BOJIbLKEHWITEWH B. C. Céopruk sajau no ofiemy rypey dRIuKH?
Yuebnoe nocobue.— 11-e n3x.; nepepab.— M.: Hayka, aaBrasi peRaknus
(]msm(o MaTeMaTHIeCKOH .'m'repa'rypu, 1985 —384 c,

Knura npeicrasaser coﬁou cHCTEMaTHYeCKHH cﬁopmu( 3ajgay H
ynpaxkHeHH# no ofuieMy Kypcy ¢dH3HKH. Kaxknami#l pasjen HayHHaercs C
JIeTKHX _3aJay M 3aKanuyuBaercs Gosee TPyAubimH. HauGosmee THAHYHBIE
3ajlayd pelleHbl NOAPOGHO, ¢ METOAMUECKHMH yKasaHUAMH, [as oAxoTHR-
HBIX . 3aJ[a¥ JaHsl TOJALKO OrTBerbl. B Hacrosmem B3zannd <«CGOPHHKY»
3aHOBO OTPeJaKTHPOBaH C YYeTOM HBbIHE JIeHCTBYIOIIErO OCT
8.417—81 (CT C3B 1052—78) Ha TeDMHHOJIOT'HI@ H €JHHHIB (PH3IHYECKHX
BEJIHUMH, YCTPaHEHbl 3aMeYCHHHE HETOYHOCTH H ONEYaTKH MNPenbIAyIlero
usgauna (1979 r.). . ,

Has CTYZGHTOB BBICIIHX TeXHHYECKHX yueGHHIX SaBeleHHH ¢ OGhIY-
HOW mporpammoli mo ¢u3nKe; MoXeT OLITh HCNONB3OBAHA CTYREHTaMH H
ApyTHX BY30B.

“Ta6n. 42, Wi, 113,
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OT. PEJAKLIHH

Ipepnaraemeiii BHHMaHHIO yuTaTesiell «COOPHHK 3ajad mo
obwemy Kypey ¢usuku» B. C. Boabkenmreitn (1905—1972)
BIepBhle Bhlles B cBeT B 1958 roay. Co BpeMeHH BHIXOJa mep-
‘BOr0 H3JlaHHs1 KHHra HEOJHOKPATHO nepepabaThiBajach H J0-
HOJHsAJach, H MHOCAefHee MOATOTOBJEHHOE aBTOPOM (CeJbMOE)
H3JlaHHe KHHTH GhlIO BinyllleHo B 1969 rony.

HecMoTpsi Ha cBOe JaBHee NPOMCXOX[EHHe, KHHTa
B. C. BonbgeHiITeiH # B HauwH JHH LIHPOKO HCHOJB3YETCS
B KauecTBe YueGHOro Moco6Hs CTYNEHTAMH BHICHIHX TeXHHYe-
CKHX Yd4eOHBIX 3aBelleHHil He(pusuqecxoro npodunsa (c o6Gby-
HOM BTY30BCKOH NporpaMMoii no Qusuke).

B HOBOM, OIHHHALIATOM, H3aHHH «COOPHHKay OBIUI M/1aH
M yDOBEHb U3JI0XKEHHS MaTepHaja, cojlep:aHHe H HyMepauus
3aJlay OCTaJMCh NpeXHHUMH. ONHAKO TeopeTHUECKHe BBEJIEHHsI
K pasfienaM, GOPMYJIHPOBKH M pelleHHs 3aJay 3aHOBO OTpe-
JNaKTHpoBasbl. HauGosee cCyllecTBeHHBIM H3MEHEHHAM TIOf-
BEPIJIHCh TEPMHUHOJIOTHSI U 0603HAYeHHsi eNHHHIl (PUIHUECKHX
BEJHYHH;” KOTOpHe OKa3aJoch - HeOGXOIMMBIM MOJepHH3HPO-
BaTb B CBS3H ¢ HblHe jgedictByiomuM T'OCT 8.417-—81
(CT C3B 1052—78). B npoulecce peJaKTUPOBAHHA YCTPaHEHb
TaK¥e 3aMeyeHHble HETOYHOCTH M OmeYaTKH MpPEeAbIAYINX
H3JlaHUH, OTHAeJbHbIE HCIPABJEHHS BHINOJHEHB [0 HHChMaM
yhrateneli. B OpuUIOKEHMH K KHHre DpPHBEIEHEl OCHOBHBHIE
CIpaBOYHLIE JaHHLIE, JONOJHAIONHE YCAOBHS 3a4ad (CChLIKH
Ha clpaBOYHLIe TabJHIbI JaHEI PUMCKHUMH LH(pamH). .

Bce OT3BIBEI M MOXKEJaHUs [0 MOBOAY 3TOH KHHTH pellak-
sl TPOCHT HanpaBAsiTb Mo aapecy: 117071, Mocksa, B-71,
JlenuHckuil npocmekt, 15, HM3agatenbcTBO «_Hayxa» ‘TanaBuas
penakuus (pnsuxo-mTeMamqecxoﬁ JIUTEPaTyphL.



H3 HPEI[HCJIOBMH ABTOPA K TPETbEMY
H NATOMY HU3JAAHHAM

- B Tperpem uamanuu «CGOpHHMK 3ajay no ofieMy Kypcy
(bH3HKHy TIOJHOCTBIO NepepaboTaH H JONOJNHeH. JTO BHI3BAHO,
. BO-TIIePBHIX, BBelleHHeM DacClIMpEHHOH NporpaMMmbl o (H3HKe
J15 BTY30B H, BO-BTOpHIX, yTBepxkieHHem I'OCTa 9867—61
ﬁ«MexulyHapo;maﬁ CHCTEMA EIMHHID.

I'OCT 9867—61 ycranaB/inBaeT Mex,uyﬂapo,uny!o cHeTeMy

e[MHHIl KaK CHCTeMy, NpPENNOYTHTENBHYIO BO BceX obaacTax
HayKH, TEXHHKH H HapOJHOTO XO3AHCTBA, a TaKxkKe NPH Mpeno-
faBap#d *). B HacTOsINEM H3JaHHHM  pellleHHe 3ala¥ NPOBO-
IHTCs, Kak IpaBujo, B, MexnyHapolHOH cHcTeMe EIHHMIL. -
Jlnsi nepexofia OT eAMHHIL APYTHX CHCTEM, A TaKXKe BHECHCTEM-
HBIX eJMHHIL K eJIHHHLaM Mexmyﬂapo,gnon CHCTEMBI Aambl €0~
OTBETCTBYIOIIHE TabMHIHL. .
- KaxnoMmy naparpady mpeanocnaHo KpaTKOe BEeleHHe
C YKa3aHHeM OCHOBHLIX 3aKOHOB H (HOpMYJ, Ha OCHOBE KOTOPHIX
pemnaiorcsi 3ajayH JaHHOro naparpacga. Bcee 3amaun #iMetor ot-
BeTHl, a HauboJee TpyIHble — ellie M -pelleHHs. =

4
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B nsarom uspanuu «CO0pHHMK 3ajauy mo ofueMy Kypcy ¢u-
3HKH» 3aHOBO OTpelaKTHpoBaH. Hekorophle 3afauH 3aMeHEHBI
Apyrumu, Hast Toro 4Tofbl DpUBATH yuamHMcs HaBHIKH B AOJb-
30BaHHH CIPABOYHOI JIHTEPaTypol, HEKOTOPHE YHCJIOBLIE [aH-
_HBble riepeHeceHbl M3 YC/NOBHH 3a7ady B cnpaBOYHblE Tab/HUBL

B. C. Boasxenwmetin

*) INocraHoB1eHHeM I‘ocyzlapc'rBeHHoro komutreta CCCP mo craupap-
TaM ¢ | auBapa 1982 r. Beefied B gelicteue . TOCT 8.417—8!1 (CT C3B
1052—78) <Eaunnaub Q)Hauqecxnx BEJIMUMHY, COTVIACHO KOTOPOMY MNOJJIeXaT
06513aTeJIbHOMY NP HMeHeHHIO elMHHIL Me)xnynaponﬂon CHCTEMH €JHHHI,
a TaKKe JECATHYHBIE KPaTHHE M J0MbHHE OT Hux. ([Tpum. ped.)



BBEAEHUE

MexayHaponHas CHCTeMa ejHHHL .
Pasnuuible (U3HYeCKHe BeAHYHHH CBA3AHH MeXAy caboii

yPaBHEHHSIMH, BbIPAXAIOUUMH 3aBHCHMOCTb MeXJIy 3THMH Be-

JavuHHaMH, Hanpumep, yckopenne a, KoTopoe TOJy4aeT Tesao

Maccoli m, CBA33aHO ¢ .CHAOH F, JelicTByiolie#l Ha 3TO TeJo,
ypaBHeHHeM

F=kma, ~ o

rjge k — uHcaoBo# KoapduuHeHT, 3aBHCAIMA OT BHIGOpa efH-
Hun F, m v a. EQnm efMnnNbI Macchl H YCKODeHHs HaM H3Be-
CTHBI, TO Mbl MOXeM BHIOpaTh €IHHHIY CHJIbI TaK, YTOGH K0ag-
duuHenT kB ypaBHeHHH (1) cTaJ paBHGLIM elMHHLE, T. €. 4TO-
6bl OHO TMPHHSAIO BHA F=ma. Jlns 3TOro 3a eMHHALY CHABI MBI
JOJKHEBL B3fITh TaKylo CHaY, KOTOpaﬂ eIUHHIle  MacChl coo6u1a-'
€T eJMHHIY YCKODeHHs,

TlocTynas Tak e cO BCAKOA BHOBb BBOJAMMOI! BeJHUHHOM,
Mbl HCHOJL3YeM V1A YCTAaHOB/IEHHA ee eMHHIBL QopmyJy,
CHYKalllyl0 ONpeJie/IeHHEeM 3TOH BeJHYHHH, H Taxmyx 06pa30M
CTPOHMM CHCTEMY TIPOH3BOJIHBIX €IHHHII.

Pag/iuble CHCTEMBI eJMHHI OTJHYAIOTCS npyr OT Jpyra
TeM, KaKHe eIHHHIE] IPHHATHL 32 OCHOBHHe. Mml 6yjeM 1oJb-
30BaThcsl MeXIyHapoaHO# . cHcTeMOl eJUHHL. Jta. cHCTeMa
o6o3Hadaercs cHMBOOM SI, AW B pycckoM HanHcanud CH
(no- HavanbHEM OykBaMm ciios System International).

OcHOBHHe enHHHIL cHcTeMer CH npuBefienbl B Ta6J1. 1,
JIOTIOJTHHTENbHBIE eJHHHIEl — B Taba. 2.

TlpouspoiHble eAuHHUL cHcreMnl CH obpasyworcs u3 oc-

HOBHHIX TaK, KaK 3TO GbLIO yKa3aHO Bbime. J{isi TOro 4ToGH
n0Ka3aTh, KaK JaHHasd NPOH3BOAHAS eJHMHHLA 3aBUCHT OT OC-
HOBHBIX, TPHMEHAIOTCA (POPMyJ/ibl Pa3MEPHOCTH.
_ Ecm NPUHATE /15 OCHOBHBIX BEJHUHH YCJOBHEE oBo3Ha-
YeHHs] pa3MepHOCTeH: AJHHH — L, Macchi — M, BpeMeHH —
T, cunmt ToKa— I, TeMHepaTypu—e ¢HaBl cBeta — J H
KoJaMdecTBa BelllecTBa — N, TO (OpMy/1y PasMEpHOCTH B CH-
creme CH HeKQTOPO# BeIHIHHBL X MQXKHO 3alHcaTh TakK;

dlmx L“MBT"IeGPJ"N” - e



"Ta6anna 1

- . } ; Exanunna

Benuunra ' o6osna-
o HAUMEHOBaRHE qeHne
. Hauea Metp M
Macca KHJIOrPaMM Kp
Bpema -CeKyHJla 1c
Cuna SMeKTPHYECKOro TOKa aMmnep A
TepmopunaMydecKasi TeMIepaTypa KeJIbBHH K
Cuna ceera KanjeJa KI
KosnuecTBo BemecTsa MOJIb MOJIB
- A .
Ta6anuua 2
>
Enunnna '
Benuunna . 0603Ha.
. HanMeRoBaHHe gense
*
Iliocknf yroa painaH ~ paa
Tenecusuit yron . cTepajiHaH cp

YUToGE HAATH Pa3MEPHOCTh BEJHYHHHEL X, HYXHO ONpeAeNHThb
4HCJJOBLle 3HaueHHA Nokasatedneit @, B, v, , p, 1 1 v, 314 no-
Ka3aT€NH MOTYT GBITh MOJOXHTEJBHBIMH HJIH  OTPHIATENbHbI-
MH, LeJbIMH HJIH APOOHEIMH.

IMTpumep 1. Hapitu paamepﬂocrb paboTHI. Idcxo;m H3
cooTHoweHHsA A=FI, nonyunm dim A=L:MT-2,

ITpumep 2. Halitu pasmepHocTb YJieNbHOH Temo-
eMkoctH. Tak kak ¢=Q/mAt n dim Q= dlrnA HOJYYHM
dim c=L2T-201, :

3Hasn pasmepHocTb B chcreMe CH Kakoi-u60 (H3HuecKOit
BEJIMYHHbI, HETPYAHO HAATH H Pa3MEPHOCTb ee eAMHHLI B 3TOf
cHeteMe. ‘Tak, HanmpHMep, pasMepHOCTb eAHHHUL PaGOTH pas-
Ha M2:Kr-C ’, PasMepPHGCTb €IHHHIIL! YIeJbHOH TENJIOEMKOCTH
paBHa M2-c”2.K~! u T. A.

Taénmxbl NPOU3BOAHKIX eAMHHL cHcTeMB CH .naHW B co-
OTBETCTBYIOHIMX rJaBax «COOPHHKA»: €IUHHIL MEeXaHHUeCKHX
BEJIHYHH — B rv1aBe I, efMHHUBI TeMIOBBLIX BETHYHH — B IMa-
Be II, enuHHun sieKTpHYecKHX H Marﬂmﬂux Bennqmi——
Bl‘JlaBeIIIHT}l .
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LR - g e—
— — e :
Atro 10-18 a Heun - 11=1 1
Qemto - 10-18 ¢ Hexa 10t . Aa,
IMuko 10-13 n FexTo 102 P
Harmo 10~9 H “Kuao . 10% K
Maukpo 10~ MK Mera 108 M
Munan 10-2 M Iura 100 r
Canta 10-2 c . Tepa 1012 T

B Taban. 3 npupeleHb! NPHCTABKH, cJyxKallHe Hasa obpa-
30BaHHA KPaTHEIX H JOJbHBIX eXHHHL cHcreMbt CH, ‘Otu npu-
CTaBKH MOXHO NPHCOeAHHSITH TOJbKO K NpPOCTHIM HaHMeHOBa-
HHAM (Merp, rpamM H T. A.). He nonyckaercs, Hanpumep,
NPHCOeIUHATh KaKylo-AH60 NPHCTABKY K HaHMeHOBAHHIO
«KHJIOTPAMM>», YXKe COAEpKallleMy NDHCTaBKY «Kulos. VI3 sTHX
XKe coobpakeHHA elMHHHY Maccel m=10° kr=10"? r cres
Jnyer HaswBaTh «reparpammom» (Tr)._

MeToanueckre YKa3aHHA K pPCUICHRIO 3ajad

Tlpu DElleHHH 3aJay HEeOOXONMMO NpEXJAE BCero yCTaHo-
BHTb, KaKHe (H3HYeCKHe 3aKOHOMEDHOCTH JeXaT B OCHOBe
IaHHOH 3ajayH. 3areM M3 (opMyJ, BbIpaXKaloOUIHX 3TH 3aKOHO-
MEPHOCTH, HYKHO HaiiTH pelueHHe 3ajaud B GYKBEHHOM BUIe.
Ilocsie 3TOro MOXHO MepeHTH K MNOJCTAHOBKE YHCJOBHIX JAaH-
HHX, BHIDaMeHHBHIX 00f3aTe/bHO B OXHOH H TOH e CHCTeMe
eannnu, Hapsny % epunuuamu cHeremnl CH npHmeHsioTes
HEKOTOphIe - BHECHCTEMHBIE €JMHHIb, B HAayYHHX pa6oTax no
(H3HKe M aCTPOHOMHH HCMOJIb3YIOTCS TaKXKe eIMHHIBI CHCTe-
mel CI'C. IlosToMy B yc/OBHSIX 3ajay YHCJIOBblE JaHHbE NPH-
BelleHH He Bcerja B eauHunax cHcrembl CH. CooTHOWEHHS
Mex1y eauHHUamH cHcteMbl CH, BHecHCTEMHBIMH eHMHHLAMH H
eanannamd cucteMel CI'C gavml B TabuHIaX,' MOMelseHHBIX
B HadaJjle KaxJo#i riaBbl. JIis peleHus 3agay B cHcreme CH
Bce JaHHbe, IPUBEEHHbIE B YCJOBHAX 3ajaY, a TaKxe B3fiTHe
H3 CHPABOYHKIX Ta6/IHI, AO/KHML ObITh HEPEBeieHb B eKHHIILI
cucremnt CH. Hpu 3TOM H OTBET, €CTEeCTBEHHO, MOJYYHTCS
B ©IWHHIAX 3TOH K€ CHCTEMEL, '

Ilp# nonyuenuH uuciosoro OTBeTa HYXHO 06pallaTh BHH-
MaHHe Ha CTenéHb TOYHOCTH OKOHYAaTe/JbHOro pesyJbraTa.
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TouHocTb omeTa He JO/MKHA HPEBHmaTb 'ro'mocm c Koi'opnﬁ
‘IaHsl ‘HCXONHHE BeJHYHHH. DoJbIIHHCTBO 3aja¥ JOCTATOYHO
pewarb "¢ TOYHOCTHIO, KOTOPYIO Aaer ,norapmpumecxaﬁ an-
Hefika, B OTAE/BHEIX CllydasX CAEAYeT NOAB3OBATHCHA GeTHpeX-
SHAUHBIMH TaG/MHIAMH JIOFapH(PMOB.

Y uHciioBOro OTBETa cpasy e, KaK TOJbKO Bmec'ro Gyx-
BeHHHX O0603HaYeHHA MOACTABJASIOTCH YHCIA, HYXHO MHECATDH
'HaHMeHOBaNHe eAWHMUM. B Tex 3ajauax, rae Tpefyercs Ha-

YepTUTL TpadHK, clelyeT BHGPaTh Macunaﬁ H HayaJso KOOp-
JMHar, _ .



»

I‘nanal -
QHBH‘{ECKHE OCHOBbl MEXAHMKH

-

E}lHHHubl MEXAHHYECKHX BEJAHYHH

Tlpou3BojHble efHHHILI MeXaHHYeCKHX BesHuHH B CU 06-
pasyloresi H3 ¢GU3HUeCKHX (OPMYJ C HCIIOAL30BAHHMEM OCHOB-
HBIX eluHHI: MeTp (M), KujorpaMM (Kr) M cexyHna (c¢). Tak,
eIHHUULL CKOPOCTH H ycxopemm OMIPEARMSIOTCH - H3 COOTHO-
e M

Al _Av ’
U= ) .
. AT =At
TaK Kak ezmmmeﬁ IlJ'IPIHbI HBJ’IHeTCH 1 M, a eluHuued Bpem-
HH — 1 ¢, To enuHHLEeH cKopocTH GynmeT 1 M/c, ezuumueu yCKoO-
penust — 1 m/c2,

EnxuHIa cHJB YCTaHaBJMBaeTCf H3 BTOPOro 3akoHa Hpio-

TOHA . .
» F=ma.
3a eIHHHLY ‘Macchl NPHHAT 1 Kr, 3a eLHHHLY ycxopemm -
1 M/c?; cmenoBarenbro, B CH-eauHuLIel cUabI AB/SleTCs TaKas

cHjla, MoJ AeficTBHEM KOTOPO# Te/0 Maccoif 1 Kr nosmyyaeT ycko-
penne 1 M/c? Taxas efHHHIA CHJIH Ha3kBaeTcs HbloToHOM (H):

1H=1 Kr-l M/c2.

Emmuua paboThl onpelensieTCsi H3 COOTHOLIEHHS
A=FI.

3a enunuuy paGoThl Hallo B3fATh TAKYI0 paGoTy, KOTOPYIO CO-
Bepiuaer ci1a | H Ha myrd 1 M. Ora envuuna paGoTH Ha3LBaer-
ca axoyiaeMm ([Ix):

1lx=1H-1wm.
MolnHOCTh HaXOAMTCA HO t;oopMyne )
N=4 . . o

Cne}zosaTe.nbao 3a eAHHHIY MOMIHOCTH Hauo npnmm: Mom-
HOCTb MeXaHH3Ma, COBEpLIAoero padory | ﬂ}x salec Ora
e)mmdua MOLIHOCTH - HA3HIBAETCH - BATTOM (BT)

i



' Tacqnna 4

Kaa BS3KOCTb

B CEKYHIY

Exspmma
B ’ . = . Paamep-
, ' M“".a " | onpenesesye . HauMeHOBaHie °.?§,‘:‘;§’ ‘BeIHYBHH
IMaomazne S=p Knanpa'muu MeTp M3 L?
O61em V=" KyGHYecKH#t MeTp u? L3
- CKOpoCTh " u=AIl/Al |MeTp B ceryupy M/c LT-
YcropeHue a=Auv/A¢ {MeTp Ha cexyHAy| M/c? LT-?
B KBajpare .
YrnoBasg- cKo- | @=A@/Al|paguan B ceKyHAay -pan/c T-1
pocTy _ . 4 :
- Yrnosoe ycko- e=Aw/Al|panran Ha cexynay| pan/c? T-2
peHHe , B KBajJpare
Yacrora nepuo- | v=T=-1 |repy I'm T-1
IHYeCKOro .
npouecca ST .
Yacroraspame- | n=T-! |Jcekyuaa B MuHyc| c~1 T-1
HHg : nepBofl cTeneHH
Mnornocts p=m/V |KunorpaMM ua kr/md | L-3M
: KyOHYeCKHH MeTp
MaccoBnit pac- | my=m/l KHJIOTPaMM B Kr/c MT-1
XOX ’ CeKYHTY
O6beMHBI pac— Vi=V/t KyOHuecKHi MeTp B m¥/c L37-1
xon . CeKYHAY _
Cuna F=ma {HbloTOH H LMT*?
JaBnenne P=F/S |nackamn Ma |L-1MT-?
JKecTkOCTB k=F/l - |BbioTOH Ha MeTp H/m MT-2
Hmnyabe p=mAv |xunorpamm-merp B| Kr-M/c | LMT-!
’ X ‘ - . CeKyHny ~
Wmnyave cunwt | p=F Af |HbloTOH-CeKYyHIa Hee | LMT-1
Moment cuiu M=FI HBIOTOH-METP H.m | L2MT-2
Mowmenr M- | L=M Al |xunorpaMm-Merp B} Kr-mM%*c }LIMT-1
nyJabca KBajJpare B :
| cexysnny -
MoMmenr wunep- | J=mr® |KunorpamMm-merp B| Kr-M? LM
MM KBajpare
Pa6ora; sHep- |. A=FI JKOYIb x| L2MT-2
THA o
MomuocTs N =AA/At]| BatT Br L2MT-3
JlnHamMHuecKasi F Al |} nackanb-cekyHza Ha-c [L-1MT-%
BA3KOCTb =3y ) '
Kunemarnuec- n/p KBagpaTHufi - ‘Metp| Mm?/c L2T-1

TakuM ke crnoco60M MOIKHO OIpPEAEJHTD HpOHSBO}IHle
emmnuy JoGoi (pﬂanecxon BeJHUHHEL, .
B ta6a. 4 naHbl BaKHefmHe HPOU3BOJAHBIE NHHHEIE MeXa-
Huveckux Besnuud B CU. Tabn. 5 copepxur Koaq:cpaunemu‘
nepeBoja BHECHCTEMHBIX e)m}mu B eJHHUIBI CI/I

12



Tat6nuna 5

” - N -
Beftwamna Brunnga u ee camb o exuAmamy CH
Lnuna 1 A=10-10 &
: 1 .a.e.==1,49598.1011 m
1 ¢B. rog==9,4605-101%
: - ! nk=3,0857-101% M
Macca . 1 =10 xp '
. 1 a.e. M, ==1,6605655.10=27 xp
Bpems 1 mun=60c -
1 4=3600 ¢
‘ : ! cyr==86 400 o
[Tnockuit yron 1°=(zn/180) pan
. 1’ = (:1/108)- flo-s pan
17 = (51/648) - 10~% pag
1 06=2n pan
[Tnomans . 1 ra==10¢ m?
O6pem_ 1 n=10=% &3
Cuna 1 aui=10-% H
‘1 krc=9,81 H
Ilan.neﬂne 1 mun/em2=0,1 Ila
1 gre/m2=9,81 [la
1 ar=1 krc/cm?=0,981- 105 Tla
1 mm pr. cr. (Topp)=133,0 Ma :
1 atM==760 MM pT. CT.—l 013.10% Ia
. 1 6ap=105 Ila
JKectkocTs 1 que/eM=10~3 H/m
HMumnyase cuis | nus-c=10-% H.c
MowmeHT cHaBl 1 mu-cm=10~7 H.M
Pa6ota; sHeprus 1 spr=10-7 Ix
. 1 gre'Mm=9,81 Ix
1 Br.u=3,6.10° Ox
1 9B=<1} 6021892 101 ﬂx(
. 1 Kan-—4 19 Ix
MougsocTs 1 s)pr/c—IO"7 Br
. 1 4. ¢.=75 Krc M/c=1735,5 Br
JHHaMHuecKas BSA3KOCTH 1 [1=0,1 Ma-
Kunematuueckas psskocts | 1 Cr=10-4 M’/c

bif pumepsl peuieHus 3adad

3anaua 1. Kamgnp maccoli 1,05 Kr, cxonbssmmﬁ no
MOBEP XHOCTH-JIbAA CO CKOPOCTHIO 2,44 M/c, NOA-AeHCTBUHEM CHJIbI
‘TPEHHA OCTAHABJIMBaeTCA Yepe3 ‘10 c. Hatirn cHny Tpemm
cHHTan ee _TIOCTORHHO#. - ,

Petaenue l'Io BTOPOMY- saxony Heliotona

- FAt= mv,—mv,, ;
13



rze  F = cnsa 'rpemm, non neﬁc'mneu xoropoﬁ ﬂtépocﬂ: -rena
maceolf mya npeuwAtmemmamvl zxov, ‘B wamem chyqae
v,—O TaK 4TO -

. __,__aw{ C- .
. - F 3 e
3Hak «MHHyc» yxaamsaer “9TO HAMpaBJeHHe CHJBI TPeHHA F

NPOTHBONOJIOKHO HANMPABJEHHIO CKOpocTH v;. [loicraBasas
yHcIoBHe AanHble m=1,05 kr, v;=2,44 M/c u A{=10 c, uMeem

F=__L°i?_41H___o 256 H.

Tak.KaK HCXOAHHIE. JAHHBIE B3ATHL ¢ TOYHOCTBIO O TpeThel
-sHavamell mudpH, TO H OTBET 3aJayH HAJ0 BHIYHCAATH C Ta-
KOH 3Ke TOYHOCTBIO, T. €. AJS pacueTa MOXHO MNOJb30BaThCA
o0bIuHOf JorapHMHUecKol JHHeHKOH.

- 3anaua 2. Yenosex Maccoil 64 Kr H Teqexka Maccoit
32 Kr JABHXKYTCA HaBCTpedy APYr ApYry. CKopocTb 4YesoBeKa
paBHa 5,4 KM/4, cKopocTb TeaexkH — 1,8 km/u. UemnoBek
NphIraeT Ha TeJeXKY H OCTaHaBJHBaeTcs. Hamn cxopocn:
‘TeJIeXKKH BMECTE C YeJIOBEKOM.

Pewerue. Tlo 3akoHy coXpaHeHHS HMITyJbca

myv; My, = (mg + m,) v, o (1)

rie my— Macca uejoBeKa, Uy — e€ro CKOpPOCTb JO MNpPBIKKA,
m, — Macca TeJIeKKH, Uz ~— eé CKOPOCTb [0 NPBIKKa- 4eso-
BeKa, v — o0Ilas CKOPOCTb TeJIEKKH H deJioBeKa Mocje NPBlk-
Ka uejoBeka Ha TeJIe)KKy Uz (1) maxoaum

_Tvi -+ mgv, : -
mi-tmy " (2)

I'IepBOHaqa.anble CKODOCTH Tefle3KKH H UeJIOBEKA MMeJH NPo-
THBOINIOJIOXKHbIE HAMpaBJieHHA, NMO3TOMY 3HAKH HX CKOPOCTeH.
' GBUIH  pasHble. CunTan cKOpPOCTb uyea0BeKa IOJOKHTeNLHOM,
uMeeM v;=>5,4 KM/4 M v,=—1,8 kM/4. Kpome Toro, m;==64 kr
H m,—32 kr., Iloacrasiiss atH AaHHble B (2), NONYYRM

_64.5,4—32.1,8

TR kM/u = 3,0 Km/u.

Ckopoctb v>>0. TakuM o6pasoM, HoC/e: HPHIKKA CKOPOCTD Te-
EMKH C 9e/IOBEKOM HaNpaBJleHa B Ty He cropouy, KyAa JABH-
raJjicsi “4esIoBeK,

3angaua 3. Boxy KauaioT H3 xoﬂomxa myéuﬂoﬁ 20 M.
Hns OTKAaYKH MOCTABAEH HACOC C MOTOPOM, HMEIOMHMM MOIlL-
HOCTE 3,68 KBT. Hajien . 0. A MOTOpa, ecin H3BEETHO, 9TO

!4 . S «:.:,



3837*'“ paﬁmwmaeeea e manwa osxam oﬁ'beu m.mu

X M o .

- Pewenue, Moumoc% MOTOpa N cBﬂaaHa c pa60‘roﬂ A

KOTOpYiO' OH CoBepulaeT 3a BpeMs !, COOTHOUICHHEM '
. o CN=-A T D

rae N — K. 0. X Motopa. UTOGH NOAHATb Maccy BOAH: m Ha

'BLICOTY h, Hapo 3anaTHTb pa6ory

-

A= mgh . 2
Tlpu 3TOM Macca BOMbI 11 3aHHMaeT OGBEM
V=, | 3)
rle p.— MJOTHOCTh BOJIKI. HOAC';‘aBﬂHH @) u 3) B (1), uMeem
- : N = Yegh
) m
OTKYZa :
Vpgh )
e Q

[NoacraBasisi yucoBbie JaHHBIE B (4), MOJAYYHM ™ -

_380-10°-9,81.28, o
= T3680.7-3600

§ 1. Kunemarnka

CKOpoCcTb M ycKOpenHe TIPSMOJMEERHOrO ABMKeHHS B ofimeM caydae
onpeensoTes GoOpMyaaMH
v ds a Cdv__ d%
dt’ Tt 4
B cayyae NpPSMOJNHHERAHOrO DAaBHOMEPHOrO JABHKEHHSA.’

p:—i:const; a=0,

a

B cayuae npsMOMHHEAHOrO DaBHONEPEMEHHOFO , ABHMKEHHA
at? ~
s=uot+—-~ ;y v=uptat,- a=const,
B .sTHX ypaaueﬂmx ycxopeﬂne @ TIONIOXHTEJLHO NpH: paauoycxopenﬂom

ABFIKCHHH H OTPHUATEAbHO NPH PABHO3AMEJICHHOM.
ﬂpﬂ xpumnueﬁ’ﬂou ABHKEHHH “NORHOE YCKOPEHHE -

A‘a‘—Va:’-l-ani.' P



3neck ay — rqurenunanbnoe (ncamnoel ycmpenne u a.— Hopua.ub-

noe (nempoc'rpeumbnoe) ycxbpenl!e, DpHzeM . .
T = dt s R *

e v—cxopoc'n: msmxemm a2 R—-pannyc KPHBH3HH 'rpaex'ropnn ‘B
nax-moﬂ « TOYKe, : - -

Tlpn BpamaTe/LHOM JBHXKEHHH B ofmeM cfy%ae yIiIoBasg CKOPOCTH
H yraosoe YCKOpEHHE HAXOLATCA N0 (pqpuynam

de - do _ d¥

N LO=Yr ST Tae

B caysae paBHOMepPHOTO BpAlATeJbHOTO JBHIKEHHS YINIOBAaA CKOPOCTh

rae T — mepHOJ| BpameHHs, N ~— HacToTa Bpa[].IEHHH, T. €. YBCI0 o6op0'roa
B eJHHHLY - BPeMeHH.
.Yra0Basg CKOPOCTb 4D CBf3aHa C JIMHeAHOH! CKOPOCTBIO U COOTHOMIEHHEM
v=0R.

TanreHuHa LHOE M HOPMAJbHOE YCKODEHHS NPH BPALlATEJLHOM JBHKEHHH
MOT'YT GHTb BHpaXKeH B BHJE )

ag =eR, ap=0’R.

B Taba. 6 gpano COTIOCTaB/IeRHe yPABHEHHH NOCTYNATENLHOTO JBHMEHHA
C YpaBHeHHSMH BpaLIaTeJbAOTO JBHIKEHHS. ’

.

. [lepsyo nosoBHHY BpeMeHH CBOEro JBHMEHHS aBTO-
M06HJIb JBHraJicA cO CKOpPOcThio ¥; =80 KM/4, a BTOpYIO noJo-
BHHY BPEMEHH — CO CKOPOCTBIO U3=40 kM/u.' KakoBa cpeauss
CKOPOCTb U JBHXKEHHsS aBTOMOGHJSA?

“1.2. IlepByio MOJIOBHHY CBOEro MYTH aBTOMOGHJIb ABHrajcs
o CKOpOCTBIO ¥;=80 KM/4, a BTOPYIO NOJIOBHHY MYTH — cO
CKOpOCTBIO U,=40 KM/, Kaxosa CPEAHASA CKOPOCTb U JBHIKE-
HHA aBTOMOOHJA? )

1.3. Ilapoxon ujer no peke oT nyHkTa A 1o nyHKTa B co
ckopocTeio U;=10 KM/4, a 0GpaTHO — CO CKOPOCTBIO Uy=
=16 km/u. HaiiTH cpelnio0 ckopocTh U mapoxofa H CKOPOCThb
U TeueHHs peKH.

1.4. Ha#iTH cKOpOCTb U OTHOCHTEJIBHO 6epera pekH: a) Jof-
KH, HAYlllel MO TedeHHIO; 6) JIOAKH, HAYLIEH NMPOTHB TEUEHHS;
B) JIOAKH, HAyLIeH MOM . yriaoM &= 90° K TeYeHHIO. CKOpOCTb
'reqeéma pekH u=1 M/C, CKOPOCTb JIOAKH OTHOCHTEJIBHO BOAHI

16 -
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Tabauun 6

Mocrynarensuoe Bpamarensnoe
IBHIKeHRe JXBHIXEeHHR
PaBromepnoe
s=ul p=owl
==const o =const
a=0 e=0
‘PaBronepementoe
at? el?
s=vpt+5 @ =0+~
v=uvy}-at o = g8t
a==const g=const
HepasHomepHoe
s=f (1) e={(1)
=95 %
U=t =G
_dv_ dis d(o dzq)
R TR TS =aT e

1.5. CaMoJ/IeT JIETHT OTHOCHTEJNBHO BO3AyXa CO CKOPOCThIO
v,=800 kM/4.-BeTep ayeT ¢ 3amaja Ha BOCTOK CO CKODOCThIO
u=15 M/c. C Kakoil CKOpOCTbIO U camoJjieT GylNeT ABHraThes
OTHOCHTEJIbHO 3eMJIH H NOJ KaKHM YIJIOM & K MeDHIHaHy Hajo
JepkaTb Kypc, 4ToOH nepeMellleHHe Owlio: a) Ha Ior; 6)
ceBep;. B) Ha 3anaj; r) Ha BOCTOK?

1.6. Camosier JeTHT oT nyHKTa A Jo nyHKTa B, pacnoJo-
JKEeHHOT0 Ha paccrosinuH [=300 KM K BocToKy. Haiite npofos-
JKHTeJIBHOCTD { MoJieTa, ec/IH: a) BeTpa HeT; 6) Betep Ayer ¢ Kra
Ha ceBep; B) Berep AyeT c 3amajia Ha BocTOK. CKOPOCTb BeTpa
u=20 M/c, CKOpPOCTb CaMOJIeTa OTHOCHTEJbHO Boanyxa v0
=600 KM/4.

1.7. Jlogka npHxeTcsi nepHeHAHKYJSIPHO K 6epery €O _CKo-
poctbio v=7,2 kM/u. TeueHHe OTHOCHT ee Ha pacCTOsIHHE
£=150 M BHH3 10 peKe. HalTH CKOPOCTD u TeUEHHS pEKH H Bpe-
Mﬁ {, aaTpayeHHOe Ha nepenpaBy 4epe3 peky. IllupuHa peku

O 5 KM.

1.8 *). Teno, 6polleHHOe BepTHKaJbHO BEEPX, BEPHYJOCH
Ha 3eMa0 depes BpeMsi {=3 c. KakoBa Gbuia HayalbHasi CKo-
pOCTb ¥, TeJla H Ha KaKyKI) BLICOTY A OHO MOJHAJIOCH?

*) 3pmeeb M majee CONPOTHBJIEHHEM BO3XyXa CleAyeT IpeHeGpeub,
€CJIH OHO HE 33J]aHO0 B YCJIOBHH.
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‘ ; Kauem: Gpocnnu er'mxm _BREPX’ OTY.
jh =10 M. Yepea Kanoe bpess ¢ OB ynager Ha semm? Ha Ka-
KYIO BHCOTY /i TOARMMETCH KaMeHb, ecmi HITAJLHYIO- cxxepocn.
KaMHfl yBEJMUHTb BIBOE? :

1,10. C aspocrara, Haxonﬂmero(:ﬂ HZ BEicoTe h=300 M,
" ynaa Kamenb. Yepes Kakoe BpeMsi.f KaMeHb JOCTHTHET 3eMJIH,
ecJI: a) aspocrar TNOAHAMAETCH CO CKOpOCTHIo U=>5 M/c; 6) aspo-
- CTaT ONycKaeTcsl €0 cxopocrb}o v==5 M/c; B) aspocrar Hemo-
JBHXeH?
© L11. Teno 6pomeﬂo BePTHKANbHO BBEPX ¢ HaYa/IbHOM
ckopocThio v,=9,8 m/c. [Tocrpouts rpaduk 3aBHCHMOCTH Bhl-
COTHL A H CKODOCTH U OT BpeMeHH [ A1 uHTepBasta 0<(<2 ¢
yepes 0,2 c.

1.12, Teno magaer ¢ BhICOTHI A=19,6 M ¢ HayaJbHOH CKO-
poctbio v,=0. Kakoft yTb npofifeT Tes10 34 NepBYI0 H Nocae]-
Hioo 0,1 ¢ cBoero ABHIKEHHS?

1.13. Testo nagaer c Boicothl h=19,6 M ¢ Haua bHOMH CKO-
pocteio v,=0. 3a Kakoe Bpems Teno npomeT nmepBEIf H 110-
caegHHi 1 M cBoero myTH?

1.14. CBoéoxmo najapliee TeJO B HOCAEAHION CEKYHAY
JIBH2KE€HHS NPOXOAHT HOJIOBHHY Bcero NYTH. C Kakol BHICOTH A
najaeT TeJO H KaKOBO BpeMs ! ero NafeHUA?

1.15. Tesno 1 GpoleHO BePTHKANBHO BBEPX € HayajbHOM
CKOPOCTBIO U,, Te/10 2 MajiaeT ¢ BBICOTHI i Ge3 Haya/JbHOH CKO-
poctH.-HaliTH 3aBHCHMOCTE patcTosiHus ! Mexkay Tenamu 1 u 2
OT BPEMEHH [, ec/H H3BECTHO, YTO-TeJad HaYa/JH ABHIAThCH
ORHOBPEMEHHO.

1.16. paCCTOHHPIe MeX/y ABYMS CTAHLHSMH MeTPOTQJHTE-
Ha [=1,0b kM. [lepBy!0 NOJIOBHHY 3TOr0o pacCTOSIHHA IOE3]
NPOXOJHT  pPABHOYCKOPEHHO,  BTOPYIO — DaBHO3aMelJ/IeHHO
C TEM 2Ke IO MOAYJI0 YCKOpeHHeM. MakcHMajbHasi CKOPOCTD
noesfa v=>50 kM/4. HaliTH yckgpeHHe a H BpeMs { IABHXKeHHUs
noe3jia MeXAY CTAHHUAMH. . '

1.17. Tloesn npuxercs co’ CKOpOCTbIO v,=36 kM/1. Ecanu
BLIKJIIOUHTb TOK, TO MOe3J, ABHTAsiChb PaBHO3aMeNJeHHO, OCTa-
HaB/HBaeTcs yepes BpeMs (=20 c. KakoBo yckopenue g no-
e3na? Ha kakom paCCTOHHHH S J0 OCTAaHOBKH HaJ0 BHIKJIO-
9HATL TOK?

1.18. TIToesp, ).‘LBPll‘aHCI: paBHosameﬂ,neHHo B TeueHHe Bpe-
MeHH f=1 MHH yMeHBINaeT CBOIO CKOPOCTb OT UI-—40 KM/g 110
v,=28 xM/4. Haiith yckopeHHe g Hoesfa H paccToane 5
NpOjijlcHHOE HM 33 BPEMSI TOPMOXKEHUS -

1.19. Hoesn JBHXKeTCS PaBHO3aMe/VICHHO, Hmest Haqa.nhnym
CKOPOCTb V=54 KM/Y H YCKOpeHHE a= —-0 5 M/ct, tIepea xa-




ioé,apém 'y Ha KaKoM' pacmnmm 5. or ﬂ_a-wmﬁi‘opnomeuun ‘
“ (ecTAROBHTCH?
- 1,20, Teao™] meimercs pamaycxopem AMeR’ ﬂaqanbnym
‘CKGPGCTB i, ¥ yCKOpeHRme ;. OasoBpemento ¢ TenoM | ‘Ha~
YHRACT ABHIarThCH PaBHOSAME/VIEHHO TeRo 2, HMesl - Hadadab- -
HYI0 CKOPOCTh U3, H YCKOpPEHHE @, Uepes kaxoe Bpems ¢ moc-
Ae Havaja BHIKRHRS 06a Tena 6y11y1' HMeTb OJIWHAKOBYIO CKO-
poctb?

1.21. Teno | xBHxKeTCH paBHoycxopeHHo HMes| HauaJIbHyIo
CKOPOCTD U;,=2 M/C H yCKOpeHHe a. L{epe:-s ppeMs {=10 ¢ noc-
Jle Hayasa ABMIKEHHA Tesa | H3 5Toft XKe TOUKH HauMHAeT ABU-
raTbcs PaBHOYCKODEHHO Teso 2, MMesl HayajbHYI0 CKOPOCTb
v,,=12 M/c ¥ 1O Xe yckopenne a. Haiitn ycxppenue a, npﬁ‘
KOTOpPOM Tesl0 2 CMOXKET FOrHath Tedso 1.

1.22. 3aBHCHMOCTb NPOHAEHHOTO TEJAOM MYTH S OT BpeMeHH t :
naercs ypaBHenueM s=A{—Bt*+C8, rae A=2 w/c, B=3 m/c?
# C=4 w/c®, HaiiTn: a) 3aBHCHMOCTb CKOPOCTH U H YCKOPEHHS

_a oT BpeMeHH ¢; ) paccTosiHHe S, MPOHJIEHHOE TEIOM, CKOPOCTb
U M YCKOpeHHe a Tesa 4yepe3 BpeMs {=2 c roc/je Hadasaa JBH-
»kenusn. IlocTpouTb rpadyk 3aBHCUMOCTH NYTH S, CKOPOCTH U
H YCKODEHHsS @ OT BPEMeHH [ A/ HHTepBa.na 0<t<3 ¢ uepe3
0,5 c.

1.23. 3aBPICHMOCTb npomleHHoro TEJIOM 1iyTH § OT BPEMEHH !
Raercsi ypapHenueM s=A—Bt+4-Ct?, rne A=6 M, B=3 M/c
u C=2 wm/c* HafiTh cpeJHIOl0 CKOPOCTb U H CpPelHee YcKope-
HHe @ Tenia ns HHTepBana Bpemenu 1<(i<C4 c. [TocTpours rpa-
.(PHK .3aBHCHMOCTH HYTH S, CKOPOCTH U H ycxopemm a ot Bpe-

_MeHHM ¢ jng HHTepBana 0<(¢<5 c uepes 1

1.24. 3aBHCHMOCTD NPOHIEHHOTO TeJIOM nyTH S OT BpeMeHH ¢
RaeTcsi ypaBHenHeM s=A-+Bi+-Ct*, rae A=3 M, B=2 w/c
4 C=1 M/c?.. HafiTH cpefHIO CKOPOCTb U H CpefiHee ycKope-:
HHe @ Tela 3a NMEPBYIO, BTOPYIO H TPETRIO CEKYHAH €ro JBH-
KEeHH . < -

1.25. 3aBHcHMOCTD npouneuﬂoro TEROM IYTH S OT BpeMeHH ¢
faeTcs ypabHenneM s=A--Bt-+Ct+-D3, tre C=0,14 m/c?
H D=0,01 M/c3. Yepes xakoe BpeMs { nocse Hayamaa ABHIKEHHS
- Tesio 6y11eT HMeTb ycKopenue a=1 Mm/c? HafiTH cpefiHee ycKa~
peHne.a. Te/a 32 STOT NPOMEKYTOK BPEMEHH.

1.26. 'C GamHu BhicoTolt A=25 M FOPH30HTANBLHO GpOILEH

 KaMeHb ¢O cKopocthio U,=15 M/c. Kakoe BpeMs { KaMméHb
Bynet B apAxeHun? Ha Rakom. pacCTOAHHH { or ocrOBaHu# Garu- .
HH OH ynager #Ha 3emyio? C kaKOf CKOPOCTHIO U OH yNaJieT Ha
semmo? Kakofi yTOA @ COCTaBHT TPAeKTOPHA KaMHA c ropn-
BOHTOM B TOUKE €ro MajleHHsA Ha sewuo? , :

. _ 19
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1.27. Kamenb, GpollleHHu FOPH3OHTANbHO, YHAA HA 9eM-
mo depes BpeMn {=0,5 ¢ Ha paccTosHuM /=5 M no roPHSOHTa-
NI¥ OT MecTra 6pocaﬂus; -C Raxofi BHICOTH h Gpomen KameHb?
C xaKoft CKOPOCTHO U, OH GpoieH? C KaKo# CKOPOCTHIO U
OH. ynajer Ha gsemJuo? Kaxou Yroa @ COCTaBHT TPAaeKTOPHSA
KaMHsl ¢ TOPH3OHTOM B TOUKe €ro fajleHHs Ha 3emJio? ,

1.28. My, 6p0HJEHHLIH rOpH30HTANBHO, YAApAETcH O CTEH-
Ky, HaXOAfILylocsl Ha paccToAHHH [=5 M OT Mecra GpocaHHs.
Beicota Mecra yAapa Ms4a O CTEHKY Ha Ah=1 M MeHblle Bbl-
COTHI A, ¢ Koropoil Gpouen ms4. C KaKoft CKopocTbio U, 6po-
ieH MY Iloa kakuM yriioM @ Msi4 TOANIETAET K MOBEpXHOCTH
CTEHKH?

1.29. Kamenb, GpolueHHbiH ropnaomanbno, yepes BpeMﬂ
t=0,5 ¢ nocsie Hauana ABHXKEHHA MMeJ CKOpocThb U, B 1,5 pasa
60J1b111y10 CKOpocTH U, B MOMeHT OpocanHa. C Kakofl CcKo-
poctbio U, OpouleH Kamenb? . »

1.30. Kameni OGpoumer TOPH3OHTANBHO €O CKOPOCTHIO
v,=15 M/c.. Hailitu- HopmanbHOe @, M TaHTeHIHAJbHOE
ycxopemm KaMHs1 Yepes BpeMs t=1 ¢ nocie Hauana ABH-
HEHHA,

1.31. Kamenb O6pouleH ropuaomanbﬂo co cxopocn)xo
v,=10 M/c. Haiitu papuyc XpHBHSHH R TDPa€KTOPHH KaMHs
lxepesx BpeMa (=3 c mNoc/e Hadaja JBHIKEHHS.

1.32. Msau GpouweHn co ckopocthio v,=10 M/c mox yriiom

a==40° K ropusouty. Ha kakyio BbicoTy h mnolHuMeTcst Msu?
Ha kakom paccrosteuH { oT Mecta GpocaHHA OH ynaneT Ha-3eM-
ao? Kakoe Bpemsa f oH 6yaer B JABHIKEHHH? :

- 1.33. Ha cnoprHBHBEIX ‘cocTA3aHHAX B JIepuHrpaie cnopt-
CMeH TOJIKHYJ AApo Ha paccrosinde [,=16,2 M. Ha kakoe pac-
crosinve /3 TOJETHT Takoe ke siipo B TalrkeHTe npH ToRt Ke
HayaJbHOH CKOPOCTH H IPH TOM XKe YIJe HAaKJOHa ee K I'ODH-
30HTY? YcKopenHe cBOGOZHOrO HajdeHHss B JlenHHrpaje
€1=9,819.M/c?, B TamxeHnre g,=9,801 m/c2.

1.34. Teso 6pollleHO €O CKOPOCTBIO U, HOX YIJIOM K T'OPH-
30HTY. Bpemsa nonera {=2,2 e Ha kakyio BeICOTY A MOAHHMET-
cA TeJo? .

1.35. Kamenn, GpOIIeHHBIA €O cxopocn;ro v, -12 M/c n011
yriaoM 0.=45° K FOpH30HTY, _ynajl Ha 3emJlio Ha paccmm-mn 1
ot Mecta Gpocanua. C Kako#t BbICOTHt i HAJO 6pocmb KaMeHb
B TOPH3OHTAJIbHOM HAINpABJEHHH, YTOGH NPH TOH e Hayanb-
HOM CKOPOCTH U, OH ynajl Ha TO Xe MeCTo?

1.36. Teno GpouieHO €O CKOPOCThIO U,=14,7 M/c noAd yriom
==30° K ropHaouty.. Halitu HOpManbHOe a, ¥ TaHIeHIHAIb
HOe 4, YCKOpEeHHs TeJia uyepe3 BpeMa t—l 25 ¢ nocae Hayasa
IBHIKEHHA. - - , .

0 L



1,87, Teno Gpoieno ¢o - cxopdefw #,=:10 M/c noR yraom
‘a=45"k Topusonry. Halitn pannyc KpHBHSHE R TpaekTopun
Ma yepes BpeMa {=1 ‘¢ mocne mauana gBMKEHHSA. | . T .

1.38. Tesi0 GPOMIEHO €O CKOPOCTHIO v, TOA yosioM @ K ro-
_phugonry. Hakfiry CKOPOCTE Uy H YFOJl @, ec/tH H3BECTHO,. YTO
BHICOTa NOABEMA Tesa =3 M H PaNHyC KPUBHSHEI Tpaemopun
Tena B BepXHEl TOYKe TPAeKTOPHH R=3wm.

" 1.39. C Gawmu BEIcOTOH hy;=25 M GpolieH KaMeHb CO CKO-
pocn,xo v,=15 M/c nox yraom a—30° K ropHaonty. Kakoe Bpe-
Msi { KaMeHb GyJer B BHxeHnH? Ha Kaxom paccrosnyu lor
OCHOBaHHs1 GalIHK OH yliafieT Ha 3eMiio? C KaKOH CKOPOCTHIO U
OH ynajier Ha 3emmo? Kakoil yros ¢ cocraBHT TpaeKTOpHA
KaMH5 C FTOPH30HTOM B TOUYKe €0 MafieHHs Ha 3eMJo?

© 1.40. Msu, GpOIIEHHbIH CO CKOPOCTBIO Uy=10 M/c moA yr-
JoM &=45° K TOPH3OHTY, yJapseTcs O CTeHKY, HaXoAslnylocs
Ha paccTosiHHH [=3 M oT Mecra Gpocanusi. Koraa npoHcXoIuT
yAap MsAYa O CTEHKY (NpH NojbeMe Msua HJH NPH ero ONMyCKa-
uuH)? Ha Kakoll BbicoTe h MAY yAapHT O CTeHKY (cudTasi OT
BHICOTBI, C KOTopo# Gpomen Msau)? Haiitu CKOpOCTb U Ms4a
‘B MOMEHT ' yJapa.

1.41. Ha#itu YIJI0BY1O CKOPOCThb @: a) CYTOUHOTO Bpamemm
3emau; 6) 4acoBOi CTPENKH HAa 4acaX; B) MHHYTHOH. CTPEJKH
Ha yacax; r) HCKYCCTBEHHOT'O CIYTHHKA 3eMJiH, JBHXYLIerocs
no prI‘OBOH op0HTe ¢ MepHOJAOM BpallleHHs T= 88 muH. Ka-
KOBa_JIMHei{Has CKOPOCThb U JBHXKEHHS 3TOr0 MCKYCCTBEHHOTO
CNYTHHKA, e€CJH H3BeCTHO, YTO ero OpéHTa PacroJioXeHa Ha
paccrosinue A=200 KM OT NOBEPXHOCTH 3eMJIH? :

1.42. Ha#iTH JHHeHAHYIO CKOPOCTh U BpalleHHs TOUEK 3eM-
HOM TOBepXHOCTH Ha wHpoTe Jlenunrpazma (p=60°).

1.43. C Kako#i JHHEHHOH CKOPOCTBIO JOJKEH EBHIaThCA
camoJieT Ha 5KBaTOpe ¢ BOCTOKA. Ha 3anafl, uTo6Bl maccazkKHpaM
storo camontera CoJlHHE Ka3aJji0Ch HENOABHXKHBIM?

1.44. Ocbk c aByMs JHCKaMH, paclOJOXEHHEIMH Ha pac-
crosuud [=0,5 M Apyr oT Jpyra, Bpaiaercsi C YacTOTOH
n=1600- 06/mun. Ilyns, nerdmas BIOJbL OCH, npoGuBaer o6a
JHCKa; NPH 5TOM OTBePCTHe OT MYJIH BO BTOPOM JHCKE CMEIIEHO_
OTHOCHTENLHO OTBEPCTHA B NEpPBOM JHcKe Ha yroa ¢=12°
Halitu ckopocTk v myJH.

- 1.45. Ha#itu pagnyc R Bpamarolerocsi KoJeca, ecai Hs-
BECTHO, UTO JIMHEHHas CKOPOCThb v TOUKH, Jiexallelk Ha 06ole,
B 2,5 pasa Gosblue JHHeKHOH CKODOCTH U; TOUKH, .nex(ameﬁ
Ha paccro;mxm r=5 cM GJHKe K OCH KoJleca. -

1:46. Koseco, Bpamasch paBHOYCKOPEHHO, ,uocmrno yrao-
Bofi ckopocTH. @ =20 pax/c yepes N=10 06 nocJe HayaJia Bpa-
meHus, Hafith yryioBoe ycKopeHHe & KoJseca.

. T m



_ 1.47" Ko.nece; sgamnc& pabmycﬁogenng _Yepes BpeMA:
!lm!m.neaaqm\ n mmy

n=720 of/uus. Hality yrionoe ycxopenne e xmeea B wo
oBopotos- N KosAe€a 3a 310 BpeMs.

1.48. Koiieco, Bpamasich panaoaauemenuo, 3a Bpeuﬂ
“f==1 MEH yMeHBIIMJIO cBOW uacToTy ¢ n;=300 of/Mur Ao
ny=180 o6/mun. Hairtn yriaopoe-yckopesue & Kovleca ¥ A0
ofoporoB N Kojeca 3a 3TO BpeMs. - \

.1.49. Bentmiatop Bpammaercs ¢ uyactotolt n=900 06/MuH.
Tocae BHKMOYCHHS BEHTHJIATOP, Bpaillasich paBHO3aMeJieH-
HO, cJiesiasi 10 ocTaHOBKH N=75 06. Kakoe BpeMs ¢ MPOHIIO
¢ MOMEHTA BHIKJIOUEHHS BeHTHJIﬂTOpa N0 TOJHOH €ro OCTa-
HOBKH?

1.50. Ban Bpam.ae'rcn ¢ yactotoif n=180 o6/MuH. C Heko-
TOPOrO MOMeHTa BaJ Hauaj BpalllaTbcs paBHO3aMell/IeHHO
C VIJIOBHIM YcKopeHHeM e=3 papn/c®. Uepe3 Kagoe BpeMs ¢
BaJl OCTAHOBUTCH?, Hamu ugcno oboporoB N Bajna o ocra-
HOBKH.

" 1.51. Touka jJBHXeTcs [I0 OKPYKHOCTH pamiycom R =20 cM
C TOCTOSSHHHIM TAHTeHIUAJILHBIM YCKOpPEHHEM a;=5. cM/c2.
Uepes kakoe BpeMa { mocje Hayasla JABHXKEHHS HOPMAaJibHOE
YCKOpeHHe @, TOYKH OyleT: a) paBHO TaHreHLHaTbHOMY;
6) BiBOe G6OJbllle TAHrEHIHAJAbHOTOP

 1.52. Touka nBHXKeTcA 1O OKPYKHOCTH pa)mycom R=10"cM
€ NOCTOSHHBIM TaHreHUHANBHLIM YCKOpeHHeM a.. Haiity tah-
FeHIHaJIbHOE YCKOPEHHE a; TOYKH, ecsill H3BECTHO, UTO K KOH-
Hy nsroro ofopora Iocie Hauyaja ABHXKEHHs JIHHEHHas CKO-
‘pocTb TOUKH v=79,2 cm/c.

1.53. Touka ABHKeTCS [0 OKPYXKHOCTH paanycom R=10 cm

C NOCTOSIHHBIM TaHIeHLHAMbHRIM YCKOpeHHeM a;. HaiitH Hop-
MaJsibHOe ' YCKOpEHHEe @, TOYKH depes BpeMs {=20 c moc.e Ha-
yana ABMKeHHS, ecJiH H3BECTHO, 4TO K KOHHY msTtoro ofiopora
noc/le Hayana JBHXKeHHs JMHeHHas CKOPOCTb TOUKH U=
=10 cm/c. :
- -1.54. B nepBoM NPHOIHKEHHH MOXHO canaTb, 4TQ 3JIEKT-
POH B aToMe BOJOPOAA JABHXKETCH IO KPYToBOi opGHuTte ¢ JiH-
HelfiHO# cKopocThbio v. HalTH yrJIOBYIO CKOPOCTb @ BpalleHHS
5JIeKTPOHa BOKPYTI' fApPa. U ero HOPMAJbLHOE YCKODEHHE a,.
Cuurtate paguyc opbutet r=0,5-10"1" M H JHHeifiHyl0 CKoO-
POCTb 3/IEKTPOHa Ha 3Tok opbure v=2,2-10° m/c.

1.55. Koseco paguycom R=10 cM Bpaluaercsi C yIJIOBBbIM
yckopenueM €=3,14 pan/c?, Haiity 1714 Touek Ha 00oje Koje-
ca K KOHIY FepBO# CeKYHIH TOc/]e Hayajia JIBHMEHHT: a) yI-
JNOBYK0  CKOPOCTb ;. 0)-JHHefyl0 CKOPOCTb ¥, -B) TaHFeH-
‘IMaJbHOE - YCROpeHHe d; I) HOPMaqbHOE YCKODEHHE ay;




‘@, &) yron &, -cocrannncuuﬁ mmpow

m;nﬂom —ycmpmn C. PandycoM RoJeca. .

1.86. Touxa aemxeTCH N0 ORPYKHOCTH pa.zmycou R—-2 m
3anncmom TYTH OT BPEMERW -JAeTCR  ypaBnenneMm s=CI,

vae C=0,1 cm/ct.—tHafirn nopmantioe a, W TaRTERIHATEHOE
*fly YCKODEHHSI TOUKY B Mow}em, KOTa JHHEAHAs CKOPOCTh TOY-
"kH v=0,3 M/c.

1.57. Touka aBHxkeTcs no oxpyxmocm TakK, 4TO 3aBHCH-
MOCTb NYTH OT BPEMEHH JaeTCsl YPaBHEHHEM. s-—A—Bt—l—Ct2
rie B=2 m/c u C=1 m/c®. HaliTH J#HelHYIO CKOPOCTD U TOY-
KH, €@ TAHIeHUHAIbHOE dr, HOPMAJbHOE d, H NONHOE @ YCKo-
‘peHHs yepe3 BpeMsl {=3 ¢ nocJe Hayasa ABHKEHHS, €C/H H3-
BEeCTHO, 4YTO OpH ¢ =2 c HOpMaJbHOe YCKOpPEHHe TOUKH a,=
=0,5 ‘Mt
. 1 58. HaiiTi yriioBoe yckOpeHHe £ KoJeca, ecaH HBBBCTHO

- YTO uepe3 BpeMs {=2 c nocJie Hauaja JBHXKEHHS BEKTOP IOJ-

HOTO YCKOPEHHs TOYKH, JeXalleH Ha o60fe, cOCTaB/AET YIoJ
o=060" ¢ BeKTOPOM €e JIHHEHHOH CKOPOCTH.

1.89. Kosieco' Bpaillgercst ¢ YIVIOBHIM YCKODEHHEM g=
=2 pan/c?. Uepe3 Bpems {=0,5 ¢ mocie Hayana ABHKEHHs
IIOJIHOE YCKOpEHHe Kosleca a= 136 cM/c®. Haitu pagnyc R
KoJeca.

1.60. Kondco panuycoM R=0,1 M BpalllaeTcd TakK, YTO 3a-
BHCUMOCTb YTI/1a NOBOPOTa pafuyca KoJjeca OT BPeMeHM JaeT-
csi ypaBHesHeM @=A-+Bt+C8, rae B=2 pagc u C=
=1 pan/ct. lna Touek, JexallHx Ha ofoje KoJiecd, HAHTH ye-
pe3 BpeMsl [=2 c nocjie Hayasna JABHXKEHHS: a) YIVIOBYIHO. CKO-
poeth o, 6) JHHEHHYIO CKOpOCTb U; B) YIVIOBOE YCKOpEHHE €;
J) TaHreHIMa/JbHOe @; H HOPMAJbHOE YCKOpEHHS.

1.61. Koseco paguycom R=5 cM Bpalaercss Tak, 4TO 3a-
BHCHMOCTb YyIJ/la TOBOpPOTa pajuyca KoJieca OT BPeMeHH JaeTcs
ypaBHesueM @=A+Bi+Ct*-+Dt; rae D=1 pan/c®. dasa To-
yeK, JexalluxX Ha ofofle KoJjleca, HaHTH H3MeHEHHe TaHTEH-
I{HabHOTO YCKOPeHHs Aa; '3a eIHHHIY BPEMEHH.

1.62. Koseco panuycom R==10°cM" BpamjaeTcst Tak, 4TO

" 3aBHCHMOCTb JIHHEHHOH CKOPOCTH TO4YEK, JeXKallHX Ha 060)16

KoJeca, OT BPEMEHH JiaeTcsl ypaBHeHueM o=At+Bi® rie
A=3 cw/a u B=1 cM/c®. Haiitu yroa o, coctas/iseMbli
BEKTOPOM IIOJHOTO YCKOPEeHHs1 ¢ paJHycOM KoJieCa B MO-
MEHTH BPeMEHH {, paBHbIe 0,1,2, 3 415 c nocie Havaia
JIBHIKEHHA,

* .1.63. Koseco BpamaeTcn TaK, 910 BaBHCHMOCTb yria no-

_BOpOTa pajHyca KoJeca. OT .BPeMeHH Jaercs. ypaBHem{eM

@=A+Bt+Cr+D#, rae B=1 payc, C=l .paw/c* u

'D—-{ paJJ/c’ Haiitn panuyc R xoneca, eciH Hanec'mo, uT0



K KOHILY - Bmpoﬁ cexyﬂnu }mumeuun s TOREK, .nezxamux,
Ha odone KoJleca, HOPMaJibHOe YCKOPeHHe dn==3,46<10% W/c*.
., 1.64. Bo cxoibKo-pas HOpMAAbHOE YCKOpewHe @, TOUKH,
nex(ameﬁ Ha oGoxe Bpaiaiolieroci KoJieca, Goublie ee TaH-
IeHUHaIbHOTO YCKOPEHHS! Gy ISl TOrQ MOMEHTa, KOrZia BeKTOp
NOJIHOTO YCKOPEeHHs! TOYKH cocrabiser yroa a=30° ¢ BeKTO-
‘POM ee JHHefiROH cxopoc'm? ‘

§ 2: Munamuka

OcroBHOR 3aKOH JuHAMHKH (BTOpOd 3aKoH HbloTOHA) BHpaxaerca
ypaBHEeHHEM ’ ~

F dt =d (mv).
Ecau Macca m noctoanua, T0
' dv
F=me—=
=m ma,

Tle @ — YCKOpenHe, xoropoe npuoGpeTaer Tea10 Maccoll m 1ox neficrBeM
cun F.

~ Pa6Gora cnnm F npu NepeMeleHHH § MOXET OHTh BhpaxeHa (popmy.noﬁ

A=Sﬁ,ds,-

s

rae F, — npoeKnMs - CHIN HA Hanpab/ieHHe MepeMelneHHd, dS — AAHHA
NepeMemmenHsi. HHTerpHpoBaHHe AOMKHO GHTb pACHpPOCTpaHEHO Ha BCe
nepememneHse s. B cayuae nocrosuHoR cmm, DeficTBylomeRl moj, yraom a
K TiepeMelleHHI0, HMeeM

A=Fscosa,:

Ile & — yron MeXxny cHiof F H nepemeimenueM s.
MomHocts onpeneniserct popmyaok

. dA

N==r ar

B caynae mocTosHHOA MOIHOCTH .
A

N=

rae A— paGO‘ra, coaepmaemaa 3a Bpema I .

MomEocTs MOXeT GbITh ONpeleieHa TAKKe . (bopmynoﬁ

N=Fvcose, p

T. €. MPOH3BENEHHEM CKQPOCTH RBUKEHUS Ha NPOEKIHIO CHJK HA HAnpae-
JeHue ABIIKEHHS.

J.I.vm KHHETHYECKOA SHEpPrHH. Tesa Maccoﬁ ,  ABHXYILETOCA: €0 -CKO3
pOCTblO v, HMeeM

_ T W“‘T ,



d’opuy'.m a8 mmunnansnoﬁ onepmwnuem pasunn m 8 saaucnmbm

oT XapsxTepa neﬁmymnux CHi, .

7 B MsoaHpoBanHOA cHCTeMe uuny.ubc axonmunx B Hes Tea ocTaercs

MOCTOAHHEM, T, ©. . S
mivg+ mest... _—I—m,,vn='const.' ‘

[lpsi HeynpyroM HeETPaibHOM yAape ABYX Tell ¢ MaccaMd my W Mg
o6n1as CKOPOCTb JABHAEHHA STHX TeJl MOCJe yIapa MOXeT 6ms HafiieHa
no tbopmy.ue )
| _ mogtmuy .,

mi+ma A
rle v; — CKOPOCTb nepaoro Teaa 10 yiapa u vy — cxopocrb BTOPOrO Tena
J0 ynapa.

TlpH ynpyrom HeHTpaJbHOM yAape Tesa GyAyT ABHIAaTbCA C paa:mtx-
HBIMH CKODOCTSIMH. Cxopoch NepBOro TeJia Mocsie yAapa
oo UM M) Oyt 20y .

1 mj s ’

CKOpOCTb BTOPOro TeJIa nocie ylapa

(ma—my) v3+2myvy
my--my

u2= L]

Ilpa KpHBONHHEAHOM IBH)KEHHH CHJIa, JeficTBYIOmAA Ha MaTepHa/b-
HYIO TOUKY, Moer ObiTh pa3oMeHa Ha JIBe COCTABJAOIIHE: TaRHICHIHAIb"
Hyl0. H HOpMaibHylo. HopManbHaa cocTasnsowan

muv? o ' .
. Fp=— :
R
ABNAETCA LEHTPOCTPEMHTENbHOM - CHION. 3necs v — JHKefiHan CKOpOCTb
JBHXeHHs Te1a maccoli m, R — paauyc KPHBH3HL! TPaeKTODHH B JaBHOH
TOouKe.

Cuna, Bhi3nBalOman ynpyryo Jedopmamuio X, nponopuuonanbﬂa

.,necpopmaunn, T. €.

F =kx,
the k — 3KeCTKOCTb (koadpHIHEHT, YHCAEHHO pPaBHLIi CHJE, BHI3LIBA oW
nedop4alHio, PaBHYIO eNHHHIE). .
IToreHnHabHas SHeprus ynpyroro rteaa
kx?
Wh= 5.

Hpe Ma‘l‘epﬂa.'lbl-[hle TO'IKH (1. e. TaK#e Tesla, pa3Mephl KOTOPHX MaJbl
No.CPABHEHAIO C HX B32HMHHIM pacc'roaﬂneu) npn'mmaamca ,apyr K Ipyry
c cuaon

-

— '
F=0T o

25



m G==6.6720 wn-n. B-u‘!xr‘-— rpaam'mmuu : :
Mg uaccu mnuoneﬁmmnnx ua-repaa.nwux roqex. r —— pmm
_ MEXJY BHMU. 31-01- SakoH cnpaamua H aa quxopoauux mapoa. npa S‘I‘OM
Al — -paccToAHHE Mexu[y X IleRTpaMH Macc.

I'Io'renunanbnaﬂ sueprna rpaan‘ranuonﬂoro BSaHMOAeﬁCTBHﬂ 're.n

Wo=—G T S

- -

3HaK «MHHYC» COOTBETCTBYET TOMY, UTQ NPH r=00 NOTEHOMANLHAS SHEPTHA
ABYX B3aMMOJEHCIBYIOWHX Tel PaBHA HYJIO; NPH cﬁnmxeﬂuu 9THX TeJl
NOTeHUHaNbHAA 3HEPrAs YGHBaerT.

Tperuii aaxon Kennepa umeer eup

Ti_ R '
8 R}’

raie Ty n Ty — NepHOAH BpauleHus nnaver, Ry H R, — Goibiune nonyocH
ux op6ur. B cayuae kpyrosoit opﬁu'rbx ponb GosbuIOH TOJSYOCH Hrpaer
pajnyc OpOHTHL

- 2. 1. Kaxoft MaccH m, ainacT Ha%o ¢OPOCHTB ¢ paBHOMeD-
HO onycxaxomerocn aspocrara, 4TOGBI OH Hayal PABHOMEPHO
MOXHHMAThCA € TOH e cKopocThio? Macca aspocrara ¢ Gad-
aactom m=160Q kr, noxbemiias cuaa_aspocrara F=12 xH.
CuHTaTh CHJIY CONPOTHBJEHHSI Feonp BO3AYXa ONHOM M TOH e
NpH TOLBbEME H NPH CHYCKe.

2.2 K HHTH nojBelleH rpy3 Maccoit m=] kr. Hamu cCHITY
HaTsikeHHS HUTH T, £CJIH HHTD C TPY30M: @) MOAHHMATD C YCKO-
peiiHeM a=>5 M/c?, 6) OIIYCKAaTh_C TEM e YCKOPeHHeM a=5 m/c?,

2.3. CTaJlea_H MPOBOJIOKA HEKOTOPOTO JHaMeTpa BHIIEPIKH-
‘BaeT cuay Hatskenus T=4,4 kH. C kakwM HaHGONBLIUM
YCKODEHHEM "4 MOXHO HOJHMMATh IpYy3 Mmaccoli m=400 kr,
NOABELUEHHEIA Ha 3TOH NpOBOJOKe, 4TOCHl OHA He paaopBa-
Jack?
© 2.4, Macca saudra ¢ naccaxupaMmn m=800 kr. C KakuM
YCKODEHHEM @ H B KaKOM HalpaBJieHHH JABHKeTcs fAGT, ecan
H3BECTHO, YTO CHJa HATsKeHHs Tpoca, NOLLEPKHBAIOLIErO
aupr: a) T=12 kH; 6) T=6 xH?

2.5. K uutH nonpewieHa rupd.. Ecau mogHHMath THpro
€. ycKopeHHeM a,=2 M/c?, To cuna HaTsiKeHHs HUTH T; Gyler
B/IBOGs MEHbIlIE TOH CHJIB HATSKeHHA 7', NPH KOTOPO#H HHTDH
paspuBaetcs. C KaKHM YCKOpeHHeM dy HAJO HOJLHHMaIb’I‘ﬂp!O
q9TOOBl HHTb Da3opBasiach?-

2.6: ABTOMOGH/IE Maccodl m-*1020 KT, zlsnraﬂcb paBHo-
3aMeJiIeHHO, OCTaHaBJIHBaE‘I‘CH uepe3. BpeMa (=5 ¢, npoﬁ,uﬂ

926 . . ) N R ) : R



%15 525 w.-Haiird nat:ammyn cxopncrb a. mmﬁma n
‘TopmONenns F. : e
RR% 2 Tloean MaccOi;l ni—500 T, ILBHI‘aHCh panﬂoemmneﬂna.
,quelmenpeumu =] MHH yMeHbilaer cBOW or
40 kM9 10 Uy=28 EM/u. Haiity cuny. Topm F..
2.8. Baron Maccol m=20 T ABHXKeTCS C HauajbHOH CKO-
pocThio v,=54 kM/a. Halitn cpermioo cuny. F, neiicreyomyio
Ha BaroH, ecJH H3BeCTHO, YTO BarOH OCTAHABJIHBAETCH B Te-
geHHe BpeMeHH: a) f=1 MHH 40 ¢;"6) {=10¢; B) 1 c.
- 2.9; Kakywo caay F Hajno PHJOXKHTD K BaroHy, CTOsIIEMY
Ha peJibcax, 9TOOBI BaroH CTaJj JBHIaThCS PaBHOYCKOPEHHO H
3a Bpems {=30 c npowes nytb s=11 M? Macca Barona m=16 1.
Bo BpeMs JBHXeHHMA Ha BaroH JeHCTBYeT CHJIa TpeHHs F
paBHas (0,00 neficTByOIeH Ha HEero CHJBI TAXECTH mg.

2.10, Iloesn maccoir m==500 T noc.ie NpeKpallleAUs TATH
napoBosa roj AeficTBHeM cHJbl TpenHs F.,=98 xH ocraHas-
JuBaercsl gepes BpeMs {=1 MuH. C Kakoi cxopocn,}o U, LWed
noesz? . :

2.11. Baron Maccofi m==20 T JBH3keTCS PaBHO3aMeJl/IEHHO,
HMes - HauaJIbHYIO CKOPOCTb U,=54 KM/4 H yCKOpeHHe a=
=-—0,3 m/c?. Kakas cuna topmoxenuss F nefictByer Ha Ba-’
TOH? LIepes Kakoe BpeMsl { BaroH OCTaHOBHTcsI? Kakoe pac-
CTOsiHHe S BaroH TPOHJRT 10 OCTaHOBKH?

2.12. Teno maccoit m=0,5 Kr aBHXKeTCA npmo.nnneuﬂo
NpHYeM 3aBHCHMOCTb npomxeﬂﬂoro TEJIOM HYTH § OT BPEMeHH 1
naercsi ypaBHenHeM s=A—B{-+C2—Df, rae C=5 w/c® H
D=1 w/c®. Hafitu cuny F, peficTByWINYy}0 Ha Teso B KOHue
NepBOA CEKYHIH JBHXEHHS.

2.13. llon neficrBieM cHabt F=10 H Teno aBHxkercst npsAMo-
JIHHEHAHO Tag, YTO 3aBHCHMOCTH HPOHJEHHOrO TeJIOM IyTH S
OT BpeMeHH [ Jaercst ypaeHenieM s=A-—BtCe, rae C=
=1 m/c?. Haiitn Maccy m Tena. : :

2.14. Teno Macco#t m=0,5 Kr JBHXeTcsl TaK, YTQ 3aBHCH-

MOCTb IPOHJEHHOTO TeJIOM ITYTH S OT BpeMeHH tnaemﬂ ypapHe-
HHeM s=A sin of, rae A=H cM ¥ o=n pap/c. Hafith cuay F,
JeHCTBYIOIYIO Ha Teso Yepe3 BpeMms f=(1/6) ¢ noc/ie Hasaua
JBHXKEHHS,
- 2.15. Monexyna Maccoift m=4,65-10"%% Kkr, sersiiad HO
HODMaJIH K CTeHKe COCYZa CO CKOpOCThIo =600 M/c, ylapsercs
O CTEHKY H YIPYTO OTCKAaKMBaeT OT Hee Ge3 TOTepH CKOPOCTH.
Ha#rn uMnyasc_cunnt FAL, l'lOle‘leHHbIH CTEeHKOH - 3a BpeMs-
ynapa. - -

‘2:16. Mo.nexy.rra Maccodi m—-4 65102 Kr, .ne'rﬂm.aﬂ co
cxopocrmo _v-ﬁOO u/c. yaapsieres 0 CTEHKY cocyza §175): 8 }F
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noM- 6 =60% K. nopma.nn H: yhpyro o'rcxaxnaae'r OT Hee. 6e3 Ao-
TepH cKopocTH. Halith uMnyabe cuant FAL, no.nyqeuﬂuﬁ c'reﬂ-
xon 3a BpeMs yjaapa.

207 Hlapuk Maccol m——O 1 kr, nmajas c Hexo-ropon Bhico-
“THi, YAAPAETCA O HaKJIOHHYIO -IIOCKOCTh M YNPYro .OTCKaKHBa-
€T OT Hee §€3 NOTePH CKOPOCTH. YToJ. HaKJOHA NJIOCKOCTH
K ropu3oHTy a=30°. 3a BpeMms- ydapa IJIOCKOCTb IIOJY4aeT
umuyabe cwinl FAf=1,73 H-c. Kakoe Bpemf ¢ npoiiier or
MOMEHTa yZapa ‘liapHKa O. IVIOCKOCTh JO0 MOMEHTa, Koria OH
6yJeT HaXOJMTbCS B HAHBRICINEH TOUKe TPaeKTOPHH?

2.18. Crpys Boxul cedeHHeM S=06 cM® yaapsieTcsi O CTEHKY
noj yrJom .=60° K HOpMaJH H YIPYyro OTCKAaKHBaeT OT Hee
6e3 noTepu ckopoctd. Haiitn cuny F, nefictylomyio Ha cTe-
KY, ec.rm M3BECTHO, YTO CKOPOCTb TeueHHs BOAbI B Cpre v=
=12 M/

2.19. TpaMBaPI, Tporasicb ¢ MecTa, JIBHXKETCH C YCKOpeHHeM
a=0,5 m/c%. ‘Uepes BpeMsi {=12 ¢ mocile Hauasa ABHXKEHHsI
MOTOp BHIKJIOYAeTcsl M TpaMBaH JBHIKETCS 10 OCTAHOBKH PaBHO-
sameanenno. KoaddunueHnt TpeHus Ha BceM nytd k=0,01.
HaiitH HauGonbmylo CKOpOCTbU H BPeMsi ¢ IBHKeHHS TPaMBas.
KakoBO ero yckopeHHe a HpH PaBHO3aMeJJI€HHOM ABHKeHHH?
Kakoe paccTosnHe s npoiifier TpaMBail 3a BpeMsl JBHIKEHHS?

2.20. Ha aBroMo0us1b Maccoit m==1 T BO BpeMsi ABHKEHHS
IefictByeT cdia Tpenus F ., pasnas 0,1 AefiCTBYIOlIe} Ha Hero
CHJIEI TSIXKeCTH mg. KakoBa JoMxKHA 6LITb CHIA TATH F, pas-
BHBaeMas MOTOPOM aBTOMOOH/ISA, YTOGLI aBTOMOGHJIb nBHracha'
a) paBHOMepHO; 6) ¢ ycKOpeHHeM a==2 M/c??

.~ 2.21. Kako#i yroa @ C FOpPH30HTOM COCTaBJIsI€T MOBEpX-
HOCTb GeH3MHA B 6ake aBTOMOGHJISI, NBHXKYILErocsi FOPH3OH-
'Ta/bHO ¢ YCKOpeHHeM g=2,44 w/cip A

2.22. Illap Ha HHTH NoOABelleH. K IOTOJKY TpaMBaHHOI‘O
BAroHa. ‘BaroH TopMo3uTcs, H €ro CKOpOocThb 3a BpeMms (=3 ¢
PaBHOMEPHO yMeHblIaeTcsi o v;=18 Kw/4 10 v,=6 KM/u.
Ha kakoiét yros o OTKJOHMTCS NpPH 3TOM HUTH C LIAPOM?

2.23. Baros TOpMO3HTCS, H €ro CKOPOCTb 32 BpeMs £=3,3 ¢
PaBHOMEDHO yMeHbuiaeTcsi OT v;==47,5 KM/u o v,=30 KM/u,
KakuM - fosikeH ObIThb NpelesibHBH KOSBGHUHEHT TpeHHs k&
MeXJIY YEeMOJAHOM H INOJKOil, uToGRl YeMoJaH NpH TOPMOIKe-
HHH HAa4Ya/l CKOJIb3HTH IIO .MIOJNIKe? .

2.24. KaHar JeXHT Ha croJie TaK, YTO YacTh ero CBEIlIHBaeT-
¢l CcO CTOJIa, H HaYHHaeT CKOJb3HTh TOTJa, KOTZa J/HHA cBe-
MHBaloOWefic YacTH cocTaBJaseT 1/4 ero moauHel. Hahrn Kosd-
qmmrem TpeHHs k KaHata o CToJ.

--2.2b. Ha' aBromMo6HAb Macco m=1 T BoO- BpeMﬂ maux&emm
neﬁcTByeT. chna Tpenus F, pasnasn 0,1 AeficTByiollel Ha -Hero
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- CAALE TANMECTH ‘mg.Hafitu cuny tarn F, paspupaemyio MOTO-
~poM: aBTOMOGH/SA, €C/IH aBTOMOGH/Ib ABMIKETCH ¢ NOCTOAHHON
_'CKOPOCTBIO: 8) B FOPY ¢ YKJIOHOM 1 M Ha kaxJinie 25 M nyTH; -

- 6) ‘TIOA; TOPY C TeM JKe: YKJIOHOM. A

T .2:26. Ha apromofiusnb Maccot m=1 T Bo Bpems ABHIKeHHS..
neficreyer cu/a TpenHs F., paBHan 0,1 neficrsyiomefl Ha Hero
cHJIBl TsKecTH. mg. Haiiti cuny taru F, pasBuBaemyio moro-
POM aBTOMOGHJIS, €C/IM ABTOMOOH/Ib ABHIKETCS C YCKOpeHHeM
‘a=1 M/c® B ropy ¢ ykJoHoM 1 M Ha Kaxaule 25 M nyTH.

2.27. Teno JeXHT Ha HAKJOHHOH MJIOCKOCTH, COCTaBJISIO-
el ¢ ropH3oHTOM yros a==4°, [IpH KakoM NpeJesbHOM K03(-
pHIHeHTe TPEHHs Kk TeJl0 HAYHET CKOJB3HTH M0 HAaKJOHHOH,
TIockocTH? C KaKMM YCKOPEHHeM a GyJIeT CKOJIb3HTb Tesio Mo
JIOCKOCTH, ec/iH KoaddHuueHT Tperus £=0,03? Kakoe Bpems
{ norpeGyercs IJs NPOXOXKIEHHS NPH 3THX YCJIOBHAX IYTH
s=100 M? Kakyio cKopocTk. v Tend GyleT HMeTh B KOHIe
nyTu? . "

2.28. Teso CKOMB3HT 10 HAKJIOHHOH MJIOCKOCTH, COCTaB-
JISIOIREH ¢ TOPH3OHTOM yroJa a==45°, [Ipoiiis nyte s=36,4 cM,

_TeJIo mpHoGpeTaeT cKopocTh v=2 ™/c. Halith kosdduuuent
TpeHHs k Tesia O HJOCKOCTB.

2.29. Teno CKOJB3UT MO HAKJIOHHOH INJIOCKOCTH, COCTaB-
JISoMeH C FOPH3OHTOM yroJ a=45°, 3aBHCHMOCTb MNpPOMJeH-
HOFO TEJOM NYTH § OT BpeMeHH f JaeTcs ypasHeHHeM s=C#2,
rae C=1,73 m/c®. Halitu KoadpduureHT TpenHs k Tena o mio-
.CKOCTB. ) : -

2.30. IBe rupH ¢ MaccaMH mi=2 KT H my=l Kr coeAHHEeHH
HHTBIO H TIepeKHHYTH 4Yepe3 HeBecoMhlll 60K, HaliTH yckope-
HHE @, C KOTOPHIM EBHXKYTCS FHPH, H CHJy HATS)KeHHs HHTH T,
TpenueM B 6J0Ke npeHeGpeub. : v

2.31. HepecoMuiii 610K yKpermsieH Ha KoHue croja (pHc. 1).
Tupu 1 H 2 opuHAaKOBOM Macchi My ==m,==1 Kr coeHHeHBl HHTHIO
H [epeKHHYTH depe3 6iok. KoaddHuHeHT TpeHHS THPH 2

(N

Puc. 1. . Puc. 2.

o ¢toan £=0,1. Hafiru ycﬁopefme a, ¢ KOTOPHIM IBHXXYTCH THPH,

H cuny HarsxeHHs HHTH T. Tpenuem B GJsioke -mpeHeGpevb.
2.32. HeBecOMBIT- GIOK yKpemvsieH B BepLiHHe HAKJOHHOR
“IUTOCKOCTH (PHC. 2), cocTaBAsiolllell ¢ ropH3oHToM yrou a==30"

2



" TH upa ln 2omaxosoﬁ uaoeum‘-mi ! KT eoe,mmm muo‘
H PepeKHHYTH sepes. 6aok. Haittu: ycKkopeHue 4, ¢ KOTOpHIM
* ABHXKYTCA THPH, ¥ CURY Hatamenus HHTH T. TpexueM rupu 2
O HaKJOHHYIO ‘NJIOCKOCTb M TpeHHEM B Oaoke npenelpeus.
- 2.33. Pewuts npeApyllyio 3ajady. OpH YCAGBHE, 9TO
K03(ppHUMEHT TPeHHA FHPH 2 0 HAK/IOHHYIO HOcKocTh £=0,1,

2.34. HeBecomuifl G10K yKpenjeH B BeplidHe ABYX HaKJIOH-
HBIX ILIOCKOCTEH, COCTABJIAIOMMX C FOPH3OHTOM yranl a&=30"
¥ §=45° (puc. 3). 'upu 1 u 2 oxuHa-
KOBOH MacChl my==m,=1 KI' coeJHHE-
HEl HUTBHIO H HePEKHHYTH Yepe3 OJIOK.
Ha#itH yckopenue a, ¢ KOTOPHIM JBH-
KYTCA THPH, H CHJIY HATSAKEHHA HH-
“tH T. Tpennem rupp | H 2 o Ha-

Puc. 3. ' KJIOHHBIe MJIOCKOCTH, a TaKXe Tpe-
HHEM B 6JIOKe npeHeépeqb

2.35, Pemmb OpefbiAyllyl0 3afady MOpH YCJAOBHH, HTO
KO3DPHUHEHTH TPEHHA THPb | M 2 O HaKJOHHBE TIOCKOCTH
ki=k,=0,1. TlokasaTb, uro H3 ¢opMyJ, HAACWHUX pellicHHe
STOH 3ajlaul, MOMKHO TOJYUHT, KaK. YaCTHBIE CAY4aH, PellleHHs
3agau 2.30—2.34. . )

2.36. Ilpn nombeme™ rpysa Maccoil m-—2 KI' Ha BLICOTY
h=1 M cHana F coepuiaer pabory. A=78,5 LK. C KakuM ycKo-
peHHeM g MOAHHMaeTcs Ipys?

2.37. CaMoseT TIOAHMMAeTCA M Ha BHCOTe A==5 KM JIOCTHIaeT
ckopocTH v=360 xM/4. Bo ckonbko pa3 pabGora Ay, coBepmiae-
Mas NpH NOJbeMe IPOTHB CHJIH THAMECTH, fousiile paboTh! Az,
HAyllefi ‘Ha yBETHUEHHE CKOPOCTH CaMQJeTa?

2.38. Kakyio paboty A Hafo COBepIINTH, 4TOOH 3aCTaBHTh
IBHKyllleecs] TeJIO MacCoit m=2 Kr: a) yBeJHYHTb CKOpPOCTD OT
vi=2 m/c 10 v,=5 M/c; §) OCTaHOBHTbCH TIPH aaqa.nbﬂou CKO-
POCTH U,==8 M/c?

2.39. Msu, JsetamH# co cKopocTsid v;=15 M/c, oT6pach-
BaeTcd ‘ylapoM paKeTKH B MPOTHBOIOJOXHOM HalpaBJeHHH
€O CKOpoCThiO U,=20 m/c. HaliTH H3meneHue HMITyJTbCa mAov
Mfua, eeJH H3BeCTHO, YTO H3MEHEHUE ero KHHeTHlIeCKOH 3Hep-
run AW=8,75 x. .

2.40, KaMeHb NyllieHHsHH N0 JOBePXHOCTH JibJa €O CKO-
pocThbio v==3 M/c, MpoLIeJ 10 OCTAHOBKH paccTosHHE §=20,4 M.
HafitH koshdHLIHEeHT TpeHHs k xaMmHA 0 Jel.

2.41. BaroH maccoii m=20 T, IBHrasch paBHosaMe;uleHHog
c Haqanbﬂou CKOPOCTRIO U, =54 KM/'I 10 efiCTBHEM CHIIH TPe-
Hua Fo=6 xH sepes HexoTopoe BpeMs OCTaHaBAMBAETCS,
Haiira_ paGory A cusi Tpenus ¥- pamﬂﬂm s, moe Baro
npwm _&o oc'mmsxu. : - .

0. ' ' '




'242 moq:ep abBromobun; ma-o mccy =l 1, ‘H@-.
lnmae'r TOPMO3HTb Ha paccToRHHH $=25'M or NpenATCYBAN WA
nopore. CHAa TPeHHA B TOPMOGHLIX _ROIOAKAX - ABTOMOGHAA
F.,==3,84 xH. Tipn' kaKofl npexessHofi CKOPOCTH U ABHKECHHS
,amuodmm YCReeT OCTaHOBHTLCS Hepen npenarcmneu? Tpe-
HHEM KoJjiec O JOpPOFy mpeHe(pedb.

2.43. Tpampait JLiBHiKeTes C ycKopeHHeM a==49,0 ¢tm/c.
Hafiti, K0o3dpHIHERT TPeHna k, eC/IH H3BECTHO, 9TO 50% Motit-
HOCTH MOTOpDAa HAET Ha MpeOJOIEHHE CHJE TPeHHs H 50% —
Ha YBeJHUeHAe CKOPOCTH JBMIKEHHS. :

2.44. Haiitu pabory A, KOTOPYIO HajJ0O COBEPLIHTD, YTOOH
yBeJHUHTb CKOPOCTb JIBHXKEHHSl Tesa Maccoii m=1 T oOT
p;=2 M/c J0 v,=6 M/c Ha nyTH s=10 M. Ha BceM nyTH e
cTByer cusia TpeHus Fo,=2 H. -

2.43, Ha aBTOMOGHb Maccok M=11T Bo BpeMsi JBHXKeHHS
JeAcTBYeT cuna TpeHus F,, paBHas 0,1 neficTByiome# Ha Hero
cusBl TAxecTH. mg. Kakyio Maccy m GeH3HHa pacXoiyeT JABH-
raresb aBToMOGHAS Ha To, 9TOGH Ha nyTH $=0,5 KM YBeJH-
YHTH CKOPOCTb JBHXXEHHS aBTOMOGHJIS ‘OT 01—10 KM/4 10
v,=40 kM/u? K. n. p. gsurarens n=0,2, ynenbHas Temnaora
cropaHda OeH3HHa ¢g=46 MJIxk/kr.
© 2.46. Kakymo Maccy m GeH3MHa pacxofyeT ABHTaTe]b aBTO-
Mo6H/IA Ha NyTH $=100 KM, ecad NpH MOUIHOCTH ABHTATENS
N=11 kBTt ckopoctb ero apxxeHns v=30 KM/4? K. 0. 1. IBH-
rarens n=0,22, leeJIbHaH Ten10Ta cropamm GeH3HHA
g=46 M]ILx/Kr.

- 2,417, Haﬂ'm K. Il. 1, N JABUTATENs aBT0M06HJm eCcJIM H3-
'BECTHO, 9YTO NPH CKOPOCTH ABUXeHHA v=40 KM/4 ZBUraTenb
norpeGasier o6bem V=13,5 s-GeHsuHa Ha nytH s=100 KM H
9TO puasBHBaeMasi” ABHMratejeM wmomHocTb N==12 kBr. Thior,,
HocTh GeH3anHa p=0,8-10® Kr/M®, yaenpHas TemwioTa cropamm
GeHsuHa ¢=46 MI[)K/Kr
-~ 2.48. KameHpb Maccoit m=1 Kr 6polleH BepTHKAJIbHO BBEPX
¢ HayalbHOA CKopoeThio v,=9,8 M/6. HocTpoith rpadhux 3a-
BHCHMOCTH OT BpeMeHH ! KHHeTHueckod W,, noreHnHajgbHON
W, u noanoit W sHepruii xaMus 11s HHTepBana 0<t<2 ¢ ue-
pes 0,2 ¢ (cm. pewenne 1.11),

2.49. B YCJIOBHSIX' IpelBIAYIIed 3a1auu noc1‘pomb rpadmx
3aBHCHMOCTH OT PacCTOsIHU#A h xunernueckoit W, noreHnuasb-
Hofi W, u noanoit W sHepruit KamHsa. .

2.50 *). KaMeHb najaeT c HEKOTOPOit BHICOTH B TeueHHe Bpe- .
Me}m t==l 43 c. Hanm KHRETHIECKY10 W H HO‘I‘eHEHaJ[bHle

*) Hanominm, 1r0 conpo'rma.uennem Boanyxa cuenye’r npeuereqb,
€C/IH ORO He :-wiaﬂo B yc.uosnﬂ.r -



W, sueprun xamm a cpenHeR TOUKe, nym Macca xamm
m=2 Kr. . -

- 2.51. C GawnH BHcoToR h=25 M: ropusoma.m,no Gpoluen
KaMeHb cO CKOPOCThIO v,=15 M/c. Hafitn kuuernueckyio W, H
noTeHuHanbHyto W, SHePrHH KaMHs -Yepe3 BpeMs ¢=1 c nocae
Hayalla ABHKeHHA., Macca kamHA m=0,2 Kr.

2.52. KaMeHb 6pollieH cO CKOPOCTHIO- vo—-15 M/c mox yraom

a=60° Kk ropusonty. Hajitu knHernueckyio W,, nmoreHuuanb-
nyio W u noanyio W sHepruu xaMss: a) gepes BpeMs =1 ¢
noc/e Haya/na IBHXMKEHHS; 6) B- BBICIUEH TOuKe TpaexToplm
Macca kamua m=0,2 kr. -

2.53. Ha Tosnkande anpa, 6pomeHHoro noz, erIOM a=30°
K FOPH30HTY, 3aTpaueHa paGora A=216 [Ix. Uepes Kakoe Bpe-
Msi [ H Ha KaKOM PacCTOSIHHH S, OT MecTa GpocaHHs siIpo yna-
JeT Ha 3emnto? Macca appa m=2 kr.

2.54. Teno maccoit m=10 r ABHKeTCA 0 OKPYKHOCTH pa-
aiycom R=6,4 cM. HafitH TaHreHuHanbHOE YCKOpeHHe ay
Tesa, ecTH H3BeCTHO, YTO K KOHIY BTOpPOro o6opoTa mocje Ha-
4aja ABHXKEHHs1 ero KuHeTHdeckas 3Heprus W,=0,8 mIDx.

2.55. Teno Maccoli m=1 Kr CKO/JB3HT CHada/la No HaKJOH-
HoH IJIOCKOCTH BBICOTOR A=1 M H pauHO# cKJoHa [=10 M,
a 3aTeM MNo TrOPH3OHTaJbHOH mnoBepXHOCTH. KosddHiuuent
TpeHHA Ha BceM nyTH k==0,05. HaliTH: a) KMHeTHYeCKYIO 3Hep-
ruio W, Tena y ocHOBaHHS IOCKOCTH; 6) CKOpOCTh U Tesla
y OCHOBaHHSI IJIOCKOCTH; B) pacCTOsiHHE S, TNpPOHIEHHOe Te-
JIOM IO TOPH3QHTAJbHOH NOBEPXHOCTH N0 OCTAHOBKH,

2.56." Teso. CKOJIB3UT cHAya/Ja NO HAKJOHHOH INIQCKOCTH,
cocTaBasiiomell yroa a=8° ¢ rOpH3OHTOM, a 3aTeM IO FOpH-
30HTa/NbHOH noBepxHocTH. HalTH KoshQHUHEHT TpeHHs &
Ha BCEM NYTH, ec/IH H3BeCTHO, 4TO TeJIO MPOXOAHT IO FOPH30H-
TaJIbHOH NMOBEPXHOCTH TO Ke PAaCCTOsIHHe, 4TO H 10 HaKJIOHHOH
TJIOCKOCTH.

2.57. Teno Maccoi m=3 Kr, HMed Ha4a/JbHYyIO CKOPOCTh
U,=0, CKOJIb3HT MO HAKJOHHOH MJOCKOCTH BhicoToH A=0,5 M
H JJIMHOH CKJIOHA =] M H NPHUXOJHT K OCHOBAHHMIO HAaKJIOHHOMH
IIOCKOCTH O cKopocThio v=2,45 M/c. Halit kosdduumeHT
TpeHHs1 R Tesa O INVIOCKOCTb H KOJNHYeCTBO TeIWIOTH @, mae-
JICHHOE NPH TPEHHH,

2.58. ABTOMOGU/Ib MacCOi m=2 T JBHKETCA B TOPY C YKJIO-
HoM 4 M Ha Kaxuble 100 M nytd. Kosddunuenr tpenus k==0,08.
Haiitu paGoty A, coBepiiaeMylo IBHTarteJeM aBTOMOGHIA Ha
OyTH $=3 KM, ¥ MOUIHOCTL N, pa3sBHBaeMyIO IABHraTesieM, ecaH
h3BecTHO, 4TO NYTh §=3 KM ObWI NpoOiiXeH 3a BpeMs f=4 MHH.

.2.59. Kakyio MouiHocTh N pasBHBaeT ABHIaTe]b aBTOMOOH-
Asl Maccoit m=1 T, ec/IH H3BECTHO, YTO ABTOMOGHJIb €JIeT C Mo~

—



CTOSIHHOM CKOPOCTBIO ¥==36 KM/4: a) no ropH30HTaJbHOH AOPO-
re; 6) B ropy ¢ YKJIOHOM 5 M Ha Kaxzble 100 M yTH; B) noa ropy
¢ TeM ke ykJoHoM? Kosdduument tpenns k=0,07.

2.60. ABToMOOH/Ib Maccoli m=1 T ABHXKETCH NPH BHIKJIO-
YeHHOM MOTOpe C TMOCTOSIHHOH CKOPOCTBIO U==54 KM/4 nof ropy
¢ yKnoHom 4 M Ha Kaxapie 100 M nytH. Kakyio momuocts N
‘I0/I2KeH Pa3BHBAThL JBHraTe/b aBTOMOOHJS, YTOGH aBTOMOGHJIB
JBHraJjcsl C TAKOH XkKe CKOPOCTBIO B ropy?

2.61. Ha pennbcax crout niatdopMa maccolt mi=10 1. Ha
niaThopMe 3aKpeIVieHO OpYIHe Maccol #m,=5 T, H3 KOTOPOro
NPOM3BOAHUTCA BBICTPeNl BIOMb penbcoB. Macca cHapsina
m;=100 Kr; ero HayajbHasd CKOPOCTb OTHOCHTEJLHO OPYAHS
v,=>500 M/c. Haiith ckopocTh u muaTopMbl B NePBBIH MOMEHT
nocjie BBICTpeNa, €C/H: a) mnarhopMa CTOSAa HENOJBHIKHO;
6) nnardopMa ABHraJach co CKOpOCTbIO ¥=18 KM/4 U BBICTpEN

Obl1 TpPOH3BeJieH B HampaBJieHUH ee JBHiKeHHS; B) miaaTdopma
JBUTaJach CO CKOPOCThIO v==18 KM/4 ¥ BrIcTpes OBLT NIpOHU3-
BelleH B HamnpaB/jeHHH, NPOTHBONOJIOXKHOM HaNpaBJeHHIO ee
IBY2KEHUS,

2.62. U3 pyxpsa Maccolt m;=5 Kr BruleTaeT myJisl Maccol
m;=>5 T ¢o ckopocThio v,=600 M/c. HafiTi ckopocThb v; OTAauH
pYXbSl,

2.63. UenoBek Maccoli m;=60 Kr, GerymHuii co CKOPOCTbIO
v;=8 KM/, JOTOHseT TeJeKKY Maccoll m,=80 Kr, ABHXKYULYIO-
cA €O CKOpOCThI0 U,=2,9 KM/4, ¥ BCcKakuBaeT Ha Hee. C Ka-
Kofi cKopocTbio u OyneT jnBHraThes Tedexka? C Kakoil ckopo-
cToio 4’ OyZeT ABHraThCA TeJeXKKa, €CJAH 4ejoBeK Gexkan el
HaBCTpeuy?

2.64. CHapan maccolt m,;=100 xr, JeTamui ropusoHTa/b-
HO BJOJb KeJe3HOAOPOKHOr0o MYTH cO CKopocThio v, =500 m/c,
nomajaetT B BaroH € NeCKOM, Macca Kortoporo m;=10 T, B 3a-
cTpeBaeT B HeM. Kakylo CKOpocTb 4 NOJAYYHT BaroH, ecJH:
a) BaroH CTOSAJ HEMOJABMIKHO; 6) BaroH JBHrajcs CO CKOPOCTHIO
v,=36 KM/4 B TOM XKe HampaBJIeHHH, 4TO H CHapsii; B) BaroH
JIBHTaJICs CO CKOPOCTBIO ¥,=36 KM/4 B HanpaBJieHHH, POTHBO-
NOJIOXKHOM JIBHXKEHHIO CHapsiua?

2.65. I'panara, Jnersimas co ckopocthio v==10 M/c, pa3so-
pBajach Ha JBa ockosnka. Bémbmnfi 0cKo/s0K, Macca KOTOpOro
cocraBasana 0,6 Maccel Bcefi rpaHaThi, MPOJOJKA ABHIaThCA
B IpeXHEM HampaBjleHHH, HO C YBeJHYEHHOH CKOPOCTbIO
u;=25 M/c. HaliTH ckopocTb u, MeHbIIero ocKoJka.

- 2.66. Teno maccoii my==1 Kr, ABHXYylleecs FOPH3OHTAIbHO
cO cKopocTeio ¥;=1 M/c, JOTOHSIeT BTOpPOE TeJO Maccoi
m,=0,5 Kr H Heympyro coynapsercs ¢ HUM. Kakyio ckopocTb
4 TOJyuaT TeJa, eCJM: a) BTOpoe TeJO CTOsI0 HEMOABHKHO,
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6) BTOpOe TeAO ABHrajioch €O CKOPOCTHIO U,==0,5 M/c B ToM Xe
HanpaBJieHHH, 9TO M [epBOE Teso; B) BTOPOE TeAO ABHTal0Ch
€O CKOpOCThiO 0,==0,5 M/c B HampaB/ieHHH, IPOTHBOMOJIOXKHOM
"HanpaB/eHHIO JBHKEHHS [epPBOro TeJa.

2.67. Konbkobexer, Maccoi M=70 kr, cTod Ha KOHbKaX

Ha beny, 6pocaeT B rOpPH30HTAJbLHOM HANPABJEHHH KaMeHb
Maccoli m=3 Kr co ckopocTbio v=38 m/c. Ha kakoe paccrosnne
S OTKAaTHTCS TIPH 3TOM KOHbKOOeXKell, ecsqH KO3phUIMEeHT Tpe-
HHSI KOHBKOB O el k==0,02?

2.68. UesopeX, cTOAMHH Ha HENOJABHXKHOH Tenexke, 6po-
caeT B rOPH30HTAJBLHOM HAlpaBJeHHH KaMeHb Maccoil m=2 Kr..
TesexkKa ¢ 4eJOBEKOM MOKATHJIach Ha3al, H B NMePBBIH MOMEHT
nocJse 6pocaHus ee CKOpocTh 6biia v==0,1 M/c. Macca TenexKH
¢ yesoBekoM M =100 kr. HafiTh KHHeTHYecKYIo sHepruio W,
6poreHHoro KamHsl uepe3 BpeMs ¢{==0,5 ¢ nocne Hayasla ero
JIBHKeHHS.

2.69. Teno maccot m1—2 KI' JIBHXKETCS HchTpeqy BTOPOMY
Tealy Maccoft m,==1,5 Kr ¥ Heynpyro coynapsercs ¢ HuM, Cko-
POCTH Tesl HENOCPEACTBEHHO Nepel YAapoM ObliH vy=1 M/c H
v,=2 wm/c. Kakoe Bpems ! GyayT ABHratbCcsl 3TH Teja ImocJje
yHapa, ecnd KoapduuueHnr tpenus k=0,05?

2.70. ABTOMaT BBINYCK4€T MYJH ¢ d9acToTo# n=600 MuH"!.
Macca xaxno# nyJqH m=4 r, ee HauaJbHasl CKOPOCTb U=

=500 ™/c. Hafitn cpepHiolo cuay-orhaud F npu .crpennbe.

2.71. Ha penbcax croutT miaTgopma Maccod my;=I10 T.
Ha nnargopMe 3aKpeljieHO opyAHe MaccoHl m,=5 T, H3 KOTO-
pOro TPOM3BOAHTCA BRICTPeJ BIOJIb peibcoB. Macca ¢Hapsiia
my=100 Kr, ero HauajbHasi CKOPOCTb OTHOCHTEJNBHO OPYIHs
v0==500 M/c. Ha Kakoe paccrosinne s oTKaTHTCA miaTdopma
IpH BBHICTPese, ecaH a) naaTopMa CTOsIa HEMOABHIKHO;
6) nuardpopma IBHrajJach cO CKOPOCTbIO U==18 KM/4 H BhbI-
crpes Obl1 TPOM3BEJAeH B HANPABJEHHH ee JBHXKEHHS,
B) nyaTopMa JBHralach CO CKOPOCThbi0 U==18 KM/4 U BBICTpEJ
ObiJ NPOH3BENEH B HaNpaBJcHHH, [OPOTHBOMOJIOXKHOM Ha-
npaBJieHHIo ee ABHKeHHA: KoagbHipeHT TpeHHs miatdopmel
o peabchl £=0,002.

2.72. U3 opyaus Maccolt m,==5 T BELIeTaeT CHapsJ Maccod
m;=100 kr. KuHeruueckas 3Heprdsi CHapsila NpH BhLIETE
W, 3=7,5 MIIx. Kakyio KHHetHdeckyo 3Hepruio W,; moay-
yaeT opyJHe BCJEACTBHE OTHAYH?

2.73. Teno maccolt m;=2 Kr ABHMKETCH CO CKOPOCTBIO

v, =3 M/c H HaroOHseT Teno Maccoit m,=8 Kr, ,I[BH/)Ky[lleeCH co
CKOpOCTblO vg==1 M/c. CunTas yaap UeHTPaJbHBIM, HafiTH CKO-
DOCTH u4; H U, TeJ Nocie y,uapa ecn yaap: a) Heynpyru#;
6) yOpyrHa,
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2. 74. KaroBo nonsio 6MTH COOTHOLIEHHE MeMIY Maccami
m;- K m; Tel NpEAbAyme# 3anaun, yTo6kI npn yHpyroM yaape
NIEPBOE TEJI0 OCTAaHOBHJIOCH?

\2 75. TeJ'IO MaCCOH my== 3 KT ABH)KeTCﬂ co CKOPOCTB'O
u=4 M/c H yJapfeTca O HEeNOJABHXHOE TeJO TAKOH e MacChl.
CuuTasi yZap LeHTPaJbHEIM H HEYNPYLHM, HaiTu KOZTHYeCTBO
TENNOTH Q, BHIIEJMBINEeCH MpH yjape.

2.76. Teso Maccoli m;=5 Kr yAapfercsi O HelOBHKHOe
TeJo Maccod m,=2,5 Kr, KOTopoe TOcje YAapa HavyHHaeT
JBHraThCsl C KHHETHUECKOH 3Heprueﬁ Wia=5 Ix. Cuuras
yJap LeHTpaJbHLIM M YNPYTHM, HalTH KHHeTHYeCKHe aﬂepmn
W 1 Wy, mepBoro Tesa 1o H mocje yaapa. -

2.77. Teno Maccoit m;=5 Kr ylapseTcs O HelOABHKHOE
Teso Maccodl m,=2,5 Kkr. KuHeruueckasi 3HEPrHsi CHCTEMLI
JIBYX Tel HEMOCPEICTBEHHO mnocsie yraapa crana Wi=5 I,
Cuurasi yZap UeHTPaJbHBIM U HEYNPYTHM, HaHTH KHHeTHue-
ckyio sHepruio Wy, mepeoro Tesia o ynapa.

2.78. [la TeJa ABHIKYTCS HaBCTpedy ApYr APYTY H co-
yaapAwTcs Heynpyro, CKOpPOCTH Tea 1o yAapa ObliH vy=2 m/c
H v,=4 M/c. O6mas ckopocTb Tesl Tnocjae ylAapa u=1 M/c u
0 HaHpaBJIeHHIO COBNajaeT ¢ HanpaBJeHHeM CKODOCTH Ui,
Bo ckonbko.pa3 KuHeTHYecKas sHeprus Wy; nepBoro Teja
Onl1a Gosibile KUHeTHYeckol sHepruu W, BTOpOro Tesna?

2.79. JIBa mapa ¢ maccamu m;=0,2 Kr u m,=0,1 xr nox-
BellleHbl Ha HMTSAX OJAHHAKOBOH AJHHBI TaK, YTO OHH CONPH-
Kacatorcsl. [lepBuili Wap OTKJOHAIOT Ha BHICOTY hy=4,5 cM H
ormyckaior. Ha Kakyo BpicoTy A NOIHUMYTCS IIaphi T10C/e
yAapa, ecau yhap: a) ynpyrui; 0) Heynpyrus?

2.80. Ilyns, sersililas TOPU3OHTaJbHO, IOMajaeT B Iuap,
NOJBelleHHbI Ha HEBECOMOM XeCTKOM CTepXKHe, H 3acTpeBa-
eT B HeM. Macca nysu B 1000 pas meHblue Macckl Wapa. Pac-
CTOSIHME OT LIEHTpa Ilapa 1O TOYKH NofBeca cTepxkHs [=1 M.
HaiitiH cKOpOCTb ¥ MyJH, €CJH H3BECTHO, UTO CTEPXKEHB C Ila-
POM OTKJIOHHJICS OT yiapa NysaH Ha yrona a=10°

2.81. [lyasa, JaeTsamias TOPH3OHTaNbHO, NOMafaeT B Miap,
NIOJBEIIEHHBIH HAa HEBECOMOM JKECTKOM CTep2KHe, H 3acTPeBaeT
B HeM. Macca myau m;=>5 r, macca mwapa m,==0,5 kr. CKopocThb
mynn v;=500 M/c. Ilpy KakoM mnpele/IbHOM pacCTOSHHH [
OT LleHTpPa mapa 0 TOYKH TOoJBeca CTePXKHsl Wap-OT yAapa nyau
HOJHHMETCS1 JO BepXHell TOUKH OKPY2KHOCTH?

-2.82. JlepeBAHHBIM MOJIOTKOM, Macca KoToporo m;=0,5 kr,
YRapsIOT O HEeNOABHXKHYIO cTeHKY. CKOPOCTh MOJIOTKA B MO-
MeHT -yaapav,=1 M/c. CuuTtasi Ko3pdHIKEHT BOCCTAHOBJEHHS
NPH yRape MOJOTKa O cTeHKYy £=0,5, HafiTH KONHYECTBO well-
noTH Q, BHnenHBINeeca npH yaape. (Kosdduunenrom soccra-
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HOBJIEHHsI MaTepHala Tesja Ha3blBaeTcs OTHOUIEHHE CKOPOCTH
Tesla Mocjie ylapa K ero cKOpocTH 10 yaapa.)

2.83. B ycnoBHAX npeﬂbmymeu 3afaud HaHTH HMIYJbC
cuanl F Af, monyueHHHI CTeHKO! 3a BpeMst ynapa.

2.84. ,lIepeBﬂHHbm wapHk Maccod m=0,1 Kr mazaer c B
coThl A, =2 M. KosdpHIlHeHT BOCCTAHOBJIEHHS NpH yZape [Ua-
puka o nos k=0,5. Haiitu BbicoTy h,, Ha KOTOPYIO NOAHHMAeET-
csl WIapHK Mocje yaapa O MOJ, W KOMHYeCTBO TeOTH Q,
BBLIEJHBILEECS MPH Yyhape.

2.85. IlnacTMaccoBhIfl IIAPHK, majas ¢ BBICOTH A;=1 M,
HEeCKOJIBKO pPa3 OTCKakHBaeT OT nosga. HaliTH kosddHiHeRT
BOCCTAHOBJ/IGHHSI k NpH ylape IIapHUKa O [OJ, eClH C MOMEHTa
naJeHdst 0 BTOPOTO yjAapa O moJ mpouwio Bpema (=1,3 c.

2.86. CtasbHO# IIAPUK, Najgas ¢ BBICOTH A, =1,5 M Ha cTanab-
HYIO TUJIHTY, OTCKaKHBaeT OT Hee CO CKopocThio U,=0,75 v,
rle v;— CKOPOCTb, C KOTOPOH OH IOZJeTaeT K miauTe. Ha Ka-
KYIO BLICOTY f1; OH NMORHUMETCSA? KaKoe BpeMsl { MPOHAET ¢ MO-
MeHTa MaJieHus MapHKa 0 BTOPOTO yjapa O MJIHTY?

2.87. MerannuueckHil WapHK, nafgas ¢ BHCOTH A;=1 M Ha
CTANbHYIO TUIMTY, OTCKAaKUBaeT OT Hee Ha BBICOTY hA,=8l cM.
Hafitn Ko3O(HUHEHT BOCCTAHOBJEHHST B NPH yjAape lapHKa
0 IIHTY.

2.88. CranbHofi mapuk Maccodl m=20 r, najast ¢ BBICOTHI

=1 M Ha CTaNbHYyIO IUIMTY, OTCKAKHBAaeT OT Hee Ha BBICOTY
h,=81 cm. Haiitn umnyabe cuabl F Af, mosyueHHBIH MIHTOH
3a BpeMs ylapa, M KOJHMYeCTBO TEMJIOTHl (), BblICIHBLIeeCs
npH ynape.

2.89. IIBmxyLueeca TeJ0 Maccoll my ylapsiercsi 0 Hero-
JIBHXHOE Teno Maccodt m, CuHTasi yAaap HeynpyruM H IeHT-
pajbHBIM, HaiTH, Kakas gacTb KUHeTHdecKoit sHepran W4
NEepPBOrO Tesa MEPEeXOAHT NMpPH yjape B Temno. 3afauy pelIdTb
cHauaja B ofweM BHIe, a 3aTeM PaccMOTpPeTb Caydau:
a) my==m,; 6) m;=9m,.

2.90. IIBmxymeeCﬂ TeJO0 MaccoH my; ylapsieTcs- O Hemo-
JBHKHOE TeJ10 Maccoll m,. CuHTas ylap YNpYrHM H LeHTpaJb-
HBIM, HalTH, KaKylo 4acTb KHHeTHuecKOH sHeprud W ; mepmoe
TesJO NepeaaeT BTOPOMY OpH yaape. 3ajauy DelINTb cHayajla
B o0lleM BHJe, a 3aTeM paccMOTPETb CJydaH: a) my=t,;
6) ml-—gmz .

2.91. IIBmeLueeCﬂ TeJO0 Maccodl my yaapﬂeTcﬂ 0 Hemno-’
JIBHKHOE Tejio Maccoi my; KakuMm JO/KHO OBITh OTHOIUEHHE
Macc my/m;, 9TOOBl OPH  LEHTPAJBHOM YOPYroM Yaape cKo-
POCTb MEPBOTO Tesa yMeHbiuHjach B 1,5 pasa? C Kako# KHHe-
THYecKoH sHepruelt Wy, HauHeT ABHTaTbCcs [OPH 3TOM BTOpOe
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TeNO, eclH NepPBOHAYa/NbHAS KHHETHYecKas SHepI‘HH nepBoro
tesma W=l xIx?

2.92. Hefitpon (Macca m,) ynapsiercsi 0 HeNOABHKHOe SAPO
aToMa yrjepoga (m==12m,). Cuurasi yuap UeHTPaJbHLIM H
yOpyruM, HafTH, BO CKOJbBKO pa3 YMEHBIUHTCH KHHeTHUeCcKad
s”epruss W, HeHTpOHa NpH ynape.

2.93. Hempoa (Macca mo) yaapsiercst O HENOABUAKHOE APO:
a) atoma yraepopa (m=12 m,); 6) aTroMma ypaHa (m=235 m).
Cunras yjap LeHTPaJbHbIM H YIOPYTHM, HalTH, KaKYIO 4acTb
CKOPOCTH U TOTepsieT HeHTPOH NpH yAape.

2.94. Ha xakylo 4acTb yMeHbIIAeTCs BeC TeJa Ha 3KBaTope
BCJEACTBHE BpallleHHsT 3eMJIH BOKPYT ocHu?

2.95. Kako#l- npono/iutebHOcTH 7' JOJKHBL ObLIK Gb
ObiTh cyTKH Ha 3eMie, uToChl Teia Ha SKBAaTOpe He HMesH
Beca?

2.96. TpamBajiHBIl BaroH Maccofl m==5 T HIeT 1o 3aprr-
JeHuio paguycom R=128 m. Haiitu cuny 60KoBoro faBieHus F
KOJIEC Ha, pe/ibchbl NPH CKOPOCTU IBHKEHHS v=9 KM/u.

2.97. Belepko c¢ Bozmoil, NpUBSI3aHHOe K BepeBKe NJIHHOM
{=60 cM, paBHOMEPHO BpalllaeTcsi B BEPTHKAJTbHOH IJIOCKOCTH.
HaiiTn HauMeHBIIYI0 CKOPOCTb ¥ BpallleHHS Belepka, NPH Ko-
TOPOH B BHICHIell TOYKe BOJA H3 Hero He BhlIMBaeTcs. Kakoea
CHJIa HaTsKeHHs1 BepeBKH T npH 3TOH CKODOCTH B BhICIIEH H
HH3IIEH TOYKaX OKPYKHoCTHP? Macca Befiepka ¢ BoJo# m=2 Kr.

2.98. KaMeHb, IpUBsI3aHHBIH K BepeBKe AJIHHOH [=50 cM,
pPaBHOMEPHO BpalllaeTcsi B BepTHKa/lbHOH IJIockocTH. [Ipu ka-
Koll uacToTe BpallleHHA 1 BepeBKa Pa3opBercs, ec/H H3BeCTHO,
YTO OHA Pa3PHIBAETCS IPH CHJIe HATSXKEHHUs, PaBHOH JecsATH-
KPaTHO#l cHJle THAXKeCTH, IeACTBYIOIeH Ha KaMeHb?

2.99. Kamenb, MpUB#3aHHLH K BepeBKe, PaBHOMEPHO Bpa-
maercss B BepTHKaJbHOH myockoctd. Halitv Maccy m kamus,
€CJIH M3BECTHO, UTO Pa3HOCTb MEKIY MaKCHMaJbHOH M MHHH-
MaJbHOU CUJaMH HaTsxeHHs BepeBkM AT=10 H. ,

2.100. Tupbka, nmpuBfisaHHasi K HUTH NAHHOH [==30 cMm,
OMHCHIBAET B TOPH3OHTAJBHOH IIJIOCKOCTH OKPY’KHOCTb. pa-
gnycoM R=15 cM. C kakofl wacTtorofi n Bpallaercs TMpbKa?

2.101. T'mpbka Maccoit m=>50 r, npUBA3aHHASA K HHUTH
- IMUHOR [==25 ¢M, ONHUCHIBaeT B TOPH3OHTAJBLHOH ILIOCKOCTH
OKPY2KHOCTh. Yacrora BpallleHUs THPBKH n=2 o6/c. Hatitu
cUy HaTsixkenuss Hutu T ‘

2.102. Juck BpaliaeTcss BOKPYT BEDPTHKAJbHOH OCH ¢ 4a-
croTofi n=30 o6/MuH. Ha paccrosiunu r==20 cM oT OCH Bpalle-
HHSA Ha JHCKe JIEXHT Teno. KakuM pomxer ObITh KO3hdUIHEHT
TPEHHS k MeXKAy TeJoM H AHCKOM, 9TOGEI TeJO He CKaTHJIOCh
¢ JHUCKar
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' 2.103. Camoner, JeTawufi co cKopocTelo v=900 KM/4,
JeJsiaeT «MepTBYIO neTJmo». KakHM Jo/KeH GHTb pajuyc eMepT-
Boil merTaH» R, uTto6p Hauboabllias cuaa F, npHxuMaouwas
JieTYHKa K CHIeHHIO, Oblia paBHa: a) nﬂmxpamoﬁ cHJie THA-
JKEeCTH, ,L(eHCTBylom,eu Ha JieTuHKa; 6) JECATHKPATHOH CHJIe
TAKECTH, AeficTBYIOIEH Ha TeTunKa?

2.104. MOTOIHKJHUCT €JleT N0 TOPH30HTaJbHOH Jopore co
CKOpOCTBIO U= 72 gwM/u, nenasi moBopoT paiHycoM R=100- M.
Ha kakoii yron o npH 3TOM OH JOJ2KEH HaKJOHHTLCS, 4TOOBI
He ynacTh NpH nosopo1‘e°

2.105. K moToJKy TpaMBaHHOroO BaroHa IojBewleH Ha HHTH
urap. BaroH uuer co CKOpocThiO v=9 KM/4 IO _3aKPYTJIEHHIO
panuycoM R=36,4 M. Ha kakoi#i yron a« or-
KJIOHUTCS [IPH 3TOM HHTBb C mapow

2.106. [nMHa cTepxHeH ueHTpoﬁe}K-
HOTO  peryssropa (pHc. 4) 1=12,6- cM. C
| KakoH 4acToTOH rn JOJIKeH BpalllaTbCsl LEHT-
: POOEXHBI PEery/siTop, 4YTOOBl = TPY3bI oT-
KJOHHJIHCh OT BePTHKaJH Ha YroJ, paBHBIH:
a) a=60° 6) a=30°?

2.107. Ilocce HMeeT BHpaxk C YKJOHOM
- a=10° npu paaMyce 3aKpYyIJeHHS JAOPOTH

. Puc. 4. R=100 M. Ha xakyo cKOpOCTb U PacCyHTaH

BHpax?

2.108. I'pya Maccoit m=1 Kr, nojBelleHHBIH Ha HHTH,
OTKJIOHAIOT Ha yroa oo=30° u otnmyckaior. Haiiti cuny Hars-
KeHHA HHTH T B MOMeHT NPOXOXKJEHHS [PY30M MOJIOKEHHS
paBHOBecHS.

2.109. Manbuuk Maccofi m=45 Kr BpallaeTcsl Ha «THraHT-
CKHX IWiarax» ¢ vactotoli n=16 o6/mun. [iHHA KaHATOB
[=5 M. Kako#i yron @ c BepTHKaJbl0 COCTABJSIOT KaHAThl
«THTAaHTCKUX miaroB»? KakoBhl cHJa HaTsAXKeHHs KaHaTtoB T
H CKOPOCTh U BpAUIeHHS MaJIbuUHKa?

2.110. I'py3 maccoft m=1 Kr, nOJBelleHHbIH Ha HEBECOMOM
crepxHe InHHOA [=0,5 M, coBepumaer KosieGaHHS B BepTH-
KaJabHOH MJIockoCcTH, IIpH KakOM yIJie OTKJIOHEHHS O CTepKHS
OT BepPTHKAJH KHHETHYecKasi SHepTHsl IPYy3a B €0 HHXHeM
nojoxennH W, =245 JIx? Bo cKonbKO pa3 mpH Takom yrJje
OTKJIOHeHHSl CHJIa HaTsKEHHs CTepXHs 1; B HHXKHEM IOJO-
XeHHH OoJIbllie CHJIBI HATSKeHHs, cTepkuf T; B BEPXHEM no-
JIOXKEHHH?

- 2.111. I'pys Mmaccoit m, NOJBELLEHHHI Ha HEBECOMOM CTEPH- |
He, OTKJIOHAIOT Ha yron o=90° H ormyckator. Ha#itu cuny
HarskeHHsl T CTepXKHS B MOMEHT - IIDOXOMKAEHHS TPY30M IO-
JIOXKEHHS DaBHOBECHS. . '




"~ 2.112, Fpys maccoi m=150 Kr nojBelleH Ha CTa/tbHOMA
TIPOBOJIOKE, BhITepXKHBalomel cHMY. HaTskeHus T=2,94 xH.
Ha xakoft nauGosnbmni yroi & MOXHO OTKJIOHHTH MPOBOJOKY
¢ TPYy30M, yToGH OHa ‘He pasopBasach JIPH npoxoxmeﬂnn rpy-
30M TIONIOXEHHSA PaBHOBECHA? .

2.113. Kamenb Maccoii m =0,5 Kr, npHBs3aHHbI K BepeB-
Ke JyiMHOH /=50 cM, paBHOMepHO BpalllaeTcsl B BEPTHKaJbHOR
nJ0CKOCTH. CHJla HaTsXKeHHS BePEBKH B HHXKHel TOUKe OKPYX-
mocth T=44 H. Ha xakyio BhicOTY h noiHUMETCH KaMeHb,
eci BepeBKa OOPbIBAeTCS B TOT MOMEHT, KOTla CKOPOCTb Hia-
npaBjieHa BePTHKAJAbHO BBEPX?

2.114. Boza teuer no TpyGe AvamerpoM d=0,2 M, pacmo-
JIOXEHHOH B I'OPH30HTAJILHON IJIOCKOCTH M HMelomleH 3akpyr-
neHne paguycom R=20,0 M. Hafitu GokoBoe naBJienHe
BOIbl P, BEI3BaHHOe LeHTpoOesxHOH cHiod. Uepes nonepeunoe
ceueHHe TPYOHl 3a eIHHHIY BpelverH TIpPOTEKaeT Macca BOJbI
m,;=300 1/u.

2.115. Boza Tever no kamany wmapuuoll b=0,5 M, pacno-
JIOXXEHHOMY B TODH3OHTAJIbHOM TUIOCKOCTH H HMeIOIeMy 3a-
KpyraeHHe paguycoM R=10 M. CKOpoCTb TeueHHS BOJBI
v=>5 m/c. Halitn GoKoBoe naBjeHHe Boasl P, BhI3BaHHOE
EHTPOOGEKHOH CHJOMH.

2.116. Hafitn pa6Goty A, KOTOPYIO Hal0 COBEpPIUUTD, 4TOGH
CXKaTb NPYXHUHY Ha /=20 cM, ecJd U3BECTHO, yTo cuna F npo-
MOPLHOHAJIBHA CXKATHIO [ H 2KeCTKOCTb NPYXHHBI k=2,94 k H/Mm.

2.117. Hafitm HaubGonbrinii nporud h peccopsl OT rpysa
Maccofl /m, TNMOJOXKEHHOrO Ha ee CepelHHY, ec/H CTaTHYeGKHH
nporu6 peccophl OT TOrO ke Tpy3a hy=2 cM. KakuMm Gyner
HauGOJIBIIHA TIPOTH6, eClH TOT e TPY3 NajaeT Ha CepeiuHy
peccopsl ¢ BHICOTH /=1 M 6e3 HavyasbHOH CKODOCTH?

2.118. Akpo6ar mpniraer B ceTKy ¢ BbicoThl H=8 wm. Ha
KaKOl NpeJieIbHON BhIcOTe A Haj MOJOM HaJ0 HaTAHYThb CETKY,
yToGL aKpo6aT He yiapuJjcs o I0J NPH npbixkke? M3sBsectHo,
YTO ceTKa nporubaercsi Ha hy=0,5 M, ec1H akpoBar npniraer
B Hee C BHICOTH Hy=1 M. /

2.119. T'pys noJjioxkuau Ha yaumky BecoB. CKOJBKO jeJie-
BUfi NOKaxeT CTpeJjKa BecOB NPH NepBOHauaJbHOM oT6poce,
eCJIH TI0C/Ie YCIIOKOGHUMS] KayaHHil OHA NOKAa3bIBAET 5 JesleHHH?

2.120. I'pys maccoli m=1 Kr najaer Ha yalKYy BeCOB C BH-
cothl =10 cM. KakoBhbl nokasaHusi BecoB F' B MOMEHT yjapa,
ecHM T0c/e YCNOKOeHHMs KayaHWid valllka BecoB OHYCKaeTCH
na h=0,5 cm?

2.121. C kakofi CKOpOCTBIO U ABHrajcsi BaroH ‘Maccoit

m=20 T, ecI” NpH yZape O CTeHKY Kaxkaeil 6ydep cixkalics Ha
1=10 cm? }Kecmocrb NPYXKHHBI KaXkJ0TO 6yipepa k=1 MH/m.
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2.122. ManbyK, cTpe/ifsl H3 POraTKH, HaTAHY/J Pe3HHOBHIM
WHYP Tak, 4To €ro JJnHa cTana Gosbiie Ha Al=10 e, C KaKo#t
CKOPOCTBIO ¥ ToJieTel KaMeHb Maccod m=20 r? }KeCTKOCTb
waypa k=1 xll/m.

2.123. K HHXHeMYy KOHIY l'lpy)KPIHbI, \HOI[BeIHeHHOH Bep-
THKAJAbHO, NPHCOEIHHEHa Jpyras NpYIXHHA, K KOHIy KOTOpOH
npHKpenaeH rpys. )XecTKocTH NpYXHH paBHH Ry H Rk, Ilpe-
Hefperas Maccofi NPy:KHH 1O cpaBHEHHIO €. MaccOH rpyasa,
HaliTH oTHolleH#e Wyy/Wye NOTEeHLHAJIbHBIX 5SHEPTHH 5THX
TIPY2KHH,

2.124. Ha jByx napannenbHBIX [PYKHHaAX OXHHAKOBOH
JJIHMHBLI BUCHT HEBECOMBIH cTepKeHb JaHHOH L =10 cM. JKecTKo-
cTH npyxkuH k=2 H/m 1 k,=3 H/M. B KakoM MecTe cTepKHsA
HalO IMOIBECHTb IpYy3, 4TOGH CTepKeHb OCTaBajcs TOPH3OH-
TaJbHBIMP

2.125. PesuHoBblii MAY Maccoit m=0,1 Kr JeTHT ropHaoH-
TaJbHO ¢ HEKOTOPOH CKOPOCTBbIO H yJapfeTcd O HeNOJBHKHYIO
BepTHKaJbHYIO cTeHKY. 3a Bpemsi Af=0,01 ¢ MAY cxkHuMaeTcs
Ha Al=1,37 cM; Takoe ke BpeMsi Af saTpauHBaeTci Ha BOC-
cTaHOBJIeHHe TepBoHawanbHOH (opmbl Msiva., HaiiTH cpennioo
cuay F, HefCTBYIOILYIO HA CTEHKY 3a BpeMs yJhapa. '

2.126. T'upa macco#t m=0,5 Kr, npuBsizaHHas K Pe3HHOBO-
My WIHYDPY JJIMHOH [;, ONHCHIBAaeT B TOPH30HTAJbHOH MJOCKO-
CTH OKpYXHOCTb. UacToTa BpamieHHsl TMpH n=2 o6/c. Yrona
OTKJIOHEHHS1 DEe3HHOBOTO IIHYpa OT BepTukanu o==30°,
XectkocTh WHYpa k=0,6 kH/M, Ha#ith anuny [, Hepacrs-
BYTOTO PE3MHOBOIO NIHYpa.

2.127. I'pys Maccoit m=0,5 Kr, NpUBsA3aHHLIH K PE3HHOBO-
My LIHYpY IIHHOH [,=9,5 cM, OTKJOHAIOT Ha yroa a==90°
H oTnyckaioT. Ha#itH piMHY | pe3HHOBOTO IUHYPa B MOMEHT
NpOXOXKJeHHsl TPy30M TMoJoXeHHsi paBHOBecHs. JKecTKocThb
wHypa k=1 xH/M.

2.128. Mau pamuycom R=10 cM mnaBaer B BoJe TakK, 4TO
€ro LeHTp Macc HaxojpuTcs Ha H=9 cM Bplllle NOBEPXHOCTH
sofbl. Kakywo pabory A Halo cOBEpIIHTb, 4TOObl NMOTPY3HTh
MAY B BOAY JO AHAMETPANBHOH MJIOCKOCTH?

2.129. Map paguycoM R=6 cM yZIep:kKHBaeTCsd BHellHeH
cHJIOH NOJI BOJZOHA TaK, YTO ero BepXHsAS TOYKA KacaeTcs Io-
BepXHOCTH BoJbl. Kakyio paGory A mpousBeleT BHITAJKHBAIO-
mwas cHJa, ec/H OTNYCTHThb I1ap H NpeJOCTaBHTb €My CBOGOIHO
nnaBate? [laotHocte Marepuana mapa p=0,5-10% xr/m®.

2.130. Iap nuamerpoM D=30 cm naaBaer B Boge. Kakyio
paboTy A Halo COBepIuHTb, YTOOBI NOTPY3HTH WIAaD B BOAY
Ha H=5 cM ray6xke? IlnotHocte MaTepnana Iiapa p=
=0,5. 102 gr/md, N
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2.131. JIbAHHA NUIOIIARbIO nonepelmoro ceyeRHa S=1. M2
u Beicorol h=0,4 M ‘niaBaer B Boge. Kakywo paGory A
HaJl0 COBEPWHTb, YTOGLI MOJHOCTBIO MOTPY3HThL JBAHHY B
BOAY?

2.132. Haiitu CHJIy TPaBHTAllHOHHOIO B3aHMojeHcTBHS F
Mex1y ABYMA INPOTOHAMH, HAXOASLUMMUCH Ha PacCTOSHUH
r=10"1* ™ npyr or gapyra. Macca nporona m=1,67.10-27 kr.

2.133. lIBa MegHBIX LIapHKa ¢ AHaMeTpamMH D1—4 cM H

D,=6 cM HaxosTCA B CONPHKOCHOBEHHH IPYT ¢ ApYTOM.
l-lamn TPaBUTALIMOHHYIO MOTEHUHaNbHYIO 3Hepruo W sroit
CHCTEMBI.

2.134. Bpuuctuts I‘paBHTaLIHOHHyIO noctosiHeyo G, 3Has
pajHyc 3eMHOTo wiapa R, CPejHIOI IIOTHOCTL 3eMJIH O H
YCKOpeHHe CBOGOJHOTO MajieHHsl g Y MOBEPXHOCTH 3emiu
(cm. Taba. IV u V).

2.135. IIpunuMasi yckopeHHe CBOGOJHOTO MajieHUsT Y MO-
BePXHOCTH 3eMJH paBHbLIM g==9,80 M/c?® U NOJb3YsICh AAHHBIMU
Ttaba. V, cocraBuTh TaO/JHIY 3HAUYEHHH CPEeNHHUX IJIOTHOCTEH
naater CoJHewHofl CHCTEMBL.

2.136. Kocmuueckas paKera JIETHT Ha Jlyny. B KaKoil Tou-
Ke NpsMOH, coefuHsAOWeH NeHTpel Mace JIyHbl m 3emuH, pa-
Kera Oyzer HpPITHl"PIBaTbcH Semaeft ¥ JIyHOH ¢ OAMHAKOBOM
CHJION? |

2.137. CpaBHHTBL YycKOpeHHe CBOOOZHOTO MajieHHd Y IO-
BepXHOCTH JIYHEI g1 ¢ ycxopex—meM CBOOOJHOTO MafeHHusA y 1I0-
BEPXHOCTH 3eMJH g3.

2.138. Kak mamenutcs nepHoj KoJebaHHss T MareMaTHye-
CKOro MasTHHKAa IpH NepeHeceHMH ero c¢ 3emin Ha JIyny?
YkaszaHue. Oopmyna Aas nepHola KoJseGaHUH Marema-
THYECKOTO MasfTHHKa mpuBelieHa B § 12.

2.139. HaiiTu nepByo KOCMHYeCKYIO CKOPOCTH Uy, T. €. CKO-
,POCTb, KOTOPYIO Haflo COOOLIHTb Teay Y.INOBePXHOCTH 3eMIH,
yTOGBI OHO HAuaJI0 JBUraThcsl BOKPYT 3eMJH IO KpYTOBOH Op-
OuTe B KauecTBe ee CIIYTHHKA.

2.140. HaiiTi BTOPYI0 KOCMHYECKYIO CKOPOCTb U,, T. €. CKO-
pOCTb, KOTOPYIO Haflo COOOLIUTb TeJY YV IOBEPXHOCTH 3eMJH,
yToOLl OHO IIPEOROJIENO 3eMHOe TArOoTeHHe H HaBcerza yjaljH-
JIOCH OT 3€eMJH.

2.141. IlpuuuMmasi yckopeHHe cBOOOIHOTO MHaJieHHH y TIO-
BepXHOCTH 3eM/H paBHbIM g=9,80 M/c? H MOJb3YsCh NAHHBIMH
Taba. V, cocTaBHTDb Ta6Jm‘uy 2HAYeHHH NepBOH H BTOPOH Koc-
MHYECKHX CKOpOCTEH y noBepXHocTH miaHer CoJHeYHOH CH-
CTEMBI.

2.142. Hafitn nHHeHHVIO CKOPOCTDb U ABUXKEHU 3eM/H 110
"KPYroBo# 0p6HTe.
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2, 143 C kakoit .m«mepmoﬁ CKO‘pOCTblO v 6yzer }IBHI‘aTb(:ﬂ
MCKYCCTBEHHHI¥ CNYTHHK 3eMJIH 1O KPYIoBO# opGHTe: a) y mo-
‘BepXHoCcTH 3eMiH; 6) Ha BhicoTe h=200 kM u h==7000 KM oT
nioBepxnocty 3emau? Halitu nepuon o6pameﬂnﬂ T cnyTtHHKa
3eMsH npH STHX YCJIOBHSIX.

2.144. Hailtn saBHcHMecTb nepHosa obpaiienus T HCKYC-
CTBEHHOrO . CIYTHHKA, Bpalllalollerocs N0 KpPYFoBOH opbure
y IOBEPXHOCTH IEHTPaJbHOrO Tesa, OT cpelHeH IVIOTHOCTH P
aToro Tesna. LIo RKaHHBIM, MOJYYEHHBHIM [IPH pelleHHH 3aja-
gn 2.135, cocTaBHThL TabaHIly 3HAU€HHH MepHONOB OOpallieHHs
HCKYCCTBEHHBIX CHYTHHKOB BOKpYr mjaHer CoJjiHEYHOH CH-
CTEMBL.

2.145. Ha#ity ueHTpOCTpeMHTeNbHOE YCKOPeHHe a,, C KO-
TOPHIM JIBHXKETCSI M0 KPYFOBOH OpOHTe HCKYCCTBEHHBIH COYT-
HHK 3eMJs¥, HaxoAsuiHics Ha BeicoTe h=200 KM OT TIOBepX-
HOCTH 3eMJH, )

2.146. Ilnanera Mapc umeerT jaBa. cnyTHHKa — @oboc H
Ieiimoc. IlepBuifi HaXomuTtcsi Ha paccTosiHMH r=0,95-10* kM
oT UeHTpa Macc Mapca, BTOpOH — Ha PpacCTOAHHH r=
=2,4-10* kM. Haitty nepuonet obpaiennst Ty u Ty 9THX clyT-
HHKOB BOKPYT Mapca.

2.147. VckyccTBeHHBI! CIYTHHK 3eMJH JBHIKETCS TO KpY-
roBoit op6HTe B MJIOCKOCTH KBaTOpa ¢ 3amajia Ha BOCTOK. Ha
KaKOH BRICOTE€ A OT MOBEPXHOCTH 3eMJIM JOJIKeH HaXOMUThCH
3TOT CNYTHHK, 4YTOOHI OH ObUI HEMOJBHIKEH IO OTHOILEHHIO
K HabJioaTesNio, KOTOPHIH HaXOAUTCA Ha 3emue?

2.148. HckyccrBeHHBIH cnyTHHK JIyHBEI JBHIKETCSl MO KpYy-
roBo# op6me Ha BhicoTe h==20 KM OT nNOBepXHOCTH .JIYHHL.
HaiiTh JdHef{HYl0 CKOpOCTb U JBHIKEHHSl 3TOTO CNYTHHKA,
a Takxke nepHox ero obpauieHust T Bokpyr JIyHEL

2.149. HafiT nepByl0 ¥ BTOPYIO KOCMHYECKHE CKOPOCTH
o151 JIyHet (cM. ycioBHda 2.139 w 2.140),

2.150. HaiiTu 3aBHCMMOCTb YCKOPeHHSI- CBOOOIHOTO mMaje-
HHs g OT BBICOTH i HaJ NoOBepXHOCThIO 3eMyd. Ha Kakoil Bbl-
coTe A ycKopeHHe €BOOOAHOTO TNajkeHHst g, cocraBuser (0,25
YCKODEHHs! CBOGOJNHOTO MaJeHHA g Y MOBEPXHOCTH 3eMJu?

2.151. Ha xakofi BricoTe & OT noBepXHOCTH 3eMJIH YcKope-
Hue cBoGogHOrO najeHus g,=1 M/e*?

2.152. Bo ckoibKo pa3 KuHeTHueckasi sHepruss W, uckyc-
CTBEHHOTrO CNYTHHKA 3eMIH, ABHXYIIErocs 1no KpYTOBO# Op-
6HTe, MeHbllle ero I‘paBP‘TaHHOHHOH I'IOTEHU.HaJIbHOH suep-
run WP

2.158. Hapml H3MeHeHHe YCKOpeHHs cBOGORHOTO MajeRHs g
NpH ONyCKaHWH Teia Wa Iiy6uHy h. Ha Kakodl riy6une A
yCKOpeHHe CB06011HOI‘0 najeHus g, COCTaBJlHeT 0,25 yckopenus
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.CBOGOIHOTO HaJeHHA g Yy mnoBepxHocTH 3emad? I[laoTHOCTB
3eMsIH CYHTaTh MOCTOAHHOM. Y KaadaHue. YuecTb, UTO
'TeJ10, HaXOJAleecs Ha IJiyGHHe A NOX NOBEPXHOCTBHIO 3eMJH,
He HCIRITHIBAaET CO CTOPOHBI BHILIEJIEXKAMEro MapoBOrO CJIOS
TOMIHHOA A HHUKAKOrO NPHUTSKEHHUS, TaK KaK NPHTSKeHHs
OTJAe/NbHBIX YacTell €JI0f B3aHMHO KOMIIEHCHP VIOTCS, ,

2.154. KakoBO cOOTHOIIEHHe MeX1y BbICOTOH /1 FOpHL H ray-
GHHOH h 1MaxXTHl, eCJH NepHoi KoneGaHHii MasiTHHKa Ha Bep-
LIHHe COPHI U Ha JHE I1aXTH OJMH H TOT :xXe? Y Ka3aHHe,
Qopmysa A1 nepHoja KoseGaHHH MaTeMaTHYeCKOrO MasiTHH-
Ka mnpubeneHa B § 12,

: 2.155. Haitti nepuon o6pamenust T Bokpyr ConHna Hekyc-
CTBEHHOH IJIAHETHI, €CJIH H3BEeCTHO, UTO oJibllas MOJNyoch Ry
€e 3JIMNTHYECKOH OpOUTHI MpEBHINAET GOJBLIYIO HNOAYOCh R,
sempoft opOuthl Ha AR=0,24-10° xM.

2.156. Op6ura HCKycCcTBEHHOH 'I1aHeThl G/JH3Ka K KpYyro-
BOH. HaiiTn 1uHeHHYI0O CKOPOCTh U ee ABMXKeHHUs H mnepuon T
ee obpauienHsi BOKpYr CosiHLA, CUHTasi H3BECTHBHIMH JHaMeTp
Connna D ® ero cpenHiolo mwioTHocTh p. CpelHee paccTosiHUe
mianets ot Cosnua r=1,71-10% kM. :

2.157. bosbmas nonyoch Ry 3JHNTHYeCKOH OPOHTH mep-
BOI'C B MHpPe HCKYCCTBEHHOTO CIyTHHKa 3eMJH MeHblle GOJb-
moil noayocH R, opGUTHI BTOporo crnytHHka Ha AR=800 km.
Ilepuon ofpalleHHs] BOKPYr 3eMJH NepBOro CIOYTHHKAa B Ha-
yaje ero ABHxKeHHs Obl1 T,=96,2 mun. Hafiru Gonbmyro
nosyoch R, OpOHTHL BTOPOr0 MCKYCCTBEHHOTO CIYTHHKa 3eM-
Jd u nepHon T, ero obpaileHHs] BOKPYr 3eMJH.

2.158. MuHHMMa/bHOe YJajeHHe OT MOBePXHOCTH 3eMau
KOCMHYeCKOro Kopalbas-chiyTHuKa «BocTok-2» cocraBasiio
hpin=183 KM, a MakcHMa/nbHOe YJajeHHe — R .,=244 KM.
Haiitu nepuon obpamenusi 7 cmyTHHKa BOKPYr 3eMJIH.

2.159. Umeercs kosbuo paguycoM R. Paanyc npoBoJiOKH
paBeH r, IJIOTHOCTb MaTepHasa NPOBOJOKH paBHa p. HaltH
cuay F, ¢ KOTOpO#l '3TO KOJIBLO NPHUTACHBAET MaTepHaJbHYIO

*TOYKY Maccoil m, HaXORSIMYIOCS Ha OCH KoJblla Ha paccrof-
Hud L ot ero meHrpa. ' .

2.160. Mmeercsas xoubmo paguycoM R=20 cM H3 TOHKOIil
MelHoi#l npoBoJIOKH. Haiitn cuny F, ¢ KQTOpO# 3TO KOJbUO
NPHTATHBAeT MaTePHaJIbHYIO TOYKY Maccol m=2 I, HaXoAs-
Lyiocsi Ha OcH KoJblla Ha paccroauuu L=0, 5, 10, 15, 20 u
50 cM ot ero uentpa. CocraBurh Tab/uLy 3HaueHH#A F H npel-
cTaBUTh rpaduyeckd 3aBHcuMocTb F=f(L). Ha kakoM paccrosi-
HUH L_,, OT UEHTpa KoJblla CH/1a B3aHMOZAEHCTBHS HMeeT
MakcHMaJIbHOe 3HaueHHe F,. #1 KaKoBo 3TO 3HaueHHe? Pa-
AHyC TpPOBOJIOKH 7==1 MM. . ) ’ i
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2.161. Cusia B3aHMOJEHETBHA MeXAY KOJbIOM H3 IPOBOJO-
KH ¥ MaTepHa/bHO# TOUKOH, HaxoJAsileHcs Ha OCH KOJIbia,
MMeeT MaKcHMajbHoe 3HaveHue F,., KOTJa TOWKZ HaXOJUTCH
Ha PACCTOSHUH L 2y OT LIeHTpa KosbIa. Bo CKO/BKO pa3 cuia
B3auMoZelficTBHA F MeXAy KOJbLOM H MaTepHaJibHOH TOYKOH,
Haxojswedcs Ha pacctossuy L=0,5L_, 0T LeHTpa KoJbla,
MeHbllle MaKCHMaJbHOH cHabl F_, P

§ 3. BpamareanHoe gBMKeHHe TBEPIbIX TeJ

Moment M cuanl F OTHOCHTENBHO KaKoOi-HHOYAb OCH BPALUEHHS On-
penensieTca GopmyJol
M=F|,

rie I — paccrosiHHe OT THpPSAIMO#H, BIOJNE KOTOpOH feflcTByeT cHJIa, 1O OCH

BpalIeHHS,
MOMEHTOM HHepUHH MaTepHaJbHOM TOUYKH OTHOCHTENbLHO KaKOH-HH-
6yab OCH BpalleHHsT HasbiBaeTCs BeAHUYHHA

J=mr2,

rie m — Macca MaTePHaibHOH TOUKH H 7 ~— €€ PacCTOfiHke 10 OCH Bpa-

[eHus. .
MOMEHT HHEpIIKH TBEPOTO Tela OTHOCHTEIBHO €r0 OCH BpalieHHs

-ngrzdm,"

Tlle HHTerpHpOBaHHe JOMKHO OHTH PAcIpPOCTpaHEHO Ha Bechb OGbeM Tena.
Tlpoussons HHTErpHpOBaHHe, MOXKHO nonqub MOMEHT HHEPUHH Teaa

sio6oit  GopMBL. -
MOMeNT  HHePUMH CIVIOIIHOTO OJHOPOLHOTO HHIHHADA (AHCKA) OTHO-

CHTEJILHO OCH IWJIHHIDpA
‘ 1
J =-§' ngi

rne R — paguyc NHIHHAPAa H m — ero Macca.
MOMeHT HHepIHH II0JI0TO UUAHHApPa (06pyya) ¢ BHYTPEHHHM PaiHycoM
Ri ¥ BHewlHHM Rj OTHOCKTeJBHO OCH HHJHHJPA

=2 m(R4RY),

IJis TOHKOCTEHHOrO Nojioro uuiauuapa Ri~R,=R u J=mR?2
MoMeHT HHepUHH OIHOPOXHOIO wapa paanycoM R orHocHTeNBHO
ocH, TPOXOAMER Yepe3 ero meHTp,

“ J ==-5-leR’.
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MoOMeHT HHepIIHM ONHOPOAHOTO CTEPXHA OTHOCHTEJBHO OCH, TPOXO-
Admed depes ero cepeAHHY NEPNEHAMKYNAPHO K HeMmy,
. 1
T == ml2,
12
Ecau nna xakoro-H60 Tesa H3BECTEH er0 MOMEHT HHepuuH Jo OTHO-
CHTe/ILHO OCH, MPOXOJflleH 4epes IeHTP MacC, T0 MOMEHT HHepIHH OTHO-
cuTenbHO sj060f OCcH, DapanienbHOH nepBof, MoXeT OHTb HafizeH no
tdopmyse Hlrefinepa
J =Jo+md2,
Tle m — Macca Teda M d — paccTOSiHKE OT IEHTpa Macc Tesla JO OCH Bpa-
IeHHA. .
OcHOBHOH 3aKOH JMHAMHKH BDPamaTeJbHOTO JBHXKEHHS (3aKOH co-
XpaHeHHsT MOMEHTa HMHYyJ/bca) BHIPAXKAETCS YpasHEHHEM
Mdt =dL=d (Jw),
rie M — MOMeHT CHJ, NDHJIOKEHHBIX K Teqy, L — MOMEHT uMNyJnca
Teada (J — MOMEHT HHePLHM Teja, ® — €ro YIJIOBag CKOPOCTh). Ecau
J=const, TO

do
M—-_—-J~a-t—=./8,

rje &-— YIJ0BOE YCKOpEHHe, NpHOGpeTaeMoe TesloM IOX JeACTBUEM MO-
MeHTa cha M. i
KunerHueckas sHePTHs BpPailaronlerocs Tena
J w?
2 ?

W, =

rae J —— MOMENT HHepPUHH TesJa M ) — ero yrJoBas CKOPOCTh.
ConocraBieHHe ypapHeHHH JAHHAMHKH BpaLlaTEJbHOTO JBUMKEHHS
C YPaBHEHHSAMH NOCTYNATeJIbHOTO JBHXXEHMA AaHO B Tabu. 7.

Ta6nuna 7
*
TlocrynatenbHoe ABHXKeHHE BpaulatenbHoe JBHXKeHHe
Bropoii 3akon Hslotona )
FAt=muvy~— mvy, - MAt=Jo,—Joy,
HJIH HJIH
F=ma : M=Je
32KOH COXPaHEHHS HMIyJbca 3aKOH COXpaHeHHS MOMEHTa UM-
nydnca
oY oY
Zmu = const Z.I o ==const
- Pa6oTa ¥ KMHETHYECKasi 3HEPrHs
—Fs mvy  mo? Aem Joiy Jo?
A=FS=—5——3 - A=




" Tleprox Manmx KomeGaudit dusHIecKoro MAATHAKE

v : T=2n —
. : mdg'’

Tre J — MOMeHT HHepIHH MafiTHHKAa OTHOCHTEJILHO ero OcH Bpaulenus;

. m — Macca MasTHHKa, d — paccmﬂﬂue oT ueHTpa Macc R0 OcH Bpamenmt,

g — YCKopeHHe CBOGORHOrO TNajeHHs.

3.1. Haiitu MoMeHT uHepuuH J H MOMeHP uMmnyJbca L 3eM-
HOr® IUapa ©THOCHTENbHO OCH BpalleHHA.

3.2. JIsa wapa onHHaKOBOro paguyca R=>5 cMm 3akpemnse-
Hbl Ha KOHIIAX HEBECOMOTO CTep:KHs. PaccrosiHHe MexAy Iapa-
mH r=0,5 M. Macca kaxnoro wapa m~1 xr. Hafita: a) MoMeHT
HHepUMH J; CHCTeMbl OTHOCHTENbHO OCH, NPOXOAALIEH Yepe3
CepellHHY CTepKHS MEpIeHIHKYJIPHO K HeMy; 6) MOMEHT
UHEPLMH J , CHCTEMbl OTHOCHTEJIBHO TOM 2Ke OCH, CUHTas LMaphl
MaTepHaJbHBIMH TFOUKAMH, MACCH KOTODHIX COCPeLOTOYeHH!
B MX I[EHTPaxX; B) OTHOCUTENbHYI0 OWHEKY O&=(/,—J,)/J,,
KOTOPYIO Mbl JOTYCKAeM NMpH BLISHCJICHHH MOMEHT2 HHEpIH
cHCTeMbl, 3aMeHAs BeJHUHHY J; BeaHYHHOH J ;.

3.3. K ofony onHopomsoro gucka paguycoM R=0,2 M npu-
JoweHa KacatedpHasi cuna F==98,1 H. IlpH BpamenuH Ha
JHMCK JeHcTBYeT MOMeHT cust Tpenust M, ==4,9 -H.m. Haiitn
Maccy m JHUCKa, ecJIH H3BECTHO, 4TO AHCK BPAILAETCS C YIJIOBbIM
yckopeHHeM &=100 pan/c?.

3.4, OnHopoiublit cTep:KeHb IJHHOH [=1 M U Maccolt m=
=0,5 kr Bpauniaerca B BePTHKAABHOH MJIOCKOCTH BOKDPYr rO-
PHU3OHTAJbLHOH OCH, HPOXOAslleH uepe3 cepelHHY CTEPXKHSA.
C KakuUM YIVIOBEIM YCKODEHHeM & BpalllaeTcsl CTEPIKeHb, eCJH
Ha Hero jefictByer Moment cun M=98,1 mMH-m?

3.5. Onnoponsnlit AueK paauycoM R=0,2 M u maccoit m=
=B Kr BpalllaeTcst BOKPYI' OCH, IIPOXOAsiNel depe3 ero LeHTp
NepHeRIUKYJISIPHO K €ro MJIOCKOCTH. 3aBHCHMOCTb YIJIOBOH
CKOPOCTH @ BpalllCHHA JHCKA OT BPEMeHH { jaeTcsl ypaBHEHHEM
o=A-+Bt, tne B=8 pan/c®. Haiitn kacareabnyio cuay F,
[IPUJIOKEHHYIO K 0601y Aucka. TpeHueM npeHeGpeus. .

3.6. MaxoBHK, MOMeHT HHepLMH KoToporo J=63,6 Kr-m2
BpaillaeTcsi ¢ YIJIOBOH ckopocrbio w=31,4 pag/c. Haittu Mo-
MeHT cHJ TopMOxeHHs] M, nen neficTBHEM KOTOPOro MaXOBHK
ocTaHaB/lHBaeTcs uepe3 BpemsA #=20 c. Maxosux cyuTaty
OlIHOpOIleIM JUHCKOM.

3.7. K ofony Koseea pa,tucoM‘ 0,6 M u Maccoit m=>50 Kr
NpHJIOKEHA KacaTesbHasd cHja F= 981 H. Ha#rtu yriioBoe
. ycKopenHe € KoJeca. Hepes KaKoe Bpems ¢ moc/ie HayaJa JeH-
- CTBHR CHJIBL KOJeco OyAeT ~HMMeTh 4acTOTy BpalleHUs n=
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100 06/c? Koseco cantaTh OAHOPOZHHIM mnckoM. Tperuem
npeHeGpeyb, _ v _

3.8. ‘MaxoBHK paauycoM R=0,2 M u Maccoli m=10 kr
COEJMHEH ¢ MOTOPOM HPH NOMOINH NPHBOJHOTO peMus. CHja
HaTsKEHHs DeMHs, HAyluero Ge3 cKosmbemusi, T=14,7 H.
Kakylo uacrory BpallleRus n GyieT HMeTb MaXOBHK dYepe3 Bpe-
MA =10 c nocne Havasa ABHXKeHHA? MaxOBHK CYHTaTh' OHO-
ponHbM mHcKoM. TpenHeM mnpeHeGpeub.

3.9. MaxoBoe KoJeco, MOMEHT HHEpIHH KOTOporo J=
=245 Kkr-M?, Bpalllaetcsi ¢ vactoroll n=20 06/c. Uepe3 Bpems
{=1 MuH nocJie TOro, KaK Ha KaJeco nepecran AefcTBOBaTb Mo-
. MeHT cun M, oHO ocraHoBHJOCh, HalTH MOMEHT CHJ TpeHus
M, 1 uucio 06opoToB N, xoropoe czeniano KoJjeco o NOAHOR
OCTaHOBKH Tocne mnpekpaineHus JefictBus cui. Koseco cu-
TaTb OJHOPOJHKEIM JHCKOM. i :

3.10. JIBe rupHu ¢ MaccaMH m;=2 Kr ¥ m;=1 KI coeJHHEeHHI
HHTBIO, TIepeKWHYTOH uepe3 O/0K Maccodi m=1 kr. Haiitu
YCKOpeHHe @, ¢ KOTOPhIM ABHKYTCH THDH, M CHJIBl HATAMKeHHSA
Ty u T, aurtell, K KOTOPLIM nojBerleHbl THpH. BJyok cunrath
OJIHOPOJHEIM JMcKOM. TpeHHeM npeHeOpedb.

3.11. Ha 6apaSan Maccofi my=9 Kr HaMOTaH LIHYp, K KOH:
Iy KOTOpPOTO NpUBsi3aH rpy3 Maccol m==2 Kr. HaliTH ycKope-
HHe a rpysa. DBapaban cuutaTh OZHOPOAHBLIM HHJTHHAPOM.
TpenueM npeneOpeub. -

'3.12. Ha G6apabau paauycoM R==0,5 M namorau mmyp,
K KOHI[y KOTOPOro MpHBfizaH rpy3 Maccol m=10 kr. Haiitu
MOMeHT uHepuuH J 6GapabGaHa, ec/iH H3BecTHO, YTO TpPy3 omy-
cKkaeTcs ¢ yckopeHHeM a=2,04 wm/c2.

