe Ipegmera A M Maobpakenus A’
OTHOCHTeNnbHO noiioca P chepudeckoro sepkana (puc. 26.2). Haittu
II0JI0KEHHe 3epKaJia u ero ¢okyec.

26.7. OnpexnesuTh QOKYCHOE PACCTOSHME BOTHYTOTO chePUYECKOTO
3epKajla, ecJM OHO JaeT jAeiicTBUTeNbHOe H300paskeHme mnpeamera,
yBenndeHHoe B 4 pasa. PaccrosHue Me)XIy NIpesMeTOM M ero M30-
OpaxxeHnem 15 cm.
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26.8. Pajuyc KpUBH3HKE BOruyroro sepkajsa 40 cm. Haiitu nouo-
JKeHHe IIpefMeTa, IIpU KOTOPOM ero muso0pa’keHue OypeT AelicTBu-
TeJIbHHIM ¥ YBeJIUYeHHHIM B 2 'pasa; MHAMBIM M YBeJHYeHHEIM
B 2 pasa.

26.9. IlpeameT pAcCHOJIOMKEH HA PACCTORHMM 15 cM OT BepIHMHEBI
BOI'HYTOTO 3epKaJja HA ero onTu4Yeckoi ocu. Mso6paskeHue NOJIyYna0Ch
Ha paccToaHHu 30 cMm oT sepkasa. HaiiTH, KyZa M Ha CKOJIBKO
cMecTHTCH H300pakeHue, ecjiM MpeaMeT NPHUOGIHSHTH K 3epKAaJy Ha
1 cm.

26.10. Ha rnaeuoil onrtuyeckoili ocu cdepuueckoro sepkana pa-
guycom 40 cM moMeleH TOYeYHBI HCTOYHHMK cBeTa S Ha PacCCTOAHUM
30 cm or sepkasa. Ha kaKoM pacCTOsHMM OT BOTHYTOTO 3epKaJa
HYJKHO IIOCTABHATH ILJIOCKOE 3€pPKaJlo, 4YTOOKl JIy4uH, OTPa’KeHHBIE OT
BOrHYTOTO, & 3aT€M W ILIOCKOTO 3epKaJia, MPOLLIM Yepe3 TOUKY S?

26.11. Cxopamuiica mydox Jgydeil MAfaeT HA BHINYKJIOE 3€PKaJo
TAK, 4YTO TOYKA IepPecedeHHs IPOJOJIKeHME 3THX aydell HaxomuTCA
Ha ocu 3epkayia Ha paccroaHun 20 cm or Hero. Ilocie orpamxeHus
STH JIyuYM IepeceKal0T ONTHYeCKYI0 och Ha paccrofuun 0,6 M ot
sepraJja. Haiitu dokycHoe paccTosHHe 3epKaJia.

26.12. [IBa 0fMHAKOBLIX BOTHYTHIX cdepHUYeCKHX 3epKaJjia IOCTAB-
JieHHl APYr NPOTHB APYra TaK, YTO WX raaBHbe (OKyCH coBna-
palor. ToueuHblif MCTOYHHK cBeTa IOMelleH Ha obwmieil onruyeckoii
OCH Ha PACCTOSHMUHM @ OT IIepBOTO 3epKaJja. I'je moJydnTcs m306pa-
JKeHMe OcJie OTPAKEHHA aydeil or o6oux zepkan?

26.13. YesoBek CMOTPDHT B BOTHYTOe cdepHYecKoe 3epKajio H
BHAUT NpAMOe M3006pakeHHe CBOEro rJjasa. ¥y IJ0BOM pasMep 3TOro
usobpaxenuss B 1,5 pasa Goiblue yrjoBoro pasmepa usobpakeHus,
KOTOpOe MOJIyYHJOCh 6Bl B IIJIOCKOM 3€pKaJle, NMOMEINeHHOM Ha Ta-
KOM JK€ PacCTOSHHM, paBHOM 20 c¢m. Haiitn paguyc KpMBH3HBI 3€p-
KaJja.

26.14. ToueuHbl## HCTOYHMK CBeTa PaBHOMEPHO JABMXKETCA IO
oKpysxHOCTH paguycom 0,5 M. JIuHeiiHAsi CKOPOCTH ero BpAllEHUA
3 M/c. Ha paccTosHMH B 5 M OT LEHTpa OKPYKHOCTHM INepIeHAH-
KYJASPHO OCH BpAIUEHUA PACIOJIONKEHO chepHuecKoe 3epKaso pajguy-
comMm KpusuaHn 2 M. HaliTH yckopeHue, ¢ KOTOpPHIM JIBH)KETCH H30-
Opa'keHNe MCTOYHHMKA B 3epKaJie.

IIpenomaenne csera

26.15. Illect BmicOTOW 1 M BOMT BepTHMKAJLHO B XHO Ipyaa Tak,
YTO OH UEJHKOM HAXORHUTCH IOJ Bojoi. OnpeiesuTh AJUHY TeHH OT
miecTa Ha JHe TMPYAA, €CIM JYUM COJHUA NAZAIOT HA NMOBEPXHOCTH
Bognl mox yriaom 30°,

26.16. Jlyu Gemoro cpeTa majaer nox yrjaom 60° Ha mniaocko-
napajjebEyIo CTeKAAHHYIO aacTuHky. Kpalinuit kpacublit u ¢puose-
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TOBBIH - JIy4H CBETOBOTO IYYKA, BBLIXOJAIIETO H3 IPOTHBONOJIOMHON
rpaH¥ IJIaCTUHKH, OTCTOST APYTr OT Apyra Ha paccrosumd. 0,3 mm.
Onpeaemuts TOJIIUMHY - IIACTUHKH, €CJIH II0KA3aTe/] b NPEeJOMJIeHHSA

CTEKJIA AJA KpalHMX KpacHHX Jydeit 1,51, a gaa Kpammx duone-

ToBHIX 1,53.

26.17. JIyu csera npe.nom.nae'rca Ha IpPaHHIle BO3LYX — CTEKJO.
IIpn kaxoM yrie najieHus IpeJIOMJCHHEIN Jiyu o6pasyeT ¢ oTpa’keH-
HBIM yroa B 90°? ‘Kakos nauMensmmit yron MeXAY OTPaKEHHHIM
¥ IPEeJIOMJEHHBIM Jydamu? ,

26.18. Ha ckosbKO MeHseTCHA 7JIMHA BOJHBI KPACHHEIX Jyyeil mpn

Iepexone H3 BO3AYXa B CTEKJIO, €CJH IIoKalaTeJb IIpeJIOMJIeHHSA

cTeKaa AJd 3TuX Jydeil 1,51, a wacToTa Mx v=4-10'c""'?

26.19. OnpexnesnTs NpenebHEIR YroJj, IpH KOTOPOM IIPOHCXOXHUT
. IOJIHOE BHYTPEHHee OTPAKECHHE B aJIMase, ‘

26.20. B Boze uAyT ABa NApaJUIeJbHLIX Jyda. IIepBrlit Jyu
Ha T'DaHHIE BOJA — BO3JYX MCIRITHIBAET IIOJIHOE BHYTpPEHHee OTpa-
skenue. Ha nyTu BTOPOro Jyua Ha IOBEpPXHOCTH BOIBI PACIOJIOMKEHA
IJIOCKOIIAapaJyIesibHAs CTeKJAHHAA NJjacTUHKA. Bhliger Ju Bropoit
JIY4 M3 BOJABI MJM TOYK€ HCIBAITAET IOJHOE OTpaMKeHHe?

26.21. YesoBeKk NOCMOTpPeN Ha JHO BOAOEMa B BEPTHKAJBHOM
HAIpaBJICHUN CBEPXY BHU3 M OIIPEAEJIMJ ero KaXyIIyiocs riryGuuy
90 cm. Yemy pasua pelficTBuTesnbHas riaybuma somoema?

26.22. Ha noBepXHOCTH CJIOA  YEeTHIPEXXJOPHMCTOTO . YIrJepozxa
(n1=1,46) ronmmuoii 4,0 cMm niaasaer cnoit BoaM (ny==1,83) rommm-
Ho#t 2,0 cm. Ha xakoit xaskymeitca riayGuHe GyJAeT HaXOAMUTHCA
OHO cocyZa NpK HOPMAJBHOM HajgeHuHu Jyua?

~ 26.23. B myockoM 3epKaJjie BUAHO N306paskeHue cseun. YTo mpou-
3oiizeT ¢ HHUM, eCIM MeXKJAY B€PKAJOM M CBEUYOUl IOCTABMTH IIJIOCKO-
NAapajeNIbHYI0 CTEeKJIAHHYIO IIJIACTHHKY?

26.24. Ilyuox mapajesbHBIX Jyduel magaeT Ha TOBEPXHOCTD BOAEL
mog yraom 30°. IlIupuua nyuxa B Boszayxe 5 cm. Hailitu mmpuny
HY4YKa B BOJE. ‘ '

26.25. Ha xaxoil ray6uHe IOX BOXOH HAXOZUTCA BOJOJIAB3, €CJH
OH BHIUT OTPAKEHHBIMH OT IIOBEPXHOCTH BOABI T€ YACTH I'OPU3OHTAJIb-
HOro JAHA, KOTOpPbIe DACIIOJOXKEHB OT HEro HAa PACCTOAHMHM 15 m u
6onpme? Poct BOmonasa 1,7 M.

- 26.26. Ha BricoTe h HAJ IOBePXHOCTBIO BOJALI DACIIOJOMEH TO-
yeunnlii ucToynukx csera S. I'me 6ymer HaxoauThes Mao6Gpakenue S’
9TOTO MCTOYHMKA, AaBaeMoe IJIOCKMM 3€pPKAJBHRIM JHOM COCYJA,
ecJH cMoTperh mo Bepruxkasu BHu3? Iaybuna cocypa ¢ Bogoi d,
noxasaTeyib IIpeJIOMJEHUA BOLE 1,33. ,

26.27. Jiyga cBera I majaeT HOPMAJIBHO Ha I'PaHb CTEKJIAHHOIO
KJIMHA ¢ MajabiM yrjaom npu BepmuHe (puc. 26.3). Ha kakxo#t yron
NMOBEPHETCA IPEJIOMJICHHBIN Jy4 IpH IOBOPOTE NAAAIOIIEro Jyda
Ha HebGoJbIIOH Yros BOKpPYr OCH, NEepPHeHAMKYJIAPHOM NJIOCKOCTH
pucyaxa?

26.28. Ha CcTeKJISHHYIO NIPDH3MY ¢ HOpeJoMAdoIMM yriaom 60° n
nokasaTeseM npegomienus 1,5 nagaer ny4 csera nox yriaom 30°.
KakoB yroJ mpeJoMJIeHHA JIyda IPH BHIXORE ero M3 IPHU3MBI?
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26.29. Beunrit cBeT, npoiias Yepes NpuU3My, PA3JIaTaeTCH B CIIEKTP.
Hoyemy e mpusMa IOJHOTO OTPAXKEHMS JaeT HEOKpAIIeHHHIe H30-
6paxenns?

26.30. TIpenomiaamommui yrox cTexnaHBOMN npuambetl 60°. Ilox ka-
KHM YIJIOM JNYYH AOJKHBI IAafaTh HAa IPU3MY, YTOGBl BHXOZUTH

‘M3 Hee CKOJIb3dA BAOJBb NOBEPXHOCTH l'IpOTHBOIIOJIOJ!CHOﬁ rparm? IIo-

KazaTeJb IIpeJIOMJIEHHS cTeksaa 1,6,

26.31. ¥ npusmnt ¢ IPeJIOMAHIOIHUM YTIIOM 30° oaua rpass
nocepe6pena. JIyu, majalmuii Ha APYrylo rpaHp IOJ yriom 45°,
IocJie IIPeJIOMJIEHHUS ¥ OTPAYKEeHHA 0T nocepeGpeHHoi rpaHH BepHYJICA
HazajJ II0 Ipe’XKHeMY HanpaBaeHHIO. OnpefelnTh NOKA3ATEJb IIpe-
JIOMJICHUS MaTepuajia NMPHU3MHE. '

26.32. BayTpH cCHJIOIIHOrO Inapa pajguycom R ¢ mokasatenem
NMpeJOoMIeHNS n = 2 cJieBa OT IeHTpa B6JIN3H MOBEPXHOCTH HAXOAUTCH
ToueuHH# HcTOuHHMK cBera S (puc. 26.4). Ha xarom paccroaHuu
CIpaBa OT IEHTpA IIapa pPajgMyC CBETOBOTO NMYYKA, BHINIEAIIETO M3
mapa, 6yaer pasen R?

26.33. JIyu cseTa M3 BO3AyXa NONAA8eT HA OAHOPOXHBIH NpoO3-
PAyYHBI# IIAD, IPOHHKAET B HErO M JOCTHraeT NOBEPXHOCTH pasjfena
map — Bo3AyX. Kakoil yroa ¢ cocrabiser suimeamuii syu ¢ nagamw-
HIMM Ha LIADP, eCJU Yyros HAaJeHWUs Jy4a 26° a4 YroJl IpeJIOMJIeHUA
17° (puc. 26.5)? .

JIBXH3EI M ONTHUYECKMEe CHCTEOMBI

26.34. Ha pucynke 26.6 nokaszaHa TOHkad co6upajoniad JHH3A,
Haxopsmascs B so3ayxe; F, F; — ee ¢pokrychl. Haltgure nocrpoeHnem
X0 IIPOHM3BOJIBHOTO Jyua AB mnocje JMH3HL,

26.35. TloctpouTs M3o6paskeHue nmpeamera AB B paccenna:omeﬁ
aunge (puc. 26.7),

26.36. Xox nyva 1, npollesiIero pacceMBaloulyio JUHAY, naoépa-
#xeH Ha pucyHke 26.8. Kax noiiger sny4 2 nocse nNuH3EI?

26.37. Ha pucynke 26.9 moxazaHO IOJIOMKEHHME IBYX TOUYEK A
u B n ux msobpamenuit A’ u B', KOTOpHEe JaeT TOHKAS JIKH3A.
HaiiTn nocTpoeHHeM IOJOMKEHHS JMHH3H H ee GOKYCOB.

26.38. HaliTe oTHOIIEHHe ONTHYECKHUX CHUJI JIMHS3, UIrOTOBAEHHBIX
M3 CTEKJIA ¥ AJIMa3a ¢ OAMHAKOBHIMH DAJAHYCAMH KPHMBH3HH. »

26.39. [doxasaTh, 4TO HAHMEHbIIIEe PACCTOSHNE MEXY IIPEAMETOM
H ero peiicTBHUTeNbHEIM M3o0pa)kenueM B cobupalomeii nmHze 4F,
rae F — dokrycuoe pacc'roanne JINH3HL.
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26.40. Co6mparomas J1MH3a ZaeT pesKHe H30GPaKeHHA HA SKpaHe
NpH ABYX NOJOMEHHAX JIMH3BI, OTCTOAIIMX JApPYr OT Apyra Ha
paccroanuu k. JloxasaTh, uTo B 3TOoM ciayuae F=(I°—Ek%)/4l, roe
| — paccrosHHe MeXAY NpPEeAMETOM M 3JKPAHOM, OCTAIOINeecsA IOC- -
TOAHHBIM.

26.41. Kak, He u3mepsaa GOKYCHBIX paccTOsHHI cobuparomieit
M pacceMBaloleil JIMH3, CPABHUTH UX ONTHUYECKHE CHJIIBI?

26.42. Kak pacnoyoXKHTh HCTOYHHK CBETA OTHOCHMTEJBHO COGH-
paome#f TUH3BI M BOTHYTOrO 3epKaja, 4TOOHL HOJYYWUTh IIAPaJJIesb-
HBIH IIy4YOoK JAyyeit? .

26.43. I'me n KakKoOro pasMepa NOJYYHTCA U300pakeHMe IpeaMeTa
BRICOTOH 2 CM, IIOMEIIEHHOI'O HAa PACCTOAHHHU 15 CM OT coanalou.:eH
JUH3H ¢ GOKycHBIM paccrosHuem 0,1 m?

26.44. Haittn ¢dorycHoe paccrodanme coGupaiomieil JUH3KL, eCH
npousBelieHHe PACCTOSHHUS OT IpeAMeTa A0 mepeaHero dokyca ee Ha
paccTosinne oT 3agHero ¢okyca xo mzobparkeHus pasHO [.

26.45. OnTuveckas cHja CTEKJISIHHOM JHMH3B B BO3Ayxe 5,5 aurp,
a B xuaxoctH 1,63 anrtp. Kakos mokasaTesb IPEIOMICHHSA KHUA-
roctu? Iloxaszaresns mpesomiaeHusa auH3B 1,5.

. .26.46. doxrycHoe paccTosiHHe nBOaRonmnyxnoﬁ.c'rercnsmnoﬁ JIMH-

38 (n=1,5), y KoTOpo#l paguychl KDMBHU3HBI IOBEPXHOCTH OJHHA-
KOBBI, paBHO 25 cM. I'me cofepyTcs majaioniue Ha JHMH3Y IapaJ-
JIeJIbHBle ONTHYeCKO# OCH JIyuM, €CJaM INOo3aAM JHH3BL HAXOZUTCH
Boza?

26.47, Coﬁnparomaa JIMH34 ¢ MOKasaTeJieM npejomyenus 1,5 nxa-
eT peWcTBHTENbHOEe H300paxkeHMe Ha paccroauum 0,1 M or Hee.
Ecsm nmpesmeT m JHMH3Y MOTPYKalOT B BOAY, He H3MEHAS PACCTOSHHSA
MeX/Jy HHMH, TO H306pa’keHme moiydaerca Ha paccrosauu 0,6 M
ot yuH3KW. HaliThu (oKycHoe paccTosTHHE JIHMHIBE IIorcaaa're.nb npe-
JomneHnsa soxel 1,33.

26.48. Coﬁupaxomaa JHH3A jJaeT Ha DKpaHe H3o0pakeHHMe Ipef-
mera. Mexgy nMH30# U 3KPAHOM MOMECTHJIIN IIJIOCKONADAJIJIEIBHYIO
NJIACTHHRY TOJINUHOM 3 CM U IIOKasaTeseMm npeaomiernud 1,5. B kaxom
HANpaBJeHUU ¥ Ha CKOJIBKO HYSKHO CABHMHYTH 9KPAaH, 4TOGBI CHOBAa
MOJYYMUTEL OTUYETJINEOE M3006pakeHue npep;me'ra?

“ 26.49. Bricora u306pakeHUd, HOJIyYeHHOr0 ¢ IOMOILILIO COGH-
patomeii suu3sl, H,. He naMeHAd PACCTOAHMA MEKAY IpPeLMETOM
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¥ DKPAHOM, MepeABMKeHHeM JIHH3H AOGHMBAIOTCA BTOPOTO YETKOTO
u3obpaskeHus mnpejamera. Bricota 3Toro usobpaskenus Ho. Han'm
AeHCTBUTENILHYIO BHICOTY IpeAMeTa.

26.50. IIpoposbHad xpoMmaTuuecKasi aleppalls CHMMETPUYHOH
cobuparomeit aunssl 0,022 M. OnpesesnTh pagunyc KPpUBU3HEI JIMHBH,
€CJ¥ IIOKAa3aTeNb IIPeJIOMJEHHS 3TOI'O COPTA CTEKJa AJA KPAaCHHIX
ayueit 1,57, a ana duonerosnx 1,60,

26.51. Kak usmenurcss GHOKYCHOE DACCTOAHHE JIMH3BI, €CJIH ee
paBHOMEPHO HATpeTh?

26.52. Kak pacnoJsoxuTh co6Mpaloniyio U pacceuBaoULyIo JUHSH,
4yTo6H IapaJjijiesbHble JIY4YH, NPO#AA yepes HUX, OCTAJNMCH [IApAaJeNhb-
HelMu? Bcerga Ju BO3MOMKHO pelleHue 3Toil sagauu?

26.53. C momoiuklo mnocrpoenus Halizure n3006paKeHuMe CBETH-
uieiica Touku S (pue. 26.10).

26.54. HanyuyeHne mapoB HATPHS NMAPAJIJICJLHHM IYYKOM IajaeT
HA OpHU3MY ¢ npejgomiadninuM yriaom 60°. MaobpakeHne MCTOYHHMKA
B BHAE TOHKHX CIEKTDPaJbHHIX JIMHUIH moaydaercs B ¢okanrbHOHR
NJIOCKOCTH JMH3E ¢ GoxycHmM paccrogsHuem 50 cm. Ompegpenurts,
HA KAKOM PACCTOAHMH APYT OT APYra JIeHKaT JBe JKeJIThleé CIIeKTpaJlb-
Hble JIHHMM, €CJH JJs OAHOM .u3 HHMX NOKAa3aTeJb IpPeJIOMJIEHUSA
pases 1,48810, a apyroit ma 107° 6onbme. Ilpuama CTOMT B mOJIO-
JKEeHUH HAMMEHbIIero OTKJIOHEHHUA.

26.55. Ha crose moctaBjieHbl CTEKJIAHHAA IIPH3MAa C IIPEJIOMJIIAIO-
muM yriaom ¢=45° M noxasaTeileM IpPeJOMJIEHHA 7= M TOHKAA
aun3a ¢ GoKycHbIM paccToaHueM F. ['laBHas onTUYecKas OCh JWH3H
MepneHAHUKYJISIpHA BePTHKAJBHOH rpaHM NpH3MBI, HA KOTOPYIO Ha-
NnpaBJieH TOPH3OHTAJBHHIT napajljleNbHbIi My4YoK cBeTa (puc. 26.11).
Ha xaxoOM pacCTOAHMM X OT IJIaBHOH ONTHYECKOH OCH HaXOoAUTCA
TOYKa, B KOTOPOHl CXOAATCA JNyuM, HpPOLIEAILINE CKBO3b NpU3MY M
AAH3Y?

26.56. [Ise cofmpalomme JUHSH ¢ (OKYCHBIMM DACCTOSHUIMM
Fi=12cm n Fy;=T cM uMelOT OOIIYI0 ONTUUECKYI0O OCh M HA-
XOAATCA HA paccToaHuu ! apyr ot apyra. Ilpeamer aamHoM 2 cM
HaXOJZUTCA B (QOKAJBHON NJIOCKOCTH MEePBOM JMH3EI HA PACCTOAHHMHU
F 41 or Bpropoii. Halitu pasmep maobparkeHus.

26.57. Cobupalomas nunsa ¢ GOKycHEIM paccrosuuem 10 cmM H
pacceusalonmas JuH3a ¢ GOKYCHHBIM paccrogaHueM 20 cM, MMelouue
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06IIYI0 TJABHYIO ONTHYECKYIO OCbh, HaXOAATCH
Ha paccroanuu 30 cm apyr or apyra. Ha pac-
croasHun 10 cM oT pacceuBamuleil JUHIKN €O

CTOPOHBI, TIPOTHBOIIOJOXKHOM cobupalomeit JuH-
3e, Haxoaurca npeamer. OmpemesuThH pPacCTOA-
HHe MeXAy H300pa’keHHeM INIpegMeTa, CO3LaH-
HbIM 0GeMMM JWH3aMH, ¥ coGupalomell JUH30I.
26.58. 3a cobuparomei MNH30M C POKYCHEIM
paccrogsuneM F nepneHAUKYIApHO OITHYECKOH
OCH JIMH3BI HA PACCTOAHMM | OT Hee PACHOJIOKe-
HO mnJockoe 3epkaJyio. Ilepea sawH30# Ha pac-
cTOSHUM d HAXOJMTCA TOYEUHBIN  HMCTOYHHK
ceera S. OnpenenuTs nosoxkeHue usobpaxkenusn. IIpnm KakMX 3Hade-
HUAX d usobpaskenne 6yaer AeHCTBUTEILHEIM U IIPM KAKHX MHHUMBIM?
26.59. Ilnmuapnveckuii COCyZR, 3aKPHITHIH ¢ 06OMX KOHIIOB, IO-
MEeCTHMJIH Ha HAKJOHHYIO ILJIOCKOCTh, COCTABJAIOMYIO yroj 0 =30° ¢
ropusoHToM (puc. 26.12). B nuauuape HaXOogUTCA COGMpaIOMIAA JIMH-
3a ¢ GOKycHHIM paccrogHueM F =10 cm. PokaibHAT IJIOCKOCTH
JAHH3BI COBIAAeT ¢ BEDXHHM TOPLIOM LMJIHEADPA. B cocyne HaxoauTca

~

Pue. 26.12

JKHIKOCTH C IMOKa3aTejieM NpejiomiieHuA n="-/3. U3 Touku S Ha AHe
COCYZAa BEIXOAUT BepTHKAJBHO Jyu cBera. Ha kakoe paccrosHmue
CMECTHTCH CJeJ 3TOrO Jyda, KOraa LUMJAHHAP O6yAeT CKOJIb3HThL Ges
TPpeHUS IO HAKJIOHHOH IockocTH?

26.60. U3 crexsa ¢ mokasaTeseM NpesoMJeHHA 1,5 cxesaHa TOJ-
cTas JIMH3A. Pannyc ee mepBoif BRINYKJIOH mnoeepxHocTH 20 cmMm,
pajuyc BTopo#t, KoTOpas MOXeT GHITh KAK BBRIYKJIOMN, TAK U BOTHYTOIH,
5 cm. KakoBa ToJINMHA JIMH3B, €CJIM NapaJIeJbHEIH IYYOK CBeTa
mocJie INPOXOYKAGHUSA JIMH3BI OCTaeTCH NapaJsieabHbIM?

Onrageckne npuGopsi

- 26.61. OnTHuecKasa cuna oukoB + 2,5 anTp. Kakne MTHH3H y 2THX
OYKOB M KAKOH JedeKT 3peHnd OHHM HCIPABAAIOT?

26.62. Yes0oBeK NIpH YTEHNH LEPKUT KHUTY Ha pacc'roamm 50 cm.
Kaxkoit onTiHueckolt CHJIB OYKM eMy HYXHEI?

26.63. Ha croabKO M3MeHsSeTCH ONTHYECKAR CHJIA HODMAJBLHOTO
riasa 4eJIOBeKA, €CJM OH NEePeBOAHT IJa3a OT KHHUIH, KOTODYIO
YUTAJ, HE& PHCYHOK, nncamnﬁ H4 CTeHe Ha pAcCCTOSHMH 2 M OT
rnasa?

26.64. O6bexTnB, cocroamuii M3 cobupalomeit M paccemBalomeif.

_ JIMH3, CJIOYKEHHBIX BILJIOTHYIO, MCIIOJIb3YETCA KAK JIYNIA C YBeAHUYEHHEeM
B 4 paza, Onpe/eJIATH ONTHYECKYIO CHJIY K&XAOM JIMHH3K O0BeKTHBA,

. €CJIM H3BECTHO, YTO ONTHYeCKAsd CHJa cofMpalomei JUH3H B 4 pasa
6onvure (mo a6como'rnomy SHAYEHUIO) OIITHYECKON CHJIBI pacceusao-
nie# JTHH3EL.

26.65. Kaxkoe yne:mqe}me MOKHO IIOJIY'-IKTB IIpH MIOMOIIM NPOEeK-
‘nuoHHOro ¢oHapsd, OGBHEKTHB KOTOPOrO HMeeT rJaBHOe GOKYCHOe
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paccroanue 40 cM, ecsH paccToaHue or 06heKTHBa xo sxpaHa 10 M?
26.66. PoxrycHoe paccrofgHue 00BEKTHBA MUKpPockona 3 mm, Ilpex-
MeT HAXOAHuTcH OT OOBeKTHBa Ha paccrodmnmu 3,1 mm. Halitm yse-
JAMYEeHHe MUKPOCKONa, eclu-(poKycHOe DacCTOdAHME OKyaIdApa 5 cM.
26.67. Kax HYKHO DACIIOJIOXUTL QO0HLEKTHUB K OKYJIAP MUKPOCKONA,
4ToOHl Yepe3 HAX MOKHO OBIJIO BUAETH 3Be3ny?

26.68. PorycHble pacCTOAHUSA OOBEKTHBA U OKYJSApPa MUKDOCKONA
cooTBeTcTBeHHO 5 MM M 5 cM. IlpeameT momemieH HA PACCTOAHHH
0,1 mm or raasHOro dokyca o6nekTHBs. Haittu aauny Tyﬁyca MHKpO-
CKOIIa W €ro yBeJMUeHHe AJAH HOPMAJBHOIO rjasa.

26.69. Muxpockon gaer yBeaudeHue B 640 paas. Hpe;uv:e'r OTCTOMT
oT ofbexkTuBa Ha 0,41 cm. Pokycuoe paccrosnue obpexTuBa 0,4 cMm.
Onpepennts GoxycHOe PACCTOSTHHE OKYJApPa M AJNHHY Tybyca MHKpO-
cKoma, .

26.70. C kaxoro paccToasua HyxXHO ¢oTorpadupoBaTh 3faHHUE
ammHo# 50 M, uTOGBI Bech ero dacajx yMecTHJICA Ha KaApe TIIEHKH
paszmepom 24X 36 mmM? PoxycHoe paccrosiuMe obnextmsa 50 MM.

26.71. Ilpu aspogoTocrEMKaX MCNOJB3YIOT doToammapar, oobex-
THB KOTOPOTO HMeeT d)orcycnoe paccrosinue 8 cM. MuHHMANbLHBIH
pasMep pasaMYMMBIX geraseil n306pakeHns Ha cbo'ron.nemce (paspe-
maromasa cnocobaocts miaeHxkn) 102 mm. Ha KaKo# BHICOTE HOJI'KEH
JleTeTh caMoiyeT, 4yTo6ul Ha ¢ororpadum MOKHO OLLIO pPa3IUUKTH
JHUCTBA AepeBbeB paszmepoMm 5 cm? IIpum Kakoit cKopocTH camoiyera
uaoﬁpamenne eme He 6ymer pasMBITHIM, €CJIH BpeMA SKCHOSHIUHA
103

26.72. SpurentHaa Tpyba HacrpoeHa Aas nabGaiosenus JIyHHL
YT0o6E pacCMOTPETh B Hee HPeAMEThI, DACIOJOKEHHbIe HA PACCTOAHNH
100 M, OKYJfp HYXHO NEpeABHHYTR Ha 2,5 cM. Yemy pasuo ¢o-
KyCHoe paccrosgHue o6nexTuna?

26.73. JlyHa BMaHAa HEBOODYJKEHHHIM IJIasoM Iog yriom 317,
Iloa KaKUM YIrJIOM OHA BHAHA B TeJIECKOI, ecH (GOKYCHOE PACCTOAHHE
ob6bexTHBA 2 M, a QoKycHoe paccTosgHue OKyaapa 0,1 m?

28.74. Tenecxon, HMeOIIUM OKYNAP ¢ (POKYCHHIM PpaCCTOSHHEM
50 MM, paer yrioBoe yBeswdyenue B 60 pas. KakoBo yriosoe yBe-
NUYeHHe OZHOro O00'beKTHBA, eCIH YOpATh OKYNAD, & AeHCTBUTENBHOE
n3obpaxenne, coafaHuoe 06'bEeKTHBOM, PACCMATPHBATH HEBOODPYKeH-
HBIM IJIA30M C PACCTOAHHSA HAHJIYYIIEro 3pemu:?

26.75. Ilepes obmexTHBOM 3pHMTe]bHON TPYOH NOMeIeH npeaMer
Ha paccToaHu¥M a > F |, OrHouleHue QOKYCHBIX paccTofHKN 06bexTHBa
u oxyaapa 10. Tpy6a ycramoBieHa ua GeckoneuxHoctb. Haiitm Jm-

HeltHOe yBenuueHme. KakoB xapaxTep uaolpasxenus?

26.76. Meay MCTOYHMKOM CBeTE ¥ 3DUTENbHON TpPyGoil moMe-
1IeHa paccemBarOmiaAs JHH3A ¢ QOKYCHEIM paccToAHueM F, = — 15 cm
‘Ha paccrosHHH d=85 cM or HcTouHMKa. Tne B mpoMexyTKe MeXKAY
HCTOYHMKOM U paccemBalomeilfl JMH30# HYXHO NOMECTHTh cobHpaio-
My JHH3Y ¢ GOKycHHM paccrosumeMm Fz==16 cM, 4TO6H HCTOYHMK
GBI pe3ko BHAEH B Tpy6y, ycTaHOBJIeHHYI0 Ha Geckomeunocts? Ilpm
KAKOM M3 BO3MOMHEIX NOJIOMKEeHHI JHHSK H306pakeHue B TpyGe
6yaer nmers HAMGoabIINE YrJIOBHE pasmepu?
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§ 27. ®OTOMETPMSA

OceemenHOCTs E XapaKTepH3yeTCs CBETOBEIM IOTOKOM, IaZAal0-
UM HA eJUHHLY IJIOLIaNH:

do®
E=—.
- dSs
TodyeuHEI! M3OTPONHBIR MCTOUHHK cHJoH cBera I cosmaer Ha
IMOBePXHOCTH, OTCTOAINEH HA PACCTOAHMH I, OCBELICHHOCTD

E’=% cos @,

rage ¢ — yYroJ najeHus Jgydeil.
CBeTUMOCTE YHMCJEHHO PABHA CBETOBOMY IIOTOKY, MCIYCKAE€MOMY
eZUHHNIEeH! ITOBEPXHOCTH CBETSINErocs TeJsa:

_ 4o
T ds

Ecsm cBeTUMOCTB Tesia 0GYyCIIOBJIEHA €T0 OCBEILEHHOCTBIO, TO
M =pE,

rae p — KoahGHIMEHT OTPasKeHHUS,

HAprocTh, YNCIEHHO PaBHAS OTHOLIEHHIO CHJLI CBETA C HJEMEHTa
H3JIydaloue#f NOBEPXHOCTH K NJOIIAAM IIPOEKIMH 3TOTO 3JIEMEHTa
Ha IJIOCKOCTb, KOTOpas MNepHeHAMKYJADHA HanpaBJeHHIo Habiioge-
HHUH, ONpefesseTcs 1o popmysae:

_dI
L_dScos® ’

rage © — yroJ MeXAy HOPMAJBIO K 3SJIEMEHTY MOBEPXHOCTH H HA-
IpaBjieHNeM HAGIIOZeHMS.

Ecim sapxocTk He 3aBHCHT OT HAIPABJIEHHS, TO CBETHMOCTH H
SIPKOCTH CBA32HBEI COOTHOIIEHHEM

M=nL.

27.1. Bo cxoibKO pas B MMHCKe OCBEI[eHHOCTh IOBEPXHOCTH

Semuu 22 nexabpa menbme, uem 22 uoaa? Bricora Cosnnna 22 uousa
. 59°37’, a 22 nexabpsa 12°43’.

27.2. OnpeaennTs NOMHHIHA CBETOBOM IOTOK, JaBaeMblili H30TPOI-
HBEIM TOYEUYHBIM HMCTOYHUKOM, ecJu Ha paccroaHuu 2,00 M oT Hero
ocBemeHHocTs 15,0 JK.

27.3. Toueunnlii HCTOYHHUK CBeTA, NIOMEIICHHLIM HA PACCTOSHHU @
OT IIJIOCKOCTH 9KpaHAa, COSLAET B LEHTPe ero ocBelleHHocTh E. Kak
HM3MEHHUTCA OCBEIIEHHOCTh B EHTPEe DKPaHA, €CIH N0 APYIyI0 CTOPOHY
MCTOYHHMKA HA PACCTOSHMK @/2 NOMECTHTh BOTHYTOE 3€pPKAJIO pa-
auycom a?

27.4. Hag ropM3OHTANbHOH ITOBEDXHOCTHIO, OCBElEHHOM TOYeu-
HBEIM MCTOYHHMKOM CHJO# cBeTa 60 kKia, HA myTH Jyueil mOMeCcTHJH
CcOOMpPAIOIIYIO JIMH3Y TAK, YTOOK MCTOUYHMK HAXOZWJCS B ee doxyce.
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OnpegenuTh ONTHYECKYIO CHJIY JIMH3BI, €CJIH ocaemennoc'gb nmosepx-
HOCTH IIOJi MCTOYHMKOM cBeTa 15 Jx.

27.5. Ha paccrogudu 1 M OT TOYEUYHOTO MCTOUHHKA HAXOJHUTCH
9KpaH. UTOOH YyBEJHUYHUTH €ro OCBEIEeHHOCTh, IO APYTYI0O CTOPOHY
OT MCTOYHHMKA CBETA HA TAKOM K€ PACCTOAHHM IIOMECTMJIM MJeaJIbHO
oTpaxaloliee IJIOCKOE 3€pPKajio, KOTOPOE. OTpajkaeT CBeT HA HKpaH.
Kakxyio OCBEHIEHHOCTh CO3HAET 3TOT MCTOUHUK B LeHTpe JKpana,
ecJHu ero cusa cBera 5 Kz?

27.6. Hap ueHTpOM KBaJpaTHOM CIIOPTUBHOM nnomanxn Ha BBICOTE
5 M BucHT JaMmia. PaccuuTaTh, Ha KAKOM DACCTOSHHHM OT UEHTpa
IIOMIAAKH OCBEIIeHHOCTL IMOBEPXHOCTM 3eMJIM B 2 pasa MeHbIle,
yeM B UeHTpe. CUUTATH, UTO CHJIA .CBETA JIAMIIEI IIO BCeM Hanpasne-
HUAM OAMHAKOBA.

27.7. Bo CKOJBKO pa3s ocnemennoc'rb B JYHHYIO HOYbL B IIOJIHO-
JIyHHe MeHbIIe, yeM B coJHeuHHH neus? Bricora Cosnina u Jlyusl
HAJ TOPHM30HTOM OAMHAKOBA., CUMTATH, YTO QOCBEIIeHHAd moJycdepa
JIyHEl paBHOMEpPHO pacceMBaeT CBeT B IIPOCTPAHCTBO. PaccroaHue
or Jlyrsl mo 3emum cuuraTh paBHEIM 400 MM, a paguyc Jlyss
R;=2 Mwm.

27.8. Co6uparomas auHsa pgaeT uzobpaxkeHuWe IpeAMeTa HATY-
pajibHOrO paamepa. Bo CKOJBKO pa3 YMEHBIIUTCS OCBEIIeHHOCTH
n306paKeHud IpeJMeTa, ecjii Iy TeM NepeBUKeHIs JINH3HI U IpeaMe-
Ta YBEJUUYMTH IJIOWALL M300pakenua B 9 pas?

27.9. Ilpu dpororpadupoBanum o6beKTa, OCBELIEHHOTO ABYMA JIAM-
nmamMu momHocThio 150 Br kaskpasa Ha paccroaEmu 4 M 5 M oT
Hero, Tpebyerca akcnosunus 8 c. KakoBa goJskHA OBITH DKCIIO3HIUSA
npu pororpadupoBaHuM TOro e 06bEeKTa, OCBELEHHOTO OAHOIl TaKoi
JIAMIOi, KOTOpPas HAXOJNUTCH Ha DacCTOAHMM 3 M?

27.10. IIpeamer dororpadupyor ¢ ymensmuenuem B 2 pasa. Kak
M3MEHUTCS OCBEeIIEHHOCTh (OTOIJIEHKH, €CJIM CHHMATH 3TOT IpeAMeT
B HATypaJbHylI0 BeauuuHy? JImamerp o0BeKTHMBA CYHTATH MAJBIM
IO CPABHEHMUIO ¢ PACCTOSHHMEM [0 IIpegMeTa H IIpH NOACYETEe Te-
JIECHOT'O yriia IUIOWIajsb JWH3B CYHTATH PABHON MJAOINAAHM COOTBET-
CTBYIOLIEro IIAPOBOTO CEerMeHTa.

27.11. Kapruny ¢ororpadupyioT cHayaja LeJIUKOM ¢ GOJbIIOTO
PacCTOsiHMSA, & 34TEM OTAEJbHBE €e JAEeTAJIM B HATYPAJNBHYIO BeJH-
yuHy. BO CKOMBKO pas HYKHO H3MEHHTH BpeMs SKCHO3UIMH IPH
doTorpadpuposaruu peraseii?

27.12. Ilpn (bo'rorpatbnponannn npenme'ra B HATYpPAJbHYIO BeJH-
YHHY SKCIo3uIusa paBHa 2 c¢. Kakoil moskHa OBITP 9KCIOSHIUA,
ecau npeamer Hy:xkHO dororpadbmpoBaTk ¢ yBeauueHuem B 5 pas?

27.13. ActrpoHoMHMYecKaa Kamepa AiaA ¢ororpadupoarus CosH-
na uMeeT 06HeKTHB ¢ POKYCHBIM paccroauueM 10 m. Ilepex o6bexTu-
BOM pacnojio’xkeHa Kpyriaas auacdparma guamerpom 5 cMm. IlpumeHse-
Masg QOTONJIeHKA HMeeT YyBCTBHTeAbHOCTh 10 sk -.c. KakuMm mRoxHO
6LITH NIPH 3TMX YCJOBHAX BpeMms dKcnosuuuu? HaBecTHO, uTO MpsA-
Mble COJIHEYHRIe JIyUYM CO3JAIOT Ha NEePHeHAMKYJIAPHOH K HHM ILIO-
magKe ocpBemeHHocTh E =40 kjx. Yriosoii aguamerp CoiaHua npu-
gt pasHuM 0,01 pap.
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27.14. Manenbkuii. 06mekT dororpadupyloT B AByX Macimrabax:
¢ paccroauusa 3F, rae F — GOKycHOe paccTOSHMe OGBEKTHBa, M ¢
paccroauuss 5F. Bo CKOJBKO pa3 Hajo H3MEHHTh AHAMETDP AMa-
dparmMbl 06beKTHBA, YTOGHl OCBEIEHHOCTh M306paKeHus Ha IJIeHKe
B 060oHX cayuadax Gblyia oguHAKOBOU? CUMTATE, 4YTO AMAMETD 06'berc'ru-
B& MHOTO MEHBIIE ero, (OKYCHOro PacCTOSHMA.

) 27.15. Onpep;e.nu'r}, CHJIy CBeTa JIAMIIEl, HaXozdleiics BRYTDH Ma-
TOBOro mjagoHa cgepuueckoir Gopmsl, ,paauyc KoToporo 8 cm. Hp-
KOCTh TAKOI'o cBeTHIbHMKa 4480 xa/m% k03¢ GHUINEeHT ToTePL k=
=0,1.

27.16. B saMne, cusia cBeTa KOTOpO#l 85 KA, CBETAIIMMCH TeJIOM
ABJAETCA HaKaJeHHBIN mapuk auamerpom 3 MM. Haittu saprocts
NMOBEPXHOCTH JaMIBI, ecqu chepudyeckas Kouba cpesaHa M3 Mpo3-
PavHOro CTEeKJIa; U3 MATOBOIO cTeKJa. Jluamerp KOJI6H 6 cm. Ilorepeii
cBeTa B oﬁonoqlce KoJIGB! npeneGpeus.

27.17. CBeTxmnnca RMCK paguycoM 3 cM HMeeT ApKOCTh L=
=4.10° xx/m?% nHe 3aBUCAIIYIO OT HANPABJIEHUS. OnpezenuTs ocse-
IIeHHOCTh B TOYKe, OTcTOAuIed Ha paccroauuu 20 cM OT LEHTpa
AHCKA, B HAIPABJIEHWH, HOPDMAJILHOM K IIOBepXHOCTH Aucka. Kakas

. otnbka GyzmeT cheslaHA, €CJIM IIPH BHEIYHCJIEHHUH OCBEILEeHHOCTH AMCK
CUMTATh TOYEUHBIM HMCTOUHMKOM, CHMJIA& cBeTa KoToporo nLr?, pacmo-

JIOMEHHBIM B LIEHTPe OUCKAa paguycoMm r?

