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§41. MocryaaTel
CreuHaIbHON TEOPUH OTHOCHTEJILHOCTH

OTBEThHI HA BOIIPOCKHI

1. DxcriepuMeHT MOKa3a, YTO JBMXKEHHE 3eMjil He BAMAET Ha CKO-

POCTb paclpocTpaHeHHs CBeTa.

Cornaciio KIacCHYECKOMY 3aKOHY CIOXEHMA CKOpOCTeH, CKOpOCTh

CBETa 3aBHCHUT OT BHIOOpA CHCTEMbI OTCHeTa. DKCnepHMeENT xe Maii-

KeIbCOHA-MOpiH 10Ka3al, 4YTO CKOPOCTb CBeTa 3TOMY 3aKOHY He

TOAYHHSAETCS.

3. Cneunanstas Teopus orsHocutenbHocTH (CTO) paccmarpusaeT dHsH-
yeckue ABICHMU, MPOUCXOAAILHNE B HHEPHUHANBHbBIX CHCTEMAX OTCUETA.
Obuias Teopus oTHocuTensHocTH (OTO)- pacecMaTpHBaeT (usnue-
CXU€ SBAEHMA, TMPOUCXOAAMIHE B HEMHEPUHAILHBLIX (YCKOPEHHO
JBHKYLLHXCA APYT OTHOCHTENBHO PYyra) CUCTEMax OTCYCTa,

4. Bce dpusnueckue apaenus B iobbiX HHEPUHABHBIX CHCTEMAX OTCHE-
Ta TP OJHMX H TEX JKE YCIOBHAX NPOTEKAIT 0AHHaK0BO. CKOpOCTDb
cBeTa B Bakyyme ojHHakoBa Bo Bcex MCO, To ecTh He 3aBUCUT HM
0T CKOPOCTH MCTOYHHKA, HH OT HaTpaBJEHUs IBIKEHHA.

5. Ecau 6bi kakue-nubO CHrHasibi NepeAasainch cO CKOPOCTHIO, HOib-
wiefi CKOPOCTH CBETA, TO Mbl MOTIH Obl NOAYYHTHL HHGOPMALIHIO H3
yepHOil Abipsl. HO Tak Kak 3TOro He NMPOUCXOIMT, MOXHO CUMTATH
CYLIECTBOBAHNE HEPHBLIX JbIP NOATBEPKACHHEM HANHYHA BEPXHETO
npeaena CKOpOCTH.

Pannycom [Hsapuinunena R, HasbiBaeTcs KpUTHYECKMN panuyc

2GM

c2

2

YEPHOH [bIpbl, COOTBETCTBYIOLIKH CKOpOCTH cBeta: R =

rae G - rpaBHTALMOHHAN NOCTORHAAN, M — Macca YePHOH AbIpbI, € ~
CKOpOCTb CBETA.
I"opn30oHT coBbiTHI — 2TO NOBEPXHOCTHL HEPHOI ABIPHI, panuycom R, .
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§42. OTHOCHTEILHOCTL BPEMeHHU

QTBETAHI HA BOIIPOCHI

1. TTockoNBKY CKOPOCTb PacnpOCTPaHEHWs CHIHANOB, HECYLUHX HH-
¢dopmaiio 06 oxpyxatonieM MHpE, KOHeuHa, TO COCYLIECTBOBAHNE
COOBITHH B HalleM YYBCTBEHHOM BOCTIDUATHM HE 03HAYAET HX OXHO-
BPEMEHHOCTH.

2. CKOpoCTh CBETA KOHEUYHA, NMOITOMY Mbl BHIMM CBET 3BE3Jl, HCAY-
UIEHHBIH B NPOLLIOM, TO €CTh MbI KaK Ob! 3aI15AbIBAEM B MIPOLLTOE.

3. INycTb B UeHTPE pakeTbl, ABHKYLIEHCS C HEKOTOPO CKOPOCTBIO, U3-
JyqaeTca cBEToBoH curnan. [lns nabmonaTens B pakeTe CBET A0CTH-
raeT €€ NPOTHBONOJIOKHBIX CTEH OZHOBPEMEHHO. Jing HenoaBHKHO-
ro HaGmoaares BHE PakeTsl 3TH COOLITHA OAHOBPEMEHHbI He Oy-
JyT, TAK KaK CBET AOCTHIHET OHOI U3 CTEH paHblle, YeM Ipyroi.

4. llopsnoxk cnejoBaHUs COObITHI OyNeT HEONPEACNEHHbIM, ¢CIH OHU
pasnieneHbl BPEMEHHbLIM HMHTEPBAIOM, GOJbUIMM, YeM HeoOXoRuM
JUISL IPOXOIKACHHUSA CBETA PACCTOAHUS MEKIY HHMH.

5. Ecu cobbiTua pasgeneHbl BpeMeHHbIM HHTEPBAIOM, OOMbIUM, YEM
HEOOXOAHM Mis NPOXOXKAECHUA CBETA PACCTOAHHA MEXIY HHMH, NO-
PANOK cJieioBaHs coObiTHH OyAeT HEONpeACTCHHLIM 1 3aBUCALLUM
OT noioxeHus Habmoaarena.

§43. 3amennienune BpemMenn

QOTBETHI HA BOIIPOCHI -

1. CoOcTBeHHBIM Ha3biBaeTCA BpeMA, H3Mepsaemoe Habmopatciem,
JABHKYLLIMCS BMECTE € HacamH.

2. Ddbext 3aMennexus Bpemenu 00ycaoBfeH CBoficTBamMu camoro
BPEMEHMH.

3. Uz-3a cBOCTB camoro BpeMeHH NMPH ABHIKCHHH 3aMEANAETCA NPOTe-
kaiHe Becex dusyueckux npoueccos. Ecnn xots el oann u3 npo-
LECCOB B NPHPONE HE 3aMEUISANICS TIPH JIBHAKEHUH, TO C MOMOLILIO
HEro MOXHO 6b10 Okl BBECTH a6COMOTHYIO LKAy BPEMEHH.

4. CyTb napazokca OAU3HELOB COCTOHT B caeaytoweM. OauH u3 6au3-
HEUOB yJ€TacT K AaeKOi 38e3ae Co CKOpOoCThio, 6Au3Koi K Cropo-
cTH ceeTa, a BTopo# ocraercs na 3emne. [Tepsbiii Onu3den Bo3Bpa-
1laeTes MeHee NOCTapeBiliiM, YeM BTOPOH.
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0,%9%+¢
v,=0,9¢c; v=c.Torma v, = ———=c.
0,9¢-¢
I+—-
c

ﬂaHOZ
o

v=ce

Mu eule pa3 aoKasanu, YTO CKOPOCTb CBETA HE 3aBH-
CHT OT CKOPOCTH JBHXKEHHS HCTOMHHKOB CBera!
Otser: v, =c.

Pemenue:
Bocnonssyemca peNnSITHBHCTCKUM 3aKOHOM CIOMXEHUA

. v, +v
ckopocteii: v, =—Lv-—-; . B nauwiem cryyae v, =0, 75¢;
x
I+
¢

0,75¢+0,75¢
. 0,75¢-0,75¢
1+
c

v=0,75¢.Torna v, = =0,9%c .

Orser: v=0,96¢

Peutenue:
Bocnionb3yeMcs pensTHBUCTCKUM 3aKOHOM CIIOXEHUS

Ve +v

cxopocteii: v =—*———_ B Hawem ciy4ae v, =c

(cKOpoOCTD Na3ePHOTO MMITYNLCA B 1OJBHMHOI CHCTe-
Me oTcueta), v=¢ (CKOPOCTh CHCTGMbi OTCYETA).
cte
Torma v, = ————=c¢
c-c
1+—

CZ

B cilyyae knaccHuecKoro 3akoHa COWEHHs CKOpo-
crefi v =v,+v=c+c=2. OgHako, 3TOT pe-
3yJ1bTaT NPOTUBOPEYHT OTIBITHLIM AaHHBIM.

Orser: v, =¢; v, =2c.
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5.

aHo: Peienue:

v=0,8¢ Bocnonb3yemces pesisTUBMCTCKHM 3aKOHOM CllOMe-

= N v, +v

v, =0,976¢ HHA CKOpocTeil: v, =—‘v—. B Hauwem ciyuae
e "

v, =7 14+-2-

¢

CKOPOCTb MOJABHXHOM CHCTEMBI OTCcUeTa (KOCMHuYe-

ckoro kopabna) v =0,8¢, CKOpOCTb PaKeThl OTHO-

cutennho 3eman v, =0,976¢ .

Toraa nonyuum ypaBHEHUE AN CKOPOCTH PAKETHI
0,8¢c+v,

08, =0,976¢ . Otkyna
I+ - %

OTHOCHUTENTBHO V.

c
v, =0,8¢c.

Otser: v, =0,8¢c.

§45. Bzaumocssizb Macchl M JHEPTUH

OTBETHI HA BOIIPOCH
. Macca nokos Tena — 3To Macca Tefa B CHCTCME OTCYETa, OTHOCH-
TENBLHO KOTOPOi OHO HAXOAUTCA B COCTOSHHH FOKOS.

2. KoneuHocTs Macch! (OTOHA MOATBEPXKHAET IKCIEPUMEHT NO UC-
KPHBIEHHIO TPaCKTOPUM CBETA 3BE3J MOJ ACHCTBHEM NPUTAKECHHSA
Cosnua.

3. B kiaccuueckoit MexaHHKE Macca MHBapUaHTHA, HC 3aBHCHT OT
3HEPrUM, MO3TOMY B Heil 1Ba OT/ENLHBIX 3aKOHA: 3aKOH COXPAaHEHHS
MacChl M 3aKOH COXPAHEHHs 3HEPTHH.

4. HarpeBanue Tena yBeJAM4MBAET €r0 JHEPruio, @, 3HAYMT, U Maccy,

KOTOpas MpOMOPLUHOHANbHA HEPTHH. B 00b14HOM KH3HU TaKNX 3-

¢exToB He HaboAaeTcs H3-3a 60ALLIOH BEAUUNHBI CKOPOCTH CBETA.

OcHoBHbie pesyavraThl, nonyueHssie CTO, CBOAATCS K TOMY, HTO

CKOPOCTb CBECTa — OTO MApeAelibHas CKOPOCTb PACMpOCTPaHEHHA

B3aUMOJEHCTRHI; X0 BpeMenn pasnnuen B pasusix UCO (adpdexr

3aMejiielius BpCMEHN); Macca H SHEPrUs B3aHMOCBA3aHbI.

-

v
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3AJAYH

Pewenue:
Mo dopmyae Ditnwiredina, 3Heprus nOKos 3nek-

TpoHa E=mc’ =9,1-107"-(3-10°)* = 8,2-107" 2.
Orser: £=8,2-107" 1x.

2. Bocnonb3yemcs GopMynioii 3HEprus noKos MEKTPOHA U3 Npeabliy-
e 3333uM. BhipasuM ee B 3N1eKTPOH-BONBLTaX:

_ ome 82.10M"
*71,6-10° 1,610
AHAIOTHYHO NI NPOTOHA!
S mc 16731077 -(3-10%)
PUL6107 1,6-10™"°
CooTBeTcTBY O HE MACCHI, BbIpaXKEeHHEle B MaB:
m,=0,512MaB; m, = 938,3 MaB.

=5,125-10°5B ~ 0,512 MaB,.

=938,3MaB.

3.
Jauo: Peutenue:
E =1083M>B | Bocnonb3yemcss ¢opMynol 3aBHCHMOCTH MAacCChl
_ 1o
[=1,49-10"M | 1ena o7 ero CKOPOCTH: m = T, rae nmy, - mMac-
t-7

-
CZ

Ca MOKOA, & m — MAcca TENa, ABHKYLIErocs CO CKO-

pocThio v. Macca nokos npoToHa m, =938,3 MaB.

938,3
v2

-
¢

Toraa =1083 M>B. Orcrona  Haxoaum

ckopocTb nporona v=10,5¢ =1,5-10° m/c.

Paccrosnue ot 3emuu no Connrua / =1,49-10" m.

11
Torna uckomoe Bpems = ! = Llis?% =993 ¢ WK
v 1,5

16 Muu 33 c.
OreeT: 1= 16 MuH 33 ¢.
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4.
Jano: Peinenne:
v, =0,6¢ Maccy 1OKOS 31€KTPOHA BO3BMEM W3 Npeaniay el
v, =0,8¢ 3agauu: m, =0,512 Ma3B. Toraa wckomas pabora
17 ' paBHa PasHOCTH MACC HTEKTPOHOB:
A=my—-m = m" S Y
2 2
|__-._ J e
C'2
=0, 512 o |-0,215M3B,
Hee)
c’
A = 0 215 M>B.
s.
Hano: Perenne:

m, =1,673-107 kr
m, =1,675-10 kr

E, =1875,6 MaB

Bbiaensemas 3Heprus pasHa pa3HOCTH CyMMb!
MacCC NPOTOHA K HEHTPOHA Y DHEPTHH NOKOA
aefitpora E;: AE =(m,+m )~ E,,

Macca nporoHa m, = 938,3 MaB. Maccy heid-

AE, Am—?

TpoHa B MaB wmaiiaem u3 nponopuus:

m, = 1,673-10%xr — m, =938,3MoB

m, =1,675-10% kr - m, =x M3B.

Orciona m, =939,4 MaB. Beoizensemas npu

obpasoBaHyH aeiTpoHa DHEPrHs:
AE =(938,3+939,4)-1875,6 = 2,1 MaB.
Pa3HoCTb Mace:
6 ~17
Amz—~—~—-~—-—-—-——2’1 19 1’36210 =3,7-10%«r
(3-107 .

Otper: AE=2,1MdB; Am=3,7-10"«r




MOJIEKYIISIPHASA QU3UKA

MonekynapHas
CTPYyKTYpa BelecTBa

§46. Macca atomoB. MoJisipHas macca

OTBEThHI HA BOIIPOCHI

1. Mogens mMaTepHanbHOrO Tejla NpeacTaBaseT cofoil COBOKYNHOCTD
B3aUMOZEHCTBY IOUIMX MExKAYy coOOH M ABHAKYWHXCA aTOMOB (MoO-
nekyn).

2. TnagHOH XapaKTEePHUCTUKONH XMMHYECKOTO DNEMEHTA SBAACTCSH 3apsan
SApa.

3. MaccosbiM 4HCIOM A Ha3biBAIOT YHCIO0 HYK/IOHOB B SApE aTOMA. .

4. NedexroM MacChi Ha3BIBAKIT Pa3HOCTh CYMMAapHOH Macchl OTAenb-
HbIX YAaCTUL, BXOAAUIMX B cOCTAaB aToMa (sapa), U nmoaHol Maccel
aroma (1apa). IToT aedekT oObIACHAECTCS YMEHLIIEHUEM MacChl g1-
pa, KoTopoe ofpasyercs npH oObeAHHEHHWH HYKIOHOB, IO CpaBHE-
HUIO C CyMMapHOH Maccolt 3THX HYKI0HOB A0 00beiHHEHHA.

5. [MocrosuHas ABOragpo — 30 YMCA0 4acTHL (aTOMOB UM MOJIEKYN),

cogepxaitmxes B 1 mone ewectsa: N, =6.022-10% mons™.

3404494
1.
Hano: Peulenue:
M=12aem. B atome yrnepona ';C — 6 2/1€KTPOHOB, NO3TOMY
m, =9,1-107 kr i
e =% Macca JNEKTPOHHOH 060I0UKK paBHa m; = 6m, .
My o 3Has 370, MOXKHO HaHTH HX COOTHOLLCHNC:
M my _6m,__6:9,1 107"
Bm—em 52,7410,

MM 1,992-10®

Orser: 28 ~ 2,74.10°.
==y
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2. Mociie 3aMeHbl HEATPOHOB NPOTOHAMH H NPOTOHOB HeHTPOHAMH OFI-
peacnHM CHMBONbI NOJIYHCHHBIX H30TOMNOB, UX 3apALOBLIE H Macco-

BLIE YHCHA:

Be— B, z

"N BC, z

lsza - IZZJMg , oz
3,

Hano:
m, =2,009-107" kr

M =1,992648-107% xr

AE-?

4.
Iayo:
m, =1,673-107"" kr

m, =1,675- 107 &r

m,=9,1.107" kr
M =10,013 a.e.m.
Am=-7?

Am

, A=9;

. A=13;
12, A=123

Peuienue:

Hcnonbzyem dopmyny (146) yuebuuxa:

AE =(mg-M)-c* =

=(2,009-107 -1,992648 -107).

(3-10°)* = 1,471-107" JIx.

Tak kak 1 3B =1,6-107 I, 10
_1,471-107™"
T 1,6:107°

OteeT: AE =91,9 M3B.

~9,19-107 3B = 91,9 M3B.

Pewienye:

B atome Gopa “B— 5 3neKTpOHOB, 5 npoTo-
HOB W 5 HelTpoHos. [JledekT Macce aroma
Halizem no dopmyne:

Am=35m,+35m, +5m - M =

=5(m,+m, +m)-M =

=5-(1,673-1077 +1,675-107 +9,1-107") -
~1,66-107 10,613 =1,245-10" k.
Mockoneky 1 a.e.M. =1,66-107% kr, To
_1,245-10% _
1,66-1077
Otser: Am=0,075a.em.