3.13. Ha Gapaban paauycoM R=20 cM, MOMeHT HHepIHH
kotoporo J=0,1 Kr-m? HaMoTaH LIHYD, K KOHIY KOTOpOro
npuBsizaH rpys Maccoft m=0,5 kr. Jlo Havana Bpauenus Ga-
pa6ana BeicoTa rpysa Haj mosoM f,=1"M. Uepes kakoe Bpe-
Ml { Tpy3 OmyCTHTCH J0 nosa? HalTH KHHETHYeCKYIO SHepTHIO
W, rpy3a B MOMEHT yJZapa O NMOJ H CHJIY HaTsXKeHHsA HUTH T.
Tpenuem mpenebpeun. - -

3.14. Ipe rupH ¢ pAasHbLIMM MAacCaMH COeJWHeHHl HHUTLIO,
- nepeKHHyTOH uepe3 GJIOK, MOMEHT HHeDLHH KoToporo J=
=50 kr-m? H paanyc R=20 cM. MOMeHT cHJI TpeHHA Bpaljaro-
merocs. 6j1oka M,,==98,1 H.-m. Halitu pasnoctb cHal Harsike-
uusi HHTH T3—7T5 no obe cTopoHH 6/i0Ka, €C/AH H3BeCTHO, UTO-
670K BpalllaeTcst € YIJIOBBIM YCKOpeHHeM e£==2,36 pan/c?.
Baok cunTaTh OAHODOAHHIM JHCKOM. .

. 38.15. bnok Mmaccoft m=1 Kr ykpenjeH Ha KOHLe CTOJ2

(cM. puc. 1 B 3apauy 2.31). I'npu 1 -H 2 6nMHAKOBOH MacChl

my=m,=1 K& COeAMHEHbLl HHTbHIO, MEPeKHHYTOH uepes GJOK.
b - B . . ' | - : 47 '



Kosdpuuuent Tpemm rupn 2 o cron k=0,1. Haiirn yckope-
HHE @, C KOTODBIM JBWXKYTCA THDH, K CHJIb HATSKEHHSA Ti
U T; Hureil, DJOK ‘cudTaTh OJHOPOLHBIM [HCKOM. TpeHHeM
B 6/0Ke npeHeGpeub,

3.16. Nuck Maccoit m=2 Kr KaTHTCA Ge3 CKOJNbXKeHHs IO
TOPHU3OHTAJbHON IJIOCKOCTH CO CKOpoCcThio v=4 M/c. Haiith
KHHeTHYecKyio sHepruio W, IHcka. A

3.17. Hlap auametpom D=6 cu u Maccol m= 0, 25 KT Ka-
THTCS1 6e3 CKOJIbXXEHHs II0 FODH30HTAJbHOH IJIOCKOCTH C Ya-
cToTOH Bpawmenus n=4 o06/c. HaliTH KHHETHUECKYIO SHEPTHIO
W, wapa.

“3.18. O6pyu H AHCK OILHHaKOBOPI Macchl mmy=m, KaTATCA
6e3 CKOJbMeHHS C ONHOH M TOH Xe ckopocThio v. Knneruue-
ckas aHepTHsa obpyua W, =4 Krc-M. Han’m KHHETHUYECKYI0
aHepruro W, nucka.

3.19. [Mlap maccoit m=1 kr, karamHuiica 6e3 CKOJbKEHHA,
ylapseTcs O CTeHKY H oTKaTbiBaercs oT Hee. CKOpocThb Inapa
Io ynapa o crenky v=10 cM/c, noce ynapa u==8 cm/c. Hafitn
KOJHYECTBO TEMJIOTH (), BHIeNUBIleecAd NPH YyJjape mapa ©
CTEHKY.

3.20. Haiitu oTHocHTeqbHYIO owHGKY 8, Koropas mody-
yaeTcsl MPH BBIYHCJACHHH KHHeTHYecKoH sHeprum W, Kats-
merocs Iapa, €CJH HE YYHTHIBaTh BpalleHHs Wiapa.

3.21. Huck avamerpom D=60 cm 4 maccoit m=1 kr spa-
LaeTcst BOKPYT OCH, TMPOXOAsiileH UYepe3 UEHTP NepueHNHKY-
JSPHO K €ro INIOCKOCTH, ¢ yactotoit n=20 o6/c. Kakywo pa-
6oty A Hajo COBEpHINTH, YTOOHI OCTAHOBHTL JHCK?

3.22. KuneTtHueckasi 3HeprHsl Baja, Bpallalolllerocs ¢ 9a-
crotoil . n=5.06/c, W,=60 JIx. Hafitu momeHT umnysabca L
BaJa.

3.23. Haittu kuHeTHueckylo sHepruio W, Bejocunenucta,
elIyIIEro CO CcKopocThio v=9 KM/u. Macca Besocuneaucra
BMecTe C BeJIOCHINENOM m=78 Kr, OpHueM Ha Kojeca MPHXO-
JuTcsA Macca fmy,=3 Kr. KoJsleca Benocumne/ia CUHTATh oépyanH

3.24. ManbuMK KaTHT o0pydY N[O T'OpPH3OHTAJBHON J0pore
.co ckopocThio v=7,2 KM/u. Ha kakoe- PacCTOSHHE § MOKET
BKaTHThCS 06PYY Ha TOPKY 32 CYET €70 KHHETHUECKOH SHEPTUH?
YknoH ropkH paBeH 10 M Ha kaxjwle 100 M nyTH.

3.25. C kakoli HauMeHbIUeH BBICOTHI /i JOJXEH CHEXarth
BeJIOCHIIEAUCT, YTOOB! MO HHepHUH (6e3 TpeHHs) npoexaThb Jo-
POXKY, HMeIYI ¢OpMy «MepPTBOH MMeTJH» pajHycoM R=
=0,3 M, H He OTOPBaTbCcAA OT JOPOXKKH B BepXHeil TOuKe meT-
au? Macca BenocHnefHcTa BMecTe ¢ BeqocHneaoM m=75 Kr,
NpHYEM Ha KoJieca NPHXOJHTCA Macca m.,——3 Kr. KoJseca Beso-
CcHIeAa cYMTaTh o0pyyamH.
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3.26. Menublit map paauycom R=10 cm Bpamaercs ¢ 4acro-
TOH n=2 06/c BOKPYr OCH, NpPOXOAfLIeHl uyepe3 ero LEHTP.
Kakyio pa6ory A Hano coBepLWIHTb, UTOGH! YBeJHYHTD YIOBYIO
CKOPOCTb ® BpallleHHsl [Iapa BJBOeP

'3.27. Hajitu sivHefiHble YCKOPEHMsl @ LEHTPOB Macc Liapa,
JHCKa H o6pyua, cKaTblBaOIIHXCA 6e3 CKOJIbXEHHUSl ¢ HAaKJOH-
HO¥M IJIOCKOCTH. ¥YTos HaKJjoHa miockoeTH a=30°, HauajabHasn
CKOpOCTb BceX Tedl v,=0. CpaBHHTb HaHJeHHBlE YCKOpEHHS
C YCKOpeHHeM Tesla, COCKaJb3bIBAIOIErO ¢ HAKJOHHOH IIo-
CKOCTH TIPH OTCYTCTBHH TpEHHS. .

3.28. HailiTu J/uHefiHble CKOPOCTH U JBHXCHHA LEHTPOB
Macc wWapa, AHCKa H o6pyua, CKaThIBAIOIIHXcs 6e3 CKOMTbXKe-
HHUAl C HaKJOHHOH NJOCKOCTH. BhiCOTa HAaK/JOHHOH NJOCKOCTH
h=0,5 M, HauanbHas CKOpOCTb BceX Tel vp=0. CpaBHHTbH
HalileHHble CKOPOCTH CO CKOPOCTBIO TeJa, COCKaJb3blBAIOIIETO
¢ HAKJOHHOH ITOCKOCTH HPH OTCYTCTBHH TpEHHA.

3.29. HMmetoTca nBa LUHIMHAPA: aJIOMHHHEBBIH (CIJIOLIHOMN)
H CBHHLOBHII (IOJBIH) — ONMHAKOBOro pajuyca R=6 cM 'u
oAuHakoBOH Maccel m=0,5 kr. [loBepXHOCTH UHJHHAPOB
OKpalleHsl 0JMHaKoBO. Kak, Habsmogasd NOCTyIATeNbHblE CKO-
POCTH LIMJIHHAPOB ¥ OCHOBAHHsl HAKJOHHOH NJIOCKOCTH, MOXKHO
pasauuHTh ux? Hafi’n MomeHTBI HMHepuuu J, H J, STHX 1u-
JHHIPOB. 3a KakKoe BpeMs f KaKIblil IUJIHHAP cKaTutcA Ge3s
CKOJIbXKeHHSl ¢ HaKJOHHOH mJocKocTH? BhicoTa HakJIOHHOH
miockoetd h=0,5 M, yronm HakjJoHa mockoctH o=30°, Ha-
yajbHasd CKOPOCTb KaXKJAOro LMJHMHApa v,=0,

3.30. Kouseco, Bpallasich paBHO3aMeNJeHHO, YMEHBIHJIO
3a BpeMda {=1 MHH 4acTOTy BpauleHHs1 OT n,;=300 06/MHH 1O
n,=180 0o6/MuH. MoMeHT HHepuHH Kojeca J =2 kr-m2. Hafitu
VIJIOBOE YCKOpDEHHe € KoJieca, MOMEHT CHJI TOpPMOXeHHs1 M,
paGoty A cus TOpMOKEeHHsI H 4YHcsi0 060poToB N, clenaHHBIX
KOJIeCOM 3a BpeMs (=1 MHH.

3.31. Bentunarop Bpaitaercsi ¢ uactotolt =900 o6/MuH.
Hocsie BRIK/IIOUEHHST BeHTHJATOP, Bpalllasichk paBHO3aMelJieH-
HO, cliesan 10 ocTaHoBKH N =75 06. Pabora cH/ TOpMOKEHHS
A=44,4 JTxx. HaliTy MOMeHT uHepuHH J BEHTHJAATOPA H MOMEHT
cuJ TopMoxeHHa M. E

3.32. MaxoBoe Kosieco, MOMEHT HHEPUHH KOTOPOro J =
=245 Kr-m?, Bpaliaerca ¢ uactotoii n=20 o6/c. Ilocae Toro
KaK Ha KoJiecO IlepecTal [eHCTBOBaTh BpAllalOWIMH MOMEHT,
OHO ocTaHOoBHJOCh, caenaB N=1000 o6. Haiitu MoMeHT cHa
Tpenuss M., ¥ BpeMs {, mpolle/ulee OT MOMeHTa NPEKpaLIeHH s
NefICTBHSA BpaLlAIOUIEr0 MOMeHTA JI0 OCTAaHOBKH KoJleca.

3.33. Ilo obony wKHBa, HacaxKeHHOI'O Ha OOIILYIO OChb C Ma-
XOBBIM KOJIECOM, HaMOTaHa HHTb, K KOHIY KOTOPOH NOABelieH
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rpy3 Maccok - m=1 KL, Ha KaKkoe paccTosiHHe A JlOJ!)KeH ony-
CTHTLCH TpY3, 4TOOBl KOJAECO CO INKHBOM HOJYYHJIO 4acTOTy
Bpaulenrs n=60 o6/mus? MomeHT HHEPUHMH KoJjieca €O LIKH-
BoM J=0,42 kr-M?, paguyc mkuBa R=10 cm.

3.34. MaXOBoe KOJiecO HayHHaeT BpalliaThcs C YTJIOBHIM
yckopenneM £=0,5 pan/c® u uepe3 BpeMma #=15 ¢ nocie Ha-
yaja JBHXKEHWA npPHOGDETaeT MOMEHT HMNyabca L=
=73,5 xr-m%c. HafiTi KiHeTHyecKyI0 sHepruio W, kosleca ve-
pe3 Bpema ¢;=20 ¢ mocJie HayaJa ABHKEHHA.

3.35. MaXOBHK Bpauaercsi ¢ 4acroroéf n=10 o6/c. Ero
KHHeTH4ecKas sHeprusi W, =7,85 kJ/Ixk. 3a Kakoe BpeMs !
MoMeHT cul M =50 H:m, l’lpHJIO)KEHHhIﬁ K MaxoBHKY, yBeJH-
YUT YTJOBYIO CKOPOCTB 0 MAaXOBHKA BJBOEP

3.36. K ofony nucka Maccolt m=5 KI NpHJIOXeHa Kaca-
TenpHaa cuiaa F=19,6 H. Kakyio KHHeTHYecKylo 3>Hepruio
W, Gyzer HMeTb JAHCK dyepe3 BpeMsl {=5 ¢ nocse Hasana JeH-
CTBHS CHJIHI?

3.37. OnHOpPOAHBIN cTepKeHb IMHHOH [=1 M NojBelleH Ha
IOPH30HTAJbHOH OCH, NPOXOASILIEH- Yyepe3 BepXHHH KOHeIL
cTepxkHs. Ha Kako#l yron & Hafo OTKJOHUTH CTEPKeHb, YTO-
6bl HHXKHHH KOHEIl CTEDKHSl NpH NPOXOKICHHH NOJIOKEHHA
paBHOBeCHSI MMeJ CKOpOCTh v==5 M/c?

3.38. OxHopoaHbI1 cTepxeHb AJMHHOH [=85 cM nojseueH
Ha TOPH30HTAJbHOH OCH, NPOXOAsfileH uepe3 BepXHHH KOHeI.
crepkHA. Kakywo cKOPOCTb v, Haflo COOOLINTh HHXHEMY KOHIY
CTEP2KH#, YTOOH OH chejas NOJHLIH 0G0POT BOKPYT OCH?

3.39. Kapanpaw niupoii /=15 cM, nocraBieHHBI BepTH--
KaJbHO, NajaeT Ha cTod. Kakyio yriaoByio CKOpOCTb ® H JIH-
HelHYI0 CKOpPOCTh U 6YAyT HMeTb B KOHIE NAAEHHSA cepeiHHa
H BepXHHH KOHel Kapaujauiar?

3.40. FopusonTansHas miardopMma Maccofi m=100 kr Bpa-
HaeTcs BOKDPYT. BepTHKa/NbHOH OcH, NMpOoXojslie#t yepe3 LEHTP
naargopmul, ¢ wacroroi 7;=10 06/MuH. UesnoBeK Maccolt my=
=60 Kr CTOHT IIpH 9TOM Ha Kpawo naarcopmelr. C Kako#i 4acTo-
TOH 713 HayHeT BpallaThes naaTdopMa, ecsiH YesoBeK NepeiieT
QT Kpasi MIATQOPMEL K ee LeHTpy? Cudrarh nnaTtpopMy OAHO-
PONHBIM JHCKOM, a YeJJOBeKa — TOYEYHOH Maccoi.

3.41. Kakyio paboty A coBepluiaer YesJoBeK [pH fepexoje
OT Kpasd nnathopMbl K ee LEHTPY B YCJOBHAX npe;u:mymeﬁ
sajaun? Paxuyc naargopmu R=1,0 M.

* 3.42. TI'opusouTabHas manbopua Maccolt #i=80 Kr M pa-
AuycoM R=1 M Bpamaercs ¢ yacToroil n;=20 o6/muH. B neut-
pe niaardopMH CTOHT uYeJOBEK M JEPIKHT B PacCTaBAeHHHIX
pykax rupH. C Kaxo#l gactoroll n, Gyzer Bpaliarhes naatdop-
Ma, ecad 9e/I0BEK, ONYCTHB PYKH, YMEHBLUHT CBOH MOMEHT



HHepuHH or J,=2,94 no J, 098 Kr-M% Cuurath rrJIaTd)opmy
ORHOPOXHBIM THCKOM.

3.43. Bo ckombke pa3 yBeJHYH/IACh KHHETHUECKAS sxxepnm |
W, nnathopMbl ¢ 9€JI0BEKOM B YCIOBHAX NpPelbIRyINes 3aqaun?

3.44. Yenosek Maccoli iy =00 KI" HaXORWTCA Ha HEMOIBHNK-
Ho#t nuatdopme Maccoit m=100 kr. C kakoi 4acroToil n 6y-
JeT Bpamatbes miarhopMma, eciH 4YenoBek OYAeT EBUraThCH
IO OKPYKHOCTH pajHycoM /=5 M BOKPYF OCH BpalleHHSs?
CKOpOCTh ' ABHUIKEHHA YelOBEKa OTHOCHTENBHO MIaTHOpMEl
vo=4 kM/4. Paguyc nnardopmer R=10 M. Cuurars nuatdopmy
OJHODOLHBIM JHCKOM, a uesIoBeKa — TOYEUHOH Maccoi.

3.45. OnHopoiHbill crepxkeHb AnuHON [=0,5 M coBepluaer
Masble Koje6aHHA B BePTHKAJbHOH IJIOCKOCTH OKOJO TOpH-
30HTAJbHOH OCH, NpOXOJsliledl uepe3 el0 BepPXHHUIl KOHell,
Haiitu nmepHon kone6anuit T cTepIKHS,

3.46. Haittu nepuosn kosneGaHu# T CTEPKHSA NpeIblaylied
3aJayH, €cJU OCb BpallleHHs] MPOXOAUT uyepe3 TOUKY, HaXOns-
myiocs Ha paccTosHHM d==10 cM OT €ro BepxHero KOHIA.

" 3.47. Ha KoHHAX BepTHKAJbHOTO CTEPXKHS YKpelIeHHl JBa
rpy3a. LieHTp Maee Tpy30B HaXOIUTCHA HWXKE CePellHHBI CTEPHK-
HSl Ha paccrosiHMH d=D5 cMm.. Ha#iTH anury [ cTep:kus, ecau
M3BECTHO, YTO TEPUOA MaJblX KoseGaHu CTEPKHA C TPy3amh
BOKDYT TOpH3OHTANbHOH OCH, NMPOXOASLIell depe3 ero cepen--
ny, T=2 c¢. Maccoii c*repxmﬂ nupeHeOpedb TO CPaBHEHHIO
C Maccoil TpY30B.

3.48. O6pyu nmuaMeTpoM D 56,5 cM BHCHT Ha TBO3Ze,
BGUTOM B CTEHY, H COBEpIUaeT MaJjble KojiebaHHs B IJIOCKOCTH,
napanjenbHolt crede. HaitH nepuon konebGamuii T obpyua.

3.49. Kakoit HauMeHbIeH AJHHE! [ HaJl0 B3SThb HUTb, K KO-
TOpOil TONBelleH ONHOPONHBIN MIapHK AHaMeTpoM D=4 cm,
yroObl NPH OMNpeleseHHH INepHoJa MaJblX KojebGauuit T ma-
pHKa paccMaTpHBaTh €ro KakK, MaTeMaTHYeCKHi MasiTHHK?
Owunbka 6 mpH TakoM JONYUIEHHH He OJXKHA MpeBuiuaTh 1%.

3.50. OpHopolHEIl WapHK NOABEIIEH HA HUTH, JAJHHA KOTO-
po#i | paBma paamycy mapuka R. Bo ckoibKo pa3 nepuoj
"MaJibiX KoJsie6aHuil T’y 3TOro MasTHHKA GOJ/blle MEPHOJA MAJIBIX
kKonebaHu#i T3 MareMaTHuecKOro MaATHUKA ¢ TaKHM e pac-
CTOfiIHHEM OT LeHTpa Macc IO TOYKH MojBeca? .

§ 4. Mexannka xuiKocTedd M rasos

- Jlng ycTanoBMBIIErocs IBHKEHHs HIeaJbHON HECHHMAeMOR JKHIKOCTH
HMEET MecTo ypasuem{e Bepﬂy.n.nn

P -|-—- +pgh = const.



3pecy p — NJIOTHOCTE KHMIKOCTH, U — CKOPOCTH JBHKEHMS IKHJKOCTH
B JAHHOM CeYeHHH TPYOH, A — BBICOTa JaHHOTO CeYeHHs TPYyOw Hajx He-
KOTOpPHM ypoBHeM H P — nasneure. M8 ypapnenus Bepuynam caenyer,

YTO CKOPOCTh BBITGKAHHA MHIKOCTH M3 Majioro orseperis v =V 2gh,
rfie A — BHICOTAa NOBEPXHOCTH JKMIKOCTH HAj oTBepcTHeM. Tak Kak yepes
n06oe ToNepeYHoe cedeHHe TPYGHI NPOXOAAT paBHEIE OGBEMbl IKHIKOCTH,
10 S19;==8p0;, The Uy M Uy — CKOPOCTH JKWAXOCTH B JBYX TmomepedHLIX
CeUeHHAX TPYOb, MMelomHX mnomain S; U Sy,

CHia COTPOTHBJEHMS, KOTOPYIO HCIBITEIBAET MafalolMil B BA3KOH
WMHUAKOCTH (B rase) apHK, onpefenserca opmysaol Crokca

F =6mnrv, :
Tle 1) — JYHAMHYeCKash BA3KOCTh JKHIKOCTH (rasa), r — pajuyc Ilapuka,
v — ero ckopoctsh. 3akoH Crokca HMeeT MecTO TOJLKO AJAA JaMHHapHOro
neuKeHns. [Ipu JaMHHADHOM JIRHMKEHHH OGBEM XUIKOCTH (rasa), mpore-
Katome#l 3a BpeMs ¢ yepe3 KalWISPHYIO pr6Ky pagnycoM r ¥ JUIHHOH [,
onpefenserca gopmyJaol Iyaseins
nr*iAP
V::____ ?
8ip °,

rfe 1) — AUHAMHYeCKas BA3KOCTb JKHUAKOCTH (raza), AP — pasHocTh fAaB-
JIeHHHl HA KOHUAX TPYOKH. )

XapakTep ABHMEHHSI »KHIKOCTH (rasa) omnpeiensiercs Gespa3MepHHIM

yuesoM Pefinossaca -
Dy, Dv
Re == i s
N v
rge D — penvuHHa, XapaKTepusyiouiasa JHHEHHbIE pasMeps Tefia, ofre-
KaeMOro MKHAKOCTHIO (ra3oM); U — CKOPOCTb TedeHHsi, P — [JIOTHOCTE,
1} — IMHaMHdYecRas 8A3KocTh. OTHOWEHHe V==1)/p Ha3biBAeTCd KHUHeMa-
THYeCKOH Ba3KOCThbo. KpHTHUeckoe 3HauenHe umucia PefiHoabica, onpe-
JesioLiee fepexoll OT JAMHHAPHOTO JBHMKEHHS K TYPOYIeHTHOMY, P43/JHYHO

a5l Tes pasHoil hopMbl.

4.1 *). HaflTu cKOpOCTb U TeUeHHS YTJEKHCJIOro rasa mo
TpyGe, ecyH M3BeCTHO, 4To 33 BpeMa {=30 MHH uepe3 nomnepey-
HOoe cedeHHe TPYObI nmpoTekaeT Macca rasa m=0,51 kr. Ilior-
HOCTb rasa p=7,5 Kr/m®. [duamerp TpyGbor D=2 cM.

4.2. B xHe numvnApuYecKoro cocyla aunamerpom D=0,5 m
UMeeTCsl KpyrJjoe oTBepcTHe aHamerpoM d=1 tM. Hafitu 3a-
BHCHMOCTb CKOPOCTH TIOHUIKEHHA .YDOBHS BORBI B COCYHE
OT BLICOTHI A 5Tor0 ypoBHs. Haiitu sHaveHne 5TOH CKOpOCTH
A5 BBICOTHI h 0,2 m.

4.3. Ha crosle cTOHT cocyn ¢ BOJO#, B GOKOBOi MOBEPXHO-
CTH KOTOPOTO HMeeTCA Majloe OTBEPCTHE, PACNO/OKeHHOe Ha

*) B sajauax 4.1—4.9 XuiKocTH (rass)) CUMTaTh HJEANbHLIMH, He-
CKHMaeMbIMH,
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paccTOAHMH A¢ OT JHA COCYAA H HA PAacCTOAHUM h, ot ypoBHs
BOJEL. YpOBeHb BOJBI B COCYJI€E MNOAAEPKHUBaeTCHA noc'ro;mm,m
Ha xakoM paccrosiuuy [ oT cocyla (N0 TOPH3OHTanH) eTpPyS
BOJBI NAJa€T Ha CTOM B cay4ae; eciu: a) k=25 cM, h,=16 cu;
6) hi=16 cMm, h,=25 cm?

4.4. Cocyll, HanoJIHeHHBIA BOJOH, cooémae’rcn ¢ arMocte-
poii 4epe3 CTeK/sIHHYIO TPYOKY, 3aKPeIJIeHHYIO B TOpJIBILIKe
cocyza (puc. 5). Kpan K Haxozutcs Ha
paccrosuuy h,=2 cM ot AHacocyna. Haii-
TH CKOPOCTh U BHITEKAHHS BOJABI H3 KpaHa
B CJyuae, " eclH  PACCTOSHHE  MeXAy
HUKHUM KOHUOM TPYOGKH H JHOM COCyJa:
4 hi=2 cm; 6) hy=7,5 cM; B) h;=10 cm.

4.5. Ilunuanpuveckufi 6aK BBHICOTOM
h=1 M HanonHeH [0 KpaeB BOJAOH. 3a
Kakoe BpeMmsl { BcAd BOJA BBIIBETCSA 4Yepe3
OTBEepPCTHe, pacrnojoXeHHoe y pAHa 6aka,
ecqd IJIOWAAb S, MONepedHoro cedeHHs ‘
otBepctus B 400 pas MeHblle MJOMAAH Puc. 5.

S; nonepeunoro ceuenns 6aka? CpaBHHTE -

3TO BpeMs ¢ TeM, KOTOpoe MNOHaJobH/0ch OHl I/ BBITEKaHHA
TAaKOro e o0beMa BOJIHI, ec/H Obl YpOBeHb BOAH B 6aKe Moj-
JlepKUBaJICs MOCTOSIHHBIM Ha BhICOTE A=1 M OT OTBepCTHSA.

4.6. B cocyn sapercs BoZa, TIpPHYEM 32 eIHHHLY BpeMeHH
HasHBaeTcs o6beM Bombl V,=0,2 a/c. Kakum ponXkeH GhiTh
IvaMeTp d OTBEpCTHA B JiHe COCyJa, YyToObl BOAa B HeM JepiKa-
Jach Ha MOCTOSIHHOM ypoBHe h=8,3 cM?

4.7. Kakoe paBjeHHe P coO3/aeT KOMIpPeccop B KpPacKo-
MyJIbTe, ecJH CTPYS KUAKOH KPacKH BbITEKaeT H3 HEro CO CKo-
poctbio v=25 M™/c? Ilnotnocts kpacku- p=0,8-10% Kr/m3,

4.8. Tlo ropusoHtanbHoll TpyGe AB TeyeT XKHIKOCTB
(puc. 6). PasHoctb ypoBHell 3Tofl XHJKOCTH B TPyOkaXx a H b

Puc. 6. . : Puec., 7.

paBHa Ah=10 cm. JTnameTphi pr60K a u b oxnnaxoBhl. Haiita
CKOPOCTb U TeueHHs XKHIKOCTH B TpyGe AB. ‘

- 4.9. Bosnyx mponyBaetcs uepes Tpy6ky AB (pnc. 7.
3a elMHHIY BpeMeHH uepe3 TpyOky AB mporekaeT 0o6BeM
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posayxa V,=5 a/mun. Ilromanb nonepeyHoro ceyeHHs ILH-
poxoit yactH TpyOkH AB pasHa S;=2 cM?, a y3KOH ee 4acTH H
TpyOx# abc paBHa S,=0,5 cM?®. Hailtu passocts ypoBHe#
Ah poapi, Hanwroit B TpyOKy abe. IlioTHocTe BosAyxa p=
=1,32 Kr/md. v ‘ .

4.10. IITapuk BCH/IBIBAET C NMOCTOAHHOH CKOPOCTBIO U B KHJ-
KOCTH, IVIOTHOCTB P; KOTOpOH B 4 pa3a Gouibllie. IVIOTHOCTH Py
Marepuana mapuka. Bo ckonbKo pa3 cuna Tpenus Fo, jed-
CTByIOIIAs HAa BCIUIBIBAIOMWMI INapHK, GoJiblile CHJbI TAMKECTH
mg, AeficTByIOWed Ha 5TOT IIAPHK?

4.11. Kako#t HauGonbllell CKOPOCTH U MOXeT JOCTHYb JI0XK-
JeBasl Kamisa avamerpoM d=0,3 MM, ecqJH RHHAMHYecKas Bf3-
KocThb Bosayxa n=1,2-10"% [la-c?

4.12, CranbHoli mapuk JuamerpoM d=1 MM mnajgaer ¢ Mo-
CTOAAHHOH ckopocTeio v=0,185 cM/c B Go/bilOM cocyje, Ha~
MOJHEHHOM KacTOPOBbLIM MacsioM. HaliTH auHaMHYecKyw BAS3-
KOCTb 1] KAacTOPOBOIO Macha.

4.13. Cmech CBHHIOBBIX APOGHHOK ¢ AHaMeTpaMH d;=3 MM
# d,=1 MM onycTHad B 6aK C IVIMUEPHHOM BhicOTOH A=1 M.
Ha ckoJbkO MO33%e ynaayT Ha JHO APOOHHKH MeHblIero AHa-
MeTpa N[O CPaBHEHHIO ¢ JpoCHHKaMM OOJblIero jnHameTpa?
JuHaMuueckKast BA3KOCTb riHmepuHa n==1,47 [la-c.

4.14. TlpoOGKOBHII INAPHK DafHycoOM r=5 MM BCIUIbLIBAET
B cocylle, HalOJHEeHHOM KacTOPOBBIM MacsaoM. HafitH auHa-
MHYECKYI0 H KHHEeMaTHYeCKYIO BS3KOCTH KacTODOBOIO MacJja,
eC/IH MIaPHUK BCIJBLIBAeT ¢ NOCTOSHHOMR cKopocThio v=3,5 cm/c.

4.15. B 0O0KOBy0 NOBepXHOCTh HHJAHHIPHYECKOTO COCYAa
paiMycoM R=2 cM BcTaBleH TODH3OHTANBHEIH KalNHAsp,
BHYTDEHHHUII pajuyc Kotoporo r=1 MM u aauHa [=2 cM. B co-
CyZ HAJHTO KacTOPOBOEe Macjo, JAHHaMHyecKasl BSI3KOCTb KO-
toporo n=1,2 Tla-c. HaiiTH 3aBHCHMOCTb CKODOCTH U TOHH-
JKeHHs] YPOBHSI KAaCTOPOBOTO Mac/ja B COCYAe OT BhICOTH A
ITOr0 YPOBHf Haj KanuaiasipoM. HaliTi 3HadeHHe 3TOH cKo-
poctd mpH h=26 cMm. .

4.16. B GoKOBYyIO NOBEPXHOCTH COCYJAA BCTaBJeH I'OPU3OH-
TaNbHBIH KalWijisp, BHYTPeHHHI "painyc KoToporo r=1 Mm
" jgnuHa [=1,5 cM. B cocyA HamUT TJIHIEPHH, AMHAMHUYECKad
pa3xocts Kotoporo n=1,0 [la-c. YpoBeHr F.HilepuHa B co-
Cyle TIOAJEPIKMBaeTCss NOCTOAHHEIM Ha Bbicore A=0,18 M
Bblize Kanuauspa. Kakoe BpeMsi morpefyercsi Ha TO, 4TOGHI
H3 Kanuuisipa BHTeK ofbeM raHlepuHa V=5 cm®?

4.17. Ha cTtozie CTOHT coCyA, B GOKOBYIO IOBEDXHOCTH KO-
TOpOTO - BCTaB/ieH TOPH3OHTAJBHBI Kanuajasp Ha BhcOTe
hi=5 cM or aHa cocyaa. BHyrtpenun#t pajsuyc kKanumisipa
r=1"wm 1 panHa [=1 cM. B cocyn sanmro MawmMHHOe Macio,
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IJIOTHOCTL. KoTOporo p==0,9-10° xr/M® W AMHaMHYyecKas BS3-
koctk 1=0,5 [la-c. ¥poBeHb Macna B cocyme NOAREPKHBA-.
ercA TNOCTOAHHBIM Ha BbicoTe h,=50 cM Bhue KanMaIspa.
Ha xakoM paccTosiHMH / OT KOHUA KanHAJsipa (10 TopH30HTa-
JH) CTPys Macja lajaerT Ha CToJ?

*4.18. CrajbHOH 1IapHK TajaeT B IHPOKOM COCYJe, HamoJ-
HEHHOM TPaHCHOPMATODHBIM Mac/NOM, IJIOTHOCTh KOTOPOTo
p=0,9-10° xr/mM®* ¥ JuMHamHuyeckas Bf3KocTb N=0,8 Ila-c.
CuHras, uto 3akoH CTOKca HMeeT MeCTO- NpH 4Hcae PefiHoabn-
ca Re<(0,5 (ecit¥ npH BeIYHCJIEHHH Re B KauecTBe BeJHUHHBI D
B3fTh [AHaMeTp WIapHKa), HalTH NpelebHOE 3HAUYeHHe IHa-
merpa D miapuka. ’

4.19. Cuurad, YTO JIAMHHADHOCTH [BHMXKECHHs XHIKOCTH
(a1 rasa) B UMIHHJDHYECKOH TPYyOe cOXpaHseTcs TPH 4YHC/Ie
Pefinonpiaca Re<(3000 (ecnn npu BhiuHc/IeHHH Re B KauecTBe
BeJHUMHBl D B3ATHL aMameTp TPYOBI), MOKasaTh, YTO YCJOBHAS
3ajaud 4.1 COOTBETCTBYIOT JIaMHHapHOMY ABHKeHH0. Kune-
MaTHuecKasf Bf3KocTh rasa v=1,33.10"¢ m2/c.

4.20. Bopa teuer no TpyGe, NpHYeM 32 eIMHHILY BpeMeHH
yepe3 MOHepeyHOe cedeHHe TPYOBI TPOTEKaeT OGBEM BOJBI
V=200 cm®/c. JInHaMHuecKas Ba3KocTb Boabl 1.=0,001 ITa-c.
-TIpn kakoM mnpefilenbHOM 3HauyeHHH AHamerpa D Tpy6el IBH-.
JeHHe BOJbl OcTaeTcsi JaMuHapHeM? (CM. ycjoBHe mpelniny-
meft 3agauH.)



Fnasa 1I _
MOJIEKYJISIPHAST ®U3UKA H TEPMOJHHAMHUKA

EAUHHUB! TENJAOBBIX BEJIHYHH

[ns monydeHHs1 NPOH3BOAHBIX €IHHMI[ TEMJIOBBIX BeMHUHH
B cucreme CH Hcnonbaylorcsi OCHOBHBle efHHHLBL MeTp (M),
KujorpamMMm (Kr), cekyHiaa (c¢), keasBHH (K).

B Taba. 8 u 9 npusoasitcsi BakHeHIlHe NPOH3BOJHbIE eXH-
HHIbI TENVIOBEIX BeqHYHH B cHcreMe CH, a Takxke BHecHcTeM-
- Hble eJMHMIBI, OCHOBAHHBIE Ha KaJODHH.

ExyHUMOBI MOJISIDHBIX BeJHUYHH 06pa3yioTcsl U3 MepeyuHc/IeH-
HBIX B Tabs. 8 1 9 eqUHHUL YAeNbHHIX BeJTHUMH NyTeM 3aMeHbI
B HHX KHJOTPaMMa MoJeM.

ITpumepo: pewernus 300au

Sangaua 1. B cocyze oobeMoM 20 ;n1 Haxoautcs 4 r
pozopoja npu temneparype 27°C. Hafiti pasjenne Bojopoja.

Pewenue. VineanbHple rasbl NONUHHSIOTCS  YPaBHEHHIO
MengeneeBa — Kaaneiipona-

pV—’_‘l:—RT1 (l)

cBsisbiBaolleMy ofbeM rasa V, ero jaBjleHHe p, TepMOZHHa-
Mudeckyio Temnepatypy T u Maccy m. B ypaBrenun (1) R=
=8,31441 JIx/(Monb+ K) — rasoBasi INOCTOSHHAs, W — MO-
JAgpHAs Macca rasa, v=rm/g — KOJIHYeCTBO rasa.

M3 ypaBHeHns (1) nmeem

RT
p= mMV ’ (2)

IMoncrasass  uucnoBble  naHHble m=4.10"% kr, p=
=0,002 xr/mMoab, T=300 K, V=20 1=2.10"% ™ noayunm
4-10-3.8,31.300
== m:f IMa= 0,25 MIla.

3apaua 2. Halith yReApHYIO TeNnI0eMKOCTb OpH mo-
CTOSIHHOM OfbeMe HEeKOTOPOro MHOTOaTOMHOro rasa, €CiH¥ Hs-
BeCTHO, YTO TJIOTHOCTb 3TOrO rasd IpH HOPMAJbHHIX YC/JIOBHSX
-paBaa 0,795 Kr/m3.

56



Ta6nauuma 8

EannAnua
) PasMepHOCTD
Beneqauua
onpeae/ienne HaHMEeHOBaHHE o603HavenHe BeNHIRAH
Koanuecto |Q=A=W AKOYJb Jx L2MT-2
TEMJIOTH )
TensoeM- C=Q/AT mxoynb Ha | Aw/K L*MT-29-1
KOCTh CH- KeJIbBHH
CTeMBI
dnrtponus S=AQ/T mxoyab Ha | Jx/K LEMT~29~1
CHCTEMBI KeNbBHH
YaennHas c=Q/mAT axoyap Ha | Jx/(kr-K)| L23T~%0-1
TensoeM- KHJIOrpaMM-
KOCTb KeJbBHH
Yieapnas s=S8/m mkoyab Ha | Jdx/(kr-K) |L2T ~26—1
SHTPONHS KHJIOTpaMM=-
KeJbBHH .
Yienbyas g=Q/m Ixkoyab Ha | JIK/Kr LT -2
TenJoTa KHJIOTpaMM
¢asosoro
npespatie-
HHA
Temneparyp- |grad T=AT/Al | ReqpBur Ha | K/M L-10
HBI  rpa- . MeTp
JHeHT
Tennosoit O =AQ/At BAaTT Br LPMT-3
NoTOK
ITnoTHOCTB qg=®/S BaTT Ha Br/m? MT~3
TeNJIOBOro KBaJpaTHbIH
noToxa MeTp
Q
Tenaonpo- A== —=—= |Barr Ha merp-| Br/(M-K) | LMT-30-1
BOJHOCTD AtS AT/Al KeJbBIH
Temnepaty- | a=A/co KBaJpatHeit | M%/c LT3
ponpoBoj- MeTp B
HOCTE . CEeKYHAY
Kosdwpun- | o= Q/SAT. BATT Ha Bt/(M* K) | MT-3%9~1
€HT TelJo- KBaJpaTHHIA .
obmeHa MeTp-
KeJbBHH

Pewenue. YnenoHas TENNOEMKOCTb MPH IOCTOSHHOM 0O6B-

emMe onpelensercs ¢opMyJof

Ri

)

(L

rie R -—rasoBasi NOCTOAHHAsA, i — UYHCJO cremeHell cBOGOJRI
MOJIeKYJ/l MHOIOAaTOMHOTO Tasa M [ — MOJIsIpHasi Macca rasa.
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Tadauoa 9 ) Lo

Benusnna | Ennnuna H ee cBfi3b ¢ eamnnaMn CH
KoanuecTBo TenaoTH 1 xan=4,19 Ix o
TenI0eMKOCTb CHCTEMBI; 1 kan/K=4,19 Ix/K

JHTPONHS CHCTEMBI . .
YiesbHas TeTNIOEMKOCTDb} 1 gaqa/(r-K)=4,19-10% IIx/(xr-K)

ylesNbHasg 3HTPOMHUA '
Vienphas TenaoTa dasosoro | 1 ran/r=4,19.-10% Hx/kr
npeBpauleHts

TensoBofl NMOTOK 1 kan/c=4,19 Br
IMnotHOCTEL TensoBoro notoka | 1 Kam/fc- CM2) 4,19-104 Br/m?
TennonpoBogHoCTb 1 gaa/(c-em-K)= 4 19.102 Bt/(M-K)

CDopMy.ny ANt NIOTHOCTH Ia3a HETPYAHO MOJYYHTh K3 ypaBHe-
Husi Mengeneesa — Knanefipona:

p= =R )
U3 (1) u (2) umeem

= k= ©)

27 oRT T 2T ° . -

Tak xak ra3 HaXoIuTesl TPH- HOPMaJbHBIX YCJIOBHAX, TO p=
=1,013-10° [1a, T=273 K. daa MHOroaTOMHBIX raszos i{=6.
[Mojcrapnsst  YHC/IOBbiE  JAHHBIE = B (3), mnoayuum cp=

=1,4 xIx/(xr-K).

§ 5. PuanyecKHe OCHOBHM MONEKYNAPHO-KHHETHHECKOH
TEOPHH H TEPMOZHHAMHKH

UpeanbHEle rasbl NOJYHHAIOTCA YPABHEHHIO COCTOSHMR Menfenee-
pa — KnpanefipoHa

m
V=" RT, .
==

rae p — xasieHse raza, V — ero. o6neM, T — TepMoIHHaMudecKas
TeMnepatypa, M — Macca Ta3a, [\ — MoOJspHas Macca rasa, R=—=
=8,31441 [/ (Monb+K) — razosag TOCTOSIHHAS; OTHOWIEHHE V==r/|i
JAeT KOJHYeCTBO Ta3a.
o sakony [lanbToHa faBieHHe CMecPl rasoB paBHO CyMMe -MX Tapuy-
| aNBHLX JaBennfl, T. e, Tex JanfieHul, KOTOpbIe HMes 6bl KaXAb U3 rason
B OTAENBHOCTH, €CJH G- on npH Aaﬂﬂoﬁ TeMneparype OAHH 3anoinas
BECh ofpea.
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" OcHosHOe VpaBHEHHS KHHETHIECKOH TEOPHH TA30B HMeeT BHA -
) ‘ 2 % 2,
p=gWo=gn—5,

Ifle n — YHCIO MOJIEKYH B efHHHUe 06beMa, Wy — cpellHaa KMHeTHueckas
SHEDIMA NOCTYNATEALHOTO JBHKEHHA OXHOR MONEKYAM, rmy — macea

MOJIEKYJIBL, VUZ cpennas KBa}IpaTH'{Haﬂ CKODOCTb MOJIEKyJI. 3ty ge-
JIMYAEE OTIPEAEASIOTCS CAEIYIOUHME (DOPMYIaMu: YHCIO MOJIEKY] B efu-
HHUe 06Gbema
' ’ p
N—=—
kT’

rne k=R/N ,=1,380662-10~2® Ik/K — nocrosunas Bonbumana, N y=
==6,022045-102% mosib~! -~ nOCTOsSIHHAsSL ABOT2fipO; CPeNHSA KHHeTHYecKas
SHEPTHS TOCTYNATEAbHOTO ABMIKEHMS ONHOA MOJEKYJini

v 3 ' .
. Wo == kT;
CpejHdasa KBaJpaTHiHasad CKOpPOCTb MOJIEKYIl
Ve 3RT 3kT
v = — ——

. : uw my
npryeM my=W/N 4.
Dueprus TEINIOBOTO ABHKCHHS MOJEKYJ (BHYTDEHHSI SHEPTHSA) rasa

i m
W_—Q_— RT’

rpe i — YucaI0 cTeneHel CBOGOAM MOJIEKYJI.
Css3n MeXny MOJIﬂpHOH Cu ylleJIbHOH ¢ TEIUIOEMKOCTAMH c.nenye'r
H3 HX onpeneseHus:

C=uec.

MoyigpHas TeIIOEMKOCTb Fasa IPH NOCTOSHHOM 00beme
' i
Cy= 5 R;

MOJISIpHASl TCTJIOEMKOCTL IIDH NOCTOSTHHOM JAAaBJICHHH
' Cp=CV+ R.

Orciofa €lefyer, YTO MOJSAPHAs TenmaoeMKocTb C ompefenseTcs YHCIOM
cTeneHeli cBOGONB i MOJIEKYJ Ta3a: .
JJIST OfHOATOMHOTO rasa (i=3)
Cy=12,5 lx/(monb - K),  Cp=20,8 Ix/(Moxs-K);
IJsl IBYXaTOMHOro rasa (i=>5) ’ .
Cy=20,8 [lk/(monb - K), Cp=29,1 ix/(ous-K);
JAJST MHOFOAaTOMHOrQ rasa (i==6) . Y
Cy=24,9 Jx/(voan -K),; Cp=33,2 Jox/(moab - K).
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3aKoH pachpefiefieHHs] MOJeKYD N0 CKOpocTaM (3akoH Makcsenna)
nozpoJsieT Hafitd WHCTO MOexyd AN, OTHOCHTENbHbE CKOPOCTH KOTOPBIX
JexaT B MHTepBane oT # fo u+-Au:

. 4
AN =—= Ne—¥42 Au.
: Vi

3pech w=uvlvy — OTHOCHTEABHAS CKODOCTb, ¥ — JaHHad CKODOCTb H
v,,:VQRT/u- HauGo/Mee BePOATHAsT CKOPOCTB MOMeKkysd, Au — HH-
TepBaj OTHOCHTENbHBIX CKOPOCTel, MAaJbifi MO CPaBHEHHIO CO CKOPOCTBIO u.

Tlpu pelieRHH 3ajad Ha 3aKOH paclpefieieHHs MOJEKY1 NO CKOpo-
CTSIM YZO6HO TOAE30BaThCH Ta6. 10, B KOTOPOR Ranw sHavenns AN/ (N Au)
ISl PAa3IHYHBIX U.

" Ta6auna 10

u AN/(N Au) u AN/(N Au) u AN/(N Au)
0 0 0,9 0,81 1,8 0,29
0,1 0,02 1,0 0,83 1,9 0,22
0,2 0,09 1,1 0,82 | 2.0 0,16
0,3 0,18 1,2 0,78 2.1 0.12
0.4 | 0,31 1,3 0,71 2.2 0,09
0,5 0,44 1,4 0,63 || 2,3 0,06
0,6 0,57 1,5 0,54 2,4 0,04
0.7 0,68 1,6 0,46 2.5 0,03
0,8 0,76 | 1.7 0,36

Cpeznss apubMeTHYeCKas CKOPOCTh MOJeKY.
— 8RT
U= —.
. u
*
Bo MHOrHX c/yuasX BaXXHO 3HaTb YHCJIO MOJEKYa N, CKOpOCTH

KOTOpHIX TpPEBBIAIOT 3aJlaHHOe 3HAYeHHe CKOpPOCTH u. B Taba. 1l pann
anauenus N/N ANs pasnuynbx u, Tie N — ofee UYHCAO MOJEKY.H.

Ta6awuna 11

u i Nx/N u Nx/N u Nx/N
0 1,000 § 0,6 | 0,88 | 1,25 | 0,374
0,2 - 0,994 0,7 0,806 1,6 0,213
0,4 0,957 0,8 0,734 2,0 0,046
0,5 0,918 1,0 | 0,572 2,5 0,0057




BapoMerpHueckas cbopmy.na JaeT 3aKOH y6HBaHnn JapJieHHS rasa ¢
: BHCOTOH B 10Me CHJH TSXKECTH:

h
sy (221

3neck p — HaBJeHHe Ta3a Ha BHICOTe H, py — JaBJeHHe Ha BbicOoTe A=0,
g=9,80665 w/c? — yckopenne cBOGORHOTO majeHus. Sta dopmyna npH-
6NMKeHHasl, TaK KaK TeMmepatrypy T HeJlb3f CYHTaTh OAMHAKOBOH MJIA
6GonbmIAX pasHOCTeHl BBICOT.

CpepHsisi AnMHA CBOGORHOIO npoﬁera MOJeKya rasa

Saon .

Iie U — cpeinAs apu(MeTHYeckas CKOPOCTb, Z — CPelHee YHCAO CTOMK-
HOBEHHH KaXJOH MOJIEKYJBbl C OCTalbHbIMH B €AHHHIY BpeMmeHH, ¢ — 3¢-
(GeKTHBHEI AHAMETDP MOJEKYJbH, 1 — YHCJO MOJEKYJ B elMHHile ofbeMa
(koHuenTpauns Mosekyn). OOuiee YHCIO CTONKHOBEHHH BCeX MOJIEKYJ
B efMHHle o0beMa 33 eJIMHUIY BPEMeHH
+ Z=2z/2.
Macca, nepeneceHnas 3a Bpemsi Al npu puddysun,

me=—D 20 Ag Az,
Ax

tae Ap/Ax — rpajiuenT WIOTHOCTH B Hanpaaheﬂnﬂ, NepresnKyASpHOM K
nnowmanke AS, D=vh/3 — KoabpHuHenT AHdDY3IHH (v— cpefiHss apudme-
THYeCKasl CKOpOCTh, A — cpezHAA IHHA CBOGOAHOro mpoGera MOJEKyJ).

Hmnyabe, NMepeHeceHHBIH rasoM 3a BpeMmaA Af, onpejesnsieT cHJy BHYT-
penHero Tpenus Frp B rase: -

F Y AS,

ey
rie Av/Ax -— rpajveHT CKOPOCTH TeueHHsi ra3a B HaNPABJAEHUH, NepIeH-

JMKYASPHOM K muomazke AS, n=uvAp/3 — nMHAMMUECKAA BA3KOCTS.
KonHuecTo TeMIOTbI, NepeHeceHHOe 3a BpeMs Af BCIEACTBHE TeNIo-
TIPOBOAHOCTY, omnpefensercs ¢oOpMynoH

AT

rae AT/Ax — rpajdeHT TeMNepaTypni B HANPABNEHHUH, NepHEeHAHKYfp-

HoM K momazke AS, K=uvAcyp/3 — TeIJI0NP OBOAHOCTb.
[lepoe Hauano TepMOXHHAMHKH MOMET OhITh 3alHCAaHO B BUje

dQ@Q=dW-dA,

rge dQ — KOJHUeCTBO TeIJIOThl, NOJyyeHHOe ra3oM, dW — HaMeHehue
BHyTpeHHel sHepruH rasa, dA=p dV — pa6ota, cosepllaemMasi ra3oM npH
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H3MeHeHHH ero o6meua. Phuenem!e Bny'rpenneﬁ 3neprml raaa ,

dW—————RdT

rie dT — B3MeHeBHe TeMHAEPaTYpHI. HOJIHaﬂ pa6oTa, coBepliaemast NpH
H3MeHeHMH OfBeMa rasa,
. Vs -
A= S pdv. .
.
Pa6ota, cosepitaeMas OpPR H3OTEPMEUECKOM H3MeHeHHH ofteMma Tasa,
m V. .
Ag=RT——In--%.
, W 1

JaBieuue rasa ¥ ero ofbeM CBA3aHH TIPH anuabaTHYecKOM MNporecce
ypasHenweM Ilyaccona

Pi Va )”
Vr = t, T.e. e | =2 3
P cqns e 2 (Vl

Ime TNOKasaTenh ajdabatsl %==¢,lcy. Vpapuende [lyaccoHa MomerT
6bITh 3aMHCARO elle B TAKOM BHJE: :

TV”'1=cohst, T. €. -T—1=(—V—2—)%_

T, Vi,
HIH \ )
Tp(l—'ﬂ)/u—_—const’ T. e; .ﬁ-:(-p_l)(%‘-l)/%:(fi)(l—ﬂ)/ﬂ .
T, P2 \ P1i/

Pa6ora, cosepmiaeMaa TIpH anna6aTHtmc1(0M H3MeHeHHH ofremMa rasa,
MoXeT OWTh HalifleHa-no QopMyne

e () ()
BT —1 Vs Tx—1w\ Ty /)

piVi(Ti—Ty)

- (x—nT,

rae p; & Vi — nasnenve ¥ ofbeM rasza npu Temmepatype Ty,
YpapHelive TNOJRTPONMYECKOTO MpoueCcca HMeeT BHA

pVr=const, wm pVi=p,Vi, -

rle n — nokasareas nonurpons (1<n<lw).
Kosdipunuent nosnessoro AeHcTBHs (K. M. L) TeMJOBOH MaliHHbl
) Q .

the Qi — KOJMYECTBO TEMJIOTH, NOJYyUeHHOe PaGOUHM TeJOM OT Harpepa-
Tens, Qg — KOJMHYECTBO TEMJIOTHl, OTHAaHHOE xo.uommbﬂuxy Jaa wgeans-

HOTO IMKJa Kapﬂo .
) 1= Ti— Tz .
Tl | -



ne Tp B Ty — TepMORMHAMHUECKHE TEMNEPaTypH HaIpepaTeJsd H XOJO0-
JHIBHHKA. .

Passocts  sHTponHR SB-—S 4 IBYX cocTosuHRA B u A onpene,n;{e'rcu
tbopmynou

d
Sp—S,= ?Q

P L]

Kakyio Temmeparypy ¢ uMeeT Macca m=2 r a3ora,

3anMMaromero obeM V=820 cm® npu AaBjeHHn p==0,2 MIIa?

5.2. Kakroit o6bveM V 3anuMaer mMacca m=10 r KHc0poAa
npu jAaBienun p=100 glla u Temneparype t=20 °C?

5.3. bBamnoH obpeMoM V=12 5 HailonHeH a30TOM IIpH
Jdanennd p==8,1 MIla u Temneparype #=17.°C. Kakas Macca
m asora Haxonurcs B GasnoHe?

5.4. - [laBieHde BO3AyXxa BHYTPY INIOTHO 3aKyNOPeHHOH
GyTbIIKH 1IpH TeMiepatype ¢;=7 °C 6bu10 p;=100 klla. Ilpu
HarpeBaHHH OYTBHLIKH mpoOka BblleTesa. Jlo KakoHd TeMIiepa-
TypHl {5 HarpejiH OYTBUIKY, ec/H H3BECTHO, YTO Npo6Ka BHI-
JeTesla TNPH fAaBJeHHH BO3fyXa B 6yTbIJ1Ke p=130 klla?

5.5. KakuM jo/mxeH GbITh HaHMeHbIUHH o6beM V 6asioHa,
BMellaoLlero’ Maccy m=~6,4 Kr KHCJIODOZA, €C/IH ero CTEeHKH

npH  Temneparype (=20 °C BBLAEPXKHBAIOT JaB/eHHe p=
==15,7 MIla?

5.6. B 6anjoHe Haxoiuaach Macca m,=10 Kr rasa npn
JlaBjeHun p,==10 MIla. Kaxkywo Maccy Am rasza B3siu H3
faJlyioHa, ecsiH AaBJeHHe CTaJo PaBHBIM p.=2,5 MIla? Tem-
nepaTypy rasa CYHTaTh IOCTOSTHHOM.

5.7. Hafitn maccy m cepHHcroro rasa (SO,),. 3aHuMaIO-
mero obveM V=25 n npu temneparype =27 °C u naBjaeHHH

p=100 kI]a.

5.8. Ha#ith maccy m Bosnyxa 3anNOJIHSIONEro ayAUTOPHIO
BhicoTOll h=5 M u miomansio nora S=200 M2, [laBsienue
Bosayxa p=100 klla, remmeparypa nowmemenns ¢=17°C.
Monsiprasi Macca Bo3ayxa p=0,029 kr/moss.

5.9. Bo cKko/IbKO pa3 IJIOTHOCTD P; BO3AyXa, 3aNOJHSIOLLErO
noMetiieHde 3uMoi (#;=7 °C), Gosibllle €ro IJOTHOCTH Pz JIETOM
(t;==37°C)? [aBneHHe rasza CHUHTaTh IOCTOAHHLIM.

5.10. Haueptutb H3oTepMbl Maccl m=0,5 r Bo,uopo,ua Ang
Temneparyp: a) ti=0 °C; 6) ¢{,=100 °C.

5.11, HauepTHTb H30TepMEl MaccHl m=15,5 r Kncnopo,ua
Iisi TeMnepatyp: a) £=29 °C; 6) £,=180 °C,

5.12. Kakoe Ko/IM9ecTBO v ra3a HaXOAHTCA B Gaslione 061;-
eMoM OV—-IO ‘M® @pH JAaBjieHHH p=96 KHa H TeMneparype
t=17°C?



5.13. Maccy m=>5 r asora, HaXOXAIYIOCA B 3aKPbITOM
cocyze obbeMoM V=4 g npu TeMneparype #;=20 °C, Harpe-
BalOT 10 Temmeparyput f,=40 °C. HaiiTH naBjeHHs p; H pi
raza JOC H 1ocje HarpeBaHHS.

5.14. IlocepeadHe OTKayaHHOrO H 3alasgHHOTO ¢ OOOHX
KOHLOB KaNWIsipa, PpacnoJIOKEHHOTO TOpU3OHTANbHO, Ha-
XOJHTCA CTOJIOMK PTYTH AaHHOH [==20 cM. Ecnn xanuinsp
NOCTaBAThL BEPTHKANLHO, TO CTOJNGHK PTYTH IepeMecTHTCS Ha
Al=10 cm. o xakoro gaBnenus p, Obl OTKauyaH KamMJASApP?
Jauna kanuaaspa L=1 M.

5.15. OfieHnsBecTen WyTouHbI Bonpoc: «Hrto TsKenee:
TOHHa CBHHLIA HJIH TOHHa npobku?» Ha ckOABbKO HCTHHHBIA
Bec NpoOKH, KoTopas B Bo3nyxe Becut 9,8 kH, Gosblue He-
THHHOIO Beca CBMHIA, KOTOPHII B BO3JyXe BeCHT TaKike
9,8 kH? Temneparypa Bo3nyxa {=17 °C, pasaenue p=100 klla.

5.16. KakoB fomxeH GbiTh Bec P 06G0OJOYKH JETCKOIo BO3-
JIYIIHOTO IIapHKa, HalOJHEHHOTO BOJOPOJOM, YTOOHI pe3yJab-
TUpYIOULAs MOAbEeMHAs CHJa WapHKa F=(0, T. e, uTO0HI [IAPHK
HaXOUJCs BO B3BELIEHHOM COCTOSHMH? Bo3ayX H 'BOJOPOZA
HaXO[AATCA OpH HOPMANbHEIX YCJOBHAX. [laBieHHe BHYTpH
llapHKa PaBHO BHelHeMy JaBJjeHuio.. Paauyc mapuka r=
=12,5 cMm.

5.17. Ilpu temneparype =50 °C maB/ieHHe HACHIEHHOrO
BoAsHoro mapa p=12,3 klla. HaHTH IJIOTHOCTL P BOJASIHOTO
napa.

5.18. Haittu nioTHOCTL p Bofopoaa NpPH TeMmeparype
t=15°C u nmasaenun p=97,3 klla.

5.19. Hekoropwiit ra3 npu temoeparype ¢{=10°C u nas-
Jeaun p=200 kIla umeer mnotHoctb p=0,34 kr/m3. Haftu
MOJISIPHYIO Maccy P rasa.

5.20. Cocyhn oTkKauaH g0 JaBieHua p=1,33 10 % la;
Temreparypa Bo3fiyxa ¢=15 °C. HafiTH mioTHOCTL p BO3lyXa
B cocyle.

5.21. Macca m=12 r rasa 3anumaeT o6veM V=4 51 npu
Temneparype 4,=7 °C. Ilotsie HarpeBanus rasa NpH TOCTOSIH-
HOM JaBJIeHHH ero ILIOTHOCTb cTasna paBHoit p=0,6 Kr/m®,
Ho Kkakoil TeMmneparypu !; Harpeau ras?

5.22, Macca m=10 r kuciopoja HaXOAUTCA HPU JABJEHHH
p=304 kIla u Temneparype ?;=10 °C. I[locse pacuiHpeHus
BCJIeJICTBHe HarpeBaHWs NPH NOCTOSTHHOM JaBJIEHHH KHCJI0POZ,
sansan o6bem V3=10 1. Haiitu obem V; rasa fo pactuinpenus,
TeMIiepaTypy f, rasa rocjie pacllMpeHHs, MJIOTHOCTH Pj H Py
rasa Jo H NOcJe pacIIHpeHHsl.

5.23. B samasiHHOM COCyjAe:HaXOIHMTCS BOJa, 3aHUMalOlias
o0beM, paBHHH TOJIOBHHE o0vema cocyAa. Haittn namsienue p
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H IVIOTHOCTb P BOASHOTO napa npH TeMHepaType 1=400 °C,
3Hasi, 4TO npn 3ToM TemmepaType BCS BOAA oﬁpamae'rca
B map. . _

5.24. l'Iocrpomb rpaduKk 3aBHCUMOCTH IVIOTHOCTH P KHC--
JIopofla: a) OT JaBJieHHs p npH Temneparype T=const=390 K
B uHTepBane 0<p<<400 kIla wepes kaxawe 50 kIla; 6) or
TemuepaTypsl T npu p=const=400 kI1a B nureppaje 200<T<<
<300 K uepe3 xaxaele 20 K.

5.25. B 3akpritom cocyne ofvemoM V=1 ™M® Haxomurcs
Macca m;=1,6 Kr KHcaopoaa U Macca m;=0,9 kr Bogel. Haiith
JaBjeHHe p B cocyle npH Temmepatype ¢=500 °C, aHas, uto
npH 3TOH TemIlepaType BcA BoJa NpeBpalaeTcs B map.

5.26. B cocyzre 1 ob6nvemom Vi=3 5 HaXouurcs ras Mnoj
JnaBnenueM p;=0,2 MIla. B cocyne 2 ob6veMmoMm V,=4 1 Ha-
XOMTCSl TOT e ra3 noi jAaBaeHHeM p;=0,1 MIla. Temne:
paTypei rasa B ofOHX cocyaaX oiHHaKoBH. Iloa RakuM nas-
JeHHeM p GYyJeT HaXOMUThCS a3, eC/H COEJHHHTH COCYHbl |
H 2 Tpy6Kon?

5.27. B cocyse o6emom V=2 g HaxozaATcA Macea m;=6 r
yraekucaoro rasa (CO,) m macca m, 3akucH asora (N,0)
npu Temneparype (=127 °C. Halith naBneHne p cmecH B
cocyre.

5.28. B cocyme HaxonsATcs Macca m1—14 I a3oTa H Macca
m;=9 r Bogopoiga mpu TeMmneparype f{=10°C H gpaBJjeHHH
p=1 MIla. HaiiTh MmosisapHYy!0o Maccy p cMecu H o6veM V cocyja.

5.29, 3akprITHE cocyl o6beMoMm V=2 J HamojHeH BO3- .
JyXOM INDH HOPMa/bHEIX yClIoBHAX. B cocyn BBOAMTCA IH-
stunoBniit apup (C;H,OC,H,). Tlocne Ttoro kak Bech 3bup
HCcHapHJcH, AaBJeHHe B cocyle cTano pasBHaM p=0,14 MIla.
Kakasi macca m spHpa 6bL1a BBeJEHa B COCYI?

5.30. B cocyne o6vemom V=0,5 1 Haxoautcd Macca m=1r
napooGpasHoro #ofa- (I;). [Ipn temneparype {=1000 °C nas-
JieHHe B cocyle p.= =93,3 klla. HaliTu crenenn RHcCOLHaUHH
@ MOJIeKyJ HoJa Ha aTOoMHI. MOJIHpHaH Macca MoJekyJ Hoxa
n=0,254 kr/monb. -

531 B cocyne Haxomutcsa yraekucauit ra3, IIpH Heko-
TOPOH TeMnepaType CTeNeHb AUCCOMMAallHH MOJEKYJ yrJe-
KHCJIOTO Tasa Ha KHCJIOpOJA H OKHCh yriepoda- =0,25. Bo
CKOJIbKO pa3 JlaBjieHHe B cocyjge NpH 3THX YCJOBHAX 6yler
GosibHle TOTO JABJEHHA, KOTOpOe HMeJo Obl MecTO, ecsiH Ob
MOJIEKYJIbl YIJIEKHCJO0ro raza He ObLIH  JHCCOUMHPOBaHLI?

5.32. B Bosgyxe cozepxutcsa 23,6% kucnopora u 76,4%
asora (no Macce) npH paBiennd p=100 klla u Temnepatype
t=13 °C. HaiiTH IIOTHOCTH P BO3AyXa H HapuuabHEle JaB-
JIeHHS1 ‘p; M p; KHCJIOPOJA u asoTa,

3 B. C. Boaukesiitefin’ ) . . 65



5.33. B cocy.le meXORWTCS Macca m=10r ymexncnoro
rasa # macca w,={5 r aszora. Hality nioTHOCTE p CMecH
npH TeMnepaType =27 °C u jasnenuun p=150-klla.

5.34. Ha#ime Maccy m, =wroMma: a) BOZopons; O) remHs.

5. 35 MoRexy/a 43678, ACTAWLAS CO CKOPOCTHIO U=600 M/c,
ynpyro yAapRercs O CTeHKY cocyaa 10 HopMaaH K nefi. Hafitn
HMOyJabc cHAR FAf?, nonyquHbtﬁ CTERKOH cocyZda 3a BpeMsd
yaapa.

5.36. Mo.r!exy.na aproua AeTAAsA co cKopocTsio v=500 m/c,
yHpyro yaapsiercs o CTeHRYy cocyxa. Hanpamnesie cXOpoCTH
MOJIEKY/Abl ¥ HODMaJb X CTeHKe cOCyHa COCTaBASHOT YIoJj
a=60°, Ha#tH. umnysabc cuasl F Af, mOJyYeHHBIH CTEHKOH
cocyja 3a speMa yjapa.

5.37. Mouekyna asota AeTHT cO cKopocTbio v=430 M/c.
Ha#iTu uMiysbe mu 3T0il MOJEKYaARI.

5.38. Kakoe uHMcnO MONEKYN 1 COACPMMT €IHHHIA MacChi
BOAASHOrO [apa?

5.39. B cocyne o6remMoM V=4 1 maxoaurtca macca m=] r
Bofopoaa. Kakoe WHC/0 MOMEKYs 7 COAPIKHT eRuHHUA 0GB
eMa cocyaa?

5.40.  Kakoe uxcno Mosekyn N HaXoAwTcsi B KOMHATe
ofvemom V=80 m® mpu TexvmepaType t=17 °C u JaBaeHUH

p=100 xIla?

5.41. Kakoe YHCJIO MOJEKYJ fi COREPKHUT efHHHLA ofBeMa
cocyra mnpu TeMieparype {=10°C # pgaBjeHHH p—-l 33 %
x 10-* Ila?

5.42. Jlas FMONAyueHHs XOPOWETO BRKyyMa B CTEKJIAHHOM
cOCYXe HeoOXOIHMO TIpBTDeBaTh CTEHKH COCYJa NPH OTKayke
IS yXaneHus aacopGupoBaHHOro rasda. Ha ckoabko Mmoxer
[IOBLICHTBCSI [JaBJeHHe B ChepHUECKOM COCYAE DaiuycoM r=
=10 oM, ecau ajcopOGHpOBaHHKle MOJEKYJBl NEpelayT co
cTeHoK B cocyn? [laomianb nomepedHOrD CeYeHHA MOAEKY.J
$=107"* m*. Temneparypa rasa 8 cocyse #=300 °C. Cnoh
MOJIEKYJl HA CTEHKaX CUMTATb MOHOMOJEKY/IAPHBIM.

5.43. Kaxoe 4dc/0 4acTHIL n HAXOAWTCS B €IMHHUE Mac-
cel napoobGpasmoro fioga (l,), cTemeHbp JHMCCOLMAHH KOTO-
poro a=0,5? MoaspHasa wMacca MoJieKYJfApHOro #Hoja p==
=0,204 KT/MOdiB.,

5.44. Kaxoe uncno gactHi, N Haxoautca B Macce m==16 T
KHCJIOPOZAa, CTeNeHb ANCcOnalliM Kotoporo a=0,5?

5.45. B cocyne- HAXOAMTCS KOJHYECTBO Vi== 10~7 mons
KHcappofa M macca m;=10"% r asora. Temmepatypa cwmecH
=100 °C, nasnenue B cocyze p=133 mlla. Hajitu obrem V
COCYJAa, Uapuia/jbHble JABASHUE pi H pP; KHCAGPOHA ‘H a3oTa
H.YHCJIO MOJCKYJ] 7 B eJHHHYe 00beMa CoCcyaa. :
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5.46. HaliTh CPeaMiols KBagpaTHUHYI0 CKOPOCTb Vi@ wo-
JIEKYJl Bo3iyxa Npu Temuepatype ¢=17 °C. Monspuas Macca
Bo3fyxa =0,029 kr/mosb.

5.47. Ha#ith oTHoweHne CPEeXHHX. KBAJIPAaTHUHHIX CKOPO-
CTel MOJIEKY/l Fe/MA W a30Ta HPH ORHHAKOBHIX TeMnepaTypaXx.

5.48. B momenT B3pbiBa aTOMHOH GOMOB PasBHBACTCS TeM-
nepatypa T=10" K. CuHras, 4ro Tpu TaKOH TeMmepaType
BCe MOJIEKYJIBI ITOJIHOCTBIO AHCCOHMHHDOBAHbI Ha aToOMbl, a
aTOMblI HOHH30BaHbl, HAHTH CPeJHIOI0 KBaJPaTHYHYIO CKOPOCTHb

V0% noma sonoposa.’
5.49. Hafitr uucao MosleKyn n BOAOpOZA B efdHUlLE O0b-
eMa cocyja npH jaBJeHHH p=266,6 Ila, eciu cpenusas xpal-

paTHYHasi CKOPOCTb €F0 MOJIEKYJ Vz—ﬁ = 2,4 km/c.
5.50. [lnotHocTh HekoToporo rasa p=0,06 kr/m® cpen-
\ —

HAS KBajJpaTHYHas CKOPOCTb €ro MOJIEKYJ V02=500 M/c.
Ha#itu naBneuue p, KOTOpPOe ra3 OKasbBaeT Ha CTeHKH COCYAa.

5.501. Bo ckoabkKO pa3 cpelHsis KBaJpaTH4YHasi CKOPOCThb
NBIIHHKH, B3BelleHHOH B BO34yXe, MeHblle cpefiHei KBaj-
paTHYHOH CKOPOCTH MOJIeKYJ Bo3iyxa? Macca mNblJIHHKH
m=10"% r. Bo3ayX cuHTarb OLHOPOLHBIM Ta3oM, MOJSPHAR
Macca koroporo pu==0,029 kr/moub.

5.52. Ha#itTy umnysibc mv MOJEKYJbl BOJAOPOIA NPH TeM-
nepatype =20 °C. CKopocTb MOJEKYJBI CUHTATh PABHOH
cpeiHelt KBaApaTHYHOH CKOPOCTH.

5.53. B cocyne obwemoM V=2 1 naxomutcs Macca m=10r
KMcaoposia upd .jaaBiennn p=90,6 xlla. Hafirn cpeamion

KBagpaTHUHYIO CKOPOCTb Vi MOJIeKYJ ras3a, YHC/IO MOJIEKYJ
N, HaxonsmMXxcs B cocylAe, H IVIOTHOCTb P rasa.

" 5.54. YacTHuB T'yMMHTyTa AHaMeTpoM O0=] MKM ydacr-
BYIOT B GDOYHOBCKOM ABM:KeHHH. [LIOTHOCTb TYMMHIYTa p==

=1.10° kr/m®, HafiTu cpennio0 KBaapaTHYRYIO CKOPOCTD Vi
YaCTHI TYMMHTyTa Npu Temneparype =0 °C.
5.55. CpenHsisi KBajpaTHUHAd CKOPOCTb MOJIGKYJ HeEKo-

TOpOro rala Vot = 450 m/¢. Habaeniie rasa p=>50. xlla.
HaiiTd M1OTHOCTb p rasa npH 3THX YCHOBHAX.

5.56. IlnorHocTb mekoroporo rasa p=0,082 kr/m* npwu
AaBJIeHHH p=100 klla u Temneparype ¢=17 °C. Haiitn epen-

HIO® KBaJpaTHYHYIO CKOPOCTb V& MoJeKyJs rasa. Kakosa
MoJIipHAasA Macca W 3TOro rasa?
5.57. Cpenuss KBajpaThYHasi CKOPOCTb MOJIEKYJl HeKo-

TOpOro rasa npH HOpMaJlebIX YCJIOBHAX Vv“‘ 461 mfc.
3¢ . a7



Kaxoe uncio MoJieky1 n conepx(m elIHHHIla MaccH STOTO
rasa?

5.58. Haiitd BHyTpeHHIOK 3Hepruio W Macch - m=20 r
KHcaopoja - npu Temneparype f=10 °C. Kakas yvactb 3TOH
SHEPTHH TNpPHXOJHTCS HA JOMI0 TNOCTYNHATENbHOrO JBHXKe-
HHUsT MOJIEKYJ M Kakaf 9acTh Ha JOJI0 BpamiaTej]bHOro JiBH-
JREeHUA?

5.59. Hafitn BHyTpeHH00 3Hepruio W Maccsi m=1 T
Bo3ayXa IpH Temieparype (=15 °C Mounsipiaa Macca BO3-
ayxa u=0,029. kr/Mosb.

5.60. Hairu suepruio W,, Bpamare/qbHOr0 ABHIKEHHS
MOJIEKYJl, COAepiKallluXcs B Macce m=1 ®r asota IpH TeM-
neparype t=7 °C.

5.61. Hairu BHyTpenHiol0 3Hepruio W lIByXaTOMHOI‘O
rasa, Haxojaauerocst B cocyle obbemom V=2 J noa ZAasJe-
HHeM p=150 klla.

5.62. dHeprus MocTynare LHOrO ABUXKEHHS MOJIEKYJ asora,
Haxoasamierocs s 6annoHe o6nemMoMm V=207, W=>5k/Ix;a cpel-

HAA KBaJpaTH4YHAS CKOPOCTb ero. MO.HEKyJI VR =2.100 M/C.
Hai#itn Maccy m aszota B 6a//10He H AaBJjeHHe p, NOL KOTOPBIM
OH HaXOJHTCH. .

5.63. [Ipu xakofi Temneparype 7 3HepPrHs TEMJIOBOTO IBU-
XKeHUs aTOMOB re/iMa GyAeT A0CTaTOYHA JJIsl TOrO, YTOOB! aTOMB!
TeJUsl NPeOJoJeNH 3eMHOe TSArOTeHHe H HaBcerja NOKUHYJH
3eMHYI0 aTMocct)epy? Pemutb aHaJOTHYHYIO 3ajauy 1af
JIYHEL
© -5.64. Macca m=1 Kr ABYXaTOMHOIO rasa HaXOJUTCS MNOJ
nasienneM p=80 klla u uMmeeT myoTHocTh p=4 Kr/m®. Haiitu
SHEPTHIO TEIJIOBOrO JBMKeHHs W MOJIeKy/l rasa MpH STHX
YCJIOBUSAX.

5.65. Kakoe uHci0 mosnekyn N JBYyXaTOMHOro rasa co-
Jaepxur obveM V=10 cm® npu paBienun p==5,3 klla u Tem-
neparype #=27 °C? Kakoii sHepruefi TenjioBoro JABUIKEHHS W
06/121a10T 3TH MOJIEKYJbI?

5.66. Haiitu yzenbHYIO TEIIOEMKOCTb ¢ KHC.HOPO}la LA
a) V=const; 6} p=const.

5.67. Haiirn YACNBHYIO TElJIOEMKOCTb Cp: @) XJOPHUCTOro
‘BOjJopoja; 6) HeoHa; B) OKHCH a30Ta; r) OKHCH YrJepoja;
I) mapoB pPTYTH.

5.68. Haiith orHolueHHe ylleJIbeIX r’I‘erl.HoeMKOC’I‘EH [4 /c,,
J1s: KHcsopoJa.

5.69. Y nenpHAA TEMIOEMKOCTb HEKOTOPOrO }.IByXaTOMHOI‘O
rasa ¢,=14,7 kllx/ (kr- K) Haiitu Monsipuylo Maccy W 3Toro
rasa.
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5.70. TlnoTHOCTb HEKOTOPOTO JXBYXAaTOMHOTO TIa3a npH
HOPMaJIbHHIX YCJOBHAX p=1,43 kr/M®. Haiitu ypenbHee Ten-
JIOEMKOCTH ¢, H C, 3TOro Trasa.

5.71. Monsipuas Macca HeKoroporo rasa p=0,03 xr/monb,
OTHOWIeHHe Cp/c,=1,4. HaliTH yjenbHbe TEIJIOEMKOCTH Cy
H T, 3TOrO, rasa.

5.72. Bo cKosbKo pa3 MOJIIpHAS! TeTIOeMKOCTD C’ rpemy-
uero rasa GoJiblle MOJSIPHOR TersioeMKoctd C” Boasinoro
napa, INOJYYHBILErOCS IIpH €ro CropaHyH? 3ajauy peluThb
qas: a) V=const; 6) p=const.

-+ 5.73. HaiiTu crenedb JHCCONMAIMH © KHCJIOPOAA, €ChH
ero yjlesbHas TEMIOEMKOCTb MY MOCTOSHHOM JaBJEHHH C,=
=1,06 kJlx/(xr-K). .

5.74. Haiirn yZe/blble TEMVIOEMKOCTH ¢y, H ¢, 11apooG-
pasHoro #oma (l;), ec1H cremeHb JAHCCOIHALMH ero o= 0,5.
Monspuass macca mojekyasiporo #Hojga p=0,254 Kr/monb.

5.75. HailiTH cTemeHb JHCCOLMALIMM @ a30Ta, ecJd JJf
Hero OTHOLIeHUe C,/c,=1,47.

5.76. Haiitu y,U.eJIbHy}O ‘TEIIOEMKOCTb ¢, T'a30BOH CMecH,
cocToAell U3 KOMHuUeCTBa v;=3 KMOJb aproHa W KojHuecTBa
v,=2 KMOJIb a30Ta. -

- 5.77. Haiitn oTHOlWeHUE C,/cy, N/1s1 Ta30BOH CMecH, co-
CTOSIUEH U3 MacChl My, =8 T resHA M MacChl m,=16Tr KHC/I0poza.

5.78. ¥Y1enbHada TeII0eMKOCTL T'a3oBOH CMecH, COCTOSIIeH
H3 KOJIHYECTBA Vi =1 KMQJIb KiCJ0POAa H HEKOTOPOH Macchl ms
aprona, ¢,=430 JIx/(xkr-K). Kakas macca m, aproHa Haxo-
JIUTCS B rasoBon CMecH?

5.79. Macca m=10 r KHCJIOPOlLa HaXOJWTCS n0pH Jjas-
nenun p=0,3 MIla u Temneparype =10 °C. ITocse Harpesa-
HUS TIpH p= =cornst ras sanaa ob6wveM V,=10 ua. Haitu xosm-
4eCcTBO TeIVOTH (J, MOyueHHOe ra3oM, W 3HEPTHIO TEILTIOBOrO
JIBHKEHHsI MOJieKyl rasa W 1o M mocje HarpeBaHHS.

5.80. Macca m=12 r asoTa HaXOJHTCS B 3aKPLITOM cocyle
obbemoM V=2 g npu rtemnepartype {=10 °C. Ilocne Harpe-
BaHHS AaBJeHHE B cocyle craso pabBlibiM p=1,33 MIla. Kakoe
KOJIMUECTBO TeMJOTH () cOOOmeHO Ta3y MNpU HarpeBaHHH?

5.81. B cocyne oobeMoM V=2 1 HaXoAMTCSl a30T NIPH JaB-
gennn p=0,1 MIla. Kakoe xkosnuuecTBO TemioThl @ Hano co-
oOLIUTh a30Ty, 4YToOB: a) npH p=const ofbeM YBeJHUHJCSH
BABOe; O) mpH V=const [aBjeHHE YBeJHYHJOCH BJBOE?

5.82. B 3akpbITOM cocyjle HaxoAuTcs .Macca m=14 T asota
npu pasneHud p,=0,1 MIla u temneparype £,=27 °C. Tlocae
HarpeBaHHs J@BJieHHe B COCyle TOBBICH/IOCH B 5 pa3. Ho
KaKoi TeMmmepaTyps f, Gbin Harper ras? Haiiru o6bem V co-
CyZa ¥ KOJHYECTBO TEM/IOTH Q, coobuerHoe rasy.



5.83. Kakoe KOJMHYECTBO TeHJOTHI  Haj0.COOGIMHTL Macce
m=12 r_KHCIOpOKa, 4TOOLl HAarpers ero Ha At 50 °C npu
p=const?

5.84. Ha wnarpeBanne macckt m=40 r Kﬂcnopona oT
temnepatypul =16 °C po #;=40 °C 3aTpaueHO KOJHUECTBO
tennoter Q=628 k. TIpH KaKHX YCJOBHSX Harpesajcs
ras (upH TIOCTOSIHHOM OOGBEMe HJIM NpPH IOCTOSHHOM JaBJje-
HUH)? ' :

5.85. B 3akpbitoM cocyse ofbemoM V=10 1 Haxomurcs
BO3AyX npu jasieHun p=0,1 MlIla. Kakoe kosnudectso Ten-
JoThl  Halo coOGWIHTh BO3AYXY, UTOOBI NMOBLICHTL AaBJicHHe
B cocyfie B b pa3?

5.86. Kakyio Maccy m YIVIEKHC/IOTO ra3a MOXHO Harperh
apH p=const or Temneparypst £=20 °C po ¢,=100 °C koau-
yecTBOM TemyioTel Q=222 IIx? Ha ckoJbKO npH 3TOM H3Me-
HUTCA KUHETHYeCKasi SHEPrHUst -OJHOH MOJEKYJBI?

5.87. B 3akpbltoM cocyae ofweMoM V=2 7 HaxoguTcA
a30T, WJOTHOCTh KoToporo p=1,4 Kr/m®, Kagoe KO/H4YecTBO
Tens0Thl Q HajO cooéuum; a30Ty, 4ToGbl HarpeThb ero Ha AT =
=100 K?

5.88. A30T HaXOAUTCSI B 3aKPBITOM COCYAE o61:eMo'v1 V=3
npu remneparype £,=27 °C u paBaenuu p;=0,3 Mlla. Iocne
HarpeBaHH# JaBjeHHe B COCYIe NOBHICHJIOCH H0 p,=2,5 MIla.
Haiitn Temneparypy £, a3oTa mnocje HarpeBaHHA M KOJHYe-
CTBO TeMmI0Thl @, cooblieHHOe a30Ty.

5.89. [lns HarpeBaHMs HeKOTOPO# Macchl rasa Ha Af=
=50 °C mpu p=const Heo6XOAUMO 3aTPATHTb KOJHUYECTBO
Tensothl Q=670 [[)x. Ecau 3Ty ke Maccy rasa OXxJaiuTh Ha
Af,=100 °C nmpu V=const, To BLIZEJAETCH KOJHYECTBO Tell-
Ja0THl Q,==1005 . KaKoe YHCJIO cTeleHedl CBOGOIbl { HMEOT
MOJIEKYJBl 3TOTO rasa?

5.90. Macca m=10 r a3oTa HaxoguTcAd B 3aKPLITOM CO-
cyne npu temneparype =7 °C. Kakoe K01H4ecTBO TeMmIOTH Q
Hafo COOGIIHTL a30Ty, YTOOBI YBEJMYHTBL CPeAHIO KBalpa-
THYHYIO CKODOCTH ero MoJekys BIBoe? Bo ckonbko pas npu
3TOM H3MEHMTCS TeMneparypa raza? Bo ckonbko pas npu
5TOM M3MEHMTCH JaBjeHWe ra3a Ha CTEHKH COcyHa?

5.91. I'enuit HaXomuTCs B 3aKPBITOM cocyze 00neMoM V=2 n
upu temneparype £, =20 °C u maBneHuH p,;=100 klla. Kakoe
KOJTHYECTBO TEMIOTH  Haao COOGWHTH IeJiHio, YTOGBI NOBBI-
cHTL ero Temmeparypy Ha Af=100 °C? Kakosbl 6y,ILYT npH

HOBOIl TeMNepaType cpeAHAs KBaApaTHuHas cKOpocTb V v?
ero MOJEKYJ, NABJEHHE Dy, IJIOTHOCTb O3 FeHA H IHeprus
TensoBoro Jpuikenus W ero Moneky.? - :
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5.92. B 3arpuiToM cocyse ofremoMm V=2 1 maXommres
Maeca m a30Ta U Macca 1 apProsa NPH HOPMAaJbHHX YCIQBHSAX.
Kakoe KOJIHY€CTBO TEMNOTH Q Hafo coOBIIHTH, YTOOKI Harpethb
rasoBylo cmech Ha Af=100 °C?

5.98. Haltri Ccpemmioo apu(MeTHueckylo U, CperHION

KBaJPaTHUHYIO Vo U HanGo/ee BEPOATHYIO U, CKOPOCTH
MOJIEKYJl Ta3a, KOTODbIH mIpH paaBjenun p=40 kl[la umeer
ioTHoeTh =0,3 Kr/mM?. '

5.94. Ilpu kakoii Temnepartype T cpeiHss KBajipaTHunas
CKOPOCTb MOJIEKYJl a30Ta OoJblle HX HaHGojee BepOSTHOM
ckopocTd Ha Av=>50 wm/c?

5.95. Kakas uacTb Monekysn kucjopoga npu t=0 °C o6-
Aagaer ckopoctsaMd v ot 100 mo 110 my/c?

5.96. Kakasi uacTb mosekys asora npu {=150 °C o6nagaer
ckopoctsaimu v or 300 mo 325 wm/c?

5.97. Kakas wacTb Mosekysa Bojopopa TpH {=0°C ob.a-
Jaer ckopocTsaMH v oT 2000 no 2100 m/c? :

5.98. Bo ckoabkO paz uHcao Modekya ANi, ckopocTu
KOTODBIX JleaT B HHTepBaJe OT v, 0 Uy,-+Avu, Gaabllle uHcaa
mMosekysl AN,, CKOPOCTH KOTODBIX JexaT B HHTepBajie OT
sz )ilo) Vv“—}—Av? . ;

5.99.. Kakas uacTh MoJeKysn asora npH Temnepatrype T
HMeeT CKOPOCTH, Jlexaulue B HHTepPBaje OT U, 10 Uy-+Av,
rae Av=20 M/c, ecan: a) T=400 K; 6) T=900 K? .

5.100. Kakas uacTb MoOJIEKYJl a30Ta NpH TeMmneparype f=
=150 °C uMeeT CKOPOCTH, Jiexaliie B HHTepBaJe ot v, =300 M/c
a0 v,=3800 m/c? .

5.101. Kakasi yactb ofuero uHcia N MOJEKyJ HMeeT “Ko-
pocTH: a) Gonbiue HaflGosee BEPOATHOH CKOPOCTH Uy, ) MeHbille
HauGosiee BEPOSTHOM CKOPOCTH U,?

5.102. B cocyne HaxomuTcsa macca m=2,5 r KHCJAOpPOAA.
Hafitn uncno N, MoJeKyJ KHCA0POAA, CKOPOCTH KOTOPHIX

NPEBLILIAIOT CPEIHIO KBaLpaTHYHYIO cCKOpocTh ¥ v? -

5.103. B cocyze Haxozutcs Macca m==8 r KHcJOpoAa HpH
temnepatype T=1600 K. Kakoe unciio N, MoJeKyJ KHCJI0POAA:
HMeeT KHWHETHYECKYIO SHEDPIHIO IOCTYNaTeJbHOro ABHIKeHuS,
npeBhlLAIONLYI0 3HepTrHI0O Wo=6,65-10"% JLx?

5.104. DHepruio 3apsKeHBBIX YAcTHI, YaCTO BHIpaMcaloT B
3NeKTPOHBONBTAX: 1 3B — sHeprusa, KoTopyw npuoGperaer
SNIEKTPOH, NPOHAA B 3JEKTPHUECKOM II0/€ PasHOCTh-NOTeHItHa-
aes U=1"B, npuuem 1 3B=1,60219-10"" dx. Ilpn kakoit
temneparype T, cpelHAR KHHETHYeCKasi IHEPrUS NOCTYMaTellb-
HOro JBHxkeHHs Mosekya Wo=1 3B?-Ilpu kakoii Temueparype
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50% Bcex ‘MOJIEKYJ HMeeT KHHETHYeCKYylO0 3HeprHiO MocTyia-
TeJqbHOTO ABHXKeHMs, TfpeBblmatonlyio sHepruio W,=1 3sB?
5.105. Moasipnast sHeprus, Heo0XOAHWMas /sl MOHH3AIHH
aroMoB Kanus, W;=418,68 kHx/Monb. [Ipu kako# Temmepa-
type T rasa 10% Bcex MOJIEKYJT MMEIOT MOJAPHYI0 KHWHETH-
YeCKYI0 SHEPTHIO NOCTYNATeBHOrO ABHKEHHS, MPeBBIUIAIOLLYIO
sHepruio W;?
5.106. O6cepBaTopHﬂ pacnonoXeHa Ha. BbicoTe A== 3250 M
Haj ypoBHeM Mopsi. Ha#iTu maBneHue p BO3LyXa Ha 3TOH BbI-
core. TemumepaTypy BoO3iyXa cydTaTb TMOCTOAHHOH H pa3BHOM
t=5°C. MouasipHas Macca Bo3ayxa n==0,029 kr/mosnb. [laBienne
BO3/yXa Ha ypoBHe mopsa p,=101,3 klla.

5.107. Ha kakoit BricoTe h xaB/enHe BO3JyXa COCTaBJjsleT
75% oT naBneHHs Ha ypoBHe MopsA? TemmepaTypy BO3fyXa
CUHTaTb NOCTOAHHON H paBHOi f=0°C.

5.108. IlaccaXMpCKHI caMoJeT COBepIlaeT IOJeTh Ha
BeicoTe 1, =8300 M. UToGH He cHafxKaTh Nacca’kMPOB KUCJIOPOJ-
HbIMH MacKaMH, B.KaGHHe NIPH IIOMOLIH KOMIpeccopa NoALepKY-
BaeTCsl MOCTOSIHHOE JaBJIeHHe, COOTBETCTBYlOLlee BICOTE h,=
=2700 M. Haiitu pasHocte Ap naB/eHHI BHYTDH H CHapy xH
Ka6uubl. TemnepaTypy HAapYXKHOro BO3AyXa CYHTATb PaBHOH
t1=0 OC. )

5.109. Hafitn B npeapiaylledl 3ajave, BO CKOJLKO pas IJoT-
“HOCTh P, BO31yXa B KabuHe 6oablle HAOTHOCTH Py BO3LYXa BHE
ee, ecJH TeMmIepaTypa HapyXHoro Bo3ayxa #=—20°C, a
‘TeMNepaTypa Bo3uyxa.B KaGume f,=-20°C. -

5.110. Halitu nnoTHocTh p Bo3lyXa: a) y NOBEPXHOCTH
3emuiu; 6) Ha BHcoTe =4 KM OT MOBEPXHOCTH 3eMJsH. Temme-
paTypy BO3JlyXa cuMTaTh IOCTOSHHOH M paBHo¥ f=0°C. [{aBue-
HHe BO3lyXa y noBepxHocTdH 3emad p,=100 xlla.

. 5.111. Ha xako# BhcOTe A MIOTHOCTh Ia3a BJBOe MeHbIie
ero IVIOTHOCTH Ha ypoBHe Mopsa? TemnepaTypy rasa cuHTathb
NOCTOSIHHOM M paBHOH f=0 °C. 3ajauy pemuth J/d: a) BO3LY-
xa, 6) Bojopoja.
‘ 5.112. Tleppen, Habmogas NpH HOMOLY MHKPOCKOMNA H3Me-
HeHHe KOHIEHTpPAl[HH B3BEIIeHHBIX YaCTHIl 'YMMHTyTa C H3Me-
HEHHEM BBICOTHI M TIDHMeHAA OapoMeTpHuecKylo ¢GopMyJy,
3KCTEePHMEHTaNbHO Haulesl 3HadYeHHe AOCTOAHHOH ABorajipo
N,. B onnom u3 onwitoB [leppen Hatlles1, 4To TIPH PacCTOSIHMH
MexXay JAByMs ciaosMH Ah=100 MKM uHcJIO B3Beli€HHBIX Ya-
CTHIl TYMMHIYTa B OLHOM cJ0e BJiBoe 00Jibllle, 4eM B APYIOM.
Temnepatypa rymmuryta (=20 °C. YacTuubl TyMMHTyTa Aua-
meTpoM 0=0,3 MKM 6bUIM B3BelIEHB B XKHAKOCTH, IJIOTHOCTD
- KoTopo# Ha Ap=0,2-10® Kr/m* MeHbllle TJNOTHOCTH YacTHIL.
HafiTh no 3THM JaHHEIM 3HadeHHe NOCTOsIHHOH ABoragpo N,.-
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5.113. Hafith cpenHiolo 1nuHY cBoGogsoro mnpofera A
MoOJIeKyJ YIVIEKHCJOro rasa npu temneparype ¢=100 °C u jas-
Jeaud p=13,3 I1a. [{luameTp MoJEKY/ YIJeKHCJAOTO rasa g==
=0,32 HM.

5.114, Op# noMolw| HOHH3ALHMOHHOTO MaHOMeTpa, ycra-
HOBJIEHHOTO Ha HCKYCCTBEHHOM CNYTHHKe 3eMJH, Obiio ob6Ha-
PyXeHo, uTo Ha BricoTe A=300 KM OT NOBEPXHOCTH 3eMJU KoH-~
HEeHTpaltd YacTHI rasa B atmochepe n==10'% M=%, HaiiTi cpen-
HIOI0 IJHHY CBOOOIHOr O npoGera A 4yacTHI, ra3a Ha 3TOH BbICOTe.
Juamerp uactuu rasa 6=0,2 um.

5.115. Haiitu cpeanioro anuuy coGoaHoro npobera A mo-
JIEKyJ1 Bo3LyXa NPH HOPMaJbHHIX ycI0BHAX. [IHaMerp MOJIeKy 1
Bo3nyxa 6=0,3 HM.

5.116. HaiiTu cpenHee YHC/IO CTOJKHOBEHHH Z B eIHHULY
BpeMeHH MOJeKyJ YIJeKHCJAOro rasa npu TeMmneparype (=
=100 °C, ecsu cpeansis AnuHa cBoboaHoro npobera A=870 MKM.

5.117. Halitu: cpesHee 4HCI0 CTOTKHOBEHHE Z B eJHHHLY
BpeMeHHM MOJIeKyJ a3ora npH jaBjeHHH p=>53,33 klla u Tem-
nepatype t=27°C.

5.118. B cocyne o6semoMm V' =0,5 /1 HaXxoAHTCA KHCAOPOJ NPH
HOpMaJsIbHBIX ycJoBHAX. Hailtu ofiee uuc/io cTOJKHOBeHHH Z
MeXJAy MoJeKyJaMH KHCJA0poJa B 3TOM ofbeMe 33 eQHHHIY
BpeMeHH.

5.119. Bo ckoJbpKO pa3 yMeHBIUHTCH YHCAO CTOJKHOBEHHH

Z B eJIMHHILy BPeMeHH MOMEKYJ ABYXaTOMHOIO rasa, eciH ofb-
eM raza aiuabaTH4ecKH YBeNHYUTL B 2 pasa?

5.120. Haiith cpexHol0 AAuHY cBoGoZHOro mpogGera g
MOJIeKYyJl asora npH JaBiaenud p=10klla u rtemneparype
t=17 °C.

5.121. HaiiTu cpenHiolo JJIHHY cBOGOAHOrO mpobera A

aTOMOB, TeJiUf, ec]M H3BeCTHO, YTO IJIOTHOCTb TeJiusd p=
=0,021 xr/m2,

5.122, HajiTn cpepHoolo 1JHHY cBoGoaHoro mpotera A
MOJIeKYJ BOJOpOJa NpH AaBjaeHuH p=0,133 [la u teMneparype
t=>50 °C.

5.123. Ilpu HekoTOpoM - JaBseHHH H TeMneparype (=0 °C
_CpelHsist AJMHA cBOGOAHOrO mpobera MoJeKyJ KHcjopoaa A=
"=05 uM. HafiTh cpemee 4HCJO CTOJKHOBEHHH Z B eJIHHHIY
BPEMeHH MOJIEKYJi KHCJIOPOJA, eC/IH MPH TOH Ke TeMieparype
JiaBjieHHe KHca0poaa yMeHbHTh B 100 pas. -

. 5.124. Tipn HEKOTOPBIX YCJOBHAX CDelHSAf JVIHHA cBO6OL-
HOro npodera Monexy.n rasa 7»—160 HM; cpepHas apudmerH-
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yecKas CKOPOCTb ero Montekya v=1,95 km/c. HaiiTu cpeauee
YHCJIO CTOJKHOBEHHA 2z B €IUHMILY BpeMeHH MOJeKYJ 3Toro
rasa, ec1d NpH TOH ke TeMneparype JaB/jeHHe ra3a YMEHBUIHTD
B 127 pasa.

5.125. B cocyze obbeMoM V=100 cM® HaxOuIcs Macca
m=0,5 r asora. Hafitn cpemsiolo aiuHy cBoGomHoro npobera
A Mosekys asora.

5.126, B cocyne HaXomuTCA YTIJIEKHCJBIH ras, momocn
xoroporo p=1,7 xr/M3, CpefHas JJuHa csoéom{oro npobera ero

Mojiekya A==79 um. Hailth puamerp o MoJekyJ yrJjeKHCIOIo
raza. _ ‘

5.127. HaliTu cpeiHee BpeMsi T MexAy IBYM$ IocjelloBa-
TeJbHEIMM CTOJKHOBEHHSIMH MOJIEKYJ a30Ta INpH JaBJeHHU
p=133 Ila u Ttemneparype t=10 °C.

5.128. Cocyn ¢ BO3AYXOM OTKauaH 1o JaBJaenHs p=1,33 X
x 1074 Ila. Haliti n0THOCTD p BO3yXa B COCYAe, YHC/IO MoJe-
KYJ n B eflHHULe 00beMa cOCYa H CPEAHION JIHEY CBOGOJHOTO
npoGera A MoJekya. JluaMeTp MojeKyJa Bosnyxa 0=0,3 HM.
Moasphas macca Bosayxa pu=0,029 kr/mosb. Temneparypa
Bosnyxa t==17 °C.

5.129. Kakoe npejesbHOE YHCJAO A MOJEKYJ rada AOJ/IKHO
HAXOJHTLCA B eIHHHLe ofbeMa cepHYeCKOrO COCYAa, 4TOOH
MOJIEKYJIEI He CTaJKHBAJHCh APYT ¢ Apyrom? [lnamerp Moue-
KyJa rasa 0=0,3 uM, juamerp cocyfa D=15 cm.

5.130. Kakoe naBJjeHMe p HalO CO3JaTh BHYTPH c(epHye-
CKOrO COCYZa, YTOGE MOJIEKYJIB He CTAJKHBAJNCh APYT C ApY-
oM, ecaH auamerp cocyna: a) D=1 cm; 6) D==10cM; B) D=
=100 cM? IuaMeTp MosekyJs rasa 0=0,3 HM.

5.131. PaccrosHHe MeXRy KaToLOM H aHOAOM B pa3psaHoOi
- TpyOke d=15 cM. Kakoe 1aBjieHHe p Hajlo CO31aTh B pa3psHOi
TPpyOKe, 4TOObI 3/IEKTPOHB HE CTAJKHBAJIHCh ¢ MOJIEKyJaMH
BO3JyXa Ha IYTH OT KaTtoJa K aHOAY? TemnepaTypa BO3/yXa
t=27°C. Jlmamerp MmoJeKyn Bosgyxa o=0,3 »M. Cpennss
AJIHA CBOGOIHOTO Npofera s/MeKTPoHa B Tase NPHEIH3UTENLHO
B 5,7 pasa Goubille cpenedt AnvHBL cBoGoLHOro npofera Mone-
KyJ caMoro rasa.

5.132. B cpepuyeckoi Konbe obbemom V=1 7 HaxXoauTcs
a3ot. I'lpn Kaxkoll NJOTHOCTH @ a30Ta CpellHAA AIMHA ¢BO0OAHO-
ro npoGera MoJekyJs azora Go/iblie pasmMepoB cocyna?

5.133. Haiiti cpeiHee YHLNO CTONKHOBEHHE 2 B €IBHHLY
BpPEMEHH MOJIEKY.JI HEKOTOpOI‘O rasa, ec/lM CpefHss JJIAHa CBO-

Gomgnoro npobera A=>5 'MKM, a CcpeHas KBa;xpamlmaﬂ CKo-
pocn. €ro MO.ﬂeKle Vv’—-SOO M/c. '
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5.134. Haiiti xospduuvent auddysun D popappoa npn
HopMaJIbelX YCJIOBHAX, ec/H cpezm;m AJTHHA cBOGOAHOTO NPO-
6era A=0,16 MKM.

5.135. Hamu Koscp(pnuuem autddysnu D reaus npu Hop~
MaAbHBIX YCJIOBHSX.

5.136. Iloctpoutn l‘pa(blfIK 3aBHCHMOCTH KO3(pduIHenTa UG-
¢ysuu D Bogopoma ot TemnepaTypbl 7' B HHTepBate 100<C
<LT<600 K uepes kaxgsie 100 K npu p=const=100 KITa,

5.137. Haiith Maccy m asota, Npollefliero BcjelcTBUe
JHGDY3HH depe3 ILTOMIALKY S=0,0l M? 3a BpeMsa =10 c,
€C/IH TpajMeHT TJIOTHOCTH B HaNpaBJeHHH, NEePNeHIHKYIIDHOM
Kk miomagke, Ap/Ax=1,26 xr/m¢. Temneparypa asora ¢==
=27 °C. Cpennss JiuHa - cBOGOJHOTO Mpobera MOJAeKyJ a30Ta

A=10 MxM,

5.138. Ilpu KaKkoM JaBJeHHH p OTHOILEHHE BA3KOCTH HeKOTO-

poro rasa K Kooqxpuunemy ero nupdysuu n/D=0,3 xr/m3,

CpelHsisi KBaJ[paTHUHAS CKOPOCTb €r0 MOJIEKYI V 0i=632 M/c?
5.139. HaiiTH cpemmiolo JmuHy cBoGogHOrO mpobera A
MOJIEKYJI Tesii st IPH AaBJentu p=101,3 kIla u Temneparype t=
=0°C, eciu BsizkocTh resiust n=13 mklla-c.
5.140. Ha¥itd BA3KOCTb 1) a30Ta PH HOPMAJIbHBIX YCIOBHSAX,
eciH kosbppuuHent muddyauu pan sero D=1,42.10"% m?/c.
5.141. Hafitn nuamerp ¢ MoJieKyJ/bl KHCJAOpOIa, eCJH TPHU
temnepatype {=0°C BsaskocTb kucjaopoga M=18,8 wmxIla-c.
5.142. TloctpouTb rpadHk 3aBHCHMOCTH BSI3KOCTH 1] a30Ta
ot -temmepatypsl 7 B uHTepBase 100< T< 600 K uepes Kaxable
00 K.

5.143. HalitH kospdunuent audpdpysun D H BAKOCTH 1
BO3Ayxa npH AaBieHud p=101,3 k[la u Temneparype {=10°C.
[uaMerp Mosekysa Bosnyxa ¢=0,3 HM.

5.144. Bo ckoabKo pa3 BSI3KOCTb KHcJaOpoAa Gosbille BA3-
KocTH a3orta? TemmepaTypel ra3oB OJHHAKOBBL.

5.145. Kosdpduuuent audpysud ¥ BsI3KOCTb BOAOPO/A MPH
HEKOTOPBIX YCJIOBHAX paBHbl D=1,42-10"¢ wM¥c u n=
=8,5 mxlla-c. HaliTH 4Hcs0 1 MosekyJ1 BOJOpOJa B eHHHIe
ofbeMa. ‘

5.146. Kospduuuent aupepyaun H BA3KOCTb KHCJIOPOAA
PH HEKOTOPHIX YCIOBHAX paBHbl D=1,22-10"% mM%*c u n=
=19,5 wmxklla-c. HafitH mioTHOCTs @ KHCIOpOIA, CPelHIon
JJUHY CBOEOJIHOI‘O npoGera A H CpefHIOIO apucpmmqecxy}o
CKOPOCTb U ero MOJIEKY.I. ’ ' ‘

5.147. Kako#i: HaubGosbilei CKOPOCTH U MoOXeT JOCTHYb
JoXKaeBas Kamaa guamerpoM D=0,3 mm? [Iuamerp MoJeKya'
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poanyxa.o=0, 3 M. TeMHepaTypa Boafiyxa t=0°C. Cuurats,
yre AAfA JAOMAEBOH KalJH cnpaBeljHB 3akon Crokca.

5.148. CaMoJieT JIeTHT €O CKOpPOCTb:O ¥=360 kM/u. Cunrad,
uTO C/IOH BO3AYXa Y Kphlla CaMOJIeTa, Y./ieKaeMblil BC/IEACTBHE
BASKoCcTH, d=4 cM, HaliTH KacaresibHylo cHay Fg, AeficTBylo-
YO Ha eJHHULY MOBEPXHOCTH Kpblia. JIHaMeTp MOJIEKYJI BO3-
ayxa 0=0,3 M. Temnéparypa Bosnyxa {=0°C.

5.149. IlpocTpaHcTBO MeXAy ABYMS KOAKCHAJbHBIMH [IH-
JHHIDAMH 3aI0HEHO ra3oM. Pajuychl NHAHHIDOB PaBHbI r==
=5 cM 1 R=5,2 cM. Brlcota BHYTPEHHEr0 IAMHIPA h=25 cm,
BHEWHHE [UAMHAD BpallaeTcsd ¢ 4actorod n=2360 o6/MHH.
Jas Toro uToGbl BHYTPEHHMI IUJHHAD OCTaBaJcs HeNOIBHXK~
HBbIM, K HEMY HaJl0 IPHJI0KHTh KacateJbHylo cuny F=1,38 mH.
PaccMartpuBas B mepBoM NpHOJMMKEHHHM cayyall Kak IJIOCKWH,
HalTH M3 JaHHBIX 5TOTO ONEITa BA3KOCTb 1) Ta3a, HaXOAALIEr ocs
MeXJY HHJAMHApaMH.

5.150. HafiTi Ten10npoBOJHOCTD K BOZOpPOLA; BSI3KOCTh
kotoporo 1=8,6 Mklla-c.

5.151. Haiita TemonpoBoZHoctTh K Bo3lyXa npH AaBleRHH
p=100 xIla u teMneparype {=10°C. Jlnamerp MoJeKyJ] BO3-
ayxa 0=0,3 HM.

5.152, ITocTpouTe rpadHk 3aBUCHMOCTH TEIJIONPOBOAHOCTH
K Bogopoza or temneparyprt 7' B uHHTepBase 100<C7'<600 K
uepes Kaxzase 100 K.

5.153. B cocynme obvemoM V=2 ;1 HaxoauTcs N=4.102
MOJeKyJ JABYXaToMHoro rasa. TemsonpoBomHocth rasza K=
=14 mBt/(M-K). Haiitu kosppunvent mnddysuu D rasza.

5.154. YrjeKucanlil Tas 4 a30T HaXOAATCS MPH OJWHAKOBBIX
TeMIeparypax H AaBjeHHsiX. HailTH 1/is 5THX Ia3oB OTHOLIeHHE:
a) KoaqxpnuneHTOB Jughysud; 6) BASKOCTeH; B) TEMIONPOBOA-
HocTeH. JlMaMeTpbl MOJIEKYJ [a30B CUMTATh OJUHAKOBBIMH.

~5.155. PaccrosiHde MeXIy CTEHKaMH IbloapOBCKOro cocyla
d=8 MM. IIpH KakoM JlaB/IeHHH p TeNJONPOBOAHOCTh BO3MYXa,
HaXOASIIEerocst MeXXAy CTeHKaMH CocyJa, HauHeT YMeHbIIaThcH
npH otkauke? Temnepartypa Bosnyxa t=17 °C. Juamerp moJe-
KyJ Bosayxa o=(,3 HM.

5.156. [lununapuyeckuii TepMoc ¢ BHYTPEHHHM DalHycoM
71=9 CM H BHEWIHHM pazHycoM r,=10 cM HaNoJHeH JIbIOM.
Bricota TepMoca h=20 cm. Temneparypa apga =0 °C, tem-
nepatypa HapyxHoro Bo3nyXa .f,=20"°C. TIpn KakoM mpejiesnb-
HOM JIaBJIEHHH P BO3[yXa MeXAY CTeHKaMH TepMoca Teronpo-
BoJHocTh K elle 6yIeT 3aBHCeTh OT AaBjeHHs? JIMaMeTp Mode-
KYyJ Bo3ayxa 0==0,3 HM, a TeMIlepaTypy BO3AyXa MexJy CTeH-
KaMM TepMOca CYHTATb paBHOH cpelHeMy apn@memqecxoMy
Temneparyp Jiba M HapyKHOrO BO3ZyXa.
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Haljitd TemnonpoBoanocts K Bo3fyxa, 3aK/II04UEHHOTO MEXY
CTEeHKaMH TepMoqa, NpH AaBheusix p;=101,3 klla u' py=
=13,3 mIla, ecin MoasipHasi Macca Bosnyxa p=0,029 Kr/MoJb.
Kakoe .KOJHYeCTBO TemIOThl Q MPOXOJHT 32 BpeMA Af=1 MuH
yepe3 OGOKOBYIO MNOBEPXHOCTb TepMoca  CPelHHM paJHycoM
r=9,5 cM npu gaBiemusx p,=101,3 kIla u p,=13,3 mlla?

- 5.157. Kakoe KoHYecTBO TemsOTH Q TepseT MOMelleHHe
3a BpeMs f=1 4 uepe3 OKHO 3a CYeT TEMNJONPOBOAHOCTH BO3-
JlyXa, 3aKJ/II04eHHOro MexJy pamaMH? [lnomanb Kaxnod pambl
S=4 M?, paccroguue mexny uumH d=30 cM. Temneparypa
nomelllenus =18 °C, -TeMepaTypa Hapy:KHOTO BO3fyXa f;=
=—20°C. Inametp Mosnekya Bo3ayxa 0=0,3 uM. Temneparypy
BO3JlyXa MeXJy paMaMH CYHTATb PABHOH CpPelHeMy apH(MeTH-
YecKOMY TeMIepaTyp IOMellleHHS H HapyMXKHOTO BO3AyXa.
Hasagenne p=101,3 klla. , v

5.158. Mexiy mAByMA mJacTHHAMH, HaXOAAIUMHCA Ha
paccroanud d=1 MM Apyr OT Apyra, HaxoauTca Bo3fyX. Mexny
IVIaCTHHAMHM MOJAJep:KHBaeTcs pasHoCcTh Temneparyp AT=1 K.
ITnomane Kaxiaoi miactuubl S=0,01 M2, Kakoe.KoaH4ecTBO
TEeMJIOTh  NepeflaeTcsi 3a CUET TEIJIONPOBOXHOCTH OT ONHOH
NJIaCTHHBI K APYroi 3a Bpemsa {=10 MuH? CuHTaTh, YTO BO3AYX
HaXOJMTCA MPH HOPMaNbHBEIX YCJOBHSX. I[uaMeTp MOJIEKY T
Bo3ayxa 0=0,3 uM.

5.159. Macca m==10 r KHCJIOPOJia HAXOJHTCA TIPH I[aBJleHI/IPI
p=300 kIla u Temneparype ¢=10°C. Tlocie HarpeBaHHs
npu p=const ras sauan o6veM V=10 1. Hafitu KosH4ecTBO
TemnoThl @, NMoJaydeHHoe ra3oM, H3MeHeHHe AW BHyTpeHHei
SHePTHH rasa u pabory A; COBEPILEHHYIO Ta30M NPH pacilH-
peHHH.

5.160. Macca m=6,5 r Boopoja, HaXozsllerocsi NMPH TeM-
nepatype =27 °C, pacuuupsiercst BiBoe Npu p=const 3a cuer
nputoka Terua u3BHe. Haiitu pabory A pacmupenns rasa,
usmenenve AW BHyTpennell snepruu rasa u KOJIMYECTBO Terl10-
THl Q, COOOLeHHOe Tasy.

5.161. B 3akpmiToM cocyle Haxoaurcs Macca mm,=20 T
a3oTa M Macca m,=32 r Kucjopopa. Hahtu uameHenne AW
BHYTpeHHe SHePIUi CMECH ra30B NPU OXJaX/IeHHH ee Ha AT ==
=28

5.162. KosuuectBo v=2 KMOJb ymexncnoro rasa Harpe-
BaeTcd NpH NOCTOAHHOM JAaBleHuH Ha AT=50 K. Haiitu us-
meHeHHe AW BHyTpeHHell 3HepTruH rasa, paboty A pactHpenus
rasa H KOJHYeCTBO TemJoTH @, cooblieHHOe rasy.

5:163. JIByxaTOMHOMY ra3sy cooGlleHO KOJHYECTBO TEIJIOTH
Q=2,093 x13x. I'as pacuudpsercs npH p=const. Haiiru pabory
A paclipeHHs rasa. R
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5 164 Tlpu Haoﬁapuqecxom pacmnpenm»i gayxa'romnoro
rasa Gbula coBepeHa paboTa A=156,8 JIx. Kakoe KOJIH-
yecTBO TemJIoTH Q Gulno coobilieHo rasy?

5.165. B cocyue o6veMoM V=D5 11 HaXoAUTCS Ta3 NpH naBJxe-
mn p=200 kIla u Temneparype ¢=17 °C. TIpn nsofapHyeckom
paclupennH rasa 6slna coBepmieHa pabora A=196 Ox. Ha
CKOJIbKO Harpesu ras?

5.166. Macca m=7 r yrJjekucsaoro rasa Oblia Harpera Ha
AT=10 K B ycroBusx cBoGoanoro pacmupenus. Hafrth pa-
6oty A pacliupeHHs ra3a H H3MeHeHHe AW €ro BHYTpeHHe(l
SHEpTHH.

5.167. KosuuecTBo v=1 KMOJb MHOTOQTOMHOI'0 ra3a Harpe-
Baercd Ha AT=100 K .B ycJoBUSIX cBOGOAHOIO pacluHpPeHHS.
Hafitu KosiHuecTBO TemaoTH @, cQoblieHHOe ra3y, H3MeHeHHe
AW ero BHyTpeHHeH sHepruu H pabory A pacluHpeHHs rasa.

- 5.168. B cocysme mon mopilHeM HaXOIMTcA Macca m==] r
asota. Kakoe KOJHYeCTBO TemIOTH Q Hajo 3aTpaTHThb, 4TOOH!
Harpetb azor Ha AT=]0 K? Ha ckonsk0 npH 5TOM HOAHH-
MmeTcq . mopiueHs? Macca mopmHa M=1 kr, miomanb e€ro
nornepeyHoro cevenusi S=10 cm? IlaBneHHe Hajl [opIIHeM
p=100 KIla.

5.169. B cocyje nox nopruHeM HaXOJHTCSI I'peMyuHil ras.
Kakoe Ko/JHueCcTBO TEM/IOTH (@ BBLAENSIETCST PH B3PHIBE IpeMy-
uero rasa, ecJH H3BECTHO, GTO BHYTPeHHAS 3HEPrHs rasa
U3MeHHsach NpH 3ToM Ha AW==336 Ik 1 nopienb NOAHAJICS
Ha BhicoTy AR=20 cM? Macca nopuHa M=2 Kr, naolaab ero
nonepeudoro cevennsi S=10 cm?. Haj nopinHeM HaxopuTCcs
BO3JYX IIpH HODMAJBHBIX YCJIOBHSAX. «

5.170. Macca m=10,5 r asora HM30TepMHUYECKH pacIIHpS-
eTcs NMpH Temnepatype f=—23°C, npyuveM ero AaBieHHe H3Me-
Hserca ot p;=250 kIla mo p,=100 klla. Hafitu paGory A,
COBEPUIEHHYIO T'a30M NpH pacluHPEHHH.

5.171. Ilpu u3oTrepMHyecKOM paciuHpeHHH Macewl m=10 r
a3oTa, HaxoJsmierocsi IpH Temneparype {=17 °C, 6blna cosep-
meHa paGora A=860 dx. Bo ckonbKo pa3 M3MEHH/IOCH JaB-
JeHHe a30oTa NDH DacllHpPEeHHH?

5.172, PaGota H30TepMHUECKOrO PacIlHPEHHs Macehl m=
=10 r HeKoTOoporo rasa or o6neMa Vi a0 V;=2V; okasanachk
paBHolt A=>575 [:x. HafiTH cpelfiiol0 KBaIpaTHUHYIO CKOPOCTD

Vo MOJIeKYJ Tasa -NpH 3TOH TeMIleparype.

5.173. Tenuit, Haxonsluuiicsi IPH HOPMAAbHLIX YCIOBHSIX,
H30TePMHUECKH paclunpsiercs ot obbeMa V,=1 n'a0 V,=2 a.
Hafith paGory A, coBeplieHHYIO Fa3oM NpPH pacliHpeHHH, H
KOJIHYeCTBO TeMIOTH @, cooblyeHHoe rasy.
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5.174. Ilpu H3oTepMHUECKOM pAacLIMPeHHH Ta3a, 3aHHMAaB-
1ero o6sem V=2 M3, Zas/eHHe eroMerserca ot pi=0,5 MIla
n0 ps=0,4 MI]a. Haiirn paboty A, coBepiuensyio NpH 3TOM.

5.175. o xaKoii TemmepaTypsl t, OXJIAIUTCA BO3AYX, HAXO-

Asuwuitcs mpH 4=0°C, ec/in oH pacmupsiercsi afuabaTHYECKH
‘oT o6bveMa Vi mo V=2V,?
-~ 5.176. O6vem V;=7,5 n KHci0opoza amuaGaTHUeCKH CXKH-
Maercs A0 ofbema Vz=1 Ji, npHyeM B KOHIe C/KAaTHS ycTaHo-
BHJIOCH JaBJieHHe p;=1, 6 MTTa. ITox KaKHM JlaB/IeHHeM pj Ha-
XOAHJICA Ta3 OO0 CXKATHA?

5.177. Tlpu aguaGaTHYeCKOM CXKATHH BO3XyXa B UUJIHHI-
pax JIBWraTe/is BHYTPeHHEro CrOpaHHs 1aB/eHHe H3MeHsIeTcs OT
p1==0,1 MIla no p3;=3,5 MIla. HauanbHas Temneparypa Bo3-
ayxa $;=40°C. Ha#iTu TeMnepatypy {; Bo3iyXa B KOHIE
CRaTHA.

5.178. Tas pacmupsercs aguabaTHuecKH, TpHYeM oGhbeM
ero yBeJHUHBaercs BJBOe, a TepMOJMHaMHYecKasl TeMileparypa
nanaer B 1,32 pasa. Kakoe uncso creneHedl cBOGOABI [ HMEIOT
MOJIEKYJIbl 3TOrC -ra3a?

5.179. JIsyxaToMHEIH ra3, HaXONSIIMHCH NPH JaBJIEHHH

=2 MIla H Temueparype t1—27 °C, cxkaMaerca agnaGartiue-
CKH ot o6vema Vi no V;3;=0,5Vj. Hamu TeMneparypy ¢; H
IaBJeHHe p; Tras3a mnocje CXKAaTHA.

5.180. B cocyie nox mopuiHeM HaXONUTCA rpeMy4ui ras,

3aHUMAIOUWINA NP HOPMANbHLIX yclIoBHAX o6bem V;=0,1 n.
[Ipu GbICTpOM cxaTHH ra3 BocliaMeHsercsa. Hafitu temnepa-
Typy T BocniaMeHeHHsl TpeMyuero rasa, eciu uaaecmo, uTO
paGora cxkarua A=46,35 JIx.
_ 5.181. B cocylie nox nopluHeM HaXOAHTCS ra3 [PHU HOpMaJ/ib-
HBIX YCJIOBHSAX. PaccTosiHMe Mex Iy RHOM cOocyla W JAHOM MOpli-
HA h=25 cM. Korja Ha nopiieHb MOJOXKHJIH IPy3 Maccoi m=
=20 Kr, nopilieHb Ony&THJICH Ha Ah=13,4 cm. Cunras cxarve
aﬂHaﬁaTquCKHM HaHTH /151 JaHHOTO rasa OTHOUIEHHE C,/Cy.
[lnomans  nonepeuHoro CeyeHHs NOPLIHS S=10 em®. Maccoi
NOPIIHA ~ IpeHe6peyb.

5.182, HeyxaToMublil ra3 3aHuMaer oGbem V,=0,5 a1 npu
napjenu p,=50 kl[la. T'as cxxuMmaercs .anuabaTHUYeCKH JO
HekoToporo dobemMa Vi H AaB/ieHHs ps. 3aTeM OH OXJamIaercs
npu V,=const 1o nepBoHaua/bLHOR TeMmepaTyphl, NTpHYEM €ro
AaBJieHHe cTaHOBUTCA paBHbIM po=100 kI1a. Hauepturb rpadux
storo npouecca. Halti o6beM V5 M naBieHue p;.

5.183. T'az pacmupsercs aanabaTHiecKH TaK, 4TO ero
naejenue nagaer ot p;=200 klla no p,=100 klla. 3areM on
HarpeBaeTcsi NPH IOCTOSTHHOM oO0beMe [0 HepBOHAYaJbHOH
TeMIepaTypr, TNpHYEM ero JaBjeHHe CTaHOBUTCS paBHBIM
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j -—122 k[1a. HafiTH “0THOWeRHe ¢,/cyy INAA 3TOrO Tasa. Haqep-;
THTb rpaduk 9TOrO mpomecca.

5.184. KoaHuecTBO v==} KMOJMb a30Ta, Haxojslllerocs npu
HOPMaJIbHEIX YCJOBHSIX, paciuupsieTcs afuabaruyecKH oT ofb-
eMa Vi no Vy=>5bV;. Haiitu uamMenenue AW BHyTpeHHeil 3Hep-
THH rasa M pa6oTy A, cOBepiieHHYH ra3oM NpH paciiHpe-
HHH. ' o

5.185. Heo6xonuMo cxaThb BO3AYX oT o6bema V=10 11 1o
V;=2 a. Kak BHrojHee ero cxHMMaTh (a;ma6amqecxn HoH
H30TepMHUYECKH)?

5.186. Ilpu anuabaridyecKOM CXAaTHH KOJHYeCTBA V==
—-1 KMOJIb JIByXaTOMHOIO rasa Gbiia coBeplueHa paGota A=

=146 kJk. Ha cKoJbKO yBe/HYHJIACH Te\/mepaTypa rasa npu
CHKATHH?

5.187. B0 CKOJIBKO pas yMeHbLUHTCH cpelrHsA KBaleaTH'-lHaﬂ
€KOPOCTH MOJIEKYJ IBYXaTOMHOIO rasa Hpd aiHaGaTHUeCKOM
yBesqHueHUH ofbeMa rasa B 2 pasa?

5.188. Macca m=10r Kucnopola, Haxojsuerocs IpH Hop-
MaJbHBIX YCJOBHSX, cxkKHMaeTcs 10 obvema V,=1,4 n1. Haiitu
JlaBJieHHe p, H TeMIIepaTypy ¢, KHCJIOPOJa Nocje CKAaTHA, ecqH
KHC/I0POA CXKHMaeTCfl: a) H30TepMHuecKH; 6) anuabaTHuecKH.
Haiitn paboty A cxaTHA B KaXXAOM H3 3THX CJyYaeB.

5.189. Macca m=28 r a3oTa, Haxojfllerocss NpH Temiepa-
trype 4, =40°C u paBaenun p;=100 klla, cxkumaercs 10 o6veMa
V,=13 n. Hafith Temnepatypy #; W AaBjeHHe p, a30Ta nocje
CXKaTHA, ecJH a30T CXKHMaeTcd: a) H30TepMHYeckH; 6) aaMa-
Gatnueckn. Hailitu paGoty A cxXKaTua B KaxKAOM H3 3THX
cJyuaesB, ' ;

~ 5.190. Bo ckonbko pa3 BospacTaeT JJdMHA CBOGOAHOTO
npobera MoJieKyJ JABYXaTOMHOTO Tas3a, ecJH . ero JaBjeHHe
najaeT BJBOe- NPH pacIIHPeHHH Tra3a: a) H30TepPMHUECKH;
6) aznaGaTHyecKu? .

5.191. [IBa pasjHYHBIX Ta3a, U3 KOTOPLIX ONHH OJHOATOM-
HBIH, a ApYroH IBYXaTOMHLIN, HAXOAATCA NPH OJHHAKOBHIX TEM-
niepaTypax M 3aHHMalOT OJHHAKOBbe 06beMbl, [a3bl CxKHMaIOTCA
anvabaTHyecKH TaK, uTo O0beM HX YMeHbllaeTcs BABoe. Kakoii
H3 ra3oB HarpeeTcsl GOJIbILE U BO CKOJIBKO Pa3?

5.192. Macca m=1 Kr Bo3ayxa, HaXo[sUIerocs NpH JaBJe-
HHH p, =150 kIla n Temneparype #,=30 °C, paclinpsercst aiua-
faTHYecKH H JaBJeHHe TIPH 5ToM NagfaeT Zo p,=100 kIla. Bo
CKOJIbKO Da3 yBesHUHJIcs oObeM Bo3nyXxa? HalTH KoHeuHylo
Temneparypy {, u paboty A, COBepI.UeHHY}O rasoM TpH pacluH-
pEeHHH.

5.193. Koamnuectso v=1 KMoab Kucnopona HaXOLUTCA TIpH -
HOpPMaJIbHBIX YCJAOBHAX, a 3aTeM OOBEM ero yBeJHYHBaeTcs 10
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V'=5V,. TlocTponts rpadmuk saBucHMocTH p=f(V), npuHsB 32
eJIMHHIY TIO OCH abcuMce 3HavenHe Vo, ecou KHCJOPOJ paciui-
prercs: a) H30TepMHUYecKH; 6) anHaGaTHueckH. 3maueHus na-
BCHHS p HAHTH IS 0GBeMOB, paBHbIx: V,, 2V,, 3V,, 4V,
u 5V,. _ : Do

-5.194. Hekoropasi Macca KHCIODOZa 3aHHMaeT o6beM
Vi=3 & npu Temneparype =27 °C u naprenuu p;=820 xlla
(puc. 8). B npyrom cocTosiHUH ra3 HMeet napamerpnl V,=4,5 n
H ps = 600 klla. Haiitu KonHuecTBO . -
TEIVIOTH (, MOJydYeHHoe Tra3oM, pa- j#
Gory A, COBepUIEHHYIO ra3oM MOpH p,__,___nA 7 -
pacliHpeHKH, H H3MeHeHHe AW BHYT- s ’
peHHeH 3HEPTHH rasa npH nepexole X R 5
rasa M3 OJHOIO COCTOfHHS B APY- : ¢
roe: a) mo yuactky ACB; 6) mo
yuactky ADB.

5.195. MneanpHas TemnoBas Ma- 7, v,
WHHa, pabotalomas no uuk.1y Kapho,
3a UMUK/ MOJyuYaeT OT Harpebarelsl - Puc. 8.
KOJIHUeCTBO TemnoThl Q,=2,512 xJIxk.
Temneparypa HarpeBatens T;=400 K, temneparypa xoJo-
nuabauka T3=300 K. Haiith paboty A, coBepliaeMyIo MalllH-
HOlt 32 OOHH LHKJ, H KOJHYeCTBO TelIOThl @y, OTAaBaemoe
XOJIOAUJIBHHKY 33 OJHH LHKJL k _

5:196.- WMpeanvnasi TtemsoBas MamMHa, paboramolias mno
unkjay Kapho, copepiiiaer 3a onnn muka pabory 4=2,94 kAx
M OTH2eT 332 ONMH UMKJ XOJOAHJBbHHKY KOJHUECTBO TEMJOTHE
Q.=13,4 xIx. Hafitn K. 0. 1. 1 UHKJa. ~

5.197. Mneanpnas TenjoBasi MamHHa, paGoTamlouias [0
uukay KapHo, coBepiuaer 3a ofiiH uukJj pabory A==73,5 kJIx.
Temneparypa HarpeBarteds £=100°C, Temueparypa XoJOZHIb-
HUKa {,=0 °C. HafiTd K. 0. 1. 1 UHKJa, KOJIHUECTBO TEMJIOTHE
Qy, moJydaemoe- MaLIMHON 33 ONMH LIHKJ OT HarpeBatens, H
KOJIHYeCTBO TeMJIOTH Q, OTlaBaeMoe 32 OAHH LHKJ XOJOAHJIb-’
HHKY. :
5.198. Nneanvnaa rtennosas MamiHa paGoTaeT MO LHKJY
Kapuo. IIpu srom 80% KosHuecTBA TemJIOTH, M0J1yYaeMOro OT
Harpepare/is, nepejaeTcsi XOJOAHJBHHKY. MalMHa HOJy4YaeT
OT HarpeBaresisi KonHuecTBO TenJothl Q,=6,28 kJlxk. HaiitH
K. . . 7 IHKJa H pabory A, cosepimaeMylo 3a ORHH:
LUHKJ. : -

5.199. Mneanbnas TensioBas MamwMHa paboraer no IHKJY
Kapno. Bosnyx npu naBrenuwn p;=708 klla H TeMmneparype
t;=127°C 3anumaer o6peM V;=2 J. [Tocne H30TepMHUECKOI'O
paclMpeHHsi BO3AYX 3aHsaJ o6veMm V,=5 J1; mocie anupabatH-

' : - ~ 8l




yecKOro pactyipesHs o6beM cTaji paBHuM V=8 ;1. Haiiri:
a) KOOpAMHATH NEpeceveHus H3oTePM W afuabar; 6) paboty A,
COBEPILAEMYIO Ha Ka3KIOM yYacTKe LIHKJA; B) HOJHYIO pa6ory
A, coBeplaeMYIO 3a Bech HHKJ; I') K. II. A. 1) UHKJIA; A) KOJIH-
YeCTBO TemJOTH @y, NMoJiyueHHOEe OT HarpeBaresis 3a ONHH LHKJI;
€) KOMuuecTBO TemnoTH (;, OTAAHHOE XOJOAHNBHHKY 3a ONHH
IHICT.

5.200. KosruecTBO v=1 KMOJb HIeaJlbHOI'O ra3a coBepilla-
€T LHKJ, COCTOSIHI H3 ABYX U30XOP H ABYX H300ap. [Ipu stoMm
o6beM rasa uaMensiercs ot V=25 m® 1o V=50 M* H paBJeHUe
namensiercss ot p;=100 klla no p,=200 k[la. Bo cKosbko
pa3 paboTa, coBepllaeMasi IPH TAKOM IIHKJe, MeHbLIE PaGGThi,
coBepliaeMoil B IIHKJe KapHO, H30TepMBI KOTOPOTO COOTBET-
CTBYIOT Hau6oJbllefi W HaHMeHbLIeH TeMneparypaM pac-
CMaTpUBAeMOTo IIHKJA, ecAH NPH H30TePMHYECKOM pacluupe-
HUY oOBeM ysenuuwics B 2 pasa?

5.201. HpeanbHast XonoAubHAA MallHHa, paboTaolias mo
obpaTHoMy nukJay KapHo, coBepiuaeT 3a ofHH IIHKJ paboTy A=
=37 k. [Ipy 5ToM OHa GepeT TelJsIo OT Tesla ¢ TeMOepaTypoy
ty=-—10°C 1 nepenaer tenJio teny ¢ temneparypoit f;=17 °C.
Hafiti K. 0. 1. 1 IHKJIa, KOJHYECTBO TEIVIOTHI (Qj, OTHSATOE Y
XOJIOJHOTO Tejla 3a OJHH IHKJ, H KOJIHYECTBO TEeWIOTHl Qj,
nepejaHHoe Gosiee TOpAYEMY Tesqy 3a OJHMH IHKJI,

5.202. UpeanvHast XosodW/bHAs MaliHHa paboraeT Kak
TenJIoBOH Hacoc no ofpatHoMy. nukay Kapuo. Ilpu stoMm oHa
GepeT Temsio OT BOAM ¢ TeMrepatypoil {,=2°C H nepeiaer ero
BO3AYXY ¢ Temmeparypoil ;=27 °C., Halitu: a) kosddHuueHT
11 — OTHOIIEHHe KOJIHYEeCTBA TEMJOThI, HePeJaHHOTO BO3AYXY
32 HEKOTOPHIA MPOMEeXYTOK BpPeMeHH, K KOJHUYeCTBY TeIJIOTHI,
OTHSITOMY 3a 3TO Ke BpeMfl OT BOABI; 6) Ko3hdHIHEHT 15 —
OTHOLIeHHe KOJHYECTBA TelJIOThl, OTHATOTO 32 HEKOTOPBIH Npo-
MEXYTOK BpeMeHH OT BOJbl, K 3aTpaueHHOH Ha pa6GoTy MaIMHHEL
SHEPrUH 3a. 3TOT Xe [POMEKYTOK BpeMeH¥ (Ko3pdulMeHT m;
HA3BLIBAETCS XOJOIHIbHBIM KO3(QPUIHEHTOM MAallIHHbI); B) K03d-
(HIHEeHT My — OTHOLIEHHe 3aTpaueHHOH Ha paboTy MallHHBI
S5HEPTHH 32 HEKOTOPHIH MPOMEXYTOK BpeMeHH K KOJHYeCTBY
TeIJOTHI, epeJaHHOMY 3a 3TO e BpeMs BO34YXYy (KospdHIHeHT
N3 — K. 0. A. nukmaa). HaliTh cooTHolleHHe MeX1y Koathdu-
MHEeHTaMH N1, Ni U M;.

5.203. NneanbHas XOJOAM/IBbHAf MalllHHA, paboTarmasn
no o6parHoMy nHkJay KapHo, nepefaer Tenyio oT XOJ0AHIbHUKA
¢ Bojoll npu TeMmneparype f{,=0°C KHNATHJIBHHKY C BOJOH
npu Ttemneparype f,=100°C. Kakyio Maccy mjz BOABI HYXKHO
3aMOPO3UTh B XOJOAMJIbHHKE, YTOOBl MPeBPaTHTh B Map Maccy
my=1 Kr B011.bI B Knnmmxbﬂm(e?
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5.204. Tlomeltenne OTanJHBaeTCA XOJOAMIBHOR MamiHHOM,.
.pabotalolieit no o6pathoMy uMkAy Kapuo. Bo ckoJbko pa3
KOJHYECTBO TEMJIOTH Q, MoyZaemMoe NOMeleHHEM OT cropaHHs
ApOB B MeuKe, MeHbIUe KOJHYECTBA TEMIOTH Q', nepejaHHOro
NOMEINEHHO XOMORUIbHOH MamuHOR, KOTOpas NPHBOAMTCS B
JeficTBHe TEIVIOBOH MaILMHOH, NOTpe6asiolell TY Ke Maccy
apos? TensioBoil jaBHratesb paGoTaer Mex[1y TeMIeparypaMH
t=100°C u {,=0°C. [lomemenve Tpebyercsi NOAAEPKHUBATH
npu temneparype ¢, =16 “C. Temnepatypa oxpyxaiomero Bo3-
ayxa t,=-—10 °C.

5.205. Pabouuii UMKA HAeaJbHOH NapoBoH MalluHHLI H306-

paxen Ha pHc. 9. B Hauasne foctyna napa M3 KOTJa B LHJHHAD
JlaBleHHe B HeM BoO3pacTaeT IIpH
Vo=const oT p, 1o p; (BeTBb AB). s
[1pu panbHeHleM MOCTYNJEHHH mapa & -7
1o ofwreMa ¥V, mopuieHb JBHIKETCH -
cJeBa Hanpaso NpH p;=const (BeTBb
BC). Tlpu panbHeifiueM [JBMKEHHH
NOpIUHA BNPaBO JOCTYN Tapa H3
KOTJIa B UHJIHHAD DpeKpaiaeTcs,
NPOHCXOIUT afHabaTHUecKOe pacilH- gl _
penne napa Jgo obwema V; (BeTBb
CD). Tlpu xpaifiHeM npaBoM IOJO-
JKEHHH TIOPIIHA Nap H3 UHJIHHApA
BBIXOJIUT B XOJIOAUJIBHHK — JAaBJieHHe Pue, 9,
nagaer npH V,=const 10 1aBjeHHs P, :
(BetBb DE). Ilpu o6paTHOM JBHKEHHH TOpIIEHb BBITAJKHBAET
OcTaBLUHICA Map NpH po=const; o6beM NpH 3TOM YMeHbIlaeTca
or V; no V, (BerBs EA). Haiitn pafory A 3ToH MallHHBI,
CoBeplIaeMylo 3a KaxIpifl kg, ecan V,=0,5 a, Vyi=1,51,
V,=3,0 a, p,=0,1 MIla,p,=1,2MIla u nokasaresb agnaba-
Thl #=C,/cy=1,33. : ,

5.206. ITapoBas mamuna MomHocTeio P=14,7 KBT norpeb-
JseT 3a BpeMa =1 ¢ paboTel Maccy m==8,1 Kr yris ¢ ye1bHO#
TemaoToi cropanusa g=33 MJLx/kr. Temmeparypa KotJa f=
=200 °C, TeMreparypa XoJ0au/1bHHKa ¢,=58 °C. HaiiTu dakTH-
YecKHH K. I, A. 1) MallMHBL ¥ CPABHHTb €ro ¢ K. I. 4., 1 Hle-
anbHOM TeIJIoBOM MamuHb, paborawowefi no uukay Kapno
MeX]y TeMH e TeMIepaTypaMH.

5.207. IlapoBas MammuHa MouiHOocTblo P=14,7 KBT nMeer
niomanb nopuwHs $S=0,02 M2; xoa nopmns h=45 cM. M306a-
pudeckuii mpouecc BC (pHc. 9) NpoHCXCOHMT NPH JBHXXEHHH
TIOpILHS Ha OAHY TpeThb ero xoaa. O6veMoM V, 1o cpaBHeHHIO ¢
ob6vemami V; H Vi npene6peus. [lapaeHHe Napa B KoTJje p,==
=1,6 MIla, pzaBjenue mapa B XOJOAHJbHHEe p,;=0,1 MIla.
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CKOABKO LMKIOB 3a BpeMﬁ t=1 Mu"’ Jenaer Maumua, ecau
nokasaresb ajidabaThl ®¥=1,3? '

5.208. Iluxn Kap610paTopHoro H ra3oBoro qumpeXTaKT-
HOTO IBUTraTeAst BHYTPeHHero cropanufl H3o6paxeH Ha puc. 10.-
IIpn mepBoM XOfe MOPIIHSA B- LUWJHHAP BcachiBaeTcsl ropiodee
(B KapGlopaTopHBEIX ABHraTe/six ropiodasi cMech IpeicTaBlseT
coGoli cMech mapoB GeH3UHAa C BO3AYXOM, MPHTOTOBJISIEMYIO B
KapGlopaTopaX, B ra3oBblX IBHTaTeJsiX pabodast cMeCb ras —
BO3[yX MOCTYNaeT U3 ra3oreHepaTopHoOd yCTaHOBKH), MPH 3TOM
po==const u obveM yBesuuusaercst oT V. 10 V, (Bersb AB).
[Ipu BTOpOM X0Jie MOPIIHA roployee anHabaTHYeCKH CXXKHUMaeTcs

or V, 1o V,, IpH 3TOM. TeMmeparypa
D nopbiaercst ot 1y o T 1 JaBJeHHe —
A-~Y - OoT p, H0 p, (BerBb BC). Jlajee npouc-
XOMHUT 3aXKHraHHe (B3DblB) rOPHOYEro ot
HCKDBI; TIPH 3TOM JaBJjeHHe BO3pacTaer
- g OT py 8O p, npu V,=const u Temnepa-

: Typa BospactaeT or 71, n0 T, (BetBB
! CD). Tpetnit XoA nopwHa — ajnabaTH-
g yecKoe pacuinpeHHe roprodero ot V, 1o
Fo -~ 5V V1, Temmeparypa nanaer go T; (BeTBb
‘,’2 V" DE — pabounit xox). Ilpn kpaiiHem

MOJIOXeHHH MOPIITHS (rouka E) oTKpbI-

Puc. 10. BaeTcsi BBINYCKHOH KJlanaH, JaBJeHHe

napaer npu V,=const a0 p, (BeTBb

EB). UerBepTuit X0J MNOPUIHS — H306apHUYeCKOE  cxKaTHe

(BetBb BA — BuiTankMBaHHe 0TpaGoTaHHOrO rasa). Haiitu

K. . 4. 1 LUHKJA, ecJH cTelmeHb cxKaTus V./V,=b u noka-
3aTesb afiHabatel x=1,33.

5.209. B umnuugpax Kap610'paTopHoro JABHT&TeN1s1 BHYTPeH-
Hero cropadusl ras cxkuMmaeTcs NOJUTPONHYecKH 10 V,=V,/6.
Hauanbhoe naBnéuue p;=90 klla, Haua bHas TeMnepartypa f,=
=127°C. HaiiTh maBieHHe P, U TeMIepatypy £, rasa B UHAHHA-
pax mocie cxarusi. [lokasaresb mnoJuTponsl n=1,3.

5.210. B uuauHapax kap6opaTOPHOrO ABHTaTensl BHYTpeH- -
HEro CropaHHs ras ckKHMaercsl MOJHTPONHYECKH TaK, YTO Moce.
CXKaTHs TeMmIlepaTypa Tra3a CTaHOBHTCS paBHOH [,=427°C,
HauanbHasa remmepatypa rasa ¢;=140°C. Crenehb cxarus
V4/V,=5,8. Haiitn nokasatejb NOJHTPONBI 7.

5.211. [OunameTp uMJHHIpA -KapGIOPaTOPHOro JBHraTess
BHyTpeHHero cropanus D=10 cM, xop nopiuas h=11 cm. Ka-
KOH o6beM V JOo/KHA HMeTb KaMepa CXKaTHsl, eCJH H3BeCTHO,
YTO HayaJbHOe jaBJjeilie raza p,=0,1 MIla, HauanbHas Tem-
‘mepatypa rasa #,=127°C n faBjeHHe B KaMepe rocJe CkaTHs
p:=1 MI1a? KakoBa GyzeT TeMnepatypa £, ra3a B KaMepe flocJie
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cxkatus? Haiitn paGory A, coBeplueHHyio mpH cma’mn IToka-
3aTesib HOJUTpONbl n=] 3

5.212. Haiitu K. n. 1. v Kap6iopaTtopHoro JIBHraTessl BHYT-
pEHHero CropaHMsi, ecad IOKa3aTeab TNoJuTponsl n=1,33 PI
cTenenb cxarua: a) V,/V,=4; 6) V./V,=6; B) V1/V2

5.213. Kap6ropaTopHbIil IBHraTe1b MOUIHOCTBIO P = 735,5BT-
noTpebasier 3a BpeMsl f=1 u MHHHMaJbHYIO Maccy m=265 r
Gensuna. Haiitu norepd OeH3WHa Ha TpeHHe, TENJONPOBOA-
HocTh H np. Crenenb cxkatusa Vy/V,=6,2. ¥YieibHas Temiora
cropanus GensunHa g=46 MJx/kr. Tlokasarenb nonmponbl

n=1,2.

5214 LIHKJ YeTHIPEXTAKTHOTO JBHraTensl ﬂnsenﬂ H30-
GpaxeH Ha puc. 11. BerBb AB — B uUJIMHAPHL 3acachiBaeTcs
Bo3fyX (po=0,1 MIla). BerBo BC — _

BO3/lyX aAHabaTHUECKH C2KUMaeTCst 10
LaBJieHus p;. B KoHUe TakTa cikarus
B I[MJIMHPBI BIPBICKHBAETCS TONJIHBO,
KOTOPOe BOCILIAMEHSETCA B TOpSAYEM
BO3JyXe U Cropaer, NpH 3TOM MOp-
IieHb JBHIKETCH BIpPAaBO, CHavyala
uaobapuueckn (BeTBb CD), a 3areM
aguabaruyecku (BetBb DE). B koH-
e anuabaTHyecKOro pacliHpeHHs
OTKpPbIBaeTCcsl BBINYCKHOH KJjamaH,
JlaBjeHHe TajaeT [0 p, (BeTBb EB).
[1pH 1BHKeHHUHU HOPIIHS BJEBO CMECh
yJassieTcs H3 LHIHHAPOB (BeTBb BA). - Pue. 11,
Hafitn k. n. A. n ABurarens usens.

5.215. [lpuratenb BHYTpeHHero cropanusi Jusesnss HMeeT
cTeneHb afguabaTHUeCcKOro CxKaTus €=16 H creneHb ajuabaTu-
yecKoro pacuinpenus 6=6,4. Kakylo MHHHMaJBHYIO Maccy m
HetH ToTpebJsgeT ABHrartesb MoWwHOcTho P=36,8 kBt 3a
BpeMms =1 q? [lokasarenab afguabathl ®x=1,3. YjeabHas Ten-
Jora cropanus HeptH g=46 MJIx/kr.

5.216. Haiitu naMenenHe AS SHTPONHH IpH NpeBpalleHHH
Maccet m=10 r abja (f=—20°C) B nap ({,=100°C).

5.217. Haiitu uaMeHeHHe AS 3HTPONHM NPH NPeBpaUleHHH
maccl m=1 1 Bomwt (=0°C) B map (£,=100°C). .

5.218. Ha#itH H3MeHeHHe AS SHTPONHH INpH IIaBJEHHH
Maccel m==1 kr Japga ({=0,°C). .

5.219. Maccy m=-640 r pacnnaBJeHHOrO CBHHIA NIPH TeM-
nepatype TJaBJeHHs f,, BbIUIM Ha Jep (=0 °C). Haiitn
H3MeHeHHe AS SHTPONHH IPH 3TOM IIpOIecCe.

5.220. HaliTH H3MeHeHHe AS SHTPONHH TpH mepexoje
Maccel m=8 r Kuc.nopona oT oﬁ'beMa V=10 a npu Tem-
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nep:?sx&l)poec t,=80°C Kk obvemy V,=40 s npu Temneparype.

5.221. Ha#lru nsmenende AS 3HTPONMH npH nepexb,ue
Maccel m==6 r Bogopoia ot ofveMa V;=20 J1 noj KaBiieHHEM
pr=150 kIla K o6bemy V,=60 .1 nox naBsexneM p,=100 klla.

5.222. Macca m==6,6 r BOIOpOJa pacIIHpsieTcsi H306apH-
yeckH OT ob6beMa V; no obvema V,=2V;. Haiirir usmenenue
AS >3HTpPONMMH NpH 3TOM pacIiHpeHHH.

5.223. Haiitu naMenenue AS SHTpPONHH NpH U306apHIECKOM
paciiHpeHHH Macchl m=8 r reaus ot obwvema V,=10 a g0
o6pema V,=25 J.

5.224. Haiitn naMenenHe AS 3HTPONHH NPH HIOTepMHYe-
CKOM pacuIHpeHHH Macchl m=~6 I BOZOpCa OT JaBJeHHSA pi==
=100 xI1a no jpaBaenus p,=50 klla.

5.225. Macca m=10,5 r a3pTa H30TepMHUYEeCKH pacIIHpf-
eTcsa oT o6bema V=2 a1 jo ob6rema V,=5 5. HaiiTu uamene-
HHe AS sHTpONHH HpH 3TOM Hpolecce.

5.226. Macca m=10 r kucjopona HarpeBaeTc;[ OT TeMrie-
parypht t,=>50 °C no TeMmneparyphl £,==150 °C. HaiTit H3MeHeHHe
AS 3HTpONHH, ec/iU HarpeBaHHe npoucxoﬂm a) H30XOpHUECKH;
6) H3obapHuecKH.

5.227. Tlpu HarpeBaHHH KonMuecTBa v==1 KMOAb JBYX-
aTOMHOTO ra3a ero TepMOJHHaMHUecKasi TeMneparypa yBeJHUYH-
Baercs ot Ty jo T,=1,5T,. Hafith u3aMeHenne AS sHTpormuHy,
ec/i HarpeBaHHe MPOMUCXOAHT: a) H30XOpHYeckH; 6) H30GapH-
YecKH. ‘ '

5.228. B peayJsbrare HarpeBaHus Macchl m=22 r a3ora
ero TepMOJHHAMHUecKas TeMAepaTypa yBeaHuHsaach ot Ty 1o
T,=1,2T,;, a sutponusa yeenuuunsacb Ha AS=4,19 JIx/K.
Ilpr KakMX YyCc/I0BHSIX NPOH3BOJMJIOCH HarpeBaHHe asoTa
(IpH TOCTOAHHOM oObeMe HJM NpH [OCTOSHHOM JaBJIeHHH)?

5.229. Haiitu Hamenenne AS 3HTPONHH [IPH Mepexoje rasa
U3 cocTosiHus A B cocrosuHe B B ycnoBHSIX 3ajaud 5.194
(cM. pHc. 8), eciiH nmepexon coBepliaercs: a) no yvyactky ACB;
6) no yuwactky ADB.

5.230. O6bem V;=1 M® BO3Lyxa, Haxofswerocs MpH TeM-
nepatype +,=0°C u paBnenun p,=98 Klla, H3oTepMHUecKU
pacuinpsiercs ot ofbeMa Vi 10 o6vema V.=2V;. Hafitn nawme-
HeHHe AS SHTPONMHH OpH 3TOM HpoOlecce.

5.231. lsMeHeHHe SHTPONHMH Ha YyuyacTKe MeXAy MABYMSs
aguabatamMu B uukjae Kapuo AS=4,19 gx/K. Pasunocts
TeMIepaTyp Me:xay aAByMsi -u3otepmMaMH AT =100 K. Kakoe
KOJIM4eCcTBO TellIOTHl () mpeBpaiiaeTcss B paboTy B 3TOM
HHKJE? _ o :
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§ 6. Peamnnle rasm

YpaBHeHHE COCTOAHHS pealbHHX ra3oB (ypasHeHHe Ban-pep-Baanbca)
ANA OAHOrO MOJNA ra3a HMeeT BHA

| (p +—%)(V0—b)=RT,-

rie Vo — MojiapHui o6beM rasa, @ H b — TIOCTOsIHHbE, Pas/HuHEE IS
PasHEHX rasos, p — JaBJEHHe, T—-TepMOJIHHaMH‘IeCKaﬂ TeMnepaTyp4,
R=28,31411 Iix/(moae-K) — rasosas moCTOSIHHaS.

Ypabnenne Bau-nep-Baanbca naa ni060H Maccel m rasa HMeeT BHJ

(o435 1) (=)= o0

rae V — o0beM peero rasa, | - MoJsipHast macca rasa. B 3TOM ypas-
2 ¢
m?ra
HEHHH —— e V—_pi—— JaBJeHHe, o0YyCJOBIeHHOE CHJaMH B3aHMONEHCTBHSA

MOJIEKYJ, — b= V;—o0beM, cBA3aHNbIH ¢ COGCTBEHHBIM OOBEMOM MOJIEKYJ,

TlocTosinKble @ M b NaHHOTO rasa CBSI3aHBl C €0 KPHTHYECKOH TeMIle-
parypoit Ty, KPHTHUECKHM J&BJEHHEM p, W KPHTHYECKHM MOJISIPHbIM
o6beMoM Vg COOTHOLIEHHAMH
a : 8a

Vox =30, . pK=_27_bg'i T, :——27bR . N

OTH ypaBHeHHS| MOXHO DelIUThb OTHOCHTENbHO MOCTOAHHHX @ H b:
2
27Tk R? b_TxR

T, 0 T T B

Ecan BBecTH DpHBeleHHHE BENTHYHHBI
e=T/Ty, wn=p/px, @=V¢/Voy;

10 ypaBHenHe Ban-gep-Baanbca zis oaHOro Moas rasa npHMeT BHA
3
(ﬂ +‘(D_2) (3(1)'— ]) = 8.

6.1. B xaxkux emunuuax cucremsl CH Bopaxkalotcs mo-
CTOsIHHBIE @ M b, BXOIsllHe B ypaBHenHe Ban-iep-Baanbca?
6.2. HO.TIbSyﬂCb JaHHBIMH O KPHTHYecKHX BennuuHax T,
H p, A HEKOTOPHX ra3oB {(cM. Tabs. VII), ma#iTH ang HHX
NOCTOSIHHBIE @ H b, BXOAsllHe B ypaBHeHHe Ban-aep-Baasbca.
6.3. Kakyio tremneparypy T HMeer Macca m=2 T a30Ta,
3aHHMalollero o6veM V=820 cm® npu aaBnennu p=0,2 Mlla?
Tas paccmaTpuBaThe Kak: a) HieasbHHI; 6) peaibHhifi.
6.4. Kaxyio temneparypy T HMeeT Macca m=3,5 I KHc-
JIOpOJia, 3aHHMamwinero ooweM V=90 cM® npu napjeHUn p=
=2,8 MIla? Ia3 paccmannBaTb KaK: a) Hiea/bHHl; 6) pe-
anbHHA,

4
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6.5. Macca m=10 r TeJlMsi 3aHHMaeT 'Oﬁ‘beMk V——'-IOO cMm?
npu aasjenuu p=100 MIla. Hafirn temneparypy T rasa, cyu-
Tasi ero: a) HaealibHbIM; 6) peasibHBIM.

6.6. KosnuecBo v=1 KMOJIb YIJeKHC/IOTO rasa Haxozm’rcn
npu temneparype f=100°C. HaiiTu naBsienne p rasa, cuurtas
ero: a) peasibHbIM; 6) HIealbHBIM. 3ajauy pelUMThL s ofbe-
MoB V=1 m® u V,=0,05 M3,

6.7. B 3akpbiToM cocysie o6beMoM V=0,5 M? HaxoaHTCs KO-

JaudecTBo v=0,6 KMOJb yIJIeKHCJOro ra3a NpH JaBJeHHH p=

'KpUTHYecKHMe 3HaueHHsa T, M p..

=3 MIla. Tlonbaysch ypasHenuem BaH-nep-Baaabca, wafith,
BO CKOJIbKO pa3 Halo YBe/JHYHTb TeMIepaTypy rasa, urobol 1aB-
JIEHHEe YBeJHYHJIOCh BABOE.

6.8. KoanyectBo v=1 KMOJb KHCJOPOJAa HaXoJUTCH IpHU
teMneparype =27 °C u napaenuu p=10 MIla. Haiitu obneM
V rasa, cuurasi, 4TO KHCJIOPOA NPH NAHHBIX YCJOBHAX BeIET
ce0Gs1 KakK peaJibHBI ras.

6.9. KosnuectBo v=1 KMOJ/Ib a30Ta HAXOAMTCS NPH TemIle-
patype {==27°C u paBnenuu p=95 MIla. Halitn o6bem V raaa,
CUMTAasfl, YTO a30T NPH JAHHBIX ycnommx BeJleT cebfl KaK pe-
aJIbHBLIH ras.

6.10. Hafitu 3¢(eKTHBHBIH ,lII/IaMeTp G MOJIEKYJIbl KHCJIOPO-
la, CYMTas M3BECTHBIMH JUIRA KHCIOPOJA KPHTHUECKHE 3HAUeHHs
T, up

K*

6.11. Hality >ddeKTHBHBIH [IHaMeTp O MOJIEKYJbl a30Ta
IBYMs crocobaMH: a) [0 JaHHOMY 3HAueHHIO CPelHEH JJIHHBI
cBo0ogHOro npobGera MoJieKyJ TIPH HOPMAJBHBIX YCIOBHSIX
A=95 um; 6) no u3BecTHOMY 3HaYCHHIO NOCTOSIHHOH b B ypaB-
HeHuH Ban-nep-Baaabca. :

6.12. Haiitu cpeiHiol0 JIJHHY CBOGOAHOTO npoéera A
MOJIEKYJl YTJEeKHCIOro rasa IpH HOPMAJbHBIX YCJAOBHAX.
SddeKTUBHBIA AUAMET) G MOJIEKYJbl BBIUHCJHTH, CUHTAA H3-
BEeCTHBIMH [/l YIJIEKHCJIOTO Fa3a KPHTHUecKue 3HaueHusi T,
H py. _

6.13. Haiitn xosdbduuueHt ﬂmp(pysuu D renus npu TeM-
nepatype {=17 °C u gaBaenus p= 150 klla. dxpekTUBHEI AUa-
MeTp O aTOMa BBIYMC/IMTD, CYMTasi W3BECTHBIMM - JVIfi reius

6.14. TTocrpouts HzoTepMbl p=f(V) AN KoJHYecTBA v=
=1 KMoJab YrJekucioro rasa npH temneparype (=0°C, a3
paccMaTpHBaTh KaK: a) HeasbHbif; 6) peanbHbIl. 3HaueHHs V.
(B 1/MoJIb) AJISi PeadbHOrO rasa B3ATh cieayromue: 0,07, 0,08,
0,10, 0,12, 0,14, 0,16, 0,18, 0,20, 0,25, 0,30, 0,35-u 0,40;
/11 MJieaJbHOTO rasa — B HHTepBase 0,2<V<0,4 a/Moib.
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6.15. Haittu naBnenue p;, o6yc/ioB/eHHOe. CHIAMH B3aHMO-
JeHCTBHA MOJIEKYJ, 3aKJIOYEHHBIX B KoJHdecTBe v=1 KMOJb
rasa IIpH HOPMATBHBIX YCIOBHAX. KpuTHuecKas TeMneparypa H
KPHTHUECKO® JaB/eHHe 3TOro.rasa pashbl T,=417 K Pu=
——7 7 MIla. . v’

6.16. Ilna Bomopola CH/bI B3aHMOLEHCTBHS MeXKIy MoJe-
Ky/JaMH He3HAUHTe/bHL!, ITPEHMYLIECTBEHHYID pOJbL HrparoT
coGCcTBEHHBIE pa3Mephl MoseKyJa. HanHcatbh ypaBHeHHe coCTOs-
HHS1 TaKoro MojyHieanbHoro rasa. Kakywoo omHOKY Mbl gony-
CTHM NpPU HAaXOXIEHUH .KOJHMYecTBa BOAOPOAa v, Haxojsllle-
rocsi B HeKOTopoM ofGbeMe npu Temnepatrype (=0°C Hu na-
BaeHUH p=280 MIla, He yuHuTHIBaA cO6CTBEHHOro 0OBEMA MO-
JIeKyJ1?

6.17. B cocyze ob6vemom V=10 51 HaXogurca Macca m=
=0,25 Kr a3ora npu Temneparype (=27 °C. Kakywo 4actb jaaB-
JIeHHUS ra3a cOCTaBJiseT AaBJeHHe, 00YC/A0OBJeHHOE CHIaMH B3a-
UMozeHicTBHA Mosieky/1? Kakyio dacth ofbeMa cocyna cocras-
JasieT COOCTBEHHBIH 00beM MoJeKyJ?

6.18. KousuuectBo v==0,5 KM0./Ib HEKOTOPOro T'a3a 3aHUMAET
o6beM V=1 M*. [lpu paciupennH rasa ao o6veMa V,=1,2 m®
Gblia coBepllleHa paboTa MPOTHB CHJ B3aUMOJEHCTBHS MOJIEKYJ
A=>5,684 k. Haliti noctosiHHyio @, BXOAALLYIO B ypaBHeHHe
Ban-nep-Baasbca.

6.19. Macca m=20 kr asota aanaéamqecxn paciiupsiercs
B BaKyyM oT ofbeMa V,=1 m® 1o o6wvema V,=2 m®. Halitn
nonmxenue AT rTemmeparypbl mpH 3TOM PACIIHPEHHH, CYHTAHA
H3BECTHOH J1A a30Ta NOCTOSHHYIO @, BXOASAULYI0O B ypaBHEHHE
Bau-zep-Baanbca (cM. orBer 6.2).

6.20. Koaunuecrtso v=0,5 KMoJb TPeXaTOMHOI'0 ra3a ajua-
GaTHYeCKH pacliupsieTcsi B BakyyM or ob6veMa V;=0,5 M3 10
ob6vema V,=3 m*. TeMneparypa rasa npH 3ToM NOHHKaeTCA Ha
AT=12,2 K. Haiitu nocrosiHHyIO a, onnm_uyto B ypaBHeHHE
BaH-aep-BaaJibca.

6.21. Kakoe jaB/ieHHe p HaJ0 TNPHJIOXKHTb, YTOGBI YIJIEKHC-
JIBI Ta3 NpeBPaTHTb B XKUJAKYIO YIJIEKHCJOTY NMPH TeMIepary-
pax £4,=31°C u #,=50°C? Kako#i HauGonbmHd 06beM V .,
MOXKeT 3aHHMaTb Macca m=1 Kr XKHAKOH yriekHcaoTH? Ka-
KOBO HauGoJibluee [aBJEHHE Pp,, HACHILEHHOTO Mapa mmxon
YTJIeKHCJIOTHI?