§ 28. ﬁOﬂﬂPHBAuHﬂ CBETA

Hpn OTPpaXeHNH eCTECTBEHHOIO cBeTa OT. AHIJECKTPHKA HMEIOT
mecTo Gopmynn DpeHens:

. sin (¢ — _ tg (@—p) 1°
_0,510[—7?%], 1,—0,51,[ EE=f

rae I, — HHTEeHCHBHOCTD ITafAIOIIEro eCTecTBEeHHOTO cBera, I, — uH-
TeHCHUBHOCTh OTDaYXEHHOT'O CBeTa, Y KOTOPOTO KoJeGaHMA BeKTOpa

.y

HANPAMEeHHOCTH E cBeTOBO# BOJIHH NMEPHNEHAHKYJIAPHH IJIOCKOCTH

nagexud, I, — HHT@HCUBHOCTh owp&mennor’o cBeTa, Y KOTOPOro KoJe-

GaHns BeKTOpa HaNpsXeHHOCTH E cBeToBO#l BOJIKEI mapajenbHBI

IIJIOCKOCTH MNAaJeHHsd, o — YroJ NajgeHudA, § — yroJ npeJoMJIeHHA.
Kosdodummenr orpakennsa JaHHOH ITOBEPXHOCTH:

R={n=nJ’
(r+no)?’

re n, — MOKasaTe]b IPEJOMJEHHS CPeARl, B KOTOPOX pacmpocrpa-
HJeTCA CBeT, 1 — IOKA3ATEe] b NPeJIOMJIEHUA CPeAkl; OT NOBEPXHOCTH
KOTOpOM NMPOUCXOZUT OTPaAKEHHEe,

Ilpu orpamenuu csera or nnanex'rpnxa MOJIHAS IOJISAPUBALUSA
OTPAKEHHOTO JIyYa HACTYIAeT NPH YCIOBMH

tg agy=n — 3axkoH BpiocTepa,
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rAe Op-— YroJ najgeHus Jyuedl, n — OTHOCUTEJbHEIH IIOKa3aTeNb
IIpeJIOMJICHU . '
HHTeHCHBHOCTH CBeTAa, MPOMIeAIIero Iepes nonapnaawop ¥ aHAJH-

' saTop (sakon Mauroca):

I=1TI,cos® P,

I‘Ae ¢ — YroJ MeXAy IJIaBHBIMH NJIOCKOCTAME NOJSPH3ATOD& U aHa-
ausaropa, I, — MHTEHCHBHOCTSH CBeTa, IIpoUIeAllIero vepes nons-

. pH3aTOp.

¥YroJ noBopoTAa IIOCKOCTH MOJISPU3ALMHU ¢ = al, TAe o0 — IIOCTOMAH-

7 Hasd BpallleHHndd, 3aBHCAIIAA OT NPUPOABI BEelIeCTBA U NJHHE CBETOBOH

BOJIHBI, | — paccTosiHue, npoiifleHHOe CEETOBHIM JIyYOM B BelecTBe.

Ons pac'rsopon 9p=0c'lC, roe C — KOHIEGHTPAUMA BeIIEeCTBA B
pacTBope, o’ — yeJbHOe BpalleHwue,

28.1. Yemy paBex yrox mOJIHOM MONAPU3AAN Bemec'rna, y KoTo-
poro npefenbHBIA YroJ IMOJHOTO BHYTPEHHEro oTpakeHusa 42°?

28.2. EcrecTBeHHHH JyY najaeT HAa ILJIOCKONADAJJICIBHYIO CTeK-
JIAHHYIO IUJIACTHHKY. YTOJ HAJleHHA pAaBeH. Yriy IOJHOH IOJApH-
sauun. Kakyio 9acTh HHTEeHCHBHOCTH 118 aOIIEero eCTeCTBEHHOrO CBeTa
COCTABHUT IIPH 9TOM MHTEHCHBHOCTH o'rpa»cer-moro ay4a? Iloxkasarens
npejiomiaeHusa crexixa 1,52.

28.3. EcrecTBeHHRIN CcBeT mMajaeTr Ha c'rex.nam-lym npuamy. Onpe-
[eJINTh YroJl o MeMXJy rpaHaMH npusmel (puc. 28.1), ecam orpa-
JKEeHHHBIH! JIyY MaKCHMAJBHO IOJIAPH30OBAH.

28.4. JIyu ecTeCTBEHHOTO CBEeTAa OTPAKAETCH OT IIJIOCKOTO CTEK-
JNAHHOTO JAHa COCYyAA, HaloJHeHHOro Bopoil. KakoB poyxken OHITH
yron nageHMda Jyya, YTOOH OTPAKEHHEIH nyY ORI MAKCHMAJNBHO
noaspusosan? [Toxasarenb npesomnaenus crexya 1,52, soasl — 1,33.

28.5. JIyu cBera, masaa Ha IIOBEPXHOCTH DPacTBOPa, YaCTHYHO
oTpa’kaeTcsd, YACTHYHO NpesoMiserca. OnpefesnTh MoKasaTeiab npe-
JIOMJIEHHA PACTBOPA, €CJIH OTPAKeHHHH JyY MOJHOCTHIO MONSAPHUIYeT-
‘cA MPH yrae npexomjenns 35°.

28.6. OnpegemuTs K09PPHULUMEHT OTPAKEHHS CTEKJIA, NIOKA3ATeJb
npeJoMNeHUsA KoToporo n=1,5, NpH YCJIOBHH, YTO eCTeCTBeHHHIH
JIy4 mnafiaeT Ha ero NOBEPXHOCTH MOJA yrJjioM Bpiocrepa.

28.7. Ha nyTH IyYKA €CTECTBEHHOTO CBETA IIOMECTHJIH NocHe-
JOBRTENBHO ABA OAMHAKOBHIX NOJAPH3ALMOHHHIX NpHcHocobiaeHud.
Oka3ajoch, YTO NPH MapaijieJIbHEIX ILJIOCKOCTAX MOJSAPHSAIMH 3Ta
cucreMa nmponyckaer 8 10 pas 6oxnbine ceeTa, 4eM NpPHM CKPelIeHHHIX.

OnpesenuTh creneHb MOJAPH3ALMM, KOTOPYIO
co3ziaeT Kaxaoe npucrnocobienue B OTAEIbHOCTH
H BCHA CHCTEMA INPH napa.mrenbnmx TLJIOCKOCTAX
NoJIApHU3ALUH. :
28.8. Anamusatop B 2 pasa ocaabaser
MHTEHCUBHOCTH NMaZAIOIMIETO HA HEro IOJApH30-
BaHHOrO cBeTa. lakoB yros MeKAy rjaaBHLIMK

o IJIOCKOCTAMM IIoJdpH3aTopa M aHadmsaTopa?
‘ IlorepAMH cBera HAa  OTpAYKEeHHe npe-
Puc. 28.1 He0peus.

169



28.9. JIy4 ecTecTBEHHOIO cBeTa IOCIEAOBATEILHO IIPOXOLUT Yepes
HOJNSAPUBATOP ¥ AHANM3ATOD, YroJ MeKAY TJaBHLIMH IIOCKOCTAMM
rorophix 60°. Kakas 10/ HAYAJIBHOTO TIOTOKA BHIMAET M3 aHaJIM3a-
ropa? _

28.10. Yron Mmexpy riaBHBIMH IJOCKOCTAMH IOJAPHU3ATOPA H
aHayusatopa 45°. Bo cKoJIbKO pa3 yMeHbIINTCA HHTEHCHBHOCTE CBETA,
BHIXOASAIIETO M3 aHAJNM3ATOPA, €CJIM YroJ yBReIrduTh xo 60°?

28.11. Bo cronbko pas ocsaaleBaeT ecTecTBeHHEIH cBeT, IIpoxons
4epes JBa HUKOJA, I'JIABHBIE IIJIOCKOCTH KOTOPHIX COCTABJISIOT MEXKIY
coGoit yrosx 63°, ecaiu B KaKA0OM U3 HUKoJeH Tepderca 109 mapalo-
uiero csera?

28.12. YacTuuHO HONAPU3OBAHHBIN CBET PACCMATDPHBAETCH Uepea
HUKOJb. IIp¥ mnoBopoTe HHMKOJA Ha 45° OTHOCHTEJIBHO IIOJIOMKEHMA,
COOTBETCTBYIOLIEI0 MAKCHMAJIbHON HHTEHCUBHOCTH BHEIXOAALIEIO IIyY-
Ka, MHTEHCHBHOCTBb CBeTa yMeHbIIaeTca B 1,5 pasa. Ompegesuth
OTHOIIeHHEe MHTEHCHBHOCTEI B €CTeCTBEHHOM M MOJIAPU30BAHHOI YacTH
majalouero myuka.

28.13. Ha nyTH nJoCKONOJSPU3ZOBAHHOTO JIy4a IIOMeCTHJIM ILjIac-
THHKY KBApLa, BHIPE3AHHYIO MMApaJJesbHO OITHYECKOH OCH Kpuc-
rasaa. Kaxoil ToXmuHE a0/ Ha GHTH NaacTHHKA, YTOGH 06pasyio-
mAadAca pasHOCTh XOJa MeXIY OOBIKHOBEHHBIM M HEOOLIKHOBEHHEIM
Jy4aMu cocTaBuaa 1/4 RAUHEL BOJIHBI KeJaTOro cBera (A==589 um)?
MaxcumManbHBEIH MOKa3aTeNbh NMPEIOMICHMA HEOOLRIKHOBEHHOIrO Jyua
JaHHOo# aauuel Boauwm 1,553, a obeIKHOBeHHOrO — 1,543.
© 28.14. ITnockonapaiienbHas NJAACTHHKA B 1/4 BoJHEI BHIpesaHa
M3 KBapua X uMmeeT TomuuHy 16 mxm. Ha nee maaaer MoHoxpoma-
THYECKHI CBeT ¢ AJIMHOH BOJHEI 589 um. OmpeneauTh IOKa3aTeJb
IIPeJIOMJIEHMA HEeOGBIKHOBEHHOTO JIyya, €CJM IOKA3aTejb IIpesoMJIe-
HHs OOBIKHOBeHHOro 1,544,

28.15. IlokasaTesu IIpeNoOMJEHUA KBapua AJA cBeTa € AJHHO
BoxH 0,4829 mkMm paBHH n;,—1,553, ng=1,542. Kakyo TOJIOMHY
JOJIPKHA MMETh IJIacTHHKA B 1/4 BOJHEBI, BHpe3aHHAA M3 KBapla
BZOJIb €r0 ONTHYecKoil ocu?

28.16. OmpegenuTs TOJIHUHY KBAPUEBOil [I1aCTUHKH, AJIA KOTOPO
YT'OJI MOBOPOTA ILJIOCKOCTH NOJAPHUIALUH cBeTa AJHHOH BOJMHEL 490 HM
paBer 150°. IlocToanHas BpallleHUA B KBaplie OIS BTOH AJIMHLI
BOJIHBI 26,3°/MM. ‘

28,17. Mexxay ABYMA NApPaJUJIENbHREIMH HMKOJSAME IOMEIIAIOT
KBapLUEBYI0 MJACTMHKY TOMUIMHOK 1 MM, BEIDE3AHHYIO NapaiesibHO
onrudeckoi ocu. IIp¥ 2TOM NJIOCKOCTH HOJNAPU3ALUM MOHOXpPOMA-
THYEeCKOT'O CBeTa, MaJAlOUIero Ha NOJAPH3ATOp, IOBEPHYJACh HA
yron 20°. Ilpw kaxkoifi MHUHMMAJBHOH TOJNINMHE IJACTHHKH CBET
He IIpoiizieT 4Yepes aHAMHU3aTOp?

28.18. PacTBop caxapa, HaJuTh# B Tpy6KYy Zymuo#t 18 cm um
NOMEUIEHHKH MeXKAY ITOJAPH3ATOPAMH, IOBOP&YUBAET IIJIOCKOCTh KO-
JeGaHuit xKeaTrlx sydel narpuesoro naamenu Ha 30°. Kaxosa macca
caxapa, Haxojasuleroca B pacTBope o6vemom 1 M3, ecam yreasHoe
BpallleHHe caxapa AJs KeJATHX Jjydelt maTpusa 66,710 2°/(m?.kr)?

28.19. KonneHTpauusa pacTsopa caxapa, HaJHMTOrO B CTEKISHHYIO
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Tpy6Ky, paBHa 0,3 r/cM’. DTOT pacTEOp BpAIAeT HJIOCKOCTH IOJIA-
pH3allii MOHOXPOMAaTHYECKOro cBera Ha 25°. OnpesesiTh KOHIIEHTpA -

LIKIO pacTBOPAa B APYToil TaKoi e TPyOKe, eCIM OH BPAIAEeT IJIOCKOCTD

noaspuzanuu Ha 20°. ‘
. 28.20, MeXAy CKpeIlleHHEIMH HUKOJIAMH MOJIAPUMETPA ITOMECTHIH
TpyOKy ¢ caxapHbiM pacTBopom. Ilone 3peHuMAa HOpH 3TOM CTAJO

. MAKCHMAJILHO CBeTIBIM. ONpegesuTs AIUHY TPYOKH, eCIi KOHLEHTpA-

mua caxapa 270 xr/m% a ero yamennHoe Bpamenme 66,5°/aM mpu
xounenTparuu 100 xr/m’.

§ 29. AUCNEPCUS U MOTNOLLLEHME CBETA.
PACCESHME CBETA

HHurencuBHOCTL cBeTa, BHIIEANIENO M3 CJIOA BEIeCTBA TOJJILIMHOM
| mocyne morJionmieHuA (3akoH Byrepa):
—ki
I=Ioe ’

rae I, — MHTeHCHBHOCTH CBeTa, 11aJaI0Iero Ha norJjomawiui cioit,
kE — x03ddULHEHT MOTJIOMIEHUA.

JJisi HOrJIomeHuA cBeTa B pPacTBOPaX BHINOJHAETCA 3aKOH Byre-
pa — Jlam6Gepra:

I=Ioe— lhcl,

rge k, — ko3dPHIMEeHT UOrJIOIIeHHs HA eJUHHMIY KOHIEHTPAIIH
BeltecTBa, C — KOHIEHTpPAnUsA PACTBOPEHHOrO BelleCcTBA.

Onrudeckas NJOTHOCTh PACTBODA:

. 1 I
p— (L) -t (2).
Y MeHblIeHe UHTEHCUBHOCTH CBETA BCJIEACTBHE PACCESHMS:
I‘=I0e“"",
rme k' — xkoad@duuuenr paccesnnd. CoBMecTHOe xeficTBUE HOIJIOIIe-
HUSA U PACCESHHS IPUBOAUT K U3MEHEHHIO HHTEHCHBHOCTH 110 3aKOHY :
I = Ipe™" [,
rae u=~k+ k.

VIHTeHCUBHOCTH CBETA, PACCEAHHOTO BEIECTBOM, 3aBUCHT OT AJIMHEI
BOJIHHI (3aKoH Pasest):

1
I=p.)~—4,

 rAe p — NOCTOAHHAA PACCEAHMSA, A — AJIMHA BOJHEI IALAIOLIET0 CBeTa.

i B nsayuyennu BasunoBa — UepeHkOBa yYros MexXAy HalpasJe-
HHAMHK PacIPOCTPAHEHMS HU3JIYYEHUA H BEKTOPOM CKOPOCTH YACTHIHI:

. [4
cos O =—,
nv
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TAe U — -CKOPOCTh 3apAKEHHOM YaCTHIb, I — ITOKA3aTeb npeJmM.ne-_

HHS Cpefibl, ¢ — CKOPOCTb CBeTa B BaKyyMe.

29.1. OnpesennTs AMcHepcHIo BemecTba, GasoByO U rpynnonylo
CKOPOCTH, €CJIM M3BECTHO, YTO NOKa3aTe b IPEIOMJIEHHs IPO3PAYHEIX
BeLIecTB AJs HefONMbIINX HHTEPBAJIOB AJMH BOJH 3anncm- OT JJTMHEL
BOJIHEI CJIeAYIOIIHM OOpasoM:

n—A—i— ok
29.2. OnpenenuTs rpynmnoByi0 CKOPOCTH CBeTa B cepoyrjepofe.
IIokasaTesr NPENOMJICEHHMSI CEpPOYIJIEPOLA AJMA AJHHEL BOJHBI A=

=0,527 Mk cocrasnsier n—=1,64, a 3x= —0,218 Mmx~!. '
29.3. IloxasaTens npeOMJIEHHHA BOAK npH A =441 HM paBen
n1=1,341, a npu A,=589 mm — n,=1,334. Onpegenurs cpegnue
sHa4YeHMs $Ha30BOil M rpPyNHOBOil CKOpOCTeil cBeTa B BOAe AJA CHHeH
obmacTn cmexkTpa (cpefHeil MeXAY A1 M Ag).
29.4. IIpospauyHas IJACTHHKA HPOIYCKAET IIOJOBHHY NAaAAIOIIETo
H& Hee CBeTOBOro moroka. OnpepesnuTh Koa(EGUIUEHT NOTJIOIIEHU,

eca¥ TOJIIMHA NJacTHHEM [==4,2 cM. PaccesanueM npeHeGpeub.

CunraTh, uTo 109% mnapgaroulero moToxa oTpa)kaercA OT NOBEPXHOCTH
NJICTHHKH.

29.5. Tonuruua cTexkJa B TeILIHIE 2 mm. Koadduiuuenr noro-
IIeHusa cTeKJa JAJf HHppaxpacHoit obGnaacta cnextpd O, 62 em~ .
Kakas gosn sHepruu AOCTHFaeT pacreHuii?.

29.6. Ilnactunra rommmuoi d,=3,8 MM mnponycxkaer D;=0,84
najaioliero Ha Hee CBETOBOTO IIOTOKA. BTopas mjacTHHKaA M3 TOTO XKe

BemecTBa ToawIuEOH d;=9,0 MM nponyckaer D;=0,70 Toro xe

cBeTOBOro noroxka. HaiT KoadGUIMEHT IOIJIONIeHUA STOTO BelllecTBA,
CBeT nmajaer HOpMAJBHO. .

29.7. KoadduuyeHT MOIVIOIEHNS BOALI AJA UIJIYUYEHUS ¢ AJIHHOM
ponun 0,77 mx pasen 00,0024 mm ™. Ha kKakoii ray6ume MOHO-
XpoMaTHuecKuii my4ox Jydeit Gyamer ociabnen B 2,7 paza? Ha
CKOJIbKO HAJO YBEJIWYHUTH SAPKOCTHL NMALAIOIEro NMYyYKa, €CJM HYIMKHO
H3MEHHTh TOJINMHY cJosA Boael ¢ -1 A0 5 cm, 6e3 yMeHblIeHHdA
APKOCTH HM3JydYeHHS, BHIXOJAIIEro ua BOAAHOro ¢puiabTpa?

29.8. IIpn npoxoKJeHWH dUepe3d IJIACTHMHKY CBeT AJIMHON BOJIHEI
A1 ocaabnsierca B pesyJjbTaTe HOIJIomeHHMA B N pas, a cBeT AIWHOMN
BOJHHI A; — B N pas. OnpezeauTh Ko3(pPHUMEHT NOTJIOLICHHSA AJIA
cBeTa ¢ JJIMHOM BOJIHBEL A2, eciu Ko3(p¢dHIUMeHT morJomeHHss nusa
A paBeH k.

29.9. B 4%-HOM pacTBope BemeCTBA B NPO3PAYHOM DACTBODH-

'TeJle HHTEHCHBHOCTh cBera HAa riay6uue ;=20 MM ociabusercsa

B 2 pasa. Bo CckoJbKO pa3 ociaabigerci MHTEHCHBHOCTL CBeTa Ha
rny6une ;=30 MM B 8% -HOM pacTBope TOro ke BemecTBa?

29.10. KaxkoBa KOHIEHTPALHA MCCJIEAYEMOrO PacTBOpa, €CJIM OJH-
HAKOBAs OCBEIEHHOCTH (POTOMETPHUECKHMX mnoJjeii Gnljaa IoJjiyueHa y
3TAJIOHHOTO 3%,-HOro pacTBOpa IpH TONIINHE 8 MM, a ¥ HCCJIeAyeMOro
npu TojmuHe 24 Mm?
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29.11. TIpu npoxXoAeHHH CBeTa depes CAOH pacTBOpa IIOIJIO-
maerca 1/3 nepsonauaibHO# cBETOBOM aueprnn. OnpeneJm'rb K03¢-
dUIMeHT IPOIyCKAHHUA. '

29.12. Yemy paBHa OmTHYECKA:T IIJIOTHOCTL pacTBOpa, ecJM €ero
roaddunuent nponyckagus v=0,3?
© 29,13, IIpu npoxoxAeHHH Monoxpoma'mqeclcom cBeTa uepes cJoi
BellecTBa TOJMMHUHON /=15 cM ero uHTeHCHMBHOCTHh yOmBaeT B 4 pasa.
Onpegenuts lcoa(b(bnnnen-r paccesaHus, eciH Ko0oGdUIMEeHT IIOrJIO-
merus 0,025 cm—'.

29.14. Bo CKOJBKO pa3 MHTEHCHBHOCTB MOJICKYJISDHOIO pacces- .
HHA cHHero cBeTa (A =460 HM) npeBoCXOAUT MHTEHCHBHOCTDL pacced-
HAA KpacHoro csera (A;=650 um)?

29.15. Kaxoii manMeHnblileif CKOPOCTBIO ROJIKeH 06GJIafaTh dJEKT-
PoH, 4TOGBl B BellecTBe ¢ NMOKAasaTejleM HpenomyjeHusa n=1,60 Boa-
HHKJIO usaydenue Basunosa — YepenkoBa?

29.16. Cseuenue Basusosa — Yepenkxosa HabGmiogaerca B GeH30-
Ae. OnpeaesuTh CKOPOCTh 3JIGKTPOHA M CKOPOCTB CBera B OeHsoe,
€CJIM YTOoJI MeXAY HAnpaBlleHHeM CBEUYEeHHMSA U HaIpaBJIeHHeM CKO-

poctu anextpoHa 38°30’, Ilokazarens mpeaomiyeuuss Gexsona 1,50.
L ]

§ 30. PENATUMBMCTCKME IDDEKTH B ONTHKE

9ddexr domnepa B PeIATHBHCTCKOM ciydae:

\1—p?

V=V feos B’

rae v — 4YacTOTa DYJIEKTPOMATHMTHOIO H3JIYUEeHMH, BOCIPHHUMaeMas
HabxlopaTesieM, vo — COGCTBEHHAS YaCTOTA HU3JIYy4YECHHH, HCIIYCKAEMO-

TO HENOABUKHAIM HCTOUHMKOM f}=-—, U — CKOPOCTb MCTOYHHKA OTHO-

cuTenbHO Habiozarens, ¢ — CKOPOCTb JIEKTPOMATHMTHOIO H3JlIyue-

HUS B BakKyyme, © — yroJ MeJy HANDaBJeHHMEM CKODOCTH U H

HaIpaBJieHHeM HaOJIIOZeHHA B cCHCTEeMe, CBA3aHHOM ¢ HabaozaTeem.
IIpu yaaneHuH HCTOYHMKA OT Habmiozatens (O = 0):

= 1—-p
vV="vy 178 .
IIpw cOauKeHMH MCTOYHHKA M HabmozaTens (O =1n):
=

30.1. B onniTe P30 MO ONpeAeICHHIO CKOPOCTH CBETA PACCTOSHHE
oT 3y6uaToro koJjgeca a0 3epkKaJsia cocTaBiaano 10 km. ITocremosa-
TeJIbHbIE ncqesnonemm cBeTa HaGJIOZANHCHE IIPH CKOPOCTAX Bpaue-

HHUA Koseca 52 u T2, 8 —. Onpegeanth cxcopoc'n; cBeTa.
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30.2. B onbiTe, aHAJIOTHYHOM TOMY, NIOCPEACTBOM Koroporo ®duso
onpegenan kosdbduiueHT yBiIeUeHMa MHPOBOro acgupa BoAol, cym-
MapHBIH# nyThb cBeta B Boje 2/= 2,00 m. {imHa BOJIHBI cBeTa A=
=600 um. Onpemesurs umeso momoc AN, Ha KOTOpoe CMeLIAeTCH

uHTepdepeHnuoHHAd KAPTHHA NpM NPHUBEAEHUH BOALI B [BHIKEHHE

¢o0 cKopocThio u = 6,00 m/c. IIoKaszaTeab nNpejoMJeHUA Bogn n=1,33.

30.3. KaroBa goskHa OBITH MaKCHMAaJbHAA CKOPOCTh MCTOYHHKA
HUBJIy4YeHHuH, 4ToOBl TIpu pacueTe sdpdexta Homsepa MOMKHO - GHIIO
BOCIIOJIB30BAThCA NpUOGIUKEeHHOH dhopmynoit v =v0<1 ——ic’—)? ITorpew-

HOCTBH B OIIpefesieHUH YacTOTHI AOJKHA OBITH He Gosee 19,.
30.4. Tymaunocts ygmanserca oT CoJHeUHOH CHCTeMHI CO CKO-

3
ee CIIeKTpa JIHMHHS BOAODOJAA C AJHHON BOJHHE A=—434 HM?

1 .
POCTBIO UV —=—_C. Ha KaKoOe pacCTosdHye CMECTUTCA K KPACHOMY KOHLY

30.5. UcTOYHHK MOHOXPOMATHUYECKOTO MB3JIyYeHHSA IBHIKETCA CO

cxopocTsio v =0,1 ¢ mo Hampasxenuio K Habmogartenio., Cnexrpab-
HH# npubop nHabalofaTe]ss PeriCTPHPYET UIJIYUEeHHEe ITOTO HCTOYHM-
ka A=0,642 mrm. KakroBa AJuHA BOJHH, H3JIydYaeMoil mHcCTOU-
HHKOM?

30.6. N3yuaerca CIIEKTp 3Be3AHI, Jie:kallleit B NJIOCKOCTH 3eMHON
op6urei. Ha ckoaexo OyAyT OTJAMUYATBCA B CHEKTpe 3Be3Jbl JBa
M3MEepeHUA JAJHHB BOJHH JuuHuH A=0,4227 MKM, ecJ¥ IlepBOe
CIeJIaHO NpHM ABH)KEHHMHW 3eMJIM [0 HAMNPAaBJEHUIO K 3Be3Jle, & BTO-
poe — uepes HoOJrofa, KOTAA HAIpABJICHHEe MABUKEHMA 3eMJM Ha
OpOHTe UBMEHHUTCA HA IPOTHUBOIIOJIOMHOE?

30.7. HaiiTH OTHOCHTEJILHOE M3MeHeHUe AJIUHEI BOJHBI HCTOUYHHKA

(i—’“), ecld OH ABHIKETCH CO CKOPOCTBIO U B cpeJle ¢ IOKasaTeyeM
IIpeJIOMJICEHUSA N.

30.8. [Ins sKCepUMEHTAJbHON IIPOBEPKM IIPHUHIHMIIA ,T.[ormepa
A. Benonoibckuii UpHUMEHHJ METOJ OTpa’KeHHA cBeTa OT OBICTPO
BpalllaloUUXCcsA B TPOTHBOIOJIOMHBIX HamnpaBjieHUSX 3epkain. Ompe-
JeJMTh UBMeHeHHe A) HJIMHEI BOJIHBI CBeTa, NajalolIero Ha 3epKaJia
HOpMAaJbHO, €CJIM MOHOXPOMATHYECKHH CBEeT C JAJMHOH BOJIHEL A
HMCHBITEIBaeT N oTpajeHui, mpexKie 4yeM Nomagaer B ciekrporpad.
JInHe#iHAA CKOPOCTDh BpALIAIOIINXCHA HABCTPEUY APYT APYTY 3€pKaJ v.

30.9. Inuuna Boaunl Juuaur H, B cméxkTpe CoJIHIa paBHa A=
=656 HM. aMepeHHe 3Toil AJMHBI BOJIHBI, HpUXOAAILEH OT gua-
MeTpaJbHO IIPOTUBOIIOJIOMHEIX KpPaeB COJHEYHOI'o AUCKA, IIOKA3aJI0
pasnuyue Ha AL=0,088 um. Halitu nepuox T ob6pamenns CosHia
BOKPYT COGCTBeHHOIt ocH.

30.10. IIpueMHHMK pagHOJIOKANMOHHON YCTAHOBKH ONPEAEIAET CKO-
POCTH IPHOJMIKAIOIIEroca OGBEKT2 IO PErHCTPHPYEMOH JIOKATOpOM
JacToTe GMEeHMI MeXy CHIHAJIOM, TIOCHIJIAeMEIM JIOKATOPOM, U YacCTo-
. TOif cHrHaja, OTPAsKeHHOTO OT ABHKYyLIeroca obnsexTa. OmpenenuTs
CKOpPOCTh HpHOGIHKaOmeroca o06beKTa, ecjM JIOKaTOop paGoraeTr Ha
anuee BOJHH A=0,5 M, a yacrora 6ugumit Av=4 xIn.

Fnasa VvV

KBAHTOBAS ®M3MKA

§ 31. KBAHTOBbLIE CBOWUCTBA-M3NYUEHUS

Oueprus GoToHA:
E—=hv,

rge h — nmocrosanHada Iljanka, v — 4acToTa CBeETA.
PendTuBHCTCKHE Macca M MMNYJIbC (POTOHA:

m=L up=t .
. C c

YpaBHenue JiiHmTeliHa ANA BHemHero dorosddexTa:
2
hv=A 4Bl me "2"‘“ s

rae A — paboTa BBIXOJa 3JIEKTPOHA.
J.IaBJIeHHe cBeTa IIpH HOPMAJBHOM NAJACHHH:

I :
=1+ P),

[ .
rge p — koaddUIHEHT oTpaskeHUsd cBeTa, ] — MOBepXHOCTHAS INJIOT-
HOCTBH IIOTOKA.

KopoTkoBosIHOBasA rpaHMuAa Ay CIJIOLIHOTO PEHTTEHOBCKOI'Q CIIEKT-
pa, 06YCJIOBJIEHHOIO TOPMOMKEHHEeM DJIEKTPOHOB:
h'V() = eU,

rge U — pasHOCTh MOTEHI[UMAJIOB, IPHUJIOMEHHAS K 3JIeKTPOJaAM PEeHT-
FeHOBCKOM TPYOKH, vy, — MaKcMMAaJIbHAHd 4YacToTa, IPH KOTOpoM elile
BO3MOKHO TOPMO3HOE PEHTI'€HOBCKOE HBJIYyUeHHe.

Adbdexr Komnrona:

Al =2}, sinz—(ze—,

rge A.=h/(mc) — KOMITOHOBCKAs AJIMHA BOJIHEI, () — YroJ pac-
cesTHUA,
HMHTEeHCHBHOCTD IIyYKA PEHTreHOBCKHUX Jyueil mpu npoxoxc,r.:emm
MX 4Yepe3 MOIJIOLIAIOIEEe BEIIECTBO:
IZIoe_"x,

rge I, — HHTEHCMBHOCTh PEHTTEHOBCKHX JIyduell, Majaloliux Ha IIO-
BEPXHOCTh BelllecTBa, W=\, — JUHEHHBHHA koadduuuenT moryomle-
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mm, p — IJIOTHOCTb BEHIeCTBa, Moy — Macconmﬁ Kosddunuent mo-
TIOMIEHUA,

OuepretTHyecKas CBETHMOCTH a0COJIIOTHO 4YepHOTro Tena (saxon
Credpana — Boabumana):

' RB=GT4,

rae 6 — mocroanHaa Crebana — Boxbumana, T — TepMOIVHAMUYEC-
Kaf TeMmepaTypa aGCOJIOTHO HepPHOro Teja.
3axoH cMeleHUs BuHAa:

}"max —

b
—T',"s

_rpe b — nmocrossunaa BuHa.
®opmyna ITnauka:

- R
Aw,T)= n’c®  exp(ho/kT)—1"’

rae ii=h/2n, (1)—231:\’.“
MaxcuMaabHAs U3AyYaTEJbHASA cnocoﬁnoc'rh aﬁcomo'mo qepnoro
TeNA: . ‘

(P}“max—‘CTs’
TIe c-—1 30.10°% Br/(m*-K®).

DHeprusa, HMOyJasc B macca doroHa

+ 31.1. Haittu suepruio ¢oroxa: 1) kpacHoro (A=0,7 mkMm), 2) 3este-
Horo (A=0,55 mxm), 3) puonerosoro (A=0,4 Mmxm), 4) HHDPaAKpACHO-
ro (A=10 MkM) usaydesuit.

31.2. Bo ckonbko pa3 3Heprusa ¢orona (A=550 um) Oosble
cpefHelt KMHETHUYECKON PHEPIHM IIOCTYNATEJIbHOTO ABHUIKEHUS MOJIie-
KYJEl KHCJOPOZA IIPU KOMHaTHOH Temmepatype (17°C)?

31.3. TIpuHaAJeKUT JM K COCTABY BHAMMOIO CBeTa M3JydYeHHe,
doTonH KOTOpOro 06GnajaloT 3Heprueit 6107 '° Mw?

31.4. OnpegesnuTh AJHHY BOJIHH, ecsu coo'rBe'rc'raylomnn eil do-
ToH o6inajzaer ameprueit 10~ '° Iz, K xaxoil wacTM cmexkTpa mnpm-
HAJAJIEKUT 9TA AJAHUHA BOJHEI?

31.5. IIpx nmomoiy MHAYKUMOHHOTO YCKODHUTEJIA 2JISKTPOHOB (Ge-
TATPOHA) MOMKHO NOJYYHUTH (OTOHBI y-jIydeil ¢ 9Heprueit 100 MaB
Kaxosa pauua BOJHEI 3THX Jyueit?

- 31.6. OnpeaenuTs YaCTOTY v CBETA U CPABHUTH BHEPIHIO HOTOHOB,
COOTBETCTBYIOIIUX AJHUHAM BoJH: 1) A=280 um u 2) A=254 HM.
- 31.7. OupenenuTh peJATHBUCTCKYIO Maccy ¢orona: 1) syumcroi
sHeprud aa# A=0,40 MxmMm H A=2 HM, 2) y-nyveil (A=2,3 nm).

31.8. Kakoit agnuHoil BOJMHBI HRoJKeH 06agaTh POTOH, YTOOHL €TO
peJIATHBUCTCKAadg Macca Gblja paBHA Macce IOKOA 3JeKTpoHA?

31.9. Kakaa aJuHA BOJHBI COOTBETCTBYET (POTOHY, pe.na'mnnc'r-
ckasd Macca Kotoporo 1,66-103" kr?

31.10. Dueprus ¢orona 1 MsB. Onpégenursh mvmy.nbc ¢oroHa.

31.11. OnpenenuTs 3HEPruio, PEJATHBUCTCKHE MACCY U HMIYJIBLC
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‘(poroHa peHTTeHOBCKHUX Jyueii ¢ AuwHaMH Boax 100 u 2 M. CpaBHETH

€ro PeJNATHBUCTCKYIO MACCY C MAacCCOM 3JIeKTpOHA.

31.12. Cuurad, YTO MOIIHOCTH JaMIIBl PacCeMBAETCH BO BCE CTO-
POHH B BUJE M3JYYEHHS W YUTO CPe;HAA JAUHA BOJHH 0,5 MkM,
HA#TH YHCIO (bo'rouon, KOTOpEIE MajaloT 3a 1 ¢ Ha IOBEPXHOCTH
naoWaAso * 1 cM?, pacnonoxkeHHY0 NepIeHAMKYJIADHO JydaM Ha
paccrosgaun 50 cm ot jJamnbel. MomHoceTs aamnel 25 Br. ‘

31.13. ToueuHsl¥ HCTOYHHK cBeTa NOTpebiser MomHOCTE N =
=100 Br ¥ paBHOMEpPHO HCIyCKaeT CBET BO BCe CTOPOHBI. JliuHa
BOJIHEI HCIIYCKaeMOTo npu 3ToM cBera A=>589 mm. KIIJ ncrounuka
0,19%. BeluucauTh 4NCJ0 POTOHOB, HCIIYCKAEMBIX HCTOYHMKOM 3a 1 c.

31.14, ®aykryanuu caabbIX CBETOBBIX ITOTOKOB ORI BIEpPBHIE
obHapy:KeHB BU3YaJbHBRIM MeToaoM H Hayuedhl C. W. BaBujaoswim.
Yucsao ¢$oTOHOB B CBEeTOBOM MOTOKe H3MeHserca or 90 gmo 120
sa 1 ¢ (uyacrora ozuHakoBa). OmpejejuTh IPH 3TOM H3MEHEHUE
MOILIHOCTH CBETOBEIX IIOTOKOB.

31.15. Ilpn xaxoil TemnepaType CpefHAA KHUHETHUYECKAS DHEPrusd
TEeIJIOBOTO ABHIKEHHUS MOJIEKYJ OZHOATOMHOIC rasa DaBHA YHEPrHH
¢doTOHOB peHTreHOBCKHMX Jyuelt (A=0,1 um)?

®oToapert

31.16. Ozun us pesynbraroB onkitTa A. I. CroseroBa 6bin chop-
MYJHUPOBAH TaK: «PaspsaxaomuMm geiicTBueM o6iafaioT Jy4u camoit
BBICOKOI IIpeJioMJIfeMOCTH, AJIMHA KOTOpPHX MeHee 295 HM». Ha
OCHOBAHHMH 3TOro HAMTH paboTy BHIXOJA DJEKTPOHOB C IIOBEPXHOCTH
MoJubaeHa.

31.17. Byger nu umerd mecTo oroaddeKT y JHUTHHA, €cAH OH
OCBeIllaeTCi MOHOXPOMATHYECKHM CBETOM C AJMHON BoMHEI 589 HM?

31.18. Ompegenuts KpacHylo rparuny goroadpdexra ANA njaaTu-
HH, cepebpa, Boabdpama, TaHTANa H Ue3Ud.

31.19. Kpacuas rpanuua cdoroadderra and xesesa, PpTyTH, JH-
THA, HATDUA, KAJHA ONpENesAeTCA COOTBETCTBEHHO JAJIWHAMM BOJH
262, 274, 517, 540, 620 um. Ha¥tu paGorTy BBIXOJa 3JIEKTDOHOB
U3 MEeTAaJIJIOB X BHIPA3HTh €e B 3JEeKTPOH-BOJIbTAX.

31.20. Ha moBepxHOCTh MeTaJija nagair y=Jayuu (A=1,2 nm).
ITo cpaBHeHUIO ¢ BHeprueii y-¢oToHOB pafoTa BBIXOJA HACTOJBKO
MaJa, 4YTO el0 MOKHO npeHebpeus. KakoBa CKOPOCTE BHELJIETA 3JEKTPO-
HOR, ecJIM BBIYHCJIATE €€ MO YypaBHeHUI0 JHIuTeiiHa A5 (bo'ro-
adperta? Iem o6BACHUTE MOJyYeHHBIH peaysbrar?

31.21. KakoBa MaKcHMaJbHAS CKOPOCThH 3JIEKTPOHOB, BBLIETAIO-
IIMX ¢ NOBEePXHOCTH MOJaubGaeHAa INPH OCBEIIEHMH ero Jy4YaMHu C
AnuHOM BOoAHE 200 HM?

31.22. Kakoii AJMHBI 2JIEKTPOMATHHTHYIO BOJIHY cJI€AyeT Hampa-
BHUTH Ha IOBEPXHOCTH UMHKA, YTO0H MaKCHUMAJIbHASA CKOPOCTh DJIEKTPO-
Ha, BHLJIeTEBIIEro M3 Meranana, 6uina 0,8 Mm/c?

31.23. Ha moBepXHOCTb HUKeJA MA8eT MOHOXPOMAaTHIECKHI CBET
(A=200 nm). KpacHasa rpanuna dorosddekra ana Huxensa 248 um.
OnpezenuTh DHEPIruO Najalomux (GoToHOB, paGoOTy BHIXOAA BJIEKTPO-
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HOB, MAKCHMAJILHYIO KMHETHYECKYIO DHEPTHIO DJIEKTPOHOB U UX CKO-
POCTb.

31.24. Kpacnas rpauuna ¢otoaddekxra ,u;Jm IJIATHHBl JIEKHT
oxosmo 198 uM. EcaH nsaTHHY NHpOKAJIMTh NpPH BHICOKOH Temire-
paType, TO KpacHasi rpanuna dorosbderra craner pasHoi 220 Hm,
Ha CROJLKO 3JIEKTPOH-BOJIBT nporcannnanne yMeHblIaeT paGoTy BHI-
X0Za DJEeKTPOHOB?

31.25. Ha He3apAMKeHHYIO0 MeTaJIHYECKYIO ILIACTHHKY, NpPHCOe-
IUHEHHYIO K DJIEKTPOMETpPY, HAIIPABHIH MYYOK PEHTTeHOBCKUX JIy4Yei.
Koraa niacturka 3apaguiack go norenunasa U =124 B, ncnyckaHwue
9JIGKTPOHOB. IPEKPATHIIOCH. ONpeeUTh JIMHY BOJHEL PEHTIeHOBCKUX
ayueii. Pa6oToii BHIX0Ja 3JIEKTPOHOB MOJKHO IIpeHeGpeds.

31.26. Kpacuaa rpannna doroaddexra pybugua 810 um. Kaxoe
3ailep;KNBalOInee HANPSAKeHHe HYMKHO IMPUIIOKHUTE K (POTOIJEeMEHTY,
4yTOGB HH OZHOMY M3 3JIEKTPOHOEB, HCIYCKAEMBIX PyOMAHNEM IO
peiictBueM yiabTpadHOJETOBHMX Jydeil ¢ Aauuoi Boausl 100 nmMm,
He yJaJIoCh IIPEOJOJIETH 3aAep:KuBalomiee moje?

31.27. NzonupoBaHHasd MeTaJJIMUeCKAs IJIACTHHKA OCBelaeTcs
CcBeTOM ¢ AJauHOM BOJHEI 450 HM. PaboTa BBEIXOZAA SJIEKTPOHOB M3 Me-
ranna 2 9B. o KaxKoro ToTeHHMAaJia 34PAKUTCA IJIACTHHKA IIpM
HeIpepbIBHOM feiicTBuu csera?

31.28, CIDOToaJIeKTpOHbI, BHIDEIBAEMBI€ C TOBEPXHOCTH HEKOTOPOTO
METAaJIJIa CBETOM C qac'ro'ron 2,2-10'% I'u, mosHOCTHIO 3anepmnnam'rca
moTenuaom 6,6 B, a BrIpsIBaeMbIe CBETOM € 4aCTOTOM 4,6 - 10'% 'y —
nmoreHuuasom 16,5° B. Haiitu nocrosuuyio Ilnamka (3ToT Meron
usMepeHud nocroaHHoi Inanxa 6u1a npegnoxesn I1. K. JIykupekum).

JlaBnenue cBeTa

31.29. B knmaccuueckux omnmitTax II. H. JleGeaesa mo sxcrepuMeH-
TaJBHOMY OIIpefeJIeHHIO CBETOBOTO AABJIEHUSA IOTOK JIYYUCTOHN dHEp-
TMHM HANOpaBJsgeTCH HAa KPHJBIIIKKM BecbMa YYBCTBUTEJBHBIX KpY-
TUJIBHBIX BECOB. BEIUMCJUTD AABJCHHE, KOTOPO€ HCIBITHIBAJIU 3a-
YepHEHHBICe M 3e€PKAaJbHBIE -KPBIJIBIIIKH HM3MEPHTEJNbHOH YCTAHOBKH,
ecJIM TNOTOK Najalomieil cBeToBoii sHeprum paBen 1,05 xllx/(M2-c).