=0,075a.e.m.
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5. Bripa3um Maccht NPOTOHA W HEHTPOHE, & Takwke AeeKT Maceh Aei-
TpoHa.
1 aewM. =1,66-107kr. Torma | Kr:-—17z6,024-10”a.e.m. Tlo-
1,66-10
Ty4aem:
1. Macca npotona m, =1,673-10 ¥ kr =

= 1,673:10%-6,024-10% 1,007 a.e.m.
2. Macca He#itpota m, =1,675-107 kr =

= 1,675-107-6,024-10* ~1,009 a.e.m.
3. Macca peiitpona my, = 3,965-10™ kr. Jledext macch! aeiirpo-
Ha: Am =3,965-107.6,024-10% ~0,002388 a.e.m.

§47. ArperaTHbie COCTOSIHUS BelUeCTBA

OTBEThI HA BOIIPOCHI

1. OcHOBHbIE arperaTHbIC COCTOAHMA BEHIECTBA: TBEP/I0E, XMHJAKoE, ra-
30006pasnoe, maasmenHoe. Tlpu ¢as3oBeIX repexojax HM3MEHAETCH
JHEPrUA HaCTHL] BEILECTBA. '

2. BeuecTBO HAXOAWTCSA B TBEPJOM COCTOSTHHH, ECIU CPEHAA KHHETH-
YyecKas JHEPrHs MONIEKY/ MHOIG MEHbLUE cpefiHeH noTeHLHanbHOH
JHEPIruH HX ﬂpHT’DKCHHﬂ.

B TBeprom Tese wacTHibl xonebat0TCA OKOSO MOJIOXEHHKHE paBHO-
BECHS.

3. XKunkoe cocrosHve BeuecTsa oOpa3yeTcs, KOraa cpeHas NoTeHUH-

aNibHAs HEPrUs NMPHUTHKEHUA MOJEKYJl COM3MEpHMA C MX CpeaHeit
KUHETHYECKON SHEprHei.
YnopanoueHHoe pacnofoKeHHe YacTHL B JHUAKOM BELLECTBE Habmio-
JaeTcd B npeaeiiax HeCKONbKMX cioeB. OTHOCHTENIbHBIE MOJIOKEHHS
MOJIEKY.1 He (PHKCHPOBaHLI, K OHH MEAJICHHO M3MEHSAIOT MOJIOKEHHE
LIPYT OTHOCUTENBLHO APYra.

4. BelllecTBO HAxXoAuTCd B razoc0pa3HOM COCTOSIHMH, €CJIU CPEAHss No-
TCHUMANLHAA IHEPTUA MONEKYJI MHOIO MEHBILE MX CpeAHed KHHETH-
4ECKO# JHEPTUH.
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YcnoBHA HACANBHOCTH rasa:

1) Pa3Mepbl MOJIEKY MHOTO MEHbLIE CPEAHEIO PaCCTOSHHS MeX-
DY HAMK.

2) Ha paccrosiun Gonblue fUaMETpa MOJIEKYJ CPELHNAA NIOTEHUM-
aNbHadA JHEPrHA MOJEKYA MHOTO MeHbIUE WX CpeaHeH KMHETH-
4eCKOH IHEpruy.

3) CronknoBeHHs MONEKYJ CO CTEHKaMK COCcyaa H Mexnay cobo#
CYHTAKTCH aOCONIOTHO YHPYTHMH.

5. B cocTaB nnasMsl BXOAAT NEKTPOHB!, HOHbI K HEHTpanNbHBIE ATOMBL.
IpuMepom nnasMel ABAAETCH CONHEYHbIH BETep (MOTOK MIa3Mbl, KO-
Topblii Hcnyckaerca ConHueM).



MonexkynapHo-KuHeTu4eckasn Teopus
naeanbHoOro rasa

§48. Pacnpenenexnue MoJieKyJ1 HAeaLHOTO ra3a

B

1.

2

npocTpaHcTBe

OTBETHI HA BOIPOCHI
CpoficTBa pa3peKCHHBIX ra3oB HE 3aBHCAT OT WX COCTaBa, iI0TOMY
4TO CpeJHEeH NOTEHUHANLHOH dHeprHel B3aUMOACHCTBHA MOJIEKYJI,
KOTOpO#i onpeaensercs COCTaB rasa, MOXHO npeHeGpeys.
HeBO3MOXHO IKCMIEPUMEHTATLHO OTPEAENATL CKOPOCTH M KOOpAU-
HaThl OTACNbHBIX MOJIEKY], @ KONMHYECTBO ypaBHEHHH, ONHCHIBAIO-
LLKX TAKOE ABHKEHHE, ONEHDb BEIHKO,
Ta3 HeorpaHHuUeHHO PacLIMPAETCA U 3aHMUMAET BECh MPEAOCTaBIEH-
Hbill eMy OOBEM H3-332 TOTO, YTO CPeaHsAs KUHETHYECKas 3Heprus
JBHKEHUA MONEKy]l MHOTO GoJiblle CpPeaHeH MOTEHUHANbLHONH JHED-
THH MX B3auMoJeHcTBRS.

. ApOMAT RYXOB PACTIPOCTPAHAETCA B TEUEHUE AOCTATOHHO GONbIIOro

BPEMEHH, TaK KAK MONEKYIbI ra3a ABMXYTCA XAOTHUECKH, UCHBITEI-
8ast [OCTOAHHBIE CTONIKHOBEHMA.

B OTCYTCTBHE BHEWIHMX CHI MOASKY./Ibl WACANBLHOTO raza pacnpese-
NeHbl B NPOCTPAHCTBE OAHOPOAHO, TAK KaK ABWKEHHE MOJIEKY Xao-
THYHO, 8 NPOCTPAKCTBO OJHOPOAHO.

340A449H
[TonHoe YHCAO MUKPOCOCTORHUI TIpH pacnpeleneHUt WeCTH HYacTUll
WACAIBLHOTO £a3a N0 AABYM IHIOJIOBHHKAM COCY/Aa, HE Pa3fic/ieHHOro ne-
peroponxoi, papHo 2° =64, Yucno cnocoGoB pexin3auui CocTos-
" n!
Hus HaiiieM no dopmyite: CF =-—————, raie 1 ~ obluee 4Heno vac-
ki(n—k)!
THIL & ~ YHCIIO HACTHL B OAHOH NOROBHMHE cocyaa, a C* - uucno Ta-

KHMX BO3MOXKHBIX COCTOAHKH. FmMeem:
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I. <313>C,=C, =
2.<2|4>C,=C!=

3. <15>Cy,=C =

2.

Jano:
T=24y
="

Hato:
N=10

29

1
_6' 720 ..
36-3 6-6
1 -
_._6_:_:7_.2&:]5;
26~-2)! 2-24
6! 720 _
16-1n! 1-120
Peuienue:

Hs npe;xbmyluel‘i 3ana4y HM3BCCTHO, 4TO [10JTHOC

YUCcho MHKPOCOCTORHHﬁ py pacnpeIeneHuy wec-
TH YMaCTHU HACATTBHOIO ra3a no JABYM IOJOBHHKaM

cocyna pasHo 2° =64 . Toraa 4ucio paBHOBECHBIX

3.3

TOK BPEMEHH paBeH t=T—zQ= 24--2—(2 =7,54. .,
64 64

COCTOSAHHH paBHO

=20. Orciola npoMexy-

OtBeT: t1=7,54.

Peienne:

Bpems Habmopenus rpIMO  NPONOPUHOHAILHO
MONHOMY YHCTY MUKPOCOCTOSHHH HAEANLHOrO Fasa
T~2" =2=1024, a BpeMs HaxOWAEHUs CHCTE-
MBI B DABHOBECHOM CQCTOSHHH NPONOPLIMOHAILHO

. /N, N :
YHCNY COCTORHHIA -z—f—;-)- . Orciona

fo N 10t 10! 3628800 .,

Ny N, 10,10, (5)" 14400 ’
2 2 2 2

t 252 63

TOrna HX COOTHOMEHHME PaBHO. — = ———— = —— |

T 1024 256

OrgeT: L =£ .
T 256
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4,
aHo: Pewuenue:
N=10 MycTh BpeMs npebbiBaHHA CHCTEMbl B COCTOSHHAX
55 o <0{10> n <10|0> paBHo ¢, . Torna
) 1 1 1
L onos Lo~ N! - 10! - 10! - 3628800 -252,
N N, 10,10, (517 14400
2°2° 272
] 1
at<o“0>~ AL + N =1+1=2.
0(n-0)! N!.(N-N)!
!
OrHoweHne —> = 22 =126.
l<0|l()> 2
{
Otger: 2 =126.
t<0(|0>
S. .
Hauo: Peiignue:
N=6 TMonHoe 4HMCAO MUKPOCOCTOSHHH HAEaATLHOTO rasa

N =3V =3"=729,

B coctossun <2|2{2> u4ucno TaKMX MHUKPOCO-
6! 720

202021 2.2.2

3nan, 4TO /g, ~90, a ¢, ~729, nailneM ux

t<2|2|2> = 2 _ 1_0_

L
Nm , <2202 .o ?
13

max

CTOsIHUI paBHO

OTHOLIEHHE: =
(. 729 8l
l
Otser: N, =729; 22 _1o .
¢ 81

§49. Pacnpenesienue MoslekyJ uaeajJbLHOro raza
10 CKOPOCTAM

OTBETHI HA BOIIPOCAHI
1. B BexTOpHOM BHAC AaHHBIH 3aKOH IPHHHMAET BUA!




120 §49. PacripedeneHue MonieKyn udeanbHozo 2asa rno cKopocmsaM

My, + Myl = m¥, +my¥, , vae [y | =[¥,]=v.

m,OTor
o e
02 N -
O, ... e
m, V}A

2. JinA onpejeneiua cpeaHero 3HaueHHa GU3HIESCKOi BENHUNHbl A U3
IKCHEPHMEHTE HEOOXOAMMO H3MEPHTH ee N pa3, Toraa Mbl Oy 4YHM

sHadyenus A, 4., 4.
[TycTb 3HaueHust A4, nonygaercs AN, pas, 4, — AN, pas, ..., 4 -
AN, pas, npuuem AN, + AN, +...+ AN, = N . Torna:
AAN, + AAN, +...+ AAN,
N
3. Bpawalolumeca aucku B onsite lllTepHa NPUMEHSIOT AN TOrO, YTO-

Obi OTCOPTHUPOBATH MOJICKYJIbI 10 CKOPOCTAM.
4. KoanuecTso 4actuu, NPUXOAAULIHXCA Ha e HUYHBIH HHTEPBAJT CKO-

A=

r

pocTe#, paccyuThIBacTCA no dopmyae A—v .
Y

5. CkopocTh Monexkyn, Koropoit obnanaer HanGonbliee KOJIMYECTBO
MOJICKY /1, Ha3biBAECTCA HAWBEPOATHOM.

34044YH

1. Jins BHINONHEHUA pacyeTa CPE/IHEro RO3pacTa HEOOXOAHMO BOCNONb-
.. = WN+WN, +. +WN =
soBatbcs  opmynoit: W =-L11-1 12\/ rnorae W-

CPeaHHN BO3PACT CEMbH, N, - uncno BXoAflEMX B BO3PAcTHYHQ
i

rpynny W, uenosex, i=12,...n, N -- obulee 4ucno yenosex B ce-

Mbe (mpudtom N=N+N,+.. +N_).
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2.
aHO: Peiwenve:
Vo = 450w Av=vy Lo 450--2— =10m/c. 3nauurT, ckopocTs
a=90° a 90
C Ag=2° uacthy MeHsercs or 440 m/ic po 460 m/c, T. e.
o7 - | v=450£10m/c.
Ozxser: v=450%10 m/c.

3. MoxHo noctpouTs rpad ik 3aBUCUMOCTH uMcna yvatgxcs AN Bo3-
pacrta oT MX BO3pacta (CM. PUCYHOK).
Makcumym pacnpeneneHus Ha rpaduke nokassiBact Haubonee Be-
poATHBI BospacT., Kak BHAHO U3 puCyHKa, ITOT BO3PACT COCTaBA-
er 16 net.

an
At

t,rnet

4. Tlyctb m — macca wapos, HAYAIbHAS CKOPOCTh NEPBOFO L1Apa PaBHa
V , 2 CKOpPOCTH 1LIApOoB NMocie COyAaPEHHS PaBHbI COOTBETCTBEHHO V)
W V,. - Yroj passieTa Lapos NocAe COyAapeHus.

—

V4

<}

O--—;. o
v
Mo  3aKkoMaM  COXpaWeHMS  JHEPruHM M HMIYAbCa:
[m¥ = mv, + mv, S
(V=7 +¥,

2 ’
mv* _ mv?  my,? » OTKYNA nONyHaeM 1 r_ 1,2
—= —2- + 3 v =v v



122 §50. Temnepamypa

To Teopeme KOCHHYCOB:
v =2+ 9,7 ~2vy, cos(m - a) = v, + v, + 2w, cosal .
VyuTeIBas BTOPOE YPaBHEHHE CHCTEMBI, nonyuaeM cosa=0, T. e.

T
a=—,

2
5. ITpu BLIGPaHHOM HANpaBieHHH MOAEKYIHI, Nepeaanas CBOH UMITYJIHC
CTEHKAM COCYJa, NPUBEIIH Obl €ro B ABHKCHHE, YETO HA NPAKTHKE HE
nabmopaerca. Cie10BaTeNbHO, BLIOPAHHOrG HaNpaBAEHHUA ABHKE-
HUA MONEKYJl ra3a HeT,

§50. Temneparypa

OTBETHI HA BOITPOCHI

1. PaBHOBECHBIM CTaUMOHAPHBIM COCTOAHMEM ra3a Ha3bliBacTCA Takoe
COCTOsIHHE, MPH KOTOPOM KOJIMYECTBO MOJEKYA, NPHXOAALIHXCR HA
3afaHHbll HHTEPBaJl CKOPOCTEHR, OCTACTCA NOCTOAHHBIM € TEUEHHEM
BPEMEHH.

2. TemuepaTypa Tesia — 3TO Mepa CpeaHeH KHHETHYECKOW 3HEpruH
XA0THYECKOro  MOCTYNATENIbHOr0  ABMXKEHUA™ €ro  MOACKYJE:
3ir= LA ]

2 2
Enunnuei n3mepenns temneparypst 8 CH sasnserca keabvsun (1 K).

3. TlonaTue TeMnepaTypbi HENB3S NPUMEHNTD K OJIHOH MoJeKyae,

4. TepmoauHaMuiecKas TemMnepaTypa ecTh Mepa cpeaHed KHHEeTHYECKOi
9HEPruH MOCTYMATEALHOrO ABHKEHUS MONEKyJ], T. €. NO onpejese-
HHIO MONOXHTEABLHOH BENMYHHbI, MOITOMY HE MOXeT ObiThb OTpHuUa-
TENBHOH.

5. Cpennss KBaJpaTHYHAA CKOPOCTL MOJIEKYJT Pa3IMUHBIX Fa30B, COCTAB-
JISIOUIHX BO3AYX, Pa3/iMuHa, TaK KaK PasinyHbl MACChl MOJIEKY L.

JAAAHH

1. [lepeBon Temnepatypsl n3 wkansl Lenscus (f) B wkany Papenreiita
{T¥) nponcxonur no dopmyne: 7. =32 +1,8¢ . Torna nonyqaem:
1. Temneparypa Taanus auia no Lienscuio pasHa £ =0° C,
toraa no Papenredty 7, =(32+1,8-0°C)F=32F ;
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2. Temneparypa kunenda Boasl 1o Llenscuto pasua £ =100° C,
Torja ne Papenredty T, =(32+1,8-100°C)F =212 F;

3. HopMansHas Temrieparypa Tena yenoBeka paBHa i =36,6° C,
toraa no Papenreity T, =(32+1,8.36,6°C)F =97,88 F.

. Ecan noka3asus TepMOMETPOB MO TepMOAMHAMHYECKOH LiKane M
wikane Papenreitra pasHbl, TO, YUHTEIBas GopMysy nepexoja us
OJHOH WKanbli B JAPYryI0, MOXHO COCTaBUTh YpaBHCHHE:
1 =32+1,8¢, oTkyna uckomas temmeparypa t =-40°C.

. Ecnau noxazanna tepmomertpos no wkanam Lenscus u ®apenreiita
PaBHbI, TO, YUHTbIBag GOPMYJIbI NEPEX0Aa U3 HIKaNbl aGCOMOTHBIX
Temneparyp B wkany Lleascus v nepexop n3 wkanet llenscns B
wKany ®apenreiira, MOXHO COCTaBHTb YpaBHeHHE!
T, =32+1,8(T-273)=-459,4 +1,8¢ , otkyna 7. =—459,4+1,8, a

uckomasi temneparypa T = 574,25K.