6.22. Haiitu nuioTHOCTD P BOJASHOTO Mapa B KpHTI/I‘{eCKOM
COCTOSIHMH, CYMTasi H3BECTHOH [ Hero NOCTOSHHYIO b,
BXOAsLLYI0 B ypaBHeHne Ban-nep-Baasbca (cM. orser 6.2)

6.23. Ha#iTH 1mJIOTHOCTb P, Te/IHs B KPHTHUECKOM COCTOSI-
HHM, CUHTasl M3BECTHHIMHM MIA Te/HA KDHTHYECKHe 3HATeHHA
T, u pg. -

89



6.24. KosnuectBo v=1 KMO/Ib KHC/0pOAA 3aHEMaeT ofbeM
V=56 a1 npu pasnenun p=93 MIla. Haiitu TeMnepatypy ¢
ra3a, nojib3ysch ypaBHenvem Ban-nep-Baanbca.

6.25. KonnuectBo v=1 KMO/b re/ius 3anuMaeT o0beM V=
=0,237 M® nipu Temneparype {=—200°C. HaiitH AaBaeHue p
rasa, no/ib3ysch. ypaBHeHueM Ban-lep-Baasjbca B NpHBeleH-
HBIX BeJIMUHHAX,

6.26. Bo ckosbKO pa3 AaBieHue rasa 6osbIe ero KpHTH-
ueCcKOro JIaBJIeHHH, €CJTH H3BECTHO, UTO ero o6heM H Temiiepa-
Typa BABOEe 6OJblie KPHTHUeCKHX 3HAYEHHH 3THX BeJHYHH?

§ 7. HachlmeHBble Napel ¥ XKHIKOCTH -

AGCONIOTHON BAAXKHOCTBIO p HashlBaeTcs MNaplHajgbHOE JAaBJeHHe
BOASIHOTO Napa, Haxoisierocss B Bo3pyxe. OTHOCHTEIbHOH BJIaXHOCTHIO
W Ha3hBAETCH OTHOIIEHHe aOCOJNIOTHOH BJIAMHOCTH p K MNapUHaJbHOMY
JaBJEHHIO Dy BOJSHOIO napa, HAChIIAIOMIEro MPOCTPaHCTBO npn JaHHOH
Temneparype.

ViennHofi TemnoToH NapooGpasOBaHHMst r HashlBAaeTCd KOMHYECTBO
TENJIOThl, HeOOXOAHMOe IJIs MPEBPAlleHHS eXUHHILI MacChl JKHAKOCTH B
nap NpH IOCTOAHHOH TeMnepatype. .

MouaspHas Tensora napoo6pasoBaHus '

=pr,

Tie § — MOJsIpHAsi Macca.
3aBHCAMOCTb JAaBJEHHA HACBUIEHHOIO Hapa py OT TeMNepaType Ja-
eTca ypaBHenneM Kiaysunyca'— Knaneitpona
dpy — To
aT T(Von-""VOm) !
rie Von B Vioy — MoOnsipEBie 06BEMEl Napa W JKHIKOCTH.
OtHocHTeIbHOE M3MeHEHHe 06beMa KHAKOCTH IpH HarpepaHHH

&Y —par,

rie P [K~3] — TemnepaTypuii KoS(OHUHEHT O6BEMHOTO pACHIHpEHHS.
OTHOCHTeJbHOE H3MeHeHHWe OfbeMa JKHAKOCTH NpH H3MEHEHHH JaB-
JieHHs
AV
rie  k(Ma—2] — cxumaemocTs.
MosepxnoctHoe HaTskenHe & [H/M] udciieHHO paBHO CHite, NPH/IOKEH-

HOH K eJJHHHHe JJHHH Kpasd NOBEPXHOCTHOH NJIEHKH MHAKOCTH:

o=F/l,
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l‘[pu H3MEHeHHH TJIOIANH MCHKH Ha AS coaepmae'rcn paﬁo'ra
' : AA=a AS,
Ho6asounoe JaBieHHe, BHI3BAHHOE KPHBH3HOK MNOBEPXHOCTH KHA-
KOCTH, onpegjensercs-¢opmynoil Jlansaca
1 I
Ap=u ( — 1,
Rl R2
rae Ry B R, — paguyChi KPHMBHIHEI JBYX B3aHMHO NepreHAHKYIAPHBIX
ceueHHHA NOBEPXHOCTH XKHIKOCTH. Pamuyc R CUHMTaeTCS MOMOKHTENLHBIM,
eC/IM LEHTP KPHBH3HBI HAXONHTCS BHYTPH MHIKOCTH (BLINYKJIbI MEHHCK),
¥ OTpHIATeNHHBIM, €CTH LEHTD KPWBH3HH HAXOIMTCH BHe XKHIKOCTH (BO-
THYTHIH MEHHCK).
BricoTd NONHATHSN XHAKOCTH B KaNUWNSPHOH TPyGke
20, cos 0
h:
g
rlie r — pagHyc TPYOKH, P — MJNOTHOCTb JKHAKOCTH, O -— Kpaesolt yrod.
IIpu nonnom cMauusaHud 0=0, npH NONHOM HecMauyWBaHWH B=rt.
.
JlaBnenue HacbILIEHHOTO Iapa Py Haj BOTHYTOH NMOBEPXHOCTBIO XHI-
KOCTH MeHblUe, 3 Hak BHIYKAOH — 6oJblie, YeM NaBJeRHe Py Hal MA0CKOH
nosepxHOcTbiO. JloGaBounoe Aamnenue

3

2oy
Apy=pa—pu=F =8,

PR
rae P — TJOTHOCTh MHIKOCTH, Py — IUTOTHOCTb HACHILIEHHOTO NApa MKHA-
KOCTH, R — pagMyc KPHBH3HbHI IOBEPXHOCTH XKHIKOCTH. .

OcMOTHueCKOe JaB/eHue p pacTBOPA CBA3aHO C TePMOAHHAMHUYECKOH
TeMnepaTypoli 7 dopmynoii Banr-Togdpa ~
p=CRT,

rae R — rasoBas noctosuHaf, C[monn/M¥]=m/uV — monapuas xon-
IeHTpalUsa pacTBOpa (KOJHYECTBO PACTBOPEHHOrO BeMIECTBA B efHHHIe
of6beMa pacrasopa).

Jnst pacTBOPOB HeJHMCCOLMHPOBAHHLIX MOJIEKYJ BelecTBa
m N .
wooNg
rae N4 — nocroanHas Asoranpo, N — 4HCIO MOJIeKYJd PacTBOPEHHOTO
BelgecTsa B eAHHHIE 06bema pacteopa. IIpH HaJmHUMH AMCCONHAIMH YHCTO
YaCcTHI, B eflHHHIe ofibeMa Oyler 6oJblle, UTO NPHBEIeT K yBeJNHUY2HHIO
OCMOTHYECKOFO JABJEHHHA.

JlaBieHue HachleHHOTO Napa Haj pPacTBOPOM MeHblle, UeM Haj YH-
cToiM pacropHTeteM. Ilpu JIOCTaTOUHO MaJOil KOHIEHTPalMH pacTBopa
OTHOCHTENbHOE YMEHbIeHHE NaBJeHHS HACHILEHHOTO Napa Haj PACTBOPOM
OnpesesseTCl 3aKOHOM Paynsa

Po—p__
- *

P VIV

C =

s ’ R




Ifie po — AaBJeHHe HACHIIEHHOro Napa Haj YHCTHIM DACTROpHTENEM, p —
JapjieHHe HaCHIIIEHHOTO Napa Haj PacTBOPOM, V' — KOJHYECTBO pagTao-
PEHHOFO BEIIECTBa, V — KOMHUECTBO MHAKOCTH. 3aJlauM, OTHOCAIIHECA
K fIBACHHMIO BASKOCTH JXHIKOCTeH, NoMemeHk 8 § 4 ri1. 1.

7.1. B Ta6bna. VIII pano paBaeHue BOASIHOrO Mapa, Hackl-
mamiero npo¢TPpaHCTBO MNpPH PasHbIX Temneparypax. Kak
COCTAaBHTb H3 3THX JAHHHIX TabJHIY Macc m BOASHOrO Napa B
ob6neMe V=1 M® Bo31yxa, HacCBIIEHHOrO BOJASHBIM NMapoM NpH
pasHbIX TeMrneparypax? [ npHMepa peluHTb 3aiaqy npn
teMnepatype =50 °C,

7.2, HalTd nNJOTHOCTBL. P, HACHILIEHHOTO BOASHOrO Mapa
npH temneparype t=50 °C.

7.3. Bo cKonbKO pa3 MJIOTHOCTD O, HACHILEHHOrO BOASHOTO
napa npu Temneparype =16 °C MeHblue IJIOTHOCTH O BOJH?

7.4. Bo cko/BKO pa3 MJIOTHOCTD P,; HACHIIIEHHOI'O BOASIHOTO
napa npH Temneparype {; =200 °C Go/bllie IJOTHOCTH p,, Ha
CBIIIEHHOTO BOJASIHOTO Napa NpH Temneparype f,==100°C?

7.5. Kaxas Macca m BOASHOTO Iapa COAEPXKHTCA B o0beMe
V=1 wm? BO3/lyXa B JIETHHH  JeHb MpH TeMnepaType t=30°C
H OTHOCHTe/TbHOH Bja)XHOCTH w=0,75?

7.6. B 3aMkHyTOM o0beme V=1 M3 OTHOCHTe/bHasl ‘BJIaX-
HocTh Bo3ayxa w=0,6 npu temnepatype {=20°C. Kakas Macca

Am BofBI N0JI3KHA ellle HCMAPHTBCS B 9TOT 0OBEM, 4TOGBI BOLs-
HOH Map CcTa/l HachlleHHBIM?

7.7. Temneparypa KoMHathl {; =18 °C, OTHOCHTe/1bHas B1aX-
HocTh w=0,5. B MeTajuiHYyecKUH YalHHUK HaJHJH XOJOIHYIO
Boly. KaxoBa rtemneparypa f, BOjAbl, NpPH KOTOPOH 4YalHHK
nepectaeT 3anoTeBaTh? _

7.8. Haitd uHCI0 1 MOJIEKYJ HaCBIEHHOrO "BOASHOrO Ia-
pa, collep)KallMxcsl B eluHHLe obbeMa MpH TeMnepaType t=
=30°C.

7.9. Macca m=0,5 r BOASHOroO napa 3aHHMaeT 06’beM V,=
=104 npu Temneparype {=>50°C. KakoBa mpH 3TOM OTHOCH-
TeJbHas BJaKHOCTh ©? Kakasi Macca Am mnapa CKOHIEHCH-
pyeTcs, eclM H30TePMHYECKH YMeHBIUHTb 0GbeM OT V1 10
V,=V,/2?

7.10. B KaMepe Buibcona oGbeMom V=! 1 3ak.oueH
BO31yX, HacbIEHHBIH BOIASHBIM napoM. HauanbHasi Temnepa-
Typa KaMepsl {,=20°C. IIpH 1BH>XeHHH MOPIUHA 06BEM KaMephl
yBeauunaca 1o V,=1,25 V,. Paciupende cuntarh aaunabar-
YeCKHM, MPHYEM MOKa3saTelb anuabatol x=c,/c,=1,4. HaiiTu:
a). JlaBJieHHe p; BOASHOrO Napa A0 paciuMpenus; 6) Maccy my
BOAAHOIO Napa B KaMepe [0 paclIHPeHHS; B) IJIOTHOCTL Py
BOJSIHOTO Napa 10 pacilHpeHusl; ) TeMneparypy I, Hapa nocie
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pacluHpeHHs (U3MeHeHHEM TeMTiepaTy bl H3-3a Bbljie/leHH sl TellIa
npd KOHIEHCALHH napa npeHebpeub); a) Maccy Am CcKOHAeH-
CHDPOBAHHOTO Tiapa; €) IJIOTHOCTb p; BOAAHOTO napa Mocje
KOHJEHCAlIlHH; }K) CTEIIEHb [IEPEChbIlleHHsl, T. €, OTHOlIeHHUe
IJIOTHOCTH BOJSAHOTO Napa Moc/e PaclIHpeHHs (HO 10 KOHZIEH-
callMH) K TUIOTHOCTA BOASTHOTO Mapa, HACHIULAIOULEro MPOCTpaH-
CTBO NIPH TeMIllepaType, yCTaHOBHBILeHCA INOC/e KOHJAeHCALHH,

7.11. Haiitu yaenbHelft 06beM U BOABI B XKHIAKOM H 11apoo6-
pasHOM COCTOSIHHSIX MpH- HOPMA/JbHBIX YCJOBHSX. ;
© 7.12. Tlonb3ysch NepBBIM 3aKOHOM TeDMOAHHAMHKH H JaH-
HpiMH Taba. VII u VIII, HaliTH yrensHyi0 Temlory napooGpa-
30BaHHd 7 Boaul npH {=200 °C. [Ins BoABl KPHTHUECKAS TeMIle-
parypa 7T,=647 K, &kpuTHueckoe paBrenHe p,=22 Mlla.
[IpoBepHTE MpaBHJIBHOCTH MOJYYEHHOrO pe3yJbTara MO AaH-
HeIM Taba. 1X.

7.13. Kakas uacTh TemJoThl NMapooOpa3oBaHHsA BOAbI MpPH
tTemnepatype {=100°C uger Ha yBe/qHYeHHe BHYTpPeHHel 3Hep-
THH CHCTEMBI? , '

7.14. YpenbHas Telnorta napoo6pasoBaHusl Gensosa (C,H,)
npu Temneparype (=77 °C paBHa r=398 kJ[x/kr. HaiitH u3Me-
HeHHe BHyTpeHHe#l 3Heprud AW npu ucnapeHHH Macchl Am=
=20 r GeHsoua. -

7.15. Tlonbaysce ypaBHenHeM Kmaysuyca — Knanefipona
U ganHbMH Ta6a. VIII, Haiita yae/bHyio TelioTy mapoo6paso-
BaHHUA r Bonbl npH teMnepatrype (=5 °C. [IpoBepuTh NMpaBH/ib-
HOCTb TOJIY4eHHOT'O pe3ysbTaTa Mo AaHHBIM Tabs. 1X.

7.16. [laBjieHns HACHIEHHOT'O PTYTHOrO Napa MpH TeMIe-
parypax- £1=100°Cu {,=120°C -pasust p,=37,3 [la H p,=
=101,3 Ila. HafiTH cpeliHee 3HaueHHe yAENbHOH TEMJOTH Na-
poo6pa3oBaHUsA f PTYTH B YKa3aHHOM HHTEpBalle TeMIlepaTyp.

7.17. Temnepatypa Kunenus 6ensona (C,H;) npu naBnenun
p=0,1 MIla paBua {,=80,2 °C. Haiirn paB/ieHHe p, HacCHIlleH-
Horo napa Gensona npu temneparype ¢=75,6°C. Cpennee
3HaueHHe YHeJbHOH TemnoThl mnapoofpa3oBaHus OeH3ona B
NAHHOM HHTepBajie TeMmmepaTyp T[PHHATH pPaBHBIM r=
=0,4 MJIx/Kr.

7.18. JlaBneHHMs] HACBIIIEHHOI'O Tapa 3THJIOBOI'O CHHPTA
(C.H,OH) npu temnepatypax £,=40°C u £,=60°C paBHbBI p;=
=17,7 klla u p,=67,9 klla. Haiith usmeHenne sutponHu AS
IpH HCNapeHHH MacChl Am=1 r 3THA0BOr0 CHHPTa, HAXOXAA-
werocs npu Temneparype (==50°C,

7.19. M3meHeHne SHTPOAHM IPH HCNAPeHHH KOJHYECTBa
Av=1 KMOJIb HeKOTOPOH KUAKOCTH, HaXoslllelics IPH TeMIepa-
type £;,=50°C, AS=133 [Ix/K. JlaBneHHe HachIeHHOrO NMapa
XHIKOCTH NpH TeMnepatype 4,=>50 °C pasuo. p;=12,33 klla.
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Ha ckoabKO MeHseTCA JaBJeHHe HAachHIEHHOro Hapa XKHAKOCTH
npn_ HaMeHeHHH Temneparypsi or £=50°C po f;=51°C?

" 7.20. o KaKOro NpeiebHOTO LABJIEHHA p MOMHO OTKa-
4aTb COCYX HDH MOMOIMH pPTYTHO-AMb{Y3HEHHOI® Hacoca,
pa6oTaiomiero 6e3 PTYTHOH JIOBYLIKH, eCJIH TeMIepaTypa BOAA-
HOH py0alukH Hacoca {=15°C? [laBienne HaCHHIEHHOTO PTYT-
JHoro napa npH TeMmuepatype f,=0°C paBHO py=0,021 Ila,
cpellHee 3HaueHHe YJAeNbHOH TeNJIOTH napoobpa3oBaHHd PTY-
TH B JAaHHOM HHTepBaje TeMNepaTyp HDPHHATH pPaBHLIM
r=10,08 MJIx/Kr.

7.21. Tlpu Temneparype f,=0°C mNJIOTHOCTb PTYTH Qo=
=13,6-10% kr/M®. HafiTH ee.IyIOTHOCTD p MpH TeMmrneparype (=
=300°C. Kosdduunent o6beMHoro pacmupenuss prytH P=
=1,85-10"4 K1

7.22. Ipu Temnepatype £,=100 °C N10THOCTb PTYTH P1=
=13,4-10% kr/m® Ilpu Kakoi Temneparype f, MIOTHOCTb PTYTH

2—13 1-10° kr/m*? KosppuuHeHT OGBEMHOrO paciiHpeHHst
prytH f=1,8-10"¢ K-

7.23. Ha#hTe n/ioTHOCTL 0 MOPCKOH BOJBI HA IJ1yOHHe h=
=05 KM, ecJi{l IVIOTHOCTD ¢ Ha MOBepXHOCTH py=1,03- 103 kr/m®.
C}KHMaEMOCTb Boabt k=4,8-1071° [Ia"!, Yk a3z aHue [Ipu
BbIYHCJIEHHH THAPOCTAaTHYECKOrO JaBJEHHS MODCKOH BOJbL ee
IJIOTHOCTh NPHOJHKEHHO MoJaraTh PaBHON MJIOTHOCTH BOJALL
Ha HOBEPXHOCTH.

7.24. Tlpy HoOpManbHBIX YCJOBHSX CXKHMaeMocTh GeH3osla
k=9-10"1° [1a™?, Koa(pqmunem‘ OOBEMHOTO paciinpends p=
=1,24.107* K~1. Ha cKo/IbKO He06X0LHMO YBeNHUHTh BHElIHEE
JaBlleHHe, 4ToObl pH HarpeBanuu Ha Af=1 K ofbem GeHsona
He H3MeHHJCHA?

7.25. Kos(pdHUHeHT 0OBeMHOrc pacilMpeHHS pPTYTH P=
=1,82.1074 K™%, Uto6bl npH HarpeBaHuy pryTi Ha Afi=]1 K ee
00beM He H3MEeHHJICH, HeOOXOAMMO YBeJHUYUTh BHEHIHee JaBJie-
HHe Ha Ap=4,7 MIla. Haiitn cxHuMaeMocTh k£ pTYyTH.

7.26. Haiitn pasHocTb ypoBHelt A4 PTYTH B ABYX OJHHAKO-
BHIX COOGINAIOIIMXCA CTEKASHHBIX TPYyOKaX, eC/H JIeBOe KOJIEHO
TIOJ/IeP XKHBACTCA TIPH TeMMepaType t,=0°C, a npaBoe Harpero
ao TemnepatypH {=100 °C. Bricora sieBoro KoseHa A==90 cM.
KoapdnuueHT o6beMHoro paciunpesus prytd f=1,82. 1074 K%,
PaciinpenneM cTekJa npeHe6pedb.

7.27. Prythb HaJHTa B CTEKJAsHHBIE COCYJX BHICOTOH L=
=10 cm. Ilpu temneparype =20 °C ypoBeub pTyTH Hah=1 MM
HHXe BepxHero’ Kpas cocyfa. Ha CKOJBKO MOXHO Harperb
pPTyTb, YTOOBI OHa He BBRLTHJIach #3 cocyla? Kosdduunent
o6beMHOro pacluupenis prytu f=1,82-107¢ K X Pacmﬂqe-
HHeM CTek/a npeteGpeud.
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7.28. - CreKJIsiHHBIH cocya, HaHOJIHeHHBIA JO KPaeB PTYTLIO
npH Temneparype f=0°C, umeer maccy M=1 kr. Macca ny-
croro cocyaa M,=0,1 kr. Hafitu maccy m prytH, Kosopas
MOMKET TNOMeCTHTbcSi B cocyfe np# temneparype =100 °C. Ko-
apHLHeHT 0GBEMHOTO pacuiHpenus pryt f=1,82.107¢ K-,
PaciiHpeHHeM CTeKJa npeHeGpeub. _

7.29. Pewmnrth npeppiayliyio 3afavy, ecaH KoabhHOHeHT
06bEMHOTO pacinupenHust crekna f'=3-107¢ K-

7.30. CreK/AHHBIH coOCyJ HaloJHeH A0 XpaeB XHIAKHM
Macsom npH Temneparype f,=0°C. [IpH HarpeBaHHH cocyla ¢
Macaom fo Temneparypsl t=100°C Beirekno 6% Hanutoro
macna. Haiitn kKospdHuueHT 0GBEMHOrO paciIMpeHHs Macia
B, ecml Koatmmunem 06bEMHOrO paciuipeHusi crekna f'=

7.31. Kaxylo OTHOCHTE/TbHYIO OIIHOKY Mbl JONYCTHM MpH
HaXOXJEHHH KO3(PpHIHeHTa 0OBEeMHOro pacluHpeHHs Macja B
YCJOBHAX NPeABIAYIIEeH 3aja4u, ecau npeHe6pe>KeM pacmupe-
HHeM CTeK/a?

7.32. Temneparypa nomemienus =37 °C, atmoctepHoe naB-
nende po,=101,3 klla. Kakoe naBnenHe p NOKaXeT PTYTHBIH
6apomerp, HaxojAmuiica B 3ToM nomelleHHn? KeosdpdHuseHT
‘0o6beMHOr0 paciivpenusi prytu B=1,82.10¢ K-, Pacumupe-
HUEeM CTeKJa IpeHe6pedb.

7.33. Kakywo cuny F HyXKHO NPH/IOKHTH K rOpH30HTA/b-
HOMY aJIOMHHHEBOMY KOJbLY BHCOTOHM A=10 MM, BHYTpPEHHHUM
JHaMeTpoM d; =50 MM H BHeLIHHM JAHAMeTPOM dz»—52 MM, 4TOOBI
OTOpBaTh ero OT NOBEPXHOCTH BoAbI? Kakyio 4acTh HalleHHOMH
CHJIBI COCT&BJIIET CHJA [OBEPXHOCTHOTO HaTsKeHHA?

7.34. Konbuo BHYTPeHHHM AnaMeTpoM d;=25 MM # BHell-
HHM JHaMeTpoM d,=26 MM MNOJBeLIeHO Ha NpPYXKHHe H CONpH-
KacaeTcs ¢ MOBEPXHOCTBbID KHAKOCTH. YKecTKOCTb MNPYMKHHBI
£=9,8-10"7 H/m. Ilpu onyckaHu¥ moBepx-

HOCTH JKHJIKOCTH KOJIBIO OTOPBaJIOCh ~OT i ¢
Hee NPH PacCTAMKEHUH NPY:KUHH HAa Al=5,3
mM. HafiTH noBepXHOCTHOe HaTsKeHHe o
JKUAKOCTH. K “Z ¥

7.35. Pamka ABCD ¢ mnoABMXHOH Mei-'

HOH mepeknaguuoll KL 3aTAiHyTa MBLIBHOM
nneHkoit (puc. 12). KakoB JomkeH GBITH
quamerp d nepekaaguubl KL, utoGbl ona Puc. 12.
Haxojujack B paBHoBecHu?  Hafitu anuny [
NepeKnajiuHbl, €CJIH H3BECTHO, YTO IIPH NepeMelleHHH nepe-
KJaiuHel Ha Ah=1 cM coBepilaeTcsi H30TepMHYecKas paborta
A=45 wmk]JIx. IloBepxuocrHoe HATAKEHHe MBUIBHOTO pact-
Bopa a=0,045 H/m.
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7. 36 CrHpT MO KamisM BHITEKaeT M3 COCYAa 9epe3 BEPTH-
KanbHylo TPY6Ky BHYTpeHHHM IHaMmerpoM.d=2 MM. Kanuu
oTphiBaloTcs Yepe3-BpeMs At=1 c oaHa mocjie apyro#t. Yepes
Kakoe BpeMsi T BbiTeder Macca.m=10r crmpTa? Jlnametp
mIeiKH KanJH B MOMEHT OTpHIBA CYHTATh paBHbIM BHYTpeRHeMy
_IHaMeTpy TPYOKH.

7.37. Boaa no kamnsM BbITeKaeT M3 cOCyJa uepe3 Bean-
KaJbHyl0 TPyOKY BHYTpeHHHUM jAuameTpoMm d=3 MM. [Ipu ocTH-
BaHHH BoAml OT /,=100°C no #,=20°C Macca KaXJOH KalJH
H3MeHHach Ha Am=13,5 Mr. 3Has NOBEpXHOCTHOE HaTSXKEHHE
o, BOAbl NpH £,==20°C, HalTH NOBEPXHOCTHOE HATsXKEHHE &y
Bonbl npu ¢, =100 °C, [InameTp 1medKH KanjiH B MOMEHT OTPBIBa
CYHTaTb paBHBIM BHYTPEHHEMY JIHaMeTPy TPYOKH.

7.38. Ilpu naaBieHHM HHUKHErO KOHLA BEPTHKAJbLHO MOJ-
BeLIEHHOH CBHHUOBOH MPOBOJOKH IHaMeTpoM d=1 MM 06pa3so-
Bajocb N=20 kaneab cBuHDa. Ha cKOJBKO YKOPOTHJACh
npoBosioka? JloBepXHOCTHOe HaTs:KeHHe MKHIKOro CBUHIA
a=0,47 H/M. lnaMeTp wefiKy KaljdH B MOMEHT OTpbIBa CYH-
TaTb PaBHBEIM JUaMeTPy HPOBOJOKH.

7.39. Boza no xanssMm BbITeKaeT H3 BepTHKAJbHOH TPy6xH
BHYTPEHHHM pafuycoM r=1 MM, Hafitn paiunyc R KamjHu B
MOMeHT oTpbiBa. Kanmo cuutaTs ceprueckoit. JTuamerp weldKH
KamJH B MOMEHT OTPHIBA CUHTATb PaBHHIM BHYTPeHHeMy Jua-
MeTpy TpyOxH.

7.40. Ha ckoJIBKO Harpeercst KanJsi PTYTH, NOJydYeHHas. OT
CAMAHUS JBYX Kanesib pajuycoM r=] MM KaxXjas?

7.41. Kaxkyio paGory A .NpOTHB CHJ  IOBEpXHOCTHOTO
HaTs2KEHHS] Halo COBepIIHTh, uTOOBI pasiejHTb chepHuye-
CKYIO KallJIl0 PTYTH paguycoM R=3 MM Ha JBe OJHHAaKOBHIe
Kanau?

7.42. Kakyio pa6ory A npoTHB CHJ MOBepXHOCTHOTO HATs-
JKEeHHA Hallo COBEPLUUTDb, YTOOLl YBEJIHUHTH BIBOE OGBEM MBLIb-
HOro mysbipsi pagnycoM r=1 cm? IToBepXHOCTHOe HaTsKeHHe
MBIBHOTO pacTBopa o=0,043 H/M. :

7.43. Kakyo pabory A npoTHB cHJI NOBEPXHOCTHOTO HAaTf-
_JKeHMsl HaJ0 COBEpIIHTh, YTOOBI BBIRYTb MBUIbHHIH MNY3EIPb
IZvamerpoM d==4 cM? [loBepXHOCTHOe, HaTsXKeHHe MBLILHOTO
pactBopa «=0,043 H/m.

7.44. Haiitu naBjieHde p BO3AyXa B.BO3AYLIHOM IY3HPbKE
quaMerpom d=0,01 MM, HaxonauieMca Ha IaybuHe h=20 cMm
10/l I0BEP XHOCTBIO BOZbI. ATMoctepHOe faBJenHe p,=101,7 kl1a.

7.45. laBjeHHe Bosfyxa BHYTPH MBIILHOTO TY3HIpsS Ha
Ap=133,3 I1a 6onsle aTMocgepHOro. Ha#itu = guamerp d
‘ny3bips. - [ToBepXHOCTHOE HATSKEHHE MBUIBHOTO pacTBOpa

a=0,043 H/m.
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7.46. Ha kakoil rayGuHe & NOX BONOH HaXOMTCH MYy3bIPeK
BO3/lyXa, €cJH -H3BECTHO, YTO NJIOTHOCTH BO3AYyXa B HEM P==
=2 xr/M*? Jluamerp nysnippka d=15 MEM, Temnepatypa f=
=20°C, atmocepHoe ZHaBnenne po=101, 3 Klla.

- 7.47. Bo <KOJIbKO pa3 IUIOTHOCTb BO31yXa B Ny3HIPbKe,
- HaxolsuleMcsi Ha ray6uHe k=D M mnoj BOAOH, GosbIIE MAOT-
HOCTH BO34yXa IpH aTMocepHOM JaBjeHHH po=101,3 kIla?
Pannyc nyseipbka r=0,5 MKM. "

7.48. B cocyn ¢ PTYThIO OnylleH OTKPBITHIA KamnHJsAp,
BHYTpeHHHI JHaMeTp kKoroporo d=3 MM. PasHocTb. ypoBHeil
PTYTH B cocyle H B Kanuanspe Ah=3,7 mMM. Hailitn paniyc
KPHBH3HH R MeHHCKa B KamHJIsipe.

7.49. B cocyx ¢ BOIOH ONylleH OTKPHITHIA Kanuaasap,
BHYTpPeHHUH IHaMeTp kotoporo d=1 mM. PasHoctb ypoBHeil
BOIBI B cocyie H B Kamuansipe Ah=2,8 cM. Hafitu pannyc
KpUBH3HBL R MeHHCKa B Kanuaasipe. KakoBa 6bliia 6bl pa3HOCTD
yposHe#l Ah B cocyje ¥ B Kanuaasipe, eciu Obl cMauMBaHMe
6blJI0 TIOJHBIM?

7.50. Ha kaky:o BricoTy # nogunMaercsi 6eH30J B KanuJ/as-
pe, BHyTpeHHHH JuaMerp Koroporo d=1 MM? CMaunBanue
CYHTATh MOJHBIM. ‘

7.51, Kakum noJjxKeH GLITh BHYTPeHHHH auamerp d KanuJ-
Jasipa, -uTo6H NPH NOJHOM CMayMBaHHM BOJA B HeM NOJHHMa-
Jiach Ha Ah==2 cM? 3ajauy pelunThb, KOrAa KalHIAsp HaXOQHUT-
csa: a) Ha 3emane, 6) Ha JlyHe.

7.52. Haiity pasHocTb ypoBHe# Ak PTYTH B<ABYX coobialo-
U XcS Kanuanspax, BHYTPeHHHe JMaMeTphl KOTODHIX PaBHH
di=1 MM H d,=2 MM. HecMaunWBaHHe cYHTaTb NOJHBIM. )

7.53. KaxuM nomxeH GeIThb HauGoabiidii AnaMerp d nop B
(PHTHJIe KepOCHHKH, 4To6bl KePOCHH NOAHHMaJCs OT AHAa Kepo-
CHHKH J0 TOopesKH (Bbicota h=10 cM)? CyHTaTh NOpH NUJIMHJ-
DHYECKHUMH . TpYOKaMH H CMayHBaHHe TOJIHBIM.

7.54. Kanunaap BHYTPeHHHM paayycoM r=2 MM ONylleH B
MuIxKoctb. HaliTH NOBepXHOCTHOE HATsKEHHE O KUJKOCTH,
ec/M HM3BECTHO, YTO B KANWJJIAD TOAHANACH MAcca XHAKOCTH
m=0,09 r.

7.55. B COCYZL ¢ BOJOH ONYyLIEeH KanuAansp, BHYTPEHHHH
panuyc Kotoporo r*=0,16 MM, KakuMm jomkHO GBHITE JaBNeHHE p
BO3AyXa HaA XHUIAKOCTHIO B KANUJJAApe, uToOb YPOBEHb BOJBI B
KanuaJasipe 1 B cocylle 6ul1 onHakoB? ATMoctepHoe JaBieHHe
po=101,3 kIla. CmaunBanMe CYMTaTb NOJHLIM,

7.56. Kannaaspnas tpyGKa onylieHa BepPTHKa/JbHO B_CO-
CyI ¢ Bofo#. Bepxuuii KoHenl Tpy6KM 3anasH. Hna toro 4robn!
YPOBEHDL BOJILF-B TPYOKe U B HIMPOKOM cocyje Ghl ONHHAKOB,
Tpy6Ky mnpuuuioch norpysurk B Boay -Ha 1,6% ee maMHH.
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Hakiru BuyTpesHuii paguyc r TpyGku. AtMocdepHoe AaBieHNe
po——lOO klla. Cmauvpanue CUHTATD HOMHBIM. <

7.57. BapomerpHuecKasi TpyOka A, samosHeHHad. PTYTLIO
(puc. 13), umeer BHYTpeHHMH xHamerp d, pasuml: a) 5 MM;
6) 1,5 cM. Moxno a¥ onpefensTh a'mocqaepﬂoe JaBieHHE
HEMOCPEACTBEHHO [0 BHICOTE = PTYTHOTO
cronGa? Haiiti BelcOoTYy pryTHOro cToAbGa
B KaXIOM H3 3THX cJaydaeB. ATMmocdep-
HOe JaBJeHHe po==758 MM pT. cT. Hecmauu-
BaHHE CUHTATb IOJHBIM.

7.58. BuyTtpennuit auamerp Gapomer-
puueckoit Tpy6ru d=0,75 cm. Kakywo no-
NpaBKy Haj0 BBECTH, H3Mepss atmocdep-
HOe JABJEHHE IO BBHICOTE PTYTHOTO CTOJ-
6a? HecmauupaHHe CUMTATH IOJIHBIM.

7.59. Kakywo OTHOCHTENBHYIO OLIHOKY
MBI JIOMYCKaeM, BBIUHCsAs aTMocdepHoe
- JaBienHe p,=101,3 kIla no BHcOTE
pryTHOro cro/i6a, ecaH BHYTPeHHHUi NHameTp GapoMeTpHuecKoH
TpyOKkHu d paBeH: a) 5 mm; 6) 10 MM? HecMauuBanHe cuMTarh
IO HBIM. ‘

7.60. Ha nmoBepxHOCTL BOABI INOJOXHUIH XUPHYIO (OJ-
'HOCTBIO HecMayHBaeMyi BOJOI) CTalbHYI0 Hroaky. Kakos
HaHGOMBIIMIA JHaMeTD d UTrOJIKH, NPH KOTOPOM OHA ellle MOXKeT
JepKaTbCcsi Ha BoJe?

7.61. Byjer nn njaBath Ha MNOBEPXHOCTH BOIBI KHPHAS
(MOTHOCTBIO HecMaylBaeMasi BOJOH) MJIaTHHOBas - MpoBo/IOKa
aHaMeTpoM d=1 Mmm?

7.62. B nHe cocyia ¢ pPTyTbio HMeercss orBepcTHe. Kakum
MoKeT OHTb HaHGOJBWHEA AHaMmeTp d OTBEpPCTHS, YTGGH! PTYTh
U3 COCYAA He BRUIMBAJAch NPH BbICOTe cTos0a PTYTH A=3 cM?

7.63. B nue crekJAsiHHOTO cocyAa Inromansio S=30 cm?
HMeeTcs Kpyr/oe oTBepcTHe auaMerpoM d=0,5 mMM. B cocyxn
HaauTa pTyTh. KaKasi Macca m PTYTH O€TaHercss B COCyae?

7.64. BonoMepka Oeraer no noBepxHocT# BoOAe. Haiitu

Maccy #m BOJOMEPKH, ec/H H3BECTHO, YTO [OA KaXIOH H3 WeCTH
JanoK HaceKoMoro ofipasyercs sAMKa, paBHaf noaychepe
paaguycom r=0,1 Mmm. ) :
- 7.65. Kakyio cuny F Halo npHioXHTB, YTOOBI OTOpBATh
Apyr ot jpyra (6e3 cxpura) [se cMOUEHHbEE (I)OTomIaCTHHKH
pasmepoM S=9X 12 cM?*? TomurHa BOASHON IPACHOHKH MEKIY
n1acTHHKaMH d=0,05 mmM. CMauHBa#He CUHTATh NOJHBIM.

7.66. Mexny HABYMS BePTHKaALHEIMA [LIOCKONZPAJIIEb-
HBIMH CTEK/ISHHLIMH IUIACTHHKAMH, HaXOASHHMMHCE Ha pPaccTo-
Hu d=0,25 MM Apyr or. npyra, Ha/JHTa KHAKOCTb. Ha#fty
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HBROTHOCTb (0 KBAKOCTH, €C/IH M3BECTHO, YTO BLICOTA NOAHITHA
XKHUIKOCTH MeX1y nJjactunkamu h=3,1 em. [losepxHocTHoe
HATSKEHHE  KUAKOCTH a~0 ,03 Hm. CM&'*H*I’B&HPIE CUHTaTh
NOJHEM.

7.67. Mexny IByms I‘OpH&OHTa.lII:H.HMPI n1ockonapadJienb-
HEIMH CTEKJIAHHBIMH [AACTHHKaMH MNoMellleHa  Macca m=5 T
pTyTd. Korza Ha BepXHIOI MJAcTHHKY ITOJOXKHJH I'PY3 Maccoi
M=5 Kkr, paccrosHMe MexKJy IL1aCTHHKaMH CTa/jO PaBHbLIM
d=0,087 mm. IIpenebperag Maccoil IIACTHHKH [0 CPaBHEHHIO
¢ Macco#l rpysa, HalTH NOBEPXHOCTHOE HATsXKeHHe & PTYTH.
HecmaunBanue cuuTaTh NOJIHBIM.

7.68. B oTkpriTOM Kamm.nﬂpe BHYTPEHHHI JHaMeTp KOTo-
poro d=1 MM, HaxoiuTcA Kan/is Bozel. [IpH BEPTHKA/IbHOM
HOJIOXEHHH KaNuaasipa Kamisi o6pasyer cTONOHK BEHcOTOH A,
paBHoOii: a) 2 cM, 6) 4 cM, B) 2,98 cm. Haittu papmychl Kpu-
BU3HH R; U R, BepXHETQ H HHIKHETO MEHHCKOB B KaxKJIoM
H3 3THX cayyaeB. CMauHBaHHe CYMTATb HOJHEIM,

' 7.69. I'opH30HTaAbHBIH KanHAJNApP, BHYTPEHHHH [AHaMeTp
KOTOpOro d=2 MM, HamoJHeH BOJOH TaK, 4yTo B HeM oOpa3oBaJ-
ef crosiGuk anuHofi A=10 cm. Kakasa Macca m BOAL BhlTeYeT
U3 KanuJaspa, ecJH ero NocTaBHTh BepPTHKaabHO? CMauHBaHHe
CYHTaTh NOMHLIM, ¥ Ka3a HHUe YyecTb, YTO IpeflelbHas
JLJNHHA cTosN0MKa BOJBI, OCTaBlleHcsA B KanHaaspe, JOJKHA
COOTBETCTBOBATh PaJMyCy KPUBH3HH HHXKHETO MeHHCKa, paB-
HOMY pajuycy Kanuaispa (cM. pellieHHe 7.68).

7.70. B oTKpBITOM BePTHKAJbHOM KaTiW/Jasipe, BHYTPEeHHHH
paauyc Koropoero r=0,6 MM, HaXOJAMTCH CTOAGHK CIHPTA.
Huxuuit MeHHCK 3TOro CTOJOHKA HaBUCAeT HAa HUXHHH KOHell
Kanuansapa. Haiith BricoTy h cronGuKa CIHpTa, NMPU KOTOPOH
paaMyc KpHBU3HbI R HHXKHEro MeHHCKa
paBeH: a) 3r; 6) 2r; B) r. CMaudBaHHe
CUHTAThL TOJHBIM,

7.71. TpyG6ka, HsobpaxeHHasa Ha pHC.
14, oTKpbiTa ¢ 000HX KOHIIOB H HANOJIHE-
Ha KepocHHOM. BHyTpeHHue paauychl Tpy-
60k 1 n 2 paBuul r;=0,5 MM u r,=09
mM. IIpu KkakKoii pasHocTH ypoBHeit Ah
MeHHCK Ha KoHIie TpyGkH | Gygner: a) Bor-
HYTHIM. C pajHycoM KDHBH3HEI R=r; O)
NJIOCKHM; B) BHIDYKAHIM C PaXHYCOM KpH-
BH3HB R==r,; I) BLUTYKJRIM C pajHyCcoM KpHBHSB.bI R—r1
CMauHBauHe CUYHTaTh HOJAHLIM.

7.72. B HHPOKH COCYA ¢ BOROH ONYUleH ‘KaDM/IAP Tak,
4TQ BepXHHIl ero KoHell HaXGAUTES BLIUE YPOBHA BOAK B €OCY e
Ha h=2 cM. BuyTtpennnii paauyc Kanuanapa r=0,5 mM. Hafitu
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paIMyc KpDHBH3HB R MeHHCKa - B, Kanu.n.nﬂpe Cmayupanne
CYHTaTh MOJHBIM. <

, 7.73. Apeomerp nnaBaeT B BOAE, MOJIHOCTBHIO - CMAYHBAIO-
me#t ero cTeHkd. JIHamMeTp BePTHUKANbHOH LMJAHHADHYECKOH
TpYOKH apeome'rpa d=9 mm. Ha ckosbKo H3MeHHTCH riiyOHHA
NorpyKeHHsA apeoMeTpa, ec/H Ha nonepxnoc'rb BOJBI -HAJIHTb
HECKOJILKO KAneab CIHpTa?

7.74. 'ApeoMeTp n/aBaeT B XKHAKOCTH, MOJHOCTBIO CMauH-
Batoliel ero creHky. [luaMeTp BepTHKANBHOH UMIAHHAPHUYECKOH
Tpy6kH apeomerpa d=9 MM. [lnoTHocTh XHAKOCTH p=0,8 X
% 10? kr/m?, noBepXxHOCTHOE HATsXKeHHe XuikocTH a=0,03 H/m.
Ha ck0J/IbKO H3MeHHTCA TIyOHHA [OrPYKeHHA apeoMeTpa, eciiH
BCJICICTBUE 3aMaC/THBAHHSI APEOMETpP CTaJl MOJHOCTBIO HecMa-
YHBAEMBIM 3TOH JKHUIKOCTBIO?

7.75. Tlpu pacTBOpeHur MACcCHI rn-—lO r caxapa (C;sH::011)
B o6bemMe V' =0,5 J1 BOIRI OCMOTHYECKOE JaBJCHUE PACTBOpaA p ==
=152 klla. IIpu kakoil Temneparype T Haxoautcsi pacTBoOp?
Jluccounanusi MOMeKyJ/ caxapa OTCYTCTBYET.

7.76. OcMoTHuecKOe JjaBjieHHe pacTBopa, HaXORAIIErocs
npu teMneparype =87 °C, p=165 klla. Kakoe uucio N mose-
KyJ BOAbl NMPHXOAHTCA HA OAHY MOJIEKYJNy pPacTBOPEHHOrO
BELIECTBA B 3TOM paCTBope? Huccounauus Momexy. BeLueCTBa
OTCYTCTBYeT.

7.77. Macca m~2 I NoBapeHHO! COMHM PacTBOpeHa B oébeme
V=0,5 n Bogel. Crenenp AHCCOHHALHU MOJIEKYJ MOBapeHHOMH
cou a=0,75. HailtuH ocmoTu4eckoe AaBJeHHe p PacTBOpa Npi
Ttemneparvpe {=17°C.

7.78. CreneHb AHCCOUHALMH MOJIEKYJI NIOBAPEHHOH COJMH NPH
pacTsopeHuH ee B Boie o=0,4. [Ipu 3TOoM ocmoTHueckoe AaB-
JeHHe pPacTBOpa, Haxojsuwerocsi npu rtemmeparype {=27°C,
p=118,6 klla. Kakas macca m moBapeHHOI COJH pacTBOpeHa
B ob6beme V=1 J BOABI?

7.79. Macca m=2,5r noBapeHHO# COJIM pacTBopeHa B 00b-

“eme V=1 n1 Boapt. Temneparypa pactBopa {=18°C. OcMoTHue-
ckoe JaBJeHue pactBopa p=160 klla. Kakosa ctenens aucco-
UHAHMH @ MOJIEKYJ NMOBapeHHO# COJH B 3TOM cayuae? CKOJIBKO
YacTHI PACTBOPEHHOrO BELIECTBA HAXOAUTCH B elHHHULE oébema
pactBopa?

7.80. Macca m=40 r caxapa (CisH340y) pactsopena
8 obrveme V=0,5 a1 Bomet. Temneparypa pacropa £=50°C.
Haiitu pap/ieHe p HaCILEHHOTO BOAAHOIO 1aPa Hajl PAaCTBOPOM.

7.81. [laBieHne HacHIEHHOrO Napa Haj ' pacTBOPOM NpH
Témneparype #=30 °C pasHo p;=4,2 k[la. Halitu naBsenne p,
:[ac%glfgnoro napa Haj 3TUM pacmopom npu Temneparype
[ S . -
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7. 82 JlaBnenne p HACHILIEHHOr0 Mapa. Haj paCTBOPOM B
1,02 pasa meHbllle 1aBJIeHHS P HACHLIEHHOrO N&Pa YHCTOH BO-
mi. Kakoe wHeio N MOJEKYN BOII IPHXORUTCS Ha ORHY MOJIE:
KyJly PacTBOPEHHOTO BelllecTBa? .

7.83. Macca m==100 r HesleTyuero BeIECTBA PacTBOpPeHA’
B o6beme V=1 1 Bonu. Temneparypa pactsopa {=90°C. [as-
JieHHe HachlllleHHoro napa Haj pactsopoM p=68,8 klla. Haiitu
MOJIIPHYIO ‘MacCy | PacTBOPEHHOr0 BellecTBa.

-7.84. Heneryuee BemecTBO ¢ MOJAPHOH MaccoH p=
=0,060 Kr/Mosb pacTBOpeHO B Bofle. TeMmepaTypa pacTBopa
t=80°C. [laB/ienye HaCHILIEHHOr0 mMapa Hal PacTBOPOM p=
=47,1 k[la. Halith ocmoTHuecKoe JaBjieHHe p, pacTBoOpa.

§ 8. Teepawie Tena

H3ameneHne teMmneparypel nNaasdeHuss dT NPH H3IMEHEHHH JaBJeHHs
Ha dp naerca ypasnenwem Knaysnyca - Kiuaneiipona

ar=rYox—Vor 4,
o, )
TIe gy — MOJsIpHAsl TeNJOTa NJaBJeHHS, Vou — MOISPHEI O6LeM KHA-
KocTH, Vyr — MonsipHbii 0GbeM TBepmoro Tesa, T — TepMOAHHaMHYecKas
TeMIiepaTypa NJaBeHns.

[pw we ouenk Hnslmx TemnepaTypax M TBEPABIX TeJl HMEET MecTO
82KOH Tononra’ 9 ‘TITH, COMIACHG KOTOpOMY MOJISIPHAA  TEMJIOEMKOCTH
BCEX  XHMHUYECKH npocnﬂx TBEPABIX Tel PpaBHa NpHOIH3HTeIbHO JR=
=25 JIx/(Moab -K). .

KonnuectBo Temnots Q, nepeHocHMOe BCAEACTBHE TEIJIONPOBOIHOCTH
3a. BpeMs AT,  onpepeasietcsa dopMyJIoi

AT
Q:?»-E-ASAT,

rae AT/Ax — rpagnent TeMmepaTypul B HanpaBJleHHH, NEpPNEHAHKYIAPHOM
K miomanke AS, A — TenJonpoOBOXHOCTD.

. . Ilpy noBwiweHWy TeMnepatypw AJHHA TBep,ubxx TeJd BO3pacTaer B
nepsoM - TIPHONHMEHHH JIHHEeHO ¢ TeMilepaTypoi:

- =1l (1+at),

Fne | — IJIMHA Tesa TpH TeMnepaType ¢, lp — €ro AJIK¥HA IIpH TeMIlepatype
1,=0 °C, a — TeMmnepaTypHuifi KoS(ppHIHEHT NHHeAHOrO pacupenus. s
TBEPALIX H3OTPOMHHX Tell a—b/3 rae b — TeMmnepaTypHhI xosq;qmuﬂem
06LeMHOr0. PacCIuMpeHus.

B cayuae ne(popmamm NPOXOJIBLHOTO’ pacm)xeynﬂ (c:xatna) crepxua
OTHOCHTEJBHOE H3MeHeHHe ITHHEL CTepXHS TIO 3axony FyKa

VS
= Pu= E Pus
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Iie py — HOpMalbHOe HampskeHde, T. e. py=F/S, rge F — pacraru-
palom@an: (CHKUMaloINasn), cuaa, S — MIOIKafk NOHEPEYHOro CeueHus: Be-
amamua E [Ma]=1/a paswimaercs monysem:- IOHra:

OTHOCHTeNIbHOE H3MEHeHHe AHaMeTPa CTepHHR npu HpO,n’OJIbHOM pac-

TAXKEHHH (cma’n—m)

Ad
= = 5.051- ,.

Bennuuna a=%=AAdl7; HasnisaeTcst Kosdduuuentom IMyaccona,

Jnst ‘3aKPYYMBAHHS CTepXKHS (NPOBONOKM) HA HEKOTOPHIt Yrom Q.
HEOBXORUMO anJ'IO}KHTb MOMEHT Naphl CHJI (3aKPYUHBAKOIIMIT MOMeHT)
. aNrt
. M=
~2l (pQ

rae [-— gnuHa NPOBOJIOKH, r — ee pauHyc, N [I'Ia]-—monynb CliBHra
MaTepHasna IPOBOJIOKH. :

8.1. V3MmeHenHe 3HTPONHHM NpPH TMJaBJeHHH KOJHYECTBa
v=1 KMoab sapla AS=22,2 kIx/K. Ha cko/lbKO H3MeHsSETCH
TeMnepaTypa [JIaBJEHUS - JIbJA TPH YBEJIHYEHHH BHEIUHErO
Jasnenusas Ha Ap=100 xIla?

8.2. Ilpu naBjennu p;=100 klla TeMrepaTypa NJaBJeHHs
osopa £;=231,9°C, a npu pasienun p,=10 Mlla ona pasua
{,=232,2°C. IlnotHocTh xHAKOro osioBa p==7,0-10% Kr/m®,
Hafitu uameHnenue 3HTpomm ‘AS npu nJaBJEHUH KOJIHYECTBA
v=]| KMOJb 0JIOBa.

8.3. Temneparypa niapjeyus Xene3a HaMeHsercd Ha AT =
=0,012 K npu usmeHenuu naBneHuss Ha Ap=98 kl[la. Ha
CKOJIbKO MEHSIeTCA MPH NJaBJeHHH 00beM KOJHUECTBA V==
=] kMoJb xeje3a?

8.4. ITomb3ysich 3aKOHOM I[lOJIOHra u [Itu, malitu yaenn-
HYIO TelJIOBMKOCTb. C: a) Mexu; O) Kesesa; B) AJIIOMHHUS.

8.5. [lome3yscn 3akoyom [dgoaoura u [rn, Haum, H3 KaKoro
maTepHaJa cleslaH MeTalinaecKui wapuk maccot m=0,025 Kr,
€CJIH H3BECTHO, 4TO /i €ro HarpeBaHHs oT ¢;=10°C g0 t2—3O°C
noTpebOBAJIOCh 3aTPATUTh KOJHUECTBO Tenmyothl Q=117 [Ix.

8.6. Iloansyace 3axonom [Hiononra u Iltu, Haiitu, Bo
CKOJIBKO pa3 ylenbHas TelJIOeMKOCTh. aMiOMHHHS GoJiblle
YAEAbHOH TEMJOeMKOCTH [JIATHHBL. :

8.7. CBHHUOBas MyJs, JeTdwas co CKopocTbo v=400 m/c,
yAapsAeTcst 0 CTEHKY W BXoAuT B Hee, Cuutag, uto 10% kuHeru-
qecKoll 3HePrHH NYJH HAeT HA ee HarpeBaHWe, HalTH,- Ha
CKOJIbKO Harpeiach NyAd. YIeAbHYIO TENAOEMKOCTh CBHHIA
HaliTH no 3akony Hwuoura u IltH. o .
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-8:8. IlnacTHKH M3 MelH (ToMuHHON d;=9 MM) H 2Kene3a
~ (ronuHOH dz‘-—‘3 MM) cJoeHh BMmecre. Bremusm moBepx-
'HOCTb Me,zu{ou NJaCTHHKH NORAEDMHBACTCA IIPH ‘TeMieparype
t,=50°C, BHEIUHSsI OBEPXHOCTb KEJNE3HOH — MpH TeMmepa-
type {,=0°C. HaliTn TeMnepatypy ¢ noBEPXHOCTH HX CONpPH-
kocHoBenHs, Tlnomane MJaCTHHOK BeJMKa 1O CPABHEHHIO C
TOJILLHHOH.

8.9. Hapy)xﬂaﬂ NOBEPXHOCTL CTEHBI MMEET TeMmIleparypy
t,=—20°C, BHyTpeHHsisi — Temnepatypy £,=20°C. Touuuna
crenbl d=40 cM. HaiiTi TensionpoBoAHOCTE A MaTepHaia CTEHk,
€CJIH Yepe3 -e[HHHILY ee IOBEPXHOCTH 3a BpeMs T=1 4 NPOXOJHT
KOJIHUECTBO TemIoTH Q=460,5 K,ZI)K/M2

8.10. Kakoe kosuuecTBO TemJoThl () TepsieT 3a BpeMsl T=
=] MHH KOMHaTa Cc nJomazbio -noma S=20 M?® H BBICOTOH
h=3 ™ uepe3 HeTHIpe KHPIHIHbIE crenbl? Temneparypa B KOM-
Hare £,=15°C, TeMAepaTypa HapyxHoro Bosayxa f,=—20 °C.
Tennonpoeoaroctb kKupnuua A=0,84 Bt/(M-K). Toamuna cren
d==50 cM. TloTepsaMu TenJia yepes mosa H NOTONOK NpeHebpeyb.

8.11. QnHH KOHel XKeJIe3HOT'O CTEpPIKHS MNOLAEepKUBAETCSH
npu remnepatrype t, =100 °C, npyroii ynupaercs B sen. Hnuna
cTepXKHs [=14 cM, NJOIalb NONEPEYHOTO CeyeHHs S=2 cM2.
Haiitu KosnuuecTBO TemsoTHl (J;, NpoOTeKawoNiee B eIUHHLY
BpeMeHH BIOJNb crepkHf. Kakas macca m Jbla pacraeT 3a
BpeMsa 1=40 mun? [lorepsimMu Tensa uyepes CTeHKH NpeHe6peuk,

8.12. Tlnomane NoONepeyHOTO CeYeHHsS MENHOTO CTEPXKHIA
S=10 cm?, pauHa crepxus [=50 cM. PasHocTb Temmepatyp
Ha KoHuax crepx#a AT=15 K. Kakoe KO/MHYECTBO TeNJOThLI
Q. NPOXOAMT B €NMHHLY BpeMeHH uepe3 cTepkeHb? [lorepsamu
TenJia npexebpedb.

8.13. Ha nJsiute CTOMT a/MoMHHHeBas KacTpiosis AHaMETPOM -
D=15 cm;, nanosnenHas BojoH. Boma KHNHT, H NpH 3TOM 3a
BpeMs T=1 MuH obpasyerca Macca m=300 r BoAAHOro napa,
Hailitu temneparypy { BHeLUHeHl NMOBEPXHOCTH JHA KacTpIOJIH,
ecsin ToamuHa -ero d=2 M. [lotepsamu Tensa npeHebpeys.

8.14. Merammyeckuii LUMIHHAPHYECKHH COCYA pagHycoM
R=9 cM Hanoanen AbfoM npu Temneparype #,=0°C. Cocyn
TEIVIOH30JIHPGBaH cJioeM NPoOKH rtomuuHod d=1 cM. Yepes
Kaxkoe BpeMs T Becb JeJ, HaxoAsumuiicas B cocyle, pacTaer,
€cJlH TeMIepaTypa HapyKHOTO:BO3AyXa f,=26 "C? CuHTars,. yTo
-0o6MeH TenJa:NPOHCXOAHT TONBKO Uepe3 GOKOBYI0 HOBEPXHOCTh
cocyAa cpefHuM -paanyeoM Re=9,5 cm.
| 8.15. Kakytocuny F Hajio NPHIOKHTD K KOHIAEM CTaAbHOr0
CTEPIKHS C M/IOAABIO IIONEePEeSHOrO ceuenusi S=10 em?, 4TO6L
He HaTh emy ‘pPaclIHPUTLCS DM Harpeaaﬂun 0T to--O °C mo
t=30°C?
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8.16. K CTaJIbHOH MPOBOJIOKE PaIHyCOM ‘r=1 MM nozusemeﬂ
Tpys. Tlox aeficTuem sToro rpysa nposoJsioka mojyyusia takoe
Xe. yAJHHEeHHe, KaK NpH HarpeBaHHH Ha At= 20°C Hamu
Maccy /m rpysa.

8.17. MelHast MPOBOAOKA HaTSiHYTa ropsyei npn TemIe-
parype #;=150°C MeXRy IBYMS NPOYHBIMH HENOABHMKHBHIMH
creikam#. IIpu Kakoii tTemneparype f,, ocTuiBast, pasopBercs
npoBoJioka? Cuurarb, 4T0 3aKOH ['yKa cnpasejJiuB BOJOTb 10O
pa3pbiBa NPOBOJIOKH.

8.18. Ipu HArpeBaHHH HEKOTOPOro MeTalia OT f,=0°C 1o
£=>500 °C ero myioTHOCTb yMeHbluaercs B 1,027 pasa. Hatitu as14
3TOro Mera/via KO3(pQHIHEHT JIHHEHHOrO pacIUHPeHHS d, CYH-
Tasi ero NOCTOSIHHBIM B J@HHOM HHTepBale TeMmeparvp.

8.19. Kakyio anuny [, JO/KHbB HMETb INPH TeMnparype
ty=0°C cranbHO# H MeAHbIl CTEPXHH, YTOOBI NpPH. JOGOH
TeMrneparype CTajJbHOH CTepXKeHb Obll AJIMHHEE MENHOro Ha
Al=5 cm?

8.20. Ha narpeBaunue MeqHO# GosBaHKM Maccod m=1 Kr,
HaxoAasuiefics npH remneparype fp=>0 °C, 3aTpaueHo KOJHYECTBO
tenyiotel Q=138,2 k1. Bo cKOJIbKO pa3 npy STOM YBeJNHYHJICSA
ee 00beM? Ye/NbHYIO TENJIOEMKOCTb MelM HaHTH [0 3aKOHY
,ZIIOJIOHI‘a g [lru.

- 8.21. Ilpu pacTsKEeHHH MeAHOH npononoxﬂ nonepeyHoe
ceduenHe Koropo# S=1,56 mMM?, Hayaso ocraTouHol nedopmaiuu
Hab/mojaJnock npu Harpyske F=44,1 H. Kakos npenen ynpy-
TOCTH p MaTepuaja NPOBOJOKH?

.. 8.22, Kakum foyixeH ORITb nmpefebHbIH guamerp d cralb-
HOFO Tpoca, 4To0bl OH BbIfepkat Harpysky F=9,8 kH? v

8.23. Haiiru pnuny / MeAHOH NPOBOJIOKH, KOTOpast, GyayuH
NojBelIeHA BEPTHKANbHO, HAYUHAET DPBATbCH IOJ neﬁcmueM
CcOOCTBEHHOH CHJIBI THA2KECTH.

8.24. Peuutb npe}.u;mymyio 3apauy IlJ[ﬂ CBHHIIOBOH MPOBO-
JIOKH.

8.25. [last uaMepeHHUs r/IyGHHBI MOPSt C NApOXOAa CIYCTHJ/IH
rHpio Ha cTajbHOM Tpoce. Kakyio HauGosblnyio ray6uny !/
MOXHO H3MEpHUTb TaKUM cnocoGoM? IIIOTHOCTL MOPCKOH BOXBI
p=1-10? kr/m®. Maccoit rupu mo cpaBHEHHIO C Maccoil Tpoca
npeHe6peys.

8.26. C KpbIIUM AOMa CBELIMBAETCS CTajJbHas [POBOJIOKA
anunoi [=40 M u puamerpom d=2 mm. Kakyio narpysky F
MOXKET BbIAepXarb 3Ta MPoBoJoka? Ha cKOJbKO YIJIMHHTCA
5Ta NPOBOJOKA, €CJH Ha Hell NOBHUCHET YeJOBeK Maccoli m=
=70 kr? DByner .au. nHaGmoparbcsi ocTatouHas Aedopmatius,
KOTAa 4YeNOBeK OTIYCTHT nposo.noxy? Hpene.n ynpyr'ocm
cTasu p=294 MITa, :
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8.27. K cra.nbuof{ NPOBOJIOKE palmycom r=1 MM nofBeiileH
. rpy3 Maccoit m=100 kr.-Ha kaxoii ‘Han6oabuuii yroll o MOX-
'HO OTKJIOHHTb MPOBOJIOKY C TPY30M, 4YTOOH OHAa He Pasep-
BaJach NPH NPOXOMACHHH ITHM IDY3OM l'lOJIO)KeHPIﬂ paBHO-
BeCcHHA? - -

8.28. K akeie3Hol NPOBOJIOKe WIHHOM [=50 cM u IHaMeTpoM
d=1 MM npuBsizana rups- Maccoit m=1 kr. C Kakoii yacroroit
7 MOXKHO PaBHOMEPHO BpaulaTh B BEPTHKAJBbHOH MJ/IOCKOCTH
TaKyI0 IPOBOJIOKY € I'py3oM, 4TOObl OHa He pa3opBaJjach?

8.29. OnnopoiHblil MeHEIH CTepKeHb IMHHOH /=1 M paBHO-
MEPHO Bpaillaercs BOKPYT BeanKaanoﬁ OoCH, npoxojsuied
uyepe3 OfMH U3 ero KOoHUOB. [Ipu kako#l yacrore BpallleHHs 1
CTep>KeHb pa3opBercs?

8.30. OnuoponHplfl- cTepKeHb PaBHOMEPHO . Bpallaercst
BOKDYT BepTHKaJbHOH OCH, NPOXOJfllEH yepe3 ero cepeiuHy.
CrepkeHb pas3pblBaeTCs, KOrja CKOPOCTb KOHIA CTEPKHSA J0-
cturaer v=380 m/c. HafiTu npenes npodyHocTH p Marepuala
crapxkust. [lnoTHocTh Matepuana crepxHsa p=7,9-10% Kr/m3,
© 8.31. K cranbruoft npoBosioke NjauHOH [=1 M H paguycom
r=1 MM noxBecusiu rpy3 maccoit m=100 kr. Haﬂ-m pa6ory A
PaCTSI2KEHHA -NPOBOJIOKH.

8.32. V3 pe3snHoBOro mwHypa AJHHOH [=42 cM H pazmycom
- r=3 MM clienana poratka. ManbuuK, CcTpesssi H3 pOraTkH,
pacTaHyJ pe3utoBbif IuHyp Ha Al=20 cm. Hafitu monyab I0ura
JJISL 3TOH PE3UHBl, €CJAH H3BECTHO, YTO KaMeHb Maccod m=
==(0,02 Kr, nyuleHHbIH H3 poOraTkH, NOJeTe] CO CKOPOCTbIO
v=20 ™/c. H3meHeHHem ceueHHS] IUHypa INPH PaCTAKEHHH
npeHebpeyb.

8.33. VMmeercs pe3HHOBHIH ImuJjaHr JpiaHHOH [=50 cM H
BHYTpeHHHM AHaMeTpoM dy=1 cm. Hlianr HaTAHYJ H Tak, 4TO
ero JiuHa ctana ua Al=10 cm Goabiue. Haii-

TH BHYTPEHHHH AHaMeTp d, HAaFAHYTOroO IIaH- A ¢
rd, eciu Koapuuuent [lyaccona ans pesuusl
0=0,5.

8.34. Ha puc. 15 AB — 2KeJie3Hasi 1poBO-
Jaoka, CD — Menuasi MpoBOJIOKA TaKOH Ke JJIH- -
Hbl H.C TAKHM XK€ MoNepeuHbiM ceyenueM, BD —
crepxenb. Anunoit /=80 cM. Ha crepxenb noj-
BeCHJIH rpy3 Maccol m=2 kr. Ha kakom pac-

iy |
CTOSIHHH X OT TOYKH B HaJ0. ero nojpBecHTh, ﬂ!'ﬂ !
yTOObl CTEPIKEHb OCTaJCA T'OPH30HTAJbHBIM? :
8.35. Halitu moMenT napel cun M, Heo6xo-  Puc. 15.

IUMBIH JUISl SaKPYYMBAHHS MNPOBOJOKH JJIH-

Hoit [=10 cm u pammycoM r=0, MM Ha yroa p=10".

Monyab capura  marepuana nposonokn  N=4,9-10% Ila.
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8.36. 3epxa.nbue ra/tbBAHOMETPA HOABELEHO .Ha IPOBOJIOKE
nanHol [=10 cM u auamerpom d=0,01 mm. Haittu 3aKPyHH-
BalOWHA MOMEHT M, COOTBETCTBYIOUIM# OTKJIOHEH#IO0 3afiuuKka
Ha BeJIHYHHY @=]! MM RO luKaje, yHaAeHHOH Ha PacCTOSHUE
L=1 M ot sepkansua. Moayas CABHTa MaTepHasa NpOBOMOKH
N=4-10" TIla.

8.37. Haiitu noteBuuanabnyio 3sHepruio W NpOBOAOKH
JJinHOH [=D5 cM M fuameTpoM d=0,04 MM, 3aKpydEeHHOH Ha yTroJ

¢=10". Moayab cjBura Marepsaja npoao.noxn N=5,9%
‘ >< [0 [Ta.

8.38. Ilpu npoTeKaHUU H/IEKTPHYECKOTO TOKA uepe3 06-
MOTKY TralbBaHOMETPA HA €r0 paMKy C YyKpellIeHHHIM Ha
. Hell sepxajblieM JeHCTByeT 3aKpyuMBaloHIHH MoMeHT M ==
- =2.1072% H-M. Ramka npu 3TOM IH0BOpayuBaeTcss Ha MaJblH
yroa ¢. Ha 3710 3akpyunBanue ujier pabora A=8,7-107 [Ix.
Ha xakoe paccrosinHe a nepeMeCTHTCA 3aHYHK OT 3epKalblla
' 1o LiKaJde, yAaJdeHHOM Ha paccrofiHie L=1 M OT ranbBaHo-
MeTpar

8.39. Haiitu xosdpputueHTt Hyaccoaa 0 IIPH  KOTOPOM
- 06beM NPOBOJOKH NPH DAcCTSAIKEHHH He MEHFEeTCS, '

8.40. Haiity oTHoCHTE/IbHOe H3MEeHeHWe TIAOTHOCTH LUUJIHHA-
. PHYECKOTO MEJHOTO CTEDXKHS NPH CXaTHH €T0 JaBJeHHeM
P»=9.8-10" Ila. Kosxpuuuent Ilyaccona ans mean 6=0,34:

8.41. )Kenesnas npoBoJIOKA RJMHOH /=D M BHCHT BepTH-
KaJbHO. Ha CKOJIbKO H3MeHHTCs 06beM NPOBOJIOKH, eCliH K Hel
npuBA3aTh rupio maccoit m=10 Kr? Kosqmymnem Hyaccoua
A xkenesa ¢=0,3.



Fnasa II1 ‘
3JNEKTPHYECTBO U MATHETH3M

EAMHHLBI NEKTPUHYECKUX H MATHUTHBIX BEJUYHH

- Jlns nmosydenus MPOU3BOAHHIX EIUHHUIl 3JEKTPHYECKHX H
MarHuTHbIX BesnuuH B cHcTeme CH ncnosbayioTcs OCHOBHBIE
eNMHHIBE METpP (M), KWJIorpamMm (Kr), cekyHna (c), ammep (A).
[IpousBoanble egHHHLBLL 00pPa3ylOTCs HA OCHOBAHMH 3aKOHOB,
yCTaHaB/JIHBAIOUIMX CBSI3b MeXNy (U3HUECKHMH BeJHYHHAMH.
Tak, enuHuna xoanuecTBa 3JjekTpuuecTBa KyJqaoH (Ka) onpe-
JleJgeTCH U3 ypaBHeHus] ¢=1I{ KaK KOJHYECTBO 3JIEKTPHYECTBa,
NpoTeKarolllee uepe3 MolNepedHoe ceueHHe MPOBOAHHKA. 3a 1 ¢
npu cuje Toka 1 A, T. e..

I1Kn=1A.1c.

"EpuHHua pasHOCTH MOTEHIHANoB BOJILT (B) onpemensieTcs u3
ypaBueuust P=U/, rne P — MoOWHOCTL TOKa, T. €.

1B=1Bt/1A.

Tloctymass TakuM e 0o6pasoMm, MBI MOXKeM HAHTH eJUHHUL!
OCTa/IbHBHIX NPOM3BOAHBIX BeJMMYMH (raba. 12).

[Tpumenenwme cucremb! enuuui, CH cBA3awo ¢ pauuonaru-
3anuen popMyJ. Bo MHOTHe ypaBHeHHS, OTHOCAWIHECST K TEOPHH
SJEKTPHYECKHX M MATrHHTHBIX SIBJAEHHH, BXOIHT YHCJIOBOH
MHOXHTeJIb 457t (HampuMep, TeopeMa ["aycca, eMKOCTb HJIOCKOrO
KOHJEHCATOPa, HaNpPsXKEeHHOCTb MAarHHUTHOIO TOJS BHYTPH
cojieHouaa H T. A.). PauuoHasmsanus ypaBHeHHH CTaBHT
CBOEH [1eNbI0 HCKJIIOUEHHEe 3TOTO MHOMKHUTNsE H3 HauboJee YyacTo
TIpHMEHsIEMBIX B 3JIEKTPOTeXHHKE H paj#oTeXHUKe (GopMy.JT;
NpH 3TOM, ORHAKO, MHOXKHTENb 47t BoHIeT B Apyrue GopMy.ibi,
HCIIOJIb3yEeMBIE perke, THe ero NPUCYTCTBHE MOKET GhITh 06BsC-
HEHO TeOMETPHYECKHMH COOOpaXKeHUSIMH. DJIeKTPHUeCKHe H
MaruuTHble efuHuipl cucTeMel CH ycranaBnuBatoTest Ansa pa-
LIHOH aJIM30BAHHOF (POPMEL Y paBHEHHH 3JIeKTPOMArHUTHOT O TOJIS .
B cooTBeTcTBHH ¢ 3THM BCe YDaBHEHHS BO BBEINEHHSIX K Mapa-
rpadam raass 111 ganel B pannoHanu3oBanHoi QopMe. Kaxk u=
B TNpeAblAyIIMX TJiaBaX, OyleM MPOBOAHTh pelleHHe 3ajad .

~TosIbKO B efAHHHUAX cHcTeMbl CH. 1151 3TOro 4Mc/I0BBIE aHHBIE,
MpUBEJCHHBIE B YC/MOBHSX 8afady, HEOGXOJHMO NEPEBOAHTh B
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Taﬁ.;l‘nna 12

MaruuTHLHE MOMeHT

paTHHI MeTp |

Ennpnsna .
Besugnua ] PasMepHoCThb
onpenesenHe - HAHMEHOBaHHE o‘?g::ea- BEAWHHNL

Konuuecto anekT-| g=/It KYJ0H Ka | T/
pudectpa (3J€KT-
pUUECKHI 3apsif) -

Tlotok  snektpuue- | Np= g KyJ0H “Kn |TI
CKOTO CMEL{eHHsI )

Jluneiinas  nmaot-| T=g¢/! KynoH Ha metp | Ka/m|L—1T/
HOCTh 3JIEKTpUYe- .

CKOro 3apaja ' i

[Mosep xHoctHas o=q/S KyJoH Ba kpaj- | Ka/m? L-2T!
MJOTHOCTh 3JIEKT- i paTHBIi MeTp
pHyecKoro sapsza

SnexTpuueckoe cMe~| D=g KYJIOH Ha xpan- | Kam2| L=2T1
menue paTHBI} MeTp .

QO6beMuasn naor-|. §=¢q/V KyJ08 Ha Ky6u- | Ka/md| L=3T]

HOCTb BJEKTpuHue- : yecKuil MeTp
CKOro 8apsijia

Paanoctb noTennna-| U=A/g BOJIBT B [LIMT-3]-1
JIOB; SJIERTPOABH- .

“Kyulasg cHnaa .

Hanpsixennoctb E=U/l BoJbT Ha meTp) B/M |LMT-3/-1
57IEKTPHYECKOTO : ]
nodas

SuexTpHueckoe con-| R=U/I oM Om | L2MT-3]-2
pOTHBJIeHHE ’

Aaextpuneckagnpo-| 6=1/R | cumenc Cm | L-2M-1T3[3
BOAHMOCTb :

Yaenvroe anektpH-| p=RS/l | om-metp Om-m|L3MT-3]~2 ~
yeCKoe CONPOTHB- .
JieHne N v

Yrenvras 3aeKTpH-| O =1/p cumeHc Ramérp | Cm/m | L=3M—31T3]2
yeckasi TpPOBOJIH- : .

MOCTb

Bnextpuueckan eM-| C=q/U dapan @ |L-*M-1T4%
KOCThb : : ,

[lroTHOCTL TOKa ]=1/8 amnep Ha kBan- | A/m2 | L=2%]

. PaTHBI MeTp

Marautemi notok  ||d®|=g& dt | Bebep B6 |L:MT-21-1

‘Marnptnas MHAYK-| B=®/S | tecia Ta |MT-2]-1
M & v

HHayxTHBHOCTD ILI:W FeHpH T UMT—H"

Hanpsxensocts H=1)2nr | amnep Ha merp| A/M [L~1]
MAaTHUTHOTO NOJA

p=18 amnep-KBajl- A-m2{L2]
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exunuubl cucreMel CH. B Ta6n. 13 npuBemeHn! COOTHOLIEHHS
'MeX]y HEKOTOPhMH elunHuamu cuerem CIC. u CH. :

+ Tak kak B cHcreMe CI'C GOJBIIMHCTBO €NHHMI[ HE HMEET
HaUMEHOBaHHH, TO eIMHHULY KaKOH-1HGO _H3HuecKOl BENHYH-
HH Mul GylleM 0003HauyaTb CHMBOJIOM STOHl CHCTEMBI C COOTBET-
CTBYIOWUUM HHIeKcOM. Tak, HanpuMep, eIHHHIY CHABI TOKa —
cumBosioM CI'C,, enunuiy emrocty — CIC¢e u T. 1.

IlpuBenennsie B Tabs. 13 COOTHOLIEHHS JAHBI MEXLY €IH-
HHuamMH cHcremMsl CI'C gast HepallMOHAJIH30BaHHOH (hOPMEI
ypaBHeHHH H enHHHuamy cuctembl CH pa1s1 paunonanusosanno
(opMBI ypaBHEHHH 3JIeKTPOMArHuTHOro noss. O cBA3H MeXAY
HepalHOHAJH30BAHHBIMH H PallHOHAJH30BAHHBLIMH YPaBHEHHs-
MH cM. B Taba. I.-

BBezeM OTHOCHUTENbHYIO AHIJEKTPHUECKYIO NPOHHUAEMOCTD
cpenbl e=¢’/e,, rae &' — aGCoMOTHAs AHSJEKTPHUECKAs Ipo-
HHLAeMOCTb Cpefllbl, YHCJOBOE 3HaUeHHEe KOTOPOH 3aBHUCHT Kak
OT CBOHCTB Cpelisl, TaK H OT BbIGOpa CHCTeMH! eHHHULL. Bennunna
€ Ha3blBAETCA JIEKTPHYECKOH NOCTOSHHOH, ee YHCJOBOE 3HA-
YeHHe 3aBHCHT TOJIbKO OT BhIOOpa CHCTEeMB! efuHuil. Torxa BO
BCEX yPaBHEHHSX BMeCTO &’ MBI MOXeM OpaTb UYHCJEHHO paB-
HYIO efl BeJIHUHHY €¢€, TJIe &y — -3JeKTPHUECKas NOCTOSIHHAS H
& — JU3JEKTPHYecKash NPOHHMLAEMOCTb Cpelbl OTHOCHTEJIbHO
BaKyyma, T. e. o6bluHOE TaGJUYHOE 3HAYEHHe RH3JIEKTpHYe-
CKOH mnpoHHUaeMocTH. B cHCTeMe Cl"C go=1 ne'=e;B cHCTe-
me  CH
€ = g+ 107 ®/m = 8,85418782- 10~ O/m  (c ~ 3-10% cuifc).

Ananoruyno BMecTo aGCOMOTHOH MAarHHTHOM MPOHHIIAEMO-
CTH cpelbl u' Mel GyzeM 6paTh YUCJIEHHO PaBHYIO eH BeJHYUHY
Jolt, TA€ WMo — MarHHTHasi [MOCTOAHHAA H | — MarHuTHas
NPOHHLAEMOCTDb CPefibl OTHOCHTENBbHO BAKyyMa, T. €. 0GbI4HOE
Ta6/HYHOE 3HAUEeHHe MAarHHTHOH MpOHHUaeMocTH. B cucreme
CIC po=1 u p'=p; B cucreme CH

Mo =4n-10"7TH/m = 12,5663706144- 10~ T'n/m.

~a—

Tpumepor pewenus sadau

Bangaua l. Halitu pagnyc mapuka, Haxojsulerocs B’
BO3/(yXe, eC/IH H3BECTHO, YTO NPH 3apPAMEHHH €ro IO IOTeH-
uuana 4 CIC, NOBEPXHOCTHAA IVIOTHOCTb 3apfAa paBHa
0,138 CI'C,/ /CM . -
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"TaBanna 13

.

Bennguna

.

Exneuna H ee ¢BAIh ¢ eAnHEnamMn CH

Th—

Tox

—

KoanuecTso 3jeKTpHYeCTBA

[lorox SAEKTPHUECKOro
CMEINEeHus

—

st

SJeKTpHYECKOe CMELICHHE

[Toze PXHOCTHAA NJOTHOCTDb
SJAEKTPHYECKOro 3apsija

-t

Pasnocrts  NOTeHONAJOB;
AEKTPOABMKYIAA CHAA

—

Hanpaxennocts anexTpn- | |
4eCKOro noJs

dnexTpHUECKOE CONPOTHB- | |
JeHHe

YenbHOE  3JEKTpHUECKOe | |
COTpOTHBJIEHHO
- DNIEKTPHUECKash eMKOCTb 1
[TnoTHOCTD TOKa !
MaruuTHEIE NOTOK 1
MargutHas HBAYKUHMA 1
VInayKTHBHOCTD 1
Hanpsikensocte  Marsut- | |
HOT'O HOJSA

Mpumevanne. B sroh
cBeTa B BaKyyMme nmpameno
‘c==3.101° cmfc.

.
CI‘(;,:TO A_—__;T < 10-9A

crcé,:_-_lc0 KJ,-_-F. 10-9 Ka
10 1
CrCy =19 kpe . 109
Np =y Kn=grz - 10=% Ka

« 102 Kn/m?

105 , 1
Cp=gz Ka/wi=3

. 5 .
CI'Cy =1 CICy/em?== 13 Ka/u? =
1
o= s -8 3
7+ 10-¢ Kayu
CMCy=c-10-% B=3.1¢ B

ClCg=c-10—¢ B/M=3.10% B/m

CIC,=c?-10-% Om=9- 101 Om

CIC,=c*-10~* Om-m==9-10° OM-m -

CCo=—g - 1000=— . 10-1 ©

cre, =12 A/Mz——-;— . 10-8 A

CrCq =1 Mkc=10-8 B6

CICg=1 le=10—* Ta
CICy=1 ecm=10-° Ty
CICy=1 3__ - 10 A/m

Tabanie 9HCJAOBOE 3HaYEHHE CKOPOCTH
B CaHTHMeTpax B cexyuly, T. €.
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Pewenue. 3apsn mapa q, ero emxocts C ¥ nmoTeRUEAT @
'CBSISAHLI COOTHOMIEHHEM

-9 '
C= 7 (D
rxe
g=a-4nr?, (®
Kpome Toro, emkocTh irapa ,
C=4neger. 3)
Nz (1) — (3) nmeem
= 2P ()

g

[ToxcraBnsis 4yHC/OBEIE AaHHBbIE £,=8,85-10712 /M, e=1, 9=
=4 CTC,=12-10* B, 0=0,138CICjemt =212, 10- 5Kn/M2
TIOJYYHUM . ’

8,85-10-12.12.102.3

o138 T0s - M=2.3 oM

3 agaya 2, DIeKTPHYECKOE CMEIUEHHe B MJIOCKOM KOH-
neucarope paBHo 10~% Ka/m2. HaliTh noBepXHOCTHYIO IJIOT-
HOCTb 3aps/IOB HAa IJIaCTHHAX KOHIEHCATopa.

Pewenue, Vimeem D=cg.,eE, H0 E=0/gee; mo3TOMy

g
D=gs 55=0, | (1)

T. €. 3JIeKTPHYECKOe CMElIeH e YHCAEHHO PABHO HOBEPXHOCTHOM
IJIOTHOCTH 3apsiiOB Ha MJIaCTHHAX KoHAeHcartopa. Y mac D=
=10~% Kua/m?, caemoBarenpHo, u o=10"% Ka/m2, ,

Butpasum Teneps suavenust D u o B equuHuax cuctemsl CI'C.
Tak kak

1CTCp=1w Kaywt, wnn 1 Kamt=32Crc, @

TO

= 1073 Knym? = 10~ 3% CTC, =37,7CTC,y.  (3)
Yuurssas, uro 1 Kn=c/10 CT'C, u 1 Mm=10? cm, umeem

1 Kn/Mz = oot CTCfem® = 3- 108 CTC,/ent, 4)
TaKk 4To ’7 ”

o= 10-8 Kyjm? = 10-3 3.10¢ CTC /cm -3CIC Job. (5)
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TaxuM o6pasom, BeTHUHHK D M O YHCJIEHHO PaBHHE! TOJBKO
B pauuonanusoBannofi cucreMe CH. B Hepanuonann30BanHOH
cucteme CI'C ux u9ucJOBHle 3HaYeHMS] YyXKe- He COBNAJaAlOT.
Ilostomy npu nepepone B cucteMy CI'C eIHMHL.JB «KYJIOH Ha
KBaJpaTHHH MeTp» HeoGXOIHMO YUNTHIBATh, Y KaKOH BeJHYH-
HH CTOMT 3TO HaMMEHOBaHMe, TaK Kak, corjacuo (2) u (4),
HMeeM »

1 Kapwr =32 Cre,, 1 Kajme = 3. 108 CICjew.

3 anaua 3. Ilpu nponyckanuu toka 4 A uyepe3 OGMOTKY
JHHHON KaTyIUKH 6e3 ceplleYHHKa MarHUTHBIH MOTOK Yepes 5Ty
KaTyuwky 6w paBen 250 Mkc. [lrowans nonepeyHoro ceuenst
KaTywwku paBHa 5 cM® Kakoe 4YHCJO BHTKOB Ha €IPHHLY
JJIMHBl HMeeT 5Ta KaTylikaP

Peuterue. MarHuTHEIH TTOTOK Yepe3 COJIEHOHX ONpelensieTcs
dopmyaoit ®=pp/nS; orcona

(D -
T ()

TToACTaBASA YHCIAOBLIE -JanHnie ©=250 Mxkc=250-10"* B6,
Re=12,57107 Tu/m, p=1, I=4 A, S=5 cm?=5-10"* m?,
noJy4HM

_ 250.10-# . -
n= Ty srio-ras 0=t M = 1000m7%.

3 anavua 4. [lnockuil KOHIEHCATOp NEPHOAHYECKH 3apsi-
JKaetcs OT 6aTraped aKKyMYJSITOPOB JO Pa3HOCTH TOTEHIHA/IOB
80 B u paspsikaeTcsi yepes coieHoHA (6e3 cepaeuynyka). Ilepe-
KJIOUEHHE KOHAEHCaTopa MNPOMCXOANT ¢ wactoroit 100 c~1.
[lnomany njacTHH KoHAeHcaTopa paBHa 100 cM?, paccTosinue
Mexcay nJacTHHamH paBHO 4,7 mm. IlpocTpancTBo Mexay
fnacTHHAMH 8anojiHeHo napagunoM (e=2,1). Conenona aau-
Holt 25-cM mmeer 250 BHTKOB. HafiTH CpemHION MarHuMTHYIO
HHAYKIHIO B COJIEHOMIE. : :

Peiuerue. Tlpn KaxnoM paspsiiie KOHAeHCaTOpa Yepes Co-
JIEHOMJl NPOMeT KOJHYecTBO 3JeKTpHuectBa ¢=CU, rae C=
==g,2S/d — eMKOCTb KOHIeHcaTopa. Cpefussi cuia TOka, uay-
1mero yepes COJCHOMA, [=¢gn, TAe n -— 4acTOTa pa3psIOB
KOHJeHcaropa. HanpskeHHOCTbL MarHHUTHOrO mNOJS BHYTPH
cosenonna H=IN/l. Maruutnas MHAyRuUus B conedoune B=
=peuH. VI3 9THX ypaBHeHHH HONYYUM OKOHYATEJbHO

goeSUnN .
le‘n{l n’d., o . (1)
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IMoacTaBnss uHCAOBLHIE NanHbe Wo=12,57-10-7 Tu/M, p=I,
£,=8,85-10"1* &®/m, £=2,1, S=100 cm® = 10Q-10~* M?,
=80 B, n=100c™?, N=250, =25 cM=0,25 M u d=4,7%
x 1073 M, monyunm '
B = 125710"188510 12211028010’250

0,25-4,7-10-3 =397 nTx.

§ 9. S.uempouamxa

[To 3akowy KynoHa cHna 31eKTPOCTATHYECKOTO B3aHMOAEACTBHS
MeX1y JBYMs 3apSKEHHLIMH TelaMM, PasMephl KOTOPHX Majbl 1O Cpas-
HEHMIO C PacCTOsiHHeM 5 MeMJY HHMH, onpefesserc ¢opmyaoi

_ 192
4ngqer?’

rle q; H §q— 3JEKTPHUYECKHe 3aPSiAbl TeJl, &€ — OTHOCHTe/NbHAas AH3JIeKTpH-
YecKan MNPOHWIAEMOCTh cpef, €;=8,85418782-10~1% ®/M — saexTpu-
YecKass IIOCTOAHHAaA. .
HanpsKeHHOCTb 3JeKTPHYECKOro MoJjsi onpenensercs ¢GopMy.iod
E=%, _
q

rne F — cuna, JeicTByiomas Ha 3apsj ¢. HanpsikeHHOCTh NoJas TOYeyu-
HOTro 3apsja
=9

4dneyer?’

HanpaxeHHOCT: SJIEKTPHYECKOTO MOJS HECKOJBKHX 3apsloB (HAanpuMep,
noJie AMNOJs) HAXONMTCA NMO NPAaBUJIY BEKTOPHOFO CJIOMKEHHS.
Flo Teopeme I'aycca noToK HanpsXKeHHOCTH CKBO3b JI00YI0 3aMKHYTYIO

TNIOBEPXHOCTh
Y 2 q,,

rae Eq‘;—- anreGpanyeckasi cyMMa 3apHJIOB, HAXOASIIUXCA BHYTPH 9TOH
noeepxHocTH. CoOTBeTCTBEHHO TIOTOK 3JEKTPHUECKOrO CMEIEHHS CKBO3b
.moﬁylo 33aMKHYTYIO TIOBEPXHOCT

“Np=Xq..

Ilpu nomomu Teopemrr I'aycca MOXHO HaNHTH HanpsKEHHOCTb SJIEKT-
PHUECKOTO M0Jis,, OOPA30BAHHOTO Pa3JHYHLIMH 3apSAKEHHHIMH TeJaMH.

HanpsiKeHHOCTh  MOJfA, OOPA30BAHHOIO 3apAKEHHOR GeCKOHEuHO
JINIMHHOH HHTBIO, -
. T
E= .
. Eyea
The T — AWHefiHas UJOTHOCTH S2PAJa HA HWTH, 4 — PacCTOSHUE OT HWTH.
Ecan HATL HMeCT KOHEUHYIO AJIHHY, TO HANpPMKEHHOCTb NOAS B TOUKe,
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Haxoafguiefics Ha nepneﬂnuxynape, BOCCTaB/eHHOM 3 cepe,mﬂu HUTH ‘H3
pacc'ronmm a ar Hee, i .
_Tsin6
- . - 2ne.,ea

rae O — yronm MeKIy HampaBNeHHeM HOPMalH K HHTH M DalHyC-BeKTODOM,
NpoBeJeHHHIM H3 PAacCMaTPHBaeMOfl TOYKH K KOHIY HHTH.
HanpskeHHOCTs MMOJs, OGPA3OBAHHOIO 3apSIKEHHOA GECKOHeYHO

ﬂpOTﬁ)KeHHOP“( {IVTOCKOCTBIO,
*

(¢4

E=2€08 '

Tie ¢ — NOBepPXHOCTHAas TJOTHOCTh 3apaja Ha TJAOCKOCTH. Ecam mio-
CKOCTB TIpeAcTaBiasteT coGOf AHCK paguycoM R, TO HampsiKeHHOCTb NOJS
B TOUKe, HAXONALIeHCS HA NEPHEHIMKYJSPE, BOCCTABIEHHOM H3 IIEHTpA
IHCKa Ha PAacCTOARHH @ OT Hero,

-9/ a N
5 (' ~y7Ta )

HanpseHHOCTs 10Js, 0GPa30BAHHOIO PazHOMMEHHO 3apm§<e"ﬂﬂbmﬁ
NapaiieNbHBIMA O0eCKOHEYHHIMH IJIOCKOCTSIMK (MOJIt TJIOCKOTO KOHIEHCa-
TOpa),

o

E=-—,
g€

Haﬂpﬂ}KeHHOCTb noad, OﬁpaSOBaHHOI'O 32pSAXKEHHBIM IapoM,

= Iegert’

IAe ¢ — 3apsn wapa pazmycom R M 7 — pacCTOARME OT UeHTpa wiapa,
npuuem r>R.
AnexTpHueckoe cMeienne D onpefeaserca COOTHOWIEHHEM

D =gyeE =o,

Pa3HOCTb NOTEHIHANO0B MeXAY ABYMS TOUKAMH 3AEKTPHUYECKOro mOJA
onpenensiercst paGoTofi, KOTOPYiO -HAAO COBEPMIHTH, YTOOH eAMHMLY NOJO0-
WUTEABLHOTO 3apAia NepeHecTH M3 OfHO# TOUKH B JPYTYiO:

U=@i—@a=—
Horeuunan NoJAs TOUYEHUHOro 3apAna-

q.

?= 4nteq8r

rie r — paccroaiHe OT 3apsdaja.
Hal‘lpﬂ)KeHHOCTb SJIeKTpH'-IeCKOTO noJsA. B TIOTeHIHaA CBA3aHHE COOT-
HOLIEHHEeM

o ____'dﬁp
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B Cayuae OHOPORHOrO TOAR IMIOCKOTO mﬂneﬂcampa HENPAMENHOCTE

E =

d 1
rae U— pasnocn TIOTEHILHANIOB  MEeXy IIJIaCTHHaMH KOHJleHcaTopa, d —_
paccTosnie MexXJy HHMH. »
) INotennuan YeAHHEHHOTO NPOBOAHKKA H €ro 3apAi CBA3AMbLI COOTHO-
LIEHHEM
v g=Cq,
rae C— €MKOCTb YE€AHHEeHHOIO NpPOBOAHHKaA.
EMKocTh NJIOCKOro KoHpaeHcaTopa

8088
Pt d H
rge S — naomajib Kamjod NJacTHHH KOHJEHcartopa.
EMKOCTb clepHYeCKOro KOHJEHCATopa
' 4“308;"'1?
R—r ',
rie r H R — papuycs BHyTpeHHed M pHewHed cep. B yactHoM cayuae,
Korja R=co,

C =

C=Adngeer N
— eMKOCTb YeIHHEHHOro HIapa.
EMKOCTb HHJEMHAPHYECKOTO KOHAEHCaTopa
: 2negel
In(R/r)’
rfie L — BBICOTAa KOAaKCHa/JbHHX LKWJIHHIDOB, r K R — pajHychl BHYTpeH-’
Hero M BHeLIHero LWJIHHIApOB. .

EMKOCTB CHCTEMBl KOHJIEHCATOpOB:
npH napaijieJbHOM CO¢AHHEHHH KOHACHCATOpPOB

C=C+C+Ca+..
OpH [OCAeN0BATENLHOM COeLHHEHHH

1
[P RE A

C=

DHeprHs yeJHHEHHOTO 3aPSHKEHHOTO NPOBOAHHKA MOMeT OuThb Hai-
AeHa 1O OLHOH H3 caedylomux Qopmya:
_aqU W cu? W= '8
T2 20 2c”
B cayuae naockaro Komiescaropa smepris

882 J,ge.E’Sd 2S¢

V= 2d 277 2e4e?
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rae S — NJOmaHb KAXIOR IUACTHHH KOHAGHCATOBA, G — MOBEPXHOCTHAL
IVIOTHOCTb 3apAJA HAa NAACTHHAX, U — DPA3HOCTh TOTEHHHANIOB MEMEY
RAacTHHaMH, d — pacCTOfiHMe MeXAy HHMH. Bexnunia

eeE? ED

— —

2 2

Ha3bLiBaeTCd O6LEMHON IJIOTHOCTBIO HEPTHH SJEKTPHYECKOTo MOAd.
Cuaa TPHTAMEHHA MeXNY [JIACTHHAMH [IOCKOrO KOHJHCAaTOpa

F. sosEZS_aosSUz___gz_S_'

9.1. Ha#itat cuory F npuTsKeHHS MEKAY AApOM aroMa BoJo-
poaa u snekTpoHoM. Paxuyc aroma Bogopoaa r=0,5:10"1 m;
sapsj fiApa pPaBeH [0 MOAYJIO U MPOTHBOTIOJIOXEH MO 3HAKY
3apsily 3JEKTPOHA.

9.2, /lBa ToYeuHHIX 3apsAa, HaXoAsiCh B Bosnyxe (e-—l) Ha
paccrosiuun ri=20 cM JApyr OT Jpyra, B3auMONEHCTBYIOT C
HEKOTOPO# cHIod. Ha KakoM paccTOIHHH r, HYXKHO NOMECTUTH
9TH 3apajbl B MacJse, YToOH IOJYYHTb Ty € CHJIY B3aHMOAeH-
CTBHSI? '

9.3. IlocTpouTb rpaguk 3aBHCHUMOCTH CHJBL F B3auMomeh-
CTBUSI MEXJy JBYMS TOUEUHBIMH 3apsiXaMH OT PACCTOSIHHSA I
MeXy HHMH B HHTepBate 2<r<(10 cm uyepes Kaxupie 2 cm.
3apamnt ¢,=20 uKn u qg——30 HKJI

9.4. Bo CKOJIBKO Pa3 CHJIa TPaBUTALHOHHOTO NMPHTSIMEHHS
MEXIy ABYMSI [IPOTOHaMH MeHbIlle CHJIBI HX 3JIeKTpocTaTHue-
CKOro OTTaJIKHBaHUs? 3aps] NPOTOHAa paBeH MO MOAYMO H
NPOTHBONOJIOKEH M0 3HAKY 3apsiAy 3JIeKTPOHa.

9.5. Hadith cuny F 3/1eKTPOCTaTHYECKOTO OTTAJIKHBAHHSA
MEXIV AAPOM aroMa HaTpHs W GoMOapAHDYIOH(HM €ro MpoTo-
HOM, CUHTAasi, YTO IIPOTOH MOAOUIeJ K SAPY aToMa HATpHA Ha
paccrosuHe r==6-10" M. 3apsax aapa HaTpHA B 11 pas 6oase
3apsAfa NpoToHa. BuuAHMeM 5/1eKTPOHHOH 000JOYKH aToMa
HaTpHSA npeHeGpeyb.

9.6. [IBa MeTa//IHYeCKHX ORHHAKOBO 3apsieHHBIX lUapHKa

Maccolt m==0,2 Kr Kax/piii HaXOAATCSA Ha HEKOTOPOM PaccTos-
HuH Apyr ot Apyra. Haiitu sapsa g mapukos, eciu H3BeCTHO,
9T Ha 5TOM DACCTOAHHH SHEprHs W, HX 3JeKTpocTaTuue-
CKOTrO B3aHMOJAEHCTBHS B MHJJHOH pa3 GoJbuie 3Hepruu
W,, HX rpaBHTaUHOHHOTO B3aHMOACHCTBHUA.
9.7, Bo exonbko pa3 sHeprusd W,, SJeKTpPOCTaTHYECKOrO
B3aHMOJHCTBHA JBYX YaCTHI C 3apAAOM § H MaccOi m Kampaas -
Gonbive sHeprud W, HX rpaBHTauHMOHHOrO B3aHMOJEHACTBUSA?
3agauy pemuHTh zum. a) snem‘pOHoa,,G) l'lpOTOHOB.‘-
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9.8. I]OCTponTb rpaqu 3aBHCHMGCTH 3Hepr1m W,, 371€KT-
POCTaTHYECKOrO B3aBMOJEHCTBHS JABYX TOYEYHRIX 3apfJOB OT
paccToAHHS 7 MeX Iy HUMH B HHTepBade 2<r< 10 cM uepes Kax- .
Juie 2 cM. 3apsanl g;=1 #Ka u ¢,=3 HKJ]‘ e=1. I'paguk no-
CTPOMTb AJAs: a) OAHOHMEHHBIX 3apsloB; 6) pasHOMMeHHHIX
3apsaIoB.

9.9. HaiiTu Hanpsi>KeHHOCTb E 3J1eKTPHYECKOro 1oJsl B TOY-
Ke, Jexalllei mocepelHHe MeXJy TOUEYHBIMH 3apsjaMH g =
=8 HKan1 1 ¢,=—6 uKa. PaccTosline MeXxny 3apallaMH 1=
=10 cMm; e=1.

9.10. B umeHTp KBaipaTa, B KaxJoH BepIllliHe KOTOPOTrQ
HaxouTcs 3apsaf ¢=2,33 HKJ, noMellleH OTPHIATe/bHBIA 3a-
pRA go. HaliTi 5TOT 3apsa), ecay Ha KaxXkAn# 3apal g JeficTByer .
pesyabtHpylowas cuia F=0, -

9.11. B BepIIHHAX TIPaBH/IBHOrO IIECTHYTOJbHHKA Pacro-
JIOXKEHBbl TPH TOJIOXKHTEJILHBIX H TPH OTPHUATE/NBHBIX 3apAja.
Haiitn Hanpsixkennocts E snekTpHuecKoro nosis B LeHTpe Luec-
THYroAbHHKA TPH pAa3JHYHBIX KOMOMHAIMAX B pacroJioxe-
HHH 5THX 3apsanoB. Kaxnawit 3apaj g=1,5 nKax; cropona mec-
THYIOJbHHKA a=3 CM.

9.12. Pemiuth mpeAblAYLIYIO 337auy NpH YCJIOBHH, YTO BCe
ImecThb 3apAJ0B, PACOJOXKEHHEIX B Bepumnax I1eCTHYT OJbHHKA,
HOJIOXKUTELHBL.

9.13. JIBa ToueuHHIX 3apsaaa g1=7,5 HKJI Hg,=—14,7 uKa
PACTOJIOXKeHb! Ha paccTOsHUHU r=>5 cM. HaliTH HanpsixeHHOCTB
E snexTpuuecKoro noss B TOYKe, HaXOAsIIEHCHA HA pPacCTOSHH-
SIX @=3 CM OT TOJOKHTEJIBHOro 3apsifia u b=4 cM or orpuia-
TeNBHOTO 3apsja.

9.14. [IBa mapuKa OAMHAKOBHIX pafiyca H Macchl mojpe-
lIeHbl HAa HHTAX OJIMHAKOBOH IJIMHBI TaK, YTO HX NMOBEPXHOCTH
conpukacatorcsi. [locse cooflieHus ImaprKam 3apsja ge=
=0,4-MKKJ1 OHH OTTOJNIKHYJIHCh APYT OT JPYra H Pas3ollTHCh Ha
yron 2a=60°. Haiitu Maccy m kamjoro mapHka, ecH pac-
CTOSIHHE OT ‘LleHTpa WapHKa 10 TOYKH mnoiseca [=20 cM.

9.15. JIBa mapuKa OJJHHAKOBBLIX pafnyca U Macchl NOJBe-
IIeHBl HA HHTAX OJMHAKOBOH AJIMHBI TaK, YTO MX NOBEPXHOCTH
conpukacaiorcsi. Kako# 3apsifl g HYXHO COOGINHUTD LIAPHKaM,
yTOGH CHJIa HATSIKeHHS HuTell crana. pasHoit T=98 MH? Pac-
CTOSIHHe OT LieHTpa [IapHKa 0 TOYKH nojapeca [==10 cM; Macca
KaJoro mapuka m==>HT. ;

9.16. HaiiTi nmioTHOCTb p MaTepHasia apHKOB 3a1auk 9.14,
€CJIH M3BECTHO, YTO npy TIOrpy KeHHH STHX IAPHKOB B KEPOCHH
YroJl PacxomieHHs HHUTeH CTan PaBHEM 20, =54°,

9.17. JlBa 3apm1(enﬂblx mapHKa O,IIHHaKOBl:IX paivyca H
Macchl no,uBeuJeHu Ha HUTAX ONVHAKOBOH JUVIHHHI‘H ONYHIEHB
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B KHEKHI JHUIEKTPHK, IUIOTHOCTH KOTOPOFG paBHa O H NH-

3JeKTpHUYECKas: [poOHHLaeMoCcTh pasHa €. Kakosa roax

6LETH- IUIOTHOETD. 09 MaTepHasa UIaPHKOB, YTOGBE YI/IbE PacXoHt-

+ JeHHAA HuTelt B Boanyxe H B [IHUS/CKTpHKE OBLTH ommaxo»

BLIMH?
9.18. Ha puc. 16 AA —3apﬂx<eHHaﬂ GecKOHeYHaR TWIO-:

CKOCTb. C IOBEDXHOCTHOH MJIOTHOCTBIO 3apsifia 0=40 Mk Ka/m?
H B — OXHOHMEHHO 3apsi’KeHHBIH IMIAPHK C Mac-

4 coift m=1r u 3apagom g=1 HKa. Kaxo#t yroxa
o ¢ miockoctelo AA obpasyer HHTb, Ha KOTO-
poit BHCHT 1IapHK?

) 9.19. Ha puc. 16 AA — 3apsixenHas Gecko-

HeyHas TUIOCKOCTb H B — OZHOMMEHHO 3apsXeH-

Hbiil waprk ¢ Maccoit m=0,4 Mr W 3apsagoM g==

=667 nKa. Cnia HaTAXeHHS HHTH, Ha KOTODOM

g pucut wapux, 7=0,49 mH. Haiith noBepxHOeT-
HYI0 TJIOTHOCTh 3apsiila ¢ Ha MIockoctH AA. -

3 ©9.20. Haiitu cuny F, neiicTByloulyio Ha 3apsn
N4 g=2 CI'C,, ecu 3apsij TiOMelleH: a) Ha paccros-

Puc. 16, HHH r=2"cM ot 3apsiKeHHOH HUTH C JIHHeHHOH
mwioTHocThI0 3apsga 1=0,2 MgKa/m; ©6) B
noJjie  3apsxkKeHHON IJIOCKOCTH ¢ [OBEPXHOCTHOH  IIOT-
HOCTBIO 3apsfa 0=20 MxKJi/M?, B) Ha paccTOsiHUH r=2 cM
OT MOBEPXHOCTH 3apsiXKEHHOro Iapa ¢ pagHycom R=2cMm
H [OBEPXHOCTHOH IIOTHOCTBIO 3apsifa 0=20 mxKa/m?. Tu-
3JIeKTpUUECKas TPOHHUIAEMOCTh Cpefibl &=6.

9.21. Tlocrpouth Ha omgHOM rpajuke KpHBbie 3aBHCHMOCTH
HanpsxXeHHOCTH E 3JIEKTPHYECKOro MO/ OT pPAaccTOSIHHA r
B uuTepBaje 1<r<b cM uepe3 xaxapifi 1 c¢M, ecau mnoJye ob-
pasoBaHO: a) ToueuyHbIM 3apsimom ¢=33,3 uKu; 6) Geckoueuro-
JJMHHOH 3apsKeHHOH HUTBIO C JIMHeHHOH IJIOTHOCTBIO. 3aps-
Ia 1=1,67 MmxKn/M, B) OecKOHeUHO MPOTSIKEHHOH IUIOEKOCTHIO
C TMOBEPXHOCTHOH NJIOTHOCTBIO 3apsfia 0=25 MxKim/m? -

9.22. Haiitu HanpsikeHHocTh E 3/eKTpHuecKoro noss mua
pacctosaiuu r=0,2 HM OT ONHOBaJeHTHOrO- HOHA. 3ap;m HOHa
CYUTATH TOUEUHHIM.

9.23. C kakoit cunoft F, aneKTpHYecKOe IoJie 3apsseHHON
GeCKOHEUHOH IJIGCKOCTH LleHCTByeT HA eIUBHNY. JVIMHBL 3aps-
*eHHO#. 6eCKOHeUHO JTHHHOH HUTH, NOMEUIEHHOH B 3TO moJse?
Jlunefinast mnoOTHOCTD 3apsija Ha HUTH T=3 MKKJ/1/M H nosepx-
HOCTHAfl MJIOTHOETh 3apsafa Ha mrockKoeTH 0=20 MxKn/m>.

9.24. C kaxo#l cu10o# F; Ha e[MHHIY IJHHBI OTTaJIKHBAIOT-
cA JBe OJHOHMEHHO 3apsxeHHHe OecKOHeUHO AJHHHBIe HHTH
C .OAHHAKOEOH JIMHEHHOH MIOTHOCTHIO 3apsima t=3 MKKJ/M,
HaXoAsMHeCS Ha PacCTORRUH ry=2 cM ApyT oT Apyra? Kakywo
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paém'y A, Ha €IANARY AAWHEL Hal0 COBEPUIHTH, TFOGLI CJI‘BH-
HYTb 3TH HHTH [JO PacCCTOSHHA r,=1 cM?

9.25. Jlpe JUMHHLIe ONHOMMEHHO SapsKeHHbIE Hmn pac-
NONOXKEHE! Ha PaccTOsTHHE r=10 cM ApYr oT apyra. JlHHeliHas
IJIOTHOCTD 38apsiia Ha HHUTAX T,=T,=10 MxKa/m. Hairu
MOJIyJ/b H HanpaBJ/ieHHe HampsxeHHOCTH E pe3yJbTHpyomiero
3JEKTPHUECKOTO TIONSl B TOWKe, HaXoRAllelcd Ha PACCTOSHHH
g=10 cM OT KamJOf HHTH.

9.26. C xakoil cHioli Fg Ha elHHHLY nnoma)m OTTaJIKUBa-
10TCS ABe OJHOHMEHHO 3apmerHbIe GeckOHeuHO NPOTAXKEHHble
miockocTH? TloBepXHOCTHAsA IJIOTHOCTD 3apsizia Ha MIOCKOCTAX
6=0,3 mKa/m®.

9.27. Menngpiit map paauycom R=0,5 ¢cM nomeleH B MacJio.
IlnotHocTh Macna p,=0,8-10° kr/m®. Haiitu sapsn ¢ mapa,
ec/iH B OJHOPOJHOM 3JIEKTPHUYECKOM MoJe HIap OKasalics B3Be-
WeHHHIM B MacJje, DjeKTpHYecKoe HoJie HaNpaBleHO BepTH-
KaJbHO BBEpX M €ro HanpspkeHHoctb E=3,6 MB/m.

9.28. B niocKoM ropH3oHTaJbHO PACHONOXKEHHOM KOHJEH-
caTope 3apsiKeHHaa KaneJbKa PTYTH HAaXORUTCS B PABHOBECHH
ApH HaNPSKEHHOCTH 3JekTpHyecKoro mons E=60 kB/m. 3a-
pan kamm ¢=2,4-107°CI'C,. Haiitn pamnyc R xanmau.

9.29. ITokasarb, 4TO snempmecxoe none, oGpa3oBaHHOE
3apsIKEeHHON HHTBIO KOHEYHOH JJIHHBI, B NPENeNbHHX CJyyasx
nepexonuT B 3JeKTpHUYeCKOe IoJe: a) ‘6eCKOHeYHO JIJHHHOH 3a-
psi>KeHHOH HHTH; 6) TouYeyHoTO 3apsana.

9.30. Inuna sapsuxennolt HUTH (=25 cM. [Ipn KakoM npe-
JeJIbHOM PacCTOSIHHH @ OT HUTH TI0 HOPMaJiH K cepellHHe HHMTH
3JIEKTPHUYECKOE MOJIe MOXKHO PaccMaTpHBaTh KakK 1ojie Gecko-
HeuHO J/IMHHOM 3apsikenHo#f HuTH? OmMOKa NMPU TAKOM JO1Y-
LUIEHHH He foJxkHa npeBpuiath 0=0,05. Y kasanuwue.
Honyckaemaa omnbka 0=(E,—E;)/E,, rue E, — nHanpsken-
HOCTb 3JIeKTPHUECKOro noJsisi 6eCKOHeUHO AJMHHOH HHUTH, E; —
HaNPSKEHHOCTb NOJIA HHUTH KOHEYHOH IJIMHEL.

9.31. B rouke A, pacnonoxeHHOH Ha pacCTOAHHH a=5 cM
oT 0GecKOHeYHO IJIMHHOH 3apsiaeHHON HHTH, HaNpSKEHHOCTDb
saekTpHueckoro noas E=150 kB/M. Ilpu xakoii npenenbnoi
Anpge | HUTH HaHJeHHOe 3HaueHHe HaNpSKEHHOCTH OyleTr
BEPHHIM C TOYHOCTBIO 10 2%, ecin Touka A pacniosoxkeHa Ha
HOpMAJH K cepenune ‘HUTHP Kakosa HanpsixenHoctb £ snekr-
PHUECKOro TOMA B Touke A , @c/H IHHa HUTH [=20.cM? JluHeii-
HyIO TJIOTHOCTb 3aDAa Ha HHTH KOHEYHOH I/HHBL CUHTaTh
:paBHOH JIMHellHOH ‘HJOTHOCTH 3apaja Ha GecKOHeYHO AJIHHHON
HHTH. Hality .npgefiHyO N7AOPHOCTL 3&PAMA T Ha HUTH, '

9.82. Konbno M3 ‘poBUsoKH PammycoM R=10-cm umeer
OTpnuaTeanmﬁ Bapsl g=—>b HKJI Haum HaPAKCHHOCTH E
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snempnqecxoro MoNA Ha OCH KO/bLA B TOYKAX, p”acno.nox(eu-
HHIX OT LEHTPa KONblia Ha paccTofHusX L, pasuux 0, 5, 8, 10
u 15 cm. Toctpouts rpaduk E=f(L). Ha KaKOM PacCTOAHHH
L ot figntpa KoJblia HanpsiKeHHOCTb E 3/1eKTPHYECKOro 11oMs
OyfieT HMETb MAaKCHMaJibHOe 3HauyeHHe?

9.33. HanpsikeHHOCTb 3/JIEKTPHYECKOTrO MOJSA Ha ocH 3aps-
JKEHHOTO KOJ/Iblla MMEET MAKCHMaJIbHOe 3HAYEeHHe Ha paccTosi-
HUH L ot ueHtpa Koabua. Bo cKOAbKO pas HanpsKeHHOCTb
3J1eKTPHUECKOTO TOJIA B TOYKe, PACMOJI0OKEHHOH HAa PAcCTOSAHHH
0,5L ot ueHtpa Kosabua, Gyaer MeHbllle MAKCHMa/bHOrO 3Ha-
YeHHSs] HAIpPsKEHHOCTH?

9.34. IlokasaTh, 4TO 3JIEKTpPHYECKOE MOJE, o6pasoBaHHoe
3apsiKeHHbIM AMCKOM, B NpejenbHbIX CAy4YasiX TePeXOJHT B
3/IeKTPHYECKOe moJie: a) 6ecCKOHeYHO MPOTAMKEHHOH MJIOCKOCTH;
6) ToueyHOro 3apsja.

9.35. JInameTp 3apsukeHHoro aucka D==25 cM. Ilpn kakom
MpeJesibHOM PAcCTOSIHMM @ OT JIUCKA MO HOPMAJH K ero HeHTpy
3/IEKTPHYECKOe MoJie MOXKHO paccMaTpHBaThb KaK movie Gecko-
HeYHO MNPOTAXEHHOH mJockocTH? OwHuOKa NpH TakoM Jomy-
lleHHH He NoJxHA mpesbliaTh 6=0,05. Y kasaunue. [Ho-
nyckaemas ounbka 6= (Ez—El)/Ez, rae E; — HanpsikeH-
HOCTb T0/is1 GeCKOHEYHO NPOTsHKEHHOH MIOCKOCTH, K, — Ha-
npsiKEHHOCTb MoniA  AHcKa.

9.36. Tpebyetcs Halitn Hanp sXKEHHOCTD E 3JIeKTPUUECKO-
ro moas B Touke A, pacrojoXeHHOH HA PACCTOAHHH a=DH cM
OT 3apsIKEHHOrO IHCKa 10 HOPMaJiH K €ro ueHTpy. [Ipn kakom
npefesibHOM pajHyce R JAHcKa mosie B TodKe A He GyAeT oT/H-
‘yatbest Goslee yeM Ha 2% OT nosia GECKOHEYHO MpPOTSKEHHOMH
nuockocTu? KakoBa Hanpsxennocts E nonst B Touke A, ecau
paguyc avcka R=10a? Bo cko/ibko pas HaiifieHHast Hanps-
JKEHHOCTb B 3TOH TOYKe MeHblle HalpsiXeHHOCTH noJs Gecko-
HEYHO TNPOTANKEHHOH [JIOCKOCTH? _

. 9.37. JIBa napa/uteNbHbIX Pa3HOMMEHHO 3apSiXKEeHHBIX JAUCKA
' ¢ ONMHAKOBOH MOBEPXHOCTHOM MVIOTHOCTHIO Japfija Ha HHMX pac-
NoJIOXKeHb! Ha paccroAnHH d=1 cM apyr ot apyra. Kako# npe-
JesnbHbIH paguyc R MOFYT HMeTb JQHCKH, YTOOLI MEKIY -HEeHT-
- PaMH JHMCKOB II0Jle OTJHYAJIOCh OT N[O/ MJIOCKOFO KOHJEHCATO-
pa He Gosee yeM Ha 5%? Kakyio owx6ky & Mbl momycka-
eM, NPHHHMMasi AJsl STHX TOYEK HANPFAMKEHHOCTh NOJA paB-
- HOH HAMIPAXKEHHOCTH NOJS = IJIOCKOFO KOHAeHcaTOpa MpH
R/d=10? :

9.38. .Illapux Macco#t m==40 M, HMEIOH MOJIOKHTE b

Helit 3apan g==1 uKn, Aukercss co ckopocthio v=10 cm/c.
_Ha xakoe paccrosnue r MoxeT NMPHOJH3HTLCA IIAPHK K 110JI0-
JKHTeIbHOMY TOYEYHOMY 3apaiy ¢o==1,33 sKx?.
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9.39. Jlo KaKOro paccTOsHHs r MOTYT COMM3UTLCH ABA SJIEK-
TPOHa, €C/IH OHM ABHIKYTCA HaBCTpedy APYL APYry ¢ omocu-
TeJbHOA CKOPOCTBIO Up=10% m/c?

" 9.40. Tlpoton (aApo aTomMa BOXOPOAA) ABHMKETCA CO CKO-
poctbio v=7,7-10° v/c. Ha kKakee HaHMeHbWee paccTOSiHHe
MOXeT npuﬁnusmbc;l NPOTOH K f/PY aTOMA a/IIOMHHMA? 3apsl
filpa atoMa aMOMHHHA ¢=Ze, TAe Z — NOPSAKOBHIk HOMep
aToMa B TabiHle MeHleseeBa H e — 3apsi NPOTOHA, PaBHBIN
N0 MOAY/O 3apsiily 3JeKTpona. Maccy npoToHa CuMTaTh pas-
HO#l Macce aToMa BOJOpPOAa. IIpOTOH M spO aToMa AMIOMHHUS
CYHTaTh TOYEYHLIMH 3apagaMH. BuusiHUeM 3JeKTpPOHHO# 0Go-
JIOUKH aTOMa aMIOMHHHS MHpeHeOpeyb.

9.41. Hpn 60MOapAHPOBKE HEMOJABHMXKHOIO fA/pa HanHﬂ
O-4acTHIUEH CH/Ia OTTAJKHBAHHA MEX]Y HHMH JIOCTHIVIAa 3Ha-
yenus F=140 H. Ha kakoe HauHMeHbllee DacCTOfIHHE r MpPH-

- GIN3HJ1aCh Q-4acTHLA K APy aToMa HanmI? Kakyio ckopocth
U HMesa Q-4acTHUA? BJ/HsiHHEM 5/71eKTPOHHOH 0GO/IOUKH aTOMa. .
HaTrpHsa npeHeOpeub.:

9.42. JIsa wapuka ¢ SapajamMH ¢,=6,66 K1 u g¢,=
=13,33 HKs1 HaxomsarcA. Ha paccrosHHH r;=40 cM. Kakyio
pa60Ty A HaJlo cOBepLINTD, YTOOL CONM3HUTD HX 1O paccTosHHsA
rs=25 cm?

9.43. Wap pamlycom R=1cM, umelomuii 3apap ¢=
=40 uKn, fomeilied B Macho. HOCTPOHTb rpaduK 3aBUCHMOCTH

U=f(L) nas Ttouex mojisi, pacnONOMEHHBIX OT MOBEPXHOCTH
‘mapa Ha paccrosHuax L, pasubix 1, 2, 3, 4 u 5cm.

9.44. Hahty noteHuHad @ TOUKH MOJisl, HaXoAsileHca Ha
pacctosinuu r=10 cM OT LieHTpa 3apsKEHHOro llapa pajHycoM

"R=1 cM. 3ajauy pemiuTh, ec/H: a) 3ajiaHa IOBepXHOCTHas
'IJIOTHOCTH 3apsija Ha tape 6=0,1 MKKJ‘I/M” 6) 3ajaH noTeH-
Man mapa @,=300 B.

9.45. Kakaa pabora A coBepmaercs OpPH MepeHEeCEHHU
ToueuHoro 3apsja ¢=20 HKa H3 OecKOHEUHOCTH B TOYKY, Ha-
XOAALLYIOCS HA PACCTOSIHHU r=1 CM OT MOBEPXHOCTH luapa pa-
auycoM. R==1 ¢cM ¢ NOBepXHOCTHOH NJIOTHOCTBIO 3apsijla 0=
=10 MkKa/m??

9.46. [lapux ¢ maccoit m=1r u 3apsaom ¢=10 aKn nepe-
MellaeTcA M3 TOYKH 1, nmoreHuHaa Kotopoit ¢, =600 B, B TouKy
2, noreHuHaR KOTOpOH @.=0. HaiiTu ero ckepoctb B TouKe |,

" ec/JIH B TOYKE 2 OHA cTaja paBHOM vy==20 cM/c.

9.47. Hafti CKOpPOCTb U. 3JIEKTPOHA, MpOLUEAIIIEro PasHoCTh
notennuanos U, passytwo: 1, 5, 10, 100, 1000 B. -

9.48. Tlpu panuoakTHBHOM pacfiaje H3 sApa aToMa MOJIOHHSA

* BBUIETaeT Q.-YacTHIa cO CKopocThio v=1,6-10"w/c. Hafitn ku-
Heanecxylo 9Heprmo W, a-4acTHLH ¥ PA3HOCTD MOTEHLHAOB
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U nonsi, B KOTOpOM MOXKHO .pa3orHaTh noxoau&yxocm a-qacTuuy
JO TAKOH »Xe CKOPOCTH.

'9.49. Ha ‘paccrossHud r;=4 cM oT 6ecxonelmo JJIMHHON
3apsxKeHHO# HHTH HaXOJHUTCH TOMedHBlH 3apsy ¢=0,66 HKu,
Ilon meficTBHeM noJist 3apsill NPUGAHKAETCS K HHTH JO PaccTofl-
HHS r2=2 cM; TIpPH 3ToM coBepiuaetcsi pabota A=>50 spr. Haii-
TH JIMHEHHYIO TJIOTHOCTh 3apsiia T Ha HHTH.

9.50. DnekTpHyeckoe moJie 06Pa30BaHO NOJIOKHUTEIbHO 3a-
psixKeHHOH OecKOHeYHO AJAMHHOH HHTbIO. [IBHrasch mox JefcT-
BHEM 3TOTO NOJS OT TOUKH, HaXOAsleiicA HAa PACCTOSIHHH rq==
=1 CM OT HHUTH, JO TOYKH ry=4 CM, Q-4acTHLa H3MEHHJa CBOIO
CKOPOCTD OT Uy=2- 10 ,M/c 10 02—3 10¢ M/c. Haktun JIIdHEHHy}O
NJIOTHOCTE 3apsiia T Ha HHTH.

9.51. DnekTpuyeckoe moJie 06pa30BaHO NOJTOKHUTENLHO 3a-
psAXEHHOM GeCKOHEUHO AJIHHHOH HHMTBIO C JHHeHHOH ILIOT-
HocThio 3apagaa t=0,2 MKkKa/M. Kakylo cKOpocTb v NOJIY4HT
31eKTPOH NOJA JeficTBHEM NO0JsA, NPHOIH3UBIIKCE K HHTH C .pac-
CTOSIHHSL ry==] cM 10 paccrosiHusl r,=0,5 cM?

9.52. Oxon0 3apsiKeHHO! OGecKOHEYHO NPOTSAKEHHON IJIo-
CKOCTH HAXOAWTCs TodYeyHHIH 3apsia ¢=0,66 nKn. 3apax ne-
peMeliaeTcsl MO JIMHUHM HAaNpPSKEHHOCTH MOJsi HAa PAaCCTOsiHHE
Ar=2 cM; npH 3ToM coBepmaercss pabora-A=>50 apr. Haii-
TH NOBEPXHOCTHYIO INIOTHOCTD 3apsijia ¢ Ha MJIOCKOCTH. :

9.53. Pa3HocTh mNOTEeHIMAJIOB MeXAY IUIacTHHaMH IIJIO-
ckoro Konzencaropa U=90 B. Tliowmanb KaKIo¥ niacTHHEL
S=60 cm?, ee sapal g=1 uKa. Ha xakom paccrosuuu d apyr
OT Jpyra HaxXOfATCA IJaCTHHHI? '

.9.54. Ilnockdii KOHZEHCATOP MOXHO NPUMEHUTDb B KaquTBe
4yBCTBUTEJNbHBIX MHKpOBecoB. B N/ocKoM ropHsgHTa/nbHO pac-
NOJIOKEHHOM "KOHAEHCATOpE, PAacCTOsiHHE MeXZAY NIacTHHAMH
koToporo d=3,84 MM, HaXOAuTCsl 3apsKeHHasl YacTHla C 3a-
psatom g=1,44-10~° CI'C,. las Toro 4To0bl YacTHila HaXoiH-
Jlach B PABHOBECHH, MEX]Y M1ACTHHAMH KOHAEHCATOpa HYXKHO
OBII0 MPHJOXKHTL pasHOCTh NOTeHIMatoB U=40.B. Hanm
Maccy M YacTHIBL

9.55. B miockoM ropH3oHTAJBHO PAachoJIOMEHHOM K OHJ€eH-
catope, paccTosiHie MexcAy IJIaCTHHAMH KoToporo d=l cm,
HaXOJHUTCs 3apsi)KeHHasd Kaflelbka Maccolt .m=>5-10""1 1. B
OTCYTCTBHe 3JIEKTPHUYeCKOrO0 IO/ KanejbKa BCleACTBHE CONPO-
THBJIEHHSI BO3AyXa NAjaeT C HeKOTOpOH NOoCTOAHHOH CKo-
poetbio. EcaM K nacTHHaM KOHAeHCaTQpa NpHJIOXKeHa pas-
HocTh ToTeHnHanoB /=600B, To Kaneibka najaer BHBOe
MelietiHee. .Ha#itn 3apax.g KaneapkH.

‘9.Bb. Mexny . AByMA .BePTHK AJILHEIMH .macmuanm -Ha -0iH-
HAaKOBOM ,PacCTOAHHH OT HUX Uajiaer mblivHKa. Beaeacrsue
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"CONMPOTHBJAEHHS BO3AyXa NBIIHHKA TNajaeT C MOCTOSAHHOM
‘CKOpOCThIO- V=2 cM/c. Uepes Kakoe BpeMs { nocsie NOJayH Ha

IJIaCTHHBI PA3HOCTH MOTeHUHKaNnoB U=3 kB  nenHKa nocTHr-

_HeT ofiHO# U3 muactHH? Kakoe pacctosinte / Mo BepTHKAJMH Thi-

JINHKA TPOJNIETHT [0 MONMafaHH# Ha: MacTHHY? PaccTosiHue Me-
KLy mJacTHHaMM d=2 cM, Macca DNBWIHHKH m=2.10-°r, ee
3apan ¢==6,5-10"17 K.

9.57. PewinTb npepiiyliyro 3afauy B OTCYTCTBHE CHJIBL CO-
NPOTUBJNEHHA BO3[yXa (BaKyyMHHIH KOHJIEHcaTop).

9.58. B miockoM ropH30HTaJbHO PacloJIOKEHHOM KOHIEH-
caTope, pacCTOsSIHHE MeXIy MJacTHHaMH Kotoporo d=1 cM,
HAXOJHUTCS 3apsiKeHHasl Kaneigbka Macjia. B OTCYTCTBHE 5J1€KT-
PUUYECKOro MoJsl KanejbKa MajaeT ¢ MOCTOSHHOH CKOPOCTbIO
v;=0,11 mv/c. Ecsin Ha nu1acTHHBI MOAAThb PasHOCTb MOTEHIIM-
agos U=I150 B, 10 KamesbKa mamaeT CO CKOPOCTbIO U,==
=(,43 mm/c. Haliti paguyc r Kaneibku H ee 3apsan g. IIuHa-
MHYecKas Bsfi3KocTh Bosmyxa m=1,82.10"%[la-c¢; nsoTHOCTD
Macsia 6oJblie IOTHOCTH Ta3a, B KOTOPOM MafiaeT KalleJbKa,
Ha Ap=0,9-10% gr/m>. _

9.59. Mexny 1ByMSl BepTHKAJBHLIMH IIJACTHHAMH, HaXo-
JSIIHMHCA Ha paccTosHHM d=1 eM IpYyr oT Apyra,  Ha HHUTH
BHCHUT 3apsDKeHHnlH Oy3uHOBBHi wwapuK Maccoit m=0,1 r.
ITocnie mojauu Ha MJacCTHHBI Pa3HOCTH MOTEHLHAJIOB U——l KB
HHWTh C WAPHUKOM OTKJIOHHJIACH Ha yroa a=10°, Halitu sapsan g
mapHkKa.

9.60. MpuIbHLIA My3BIpb ¢ 3apsaoM ¢=222 nKJs HaxoguTes
B PaBHOBECHH B MoJe- INIOCKOTO TOPH3OHTAJNBHO PAacIoJIOKeH-
HOoro KoHfeHcatopa. HaliTM pasHocTb moTeHuManos U mexpy
nJacTHHAMM KOHJeHcaTopa, ecad Macca nyswips m=0,01r
M DPACCTOsSIHME MeXJAy NJacTHHaMM d=5 cM.

9.61. PaccTosinie MeXIy NJBacCTHHaMH [JIOCKOrO KGHJEH-
catopa d=4 cM. DJIeKTPOH HaUMHaeT JIBUraThCs OT OTpULATE/b-
HOH MJIaCTHHBI B TOT MOMEHT, KOFJla OT IOJIOXKHTEIbHOH MJia-
CTHHBI HauMHaeT JBHTaTbcsl NpoToH. Ha kakoMm paccros-
HHM [ OT MOMOXHTEIBbHOH IJIACTHHEI BCTPETATCS 3JEKTPOH
H NIpOTOH?

9.62. Paccrosinve MeXAy ILTaCTHHAMH IVIOCKOTO KOHJEH-
caropa d=1 cM. Ot ogHOH H3 MJIACTUH OJHOBPEMEHHO HAUMHa-
10T JIBUTATbCA MPOTOH M a-yacTHua. Kakoe paccrosinue [ npo#--
JileT a-4acTHLA 3a TO BpeMsl, B.TeueHHe KOTOPOro IPOTOH MpOH-
HeT BECh MyTb OT ONHOH MJIACTHHBL 10 APYro#?

9.63. DaekTpon, npomm B MJIOCKOM KOHJIeHcaTope NMyThb OT
OJIHOH ITACTHHBI IO IPYrof, npHobperaeT ckopocThk v=10% m/c.
Paccrosinne mexny miactunamu d=>5,3 mM. Halitu pasHocts
noteHuuamoB U Mexjly MAacTHHaMH, Hal‘lp‘iDKeHHOCTb E sek-
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“TPHYECKOTO MOl BHYTDH ' KonnencaTopa " ﬂOBerHOCTHYlOk
_IJIOTHOCTR 3apsja O Ha NJIacTHHaX. -

9.64. DnekTpHYecKoe rnoJe 06pa30BaHO ABYMs TapaJliefib-
HHMH IJIACTHHAMH, HAaXOAALIMMHCA Ha PaccTOAHHH d=2 ¢M
Apyr OT Apyra. K mnactHHaM NpH/IOMXeHa PasHOCTb MOTEHIN-
anoB U=120 B. Kaxylo CKOPOCTb U NHOJYYHT 3J1eKTPOH MO.
JEeHCTBHEM I110J15, MIPOHAS MO JIHHHH HanpsXKeHHOCTH paccmﬂ-“
‘HHe Ar=3 MM?

9.65. DJeKTpOH B 011H0p011HOM SJIeKTpH‘leCKOM noJse no.ny-
yaer ycKopenre a=102 M/c?. Ha#iTH HanpsixkeHHOCTb E 3/1€KT-
pHYECKOro MoJisi, CKOPOCTb U, KOTOPYIO TOJYYHT 3/IEKTPOH 3a
BpeMs1 {=1 MKC CBoero ABHxKeHHus, pabory A cH.} SJIeKTpHYe-
CKOTO N0JIsl 332 3TO BPeMsl H PasHOCTb NOTeHUHanoB U, mpoi-
JAeHHYI0 TIDH 3TOM 3JieKTpoHoM. HauanbHas ckopocTh s.neKTpo-
Ha U,=0.

9.66. DneKTPOH JIeTHT OT ONHOH IIACTHHHI IJIOCKOrO KOH-
JeHcaTopa 1o Apyrod. Pa3HocTbh MoTeHIHaM0B MeXAY MJACTH-
Hamu U=3 kB; paccTosine Mexly nJacTHHaMH d=5 MM..
Haiitn cuny F, peficTByMOllyl0 Ha 3JIeKTPOH, YCKODeHHe &
3JIEKTPOHA, CKOPOCTDb U, C KOTOPOH 3JIeKTPOH NPHUXOAHT KO BTO-
poft mJacTHHe, M NOBEPXHOCTHYIO MJOTHOCTb 3apsiia ¢ Ha
J1aCTHHAX. -

9.67. DNeKTPOH ¢ HEKOTOPOH HauaJbHOH CKOPOCTBIO Ug
BJIETAE€T B IJIOCKHH TOPH3OHTAJbHO PaclOJOXKeHHHEIH KOHMeH-
caTop TNapalelbHO IJIACTHHAM HAa DAaBHOM DacCTOAHHH OT
HHX. PasHoCTb MOTEHLMANOB MeXIy MJacTHHAMH KOHJIEHCaTo--
pa U=300 B; paccrosHHe MexJy naacTHHaMu d=2 cM; IJH-
Ha KonfeHcatopa [=10 cMm. KakoBa Jo/mkHa GHITh NpefesbHas
HavyasibHasli CKOPOCTb U, 3/1E€KTPOHA, YTOGH 3JIEKTPOH He Bbi-
Jetes U3 KoHJeHcatopa? Pewmhth a3ty xe sallady s a-ua-
CTHILHL.

9.68. ‘DseKTPOH ¢ HEKOTOPOH CKOpOCTb}O BJIETA€T B IJIOCKHH
TOPH3QHTAJbHO DACHOJIOKEHHBIH KOHIEHCATOP NapallielbHo
nJacTHHaM Ha DAaBHOM DaccTOSIHUH OT HHX. HanpskeHnocTsb
nonsi-B KonjeHcatope £=100 B/M; paccTosinie MeXJy mJacTh-
HaMu d=4 cM. Uepe3 Kakoe BpeMs { mocjie TOro, KaK 3JeKTPOH
BJIeTesl B KOHJEHCaTop, OH nomajeT Ha OJHY U3 IacTHH? Ha
 KaKOM. PacCTOSIHHH § OT Hauyasna KOHJAeHCaTopa 3JEKTPOH TMo-
nageT Ha MJACTHHY, eCJH OH ycxopeH Pa3HOCTBIO MOTEHIHAJIOB
U=60 B?

- 9.69. SneKTpOH BJIeTaeT B MIOCKHI ropusoHTa.ano pacno-
JIOXKEHHBIA  KOHJIEHCATOp Napasl/leibHo MJIacTHHaM €O CKOpo-
CTBIO Up=9-10° M/c. PasHocTh NOTEHHHANOB MEXAY NJacTH-
Hamu - U=100 B; paccrosinme Mexay njacTHHamH d=1 cM.
Hafitn nonHoe a, HOpMajIbHOE ap H TaHr€HUHANbHOE Oy ycKko-
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peHHs: sneprona yepes BpeMs t=10 uc noce Héqana ero
IBHIKEHHAI B KOHJIGHCATOpE.

9,70. IIpoton M @-wacTHUA, ABHrasicb ¢ OJHHaKOBOH CKO-
POCTDBIO, BJIETAlOT B IVIOCKHMH KOHJEHCATOp NapasliiEibHO Mia-
CTHHaM. Bo CKOJIBKO pa3 OTK/IOHEHHe MPOTOHA MHOJeM xonueH-
caropa 6yaeT GoJibile -OTK/JIOHEHHS Q-4aCTHIBI? °

9.71. IlpoTton M a-uyacTHIa, yCKOpeHHble OXHOH H Tolt ke
Pa3HOCTBIO [OTEHIHAJOB, BJIETAOT B IJIOCKHH KOHJEHCATOp
napasnienbHO MmiacTHHaM. Bo cKOJIBKO pa3s OTKJ/IOHEHHe MpOTo-
Ha 1oJ1eM KoHjigHcaTopa §yeT 60/bllle OTKJIOHEHHS O-4aCTHIBI?.

9.72. DeKTPOH BJieTaeT B IJIOCKHH TOPU3OHTAJBHO paclio-
JIOKEHHBIA KOHJeHCaTop nmapaJfJesbHO €ro MJIacTHHaM CO CKO-
poctbio U,=10" M/c. HampsixkeHHOCTh noJsi B KOHJAEHcaTope
E=10 xB/M; pnuHa kouaeHcatopa (=5 cm. Hailitu Monysb u
HanpaBsJieHHe CKOPOCTH U 3/IeKTPOKa IIpH BhiJIeTe ero H3 KOH-
JeHcaTopa.

9.73. TIy4oK 3eKTPOHOB, YCKOPEHHHIX Pa3HOCTBIO MOTEH-
nuanos Uy,=300 B, NpHU MPOXOXKJIEHHUU uepe3 He3apsKeHHbIi
NJIOCKHH TOPH30HTAJNbHO PAclOJIOMEHHBIH KOHAeHCcaTop napaJ-
JIEIBHO €TI0 IJIAaCTHHAM JlaeT CBeTsllleecs NATHO Ha duyopecuu-
pyioleM - 3KkpaHe, pacnosoXKeHHOM Ha pAacCTOSHHH xX=12 cM
OT KOHUA KoHJeHcaTopa. [IpH 3apsiike KoOHIeHcaTopa nsTHO
Ha 3KpaHe cMelllaeTcsi Ha paccTosiHHe y=3 cM. Paccrosinue
MeXJy NnacTHHamMH d=1,4 cM; InMHA KoHaeHcaropa [=6 cM.
HaifiTh pasHocTe NoTeHUHaJ0B U/, NMPHIONKEHHYIO K [J1aCTH-
HaM KOHJeHCaTopa. :

9.74. DNeKTPOH ABHXETCA B IJIOCKOM ropusoHTaano pac-
N0JIOYKEHHOM KOHJIeHCATope MapaJjiiiesibHO ero IIacTHHAM CO |
ckopocThbio v=3,6+ 107 M/c. HanpsixkeHHOCTb MOJISt BHYTPH KOH-
JeHcaTopa E= 37KB/M AJIHHA IUIaCTHH KOHJeHcaTtopa [=
=20 cm. Ha kakoe paccrosiHde y cMecTHTCS 3JEKTPOH B Bep-
THKA/JbHOM HamnpaBJeHHH NOJ JeHCTBHEM 3/1eKTPHYECKOro MOJIst
3a BpeMsl €ro JBHXEHHS B KOHneHcaTope?

9.75. HpOTOH BJIleTaeT B IJIOCKHH I‘OpH3OHTaJIbHO pacro-
JIOKeHHBIH KOHJEeHCAaTOp MapaJjijiefbHO ero IJIacTHHaM CO CKO-
pocthio v,=1,2.10% M/¢. HanpskeHHOCTH MOJAST BHYTPH KOH-
nencatopa E=3 kB/M; nauHa miacTHH KoHfieHcatopa [=10 cm.
Bo cKOJbKO pa3 cKOpocThb MPOTOHA U NPH BblIeTe H3 KOHAEHCa-
Topa 6yleT GoJbllie ero Ha4dajJbHOH CKOPOCTH Ug?

9.76. Mexny njacTHHaMH IIOCKOro KOHAeHcaTopa, Haxo-
ISILMMHCSA HAa PacCTOSHHH dy=5 MM JpYT OT Apyra, MpHJOXe- -
Ha pasHotTb moteHnuasoB UU=150 B. K oaHo#t H3 nsacTuu

pymeraéT IJIocKoNapaJliieJibHas NyacTHHKa dapdopa Tosuu-
Holt d3=3 MM, Halith Hanpaxennoctd E; H E. 9/IEKTpUYe-
CKOTO Mojsl B BO3AyXe H anpcpope.
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9.77. Haiiru. emxocts C semHoro uapa. CuraTh paguyc
semuoro mapa R=6400 kM. Ha croabko uamen#tca noTennman
¢ 3eMHOro IIapa, -€cAH eMy COOGHIHTb 3apsaf ¢=1 Ka?

9.78. Hlapuk paauycoM R=2 cM 3apsiKaeTcsl OTPHLATE/b-
HO 0 noTenumana ¢=2 kB. Haiite Maccy m Bcex snekTpoHOB,
COCTABNAIOIWIMX 3apsjl, CcoOOWeHHBIH IIapUKy.

9.79. BoceMb 3apsAxKeHHBIX BOASHKEIX Kanleab paiHycoM
r=1 MM ¥ 3apsagoM ¢=0,1 HKn xaxpnas cauBaloTcs B OAHY
ofmyw BoAsHyw kanmo. -Halitn noreHuuan -¢ OGonbiuok
KanJu.

9.80. [Ba mapuxa OfiMHAKOBHX pajuyca R=1 cM ¥ Maccw
m=40 Mr noiAselleHEl Ha HHTAX OJHHAKOBOH AJHHHI TaK, YTO
HX TNOBePXHOCTH conpukacaiorcs. Korja mapHKH 3apaiuid,
HHTH PascllIUCh HAa HEKOTOPHIHA YroA U CcHja HaTsKeHHSA
HHTell crana pasHoit T=490 mxH. Ha#itn norenuvan ¢ 3aps-
MEHHBIX LIaPHKOB, €CJAH H3BECTHO, YTO PAacCTOsHHe OT HEHTpa
KaXJOoro uapuxa Ao TOYKH noiseca [=10 cM.

9.81. Illapuk, 3apseHHBIH 10 mnoTeHuuana ¢=792 B,
HMeeT [OBEPXHOCTHYIO NJOTHOCTH 3apsja ¢=333 HKJI/MZ.
Ha#ti pagvyc r mapHka.

9.82. HaiiTH cooTHOIIeHHe MeXKAY palHycoM liapa R H MaK-
CHMAJIBHBIM NOTEHIHAIOM @, A0 KOTOPQro OH MOMeT GBITh 3a-
psiXeH B BO3JyXe, €C/IM NIPH HOPMAa/JbHOM JaBJIeHMH pa3psil
B BO3lyXe HACTYMaeT NPH HANPSAMXEHHOCTH 3JEKTPHYECKOro
nonsi Eq=3 MB/m. Kakum Gyjer MakcHMa/bHBH NoTeHUHaN @
miapa auamerpoM D=1 m?

9.83. [1Ba mapHKa oi@HaKOBHX pajaHyca R=1 cM H Macchl
m=0,15 kr 3apspxeHBl L0 ONMHAKOBOro noteHuuana ¢=3 gB
¥ HaXOAATCA Ha HEKOTOPOM PACCTOSHHMM rj APYT OT Apyra. Hpn
5TOM MX 3HepIHsi T'PaBHTAaUHOHHOTO B3auMogeiicTehs W,
=101 JIxx. lapnku cOauzkaiotea 10 paccTOSTHUSA r2 PaGOTa,
neo6xoaumas g cOauxenus mapukos, A=2.10"¢ JIx. Hai-
TH 3Hepruio W, 3JeKTPOCTaTHueckKOro  B3aUMOJEHCTBUS
WAPHKOB Nocjde HX cOAMKeHHUd,

9.84. [lnowmagp NiacTHH NJOCKOrO BO3AYIUHOMO KOHJAEH-
caropa S=1 M?, paccrosintHe mexay HumH d=1,5 MM, Haifitu
eMkocTh C 3TOr0 KOHJEHCATOpa.

9.85. KoHgencarop npeiuninyieii 3agadyu sapsimeH B0 pas-
HoctH notenuHano U=300 B. Hafirn noBepXHOCTHYIO m10T-
HOCTb 3apsaja U Ha €ro ILIacTHHAaX.

9.86. Tpe6yerest H3roTOBHTH KOKEEHCATOP €MKOCTHIO C=
=250 n®. Hax sroro Ha RapaduHupoBaBHYIO GyMary ToJ-
muuolt =000 MM HakumeHBAOT ¢ O06EMX CTOPOH KDYKKH
crannonn. Kakum pomxen ﬁbrrb mMamMerp D XpyXKoB
CTaHHOA? '
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9.87. Ilaoitazb MAACTHH MJIOCKOTO BO3AYLUHIOIO: KOHJAEGHCA-
topa $=0,01 M®, paccrosinue MexAy HUMH d=5 mM. K mracTH-
HaM MPHAOKeHA pPa3HOCTh noTeHuHanoR U;==300 B. Tlocne

KJIIOYeHHS KOHIEHCATOPa OT HCTOUHHKA HANpsXKeHHH Npo-
CTDAHCTBO MEeXAY IVTacTHHAMH# 3aftosHAercd sGoumtoM. Ka-
KOBa 6y/ieT pa3HOCTb NOTEHIHAJ0B U, MeXy MiacTHHAMH HOC-
Je 3anonHeHds? HafiTH eMkoeTH Ko#peHcatopa Ci U C, H Ho-
BEePXHOCTHBIE IIJIOTHOCTH 3apsfia Oy H 03 Ha IJIaCTHHAaX Jio H
rocJie 3anoJIHeHHS.

9.88. Pemntp npeinaymyio sajauy AJs cjayuas, Korjasa-
[IOJIHEHHE IPOCTPAHCTBA MEXKJY IJIaCTHHAMH H30JATOPOM [PO-
H3BONUTCS TpPH BKJIOYEHHOM HCTOYHHKE HAMpAMEHHA,

-9.89. [lnowaap mJacTHH IIOCKOTO KOHJAeHcaropa S==
=(,01 M2, paccrosiHie MexXay HuMH d=1 cM. K m1actHHam
MpHJoXKeHa pasHocTh NMoTeHuuanos =300 B. B mpoctpaHcT-
Be MeXJy IIacTHHaMH HaXOAATcA MJIOCKOMapaJ/sesnbHad mja-
CTHHKA CTeKJa ToMmHHOH d;=0,5 ¢cM H IJocKomapasjelpHas
nJacTHHKa napadpuHa TtommuHOH do,=0,5 cm. Hafith manps-.
xeHHOCTH Ep M E; 3/71€KTpHUeCKOTro NosIA H MajieHHs - [IOTEeHIH-
ana Uy n Us B kKaxoM ciioe. KakoBbl 6y1yT NPH 3TOM eMKOCTb
C KoHjJeHcaTopa H MOBEPXHOCTHasl MJIOTHOCTb 3apsifia ¢ Ha
nJiacTHHaAX?

9.90. Mexny miacTHHaMH IJIOCKOTO KOHJAeHcaTopd, HaXo-
JNALIHMACA Ha paccTosiHHH d=1 cM Apyr OT Apyra, NPUJIoXKeHa
pasHocTh moTeHunanoB U=100 B. K onxoit u3 mnactHr npu-
JeraeT IJIOCKONApaJsienbHasi [JIaCTHHKA KPHCTaNIHYeCKOro
6pomucroro Tamnusa (e=173) tomuuuolt dy=9,5 mm. [locre
OTKJIIOUEHHS KOHIEHCAaTOpa OT WCTOYHHKA HampsiKeHHs Iia-
CTHHKY KpHCTa/sa BbiHHMaioT. Kakopa Oyler mnocJe 3Toro
pasHOCTb NOTeHuHanoB U MeXAY MJacTHHaMH KOHJeHcaTtopa?

9.91. KoakcHanpHBbI# 3JeKTpHUecKH# Kabesb COCTOHT U3
HEeHTPaJbHOH XUl U KOHLEHTPHYeCKOH UHIHHAPHYeCKOH 069-
JIOUKH, MeXJIy KOTOPBIMH HaXOAHTCA JIHAJIEKTPHK (e=3,2).
Haiitu: emkoets C; eIMHHIH JJIHHB TaKoro kabe/s, eciu pa-
auyc xuasl r=1,3 cM, pasHyc oGosouku R=3,0 cM.

9.92, Panuyc ueHTpaj bHOH MBI KOAKCUaNbHOTO Kabessi
r=1,5 cM, paauyc obonoukun R=3,5 cM. Mexay UeHTpanbHOM
XKHJIOH ¥ 000/M0UKOH NMpH/IOKeHA pas3HOCTh NMoTeHUHanoB U=
=2,3 kB. HaifiTH HanpsaXeHHOCTh E 3/IeKTPHYECKOTO MOJIA Ha
PACCTORHHH X=2 cM OT OocH Kabes.

9.93. BakyyMHEIi IHJIMHIPHYECKHH KOHJEHCATOP HMeeT
pPafuyc BHYTPEHHero muiuHapa r=1,5 cM H paguyc BHellIHero
uanMHapa R=3,5 cM. Mexkny uHIMHIpaMHM NpHJIOKeHa pas-
HocTh noreHunanoB U=2,3 kB. Kakyo cKopocTs 0 moMyquT
SJIEKTPOH HOM JeficTBHEM M10J1 3TOrO KOHAEHCAaTopa, ABHrasich
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¢ paccrosmnus 5;=2,5cM Ko paccmﬂmm 1;=2cM oT OcH
LHJAHHApa?

9.94. LIHIHHIPHYECKHH KOHAEHCATOP COCTOMT U3 BHYTpeH-
HEro LHJHHAPA PajuycoM r=3 MM, IBYX CJOEB AHSJeKTPHKa
¥ BHelIHero NHJHHApa paguycoM R=1 c¢M. [lepBriil cnoit au-
SJIEKTPHKa TOMIIHHOA dy=3 MM INDHMBIKaeT- K BHYTpPEHHeMY
uuauHapy. HaiTH orHoweHHe naneHHN norenunana U,/U,
B STHX CJOSIX.

9.95. TIpy u3yuyeHHH (pOToaneKTpnquKHx AIBJIEHHH HC-
nosib3yerca chepHuecKHi KOHIEeHCaTop, COCTOSIHE H3 MeTaJlJIH-
yecKoro mapuxa auamerpoM d=1,5 cM (KaTona) B BHyTpeHHe#
NOBEPXHOCJH mocepeOpeHHOH H3HYTPU cepuuecKoHd KOJIGbI
nuamerpom D=11 cM (aHozna). Bosnyx u3 KoJIGb! OTKauHBaercs.’
Haiitu emkocth € Takoro KoHJeHcaTopa.

. 9.96. Kaxunm Oyzer moTeHNHaa ¢ 11apa paiHycoM r=3 cM,
ecaH: a) coo6wuTh eMy 3apal g=1 HKJ, 6) OKPYXHTb €ro KOH-
IeHTPHYECKHM [1apoM pagHycoM R==4 cM, COeJHHEHHbIM C 3eM-
Jel? :
9.97. Haiitu emxocts C cdepHuecKoro KOHAeHcaTopa, Co-
CTOfIIIET0 M3 JABYX KOHUEHTPHYeCKHX cdep ¢ pajMycaMH r==
=10 cm 1 R=10,b cM. IIpocTpancTBO Mexay chepaMmu 3amnoJ-
HeHO MacJjoM. Kako#t panuyc R, Ho/XeH MMeThb map, noMe-
IeHHbI B Macjo, YTOOHl HMETb TaKylo e eMKOCTb?

9.98. Paguyc BHYTpeHHEero Iapa BOSAYIIHOTO chepHye-
CKOr0 KOHJeHcaTopa r=1 cM, pajauyc BHellHero mapa R=
=4 cM. Mexay mapamu NpHJIOMeHa PasHOCTb MNOTEHIHAJOB
U=3 xB. Haiitn nanpsikeHHOCTb E 5/IeKTPHUYECKOrO NoJs Ha
PacCTOAHHH x=3 CM OT lLleHTpa mapoB.

9.99. Pannyc BHYTpeHHero miapa -BakyyMHOro cdepuue-
CKOro KOHJeHcatopa r=1 cM, paJHyC BHelUHero mapa R:=
=4 c¢M. MexJay IIapaMH TPHJIOXKeHa Pa3HOCTb NOTEeHIHAJOB

U=3 xB. Kakyio ckopoctb v nosy-
YUT 3JE€KTPOH, MNPHOJH3UBLINCL. K
“___ HEHTPY MAapoB- ¢ PacCTOAHHA X;==3
CM 10 PACCTOAHHA X,=2 cM?
4 ___, '__ - 9.100. Haiitu eMKocTb C cHCTEMBI

o £ KOHJEHCaTOPOB, H300paKeHHOH Ha
[ - prc. 17. EMKocTb KaXKIOro KOHAeH-
Bl . caropa C;=0,5 Mx®D.
Pre. 17. ' 9.101. Tlpx nDomollld 3JEKTPO-

MeTpa CpaBHHBAIH MexJy coboft
€MKOCTH JBYX KOHJeHcaTopoB. JInf 3TOTO 3apsKaliH HX
Jio pasHocTe# nmorteHuuanos U;==300 B u Usz=100-B u coenu-
HsaJH ofa KOoHAeHcaTopa mapaJjJjienbHo. MisMepeHHas npH ToM
SJIEKTPOMETPOM DasHOCTh TNOTEHIHAJOB MeXAY OOK/IaJKaMH
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KOHJieHcaTopa OKasaJslach ‘paBHO# U=250 B. Hairu oTHOIIe-
HHe eMkocTelt C,/C,. ‘ g

» 9.102. PasHocTh TOTEHIHANOB MeXAY ToukamH A H B
(puc. 18) U=6 B. EmMkocTb nepsoro Kougencatopa C;=2 Mx®
H eMKOCTb BTQpPOro KoHjeHcatopa C.=4 Mr®. Haiitu 3apsijinl,
g1 Y gz ¥ DA3HOCTH NOTeHHHadoB U, H

U, Ha o6KJaJKaX -KaXJoro KOHJEHCa- & &
L

9.103. B Kakux npefenax MOXeT Me-

HATbCS eMKOCTb C CHCTeMBI, cocTosiued Pic. 18.

M3 JBYX KOHJEHCATOPOB, eC/IH €MKOCTb

OJHOr0 M3 KOHAeHCAaTOpOB TOCTOfAHHa H paBHa Ci=3,33 HO,
a emxrocThb C, japyroro usMensiercs oT 22,2 no 555,5 nd?

" 9.104. B kakux npefenax MOMKeT H3MEHSTbCS eMKocTbh C
CHCTEMBI, COCTOsIEH H3 JBYX KOHJIEHCATOPOB NEPEeMEHHOH eM-
KOCTH, €CJIH eMKOocTb C; KaXXJoro M3 HHX H3MeHsercss oT 10
no 450 nd?

9.105. Kongencarop emkocteio C=20 MK® 3apsikeH 10
pasHocTH mnoteHiuanoB U=100 B. Haf#itu snepruio W storo
KOHJeHcaTopa. -

9.106. Ulap pagvycoMm R=1M 3apskeH A0 MNOTeHUHAaIa
¢=30 kB. Hafitn sHepruro W 3apskeHHOro 1uapa.

9.107. Ulap, norpyxeHHbII B KepOCHH, HMeeT MOTeHIHAJ
¢=4,5 kB H TNOBEPXHOCTHYI0O NJOTHOCTh 3apsija o=
=11,3 mxKa/m2. Hafitu paguyc R, sapsn g, emrocts C U 3Hep-
ruio W' wapa.

9.108. Ulap 1 paguycom R;=10 cm, 3apsiKeHHBIH O IO-
TeHuHuana ¢,;=3 KB, moc/je OTK/IOUEHHS OT UCTOYHHKA Hamps-
JKEHMS COelHHSETCS NMPOBOJOYKOH (EMKOCTBIO KOTOPOH MOXK-
HO TIpeHeOpeub) cHadasa ¢ y/aJeHHBIM . He3apsXKeHHbIM Ila-
poM 2, a 3aTeM Ioc/Je OTCOeJUHEHHs OT llapa 2 ¢ yJajeHHbIM
HesapsikeHHbIM IuapoM 3. Ulapel 2 ¥ 3 HMelOT paguycCH
R,=R;=10 cm. Hatitu: a) nepBonavanbnyio sHepruio W ma-
pa l; 6) sneprun W, u W, wapoB | u 2 nocjie coefuHeHHs U
paGoty A paspsifia npH coefHHeHHH; B) sueprun Wi u W,
wapoB 1 u 3 mocne coeiuHenusi u pabory A paspsja IpH
COeIMHEeHHH. -

9.109. _IBa MeTa/J/IMUeCKHX lIapHKa, AepPBHIA ¢ 3apsjoM
¢:=10 sKan u papuycoM R;=3 cM H BTOpOH ¢ NOTECHUHAJIOM
©.=9 KB u pamuycoM R,=2 cM, COeJUHEHB INPOBOJIOYKOH,
eMKOCTBIO KOTOPOH MOXHO NpeHeGpeub. Hafitu: ‘a) moteHmuan
@; NepBOro mapHka Jo paspsaa; 6) sapsaj g BTOPOro WapHka
Jl0 paspsjia; B) sHepruH Wi ¥ W, kaxkJoro liapuka Jo pas-
pajga; r) 3apsal ¢; ¥ DOTeHLHaN ¢; IepBOro LIapHKa mocje
paspsina; 1) 3apsf ¢; H NOTeHLHAaJ @, BTOPOro mapHKa nocie
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paspmla e) sHeprHio W coenMHeHHBIX NMPOBOXHHKOM LIapHKOB;
k) pa6ory A paspsja.

9.110. 3apsikeHHHH map | pazmycom R;=2 cM NpHBOAHUT-
c# B CONPHKOCHOBEHHe C He3apsiKeHHLIM HIapoM 2, paiuyc
koroporo R;=3 cm. [locsie TOro Kak mapH pashbeHHHIH, IHEP~
rus wapa 2 okasanach papHo# W,==0,4 k. Kako# 3apsul 0
6bl1 Ha Liape 1 0 COMPUKOCHOBEHHS C luapom 2?

9.111. TInacTHHE IJIOCKOTO KOHJEHCATOpa IJOUIAAbl0 S=
=0,01 M? Kaxnaasi NIPUTATHBAIOTCS APYT K APYrY C cHJIoH F=
=30 MH. IlpocTpaHCcTBO MeXAy IJacTHHaAMH 3aMoJIHEHO CJio-
o, Hafith 3apsapl ¢, HaXoJAsilliMecsl Ha IJacTHHAX, Hanps-
KeHHOCTb E 1osns MeXAy MacTHHAMH H OOBEMHYIO MJIOT-
HocTh 3Hepruu W, mnoas.

9.112. Mexay miacTHHaMH IJIOCKOTO KOHueHcaTopa BJIO-
JKeHa TOHKasfi CJIIOAdHas nJlacTHHKa. Kakoe JaBJieHHe p HCIIbI-
TBIBA€T 3Ta NJIACTHHKA NPH HalpsKEHHOCTH 3/EKTPHYECKOro
noasi E=1 MB/m?

9.113. AGcOMOTHBIN 9/1EKTPOMETP NpeAcTaBaseT coGoi mI1o-
CKHH KOHJIeHCaTOp, HHKHsAsA IJIaCTHHA KOTOPOrO HErNOoABHIKHA,
a BepXHsf NoJBellleHa K KOPOMEIC/Y BecoB. [Ipu He3apsi:KeHHOM
KOHJIeHCATOPe PpaccTosiHHe MexAy maactHHaMH d=1 cM. Ka-
KYI0 pPa3HOCTh NOTeHUHasoB U NPHJIOKHAH MexAy NJIacTH-
HaMH, €CcJH JUIS cCOXpaHeHHs TOro e paccTosiHHsa d=1 cM Ha
JAPYTYIO 4alIKy BecOB NPHULIOCH NOJOXKHTb TPY3 Maccofl m=
=b,1 r? I'lmowanp mniacTHH KoHJeHcaTopa S=50 cm2.

9.114. PasHocTh MOTEHUHAJNOB MeXJy IJAacTHHAMH IUJIO-
ckoro Konjencaropa U=280 B. Il1owanp mracTHH KOHIEHCa-
Topa $=0,01 M?; mOBepXHOCTHAs! MJIOTHOCTb 3apsja Ha IIacTH-
Hax 0=495 nKa/m?, Haiitu: a) Hanpsxkennocts E nodst BHyTpH
KoHJeHcaropa; §) paccrosiHue d MeXJAy IJIaCTHHAMH, B) CKO-
pOCTb U, KOTOPYIO MOJNYYHT 3J€KTPOH, TPoiiis B KOHJeHCATOpe
nyTh OT OJHOMH MJacTHHBI A6 Apyrofi; r) sHepruo W KoHjeHca-
Topa; 1) eMKocthb C KoHJeHcaTopa; €) cujy NpHTsiKeHHs F
NJAaCcTHH KOHJeHcaTopa. '

9,115, Inomaak NiacTHH IJIOCKOTO BO3AYILHOTO KOHJEH-
catopa S==0,01 M2, paccTosiHHe MexKZy HHMH d==5 MM. Kakas-
pasHOCTb NoTeHUHanoB U Gbla MPHJIOKEHA K IJ1aCTHHAM KOH-
JeHcaTopa, ecd H3BEeCTHO, 4TO [IPH paspsifie KOHAeHCAaTOpa Bbl-
aeawiaoch Q=4,19 mJIxx Tenna?"