31.30. IlnoTHOCT, HOTOKA CBETOBOIl SHEPIMHM HA IOBEPXHOCTH
7 kBr/m’. HailTi cBeToBOe: JaBJIeHME AJA CJIyYaeB, KOTAA IOBEPX-
HOCTh: 1) IIOJIHOCTBHIO OTpPAYKAEeT BCE JIYUH; 2) IMOJHOCTHIO MOTJIOLIAET
BCe Majalolue Ha Hee JIYYH. _

31.31. [Jaenenue uaay4yeHusaA Ha naockoe sepxaso 0,2 IIa. Onpe-
JeJINTh UHTEHCHBHOCTEH CBETA, NAJAIOLIer0 Ha IIOBEPXHOCTL 3ePKAJA
¢ koabpdunuenrom orpaskenumsa 0,6. Cuurarh, 4TO CBETOBOH MOTOK
HOPMaJIbHO IIaJaeT Ha MOBEPXHOCTh 3epKaJja.

31.32. Pycckuit acrponom @. A. Bpepauxuu o6GBiACHHUA dopmy
KOMETHBIX XBOCTOB JABJICHHEM COJHEUYHBIX Jiydeil. Haiitu: 1) csero-
BO€ JABJIEHHE COJHEYHHIX Jyuyeil Ha aGCOJIOTHO 4YEepHOEe TeJo, IIo-
MeIleHHOe HA TAaKOM e paccToaHidu oT CoJyHia, Kak U 3emiid;
2) xKakroffi MacCH AOJIKHR OBITH YACTHIA B KOMETHOM XBOCTe, IIO-
MeIeHHAA HA 3TOM PACCTOSHHM, YTOOB! CHJIA CBETOBOTO JaBJIeHUS
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HA Hee YDaBHOBEIIMBAJIACH CHJIOM IPHUTAXEHUS dacTHUIEl CONHIEM.
Ilnomane JaCTHILEI, o'rpamalom;en Bce INajaiollue Ha Hee JIYYH,
cuntath pasHoii 0,5-107% cm?, a coNHEYHYIO IOCTOAHHYIO, T. e.
JIy4UCTYIO SHEPTHIO, KOTODYIO NMOCHUIAeT ConHile emeceKyHIHO uepes
HOBEPXHOCTh IJIOIIAAbI0 1 M’, PAaCHOJIOKEHHYIO IepHeHAMKYJIAPHO
COJIHEYHBIM JIyuYaM M HAXOAALLYIOCST BOM3N 3eMJiH 3a npene.namn
ee armocdepsl, C= 1,4 kBr/m%

31.33. CBeToBOI1 MOTOK MOIIHOCTBHIO N ‘9 Br Hopma.nbno najgaer
Ha IIOBEPXHOCTH IUIOMazbilo S=10 cm?, kospduumenT orparkeHus
kotopoii p=0,8." Kakoe jaBjieHHe MCHHITHIBAeT IIPH HTOM JaHHAA
TIOBEPXHOCTH?

31.34. Ha mnosepxsOocTh miomanbio S=10 cm’ magaer myuok
doToHOB MEHTeHCHBHOCTHIO n=10'% ¢~!'. Jlnuna BonHEI mazalomero
cBeTa A=500 HM. Onpese/NThL CBETOBOE XABJICHHE HA IMOBEPXHOCTD,
ecau KoaddUUMEeHT oTpaKeHHs MmoBepxHocTd p=0,7.

31.35. DiexkTpuyecKan JaMIa pACCUYATAHA HA MOIIHOCTH N —
=45 Br. BpIuHCIUTH AaBjieHUEe JYYHCTOM SHEPrHH HA 3epPKAJIbHYIO
NOBEPXHOCTh ¢ KO3} UIMEeHTOM OTpaskeHus p=—1, pacmonoxkeHHyIo
HOPMAJIBHO K MAZAMIOIIUM JyYaM Ha PAacCTOAHMH =1 M OT JaMmhL

31.36. HeGosnburas sjeKTpHuecKasd AYra, PACXOAYIOIIAA HA H3JY-
yeHHe MomHOCTE N =600 Br, pacmosoxxeHa B LeHTpPe KPHUBUIHEI
BOTHYTOro 3epkajia nosepxHoctbio S=300 cm’. [lonmyckas, uTo Ayra
u3Jy4aeT pPaBHOMEDHO II0 BCeM HANPaBJEHUAM, ONPEAENUTH CHJIY
AaBJIeHWdA cBeTa HA 3epkajyo. Paguyc KpuBU3HEI 3epkaya r=10 cm;
3epKaJi0 CYUTATH HAEAJHLHO OTPAKAIOLIUM.

31.37. Koxba anexTpUYeCcKOl JIaMILI NpeAcTaBaser coboit chepy
paguycoM r=3 cm. YacTh cTeHKM KOJOBI HM3HYTPH mnocepebpeHa.
Jlamna morpebasger MouHocTs N =60 BT, 80% KoTOpOii 3aTpaunBaeT-
cA HA M3aydeHue. OnpeenuTh, BO CKOJIBKO pa3 jgaBJeHHe rasa
B koJy6e (p. = 13,3 mkIla) MeHbIlIe ¢BETOBOTO AABJICHUS Ha NocepebpeH-
HYIO YaCTh CTEHKHM KOJOBI ¢ KoaddunueHtom orpakenus p=~0,8.

31.38. OmpegenuTs AuMaMeTp IWAPOOGPA3HOrO CIYTHWKA, ABHIKY-
1Eerocs BOKPYr 3eMJIH, eCJIM CHMJa AaBJeHHA COJNHEYHOrO CBETA HAa
conytHuk 11,2 MH, kosddunueHT oTpaskeHUs] CBETA OT NMOBEPXHOCTH
CIyTHMKa paBeH p=1, conHeynas nocrosnuaf C=1,4 kBr/m’ (cm.
sazavy 31.32). IoryomeHneM COJHEYHOrO CBEeTa B a'rmoc(bepe npe-
neGpeus.

TOpMO3HOE PEHTIreHOBCKOEe M3JYy4YeHHe

31.39. OmpexneauTs CKOPOCTH JIEKTPOHA B PEHTIeHOBCKOM TpY6Ke,
NIpollejIIero pa3sHocTh NoTeHuuanoB 10 kB.
. 81.40. HaumeHbInas AJIMHA BOJIHBEL CIJIOLIHOTO CIIEKTDA PEHTTe-
HOBCKMX Jydeil, IOJIy4YeHHOTrO B Pe3yJbTATE TOPMOMKEHHS 3JIEKTpO-
HOB HA AHTHKATOJE PEeHTreHOBCKoii TpyO6ku, A=0,5 M. Kaxosa
HauboaBIIas CKOPOCTb JEKTPOHOB?

31.41. AHTHKaTOX PEHTreHOBCKOM TPyGKHM 60M6apnnpye'rca BIEKT-
POHAMH, CKOpPOCcTh KoTophix 100 Mwm/c. OnpefesnTh MaKCUMAJBHYIO
YacTOTY HM3JYyYeHHMSA B CIJOUIHOM PEHTIeHOBCKOM CIEKTpE C yYETOM
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3aBHCHMOCTH penamnnc'rcxoﬁ MacChl BJIEKTPOHA OT CKOPOCTH ero:
OBUIKEHUA.

31.42. HaumeHbIIad IJMHA BOJHBI PEHTTreHOBCKMX Jydel, momy-
YeHHHX OT TPyOKH, Koropaa paboraer npu Hanpsxenun 40 kB,
paBHa 31 M. BeluMCcIUTH IO BTHM JaHHBIM MOCTOSAHHYIO IlnaHKa.

31.43. Peurrenoscras TpyGka paboraer Ipu Hanpaxenuu 30 kB.
HafiTu HauMeHbluee sHaueHuWe [AJMHBI BOJHL PEHTTEHOBCKOTO H3JY-
YeHH S,

dddexr Komnrona. HHTEeHCHBHOCTS PEHTTeHOBCKHX Jyueil

31.44. UassectHO, uTO 3¢¢PerT KomnroHa Habsiozaercs npu pac-
ceaHun GoToHOB HA CBOGOAHBIX JeKTpoHaX. 1) Kaxkue 31eKTpPOHH B
BeI[ECTBe MOXKHO CUYMTATE cBOGOAHKMHU? 2) Ilouemy addexT Komnro-
Ha He HabMIOZaeTCS IIpM paccesHUH BHAMMOrO cBeTa?

31.45. B teopum 3ddexra KomMnToHa HM3MeHeHMe IJIMHBI BOJIHHI
NPH paccedHUM OKA3HIBAETCA He 3aBUCAIIMM OT MPHPOABI PACCEHBAIO-
uiero BeilecTBa. SIBaAsierca JIM 3TOT BRIBOJ CTporum?

31.46. HaiiTn m3MeHeHHe JAJIHMHBEI BOJIHHI CBeTA IIPM PacCCEeSHHUM
ero mox yraoMm 90° Ha cBOGOAHHIX NEPBOHAYAJILHO NOKOMBINNXCH
IpoTOHAaX. '

81.47. BRUNCANTE KOMITOHOBCKOE CMEIeHHe M OTHOCUTEJBbHOE
U3MeHEHMEe JIJMHBL BOJHH AJs BUgumoro csBera (A=500 HM) nun

y-nydelt (A=25 mM) mpu pacceSHHMH HA NEPBOHAYATBHO NOKOMBIIMX-

cd cBOGOAHEIX BJeKTpoHAX. YToJ paccedadus 90°.

31.48. PoTOH NMPHU CTOJKHOBEHHM C DEJATHBUCTCKUM 3JIEKTDOHOM
pacceancs nox yriaom 60°, a 2JIeKTPOH IIOTepAJ IIOYTH BCIO KHHe-
THYeCKy0 sHepruio. HaiiTn msMeHeHMe AJIWHBI BOJIHBEI GOTOHA NpPH
pacceHMH, €CJM O CTOJKHOBEHUdA OH ofsazan smeprueit 0,561 MaB.

31.49. OnpezeMuTsh MAKCHMAJbHBE KOMIITOHOBCKHE HU3MEHEHHSA
AJMHBL BOJHB TpPH paccefHUM (GOTOHOB HA CBOGOAHBIX IEepPBOHA-
YaJIbHO ITOKOMBILUMXCSA DJIEKTPOHAX M SAAPax aTOMOB BOAOPOJA.

31.50. PeHTreHOBCKOe M3Ny4YeHMe ¢ AAUHOK BonHE 56,3 nm pac-
ceuBaeTCs NAMTKOM rpacdura. OmpesenuTs AJUHY BOJIHEL JIydel,
pacceaHHslX mox yrjaom 120° K IepBOHaYaJBHOMY Hanpan.uenmo
PEHTreHOBCKHX Jy4eil.

31.51. y-nyun c¢ gauno#t BoJmEI 2,7 NIIM HCIBITHIBAIOT KOMI‘ITO-
HOBCKOe paccesiHMe. Bo CKOJIBKO pas AJIMHA BOJHBI M3Jy4YeHUH, pac-

cesHHOro noj yrjaoMm 180° K mepBoHauaJIbHOMY HAlpaBiIeHUIO, GOJb- -

. lle GAMHB BOJHBI NAJAIOLIEr0 M3NYYeHUA?

31.52. ®oTOH KeCTKHMX PEHTIHeHOBCKHMX Jyuel (A=24 nm) npu
coyJZapeHUX cO CBOGOAHEIM 2JIEKTPOHOM mepeian emy 9% croeit
snepruu. ONnpeseJUTh AJMHY BOJHBI DPACCEAHHOTO DPEHTTeHOBCKOTO
UBJIyYEeHHUH.

31.53. VismeHeHre JJMHEI BOJIHBl PEHTTEHOBCKMX Jyueil 1npu
KOMITOHOBCKOM paccedHMM 2,4 nM. BBIYMCIUTBL YroJ pacceaHud
¥ 9HEPruio, MepefaHHYIO NPH STOM BJIEKTPOHAM OTZAYH, €CIH JINHA
BOJIHBl DEHTTreéHOBCKHUX Jjyueit a0 ssammopgeiicrsua 10,0 nm.

81.54. Kakyio sHepruio Ipuobperaer xoxvm'ronoscxnﬁ 3JIEKTPOH
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OTHAYM IpH paccesHHH ¢oroHa mox yraamu 60, 90 m 180°, ecsm
LJXHa BOJHEI majaiomero ¢poroHa 3 mm?

31.55. ®PoroH c aHeprueii E 0,75 MsB paccesanca Ha cBo6ogHOM
3JIeKTpOHe IOk yriom ¢==60° Hailitu sHepruio paccegmHoro ¢oTo-
Ha E/, KHHETHYeCKYIO SHEPIHIO ¥ HMIYJILC SJICKTPOHA OTAAYH. Kusne-
THUYECKOM BHepruelt sJeKTpPOHA A0 COyAapeHus npeHebpeys.

31.56. PenTreHOBCKMe JYyYH ¢ AJMMHON Bomuml A==1,24 mm npo-

" XOOAT cJyoit »xesesa TommuHON d=1,5 cM. Bo CKOJBKO pa3 yMeHb-

WINATCA MHTEHCHBHOCTh PEHTTEHOBCKHMX Jydeii? MaccoBslil kKoaddu-
IHEHT rromomerms sKesesa AAA 9TOR EJIMHBI BOJIHEL U, = 5,6 X
X 10~% m?/kr.

31.57. HaiiTi A18 cBMHLA TOJXILMHY *CJI0H, YMEHBIIAIOEro BBOE
MHTEeHCHBHOCTDH NaJalOIIUX DEeHTIeHOBCKHX Jyuyeit HexoTopoi ATTHHEL
BOJNHHM. Maccosniii Koacbdmunen'r HOTJIOMIEHUA CBHHIEA JAJAS8 5TOM
ANUHB BOJHB M, —6,8-1073 m%/kr.

TensoBoe U3NyIEeHHE

- 31.58, Kakxopa TeMmeparypa IeuH, €CJH H3BECTHO, YTO H3 OT-
BepcTUA B Helt nuomazbio 4 cM’ Manyyaercs 3a 1 ¢ sHeprua 22,7 Ix?
HNanydeHHe CIUTATH GIM3KHM K U3TYYEHHIO a6COJIOTHO YEePHOTrO TeJa.

31.59. 3emsna BcAeACTBHE M3NYYEHHS B CPeAHEM eKeMHHYTHO
TepHAeT ¢ IMOBEPXHOCTH momajgbio 1 m’ smepruio 5,4 x[[x. Ipm
Kakoii TemmnepaType alCOJIIOTHO YepHOE TeN0 HU3JAYYaso OBl TaKyio
JKe 3Hepruio?

31.60. BH‘IHCJIHTB 9Hepruio, U3ayyaemyio ¢ nosepxtHoctu Conxxua
mwromwaasio 1 m® 3a 1 MMH, IDHHAB TEMIEPATYPY ero HMOBEDXHOCTH
pasuoit 5800 K. Cumrarh, uro COJIHIle HM3IydYaeT Kak aGCOIMIOTHO
yepHOe TeJIo.

81.61. HaitTy MOIIHOCTB, M3JYYaeMyI0 a6COTIOTHO YepHBIM IIAPOM
paguycom 10 cM, KOTOPEIII HAXOAUTCA B KOMHATE IIpH 'remnepa'rype
20°C.

31.62. TemmepaTypa aGCONIOTHO YEPHOrO TejlA W3MEHAETCH OT
727 mo 1727°C. Bo CKOJBKO pa3 M3MEHHUTCA IIpH 3TOM B3Heprusd,
uzjgyyaeMas reaom?

31.63. TemmnepaTypa a6cosIOTHO qepnor'o rena 127°C. Tocne mo-
BHIIICHUS] TeMIEPATYPH CyMMapHas MOIIHOCTH MBJIYYEHHS yBEJIHUH-
Jacs B 3 pasa. Ha CKOJBKO IIOBHICHMJIACH IIDH BTOM TeMrieparypa?

31.64. Korexn ¢ Boaoit npu Temnepatrype 97°C uanyuaeT 3HEpPruio
Ha pyKy HabuaiofaTesNsi, Ha IIOBePXHOCTH KOTOpo#l  TemIiepaTypa
27°C. Bo cKOJBKO pa3 GoJibllle SHEPrHM NOJYUUT TEeNO NpHU TeMIe-
parype 0°C Takoil ’Ke TOBEPXHOCTH 38 OAHO M TO JXXe BpeMs Ha
TOM e paccTosHuu? H3ziydeHHe CUMTATH OJHBKHM K MBJIYYEHUIO
abCcoNIOTHO YepHOro Teja.

31.65. Kaxyio 3Heprui HajIydaeT B TEeYCHHE CYTOK KaMEHHOE
OLITYKATYPEHHOE 31aHHe C MOBEPXHOCTBIO 06uieit miomanabio 1000 M2,
ecJIiu TeMIepaTypa uaaydaiomeil nopepxsocta 0°C? OrHolneHue aHep-
reTHYEeCKHX CBETHMOCTeH KAMEHHOIO OLITYKATYPEHHOrO 3JaHHUHA H
a6CcoJIIOTHO YepHOro TeJa XJSA AAHHOH TeMmeparypsl k=0,8.
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31.66. Cranpuas GoaBaHKa, TeMIeparypa- KoTopo#t T27° C UBJIY-
" uyaer 38 1 ¢ 4 J[)x ®Hepruu c IOBepXHOCTH ITomansio 1 cm’ Ompe-
JleTUTL OTHOILIEHHe dHePreTHYeCKUX CBETHMOCTel CTaIbHOM GoJBaHKH
1 aGCcoNIOTHO 4YEPHOTO TeJjla IIPHM JAHHON TeMIlepaType, CYUTas, YTO
OHO OZHMHAKOBO AJIA BCEeX BOJIH.

31.67. IIpene6Gperad MOTEPAMY HA TEILJIONIPOBOLHOCTD, HAWTH Mom;-

HOCTBb 3JIEKTPHYECKOTO TOKa, He06xonumy10 AN HaKaJMBaHUA HUTHU
aguamérpom 1 mm u pgaumo#t 20 cm mo Temmepartypel 2500 K.
CunTarh, YTO HUTHh H3JaAy4aeT KaK a0CONIIOTHO YepHOE TejJo H IO
YCTaHOBJIEHUM PaBHOBECHUS Bce BEIfEJAIOLIEECH B HUTH KOJIHYECTBO
TEIJIOTHl TEPSETCS HA HBJIyYeHUe.

31.68. ILaomanb MOBEPXHOCTH BOJAbGPAMOBO HUTH HaKaJa BaKy-
yMHO# naMmel MoigHocThio 25 Br 0,403 cm’, a ee Temmeparypa
Harasa 2177°C. Bo CKOJIBKO pa3 MeHbIle SHEPIHU H3JIydUaeT JaMIa,
yeM abCOJIIOTHO YEePHOe TeJIO C IMOBEPXHOCTH TAKOH JKe MJIoagu
npu Toif ke Temneparype? CuMTaTh, UTO II0 YCTAHOBJIEHHM DABHO-
BECHSA BCe BBIJEJAIOIIeecd B HUTH KOJMYECTBO TEIJIOTHI TepseTcA Ha
H3JIy4YeHHE.

31.69. Conneunasa mocroamnas C=1,4 xBr/m’> (cm. 3agzauy
31.32). Cunras, uro CoJiHIe n3yyyaeT KaK aGCONIOTHO YepHOe TeJIo,
OIIpeJleINTh TEMIIEPATYDPY €ro M3jiydalolneil ITOBePXHOCTH.

31.70. AG6comioTHO YepHAas NJIacTHHKA, HaXojAmasca s6ausu 3eM-
JU 3a mpeaesaMu ee aTMocdepnl, OCBelIaeTcs JYydaMH, KOTOpbie
nmazaloT HAa Hee IIepHneHAUKyaaApHo. OnpemeanThb Y CTAHOBUBILYIOCH
TeMIIepaTypy IJIACTUHKH, eCJIU COJHeuHad nocrosHHasa C=1,4 kBr/ M2
(cm. zamauy 31.32).

31.71. Henesunrit map guamerpom 10 cm, Harpervli Jo Temie-
parypsl  1227°C, ocThiBaeT Ha OTKpPBITOM Bo3ayxe. Yepes kakoe
BpemA ero Temnepatypa noumusurca xo 1000 K? Ilpu pacuere mpu-
HATH, YTO OTHOLIEHME DHEPIreTHYECKHX CBEeTHMOCTe#l Kesnesa u abco-
aoTHO YepHoro tena 0,5. TenJonpoBOAHOCTHIO BO3AYXa NpeHe6peus.

31.72. TIpx C)KUraHMM B BaKyyMe TOHKOM BOJIbQ)paMOBON HUTH
CHJIBHBIM SJIEKTPUYECKMM TOKOM NOJIyYaeTcd HA MI'HOBEHME BechbMa
BHICOKas temmeparypa. [JMHA BOJHEB], IIPH KOTOPOH H3Iy4YaTelb-
Haf CIOCOOHOCTE 9TOM HWUTH MAKCHMAaJabHA, 145,0 um. Omnpenenurs
TEMIEPATYPY HUTH HAKAJA B MOMEHT ee CKUTaHHS.

31.73. B xakoif 06sacTH CIIEKTpA JIEXUT AJIMHA BOJIHEI, COOTBET-
CTBYIOHIAS MaKCHUMYMY H3JydarTesbHOIi cnocobGuoctu. CosHia, ecaun
TeMIepaTrypa ero nosepxuocts 5800 K?

31.74. TemnepaTtypa HOBEPXHOCTH s3pesgn 12 000 K. Moxcno Jau
OIIPeZleIUTh 3TY TeMIepaTypy II0 3aKOHY cMmelneHus BunHa, ecim
3eMHaA armocdepa IOIJIOIAET BCe nytm c mmnoﬁ BOJIHBI KOpodue
290 um?

31.75. CronbKo 5HepruH usjaydaer aGCOJIOTHO qepuoe TeJIO 3a
1 ¢ co ceersmieiica mMoBepXHOCTH mJomagbio 1 cm’, ecim Makcu-
MYM HBJYy4YaTelbHOH CIOCOGHOCTH HNPUXOAHTCA HA IJAUHY BOJIHEI
725,0 um?

81.76. Yz orsepcTus B meunm miromazbio 10,0 cm® uamyuwaercs
250,0 x/lx sHepruu 3a 1 MuH. B kaxoii 06JacTH CIEKTPA JIEXKHUT
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OJIUHA BOJIHBI, HA xo'ropyro UPUXOTUTCA MAKCHMYM H3JIydaTeJbHOM
crocobroCcTUH ? -

-31.77. B uanyyenuu aGCOJIOTHO qepHoro ‘rena MaKCHMYM H3JY- -
JaTeqbHOl crmocoGHOCTH Iajaer HA AJMHY BoiHE! 680 HM. CKONBKO
9HEPTHM H3JIyYaeT 3To Tejo miomazpio 1 cm? 3a 1 ¢ M Kakosa
noreps ero mMaccesl 3a 1 ¢ BeaeAcTBHe H3JAy4YeHHA?

31.78. [1nuHa BOJHEI, COOTBETCTBYIOIAA MAKCUMYMY U3JIy4aTesb-
HOM cmoco6HOCTH a6CcoIOTHO '-IepHOI'O Tena, 720,0 HEM, maomanb
u3nydqamoleii NOBepXHOCTH — 5, 0 cm’. OnpeseINTL MOILIHOCTD H3JIY-
YeHHUd.

31.79. Bo CKOJIBKO pa3 YBEJIHYHMTCA MOIIHOCTD HM3JyUEHHSA a6Co-
JIIOTHO YePHOrO Tesa, ecIi MaKCHMyM H3JIydaTesbHOH crnocoGHOCTH
nepemecturcd or 700,0 xo 600,0 HM?

31.80. IIpu pa6oTe sMeKTpHYecKOil JIAMIB HAKaJMBAHUA BOJIb-
tbpaMOBHEIii BOJIOCOK HArpejcfi, B pe3yJibTaTe Yero [IJIHHA BOJHEI,
Ha KOTOPYIO NPHUXOZUTCA MAKCHUMYM HM3JIydaTeJbHON crmocoGHoCTH,
usmenmiaach or 1,4 g0 1,1 MxM. Bo ckKoJBKO pas yBeaHdHjach
IIpY 3TOM MAKCHMAJIbHAf H3JIydYaTeJbHAfl CHOCOGHOCTB, €cjaHu ero
NPpUHATH 32 abcoyoTHO yepHoe Teno? Ha CKONBbKO M3MEHMJIACh IpPH
5TOM TeMIiepaTypa BoJiocKa?

31.81. TemmepaTypa a6COJIOTHO YEpPHOTrO TeJla M3MEHHJIACH HPH
HarpeBauuu or 1327 po 1727°C. Ha CKOABKO H3MEHHJACh IIPH
3TOM [IJIMHA BOJIHB, HAQ KOTOPYIO NPHXOAHTCS MAKCHMYM H3JIyua-
TeJIbHOM CIMOCOOHOCTH, M BO CKOJIBKO pPa3 YBeJIMYMJIaACh MAKCHMaJIbHA M
U3JyuaTebHAA cIOCOOHOCTD?

31.82. IMoassyack (bopmy.nof«i IlnranKa, nony'-m'rb sakon Creda- .
Ha — BosbuMaHa M HAWTH 3HaYeHHe IOCTOSHHOM B 3aKOHe CMe-
menua Buna.

§ 32. BONHOBLIE CBOHCTBA BEWECTBA

Jdauna BOJHHE e Bpoiias:
=2
p
Mpunauun HeonpeaeneHHocTu IeiizeHGepra:

ApAx>=1h/2, AEAt>R/2,

rjae Ap, — HeoIpeAesleHHOCTh I POEKUMH UMIIYJbca YaCTHIH Ha OCh X,
Ax — HeOIpeleNeHHOCTh ee¢ KOOPAMHATHI, AE — HeOoNpejeJeHHOCTE: -
9HEPrHH AAHHOI'O KBAaHTOBOrO COCTOSHHA, Al — BpeM#A npeOniBaHHA
CHCTEMBI B 3TOM COCTOSIHHH.

. ¥YpaBHeHne HIpénmn‘epa:

v ¢+U¢—zh-i

rge m — macca 4acTHOBl, i — MHHMAaa eguHuna, P(x, y, 2, t) —
nmoJIHafA BoJHOBas Qyuruus, U — noreHnuaIbHaA SHePIrus 4acTHILL;
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¥Ypasuenue Illpéaunrepa ansa _ Q
c'rannonapnux COCTOSTHMIA
1
K-cepusn N
V tl>+ LE—-U)p=0,
Puc. 32.2

ruge E — nonnas 9Heprus 4YacTHUIH.
BoJsnosble pyHKUMK yLOBJIETBOPAIOT ycnoamo HOPMHUPOBKH :

b pdV =1.

Roa«bcbnnnen'r OTpaKeHUA BOJIH Ie Bpomm OT HMBKOrO (U—E)

IIoTeHUHANbHOrO 0apbepa GecKOHeYHON mnpnnmk (puc. 32.1):
R=(K\—K)¥/(K\+K2)?,

rage K|, Ky — 3HA44eHus BoJHOBOro uucaa B obiactax I u II (Boa-
HoBoe uucygo K =2n/A). 7
KosdduuuenT npospauHocTtn no'rennna.nbnoro Gaprepa U (x):

D=~exp [ S w/Zm(U E) dx]

rae X, n xg — KOOPAMHATHI TOYEK, MeXAY koropuimu U > E.
CxeMa BO3HMKHOBEHMSA PEHTTEHOBCKHMX CNEKTpoB (puc. 32.2).
—. 38KOH MoaJm ans guaul K,

—R*(Z )’

rge R*=2ncR, R — nocroausas Puabepra, Z — nopﬂnxosmn HOMep
BIeMeHTa, U3 KOTODOTO CAeJAH AHTUKATOJ, O — IONPABKA, PABHAS
LA JIETKUX 2JIEMEHTOB efUHUIE,

Boausr ge Bpoiias

32.1. Haittu aauny Boaubl e Bpoiing aneKTpoHa, ABHMKYIIErocs
co cxopocteo: 1) 20 ¥kM/c u 2) 0,8 xm/c.
32.2. CxopocTb Tak HasHIBAEMBIX TEIJIOBHIX HEXTDPOHOB, cpep;mm
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KHHETHYECKAH JHEPIUSA KOTOPEIX O/M3KAa K CpeaHel 3HEepTHHM aTOMOB
rasa mpH KOMHATHOH Temueparype, 2,5 xm/c. Hawm AJIAHY BOJIHBI
Ae Bpoilng ans TaKMX HEHATPOHOB.

32.3. B TeneBU3UOHHOH 'rpy61ce MPOEKIMOHHOTO THIIA SJIEKTPOHEI
PA3roOHAIOTCH A0 CKOPOCTH 10° m/c. OnpegenuTs MIMHY  BOJIHBI
KaTORHEIX Jiyyeil 6e3 ydeTa U C yueTOM 38BMCUMOCTH MACCHl OT
CKOPOCTH.

32.4. BEHIYHCIHUTEL AJIHHY BOJIHEI Je Bpomm ana IIpOTOHa ¢ KHHe-
Tudeckoil aneprueit 100 3B.

32.5. Hafits anuny BoJNIHBL xe Bpoilns Ana o-yacTHIEL, Heii'rpo-
HA ¥ MOJIEKYJIBI a30Ta, ABHKYIIMXCH CO cpem{eﬁ KBaZpaTHYHOH
CKOPOCTBIO IpHu TeMmieparype 25°C.

32.6. BEIYHCIMTE KMHETHYECKYIO DHEPruio SJIeKTPOHA, MOJEKYJIBI
KHCJIOpoJa H dacTvnel, paaumyc kKoropoid (0,1 MKM M IINIOTHOCTB
2000 kr/m3, ecqm KaskAO# M3 BTHX YACTHI[ COOTBETCTBYET IJIMHA
BosiHE! Ae Bpoitaa 100 om.

32.7. DJeKTPOH IpOLIEN] YCKOPHAIOILYI0 PAa3HOCTH no'reHnna.non
510 xB. OnpegenuTh AJUHY BOJIHB! ,ue Bpoiina, yuuTeIBasS pens-
THBHCTCKHE 5(pdexTsl.

32.8. IIpu TOpMOMKEHHUH BJIEKTPOHOB KA AHTHKATOLE PEHTreHOBC-
KO TpPYOKHM BOBHMKaeT TOPMO3HOW DPEHTTeHOBCKMIl CIIEKTD ¢ KOPOTKO-
BOJIHOBO# rpanmuneit Ao=10"'" m, Ha#tt anuuy BosHH gxe Bpoitns
IJs 3JIeKTPOHA, CUUTAHA €ro PeJATHUBHCTCKHM.

32.9. Kakoit xuneTnuyeckoit sueprueit o6nagaer IpoToH ¢ AJHHON
BOJMIHH ge Bpoitnsa, paBHO# rpaHMUYHOM AJIMHE BOJIHEI PEHTIeHOBCKHUX
Jy4edi, BOBHMKAIOUUX B TPyGke mpHM pasHOCTH IOTEeHHMaJoB U=
=40 3B?

32.10. Ha rpaHp KpHCTajJa HUKeJd HajgaeT NOX yriaom ¢= 64°
K ITOBEePXHOCTH IPaHM IapaJliiebHBI Iy YOK 3JIeKTPOHOB, JBHIKYIIHX-
¢ ¢ OAMHAKOBOM cKopocThlo. IIpUHATE paccTOsiHWe MeXAY COOTBET-
CTBYIOIUIMMH ILJIOCKOCTAMM, NMApaJijleIbHHMH I'DAHM KpHCTAJaa, d=
=200 nM. ITonbaydcs ypaBHenuem Bynsda — Bperra, naiitm cko-
POCTh 3JIEKTPOHOB, €CJIM OHH MCIILITHBAIOT HHTepdepeHIIHOHHOe OTpA-

- _eHHe l-ro mopsazgxa.

32.11. DneKTPOHHHIT NYYOK C IOCTOAHHOM CKOPOCTHIO Hajaaer
Ha nmoBepXHOCTh (propuna sutuda LiF. Haittu yexopsomyo pasHocThb
NOTeHIMAJIOB, IpH KOTOpOoil Habiaiogaerca BTOpO#t AUPpPAKLIMOHHEIH
MaKCHMYM NOZ yriaom ¢ = 1°30’, CuuTaTh paccToAHHE MEXKAY COOTBET-
CTBYIOUIMMH ATOMHBIMH ILJIOCKOCTAMH d =380 mM.

IIpmanun HeompenenennocTH Ieiizenbepra

32.12. HeonpeaeseHHOCTh CKOPOCTH a.nex'rpouon, ABHIK yIIUXCA
BROMB ocu abemuce, cocraBaser Av=10? m/c. Kakosa npu atoM
HeOIpeleICHHOCTh KOOPAUHATH X, onpep;enmomeﬁ MECTOIIOJIOKEeHHe
3JIEKTpOHA?

32,13. MoJseky/nBl BOJOPOAA YUACTBYIOT B TENJIOBOM ABUIKEHMH
npu T'=300 K. HaifTH HeOIpeAeJeHHOCTh KOOPAHHATH AX MOJEKYJ
BOJOPOJA.
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32.14. KaxoBa HeoIIpeAesIeHHOCTH CKOPOCTH 3JIEKTPOHA B aToOMe
Bogopoga? Bo CKOJBKO pas HalileHHoe 3HAUeHHe CKOPOCTH (oJblie
CKODOCTH 3JIEKTPOHA HAa MepBoil GopoBckoil opBure? CumTarTh, 4YTO
HauboabmAad omIHOKa B ONpeJeieHMH KOODAMHATEHL dJIEKTPOHA OymeT
TOTO JKe NOPHAAKA, UTO U pasMep aroMma Bogopoza (d~10"'" m).
"~ 82.15. Iloawsysack ycaosusamu 3agauu 32.14, OeHUTH AJIUHY BOJI-
HBI Ae Bpoiins sIeKTpoHa B aToMe BOJOPOZA. :

32.16. daurennHocTs Boaﬁymaem{oro COCTOSHHUA ATOMA Bop;opo,ua
‘cooTBeTcTBYeT mnpuMepHo At=10"7 ¢. KakoBa HeompeleseHHOCTH
SHEPruK B BTOM COCTOSHUM?

32.17. HauMeHbIaA HETOYHOCTH, ¢ KOTOPOH MOMKHO HAMTH KOOD-
IMHATY SJIEKTpOHA B aToMe Bozopoga, mopsakxa 10 ' m. Haiitm
HeOoNpelLesleHHOCTh CPejHell KMHEeTHYeCKOH SHepruu SJIEeKTPOHA B He-
BOBOYIKAEHHOM aToMe BOJOpOJA.

Ypasuenue IIpéaumnarepa

32.18. Haiitu ofiee pelieHHe OJHOMEPHOT'O BPEMEHHOIo ypaBHe-
Hua péaunrepa xaa cBobogHON UacTHIHI,

32.19. IlokasaTb, 4TO pemeHue ypaBHenusa IlIIpégunrepa pgus
DJIEKTPOHA, HAXOLALIETOCS B NPAMOYFOJIBHOH IOTEeHIMAJbHON sSMe
¢ GecKOHeYHO BBICOKMMH CTEHKaMM, npnso;m'r K JAHUCKPETHHIM 3HA-
YeHMAM DHEPTHH.

32.20. OyeKTPOH HAXOAUTCA B OAHOMEpPHOH 6GecKOHEeYHO ray6o-
KoM moreHuuanpHONl AMe mupuHOii a=10"" M c¢ a6coyoTHO He-
IIPOHMIAEMEIMH CTEHKAMH, Hawm ero HauMeHbIllee 3HAYEHHE IHEp-
THH.

32.21. HeiiTpoH HaXoAuTCs B OGHOMEPHOH GecKOHEUYHO IIyGoKoit
NOTeHINAIBHON Me mMupHHOHK a =10""* M ¢ abcomoTHO HenpoHKLae-
MBIMHM cTeHkaMu. HaliTu HaMMEHBIIYI0O PA3HOCTh JBYX COCEIHHX
SHEPreTHYEeCKUX YypPOBHell HeliTpona.

32.22. Haittm coOcTBeHHBIe (QYHKIHMM M cOOCTBEHHBIe 3HAYEHHUA
omeparopa 9HepruM AJs YACTHMIBI ¢ Matcoil m B moxye (pmec. 32.3):

o, xL0, x>
. Ulx)= { 0, O<x<a.

32 23. Mnnpouac'mn;a Maccoil m HAXOZUTCA B IIOTEHI[MAJIBHOM
ame (pue. 32. 4). HaiiTu BOJIHOBBIE QPYHKIMM M CHEKTP COGCTBEHHBIX
3HavYeHMil BHepruM dYacTuy B ob6aacrtu aHepruit E < U,. Cuurars,
yro mpu x>a U(x)=U,, npu 0<x<{a U(x)=0, a npu x=0
U(x)—oo.

32.24. Mnxpoqac'mua HaXOAUTCA B OXHOMEDHOM 6eCKOHEUHO IJIy-
6okoif moTeHIuadbHOM sme (puc. 82.5). Hailitn ypasHenme, ompe-
JeJAollee BOSMOYKHEIE 3HAUYEHUS DHEPruu JAHHON YacTUUBl B CIYy-
yae, Korjga ee mnojHad sueprus E > U,.

32.25. BaekTpoHH!, ob6nanaomue sneprueit £ =16,0 5B, Ha cBoem
IIYyTH BCTPEYAIOT IPSAMOYroJbHBIHM NOTeHUMAJbHBIH Oapbep BBICOTOM
U=4,0 3B (puc. 32.6). Hailitu kosadpduiueHT orpamenus R u
xoadbunuent nponyckanus D Bosn ae Bpoitns gns ganHOTO 6apbepa.

176

R U(x) . h=eo

| 1 EE———
| |
U=O°
S
0 a X 0 a, ay x
Puc. 32.3 Puc. 32.4 Puc. 32.5 Puc. 32.6

3akxon Mosau

32.26. HaiiTy AJuHY BOJHEI K, -JIMHWH aJIIOMHHHUA.

32.27. EcaM U3BeCTHO, UTO JJIMHA BOJHEI K, -THHUH MKeje3a paBHa _
193 nM, noACYUTATL AAHMHY BOJMHHE K. -JIMHHM MeXH.

32.28. CKOJBKO 3JIeMEHTOB COAEPXKUTCA B PAAY MeEXKAY TeMH,
Y KOTOpPHIX AJMHBL BonH K. -nuuuit 193 nm u 154 om?

32.29. Onpepenurh MHTEPBAJ AJHUH BOJH Mexay K -iaunueii mn
KOPOTKOBOJIHOBOII IpaHHIEll CIIJIOIIHOTO DPEeHTreHOBCKOrO CIEeKTpa ¢
MeJHBIM aHTHKATOAOM npu Hanpsixenum 20 kB.

32.30. IIpunuMas Ajna MoJMGjeHA NONpaBKY o =1, HaiiTH, npu
KaKOM HAWMEHbIIEM HANpPSKEHNM HA DPEHTIEeHOBCKOil Tpy6ke ¢ Mo-
AUGAEHOBBIM KATOAOM IIPOABATCA JIMHMHM cepuu K.

§ 33. MOAENDL ATOMA PE3EPOOPAA — BOPA

MoMeHT MMnyabca 3JIEKTPOHA, ABUIKYINErocHd BOKDPYT siZpa, Kpa-
TeH /i:

L=mvkrk=kh,

rage m — macca :mex'rpona, U, — €ro CKOpOCTh Ha k-t  opGure,
r, — paguyc 3Toifi op6uTh, k=1, 2, 3, ... — LeJioe NOJIOKUTEIBHOE
4YHCO (MJIABHOE KBAHTOBOE YMCJIO).

OHeprud cBeToBoro (pOTOHA pABHA -PA3HOCTH JHEPTMM TEX CTa-

IIMOHAPHEIX COCTOSHUIM, MEXAY KOTOPHIMH CcOBepllaercsa KBaHTOBHIH
CKa&4YOK 3JIEKTpOHA:

ho=E,—E,;,

rae E,-— oHeprua ssexrpona Ha opbure n, E, — ero osHeprua Ha -
opbure k£, » —— yacrora M3NyUEHHS.

Ecnu E, > E,, poTon nsnyvaercs, npu E, << E, na6aiogaercs norJo-
menue Qoroua ¢ yacroToll w.

Jlo3BoJIeHHbIe 3HAYEHHSA BHYTpeHHeil 3Hepruy BOAOPOAONOJKOGHOTO
aroma:

me! VAl
E,= — 5 R
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O6o6mennast dopmyia Bas- n

mepa (puc. 33.1): ]

' 4
w=R*Z2(—lT — _.1?>, R*—_Te_ | 4 _ aepUﬂ
Nk n*/ 2h , bpexema
rge ® — 4acTOTa mepexoja MexAy 3 - Cepus
SHEepPreTHYeCKMMH -~ YDOBHSAIMH ¢ - lawena
' KBAHTOBBIMM YMCJAMHU kK H 1. 2 Y
33.1. Moap3yscs . npeicTaBle- (epus
banemepa
HUAMH Moaean artoma Pesepdop-
Ia — Bopa, BeIBecTH GOopMyny
CKOPOCTH ABM’KEHHS 9JIEKTPOHA II0 Cepus
op6uTe. BHYHUCIMTE €€ CKOpPOCTH Aadmana
_Ha  JIByX HepBHX 9JICKTPOHHHIX  f s .
KPYroBHIX Op6HTax B aToMe BOJO- :
. Prc. 33.1
poza.
33.2. DnexTpOoH ABHIKETCA IIO BTOpOH opﬁu're aToMa BOAOpPOAA.
Haiitn pauHy BOJHEL Je Bpoiinsa.
'~ 33.3. CranuoHapHas 3JIeKTPOHHaH op6GHTa npexacrasaser coboi
ycTOHYMBOE COCTOSTHHE, Honbayacb YCJOBHAMH KBAHTOBAHHA, BHIBECTH

dopmyny papuyca gonmycTHMOM 3IEKTPOHHOM opﬁrﬁ'u Haiita pa-

AMYycHl ABYX IIepBBIX OPOHT 3JIeKTPOHA B ATOME BOJOPOZAA.

. 83.4. C moMoOIIBIO YyCJHOBHH KBAHTOBAHHUA BHIBECTH (opMyay
" EHTPOCTPEMUTEILHOTO YCKOPEHHS 5SJeKTpoHa Ha opburte. Haiitu
MX YCKODeHMS Ha [JBYX NepBHIX opbHTax B aTOMe BOJAOPOZA.

33.5. Ha kakoii op6uTe CKOPOCTh 3JEKTPOHA aTOMa BOAOPOAA
paBHa 734 kM/c? .-

33.6. OnpexnenuTh A1A NepBOil ¥ BTOPON KPYroBHIX OpGHUT aTOoMa
BOZOPOJA 3HAMEHUA CHJIL KYJOHOBCKOTO IPUTSKEHUA M HANPHIKeH-
HOCTb JNEKTPHYECKOI'O IIOJIS.