4,
Hano: Pewenne:
1=20°C [3RT _ [3-8,31-298
v = = 2 ~ 478 m/c;
M, =0,032 kr/mons 1 V M, \/ 0,032
M, = 0,04 xr/monb 3RT [3-8,31'298 )
—— v, = = ~ 427 m/c.,
v, v, = M, \ 0,04
Orser: v, = 478 M/c; v, ~ 427 m/c.
Jano: ' Pewenue:
v =90 kM/u =25 km/y 3RT
M =2,8-10" kr/mons | 11° Gopuyne (135) yueOunka v = M
-2 My 2,8-107.25°
otkyga T = = " = 70 K.
v 3R 3.8,31
Oteer: T270 K.
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§51. OcHoBHOe ypaBHeHuUe
MOJIEKYJ/ISIPHO-KHHETHYECKOM TeOPHH

OTBETHL HA BOIIPOCHL

1. BapabaHnas nepenoHka yxa 4enoBeKa He npoaasnupaetca Gombap-
AMPYIOLLHMI € MOJIEKYIAMH BO3ZyXa, TAK Kak JAasienus no obe
cTOPOHB! HapabaHHON NEPENOHKK MPHMEPHO PaBHBL.

2. DkcnepuMent don epuxe noxasan, 4to arMocdepHoe AaBaACHHE
HMEET 3HAUNTENLHYIO BENHUYHHY.

3. /lasneHue p MNeasibHOTO ra3a PaBHO OAHONH TPETH NPOH3IBENCHHA
Macchl MOSIEKYJibi M1,, KOHLUCHTPALUHMH MONEKY/ # ¥ CPEQHCMY KBal-

3 RS N
pa’ry CKOpOC‘TH V" KX Xa0THUYECKOro ABMKCHUA! pP= gnmav .

4. Ciiy THUKH HE MNABSTCA, NOTOMY YTO HA TAKMX BHICOTAX KOHUEHTpa-
UM MOJIEKYJI OUEHD M, '

5. JlaBneHHE CMECH MICATbHBIX Ta30B p PABHO CYMME MapUManbHbBIX
AABJEHMA Py, Pyyeen Py BCEX TA30B, COCTABNAIOLIMX CMECH:

p=ptp,+otpy.

40AYH

1. TTockonbky cTeHa HEMOABHIKHAS, TO CHAA TATH YABOHTCA.
g

@_;,

2,
Hauo: Pepiene:
b= 1,01 . 105 []a ”3 OCHOBHOIO ypaBHeHHﬂ MOJleKleﬂpHO-KMHe—
v= 500 Mm/c THUYECKOI! TCOPUHU HAealNbLHOIQ rasa AaBjICHUC
a7 ] ! N
p—? p:anmazvl.TaK KaK n:-’-/-,amacca rasa m=mN,

m |
a [OTHOCTL p=——, TO p=§pv . Orciopa nnot-

. 5
3p _3LOVIO o e
¥ 500°

Oreer: p=1,21 KoM,

HOCTE TA3a p =
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3

Hdano:
v=550m/c

Peluenue:
M3  OoCHOBHOTO ypaBHEHUS MOIEKYJsPHO-

Y OT'0 T al -
M=3,210_2 e KHHETHYeCKOH TEOpUHN UacanbH a3a JaBie

r=10%m> HHE p =-;—nm.v2 . Macca onHOH Monexy/bl
p-"7
m, M Orciona p=l~—]l/!-—nv2 =
A A
-2
=1 3200 16.500% ~ 53600 Ta = 53,6 KTa.
3 6,02-107
Oreet: p =53,6 klla.
4.
Jano: Pelienue:
V=10"m U OCHOBHOFO ypasHeHus MOJIEKY ASIPHO-
p=10°Ma KMHETHYECKOH TeopHH HReanbHOro rasa JaBJieHue
U-9 =§n§ . The n:-{:—. Toraa cpenHss 3Heprus
" = 3V
opuoli monekyns! E =3 p . Jns uaeansHoro rasa
3HEPrus NOCTYNATeNbHOrO ABUXEHUS €ro MOAeKys
U=NE ,1.e U=-;-Vp=%-10"-105 =150 [Ix.
Otser: U =150 JIx.
5.
Jdano: Pelenue:
n =7, 810%m> | U3 ocHOBHOro  ypaBHeHMA  MOJEKYJsipHO-
o KMHETHYECKOH TEOPUH HIEANBHOr0 rd3a NaBijleHUE
n=24.10"m 2 . 2
n, =107 w azora p, =§n,E . CootBercTBERHG, p, =~3—an H
E=3.10% 2 - '
M_ P =§usE ~ [AaBACHMWA KMCJIOPO/1A H aproHa.
p—

ITo 3akony JlaabToHa p=p +p, +p;.

2 = 2 = 2 = 2=
p=o:-3—nlE+—3-an+§nJE=§E(nl+nz+n_.‘)=
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%.3.10“2' (7,8:10% +2,4-10% +10%) =
=2-10*Ta = 20 «[la.
OteeT: p =20 xlla.

§52. Ypasuenue Knaneiipona-Menaesieesa

OTBETHI HA BOIIPOCAHI

1. HopMansHbie ycnoBus 218 WIcalbHOro rasa: JaBjiCHME rasa pasHo
101 xITa, ero Temneparypa — 273 K.

2. KoHUEHTpaLMa MOJIEKYJl HIEANLHOIO ra3a NPy HOPMANbHBIX YCAOBHUAX
paBHa 2,7 - 10% M, DTy BEAMUHHY Ha3bIBAIOT NOCTOAHHOIM JlomMuaTa.

3. PaccTosnne Mexay atoMamy HaeaibHOro rasa muoro Gonblue pas-
MEpOB CAMHX aTOMOB.

4. Ypasvenne KnanelipoHa-Menpeneesa cBasbiBaeT NABJIEHHE p ue-
anbHOrO rasa, ero obbeM ¥ M aBGCOMOTHYIO Temmneparypy 7:
pV =vRT, rne R — ynusepcanbHas raopas nocTosHHas,

S. Jlas oaHO3HAYHOrO onpeaeneHus COCTOSHUS MIEAIbHOrO rasa Heobxo-
AMMO 3a71aTh OfIHY U3 TpeX nap napametpos (p, 1), (p, T) vnu (V, 7).

3404HH
1.
[JaHo: Pewenne:
y = 1 y [To ypasnennio Knanetipona-Menaencesa:
4 V=™ RT,,a p¥, =T%RT,. Tor
=—RT, =— . Torna
T, =1,5T, 1414 Mo 218 [YANE:
P p‘V'=p2V2,0TKy11a &——2-£=l,5-4=6
” LT A
OtBeT: yBeauuuTcs B 6 pas.
2.
aHO! Pewenue:
p=10Tla [To dopmyne (164) yuebuuka p =nkT , orkyna
T=315K KOHUEHTpaLUs aTOMOB
e 3
nil=? n=£=——l):r—_z2,3-1023M'3;
kT 1,38-107%-315
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CpenHee pPacCTOAHKE MCXKLAY MOJICKYJaMH OLCHHM

no opuysie T = Y =32,3-10% =1,6. 10 m.

Orser: n=2,3-10"m> 7 =1,6-10"%m.

3. Mycts noowans knacca paBHa § =50 M, a ero suicota =3 M, To-
ra ero o6bvem ¥ =Sh=50-3 =150 m>. JlonycTum, AaBiieHKE B K1ac-
ce pasto p =10’ a, a Temnepatypa T =20°C, unu 293 K. Torna
4UCi0 MOJIEKYA BO3AyXa, HAaXOJsLIMXCA B Kjiacce, OUEHUM Ho op-

N pV 10°-150
Myne p=nkT =—kT .Torma N =4{—=s——o"x3,7.107.
vie p v KT 13810293

4.

Qano: Peluenne:

v=1monp U3 ypasnenns Knanefipona-Mesaeneesa onpene-

T=293K nuM obbeM V Moneil uaeaiisHoro rasa noboro xu-

p=10110°ITa MUYECKOT'0 COCTAaBa NP HOPMANLHBIX YCIOBUSX!
o | v=tRT=—1.293.831~0,0224 '

p 1,01-10
=22,4n.
Otser: V =22,4 1.

5.

Hano: Pewenue:

V=4n M3 ypasnenus Knanelipora-Mengeneesa Haitnem

T=20°C napuMansHble  AaBJEHUS BONOpOAd M Teaus:

m=2r Py =D RT w p,=—2-RT . Jlasnenue cmeck

m,=4r My SO M

M. =2 r/mons rasos Haliznem no sakoHy JlansToHa:

|=
RT{m m, | 831-293 (2 4

M, =4 r/monn =ptpm—| L = S =
o TRTNOR | PERTREY, (Ml M,) 4107 (2 , 4)

b Py~ ?

=1,22-10°Ma=1,22 MIla.
Otset: p=1,22 Mlla.



128 §53. Usonpoueccnbi

§53. Uzonpoueccsl

OTBETHI HA BOIIPOCAI

1. MsonpoueccoM HasbIBaETCS NPOLIECC, KOTOPbH MPOUCXOAMT NPH 1o~
CTOSTHCTBE ORHOTO M3 MAKPONapaMeTpos.

2. M30TepMHUECKUM HA3bIBAETCH NPOLECC, KOTOPHIH NPOMCXOIHUT C O~
peneneHHoll Maccoi ra3a npu TIOCTOSHHON Temrneparype.
3axon Botins-Mapuomma:
Tlpon3sBeseHne aBneHUs rasza p 1aHHOW Macchi Ha ero o0beM V He-
W3MEHHO NpPU NOCTOAHHOH TemnepaType: pV =const .

P P v

0 s 4 > Q -
v T T

3. Bo3bMeM Anst NpUMepa H3IOTEPMIYECKOE pacllHPeHNe rasa B COCY e
noa nopuiHeM. B atom cnyuae yacTs KMHETHUECKOH SHEPrHH Mone-
KyJt BEpPEacTCa NOPUIHIO, T. €. TEMIIEpaTypa yMeHbwaeTcs. 1o 03-
Ha4aeT, YTO ANS NOICPKAHUA NOCTOAHHOH TEMMEPATVYPRl raza emy
HYKHO flepeiaBaTh Tenno. Eciu ke ra3 n3oTepMuyecks CikKUMaoT B
COCYZE C MOPLIHEM, TO [UlS NOAAEPHAHHA MOCTOAHHOH Temnepary-
Pbi TENAO J01KHO OTBOAWTLCA.

4. Uz06apHbiM Ha3blBaeTCA NpoUece HIMEHEHHS COCTOSHUA rasa, obna-
JaloIero onpejeneHtoi Maccoi, KOTopbiii NPOUCXOJMT NpH NOCTO-
SHHOM JaBJICHKH. ’ ’
3aron led-Troccaxa:

Ornoulenne ob6bema raza V¥ nasnoH mMaccebl k ero temnepartype 7 He-

14
W3MEHHO MPH NOCTOAHHOM AABJICHHH 7 = const .

P4 PI v
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5. W30x0opHBIM HA3LIBAETCA NMPOLIECC HIMEHEHUS COCTOSHHSA rasa, obsia-
JAIOLIET0 OTIPERENEHHON MACcCOi, KOTOPhIii RPOHCXOANT HpH NMOCTO-
AHHOM 00BheMe,
3axon lapna:

OrHOWeHKe JaBieHus rasa p AaHHoH Macchl K ero temneparype T

NOCTOSHHO! '-;’TL‘ const .

. :

0 : > cl”x
v

1

340AY9H
1.
HaHo: PeweHue:
p, = 10°I1a Mycts arMochepHoe naBnenye pasHo p, .
v, =2V, IaBnenue Boxwb! Ha riyOHHe h pasHo p = p,tpgh .
p=1000kr/m® | Cornacuo saxowy Boiina-Mapuorra,
s | ekt pWi=pY;.
Tak wxaxk V,=2V,, 10 pgh+p =2p,, orkyna
= ~—~—]—9—i———- =10,3m
pg 1000.9,8 T
Orser: h=10,3 m.
2. .
Jauo: Pewrenue:
DD, Hcnoassyem 3aKOH Boiina-Mapuotra:
v v, PVi=pV w p¥y=p,'V,' . Tak kax ¥, =SI,,
A7 | W=SU-Ah, V=S8, a Vy'=S8(,-Al), o
nonyunm: pli = p ' —Al) v pl. =p,'(, - Al).
B KOHEHHOM COCTOSHHHM JaBACHHA [a30B PaBHbL
n'=p'".

5 Bopucon
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§53. Hsonpoyecchi

Pubp PSP 7

4aHO.
1=27,5¢cm
h=7,5cm
Ah=2cmMm
p =13600 kr/m’

4.

Hano:

AT =15°C
p, =10’ Ia
S=107"m2
m=50kr
v=1mMons

Ah -

[Toaromy -&zi— , 0TKyJ1a Al_(pl P )
pl, L+A pl+ p.l,
Oteet: Al = _(.E_‘___._Eli_l_
ph+pl,
Peinenue:

B ropuzoHTanbHOM nomnoseHuM HasieHus B obenx
yactax 1pyOku pasHul: p, = p, . [o 3akony Boitns-
Mapuorra:

I-h I-h
p.V.=px‘V,',OTKynap.-——=p.'-( —Ah];

I-h 1—h
pZ p" 2 ,OTKyﬂa Pz '—2_—[72 T+Ah

W3  ycnosus  paBHosecus  cTonOMKa  pTyTH
p'=p,'+pgh.

Pewas a1y cucTeMy ypasHenHi, Nomyunnm:
’ =%-(M—M)= 13600-10-0,075-8
p'=p,+pgh=20+13600-10-0,075 ~ 30 «ITa;

~ 20 kIla;

6 .
pr=py=5p,' =240

OtBer: p,=p,~24klla; p,'~20kla; p,'=30klla.

Peiuenne:
HS yCﬂOBHﬂ paBHOBCCHﬂ nopums JaBJIICHUC ra3a

P=L§+Po- TTo 3axony Tefi-Jlioccaka ans uzoGapu-

V _V+AV
4ECKOro mpouecca — =
r T AT

. Oteto71a H3MEHe-

Hue obvema AV = AT-? .

W3 ypasHenus KnanefipcHa-Menaeneesa pV =vRT
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Haso:
p,=2-10°Tla
T=7°C
T,=42°C
p,=?

V wR m -
HaitzeM 7:—— AV:vRAT(..S_'g..,_po) .

14
Tak xak AV =SAh, TO cmelueHne nopuIHS
Ah=-AS—V= vRAT -

m

S-(-'S—g+p0)
- vRAT - 1.8,31-:5 0,084 M=
mg+p,S 50-9,8+10°-10
=8,4 cMm.

Orpet: Ah=8,4cm.

Pelwetue:
[Nlo 3axony lllapna ﬂ=£l, OTKYAQ KOHEYHOE
L T
T

—=2.10‘.3—15—=2,25-10“ Ma.
T, 280

Qtser: p, =2,25:-10*TTa.

nasrnenne p, = p, -



TepmoanHamuka

§54. Buyrpennas sHeprus

OTBETBI HA BOITIPOCAHI

1. BHyTpeHHAA JHEPrHsA TEAa — 3TO CYMMa KMHETH4ECKOH JHEPrHH Xao-
THYECKOTrO TEIUVIOBOIO MABHXKCHMA 4HacTHH, COCTABAAKIUHMX FEJIO, H
NOTEHUHATLHON 3HEPIruy UX B3aUMOACHCTBH.

BHyTpehHS®s JHEPTUA Tena HEe 3aBHCHT OT €ro ABIKEHHA H €ro no-
AOXKEHHUA OTHOCMTEJILHO APYTHX Tell.

2. BHyTpeHHsAs 3Heprus UASAnbHOro ra3a 3aBHCHT OT TEMNEPaTyphl.
Temnepatypa Tela YMEHbLIHTCA, CCU OHO H3BHE MONYUHT MEHbLIE
JHEPIUH, YEM OTAACT.

3. Yucno creneneii csofoasl Tena — 3TO YKCIO BO3MOXHBIX HE3ABHCH-
MBIX HanpaBieHui JBHOKEHHA aTOMOB HJIH MONIEKYJ Tena.

4, BHYTpeHHAs JHEPrUA HACATbHOIO ra3a MPONOPLIMOHANLHA YHCAY CTe-
neueil csoGoabl. Monekysna BoAopoJa AByXaromias, 3HaRHUT HUCNO
cTeneHeil ceobOALI PABHO 5, FENHii OAHOATOMHLLI a3, 3HAUHT, YKCIO
cTeneHeii caobob! pasho 3. Takum obpasom, | MO:1b BOAOPOAa MMEET
Gonbluyo BHYTPEHHIOIO SHEPrHIO, 4eM 1 MONb refnA.

5. BHYTpeHHIO IHEPrHIO XHAKOCTH MJIH ra3a MOXKHO H3MCHHTH My TeM
coBeplueHHs pabOTHl HIH NOCPENCTBOM TeNIooOMeHa.

34044YH
1.
Jaxo: Pewenne:
1, =10°C . i
HN3meneHue BHyTpenHeli sneprun AU =—vRAT .
T,=30°C 2

M=29-10"kr/Monb | Tax kak v:—E— HAT=T,-T,,70
m =87 kr .
i=5 AU =50 R, -T) =
AU -7
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V,=1-107 v
V,=1,510" M
p=10'TIa

Hauo:
p,=10°Ta
V=15
AU =-100 Jx
i=5

p-?