9.116. Ilnomags njacTHH NJIOCKOTO BO3AYIIHOTO KOHJEH-
catopa S=0,01 M?, paccToaHHe Mexay HHMH d;=2 cM. K maa-
CTHHaM KOHJeHcaTopa IpHJIOXKEHa PasHOCTh NoTeHNHaoB U=
=3 kB. KaxkoBa 6yzer HanpsikeHHOCTb E mons KoHAeHCATODA,
€CJIH, He OTKJIOYasf €ro OT HCTOYHHKA HanpsiKeHHS, IIaCTHHBI
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PasABHHYTb 110 PaccTOAHHA d;=58 cM? Haﬂm sueprud Wi n W;
KOHfleHcaTopa [0 H MOcJe pasiBHIKEHHS IJIACTHH.

9.117. Pewntb npefnifymyo sanauy NpH YCJAOBHH, 49TO
CHaJasla KOHJEHCATOP OTK/IOYAeTCA OT HCTOYHHKA HampsiKe-
HHSl, a 3aTeM DasiBHTAIOTCH IMTaCTHHBEI KOHAEHCATopa.

9 118. Tlnomane mJaacTHH INIOCKOTO BO3AYMIHOTO KOHIEH-
_catopa $=0,01 M?, paccTosinHe Mexay HUMH d;==1 mM. K mnaa-
CTHHAM KOHJeHcaTopa NpHJIOMeHa pasHOCTh MOTeHUHaNoB U=
=0,1 kB. IlnactuHbl pasgBHraoTcs A0 paccTosius dz=25 mMM.
Haiitu sHeprun Wi 1 W3 KoHIeHcaTOpa MO H Moc/e pa3/iBHKke-
HHMA IJIacTHH, ec/H HCTOYHHK HaNpsixKeHHs Mepel pasiBHke-
HHeM: a) He OTKJwuaercs; 6) OTKJouYaercd. -

9.119. Ilnockuii KOHIEHCATOpP 3aNOJHEH IHAJEKTPHKOM H
Ha ero IIacTHHEL NOJaHa HEKOTOpas Pa3HOCTb MOTEHIHAJNOB.
Ero aHeprus npu stoM W=20 mxJIxk. Ilocse Toro Kak KoHJeH-
CaToOp OTK/IOYH/IH OT HCTOYHHKA HampsXeHHs, AU3JIEeKTPHK
BLIHYJIH H3 KoHJeHcaTopa. PaGora, KoTopyio Hano GLIO coBep-
UIHTh IPOTHB CHJ 3JEKTPHUeCKOTO NOoJs, Y4TOOH BHIHYTH JH-
51eKTpHK, A=70 Mk[Ik. HaiiTy AH3/1€KTPHYECKYIO NPOHHIae-
MOCTb € IH3JEKTPHKA.

9.120. Tlnomaib NJAACTHH IJIOCKOLO BOSILyI.LIHOI‘O KOHJieR-
catopa S=12,5 cM?, paccTosiHHe MeXAYy HHMH d;=05 MM.
K nnactunam KomIe”HcaTopa NPHJIOKEHa PasHOCTb NOTeHUHa-
M0B U=6 kB. IlnacTUHH KOHZeHcaTOpa pasABUTaIOTCA RO
paccrosinusa dy=1 cM. HaliTH H3MeHeHHs1 eMKOCTH KOHZEHCa-
Topa AC, TOTOKa HanpsKeHHOCTH AN CKBO3b NJIOMalb 3/1€eK-
TPOAOB U OGBhEeMHOH MJIOTHOCTH 3HepruH AW, sneKTpHuecKoro
NOJIsl, €CJAH HCTOYHHK HaNpSIXKEHHA Tepel, DPa3lBHIKEHHEM:
a) He oTKJtouaetcs; 6) OTK/IOUaeTcs.

9.121. HaliTH 06BbeMHYIO NJIOTHOCTb 3HepruH W, ssiekTph-
4eCKOTO NOJISl B TOUKe, HaXOAslleHcsA: a) HAa PacCTOSHHH x=
=2 CM OT MNOBEPXHOCTH 3apsKeHHOTrO [apa -pagHycoM R=
=1 cM, 6) B6/IH3H 6eCKOHEYHO MPOTSIKEHHOH 3apsi2KeHHOH 1Jo-
CKOCTH, B) Ha paccTOAHHH x=2 cM OT GeCKOHeUHO AJHHHOH 33-
psixkeHHOH HUTH, [ToBepXHOCTHasA NJOTHOCThL 3apsifa Ha INape
H nJockoctH o=16,7 MkKs/M?, JNHHeliHas IJIOTHOCTbL 3apsfa
Ha HHTH 7T1=167 HK.n/M ﬂnanempnqecxaﬂ ) OHHILAEMOCTD
cpennl e=2. °

9.122. Ha nsacTHHBI MJIOCKOT'O KOHJEHCAaTOpa, PaccTosiHHe
MeXAy KOTOPHIMH d=3 cM, NOJaHa pa3HOCTh MOTeHLHAJOB
U=1 xB. IlpocTpaHeTBo MeXJy IJacTHHAMH- 3aNoJHseTCA
IU3JeKTPHKOM (¢=7). HalTH mOBepXHOCTHYIO NJIOTHOCThL CBfi-
3aHHBIX (NOMAPU3ALHOHHBIX) 3apsAOB. 0., HacKombko HaMe-
HAETEA TOBEPXHOCTHAS IVIOTHOCTb 3apsilia Ha MJIacTHHaX NpH
3aMOJHEHHH KOHIEHCAaTopa RH3JIEKTPHKOM? 3alayy peluHTh,



ecJIM samnoJiHeHHe KOHAEHCAaTOpa JHSJEKTPHKOM NPOHSBONMTCS:

a) 70, OTKJIIOUEHHS] KOHJEHCATOPA OT MCTOYHHKA HalpsKeHHs;

6) nocJie - OTKJIOUEHHsi KOHJEHCaTopa OT HCTOYHHKa Hanpﬂ-
KEHHS.

9.123. l'IpOCTpaHCTBo MeXAY MJIaCTHHAMH [IOCKOTO KOH-
ZieHcaTopa 3alOJHEHO AH3JIEKTPUKOM, - IH3JeKTPHUecKad BOC-
IPHAMYMBOCTEL Kotoporo »=0,08. PaccrosinHe MeXay niactH-
Hamu d=5 mMM. Ha muiacTHHEI KOHJAeHcaTopa MOJaHa PasHOCTDb
noteHiHanoB U=4 kB. Ha#iTH NoBepXHOCTHYIO IJIOTHOCTD CBS-
3aHHHEIX 3apSIOB O, Ha JH3/EKTPHKE H MOBEPXHOCTHYIO IJIOT-
HOCTb 3apsifta O, Ha IJacTHHaX KOHJIeHcaropa.

9.124, TlpocTpaHCTBO MeKAy MNJAcTHHAMH IIOCKOTO KOH-
JeHcaTopa 3alloJHeHO CTeKJoM. PaccTosiHie Mexay NJIacTHHA-
MH. d=4 MM. Ha nnacTHHBI KOHjeHcaTopa NojaHa pPasHOCTb
notennuanoB U=1,2 kB. Hafitu: a) nanpskendoctb £ noJs
B cTekJle; ) MOBEPXHOCTHYIO MIOTHOCTh 3apfifa O, HAa IIacTH-
HaX KOHJEeHCaTopa; B) MOBEPXHOCTHYIO INIOTHOCTb CBA3AHHBIX
3apsfoB O, Ha CTeKJe; TI) IH3JEKTPHUeCKYI0 BOCHPHHMYH-
BOCTb ¥ CTEKJa.

9.125. [lpocTpaHcTBO MeXKAY TJIACTHHAMH TIJIOCKOTO KOH-
JeHcaTopa 3anoJqHeHo MacaoM. PaccTosiHHe MeXAy MIacTHHaMH
d=1 cm. Kakyio pasHoctb noteHuuasoB {/ Hajlo NOAaTh Ha
TIIACTHHBI  KOHJeHcaTopa, YTobbl MOBEPXHOCTHAs MJIOTHOCTH
CBA3aHHBIX 3apsjloB Ha Macse Obina paBHa 0,,=6,2 MKKa/M??

9.126. IlpocTpaHcTBO MexAy [MJIaCTHHAMH IIJIOCKOro KOH-
IeHcaTopa 3aloJHeHO cTeK/aoM. [Lnoaip niacTHH KoHJeHca-
topa S$=0,01 M. [I1acTHHB KOHjeHcaTopa MPHTITHBAIOTCS
ApYT K Apyry c cunoll F=4,9 mH. Hafiti noeepxHoctHyto mior-
HOCTb CBSI3aHHBIX 3apfJiOB O, Ha CTeKJe.

9.127. [IpocTpaHCTBO MeXAY I[LIACTHHAMH MJIOCKOTO KOH-
JeHcaTopa 3amonHero napagpuxoM. TIpH npucoenyHeRHH nia-
CTHH K HCTOUHHKY HanpsKeHHs JaBJeHHe MJAacTHH Ha mapaduH
crasio paBHbIM p=>5 [Ja. Hatitu: a) ranpsixkeRHOCTb E 3J1eKTpH-
UecKOro Moss H 3JIeKTPHIECKoe cMellleHde D B mapagHHe;
6) MOBEPXHOCTHYIO MJIOTHOCTb CBSI3aHHBIX 3apsiioB 0., Ha ma-
pabHHe; B) NOBePXHOCTHYIO MJIOTHOCTb 3apfija O, HA IJACTH-
Hax KOHJZeHcaTopa; TI) OOBeMHYIO MJIOTHOCTb 3HeprHH W,
9/IEKTPHUECKOTO NOJA B NapaduHe; ) AHIJIEKTPHIECKYIO BOC-
OPHHMUHBOCTb X TNapagHHa.

9,128. IlpocTpaHcTBO MeXAY MJACTHHAMH INIOCKOrO KOH-
JeHcaTopa 3anoJHeHO [HM3JeKTPHKOM. Paccrosinne Mexny
niacTHHaMH d=2 mM. Ha nuiacTHHBL KoHJleHcaTopa nofaHa pas-
HOCTb noTeHnHanoB U;=0,6 kB. Ecan, OTK/I0OUHB HCTOUHHK
HanpsixKeHHs, BHIHYTh AHSJEKTPHK M3 KOHAEHcaTopa, TO pas-
HOCTb NOTEHNIHAJOB Ha [IACTHHAX KOHneHcaTopa B03paCTeT
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a0 Us=1,8 kB. Haiitu noBepXHOCTHYIO IMIOTHOCTH CBASAHHBIX
3apsa/oB O, Ha IU3JIEKTPHKE H JH3JIEKTPHUECKYIO BOCNPHHM-
YHBOCTb % JIH3JEKTPHKA. - :
9.129. TlpoctpaHCTBO MeXXAY NJIacTHHaMH IVIOCKOIO KOH-
JeHcaTopa ofbeMoM V=20-CM® 3amO/HEHO IHINEKTPHKOM (e=
=5). IlnacTHHE KOHAEHCAaTOpa NPHUCOEJHHEHH K HCTOUHHKY
HanpsizkenHs. [Ipy 3TOM 1noBepXHOCTHAsA MAOTHOCTH CBA3aHHBIX
3apAN0B Ha AH3NEKTPHKe O,=8,35 MkKa/m?. Kakyo pabory
A Hajo COBePLIHTH IPOTHB CHJI 3JEKTPHYECKOrO MOJsl, YTOGH
YJAJIHTh IU3JIEKTPHK H3 KOHJAeHcaTopar 3ajady peIlHTh, eC/H
ylaneHHe JU3JNEKTpHKA IPOM3BOAMTCA: @) N0 OTKJIOYEHHS
MCTOYHHKA HanpsukeHHsl; 6) 1ocsie OTKJIOUEHHMs HCTOYHHKA
Hanpsi>KeHHs. :

§ 10. dnexTpHueckHH TOK

Cusa Toka (ToK) / YHC/JEHHO paBHa KOJHYEeCTBY 3JeKTPHUYecTBA, Tpo-
XOIslieMy Yepe3 MoONepeyHOe CeYeHHe NPOBOJAHHKA B €IHHHIY BPEMEHH:

dq
1 = d—t'.
Ecan cuna toka /=const, tc

=9
I= T

[MnoTHOCTL 3JEKTPHYECKOrO TOKa

/
’ i=—'»,

*

Tie S — naomaAp TONepPeYHOro CeveHHs NPOBOAHHUKA.

ToK, “TeKym## 00 YYacTKy OJAHOPOJHOTO MPOBOAHHEKA, MORUHHSETCS
aagony Owma S

U

=-E’
1ae U — pa3HOCTb NOTeHIHAJIOoB Ha KOHIAX yyacTka, R — cOmpoTHBJIEHHE
9TOTO yuacTKa.

ConpoTHBieHHe NPOBOAHHKA

I

rpe P — YIeJbHOE CONPOTHBJEHHE, O — YAeJbHAS NPOBOXHMOCTb, [ -—
InHBa B S — TIOWAJb TOTEPEeYHOTO CeYeHHs: NPOBOLRHKA:

_YjienbHOE COMPOTHB/EHHE METALIOB 3aBHCHT OT TeMNepaTyphl CJely-

IomyuM 06pasom; -

pt=po (l+ab), .
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.

e Py — ynem.noe conporseaenne npE £4,=0 .°C, a—--remnepa-rypxun
KOSPQHIHEHT CONPOTHBIENU.

Pa6oTta S/IEKTPHYECKOTO TOKA Ha ydacTKe Henmd onpejessercs q)op
umynodt :

va, .
_ = 2R — "
A=1Ut=I"Rt=="t.
Hna samxuyTofl uenn 3axkoH OMa HMeeT BHA
=8
R+r’

rae & — 5. 1. ¢. TeHepatopa, R — BHelllHee COMPOTHBAECHHE, f — BHYT-
peHHee CONPOTHBJIEHHE TeHepaTopa.
lNonnasg MOLLHOCTB, BHIJENAsieMas B LEIH,

P=@&I.
Hns passeTBlennbix menefi HMeIOT MecTO jgpa 3aKoHa Kupxroda:
nepshifi sakoH Kepxroda — anreGpanyeckass cymMMa TOKOB, CXOZAfI-
WHXCA B y3Jie, paBHa HYJIO: ,
2 i=0; \

sTopoit 3akoH "Kupxroda — B MoGOM 3aMKHYTOM KOHType anareGpaH-
uecKasi cyMMa NaJeHHH NOTEHIHaja Ha OT/JEJbHEIX yYacTKax II¢NH paBHa
anre6paHuecKoi cyMMe 8. J. €., BCTPeHaloiHXcs B STOM KOHTYpe:

‘211R1=26°i.

lNpr npumeHesun saxoHoB Kwupxroda Hago pYKOBOJICTBOBATHCH CJIe<
AYIOUWIMMH TpaBHJaaMH. 7

Ha cxeMe NMpPOH3BOJNIBHO YKA3HBAIOTCSA CTPEJKAMH HaNpaBiIeHHS TOKOB
Y COOTBETCTBYIOULHX CONPOTHBJEHHA. (O06X0Af KOHTYP B - HPOH3BOJBLHOM
HanpasJeHHH, GyJeM CYMTaTh NOJOMHTEJNBHRIMHY Te TOKH, HampamJeHHf
KOTOPHIX ' COBMAZAlOT ¢ BANpasJeHHeM OGXOJa, W OTPHUATENBHEIMH Te,
HANpPAaBJIeHHST KOTOPHIX IMPOTHBOMOJMOMKHE HANpaBJeHHIO 06XOxa.

TTonoxwreNbBEIMA 5. 4. €. 6yJeM CYHTaTh Te 5. A. C., KOTOpHIE IOBbI~
aloT NOTeHIHaA B HAalpapleHHH 0GX0na, T. €. 9. I. €. OyZeT NOMOMKHe
TenbHOM, eCJH NMpH o6xone NpHIeTCS HATH OT MHHyca K IUIIOCY BHYTPR
reHeparopa. ’

B pesysbTare pemieHWs COCTaBIEHHBIX YPaBHEHHI OnpesielsieMIe

 BENIMYHHB MOTYT MOMYYHTLCA OTHIATENbHLIMH, OTpHIIaTeJIbHOe 3HaYeHHe

TOKA yKasHBaeT Ha TO, 9T0 (aKTHUeCKOe HAMpaBieHHe TOKa Ha RakoM
yuacTKe nenH oOpaTHO NpHHSTOMY. .
"JIns sneKTPHUECKOTO TOKA HMEIOT MeCTO 1pa 3akoHa (dapajes:
nepsut 3akon (apafes — Macca BelECTBA, BHIETHBUIErocH HPH
SUIEKTPOMHSS, _
Ny i m=Kli=Kg,
he ¢ — KONHYeCTBO 9/eKTPHUeCTBA, NPOWIEJWEro qepe3 SAEKTPOHT,

- K — snexTpoxuMuuecKuil PKBHBaJIENT; :
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a'ropoﬂ saxon dapages — sneKTpongmIecxHﬁ sxnﬂaanem' nponop-
OHOHaleH XHMHRECKOMY SKBHBlJeHTy

K“—’-"v

‘rRe A — MoasipHas Macca, Z — BaJeHTHOCTb, F=96,48456-10® Ka/momb —
nocrosgHHaa dapanes. ' ’
- Ynenvnas NPOBOJMMOCTE SMEKTPOJHTA ONpeXiensieTcs GopMyJIoh

0:%:&021’ (wyFus),

Ifie 0 — cTeNeHb AHcconHanuH, C [Monn/mM®] — MonsnpHas KOHLEHTpAuHs,
Z — BanentHocts, F — nocrosinHas ®dapages, u, H u_ MY/ (B-)] —
TNOABHKHOCTH HOHOB. [IpH STOM 0t==n;/n — OTHOINEHHIO YHMCJA AHCCONHH-
POBABHHIX MOJIEKYJ B e[HHHIE 00BEMa K WHCIY BCeX MOJEKYHN PacTBOPEH-
HOTO BelllecTBa B STOM 06beMe. Bennuuna n=CZ [monn/M’] nasuBaercs
SKBHBAJEHTHOH KOHUeHTpauHeil, a BenwdnHa A=o/q [M¥/(Om: MOJlb)] —_
SKBHBAJIEHTHOR NPOBOZHMOCTBIO,

IpH me6onbHX NJIOTHOCTSX TOKa, TEKywero B rase, HMEET MeCTo
sakoH Oma

N

f=qn(us J'ru-)f‘:"=cu‘:",

rae E — nanpskeHHOCTb NOAA, O — YAENbHasg NPOBOLMMOCTb asa, § —
3apAl HOHa, U, H U._ — MOABHMHOCTH HOHOB, n [M~3] — gHCIO HOHOB
KaXJOro 8Haka (UMCAO Nap HOHOB), HaXOAAWIHXCS B eAMHHIG ofbeMa
rasa. [Tpu stom n=) N/y, rne N [M~%:c~1] — ynciio nap HOHOB, CO3ja~
BAEMBIX HOHHSHDYIOUIHM aT€HTOM B efMHHIIe 06beMa’ B eNMHHIY BPEMEHH,
v [M%/c] — kosddunuent pekoMGHHAIHH.
TInoTHOCTL TOKa HacHIleHHs1 B Tase onpenensierca QopmyJsol
ju=0Nqd, .

rae d — paccTosiHHe MeXAY 3JE€KTPOJaMA,
Urobu BHIPBAaThCH M3 MeTallla HapyXy, SJeKTPOH ROTKeH obaaxaTe
xnﬂemtxecxoﬁ 9Hepruel
mu?
7 =4
rme A — pa6oTa BHIXOJA SAEKTPOHA HS JAHHOTO MeTalna. -
Tl10THOCTL TOKAa HACHIIEHHS IIPH TEPMOJIEKTPOHHOR SMHCCHM On-
pedensierca GopMyJoh

rae T — TepMoAMHAMHYeCKas Telvmepa'rypa Karoga, A — pa60'ra BHXOJA, ’
£=1,380662.10-% JIx/K — nocronnngs bBomeumana, B [A/(M*-K?)] —
SMHCCHOHHAS TIOCTOAHHAH, Pasfas AJA PasHHYHBIX MeTa/lI0B.
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. 10.1.. Tox ! B npOBOAHMKE MEHSieTCH CO BpeMeHEM [ no

. ypaBHenuio [=4-+2¢, rne | — B amnepax u {-— B ceKyHIaX.

KaKoe KOJHKYeCTBO 3JIEKTPHUECTBA ¢ MPOXOJMT 4Yepe3 Imonepey-

HOE CeueHHe MPOBOJHHKA 33 BpeMsl OT L =2 ¢ g0 ;=6 c? [Ipn

KaKOM IOCTOSIHHOM TOKe [, uepes monepeyHoe cedyeHHe NPOBOA-

HHKAa 3a TO YK€ BPeMs POXOJHUT TaKOe 3Ke KOJHYECTBO 3/1eKTDH-~
gecTBa? ]

10.2. JIaMmoBEI#i peocTaT COCTOHT M3 HATH 3JEKTPHUECKHX
JaMmnodyek conporusneHHeM r=350 OM, BKJ/IOYEHHBIX NapaJ-
JenbHo. Hafitu compotHBaenHe R peocTaTa, KOrja: a) ropAr
BCe JIaMIIOYKH; 6) BBIBUHYHMBAIOTCS OJiHA, ABe, TPH, YeThipe JaM-
HOUKH. \

10.3. CkoJbKO BHTKOB HHXPOMOBOMH ' [POBOJIOKH [HaMeTPOM
d=1 MM Hajzo HaBHTb Ha (ap(OpOBBIH LHJIUHID PATHYCOM a=
=2,5 cM, 4YTOGBl MOJYYHTb Neuyb CONpOTHBJIeHHeM R=40 Om?

10.4. Katymka u3 MeAHOH NPOBOJIOKH HMeeT CONPOTHBJE-
HHe R=10,8 Om. Macca MenHo# npoaonoxu m=3,41 Kr.
Kakoit ajuHBl | H KaKoro IuameTpa d MpPOBONOKa HaMoTaHa
Ha KaTyUKe?

10.5. Haiiti cornpoTHB/ieHHe R Ke/Je3HOTO CTepXKHA AHa-
MeTpoM d=1 cM, ecqH Macca cTepxkHs m=1 Kr.

-10.6. Me;maﬂ H a/JIOMHHHEBas NPOBOJIOKH HMEIOT OJIHHAKO-
BYI1O JIMHY [ H OIMHAKOBOE COIpOTHBJeHHe R. Bo cKonbKo pas
MeJlHasi IPOBOJIOKA TsAXKeJlee aJIOMHHHEBOH? :

10.7. BonbppamoBasi HHTH 3JeKTpHYECKOH JaMIMOYKH NpPH
£i=20 °C umeet compotuBsieHHe R,=35,8 OM. KakoBa Gynuer
TeMIepaTypa ¢, HHTH JIAMIIOYKH, €C/H NPH BKJIIOUEHHH B CETb
HanpsikeHnem U=120 B no uHTH Hzer Tok [=0,33 A? Tem-
nepatypHblfi  KO3(xpHIIHEHT CONPOTHBJEHHs BoJbdpamMa o==
==4,6.10~% K-

10.8 *). PeoctaT H3 Kele3HOH NpPOBOJIOKH, aMIepMeTp
H TreHepaToOp BKJIOYEHH MociefoBaTenabHo. Ilpu £,=0°C co-
npoTHBJeHHe peoctata R,=120 OM, conpoTHBieHHe aMmOep-
MeTpa- R 4,=20 OM. AMnepMerp nokasmiBaeT Tok [o=22 MA.
Kakofi Tok / 6yler MoKashBaThb aMIIePMETp, ecH peocTar Ha-
rpeercst Ha AT =50 K? Temneparypubiit K03¢¢HuHeHT conpo-
THUBJIEHHSA XKenesa o==6.10"3 K~
-~ 10.9. O6MOTKa KaTymKH H3 MeIHOH NpOBOJOKH IpH 0=
==14 °C umeer conporusieHHe R,;=10 OM. [locsie npomycka-
HH# TOKAa COINPOTHBJIeHHe 0OOMOTKH CTas10 paBHbIM R,=12,2 Om.
Jlo Kako#l TeMnepaTyphl £, Harpenacb o6MoTka? Temmeparyp-
‘HBIA Koaqxbnuneﬂ'r COTPOTHBJIeHHsA MelH o=4,15-1073 K1,

*) 3pech  jajdee CONPOTHBIEHHEM aMnepMerpa R4 H BHYTDEHHHM
COTIPOTHBJEHHEM 7 TenepaTopa calinyer npeHere%, ecau OHH he 3anaHu
B YCJIOBHH. .
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10.10. Hafitn nafenue notenuuana U Ha MeaHOM npoBoje
AnnHokt /=500 M K AHaMeTPoM d=2 MM, echH TOK B HeM [=
=2 A. o )

10.11. Hajit nafeHus noteHuuana U B cOmpoTHBAEHHAX

1=4 OM, R;=2 OM 1 R,;=4 OM (pHc. 19), ecnn ammepmerp
nokaseiBaer Tok [,=3 A. : ‘
Haiitu Ttoku I, u I, ‘
B CONPOTHBJEHHSAX R,
H R,.

10.12. Duement, ume-
oK 3. A c. &=1,1B
W BHYTPEHHEE COMpOTH- " Puc. 19
‘BaeHHe r=1 OM, 3aMKHYT . )
Ha BHeluHee conpoTuBieHHe R=9 Om. Hafith Tok [ B uemnw,
najeHde noteHuHana U BO BHellHedl UenH H majieHHe NOTeH-
nuana U, BHyTpH smemeHta. C KakuUM K. I I. 1} pa6oTtaer
3JIEMEHT? ’

10.13. Iloctponth rpaduK 3aBUCHMOCTH NaJieHHS MOTEHIH-
asa U BO BHellHeHl LleNH OT BHEIIHEro CONPOTHBJIEHHA R A
UenH npeipiAyilell 3ajayd., ConpoTHpieHHe R B3ATb B npele-
nax 0<CR<C10 OM uepes kaxapie 2 OM. ‘

10.14. DaemeHT ¢ 3. 4. ¢. §=2 B uMeeT BHYTPeHHee CO-
nporubJenue r=0,6 Om. Halitu nanenne noteHuuana U, BHY-
TPH 3JeMeHTa npH Toke B uend /=0,25 A, KakoBo BHelIHee
CONPOTHB/IEHHe R IieNM NpH 5THX YCJIOBHAX?

- 10.15. 2nemMeHT ¢ 3.4.c. §£=1,6 B uMeeT BHYTpeHHee CO-
npotuBaenue r=0,5 Om. Hajfitn K.n.4. 1 371€MeHTa NpPH TOKe
B uwend /=24 A. .

10.16. 2.1.c. sneMenTa & =6 B. [Ipn BHewHeM cOIPOTHB-
Jeund R=1,1 OM 10K B nenu /=3 A. HaiiTi nageHHe noteH-
nuana U, BHYTPH 3/leMeHTa H €ro CONpPOTHBJIEHHE r.

10.17. Kakyio jpomo 3.4.C. 3/MeMeHTa & coOcTaBlsieT pas-
HocTb MoTeHUHaJo0B U Ha ero 3akMMaX, €c/H CONPOTHBJIEHHE
3/1IEMEHTA r B 1 pa3 MeHbllle BHELIHErO CONPOTHB/IeHHs R? 3a-
ngauy pemmntb mis: a) n=0,1; 6) a=1; B) n=10. :

10.18. DneMeHT, CONMPOTHBJEHHE H aMIepMeTp COEJHHEHH
AOC/IEOBATEIbHO. DJIEMEHT HMeeT 3.4.C. & =2 B H BHyTpeHHee
conporusienne r=0,4 Om. AmnepMeTp nokasbiBaeT TOK [=
=] A. C KaKuM K.ILi. 1 paboTaeTr 3/eMeHT?

10.19. VMeioTcsi nBa OJMHAKOBBIX 3JeMeHTa ¢ 3.4.¢. &=
=2 B # BHyTpenuuM comnportusiaerneM r=0,3 Om. Kak Hano
COEJMHUTL 3TH 3JIEMEHTHi ([10C/Ie[IoBATeJbHO HJH Mapasijiedib-
'HO), YTOGEI NOJYYHTb GOJIBIIHH TOK, €C/M BHEIHeEe CONPOTHB-

aenue: a) R=0,2 Om; 6) R=16 OM? Haiitu ToK [ B KaxjaoM
H3 3THX CJIydaeB. Cen
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10 20. Cqmaa COnpOTHB/IEHHE Bo.nb'me’rpa Ry Geckoneu-
HO GOXBITHM, ONpPefelsIOT CONPOTHBJAEHHE R 1O HOKAaSaHHAM
amMnepMeTpa H BOJbTMeTpa (puc. 20). Haiitu OTHOCHTEJIBHYIO
norpemisocTh AR/R Hai#tleRHOTO CORPOTHBJCHUA, €CNH B Jeh-
CTBHTENBHOCTH CONPOTHBJEHHE BOJALTMETpPa PaBHO Ry. 3anavy
pewnth A Ry,=1000 OM # .conperneienHs: a) R=10 Owm;
6) R=1000wm; B) R=1000 Om.

18
‘l
%
) n
-\ \_/
Puc. 20. ’ Puc. 21.

10.21. Cuwnrasi conporHB/eHHe aMnepmeTpa R, GeckoHeuHO
MaJIbIM, ONPelesAloT CONPOTUBJAEHHEe R 1o NMOKa3aHHAM aMmmnep-
MeTpa M BoabTMeTpa (puc. 21). HaliTv oTHOocHTEeIBHYIO NOrper-
HocTh AR/R wHaillieHHOro COTNPOTHBJIEHHSH, eC/IM B AeHCTBUTEIb-
HOCTH CONpPOTHBJIEHHE aMmIepMeTpa paBHO R ,. PemuTh 3agauy
Anst R 4=0,2 OM ¥ conpoTHBIEHHS: a) R=1 OM 6) R=10 Owm;
B) -R=100 Om. .

10.22, [Ipa nmapaJiesbHO COeAHHEHHBIX 3JEeMEHTa C OflMHa-
KOBHIMH 3.4.C. &1=& =2 B H BHYTDEHHUMH COTNPOTHBJICHHSI-

1% CE Lk
7 [
L
bid : R
1 ! "
Pue. 22. Pue. 23, . . Pue. 24.

Mu r;=1 OmM ¥ rz=1,5 OM 3aMKHYTH! Ha BHelllHee CONPOTHB-
nerne R=1,4 Om (puc. 22). Haiiti Tok / B Kaxmom H3 3JleMeH-
TOB H BO BCceH IIenH.

10.23. Ima mnoC/NeROBATENbHO COEAMHEHHBIX 3/1eMeHTa ¢
ONHHAKOBHIME 3.A.¢c. &1=6&,=2 B W BHYTPeHHHMH COIpO-
THBACHHAMH ri=1OM H ry=1, 50M 3aMKHYTH Ha" BHelliHee
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conpoTHBJieHHe R=0,5 Om (puc. 23). Haﬁ-m pasHOCTh noren-
unanoB U Ha 3aKuUMaX KaXkJIOro 3JeMeHTa,

10.24. Barapes c 3.4.c. € =20 B, amnepmerp u peoc'ram
¢ CONPOTHBJAEHHAMH Ry H Rj; coelHHeHHM mOCTeNOBATENBHO'
(puc. 24). Ilpu BHBeneHHOM peoctare Ry amnepMeTp noxa3uBa
er Tok /=8 A, npn BBEJEHHOM peocTaTe R;— Tok [="5 A,
Haiitu conporusienuss R; B R; peocTaToB U MajieHHs NOOTEH-
nuana Uy u Uy Ha HUX, KOT[a peocTaT R MOJHOCTBIO BKJIIOUEH.,

10.25. DneMeHT, aMmepMeTpP W HEKOTOpPOe CONPOTHBJIEHHE
COeHHEHDI 1oc.1e[0BaTe/IbHO. Ecnu B3sTh conpoTHB/EHHE U3
MeJHOH NpoBoJioKH AjnHON [=100 M U nonepeuHbIM ceueHHeM
S=2 mm?, To amriepmeTp nokasbiBaeT ToK [;=1,43 A. Eciu xe
B3AThb CONPOTHBJACHHE U3 AJIOMHHHEBOH IPOBOJIOKH JIHHOM [==
=57,3 M H nonepeynblM ceueHHeM- S=] MM?, TO aMmmepmerp
nokasniBaeT ToK /;=1 A. ConpoTHB/JeHHe aMrepMeTpa-R =
=(,05 Om. Halith 3.1.c.. & 3/7ieMeHTa H €ro BHYTPeHHee cO-
HPOTHBJIEHHE . .

10.26. Hanpmxemle Ha 3aXXHMaX 3JieMeHTa B 3aMKHYTOH
nenu U=2,1 B, conporunieruss R;=5 OM, R;=6 OM u Ry=
=3 OM (pHC. 25). Kako#l TOK / noxaseBaeT aMIepMerp?

n
—1

Puc, 25, _ Puc. 2.

10.27. ConporuBienusi R;=20 OM u R3=15 OM (puc. 26).
Yepes conporuBnedde R; Teuer Tok [;=0,3 A. Amnepmerp
nokaspiBaer ToK /=0,8 A. Halitn . .
COINpOoTHBJEHHe Rj.. - lf__” _

10.28. 3.x.c. 6aTapeH &=100 B,
CONpPOTHBJEHHs ~R;=R;=40 Ou,
R,=830OM u R,=34 Om (pHc. 27).
Haiiti Tok I3, Tekymu# yepes co-
NpoTHBJIEHHE Rj;, U mnajeHHe NOTEH-
uHama Uz Ha HeM.

10.29. 3.1.¢c, Gatapeu =120 B, . Pue. 27, ¢
conporuByienHsi Ry;=200M H R,= '
=25 Om (puc. 28). [lajeHre mOTeHIHaAa Ha CONPOTHBJCHHUH
R, paBao U;=408. Amnepmerp noKa3nlBaer ToK [/ *=2A
Hairti conporuBienre R;. .
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10.30. Barapes c 9.4.C. 6’—10 B ¥ BHYTPEHHMM COIPOTHB-
néuueM r=1 Om umeer K.m.1. 1=0,8 (puc. 28). TTagenns no-
TeHOHAala Ha CONPOTHBAEHHAX R, W R, paprn U,=4B u
U,=2 B. Kakof Tok / noxasmiBaer aMnepmeTp? Haftu nage-
HHe NoTeHnHamta U, Ha COUPOTHBIEHHH R,.

Puc. 28. - ‘ Puc. 29.

10.31. D.n.c. Gatapen &=100 B, conpeTHBJeHHs R,=
=100 Om, Ry;=200 OM u R3;=300 OM, cOnpoTHB/IEHHE BOJIbT-
MeTpa RV-Q kOM (puc. 29). Kakyio passocth nommmanoa U
[I0Ka3bIBAeT BOJBLTMETD?

10.32. ConporusnenHa R;=R,=R,;=200 OM, conporss-
Jgende BoawiMeTpa Ry=1 KOM (puc. 29). BonbT™eTp noxaspl-
BaseT .pasHoOCTh nmeuuuanoa U=100B. Haiith s.40.c. & 63-
TapeH.

Ry i,

Puc. 32.- : ; Puc. 33.

10.33. Hafitu nokasanus amnepMerpa # BOJIbTMETPA B cXe-
Max, H306pa)KeHHhIX Ha prc. 30—33. d.a.c. 6aTapeu &=
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=110 B, “conporupieHus R;=400 O u R,--—600 Owm, conpo-
“THBJIeHHe Bo/bTMeTPa Ry=1 kOwm.

10.34. Amnepmerp ¢ compoTuBienuem R,=0,16 OM sa-
LIYHTHPOBAH COMpPOTHBJeHHeM R=0,04 Om. AMnepMeTp noxa-
sbiBaeT Tok [,=8 A. HafiTu ToK / B wenm.

10.35. Mmeercsl npepHasHayeHHBIH Ans H3Mepemm TOKOB
no- /=10 A amnepmerp c conpoTHp/ienneM R ,=0,18 Ou, wka-
Ja Koroporo pasjienena Ha 100 nenenuit. Kakoe conmporusme-
Hve R Halo B3ATh H KaK ero BKJAIOYHTD, 9TOGLI 3THM aMIepMeT-
POM MOKHO OHIIO H3MepATb TOK A0 /,=100 A? Kak uaMeHHTCA
IpH 3TOM lieHa JieJleHAS] amnepMmeTpar

10.36. ViMeercs mpenHasHayeHHEIN AJsi M3MepeHHs pasHo-
CTH moTeHUHanoB 10 U=30 B BONBTMETp C CONPOTHBJEHHEM
R =2 xOm, mKkana KoToporo pasieneHa Ha 150 nenennit. Ka-
KO€ COIpOTHBJAEHHe R HaJl0 B3SITb H KaK €ro BKJIOUHTh, YTOGH!
9THM BOJIBTMETPOM MOXKHO OBITO H3MepATh Pa3HOCTH MOTEHIH-
anbe 10 Uy,=75 B? Kak M3MeHHTCS [IPH 9TOM lieHa Jie/leHHs
. BOJbTMeTpa?

10.37. Nmeercsi npenHasHaueHHH AN H3MePEHHS TOKOB
no I=15 MA amnepmerp c conpotuBnenueM R ,=5 OM. Kakoe
CONMpOTHB/IEHHe R Halo B3ATh H KaK €ro BKJIOYATD, YTOOLI 3THM
npHOOPOM MOXKHO OBLJIO H3MEpPATBI &) TOK JO Io 150" MA;
6) pasHocTb noteHnuanoB no U,=150 B>

10.38. Mwmeercs 120-BonbToBasi ameKTpHUecKas JaMmmoyka
MoutHocThi0 P=40 BT. Kakoe [106aBOuHOe - CONPOTHBJEHHE R
Halo BKJIOUHTb MNOC/AENOBATEJBbHO -C JIAMMOYKOH, 4YTOGHI OHa
JaBasia HOPMaJbHBIH HakaJ NpPH HanpsKeHHH B ceTH Ug,=
=220 B? Kakyio aauny ! HRXPOMOBO# NPOBOJIOKH JHaMETPOM
d=0,3 MM Hazo B3fATh, 4TOOLI MNOJYYHTb TaKoe COMNPOTHB-
JeHHE? '

10.39. Umetorca TpH 110-BONBTOBEIX 3/1€KTPHUECKHX JIaM-
MOYKH, MOIHOCTH KOTOpbIX Py=P3;==40BT u P,=80 Br.
Kak HaJ0 BK/IOYHTb 9TH JIaMMNOYKH, YTOGBI OHH JaBaJjiH -HOP-
MaJbHBEIA HaKaJ/l.TpH HanpsAxXKeHHH B cetH U,==220 B? Hauep-
THTb cxeMy. Haiity TOKH 1, /3 ¥ /5, TekyliHe Yepes J1aMIOUYKH
TpU HOpPMasibHOM HakaJe.

10.40. B naGopatopuy,. y,lIaJIEHHOH OT FeHepaTOpa Ha pac-
crossHHe [==100 M, BKJIIOYHJIH 3/1€KTPHUECKH#i HarpeBaTeJbHLIA
npubop, no"rpe6.nmoumu ToK =10 A.. Ha. ckoJbKO MNOHH3H-
moch Hanpsikedde U Ha 3aKHMaX 9/ieKTpPHUECKOH JIaMIIOYKH,
ropsuefi B 370l 1a6OPaTOPHH, eCH cedeHHe MEAHBIX MOABOAS-
IHX [pOBOAOB S=5 mMM?*?

10.41. Or Garapen ¢ 3.4.c. §=500 B TpebyeTcs nepenatb
‘sHeprmio Ha paccrosiuue [=2,5 kM. [ToTpeGasieMasi MOIHOCTD
P=10 kBt. HafiTh MHHHMaJbHble NOTEPH MOIIHOCTH AP
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B CeTH, eclH Jmame'rp MEHHEX no;monmunx npononos d=
=1,5 cM.

10.42. Ot reHepaTopa ¢ 3.4.C. &=110B. TpeGyerca Hepe-
faTh SHepruio Ha paccrosnue. [=250 M. [lotpebaseMas Mok
woetb P=1 KBT. HaiiTR MuUHUMaNbHOe CedyeHHE S MeIHRIX
UOABOJAIMIEX NPOBOAOB, €C/HH [IOTEPH MOUIHOCTH B CETH. He
ROMMHB npeBsinath 1%.

10.43. B 1enbp BKJIOYEHH! l’lOCJIeJIOBaTe.IIbHO ‘MefHas H
CTanbHas MPOBOJIOKH OJMHAKOBHIX JJIMHBI U AHamerpa. HaHri:
a) OTHOIIEHHE KOJMYeCTB TelJIOThI, BHIICNSIOMHXCA B 3THX
NpoBOJIOKax; 6) OTHOLEHHe HajleHHH HanpsXKeHHA Ha STHX
IPOBOJIOKAX.

10.44. PelunTh NpefbAymYyO 3ajauy Ais caydas, KOriaa

NIPOBOJIOKH BKJIFOYEHBI MapaJjiie/ibHO.
“" 10.45. DneMeHT ¢ 3.4.c. =06 B naer MakcHMaJbHHH TOK
I=3 A. Haiitu nan6oJibllice KOJHUECTBO TEIIOTH @, KOTOpOe
MOeT GHITh BLIAEJE€HO BO BHeEIHEM COHPOTHBJEHHH B €AHHHLY
BpeMeHH.

10.46. BaTapeﬂ ¢ a.xc &€=240 B n BHYTPEHHHM CONpO-
THpaeHHeM r=1 OM BaMkHyTa Ha BHellHee CONPOTHBJEHHE
R =23 OM. Hafitu no/inyio MoumocTs Py, M0J€3HYI0 MOMIHOCTD
P v k.n.a. m O6araped.

10.47. HaiiTH BHyTpeHHee COIPOTHBJICHHE 7 reﬁepaTopa
ec/li H3BECTHO, UTO MOLIHOCTb P, BHeNIAI0MasCcA BO BHelUHeR

HlenH, OIHHAKOBZ NPH BHeIIHHX

5 conpoTHBaeHHsX R;=5 Om

i (/ N : u R,=0,20Om. Haiitu x.n.x.

4 7 \ n TreHeparopa B  KaXJIOM
H3 3THX CJyuaes. :

3 R 10.48. Ha puc. 34 nama

/ \ 3aBHCHMOCTh TIQJE3HOH  MoLi-

2 HoctH P ot ToKa [ B 1enu. Ilo

[ i ZAHHBIM STOH ~KPHBOH HafiTH

Ty / . \ BHYTpEHHee CONDOTHBJEHHE T

4 ¥ 3.4.c. & saemenra. Ilocrpo-

0 " urb rpapUK 3aBHCHMOCTH OT

2 4 & 8 -IA Tokal B Uend K.ILA. 1N 3Je-

Pac. 34. MeHTA H MaJeHHsl MOoTeHIHasa

U Bo BHelHe#l LenH.

10.49. Tlo naunbiM KpHBOlH, M3oGpaxkeHHOR Ha pHc. 34,
HOCTPOHTh rpadiiK 3aBHCHMOCTH OT BHeIHErO CONPOTHBJ/IEHHA
R uenu: X.M.A. M 37eMeHTa, NOMHOH MOIIHOCTH Py H NOJIE3HOH
MOIIHOCTH P, KpHBHe MOCTPOHTH A 3HaYeHHi BHEITHEro co-
nporusaendsi R, pauuix: 0, 7, 2r, 3r, 4r H 5r, TIe r—Bﬂy-
TpeHiee COnpOTHBJIeHHe a.nemema
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" 10.50. SiieMenT 3aMMIKaIOT CHavaia Ha BHeliHee CONPOTHB-
nenve Ri=2OM, a 3aTeM Ha BHeliliee COTpoTHBAcHHE Ri=
=0,5 Om. HaiitH 3.5.c. & 37ieMenTa H ero BHyTpeliHee cONpPO-
THBJIEHHE 7, €CTH H3BECTHO, 9TO B KAXKJIOM H3 STHX CJIyYaeB
MOIIHOCTh, BhiJeAAOINAsAcA BO BHeEINHEH NENHM, OAHHAKOBA H'
paBHa P=2,64 Br. - :

10.51. Daement ¢ 3.4.c. =2 B ¥ BHyTpeHHHM conpoTup-
JeHHeM r=0,5 OM 3aMKHYT Ha BHelllHee CONPOTHBIeHHe R.-
IMocTpouts rpaguk 3aBHCHMOCTH OT CONpPOTHBJeHHst R: ToKa [
B lleNH, MaJeHusA noreHnuana U BO BHeluHef lenH, noJie3Hoil
MomHocTH P 1 nosnoit MomHoct P,. ConporiBieHHe R B3STh
B mpenenax O<CR <4 Om uepes Kaxzwe 0,5 Om.

10.52. DneMeHT ¢ 3.4.c. & H BHYTPEHHHM CONPOTHBJIEHHEM
r 3aMKHYT Ha BHelllHee conpoTuBiaeHHe R. HauGosbwasi Mol-
HOCTb, BhlZessomasncs BO BHemHed uenu, P=9 Br. Ilpu stom
B neny Teuer Tok /=3 A. Halitu s.jp.c.
& W BHYTpPeHHee CONPOTHBJEHHE r 3Je-
MeHTa, ’

" 10.53. d.n.c. Garapen &=120 B, co-
npoTusienus R;=30 OM, R3=60 Om (puc.
35). AMnepMerp nokasmiBaeT TOk [=2 A,
Ha#tn wMomnocts P, Beleasmolyiocs B
CONPOTHBJIEHHH R)j.

10.54. D.x.c. Garapen &=100B, ee
BHYTpEHHee cONpoTHBJIeHHE r=2 OM, co- -
npothBiends R;=25O0M K~ R;3;=78 Om
(puc. 35). Ha conpoTHB/IeHHH Ry BBIIeNAETCA MOIHOCTE Pi=
=16 Br. Kakoii Tok / MOKa3bBaeT amnepMeTp?

10.55. d.n.c. Garapen &=120 B, conporusienus Ri=
=25 0™, R3=R,=1000mM (puc. 36). Hafitn momuocts Py,
BHIIENSIOIYIOCA Ha CONPOTHBAEHHH Rj.

10.56. K.n.n, Gatapen 1=80%, conporupiende R;=
=100 Om (puc. 36). Ha conporus/ennH R; BrilejsieTcs MOIL-
HocTh Pyj=16 Br. Haiiti 3.4.c. & 6arapeH, ec/ii H3BECTHO, UTO
naleHye MOTEeHLHaJa Ha CONpOTHBMeHuH R; paBHo Uy;=40 B.

- 6/

Puc. 36. ' - Puc./a'f\.
10.57. D.x.c. Garapes &=120 B, nonnoce conpoTHBIeHHE
moreHuromMerpa Ro=120 Om “(puc. 37). Conporhsienne R
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NaMMOUK# MeHsieT¢sl npH HarpeBanHu ot 30 mo 300 Om. Ha
‘CKOJIBKO MeHSEeTCst TIPH 3TOM pPasHocTh NoTeHnHanoB U Ha Jam-
NOuKe, €c/¥ MOABHKHBIA KOHTAKT ¢ CTOMT Ha CepellHHE NOTEH-
uuoMeTpa? Ha cKoNIbKO MeHsieTcss MPH STOM MOUIHOCTH P no-
TpebnsieMasi JIaMIIOUKOH?
10.58. PasHocTb noTeHUMa 0B MexXAy Toukamu A # B pas-
Ha U=9 B. HmewoTcs aBa npoBoJHHKa C CONpPOTHBJIECHHSMH
R.=50M u R,=3 OM. Haiitu kosudecTBO TennoTh Q, BbI-
Jenstiollieecsl B KaXXKAOM TPOBOJHHKE B €JHHUIY BPeMeHH, €CJIH
NPOBOJHUKH Mexy ToukaMi A ¥ B coepnHeHbI: a) 1I0C/€/0Ba-
TeJNIbHO; 6) mapajJ/enbHO. .
10.59. [IBe saeKkTpHuecKHe JIaMIIOUKH C COHpOTHBJIeHHHMH
R,=3600M u Rz-—240 OM BKJIOYEHbl B CeTb MNapaJliesbHO.
“Kakaa 43 Jamnouek notpebsser 60b-
wylo MomHoctb? Bo ckonbko pas?
' ’ 4 ) 10.60. KanopuMerp uMeer CIHpasb
_— 2, conporHB/ieHHeM R;=60 OM, KoTOpas
BKJIOUEHA B Ienb, KaK MOKa3aHO Ha
puc. 38. ComporusieHHe R,==300 Om.
Amnepmerp nokasbiBaeT TOK [=06 A.
Ha ckonbkKO HarpeBaeTcs Macca m==
=480 r BoJbl, HaJHUTOH B KaJOPHMETD,
— = = 3a BpeMsl T==b MHH IPOIlyCKaHHA
TOKa? ,
Puc. 38.. 10.61. Kaxoi o6beM V BOIEI MOXXHO
.BCKHIISITHTb, 3aTPATHB 3JEKTPHUYECKYHD
sx-xepl;lg:io W=3 rBr-u? HavanpHasa TeMmilepaTypa BOAB f,=
=10
10.62. Kakymo MmouHOCTh P noTpebiiseT HarpeBaTelb 3JeK-
TPHYeCKOro YaiHHKa, ecan obbeM V=1 51 Bojpl 3axunaer uepes
BpeMss T=Db MHH? KakoBO cONpOTHBJIeHHe R Harpepared,
ec/il HampsiKeHue B cetd U==120 B? Haqanbﬂaﬂ TeMNeparypa
BOAM [y=13,5°C.
10.63. Ha nautke mowmuocreio P=0,5 kBT cTouT yaiinuk,
B KOTOPbiH HaauT o6peM V=1 J1 BoxkI npu t,=16 °C. Boza B ua#-
HHMKe 3aKHNeaa 4epe3d Bpems T=20 MHH MOCJE€ BKJAIOUEHMs
IVHTKH. Kakoe KOJHYECTBO TEIVIOTH () MOTEPAHO NPH TOM Ha
HarpeBaHHe CaMOTO YaiiHHKa, HA H3JyYenne H T. A.2
10.64. HarpeBaTtenb 37eKTPHUecKOM KacTPioNd HMeeT JiBe
-OlMHAKOBble CEKLHH ¢ conporusdendeM” R=20 OM Kkaxpgas.
Yepes KakKoe BpeMsi T 3aKHNHT 06beM V.=2,2 1 Bofm, ec/u:
a) BKJIOYEHA OJHa CeKIHs; 6) obe ceKI{HH BKJIOYEHH ITOCJeN0-
BaTes1bHO; B) 00e CEeKIMH BKJAIOUEHH! nNapasienbno? Hauanbuas
TeMneparypa Boabl {,=16 °C, Hanpﬂmeﬂne B CETH’ U-110B ,
K.MLL. Harpesatensi 1= =85%. SR
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.10.65. HarpeBaTesb 5JeKTPHYECKOTO uaiiHHKa HMMeeT JBe
cexuuH. [Ipy BK/IIOUEHHMH OfHON H3. HHX BOJA B -yaliHUKe 3aKH-
THT Yepe3 BpeMA T,==15 MHH, IIPH BK/IOUEHHH APyrof — uepes
BpeMsl T,=30 MHH. UYepe3 Kakoe BPeMs T 3aKHUNHT BOxa B yail-
HHKe, ec/IH BKJIOUHTL 06e CeKLHH: ‘a) mocJIeloBaTeNIbHO; 6)° na-
panienbHo?

10.66.  HarpeBaresqib 5/1€KTPHYECKOTO UYaHHHKA CONPOTHB-
JieHHeM R; BKJlOYeH B Liellb, KaK NOKa3aHO Ha pHc. 39. D.n.c.
6arapen &=120 B, conporusnenne R.=10 Om. AMHepmeTp
nokasbiBaeT ToK /=2 A. Uepes Kakoé BpeMs T 3aKHIHT 0ObeM
V=0,5n1 sogu? HawanbHas Temneparypa Boabl fo=4°C.
K.m.x. HarpeBaTeJm 1=76%.

Puc, 39. Pue, 40.

10.67. Kanopumerp HMeeT cnHpanb conpoTHBIeHHeM Rj,
KoTopas BKJIOYeHa B 1lelb, KaK NoKa3aHo Ha puc. 40. D.1.c.
Garapen &=110 B, k.m.a. coupaan 1=80%. B Kanopumerp
Haaura Macca m=>500r KepocuHa. Ammnepmerp MOKasbiBaeT
ToK [==2 A, BonbTMeTp moKasbiBaeT Hampsikende U=10,8 B.
KaxkoBo conpoTuejente R; cnupaau? Hafitu yieabHyoo Temno-
eMKOCTb ¢ KepOocHHa, ecJM 3a BpeMs T=>5 MHH OPONyCKaHHSA
TOKa KepocHH Harpenacs Ha Af=5°C. KakoBo conpoTHBJe-
‘HHe Ry? COHpOTHBneHHe BOJIbTMETpa CYMTaTh GeCKOHEYHO
GosibmiuM,

'10.68. O6bem V=4 5 71 BOABI MOXKHO BCKUINIATUTD, 3aTPaTHB
3J/leKTpHYecKyio 3Hepruio W=0,5 xBr:u. -HauanoHas TeMne-
parypa Bogwl f,=23 °C. Hafitu x.n.4. 1 HarpeBaTe/s.
© 10.69. Ina oToIIeHHS KOMHATBI NOJb3YIOTCA 37eKTpHUe-
CKOHl TMeublo, BKJIOYEHHOH B ceTh HanpsixeHwem U=120 B.
KoMHuara Tepsier B €AMHHLY BpeMeHH KOJIHYECTBO TEIUIOTHI
Q.=87,08 MIx/cyr. Tpebyercd NOLAEDKUBATL TeMIEPATYpy
KOMHATHl TIOCTOSTHHOR. Hamu. a) conpomnnexme R neun;
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6) anuHy [ HUXPOMOBOH NPOBOJIOKH AHaMeTpoM d=1 MM, He-
o6xoauMoil i OGMOTKH Takofi meuH; B) MOIIHOCTE P neuH.

10.70. Temnepartypa BOAsHOro TepMOcTaTa oGbeMoM V=
‘=1 51 noazep:KHBaeTCA NOCTOSHHOHA NPH IOMOIH HarpeBaTess
MomHoCcTEI0 P=26 Br. ‘Ha narpepanme BoOAH Tpatures 80%
3ToH MOWHOCTH. Ha cKONbKO MNOHH3HTCA TeMIepaTypa BOIBI
B TepMocTarte 3a BpeMms T=10 MuH, ecau HarpeBaTelb BBIKJIO-
YHTH? :

10.71. CKONBKO HaJo 3alIaTHTh 3a IOJb30BaHHE 3JIeKTpH-
geckoil 5Heprueil B Mecs (30 AHel), eciH exelHEBHO B TeYeHHE
BpeMeHH T=6 4 ropsT ABe 120-BOJNBTOBEIX JAMNOUKH, MOTpel-
astomue Tok /=0,5 A? Kpome TOTO, eXeIHEBHO KHISITHTCA
o6bem V=3 a1 Boapl. HauanwvHasi TeMnepatypa Bognl #,=10°C.
CroumocTb | KBT-4 sHeprud npHHSTH paBHOH 4 Korn. K.mLA
HarpesaTenss 1=80%.

10.72. DnekTpuuecKHH YallHHK, cojepxkallufi obbem V=
=600 cM® Boanl npH #,=9 °C, 3aGbl1u BBIKAIOYHTH, CONPOTHB-
JeHHe HarpeBaresis dafiHHKa R=16-OM. Uepe3 KaKoe Bpems
v ocJie BKJIONEHHA BOAA B YaiHHKe BBIKHNHT? Harpsikenue
B cern U=120 B, K.m.A. Harpeparens n=60%.

10.73. B pryrHoM aubdysHOHHOM Hacoce B eJMHHIYY Bpe-
MeHH Hcnapsercs Macca m.=100 r/mur prytu. KakoBo ponx-
HO GRITh CONPOTHBJIEHHe R Harpesartess Hacoca, ec/M OH BKJIO-
yaeTcst B ceTh HanpsixenneM U=127 B? ¥YnueapHast Temiota:
napooGpa3oBaHHs PTyTH =296 KJLx/KT.

10.74. B uenb, COCTOSILYIO H3 MeJJHOTO NMPOBOJAA IVIOILAJBIO
NONEePeYHOro ceueHHs Sij=3 MM2, BK.IIOYEH CBHHIIOBHIH npejo-
XPaHHUTENb ILIOWAABI0 NONEepeyHoro cedeHHs S;==1 mMM?. Ha
Kakoe MOBBIILIEHHE TeMepaTypbl Af; MEAHOTrO NPOBOJA NPH KO-
 POTKOM 3aMBIKaHHH LIEeNH PacCyMTaH Iipe-

Joxpauutens? CUHTATh, YTO OPH KOPOT-
KOM 3aMbIKaHHHM BCJAEJCTBHe KpaTKOBpe-
MeHHOCTH TIIpollecca Bce BHIAe/HBILIEECH
TENJ0 MJAEeT Ha HarpeBaHue nend. Hauasnb-
Has TeMmnepatypa NpeIOXpaHUTeNs fo==
=17.°C. :

10.75. HaliTd . KOJH4YEeCTBO TEIJIOTH -
Q., BhZeasiiollieecss B eIHHHLY BpeMeHH
B elHHHIe ofbeMa MeJHOTO NpPOBOJA IpH
IJIOTHOCTH TOKa j=300 KA/M2.

10.76. Ha#ith Toku [; B OTHelbHHIX
BeTBAX MOCTHKa YHTCTOHa (pHc. 41) npu
YCJIOBHH, 4TO Yepe3 rajibBaHOMeTp MAeT ToK /,=0. D.1.c. se-
MeHTa & =2 B conpo'mBneHHa R1=30 OM R,=45 Om u
‘Ry= 2000M '
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10.77. D.4.c. 37eMeHTOR &1=2,1 B u §,=1, 9 B, conpo-
THBaeHHst Ry=45 Om, .Ry=100M #° Ry=100m (ptic. 42).
Haitti TokH /; BO BceX yduacTKax LenH.

10.78. Kakas pasHocTb mnoreHuHanoB U noayuaercd Ha .
3a)KHMaX JBYX 3/IeMEHTOB, BKJIIOUEHHHIX NapasiieJbHO, eC/H
‘X s.4.c._1=1,4 B u §:=1,2 B u :
BHYTPeHHHE CONPOTHB/IEHHs r1=0,6 OM
u r,=0,4 Om?

10.79. JlBa sJeMeHTa C OAMHAKOBBI-
MU 3.4.c. §1=&:=2 B H BHyTpeHHHUMH
CONMpPOTHBJIEHHAMH r1=1 OM H r,=2 OM
3aMKHYTEl Ha BHeIIHee CONpPOTHBJICHHE
R (puc. 43). Uepes azeMeHT ¢ 3.4.C. &1
Teuet TokK /i=1 A. Halitu conporusJe-
gHe R W Tok I3, TeKylH#l uepe3 3JeMEHT ¢ 3. I.c. &3 Kakoft
Tok / Teuer yepes CONMpPOTHBJEHHe R?

10.80. Pewntsb npe}lbmymy}o 3ajauy, ecnd & ;=d&3=4 B,
ri=r,s=050M u [,=2

Puc. 42.

il

|
-y
1l

'

.PHC. 43.

10.81. Barapen umetor 3. 1. c. =110 B u §,=220 B, co-
npotHBJaeHHA R;=R,=100 OM, R ;=500 Om (pnc. 44). Ha#itn
NOKa3aHHe ammepMeTpa.

10.82. barapen umewr 3.1.c. &1=2B u §,=4 B, conpo-
THBJeHHe R;=0,5 Om (puc. 44). Ilanenue noreHuHana Ha
conpoTHBJeHHH R; paBHO Uz=1 B (ToK uepe3 R, HampaBJ/eH
cnpaBa Hanleso). HaliTH nokasaHue aMmepMeTpa.

| 10.83. barapeu umetot 3.4.c. §:=30 B u &;=5 B, conpo-
THBJeHHA R,=10 OM, R;=20 Om (pHc. 44). Uepe3 amnep™eTp
TeueT TOK /=1 A, nanpaBsenHuéi or Ry Kk Ry. Haittu conpo-
THBJEHHe Ry - :

10,84. Barapen uMeoT 3.4.c. §1=2B u &»=1 B, conpo-
THBAeHHA R;=1 kOM, R;=0,5kOM u R3=0,2 xOM, conpo-
THBJeHHe amnepMerpa R ,=0,2 xOM (puc. 45).. Hafiti noka-
saHHe aMIepMerpa.

10.85. Darapen umeior s.ac. §:1=2B u @5’,——3B co-
nporupnende R,=1,5 KOM, ~ conpoTHBienne amnepMerpa
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R 4=0,5,kOm (puc. 45). TNajeHHe noTeHuHaNa Ha CONPOTHBIE-
Hun Ry pasHo \{Uy;=1 B (tok uepes Rj; HanpaBieH cBepxy
pun3). HalltTH mnokasanue amnepMerpa. o :

10.86. Barapen mmetor s.4.c. §1=2B, §:=4 B u &=
=6 B, conporusieHua R;=4 OM, R;=6OM u R;=8Om
(puc. 46). Hafity Tokn /, Bo BceX yyacTKax IeNH.

Puc. 45. . Puc. 46.

10.87. barapen umetor 3.4.c. &1=&.=&2=6 B, comnpo-
THBJEHHA R;=20 OM, R;==12 OM (puc. 46). Ilpu KopoTKoMm
3aMEIKAHHH BEepPXHErO y3Ja CXeMHl G OTpHIIaTeNbHLIM 322KHMOM
6arapefl uepes saMbIKaromuil npooj Teyer Tok /=1,6 A. Hali-
TH TOKH [; BO BCeX Yy4acTKax LENH W CONPOTHB/IeHHe Rj.

10.88. B cxeme, u3ofpaxeHHON Ha puc. 46, Toku I; H I
HamnpasJ/eHHl clpaBa HaJleBO, TOK /3 —- cBepxy BHH3. [lafenus
NOTEHIHAla Ha CONPOTHBAEHHAX R;, R; u R paBHH Uj=
=U§=2U9=‘10 B. Haiiru a.8.c. &3 ¥ &5, ecau 3.41.c. §i=
=25 B,

10.89. Barapeu umetor 3.4.c. §i1=&3:=100 B, conporus-
neHust Ry=200wm, R,=100M, R3;=400M u R,=300m
(puc. 47). Haiitu nokasaHhe aMmepMmerpa, .

10.90. Barapeu umelor 3.4.c. &1=2&3 CONMPOTHBJCHHSA
R(=R3=200m, R;=150M u R,=30 Om (puc. 47). Yepes

g, &

Puc. 47. o Puc. 48.

amnepMeTp TeueT Tok /=15 A, HanpaBJeHHHH CHH3Y BBepX.
Haiitu 2.4.c. . &1 v &3, a Takxke TOKU [; U [4, TeKyuiHe yepes
conporuBjeHus R, u R,.. . :

10.91. JlBa oaHHAKOBHIX 37eMeHTa HMeIOT 3.4.c. &1=&5s=
=2 B H BHYTPeHHHE CONpPOTHBJEHHA f;=r3=0,5 OM (pHc. 48).
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Hailti Toxu F; ¥ I';, TekyinHe yepes conporusiienus R;=0,5 Om
u Ry;=1,5 Om, a Takxe TOK [ uepea ajemeHT ¢ 3.4.c. &1

10.92. Barapen wumeor 3.4.c. &1=d&: CONPOTHBAEHHS
R:=2 R, (puc. 49). Bo ckoabK0 pa3s TOK, TeKyIHil uepes BOJbT-
Merp, OGousbille TOKa, TeKylllero depe3 CONPOTHBJeHHe R,?

10.93. Barapen umetor 3.4.¢c. §1=&:=110 B, conporusne-
Husi R,=R,;=0,2 xOM, conpoTHB/JeHHe BOJbTMeTpa R, =
=1 kO™ (puc. 49). HaiiTn nokasaHHe BOJBLTMETpaA.

10.94. Barapen umelor 3.1.c. &1=&2, COIPOTHBJIEHHS
'R;=R,=100 OM, conpoTuBieHHe BoJbTMeTpa R, =150 OM
(puc. 49). Ilokasauue BoabrMerpa U=150 B. Hailitn 3.1.c.
&1 u &, Oarapetfi.

Ry
]
. ST Th Ry ,
T2~
1
Puc. 49. . : Puc. 50.

10.95. DneMeHTBH UMelOT 3.4.¢C. §1=&3:=1,0 B U BHyTpeH-
HYe CONMPOTHBJEHHS r1=r,=0,5 OM, conpoTuBeds R;=R =
=2O0M u R,=1Owm, conporusieHne amnepmerpa R, =3 OM
(puc. 50). Halitn nokasaHue ammnepMerpa.

10.96. DaeMeHT HMeeT 3. 1. c. =200 B, conmpoTHBJ/EeHHUs
R;=2 rROm u R,=3 kOM, cONpOTUBJIEHHS1 BOJBLTMETPOB R ;=
=3 kO™ u R,,=2 KOM (puc. 51). Haii-
TH TIOKa3aHHs BoJabT™MeTpoB Vi H V,,
ecqad KJou K: a) pa3oMKHYT, 6) 3am-
KHYT. 3afauyy pellluTbh, NpHMeHs 3a-
KoHbel Kupxroda. v ‘

10.97. 3a Kkakoe BpeMAa T IpH
3/1eKTpPOJIM3e BOIHOTO pacTBopa XJop-
Ho#t Mean (CuCl,) Ha KaTojie BBIAENUTCA
Macca m=4,74 r Meqd, eciu ToK [= Puc. 51.
=2 A? ,

10.98. 3a kakoe BpeMsi T NpPH 3JEKTPOJIH3e MEJHOTO KYyIIO-
poca Macca MeIHOl INJIACTHHKH (KaToia) YBeJHYHTCA Ha
Am=99 mr? ITnomazne naacTHHKH S =25 ¢M?2, NJIOTHOCTb TOKa
j=200 A/m2. Haitt toimuny d cnosi Meny, o6pas3oBasilerocs
Ha IWaCTHHKe. . o

10.99. Ilpu sjeKkTpo/aH3e MeJHOTO Kyrnopoca 3a BpeMs T=
=1 9 ppllequnach Macca m=0,5r meau. Ilnromasp Kaxmporo
snekTposia S=75 cM2. HalTH NJOTHOCTb TOKA j,
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10.100. Haiitn Mempoxnumrecmﬁ sksuBatent K Bo-
Aopoja.
~ to.101. AunepmeTp, BKJIIOYSHHRLI noc.nenoam-egmﬂo C 3JIeK-
TpoaMTHYecKO# BanHO#H ¢ pactBopoM AgNO;, mokasniBaer TOK
1=0,90 A, Bepen JH amfiepMeTp, €CJAH 32 BpeMfi T=05 MHH
NPOXOXKJEHHsI TOKa BhijeqHnach Macca m=316 mMr cepebpa?

10.102. [IBe 31€KTpOJHTHYECKHE BaHHBL € pacTBOPaMH
AgNO, n CuSO, coeauneHrl nocaenoBartesnbHo, Kakas Macca
s MeJIH BBHIIEJHTCA 32 BPeMsi, B TedeHHe KOTOPOTO BhIIe/NHAach
Macca m;=180 MI' cepebpa?

10.103. TIpx mnoJyyeHHH aJIOMHHHS 3JEKTPOJH3OM pac-
tBopa Al,O; B paciyiaBleHHOM KPHOJIHTE IPOXOAUJ TOK [==
=20 KA npu pasHOCTH NOTEHIHAJOB Ha 3JjekTpojax U=>5 B.
3a kKakoe BpeMs T BblaeJHTCs Macca m=1 T amomuuua? Kakas
aJleKTpHYecKas 3Heprust W npu atoMm OyjeT 3aTpaueHar

10.104. Kakywo sirektpHueckyloo sHepruio W nalo 3arpa-
THTb, 4TOGBI IpH 9/ekTponu3e pactBopa AgNOs BbiIenuiath
Macca m=>500 mr cepebpa? Pa3HOCTb MOTEHIHAJIOB Ha 3JIEKTPO-
pax U=4 B.

10.105. Peakuusi 06pa3oBaHusl BOABI U3 Bozl.opoua H KHCJIO-
polia NPOHCXONHT C BBIAETEHHEM  TellJa:

9H, 40, =2H,0 + 5,75 108 [x.

HaiiT HauMeHbIIYIO pa3sHOCTb NOTeHLHanoB U, npu Kotopoit
Oyler NpPOUCXONUTh pa3JoXKeHHe .BOIEl 3JEKTPOJIH3OM.

10.106. Ha#it# 35KBHBaJeHTHYI0O NpPOBOAHMOCTD A 1js
OueHb CJaGoro pacTsopa a3oTHOH KHCJOTHI.

10.107. Uepes pacTBOp a30THON KHCJOTH NpONycKaeTcs
ToK /=2 A. Kakoe KOJHYECTBO 3/eKTPHUECTBA ¢ MEPeHOCHTCA
3a BpeMa T=] MHH HOHaMH KaXJOro 3HakKar -

10.108. DxBHBajeHTHass npoBoAuMOcTb pactBopa KCl npu
HeKOTOpOH KoHIenTpauuu A=12,2-10~% M¥/(OM- MOJIb), yHeJb-
Hasi IPOBOJUMOCTD NMPH TOH Ke KoHleHTpauuu ¢=0,122 Cm/m,
9KBHBAJIeHTHasl NPOBOIMMOCTH IIPH GECKOHEYHOM pa3BeleHHH
A_=13-10"% M¥(Om- MOJIb) Hajiru: a) creneHb IHCCOIHAINH O
pacTBopa KCl npu naHHO! KoHLeHTpaluH; 6) SKBHBAJIEHTHYIO
KOHIIEHTDAIHIO 1) PacTBOPA; B) CyMMY NOIBHXKHOCTeH u.,+u_
nonos K+ u CI-,

10.109. Hafti conporuBiende R paCTBopa AgNOs, 3a-
NOJIHSIOULer'0 TPYOKY IMHMHOH /=84 cM H IJIoIajipio monepey-
Horo ceueHnsi S=5 M2, DKBUBa/IeHTHasi KOHIEHTpallHA pac-
tBopa 1=0,1 Moab/a, eremenr anccommapHA a==8]%.

"10.110. Haitru conpotupaense R pactBopa KNO,, 3anon-
Hsiomero TpyGry mamHO# {=2 cM H IJIOMAARIO NONEPEeYHOTO
'm . 4 N » -



cedenMs S=7 cM?. DKBHBajleHTHan KOHUEHTpalUus pacTaopa
'0n=0,05' wmonb/a, SKBHBaNeHTHasd  NPOBOAMMOCTD A=
=1,1-10"¢ M*/(OM- MOIB). ' , -

10.111. Tpy6ka snuHO# =3 cM ¥ naOWaALo0 HonepeHOro.
ceuenna S=10 cM? 3anonnena pacreopom CuSO,. dxsupasent-
Hasi KOHIEHTpauHs pactsopa m=0,1°Mons/a, conporusienue
R =38 Om. Haiiti 5KBHBAJIEHTHYI0 MPOBOAHMOCTb A pactBopa.

_ 10.112. YnenbHast TPOBOAHMOCTb [eHMHOPMANLHOTO pac-
TBOpa COJSIHOH KHca0Thl 0=3,5 CM/M. HaliTu cTeneHb aMcco-
LHalUH o,

10.113. HafiTi ynca0 HOHOB 1 KaXKJOT0 3HaKa, HaXOAALMX-
CH B ellMHHIle OObeMa pACTBOpa MpelbIAyLIeH 3ajauH.

10.114. TIpu ocBelleHHH cOCyJa C Ta30M DEHTTEHOBCKHMH
Jy4aMH B e¢JHHHIe oObeMa B e[HHHIY BpPeMeHH HOHH3Yyercs
yHcso MoseKys N==101 M~3.¢~1, B pesysabrare peKoMGHHa-
IHH B CcOoCyJle YCTaHOBHJIOCh DaBHOBecHe, NPHIEM B eJHHHIE
o6beMa rasa HaxoJUTCA YHCJIO HOHOB KaxkJIOTO 3HaKa n=
=101 m~3, Ha#ith koadduuuenT pekoMOHHAUHH 7. o

10.115. K snekTposaM paspsifHOil TpyGH NPHJOMKEHA pa3-
HOCTb noreHuHanoB /=5 B, paccrosnHe MexIy HHUMH d=
=10 cm. T'a3, HaxogsmuHca B Tpy6Ke, OJHOKPAaTHO HOHH30-
BaH. UHc/10 HOHOB KaXJIOro 3HaKa B ¢IUHHHE 0GBEMa ra3a n =
=10® M™3, MOABUKHOCTH HOHOB u,=3-10"2M*(B:c)H u_=
=3.102 m*/(B-c). Hafitu nioTHocTh TOKa j B TpyOKe. Ka-
Kafl 4YacTh IOJHOrO TOKa TIEPEHOCHTCS IIOJIOXKHTeJbHBIMH
HOHaMH? .

10.116. [lnomanp KaxIoro 3/eKTPOJa HOHH3AaUHOHHOH Ka-
mepnr S=0,01 M?, paccrosinHe Mexay HHMH d=6,2 cM. Haiitu
TOK HachllleHHsi [, B Takofi KaMepe, ec/H B elHHHIEe O0BbeMa
B €IUHHIY BpeMeHH o0pa3yeTcsi UHCJI0 OXHO3apsAIHBIX HOHOB
Kaxjaoro 3Haka N=1013 M~3.¢71, :

10.117. Haiith HauGoJ/plilee BO3MOMKHOE YHC/IO HOHOB
KaXJIOro 3HaKa, HaXOAsAMUXcS B efHHHLe 06beMa KaMepH npe-
IBIIYINeH 3aj]aud, ecaH -KOSpPHUHEHT peKOMOHHAUHH Y=
=10"12 m¥/c. , »

10.118. Hairu conporuBienue R Tpy6ku mauHol [=84 cM
H IUIONAJbI0 TMOMEPEYHOro ceyeHUss S=5 MM?, ecJM OHa 3a-
noJIHeHa BO3]YXOM, HOHH30BaHHBIM TaK, YTO B eJUHHIe o6beMa
npH paBHOBeCHH HaXoAurcsi n=101 M~3 ofHO3apsAHEIX HOHOB
Kaxoro 3Haka. [TofBuxHOCTH HOHOB u,=1,3-10"* M?/(B-c)
v u_=1,8-10"* M/ (B-c). : .

10.119. Kako#fi Tok [ moiifieT MexXJy 3JeKTPOJAaMH HOHH3a-

IMOHHOM KaMephl 3afauyd 10.116, ecau K 3JeKTpoZaM IpH-
noxkeHa pasHOCTh moreHnHanoB (=20 B? [IloxsuxkHocTu
HOHOB -4, =u_=10"¢ M¥/(B-c), Kos(pHIHEHT pPEKOMOHHALKK
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y=10"12 m%c. Kakyio 010 TOKAa HaCLIIEHHA COCTaB/IAET Hal-
JIeHHbIH TOK?

10.120. Kako#l HaWMeHbllleli CKOPOCTBIO U JoJKeH ofna-
IaTh 3JeKTPOH /s TOro, 4TO0bl MOHH30BaTh aToOM BOJOPOAA?
Tortenuyan HOHH3aUHH atoMa Bojopona U==13,5 B,

10.121. ITpu kako#t Temneparype 7 aTOMBl PTYTH HMEIOT
KHHETHUECKYIO SHEPTHIO NOCTYNAaTeJLHOTO JABHXEHWS, N0CTa-
TOUHYIO [Nt HoanauHm IToTeHnHam HOHH3aUHU aTOMa PTYTH
U=10,4 B.

10.122. Torennuan HOHM3auHHu aroMa renuss U=24,5 B.
Haiity paGory uonuszauun A.

10.123. Kakofi HaHMeHblle# CKOPOCTBIO U JO/KHHL 00.a-
JaTh CBOGOJAHBIE 3/1eKTPOHE! B Lle3HH U [JIaTHHE AJ5 TOTO, YTOORI
OHHM CMOTJIH TNOKHHYTb MeTaJsla?

10.124. Bo cKo.IbKO pa3 H3MeHMTCS YAeJbHas TePMO3JIeK-
TPOHHas 3MHCCHA BoJb(paMa, HaXOJsllerocs IpH TeMmepary-
pe T1=2400 K, eciu noBBICHTH TeMIepatypy BoibdpaMa Ha
AT=100 K?

10.125. Bo ckoqpke pa3 KaToj H3 TOPHPOBaHHOIO Bo.an)
pama npu Temneparype T=1800 K paer GO.ibluyio yAeJbHYIO
SMHCCHIO, 4eM KaToJ| U3 HHCTOrO BOJIb(paMa IIPH TOH e TeMIle-
parype? OMHCCHOHHAf IIOCTOSIHHAS JJIS 4HCTOro BOJb(pama
B;=0,6-10% A/(m*-K?), ana TopupoBaHHOro Bojibhpama B,=
=0,3-107 A/(m>- K?).

10.126. [lpu kako#l Temneparype T, TOpUPOBaBHHIH BOJbLGD-
paM 6ylIeT naBaTh TaKYIO e YAEJbHYIO SMHCCHIO, KAaKYIO A3eT
gucThli  Boskgpam mpu T;=2500 K? Heo6xonumble JaHHBIE
B35ITb M3 Ipeiblaymell 3afauu.

§ 11. daekTpoMarHeTHm

[To sakony Buo — CaBapa — Jlannaca siement koHrypa df, no
KOTOPOMY TeuYeT TOK /, co3liaeT B HEKOTOPOil TOYke A lpoctpaHcTBa Mar-
HHTHOE TOJIe HaTpMKEeHHOCTHIO

I'sina

M =g

dl,
Ifie 7 — PAacCTOsIHHe OT TOUKH A 10 sJieMeHra TOKa dl, o — yron Mexnuy
pandyc-seKTOpOM F ¥ 3jlemMeHTOM TOKa dl.
[Npumenum 3akorn Buo — CaBapa — Jlansiaca K KOHTypaM passiHyHOro
BHJA.
HanpsikeHHOCTh MarHHTHOIO 0[OJSL B LEHTpe KPYroBOro TOKa
. I
oo gt
. : AR’
riie R — pajmyc KpPYroBOro KOHTypa € TOKOM.
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Hanps:xeHHOCTb MaTHHTHOTO TNOJA, CO3JAaHHOTO GECKOHEUHO AJIHHHLIM
NpAMOJHHeAHHIM MPOBONHHKOM, .
1 ’ .
=5
2na -
3/leCb @ — PACCTOSTHHE OT TOYKH, IJie HIIETCS HANPSKEHHOCTh, A0 NPOBOA-
HHKa C TOKOM.
HanpsixeHHOCTb MarHUTHOTO MOJA HA OCH KPYTOBOTO TOKa
2]
H= ———————R 72 ;
2 (R*+a¥)°
agece R — pajuyc KpYroBoro KOHTYypa C TOKOM, & —— PACCTOSIHHE . OT
TOYKH, TJie HIIETCS HaNpsXKEeHHOCTb, 10 IJOCKOCTH KOHTypa.
HanpsKeHHOCTb MaTHHTHOTO [OJIA BHYTPH TOPOHIa H GeCKOHeYHO
IJHHHOTO COJIEHOMJa
H=|n,

rie n — YHCJI0 BHTKOB HA eJHHHIY AJUHEI COJICHOHIZ (Topouna).
Haﬂpﬂ)KeHHOCTb MArHUTHOTO TIOJisT HA OCH COJIEHOHJA KOHEYHOH IJIHHBI

B =7 (cos fy—cos fi),

rie By u Po — yIyIb MexIy OCbIO COJIEHOHAA M pajHyc-BeKTOPOM, NpoBe-
JIEHHbIM M3 PaccMaTpHBaeMON TOUYKH K KOHIAM COJIEHOHJA.

MarHHTHas HHAYKUUA B CcBsi3aHa ¢ HanpsiKEHHOCTbIO H MarHHTHOTO
‘HOJIST COOTHOLICHHEM - :

BZP’OP‘H’

rle | — OTHOCHTe/NbHAA MATHHTHAS TIPOHHIAEMOCTB cpeflibl, Mo==47 X

% 10~7 I'n/M=12,5663706144 -10~7 I'n/M — MarHuTHas MOCTOSHHAS.
Has deppoMaruutHeix Tea uw=¢(H), a cregnosartenpho, u B=f(H).

Mpu pewmeHuu 3ajay, rie TpeGyercs 3HaThL 3aBUCHMOCTs B=f(H), HeoGx0-

JIMMO TI0JIb30BAaThCst TpaUKOM, NMpHBeAeHHBIM B npuIoxeHud 1I.
O6beMHas NAOTHOCTh SHEPTHH MATHUTHOrO TOJSI

W0=—2—'.

MarsuTHE NOTOK (IOTOK MaCHHTHOH HHAYKIHH) CKBO3b KOHTYD
@ = BS cos ¢,
rie S — IJIOMmMAJb MONEepeyHOro ceueHUss KOHTYypa, § — YroJa Mexjay Hop-

MaJIbl0 K ILIOCKOCTH KOHTYpa M HanpapjeHHeM MarHHTHOTO IOJS.
MaruuTHHH AOTOK CKBO3b TOPOHJ

o BokINS
==,
roe N — ofllee 4HCJAO BHTKOB TOpOHAA, [ — ero AduHa, S — NAOMAjmb
€ro [MONepeyHOro CeYeHHd,” | — OTHOCHTeIbHAfA . MaTHHTHad - IPOHHHA-
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€MOCTh MaTepHaJa CEplieYHUKE, fo — MarHHTHAR nocrosauas. Ecan TOPOHJ,
HMeeT BO3AYIIHHA 3a30p, TO ©
0= IN
= 11/ Spopit 1o/ Spoba !

rfe ! — pauna KenesHOro cepRedHHKA, Hy — €F0 MATHHTHAR MPORHNA-
€MOCTh, - Iy — ANHHA BO3AYIMHOTO 3a30Pa, Mg — MATHHTHAA NPOHHIAEMOCTD
BO3AyXA.

Ha " snement dl nposojHHKa ¢ TOKOM, HaXOAMWIMHCA B MarHHTHOM
noje, jeficTsyeTr cuiaa Amnepa

dF =Bl sin a dl,

Tfle & — YION MeXJIy Hanpas/eHHAMH TOK2 H MATHHTHOTO TOJS,

Ha saMKHy‘ruﬁ KOHTYP C TOKOM, a TaxkmMe Ha MaCHHTHYI0 CTPeJKy
B MaTHHTHOM IOJIE JefiCTRYeT Napa CHA ¢ BPamialou{HM MOMEHTOM .

M=pBsina,

Iie P — MATHHTHH MOMEHT KOHTYpPA C TOKOM (MM MAaCHMTHOH CTpeky),
@ — yroJ MeXJy HanpaBleHHEM METHHTHOTO NOJs M HODMaJbio K IO
CKOCTH KOHTypa (WIH OCblO CTDeIKH}. *

MaruuTHeli MOMEHT KOHTYpPa C TOKOM

p=1S,
rae S — miomajs KOHTYpa, TaK 4TO
' M=Bi/Ssina..

lpa napanefpHbIX GeCKOHEHHO JUIMHHBIX TpAMOJWHEHHHIX MPOBOA-
HHKa ¢ TOKaMH /iy B [y B3aHMOJeWCTBYIOT MeXZAy coGoil ¢ cHioil -
. o 1ilsl
F=pqn
b P'O. 2nd ’
rae ! — puHa yyacTKa INpOBOAHHKOB, d — paccTOsIHHE MEXLYy HHMH,
PaGora TnepeMelmenHs NpPOBOJHAKA T TOKOM B MATHHTHOM MOJe

dA=1dD,

rae d® — MarHUTHHE TOTOK, hepeceyeHHLIA TNPOBOIHHUKOM IDH €ro AU’
KEHHH, '

Cuna, neficTByiomas Ha 3apsiKeHHYIO 9acTHLY, ABHKYWYIOCS CO CKO
POCThI0O ¥ B MaTHHTHOM DNOJe, onpelensieTca topmydoll Jlopenna

F=gBuvsina,

.

rie g — 3apAi YACTHLM, O — YFOA MeXIY HanpaBJIeHnﬂMﬂ CROpoCTH
YaCcTHUB M MAarBHTHOTO IOJS.

IMpu mporekanuu TOKa./ BJOJL NMPOBOARINEH MIacTHEBI, NOMEILEHHOH
NEPNEHAHNKYISAPHO K MarEWTHOMY NOJI0, BO3HHKaeT nonepelmaﬂ pa3socTh
NI0TeHI(HaJI0B g .

v=xIB_IB
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rie a — TONHIMHA [NACTWHH, B — HHAYKUHA MarmeTHOTO moasm, K=
=1/ne — nocrosHHas Xosna, obpaTHas Kox-iuen-rpaumi n fiocHrencht
TOK2 M HX sapsjy e. 3Haa mocrosHuylo Xoana K H YIeJNbHYI0O TpOBOAH-
MOCTb MaTepHasa o=1/p=neu, MOXHO HaHTH MNOABHXHOCTE HOCHTeNed’
TOKA u. . ’ :
SIBJeHde SAEKTpOMarHHTHOH MHIYKIHY 3aKJII0Y3eTCH B . NOABTEHHH B
KOHTYp® 9. 1. C. HHIYKUHH NDH BCAKOM H3MEHEHMH MATHHTHOTO MOTOKa
@ CKBO3L MOBEPXHOCTb, OXBAaTLIBAEMYIO KOHTYPOM. 3. J. €. HHRYKIHH
onpellesifieTcs ypaBHEHHEM ’

* dd
65’:—7?

HsMeHeHHe MarHMTHOrO NMOTOKAa MOMeET JOCTHIaThCs H3MEHEHHEM TOKa B
camMoM KouType (sBjieHHe caMOMHAyKUHH). IlpH 3TOM 3. A. . .CaMOHHAYK-
uuH onpepensercs ¢opmynol

dl
(g—‘_l‘av
raie L — WHIYKTHBHOCTL KOHTYpa.
*  HIHRYKTHBHOCTB COJIEHOHIA
L= p’Op’n’zlsr -

rie { — QnMHA coJeHOHAa, S — IIOMAAb ero MOMe PEeuHOrO CeUeHHs,. s —
YMCJO BHTKOB Ha €JHHHIY ero AJIHHEL -

BenencTsne siBeHHS CaMOMHIYKUHH NPH BWEKJIOYEHHH 3. X. C. TOK
B LieTM CafaeT MO 3aKOHY-

1(=10exp (-—_—%t),

a MpR BKJIOYEHHH 3. 4. C. TOK HapacCTaeT IO 3aKOHy

1=Io[1—exl3 (:—%t)]:

rie R — cOmpoTHBIEHHe . OEMH.

MarnuTHas 9HeprHA KOHTYPa C TOKOM
’ L1
T.

HaMeHenne MarHMTHOTO INOTOKAa MOXeT AOCTHTaThCH TaKiKe H3MeHe-
HHEeM TOKa B COCellHeM KOHTYpe (fBjieHHe B3aWMHO# MHAYKUHR). [Ipu sToM
HHIYHHpYyeMas $. I. C. ‘ ‘

dl
6"——"—14122;._ ..

rie Lig — B3auMHan igﬂp;ymuaﬂoc’rb KOHTYpOB. B3akMHaf MHIYKTHBHOCTb

IBYX COJeHOHJOB, NPOHHAHLIBACMBIX OOMIHM MATHHTHHM HOTOKOM,
o Lyy=popnyn,S1, ,

rae nj N ng — ch)la BHTKOB Ha eﬂHHqu AJAHHE 3THX COHEHOHAOB.
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'KOJIHIECTBO ‘SJIEKTPHIECTBA, NPOINEAIEro uepe3 MomepevHoe CeueHHe
NpOBOJHHKA TDH BOSHHKHOBEHHH B HeM HHAYKUHOHHOTO TOKa, -

1
) dq == — E dD. .

11.1. HafiTn HanpsixkennocTs H MarHHTHOrO noJis B TOUKE,
OTCTOAIell Ha PAaCCTOAHHM a=2 M 0T GeCKOHEYHO JJIHHHOTO Npo-
BOJIHHKA, 10 KOTOPOMY TedeT TOK /=5 A.

11.2. HaiiTi HanpsiKeHHOCTb /{ MAarHHTHOTO NOJIA B LEHTPe
KPYToBOr0 NPOBOJIOYHOrO BHTKA PajHyCOM R=1 cM, mo Koro-
poMy Teder TOK /=] A.

11.3. Ha puc. 52 uso6paxeHbl ceueHHs] IBYX NPAMOJNHHEH-
HBIX 0€CKOHeYHO JJIMHHEIX NPOBOJAHHKOB ¢ TOKaMH. Paccrosinue

-

o
My

m@g&%

Puc. 52,

- Mex1y nposoanrkamu AB=10 cMm, Toku 1]—20 Awul,=30A.
Hafitn nanpsixkeHHOCTH /{ MarHHTHOT'O TOJsi, BBI3BAHHOTO TO-
Kamu I; u I, B Toukax My, M, u M;. PaCC’I‘OHHHH M A=2 cMm,
AM,=4cM u BM;=3 cm.

11.4. Pemuthb npeAuAyIyI0 3afiauy NPH YCJIOBHH, YTO TOKH
TeKYT B OJHOM HalpaBJeHHH,

11.5. Ha puc. 53 naobpaxeHs! ceueHHs] TpeX NpsIMOJIHHeH-
HuIX OecKOHeYHO JJIMHHEIX NPOBOLHHKOB ¢ ToKamH. Paccros-
Ut AB=BC=5 cM, Toku I;=I,=1 u [;=2]. Halitu Toury

7 I Iy
A 8 c
Puc, 53,

Ha npsamoit AC, B KOTOPOH HanpsXeHHOCTb MarHMTHOTO-TOJS,
BEI3BaHHOTO ToKaMH [, I, u [,;, paBHa HYyM0.

11.6. PemnTh npepiyliyto 3agauy NpH yCJIO0BHH, YTO TOKH
TeKYT B OJIHOM HampaBJIeHHH.

11.7. IBa npsiMONHHEeHHBIX GeCKOHEYHO AJHMHHBIX np013011-
HHKa pacroJIoXKeHHl NepNeHIUKYJISIPHO IPYr K APYTy M Haxo-
JIATEs B OJHOH ‘mutockocTH (puc. 54). HalTH HanpsiKeHHOCTH
H; u Hi maruutHoro nosst B Toukax M; B M,, ecnu Toku [i=="
=2A n I,=3A. PaCCTOﬂHPIH AM;=AM,=1 cM H BMI—
*=CM;=2 cm.
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11.8. JIsa npsMo/uHeAHRIX GecKOHEUHO AJMHHBIX IPOBOA-
HHK2 DacToJIoKeHb! [IEPIEHANKYIAPHO APYT K APYry H HaXO-
JSATCS BO B3aHMHO MePIeHIHKYIAPHHIX niocKocTax (pHc. 55).
Hafitn nanpskennoctd Hiy m Hj MarHuTHOro noas B TOuYKax
M; v M,, ecnu torn [,=2'A u I3=3 A. Paccrosinusa AM,=
=AM;=1cm u AB=2cmM,

A, AL
A M -

& i ’ L

Qe -—-—O—

o=
!
1
|
!
c

o ————-b

Puc. 54. : Puc. 55.

11.9. JIBa npsmonHHeAHbIX [JHHHBLIX NPOBOJHHKA pacro-
JIOXeHbl napaJLienbHo Ha paccrosiuud d=10 cM Apyr ot Apyra.
ITo npoBogHHKaM TeKyT TOKH [;==1/,=5 A B NPOTHBOMNO/OKHEIX
HanpabJeHHaX. HaliTu Mofy b H HanpaB/leHHe HaNp AKEHHOCTH
H MarsHTHOrO NHOJIA B TOUKe, HaXoAslleficAd HAa PACCTOSHHH a==
=10 ¢cM OT KaxKIOro NpPOBOJHHKA. -

11.10. Tlo Ln1HHHOMY BepTHKaJbHOMY MPOBOIAHHKY CBEPXY
BHH3 Hjer ToK /=8 A. Ha xakoM paccTosiHHH @ OT HerO Hanps-
JKEeHHOCTb NOJifA, MOJYYAIOWErocs OT CJIOXKEeHHs 3eMHOro Mar-
HHTHOTO NOJIs1 H NOJIAl TOKAa, HanpaB/eHa BEeDPTHKaJbHO BBEPX?
TopHsoHTanpHas CcOCTaB/AIOMIAS HANPSAMEHHOCTH 3€MHOTO
nons H.=16 A/m. :

11. ll Hafitn Hanpsi:keHHocTh H MarHHUTHOTO TOf, c0311a-
BaeMoro otpe3koM AB npsMoJHHENHOLO NPOBOAHHKA C TOKOM,
B Touke C, DAacCMoOJIOKEHHOH Ha NeplNeHAHKYJ/SApe K cepelHHe
3TOro OTpe3Ka Ha PacCTOSHHH a=>5 cM oT Hero. [lo npoBOAHUKY
teuer TOK /=20 A. Otpe3ok AB npoBosHHKA BHIEH H3 TOUkH C
nox yraom 60°.

" 11.12. PemuTb OpelBIAYLIYI0 3aja4y NPH YCJOBHH, 4TO
TOK B npoBofHHke /=30 A ‘M OTpe30K NPOBOJHHKA BHIEH H3
Toukd -C mop yrsom 90°. Touka C pacnosoxeHa Ha paccTos-
HHUH a=06 cM OT NpPOBOJAHHKA.

11.13. OTpe30ok mpAMOSHHEAHOr 0 MPOBOJHHKA ¢ TOKOM HMe-
er gauny [=30 cm. IIpH xaxoM npeAeJbHOM PACCTOSHHH @ OT
HEro J/is TOueK, JeXKalIHX Ha NepHeHANKYJIsApe K ero cepelute,’
MarHHTHOE NOJIe MOXKHO paccMaTpUBaTh Kak moje GecKOHeyHO
IJIMHHOTO npsiMosiHHefiHOro Toka? OmubGKa NpU TakoM Jomy-
LICHHH He J0/KHa npesbiuath 5%. Y Kasaunwue. Jony-
cKaeMasi own6ka 8=(H,—H:)/Hs, e Hi — HanpsnkeHHOCTb
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TI0JIS1 OT OTPe3Ka NPOBOAHHKA C TOKOM H Hi — HAnPSIKEHHOCTD
noAa or GecKOBEUHQ AJHHHONO npﬂnonmteﬁnoro TOKa,

. 11.14. B rouke C, pacnonox&ennon Ha paccTosHuH a=>5 cMm
oT GecKOHEUHO ANKHHOrO MPAMOJIKHEHHOTO MPOBOAHHKA C TO-
KOM, HamnpAXREHHOCTb MarauTHoro moias H=400 A/m. Ilpu xa-
KoM npefleIbHOM AJIHHe [ IPOBOJHHKA STO S3HAYEHHE HaNpsKeH-
HOCTH OyJeT BepHHIM ¢ TOYHOCTBIO 0 2%? Hahrtu HanpsxkeH-
HocTb H MarHHTHOro noJs B To4ke C, €cJiM IPOBOAHHK C TOKOM
uMeet JHHY [==20 cM H Touka C pacrosioxKeHa Ha neprenfHKy-
JAsipe K cepefliHe 5TOTO NPOBOJHHKA.

11.15. Tok I=20 A upger no IIHHHOMY HpOBOL[HHKy, co-
THYTOMY NoA mpaMbiM yriom. Hakitn HanmpsixkeHHocts H Mar-
HHUTHOr 0 1noJis B TOYKe, Jexalled Ha GHCCeKTpHCe 3TOTO yrJaa
H OTCTOsIlell OT BEPUIMHHI yIyia Ha paccTosfiHHH a=10 cMm.

11.16. Toxk /=20 A, nporekas 1o KoabHy H3 MeIHOH NpO- -
BOJIOKH ceueHreM S=1,0 MM?, -cO3JaeT B LeHTPe KoJsblla Hanp-
KeHHOCTb MarHHTHOro nossi /=178 A/m. Kakas pasHocTb Io-
TeHLMasoB U mpuioKeHa K KOHIIAM NPOBOJIOKH, o6pasyouleit
KOJIBILIO?

11.17. Ha#ita HaHpﬂ)KeHHOCTb H MaruutHOro mons Ha OCH
KPYTOBOrO KOHTYPa Ha pacCTOSIHHU @=3 CM OT €T0 NJIOCKOCTH.
Paguyc xouTypa R=4 cM, TOK B KOoHType /=2 A,

11.18. HanpsXeHHOCTb MarHHTHOTO 1O/l B HEHTPe KpYro-
Boro putka H,=0,8 3. Paguyc Butka R=11 cM. Haiiti nanps-
MeHHOCTb /{ MArHUTHOTO N0/1A1 Ha OCH BHTKA HA PACCTOSIHHH Q=
=10 cM OT ero IJIOCKOCTH.

11.19. JIBa KpyrosbiX BHTKa pDaJHycOM R 4 cM Raxahi
PacriooKeHB! B Iapa/ieJbHEIX [VIOCKOCTAX HA PaCCTOAHHU d= -
=10 cM Apyr or Apyra. [lo BHTKaM TeKyT TOkH [;=1,=2 A,
HaliTu HanpsikeHHocTh [/ MarHHTHOTO NOJsi Ha OCH BHTKOB
B TOYKe, HaXxolslllefics Ha paBHOM PacCTOSHHH OT HHX. 3afauy
PELIHTDb, KOrAa: @) TOKH B BUTKAX TEKYT B OJHOM HaIlPaBJIeHHH;
6) TOKH B BHTKaX TeKyT B NPOTHBONOJIOKHLIX HANPABJEHHAX.

11.20. [IBa_KpYroBhiX BHTKa pajuycoM R=4 cM Kaxjbii
PAcIoJIOKEHE B NapaJe/bHEX MJIOCKOCTSIX HA PACCTOAHHH d=
=b e¢m apyr or apyra. [lo BHTKaM TekyT TOKH Ii=1;=4 A.
Haiitu nanpsixeHnHOCTh H MarHHTHOrO N0/ B LEHTPe OLHOrO
M3 BHTKOB. 3aJauy pellHTh, KOTAa: a) TOKH B BHTKAaX TeKYT B
OJIHOM HarfpaBJieHuH; 6) TOKH B BHTKaX TeKYT B NPOTHBONOAOXK-
HBIX HamnpaBJeHHsX.

11.21. Ha#ity pacnpejiesienHe HanpaXeHHOCTH H marmnr-
HOTQ Monsl BAOAB OCH prPOBoro BHTKa aHameTpoMm D=10 cm,
no xoropomy Tever Tok /=10 A, CocraButh Tab/1HUY 3HaueHU#
H ¥ noctpoutb rpaduK s 3HaueHHi x B HHTepBaste 0
10 cM wepes KamAnle 2 oM.
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11.22. Ipa xpyronux Bma pacno.nox(euu B m;yx B3aKMHO
nepneHAHKYAAPHLIX VIOCKOCTSX TaK, ¥TO HEHTPHI-3THX BHTKOB
cosnajaior. Paguyc KaxXaoro BETKa R=2 cM, TOKH B BHTKaX
Iy=1,=5 A. Haiitu. HanpsokeHHocth H MarHMTHOTO TNOWSA
B ILIEHTpE 3THX BHTKOB.

11.23. Y3 nposonokH miHHOH [=1 M. cpenana xBagparHas
paimka. ITo pamxe Teger 70K /=10 A. Haittu Hanpsaxennocts H
MAarHdTHOrO MOJS B LIEHTPEe DaMKH, .

11.24. B neHTpe KpyroBOro IpPOBOJIOYHOTO BUTKA CO371aeT-
cA MarHHTHOE MOJie HANPSXKEeHHOCTBIO /T NPH PasHOCTH MOTeH-
nManoB U; Ha KOHIAX BUTKa. Kakyio Halo NpHIOXKHTH pas-
HOCTb NOTeHUHanoB {J;, YTOGHL MOJTy YHTh TAKYIO 3Ke HAIpSKeH-
HOCTb MaTHHMTHOTO NOJS B IEHTPe BMTKA BABOe GOMbIIEro pa-
Auyca, CIEJaHHOTO H3 TOH e NpPOBOJIOKH?

11.25. Ilo npoBoJoYHOH paMKe, HMeloLleH GopMy npaBuJib-
HOrO IeCTHYTONbHHKA, HAeT TOK /=2 A. Ilpu 3TOM B 1EeHTpe
paMKu o6pasyeTcsi MarHHTHOe [oOJie HalpsKeHHOCThro =
=33 A/m. Ha#itu anuny [ 1mpOBOJIOKH, M3 KOTopofi clenaHa
pamka.

11.26. BeckOHeuHO AJHHHBIA NpoBOJ 00pa3yeT KPYroBoH
BHTOK, KacaTeJibHBIH K npoBoay. [To npoBoxy Haet Tox /=5 A.
Hamn panuyc R BHTKa, ecl¥ HanpsikeHHOCTb MarHHTHOTO
0o/l B IEHTpe BHTKa =41 A/m.

11.27. Karywka anuHo#t [=30 cM umeer N=1000 BHTKOB.
Haiitu HampsixeHHoCTh H MarHUTHOTO NMOJS BHYTPH KaTYIIKH,
ecJH MO KaTylUKe NPOXOZHT ToK /=2 A, JImaMerp KaTYIUKH
CYHTATh MaJjLM N0 CPaBHEHHIO C ee JJIHHOH.

. 11.28, O6MOTKa KaTyllKH ClleflaHa M3 MPOBOJIOKH JHaMer-
pom d==0,8 MM. BHTKH OJOTHO MpHJIeraioT Apyr K JIpyry.
CuHTas KaTyWKy JOCTaTOYHO .JJMHHOH, HafTH HampsiKeH-
HOCTh f1 MATHHTHOTO MOJIst BHYTPH KaTyLIKH NpH Toke /=1 A,

11.29. M3 npoBojioKH AHaMeTpoM d==1 MM HaJ0 HaMOTaTh
COJIEHOH], BHYTPH KOTOPOrO JOJIXKHa OBbITh HANPSXKEHHOCTh
MarguTHoro moas H=24 xA/M. [To NpoBoJIOKe MOXHO MPO-
nyckatb npeflebHbili Tok /=6 A, V3 kakoro -yncia cjioeB
6yzer cocTOATh OGMOTKA COJIEHOMZA, €CJH BHTKH HaMaThiBaTh
IJIOTHO APYT K Apyry? ﬂnameTp KaryLUKH CYHTATh MaJibM IO
CPaBHEHHIO ¢ ee JIJIHHOM.

11.30. TpeOyerca nosnyyHTh HANPsXEHHOCTb MArHHTHOIO
nonss H=1-KA/M B conenousie anusoi [=20 cM H AHaMeTPOM
D=5 cM. Haliti uncao ammep-ButkoB /N, HeobGXopumoe AJst
3TOFO COJIEHOHAA, H pasHOCTH mNoTeHUHatoB U, KOTopylo
Bajo NPUJIOKHTH K KOHIAM OGMOTKH H3 MeJHOH NPOBONOKH
nMametpoMm d=05 mM. CuuTath mnOJMe COJEHOHMIA - OJHO-
POAHEIM, - B
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11.31. KakuM JOMXHU GHITh OTHOLIEHME JJHHB [ KaTylKH
K ee jdamerpy D, urobbl HanpsiK€HHOCTb MAarHHUTHOTO IOJIS ‘B
IIeHTPE KATYIUKH, MOXHO- Obl10 HalTH mo ¢opmyne A1 Ha-
TIPSIKEeHHOCTH NoJA GecKOHEYHO JJHHHOTO costeHonaa? Omnbka
NpH TaKOM JOMyUIEHHH He JOJXKHa npesblinath 6=5%. ¥ Kk a-
3 a H ¥ e. Jlonyckaemas owmmbka 8= (H,—H,)/H,;, roe Hi —
HaMpsXKeHHOCTb MOJsT BHYTPH KAaTYIIKH KOHEUHOH JJIHHEL
U H, — HanpsKeHHOCTb NOJIsI BHYTPH GeCKOHEUYHO MJIHHHOM
KaTYLIKH. N

11.32. Kakyio owubKy 6 MBI jomyckaeM IpH HaXO}K}IeHHPI
HaNpsKEeHHOCTH MAarHUTHOTO TOJisl B LEHTPe COJEeHOHAa, NIPH-
HUMas coseHoup 3anauyd 11.30 3a GecKOHeUHO AJTHHHBLIH?

11.33. HaliTH pacnpefeneHHe HanpsiKeHHOCTH F MaruuT-

HOTO MOJs1 BAOJb OCH COJIEHOHJa, JJHHA KoToporo [=3 oM
u Juamerp D=2 cMm. ITo coneHouny Teuer Tok /=2 A, Karyuxka
umeer N=100 Burkop. CocTaBuTb TaGiHLy 3HaueHHH {1 H
NOCTPOHUTL I'padHK Ajs 3HAUeHHH X B HHTepBade 0<{x<(3 cM
uepes Kaxaple 0,5 cM.
*11.34. Kongencarop emMkoctbio C=10 MKk® nepuopHyeckH
3apsxkaercsl oT 6arapeH ¢ 3. 4. ¢. =100 B u paspsxaercs
yepe3 KaTylIKy B ¢opme Koabla auamerpoM D=20 cM, npH-
YeM MJIOCKOCTb KOJTbLla COBMAJAeT ¢ MJOCKOCTBIO MarHHTHOIO
MepuiHana. Karymka uMeer N=32 BuTKa. IloMellleHHasi B
LUeHTpe KaTYIIKH TOPH30HTaslbHasl MarHUTHasi CTpeska
OTKJIOHAeTCS Ha yron a=45°. Ilepek/ioueHHe KQHJAEHcaTopa
npoucxoaut ¢ gacrorodl n=100 ¢~', HaliTu M3 jpaHHHIX 3TO-
ro OnpiTa [OPH3OHTAJBHYIO CcocTaBiafiomyio FH, HampsiKeH-
HOCTH MAarHHTHOTO IO JeMaH., . _

11.35. KoHgeHcatop eMKoctbio C=10 MK® mepHoAHYeCKH
3apsxkaercs oT Garaped ¢ 3. 4. ¢. §=120 B u paspaxaercs
gepe3 coseHOMA AnuHOR [=10 cMm. CosneHouy umeer N=200
BUTKOB. CpejiHee 3HadeHHe HANpPSI)KEHHOCTH MATHHTHOTO NOJS
BHYTpH coseHonga =240 A/m. C Kako#i yactoToii n npouc-
XOIHT NepeKJloyeHHe KOHAeHcaTopa? JlHamerp coJeHoHja
CYUHTATh MaJbM [0 CPaBHEHHIO C ero LJIUHOH.

11.36. B ogHOpONHOM ‘MarHHTHOM I[10Jleé HaNpsKEeHHOCTBHIO
H=79,6 kKA/M nomelleHa KBajpaTHasi pamKa, ILIOCKOCTb
KOTOpOHl COCTaBJ/sieT ¢ HalpaBJeHHeM MAarHHTHOrO MOJS Yrof
o=45°, CTOpOHa pamku a=4 cm. Hajitu marnutaeil norox @,
" MPOHK3BLIBAIOIINH paMKYy.

11.37. B MaruuTHOM nose, HHAYKUHUS KoToporo B==0,05 T,
BpallaeTca CcTep:KeHb AMHHOH [=1 M. Ocb BpallleHHS, IPOXO-
Hslnasi yepea OJMH H3 KOHIOB CTepXkHf, TNapaJjnelbHa Ha-
npaBJeHHI0 MarHHTHOro noss. Hafith MarHuTHbi norok @,
nepecekaeMblii cTepKHeM IIpH KaxKaoM ofopore,
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11.38. Pamka, nJomann KoTopoit S=16 cm?, Bpamaercs
B OAHOPOAHQM MATHMTHOM NOJe ¢ 9YacToToll n=2 c¢=!. Ocb
BpallCHHA HAaXOIHUTCA B NJIOCKOCTH paMKH H Hepne]-mm(yﬂﬁpﬂa
K _HanpasJieHHIO MarHMTHOro noas. HanpsokenmocTh MarHHT-
goro nona H=79,6 kA/M. HaliTH 3aBMCHMOCTbD MarHMTHOLO
noroka @, NPOHU3LIBAIOLIETO PAMKY, OT BDeMeHH { H HaHGOAb-
mlee 3HaueHHe (D, MarHUTHOrO MOTOKA.

11.39. JKenesHniff obpasel; NoMellleH B MarHUTHOe [ioJe
HanpsieHHocTol0 H=796 A/m. Haiitu MaI‘HHTHYKO NpPOHHIa-
€MOCTE 4 2Kese3a.

11.40. CxosbKo amnep-BHTKOB TnoTpeGyeTca I/ Toro,
yToGbI BHYTPH COJIEHOHLA MaJoro anaMerpa u aauHol [=30 cM
o6veMHasA IJIOTHOCTb 3HEPrHH MarHHTHOrC mnoJas Gbula paBHa
W,=1,75 dx/M*?

11.41. CKosbKO ammnep-BHTKOB norpelyeTcs AJAS CO3JaHUS
MarautHoro noroka M==0,42 MB6 B coJieHOHZE C 2KeJle3HLIM
CEPISUHHUKOM JJTHHOH 1—120 CM H M/OUa/bi0 [0NePeyHoro
ceuenns S=3 cm?

11.42. [InuHa XeJe3HOro cepjeyHuxka Topouja /;=2,5 M,
JJMHa BO3AYWIHOTO 3a30pa [,=1 cM. Uucno BUTKOB B OOMOTKe
tropouna N=1000. IIpu toke /=20 A HMHAYKUMA MarHHTHOrO
noast B BosgymHoM 3asope B=1,6 Ta. Halith MarnutHyio
NPOHHUILAEMOCTD | JKeJI€3HOTO cePJeUHHKa NPH 3THX YCJIOBHAX,
(3aBucumocts B or H jans XKejle3a HeH3BeCTHA.)

11.43. [nnHa 3Xeje3HOro cepieyHHKa Topouia [;=1 M,
JJ¥Ha BO3LYIHHOTrO 3a3opa .l,=1 cM. [liaomagb monepeyHoro
ceueHns cepueunnka S=25 cm?. CKOJIBKO aMiep-BHTKOB IO-
TpebGyeTcsi AJs cO3jaHUs MarmutHoro noroka ®=1,4 MB6,
€c/Id MarHuTHasl MPOHHIAeMOCTh MarepHaja cepjedHHKa ==
=800? (3aBucumocTs B or H aas XKesne3a HeM3BeCTHa.)

11.44, Haiitn MarHurHyio HHJIYKIHIO B B 3aMKHyTOM
JKeJIe3HOM cepJeyHHKe TOpOHAa AJHHOM [=20,9 cM, ecau
YHCJIO aMIIep-BHTKOB 0OMOTKH Topouaa [/ N=1500 A-B. Kaxosa
MarHuTHas [OpPOHUIAEMOCTh I MaTepHaJla cep)lelmuxa npu
ITHX YCJAOBHAX?

11.45. JlqMHa IXeJIe3HOrO cepjeuHHKa Toponia Li=1 M,
JJMHa BO3ZYLIHOrO 3a3opa /,=3 MM, HHcI0 BHTKOB B, o6MOTKe
Topouaa N=2000. HaiiTH HanpsiKeHHOCTb MarHMTHOIO 10JS
H, B BO3ayWHOM 3230pe npH ToKe /=1 A B 06MOTKe TopoHuja.

11.46. JInuHa XejesHoro cepieunHka ;=50 'cM, AnHHa
BO3AYLIHOrO 3a30pa l,=2 mMM. YHcJa0 aMnep-BHTKOB B  06-
motke Topouia IN=2000 A-B. Bo CKOJBKO pa3 yMeHbIUMTCA
HaNpAMEHHOCTh. MATHHTHOTO MoJs B BO3AYIUHOM 3a30pe,
€CJIM NpH TOM JKe YHc/e aMiep-BHTKOB yBeJlH‘{HTB ANHHY
BO3AYIIHOTO 3a30pa BABOE? L .
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11.47. Buytpu coneHounfia LiaHHO#H [=25,1 cM M aHaMeTpoM:
D=2 cM noMelleH ene3Hblfli cepleyHHK. CoJieHOHI HMeeT
N=200 BHTKOB. IlOCTpOHTBL MJIf COJIEHOHJA C CEepPAEYHHKOM
rpa¥K 3aBHCHMOCTH MarHutHoro notoka @ or Toka / B MH-
repBase 0<{/<6 A wuepes Kaxkawit 1 A. Ilo ocu opaunar
oTkjaanbiBaTh @ (B-10~4 BO).

11.48. MaruuTHBII NOTOK CKBO3b coJieHOHJ (6e3 cepley-
nuka) @=5 MkB6. HaliTh MarHHUTHBLIH MOMEHT p COJIEHOHIa,
ecJHd ero AauHa [=25 cM.

11.49. Yepes 1eHTp KeJe3HOr0 KOJbla NePIeHAHKYJIsIp-
HO K ero IUIOCKOCTH IIPOXOANT JIJIHHHBIH INPAMOJHHEHHBIA

IPOBOZ, MO KOTOPOMY TeueT TOK

4 /=25 A. Koapno HMeeT ueThipex-
e yrospHOe ceueHHe (pHc. 56), pasme-
IR pul Kotoporo [;=18 mM, [,=22 MM
A 174 w h=5 mMm. Cunras npHOJIHKEHHO, -
*’ 1 - uyTo B moOOH TOuKe ceyeHHd KOJb-
) r ua HHIYKUHMS OAMHAKOBA H DaBHa
HHIYKIHH Ha cpeiHell JHHHH KOJb-
Puc. 56, a, HAHTH MaCHHTHRHA nOTOK @,
NPOHH3BIBAIOIMIHA NJCLAJb CeYeHUs

KOJIbIIa,

11.50. Ha#itu MarHuTHeii noTOk @, npOHH3BIBAOUIMI
mIomajb CeYeHHs KoJblla Npeibliylled 3agaud, Y4YHTHIBas,
YTO MaCHHTHOE IOJle B Da3JHYHBIX TOYKAX CeyeHHs KOJbLA
pa3aH4HO. 3HaueHHe U CYHTAThb MOCTOSIHHBIM H HafiTH ero mno
rpapuky KpuBoH B=f ([} nas 3Hauenuss H Ha cpegHell JHHHH
KoJblLa. -

11.51. 3aMKHYTBIH XKese3Hblit cepAeYHHK JIHHOA [=50 cM
uMeer o6MoTKy u3 N=1000 ButkoB. [lo o6MOTKe TeueT TOK
I,=1 A. Kako#i Tok /, Hago nycTHTb uepe3 OGMOTKY, UTOGHI
NpH YJAJeHHH cepIeYHHKa HHAYKUMS OCTasdCch NpexHel?

11.52. JKenesunlfi cepaeuHnr nmuHOH [;=50,2 cM ¢ BO3-
JyUIHBIM 3a3opoM AnuHOH [,=0,1 cM HMeeT 06MOTKY H3 N=
=20 BuTKOB. Kako#i Tox / Jo/MkKeH mpoTeKaTh mo 3Tof 06-
MOTKe, 4TOOBl B 3a30pe NOJYYHTh HHAyKnHw B,=1,2 Tna?

11:53. JKenesnoe koabuo auamerpoMm D=11,4 cM HMeer
o6MoTKy H3 N=200 BHUTKOB, 10 KOTOPOH TeweT TOK [,==15 A.
Kakoi#t ToK /3 mDo/mkeH NPOXOAUTh yepe3 OGMOTKY, YFPOOR! HH-
JYKUHS B cepleyHHMKe OCTanach INpexHeH, eclH B KOJble
¢nenath 3a30p mHPHHOH b=1 MM? HafiTH MarHUTHYIO NPOHH-
1aeMOCThb |4 MaTepHasia cepJeuHHKA IPH 3THX YCJIOBHAX,

11.54. Mexny nosocaM ajieKTpoMarHuta TpeGyercs co-
3maTh MarHHTHOE NOJE ¢ wHiayKupelh B=1,4 Ta. HiauHa xe-
JIE3HOTO CcgpAeYHHKa [;=40 cM, AAMHA MEXIOJIOCHORO Npo-
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cTpaHctBa l;=1 cM, aHaMeTp -cepaeunnka D=3 cM. Kakywo
9. . ¢. € HaZo B3IATH 1/ RHTAaHHA OOGMOTKH S/€KTpOMar-
HHT4, YTOOH IOJYYHTb TpeGyeMoe MarHHTHOE MoJie, HCIONb3YH
MEJHYI0 NpPOBOJIOKY INVIOUIAAbIO [MONEPEYHOro ceyeHHs S==
=1 MMm?? Kakaa 6yJeT npH 3TOM HaHMeHbIIAA ToJIIMHA b
HaMOTKH, €CJIH CYHTATh, YTO NMpPEAeSbHO JONMYCTHMAS MJIOTHOCTH
Toka /=3 MA/M*

- 11.55, MeX1y NO/JIOCAMH 3JIeKTPOMarHuTa cO3JaeTcs Gf-
HOPOJZHOe MarHHTHOe noge ¢ HHAYKuHed B=0,1 Ta. ITo npo-
BOAy IaHHOH [=70 cM, NOMelleHHOMY NEPNeHAHKYJAAPHO K
HanpaB/IeHHIO MATHHTHOTO TIOJISi, TeueT TOK /= 70 A. Haiiru
cuny F, peficTBylOmyo Ha NPOBOJL.

11. 56 JIBa npsMoOJHHEHHBIX JJIHHHEIX IapaJJefbHbIX
NPOBOJHHKA HaXonsiTcss Ha paccrosHMH dy=10 cm 1pyr or
gpyra. Tlo npoBogHMKaM B OZHOM HamnpaBJeHHH TeKYT TOKH
1,=20 A u /,=30 A. Kakywo pabory A, Hauo coBepuiHTh
(Ha eQMHHLY LJHHBI TPOBOAHHKOB), YTOOBHI Pa3IBHHYTb STH
NPOBOJHHKH 10 PacCTOAHHA dy=20 cM?

11.57. JIpa npaMoJ#HeRHBIX MIMHHHIX NapaJJlesbHHX
NPOBOAHHKA HaXOAATCA HA HEKOTOPOM DAcCTOAHHH APYT OF
gpyra. [lo npoBOZHMKaM TeKYT OJMHAKOBBIE TOKH B OJHOM
HanpasJeHHH. Haiitu Toku /; 1 [;, TekyllHe Mo Kax/JIoMy H3
[IPOBOJAHMKOB, €CJH H3BECTHO, YTO JJs TOro, 4TOOBR pa3jBH-
HYTb 35TH TNPOBOJHHKH Ha BJBoe GOJIblllee PACCTOsIHHe, INPH-
IIJIOCh COBEPIUHTD pa60Ty (Ha eIMHHIY AJHHBI NPOBOJHHKOB)
A,=55 MK]x/M.

11.58. K3 npoBoaokH }1JIHHOH 1=20 cM cnenanbl KBajgpat-
HEIf M KpyroBo#l KOHTyphl. HaliTH Bpamiaiomue MOMEHTHI CHJI
M; n M,, neficTByolnye Ha KaxIplii KOHTYD, NOMEIIEHHbIH B
OJHODOAHOe MarHHTHoe mnoJe ¢ HHAykuue#i B=0,1 Txa. [lo
KOHTYpaM TeueT ToK /=2 A. IliockocTb Kaxkxoro KoHtypa to-
cTaBJsieT yroa o.=45° ¢ HanpaBJieHHeM MoJs.

11.59. AmoMHHHEBBIH IPOBOJ IFIOUIANBI0 HONEPEYHOro
cedeHHss S=1 MM® noJBeilleH B TOPH3OHTAJBHOH MJIOCKOCTH
NepneHUKYJASPHO K MarHUTHOMY MepHIHaHy, H 10 HeMy
TeyeT TOK (¢ 3amaja Ha Boctok) /=1,6 A. Kaxyw noawo or
CHJIBL TAXeCTH, JeHCTBYIOLlel Ha NPOBOJ, COCTaBJseT CHJA,
JeACTBYIOMAA HA HEr0 CO CTOPOHBI 3€MHOTO MarHHTHOTO MOJ1s?
Ha cKOJBKO YMeHBIUMTCS CHJIAa TSIXKECTH, AeHCTBYKINasi Ha
eMHHIY JJIMHBl OpPOBOZA, BCJEICTBHe aToﬁ cHie? T'opH3oH-
TaJibHas COCTaBJAINLAs HaNpAKEHHOCTH 3eMHOr0 MarHHTHoOf'o
noan H =15 A/M.

11.60. Katyuika ranpBanoMeTpa, COCTOfIIAs H3 N=400
BHTKOB TOHKOH I¥POBOJIOKH, HaMOTAHHOH Ha NP AMOYTOJIbHELR
KapKac AjuHOH /=3 cM ¥ mupuHO# b=2 cM, NOZBelieHa Ha
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HHTH B MarHHTHOM IoJle ¢ nﬂnyxuueﬁ B=0,1 T.n o KarymiKe,
teuer ToK /=0,1 MKA. Haitn Bpam,axow,nn MOMeHT M, ,ueu—.
CTBYIOLLHH Ha KaTymKy raJbBaHOMeTpa, €C/H IIOCKOCT,
KaTYIUKH: a) NapaJjijieibHa HanpaB/ieHHI0 MarHUTHOTO [OJS;

-6) coctaBaser yroa a=60" ¢ HanpaBneHneM MarHHTHOTO
uons.

11.61. Ha paccrosiud a=20 cM OT AJHHHOTO NpPSMOJIHHEN-
HOro BEPTHKaJNbHOrO NPOBOJA Ha HUTH AJjuHOH [=0,1 M W nua-
meTpoM d=0,1 MM BHCHT KOpOTKasl MarHHTHas CTpeJKa, Mar-
HHTHEI MoMeHT Kotopod p=0,01 A-m?. Crpeska HaxofHTcA
B ILTOCKOCTH, NMPOXOAfAINEH depe3 mpoBoj H HUTb. Ha Kakok
yrol @ MOBEPHETCS CTPe/Ka, €CJH IO NPOBOAY MYCTHTH TOK
I=30 A? Monynb caBura Marepuana HutH G=5,9 ITla.
CHcTeMa 5KPaHHPOBAHA OT MarHHTHOTO I0/1S1 3eMJIH.

11.62. Karymka ranbBaHoMeTrpa, cocrosinas H3 N=600
BHTKOB MPOBOJIOKH, NOjBellleHa Ha HUTH JaHHOH [=10 cM
U guametpoM d=0,1 MM B MarHUTHOM II0Jle HANpPSXKeHHOCTHIO
H=160 xA/M Tak, 4TO ee IJIOCKOCTb  [lapaJi/ejbHa Hampas-
JIEHHI0 MarHHTHOrO noJs. JIJlMHa paMKH KaTyIIKH a=2,2 cM
u wupuHa b=1,9 cM. Kakoii Tok / TedeT no oOMOTKe KaTyUIKH,
ec/TH KaTylllKa NoBepHYyJach Ha yroa ¢=0,5°? Moaynb ciBura
MmarepHana Hutd G=>5,9 ITla.

11.63. KBaupaTHaﬂ paMKa MojJBellleHa Ha IPOBOJIOKe TaK
9TO Hanpas/eHHe MarHHTHOTO MOJSi COCTaBJAsieT Yrosl o= 90°
€ HOPMaJbio K IIOCKOCTH paMkH. CTopoHa paMkH a=1 cM.
Maruutnas uuHaykuus nmons B=13,7 MTa. Ecau no pamke
nponyctutb Tok /=1 A, To oHa mnoOBOpauMBaeTCs Ha YroJ

¢=1°. Ha#itu Monysb cipura G MaTepuasna npoBoJokH. [iHHa
npoaonoxu [=10 cM, pamuyc HutH r=0,1 MMm.

11.64. KpyroBoil KOHTYp MoMelLleH B OJHOPOJHOE MAarHHT-
HO® TOJle TaK, YTQ IUIOCKOCTb KOHTYPa MepreHJHKY/sSIPRA K
HalPaBJeHHI0 MarHUTHOTO. mojis. HanpskeHHOCTb. MarHHT-
woro moiss H=150 kA/M. [To KOHTYpy TeueT ToK /=2 A.
Panuyc xontypa R=2 cM. Kakyio pa6ory A Hao cOBepIIHTh,
49T00H TIOBePHYTH KOHTYp Ha yrol =90 BOKpYr ocH, cOB-
najamiomiell ¢ JAHaMeTPOM KOHTypa?

11.65. B oagHOpOjHOM MarHHTHOM IOJie C MH}lyKuHel'«'l'
'B=0,5 Tx1 asuxKeTcs paBHOMEPHO MPOBOAHHKK JJIMHHOH [=10 cMm.
ITo nmpoBofHUKY TeweT TOK [=2 A, Ckopoctb JBHXEHH S npo-
BoAHMKa v=20 cM/c K HampaB/leHa NepIeHJHKY/SPHO K -Ha-
NpaBJIeHHI0 MarHUTHOTO noJis. Haiitn paboTy A nepeMeluenus
HPOBOAHHKA 32 BpeMa (=10 ¢ ¥ mowmHocTh P, 3aTPayeHHyio
'Ha 3TO NepeMellleHHe. :

11.66. OmuopoaHbIA ‘MelHBiH JHCK A pamuycom R= 5 CM
TMoMellleH B MarHHTHOE none ¢ uHAyKuueid B=0,2 Txa TaK qro
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MAOLKOCTb IHCKA NePNeHAMKYNADHA K HAMpaBAeHHIO MarHHT-
Horo'modisi (puc. 57). Tok I'=5 A npoxogur no panuycy aHcka
ab” (@ ¥ b— ckonw3smHe KOHTAKTH). Jluck BpamaeTcs ¢
yacroTol n=3 c~!. Halitv: a) MomHocts P Takoro jABMra-
Tens; 0) HamnpaBieHHe BpallleHHsl JMCKAa MNPH YCJIOBHH, 4TO
MarHUTHOe MoJe HampaBjeHO OT _uep- :
Texa K HaM; B) BpallailiHi MOMEHT
‘M, neficTBylomui Ha JMCK.

11.67. OaHopomHbli MeIHBIA JHCK
A maccolt m=0,35 Kr-noMemes B Mar-
HUTHOe NoJle ¢ HHAyKuHel B=24 mTa
TaK, 4YTO IJIOCKOCTb JAHCKa nep-
NEHJAHKYJAAPHA K HanpaB/eHHIO -Mar-
HHTHOrO noad (puc. 57). Ilpu 3aMuika-
HHH ‘Iend aba JMCK HauMHaeT Bpa--
marbcs M depes BpeMa (=30 c¢ mnocje Hava/ia BpalleHHs
ROCTHraeT 4acToThl Bpawnenuss n=>5 c¢~!. Ha#ith Tok ./ B
LEMNH.

"11.68. Hafitn MaruuTHbi noTok P, nepecekaeMnill pajuy-
coM ab nucka A (puc. 57) 3a Bpema {=1 MHH BpalleHH1.
Panuyc ancka R=10 cM. MHAyKUHA MarHHTHOTO noas B==
=(0,1 Ta. Juck Bpaiaetcs ¢ yactoTol n=>5,3 c~t.

-11.69. DneKTpoH, YCKOpeHHHIfi Pa3HOCTBIO - MOTEHIHAJIOB
U=1 kB, Bneraer B OJHOPOIHOE MarHHTHOE MOJie, HaNpas-
JIeHHe KOTOPOro NEPNEeHAHKYJSPHO K HaNpaBJeHHIO e€ro IBH-
kenusi, Muaykuust mMaruptHoro nosas- B=1,19 mMTa. Haiitu
paauyc R OKpYXKHOCTH, MO KOTOPOH JBHXKETCH 3JIEKTPOH,
nepHoi obpaitennss T H MOMeHT uMnyabca M 3/€KTpoHa.

11.70. DJeKTPOH, YCKOPEHHRHI Ppa3HOCTHIO NOTEHIHAJIOB
U=300 B, meuxkercs mnapaJJieJbHO NPAMOJHHEHHOMY JJHH-
HOMY NPOBOJY Ha paccTOsiHHH a=4 MM oT Hero. Kakas cuna F
JEACTBYET HAa 3/€KTPOH, €C/AH MO NPOBOJHHKY INYCTHTb TOK
I=5A? S '

11.71. TloTok o-yacTHL (silep aToMa TeJHf), YCKODEHHBIX
pasHocTblio mnorteHuHanoB U=1 MB, BJeTaeT B OAHOPOIAHOE
MarHWTHOE ToJe HanpsikeHHOcTBIO f1=1,2 KA/M. CkopocTb
KaXK[0oH# YacTHIH HampaBjieHa NEepNeHAHKYJAAPHO K Hanpas-
JIeHHI0 MarHuTHOrO noss. Hailith cuny F, AeHCTBYHOILIYIO Ha
KaxIyl0 4acTHIY. , _

11.72, DnekTpOH BJeTaeT B OJHOPOJAHOE MarHUTHOE MoJe,
HanpasJIeHHe KOTOPOTO MNepNeHAHKYJSPHO K HanpaBjeHHIo
ero apuxenHs. CKOPOCTb 3/1€KTpoHa v==4-10? M/c. MunyKuus
MarHuTHOrO moas B=1 mTn. HaliTh TaHreHUHaJbHOE . a;
¥ HOPMalbHOE @, YCKOPEHHA 9SJIEKTPOHa B MarHMTHOM
noJie. ' - :

Puc. 57.

. 16



+

11.73. Hairn kuHeriideckyio sueprmio- W_(B 3JeKTpOH-
BOABTAX) MPOTAHA, IBHKYIETOCH TIO AyTre OKPYXHOCTH PajaHy-
coM R=60 cM B MarHHTHOM Tiojle ¢ HHAyKoue#i B=1 Ta.

"~ 11.74. TIpoTOH H 3/eKTPOH, ABHraficb C OJHHAKOBOH CKO-
POCTBHIO, BJIETAIOT B OJHOPOAHOE MarHUTHOe TMoJjie..Bo ckobpKO
pa3 paiMycC KDHBH3HBI R; TpaeKTOpDHH mpoToHa Gosbiue pa-
JHyca KDHBH3HEI R; TPaeKTOpUH 3JeKTPOHa?

11.75. ITIpoTOH M 31€KTPOH, YCKOpeHHble OJHWHAKOBOH pas-

'_HOCTblO NOTEHIHAJIOB, BJETAOT B OLHOPOAHOE MAIHHTHOE MOJIE,

Bo ckonbKO pa3 pajaMyc KPHBH3HEI R;‘TPaeKTOpDHH MPOTOHA
Gosblle pafHyca KpUBU3HBI R, TPaeKTOPUH 3/1EKTPOHA?

11.76. Ha dororpadus, nonyuenno#t B Kamepe Buibcona,
TPaeKTQPHSA 3JEeKTPOHA B OXHOPOAHOM MarHHTHOM MoJie Opejl-
cTaB/sieT cOGOH AYry OKpy:KHOCTH paauycom R=10 cm. HH-
AYKUHs MarHUTHoro noas B=10 mTa. Halitu aﬂepm}o 3J1eKT-
posa W (B 3JeKTPOHBO/IBTAX).

11.77. SapsKeHHas 4YacTHLA JBHKeTCA B MarHUTHOM IoJe
0 OKPYXHOCTH €O CKOpOCThiO v=10® M/c. MupyKuus. mar-
uuTHoro nonas B=0,3 Ta. Paguyc okpy:KHocTH R=4 cM.
Haiitn 3apdaf g wacTHLBI, e€c/lH H3BECTHO, 4YTO €e 3SHeprus
W=12 k3B. .

11.78. TlporoH W @-uacTHIA BJETAlOT B OLHOPOAHOE Mar-
HHTHOE [l0Jie, HanpaBJieHHe KOTOPOro [epleHIHKYJISpHO K
HaNpaBJEeHHIO HX JBHXeHHA. Bo ckoabKo pas mepHop obpa-
meHHs1 77 MPOTOHA B MarHUTHOM -Nojie 60JBiIEe TNepHOoZa 06-

‘paiteHHs1 T'j Q-9acCTHIBI?

11079, @-uacTHIA, KHHeTHYecKas aHeerﬂ KoTopo#t . W=
=500 3B, Bjeraer B OJHOPOAHOe MarHHTHOE IOJe, MHepreH-
IHKYJAsipHOe K HalpaBJIeHHIO eg JIBHIKEHHSI. I/I}myxunﬂ Mar-
autHoro monsi B=0,1 Tx. Hafitu cuny F, ,ueHCTBylomyxo Ha
@-4acTHLY, pajHyc 'R OKPYJKHOCTH, IO KOTOpOH JBHMKeTCs
a-4yacTHUA, U NepHoj obpaitenHs T o-4aCTHIHI.

.11.80. a-yacTHIa, MOMEHT HMOyJbca KOTOpoH M=
=1,33- 10722 Kr-m?%/c, BleTaeT B OJHOPOJHOE MarHHTHOe NOJe,
nepreHJHKYAApHOe K HanpaBJjieHHIO ee ABHxkeHus. MuHaykuus
MATHUTHOrO noJist 8=25 mTa. Halitn KHHeTHYeCKYIO SHEPTHIO
W a-yacTHIEL

11.81. OpHo3apsiAuble HOHE H30TONOB KaJHs € OTHOCHTeJ'Ib- '
HbBIMM aTOMHBIMH MaccaMi 39 U 41 ycKOpAIOTCS Pa3HOCTHIO
noTeHnHanos U=300 B; sarem OHM nomajaior B OZHOPOLHOE
MarHHTHOe 110Jle, NepIeHANKYJAPHOe HANpPAaBJeHHI0 HX IBHU-
wenusl. Muaykuus Marauraoro mnonsi “B=0,08 Ta. Haitru
pamlycm KPHBH3HHL R; # R; TpaeKTopd#l 5THX HOHOB.

11.82. Haiitu orHOWIEHKE ¢/m IASl 32pSMEHHOH YacTHIDL,
ecaH OHa, BAETasl CO CKOPOCTEIO v—lO“ M/c B OZHOPOAHOE
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MATHUTHOE OOV HampsxkeHHocTbio H=200 kA/m, nBHMeTCSH
oo Ayre OKPYMKHOCTH panHycoM R=8,3 cm. Hanpamxenne
CKOPOCTH JBHIKCHHS WaCTHIEL NEPIEHMKYIAPHO K Hafpas-
- JEHHIO MarHuTHOro nofisi. CpaBHHTH HaHJAeHHOe 3HaYeHHe CO
SHaYeHHeM g¢/m IS 3JIeKTPOHA, NPOTOHA H G-YacTHILHL

11.83. TIy40K 3/eKTPOHOB, YCKODEHHHX DA3HOCTHIO MO-
tesnuanos U=300 B, Bieraer B o1HOpoxHOE MarHuTHOe novie,
HaNpaBJIEHHOE OT 4YepTeXKa K HaM (pHc. ]
58). Illupuua noasa b=2,5 cm. B ot- ¢ 8
CYTCTBHE MArHWTHOTQ IIOJIA MYYOK 3J/IeK-
TPOHOB JlaeT NATHO B Touke A duayope-
CLHUpPYIOLIEro 3KpaHa, pacloJ0KeHHOTO
Ha pacCTOsiHHM [=H cM OT Kpasa IHo-
JOCOB MarHurta. [Ipu BKJIOYeHWH Mar-

 HHTHOTO N0Js NATHO cMelllaeTcss B TOY-
Ky B. Hafitn cmemenve x=AB nyuka
3JIEKTPOHOB, €CJIH H3BECTHO, YTO HHIAYK- Prc. 58.
I MaruuTHoro noas B=14,6 mkTx,

11.84. MarHuTHOe moOJe HanpsiKeHHOCTbIO H=8 kA/M
H 3JIeKTPHUECKOe MnoJie HanpsixeHHocTbio E=1 KB/M Harpas-
JIeHBl OJMHAKOBO. JJIEKTPOH BJIEeTaeT B 3JEKTPOMarHHTHOE
nosne ¢o cKopocThio v=10% m/c. Halith HOpMaibHOe @,, TaH-
reHlIlHabHOE a; H MOJIHOE @ YCKOPEHHsl 3JeKTpoHa. 3ajady
peluuTb, ecJH CKOPOCTb 3/IeKTPOHA HampaBJeHa: a) napaj-
JIEJIbHO HalPaBJIEHHIO 3JEKTPHYEeCKOro mnons; 6) nepneHIu-
KYJSIPHO K HANPaBJEHHIO 3JIEKTPHUECKOro MOJs.

11.85. MarnurtHoe mose, HHAyKIMs1 Koroporo B=0,5 mTax,
‘HanpaBJ/IeHO NEePNeHAHKYJSPHO K 3JeKTPHUECKOMY MO0, Ha-
NPSIXKEHHOCTb KoToporo E=1 kB/M. [Ty4oK 3/1eKTPOHOB BJeTa-
eT B 3JeKTPOMArHHTHOe 110Jle, NpU4YeM CKOPOCTb ¥ 3JIEKTPOHOB
NEPNEeHAHKYNsApHA K ILUIOCKOCTH, B KOTOpPOH JI€XaT BeKTO-
pe E u B. HaliTH CKOpPOCTH 3JIEKTPOHOB ¥, €CJH IPH OJHO-
BpeMEHHOM AeHCTBHH O6OHX moJieH NyYoK 3/JeKTPOHOB He HC-
NbITHBaeT OPKJOHeHHs. Kakum 6ymer pagmyc R TpaeKTOpHH
IBHXKEHUsI 3JIEKTPOHOB NPH YCJOBHH BKJIOYEHHS OJHOTO Mar-
HHTHOT'O- NOJIA?
~ 11.86. DeKTPOH, YCKOpEHHbIi pPa3HOCTbIO IIOTEHLHAJIOB
U=6 kB, Breraer B OXHOPOAHOE MarHHTHOE 10JIe NOX YIJIOM
¢=30° K HanpabBJeHHIO 10Jf H ABHMKETCS N0 BHHTOBOH Tpa-
ekToprd. Mupykius marnuraoro nosas B=13 MTa. Haiits
paguyc R w mar A BHHTOBOH TPAaEKTODHH.

11.87. IIpoToH BJeTaeT B 0JHOPOLHOE MAarHHTHOE NOJE MOA:
yraom- 6=30° K HanpaB/ICHHIO [OJISi H ABHXKETCS RO BHHTOBOH
JAuHHE pagnycoM R=1,5 eM. MHAYKUHST MarHHTHOFO Do B=
-=0Q,1 Ta. Halith knHerHueckyio ssiepruio W mporoua.
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-11.88. DNeKTPOH BJIeTaeT B IJIOCKUii- TOPH3OHTAbHBIA KOH-
. JeHCaTop NapaJilelbHO . €r0  IIaCTHHAM CO' CKOpOCTbIO U=
=10? m/c. Hauna konmencaropa =5 cM. HanpsixeHHOCTb.
_3JIEKTPHYECKOr0 noJist Konaencatopa E=10 xB/m. [Ipu Briiere
A3 KOHIEHCAaTOpa 3JIEKTPOH IOMajaeT B MarHHTHOe IOJe,.
HeprneHIuKYJsSpHOe K 3JAeKTpHuecKoMy noJo. HMuaykuus mar-
gutHoro noss B=10 mTa. Halitu paguyc R u war A BHHTO-
BOH TPAEKTOPHH 3JIEKTPOHA B MAarHHTHOM MoJe.

11.89. D1eKTPOH, YCKOPEHHBIH pPa3HOCTbIO IOTEHLHAJIOB
U=3 kB, BJjeraer B MarHuTHOe NoJie COJIEHOHJA MOJ YIJOM
a=30° k ero ocu. Uucjo ammnep-BUTKOB cosieHoupa IN=
=5000 A-B. Idnuua conenouna [==25 cm. Halitu war h BHH-
TOBOH TPAeKTOPHH 3JIEKTPOHA B MarHUTHOM I[OJIe.

11.90. Yepes ceuenne S=ab MeAHOH NJaCTHHKH TOJIIH-
HO#t a=0,5 MM H BBHICOTOH b=10 mm nponyckaercst TOK [=:
==20"A. IIpy noMemeHHH NIaCTHHKH B MarHUTHOe IoJie, Nep-
NEHJHKYJISPHOe K Pe6pPy b M HanpaB/eHHIO TOKA, BOSHHKAeET
nonepeyHasi pasHocTb norenuuaios U=3,1 mxB. Huaykuus
MmarHuTHOro nosis B=1Ta. Halfith KoHleHTpaLHIO 7 3JIEKTPO-
HOB [POBOIMMOCTH B MEIH M MX CKOPOCTb U HPH 3THX YC-
JIOBHSX.

11.91. LIepe?, céuenne S=ab a.mOMHHHeBoﬁ IJIACTHHKH
(¢ — TomuuHa W b — BBICOTA) nNponyckaercss TOK [=b5 A.
[InacTHHKa nMoMmeleHa B MarHHTHOE I0JIE, MEPIEHAUKYJISIPHOE
K pe6py b u HanpaBnenuio Toka. HaiiTH Bo3HHKawILyI0 NpH
3TOM MONEPEeYHYI0 PasHOCTb moreHuHanoB U. MHAyKuHsS Mar-
HutHoro noass B=0,5 Ta. Tomuuua niaactuukH a=0,1 mM.
KoHLeHTpauyo 3/€eKTPOHOB NPOBOJUMOCTH CYHTATh paBHOH
KOHLEHTPAIHH aTOMOB.

11.92. [lnacTunka onynpoBOJHHKA TOMIHHOA a=0, 2 MM
TOMellleHa B MarHHTHOE M0Jie, NepIeHJHKYJISPHOe K MJIaCTHH-
Ke. YJle/ibHOe CONPOTHBJIEHHE NONYNPOBOAHHKA p =10 MKOM M.
Hunykuna margurHoro nonas B=1 Ta. [lepnenpuxkyasipuo
K HanpaBJeHHIO MOoJs BAOJMb IJIACTHHKH MPOMYCKAETCS TOK
I=0,1 A. Ilpu sTOM BO3HHRaeT nonepeyHasi PasHOCTb MOTEH-
nuanoB U=3,25 mB. HaliTH nogBHAKHOCTL 1 HOCHTeNIEH TOKa
B. IOJIYII POBOJIHHKE. ‘

11.93. B onHOpPOAHOM MarHHTHOM NOJ€ € HHAYKUHeH B=
=0,1 Tx nBrxeTcs npoBoxHHK AAHHO#M /=10 cM. CKOpOCTD IBH-
MEHUS] IPOBOXHHKA v=15 M/C H HanpaBJieHa NepPHeHAUKYIsAP-
HO K MarHHTHOMYy nosio. HalTH HHIYUHPOBaHHYIO B MPOBOJ-
HHKE 3. 1. c. &.

11.94. Karymxka J.'lPIaMeTpOM D=10 cm, cocrosimias u3 N=
=500 BHTKOB NPOBOAOKH, HAXONHTCS B MATHHTHOM HOJE. Hais-
TH . CPeRHlOIO 3. A. ¢, HHAYKIHH 6““,, BOSHHKalOLﬂle B STOH
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:xarymxe €CJIH HHAYKUHS MarHHTHOrO ot B yBe.rquBaeTca
‘B TeweHue BpemenH ¢=0,1 ¢ or 0 o 2 Ta.

" *'11.95: CkopocTb CamoJieTa C PeaKTHBHBLIM ‘JIBHUrareieM U=
=950 km/u. Haiitu 3. 1. ¢. HHAYKUHH &, BO3HHKAIOUIYI0 Ha
KOHIAX KPBLUIBEB TAKOrO CAMOJIeTa, €CJH BEPTHKAJAbHAsA CO-
CTaBJISAIONLAs HANPSXKEHHOCTH 3€MHOTO MAarHHTHOTO nods Hy==
=39,8 A/M u pasMax KpblIbeB camoJera [=12,5 M.

11.96. B marauTHOM NoJe, HHAYKLHUs KoToporo B=0,05 Tux,
Bpaiaercss CTepKeHb INJIHHOH /=1 M ¢ yIVIOBOH CKOpPOCTBIO
w=20 pap/c. Ocb BpallleHHs] IPOXOAUT yepe3 KOHEl CTEPXKH:A
H napanje/ibHa MarHHTHoMy nomo. Haiitu 3. A. C. HHAYKUHH
&', BO3HHKAIOILYIO0 Ha KOHLAX CTEPXKHS.

11.97. Cxema, nosicHsioImAaA NPHHUMN IAEHCTBHS 3JEKTPO-
MAarHHTHOTO pacxojoMepa XHIKOCTH, H3o6paxeHa Ha pHc. 59.

: "\ Hsmepumensusni .
/ \ : npubop '

Puc. 59.

TpyGonpoBox ¢ npoTeKaiollell B HeM [POBOASUIEH KHAKOCTBIO
TioMelileH B MarHuTHoe noJe. Ha sjektponax A u B Bo3HHKaeT
3. A. C. HHAYKUHH. HalTH CKOpPOCTb U TeueHHS MKHIAKOCTH B
TpyGONpPOBOAE, ec/IH HHAYKUHS MarauTHoro noas B=0,01 Tx,
paccrosiHde MeXAy 3JeKTpoRamH -(BHYTPeHHHH IHaMmeTp Tpy-
Gonpoeona) d=>50 MM H BO3SHHKaioWLas MPH 3TOM 3. A. €. &' ==
=0,25 MB.

11.98. Kpyropoii mnpoBOnOYHBIfI BHTOK MJOWEAfpl0 S=
=0,01 M? HAXOAUTCS B ONHOPOAHOM MAarHHTHOM N0JIe, HHAYKLHUS
koroporo B=1 Tua. IlrockocTs BHTKAa nepneHAHKYJAPHA K
HanpaBJeHHIO MarHHTHOTO noJjs. Ha#tu cpeanioio 3. K. c. HH-

AYKUHH &p BOSHHKAIOULYIO .B BHTKE NPH BHIKJIOYEHHH NOJS
B TeueHHe BpeMenu =10 mc.

11.99. B onuoposHoM MArHHTHOM TOJIe, HHAYKIHA “KOTO-
poro B==0,1 Tx, paBHOMepHO BpallaeTcsi KaTyllKa, COCTOsi-
uas u3 N=100 BuTKOB.poBO/ioKH. YacToTa BpallieHHs Ka-
TymkH n=bc7}; n.rrom,anb HOMEpPEYHOro CeqeHHs xarymxu
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S$=0,01 m2. Ocb 'BpaleHHsa nepAeHAHKYNSPHA K OCH KaTYIOKH .
H HanpaBJeHHIO MarHutHoro nossi. HaliTH MakcuMmanbmyio
3. A. C. MHAYKUHE &€y, BO Bpamaloileficd KaTylKe. :

11.100. B oRXHOpONHOM 'MarHMTHOM nOJe, HHAYKUHS KO-
-toporo-B=0,8 Ta, paBHOoMepHO Bpaiaercsi paMka ¢ YrJoBOR
ckopocTeio ©=15 pag/c. Ilnomanp pamkn S=150 cm? Ocpb
- BAllEHHs HAaXONUTCA B MJIOCKOCTH PaMKH H ‘COCTaBJISIET YoM

a=30° ¢ HanpaBJ/ieHHeM MarHuTHOro moJsisA. HalTu MakcuManb-
HYIO 8. 1. C. HHAYKHHH &payx BO Bpaujatoelicss pamke.

11.101. Onnoponubii MefHbIH AHCK A pajHycoM R=) cM
nomelreH B MarHuTHoe noje ¢ uaAyKuued B=0,2 Txa Tak, yro
IJIOCKOCTh JHCKa NMEepIeHIHKYAApHA K
HanparJieHHI0 MarHHTHOTO MoJsi (pHC.
60). Ilo uenu gba mMoxeT HATH TOK (a
H b — CKONb3sIHEe KOHTaKTh). JIMCK
- Bpaulaercss ¢ gacrotoii n=3c~'. Haii-
TH 3.1.c.&§ TAKOro TeHeparopa. YKa-
3aTh HalpaBJeHHE 3JIEKTPHUECKOro To-
Ka, €CIH MarHuWTHOE moJie Hanpasie-

Puc. 60, ~ HO OT Hac K 4epTexy, a JHCK- Bpaua-
eTcsi NMPOTHB YacOBOH CTPEJKH..

11.102. Topu3oHTaNbHHI cTepxKeHb MMHHOH [=1 M Bpa-
HIAeTCH BOKPYT BepPTHKAaJbHOH OCH, NPOXOJALIEH yepe3 OdHH
u3. ero KoHIOB. OCb BpalleHHs NapajjelbHa MarHHTHOMY
noso, HHAYKUMA Kotoporo B=>580 mMkTa. Ilpun kako#i yacrore
BpAIEHHs 7 CTEPHKHS DasHOCTh MOTEHUHAOB HA KOHUAX 3TO-
ro crepxkusa U=1 MB? v

11.103. Ha conenoup anuuo#t /=20 cM H NJOWaABIO Tio-
nepeynoro ceyenHss S=30 cM® HajeT nNPoBoOJIOYHbIA BHTOK. OG-
MoTKa coJienonsa uMeetr N=320 BUTKOB, M IO HEMY HAET TOK
1=3 A. Kakas cpeanss 3.1.c. &, HHAYUHDYeTCS B Haje-
TOM. H2 COJIEHOHK BHUTKE, KOrZa TOK B COJIEHOHJe BBIKJIIOYaeTcs
B TeueHHe BpeMeHH (=1 Mc?

11.104. Kakas cpeansis 3. I. C. @S’cp HHIlyIalyeTCﬂ B BHT-
K€, €cJIH COJIHOHA, PACCMOTDEHHBIH B npezu;mymen 3ajave,
HMEeT JKeJIe3HBIH CepAEuHHK?

11.105. Ha coneHona AfinHO# [=144"cM M nHamerpom D=
=5 CM HaJleT NPeBOJIOYHBIA BHTOK. O6MOTKa COJIEHOHIA UMeeT
N=2000 BuTkOB, ¥ no Hefi TeueT ToK /=2 A. Conenoull umeer
XKeJlesuwll ceplieynnk. . Kakas cpemuss s. 1.c. &, HHAyUH-
pyeTcsl B HaJeTOM Ha COJIEHOHZA BHTKe, KOIZla TOK B cosieronze
 BHIKJIIOYAETCS] B TE€YEHHe BpeMeHH (=2 mc? ’

11.106. B oAHOpPOIZHOM MAarHHTHOM IOJe, HHIYKIHS KOTO-
poro B=0,1 Ta, Bpamaercs KaTyluka, COCTOAMmas H3 N=
=200 BHTKOB. OCB BpaUleHHs KaTyIIKH nepneﬂnuxynnpﬁa K ee
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OCH H K HanpaB.neHmo MAarHuTHOro nous. IMepuon- o6pameHHs
Karymku T=0,2 ¢; njomans nonepeyHoro ceueHus S=4 cm?,
‘Haiitn makcHManbHylo 9. K. ¢, HHAYKUHH &pax BO Bpama,o.
meics KaTyHIKe.

11.107. Karymxka gaunoit /=20 cM umeer N=400 Bmxoa.
Ilnomans nonepeyHoro ceueHusi KaTymku S=9 cm?®, Haijitu
MHAYKTHBHOCTb L karyuwiku. KakoBa 6yaer HHAYKTHBHOCTDH'
L, kaTymku, écim BHYTPb KarylIKH BBeJeH XKeJe3HBIH ceps
JedHHK? MarHuTHas [POHHLAEMOCTb MaTepHasla CePACUHHs
Ka p=400.

11.108. O6MOTKAa COJEHOHAA COCTOHT H3 N BHTKOB MeNHOH
NPOBOJIOKH, MONEPEeYHOe CeueHHe Kotopoit S=1 mm2. [auna
conenouza /=25 cM; ero COMpOTHBJIEHHE R=0,2 Om. Hafitu
HHEAYKTHBHOCTL L -coseHOHfA.

11.109. Karymka anunoit [=20 cM u guamerpom D=3 cm
uMeeT N =400 ButkoB. [Io karymke muer Tok /=2 A. Haiitu
HHIYKTHBHOCTb L KaTYIIKH U MarHUTHBIH 10TOK @, NpOHH3BI-
BaOIHUA IJIOWAAb €e [ONEPEYHOTrO CEYEHHS.

11.110. CKOMLKO BHTKOB NPOBOJIOKH JrameTpoM d=0,6 MM
HAMeeT OAHOCJIOHHAasA O06MOTKA KaTYMIKH, HHAYKTHBHOCTL KOTO«
poii L=1 mI'n u anamerp D=4 cM? Butku NIOTHO NPHJIEralor
Apyr K Ipyry.

1.111, Kartymka c KeJie3HBIM CEPACUHHKOM HMEET IJIO-
mAAb NonepeyHoro ceueHusi S=20- cM® ¥ YyHCJIO BHTKOB N =
==500. MHAYKTHBHOCTb KATYIIKH C cepieuHukoM L=0,28 T'u
OpH TOKe uepe3 oOMOTKY /=5 A. Halitu MarHuTHyIO NpOHH-
[AEMOCTb |L JKEJIE3HOrO CEPAEYHHKA.

11.112. Coneroun aauHod /=50 cM H nJowagbio none-
peunoro ceueHust S=2 cM? umeeT UHAYKTHBHOCTL L=0,2 Mk['H.
IIpu xakom Toke I oGBeMHasl MJOTHOCTb HEPIHH MArHHTHOTO
noJssi BHYTPH coseHouna W,=1 mJIxk/m??

11.113. CKOJMBKO BHTKOB HMeeT KaTyIlKa, HHAYKTHBHOCTb
kKoropo#t L=1 mMI'w, ecan npu Toke /=1 A MarHUTHHIH NOTOK
CKBO3b Karymky @=2 MkB6? . ‘

11.114. Tlnomans NONEPEYHOTO CEUEHUS COJEHOHAA C xe-,
JIe3HBIM cepReuyHuKoM ‘S=10 cM?®; aauHa coseHouga [=1 M.
HailTn MarHuTHyio IPOHHIAEMOCTD W MaTepualla CepieyHHKa,
€CJIH MarHHTHBIH [OTOK, IPOHH3LIBAOIIKH HOHEPB'-IHOE ceue-
ave cosenouna, ®=1,4 mMB6. Kakomy TOKY I, TexymeMy
uepe3 COJIEHOH, COOTBETCTBYET ITOT MAarHuTHBIA fOTOK, eC/H
H3BECTHO, YTO HHI[yKTPIBHOCTb co.nenomxa HpH 3THX. /c.nommﬂ
L=0,44 Twu?

11.145. B co.nenoml anuHot /=50 cM BCTaB/IeH ceplleuHu
H3 TaKOro COPTAa eJeaa, AJIsi KOTOPOTO 3aBHCHMOCTE Bz
'HEH3BECTHA. qncno BHTKOB na egnﬂnuy IJIEHBL € HO\
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N,=400 cM7!;' niomaje TONEPEYHOro ‘ceuenus coneﬂomxa
S=10 cm®. HafiTii MaruuTHylo NPOHHIAEMOCTb |A MaTepuata
CepAEYHHKA NPH TOKE Yepes OGMOTKY coJieHoupa /=5 A, ecnn

H3BECTHO, YTO MAarHHTHBIH NOTOK, nponnabmaxomuu nonepey-
HOe cegeHMe COJIEHOHAa ¢ cepiieynHkoM, @ =1,6 MB6. Kaxkora
HHIYKTHBHOCThL L COJIEHOHIA NpH 3THX yc.nommxD

11.116. MMeeTcs cOJIEHOH], ¢ XKeJIe3HBIM CepeYHHKOM JJIH-
nroi [=50.cM, nJjomajpl0 nonepeuHoro ceuenus S=10 cm?
H.uncioM BHTKoB N=1000. Haiitu unnykTtuHOCTh L 3TOrO
COJICHOH/1a, €CJIH 10 OOMOTKE COJIEHOHAA TeueT ToK: a) [ =0,1 A;
6) 1=0,2 A; B) I=2 A.

S 1117, JiBe KaTymKH HaMoTaHbl Ha OJHH o6uum cepneq-
uug. MuaykrtusHocTh nepBoft katymiku L,=0,2 I'n, BTOpO#l —
L,=-0,8 TI'n; cOnpoTHB/IEHHE BTOPOH KaTyLIKH R2—~600 Om.
Kako#t Tok [/, noteuer BO BTOpo# KarylKe, eciH TOK [;=
=0,3 A, TeKymuil B NepBOA KaTyIIKe, BHKJ/IOUHTb B TeUeHHe
‘BpeMeHH t=1 mc?

11.118. B MarHuTHOM noje, HHAYKIHA Koroporo B=
=0,1 Ta, noMelneHa KBaJpaTHasi paMKa M3 MeJHOH NIPOBOJIOKH.
Tnomazb NONEPEYHOro CEYEHHS NPOBOJIOKH s=1 MM2, mJo-
‘manbk paMku S=25 cm?. Hopmasib K mJIOCKOCTH paMKH Rapan-
JieJIbHA MArHHTHOMY TIOJIO. ‘Kakoe kKoauuecTBO 3sekTpHUECT-
Ba ¢ NpoiAeT Mo KOHTYPY PaMmKH NPH HCYE3HOBEHHH MarHHT-
#0ro 1oJss?
© - 11.119. B marHuTHoM Ilojle, HHAyKIHA KOTOpOl"O B=
=0,05 TJa, nomelneHa Kartylika, coctosiad u3 N =200 BUTKoB
npoBoJokH. ConporuBieHue Kartymku R=40 Owm; naomazb
nonepeynoro cedennss S=12 cm®. Karymka nomemena Tak,
YTO ‘€€ OCb COCTaBJAseT yroa a==60° ¢ HanpaBJeHHeM MarHHT-
fioro nonsi. Kakoe KOJIMUeCTBO 3J€KTpPHYECTBa ¢ NPOHAET no
KaTyliji€ NpH HCUYE3HOBEHHH MAarHHTHOrO MOJA?

11.120. KpyroBo#t KOHTYp pPamHycoM r=2 cM INOMelleH B
OZHOPOJIHOEC MAarHHTHOE NoJe, HHAyKUus Kotoporo B=0,2 Ta.
IlnockocTh KOHTYpa NEPNEHIHKYJSPHA K HalpaBJeHHIO Mar-
HUTHOTO noJs1. CONpOTHBIEHHE KOHTYpa R=1 Om. Kakoe ko-

 IUYeCTBO 3JECKTPHYECTBA § MPOHIET yepe3 KaTyIIKy NpH Mo-
BopoTe ee Ha yrom o=90?

11.121. 'Ha conenoup anuuolt /=21 cM M- nJowaaplo mo-
nepeuHoro ceuennss S=10 cM? HazeTa KaTylIKa, COCTOSIAA M3
N1=50 BuTkoB. KaTymka coefiiHeHa ¢ GaJJIMCTHYECKHM TaJb-
‘BaHOMETPOM, CONPOTHBJAeHHE Koroporo R==1 kOwM. ITo 06-
MOTKE coJieHOMAa, cocTosinell H3 N.=200 BHUTKOB, HIET TOK
I1=5 A. Haiitu 6a.n.1mcmqécxyxo nocrosHHylo C rajbBaHo-
MeTpa, eC/H H3BECTHO, 4TO NPH BHIK/IIOUEHWH TOKA B COJIEHOH-
i€ TaJbBaHCMETP AAET OTGPOC,: pasﬂuﬁ 30 AeJleHHﬂM K a-
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Bt *). ConpoTusaeHuem. Ka'rylmm 10 CPAaBHEHHIO .C COMPOTHB-
JleHHeM 6aJ/INCTUYECKOr0 TalbBAHOMETPa npeHeGpedb.