383.7. Bo CKOMBKO pas yBeJMYMTCH pPaAMyC. OPGUTHI 3JIEKTPOHA
Y aToMa BOZOpPOJA, HAXOAAWIETOCA B OCHOBHOM COCTOSHHH, IIpH
BO36yKaenun ero doToHoM sHeprumeil 12,09 sB?

33.8. Arom Bojopona uanyuaer doron uacroroit v. Halitu usme-
HeHWe AJMHBI BOJHH (POTOHA, BOBHHKAIOLIEe BCJIELCTBME OTAAYH,
npeTepneBaeMoil ATOMOM IIPH H3JIYyYEHUH.

33.9. ®orou ¢ yacrorof o IOrJIOIAETCA IMOKOSILIMMCH ATOMOM
maccot m, Ha#iTu ckopocTs aroma mocJsie IOIJIOIEHUA GQOTOHA.

33.10. Ilepexox 2JeKTpOHA B aTOMe BOAODOAa ¢ n-k Ha k-10
op6ury (k= 1) conpoBoxxaaerca usnxydenuem porona c ;umnoﬁ BOJIHEI

A=102,6 um. Halitn pazuyc n-i Op6uTEL

33.11. AToM BOZOpOAA IepeBeJeH M3 HOPMAJBLHOTO COCTOSHUSA
B BO30yKAeHHOe, XapaKkTepusyemMoe IJIaBHEIM KBAHTOBBIM 4HCJIOM 2.
Haiimi . sHepruio, Heo6xXoZMMYI0O AJNIA IEpeBOJA ATOMA BOAODOJA B
YKas3aHHOe BO36YKIEHHOE COCTOSHHE, ‘

33.12. Kaxnaoi [omycTuMo#t 9/1eKTPOHHOM OPOUTE OTBeYaeT OIpe-
JeJJeHHBI 9HepreTH4YecKHil ypoBeHs, BHEPrUI0 KOTOPOTO MOXKHO Ipex-
CTaBHTh B BHAE CYMMEl [OTeHIUMANbHON E, M KHHeTHYecKoil Ky
3Hepru# anextpora. BelecTn ¢opmysy TIOJIHOM SHEPI'MM 3JIEeKTPOHA
Ha k-#i op6ure.
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33.13. Hecmorpa Ha ycmex aTOMHOI MOZEJIH Peseptbopna ~— Bopa,
oHa obnamaeT paAjoM HejocTaTkoB. Kpome Toro, B Heil cozepixarcs
HEKOTOPBble MPOU3BOJIbHBEIE IIOJIOKEHMS, KOTOPHE IPUIIJIOCH BBECTH
A o0bACHEHHS PKCNePUMEHTAJNBHBIX pe3yabTarToB. CorjacHo Je
Bpoiino, aeKTPOHY OTBeYaeT AJMHA BOJHEL A= h/(mv;). OnpegenuTs

' AMHH BOJIH ke Bpolisa 2jleKTpoHA Ha IepBOM M Tperbedt opburax

B aToMe Bogopoxa. [lokasaTs, 4TO Ha SJEKTPOHHBIX opbuTax arToma
BOZOPOLA YKJAABIBAETCA LEJI0oe YHUCIO BOJXH je Bpoiind.

33.14. OnpenenuTh rpaHUUBE CepHMM BOAOPOAHBIX JIMHHH, pacmo-
JIOJKEHHBIX - B JaJieKoil yibTpadmuoseToBoii yacTH cnexkTpa (cepmsa
Jlaitmana). _
_ 33.15. OnpenenuTs 3Hepruio ¢GoTOHA, COOTBETCTBYIOLIEro HAaH-
MeHbIIel AJNHEe BOJIHBI, B ynb'rpatbnone'ronoﬁ cepun Bo,n;opona;
~ 33.16. HailiTi AJMHH BOJH IepBOii, BTOpPO# TpeTbeil JHHKHR
BHJMMOH cepuHu Boxopoza (cepus Ba.nbmepa)

33.17. KakoBa AJIMHa BOJIHEI YE€TBEPTOH IO TOPAAKY CIEKTpPasib-
HO#l nuuHMM B uMH(ppakpacHo# ofsacTH cmekTpa BOZopoAa (cepus
IIamena)?

33.18. !-)xccnepumem-a.nbno YCTaHOBJIEHO, 4TO BTOpas cnewrpam:—
HAafA JHHUASA BOJOPOAHOM cepuu DpekkeTa cOOTBeTCTBYET AJIMHE BOJIHBI
2,63 mxm. Ha ocHOBAHMH 5THX AAHHEIX YCTAHOBHTH npn6.nm!celmoe
3HaYeHMe HOCTOSAHHON Puzabepra.

33.19. Haubonbmmas AAMHA BOJAHHB CHEKTPAJbHON BOJODPOAHOMN
nuuauu cepumn Jlafimaua 121,6 uM. Beuucaurs HauGOABIIYO AJHHY

~ BOJIHBI B cepuu Banbmepa.

33.20. IIpu mnepexoze 5JEKTPOHA BOAOPOAHOTO aToMa ¢ OXHON
U3 BO3MOKHBIX OpOUMT Ma ApPYryio, 6ojiee GIM3KYIO K SADY, dHEPTrUs
aTomMa yMeHbmaercss Ha 1,892 3B. OnpesesuTh AJHHY BOJHEI H3-
JNIyYeHUd.

33.21. Kaxyio paﬁo'ry HY’KHO COBEPUHIHNTH, YTOOH yRAJHUTH arex-
TPOH co BTOpOoii OPOHTHI aTOMa BOJAOPOJA 38 HpeAedbl NPHTAMEHUS
ero aapom? .

33.22. ATom BOAOpOfA NEPEeBeeH K3 HOPMAJNLHOTO COCTOSHHUA B
BO36YIKJeHHOe, XapakTepusyemoe IJIaBHBIM KBaHTOBHIM 4UCJOM: 3.
Kakue cnerrpajbHble JIJHHMM MOTYT TIOSBHTHCA B CIEKTpe BOJAOPOAA
IpH Iepexoje aToMa U3 BO3GYIKAEHHOTO COCTOSHUA B HOpPMAaJbHOe?

33.23. Kakue criekTpajbHble JIMHUM NOABATCS B BUAUMOIL o6racTu
‘CIIEKTpa IpH BO3GYXKJZEHMHM ATOMOB BOZODPOJA BJICKTPOHAMM BSHED-
rueit 13,0 aB?’

33.24. AtoM BOAOpOZA OCBeIIAETCH YAbTPA(DHOIETOBHIM H3IyHe-
HueM c¢ ajaunoi Boaunl 100,0 um. Onpepenuts, Kakue CIEKTPAJIbHBIE
JIMHUH MOABATCA B CIiEKTPe BOJAOPOAA.

§ 34. KBAHTOBDBIE SIBNEHMA B TBEPAbIX TENAX

Y nensHasa a.newrponpoaonnoc'rb METAJIJIOB

ne'l:
m ’
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rfie 7 —— KOHIEHTPALHSA cnoﬁop;nmx BJIEKTPOHOB, € — anemeH'rapHHﬁ
3apAx, T — BpeMdA peJaKcaluH, m — Macca snem'pona
HOI[BH?KHOCTB HOcHuTeNnel TOKA .
b=z _%"
E m’

rae v, — crcopoc'rb Apedida HOcuTeseit toka, E — HanpﬂJKeHHOCTL
BJICEKTPHYECKOTO II0JId.

Y nenbHas 3J€KTPONPOBOAHOCTh COGCTBEHHBIX IIOJYIPOBOXHMKOB:
o=en(b,+ b,) =0, exp (—AE/ET),

rlie n — KOHIleHTpanusi Hocureyeil sapaga (9NEKTPOHOB M ARIPOK),
b, m b, — HOABUKHOCTH DAEKTPOHOB M JBIPOK, O¢ — IOCTOSIHHAA

BeJHuuHA (B MepBOM npnﬁnnmennn), AE=-hx°—— HIMPUHA 3aIIperneH-

HOM B30HEL.

MossipHas TeNJ0eMKOCTb KpHCTajlia B KBAHTOBOH TeOpPHH Terno-
eMKocTH JiHITeiina :

— B2 \?_ exp (65/T)
¢ 3R( T ) [exp (6z/T—1)]’

rae B — MoysApHas razoBasd IOCTOAHHAHA, Op=Fhw/k — xapakTepuc-
THYecKas TeMIepaTypa Jiinmreiina, T — TepMOAMHAMHYECKAs TeM-
neparypa, k — nmocrosHHaa Boabumasna.

MonspHas BHyTpPeHHSsA dHeprus Kpucraja no [lebaio:

Omax

o'dw
U=Uo+9N, 3,.,(5 exp (ho/kT)—1°

rge Uo=2—R(-9,, — MOJIIPHAS SHEPI'Us HYJIEBHIX KoJieGaHuil KpucraJ-

na mo Je6arw, O;=TIon,.,/k — XapakTepHCTHYECKAH TeMIeparypa '

JeGas.
MondApHas TemIOeMKOCTh Kpucrajna no eGalo:

rae x =ho/(kT) — nepeMeHHas.
CDyHmum Pepmu:

fE) =t .
( exp(E b)+1

Y poBeHs uin sHeprus Pepmu B MeTasse npH T—=0K:

E(0)=—2—(3x’n)*/%,
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rfie n — KOHIEHTPAIMA CBOGOIHBIX BJIEKTPOHOB B METAJJIAX.
Cpefnsas 5Heprus cBOGOLHOrO HJeKTpPOHa MpU abCOJIIOTHOM HYJe:

. (Ey=2£,(0).

TenysoeMKOCTh 9JIEKTPOHHOI'O rasa:

a?  kn
CV-—2— "L, T.

34.1. B MexHOM NPOBOZHUKE IO A 11O 8S=0,4 cm’ cuna Toka
1,5 A. Haiitn CPefiHIOI0 CKOpPOCTD Apeit a :melc'rponon, €CJIM KOH-
HmeHTpauus HOCHTeneil sapaaa n—8,4-10% _

34.2. B cepe6pe o6memom 1 M3 Haxonm‘ca npUGIN3ATENHHO
5,8:10% snexTpoHOB mHmpoBOAMMOCTH. HaWTH CPeAHIOO CKOPOCTH
IApeiida 371eKTPOHOB IPH HAJIOKEHUH HATIPSIKEHHOCTH dJIEeKTPHUECKOTO
oJIA BAOJNb niporogunka E=1 B/cwm.

34.3. Cuurasa, 4YTO KAXAEIA aTOM MeRM B TBEpJAOM COCTOSTHHM
OTZ8eT B 30HY MNPOBOJAMMOCTH OZMH BAJICHTHEIH 3JIEKTPOH, HaiiThH

 BpeMs peJaKCAliui 3JEeKTPOHA. YJeJbHOe CONMPOTHBJIEHHe  MeJH .

p=17,2 HOM - M.

34.4. KouuenTpanus cBOGOAHHIX 3JICKTPOHOB Xejesa n=8,5X
X102 cM % m ero yzenbHOe CONPOTHMBIIEHHe NPH TeMIepaType
20°C p=9,71-10"3 Om-m. Haiitn npu Toii e TemuepaType BpeMs
peJlaKcaluM, CPeAHION AJHHY CBOGOZHOTO mnpoGera 3JI€KTPOHOB M
HMX MOABHCHOCTD.

34.5. HaiiTu ylesbHOe CONPOTHMBJIEHHE repPMAHHEBOTO IIOJYIPO-
BOAHHKA DP-THNA NIPH IUIOTHOCTH AMPOK n,=3.10* Mm~* u cpaBuuTs
€ro ¢ COIpPOTHUBNEHHMEM IOJYINPOBOAHMKA n-THOA IIPpH TOH = Ke
KOHIEHTPALUN 3JEKTPOHOB. I[IOABHIKHOCTL JBIPOK B TIepMaHUH
b,=0,18 m?/(B-c), anexTponos b,=0,38 m>/(B-c).

34.6. KaxoBa KOHUEHTpanusa HOCHTeNel 3apaAga cOOCTBEHHOro rep-
MaHHA OpPH TeMmnepatrype 27°C, ecau yZesbHOe CONPOTHBIEHHME €ro
0,47 OM-M, a IOABUIKHOCTH 3JIEeKTPOHOB b, =0,38 M>/(B-c) u ALIPOK
b,=0,18 m?/(B-c)?

34.7. lllupuna 3zanpelneHHod 30HE ainmasa AE=6 »B. Haiitu
AJMHHOBOJIHOBYIO I'DAHMILY NOrJIOIEHUS CBETA aJIMAa30M.

34.8. Bo CKOJBKO pa3 M3MEHHTCH DJIEKTPONPOBOJHOCTB YHCTOTO
TépMaHns NpH IIOBHIIEHMHM TeMneparyps or — 23°C mo +27°C?
HIupuna sanpernolt 30HH AJnf repmaHusa pasua AE=0,74 3B.

34.9. YgennHoe conmpoTuBieHue repmaHus npu 27°C p=
=0,47 Om-m, HaliTn koHIeHTpalMIO HOCHTEICH 3apAAa B TePMAKKN,
IIpuuAaTek A8 repMaHUd NOJBHIKHOCTH SIIEKTPOHOB M JBIPOK b,=
=0,38 m*/(B-c) u b,=0,18 m*/(B-c).

34.10. Bo croabko pa3s KOHIEHTpalud HocHTejael Toka B Huc-
Tom cnnase InSb npu remmneparype T:=400 K Gosblze KOHIeHTpa-
muu npu T,=300 K? Illupuna 3anpemennon 30HH ana InSb
AE=0,18 3B. .

34.11. HaiiTu 3J€KTPONPOBOAHOCTL TepMAHHA, €CAH H3BECTHO,
4TO B HEM COAePKUTCA MHAUSA B Konuenrpammy 102> m—3 u cypomnt
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B KOHIeHTpammmu 10% ™3, Hpmmu. TOABUIKHOCTL B repmarmn

2JIeKTPOHOB b, = 0,38 M?/(B-c) u aeipok b,=0,18 m?/(B-c).

34.12, TIoxas3aTh, UYTO IIPH BHEICOKHX TeMIEPATYPaX M3 ypABHCHHS
MOJIADHOH TENJIOeMKOCTH KDHCTAJIJIOB B KBAHTOBOM TeODHH TemJIO-
eMKOCTH DJifHmTeiiHa BLITeKaeT amnnpnqeclcnﬁ sakon Jlrosonra u
- TItH. .

34.13. Bocnonbsosanmncb ypaBHeHueM DiHmTeliHa AJIA MOJAD-

HOil TeNIOEMKOCTH KDHCTAJIJIOB, IOJYYHTH BHIDAXKeHHe ZAJIA TeIJIO-

€MKOCTH [IPH HU3KMX TeMIepaTypax.

34.14. CpaBHUTh MOJIADHYIO TENJOEMKOCTh KPHCTAJJIa B KBaH-
TOBOIf TEOPHM TENJIOeMKOCTH DUHIITeHA C MOJIAPHOH TENJIOEMKOCTHIO
10 - 32aKOHY J];ro.uom*a u TITu. XapaxrTepucruveckas TeMIepaTypa
Oitnmreiina Q=T -

. 84.15. Haiitu Mo.napnyxo 9HEPrui0 HYJIEBHX KoJeGaHuii rcpnc-
" Tanna, AAS KOTOPOro XapaKTepucTUdecKas Temmneparypa  J[ebas
8,;=320 K.

34.16. XapakTepucTuueckas TeMmmeparypa Jle6as zaA XJIopuia
kagua 07=230 K, a ana xaopuza Harpus 07=280 K. Bo ckosabko
pa3 yaeabrHasa Trenjoemrocts KCl ﬁonbme y,u;enbnoﬁ TeIJIOEMKOCTH
NaCl npu remneparype 40 K?

84.17. IlokasaTs, 4TO IPH BLICOKKX TeMIIEpPATypaxX H3 ypaBHEHUA
febast Zna MONADHON TEMJIOEMKOCTH KPHCTAJIOB BRITEKAeT 38KOH
Jionoura u TItu,

84.18. BocnonssosaBminck ypasHexnuem Jlebas ang  MoasapHOHR
- TeILJIOEMKOCTH KDPHCTAJLjIa, MOJYYHUTDh BEIDAXKEHHUE TEIIJIOEMKOCTH IpH
HHU3KHX TeMIepaTypax.

.34.19. ITonbsysach pemenuem sagaum 34.18, onpesesurTe MoJsAp-
HYyI0 TenJoeMkocTh cBuHHIA npu I'=20 K. XapakrepHcTHyecKas
remnepaTtypa [lebas 6,;=90 K.

34.20. XapakxrepucTHuecKkas TeMueparypa JiinmTeiina Ana Mepn
0 =316 K. HailTu mocTOAHHYIO KBASMYIPYTOii CHJIHL.

34.21. KaxoBa BEepOATHOCTH TOTO, YTO 3JEKTPOH IpH -reMHepa'rype
27°C zaiimer cocroanme, Jexamee Ha 0,1 9B Brime yposHsd Pepmu?

34.22. Tloka3aTh, YTO BEPOATHOCTH TOI'O, UTO 3JEeKTPOH B MeTaJle
6yaer mMeThr 3Hepruio, papHyio sHepruiz Pepmn, pasHa 0,5.

34,23. Haiitu sHepruio PepMu AN CBOGOAHBIX 3/1eKTPOHOB KaJTHSA
npu abcosorHoM nyne. CumTaTh, YTO HA OXMH ATOM IPUXOZUTCSH
OAUH CBOGOAHEIN 3JICKTPOH.

34.24. DHeprusa depMu npu a6COMIOTHOM HyJie NJIA HATPHA paBHA
3,15 3B. HaliTy umncino cBOGOZHKX 3JAEKTPOHOB, MPUXOLAUIAXCH HA
' OAMH aTOM HATPHS. )

34.25. Kouuesr ?amm CBOGOZHBIX 3JIEKTPOHOB IIPOBOLUMOCTH B
merasax n=>5-.10% cm ~*. HailTu cpezinee 3HaYeHNe DHepruu cBOGOA-
HBIX DJIEKTPOHOB HDH a6comor1-mM HYyJe.

34.26. HalitTu MAKCHMAJNBHYIO CKOPOCTEL 3JIeKTPOHOB B MeTase
npu abcosloTHOM HyJse, ecau yposenb Pepmu Er =15 3B.

" 34.27. Tloawpsysick ycaonuem 3agauu 34.26, mailtu  CpeaHIONO
KBaJPaTHYHYI0 CKODOCTh CBOGOLHBIX 3JIEKTPOHOB B MeTaslie uepe3
MX MAKCHMAaJbHYI CKOPOCTh.
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34.28. Ronnen'rpanna cBOGOAHBIX DJIEKTPOHOB HaTpua n=3,0X

X10%® m~3, Ha#iTH CKOPOCTb 3JIEKTPOHOB HA ypomie depmu 11pu
a6como'm0M Hy1e.

34.29. HaliTi TemJ0eMKOCTh HJIEKTPOHOB IIPOBOAUMOCTH AJIA HAT-

pusa npu 2 K u 1000 K, KoumnerntTpanuus cBOGOJHEIX 3JEKTPOHOB
n=2,5.10%® m~3 Dueprua Pepmu E;=7 3B.

34.30. Haﬁ'm TEeNJIOEMKOCTh 5JIEKTPOHOB IIPOBOAVMOCTH €XHMHHILI

ob6bema mexu mpu Temneparype 200 K. 3nauenue sneprum Pepmu

a3 Mepu Ep =7 9B. IIpuHATH, 4TO KOHUEHTPaLHs 3.ne1c'rponon panna
YHCJy aTOMOB B eiHHHUIE 00beMa.

§ 35. ®U3MKA ATOMHOFO AIPA

Paauye sapa ¢ MACCOBHIM YuCJIOM A:
R=1,23-10"14'% nu
OHeprusa CBA3M AApa:
‘ E..=Ac.
Hedexr Maccsl azpa:
A=Zm,+ (A —ZYm,—sm,,

rpe Z — 3apanoBoe 4ucjo, m, — Macca nmpoTOHa, m, — Macca HeHT-

poHa.
Ecan B3ATH He Maccy #Apa sm,, a Maccy aroma 4m, ¥ BMECTO
MAaCCH NMPOTOHA M, 3alMCATH MAacCy aToMa BOJODOAA My, TO

A=Zmy+ (A —Z)m,—4m,.

3aKoH PagHOaAKTHBHOIO pacnajga:
N=N o€~ M,

rae No — 4HCIO PaZAMOSKTHBHEIX ATOMOB B HAYAJLHBEI MOMEHT Bpe-
meran t=0, N — HX 4YUCJI0O K MOMEHTYy {, A — IOCTOSIHHAA PajHo-

AKTHBHOTO pacmaja.
Ilepuox monypacnaja:

rae A — NMOCTOAHHAad pacnaja. .
AKTHBHOCTh PAAMOAKTHBHOIO Npenapara:

a=age ™,

Tie Gy — HAYANbHAS AKTHBHOCTH.

Crpoenne agpa

35.1. CKOIbKO IIPOTOHOB ¥ Hen'rponon COZePIKMTCS B AZPAX M3O-
Tomos yriepoaa:.1l) ' C 2) 14C; 3) '%C; 4) '¥C; 5) %C; 6) 'iC?
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35.2. Bo CKOJIBKO pa3 paguyc Axpa ypaHa 23%U Gompme pazmyca
Aapa aToMa Bogopoza?

35.3. Haiite nioTHocThs szepHoro BemjectBa. CuUHMTATE,' 4TO B
Ajgpe C MaCCOBBIM 4YHCJOM A BCe HYKJOHBI (HEHTPOHBI M IPOTOHEI)
IJIOTHO yHIAaKOBaHK B IIpefiejlaX ero pajguyca.

35.4. Paguyc Conuna 6,95 MM, a cpeaHasa niaorsocTs 1410 R.I‘/M .
Kakum Obin 6w paamyc CosHia, ecJd HPH TOH Ke Macce ero
ILJIOTHOCTh PaBHAJNACH OBl IJIOTHOCTH SIAEPHOTO BermecTBa?

35.5. BeruucauThs dHeprulo cBfA3u aAxpa Gopa '¢B.

35.6. DHeprus cBABM JeHTpOHA (AApa THAKENOTO BOAOPOZA)
2,2 MaB. Onpesenurs Maccy AApa M Maccy HeMTPaJBLHOTO aToMa
B aTOMHBIX eZUHHIIAX MaCCHI.

35.7. Brrumcnuth 5Hepruio cBasu azep 'H u jHe. Kakoe ua srux
apep GoJsee ycroituuso?

35.8. Haiitu »Hepruio cBAsH sgep ypana oU m 25U, Raxoe
U3 ITUX sjgep 6GoJsee ycroumpo?

35.9. Boruucaurb aHeprmo CBA3U, IPUXOIAITYIOCS Ha o;um HYK-
JIOH, B AApe Gepniaus ;Be.

35.10. CpaBHUTL 3HEDPrHIO csaan, npnxomnn,yrocsi B cpeiHeM Ha
OAMH HYKIIOH, B #ApaXx neitrepust 7H, xesesa 3¢Fe, kceHona 'ZjXe
u ypaHa Z33U.

3aKOH PAAMOAKTHBHOIO pacnaja

35.11. O6pazen cozepxut 1000 pagfMOAKTHBHEIX aTOMOB C Iie-
puomom mnoaypacnaza T'. CkoJBKO aTOMOB OCTaHETCH 4Yepe3 Ipome-
KyTok Bpemenu 1/27

35.12. O6paser; pasgMOAKTHBHOrO pajoHa ‘sRn comepsxur 10'°
paguoaKTUBHBIX ATOMOB C JIEPHUOAOM nonypacnana 3,825 cyr. Croub-
KO ATOMOB pacrajgaercs 3a CyTHEHU?

'35.13. OnpezesuTh MOCTOAHHYIO PAZHOAKTUBHOrO Paclajza pajgus
2®*Ra. Kakas Joas OT NepBOHAYAJHHOrO YHCJIA ATOMOB PaclafaeTcs
3a 3100 ner? -

35.14. Yepes xaxoe BpeMs B mpenapaTe moJioHHs 2. Po pacma-
Aaercs 75,09 MMeIOMMXCS ATOMOB, €CJIM HeIIPEPHIBHO YAAJATE pafHo-
aKTHBHBIEC IMPOAYKTHI pacnaga? -

35.15. 3a xakoe BpeMs I pOM30iigeT pacnaj MOJOHUA %, PO Maccoil
2 Mr, eci1 B HayaJbHHII MoMeHT ero macca 0,2 r?

- 35.16. OnpeaenuTh nepuoj mnoJaypacnajga BHCMYTa 210B1, ecJm
H3BEeCTHO, 4UTO BHUCMYT Macco#d 1,0 r Bmﬁpacmnae'r 4,58-10'° B-uac-
L 3a 1 c.

-85.17. Ckonbko sanep pacmajaercs 3a 1 ¢ B mpemapaTe pajno-
AAKTHBHOTO M30TOIA HPHAMS '72Ir M CKOJBKO OCTAHETCH ATOMOB ITOTO
npenapara vepe3 30,0 cyT, ecqim mepBoHavYajNLHAS €r0 Macca paBHA
5,0 r?

35.18. Ckonbko o-uacTul, BHIGpachIBaeT TOpPMIA 23"’Th maccoit
l1rsalc?
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" 35.19. PaanoaxTHBHBIA mpenapar, HMeIOImHil aKTHEHOCTh 3,7 X
X10° ¢~', moMemen B kamopmMerp TemnoeMkocTbio 4,19 Ox/K.
HaitTu nOBBEIIIEHME TeMIepaTyphl B KaJiopuMmeTpe 3a 1 4, echom
H3BEeCTHO, YTO RAHHOE DajHOaKTHBHOE BEIeCTBO MCIYCKAeT o-4ac-
Tuns ¢ >Heprueii 5,3 MasB.

35.20. Cronpko simep pacmajgaeTca 3a 1 ¢ B KycKe ypaHa
238U maccoit 1,0 xkr? KakoBa aKTHBHOCTE 3TOro ypaua"

35.21. ®aoopecupyONIHii SKpaH rmom;anmo 0,03 cM? HaxoAUTCS
Ha paccToSHMM 1 ¢M OT NBIJIMHKH pajgus 88Ra Mmaccoit 18 mnr.
CKOJILKO BCIOBIIIEK 3a 1 MMH MOJYYHTCH Ha SKpaHe?

35.22. Kpynusuka, coaepkamas pagauit 2 Ra, HAXOAUTCA Ha pac-
crosuun 1,2 cm or daoopecnupyioniero skpana. Kakyio Maccy.
uMeeT xpynmnca, ecqM B TeyeHHMe 1 MHMH HA IUIOMIAAM 3KpaHa
0,602 cM’ ymanoce 3aperumcrpupoBaTh 47 cuuHTHAAAnuK? (IIpo-
AVKTHL pacimaja odeHb OGLICTPO OTKA&YUBAIOTCH HACOCOM.)

35.23. BonbHOMYy BBeJM BHYTPUBEHHO DPacTBOD 06'beM0M 1 cm?,
COZepKaINMii MCKYCCTBEHHHIH pAJMOM3OTON HATpHA . Na - aKTHB-
HOCTBIO @y =2000 c~!. AxrTuBHOCTH KPOBH 006BEMOM 1 cm®, BaaToil
yepes 5 u, okazanace a==0,27 c~'. HailTu 06'beM .KpoBH deJO-
BeKa. _

35.24. MecTopoXAeHHAM PAXHOAKTHBHBLIX 2J€MEHTOB BCerja co-
NMYTCTBYET CBHUHEI[, KOTOPHIil ABAseTCA KOHEYHHIM IIPOAYKTOM HX
pacnaza. I/Iaaec'ruo, 4TO TOPMEBHIH pAK 3aKAHUUBAETCS M3OTOIOM
ceuHna ‘giPb. Cumras Boagac'r rTopueBoit pyam 4-10° zer, ompe-
AeNNTh, CKOJNBKO CBHHIlA “joPb nosBuMyiock B 3TOHl pyae Ha 1 Kr
HAXOAMBIIETrOCA TAM TOPHSL §’2Th

35.25. Dsement Topua 3;Th B peaysbraTe paZMOaKTHBHOTO pac-
majia npeBpaliaerca B nao'ron ceunna “jsPb. Ckosbko a- u P-uac-
THI BEIGpacklBaeT OPHU 3TOM KaiK bl aTOM?

35.26. PagoakTHBHLI seMeHT HenTyHus ‘5;Np, sBiasommiics
POAOHAYATEHUKOM HMCKYCCTBEHHO MOJIYYEHHOTO PajMOaKTHBHOTO ce-
MelicTBa HeNTYHMS, B peayjbTaTe paclaja IpeBpalaeTcd B CTa-
6uabnbli usoTonm BUCMyTa ‘g3Bi. Haittu qncno o- ® B-pacmajgos.

35.27. Panuoawmnnmn M30TON KpeMHHUs :;Si pacnasaercs, mpes-
pamasicc B amomuHmit ;Al. Kakas uacTuna npu 3ToM BhIGpa-
ceIBaerca? )

35.28. B kakoil anemeHT npespamaerci ypaH ‘osU mociie Tpex -
o- M ABYX f-mpeBpamieHuii?

35.29. BemecTBO pafgMOAKTHBHOrO 3JIEMEHTa, NOABEPrHYBIIMCH
PARY NpeBpallleHUH, NOTEepAJSI0O OJHY - M JABe B~qac'mnm "
NpeBpaTUOCh B AApo ypaHa 233U. HaiiTm uMcXomHblifi paZuoaKTHB-
HBIH BJIeMEeHT.

35.30. B kakoii anemeHT npeBpallaeTca paguit “2oRa mocie MATH
o- M YeThipex f-pacnagoB? _

35.31. Paamit maccoii 1 r menyckaer 3a 1 ¢ 3,7-10'° g-uacrum,
o6safaomux CKOpocThio v=15 Mm/c. Haiitu nonmylo sHepruio,
BBIAEJIAIOLLYIOCH NIPU a-pacmaje 3a 1 u.
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Hnepume peamum

385.32. Ilpu ofcrpese a-dacTMNAMU Axpa a3oTa "N BoamoKeH
‘3aXBAT TAKOH 4YacTHUH AZpoM aToma. Ha Mraosenme obpasyeTca
ype3BHUANHO HeycToilunBoe AApPo dTOpa, KOTOpoe cpady e pacma-
JaeTcsi M IpeBpalllaeTcA B YCTOHuWBoe AAPO KHcJopoja. [laHHas
sanepHaa peakuus Oplya BiepBble ocymiecTBjena. B 1919 r. Pesep-
doppom. HanucaTh ypaBHeHMe peaKIUi M OIPEAE/NHTh, BblAeJiAeTCA
WM Horjouiaerci SHePrMA mnpu sroit peaknuu. Haiitu smepruio,
BBHIJEJIMBIIYIOCA HJIM IMOIJIOIEHHYIO B pe3yJbTaTe PeaKLuH.

35.33. Haiitu sHeprmuio, norjomaeMylo Npy sALepHOR peaxkuu

iBe +3He—('{C)—>3;He + in.

35.34. fzpo 6epm1mm 9Be 3aXBaTHIBAA ,r.:eﬁ'rpon, IIpeBpalaeT-
ca B aapo Gopa '(B. Hanucats YPaBHEHHe PEaKLUM U ONpeAesHTb
 BEIAEJIAIOILYIOCH aueprmo. :

35.35. Hpn o6erpesie sizep aTomoB Gopa '¢B ap;paMH THKEJIOTO
BOZOpOZa lH IPOUCXOAUT AAEPHAA peaKlusa

- . \ B+ H—('?C)—~3;He.

OnpefeuTs PHEPrui0, BBHIAEAAIOINYIOCH NPH 3TOM IPEBPAIIEHHH.

35.36. fiapo sautus jLi, saxsaTeiBas IPOTOH, pacnajaercss Ha
IBe a-dacTHUH. HamwcaTh AAepHYO peakLHIO H OIpeAe/HuThH 3Hep-
I'UI0, BHIZENAIOLIYIOCA nNpH 3TOM peaxiuu.

.35.87. Aromnl auTusa JLi 60M6apAHPYIOTCA IPOTOHAMH, KMHETH-
Yyeckad dHeprua Koropsix 1 MsB.  O6pasyionjueca npH 5TOM [IBe
O-4aCTHLBI JIETAT C OAMHAKOBOHM ckopocThbio. OnpefenuTh KMHETHU-
YECKYI0 DPHEPI'HIO 3TUX YACTHUIL,

35.38. OnpenesuTs MUHUMAJIbLHYIO SHEPrHi0 Y-KBAHTOB, He0G-
XOAUMYIO IJs pacmennenna afep Gepwiiua M sjep yrjepoaa IO
PeakIusaM

:Be + kv—23He + (n; '?C+ hv—3;He.

35.39. Kakot MuHMMAJBHON KMHETHYECKON sHeprueil RoJKEH
obmanars Heﬁ'rpou, 4yTo6BI OH OBIJI B COCTOSAHMM IIPH CTOJKHOBEHHU
C AXPOM KPEMHMA 1.Si BLIBBATH ANEPHYIO PEAKIMIO

28Si+4yn—2 AH—}H?
35.40. HaiiTu 5Hepruio, BHIAEAAIONLIYIOCH TIPH CIeAYIOUIHX TepMO-
AJEPHBIX PEaKLHAX:
?H + ’H—{He + \n; *H+H—3H + 'H;
sLi+ jn—3He +H; SLi+ H—~]Li+ H
35 41. ®pannysckue yuenste Hpsr u ®penepur Hoamo-Kiopn,
OTKPHIBIINE UCKYCCTBEHHYIO PAAHOAKTHBHOCTE, ITOABeprau Gombap i
poBKe o-yactTHnamMu Gop 'iB, amomumumit :JAl w marmmit %Mg.

Hamucarh agepHble peaKIMH.
85.42. fAxpo 6opa 'fB MokeT 3aXBATHIBATH HEHTPOH, B Pe3yJbraTe
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Yyero NPOMCXOZUT pacuielnjieHue Axpa Gopa HaA AApa JUTHA U reHA.
Hanucarh AAepHYIO peakiMIoO U OIPeAeNUTh PHEPruio, 0CBOGOKAAI0-
Iylocs IpH 9TOH peakIHu.

35.43. Ilpu o06nyuenuu newrpouamn aTomMoB 1 Na TIoc/IeAHMRIA mpe-
Bpalaerca B pafAMOAaKTHBHHIN usoron ;{Na ¢ nepmozom mnosypacuaza
15,3 u. Kaxkasa JoJd 1epBOHAYAJIbHON Macchl paAXOaKTHBHOTO HATpHUSA
ocraHeTcA uYepes 30 6 u mocie IpexpameHus oﬁnyqenna HeifTpo-
HaMu?

35.44. I'Ipn o6.nyqemm o.~4aCTHLIAMH amonmnna Al umemyc-
KaeTcs HellTpon u obGpasyerca usoronm docdopa P. O6pasonanmnﬁ-
ca usoton ¢ochopa ABAAeTCA PAAVOAKTHBHEIM M DaCHAZaeTca ¢
MCIIyCKaHMEeM NO3MTpPOHOB. JlaHHAA peaxiuud 06pazsoBaHHA IHO3HTPOH-
HO-aKTHBHOTO BellecTBa 6blja OTKpHITA PpefepuKxoM Koano-Kiopu.
Hanmucars Ty pea:cn;mo H ONpeAejuTh BHAeNAIOIIyIocH B  Heif
SHEprHIo.

35.45. fAxpo ypama 25U, menyckas g-uactauy ¢ sHeprueit
4,2 M»sB, mpeBpamiaerca B HALPO 'ro ua 23Th. Onpegesuts maccy
aTomMa 93Th eciu Mmacca atoMa ‘5,U paBHa 238,05353 a. e. M.

35.46. OnpeneJm-rb 3HEpruio, mae.naxomyloca npu oﬁpaaoaar-mn
H3 IPOTOHOB U HEHATPOHOB resusA maccoit 1 r.

35.47. CKOJBKO 3HEPrHH MOJIKHO IOJY4YUTh IPHM PpAaCIIeNJeHHH -
ypana 23U wmaccoit 1 r, ecol mpH pacuienyieHHH KaXAoro sjapa
ypaHa BHAenserca sHeprua 200 MaB?

35.48. CKONBKO 3HepTrHM BHIAEIUTCH IIPH SAePHOM JeJIeHHH ypaHa
23°U maccoit 1 kr B ypanosom peaxrope? CKOJBKO yrisa HeoGXoauMoO
coKeuh OJI IOJYYeHHs TAKOTO JKe KOJHMYECTBA TeIlJIOTHI (KaJIopuii-
HOCTB YrJifi IpHUHATH, papBHo# 29,3 Ml /kr)? OnpemennTth, Kakoil
rpy3 MOHO OBlJI0 6Bl NOAHATL HA BBICOTY 5 KM 3a CYeT 3Hep-
UM, ocBobosxpaloleiica Ipu peakuuu gejenus. CUUTATHB, YTO Cpel-
HAA DHePrud, BhlAesdoNIascd NPH AeJIeHHU OJHOTO 4TOMA YypaHa,
cocrasager 200 MaB.

35.49. BHeprusa usnyuenus CoJIHIA BOSHHK2eT BCJIeACTBHE I[eNod-
KM AJepHBIX peaKuuil CIHSHUA, KOHEYHBHIM pe3yJbTATOM KOTO-
pHIX #BJIAETCH IpespalleHHe dYeThIpeX aTOMOB BOAOPOAA B OAMH
arom reaufa. Onpenesurb, CKOJBKO BOABI MOMKHO Oblyio 6B Ha-
rpetk or. 0°C fmO KHIeHHS 3& CuYeT IpeBpallleHHUA B re.nni& 4 r
BOZOpOJA.

35.50. Anzpo ypama 25U mnoryomaer HedTpOH, ABMMKYI{uiica c
TeIJIOBO# CKOPOCTBIO. Harmca'rb ypaBHEHHe DeaKIHH.,

35.51. TIpu obnyuenmu B peaxTope c c'ra6nnbnmﬁ K0GaJbT 2300
IpeBpallaeTcsa B PaJHOMBOTOI 2700:33004— In—85Co. 33Co ucnrrTEIBaET
B-pacmaj, mpeBpamasch B HHKedb s9Ni. HailTu sHeprmio y-umsmry-
yeHus o6pasoBaBireroca Aapa SaNi.

35.52. IIpu cropaHuM AAepHOro TOILIMBA HA ATOMHOMR 3JIEKTpO-
craunum 3a 1 c BeigensiercA npubausutensHo 28,5 MIx sHepruu.
CKONMBKO SIEePHOr0 TOPIOYEro DPACXOAYEeT CTAHIMUA 38 CYTKH, €CJIH
NPUEATH, YTO OAMH aTOM ypaHa 25U Ipd JeJleHHM Ha /BA OCKOJIKA
Belgenser 200 MaB sueprun?

35.53. MomrocTs ypaHoBoro peaxkropa 1 MBr. Ckosabko ypaua
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235U norpebaser oH 3a 1 u, ecau mpu REeHUH KaXIOro AAPA
ypaHna Buensercsa sHeprus 200 MaB?

35.54. Haiitu BJIEKTPHUIECKYIO MOIIHOCTE aTOMHOMH a.nex'rpoc'ran-
l.um, pacxoaywomeit ypan 35U Maccon 0, 1 Kr B cy'rxn, ecan KILI
cranun 169,.

) 35.55. PeakTop MougHOCTEIO 100 MBT NPOM3BOAUT ILJIYTOHHIA
Z9Pu. HcxoAs M3 TOro, 4ro B cpem{eM TIPH OXHOM AaKTe JeJIeHUs
Appa ggU BozHMKaeT 1,5 azapa %Pu, HaWTH, CKOJIbKO IpPH ITOM
obpasyeTrca IIYTOHMS B TeUeHHE 10 nuei. -

§ 36. SNEMEHTAPHDIE YACTULLBI

IlonHas oHeprus PeNATHBUCTCKOM YACTHILHL:
E=myc’+E,,

rae E, — KuHeTHUYECKAS SHEPrUs YaCTHIH.
UMnynabpe pesasiTUBHCTCKOM YACTHILH |

pe =< Ew(Es+ 2moc?).

IIpu paccMOTpEHHH CTONKHOBEHMS YACTHI[ MOJIE3HO HCIOJIb30BATH
HHBAPHUAHTHYIO BeJIMUHHY :

E’— p?c®— m%c“,

rge E u p — monHaA 9HePrHA ¥ HMMIYJIBC CHCTEMBI, M, — Macca
noxoss o6pasoBaBlueiica YaCTHUIIHL.

36.1. UMmnyascel npoToHoB paBuul 1,0 u 10 T'sB/c (¢ — ckopocTh
ceera). HaliTu X KMHeTHYeCKHe BHEPIUH.

36.2. IToxaskuTe, 4YTO NIPU CTOJKHOBEHHH (POTOHA cO CBOGOLHLIM
3JIEKTPDOHOM OH Heé MOJKET IlepefiaTh €My BCIO CBOIO 3HEPIHUIO,

36.3. B pesyiabTare HeYNPYroro CTONKHOBEHHS penamnncrcnon
YaCTHIBI ¢ KHHETHYeCKO sHeprueii Ek_moc C TAKOI e uyacTueil,
[OKOAINEHCA OTHOCHTENBHO HENOABMIKHON cucTeMBl oTcuera, obpa-
3yercs cocraBHas yacrtuua. Halitu maccy moxos m| cocTaBHON yac-
THUIIBI.

36.4. p~-MiooH uMCHBITBIBAET YIPYToe J060BOE CTOJKHOBEHHE
¢ HEMOABHUMHEIM 3JIeKTPOHOM, HaiiTH KMHETHUYEeCKYIO SHEPrHIO 3JIeK-
TPOHA OTJAYH, eCIM KHHETHUYEeCKAA DHEPrUS | -MIOOH4 IO CTOJKHO-
BeHus E,=100 MaB.

36.5. ITokasaTh, 4TO pOMJeHHe NAPHI JEKTPOH — IO3MTPOH OX-
HUM KBAHTOM BO3MOJKHO TOJBKO B TOM CJIydae, KOIrJa B PeakKiuH
y4acTByeT dacTuUIla ¢ Maccoif nmokosa m; == 0.

36.6. Ilpouecc aHHUTHJIALMM DJIEKTPOHA e ¥ IOBUTpOHa et
NIPOUCXOAUT TI0O cCXeMe:

e~ +et s>yt
HaitT yros MeXXay HaIpaBJeHHSMH Da3Jjera y-KBAHTOB ¢ OZHHA-
KOBBIMU 2HEpPruAMM, €CJIM KMHEeTHYECKasd HHeprus IO3HUTPOHA IO ero
CTOJIKHOBEHUS C NOKOAIMMCS 3IeKTpoHOM Onisia pasHa E, = 0,75 M»B,
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36.7. ONeKTPOH M MO3BUTPOH, MMEBINHEe OJHMHAKOBBHIE KHHETHYeC-
KHMe 5HepruM, pasdble 240 k3B, mnpm coygapeHHH IIpeBpaTHJIHCH
B [BA OZHHAKOBHIX (oToHA. ONpeNesMTs SHepruio Kaxxoro ¢oToHa
M COOTBETCTBYIOMYIO €My AJIMHY BOJIHHI.