=22l .831.(303-283) ~

~1,25-10° JTx =1,25 MJDx.
Orper: AU =1,25M]Ix.

Peuienue:
Jlo pacliipeHHs BHYTPEHHAS SHEPrUs WACANLHOTO

i .
rasa pasusinack U, =— pV,, a nocne paciusipeHus
1 2 1

i
oHa ctana pasHa U, = 0 Y.
H3meHeHne BHYTpEHHEH SHEPruu:

i i
AU =U,-U, =EPV2—'2'le =

=—;-p-(Vz —VJ:%-IO‘ -(0,015-0,01) = 75 .
Otser: AU =175 Ix.

Peienue:
AHZJIOTMHHO TIpeABIRylIEd 3ajnaye, H3MEHEHHE
BHYTpeHRel sHepruu

i

i i
AU=U,-U, = sz——2-p|V=-i-V-(p2—-p]).

2
Torﬂa KOHEYHOE JaBNECHHE KHCJIOpoaa
2AU 2.(-10%)
228U sy =5.10*Ia.
Pa=P "= 5.0,8

Otset: p, =5'10*Ia.

Pewenpe:
U3 ypasreuns Knaneiipona-Menneneesa pV =vRT

u pV,=v,RT ; p(V, +V,)=(v, +v,)RT .
U3 neparix aByX ypaBHEeHUL BRIDA3UM V| U Vs
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§54. BHympeHHss 3Hepaus

ZJaHOZ
V,=12m°

V,=20M
T, =290K
T,=300K
£,=0,98-10°T1a

p,=1,02-10°a

p, T2

¥, D,V
e
_ahtphs
i+,

AV + PV, i
h+hy

. Torza KOHEYHOE NaBlicHHE

Otger: p=

Pewenue:
Tak kak rennoobMeH ¢ okpyxawouleil cpeaci or-
CYTCTBYET, BHYTPEHHAS JHEPrusl CHUCTEMBbI COXpa-
i
2
TaHOBHBLIEECH JABEHHE!
_pVi+pV, 0,98-10°-12+1,02-10°-20 _
TOv+y, 12420 h
=1,005-10° Ma.
U3 ypasuenus Kianefipona-Menaeneesa:
PV =wRT u pV, =V,RT,;
pV,+V,)=(v; +v,)RT , oTkyaa TeMmnepatypa B
LTV, +V,)
PV +p Vol
MNoactasnas nasnenne B GopMysy IUis TeMnepaty-
oV + oY, . ILW+V) =
Vi+V,  pVL+p Wl
290-300-(0,98-10° -12+1,02-10° - 20) N
0,98-10°-12-300+1,02-10°-20-290
~296 K~ 23°C.
Oreer: p=1,005-10°Ta; T ~23°C.

HAETCH: %pr,+ pV, =-;-p-(V2 +V)}, oTkyna yc-

Moayne paBHa T = p-

pbl, nonmyvaem: T =

=1,005-10°-
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§55. Pabora raza npu usonpoueccax

OTBETbHI HA BONPOCHI

1. XaoTuueckoe ABHXKEHNE MONIEKY. Ta3a MOXHO Npeobpa3oBaTh B Ha-
npaBleHHoe IBMKEHME MaKPOCKOMHYECKOro Teia ¢ MOMOMUIbIO
TOPIUHS.

2. PaboTa, coBepuiaeMas Cuio#l JABNEHUA rasa, 3ABHCHT OT CPEHETO
NABJIEHMA ra3a H H3IMEHEHHMsA ero obnema.

3. Tlpn pacuiMpeHuM ras COBEpLIAET MNOMOXHTENbHYIO paboTy, mpu
CKATHH — OTPHLATENLHYIO. '

4. 'eomerpuueckuti cMbic paboTsl, COBEpLIAEMOH CHTOH JaBNeHUd ra-
33, COCTOHT B TOM, YTO OHA YHCJICHHO paBHa NIowaan Gurypst noa
rpaduxom 3asucumoctyu p(V).

5. nowans nox uzotepmoii 1-2 mMeHsuIe, yeM noj W3obapoii 1-3, 3Ha-

4uT, paboTa NpU H3OTEPMKUYECKOM PACHIMPEHHW MEHBLIE, YCM MpH
n300apHOM.

3404 YHH
1.

[Hauo: Peiuenue:
m=0,28 kr PaGota npu u3obGapHomM npouecce pasHa

= m
M 0,028KF/MOJ'II> A=p(V2—VI)='—-'R(T2—7;)=
T, =290K M
T,=490K =0’—28~8,31-(490—290)z1660011mz16,6 kJx;
=5 0,028
1= Hsmenenue BHyTpeHHel 3Hepruy asota:
A AU = i m

AU =E'E'R(Tz -T)=
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2.

Jauo:
m=0,05«kr
7,=320K
h="

_1
Dy —'2‘1’1
D=D
L=T
M=0,032kr/Monb
i=5

A,AU-?

==.—22_.8 31-(490-290) ~ 41550 Jx

Orser: A=16,6 kllx; AU =~ 41,55 x/Ix.

Peuienne:
Ilponeccsl noka3aHsl HA pHCYHKE:
p
V1
Py pooee- 3
Pz |---es
2 7 -
7

v, vV, V

Pa6ora npu uzobapHomM npotiecce:
A=p,(V;-V;)=pV, - pV,. U3 ypasuenus
Knaneiipona-MeHneneesa:

py _m RT
V ==L =, :
PY, 9 M 2
m m
PV, = RT, =R,
Torna A:ﬁ..R];..ﬂ.ETL:ﬂ..R];:
MM 2 M
0,05

= -8,31-320 2 2,08-10° [l = 2,08 wJlx.
2-0,032 0 tflx

Pa6ota raza 8 H30XopHOM rniponecce 1-2 paBHa
dyno. Mamesenue BHyTpeHHeH 3HEprud B npo-
uecce 1-2-3:
i i m
AUs—— -R(I,-T)=——-R(T-T))=0.
2y BB h =gy R T)
OrBer: A=2,08 klx; AU =0.

3. Paora coBepuiacTCa reieM NpH Aepexo/ie M3 COCToAHHA 1 B co-
croaune 6 (prc. 200 vueGHuka) npu npoueccax 1-2, 34 u 5-6. B
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npoueccax 2-3 u 4-5 pabota He coBepIIacTCA, NOCKONBKY 3TH Npo-
ueccel u3oxopHuie. Torma 4, = A, =0 . Hcnonssya reomerprue-

ckmii cMBIca paboThl rasa, MoayyHuM:

4, =10*-(0,2-0,1) =10’ Ix;

A, =3-10°-(0,4-0,2) =6-10° Jx;

Ay =2-10*-(0,5-0,4) =2-10° [Ix;

CymmapHas paGoTa npH 3THX NpoLeccax:

A=A, + A, + Ay =10° +6-10° +2-10° =9 kJx.
Otser: A=9 xJIx.

4. ViaMeHeHHe COCTOAHHA rasa B KOOPAMHATAX p, V FIOKA34HO HA pu-
cyHke.

v, V _
Mpoueccw 1-2 1 3-4 n3obapusle, a npouece 2-3 — H3OXOpHBI, cie-
J0BaTeNbHO, P, =P, U Py =p,.

M3 ypasnenna Menjeneesa-Knaneiipona: p,V, =% RTy; pb, =-};— RT,,

crenosarensHo, 2p,V, =3p,V, , 0TKyA2 noiy4aeMm: p, = % D

PaboTa raza wMcAeHHO paBHA MJIOWIAAH 3AWITPHXOBAHHOW HA PUCYH-
Ke 001acTH.

A= @ =P+ 2 p (W= 20) =2 p = 2107 35100

Omser: A=75-10° .
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_§56. Mepesiti 3akoH MepMOOUHAMUKY

Aauo:

T=300K
v =2 MOJb

V,=—

A-?

¢

Pewenue:
PaGora, coBepiuaeMas ra3oM HpH H30TEPMUUECKOM

V.
npouecce A= vRTIr:72 = vRTln% =

i
=2~8,31-300-ln-;—z—3,456 kK.

p

¢y, v, V
PaccmarpuBaemblii npoilecce H306paXeH Ha PUCYHKeE.

Oreer: A=-3,456 x]Ix.

§56. IepBblif 3aK0H TEPMOAHHAMMKH

OTBETL! HA BOIIPOCA!

1. CornacHo mepBOMY 3aKOHY TEPMOAWHAMWKH, H3MEHEHHE BHYTpEH-
Heill sHeprun AU cucTeMs! onpefensieTcs Kak cymma paboTsl A4,

BHCLUHHX CHI, neﬁcmylomux Ha CHCTEMY, H KOJH4YECTBA TCILIOTH!
0, coobwenHoro eif ussHe: AU =4, +0.

2. Kosnuectso TEJIOTHI, MOABECACHHOC K CHUCTEME, HACT HA H3MCHCHHC
ee BHYTpeHHeli JHEPTHU U COBepllicHUE CHCTEMON paGoTH.

3. Tlpu 130XOPHOM MpOUECCE NOJBEACHHOE K CHCTEME KONUYECTBO Te-
n10TE Q HAET HAa M3MEHEHWE BHYTPEHHEH 2Heprumn cucrembl AU :
AU =@, Tak Kak paboTa raza paBHa Hy o,

4. TTpu M30TEPMHYECKOM NPOLIECCE NOABEICHHOE K CHCTEME KOJIHUYECT-
BO TEMI0Thl ) MAET Ha COBEpILEHKE cHcTeMoi paboThl 4: O = A4, Tax
KaK BHYTPEHHAS JHEPrys 0CTALTCA NOCTOAHHO.

S. Ipu uzo6apHOM NpoLecce NOABSNEHHOE K CHCTEME KOJIMYIECTBO Terl-
JoTH Q UAeT HAa U3MEHCHHE BHYTPeHHeill 3Hepruy cucreMul AU u
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Ha COBEpLICHHE CHCTEMOH pa60Tbl A APH TNIOCTOAHHOM HABJICHUH!

0=AU+4.

l'lpu H3OTEPMHYCCKOM pacCcllHPCHHA NMOABEACHHOC K CUCTEME KOJIH-
Y€CTBO TECIUIOTHI MAET TOJIBKO HAa COBECPILUCHUE paGOTbl, a Mpu u30-
GapHOM — Ha COBeplICHHE pa60Tbl, 2 TaKXe¢ H3 H3MECHCHHUE BHYTPCH~

HEH SHEPTUH.

Jano:

U, =220 x[lx
A, =50 k[lx
Q=125 k/Ix

U-?

2,

Hauo:
m=0,032 kr

p,=10Ta

P> =2p,
T,=290K

M = 0,032 xr/mons
i=5

L,Q-?

3AJAYH

Pelzeriue:
CornacHo NEpPBOMY 3aKOHY TEPMOAHHAMHKH:

AU=A4,+0.
TNockoneky U =U, + AU , TO koHeuras BHYT-

PEHHAA SHEprHa rasa
U=U,+Q+A4, =220+125+50 = 295 bx.

Oteer: U =295 xJIx.

Peuuenne:

N3  ypaBuenns  Mengeneesa-Knanefipona
m
p¥ = va RT, onpenenum obbem cocyaa:

 mRT, _ 0,032-8,3!5-290 0,024 w8
Mp, 32-10

Mocne warpesanus p,V = —:{i ‘RT,, oTkysa
KOHeYHas TeMmepaTypa
T, = pVM pzM mRT -1.Pr_
mR mR  Mp, I
=27, =2-290 =580 K.

[lpouecc H30XOpHBIA, NOITOMY KOJNIHYECTBO
TEILI0THI, COOBLIECHHOE a3y, paBHo:
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Jano:
A=2xlx
i=3

Q,AU -7

Hano:

m=0,014 xr
T=30K

M =0,028 xr/monb
= 5
=2V,

-?

oL T

——-—2-8 31-290 = 6-10° JIx = 6 x[Ix.
Otser: ¥ ~0,024M°; T, = 580 K; O = 6 x[Ix.

Pemenne:
PabGora rasa B uzobapHom npouecce 4= pAV .

VaMeHenHe BHYTpeHHeH IHEpTHH B ITOM Npo-

necce no gopmyiie (169) yuebHuka:
i i 3

AU ==pAV =—A==-2=3Jx.

2P7 =277 A

CorflacHO MEpBOMY 3aKOHY TEPMOAHHAMHKH, KO-
JIMYECTBO TEILTOTHI, MOABEACHHOE K TENHIO, PABHO

i i 3
=AU+ A=—A+A=4} 1+— |=2| 1+=|=5 .
Q + 2+ (+2) (+2) Ik
Oreer: AU =3 kllx; Q=5 ik

Pewenue:
Ipu usobaphom paciuiupetinn pabora rasa:

A=pAV = RAT =22 R(T, - T) . Tho 3ako-
M M

ny [eii-Jloccaxa hoh ,orkyaa T, = 27 .
2 1
Takum ofpa3zom, pabora rasa
m m
A =E'R(2T' _T')=VR7; .
HzMenenue sHyTpeHHeli sHeprum

AU =22 R(T,-T)=
2 M

i m i m
== —-RQ2L-T)=——
2 M M
[To nepsomy 3akoHy TepMOJIMHaMHKH, KOJiHue-
CTBO TENAOTHl, MOABEACHHOE K rasy, paBHO:

0=AU+A4=2-2rr +ZRT =
2 M M

RT,.
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2 0,028

% 4,36-10° e = 4,36 xllx.
Orset: Q =4,36 KLk

m i 0,014 5
=—RT | =+1|==—=-8,31-300.| = +1 |
M ( ] (2 )

5. VI3 pewenns 3anaan Ne 3 (§55 yueGuuka) pabora rasa A=9-10" Iix.
HismeHeHHE BHYTpeHHeil JHEPrHM ONpPENenseTcs PasHOCTLIO TEMNEpa-

TYP B KOHEYHOM Y Ha4aJbHOM COCTOAHRAX: AU = —;—--}%R(?; ~1)=

=%(p6V6—p,V,)=—;-(2-10"-0,5-10‘_-0,1):1,35-10‘11>K.

KonnuecTBo TeruioTsl, ROABEAEHHOE K reJiHIO, PaBHO
Q=AU + A=1,35-10° +9:10° =2,25-10* Jbk = 22,5 k[Ix.
Otser: Q= 22,5 x[x.

§57. AnnabaTHbIii npouecc

OTBETEI HA BOIIPOCHI

1. AnuabaTHbIM HashIBACTCA TEPMOANHAMHYECKHH mpouecc B Terno-

H30NHPOBAHHOI CHCTEME.

Ilpn agnabatHoM mpouecce paGota A coBepiiaeTcs cHcTeMoi 3a

CHET HIMEHEHHA ee BHYTpeHHe# snepruu AU : A= -AU .

ITpu anuabaTHom paciiMpeHHH rasa paGoTa COBEpIACTCA CHCTEMOM

32 CYET HIMEHEHMUA ee BHYTPEHHEH JHepruu.

3. Ilpu aauabaTHOM CXKaTHH rasa YBeayuUBAETCHs YMCHO YNPYrHX Co-
YAAPEHHI MOJEKY C MOPUIHCM, f103TOMY HX KHHETHYECKas IHEPTUs
H TEMIIEpaTypa, BO3PAcTAIOT.

Ilpu anuabaTHoM paclIMpeHMH ra3a YMEHbLIAETCS 4YHCAO YNpyrux
COYAapeHHi MONeKyl C NOPLIHEM, OITOMY MX KHHETHYecKas SHep-
rMs M TEMIEPaTyPa YMEHBILAIOTCA,

4. MNpu annabatHoM cxkarMy rasa TeMIepaTypa yBelauUMBaercs, a 00b-
€M YMEHbHIACTCA, 3HAUMT, NaBJIeHHE pacTeT ObicTpee, HeM APH H30-
TepMH4eCKoM cxaTHi. [1o3ToMy npu pe3koM CXXaTUK ra3a B LIUH-
Jpe ¢ nopuiHeM 10 06beéMa B 2 pa3a MEHbLIETO, HAYANBHOE AABIIE-
HHe Bo3pacTaeT Gonee yem B 2 paza.

bad
H
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§57. Aduabamubiil nipoyecc

5. I'lpu anuabaTHOM CHKaTHU rasa B UHNMHHAPE AH3CIBHOIO ABHrarensd
TeMneparypa yBENHYHBAETCA HACTOJIbKO, YTO TOIUIHBO, BNPBICKH-
BacMoOe B LIMJIHHADP, BOCMIAMECHACTCA U NPHBOAUT FIOPUICHL LMIHH-
Apa B ABHXECHUE.