11.122. [ina namepenus HHAYKUHH MarHUTHOI'O NOJIA MeEXK-
Ry MOJIOCaMH SJIEKTPOMArHUTAa NOMEIMRHA KaTYLIKa, COCTOS-
was 43 N=50 BUTKOB NPOBOJIOKH H COEJHHEHHAs C GaJIHCTH-
yecKHM raiabBaHomeTpoM. OCb KaTyIIKH NapaifielbHa Ha-
NPaBJIeHHIO MarHHTHOrO noJis. [liomazse nonepeunoro ceue-
HHs1 KaTymkH S=2 cM?, ConpoTupjeHHe ranbBaHoMerpa R=
=2 kOM; ero 6aanucTuueckas nocrosguuas C=2.10"8 Kn/nes.
[Tpu ObicTpoM BhLIEPrHBAHUH KaTymKy M3 MarHuTHOTO noJis
rajbBaHOMeTP JAaeT OTGpoc, paBHbI 50 JeeHHAM - [HKAJbI,
Hafitn unpykumo B MarHuTHOro noJssi. ConpoTHBIEHHeM Ka-
TYIIKH [0 CPaBHEHHIO C COINPOTHBJIEHHEM 6annucmqecxoro
rajJbBaHOMeTpa npeHeGpeub.

11.123. 3aBHCHMOCTb MarHUTHOH NPOHHIAEMOCTH = [ OT
HaNPSKEHHOCTH ‘MarHUTHOTrO noJsist [{ Gbla BrepBbie HCCJIENO-
Bana A. . CroneroesiM B ero pa6ore «MccaenoBanve pyukumu
HaMarHUYeHHs] MSATKOro xesesa» (1872). Tlpu uccaenosaHuu
CroJsieToB. MpUAaJ HCOBITyeMOMYy of6pa3ly »xede3za ¢opmy TO-
pouna. JKese30 HaMarHHYHBAJIOCH MPONYCKaHHMeM Toka ./ 1o
nepBUYHOfi OGMOTKEe TOpOHAA. M3MmeHeHMe Hanpap/eHHs TOKa
B 3TOH NepBHYHOH KAaTyIUKe BhI3KIBANO B OGa/IHCTHUECKOM
rajbBaHOMeTpe 0T6poc Ha yrod a. I'asbBanomerp GhUT BKJIO-
uyeH B lenb BTOPHYHOH OOGMOTKH TOpOHJIA.

Topoux, ¢ xoropbiM paGotan CTONETOB, HMeJ c.nenyroume
napaMeTphl: IJoWwajb nonepeyHoro ceyenus S=1,45 cm?, piu-
Ha [=60 cM, 4HCJIO BHTKOB MEPBHUYHOH KAaTYUIKH NI—SOO
YHCJI0 BHTKOB BTOpHuHOH Katymiku N ,==100. bamnucrnueckan
MocTosiHHas rajbBanoMerpa C=1,2.10~% Ka/aen u conporus-
JeHne BTOpHYHOH nenn R=12 Owm. Pesyabratel oamoro u3
onbiToB CTO/IETOBA CBEJEHH B TaOJHLY!

LA o o,2l 0,3] 0,4 0,5

L]

o (B nenenuax wxans) | 48,7 [ 148 , 208 | 241 | 256

[To sTHM NaHHBIM COCTABUThL TAGJHIY ¥ NMOCTPOHTH I'paduk
3aBHCHMMOCTH MArHMTHOH MPOHHIAEMOCTH [ OT HANpAKEHHO-
cTH MarmuTHOro moasi H aas )xe.neaa, €’ KOTOpBIM. paborai
A. T. Croneros.

*) Ba.rmuc'mqecxoﬁ NOCTOAHHOM ransaauome*rpa Haauaae'rcn Be.rm-
Y4Ha, . YHCIEHHO -PaBHAsL KOJHUECTBY snexrpnqec'rna, Koropoe Buauuae'r
or0poc O WwKa/Ae Ha. OXHO JACACHHE: - _ RrHN ]
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11. 124 DJais HU3MEPEeHHS MarHUTHOH npouﬂuaeuoc'm ;xe-
Ne3a U3 Hero GEL1 HATCTQBAEH TOPOHA AAMMOA /=50 cM H HAG-
1w aabio HONEPEYHOr0 CeYeHHus S=4 cu®. Ogsa us o6MOTOK TO-
pouRa uMesa Nyj=D500.BHTKOB U OblAa IPHCOEHHHEHA K HCTOU-
HHKY ToKa, Jpyras umesna N,=1000 BHTKOB H Gba IpHCOe-
IMHeHa K rajabBaHoMeTpy. [lepermouass HanpaBaenHe TOKa B
NepBHYHOH OOMOTKe Ha oGpaTHOE, MH BHI3bIBAE€M BO BTOPHYHOH
OGMOTKe HMHAYKUHMOHHBIA ToK. HaiiTu MaruuTHyio npouuuae-
MOCTb |4 XeJle3a, €CJIH H3BECTHO, YTO NPH NEepPEeKNIQUeHHH B
NepBHYHOH 0OMOTKe HampasseHHs Toka /=1 A uepes rajbsa-
HOMETp NPOLIIO KONHYeCTBO 3jeKkTpruecTsa ¢=0,06 Ka. Co-
OPOTHBJIEHHE -BTOPHYHOR ofMOTKH R =20 Owm.

11.125." DnexTpuueckasi JlaMIoyka, CONPOTHBJEHHE KOTO-
polt B ropayeM- cocrosnun R=10-OM, noik/ouaercss uepes
Jpoccesib K 12-BombTOBOMY akKymyJasTopy. MEIyKTHBHOCTB
apoceensi L=2 T'n, conporuBnenue r=1 Om: Uepea kaxoe
BpeM& [ MoOcJe BKJIOUEHMS JaMIOYKa 3aropurcd, eCcJH OHA
HAYHHAET 3AMETHO CBETHTLCA NPH Hanpﬂmer-mn Ha Hel U=
=6 B?

11.126. Mmeercs kartymka gauno¥ /=20 cM M JHaMeTpoM
D=2 cm. OB6moTKa KaTyimku cocTouT u3 N=200 BHTKOB Me]-
HOH NPOBOJOKH, IJIOWAAb TONEPeyHOro CeYeHHsl KOTOPOH s=
=1 mm?2, KaTymika BkJoyeHa B uenb ¢ HeEKOTOpoi 3. A. c. [lpn
MOMOIM TIepeKJrodaTesss 3. . C. BBIKJIOYAeTCH, H KaTyllKa
3aMEIKaeTcsl HaKopoTKo. Hepes Kakoe BpeMsi ! mocjie BHKJIO-
YeHHs 3. Jl. C. TOK B LENH YMEHbUIHTCS B 2 pasar

11.127. Karymka umeer mHAyKTHBHOCTH L=0,2 T'H u co-
nporuBienne R=1,64 Om. Ba cKOJbKO pa3 yMeHbLIHTCH TOK
B Karylike uepe3 Bpems t=0,05 ¢ mocje Toro, Kak 3. 1. C.
BBIK/MIOYEHA M KaTylIKa 3aMKHYTa HaKOPOTKO?

11.128. Karymka wuMeer uHAykTHBHOCTL L=0,144 Tn
u conporusienHe R=10 Om. Uepez Kakoe Bpems ¢ mocie
BKJIIOYEHHS] B KaTyIIKe NoTeyeT TOK, PABHBIA HOJNOBHHE yCTa-
HOBHBLLETOCH?

11.129. Koutyp uMmeer conporusiaerne R=2 OM HHIYK-
tuBHOocTh L=0,2 TH. TlocTpouts rpaduk 3aBHCHMOCTH TOKa
I B KOHType OT BpeMeHH #, NPOLIEIIEero ¢ MOMEHTa BKJOYeHHS
B Henb 5. A. C., MM uHTepBana 0<{t<{0,5 c uyepes Kaxayio
0,1 c. Ilo ocu opauHar OTKJMALLIBATL OTHONICHHE HapacTalo-
mero Toxa / K KOHEYHOMY TOKY /. - .

11.130. KsanpaTnas pamMka H3 MeNHO# npmnoxn cede-
HHEM 's=] MM? NMOMellleHa B MarHHTHOe MoJe, HHAYKIHS KOTO-
-poro Messiercsi 1o 3akKOHY B=B,sin of, rae By,=0,01 Ta,
0=2nIT u T=0,02 c. ﬂmomam: pamMkH S=25 cM2. TI.noc-
KOCTh PAMKM TICPTIEHAWKYNAPHA K HAaNpaBJeHHIO MarHHTHOTO
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nonsa. HafiTu saBucHMOCTB OT BpeMeHH f u HanGoJbIICE SHA-
YeHHe a) MarHuTHOrO notoka @, NPOHH3LIBAIOL[ErO PaMKY;
6) 3. A. c. unAykuuH &, Bo3HHKaOmeH B pamke; B) Toka /,
TEKYILIEro no paMke. ) : ' '

11.131. Uepes KaTylKy, ' HHAYKTHBHOCTb KoTopol L=
=2] mMI'H, TE'-IET"I:OK, H3MEHSIOWHUACH CO BPEMEHeM IO 3aKOHY
I=I,sin ot, tae [,=5. A, o=2n/T u T=0,02 c. Haiitu 3a-
BHCHMOCTb OT BpeMeHH {: a) 3. A. C. CaMOMHAYKLHH &, BO3-
HHKalolleldl B Karyluke; 6) sneprud W MarHutporo moJsi ka-
TYIIKH. )

11.132. [Be KaTyIIKH HUMEIOT B3aHMHYIO HHAYKTHBHOCTB
Li,=5 MI'n. B nmepro#i KaTymike TOK H3MeHsieTcsl 10 3aKOHY
I=I; sin of, rae I,2=10 A, o=2r/T u T=0,02 c. Hafitu 3a-
BHCHMOCTb OT BpemeHH ! 3. 4. ¢. &2, HHAYUHPYeMOH BO BTO-
poit KaTyuKe, ¥ HaHboJIblIee 3HAYEHHE &5 .5 ITOH 3. [I. C.



IF'nmasa IV
KOJIEBAHHUA U BOJHBbI

EAWHHLBI AKYCTHYECKHX BEJUYHH

B Ta6a. 14 npuBeieHE! NPOH3BOAHBIE AKYCTHYECKHE eXH-
nunpt cucteMel CH. B Ttabn. 15 u 16 panbl akycTHuecKue efH-
uunbl cuctembl CI'C M ux cBf3b ¢ enununamu cHereMul CH, a
TaKXe BHECHCTEMHBIE AaKYCTHYeCKHE €AHHHIEL.

Ta6éauwna 14

EanuHna
PaamepHocTb
Beanunna 06o3Haye- BeJIHYHHBI
onpejelieHHe HaHME€HOBaHHe Hue
3syKkoBoe paB- | p=F/S NacKalb Ila L-MT -2
JIeHHE :
I110THOCTE 3BY- w=W/V | axoynb Ha ry-| Hmx/m3 [ L—-IMT-2
KOBOHl  3Hep- 6HuecKHl MeTp
I'iH
3sykoBaa Mom- | P=W/¢{ |Barr Br L*MT -3
HOCTh : .
HurencHBHOCTD I=W/St |Bart na kBaa-| Br/m? MT -3
3ByKa pPaTHEIH Merp
Ta6nuua 15
Bennynna i EQMHUNA H ee ¢BASDH C eJHBHRaMn CH
3BYKOBOe JaBJleHHe 1 anuj/em?=0,1 Ila
IInOTHOCTE 3BYKOBOH 3HEpPrMH 1 apr/em®=0, 'l Jox/m?
3ByKOBasi MOLIHOCTD 1 9pr/c=10—7 Bt
HHTeHCHBHOCTL 3BYKa 1 apr/(c-cm?) =103 Br/m?

HpuMepbl pewerus 3adaq

3apaua 1. AMIVIHTYZa FAPMOHHUECKHX Ko.ne6amm Ma-
TepHANbHOH TOYKH paBHa 5 cM. Macca maTepHalbHOH TOYKH
paswa 10 r, nonnas 9Heprnﬂ Ko.nedauna/pasﬂa 3! MKIbK
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Téanuua 16

Enunnua

—
Beanunua HAKMEHO- oGosna- . .
BaHHE yeHHe onpefencHue

YpoBedb 3ByKo-| meun6es ab Henn6en—yposeHb  3BYKOBOTrO

BOTO JaBJeHHA | . JaBJIEHHS, JBAlUaTh AECATHY-
) HbIX JOrapupMOB OTHOMIEHHS
KOTOpOro K YCJIOBHOMY IIOpOTY
Jasjennsi, pasHoMy 2-10~51a,
paBHB eINHHAIE .
YpoBerb rpom-| toH ‘dou Dol — ypoBeHb “TPOMKOCTH 3By-

KOCTH 3BYKa Ka, AJs KOTOPOTO YpOBeHb 3BY-
KOBOTO JaBJIEHWUSl DPaBHOIPOM-
KOTO € HHM 3BYKa 4acTOThl
10° I'm pasen 1 1B

Hanucath ypaBHeHHe rapMOHHYECKHX KoseGaHHH STOH TOYKH
(C 4NCJIORBHIMH Koa(p(pnunemamn), ecan HavaspHas ¢asa Ko-
neGannit pasua 60°.

Peiuenue. OCmee ypaBHeHHE I‘apMOHPllIeCKHX KoneGaHH
HMeeT BHJ

x:Asin(Eﬁt—l— ) | (D)

Ilepon 7 xoneGaHMH MOXHO HAHTH H3 YCJIOBHS. W~
-—2n2A“m/T2~31 10-¢ Ix; orciona

T= V omr AW @)

Y nac A=5-10"* M, m=10"% kr u W=3,1-10"¢% IIx. Ilox-
cTapasst  3TH  fanHne B (2), mnoayunm T=4 c. Torna
2nt/T=2nt/4=nt/2 n ypasHenne (l) npumer BHA

x=Dbsin (% t—l—f;’-) cM

’ . n 14 - o
OTmMeTHM, YTO TAK KaK Sin (E’ 14 —3->—— BeJHuHHA 6eé3pas-

MepHas, To A He 00s3aTebHO MOJICTABAATL B METPAX; HaHMe-
HOBaHHE CMEIeHHs1 X GyAeT COOTBETCTBOBATb HAHMEHOBAHHIO
amnauTyael A. :
3anawa 2. Yposehb 3BYKOBOTO JdBJIEHHS PpaBeH
40 pb. Haiity aMnuMTyAy 3BYKOBOTO AaBJIEHHSi H HHTEHCHB-
HOCTb 3Byka. Ilopor 'C/BLIILHMMOCTH snyxa I,=10"1 BT/M’
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‘PemeHnue YpoBeHb SBYKOBOro AasJienust L, (8 Ae-
nubesax) CBsS3aH C aMIJIUTYROH 3BYKOBOI'O nameﬂuﬂ p cOOT-
HOIEHHEM

=20 Ig;}’lo, (1)

e po — AMILTHTYJA 3BYKOBOTO JABJIEHUST IIPH HYJIEBOM YPOB-
He rpomkoctH. B cucreme CHU p,=2-10-2Tla. Tlo ycaosuio
,=40 aB. Ms (1) umeem lg(p/p)=2, otkyna p/p,=102 "
Tor;na HCKOMAs aMIINTYJa 3BYKOBOTO JAaBJEHHS p==p,: 10*=
=2.10"%.10% [Ta=2-10"° J]a.
ypOBEHb rpoMkoct L; (B donax) CBS3aH C HHTEHCHBHO-
CTbIO 3BYyKa COOTHOLIEHHEM

L= lOlg—[I—. @

o onpeueﬂeﬂmo ¢ona mpu L,=40 ab umeem L,=40 ¢ou.
Torna us (2) noayuaem 1g(//1,)=4, wiu 1/10-104 otciona
HHTeHCHBHOCTb 3ByKa / =/, 10¢=10"12. 10¢ Br/m2=10"¢ Br/m2.

§ 12. FapmoHHuyeckoe KoneGaTeNbHOE NBYIKEHHE W BOJHBI

YpapHenHe TapMOMHYECKOTO KOJEGATENLHOTO JBHIKEHHS HMeET BHJ
- 0 -
x=Asin (—T{-!t—l—(p) = A sin @nvi+ ) = 4 sin (0t +¢),

' Ilie X — CMellleHHe TOUKH OT TOJOMEHHs PABHOBECHS, pasHOe JUIA Pa3HLIX
MOMEHTOB BpeMeHH, A — amnunryna, T — repuon, ¢ — HayanbHas thaza,
v {Mu}=1/T — uacrora koseGanuit, ® [c—1]=2n/T — kpyrosas uacroTa.

CropocTe M YCKOpeHHe TOUYKH, cOBepilaiolleli KosebaHHe, OIpene-
JAATCA COOTHOLICHHAMH )

: dx 2n
V== A os( f+cp)
_dv__d%.

T
=~ - Asin (’T‘H"‘P)'

Cuuta, mnoj jeficTBHeM KOTODOH TOYKa MaccOd m coBepliaeT rapMOHH-
yeckoe KoJgeGaHHe,

4nm
7%

F=ma=—-1n—ﬂA 111 (——'t+ )_._.-— x=—Fkx,

rne k=4n?m/T%, 1.e. T=2n ¥V m/k. 3nech T — nepHon KoieGaHM# TOYKH,
coBepiuaiomest KoneGanus Tof neficrBHem cuamt F==—Fkx, rae k — xecr-
EOCTb, UHC/JGHHO paBHad Cwje, BHISBAIOWIEA CMelieHHe, PaBHOE ejHMHHUE,
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KHHeTHYeCcKAR W TNOTEHIHAaNbHAS 9HePTHH KozeOMIOIEHCR TOYKH
HMeIOT BHA

C mvd 2n2m 2r
Wy = 5 -'T:‘TT A? cos? (~T— t-l-(p),
kx?  2m®m In
Wn=-7—= e 1A2 gin® (—Ft—}—cp).

"TMonnas sueprus
2n2m
T
TTpHMepOM rapMOHHYeCKHX KoneGaTe/bHBIX ABHXEHHH MOTYT CIYKHTh

Manbie KoieGaHHA MasiTHHKa: IlepHox KoneGanuii MaTeMaTHUECKOTO Ma-
SATHHKA

W= A2,

T=2nV lig,

rxe ! -~ JJHHa MasATHHKa, g — YyckOpehHe cpOGOAHOTO NajeHHS.

Tlpu caoXeHHH JBYX OAMHAKOBO HANPaBJEHHbIX IapMOHHUECKHX KO-
neGaHHi OJMHAKOBOTO NepHOZA LOMYYaeTcsl TapMOHHYecKOe KoJeSaHHe
TOTO K€ NepHOia C &MIVIHTYJION

A=V AT Y AT 244, cos (@a—g1)
H ¢ HadauabHOH (a3ol, onperensieMoi H3 ypaBHeHHs

Aq sin @i+ A, sin @,
Ajcos @i~ A,cos g, *

tgq;:

rpe Ay H Ay — aMOJIHTYIH CcaaraeMeiX xoneﬁauuﬁ, @i H Qg — HX Havaldp~
ibe Qasml. )

IpH croXKeHHH JBYX B3aUMHEO NepHEHIUKYJASPHHIX KoneGauHl oju-
HaKOBOTO NepHOJAa ypaBHeHHe TPaeKTOPHH pe3YJLTHPYIOLEro ABHXKEHHS
¥IMEeT BHJ ‘ -

® v 2y
A? I _A—g__AlAz

Ecnu Ha marepHalbHYIO TOUKY Maccoll m, KpoMe ynpyroft cut F=
=—Fkx, nelicTBYyeT ‘ele CHAA TPeHHS F.rpz——rv, rre r — Kos¢p@QuiueHT
TPEHHST H U — CKOPOCTh KoJebaomeics TOUKH, TO KONeGaHHT TOUKH GYAYT
3aTyXalOlKUMH. YpaBHeHHe 3aTyXalomero KoeGaTe/bHOro ABHKEHHS HMeeT
BHJ ’ ’ .

‘ x=Ae~% gin (0t} ¢),

rie 8 [c—1] — KosdHunenT 3aryxanus. [Ipu s1oM 8=r/2m 1 0= Vﬁ)ﬁ—é’,
rle @, — Kpyropas uacToTa cobcTBeHHHWX KojeGamuit. Bemmunmna x=0T
HA3LIPaETCA JNOTapHPMHUYECKHM JEKPEMEHTOM 3aTyXaHHs. :

Ecau Ha MarepHajbLHYIO TONKY Maccoli m, KojeGaHHe KOTOpod faHO
B BHJE

cos (qiz —P1) = sin? (P — P1).

) x1=Ae'6' sin wgt,
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IefcTBYET BHEIIHAS nepuonuqécxaﬂ- cuna F=Fgsin @f, 1o KONeGaHHA TOYKH
GyAyT BuHYKACHHEIMH H ypaBHeHHe ee ABHIKEHHS MNPHMET BHJA

x3==A sin (0! +¢),
rae

_ ‘Fy ‘ tg = 26w
mV (o —o?)® 4527 ’ 0f—o?

PesonaHc HacTynaeT TOrAd, KOrJa 4HacTOTa BBIHYXKAEHHBIX KoneGaHH}
® CBA3aHa C YACTOTOH COGCTBEHHHIX KONeOaHHA Wy H ¢ KoshprIMeHTOM
saTyxanus O COOTHOLIEHHEM

W= Vm?, — 262,

Tlpu pacrnpocTpaHeHHH He3aTyxXalowux KoneGaHuii O CKOPOCTHIO ¢
BIO/Nb HEKOTOPOrO HaNpaBJIeHHsl, Ha3bIBAEMOTO JIYUOM, CMeleHHe 6o
TOUKH, JIeXKalell Ha Jiydye ¥ OTCTOsLIeH OT MCTOYHHKA KoJeOaRMH Ha pac-
cToAnud [, JaeTcs ypaBHEHHeM

2n 2l

x=Asin| = ——=
(F+=7)
e A — aMOJIHTYRE KOJeGJIOUHXCA TOYeK, A — AMAHHA BOAHH. [IpH
groM A=cT. [IBe TOUKH, NeXailHe Ha Ay4Ye Ha PACCTOAHHAX [y W [y OT Hc-

TOUHMKA KOJAeGaHM#, HMEOT palHocTe (a3
l I,—Iy
@2—¢1=2ﬂ'T-

-,

[Ipn uHTepdepeHliHE BONH MaKCHMyM H MUHUMYM aMIARTYAR DOy~
YAKOTCH COOTBETCTBEHHO NPH YCIOBHAX

h—f=2m% (n=0,1, 2 ...), .

h—hi=@tDE  @=01,2 ...
3pecy’ Iy—Ili — pastocts X0l ayued.

12.1. Hanucath ypaBHeHHe T'apMOHHYECKOTO KoJe6aTelb-
HOrO ABHXKEHHS C aMmniautynofi A==>5 cM, ecsii 3a Bpemsa f==
=1 mun cosepinaercst 150 koneGanuii U HayadbHAsA ¢aza KO-
nebanpuil ¢=n/4. Haueptute rpaduk 3TOro ABHXKEHHS.

12.2. Hanucarb ypaBHeHHE TIapMOHHYECKOr0 KoJeGaresihb-
HOTO JBUMKEHHS C ammautyaoid A=0,1 M, mepuogom T=4 c u
HayaAbHOH (asoi ¢=0. _

12.3. Hanucarb ypaBHeHue rapMOHHYECKOTO KoseBaTeNn-
HOro I.IBH)KEHHH c ammautypodt A=50 mm, nepuogom T=4 c.
M HauasibHOU (asoft ¢p=n/4. Halitn cMemenne x KoJIe6 Mol eli-
Csl TOYKH OT MOJIOXKeHHs paBHoBecHs mpu (=0 u (=1, 5 c.
Hauepturs rpaduk’ 3TOr0 ABHMKEHHS, .
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12.4. Hanucatb ypaBHEHHE TdpMOHMYECKOTO KoJebarelsib-
HOTO ABHXEHHA ¢ aMnJIuTyaoi A=5 cM u TIepHOJOM T=8 c,
eclH HavajdbHas (pasa ¢ KoseGanui pasHa: a) 0; 6) n/2
B) m; r) 3n/2; n) 2n. Hawepruts rpaduk storo ABHXEHHA BO
. Bcex cayuvasx. ’

12.5. HauepTuTb Ha OJHOM rpadHke JBa rapMOHHYECKHX
KoJIeGaHHA € OJMHAKOBBIMH  aMIIMTYAaMH A,;=A,=2 cM u
OLMHAKOBLIMH nepuoaamu T,=T,=8 ¢, HO uMeloWMMH pa3-
HOCTh (a3 ¢,—,, paBHylo: a) n/4; 6) n/2 B) @; r) 2.

12.6. Uepe3 kaxkoe BpeMsi OT HauaJsa JABMXKEHHS TOYKa, CO-
Beplualoas rapMOHHYecKOe KoseOaHHe, CMECTHTCH OT I10JIO-
KEHHS DaBHOBECHS HA NOJIOBHHY amIvIuTyabi? Tlepuon xose-
Ganuii  T=24 ¢, HauanbHas ¢asa ¢=0.

12.7. Haqa.nbﬂaﬂ ¢asa rapmonuueckoro konebanua ¢=0.
Uepes KaKylo A0JIO NnepHoia CKOPOCTh TOYKH 6yzeT paBHa
NOJNOBHHE €6 MAaKCHMaJIbHOH CKOPOCTH?

12.8. Uepe3 kakoe BpeMsl OT Hauana JABHKEHHS TOUYKa,
cOBepmammaﬂ KoJsiebareJbHOe JBIXKEHHE N0 YpaBHEHHIO

7sm !, MPOXOAWT NMYTb OT IOJIOXKEHUS PABHOBECHS A0

MaKCHMaJ'IbHOFO CMeIleHHA?

12.9. Amnnuryaa rapMeHHuECKoro KoneGanns A 5 oM,
nepuosd T=4 c. HalTu MaKcHManbHYIO CKOPOCTb Uy,, KO-
JebJollelcss TOYKH H ee MAKCHMAaJbHOE YCKOPEHHE Q.-

-12.10.  YpapneHHe JBHEHHS TOYKH JaHO B BHAE

x=2sin (% t +%) cM. Haiitn nepuon konebauuii 7T, MaKCH-

MaJbHYI0 CKOPOCTb Up,x H MAKCHMANbHOE YCKOPEHHE ..,
TOYKH.
12.11. VYpaBHenve JBWKEHMS TOUKH JaHO B BHJE

. Lo o
x=sinxt. HaliTh MOMeHTbI BpeMeHH 7, B KOTOphIE JNOCTH-

TaioTcs MaKCHMalbHasd CKOPOCTh M MaKCHMalbHOE YCKO-
peHue.

12,12, TOlIKa cOBepllaeT TapMoHMdeckoe koJjebaHue. [le-
puoj konebanuil T=2 ¢, amnauryga A=>50 MM, HavajbHas
¢aza ¢=0. HaliT CKOPOCTb U TOUKH B MOMEHT BpPEMEHH, KOrjJa
CMeUIeHHEe TOYKH OT 1I0JIOKEHUS] PaBHOBECHS X=25 MM.

12.13. Hanucatb ypaBHeHHe rapMOHHYECKOTO KojebaTesb-
HOTO JABHXKEHHSA, €CIH MAKCHMAJIbHOE YCKOPEHHE TOUKH Q=
=49,3 cM/c?, nepuoj KoseGaHHiH T'=2 C H CMelieHHE TOYKH
oT nonomeuuﬂ paBHOBECHS B HayaJbHBIH MOMEHT BpéMeHH
Xo=25 MM." : ,

12.14. Hauasbnas (basa rapMOHHYECKOro KojeGanus ¢=0.
[lpn cmelenun TOUKM OT NOJIOXKEHMs paBHOBecHAl X;=2,4 cM
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CKOPOCTb TOYKH ;=3 cM/c, a fpu CMEIleHHH Xx,=2,8 M
ee CKOpOCTb Uy=2 CM/C Haitri aMnnmyny A u nepuon T storo
KoseOanus.

12.15. YpaBHeHHe Koneﬁamm MaTepHa/JbHOH TOUKH Mac-

colt m=16r umeer Bux x=0,1sin (%H—%—) M. TTocTpoHTS

rpacuK 3aBHCHMOCTH OT BpeMeHH f (B mpelenax OJHOrO MepHo-
Aa) cuael F, nedffictByiouiell Ha Touky. HalTH MakcuManbHYtO
cuny Fax.

12.16. ¥YpaBHeHue kojeGaHHi MaTepHAJIbHOH TOYKH Mac-

o . T 14 o
coit m=10r HMeeT BHUJ x=55m (——t-|——> cM. Hafitu mak-

cumaneHyo cuay F,,, AEHCTBYIOILYy0 Ha Toqu, H MOJIHYIO
snepruro W kosebmmomteficss TOUKH, ,
12.17, ¥YpaBHenHe KoJeGaHusd MaTepHaabHQH TO4KH Mac-

coli' m=16 r umeer Bhj Xx=2sin (%H——}) cM. IlocTpouts

rpadux 3aBHCHMOCTH OT BpeMEHH [ (B NpejesiaX OLHOTO NePHO-
na) KuHerHuecko# . W, norennuanbuoit W u noanost W snep-
THH TOUKH.

12.18. HaliTu OTHOWeHHe KHHETHYeCKOH sHepruu W, Tou-
KH, COBepLIAIIeH TIapMOHHYECKOe KoseGanue, K ee IOTeH-
nuanbHOl sHepruu W, A MOMeHTOB Bpémenu: a) t=T/12;
6) t=T/8; B) t= T/6. Hauanbuas tdasa xonebauud =

12.19. HafiTu orHomeHHe KHHeTHuecKoH sHepruun W, Tou-
KM, COBepiHawlledl rapMOHHUeCKOe Koje(aHHe, K e€e IOTeH-
nuanbHol sHepruu W, AJs1 MOMEHTOB, KOr/ia CMellleHHe TOYKH
OT NOJIOXKEHHS paBHOBeCHs cocTaBiseT: a) x=A/4; 6) x=A/2;
B) x=A, rie A — amnnuryia xoJjeGaHui.

12.20. Tlonnas sHeprus Tesaa, COBEPUIAIOIIErO FapMOHHYeC-
Koe KoJiefaTesbHOe jBHxeHHe, W=30 Mk/IK; MakcHMaJbHas
cuJa, AedcTByromas Ha rteno, F,,=1,6 mH. Hanucarp ypas-
HeHHe JBHIKEHHUS 3TOro Tesla, ec/i Nnepuoj KoseGanud T=2 c
v HauanbHasi dasa @=mn/3.

12.21. AMniuTyaa rapMOHHYECKHX KosaeSaHHH marepHaslb-
Hol Touku A =2 cM, nosHas sHeprus konebanuit W=0,3 Mx/Ix.
[1pu xaxkoM cMellieHUH X OT NOJIOXKEHHS! pAaBHOBECHS Ha K@Jeb-
JIOLLYIOCS TOUKY AeficTByer cuna F=22,5 mxH?

12.22, [Hapuk, noABeleHHbIH HA HUTH, AJMHOH [=2 M,
OTKJIOHSIIOT Ha yros o.=4° 4 HaGaofaT ero KonaeGauus. [To-
Jarasi KoJe(aHHs He3aTyXalolUMH TIapMOHHYECKHMH, HaHTH
CKOpPOCThb IIapHKa NpPH TPOXOKAEHHH HM IIOJOMKEHHS pPaBHO-
BecHsi, [IpoBepuTh nosMyueHHoe pelleHHe, HAHAS CKOPOCTH Lias
pHKa mpH OPOXOXKAEHHH HM NOJIOXKEHHS DaBHOBECHS M3 ypaB-
HeHHH MeXaHHKH.
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12.23. K npyxune nousemen rpy3 maccod m=10 Kr.
3Hasl, YTO NpPYKHHA NOA BJusiHHMeM cHabl F=9,8 H pacrars-
_Baercst Ha [=1,5 cM, HaliTh nepHon 7 BePTHKaJBHHX KoJseba-
HHH rpysa. . _

12.24. K npyxwuHe nojiBeuiexn rpy3. MaxcumalbHas KHHe-
THYeCKas 3Heprus kKoaeGanuil rpysa W, ,..=1 JLxk. Amnau-
Tyaa KoneGanuii A=>5 cM. HallTy »ecTKocTb k& NpPYKHHEL

12,25. Kak u3MeHHUTCS NepHOJ BEPTHKANBHHX KoJieGaHHH
rpysa, BHCSIIEro Ha ABYX OJHHAKOBBIX TNPYXKHHAX, €CJH OT
NOCJIeI0BATeILHOrO - COeIMHEHUs] TPYKHH NepeliTH K mnapaln-
JIeIbHOMY HX CO€IHHEHHIO?

"12.26. MeaHufl mapHK, MOJBEIUEHHEIH K IPYXKHHE, COBep-
l1aeT BepTHKaJNbHEEe KoJeGaHus. Kak H3MeHHTCS NepHOI KO-
J1eGaHui, eCJIH K TIPYXKHHE MOJBECHTh BMECTO MEJHOr0 I1apHKa
aJlOMHHHUEBHIH TAaKOro e pajuyca?

12.27. K npyxuHe TOJBellleHa WalllKa BECOB € THPSIMH.
ITpu sToM nepuon BepTHkanbHbix Kosebanuit 7:=0,5 c. Iloc-
Jie TOTO KaK Ha YalllKy BECOB MOJIOXHJH ellle 106aBOYHbIe THPH,
NepHOJ BepPTHKaNbHEIX KoJebGaHuit cran paBHbIM T,=0,6 c.
Ha ckonbkO yasMHHHJIACE TIPY2KHHA OT NPHGABJIEHHsI 3TOTo J0-
6aBouyHOro rpysa?

12.28. K pesunoBomy wnypy ajanHo# /=40 cM H paguycom
r=1 MM noxasemena rupsi Maccot m=0,5 kr. 3Has, uTO MO-
Ayub YOHra pesunnl £=3 MH/M?, naittu nepuon T BepTHKaIb-
HBIX KOJIeGaHHH FHpH. ¥ K a3 a H H e. YUecTb, UTO JKECTKOCTh
Rk pesuHbr cBsizaHa ¢ MoAyJsaeM IOHra E cooTHOlleHHeM k==
=S8E/l, rae S — mionajb NONEPEYHOrO CEUEHHs Pe3uHnl, [ —
ee JJIMHA,

12.29 *). Apeomerp maccoii m=0,2 Kr njaBaer B XHJKO-
ctu. Eciiu NMOrpysHTh €ro HEMHOTO B JKHIKOCTh H OTNYCTHTB,
TO OH HAayHeT cOBepillaTb KoJsieOaHHA C T1epHOJIOM T=3,4c.
Cuutasi KoseGaHHs He3aTyXalollMMH, HAaHUTH NJIOTHOCTb XKHA-
KOCTH p, B KOTOpOH NJaBaeT apeoMmeTp. Jlnamerp BepTHKalb-
HOH HMJIMHJPHUYECKOH TPYOKH apeoMeTpa d==1 cM.

12.30. Hanucare ypaBHeHHe JBHKE€HHs, MNOJYYalOHlErocs
B pesyJibTaTe CJOXKEHHS ABYX OJMHAKOBO HANPABJIEHHBIX rap-
MOHHYECKHX KoJjebaTeJbHhIX. Kojle6aHHH ¢ OJHHAKOBBIM NEepHO-
JoM T=8 c u oauHakoBo# amnuntryiolt A=0,02 M. PasHoctb
(a3 Mexay 3THMH KosieGaHHSAMH @,—@;=n/4. Haga/bHas da- -
33 OfHOTO M3 3THX KoJiebaHHH paBHa HYJIO.

12.31. Haiitu amnnutyay A u Hasaabhylo ¢asy ¢ rap-
MOHHYECKOro KoJeGaHus, MNOJYYeHHOTO OT CJIOXKEHHS OJH-

*) Banaqu Ha ympyrHe CHJIbL H Ha Maremamqecrmi H ¢H3nyeckult
MaATHHKH CM. TaKXe B 2838 L, -
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HAKOBO ~HANPAB/IEHHBIX ‘koneBanuil;  RaHHHX - ’ypamtenmuﬂ
xi——O 02sin(3ni+4+m/2) M B x,= 0,03 sin (55t +1/4) M

12.32. B pesyabrare clOXEHHS ABYX OAHHAKOBO Hanpas-
JICHHBIX TapMOHHYCCKHX KOJIeOaHHH ¢ OJHHAKOBBIMH aMIVIHTY-
JaMH H OJHHAKOBBIMHM lIeDHOJaMR MONYH3eTCA pe3yabTHPYIO-
uiee - KoJsefaHHe C TeM e NMePHOAOM H TOH e aMIIHTYIOH.
Haiitu pashocth a3 @,—@; CKJIaiblBaeMeIX KoJeOaHHH,

12.33. Haiitn amnautyny A 1 HayaabHyR ¢asy ¢ rapMOHH-
geckoro KosaeGaHHs, MOJYYEHHOTO OT CJOXKEHHS OAHHAaKOBO
HalpaBJeHHbIX KoJeGaHHH, NaHHBIX YPaBHEHHAMH Xx;=4 sinn¢
CM H X,=3 sin (ni+n/2) cm. Hanncate ypaBHeHHE Pe3YJbLTH-
pyioiero koaeGaHuA. JHaTb BOKTOPHYIO AHarpammy CJIOxKe-
HHSl aMITHTYA.

12.34. Ha puc. 61 pau cnekTp pe3yJbTHDYIOLLEro KoJueba-
Hus. Ilonb3ysach HAHHBIMH 3TOIO PHCYHKA, HamucaTtb ypas-

HeHHs1 KoJebaHHH, H3 KOTOPHIX

Am : COCTaBJIEHO  pe3YJbTHPYIOLlee
KoseGanue. Hauepruth rpaduk
3THX KoJebauui. Ilpunars,
yrto B MoMeHT {=0 pasHoctb
001 ——~— ¢a3s Mexay 5THMH KoJebGaHus-

MH @3—¢@;=0. HauepTuts rpa-

b L GHK - pesyJIbTHPYIOUETo  KoJle-
0 g2 o4 85 08 0~ souug y Py

Puc. 61. , 12.35. YpaBueuus AByx rap-

MOHHYEeCKHX KOJeGaHHH HMeoT

BHJI x1—3 sin4ntcuu xg=6 sin 10 nf cm. Tloctpours rpaduk

a1ux . Kosebanni. CJOKHB rpadbHYeCKH 3TH KOMeGaHMS, M10-

CTpOMTb IpadHK pe3yJbTHpYiomero KogeGanus. HauepTuts
CHEKTP Pe3yJbTHPYIOUIETO KoJieGaHHH.

12.36. YpaBHenue KoneGanuii uMeeT BuA x=A sin 2nv,/,
npuueM aMnnTyia A H3MeHseTcs cO BpEMEHEM MO 3aKOHY
A=A, (14-cos 2nvsf). M3 Kakux rapMoHH4YeCKUX KOJeGaHHit
cocTouT KoJebGanue? IlocTpoutb rpaduk caaraeMslx M pe-
3yJpTHpYyIOWero kogebanuit gag A,=4 cm, v;=2 I'u, v,=
=] I'u. HauepTutp ceKkTp pesysabTHpYyOULEro KoiebaHus.

12.37. Hanxcarb ypaBHenne pe3yJIbTHPYIOIErO KosieGaHus,
NOJyYalOerocsl B pesyibTare CIOXeHHS XBYX B3aHMHO mep-
NEeHINKYJISAPHBIX KONeGanuii ¢ OJMHAKOBOH YacTOTOH vy=V,=
=5 I't U ¢ ONHHAKOBOH HayaJbHON (asoht ¢;=@,=m/3, Amnau-
TYZAbL - Koslebauu# pasubl A,=0,10 M 1 A,=0,06 M.

12.38. Touka ydacTsyer B ABYX KOJeGaHHSIX OZHHAKOBOrO
TEePHOa C OXHHAKOBHIMH HayasbHbIMM (has3amH. AMIVIHTYHBL
KoneGanuil pasubl A;=3 cM 1 A,=4 cM. Haliru amnanryny
A pesyJIbTHPYIOIEro KojsebanHd, ec/H KoaeGaHus COBEPIIAIT-
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Cfi:.8).B ORHOM HanpapJeruu; 6) B. IBYX Bsammo nepnen,muxy»
~.rmpmauc HanpasJieHHSX. -

- 12,39. Touka yuacTByer B ABYX B3aHMHO nepneﬂzmxy.nﬂp-
HbIX KoJleGauuax x=2 sinwt M H- y=2 cos of M. Haiirn
TPAEKTOPHIO PE3YAbTHPYIOIErO - ABHKEHHS TOUKH.

12.40. Touka yuacTsyer B ABYX B3aHMHO nepneﬂnm(y.rmp-

HBIX KOJMEeGaHHSX X=COSTl H y= cos—~t. Haiitu tpaekro-

pmo pe3yJbTHPYIOULErO ABHKEHHA TOUKH.

12.41. Touka y4acTByeT B ABYX B3aHMHO nepneﬂﬂuxynﬁp-
HBIX KoJeGaHusix x=sinsnt u y=2 sin (né-+n/2). Hafith Tpaek-
TOPHIO pe3YJbTHDPYIOLIErO JBHKEHHA TOUKH H HAUYEPTHTH ee
¢ HaneceHHeM Mmacmitaba. :

12.42. Touka yyacTByeT B [BYX B3aHMHO [ePHeHAUKYIAp-
HBIX KoseGaHuAX x=sinnf u y=4sin (nf+n). Halith Tpaek-
TOPHIO Pe3yJILTHPYIOLIEro ABHKEHHS TOUKH H Ha'-lepTHTb ee
¢ HaHeceHHeM MacluTafa.

12.43. Ilepuop saryxawolrux xonaebanuil T=4 c; .norapmp
MHYECKHH JleKpeMeHT 3arTyXxaHusa ®=1,6; Haua/bHas ¢asa ==
=0. [pn ¢t=T/4 cMelleHne TOYKH x= 4 5 cM. Hamucarp ypas-
HEeHHe IBHKEHHS 3TOro KoJeGaHHA. HOCTpOHTb rpacbux 3TOFO
KoseGaHus B npefesiax ABYX . IepHOXOB.

12.44. Tloctpours rpaduk. 3aTyxaloLuero Ko.neﬁaanﬂ JaH-

HOTO YPaBHEHHeM X = e~ %1f5in T 2t m.

- 12.45. YpaBHenue 3aTyxa}omux KoneGanufi AaHO B Bml,e
x= 5e"° “‘sm—t M. Hairu CKOpOCTb v Kone6momeuc51 TOUKH

B MOMEHTHI BpeMeHH {, paBHbie: 0, T 2T, 3T u 4T.

12.46. .HorapmpMqucxuu JeKpeMeHT - 3aTYXaHUsA MaTeMa-
THYeCcKOro MasaTHHKa x={(,2. BO CKO/JbKO pa3 yMeHBIUHTCH
aMIJIITY]a KoJieOaHuH 32 ORHO NOJHOE KoseGauKe: MasTHHKA?

12.47. Haiith norapuMuUecKHi - IeKPEMEHT 3aTyXaHds X
MaTeMaTHYeCKOrO MadTHHKA, eC/H 3a BpeMs f=1 MHH aMOJHA-
TyJa KoJeGaHHH ymeHbmMJach B 2 pasa. JlJuHa MafTHHKa
=1 M.

12.48. MaTeMaTqucx{Hu MasITHHK JHHOH [=24,7 eM co-
BepiliaeT 3aTyxaloline Kosebanusi. Uepes Kakoe Bpemsi { sHep-
rus KojeGaHHil MasfTHHKa yMeHbwutcs: B 9,4 pasa? 3apmauy
PEWHTy NPH 3HAYeHHH JOorapH(GMHYIECKOro AeKpeMeHTa 3aTy-
xauus: a) x=0,01; 6) x=1L.

-12.49. MaTemaTuqecxun ‘MAassTHHK cosepmaeT 3aryxarwomue
Kosebanus ‘¢ JOFapUdMHUECKHM JeKDEMEHTOM: 3aTYXaHHsA X ==
=0,2. Bo.CKONbLKO- Pa3 yMeHbIIHTCA TOJIHOE YCKOPeHHe: MastT-
HHKa: B €ro KpadHeM NOMOKEHHHM 32 OQHO KojeGanue? ’

185



12.50. Aunnmyna 3aTyXaloluX KojeGaHH# MaTeMaTHue-
CKOro* MasTHHKa 3a BpeMsl f=1] ‘MHH yMeHbIIHJACL BABOE.
‘Bo_ cKOMbKO pa3 - yMeHbHIHTCA aunnn'ryzxa sa_ Bpems
t=3 mMun? )

12.51. MareMaTHuecKMA MafTHMK JAAMHOH [= 05 M, B
BefleHHBIl M3 [HO/I0XKeHHS| PAaBHOBECHSA, OTKJIOHHJICHA TNpDH Inep-
BOM KoJsie0aHHH Ha X;==D CM, a npH BTOPOM (B Ty XXe CTOPO-
HY) — Ha X,=4 cM. HaiiTu BpeMs penakcanud f, T. e. BpeMs,
B TeyeHHe KOTOPOro aMIHTYJAA ‘KoJieOaHHH YMEHBIIHTCH B €
pas, Ille e — OCHOBaHHe HAaTypPaJibHHIX JIOrapHQMOB. ‘

12.52. K BepTHKa/nbHO BHCSHIlleH NPYyXHHE HOABEMIMBAIOT
rpys. Ilpu atoMm npyxkmua yuiuHsiercs Ha Al=9,8 cm. Orrs-
rHBas 3TOT IPY3 BHH3 H OTIIYcKas ero, 3acTaBJsiOT I'PY3 CO-
Bepluiathk KoneGanus. Kakum JoJkeH ObITh KO3QHLUHEHT 3aTy-
XaHHA 0, 4yrobbi: a) KosebaHMs NPEKPATUJIHCh Yepe3 BpeMs
t=10 ¢ (C‘IPITaTb YCJIOBHO, 4TO KOJe6aHHs NPEeKPaTHIIHCD, eclH
UX aMILIHTyZAa yrazia jgo 1% or HauaabHOR); 6) rpys Bo3Bpa-
HIaJCst B MOJOXKEHHEe PaBHOBECHsI aHePHOAHYECKH; B) Jora-
quJMqucxm"x JeKPeMeHT 3aTyXaHHs KoJeGaHuli Gbll DAaBHEIM
n=6?

12.53. Teso macco#t m==10 r COBepmaeT 3aTyXxaioliue Ko-
sebaHHsl ¢ MaKCHMaJbHOM aMIJIATYHoH A,.,=7 cM, Havuajb-
HOl (asolt =0 n xoaqxpnuHeHTOM 3aTyXaHHs 5=1 b ¢,
Ha 3710 Teslo Hauala feHcTBOBAaTh BHeIUHsA TNePHOAHYecKas
cuna F, non JeficTBUEM KOTOPOH YCTaHOBHMJIMCH BHIHYXKIeHHEIE
Koule6anHs, YpaBHeHUe BBHIHYXKJACHHBIX KOJeOaHHA HMeeT BHA
x=5 sin (10n#—3n/4) cM. Haiiti (c uHcioBHIMH KOpdHULHEH-
TaMH) ypaBHeHHe cOGCTBeHHHIX KOJeOaHHH M ypaBHeHHe BHell-
Hejfl NepHOJUYECKOH CHJIBL.

12.54. I'mpsa Maccofi m=0,2 kr, BHcsAllafA Ha BepTHKaJb- -
HOM NpYyKUHE, COBEpLIaeT 3aTyXaloumie Koje6aHHs ¢ KOxppu-
uMeHToM 3aryxauus 0=0,75 ¢~ )KeCTKOCTb NPYXKHHH k==
=0,5 kH/m. HauepTuts 3aBHCHMOCTb aMIBIUTY B! A - BHIHY K JleH-
HBIX KoJeGaHHH THPBKH QT YacTOTH  BHEIUHeH NepHORHEEeCKOR
CHJIBI, eCJIM H3BeCTHO, UTO MaKCHMaJjibHOe 3HaueHHe BHemIHeH
cuanbl Fy=0,98 H. [lns mocTpoenus rpagHka HafiTH 3HadeHHe
A paa ugacror: 0=0, ©=0,5 0, ©=0,750, 0=0, o=
=100, H w—~2ma, rie o¢— YacToTa CO6CTBeHHHX Kosiebauni
NoJBeIIeHHOH THPH. -

12.55. [lo rpynToBO#i mopore npoiles TPAaKTOP, OCTaBHB
caenl B BHIe pajga yriayOseHud, Haxo[AAIMXCS HA paccros-
HiH [=30 cM zpyr or gpyra. Ilo saToii Aopore NOKaTHJM JeT-
‘CKYI0 KOJISICKY, HMEIOHYIO JiBe ORHHaKOBLie PecCopH, Kaxkias
M3 KOTOPHX-HpOrubaercA Ha X,=2 M ROj AeHCTBHEM TpYy3a
Maccolf me=1 Kr. C KaKoi CKOPOCTBIO v KaTHAH KOMfACKY, €ClAH:
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' OT TONYKOB Ha YIYyG/eHHAX OHa, MONaB B pe3cHaHC, Hagala

CHJIBHO packaudBaTbefl? Macca Konsickw M=10 xr. *

. 12.56. Haiits pausy BosHBL A KosleGaHHS, AepPHOZ, KOTOPO-
ro T=10"1 ¢, CKOpOCTb paCHpochaHeHHﬂ KonebaHUil C==
=3-10% mfc. '

12.57. 3BykoBble KosnebGaHuaA, UMetonle 9acTory v=>500 I‘u

M amnantyay A=0,25 MM, paclIpOCTPaHAIOTCA B BO3AyXe.
JlzinHa BosiHBL A=70 cM. Hanm CKOPOCTb ¢ PacnpoCTpaHeHHs
ko/sie6aHU H MaKCHMAJbHYIO CKOPOCTB Up,, YacTHI, BO3AyXa.

12.58, YpaBHelme HE3aTyXaIoWMX KoJeOanuid uMeeT BHJA

x=10 sin >t cm. Hatitn ypaBHEHHE BOJHbBI, €CJIH CKOPOCTb

pacnpOCTpaHeHnﬂ koneGanuit ¢=300 m/c. Hanucatb u H306-
pasHTh rpapuueckH ypaBHeHHe KoJeGaHHA Ji9 TOUKH, OTCTOf-
el Ha paccrosHuu [=600 M oT McTOUHHKa KosebGanuii. Ha-
nHcaTk H H300pasuTb rpadHyuecKH ypaBHeHHe KohebaHHs AJis
TOUeK BOJHEI B MOMEHT BPeMeHH =14 c nocje Havajga KoJseba-
HHH, .

- 12.59. YpapHeHHe BHe3aryxawoUlHxX KoJjebGaHuii uMeer BHJ
x=4 sin 600 n¢ cM. Halith cMelllende x OT NOJIOXEHHs PaBHO-
BecHS TOUKH, Haxofsllefcss HA PacCTOAHUH /=75 cM OT HCTOU-
HHKa KoJebaHufl, nas MoMeHTa BpeMeHH f=0,01 ¢ nocse Ha-
yajia Koneb6anuii. CKOpoCThb pacnpocTpaHeHHs: KosebaHuil c=
=300 M/c.

12.60. YpaBHenHe He3aTyXalOWMX KoseOaHH MMeeT BHA
x=sin 2,5nt¢ cM. HaliTH cMellleHHe X OT MO/OXEHHsI paBHOBe-
cHsl, CKOPOCTb ¥ M YCKOpeHHe a TOUKH, Haxojsuelicss Ha pac-
cTostHUH [=20 M OT HCTOYHHKA KoJlebaHHH, J/1 MOMEHTa Bpe-
MeHH f=1 c noc/e Hadajna KosieGaHHHl. CKOPOCTb pacnpocTtpa-
venus xoneGanu#t c=100 m/c.

12.61. Haiitu pasHocts $a3 A@ KonebaHMH JBYX TOUEK,
OTCTOAILIMX OT MCTOUHHKA KosieGaHHH Ha PacCTOAHHAX [;==
=10 M 1 [,=16 M. Ilepuog KoJeGanuit T=0,04 c¢; cKopocTb

-pacnpocTpaHeHHs1 ¢=300 M/c.
12.62. Haiitu pasHocts $a3 A¢ KoneGanui IBYX TOUYEK,
JIEKAUUX Ha JydYe U OTCTOSILHX HAa PacCTOsHUH [=2 M Apyr
OT. Ipyra, ecJH JUIHHA BOJHRI A=1 M.

12.63. Haftu cMelneHne ¥ OT MOJIOXKEHUA paBHOBecm{ TOY-
KH, OTCTOALIeH OT HCTOUHHKA KoseGaHMH Ha PacCTOSHMH [=
—=4/12, Z/1S MOMEHTA BPeMeHH (= T/6 Amnauryna KoneGanuit
A=0, 05 M.

12 64. CMellleHHe OT INOJOMXKEHHSA paBHOBeCHS Toqu oT-
CcTosilledl OT HCTOYHHKA KosieGaHHA™ HAa DacCTOSHHH [= 4 M,
B MOMEHT BpeMeHH #=7/6 paBHO NOJIOBHHE aMIHHTY L. Haiiru
JLNMHY A 6erymeﬁ BOJIHBL, -



'12.65. Haitty nomoxenue yanoB ¥ Ny4HOCTeR M Hauep-
THTb TPaUK CTOSYEH BOJIHEI, eC/H: a) OTpakeHHe IPOHCXOAHT
OT MeHee NJIOTHOH cpeibl; 6) OTpaXKeHHe NPOHCXOAMT OT Godee
njoTHoR cpeabl. JaHna Geryinei BOJHH A=12 cMm. ‘

12.66. Haiitn nnuny BomHBI A KoseGaHHH, ecqM paccTos-
HHe MeXAY NepBOH M 4eTBepTON NYYHOCTAMH CTOA4YeH BOJNHH
=15 cm.

- § 13. Axycruka i ;
CkopocTe pacnmpocTpaHeHHST aKyCTHUeCKHX KoJe0aHHH B HEKOTOpOH -
cpefie onpeaensierca dopmyanoi - N

¢=V Elp,
rje E — monyas IOHra cpeasl, p — MAOTHOCTS CPEALL,
B rasax CKOpPOCTb pacnpOCTDpaHeHHs

c=V »RT/g,

rje J — MoJsipHas Macca rasa, T — TepPMOJHMRaMHuyecKas TeMrepaTypa -
rasa, R — rasopas mnocrosnHasi, ®=C,/Cy (C, — TemnoeMKocTs rasa
NpH DOCTOSHHOM JaBJeHHR H Cy— TelIOEMKOCTh I'a3a IIPH NOCTOSHHOM
obbeme).

YpoBeHb 3BYKOBOTO JaBinetus L, (B flenu6enax) cpasan ¢ aMIVIHTYOH
SBYKOBOTO JaBJICHHH P COOTHOLICHHEM

p
L,=201g —,
r gPo

e pp — AMIUIHTYJa 3BYKOBOTO JABJEHHS NPH HYJEBOM YPOBHE IDOMKO-
cTH. YpoBenb rpomkoctH L; (B ¢oHax) cBA3aH ¢ HHTEHCHBHOCTBIO 3BYKa_
COOTHOIIEHHEM '

N L1=10 lgf;—,
0

rie Jo — Nopor CALIIKMOCTH- (HYJNeBOH ypOBeHb TPOMKOCTHY 3BYKa. Yc-
JIOBHO NpRHEMaercs, uro [y==10-2? Br/M? u p=2-10-° [la.

Mo npunumuny [omnepa™ yacToTa 3BYKa, BOCTPHHHMAeMas HaGaiofa-
TesieM, Onpefeaserca $opMynoH

y_tv v,

‘ . c—lu .
Tfie Vv — YaCTOTa SBYKa, NOCHJIaeMas WCTOYHHKOM 3BYKa, 4 — CKOPOCTh
JABVIKEHMS HMCTOYHHKA SBYKa, U -— CKOPOCTb JBHKeHMs HaGJiofiaTens, ¢ —
CKOPOCTL pacnpocTpaneHHs 3ssyka. Ckopocts v>0, ecam HaGiiopareib
JIBHXETCS NO- HANPABJAEHHI0O K HCTOYHHKY 3BYKa; CKOpocTh u>0, eciH
HCTOYHMK SBYKa JABHXeTCS K Habiloftareno. :

YacTora OCHOBHOTO TOHa CTPYHH Onpenensercs dopmysiof

g Y= ¥ o5



rae | — pauda c-rpyﬂu, F— cl-ma ee HaTXeHud, S — mlomam. ee nmo-
nepetmoro ceqem-m, p— HJIOTHOCTB MaTepHaJla cpe,uu

13.1. Hafirn A.rmny BOJIHI:! A OCHOBHOrO TOHa a1 (qaCToTa
v=435 T'm). CkopocTs pacnpOCTpaHeHHﬂ 3ByKa B BO3Zyxe
¢==340 w/c. .
13.2. YenoBeyeckoe yXO MOXeT BOCIpHHHMATD 3ByKH yac-
TOTOH NpH6/IH3HTEpHO OT vi=20 'l 10 v,=20 000 I'u. Mex-
Ay KaKHMH JJIHHAMH BOJIH JIEXKHT HHTEPBaJ CJBILHMOCTH 3BY-
KOBBIX Kojebauui? CKOpoCTb pacTipoCTpakieHus 3ByXa B BO3-
nyxe ¢=340 w/c.

13.3. Hatitu ckopocTh ¢ paCHpOCTpaHeHHﬁ 3BYKa B CTaJIH;

13.4. HaliTH cKOpoCTb ¢ pacnpocTpaHeHHS 3BYKa B MeJH.

13.5. CxopocTb pacnpocTpaHeHHs 3ByKa B KePOCHHe C==
=1330 ™/c, Hafith ckuMaeMocTb [} KepocHHa,

13.6. IIpu nomowiu 3xos0Ta H3MepsAaach Iay6HHa Mops.
Kakosa 6blna riyGHHa MOpsi, ec/IH IPOMEKYTOK BPEMEHH Mex-
Ay BO3HHKHOBEHHEM 3BYKa H €ro NPHEMOM -0Ka3aJjiCsi PaBHbIM
{==2,5 ¢? CxuMaeMocTs BoAn! P=4,6-10"1 [Ia~1, H.HOTHOCTb
Mopckolt Boawl p=1,03-10% kr/m>.

13.7. HafiTH CKOpPOCTb ¢ PacnpOCTpaHEHHSI 3ByKa B BO3-
JyXe TIpH TeMmnepatypax {, paBHmix: —20, 0 u 20°C,

13.8. Bo ckoabko pas CKOPOCTb ¢; PaCHPOCTPaHeHHs! 3ByKa
B BO3JlyXe JeroM ((=27 °C) 6oJbltle CKOPOCTH €y pacmpocTpa-
HeHHsSl 3BYKa 3HMof (f=-—33°C)?

13.9. 3Has, yTo cpelHsa KBaApaTHYHAs CKOPOCTb MOJIEKYJ
JIBY XaTOMHOT'O I'a3a B YCJI0BHAX onbita v=461 m/c, HaliTH cKo-
POCTb ¢ pacnpocTpaHeHHsi 3ByKa B rase.

13.10. Haiiti cKopocTb ¢ pacnpocTpaHeH#s 3ByKa B IBYX-
aTOMHOM Tra3e, ec/ld H3BeCTHO, 4TO IPH jaBjeHuH p=1,01 x
% 10% I1a nsoTHocTh rasa p——l 29 Kr/m®,

"13.11. 3Haf, 4TO CpelHAA MONSIPHAs KPIHeTH‘{eCKaﬂ SHep-
PHSl NOCTYNATeIbHOTO JBHXKEHHs MoOJleKyn asora’ Wy,=-
==3,4 KIIK/Monb, HaliTH CKOPOCTDb € paCHpOCTpaHeHHH 3ByKa
B a30Te NPH 3THX YCJIOBHSAX.

13.12. [ins onpefiefleHUst TeMOepaTyphl BePXHHX CJIOeB aT-
Mocdepsl Heslb3sl N0/1b30BATbCS TePMOMETPOM, TaK KaK BCJef-
CTBHE MaJIOH MJIOTHOCTH r'a3a TepMOMeTp He NPHJIET B TeMI0BOE
paBHOBecHe ¢ OKpyxawlliel cpefoft. Ilas 3Tofl HeaHn myckaioT
PaKeTy ¢ I'paHaTaMH, B3pBIBAEMBbIMH NPH JOCTHXXEHHH onpeje-
nennol BbicoTht. HafiTH Temnepatypy ¢ Ha BeicoTe h=20 kM
OT NOBEPXHOCTH 3eMJH, eclid M3BeCTHO, YTO 3BYK OT B3pHIBA, -
[POH3BEIEHHOTrO . Ha BHIcoTe h;=2]- KM, NpHIIeN No3xke . Ha
At=6,75 ¢ 3ByKa OT. B3pLIBA, NpoH3BeleHHOTO Ha BHICOTE
hg=19 KM, T :
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13.13. Haittu ‘noxasarens npenowrenmi 11 3BYKOBRIX BOJIH
Ha TrpaHMLle BO3AYX — €Teka0. Moayap JOHra ans crekna E=
=6,9-10*° Ila, naoTHocTb cTekna p=2, 6 10® gr/m?, Temnepa-
Typa Bo3ayXa 1=20°C

18.14. Ha#itn- npeneabHuit 'YFOA o MOJHOTO Bny-rpeﬂnero
OTPaKeHHsl 3BYKOBEIX BOJMH Ha TIpaHHlle BO3JyX — CTeKJO.
Bocnonb3oBaThesi HEOGXOAMMHMH  JaHHBIMH H3 npem:mymen
3a7aqH. -

13.15. IIBa 3ByKa OTJIHYAIOTCH TIO YPOBHIO TPOMKOCTH Ha
AL;=1 ¢on. Haiith ortnomenue [/,//; MHTeHCHBHOCTeH .3THX
3BYKOB.

-13.16. IBa 3Byka OTJAHYAIOTCA 1O YPOBHIO 3BYKOBOTO JaB-
Jerns Ha AL,=1 nB. Haiitn OTHOUIEHHe Pofpi AMIVIHTYL HX
3BYKOBOTO nazneﬂnﬂ

13.17. IllyMm Ha yaHue ¢ ypOBHeM rpomxocm L;;=70 don
CHBIUEH B KOMHATe TaK, KakK WIYM € YPOBHEM TPOMKOCTH
L;,=40 ¢ou. Haiitn otHomenune [,//; uHTeHCHBHOCTeH 3BY-
KOB Ha yJHIEe H B KOMHare. A

13.18. MuTencuBHOETh 3ByKa YBEJHUHJIACH B 1000 pas. Ha
CKOJABKO YBEJIHUHJICS YPOBeHb 3BYKOBOiO JaBieHHA? Bo
CKOJBKO pa3 YBeJHUHIACh aMIUIHTYAa 3BYKOBOTO [aBJEHHS?

13.19. HurencuBnocts 3Byka /=10 MBr/M2. Hafita ypo-
BeHb TPOMKOCTH L; H aMOJHTYAY p 3BYKOBOTO JaBJIeHHS.

13.20. Ha CKOJIBKO YBENHYHJICSH YPOBEeHb I'DOMKOCTH L,
3BYKa, €CJIH HHTeHCHBHOCTh 3BYKa Bospoc.na a) B 3000 pas;
6) B 30 000 pas?

13.21. Ha#rtn paccmﬂxme ! MexRxy coceIHHMH 3YyGUaMH
3BYKOBOH GOpO3AKH Ha rpamMMoOHHOM IJIacTHHKE LISl TOHa
Jas (gacrota v=435 [u): a) B Hauajle 3aMHCH Ha PacCTOAHHH
=12 cM OT UeHTpa; 0) B KOHIle 3alHCH HA PACCTOSHMH 7=
=4 cM OT UeHTpa. YacTota BpallleHH st IVIaCTHHKH n=78 MHH "I,

13.22. HaiTtH paccrosiHHe [ -MeXJy COCeIHHMH 3yGnaMu
3BYKOBO# G0Op03aKH Ha rpaMMobOHHON MJIACTHHKE JJisi; a) v=
=100 I'm; 6) v=2000 I'n. CpenHee paccTostHHe OT UEHTpa
nnactTmEKH  r=10 cM. Yactora  BpamieHHs  IJIAaCTHHKH
n=78 MuH"1, -

13.23. Ilpu oépasosamm ¢rosiuedl BOAHH B TPyOke KyHg-
Ta B BO3AyWHOM ctoabe Habmoaanock n=6 myyHoctefi. Ka-
KoBa OblAa AJPHHA [; BO3RYHIHOTO CT0JI0@, €CJAH CTaNbHOH CTep-
JKeHb 3aKpenJeH: a) nocepeinHe; 6) B Kopue? JnHHa cTepKHA
/y=1 M. CKOpoCTb pacmpoCTpaHeHHsi 3BYKa B CTajlH (1=
——5250 M/c, B BO3AyXe ¢;=343 M/c. .

13.24. KakoBa Obina JnHHA [; CTEKJNSHHONO CTEpPXKHs B
'rpyﬁxe KyRpra, ecni npH 3aKkpen/ieHHH ero nocepeiHe B BO3-
ZLYIIHOM cTON6e Ha6.m011a.noc:; n=>5 nytmcmeuD ﬂmma Bo:mym-
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“fioro cTonba [3=0,25 M. Monyap [Osra gas crekna E=6,9%
% 10 TIa; naotHocTe crekna p=2,5-10% kr/m®. Cxopocm
pacnpocTpaHeHHs 3ByKa B Bo3lyXe ¢=340 m/c.

13.25. Jlna xakuXx HAaHGOABIMUX UYACTOT NPHUMEHHM METOJ
. Kyngra onpenenierHs CKOPOCTH 3BYK3,. €C/IH CUHTATh, ITO HAH-'
MeHbllee Pa3/iHuaeMoe pPAaCCTOSHHE MEXAY MYYHOCTAMH [~y
" 224 mm? CKOpOCTh pacipocTPaHeHH sl 3BYKa B BO3Ly xe =340 m/c.

13.26. JIBa noesfga HMAYT HaBCTpeyy APYT JAPYTY €O CKO-
poCcTAMH vy =72 KM/4 H 0;=54 KM/4. I‘IepBbm noesz JaeT CBH-
crok ¢ yacrorolf v=600 I'n. Hafitu yacToTy v’ KoneGanuii 3By-
K4, KOTOpHIH CJLIIHT [accaXkMp.BTOPOro Moe3la: a) Nepex -
BCTpeuefl noes3fo; 6) mocsie BcTpeun noesgoB. CKOpocTb pac-
npocTpaHeHHst 3BYKa B Bosnyxe ¢=340 Mm/c.

13.27. Korjga noess npOXOOHT MHMO HeNOJABHXHOIO Ha-
GsioaaTensi, 4acTOTa TOHA I'YAKa NapoBo3a MEHSETCH CKaYKOM.
Kakofi mpoLeHT OT HCTHHHOH YacTOTEI TOHA COCTABJISIET CKayoOK
YacTOThI, €CJH MOe3J ABHXKETCA CO CKOpGCThbio v=60 Km/y?

13.28. Ha6mionatesb #a Gepery MoOpsi CJABILHT 3BYK Hapo-
xogHoro ryika. Korja Ha6mojgatenb H nmapoxoj HaXOAsTCH
B [IOKOE, 4acTOTa BOCIIPHHHUMAEMOro HaGJIoJaTesNeM 3BYKa v==
=420 I'u. Ilpu gBHKEHHH NapOXOJa BOCHpPHHAMAaeMas 4acToTa

v;=430 I'u, ecin mapoxoj npuGauxKaercs K- Habmonateso, H
v2~415 I'n, eciH mapoxof ypajnsercs oT Hero, Haltu cko-
poCTb ¥ MAapeXojia B NePBOM H BO BTOPOM CJIyYafX, €M CKO-
pOCTb pacHpoCTpPAaHEHHA 2BYKa B Bo3Ayxe ¢=338 m/c.

13.29. PyxefiHasi nyJ/isi JeTHT cO ckopocThio v=200 Mm/c.
Bo cX0/MbKO pa3 H3MEHHTCH .YacTOTa TOHA CBHCTA NYJH AJIS He-
MMOABHKHOro Hab/ioJaTes]sl, MUMO KOTOPOrO NpOJeTaeT IyJsi?
CRopocTb pacmpoCTpaHeHHst 3BYKa B Bo3jyxe ¢=333 M/c.

13.30. IBa moesfa MAYT HaBCcTpedy APYr ApYTy C OJHHa-
KoBOH cKopoctblo. KakoBa Jo/rkHa ObiTh HX CKOPOCTH U,
9TOOBI YaCTOTa CBHCTKA OJAHOI'O K3 HHX, CJBILIHMMOrO Ha ApY-
roM, H3MeHsslach B 9/8 pasa? CKOpOCTb pacnpoCTpaHEHHsI 3BY-
Ka B Bo3ayXxe ¢=335 Mm/c.

13.31. Jleryuas MBIUbL JETHT NEPNERAUKYASPHO K CTeHe
co cKopocTbio v=06,0 M/c, H31aBafl yALTPa3BYK YacTOTOH v=
=45 k'l Kakue 1Be yacTOTHI 3BYKa Vi H v, CJBILUHT JeTydYas
mbie?  CRoOpocTb PacnpoCTpaHeHHsi- 3BYKa B BOSAYXe =
=340 wm/c.

13.32. Kakyio mauny ! JIo/MKHA HMMeTh CTajlbHasl CTpyHa
paauycoM r==0,05 cM, yTo6H npu custe Hatskenus F=0,49 kH
OHa HM3faBana TOH 9acToTo v=320 T'u?

13.33. C xakofi cunoft F Hafo HATAHYTbH CTAJbHYIO CTPYHY
anuHo#t /=20 cm ¥ guamerpoM d=0,2 MM, uToGH OHa H3AaBasa
TOH /4. (vacTota v==435 [n)?
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- 18.34. 3nas npenea IPOYHOCTH AJist CTANM, HARTH HAHGOAL-
mylo 1acToTy v, Ha KOTOPYIO MOXHO HaCTPOHTb CTPYRY: AAH-
Holt /=1 m,

13.35. Crpyna, HartsHyTasi ¢ cujoit F,=147 H, paer ¢
KaMepTOHOM dacToTy OHeHHH vg=8 I'u. Ilocse Toro Rak ary
CTPYHY HaTsAHYJH ¢ cHiol F,=156,8 H, oHna crana Hactpoe-
Ha C KaMepTOHOM B yHHCOH. Ha#itH uacTtoTy v, KoteGanuil Ka-
MepTOHa.

" 13.36. KameproH npeinjyliell 3ajaud JaeT ¢ APYIHM . Ka-
MePTOHOM YacTOTy 6uenult v¢=2 I'm. Hafitu yacrory KoJae6a-
HHH v BTOPOTO KaMepTOHA,

13.37. Haiitd 9acToTy v OCHOBHOTO TOHA CTPYHH, HaTAHY-
TOH ¢ cujioil F=06 KH ,ZIJmHa crpynsl /=0,8 M, ee Macca m=
=30 r.

13.38. Hatfitu 4acToTy v OCHOBHOFO TOHa: a) OTKprTOH
TpyObl; 6) 3aKpuiTOl TPYOBL.

13.39. 3akpnras Tpy6a H3haeT OCHOBHOH TOH A0 (YacTOTa
v1;1305 In). Tpy6y otkpweiin. Kakyio dacToTy v; HMeeT
oCHOBHO# ToH Tenepb? Kakopa anuna ! tpy6u? CxopocTb pac-
NIPOCTPaHEeHH 3Byxa B Bosnyxe ¢=340 wm/c.

§ 14. 3.uempomammﬂue KOoJeOaHHA H BOJHbI

[Teproa T anexTPOMarHMTHHIX KeleGaHul B KOHTYpe, COCTOfUIEM
H3 eMkocTH C, MBAYKTHBHOCTH L ¥ conpoTheaenus R, onpezeIsercs ¢op-
MyJa0# - . .
_ 2 s
_ VULC—(R[2LE
Ecan conpor¥eiesne R KOHTYpa HacTOJBKO Majo, YTO
| (R/2LY <L 1/LC,

TO Hepuoj, Kosjebanui
T=2r V' LC.
Ecay conpoTHs/ieHne KOHTYpa R ne _papHO HyJo, To KoAebanusa-Gyayr

3artyXalouHMH. I'lpn 3TOM PA3HOCTh IMOTEHUHAJN0B Ha OGKJIZIJ,KHX KOH}IEH‘
caTopa MeHsIeTCsl CO BPEMEHEM HO 33aKOHY .

U=Ug~ % cos wt,
eciy BpeMs OTCYHTHBATL OT MOMERTa, coomercrsylomero nauGobiel
PasHOCTH TOTEHIHANOB Ha OOK/IafiKax KOHAeHcaTopa. 3fech §=R/2L —
xostmmunem' saTyxania. Bennuuna ‘#=0T Hasupaercst JOTaphMHYe-
‘cmm JeKpemenTOM 3aryxanus. Ecan 6=0, TO xo:reﬁaﬂua eynyt Heaa'ryxa-
uumu, H TOTAA. MOXHO 3anucath .~ . . S v
U= Uo COS(Dt
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Ecnu speMs OTCUHTHBATL OT MOMEHTa, KOrfia pa3HOCTh HOTEHIMA/oB Ha
obKNankax KoRjieHcaTopa paBHa Hyatio, TO 6yner CHpaBe,H,JIHBHM COOTHO-
wenue

U= Uo'Slﬂ (Ot.A

3akon Oma ans nepeMeHHOro TOKa 3aMHUCHIBAETCA B BHJAE

U.sd)
18!‘1): Z [

The log ¥ Usp — 3DdPeKTHBHEIE 3HAUEHHS TOKA H HATPAXKEHH:, CBH3aH-
Hhe C HX AMIUTHTY[HBIMH 3HaueHHAMH o H U, COOTHOIEHHSMH

sd) 101V2 Usd)———Uo/VE, - .

a Z — nopnHoe CONpOTHBJIEHHE LeMH, Ec.rm neMb COAEPIKHT conpoma.nenue
R, eMKocTb C H HHIYKTHBHOCTB L, -cOejiHHEHHbIE noc,nenoaa-renbﬂo, T0

Z=V RIE mL——l/mC)

Hpn STOM CABHT (a3 MeXJy HATpSKeHHeM H TOKOM onpejeaseTCs ¢op-
MyJoi - . ‘ -

tgq)=(1JL—Rl/uJC.~

e

®opMyJIEl AN TIOJAHOTO CONpPOTHRIeHHs uenu Z W casura (a3 @ Jnaa pas-

JIMYHBIX CNOCOGOB BKMOuenHss R, C M L Janel B pemeHBH sanaud 14.23.

KaTymka, o6nagaiomast compoTHBieHHeM R H HHIYKTHBHOCTbIO L,

B LeNMH MepeMeHHOr0 TOKAa COOTBETCTBYeT MNOCHENOBATENbHO HKJIOUeHHHM

"R u L. KoHpgencatop ¢ yTeukoil, T. e. KOHAeHCaTOp, o6aajaiouiiii eMKOCThIO

C u comnpoTHBNeHHeM R, COOTBETCTBYET TIapansielbHo BKIIOYeHHEM RucC,
MoiHocTh nepeMeHHOro TOoKa.

P=1I,4Up¢4 cos ¢.

14.1. KoneGareqbHBII KOHTYp COCTOHT H3 KOHJEHCATOpa
eMKocTelo C=888 n® ¥ KaTyluKH ¢ HHAYKTHBHOCTBEIO L=
=2 MI'n. Ha kakywo AJHHY BOJIHBI A HacTPOeH KOHTYp?

14.2. Ha Kakofi mHana3oH IJHH BONH MOXHO HacTPOHTb
KosneOaTeIbHEIH KOHTYD, €C/M ero HHAYKTHBHOCTh .L=2 MIH,
a4 eMKocTb MOXeT MeHsiThest oT Cy;=69 nd po C,=533 n®?

14.3. Kakyw HHAYKTHBHOCTb L Hajo BKJ/IOYHTH B KoJeba-
TEJNbHBIN KOHTYP, 4TOOHI npu eMmKoctH (=2 MKO nonqub
gactory v=1000 I'u?

14.4. Katymxa ¢ uwHAyKTHBHOCThIO L =30 MK['H npncoe-
IMHeHa K IVIOCKOMY KOHJEHCaTOpYy ¢ MJIOMAJbI0 IJIAaCTHH S=
=0,01 M* u paccrosinHeM Mexay HuMH d=0,1 mm. Haiirn
AH3/IEKTPUYECKYIO NPOHHIAEMOCTh ‘e cpeabl, 3aNnOJHAIOLIEH
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OpOCTPAHCTBO MEXAY rIJIaCTHHaMH ecld KOHTyp HacTpoeH Ha
JJHHY BOJHBE A=750 M. .

14.5. KoneGareqbHuIf KonTyp (COCTOMT H3 KOHIeHCaropa
eMKOCTbIO C=25 KD 1 KaTYIuKH ¢ MHAYKTHBHOCTHIO L=1,015TH.
O6knanku KoHieHcaropa HMeOT 3apsal ¢=2,5 MxKa, Hamu-
caThb ypaeBHeHHe (C 4YHCJIOBBIMH Koaq)d;muneHTaMH) H3MEHEHH
pasHocTH notenunuanoes U Ha ofkjafKkax KOHJIeHcaTropa H TOKA,
I B nemn. HailiT¥ pasHocTh noTeHUHaneB Ha ofkjgajkax KoH-
JeHCcaTopa U TOK B LEefH B MOMEHTH! BpEMEHH’T/B T/4u T/2.
[Toctponte rpagHkn aTHX BaBHCHMOCTeH B npelejax ORHOTO
epHoAa.

14.6. Oaa Kone6atenbHOro KOHTypa npeﬂbmymen KELEL
HanHcaThb ypaBHeHHe (C YHCHOBBIMH Ko3(dHIMeHTaMH) H3Me-
HEHUsi cO BpeMeHeM f SHepTHH sjaekTpuveckoro moas W,
3HepTHH MaruuTHoro noass W, M nosHoli sHepruu moas W.
Haiith 5HEprHIO 5JeKTPHYECKOro MOJsl, SHEPTHIO MarHHTHOTO
NOJIsSl ¥ TOJIHYIO SHEPTHIO 11051 B MOMEHThI BPEMCHH T/8, T4
u T/2. Tloctpoutb rpaduky 5THX 3aBHCHMOCTeHl B npeflesax
OZHOTO MepHoaa. ' :

14.7. YpaBHeHHe H3MeHeHHs CO BDEMEHEM DPasHOCTH IIO-
TEHIHAJ0B Ha 00KJalKaX KCHIeHcaTopa B KoJebaTelbHOM KOH-
Type umeer Bui U=50cos 10?nf B. EmKocTh KOHJeHCATOpa
'C=0,1 Mmx®. Halitn nepuon T xKonebanui, MHAYKTHBHOCTb
L KoHTypa, 3aKOH' M3MeHeHHsi cO BpeMeHeM ! Toka [ B 1enH
H JJHHY BOJHBI A, COOTBETCTBYIOULYIO 3TOMY KOHTYDY.

14.8. YpaBHeHHe H3MeHeHHs cO BpeMeHeM TOKa B KoJeba-
TeJlbHOM KOHType mMeer Buj . [=—0,02sin400n{A. Hunyk-
THBHOCTh KOHTYpa L=1 TH. Haifitu nepuon T xoseGanufi,
eMkocTh C KOHTYpa, MakCHMAJbHYIO sHepruto W, MarHHUTHOro
NOJIA M MaKCHMadbHYIO sHepruio W, 3jeKTPHYeCKOro HOJS.

14.9. Haiitu orHowenne sHepruu W, /W,, MaruutHoro
1oJA KoMeGaTe/IbHOrO KOHTYPa K SHEPTHH €ro 3JeKTPHUECKOro
nons Jasi MoMeHTa BpeMeHu 7T/8. -

14.10. KoneGaTebHbIl KOHTYpP ‘COCTOHT M3 KOHJEHCATOpA
eMKocThIo C=7 MK®D ¥ KaTyWKHU ¢ UHZYKTHBHOCTBIO L=0,23 T'H
H conporuBjeHHeM R=40 Om. OO6KnaiKH KOHIeHearopa
umeror 3apaa ¢=0,56 mKn. Haiity nepuox T KoneGanuii
KOHTYpa M JorapHQMHUecKHHi JeKpeMeHT 3aTyXaHHs X KoJe-
6anuii. Hanucath ypaBHeHWe M3MeHEeHHs CO BpeMeHeM { pas-
HOCTH morenuHatoB ‘U Ha ofknajlkax KomnleHcatopa. Haii-
TH PasHOCTH MOTEHIHAJOB B ‘MOMEHTHI BpeMeHH, paBHoie: T/2,
T, 3T/2 u 2T, HOCTpOHTb rpapur U=f(f) B npenenax IBYX
nepHOKOB.

14.11. KoneGaTeabHul KOHTYpP COCTOMT H3 KOHAeHCaTOpa
eMrocthio C=0,2 MK® M KaTyliKHd ¢ HHAYKTHBHOCTHIO L=
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=5,07 MI'n. Ipn kaKoM JorapHGMHYECKOM JeKpeMeHTe 3aTyXa-
HHf % DA3HOCTb MOTEHUHANOB HAa OOKJA3LKaX KOHJeHcaTopa sa
BpeMst {=1 MC yMeHBIIUTCA B TPH pa3sa?. Kaxoao HpH 3TOM CO-
OpeTHBJenie R KOHTypa? ‘

14.12. KonebareqbHBIA KOHTYP COCTOHT H3 KOHIeHCaTOpa
eMKocThio C=405 u®, KarylIK¥ ¢ HHIYKTABHOCTbIO L==10 M
U conpoTHBjeHHss R=2 OM. Bo CKO/JBKO pa3 yMeHbILHTCH
Pa3HOCTb. NOTEHUHAIOB Ha OOK/IagKax KOH/IEHCATOpa 3a OfHH
nepHof KoseGaHHI?

14.13. KoneGaresbHEI KOHTYP COCTOMT H3 KOHJetHcaTopa

eMKocThi0 C=2,22 H® ¥ KaTymKH AaHHOH [=20 cM H3 Mej-
HOH NpOBOJOKH AuaMerpoM d=0,5 MM, Hafitu JlorapmbMquc-
KHI JeKpeMeHT 3aTyXaHHd ¥ KoJeGaHHH.

14.14. KonefGatenbHblil KOHTYp HMeeT eMKocTh C=1,1 H®
U HEAyKTHBHOCTE L=5 mI'H. Jlorapupmuueckuii IeKkpeMeHT
saTyXxanus »==0,005. 3a Kakoe BpeMs BCJIEACTBHE 3aTyXa-
HHA nortepsiercd 99% sHepruu KOHTypa?

14.15. KoneGatenbHBIE KOHTYP COCTOHT M3 KOHJEH€AaTOpa.
H KaTyIIKH IiHHOH [=40 cM M3 MeIHO¥H NPOBOJIOKH, IJIOLIAJb
nonepeyHoro ceueHHsi Koropod s=0,1 Mm% HalitH eMKocTb
KoHJeHcatopa C, ec/H, BBIYHCIAS MepHOl KojeOaHHH KOHTYpa
no npubmmxennoii dopmyne T =2x V' LC, Me pouyckaem
owH6KY e=1%. YKasaunue YuecTb, 4T0. OlIHOKa &=

=(Ty—T,)/T., rne T, — nepHon KoJeGaHHH, HaHJeHHHI MO
an6J1merHon (popMyJIe a-T; — mepuon KoneGaHHui, Hai-
JIeHHBI 1o TouHOH (opmyae.

14.16. Karymka mgaunoi /=50 c¢cM U NiomagbIo nonepeq-
Horo ceueHust S=10 cm? BKJIIOUeHA B LieNb MEePeMEHHOTO TOKa
yactoTofi v=50 I'm. Uncso BurkoB katywkd N=3000. Hafiru
CONMPOTHBJEHHe R KATYIIKH, ec/H CABHT a3 MeXy Hampske-
HHEM H TOKOM @==60°.

14.17. O6MoTKa KaTymkH coctouT H3 N=500 BHTKOB Mej-
HOH IPOBOJOKH, IUIOWIafb I[IONEPEYHOro ceueHHs KOTOpOH
s=1 mm2, Jnuna xarymxu [=50 cM, ee xuamerp D=5 cm,
IIpu Kakoil 4acToTe v [ePEMEHHOrO TOKa IIOJHOE -CONPOTHB-
JeHHe Z KaTylIKH BABOe GoJiblie ee aKTHBHOIO CONPOTHBJe-
Bus R?

14.18. JlBa KoMjeHcaTopa c EMKOCTF{MH Ci=0,2 Mk® H
C;=0,1 Mx® BKJIOUEHH! [TOC/IEOBATENBLHO B LeMb IIEPEMEHHOr0
ToKa Hanpskenuem U=220 B u wacroroii v=50 I'u. Haiiru
TOK [/ B UeOH H NaleHuf noTeHuAaNa Uc1 R Ug Ha HepBOM H
BTOPOM KOHJIeHcaTopax. ;

~ 14.19. Karymka AnuHOH [=25 cM W pamHycoM r=2 oM
HMeeT OOMOTKY H3 N—- 1000 BHTKOB Me,zmoﬁ NPOBOJIOKH,
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naomanb nonepeunoro “ceverms kotopoi s=1 mm? KaTymka
BK/IOYEHa B Lielb nepeMeHHoro Toka uwacToTod v=50 Iu.
Kakyio 9acTb NOJMHOrO CONPOTHBJEHWS Z KATYUKH COCT4B-
JFI0T aKTHBHOe COMPOTHBJeHHe R H HHAYKTHBHOE CONpPOTHB-
JeHne X.?

14.20. KonzeHcatop emkocTbio C=20 MK® 1 pesucrop,
conpoTHRIende Kotoporo R==150 Owm, BK/IOYEHB! noc/aeAoBa-
TeJIbHO B IeNb MEpeMeHHOro Toka dactoroil v=50 I'u. Kakylo
yacTh HanpsikeHHst U, NpHAoXeHHOro K 3TOH L€nH, cOCTaB-
JISIOT naﬂemm HanpsixKeHHs Ha KonjeHcarope U, H Ha pe-
sucrope U g?

14.21. KoHpaeHcaTop W 3jeKTpHYecKas JaMIoOyKa COeHHE-
Hbl MOCJEOBATeNbHO H BKJIOYEHBl B Lenb [ePeMeHHOro TOKa
nanpsixkeHHeM /=440 B u gyacrotofi v=50 I'u. Kakywo em-
KocTb C JOJIXKeH MMETb KOHjeHcaTop /s TOro, uToOHl uepes
JIaMIOuKY mporekas Tok /=0,5 A u najexue moTeHHMaja Ha
He#l 6bw10 paBubiM U,=110 B?

14.22. Karyiuka ¢ akTuBHBIM conpoTHBjieHHeM R=10 Om
H MHAYKTHBHOCTBIO L BKJIIOUeHa B Ilenb HepeMeHHOro ToO-
Ka HanpsikeHHeM [U==127 B n wacroroii v=>50 I'. Ha#itn
HHIYKTHBHOCTbH L KaTyWKH, ecJH H3BeCTHO, YTO KaTywkKa Io-
raolaer MouiHocTe P=400 BT u capur ¢as MexAy Hanpsaxe-
HHeM H TOKOM @=60°

14.23. Haittn gopmMyJbl A9 NONHOTO CONPOTHRBJIEHHA NeNH
Z u ciapura a3 ¢ MexAy Hanpsi:keHHeM K TOKOM NPH pasjivy-
HHIX CnocoGax BKJIOYEHHs CONpoTHBJeHHs R, emkoctH C H
HHJAYKTHBHOCTH L, Paccmorperk ciyuau: a) R B C BiJIOYeHB
mocJieloBareapuo; 6) R - C BKJIOYeHHl napasjenbHo; B) R
B L BKJIOYeHH TocJefOBaTe/1bHO; T) R 1 L BK/IOYeHH mapaJ-
genbio; 1) R, L u C BKJOYeHL NoCJaef0BATENbHO."

14.24. KonpeHncatop eMKocTolo C=1 MR® H pesuctop ¢
conpoTHBseHHeM R==3 kOM BKJIIOYeHL! B Lefb NepeMEeHHOro
ToKa uactoTofi v=50 I'u. Halirh nosHoe compoT¥B/eHHe Z
LElH, eclH KOHJEHCATOp U Pe3HCTOP BKJHO'{eth a) 1nocJlenoBa-
TeNbHO; 6) NapaselsHo,

14.25. B nenb nepeMeHHOro ToKa HampsizkenneM U=220 B
H yacroToit v=>50 T BKJIOYEHBI MOCJIEAOBATENBHO €MKOCTH
C=35,4 Mk®D, conporuBjserne R=100 OM H HHAYKTHBHOCTb
L=0,7 I'm. Hafitrh Tok [ B Lend H naleHUs Hanpske-
o Uy, Up v Ur Ha eMKOCTH, conpomBJIeHHu H HHAYK-
THBHOCTH,

14.26. UnnykruBrocts L=22, 6 MIH H conporuBjenrie R
BKJIIOYEHEI [IAapajiesbHO B 1ellb HepPeMEeHHOTO TOKa YacToToM
v=50 I'u. Haiitn conporuBieHne R, eciH H3BECTHO, YTO CABHT
a3z Mexay HanpsoKeHHeM H ToKoM ¢=60°,
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14.27. AxTHBHOE coOmpoTHBJeHHe R M HMHAYKTHBHOCTb L
COEJIMHEHb TNapa/yieIbHO M BKJIOYEHHI B IeNb NepeMeHHOro
Toka HanpsukeHHeM U=127B ‘u wacroroi v=>50 I'n;, Haiitu
COMpOTHB/IEHHe R ¥ WHAYKTHBHOCTbL L, eci¥ H3BeCTHO, YTO
lelb TOrVIOMaeT MOWHOCTb P=404 BT M caBur das mexnay
HanpsiKeHneM H TokoM @=60°,

14.28. B uenb nepeMeHHOTO TOKa HampsxkeHHeM U=220 B
BKJIIOYEHbl TOC/Jef0BaTeNbHO eMKOcTh C, cONpOoTHB/AEeHHe R
u unaykrtueHocte L. Hafitu namenue nanpsxenns Up nHa
COTIPOTHBJIEHHH, €C/IH H3BECTHO, YTO NajieHHe HANpsXKEeHHS Ha
kKoHpencarope U,=2U g, Ha UHAYKTHBHOCTH U;=3Up.



- Tnasa V . .
ONTHKA . .

EJAVHHULIb! CBETOBBIX BENHYHH

B rta6n. 17 npuBeieHb HEKOTOpLle NPOH3BOAHLIE €NHHHILLE
CBETOBLIX BesHUHH B chereme CH.

3a eMHMLY CBETOBOrO MOTOKA MPHHAT JIOMeH (/M) — CBe-
TOBOH TOTOK, MCMyCKaeMblii BHYTPH TEJIECHOrO yrJa OAMH cTe-
pajHaH TOYEYHBIM HCTOUHHKOM CBeTa CHJIOH OJlHA KaHgena:

lam=1kn-1lep.

3a eIMHMIY OCBEIIEHHOCTH MPUHAT JIOKC (JIK) ~— OCBe-
HIEHHOCTD IVIOUAAKH OJUH KBaApPaTHEIY MeTp PaBHOMePHO pac-
npeJe/IEHHBIM CBETOBLIM MOTOKOM OAHH JIIOMEH:

10K =1 am/m2.

E;mxmueu CBETHMOCTH HCTOUYHHKA CBeTa SABJSeTCS JIOMeH
Ha KBaJpaTHHA MeTp (IM/M?) ~— CBETHMOCTb, COOTBETCTBYIO-
1asi CBETOBOMY MOTOKY ONWH JIOMEH, H3JyuaeMoMy nnoma}l-
KOH OJHH KBajpaTHBbI MeTp.

Ta6auuma 17
EjudHua
R y Pasmep-
Beanunna ' 0603Ha~ HoCTh
orpeacieHHe HaHMeHOBaHHE - YyeHue BeJHYHHL
CaetoBoft notok | dO =7 do JIOMEH M J
CeeToBan sHep- | dW =@ dtf JIOMEH-CeKYHAA | JM-C TJ
THA
OcCBelERHOCTD E=d®/dS JIOKC : JIK L2y
CBeTHMOCTD R=d®/dS ~~ |momen na xBag-| am/m® | L~2J
: PaTHbIA MeTp,
SApKocTh B=d[/dS cos 0 kaH1ena Ha| EKa/m® { L~%/
*KBaJlpaTHHIA
MeTp
CseroBag skcno- [dfHy=E dt JIIOKC-CEKYHaa JK-C L-2TJ
3HUNS . -
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- Exununell ApKOCTH CAYKMT KaHJela Ha KBaI(paTHHH MeTp
(ka/m?) — IPKOCTb PABHOMEDHO CBeTsillefics MJIOCKOH MOBepX-
HOCTH, Jalolllell B HOPMaJIbHOM K Hell HanpaB/eHHH CHJYy CBETa

'OJHa KaHJeJa ¢ MJIOWAJKH OJHH KBaJpaTHBIA MeTp.

Ilpumepor pewerusn 3aday

3angava 1. Coupaib 3/JeKTPUUECKO# JaMIIOYKH C CH-
soft ceera 1000 k1 3akaroueHa B MaToOBYIO cpepHUECKYIO KOGy
auamerpom 20 cm. HaiiTu cBeroBoil TOTOK, H3/MydaeMbli 3THM
HCTOYHHKOM CBETa, CBETHMOCTb H SIPKOCTh HCTOYHHKA CBeTa,
a TaKXe OCBEUleHHOCTb, CBETHMOCTb H SIPKOCTb 5KpaHa, Ha
KoTopuiit nagaer 10% cBeToBOro moToka, H3Jy4aeMOro HCTOY-
HHKOM cBeta. KosdduuueHT oTpaskeHHS CBeTa NOBEPXHOCTHIO
skpaHa p==0,8. [lnowanpr sxpana pasua 0,25 m2, Cuurars,
9TO MOBEPXHOCTh 3KpaHa pacceHBaeT cBeT 10 3aKoHy Jlam-
Gepra. _

Peuwernue, CBeTOBOH notok @, uanyqaeMbm BO BCe CTOPOHBI
HCTOYHHKOM CBeTa, CBA3aH C cUJ0H cBera [ 3TOTO HCTOUYHHKA |
COOTHOLIEHHEM

®=4nl,

¥ nac I=10%kn, cnenomarenvuo, ®=1,26. 104 JIM.
. CBEeTHMOCTb HCTOYHHKa CBeTa

- aeM

HpKOCTb HCTOYHHKA CBETa

FB___‘_I

AS !

rie AS’ — puauMas [JIOMlajKa CBeTsilielicd MOBepXHOCTH.
Y nac AS'=nr? rne r — paauyc Koabbl, Torna

- ’ 1 1000 -
='ﬂ—r§‘=m=3,18-104 KJ/M2,

“TTo ycaoBHIO HAa SKPaK NajaeT cBeToBol notoK @,=0, 1 P=
=1,26-10° nm. Toraa OcBelleHHOCTb 3KpaHa

Dy 1,26.10% P 3
E——B————ﬁ—"zs—JIM/M ~5.10 J'IK. .
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CBeTHMOCTb - 5KpaHa
R =P%=PE =0,8.5-10° am/M? =4-10% am/m?.
8 -
fIpKocTb 3KkpaHa
- B= =1,3-10% xa/m2.

3amnauva 2. AGCOMOTHO YEPHOE TENO NOAJEPIKHBACTCS
npH nocrosHHo# Temneparype 1000 K. IloBepxuocTb Tesa
paBHa 250 cM?. HafiTH MOMmHOCTH W3JyYeHHs 3TOro Tena.

Pewenue. Tlo 3akony Credana — DBosbiumMana sHeprerH-
gecKas CBETHMOCTb, T. €. 3HEPTHf, H3jydYaeMas B, eAMHHLY
BPeMEHH eIHHHIEH NOBEepXHOCTH abCOJIIOTHO YepHOro Tena,

R, =aT4,
& BCA H3JyuaeMasi SHeprus
W = S1R, = StaT*,

rae S — NoBepxXHOCTH a6COMIOTHO YePHOIO Tasla, T — BpeMs
H3JydeHus, ¢ — nocrosiHHas Credawa — DonbuMasda u T —
TepMOLAHAMHYECKas TeMnlepaTypa Tena. MoHOCTE H3jxyde-
HHSA

N=Y _SoT+,
T

Y nac §= 250 eM?=25.10"% M2, 0=5,67-10"% Br/(M* K% u
T==1000 K. HO).ICTaB.nHH 3TH JaHHble, noayuum N=142x
x10% Br=1,42 kBr.

§ 15. l'eomeTpHyeckas onTHKa ¥ (HOTOMETPHUSA

Ana chepuueckoro 3epkana ontuyeckad cuiaa D onpegenserca dop-
MyJOf
_..1_ —L:—?—::-.—l—-:::D,

a; [£73 R F
rAe aj M ay — PacCTOSIHHA TPeIMeTa H H300paskeHHS OT sepKajia, R —
paauyc KpHBH3HE 3epKana, F — ero ¢okycHoe paccrosmmme.

Paccrosiuus, OTCUNTHBAEMBIE OT 3epKasa MO NYYy, CUHTAIOTCA HOJIOXKH-
TeJbHBIMH, a INPOTHB Jy4ya — oTpHuateibHhIMH. Ecan F Bbipameno B
Mé'rpax, T0o D Bupasutca B amonrpuax (antp): 1 anrp=1 m~1,

Ipu nepexope ayua M3 ORHOH CpeAnl B LPYTIYH HMeeT MECTO 3akOH
OpeJIOMIIeHHsT CBETa




rxe i — yron nafenus, § — yrou npesoMieHHs, n — HOKa3aTeb NPeJOM-
NeHHS BTOPOA Cpejbl OTHOCHTENILHO NePBOM, Uy H Uy — CKOPOCTH pacmpo-
CTpaHeHHA CBeTa B NepBOA M BO BTOpOM cpefax.

Hnsa ToHKofl JIMH3EI, MOMEINEHHOH B OLHOPOAHYIO CPefy, ONTHYecKad
cuna D onpepensierca dopmyJoit

1 1 ( 1 ) 1
—_—d =1 —1) | ———— }=—=D,

a + a, ( ) Rl Rz F 3
rnpe a; H ag — paCCTOﬂHHﬁ npezme'ra H H306pa)KeHHH OT JIHH3HI, 11 — IIQ~
Ka3aTe/b NpeJIOMIeHHSI MaTepHaJa JHMH3H, Ry H Ry — pajHychl KPHBH3HB
nunsd. Tlpasujio 3pakos 1AA JMH3 TaKOR XKe, KaK H QA sepKan, Onrus
yeckKasi cHJa JIBYX TOHKHX JIHH3, CJIOXEHHHIX BMeECTe,

D = D1+D2:

rae Dy 1 Dy — onTHYecKHe CHJBI AKH3.
INonepeyHoe nMuHeiiHOe yBesHYeHHe B 3epKaJsiax H JIHH3aX OMpeenserca

opmyaoii,

Tfie Yj — BHICOTa NpEAMETa H Y, — BLICOTA H30GpameHHd, -
YBesnueHHe JyIH

L
k= T P
rie L — paccrosiupe Hamnyuinero spends M F — QokycHoe paccrosngfe
JYIH.
YBenHueHHe MHKpPOCKONA

k= LdD,D,,

rae L — paccrosnne Haumsdyuinero apeutsi, d — paccrosnHe mexjay ¢o-
KycaMH OOBeKTHBa H OKyasipa, Dj u Dy — ONTHuUecKHe CHIBI OGbeKTHBA
# OKyJaApa. ‘

¥BesnueHHe TesecKona

rae Fi u Fy; — ¢oKycHbie paCCTOﬂHHﬂ o6BLeKTHBA H OKYJIfpa.
Ceerosoii notok @ onpezeisiercss sHepruef, nepeHoCHMOH CBETOBLIMH
BOJIHAMH yYepe3 AAHHYI0 NJOWAAL B €XHHHLY BPEMEHH:
dw
O=—+.
dt
CHna cBera / YHC/JeHHO paBHa CBeTOBOMY TMOTOKY, NpHXoAAmEMycCs
HA eJHHHLY TeJecHOro yriaa:

201



OcpeulerHocTs E xapax‘repuaye‘rcn CBETOBLIM NOTOKOM, HpHxO}mlllHMCﬂ
Ha eJHHHIY TUJIOMIaJH:
dd
-_drg—' .
Touveunnlit HCTOYHHK CHOH cpeTa / CO3/aeT Ha ILIoW|ajKe, OTCTOsMLefi OT
HEr0 Ha PACCTOAHMH r, OCBElIEHHOCTb

E =

v
Ez;i-cos o,

rie o — yrojg najeHusa le'-IEH
CperunMocTh R uHc/JIeHHO paBHa CBETOBOMY IIOTOKY, H\.HVC}&&CMO\X)’
eHHALEeH Iioulaly ceersieroca Tenaa;
R 40
=S

EcaH CECTHMOCTb Tesla OBYCJIOBNEHA er0 OCBEINEHHOCTHIO, TO
R=pE,

rae p — Kos(hGUUHEHT OTpaKeHnH.
fIprocThio 5 cBeTsuefic MOBEPXHOCTH HA3LIBAeTCS BeJHYHHA, YHC-

JIeHHO paBHAs OTHOLIEHWIO CHJB CBETa ¢ 3JeMeHTa Haiydalomed Mopenx-
HOCTH K TLIOMIAAM TIPOEKWUHH STOTO S/€MEeHTa Ha MJIOCKOCTb, NepeHaHKY-
JApHYIO K HalparBjeHHi0 HaGmojeHHsa (T. €, K BHJHMON TIOBEPXHOCTH 9Je-
MeHTa):

_dl

" dScos @’

rie 0 — yroa Mexpgy HOpManbld K 3/IEMEHTY TOBEDPXHOCTH W HanpaeJfe-
HHeM Hal/ofeHHs.

Ecan Tteno uanaydaer mo 3akony JlamGepTa, T. e. eca1d SPKOCTb He
SABHCHT OT HAMpapseHus, TO CBETHMOCTH R K ADKOCTb B cBsisaHl COOT-
HOLIEHHEM

R=anaB.

15.1. TopusonTanbHBI JTyY cBeTa Najaer Ha BepTHKaNBHO
pacIloNIOKeHHOe 3epKaJo. 3epKaJjo INOBOpAYMBAETCH HA Yrod
o OKOJO BepTMKaanOﬁ ocH. Ha kaxkoft yroa {4 noeepHeTcs OT-
paXkeHHbH Jayuy?

15.2. Pajnyc KpHBH3HHI BorHyToro sepkaga R=20 cwm.
Ha paccrosn#y a;==30 cM OT 3epKaJa NOCTaB/IeH NMPEAMET Bhi-

" coroft yy=1 cm. Hatitu TOJIOXKEHHE U BBICOTY I/ H30CPAKEHHS.
Jlate uepTex.

15.3. Ha KakoM pacCTOSIHHH @; OT 3epKaja NOJYYHTCs
n3zobparketHe npeiMeTa B BRIIVKJIOM 3epkKale ¢ paJHyCcoM KpH-
BU3HE R==40 cM, ec/H npeaMeT NoMellleH HA PACCTOSHHA g;=
=30 cM or 3epkasa? KakoBa GyzeT BBICOTA y, H30GpaKeHHS,

202 .



€C/IH IpefMeT HMEeT BBICOTY y;=2 cM? IIpoBepHTb BRIYHC/IE-
HHA, CleJlaB YepTeX Ha MHUJIHMeTpoBofi OyMare.

15.4.  BeimykJ/ioe™ 3epKasio HMeeT pagMyCc KpHBH3HH R=
=60 cm. Ha | paccTOAHHH a;=10 cM oT 3epkasa MOCTaB/leH npel-
MeT BbIcOTOM yy=2 cM. Haliti nosnoxenre M BHICOTY y, H306-
paxeHHnsa. JlaTte ueprex. :

15.5. B Boruyrtom 3epKaJ1e c pazmyCOM KPHBH3HBI R=
=40 cM XOTAT NONYUHTDH JeHCTBHTEIbHOR H300paXeH e, BEICOTA
KOTOPOTO BJIBOe MeHbllie BBICOTH caMoro npeiMera. ['Jie Hy»xHO
MOCTABHTb NpeAMET H e NOJYYHTCS H300paKeHHe? N

15.6. Bricotra H3o6paskeHHs npeaMeTa B BOFHYTOM 3epKase
BBoe GOJbllie BBICOTHl ¢aMoro npeaMeTta. PaccTosiHHe Mexiay
npeaMeToM U uszobpameHueM a;+a,=15 cMm. Hafitn doxycuoe
paccTosnde F H onTHYécKyo cHay D 3epxaia.

15.7. Tlepex BOrHyTHIM 3epKajioM Ha TIaBHOH ONTHYEeCKOoi
OCH TIepTeHANKY/SPHO K Heli Ha paccTOsiHMM @;=4F/3 ot 3ep-
Ka/ja mocTaBjeHa ropsuas cseya. isoOpaxeHHe CBeHH B BOI-
HYTOM 3epKaJjle MonajaeT Ha BBHIMYKJOe 3epKajlo ¢ (POKYCHBIM
paccrosinveM F'=2F. Paccrosiine Mexn1y 3epkanamH d=3F,
MX OCH coBnajaioT. KaofpaxeHHe cBeyd B NEPBOM 3epKase
HrpaeT poJlb MHHMOTO IPeAMeTa [0 OTHOLIEHHI0 KO BTOPOMY
3epKajqy H JaeT AeHCTBHTe/bHOE H300paKeHHE, PaclO/IONKEH-
Hoe Mexmy 0O0HMH 3epKajiaMH. [NocTpouts 5T0 H300parkeHHe
M HaliTH ofllee JHHeHHOe YBeJHYeHHe R CHETeMbL.

15.8. I'me GymerT HaxXxOmuTbcs M KakoH pasmep Y. Oyaer
UMeTh H300paxeHHe CosHLa, noJydaeMoe B pedJekrtope, pa-
AMyC KDHBH3HH KoToporo R=16 wm?

15.9. Ecaun Ha 3epkajio najaer Ny4oK cBeTa, WHMPHH KO-
TOPOTO onpejensieTcss yrioM o (puc. 62), To ayy, HAYUWH#A na-
paasiesbHO [NaBHOH ONTHYeCKOH oOcH H
najarlni Ha Kpail sepkana, nociae OT-
paXKeHHs OT Hero nepecedyeT ONTHYECKYIO
OCh yXe He B.(OKyce, a Ha HEKOTOPOM
paccrosun AF ot dokyca. PaccrosiHne
x=AF HasvBaercs npoJoasnoil chepHyec-
Koli abeppamnueil, paccrosnne y=FH —
monepeuHoil cdepuueckoii aGeppauueil. Brl-
BeCTH (JopMyJBl, CBsi3bIBaioliMe 5TH abep-
pamyy ¢ yIJOM G H pajiHycoM KPHBHUSHEHI
3eprajia R. .

15.10. Boruyroe 3epkano ¢ JHameT-
poM oTBepcTH d=40 cM HMeeT pajHyc
kpuBH3HBl R=60 cM. Halith npojobRYIO X ¥ monepeynyro y
cdpepnqecxyxo a6eppamno KPaeBbIX ﬂyqeu napaJjenbHbIX
IJ1aBHOH ONTHYeCKOH OCH. :

Pue. 62,
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15.11. Hmeerca Borayroe 3epkajo ¢ (OKYyCHHIM paectos-
uueM F=20 cm. Ha xakom HanGosbiieM paccTOsIHUH A OT rias-
HOM ONITHYECKOR OCH J0JIKeH HAaXORMTbCH MmpeaMeT, uTo6bl mpo-
nonbHas cepHuyeckas abeppauusi x cogTaBJjasja He 60.)1]:1116

2% ¢QoxycHoro paccrosuus F?

15.12. Jlyu cBera majaeT mox yrioM {=30° Ha IJOCKoMa-
palJIeNbHYIO CTeKJSHHYI0 MJIACTHHKY H BBIXOAHMT H3 Hee na-
pasjiesbHO TiepBoHauajbHOMYy Jyduy. ITokasarenb npesomie-
HuA cTekyaa n=1,5. KakoBa tonmuna d jacTHHKH, ecJH pac-
CTOfIHME MexAy Jyuamu [=1,94 cm? ’

15.13. Ha nyiockonapa/iiesibHYIO CTEK/ISHHYIO IJIACTHHKY
ToMIHHOH d=1 cM najaeT nyy cBeta nof yrsoM i=60°. Ilo-
KasaTeJb npeiomJenus crekja n=1,73. Yactb cBeta oTpa-
JKaeTcd, a 4acTb, NPEAOMJIASICH, NMPOXOMUT B CcTeKJo, OTpa-
JaeTcl OT HHXKHeH NMOBEPXHOCTH IJIACTHHKH H, TpejoMissch
BTOPHYHO, BBIXOJAUT 00pPaTHO B BO3AyX MNapaJ/Je]bHO NEepBOMY
oTpaxeHHoMmy Jayuy. HaliTh paccrosinde [ Mexay Jy¥amu.

15.14. Jlyu cBera majaer mojJ YIJoM i Ha TeJo ¢ ToKasa-
TeneM npenoMaeHHs n. Kak Jo/KHBI ObITb CBA3aHBI MeXAY
coGoll BeJHUMHEL { H 1, uTOGH OTpaxeHHHIH Jyu OB NepreH-
JUKYyJafpeH K npenowleHHOMy'r’

15.15. ITokasarenb npejoMienus crekaa n=1,52. Hafitu
TpefebHBI YroJl TOJNHOTO BHYTPEHHEro orpameHus § anda
NOBEPXHOCTH pasfiesia: a) CTeKJ0 — BO3LyX; 0) BOAa — BO3-
JyX; B) CTeKJO — BOJa.

15.16. B Kakom HampaBJeHHH IJOBel, HBIPHYBIUHH B
Boly, BHIAHMT 3axofsiiee CoJiHue?

15.17. Jlyu cBera BHIXOAWT H3 CKHNMJapa B Bo3ayX. Ilpe-
JeNbHBIH YroJ TMOJHOTO BHYTPEHHEro OTpaKeHHsd /s STOro
ayua P=42°23'. Hafith ckopocTb v; paclpOCTpaHeHHs cBera
B CKHNHAape. .

15.18. Ha cTakaH, HAaNONHEHHBIH BOJOH, NOJNOXKEHA CTeK-
JSIHHAaf NJacTHHKaA. I'Ion KakKHM yrJoM [ JOJIKeH najaTth Ha
NJIaCTHHKY JIy4 cBera, uTOOHI OT MOBEPXHOCTH pasjiesa Boja —
CTEKJIO TNPOHM30LLIO MOJHOE BHYTPEHHEE OTPaKeHHe? Hoxaaa-
TeJib TPEJOMJIEHHS cTeKaa ny=1,b.

15.19. Ha nHO cocyla, HamoJHEHHOTO BOJOH [0 BBICOTHL
fi==10 cM, noMemeH ToueuHbI!i UCTOYHUK cBera. Ha noBepxHo-
CTH BOJBl MJIaBaeT KpyI/as HeNpospayHas MJ1acTHHKa Tak,
4YTO ee LeHTP HAXOAHTCA HaJ HCTOYHHKOM cBetTa. Kaxoit Hau-
MeHBINHH Pajvyc r JOJKHA HMETb 3Ta IJIACTHHKA, YTOGHI HH
OJIMH JIYY He MOT BHIATH uepe3 MOBEPXHOCTH BOJBI?

15.20. T]pn nagenun Gesoro cBera Mox yrjoM i=45° Ha
CTEK/ISIHHYIO TIacTHHKY YIJIBl DpeJOMJEeHHs f Jyuell pasiny-
HHIX JJIHH BOJH TOJYYHJIHCH CNERYyIOULUE:
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A ma| 759 | 687 | 589 | 486 | 307

8 24°27 | 23°577 1 23°47" | 23°277 1 22°57"

[TocTpouTb rpaduk 3aBHCHMOCTH IMOKa3aTelsl NPeJOMJEHHS f
MarepHana [JIaCTHHKH OT JJIMHBI BOJIHEI A.

15.21. [Tokasaten npesnomJsieHHs] HEKOTOPOTO COpTa CTeK-
Ja Uil KpacHoro H ()HONETOBOro Jiyuedl paBHBl n,,=1,51 u
ny=1,53. HaHTH npelenbHble YIJbl TOJHOIOWBHYTPEHHETO
orpaxesus ., u P, npu nafeHuH STHX Jydyell Ha NoBepx-
HOCTb pasfiesla CTEKJO — BO3AYX.

15.22, Yto mpousoiiner npH nageHuH Gejoro Jyda noj
yryioM i=41° Ha NOBePXHOCTb pasfiesia CTEKJO — BO3AYX, eCaH
B3ATb CTEKJIO Npeabiaylled 3anaun? (Bocrnonb3oBaThesi pesyJib-
TaTaMH pellleHHs MpeAbIAylled 3amauH.) ..

15.23. MoHoXpoMaTHYecKHi Jyd MajaeT HOpMajbHO Ha Go-
KOBYIO TOBEDPXHOCTh MPH3MEI, NPEJOMIAIIME yron KOTopoi
y=40°. Tlokasarenb npeJOMJEHHs MaTepHajla MPU3MBI AJsi
storo Jyua n=1,5. HaiiTu yroa oTkJoHerus1 § syua, BBIXOAS-
IIero M3 MNpHu3Mel, OT NEPBOHAYAJbHOTO HamnpaB/eHHs.

15.24. MoHoXpoMaTHYeCKH J1y4 nafaeT HopMaJjibHO Ha 6o-

KOBYIO NOBEPXHOCTb NPH3MbI H BBHIXOJHT H3 Hee OTKJOHEHHBIM
Ha yron §=25°, [loka3aresib npejoMJeHHs MaTepHa/a NPH3MBL
anst aToro Jayda n=1,7. Haiitu npenomasmomuit yroa vy
IPH3MBIL.
- 15.25. Tlpenomasnomuii yros paBHOGEJAPEHHOH NPU3MBI
y=10°. Monoxpomaruueckuft Jyd najgaer Ha GOXOBYIO IpaHb
nox yraiom i=10°. TToka3zarenb npenoMsenusi MaTepHasa npHs-
MBI 1751 aToro Jyda n==1,6. Hafitu yron oTkJoHenus 8 Jsyda
OT NepBOHAYaJIbHOTO HampaBJIeHHs.

15.26. Ilpenomastiomuit yron npusmel y=45°. [Tokasarenb
npesioMJIEHHS] MaTepHala NMPH3MBI AJs HEKOTOPOro MOHOXPO-
MaTHyeckoro Jyua n=1,6. KakoB no/keH GBITE HaHGOIBLLIMA
yron najgeHust { 5TOro JgydYa Ha NIpuUsMy, uroGbl NMPH BHIXOAE
Jyya H3 Hee He HACTYNHJIO IIOJIHOE BHYTDEHHEe OTPaMKeHHe?

15.27.. Ilyuox cBeTa CKOJB3HT BAOJb GOKOBOH [PaHH PaBHO-
Geapennoli npusmel. [Ipn kKakoM npenesbHOM NpesOMISIOLIEM
yrie y NPHIMEL NIpeJOMJIEHHBIE Jy4Hd NPETepnsT NoJIHoe BHYT-
peHHee OTpaxkeHHe Ha BTopoil GokoBoil rpanu? Ilokasaresn
OpeJOMJIEHHS. MarepHajJa HPH3MHL AAS 3THX Jyueh n=1,6.

15.28. MonoxpomarHueckH# Jyd najaeT Ha GOKOByIO mo-
BEPXHOCTh NPSMOYTOJbHOH paBHOGeApeHHON npusmul. Bofias
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B NDH3MY, Ay4 NpeTeplieBaeT HONHOE BHYTPEHHEE OTPaXKeHHe
OT OCHOB2HHS NPH3MH H BBIXOAHT "epe3 BTOpyio GOKOBYIO IO-
BEDXHOETh NpU3MH. KaxkuM josmked OuITh HaHMEHBIIHH yroa
HafeHus i Jyda Ha NPH3MY, YTOOH! ellle NPOHCXORHJO NOJHOe
RHYyTpeHHee oTpaxkeHHe? IlokasaTesnb npenoMJeHHs MaTepHala
IpU3MBI JJasi 3TOro Jiyya n=1,5. ~

15.29. Monoxpomamqecxﬂu Jy4 nafaer Ha 60KOBy}0 no-

BEDXHOCTb DPAaBHOGENpEHHOH MOPH3MBL H [OC/e NpeoMJeHHA
ANET B NpH3Me Napa/ieJbHO ee OCHOBAaHHI. Bhifinsi H3 nmpH3-
MBI, OH OKAasbIBAeTCs OTKJIOHEHHBIM Ha YroJ 8 oT cBOero mep-
BOHAYAJILHOTO HanpasJehusi, HalTH CBA3b MeXKAY NPEIOMISI0-
IHM YTJIOM NPH3MBL P, YrJIOM OTKJOHEHHMs Jyya § M nokasa-
TeJleM TNpeJOMJeHHsT sl 3TOrY Jyda A.

15.30. Jlyu Gesoro ceéra mapgaeT Ha GOKOBYIO MOBEPXHOCTDH
paBHOOEIPEHHON NpU3MBI NIOJ TaKHM YIJOM, YTO KpPAacHbIA
Jy4 BBIXOJAHT H3 Hee NepIeHAHKYAAPHO K BTOpo# rpanu. Hafi-
TH YIVIBl OTKJIOHEHHS O, H 05 KpacHOro H Quo/eTcBoro Jyyei
OT NIepBOHAYANILHOIO HaHpaBJ'leHHﬂ €CJIH TPEJOMAAIOIHA YToX
npuamnl y=45°, Iloxasarenn NpesoMJIeHHs MaTepuana npHs-
MEL ,LlJIHQKpaCHOI‘O u GuoJeToBOro Jyuedl papHnl A,=1,37 H

1,4

_15 31. Hafitu ¢okycroe paccroanue Fy KBapLieBoH JIMH-
3Bl A1 yJAbTPabUONETOBOH JIMHUM CIIEKTPA PTYTH (A =259 HM),
ec/H (POKyCHOE PACCTOSIHHE JJISL XKeJATOH JHHUH HaTpusl (A=
=589 um) Fy=16 cm. [TokasaTesu npesomseHnst KBapua Ajas
STHX JAJHH BOJIH paBHH rny=1,504 u n,=1,458.

15.32. Haiitn ¢okycuoe paccrosnue F ana ciaerymoomux
JIMH3: a) JIHH32 ABOSAKOBHIYKJas: ‘R;=15 cM B R,=—25 cMm;.
6) JMH3a NJIOCKO-BhINYKJIAas: R;=15 cM H Ry=o0; B) JHH3a
BOTHYTO-BBUIYKJIAsl (IOJNIOKHTENbHBIH MEHHCK): R;=15 cM
R,=25 cm; r) nuHsa nBosikoBormyras: R;=—15 e H R,=
=25 cM; 1) JIMH3a MJIOCKO-BOrHyTas: R;=o00; Ry=—I15 cm;
€) JIHH3a BBINYKJIO-BOTHYTas (OTPHIATENbHLIH . MEHUCK): R;=
=25 cM, =15 cu. Ilokasareqb npesoMiIeHHS marepHana
JIHH3B n=1, 5

15.33. I/Is ABYX' CTEKOJ C MNOKasarelsMH -pesoMJeHus
ny=1,5 1 ny,=1,7 cienanLl ABe OIUHAKOBLIE ABOSTKOBHITIY KJIbIe.
JuHsbl. Halitn orHowenue Fi/F, uX OKYCHBIX DAacCTOSHHIL.
Kakoe pefictBue Kaxjas W3 STHX JIMH3 [IPOM3BeleT Ha Jyd,
napajilebHbId  .ONTHYECKOH OCH, €CJH TNOTPY3HTb * JIHH3H
B OpPO3pauyHyld KHAKOCTE € [10KA3aTeNeM [pPEJIOMJIEHHs
n=1,6? -

15 34. Papnychl KpHBH3HEI IOBEPXHOCTEH BOSKOBLINYKJIOR
JanH3E R;=R3=>50 cm. IlokasaTens npesnoMieHHs MarepHala
JuH3kl n=1,5, Hafitn onTHueckywo cuay D JHH3HL.
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15.35. Ha paccrosinuu 0;=15 cM. OT HBOSIKOBRINYKJOM
JIUH3BI, ONTHYECKas, CHJa KOTopoi'i D =10 gnrtp, nocraejeH
MePNEeHAHKYNAPHO K ONTHYECKOH OCH MPEIMET BHICOTOH Y=
=2 cM. Halitu nosoxenue u BBICOTY Y, H3oOpaxkennsi. Jlarb
uepTex.

15.36. okasarb, 4TO B I[BOHKOBbIl'IyKJlOH JIHH3E ¢ paBHI:I-
MH painycaMH KPUBH3HBI MOBEPXHOCTEH W € MoKasaTeleMm Ipe-
JomsaeHHa n=1,5 QOKYChl COBNAZalOT C LEHTPAMH KDHBH3HBL.

15.37. Jlunza ¢ QoxycubiM pacctosinueM F=16 cm naer
peskoe u3oOpaxkeHHe IpeAMETa NPH ABYX MOJOXKEHHAX, pac-
CTOSIHVE MeXAy KOTOpbIMH d=06.cM. Halitn paccrosnue a;+
+a, ot npeameTra A0 3KpaHa.

15.38. IIBo;{KosbmyKJxaﬁ JHH3a C pazmycaMH KPHBU3HbI
nosepxHocTell Ry=R,=12 cM mocTaBjeHa Ha TakOM paccrosl-
HUH OT NpeAMeTa, 4TO H300paxKeHHe Ha 3KpaHe MOJYYHJIOCh
B k pas Goabuie npeaMera. Halitu pacctosinue a;+a, or npen-
Mera [0 3KpaHa, ecau: a) k=1; 6) £=20; B) £=0,2. [lokasa-
TeJlb NPEOMJIEHHS] MaTePHaIa JIHH3BI n=1,5. .

15.39. Jlumsa npeiwinyimiefi 3ajaun NOTPYXKeHa B BOLY.
Hafitn eé ¢dokychnoe paccrosinue F.

15.40. Pemuth npeibaymyl 3anayy MOpH YCJAOBHH, YTO
JIHH3a MOTPYKeHa B CepoyrJepom.

15.41. Hafitu: ¢oxycunoe paccrosiuue F, JIHH3H, DOrpy-
XKeHHOH B BOLY, eclu ee QOKYCHOe paccTosiHue B Bo3ayxe Fi=
=20 cm. Ilokasatenb npenomsieHus Marepuasna JuH3bF n=1,6.

15.42. [lnocko-BhINyKJas JIMH3a C PajuycoM KPHBH3HHI
R=30 cm u nokasarejieM npenomsenust n=1,5 naer usobpa-
JKEHHe npeAMeTa ¢ yBeduyeHHeM k=2, HaltH paccTrosiHus
a; M a, npeiMera H u300pakeHHs OT JHH3BL. JlaTh ueprex.

15.43. Haiitu npoaoabHylo XxpomaTuueckyio aGeppaiuo
JBOSIKOBLINYKJIOH JIMH3BI M3 (JAHHITAaca ¢ pajHycaMH KpH-
BH3Hbl R;=R,=8 cM. Ilokasarenu npenomsenust GJIHHTTIACA
AJSl  KPACHOro' {hyy=T760 HM) H ¢uoseroBoro (hy=430 Hm)
Jayuedl paBHBI 7, —1 5 U ng=1,8.

15.44. Ha paCCTOHHHI/I a;==40 cM OT JHH3bl MOpeXbIAYILeH
3aJa4H HA ONTHYECKOH OCH 'HaXOAMTCS CBersllascs TOUKa.
Haiitu nosio:kenne H3o6pakeHUA 3TOH TOUKH, €CJAH OHA HCITyC-
KaeT MOHOXPOMAaTHUECKHH CBET ¢ JJIMHOH BOJIHEL: &) A,=760 HM;
6) ;=430 HMm,

15.45. B ¢okanbHOH NJOCKOCTH ABOSKOBHHIYKJOH JIHH3BL
PAacTIONIOKEHO [I/IOCKOE  3epKalIo. [lpenMer HaxomWTCA nepex
JIHH308 MeXay (okycoM U ABOHHBIM (QOKYCHBIM PacCTOSIHHEM.
[ocTpouth H306paKeHHe NPEAMETA.

15.46. Haiity yBennuenue k, JaBaeMoe Jynod ¢ GOKYCHbIM
paccrognueM F=2 cM, A/1s1: a) HOPMAJILHOIO IJ1asa C paccTos-
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HHeM Hauayuiuero spenus L=25 cum; 6) 6M30pyKOro riasa
C paccTosiHHeM Hamayuuiero 3peHuss L=15 cMm.

15.47. KaxkuMu IOKHB GbiFb pajMychl KpuBu3HH R;=Rj

mopepxHoCTeH Jynpl, uro6W OHa JaBaljla YBeJHYeHHe JJA

HOpMaJbHOro raasa k=10? Tlokasarenb npenoMJeHHS CTeK-
Jla, M3 KOTOpOro caenana ayna, n=1,5,

15.48. 3pureavnas Tpy6a ¢ (GOKYCHBHIM paccTosiHHeM F=
=50 cM  ycraHoBJeHa Ha GeckoHeuHocTb. Ilocne TOro Kak
OKYJaIsp TPYObI TEePeABURYJIH HA HEKOTOPOE PacCTOsIHHe,. CTallil
AACHO BMAHBI NPEAMETHI, yAAJeHHble OT O0BEKTHBA HA PaccTos-
Hue a=50 M. Ha xakoe paccrosinue d nepeipHHy.H OKy AP
NpH HaBOJKeE?

15.49. MHKPOCKOIN COCTOUT H3 OOBEKTHBA ¢ (POKYCHHIM pac-
crofuueM. Fy=2 MM H OKyJspa C (OKYCHEIM pacCTOSHHEM
F,=40 mM. Paccrosgnue Mexay ‘foxycamy oObeKTHBA H OKY-
asipa d=18 cm. Hality yBennyeHue &, naBaeMoe MHKPOCKOIOM.

15.50. Kapruny nyomaneio S=2X2 M? cHuMaOT $oToan-
napaToM, YCTaHOBJEHHEIM OT Hee Ha paccTOSHHH a=4,5 M.
Hsobpakenne nonyuusoch pasmepom s=5Xx5 cm2. Hailitu do-
KycHOe paccrosinve F obbekTHBa anmnapara. PaccTosgHHe OT
KapTHHH 0 06beKTHBA cUHTATh GOJIBIIMM TIO CpaBHEHHIO ¢ ¢o-
KYCHBIM PacCTOSTHHEM.

15.51. Teneckon uMeeT OGBEKTHB C (POKYCHBLIM PACCTOSHHEM

i=150 cM u okyssp c ‘QokycubiM paccrostHuem F,=10 cm.
Ilox kakukMm yrioM speHus 4 BHAHA nmoJHast JIyHa B 3TOT TeJe-
CKON, €CJIH HEBOOPYMEHHBIM IMIa30M OHa BHAHA MOA YIJIOM
Go=31"?

15.52. Tlpy nomowiy ABOSIKOBBINYKJIOH JIMH3bI, HMeloUled
“nuamerp D=9 cM u ¢oxrycHoe paccrosinne F=50 cm, u3o6pa-
»kenue CoslHIIA NpoeKTHpyeTcs Ha 3KpaH. Kakum nosyuaercs
auamerp d usobpaxenns CoJHlIa, ecoH YrJOBOH JHaMeTp
Cosnnua 0:=32'? Bo ckonbko pas ocBellleHHOCTb, CO3TaBaeMas
uso6paxkenHeM CosHua, Gyner GONblE OCBEIEHHOCTH, BBI3H-
paeMoii CoslHIIEM HEeNOoCpPeICTBEHHO?

15.53. CperT oT 3JeKTpHIeCKOH JIaMINOYKH C CHJIOH CBeTa
=200 k& napaer noyx yrsom a=45° Ha pa6ouee MecTO, CO3Ra-
Basi ocBemeHHocth E==141 nK. Ha KakoMm paccTosiHuu r ot
paouero Mecta HaxXoAuTcs Jamnouka? Ha kakoH BeicoTe A
or pafoyero Mecrta OHa BHCHT?

15.54. Jlamna, noppemieHHas K MOTOJKY, LaeT B TOPH3OH-
TaJbHOM HanpabJeHHH cuay cBera =60 k1. Kako# cBerosofi
notok @ nanaer Ha kapTuHy maowageo S=0,5 M2, BuCsULYIO
BepTHKAJIbHO Ha CTEHE Ha PAacCTOSTHHH 7==2 M OT JIaMIbl, eC/y
Ha NPOTHBOMNOJIOXKON -CTeHe HaXOAHTCS GoJbIlOe 3epKaslo Ha
pacCTOSsHHH =2 M OT .JIammbl?
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15.55. Bosbwon uepTex ¢ororpadupyior cHauana HeaH-
KOM, 3aT€M OTAEJIbHbIE €ro JIeTajJin B HAaTypaibHYI0 BEJHUHHY.
Bo ckosbKO pas Hallo YBENHUHTL BpeMs 5KCMO3HIMH NMpPH (oTO-
rpagHpoBaHHH JeTaseil? ’

15.56. 21 mapTa, B JleHb BeCEHHEro paBHOJAEHCTBHA, Ha
Cesepnoit 3emne ComHue CTOHT B mosieHb noj yraom a=10°
K TOPH3OHTY. BO CKOJBKO pas OCBElLIEHHOCTh MNJIOIAAKH, MO-
CTaBJIEHHOH BepTHKaJbHO, OyleT 6oJiblie OCBEIEHHOCTH Tro-
DH30OHTAJILHOH MJIOILAAKH?

15.57. B nosneHb BO BpeMs BeCEHHEr0 M OCEHHEr0 PaBHO-
JeHcTBHA COJIHIE CTOHT Ha 3KBaTope B 3eHHTe. Bo cKOJbKO
pas B STO BpeMsl OCBELIEHHOCTb NOBEPXHOCTH 3€MJH Ha 3K-
Barope GOJIbllle OCBELIEHHOCTH MOBEPXHOCTH 3eMJyH B JIeHHH-
rpage? lupora Jlenuurpaga ¢=60°.

15.58. B nentpe KBaJpaTHOH KOMHATHI mJowanbo S=25 m?
BucHT Jamna. Ha kakoil BeicoTe A OT moJia A0XKHA HaXOJHTh-
csl Jamna, uToObl OCBELEHHOCTb B yrJaX KOMHaThl 6bljla HaH-
GoJbILEei? ‘

15.59. Han uentpoM kpyrJsioro crosa guamerpom D=2 M
BHCHT Jawmmna ¢ cujaofi ceera /=100 ka. Halith nsmenenue oc-
BeleHHOCTH £ Kpasi cToJIa NpH MOCTeNeHHOM NojbeMe JaMIIhl
B uHTepsaje 0,5<Ch<C0,9 M uepes kaxawe 0,1 M. IlocTpouThb
rpaduk E=f(h).

- 15.60. B uenrpe kpyrjoro crosa avamerpom D=1,2 m
CTOMT HACTOJIbHAsA JlaMna M3 OAHOH 3/eKTpHYeCKOH JIaMIIOUKH,
pacnoJsiokeHHOH Ha BbicoTe A; =40 CM OT MOBEPXHOCTH CTOJA.
Han nentpom etosia ma BbicoTe fz==2 M OT €ro NOBEPXHOCTH
BHCUT JIIOCTPA U3 UEThIPEX TAKUX Ke Jamrnouek. B KakoMm ciy-
uae MoNyuyHTcsl GOsbluasi OCBEILEHHOCTb Ha Kpaio cToja (H-BO
CKOJIbKO Pa3): KOrja FOpPHMT HacToJIbHAsl JaMmiia HJIH KOrja ro-
PHT JrocTpa?

15.61. Ilpenmer npu doTtorpadupoBaHiy OCBEILAETCS 3JIEKT-
pHUeCKOH JIaMIOH, pachoJoXeHHOH OT Hero Ha DPACCTOSHHH
r;=2 M. Bo ckolbKO pa3s HaN0 yBeJIHYHTH BpeMsl SKCMO3HIHH,
€CAH 3Ty Ke‘JlavIy OTOABHHYTb HAa paccTosiHHE r,=3 M OT
npeaMerar

15.62. Hafitn ocBewenHocTs £ Ha NOBEPXHOCTH 3eMJH,
BbI3BIBAEMYI0 HOPMAaJIbHO NAaJaloOlUMH COJHEUHBIMH JIyyaMmHu.
SIpkocte Conuna B==1,2-10° ka/m?.

15.63. Cnupajb 3/eKTPHYECKOH JIAMNOUKH C CHJIOK cBeTa
I=100 Kkx 3ak/T0ueHa B MaToBYIO chepHUecKylo Koaby NHameT-
poM: a) d=>5 cm; 6) d=10 cm. Halitn cBeruMocTh R H sipKOCTh
B namnbl. [ToTepeit cBeTa B 060/04Ke KONGBI NpeHeGpeys,

15.64. Jlamna, B KOTOpOH CBETSILUM TeJOM CAYKHT HaKa-
JIeHHBIH 11apHK AHaMeTpoM d=3 MM, JaeT cHJ1y cBeta /=85 xa.
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HaitTi sipkocTb B naMnnl, ecau chepHueckas Koa6a JaMIibl Clle-
JaHa: a) U3 MPO3pauHOro CTeKJa; 6) U3 MaToBOro crekna, Jua-
MeTp Koa6el D=6 cm.

15.65. Kakyio ocBellleHHOCTb E JaeT JaMna HpembiRyiledt
3ajaY¥ Ha paccTosHUH r=5M INpH HOPMAaJbLHOM NajeHHH
cBerar

15.66. Ha Juct Gesofi 6ymaru miomazabio S=20X 30 cm?
DepNEHJUKYJ/AAPHO K TOBEpXHOCTH [ajaeT CBETOBOH MNOTOK
®'=120 am. Haittu ocBemennocts E, cBeTuMocTh R H SpPKOCTD
B 6ymaxkHoro JHcTa, ecad Koa(duiHenT orpaxkenus p=0,75.

15.67. KakcBa J0o/MkHa GRITh OCBelLIeHHOCTh E sucta Oy-
Mar¥ B npefblAylilell 3ajaue, 9To6bl ero ApPKOCTb Oblla paBHA
B=10% ga/m??

15.68. Jlucr 6ymaru miomanbio S==10x 30 cM? ocBemyaercs
Jaamnofi ¢ cunoli ceeta /=100 KA, TIpHYEM Ha Hero majaer
0,5% Bcero nocewiaeMoro namnoii ceeta. Hafitu OCBemeHHOCTb
E nuera fymarda. . .

15.69. DsekTpHueckas Jamna ¢ cusoll ceera =100 kx
riochislaeT BO Bce CTOPOHKI B e TMHULLY BpeMeHH W, =122 JI:xk/Mun
CBeTOBOH sHeprud. HaiitH MexaHHYeCKHH 3KBUBaJseHT cBeTa K
W K. I . 1 CBETOBOH OTAaud, ec/M Jamna roTpeliser moLl-
Hocte N=100 Br.

§ 16. BoanoBasm onTHKa

Mo npunnuny Honsepa uyactota v' CBETa, BOCIPHHHMAEMast PErHCTpH-
pyomwHM npHGOpoM, CBA3aHAa C 4YacTOTOH v, IOCHLIaEMOH HCTOYHUKOM
CBeTa, COOTHOWIEHHEM -

AI_ 1/-1_0/0
=y TR

rJie U -— CKOpPOCTb PerdcTpUpyiomero NpHGopa OTHOCHTEJBHO HCTOYHHKA,
€ — CKOPOCTb pacnpocTpaneHHs ceeTa. [loJoXKHTeNbHOe 3HAaueHHe U CO-
OTBETCTBYeT yHaJeHHIO HCTOUHHKa cBeta. Ilpn v<e dopmyry npuéﬂmerHo'
MOXHO NpeJCTaBHTh B BHIe

1 ve

V1F5k e to
Paccroanne Mekay HHTephepeHUHOHHBIMH TIOJIOCAMH Ha SKpaHe,
paCHOJ’IO}KEHHOM HapaJIJ'IEJ'IbHO JBYM KOTepeHTHEIM HCTOYHHKAM cCBeTa,

- l=£7~, _

.

d

Ife A — [JHHA BOJHLI CBeTa, L — paccTofAHHe OT 9KpaHa [0 HCTOYHHKOB
CBeTa, OTCTOSIHX APYF OT Apyra Ha paccTosnuu d (IpH sTOM L>>d).
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- Peaynvrar nHTepdepeHUHH cBeTa B IJI0CKOMapaLle/bHEIX TIACTHHS
Kax (B TpPOXONfIlEeM cBeTe) ompefensierca $opMyJiaMH:
yCHJIEHHE CBeTa

2hncosﬁ=2k%¥ k=0, 1; 2, ...),

ocnabnenue ceeTra -
Shncosp=(2k+1 2 (k=0, 1,27..),

rae h — TOMLHHA IVIACTHHKH, 7 — MOKa3aTesb Hpenomieus, § — yroa
NpeNoMAeHHs, A — JJHHA BOJHLI cBeTa. B OTpaMKeHHOM CBeTe YCJIOBUA
yCHIeHHS ¥ ocaabieHus cBeTa OOPATHH YCJIOBHSM B NPOXOLSILEM CBETE.
Paguycnt csetneix Kodern, HbioToHa (B npoxopnsiieM cBeTe) Ompesies
astores dopMynoi .

rk—_:]/-m (=1, 2, ...};

paanychl TEMHBIX KOJel

° rp= V‘(Qk—l)R'g‘ (k:]», 2, "')9

rre R — papuyc KpHBH3Hb NHH3bL. B oTpaseHHOM cBeTe pacloJOKeHHe
CBETVIBIX H TeMHHX Kojel O0paTHO HX pacriozozeihio B npoxonﬂmem
cpere. -

TNonomente MUHHMYMOB OCBElIEHHOCTH NpH AHpaKIUM OT WIelH, Ha
KOTOpYIO HOPMAJbHO NajiaeT NMYYGK NMapasJenbHbiXx Jyudell, omnpeneasercs
yCJIOBHEM _ :
asinp= 4 kA (k=1, 2, 3, ...},

IjJe @ — IWHpHHA wiet, ¢ — yroa aubpaxiuy, A — JVIHHA BOJHE! Majia-
omero cBeTa. : )

B anbpakuHOHHOA pellleTKe MakcCHMyMBb cBeTa Hafmojalorcs B Ha-
NpaBieHHSK, COCTABJSKIIHX C HOPMAJbIO K pelleTke yroa ¢, yIOBJIeTBO-
PAIIMHE COOTHOWIEHHIO (NPH YCJIOBMH, YTO CBeT NajaeT 11a PCILCTKY 110p-
MaJLHO) :

dsing=t b~ (=0, ,2,...),'

rge d — TIOCTOSIHHAA DeWeTKH, ¢ — yroa AH(pakuu#d, A — IJHHA BOJHE
Nafalomero ceeta  k — nopsaaok cnexrpa. ITocrosunas pemerkn d= 1/N,,
rge Ng — uHCAO IMeded pPEWCTKH, MPHXOAAlICECs HA eZHHHLY JAJIHHEI
peleTKH. -

Pagpewatomas CIIOCOGHOCTB AUPpAKILHOHHOR pemenm olipeAeisieTcs

¢dopmyol
‘ L3

Ak=kN
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rae N — ofiee YHco wenel peleTkH, & — Nopaaox cnextpa, A u A-AA —
JUIHHK BOJH JBYX OJH3KHX CNEKTPaJbHBIX JHHH{, emle’ paapemaemux
peweTkofi. :
Yrnosok nucnepcneﬁ nuc};paxuuonﬂoﬂ, peuxenm Ha3blBaeTCsA BeHUHHA
do
—d'x-

Jluneltnod pucnepcuefl AM(PPAKUMOHHOR pelUeTKH HA3BIBACTCA BEJH-
. YHHa

’

do
D=F—=,

rae F — ¢okycHoe paccTosiiMe JIMH3BL, NPOEKTHPyoweR cleKTP Ha 3KpaH.
IlpH oTpameHHH ecTeCTBeHHOTO CBeTa OT llHSJIeKTleIECKOI‘O 3epKaJaa
uMetoT MecTo Gopmyant Ppenens

sin ¢ —P) _ tg (i—p)12
r=0sts (S| =05 [y

The /| — HHTEHCHBHOCTH CBETOBbIX KOJeGaHHH B OTpameHHOM Jyue, CO-

BEPIIAIOIMXCS B HANPABJIEHHH, NepreHJHKYASPHOM K MJIOCKOCTH MajeHHs
cBeTa, [, — HHTEHCHBHOCTb CBETOBLIX KOJeGaHHEH B OTPaKCHHOM JIyve,

COBepIlalOMIUXCA B HanpaBJ/eHKH, napajjeJJbHOM IWIOCKOCTH MNajeHHda
cBeTa, /o — HHTEHCHBHOCTb MAfAlOWET0 €CTeCTBEHHOTO CBeTa, [ —— yroJ
nanenus, f — yroa npejoMienus.

Ecnn i+p=90° 1o I, =0. B s1OM cyyae yron najeHus i H noka-

B
3aTesb MpeOMJIEHHA 1 ILHBJIEKTPH‘XQCKOI‘O 3epKaja CcBalaHbl COOTHOLICHHEM

tg i[;=n (3axon DBpiocrepa).

HMuTeHCHBROCTb CBeTa, MpOWeEAWEro 4epe3 TONSAPHIATOp H AHAMH3A-
TOp,
I=1,cos*p (3akon Mamoca),

raie @ — yroj Mexny rJ1aBHBIMH IVIOCKOCTAMH NOJApH3aTOpa H aHalM3a-
TOpa, IO-—-HHTeHCHBHOCTb CB€Ta, npouennero vepes noJapH3arTop.

16.1. Tlpu dororpadupoBanuu cnextpa Cosnila 6bL10 Hafi-
JleHO, 4TO XKeJTasi clieKTpadbHas JHHAA (A=589 HM) B crHekrT-
pax, NOJYUYeHHBIX OT JIeBOI'O M npaBoro KpaeB CosHila, 6hina
-cMmetleHa Ha AA=0,008 HM. HafitH ckopocTk v BpallieHHsI CON-
HEYHOro JHCKa.

16.2. Kakas pasuocts noreHuuanos U 6blia mpHIOKeHa
MeX]y 3JEKTPOJaMH [e/HeBOH pa3psaAHOi TPYOKH, eclH NpH
Ha6J/II0JleHHH BJOJb NYYKa Q-4acTHI MakKCHMaJbHOe JOMJ/IEepPOoB-
CKOe CMellleHHe JIHHHH requsa (A=492,2 HM) nOJyuYHJIOCH PaB-
HeiM AA=0,8 HM? :
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16.3. Ilpu dororpadupoBanuy cnektpa 3pe3ipl € AHApOMe-
-Jbl OBLIO HafileHo, 4YTO JIMHHSI THTaHa (A=495,4 HM) cMellleHa
K (HOJIETOBOMY KOHLY crekTpa Ha AA==0,17 um. Kak apuxketcs
3Be3]]a . OTHOCHTEJIbHO 3eMJIH?

16.4. Bo cKOMBKO pa3 yBeJHUHTCS PacCTOSHHE MEXIY CO-
CeIHHMH HHTep(epeHUHOHHLIMH OJI0CAMH Ha 3KpaHe B OMBITE
IOura, ecau senenpli cBetoduabTp (A,=500 HM) 3ameHHTH
KpacHbIM, (A3==650 HM)?

16.5. B onbite OHra oTBepcTHS OCBellaJMCh MOHOXPOMa-
THyecKUM cBeToM (A=600 HM). PaccTosiHHe MeXay OTBepCTHSA-
MH d=1 MM, paccTosfiHMe OT OTBepCcTHH 10 3KpaHa L=3 M.
HaiiTn nosoxeHHe TpeX NepBBIX CBETJIBIX IOJOC.

16.6. B onnite ¢ 3epkaiaMH PpeHesi pacCTOAHHE MeEXAY
MHHMBIMH H300pakeHHsIMH HCTOYHHMKa cBera d=0,5 MM, pac-
CTOsIHHe 10 3KpaHa L=5'M. B 3e/eHoM cBeTe MOJyYHIHCh MH-
TepbepeHUHOHHBIE TOJMOCH, PACMOJOXKEHHble Ha PacCTORHHH
{=5 MM zpyr ot apyra. HalTH A1HHY BOJIHBL A 3eJIeHOTO CBeTa.

16.7. B onwite IOnra Ha nytH ogHoro 3 HHTepdepHp yOLIHX
Jyueil noMelllajach TOHKas CTeKJAsiHHAs NJacTHHKA, BCleJCTBHE
Yero 1lleHTpaJbHAsA cBeTJiad MoJoca eMellanach B INOJNOXKeHHe,
NepBOHAYAbHO 3aHATOE MATOH CBeTJOH NOJOCOH (He cuHTas
LUeHTpasbHOH). Jlyu majaer mepreHIMKYJSIPHO K TOBEPXHOCTH
nnacTHHKH. [lokasatenb npenomsendsi miacTHHKH n=1,5.
Jauna Bonubl A=600 HM. KakoBa TonmHHa A NMIacTHHKH?

16.8. B onwite IOHra cTek/asiHHas#A NJIacTHHKA TOJNUHHOH
h=12 cM nomemaeTcA Ha MYTH OXHOTO M3 HHTEphepHPYIOMUX
Jydyell nepreHAHKYJsApHO K Jayuy. Ha ckonbko MQryT OTJ/H-
yathcA APYT OT ApYra NMoKasaTesld NpesioMIeHHE B PasJHYHBIX
MecTax MJACTHHKH, 4TOObl H3MEHeHHe Pa3HOCTH XOAa OT 3TOH
HEOJHOPOAHOCTH He TmpeBbILano A=1 MKM?

16.9. Ha MplnbHYIO NJIeHKY nafaeT Gesblil ¢BeT IOJ YTJIOM
{=45° K noBepXHOCTH IJaHKH. [IpH Kakoli HauMeHblIeH TOA-
IHHe A MJIEeHKH OTpaXKeHHble Jy4YH OyAyT OKpalleHbl B XeJThblH
uBer (A=600 um)? ITokasaresb mHpeJOMIEHHS MBUILHOH BOIbI
n=1,33. ’ :

16.10. MubibHAA TNJIeHKa, DacnoJiokeHHas BepTHKaJbHO,
o6pa3yeT KJHH BCJeACTBHe cTeKaHHA Xuakoctd. [Ipu nabmo-
IeHHH HHTepdepeHIIHOHHBIX MOJIOC B OTPa’KeHHOM CBeTe PTYT-
HoH ayru (A=>546,1 HM) OKa3a/noCh, UTO pPacCTOSIHHE MEXAY.
naThio nosocaMd [=2 cm. Haiith yron y knuna. Ceet nagaer-
NepneHAUKYJIAPHO K IICBEPXHOCTH NJeHKH. [lokasatenb mpe-
JIOMJIEHHS. MpLTbHON Boawl n=1,33.

16.11. MuibHas T™JieHKa, paclojoXeHHas BEpPTHKAJNLHO,
o6pa3yeT KJUH BCJeACTBHe CTeKaHHA KuAKocTH. HMHTtepdepeH-
uMsa Ha6sofaeTcst B OTPa*keHHOM CBeTe uepe3 KpacHoe CTeKJo
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(Ay=631 uM). PaccTosiiie Mexly COCeIHMMH KpacHBIMH NOJo-
camu npH 3ToM [;=3 MM. 3aTeM 3Ta Ke NJeHKa HabuOLaercsi
yepea cunee cTekso (h,=400 um). Hafitu paccrosnue I, Mexay
COCeJIHHMH CHHHMH monocamH, CuuraTh, 4TO 32 BpPeMs H3Mepe-
HHil GopMa TJIEHKH He H3MEHSEeTCst W CBeT nanaeT NepHeHnKy-
JIADHO K TNOBEPXHOCTH TIJIEHKH,

16.12. Ilyuok cpera (A=D582 M) nagaer nepIeHNKY s p-
HO K TMOBEPXHOCTH CTEK/JSIHHOTO KJ/HHa. ¥YToa KJAHHa y=20",
Kakoe 4yucio ky TeMHBIX HHTephepeHLIUOHHRIX N0J0C NPUXORHT-
¢l HAa eIMHHNY HJHHB KauHa? [lokasatenb mnpenoMieHHs
crexgaa n=1,5. ' v

16.13. ¥YcragroBka mjs nojydeHHs Kogell HpiotoHa ocBe-
1aeTcss MOHOXPOMATHUECKHM CBETOM, MajalollMM [0 HOPMAaJjH
K MOBEPXHOCTH NJacTHHKH. HadmionenHe BelleTcsl B OTPaKeH-
HOM cBeTe. Pajifiycnl JBYX COceHUX TeMHBIX KOJEIl PaBHBI 7,==
=4,0 MM U r,,,;=4,38 MM. Pagnyc KDHBHU3HB JHH3b R=
=6,4 M. HallTu nopsaikcBble HOMepa KoJel H JJHHY BOJHBL A
Nlajawolero cBera.

16.14. YcrancBka A5 noaydenus koJell HbloToHa ocBe-
aeTcss MOHOXPOMaTHYeCKHM CBETOM, MajaloliMM N0 HOPMaJlH
K IOBEPXHOCTH [MJIACTHHKH. Pajauyc KDHBH3HBI JHH3H R=
=8,6 M. HaGuoznenne Benercss B oTpaxeHHoM cBere. Mamepe-
HHSIMH YCTaHOBJ/IEHO, UYTO PajHyC 4eTBEPTOro TEMHOrO KOJbLa
(cuMTas HeHTpaJbHOE TeMHOe-NATHO 3a HyJeBoe) 7,=4,5 MM,
Ha#itn AnuHY BOJHBI A najamolliero cBeTa.

16.15. ¥YcraHnoBka Ajf noJydeHHs KoJel HpioToHa ocBe-
waercs GejibIM CBETOM, NafaloliHM MO HOPMaJH K NOBEPXHOCTH
NJMaCTHHKH. PanMyc KpuBH3HBL JHH3BI R=Db M. Habsmozenue

BejeTcst B npoxojsiulem ¢Berte. Halftu pamuycel ro U ry, 4er-
BEPTOr0 CHHero Kosbua (A.=400 HM) H TpeTbero KpacHOro
Koabua (A, =630 Hm).

16.16. ¥cranoBka /19 MOJYy4eHHS KoJell HeloToHa ocBe-
maeTcss MOHOXPOMATHYECKHM CBETOM, MajaioUlUM {10 HOPMAJH
K NOBSDXHOCTH NJ1aCTHHKH. Pajnyc KPHBH3HEI JHH3E R =15 M,
Ha6aonenue Belercs B OTPaxkeHHOM cBeTe. PaccTofdte MeXy
NATHIM M JABajuaTh MATHIM CBeT/IBIMH KoJabliamMu Hblorona
[=9 mM. HafiTu JqHHY BOJIHBI A MOHOXPOMAaTHYECKOTO CBeTa.

16.17. Ycranobka s monyuenus xonel Hbiotona ocse-
[aeTCsl MOHOXPOMATHYECKHM CBETOM, NaJalollUM [0 HOpPMaJH
K NCBSPXHOCTH MiacTHHKM. HabmofeHue BefeTCst B OTpameH-
HOM cBeTe, Paccrosiiie MexKy BTOPEIM H IBAJUATHIM TEMHBIMH
Konbuamu [;=4,8 M. Hailitu paccrosinue [, MexIy Tperbum
M HIeCTHAaAUATHIM TeMHbIMH KoJsibnamu HbroToHa.

16.18. YcranoBka Jjs nojydeHus KoJey, Hpiorona ocme-
laerca CBeTOM OT PTYTHOH IyTH, NaJaloiHM [0 HOPMaJH K I1o-
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BepXHOCTH MacTHHKH. Habiionenue BesieTcsh B BPOXOGAsILEM
cBere. Kakoe 1o nmopsaKy CBeT/IOe KOJBLO, COOTBETCTBYIOLIEE
JMHHH A;=D579,1 HM, cOBIaZaeT CO CIEAYIOIMM CBET/IBIM KOJb-
1I0M, COOTBETCTBYIOUIMM JIMHHH Ap=577 HM?

16.19. YcraHoBKa AJs noJydeHHs Kosen HbloroHa ocBe-
1aeTCsA CBeTOM € JJMHHOM BOJHBI A==589 HM, majalomuM mno
HOpMaJd K no:aepxuocm IJIaCTHHKH. Pazmyc KPUBHSBHHI JIHH3bI
R=10 M. TlpocTpaHCTBO MeXay JAUH3OH U CTEKASHHOH IUia-
CTHHKOH 3amoJiHeHO XHAKOCThIO, Hafity moxasaTenb mpesioM-
JIEHHSl 1 XHAKOCTH, €CJH PaiHyC TPeTbero CBETJIOTO KOJbla
B NPOXOASAIIEM cBeTe r3=23,65 MM.

16.20. YcranoBra ais moJyueHHs kosern HeiooToHa ocBe-
IaeTcsi MOHOXpPOMAaTHYECKHM CBeTOM C JJHMHOH BOJIHBI A=
=600 uM, majawiliM MO HOPMaJu K MOBEPXHOCTH MJIACTHHKH.
HaliTi ToalUHy £ BO3AYIIHOTO CJIOA MEXAY JHH30H H CTEK-
JIHHOH TJIAaCTHHKOH B TOM Mecte, TJie HabaiogeTcsl 4eTBepTae
TEMHOE KOJBIQ B OTPakeHHOM CBere.

16.21. YcrancBKa n/1s NOJyYeHHs KoJaeln HbloToHa ocBe-
1aeTCsl MOHOXPOMATHUECKHM C(BETOM ¢ JJIHHOH BOJIHBI A=
=500 HM, NajalUUM MO HOPMATH K MOBEPXHOCTH MJIACTHHKH.
[IpocTpaHcTBO MeXAy JIMH30H M CTeKJSHHOH IIJIACTHHKOH 3a-
nosiHeHo BoZol. HalTH TonlIuHy A cj10s BOAB MEXKIY JHH3OI
W [TAaCTHHKOH B TOM MecTe, Ijie HabJIIOAaeTCsl TPETbe CBETJIOE
KOJIBIO B OTPayKEeHHOM CBETe,

16.22. YcraHoBka 151 TlosiyueHHsi KoJen HbioToHa ocBe-
11aeTcsl MOHOXPOMaTHYeCKHM CBETOM, MAaloHiMM MO HOpPMasu
K NOBEPXHOCTH I1acTHHKH. [locie TOro kak npocTpaHcTBO MeX-
Jy JHH30HM H CTEKJAHHOH MJACTHHKOH 3aNOJHHIH KHJKOCTHIO,
paiuychl TeMHBIX KoOJell B OTpPa*keHHOM CBeTe YMeHBIIH-
aucb B 1,25 pasa. Halltu nokasatenb npesoMieHUs] #
>KHJIKOCTH,

16.23. B omnblTe ¢ HHTEpdepoOMeTpoM Mam{enbcox{a pilt |
cMellleHdst HHTepdepeHUHOHHOH KapTHHBL Ha k=500 mnoJoc
noTpeboBaJOCh IEepeMecTHTh 3€pPKajo Ha paccrosiude L=
=(0,161 mM. HaliTh g1HHY BoJHBL A majamllero cpera.

16.24. Onsn u3MepeHHMA INOKasaTessi NPeNOMJeHHd aMMH-
éKa B OJHO H3 IIedyed HHTepdepoMerpa MaiikesbcoHa TIOMe-
CTHJIM QTKaYaHHYIO TpyOKy mmuHofl /=14 cm. KoHunl TpybKH
BaKPBUIM IJIOCKOMapaJ//iesbHBIMU CTeKaaMu. [Ipu 3amosiHeHUH
TpyOKH aMMHakoM UHTepdepeHIMOHHAS KapTHHA A AJUHBL
Bo/IHEI A=590 HM cMmecTunach Ha k=:180 nosoc. Hafith mnoka-
3aTesb TIpeJIOMJIEHHS 7 aMMHakKa.

16.25. Ha nytu onmoro ua aydeit nHtepdepomerpa yKamena
(puc. 63) moMecTHJIH OTKavaHHyl TPYGKYy AAHHOH [=10 cM.
Ilpyn samonHenHn TPYGKH XJopoM HRTepdepeHIMOHHAS KapTH-
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Ha AJ18 AJIHHB BOMHB A=590 HM cMecTHJ/ach Ha k=131 noJo-
cy. Hafitn nokasatesb NnpeJOMJEHHS 1. XJIOpa.

16.26. [Iyuok GeJoro cBeTa MajaeT MO HOPMAJH K MOBEPX-
HOCTH CTeKJSHHOM MJIACTHHKH TosuuHoH d=0,4 MKM. [loka-
3aresib npe.nomemm crekna n==1,5. Kakue AJHHE BOJH A,

Jexauive B npefesiaX BHAUMOTO CHeK-
Tpa (ot 400 no 700 HM), ycHJHBaWOTCA
B OTpPaXeHHOM CBeTe?

16.27. Ha noBepXHOCTb CTeKJiH-
Horo oObekTHBa (n,=1,0) HaHeceHa
TOHKAs IUieHKa, NOKa3aTelb npesomie-
HHS KOTOpOH n,=1,2 («mpocBeTsio-
mas» meHka). [1pu kKakol HauMeHblef
TOJIMHe d 3TOH NJeHKH NPOH30HJeT

Puc. 63. MakcHMasbHOe ocnabJieHHe OTpaKeH-
HOTO CBeTA B cPefHeH yacTH BHJIHMOIO
CTeKTpa?

16.28. CBeT OT MOHOXPOMATHYeCKOrO HCTOYHHKa (A=
=600 HM) majaeT HopMaJbHO Ha AHaparMy c AHaMeTPOM OT-
BepcTHs d=6 mMM. 3a auadparMoll Ha paccTosHHH [=3 M oOT
Hee HaXoAuTcs 3KpaH. Kakoe uHcsio & 30H DpeHesns yKaaibl-
BaeTCs B OTBEPCTHH Anadparmel? Kakum 6ygaer ueHTp AHPpak-
L{HOHHOH KapTHHEI Ha 3KpaHe: TeMHBIM HJIH CBETJbIM?

16.29. Hafitu paguycel r, nepBbix natH 300 ®perens, eciin
paccTosiHHe OT HCTOYHHKA cBeTa JO BOJIHOBOHl INOBEPXHOCTH
a=1 M, paccTosiHHe OT BOJIHOBOH [IOBEPXHOCTH [0 TOUYKH
Habmogenusa b=1 M. dauua Bosuel cBera A=500 HM.

16.30. Ha#itu pamuycel r, nepBuix naTtd 30H @peHena pis
NJIOCKO# BOJIHHL, €C/IH PACcCTOSIHHE OT BOJTHOBOM NOBEPXHOCTH J0
TOUKH HaOmogenus b=I1wm. JlaMHA BoOJAHE cBeTa A=
=500 HM.