36.8. Iloabasyschk ycaoBueM 3afauu 36.7, HaiiTH HMNIYJILC, COOTBET-
cTBylonuil KaxaoMmy ¢oToHY.

36.9. IIpounecc BO3HHKHOBEHHMA  HADH ~ 3JIEKTPOH — MO3HTPOH
TIPOMCXOAMUT IO CHEAyIouledl cxeMme: t R ‘

v+yv—>e +et.

HaiiTu, xakoii ckopocTeio 6yAyT o0jazaTh BO3HHUKIINE 4YaCTHILH,
ecau sHeprusa ¢orosa E=3,02 MsB.

36.10. HOJIBSyﬂCB ycaosueM 3azauu 36.9, HaiiTm mosmyio Ku-
HETHYECKYI0 SHEePIrHiO 3JeKTPOHA M NO3UTPOHA B MOMEHT MX POKJe-
HUA,

36.11. Cxema pacmaga n’-Me30Ha Ha JeTy:

0
Ty +y.
HaijiTu yron Mempay HANpaBJeHUAMH pasjieTa y-KBAHTOB, €CJIH HX
sHeprimu E, u E;, a macca nokosa n’-me3zona m.
36.12. Ilokoamuiica n’-meson, pacnazasch, MPEeBPALIAETCA B ABa

OXMHAKOBBIX y-dorToHa. OmnpeaenuTs 3HEpruio Kaxjoro ¢oroHa.

36.13. CroGoaublii HelTPOH pacmajfiaeTcs IO cXeme:

n—>p+4+e +wv.
HaiiTu cymMMapHYI0 KHHETUYECKYI0 DHEpPrHI0 BCeX 4YAacTHI[, BO3HH-
KalOmMX B INpolecce pacnajxa HelTpona. KuueTuueckoii asueprueit
He#iITPOHA M MAacCO# NOKOA AHTHHEHTPHHO npeHeGpeyYs.

36.14. p~-MiooH mpojerell B HENMOABHXMCHON CHCTeMe OTCYETa
OT MecTa CBOEro POMKAEHHUS A0 TOUKM pacmaja !—=4,6 xkm. Haiitu
cOGCTBEeHHOE BpeMA JKH3HM |~ -MIOOHA, €CJH CKOPOCTBh €ro m;n-
sxenusa v=0,99 c.

36.15. B peaysbraTe CTONKHOBEHHII IIDOTOHOB C Bl-ly'rpenneﬁ
MHIIEHBI0 CHHXDOLHUKJOTPOHA DOMKAAIOTCH n-Me30HBI. CKOpOCTh B
NMy4yKe -ME30HOB, SABIAIOIIMXCH HeCcTAOMIBHBIMM YACTHIAMM C IIe-
puozom moJypacnaza 25,5 uc, pasua 180,0 Mm/c. 3a kakoe BpeMa
pacnajaercs MmojopuHa n-mMe30HoB? Onpejesaurth OYTh, KOTOpHIi
OHH YCHEBAIOT NMPOHTH 3a BTO BpeMd.

36.16. Cpeanee BpeMs *KUBHHK K+-M830HOB (10) =12,3 uc. Haii-
™ CcpeAHHMH NyTh, Nmpoxoxumblit K T-mMesoHaMM ¢  KMHETHYECKON
aHeprueil, koropas B 1=1,2 pasa IpeBBIIIaeT UX BHEPruio IOKOA.

36.17. A'-TumepoHHBl IpoJIeTAIOT OT MecTa POXKAEHHA A0 pacnajaa
paccroauue [=0,7 m. HaiiTu cobcTBeHHOEe BpeMA KHU3HM DTHX dac-

“qun. CuuTaTh, YTO KHHeTHYecKad oHeprus A’-runeponos E.=

=10 I'sB. Macca A’-runepona m=1,988.10"% kr
36.18. DJeKTPOH Mnpollues PasHOCTh NOTEHLIUAJOB U IIpHOGpes
KUHeTHUecKyIo aHepruio 0,76 MaB. OnpejesiuTh CKOPOCTh 3JI€KTPOHA.

36.19. Haiitm CKOpPOCTH 3JIEKTPOHA, €CJHM ero IoJHAd 3SHePrus
E=1,02 M»B.
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36.20. OmpenenuTh CKOPOCTH 3JI€KTPOHA, NPOUIEAIIET0 PA3HOCTD
noTeHnuanos 1,0 MB, :

36.21. dmexTpoH, o6.11anarou.mn KMHETHIeCKOH aHepruei E,=
=300 MbB, Bneren B Kamepy BuibCOHAa M OCTABMJI CJel B. BPHAe
AYTH OKDYXHOCTH. KaMepa HaXoAuUTCA B OZHOPOAHOM MAarHNUTHOM
none mHAykiet B=10 Tx. Onpegenuts paguyc.

36.22. Paauyc KpWBH3HBI TPaeKTOPHH 3JIEKTPOHA M TOZUTDPOHA,
0o6pasoBaHHBIX B KaMepe Buancona doromom sHeprueit 6,00 M»aB,
paBen 3,5 cM. KaxoBa HMHAYKIuSA MArHHTHOIO IIOJS, B KOTODOM
HaxoAHuTca kKamMepa Buiabcona?

36.23. Cunxpoda3oTpoH coobuiaeT IPOTOHAM KHHETHIECKYIO SHED-

ruio 10 I'sB. Bo ckoabko pas PeJIATHBHCTCKAsS Macca NPOTOHa GoJblle

ero Macchl ToKosA?

36.24. B MaruMTHOM noJie IMKJOTPOHA IIOK ACHCTBHEM PasHOCTH
NOTEeHIIMAJOB MEXAY AYAHTAMM MNPOMCXOAHMT ABHKEHHEe IIPOTOHOB.
CxonbKO 0GOPOTOB OHH ZOJIMHBLI CHeJaTh, YTOOGEI MX Macca BO3-

pocina Ha 59 10 CpPaBHEHMIO ¢ MaccOoil HOKOAI[MXCS INPOTOHOB?

Mexay ayaHTaM#d IPOTOHE! IIPOXOAAT BCErga IpH MAKCHMAJNbHON
Pa3HOCTH NOTEeHUMAJI0B, paBHOIl 30 KB.

36.25. B creHKe aTOMHOTO peakTopa HMeeTcs rpaduTOBHIi cTEp-
enHb. O6bAcHUTE, noueMy 4epes TOpel] TAKOrO CTePXKHS BEIXORAT
TOJIBKO Meunennme HEUTPOHEHL, _ :

OTBETHI M PEWIEHMS

1.1. TIpu npaAMoONHHEHHOM ABHIKEHHM Teja W OAUHAKOBOM HaIIpaB-

. JIeHHK
- 1.2, s=5¢, 25 M.
4v|020304 . .
1.3. v102v3+v2v3v4+v.vav,+v|vzv4—9'6 M/c.
14. 10 M/c.
1.5. vo=(s—vit)/t=20 m/c.
1.6. v,=—-(s' —+ == s’)——5 m/c; 02——( —:-:):1,5 M/c.
1.7 t——tltz/(t|-—t2)"_4o C.
- 1.8. to/ti=(v,+v2)/(v2—v1)=1,5. ,
1.9. 8 m/c; 2 m/c.

1.10. ti=s/(vi—v2)=~1 4 14 MHH; t,=5/(v,+ V)=~ 1 u.
1.11. v=tv——v|~23 M/c.

1.12. t=35 (/v —v} sin? a+v2 cos a)/(v?—vi)=1 4 54 mu=H.

1.13. 1,2 m/c.

1.14. v, =-/v**—s7/t=152 m/c.

1.15. s—(c+v)2t/20

1.16. Bropoit 6rictpee B 1/t ="\/(vi+vq)/(v1 —v2)=2 pasa.

1.17. 7 m/c; 11,4 m/c; 9 M/c.

1.18. IIpamas 3x — 2y =12, pacnonoxkennas B mjuockocru XY, ¢ Ha-
9aJIOM B TOUYKE xo—-2 Yyo= —3 (puc. 1).

1.19. 200 m/c; 20 m/c’.

1.20. 410 ™.

1.21. 28 c.

1.22, 86 M.

1.23. —2.

-1.24. 18 m; 48 M. I'padux saBucumocrn yckKOPeHMs nudra OT Bpe-

MeHH npHuBefieH Ha PHMCYHKe 2.
1.25. 12 c; 8,3 M/c
1.26. a=(vi—v?)/28="5 m/c%; t—-—2s/(u|+vz)—2 c.
1.27. a=2s(t, —t2)/tit2(t1 +12) =5 M/c ;
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a,m/c} :
| S
a5k 1 11
g I 1 |
[ T 0 _.L_Lh_o__u_.a.'_n_.'__i._t_rs..l_t._l_?
2 6 8§ 10 x 2 4 6 8 10812 N4 Ns 18120 22 24 tc
-05 [ | I | |
4 1 11 |
-10}- | NN T S |
Puc. 1 ' Puc. 2

_ s@@hite+ti—1t})
=t =2,6 M/c.
1.28. 400 m.
1.29. 10:.

1.30. tzi +L=32c

1.31. vo= %w/g(8h+gt =39 m/c.
1.82. t=2r_ v /% (1)t 6 ¢; 78,4 m/c; 294 m.
. . n g p g n2 ' y v b

1.33. t=-/2 -;’ﬁ =3 c

1.34. Bricora n-ro mapukKa Haj I0OJOM hnf——%nQ(At)z, rge At —
NIPOMEXYTOK BpEMEHH MeKAY ABYMSA yZapaMu. Paccroanue mesx-
Iy ABYMS COCEIHMMM IIapUKaMH h,,—hn__lz%(At)z[nz-(n——
—1)?]. Torga OTHOIIEHHE PACCTOAHUI MEXAY IIAPHKAMH

Boyr1—h, __ 2041
Bn—ho—y  2n—1"

T. €. PacCTOSHMA MeKAY MAPHKAMHM OTHOCATCHA KakK 4YJeHH
pana HedeTHHIX uMces. OTHONIEHME PACCTOSHUN OT LIADHKOB

A0 TIIoJia h;;—:'lz%—zﬂ)ﬂ PABHO OTHOINEHHWIO KBAAPATOB UeJBIX
qyHucea.

1.35. v0=-§-’- =29 m/c.

1.36. 12,4 M/c.

1.37. a=gectga=17 M{c
1.88. Ilapabosna y=2 x*.

1.39. 5,8 m/c; 1 m/c’

1.40. v=1/2gh/2h =~ 200 m/c.
1.41. t=vosin a/g=8 c.

1.42, 76°.
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" 1.51. Dumnc -;ﬁ +44L2 =1.

1.44. 45°.

1.45. y= gxz ; v="vi+2gh=22 m/c; a=63".

1.46. s=2v,t sinZ % 2“2—11 3 M.

1.47. h=v} (tg’ a —tg? B) cos’a/2¢=6,8 m.
148, t="52%tg o —tg f)=1,2 c. |

1.49. a,=g%t/\vi+g°t*=6,9 m/c%

a,,,=‘———-” —6,9 m/c; 45°.

1.50. Oxpyxmoc'rb‘ 24 y’=9; s=3ot.

1.52. 295 m/c.
1.53. 800 M/c.
1.54. Av=i’g—z1,1 M/c.

1.55. Jlo MoMeHTa NajeHHd HA MNICIAAKY AMCK Gymer ABHraThcs
mo napaGoJie, MMes FOPH3OHTAJNBHYIO COCTABJAIOILYIO CKODOCTH,
PaBHYIO CKOpPOCTH TesNeKKH., C MOMEHTA majeHHs Ha NJIOMALKY
CKOpOCTh AUCKA OymeT v,=v,—nanD=—3,2 m/c, T. e. guck
6yzer aABMraThcd B IPOTHBONOJIO¥HOM HAIIPABJICHHH OT TEJICXKKH.

1.56. v=—“——"£L= 6,28n m/c, Tme n — Leaoe YHCIIO.

1.57. n=2%— 2 ——=11 o6GopoToB; (e)———D—t.=—-15,9 c %
1.58. 21 m/c; —1 m/c; 14,9 m/c; 20 ¢ .
1.59. e=%(n2—-—ng)=3,8 ¢ 2

1.60. (o) =2 —2,7.10° ¢™'; () =120 =23.10° ¢=2

1.61. ©,=2(10—1t)c™'; e,= —2 ¢~ % Teso BpamaeTca paBHO3AMEA-
JieHHO U B MOMeHT ¢ =10 ¢ ocTaHaBJMBaeTCH, & 38TEM HAMpPAB-
JleHue BpAllieHNS M3MeHSAeTCHA HA MPOTHBOMOJOMHOe. I'padHKn
38BUCHMOCTH YTJIOBOM CKODOCTH H YTJIOBOTO YCKODEHHHA Tesa
OT BpPeMeHM NpHBeJeHH HA PMCYHKaxX 3, ¢ M 0.

1.62. vmu=%—f£A=7,8 cM/c; a.m_—- A=12 cm/ck

1.63. lc
1.64. x= 005sinu(t+025)
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1.65.
1.66.
1.67.

1.68.
1.69.
1.70.

2.1.

i NP
N ke

2.8.
2.9,

2.10. s——(mg—— m\)g
2.11.

1234 5tc

®

Puc. 4

vmx=gT1A='9,4 cm/c; amax=%2A=0,29 M/c% o= —90°,

Qo= 15°.
1 1 vl
vmnx———z——iz———z 9 M/c, Amax = —E—R— =169 M/C
x=6,8 sin (2nt — 72°50’).
0,5 T'n.
x’+y*=4. JIsuKkeHMe NPOMCXOAUT IO KPYry IPOTHB 4Yaco-
BO# CTpeJIKH.
162 H; cMm. puc. 4.

=D\ /2L '
. v=D o ~ 330 M/c.

. 1 kH; 0,01; 2 m/c.
. 0,2 m.
. s=v3/28(n cos a+sin a)="17,7 M;

t=uvo/g(n cos a +sin a)=1,5 c.
b= (vy'— 2sg sina)/2sg cos a =0,16.

. Bpemss cnycka 6osplie BpeMeHHM NOABEMa, M KOHEYHAd CKO-

pocCTh IIPH CIIyCKe MEeHbIIe HAYAJBHOX CKOPOCTH IoAkeMa B

n— /sina—{—ucosa —1,5 pasa.
sin o — | COB &

p=v’/2gs=0,64.
F= ung/(cos a+ psin a)=10 H;
a=pmsg cos o./ (2 m, -+ m;) (cos a4 p sin a)=0,35 m/c.
t*/2(m, 4 my)=0,98 m.

a=—-— —g=2,2 m/c.

2.12. F,=F1/L=100 H.
2.13. s=-—1—(g—a)(sin o—pcos a)ti=1 M.

2.14. a= m.(sma-—-ucosa)—mg(smﬁ ueos f) =47 M/c

mi+mg

2.15. a=(u cos a —sin «)g=1,3 m/c%
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: 2
s=vot + (Lo e 28 _ 160 m.

2.16. s [F(cos o+ p sin a)—pmg] 24 M.
2m
2.17. a=%(cos a+psina)—pg=1 m/c’.
2.18. x=(sin &+ p cos a)l/(1 +sin &+ u cos a).
2.19. 0,2. * )
2.20. 1,5 m/c%
2.21. F= 4m1m2g/(m1+m2)—26 H
F= 4m]m2(g+a)/(m1+m2)—34 H.
— g Myt mims—4moms _ 2
2,22, a gmlm2+mlm3+4m2m =0,58y m/c".
2.23. a ="TRETIME__ 6 9 /o2,
my— @ity
2.24. a=g tg a=5,7 m/c%

2.25.
2.26.
2.27.
2.28.

2.29.

2.30.

2.31.

2.32.

2.33.
2.34.

F=m-/a®*+g’=1,4 H; 45°,

mg sin 2« 2
g=——8 _SW2x
2 M+ msing 2 m/c”.

vo> \2ugl(l + m/M).
2 2
x=(Zm ) B 0,54

my+mz

ac=(u)2g= 1,1 m/c%

m+my
s=m1+m2l—1 M. .
l-mh 5 cm.
h—u—t-l 7 Qt~—?——65 KM.

&

Q=l%’e 4,
v="7ln 6,2 u/c.
p=4n’n’R/g=0,1.

2.35. v=/uRg=24 m/c.

2.36. v=-/gR/3=10 m/c.

2.37. T=2n-/lcosa/g=

- 2.38. h=I(1—F/3mg)=0,26 m.

2.39. 2 c. ’ ( )

.40. —._ 8(cosa—psina . .

2.40. xui m"’sina(sina—ucosa)—o 19 w;
Xpay = £ (cos o +p sin &) —=0,42 .

o? sin o (sin o+ pcos o)

3.1, A—sm[g(sm o+ cos oc)—i— 2£1=170 IOx.
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3.2. A=%’ (8t —v)=160 Ix.

3.3. N=mgu(sin a+p cos a)=26 xBr.
3.4. N==mg(gt— v¢sin a) =440 Br;

A=mg(5ﬁ—vosin a)=1 kK.
3.5. A=sm(a+ g sin o+ pg cos a)=44 Mllac.
3.6. N_l'!-’-'(g+ ) 4,1.10° Br.

8.7, A=smg(sin o+ p cos a)=4,4.10° IIx;
N =mg(sin a 4 u cos a)v =3,3.10" Br.

3.8. N= 2y (kg+ ) — 350 kBr.

39. A= ’"23" (Z—1)=2 Ix.

! 8.10. 12,7 &/Ix.
3.11. v, /vy=/2p sin 200 =0,2.
3.12. A=Fsi’;a=100 . Oana wacts paborel moiiaer Ha Harpe-

BaHME TeNa M HaKJOHHOH IJIOCKOCTH (A, = pmghtg o =26,8 x),
Apyras 4acTh — Ha yBeJudeHHe NoTeHUHanbHOH (E,=mgh=
=19,6 ) u xunermueckod (Ex—A—E,—A,,=73,6 Ix)

BHEPruit Tesa.

3.13. cosa—l——l‘;"v =0,898; o~ 26°.

3.14. N=pghQ=2,9 I'Bt, ri¢ p — MJIOTHOCTH BOJAHI.
3.15. E,= mgh(l -+ pctg o) = 23 Mx.

m
3.16. 1 ~HMim

3.17. 1) v|=(m2-;ml)-\/2gl/(m|+m2)=3.8 M/c;
v2=2mn/gz/(m,+m2)=-,2,5 M/cC.

2) v=mn\2gl/(m, +m2)=1,3 M/¢;

n=mz/(m 0,8.
8.18. AE= mn?nz(v:iz'zii)/z(m.+mz>—120 Hoxe.

3.19. m;=-2=0,2 kr.
3.20. v=m ‘\/2gh/M(M—m).

8.21. M= m(1+v2/2gs)_192 KT,
322 N=mg*t=96 Br.

3.23. 1) vo= \/gR(3sin o — 2) = 2,4 M/c

2) vo="\/gR [(3+nu2_..‘2-) sin ¢ — 2] 2,5 m/c.

8.24. @Q=3ar pgh mg(h—l—hn)"'zz L.
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3.25. I=muv?/2[F(cos f+  sin ) —mg(sin o+ p cos a)] 0,32 M.

3.26. Bpems naaenns.

3.27. Iipu coofmieHMM mAapy CKOPOCTH, HANpABJIEHHOH BePTHKAJBLHO
BHM3, €ro CKOPOCTh B MOMeEHT mnapgeHus 6yzer Goawwe. Cko-
poctu 6puim GnI OAUHAKOBHIMM B OOOMX cJaydasix, eciu OHl He
CKA3KIBAJIOCH BIMAHNE TPEHHSA O BO3AYX.

3.28. BaBucHT, TaK Kak IpPH H3MEHEHWH CKODPOCTH NOXHEMA 6yne'r
cosepIaTbeA pabora He TOJNLKO HA yBeJMU€HMe NMOTEHIHABHOMN
aneprun, HO M Ha CcOO6IIeHHe TeJy yCKODeHHS.

3.29. A -_-2——p,mgla.
3.30. —1,4 m/c.

3.31. At= 21';"’ sin 2~ =0,045 c.

3.32. azﬁ——-%ﬂ=0,15 M/c?, rae p — MJIOTHOCTH BOXEL.

3.33. vo="/pg(2s+ pgt?)=3,7 m/c.
3.34. v=mv,/(m 4+ m,)=1,6 m/c.
3.35. 44 m/c.

3.36. vo=M-/2pgs/m cos a =970 M/c.

3.37. s =(2vo co8 o — )8, + 3v vy cos at =19 M.

2(vo co8 o 4vy)

3.38. v\ =[Mv+m(v+u))/(M+ m)=5,1 m/¢c; v2=v=5 m/c;
. _Muv+mv—u)

V=" m =4,9 m/c.
3.39. v|=—v27—-M+2 v=3,3 M/c;
v’=—v{,-M+ v=3 M/c. .

3.40. F—m/2gH /At —20 xH.

3.41. M= —1o?+11?+2i5 (H-m); M=15 H-m; M,=2 H-m.

3.42. L=mv;sin’ a cos o /2¢ =14 kr-m?*/c.
3.45. v.=0,33 M/c; w=0,3 pan/c.

3.48. L ———;—mgvo cos at?
3.49. AL = — 15 xr-m?/c.
4.1, I=37—mR2=0,07 Kr- M2,

4.2. 6-10°? KP-M2.
4.3. 9,8.10°" kr.m?,
44. I=mR%g—a)/a=4,4-10"2 kr-m>.
4.5. M=nnmR?/t=0,38 Hwm. '
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4.6. a=‘(m2—m1)g/ (m1+m2+—2"1>=1,8 m/c%;

s=(m2~rﬁ1)g/(m1+m2+—;"~ >R=18 c %

__2R hmg ‘=
- 4T V=" _\/——m,+2m 21 m/c.

4.8. t=-"2_[r(my+2m;)+2m R*]=21 c.
msgr

4.9. s=m,g(sin o —p cos a)t’/(2ms+ mi) =2,6 m.
4.10. s=&v§/4g sin o =17,5 m.

4.11. v=7f—gt sin . =5,2 M/c.
412. N="Re _ 4 yBr,

41
4.13. Ek=i’—mv2=6 Isx.
4.14. 16 xx.’

4.15. M=“'"t”R —14 HM, A=21’n’mR*=36 xI[x.

_ 2’ (m, _
4.16. N..—?—(2 +m2>—190 Br.

4.17. AE=21’n’R*mm,/(m,+ m;)=16 Ix.

4,18, Ilpu CKOJNIbKEHNH 6e3 TpeHus ckopocTh Gonpme B 1,4 pasa.
4.19. s=1,4h/sin’c=1,4 m.

4.20. n=3Fl/4nMgpR.

421, o=1@tee__gg o—1
p1+p2

4.22. 49 H; 98 H.
4.23. F=2mg cos —;—=85 H.

4.24, m,="Telcs g —psina)ypm__g 6 o
cos @+ 8in a,

4.25. 1=2a/1 —m’g*/4F*=0,94 m.
4.26. 21 H -

4.27. h= 0 3 m.
tg

4.28. F,=3,7 kH; Fz=2,2 xH.

429, F=F:tga=11 H.

4.30. p=1.

4.31. tg 9=2p; ¢=31°.

4.32. 1,5-10° kr. '

4.33. xp=0,12 m; y,=0,058 m.

4.34. IlenTp Macc cMelleH B CTOPOHY CBHHLIOBOM 4acTH Ha PACCTOSHME
_. 0,25 M oT reoMeTPHYECKOr0 ILEHTPA CTEPIKHA.

4.35. Ilentp Macc cmemed Ha 0,01 M oT LeHTpa AHMCKA.

- 4.36. h<<2R.

5.1. h=2mv?/nplgd’=31 m.
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5.2. F=V[(p:— p=)€+p.a]=31 xH.
5.3. n=mgS hin/SsNt=0,54 (54%)
5.4. Mep;m.m, V= pp— Pa/PuPa =102

5.5. Vi =(pps— per)/ (0 — )V =0, av.
5.6. m="1l0—np:—ples _
(p3— p2)p1 2,7 kr, rge p: IIJIOTHOCTb BOJAHI,

f3 — IJIOTHOCTb IPOGKH.
5.7. p=ph(g+a)=2 xlla.

5.8. m=poV(p1—2p)/2(p2—p1) =17 r; T=¥(p,—2p2)=150 H,

rge'p, p1, P2 — NJOTHOCTH NPOGKH, BOAHR M Kesie3a COOTBETCT-
BEHHO. '

5.9. T=pgl 2oL
8;—8,°

Fi _ [ 2gth+vl\’
5.10. fr—(J2htvl) _35 paca.
5.11. 0,5 m.

5.12. v w/2gh+a =4,6 M/c, ve="\/28h—al=4,2 m/c.

5.13. =2—h 2gh=7-10‘4' M /C.

5.14. Umex = V 2(g+ A)h——]- 5 M/c,
— / 4’
Upin = 2(g_‘f'2' A)h=1,3 M/C.

5.15. F=-/2Q%/pS=14 H.
5.16. F— —P—“’ > —63 H.

5.17. F=Cx 5 Y—=3,7 kH.
5.18. N=[p,mg+9-(v'—';-9ﬁ]v2=2,2 KBrT.

5.19. N= &2_ 140 xBr. ,

5.20. 0,9

5.21. v=1/2Ap/(n —1)p=0,5 m/c.

5.22. N=2 I:,m = 2,2 Br.

5.23. 60 KJIJK.

5.24. n=2r’g(pe:—0,,)/90=1,6-10"2 &r/(m-c).

5.25. r=-8Inv/npght=1,4 cm.

5.26. 4,9 H.
5.27. 0,15 m/c; 3,3 m/c.
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: — 3 9,"2R'e _ .
. 5.28. r= V4zpu(p"——pu)_1’4 MM

GSM;;__
5.29. F~ Rt h 470 MH rae

M;, R3~—,Macca U pajgmyc
3emau, G — rpaBHTAUHOH-
HAA NMOCTOAHHAA.

5.30. p=(pihi+p2h2)/(hi+ hy).

6.1. v=/2gstg a =20 M/c

6.2. a=gtg a=>5,7 m/c’. Puc. 5

6.3. B cucreMe oTcyera, CBA3aHHO# ¢ HAKJOHHON IJIOCKOCTBIO, K
TeJy NpHNOKeHW 4 cuasl (puc. §): cuna vaxectn P=mg,
cusa uHepuvuy F,, = ma, peakuusa onophl HAKJIOHHOHN IIJJOCKOCTH
N u cana rpenusa F,puu(l"",n-}-P”), rge m — Macca Tena, d —
yckopenne HaKJOHHOH miockocTH. HauMeHbIlee 3HaYeHNe YCKO-
peHMs HaliieM M3 YCJIOBHS, 4YTO CyMMa IDOEKIMH 3THX CHJI
HA HANpABJEHWe, NapajijieIbHOe HAKJOHHOH IIJIOCKOCTH, paBHA
Hyno, 1. e. Fu,=F,,+P’. Yunreirag, uro F,,=ma cos a,
P'=mgsin a u F,,=p(ma sin o. + mg cos o), noaydnm:

a=(sin o +p cos a)g/(cos o — p sin o).

6.4. 1) M=gsina—ac«?sd =0,07; 2) =acosa+gs.ina=0’3.
gcosa+asina gcoso—asin o

6.5. s-—-(cos a—u sin @)t2=0,57 m/c’
6.6. p= “’R =0,2.

6.7. 69°50'

68. v=(R—1)g/pn=15 m/c.

6.9. v'=-;i\'/l?—l§=0,49 M/c.

6.11. v=0wR?/s=20 M/c.
6.12. F=380 H.
6.13. AF =4mvw,, rde wo — YraoBag CKOPOCTh BPAUIEHWS BeMJIH.

6.14. 3=—0)()h‘\/._cos (P—3 CM.

6.15. =-—u)—9-cos =4 M.

6.16. 2°10’
7.1. O6paTibie npeobpaszoBanns JIOPEHIA MOMKHO MOJYIUTH COTACHO
NPUHIUNY OTHOCHTENBHOCTH WM PeUINTh CHCTEMY YPaBHeHHi

npeo6pasoBanna JIOpeHI]a OTHOCHTESHHO HEINITPUXOBAHHEIX Be-

JIKYHUH

’ ’ 2
x=_x.:_ﬂt_._; y=y’, z:z’ t——i._'__(lM.
Vi—v?/e? '\/1 —v¥/e?
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7.2 ll—lo V1—v?/e? u ly=1/1—v?/c? otryna lo——-\/l;lz-—-4 24 m,
v=c\1—1/l,=212 Mm/c

7.3. AD=Dy(1 —+/1—v?*/c*)~ 12,7 cM, rze Do — cpenHuii guameTrp
3emnn.

7.4. Bpema Teuer B caMoJjieTe MeJJIeHHee Ha 5 AeCATHMHJIHADAHBIX
nonell NpoueHTa. DTO COOTBETCTBYET OTCTABAHMIO YAaCOB IIpH-
meprHo Ha 1 ¢ 3a 10 000 xner.

7.5. Ha 69,4 roaa. _

7.7. llyers u,=u,;=0, u,=c. Torga u,=c, uy=0, u,=0.

7.8, u;=-SEZ ¢,

1+°—:,

7.9. Ckopoctd U, vV M u, OAUHAKOBO HANPABJEHBl BAONb OXHOI
npamoii. Toraa ux=—";—“ti,—z 2,93.10% m/c.

| 14—~

7.10. 0,5 c. ‘ |
TAL (ctiz) —(AxP=(ct})’ — (Ax') Ax'=0;

tia=/(t2)* +(Ax/c)’ ~/25 + 400 = 20,6 roaa;
304+ 20,6 =50,6 roza.
12. B 22,4 pasa.
.13. B 1,2 pasa.
14
1

. 299,97 Mm/c.

7.16. E-*—114 koB; EP™ =175 kaB.

7.17. 0,15; 1,58-10 % xr-m/c.

7.18, 298 MM/C

7.19. 1,11.107 ' k

7.20. IIpn MaJbIX cuopoc'rax ABmxeHua (v/c)< 1. Torpa
1

1 ~ l_i = of L — 2
- ’ 1+2 p u E, moc( P 1)-—mov /2.

8.1. 0,04.
8.2. F=ESd(t—ti)=2,5 xH.

8.3. d=d.,(1—u“—’)=5 -
AV _4F(1 — —2u) __

7 o =0,001.

. l=pm/pg 9 KM.

. g;=pl(g+a)/E.

4

5

6. 0,5.

. a-—(pm—-PEl)/Pl
8

9. p‘=__‘L——17-—0,35.
N |

0. d=22Ml/nGy=3 mMxm.
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8.11. ¢,—=1/24/ESI—=0,001.
8.12. w=EeY/2=100 x/lx/w’.

8.13. x=m]mxo/2F=0,1 M.
8.14. F=mg(1+-/2h/x9+1)=6,5 xH.

8.15. F=mgs/x=288 H.
8.16. h=ESAI’/2mgl=236 M.

8.17. 1,8.

8.18. x="[g+/a(2¢—a)].
9.1. E,=15 mx[x; E,=47 mx[{mx; E=62 mx]lx.
9.2. 9,8 r; 0,02 c. '

9.3. A=-‘;’-=o,02 M.
9.4. B 10° pas.
’ =1 1n4° —08 ¢!
9.5. [3_2 lnA =0,8c™ L.
9.7. 3amepaurca B 1,003 pasa.
T| 4» a 2
9.8. n=i—= V1+<-;—) .

2

9.9. k=4n’mv?=200 H/m.
9.10. T=2n/Ax/g=0,28 c.

9.11. v=21—1/ﬁr£2§%:91_“ﬂ=0,7 I
n

9.12 v=— \/Z._eiiﬁ_s__—iwﬂ—=o,23 e

2 2k  sin p+sin (z—B)

9.13. T=2u\/(m,+m2)/Sgp=0,9 c.
9:14. v=-/4km —r?/4nm =25 I'.

_1_ [ 3s0—24) 0,92 T
9.15. v= 32 VP st 3
=3 C.
9.16. T — 2 [ I 3(mr f ma)1/68(m2— ™)
9.17. T=2x+/2/3(g+a)=1,1 ¢

9.18. v=y-/2¢/3R=1,8 Itk

9.19. T =2n/ml/4Mg=0,16 ¢

9.20. T= 4:{_‘,1 PR ___ 39 ¢,

15G
9.21. 0,03 m.
9.22. T=2n/ph/6g=180 c.
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9.23.‘ TA= 20 \/mime/(mi+ mo)k.

9.24. Teno pocruruer ToYKu B 6bicTpee B TOM ciydae, KOrza OGymer

CKONBL3UTH 1O MOBEPXHOCTH CepHl.

- 9.25. Tloouepexno mogBecUTh TPY3Bl Ha NpYIKHUHE, ONpeNeNUTDh IIe-

pHOZH ux Kouebanmii ¥ ONPEAENHT> HEM3BECTHYI0 Maccy IO

T2
dopmysne: m = mzi,-;— .
2

9.26. 340 m/c; 0,4 Mm/c.

19.27. 0,11 m.

9.28. 1,5 m/c.
9.29. B 1,5 pasa.
9.30. 1600 m/c.
9.31. 1160 m/c.
9.32. 1400 m/c.

9.33. k=£%’i=2,1 I'Ma.
9.34, F=nplld?v?=45 H.

9.35. v==2-/E£-129 m/c. -

d np= )
9.36. v=1/FI/m =200 m/c.
9.37. Av=v—2~\/F/np=1,3 I'.

9.38. 5700 m/c.

9.39. v=v/21=170 T'u.

9.40. v=uv/41=250 T'n.

9.41. 10%; 1 Br/m% 10 mBr/M’.

9.42. 140 aB. \

9.43. Av=2vv/(c—v)=0,42 xl'u.
9.44. v’ =[(c+v1)/(c —v2)PPv=>51 klu.

9.45. vi= —0.)=560 rm; vi—v(c —1)/(c+v2) =443 T'ri;
:él= \Y((:-_l'—_:;))//((:—'— vgl))= 564 I'u; vil,’ =v(c— vlz»)/(c +v9) =446 T,

9.46. u=v(to—1)/(To+ 7).
10.1. 570 kM.

10.2. h=-/gRT?/2n’—R;=235,8 Mm.

10.3. v=-/2GM,/R,=2,4 xm/c.

' 10.4. 10° m/c.

10.5. x=54 R;=344 Mwm.
10.6. v=\/GM./r=29,8 xkm/c.
10.7. p=3g/4nGR3==5500 xr/m’.

'10.8. My =4n*(R3+h)’/GT*=6.10* xkr.

10.9. v=-/GM;/r=1,02 xm/c.

10.10. v= /2GM3/R3=11,2 kM/c. YrazaHue:

3aKOHOM COXPAHEHUS JHEPIHH.
10.11. Ha 0,002 ee macchl Ha yposHe MOPSH,

BOCHOJIB30BATHCH
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10.17.

11.1.
11.2.

h=0,41 R3=2,6 Mm.

- 10,12,
10.13. 60 mrM/c’.
10.14. 197 I'm.
10.15. v=2%="__—30,3 km/c.
ri+4re
10.16. A =mgr;=310 TI'dx.

Her. TIpu 3anycke COyTHHKA Ha opGHTY 6oJibinero paguyca
ero’ KHHeTHYeCKas SHEpPrusi yMeHbilaercs, HO YBEeJIHYNBAETCH
NOTeHIMAabHAA DHEprus, U cymmapHas pabora, Tpebyemas ais
34MMyCKa CIIYyTHHMKA, pacreT.

10.18. p=%nGp2R2.

5-.10'? aTomoB.
Ha 1,9-10'° monexys.

11.3. 2,3-10% uacrui.
11.4. 3,3-10'° aTtomos.
11.5. 1= MM 0,33 wcm.
11.6. An= —1,22-10% monexysn/m®
11.7. Ap= —4 xlIla.
11.8. 9,8 xIla.
11.9. N=N——21 ___ —0,98N.
l M
1+V 3T
—glpV_ /M __
11.10. =6 oS 3RT 2 MuH.
11.11. Ecau np, = Ny,
TO -ﬂi‘-z Mﬂ"_— =——1—__’
NHe MOg 2v2
a ecyu Mo, = My, ,
NO‘I MHe . MHe p— 1
To NHe - Mﬂz MO? - 16'\/5.
11.12, 2,4 MIx.
11.13. 1,5 x]lix; 0,6; 0,4.
11.14. 1.5 k.

11.15. 8.2 xJix.
11.16.

e.) 1

(e) =8(N—1)kT=1,24-10"" JIx;

N -— YUCJIO &TOMOB B MOJIEKYJIE.
11.17. T, =T +M" —335 K.
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5R

(e) ~ 2(N—1)

=1, rze

6

P i 3, v ﬁ 2 2h
. Y, 3
0 T o i 0 rl
Puc. 6 Puc. 7
PA 2h A
3 2 3 72 3
-
e T e T
Puc. 8
11.18. Cm. puc. 6. PrA 3 A 3
11,19, Cm. puc. 7.
11.20. Cm. puc. 8.
11.21. Cm. puec. 9. v
11,22, Cm. puec. 10.
11.23. M| > M,; /
m,<mo. ! — 2 /7 2
11.24. Cum. puec. 11. - -
v 0 T
Puc. 9
Ak 3 Ph 3 P !
My My
M 2
/
2 4 72 4 /7
0 7 0 > 0 T
Puc. 10 Pue. 11
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11.25.
11.26.

11.27.

11.28.
11.29,
11.30.

11.31.

11.32,
11.33.

11.34.

11.35.
11.36

11.37.

Ap>0; AV <<0; AT > 0.

0,15 em.

h=2P_ 20,6 m.

0g
625 K.
300 K.
0,10 zm®.

n=‘—,——-50

n=Ink/In[(V,+V)/Vol="T1.

5 am®.

7

“"Bapomerp 6ymeT AaBaTh MpaBHJAbHBEIE MOKA3AHUA.

99,8 klla.

h= hoT:’;

_——
v umgcosa_‘_\/ umg003“> +1=1,2.

_—1E—-—. Ecn —;—(h —ho)< Loy
lo—l—? (h—hy)

T0 h~ hO{—= 13 cm.
0

11.38.
11.39.

11.40.
11.41.

11.42,

11.43.
11.44.
11.45.
11.46.
11.47.

11.48.

11.49.
11.50.

11.51.

11.52.
11.53.
11.54.
11.55.
11.56.
11.57.
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B 10 paas.

MV _
Am=ﬁ Ap=94 r.

0,43 kr.

0,028 xr/moJs. ‘
p=MPo=D)_ 17 r/nm’

R
1,2 MIla.

0,040 xr/mous.
0,029 xr/moxas.

1,2 m®.

24 r; 40 1.
=P mEtm™m _ 094 xr/m.

my

— ~[KE)
S‘?“") = \/ - 9,40 KM/cC.
0,35 mm/c; 0,32 mm/c.

B 3 pasa.
1000 K.
0,2 km/c.

0,60 xMm/c.
0,42 ¥m/c.

11.58. 550 m/c.

11.59. 645 m/c; 1,29 rm/c.
11.61. 1,9%.

11.62. 4,49%; 3%.

11.63. 1,07.

11.64. 5,53 m.

11.65. 94,6 xIla.

11.66. 1 xMm.

11.67. 79 xIla; 2,0- 1025 =3,
11.68. 4,2 mm.

11.69. 123 xm.

12.1. 64 Twm.

12.2. 0,4 MEM.

12.3. 4,7 Mm.

124 Ay =2 MY __ _ 0,21 mxm.

\/-ndﬁmNA

125. p=—M 14 mr/m’.
Vand?*(AyN,

12,6, (v,) = ~\/DENLDA) 0 41 gen/e.

12.7. 94,8 mlla.

12.8. Bakyym Beicokuii, Tak kak (i) > (76 Mm> 0,6 m).

12.9. p< 23,8 mlla.

3
12.10. p<< \/———94 MEr /M3,
\fndw
12.11. (7:)---4‘12 -\/ N

—=0,83 MKc.

12.12. <r>——-§2—*p*-22;%3/ M =20 me.

— 2 aNa — —1
12.13. (z)=4d p‘\/——MkT 4,7 Te™ ',

12.14. (z) =22 /2 _0 920 Tc!,

{(A) 3n
N /] 8RT __ ~1
1215, (2) =—8ts /=59 Te™.
8RT —1
12.16. (2) =H5\[ 2L —23 T

2
12.17. z=2v(§—;) V%— —2,6.10%2 ¢!,
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12.18. zo=p-\/ﬂ1%’—e?=3,8-10‘6 em 2.

12.19. YBequn'rcn: 1) 8 4 pasa; 2) B 2 pa3sa.
12.20. 92 mm*/c.

12.21. 14 mm’/c.

12.22. 89 mm’/c.

12.23. 15,4 mm?/c.

12.24. YBesuunrca 8 2 pasa.
12.25. 20 mxlIla-c.

12.26. 14 mm2/c; 17 mxlla-c.
12.27. 0,19 uMm.

12.28. 20,1 mklla-c.

12.29. 69 K.

12.30. p=>2 Ila.

12.31. x=i—--R—n=3,78 MBr/(M- K).

12.32. x= =17 mBr/(m-K).

3m‘l2
__2x 2% M3,
'12.33’: n—lD =3,5-10 .

12.34. p< =1,7 Ila.

\/End’l
18.1. a) Cy—3/2R, C,=5/2R, y=1,67;
6) Cp—5/2R, C,=T/2R, y=1,40;
8) Cy="T/2R, c,,_9/2R,y 1.29;

r) C,=3R, C,=4R, 7v=1,33;
) Cy=6R, C,=T7R, y=117.
13.2. 5.

18.3. 0,032 xr/moub.

13.4. ¢,= (—Y—J—l)—T—-l ,0 k]l /(xr-K);

cy = ——-—-—-——(V =0,74 xJx/(xr-K).
13.5. 1,38.
13.6. 2 moie.
13.7. ¢,=1,7 xllx/(xr-K); cv=1,2 kIl /(xr- K).
13.8. 1,2 glx/(xr-K).
13.9. 1,0 xIx/(xr- K), 0,72 xldx/(xr-K).
13.10. 1 4.

13.11. 1) C=CV+12*— . 2) C=Cy—R.

13.12. 0,40 w]x.
13.13. 0,004 xr/moib.

=X . Y. _1)\= .
13.14. Q=1 oV (7 1)=4,8 xllx

208

PAT S v Pk eSSy oy

7
e T T
Puc. 12 ’
13.15. 586 K; 4,6 MIla.
13.16. 7,5 x]Ix.
13.17. AF = ﬁ?d—‘-?:—l— =53 H.
13.18. Cm. puc. 12.
13.19. 382 K.
13.20. ~ 180 K.
13.21. A;>A;> A4, rpe A§ — pabora, coBepumraeMas rasoM IpH
aguabaTHOM IIpolecce.
13.22. Ag>Ar> A,
13.23. 0,33 x]lx.
13.24. 0,6 x]lx.
13.25. 1) 980 II:x; 2) 245 x.
13.26. —0,19 MIx; —0,68 M:x.
13.27.-1 u 2 — pacreT, 3 — nocrosuua, 4 U 5 — yﬁmnae'r.
13.28. Cm. pme. 13.
13.29, A{> A} AU =AU;; Q> Q..
13.30. A{>0; A5<CO0.
18.31. 520 Ox; 312 Tax; 208 I.lxc
18.32. 3/5; 2/5; 5/7; 2/7; 8/4; 1/4.
13.33. 1,6 xIx; 2,25 xx.
13.34. AV = 22” =8 am®.
13.35. 977 R 5,4 MIIa, A= —AU= —1,5 xIx.
18.36. 2,3 m°.
13.37. AU=2V2=PVi_ 1 3 pix.
vy—1
v P U v P v
4
S R)
7
//
, .’
@ T 0 K
8—4719
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13.38.