34JAYH
1.
Hauo: Pewenue:
A =500 Tx INpu aguabarHom npouecce, 1. €. npu O =0, nep-
AU =7 BB 3aKOH TEPMOIHHAMHUKH BLIFJISAUT CACAYIOILUM
obpazom: AU + A=0. Otciona H3MEHEHHE BHYT-
penneit aneprun: AU = -4 =—500 Jx.
Otget: AU =-500 Ix.
2.
HaHo: Peiuenue:
m=8r PaBora rasa B  anmabatHOM  mpouecce
A, =1xJlx A, =AU=%VRAT. Tak kak A=A, , TO oTciofa
i=3 .
AT 7 H3MEHEHHE TEMNEpaTyphl:
3
are- 210 g
32 R 32831
M 4
Oteer: AT =40,1 K.
3.
Hano: Pewenue:
m= 0,064 xr H3MeHeHne BHYTpEHHEH SHEPTHH:
M=3210"xre/moms | AL/ =£'ﬂ'R(T -T) =.__i_.ﬂRT =
2M Y 2MT
f=213K 5 6,4-107
T =—=. 22831273~ -11300 [k ~—11,3x]Ix.
=2 232000 Foc 11,31k
i=5. PaGora rasza pasHa 4A=-AU =11,3 x/Ix.
AU, A= Otser: AU =-11,3 klbx; 4~11,3 x/Ix.
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4,

Hano:
m=14

N=20°C=-20K

M=28-10"
i=5

A-7

5.
HaHo:

|4 =2

4, = 50,5 kJlx
' T,=273K

p,=1,01-10°ITa

i=5

T,-?

Pewenne:
PaGorTa raza npu anuabaTHoM npouecce:

A=-AU=-L. " RAT =
2 M

=2 8,31 (-20) ~ 20800 Tk ~ 20,8k

Oteet: A=~ 20,8 xJIx.

Peuienue:
Pabora raza npu aguabaTHom npouecce

A=-AU = -—-livRAT. Tak kak A=—-A

BH *

TO

4, = vRAT——vR(T T).

Hs 3aKOHa Menngneesa-Knanekpona
)4

1

vRT, = pV, waiigem WR= . CnenogarensHo,

paboTa BHEIWHHX cUn A, = —épr‘ . % +1
i

Orcrona KoHeYHas TeMNeEpaTypa KHCiopoaa
n- 1+t g

ipV,
_[1 2-5,05-10°

5-1,01:10° -2
Otget: 7, =300,3K.

)- 273=300,3 K.

§58. Tennosbie aBUraTeaun

OTBETH] HA BOIIPOCAHI

1. K Tternosbim aBHratessM OTHOCAT YCTPOHCTBA, npeobpasyloluue
BHYTPEHHIOIO QHEPrHI0 TOIUIHBA B MEXaHHUYECKYHO JHepruio. B kade-
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§58. Tennoswie Jsuzamenu

3

-

- unxna Kapao onpenenserca Qopmynod: nm, =

5.

ctee paGo4ero Tesia B TEMNOBBIX ABHMIATERAX MCMIONB3YIOT raskl U Na-
Pbl, TAK KaK OHH HAHITYUIHM 00Pa3’oM CKHMAIOTCK H PaCILIMPAIOTCH,
Ji1a UNKAHYECKOTO MOMYHeHHs NONe3HOH Mexanuueckod paborwi B
TEMJIOBOM ABMFATENE HABJIEHHE [a3a NpPH CXKaTHU JOJDKHO ObiTh
MEHbBIIE JABJCHHA Ta3a NPH PacUIHPEHHU, a JABJICHHE PacTEeT BMe-
cTe ¢ TemMnepaTypoi. 3HauHT, nepe] CKaTHeM ra3 KOJKEH ObiTh 0x-
NakAeH (KOHTAKT ¢ XONOMMIBHHKOM), a Nepell paciuiPeHHeM HarpeT
(KOHTAKT C HarpesaTeneM).

KIJI 3amMKkHyTOrO UMKIa 1) ONPEAENsioT KaK OTHOWeHHE paboTsl A,
COBEpINEHAOH ABHraTesNeM 3a 1HKI, K KOJIHYECTBY TEMIOTH O, no-

. A
NyueHHoll OT Harpesarens: 1 =-—.
1
HaubGonee 3¢($eKTHBHBIM ABIAETCS TEPMOAMHAMHUECKHH UMK, CO-
CcToAmUi U3 ABYX H30TepM M ABYX aauabar (uukn Kapuo), KI1[

L-7

, TAC T] —
1

Temreparypa Harpeparens, T; — TeMnepaTypa XoNoAHIbHUKA,
OtpHuaTenbHOE BO3ACHCTBHE COCTOHT B TOM, YTO TEMUIOBLIC ABHIa-
TEAH BLIIENAIOT NMPOAYKTbI CrOpaHUA TOMNAHBA, 3arPA3HAIOLIHE OK-
pyxatoutyio cpeay. Jas 60psbsl ¢ 3THM CTaBAT cnetHaibHbe ouu-
CTUTENH BBIXJIOMHBIX Fa3oB, NepexomAT Ha Gosee 3KONOrHYeckM
YMCTbIE BRI TOMIHBA (TAaKHMM HICANLHBIM TOMIHBOM ABAACTCS BO-
ZOpox, TaK KaK NPH CropaHHH AAET BOAY), FCPEXOAAT Ha IEKTPO-
MOOHAHM H T.A.

3404494

IMpouecchl 1-2 H 3—4 ~ u3oxopusie ( ¥ = const ). PaboTa ra3a B 3THX
npoueccax A, = A, = 0. lpouecc 2-3 — usobapuslii ( p = const ).
I'a3 cosepuiaer paboty A, =2p,(2V,-V,)=2pV,. MNpouecc 4-1 -
u3o6apHwiit. 'a3 cosepuiaer pabory A4, = p(V,-2V,))=-pV, .

O6uias pabora 3a unkn A = 4,, + A,, = p,V, . Buicrpee 31a paGora

Moxer ObiThb HafiieHa Kak naowanb NpaMoyroibHuka 1-2-3-4,

Ha ywactkax 1-2 u 2-3, K ra3sy nmoABORHTCS HEKOTOPOE KOMHue-
CTBO TEMIOTHI, a Ha yyacTkax 3—4 u 4-1 — orBoyuTca. Konnuecr-
BO TEMIOTHI, NOJY4EHHOE OT HarpesatTeas: O, =0, +0x =
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=AUy, + Ay + AU, =AU, + A, , rae AU, = évR(T, -T).

Bocnonb3oBabiuick ypaBHeHueM Menaeneesa-Knanelipona, Mbt
nonyuum: vRT, = pV,, vRT =2p,-2V =4p,V . Torna

3y
AUxJ" (4P1V| p,V)- p|V|’a o= 7sz+ prl plyl(z'f'z)

KIJ uuxna onpenensierca no popmyne n=—

J24

2 2 2

n= ST AT ="
pri(“giJ 3i+4 3:5+4 19

2.
Hauo:
0, =100 Tx

|0, =75 Ik

n,4-?

3.

ﬂaHOI
T,=673K

T,=373K

Nrax — 7

4.

ﬂaHO:
T, =120°C

7,=320°C
0O, =200 k/Ix

. 4, |Q:| -7

6 Bopucon

Peuenne:

PaGora, coBepLiacMas ra3oM 3a LUHKJ, paBHa:
A= 0, -|0,|=100-75 = 25 Jix. KN unxna:

n_i_Q—IQ,l 100-75

——=0,25, uan 25%.
o) 9] 100

Oteer: A =25]x; n=0,25unu 25%.

Peluetue:

Makcumansnoe Teopetudeckoe 3Hadenuwe KITJ|
naposoi MawnKe (paboTaioleit no uukny Kapho):
_L-T, 673-373

= 0,446 , uan 44,6%.
T 673

Orset: M, ~ 0,446 unu 44,6%.

Petnenne:

KI1J uukna uaeanbHol NapoBoit MaluHe!:
q—l~1—l-§§~0 337, unn 33,7%.
T 593

o A
C apyroii CTOpPOHBI, 1} =— , OTKYy.a
1



146 §58. Tennossie dguzamenu
393 s
A= -1 1-==1.210 ~
no, = ( J Q= [ 593} _
~6,75:10* Ik =67,5 xJlx.
Ilo bopmyne (174) yuebuuka n= 2 EZ‘QZI , OTKyaa
1
T 393
=(l-n)-0 =—L.0="22.2.10°~

!Qzl (1-m)-Q, T, o 593

~1,325-10° bk =132,5 xJlx.

Otger: 1=0,337; 4=67,5 xJIx; |Q)|=132,5 kI

5.
Jlano: Pewenne:
t=1y MouHocTs, pasBuBaeMy10 ABUrareaeM aBroModu-
m=3 kr A, MOXHO HaiiTh no dopmyne P=ﬁ . Cumran
7, =1200K . t ,
7,=370K JBWratTeilb MACANLHOH TensioBoi MalinHOM, Haitaem
Q =4oMIx/xr | ero KITT: n:—/i: L , OTKyda A= (] ———) 0.
T R 2 I

noﬂy‘leHﬂoe OT HArpesaTens KOMHUCCTBO TCILIOTHI
Q@ =qm.

Torsaa pabota nerratens A4 = [ l——;—;) qm .
1

HickoMas MOLHOCT:
7
p=l1-L2 .mz(l_él‘lj.ii,‘i.i
) t 1200 3600
~ 4,42-10* Br = 44,2 kBr.
Otser: P =44,2 kBr.
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§59. Bropo# 3aK0H TepMOAUHAMHKH

QOTBETbHI HA BOIIPOCHI

1. HeoGpaTHMBIM Ha3biBA€TCS NpoUECC, KOTOPBIH HE MOXKET CaMOTpo-
M3BONLHO NPOMCXOANTD B 06PATHOM HANpPaBNEHHH.

2. Cornaci0 BTOPOMY 3aKOHY TEPMOJUHAMMKM, B LMKIEMuECkH AelcT-
BYIOILEM TETLIOBOM ABHIaTee, HEBO3MOXHO NMOjIHOE npeobpa3oBanne
TEroThl, NOJy4eHHoM OT HarpeBaTeNs, B MexaHHuecKylo pabory.

3. Bropoii 3aKoH TEPMOAHHAMHKYM OMNPEJENAET HaNpaBIeHHEe TEPMOAHU-
HaMMYECKUX npoueccos. Hanpumep, TENIO HE MOXET NepeAaThCsi OT
XOMOJAHOrO Te/A K ropsiemy.

4. 3amxHyTas cHCTEMAa MHOI'MX YacTHL CAMOMPOH3BOJBLHO MEPEXOAHT
n3 bonee ynopanoueHHOro COCTOSHUA B MEHEE YNOPAIOYEHHOE CO-
CTOsHUE.

5. 3T0 NnpoucXoauT B pe3yabTate Aubdy3un yacTiuek.




. Xuakoctb 1 nap

§60. ®a3zoBb1ii nepexoa nap — KUAKOCTD

OTBETHI HA BOINPQCAHI

1. lepexon BemecTBa M3 ra3000pa3HOro B XH/KOE COCTOAHHE BO3IMO-
HEH MIPH TEMNEpaType, MEHbILIEH KPUTUYECKOH.

Kputuueckoii HasbiBaeTcs Haubonbias TeMneparypa, pH KOTOpOi
NEPEXO/ Fa3a B XHAKOCTH Clie BO3MOXKEH. .

2. Tapom Ha3piBaeTCs ra3000pa3Hoe COCTOSHUE BELIECTBA, TEMIEepaTy-
Pa KOTOPOrC MEHbILE KPHTHYECKOH.

3. IIpn ¥30TEpMUYECKOM CXKATHUM Ta3a BO3PACTACT KOHUEHTpauHs Mo-
nexyn. Korna pacctossue Mexay HUMH CTAHOBHUTCA HACTONBKO Ma-
JIbIM, 4TO NMOTEHUMANbLHAS IHEprus B3aMMoleiiCTBHS MoOJieKyn cra-
HOBHTCA COH3MEPHMA ¢ KMHETHYECKOI IHepruel Mx ABHKEHHA, ras
NpeBpaIlaeTcs B XKHAKOCTD,

4. [Tap cyntaercs HaCHIEHHBIM, €CIH OH HAXOAWTCA B TEPMOAHHAMUUC-
CKOM PasHOBECHH CO CBOEH KHAKOCTHIO. JIaBlIEHHE HACLILLEHHOTO napa
IPH €10 CHKaTHH OCTACTCA NMOCTOAHHBIM, TAK KaK YacTh MOJEKYN nepe-
XOIHT B HHIKOCTb.

5. Tlpu cxaTHM HMAKOCTH [aBieHHE PE3KO BO3PACTAET, TAK Kak MoJie-
KYyJb! XKUAKOCTH TJOTHO YNAKOBaHbl, U CHJbI MEXMOJEKYJIAPHOro
OTTAIKMBAHHA HIPAIOT CYUIECTBEHHYIO POJb.

§61. Hcnapenue. Konnencanus

OTBETHI HA BOIIPOCAHI
1. Ucnapenuem nasbiBaercs napoobpasoBaHke co cBoOOAHOIT noBepx-
HOCTH *uAKoCTH. KoHaeHcauuel Ha3zsiBaeTCs mpouecc BO3Bpauic-
HHA B MHAKOCTb YaCTH MOJIEKYJl Hapa HaX MOBEPXHOCTBIO MXHAKO-
CTH. I/lcnapeHue NPOUCXOAHUT MpH YCIOBHH, YTO KHHETHYECKas
9HEPrug HaxXonAILeHcs B MOBEPXHOCTHOM CJ10€ MOJIEKY B! HUAKOCTH
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fonplue €¢ MOTEHLUHANLHOH JHEPTHH B3AHMOICHCTBHA ¢ APYTHMH
MOMIEKY IaMH. '

2. CxopocTb MCRapeHUs JKUIAKOCTH 3aBUCHT OT POAA *KUIKOCTH U ee
TEMIEPaTyphl.

3. YaenoHoit Tennotoi napoobpa3osands (HCnapeHns) Ha3biBaETCA KO-
AUYECTBO TETUIOTH, HeoOxoauMoe Ang mpespaileHus B nap | kr
MUAKOCTH NpPH MOCTOfAHHOR Temmnepatype. KonMuecTso TenmnoThl,
KOTOpOE MOABOAUTCA Npu napooGpa3oBaHuK, HAET HA YBEAHYEHUE
KHHETHYECKOH 3HEPTHH MONEKYIL.

4. ¥apa npu BeTpe. NEPEHOCUTCH Jlerye, TAK KaK MOMEKYsbl BOJAbL, KO-
TOPble UCTIAPHAMCDH C MOBEPXHOCTH TEMA YENOBEKA, HE BOIBPALLAlOT-
cf 00PaTHO W MOITOMY HE YBEIMYUBAIOT €r0 3HEPTHIO M, COOTBETCT-
BEHHO, TEMACPATYPY.

5. BayTtpennas sHeprus 1 kr napa Gonblue BHyTpeHHel oHeprun 1 «r
BOJibI, TOTOMY YTO 3HEPruA, 3aTpadeHHAA Ha ucmapeHde 1 kr napa,
TNpPEBPATHAACH B CrO BHYTPEHHIOK (TENAOBYIO IHEPTHIO).

3AHAHYH
1.
Hauo: Pelenye:
r=2,34-10° Dw/xr KosnH4eCcTBO TEMUIOTH, BLIAEAAEMOE (IPH KOH-
m=0,5xr nencauny cepebpa: Q=rm=2,34-10°-0,5=
0-2? =1,17-10° Tox = 1,17 M.
Orper: O=117 MIx.
2.
Hauo: Peiuenue:
P=75BT TenjaoByw MOUHOCTE MOXHO ONPEIENHTh

Q

t=ly no (bopmyﬂeP=7. Beiaensemoe Ttesom

r=2,256-10° dx/kr
m-? T YEJIOBEKA KOJHUYECTBO TCMI0THE Q =rm.
Toma Macca HCHaDHEMOFI BOALI pPaBHA!
Pt 75-360
m::-Q:-—-:—-——_‘—O-zwz-O,iZKT.
roor 2,256-107

Oreer: m= 0,12 kr.




§61. Ucnapenue. KondeHcayus

Aty =3 muH
t, =16 MUK 3¢
=06°C
t,=100°C
¢ = 4200 qwe/xr - C°

r=?

aHO:

m=1xr

4, =0°C

t,=100°C

¢ =4200 Odx/kr- C°
r=2,26-10° Nu/xr

02

Pewenmne:

KonnuectBo TennoTsl, 3arpaureacMoe Ha
Harpesanue Boasl or 0° C no 100° C,
O =cm(t,—1).

Ha wucoapenHue neobXoaumo KonH4ecTsO

tenaoret O, =rm. Cunras MOUIHOCTH

. o ), A
YaiHUKa HEU3MEHHOM, NONYunM —Q'-:—2
1
rm
a D ———
cm(i, —t) Al
963

=3 - 1) = 4200100 o=
At 180

=2,25-10° Ix/xT.
Orger: r=2,25-10% Hox/kr.,

, OTKYa

Pewenue: :
KonuuectBo TeiioThl, Heobxoaumoe s
Harpesauus Boasl 10 100° C, pasHo:

O =emit, —t) .
Jns npespamenns Harpetoit Boas! B nap
HeoOXOAMMO KOJNKUECTRO TEIJIOTHI

Q,=rm.