16.31. JudpakunoHHas KapTHHa Hab/M01aeTcsa Ha paccTos-
HUH [ OT TOYEYHOTO HCTOYHHKA MOHOXPOMATHYECKOrO CBETa
(A=600 um). Ha paccrosnun a==0,5/ OT HCTOYHHKA MOMeLIEHa
KpyrJas Henpo3payHad nperpafa anamerpoM D=1 cM. Hajitu
paccrosiHue /, ecin nperpaja 3aKpbiBaeT TOJbKO LEHTPANbHYIO
30HY q)peHeJm

16.32. [In¢dpakuyonHas KapTHHA HabMOaeTca Ha PaccTos-
HHH /=4 M OT TOYeYHOr0o HCTOYHHKA MOHOXPOMATHYECCKOrO CBe-
Ta (A=500 HM). IlocepennnHe MexAy 3KPaHOM H HCTOYHHKOM
cBeTa nomelleHa auadparma ¢ KpyrJeiM oTBepcTHeM. I1pu Ka-
KOM pajuyce R OTBepCTHS LEHTP AM(PAKUHOHHHX KOJell, Ha-
6/10faeMblX: Ha 3KpaHe, OyJeT HaHGoJlee TeMHLIM?

16.33. Ha nuagparmy c auamerpom otBepctia D=1,96 Mm
najiaetT HOPMaJibHO NMapaJuiesibHbIA MyYOK MOHOXPOMATHUYECKOro
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cBera’ (A=600 um). Tlpu Kakom HauGoabluem paccrosHuHH [
MexX1y duabparmMoil H 3KpaHOM B IEHTpe AupaKuUOHHOK Kap-
THHH ellle OyZeT HaGMIONATLCA TeMHOE MSTHO?

16.34. Ha mens mIMPHHOH a=2 MKM NajaeT HOPMaJbHO
napanienbHbll Iy40K MOHOXPOMAaTHYeCKOTro cBeTa (A==589 HM).
[Ton xakumu yrnamu @ OyayT HaGJIIO,ZlaTbCH JIHbpaKUMOHHbIEe
MHHHMYMBI CBeTa?

16.35. Ha menp wupHHO# a=20 MKM NajaeT HOPMaJbHO
napaJjiesbHbIH Ny40K MOHOXpoMaTHuecKoro csera (A=>500 um).
Ha#itn winpuny A H3o0paxkeHHs IMeH HA SKpaHe, YAaJeHHOM
oT menu Ha paccrosHde [=1 M. Illupunoit usoGpameHHd
CUHMTATh paccTOsiHMe MeXAY MepBbIMH IH(PPaKUMOHHBIMH MH-
HHMYMaMH, pachosoXeHHBIMH To ofe CTOPOHEI OT IJIaBHOTO
MaKCHMYyMa OCBelleHHOCTH.

16.36. Ha wenb wnpuyolt a=6)\ nagaetr HopMaibHO NapaJl-
JIeJIbHBIH TyY0K MOHOXPOMATHYeCKOro CBeTa ¢ JJIHHOH BOJIHHL A.
[Tox Kakum yraiom @ OyjeT HabJOfaTbesl TPeTHI nn¢paxuuoa~
HBIH MHHHUMYM cBeTa?

16.37. Ha ,uHQJpaKuHOHHylo pellleTKy "nagaeT HOpMaJIbHO
nmy4yok cBera. Jis TOoro 4yroObl YBUAETh KPACHYIO JHHHIO (A=
=700 HM) B cnexTpe 3TOro Nopsika, 3pHTEbHYIO TPYOY NpH-
LIJIOCh Y CTAHOBHTD NOA YoM @ =30° K ocH KosnuMaropa. Haltu
NoCcTOAHHYI0 d AH(MPAKLUHOHHOH pelneTKH. Kakoe YHC/IO IITPH-
x0B N, HaHeCeHO Ha eAHHHIY JJIMHH STOH pelleTKH?

-16.38. Kakoe uncyio wrpuxoB Ny Ha eIMHHULY [IHHBI HMeeT
IndpaKUHOHHAsl pelleTKa, ecaH 3ejeHasl JHHHA DPTYTH (A=
=546,1 HM) B cmekTpe mepBoro nopsjaka Habmogaercs MOA Yr-
JoM @=19°8'?

16.39. Ha mubpaKuMOHHYIO pelleTKY HOPMAJLHO MNajaeT
ny4yok cBera. HarpueBas nunus (A,=589 HM) jaeT B cnekTpe
mepBoro nopsfika yrosa aubpakuud ¢,=17°8". Hekoropan nu-
HHs JAeT B CHEKTPe BTOPOrO MOPsAKa yroJ AHPPaKIHU. §y=
=24°12' Ha#fiTu AnuHY BOJHBI A, 3TOH JIHHUH H UHCJIO LITPUXOB
N, Ha eIMHMIY JJHHBI PeILeTKH.

16.40. Ha nudpakiuHoHHYIO pellleTKy HOpPMasibHO Najaer
MY4OK cBeTa OT pas3psjHoil TpyOku. KakoBa fo/mxHa ObITH HO-
cTosiHHas d AM(PaKUHOHHOH pelueTkH, yToOB B HalpaBJeHHH
¢=41° coBnajaju MaKCHMYMbi JIHHUH 7»1—6563 HM H A=
=410,2 um? .
~16.41. Ha JHOPAKIHOHHYIO PellleTKY HOPMaJbHO Najaer
ny4ok cBeta. Ilpu noBopoTe TPyGnl roHHOMeTpa Ha YroJa @
B MoJie 3peHHsl BHAHA JHHHA A,;=440 HM B CleKTpe TPEeTbero
nopsiaxka. ByayT nu BUAHH NOJ 5THM Ke YIJoM ¢ APYrHe cuek-
Tpa/bHBEle AHHHH Ay, COOTBETCTBYIOUIHE JJIHHAM BOJH B Ipeje-
Jlax BHAKMOro cmektpa (ot 400 no 700 um)?
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. 16.42. Ha nrppakuioHHYi0 pellleTKY HOPMaJbHO MNajaeT
MydYoK CBETa OT paspsiiHOH TpyGKH, HamosneHHOH renneMm. Ha
KaKyl0 JIHRHIO A, B CIIEKTPE TPETHEro TOPsiiKa HaK/aJbiBaeTCs
KpacHasi IHHH#A resus (A =670 HM) crleKTpa BTOpOro nopsaakar

16.43. Ha naq)paxunormy}o PeIleTKY HOPMaJbHO nNafaet
Ty4OK CBeTa OT pa3psaiHOl TPYOKH, HAaNOJHEHHOH TIeJHEM.
CHayana 3pHTesibHAsi TpyOa yCTaHaBJMBaeTcs Ha ¢oseToBble
JHHHH (Mg, =389 HM) o ofe CTOPOHHI OT IEHTPAJbHOH MOJIOCHI
B cHeKTpe nepBoro nopsaaka. Orcyersl no JUMOy BIPaBo OT Hy-
JIEBOTO JIeJIeHHsl JalH @4, =27°33" U 4,=36°27". [Tocne aToro
3pHuTenbHast Tpy6a yCTaHaB/IHBACTCS HA KpacHbIe JIMHWH 1O obe
CTOPOHBI OT LEHTPaJbHOMN MOMOCH B CIEKTPE MEPBOTO nop;mxa
OrcueTbl o MUMOY BIPaBO OT HYJEBOTO AejeHHs JalH Prp
=23°%4" U @,,=40°6". Halitu AjnHy BOAHBI A, KPAaCHOH /4~
' HUH CIEKTpa refus.

16.44. Haitru HauGosblinii MOPAMOK k CNEKTpa JJf JKe-
TOH JuuuM Hatpusa (A=>589 HM), ecad mocTosiHHAA AHPparIy-
OHHOH pelleTKH d=2 MKM. .

16.45. Ha 1udpakunoHHyl0 pelleTKy HOPMalbHO Majaer
Myd4oK MOHOXDOMATHYeCKOTO cBeTa. MaKCHMyM TpeThero Io-
psanka Habaomaetcsl mof yraom ¢=36°48" k nopmanu. Haiitu
NOCTOAHHYIO d PEILIeTKH, BHIPaXEHHYIO B JUIMHAX BOJH Iajiato-
Iero cBeTa.

16.46. Kakoe uHc/10 MaKCHMYMOB R (He CYHMTas L@HTpa/b-
HOro) JNaer AucpaKIHOHHAs pelleTka MNpelblAymiell 3anayn?

16.47. 3purenbHas Tpy6a rOHHOMETPa ¢ AMPPAKIHOHHOH
pereTkolf mocTtaBsieHa moj yraoM ¢=20" K OCH KoJJIHMATopa.
[Ipu 3ToM B nosie 3peHus TPyGHI BUHA KPACHAs JIMHHS CTeKTpa
reaus (A,,=668 um). Kakoa nocrosnnas d AudpaKUMOHHOH
peleTKH, ECJIH TIOZ TeM e Yra0OM BUJHA U CHHAS JHHUSA (A, =
=447 uM) Gosiee BhIcOKOro mopsjka? Hauboabmui nop;mox
CHeKTpa, KOTOPHH MOXHO HabmozaTb NMPH NOMOIIH pelleTKH,
k=5. CpeT majiaeT Ha pelleTKy HOPMAJbHO.

16.48. KakoBa fomxHa 6bITb NOCTOSHHAA d nnrppaquOH-
HoH pellleTKH, 4TOObl B RepBOM NOPAAKe OBIIH pa3pellieHBl JH~
HUM crmekTpa Kanusi A;=404,4 uM d A,=404,7 um? upuna
pellleTKH a= 3 cMm.

" 16.49. KakoBa jo/mkHa GhITh NOCTOSHHAS d JIuDPAKIHOHS
HOH PeIleTKH, 4ToObl B MepBOM MOPsAKE b1 paspellleH AyGJeT
HaTtpusl A;=589 HM H A,=589,6 um? L[Inpmra peweTky. a=
=2,5 cMm.

16.50. HOCTOHHHaH Imq,paKuHOHHon pelleTKH d=2 MKM,
Kaky1o pasHocTb AIHH BOJH AL MOXKeT Pa3pelluTh 3Ta pelleTka
‘B 06J1aCTH XKenTHX aydeit (A=600 nm) B cnekrpe Broporo mno-
psinka? mnpuﬂa peweTks a=2,5 cM.
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16.51. TocTosnas )mcbpaxunonnoﬁ peiueTkH d= 2,5 MKM.
Haiitu yraioBylo - nHcnepcuio dg/dA peruerku )mﬂ A. =580 M
B CIEKTpPe NepBOro nopsiKa.

16.52. YruoBas aucnepcHs AHdpaKIHOHHOM pemerxn Ias
A=668 uM B crieKTpe nepBoro nopaaka do/di=2,02- 10s pan/M.
Hajitn nepuoxn d leppaxuﬂonnon peLreTKH.

16.53. Haiitn suuefinyto lmcnepcmo D nudpakunOHHOH
pELIETKH B YCJOBHSIX NpeNBIAYIHEH 3ajadd, ecaH (PokycHoe
paccTosiRHe JIHH3BI, IPOEKTHpYIOUeH CHeKTP Ha 3KPaH, PaBHO
F=40 cMm.

16.54. Ha kakom paccrosinuu [ ApYT OT Hpyra 6y11yT-
HaXO[AMTbCA Ha 5Kpale JABe JHHHH PTYTHOH aAyrH (A,=577 HM
H A>,=579,1 HM) B cHeKTpe nepBOrg NMopsika, NoJy4yeHHOM IIPH
MOMOIIH  AH(ppakIMOHHOH pemeTrku? (POKycHOe pacCTOsHHE

JIHH3bI, IPOEKTHPYIOLIeH ciekTp Ha 3KpaH, F=0,6 M. ITocrosan-
Hasi pelleTKH d=2 MKM.

16.55. Ha JHOPAKLHOHHYIO PeIleTKy HOPMaJbHO MajaeTr
nydok ceeTa.. Kpacuasi nuana (A,=630 HM) BHAHA B clleKTpe
_TpeTbero nopsiika moxp yrsiom ¢=60°. Kakas cnekrpanbHas
JIHHHSA As BHJHA [O] 3THM 3Xe yIJIOM B CHeKTpe YelBePToro Io-
psiika? Kakoe uHc/0 WTPHX0B No Ha €IHHHLY J/HHBI HMeeT
;mq)paxunoxmaﬂ pemterka? Haiitu yrotoByio aucnmepcuio dg/dA
STOH pelleTKH sl JUIHHB BOJIHBI A; =630 HM B.CnieKTpe TPeTb-
ero mnopsjixa.

16.56. JI1s KaKoil JIHHEI BOJHE A- -IHpaKIHOHHAs PelleT-
Ka UMeeT YIJIOBYIO Aucnepcuto dop/dA=6,3. 105 paa/m B cnekTpe -
Tperbero mnopsaka? TlocrossHHast pemleTKH d=D5 MKM.

16.57. Kakoe ¢okycHoe paccrosiHie F JO/KHA HMeTb JIHH-
3a, OpPOEKTHPYIOIIAsl Ha 9KPaH CIOEKTP, MOJYYEHHRIH NPH MO-
MOIH AHOPaKUHOHHOH pelIeTKH, uTOOb! PacCTOSHHe MeXIy
JIBYMA JINHHAMH Kanusi A;==404,4 uM ¥ A,=404,7 HM B crieKTpe
nepBoro nopsiaka 6euio paBupM [=0,1 mM? IlocrosiHuas pe-
MeTKH d=2 MKM. ‘

16.58. Hailtu yron ig nmosHoH mosispH3aliMH NPH OTpaXe-
HHH 5c1aeTa OT CTeKJIa, NOKa3aTe/lb NPeJOMIEHHs KOTOPOro n=
=1,b7

16.59. IlpenesbHBIE YTos MOJHOTO BHYTPEHHETO OTPaKeHH I
7151, HEKOTOpOTO BelllecTBa .[==45°, Haliti A4 3TOro BeillecTBa
yroJa ip TOJNHOH NOJSPH3AIHH.

16.60. ITox KakuM yIJIOM {5 K FTOPH30HTY JOJIXKHO HaXOIHTh-
cs ConHile, 9TOGHL €r0 JYYH, OTPameHHbe OT NOBEPXHOCTH 03e-
pa,” 6blIH HaHOoJiee MOJHO IM0JISiPH30BAHE?

16.61. Ha#ith nokasaresb Npe/OMJIEHHS 7 CTeKJa, ecJIH
NPH OTpaKeHHH OT HEro CBEJa OTPakeHHbLH. Jyu 6yne'r noJ-
HOCThIO- HOJIﬂpHSOBaH HPH yrJe l'lpe.HOMJIeHHﬂ p=30°
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16.62. JIyq CBETa NPOXOJAHT Yepe3 KUIKOCTb, HAJIHTYIO B
cTeKJsHHHI (n=1,5) cocyx, M oTpaxaeTcsi oT aHa. OTpaxkeH-
HBIfl J1yd MOJIHOCTBIO MOJISIPU30BaH MPH MajeHHH ero Ha AHO
cocyRa noj, yrJioM ig=42°37'. HaiiTi nokasartenn npejgomieHus
n xkuaKocTH. [loJ KakUM yr/i0M § 0/12KeH Tajath Ha AHO COCYAA
Jyu cBeTa, HAYIUHH B 5TOH XKUAKOCTH, YTOGLI HACTYIHJIO MTOJHOE
BHYTPEHHee OTpa)KeHHe?

16.63. ITyuok nIOCKONMONSPH30BAaHHOTO cBeTa (A=589 HM)
najaeT Ha IVIACTHHKY HCJAHACKOrO WINaTa NEPNeHAHKYJAPHO
K ero onrHueckoil ocH. Haiith anuub BosH A, ¥ A, OGHIKHOBEH-
HOTO H HeOOLIKHOBEHHOTO Jy4el B KpHCTaJjjle, eCc/IH NoKasaTenH
NpeJOMJIEHHS HCJaHACKOTO MNaTa JJsi OGbIKHOBEHHOTO H AMA
HeOOLIKHOBEHHOTO Jyuell paBHBl 1,=1,66 U n,=1,49.

16.64. Haiitu yron ¢ MexJy I'/1JaBHLIMH MJOCKOCTAMH TOJSA-
pH3aTopa M aHaJM3aTOpa, eCcJH HHTEHCHBHOCTb eCTeCTBEHHOro
cBeTa, NPOXOJAIIETO Yepes No/AAPH3ATOP H aHaJIH3aTOpP, YMeHb-
waetcs B 4 pasa.

i6.65. EcTecTBeHHBI! cBeT MPOXOIHT uYepe3 MoJiApU3aTop H
aHaJIN3aToOp, HOCTaBJ/eHHble TAK, YTO YIOJ MeXAy HX IJ1aBHBIMH
nJI0cKOCTSAMH paBeH ¢. Kak nosspHusatop, Tak H aHaJH3aTOp
NorJowanT U orpaxaior 8% najarouero Ha HHX cBera. OKa-
3aJ10Ch, YTO HHTEHCUBHOCTD J1y4a, BHILIE/IEro U3 aHaaM3aropa,
paBHa 9% HHTEHCHBHOCTH eCTeCTBEHHOrO CBeTa, Majalollero Ha
nonspusatop. Haiitn yron o.

16.66. HaliTh Ko3(pHUUHEHT OTpaXkeHHs P ecTeCTBEHHOro
cBeTa, Majamlero Ha ctek/a1o (n=1,54) noa yraom iy moJHOH
nonspusanui. HalitH crenenb noaspusanun P ayueii, npo-
WeAWHX B CTEKJO.

16.67. JIyun ecTecTBEHHOTO cBeTa MNPOXOAAT CKBO3b IJIO-
CKONapaJ/IJIe/IBHYI0 CTEKJ/SHHYIO NJacTHHKY (n=1,54), nanas
Ha Hee MOJ YIJIOM iy NOJHOH nojsipH3anud. HaliTH cteneHb
nossipusand P nydeil, MpoOEAMIHX CKBO3b MJACTHHKY.

16.68. Haiith Ko3(pdhHUMEHT OTpaxkeHHs P M CTeneHb MO-
Jaspusanun P; oTpaxeHHBIX Jy4yell IpH NaJleHHH €CTECTBEHHOrO
cBeTa Ha crekJo (n=1,5) nox yrjom i=45°. KakoBa cTeneHb
noJsipusaudd P, nOpesloOMIeHHBIX Jyveii?

§ 17. daeMeHTH TEOPHH OTHOCHTEJNLHOCTH

Jnvna I Tesa, JBHKYLIEroCS CO CKOPOCTLIO U OTHOCHTEJBHO HEKOTO-
poiil CHCTeMH! ©TCcuera, CBfi3aHa ¢ JUIMHOM Iy Tesa, HENOABHMHOTO B STOR
CHCTEMe, COOTHOIIEHHEM .

1=1, Y T—§%,

rae P=uvle, ¢.— CKOPOCTb PacHpOCTPaHeHHS CBeTa.
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[ipoMexyToK BpeMeHM AT B CHCTeMe, HBHXYIE{C CO CKOPOCTHIO U
HO OTHOWEHHIO K HaGiolaTeNio, CBS3aH C NPOMEXXYTKOM BpeMeHH ATy
B HeNOABHXHOHA AJas HabJ0aTeNi CHCTEME COOTHOLLeHHeM
ATQ

R —————
V182
3aBHCHMOCTb Macchl /1 Tela OT CKOPOCTH U ero JABHXEHHA naercs
YpaBHEHHEM

m
m=—-———_‘l.——.:— N
‘/-1 ~5z
rpe mo — Macca TNOKOg 3TOro Tena.

3aBHCHMOCTb KHHETHUYeCKOH 3HePrHU Tela OT CKOPOCTH U €ro [IBH-
JHEHHA JaeTCs ypaBHEHUEM

1
Wk=m002 —_———1).
Vi—p
Mamenenne Macchl CHCTeME! Ha Am COOTBETCTBYeT H3MeHEHHIO DHepPTHH
CHCTeMhl Ha ’

. AW =c? Am.

17.1. TIpy KaKo#l OTHOCHTENBLHON CKOPOCTH U JABHXKEHHS
peNsTHBHCTCKOE COKpAllleHHe JJIMHBI JBHIKYIIErocsi Tejaa coO-
craBisier 25%?

17.2. Kakyio CKopoCTb U JO/IKHO HMETb ABHKYIIeecs TeJ1o,
uyTOOBl ero MNPOJOJbHbIE pa3Mepbl YMEHBIIHIHCh B 2 pasa?

17.3. Me3sonbl KOCMHUeCKHX J1y4eH AOCTHIAIOT NOBepXHOCTH
3eMiH ¢ caMbIMH Pa3HOOGPa3HBIMH cKopocTsMH. HaiiTh pens-
THBHCTCKOE COKpalllenre pasMepoB Me30Ha, CKOPOCTh KOTOPOTo
paBia 95% cKopocTH cBera,

17.4. Bo cKo/IbKO pa3 yBeJHYHBAETCH NPOJOJIKHUTENBHOCTh
CyIIeCTBOBaHHS HeCTabHNbHOH YacTHUBI MO 4YacaM HeMmOABHXK-
Horo HabJjmpaTensi, ecid OHa HauMHaeT ABHTaThcA CO CKOPO-
cThiO, cocTaBasiiomiedi 99% ckopocTH cBera?

17.5. Me30oH, BXOZsUuIMi B COCTaB KOCMHYECKHX Jyye#,
IBHXKETCS CO CKOPOCTHIO, cocTaBisiomeit 95% cKopocTH cBeTa.
Kako#l npoMexXyTOK BpeMeHH AT 1o yacaM HEMOABHUXKHOTO Ha-
6/t0aTe 11 COOTBETCTBYET OJHOH CeKyHJe «COOCTBEHHOIO Bpe-
MeHH» Me30Ha?

17.6. Ha ckonbko YBeJIHGHTCA Macca o.-4aCTHILI NPH YCKO-
PEHHH ee OT HaYa/JbHOH CKOPOCTH, PaBHOH HYJIO, B0 CKOPOCTH,
paBHoh 0,9 ckopocTH cBeTa?

17.7. Hatitu omomeime e/m 3apsia 3J€KTPOHa K ero Macce
st cKopocteil: a) vZe; 6) v=2-10% M/c; B) v=2,2-10% mM/c; "
r) v=2,4-10® M/c; 1) v=2,6-10° M/c* e) v=2,8-10® w/c. Co-
CTaBUTh TabJHIY U NOCTPOUTH I'PadUKH 3aBHCHMOCTel m H e/m
OT BeJIMUMHHE f=v/c AJA yKa3aHHBIX CKOpOCTeH.
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17.8. IlpH Kakol cKOPOCTH ¥ Macca BBUIKYLIErccs 3/AeKTpo-
Ha BIBoe Oosbllle €ro Macchl NOKOA?

17.9. lo xakoil sHeprun W, MOKHO YCKOPHTb YaCTHHHI
B LMKJOTPOHE, €CJIH OTHOCHTE/JbHOE YBeJHUeHHe Macchl 4acTH-
LBl He JOJIKHO NpeBbiiaTh 5%? 3afauy pelliuTh Aas: a) 3J€KT-
pOHOB; ‘6) NPOTOHOB; B) AEHTOHOB.

17.10. Kaxkyio ycKopsioliyo pa3HocTb NoTeHunanos U 1on1-
3KeH MPOHTH 3JeKTPOH, uTOGhl €ro CKOpocTb cocTaBHaa 95%
CKOpPOCTH CBeTa?

17.11. Kaxylo YCKOPSIIOILY!0 pPasHOCTh NoTeHunanoB U
JOJIKeH NPOHTH NPOTOH, 4TOGH! ero NPOAOAbHbIE PasMephl CTalH
MeHbllle B 2 pa3a?

17.12. Hafti cKopocTh ¥ Me30Ha, €CJIM €Tr0 MOJHAas 3Hep-
rusg B 10 pas Gosblile SHEPIHH INOKOA.

17.13. Kaxkyio poJo f§ cKOpOCTH cBeTa JOJIKHA COCTaBJATh
CKODOCTb YacTHIBI, YTOOH! ee KHHeTHYeCcKas SHEPTHA 6bl1a pas-
Ha ee HEPrUH MOKOA?

17.14. CPIHXpO(DaSOTpOH Jaet nyqox NPOTOHOB ¢ KHHETH-
uecKoii suepruedt W,=10 I'sB. Kakylo fomo [} ckopocTH cBeTa,
COCTaBJISIET CKOPOCTH NPCGTOHOB B 3TOM NyuKe?

17.15. Haiitn PeJIATHBUCTCKOE COKpalleHHe paaMepOB npo-
TOHA B YCJOBHSX NpefpLiyiel 353naun.

17.16. LIUKJICTPOH JaeT MyuCK 3/JEKTPOHOB C KHHeTHYeCKOH
sHepruefi W, =0,67 MaB. Kakywo poa0 B cKOpOCcTH CBeTa
COCTaBJISIET CKOPOCTH 3JMEKTPOHOB B 3TOM NYYKe?

17.17. CocTaBHTb il 3JIEKTPOHOB H IPOTOHOB TaO/UILy
3aBHCHMOCTH HX KHHETHYECKO SHeprHu W, oT cKopocTH U
(B MoIAX CKOPOCTH cBeTa) A/is 3Hauenuit B, pasubix: 0,1; 6,5;
0,6; 0,7; 0,8; 0,9; 0,95; 0,999.

17. 18 Macca JBHKYILErocsl 3JEKTPOHA BABOE Gonbule erc.
Maccel nokosi. Haiith xunernyeckyio sHepruio W, sJeKTpoHa.

17.19. KakoMmy HameHeHHIO Macchl Am COOTBeTCTByeT H3Me-
HeHHe 3Heprud Ha AW =4,19 Ix?

17.20. Haittn nsvenenue sneprun AW, cooTBercTByioliee
MI3MeHeHHI0 Macchl Ha Am=1 a. e. M.

17.21. Haiitn u3MeHeHHe sneprun AW, cooTBercTByOllee
‘M3MeHEeHHIO Macchl Am=m,.

17.22. Haiitn u3menenne Macchl Ay, MpOHCXOfiflliee U
obpazoBannu v=1 MoJb BOJBI, €C/H peaKiis oGpascBanus
BOJABLI TaKoBa:

2H,4 0, = 2H,045,75-10¢ [ix.

17.23. Ilpu neneunn agpa ypaHa $3°U ocBobokdaeTcs 3Hep-
rus W=200 MsB. Haiitu nsMeHenHe Macchl Am,, np# AeNeHHH
v=1 monb ypawua. - :
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17.24. ConHue W3nydaer motok smeprum P=3,9-10% Br.
3a kakoe Bpemsa T Macca CoJiHLIa YMEHBUIATCS B 2 paaaD Uaay-
yenne CosHua CUHTaTh MOCTOAHHBIM.

§ 18. TensoBoe u3ayueHHe

DHepreTHyecKasd CBETHMOCTh (HM3/1yYaTeJLHOCTH) aGCOJAITHO YepHOTO
TeJa, T. €. JHEPTHH, H3JyuyaeMasl B eZHHHIY BpeMeHH eJHHHLel! M0Bepx-
HOCTH aGCOJIIOTHO YepHOro TeJa, onpefeasierc (opmysaoit Credana —
Bonbumana ' . ,

R,=0T%

1

rie T — TepMOxMHAMHMYecKas TemnepaTypa, o==5,67-10—% Br/(m?.K%) —
nocrosinnas CreaHa — BosbliMaHa.
Eean HallyuaeMoe Teso He ABJSAETCH aGCOMIOTHO YEPHELIM, TO

Ry=koTH,

rae KozdhdHUHEHT & Bceria MeHbllle elHHHUIIBL
DHepreTHYeckas CBeTHMOCTb R, CBf3aHa €O CNeKTPajJbHOH IIOT-
HOCTBIO 3HEPTETHYECKOH CBETHMOCTH abCOJIOTHO YEDHOTo Teaa r, COOT-

HOIIeHHeM
- ;
Ry = S ry, dA.
0

ITponsBeneHHe TepMOIHHAMHUECKOH TeMNepaTyphl aGcOJIOTHO 4epHOTO
Tesa.Ha JLIMHY BOJHLI, NPH KOTOPOl cheKTpajbHas NJIOTHOCTb SHepreTh-
YeCKOH CBETHMOCTH 5TOTO Tela MaxcHMa/JbHa, pPaBHa NOCTOSIHHOM BeJKUHHE
(nepauu 3akoH Buna):

AnT=0C;=2,9,10-3% u.K.

MaxkcuManbHas CnekTpanbHas MJIOTHOCTH SHEPTeTHUECKOH CBeTHMOCTH
2BCOMIOTHO 4YepHOTO Tedla BO3PacTaeT MNPOMOPUHOHAILHO LATOH CTeNeHH
TeMnepaTyph (BTopoli sakom Buma): ’

=C,T5, rie Cy=1,29.10-3 Br/(m®.K5).

A max

18.1. Haiiru temneparypy 7 neum, ecid H3BeCTHO, YTO H3-
JIyueHHe H3 OTBePCTHS B Hell muowanbio S=6,1 cM? HMeeT Mol
Hocts N=34,6 Br. Manyvenne cunrarh 6aUSKUM K H3JyYeHHIO
abCoJIIOTHO YePHOro TeJsa. : N

18.2. Kakywo wmomuocts wuanydennss N wumeer Connne?
Hanyuenne Coantiia cunTarh GIH3KHM K H3JYYeHHIO aGCOMIOTHO
yepHoro Tesa. TeMneparypa nosepxHoctd Coanna 7=>5800 K.

18.3. Kakyio 3sHepreTHuecKyl CBETHMOCTb R, HMeeT 3a-
TBepJeBalOWHi cBHHen? OTHOLIEHHE 5HEPreTHYeCKHX CBETHMO-
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cTeR-CBHHIA n a6coIIOTHO YepHOTo Tesa A1st JlaHHOH Temnepary-
pa k=0,6.

18.4. MomHOCTb H3nyyeHHs aGCOMIOTHO YepHOro Tena N=
=34 kBr. Hafith TeMneparypy T sToro Tena, ecqid H3BeCTHO,
4TO ero moBepXHocTh S=0,6 M2,

18.5. MoOIHOCTb M3/y4YeHHS pacKaJleHHON MeTanJHuYecKoH
nosepxHoctH N'=0,67 kBr. TeMmnmeparypa noBepxHoctH T'=
=2500 K, ee niomage S=10 cm?. Kakyio MOIIHOCTL H3Myde-
Hust N uMena Gbl 3Ta MOBEPXHOCTh, ecJH Obl OHa Ghina abco-
JM0THO YepHO#? HafiTh oTHolIeHe & SHepTreTHYeCKHX CBETHMO-
cTeil 3TOH MOBEPXHOCTH H aGCOMIOTHO YEPHOrO TeJa MpH JJaHHOK
- TeMnepaTtype.

18.6. JuameTrp BOTBLYPaMOBOH crmpaJm B 3JEKTPUUYECKOH
namnouke d=0,3 MM, AnvHa cnupanu [=>5 cM. [Ipu BKmoYe-
HUH JIaMIIOYKH B ceTb HanpsxkeHueM U=127 B depe3 naMnouky
teuer ToK [=0,31 A. Haiitu temneparypy 7T cnupanu. CuH-
TaTh, YTO IO YCTAHOB/EHMH DaBHOBeCHs Bce Bble/siolleecst
B HUTH TEIIO TEPAETCS B pe3yJibTaTe H3JaydeHHs. OTHOLICHHE
3HepreTHYeCKHX CBEeTHMOCTEH BOJb(ppamMa # a6COMOTHO YEPHOr O
Teja s HaHHOH TeMmieparyphl k2=0,31.

18.7. TeMnepaTypa BOML(PAMOBOfi cIHpaaH B 25-BaTTHOI
3JeKTpHYecKoil namnouke 7'=2450 K. OrHouleHne ee sHepreTH-
4eCKOH CBEeTUMOCTH K 3HepreTH4YecKoil CBETHMOCTH abCOMIOTHO
4epHOTO Tesa TIpH NaHHOH TeMnepatype k=0,3. Haiitv mio-
wanb S Hagyualowedl MOBepXHOCTH CHHpAJH.

18.8. Haiitn conHeunyo nocrosnHyio K, T. €. KOJIHYeCTBO
JYJYHCTOH SHEepTHH, nockllaeMol COJHIEM B eJUHHIy BpeMeHH
depe3 eHHHYHYIO IJIOMIAJKy, NEpHeHAUKYJISPHYI0 K COJHed-
HBIM JIyYaM H HaxXOASILYIOCH Ha TAKOM e pacCTOSHHH OT Hero,
Kak U 3emas. Temneparypa noeepxHoctd Comnna T=5800 K.
Hsnyuyenne ConHia cuuraTh OJIH3KHM K H3JYUYEHHIO abCcOIOT-
HO YepHOro Tena.

18.9. Cuyurasn, uro arMochepa mnorJowaer 10% JYHHCTOR
3HeprHH, nocbliaemoil ConHIleM, HaliTH MOLLHOCTbL H3JyYeHHsA
N, nonyuaemyio ot CosHlla TOPH30HTAJbHBIM YYacTKOM 3eMJIH
niaomianeto S=0,5ra. Bricora ConHuna Haj TOPH3OHTOM Q=
=30°. Usnyuenue Cosnna cuutath GIH3KHM K uanyqeﬂmo a6-
COJIIOTHO 4YepHOro ~Tena.

18.10. 3Han 3HAYEHHE COMHEUHOH MOCTOSHHOM s 3eMJH
(cM. 3anavy 18.8), HaliTh 3HaueHHe COJHEYHOH IOCTOSHHOH
nasi Mapca.

18.11. Kakyio 3HepreTHuecKyio CBETHMOCTL R, HMeer a6-
COJTIOTHO YepHOE TeJO, €CH MaKCHMyM chneKTpaJbHOE IJIOT-
HOCTH ero SHepreTHYecKoil cBETHMOCTH APHXOJHMTCS Ha AJHHY
BOJIHBL A=484 uM?
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18.12. MomHocTb H3NyveHHst aBCOMOTHO YepHoro Tena N=
=10 xBr. HailiTh nyiomaap S n3nyuarollell NoBEpXHOCTH Tea,
€C/IH MaKCHMYM CTNeKTpasbHOH NJIOTHOETH €ro 3HepreTHuecKoi
CBETHMOCTH MPUXOAUTCH HA AJHHY BOJHHE A=700 HM.

18.13. B kaknx obnacTsiX chiekTpa JexXar LJIHHE BOJH, CO-
OTBETCTBYIOMIHE MAKCHMYMY CNEKTPaJbHOH NJIOTHOCTH 3Hepre-
THYeCKOH CBETHMOCTH, eC/IH HCTOUHHKOM CBeTa CJAYIKHT: a) CHH-
pajb 3nexTphyeckoil Jamnoukd (T=3000 K); 6) noBepXnocTb
Connua (T=6000 K); B) aromunas Gomba, B KOTOPOHl B MOMeH1
B3pHIBa pasBHBaeTcs TeMneparypa Ta 107 K? Hsnyuenne cun-
TaTb OJH3KHM K H3JYUYEeHHIO aOCONIOTHO YepHOro Teja. |
¢ 18.14. Ha puc. 64 naHa KpuBas 3aBHCHMOCTH CIEKTp aJ bHOH
TJIOTHOCTH 3SHEPreTHYECKOH CBeTHMOETH a6como'mo YepHOro
Tesa rj, OT JANHHBI BOJHBI A 1K HEKO-
Topo# Temneparype. K KakoH Ttemme- -7
patrype T OTHOCHTCSL 3Ta KpHBasA?
Kaxko#t nponenT uanyuaemoli 5Hep-
THH TIPHXOLHTCH Ha JOJIO BHAHMOTO
CneKTpa NpH 3TOH TeMmmeparype?

18.15. Ilpu narpeBannn aGcomor-

HO 4YepHOTo TeJa JAJMHHA BOJHH A,
Ha KOTOPYI0 HPHXORHTCS MAaKCHMyM
CNEKTpaJbHOA IJIOTHOCTH SHEpreTH-

UecKOt GBETHMOCTH, M3MeHusach or Ui —li
690 no 500 uM. Bo ckosbKO pa3 yse- 2 4 Am
JHYHJIAch NIPY 3TOM >SHEpPreTHuYecKas Prc. 64.

CBETHMOCTb TeJja? ,
18.16. Ha kaxyio AnHHY BOJHBI A TPHUXOAUTCH MaKCHMyM
CNIEKTPAJIbHOA MUIOTHOCTH 3HEPreTHYecKofl CBETHMOCTH abco-
JIOTHO YEDHOTO Tesla, HMEIOLIero TeMNepatypy, PaBHYIO TeM-
neparype =37 °C yenoBeueckoro Tesa, T. e. T=310 K?
18.17. Temneparypa T aGcomoTHO YepHOro TeNa HM3IMEHH-
Jach npH HarpepanuM ot 1000 no 3000 K. Bo ckoarko pa3s
YBeJHYHJach NPH 3TOM €r0 dHepreTHYecKas CBETHMOCTh R,?
Ha cxkonbko u3MeHHs1aCh JJ/IMHA BOJIHH A, Ha KOTOPYIO NpHXo-
IMTCS MaKCHMYM CNEKTPaJbHOH NJIOTHOCTH 3HEpreTHYECKOH
cBeTHMOCTH? BO CKOJIBKO pas yBeAHYHJach €ro MaKCHMaJbHafA
CMEKTpaJbHas TJIOTHOCTE SHEPreTHYECKOH CBETHMOCTH £yl
18.18. AGCOMIOTHO YepHOE TeJO HMEET TeMOepatypy
=2000 K. B pesynbTaTe OCTHBaHW# Teja AJHHA BOJHBI, Ha
KOTOPYIO TNPHXOZUTCA - MAKCHMYM CHEKTPaJAbHOK IJIOTHOCTH
SHepreTHYeCKOd CBEeTHMOCTH, H3MeHHJach Ha AA=9 MkM. Ho
KaKoli Temnepatypul T'; OXJafHIOCH TeEJIO?
18.19. IloBepxHOCTL Tena Harpera RO 'remnepa'rypu T=
=1000 K.  3areM ofina NoJIOBHHA 3TOfi IOBEPXHOCTH HarpeBaeT-
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cn na AT=100 K, npyras oxmaxpaercs na AT=100 K. Bo’
CKOJILKO a3 H3MeHHTCH SHepreTHuecKas CBETHMOCTb R, no-
Bepxnoc'm STOrO Testa?

18.20. Kakyio mamuocts N Hano NONBOAHUTD K 3aqepﬂemlo-
MY METa/JIH4eCKOMY IApHKY pafHycoM r=2 M, YTOOH MOA-
IepXUBaTh €ro temneparypy Ha AT=27 K Bbiie Temneparypsi
okpyxatoiell cpenn? Temneparypa okpy:xaiomel cpefinl 1=
=293 K. C‘lHTaTb 4TO TEMJIO TepﬂeTCﬂ TOJIbKO BCJEJACTBHE M3-~
JyueHHUs, .

18.21. 3auepHEHHEI! MAPHK OCTHIBAET oT TeMnepaTypsr 7=
=300 K no 7,=293 K. Ha ckoibko u3MeHHNaCch AJHHA BOJHHE
A, COOTBeTCTRYIOIlAs MAaKCHMYMY CIIEKTPasibHOH IVIOTHOCTH €70
SHepreTHyecko# CBETHMOCTH?

18.22. Ha CKOJBbKO YyMEeHBIUHTCH Macca COJlHI.la 3a TroA
BesieficTBHe U3nydeHus? 3a kKakoe Bpems T Macca CodHia
ymenbinutest BABoe? Temnepatypa noBepxHoctH CosiHuna 7=
=5800 K. Hanyuenue CosiHIA CUHTATH MOCTOSIHHBLIM,



I'napa VI ’ 4 -
®H3HKA ATOMA H ATOMHOI'O gAPA

EAMHHIULI PAAUOAKTHBHOCTH H HOHHSPIPY]OII(HX
HSJIY‘-IEHHH .

: B Taba. 18 u 19 npuBenens HeKOTOpre NPOU3BOAHbIE efU~
 HHUBI (H3HYeCKHX BCJIHYHH B OGJAaCTH DPafiHOAKTHBHOCTH H
HOHHM3HpYOUHX H3nydeHuil B cucreme CH, a Takxke BHECHCTEM-
Hbl€ eJHHHLI.

Tpumepe. pewenus 3a0a4

3anava 1. Bosanyx, Haxonsmuiicsi nNpH HOPMAaJbHBIX
ycnioBusAX, 00JyuaeTcss DEHTreHOBCKMMHU Ayyamu. Hosa uany-
uyennst pasga | P. Hailtu uucjo nap HOHOB, 00pa3oBaHHbBIX
HAaHHEIM H3JygeHHeM B 1 cm? Boanyxa

Ta6auua 18
E prunua
e - Pa3nep.
Beanurua ) ; o6osnave- HOCTL
OonpexeleHHe HAauMeHOBaHHe HHe , BeJHYHHN
AKTHBHOCTD M30TO-| @=dN/d! |Gexkepens Bx T-1

na B paiHOaKTHB-
HOM HCTOYHHKE _ ,
-Hnrtencusnocty us-| J=W/S |(BarrHaKksazpar-] Brt/M® | MT-~3

JydeHHs .| HbA Merp
TloraomenHnaa "fgosa| Dy=W/m [rpei Ip Lr-3
H3JyueHHs -

Momuocrs  norso- | ‘Py=D,/t |rpeli B cekyuny | TIp/c Lr-s
HMeHHOA JAO03H H3-
JIyuYeHHsl

OxcnosunuoHHasn Dy=gq/m KyJdoH Ha kuno- | Ka/xke=] M-1T§
Ji03a  PEHTIeHOB- . FpaMM :
CKOro H raMma-us-
JNyueHH# ) :

Momuocrs  9gcno-| Py=D,/f |{aunep na gmao-| A/kr. | M-Y
SHIUHOHHOR JO3H | rpaMm '

DEHTTeHOBCKOro H
- raMMa-HaayueHn i
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Ta6numa 19

EfHHHLA H ee CBASL .

Beauuuna ¢ epuiHuamn CH

—

J

AKTHBHOCTb H30TONA B panuoax‘mnﬂou :
HCTOUHHKE . 1 Ku=3,7-101° Bk

TNornomensas f03a H3NyUeHHA 1 pag==10-2Ip
3KCNO3NUHOHHAST 033 PeHTreHOBCKOro
H raMMa-usnydesuit - . -1 P=2,57976.10~-* Ka/xr

[IpaMeuanrne., EguHHIY SKCNO3HUMOHHONA 03B PEHTTEHOBCKOIO
H raMMa-H3JyueHHH KYJOH Ha KHJAOrpaMM, a TaKiKe BHECHCTEMHYIO €lH-
HALY PEHTreH MOXKHO NPHMEHSTh AN H3AYUEHHH C SHeprHefl KBaHTOB,
He mpesnmaiomed 510718 [k (npubausutensio 3 MaB).

Pewernue. Mounl, o6pa3oBaiHble B Macce /m BO3LyXa 3KCIIO-
SHUHOHHOH 1030 D, pPeHTreHOBCKOrO H3JYYeHHs, NMepeHoCAT
aapsn :

g=D,m. . (1)
Macca m u o6beM V Bo3lyxa cBs3aHbI COOTHOILEHHEM
' Vpp R
M=RT ' , )

rie p — HapjeHue BO3RyXa, T -—— ero TepMOLHHaMHYecKas
TeMmieparypa, p — MoJspHas Macca, R — ra3oBas HOCTO-
AIHHAA.

HcKoMoe 4HCIo nap HOHOB.

N = gfe, . )

rie e — 3aps) KaXIoro HoHa. H3 (1)—(3) umeem »
‘DeVpp. _

N=—rT" “)

Mo ycnoputo D,=1 P=2,58-10-* Ka/kr, V=1 cm’——lO" M?,
p~10° Ila, n=0,029 KI‘/MOJIb R—-83l Jax/ (Moas - K),
T 213 K u e=l, 60.10-10 Ka. TloicraBass std  AauHbie
B (4), nmoayuum N= 2,1-10° nap HoHOB.

3angaua 2. I/chyccmeHHo NOJYYEHHBA PalHOAKTHB-
HBlA H30TON KaJjblUHA 5Ca HMeeT mepHOR nojaypacnaza Tip=
=164 cyr. Hafitn aKTHBHOCTb 1 MKr sTOrO mNpemapara.

Pewenue. Uucno aToMOB pafHOaKTHBHOTO BeulecTBa AN,
pacnaAaloumxca 3a Bpems Af,. ~ompeensercs dopmynoit

. |AN|=‘“2NM



rae Ty —- NIEPHOA nojypacnaaa usorona, N — 4Hc/a0 ero
aToMoB B JaHHOH Macce. Yuceso aToMOB N CBA3AHO C Maccol m.

npenapara COOTHOWeHHeM N -_-~N 4 T2 N, — nocrosunas

Asoraapo, p-—Moaspras macca. Ho YCIOBHIO 3afaud Tyjp==
=164-24.3600 c, m=10"° xr, N,=6,02-10% monp~!, p=
=0,045 kr/mosb. TloncraBisisi 3TH JaHHBIE, MOJAYYHM AKTHB-
HOCTb

a~-——_—6 53.10® Bk.

§ 19. KeanTosas npupona cseta ¥ BOJHOBbie CBOHCTBA
- 4acTHY, '

Oneprua dotona (KBaHTa cBera) onpeleadercst ¢opMmynol
e=hv,

rae h=6,626176-10~ =3 JTk-c — noCTOAHHAR l'I.naHKa, v [lu] — vacrora
KonebGanns.
Hmnynbe v Macca ¢oToHa

_h hv
p—'—c-r m=E§'l

e ¢=2,99792458-10° M/c — ckopocThb pacnpoeTpaHeHHa cBeTa B Ba-
KyyMe, '

Cessb MexRy oHeprHefi GOTOHa, BHIBBIBAIOUIEr0 BHEUIHH d)o'roaq)
(bex'r, H MaKCHMaJBHON KHHETHUeCKOd sHepried BLUTIETAIONLHX 5/I€KTPOHOB
naetca Gopmyanoit JiinimTeAHa

mu?
h‘V=A+'—2-‘,
raie A — pa6ora BHXOJ2 3JIEKTPOHA H3 MeTalla, mMm — Macca SJeKTpoHa,
Ecan v=0, T0 hvpy==A, TZie Vy — 4acToTa CBera, COOTBETCTBYIOIAS KPACHOR

rpanune torosddexra.
CpeToBOE NaBJICHHE

"~ P=E 4y,

rge E — sHeprus, Najalomas Ha €HHHIY NOBEPXHOCTH 3a eAHHHLY Bpe-
MenH, p — KOB(bEbHuHeHT OTpaXeHHA cpeTa.

MsMeHenne JIHHN BOARH PEHTTeHOBCKHX JAyYedl IpH xommouoncxou
pacceﬂmm onpepenserca dopmyaohn

; %%Tﬁ;“’—ws@f’-'

Fie @ — YTOA pacCefiljif, m--- Macca 3/eXTPOHA.



IyyoK s/emeHTapHHIX YacTHI ' 06nafaeT CBOACTBOM ILUIOCKOA BOJIHHI,
pacnpoc‘rpanmomeﬁcn B HANpaBJeHHH NepeMelleHHs STHX vacTHu. [auna
BOJIHB! A, COOTBETCTBYIOIIAsl 3TOMY nyuKy; onpenenae’rca COOTHOIIEHHeM ne
Bpofina

h h

[ WESOL.LAV . LA
mv Y oWm

IIe U — CKOPOCTb YacTHL, m — Macea yacTun, W — HX KHHeTHYecKas
sneprus. ‘Ec/IH CKOPOCTL U YacTBI cOM3MepHMa €O CKOPOCTBIO CBeTa ¢,
TO 5Ta {opMyJa NpHHMMaeT BHI

h 5
A:m]/'l—ﬁ =

»

h
V 2Wmg+ W/ '

rae PB=vlc, my-— Macca NOKOS HacTHIHL i

19.1. Haiitu maccy m ¢orona: a) KpacHBIX JydeHl cBeTa
(A==700 uM); 6) peHTreHOBCKHX Jayuefl (A=25 mm); B) ramma-
ayueii (A=1,24 nm).

19.2. Harfitu sneprumo €, Maccy 71 B UMIYJLC p HOTOHA, €CTH
COOTBETCTBYIOILAA €My JJIHHA BOJIHH A==1,6 mum.

- 19.3. Pryrtnas ayra umeer momuocth N=125 Br. Kakoe
YHCJIO (POTOHOB HCIYCKAETCS B €AHHHIY BPEMEHH B M3JIyYeHHH
¢ AJMHAMH BOJH A, paBHeIMH: 612,3; 579,1; 546,1; 404,7;
365,5; 253,7 um? I/IHTeHCHBHOCTH 3THX JIHHUH COCTaBJISIOT CO-
oTBeTcTBeHHO 2; 4; 4; 2,9; 2,5; 4% HHTEHCHBHOCTH PTYTHOH
ayru. Cunrarb, yTo 80% MOWHOCTH AYTH HAET Ha H3JYUeHHe.

19.4. C xKakKoil CKOPOCTbIO U NO/DKEH ABHMAThCS 3JIEKTPOH,
yTOGH! €ro KHHETHYeCKas 3Heprus Oblia PaBHA SHepruu GOTOHA
¢ JJTHHOH BOJHBI A=520 HM?

19.5. -C kakol CKOpOCThIO ¥ JOJKEH JBHraThCsl 3JIEKTPOH,
uyTo0bl €ro MMNYyJbC OBl paBeH HMOYJAbCY (OTOHA C AJMHHOMH
BO/IHbL A=520 HM? ~ _

19.6, Kakyio sHepruio & JOJXKeH HMeTb (OTOH, YTOGHI €ro
Macca Onljla paBHA Macce NOKOS -3JIEKTPOHA? -

19.7. MMnysasc, nepeHOCUMEII MOHOXPOMATHUECKUM Myd-
KoM (OTOHOB uepe3 miowanky S=2 cMm? 3a Bpemsa £=0,5 muy,
paeed p=3+107* kr-M/c. HalfiTH a1 aroro myuka-sHeprumo E,
nagailylo Ha eQHHMIY IJIOIAAH 3a €JHHHLY BpPEMEHH.

19.8; Ilpu kakoii Temneparype 7 KUHETHYECKas 3HepPrus
Monexynbx LBYXaTOMHOrO rasa GyleT paBHa SHepruu (oroHa
¢ AJMMHOH BOJHBEI A==589 nm?

19.9. Ilpu BHICOKMX 3Heprusix TPYAHO OCYUIECTBHTL YCJIO-
BUSA AJ1s HM3MePeHHs] SKCIO3HUMOHHOH JO03Bl PEHTreHOBCKOrO H
ramMMa-H3JIyyeHHH B peHTTeHaX, MOSTOMY JONYCKaercsi IpHMe-
HEHHe PEHTreHa KaK eAHHHIG JO3h LA H3TYUYEHHH ¢ sHeprued
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KBaHTOB J0 €¢=3 MaB. o kakoft npeneanHOR IMIUHE BOJHE A
PEHTIeHOBCKOrQ  M3JMYUeHUs MOXKHO YNOTPeGAST: pEHTTeH?

19.10. Haiitu maccy m $oTOHa, UMOYJBC KOTOPOrO paBeH
HMIYJILCY MOJEKYJBl BOJXOpOXa mnpH Temneparype ¢=20°C.
CKOpoCThb Monexynbx CYHUTaTh PaBHOM cpe;men KBaApaTHYHOR
CKOpOCTH.

* 19.11. B pa60Te A. T. Cronerosa «Axmno -3J1eKTPHYECKHE
nceseioBanus» (1888 r.) Bnepsble Gbl/IN YCTAHOBJEHE OCHOBHLIE
3akoubl GoTosddexTa. ONHH H3 pPe3y,bTaTOB €ro ONBITOB bl
chopmyaupoBaH Tak: «Pa3psxkarolum feficTereM 061a4atoT Jy-
Yy caMoH BBICOKOH NpesIOMJSIEMOCTH ¢ AJHHOH BOJIHBI MeHee
295 um». Haittn pa6ory BhiXoia A 3/1€KTPOHA H3 MeTalIa, C KO-
tTopeiM paboran A. I'. Croneros.

19.12. Hafitn anuHy BOJIHBI Ay CBeTa, COOTBETCTBYIOULYIO
KpacHOH rpanuue ¢orosddekra, AasA JHTHS, nanmx, KaJjaus
H Le3Hs.

19.13. HnnHa BOMHBI CB€Ta, COOTBETCTBYIOLIAf KpacHOM
rpanuue Qoroaddexta, A1 HEKOTOPOro MeTalia Ay=275 HM.
HaliTy MHHHUMaJIbHYIO 9HEPTHIO & (JOTOHA, BRI3LIBAIOIIETO QJOTO-
3¢deKT.

19.14. JlnuHa BOJHBI CBeTa, coomercmyxomaﬂ KpaCHOH
rpanune ¢orosdupexra, Aa9 HEKOTOPOro Meramia Ay=275 HM.
Haittu pa6oty Bbixofia A 3JIeKTpOHA M3 MeTa/l1a, MaKCUMAaJb-
HYIO CKOPOCTb Upuy SIEKTPOHOB, BHIPHIBAGMEIX H3 META/Ia CBe-
TOM C AIHHOA BOHHI A=180 HM, B MaKCHMAJbHYIO KHHETHUE-
ckyto suepruio W, ,, 3M€KTPOHOB.

19:15. HafiTh. yactory v CBeTa, BBLIPHIBAIOULErO H3-Merast-
Ja 3JEKTPOHBI, KOTOpHle HOJHOCTBLIO 3aJepiKHBAKOfCA pasHO-
cTbio norteHuuanoB U=3 B. Porosddert HaunHaercs npu
gacrore cBera vo==6-10% I'u, Halitu paGory BbIXOZ2 A snek-
TpOHAa H3 MeTalna.

19.16, HafiTy 3anepkuBaoinyr0 pasHOCTb noteHuuanop U
A1 3JIEKTPOHOB, BEIDEIBAEMBIX MPH OCBEIEHHH KallHA CBETOM
¢ MJIHHOH BOMHEL A==330 uM.

19.17. Ilpn dorosddekTre ¢ MIaTHHOBOH MOBEPXHOCTH 3JEK-
TPOHBI TOJNHOCTBIO 33Jep:KHBAIOTCH DPa3HOCTpIO NOTEHUHAJIO0B
U=0,8 B. Haiitn asuHy BOJMHBI A NpHMeHseMoro o6Jy4eHHs
H NpefeNbHYI0 JTHHY BOJIHBI Ay, IPDH KOTODPOH elle BO3MOMKEH
dorospext.

19.18. dotonHl ¢ 3Heprueli e=4,9 5B BprbIBa}OT 3JeKTpo-
HH ¥3 MeTa/1a C pafoToH BLIXOAA A =4,5 5B. Hafitn magkcu-
MaJIbHBIl HMITYJIBC Ppay, NEPefaBaeMblil TOBEPXHOCTH MeTaMIa
OPH BBUJIETE KaXHAOIO 3JIEKTPOHA.

19.19. Haiitu nocrosignywo Ilnanka A, ecAn H3BeCTHO, 470
3JIGKTROHBI, BbIPhIBaeMble H3 MeTalla CBETOM C 4acTOTOH
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v;=2,2. 10 T, nOMHOCTHIO 3aAePIKHBAIOTCA- PA3HOCTHIO [IOTEH-
puanos U;=06,6 B, a BaiphiBaeMble CBeTOM € YacTroToft v,=
=4,6. 10" T'uy — pasnoctbio notexuHanoB U,=16,5 B.
19.20. BakyyMubiii QOTO3JIEMEHT COCTOHT H3 LEHTPaJbHOTO
Karoja. (Bonb(paMoBOro WApHKA) H aHOAR (BHYTpeHHeH mno-
 BEDXHOCTH nocepe6peHHOM M3HYTPH KosiOhl). KoHTakTtHas
pasHOCTb NOTEHIHAI0B Mexny 3nekTpofamu U,=0,6 B ycko-
pAeT BblIETalomlHe 3JeKTPoHbl. PoTo3/eMeHT ocBeliaeTcs che-
TOM ¢ AJIHHOH BosHE A=230 um. Kaxyio 3ajgepxuBaiouyio pas-
HocTh MoOTeHIManoB U Hajo NpRJIOKHTL MexAy 3JeKTpo-
pamu, uto6H ¢GoToTOK ynaa go Hyasa? Kakyio ckopocTh U
n0J1ydaTr 3JEKTPOHH, KOTJa OHH JOJIeTST JO aBOAa, €C/H He
NPHK/IaibBaTh MeXJY KaToiOM M AaHOJOM Da3HOCTH MOTEH-
UHaJOB?
19.21. Mexay aaekrpoaamu QoTos/IeMeHTa - npeabayeit
- 3a]layd NpPHJIOKEHA 3aJepHHBAIOILAs Pa3HOCTb NOTEHIHAVIOB
U=1 B. [Ipu Kaxoil npelenbHOR IJIHHE BOJHBL Ay MaJAIOLLEro
Ha Karol cBeTa HauHercsl (PoTo3dapexT?
19.22. Ha puc. 65 nokasana gacTb NpHGOpa, C KOTOPHIM
1. H. JleGeseB MPOH3BOAMI CBOH OMLITHI IO H3MEPEHHIO CBe-
ToBoro mapieHusi. CreKJAHHAasi KPeCTOBH-
Ha, NOABElUeHHAA HAa TOHKOH HHTH, 3a-
KJIOYeHa B OTKa4YaHHbLIH COCYJA H HMeeT Ha
KOHIIaX JBa JIETKHX KPYXKa M3 I[LIaTH-
noBo#l ¢onrd. OfMH KPYXOK 3auepHeH,
Apyro# ocrasiel GnectsuiuM. Hanpasnasas
CBeT Ha OJIHH H3 KPYKKOB H H3Mepfisl yrod
AIOBOPOTA HUTH (AAf 3ePKaJLHOIO OTCYETa
CAYXKHT 3epKajbue S), MOXHO ompene-
JIUTh CBeToBOe AaBjieHHe, Halitu cBeroBoe
JaBjeHHe P u cBeroByIO SHeprHioo £, mna-
JAoLYI0 OT AYTOBOH JIAMIK B eJHHHIY
Puc. 65. BpeMeHH Ha eAHHHIY NOLIAJH KPYIKKOB.
A Ipu ocBeluennH 6/eCTAIEr0 KPYXKa OT-
KJIOHeHHe 3afiuHKa a=76 MM [0 IUKaJe,
ynaneﬂuoﬂ oT 3epxa.rn>ua Ha paccTosinde b==1200 mm. ﬂua-
MeTp KpykkoB d=>5 mM. Paccrosinne or meHTpa Kpyska 1o
ocu BpaulenHsa [=9,2 M. Koadpuiuuent orpaxkenus csera oT
6aecraulero kpyxka p=0,5. IlocToanHas MoMeHTa KpyueHHH
Ayt (M=ka) k=2,2-10"'* H:.m/pax.
.. 19.23. B oxanom. u3 onutos 1. H. JleGenesa npu nagesu
cBeTa Ha 3auepHeHHH#1 Kpymok (p=0) yros moBopoTa.HHTH
Ouis1 paped -a==10'. Halitu cBeToBOe AapaAeHHe P 1 MouHoCTh N
nnanalxgiggro cBera, Janibnie npu6opa BIATH H3 ycnonna 3aja-
4H
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-19.24. B oanom u3 -onuito I1. H. Jlebenesa MomHocTb na- -
RAIOIIErO Ha KPYXKKH MOHOXpOMaTHyecKOro cseta (A==560 nm)
Gbina paBHa -‘N=8,33 MBr. Haiitk yucso dorouos I, nagase-
HIHX B €JIHHHILY BPeMEeHH Ha eAHHHILY NJIOWARH KPYIKKOB, H HM-
nyasc cuabl F At, cooOlleHHBI# eluHHIE MJOLALH KPYIKKOB
3a elHHHIYy BpeMeHH, A 3HaueHHi p, pasHuix: 0; 0,5; 1. Jau-
Hble Iprbopa B3ATh M3 YCaOBMA 3amadd 19.22.

19.25. Pycckwit actponom ®. A. Bpennxun OGBACHH q)op-
MY KOMETHEIX XBOCTOB CBETOBLIM JIABJIEHHEM COJHEYHBIX JIy4eH.
Hafitn cBeroBOe JlaBieHHe P co/MHEYHbIX Jydved Ha aGCOJIOTHO
yepHOe TeJI0, HOMeHleHHOe Ha TAKOM ke paccTosinnu oT CodlHua,
Kak # 3emas. Kakywo maccy m HO/KHA MMETh YacTHLA B KO-
METHOM XBOCTe, OMElleHHAsi Ha 3TOM PAaCCTOSIHUM, YTOOHI CHJa
CBETOBOrO JIdBJ/IEHHAl HA Hee YypaBHOBEIUUBAIACk CHJIOH MPHTA-
#eHna vacruubl Coanuem? [lnowans yacTulpl, OTpaKaroulyio
BCe MajaloliHe Ha Hee JIYYH, CYHTaTh paBHOH S=0,5-10713 M2,
Conneunas nocrogynas K=1,37 kBt/m%.

19.26. Hafitu cBeroBoe naBaeHne P Ha CTeHKH 3J1eKTpnqe-
ckoit 100-Barrsodt Jamnni, KonGa namnet npejcrasnsier coGoi
cepuyeckuit cocyll pagHycoM r==5cm. CTeHKH JIaMNbl OTPAXKA-
ior 4% u nponyckawor 6% nanaioiero Ha HUX cBeta. CuHTaTh,
4TO BCA MOTpebiisieMast MOLIHOCTh HIET Ha H3JyueHHe.

-19.27. Ha nosepxnocts nmiouianeo S=0,01 M* B eqununy
Bpemeny nagaer cserosas ‘sueprust E==1,05 Dx/c. Halitu cpe-
TOBOE  jJaBieHHe P B cJyuasx, KOrAa MOBepXHOCThb IOJIHO-
‘CTbIO OTPaXKaeT H MOJHOCTBIO MOIVIOHLAeT NajalollHe Ha Hee
JAY9H. '

19.28. MoHoxpomaruyecknit nyJok csera (A=490 HM), na-
Jaf [0 HOPMAJIH K IOBEPXHOCTH, NPOU3BOAHT CBETOBOE 1AaBJIe-
-nue P=4,9 mxlla. Kakoe uyneno (pomﬂoa I napaet B egHHALY
BPEMEHH Ha elHHHIY NJIOUWlafH STOH noBepXHOCTH? Koapduun-
eHT oTpaxeHus ceera p=0,25.

19,29, PeHTreHoBCKue Jy4H. ¢ IJHHOH BOJHH Ay=70,8 nM
HCIILITHIBAIOT KOMITOHOBCKO® paccesiHue Ha napadune. Halitu
JUIMHY BOJIHBI A PEHTIeHOBCKHX Jyuyeil, PacCesiHHbIX B Hanpas-
JeHHAX: a) @¢=n/2; 6) @=m.

- -19.30. KakoBa 6bl1a AJIHHA BOJMHH A PEHTIE€HOBCKOT'Q- H3-
JIY4€HHsI, €CJH NPH KOMOTOHOBCKOM: PAacCesiHHH 3TOTO “H3Jy-
“YeHH# rPaQHTOM NOA YIJIOM q>—60 JJIHHA BOJIHBI pPacCestHHOro
M3Ny4YeHnsi OKasajach ‘paBHOR A=25,4 nm? :

++:19.81;: PeRTreHoBCKHe JIY4H C JAJHHON BOJHBEL Xy=20 M
'HCMILITBLIBAIOT - KOMITOHOBCKOE paccesiHue Nofi yrjoM ¢=90°.
‘Haift uamenesve ~AA -DAMHBL BOJHB! PEHTTEHOBCKHX. Jywedl
NpH PACCeAHHH, a TakxKe IHepruio W, H HMIYJIbC snem‘pom
OTAA4H.



19.32. Ilpu KOMITOHOBCKOM PaccesstHHH SHEPrHs najpawo-
mero oToHa pacnpefiesiercs NOPOBHY MEXAY PaccesHHBIM ¢o-
TOHOM H 3JIEKTDOHOM OTAaud. YroJi paccesiuust ¢==mn/2. Hafiru'
sHepruio W ¥ HMIyJsC p paccesHHOro ¢oroHa.

19.33. Dueprusi penTreHoBckHX ayuedl e=0,6 MaB. Haiitn
sHeprHi0 W, 5/1eKTPOHA OTRAYH, €CJIH LJIHHA BOJIHBI PEHTM€HOB-
CKHX JIyueH IocJie KOMIITOHOBCKOIO pacCesiHHsl H3MEHH/ach Ha

20%.

19.34. Haiitu nauny sodnst ge Bpofiiss A asiA 3J1eKTPOHOB,
npoweNHX pasHocTh noreHuuanos U,=1B u U,=100 B.

19.35. Pemnth npefulayuiyio 3afavyy AJs my4yKa NPOTOHOB.

19.36. Hafitu anuny Bosuer fe Bpofnis A pasi: a) ssekTpo-
Ha, JIBHXYLIEroCs CO CKOPOCTBIO v=10% M/c; 6) aroma BOJOpO-
Aa, KBHXYLIEroCs CO CPeIHell KBaXpaTHYHOH CKOpPOCTBIO NIPH
temnepatrype T=300 K; B) mapuka maccoit m=1r, 1BHxyie-
rocsi €O CKOpPOCTbio v==1 cm/c.

19.37. Haiitn anuny Bodanbl fe Bpoiins A ana snektpona,

HMEIOLLEr0 KHHETHUECKYIo sHepruio: a) W;=10 k3B; 6) W,=
=] M3B.
" 19.38. 3apsxennan yacTHua, YCKOpEHHAasi Pa3HOCTHIO TIO-
treniinanoB U=200 B, umeer anuny Bosnubl ge Bpofina A=
=2,02 nM. HafiTH mMacey m yacTHUBI, ecsId ee 3apsj YHCJIEHHO
paBeH 3apsily 3JIeKTpPOHA.

19.39. CocTaBuTb Ta6JHLy 3HaYeHHH IJIHH BOJIH Je Bpoﬁm
A NS 3MEKTPOHA, ABHIKYILEroCs €O CKOPOCTBIO U, PaBHOIL:
2.10% 2,2-10% 2,4-10% 2,6-10% 2,8-10% m/c.

19.40. o-yacTHHA JBHXKETCS IO OKPYXKHOCTH pPaJHyCcOM
r=8,3 MM B OJHOPOAHOM MAarHHTHOM TIQJe, HalpPsIKEHHOCTb
Koroporo H=18,9 kA/m. Haiith msuny BosHul ae Bpoitas A
JJIS G-YaCTHIBL.

19.41. Haiity marny Bosikb ne Bpoitiist A jiist atoMa Bojo-
poxa, ABHXKYmErocs MpH TeMnepaType T=293 K ¢ HanGosee
BEPOSITHOH CKOPOCTHIO.

§ 20." Atom Bopa. PeHtreHoBckHe JyuM

CornacHO nepsoMy mnocTysaty “Bopa apmxende aneKTpoHa BOKpYT
Apa BOSMOKHO TOJNBKO MO ONpefefleHHLM OpGHTaM, pajHychl KOTOPHIX
YAOB/ETBOPSAIOT COOTHOLIEHHIO '

h
mvkrk=k——-, i

i

. Pre m — Macca SJIEKTPOHa, ‘Up — €ro CKopocTh ka k-i epGure, 7y — pa-
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;(Hyc sToft OpOHTH, h — NMOCTOSTHHAS I'[nam(a, &k — mioGoe n.e.noe Ahcno
(kBanTOROE YHCJO). . .
CoraacHo BTOPOMy nocrynaTy Bopa uacrora H3/Jy4eHHS, COOTBETCT-
BYIOINAs NepexoRy 3JMeKTPOHA € OJHOH OpOHTEI Ha npyryxo, omnpenendercs
dopmynon
hv= W"— Wk,

rae k u n — Homepa opbur (n>k), Wy u W, — coo*raercmyxomue HM 3Ha-
YCHHS 3JHEPrUH SJEKTPOHa.

dopmyna, nO3BOJSIOMIAST HafTH YacTOTHl Vv WJIH JJIHHE BOJH- A, co-
OTBETCTBYIOU(HE JHHHSIM BOAODOAHOrO CHEKTPA, MMeeT BHJ

’ c 1 1

”=7=R0(zz‘—za") »
rae £ ¥ n — Homepa OpOHT, ¢ — CKOPOCTb paclpocTpaHeHHs CBeTa B Ba-
Kyyme, R — mnocrosnias PHaGepra, paeHas

etm

8eahdc

==1,007373177.107 m-1,

3geck e~ 3apaj VIEKTPOHA, m — ero Macca, h'— nocrogunas [Inamka
.H & — JEKTPHYECKas! TOCTOsIHHAL.

QopMysa, HO3BOJSIOLLAS HANTH YacTOThl V WIH JIJIHHbl BOAH A Jaid
BOJOPOAONOAOOHEIX HOHOB, HMEET BHJ

s {1 1
V='—;'=RCZZ (F—?) i

rle Z — TIOPSIAKOBHIA HOMep ssemeHTa B Tanuue MeHzeneesa.
ITpn andpaxuuu pemrenoacxnx Jyuell HMeeT MeCTO ypabHenne Byabe
tda — Bparra )
2d sin ¢ =mh {m=0,1,2, ...,

rie d — NOCTOSIHHASI PEWIETKH KPHCTaMla (PAcCTOSIHHE MeXIy aTOMHBIMH
IJIOCKOCTAMH  KDHCTaJl1a), @ — Yrod MeXJy TyYKOM peHTTeHOBCKHX
Jydelt A MOBEPXHOCTLIO KPHCTaJJIa,

YacToTa vy, COOTBETCTBYIOMIAA KOPOTKOBOJHOBOW TpaHHIle CIVIOIHOrQ
PEHTreHOBCKOTO CIIEKTPa, MOKeT ObiTh HaljleHa H3 COOTHOILICHH:

hVo:eU,

rae U — pasHoCcTb HOTeHLlHaJIOB, l'lpPL'IO)KeHHaﬂ K 3JEeKTpOJaM peHTl‘eHOB‘

ckoli TPYOKH. .
JnnHa  BOJIHE! peHTl‘eHOBCKHX XapaKTepPHCTHYECKHX Jyuell MouiaT

6uiTh HafigeHa mo dopmyse MosaH

L4

o
v=rt=Re(Z—b)" (F"?{f) .



rae Z — NOPAAXOBHNA HOMep SJIEMeHT4, ms. xo-ropOro caenaH aHTuthon.
b =~ mocTofHHan SKpaHHPOBaHHH. FMocnepusnis ¢opmyna Moxker OGuTh
NepenHcala Tax: s .

V?:a(l—b), rae »a‘== VRC (-%—;];) .

. IHTEHCHBHOCTL YUKA. PEHTTeHOBCKHX nydefl, RPOWEAINX CKBO3b
ILUIaCTHHKY TOJLIHHORA X, onpexeaserca ¢opMyJoh

=1 o —ux'

tne [y — HHTEHCHBHOCTb NMyuxa, Najaloliero ma maactuuky, B [M—1] —
JuHeRHHA Kos(ppHiHeHT moraomenuss. KoadduuHent noraounieHus p
3aBHCHT OT JYIHHH BOJHBI PEHTTEHOBCKHX Jyueli H OT IVIOTHOCTH BelUeCTBa.
Maccosnlit Kes(punAEHT NOINIOLIEHHS iy CBA3AH C JHHEAHBM Ko3(buun-
©HTOM. HOTJIOUEHHS | COOTHOWIEHHeM iy [MZ/kr]=p/p, e p — maoTHOCTH
BellecTea.

Tlornouende PeATTEHOBCKHX -Jyuell PadiHIHBIMH BEUECTBAMH MOXKHO
OX3paKTEPH30BaTh TaK -Ha3bIBa€MO «TOJIIHHOH CJIOS TOJIOBHHHOIO "Oc-
aabaeHns, T. e, 'romunﬂoﬁ cos "1 J2» YMeHblGatolleR pABOe HHTEHCHBHOCTb

ITajialomux - ayen.

20.1. Halitn pamnych r, Tpex nepBeiX GOPOBCKHX 3JeK-
TPOHHBIX OPOHMT B aToMe BOROPOAA M CKOPOCTH Uy, 3JIEKTPOHA
Ha HHX.

20.2. Haiitn KHHe'quecxylo W, NOTEBUHANBEYI0 W, u
noxHyio W sHeprHH 3JIGKTPOHA Ha HepBoil GOPOBCKOMH op6wre.

-20.3. Halith KuHernweckyio suepruto W, snexrpona, Ha-
XoAsilerocs Ha n-i# op6HTe aroma BOAOpoRa, Ajasa n=1, 2 3
H oo,

20.4. Hatitu nepuof T ofpallleHHs1 3JEeKTpOHA Ha nepnon
6opoBckoii op6uTe aroMa BOIOPOLA H €ro YIJIOBYIO CKOPOCTh .

20.5. HaliTy HaHMEHbLuylo Ay, ¥ HauOOJAbIUYIO Ay, AJdH-
HBL.BOJIH CHEKTPAJNbHLIX JHHHA BOAOPOZA B BHIAHMON 06JacTH
CIIEKTpA.

-~ 20.6. Hafitnu HauGoOABILYIO AMHHY BOJHBI Ay,, B YJAbTpa-
¢duoseToBoft 06/1acTH cnekTpa BofopoAa. Kakyio Haumenbmyio
CKOPOCTb Uy, AOJNXKHBI HMETb 3JIEKTPOHH!, YTOOH NpPH BO3-
Gymuenud aToMOB’ BOAOPOAA ynapawm 9JIeKTPOHOB NOSIBHJIACh
5Ta JIHHHA? -

--20,7. Hafitu notennnan uonHusauuu U, artomMa Bozopoja.

- 20.8. Hahtu nemeﬁ no*remma.n BOS6Y)K11€HHH Ug aroma
BOZIOpOJA. \

:20.9.- Kakyio HaHMeHblﬂ'le sueprmo Woin (B SJIEKTpOH-
/BOJbTaX) AO/KHH HMETh 5JeKTPOHHI, YTOOGH NpH BO3GYMAEHHH
areMeB BOAOPOL@ YAAPaMH STHX SJEKTPOHOB -ROABHJIHCH BCe



JIHHHH Bcex - cepHit cnex’rpa aonopona? Kakytwo Ham«en-uuylo
- CKOPOCTb Upyq NO/KHB HMETb 3TH SJIEKTPOHM? -

20.10. B kakux rnpenenax NOJIKHA JIEXaTb SHEPILHS - 60M-
GapAHPYIOIHX SJEKTPOHOB, YTOOK NPH BO3GYXKIAEHHH aTOMOB
BOZIOPOA2 YAaPaMH STHX SJEKTPOHOB CEKTD BONOPOXA HMeX
TOJILKO ONHY CHEKTPAJbHYIO JHHHIOP

20.11. Kakywo nauMeHnbinyio sHepruio W, (8 3.rleK'rp0H—'
BOJIbTaX) RO/DKHB HMEThb 3JIEKTPOHH!, UTOGbl NPH BO36YKAEHHH
aTOMOB BOJOPOJA YA8PaMH 3THX JIEKTPOHOB CNEKTP BOLOpOAa
HMeJl TPH CHIEKTPa/IbHbIE Jmﬂmﬁ HaiiTh JMHBL BOMH A STHX
JIHHHIA.

20.12. B Kakux npefiesiax ZOJKHH JIeXKATh JIHHH BOJH A
MOHOXPOMATHUECKOTO CBeTa, YTOGhl NpH BO3CYKACHHUH aTOMOB
BOOPOJAa KBaHTaMH 3TOr0 cBeTa HabJ/IIOAaIHCh TPH cnex'rpanb-
Hbie JIMHHH?

20.13. Ha cKOJIbKO H3MeHHJIaCh KHHETHYEeCKas 3Heprus
SNIEXTPOHA B aTOME BOJOPOAA MPH H3MYHEHHH aTOMOM ¢doroHa
¢ AJMHHON  BOJIHBI A==486 HMP

20.14. B xakux npefeiax ROJ/UKHH JieXaTh AJNHHH BOJH A
MOHOX POMATHYECKOro CBeTa, 4TOGH NpH BO3GYKAEHHH aTOMOB
BOJIOPOJ2 KBAHTaMH 3TOrO CBeTa Pajinyc op6m-m Tk SJTEKTPOHA
yBeJIHyuica B 9 pag?

20.15. Ha nmppaxunounylo peme'rxy HOPMa/bHO Najaer
MyyoK CBeTa OT pa3psAHOA TPYOKH, HaNOJHEHHOH 8TOMapHbIM
BogoponoM. Ilocrosnnan pemerkn d=5 mkm. Kakomy nepe-
XOAY 3JIEKTPOHA COOTBETCTBYET CHEKTPa/bHAA JAHHHSA, Hab/o-
JAaeMasi IPH NOMOIM 3TOH pelleTKH B ClIeKTpe [1ATOro NopaaKa
nox yryioM @=41°?

20.16. - Haiitu pymny Bosunl fe Bpofins A Ans 3JeKkTpoHa,
JABHIKYymerocd no nepeoit 6opoBcko#l op6HTe aToMa BOAOPOAA.

20,17. Haiitu pazuyc r; nepsoii GOPOBCKOH 3J1eKTPOHHOH
OPGHTH IS OMHOKPATHO HOHH30BAHHOTO TeIHA H CKOPOCTDb Uy
3JIEKTPOHa Ha Hefl, :

20.18. Hafitn nepniit norenuuan Bosbyxaenus U,: a) on-
HOKPATHO HOHH30BAHHOTO I'eJIHs; 6) JBYKDPATHO nonusoaaﬂuoro
JIUTHS.

20.19. Hahtu norenuHan Houusauuu Uy a) onﬂoxpa'mo

. HOHM3OBAHHOIO TesusA; 6) ABYKDATHO HOHH3OBAHHOIO JIMTHHA.
~ 20.20. Haittd n/uHY BOJMHH A (DOTOHA,” COOTBETCTBYIOLIErO
nepexoly 3JAeKTPOHA CO BTOpo# GOpOBCKeR OPOHTH Ha nepaylo
B OHOKPATHO HOHHW30BAHHOM .aTOME TreJHA. ;
© . 20.21, Pemutb PEABIAYILYIO aanaqy ,u.'m nnyxpamo HOHH- )
30BAHHOIO ATOMA JIATHA.

20.22; D-1MHHS BaTpHs ﬂsnyqama B pwynurm Taxoro
nepexoaa sieKTpoHa ¢ oRHOA OpGHTH aTOMA HA APYrylo, NMpPH

\ .

N
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KOTOPOM SHEprus aToMa ymenbaerca Ha AW=3,37- 103 [Ix.
Hafitu gnuny BOsMHE A D-/HHHH HaTpHA. -

20.23. Ha puc. 66 usobpaxena cxema npudopa Aas ofipe-
JeJIEHHS . pe30HAHCHOro NoTeHuHana HartpuA. Tpy6ka copep-
JKHT napbl HaTpHsi. DeKTpofsl G H A HMEIOT OXHHAKOBBIA M1O-
tennual. [Ipu Kaxoil HaHMeHbllleH YCKOPSIOWEH Pa3HOCTH HO-
tenuuanos U mexay xatogom K d ceTkoit G Hab/mofaercsl Cek-
TpasibHast JHHUS C JJIHHOH BOJIHW A =589 Hm?

S 8
L
|| b
&
|1
Puc. 66, ) Puc. 67.

20.24. DaekTpoH, npofilis pasHOCTb- mOTeHUHaoB U=
=4,9 B, crajKkHBaeTcs ¢ aTOMOM PTYTH H NEpPEBOJHT €ro B nep-
BOe BO30YyXKJeHHOe cocrosiHHe. Kakyio IJIMHY BOJIHHL A HUMeET
(OTOH, ' COOTBETCTBYIOIKH Mepexofy aToMa PTYTH B HOpMallb-
HOe COCTOsHHe? '

20.25. Ha puc. 67 uso6paxena ycTaHOBKa AJS Habawofe-
HHAl AMDpaKUHH peHTreHoBcKMX Jiywelt. [Ipm Bpamenuu kpu-
craisna C TOJBKO TOT Jy4 GyAeT OTpaXkaThbCsl Ha ¢oTorpaguue-
CKYIO NJIaCTHHKY B, IJIHHA BOJIHH KOTOPOTO YJOBJIETBOPSAET
ypaBuenuio Bysbpa — Bparra.. Ilpn KakoM HanMeHblleM yrie
¢ MEXKAY IJIOCKOCTBIO KPHCTAJJIa M NYYKOM PEHTIE€HOBCKHX JIy-
qeit ORIJIH OTPaXKeHbl PEHTTeHOBCKHE JIYUH ¢ BJIHHONK BOJIHBI A==
=20 nu? [locTosIHHAf pelleTKH KpHcTaiana d=303 nm.

20.26. Hailty nocrosiHHyio pellleTKH d KaMeHHOH COJIH,
3HaA MoJsapHYio Maccy p==0,058 Kr/mMoJb KaMEHHOH COJIH H ee
nA0THOCTL P =2,2- 10% Kr/M?. KpHcrasiel KameHHo# coJin obna-
JlaloT NpocTOH KYyGHUYECKOH CTPYKTYpOH.

20.27. Tlpu 3KcrepHMeHTaNBHOM OnNpeleseHHH MOCTOSHHOH
Ilnanka h npu noMolun peHTTeHOBCKHX JIyueH KDHCTaJJ ycTa-
HaBJHBAGTCH MMOJA HEKOTODEIM YIVIOM ¢, & Pa3HOCTb MOTEHIHa-
JoB U, npuioXeHHass K_3JEKTPOAAM. DEHTFEHOBCKOH TPYOKH,
' YBEJIHYHBACTCS A0 TeX NOP, NOKa He NOSABHTCA JIHKHS, COOTBET-
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CTByMIOLILasA 3TOMY yFAYy. Hadith NOCTOSIHHYIO ITnanxa h u3 cJie-
AYIOIHX JAHHHIX: KPHCTaMJ KaMeHHOH COMH YCTaHOBJIEH MOX
_yryioM @=14°; pa3sHOCTb NOTEHUHANOB, NPH KOTOpOH BnepBLie
NOsABHJIACh JIHHHA, COOTBETCTBYIOMAA 3TOMYy yray, U=9,1 kB;
NOCTOSIHHAS PeIieTKH Kpucraana d==281 nm.

20.28. K snexTponam pelTreHOBCKOH TPyOKH npn.no)xena
paspocTb notennyanos U=60kB. Haumennlwas nnuna Bosuu
PEHTrEHOBCKHX JIyueil, IOJYyyaeMbIX OT 3TOH TPy6KH, A=
=20,6 nM. HaliTH u3 3THX JaHHBIX nocTosiHAYIO A Ilnanka.

20.29. HaifitTy AJMHY BOJHBI A, ONpPEAAIWIYI0 KOPOTKO-
BOJIHOBYIO TDaHHIy HelIpepLIBHOIO DEHTreHOBCKOrO CIEKTpa,
JJIST CJTy4aeB, KOrJa K PeHTTeHOBCKOH TpyOKe NPHJIOKeHA pas-
HOCcThb mortenuuajoB U, pasHas: 30, 40, 50 kB.

20.30. Haility RauHy BOJHBI A, ONpEENsOUIYI0 KOPOTKO-
BOJIHOBYIO TPAHHIy HENPephLIBHOIO PEHTTeHOBCKOTO CIEKTPA,
€CJIH H3BECTHO, YTO YMEHbIUEHHe MPHJIOXKEHHOro K PeHTTeHOB-
ckoil TpyOke Hanpsikenus na AU=23 kB yBennuusaer ucko-
My JUIHHY BOJHH B 2 pasa.

20.31. [l1una BOMHbI ramma-H3nyyeHua pagus A=1,6 nm.
Kakyio _PasHOCTb NOTEHUHAIIOB U Hazo npuJOXHTb K peHTre-
HOBCKOH TPyOKe, 4TOObI NOAYYHTh PEHTTCHOBCKHE JIYYH C ITOMH
JJHHOH BOJHBI? )

20.32. Kakyio HauMeHbLIYIO pa3HOCTL noTentinanos U Halo
NPHJIOKHTE K DPeHTIeHOBCKOH TPyOKe, 4TOOBI NOJNY4HTH BCE
JAHHHH K-cepuH, eC/lH B KaueCTBe MaTepHa/la aHTHKATo/a B3ATh:

" a) Menn; 6) cepebpo; B) BOJb(paM; T) N1aTHHY?

20.33." Cunrast, yto (popmyJsa Mo3/iH ¢ JOCTATOYHOH CTe-
" [IEHbIO TOYHOCTH RAeT CBS3b MEXAY JJIHHOM BOJHbI A xapakre-
PHCTHYECKHX DEHTTCHOBCKHX JIyueH 1 NOPSAKOBHIM HOMeEpOM
9JieMeHTa Z, H3 KOTOpOl‘O ClleJIaH aHTHKATol, HAaHTH HaHGOJb-
WY IJIMHY BOJIHBI A JIHHUH K-CepuH PEHTTEHOBCKHX JyueH,
JaBaeMbIXx TpyGKOH ¢ aHTHKATONOM H3: a) Kenesa; 0). Mme-
JAH; B) MoauGneHa; r) cepefpa; 1) TaHTana; €) BoJbdpama;
k) naaruael, Jada K-cepuu NOCTOSIHHAS SKPaHHPOBaHUS
b=1.

20.34. Hailitn MOCTOSHHYIO SKPaHHPOBAHHS b zum L-cepun
PEHTIeHOBCKHX Jy4ell, ecJIH H3BECTHO, UTO IIPH Nepexofie SJeK-
TpOHa B aToMe Bo.nb(bpaMa ¢ M- na L-cjioit ucnyckaioTcsl peHr-
TeHOBCKHe JIy4YH C JJIHHOR BOJIHBI A==143 nm.

20.35. Ilpu mepexone aekTpoHa B atoMe ¢ L- ma K-c/o#t
HCMYCKAIOTCSl PEHTTeHOBCKHE JIY4H ¢ JJIMHOH BOJHBI A=
=78,8 nM. Kaxoi sto atom? aa K- -cepun NoCTOAHHAS 3Kpa-
HHpoBaHua b=1.

20.36. Bosxyx B HekoropoM ofbeme V obayuaercs peHT-
TeHOBCKHUMH  JIyYaMH. OKCIO3HIHOHHAA J03a H3Jy4YeHHA



D,=4,5 P. Kakas nons aToMOB, HaxONALIHXCA-B LaHHOM OOB-
eMe, OYIeT HOHHM30BaHA 3THM H3JIyYCHHeM?

20.37. PenrrenoBckas TpybKa CO3laeT Ha HEKOTOPUM pac-
CTOSIHHH MOLLHOCTb SKCNO3HUHOHHOM No3kl P,=2,58-107¢ A/kr.
Kakoe unciio N nap HOHOB B efHHHIly BpeMeHH CO3laeT 3Ta
TPyOKa Ha eIHHHIY Macchl BO3AYXa IPH AAHHOM PacCTOAHHHU?

20.38. Bo3ayx, Haxonsuuicsi, NPH HOPMaJbHBIX YCJIOBHSIX
B HOHH3aLlHOHHOH Kamepe obbemoM ¥V =6 cm?, obayuaeTcs peHT-
T€HORCKHMH JyuyaMH. MOIHOCTL 5KE€NO3HIHOHHOH O3bl PEeHT-
reHOBCKHX Jyded Py =0,48 MP/u. HaliTh MOHH3aHOHHBLIA TOK
HacbieHusa [,.

20.39. HaliTh 119 a/MOMHHHA TOJILIHHY Xyja CJIOS TIOJIOBHH-
HOro ocaabieHusi AJd PEHTreHOBCKHX Jy4ell HeKOTOpOH AJHHbI
BOJIHBI. MaccoBblfi KO3Q(pHUHEHT NOTJIOUIEHHA aMOMHHHA AJA
9TOH JJIMHBI BOJHBEI p,=5,3 M¥/Kr.

20.40. Bo ckoabko pas YMEHbIIHTCS HHTEHCHBHOCTH pEHT-
FEHOBCKHX JIydei ¢ AJHHOHN BOJIHB A=20 M NpPH NPOXOKIAEHHH
cJ08. kene3a tomuunod d=0,15 mm? MaccoBhiil K03(pHIHEHT
MOTJIOLIEHHA KeJse3a IS 3TOH AJMHBI BOJMHBL p,=1,1 M¥/Kr.

20.41. HafiTu TO/MUHUHY CJIOS Xy/2 MOJOBUHHOTO ocJabieHus
i KeJiesa B YCJIOBHAX TNpelbIAyLIed 3anaud.

20.42. B nuwxecnenyoiliefi TaG/Hle NpUBENeHH JAJIS1 HEKO-
TOPLIX MarepHaJiOB 3HAUEHHS TOJIHIMHBI CJIOfl Xi;z TOJIOBHH-
"HOro ocJa6NeHHAl PEHTIeHOBCKHX Jydel, 3HEprusi KOTOPHIX
W=1 Ms3B. Haiitu auneliHpIi p K MaccoBbld n, Ko3(xpH-
HHEHTH! - TOTVIOUIEHHST 3THX MarepHajioB AJA JNAaHHOH 3HEPrHH
PEHTreHOBCKUX JyueH. JIna Kakofl AJHHLI BOJIHK A PEHTTEHOB-
CKHX JIyueH NOJYyYeHH 5TH JaHHblE?

BemecTBO Boxa AmoMrRER XKeneso Connuen

Xy g0 OH 10,2 4,5 1,56 0,87

20.43. CKONMBKO CJIOeB [OMOBHHHOrO ocJjabJjeHus Heobxo-
AHMO ANl YMEHBIIEHHA HHTEHCHBHOCTH PEHTTeHOBCKHX Jyder
8 80 pas? ‘ : \

§ 21. PajHOAKTHBHOCTH -

Yueao aTOMOB paRHOAKTHBHONO BewecTsa dN, pacnanaiouiHxcs 3a BpeMa
df, npoNOpHHOHANLHO UHCJAY HMElOIMXCH ‘aTOMOB H onpezensiercd  coor-
HomeHueM

dN
. dt . ‘
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TAe A — MOCTORHHAA DAJNMOAKTHBHOTO pacnafa. MuTerpHpys, NONYYHM

N — Noe—M

rie Ny — UHCJIO aTOMOB B MOMEHT BpeMenu f==0,” N — YuCJ0 HX NO nc're-
YeHHH BpeMeHH I

Yucno pacnajos, NPOMCXOAAINHX B NpenapaTe 3a eMHUIY BPeMeHH,
HAa3LIBAETCA AKTHBHOCTBIO PAAHOAKTHBHOTO npenapara (I Bk=1 pacn/c):

a [Bx]—-ﬁ’-=—m

Mepuox nonypacnapa T',,, M MoCTOAHHAS pacnaja A cBS3aHLl cOOT-
HOLIEHHEM
In2_0, 693

Tl/z A l.‘

Benryuna t=1/A, oGpamasl NOCTORHHON pacnana, HA3LIBAETCA CPEAHHM
BpeMEHEM IXUSHK PaAMOAKTHBHOIO aTOMa.

Ecii’ pajuoakTHBHLIt H30TON A noMeuies B 3aKPLITH cocyn H npH
pacnage ero ofpasyerca paunoamﬂsﬂuu u3oton B, To B 9TOM cocyne no
HCTeYeHMH BPeMeHH [ YHCIO sifep Haorrona'B onpefensietcs no GopMyane

NB—NM,v (e_AAt ,_ABI). v

3pech Ngy — UHCIO ffiep H3otoma A npu =0, As nAg— mocroaunme
pacnaja H3oronos. A .u -B. Ecau nepHon nonypacmaja naoroma A aHauH-
TeJbHO Gonbuie MepHOja Moaypacnaja H3otona B, To -

Np=~Ny %(1 -—e—ABt).

Ilpu pagHOaKTMBHOM PaBHOBECHH
Na/Ng=2~pg/h,.

Yienpuad AKTHBHOCTb PasHOAKTHBHOIQ H3OTONA ONpeleSseTCHA UMC-
JIOM aKTOB pacnaja B €AHHHLY BpPEMEHH Ha €JHHHIY MacCW paclajai-
merocs BQI.U.ECTB&.

21. l CKOMbKO &TOMOB. NOJIOHHS pacnanaercs sa BpeMs
At=1 cyr us N=1Q° aromoB?

21.2. CKOJIBKO aTOMOB pajoHa pacnanae'rcn 3a BpeMﬂ A=
=1 cyr H3 N=10° aromoB?

21.3. HafiTH aKTHBHOCTb G MaccHl m=1r pa,zum.

21.4, Hafitu maccy m pa,uona, BKTHBHOCTb KOTOPOro g==
=3,7.10% BK. '
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. 21.5. Hafiry Maccy m noyioHus 210Po, aKTHBHOCTb KOTGPOTO
a=3,7-10% Bk.

21.6. Haiiru MOCTOAHHYIO pacnana A, panoHa, ecJiM HM3BECT-
HO, YTO YHCJIO aTOMOB palioHa YMeHbILAeTcst 3a Bpems ¢=1 cyT
Ha 18,2%.

21.7. HailTh yaelbHYI0 aKTHBHOCTb @p: a) ypaHa 2
6) parona %iRn.

21.8. Honusanuonuele cuetudnkd [efirepa — Miosiepa
HMEIOT H B OTCYTCTBHE DafHOAKTHBHOIO Ipenapara onpefeseH-
Hblf «on». [IpucyTcTBHe Pona MOxeT CRITH BEI3BAHO KOCMHUe-
CKHM H3JIyYeHHEeM HJH PaJiHOaKTHBHBIMH 3arpssHeHHsMH. Ka-

 KOH Macce pajoHa m cooTBerctByeT ¢oH, jaiomui 1 orbpoc

CYeTYHKa 3a BpeMs f=5 ¢?

21.9. Ilpu noMomy HOHH3ALHOHHOI'O CYETYHKA HCCJelyer-
€ aKTHBHOCTb HEKOTOPOro pajHOaKTHBHOrO H30TONa. B Ha-
YaJbHbIA MOMEHT BPEMEHH CUeTYHK JAaeT 75 oT6pOCOB 3a BpeMs
t=10 c. Kakoe yncsao otbpocos 3a Bpemsi {=10 ¢ 1aeT CYETYHK
N0 HCTeUeHHH BpeMmeHH [=T1y;,/2? Cuurarb T1,:3>10c.

* 21.10. HekoTopblii pafgHOaKTHBHBIA H30TOI HMEET MOCTOSIH-
Hylo pacnafaA=4-10"" ¢~ Yepes kakoe Bpems ¢ pacnajuercs
75% mnepBOHAYAJMbHON "MAaCChl /1 ATOMOB?

21.11. Tlpupoauslfi ypau npeacTtasJsieT cofoll cmechb Tpex
usoronos: 233U, 288 S #8U. Conepxkanme 25U HHUTOXHO
(0,006%), na pomo *3U mnpuxoxurcsa 0,71%, a ocranbHyio
maccy (99,28%) COCTaBJIﬂeT = U. Hepﬂozuﬂ noJypacnajga
Tyja 3THX H30TONOB COOTBETCTBEHHO paBHb! 2,5-10% jer, 7,1 X

"%X10% nmer u 4,5-10° ner. Halith npoOlenTHYIO D00 Paguoak-

THBHOCTH, BHOCHMYIO Kax/IbIM H30TONOM B OGIILyI0 panHOaKTHB-
HOCTb MPHPOJHOrO YpaHa.

21,12, KuHeTHyecKast 3Heprusi o-4acTHLBI, BELIETaIOLel
H3 sJpa aroMa pajusl NPH PajUOaKTHBHOM pacnage, W;=
=4,78 MsB. Haiitu cKopocTb ¢ a-4acTHUBl H NOJHYIO SHEPIHIO
W, BbLIeasiomyIocss NpH BbLIETE 0-YaCTHIBI.

21.13. Kakoe KOJMHYECTBO TEMJIOTH Q BEIAETSIETCA NPH pac-
naje paloHa aKTHBHOCTbO a=3,7-10!° Bk: a) 3a mpems (=
=] u; 6) 3a cpennee BpeMs Xu3HM T7 KuHeTHUeCKas SHepPrus

'BbUIETalOMEH M3 pajioHa a-uacTHubl W=5,5 MsB.

21.14. Macca m=1r ypaua *3U B paBHOBeCHH C NPOAYK-
TaMH e€ro pacnaga Begeisier Momuocere P=1,07.10"2 Br.
Haiitu MossipHyio Temsoty Q,, BhLeJNsSIEMYI0 ypaHOM 3a Cpel-
Hee BPEMsSI HH3HH T aTOMOB YypaHa.

21.15. Hafitn akTHBHOCTH @ pajioHa, O06Pa30BaBIIErOCH H3
Macchl m=1r pagus 3a Bpems (=14, \

21.16. B pesynbrate pacnafia MaccH me=I1T pajpus 3a
Bpems ¢=1 roa oGpa3oBajiach HeKOTopas Macca -reIHA, 3aHH-

242 , .



MaIOIero NPH HOPMAJBHEIX ycnonmxx ofvem V=43 mm*. Haft-
TH H3 3THX JaHHHIX NOCTOSHHYI0 ABoraapo N,

21.17. B amnyny nomellien npenapar, conepx(amuu maccy

my=1,5'r papus. Kakas macca m pamona nakomurcs B 3TOR
- amnyJie 0 HcreueHHH BpeMeHH !=T1,2/2, rae Ty — TepHOR
noaypacnana pajgona?

21.18. Hekotopoe YHC/JIO aTOMOB palHsl NMOMEILEHO B 3aMK-
HYTHIH cocyk. YUepes Kakoe BpeMsi ¢ yHcJO aToMoB pajona N
B 3TOM cocyie 6yaer orinuathess Ha 10% oT Toro umcsra aToMos
pagoHa N’, KOTOpOe COOTBETCTBYET PaZHOAKTHBHOMY PaBHO-
BECHIO PajiHsi C pPajioHOM B 3ToM cocyze? [loctpoure KpHBYIO
3aBHCHMOCTH H3MeHenHs N/N' B cocyne OT BpeMeHH ¢ B HHTep-
Bane 0<{<6T,;,, DpuUHHMas 32 eNMHMIy BpeMEHH NEPHOJ
noaypacnajga pagoHa Tije.

21.19. HekoTopoe uucJjo aroMoB pagoHa N’ nomelleHo B
3aMKHYTHili cocyl. [TocTpouTh KpHBYIO 3aBHCHMOCTH M3MeHe-
HHS UHCJa aToMOB pajoHa N/N’ B cocylie OT BpeMeHH B HHTEp-
Bajte 0<Cf<{20 cyT yepes Kaxaple 2 cyT. IlocTosinnas pacnaga
panona A=0,18! cyr~*. Hs xpuso#i "N/N'=f(f) naiita
nepHop moaypacnaia Ty panoHa.

21.20. B mmxecaenywoiefi TabauIe NPHBEEHH Pe3yJIbTaTH
H3MepeHHs 3aBHCHMOCTH aKTHBHOCTH Q@ HEKOTODOTO PaJHOaK-
THBHOI'O 9JieMeHTa OT BpeMeHH f{. HafTH nepuon nosypacnapa
Ty/» snementa.

t u 1 0 3- 6 9 12 15

a, 3,7.107 Bx 21,6 12,6 | 7,6 4,2 2,4 1,8

21.21, B amnyay momellied pajoH, aKTHBHOCTb KOTOpPOro
a,=14,8.10° bk. Uepe3 Kakoe BpeMs f 110C/Ie HaNOJHEHHs aM-
MyJK aKTHBHOCTb pajioHa GyaerT paBHa a=2,22.10° Bk?

21.22. Csunell, cojep:Kaluiicsi B YpaHOBOH Pyae, ABJseTca
KOHEYHLIM MPOLYKTOM pacmaza ypaHOBOrO psia, NOSTOMY H3
OTHOILIEHHS MacCH ypaHa B pyAe K Macce CBHHIA B Hell MOXHO
onpejieuTb Bo3pacT pyAn. Hafitn Bospacr ¢ ypaﬂoson PyAH,
€CJIH H3BECTHO, YTO Ha Maccy mg =] kr ypana *3U B a'rou,
pyAe TEPHXOLMTCS Macca Mg,= Or ceumna »23§Pb ; :

21.23. 3uas nepHoir! noaypacnaia Ty paius H ypaua,
HafiTH YHC/IO AaTOMOB ypaHa, MPHXOAsULeecs HA OJMH aroM pa-
JHus B NPHPOAHOH ypaHOBOH pyle. Y KasaHHe€ Yuects,
YTO PaflHOAKTHBHOCTD npnpo;moro ypaﬂa oﬁycnos.neﬂa B oOc:
HOBHOM H30TONOM G2



21.24, M3 kakoit HanMmeHbllleA Macckl m pyibl, CONEpPIKa-
mweit 42% uHcTOrOo ypaHa, MOXHO MNOJYYHTb Maccy Me=lr
panus? :

21.25. a-yacTHUH M3 HM30TONAa pajus BBIIETAIOT €O CKO-
poctbio v=1,5-10" M/c u yaapsiorcsi 0 GIIyOpeCcUHp YO IK-
pan. Cunras, 4To 3KpaH NoTpef/sieT Ha efHHHLY CHJbI CBETa
momHocTs P,=0,25 BT/ka, HafiTh cuny ceera / 9KpaHa, ecJH
Ha HEro NajalT BCe Q-YaCTHUB, HCIycKaeMble MaccOH m=
=] MKr panus.

21.26. Kakas jo/as nepBoHauYasJbHOH MacChl pPajHOaKTHB-
HOTO HM30TOMNA pacnajaercs 3a BpeMs KHM3HH 3TOr@ H30TOHa?

21.27. HaliTH aKTHBHOCTb @ MAacChl m=1 MKI MNOJOHHA
nopo

21.28. HaiiTn yaesbHYI0O aKTHBHOCTb @, HCKYCCTBEHHO NO-
JYYEHHOTO PaAJHOAKTHBHOrO H30TONMA CTPOHUUA ST,

21.29. K macce m,=10 Mr pajiHOaKTHBHOrO0 H30TOMNa §3Ca
noGaBiieHa Macca my==30 MI HepafHOaKTHBHOTO H3oTona 5Ca.
Ha cxo/nbko yMeHbIIHIACh y,lleJIbHaﬂ aKTHBHOCTb 4, PaiHOaK-
THBHOTO -HCTOYHHKA? -~

21.30. Kakyio Maccy m, pagHOaKTHBHOIO H30TOna 2;gB1
Hajo A06aBHTb K Macce m;=5 MI' HEpaAHOAKTHBHOrO H30TONa
29Bi, utolbl uepe3 BpeMs f{=10 CyT mocJie 3TOr0 OTHOIIEHHE
YHCJa pacnaBLIMXCA aTOMOB K 4HCJY HepacnaBUIMXCS OBLIO
paBHo 50%? Ilocrosnnas pacnaga usorona 3Bi paBHa A=
=0,14 cyr~L.

" 21.31. Kakoii usoron o6pasyercs us *3Th nocne qempex
a-pacnajgoB H JAByX P-pacnaios?

21.32. ‘Kaxoit usoton ofpasyertcst u3 *3U noc.ie Tpex a-pac-
najoB H AByX P-pacnanos?

21.33. Kakoii nsoron o6pasyercs u3 *33U nocae asyx - pac-
najioB ¥ OAHOro a-pacrnaga?

21.34. Kaxkoii nsoron ofpasyercst us 4Li noce oauoro fi-
pacnaja H OAHOrO a-pacnana?

21.35. Kako#t usoron odpasye‘rcn H3, 13:Sb nocse yetnipex
p-pacnanos?

21.36. KnHerHuyecKast 3SHEPrusi O-YACTHULI, BHUIETaIOiEH
H3 siipa aroMa NoJIOHHs *3Po npu pagnoakTHBHOM pacmafe,
W,=7,68 MaB. ‘Haiitu: a) CKOPOCTb U Q-YacTHUH; 6) NMOMHYIO
3Hepruo W, BbLIEJSIOULYIOCS NMPH BHJIETE Q-YaCTHUBL; B) YHCJIO
flap HOHOB N o6pa3yemux @-yacTHUeH, NpUHUMast, YTO HA 06-
pa3oBaHHe ONHOH Mmaphl HOHOB B BO3lyXe TpeGyercs SHepI‘Hﬂ
'Wo=34 3B; r) Tok HachiuueHHst [, B HOHH3AUHOHHOH Kamepe
OT BCeX @-YacTHL, HCMYCKaeMhIX nonouﬂeM AKTHBHOCTB NO-
JIOHHST a==3, 7 10* Bk, e
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§ 22. SlpepHbie peaKkuHH .
OHeprra cBasH AApa JIOG0Oro H30TONA ONPefeNseTcA COOTHOMEHHEM

’ W=c?Am,

rie Am — pasHOCTL MeXKIY MACCOH YacCTHL, COCTAaBASIOIHX PO, H Mac-

coli camoro szpa. OuesHaHo,
Am:Zm,,—HA _Z) my—mg, (l)

L.

rfie Z — NopAAKOBHI HOMED H30TONMa, A — MaccoBoe YHCIO, my — macca
npoTOHa, m, — Macca HeHTPOHa, mg — Macca sapa Waorona. Tak Kak
mg=m—Zm, TAEe ms— Macca H30TOIA H fn, — Macca aJleKTpoua, TO

Am= Zml A (A—Zymy—my. (93]

3xecn ml'H— Macca H3oTONta Bojopoga 1H, m 4 — Macca AGHHOTO H3oTONa,
R 1

HaMeHeHHe sHeprHH NpH AAepHOl peaKuHH
Q=c* (Y my— X, my), : 3)

TZe Y, mi —CYMMa MAcC YaCTHIL O PeaKUMH, D MMy —CyMMa Macc YacTHIL
nocxe peakunn. Ecii 2 my > X\ my, TO peakuus HiT ¢ BLIeleHHeM
SHEPTHH, eCH e X m; < 3 My,TO PEaKunsi WICT ¢ NOLIOUEHNeM Hep-
riad. OTMETHM, YTO B (opmyTy (3),TaK xe Xaxk W npy¥ BLMHCJIEHNH 3HED-
HH CBA3H AAP4, MH MQXKeM 'NMOACTABJAATH MAaccy HM3QTONOB, a He Axep, Tak
KaK TOTIpaBKY HA MacCy SJEKTPOHOB OGOJOYKH BXOJAT C DA3HLIMH 3Ha-
KAMH H TIO3TOMY HCKJIOUAIOTCS.

22.1. Ha#ity yncao npoToHoB H HeﬁTpOHoa Bx.onﬂmnx B co-
CTaB fAAEp TPeX H30TONOB MarHug: a) 1iMg; 6) Mg, B) 3§

22.2. HafiTH 3Hepruio cBasu 1'% alpa usoTona JAUTHSA ’Ll

22.3. Haitrn suepruio cBasu W snpa aroma resius ‘He.

22.4. Hajitn snepruio cBasn W sjipa aroma amoOMHHHA
27Al

22.5. Haiitn sHepruio cBsi3u W apep: a) {H; 6) $He. Ka-
Koe U3 3TuX sifep Gosee yCTORUWBO?

22.6. Haitru suepruio cssy W, npuxonﬂmyxocsi Ha OfHH
HYKJIOH B sape aromMa kucaopoaa '‘$O.

22.7. Haiith sHepruio cssisu W saipa jeiiTepns BH

22,8. Haiitn sHepruo cBssH W, ﬂpHXOlIﬂH.lleCH Ha omm.
uymonaﬂnpax a) jLi; 6) %N; B) $3A1; r) 45Ca; 1) $3Cu; e) 43Cd

k) Hg; -3) 23U, HOCTpOHTb 3aBHCHMOCTE W= f(A), me

A— Maccosoe YHCJIO. ;

22 9 Hamu snepruo Q, Bu.uenﬂmmyloca npn peaKmm

Li4iH — $He+3He. ' o
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22.10. Hafitn sHepruio Q, NOrJOMIEHHYIO HPH peaKIUH
N + {He — 1H+ 0.

22.11. Haiitu snepruio Q, BEIENSIOULYIOCS NpPH peakuUHAX

© a) {H+iH—iH+1H; 6) {H+iH—3iHe4in.

22.12. Haiitu sHepruio Q, BHIENSIOWYIOCS NPH PeaKIHsIX:

a) tH+3He — H+3He; 6) ILi+ iH —3He+{He;
, B) $Li+4{H ~— {He + #He.

22.13. Kakyio maccy M BOaB MOXHO HarpeTb oT 0°C o
KuMeHHs, €CJH HCMONb30BaTh Bce TeMJo, BhAENsIomeecs NpH
peakuuu iLi (p, @), IpH DOMHOM pPa3IOKEHHH Macchl m==1rT

JIUTHS?
22.14. Hanucate HemocTaouiHe 0603HAYEHHST B peakIHsX:

a) LAl (n, @) x; 6) F (p, ) °0;
B) 3Mn (x, n) ¥Fe; r) Al (a, p)x;
n) N, 5'C; ) x(p, @) iiNa.

22.15. Haiitu aHepriio Q, BLIAENSIOWYIOCS NpPH DEaKLRH
ILi4+*H — Be+4-in.

22.16. Hairrn sHepruio Q, BRIAENSIOWMYIOCS NpH pPeakiHH
' “Be+H — 1B+ 1n.

22.17. Ilpu GomGapaupoBke u3oroma asora 3N HefiTpo-
HaMH ToJy4aeTcss u3oTon yraepoja '5C, KOTOpBIH OKasbIBaercs
p-panHoakTuBHbIM. HanucaTb ypaBHeHHsi 00eHX peakuuil.
22.18. Tlpu GombapaupoBKe H30TONA aMOMUHHUA $1A] a-uac-
THUAMH [OJyYaeTcs paiMOaKTHUBHLIH H3oTON (pocopa {IP,
KOTODBIH 3aTeM pacnafaercsl ¢ BblIe/NeHHeM No3uTpoHa. Hamu-
carb ypaBHeHHs o0enx peakuuii. HallTH ynenbHYI0 aKTHBHOCTD
@, usorona 3P, ecnu ero mepuox mosiypacnaga Ti/:=130 c.
22.19. Ilpu 6ombapanpoBke usorona i{Na aefitoHamu 06-
‘pasyercst P-papuoakTuBHbi H3oron fiNa. Cuerunk P-uacTu
ycTaHOBJIeH BOJIH3H Npenapata, cojepKalero pagnoakTHBHBIH
#Na. Tlpu nepsoM H3MepenHu cueTyuk jaj 170 or6pocos 3a
‘1 MuH, a uepe3 cyTkH — 56 orGpocoB 3a 1 muH. Hanucarte
ypaBHeHHusl ofenx peakuufi. Halitu nepron nonypacnasa Ty/a
usorona #Na. ) .
22.20, Kakasn sHeprua Qi BHIENHTCA, €CJH NPH PeakLHH

1:Al 4-3He — {8Si+-iH
NOBEPraloTCs NpPEBPAIlleHHI0 Bee spa, HaXOAslmHecs B Macce
in=1r amomunua? Kakyo snepruio @, Hajo 3aTpaTHTh, YTOOKI
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OCYIIECTBHTDL 5TO NpeBpalieHne, eCAM H3BECTHO, 4o npu 6om-
GapAHpOBKe Siipa aNIOMHHHA Q-4acTHIAMH ¢ 3Hepraell W=
=8 M3B TOJBKO OfHA G-yacTHUA H3 n=2:10° YacTHIl BBI3HI-
BaeT IpeBpalleHue?

22.21. I'Ipu GomGapaupoBKe u3oTona JUTHA jLi nefitonamu
(azpamu neiirepusi 3H) oGpasyiorcs npe o-sactuusl. Ilpu stom
Boiiensiercst sHeprusa Q=22,3 MsB. 3nas Macchl JefiToHa d
H @-4acTHIE, HAWTH Mdccy m H3oTona JuTusi SLi.

22.22. HMcTOYHHKOM 3HEPTHHM COJIHEYHOTO H3JYy4YeHHS sB-
JsieTcsl sHeprusi o0pa3oBaHus rejiusi H3 BOAOPOAA MO CJjeaylo-
mef. UUKJIHYECKOH peaKLHH:

PCHIH — PN — PC+ Se, PCHIH — N,
PN IH— PO — PN+ %e, IN-HIH — ¥C+ He.

Kakas macca m; BOIOPOZA B €AMHHIYy BpEMEHH NOJIXKHA [1PEBpa-
marbcs B reauii? Cosnneunas nocrogunag K=1,37 xBr/m?2.
TIpunumast, uto Macca Bogopoza coctabasier 35% maccet Cosn-
ua, MoACYHTaTb, HA Kakoe BpeMs ! XBaTHT 3anaca BOJOpPOAA,
ecau manydyenne CoMHLA CUHTAThL NOCTOSTHHBIM.

22.23. Peakuus pa3fioxeHHs HeHTOHa y-Nyyamu:

H+ hv — H+ln.

Hafits Maccy m HeHTpOHa, ecJId H3BECTHO, YTO HEPrus y-KBaH-
ToB W;=2,66 MsB, a 3uepras BHJETAOWHX NPOTOHOB, HIMe-
peHHasl 1o NPOM3BOAMMON MMH HOHH3allMH, OKa3aJach PaBHOM .
W,==0,22 M3B. Dnepruro HeHTpOHa CUMTaTb pPaBHOH SHEPrHH
npotoHa. Macchl JeHTOHAa H IIPOTOHA CYHTATh H3BECTHBIMH.

22,24, Hanucark HezmocTaouine 0G03HAUEHHs B peaKUHAX:

a) $Al(y, x)$2Mg; 6) HAl(y, n) x;
B) $Cu(y, 0)%Cuy; 1) xfp, n) W

22.25. Brixol peakuHH o6pa3oBaHUS panuoaKTHBHbe'Hso-
TOMNOB MOXHO 0XapaKTepPH30BaThb JIHGO UHCJIOM ky — OTHOMIEHH-
€M YHC/a NPOHCILENINX AKTOB SAEPHOrO NpeBpallieHtsi K uc-
ny 6omGapIupYIOMHKX YacTHL, J160 4HcaoM k, [Bk] — orHo-
IUEHHEM aKTHBHOCTH IIOJyYeHHOTO NPORYKTa K YHC/AY YacTHI,
GoMGapAUpYyIOHHX MHILeHb. KaK cBs3aHB MeXJy coGo#t BeJH-
YHHEL &y H Ry?

22.26. Hpn 6ombapanpoBke jLi mporonamm ofpasyercs
paJMOaKTHBHEII H3oTon GepHaJHa ;Be ¢ nepuojoMm noaypac-
naga Ty/3=4,67-10%c. HailiTn BbIXOA peakuuu ki (CM. yeJoBHe
22.25), ecnn nu3BecTHO, 9TO GoMOapAUPYIOUiHE MPOTOHL! OOIUM
3apsaioM ¢=1 MKA-u BBI3BIBAIOT . AKTHBHOCTh 1Oy $eHHOTO
npenapara a=6,51-10° Bk. 4
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22.27. B pesyaibTare AfepHON peaxmm ssbe (p, n) obpa-
3yercsl PajHOAKTHBHBIA H30TON KOOaJbTa § Co ¢ NepHOXOM Mo~
aypacnaga 7T,;,=80 cyr. Haiitu BHXO,IL peakihH ki (cM.
ycaoBHe 22.25), ecnu H3BeCcTHO, YyTO GoMGapAupYyIOlUHe MPOTO-
Hbl OOIHM 3apafoM ¢=20 MKA -4 BbI3HLIBAIOT aKTHBHOCTD - nony-
yeHHoro mpenapara a="5,2-107 Bk.

22.28. HcrouHHKOM HeHTPOHOB sBJsieTcA TPyGKa, cofep-
*awas nopomok Gepu/ius yBe M razoo6pasnbiii pagon. [Ipu
peakUHH C-4acTHL paloHa ¢ GepH/yiHeM BO3HHKAIOT HEHTPOHBI.
Hanucarp peakuHio nonydeHusi HedtpoHoB. Hailith Maccy m
pafoHa, BBEJIEHHOIO B HCTOYHHK NPH €ro H3roTOBJIEHHH, eC/H
H3BECTHO, YTO 3TOT HCTOYHHK JaeT Yyepe3 BpeMs /=5 cyT nocJje
€ro M3TrOTOBJIEHHS YHCJIO HEHTPOHOB B eUHHIY BpeMeHH a,=
=1,2-10% ¢~1. BuixoA peakuuu k,=1/4000, T. e. ToNbKO OfHa
a-yactHua H3 n=4000 BLI3bIBaeT peaKIHIO.

22.29. HcrounHkoM HeHTPOHOB siBJsiercsl TPyOKa, OfHcaH-
Hast B 3afaue 22.28. Kakoe 4Hc/10 HEHTPOHOB a, B e{HHUILY Bpe-
MEHH CO3J2I0T X-YaCTHIIbI, H3/1y4aeMble PaOHOM C aKTHBHOCTEIO
a,=3,7-10'° Bk, nonajgas Ha nopoiok SepuJinsa? Buxoa peak-
IHH k1—1/4000

22.30. Peakuns ofpa3oBanHs paJHOaKTHBHOTO H30TONA
yraepona 1iC umeer BuA 2B (d, n), rae d — peiitoH (sapo Aef-
tepust 2H). Ilepuox moiypacnana usoroma 3C Ty, =20 MHH.
Kakas sneprus Q sbifensiercst npH 31o# peakuuu? Haiitu Bhi-
XOX peaKkuMH k;, ecnH k,=10"% (cM. ycioBHe 22.25).

22.31. B peakuus YN (@, p) KuHeTHYecKasi SHeprHs a-ya-
cruunl Wi=7,7 MsB. Ho,u KaKHM YIJIOM @ K Hanpap/eHHIO
JBHXKEHHS G-YacTHLH! BblI€TaeT MPOTOH, €CJH H3BECTHO, YTO
ero KHHerHueckas sHeprus W,=85 MsB?

22.32. Ilpu 6oM6apanpoBKe H3oTONA JHTHSA 3Li AefiToHaMu
06pa3yloTcsl JBe  @-4acTHIB, pasJeTalolmuecs CHMMETPHYHO
o YIJIOM @ K HanpaB/eHHIO CKOPOCTH GoMGapIHpYIOILHX
neirronoB. Kakylo KHHeTHYeckylo sHepruio W, HmeloT ofpa-
3YIOIHECA Q-4aCTHIIb, eC/1H M3BECTHO, YTO SHEPTHS 60M6apzm-
pywoumux. jefironos W,=0,2 MaB? Haiirn yroa ¢.

- 22.33. Hsoron reaus iHe noayuaerca GoMmGapIHpOBKOH
afiep Tputha tH nporonamu. Hanucarh ypaBHenne peaxkum.
Kakas sHeprus Q Bmijensiercs npH stohi peakuuu? Hadtu mo-
pOr ‘PeakuHH, T. €. MUHHMaJbRYIO KHHETHYEeCKYIO 3HeprHio GoM-
Gapaupylollell 4acTHIb, NPH KOTOPOH NPOHCXOIHT 3Ta peak-
uHg. Y K a3 aHHe.- YuecTb, 970 HPH. NOPOrOBOM 3HaUEHHH
KHHeTHYecKolt . 3HeprHd GoMGapaupyloLieli. - YaCcTHIHL OTHOCH-
TeJbHasA CKOPOCTb 4acTHIL, Boaﬂuxalomnx B peay.nb'ra're peax-
IHH, PaBHA. HYJO. . . .

22,34, Hafrtu ‘nmopor W sw.epﬂoﬂ peaxum{ uN (a, p)
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.- -22.35. Ha#itu nopor W snepuo#t peakuun ILi(p, n).

22.36. HckycctBeHHRI H30TON asoTa N nosnyuaercs GoM-
6apaupoBkoil ajaep yraepoaa 3;C pefironamu. HanHeatb ypas-
HeHHe peaxuuH. Haiitu xoauyectBo TenyoT Q, moriolleHHoe
fnpH 9To# peakuuy, u nopor W aro#i peaknun. Kakosa cymmap-
Has KHHeTHuecKas 3HeprHf W' NpOAYKTOB 3TO# peaKklUHH mpu
HOPOroBOM 3HaueHHH KHHETHUYeCKOH >HeprHH JeHTOHOB? $lxpa
yrJepoja CYHTaTh HeMOJBHXHBIMH. :

22.37. Peakuus B (n, a) uger npu 60M6apaupOBKe 6opa
HeATpOHaMH, CKOPOCTb KOTOPHIX OYeHb Majla (TelJoBhle Helf-
tTponnl). Kakas 3Heprus @ BmizensieTca NIPH 3TOH peakuHH?
[MpeneGperasi cKOpocTAMH HeHTPOHOB, HaWTH CKOPOCTb U H
KHHeTHUecKyl0 3Hepruio W a-uactuupl. flipa Gopa cuHTaTh
HeMOABHKHDBIMH.

22.38. [Ipn 6om6apaxHpoBKe H30TONA JuTHA 3Li npoTOHaMH
o6pasyioTcsl JBe ®-YacTHUbl. JHEPrHf KaXIOH o-4acTHIIb!
B .MOMEHT HX of6pasoBanua W,=9,15 MsB. Kakosa SHeprisi
W, 60M6apAHPYIOIIHX TNPOTOHOB?

22.39. Hafith HanMeHbIIYyI0 3HepTHIO Y-KBaHTa, AOCTATOY-
HYIO U1l OCYINCTBIIGHHS PeaKiKy paanorxemm JefiToHa y-ny-
yaMH

}H+hv—+{H+,‘,n.

22.40. Hafit HaMMeHbIIYIO 3HEPTHIO -P-KBaHTa, JOCRATOYU-
HYIO JJs1 OCYHIeCTBJNeHHs! peakuHH (Mg (y, n).

22.41. Kakyio ssepruio W (B KHJIOBaTT-yacax) MOXKHO mO-
AYYHTH OT JeNeHHA Maccw m=1 r ypana %2U, ecnu npH xax-
HOM aKTe paciiajia BLIERETCA SHEPrus Q 200 MsB? :

22.42, Kakasa macca m ypaHa %3U pacxoapyercs 3a Bpems
f=1.cyr Ha aTOMHOH snempomaﬂunu MOILHOCTBIO P ==
==5000 kB1? K. n. a. npuuarb paBHbiM 17%. Cuutarh, urto
[IPH. KaXJIOM aKTe pacHaZa BbliesseTcs aHeprua Q=200 MaB.

-'22.43. Tlpu B3pbiBe BOAOpOAHOH GOMGLl NpPOTEKaeT TepMo-
silepHas peakKuHs 00pasOBaHHs re/Us H3 JeHTepHs U TPUTHA.
Hanucars YPaBHeHHe peaKuHH. Haiitu swepruio Q, Buizensio-
uLyiocs TpH 310l peakuuH. Kakyio sHepruio W MoxHo noay-
qUThL TIpH oﬁpaaonal-mu Maccel m=1r rem—m?

§ 23. Snemeﬂrapnue qacmuu. chopum.vm uacTHy

-Pewenne saja4 s1oro naparpada OCHOBAHO Ha 3aKOHOMEPHOCTAX, YiKe
DACCMOTPeHHNK B -[pefblAyniux -pasgenax «COOpHHKAY: = CTOAKHOBEHHe
YACTHL,  ABHMEHHE. Y4CTHL, B MIEKTPHIECKOM H MATHHTHOM TONSX H T. A
[pn pemennn paja sagay HeOGXOAHMO ncno.rlbsona'rb q,opuynﬂ 'reopnu
O'rﬂocmenbnoau. .
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" 23.1. B snepuoft $pH3HKe NPMHATO THCJIO 3aPSKEHHEIX Hac-
THL, GoMOapAHPYIOIHX MHIIEHb, XapaKTepH30BaTb HX oOmIuM
3apsloM, BIPaXeHHHM B MHKpoaMIiep<dacax (MxA-u). Kakomy
YHCTy 3apsXEHHBLIX YacTHI COOTBETCTBYeT OOWIHH 3apsal g=
=1 MKA-u? 3anauy pemHtb A14: a) 3JeKTPOHOB; 6) 0L-9acTHIL.

23.2. TlpH ynpyroM LeHTpa/JbHOM CTOJNKHOBeHHH HeHTpOHA
C HEeIIOJIBHKHBIM SIIPOM 3aMel/ISIOUIEr0 BellecTBa KHHeTHYeeKas!
3Heprusi HeHTPOHa yMeHbluHIach B 1,4 pasa. Hafith maccy m
sJIep 3aMelJSIIONIEro BellecTBa.

23.3. Kakyio uactb nepBOHayaJbHOH CKOPOCTH 6y11eT co-
CTaBJATb CKOPOCTb HeHTPOHA Iocje YNPYrore HeHTPajbHOI'o
CTONIKHOBEHHSI ¢ HEMOJBHKHBIM 'sJPOM H30Toma ZNa?

23.4. Ina noayueHHs MeJJIeHHHX HEHTPOHOB HX mNpomy-
CKAIlOT 4epe3 BelllecTBa, COJepiKaliie BOAOPOJ (HampuMmep, na-
padun). Kakyio Han60/bIIyIO 4acTb cBOEH KHHeTHYeCKOH 3Hep-
I'HH HeATPOH MaccoH m, MOXKeT NepeAaTb: a) NPOTOHY (Macca
me), 6) Anpy atoma cBHHLA (Macca 207 m,)? HanGosblias
yacTb MepelaBaeMoll SHePTHH COOTBETCTBYET ynpyromy uet-
pPaNbHOMY CTOJIKHOBEHHIO.

23.5. Haiith B mpenpinymiefi 3ajaue pacnpefieleHHe 3Hep-
THH MeXIY ReHATPOHOM H IPOTOHOM, €C/IH CTO/IKHOBEHHE HEYIIpY-
roe. HeliTpon npH KaXIoM CTOJTKHOBEHHH OTKJIOHSETCS B cPefl-
HEM Ha yron @=45°

23.6. Hefitpon, ofaajaiomnit snepruelt W,=4,6 MsB, B
pesyJibTaTe CTOJKHOBEHHMI ¢ NIPOTOHaMH 3aMmelnsieTcsi. CKOMBKO
CTONKHOBEHHH OH JOJKeH MHCNHTaThb, 4YTOGLI €ro 3SHeprHs
yMmeHbuwiHaIach 1o W=0,23 5B? HefiTpon oTk/OHfercs npH
KaXIOM CTOJNKHOBeHHH B cpelHeM Ha yros @=45°,

23.7. Tlotox 3apfKeHHbIX YacTHll BJIETaeT B OJHOPOAHOe
MaruuTHoe noje ¢ MHAyKnued B=3 Ta. CxopocTh yacTHl v=
=1,52:107 M/c ¥ nanpasiena nepnennnxympﬂo K Hanpabje-
Hao nosas. Haiitn sapsp ¢ kaXno# yacTHUBI, €C/H H3BECTHO,
yTO Ha Hee JAeficTByer cHaa F=1,46-10"11 H,

23.8. 3apsaxeHHas YaCTHUA BJETaeT B OJ[HOPOJHOE MarHuT:
Hoe nosie ¢ unaykuuedt B=0,5 Ta U gBUKeTCHA 10 OKPYKHOCTH
paxuycom R=10 cm. Cropoctb dacTuur v=2,4-10° m/c. Haii-
TH AJs 3TOH "4acTHIB OTHOIIEHHE ee 3apsAa K Macce.

23.9. DNeKTPOH . YCKOPeH pa3HOCTBIO TOTeHNHanoB U=
=180 kB. YuHuTHBas NONPABKH TEOPHH OTHOCHTEIBHOCTH, Hafl-
TH JJISI 3TOTO 3JIeKTPOHA Maccy 1, CKOPOCTb U, KHHETHUECKYIO
SHEPTHIO W n ornowenne ero sapsaa Kk Macce. KakoBa cko-
poctk v'. 3TOrO 3JIeKTp0Ha Ges yuera peSITHBHCTCKORA 10-
npaBKH?

23.10. Me3soH KocMHuecKHX Jyueli HMeeT sHepruio W=
=3 I'sB. Dueprus nokos Mesona W,=100 MaB. Kakoe pac-
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crosinde [ B aTMoctepe CMOXeT NPOHTH Me30H 3a BpeMsi €ro
MH3HH T 110 JaBopaTopHbiM yacaM? CoGCTBeHHOe BpeMsl XKH3HH
Me30Ha To=2 MKC.

23.11. Me30oH KOCMHYECKHX JydyeH HMeeT KHHeTHUeCKYIO
sHepruo W=7Tm,c?, rie m, — Macca NokKos Me3oHa. Bo CKOJb-
KO pa3 coGCTBEHHOE BpeMsl KHU3HH To Me30HA MeHbllle BpeMeHH
€ro KH3HH T 1o JabopaTopHBIM yacaM?

23.12. TIo3HTPOH M 3JIeKTPOH COEAMHSAIOTCS, o6pasyst ABa
torona. Haiitu sHepruto hv Kaxkaoro us QoToHOB, cuuTas, YTO
HavaJbHasi 3HepPrHs YacTHI[ HHUUYTOXKHO Masa. KakoBa ajauHA
BOJMIHB A 3THX (OTOHOB?

23.13. DaeKTPOH M MO3UTPOH 00pasyoTes GOTOHOM ¢ SHep-
rueit hv=2,62 M3B. KakoBa 6blia B MOMEHT BO3HHKHOBeHHs
nonHasa KuHeTHueckas sHeprua W;+W, nosurpoia u anex-
TpoHa? '

23.14. DJeRTPOH M MO3HTPOH, 00pa3oBaHHLE (HOTOHOM
c sHepruedl hv=>5,7 MaB, paror B Kamepe Buibcona, nome-
LIEHHOH B MATHUTHOE 110J1e, TPAeKTOPHU ¢ PaJHYyCOM KPHBH3HHI
R=3 cM. Hafith MaruutHy®0 uHAyKuuio B mosas.

23.15. HernoxBHKHBIH HeHTpaJsbHBIA 7I-Me30H, pacrajasich,
npespaiaercss B jBa (GoroHa. HaiiTd sHepruio Av Kaxaoro
¢oToHa, Macca mokos f-Me3oHa m()=264,2m,, rme my —
Macca TOKOA 3JeKTpoHa. '

_ 23.16. HefitpoH M aHTHHeHTPOH coelHHsIOTCH, o0pa3sysd
aBa ¢oroHa. Halitu sHepruio Av Kaxjoro 13 QOTOHOB, CuHTas,
YTO HauasjbHAsl SHepPTHA 4YacTHI[ HHYTOXHO MaJja, T

23.17. Henonpuxubii K°%-Me30H pacrnajaercs Ha ABa 3apd-
JKEHHBIX fI-Me30Ha. Macca mokos K°-MesoHa mo(K°)=965m,,
Tle m, — Macca NOKOfl 3JeKTPOHA; Macca KaXKJoro s-Me30Ha
m ()=1,77my(nt), rae my(n)—ero macca noxos. Haiitn maccy
HOKOJ #15(7) 7-Me30HOB H HX CKOPOCTb U B MOMeHT 06pa3oBaHHus .

© 23.18. BrBecTu ¢opMysy, CBASHIBAOWLYI0 MarHUTHYIO UH-
JLYKUHIO B 1oas LHKJIOTPOHA U 4acToTy v NpPHJOXKEHHOH K Ay-
aHTaM pa3HOCTH NoTeHnHaJoB. HaliTH yacToTy npHIoKeHHOH
K AyaHTaM Pa3HOCTH [OTEHIHaJNOB A/ JeHTOHOB, MPOTOHOB H
o-ugeTHL. MarHuTHasf HHAYKOHA  noas B=1,26 Tu.

23.19. BeiBectH ¢opMmysy, cBA3bBajOIlyl0 3sHeprHio W
BBUIETAIOUIHX H3 LHKJIOTPOHA YaCTHI M MaKCHMAJBHBIH Pajuyc
KPHBH3HE R TpaekTopuH uwactuu. HaliTh sHepriio W Bblierato-
IHX W3 IHKJOTDOHA AEHTOHOB, NPOTOHOB H C-YaCTHI, €CJ/H
MaKCHMaJIbHEIE pajguyc KpHBH3HHL R=48,3 cM; JactoTa NpHAo-
JKEHHOH K JYaHTaM PasHOCTH NOTeHIHaMoB v=12 MI'n.

23.20. MakcnManbHbIil pajiiyc KPUBH3HBI TPAeKTOPHM wac-
THIL B IHKJIOTpPOHe R=35 cM; 4acToTa NPHJIOKEHHOH K AyaH-
TaM pasHOCTH noTeHnHanoB v=13,8 Ml'u. Ha#itn maryuruyio
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 MHAYKIHIO B mons, HeoO6XOAHMOro INs CHHXPOHHOM pPaGOTHI
IHUKJOTPOHA, H MaKCHMAJNbHYIO 3HepTHio .W BRLIETAIOWLAX -NPO-
TOHOB.

23.2t. ‘Pewmnrb npemnymylo 3ajlayy AJnsi: a) JeATOHOB,
6) a-wacTHL.

23.22. VoHHBI TOK B LHKJOTPOHE npu pa60Te € O-4acTH-
unaMH /=15 MKA. Bo cKOJILKO pa3 Tako# LHKJOTPOH NPOAYK-
THBHee MacChl m==1r panus?

23.23. MaKcHMAJIbHBIH paiaHyC KpHBH3HHI TpaeKTome yac-
THIL B IIHKJOTPoHe R=50 cM; MarHHTHas WHAYKLHUA nojsi B=
=1 Ta. Kakyio NocTosiHHYI0 pa3sHOCTb MoTeHuHadoB U pomx-
Hbl TIPOHTH TNPOTOHHI, 9TOGHI MOJYYHTH TaKoe IKe YCKOpeHHe,
KaK B JlaHHOM' IIHKJIOTPOHE?

23.24. LIHKJOTPOH JaeT AeHTOHH ¢ 3HeprHeil W=7 M3B.
MarnuTHas HHAYKLHA NONA LHK/IOTPOHA B=1,5 Ta. Haiitn
MaKCHMaJbHBIA paIHyC KPHBH3HEL R TPaeKTOPHH AeiToHa.

23.25. Mexny NyaHTaMH LMKJOTPOHa pagHycoM R=50 cM
NpHJIOXKeHa MepeMeHHass pasHOCTb mNoTeHuxanos U=75 kB
¢ gactoroil v=10 MI'u. Hafitn MareuTHYI0 HHAYKUHIO B nons
LMKJOTPOHA, CKOPOCTh U H 3HeprHio W BHLIETAlOWIHX H3 LHK-
JOTpPoOHa uacTHL. Kakoe gHc/0 060pOTOB n esaeT 3apsaXkeHHas
gacTHLA [0 CBOEr0 BhUIETA H3 LHKJIOTPOHa? 3ajauy pemiHTb
JAs HeHTOHOB, NPOTOHOB H ©-YAaCTHIL.

23.26. o kakoii sHepruH W MOXKHO YCKOPHTb Q-4acTHILI
B LHKJOTPOHE, eCJH OTHOCHTEJbHOE YBeJHYeHHe MacChl ¥ac-
THHB k== (m—m,)/m, He AOJKHO mnpeBhimaTh 5%?

23.27. DHeprua  JeHTOHOB, YCKOPEHHBHIX CHHXPOTPOHOM,
W=200 MsB. Haiith aas 3TuX HIeATOHOB OTHOILEHHE m/m,
(rne m — Macca JIBHXKymerocsi JeHTOHa H my, — ero Macca
NIOKOSI) H CKOpPOCTh V. ‘

23.28. B ¢a3oTpoHe yBesiHUeHHe MacChi YacTHIbI MPH BO3-
pPacTaHHH ee CKOPOCTH KOMIIeHCHPYeTcsl yBeJHueHHeM NepHoIa
ycKopsiiommero noJs. YactoTa pasHoCTH NOTEHIHAJIOB, NOJaBae-
MO Ha AYyaHTHI (a3eTpoHa, MeHAJach JJIA KaXAOro ycKopsio-
mero IMKJa OT vo=25 MI'm no v=18,9 MI'm. Haiitn mar-
HHTHYIO . HHAYKIHIO B moas Q)asoTpona H Knnemqecxylo
sHeprui0 W BhbLIETAIOWIHX MPOTOHOB.

23.29. IIpoToHbI ycKoOpsioTesi B pasoTPOHe 10 anepmu W=
=660 MsB, a- vacTHIB — A0 sHepruu W==840 MsB. [ina
TOrO 4TOGBI CKOMMNEHCHPOBATh yBeJHYEHHe MaCchl, H3MeHAJCs
MepHOA ycKopsiiowero nois ¢asotpora. Bo ¢konbKo pas Heo6-
XOZMMO OBLIO H3MEHHTDb NEePHOX YCKOPAIOWETo noas (asoTpoHa
(8171 KaXKIOro YCKOPAIOUEro u,mma) npn pa60Te. a) ¢ nporo-
Hamu;. 0) ¢ a—qac'muami?
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OTBETH M PEWEHHSA

\\

Faaba I
SU3HYECKHE OCHOBbl MEXAHHKH
§ 1. Kunematuxa

1.1, Cpenusa CKOpOCTh NBMIKEHHS aBTOMOGHIS v=1I/¢, rae I==1; +
+lg=vt,+vsts. o ycaoBuio ¢y= £, =1£/2, Takum oGpasom,

- /
T Ult,2—+t—vzt/2 — Ul—é—vz=60 /.

1.2. v=1/t, rne t=ty+ty=1;/vy+ l/vg. Tlo yeaosumo ly==1ly=1/2.
Takum ofpasoM, o

;J_-—- ) _ 20103
- 1/2UI+1/202 -—.Ul +Uz

=53,3 KM/4,

1.3. v=12,3 km/u; u=0,83w/c.

1.4. a) v=3wm/c; 6) v=1wm/c; B} v=2,24 m/c.

1.5. a) CaMosteT IO/KeH [epXKaTb KYPC Ha [0r0-3a1aj NOJ YraoM
a=3°2" k. MepujHaHy, cKopoctb v==T98 kM/u; G) Kypc Ha ceBepo-3a-
nax, a=3°52', v=798 kM/4; B) Kypc Ha 3a-

naf, v="746 kM/4; I) Kypc Ha BOCTOK, U= 4 A
=854 KM/u.

1.6. a) ¢=30mun; 6) ¢=230,2muu; B)
t=26,8 MuH.

R Y u=0,60M/c;.t==250c.
1.8, vg=14,7m/c; h=11wm.
1.9. t=29¢; h=14hy=40m. <
1.10. a) t=8,4c;6)t=73c; B){=1T7,8¢c. '
« 111, Xapakrep 3aBHCHMOCTH BHICOTH #
H CKOPOCTH U Tejia OT BpemeHH ! H306paxeH
Ha puc. 68,
l.i2.v 3a nepsyio 0,1 ¢ cBoero ABHKEHHs Tea0 npoRjeT myTth Ay =<
= pt}/2=0,049. Becb nyts Tea0 npoiier 3a Bpems I=V2h/g=2 c.
3a nocseaniolo 0,1 c CBOEro ABHMeHHS TeNO NMPoAZeT NyTs hg=h—Ah,,
rne hg—nyTh, NPORACHHLIA TEJOM 3a BpeMsa t,=(2--0 )ec=19¢. Tak
KaK hg=gfi/2=17,Tm, 10 nyts hy=(19,6—17,7) u=19 m.
1.13, IlepBuf 1 M cBoero nyTH Teno npofizer 3a speMa ;= V2h1/g_.

= 0,45 c. Obwee pemn nanenns =7V 2h/g=2c. Mocaenuuit 1 M croerc
nyTH TeA0 npofiset 3a BpeMa fy=f-—/{y, rie {3 —BpeMA NPOXOKASHHA
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nyth hy= (19,6 —1) Mm=18,6 M. Tax Kak ta-—}/'2h,/g—.l 95 ¢, T0 Bpemx
#3=(2—1,95)c=0,05¢c. -

1.14. h=57w; t=34c. - ’

1.15. Teso | npomsio myTs hl—-vot—gt2/2 TeJ0 2 mpomio nyTh
hy = gt?%/2. Paccrosnue MeXkay Teaamd [=h—(h;4-h3). Tax xak h1—|—
4 hy=1tpt, T0 {=h-—upt. Te.vxa Betperatcss npu /=0, T.e. B MOMeHT
BpeMmenu == h/uv,.

1.16. a=0,13 M/c?; {=3,6 mun, :

1.17. Tlpn paBHOMEpEMENHOM JBHXKEHHH HMEKT MECTO YDPABHEHHA
JABHIKEHHS ' -

s=uttarr2, m
v=1yFat, . 2

[lo ycmosuio v=0. [Tostomy u3 (2) HMmeeM

@ = — vg/t =—0,5 m/c2, . 3)

Mogncrasais (3) B (1), Hafimem s=uvpé/2=100m.

1.18. a=—0,055m/c?; s="566 M.

1.19. {=30¢c; s=225 M.

1.20. = (vy0—vio)/(ai+2). Tax Kax Bpems ¢ >0, 10 aas petue-
HHS 33]a4H HEOGXOMAMO, WTOGH Ugo > Ugo.

1.21. a=(vg—vjg)/t==1M/c%

1.22. a) v=(2—6f4 128 m/c, a=(—b6-+24f)m/c?; 6) s=24m,
v==38mM/c, a=42M/c?. XapakTep 32BHCHMOCTH NYTH S, CKOPOCTH U H
YCKOpeHHsl G Tella OT BpeMmeHH [ H300paxeH Ha pHC. 69.

- ‘ ¢

Puc, 69, ' Pxc. 70.

1.23. v=7wm/c; a=4m/c?, XapaKTep SaBHCHMOCTH INyTH S, CKODO-
CTH U M YCKOPEHHS @ TeJa OT BpeMeHH f{ u3o6paxeH Ha puc. 70,

1.24. v;=3 M/c, Ug=5M/c, U3=7 M/} aj= 33 =as=2 m/c2.

1.25. t=12¢; a= 0,64 m/c?. :

1.28, INepememenne KaMH MOKHO DasNOMHTb Ha Jiba: POpHSOHTaJIb-
Hoe s,‘ H BepTPlK&JIbHOe s, (pue. 71). Tlpumenss saKon: HE3aBHCHMOCTH
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RBUIKeHH], HMeeM Symhmgf /2, sx=1Il=0,f, Te {—BpeMs JBHKEHHS.

Otciona t=V Fhjg=2,26¢; I=v,t=339u; v=V 0} +oi=267 /e
rae vy =gt=22,1u/c; sin 9 =2v,/v=0,827 u @=>55°48".

1.27. h=1,22m; vx_IOM/c, v=11,} m/c; @=26°12,

1.28. v, = 11,1 m/c; p=68°12",

1.29. v, =4,4M/c.

1.30. Tak KaK FODH3OHTaJbHAs COCTABJIAIOMAT CKOPOCTH KaMHH
NOCTOAHHA, TC FOPHU3OHTAJbHAA COCTABJSIOLWLAs YCKOPEHHsi paBHa HYJIIO,

S
g ?” - {x z
Syl fo
S I K N2
y sz a, “ //“
y‘ Lo lu_ vy \\a,/
Puc. 71. Puc. 72.

TTosToMy TmOMHOE YCKOPeHHE KaMHS @ BCe BpeMsl HalpaBJeHO BepTH-
KaJbHQ BHH3 M DaBHO YCKODEHHIO CBOGOJHOFO NajeHHA g a=g =

==Va§—|—a?1. H3 puc, 72 umeem

U _On_ 0 R S
(Be=YEG Ty M=y ==
oTCI0A2
v Uy vy 2
auzgf=———2€—~;__~—8 2 m/c?, aT—g———L=5,4M/cz'
va+g’t2 .. va—l—gztz

1.31. R ==305m.

1.32. Haiigem BHICOTY A, Ha KOTOPYIO MOAHUMETCH M54, GpPOILEHHEI
CO CKOPOCTBIO Up TOA YIJOM & K

ropu3onty. Hmeem (puc, 73) © Ly ) :
_ Uy e~
v, = sina—gl, ) U-‘/w’ "’N\\\
- i — gi? : - .
sy=(tosin ) ¢ gt?/2. (@) e . %
B pepxueft Touke v, =0, B u3(l) - Puc. 73.

NONyYHM  UpSin o= gti; oTCIORA
Bpems nojbeMa Maua Ii= (vosin @)/g. Tloacrabnis tl B (2), TOAYYHM

h=s,= (v sin}a)/2g=2,1m,
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Haiizem AaabHOCTh nojera | maua, MmeeM (puc. 73)

Ug=UpcOsQq, o ®

Sxy=Ugl=(vpcosa)tf. )]
Msaq ynager Ha 3emJai0 qepes BpeMa Iy =21 =2 (vo'sin a)/g. I'lonc*ran-
a5 Iy B (4), nonyunm !=s, = (vf sin 2a)/g =10,0 m.

Bpems nonera Msua f3=2¢;=2 (yysina)/g=1,3¢.

1.33. Tak Kak l=s, = (visin2a)/g, 10 l/ly=gs/gi oTKyAa ly =
= I1,81/g2=16,23 M, rie g U gy— YCKOpEHHSA ¢BOGOAHOTO najeHus B Jle-
Huurpajge u B Tainkenre,

1.34. h=59m.

1.35. h=7,4m.

1.36. Hafinem Bpems f;, 3a KOTOpOe TeJao HOAHHMeTCH J0 Bepxuet
TOUKH TPaeKTOpHH: ¥y = (vgsin a)/g=0,75c. Orciona BHAHO, YTO K MO-
seHTy £=1,25c Teno GyAeT HaXOAHTLCA yXe Ha cnycke. 3anauy Temeps
MOXKHO CopMy/IHpOBaTh Tak: «Teao "6poweHo TOPH3OHTANABLHO CO CKO-

POCTBIO Vo= Up cOS @ ==12,7 m/c. Hafitn -HOPManbHOE '@, H TaHMreHHHaMlb-
HOe at YCKOpeHHs uepes Bpems ¢'=(1,26—0,75) c==0,5c nocse Hagana
ABHXeHHA». TaKHM 06pa3oM, M NOJYYHJIH 3ajaqy, aHa.noranylo 8a-
zaue 1.30. Pewas ee Tak e, Kak sapasy 1.30, nosyduM

’ ; ' ’ ’
an=g—tﬂ=9,15M/c’, arzgt)l___g_zt__='3,52u/c°.
: v v Vv,z + g2t
f 0
Yuamemycss npeAnaraeTcs. NPOBePHTb, UTO NOJHOE YCKOpEHHEe a Tesa,
HAaNpaBJIeHHOe BCEr/la BHHU3, PaBHO YCKOPEHHMIO CBOGORHOTO NafeHHs g
(cm. pewenne 1.30).
"1.37. R =6,3m,
1.38. vy==9,4M/c; a=>54%44",
1.39, IauxeHHe Tes1a, GPOWIEHHOTO ¢ BHICOTHI ho noj yrjoM o K ro-
PH30HTY, MOMHO paanoxmb Ha -Ba sTana: ABHXEHHe Tena A0 HaHBhIC-
mefi Toukn A (puc. 74) H pBHXKe-
HHe TeJa, GpPOIIEHHOTO H3 TOYKH A
" TOPH3OHTAJBHO €O CKOPOCTLIO Uy =
—vo cos . Bucm'a NnoALeMa Teja

<

8y=AC=ho+h=h+
: -+ (vg sin? a)/2g.

Of6nee npemi ABHEHUS KaMHsi t={i-}-1y, rae iy=(vosin a)/g —
BpeMs MOLbeMa KaMHS Ha BHCOTY houty= V2sy/g—npeua najenus
‘gamus. TlogcTasnaa  pagHme”. aana-m, no.'!y'mM sy—27 9™, t1=0'77 c,
fy=2,39 c; orciona ¢=3,16¢, -
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Paccrosanne OT ocHOBaHHA GawHu RO MeCTa TmajeHusd KaMmug Ha

semo 1==0D =0C~+CD, rze 0C=0E/2= (2 sin 20)/2g ~ 10M, CD =
==, 8y =Uyly cOs & =31,1 M; oTcrona I=41,1 M,

Cropocts v_-va—}-vy, Fle vy =0, c0os a=13,0 M/c, vy = gt,-—
= 23,4 M/c; oTcroga v=26,7 Mm/c. .

Yron ¢, cocTaBiAseMbi TpaeKTOpHeHl KaMHsS C FOPH3GHTOM B TOuKe
NaJleHUst KaMH Ha 3eMJI0, Hafilerca u3 dopMyau vy, =0, g @, oTKYyAS
tgp=uvy/v,=18 n p=61°,

1.40. Yaap Msua 0 cTeBKYy NPOHCXOJZHT NPH TnOABeMe MsAua. Mgy
YAapHT O CTeHKY Ha BbicoTe A==2,1 M. B MoMeHT ylapa cocTasasiomue
CKOPOCTH Uy == Ug €08 ot =7,07 M/¢ U vy =1, sin a——gt—.2 91 m/c; orcions

v=V 2 F t=76m.

1.41. a}) ©=7,26-10"%panjc; 6) w=14,5-10"%panjc; B) w=
=1,74.10-3 pag/c; r) ©=1,19.10~3 paa/c; n) v=7,8 km/c.

1.42, v=231M/c.

1.43. v= 1660 kM/y.

1.44. v=400 m/c.

1.45. R'=8,33 cem.

1.46, TIpu paBHONepeMeHHOM BPAILATEJILHOM JBHIKEHHH HMEIOT MECTO
YPaBHEHHSA JBHKEHHA

P=wol+ €12, =y} &l. » M

Tlo ycaoBHI0 @wy=0. Toraa ypasHenns (1) npuMyT BHA
P=¢f/2, w=sef, 2)

Pewast (2) cOBMECTHO ¥ YYHTHIBafly YTO ¢ =27N, NOAyUHM €= 0?/47N =
== 3,2 pan/c?.,

1.47, £=-1,26 pan/c?; N =360 06.

1.48. £=-—0,21 pag/c?; N =24006.

1.49, {=10c.

1.50. £=6,3¢c; N=9,406.

1.51, Tlo ycaoeuio ag==const. Ecau ¢ OTCYHTHBATL OT Hauana ABH-

WeHHH, TO ar =v/t, a,+~v¥/R; otciona t*]/'a——l_?-/at a) Ecau a,,=ax,
10 t=V Rja, =2c¢; 6) ecnn a,=2a¢, 10 t-—]/'2R/at_2 8c.

1.52. ay=1¥4aNR =0,1 m/c2.

1.53. a,=0v*?/16n2N2R3=0,01 m/c2.

1.54. ©w=4,4.10% pag/c; a,=9,7-10%% m/c.

1.55. a) Tlpu paBHOTEpeMEHHOM BpaliaTeJbHOM JBHXEHHH YIJ0Bas
CKOPOCTb ® CBsi3aHa C BpeMeHeM ! ypaBHeHHeM w==@g-}&f.[lo ycnoumio
@y =0 U TOrna w==2{, T.e. YII0Bas CKOPOCTh PacTeT NpPONOPHHOHANBHO
BpeMenH; npH f=1c umeeM w=3,[4 pan/c.

6)~Tak xak v=0R, 1o NuHeiiHanA KOPOCThb TaKke NPONOPUHOHANERZ
BpeMenu; npu {=1c umeem v=0,314 M/c.
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) TaurenupafbHoe YCKOPeHHe at==€R He 3aBHCHT OT #; T.e, MO+
CTOSHHO BO BCE BpeMsl JABHIKCHHA NPH f==1c nmeeM a;=0,314m/ct.

r) HopmanbHoe yckopenwe a,=?R =ge2{?R, 1, e. pacter npomnop-
LHOHaJAbHO KBajpaTy BpeMeHH; npH f=1c HMeeM a,=0,986 m/c?,

£) MoaHoe ycKopeHHe pacTeT co BPEMeHeM Tio 3ax0Hya=Va?g+af,=
=ar ¥V 1Fe%4; npu ¢t=1c nmeem a=1,03 m/c2,

¢) Umeem sin a=a1/a;1/V1+a2t‘, TA® C&— YroJ, COCTaBJsieMbIR
BEKTOPOM IOJIHOFO YCKOpEHHS C PaAHYCOM KoJseca, B mauanbHEIA MOMEHT
t—=0 uMeeM @=ay—TIOJHOE YCKOPEHHe HanpapJeHO MO KacaTeabHof.
IIpn {=co umeeM a=a, (TaK KaK ay =const u a, TpPONOpPIHOHAJIBHO
KBaApaTy BpeMEHH)—IOJHOE YCKOpeHHe HanpaBJeHo 110 HOpMaJH,
K KoHuy nepBofi ceKyHAH sin o= ay /a,=0,314/1,03 = 0,305 u o= 17°46",

1.56. a,==4,50 m/c?; ay = 0,06 m/c?.

1.57. v==4M/c; az =2 M/c?; g,=2m/c?; a=2,83 m/c2,

1.58. £=0,43 pan/c?.

1.59. R =a/eV Tfeitt=6,Im .
1.60. a) o= 14 pan/c; 6)v=1,4m/c;B)e=12 pan/cz, r) a; = 1,2 m/c?;
a,=19,6 M/c2,

161, Aay =0,3 m/c2.

1.62. ¥Yron o onpenensercs papercTBoM tgo=ag/a,, rie ay—
TaHTeHIH2]BHOE H &y — HOPMaJbHOE yekOpeHus. Ho gy = dv/dt, ¢, = v*/R;
c/1ex0BaTeNbHO, B YCJOBHAX Hawell 3agaun tga=(3+2/) R/(3f4-¢2)2.
Iloacrasasis B 31y ¢opmyJy 3nauenns f=0, 1, 2, 3, 4 H 5c¢, noayunm:
t=0, tga=o, T.e. 0 =90°—1n0JHOE YyCKOpEHHE HANpPaBJeHO 0 Ka-
catesnvHoit; f=1c¢; tga=3,13 u a=72°17"; t=2¢, tga=0,7 u
a=35%"; ¢t=3c, tga=0,278 0 a=15°32"; f(=4c, tga=0,14 u
o ="7°8"; t=5¢, tga=0,081 1 =4°38', Ilpn ¢ = oo umeem tg o =0,
T.e. a=0-—n0JHOe YCKOpeHHe HalpaBJeHO 1O HOpMaJH,

1.63. R=1,2m.

1.64. a,/ay =0,58.

§ 2. lunamuka

2.1. Ha onyckatomuiica aspoctar (¢ GannactoM) AeACTBYIOT MOIb-
eMHas cuiaa F (BBepx), CHJIa CONPOTHBJEHHSA BO3AyXa Fconi, (BBepx) H
cusa TaxkecTd mg (BHH3). Tak kak aspocTar OBUIKETCS PaBHOMEPHO, TO
no nepeoMy sakony HbloToHa paBHOAeCTBYIOmAs CHJIA DaBHA HYJIIO:

F+4-Fiong=mg. H

Korpa Gannact c6polllen H 85pOCTAT HAauHET NOAHHUMATHCA, BMECTO YpaB-
HeHHA (1) Oylem umeTsb

F=Fcorrp+(m—mx) g . @
Pewas (1) B (2) COBMeCTHO, MOAYuHM M, =2 (m—-F/g)=800kP.
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. 2.2, a) Ha rpya, noauuMatomufica BERPX, ASHCTBYIOT CHMa THMECTH .
mg (BHM3) H cuaa HatKenHa HUTH T (BBepx). IlpuMmensa wTopoll 3aKoH
Hriotona, nonyunm

ma=T—mg; orciona T=m(at-g)= 14,8.H.

6) Ha rpys, onyckaiomuiics BHM3, HEHCTBYeT CHAa TAIKECTH mg
(BHH3) ¥ cuna Hataxenna HHTH T (BBepx). [losToMy

ma=mg—~T; orcwoaa T=m(g—a)=48 H.

Ecan rpya onyckaeres ¢ yckopenuem g (CBOGOAHOE NajieHHe Ipy3a), T, e.
eClH a==g, To, KaK H CJeN0BAJO OXHJAaTb, CHJIa HaTAxeHHA HATH T =0.
2.3. a=1,25m/c2.
2.4, 2) a=4,9 M/c?® (BBepx); 6) a=2,45 m/c? (BuH3),
2.5, ay=13,8 m/c2.
2.6. 3anayy MOXHO pellHTb ABYMA criocobami,
. L. Tlo Bropomy sakduy Helotona

F=ma, (1)

rie F—cH/a TODMOMKEHHs, M-—Macca aBTOMOGHJA, @—ero YCKODeHHe
(B HaweM cJaydyae oTpHUaTeabHoe). TaK Kak aBTOMOGHJbL JBHIKETCH
paBHO3aMEMJIEHHO, H3 YpPABHEHH{ KHHEMaTHKH DaBHONEDEMEHHOro JABH-
KeHUS INOJYYHM '

a=2s/1?, : ¥

vy = 2s/1 =36 KM/u 3)

(cM. pewenne 1.17), IToacraeaas (2) B (1), umeem )
F=2sm/t?*=2,04 xH. - 4)

I1. Mcnonp3yeM 3aKoH cOXpaHeHHd 3Hepruu, [lpw Topﬁomeﬂnn ap-

TOMOGHJ/IS €ro KHHEeTHYeCKass SHEeprHsf NepeXOAHT B PaGoTy NPOTHB CHJH
TOPMOXEHHS, T. €. ‘

mv§/2=Fs. ®)

Ho u3 ypaBHeHHH KHHEMaTHKH HMeeM '

. v v =28/t (&3]
[ToacraBasa k3) B (5), MOJYYHM, KaK H paHblUe,

F=2sm|t%, 4)

2.7, F=-277xH.

2.8, a) F=3xH; 6) F=30kH; 8) F=2300kH.

2.9. Cuusa, xoTOpyl0 HajiC NPHJOXKHTb K BaroHy, HAET Ha Npeojo-
JeuHe TPEHWA ¥ Ha coOGUIEHHE BarQHY YCKOPeHUfl, T.e. F=Fyy-t-ma.
Ho Fip=kmg, tae k=0,05—xosppunnent tpenpsi. Tag ka¥ Baros
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ABUXKeTCH pasﬁoycxo‘pehuo, 10 s=af?/2; orciona a=2s/t?, v TOrAa
F = kmg+2ms/2 =8,2 xH, '

2.10. vy=11,75 m/c.

2.11. F=6xkH; £=50¢c; s=375m,

2.12. Tlo sropomy 3akony Hoiotona F=ma, rne a=dv/dt. ¥ Hac
v=ds/dt =— B} 2Ct—3D#*; caeposatenvo, a==dv/dt=2C—6Dt.
Torna

F=ma=m@2C—6D{)=0,5(10—6¢) H.

370 ypaBHeHHe AaeT 3aBuCHMocTb cHabl F oT Bpemenn f, B konme mep-
soll cekyuasr F=2H.,

2.13. m=49«kr.

2.14, F=—0,123 H.

2,15, F A{=5,6-10-22H.c.

Us

Puc. 75.

2.16. Tlo Bropomy aakoHy Hblotona umeem F At=m Av, rae Av—
BEKTOpHad pa3HOCTb cKopocTedt, CyHTadA MOJIOKUTE/NLHBIM HampaBJeHHE
HOpMaJH, BHewHe#l K cTeHKe (pHC. 75), moayuum

© Av =0, c0S 0. — (— Uy COS &) = U, COS & -} U5 COS .

Tax Kak no ycaosui vi=v,==v, 70 Av==2vcosa. Takum o6pasom,
FAt=2mvcos=2,8:10-2H.c, -

2.17. t=0,51c, .

2.18. F=86H. Yxasaunue. Yuects, uto 3a BpeMa Af 0 CTeHKy
ylapaeTca Macca BOJAB, HaxoAsuleHcs B HHJAMHApe IJIuHOA [=vAl u
NOTIePEYHbIM CeYeHHeM S, T, e..m=pSv Af, rie p—NJOTHOCTb BOABI.

2.19. v=21,6km/u; t=T73¢; a=—0,098 m/c?; s=218 m.

2.20. a) F=980 H; 6) F=3xH.

2.21. a=14°. YKasanue. YuecTb, 4TO PaBHOAEHCTBYIOULAA CHJbL
TANKECTH H CHJ/IbI HHEDUHH JO/KHA GhiThb NePUeHAHKY/APHA K NOBEpX-
HOCTH 2KHJKOCTHU.