13.39.
13.40.

4)

13.41.
13.42.
13.43.
13.44.
13.45.
13.46.
13.47.

T MeViopE) =496 K.
. -p)(V. VImR

1,0, @+>0; A4 <0, Qfs‘<0~ )
lf)"v‘/vléz; 9) T.~222 K; 3) Q=148 it
p-;-——-0,5 MIla. :

0,84 MJIx.

T,-=313 K; V,—45 qw’; T, =519 KV, =T4 .

Cm. pHc. 14.

. 0: Ajy -0, AL<20, AL <O,
. 15, A’,/O, A;[ /"0, A“<\0, A.H<
g:ll. g:ll((;. 16; \[I]u =0, \U,;‘—"—O, \U2‘§<0, AU“,>0"

=Q—(p2— D) & -V ) .
%] Q =36 rlix, \U=30 xJlx, A, =6 KJI)K‘,
2) @ =34 rlx, \U=30 xllx, A,_—=4 KJK;
3) Q=32 kX, \U=30 Ik, A =2 wJx.

13.48. A'=0; A’=21 gllx; A= ~ 15 ll%.
_ __mghR_ 1 _-306 K.
18.49. Tpox =T [1 + T C‘]
pot2E -
Spop2 8 yo2y, B L
13.50. T=5—T”+ 5 R v 5 r 5 pu“’%g
1 . — D
1351, T.=T—— p.=—Lp—
L+e, 2(1 v ac, )
v Tl J:
Y X 2, 3 |4
|
| -
- / 4 |1
Ank; z
A I -
0 7% LT 0 D 0
Puc. 14 Puc. 15
7 p) /
4 . {
! ' ‘
/ 2
/
3 ) 7 T
> A .
/ T 0 T
Puc. 16
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13.52. 482 K. -
13.53. 30 m/c. '

13.54. 1,16; ~ — 3,75 MJx.

13.55. 595 K; 0,62 MJx.

13.56. 1) C= —21 % /(mons-K).

2) @=21 M.

3) A—42 Jlx.
1857, 1) n=—1; 2 C=5 . 1ll; 3y \w-RRh
4) A’=12p\V\.
13.58. 767 m/c.
13.59. 398 K.
13.60. T==YvM__ 4 54 K.

2yR

1

1362 T.=T, (&) =119 k;
P

v= 3}—1%—[1 - (’%Y\“i =1,37 xu/c.

RN =
1363. =e 7 T =126
13.64. 3,5 xK; 749,. '

13.65. T..« 6ymer B KpuTUUecKkoit TouKe, B KoTopoit v O):

T =T (14152 MY,

2y RT
13.66. F =pv’S 4+ ps=81mRT | g S8imRT
oS TR osw T PS= M "Ae M — wonspuas
Macca BOAAHOTO napa, ¢ — MIOTHOCTL Napa. BTopo#t uiieH B BHL-

PAMKEHMA A CUNBL TATH MAJ MO CPABHEHMIO C TePBHIM W UM Tt
pu
PACYeTAX MOMKHO MpeHebpeub, TAK KAK MaJio
BBIXOJSIIEr0 U3 Coma. Aape b e,
13.67. 0,907 MH.
4l weros g > a5y,
14.2, M2 w1 >Ny 2 54 ,.
14.3. 199,
14.4. 364 K.
145, 1/3.
- 14.6. B 2 paga.

147, T
7» m TQ‘ 1,4.



14.8. 0,26 MBr.
14.9. e——'l— 4.

14.10. 7,6 xIx.
14.11. 1,06 M][Ix.

14.12. Q=P1+enpt+ Ang, riie p — NIOTHOCTh BOZBI, ¢ — YZAEJIbHAA
TeNJIOEMKOCTb BOAbI, A — yAeJbHAS TeNJIOTAa NJIaBJeHHA JIbAA.

14.13. @=P (1 + )t =35 MIx.
14.14. 5%,

14.15. 249,.

14.16. 95 gm°.

14.17. —0,18 x]Ix.

14.18. Ilocrpoum guarpaMMul nponeccoB I —2—3—1wu 1 3—4—1
' B XoopamHartax p, V. N3 pucynka 17 BHAHO, 4YTO NJOIIAAbL
durypm, orpannuenxoil rpadpuroMm muraa I —2—3— 1, 6onsue
mionazu  (Urypsl, OrpaHUYeHHOM’ rpaduxomM IUKJIA

.1—3—4—1. 310 o3Hauaer, YTO GOJIBILIYIO paﬁo'ry ras cosep- .

waeT B npouecce | —2—3—1.

14.19. 83 xIx.
14.20. v,/n,=0,7.

14.21. A=R(T,+T3—2~\T\T)).

14.22. 179,
14.23. 1) T''=335 K, T,=3891 K, T,=362 K,
) V2=86 }[Ma; -

2) A'=1,28 x[x; p

3) @ =721 xflx; T {

4) n=2%:;

5) nn=21%. .
14.24, q=_10(@/p)—(1—p\/p3) =99,

In (p2/p)+(A—pi/p2)/ (3 —1) 4 E]
. Wy
v [ ) 0 )V—

14.25. 7]'—'“1—-———(-?2—)——-—]-:9%. » Puc. 17

— —1
b

14.26. ni>n N T||>T]2, rae n1=%, ,n2=%! m — Rnﬂ LuKJIa
1-2_3--4--1,-7.2 — KIJ umkna 1 —5—-6—7—1.
1
1428 459,.
14.29, N > 1.
1430, =1 -_F =1
S ! w1y
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14.31. n=1 —-—fl'__r'

14.32. n=1/12.

1433, 302 K.

14.34. 1) 1,7 Ix/K; 2) 2,9 lIxc/R
14.35. 29 IIx/K.

14.36. Ilpu nao'repmuqecrcom cIKaATHH 'remnepaTyPa He M3MeHsIeTCs,
a npu aanabaTHOM OHA yBesHuuuBaeTcA B 27 pas. dna o6paru-
MBIX NPOLIECCOB IpH aAHAGATHOM COKATHH BSHTPONHS He Me-
Haerca (S =S;), a 1pu U30TepMHYECKOM OHa yObIBaeT (S:<<.S)).

14.87. Ha guarpamme S, T nuxa Kapuo u3o6pasurca B BHAe HpPA-
moyronbHuka | —2—3—4 (puc. 18), rae 1 —2 u 3—4 — u3o-
Tepmel, 2—38 u 4 —1 — aguabaTe.

14.38. 89 am°.

ASH: . : S .
14.39. S~=16. 54_ 3 ,
14.40. —0,20 xJx/K.
14.41. AS=(C,—nCy) In 2. ]
14.43. 90 /K. sit-1 .
14.44, 0,29 x[x/K. | ;
14.45. 0,77 xlix/K. ! !
14.46. 1,6 Ix/K. o 7 Y 7

14.47. 1 5 KI[JK/R.

14.48. ln 4,2-1023; 2L _9.
Q"’ bz

14.49. 1,00.10'%°,
15.1. 301 K; 307 K.
15.2. 5,2 MIla.

15.3. pi= —B— 1,7 I'Ma.

2/ 8 _
15.4. d_-—\/anA ,

15.5. 2,6 MIla; 0,18 MIla; 0,25 am°.

15.6. A= — e (L —-‘;; =1,7 Iax.

15.7. 1,92 H-m'/mons?; 0, 3

15.8. 200 /', / 12 an’/mons.
15.9. 25 xr/m°.

15.10. 56,8 MIla.

15.11. 5,9 r.

15.12, 94,7 cm®,




15.13.

1 15.14.

15.15.

15.16.

15.17.

15.18.
15.19.
15.20.
15.21.
15.22.

15.23.
15.24.

15.25.

15.26.
© 15.27.
15.28.
15.29.
15.30.
15.31.
15.32.

15.33.

15.34.
15.35.
15.36.
15.37.
15.38.
15.39.
15.40.
15.41.

d—_——\3 /—%—:293 M.
16:5p,
A= ——”T *\/>2 “NA ——84 HM.

2np

97,5 HM.

36 mm?/c.
1=T/T,=1,5.
2,6-10%° mosexy..

2,5 r.

1,2 kr.

VYmenpmuTes Ha 669%.

CCl, npu «NOrpaHUYHOM» KMUIIEHMH HCNapAeTcd B 25 pas
6pIcTpEe BOJHL.

84,6 klla.
42 K.
T
T2—l TRI
M "o
3,3-10% moueryn; 3-107° kr
3.10-% Mm% 810 mm.
96 mH.
73 mH/m.
0,54 MlI)K
7,8 Mr/m°.
0,1 M, 1,5 m.

A=589" _ 29 Ix.
pd

Q=192nr t6=1,2 mIx.

4,1 cm.

3 cm; 1,5 cm.

64 MH/mMm.

15 cm.

37,5 MkmM.

a=g=9,81 m/c.

Bo BHyTpeHHeM KanuijisApe B 4/3 pasa Bbllle, UeM

—375 K.

BHEIITHEM.

15.42.
15.43. 0= Lﬁﬂ

15.44, m=-"2% 2

D=‘§ /M= 1,6 mm.
pg

=0,78 H/m.

o7d __ 98 wmr.

' 15.45. m <23 mMr; m =23 mMr; m>23 mr.

214

BO

R . _ ond? . .
15.46. R, = > =0,5 Mmm; 1) Ry= __——2(cnd—-—mg)—2’2 MM;
. - ond? .
2) Ry=o0; 8) Ry= —__2(mg—cmd)_1’l. MM.
15.47. 1<C4,35 cm.
15.48. h > 2,8 cm.
15.49. o g(“—‘”fﬂ@— 33 MH/m.
15.50, h=Ametond) g o
o pg"[d2
15.51. 0,45 r.
15.52. p=—%=0,85 Mr/m®,
15.53. pd \/-&+ =10 H.
15.54. h=2 49 — 749 mm; d=22=2,2 cm.
(73 pgd Ap
15.55. p=Ah+22—101 xla.
pgd
15.56. c—-—l’gﬂr =73 MH/m.
4(717 - a;)
15.57. 0,5 H/m.
15.58. 750 xIla. Hacoc goskeH GRITH NpHCOefMHEH K Y3KOMY KaHAJIY
MaHOMETpA.
15.59. 0,4 MKM.
15.60. Ap=361Ila; p=—r <p0—|— )_1,2 Kr /v,
15.61. 2,3 mIx.
15.62. 1 mBrT.
15.63. 1) Maubiif my3sipb 6yLeT YMeHbIIATHLCH, & 60JIbIION — yBeaH-

yuBatheda; 2) Ar=0,8 cm.

15.64. 4,7 mTx.
15.65. 1,0 MK~ ",

15.66. p,=

)|
1—kAp"’

15.67. 46 Mlla.
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15.68.
15.69.
15.70.
15.71,
 15.72,
"15.73.
15.74.
16.1.
16.2.

16.3.
16.4.

3 MMm/c.

0,97 KI‘/(M c).
5-10% gm—2
Ha 82 K.
0,18 MIla.
329%,.

1,7 M.

1,4.
17 mrK™!; 14°C.

_T=T0 \/1+at.

12,6 xH.

16.5. 68 cm?; 54 cm®.
16.6. 100,7 xIla.
16.7. 925 & /(kr-K); 8390 Tx/(xr-K); 128 I_[m/(tcr -K).

.16.8.- 670 Ik /(xr-R); 675 Mk /(xr-K).
16.9. 28 cwm.

16.10. 359 K.

16.11. 5,9 xr.

16.12. 473 K.

16.13.

b=

—_Gi—t)8 .
Q—_——_l_. T 1_—30 Iox;
[« ] + A + (< 2]

—9 __18°C;
t powr 18°C;

t5=t4+;§—s= —15°C.

16.14,

16.15.

16.16.

- 16.17,
16.18.
16.19.
16.20.

16.21.
16.22,
16.23.
16.24.

1) t=—2°C;
2) t=19°C. Hausnrogueiimuii Bapuaur 2; 1=>51%.
- (tl—ts)'rS -
Q—_l- L L——26 kJLx.
a A1 2 ag

afti—tgS (1 b 1Y
l_"'[ Q a|+m+az)] 0’63¥M'

5,3 MIla.

—0,082°C.

—50 /K.

2,6 xlIx/K.

2,1 xIx/K.

—20 Ox/K.

AT = —0,8 K; —5 1073,
0,13 M,ch/rcr m

17.1. x=—-—l——?L— =3,5 cm oT zapapa Qi;

216

Ve —Ve.

l—x=2,65 cm oT 3apaza Q:.

17.2. Kpome cuasl TsoxecTd F, ¥ cHIB HaTsKeHMsa HurtH F,, Ha
3apa’KeHHHI IapUK MaATHHKA ZeficTBYeT elle osJeKTPHUeCKAad
cuna F, NIpUTAXKEHUA K IIPOTHBOIIOJNIOKHO 3aPAKEHHOMY 1IaPHKY,

. HAXOARIEMYCS HM)e. OTa CHJAa, KAK W CHJIA THXKECTH, Oyner
AABATH COCTABJAIOMYIO HA HANPABJCHHE ABHXKEHHS, UTO YBEJH-
yuT BosBpamammyo cuny: F=F +F"’ (puc. 19). IIpu srom
YBeJMUYHTCA CpeAHee 3HAYeHHe YCKOPeHHA MAATHHKA, a IEPHOX

COOTBETCTBEHHO YMeHbIOHTCH. Ilo10/KeHNe pABHOBECHS MAATHUKA
OocCTaAHeTCSA BEPTHUKAJbHBIM.

17.3. F= 2&Q-*’—cos 2=0,59 uH.

174. F=-2 W/& & ‘;;f; 32 (@ + b — )~ 7,25 MH.
17.5. @ =263 uKnx.

17.6. F,=1,42 H; F,=5,80 H..

17.7. @ =18,27 uKa.

2
17.8. Q, 2175‘%& — B PaBHOBECHM;

2 .
Q; 2%‘&—'@ — B yCTOWYMBOM DPaBHOBECHH.

17.9. YcioBsrHe paBHOBECHA CHCTEMBEI: m§+f”,‘+ﬁ=0. Tak KakK Bce
N\ CcUJH, AeHCTBYIONIVEe HA OTKJIOHMBIINIiCA IMADPHK, JEMKAT B OJHOM
IIOCKOCTH, BbI6EPEeM NMPAMOYrOJIBHYIO CHCTEMY KoopauHar XOY,
COBMECTHB ee HAYAJI0 ¢ IeHTpoM mapuxka (puc. 20). Cnpoeun-
POBaB CHJBI H4 COOTBETCTBYIOLIME OCH M YUTA 3HAKHK IIpOEKImii,
3anudIneM ycJOBHe paBHOBECHA IJIA INIAPHKA:

Puc. 19 Puc. 20
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XF,=0; F,—F,sina=0, unu F,=F, sin o;
2F,=0; F,cos a —mg=0, unu_mg="F, cos a.

Ycnosue paBHoBecua gaer: F,=mg tg a.
Ilo 3axony Kynona

Fo— Q@ , Q&

dnegr? Aneyr?

=mg tg a,

OTKyJia

Q,=11rREEE 56 K,
5 )

/2

17.10. Q= :tSl‘\/neomgzgs—:Tz—z +44,86 HKL BHAKM + mHOKASH-

BaOT, 4YTO 3apAALI OfHOHMEHHHIE,

17.11, @ =_16memelain’a/2 g4 5,101 Kn?, rae B=30°, rax

cos f /3 —4 sin’ a/2

KaK B OCHOBAHMM DPABHOCTOPOHHHIH TPEYroJbHHUK. @ —0,8 mxKia.

' 1 Q? muv?
17.12, YpaBHeHue ABUIKEHHS el OTKY Ka

(1 @, :
v= - mr~2,2 Mm/c;

a=rl2 ~9,2-10%2 m/c

cos ¢ sin a

17.13. Q=§;;7\/2neom( g _ -B’i).—.o,m'mxrcn.

17.14. Cuna, ¢ KoTOpoii B3auMMOAeiicTBYIOT 3apain Q; u Q. IO
saxkory Kysona o6paTHO NpomopumoHaidbHa KBRAPATY PACCTOH-
HUA Mexxy HuMH. Takas ke 3aBHCHMOCTh CHJIBI IIPUTHXECHUSA
MexAy nnaHeramMu B CoJHUeM, .
ITo Tperbemy saxony Kennepa KBaZpaThl HepuozoB obpaine-
Hug naaHeT BOKPYT CoNHUA OTHOCATCA KaK KYGBI GONBIIUX MOJY-
oceii opbur. OueBuano, 3akoH Kensepa crnpaseanus M fJst ABH-
JKeHHA 3apafa @, BOKpYT B3aKpenJieHHOro 3apsaga Q2. Takum
o6pa3oM, ecu MBI HajifeM nnepuoj o6pallleHUd 3apsAa IO OKPY kK-
HoeTH Jioforo saZaHHOrO pajuyca, TO 3TMM CcaMBIM Halifgem
oTseT Ha Bompoc 3azaum., OUeBMAHO, YTO UHACTHIBl, TPAEKTO-
PHM KOTODHIX HMeEIOT OJMHAKOBEIe OOJNbIIMe IOJYOCH, MMEIOT
OAMHAKOBLIE NePHOAL OGpalleHHs N0 3THM TPAeKTOPHUAM. OTO
OgHAYaeT, 4TO Hepuoj ofpallleHUs UACTHIBI B JaHHON! 3azade
paBeH nepHOAY oO6pauleHMs JYaCTULBI IO OKPYIKHOCTH pajgmuyca

218

R+r

> . Haiigem ero. Ilpu aBuiKeHHM 3apajna @ 10 OKPYIKHOCTH

paguyca & ;’ r

eMy coofuiaeT KYJOHOBCKAA CHJIA:

LHEeHTPOCTPEMUTEJIBHOE ycrcoper-‘me‘ ay = m%%)

\

F=_1l . Q@
4ney (R-Z}—r)ﬁ

CnepoBaTensHo,

ma?(BE) L. Q@

OTKYJZa

—— /2
o= neom(R +1r)® "’

T=2(‘)—ﬁ=2n neom(R +r)°

2Q.Q:
17.15.

Q‘\/na mg
he= Y08 3mg__ 90 cm.
4n80mg k

17.16. JIuneitnass nJoTHOCTh, 3apsza HAa yyacTKe dX paBHa

t=——?‘— , 3apag ero dQ=1dx (puc. 21).
Cuna
__ Quudx
dF = 4nepx? ’

rae X — paccTodHMe MeXAY 3apsaamu. O6masa cuia

. +%
,.+_12_ r+g X
S Qrdx  Qn S -
F= dneox?  4ne, .
r—-l2- r—g
| %
ax QQ: ' :
x? {2 Y’
dneo(r -%)
Q
2__ g2 ‘ 2
oTKyZma @Qp— TEfU4r —1)_76,2 dK.
Q . Puc. 21
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17.17. Ua pucyHxka 22 BHJHO,

qto AF = 2F, sin 5

__@.AQ
4negR? ’

Q Puc. 22

‘rae AQ — 3apaj Ha yuacTKe ayru Al. Jlnsa MajJeIx  YyrjoB

" AF=F, o th'rmsax, 4TOo AQ————a, MOy YHM

F,—=-99%__0,7 uH.

8n’eoR?
17.18. F=/{dF cos oc=R-o—(‘;;f’j-_’fWﬁ —=28,3 MxH.
R
17.19, 1= /122" =172 cm.
g 1Rh 2
17.20. a=g ————————4me°(R2+h2)3/2~84 M/c

17.21. T=2n/\/ !l 156
QE \?

e~ (%)

__F,—mg(3—2cosa),
17.22. E="=R25 > ~46 xB/m. |

lcos a
17.23. T=2J’I/\/:—Q—E-—33 C.

m

) ‘ 1 A 2 2 2 2__ 2)~ B
17.24. E= 21_+%_Q1Q2(rr;;g" "~ 35 =.

- 4
4neqe ry

- 17.25. E, = 44Q' —=1,43 MB/m; E2 2Q' =648 2 kB,

2
E3=°6Q'_1943 B, g — ;fm?l‘Q:zso =B,
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17.26. E=——1——-—23Qx—32. Buano, uto 3Ta (bopMyna BBIpaKaeT
. 41180 (L+x2)/
4

MOZLY b IE | B mpousBoabHOI TOYKe, KaK (by}mumo KOODAMHATHL X
aToM Touku. ITocse auPdEPEeHINPOBAHUSA 110 X HAXOZHM X| o=

= 4]/2/2= 41,8 cm. [IBa 3HaUEHHUS X COOTBETCTBYIOT TOUKAM,

'PacCIoJIOMKEeHHBIM 110 06e CTOPOHB! OT IIEHTPA CHMMETPHH TOUKH (0]
Ha paccTosHUH 1,8 cM oT Hee.

17.27. M d—-———= MM, ‘

0K HO. " ~4,5 MM ) T

. ! | .
17.28. 0; 3,7 xB/m; 2,8 xB/m. R dl
1
17.29. E=——9,0 B/m. | %,
17.30. F=_"_—2 MkH.
2negl
Q S
1781. E=——9 ___ 3,5 xB/m. o
2neer\/4ri 4 1°

_ T . Puc. 23

17.32. E_Zn,eoR .
Rh _\/2_
17.33. Ezm; E=0; E,.x npu h=R—2—-; Epinmipn h= co.
17.34. E= 20R2.—576 kB/M;
_Q 9
= ooy SR =740 kB/m.
. =901k J.p_o. =3

17.35. E=2-[1 W_ﬁ_;], E= Enu=r-

npu h=0; E—0 npu h— .

= 9 (1 1 \_
17.36. E= — 032(1 1+(R/l)2) 40,5 B/m.
17.37. o= —Q——- 18 kB.

neo(R2+R1)
17.38. Kax BunsO U3 pucyHKa 23, MOTEHLMAJ NOJIA B TOUKe A paBeH

o=¢1+ ¢2; doy= —Edr = —-" o=

23180 r
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LR S 8
T S dry T )
AT T A TN : -

AHxamoruyHo HalimeMm y. YuwmrhHBag, uto C,=C;, HDOIYUHM:

=_".Inz
4 2:meq ry

17.39. ¢ = M‘;"_‘T (\Ri+r o VR,

e R.Q — — . .
17.40. Ry = 57— 0 7=24,0 MM — paguyc  nepsoit oxBUNOTEH

IHaJIbHOM NMOBEPXHOCTH. B obimieM Buje Asa 060 BKBUIIOTEH-

o . R,Q —_
LHAaJIBHOI MOBEPXHOCTHU R,,—Q—-———-——__MMOWRO, rne n=1,2,3,4,..
17.41. Jna paguyca 060 5SKBHNOTEHLHAJBHON  MOBEDXHOCTHU
Ro=: R(;‘M, rae n=0,1,2,8,..; B, =Ry=1cm; Ro=1,11 cm;
R;=1,25 em u 1. 1.
17.42, TIpu 44 =0 umeem (z= —25 B, ¢p= —75 B; ecam =0,
T (=25 B, yp=—25 B; npu ¢:=0 umeem ¢ =75 B,

(‘[)——25 B
I’E,
‘" IW\EI _
lz—— W—ZI MM.
17.44, ¢=-"41,
\n
17.45. ¢ =y (9TO 3HAUMT, UTO IOTEHLHUAJ BCIOAY OLMHAKOB ¥
paBeH IIOTEHUMAJY Ha IOBEPXHOCTH); =180 B; ¢3=90 B.
Q(@—Q)) L~
17.46. A = o T =0,8 mIx.

17.47. A=3mg~ 30 M x.

17.48. A= — Vk(Q?/4neo)’ = — 90 M.
@R (L+lVI+E

17.50. F = pE TR

17.51. @, = —~r§Q (3HAK « —» NOKasbIBaer, YTO 3apiAj @, NIPOTHUBO-
MOJIOXKHBIM MO 3HAKY 3apany Q:).

17.52. F= 0(21),~o ,36 MEH.
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- 17.62. Q=

17.53. =L,

J'H"or
17.54, ¢=2—=%
(P 41‘[807‘
17.55. OnexTpHUecKkoe moJie BHYTPU M BHe cephl paBHo fnoJo To-
YeYHOro 3apsAfa @, NOMEIEHHOro B ee LEeHTpPe; 3JieKTpHYecKoe
1oJie OTCYTCTBYET BCIOAY, KpoMe 06JiacTH BHYTPH c(epHl.

- 179.96. 0 =0 cos a.

1757, g1 —gp=——-22=21__3¢ xB.

4neéy r(l—r)
17.58. o{=0{"=Q/2S — nunactunn 1;
ob= —oé' = —@/2S — nnactuubl 2.

17.59. Acp— (l; br).
17.60. E—-—pa/3so

17.61. T=2n E~20 mc.

=180 uKna;

o=”—"#-————5 7 mxKa/m’.

3HAK NOJAPH3ALMOHHOINO 3apAfa IPOTHBONOJOMKEH 3HAKY 3a-
pAxa Ha IIapHKe.

17.63. E,=14,4 xB/m; E;—8,9 kB/m.

17.64, 0 =¢oe,U/h=1,5 mxKa/m? 0’=€'"—("‘:1—)E=1,5 mrKia/m?,

h
Qf'l XB, Q MB
17.65. . E, = ,RJ~ 533 E2~4mos,r2 2,3 M
. en mMxKa, ___@Q MK
D‘_4nR~"—23’6 M D2_4n2_195
QBR'—rh) _ s e=—L
Pr= 8ok, R‘ ~30 xB; (P2—4mot,rz~90 xB.

17.66. 1) D=E=0; 2) D= fﬁzé—&- 23 nKa/m% E=523 B/M;

p!Rz RY) 2,
3) D= BT ~ 12,1 sKna/m*%;

(R —R® )

- Beo(er)a(R: -+ 1) ~ 550 B/m;

—_ b Ri-8RiR,4 2R}
AP =geie, 2R, 9.9 B.
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17.67. Q;='£"l};—§r%’f4=9,6 uko;

Q,=(Q:+ Q) —Q1=21,5 uKu.
17.68. Q1=(—Q‘—+—%, Qé:m'_"'%; o= Q:+Q:

Ri+R; R +R, R\+R; °
—_Be . ‘
17.69. El——(RIJH)g— 3,3 B/cm;
___ Rtg _
Er= o rry - ' B/
_38@ |
17.70. U=5-7
17.71. C=174 nd.
17.72. C=15,4 n®
17.78. r~10 cm
17.74. USEELU,, ecnmn €1 <Cai
2

U=U,+Us, ecnu C,=0C...

17.75. Acp_—_‘ﬂig—:g—?f%:%ﬂ B.

1778, Ug=-22—-=12,5 B.

1777, Ci=Cs=5{C—L)=30 Mx®. @=@:=7,5 MKx.

17.78. n=22% 1 1=11 nnacrus.
eonR
17.79. Tlo 2 nocneAOBATEJbHO COEAWHEHHBIX KOHJAeHcaTopa B 4
napaJureIbHO cOeAMHEHHble BeTBH. Beero 8 KomjexcaTopos.

17.80. AUAB=C—“’{)—:—;—2:—71=—1,3 B.

17.81. Copm=2C.

__nCZ—C %,
17:82. Q|—Cl—-———cl+02 .

2088 . 288
17.83. C———d(s'_l) : C——d .
17.84, PaszHocTh NOTEHIIMAJOB A0 BHeceHua naacTuHbl 900 B, mociae
BHeceHus 675 B.

17.85. To coepuHenna mnactul Ugyy=F; Uy =Up.=Uy= ‘;‘,[ . Ecom

npUHATE ¢P,=0, TO q>b=1' ¢c=—§—%'; ¢:=%. Ecom b u ¢

3 Ll
z
. 2°
- CneposaTeNbHO, HaNMpAMeHHOCTh noad Eg,=E., Bospacraer. Ha
niacTaHax b ¥ ¢ sapana He GygeT, a Ha a M d OH BO3pACTeT.
N

COeAMHATD, TO Qy=@c # Epe=0; Unp=Uca=
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aOers

17.86. EMkocTb cucTeMHl (pHC. \ : = —— | -
CT.‘M (puc. 24) CO@ A =R, Hanpaxen
HOCTB B cjodax: E, =d_lilﬁ I{‘E2=g’;& . A3 ycnosua CU=C\U;=
=C.U UM =_—_§'_.[..]_._. :—-—._Q.__ . ' ‘ -
2Us HaAXOX E, @—meTh = E, @ h Mo or
S SU
KJAOYEeHusa HUC HKa Ha =P
TOYH NpsXKeHusa 3apaj Q @—hye T u
. eoe, U
aci €JIEH II0 II T mre——
pacnpen OBEPXHOCTH € IJIOTHOCTBIO O @—hye Ttk

IIycTh HANPAKEHHOCTD IOJH B BO3AYIIHOM H AU3JIEKTPHUYECKOM
CJI0AX IIOCJIe OTRJIOYEHMA KOHAEHCATOPA OT HMCTOYHHMKA TOKA
M BHECEHHA B KOHJEHCATOP JMAJIEKTPHYECKOH I11acTUHBI

- E| =—§— u E, =gﬂe—- . CuuMrasm mnoje ONHOPOZHHIM H pasMep
. (] (1173
IUVIACTHH 3HAYHTEJHHO GOJBIIMM, YeM PACCTOSHHME MeMXAY HUMH,
noaydaem E=YuE=L.
d &d
17.87.  =Q=-. _
,
17.88. AQ=-Q.
__eSU? SRS & RRXAAS
17.89. F="57=22,13 uH. SRR

o[ 1
17.90. ~ s 4ﬁ+1~0,07. Puc. 24

17.91. cp1=&q’;;—}q—), ecan map He NePENOJHUTCH JIKHAKOCTHIO

npexae, 4eM 3ApAAUTCH A0 HANAEHHOrO Ipejes]bHOTO IIOTEH-

. 2 . .
nHajza; @2 =M — Korjga map HaIlOJIHAETCHA TOJIHOCTBIO

’.2
IKHAKOCTHIO.
' 2
17.92. n=§?.“3032__&03 AAA Cnydasd Qu.x > Q.
=1/_@Q@ —0y Be__ 1
1798 0=\ %r (40 —~Q); £= 1.

17.94. v=’\/ lf-}(w/ﬁ%—z) (11—1/—3%—3)

=9 .6=C
17.95. A= 2 CC
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bog Sh
17.96. A= = h)—89 meJx.

17.97. A= ——2—(C|—-C2)=4 K/l x.

_C|U2 &_ ~ . __c o
17.98. 4=S2Y( < .1)~o,2 Jix; Uy=21U,=1,5 xB.
'17.99. A =2dEQ. '

—Q
17.100. F=% .

17.101. W-—(Rl Rz) 20,3 mMIx.

81'[80
17.102. Emkocts C B 060X CIy4asiX yMEHbIIAETCA (YBeJIHYHBACTCH);
U: 1) ysenuuupaercs (ymenbuaercs), 2) U=const; W: 1) yge-

anyuBaerca (yMeHbIIaeTcs), 2) yMeHbpuIaeTcs (yBeIMUMBAETCA).

—_CGC _ 2
17.108. AW———z(C +C)(A(p1 Ag2)*>0.

17.104. AW—%~24 MK, yBeauuuTCH.
1

~16 mIx/m3.

— 0
2d?
1 ,,2/e08 2 .
17.106. A=-2—U (—d—> =99, mx/l>x. o M mocie  pasABMKEHUS

NIJOTHOCTH YHEPruM W He N3MEeHWJach M paBHa w=-—;—eo(-dg>2z

~ 25 mlx /Mo,
17.107. C=117,7 u®; Q@=5,3 uKn; AU=0,6 kB;
W,=0,8 melx; W,=2,4 mxllx.

18.1. (v)= Nﬁfsg:‘” MKM/c.

182, Q=1I1=50 Kx.
18.3. v=1I1/(Sne)~1,3 mMxm/c. ‘
184. I=10 A; # =122 B; R=121,8 Om; I,,=610 A; U=0.

18.5. Iypan=0,96 A; I'=1,52 A; I,=2,48 A; I,0cnexn=1,71 A.

18.6. U=1,5 B,

18.7. AR=R,2—R,,=‘apl§(t2—t.)z1s,5 MOM.
18.8. t=2294,5 °C.

18. Ri\Rs—RoR,
8.9. AU U(Rn+Rz)(Rs+R4)

18.10. r=2R; R.su=A4R.
18.11. U=%/3=3 B.
18.12. 8) Ros=0,5 Om; 6) Roe 0,3 Om.
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18.13. a) Ras=2R; 6) Rus=-2R; 5) Rus=%R.

18.14. a) R,;,=0,6 Om; 6) R.,,=2,0 Om; B) R,y=1,3 Om; 1) R, =
- =1,0 Om; a) R,,=1,4 Om; &) R,.=1,8 Om; &) R;,=0,5 Om.

18.15. Ry, =2,7 R.

18.16. I=3 A. ‘

18.17. B 10 pas. ITapajsensHO COeAMHEHHBle PEOCTATHI -BKJIIOYHTH
. napaJijieIbHO NpUbGOPY.

18.18. # R3(R3+R)=Z Rs/(Rs+ R4).

18.19. I,=1,0 A; I,=0,8 A; I;=0,2 A.

18.20. At-lO“‘RgC

18.21. AQ = C%’R1+R4—83 MK,
R,
18.22. @ = CUR.+R2

18.23. R, =18,8 Om; Ry;=5,5 Om.
18.24. I=2,5 A. '
18.25. U,p=%; Usp=0.

18.26. I.,,=%/TR.

—_8
18.27. R=—7=(Ro+ 2lp).

18.28. CienyeT BKJIOYMTH rajbBAHOMETP B TO IJIEY0 MOCTHKA YHTC-
TOHa, B KOTOPOE OGLIYHO BKJIIOUAETCH MCKOMOE CONPOTHBJICHHE
R,, a B aMAroOHaJNbh MOCTHKA BMECTO IaJIbBAHOMETPa IOCTABUTHL

KJII04.
18.29. I,=1,=27,0 MA; I;=1,=6,0 mMA.
18.30. R, = —PAUR—I(r(Ry + Ry) + RyR,)]

UR;+I(r(Rs+R\)+R:R.+R:R,+RiR4)
18.31. R,/R,=1/4.
18.32. I,=0,4 A; I,=1,2 A; I;=1,6 A.
18.33. I~1,1 A.

URllx

18.34. U"“—‘—“"'R.z2+nzx—nx2 .
18.85. 1,~0,33 A; I,=0,66 A; I,=1,00 A.
18.36. 1=0,45 MA.
18.37. I=175 MA.

18.38. @ =k{—5;h[R.(RQR5+R3R5+R4Rs+R2R4+RsR4)+R3(R2R4 +

+R3R5+ R\ Rs)).
18.39. I, =0,7 A; I,=4,1 A; I;=4,9 A,

- 18.40. Ul~4OB U2—08B U;~36 mB.

18.41. I,=4,67 A; I,=16,86 A; I;~12,3 A.
18.42. I, =1,=0,44 A; Is=0,88 A; I4=2,75 A; I;=2,18; I;=
=1,45 A; I,=38,63 A.
18.43. Kumou pasomrryT: I, =13=0,9 A; I;=1,=2,0 A; I=2,9 A;
R=6,2 Om.
Kmiou samrryT: [,=0,7 A; I,=1,1 A; I3~23 A; I,=1,9 A;
I,=0,4 A; I=38,0 A; R~61 Om.
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18.44. I,=5,33 A; 1,=4,34 A; I;=0,99 A; P—24,35 Br.
. 18.45. [, ~0,1 A; I,~42,0 mA; I;~60,0 MA.
18.46. ;,=10,0 A; I,=I,=5,0 A. .

a 72+ IR,
1847. a) U=%,—R-FL3 ~ 27 B;

Z1—IR, . Z)—IR, : -
6) U R, RiTR, —R, R TR, ~ 23 B.

18.48. Us nutmcne_unn M rpadHUKa 3aBUCHMOCTH MOIIHOCTH OT R
HATPY3KH cjeayeT, 4YTO U3 cHHpaJjeil HYXHO COCTABUTHL HAa-
rpesaTesib CONMPOTHBJIEHHEM, KaK MOKHO Gojee OJIU3KUM K
20 Om, 7. e. ¥ r. Hcnons30BaTh JMIIE COUPANL CONMPOTHBICHUEM
20 OMm HenB3d, TAK KaR IpH 3TOM NOTpebisgeMass MOIIHOCTDL

Oyner paBHa P = (R T )R 5 BT, uTO DNPOTHBOpPEYHT yCJIOBHIO

3ajayd, TaK KaK KaXaad u3 cnnpa.neﬁ paccuMTaHA HA MOLLHOCTH
He Gonee 2 Br. 3 BceX BO3MOXMHHRIX CX€M COeAHHEHHS cImpaJeii
HAUIYyYInas uMeeT BUJ, IPEACTABJICHHBIN Ha pHCYHKe 25.
18.49. KII]I cxemul a GoJbline, 4eM CXeMH 6.
18.50. R, =Rt —f"2_0 1 xOm.
11— 2
18.51. S=410 Mm?*; U=211 B; AP=10%,.
18.52. P,=4,50 KBT, AP = 540 Br; P;=23,96 kBr; n= 88%

18.53. n=1Z—IR)
2nrmg

18.54. @ =Pt+cmb-+Aim, roe m — macca BOJAHL.

Ql __14at

18.55. Nk g

BHIZesIAeTcA OOJIbIlee KOJIMYECTBO TelLia.
18.56. P=2,30 kBt; I=U/Jp; ~ 30,0 m;

— 4k(ty—11) _
= Tl Fatta—ty] 93 M.

| 18.57. Al/ly=Fk\I’, tae k, — xKoabdHUIHEHT HPONOPIHOHATLHOCTH;

. IIpn oxnaxaeHMM HarpeBaTes s BEHTHJIATOPOM

kl=%ﬁ%¢—, rae k — xKoadPHUMEHT TenacOoTAAYM.

18.58. Ip=1I=2~\ /8280 A.
a; a

18.59. Q=%C%’2.
18.60. Q_lcw Uo)>.

2__ 2 _ 2
1861 Q=CE=— Uo) (IOR)J"'R}L C(UoeroR)

pci[ce.(tnan. cB tl) + Qc-]

18.63. At _ Pya. conp. m Poaors. c» 8?2 (CelAtl + q“) — 200.
’ Pyx. conp. c» pnaon " Sf. Cu Puc. 25 .

18.62. S, = ——CxpuSulll =0,2 mm’.
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18.64. 1) troen =11+ to =45 Mum;

12)

m= 10 mun.

2) tnapg:f =

- 18.85. I_____\/p kd(tz—-h) =0,5 A.

[1+a(t—1)]

18.66. P=605,0 Br; I=2,75 A; t=17,3 mun; C~0,70 xom.
18.67. U=20,0 B; I=2,0 A; r=2,0 Owm;
P=40,0 Br; AP=38,0 B'r; Proxn = 48,0 Br.

18.68. 1=42,0%; P,.x= e I) =6,45 Br;

=Z=2/2_50,0%.

18.92. R=r; I=%/2r; Pun.= % */4r.
19.1. Ha. Umin=_833 KM/C.

A/RT -

19.2. d=—fl—m—,2—=4,3 MM.

19.3. Jy/d,=2,6.

19.4. v=987 km/c.

19.5. v=59,5 MMéc, W =10,0 x3B.
19.6. n=6,25-10'° snexTponoB.
19.7. §=1,2 MmA/B; R,=838 Om.

198 pno=9.
19.9. AI=15 MA; S=5,0 MA/B.
19.10. n=’ 0,1 TmM—3.

2eU

19.11. Q,m ==Ty) _ 5 50 kK.

T,
T =Ty
19.12. I—————R_l_Rg 80 MkA.

19.13. t=1015°C.
19.14. ¥ =250 mB.
19.15. R,=2,0 xOm.

.19.16. A¢="730 mB.

19.17. Ap=40 MB.
19.18. AT =8,7 K; n=89,5 neneunﬁ
20.1. m~24 .

20.2. t="T4 c.

20.3. k=1,12 mrr/Kna (cepe6po).
20.4. @ =15,00 kK.

20.5. t=8,1 u; P=2,8 mMBr.
20.6. t=39 mun.
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20.7. Q— L =45 TKx.

208, T=2VM 309,7 K, rie R — yuupepcaJibHAsS ra3oBas TOCTOSH-

kERIt

Had.
20.9. k,\,=1,118 MI‘/RJI, key =329,0 mxr/Ku;

ka=93,20 mrr/Ka; ky; = 304,0 mxr/Ki.
20.10. 1 =53,09,.
20.11. my;=341; My, =9,2 1.
20.12. Her. AMmepmerp ZOJKeH MMOKa3bIBaTh 4,3 A.
20.13. C~5,2 A-u.
20.14. m=1,66-10"" xr; e=0,16 aK.
20.15. N=1,20-10"" ecm*.¢" L.
20.16. n=5,0-10% Mm%,

20.17. h=-21 ~ 77 Mmrm.

FnpS

20.18. t= ’"‘f+”~9 ¥ 32 mum.

20.19. 0 =222 (5 4 b )=0,92 Om" 'om .
20.20. _134 M.

20.21. o = 40,09,

20.22. n=99,5 xr/m".

20.23. v=2,74 Mm/c.

20.24. v, =12,65 M/c, v_=17,17 m/c.
20.25. n=3,9-10"" m ",

20.26. N~17 mm *-¢~".

20.27. v=2,35 MM/c

20.28. S=57 MM~

20.29. N=5,0 cm’ "~c"".

20.30. A=31,3 MkM.

20.31. U=§ >161,25 MB.
20.32. A=0,3 I'lx; E=2,5 xB/m.
20.33. n=T73746 aTomOB.

21.1. B, =po2I/nd =240 mxTx; B,_.M—L:L—so MKT 1.

2n ryery
21.2. I=Bna/p(2/2—1)=34 A.
21.3. B=p,I2/2/na =230 mxTox.
21.4. B=u9{/4na=15 mrTa.

_—\/ZIL(;I . s o _
21.5. B—E[—lr(sm a -+ sin —2—>——24 MKTJI.

‘ V3
21.6. I=——naB/pLo=2 9 A.

21.7. B= Mmﬁ2+12/d 63 MKToL.
21.8. 2,1 MxTa.
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21.9. 6 A.

21.10.
21.11.

21.12.
21.13.

21.14.

21.15.

21.16.
21.17.
21.18.

21.19.

21.20.

21.21.
21.22.

21.23.

21.24.

21.25.
21.26.
21.27.
21.28.
21.29.
21.30. B
21.31.

21.32.

21.33. F=
21.34.

21.35.
21.36.

21.37.

I=2rRB/(n + 1), =12 A,
B=R'B./(R’+d’)’ * =5,4 MxTa.
B=—2M_ 49 mTx.

Vl.’_i_d,’
I=2RB,tg u/n=0,8 A.
n=2B,R tg ot/NC# —100.
B= M1W1/3R

B=—g-u(,Rw0.

pn=21(R*+d°) —-—78 MA -m”
p,,,=ﬂd2lI=O,5 A’

=800 mxTa; B.,= Wl 900 MkTa.

2R 2ar,

0. I |\ T
B]—O, Bz_Z.“[(R-{—I‘) 0,2 MTJI.

Bl Wo

B] =50 MKTJI; Bg=0.
v=4nr’ p‘-’;/1=160 KM/c.