Hckomoe KonmuecTBo TerIoTH:
O =m(c(t,~1)+r)= '
=1-(4200-100+2,26-10°) =
=2,68-10° Jx = 2,68 M/ lx.
Otser: Q= 2.68 M/
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5.
Hano:
m, =100 r

m,=40r

t,=10°C

t, =100°C

4, =100°C

¢, =4200 Tx/(xr - K)
¢, =2090 JHi/(kr - K)
r=234 MIIx/kr

L]
m' m't—-?

Peuiienne:
O,.. =c,my(t, —1,)=2,09.10°-4.107 .10 =
=8,36-10" [k — KOJHYECTRO TEMNOTHI,

BrIASAAIOIECCA NpH OCTBIBAHUK Hapa.
Ouup = €y (1, = 1) =4,2-10°-0,1-90 =

=37,8-10° [hx — KOJNHYECTBO TEMIOTHI,
HeOGXOAMMOE fNs  HarpeBa BOABI MO
£, =100° C.

O =11, =2,34-10°-4-107 =93,6-10° Ik —
KONHYECTBO 'TeﬂJ'lOTbl, KOTOpOC CMOXET
BBLACAHTHCA NPH KOHASHCALMH BCEro Napa.
TaK KakK anrp >ror L Qmm.l >Quarp’ TO
TEMIEpaTYpa PABHOBECHOIO  COCTOSHMA
BCLUELCTBA B cocyne 6y[leT paBHa
t, =100° C.

MNycTe Am ~ KONHYECTBO CKOHAEHCHPO-
Bapwerocs riapa. Torza ypasHeHHe Temio-
moro Gananca: Q' .t Qur = Q> THE
Q' ... =Amr . Orcrona

_em{t~t)—emy{t,—-1)
= - =
_37,8:10'-0,836-10°
T 23410
Taxkum obpasoM, B cocyne OyaeT Haxo-
anteea 100+ 15,8 =115,8 r Boas 1

40 - 15,8 = 24,2 r napa.

Ortser: 15,8 r Boaul u 24,2 r nmapa npu
100° C.

Am

=158-107kr=158 .
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§62. laBn1eHue HACHIIUEHHOT0 Mapa.
BJaakHocTh BO3ayXa

QTBETHI HA BOIIPOCAHI

1. C noMoubio yBeiinyeH s JaBleHUs U3 HEHACBILIEHHOTO 1apa MOXHO
NOJy4HTh HACKILIEHHKI nap.

2. [Ipouecchl UCMAPEHNA W XOHACHCALHH TIDH ITOH TEMNEpaType Bbl-

PABHHBAIOTCA: CKONBKO MOJIEKYJl MCTAPAETCH C MOBEPXHOCTH KHA-

KOCTH, CTONBKO e B Hee W BO3Bpallaetcs. IlodToMy nasnexue Ha-

CBILIEHHOrO Napa NPH OnpeleieHHOH Temfieparype A0CTHTAET Mo-

CTOSHHOTO MaKCHMaNbHOrO 3HAYEHHS,

JasneHHe HaCBHILEHHOTO Napa Mp¥ YBEAHUEHHH TeMOeparyphl pac-

TeT ObICTpee, YeM daBlICHUE HACATLHOTO ra3a, NOCKOILKY MONEKYbI

napa B3aUMOAEHCTBYIOT APYT C JPYyTOM, a B MOAEAH HICaNbHOro ra-

3a Mbi npeHelperaeM B3aumoeiicTBUEM MoJIeKy st MeXY coOOi.

4. OTHOCHTeNLHOH BIAXHOCTBIO BO3/lyXa Ha3blBaeTCs NPOHEHTHOE OT-
HOLIEHHE KOHUEHTPALUYH BOAKHOTO Hapa B BO3AYXE K KOHLEHTPaUHH
HACBILIEHHOFO Napa Npu 3Toil ke TeMieparype.

5. B cyxom Bo3syxe ucnapeHue NPOUCXOAUT GLICTPO, @ NPU MOBHILLIEH-
HOM BAAXHOCTH BO3AYXa WCMAPEHKUE BJlary C NOBEPXHOCTH Tena 4e-
JI0BEKA YMEHBIIAETCA 1 OHO OXJTaxkaaeTcs caabo.

3

3404494
1
Hano: Pewenne:
t=30°C OTHoCUTeNbHAS BAAXKHOCTE BO31yXa:
Pu=2,52 xlla _ D, 2,52 _
Pun = 4,2 KlTa (p—p“"-100%=-23--100%—60%.
o-?
Otser: ¢ =60% .
2.
Hano: Pewienue:
H=30°C
t; =100°C ’ ITpn HavanbHOW TeMneparype o, =£’ﬂ-.100%, OTKY-
1= 60% P
P =42kMa | ga p =Pui .o Tlosaxony Lllapns, D= Pu
Pz = 10° Ta T YR T T
¢, -?
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3.112&:
=20°C
t,=0°C
@, =30%
P =233 kIIa

P, =0,6 xlla

¢, -?

4.

Jano:
=20°C

t,=7°C
@, =50%
P =2,33kla

Dy =107 kITa

Buinazaer au
poca?

OTKyHa p,, = Py . OTHOCHTENbHAA BHAXHOCTH
1

BO34yXa nipH KOHEUHOH Temneparype
9, =, = 2o L 100% =

Paml 7;

3
=0,6- f_Z__l_O_ 373 100% =3,1%.
10° 303

Otset: 0, =3,1% .

Pewenwne: _
[lpd Temnepartype f, OTHOCHTCNBHAN BIAKHOCTH
BO3yXa @, = P .100% . Orciona masnenue napa

Hn2

P =9'—e&=§9:/-(-)-:2’—§}-=0,7 klla.

100% 100% _
Hasneuue napa Gonblile, YEM JaBICHUE HACHILLICH-
Horo napa npu temneparype 0° C ( p,,, = 0,6 xIla).
CrnenoBaTtensHO,  OTHOCHTENbHAs  BNAXKHOCTh
¢, =100% (Bbinanaer poca).

Oxser: ¢, =100%.

Peuuienue:
AHajorMyHo mpenbiAywied 3ajade  ompeaesium
ZlaBieHHe NapoB BOALI NIPY TeMIepaType f,

= (Plpunl — 50%2’33
Pa=100% ~ " 100%
D10 jaBneHue Gonbiue, YeM AaBlieHHE HACHILLEH-
Horo napa npu ¢, =7°C. CnepoBarénsHo, poca

BbINAjaeT,
OtseT: poca BeInaer.

=1,165«I1a.
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5.
Hauo: Pewienue:
P =1,01-10° TTa [Ipouecc cxarus NPOM3BOAUTCA MPH TOCTOAMH-
£=100°C HOM [JABJIEHUM, PABHOM [A3BJEHHIO HACHILIEH~
V=102 Horo napa. Torma: 4,, =p, (V,-V,)=
1= M
=1,01-10°(107% - 5-107) = 505 JIx.
V,=510" s ( ) A
A4,-? Orteer: A=1505 Ix.

§63. Kunenue ;xMaKocTH

OTBEThI HA BOIIPQCAL

1. KnnieHHeM Ha3bIBAETCA NpoLEce napoobpasoBarUd, NPOHUCXOANLLNH
BO BCeM 00bEMeE XHIKOCTH NPH ONPEACTCHHO TEMIEpaType.

2. TTy3bIpbKH B XHAKOCTH HayHYT yBEIHYUBaThCA B 06beMe npw yse-
AHYEHWU MABNEHUS TNapa BHYTPH NY3bipbKa MO OTHOWEHHUIO KO
BHCILHEMY AABJIEHHIO XUAKOCTH. [pH BCrubITHH 00beM My3blpbKOB
YBENHYHBAETCA, TAK KaK BHELUHEE AaBJEHHE Ha HUX CO CTOPOHBI
WHAKOCTH YMEHBIUAETCA U3-32 YMEHbILIEHHEM MTYOHHBI.

3. XuakocTh KWNAT NpH ONpeAeNEeHHOH TeMnepartype, Ha3biBaeMOH
TEMMEPATYPOiit KUNEHMUA.

4. Temneparypa KWMEHHS 33BHCHT OT BHEWIHEro AaBACHUA. JKHAKOCTH
3aKunaet, KOTjAa JABJICHHE HACHILIEHHOrO napa *HAKOCTH HAayMHAET
NPEBLILIATL BHEUIHEE JABNEHHE HA XHAKOCTL. UeM Bonblue TemnoTh
NOABOIMTCR K XKWIAKOCTH, TEM OOJIbLIE JIONAETCA BCIUTLBAOUIMX HA
MOBEPXHOCTD My3biPbKOB. UeM BhlLE JaBNEHHE HaA KHIAKOCTBIO, TEM
BbiLlE TEMNEPATYPA KHNEHUS.

5. IeperpeToli Ha3bLIBAETCA HKHAKOCTh, HAFPETas 10 TEMNEPATYpPhl, Npe-

" BHIIUAIOLLEH TEMIIEPATYPY €€ KHNEHUA B HOPMAJIBHBIX YCJIOBUSX.

§64. [TopepXHOCTHOE HATSIAKEHUE

OTBEThHl HA BONIPOCHI
1. Monexysibl TPUXOAAT U3 BHYTPEHHHUX CJI0EB, NOITOMY NPH YBEJIHYC-
HHH TUIOIAAH NOBEPXHOCTH XHIKOCTH MX HUC/IO HA €AHHULY M0-
BEPXHOCTH HE MEHAETCH.
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2. MoJieKyJibi NOBEPXHOCTHOrO €108 NPHTATHBAIOTCA TOALKC MOJEKY-
JaMM BHYTpeHH¥X cnoeB. Ha nosepxHocTH ocraercs Takoe YHCIO
MOJIEKYJI, NPY KOTOPOM TUIOMIAAb MOBEPXHOCTH Xuaxoctd Oyner
HaWMEHBLIEH NPY JaHHOM 00bEMe.

3. JlaBaeHHe BHYTPH MbLILHOPO My3blps Gosblie aTMOChepHOro, NoTo-
MY 4TO JaBJICHHE BO3/yXa B My3bipe KOMMEHCUPYET aTMocdepHoe
JlaBleHHe W naBficHHe, CO3JaBaeMoe CHUNOH MOBEPXHOCTHOrO HaTA-
KEHHs.

4. B cpeaneM, Ha nOBEPXHOCTB MTOAHUMAETCH CTOIBKO MOMEKYJT, CKOJb-
KO Y onyckaerces, ﬂoammy MOJIEKYJIbl XHAKOCTH HC ABMXCYTCH yC-
KOPEHHO UMEHHO B CPEAHEM, XOTH OTACNILHO B3ATas MOJIEKYNa MO-
KET M ONMYCTHTLCA BBU3, H AaXe NOKUHYTh XUAKOCTL.

5. Bonocku akBapeibHOM KHCTOYKH CIIMNAIOTCA NMPH BHIHUMAHHH €€ W3
BO/ibl 6naro,uapﬂ CHJIE NMOBEPXHOCTHOrO HATAXKCHHA, TaK Kak )KML[Y-
KOCTb CTPEMHTCA YMEHBIIMTL NNowals cBoeit ceoboaHol nosepx-
HOCTH. ‘

3AJAYH

1. O6beM kpynHo# Karin paBeH CyMMe O0BLEeMOB # MATEHLKUX Kamnedb!
4 4
gnR’ =n -Enr’ , caenosarensho, R =nr'; R=rin .

DHeprus NOBEPXHOCTHOrO oA Gonkwoi kann £ = oS = g4nR’, a
CyMMapHas JHEPIHA TOBEPXHOCTHOIO CJOA MANCHLKHX Kanenb
E, = ncS, = nodnr’ . COCTaBUM COOTHOMIEHHE:
2

E R rw 1
E, w? mw? Yn’
Mockonsky n>1, 10 E<E,, 3HA4HT, NPH CHHAHHH MAJICHBKUX Ka-
nesib B OHY OOJIBLIYIO DHEPTUS BhICASETCA.

2.
aHO: Peuenie:
d=0,1mM Pabora, coBepiuaeman Npu HAMYBaHUH MBUILHO-
5 =4-10" Him 204nd*

ro Nysbips, pappa 4= £ =208 =

A-?
=2.4.107.3,14-1072 = 2,510 uJx.
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§64. [NosepxHocmMHOE HamsAxXeHue

aHo:
d=5-10"m
6=7,28-10"2H/m
m=0,5kr

p =1000 kr/m’

A-?

4,
gauo:
R=5-10"wm
6=7,28-10"2H/m

m=4-10"xr

F=?

5, .
Haso:
1=20-107m
6=7,28-10" H/m
m=3-10"kr
p = 1000 kr/m>

P

TIpH 3TOM YMHOXEHHE Ha 2 y4HTHIBAET TaKKe
BHY TPEHHIOO NNOBECPXHOCTH MBIJIBHOTI'O ny3bIpA.

Otper: 4=2,5-107* MJTx.

Pemenue:
Paota wa co3ganne kanens A=E_, =noS,.

m ~
Ylmnmaa, 4YTO0 1 =-—, @ Macca OHOH Karli
m
0

m "-4'11’—3-'1'[ BBIYMHCIIUM:
v =33 '
A= 6':! -cnd2=6m°=
nd’p dp
6-0,5-7,28-107
=—" 2 =4735 Ix.
5-107°-1000 fix

Otper: A4 =4,35 x.

Peuienye:
Cuia nOBEPXHOCTHOTO HATAKEHUA:
F_=ol=0c4nR.

nos

Uckomasicuna: F=F _ +mg=c4nR+mg=

=4-3,14-5-107%-7,28 107 +
+4-107.9,8=8,5-107 H.
Otser: F =8,5-107 H.

Pewenwue:
Be3 yueta cHAbl MOBEPXHOCTHOIO HATAXKEHWS
ycaosue nnasauns kybuka: F, =pgl, =mg.

aps

Orcioaa ¥, =% . Flockonsky ¥, =1*h, 10

m 3107

hee—
'opP 1000-4.107

=7,510"M=7,5 mm.
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C YUETOM XXE€ CHIIbE MOBEPXHOCTHOIO HATAKE-
HHS ycaosHe nnasaHusa HMeeT BHAO:

4ol +pgV,=mg; 4ol+pgl’h, =mg, orkyna
_m 45 _ 3-10° _ 4-7,28-10%
pl’ pgl 10°-4.10% 10°-10-2.107

=6-10"M=6Mm.
Oteet: A =7,5MM; hy =6MM.

§65. CmaunBanue. KanuisapHocTs

1,

3.

4.

5,

QOTBETHI HA BQIIPOCHI
CmaumsaHHe COCTOHT B TOM, YTO MOBEPXHOCTS KHAKOCTH Y 1OBEpX-~
HOCTH TBEPAOFO TeNa UCKPHBNSETCA M3-32 B3aMMOACHCTBHR Moie-
KYJ )KHAKOCTH M TBEPIOro Tena.
KuaxocTs CMa4MBAET NOBEPXHOCTL TBEPAOrO TeNa, €CAH CHIA Npu-
TOKEHHUA MEXJY MONEKYNaMH KHIAKOCTH M TBepaoro Tena Gonblie
CHNBE MPUTAXKEHUS MEXILY MOIEKYNAMH XHUAKOCTH.
HuaxkocTh He cMayMBaeT MOBEPXHOCTh TBEPAOro TeNa, €CId Cuia
MPHTAKEHHA MEXKILY MOJNCKYNaMy XMAKOCTH M TBEpAOro Tena
MEHBILIE CHIbI TTPHUTAKEHUA MEX/Y MOJICKYIaMH KHJAKOCTH.
Slenenye KaNMMIAPHOCTH COCTONT B MOAHAMAHMM WIIM ONMYCKaHWUH
HHJKOCTH B KUANIAPAX.
CmaunBaroiias XHIKocTb 00pasyer B KanuJuIApe BOrHYThiil MEHUCK,
TaK KaK CH/a NPUTHKEHHA MEXAY MOJIEKYJaMH XKHIKOCTH U TBEp-
10ro Tesia 60MLIIE CUIThE NPHTHKEHHS MEXKIAY MOJICKYIAMH HKUIKO-
CTH. A HecMauuBalollas KUAKOCTL 00pa3yer B KalMmijispe BbInyk-
Ablil MEHHCK, MOCKONBKY CHIIA MPHTAMEHHA MEXAY MOJICKyJiaMu
HUAKOCTH ¥ TBEPAOro TEAA MEHBILE CHIIbI MPUTHXEHNUA MEKAY MO-
JIEKYNAMH XKHIKOCTH.
BrlcoTa Noabema XUAKOCTY B Kanuiispe o6paTHO NponopuHOHab-
Ha AMaMeTpy Kanuaispa. .
Boaa He cmaumBaeT XMpOBO#H CNOH Ha NEppAX BOAOMIABAIOWIHX
nTHL. JTO NO3BONAET UM I1aBaTh H OCTABATHCA CyXHMH.
Benaxupanne ® OOpOHOBAHME 3eMIIH CIOCOOCTBYET COXPaHEHUIO
Blark B Hell, NOTOMY YTO paspyllaeT KanuiispHbie TPyOKH, HieM
YMEHDLIUAET HCTIAPEHHE C MOBEPXHOCTH NOYBLI.
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JA4AYH
1.
[Jano: Pewenue:
h=1wm Bbicota nogseMa kuaKoCTH B Kamuanspe
-2
0=728:107" MH/nM h =—2—G— = do , OTKY\a AMaMETP KanuIIspos
p = 1000 kr/m’ pgr pgd

d-?