2.22. a=6°30",

2.23, £=<0,15.

2.24, OGo3naunM CHJIY TANKECTH, AACTBYIOWYIO HA eNHHHIlY HAUHBI
KaHa'ra, geped m;g, TorAa cHia TAMeCTH CBEWUHBAIOUWEHCH 4acTH KaHaTa
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paBHa mygl/4. STa cuia THIKECTH YPABHOBEWIMBAETCS CHAOA Tpenns Frp,
AeACTBYIOWEA Ha Ty 4acTh KaHaTa, KOTOpasi JIeXHT Ha crone: Frp=
= 3kmgl/4. Takum o6pasom, mygl/4 =3kmgl/4, oTkyna k=0,33.

2.25. a) Cuna taru, pa3BHBaeMasi MOTOPOM aBTOMOGHJIR, MOKHEMai0-
merocs B Fopy, WAET Ha NpeoRoJieHHe CHJLI TpeHus H coman:lmomeﬁ
CHJIBI TSXKECTH, TapajJesbHOfl nepeme-
menHo (puc. 76): F=F.,+mg sin a,
npHueM Fr,=+kmgcosa. Takum obpa-
30M, CHJIa TATH

F=mg (k cos a-sin &) = 1,37 kH.

6) Jam aBTOMOGHJIA, NBHKYIIErocs
NOA TOpY, CHJIa THTH

F=mg (k cos a—sina)==590 H, Puc. 76,

Ecan cHjla TpesHA Menblie COCTABJISIOMEHR CHJb TAMKECTH, NapaaeabHOl
nepeMemennio, T. €. ecau kmgcosa < mgsina, 10 F < 0. B stom cay-
yae, YTOGH! OCYIIECTBHTb paBHOMEPHOe IBHXEHHE aBTOMOGHJAA 10X ropy,
HeOOXOOHMO TPHJIOKHTL 3alepXHBaOmMyio cHiay. IIpH oTcyTcTBHM 37Ol .
CuJIHL  aBTOMOGHJIb GyjieT ZABHraTbes TNOJ TOPY € YCKOpPeHHeM a =
== g (sin a —k cos a).

2.26. F=2,37«H.

2.27. k<£0,07; a=0,39 m/c2; £=22,7 ¢; v=28,85 m/c.

2.28. k=1tg a—uv?/2gscos a=0,2,

2.29. k=0,5.

2.30. Cuaa mgi—mg, cooliiaer o6eHM THPAM YCKOpeHHe

e
a=g=—*

m2__ 2
m,~3’27 M/c3, (1)

VpaBHenyn ABHMEHHSA THPb C M8CCaMH /Mi H mMy 3alHLIYTCHA B BHJIE

ma=mig—Ty, ma=Ty~m.g 2

(cMm. peieHue 2.2). Hs ypaBHesHE (1) n (2) nmonyunm

=—og=13,0H,
- myt-my &

mymy (1 - k)
Ti=Ty="> 201 g—54H. :

! m1+m2 ~
mi—m, sin a
m1+m
L mymy (1 4 sin a)

Ti=Ta= my - my

2.32. a= = 2,45 m/c?;
g=17,35H,
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myg—m, (sin a.--k cos czt)_2 02 M/c?;

233, a=g

mi-t-my
Ty=Ty= mfm,[l+(slna+kcosa)] —7,77H,
. mi~ms
__‘misinB—mysina .
234, a=g s =1,02 m/c?;
mim, (sino+-sin B)
Ti=Ts= mi~-my g=59H.
2.35. a_____gmi(sm B—kcosﬂ)——mz(slna+kcosa)_0244M/‘c2;
mi-f-my
Ti=T,: mlmz[sina+sln6+k(cosa—-cosﬂ)]g 6,0 H.
mi-myq

2.36. Pa6ota A uzer Ha yBeqHueHHe TMOTEHIHaJbHOH SHEPrHH rpy3a
H Ha COOOUIEHHE eMy YCKOPEHHH; T. 6.

" A=mgh-d-mah=mh(g-+a), orkyma a=(A—mgh)/mh=29,4m/c?

2,37, Aj/A,=10.. .

2.38. a) A=21,0 Ix; 6) A=64,0Ix.

2.39. m Av=—3,5 Rr:M/c.

2.40. k=0,01. -~

2,41, A=2,25 MlIx; s==375 m,

2,42, v 50 kM/4,

2,43. £=0,05. ,

2,44, A=:85,6 Ik,

2,45. m=10,06 kr.

2.46. Tlpu wMownoctu peuratenss N U CKOPOCTH JBHKEHHS U LBH-
rareJi IIpH MepeMellieHHd aBTOMOGHJIA Ha pacCTOSHHE § COBepllaer pa-
6oty A=Nitm=~Ns/no. [lpu stom 3aTpauuBaeTcd Macca GeH3HHA m ==
=A/g=Ns/gnu=13 kp,

2.47. n=0,22,

2.48, Ha puc. 77 nam XapakTep SaBHCHMOCTH OT BpemeHH { KuHe-
THuyeckoft Wy, mnorennumanvholi Wy w noanok W sHeprult xamus, 6po-
IIEHHOrO BEPTHKAJbHO BBEpX.

w4 W,
Wa _ We
W 2 Wa 3
Pue, 77. Puc. 78. ‘

2.49. Ha puc., 78 nan xapakTep 3aBHCHMOCTH OT DACCTOSHHA h KH-
sernueckolt W, motennuansnoit Wy u noanok W suepruii kamms,
GpOILIEHHOTO BEDPTHKANBHO BBEPX. -

2.50., W= W,=98,1 Ti. N
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2.51. W,=322 Ix; W,=39,4ax.

a) Wy=06,6Ox, Wp=159 Ix, W=22,5/Ix; 6) Wy=
=5,7 Ik, Wn=16,8 Ik, W=22,5 Jl:x. OT™MeTHM, 4TO, COrJIACHO 3aKOHY
COXpaHEHHsl SHEPTHH, NOJHAS BHEPrHd B Cayyasax a) u 6) W=22,5 Ix.

2,83, £=150¢; 5,=19,1mM.

2.54, a;=0,1 m/c2, ‘

2,55. IlotenunanbHasi sHePrus TeJa MpPH COCKaJb3HBAHHH C HaKJOH-
HOH TJIOCKOCTH TIEPEXOJHT B KHHETHUECKYIO SHEPTHIO M B PaGOTy HPOTHB
CHJIBI TPeHusl, T.e. mgh=muv?/2+F.,l. Ho h=Isina, Frp=Fkmgcose,
rje o—yroj HaKJOHa IJIOCKOCTH.

a) Wy =mv?/2=mgh—Fpl=mgl (sin @ —k cos &) =4,9 JIx.

6) v=V oW, /m=3,1 mjc.

B) KuHerHueckas sHeprus, KOTOpyl0 TeJO HMeeT y OCHOBAHHS Has
KJIOHHOH TJIOCKOCTH, NEPEXOLHT B pafOTy NMPOTHB CHJGI TPEHHS Ha TODH-
BOHTAJILHOH NOBEPXHOCTH, T.e. Wy =Fr s=4kmgs, otkyna s=Wy/kmg=
=10 M.

2,56, £=0,07.

'2.57. £=0,22; Q=57 Ilx.

2,58. A=7MIx; N=29,4xBr,

2.59. MomuocTe, pasBUBaeMasi JBHraTeneM &BTOMOGHJA, omnpene-
asetca dopmynolt N =Fuv=kmgv, rie mg—cuna TsxecTH, IeHCTBYIO-
masgs Ha aBTOMOGHJIb.

a) Ilpn zaBHzKeHHH aBTOMOGHJIA 11O FOPH3OHTAJBHOMN Jlopore MOILHOCTD
N =Fkmgv=6,9 kBr.

6) Ilpy nmBHXKEHHMH B rOpy aBTOMOGHJIO NPHXOJHMICA TPEOJONEBATh
CHJly TPEHHSl H COCTABJSIOIYIO CHJIbl THKECTH; NapajsieJIbHYIO nepeMe-
weHHo (cM. pewenne 2.26), 1. e. F==mg (kcosa-|sina); caerosa-
TeabHO MomHocte N =mgo (k cos ¢ +sin o) =11,8 xBr.

B) Ilpn nBHXeHHS aBTOMOGHJS TOA TOPY MOILHOCTH N=mgv><
X (k cos a—sin o) = 1,98 kBr.

2.60, Uro6u aBTOMOSHJbL JBHraicsi TOA FopYy ¢ BHIKJIOUEHHEIM

 MOTOPOM € MOCTOSIHHOH CKOPOCTBIO, HEOGXOMMMO, UTOGL CHJa Tpe-
HUfl 6bl1a paBHA COCTaBJAIOIEH CHJAbLl TAXKECTH, NMapaliejbHOR nepe-
MeIEHHIO, T. e. kmgcos a=mgsina; oTciona k=1g a. MowHocTs,
pasBHBaeMas JBHTaTeleM TpH IBHXKEHWH aBTOMOGHJS B FOPy, Onpefe-
asercss Gopmyaoi N =Fv=mgv (k cosa-sin a). IlogcraBisigs B 8Ty
dopmyny k=1g a, nonyunm N=2mgvsina=11,8 xBr.

2.61. a) Ilpn HenozBH:kHOH mnyaTdOpPMe HauanbHadA CKOPOCTh CHa-
psja OTHOCHTEJNBHO SeMJH PaBHAa €ro CKOPOCTH Up OTHOCHTEJLHO ODYAHS,
Ha OCHOBaHMH 3aKOHa COXPaHEHHS HMIYJbCa MMeeM

(myi—+mg—ms) v=mguo~+ (ms+ my) u. 1)

B paccmatpuBaeMoM cayuae uv=0. Toraa ypasnenue (I) paer

U = — ngly/(imy + Mg} =—12 xm/u,



' 3HaK «MHHyC» YKaswBaer, 4o ®caM cunTaTe HanpaBlieHwe NBHIKeHH
‘cHApAla TONOKHTEJbHBIM; T. €. €C/IH CYHTaTh Uy > 0, To :u <0, naar-
¢opMa cTana ABHraTbCH B HANPABJEHHH, NMPOTHBONOIOKHOM Hanpan.‘ue-
HHIO ABHXKEHH§ CHapsza.

6) Ecau BuicTpes GniJl Mpow3BeJeH B HAMPAB/AEHHH IABHXKEHHs MJaT-
¢opMH, TO HadajabHAf CKOPOCTh CHAPAJa OTHOCHTENBHO 3€MJAH paBHA
to+vu. Ha ocHOBaHUM 3aKOHA COXPAaHEHHA UMMNY/bca HMeeM

(my - My~ mg) =g (Vo) + (my +ms) 1, @)
oTKyna

_ (my+my+ms) v—mg (vo+0)

my+-my

=6 KM/u.

OtmetnM, 410 ¢ > 0, T, e. wiarhpopMa MPOROJMKAEET ABUCATHCH B TOM XKe
Hanpas/IeHHH, HO C MeHbllell CKOpPOCTLIO.

8) Ecau BbicTpes Gbl1 Npou3BeeH B HalpaBJIeHHH, NMPOTHBOMOJON-
HOM HaNpaBJERHIO JBHKeHHS MNaThopPMH, TO npH vy > 0 umeem v < D.
Toraa ypaBHenne (2) nmpHMeT BHA

— (my+my—+mg) v=m3 (Vo—v) 4 (Mmi+ms) u,

OTKyaa

__ {mitmyt+my)v4-ms (vy—v) =—30 KM/u
my—+my » ‘

N 4
OTMeTHM, Y4TO & W U HamnpaBJjeHs oxuHakoBo (4 < 0 u v < 0); caenosa-

TeJbHO, nJatdopMa NMPOAONIKAET ABHraTbCA B TOM K€ HANpaBJIEHHH, HO
¢ Gospwel CKOpOCThIO,

2.62. v=0,6 M/c.

2.63. u=5,14 xm/u; ' = 1,71 &M/fu.

2.64. 2) u=17,8 km/u; 6) u=>53,5 km/u; B) u=—17,8 kM/4. 3Hak
§MHHYC» YKa3blB2eT, YTO BATOH NPOJOJKAET ABUraThCst HABCTpEdY CHa-
.pRAy, HO C MeHblueH CKOPOCTHIO.-

2.65, uy=—=—12,5 M/c.

2.66. a) u=0,67M/c; 6) u=0,83m/c; B) u=0,5m/c,

2.67. s=0,3 m.

2.68. W, =49 Ix,

2,69, £==0,58 c.

2,70, F=20 H.

2.71. a) §=284 m; 6) s=71M; B) s=1770 m.

2,72, Wir=150 xlx.

2,73, a) uy=u3=1 8M/c, 6) uy=0,6 m/c, ug=2,6 M/C

2.14. my/my=1/3.

2.78, Ilepsoe TeJo' RO YyaAapa o6.nalxano xnuemqecxoﬁ aHeprueft
Wyi=myv%/2. Tlocne ueympyroro ypapa ofa Teia HauajH ABHIAThCH
¢ ofuiefl CKOPOCTBIO t==myv/(my-+m;). Kunernueckas suepruss oGoHx
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TeN nocne yAapa crana Wy == (my+ my) u?/2 = miv?/2 (m +-m;). Paguocth
WKI—WK paBHa KOAHYECTBY TemAoTH Q, Bbu.leJlHBu.leMycﬂ npu yaape:

Q =myv3/2 — miv®/2 (my 4 my) = 12 be.

2.78. Wyi=5,62 x; Wy =0,62 M.
- 2.77. Wyi=7,5 Ix.

2,78, W1/ Wyo=1,25. ‘ .

2.79. a) hj=0,005 M, hy==0,08 M; 6) h=0,02 M,

2.80. v=>550 M/c.

2.81. 1=0,64 M.

2.82, Q=0,188 JIx.

2.83. FAt=0,75 H.c.

2.84, hy=0,5 M; Q=1,48 dx.

2.85. ITapas c BHCOTH Ay, IADHK NOAJETAET K NOJY €O CKOPOCTHIO Uy,
a OTCK2KHBAaeT OT Hero CO CKOPOCTbIO Up= kvy. COINacHO 3aKoHy coxpa-

HEHHS 3HEPrHH mgh1=mv§/2 H mgh,:mv§/2, OTKYJa h,/hl-zvg/zﬁ:
=k2vf/vf=k’;,,'r. e. ha=~Fk?h;. TIpoMeyTOK BpeMEeHH C MOMeHTa Mafe-

HHS IDapHKa A0 BTOPOro ynapa o moa f=={;-}-2f,, rae {;—spems nage-:
' HHf WADHKA C BLICOTH Ay W [,—BpeMa HaleHus WADHKA C BHICOTH hg.

Tak kak 4=V 2h;/g u ty=V 2h,/g =k V..‘Zhl/g, T0

t=V g (1+2); orcioma k—- V%/g =0,94,
: 2h1/g
2.86. hy=0,84m; [=1,4c."
2.87. £k=0,9. . ¥
2.88. FAt=0,17 H-c; Q =37,2 uLk. :

2.80. KHHeTHuecKas >Heprufi NEPBOro Teaa 0 yaapa Wyi=m,v%/2;
KHHETHYEeCKas SHeprus BTOporo Teda g0 yaapa Wyy,=0. [locne ‘yaa-

,
pa KHHeTHYeCKas 5HEPrHa o6oux Ten Wx=(m;+ms)u?/2, rae u=
= myu/(m; -+ my)—obmasa  ckopocTe TeA. ClefoBaTedbHo, Wy =

= miv2/2 (my+my). Torza XuHeTdueckas SHeprdsi, mepellenmass HpH
yAape B TenJo,

2 2.2 a
rmu myv myv my
Wyi—Wy=—%——5+—1+—==—c [ | =—— ],
my+my

WKI—WK__I . my My
Wi mi4-my  m+m

a) Ecau my=my, 10 (Wyij— WK)/WH—O 5; 6) ecitr -mi=9m,, T0
(le—WK)/WuI_O 1. )

2.90. KuneTuueckas SHepris NMepBOTO Tena X0 ynapa Wn_mlu’/"
KHHETHYECKAas SHEepTHA BTOpPOro. Tela A0 yAapa Wy,=0. Ilocae
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‘ynapa Bropoe TeJI0 NPHOGPEN0 KHHETHYECKYIO sneprmo W,(, =Mali /2
rie u—-2mlv/(m1+m,) Taknm 06pasoM, mepBoe TeJo Nepefalnc BTO-

ms 2mlU )2 :
TN KHHETHIECKYIO . 9He FHIO W = e | —— Vickomoe
pomy y , ) y P k=g (mi T/ 0
OTHOWeHHE: .
W,(z 4m1m2

(m1+ mg)?’
a) Ecan mij=m,, 10 Wm/Wkl.—l 6) ecan ml_gmz, 10 Wio/Wyi=
=0,36.
2.91. mi/my=5; Wya==(5/9) xIx.
2.92.° W/ We=14.
2.93. a) (Av)/o=2/13; 6) (Av)/v=2/236.

_m¥R-o*  w'R__ o
2,94, x—-;lz———@—-—-——--o,&l/;.
2,95, T=1 9 25 mun.
2.96. F=245 H.

2.97. v=2,43 M/c; T=0 (B Bricedt touke), T=239,2 H (8 Hnsmex‘»’x
TOUKE).

2.98. n=—-—- ]/gg_z 1 ob/c.

2.99. m= 0 5 KI.
2.100. n=59 06/MuH,
2.101. T=1,96 H.
2.102. £=0,2.
2.103. g R=1600 m; 6) R =711 m.
2.104, o =22°,
2.105. a=1°,
- 2.106. a) n=2 o6/c; 6) n=1,5 o6/c.
2.107. v=47 xm/u. . -
2,108, Cuna HaTAXKEHUS HUTH B MOMEHT Npo-
XOXJCHHS TPY30M . MNOJNOXKEHHS paBHOBecH T =
=mg-+mv?/l; rae |—pauna uutu. Kpome Toro,
mgh=mv?/2, otkyma v=Vy 2gh. Ho (puc. 79)
hA=l—Ilcosa=1(1—cosa). Torna

2gh=

?2gl(l_—cos a)=2mg (1—cos a)

n cuna Hataxkenns T=mg [142 (1 —cos @)]=12,4 H,
2,109. o¢==45°34"; T'==632 H; v==6 m/c.
2.110. a=60°; Ty/Ty=2,3.
2,111, T=3mg. "
2.112, a=60° !
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2.113. h=2wm, -
2.114. BoxoBoe fanaeHHe BOAH

P=F/id, M

rae F—uempoGe)KHan cuna, | —panea TOil vacTH Tpy6hl, Ha KoTOpY!O
NpOH3BOJHTCA RaBJjenue, [Jlaiee,

F=muv¥/R, . 2)
rae

— Macca BOXH B ofweme S! (S—nJomane NONEPEYHOrO CEYeHHS TPYOH,
P—MJIOTHOCTb BOJABI), CKOPOCTH TeyeHHS BOAHI
m . .
— (4
v=-15" \ @
IMoncraasaa (2)—(4) s (1), noayyum P=m?/deS#56,0 Ia.
2.115. P=1,25 kI]a.
2.116. Pa6oTa; coBepiiaeMass IpH CHKATHH IpPYKHHHI, onpeuennercn
GopmyJof
1
A=— S Fdi, ()
0

rae !—cxartne, [To ycaoBuio cuia NpomOpHHOHANBHA CKATHIO, T. €.
F=—FI, 2)
HMonctasass (2) B (1), moayuum
{
A= bl ai=r1j2=58,8 IIx.
0

2,117, Tlpu craTHueckoMm nporube mg==~khy; otciofa k==rmg/hy. Ipu
MajieHuy STOTO IPysa ¢ BuCoTH H HmeeM ,

mg (H 4-h) =kh2/2 =mgh®[2hy, mn  h2—2hoh—2hoH =0,

Pewas sTO ypaBHeHHe, HaxXomuM A=Ahy % th—]—2hoH.' Ecin H=0, 10
h=2hy=4 cM; ecin H=1m; 10 h=22,1 cm.”
2.118, Ah=1,23 m.
2.119. 10 penenuit.
2,120, F=72,5 H.
2.121, v=3,6 xm/u.
2.122, v=22,1 mjc.
2.123. Wyi/Wne=Ra/k1. ’
2.124, Ha paccroannyu l—k,L/(kl—l—k,) =0 cM OT MepBOi NPYKUEH,
2.125. F=m Alj(Al)*=13,7 H,
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2.126. Cuna HaTaxkeHHa mwuypa (puc. 80) T =ing/cosa=5,7H
BHSHBaET pacTsaenne. wHypa Ha Al, npuuem T =~k Al orciona Al ==
na T/k=9,6 MMm. Us puc. 80 BHZHO, uTO

1R =T|/F. 1)

Ho
F =T sin a=mv?/R = 4n%n*mR. 2

Us (1) u (2) ameem [=T/dn’n?m=7,25cw. Takum ofpasoMm, NnuHa
HePACTAHYTOrO Pe3HHOBOro WwHypa ly=1I1-—Al=6,3 cMm.

<2127, !=10,8cM. YKasaHue Yuecrs,
YTO NOTeHIHajbHas SHepPrHs- NOJHATOrO Tpysa
nepexofHT B PaGOTy pacTsKeHHs WIHypa H B KH-
HETHUECKYIO SHEPrHI0 Ipysa.

2.128. Msnau npniaBaeT, ecJiM cHJia  THAXKECTH,

ZefCTBYIOuES Ha Hero, ypaBHOBELIMBAETCS CHJION
Apxumena, 1. e.

mg=F ppy, wau mg=poVeg, (1)

rge Vy—o6beM IIapOBOro CermMeHTa BLICOTOH H,

HaxoAdulerocsi B BoJe INPH pAaBHOBECHH, pp—

IJIOTHOCTh BOJAH, M—Macca Msda. QueBHAHO,

Puc. 80. yto f{+h=R, 1. e. pamnycy wmaya. Ecin Te-,

Tiepb NOTPY3HTL MAY B BOLYy Ha TJIYOGHHY X, TO CH-

73 ApxHuMela TPEBBLICHT CHJy TAMECTH, AEHCTBYIOMYID Ha MAY, H pe-
SYJbTHPYIOUAS CHJIA, BEITAJKHBAIOWasA MsY H3 BOAHL, 6yleT

Fx‘; Flypx—mg. @)

Ifpotus s1oft cuam F, n JomkHa 6HTh cosepiiena pabota. Cuiia Apxumena

Fapx=p0Vg, @)

rae V—o6vem wapoBoro .cermenta BuicoToli hA—+x. H3 (1)—(3) umeem
Fy=poVg—poVog =pog (V— Vo) = pogV s,

rie Vy—o6reM mapoBoro caos Buicotofi x. Illaposo#t cerMeHT BricoTol /
nMeeT obbem V=% (3R —1)/3, rie R —paauyc wapa; orcioga o6beM
WapoBoro cJjos

1 2
Vem Ve V=200 (3o my) -2 aR iy,
Toraa
Fo=pogV =" [3R (FAP—(xFRP—R GR—R).  (4)
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Pa6ora, KoTopyio Haj0 COBEpIUTH NPOTHB STOM CUJIB IpH MOrpYKEHHH
MsAYa 1O AHameTpaqbHOH N/IOCKOCTH, Gyner

H
A= g P dx. )
0

Toxcrasnas (4) B (5), uHTerpupya u yuutssas, uro H-+h=R, noay-
YUM 1Ocje MOACTAHOBKM AAaHHBLIX 3afaud A==0,74 k.

2.129. A=0,17 Ix (cM. petueHne 2,128),

2.130. A=0,84 Ix (cm. pemenne 2,128).

2.131. A=Sgh* (pg—p)2/2p0=7 84 Ik, rae py—IMJOTHOCTH BOXK
¥ p— ILJIOTHOCTb JIbAA.

2.132, F=1,86.10-%H.

2.133. Wy=—3,8-10—10 [Tk,

2.134. G=23g/4npR =6,7-10—11 H.M?¥/xr?,

2.135.

Maaunera p, 103 kr/mM® ITnaseta p, 10 Kr/m*
Mepxypu#t 5,50 Onutep 1,32
Benepa 4,80 Carypx 0,71
3emasn 5,50 « ¥Ypan 1,26
Mapc 3,90 Hentyn 1,6

2.136. Ha pacctosinuu 7=3,4-10% XM OT moBepXHOCTH 3eMJIH.,

2.137. g;=0,165g3.

2.138. T =2,46T3.

2.139. Cusia rpaBETaLHOHHOrO B3aHMOJEHCTBHSA MeXIy TeJoM K 3eM-
neik  F=GmM/r?, rge m-—sacca Tesa, M—macca 3eMman H r—pac-
CTOSIHHE MEXAy HHMH. Y IOBEpXHOCTH 3eMJIH 7 PaBHO pajuycy 3emiu R
u F=mg. Toraa

F=mg=GmM/R*, 0

Tpu ApHxeuud Tena BOKPYr 3eMJsH. IO KpYropoil OpGUTE CHJa rpaBuTa-

L[HOHHOTrO B3aHMOZEHACTBHS fBJSETCH LEHTPOCTPEMUTENBHOH CHIOfM. Tamm
06Gpa3om,

F=mui/R; @)

OTCIOAa NepBasi KOCMHYeCKas CKOpOCTb Uy == VGM/R = ]/-Eﬁ =7,9 km/c.

2,140, Oas Toro utobGbl TeJO YRAJMJIOCH OT 3eMJH, HeoGXOIHMO,
YTOGH KHHETHYECKas BSHEpPrus Tesa Ohla JOCTATOYHA LIS NPEOJOJEeHHS
rpanmaunouuoﬁ TNOTeHIHaAbHON SHEPruu, T. e,

02/2>GmM/R )
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VY nosepxsoctn 3eman GM/R3=g (cM. ypaBHenHe (1) pewenust mpean-
nywei 3axaqu); NOITOMY mv§‘/2> mgR; OTKyla BTOpai KoCMHYeCKad
ckopocTb Uy =V 2gR = 11,2 Ru/c.

2.141.
Tlnaunera Uy, KM/C U3, KM/C Maaunera Oy, KM/C Uy, KM/C
" Mepkypuit 3,0 25 OnuTtep 42,6 60,4
Benepa 7,2 , Catypu 25,7 36,4
3eman 7,9 s Ypan 15,2 21,5
Mapc 3,57 ,05 Hentyn 16,6 23,5
2.142. v=230 gm/c. h
2.143.
h, KM U, KM/c
: 0 7.91 Yu 25 Mun
200 7,79 Yu 28 mun
7000 5,46 . 44 16 mun
2.144. T =V 3a/Gp.
Tnanera T,y Nnanera T, 4
Mepxypuit 1,41 Onurep 2,86
Benepa ,50 CatypH 3,90
3emnsa 1,41 Ypau 2,94
Mapce ,66 Hentyn |- 2,6l
2.145. a,=9,20 m/c2.
2.146, Ty==7,8u; T,=31,24,
2,147. £ =235 800 &m. -
2,148, v=1,7 gm/c; T ==1 u 50 mMun.
2,149, v;=1,7 xmM/c; va=2,4 Km/C.
2.150. ¥ nopepXHOCTH 3emin HMeeM
F=mg=0mM/R?, (1)
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rae R —panuyc 3eman. Ha Bhicote i or mosepxmocTH 3emin

' mgp=GmM/(R+h)2, I ¢

Us (1) u (2) nonyuum ' ‘
gn/g=R3/(R1h)%. y @)

Ypasuenue (3) ZHaeT 3aBUCHMOCTH gp/g OT BHCOTH A, O603HauHM
gr/g=n; torna us (3) umeem ypaBHeHue h%2-42RA-+(R%2~—R2/n)=0.

Pemas sto ypaBuenue, Haxogum hA=—R + R/V n. Tak Kax A IOMKHO
6LiThb Gojipllle HYMst, TO HAJ0 B3sITH pELIeHHe CO 3HAKOM IJIIOC, T. €.
h=—R4R/V n. B stom cayuae h GOygeT BCerZa NOJNOMHTENBHLIM,

Tak Kak Becerma n < 1, Iloacrasassa n=0,25 uaxomuM A=R, T, e.
g»=0,20g Ha BrcoTe, paBHOH paguycy 3eMid. 3aMeTHM, 4TO eCJH
h € R, 1o ypaBueHue (3) MOXKHO 3amucaTh TaK:
) gn/g=R2¥/(R+4h)? =~ 1—21/R.
2.1561, A==13 600 km.
2,162, W,/W,.=2. .
2.153. Ilycts m—wmacca Tesa, HaXOASNIErocs Ha PacCTOSHMH A OT

MOBEPXHOCTH 3eMan H Ha pacCcTOAHHHN r OT €€ I[E€HTpa Macc. YuurnBasd
yKaszanue, JaHHO€ B YCJOBHH 3aJlauH, MOXeM Ham#caTh

Fp=mgy,=GmM,/r?, ' (1)
rie M,—macca mapa pajuycoM r W C TJIOTHOCTbIO, PaBHOH IJIOTHOCTH

3eman p. Tak kak M,.=4nr3p/3, T0 mg,=4Gmnrp/3. Y NOBEPXHOCTH
Semiau

F= mg = GmM/R? = 4GmnRp/3. 2)
Hs (1) u (2) noayuum '
gn/g=r/R=(R—h)/R. &)

OGosHauuM gp/g=n, Toraa u3 (3) umeem A= R (1—n). Ecan n=0,25,
T0o h=0,75 R.

2.154. h=2H,

2.155. Tlo Tpetbemy 3akony Kenaepa

T1T3=Ri/RS. W

Tak Kak Hac uHTepecyeT mepuon obpameHdst naaHetsl CoJHeuHOfl cH-
CTeMBI, TO 11e/1ecO06PasHO B KayecTBe IJIAHETh C M3BECTHHIMU 3HaYeHHsIMH
Ty u R, B3ath 3eMyo (OTMETHM, YTO NpH MpHMeHeHHH SakoHa Kengepa
K MCKYCCTBEHHBIM CHOYTHHKaM 3eMJIH ecTecTBeHHO B3ATh JIyHy B Kade-
cTBe CNYTHHKA C M3BecTHHMH sHaueHusiMd Ty M Rp). Has Hamero cay-
yans Ty=12mec, R,=1,5-108km. Tlo ycnopuo Ryi=(1,5-108--
4-0,24-108) kM =1,74.10% kM. Toraa us (1) umeem T3 =Ty} (Ry/R5)? =
= 15 mec == 450 cyT.
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2.156. v==27,6 xm/c; T =450 cyT.
2.157. Ry=1,46.104 xm; Tg==104 mun.
2.158, T =88 mun.
2.159, BoabMem asnement xoawua dl (puc. 81), Cuaa rpasuraunon-
HOTO B3aMMOJEACTBHSL MEXAy SJEeMEHTOM Kojabla dl M Maccoit m, mome-
' uenHoit B Touke A, 6yzer

mpnr

dF =G ———dl.

Cuna dF wanpaBnena No  JuHRA

x, CoepuHAWMEH sJeMeHT Koabla dl

Puc. 81. - ¢ Maccoit m. [las HaxoXIeHUT CH-

JH TPABATALUOHHOrO B3aUMOZEHCTBHA

BCErO KOJbLAa M MacChl /M Haj0 BEXKTOPHO CIOXHTbL Bee cuawm dF. Cuay

dF MOXHO PasjOXHTb Ha ABe cocrasiiomue: dF, u dFy. Coctasasiomse

dF,, IBYX AMSMETPANbHO DACIOAOMERHHIX 3/EMEHTOB B3AWMHO YRHUTO-
JKAIOTCHA, TIOITOMY

F=SdFT.
Ho dFT=dF cosa=dF L]x u
2nR 2 .9
F= V~dF G""”"L S dz_—_o’_"fi!;ﬁ_'i’i, )
0

YuurhBasg, 4T0 X = V’R‘Z—I—Lz, HMeeM

, 212 Grnpr?

F ez 200 Gmpr RL ) @
(R2+ L2)3/2

2.160. Ma copMyar (2) pewenns npeasiaymleli 3ajaud BHIHO, 4TO
ecni L=0, 10 F=0. Hetpynno yGeuutecs, uto ¢yHkuus F ¢ yBean-
ueHueM L cnavana pacTeT, a 3ateM ymeHnmaercs. HaiimeM Makcumym
¢yHKuMH F. BbipasuM TNepeMeHHbie BeJduyHHBL X W L uepe3s yroa a:
R

Xx=——, L=xcosa=

cos o,
sin

sin &

Torpa dopmyna (2) pewrenns npeuviuymiedl 3ajaudl NPHMET BHA

22 Gmpr?

B cosasin? =B cosa sin? o

F=
s naxomnenus Makcumyma QyHKUHH F BO3bMeM nponssopuyio df/da
M TpUpABHAEM ee HyJI0:

dFj/da=B (2cos? asin a—sin®e) =0, nm tg2a=2
272



Torna paccrosune L, Ha KotopoM cuaa F r )
MaKCHMaJlbHa, PaBHO '

R

R
COS 0= — T= e ,
3 tga 2

2

Ha puc. 82 mu3oGpaxer xapakTep 3a-
BucHMOCTH F =/ (L) (no ocu a6cuucc yao6HO
OTKAafuBaTh L B M, Mo och opauHaT F B 10-1 H); L., =14,1 om;
Faax=4,33-10-11 H,

2,161, Fpay/F=1/3.

Puec. 82.

§ 3. BpamaresbHoe ABHXEHHEe TBepARX Ten

3.1, J=9,710% xr-m% L=7.10% kr-m?/c.

3.2, a) Ji=163,5-10~3xr-m%; 6) 'Jy=62,5.10-% xr.m2; B) 6 =1,6%.

3.3. PeayapTHpyiomii MOMENT CHJ, NOJA LCHCTBHEM KOTOPOTO Bpa-
11aeTCA JHCK, :

M=FR—My,. ()

Tlo ocHOBHOMY 33aKOHY AMHAMHKH STOT MOMEHT CHJI CBfI3aH C YIJIOBHIM
YCKOPEHHEM TeJla ypaBHeHHeM

M=lJe, @

rae J =mR2/2—MomenT uHepumH JHcRa., Hs (1) u (2) mnonyunm
m=2(FR—Mqyy)/eR2=T7,36xr. ’ ’

3.4, £=2,35 pag/c?;

3.5. F=4,0H.

3.6. M=100H M.

3.7. e=7.8paa/c?; t=1mun20c.

3.8. n=23,4 o6/c.

3.9. M ;=513H.M; N =600 o6.

3.10. Tupa my JBHXKeTCA BHH3 C YCKOpeHHUEM 4 TOA JelcTBHEM
CHJI THAXECTH myg (BHM3) M CHJIW HaTaxeHus HutH Ty (eeepx). [lo-
STOMY JJs THPH iy HMeeM

m\1a=m1g-T1‘. )
Tupa m, IBHXETCS BBEDX C TeM JKe YCKODEHHEM @ NOE AeHcTBHEM CHJIbI

TANKECTH Mg (BHH3) H CHAB HaTaxenus HuTH T, (BBepx). ITosromy
IJISl THPH ma NMeeM

mea="Tgs—myg. _ i 2)

Hutb 6yjaer HaTAHyTa No 06e CTOPOHH G6JOKa NO-pasHOMy, H PasnocTb
cust HarsxeHus T3—7T, GyJer co3jagaTh MOMEHT €HJ, Bpamalomui 6Jox.
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TlpuMeHAR OCHOBHON SAKOH JAHMEMHKH, nc.myqu
(Ti~Ts) R=Je=Ja/R, B

" rae J =mR?/2—Moment HHepury OJOKA H m-—Macca G6aoka., Pewas
_{1)—(3) coBmecTHO, HafizeM

_- (mi—my)g _ (mi—m,) g :_ .
S IR ik mE oM (4)

Ecnm B ypaBHeHuH (4) nonoxuts m=0, T. e. npeHeOpeub Maccolt
Gnoka, To Mbl mosxyunM pewenne 2.30. IToxcrasnga (4) B (1) u (2),
HOJY4HM

__mag (2my - J/R?) tmog (2my - J /R?)
1= m1—|—m2-|—j/R2_l4OH T2—m1+ma+J/R2—126H (5)

Ecnu B (5) nosoxute J =0 (m=0), To MBI CHOBA noTyuuM peierue 2.30.

3.11, 3agauy MOXKHO DeIIHTbL ABYMS COCOGAMH: NPAMEHHAA OCHOBHOM
3aKOH IHMHAMHKH BpaulaTeJbHOTO ABHKeHHA (cM. peurenue 3.10); mpu-
MeHJAS 3aKOH COXPaHEHHs SHePrHH. YuaulMMCA NpeataraeTcs HaiTH
CaMOCTOSITeIbHO pellleHHe 33aJayd IEeDBBIM CIOCOOOM H NONYYHTH OTBET
a=2mg/(mo-+2m) =3 m/c2,

IIprn peweHHH 33Radd BTOPBLIM CHOCOGOM pacCyxjaeM Tak, Hpnr
ONYCKAaHHH TIpy3a ero NOTEHUHAJbHAS SHEPTHS yMeHblUaeTcs, Nepexois
B KMHETHUECKYK) SHEPriio MOCTYNATeJMLHOTO NBHIKEHHSI TPY3a M B KHHe-
THYECKYIO 3HEPIrHI0 BpallleHHs GapaGana. Takum o6pasom,

mu? | Je? :
rngh— 0 +——2—, (1)

rae J-—uomeut HuepuHu OGapabana. Tak kak J=myR%/2 u w=u/R,
rae R —paguyc Gapa6ana, 1o ypaBHeHHe (1) MOXHO 3amHcaTbh Tak:

2 2 .
mgh-f- 5 +m°v %—(m—}—-"g) 2

OnyckanHe rpy3a NPOHCXOAMT IO JAeHCTBHEM MOCTOSIHHOR CHJIH, T. e,
IBHIKEHHE [PY3a PABHOYCKOPEHHOE, NOITOMY

h=at?/2, v=al, : .3)

Ioacrasasas (3) B (2), no.nyth a= 2mg/(m0+2m) 3 m/cd,”

3.12. J=9,5kr-m2

"8.18. t=1,1¢c; W,=0,81 Ix; T=4,1H.

314, Tj—Ty=(Je+ M) /R =1,08 kH.

3.15. a=3,53M/c?; Ty =6,3H, Ty=4,5 H. Yuaiiiamcs npeanaraercs
MpPOBepUTh, YTO H3 q:opmy.u, JAlOIHX penieHHe 9Toff 3ajauH, MOMHO
noNyunTh peiicane 2.31.
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3.16. KnneTnueckas SHePTHS JHHCKA CHJaAWBaeTCA H3 KHHETHTECKON
SHEPIHH MOCTYNaTeNbHOTO ABHIKEHHS H KHHETHUECKOH SHEPIHH BpALICHHA:

mu2 J co"‘

Tax kak J=mR?/2 u o=v/R, rae m—wmacca zucKa, R —ero paauye,
T0 W, =3muv?/4=24,0"11x. '

3.17. W, =0,11x.

3.18. W,,=29,4 Tx.

3.19. Q=2,51 m1dx,’

3.20. —(WKI—’WK2)/WK2-‘40%9 rae Wyi= Whocr T Wep Wuz =
= Wnocr-

3.21. A=355Ix.

3.22. L=3,8xr-m¥c,

3.28. W, =253 JIx.

3.24. s=4,1m,

8.25. h=2R+- (1-{-%") =7,56 w.

3.26. A=3,2n°R%n*=34,1 ]Ix, rae p—IJOTHOCTL MeJH,

3.27. Ilpn cCKATHLIBAHHH TeJa C HAKJOHHOM IJOCKOCTH €ro MOTeH-
WHaJbHAS SHEPLHA NMePeXOIHT B KHHETHUecKylo. Takum o6paso,

mvB Jo?

rae J —MOMeHT HHeplHd Tesia M m-——ero Macca. Ho

h=Isina, o=v/R. @
ITogcraBasaa (2) B (1), noayuum
sin o2 J ) ®)
mglsin o=—- (m+7?7 .

Tak Kak ABHMeHWe TeJl NPOHCXORHT 04 NefCTBHEM MOCTOSHHOH CHJIHI,
TO JBHIKEHHE TeJl PaBHOYCKOpEHHOe, NMO3TOMY
l==ql?/2, v=al. 4)
Pewas (3) H (4) COBMECTHO, MOJy4YHM
mgsin o
Q= ———, . 5
mJ/RY . ®)
IoxacraBasia B. (D) BblpaMeHHS I/ MOMEHTa MHEPLHH PasJHUHLIX Tel,
HajfileM A 1apa, AMCKa H 06pydYa COOTBETCTBEHHO
a;=3,50m/c?, ay=3,27M/c3, .ag=2,44 m/c2,
* Ilasi Tesa, COCKaMb3LIBAIOILErO € HaKJOHKOA NJOCKocTH Ge3 -rpemm,
uMeeM a= g sin o =4,9 M/c?,
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/- 2mgh R :
3.28. v= l/.m—I-f/R"‘ i vi=2,65mM/c, vg=2,56 M/c, vg=2,21 M/c;
v=23,13 m/c.

3.29. lMoctynarensHasi CKOPOCTb UHJHHAPOB y OCHOBAHHA HAKJIOH-
HOR MJIOCKOCTH ornpefenserca GopMyJioi

. 2mgh ' 0
m-+J[R? .
(cM. npemayumyo 3ajauy). AJOMMHHEBBIH UMJHHAD, Y KOTOPOro MO-
MeHT HHEPUHH MEeHbLIe, 4eM Y CBHHUOBOTO, JOCTHrHET Yy OCHOBAHHA Ha-
KJIOHHON - IIJIOCKOCTH GOMbuIeli CKOPOCTH H, CJeloBaTeJbHO, ObCTpee
CKaTHTCH C Hee. : ’
MoMeHT HHeDUHH aMOMHHHEBOro (CHJIOUWIHOrO) LHJHHApA

2
Jl_-"i;;. @

MomMeHT HHepUHH CBHHIOBOro (NOJIOro) UKJIHHApA

9 2
-y

Hafinem BuyTpenunit paguyc Ry cBuuuoBoro uuJuuapa. [To ycaosuio
Maccsl OGOMX UHAHHAPOB paBub: pyLnR?=p,Ln (R?*—R}), rue L‘—’
AJMHA LHAHHAPOB, 03— IVIOTHOCTH AIOMHHUH H Qg — [IOTHOCTb CBHHUA.
Orciona Ro_RZ(pg—pl)/pa Torpa MoMeHT HHepUHMH CBHHIOBOIO [H-
JHHADPA

Jy=

mR? 20, —p¢
2 T e &

[

[MoacTasass yncAosbie Aanuse (cM. T264. XT), noayuum J;=9.10-4 kr-m?,
J3=15,9-10—% kr. M2, ] _

Tak kak cKaTbiBaHHe UH/JIHHAPOB HPOHCXOAHUT MOA JAefCTBHEM IO~
CTOSIHHON CHJbI, TO U==af U [="h/sln o =af?/2; oTciona h/sin @ =vf/2 u

o 0

{=— .
sina v

ToactaBass B (4) ¢opmyay (1), noayuum

1 ok (m--J/R?) 5
" sina ]/ mg * )

YuutsiBag 8 (5) dopmyasl {2) # (3), H0AyUHM COOTBETCTBEHHO ANA a10-
MHHHEBOTO H CBHHUOBOTO IHJHHAPOB

oL ‘"’g_."_nom, - ]/2"(+2"2 ),.osu.

sma
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3.30.
3.31.
3.32,
3.33.

3.34.
3.35.
- 3.36.
3.37.
3.38.
3.39.
3.40.

e=—0,21 pan/c®; M=0,42H.m; A=630%; N ==24006.
J=0,01 kr-m?; M=94.10-3H.y, .

Mqp=308H-m; £=100c.

h=286,5cm. :

W, = el 13/2¢; =490 [Ix.

f=W,/nnM=>5¢c.

W, =F262/m=1,92 k Ix.

o == 81°22'.

v==7,1 M/c.

o) = 0y = 14 pap/c; vi==1,05m/c, v, =2,10M/c,

Ha ocuoBaHHH 3aKOHa COXpaHEHHA MOMEHTa HUMNyJbCa HMEEM

J1m1.= Jp0,, (1)

¥

rhe Jj-~—MOMEHT HHepHHH NJaTHOPMH C YEJIOBEKOM, CTOAUIHM Ha ee
Kpaw, J,— MOMEeHT HHepPUHH nAaT¢OPMBI C YeJOBEKOM, CTOSIIIUM B LeHTpe
N1aThOPMBI, W5 H @y~—YTJOBblE CKOPOCTH IIATHOPMHI B NEPBOM M BO
BTOPOM NOJIOXKEHUsIX vesioseKa. [Tpu sTom

rre. R—

®=2nn,

OTKYAA8

3.41.
3.42.
3.43.
3.44.
3.45.
3.46.
3.47.
3.48,
3.49.

Jy=mR%24+meR?, Jy=mR?2, 2

pagnyc naar¢opmel. Iloacrasass (2) B (1) B yunTHBag, wro
rie n—w4acToTa BpAIlEHHA TIATHPOPMEL, MOJYIHM

(mR*/2-+ myR2) 2nin; = 2nn,m R2/2,

mR2+2m R?

ng=ny mRz

ng =21 06/MuH.
sz/Wxi“"lvos-
n=0,49 06/MuH,.

a2 99 06 umn,
m .

T=1,l6c

T=1,07c

[=TYV gd/n=0,446 m.

T= 1,5 C.

[Tepuox ManbiXx KOJEGaHHA MaTeMaTHYeCKOTO MasTHHKA

Ti=2V T, 0

nepuoj MaJnx KoseGanuii pH3HUECKOro MasTHHKA

Ty=2xV J/mgi,

roe J —MOMEHT WHepLHH IU@DHKA OTHOCHTEJAbHO OCH BpAMERHN, m —
Macca WapHKa ¥ [—paccrosHHe OT LeHTPa MacC WAapHKa JO TOYKM
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nozseca. B namtem caytae
’ L - 2
_—_—-“',—,mR"-!-mI‘..-.mlz l+-—2—- (5) ]——-—mlzx.
5 5\ 1
C yqe'ro_M 3TOTO no.ﬁquM .
Ty=2nV Ix/g. : @

Hs (1) 1 (2) nMeem Ty/Ti=V x. Owubxa, KOTOpPYIO MH JeJaeM, NpH-
HHMasl TIOfIBEIIeHHEIH mapHK ‘3a MaTeMaTHUECKUl MasaTHHK, 6yleT

oTciona 7
=145 (£) ] =0+o2, um

¥ nac 6&50,01. IMoacrarass s (3), monyunm R/l<0,0224. Tak Kak
R=D/2=0,02mM, TO npefielbHOe DPacCTOSHHE OT LEHTPa MacC LiapHKa
Jo ToukH mojseca ‘! ==0,089 M, a npegenpHas AaHHA HHTH L=I]—R =
= 0,069 M.

3.50, Ty/T,=1,05.

L=V s+ ©

§ 4. Mexannxa ¥uakocte#k u rasos

4.1. v=0,12 m/c.

4.2, O6o3nauuM: S;—IJIoMials NOMEPEYHOTO CEYEHHA COCYNA H Uy —
CKOPOCTE TeueHHs BOJAH B HeM (CKOPOCTb NOHHIKEHHS YDPOBHS BOJb
B cocyne), S,—MNJomajs NOTEPEeYHOTO CEeYeHHsS OTBEPCTHS M Uy— CKO-
pOCTb BHITEeKaHHA BOAH M3 oTBepcTHA, ITo teopeme Bepryniu

2 2
—p;}—‘—+pgh=%, WIH 0} 1-2gh=vi )

B cuny HepaspuBHOCTH CTPYH v,Si=10,S,, HJH
UQ=0181/82. (2)

Moncrasaas (2) ® (1), noayunmu vi=S,V 2gh/V Si—SL. Yuntbisas,
uto S;=nD?/4 u S,=nd?/4, umeem v;=d*V 2gh/V D*—d%. Tak Kax
d* <€ D%, 10 npu6GAHKEeHHO )

vi=(d*/D?)V Zgh. &)

OrmetuMm, uto ecti d=D, ToO v,—=V'2-§ﬁ. ITpy h=0,2 M cKopocTb
vi=0,8 Mm/c. :

4.3, B ofonx cayvyasXx CTpyd BOAH NajaeT Ha CTO/ M& PAaCCTOSHHH
1=0,4M or cocyza, '
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4.4, a) v=0; 6) v=1,04M/c; B) v=<1,25m/e, .

4.5. CxopocTb MONHKEHH T yPOBHS BOJL B 6aKe v =S, )/'2gy/VSl —8;
(cM. pewenne 4.2). 3neck y—ypomensr BOAH B GaKe (nepemeHHuu) 3a
, Bpem[ dt ypoBeHp BOALI B 6aKe MOHH3HTCS Ha

dy—udt—-AVydt e A= SzVQg/VSl—Sz. ).
Us (1) umeem di=dy/ AV y; orciona

h
___1_3‘ dy
AV

Yuamumes mpejlaraetcs AOBECTH HHTErPHPOBAHHE JO KOHHA H MOJY-
YHTH OTBET

_ 2V Vsi—sz _ l/ T =T g .
S,V 2% g

Herpyano y6eautbcs, uTo ecau 66l ypoBeHb BOAH B -6aKe mMojnep-
JKHBAJICA TOCTOSIHHHIM Ha BHICOTe fi= 1 M OT OTBepCTHst; TO BPeMS BHITe-
KaHHs TaKoro e o6beMa BOAhl OblJI0 GH B B2 pa3d MeHbIIe,

4.6. d=1,4cm.

4.7. P=250kITa.

4.8, v=1,4m/c.

4.9. Ah=1,6 um.

4.10, Frp/mg=3.

4.11, v=4,1 M/c.

4,12, n=2Tlasc.

4.13. At=4mun.

4.14. n=1,09TTIa-c, v=12,1 em?/c,

4.15. CxopocTb TIOHHXKEHHAI YDOBHSI KACTOPOBOTO Macjaa B cocyle
3aBHCHT OT CKODOCTH NMpPOTEKaHHs Mmacsaa uepes Kanuaasp. OGbeM Macia,
pOTeKalomero 3a BpeMs ! uepes KamMHJAJIAP; onpefessercs GopMyJo#
Tyasefias . ’ .

nrit AP )
y=ZIR 0

Pa3HooTh Jlap/ienHi Ha KORNAX KaNHAAsipa o6yCAOBJEHA THAPOCTATH-

UeCKHM JlaBJeHHeM CJOSl XHIKOCTH, T.e€.
‘ AP =pgh, @
C Apyroii CTOPOHHI,
V=S8S"vt=nr?v'tl, 3)
rie v’ —cKopocTh NMpOTeKaHHs Macaa yepes KamuJasp, Us (1) —(3) umeem

v =r2pgh/8im. Ho Tak Kax v'S’=uS, rle U-—CKOPOCTb MNOHUKEHHS
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ypOBHA Macnia B cocyde H S——mJowafb MOMEPEeYHOTO CeyeHHUSA COCYAa;
TO OKOHYaTeNbHO HMeeM U=ripgh/8MR2, [Ipu h=0,26M cKopocTh
v=3.10-%m/c, ’

4.16. {=1,5 mun,

417, I=1,lcm,

4.18. D=4,6 mm.

4.19, Yucno Pefinonbaca Re=1800, T.e. Re < 3000— ABHIKeHHE
JaMHHapHoe,

- 4.20. D <0,085 m.

Fmasa II

- MOJIEKYJISPHASl ®H3UKA U TEPMOJHHAMHUKA

§ 5. PH3HyecKHe OCHOBH MOJEKY/AAPHO-KHHETHUECKo#H
TEOPHH H TEPMOAHHAMHKH

5.1, t=T7°C.

5.2. V=7,6 1.

5.3. m=1,13kr.

5.4, t,=91°C.

5.5. V=3l ux.

5.6. Am=m, Ap/p;=T5kr.

5.7. m=65r. ‘
58. m=12rT.

5.9. B 1,1 pasa.
5.10. a) pV=—RT1=56711)K 6) pV—-——RT,-775II)K 3aza-

Basg pas3yHYHbE 3Ha‘{EHHﬂ v, dyaeM N0JIy4aTh coome‘rc*raymmue 3Have-
HHA p.

5.11. Cm. pewenre 5.10.

5.12. v=m/u =0,4 KMOJIb.

5.13. p;= 108 k[1a; p,== 116 kI[Ta.

5.14, [Ipu ropu3oHTaJbHOM TNOJOMEHHH KaNudispa B KaXAoR no-
JAoBHHE ero o6neM Bo3fyXxa Vp==Sh W JasJeHde paBHO p,, rje S —nJao-
WajAb NONEepedHOro ceueHHs Kamuiaspa. IIpu BepTHKaJbHOM MOJIOMKEHH H
KanuaJsipa B BepxHeli noJoBuHe ero o6bem Bo3pyxa Vi=S(h-}-Al) u
aasaenue pasuo py. Ilo 3akony Do#na— Mapuorra Vypy=Vpy; HIM

hpo = (h+AD) py. )
AHAJIOTHYHO AJA HHXKHEH NOJIOBHHBI KalHJJsApaA
hpe=(h—Al) p,. 2

HaBnenve p, B HuXHe}t NOJOBHHe KaNHJJIfAPa CKJajLIBaeTCA H3 Jasfie-
HHSt BO3JAYXa p; W HABJEHHS PTYTHOTO CToJaGHKa p:

. ) P2=p1t+p. 3)
280 '



hant

Pemasi ypasuenun (1)—(3) coBMecTno, moayyam

p (h—Al) (h+Al)

o= Zh Al ‘ ‘ @

Y uac p=200wmm pr.cr.,, A=(L—1)/2=0,4m u Al=0,1m. [loacras-
JAA 3TH Jauuble B (4), moayuum py==375 MM pr. cT. l

5.15. Ilo sakoyy ApxuMeja mnoTeps B Bece Te1ad, MOrPYXeHHOro
B ra3, paBHa Becy 3TOTO ra3a B o6beme Tesla. O6beM MaccChl /. CBHHLA
Vi=m/p;, TAe pj— 0JOTHOCTb cBHHUA, Bo3ayx B stoM oGbeMe BecHT
myg = upV 1g/RT =ppmg/piRT. OGbeM Macchl m npoGku Vy=rm/p,, rae
pa— NJIOTHOCTb NPoGKH. Boaayx B 5T0M ofbeMe BecuT myg = upmg/p.RT.
Hcernunbifi Bec cBHHUA Py=g (m-}-my), HCTHHHBI BeCc 1poGKH Py =
=g (m+mp) u

AP =P, —Py = g (my —my) = “g’;g (BI;——E>-—-586H

5.16. PesyspTupylomasi MoAbeMHast CHJa BO3AyUIHOTO UIapHKa paBHa
Pa3HOCTH MeXJy BECOM BO3AyXa B o6beMe lIapuKa M BECOM CaMOro uia-
pHKa (BecOM ero 060/04KH P M Haxomsamerocs B Hem BOZopopa). Takum
o6pasoM, F=myg— (mg+P), rae my—macca soanyxa B ob6beme wia-
pHMKa, mj—Macca Bogopoaa B o6beMe-mapuka. [To ycnosuio F==0; cie-
JIOBaTeNLHO,

v 4’ pg
P =g (ma—my) = g K (wa— tr) =2~ B (uy—p1) =96 uH,

5.17, p=m/V = pp/RT = 0,083 kr/M?,
5.18. p=0,08] kr/M3.

5.19. p=0,004 kr/M0AB.

5.20. p=1,6-10—24gr/M3,

5.21. Ty= 1400 K.

5.22, YpaBHeHH COCTOSIHHA ra3a RO H NOC/AE HarpeBaHHA HMEIOT
BHJ,

m m
Vi=—RT,, Voy=—RT,.
P1Vy m 1. P2V m 3

ITo YCJ/AOBHIO py==Pg==p,; OTCIOAA MOXKHO HAalTH HCKOMbIE BeJIHYHHEL

Vi=mRT /pp=2,401, . Ty=ppVy/mR=1170K,
p1=up/RTy=4,14 kr/M®, py=pp/RTq=1 xkr/M>.

6.23. p=155MIla; p=0,5-10% xr/m?.

5.24, p=ppu/RT. a) llpu T =const naotHocTs p=Ap, T. €. p APAMO
nponopuHonansHo p. 6) I[Ipn p=const nuortHocts p=B/T, T.e. p 06-
patHoO nporiopiuHoHaabHo T,

5.25. [To saxony [dasnbToOHa nocte HCHapeHHﬂ BOAL B COCyjle ycTa-
HOBHTCA JaBJeHUe p=py-- Py, TAE p;— AaBJeHHE KHUCJIOPOAA, Pg— [aB-
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nende BoasHOro mapa. Mo ypasuennio Menpeneesa — Kaanefipoua -
pi=mRT/Vpu;=320kl]la, b, =myRT Vg =320 kITa

oTKyaa p=640 kIla. . -

, . .

5.26, ITo aaxony JdaabTona p=p;-+py, Tie p1 B ps~—NapUHaJAbRHE
JaBJieHHd rasa nocae coepHHenus cocyios 1 u 2¢ Tak kak T =const,
TO

P;' (Vi+V)=piVi; P; (Vi+Vy) ='p2V2.

TakuM o6pasoM, '

s _PiV3 pVs o, _plVit Vs
P1 ViEv, pz-e-V vy p——-—V1+ v, 140 kI1a.

5.27, p=415«I]a.
mi—+ms
5.28, y=——————2-=0,0046 kr/mMousb; V=11,74.
" my/ug Mg/ Py /
5.29. m=25rp, ‘
5.30. Ecu 61 Mosekyss fofia He GELIH XHCCOLHHPOBAaHHI, TO JaB-
JIeHHe B cocyAe GBIO 6Bl h

p=mRT/uV =183,3 klla.

L3
lMocne AHCCOLHAamMH B COCYfie HAXONMTCA KOJHUECTBO Vi=2am/\ ato-
mapHoro #oja (I) M KOMHUeCTBO Vo= (l-—a) m/pi MOJEKYJASPHOTO HOAa
(1,). IlaBienns, cosfaBaeMHe HMH, PaBHBI

__ 2amRT (1—a) mRT
Pi= l'l'V 1 Pa= \PV .
JlaBJiense cmecH
T
pe=pitps =0 Qa-t1—a) =0T (1 40)= p<1+a>,

r e lda=p/p=112 n-a= 0 12
5.31. pe/p=1,25.
" 5.32. p=1,2 kr/m®; py=21k[la; py=79 xIla,’
5.33., p=1,98 kr/M%, v
5.34. a) my=1,67.10—27 xr; 6) mg=16,65:10—27 gr,
5.35. F At=5,6.10=28 Hxc,
5.36. F Af=3,3-10-2 Hsc, ~
5.37. mu=2.10~2 xrim/c.
5.38. n=23,3-102% xr=-1
5.39. n=7,5:10% -2, : » K
5.40. N =2.10?", .
5.41. n==3,4.1011 y-3,



8.42. IlaBaenue p rasa B cocyZlle CBfISAHO € YHCJIOM MOJIEKYA N
B eHHHAIE 00beMa COCYRa COOTHOLIeHHEM

p=nkT =NkT/V,

rae N —ofinee YHCIO MOJIEKYJ B o6peme V. Tax Kak sTH N mouieky”
o6pasyloT Ha CTeHKax cocyla Mox-lomonexy.nﬂpﬂbxi’{ caoit; 10 N =S/sp,
rae S=4nr® —naomans nosepxHocTH cocyna, O6nem cocyna V =4nrd/3.
[Moacrasasst snauenuss N 7 V B dopmyay pas p; NOJAY4YHM

p=3kT [syr =2,4 T]a.

5.43, B cocyle HaXOMWUTCE KOJMHUYECTBO WVy= 20/ aTOMapHOro
fiona (I) u KoJHUECTBO vy = (1 —a) m/u Mosekyaapuoro koxa (I,). Obuuee
KoJHuecTBO Hoja B cocyne v==2am/u-(l—a)m/u, H TOrAa HCKOMOe
YHCJIO YACTHIL B eJIMHHIE Macchl mapooGpasHoro fiona

n=N 4 [2a/n+ (1 —a)/u] =3,56.10%* rr-2,

5.44, N =4,5.108, '
5.45. V=3,2 y1; p;=98 mlla, P, =35 mla; n=2,6.101% M8,

5.46. 1/ % =500 ) wle.

B.47. l/a/ 0§ =2,65. : .

5.48, V.v2 =5.105% m/c.

5.49. n=4,2.10% n—3

5.560. p=p5§/3=5 k[1a.

5.51. B 1,44.107 pasa,

5.52. mV # =V kTm=6,3-10-2* xr-m/c.

5.53. V.zT2 =230 m/c; N=1,9.10%3; p=5,0 xr/m?,

5.54. 1V 08 = 4,6 mm/c.
5.55. p=0,74 Kr/M>.

5.56. Vﬁ: 1,9 xm/c; u=d,002 KI/MOJIb,
5.57. n=1,88.10% kr-—1,
5.58. Buytpenuas sHeprusi rasa ompegensercs gopmysoft

w=Ltmpp
2 p

Jlns IByXaTOMHOro rasa f(==D5; npuueM [=3 NpUXONHTCS Ha JCJIO NO-
CTYMaTe/JIbHOro JBHMEHHS MOJIEKYJ M [=2-—Ha JOJIO0 BPAMaTennHOro
neuxennsi. [TofCTaB/iAA YHC/AOBHE HaHHBIE, noayunM W=3,7 xlx, npn-
eM Whoer=2,2 kI 1 Wyp=1,5 xIx.

5.59, W==210 Ix. :

5.60, WB,,—SB KII)K.
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5.61. W=750 [lx.

5.62. m= OW/R=25T; p= 2W/3V—~167 KIa.

5.63. T;=2.10* K; T,=900 K.

5.64. W =imp/2p=>50 xJlx.

5.65. N ==1,3.101%; W=0 133,[1.);(

5.66. cy =650 Ix/(kr-K); cp=910 Ik /(kr- K) )

5.67. a) ¢, =800 [lx/(kr-K); 6) ¢,=1025 Ix/(xr-K); B) ¢, =
= 970 x/(kr- K) r) ¢p==1040 Ix/(kr-K); 11) ¢p==103 ILk/(kr-K).

5.68. cplcy=1,4.

5.69. p=0,002 xr/mob.

5.70. ¢y=1650 Ix/(xr-K); ¢, =910 dx/(xr-K).

8.71. cy =693 Ix/(xr-K); ¢, =970 Ix/(xr-K).

5.72. s ypapuenns 2H,-O,=2H;0 Buano, uTo H3 KoJHuecTBa
v' =3 MOJIb ABYX4TOMHOIO rasa moclie peaKUHH MNOJydyaeTcsi KOJHYeCTBO
v"=2 MoJb TpexaToMHoro rasa. IlosToMy z0 cropanus Cy=3.5R/2 u
Cp._3 -7R /2; nocae cropanus Cy=2-6R/2 u Cp—_2 -8R /2, uto pnaert:
a) Cy/Cy=125; ©) Cp/C,,_l 31.

5.73. [lna HarpeBaHHsl KOJHYeCTBa W —-2am/p. aTOMapHOrO KHCJO-
poXa M KoaHyecTBa V' = (l—@) m/| MOJEKYJSAPHOrO KHCJAOPOAA NpH
p=const HeO6X0AHUMO KOJHYECTBO TENJOTHI :

Q= 2ct—C,,At—}—(l—a) c,,At_Fc At, ()

;
rie Cp m Cp—MOJAPHHE TENJOEMKOCTH aTOMapHOTO H MOJIEKYJSPHOTO
kucnopona, C,—moaspHas TemnoeMKocTh cMecu. Otciona noayuaem

2aC,+(1—a) Cp=Cp, T. €
a=(C,—Cp)/(2C;,—Cp). @

3nech Cp=cpp= 1,05 ®Ix/(kr-K)-0,032 Kkr/moub = 33,6 [Ix/(mous - K),
C;,=20,8 Jx/(Moab - K), C;',=29,1 Jx/(Moab-K). IloxcraBasas  aTh
Janypie B (2), noayunm a=0,36. .

5.74. cy=90 x/(xr+K), cp=139 Jx/(kr-K).

5.75. o=0,23,

5.76. ¢, =685 Ix/(kr-K).

5.77. cp/ey=1,59.

5.78. my =60 Kr,

m
5.79. KoJsHuecTBO TeNJIOTH, NOJyyeHHOe rasoM, @ =F p (Ta—Ty),
" v

rae C,=29,1 JIx/(MoJb+ K) — MOJMISIpHAA TenJIOEMKOCTh KHeAopoja, Tem-
nepatypy Ty HaXOJAHM H3 ypaBHeHHH COCTOSIHHS Fasa A0 H TOCJe Harpe-
BaHHAL

m 12
lez—-F.-RTl, pV,:%RT,, OTKYAa T,=T1V-:;.



Ho Vi=mRTji/pp u, cAefoBatenbso,
Ty=pVep/mR = 1156 K.,
Takum o6pasomM, T,—T;=873K u

Q =FC” (Ta—T1)==7,9 lIx.
4 3Hepmﬂ rasa R0 Harp€BaHHSI MOXeT ObiTe HalifeHa Mo q)opMleé
im )
Wl:_—é_ FRT1=1,8 KII)K,

rae i':s, TaK KaK KHCJAOpPOJ—ra3 ABYXaToMHbi, JHepruf rasa nocje
HarpeBaH Ul
im
W,=—§- FRTSB:-/'G K%IK.

5.80. Q=4,15 gJIx.

5.81. a) Tlpn p=rconst umeem Q=mC,AT/u. Ho pVi=mRTj/u
u pVa=mRT,/pn, otkyna

pAV="LR AT, wan T aT=P2Y
n n R

Cnenopatennno, Q=Cpp AV/R =700 1k,

6) Ilpn V=const umeem Q=(m/u) Cy AT. Ho p;V=mRT,/u u pV=
=mRTq/p, OTKYAA

m _VaAp
v AP—II.—R AT, wau AT_—R—.

=|3

Crenoareasro, Q =CyV Ap/R =500 [Lx.

5.82. Ty=1500K; V=12,4a; Q=12,4k[Ix.

5.83. Q=545 Ix.

5.84, Q=mC,AT/p; orciona C,=uQ/m AT =20,8 J1x/(Moas-K).
Tak Kak KHCJIOPOJ—ra3 IBYXaTOMHBIH, TO MOJyYeHHOe 3HadeHHe C,
TOBOPHT O TOM, YTO HAarpeBaHHe MPOMCXOAMJO TPH NOCTOSTHHOM ofneMe,

5.85. KonuuectBo Tem/oTe, KOTOPOE HAJ0 COOGIMHTH BO3AYXY,

m
=-—CyAT. 1)
q w Cv 1)

Uro6m HafitH AT, ‘HanMuleM YPABHEHHA COCTOSHHSL ras3a J0 M nocsae
HarpeBaHH#: .

p1V="—:—RT{. p,V-—-:%RTz; oTcoaa VAp———%—RAT,

HJAH
' VA
sT=E5E @
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TToactasass (2) B (1), HafizeM

) 'Q=CVY—£—p=—VAp_10xllﬂ(.
5.86. m=3,7r; AV(70=3,3-10'21IL)K.
5.87. Q= CypV AT/u =208 IIx.
5.88. T2=2500 K; Q=’va Ap/R==16,5 Kﬂm.
5.89. i=~6.
5.90. Q=6,25kIlk; To=14Ty; pa=4py.

5.91. Q——102 Jx; Vuzal 57 wM/c; pa=133 klla; pi=p=
=0,164 kr/m%; W =400 Ix.
5.92. Q = 155 Jlx.

- 5.93. v=>579 m/c; V% =628 M/c; vp=>513m/c.

5.94. T=83K. .
5.95. Pacnpeneneﬂne MOJIEKYJ N0 CKOPOCTAM j2eTcs tbopmy.non
AN 4 2,
_N"—‘__;'e u ALf, 1)

[le t—OTHOCHTeAbHas CKOpocTs, B HaweM caydae v=100 m/c B
Au=10 m/c. Han6osee BeposiTHast CKOPOCTH vy =V 2RT /=376 m/c.
CuaenoBatennno, u=uvjvy==100/376, u2=0,071, ¢~#*=0,93 u Au=
== 10/376. Toraa dopmyna (1) paer

A_1!..—?—0930071 0 =0,004=0,4%.

Vn

Tagxum 06pasoM, YHCAO MONEKY, CKOpOCTH KOTOPHIX JlexaT B YKasaH-
HOM uHTepBase, paBHo 0,4% ofuwero unc/ia MoJeKy.. Jns pewenus stoft
- 3afaud MOKHO TakkKe BOCHOJB30.

AN/ (NAW pateca rpaduxoM AN /(N Au)={ (1),
08 NOCTPOEHHBIM N0 JaHHBM Ta6u. 10
? P N Ha c. 60 (puc. 83). ¥ nac u=0,27.
06 N Via rpajuka LA STOTO 3HAUCHUA -U
/ k paxopum - AN /(N Au) = 0,16, Tax
94 / A\ kax Au=0,027, T10 AN/N=
] =0,16.0,027 = 0,004 =0,4%.
a2 NG 5:96. AN /N =2,8%.
] Lu 5.97. AN/N =4,5%.
T 04 88 42 146 20 2,4 5.98. ANy /AN,=1,1 nas mo6o-
ro rasa npHu JioGofi Temuepatype.
Pre. 83. 5.99, a) v, =487 M/CHp ANI/)N'=

=3,4%; 6) vy=T731M/cnAN/N =
= 2,20, TaknM 06PasoM, IpH MOBHILENHA TeMTEPaTyPhi MAKCHMYM KpH-
BOR pACDpeAe/enHs CABHTAeTCS BUPaBO H BEeJHUWHA MAKCHMyMa YMeHb-
maetc,
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5.100. Tak kak B JdHHON 3apaue HHTepBaJl cropoctefl BEJHK, TO
HeJb3S MOMB30BaThCA (opMyJol Mawcseana. [las pemenns stof sanaun
NOCTYMaeM Tak: HaXOAHM uucaa MoAeKya Ny m Ny, cropoct xoropux
COOTBETCTBEHHO GOJIbILE Uf H Uy, TOrAa HCKOMOE uHcno Mosekya N,
= Nj— N,. Jaa naxoxjeuus uuced -Nj H Ny monnsyemcs rpacbnxom
NN =f(u), noctpoensnM mo panumM Ta6a. 11 ua c, 60 (puc. 84).
Y mac v,=V 2RT/n=>500 m/c. ‘Cnenoparensno, _u; =300/500=0,6 »
uy =800/500=1,6, Vs rpapuka 51
5THX 3HAUEHHH 4 HAXOZUM COOT- Ne /W

BercTBeHHO N{/N=0,87=87% N

Ny/N=0,17=17%. Tlonyuennwe 48 \\

JaHHble O03HayaioT, 4To 87% Bcex Mo- \

JIEKYJ IBHKETCS CO CKODOCTAIMH, Tpe- 46 \

BHIIAIOWHMH U1 ==300 M/c, H TeJMb- o4

Ko 17% MoJeKyJ HMEIOT CKOpOCTH, \
npepuimammne v, =800mM/c. Torpa 4§21 \\
'OTHOCHTEJIbHOE YHCJIO MOJIEKYJ, CKO- u
POCTH XOTOPbIX JexaT B uutepBa- 7 gz g8 42 16 2,0 2,4
Jge or v;=2300M/c Ko vy =800 m/c, Prc. 84.

NN =87%—17% ==70%. .

5.101. a) Ny/N=257%; 6) N,/N=43%. Orciofa BHIHO, YTO KpH-
Bas pacnpeiesieHHs MOJIeKYJ O CKOPOCTSIM HeCHMMETpHUHa.

.5.102. N,=1,9-10%,

5.103. YtoObr MoJIeKyJa uMesla KHHETHYeCKYI0 SHEPTHIO MOoCTymna-
TeJBHOTO ABHXKEHHS, pasHyio W,, oHa JO/KHA 06.1a1aTh CKOPOCTBIO Up,
YAOBJIETBOPSAIOUIEH  yPaBHEHHIO mov2/2 W,; orcioga vO_VQWO/mo
Tak Kak HaHGoJee BeposTHas ckopoets vy=¥ 2RT/p= V 2T my, o
OTHOCHTE/JIbHAsl CKOPOCTb 3TOH MOJIEKYJIbl u_vo/vB—VWo/kT——— 1,73.
Toawsysce rpapuKOM Ha pHC. 84, HAXOJHM OTHOCHTEJBHOE UHCIO MOJe-
Kya N,/N, oTHOCHTe/NbHAsA CKOPOCTb KOTODHIX 6oJibine cKopoctd u=1,73.
Ipacduk paer N /N =0,12. Takum o6pasom, 12% MoJekyJ KHCIOPOAA TIPH
JaHHOH TeMNepaType HMEIOT KHHETHYECKYIO SHEPTHIO, NPEBHIIAOUYIO 3He -

. m
rai0 W,. O6mee yHCIO MOJEKysa KHCIOpPOja B COCYHE NZE Ny=

=1,5-10%, CienoBaTe/bHO, HCKOMOE 9UHC/IO MoJeKyd N,=0,12N =
= 1,8.10%2,

5.104. T0-7730K Mo YCJIOBHIO Nx/N-_O 5. Fpadux Ha pHc. 84
Jaét, uto sHaueHulo N,/N=0,5 coorserctByer smauenne u==1,1, Ho
u="V W,/kT (cM. pemenue 5.103); orciona T == W,/ku?=9600 K,

6.105. T==1,57-10¢K.

5.106. [laBsienve rasa .p YMEHBILIAGTCA € BLICOTOH h no saxouy
p=poexp(—pgh/RT). B yenoBHAX RaHHO# 3ajaun p=67,2 k[la,

5.107. A =23 kM.’

5.108. p;=235,8 klla, py=72,5 klTa, Ap==36,3 xlla,



5.100. B 1,7 paaa.

5.110. a) p=1,28 xr/m%; 6) p=0,78 xr/M’
5.111. a) A=>5,5 xm; 6) h=280 xm.

5.112. Mmeem GapoMeTpuueckyio ¢opMyay

p=poexp (—ngh/RT). )
Konuentpanus (4HcJ0 4acTHIl B eauHune o6wvema) n=p/kT, OTKYyia
p=nkT. 2)

Moacrasasgsa (2) B (1), NOAyYUM COOTBETCTBEHHO AJs BEICOT Ay H g
L

ni=ny exp (—pnghi/RT), ny=ngexp (— pghy/RT);

OTCI0ha
ni __ ng thi—he)\ _ _pg(ha—hy)
rmenp (—LEGF ) —exp G,
nIH ’
‘ni __pg(ha—hy)
- In = RT (3)

4
Tax xak Macca uactuiil m=u/N 4, T0 dopmyay (3) MOXHO 3anucarth Tak:
ni _ Namg(h,—hy)

]I'l-h; BT N

OTKyJa, YYHTHIBAA MONPAaBKY Ha 3aKOH ApXxuMena, NOJY4YHM
_ RT In(ny/n,)
AT gV (p—po) (ha—Fy)

Fiie p— MJIOTHOCT: FYMMHTYTA M Po— NJIOTHOCTD_ XKHAKOCTH,

5.113. A =850 Mxm.

5.114, A =5,6 ku.

5.115. A=93 um.

5.116. 2=4,9.10%c~1

5.117. 2=2,47.10° ¢—1,

5.118, Z=3.10%,

5.119. B 2,3 pasa.

5.120. A =1 Mxm.

5.121. A =u/V 2 702N 41p=1,8 MRM.

5.122. A=14,2 cm.

5.123. CpenHee 4HCAO CTONKHOBEHHH B eZHHHIY BPEMEHH MOJEKYJ.
KHCAOPOAA Z=xU/hg, The U=V BRT/Ip B Ay=~A1pi/Py, TAE py/ps= 100,
Taxum obpasom, )

=6,1.102% monp—1,

YV 8RT/mp. =4,5.107¢-1

2=
Mpi/ps

Al
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5.124. 2=9,6.10° c~1,
5.125. A =23 um.

5.126. 0=V )V IN smhp=0,35 nm.

5.127. T=1,6-10""c.

5.128. p==1,6-10-% wr/m3; n=3,3-1018 M~3; A=76,0 m.

5.129. YTo6bl MONEKYJIbI HE CTa/JKMBAJNHCh ADYr C APYroM, CpPeRHAd
JuTHHa cBobBopnoro mpofera AoJiKHa OHTb He MEHbIE jHaMeTpa cocyaa,
T. e Az= D2 1/V 2r0%n; otcioaa n<g i7V2_n02D: [,7-1019 =3,

5.130. a) p=931 Mlla; 6) p=93,1 mlla; B) p=9,31 mlla.

5.131. p << 399 mIla.

5.132. p=<9,4-10~7 kr/M3,

- Ve T
5.133.7 = V_” ]/i:9,2. 107 c-1,
x - 3n

5,134, D=9,1-10-5 m2/c,
5.135, D=28,4-10~% m2?/c.

5.136. D=i 2'7_L=~]— ]/%I-—_IEL— . Tlpu p =const nmeem D =
373 V T Vonop

= AT?2, rge A—nexoropas nocrosiznas. Ha puc, 85 nan xapakTep 3a-
BHCHMOCTH Koshtuuuenta auddysuu D oT Temne-
patypst T npu p=const. '

5.137. m=2wr. .

5.138. p=239,9 k[la.

5.139. A =184 um.

5.140. n=17,8 mxIla-c,

5.141, Vmeem

- n:i@p/f’i, n

=~ ——— o -

Y~

7y
Puc. 85.

N

rae v= VBRT/NM——CPE)JHHH apupmMeTHyecKas
CKOPOCTb MOJIEKY.T, %= kT)V 2nop — CpenHss
Aguta cBoGopHoro npotera H o= pu/RT -— niorthocts rasa. [loacrase-
Jsisl 3TH BeJHuHHB B (1), momyunm

w7 22k uT _ —20 42
n= 3:10"]/ » OTKYRa O 3an Rn——g'lo M5

7. e. 0=0,3 um.

5.142, n=—zr}—»p/3. [ToacTaBasa BblpaXeHMs AJasd v, Au p, Hakijgem
n=A V' T, rne A—nekotopas noctrosnnas. Ha puc, 86 jau XapakTep
3aBHCHMOCTH BSI3KOCTH 1) OT TeMnepaTypsl T.

5.143, D=1,48.10-%mM?/c; =18,5 mxIla-c.

5.144. B 1,07 pasa.

5.145, n=N m/uD=1,8-102 M-,
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5.146. p=1,6 kr/M%; A =835 um; v=440 m/c,

5.147, v=2,72 m/c. !

5.148. Fs=45mH/m2.

5.149. n=F (R—r)/4n*nhRr =18 uxIla.c.

5.150. K =90 MB1/(M-K).

5.151, K =13,2 MB1/(M-K).

5.152. K=vhc,p/3. IMoxcranniis Bripaxenus Aas v, A u p, Haittem

. K=AVY'T, rae A— nerotopas noctosiunas, Ha puc. 87 fau xapaktep
3aBHCHMOCTH TelJIONpoBOJHOCTH K oT temmepartypul T,

K

o] SURERUREERIA S
S e —————

Puc. 86, Puc, 87.

5.153, D=KVN 4/cyN =2.10~5 m?/c,

5.154. a) Dy/Dy,=0,8; 6) ny/ms=1,25; B) K1/K;=0,96,

5.155, p=1,26Ia.

5,156, TennonposoAHOCTL BO3AyXa HAuHeT 3aBHCETb OT JaBJEHHS
npu h=d, rme d-—paccTosHHe MeXJy CTeHKamu Tepmoca. Fmeem
h=ET/V 2 n0%p, otkyna npy A=d noayunm p=kT/V 2 nod =980 mITa.
Ki=13,1 MBt/(M-K). Ecam p=13,3mlla, To cpenusna mauua cnoboa-
HOTO mpoSera A Goablle paccTOAHHA d MeXAy CTeHKaMu Tepmoca. Toraa

1 - 1 8RT py iR__ 1 8R
KZ—Fd Pev=13 ap RT m_gdp apT

=17,8.10—% Br/(m-K),
AT .
Hwveem Q=KF AS At, Ho AS=2nrh, rae r={(rj+ry)/2. Toraa
AT
Q—K '—A}—Qﬂfh At.

[ToxcTaBasist yHCIOBble JaHHne, NOAyunM Q=188 JIx u Q,=2,55 Ox.
JefcTBUTEe b HElE NTOTEPH GYAYT Gosblle H3-3a KOHBEKILHH,

5.157. Q =23,9 xJIx.

5,158, Q=78 Ik,

250



5.159. o_—c AT =7 92x11>x- AW—--—-pAV 566xIbK, A=

=pAV=226 kIL)K -Takum 06pa3soM, KaK H CJeLOBaJO OXHAATH; Ha
OCHOBaHHH nepBoro 3aKOHA TepMOAMHAMHKH Q=AW - A,
5,160, A=38,1xJlx; AW=20,2 k[Ix; Q=283 &/Ix.
5.161, AW =1xk/x.
5.162. AW=25MJIx; A=0,83 MIIx; Q=23,33 MIIx.
5.163. A=600 Ix.
5,164, Q= A ({/2-41) =550 Ix.
5,165, AT =57 K,
5.166. A=13,2 IIxx; AW =239,6 k.
5.167. Q=3,32 M[Ix; AW=2,49 MIx; A= 083M,E[>K.
5,168, Q =10,4 IIxx; Ah=2,8 cm,
5.169. Q =360 Ix.
5,170, A=714 IIxk.
5,171, B 2,72 pasa.

5172, V'3 =500 mse.

5173, A=701%; Q=A=70Ix. ~

5.174, A=223 x[lx,

5.175, T,=207 K,

5.176, p;==95 klla.

5.177.. T, =865 K.

5.178. i==5.

5,179, t,=123°C, p,=15,28 MI]a,

5,180, T=780K.

5.181. cpfey=1,4.

5.182, Ha pHc. 88 raobpaxen rpaduk
npouecca; Vo=0,25n, p, =132 kITa.

5,183. CP/CV=1,4.

5.184. Ilpn  apuaGatuueckoM npouecce AW=—A; AW =

im

———2———R (Ty—Ty). Temnepatypy T, MOxHO Hafrm HOJ]bB)IﬂCb ypas-

nenuem Ilyaccona. Ilpopenas HeoGxoaumbe BbI‘{HC.IleHHﬂ, Hafijem AW =
=—269MIx. A=— AW =2,60 M1k,
5.185. PaGora npu azuabGaTHyecKOM CXKaTHH

- - — RTI m V]_ H-
b2 ()]
TAe ®=Cp/Cy; paboTa MPH H3OTEPMHYECKOM CXKATHH

Vs | ; ﬂ_ﬂ R A =14,
v orciona (x_l) In (V,/Vy)

Ha_RT—_ln

Takum 06pasom, HsoTepMqucxu CKHMaTh BHIOAHee,
10+ ' - £91



5.186. AT=7K.

5.187. B 1,15 pasa. -

5.188, a) po=D510kIla, T, =273 K, A=— 1140 [Ix; 6) p, =960 «I1a,
T,=520K, A= 1590 k.

5.189. a) T,=T;=313K, p,=0,20 M[Ta, A=— 1,80kJ1Xk;6) Ty=
= 413 K, p,=0,26 MITa, A=— 2,08 xIx.

5.190. a) B 2 pasa; 6) B 1,64 pasa.

5.191. Oxu0aTOMEBIH ras Harpeetcs Gosbize B 1,2 pa3sa.

5.192. V,/V;=1,33; T,=270K, A=23 xIx.

5.193. a) p=A/V; 6) p==B/V*%, rie x=cp/cy, A1 B—HexorOpbIle
noctosHuble, Ha puc. 89 usobpaxen xapaxrtep 3aBUCHMOCTH JABJICHHA p

o

Puc. 89, Puc. 90.

rasa or ofseMa V npH H30TepMHuecKOM (KpHUBas @) H ajHabaTHUECKOM
(kpuBasi 6) pacliHpeHHH rasa.

5.194. a) Q=165 xdx, A=0,92kdx, AW=0,63rlx; 6) Q =
= 1,88 kx, A=1,25 xIx, AW =0,63 kJk.

5.195. Tensosas MawuHa, paGortaiowas 1o uukay Kapwo, cosep-
waet padoTy A=Q;—Q;=nQy, rie Q;—KOJHYECTBO TEINJIOTH, noxay-
yaeMoe MalUHHOH OT Harpepatens, (Qy-—KOJHYECTBO TellJIOTH, OT/aBae-
MO€ XOJOIAUAbHHKY, 1) —K.IM.1. MamuHbl. Umeem = (T1—T,)/T;=0,25.
Torna A=nQ;=1630 Ix. aiee QE_QI—A_I 88 k.

5,196. n=18%.

5.197. n=26,8%; Q;=274x/Ik; Q=200 k/[x.

5.198. 1=20%; A=1,26 x]Ix.

5.199. Ypapuenne usotepMnl AB (puc. 90) HMeeT BHJL

pV=ﬁRT1. : (1)
[
KOOpﬂHHaTH TOUKH A YAOBJIETBOPSIIOT 3TOMY YpPaBHEHHIO, T. €,

m nl __ piVy
Vi=-—RTy, oTKyra -—
P1 1; m 1 \ m

= 7{7‘1—:_0'427 MO{!b,
292 ‘



u toraa (1) mpHHHMaer BHA
pV=0,427TRTy=142x]Ix. )}

JIna Touku B umeeM
pa=pV/V,=284 klla.

Tax kak koopauHatel Touek B u C yloBJersopsiior amuabate BC, To

paVE =psV¥, otkyna ps=p, (Vo/Vs)* =146 kIla. ¥Ypasuenne H30TEPMEI
CD umeer Bun

pV'_—T':’—RT'=p3V3=1,17xmK;

orciofna T, =330 K. Tax xak koopausarte-touek D u A nomxum yjos-
JeTBOPATh YypaBHeHuI0 aiuabatsl DA, 10 (V,/V)#~1=T/T,; oTciona
V,=3,22n u py=2365 klla.
a) Vi=2n, py=708«lla; V,=5n, p,=284«lla; Vz=8u, p; =
= 146 kIla; V,=3,22a, p,=3656k[la."
6) Pafota npu HaoTepmugeckoM npouecce AB
A= RTI—M_ in ‘—‘j—z—« 1300 Ix;

pafota npu aguaGaTHueckoMm npouecce BC

_RTym Vi\¥*- 1] _ RT{ m T\ _ .
m= g [ () 7 ) = (o) e

paGoTa IpH H30TepMHYecKoM npouecce CD
Vi

As=RT, 2| — 1070 Ox;
8 2 u "7, Va lI)K
pa6ota npH annaﬁémqecxom npouecce DA
_RTy m 11)__
4—‘”_1 T ( —T2 =— 620 Jxk.

‘B) Pa6ota 3a Bech LHKJ A=Z A;=230 Hx.
r) K.n.a, mukaa 1= (Ty—7T,)/T1=0,175.
1) KousnuecTBO TEMAOTH, MOJYydYeHHOE OT HArpeBaTexsl 32 OIUH LAKJ,-

Q= Am=1300 Ix.
e) KOJIH'-IeCTBO TENAOTHI, OTAaHHOE XOJOAHJbHUKY 38 OJHH HHKJI,
Qy=Q;— A=1070 .

5.200. B 2,1 pasa.

5.201. Tlpn o6paTHOM UHMKJe BHEWIHHE CHJL COBEPIUAIOT HAJ Ta3oM
pa6ory A. Ilpu 5ToM Ko/MuecTBO TemAOTH Qa, OTHATOE Y XOJOAHOrO
Tesla, BMeCTe ¢ 3aTpPaueHnol PaGoToi' A paBHO KOJNHYECTBY TEMAOTH Qy,

293



nepefannoOMy GoJee HArpeToMy Teny. Mpa atom 1= (T~ Ty)/T5=0,003;
Qs=Qi—A=-':——A = 1——;]'—" A=360kllx; Q;=Qy+ A=397 kllx.

Takum of6pasom, XOJNOAMJAbHAS MamHHA OyleT 3a KakIWf LHKI
nepefiaBath GoJiee TOPSAYEMY TeJay KOJXHuecTBO TemnoThl 397 kI, M3
Kotopnix 37.kJIXK 3a cueT MexaHnHueckoit paGoTbi, a 360 kIl oT xoJs10Z-
HOro TeJa. :

5.202. Kospduuuentsl 1y, 1M, H 1z CBA3AHLI MEXAY COBOH COOTHO-
wenuamMy ;= 1/(1—mn3); np=(1-—ms)/ns. B ycjopusx sapaun n;=1,09,
M. =11,0, n3=0,083.

5,203. my==4,94 xr.

5.204. 3a cueT KOJHMUECTBA TEIJIOTH { MOMXKHO COBepILIHTb paloTy
A=nQ, rie N—K.O.A. TenaoBoii MamuHb, npuueM W= (T;—7T,)/T.
IMomewenuio GyjeT MepenaHo XOJOAHJIbHON MamHHOR KOJHYECTBO TEMJIOTHE
Q'=A/q,rae '—K.I.A. XONOAMJIbLHOR MaWIHHEL, TPHYEM 'r]'=(T1'-—T£)/Ti.
Toraa

Q_mA_n_ Ti=T)Ti _,
, QA N (T(—T) Ty ’
T. e. IOMelUeHHe [OJy4aeT B TPH pPasa MeHbIIe KOJHYECTBA TEMJOTH OT
Cropasusi ApOB B IeYKe, YeM NpH OTOMIEHHH ero XOJOAHABHON MaUIHHOM,
5.205. M3 puc. 9 BupHO, uTO

V< V H=-1
A=py (Vi—Vo+-L21 [1—(—1,:—) ]"PO(Vz“—Vo): 1,92 kL,

5.206. 1=0,2, 1’ =0,3.

5.207, 104 nuxaa.

5.208. Umeem n=A/Q, rae A—nmnoanas pa6ota 3a BeCb UK 1 Q—
KOJIHYECTBO TeMJ/OThl, BHJeJsIOMeecs MPU CropaHud ropioyero. Tak Kak
AAB=ABA H ACD=AEB==0, TO :

_ _m R (To-—T;;) B 'V1 ®-1
A=Apc—Apr=—r— 7 1—(72) .

Ho R/(x—1)=Cy u (VI/Vz)"—1’= T1/To=T,y/T3; nostomy

m T,
A_TCV(TO—Ta)( - Ts)'
m . [)

Tak xak Q=—M-Cv(Tz—T1), TO

A (To—T3) (1 =Ty/T5) =T2—Ta=-

n=5=

Q T:—T1 T,
) —1-Ts_ I =0,412=41,2,
I N {2178 o

5.209. p,=930 klla, T;=686 K.
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5.210. n=1,3.

5.211. Wmeem V;—V,=Sh, rae S—miomans ceueHust UHAHBApA.
C npyroit ctoponn, (V1/Ve)*=p,/pi. Pemas stH nBa ypaBHEHHS OTHO-'
CHTeJNBHO V4, ¥ TNOICTABJASR YHCAOBHE RaHHHeE, uafineM V=176 cud.
Tak Kak Ty/Ta=(pi/po)®-D%, 1o Ta=680 K.’A_—__;'“_Vil_ﬁ%ﬁ=

— i
= 243 ]Ik, tae Vi=Sh-- V3= 1040 cmB.

5.212, a) n1=36,7%; 6) n=44,6%; B) n=49,6%.

5.213, 3nasn mnorpe6ienve GeH3HHa H ero yAelbHYW TEIJIOTY Cro-
paHus, Haiem dakTHUECKHE K.M.J1.: Mg =0,216 &~ 22%. Teopernuecknit
K.ILJ. :

1

Taknm oGpasom, notepsi GeHsaWHa Ha TpPeHHe B JBMKYLINXCH 4YacTAX
MexaHnaMa M np, coctaeaser 309% —22% =89%.
5.214. PaGota, cosepimiaemasi npu MoJIHOM UnKMe (cM, puc. 11),

A=Qi—Q 1)

rie Q;—KOJNHYeCTBO TEIIOTH, BhIJeJHBIIeeCs IIPH CropaHHH TONJIHBA
(na- yyactke CD), H Q,—KOAHHeCTBO TeNJOTH, OTHAaHHOE cpefie (Ha
yuactke EB)., Ho Tak kak yuactox CD—wuso6apa, T0

Q1-=—’} Cp (Ty—T1), : @

rre Tyj-—TeMmnepaTypa B Hauajle H306apHMecKoro pacuinpenust H Ty——
TeMnepaTypa B KOHLe ero. Tak Kak yuactok EB—H30xopa, TO

Q =i:— Cy (Ta—Ty), 3)

rae Ty—Temnepatypa B Hayate H30XopUuecKoro mpouecca M To——TeM-
neparypa B koHue ero. [loxctasass (2) u (3) B dopmyny (1), umeem

m .
A=—‘TCV ['K (Tz—"'Tl)—(Ts-—_To)], (4)
TJie ®—IoKa3aTeJb agnabathl, H TOrla K.IA,
A 1 Tg—T,
=e——= ] — 5
K ‘ Q: % To—Ty - ©)

VYpasuenue (5) MOXHO NpeACTaBHTb B APYrOM BHAe. 1eMIepaTyphl
Ty, Ty u Ty moxno BHpasutb uepes Ty.- s usobapn CD umeem
Ty/Ti=V3/Vi=PB—crenenr n3oGapHyecKOro "paCiIMPeHHd, . U, .CJaeL0-
Bateabno, Ty=Ty/B. Hna aguabat DE umeeM Tp/T3= (Vy/Vg)¥-1==
= 0%-1, rje §—cTeneHb anuaGaTHYECKOrO paCIUHPEHHS; C/IeJIOBATENLHO,
Ty = Ty/6%~1, Ona aguabatt BC umeeM Ty/Ty=(Vy/V )¢~1=eX-1, rge
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g—cteledb afHaGATHYECKOrO CKATHA, cjefoBaTenbHo, To=1T11/0%"1=
= Ty/Pe*-1, TloacraBass noJjyueHHue sHavenus Ty, Ty, TgB (5) H sa-
meuan, wro f==¢/8, nonyuum

*— 1
=G
5.215, Umeem )
‘ n=4/Q=Pt/mq. I
C npyroi cropousl, ’
n=lo—=Ll @
%ex—1 (B—1)

(cM. pewenue 2.214), Y Hac f=¢/0=16/6,4=2,5; n=1,3; B» = 3,29;
pr — 1=2,29; ex-1=230; B—1=1,5. TloncraBasgs 3TH gaHuble B Hop-
myay (2), noayunm n==0,49=49%. Torpa m==5,9 kr.

5.216. [lamenenue snTponuu onpefenserca QopmyJol ‘

AS=85—84 = %,
A

rie Sy u Sp—>SHTPONHH B NEePBOM H BO BTOPOM coOCTOAHHAX. Ofumee
H3MeHesHe SHTPONHH B JAHHOM CJydae CKJAJbIBAETCH H3 H3MEHEeHHH ee
B OTAEJbHbIX OPOLECCax.

Ipu HarpeBaHHH MacCHl /m JbAA OT TeMIiepaTyphl T110 TeMTepaTyphl
T,=273K umeem dQ=mcydT, rae cy=2,1 x]Ix/(xr-K)— yneabnas
TENJOEMKOCTh Jbja, H )

“ASy=mcy In (Ty/T).
[ipu nnasnednd maccel m Jibja npH teMmnepatype Ty HMeem S dQ =mh,
rie A=0,33 M/ /Kr— yAeJbHAA TENJOTa IJaBjieHUs, H
ASy=mM\/Ty.

[Mpu HarpeBaHHH Macch! mm BOABI OT TeMﬂepaTypu Ty R0 TeMmepaTyph!
T, umeeu

ASy=mc In (Ty/Ty),

rae ¢=4,19 kIx/(kr-K)—ynenpHas Tenjoemkocte BOAH. [Ipu Hcnape-
HHM MacCsl m BOAB npH Temmnepatype Ty HMeeM

AS4=mr/T,,,

rie r=2,26 MIx/kr—yneibHas TemJsota napooGpasosanus. O6iuee
HaMeHeHHe SHTPONHH )

- Ty A. Ta r . ‘
AS-—m (C; In —7,—+-T;+C In T—o—{-Tn‘) =88 ﬂ)K/K. .



5.217. AS=17,4 Ix/K.
5.218. AS = 1230 Ix/K.
5.219. AS =63 Ix/K.
5.220. Hmeem

Ho dQ=% CydT+-pdV u, Kpome TOrO, pV=-—':—RT; Toraa
dv
HITH
AS:L:- Cy ln + R ln =5,4 Ix/K.

5.221. B npeamaymedt sajave Mul HailJid 3HTPONMHIO KaK (yHKIRIO
napamerpos T u V. B atoft 3azave Ham TpeGyeTcd BLIPa3HTb SHTPOIHKIO
yepe3 napametpul V u p. Mmeem

Mmool et
AS= m Cyln T1+ m R In v, ()
Y papﬂeﬂﬁe Menpeneesa — Kianeiipona paer
T, Pava :
Ty Vi’ @

IMoactasasnsa (2) B (1), moaysum
m P, m Vo , m Va
AS=—2Cy In :~+4—Cy In -~ ——Rln—=
 Cvln o + n Cving +
=—:ic + Cp In2=71,0 Ax/K.

YyauumMca npeanaraerca BLlpa3uTb SHTPONHIO yepes -napameTpu puT
H MOJYYHTH (popwy.ny

AS="L¢, In -—-_.i”-R In22,
I I P1
5.222, HMwmeem (cM. pewenue 5.221)
m P2 m Va
AS=—CyInZ2d4-—C, In;
I v P1+ porev
‘npn H306apHUECKOM MPOLECCe pj==p; H

_m Ve
AS——,—‘—CP In V—l—-66,3 H)K/K..
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5.223, AS=38,1 lk/K.
5.224. Vimeem (C.M peenue 5. 22l)

s.._-c In —_— Inf2,
T1 TR p’

npu x3oTepmuueckoM mpouecce Ty=T, u

AS=-——51R1n£3 Rlnp =17,3 Ix/K.

P1 B A

5.225. AS=29 IIx/K.

5.226. a) AS=1,76 Nx/K; 6) AS=2,46 [Ix/K.

5.227, a) AS=8,5 xlIxk/K; 6) AS=11,8 xlx/K.

5.228. HarpeBaHue NpPOW3BOLH/IOCH NPH NOCTOSHHOM JIaBJIEHHH,

5.229. Yuamumcs npepsaraercst y6eHTbCS, YTO H3MEHEHHE SHTPO-
nui AS He 3aBUCHT OT TOro, KakHM NyTeM COBepluaeTcs Nnepexoj rasa
W3 OHOTO cOCTOstHHA B apyroe, B ofoux CayuasX H3MeHelue SHTpOMHH
AS=75,45 IOx/K. : *

5.230, AS=500 Ix/K.

5.231. Q=420 x/Ix.

§ 6. PeaanHuie rasu

6.1. Benuunya a Boipawaercd B [la.m8/monb?, BenmynHa b—B
M2/ MOJIb,

[y

6.2.
BeutecTBo a, Na-mM*/monbd{b, 10~ 3M3/MoNb
BonsiHo#t map - 0,556 3,06
Yraekucanii ras 0,364 4,26
Kucaopox 1 0,136 3,18
Aprou 0,136 3,22
Asor 0,136 3,85
Bonopon - 0,0244 2,63
Tenauit - . 0,00343 2,34

6.3. a) Pemasi ypasrenue Mengeneea— KnanefipoHa oTHOCHTe/bHO
TeMnepaTyphbl, HaXONUM

T=ppV/mR=280 K. .

6) Pewas yparnenne Bau-gep-Baaabca oTHOCHTeNbHO TeMIepaTypH,

HaxoAuM »
-
() (r-5e) = .



~

TakeM- o6pa3om, NpH MalkX JaBJeHHSX -ra3 BeleT celAd Kak
nieanibitui. [IpH GOMLIIHX JaBJYIEHHAX napauerpu.rasa yXe He 1ol-
Q4HAKTCA ypaBHeHHI0 MenneneeBa— Knanenpoua (cM. 3anaqy 6. 4)

6.4, a) T =281 K;.6) T=289 K.

. 6.5, a) T=482 K; 6) T=204 K. - S

6.6, a) p;=2,87 MIlla, p,=273 MIla; 6) p;=3,09 MIla,
pe="61,8 MITa. M3 cpaBheHHSl NOJYUEHHRIX Pe3y/bTATOB MOXKHO 3aMe-
THTb, YTO NpPH He OHeHb GOJIBLIHX JaBJEHHSAX peaJsibHble raswl Gosee
CKHMaeMbl, 4eM HJeasibHble (BJHAHHE CHJI NPHTSMEHHS MEXAY MOJeEKY-
JlaMH); NpH -GObIIMX JAABJEHHSX peaJbliple Iasbl MeHee CXKHMAaeMul, HeM
HAeaJbHble (BJUSIHHE COOGCTBEHHBIX OGHEMOB MOJEKYJ). \

6.7. Ty/Ty=Q2p+p)/(p-+p;)=1,85, rae p;=av?/V: Ecm 6u
ras3 JOMUMHSJCA ypaeHeHHI0o MeunJeneesa— Kianefipona, To 6vl10 6wt
Ty/Ti=

6.8. Onpegenernne ob6vema no Qopmyae Bau-gep-Baanpca TpeGyer
pelleHHs] ypaBHeHHs1 TpeTbell creneHH. OXHH H3 TpexX KOpHeH 3TOTro
ypaBHEHHs, COOTBETCTBYIONIHH ra3oo6pasHOMy COCTOSIHHIO BellecTBa,
MoxeT 6blIThb HalJeH MeTOAOM MOoc/eJoBATeJbHBIX MNpHGAHKeHuit,’/ U3
ypasHenus Ban-Zep-Baanbca a4 npou3BOJILHOrO KOJHueCTBAa V=rm/\
KHCI0poaa uMeeM

vRT

V== - @

B -kauectBe mepeoro npubauxenns GepeM V =V;—o06neM, nojyvaemoiit
13 ypasHeHHs] MenaeseeBa — Kaanefipona:

V= RT 004 wt
Torna . .
via  108.0,136 __
pi—-'{/vlz———(o—,éw Ha—2,4 Mna.

IMoacranass p; B (1), nonyunm BTOpoe NpHGJIHMKEHHE:

_ (10%-8,31-300 | . o - s
Vz_(w+10 :3,16-10~ > W =0,232 w3,

Torzaa
’ piﬁv—g“m” .

_/10%-8,31-300- . o 5\ s s
va_(w+1o 3,16:10 ) W =0,231 1,
[Moctynas TaKUM Ke 00pasom, MOXKHO NOJYYHTh YETBEPTOE H T. J.
npubnxenns. HeTpyano y6eImTbea, 4TO YXKe YeTBEPTOE NpPHGIHKEHHE
“TipaKTHYECKH COBINAJeT C. TPEThHM. ’I‘amm 06pa3om, ucKoMbift ofbeM
V=231 a,
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6.9, V¥=0,49 m® (cM. pewenne 6.8). -

6.10. IlocTosunan b, BXoAslast B ypaBHeHHe BaH -nep-Baanbca,
TIpHGAHIKEHHO pABHA yUYeTBEDEHHOMY COGCTBEHHOMY OGBEMY MOJEKYJ.
C npyro# croponn, b=T, R/8p,. Orciona o6beM 0OAHON MOMeKyJibi

__RT, 4 _ , 1
V—m——g nr —-B—T(O .

3ameuan, uto R/Ng=Fk—nocrosnHas bBoavnMana, noayusM o=

:—_i/ska/lﬁnpK;QEM nM. 3To 3HayeHHe XOpOWO COBNALaeT CO 3Ha-
. YeHHeM O, TOJYYEHHHIM APYTHMH crocoGa-
47 MH (cM. peweHue 5.141).
‘ 6.11. a) 0=297 nm; 6) o=313 nm.
Taxum oGpasom, pesyabTaTei, nOJYYeH-
Hble ,U.B}"Mﬂ pPa3HbIMH CHOCOGBMH, AAI0T
JIOCTAaTOMHO XOpolllee COBNaJeHHE,

a 6.12, A=79 um.
" 6.13. D=3,5-10—5 m?/c.
d Vv . 6.14. Ha puc. 91 jnan  rpadmx
p=/[(V), noctpoennmil gas v==1 kMo
Puc. 91. yraexkiicaoro rasza npu t=0°C, Kpusas

- @ COOTBETCTBYET YPABHEHHIO HA€aJLHOTO
rasa, Xpupas 6-——ypPaBHEHHIO peajbHOro rasa.
6.15. p;=27T2p?/64p,T?=1,31 klla.

m m o V=N __pb ) _
6.16 (V m b) i RT; x= > _—RT_-SSA), rae v u v’
KoJHuecTBa BOJOpoAa Ge3 yqe'ra H C yueTOM COGCTBEHHOTO o6beMa Mo-

JexyJ.
6.17. p;/p=4,95%; V;i/V=0,86%.
6.18. Pa6ora, coBepliieHHag NPOTHB CHJ B3aBMOJLEHCTBHA MOJIEKyJ,

Vs )
, m2a
A=szdV. rae  Pi= e
vy
Takum ofpasom, -

Vs
m?a (*dV__m%a (_1___L> _mPa(Vo—Vy)
- u2ViV,

OTKyJa .
A“El/l Vg A V1 Vz

" =0,13 M8 2,
=3 Va—7D =5 Ve VD) 0,136 Ila-m®/mons

6.19. AT =av (Vag—V1)?/V1V4iR=2,33 K, rae i-—uyuncno crenesefl
€B0GOLI MONEKYN Tasa, v-—KOJHIeCTBO as30Ta,
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6.20. a=0,364 ITa-m%/Mosb2. ) .

6.21. Tak kak Temnepatypa f;=31 °C—kpuruyeckas Temmeparypa
yIJIEKHCJIOTO rasa, TO Heo6XoAHMOe JHaBJjenye p=p,=7,38 MIla.
Tak xax TemmepaTypa f,=50°C Go/blile KpPUTHYECKOH TeMmepaTypHi,
TO HH TpH KakoM Aasienud Npu 50 °C He/lb3s NpeBPATHTbL YI/EKHCABL
raz B KHIAKYyI yrjekucaotry. Hauboibwnit o6meM Vg, =3b/p=2,9 n;
HaHGoMbLIee TABJCHHE Pmay = Py = 71,38 Mlla,

6.22, p,=p/36=196 xr/m®.

6.23. p, =8up, /3T R =57 kr/m®.

6.24. M3 ypasueuust Ban-nep-Baajdbeca B nprBeleHHBIX Bequuymnax
uMeeM

T=(n-3/0?) (3u—1)/8. . )

Y Hac n=p/pxy=93/5,07=18,4, Vo =3b=3T R/8py =
= 9,5-10~% M¥*/mosb; 0= Vy/Vox =0,056/0,095=0,59. [oncramass 3T
3nauedns B (1), moayuum tv=2,6 u, caegrosateavHo, T =1Ty =
=2,6-154 K=400 K.

6.25. p=2,7 Mlla. .

6.26. =p/p,=2,45.

§ 7. HacbimeHHble napbl H XHAKOCTH

7.1. Maccy BoasHOoro napa m B o6bheme ) BO3AyXa MOKHO HafTH
no tdopmyne Menjeneesa— Kaaneiipora

m=pV/RT. m

[Mpu T =323 K napjenue HacolieHHOro mMapa py==12,3 kIla, Tak kak
p=0,018 kr/mMoab, 10 H3 (1) moayyum m=82r,

7.2. py=0,082 rr/M3,

7.3. B 74000 pas.

7.4, B 12 pas.

7.5. OrHocHuTeNbHAS] BJAXKHOCTb ompefessieTcd GOpPMyJod w=p/py,
rae p— JapjeHHe BOJSHOrO TMapa, HaXOASIIErocs B BO3AyXe, H py —
IaBJeHWe BOJASHOLO Tapa, HACBHIMIAIOLErO MPOCTPAHCTBO MpPH LaHHOH
temnepatype. Macca m Boasmoro mapa B o6neme V BO3ayxa

m==pVu/RT =wp,Vu/RT, )

IMpu T =303 K xaBienue HacHImeHHOro Mapa py=4,23 klla. Tak kak
p=0,0t8 kr/Monb, 10 M3 (1) moayuum m=22,5r.

7.6. Am=6,9 r. .

7.7. £,=7°C.

7.8. n=10% M-8,

7.9. w=060,4%; Am=286 wr.

7.10. a) Mo pacunpeHus HacbleHHBI BOJAAHOR Map HaXOXHTCH MPH
temnepatype £, =20°C, a caeposBaTeJbHO (CM. Ta6J, VIi1), nasnenre
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storo mapa pi=2,33 klla. 6) Macca BoasiHoro mapa B KaMmepe 10 pac-
mHpenna my=ppVi/RT1==17,2 mr. B) py==p;u/RT;=17,2.10-3 kr/m"%
) Ty=Ty/(Vys/V1)*~1=268 K. n) IIpu Temnepatype t,=—5°C napnenne
HACHIIMEHHOrO BOJRMHOTO Tlapa p,=399 ITa, Macca [mapa B kamepe, co-
OTBETCTBYIOLIASL ITOMY JaBJEHHIO, #My==p,.V3/RTy=4,0 mr. Cnenoba-
TeJIBHO, macca CROHJIEHCHPOBAHHOTO napa  Am=mj—m,=
=(17,2—4,0)mr=13,2 wMr. € py=pu/RT,=3,2.10-3  gr/v,
#) Tak Kak IVIOTHOCTb BOASIHOrO Mapa Moc/ie pACIIHPEHHs (HO 1O KOH-
JeHcauuu)
_my_ 17,2.10-°
b=y, =T,25.10-° .

TO CTENeHp MEepPEeCHILIEHHS §$==Pg/Py=4,3.
7.11, 9,,==0,001 M%/kr; v,=1,25 m3/kr.
7.12, B nmpouecce HCHapeHHs KOJUYECTBO [Te[JIOTHl TPAaTHTCSA Ha

npeojoJieHHe CHJ BSaHMOJEHCTBHS MOJEKYJl H Ha paGoTy paciiHpeHHs

NPOTHB BHEINHEro JaBjeHHs, TakuM o6pas3oM, COTJIaCHO NEpPBOMYy 3aKOHY

TEPMOAHHAMUKH. HMeeM

Kr/m3=13,7.10~2 KF/M”,

re=AW-+ A4, : 8)]

rle ro—MOJSIpHAs TenJoTa napoo6pasopanus, AW -—usmeneHue Mossip-
HOH BHYTpeHHefl SHEPrHM CHJI B3aHMOJEHCTBHA NHpPH HCHapeHHH, A —mo-
JasipHas pafora, CoeepliaeMas NMPOTHB BHeWIHero JabJjierHdA. [Ipu stom

A= pg (Von—Vox)s @)

re py— JaBJeHHe HACHILIEHHOrO Mapa NpH TeMIlepaType mapoo6pasoBa-
Bus, Vou—MOJAPHEA O6BEM KUAKOCTH H Von—MOJIADHKHEA 06beM napa,
Hmeem ’ .

__ 0,018 xr/moms 6 o3
. Vo= o =000 Rr/v® ==18.10-9 m3/Mous,

rfe b -—MOJNSPHAA Macca H P—IJIOTHOCTb BOABL. TaK Kak MO YCJIOBHIO
v==m/u=1 KMOab, TO 10 [ypaBHennio Menzgeneena— Kaaneiipona
Von=RT/py. Ilpu T=473 K umeem (cm. taba. VIII) py=1,55 MIla
B Von=RT[pa=2,5 n/MOaL.

Cuptasi, 4TO H3MeHeHHe BHYTpeHHell sHepruu [B3anMojefcTBHS MoO-
JeKyJ NpH UCNapeHHH COOTBETCTBYeT ypaBHeHuo Ban-gep-Baaabca (cm.
sagauy 6.18), umeem

_a (Von— Vo)
AV == T @

rre a=27T2R?/64p, =5,56.10? Na.M8/mone?, 3ameuas, 410 Vou < Vors
nonyuuM u3 (1)—(3)
fa ap
ro=o—4py Von=-—-RT =35 xIx/Monn.
Vo L -

Torga yjenpHas TenjoTa napoo6pasoBaHHs r‘=ro/p=1,95 MJIIx/Kr.
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Tabn. IX pmaer pns  Temmepatypw #¢=200°C a3naueHue r =
=1,94 MIx/kr. Takum o6pasoM, HecMOTPs Ha TO, YTO ypaBHeHHe
Bau-nep-Baanbca, a caegoBaTennHo, ‘M ¢opmysna (3) sBasioTcs npH-
GAHXKeHHLIMH, COBNAaJeHHe Pe3yJLTaToB Xopoilee.

713, AW/rg=(ro—A)/ro=1—RTry=92,4%.

7.14, AW =17,22 g]Ix.

7.15. Himeem ypapHenue Kuaysuyca— Knaneiipona

dp ra
. 1
AT T (Von— Vo) )

CunTas, 9T0 HACHLIEHHBE MAPH! MOAYHHSAIOTCH ypaBHEHHO MeHpe/leeBa —
Knanefipona, wumeem (aaf v=1 wmoap) Vop=~RT/p. Tak krak (cM.
ta6a. V1) npu temneparype #==5°C paBieHHe HacHleHHOre napa
pu==2870 Ila, To HeTpyjHO HaHTH, 4TO0 Vop==2,65 mM®*/monb. Kpome Toro,
Vou=u/p=<<18-10-¢  wm¥/monb. - Takust 06pa3oM, Mbl BUAUM, YTO
Vow < Vog, ¥ TOraa ypasHedue (1) MOXHO HanwcaTb Tax:
d_p—_:ro_p" HJIH @=r—° d—T- )
dT ~ RT? p R T%
Jdna neGosbuoro HHTepBasa Temnepatyp To—Ty MOJSAPHY TeNJIOTY
HCapEHHA ry MOJXHO CUMTAThb IOCTORHHOA H TOI'A, HHTErpHPYS YPaB-
genue (2), noayuum

ps__ro{Te—Ty)
In S 2
, "o RIS ®
OTKy 12 '
__RT4Ty In (ps/py) i
S e e @

3jech pf H p,— DABJEHHS HACBHIMEHHOIO Napa npy TeMmnmepatypax Ty
u Ty. B 3ajaue TpeGyerca HafiTH yJeJbHYIO TEMJIOTYy NapoofpasoBarus r
npu temnepatype ¢==5°C. Ilosromy nns semuund Ty u Ty MOXHO BIATH
snavenns: £;=4°C u £,=6°C., Torfa Ha ocHOBaHHM HaHHHX Ta6a, VIII
nveem p;=811 Ila, p,=932 Ia u p,y/pi=1,15. Tlogcrasass B (4)
YUCJIOBEIE JaHHBIE, MOJYUHM ro==45 k/[x/Monb. OTciona yienbnasi Ten-
Jjota napoo6pasopaHus r=r;/n=2,49 MJIx/Kr, l'IOCprHB Mo JaHHBIM
tra6n. 1X rpaduk r=f(f), Herpyamo yGeantbes, uT0 npu {=5°C
nmeeM r=2,48 MJIx/kr, 4To jJaeT Xopowee COBNAakeHHE C HalACHHEIM
SHAUEHHEM.

7.16. r=0,302 MJILx/Kr.

7.17. p,=286,46 klla.

7.18. AS=2,86 Hx/K.

7.19. Ap=>599 Ila.

7.20. o papaenuss p==93 mlla, T. e. Jo JaBJieHHs HACHILEHHOTO
pTyTHoro mapa npu {=15°C, —.
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7.21. Umeem py=m/Vy u p=m/V., Ho tak kax V="V, (14B{), 10
p=po/(1+P2)==12,9.10% gr/m3.

7.22, t,=222°C.

7.23. p=1,055.10% kr/M3.

7.24, Ap=8 Aijk=1,4 MIla.

7.25. £=3,96-10-11 Tla-1,.

7.26. Ah=16,4 mm.

7.27. At=h (1}+p)/(L—h) =56 °C.

7.28. m=884 r.

7.29. I"Ipu HarpeBaHHH oGBeM cOCyla yBeJHUHJCA W CTald DPaBHBIM
V=V, {1--8't). IlnoTHocTb PTYyTH NpPH HArpeBaHHH CTaja DABHOH

=T (1)
LYV Y ' '
C npyro#i cTtoponl (cM. pewenne 7.21),
—_Po L — 9
P=T RV, (1+BD @
CpasuuBas (1) u (2), Haxonum'

mo (14-B'1)
_—"—H_T_%? Ty

7.30. B=7.10-1 K~1,

7.31. x=(B—0y)/B= 5/0, rae P u Bo—kosbduuueHTs o6BEMHOrO
pacuIMpeHHsl MacJa, HaiiJleHHbe COOTBETCTBEHHO C Y4eTOM H Ge3 yuera
pacHMpeHHs CTeKJa.

7.32. p==102 klla.

7.33, Cuaa, HeoGxomumas JAJs OTphHBA KOJAbLA OT NOBEPXHOCTH
POAM, CKJAABIBAETCA M3 CHJIbL TAXKECTH, JEHCTBYIOWlell Ha KOAbLO, H
CHJiBl TOBEPXHOCTHOIO HaTAXeHusd, T. e, F=F;4 F,. Cuna taxectn

Flzph-} (d2—d2) g=40,0 mH.

Ilpu oTpmBe KoJbla NOBEDPXHOCTHAd IJIEHKA pa3phHiBaeTcs IO BHELUHeH
H BHYTDEHHeH OKDYIKHOCTAM KOJbHA, [O3TOMY CHJA TI0OBEPXHOCTHOrO
HaTSXKEHHA

Fy=mno (d;+d,)=23,5 MH,

Takum o6pasom, F =63, mH. Ilpu 3TOM x=F,/F =37%.

7.34, «=0,032 H/m.

7.35. d=1,2 mM; I=D5 cm.

7.36. Cuna TsxKecTH, AeHCTBYIOIIas Ha KanJioO, B MOMEHT €€ OTphi-
Ba JOJKHA pa30opBaTh HOBEPXHOCTHYIO NJeHKY Ha JAauHe [=2mr, rie
r—pagnyc Iweiikn kanad, Orciopa cuana Takectw P=2nra=nda.
B macce m cnupta cogepxurca N Kaneab, npuueMm N=mg/P =
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= mg/ado, =780 xaneas. TFak Kak mo YCJIOBHIO KanjiH OTDHBAOTCH
vepes BpeMsi At=1 c onsa nocle Apyro#l, TO Bech CHHPT BHITEUET
uepes Bpems T=780 c=13 Mmnn.

7.37. o;=0,059 H/m.

7.38, Al=34 cm.

7.39. R =3/ 3ra/20g =2,2 M.

7.40. Broigenennas sHeprus INpH CJAHAHHH ABYX Kaneib pPTYTH
AW =a AS, rze naMeHeHue moOwaIy NOBepXHOCTH AS=4nr2.2 -47R?2,
rae R—pajguyc Goabwod kanau, Pazuyc R Haxoaum, npupasnusas
ofbem 60.buIOH Kanam cymMme OOLEMOB CAMBIIMXCA Kamenb: 2.4mr3/3 =

= 4nR%3, otkyza R=r ;//3 Torpa AS=4nr? (2——;/?) H
AW =05t (0= /). 0

Brijesiennast sHeprus NOfZeT Ha HarpeBaHHe PTYTHOH KaIlaW; cCJefoBa-
TeJIbHO, N .
AW =cm At =cp (4/3) aR® At =cp (8/3) mr® AL, 2

CpasuuBas (1) n (2), naxomum

At=30(2— v/ 4)/cp2r=1,65.10~4 K.

7.41, A=147 mxJIx.

7.42. A=64 wx[Ix.

7.43. A=432 mxlx.

7.44. [laBneHue BO3fyxa B Hy3bipbKe p CJOXKHTCA H3 4TMOCHEPHOTO
1aBJeHus Py, TMIPOCTATHYECKOro JaBJEHHS BOAM py=pgh n no6aBou-

HOro JlaBJeHHsl py==2a/r=4a/d, BHI3BAHHOrO KPHBH3-

HOii moBepxHOCTH. Takum ofpasoM, p==ps-+pgh-- 1
-+ 2a/r=132,9 xlla. J
7.45. d=8a/Ap=2,6 MM, ’ P f__si
7.46. h=4,9 m. | R
7.47. B 4,4 pasa, [
ﬁ—)

7.48. Paanyc menucka R cBfizan ¢ paauycom TpyG-
KA r caerywoumuMm obpasom (puc. 92):

r=R cos p=R cos (180°—8) = —R cos 9,

rae 0—kpaeBol yroa. Jo6aBouHO® NaBJeHHE, BHI3BAH-
HOe KPHBH3HOH MeHHCKa, Ap= —(2xcos0)/r. Tax Pue. 92.
Kak gas prytn 0 >m/2, T. e. cosO <0, 10 370 .
No0apouHoe 1apeHne IOJNOKHTENbHO, M YPOBEHb DTYTH B KaNuJasipe
6yjeT Huxe, yeM B cocyle. Pa3HocTb ypoBHed

CAR=— — M, oTcroja —cos~9:gl—pg-d=0,740.
pgd ) 4o

CurenoBaTesbHO, PafinyC KPHBHSHEI MEHHCKA PTYTH R == — r/c0s 0 =2 MM,
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7.49. R=0,53 mM; AR=2,98 cm.

7.50. h==13,9 MM,

7.51. a) d=1,5 Mm; 6) d=8,8 MM,

7.52, Ah=7,5 mm., .

7.53. d=0,15 mm. '

7.54. =0,07 H/m.

7.55. p==py{-2a/r=102,2 k[la.

7.56. O6o3nauuM: py M p—JaBJeHHS BO3AyXa B KalHJJAApPe 1O M
nocjae TOTPYXKeHHS KamHaasfpa B BOAy, Vo H V-—06BeMH BO3fyxa B
Kanuispe 7o u mocie morpymenus. II6 sakowy Boiina — Mapuorra |

pVo=pV. ' : 1

3nece p=py--2e/r, Vo=3Shy, rie S—naomans ceveHus Kanuansipa u
hy—ero pauHa, V=Sh,rre h—npaunra Tpy6KH, BbeTynalomeH Haf
KUAKOCTBIO nocae norpyxenusa. C yueroM aToro nmeeM

o] 2ah
Poho= (Po +—r'> h, otxkyna = R @

Ilo ycmosuo (hy—h)/hy=0,015, wuau h/(hy—Hh)=065,7, Iloacrasans
ugcJoBble JaHunie B (2), moayuuM r=0,1 mmM.

7.57. a) h=755 mm; 6) h=757 mm. TakuM "o6pasoM, ecn#t Tpy6Ka
yakasi, To aTtMocepHoe JaBNEHHE HE MOXKET OBIThb HENOCPEJCTBEHHO
OnpefieIeHO MO BBLICOTE PTYTHOTO ¢T06d A, TaK Kak K NaBJEHHIO cToj6a
npubaBaseTca elle AABAEHHE BLHIIYKJAOTO MEHHCKA PTYTH B TpyOKe.

7.58. K BoicoTe pryTHOro cron6a Hajo A06aBUTL 2 MM,

7.59. a) x=(H—h)/h=0,4%; 6) x=(H—h)/h=0,2%.

7.60. Yro6B WroJka Merja jJepikaTbCA Ha BOAe, HEO6XOAMMO, YTOGHI
JaBJieHHe, OKa3blBaeMoe HTOJIKOH Ha MJoWlalb ee ONOpPH, He NpeBHajo
JaBJeHHUs, BHI3BAHHOTO KPHBH3HOH MOBEPXHOCTH }KUAKOCTH B YIJYG/EHHH .
Moj MroOJAKON M HalpaBJeHHOro BBepX (cunmofi Apxumena npeneGperaem).
IaBsenue HroJXH Ha BORy pi=mg/ld=p Vg/ld=pn dg/4, rae [— tau-
Ha HroJxH W V-—ee o6bem. /[laBrenue, BLI3BaHHOE KPHBU3HOH MOBepx-
HOCTH 3KHJKOCTH, onpeseIeTcs dopmydtoii Jlannaca py=a (I/R{-1/R,).
B wamem c.rxyqae rIoBerHOCTb JKHAKOCTH LMJAHHApHYecKas, T. e. Ry=oo

‘H Ryg=r—paguyc uronxd. Toraa pp=o/r=

- . s =2w/d. Tak Kak HeoGXOIUMO, UTOSH! Py << P,
T z“;@ T0 pndg/4<20/d, otkypa d<< V Bajpng =
o 4 - =1,6 MM.

Pac. 93. 7.61. Her,

. 7.62. d=0,5 MM.
7.63. m=1,22 «kr,
7.64. m=27,5 wmr.
7.65. {floBepxHocTh cMauHBalOMeR xm,u,xocm MEKAY TIaCTHHKAMH
HMeeT MH/IMHAPHYECKYIO QOpMY ¢ paanycoM KpuBH3HEH R =d/2 (puc. 93).
Torfa Zo6aBo4lioe OTPHIUATE/bHOE AABJIEHHE MNOX LHAHHAPHYECKOA BO-
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rHytofi nosepxHocThio p=a/R=2a/d. Bexuuuna p—HN30HTOK BHeII-
Hero JAaBJGHUA, MASHCTBYIOUIEr0 Ha MmaoImafs naactunox S. Chegosa-
TeNLHO, CHJA4, KOTOPYK HAENC NPUAOCKHTh, YTOGH OTOPBAaTL IJIACTHHKHK
Ipyr OT jpyra, ~

F=pS=?§— §=31,5 H,

7.66. p==0,79-10> kr/m>.

7.67. a=0,5H/Mm.

7.68. [Ipn BepTHKaJLHOM MOMOMKEHHH KalHaJIsApa BEPXHHH MeHHCK
BOrHYTHI H JhaBJeHHe, BBHI3BaHHOE KPMBH3HOH 3T0r0 MeEHHCKa, BCerja
HatupapJeHo BBepX W paBHO py==2a/R,, rie Rj—paguyc KpuBH3HK
pepxHero meHucka, [lpu moaHOM cmaunBanuu py=20/r, The r— paguyc
kamuanspa, MuapocTaTuueckoe LaBfeHHe CTOAOA « KHAKOCTH BCErja Ha-
NpaB/eHo BHU3 U PaBHO Py=pgh. Ecan py > p,, To pesyabmapywomee
JaBJieHHe, HaNpaBJEHHOe BBEPX, 8aCTaBASET HHXHUH MeHHCK OLITb BO-
rHyTEM. TIpH 3TOM HaBjeHHe ps, BEI3BAHHOE KDHBHSHOH HHIKHEro Me-
HHCKa, HANpaBJeHO BHM3 U paBHO p3==20./R,, rie R,— pagHyc Kpu-
BH3HB HUXHEro MeHucka. B pasHosecuu py=p,--ps. Ecan p; < p,, 10
pesyNbTHPYIOUleS AABJAEHHE HAMPABIEHO BHU3 H HHXKHUH MEHHCK Gyger
Bumyk/ibM. [lpu 3TOM naBrenne pg=2a/R, GyleT HanpaBaeno yie
BoepXx. B stoM cayvae py-f-p3=p,. Ecan py=p,, TO HUKHHE MeHucK
OyleT OJOCKHM H p3=0, .

[Tonb3ysace YyHCAOBHMH JaHHBIMEA, HETPYAHO NONYUHTH: a) R1==0,5 mmM,’
Ry=—1,62 mm; 6) R;=0,5 mM, R,=1,46 mM; B) R;=0,5 mm,
R2=OO. .

7.69. m=0,22 p, .

7.70. a) h=11,5 mm; 6) h=12,9 mm; B) h=17,2 MM (cM. peme-
nue 7.68).

7.71. a) Ah=6,8 myM; 6) Ah=85 mm; B) Ah==17 mm; T) Ah=
= 23,8 mm. [lpn Ak > 23,8 MM KHAKOCTb HauHET BHITEKATb B3 TPY6KH 1.

7.72. Ecmu 6 kanuaasp 6b1 JOCTATOYHO IJHHHBIM, TO, KaK He-
TPyAHO YyGeluThCA, Bofa B HeM MOAHAJACH OH Ha BHICOTY h’==298 cM.
Ho Bhicora Kanunaspa Hai Bonoi h<h. K MEHHCKY MPHJOMKeHb!
AaBJleHEe po==2a/R, BHI3BAHHOE KPHBH3HON MEHHCKA, HAMPaBICHHOE
BBepX, M THAPOCTaTHYecKoe JaBJjieHHe p=pgh. [laa 71060 BHICOTH A
6ynem umeTe pgh=2a/R, otkyza R =2a/pgh==0,75 mm.

7.73. Ha apeoMerp, nuaBafomiuil B KHAKOCTH, HEHCTBYIOT: CHJa
TAXKEeCTH P, HaNpasjeHHas BHH3, CHJA MNOBEPXHOCTHOTO HATAXKEHHS
F=2nra=ndo, HanpapJeHHAs 0ODWU [OJHOM CMAYHBAHHH BHH3 (IpH
NOJHOM - HecMayuBaHHW BBepX), W cuaa Apxumesa F =g (V4 Sh),
HanpaBJieHHad BBepx, TJe ¥V —o6seM HeHMARHIDHYECKOH uaCTH apeo-
MeTpa, S-—IJIOmaAb TONEPeYyHOro CceveHMsi TPYGKU apeoMeTpa a h —
JANMHA DHJAHHAPHYECKOR TpyOKH, Haxoiswefica B XKHAKOCTH, B paBHO-
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BECHHA
P+F=Fy.

‘CQHTEH, 910 OT HeCKOAbKHX KaneAb CrnHpTa NAOTHOCTh BOABI He H3Me-
HH}IéCb, MbI MOXE€M Hamucatb IS BOABI H CIIHPTA COOTBETCTBEHHO

P—dnag=pg (V+Shy), P4dnoy=pg (V- Sh),

oTkyfa Ah=4Ax/pgd =2,4 Mum,
7.74. Ah=3,5 mm,

7.75. T=313 K. -
7.76. N =1000,

-1.77. p=290 «[]a.
7.78. m=2 r.

7.79. &=0,55; n=4.10% mM-3,

7.80. p=12,4 klla.

7.81. py=19,6 xlla,

7.82. N =50.

7.83. 3akon Payast MOXHO NpHMEHHTb AJIA ONpedesIeHHS MOJSPHON
MaccH BeiectBa, [leficTBUTeNbHO, 3aKOH Pay/s MOMKHO HamucaTh Tak:

v .

v Po p
=1, wm =1 =—F 1
| p v T Po—P  Po—p ¥ M
3ameyas, uTo v=rn/p u v =m'/p’, verpyauo us (1) nosyuurb
O
Het T e @

rAe m—wMacca pacTBOPHTENA, M —MOAAPHAN Macca PacTBOPHTENA, m' —

Macca pacTBOPEHHOrO BeIHEeCTBA M W' — MOJIIPHAA Macca PacTBOPEHHOTo

peinectBa. IloacTarasst unc/aoBbie naHHbIe, noayunm p'=0,092 xr/moan.
7.84. py=925 klla,

§ 8. Teepame Tena

8.1, U3 ypasueuus Knaysnyca— Knanefipona uaxomaum
ApT (V— V)

AT = i
%0 O]
C napyroit cropoHH, H3MEHEeHHe IHTpOIUH
AS=mhe/T =vq0/T, @

rae Ap—yledbHas TeNJoTa NJAaBleHUs, §p— MOJSPHAA TENIOTA MJapJe-
‘uus, m—macca. M3 (1) u (2) umeem |

AT =Ap (Vie— V1) ¥/AS =0,009 K, 3)
) 8.2. AS=15,8 klx/K,
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8.3. AV=1,03 x.

8.4. 2) c=390 i /(xr- K); 6) c=450 [k /(xr- K); B) =030 Ik /(1 K).
8.5. Monspnas Macca MaTepHana Wapuka p=0,107 xr/MoJp; cje-

JIOBATEJILHO, IApHK cleJaH H3 cepebpa,
8.6. B 7,2 pasa.
8.7. AT=66 K,

8.8. KOJ’[H‘XCCTBO'TG]’IJ‘[OTH, npomegimee yepes CJAOKEHHBIE BMecCTe

MEHYIO M JKeNe3HYIO IJIacTHRKR, onpejensercs GpopMyaoit

Q=M 4 St=1A, A S1,
OTKYyla
‘ t=7"1t1d2 +k2t2d1=34 5°C

Aydy—-hody

8.9. 1=1,28 Br/(M-K).

8.10. Q=190 wx.

:8.11. QT=8,38 Jk/c; m=60 r.
8.12. Qr=“‘7 HOx/c.

8.13. t=106 °C.

8.14. 1=28,6 u.

8.15. ITpu narpesannu oT fo==0°C po Temneparyphi £==30 °C ctep-

XKEHb y,Zl.TIHHHTCﬂ Ha BEJIH'-IHHy
Al =l [y =lyat.

M)

Yro6b He RaTh CTEPKHIO YMIHHHTBCH, K HeMY Hag0 NDHJOKHThH CHJY

F=Al ES/ly, otkyaa
Al=1,F/ES,

@

rge E—wmonyabp IOura Mmarepuana crepxua. HMs (1) u (2) Héxo,nHM

F=FESat=71 gH.
8.16. m=15,2 xr.
8.17. t,=20"°C.
8.18. ¢=1_8.10-% K-1,
" 8.19. Mmeem X718 CTaJbHOMO M MEIHOTO CTepMHER

L=l (1 +ayt) =lpy F-lg1ayt,
ly=1loy (1 4-apf) = lyg -+ lpsast,

Tlo YCJOBHIO -
ll“lz=Al, 101~102=Al.

Buunras (2) na (1) n yuntniBasi ycaosus (3), noayuum

aylyy==azly,.

)
&)

@)

@
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Us ‘ypagﬂe}mﬂ {3) u (4) HerpymHo HafiTH AauHy crepxuel npu {,=0°Ct
lpa==Laj/(ag—ay) =11 oM, [lyy=1lpo-L=16 cM,

8.20. B 1,02 pasa.
8.21. p=29,4 MIla.
8.22, d=4,0 mM.
8.23, =29 xm.
8.24. =180 m.
8.25, I=11,9 &M, - . -
8.26, F=2,45 kH; Al=4 cm; HeT, TaKk KaK yZAeJbHAasl Harpy3ka
MeHbllle mpefesaa ynpyrocTH. '
8.27. a=75°30".
8.28, n=3,4 ¢—1.
8.29. LlentpoGexuas cuaa, AEHCTBYIOWAA HA CTEPIKEHh, B JAIHHOM
caydae i
~ 1
‘ F= S ro? dm,
0

1

rlie ©O-—yIVIOBas CKOPOCTb BpallgHHS, r— PACCTOSTHHE OT 3/1EMEHTA Macchl
dm mo ocu BpaweHus, [1g OAHOPORHOro crepxkusa dm=pS dr, rie p—
NJIOTHOCTb MaTepuana crepikHs B S—ero cevenne. [IpoH3BeAT HHTerpH=
pOBaHHe, HOJNYYHM

F=pSw??/2,

OTKyJa IpeAesbHasg 4acToTa BpalleHH:A

. 1V‘ F
n=-3 zo—-=38 ob/c.

8.30. p=570 MIla.
8.31. Ilo saxony I'yka

—~

Al—l::—El— p“=%—§, OTKYJa F=%§ Al, 6]
Jasi ynpyrax cua ‘ )
F=£kAlL ) . 2
Cpapuusas (1) u (2), Buaum, uto k=SE/l. Torna )
A=k (Al)2]2 =SE (Al)2/2l, 3)

Bouucasas seanunny Al ua (1) ¥ nojctaBass OCTaJbHBIE YHC/AOBBIE JaH~
upte B (3), noaygum A =0,706 Ix.

8.32. E=2,94 MIla,

8.33, Has pacrskenus uuianra Ba Al tpe6yercs NpHAOXKHTL CHAY

Tt
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TIpH STOM BHYTpEHHH{I XHaMeTD TIJIAHra YMEHBINHTCH HA Ad=,ﬁdf/$.
Ho u3 (1) umeeM F/S=Al/al; cieaoBaTesbHO,
1Al odgAl

Ad Bdl——T-—- T

rge 0= ﬂ/a——xosd)dmuﬂem Myaccora. IMoxcrapass uucsoswe JlaHHbIe,
paiijgeM Ad=1 MM H, caeroBaTeabHO, dz—.dl—-Ad 9 MM,

8.34. x=0,3 M.

'8.35. M=2,96.10-"7 H.m.

8.36. 3akpyyHBaWMHi MOMEHT M—nNd“(p/(Ql 16), npuuem tg 2¢ =
= a/L. TIpy Mainix ¢ MOXHO MOJOXKHTb 1@ ~ @, u Torza p=a/2L =
= 32IM/nNd*. Otciona M=anNd*/64IL =1,96-10~18 H.m,

8.37, l1s nosopota NPOBOJIOKM Ha yroj d Hajo COBEPIIHTL paboTy

dA=Mdg,

rae M—gakpyunsaomuii moMent. Tak rak M=—naNrig/2I, To

A= S N g “NJI‘P —=1,25.10-12 [,

Sra paGota mepeiiieT B TOTEHIHAABHYIO 3HEPrHIO W 32KPYUEHHOX Mpo-

BOJIOKH.
8.38. a=1,74 cm.

8.39. Kosbgnunenr Ilyaccona UZ-ET:% , TA® r—paguyc npo-

BOMOKM ¥ [—ee pmua. O6LeMbi DPOBOJOKM O W TOCAE pacTsKeHHn;
' Vi=nrdl, Vy=n(r—An2 (+Al).
Ecan 06beM NPH PACTSIKCHHH HEe H3MEHHJCH, TO
ardl=g (r—An?(4-A).

IpeneGperas xBanpatamu peiuuud Ar u Al, Hafinem 572 Al=2mnr Arl,
oTkyza 0==0,5.

8.40. IlnoTnocte wneckartoro crepmua py=m/Vy, rae Vi=amrl.
[nothoets catoro crepxna ps=m/V,, tie Vy=m (r-+Ar)2 (I—Al).
CuenoBaTesibHO, H3MEHEHHE IJIOTHOCTH

A 1 m AV
So=p—pi=in (=7 ) =y

TaK KaK cKaTHe HEBEHKO, TO NPHOJHMEHHO MOXKHO NPHESTS VoVy= V2,
T. e, TOAOKHTs Ap==m AV/V{. Toria OTHOCHTEJbHOE H3MeHEHHE TIOT-
HOCTH Ap/pi=AV/V1.
Hajinem namenenne ofbema:
AV=nr3l—a (r4-Ar)? (I—Al), -
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IpeneGperas kBagpatamu BequuuH Ar u Al, noaydam

AV=V1-é—l(l—20); OTKyJAa o __ _Al_____A_!(l_z 0),
S 61 V1
rie 0—Kosppuuuent Ilyaccona. Ilo sakony Iyka Al/l=p,/E. Toraa
Ap _ pu :
— == (1l —20).
o= F (=20

\
Y nac pg=9,81.10" [la, E=1,18-10" [la u 0=0,34, Tloacramans
3T fAaHuple, noayuuM Ap/p; =0,027%.

8.41, AV=1 mu3,

Fnasa 111
JIEKTPHYHECTBO U MATHETH3M

§ 9. dxexrpocraruka

9.1, F==92,3 uH.

9.2, r3==8,94 cm.

9.4. B 1,25.10% pasa.

9.5. F=0,7 H.

9.6. Dueprusl  9/1eKTPOCTATHYECKOrO  B3aHMOAEHCTBHA  WIAPHKOB
Wy ==q2/4nEger, SHEPIAS HX FPABUTAUHOHHOTO B3aUMONEHCTBHA Wpp ==
= Gmymyfr. Ilo ycroBuio

g2/4mneger =nGmymy/r,

rge n=108; otciona g=V nege-4nGmymy =17 uKa.
0.7. a) Won/Wep=4,1701082 6) Wop/Wyp=1,24.10%.
9.8. Ha puc. 94 npeacraBieH xapak-
Wyh Tep 3aBHCHMOCTH sHeprun Wy, saekrpo-
CTAaTHYECKOTrO B3aHMOAEHCTBHA JABYX TO-
YeyHhlX 38PAAOB OT DPACCTORHHS £ MEeXAY
HUMH,

\L
/- 9.9. E=50,4 kB/m.

9.10. go = —2,23 vKa.
9.11. B 3asHCHMOCTH OT pacnofcxe-
Hu# 3apajoB: a) E=0; 6) £ =60 =xB/um,
Puc. 94. B) £E=30 xB/m.
9.12. E=0.

9.13. E=112 xB/m.
. 9.14. Ha xaxnoit wapuk. pefictByfor gse cdusl (puc, 95): cuaa 1s-
© WECTH /Mg H CHJIa SJIEKTPOCTATHUECKOIO OTTaJKHBAHHSI Fan Pauﬂo,ueﬁ-
cTBylomas 9THX cua passa F. Ho

- Fog=mgtg a=gq*/4neer?, r[2=Isina,
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‘TRE §.=@o/2——3apa] Ha KAaKAOM IUapHKe, g—YyCKopeHHe cBOGOJHOIO
DaJeHHA; OTCIOAA HMeeM ’

= Fox _ ¢ =156r
gtga 4nege-4l%gsinfatga o
9.15. g=1,1 MxKa.
9.16. Jas mapuka, HaxoAsulerocs B BO3AyXe, HMeeT MeCTO YypaB-
HeHHe (cM. peulenye 9.14)

1
_— 7 1
mg = 4nege-4l2sinatga ” ()
e
Ilpy norpyeHuH [MADHKA B KepOCHH HA
KaXablil IIapHK cTana JeHCTBOBATH BhITaJl- ,
_KHMBalomag cuaa Apxumera Fapx. Ona wa-
PHKa, HaXOslerocss B KEPOCHHE, HMeeM
F s 2
M Apx = g e AP sint o, 18 o’ @ 5,
r |
rae mg Y. i F
mg—Fapx=(p—px) Vg, 3) Puc. 95.

rie p—N/OTHOCTb MaTeprasna INapuKa, Py — MJAOTHOCTL Kepocuua, V —
0o0beM WapHKa, g— ycKopeHHe cBoGoaHoro nagesus. Ms (1)-—(3) nmeem
mg—FApx __p—py__ esinatga
mg p eg sina, tgo,’

oTKYAa
ey sin? oy tg oy
eg sinfoy, tg o, —esin?otg «

pP=px =2,55-10% kr/m% .
9.17. pp=¢ep/(e—1).
9.18. a=13°.

9.19. 0=2e4e V T2— (mg)?/q =78 MxKa/m2.

8.20. a) F=20 mxH; 6) F=126 mxH; B) F=0562,8 mxH.,

9.22, E=236 I'B/m. ’ ;

9.23. F;=3,4 H/m.

9.24. F;==8,1 H/M; A;=0,112 Ix/M.

9.25. £=3,12 MB/m; nose Hanpab/ieHO NepUEHZHKYJAPHO K M/0--
CKOCTH, NpOXoAsiieli uepe3 oGe HHTH.

9.26. Fg=>5,1 xH/m2,

9.27. Ha map aeficTByloT TPH CHJIb: CHJIa 3/eKTpHuecKoro moas F
(BBepx), cuna TaxectH mg (BHH3) H cuna Apxumena Fapx (sBepx).
B pasnoBecuu

mg=F-F ppy, H
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TpHYeM : ;
mg=4nR3gp/3, F=Eq, Fapx=4mR3gpy/3, 0]

rae p H Py—TJIOTHOCTA MefH W Macia. Hs (1) u (2) umeeM
q=4nR3g (p—pw)/3E =11 nKa.
9.28. R ==0,44 MKM.
9.29, Hmeem

Tsin o . .
T Dnegea’ ()
Crenas uepTex, HETPYAHO YCTaHOBHTb, HTO
12
“Vatpe
rae 1— IJHHA HUTH, a— paccTOfHHe DACCMATPHBAEMONl TOUKH OT HUTH,
[Moacrasasas (2) B (1), nomyunm ‘

, : @)

sin

Tl
" dnegea Vi (122

a) Eciu a<€1, 10 V @ ([[/2)F ~ {/2. B stoM cnyuae gopmyaa (3)

naet E=1/2nejea-~nanpaxkeHHocTb noJas GECKOHEUHO MJIHHHOH HMTH.

6) Eciu a>1, 10 V a®+(I/2)2 ~ a. Tax kak tl=gq, 10 bopmy-

aa (3) _;(aeT E =g/4neca? — nanpsaxeHHOCTb [OJIS TOYEYHOro 3apsja,
—_ — 8)2

9.30, — 1 = V; (I(_I_G)a) 1—1~6 ]/-g-.npu §=0,05ul=0,25m
npefenpHoe paccTosHue a=4,18 cm. '

9.31. [=0,49 m; E=135 kB/m; 1=0,41 mxKa/m.

9.32. lanuas safava aHaqorHuHa safaue 2.159.

Boabmem anemedT KoJbua dl (cMm. puc. 81). DTOT »saeMeHT uMeer
3apan dg. HanpskeHHOCTL 3J€KTPHYECKOTO IMOJst B TOuke A, co3jaHHas
9THM asneMeHToM, dE =dqg/4ne,ex?, Ona nanpasieHa no JHHUH X, COENU-
HsIOLeH Bd7eMeHT KoJabua dl ¢ Toukoit A, s HAaxOKIeHHH HanpsKeH-
HOCTH TNOJISi BCETO KOJIbLla -Hal0o BEKTOPHO CJ0XKUTL dE OT BCex 3J1€MeHTOB,
Bektop d& MOXHO pa3IOXKHTL Ha cocraBasiomue dE u dEy. Cocrab-
asomue dE, KaXAbX IBYX IHAaMETPaJbHO NPOTHBONOJIOXKHBIX 3JIGMEH-
TOB B3aHMHO YHHUYTOXATCsA, H TOTJa

3

E= S dEx.

CoctaBasiomas . .

L
dEt=dE cosa= dE——-—W ¥

4TO Ager .
) __Lqg
T dnegex® S dq= dnegexd’
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Ho x= Y R®*FL? u okonuaressHo
Fe— Lo
dnigge (R24-L2)3/
— HANPSKEHHOCTh SMEKTPHYECKOTO MO/t HA OCH KOJIbUA.
Ecan L > R, o E=gq/4neeel?, T. e, Ha GOXblMX pPacCTOAHHAX
3apsKeHHOe KOJbNO MOXKHO paccMarpHBaTh Kak ToueuHm# 3apsag. Ilox-
cTapasis B (1) uHcNOBHe AAHHBIE, MOAYYHM HaNpPSKEHHOCTH E, paBHLIe
0, 1,60, 1,71, 1,60 u 1,15 kB/m.
BpraSP{M penuninl X H L uepes yroa o. Vimeem R=xsina,
L =xcosa; teneps ¢opmysa (1) npumeT BHZ

(M

q 2
== —————. C0S & 5in®c
4ne,eR?

Jna BHaXoXIeHHs MaKCHMaJ/JbHOTO 3HaueHHs HanpsixeHnuocrd £ Bo3bMem
npoussonuylo dE/do ¥ npHpaBHsieM ee HYJIO:

dE ¢

do. 4meeeR?
Torpa nanpsiKeHHOCTb SJIEKTPHYECKOTO MO HMeeT MaKCHMaJibHoe
3HayeHHe B Touke A, pacnosoxeHHo#l Ha paccrogHHH L=R/tg g==
=R/V 2=17,1 cm oT uentpa ombuA.

9.33. B 1,3 pasa (cp. c sagaueii 2.161).

(cos? e 2sino—sin® ) =0, wim fg2a=2.

t

, ViE®ia® ™
B stom cayuae E~0/2505 T. €. A1 TOYeK, HAXOAAMMXCH Ha GIHIKOM
PACCTOSIHHH OT AHMCKA, IHCK MOXHO YNONOGHTL GECKOHEUHO MPOTSKENHO
FIAOCKOCTH, ) ]

6) Ecin a> R, 10 R/a wano u ]/_1-|-(R/a)'2 ~ 1 —R2/2a%. B stom

o R? )

Deee 2a°
TOYEK, HaxOASIHXCst Ha COJbIIOM paccrommn OT JYCKa, IHCK MOXHO
YHOAOGHTL TOYEUHOMY 3apsiay.

9.35. a/R—G/l/-l—G‘ = 0, Ilpy 8=0,05 1 R=0,25 n mnpegesnb-
Hoe paccrosimne a=1,2 cMm.

9.36, R=2,5 M; E=113 kB/m; B 1,1 paza.

9.37. R=0,2 m; §=10%. -

9.38. mv?/2=qq,/4neger. IloacraBiss uucioBble JfaHHBle, Hafigem
r==06 cm.

9.39, r==5,1.10-10 p,

9.40. r="6,1.10-1* y

9.41. 7 = 6.10-15 v; v=1,64107 M/c,

9.42. A=1,2 ux/Ix. ‘

" 9.44. a) p=11,3B; a) p=30 B, -
9,45, A=113 mx/x,

9.34. a) Ecmn a <R, 10 R/a pemuxo ¥ 1—

cayuae E= . Tar Kak 0==g/nR?, 1o E=q/dne,ea®, 1. e. ana
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9.468. v; =16,7 cm/c,
9.47. OtBer ya06HO npeicTaBHTh B BHAE TaGJHIH:

U, B |- 1 5 10 100 1000

v, mjc [5,93-10°(1,33-10 1,87.105 | 5,93-10¢ | 1,87.107

9.48. W, =8,5-10—18 [Ik; U=2,56 MB.
9.49. Mmeem dA=qdU, no dU =— Edr=1dr/2neeer u

. gt dar — Ll_ i 21’[80814
) Ineqer 2neoe Srege g OTOYAR T=or (ri/ra)” @

I'Io,uCTaBﬂﬂﬂ upcsoBble JauHue, noayuum T=0,6 MrKua/m,
9.50. T=23,7 MKkKa/m. .
9.51. v=2,97-107 m/c.
9.52. 0=2Ag.e/q Ar =6,6 mxKa/m2.
9.53. d=4,8 mm.
9.54. m=>5,1.10-16 gr,
9.55. B oTCcyTCTBHE 3JIEKTPHUECKOrO MOJA

mg = 6rnroy. . 3]
[lpu HajnupH AOJS
- mg— Eq =6nnjro,, : @

Ha (1) 1 (2) naxolum mg——Eq=—Zl_ mg, win
1

_mgl, v \_mgd/, U\, 0-15
0= (1-52) =" (15t )=t 10 K

9.56. B oTcyTCTBHE 3JEKTPHUECKOTO MOJS
’ mg = 6nnruj. )

[lpu waquund BOAA Ha NBIAMHKY ACHCTBYET TOPH3OHTAaNbHAR cuna F=gqk.
Iop peiicTBueM 5TOH CHJB NBUIMHKA NOJAYYUT YyCKOpEHHe, HO BCJIEACTBHE
CONPOTHBJEHHSI BO3LyXa B FOPH3OHTANLHOM HANpaBAEHHHM TAKMe YCTaHO-
BHTCH JIBHIKEHHE C HEKOTOPO# NOCTOSHHOH CKODOCTbIO Uy, NMpHUEM

gE =6nnru,. R b3}

PapnojieficTByIOIIas CKOpOCTelt v H U, HanpaBjeHa NoJ YIJoM ¢, TpH-
ueM tg o =vy/vi=qE£/mg. OueBHIHO, vy/v; =0,5d/I, oTkyAa [=0,5v,d/v,=
== 0,5mgd/gE =2 cm. Danee, v, =v;d/2l=1 cm/c. Vickomoe Bpems Ha-
XOZHTCA NO OfHOH H3 Gopmynr:. f=d/2vy, aubo #=1I/vi. Tloactabnsa
B moGYI0 K3 3THX (Qopmyn YHCJIOBbIE JNAHHBIE, MOJYHHM t=1c,
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9.57. [=2 cM; =64 mc.

9.58. r=10-%m; ¢=7,3.10~18 KJI.

9.59. ¢=1,73 uKa.

9.60. U =22 kB.

9.61. [=22 Mxm.

9.62. 1=0,5cMm.

9.63. U=2,8B; E=b530 B/m; 0=4,7 uKa/m?. ]

9.64. v=V 22U Ar/md=2,53-10% m/c. '

9.65. £=5,7 B/m; v=10°% m/c; A=4,5-10"1° [Ix; U=2,8 B.

9.66, F=9,6.10—14 H; a=1,05-1017 m/c2; v=23,24.10" wm/c,
0=>5,3 mKa/m

9.67. DiekTpoH B IJIOCKOM KOHJACHCATOpPe OYJeT ABAraTbCH 1O Mfa-
pa6oJsie NOJOGHO TOPH3OHTAJbHO GpPOMIEHHOMY TeJy B IOJE CHIB TsXKe-
cTH. [leHCTBHTENLHO, HAa /MEKTPOH B KOHJEHCaTOpe JeHCTBYeT MOCTOAH-
uass cuma F=eE, mox JefcTBHEM KOTODPON OH MHOAYHHT YCKOpeHHe
a=eE/m u, nponeraa anuny ! kounencatopa 3a Bpems f=I/v, OTKJO-
HHTCA Ha pacCTOfHHE

y=al?/2=¢eE22mu?, (1)

Uto6bl 37eKTPOH HE BhUIETEN U3 KOHIEHCATOpa, HAjKo, uTofu y = d/2;
oTca voglVeE/tnd Moacrapags uyHC/IOBEIE JaHHBIE, NOAYYHM JJs
3JIEKTPOHA Up=3,64-107 M/c H ANA d-uacTHLI 00—6 105 m/c.

9.68. 1=480 uc; s=22 cm,

9.69. o, =15,7-101* m/c?; 2, =8.10' m/c¥; a=17,6.1014 M/c2

9.70. B 2 pasa.

9,71. OTKJOHeHHe NPOTOHA H ®-4acTHUBI GyleT OQHO H TO XKe,

9.72. v=1,33.107 m/c; o=41°20",

2Ugyd -
9.73. U=+—""%5: ...288
’ T+ 172y
9.74. y=1 cm.

9.75. B 2,24 pasa.

9.76. Ej=¢e,U/(d 83} dsey) =60 KB/M; Ey=¢gyE /3= 10 kB/m,

9.77. C=T710 mx®; Ap= 1400 B.

9.78. m=2,5.10-20 xr,

9.79. 3apsan n Kaneab (p=fq. IT0T 3apsal GyaeT HAXOLHUTHCHA HA
Gonbuioll KanJe. Paguyc 60/1bwol Kanau HaAKeTCA H3 yeaoBUs n-4mrdp/3=

3 -
= 471R3%p/3, otkysa R=r 1/ n. Torna notenuman stofl Kanau
P =¢,/C=nq/4neeR = nq/4ne.er V?:B,G kB.

9.80. ¢=19,5kB.

9.81. r=2,1 cm.

9.82. ¢=E R —uHeiiHasa sapucumocth; @=1,56 MB,
9.83. Wy,=2,66-10~° [Ix,

9.84. C=5,9 u®.
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9.85. 0=1,77 MkKu/m2
9.86, D=3 cM. )
9.87. B panHOM cayuae ¢j=gqy, Ul ¢; H @g—3apAAH Ha [J1aCTH-
Hax KOHJEHCAaTopa N0 M mocje 3amofHeHHs sGomnTOM. TakuM o6paso,
g = const. CriiefoBaTeJibHO, H MOBEPXHOCTHASA. IJIOTHOCTb 8apfAja Ha mia-
ctunax 0=q/S =const. Tak Kak E=o0/gpe=U/d, 10 10 u mocne 3a-
MOJIHEHHA HMeeM ]
od = U18081‘, ad = UQBQEQ.’ !
YyutbBag, yto d=const m d=const, noayunm Uiej= U.e,, 0TKYyaa
U2= U181/£2 =115 B.
Jlo ¥ mnocJe 3anosHeHHs 360HUTOM HMeeM
Ci=¢€y8;,8/d=17,7 nd, C,=¢248,S/d =146 nQP,
0;=0,=¢/S=CU/S =531 nKua/m2.
9.88. B pannoM ciydae Uj=U, =300 B; C;=17,7 n®, C,=46 nd;"
o1=>531 uKa/m?, 0,=1,38 mxKa/m2. ‘
9.89. Ecoin Ey 1 Eg—-nanpmxe'ﬁuocm sJeKTpryeckoro noas, U; u
Us—najenus NoTeHLHUana B KaXJOM CJOE, To

81E =gyE,, " . )
Ui+ U,=U. 2)
YpaBHenue (2) MOXHO 3anuCaTh TaK:

Eydy+Esdy=U., (3)

Uz (1) n (3) umeem .

Ej=Uey/(ejdy+-€,d;) =15 kB/M, Ey=eg,E /e, =45 xB/m,
-Tlajenne MOTEHLHAJIOB B KaXJOM CJIOE:
Ui=75B, U,=225B.

Emkocts C HaXozu1cs 1o ¢opuyJe ’

%_=£.+Ci2, rie Cy= 8”::8 , Ca=£°—;:s—-‘ @

1

Pemas coBmecino (4), mosyunm
C =&y218,S/(ds8,--81d3) = 26,6 1P,

3apsj Ha OJIHOH H3 IJIACTHH g=08S=CiUj=CoU,=CU; orciona
o=CU/S =0,8 uxKn/m2,
9.90. U==1,8 kB.
9.91. C;=214 nd/m,
9.92, lmeem E =r1/2nesex, rae 3apai 1T, NpHXoAswmuiica HA exp-
HHIY AJHHEI KabeJf, HAXOAUTCHA U3 COOTHOLIEHHA

_2neel g __tL _ 2meqel
C“h@En-U=T R TTgm

In(R/m)"
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Y

C yueToM STOrO MNOJYYHM, 4TO H2NDPAKEHHOCTb. NOAA E =——re—— =
¥ v Y, P xIn(R/n)

= 136 kB/m.

9.93. PaGota cuJa 5AeKTPHUECKOro NOJH NEPeXOAHT B KHHETHUECKYIO
sHeprulo snektposa: A=muv?/2. Hmeem dA=qdU =— gE dx, Tak xak
E S
TxIn(R/r)’ To ‘

L
¢ qUdx _ qUln(ly/h) _ me?

A=— xIn(R/ry InR]r) 2!
A

OTKYJa

29U In (Iy/ly) _
min(Riry —

9.94. BHYTpH NHJIHHAPHYECKOTO KOHIEHCATOpA HANPSIKEHHOCTh MOJIA

1,46-107 m/c,

E—~———U—-— [lagenHe moTeHIHAIa B IEpPBOM CJIOE
TxIn(Rjr)’ A A pBo?
r r U' Unl
N — 0 _UgIn[(r+dy)/n,
Ui= S Edx= S MRS T m®
r+d, ) r+d;

najeHye MOTEHIlHaJa BO BTOPOM CJI0O€

Uy Yo 10 [R/(r +-d1)}
In (R/7) :
Otcioga )
Ui _ In{(r+dy)/r]
Ve In[R/(r-+dy)]
9.95. C=0,96 nd, ’
9.96. a) =300 B; 6) ¢=75 B,
- 9.97. C=1,17 u®, Ry=2,1 M.