B= o~ \/ZIU/m 0,3 MTo.

B=Mol NQ/J'Lma)R/BJIQmE()RB:lz Ta.
B=popooR =2,5 mxT. )
250 mxB6; 630.
2,5 A; 320.

—ﬂd((Dl —My)/(h D, — h (b)) =3810.
(D =Na?poul /nd=1,3 mB6.

I—Spg/B sino=7,0 A, rge p — NJOTHOCTH IIPOBOJHHUKA.

F=UNLId _ 400 wxH.

w LI’ g8 veH.
2n i(i+a) i

P=1II/Bv sin a=5 Br.
B=ptmg/Il=0 2 Ta.

R=mv sin o/IB==2,4 MM; h=2nmuv cos o./IB=2,6 cm.
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21.38. R=-/2mE/IB=65 cm.

21.39. v=E/Bsin a=1 Mwm/c.

21.40. ITomepeunas pas3sHOCTH HOTEHIMAJIOB, BOZHUKAIOWIAA B IIIACTH-
He C TOKOM IIPH NMOMEIIEHHUU €eé B MAHUTHOM IoJe, A(p=:—eIB—:l—.

IIyete Z — umcno cBOGOAHBIX SJIEKTPOHOB, NPHXOASALIMXCA Ha

ogun atoMm. Torna rn=~Zny, rae ny — uMcnao aTOMOB B efMHAHIE

.o6bema. Macca OZHOro aTomMa paBHA p—=7vA—, rae. p — IJIOT-
ny

HOCTb, A — aTOMHaA mMacca, N — mocrosinHas Asoragpo. Torga

N B
n0=';12, n=]TV4EZ ITopcraBus 3HaueHume n u Y4YUTHIBAA, 4YTO

auciao Papagea F—=eN, naitgem: Aq>=ﬁ-=4,5 MKB.

21.41. Ag=-2 _jBb—16 mxkB.
FpZ
21.42. n=2IB/3IA¢d —8,3-10%° m—2.

21.43. Bo— g;’”;’j — B—20 mxTn.

21.44. T=nl~/m/3p,B=0,75 c. "
21.45. By=n’mli*’/3p,T?=20 MxTu.

21.46. lupyxuusa MarHUTHOTO IOJIA HA OCH COJICHOMAA BAAJM OT He-

4 . .
ro pasxHa B =?(*;§—2M_+—_Rdg—)s/§—. Ilo ycnoBuio 3agauu d>>R, mosToMy

nIR? nIR? .
B= 2d3' =g nzmﬁl = (zd)s' » e (Pm)i =nlS — MarHUTHHIHK

MOMEHT coJjieHouga. Ha maruur, HaxoaAmuiicss B HEOJHOPOAHOM
o AB
MarHuTHOM  ToJe, peiicTByeTr cuaa F=(pn): 3y Cosa=

=(Dn)2 % (cos a.=1, Tak KAK OCH MATHUTA U COJICHOUA HANDAB-

JIeHBl BAOJIb oxHoit mpamoif). IIyers Ax=I — asuHA MarLmra,

m m m) 3l
o A8 —Bim [ L o] el 3

F=(pm)l 3”2()5.55:2)2 =3MO(12’;)dl4(Pm)2 =0,9 mxH.

‘ _ LI,
21.47. F—uo————zndl—l H.

21.48. F = lz‘i’L= 54 mH.
n<r+ 9%2)211

- 21.49. 0,12 H-m.
21.50. M=1IBSN sin « =0,25 H.wm.
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21.51. C=nr'Gd/ILBN sin a =0,23 MxA.

21.52. I~2-\/ndho,/po~1,7 MA.
22.1. A=BIlls=0,05 [Ix.

22.2. A=nR’IB cos a=0,31 Tx.
22.3. Ag=Blv sin « =0,48 MB.
22.4. Ap=nnR’w,H=1 mB.

22.5. 1,6 mB.

22.6. B=-22 0,2 Ta.
-l

227. B=(R,+R:)/2nS=0,18 Tux.
" 22.8. | =@ 2nBSE’

=1 M

*(2npR +rea S)Cs
229. 0,4 I'n.
22.10. L =nR’NB/I=1,6 mTn.
22,11. L=SBN/I=1 Tn.

22.12. L= pouli/4nl; =40 MTn.

22.13. 0,2 Tu.

22.14, 8 MTH.

22.15. 2 mTn.

22.16. Lip=tV21n B2
2n R|

22.17. 63 B.

22.18. #(t)=0,06e"".

_apopN’d® . - &
2219, 1TV 1y T 0,57 u.

22.20. W =npuN?RI?/21=10 M.
22.21. t=ponRS/2p==0,36 mc.

. 2R
22.22. W=L—2”-ef'=o,23 .

22.23. p=B(nd— b)/(NIpo— bB)=2,5-10
22.24. W —=nRSBH =0,6 [, rae H=-2—1:?I=530 A/m; B=1,2 Tn.
22.25. He npomsoiiger.

22.26. v=-1—§f£g—, rae p u D — yHeNbHOe CONMPOTUBJEHHE H ILIOT-

d’B} o
HOCTH 1v_la're HaJa KoJbLa.
. /—"2 ,
23.1. L,=""1,=22 A.

23.2. 0,4 A; 0,2 A.

23.3. IIpuGop MArHNTO3JNEKTPHYECKOl cHCTeMEl nmokasker I, =dn —
n

=1,6 A, a npn6dp TeIrLJOBOM CHCTEMBI — I2=IZA=2,5 A,

23.4. 2 mB; 1,4 MB.
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23.5. 32 Mrd.

———p e —,

23.6. L=

23.7. 1,2 A; 50 T'u; 5,5 B.
23.8. L—=0,02 Tn.

23.9. At =38,3 mc; \t.=6,6 mc.
23.10. 32 Om. :

23.11. 260 mA; 0,18 A; 76749’; 5,1 Br.

23.12. 0,8 A; 93 Br; 13°15'.
23.13. 25 mT'n; 9 Om; 41°247.
23.14. 0,35 A; 12 mBT.

23.15. n= \/ 3012L—CRY) _ =3,1 pasa.

4L - 3CR
- 23.16. L—‘—Vi—R—_lo Tu.
211(\ -v)
2817, t=2- LC=389 mxc.

23.18. c._-‘;]’— =200 nd.

2819, R<2-/%=100 Om.

_ 1 T
23.20. v= SR '\/ML()C = 316 kI,
23.21. ©=2rR /C/(4L —C})=0,14.
23.22. R =% In n=28 Om.

23-23. V=§CI—”U7—16O rn
23.24. £ — Lt 8Lt \JL/C=86 m[Ix.
23.25. 1,5 xm,
23.26. 1,1-10° m/c.
23.27. v=—S—=59 MIx.
21‘\/€.u
23.28. U;— kU, =20 B.

. : Vi /w2 1k U, JU2)2 — 1]
24.1. 2 m
24.2.1,5-10"% ™

243 N 4ab (ﬂ—l)’(l’f
T a+b A
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2m 4\/(%) _‘(‘Il'/"‘ ) ~=0,19 T

244, Ax=)LEres% 489,10 MM, Hau6osbliasa LIMpUHA Lie-

2r-sin o
I .\sz;;u, rje u —— yroJ MeJy KpaiiHNMH JydaMu, y4acTBYIO-
. uwmu B uHTepdepernmu (u=22); \s=0,86-10 ° m.
24.5, a=9710". :
24.6. Ucrounuku S, u S. — korepenTHnl (puec. 26). PasHocTh xo0pa
M=b—litgs L=V +HS L—l=l, Vi (2) ~=

-
=1 [\/I—F(;—) —1] ; ]£ <’ 1. Tak rak \1 —az_l—i—%a npu
akl, ro L—-L=I[1 +—i—(lﬁ) — 1] <—~:’—I—‘. CnenosaTeybHO,
_HL A N S H | b b
A._2—+2—,_ HO \|~—m.—2—, TOrAa +2 =m 5 Taxk kKak

3

2 =4—h— +1= m, — HedeTHOe, CcJie-

+

e;:

H=2h, 'rom. >

&

JOBATENbHO, B TOUKe A Habaogaerca ociabsenue. Ilpu BBeseHuH
CTEeKJAHHOMH MJIACTUHBI U3MEHACTCHA ONTHYECKA® PA3HOCTb XOAA:

Ag=lg—l:+%~, rae I/!=(l, —d) + nd, d — TOJNILMHA NJIACTHUHHI,

n — ee mokaszaTeah npesomyeHusa. Torga A,=l—[(l —d)+ nd]+

—+—;\?=l3—-[l|+(n~1)d]+-}2'—; .=\ —(n—1)d; mQ=AT2= |

—Ai=(e=l)d (';_ Ve —m 2'1(" =20. B rouke A 6yzer ycuseHue.
E’ .
24.7. TIon0CHI CMECTATCA B CTOPOHY NIePEKPLITOl 1M Ha PACCTOAHMe
—ﬂﬁ;l—l 2,0 mm,

24.8. d= mk/2(n— 1)=236 MkM.
Ly

24.9. d< -~ =100 =M. ‘ r___a
4n
51 HH A

24.10. »=0,517 mkm. [Ineuka GypeTr 3eseHOi.
24.11. 140 am.

24.12. 109, 218 ... (2k—1)109 mkmM.

24.13. hpin=1,6 MKM; Ay =1,9 MKM.

24.14. 2,2 mwMm. ‘ %)
24.15. 20”. 5,

24.16. 54 nonockl.

24.17. 1,35.

24.20. 1,13 MxM. Puc. 26

NN\

3

-
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24.21. 2 mm.

. ni
24,22, r,=— /\/i_+_1_
Rl R,

2423 F="r2. 1 ____ 54 cm.

24.24. 0,3 M.
24.25. TIpu orcyTCTBHH KOHTAKTa —+2d 5A. Ilpu yaaneHu! IIbI-

‘ r2 ri—r?
JH —-2—= . =
7 5\. CaenmosaTensuo, d 2 =

24.26. 1,36.

=1,8 MKM.

24.27. .n'=n+1%, rae n — NOKa3aTeNb IIPeJIOMJIEHHS BO3JAYXA.

' 24.28. n,=/n=1,33.
24.29, Oxomo 10™* @, ansa xearoit obaactm. Oxomo 3.102d,
Ans ¢uoseroBoi obiacTu.
=9 _
25.1. b-—mm_rz—l M.
25.2, r3,=8r% ri;=38-/3 MM=5,2 Mm.
25.3. sin ¢=sin aj:m-;;—. ‘
25.4. Ecmn puadparma HaxomuTca mocepeimHe MexAy A u B, To

B oTBepcTHEe pazHycoM 1 MM MoxHO BnHcaTs k=4 3oun Ppe-

Hens (k= f’ g

=4), CregoBaTensHO, B TOuKe B GyAeT rauieHuHe.

Ecan puadparma nHaxoaurcs ma paccrosaumm 50 cm or A, TO
k1~5,8 3on Ppenens. Ecom paccrosume auadparmber or A
caenats passmm 150 cm, a or B— 50 cm, To umcao azon
®Ppenena Gyzer Tem ixe. CiefoBATEeNILHO, IPH INepeMEIIeHHH

ramenve GyaerT oxuH pas: Korga auadparMa HAXOZUTCH IO-
cepegnHe, ’ ’ ‘

9 _
25.5. r= =5 = 4 mwm.

25.6. A= “2:: (ri—r})=0,6 mkm.

25.7. 0,7 Mxm. :
25.8. Ciesa — narwiit, cipaBa — BTOPOIL.
25.9. 71°48’.

25.10. 11°507; 24°12’; 37°57’; 55°04’.
25.11. 0,36 mm.

25.12. 0,5 mrMm,

25.13. 466, 7 um.

25.14, He ﬁyp;y'r Cnex'rpm pas:mtmmx MIOPAAKOB 6yny'r COIIpHMKA-
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'425.26, v=rte —

catbesl npH yeuosuu: khe=(k-+1)A;; k= 7»:17»1
TeJIbHO, YACTHYHO IIePeKDHIBATBCA MOTYT TOJBKO CIEKTPH 6-ro
u GoJlee BBICOKMX MODAZKOB. JlaHHAS pelIeTKA AaeT AJIA JTOro
HHTEPBAJA TONBKO CHEKTp 4-T0 mMOpSAKA.

25.15. d=15,15 mem; [=2,57 Mmm.

25.17. 0,42-107% m.

25.18. 12:10% 50 um.-

25.19. 1:4. ‘

25.20. -gk =1,15 pan/mcm.

25.21. 26 M/MKM.

25.22. D=6 cMm.

25.28. 10—° paz.

25.24. 3,87-10°

25.25. R=140,8 M.

=15, Caenosa-

he

78 2de-sin ¢
25.27. 293 nm.
25.28. 280 am.
25.29 3°. o
25.30. Onpeaenum nocroaHHyilo pemerkn d. O6beM kaMeHHOH coJsm

B KoJnyecTBe 1 KMOJIBb V0=b;_, B o6peme V umeerca 2N, HoHOB

=46,8 B.

(Na —'noc'rbannaa Asoraapo). Torza o0wbeM, npuxo.u;aninﬁca

_ M
Ha 1 woH, paBeH V= 3 NA'

TlocTroaruasn peunreTKH Haiigercs

. U3 ycJoBHMA d-—w/ ==

3/ M
2pNy

2 N
sin g=56.10""2 M; ,=56-10"" M

. .CnenosarenpHo, A==dsin ¢=

.28.1. 27/, &.
- 26.3. a=120°

26.4. Yron Memay 3epKajaMu JoJKeH GHTH 90°.

26.5. 3epkaJsio BOruyToOe.

26.7. F=4 cm.

26.8. d=30 cm; d'=10 cm.

26.9. YpasmTes ot 3epkana Ha 5 cMm.

26.10. 45 cm.

26.11. F= —30 cm.

26.12. Uso6paskenue, mOJyualouieecd IIOCJHe OTPaKeHUs Jydelf oT
ofoux sepxas, COBIAXAET ¢ CAMUM MCTOYHHKOM. o

26.13. R=ak(k—1)=15 cm, rae k — yraosoe ysenuuenue. Eciam

21 > a, T0 usobpakenue MHHMOE,
26.14. Ilo dopmyse cdepuueckoro sepraia ;—+71—=722— pgnnyé,

r OKDYXXHOCTH, IIO KOTOPOii ABHMKeTCA MCTOYHHMK, H paauyé

237



L«
A
S
£
c O B
Puc. 27 Puc. 28
r’ OKpYHOCTH, II0 KOTOPOIH IBHKeTCH naoﬁpamenne, CBA3aHBI
r d f
COOTHOIIeHUeM — =—, CiemoBaTesbHO, I’ =ri-=—=—"— IleH-
A A ’ d 2d 7 I
TPOCTPEMUTEIBHOE YCKOPEHHEe a’, ¢ KOTOPBIM ABHKeTCH H3o6pa-
JKeHue: '

. P )

‘ 2 R R »

a — ‘)r’__(—'-)—) R _ _ M
@ 7 ) TR red—m 0 3

26.15. Ha pucyuxe 27 DC — tenr or mecra ED; DC=ED-tgp;

sin a

—_ _sm % o /.
Snp ny; sin p= = 133 _0 38; $=22°30";
DC=ED-tg22°30’ =38 cM.
26.16. h=—->31 23 MM, rge Al — paccTofgHUHe MEKAY JY-
tg B —tg By

yamu, f, — yroa TPESIOMJIEHUH IJIA KPACHBIX nyuqeit, By — AAA
¢HONeTOBHIX JyUeil. :

26.17. tg o =n, rage n — nokasaTesb IPEJOMJIEHUS CTeKJa.

26.18. 0,254-107° m

26.19. 67°33".

26.20. Bropoiit Ay4 TOXE MUCHLITHIBACT IIOJHOE BHYTDEHHee o'rpame-
HHUe M He BHIJET B BO3AYX.

26.21. 1,2 m.

26.22. 4,2 cM.

26.23. M3o6pakenne cBeun NpUGIMIHUTCA K 3€pKay.

26.24. Ha pucyukxe 28 AB — ¢poHT niaockoii BOJHH B BO3JyXe,

" A’B’ — GbpoHT maocKoii BOJIHEI B BOZE. -%—% =n,; sin a=—10—%=
_ . 299010V AB. 4p_AB . s AB
=0,367; B=22°10’; cos a="70 A B_c—osa, sin 8 =B

Orciona A’'B’ =‘%:%6; sin § =sin (90° — B). CnemoBaTeasHo,
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90°
o
S (o4 A 8
0] o
R
Pnc. 29 | N ' "Puc. 30
A'B = i§—°—°s—9- 5,35 cm.
26.25. 7,4 m.

N_of d \__ 3
26.26. |53 |_2(h+n—>—2(h+z-d).
26.27. Benepcrsue MajocTd yryos (puc. 29) mo 3aKOHY mpeJioMiie-

HY sin(s+v) Bﬂ=n; e=vy(n—1);
: sin y v

sin 2
sin 8
sin(o+y) __ .0 ety _ .

sin (84 y) T B+ ’

¢=np+(n—1)y=a-+y(n—1),

OTKYa ¢p—e=a, T. €. ay4dy 2 IIOBEPHYT OTHOCHTEJIBHO IIpe-
JIOMJIEHHOT'O ayda 1 Ha yroJ a

26.28. 77°6'.

26.30. o =35°.
26.31. n=1,41.

26.32. ITonokenne mnyuKa, BHEIXOAALNEr0 M3 mIapa, onpep;eJm'rcn
SAIBJIeHHEM TIOJHOTO BHYTPEHHEro oTpaxkenmsi csera (puc. 30):

nsino¥1; a= arcsm<2) 30°; x=|AO| 4 |AB|=

_ R
—sin30°+tg30° R(2+'\/—’ x=3,73 R.

26.33. ¢=2(c — §)=18°.

De,
26.38. D—”—0.35.

26.43. {=0,3 m; H=4 cm.
26.44. F =+/I.
26.45. 1,31.

26.46. F, = F%—f?l:;ll’i’—l =50 cm, rae F| — dorycHoe pacc'roalnne JIUH-
== 2=

. a - .—ao
=n; g=n P=os
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"3 B. BOfle, 1| — IIOKA3aTeNb IIPeJIOMJCHHSA CTeKJa, Ny — IO-
Ka3aTeJb NpEJOMJIEHHST BOAEI, F — (oOKycHoe pacc'roanne JIUH-
asl B Bo3gayxe. F, =0, 5 M. .
26.47. F=12 cm.

26.48. DKpaH HYXHO OTOABHHYTH OT AMHAK Ha paccToaHMe, paBHOE

1
“—1 nq,—fl

1 em. .
26.49. h=-/H H.,.
26.50. R —ﬂF“—-@—- 0,5 M, rae F, — doKycHOe paccTOSHUE

JUH3BL LA Kpacﬁnx ayuqeit, Fy — ana GbHOIETOBBIX JTyueii,

ny, Ny — IOKA3aTeJH NIPEJIOMJIeHUSA JIHH3HI OJIA KPACHBIX U (i)HO-

JIeTOBHX Jyueil COOTBETCTBEHHO.

26.51. YBenuuurcd, TAK KAK YBEJIHIUTCA PAAUYC KPHBU3HBL H ymenb-
IIHKTCA NMOKAa3aTelb NMpeJoMJICHUA.

26.52. Tak, yro6sl coBnanu ux riaaBHele Gokycu. Ecau doxrycnoe
paccrosuue cobuparomeli JMH3H MeHbIIe (GOKYCHOTO PACCTOAHUS
paccempalonieil, pelenne HeBO3MOMKHO.

26.54. [{na 10N0KeHNA HAWMEHLIIeTo OTKJIOHEHNWA CIIPABeJJIMBO pa-
BEHCTBO

sin A -;6

n _—————— (1)
rme A — npe.nom.nmoumﬁ yrosx npu3msel, 6 — yrojg HaMMEHbIe-
'O OTKJIOHEHHu A. Ecnu nokasarens NIpeJOMJIEHHA AJIS HEKOTOpOro

_ayua n-+An, To yroal HauMMeHbBIIero OTKJOHeHMA 8-+ AS; An-

A48
—A§. Toraa

cos

n A8 YAOBIETBOPAIOT PABEHCTBY An=%—
sin —
C 2
paccTosiHMe MeXKAY COOTBETCTBYIOIIMMH CIEKTPAJbHBIMH JIH-
Huamu Al=FAS, rge F — dorycHOe paccTOSHHUE JIMH3BL, YToa §

onpegensiercss U3 paBeHcTBa (1):
sin 800 1,4881 sin 30°; §=—36°.

A
Al=2 s1n—F —c:m-—74 HM.

2

26.55. IlpuaMa OTKJIOHHT NYYOK Jydyeit or riapHOll onTHYeckoi
OCH JMH3H HA yroa f —o (puc. 31), OCTABUB €ro NapasjeJbHBIM.
Jyau cobepyrca B ¢GoOKaNbHON TJIOCKOCTH JMH3H B TOUKe S
Ha PAcCCTOSHHHM X OT ONTHYECKOH OCH:

—1
.  x=F.tg (a—ﬁ)—Ft—g-;H_Ll | )
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||

Puc. 31 i
tg oo=1, a sinf_p cJIeJOBATEJIBHO sinﬁ=ﬂ
goa=La Ga= " ’ ‘ 2 '
tg B=

= v

I'Ioncranim (2) s (1), 6ygem umMeTh X=F—--—.
n+ \2—n?

26.56. H =h-;—'2- =1,2 e¢M, rae b — pasmep npepmera.
26.57. fo=13,3 cm.

[t -3)-1]

w3+
OxoHuaTeNnbHOe H3obpasxkenne GyAeT MHUMBIM, eCl S; HAXOXUT-
cA MeXAy JIMH30il M ee IpaBBIM (boxycom. Korga =0, u306-

pamel-me 6yaer MHMMEIM npu d <—-— U JieHCTBHTEILHBIM IIpH
d>

26.59. IIpn yCTAHOBHBILIEMCSH ABHMKEHMH YCKODEHHe COCYAa M JKHJ-
KOCTH B HeM paBHO a—=g¢ sin ©. IloBepxHoCcTh KUAKOCTH B ABH-
JKyHnieMcsi cocyie napaJijiesibHa HAKJIOHHOI mnockocTu (pue. 32).
Ha ocHoBaHMUM 3aKOHA IIpeJIOMJIEHMSA CBETA
n sin @ =sin ¢ umeem ¢=60°; ¢ — O =230°,

IIposegem nyuy OH|AB; nyau OH n BH

(2)

26.58. f=

cobuparorcs B omHOIl Touke ¢okasbHOI A

naockocru. Cmemtenne HK syua AB pasHo \ HIK

F tg (p—0)=5,8 cm, rme F — doxycroe

PacCTOSHHE JIMH3HL. 74 V0 F
26.60. [=F+F,=~— rae =Y X6

FiuFy— «boxcycnme PACCTOSIHHS TIOBEPX- P‘ﬁ« Ao

Hocreit ymH3H, Ry u Ry — pajguycHl ee I10- D~

BepXHOCTe, I — NOKa3aTeNb IPEJIOMJICHUA |- -

Marepuasa JIMH3E, | — TOJNIIMHA JIMHBBL. J ~ | .~

Ecau BTOpas NOBEPXHOCTH JIMH3BI BOTHY- S

rafd, 70 l=F, —Fy= n_l(R,—R2)=45 cM. Puc. 32
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26.61. Cobupamwiue, AalbHO30PKOCTD.
26.62. +2 aoTp..

' 26.63. Ha 3,5 anrp. :

26.64. D, = —5,3 gurp; D, =21,3 gnTp.
26.65. 24-gpaTHoe. oo
26.66. 150 pas.

.. 26.87. Hymxuo, 4yTo6ul ¢oKychl 06BeKTHBA U orcy.napa COBIAJIH,

26.68. d=0,3 m; I'=250.

- 26.69. F=1,5 em; {=17,9 cm.

26.70. d=170 m.

26.71. h=400 m; v=80 M/c.

26.72. F=1,6 m.

26.73. 10°20.

26.74. 12 paas.

26.75. 10; mzobpamxeHue ZelCTBHTEJBHOE.
26.76. x; =20 cm; x,=80 cm oT co6upalomeii JUHILL.
27.1. E—=392 E,.

27.2. 754 nm.

27.3. YBesuuurca B 3 pasa.

27.4. 0,5 pnoTp.

27.5. 6 nk.

27.6. l="\/r? (;’\/74— 1)=4 M, rae r — paccTOfHHME OT JaMIB [0
IeHTpa n.nomap;xm '

27.7. B 8.107° paa.

- 27.8. B 1/4 pasa.

27.9. 7, 38 c.

27.10. 1—, rae Eq — ocnémennoc'rb naowagzky npu doTtorpa-
(bnposauun B HATYDAJBHYIO BeJMUHUHY.
. 27.11. EE=,4, rae E; — ocsemienHocTh Ipu doTorpadupoBaHuu Le-
; N ‘

JIUKOM.
27.12. 50 c.
27.13. 107 % ¢

27,14, S 25, Ao 8

Ss, 9 5 Ao, 8’
rae S;, u S, — naomapu suadparmel, 4;, u [, — AnaMeTPH
,u;natbparmm

27.15. 100 g,

27.16. 6-10% xz/m*; 3- 1()4 xn/m

27.17. Cuna cBera, CO3AaBaeMas 2JIeMEHTOM ILIOINAAN dG B HAIpaB-
JneHnn o K HopMaau: dJ=Ldo cos a. CBeToBO# NOTOK B Teyec-
'HoMm yrje (puc. 33): :

oa® =Ldo cos a—As—‘;;’sﬁ
OcBemernocTh Ha Iiaomaznke AS, cosfaBaeMasi BJIEMEHTOM CBe-
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ramelica mosepxuocTt do: dE = li‘-i“l—f"—s—‘-‘—, HO I=2_ g

do=2ardr; r=I, tg a.

O'rclona dr= o’: ada; dE 2nlL sin o cos ada,

2

E= 2nL S sin & cos ada =l sin’a | =nL

’

o+l

sing;=—1 . E=276 ax.

L Vg
. 2
Ecaum cuMTaTh #HMCK TOYEYHHIM HCTOYHMKOM, TO E1=“f2r° 5

0

E| —E T

= “ITO— 2,259,

28.1. ¢=>56° 12",

28.2, Comacno dopmyne PdpeHenss HHTEHCHBHOCTH OTPAaKeHHOIO
JIyda ‘

71 gin’ (@ —@) | tg’(a— 81,
I 2I°[sm(a+m+tg *(a+p)

rae o — MHTEHCHBHOCTB €CTECTBEHHOro csera. IIpu moJsiHOM mHO-
JAAPUIAIHNU Op -+ ﬁ=—’2-'-, rae oy — yroa Bpiocrepa. Torga =
L . .
= ?I o sin’ (ag —B). CremosaTesbHO, —§—= ;—Sin2 (as—B), HO
[}

tg ag=rn2, tg ag=1,62; ag=56°40"; f=90° — 56°46’ = 33°20';
op—p=56°40’ — 33°20';

-§-=;—sin2 23°20 = 10,3962 ~ 0,078,
0 2 ‘ ’

28.3. a=232°,
28.4. 48°48".
28.5. n=1,43,

28.6. Kosdpdunmenr orpamenns B = —f’—, rae I, — HHTeHCHMBHOCTD OT-
paskeHHOro cBera, J — MHTEeHCHBHOCTh IAJAJOILNErOo CBeTa,
ogp -+ [3=—’2‘—. CrenobaTenbHO, HA OCHOBAHUM POPMYJILI CPpeneJm:‘
I'=I{=1, sin®(as—B);

R="tsin’ (a5~ B)=0,5 sin® (s — B)=0,04.

- 28.7. 0,9; 0,99.
. 28.8. 45°.

28.9. 1/8. :

28.10. B 2 paaa.
28.11. B 12 pas.
28.12. I...=1.,,.
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28.13. d=14,7 MrMm.

28.14. 1,55. .

28.15. (ne—no)i=-4—, rae X — TOJ-
LIHHA ILJIACTHHKH; X =
=13,24 MrM.

28.16. 5,7 MmMm.

. 28.17. 4,5 mMm.
28.18. 250 xr.
28.19. 375 kr/m°.

28.20. =5 cMm. Puc. 33
29.1. n= —ig rae 1 — AUCTIepCHS;
V=g cr’ rge v — ¢asoBas CKOPOCTh;
avyp ™ pocTh;
ch? (AA*—B)
=—aw iy TAe U — TPynmosag cKopoCTs.

29.2. u=17-10° cm/c.

29.3. v=2,24-10% m/c; u=2,20- 108 M/c.
294. £=0,14 cm~!

29.5. 0,8.

29.6. k=0,35 cm ',

29.7. 42 cm; Ha 109,

lg'Nz
29.8. kl N
29.9. n—8
29.10. 19.
29.11. 0,67.
29.12. 0,62.

29.18. k' =0,06 cm— ',
29.14. B 4 pasa.
29.15. v=1,88 m/c.
29.16. 2. 108 M/c; 2,56-10° m/c.
30.1. 3-10% m/c.
30.2. AN =0,10.
30.3. v=0,141 ¢, rae ¢ — CKOPOCTh CBeTa.
30.4. Ha 13 um.
30.5. Ay=600 um.
30.6. 4:107% MrMm.
AA__vn

30.7. 77,008 ¢, Tle ¢ — YroJ Mex]y HANPABIEHHEM na6mone-

HHH N HAIIpaBJIEHUEM ABHXKEHUS.
30.8. Ah= —-2—1:-’”—x.

309. T =l%~—' 413 =25 cyTok, rae R — pagnyc ConHnua.

30.10. 1,98 xm/c.

31.1. 1) 0,284 allmk; 2) 0,361 allx; 3) 0,497 allx; 4) 0,02 allx.
31.2." B 386 paa.

31.3. Her.
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31.4. 2 MKkM — HH(bpaKpacHaa 9acTh CHEKTpa.
31.5. 12,4 ¢pm.
31.6. 1, 07 IT'ny; 1,18 IITn; E2/E|—-M/7»2—1 1.
81.7. 1) 552.10-% kr u 1,1-10-% &r; 2) 9,6-1073" &kr:
31.8. 2,42 mm. :
31.9. 1,33 om.
31.10. 5,33-10~%2 kr- M/c. '
31.11, 1,99 (%),[[m, 2,2.10*% kr; 6,625- 10  xr.m/c; 99,4 chIxc"
1,1- 10 Kr; 3,31.10%2 kp. M/c
31.12, 2.10"% m~2 _'. :
Nt

8118, n=nt —3.10" ¢~
Nl 3 ‘
8114 =2

- 81.15. T=2"__ 96 MK.

3k,
31.16. A=hc/hM=4,2 3B.
31.17. Het, Taxk Kak 9Heprusa KBaHTA paBHa 2,11 »B u MeHbuIe
paboTR BHIXOZA 3JIEKTPOHOB M3 Meraana Ha 0,29 3B,
31.18. 235 num; 262 um; 276 um; 305 um; 631 HM.
31.19. 4,7 »B; 4,5 »B; 2,4 3B; 2,3 3B; 2,0 3B.

31.20. v= ‘\/2": =600 Mwm/c. ITonyumica Henemmblif pesyJbTaT

U>¢, TAK KaK He YYHUTHIBAJIACH 3aBHCHMOCTh MACCH 3JICKTPOHA
OT CKOPOCTH €ro ABHXEeHHA.

31.21. v= "\ 2 =4N _g40 km/c.
mh

31.22. 213 um.
81.23. 0,994 allx (6,2 3B); 5 aB; 0,192 allx; 650 rm/c.
31.24. Ha 0,6 3B. ‘

31.25. A="2—10 um.
eU

31.26. 10,3 B.

31.27. 0,75 B.
31.28. 6,6-10" % IIx-c.

31.29. 3,5 mkIa; 7 mklla.

31.30. 1) 46,6 M!cl'Ia, 2) 23,3 mklla.

31.31. 37,5 MBr/m>

31.32. 4,7 mklla; 2) 4.107 "% g

31.33. p=,c—s—(1+p)=54 Mklla.

31.34. =’-(1+p)=g§'(1+p)=2,25 mkIla.
31.35. p—-4nr2 (14 p)=24 Hlla.
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0,8N

- 31.37. p./p. = n rpc =1,9 pasa.
31.38. 39 m.
-~ 31.39. 59;3 Mm/c.
31.40. v=—"\/ 2" — 295 Mm/c. -
mi

. 31.41. 3 ""’2 ~hv nafinem v=—"0"__—73 9Tn.
2h1—p?
31.42. 6,61. 10—34 Az,

31.43. 41,4 nm.
31.44. 1) CBoﬁo;mmMH ABJIAIOTCA Te SJIeKTPOHEI, aHeprna CBSIBH KO-
' TOPHIX 3HAYHTENBHO MEHBIlE BHEPrMH, NepefaBaeMod UM pac-
ceMBalOIMMUCA KBaHTaMH. 2) B sToM ciyuae 3Heprus CBASH
3JIEKTPOHOB TOI'O K€ MOPAAKA, YTO M DHEPrHd HAJETAlOLIUX
KBaHTOB, CJeA0BATEIbHO, CBOGOJHBIX 3JIEKTPOHOB HET.

81.45. Yem cuibHee cBA3aH 5JeKTPOK B aToMe, TeM MEHbIIE aHEp-
THH OH MOXET MOJYYHTh OT INAJAOLIEro KBaHTA. B Jerkux
3NIeMEHTAX 3JEKTPOHH ciaab0 CBA3AHBI, B TAMKEJLIX — YHEPrus
CBA3H CYINECTBEHHO BO3PACTAET M OTHOCUTEJIbHOE UMCJIO CHJIBHO
CBS3AHHEIX BJEKTPOHOB yBEJIHYMBAETCH. .

31.46. 1,32 ¢m.

- 31.47. AA=2,4 nM He 3aBHCHT OT JAJMHHI CBeTa. OtHocuresdsnoe
M3MeHEeHHe JUIMHEI BOJIHBI: AJIA BHAMMOTO CBeTa 0,48-1075 paa

. y-nyueit 0,48.

. 81.48. A=)\ —A= —2A, s1n2—“°—~ —1,2.107"2 m

31.49, AAn=2hr; 4,8 M 1 2, 6 dm.
81.50. )’ =A-+ 2\, sin’ %—= 59,9 mm.

'31.51. B 2,8 pasa.
31.52. 26,7 oM.

81.53. 90% AE=hv—hv'=he (3 — Ao )=- Aehh ——24 xaB.

in2 9
2. 8in )

‘a1 k4 11 he
B4, AE=he|——) =7+ ———=2
318 (}‘ A Pt oicent
119 xsB; 185 koB; 256 koB.
he - E
L-{-chsin?% 7~+2F€Egsin~2%
E,=E—E’'=0,32 MaB;
. p==>-Ei+ 2mge’(Er+ moc?)=0,42-10"% H-c.
c .

- 81.56. Io/I——e"uP"——l 94 paaa .

81.57. ¢**=1I,/I, OTKYAQ

31.58. 1000 K.

=0,43 Mb3B;

81.55. E' = hv'=
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31.59. 200 K.

31.60. 3,85 I'llx.

31.61. 52,5 Br.

31.62. Ysenuunrca B 16 pas.

31.63. AT=T, (4 /‘22——1) —126 K.
El .

31.64. R, =0¢ (Tl T}) u Ryp=0 (T‘—T}), tae T, — 'remnepa'rypa
KOTJIa ¢ Bogoif, T': — TeMIepaTypa noBepXHOCTHA pyku, T's — Tem-
neparypa rena. R,»/R,; =1,24 pasa. '

31.65. 21,8 I'lIx.

- 31.66. 0,7,

31.87. N=0T‘S=1390 Br.
31.68. B 3,3 paaa.

3169, R,=cT'uR,= C —» Tae R —— cpejHee paccTOSHHe OT 3eMJH
Ao Connua, r — paguyc Conuna. Torma oI _—-ﬁ?—, OTKyZA
= 2’1——5800 K.

31.70. Harpepanue NpeKpaTUTCA B Momeni- pasencméa norsaoniaeMoii
4 Hanyuaemoii sHepruum: CSt=o0T'St, orkyna T='\4/—€'-=

=396 K.
31.71. KonuvecTBO TENMNOTH, TEepseMOe IIADOM IIPH MOHMIKEHMH TeM-

neparypul Ha dT': dQ=cde=—;—nr3pch, rae p — ILJIOTHOCTH

smesneaa. C papyro#t cropousl, dQ@= koT*Sdt=4nr’keT*dt, rne
dt — BpeMs M3NYUeHHS, COOTBETCTBYIONIEe OHMIKEHNIO TeMIIepa-

T3
ryps Ha dT. dt=—°ﬂ"'—T-4dT, OTKYJAa t=ﬁg—gT—4dT=
V$1

_;.Iec:_(Tl — )_1503c (25 Mux 3 c).

31.72. 20 K. )
81.738. 0,5 MKM — 06JacCTh BHAHMOrO CIEKTpA.
31.74. Hesnn3st, TAK KaK A, =242 um.

31.75. 1,45 xl{x.

31.76. 1 MM — uudparpacuas obnacrs.
81.77. 1870 I:x; 20,8 nr.

- 31.78. 7,5 kB
- 81.79. B 1,85 paaa.

31.80. B 3,3 pasa; 565 K.

31.81. 360 nwm; B 3,1 pasa.

de 2k4 4
S —1 60c2ﬁ3T -

31.82. R.= |f (0, T)do—
0
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=56:10"° Br/(m? - K)T*=oT", rae x=ho/(kT).
TIpeoGpasoBaB GopMysy Inanka B ¢MT) n nbonn@cbepen-
LMpOBAB ‘ee 110 AM 0, moayuum: Tx_‘fg_:gk =
L =29-10"°mM-K= b
32.1. A= i:f, 1—v?/c% 36,4 um u 1,82 nm.

32.2. 160 om.
32.3. 7,3 um; 6,9 nm.

S T
382.4. Y13 ypaBHeHHik )»=—h-—-——l——ﬁ—-

= b 4 Ek = m002 (
my mocB

V 11— 7 1>~
he

\/Ek (Ek + 2"14)02)

325, A—=—2" s 73 nmm; 145 nm; 28 um.
3kmT

UMeeM: A= =2,86 nm.

2
32,6, Ins sJeKTpOHA M MOJEKYJIHl KHCJI0POAa Ek=—h—— 150 »B;

Zmal
2,58 m3B; 16,4 maB.
p ‘\/(2m002+eU) elU
328, A=+ Z‘%"—-:11 nM, I'ie A, — KOMITOHOBCKAa® JAJMH& BOJHBI.

32.9. E'k_

h_. . 0-7
—T’ Ax>5,8 10 M
; Ax>8,2-10""" m

2/3mkT . Av
32.14. Av>2mAx; Av>=0,6-10° m/c; ;20,45.

82.15. A= 2;" ~4nAx; A=1,3.10"° M
32.16. AE>-§%t—; AE>38,3-10"° 3B.

—— 2
32.17. Hcnoxpsys p='\/2m(Ek) n Ap,~ p, nMeeM: (E.k)}s—n:;\?-;
(E;)>1 aB.

32.20. ipr x<0 u x>a ¥ (0)=0, ¥ (@)=0. E, =" =E —

n2h2

== -n’, rge n=1, 2, 3 . Ana n=1 E,=380 3B.

© S r—
-

248

32.21. AE— EQ—-El_a“’”"’

2ma’

32.22. En— Qn, n=1, 2, 3

/ ‘ /2 .. [ nax
e ’ll},, (x)- —a—sm (-—E—‘—).
32.23. ‘I[Jml 0<r<a """ T R =0 (k= 2'"°E), zag x>0

ﬁ2
. ‘ | “
%2—'—-d2w2=0 (d2=2—m‘ﬂ°-_—m). Pememm: Y (x)=Asinkx un
Y2 (x)=Be~?*. B Touke x=a nonyuum: A sin kx=DBe %%
Akcos ka= —Bde~%. Torma tg ka=—k/d, wm sinka=

h2
‘ =4 ‘\/-———2m°a,u ka.
32.24. { 0 npu 0<Cx<a,,
U (x) Uo npn a, < x< ay,
oo npy x=0 H x=a.,.
Ana x<<0 u x>a; P,=0; B Toukax x=0 1 x=a, Y (0)=0
n Y (a2)=0. : .
Ona 0<x<<a, V/=—Fk%, a g1a a <xr<ar P} = —x*ps,
rae k2=_2__"1§_ H 342"' 2m(E — U)

e = = . Pemenue wumem B BHAe
,.P=eax. ’
‘ Py (x)=A,e”“‘+B,e“”“ H P2 (x)=A2e‘“‘+Bge_"“".
Tax kak Bj== — A, 1 Bo= — A, HMeeM:

Al(eikal _e—ikal)=A2(eixal _e-—lxal);
kAl(eikal+e—ikal)=%A2(eizal+e-—iml)’

OTKyJAa -71’-— tg kal=%tg %@, IT0 M eCTh HCKOMOE€ YDABHEHHe.

12000 tg kai =tg (a,\/K—2221),

h2
== K,—K 2 2n M—. =2L(E_—_U)
32.25. R (-E:.*._K:) , e K,= A—, = - 3 K, 7 .

o NE=NE-U
Toraa R =(

2
Vet w/E—iI—) =0,005. Ho D=1-—R=0,995,

32.26. 843 nmM.
32.27. 154 nm.
32.28. Co, Ni.
32.29. AL=92 nm.

-32.30. JIuuua K, npodaBuTCHd JHWL B TOM CJaydae, ecjii OHa He

OynmeT JexaTh 3a rpannneﬁ CIJIOIIHOTO CHEKTpA, T. €. eclu

A, > Fhc/eU. OTryxRa U> , HIIH U>3MR(Z o)y - U>
> 17,2 kB. A
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mi_ ¢ i ' g
331 Ha —m uMeeM: vx=¢"/(4nmr.eo). Torza v,‘—m, |
HIH v."=m'i Mm/c. Ilpu k=1 v;=2,19 MM/c, npu k= 2
‘09=1,09 MM/C.
33.2. 670 M. ‘

83.3. ry= s°i::2 , ud ry=k’.53,1 1M (cM. pelenye 3axaum 33.1).
IIpu k=1 r;=53,1 um, ipu k=2 ro~212,4 nm.

33.4. 3ras v, (cM. pelreHue 3anatm 33. 1) nry (cM. pellleHue 3azaum

ﬂme
33. 3), MOS‘KHO Ha#WTH Ay = I'K ‘_m,
. 22 '
28001 ak~-5)—q%%o— M/c?

Ipu k=1 a,;=9,02-10* m/c’, npu k= 2 a2—0 56-10% M/c

Takoe YpesBrHYaiiHO GONBLIOE YyCKOPEHHE 3/IEKTPOHOB JOJIKHO

COIIPOBOKAATLCA CHIBHHIM 3JIEKTPOMATHUTHHIM H3JAyYeHUEM.
B pesyspTaTe aHEprusa 3JeKTpPoHOB 6yaer Bechma GhicTpo yORIBATE
H 2JIeKTPOHH ROJIKHBEI ymacTh Ha sppo. Takum oGpasom, atom

Pezepdopra okrasHBaeTcs HEYCTOUYMBEIM, BpeMA ero KH3HH -

COCTABJIIET BCEro JHUIb HMUYTOKHBIE AOJH CeKyuzanl. B sTom
H 3aKJII0YAETCA OJUMH M3 HeA0CTATKOB Moaeau Pesepdopaa.