2.

gauo:
d, =0,5um

d, =1 mMm
p=13,6-10% kr/m’
o =465 MH/m

3.

AR -7

ﬂaHO:
d=210"m
h=0,1mM

0=7,28-102H/m
h,m="? '

a,__4<_5__4-7,28-10”Z
pgh 1-1000-9,8
Otser: d =0,03 MM,

=3.10%m =0,03 mm.

Peiucyue:
26 4o 26 4¢
hl=__=_; I e = , TOrjga pa3-
pgr  pgd, pgr pgd,
HOCTB YPOBHE#l PTYTHU!
o1 1
pg \d, 4,
4.465-107 ( 1 1 )
= 5 . —-——1=L4cm.
13,6-10°.9,8 \5-10 107,

Otser: Ah=1,4cm.

Peuenne:

Onpepenum, Ha Kakyr BbICOTY HaJ YPOBHEM
KHIOKOCTH B COCY/Je NMOAHMUMAETCs BOJA B Ka-

26 4c 4.7,28-107
nunpagpe: h=—=s—=r———————— =

=0,149M=14,9 cm.
Omnpenennm Maccy BOJibL B Kanuuape:

2
S(h+h,)p=n—j-—-(h+h,)p=

-4 42
M2 049.10° =7,8-10% ke = 78w

Orteet: # =14,9¢cm; m="7,8wmr.
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4. JlaBneHue, 00yCNOBACHHOE ACHCTBUEM TIOBEPXHOCTHBIX CHJL,
F _ol_o2wr 20 4o

e

I"'mapocraTiyeckoe  JaBiCHHE =pgh . Oﬁmee LaB/eHUE
’ 2
p=pgh +f3= 1000-9,8-0,1 + M— =2436Ta=2,44lla.
d 2-107
Orser: p=2.44«lla.
5' .
[auo: Peutenue:
G, p Onpenenum, kakywio pabGoTy COBEPUIAIOT CHIlbI
4-9 [IOBEPXHOCTHOTO HATSMEHUA BOADI:
2
A=Fh=ol. 25 300 _
pgr  pg
4.3,14-(7,28-10 °)° %
= =6,79-10
1000-9.8 s
= 6,8 Mr/x.

Otser: A =6,8 Mx]Jx.




Teeppaoe Teno

§66. Kpuctanauszauus u njaBjaeHHe TBEPABIX Tea

OTBETHI HA BOIIPQCAI

1. KpucTamiusauns npoucXoauT, KOTAA PH OXNAXKAEHHH XKHAKOCTH MO-
JIeKyJIbl HAYHHAIOT 33ACP/KHBATLCH OKOMO MONOXKEHUA YCTOHYHBOrO
paBHOBECHS.

2. Monekynbl 2XHAKOCTH YNOPALOYEHDE HA PAcCTOAHNAX He Ooaee ABYX-
TPEX CJIOEB MOJICKYN H COBEPLIAIOT NEPECKOKH H3 OQHOIO noJoXe-
HUA YCTOHYMBOrO pasHoBecHs B apyroe. [1pu nepexope Beuiectsa
M3 KMAKOrO COCTOSHMA B TBEPJOE NEPECKOKH MPEKPatlaoTCcs, a Mo-
JEKYNEl HaduuHalOT KonebaTbca OKONO MOSOKEHHA YCTOHYHBOTO
PaBHOBECHS, Hpn ITOM PACTONIOKEHUE MOJICKYJT YNOPAAOYUBACTCA.

3. Kpucranausauus npoMcXOAMT NPH ONpefieleHHOH TeMnepaTtype, Tak

KaK JHEPrus BbLAEAACTCA B 3TOM Cy4ac 3a CYET HIMEHEHHA TOTEH-

LHATLHOH SHEPrUH B3aHMOAEHCTRNA MONEKY.

[naBneHne MpOUCXOOMT NpH OJHOI Temneparype, NOTOMY 4TO No-

AYYAEMan TENOM DHEpPrus TPATHUTCA HA paspylUeHHe KPHCTalJIH4e-

CKOIt PeLIeTKH, @ 3TO MPOHCXOANT NPAKTHUYECKH OAHOBPEMEHHO.

3arsepaenuinit napaguH TBEPABIM TEJAOM HE ABJAETCA, TaK KK B HCM

He obpasyerca xpucratinveckas pewerka. [lpu 3arsepaeBanumn

KHAKOTO MapapuHa ero ofbemM YMEHbLIUAETCH, TaK KaK JKHIKOCTL

YMEHBLIACTCA B 00bEME NPH YMCHBLLIEHUH TEMIEPATYPLI.

5. Bona umeer Hanbonsluyio nioTHoCcTs npu Temnepatype ¢ = 4° C. Ko-
3 BOJIOEM HAa4WHAET 3aMep3athb, Jie/ kak Goaee Nerkui, BeiubiBaeT
HaBepx. Bopa, Temnepartypa xoropoii 6nu3ka k TeMnepaType 3amep-
3aHKA, NOAHUMAETCA HABEePX, a BoAa ¢ Temneparypol 4° C xak Hau-
Gonee Taxenas omyckaercs RHH3. [TosToMy BOJA Ha NMOBEPXHOCTH
OKa3hIBAETCA CaMOil XONoAHON W 3amep3aeT npexae scero. [losepx-
HOCTb BOAOEMA OXAAKAACTCA ObICTPEE 33 CYET H3JYUEHHA TENA B aT-
mochepy, a TalKe BCreACTBUE LUPKY/IALUHMH BO3JLyXa.

e
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1.

Jdano:

m, =1kr

t, =500°C

,=0°C

=039k bi/(xr * K)
A =337-10° kJTc/xr

my =7

2.

Jano:
S=2m
h=10%wm

E =350 Br/m®

Ar=?

3.

Jauo:

m=1kr
L, =-10°C
t, =110°C
t,=0°C
t, =100°C

0-?

3A0A4HH

Peweune:

Konwuecto TeruioThl, 0TAaBaeMoe rupei npw

oxnaxaeHuu, O, =cm(f, ~t,), a KOIHYECTBO

TENnoTH, HeoGXOAUMOE IS IaBlEHHA JIbJa

Q,=Am,.

VpasHenue Tennosoro bananca: Q, =0, T. e.

(t—t)

cmy(t, —t,) = Nmy , oKy "5=ﬁi—’-
0,39-10°-1.500

My = ——rmm—

337-10
Orser: m, =579r.

=0,579 kr=579r.

Pewenue:
Macca nbga m = Shp. W3 ypaBHeHns Tennoeo-
ro bananca mh = ESAt, oTkyna

mh _ hph 107.9.10%.3,37-10° _

ES E 3,5-10°
=8666¢c=2,5u4.
Otger: Ar=2,5y.

Peuienne: .
KonnyecTBo Tems10Thl, HEOOXOOMMOE Ans Ha-
rpepanus neaa no 0°C, O, =Am(t; —1).
KonuaectBo Tennotsi, HeoGxoauMoe 15 nias-
N€HUA AbAa, paBHO O, = Am .

KonuuecTso Temsorhl, HeoGXouuMoe 1is Ha-
rpesanus soasl ot 0° C no 100° C,

Oy =em(t, -4} .

KoauyectBo TennoTsl, HeobxonnMmoe s Hena-
penns sonbl, Q, =rm .
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§66. Kpucmannusayusi u nnasnerue meepdbix mesn

4.
Launo:

¢ =21-10 Dx/(xr - K)

A =337-10° Jix/kr

t, ==10°C
t,=0°C
t, =100°C

¢, =4,2-10° In/(xr - K)

r=2,26-10° Jix/kr

Konu4ecTBo TEmIOThi, HEOOXOAUMOE ISR Ha-
rpesauns napa, O, = c,m(t, —1,) .

Toraa kKORUIECTBO TEMNOThi, HEOOX0AUMOE 715
NpEBpailieHNns Nbaa B nap:

Q=Q1+Qz+Qs+Q4+Q5;
0=2100-1-10+337-10° -1+ 4200-1-100 +
42260-10° - 1+2,1-10° - 10=3,1-10° i = 3,1 M.
Orser: O =31MIx. ~

Peuienue:

1o 3aKOHY COXpaHeHUs MOAHON IHEPIUU
2

mzv =omty, ~ )+ hm+c, (- 1,) +rm
Otcioaa

V=\/2(Cl(t2 _t|)+)\-+Cz(f:‘ —f2)+r =3

= 2462 m/c = 2,46 km/c.

v--?

5.
Hang:
r=2,26 MJDx/xr
h =0,34 MIx/xr
x=?

Orset: v=2,46 xm/c.

Peisenye:
TCHHOTa, BhIACAAOWAACA [1IpH  3aMEpP3aHHH
BOIL!, UAeT Ha obpa3osanue mapa. [lo ypasHe-
HHIO TennoBoro Ganauca Am, =rm,, rae m, —

Macca 3amep3LueFl BOABL, & ml - Macca 06pa30-
BaBLIErocs napa.
Macca Bobl KO OTKAUUBAHUSA 1 = M + My .
Toraa 4acTb BOMbI, KOTOPAA 3aMEP3HCT:
m, 1 1
‘r = = m = x
m +m
LT I A P
m,

—_ r —
r+a

r
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2,26
2,26+0,34
Orset: x = 87%.

=0,87, nan 87%.

§67. CTpykTypa TBepABIX Tea

OTBETHI HA BOIIPQCAHI

1. TBepabic Tena AeNATCA HA KPHCTAILUTHYECKHE Teaad, aMOpdHbIE TeTa 1
KOMNO3uTHL. [TpHHANNEKHOCTL K KQOXKAOMY H3 BHIOB OfIpefieNseTcs
XUMHUECKUM COCTRBOM U CTENEHBIO YNOPAI0YEHHOCTBIO MOJIEKY I B
TBEPIAOM TEJ€.

2. PacnonoxkeHHe 4acTHLL B KPHUCTANIHYECKOH pelieTKe nepHoaHue-
CKOe, perynapHoe.

Y3inaMy KpPUCTAJIMYECKOH DPELETKH Ha3biBAIOTCS MOJOXEHHS yC-
TOHYMBOrO paBHOBECHSA, OKOIO KOTOPBIX KONEOMOTCA YaCTHLbL.

3. MoHokpHcTannoM Has3biBaeTCs TBEPAOE TEN0, YaCTHIBI KOTOporo 06-
PasyloT eAHHYHO KPUCTALTHHECKYIO PEeLIeTKY. A NMOJNUKPHCTANIb —
3TO TBepAble TeAa, COCTOAME U3 GoNbuoro uucna GecnopamaouHo
pacnojiaraloluXxcs MOHOKPHCTALIOB.

4. K aMmopdHbIM OTHOCATCA TBEPAbIE TENA, B KOTOPHIX HaCTHLb! B MPO-
CTPAHCTBE PACTIONOKEHEl HEYNOPALOHEHHO.

5. K koMno3uTamM OTHOCATCA TBEpAble TeNa, B KOTOPLIX YACTHLb! YIO-
pAoYEHbl B HEKOTOPOH 00/1aCTH MpoCTpaHcTBa, HO 3Ta ynopalo-
UEHHOCTb He MOBTOPSETCHA NEPUORHUECKH.

§68. Kpucrannnueckas peierka

OTBEThl H4 BOIIPOCHI

1. OcHoBHblE THIb! KPUCT/LUTHYECKHX DELIETOK: KyOuueckas, TeTparo-
HasbHad, opropomOuuecKad, MOHOK/IMHHAS, TPHKIMHHAA, TPHTOHATIb-
Has, rexcaroHa bHas.

2. B xybuueckoii peieTke aToMbl 3ar0fHAIOT 52% NMpOCTPAHCTBa, B Ky-
61ueckoit LeHTpHpoBaHHOH ~ 68%, B rpaHELleHTPUPOBAHHOH | rekca-
FOHaNBHOMH — 74%.

3. lpumepom nonumopduiMa MOryT GbiTh TPH COCTOSHHS TBEPAOTO
yraepoaa: rpadur, anMas U dynepeH.
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4. AHu30TpENHA — ITO 3aBHCHMOCTb (DH3MYECKHX CBOMCTB BellecTsa OT
Hanpasneuus. H3orponua — 3T0 HE3aBHCHMOCTH (hM3MUECKHX
CBOHCTB BELICCTBA OT HANPABIACHUA.

5. BONBIUMHCTBO MOHOKPHCTAIOB AHH3OTPONHEL, 3 BCE MOJTHKPHCTAI-
JILI — H30TPOTHBL.

§69. MexanuueckHne CBOHCTBA TBEPAbIX Tel

OTBETHl HA BOHPOCAL

1. lebopmativei TBepaoro Tefaa Ha3blBACTCA W3IMEHEHHE pasMepoB M
(hopmbl 104 AcHCTBHEM BHELIHEH CHADL.

2. lebopmaiius HasbiBaeTcs ynpyro#, eCin oHa Mcude3aeT nocne npe-
KpalleHHst aeficTBHE CHitbl (HanmpUMep, MaJIoE PacTiKEHHUE MPYRKH-
uot). Jlehopmauus HasbiBaeTcs Heynpyroi, eclii OHa ocraercs Mo-
ciie mpekpauieHua AelicTBUS cunbl (Hanpumep, HimMeHeHue $HopMbi
KyCKa IUIaCTHINHA),

3. 3akon I'yka, rnacut, 4To HanpsxeHue ¢ npu ynpyroi aedopmauun
MPOTOPUHOHANBHO OTHOCHTE/ILHOMY YIUIMHEHHIO € O = E€ , rae Ko-
3 OULMEHT NPONOPUHOHANLHOCTH E, 3aBHCAILHHA OT BEILIECTBA, HA3bI-
Baercsa moayaem lOura,

Hanpsikenuem Ha3blBAaeTCA OTHOLUEHHE CHAIbl yTpyrocTn F

HUKalouiel B Tene npu nedopMauMK, K iomanM S ceyeHus Ttena:

BO3-

Hanpsxenne uamepsetcs B nackanax (1 [a).

4. TlpenenoM ynpyrocTH Ha3bIBa€TCA MAKCHMATIbHOE HAmMpAKeHWe B
BELEeCTBE, PH KOTOPOM leOpMaLIis eLue ABASETCA YNPYroil.

5. Mpeaen ynpyrocty npH cxkaruu Gojblue npefesa yrpyrocTw npu
PacTAKEHHUH, TIOTOMY YTO CHNBI MONEKYJSIPHOIO OTTANIKHBAHHS pac-
TYT ObICTpEe NMpH YMEHBIUEHMH PacCTOAHHA MEXIAY MONEKyJaMH,
HeM CHJIbl MOSICKYJIAPHOTO NPUTHKCHUA NPH YBETHUYEHHK PacCTos-
HHA MEXY MONIEKYIaMH.
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3A4AYH
1.
Jano: Pewexue:
p=18 10° kr/m3 TpupaBHAeM cunbl TAXKECTH U YIIPYrOCTH:
5=3-10TIa Fiop = mg .
h-2 Mockoneky F, =cS,a mg=pShg 10
6
Rl A
gp 1,8:10°-9,8
Otser: h=170m.
2.
Hano: Pewenne:
m=510"kr ond? mg
=08 = - = = 2 —
5 =11-10"a Fp=0 ) mg ,oTKyna d o
d-? 10?
=209 _002m=2cm.
1,1-10°.3,14
Otger: d =2¢M.
3.
aHO: Peienne:
I,=10m Cuna ynpyrocts Tpoca paBHa cuUNe THKECTH
d=2cm rpysa: F, =mg. Ilo 3akony I'yka o=EL¢.
ﬁz =2 10‘ Kr Fynp yn
u Mockoneky o =--+L=-—F a orHocHTeEnbHOE
E=2.10"Tla S nd
Al-7? Al 4mg Al
YIUIMHEHHE £ = ~— , TO NMORYUNM; —=f—,
0 na” I

dmgl,  4-2:10°-9,8-10
td’E  3,14-(2:1072)*.2.10"
=3,1-107 M= 3.1 mm.

otkyna Al =

Ortser: Al =3,1 mm.
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4,

Hauo:
R =11mm

R =5MMm
o =170 MIla

m-1?

5.
Hano:
S=1cm?
£=4,2%=0,042
F=100H

E-?

Peluenne:
[TpupaBHuBas CHABI THKECTH W YOPYIOCTH,

oS
NoNy4uM oS =mg , OTKyad m =— =
_omR?-R7) _1,7-10°-3,14-(0,01F —0,005%)
9.8 : 9,8

=5,2-10°kr=52T
Orser: m=52rT.