9.98. E=UrR/(R—r)x*=44,5 kxB/s. Ykaszauue, dadnas 3a-
naua asajnorHuHa sajaue 9.92, HO moJle NUJIMHIPHUECKOTO KOHZIEHCATOpA
3aMeHeHO MoJeM cgepHYecKoro.
HUR (=5

Has sajaua aHaJorHYHa 3ajave 9.93, HO mO/e IHMIMHADPHYECKOTO KOH-
JeHcaTopa 3aMeHeHo HoJeM cdepuyecKoro,
9.100, C=0,33 Mx®.
9.101. Cy/C,=3. .
9.102. ¢;=¢,=8 mxKa; U;=4 B; U,=2 B. .
N 9.103. Emkocts C CHCTEME KOHfieHCaTopoB H3MmeHsercs oT [0 po
170 n® npu napanaensromM coepusesud H or 2,23 po 3,27 u® mpu
NOC/IeI0BATE/1bHOM,

=1,35,

9.99. v= =1,54-107 m/c, YKasanue, ﬂaH;

- 819



N

9.104. Emxocts C cucTeMbr KOHIeHCATOpoB #H3MeHaeTca of 20 10
900 n® npn napaaserbHOM CoepHHeHHH M OT 5 1o 225 n®d npu nocae-
JOBATEJbHOM, ‘

9.105. W=:0,1 Hx.

9.106. W =0,05 k.

9.107. R =7 mM; ¢=7,0 nKa; C=1,55 n®; W—ISB Mrx. ,

9.108. a) W,=50 Mrllx; 6) W1=Ws==12,5 ugDK, A=25 mxx;
B) W1=W3=3,125 M, A=6,25 mx]Ix.

9.109, a) ¢;=3 xB; 6) ¢,=20 uKa; B) W;i=15 Mgk, W,=
=90 Mkl 1) g1=18 nKa, @1=>5,4 kB; 1) gs=12 uKa, ¢1=5,4kB;
e) W =81 mx/x; x) A=24 mx/x.

9.110. ¢, =2,7 MxKn,

9.111, ¢=17,7 MxKan; E=333 xB/M; Wy=2,94 [x/m3,

9,112, p=26,5 Ila.

9.113. U=15 xB.

9.114, a) E="56 xB/M; 6) d="5mm; B) v=107 m/c; r) W ==695 nllx;
1) C=1,77 n®; e) F=139 mxH.

9.115, I/ =21,7 «B.

9.116. £E=60 xB/m; Wi=20 mxIx, W,=8 mx/Ix.

9.117. Ex=E,=150 kB/m; W;=20 mx[dx, W,=>50 mxlx.

9.118, a) W;=443 nlx, W,=17,8 ullx; 6) W;=443 nllx,
W,=11,1 MxIx. '

9.119, ¢=4,5,

9.120. a) Emxocts ymensumjaace Ha AC=1,1 n®; nortok nanps-
JKEHHOCTH yMeHbuindcs Ha ANg=750 B.M; of6bemHass nJOTHOCTH 3Hep-
run yMmenbmuiack Ha AW,=48 wm[x/M3. 6) Emxocts, Kak H B cay-
yae a), ymesbwnaach Ha AC=1,1 n®; TOTOK HANPSKEHHOCTH HE H3Me-
unaca (ANg=0); o6beMnasi ILIOTHOCTb SHEPrHH TaKiKe He H3MEHMAZCh
(AW, =0).

9.121, a) Wy=0%R4%/2¢pe (R 4 x)* =97 MIIx/M>; 6) Wy =02/8csc =
= 1,97 IIx/M®; B) Wo=12/8n%ex® =50 M x/M3.

9.122. Bsenem o6o3Hauenusi: Gp~—NOBEPXHOCTHAR ILIOTHOCTB 3apsjia
Ha NJIaCTHHAX KOHJEHCATCpa B OTCYTCTBHE AWSJIEKTPHKA, Op— JIOBEpX--
HOCTHAs TJIOTHOCTh 32PAAA Ha MAaCTHHAX B IPHCYTCTBHH AHAJIEKTPHKA,
Ocp—OBEPXHOCTHAST IIIOTHOCTb CBSI3aHHBIX (TOJSIPH3AUMOHHBEIX) 3aps-
JoB Ha JausjexTpuke., CoBMECTHOe JeliCTBHE 3apsiOB Gy H 0.y TaKOBO,
KaK O6yATo OBl HAa IpaHHILe Pasjesa NPOBOAHMKA M AUIMIEKTPHKA HMeeTcs
3apsij, paclpeleeHHblll ¢ MJIOTHOCTHIO

L 0=0y;—0¢s. o)

Takum o6pasom, 0— HOBEPXHOCTHAS IJIOTHOCTb «3(eKTHBHBIX» 3apsA0B,
T. €. 3apsLOB, ONpeleJAIOMHUX CyMMapHoe, DPe3yJabTHPYIOIlee foJe B AH-
snekTpuke. OYEBHAHO, BEJHYHHBl Oy, 04 H O CBSI3aHBl C COOTBETCTBYIO-
H{MMH HanpfAXEHHOCTAMH NOJA CAEAYIOWHME COOTHOWIeHHSAMH;
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B o'rcytcmue ,uus.uex'rpnxa o )
o 7 C‘n/Eo=U1/d§ )
B NPHCYTCTBHH JM3MEKTPUKA ‘
Ey=0,/89e =0/gq=U,/d. )]
M {!) nMeeM Oz ==0,—0, HAH Ha 'OCH'oéaHnH 3)
Ocp==2898Ey—8&gEy =12y (€—1) Ey=¢y (e —1) Uy/d.
a) JIo OTKMOUEHHS KOHJEHCATOPa OT HCTOYHHKA HATPIIKEHHA
Ui=Uy=U u 6cg=gg(e—1) U/d==17,7 mxKa/m2.

HaMenenne noBepXHOCTHOH NJIOTHOCTH 3apsJa NPH 3alOJIHEHHH KOHJeEHCa-
TOpa JHINEKTPHKOM Oy — Og=£eE; —&oE;. Tak Kak B JaHHOM ciyyae
E2=E1=U/d, TO :

Oy —Gy=28q (&—~1) U/d =05 = 17,7 mxKa/m?
Taxum 06pasom, GJrarofapsi HCTOUHHKY HANPSIKEHHS HA WMAACTHHAX
KOHJIeHcaTopa TMosBATcA 00aBouHbe 3apsiiibl, KOMIICHCHPYIOUIHE YMEHb-
lIeHHe 3apsija, BHI3BAHHOE IOJISpH3aLHKed IHIJIEKTPHKA. '
6) Tlocne OTKJOUEHHS] KOHAEHCATOPa OT HCTOYHHKA HATPSIIKEHHA
g=const u Uy=g,U/ey (cM. pemenne 9.87) u

Op =8 (e—1) Uy/d=¢ey (~1) g,U;/€,d =2,53 uxKa/m2.

Tax Kak g=const, TO G¢g==0;, T. €. HOBEPXHOCTHAS IIOTHOCTL 3apsana
Ha NJaCTHHaxX KOHJEHCATOpa He M3MeHseTcH, .-

9.123. Tlonsph3oBannocTb - P, 4HCAEHHO paBHas MOBEPXHOCTHOM
TNJIOTHOCTH CBSI3AHHLIX 3apSIJ0B G¢p HA JMIMEKTPHKE, NPONOPIHOHAJBbHA
HaNPSIKEHHOCTH MOAS B JH3JEKTPHRe, T. €. P=0,=x'E. B cucreme
CH nusiexTpadeckas BOCHDHHMYHBOCTB ' HMEET pasMepHICTh (apai
Ha Metp. MoxHO nokasatb, uTo M’ = 4nggx, rie »— Ge3pasmepHas BeJN-
yiHa (Ta6aHyHOe 3HAueHHe JUINEKTPUUECKOH BocmpHHMuHBocTH). Torma
IIOBEPXHOCTHAs IJIOTHQCTH CBSI3aHHLIX 3apSAOB Ha AHUSJIEKTPHKE

Ocp = 4negnE =dnegnl/d = 7,1 mKa/m2,

HajiieM u3/eKTpHUECKYIO MPOHHUAEMOCTh AM3JNEKTPHKA, TaK Kak
Ocp==¢y (e— 1)} E (cM. peumtenue 9.122), 70 O p=dnegrE=2gy(e—1}E,
otkyfaa £— 1 =4mx, uaa e =1 4w =1-447.0,08=2. Torna E=U/d=
='0y/8pe. OTcI0ga NOBEPXHOCTHAA INJOTHOCTh - 3apfja Ha IJlaCTHHAX
KouJeHcaTopa R

Og= Usoe/d=‘ 14 MxKJl/M’.

9.124. a) E=300kB/M; 6) 0,=15, QMKKJl/M2 B) Ocp=13, 3MKK.H/M2'
r) % -—O'CB/E 44,4 nd/M, n=xu'/dnee=0,4.

11 B, C. Boabxenwrefin [ a2l



9.125, U=1,75 kB.

8.126. ooz ==1 MrKa/m2, :

9.127. 2) E=752 xB/M, D=geeE=13,3 wmxKa/m?; 6) O
=6,7 MxKa/m3 B) 05==13,3 mkKa/m?;, 1) Wy=5 Ix/M®; )%’
=8,9nd/™M, x=0,08. '

9.128. 0., =>5,3 MrKa/m?; v =17,7 n®/m, »=0,159,

9.129, a) A=19,7 MxIx; 6) A=98 mMx[[x.

U

~

§ 10. dnexrpuvecknit TOK

ty 3
10.1. g= S ldi= S (4-+-28) dt =48 K: I,=12 A,
_ iy i .

10.2. a) R=70 Owm; 6) R{=287,56 Om; R, =116,7 Om; R3=175 Om;
R ;=350 Om,

10.3. N =200.

10.4. /=500 M; d=1 M.

10.5. R=1,8 MOM.

10.6. B 2,22 pasa.

10.7. Hmeem Ry=R, (1+ct;), rae Ry-—conpoTusieHde HUTH TNPH
ty=0°C; orcwopa Ry=Rji/(1+-oat;)=32,8 Om.. Hanee, Ry=U/l =
=364 Om, 1 TaK Kak Ry=R, (-t aly), To ly=(R;—R)/Ryo=2200°C,

10.8. 1=17,5 MA,

10.9. #,=70°C, ‘

10.10. U=5,4 B, .

lo.ll. Ui=12 B, U2=U3=4 B; 12=2 A, 1321 A.

10.12, /==0,11-A, U=0,99 B, U,=0,11 B, n=009.
AU 10.13, U= R(f—r R—ll_}_IRR KpHBa;{ na
puc. 96 [paer xapakTep 3aBHCHMOCTH [aleHUs
norennyana U Bo BHewHefi LemH OT BHEWHEro
conporunnenus R. Kpusag acHMITOTHYECKH NpH-
6muzkaetcs k mpamol U=g&=1,1 B,

10.14. U,=0,125 B; R =7,5 Om.

10.15. n=25%.

Elr e i s e

e 5 10.16. U,=2,7 B; r=0,9 Om,
1017, x=U/& =n/(14-n); a) x==9,1%; 6)
Puc. 96, x=50%; B) x=91%.

10.18. n=280%.
10.19. [pu noceoBaTeILHOM COeAHHEHHH 3MeMenToB [ 1 =2&/(2r1-R),
npu mapansenbHOM coefubenun’ /o= &/(0,5r+R).
a) 1;=5 A, I;=57 A; 6) [1=024 A, [,=0,124 A, Takum 06-
pa3oM, ‘IIPH MaJOM BHE[HeM CONPOTHBJEHHH R 5/eMEHTH BHIrojinee
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COEMMHATL Napas/eNbHO, @ NpH GOJbUIOM BHEWHEM COMPOTHBJIEH HH —
. IOCNEAOBATRNBHO.

10.20. 'a) AR/R=1%; 6) AR/R =10%; ) AR/R-—IOO%

10.21. a) AR/R =20%; 6) AR/R =2%; 8) AR/R =0,2%.

10.22, 1;,=0,6 A; 1,=0,4 A; I=1i+1,=1 A, )

10.23. Toxk B nenu /=2& /(R4 ry1+r,)=1,33 A, Pasuocrs noTeH-
IHaJOB HA 3axHMaXx nepsoro asiaementa Uj=&—1Ir;i=0,66 B; pas-
HOCTb NQTEHUMAJOB HA 3aXKHMax BTOporo ieMeHTa Usy=&—7Iry=0.
YuamuMes npeasaraeTcsi HCCledoBaTh B OGIeM BHAE, NPH KaKOM COOT-
HOWeHHN MeXay R, ry H ry PasHOCTb MOTEHIHAN0B Ha 32XKHMaXx ONHOTO
U3 3/eMeHTOB Gy/leT paBHa HYJIO,

10.24. R;=1,5 Om; Ry=2,5 Ou; Ui=7,5 B, Ug.-.l2 5 B.

10.25. =2 B; r=0,5 Om.

10.26, /1 =0,2 A,

10.27. R;=60 Om.

10.28. /,=0,4 A; U,=32 B.

10.29. R, =60 Om.

10.30. /=2 A, U,=2 B.

10.31, U=80 B.

10.32. =170 B.

10.33. a) /=0,22 A, U=110 B; 6) /=0,142 A, U= 532 B;
B) /==0,57 A, U=110 B; r) /=0,089 A, U=35,6 B.

10.34, /=40 A. .

10.35. ITapanneanHo ammepMeTpy Hajo BKJIOUHTE COMPOTHBJEHHE
R =0,02 OM; mesa fenenusa amnepMerpa uaMmenntca u smecto 0,1 A/nen
cTaneT pasHoil 1 A/pen.

10.36. [locneposaTeqbHO C BOJBTMETPOM HAA0 BKJKOYHTL COMPOTHB-
Jenne R =3 kOM; mena JAeNteHHS BOABT~ ¢
Metpa u3Menutcs H BMecto 0,2 B/men
craer pasiodt 0,5 B/zen.

10.37. a) Ilapannmenwuo npuGopy
HaZo BKJIYHTL CONpPOTHBJIeHHE R =
=0,555 OM; 6) nmocnenoBaTenbHO C IpH-
6opoM, HaJO BKJIOYHThL conpomsneﬂne .
R=9,95 kOM, Puc. 97,

10.38. R=2300 Om; =212 u.

10.39. Cm. puc. 97; /i=1,==0,365 A, J3=0,73 A,

10.40. AU =6,8 B.

10.41. AP=212 Br,

10.42. S=78 mm2,

10.43. a) Qi/Q,==0,17; 6) Ui/U,=0,1T.

10.44. a) Q1/Q:=5,9; 6) Uy/U,=1.

10.45. Qv= 18 x/c.

10.46. Py=2,4 kBt; P=2,3 kB1; =969,

10.47. r=1 Om; 11 =283,3%; n.=16,7%.




10.48. INo Toukam na xpusok (puc. 34) cocrannﬂeMi'raﬁnﬂuyf

-

La jolrlelslalste]7)s]oliw

P,Br|0]|1,8]3,.2 4,2]4,8 5 |48/4,2]32/[t,8/0°

MomHocTs, BHIeJASeMds BO BHEIIHel LENH (M0Je3Has MOLIHOCTD),
HOCTHTraeT MAKCHMyMa [NpH ~BHEINHEM CONpPOTHBJAEHHH R, DaBHOM BHYT-
peHHeMy CONPOTHBJEHHIO r 3/eMenta. LIpH 3TOM NajeHde mMoTeHIlHana
Bo ByeinHedl wemd U =g /2. Torga K.n.Z. snementa 7=0,5. B namem
ciaydae Ppa,=1U=>5 Br. Cnenosarenpo, U=Pyay/l==1 B; orciona
3. 1. ¢. aneMenta & =2U=2 B. Tak kak npu stom [ =e§/2r, T0 BHYT-
peHHee CcONpoTHBAGHUE ieMenTa r=¢&/2[=0,2 Oum. [lagenue TOTeH~
urana Bo BHewHedl uemd U= P/} k. 1. &, saementa n=U/E=P/&I.

10.49., I'lo Touram Ha Kpumo#l (puc, 34) naxoaum (cM. pewenue 10.48)
&=2DB 15 r=020m 3nas & u r, vaitgem 1, Py u P,

10.50. &=4 B; r=1 Om.

o 10.51. O sasucumoctd U, P u Py ot R cM, B pewennnx 10,48 u
.49, '

10.52. §=6 B; r=1 Om.

10.83. P=60 Br. :

10.54, /=1 A.

- 10.55. P;=16 Br.

10.56. & = 100 B.

10.57. Pa3znocts moTenuuaso U HA KoHHAX MaMMOUKH MEHSETCR
or 30 10 54,5 B. Momuocte P, noTpeGasfieMan JaMMOuKOM, MeHserca
npu stom ot 30 xo 9,9 Br.

10.58. a) Q1= 16,37 [Ix/c, Q2= 3,82 lIx/c; 6) Qv = 16,2 Ix/c;
Qr2=27,2 [x/c.

10.59. Boabuwryio (B 1,5 pasa) MowHOCTL [OTpeG/ifieT JNaMNOUKa
€ MEHbIIHM CORNPOTHBJCHHEM.

10.60. At=236°C.

10.61. V=29 a.

10.62. P=1,2 gBT; R =12 Owm.

10.63. .Q =250 k]IIx.- -

10.64. a) 1=25 Mud; 6) v=50 muu; B) 1=12,5 mumu.
10.65. a) 1=45 mun; 6) T=10 mun. .

10.66. T=22 mun, i
10.67. Ry=>5,4 Ou; ¢=2,1 kllx/(kr-K); Ry=49,6 Om, "
10.68. 1==80%. ‘

10.69. a) R=14,4 Om; 6) =113 u; B) P=1 «kBr.

10.70. -At==3°C.

10,71, CrouMocTb 5/eKTposHeprum B Mecui, pasHa | p. 33 k,
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10,72, -t =49 MuH.

10.73. R =33 Owm. . . )

10.74. KosuuecTBa .TeNJIOTH, BHACAHBIJHECS B MENHOM nposoje H
B CBHHUOBOM NpefOXpaHHTee: o

Qu=rmyc; Aty=8;1,8:1ci Aty, Qu=8,1,8;(ca Ata+1), (1)

rae 8y m 8, —naoTHOCTH MelH W cBuHUA, lf H l,— JHAL npoBoja H
NpelOXpaHnTelst, Cf H Cy — yJeJbHbIe TENJIOEMKOCTH MeJH H CBHHHA, Alf
U Aly=1 5 — f(—NOBLUIIEHHST TeMIepaTyphl NPOBOAA U NpeAoXpaHuTeNs,
r—yjeJbHasa TENJOTa NJaBJeHHss cBHHUA. Tak Kak ofa mposoja BKJIO-
YeHbl B fenb NoCJAeA0BaTeNbHO, TO

Iy=1y, Q1/Qa=Ri/Ra=1:Sspi/1aS1p2; 2
rie pi H ‘pg—-ynenbnue‘conpohmneﬂml mead u ceunpa. s (1) u (2)

HMeeMm

811:8:c5 Aty — p111Ss
820,83 (ca Aty +7) " palaSi’

OTKYJa pagHOCTb TeMIepaTyp

o 91623‘3 (cz Aty+-r)
Aty =,
p281S1ct

Y nac (cM. taba. XI u XV) p;=0,017 mMxOm.M, py=0,22 MKOM - M,
8i=18,6.10% xr/m3, 8, =11,3-10% wr/m3, c; =395 Jx/(xr-K), cg=
=126,0 x/(kr+ K), {,=327 °C, r=22,6 x/Ix/kr, Aty =5 — f,==310°C,
Honctasasig stu panuue, nonyunm Afj=1,8°C. .

10.75. Q= 1,55 xIx/(c-M3).

10.76. Ji=1,=26,7 MA; -I3=[,=4 MA.

- 10.77. IlpumerrM 3axoH Kupxropa nas jpaHHOH Da3BeTBJEH:IOR
uend. ‘[Ipexje Bcero HAMETHM HamnpapjeHHe TOKOB CTPEJKAMH Ba pHC. 98.
ITpeanonoxum, 4To TOKH  GYAyT HATH B HAaNPaBJEHHH NOCTaBJICHHBIX
namn  crpesok. Ilo  nepsomy sakony Kupxroda aas ysaa C

s Is=1i+ 1y m .

(lass yana A MBL NOJNYYHM  TOXKJECTBEHE e

ypasHensue.) ITo- Bropomy '3akony Kupxroda

ans xourypoe ABC n ACD
TRa+-IRi=&1, () ,
1iRi—11Ry = &s. 3) Puc. 98.

(Bmecto kourypa ACD wmm xomrypa ABC MO3HO - 6HLIO 6bt B3ATH
koutyp ABGD.) §
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MMeeM TpH ypaBHeHHs JNIfl HaXOXKJEHHS TpeX HeH3BeCPHHX: [y, /g
H /3. Ipu peuwlennu 3azau Ha npHMeHeHHe 3axoHoB Kupxroda ynobuee
ypaBHeHHs1 (1)—(3) npeAcTaBHTb B UHCJIOBOM BHJE:

Ig=I1+1a, 101,4451;=2,1, 45/;—10/,=139.

Pemasn 5Tu ypapHeHHs, noayunM /;=0,04 A, /,=—0,01 A u J3=0,03A.
OtpunaTeibHbll 3HaK y TOKa /, YyKasmBaeT Ha TO, 4TO HampaB/edHe
TOKa HaMH GBLIO B3siTO HeBepHO, HampaenenHe Toxa /, B JefiCTBHTENb-
HOCTH Gyler oT D x C, a He Hao6OpOT, KaK 3TO GHIIO HPHHATO mepef
COCTaBJIEHHEM YyDaBHEHHH.
10.78. U=1,28 B.
10.79. R =0,66 OuM; /,=0,50 A; ]=1,5 A,
10.80. R==0,75 Om; [,=2A; I=4 A,
10.81. /=20,4 A.
10.82, /=2 A.
10.83. R; =20 Om.
10.84, 1 =0,45 mA.
10.85. /=1 wmA.
10.86. /;=2385 MA; [,=77 MA; [3=308 MA.
10.87. 1;,=0,3 A; [,=0,5 A; [3=0,8 A; Ryg=7,5 Om,
10.88. §+2=30 B; §3=45 B.
10.89. /=9 A,
10.90. &§1=24 B; & =12 B; 12——1 2 A; [3=03 A,
10.91. /,=2,28 A; [,=0,56 A I=1,72 A,
10.92. B 3 pasa.
10.93. U =100 B.
10.94. &= &+=200 B.
10.95. /=75 MA. .
10.96. 2) U;=120 B; U,=80 B; 6) Uy=U,=100 B,
10.97. 1=2 u, ‘ : ‘
10.98. t==10 MuH.; d=4,6 MKM.
10.99. j =56 A/M2
110.100. K =1,04-10~% xr/Kn.
10.101. AmnepmeTp mOKasmBaeT MeHnbwe Ha 0,04 A,
10.102. my,=>53 mr,
10.103. 7=149 u; W=>53,7 I'lx.
10.104, W=1,8 xllx.
10.105. DHeprus, HeoGXOAMMas AJIsi BBUIEJEHHS MAcchl /7 BELeCTBA
npa 3/eKTposn3e,

W=1Ut=mUZF/A, (1)
rae F—nocrosnnas Papames, A—wMoaspHas Macca, Z-—BaJEHTHOCTb

H U-—npunoxeHnas pasHOCTh NOTEHIHa0B. UTo0m PasdiomuTh
v==2 MOJb BOAMI, T. €. UTOGH BHIENUTh m==4 I BOJOPOAA; Tpe6yerca
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5,75.10° Ix suepruu. Tarum o6pa3oMm, y Hac m=4r, W =5,75.10° Ik,
Tloacrapasa auchaoBhe gakHuie B (1), nmoayunm U=1,5 B.

"10.106. B cna6eix pactBopax @ = |, T. e. BCE€ MOJEKYJH JHCCO-
unupoBannl. CllefopaTe/bHO, SKBRBAJEHTHAasd NPOBOXHMOCTE Ag =
= F(u;+u_). [Nogcrasasa uncaospie fanupie: F=96,5.10% Kua/mons,
Uy =3,26-10-7 m*/(B-c) B u_=0,64.10"7 M%/(B-c), noayuum A, =
= 37,6-10-3% m?/(Om-MoaB).

-10.107. g, =100 Ka1; g. =20 Ku.

10.108. a) o =94%; 6) n=0,1 wmoan/m; B) u4-tu_=
=1,35-10-7 m%/(B-c). :
10.109. R =180 xOwm. +

10.110. R =520 kOm. .

10.111. A=3,9-10—% m?/(Om-Mou).

10.112, o=92%.

10.113. n=5,5.102% M3,

10.114, y=10-12 m3/c,

10.115. j=0,24 mgA/M?; [, /1=0,01%,

10.116. 7,=0,! mxA,

10.117. Hau6osabliee BO3MOXKHOE YHC/IO HOHOB Ka}xnoro 3HaKa B €flH-
HHIE o6bemMa KaMepel MOJAYYHTCA HNPH YCAIBHH, YTO YGhBaHHE HOHOB
TIPOUCXOIUT TOJBKO 3a CHET UX DPeKomOuHanuu, B 3tom cayuas N =yn?
na=y Njy=32.1018 u~3,

10.118, R =3,4.10"* Om.

10.119. /=3,3 vA; I/14=3,3%.

10.120. TloTeHIHa1OM HOHH3AIHM aTOMa HA3LIBAaeTCA PAsHOCTb MNO-
TEHLHAJIOB, KOTOPYIO JO/KEH MPOHTH 3J€KTPOH, YTOGH NMPH COYHapEHHH
C aTOMOM ero HOHH30BaTb. [103TOMy CKOPOCTB, KOTOPYK JAOJIKEH HMETh
SJEKTPOH, Hajiferca u3 papenctBa mu?/2 —el; una v=1Vy 2eU/m =
=2,2-10% m/c.

10.121, T=8-10* K. 4

10.122. A=39,2.10~1° Jx.

10.123. v; —8,3.105 m/c; v,=1,4.10% Mm/c.

10.124. VYgeabnas TepPMO3JeKTPOHHAsE 3MHCCHA BoJb(pama TpH TeM-
neparypax Ty n Ty

A
j1=BTi exp (_—'k_ﬁ) . j2=BT3exp (—— k?z) »

I[enﬂ BTOpPO€ ypaBHEHHE Ha TiepBoe, TOAYYHM

jz TZ) ex {___A; (.—!_._.._l_)}-—-2 6
i1 (Tl P & \T, Ty r

10.125, jg/jy=1,1:10%,



10,126, Yaennnan Swmuccus 4uCTOro BoabpaMa npwH TemnepaType
T1=2500 K .. TOpHPOBAKHOO aom@pama npu Temuepatype Tyt

‘ A - A
Ji=BTiexp (—1;7,—)—2 84.10° A/M" ja=ByT2exp (—-ﬁ,—i—) .

{To ycnoBuo ji=/y, T. €. ' ‘

B,T% exp ( k’; ) 2,84.10° A/se, T

Ypasuente (1) moxHO pewTh AByMA croco6amu. .

a) I'paguueckud cnoco6. ITo ocu abcuuce otTkaagmBaeM seauunny T,
no ©OCH OPIHHAT— BRAHUHHY y=10°B,T3 exp (— Ay/kT,) (puc. . 99).
AGcuucca TOYKM mepecedeHUs STOA KPHBOA C TOPHIOHTAJLHOA MPSAMOH
y=2,84-10° H jact HcKOMoe 3HauCHHe TeMMepaTy phl. Peaysabtartet BHi-
yncaenudP yno6uo npencTasuTs Tabanued;

Ty K| z=AykT, .exp (~2) v

1500 20,3 | 0,16.10-8 | 0,11.10%
1700 17,7 1,6-10-8 | 1,38-10%
1750 17,1 3,7-10-8 2,54-10%
1800 16,7 5,6.10—¢ 4,25.10°

M3 puc. 99 suano, uto pewennem ypasuenus (1) sBasiercd 3HaueHue
Ty =~ 1760 K.

6) Cnoco6 nocaedosamens ivix npubauxenud, Tax Kak B OCHOBHOM
SaBHCHMOCTb YJe/bHON 3MHCCHH OT TeMIepaTypul ONpeleasieTcss IKCIO-
HEHIHAJILHLIM MHOMKHTENEM eXxp (— A/kT), a me MuoxureneM T2, TO
B NEpBOM MPHUGMUIKEHHH MOXeM TMOJIOXKHTh
BT exp (— Ag/kTy) =

=B, (2500)% exp(— A, /kTs) =2,84-10% A/m?;

orciona  exp (— Ay/kTy) =2,84-10%/B,T1 =
=1,86.10~% u T,=1690 K — nepaoe npuGu-
xenve. Bo BTopoM npuGaMKerHH

By (1690)? exp (— Ag/kTg) =2,84-10° A/w?;
orciona Ty=1770 K —BTopoe mpuGIwKeHHUe,
,L[anee

B, (1770)% exp (— A,/kT,) =2,84. 103 A/m%;




otciofia Ty=1750 K--1petbe mpub.anmenne. AHAJIOIHIHO
’ By (1750)3 exp (—--A3/kT,) = 2,84:10° A/m?;

otciona Ty= 1760 K —uerBepToe npnéamxenne. Jlerko y6emuthes, uto
naToe MpHGJHXEHHe ¢ TOYHOCTBIO HO TpeTheil sHavamedi ouppu cosma-
JaeT ¢ ueTBepTHIM NpHO/AMKenHeM. TakHM 006pa3soM; HCKOMOE peIleHHS.
Tg= 1760 K. .

§ 11, Qnextpomarnernam

11.1. H=239,8 A/m.

11.2, H=50 A/m. ) :

11.3. Hj=120 A/m; H,=159 A/m; H3=135 A/m,

© 114, Hi=199 A/m; H,=0; Hy;=183 A/m.

11.5. Mexny Touramu I;j u [, Ha paccrosnnn a=3,3 cM or Towku A,

11.6. Ipapee Toukn A Ha paccTosHuAX aj=1,8 cM u a,=6,96 cm
oT Hee,

11.7, H;=8 A/m; H,=55,8 A/m;

11.8, H;=235,6 A/m; Hy=57,4 A/m.

11.9. H==8 A/M. HanpsikenHocTs MarmHTHOrO IOJA HanpasJeHa
NepneHAHKYJsiPHO K NJIOCKOCTH, MpoXoxdined wepea o6a nposoja.

11,10, PeayasTHpyiouiee nosie 6yeT HAaNpaBIeHO BePTHRAILHO BBEPX,
ec/H HanpsxeHHocTs /[ mosiis TOKa CKOMIEHCHPYET TOpH3OHTaJIbHYIO

cocTaBasiouyio HanpskennoctH [y war- A
HHTHOrO mnoJjsi 3eman. Tak wkak H= "
=Hp=I/2na, 10 a=1/2nH,=0,08 M. L [%
11.11, HanpsAXeHHOCTb MarHHTHOrO 1O- ' 2

A 8 Touke C 6y11e'r pasua (puc. 100) a

lslna 87 a

~S. inr? L
Puc. 100.

ﬁo I=actga n dl=—ada/sin®a. danee, r=a/sin c. CnenoBarebHo,

-

| T '
. -H=—m5smada=m(cosai—cosaz)=3l,8 A/m,

Oy

rje og=180°—60° = 120°,
11,12, H=56,5 A/m,
L1113, a5 oM, ,
11,14, 10,245 M3 H =358 A/m.
11.15. H=77,3 A/m.
~11,18, U=np/?/SH=0,12 B, - -
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11.17. H=12,7 A/m.

11,18, H=25,7 A/m. ' a ’
11.19. a) H=12,2 A/M; 6) H=0.

11.20. a) H=62,2 A/u; 6) H=38,2 A/m.

11.22. H=177 A/m. j

11.23. H=35,8 A/m.

11.24. U,=4U;.
11.25. [=0,2 M.
11,26, R =8 cm.

11.27. H=6,67 gkA/m.

11.28. H=1,25 gA/m.

11.29. W3 4 caoes.

11.30. /N =200 A.s; U=2,7 B.

11.31. l/D_(l—G)/Vl— 1—08)2 ~ (1—8)/V 25; upn 8<0,05
gonyuum /D = 3.

11.32. §=23%.

11.33. Ha puc. 101 usolpaxen xapakTep B3aBHCHMOCTH H = f(x)

11.34. H.=16 A/m,

H ‘ 11.35. n=100 c-1,
11.36. @ =113 MxB6.
‘ E 11.37. ® =157 mB6.

P, 0L 11.38. ®=1,6.10—* cos (4nf ) BS,

TJe C~—yroM MexJy HOpPMaJbio K paMKe

H HampaBJeHHEM MATHHTHOTO INOJS B HauasbHBI MOMEHT BpEMEHH;
Omax = 160 MB6,
11.39. Vmeem

p=2B/Hp,. ‘ M

Io ycaosmo H =796 A/m ~ 0,8 xA/m. Ilo rpaduky B =f (H), pannomy
B npuioxennn 11, naxomum, uto snavennio /7 =0,8 kA/M cooTercTByeT
B=1,4 Ta. Ilogcrarnas suHauesus po, H, B B (1), moayuum p=1400.

11.40. /N =500 A-B.

11.41. /N =855 A.B.

11,42, p=440.

11.43. /N =5000 A:s.

11.44. B=1,8 Ta; p=200.

11.45. MarnuTHas HHAYKLHA OIHHAKOBA B cepneqmu(e H B BO3Lyll-
HOM sasope T. €,

- o mn . O ]Npo 0
S 11/}11+12/Ha *

Tax xax By=peuiHi, 10 H3 (1) HmeeM

s

1 ,
Bzﬁ‘l‘i‘oﬁlli:”\mo- @

830



310 ypamHeHHe NpsAMOIl JIHHHH B KOOpAMHATHHX ocax H, B. Ho sesn-
unHel A K B, Kpome ypasHeHHs (2), cBsisanul eme rpadukom B = (H).
Opxunarta Toukn nepeceuenns npsiMofi (2) M KpHBOM, COOTBETCTBYIOMIEH
3aBHCHMOCTH B == (f), naeT 3HaueHHe MArHHTHOH HHAYKUHH B;=B,,
Jna moctpoerus mpAMONl MO ypaBHeHHIO (2) HAXOLMM

B=1INpopy/l;=0,84 Tn npr H=0, H=IN/l;=2 xA/u npu B=0.

Hckomasn Touka nepeceuenusi gaer By =B,=0,78 Ta. Torza ans Bo3-
AyuHoro 3a3opa H,=B,/pops =620 KA/M.

11.46. B 1,9 pasa (cM. pemenne 11.45).

11.48. p=1 A.M?,

11.49. @ =18 MkB6.

11.50. Umeem H =1//2nx. Bo3bMeM 3JieMeHT IJIOmAAH HONEPEYHOrO
ceyeHHs Koabua dS=-hdx. Torga MarHHTHBIH NOTOK CKBO3b 3TOT 3Je-
MeHT 6yner

d@:BdS:HOp%Lxhdx.

MarsuTHBUY TTOTOK 4epes BCe IONepeuHoe CeyeHHe KoJiblla

s
_Moplh ¢ dx _ woulh 1y
=5 5 x  2n lnll'
121

Haxoms p M nofjcTaBiss ocrtajbHHe AabHpe, nodyunm @ =18 mkB6.
11.51. 7,=620 A.
11.52. I=60 A.
11.53. I,=11,3 A; p=457,

11.54. Unmeen B==——dto

—————— ] OTCIOfa HeOGXOAHMOE UHCJIO am-
Lijw -+ la/pe *

ep-BHTKOB

B I I Bly

=2 (1 J_) B4y,
Mo ( P + Mz HOP«1+ 2

Hs gpusoil B=/{(f) naxomum, uto smauenumo B=1,4 Txa coorsercrbyer

snavenne H =0,8 kA/mM. CueposaTeabho, [N =1,14.10 A.B. [asee,

1 =&/R=&S/pnDN, orkyra é’:]anD/S:Sl B.

Tak Kak gaHametp npososokn d =V 45/m=1,13 mM, 10 Ha NIHHe
cosleHonna Iy momectutes Nj==(40.10-2)/(1,13.10-3)=2354 sutka. Taxk
kak [ =jS=23 A, N =3830 BuTKOB, TO HEOGXOAMMOE UHCJIO CJ/IOEB OyJeT
pasHo 3830/354 ~ 11. [Ouamerp mpososokn d=1,13 MM, mo31OMY
11 cnoes gaimyT ToNmuHY b=1,2 cM.

11.53, F=4,9 H.

dy de

11.56. A:SFdx:S Moltlalsl ;  Woltlalal y ds  pigors s
p J 2mx 2n dy

1 ’
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€AHHHNY AJHHE NPOBOAHHKOB -

Als,i:_le In ﬁ=83 MKlI)l{/i\l. .
_ ] 4

1157, Iy =1,=20 A. ,
11.58, M;=3,53.10-% H.m; My=4,5.10-4 H.m.
11.59. 0,125%; na 3,2.10-5 H.
11.60. a) M=24.10-? H.u; 6) M=1,2.10- ’HM
11.61. Ha wmaruutHyio ctpenky JeficTsyeT Bpailalomuii  MOMEHT
=pBsina, rge p-—-MarHuTHHA MOMEHT CTpeJKH H B=puf =
== [|olt /200 — REAYKUHA MarHHTHOTO MOASt TOKa. Bpawtatomuit moment M
BLI3HIBAaeT MOBOPOT HMTH Ha yrod @=2IM/nGrt, rpe [—jnuHa HuTH,
r—paauye HA™ ® G—MOlAyab cABHra MaTepuasa HHTH. TaK Kak
sina==1, 10 M =pB=plpou/2na. Torna :

@=Wolt/lp/an?Grt=0,52 pax, umm @=230°.

11.62. 1=0,1 mxA.

11.63. G=50 I'Ta.

11.64. A=0,5 mIIx.

11.65. A=0,2 Ix; P=20 mBt. _

11.66. a) Ha pamuyc ab (puc. 57) neiictByer cuna F=BIR. Pa6ota
IpH ofHOM ofopote aucka A =BIS, rge S—maomane, ONHCHBaeMas
pajHycoM 33 ORHH 060pOT, T. €. nIoWagb JZucka. Momuocts Takoro
nsuratensi P= A/t =nBInR*=23,6 uBT1. 6) Iuck Bpamaercs npotus
uacoBoil cTpenkH. B) Ha anement paguyca dx Aeficreyer cuna dF =B dx
H Bpammamoliufi MoMeHT dM =xdF=Blxdx, rge x-—paccTosiHHE 3Je-
MenTa  dx OT ocH Bpamienna. Ha Bech gucK neiiCTBYeT BpaIRaiouluil
MOMEHT o

=12,5.10-% H.y,

R
M.=S Blxdx= B'2R'

11.67, /1=15,3 A.

11.68. ® =1 B6.

11.69. R =9 cm. Umeem T =2nR v, npuuem R =muv/eB. Cnenoaa-
venbno, T =2nm/eB, T. e. NepHON He 3aBHCHT OT CKODOCTH 3/M€KTpOHA.
Ioactasaas uncnoshie jaHHble, HalineM 7 =30 nc, M=1,5.10~2% xr.m?/c.

11,70, F=4.10-1% H,

11.71, F=47.10-12 H,

11,72. ay = 0 Bo Bce BpeMSl ARBHXKEHHS; @p=—const=7-1015 m/c2,

11.73. W=17,3 MsB, : '

11.74. R{/R ;= m;/m,= 1840.

11.75. Ry/Ry=V myjmy=) 1840=42,9,

11,76. W =88 k3B,

11,77. 9=3,2.10-1% Ka,



11,78, Ty/Te=2.

11.79. F=5.10-1% H; R =3,2 em; T=1,3 mxe.

11.80. W ==500 9B
11.81. R, ==19,5 cM; Ry3=20,0 cm,

11.82. g/m=14,8-107 Ka/kr, [1aa anektpoHa q/m-——l 76-101 Ka/kr;

ana nporoHa g/m=9,6-10" Ku/kr;
1A o-uacTHUM ¢/m==4,8.10" Ka/kr.

11,83. OGuiee cMelieHHe JIEKTPOHA
x=xy-} %3, TAe Xxj—CMEILEHHe 3JIeK=
TPOHa B MarHHTHOM noje (puc, 102),
SneKTPOH B MATHHTHOM [OJie JBHIKET-
st 10 OKPY3KHOCTH pagHycoM R = mv/eB.
CumelnleHHe X; MOXHO HafiTH H3 ..cO-
oTHOMWeEHHS X;=DC=0C—0D. Ho

OC=R n OD=VOM*—DM =
=V RT—b? Takum obpasom, x;==
=R— V¥ R*—b%. Cmemenue x, Moxer

. Puc. 102,

6LITh HaAICHO H3 TPOMOPIHH

xa/l =DM|DO, otkyRa x,=bl/ YV R*—5%, Torza ofiumee cMelleHHe
x=R—VR* R4 bl/V R*—03,

R—--———--— 1/‘2Um

[ToxacraBsAs 4YHCAOBHE JaHHbe, MOJyYAM R =4 cM H x=4,9 cM,
11.84. a) a,=0, a=ar=¢eE/m=1,76.10% Mm/c?;, 6) a¢=10,
a=a,=V (evB/m)2+(eE/m)? =2,5:101% y/c2, :

Hueem

11.85. v=2-10% m/c; R=2,3 cMm.

11.86. DJeKTPOH BJeTaeT B  MAarHMTHOE MOJe CO ‘CKOPOCThIO

v="V 3eU]m. PasnoknM cKOpOCTb © Ha JBe COCTABAAIOWHE: Uy, HATNPAB-
JICHHYIO BJOJb M0/, H U,, HANpaB/eHHyl0 NEepPneHARKYJASpHO K TNOJI0.
Tlpoexuus TpaeKTOPHH 3/JEKTPOHA HA MJIOCKDCTh, NEPNEHAHKYJISPHYIO
K HHIyKUMH B, npeicTaB/seT co60i OKPYXHOCTb, painyc.KOTOPOil paBeH
HCKOMOMY DaJHyCy BHHTOBOE TPaeKTOPHH W onpejenasercss Gopmyson

R =muv,/eB =m (vsin a)/eB.

Tak Kak nepHox o6paueHus sjaekTpoHa T ==2nRjvsina= 2nm/eB TO

Lar BHHTOBOH TPaeKTOPHR 3JICKTPOHA

h=0v1T=2am (v cos a)/eB.

ITogcTaBasA 4HC/IOBHE JaHHue, noaydHM R =1 cM u A=11 cm.

11.87. W =433 3B.
11.88, R=5 MM; h==3,6 ¢m,
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11.89. #=3,94 cm.

11.90. n=IB/Uea=8,1.102 y~3; v=j/ne=1]/Sne=0,31 mmjc.

11.91. U=2,7 mxB.

11.92, #=0,65 m2/(B-c).

11.93. & =— d®/dt =— Bl dx/d¢ =—Bluv=—0,15 B,

1194, §cp=T78,5B.

11.95. &=165 uB. ,

11.96. TIpu kaXzoM 060pOTe cTepXXHf MArHHTHE INOTOK, Iepece-
KaeMbii  cTepKueM, @®=DBS=PBxn/?, Ecam n—uacroTa BpalleHns
CTepKHA,- TO

& =Bnl*n = Bnl?0/2r = Bl%w/2,

THe o—YyrjoBas cKopocTh Bpallerns, IIoJACTaBjsfs UYHCJOBbIE JAHHBE,
noayusm & =0,5 B,
11.97. v==0,5 m/c.
11.98, &cp=1 B.
11.99. Smax=Byo=BSN2nn=3,14 B,
11.100. &max=0,09 B,
11.101. §=4,7 B,
11.102. n==6,4 c~L
11.103. §cp=18 MB.
11:104. §cp=5,1 B.
11.105. &cp=1,57 B.
11.106. Smax=250 uB.
11.107. Ly=0,9 MI'n; L,=0,36 Fa.
11.108. L =55 mkl'n.
11.109. 'L =0,71 Ml'n; ®=3,55 mMxB6,
11.110. N =380.
1.111. p=1400.
1112, /=1 A.
11.113. N =500.
11.114. p=1400; I=1,6 A,
11.115. p=0640; L=64 wml'n,
11.116. 2) L=9,0 T'n; 6) L=5,8 T'n; 8) L=0,83 I'n,
11.117, HmeeM

Li=poumlS, Ly=popnlis. (M
Bsanumnas HHAYKTHBHOCTb KaTyllleK, MMEIOMMX OGUIH# cepeuHHK,
Lig=popnyn,lS, ’ @
Vunoxkas cooTHoulenHs (1) Apyr Ha JApyra, mMOJYYHM

| LyLy=(oplS)* niini, omkyna ning= "V LyLa/moi!S. &)
a34 .



Moxcrasnas (3) B (2), naiifieM Liz=V L;L;. Tax Kax 6’,_—..—Lﬁ dijdi,
CpelHHMi TOK BO BTOPOH KaTyIlKe

=R ®m="r a—-0A
11,118, KonuuecTso 3jieKTpHUECTBA, HHAYUHDPYEMOE B paMKe,
L 1 ’
==z | =L @—y, M
D,

rie @j—— MarHuTHHI NOTOK Yepe3 pPaMKy B NMepBOM MoJMoKeHHH H @, -=
MarHuTHBIH TIOTOK Yepe3 paMKy BO BTOPOM MoJoweHHH, ¥ Hac ©,=0;

KpoMe TOro,
R=plis=pla/s=p4 ¥V S/s, @
rie a—ctopoHa pamku. Tak kak ®;=BS, 10
g=BsV S/4p=74 mKn.
11.119. ¢=0,15 MKn.
11.120. ¢=0,25 mMKn.
11,121, C=10-8 Ka/nen.
11.122. B=0,2 Ta.
11.123. HanpseHHOCTb MArHUTHOTO MOJAS B TOPOH[e
H=1INy/l. )
Ecnn M3MEHHTh HanpaBjeHHe TOKAa B NMEPBHYHOH KaTyllgke Ha INPOTHBO-
TI0JIOKHOE, TO uepes rasbBaHOMETP NMPOHAET KOJHYECTBO 3JEKTPUUECTBA
g=2®N,/R, rge ® —marvuTHeli MOTOK, NPOHH3HLIBAIOWIM IJIOWAAbL IO~
nepeuHoro ceuenus topouta. Ho @ =BS=puldS=p,nSIN{/l; caeno-
BaTeJ/bHO, ) )
q=2NoponSIN:/RI, otkysa R =qRI/2pN(N,SI,

Tak kak g=Ca, TO
p=CaRIl2nyNN,S1, . 2)

Tloacrasaas B (1) u (2) pasnuuHbie 3HauyeHHs | M COOTBETCTBYIOIHE 3HA-
YeHus o, JaHHbE B YCJIOBHM 3aJauu, NMOJY4HM TabmaHLy:

I, A 0,1 0,2 0,3 0,4 0,5
H, Am 133 | 266 400 "533 667
w o | 1410 | 2190 2050 1790 | 1520




11.124. p=1200. .
- 11,125, =126 wmc. . . 3

11.126. 1=0,25 mc. . R

11.127. B 1,5 pasa. - . : -

11,128, t=10 Mc. " ’

1£:130. a) ®=8,Ssin u)L_2 5.10—5sin 100m B6 Dnax=25 MxB6;
6) & = ~—7,85- 102 cos 100ntt B, §'max=7,85 MB; B) 1-_—.-—-2 3cos 1007 A,
Imax=2,3 A.

11.131, a) &=—33 cos 100afB; 6) W= L]2/2—-0 263 sin?100m¢ dx.

11.132, &y=— Ly, dl/dt =~ Lyp]y2 cos 0t = —15,7 cos 100n¢ B;

é’zmax~157 B.

" Tnasa IV
KOJIEBAHU Sl H BOJIHBI

§ 12, TapMoniueckoe KoneGaTespHOe ABHXEHHE H BOJHBI
12.1. x==5sin (bal+n/4) M.

12.2. x=0,lsin i2‘-t M.

12.3. x=>50sin (_g_ t-|--’4l) MM; xj=35,2 MM, x,~=0,
12.4. a) x=5sm°—;—t cM; 6) x=bsin (—E—t-]—-g-) M, B) X=

T /T 3n b1
= bsin (—4—1—{—::) CM; F) x;SSm k-? t-|——2—) vcm, a) x...SSlnTt cM.
12.5. Cm. puc. 103. .
12.6. ViMeem x= Asin (EIL H—cp). ITo ycnoenwo x=A/2. Caeno-

paTesbho, 0,5=sin (nt/12), 1. e. nt/12=m/6; orcionga {==2 ¢,
12.7. t=T/6.
12.8. t=1 c.
12.9. Upay=7,85 cM/C; Omax=12,3 CM/c2
12.10. T=4 ¢; Umax=3,14 M/C; amax=4,93 cm/c%

12.11. Cropoctb v-—--ZT—z cos %t. CropocTb GyJeT MaKCHMaJdb-
woit npu mi/6=1, T.e. npu nfb6=nm, rae n=0,1, 2, ... TakuM

06pa3oM, MaKCHMAJbHAA CKOPOCTh JOCTHT@eTCR B MOMEHTH BpEMeRu
t=0, 6, 12 ¢, ... Ycxopenue 6y1eT MakCHMaibHLIM Npu sin (wf/6)=1,
T. €. npy nt/6= (2n+1) n/2. Taxkum o6pa3oM, MakcHMalibHOE _ycxopenwue
JOCTUTaeTcsi B MOMeHTH BpeMenH f=3, 9, 15 ¢, ...

12,12, v=13,6 cMm/c.

12,13, x=>5sin (st - n/6) cm.

12,14, A=3,1 en; T=4,1 ¢,
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12.15. Fpay==246 mxH. -

1216, Fyya =197 MxH; W =4,93 mxIIx.

12.17. Cm. puc. 104, M3 rpaduxa .BugHO, yTO nepHox KoJeSaHuf
SHEPTHK BABOE MeHbINE NEePHOLA CaMOro KOJeGATeNbHOTO RBHIKEHHS.
12.18, a) WK/WH—-S 6) Wy /Wu=1; B) W, /Wyr=1/3.

12.19; a) W, /W, =15;6) W, /W, =

P =3; B) W,/W,=0.
12.20. x=0,04sin (n! +nr/3) M.
” / % 12.21, x=FA?2W =15 cm.
M 12.22, Ilepros KoneGanmii. mapHKa
z - T=2n) I/g=2,8 c. AunanTyaa KoJe-
6aHUl  nNpH  MaJnX OTKJIOHEHHSIX
/ £ IIaDHKA OT IOJIOXKEHHA  pPaBHOBECHA
’ X/
z
12
L))

4) Ode cunycouder cobnadaront

Puc. 103,

A=Isin@=2.0,0698 u ~ 0,14 M. Torza ypapHeHHe JBHKEHHs Iia-
PHKa 3aMuLIercs -Tak:

2n 2
x=Asin—+-1=0,l4sin s~ M
T ’ 2,8°
€CJJH BPeMsl OTCYHTHIBATh OT INOJIOXKEHHsi pasHosecHs, Ilpu mpoxoxzenuu
WIaPHKOM MNOMOXEHHSI DaBHOBECHSI €ro CKOpocTh GyxeT nocmraTb HaH-
0,14.2x cos 2n
2,8 2 8

0,14.2x
Umax=— 78

6oabluero 3HayeHHsi, Tak Kak v== t mM/c, TO

M/C= 0,3‘1 M/c.

" 31y xe ckopocn; MBI MOKEM HaliTH B3 COOTHOMEHHS mgh=muv?/2,
rae h—BhicoTa TOAHATHSA- (APHKA; OTCIONA v=V 2gh. Herpyano BHJIETD,
ato h=1!(1—cosa). Torga v= "y 2gI (1 —cos @)=0,31 m/c. Ipu Gonp-
IIAX OTKJOHEHWAX MAATHHKA OT NOJOXKEHHA pPABHOBECHH KOJeGaHHS
MafTHHKA yXe He GYAYT IrapMOHHYECKHMH,

1223, T=0,78 c.
12.24, k=805 H/m. ’
12.25. Yumenbuntes 8 2 pasa,

o
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12.26. Ymensmurca B 1,8 pasa.
12,27, Vmeem

=2n V' mk, wmm Ti=4n2m/k. (1
ITocne goGabaenus rpysa Am 6yfeM uMeTh
Ty=2nV (nLAm)/k, wm Ti==4n? (m-}+Am)/k. 2)

Bewuras (1) us (2), noaysum T3—Ti=4n? Am/k. Ho k=F/Al =
= Amg/Al, rne F—cuia, smsniBalomas yianHenue npymuHel Al, Takum
obpasoM,

AL :
TZ—T1_4:12 7 HJTH Al=zi—2 (T%—-T%):?,? cM,

12.28. T =0,93 c.

12,29, Ha nnaBaomuii apeomMeTp IeHCTBYIOT CHJA TSXKECTH (BHH3)
u cuia Apxumena (sBepx). [lostomy B pasnosecun mg=pg (V- Sh),
rie (V-4 Sh)—wuacte ofpeMa apeomeTpa, HaXOAAMAACA B KHIKOCTH.
Ecau morpysHte apeoMeTp Ha IMyGHHY X, TO pe3yJbTHPYyOmas BuTal-
" KMBAOmas cuna .

F= pg[V+S(h+x)]—mg—
=pg [V+S (h+x)]—pg (V4 Sh) =pgSx =,
rie k=pgS. Tak kak T =21V mjk, 10
4

ma . L l6mm 3 .
T = = g’ OTKYyZa p—ﬁd_—zg——O,SQ 10 gr/M.

12.30. x=3,7sin (% t+5‘8-) oM.

12,31, A=4,6 cM; @=62°6",

12.32. @p—@;=2m/3.

12,33, A=05 cm; ¢=236°52" = 0,2n; ¥x=>5sin (nt—]—n/S) cM.

12.34. Vi3 cnexTtpa ci0KHOrO KoseGanusa (puc. 61) BuIHO, uTo
nepsoe KoseGanue umeeT aMmiauTtyay A;==0,03 m u vacroty vy=0,2 I'n,
BTopoe — A;=0,02 M U v,=0,5 'y u Tpetbe — A3=0,01 M u v;=1 Ty,
Takum o6pasoM, ypaBHEHHS 3TuX KoJeGaHHil GyIyT C/CAyIOIIHE:

. 2n
x=0,03 sin Tt M, x=0,02sinnf M, x=0,01sin2nt M,
Ha puc. 105 paner xavecTseHHble TpabHKH 3THX KoJeGaHHA, Yuamumes
npejJaraeTcsi COCTaBHTh TaGuHUbl x=/[ (f) AMT BceX 3THX KoJeGaHHuil
¥ HaliTh TpadHK pesyLTHPYIOLIETO KoJeGaHks, CIOXKHB OpAHHATH cuuy-
COHJ IS psAja TOUeK Ha OcH abcuucc,
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12.35. Ha puc. 106 nso6paxen cnextp pesynbmpy:omero KoJe-
Ganus.
12.36. Vimeem

x=Asin 2nvie, A= A, (1 1 cos 2fv,?),
IMopcraBass B1:opoe ypasHetHe B [epBoe, MOJYYRM
x=A, (14 cos 2nv,1) sin 2nv1t— Ay sin 2nvif - Ay eos 2av,t sin 2nv =
= Ao sin 23w1t+—— sin [2m (vi—vs) t]+— sin [27 (vyi+v,) 1],

Taknm o6paszoM, paccMaTpHBaemoe KoJieGanHe MOKET ObITh pasnOKeHo
Ha CyMMy TpeX TapMOHHUeCKHX KoJe6aTeJbHHX ABHXeHHH ¢ 4acTOTaMH

Am
Ry Q06 ~=————————————
YN
’// N B .
V7N (VY N
kll‘\ B ,’\'\ \\ \ [ \\ tﬂ’g4~
“‘ \Al \\ / A \’(I \\ L \\ ) ——————
- .
\
\vl \\ \ 7/ \;/\ \v/ f 002 .
\_/ v\ // 8 .r
”‘
Sels’ ISV DL S DS TS T B SN 4
0 ! 2 J 4 5
Pue. 105, . Puc. 106,

Vi, Vi—Vg B Vi-}-Vy H ¢ ammautyaamu Ay, Ag/2 u "Ag/2. Amnautyna
pesyapTHpYyOUIero Xoje6auus OyjeT MeHsTbCs BO BpeMenH. Taxoro poja
KoJIe6aHUE YK€ HEe NPERCTaBJsieT cobOfl rapMOHHUeCKOro KoJeSateabHoro
RBIXKEHHS W HA3bIBaeTCs MOy THPOBAHHEIM KOJe6aHHEM., '

12.37. IIpu cnoxeHHH ABYX - B3aHMHO NepneHjHKy IIpHHX KoJeba-
HHl OJHHAKOBOrO II€pPHONA YPaBHeHHe TPAaeKTOPHH Pe3yJbTHPYIOLilera
KoJeGaHUsT HMeeT BHJ

2y 2xy
AT ETALA S (Pa—¢1) =sln® (P, —1). )

Tak kak Yy Hac @Qu—@; =0, 'TO ypaBuenye (I) npumer Bup

x? y? 2xy

A2 AA

HJIH ;
x_v\'2 _ A
(A1 Az) =(, OTKyJa y_xlx

~— ypaBhienne npsaMoft aunuu. Takum o6pasoM, Pe3yJbTHpYIOllee Kose6a.
HHe OyJer NPOHCXOAHTH 1O MPSMON JHHWH. Yron HaKJOHA NpAMOH Haji-
Jerca H3 ypaBHenns g a=A,/A;=0,5, T. e. a=26°34", [epuox pe-
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S)ulb'rupylomero KOMeGaHHA papeH NeDHOLY CaaraeMuix KogeGanufl, a

aMIUTHTY A2 Pe3yIbTHPYIOWEro KodeGaHusi A = VA2+A2_.11 2 cM. Cnego-
BaTe/IbHO, YDaBHEHHE pe3yabTHDYIOIlero KoJeGanus HMeeT BHA s=
=11,2sin (lOuH—n/S) CM.

12.38. a) A=TcM; 6) A=5cm. o

12.39. x%2/4+-y?/4=1—ypaBHeHHe OKDPYKHOCTH paguycoM R =2M,

12.40. Hmeem

» o 2y —1=cosat,

n fl—i—cbs nt
x¥=cos nt, y_cos-gt_. 1/ —
Ortciona (2y2—1)/x=1, wnn 2y —x=1-—ypaBHeHne napaGontl.

12.41. x?/14 y*/4=1—ypasHeHue 3aiunca.

12.42. y=—0,75x— ypaBHeHHe NpsMOH.

12.43. YpaBHeHHe 3aTyXxalOmHUX KOJe6aHHH HMeeT BHJ

x=Ae-dsin (of +¢). N Ry

B nawem cayuse o=2n/T=mn/2, ¢=0 n 8=x/T=16/4=0,4c""."
Avnnutyna A uaiigercs u3 ycaosug x=45cMm npu [=T/4=1¢, He-
Tpyaxo Haittu u3 (1), yto A==6,7cM. Takum o6pasom, ypasuenue (1)
npuMeT BHJA

x==6,7e-%4¢sin % tcM, S @

Ilaa nmoctpoeHus Tpaduka KoseGaHHA HafileM MOMEHTHL BpeMeHH Iy,
t5, f3, ..., COOTBETCTBYIOILME MAKCUMaJbHbIM 3HAYeHUSIM CMEIEHHA X,
MakcuMym x Haiigercs H3 ycJ0BHSA u—dx/dt-—O Ha ypaBHenus (l) Ha-
xoauMm (npH ¢ =0)

v= Awe~-5 cos wf — A8e=b8? sin (ot =0, orciona tgwf =($/6 =2n/4. (3}~

Ha ypaBheHHsa (3) BHAHO, UTO TOJIBKO TPH HE3aTYXaIOWHX KoJIeGaHHsIX,
Korga x =0, BennunHa tg of =0, W of =mn/2, 1.e. 2n¢/T =n/2,
:=T/4. B namem xe cayuaé tg of =2mn/x==3,925, T. e. wf =75%42"~
~ 042l @, otkyza {=0,42l1/0=0842c. Takum o6pasom, x-_xm;,x
npu 1,=0,842 ¢; t,=1,+T/2=2,842 ¢, t3=6,+T=4842¢c u t,=
=#;+3T/2=6,842c u T1. A. [loacraBasisa HalifleHHBle 3HaueHus1 { B
ypaBHeHue (2), HeTPYAHO HaATH COOTBETCTBYIOLIHE 3HAUCHHA Xy, Xy, X3, ...

12.44. Cwm. pewenne 12.43.

12.45. v, =7,85M/c, v,=2,88m/c, wuz==1,06M/c, v;=0,39m]c,
vy =0,14 m/c, ’

12.46. ITo dopMmyaaM A/s 3aTyXalOUHX Ko.ﬂédam{ﬁ HMeeM

1),

‘ .
Ay = Agexp (——u—T—,-) y Ag=Ayexp \—u

orkyaa A;/Ay,=e*. Ilo ycaosuio K=Q,2; o-rcxona Ap/Ayg=1,22."
12.47. %=0,023. i
12.48. a) t=120¢c; 6) f=1,22¢,

-
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12.49. B. 1,22 pasa, : .

12,50. B 8 pas. _

12,51, t=6,4c. «

12.52. a) 8=0,46c~1; 6)6—10c-1 B) §=x/T = no;.,/V4n=+u2
=172c=1, ,

'12.53. YpapHeHHe cOGCTREHHBIX KOjeGaHHA HMeeT BHJA

x==Aoe-0¢sin agf. ¢1)

Mo ycnosuio capur a3 MexJy COGCTBEHHBIMH M BbIHYXKAEHHBIMH KoJe-
- 6aHUAMH paBeH —3m/4; cJefOBaTeNbHO, i

tgq)_-—26—__tg (—3a/4) =1,
@y

OTCI01a
‘ o=V 07280, ‘ @

Y nac @=10n u §=1,6c~1, TNogcTasasis 3TH suaveHus B (2}, nonay-
4iM ©g==10,5m, ¥ Torja ypaBHeHHe COGCTBEHHBIX KoJieGaHHH NpHUMeT BHA

x—7e‘1 8¢ sin 10,5 oM.

Y paBHeHHe BHemHeﬁ NepHOSHYECKON CHJIB MMeeT BHJ
F = F¢sin of.

L3

MakcHManbHOe 3HAueHHe BHEIUHel NePHOLHYECKON CHJIN
Fo=Am V(O)%—mz)2+462m2=72 MH,
H TOrja ypaBHeHHE BHeIHeHd nepuHoOAHMECKOH CHJB GYJET HMETh BHJA

F =72sin 10 nt MH,

12.54. Ha puc. 107 gau xapakTep 3aBHCHMOCTH aMIVIHTYZH! A Bol-
HYXJeHHBIX KoJeGaHHH OT 4acTOThi ® BHEIHEH NMepHOAHYEeCKOH CHJIBL

12.55. Kosscka HayHeT CHJBHO pac-
KauHBaTbCsl, €CJAH INPOMEXKYTOK MeXAy
JBYMfl T[OCTENOBATENBHLIMH TOYKAMH Ha
yray6ienusx O6yjJeT paBeH NepHORY - cOG-
CTBeHHBIX . KosneGanuil xonsacku. [Ilepuon
COGCTBEHHBIX  KoJeGaHHH KOJNACKH Haxo-.
mutcs n3 ¢opmyan T=2nV m/k. Y nac ¢ ~w, v
m==10 kr/2 =5 Kr—Macca, npuxogsmasica Puc. 107.
Ha KaXJylo peccopy, k= m,g/xp=(9,8/2) » :
H/em=490 H/m wu, cnemoBatennno, T =0,63c. Bpema mexay aByms
noc/aeROBaTe/IbHBIMH  TOJMUKaMu f=1I/v=T; oTciona nonyuaem v_l/T._

= (0,3/0,63) mM/c=1,7 Km/u. ) ;
12.56. A =3 mxm, e

A

|
|
|
|
1
|
H
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12.57. ¢=2350 M/c; Umax=0,785 m/c.
12,58, VpaBHenHe BONHH HMeeT BHJ

L n, al o
f=10 sin (?t—m“) CM. « )]

Takum ofpasom, x==f (¢, 1), T. €. CMeleHHE TOueK, JexallyX Ha JYue,
SaBHCHT OT BpeMeHH ! M PacCTOSHHs ! TOUKH JO HCTOYHHKA KojeGaHHi.
Jlasi Toukwu, OTCTOsllEH OT HCTOYHHKA KoJeGaHHH Ha pacCTOAHHH
. fn
1=600 m, ypauenue (1) npumer BrA x= 10 sin (—2—t—n) CM, T. €. NOpH -
I=const Mu mosyynM x== [ (f)—cmemenHe (UKCHPOBAHHON TOUKH, Je-
Kamet Ha Jydye, MEHSETCS CO BDEMeHeM.

Al \
Ipu t=4c ypasuenue (1) npumer BHA x=10sin (Zn 6 104)

B sToM cayuae #=const ¥ x={(/)—pasiHuHKe TOUKH, JexalllHe HA
"JIyue, HMEWT pas/IHuHbIE CMEIIeHHS B AAHHLIH MOMEHT BPEMEHH.
12.59. x=0,04 M.
12.60. x=0; v=7,85cM/c; a=0.
12.61. AQp=m-—TOYKH KOJNEGJIOTCS B NPOTHBOMOJNIOKHBIX (azax,
12.62. Ap=4n—TouKH KOJeOJIOTCI B OAHHAKOBHIX a3ax.
12,83. x=2,5cm.

12.64. A=0,48 m. ' o .

12.65. a) Ilonomenns ysaos: x==3, 9, 15, ... cM; monoxenus myu-
Hocrelt: x=0, 6, 12, 18, ... cu. 6) Tlosoxenns ysnos: x=90, 6, 12,
18, ... cM; noJIOXKEHHS nyqﬂocreu x__3 9, 15, ...cum

12 66. 7\, 0,1 m.

+

§ 13. AkycrHKa

13.1. A=0,78 M.

13.2. Or A;=17mMM 10 Ay =17 M.

13.3. c=5300 u/c. o

13.4. ¢=3700 m/c.

13.5. Tax xak mopyb IOnra E CBfI3aH CO CXHMaeMoCTbio B coot-
HOLUEHHCM B=1/E, 1o p=1/pc2=7,1.10=10 [1a~1,

13.6. I1=1810m. }

13.7. cy=318M/c; ¢y =330 M/c; c3=343 m/c,

13.8. B 1,12 pasa.

13.9. ¢c=315 m/c.

13.10. ¢=330m/c.

13.11, ¢=336m/c.

13.12. = —54°C, ,

13.13. n=c1/c, = 0,067. . v

13.14. & =3°51",
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13 15. l,/ll- 1,26 (cm. sajgauy 2 BO BBejEHHHW K ITOR maae)

13.16. py/pi=112, ,

13.17. 14/1,=1000.

13.18, AL,=301B; ps/pi=31,6.

13.19. L;= 100 ¢on; p=2TIla.

13.20. a) AL;=34,8 pon; 6) AL;=144 8¢oH. -

. 13.21. Paccrosinue MeXAy COCEIHUMH 3y6HaMH 3BYyKOBOI GOpO3IKH
Ha rpaMMOGOHHOl NJIacTHHKe Halizercs no gopMyne !=awr/v, rie o —
yIrJI0Bas CKOPOCTh Bpauenud naacTHHKH. [ToAcTaBisia uuc/OBble JaHHELE,
- moayunM: a) [=2,25mm; 6) l—O ,75 MM, .

13.22, a) /=8,15MuM; 6) l—O 41 mu,

13.23. [Ipn BO3GyXKneHHMH KoNe6aHUH B CTaJbHOM CTeplKHe B HeM
yCTaHOBHTCA CTOSIuaf BOJMHA C y3/JaMU B TOUKAaX 3aKHMa H NYyYHOCTAMH
Ha cBOOOAHBIX KOHmax. B crosdveil BoJgHe BO3AymHOrOo cTos6a paccros-
HHE MeXKAY COCeJHUMH NYYHOCTSIMH DABHO NOJNOBHHE [JIHHE BO3GY:XKAEH-
HOH 3ByKoBOH BOJHHL. MMeem

7“1"/}/2 =¢y/Cs. 1¢))

Jauna [y Boanyumoro cronba Ha OCHOBAHHH CKAa3aHHOro . HalijerTcs H3
yc.nomm

n7~2/2 = 12. ) (2)

Hs (1) " (2) umeeM ly=nhycy/2c;. Toraa: a) Ay=2l, [3=0,392m;
6) Ai=4lj, [,=0,784m.

13.24. 1;=0,715m.

13.25. v=43 KI'n— yapTpassykoBas uactoTa,

13.26. a) v/ =666 'u; 6) v/ =542 ',

13.27. 10%.

13.28. v;=28,3 KM/u; v, = 14,7 KM/u.

13.29. B 4 pasa.

13.30. v=71 xkm/u.

13.31. vi=45kl'n, v;=46,6 k',

13.32, [=0,45m.

13.33. F=7,3H,

13.34. vinax = 158T1,

13.35. Umeem

Vi/Vy= V-Fi/Fg*——- V15/16, vg="Vy—vi=8T.

Pemlasi 3TH ypaBHEHHs COBMECTHO, MOJYUYHM vy =252 I'n,

13.36. v=250 Ty uau v—~254 In,

13.37. v=250T1. . _

13.38. a) B otkperoii TpyGe obpasyercs 'crosiuasi 3BYyKOBas BOJHA
¢ NYYHOCTSIMH Ha O6OHX KoHuaxX. OueBHAHO, B 3TOM CAyuae Ha [JHHe
TPyOsl I MOKET YMECTHThCA n -oayBoaH, rfe n=1, 2, 3, ..., T e.
$=nh/2 u v=c/A=nc/2!. Tlpu n=1 NOAYUHM 4YaCTOTy OCHOBHOIO TOHa
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: v==c/2! 6) B aaxpu’mn TpYyGe: cmﬂqaa BOJRA HMEeT y3el Ha OfHOM
KOHUE H MYYHOCTh Ha JPYTOM. Oqemumo, B STOM Clygae l=nA/4 K-
v=¢/A=ne/4l. llpn n=1 nonyunu 9actory ocuonuoro ToHa v—c/4l

13.39. v=261 Fu, 1=0,65u.

§ 14, Snexrpomarnumue KoneGaHU] H BOJAHH

“14.1. A =2500 M. h
- 142, Or A4, =700m po k2—195OM
143, L=127uMln. =
14.4. e =6,
14.5. U =100 cos (2r+10%) B, .1=—15,7 sin (2n- IOSI)MA' Ul—
_707B Ii=—I111MA; Uy=0, I3=—15,7 MA; Usg=—100B, ls—-O
14.6. W, = 125 cos? (2r. 10%) MxIx, W, = 125 sin? (2n« 10%) Mk,
W =125 Mg Ix; Woyy = 62,5 Mpx, W,y =62,5 mxlx, Wi=125uxlx;
Wana==0, Wye=125uk][lx, Wo=125 MxIk; . Wyys = 125 Mk dx,
Wya=0, W3=135 mxIx. .
14.7. T=0,2mc; L=10,15ms; I =—157sin IO‘nIMA A =60 kM.
-14.8, T=b5mc; C=0,63mx®; U=252B; W, 02M11x(, Weor=
= 0,2 MJx. "
14.9. Umeem U=Ujcosof i I= CdU/dt:—-CanJsln(nt cheo-
BaTeNbHO,

2 2
‘Wu_i_w_smz (Dt, Waa-_:_c_y_._.c__uo cos? of.
) 2 2 2
Otciona -
. EW—“=LC 2sin wt =LCa? tg? o,
Waa .

Mpn {=T/8 umeem sin of = V22 u cosot=V 22 Tak kak LC=
= 7"/41‘!2 = Hw?, wo
W/ Woy =sin? wt/cos’! ot=1.
14 10 T 8 MC,’ w== 0 7 U 80e—37t cos 250 J'It B Ui__56 5 B

U,_4OB Uy=—28B, U,=20B.
14.11.  Tlonaras COnpOTHBICHHE R pocratoumo MaJlbIM, 'HaXolAuM

nepuoa Koneéam—m no ¢opmyne T = 2nV LC=0,2 Mc. [anee umeem"
Uj=Upexp (— »t/T), otryza ut/T ln(UO/U1)
Ho yc.nosmo npn {=1MC OTHOIeHHe UO/U1_3 CJIEAOBaTe.IleO,
T In(Uo/Ul) 0122

ConporusieHne KOHTypa R=11 1 Om, He'rpynﬂo y6enmbca 970 3T0 3HA~

uenne R yposnietsopser YCJIOBHIO NP HMEHHMOCTH dopmyan T = QnVLC ’
1412 B104paaa L e . :
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14.13. x=8p ¥/ niC/d*V pop =0,018.
14.14, {=(T in 100)/2x =68 mc. i .
14.15, C=0,7 Mx®. , g
14.16. R=4,10m. ' '
14.17. v=300Tu.

1418, [=4,6MA; Ugci=73,4B, Ucy=146,6B,
14.19, 74%, 68%.

14.20. 72,5%; 68,5%,

14.21, C=3,74 uxd.

14.22, L =155 wmTx.

14.23. a) Z=V R I/(@C)?, tg p=1/RaC; 6) Z,__VTZ‘(DRZ_(;ﬁ'
tg p=—RaC; Bf Z=V R*F (L), tgg=0L/R; r):Z=_VR'—_’§if_mL)"
tep=RoL; 1) 2=V RF@EL—Ta0, tgg=2E71%,

14.24, a) Z==4,38 xOm; 6) Z=2,18 xOm.

14.25. [=134A; Uc=121 B; Ug=134B; U, =295B.
14.26. R=12,30m. '

14.27. R=40Owm; L =74 uln.

14.28. Up=156B. .

Fnasa V
ONTHUKA

§ 15. l‘Aeome-rpnqecxau ontuka # doToMeTpUA

15.1, =2~
15.2, ag=—15¢cM, y3==5mMM; H3a06paeHue RefcTBHTeAbHOE, ofpaT-
. HOe U yMeHbUIeHHOe,

15.3. a;=0,12M, y;=-—8MM; usobparkeHHe MHHMOe, NpAMOe U
YMeHbIUEeHHOoe. ’ T .

154, a3=7,6¢cM, yy=—1,5¢cM; H30Gpakenye MHHMOe, NpAMOe M
YMeHbileHHOe, ’ ) '

15,5. ag=-0,6 M, a3==0,3 m.

15.8. F=—10cm, D=~10 anrp.

15.7. k=6,

15.8. ay3= R/2—u3ofpaxense Oyaer Haxonmbca B tboxyce sepKa-
Aa; yo=1,5cm.

15.9. Ha pasuoGegpenHoro Tpeyronbﬂuxa OAM  (puc. 62) unmeem
04 = R/2cosa. He x.._AF 0A—OF =0A—R/2, 1. e.

P Y I
. 'x'"‘—f(cosa l) N

\

845,



Ecan, =0, 10 cosa~—1 u x=0. Hanee, y= FH—xtgéHAF Ho
Z HAF xax suewmnfl yron Tpeyrompuuka AOM pamen 2a, H TorAa -

* R 1.
y_'2—(cosa_l) tg 2a.

Ecan =0, 10 cosa=1, tg2q=0 u y=0,

15.10. x=1,8cm; y=1,5¢cm,

15.11, h=8cm.

15.12. d=0,1 m.

15.13. !=5,8 Mm.

15.14. tgi=n. .

15.15. a) B=41°8"; 6) B=48°45"; B) p=61°10".

. 15.16. Tlon yraom f=41°15" k noBepxHOCTH BOABL

15.17. v;=2,02.10% m/c.

15,18, . Nmeem sin i/sin f=rn;. IlonHoe BHyTpeHHee oTpameHrme OT
NOBEDXHOCTH, OTAE/AIOMEH BOAY OT CTeK/a, NPOH3OHAET, eCAH BHIIO-
HEHO ycJoBHe: sin B =n,/nj, TAe ng~—IOKasaTeJdb NPENOMIEHHSN BOLHL.
Torna sini=njsin p=niny/nj=ny=1,33, T. e. sini > l—ycjonus
8aJ{ayH HEOCY I[eCTBHMBL :

15.19., r=0,114m.

15.21, Byp=41°28"; By =40°49".

15.22. ®uoneToBHe JNyuH HCNHTHBAIOT MOJHOE BHYTPEHHEE OTpame-
HHe, KpacHhle JyuH BHIXOAAT H3 CTEKAd B BOIAYX.

45.23. §=234°37",

15.24, y=28°,

15.25, §=6°2',

15.26.- i=10°8’.

15.27. y=77°22",

15.28. {=4°47".

15.29. sin __il? =n sin —12’— B 3tomM caydae nomyuaercs HanMeHb-

-

mee OTanHeHHe nyqa OT €r0 NepBOHAYAJbHOTO HAINpPaBJICHHA,

15.30. 8,,==30°37", 8y =233°27",

15.31, F;=0,146 m.

15.32, a) F=0,188M;6) F=0,30 M; B) F=0,75M; 1) F=-—0 188M,
B) F=—0,30m; e) F=—0,75m.

15.33. Fi/F,=1,4; B XKUAKOCTH nepBasd JHH3a GOyJAer [elCTBOBaThb
KaK pacceuBalomlasi JHH3a, a BTopas-——KaK cofHpamas,

15.34. D=2 gnrp.

15.35. a,=0,3M; y,=4cM,

15.37. a;t+a,=1mM.

15.38. a) aj+a;=0,48y; 6) aj+as=2, 65 M; B) a;+ay;=0,864 M.

15.39. F=0,47 m.

15.40. F——-—O 75 M — uH3a! Gynetr paccennaxomen.

15.41, Fa=0,59 M,
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15.42, gy =—90cuM; ay =180 cu.

15,43, Fyp—Fp=3 cm.

15.44. a) a,=10cM; 6) az=5, 7 cm.

15.46. a) k=12,5; 6) k=17,5.

15.47. Ry =R,=25mm,

15.48. d =15 MM.

15.49. k=562,

15.50. F==0,112m.

15.51. ¢ =7°45". .

15.52. duamerp usobpaxenus d=2Ftg (0/2)=4,6 mm. [loTok say-
uell, MOMajauX Ha MOBEPXHOCTh JIMH3HW mJomagsio nD?/4, KOHUEHT-
pupyercsi B n3o6paxensn Connua Iuomansio sd?/4, Torma EofEy =
= 4nD?¥/4nd? = D¥/d*= 383. '

15.53. r=1m; h=0,71 M.

15.54, ©=8,34 1,
15.55. ITpu ¢otorpadupoBaHii BCero uepTeka, pasMepbl KOTOPOro
ropaszo Gospine (GOTONNACTHHKH, H300pa)KeHHe HoJayuaercs HPHOJIU3M-

TeJbHO B IVIaBHOM dokyce o6vexTuBa, Ilpn dotorpadmpoBannn perajeht
M300paXeHne B HATYPanbHYIO BEJMYHHY NOJYYaeTCH MHPH NOMELEeHHH
npefMeTa Ha ABOKHOM (JOKYCHOM DacCTOSHHM OT OGBEKTHBA (HA TaKOM
e pACCTOSHHHM ToJlyyaeTcd M H3ofpaxeHHe Ha (OTOMIACTHHKE).
[Tnomage #306pakeHKd NpH 3TOM yBeauuntcd B (2F/F)* =4 pasa. Bo
CTOJIBKO € Pa3 YMEHbIUTCS OCBEMIEHHOCTs (OTOMJIACTHHEH; C/CLUBA-
TeJIbHO, BPeMs 3KCNOSHLHH HAZO YBEJHUHTL B 4 pasa, '

15.56. B 5,7 pasa. Takum oGpasom, na Cesepnoit 3emsie 3aropaTs
JQyulie CTOS, 4eM Jexa. ’

15.57. B 2 pasa.

15.58. OcBelieHHOCTh B yIJlaX KOMHATH

E=—%— cOos o, 1)

PaccrogHue r oT jaMile J0 yrjla XOMHaThHl, BeJHYHHA (HOJIOBHH& Jua-
TOHZJIH KBaApaTHOro mnoJa KOMHaTbl), CTOpPOHA KBaJPaTHOro IHoJia b un
BBICQTA JIaMIbl HajJ NOJMOM A CBSI3aHBI PaBEHCTBOM

a=rsino=>b/Y 2=htga. (2)

Ha ocpoBannn (2) sppakenue NI OCBEMEHHOCTH MOXeT GHTL 3aNHCAHO
TaK: ’

i
E= = (cos o sin® a).

JIIns HaxoxJeHHs MaKcuMyma E Bosbmem npousBopHylo dE/de. u npu-
paBHSeM ee HYJIO:

%:é— (2 cos? o, sin o —sin® @) =0,

orciona tg?a=2. Toraa h=a/tg a=b/V 2tg a=5b/2=2,5 1.
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.-15.60, Korza ropur, HaCTOJ!bHaﬂ AAMMa, OCBEWIERROCTR ‘Kpasn c-rona
no.nyqaercﬂ Goabwe B 1,2 pasa. :

15.61. B 2,25 pasa. -

15.62. E ~ 8-10% ux.

15.63. a) R=1,6-10% nM/m?, B= 51 10‘ xn/M’ 6) R= 4. lO‘Jm/M’
B=1,27.10* xa/m2.

15.64. a) B=1,2.107 }(n/M" 6) B=3-10* xa/m?.

15.65. OcBemesHocTh Gyner OIHHAKOBas M B cayvae npoapaquﬁ
Konbm W B caydae MaToBOH KOAOLI El_E,_a 4 ax,

15.66. E==2-10% ax; R=1,5-10% am/m?; B=1480 xa/m,

15.67. E==4,2-10* ax. '

15.68. E =210 Jx.

15.69. K=1,61.10-3 Br/am; n ~ 2%,

§ 16. BoanoBas onTHxa

16.1. Tlpu dororpaduposanud OAHOrO, XKpas COJNEYHOro AMCKA
(MCTOUHMK CBeTa JABHXETCH K HaM)

v =vc/c—v);- ’ M)

npH (po-rorpatpnponannn Apyroro xpast co.nHequro Ancxa (ucToynuK creta
ABMIKeTCS OT nac) .

V' =wvc/(c+v). ‘ ) (2)

Yuutueag, uwro v=c/A, us (1) ‘u (2) naxoanm -AA=20A/c; oTcrona
v==cAA[2h =2 KM/cC. : i

16.2. U=mc? (Ah)"/?lzq 2,5 xB. -

~ 16.3, Cmemenne cneKTpaJbHHX JIHBHA B CTOpOHy KOPOTKHX BOJIH

03Havaet, 4TO 3Be3ja NpuGaMMKaercd K HaM. PdfHansHas eKopocTh -ee
IBuXeHus (T. €. CKOPOCTb BAOJb JIHHHH, COELHHsAIomed sBe3ny y Jemio)
HaXOAMTCA H3 COOTHOWEHHS U==( AMK—-103 KM/C,

16.4. B 1,3 pasa.

16.5. y;=1,8 mM; y, =3,6 MM y5—5 4 MM.

16.6, A=0,5 MkMm. . ,

16.7. B pesyanTate BHECEHHSA C'rex.rmnuoﬁ NJACTHHKH = PasHOCTh:
xoa MeXKAY HHTEPGEPHPYOMHMHA JYYaMH HSMEHHTCH HZ BeJAHUHHY A ==
=nh—h=~h(n—1). C npyroil cTopoHK, B pe3yJibTaTe BHECEHHS IMIACTHH-
KH NPOH30UVIO CMellefne Ha k nosioc. CilefoBaTesbHO, A0GaBOYHAA pas-
HOCTb XOJa, BBEJ€HHAH NJACTHHKOH, pasHa kA. Takum.o6pasom; & (n——l)—-—
= kA, OoTRyZa h=kMA/(n—1)=6 mrM. .

168 An<<5-10-5,

16.9. h=0,13 Mkm.
. 16,10. OGosnauum uepes hj u hy TOJIHHE! TIJIeHKH, coome'rcmylo-
mue cocenuM nonocaM. Torpa Ah=hy—h;=2/2n (puc. - 108). quu—
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'nan. YTO yron y RJTAHE -Mald, MOXKHO - ‘C‘m'l‘a'l‘b, 470 Ah._llg y, OTclo,ua
tg y=~kA/2n1=5,13.10"% n y=11",’

16811, [3==1,9 MM,

16.12, ky==5'cm=1, ‘ ' .

16.13. k=5, k-+1=6; A= 05MKM v - °

16.14. A =7589 nm. ) ‘

16.15. re = V 4RA=2,8 Mu; ryp=V 3RAp=3,1 um.

Takum 06pasoM, MH BHAHM, YTO TPeTbe KPacHoe KOJLUO JCKHT Janbiue,
yeM wYeTBepToe. CHHee. DTHM O0GBACHAETCH, noueMy Haﬁnlona‘l"b KOJbLa
HbloToHa B 6e/0M CBETE MOMKHO TOJbLKO IPH HEGOJBIIAX

_ TOMUHHAX Boénymﬂoro cnos, Jna GoJbIIHX Tonmi«m ‘ ‘
NPOUCXOAHT HAJOXKEHHE pa3JlH‘IHHK L BETOB.

16.16. A =675 uwm.

16.17. l3=3,66 MM,

16.18. k=275, o )

16.19. Ilpu uaGaogeHuu KoJel Herotona B npoxo- .‘
OSeM’ cBeTe ycaoBue MAKCHMYyMa cBETa OTpeeAHTCS 4 -
topuy.oit .
2hn=Fk\. " . - ) Puc. 108.

To.ruuuaa cnost h MeXAy JHH3OR H MIaCTHHKOR CBf33HA C COOTBETCTBYI0-
WHM pajnycoMm fk 'HaG/ONAEMOro KOMbUA CASAYIOUHM 06pa3oM: ;
h=rk/2R. 2
Moacrasass (2) 8 (1), noayuum nri/R =k, OTK)’}.‘la n—kKR/r’—l 33.
+16.20. A=1,2 mxm. -

16.21. A=470 nm.

16.22, n=1,56,

16.23. Tlepemeiuerue L 3epxa.na Ha - pacctostiue A/2 €OOTBETCTBYeT
M3MEHEHHIO PAasHOCTH XOAa Ha A, T. €. CMEIIEHHIO HHTePhepeHUHOHHOM-
KAPTHHH Ha OAHY noaocy. Takum o6GpasoMm, L =kA/2, rre k—-lmcno
NpOWE/WKHX B NOJIE 3PEHHS MOJOC, OTKYAAa A=2L/k=644 um.

16.24. n—1=Fkr/21=3,8.10-4, otyxa n=1,00038.

16.25. B otnnune oT uHTephepoMerpa Mailkenbcona, B AaHHOM
cayuae JyY NPOXONMT Yepe3 TpYOKY ¢ XJOPOM TOMLKO OfuH pa3 (puc. 63),
[ostoMy pasHocTh XoAa Jydeil, MPOXOASWHX B XJOpe U BaKyyMe, paBHa
In—l=1(n—1)=Fkk; orciona n——l_kk/l——7 73. 10 =% 4 n=1,000773._

16.26. A =480 Hwm.

- 16.27. d=115 um.

16.28. % ==5; uentp anppakuUHOHHOA KapTHHH GYJeT CBET/IBHIM.

16. 29 Paauyc k-fi 30HH rg == V-kabk/(a—l— b). Moacrasans uncaoBbE
nauHbie, Hafigem ri=0,50 MM, r,-O 71 MM, r3=0,86 MM, re=1,0 um
U rg=1,12 mm.

16.30. r1=0,71mu; ry=1, OMM ra-—l 22 MM} ry=1, 41 MM; rs_.l 58Mu.

16.31, [=167 m. »
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16.32. ITyetb oTBepcTHe amadparMu nponyckaer % sou Qpenéml.
Torpa papuyc k-fi 30HH €CTh ONHOBPEMEHHO pPafHYC OTBEpCTHR: R =
= rk=Vkabx/(a +b). HauMeHbmas oOCBEIEHHOCTD eHTpa. Koneri,
HaGJioNaeMBIX Ha SKPaHe, COOTBETCTBYeT ABYM 30HaM (R==2). ITomctas-
JIi YHCJIOBHIE NaHHBE, HaiaeM R=1 mm.

16.33. [=0,8 m.

16.34. ;= 17°8"; @, =36°5"; z=62°,
16.35. A=5 cM.

16.36. = 230°.

16.37. d=2,8 mkmM; Ny=3570 CM—I .

16.38. Ny=600 Mm—1, '

'16.39. A, =409,9 uM; Ny=>500 mm-1,

16.40. 'Vmeem sin @=~4ryhj/d=Fkohy/d, unu  khi=kohy; oTCIONA
kolky=A1/hy =656,3/410,2==1,6. Tak kax uncia ki H Ry JOKHH ObiTb
06513aTeJIbHO LEJIEIMH, TO YCJIOBHIO kRy/ki==1,6 ynoBneTBOpSAIOT 3Haue-

HusA ky=D5 u ky=8. Toraa d=Fk;Ai/sin p=>5 Mxm.

16.41. A, =660 uM B CmeKTpe BTOPOro MOpsAKa.

16.42. Ay =447 UM —CHHAS JHHHS CTIeKTPa restHs.

16.43, Ayp=705 BM.

16.44. k=3.
16.45. d=5A.
16.46. £=10.

16.47. d=3,9 Mgm.’

16.48. d =22 MxM.

16.49. d=25,4 mMrMm.

16.50. AA==24 mm.

16.51. Vimeem d sin 9=k, Nuddepennnpys, MOAYIHM

dcos @ dp="~ dh,. win do/dh=F/d cos @.

INoxcrasnss yKCNOBBIE JaHHBIE, HaX0AuM sin ¢ = 0,236, otkyna ¢ ==13°38’,
Torpa cos 9=0,972 u do/dh=4,1-10° pag/m.

16.52. d=05 MgM:

16.53. D =81 MmxM/uM.

16.54. [=0,65 MM,

16.55. A, =475 nM; Ng=460 Mmm~}; dp/dh=2,76.10% pag/cm.

16.56. A =510 nm.

16.57, F=0,65 M.

16.58. i5 =57°30".

16.59. ip=>54°44",

16.60. ip =37°.

16.61. n=1,73.

16.62. n=1,63; i=066°56".

16.63. A, =355 uM, A, =395 HM.

16.64. O803HaUMM HHTERCHBHOCTb ECTECTBEHHOTro CcBera wepes /.
Tloce npoxoXAeHHA 4Yepes NOJAPH3aTOD JYd HMEST RHTEHCHBHOCTb
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Iy=0,5/,. Tlocie MPOXOXKACHUS Jyua yepe3 aHANU3ATOD €r0 WHTEHCHB-
Hocth [p=1I;cos?p=0,5/ycos?¢p. Yo ycnosmwo [,//;=0,25; Torxa
€0s%p=0,25/0,50=1/2 u ¢=45° . -

16.65. ¢ =62°32", :

16.66. Kosdduuuent OTpa)Kemm najawomero csera p=I1/l,, rze

~—1_L—|-1“, npHyeM

sin® (i —B) tgz(i—ﬁ) '
—= =0, 55 -

Isin® ({+-B) "tg? (i+P)

B pamem cayyae npu  TNajgeHHH  MOJL YIVIOM MOJHOH NOAAPH3AIHH
tg ig=n=1,54; cregosareatno, ig==57° Tak kak ip-}p=90° To yroa
npenomnenusa P=33° u ip—P=24°. Ilostomy

1, =051,

© sin224° tg? 24°
1) =0,5135555==0,0831, I=0, 510%;0,

T.e. B OTPaXXGHHOM CBeTe NpPH yrJe NAJEHHs, DABHOM YLy TOJHOH
NOJIAPH3ANMH, KOJeGaHusd NMPOHCXOAAT TOJbKO B IJIOCKOCTH, MEPIEHNH-
KyJSIpHOH K IJIOCKOCTH Najewus. Ilpu 3ToM

T. e, OTpaxaeTcs OT CTeksaa ToJbKO 8,3% SHeprunm NajalomMuX ecTecT-
BeHHHIX Jyuell. D10 GyAyT JYUH ¢ KOJIeGaHHSIMH, IepNeHIHKYJ/IAPHbIMH
K TocKocTH nafeHusi. CiefoBaTesbHO, SHEPrUsi KojebGaHuii, neplneHAH~
KyJApHHX K IVIOCKOCTH NaJeHHA W TPOUIEAIUHX BO BTOPYIO Cpeny, 6yner
cocraBasath 41,7% oT of6meii SHeprHH Jyuyefi, yMaBIUMX Ha TPaHHNY
pasfiena, a SHEPTHs KOjeGaHHil, JEKANHUX B IUIOCKOCTH MAfleHust, paBHa
509%. Crenens MosgpH3anMH Jyuel, IpoilefinX BO BTOPYIO Cpely,
In—1
=1::—_|_7é_g—gfg——o 091=9,1%.
L

16.67. Ilpn majeHHH eCTECTBEHHOrO JyYa Ha CTEKJASHHYIO MJICTHHKY
MOX YIJOM NOMHOA NOJNSPH3aUMH IPEJOMJEHHHH Jy4Y HMEET HHTEHCHB-
Hoctb [1=0,917/, (cM. pemenune 16.66). B stoM mnpenomieHHOM Jyue
0,417/, coctaBasloT KosjebGaHHs, NepNEHAHKYAApHBlE K TJIOCKOCTH Naje-
Hus, 4 0,5/p—Kosebanus, napaJsenbHble NJIOCKOCTH Najehus. Hureu-
CHBHOCTbH J1yua, OTPa3HBLIErOCA OT BTOPOH TpaHM IIaCTHHKH, [, =
=0,083.0,0917/,=0,076/,. HuTeHCHBHOCTD Myua, BLIEREr0 13 IIACTHH-
KH B.B03Ayx, 6yner [3=0,917/4—0,076/3=0,841/,, npuuem 0,5/, co-
CTaBJSIOT JYYH C KOJeGaHUAMH, NMapaJie/bHHIMH IJIOCKOCTH MaJeHUf, H
0,341/y—c kone6GanuAMH, NEPNEHAUKYIADHEMH K IJIOCKOCTH NajeHHd,
Toraa crenenwb NojiApH3anuH .
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T. €. CTenenb NOAAPH3AUHH YBeaHuHAach. Ha 9ToM 0CHOBaHHH B KadecTBe
TIONIAPKIATOPA  yNOTPEGISETCR . (CTONa nnocxonapamenbnux CTEKASH-
_HHX TracTHHOK. («cTona Croneronan).-

16.68, p=1/1,=5,06%; P,=83%; P,=4,429,

§ 17. neMeHTH . TEOPHH OTHOCHTERbHOCTH . -

’
17.1. Hmeen

=L YVT=g, )
Mo yenosmio (fy—I)/ly=1—1/l,=0,25; orcigna
U1y =0,75, nan 1=0,75l,. @

TMoacrapass (2) B (1), nonyunm ¥V 1— p2=0,75, mm 1 —p¢=(0,75)%=
=0,5625 u P2=0,4375. Taxnm ofpasom, p=v/c= Y 0,4375=0,6615 n
OKOHUaTeasHO v=Pc =0,662- 3 10° M/c=
/ , =1,98. 108 m/c.
, 17.2, v=2,6-10% m/c.
17.3. (lo—1)/ly < 68,8%.
17.4. B 7,1 pasi.
17.5. At=3,2 c.
17.6. Am—=8,6-10—%7 kr,
{ 17.7. Ha puc. 109 pmam xapaxTep
. 33BHCHMOCTH MacCHl m 3A€KTPOHa d
|/3 OTHOIEHHS e/m OT BeAHYRHH [} =v/c,
| 17.8. v=2,6. 108 M/c,
- Puc. 109. ] 17.9, Umeem |,

W, =mgc? (V1—62 l):c‘a( %—mo>=c’(m~mo),

0'n(y11a

x/mo =2 (m—my)/m.

O6osnaunM (m—mo)/mg=Fk; Ttoraa W, =mgc2k. ITo ycaosuio k= 0 05.
a) W, =25,6 xaB; 6) W, =47 MsB; ) W,=94 MsB.

17.10. U=1,1 MB. - .

17.11. U =510 xB,

17.12. Ioanas sneprus MesoHa W, cKJaiwiBaeTcs H3 KRHETHYECKOH
sHeprud Mesona W H coGeTsenHoit sHepruu Mesona W, (smeprim moxos).

ITpu sTOM

- W =mqc? ( Wo=rmqc?,

V"‘_—l>f
iy

Vi=p’

W,,_W—i—Wo—
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Tlo' yenosuio Wo/Wo=10, T. e, l,l'}"l-—ﬂa 10; otcropa f=1v/c=0,995
H v==2,985.108 M/c.

17.13. p=286,6%.

17.14, p=99,6%.

1715, (I4—1)/1,==91,5%.

17.16. $=0,9. . :

17.18. W, =8,2.10-1% [Ix,

17.19. Am=4,6-10-17 xr. _

17.20. AW =931 MsB. -

17.21. AW =8,2.10-14 IIx, .

17.22. Am),=3,2.10-° r/moab. Takem o6pasoM, B - pesyabrate
peakiH mnosayyaercsi He 18 r Boaw, a ma 3,2.10-% r mennwe, 3Sra
BEJIHYHHA JIEXKHT 33 NpefeslaMH YYBCTBHTEJNBLHOCTH CAMBIX TOUHBIX BecOB.
Takoro e NOpsAZKA H3MeHEHHe MACCH H TPH JPYIHX XHMHUYECKHX peaK-
upsix. TIpH sifepBHIX peaknusiX H3MEHEHHe MAacCH YXe 3HAUHTENbHO
(cM.  caenyrwomyio 3anauy).

17.23. Amy =0,217 I/MoJIb,

17.24. ©=7.10'2 jer.

§ 18. TennoBoe HaTyJeHHE

18.1. T=1000 K.
" 18.2. N=3,9.10% Br,
18.3. R;=4,6 kBr/m%
18.4. T=1000 K.
18.5. N=2,22 xBt; £#=0,3.

"18.8. T=2500 K.
18.7. $==0,4 cvd.

18.8. K=1,37 kBr/M2

18.9. N=3,1 MBr.

18.10. . K'=595 Br/m2.

18,11, Ry=73,5 MBt/m%,

18.12. S=6 cm2, :

18.13. a) A,, =1 MKM—undparpacuas obaaetb; 6) A, =500 am —
‘061acTh BRANMOTO CBETa; B) Ap = 300 nM—0621aCTb pPEHTIEHOBCKHX
ayue, .

18.14. ITo rpaduxy {pHc. 64) HaXoIHM, H4TO ;mm-xa BOJIHHI, Ha ROTO-
Pyio TIDHXONHTCS MAKCHMa/bHasi CHEKTpalbHas TJIOTHOCTb SHepreTuue-
CKOfl CBETHMOCTH Tend, Ap ~’1 ,2 mem. Toraa no 8aKOHY Buna noayunm
T=2400K.

Tpouent uanyuvaemoit’ sHeprus, Npuxonsiefick Ha Rodio BHIHMOrO
_cmekTpa, oOlpellesiseTca TOH joJell IJioman, OFpAHHYEHHOR KpHBOA
‘r, = f(A), KoTopas OTCEKA€TCsi OpAMHATAMH, BOCCTABJEHHHIMH IO
KpasiM - HHTEPECYIOLErO - HaC MHTepsasa, BHAMMBIA CTeKTp mpocTupaetca
npuGAHanTensuo ot 400 no. 750 HM,- Hanoea Kpuaylo, naoGpa)KeHnylo
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Ha pac. 64, Ha MUJAHMEeTPOBKY, HafileM, WTO NpH AAHWOH TeMmepaType Ha

JIOJII0 BHIHMOrO - H3JY4eHHsT NPHXOAHTCH OKoao.3—b5% Bcero nsnyqemm.
18.15. B 3,6 pasa.
18.16. 1 =9,3 mkwm.
18.17. B 8! pas; ot Aj=2,9 MRM X0 Ay =0,97 MxM; B 243 pasa.
18.18. T, =C;T{/(AATi+C1)=290 K.

18.19, Veesuuntcst B 1,06 pasa.
18.20 N =0,84 Br.

18.21. Ak 0,24 MEM.
18.22, Am=‘AW/c2=1,4-1017 Kr; T=7.102 ser,

Fnmasa VI
SHU3HKA ATOMA H ATOMHOIO AJPA

§ 19. KpanToBas npHpojA CBETA M BOJHOBHE CBOMCTBA HACTHL

19.1. a) m=3,2.10-%xr;6) m=8,8-10-32kr; B) m=1,8:10-3kr,

19.2. £=1,15-10-1% Txx; m=1,38-10-%kr; p==4,1.10-22kr.m/c.

19.3. N;=6,2.1018 ¢c=1; N,=1,2.1019 ¢c-1; N,;=1,1.1018 c-1;
N,=5,9-1018¢c~1; N =—4,6.1018c~1; Ny=5,1.1018¢c~1,

19.4. v=9,2-10° m/c,

19.5. v=1,4 gm/c,

19.6. £=0,5!1 M3B.

19.7. E ==pc/St=150-11x/(c- Mz)

. 19.8. T =9800 K.

19.9. A=0,41 mm.

19.10. m=2,1.10-32 xr,

19.11. Hmeem hv=A-+mv?/2. Jas Toro uToGH BO3HEK (oTosdibeKT,
HeoSXxonHMO, uTo6H Av > A, T.e.v > A/h. Ho v=c/A u, ciesosatennio,
151 BO3HUKHOBeHHS (hoToshdekTa AyHHA BOJHBEI MajalQUIero CBeTa AO/KHA
YAOBJMETBOPATE HepaBeHCTBY A < fAc/A. B ommrax Cronerora A << 295 uMm,
OTKyJa HeTpyaHO HafitH, yto A=4,23B.

19.12. Ay =517 um;- Ao =540 um; ho=620 HM; Ao =660 um.

19.13. £=4,53B,

19.14. A=4,53B; 052 =9,1. 105 M/¢; Wpnax=3,8.10=1% I,

19.15, Tak kak $oTosddeKT HauHHAETCSE TIPH YaCTOTe vy ==6-1014 ',
To paSoTa BHIXOAZ JeKTpOHa A=hvy=2,48 3B. J[lanee,. umeeM
hv=A--mv?/2. UTo6p 3azepxaTe BEUIETAIOUIHE 3JIEKTPOHBI, HBOGXOHMO
NPHIOKHTL PasHOCTh moteHmmasoB U; mph. stoM el =mou?/2, Takum
obpasoM, hv=A--eU, orkyna v=(A+-eU)/h=13,2.1014 1,

19.16. U=1,75B. . ‘

19.17. A =204 um; Ay=234 nu,
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19.18. pinax=3,45.10=2 kr-m/c,
19.19, h=6,6-10=% JIx-.c.

"""A+Uo_1 5B; v= ]/—_(hv—A+eU,,) =

19.20. U=

=7,3.105 m/c, -

19.21, Ay<< 254 M.

19.22, Cpetosoe nasnenwe P=F/S, rge F—cuaa ceetoBoro papJe-
HHf Ha Kpymok nosepxuocsbio S, Ho F=M/l=ka/l, rze M—moMeHT
KpYUYeHHs HHTH, [-—pacCTosin¥e OT LEHTpa KpPYKKa [0 OCH BpalIEHHS,
€.— yroJ1 MoBOpOTa KpyXKa. J17 TOro uTo6H 3aifuMK Mo WKanre, yaa-
JIEHHO!! OT 3epKaJia Ha paccTOsHHe b, OTKJOHHJCS Ha BeNHUHHY &, HaJoO,
9TOGH  YroJ MOBOPOTA 3epKajblia YAOBAETBOpSAN yciosHio tg 2a—=a/b,
RIH npu Manux yraax tg 2a m~ 2a=a/b, Takum o6pasom, o =a/2b
u P=ka/21bS =3,85 mkIla; E =770 IIkx/(c-m2).

19.23, P=0,355 mxlla; N =2,1 MBr.

19.24. 1=1,2.102 c=1.m~2;, FAr=1,42 mxH.c/M2, FA1=
== 2,13 MmxH-c/M%; F3Atr=2,84 uxH.c/m2.

19.25. P=4,5 mx[1a; m==7,8.10-18 xr,’

19.26. P=10,4 mxIla.

19.27. P;=0,7 mxIlla; P,=10,35 mk[la,

19.28, /=2,9.10% c~1.m~2,

19.29. a) AA=2,42nM, A=A,+AA=73,221mM; 6) AL=4,8mm,
A=175,6 nM. :

19.30.. Ay ==24,2 M.

19.31.. AA=2,42 nMv; Wo=hc AL/(AA)=6,6 k3B, p,==4,4%
% 1023 xr.m/c.

19.32, W =0,26 M3B; p=9,3.10-12gr.M/c,

19.33. W,=0,1 MsB,.

19.34. A;=1,23 am; Ay =0,123 um.

19.35. A =29 nm; Ay =2,9 M.

19.36. a) A=730nm; 6) A=144 nM; 8) A=6,6.10~2%n, T, e. BOA-
HOBHIE CBOMCTBA WapHKa OGHADYKHTb HEBO3MOXKHO,

19.37. a) A=12,21M; 6) A=0,87 oM. !

19.38. m=1,67-10-27 kr: 4

19.39, i
: v, 108m/c {2,0] 2,2 | 2,4 | 2,6 2,8

A, IM 2,70 2,25 | 1,82(1,39]0,925

19.40. % =10 m.
19.41. A= 180 v,
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§ 20. Atom Bopa. Pentresonckue ayus . . . R

. "201 ri=53nmm, ry=212mm, ry=477 mi;“ v, =2,19-10% M/c,
=1,1-10% m/c, vy==7,3.10° M/c. ' '
20.2. W.—me‘/8a’h2k3=13 69B Wn=——2W =27, 29B W_.

= W, 4+ W,=— 13,6 3B.

20.3. W,;=13,63B; Wy,=3,409B; Ws=1,51 aB; W“-O

20.4. T=1,43.10-16¢c; w=4,4-101% pan/c.

20.5. Jlnutbl BOJIH CHEKTPaJbHBIX JIHHHH Bonopoua BCex cepm’x onpe-
npensiotca ¢Gopmydoit

1 1 1

=RlE—=) 0]
npu k=1, n=2, 3, 4, ...—cepus Jlaiimana B yabTpadHO/eTOBOA

; obJiacTd; -
npp k=2, n=3, 4, 5, ...—cepus Banbmepa B BHmuMOH oGaacTy;
npu k=3, n=4, 5, 6, ...—cepus [Nawena - i
npn k=4, n=>5, 6, 7, ...—cepus Bpekkera } B mHppaKpactoi
npu k=5, n=6, 7, 8, ..,—cepus Ildpynna '} obaacth.

Takum 06pasoM, BHAMMasi 06/14CTh ClIEKTPa COOTBETCTBYeT 3HAYCHHSM
k=2 u n=3, 4, 5, ... OueBHAHO, HaHMeHbILas JJINHA BOJIHH CNEKTPaJIb-
HHX JHHHA 9TOH ceppm G6yxaer npu n=co. Torpa us (1) umeeM 1/Apin =
= R/4, W4 Amin=4/R=2365HuM (c TOouHOCTBIO [0 TpeTbell 3Hauamei
uudpw). HamGosnbmasi LJHHA BOJHHL COOTBETCTBYET f==3; INpH 3TOM
Amax =056 HM.

20.6. Amax= 121 uM; Ugig=1,90-108 M/c.

20.7. Motenuuan uonuzauuwn U; atomMa ompeiensiercs ypaBHeHmem
eU;=A;, rne A;—pa6ota’ yjaneHHs 5JeKTPOHA C HOPMaaLHOM OPGHTL
B GeckoHeuHocTb. il aToMma Bojopoja

A,-=hv=th<-7:—2—,_——%).
Mpn k=1 u n=o pabota A;=hRc u NOTeHLHaN HOHM3aumH U; =
= A;le=hRc/e=13,6 B. :

20.8. U;=10,2B.

20.9. Bte JHHHH Bcex CepHil CreKTpa BOAOPOAZ MOABATCA INPH HOHH-
3allHH aTOMa BOAOPOAA, 370 6YJET IPH SHEPrHH 9J1eKTPooB Wi = 13,6 5B
(cm. pewenne 20.7); Umin =V 2eU;/m=2,2-10% m/c.

20.10, Dueprusi, Heo6XOAMMas -AJs TNEPeBOAa aTOMAa B MEPBOE BO3-
6yxnenHoe cocrosinue, W;==10,23B (cM. pemenne 20.8). Dneprus, neoG-
XOAMMas - s [epesofia aToMa BO 'BTOPOe BO3GYXKIEHHOE COCTOSHHE
(k=1, n=3), Wy=12,13B. Takam o06pa3som, CReKTp BOAOPOAA dyue-’i‘
HMETb TONBKO OJHY CHEKTPANLHY.JIHHHIO, €CJIH SHeprHs GoMGapaupyro-
IMEX SJeKTPOHOB Jexut B HuTepate 10,2 W 12,1 3B,

20,11, Wain=12,15B; Ay =121'"iM; Ag=103 1m; Ag =656 mm,
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- 20,12, 973 <A 102,6 1M, - i e
20.13. AW=256sB.. ‘ . o
20.14. 97,3« 3 < 102,6 M. ‘ '

20.15. C n=3 na k=2, .

20.16.. ,=0,33 am. -

20.17. r{=26,6 nM; v;=4,37.10° M/C

20.18. a) U;=40,8B; 6) U;=91,8B,

20.19. a) U;=54B; 6) U;=122B.

20.20. A=30,4 nm, '

20.21. A=13,58M,

20.22. A=>589 um.

20.23. U=2,1B.

20.24. A=254uMm.

20.25, Haumenbini yroJ COOTBETCTBYET CNEKTPY NepBOro MOpsiiKa,
T. e, A=2dsin ¢, oTRyZa sin p=2A/2d=0,033 u @==1°54",

20.26, ‘Monspuuil o6beM KameHHOH coiH V=p/p, B stom o6veMe
pmeercsi- 2N 4 uonoB, rie N 4g—rmocrosinnast Aeoragpo. Torma o6new,
TIPHXOAAWMICA Ha OfnH HoHW, Vi=p/2pN 4. CrnenosaTeabno, paccTosinHe
d Mexjy HOHaMH (TIOCTOSIHHAS pelneTKH) HalaeTcs us ycorus Vy=d®, 1. €,

d=3/Vi=vu/2oN 1 =281 mm.

20.27. TIpH yBeJHYeHHH pasHOCTH NoTeHnHanoB U, mpuiomenHol
K 5JEKTPOJaM PEHTTeHOBCKOH TPYOKH, NMOABASETCH CHEKTPAJbHAR JHHHS
-B CMeKTpe HEepBOro nowmxa JUIHHAa BOJIHEI - KOTOPOR A YAOBJETBOPHET
YPaBHEHHIO

eU=hv=hc/7~. ’ 1)
Ho o Q)opMyne Bysaspa— Bpsrra
A=2dsin @. @
Ha (1) (2) HaXOLHM
el eU 2d

h=r—==

: sin @=6,6-10-% Jlxc.

20,28, h=6,6-10-34 xx.c. .

20,29, Aj==41,31M; Ay ==31-nM; Ag=24,8 nm,

20.30. A =27 nu.

20.31. U=T770kB. ;

20.32. Bee sunun K-cepuu (@ TakKe JHHHH OCTAJNBHHIX cepHil) mos-
BATCA OXHOBPEMEHHO, KK TOJBKO OYyJeT yhaJeH 3MeKkTpoH ¢ K-op6uth
atomd. Jlas 9TOro Hajo NPHJIOKHTL Pa3HOCTb MOTeEnHatoB U, ypoBieT-
BOPAIOILYIO COOTHOMIEHHIO . s

< ‘ T elU=hv="he/), . : -

rie A— JMIHHA BOJIHBI, COOTBETCTBYIOMAN NIEPEXORY GECKOHENHO YAAJICHHOTO
sAexTpona Ha K-op6uty, T. €. AAWHA BOJHHI, ONpEAeJsIOlaf IPaHALY
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K-cepun, [lns Hawero ciydas JJHHA BOJHBI A paBHa (CM. Tabm. XIX):
a) 138mm; 6) 48,4nM; B) 17,8 1M; 1) 15,8 nM. Mckomast paswocTs NMOTEH-
uuatos maiaerca mo dopmyne U =he/eh.[loacrapassa uuCAOBHE AaHHbBE,
NOJyYMM CJefyiOllMe 3HAYEHHS VIS DAa3HOCTH MOTEHURAJOB U: a) 9&kB;
'6) 25,3kB; B) 69xB; r) T9kB,
20.33. Hmeem
1

- S =Rz~ b)( nz). )
HauGonbmasa AnuEa BoAHbl K-cepuu cooTBercTByeT JHHHH K. [TpH 3TOM
8 popmyne (1) Mu AomKHB nONowHTs b=1, k=1, n=2. Pewas dop-
myny (1) OTHOCHTEeNBHO A M TOACTaBAfA UMC/OBbE JAHHHE, NONYIHM
aHaueHHs A, paBHbe: a) 194 nm; 6) 155 nM; B) 72 nm; r) 57,4 nm; 1) 23,4 nm;
e) 22,8nM; %) 20,5 nM. DxrcrepHMeHTaNbHO HalJleHHbIE 3HAY€HHA JJHH
BoJMH A -1HHHH Ko chedyiomume: a) 194 nom; 6) 154 nM; B) 71,2 mm;
r) 56,3 nm; x) 22 nu; e) 21,4 mm; %) 19 nm.

20.34. Ilepeyon snektpora ¢ M- Ha L-ciofi cOOTBETCTBYeT 3Haue-
HusiM k=2 W n=3; MOpAAKOBHI HOMEp BoOJb(pama B Tabiuue Meune-
neesa Z==74. IlojcraBasis 3TH ufc/oBHe ZXaHHee B Gopmyay Mosauu,
HafigeM b=D5,5.

20,35, Z=40 (uupKoHHI).

20.36. No/N =pDy/N 4¢=3,5-10-1°,

20.37. N=1,6-1014¢c—1.kr-1,

20.38. /g =2,7-10-18 A,

20.39. x,/=0,5mm.

20.40. B 3,7 pasa.

20.41. x,/, =80 MKM.- v

20.42. Cm. Tabauny; A=1,24 oM. |

Bemecﬁ;o Bona AnoMunn# Keneso CbuHen,
w, M=l 6,7 16 “ |7
py, 10=3 2/kr| 6,7 6,2 5,6 6,8

20.43. n=1n80/In2=6,35,

§ 21. PagnoakTHBHOCTD

21.1. Uncro aromos PalHOaKTHBHOIO BellecTBa, pacHafaromuXcs

3a BpeMsi df, onpeensercd GopMyJoH . :

dN = — AN dt. (1)

YrnoTpebaaTe 9Ty ¢GopMyay A KOHEUHOTO [IPOMeXYTKa BpeMenu Af
38 . |



MOXHO TOJBKO B CAyuae, €CNH UAC]O HMEWMHXCE aTOMOB N MOXHO
cudTaTh 3a. Bpems Af HeH3SMEHHHIM, T. €. KOrza TNpPOMEXYTOK
ppemenH Af TOpasgo - MeHbLie MepHOAa moJypacnaja T1/z' B Ha-

weM cayuae (cu. Tabn. XXII) nepmon monypacnaza nonouus T1/a=
= 138 cyT; MOSTOMy MH MOMEM 4HCIO pacnaflaiomHXCs 3a BpeMs

_At=1 cyT aTOMOB NMOMOHHsS HAHTH MO (popmyJe N
In2
[AN |=AN At = Tara N At==5025 cyr—1, @

21.2. [pu peweHnH AaHHOHA 3aJauil IO/b30BATHCA PHO/IHKEHHO R
dopmyofi (2) u3 pewenus safiaun 21.1 Henb3d, TaK Kak MepHOA moiy-
pacmafa panoua (cM. ta6n. XXII) T1/2=3,82 cytT.” aa HaxoxXueHHs

yucJIa pacrajalomuxcs 3a BpeMms Af=1cyT aToMOB pajoHa HAafO MOJb-
30BaThe OpMyJIOH N=Ng-M, Torza HcKOMOE YHCIO

AN =Ng—N = Ny— Noe=M = N (1 —e—M) =1,67.105 cyT~1,

Ecau e MB Gygem HaxoZuth AN no npubnwxennoit gopmyse (2), T
nonyuum AN=1,92. 10° cyT=1, T. e, DOTYCTHM OWMOKY IOpSAAKa 10 %
Vuamumes npeisaraeTcs yGelHThcs, uTo peurenus sagaud 21.1 mo dop-
myaam (1) u (2) npusoxAT ¢ TOUHOCTbIO 1O TpeTbell 3Hauameli LHGpPLI
K OJIHOMY R TOMY g OTBeTy.

21.3. a=3,7-101" Bk,

21.4. m=6,5-10"% kr.

21.5. m==0,22 mr.

21.6. A=2,1.10"8c~1, :

21.7. a) a,=7,9-107 Bx/kr; 6) a, =5,7-10'® Bk/kr.

21.8, m=38,5-10—20kr. .

21.9. 53 orbpoca.

21.10. =40 cyr.

21.11. TlpouentHas A0JA PaJAMOAKTHBHOCTH, BHOCHMAS KaXILHIM M3
K30TONOB B OGILLYIO - PAXHOAKTHBHOCTb NPHPOXHOTO YpaHa, ‘OnpefeHTCs
OTHOLIEHHEM UMCIa pacnaloB B eJHHHLY BpeMEHH KaXJOro H3oTona
K oflueMy upcay pacnajoB B €IHHHIY BPEMEHH MPHPOAHOTO ypaHa.
O603HauuM uepes m Maccy NMPHPOJHOTO ypaHa. Torza Macchi H30TONOB
6yayT paBHB  COOTBETCTBEHHO " my=6-10"%n, my=7,1.10~%n n
ms=99,28-10-2m. Yucno pacnagos B eJHHULIY BPeMeHH, JaBaeMoe
H3oTONOM, GyleT paBHO

ln2 In 2N gmiAt
Ny =22 N At ot AT
A 1 IA TlAl ’
anNAmzAt In2N gmgAt
ANy = , Ng=——— Alltg
2 T2As ANs T34,

r11e N g4 —nocrosiHdas Aaora,upo, T,—-nepnon noJypacnaja H30TOMa
(HHACKC 112 y T onymen), A;—ero moasipHas Macca, Orciofa BCkoMoe
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OTHOLeHHe  ZAR KaMAOr0 W3 H30TONOB GyZET paBHO
. AN, ‘ S myAT; :
AN1+AN3+AN9 ml/A1T1+m,/A,T,+m,,/AaT,

Honc'raanxx 9HCJIOBBIE AaHHREIE, HETPYAHO Y6E}[HTBC9{. 9TO BCA pannoax-
THBHOCTb NIPHPOAHOTO ypama ofycnoBaena usoTonoM 338U, paxuocaxtHs-
#ocTh ke H3otomos MU m 23U mcudsaioute Mada. C .

21.12. v=1,52-107 m/c. TTonnasg sueprus W, Buzensiomasca npH
BHJIETE O-yaCTHLUB, DABHA CyMMe KHHETHYECKOH SHEPrHH G-4acTHLM
W, u kunetHueckoii snepru# W, ocTatouHoro sigpa:

V=Wt W, (1)

Kpome Toro, mmeer MeCTo 32KOH cOXpaHeHHss HMnyJibca. Tak Kak Ao
pacnaja HMMyJAbC CHCTeMbl GLUI paBeH HyJW, TO NOC/Ae pacnajga.

MUy == MyUy. )
Hs (2) HETPYAHO nonqub ’
mlv-le mgvg -
(fﬂlvl)2 —"—-2*-——— W12m1 == (m202 = "‘—2—-' 2m2 = 2/]12 Wz. -

Torga u3 (1) nmeem

W= W1+2’"‘W1_ Wi 1428 ) = wy B 67 B

© 2113, &) Q=0,12x[x; 6) Q=16 x[Ix.
21.14, Q) =5,2-10'2 I /mons.
21.15. a=2,8-108 Bk.
21,16. N 4=6-10% monn=1,
21,17, m=4,8-10-%kr.
' 21,18, ¢=12,6'cyr., Ha puc. 110 nan xapakTep 3aBHCHMOCTH
NN’ =f (B). o

Y7

AT

L

Yot

~ Puc. 110, Puc. 111.-

21.19, Ha puc. 111 pan xapakrep 3saucumoctd N/N'=f ({). Ile-
pHOX .NOJNypacnaja HailjeTcAd Kak aGCHHMCCA TaKOA TOUKH KDHBOH, op}m?-.

%0 ,



HaTa kotopoli pasHa 0,5. Jag mawero caysas u3 xprsoft ‘N/N'=f (f),
HauepueHHod ¢ namecenHeM Maciutala, MOXHO HafTH Tm_3 8 cyr,

21.20. T, ; ~ 49.

21.21, t=10,4 cyr.
21.22, Hmeem - .

) 0,693ty meg . Myp : 0,693¢
Ncr—*NW[l-——exp(— Tyo )]. A, =Ayp [l—exp_(— Ton )].
rie A;— MOAfpHasA Macca H30TOMa (mmexc 1/2 y Ty onywen). Otciona
t=3.10° ner, y

21.23. N=2,8.10% -

21.24, m=7.10% xr.

21.25, [=1,1.10-7 kp,

21.26. 63,2%. .

21,27, a=1,67.10° Bk.

21.28. a, =>5,25.1018 Bk/kr.

21.29. Ho cMelleHRs yjaebHas aKTHBHOCTH H30TONa

- AN _M_.«_']nQNAmI__anNA.‘ 1
O S Ry TAym . TA; (M
mocte cewenus

A In 2N ymy R
M2 (my -+ ma) Al TAl(ml‘i'mz) :

rue Al‘\—MO.JlﬂpHaﬂ Macca pajHOaKTHBHOTO HaoTona (}mnexc 12y T
onyuen). Y3 (1) u (2) nosmyuum.
Aa,,,=‘“'2NA(1_ mi ) In 2N g,
] TA; m1+m, T TA; (my-my)
21.30. my=11 ur,
21.31. %iPo.
21.32. *iRa,
21.33. *33U. . ;
21.34. iHe. ' )

21.35. '33Cs.
21.36. a) v=1,92:107 m/c; 6) W=7,83 MsB (cM. pewenne 21 12);
B) N=2,26-105 r) /5=1,33.10-% A,

—4 9.10Y? Bx/xr.

§ 22. }lp,epﬂue peaxuny

22,1, a) 12 npotonoe m 12 mefitponos; 6) 12 ripotronos n 13 Heﬂ-
TpoHos; 8} 12 npoToHos # 14 HeiiTpoHOB.
22 2, meem Am= ZmlH-|—(A ~Z)my—mpy. Y nac (CM. Ta6a. XXI)

Am=(3-1, 0078314-. 1,00867 —7, 01600) a. e.m,=0,04217 a. e. m.
Tak Kak macce | a. e. M. cOOTBETCTBYeT SHGPPRHV 931 MsB {cm. sagauy 17.20),
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§O OKOHUATEeNLHO OSHeprusa CBA3W Axpa sLi Gyper pasma W=0,04217%
%931 MsB=239,3 MsB. Oty sHepruio Hajo 3aTpPATHTb, YTOOH pACIIENHTH
aapo 3Li Ha HyKJOHHL, )

22.3. W=28,3 ‘MsB.

22.4. W =225 MsB. .

' 22,5, a) W=28,5 MsB; 6) W=7,7 MsB. flxpo {H Gouee ycroitunso,
qeM S1J1po ?He. .

22.6. W,=7,97 MsB.

22.7. W=2,2 MsB,

29.8, a) W="5,6 MsB; 6) W=7,5 MaB; B) W=28,35 MsB;r) W=
=8,55 MaB; n) W=28,756 MsB; ¢) W=8,5 MsB; x) W=7,9 MaB;
3) W=7,6 MasB. .

22,9, HUmeem Q= c? (2 mi—z fg). CyMMa Macc HCXOAHBIX YacTHIL

3 my=(7,01600 4+ 1,00783) a. e, m. =8,02383 a.e. M.
CyMma Macc 06pasOBaBIIHXCH YACTHIL
3 my = (4,00260 4-4,00260) a. e. m. =8,00520 a. ¢. M.

Takum o6pasoM, jebekt mMacc Am=20,01863 a. e. M. CnenopaTessHo, npu
peaknuH Bhjesstercs sweprua Q=0,01863.931 MsB=17,3 MsB.

22,10. Q=1,18 MsB.

22,11, 3) Q=4,04 M3B; 6) Q=3,26 MsB.

22,12, a) Q=18,3 MsB; 6) Q =22,4 MsB; B) Q =4,02 MsB,

22,13, M =570 1,

22,15, Q=15 MsB,

22.16. Q =4,35 MsB.

22.17. "IN+in— NCH1H; {C— e+ YN

22.18. a,, =1,1.102 Bx/xr.

22.19. T1/2==15 q, . ’

22.20. Q;=>5,35-10%2 MsB; Q,=3,6-10% MsB. Takum oGpazom,
Q2/Qi=7-10% T. e, 4TOBH OCYIIECTEHTL 3TO NpPeBpalleHKE, HAJO 3aTpa-
TUTb SHEPrHH NPHOGJIH3UTeNbHO B 7 MJIH. pa3 GoJbile, YeM BBHIIEJIUTCH
TIPH 3TOH peaKUHH, '

22.21, m=6,015 a.e. m.

22.22..B pesyabTaTe npoBefeHHOr0 IWHKJA 4YeThHIpe Apa BOAOPOAA
NpeBpallaloTCsa B OJHO SAPO TeJHA. YTJepox, BeAyWHH ce6f KaK XHMH-
YeCKHH KaTaJH3aTopD, MOXMET MCNOJb30BaThCsl CHOBAa. HeTpyaHo naiith,
4YTO B pe3yJbTaTe STOro IMKJAA OcBoGoXkjaercss sweprua 4,3.10-12 [k,
C apyro#l CTODOHE, 3Hasi COJHEYHYIO NOCTOSHHYIO B paccTOsiHHe OT 3eMJH

- no Connua, HafifeM, yro CoJHIle H3/yYaeT B eIHHHIlY BPEMEHH SHEpIHUIO
Qct =3,8-10% [xk/c. Ecsan mpeBpaileHHe YeThIpex aTOMOB BOJOPOjia
naer sHepruio . 4,3-10-*2 JIk, TO 4 H3JIydYeHHS éHepr}m Qo=
=3,8-10% JIx/c HeO6XOAHMO pacXonoBaTh, B EJHHHILY BPeMEHH Maccy
sofopona my=>5,9:10'1 kr/c, Tak kak macca Cohnna mc=2.10% kr,
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TO 3amac BOJOPOJA B COJNHEUHOM BelmetTe m=2.10%.0,35 kr=7.102? kr.
CarenoBaTesibHO, JAHHOTO 3aNaca BOLOPOAA xsa'rm' Ha Bpems £ == 4. 100 jer,
22,23, ma=1,00867 a.e, M.
22,25, Ilo onpenenenHio ,
ki=N1/Ng, (N
Tae Nj{—uHCc/IO NMPOMCINEAIIHX aKTOB fNEPHOTO NpeBpalleHHst 3a HEKOTO-
PBIfl TPOMEXYTOK BpeMeHH H N, — uncJ10 yactuu, GoMGap IUpYIOUHX MHIIEHb
38 3STOT NMPOMeXYTOK BpeMeHH. C Jpyrodl CTOPOHE!, TAK K&K aKTHBHOCTb
H30TONA ONpeeasieTCsl YUC/JIOM pachajoB B efHHHIY BpemeHH (a; =AN;), TO
g
2 1/2 2 B

rae T, ,,—neprox moJypacuaja o6pasOBaBUIErocs PajHOaKTHBHOTO H3O-

kg=x

tona, Taxkum o6pasom, u3 (1) u (2) noayunm

In2

kg"—-— T

ky.
1/2

22,26, kj=1/500, T. e, TONMBKO OJHH TpPOTOH H3 500 BHI3LIBaeT
peaxIHio,

22,27, ki=1,2.10-3,

22,28, HenocpelcTBeHHO mnOCJe U3rOTOBJIEHHS HCTOYHHK JIa€T B efH-
HAOY BpeMeHH 4HCIO pacnanoB ay==(AN/Af);=ANy; cnycta Bpems ¢
YHCJIO pacnafioB B eIMHHAIY BPeMeHH @y = (AN /Al)y =AN,, rae Ny= Nie—M,
Orciofa, yuHTHIBasi, YTO TOJAbKO OfHA O-dacTHna H3 n= 4000 BbI3niBaer
peaKiuio, HaX04WM YUCJO STOMOB DajoHa, BBEJEHHOTO B UCTOUHHK:

nN
N'=nNj=——=nNyeM,
e

Torpa macca papoua
t
e e = 2 0t

22,29, 0,=9,3-108 ¢=1,

22.30. Q=6,9 MsB; k,=5,77-10-1% Bx.

22.31. OGognaunM (puc. 112) my, mg u mg——maccsl GombapaupyIoweh:
O.-4acTHILB, IPOTOHA W fipa OTAAuH (B HaLIeM cJyuae siApa KHCJOpOJa);
Wi, Wy n Wj3—uX KHHETHYECKHE '
sueprud, Ecau ‘sipo asora (m) He-
NMOJBHXKHO, TO B84KOH COXpaHeHHA
SHEPIHH 3allMIleTcs TakK:

WitkQ=W,+Ws (1) .__@_gf_@(:’gf,_--_-

Uy 7

rie Q —>sHepTus peaKIHH. 3aKoH

COXpaHeHHA HMIYJbca B BeKTOPHOH ':3\
dopme HMeeT BHE ° : - ’
Pi=pi+ps. 2  Puc. 112,
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‘M3 (2) HMCEM P mmy.ncos (puc. 112)

. ps—p1+p.-2p1ps cosQ. - - . )
.Tax xax ’
p’=(mv)’=£1-;—=-2m=2mW,k : V («i)

To ypaBHeHHe (3) TPHMET BHX
2my Wy =2m; W 1+ 2my Wy =2 cos @ VY ZmW,- 2m,W5,
HIH

258y s Wiy, 5)

V5= —-'— Wl + Wa
Hexnouas uz (1) u (5) suepruo Wy, nonyunum cpqpmyny, caﬁsbmaxomyxo
KMHETHUECKYIO 3HEPIHI GO0MGapIMPYIOIHX Q-4aCTHI, ¢ KHHETHUECKOf sHep-
rHell “NPOTOHOB:

v, (ms—ml>+Q v, (mz—i—ma>_f2cmo:fp}/-m: ©)

mg
3nece Q=— 1,18 M3B. Pemas (6) OTHOCHTENHHO COS ¢ H NMOACTABIAA
YUCJIOBRLIe  JAHHKIE, HakjeMm

my—+m 14 mg~— my 14
cos p= 2+ Mg s Mg 11/ T
mgMa Wl 2 Mmymsy Wg
"
sQ =0,849, wm @=32°

- 2 lem, WV.W,

22.32. W,=11,3 M3sB; ¢ = 90°.

22.33. ¢Q=—0,78 MsB—peakuus HIET C MNOrJOIIEHHEM SHEPIHH;
W=]Q | (m;ms)/mij=1,04 MaB, rae m;-Macca  noxosuerocs sapa

H My—mMacca Gom6apAHpYIOMEd 9acTHIHL.

22.34. W=1,52 MsB. ‘

22.35. W==1,80 MsB.’

22.36, Q =+~0,30 MsB, W=0,35 MsB W' =W+Q=0,05 MsB,

22.37. Q =2,8 MsB; v=9,3.10% m/c; —1 ,8 MsB,

22.38, Wy=1 MsB. :

22.39. hv=2,2 MsB.

22.40. hv=16,6 MsB.

22.41, W=2,3.10% kBr.qu,

22,42, m=31r.

22.43. Q=17,6 MsB; W =11,8.10% xkBr.u.

§ 23. dnemenTapuhe YACTHUH. YCKOPHTENH YacTHO

23.1. a)’ N=2,2.10¢%; 6) N=1,1.10¢,
232, m=12 a.e. M, (rpa(pm)
23.3. 92%.
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23.4. a) ~100%; 6) 1,9%, 1. e. B cnoe cBHHNA HEATPOHH TOPMO3ATCH
SHaUHTeJBHO chalee, §eM B COQTBETCTBYIOINEM CJOE BEINECTBZ, COAEPXKa-
mero BOJXOpoA (HampuMep, napagHHa). ’

23.5. Hanpasaenue cKOpPOoCTH © HefiTpOHa, HaJjeraloulero Ha Hemojl-
BHXHHIA NPOTOH, siBAseTcd GHCCEKTPHCOH INpPSMOro yria, mox KOTOPBIM
pasaeranorcd uyactundl. [IpH 3TOM - CKOPOCTH 3THX 4YaCTHIL ORHHAaKOBH
B paBunl v =0} 2/2. ClefoBaTeNbHO, SHEPIHA DACTIPEfEAHTCA B Cpei-
HeM TIOPOBHY MEXIY HEATDOHOM H NPOTOHOM.

*23.6. HpH KamnoM CTOJNKHOBeHHH KHHETHYeCKAs SHEprus Heihpoua
yMeHblnaeTcl HamoJOBHHY (cM. pemenne 23.5). CiaelZoBaTenbHo, -nocie
n CTONKHOBeHHH SHeprud HefiTpona 6yzer W= (1/2)7 W,. Orciona nlg 2 =
=lg (Wo/W)=1g (2:107) 1 n=1g (2.107)/1g2=24.

23.7. g=2¢==3,2-10-1% Ku.

23.8. ¢/m=4,8-10" Ka/xkr. -

23.9. m=1,23.10"3% xr; v=2,02.108 wm/c; W—-l 8-10% 3B; e/m—
=1,3-10t Ka/kr; v’ =2,52.10% m/c.

23.10. TTo yeaouio W/Wo=1/} 1— p? = 30,0Tkyna v=2,998- 108 m/c.
BpeMa KM3HH [BHMYHIErocs Me3oHa IO .naéopa'ropﬂbm' yacam T =
=1,/ Y 1—P2=2307,. 3a 310 Bpems Me3oH mpoiijer pacc-rom-me l=vr=
= v-307y = 18 kM.

23.11, B 8 pas.

23.12. W=0,51 MsB; A= 24 M.
~ 23.13. Ecan doton ¢ sHeprueii kv mpespamaercs B napy qac:mu, TO
0 3aKOHy COXPaHEHHSI 3HEeprHH '

hv=2mgc* - Wi+ Wy,

rae myc®—sHeprud NOKOS Kaxgoit wacTHUE, Wi H W, — KHHeTHUeCKHE
aﬂeprﬁﬂ YaCTHIL B MOMEHT HX BO3HMKHOBeHHs. ¥ HaC moc?=0,51 MsB;
caenoBateabo, 2myc? = 1,02 MaB, Torga Wi Wy==(2,62—1,02) MaB =
= 1,60 MaB.

-23.14.-Cana Jlopenna Bqu=mv?/R, OTKyJ.'la B=mv/qR. CoranacHo
TEODHH OTHOCHTEJLHOCTH HMIYJbC HacTHILI =My CBA3aH C €e KHHeTH-
yecKofi suepruefi W cooTHOIIEHHeM -

p= V T W2,

rne mo—Macca ToKos dacTHuu. Otciona .
B——- VW (W+2m002) )

Hetpyano mnoxasats (cM. pemenne -23.13), 9To KHHeTHuecKasi 3Hepras
Kaxgofi uactHud W=2,34 M»B. l'{onc*raa:ma B (1) uHcaOBHE ZaHHLIE,
nonyunM B=0,31 Ta. , Lo

23.15, hv=67,5 MsB, . ‘o
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28.16. Av=940 MsB.

28.17. mqy (n) =273my; rTAe my-——Macca TNOKOR BIEKTPOHA; U=
= 2,48 108 M/c.

23.18. v=Bg/2rum; v;=9,7 Ml'n, v,=19,4 Ml'n, v3=9,7 MI'n.

28.19. W=2n2mv2R2; W;=13,8 MsB, W,=6,9 MsB, W;=27,6 M3B.

23.20. B=0,9 Ta; W=4,8 MsB. .

23.21, a) B=1,8 Ta, W=9,6 MaB; 6) 8=1,8 Ta, W=19,2 MsB.

23,22, Macca m=1r pagud HCcnycKaeT B eJHHHIY BDEMEHH UHCJIO
a-vactan ni=3,7:101° c-1, Tok I=15 MKA cooTBeTCTBYET TOTORY
o-uactui ny=4,7-1013 c=1, Taxum o6pa3oM, JaHHbf NHKJOTPOH mpo-
AyKTHBHE® MacCH m==1 I pajHs GoJee YeM B TEHICSUY pas.

23.23. U= R2B%/2m=12 MB.

23.24. R-=36 cm.

23.25. Onsa peitronos ¥ «-vactin B=1,3 Tx; paas npotoHos B =
=0,65 Ta. Jlas nefiTOHOB, NPOTOHOB ® G-dactdn v=23,13.107 m/c.
Ins pefitonos W=10,2 MsB; gnsa nporonos W=>5,1 MsB; nas a-uactur
W =20,4 MsB.

IMpu w®axjaoM NOJHOM 06OpOTe 3apsXeHHas YacTHUA NPOXOIHT
ABaX bl IPOCTPAHCTRO MEXJY NYaHTAMH H, CJI€/IOBaTENbHO, ABAXK B NONY-
guT J06aBouHbll uMIyJasc. ITosToMy npu 7 060POTaX 3apsiKEHHAA YacTHIA
npuoGpeTaer SHEPTHIO, SKBHBAJNEHTHYIO YCKOpSIOmeMy noTeHuMaxy U’ =
= 2nU, rae U —pa3HOCTh NOTEHIHNAJIOB, NPUJIOKEHHAS MEK/Y AYaHTaMH.
Orcrona n=U'/2U. na JedToHOB U o-uacTHi n=~68; ans nporonoxa
n=234.

23.26. W =188 MsB. ‘

23.27. m/my=1,1; f=v/c=0,44 u v=1,32.108 m/c.

23.28, B=2nmyve/q=2nmv/qg=1,62 Ta. Tak Kak vy/v=m/m,;=

=1/Y 1—8%, 1o
Wz'fﬂocﬂ<

Vi—p v

23.29. a) T/Ty,=1,7; 6) T[Ty=1,9.

=300 MsB.



TMPUJIOKEHH A

1. Cag3bp Mexay panHOHAJH30BAHHBIMA W HepaUHOHAJIH30BAHHBIMH
YDaBHeHHSIMH 3JIEKTPOMAr HHTHOT O TOJS

Y.paBHeHus aheKTpOMaanTHoro MoJIs B palHOHaJaH30BaHHOH ¢dopme
MOXKHO MOJAYUYHTh M3 YpaBHEHHH B HEPALHOHAJH30BaHHOH (opMe Cleayio-
UWHMH Tpeolpa3oBaHUTIMH:

1. HduanexTpuueckas NpPOHHIAeMOCTb €, BXOAfIIAf B HepalHOHAJH-
30BaHHbIE YpaBHEHHS, 3aMeH}eTCS BeJHYHHOH

4ne’ = 4nieqe,

Tae 8p—3JICKTpHYECKAsa NOCTOsIHHAA, & —OTHOCHTEJbHAA JUINEKTpHYECKasa
NPOHHIaeMOCTE CpPEIBL

2. MarnurtHas TMPOHHIIA€MOCTDb |\, BXOASIAA B HEPAIIHOHAJH30BAHHBIE
YpaBHEHHA, 3aMeHAeTCA BEJHYHHOH

L
4n~ 4n’ )

THe [p—MArHHTHasi NOCTOSIHHAsl, JL—OTHOCHTe/bHAs MAarHUTHAS TPOHH-
I1aeMOCTh CPexHl, : '
3. Dnexrpuueckoe cMelwedHe D =¢eE, Bxoaslnee B HepalUOHAJIH30-
BaHHBIE ypaBHEHHS, 3aMeHSIeTCS BeJHYHHOH
4nD ==4neyeE.

4. HanpsokensocTs MarnutHOro noJas = B/u, Bxogsmas B vepa-
IIHOHAH30BaAHHbIE YPABHEHHsI, 3aMEHSIETCS BEJIHYHHOMN .

anH = 4n -
Polt
Bee ypaBHeHHsl, B KOTOPHIX OTCYTCTBYIOT BEJHUHHH &, u, D u H,
- HMEIOT OJMH H TOT Xe BHI H B HepPallHOHAJH30BaHHOH, H B paIHOHaJH-
30BaHHOH dopme.

OcyutecTBJIsIs1 YKa3aHHHE BBIIIE peo6pa3oBaHHs, HETPYAHO COCTABUTh
Ta6aHIy, B KOTOPOi CONOCTAaBJEHbl BaXkKHeiimue ypacHenus §§ 9 u 1l
ra. 111 B HepamMOHAJM30BAHHOH H B PaIlHOHAJAM30BaHHOH dopMax.

YyamuMmesi npejsaraercsi, OCYINeCTBJss YKa3arHble Bhlle npeobpa-
30BaHM, JONOJHHTH 5Ty TaGJHIY He BolueAwHMH B Hee (GopMyJaMH
§§ 9 u 1l ra. II1. HerpynHo yGenutbCsi, YTO BCe YDaBHeHHs, MpHBEAEH-
see B § 10 ra. 111, mMelor OZMH H TOT Xe BHA B PallHOHaAH30BAHAON
H HepalHOHa/IH30BaHHOK popMax.
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Hepauuonajinsonannas |
¢opua (cuerema CIC)

PannoHa/R30BARNAA -
dopma (cucrenma CH)

3akon Kynona

HanpsikewHocTb 3J€KT-
PHYECKOro 1oJs

HRHPH)KBHHOCTB nong

TOYEYHOro 3apsaja

Teopema @aycca

HanpsxennocTe noas
3apsXKEeHHOH HUTH

HanpaxennocTb TOJS
3apsAXKeHHOH IJIOCKO-
. cTH

HanpsiskeHHOCTD___NoJsA
NJIOCKOro KOHJEHca-
Topa h ’

Pasuoctb TNOTEeHHAJ0B

IToteHnuan mona To-
TeyHOro 3apsja

3aBHCHMOCTE  MeXAy
HanpsI2KeHHOCTHIO 110~
Jsi H NOTEHIHaNOM

To xe nna onHOpoJA-
HOTO TOJIsS

3aBHCHMOCTD MeXay
€MKOCTBIO, 3apSJIOM H
NOTEHIHAJNOM  TIpo-
BOJHUKA ' .

EMKOCTB NJIOCKOTO KOH-
Jencaropa )

EwmxkocTs chepHueckoro
KOHJIeHCcaTopa

~ Emxocty mapa

F=192
erd
=L
7 .
=9
E~13r2
" 4n
Wg=— > o
ND=4n2q
E=2F
er
E_2n0
e
E__4n0
T e
U=A-
R
v=2
er
du
E=—gr
U .
E=—7
g=CU
&S
C=Tna
. erR
“R—r

= 1192 _ '

4neqer?
=t
q

=9 _
dneger?

1
NE=£0—8 Zq;
Np=2g

T
" Jmeger,
_c
T
Ee®
T e
v=2
q
. g
dneger
au
E=—7
U
E=—7
g=CU
__.8088
o 4neqerR
C=%r=r
C=4nsg.er
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" MNpoxoaxenHe 7a6um

HepanxokanusoBanuas
dopma (cucrema CI'C)

PanHoHann3oBaKHas
tdopMa (cHcrema CH)

DHeprus sapsHEHHOro
TIPOBOJHHKA

DHepraug noJssi MIOCKOro
KOHJeHcaTopa

O61eMHass  NJAOTHOCTb
SHeprHH  3JIEKTpHUe-
CKOre noJist

Cuna NpHTSXKeHH: IJa-
CTHH TJIOCKOTO KOH-
JieHcaropa

3aron Buo —Casapa —
Jlannaca

HanpsixeHnocTs  Mar-
HHTHOTO NOJIS B LIEHT-
pe Xpyroeoro Toxa

HanpsxeHHocTb  Mar-
HHTHOTO IOJISl NPSMO-
ro TOKa

‘Hanpsikennocts . mMar-
HHTHOTO TOJIS BHYTp

COJIEHOH A .

Ca3b MeXKAYy Hanps-
XKEHHOCTBIO. MarHHT-
HOTO NHOJIT H MarHHT-
HOH HBAYKLHeH

IT/ioTHOCTb SHEPIrUH Mar-
HHTHOrO IoJif

Cuna Amnépa
€una JlopeHua

Cuna B33aHMOJEHCTBHA
HapasesbHEIX TOKOB

HHayRTHBHOCTD COJIEHO-
Hja :

_qu_cur_q*
V=S%==3=%
eSy?
W= 8nd
__ eE%Sd _ 2no?Sd
T 8n e
eE?
Wo = 8n
eE2S
F= T =
__ &SU? _ 2no®S
T 8nd® T &
stl dl szm a
cr
2nl
b= ¢R
o2l
ca
H=4nln
¢
B=uH
HB
Vo= 8n
dF=Bl sir;adl
F=quslnq
c
F__Qp,]llgl
= Tdy ‘
L-_—4ny.n213

w_aU_CU*_ g
V=Sg=—7=3¢
__8eSU%
W= 5T =
_ BEE%Sd _o?Sd
T2 T e
__EQSEZ
Wo= 5
__ 28BS
E_ 2
__8eSU?_ ¢S
TU2d®P T 242
ldlsin o -
dH = 47ir?
1
H=sx
1
H= 2ng
H=In
B=popH
HB
Wo'—_—Q—

dF = Bl sin a dl

F=Bgusina
__papdidol
F== 2nd
- L=popnlS

—
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11. Tpadux 3aBHCHMOCTH MHAYKU#H B oT HanpsxentsoctH I
METHHTHOTO MOJA AR HEKOTOPOro COpPTa Mexesa - -

: o B ' ,_,-J-—-"‘
A

A s

7
405

W&%/ﬂ
g 7 2 3 4 5 6 7 8
4 - Puc. 113.

Ill. ®ynnamenrtansisle ¢H3HYECKHE KOHCTAHTH

I'papuTamuoHHas NOCTOSHHAS
Craopoctb cBeTa B Bakyyme
MarnuTHas nocTosHHAA
DaeKkTpHUECKAs TOCTOAHHAA
[Tocrosunan Ilnanka

Macca noko# sJIeKTpOHA
Macca nokos npoTona
Macca noxost HefiTpona

OTHOwenHe Macch IPOTOHA K Mac-
ce 9JeKTPOHa

DiieMeHTapHEIH 3apaj

OTHolleHHe 3apsapa
K erp macce

ATOMHAas1 eIHHUIIA MACcCH
[ocTosannan Asoragpo
Mocrosauuas ®dapajen
Monapuas rasoBas nocrosiEHas

Moaapumit o6veM HAealbHOTO
rasa (pH HOpMaJdbHHX yCJAOBHAX

[MocTosnnas Boabnmana

9JIeKTPOHA

G=6,6720-10-11 H.m%/kr?
c=2,99792458.10% m/c .
po = 12,5663706144 .10~ 7'n/u
€y =8,85418782.10~12 /M
h=6,626176.10—3%¢ Jx-c
© m,=9,109534.10—2 xp
my=1,6726485.10-27 xr
m,=1,6749543.10—27 kr
m},/me=1836,15152

e=1,6021892-10-1¢ Ku
elm,~1,7588047.101 Ka/xr

1 a.e.m. = 1,6605655-10~27 kr
N 2=16,022045-10% momp=1
F=96,48456.10° Ku/monb
R =8,31441 JIx/(Monn-K)
Vo =22,41383.10~3 m%/moab

k=1,380662.10-2¢ JIx/K
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V. AcrpoHoMuYecKHEe NOCTOSHHME.,

Pagnyc Seman = |

CpelHsst MIOTHOCTh 3ewm

Macca .3emnu

Paaunyc Coanua

Macca Coanna

. Pagnyc Jlynn

Macca Jlynwt

Cpennee paccrosrue Ko Jlymw

Cpeanee paccrosnue a0 Connua -
(2cTpOHOMHUUECKAS ENUHHIA).

Mepuoa ofpawmenns JIynsl BOKpyr 3emnn

Cpeauga niaothocts Cosna

6,378164.10% M
5,518 103 kr/m?
5976 102 xr
6,9599-108 M
1,989.10% xr
1,737-10" M
7,35.10% gr -
3,844.108 M
1,49598. 1011 &

27 ¢yt 7 4 43 Mun
1,41.10% xr/m3

V1. JnamMeTpn aToMoB M MOJICKYJ, HM

Tennii 0,20 Kucnopon 0,30
Bogopon 0,23 Aszot 0,30

VII. Kputnueckne anavenna Ty H py

BeulecTso .Tx' K py» Mlla Bewectso T, K Py» Mila
Boasauo# nap 647 | 22,0 Aszor 126 | 3,4
‘Yraexucauii raz| 304 7,38 || Bonopon 33 1,3
Kucaopox . 154 5,07l Tennt - 5,2 0,23
Aprou 151 4,87 . .

Vill. JlaBjenHe BOJSHOro napa, HaCHLILWALIErO npoc-rpaﬂc'rno

NpH pasHBX TemMheparypax

t, °C Py Ma t, °C Py Ma ¢ °C Py Ta
—5 400 8 1070 10 733

0 609 9 1145 50 12302

1 656 10 1225 60 19817

2 704 12 1396 70 31122

3 757 14 1596 80 47215 -

4 811 16 1809 - 90 69958

5 870 20 2328 100 - 101080

6. L 932 - - 25 3165 150 486240 -

7. 1025 -30 4229 200 1 549 890
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1X. ¥Yaemuas tennora napoodpaaonannn BOAHW
NPH PESHHX TeMmeparypax

t, °C - 50 100 200
r, MIx/xr 2,49 2,38 2,26 1,94
X. CmoficTBa HeKoTOPBIX XHAKocTed (MpH 20°C)
TiroTHOCTS, YpenvHasn Ten- MonepxHoct-
Bemecrso 10 kr/u? JI0EMKOCTD, HOe HATsIXKe-
Hoxf(kr-K) nne, H/m
Benson 0,88 1720 . 0,03
Bona 1,00 4180, 0,073
T'nunepun 1,20 2430 0,064
Kactoposoe Macio 0,90 1800 0,035
Kepochn 0,80 2140 0,03
Pty 13, ,60 138 0,5
Coupr 0, 79 2510 0,02
X1. CsoficTBa HEKOTOPBIX TBePABIX TeA
R Temnepatyp-
Mot Temne- | Yaennnas Yrenwnan HHB Koaddu-
Bemec‘mo HOCTD patypa Ten/a0eM- Telsiora IHEHT JIHHeRA-
. s H s nnasae- KOCTb, TiAaBJeHHnA, HOTO pACIIH~
10® kr/m® | pygq,’°C | Dx/(xr-K) kJ%/Kr pexns,
. 10-% K-t
Anomunuit 2,6 659 896 322 2,3
YKeaeso 7,9 1530~ 500 272 1,2
Jlatynn 8,4 900 386 — 1,9
Jlen 0,9 0 2100 . 335 _
Mens 8,6 1100 395 - 176 1,6
OunoBo - 7,2 232 - 230 58,6 2,7
Iinatuna 21,4 1770 117 . }. 113 0,89.
Ipo6ka 0,2 — - 2050 —
Ceunen, 11,3 327 - 126 22 6 2,9 -~
Cepebpo 10,5 960. . 234 88~ 19 .
Craab. 7,7 1300 460 1,06
Lnuk 7,0 420 391 117 2,9
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. XII. CsoflcTea YNPYTocTH HEKOTOPWX TBEPANMX Tel

) Beuiecrao [penen n/l&}}gqﬂocm, MOM?‘E ;Oﬂra.
ATtoMHHHA 110 69
JKeneso 204 196
Menp 245 118
CauHen, 20 15,7
Cepe6po 290 74
Cranab 785 216

XI11. TensonpoBognocTh HEKOTOPHIX TBEPALIX TeJ,

Br/(m-K)
AnoMuHui 210 [Tecox cyxofi 0,325
Boiinok 0,046 || [Tpo6ka 0,050
Keneso : 58,7 Cepebpo 460
KBapn nanaBjenbil 1,37 | D6ouur 0,174
Menp 390

XIV. lusaekTpHueckas NPOHHIAEMOCTh THSJAEKTPHKOB

Bock 7.8 || Mapadun 2 360uuT

Boga 81 ‘Cnioza 6 MMapaduunposannas
Kepocun 2 CrekJ10 6 6ymara

Macao - 5 Dapdop 6

XV. YpeasHoe compoTHBeHHe

nposopuukoe (npu 0 °C), MkOm.M

AsoMunui 0,025 Huxpom
I'pagur - 0,039 | PryTs
JKesreso 0,087 i Cunen
Mens 0,017} Craab

100
0,94
0,22.
0,10
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XVI. MoxpnKHOCTH HOHOB

B anexTpoanrax, 10—8% m2/(B.c)

" NOg
H+
K+

w
[o2] -2

Cl-
Agt

(S =2

XVII. Pa6ora BhIXoma 9JeKTpoHoB
3 Meranana, sB

w 4,5 Ag 4,74
W4-Cs 1,6 Li 2,4
W4 Th 2,63 Na 2,3
Pt+4Cs 1,40 K 2,0

Pt 5,3 Cs 1,9

XVIil. Moka3sarenn npegomienus

Anmas 2,42 ) Cepoyrnepon| 1,63

Bona 1,33 | Ckununap 1,48

Jleg 1,31 || Crekano 1,5—1,9
XIX. Aanua BoJmm, \onpene.umoman
rpanduy K-CEpWH PEeHTTeHOBCKHX Jy4ed
Ia# pa3fMqHbBIX MaTepHaNoB aHTHKaTona,
nm

Boashpam 17,8 || IMaatuna 15,8

3oa0T0 15,3 || Cepe6po 48,4

Meab 138 -
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XX. CnexTpaabRule JHHHH PTYTHOR RYyrH, HM

253,7 404,7 - 546,1 612,8

365,0 435,8 577,0 690,8

365,5 523,56 579,1 - 708,2
XXI1. Mabcu HEKOTOPHIX H30TOMOB, a. €. M,

UsoTon Macca " Waoron Macca Haoron Macca
H 1,00783 Be 9,01218 s 29,97377
*H 2,01410 | 3B 10,01294 20Ca 39,96257

- *H 3,01605 | iC 12,0 35Co 55,93984

_ 3He | 3,01603 N 13,00574 soCu 62,92960
SHe | 4,00260 | '4N 14,00307)  'l*Cd 111,90276
sLi 6,01512 170 16,99913 2ggl-lg 199,96832
i | 7,01600 | Fimg 22,99413| U 235,04393
’Be 7,01693 *iMg 23,98504 "’ggU 238,05353
$Be 8,00531 Al 26,98154

XX". flepnonst monypacnana HekoTOpHIX
PalMOAKTHBHBIX 9JIEMEHTOB

$2Ca 164 cyt 2% Ra 1590 ser
Sosr 28 et 23U 7,14108 Jer
PhePo .- | 138 cyr {1l 4,5-10° ner
*22Rn 3,82 cyr
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"X XIIL. Hassanrun, cHMBOAM.H aTOMHBE MACCh XMMHYECKHX

8J1eMeHTOB
1 Bopgopox H 1,0079 . 54 Kcenon Xe 131,30
2 Tenunt . He 4,00260 55 Lleanst Cs 132, 9054
3 Jlutua Lt 6,941 56 Bapun Ba 137,33
4 Bepuaiuft Be 9,01218 57 Jlanran La 138,9055
5 Bop B 10,81 58 Llepunt Ce 140,12
6 Yraepop (o] 12,011 59 FHpaseozum Pr 140,9077
7 Asor N 14,0067 60 Heoaum Nd 144, 24
8 Kucaopon (¢} 15,9994 61 TIlpomerntt Pm [145]
9 drop F 18,998403 62 Camapnnt Sm 150, 4
10 Heon Ne 20,179 63 Esponuft Eu 151,96
Il Hartpu#t . Na 22,98977 64 Tamoanuuni Gd 157, 25
12 Marun Mg 24,305 65 Tep6un Tb 158,9954
13 Amomunnf Al 26,98154 66 Nucnpoanfi Dy 162,50
14 Kpemuntt Si 28,0855 67 Tonbmuty Ho 164,9304
15 docgop P 30,97376 68 Sp6un Er 167, 26
16 Cepa S 32,06 69 Tyaun Tm 168,9342
17 Xaop Cl 35,453 70 Hrtrep6uft Yb 173,04
18 Apron Ar 39,948 71 Jliotenust Lu 174,967
19 Kaaun K 39,0983 72 Tagunn Hf 178,49
20 Kaawuuft Ca 40,08 73 Tawutan Ta 180,947
21 Ckanguft Sc 44,9559 74 Boanbpam w 183, 85
22 Taran Ti 47,90 75 Pennft Re 186, 207
23 Bauapuft v 50,9415 76 Ocmng Os 190, 2
24 Xpom Cr 51,996 77 Upuputt Ir 192, 929
25 Mapraney Mn 54,9380 78 HMNaaTtHha Pt 195,09
26 XXeneso Fe 55,847 79 3oaoto Au 196,9665
27 Ko6aabr Co 58,9332 80 Pryrs Hg 200,59
28 Hukenn Ni 58,71 81 Taanup T1 204,37
29 Mens Cu 63,546 82 Cpuney Pb 207,2
30 Llunk Zn 65,38 .83 Buemyr Bi 208,9804
31 Tanaut Ga 69,735 84 IMoJsonun Po [209]
32 Tepmanutt Ge 72,59 85 Acrar At [210]
33 Mpnubax As 74,9216 86 Pagon Rn  [222]
34 Cenen Se 78,96 87 ®pannus Fr [223)
35 Bpom Br 79,904 88 Panun Ra 226,0254
36 Kpunton Kr 83,80 89 AKTuHHE Ac [227]
37 Py6uguit Rb 85,467 90 Topu#t Th 231,0381
38 CtpoHuuf Sr 87,62 91 HMNporaktumuft Pa 231,0359
39 Hrrpast Y 88,9059 92 Ypau [§] 238,029
40 LHpKoHHf Zr 91,22 93 Henrynus Np 237,0482
41 Huobu#t Nb 92,9064 94 Tlayromnp Pu [244]
- 42 Monu6pen Mo 95,94 95 Amepuuuf Am [243]
43 TexHeuuh Tc 98,9062 96 Kiopu#t Cm [247)
44 Pyrenust Ru 101,07 97 Bepkaun Bk [247]
45 Popuft Rh 102,9055 98 Kaaunbopru#t Cf [251]
46 HNanaapuft Pd  106,4 99 3HHwrellnut Es [254]
47 Cepebpo Ag 107,868 100 ®epmnn Fm [257]
48 Kaamuit Cd 112,41 101 Meupenesuft Md [258]
49 Uupun In 114,82 102 (HoGenun) (No) [259] .
50 Ouaomo ° Sn 118,69 103 (Jloypencuft) « (Lr) [260]
51 CypbmMa Sb 121,75 104 Kypuarosut Ku  [260]
52 Teanyp Te 127,60 105 {260]
53 Hog + 1 126,9045 106 [263]
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Basenmuna Cepzeeena Boavkenuimeiin

CBOPHHK 3AJ[AY
IO OBIEMY. KYPCY ®H3HKU

Pepaxtopw JI. H. I'zadnesa, B. A. Tpuzopoea
Texunueckull pegaktop B. H. Kondaxosa
Koppektopn 0. A. Cuzaa, JI. C. Corosa

B Ne 12698

Cpano B naGop 29.06.84. Tlognucamo K medYatd
28.11.84. dopmar 84X1081/5,. Bymara THm. Ne 3,
Tapautypa suteparyphasi, - Ileuath BricOKaf. Yeu,
ney. i, 20,16. Yea, kp.-orT. 20,58. Yu.-max. a1, 21,87,
Tupaxt_300 000 sus, (I-t sarog 1-—100000 3kK3.).
Bakaa Ne 3222. Llena 80 kon.

HaparennetBo «HayKa»

TnaBuas pepakuus

PH3HKO-MaTeMaTHIECKON JIHTepaTypH -
117071 Mocksa B-71, Jlennnckn#l npocnekt, 15

MIO <Ilepras OGpaanosas THROrpaduss
Comosnoaurpapnpoma npu TocyRapcTBenHOM
xomntere CCCP no fenam HsfaTeqncTs,
TONArpadHH H KHHXKHOHW TOPrOBJK

113054 MockBa M-54, Basosas, 28