2
33.5. /k—-.hohv“=3.
83.6. IIpn k=1 81,7 =H, 511 I‘B/M, npu k=2 5, 11 uH, 31,9 TB/Mm.
837, n= ﬁ:a%: (£)'=9 paa.
chk
33.8. hv~hv’=m§
Horo GOTOHA, V' — CKOPOCThH aTOMa INOcje uanydyenus (OTOHA.
Orciona h‘(v-——v’)=2ii,—v’2, A,—V?= L Av=A(%-) =

me Y 2me
— eAv b
CA( )— vi T 2me 2 dm.

2 » .
33.9. moc?+ho=-"C_; ho __ mw Orxyna v=c— ho

— ml he ~ hw (1 hm2 ).
0C 1+ ho mac moc
myc .
voh’ LR K?
A0, rp=—2t——rr—=4 .
33.10. r, e (BO— ) 75 mm

33.11. E=E,—Ey=-i_ (1—;12-);10,-2 aB.

. L . rk ) e2 "hdr
33.12. E=E, {E,. Hanne;vl E,,=§Fdr= =

4n Bo
& me' 271 B, mvi__ me
= T inen . aF Him E,,— Ek— 2 = T’ nam
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. 13,6 8B ‘o ,
Ek=-—_2L. Torna E=E,+E,= _ST'?%F’ v E— 18 5233'

33.18. mvkrk—k—, OTKYZa 2nr,= km =kA A =332 M ¥ A=

=996 mM; 2nr._332 mM=>A; # 2nr3_-996 oM (cM. pemeHue
sajgad 33.1 u 33.2). OTO 3HAUNT, YTO CTAIHOHADHEIE B3JIEKTPOH-
HBIe OPOGHUTHI, BAONb KOTOPHX YKJIAALIBAETCS IIeJI0€ YHCJO AJIMH
BOJIH Je Bpoitna. B xBaHTOBOMeXaHHYEeCKOH -MOAeNH AaTOMAa
HA cMeHY GOPOBCKHM OpPOMTaM NPHIIJIH NPOCTPAHCTBEHHLIE CTOA-
" gyme BoyHH. KaXgolfi H3 TAaKHX BOJH OTBeuaeT ONpeAeeHHAA

3Heprua m coGcTBeHHaA yacTroTa. BMecTo mepexofa ¢ OAHOM op-
6MTHI HA APYryl0 NPOMCXOAHUT IIepPexok H3 OAHOrO COCTOSHUA
(KOTOPOMY COOTBETCTBYET OIPeeIeHHAA IIPOCTPAHCTBEHHAH CTOA-
uasg BOJIHA) B Apyroe,

33.14. 121,2—90,9 um.

33.15. 2,2 allx.

33.16. 654,5 nm; 484,8 um; 432,9 HM,

33.17. 1,002 mMkm.

.38.18. 1,095.10" m~'.

33.19. Cepnawm Jlaiimarna u Bansmepa orseualoT uMcia k, paBHbIe
coorBercTBeHHO 1 m 2. Haubonpmass JJIMHA BOJIHH B xamnoﬁ

CepHH cooOTBeTcTBYeT umcay n==%k-+4 1. IlosTomy - —-——
=R [k"’ (h,+1)’]

1 _pfl 1

v [k§ (hz+1)’]'

o 1

Orcioaa x2=x;';'—-!"'—l+!l—=§56,6 HM.

kT Ueriy
33.20. h——=656 ,6 HM.

33.21. A= "ff =5,47-10""° Jix=3,42 sB.
33.22. A12=121,6 umM; A1 3=102,6 HM; Ay 3=656,3 Hm.

me'
33.23. — g Se’h’+E Orcioza n< ’\/ W n=>5.
Sel’E A

1
TR
7\,2,5=434,0 HM,

83.24. n< , [—2—5 n=8; M,=121,6.;m; h13=102,6 mg;
. ) 1_&0’30 . .

me'l

A23=656,3 HM.

;Ioenommy A= TO A23=6566,3 uM; Ay, =484,8 HM;
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34.1. j=§—=nev‘u, OTKYA& U, = S =0,3 5A/cm?,

34.2, v,=bE=-——E=0,68 m/c.
neg

—ne’t —Naw \ — —is.
.34.3 O="=, TR n="3". Torna T= NAgg,e s=0, 26 10 |
84.4.4,3.107"° ¢; 6,7-10"° m; 7,6-107* m*/(B. o).
[34.5. pp=-——=o 12 OM-m.
L Pa= eb_oosomm .
34.6. n——l/[pe(b,,+bp)]—2 37 1019 =3,
84.7. A=hc/AE=2,07-10" O
348 L exp(—AE/kTg) AE(T2_T|) . ' ‘
% oxp S—AE/kT) X [ KT Ts ]—17’5 pas.

84.9. 2,37-10' ,
34.10." nnan~T3/2exp(—AE/2kT) Torza Z—"=E&.

= (:'_'%)3/2 exp [AkE (F__">] 3,67 pasa. C

34.11. Ilnsa repMaHUA cypbMa SBJISETCH AOHOpOM, a WHAWH *— akuen-
topom. Toraa o =n.eb,+n,eb,=3850 Om~'.m~',
34.12. kT > ho, " ~1+ho/kT. Toraa C~3R :
34.13. kT < ho exp (ko/kT)>1. Torma C=8R (On/T)2
Xexp (—On/T).
34.14. C=0,92-3R.
34.15. 3 x/[ix/mMoun,
Co_M (05} _ :
34.16. & =2 <(~5§) 1,4 pasa.

2
34.17. Iipn T>6; ho/kT>1, ¢ ~1+4ho/kT. Torma U=
=U,+3RT u C=3R.

34.18. Ilpu T<K Oy xn=ho/kT~ 0 K

3

S e"x‘dx. -44-—314
J ee—1)? 157 7

Torga C= 12“ ==t R (911)
34.19. C=-13iR (——) —21,3 Jlx/(Mons-K).

ho hv ._i_l_ k_]
34.20. (-)E_k—— w0 TAe V=o—=o- —

(v — cobcTBenHas yacrora Konebanuit aroma, m — mMacca aToMa).

Torma k, = ‘—1“—';:5—9-5_ 180 kr/c?.
. 34.21. Nlpu E—b=0,1 3B, f(E)=1,79-10">
34.22. Ilpu E=b f(E)= -0,5.

34.28. E,— 1 (3Na)" _ 5,05 oB.
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E*? (2m)¥ v m nv .
34.24. —ﬂV—‘L'an'_zhE_—' H‘ Na-—_—l-‘—l—NA_—“—IIu—NA.
N, _ES?(2m)*M __ '
Torna o == Ny

34.25. (E) = 3 Ll L (8n%n)*%=0,14 2B,

3426 vmax V2E’F/m 1,33 Mm/c.

34.27. (v,) = /\/— Umax = 1,03 Mm/c.

34.28. U3 dopmyns mzv, =E; uMeeM: vp= /\/ M___
=1,1-10° m/c.

34.29, TIpu T=2 K Cy=42 ,HJR/(R M), a npu T=1000 K’ CV—
=21 KII.)K/(R BTSN

34.30. n=ﬁ=7pl,
Cy=""K Nayp_137 K.
V=g 'Xp' k% /(K- m®)

35.1. 1) 6 mporonos u 4 ueitrpona; 2) 6 nporoHoB u 5 nei’!'rponon,
3) 6 mpoToHORB U 6 Heﬁ'rponos, 4) 6 TpoTOHOB U 7 HellTPOHOB;
5) 6 mpotoHoB u 8 HeiirpoHoB; 6) 6 npo'ronon u9 Heﬁ'rpouoa.
35.2. B 6,2 pasa. .

35.3. p —i%"l-“’——— 2,62-10' xr/m>.

35.4. R=R, Q\/Z——lz 2 kM (cM. 3azauy 35.3). \

35.5. 76,3 M»sB.

35.6. 2,01650 a. e. m.; 2,01414 a. e. M.

35.7. 8,5 MaB; 7,7 MsB. flzpo {H 6Gosee ycroiiuueo, uem jHe.

35.8. 1786 MaB; 1799 M»sB. Yaenbuas 3Heprus CBA3H HYKJIOHOB B
23U — 7,60 MsB, a B U — 7,56 MaB. Iloatomy sapo BU.
6oJiee ycroifumBo, YeM 292U

. 35.9. 6,47 M»B.

35.10. 1,12 M»sB; 8,80 MsB; 8,43 M3B; 7 56 MbaB.
35.11. 707 aTOMOB.

35.12. 1,66-10° cyr—'.

35.18. 1,4-10" " ¢~ '; 0,74.
=T
35.14. =@z In - —276 CYT.

35.15. 2 cynr.

35.16. T= ’-ng—f‘ugi_ 5,02 cyr.

35.17. AN—--’Z‘%“‘—Z At=1,68-10'® pacnagos/c; N =
N‘ exp (—At)=1,19.10?? aromos.

35.18. AN—%Q—MO qacTu/c.
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85.19. Ba 1 u Bgenserca sueprust E=70,6 TaB=11,3 . ToBu-
meHue 'remnepa'rypm KaJopuMeTpa AT——%—_2 7 K.
35.20. AN =Y ‘T"zAt_mNAA““? 1,24.107 pacmagos/c;

AT
a= ;—274—1:)%——-0 34 mKu.
35.21. U3 cooromennuit AN =2 2NAt AN —n4—’g—, %=%—i

oIpefie IMM .n;'—"—NAM 94.

4nr’AT
85.22. 6,410~ xr
__yra In2 .\ 3
35.23. V—Vl-;"-exp(—-——T t)=6000 c’.

AaM.y In2 —
35.24. Me.=—j4?p2 [l—exp (—mtﬂ =810 r.
35.25. 6; 4. "
35.26. 8; 6.
85.27. Ilosurpon et.
85.28. 2%iRa.
85.29. 23U.
85.30. 25Pb.

35.31. E=NTZY (1+ )t%103 .

35.32. "’N—}—gHe-»( §F)—'70 + |H. Iornomaercsa smeprusa 1,20 MaB.

35.33. 1,56 MaB.

35.34. {Be +H— ('{B)—>'{B+}n; 4,36 MaB.
85.35. 17,9 MsB.

85.36. iLi+ |H—>23He; 18,14 M3B.

85.37. 9,2 MaB,

85.38. 1,56 MasB; 7,28 MaB

35.39. 0,78 MsB.

35.40. 17,6 MaB; 4,0 MaB; 4,8 MaB; 5,02 MoB.

35.41. *£B+2He—> N ?N-}-on,
’3Al+2He—+(3%P)—+ P+on.

Mg+ 2He—> Sl)—+ Sl+on
85.42. "B+ {n—>ILi+§He; 2,79 MaB.
35.43. 0,25. .
85.44. A1+ He—~>1P 4 bn; WP—>11Si+Te; 1,08 MaB.
35.45. 234,04643 a. e. M,
35.46. Jneprusa, BHAendAiomasca NpH o6pa3oBaEMH ORHOrO HAApa

remus, 27,3 MoB. B renun maccoit 1 r copepaxmres I-Vf=

=1,506-10%° atomoB. CnenoBaTesIbHO, 3HEPTHSA, BHAEAAIOMAACT
npu 06pasoBaHHH rexus maccodt 1 r, 41,1.10%° MaB=658 I'llk.
35.47. 5,13 1023 MsB=82 I'lIx.
-35.48. 5,13-10°2 sB; 2,8-10° kr; 1,68-10° xr.
35.49. 1,54-10° kr. :
‘35.50. %5U + bn—'31Xe + 3381 - 2{n.
35.51. 9,8 MsB. -
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35.52. 30 r.

35.53. 44 r.

35.54. 15 MBT.

35.55. 72 r.

36.1. 0,4 u 9 I'sB: SR
36.2. ITycts ¢doTon mepenaeT 3JEKTPOHY CBOIO BHEpPruio. Torpa

hv + moc? = ~\/ple* 4+ mic'. Orxyna p,= ‘\/ +2m°c

\/ 1 +2m°c > P,y 4TO npo'msope'm'r 38KOHY COXDAHEHHS

MMy IBCA. ‘ ‘

36 3. B> p’*=E"—p’°c. o cronkuopenus = E=E,+E,=
=E,+Eo+E;=E,+2Ey, p=pi, po=0. Ilocne cTonKHOBeHHUS

E’=E{, p’=0. VYuurasas, uTO pl—-—11 ‘/(2E0—|-Ek) Ey (cm.

peirenie saxaud 7.19), momyuum: (3E0)2-—3E2—-m0 ¢, oTkyna
mi= V6 m,. '

36.4. 2,76 MaB.

86.5. (E+mc?)’ — P = (m,+ 2m)ie*, rae p=E/c (mocne Baaumo-

AefCTBMA KOHEYHhIe YACTHIIH IIOKOATCA HA IIOpOTe DeaKLHu).
PaBeHcTBO HE BRINOJHAETCA npH m,=0.

86.6. p= Zf—cos -;L u E,+2mc*=2E, rge p — HMIyJbC HO3UTPOHA,
m — ero Macca, E — sneprus ¢OTOHa, P = py=--— mMmyasc
cbo-rona Ana  mosurpona (E,+ mc’)’— p’c? =c)11204. . Torpa
cos L =1/y/1 +2mc2/Ek—0 651; ¢=98,5°.

36.7. 750 kaB; 1,65 mmMm.
36.8. 4-10"2 H.c.

36.9. U3 Ek=E—_—22ﬂ£ u E,=mc’ —moc® umeem:
E? : :
36.10. hv=2mo’+E._+E.,. Toraa Ee-+Ee+=hv—-2mOc2=
—(3 02 1,02) MaB=2,00 MBB
86.11. mic'=(E\+Es)*—c (p +p2)’, rre Pl——El/C n pr=E;/e.
Torza m c“-—E2+2E.E2+E —E}—2p\p:c* —E2=

= 2E,E, (1 —cos ©) gin 2= T __ moc?

2 2 '\/—l—— E,
36.12. 67,5 MsB. :
36.13. 0,78 MsB. |
36.14. ro=lv— 1—0v?/e?=2,1 MKe.
36.15. 32 uc, 5,76 m.

' = —\/.nsnd—_EL=
36.16. (I) =c(7o) ey 3,3 m.

36.17. to=1Imc/ VEy (Ex 4 moc)*=1,45 ue.

ve=e\/1—C2Y_9.82.10° m/e.
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36.18. 249 Ma/c.

36.19. Ecmn £ ———1 1,
B moeC 1—-02/32

o v=c\/1— (_”_,E.,_&_) —2,60-10° /.

36.20. s €U =moc? (—1——-—1) HaxommM =282 Mu/c.
1—v¥/e? '
2
36.21. Paguyc r maltgest us. dopmyssi: By=—T25 o=
. ) . v
m002 ‘ 1-—?

v 1 (eBr/moc)’
1+ (eBr/maqc)?
. — /1 B2
OTHouIeHHe p onpezgesferTcd M3 BBIPAMKEHHA p==mycf\1—f

eBv). r==10 cm. ‘
36.22. B=muv/(gr). AMOyJnc 4acTHLR P=MV X ee KHHeTHYECKas

aHeprud E; cBA3aHBl BhIpAMKEHHEM p=—~\:: /E\ (Ex + 2mc?). Tor-

Aa B=—c;—r—VEk (Bx+2moc?),  rtae

=2,50 MaB. B=0,28 Tx.
36.23. B 11,6 pasa.

‘ 2 2
36.24- H3s A=enU Hu Ek=mc2—m0c2 HAXOAHM: n= me moc —

2eU
__0,08myc® __
=25 784 o6opora. :

mv .
(p=eBr HaxoAUM M3 paBeHCTBA r—v =

E, =1?(hv —2moc?) =

36.25. Bonusl 6yayT pacnpocTpaHATbcs deped Kpucrann (rpadmur),
He paccenBadCh npn A>2d. IloaTomMy MeZzJeHHble HeHTPOHBI

¢ HMIOyJabCOM P<—— He OYAYT MCHBITHIBATH paccesHHe Ha aTo-
Max rpaduTa npoifmy'r yepes CTepXKeHb. BricTphie HeHTPOHH

C MMIIyJbCOM P>- pacceoTcs, NOKHHYT CTEepPYeHb H IIOrjo-
TATCH.

IHNPHJOXEHHE

1. OcHOBHNIE M JONOJHHMTENbHEIC eauwuunbsl MexayHnapoanoit cucremsr (CH)

Eaununa
Besnuuna
HAaMMEHOBAHME o6osnauyenune
Ocnoenbie edunuube
Jnuxa merp M
Macca KHJIOTPaMM KI
Bpema CeKyHJIa c
Cuna 2)1eKTPUYECKOTO TOKA amnep A
TepMopuHaMuyecKan 'remnepa'rypa KeJbBUH K
Kosuuecrso semecrsa MONB MOJIb
Cuna csera KaHjena KA
HAonornumenvhvie eGunuybt
rocknit yron paanan paz
Tenecuwnit yroxn cTepajHaH cp
2. Hexoropnie xapaxTepucTuku Coamna, 3emoam m JIymm
Pdusnveckue napaMeTrpel Cosnune Semnn Jlyna

Macea, Kr 1,97.10% 5,96.10% 7,83.10%
Paguyc, M 6,95.108 6,37.10¢ 1,74.10°
CpepHsA ILIOTHOCTH, Kr/M* 1400 56518 3350
CpexHee paccTosHue oT 3eMJIH, KM 1,496-10°8 —_— 384440

3. Nuornocis (kr/m®)
Tasw (npu Temneparype 0°C u HOpMANBLHOM ATMOChHEPHOM ZABICHHM)

Bozaopox 0,08988 Kuncaopoa 1,429
Boaayx 1,293 Yraexucani ras 1,977
Kubrkocmu
Bexnaon 880 Kepocuu 800
Boga (+4°C) 1000 Kposs 1050
Taunepus 1200 Pryrs 13600
3onoro 17200 Cepebpo 9300
| Kacroposoe macito 950 Crnupr 790
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IIpodoaxcenue

8. Yaeasuan

TeILI0eMKOCTS

Teepdvie u *uldxue meaa

Teepdvie mena
AmoMHHMI 2600 Onoso 7100
Keneso 7900 - MnatnHa 21400
3osoTO : 19300 IIpoGka 200
‘Kamennas comp 2200 Csunern, 11300
JIaryup "8400 Cepebpo 10500 -
Jlex 900 Cranap 7700 -
Mezns 8600 Crexyo 2700
Huxenp - 8800
4. TII0THOCTH BOAK NPH PAIHYHBIX TEMIEPATYpax
~Temneparypa, °C 20 30 40 50 60 70 80
Ilnornocrs, Kr/m? - 998 996 992 988 983 978 | 972
5. Moayas ynpyrocra (I'Ila)
AmoMurui 70 Meas 120
Jepeso 10 Cauner 17
TiopamioMHHuR .5 Crannb (#xeneso) 210
-Kupnuy 10 Yyryn 100
Jlarysn 90 Kayuyx 0,008
6. Cxopocrs asyxa (M/c)
Anomunnii 5100 Keneso 5300
Boga 1450 Kupnuy 3650
Boaayx (0°C) 832
7. Koaddannenti pacmupemm‘ (K"
. JIuneﬁnoe' pacwiupexnue
AsroMunni 2,4-107% || Mean 1,7.10°%
| ¥eneso
(cTaxs) 1,2.10°°% Crexno .1.10°8
Jlaryus 1,9.1075 Uuux 2,8.10°%
O6zemnoe pacuLupenue ‘

Boga (5—10°C) 0,000063 Boga (40—60°C) 0,000458
Boaa (10—20°C) 0,000150 Boza (60-—80°C) 0,000587
Boza (20—40°C) 0,000802 Pryrs (18°C) 0,00019"
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Yaensnas Y nensuas
TenJyo- i Teyo-
Bemecrso €MKOCTb, BemecTso €MKOCTb, .
Hox/(xr-K) _ o/ (kr-K)
AmoMunnii 896 Jlen, . 2100
Bensun (50°C) 2095 Macno TpancdopMaTopHOe | ‘
(20°C) 1800 °
Bucmyr 130 Mexasn 395
Boaa (20°C) 4190 PryTtp 138
-| Boxsdpam 195 || CBunen 131
Meneso (crans) 460 Cumpr 2510
JlaTyHb 386 '
T'aswt u napu
. - c
BemecTso Cp, Am/(xr-K) |Cy , lae/(kr-K) Y=c,
Ammuax (NHs) 2140 1630 1,81
Apron (Ar) 532 . 820 1,66
Boaayx 1020 729 1,40 -
Fennit (He) 5240 3140 1,66
Kucnopoa (02) 913 649 1,40
Meran (CH,) 2373 1854 1,28
Napu sogut (H:0) 1820 1380 1,32
Yraexucnnit ras (CO;) 848 654 1,30
9. ImaMeTpH MOJCKYN B ATOMOB (HM)
Asor (Ny) 0,31 Kucnopoa (02) ' 0,29
Aproun (Ar) 0,29 Oxcup yraepoaa (CO) 0,32
Bopopoa (H:) 0,23 Yraexneanit raz (CO2) 0,33
Bopaxo#t nap (H:0) 0,26 Xnop (Cl2) . 0,37
Tennk (He) 0,19
10. Baaxocrs mmuakocredk, razos = UAPOB
- Temmepa- | Baakocts, i Temnepa- | Baskocrs,
Bemecrso Typa, l"’t(l) mklIla-c¢ Bemecrso rypa, °C | mxila-c
Asor 0 16,7 Hapw Boas o 8,7
Bona .20 1004 Yraexucaniit
) ras 0 13,7
Boazyx 21,6 18,4 Xsop ()} 129
Tenui- 0 18,6
Kucnopox 0 19,2
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11. IMocroannsie Ban-gep-Baaasca

15. laBieHMe ¥ HJIOTHOCTH HACHIIIEHHOTO BOXAHOIO napa

IOox-m® _s ™ NER'S s M
BeriecTBo a,m b, 10 ToTh BemecTBo a, Wb’ 10 MoTb
Asor 0,136 4 Kucnopox 0,137 - 3
AproH 0,132 3 Yrnexkucnnii
ras 0,364 4,3 .
Boga - 0,554 3
12, KpurtHdaeckHe 3HAYEHUSA TEMIEPATYPH H AABICHHA
BemecTBo Ty, K Dy MIla BeitecrBo T., K Py, MIla
Asor 126 3,4 BoasHoit nap 647 22,0
Apron 151 4,87 Temuit 5,2 0,23
Benson 562 4,8 Kucnopon 154 5,07
Bogpopoz 33 1,3 Yraexucapiit
" ras 304 7,4
13. IloBepXHOCTHOE HATAMEHHE KMIAKOCTEH
npa Temneparype 20°C
Ilosepx- IToBepx-
HOCTHOE HOCTHOE
Bemecrso HATAXKEHHE, Bemecrso HaTSIKEHUE,
mH/m mMH/M
Anuavn 43 Rac*roposoe MAacao 33
Benson 30 Kepocusx 30
Boaa 73 MBUJIBHBIH PAacCTBOP BOJH 45
Bogma (70°C) 64 PryTs 500
Tauuepun 64 Cepebpo (pacmr.  960°C) 780
3onoro (pacna. 1070°C) 610 Cnupr 22
14. TennonpoBOAHOCTE BeleCTB
Temro- Tensro-
TIPOBOJ- TIPOBOA-
Bemecrso HOCTE, BemecTso HOCT®,
Br/(M-K) Br/(M-K)
AniomMuHumt 205 Mens . 390
Aprou 0,16 Hakuns KoTenbHas 2,3
Acbect 0,14 IIpo6ka 0,035
Bucmyr 10 Caxa 0,25
Boga 0,58 CauHel, 34,8
Bosayx 0,026 Cmona 0,52
HepeBo (monepex - BOJIOKOH) 0,17 Crexio 0,74
Henezo (crans) 62 96oHuT 0,16
Kupnuunasa Kaagka 0,84
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t, °C p, Ha P, v/m’ t, °C p, Ha p, ©/m®
— 30 37,3 0,33 12 1402,3 10,7
—29 41,3 0,37 13 1519,6 11,4
— 28 46,7 0,41 14 1598,3 12,1
—27 50,7 0,46 15 1704,9 12,8
— 26 57,3 0,51 16 1816,9 13,6 .
—25 62,7 0,55 17 1936,8 14,5
—24 69,3 0,66 18 2063,5 15,4, -
23 77,3 0,68 19 '2196,8 16,3

20 2338,1 17,3
—22 85,3 0,73
—21 93,3 0,80 21 2486,0 18,3
—20 102,6 0,85 22 2643,3 19,4
—19 113,3 0,96 23 2808,6 20,6
—18 125,3 1,05 24 2983,3 21,8
—17 137,3 1,15 25 3167,2 23,0
16 150,6 1,27 26 3360,5 24,4
—~15 165,3 1,38 27 3567,1 25,8
—14 181,3 1,51 28 3779,1 27,2
13 198,6 1,65 29 4004,3 28,7
—12 217,3 1,80 30 4241,6 30,3
—11 2373 1,96 31 4603,2 31,9
—10 259,9 2,14 32 4753,6 33,9
-9 283,9 2,33 33 5029,4 35,7
—8 337,2 2,54 34 5316,7 37,6
-7 351,9 2,76 35 5622,6 39,6
—6 367,9 2,99 36 . 5939,8 41,8
—5 401,2 3,24 37 6274,4 44,0
—4 437,2 3,51 38 6623,7 46,3
-8 475,9 3,81 39 6990,3 48,7
—2 517,2 4,13 40 7374,2 51,2
-1 562,5 4,47 45 9581,6 65,4

0 610,5 4,84 50 12330,3 83,0

1 656,1 5,22 55 15729,4 104,3

2 758,4 5,60 60 19915,0 130

3 797,3 5,98 65 24993,8 161

4 812,1 6,40 70 31152,2 198

5 871,1 6,84 75 38577,0 242 &

6 934,4 " 17,3 80 47334,8 293

7 1001,1 7,8° 85 57798,9 354

8 1073,1 8,3 90 70089,1 424

9 1147,7 8,8 95 84498,9 505

10 1227,7 9,4 100 101303,0 598
C11 1300,7 10,0
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18. TemmepaTypa DIaBJIeHMA B yAeAbHAS TenmoTa "m'mn.uemm

T'a3v (npn’ HOPMambHBIX

yenopuax) (em2/(B-c))

Meap (Cu’)

ITonoxn- Orpuna- : Honoxn- Orpunare-
BemecTBo TEJBHbIE TEJbHbIe BemecTso TeNbHBIe JBbHBIE.
HMOHEI HOHHI HOHEI HOHB
Asor \_ 1,3 1,8 Kucnopog, . 1,3 ‘1',8'
Boxopox 5,4 7,4 Oxcug yr- . <
. aepopa ~1,0 1,1
Bozayx 1,4 1,9 Xiaop 0,6 0,5
20. PaGora monmsaumx (3B):’ ‘
Aso';j 15,8 Rncﬁqpoﬁ 13,5“6 ‘
Apron. 15,7 Harpnit 5,12
Bogopoz 15,4 Heon © 21,48
Tenut 24,45 Yraexucxult ras 14,4
21. DaexkTpoxumMuyeckHe axpuBaneHThl (Mr/Kxa)
Amomunnit (A1) 0,098 Meap (Cu™) 0,329
Bucmyr (Bi™) 0,719 Huxens (Ni) 0,304
| #enezo (Fe™) 0,289 Ir!mcem; (Ni™) 0,203
HKeneao (Fe™™) 0,193 Cepebpo (Ag’) 1,118
3omoro (Au’) 2,043 Xpou (Cr™) 0,180
3osoro (Au™) 0,681 Inuk (Zn™) 0,338
0,660

22. Moxa3aTean mpenoMieHus (CpexHme A BHAMMMX Jyweii)

TemMnepa- VaensHas Temnepa- ¥ zensnas
Be: ' v Teniora BemtecTBo nna.;yr;;ns - Temzora
1RecTBO HE%NZ;H::“’ mJIaBREeHHS, IIL oC J(!n n * | mIaBXeHHS,
01 Mia) | RAw/xr 0,1 Mia) | *Aw/xr
Amomunuit| -~ 660 387 Pryrs - 38,9 11,7
Hemeso . 1535 272 Ceuier, 327 25
Jlen o 334 CepetGpo 9_60 80 ¥
Mens 1083 174 .
Onoso 232 60 unk 420 118
17. nuanexrprnqeckaa HPOHEIAEMOCTH BeIeCTB
BeutecTso € BeiecTBo e
Bona 81 Crniona 6
Kepocur 2 Crexso 5,6—10
Macsao TpancdopmarTopHoe 2,2 ¢ap_d)op ]
IMapagun 2 B6oHuT 2,6
MNapaduuuposanHaa 6ymara 8,7 ‘ ‘
18. YpeasHOe CONPOTHBJCHHEe H TeMNepaTYPHEIK
roappunmerr (upr 20°C)
Temnepa- Temnepa-
. cyoj:lenwo? sypmsck - _ Zo’:lm‘: TypHLi
Mposoaunuk 113:::3 Koopdu- Hporoguux neine, roapdu-
: HOM-M n;{ce_nl'r. HOM-M u;e_n;r,
AmoMnuni 28 0,0038 Hukemuu 400 0,000017
‘Bonndpam- 55 0,0051 Huxpom 980 0,00026
Ipadwur 8000 -Pryrs 958 0,0009
Heneso 98 0,0062 Caunen, 211 0,0042
Koncranran 480 0,00002 Crans 120 0,006
‘Mens 17,2 0,0043 Yroms 40 —0,0008
19. HoaBuXEOCTL HOHOB
Bodnwvie pacmsopw (Mm’/(B-c))
Ht 0,326 OH™ . 0,18
Nat 0,045 F~ 0,049
K+ 0,087 C1™ 0,068
Ag*t 0,056 Br- 0,07
NH* 0,087 NOy 0,064
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Anmas 2,42 Jlex (—4°C) 1,31
Bopa (20°C) 1,33 Cxunugap (20°C) 1,47
Keapn 1,64 Crexsio 1,5
23. PaGora BMIX0/a 3/I6KTPOHOB M3 MeTamwnon (aB)

| Boardpam 4,6 Huxens .50
HKeneso 4,74 IInaTuna 5,29
3osoTo . 4,68 | PryTs 4,52
Kannit 2,0 Py6uzni 2,13
JInTui 2,4 Cepebpo 4,74
Maruuit 3,46 Tanran . 4,07
Mens 4,47 Leanit -1,97

| Monu6aen 4,2 HMuux 4,0 -
Hatpui 2,3
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24. Ilepmoas: moaypacnafa mexOTOPHX PAXHOAKTHBHMX BEIOCTB

217. ’l‘aﬁniﬁa NPOH3BOAHLIX H HHTErpanos

Bucmyr Bi- 5,02 cyr Pagon *ZRn 3,82 cyr
HMpupmit '7Ir 75 cyr Crpouuu#i 3°Sr 28 ner
Kansnui ""Ca 164 cyr Topuit  222Th 1,39-10'" ner
| Hatpuii “Na 15,3 4 Ypan U 7,1-10° ner
Honouxﬁ '”°Po 138 cyr Ypar %LU 4,5-10° ser
Paawuit ”"Ra 1600 ner ‘
25. Maccnl BexoTOpEIX M3OTOmOB (a. e. M.)
Hzoron Macca H3zoron Macca
H 1,00783 %0 15,99491
fD - 2,01410 70 16,99913
H 3,01605' 'SF 18,99840
gHe 3,01603 PNe 19,99244
sHe 4,00260 PNa 22,98977
gLi 6,01512 f}Na 23,99097
JLi 7,01600 LAl 26,98154
Be 7,01693 ?Al 27,9769
Be 8,00531 #si 27,9769
{Be 9,01218 8 29,97377
'sB 10,01294 up 30,97376
;] 11,00930 scFe 55,9349
'sC 12,0 3%Co 58,93320
N 13,00574 SONi 59,9308
N 14,00307 2 Xe 130,9051
U 285,0493
U 238,05353

26. Hexorophie nocroanpnie WHCIA B NpRGARmEennne Gopmyas

Mocroguunie uHcAn

Hpubauxenuane dopuyan (opr a<<1)

n=3,1416

n2_=_—- 9,8696
n=1,7725
e=2,7183

lg e=0,4343
In 10=2,3026

(1+a)'~1+na
e*x~1l+4a
In(l+a)y~a
sinc~a
cos a~1—a?/2
tgax~a
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Dynxnua IIpousBoxBas Kbyﬁuuna Hponasozu:ﬁa QyHKIHA pruaaogunn
i ' 1
x" nx"—! sin x cos X aresin x =
1 1 cos X —sin x “/1—"
Lk = ; 1 1
—1_ o n g X Sos'm arccos x \[1 =
x" x" te x 1 1
— c ey
\/' 1 g sin” x arctg x -~y
x = 14 x
2 ‘W/x \/-u__ u 1
* * = arcctg x
S ® 2/u ¢ 1+2
e ne ;
a* a'lna Inu u sh x chx
1 u chx shx _
In x > u v’ —v'u 1
v thx ——
v v ch®x
1
cth x —_—]
sh® x
x" ! S dx
Sx"dx- nT1 (n£=—1) pves x—
dx S dx
e — —_ x
S p =Inx —ctg
Ssinxdx————cosx Se‘dx—e
Scosxdx=sinx S%: arctg x
Stg xdx==—Incos x S = __—arcsmx
\[ 1—x?
Sctg xdx=In sin x S _____ln (x—}—\[x —1)
\/-x —1
VHTerpHpoBaHME <«II0 YACTAMS: Su-dv:uv—Svdu
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28. Iloxazarexnnrre Gynxmun

IIpodoamenue

x e e~ x e”* e *
0,00 1,0000 1,0000 2,00 7,3891 0,1353
0,05 1,0513 0,9512 2,05 7,7679 0,1287
0,10 1,1052 0,9048 2,10 8,1662 0,1225
0,15 1,1618 0,8607 2,15 8,5849 0,1165

0,20 1,2214 0,8187 2,20 9,0250 . 0,1108
0,25 1,2840 0,7788 2,25 9,4877 0,1054
0,30 1,3499 0,7408 2,30 9,9742 0,1008
0,35 1,4191 0,7047 2,35 10,486 . 0,09537
0,40 1,4918 0,6703 2,40 11,023 0,09072
0,45 1,5683 0,6376 . 2,45 11,588 0,08629
0,50 1,6487 0,6065 2,60 12,182 0,08208 .
0,55 1,7333 0,5770 2,55 12,807 0,07808
0,60 1,8221 0,5488 2,60 13,464 0,07427
0,65 1,9155 0,5221 2,65 -14,154 0,07065
0,70 2,0138 - 0,4966 2,70 14,880 0,06721

0,75 2,1170 0,4724 2,75 15,643 0,06393
0,80 2,2255 0,4493 2,80 16,445 0,06081
0,85 2,3396 0,4274 2,85 17,288 0,05784
0,90 2,4596 0,4066 2,90 18,174 0,05502
0,95 2,5857 0,3867 2,95 19,106 0,05234
1,00 2,7183 0,3679 3,00 20,086 0,04979
1,05 2,8577 0,3499 3,05 21,115 0,04736
1,10 3,0042 0,3329 3,10 22,198 0,04505
1,15 3,1582 0,3166 3,15 23,336 0,04285
1,20 3,3201 0,3012 3,20 24,533 0,04076
1,25 3,4903 0,2865 3,25 25,790 0,03877
1,30 3,6693 0,2725 3,30 27,113 0,03688
1,35 3,8574 0,2592 3,35 28,503 0,03508
1,40 4,0552 0,2466 3,40 29,964 0,03337

1,45 4,2631 0,2346 3,45 31,500 0,03175
1,50 4,4817 0,2231 3,50 33,115 0,03020
1,55 4,7115 0,2123 3,565 34,813 0,02872
1,60 4,9530 0,2019 3,60 36,598 0,02732
1,65 - 65,2070 0,1921 3,65 38,475 0,02599
1,70 5,4739 0,1827 3,70 40,447 0,02472
1,75 5,7546 0,1738 3,75 42,521 0,02352
1,80 - 6,0496 0,1653 3,80 44,701 0,02237
1,85 6,3598 0,1572 3,85 46,993 0,02128
1,90 6,6859 .0,1496 3,90 49,402 0,02024
1,95 7,0287 0,1423 - 3,95 51,935 0,01925
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x e* - x e* e ™"
4,00 54,598 0,01832 6,0 403,43 | 0,00248
4,05 57,397 0,01742 6,1 44586 | 0,00224
4,10 - 60,340 0,01657 6,2 492,75 | 0,00203
4,15 63,434 0,01576 6,3 544,57 | 0,00184
4,20 66,686 0,01500 6,4 601,85 | 0,00166
4,25 70,105 0,01426 6,5 665,14 | -0,001503
4,30 73,700 0,01357 6,6 735,10 | 0,001360
4,35 77,478 0,01201 6,7 812,41 | 0,001231
4,40 81,451 0,01228 6,8 897,85 | 0,001114
4,45 85,627 0,01168 6,9 992,27 | 0,001008
4,50 90,017 0,01111 7,0 1096,6 0,000912
4,55 94,632 0,01057 71 1212,2 0,000825
4,60 99,484 0,01005 7,2 1339,4 0,000747
4,65 104,58 0,00956 7.3 1480.5 0,000676
4,70 109,95 . 0,00910 T4 - 1636,0 0,000611
475 115,58 0,00865 7,5 1808,0 0,000553
4,80 121,51 0,00823 7.6 1998,2 0,000500
4,85 127,74 0,00783 7.7 2208,3 0,000453 _
4,90 134,29 0,00745 7.8 .2440,6 0,000410
4,95 141,17 0,00708 7,9 2697,3 0,000371
5,00 148,41 0,00674 8,0 2981,0 0,000335
5,05 156,02 0,00641 8,1 3294,5 0,000304
5,10 164,02 0,00610 8,2 3641,0 0,000275
5,15 172,43 0,00580 8,3 4023,9 0,000249
5,20 181,27 0,00552 8,4 4447,1 0,000225
5,25 190,57 0,00525 8,5 4914,8 0,000203
5,30 200,34 0,00499 8,6 5431,7 0,000184
5,35 210,61 0,00475 8,7 6002,9 0,000167
5,40 221,41 0,00452 8,8 6634,2 0,000151
5,45 232,76 0,00430 8,9 7332,0 0,000136
5,50 244,69 0,00409 9,0 8103,1 0,000123
5,55 257,24 0,00389 9,1 8955,3 0,000112
5,60 270,43 0,00370 9,2 9897,1 0,000101
5,65 284,29 0,00352 9,3 10938 0,000091
5,70 298,87 0,00335 9,4 12088 0,000083

9,5 13360 0,000075

gigg gzlagﬁ:}xg 3;833(1,3 9.6 14765 0,000068
5,85 347,23 0,00288 9,7 16318 0,000061
5,90 365,04 0,00274 9,8 18034 0,000055
5,95 383,75 0,00261 9,9 - 19930 0,000050

’ 10,0 22026 0,000045 -
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© NEPMOZWMECKAR CUCTEMA XHMK “EC

NEPUO- PRI r P -4 n I bI
Abt | " i v
. 1 A BsogorPoq
1,00794 ' -
o | 2| Li *|/Be <«1* B¢ C
ANTHA BEPUNNTHMA BOP YINEPOR
8,941 9,01218 | .10.81 : 12,011
3 | s |Na "[Mg #[s ALl Si
HATPUH MATHAN ATUOMUHKA HPEMHMR
o 22,98977 24,305 | 26,98154 26,0855
|K *|Ca #»|Sc 2|Ti =
4 KANMH HANbUMUH CHAHOMNA THTAH
4 39,0983 40,08 44,9859 47,80
5 29 Cu 30 Zn a1 Ga 32 Ge
MEfD UMHK TANNUA FEPMAHHH
63,545 65,38 69,72 72,59 ‘
Rb_ “[Sr =Y ®|Zr ®
6 PYBHOUN CTPOHLMM WTTPUIA UMPHOHHMA
5 854678 87,62 88,9058 91,22
2 ¥ Ag “ Cd|* In | % Sn
. CEPEBPO HABMMWA HHAUA onoso
107,8682 n2.41 14,82 18,69 :
Cs s Ba 5 57 nHf 7
8 UE3WA BAPHA La- - Lu TAGHMIA
6 132,9054 137,33 * 178,49
o|™ Aul*® Hg|" Tl[= Pb
30n070 PTYTH TARNKA CBWHEY
196,9665 200,59 204,37 207,2
Fl‘ 87 Ra 88 89 103 Ku 104
7 10 | ppanumi PARMI Ac "(Lr) KYPYATOBMH
1223) 226,0254 *x ‘ [261]
B8bICWNE ' .
OHCHAbI R20 RO R203 ROg ,
NETYSNE | -
18O AOPOAHbIE
4 COEAUHERUA RH4
* La %|Ce %|Pr %*|Nd *|Pm *|Sm *
NAHTAHOWAG! | pauran uepnit n np A ] camarni
138,8085 140,52 140,077 144,24] [143) 1504
P ] Ac 89 Th 90" Pa (2] U 92 Np 93 Pu 94
AHTUHOMAL! | 4 yrmmii ToPuA NPOTANTHANI | yPaN HENTYHWH anyTonun
{227) 232,0381 231,0359 23',02{ 237,0482 [244)

KMX 3NEMEHTOB A.M.MEHAENEEBA

C J JL E M E H T O B
v Vi Vil Vil |
(H) |* He
: . FENMA
4,00260
T N O |® F |* Ne
A30T wucnoron ®T0P HEOH
14,0067 15,9994 18,998403 20179
15 P 1% S 17 Cl 18 Al‘
@0CPOP CEPA XNoP " APIrOH
30,07376 32,06 35453 39,948
V #|{Cr #|{Mn #*|{Fe *|{Co 2> |[Ni *»
BAHAOWN XPOM MAPTANEL, MENE30 HOBANDT HHHENL
50,9418 51,996 54,9380 5,847 58,0332 58,70
3 As|» Se{* Br|* Kr
MbllWbAK CENEN BPOM HPUNTOH . .
, 74,9216 78,96 79,904 83,80
Nb “|Mo ©?|{Tc “|Ru“|(Rh* |Pd *
© HAOBUM MONUBLEH TEXHELMW PYTEHWNA POLAMH nANNAQWA
92,0084 95,94 98,9082 101,07 - 102,9055 106,4
] Sb 52 Te I | 54 Xe
CYPBMA TENNYP won HCEHOM
121,78 127,60 126,9045 131,30
Ta 3 W 74 Re 75 OS % (Ir 7 Pt ™
TAHTARN BONb®OPAM PEHWUN OCMMA HPHANWA NNATHHA
180,9479 183,85 188,207 190,2 192,22 195,09
s Bi|“ Po|* At|* Rn
BUCMYT NONOHWA ACTAT PADOH
208,9804 1209) [210) 1222)
Ns ts 108 107
. HWNbCBOPHA
(2¢1])
R20s5| RO; | R,07 RO,
RH; { RH, | RH
Eu ©|Gd “[Tb *[Dy “[Ho *[Er *|[Tm*[Yb ™[Lu ™
131,06 “ 187, 1;;,!2“ - 102, ) 164,9304 e 167,268} ""::u.un “"”':7”3.00 mou‘:;:..”
Amos Cmn Bk 97 Cf 98 E 95 meo Md1o1 (No)wz (Lr)ws
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