Pemenue:
[TpupaBHUBas CHiIy YNPYroCTH M PacTArHBAlO-
wyio cuny £, nonyunm: oS = F . FTockosbky
no 3akoHy 'yka o = £t , to moay.s lOura:
F 100
E = e = —:
S 0,042-10
Orser: £ =24 MIla.

=24-10°[Ta = 24 Mlla.



MexaHuvyeckue BOJIHbI.
AKycTuka

§70. PacnipocTpaneHue BOJIH B yNPYro# cpeae

QTBETH HA BOIIPOCHI

1. (DyHLlaMeHTaﬂbHHMH cnocobamu nepeaavy 3HEPruu 1 UMITyJIbLCa AB-

2,

AAOTCS TIEPEHOC YACTHUL H TTEPEHOC IHEPTHH,

BonHOBBLIM HA3LIBAETCA NPOLIECC MIEPEHOCA SHEPTHM H HMOYNbCa,
NPH KOTOPOM HE POMCXOAHT NMEPCHOCA BEUIECTBA.

Mexanuyeckie BOJIHE MOTYT PaCHPOCTPAHATHCA TOJBLKO B YIIPYTOH
cpexne.

3. TponoabHO# Ha3biBAaETCA BOMHA, B KOTOPOH HanpaBNeHHE ABHXKEHHSA

YaCTHL Cpe/ibl COBNAMAET C HANPABACHHEM PACTIPOCTPAHEHUs! BOJHBI,
Bostmem cocya ¢ rasom noa nopuiseM. HeMHoro BasiHeM nopiuesb
B COCYJ, JABfiCHHE Fa3a B OKPECTHOCTH NOPUIHA CTaHeT Gonbliue cpe-
HEro JaBicHMA rasa B cocyae. B pesynbTate oTOro YacTuubl U3 3TOH
obnacru ApUAYT B ABHKEHHE, YTOObI YMEHBUINTL AABIEHHE, H Nepe-
IamyT cBoif uMmmnyasc coceanedl obnactu. C 3THMH HacTHUAMH npo-
M30HIET TO XKe CaMOE, M OHU NEPENaRYT CBOH UMMYLC AaNblle MoJie-
KynaMm ra3a. 2ToT NPouece NpojoIKaeTcs Jaisule,  Tak NPOUCXOAHT
pacnpocTpaHeHHe NPOAOLHON BOMHBE B Tase.

B TBEpnaOM Tene NMpOMCXOAMT BCE aHANOrHYHO, HO AN 06pa3OBAHUA
B HEM NPORONBLHOH BOJIHBI HY)KHO CHIILHO YAAPHTS IO TeJy.

4. lNonepeyHoit Ha3bIBAECTCS BOIHA, B KOTOPO# HanpaBieHWE ABIKEHHS

HaCTHL, CPelbt MEPNEHAUKYIAPHO HAMPABICHHIO PacHpOCTpaHEeHMs
BOJIHbL.

Bo3bMeM TBepaoe 110, KOTOpoe Heckonbko Aedopmuposao. Ilo-
cie npekpatleHns fedopMauny MOMEKyJibl Tesla HawHyT konebath-
c1, a 3aTeM MEPeAanyT CBOM UMIYIbC COCEAAM, TE CBOHM COCENAM K
T. 1. Ipu 3ToM 06pasyroTca oOGLIMHO W NPOLOsILHAs, U NONEpPSUHAs
BOJIHBI.

5. Ecnin KkoHell WHypa He 3aKPerUied, TO OTPAKECHHAA OT 3TOro KoHua

BoniHa GyseT B hase ¢ majaolueit, eciiu 3aKpenneH, To B npoTueodase.
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§71. Ilepuoauueckre BOJIHBI

OTBETHI HA BOIIPOCAHI

1. T'apmMonuueckoli HasbiBaeTcs BOJIHA, BOSHHKAIOWAA NOJ ACHCTBHEM
rapMOHU4eCKUX konebaHuii. ’

2. Ecnu nepemewarh nopuieHb B COCYAE € Fa3soM MO FApMOHHHECKOMY
3aKOHY, TO AaBNE€HHUE ra3a OKONO MOPIIHA OYJET PacTH, €CAX BABH-
rath MOpLIEHb, W YMEHbLIUATHLCA, TMPH €ro BbIABWKEHMH. YOO
CKOMIIEHCHPOBATh JIaBjieHUE ra3a, 6onbliee UK MEeHbLIeE CPeHEro,
Monekynst rasa SyayT nepeMeriaTbesl, H3MEHSA JABNEHHE B Pa3HbIX
Toukax cocyna. Tak o6pasyercs npofonbHas rapMOHHYECKast BOJIHA,

3. llnuuoii Bonub! A Ha3biBaeTCA PacCTOAHME, HAa KOTOPOE paclpocTpa-
HUTCS rapMOHHYECKas BOAHA 32 0auH nepuoa: A =vT .

4. CyTb noaspusauuyu B TOM, YTO NoJ ACHCTBHEM BHEUIHWX YCIOBHIf
pacnpocTpaHeriHe BOJNIH BO3MOXHO TONBKO B OMNpElENeHHbIX Ha-
npasneHHAX.

Mnockocts nonspu3lauuu — 3TO MAOCKOCTb, B KOTOPOM HACTHLBI
cpedbl B BOJIHE COBEPLIAIOT KoneGaHuA.

5. Monspu3aTopoM Ha3biBaeTCA YCTPOHCTBO, NPEAHA3HAYCHHOS IUIA
BBIACACHHA BOJIHBI CO CTPOro onpeaecseHHoH nonspusauneit, Tlpu-
MEPOM NOJIAPH3ATOPA MOXKET CAYKHTb TOHKAS LIENb.

3ATAYH
1.
IlaHo: Peuienue:
v=1498 wc A=vT,roe T= l . CrepoBarefibHO, 4acToTa Mc-
A= 3,4 M v
-9
Voo TOUHMKE V = — = lj—g-g ~440Ty.
Orser: v=440T1.
2. i
HaHo: Peuieupe:
T=0,510"¢ A=vT . Orciopa CKOpPOCTh 3BYKAa B IPaHuTe
_h=3m ] v=&=———-—3—_3—=6-103 m/c =6 km/c.
p=2 r 0,510
Otser: v==6 K™/C.
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3.

aHo: Pewenne:
M=2 A=vT=2.
A, =2\ v
v
h_
v Orger: A

V;

v _M
v, =v, nonyyaem —L=-1=

Ilpu ycnoBnu pasencTBa 4acToT

=0,5,

»
v, Ay 2A

=0,5.

4. I'pauku y(x) AN 3a3aHHBIX MOMEHTOB BPEMEHH MOKA3aHb! HA pH-~

CyHKe!
YA
=X
A \t\—4
o .
A :T
l=-i

5. I'padukn y(x) nis 3aNaHHBIX MOMEHTOB BPEMEHH MOKA3aHbl Ha pH-

CyHKe:

§72. Ctostune BOJIHBI

OTBETHI HA BOIIPOCAHI

1. Crosue#i HaskIBAacTCA BOJNHA, OOPa30BAHHAN B PE3YNIbTaTe HAUIOKEHHS
ZBYX rapMOHHYECKHX BOJIH C OZIMHAKOBOH nonapusauueii, yacTotToi
¥ aMILIMTY A0H, pacNpOCTPaHAIOLHXCA HABCTpEYY APYT ApYyry.
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§72. Cmosyue 8oNHbl

4.

s

-
.

Cr1okeHne IBYX CHHYCOH (C OAHHAKOBOH aMIKTy 10/) naeT CHHY-
COMAY ¢ YBETMUEHHON BABOE aMIANTYOM.
Kaxan Touka crosueit nonepeyHol BoiHbI Konebnerca B nepreHIu-
KYJIIPHOM HanpaBiCHUU K HANpaBICHUIO PACNPOCTPAHEHHUS BOJIH, M10-
POAMBILIUX [A3HHYIO CTOAYYIO BOJIHY, 10 MADMOHNYECKOMY 3aKOHY, C
OfnpeAeieHHBIM MEPHOJOM BHELIHENO BO3MYLLEHUS H HEKOTOpOH on-
peneneHHOH aMIIHTy no#.
TyuHoCTAMY cTosiYeli BOJIHBI HA3BIBAIOTCH NOJOKEHHSA TOUEK, B KO-
TOPbIX aMIUIMTY A3 XonebaHnii vanbonsLuas.

VY3anamu crosuedl BONHBI Ha3LIBAIOTCA NOJOXKEHNS HEMOABHKHBIX TO-
YeK CTofuYeil BOJHEI, B KOTOPBIX aMILTHTY A kofiebaHuii paBHa HY: 0.
Crosuue BoNHLI 00pa3yrOTCs B CTPYHE, €CJI Ha AHHE CTPYHbI YKIa-
ZbIBAETCA LICIOE YHCAO MOAYBOJH.

Yactora v, KomeOGaHuii B CTOA4EH BOAHBI AnuHOW [/ paBHa:

v . .
v, = —2—1- n, TAE Vv — CKOpOCTb BONHLL. TOrAa neppoii rapMoHuKoit Ha-
3pIBaETCH MoJa konebauuit ¢ yactotoil v, , n-biM 06epTOHOM — MOsa

Konebaxnil ¢ yacToTOl Vv, .

34JAHYH

»n= ACOS(D(I—ﬁ)z Acos[mt—mi} ;
v v

»= Acosm(z +—{) = Acos[mtﬂoi];
Vv \4

. B i
YtV =y= ACOS[(DI—(D—]+ Acos[mt+m—]=
v v

X X . . X x , .X
= Acos @t - cosw— + Asin o - Sin @—+ 4 cos ¢ - oS M— — Asine! -sin—- =
v v v v

x .
=2Acosot-coso—. Takum 00paioM, ypaBHEHUE CTOsYeH BONHLI
12

X
uMmeeT BuA: y=24Cosmt-cosm—.
v
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X .
2. [Toncrasnas B ypaBHeHue y =2A4C0S——~COSW! M3 Npeabiayilei 3a-
v

2% A 2nx 2wt
HAYM BHAYECHNS ©= —— M v =—, TIONy4uM: y =24¢08—— Cos—— .
T T’ A T
~ 27&)
3. B y3ne amnunutyna koneGanuit pasna Hymo: 0=2A4cos , cle-
2nx, -
JOBATEJBHO, COS ) =0. T—E +nn, neZ.0Tci00a KOOPAK-
HATb! Y3JI0B:
_Afm AR
X, = i =—+—n,ne”l.
2T
Amnauryna  koneGadnii  Ans nyuHocreli  pasHa 24
2rx 27 2nx
24=2Acos o, crepnoBateasHo, Ccos—-Lt=1. L =nn,
A A A
- " in
ne Z. Otciona KoOpAWHaTE! Ny4HOCTeH X, = > neZ.
4, .
aHo: Pewenue:
L,=0,6m M3 pewieHns 3agaud 3 cnefyer, HTO KOOp.HATa
oo ] ' AR
! Y3J10B HAXONMTCS o dopmyne x, = 7 +7n . Moa-
craras n=0 (nepeolfi y3en) v n =3 (4ersepTsiid
A 7
y3es1), monyuHM X, =Z H X, =7+Z. Torua

3
Ld‘ =X, X 15}\. .

Orciona ?»:-i—L‘u =§-O,6=O,4 M.

Ortser: A=0,4 M.
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s
Hano: Pewenue:
1=0,5wm . o vn
Jlna yacTorst #-i MoabE KOne6aHHit: v, =— .
v=3500 m/c 2
n= a5 ocroBuol Moast # =1, moaromy
v=? v, =201 350023 5w
2:0,5
Ortper: v, =3,5kl 1.

§73. 3ByKoBbI€ BOJIHBI

OTBETH HA BOIIPOCAKI

1. 38ykOM HasuIBaIOTCA YNPYTHE BOMHbI B CPEE, KOTOPbIC BOCTIPHHK-
MalOTCA HENOBEYECKHM YXOM,

2. KoneGmomeecs T€n0, co3aaoLIEe NTOCAEN0BATEILHEIE 001aCTH HU3-
KOTO M BHICOKOTO AaBREHHH BO3AyXa (3BYKOBYHO BOJIHY), SBJACTCH
UCTOYHHKOM 3BYKa. 3BYK BbI3blBaeT konebaHuAs ¢ onpegeneHHol
yacToToH. Jloxoas 10 uea0BeYeCKoro yxa, 3TH koaebaHns v BOCTIpH-
HHMAIOTCSA HETOBEKOM. '

3. K nudppassykoBbIM OTHOCATCA BOJIHBL! C YacToTol meHbwe 16 'y,
3BYKOBBIM — ¢ yacToroil oT 16 Ty go 20 kl'u, K yAbTpa3ByKoBLIM ~ C
yacToToi Goasiue 20 ki,

4. [pumepHbie pa3Mephbl HCTOMHHKOB, FEHEPUPYIOWHNX HHPAZBYKOBLIE
BOJIHRI, PaBHB! NOPAJKA JECATKOB METPOB, YJIbLTPa3BYKOBbI¢ BOMHB! —
NOPAAKA HECKONbKHX MHILUIMMETPOB, 3BYKOBBIE - OT HECKONBKHX
MWITHMETPOSB JIO HECKONTBKMX METPOB,

5. CxopocTb 3ByKa B MUAKOCTH MEHbLIE CKOPOCTH 3BYKa B TBEPAOM Te-
e n fonble CKOPOCTH 3BYKa B rasax.

3404494
1.
[auo: Pewienue:
v=2343 m/c v ‘
o popmyne L=— onpenenaum AMana3oH JTHH BONH!
v, =16Tu v
v, =20 k' 3 =§f§ =2L4m; A, = 343 - =17,1-107 M= 17 M.
16 20-10 :

Orser:oT 17 MM a0 21,4 M.
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v=343 M/c

Hauo:
h =686 m/c

-9
Vo~ !

3.

Hano:
v, =100 xI'y

v, =1 MI'y

Mg —?

t

aHO:
=0,01c¢

v=1531m/c
h-?

aHO:

t=3c¢
v, =343 Mm/c
v, =1500 m/c

=

?

Penienue:
Bricora nogweMa mynu onpenensercs dopmynoit
2
AN PABHO3AMETICHHOTO ABMXEHUA: K = vyt — §2f_ .
2
VyutpiBag, 4To f= 1’- , nonyuuM h=v, -— __g_h_z .
v v 2v
gh 9,8-686
OoTKyAa v, =v+2~=343 + =353 m/c.
R 2343
OtseT: v, =353 m/c.
Pewenue:
Jas neTyunx Mblwei JUTMHA BOJHBI
=218l s 100 M= 1,5
v, 10
Ans penvOUHOB ATHHA BOAHBI
A, =2 =322 2343107 w =343 .
v, 10° -
Orser: A =15 Mm; A, =3,43 Mm.
Peuienue:
OnpeaenuM, Ha Kakoil rnyGuHe HaxomuTes npef-
MeT: h=ﬂ_1531 001__76
2 2
Orser: h=7,6 M.
Pewuenue:

Tlpu pacnpocTpanenuy 3Byka B ctain [ =t , OT-

l

Kyma t=-— . Ilpu pacnpocTpanenuy 3Byka B BO3-
V.
2

nyxe l=v,(t+t)=v,(i+1:}.

¢)
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W oo 343-1500
v, =, 1500 - 343
Orser: 1=1103 M.

Orcrona /=

3=1103 m.

§74. BoicoTa, TeMOp U rPOMKOCTL 3BYyKa

OTBETHI HA BOIIPQOCHI
1. BeicoTy 3BYKa onpeaenser yacToTa kojebanuii HCToUHNKA 3BYKa.
2. Ornuuue TeM6poB 3BYKA OJIHOM YaCTOTH 3aBHCHUT OT HOPMbI 3BYKO-
BBIX Konebanuit.
3. Tlopor cbiUIHMOCTH — 3T0 MHHMMAaNbHOE AABJICHHE BO3/YXa, KOTO-
poe ele MOXET BOCIPHHATL YenoBeHeckoe yxo. [lpu nopore crbi-

LIHMOCTH HHTEHCUBHOCTS 3ByKa pasua I, =107 Br/m™.

4. Bonesoit nopor — 370 MakCUManbHOE JaBJIEHHE BO3/lyXa, KOTOpOE
elie B COCTOAHHH BOCHPHHATL yesioBedeckoe yxo. MuTencusrocTs
38yka npu Gonesom nopore pasxa Iy, =1 B1/m%,

5. YpoBeHb HHTEHCHBHOCTH 3BYKa [ OLIEHMBAETCA KaK OTHOLUEHHE Ma-
Aatoweii Ha MoBEPXHOCTH S 3BYKOBOH MOLIHOCTH P K noianyu 3Tod

P
- noBepxHocTH: [ =-§ . MurencusHocts B CH u3mepsaeTcs B patTax Ha

kBagparHbiii metp (BT/M?).

JAAAYH
1.
Jano: Pewenue:
I=60cm =0,6 M o
7 Mo dopmyne (184) yuebunka v, =—. Jlaa
vy =1xly=10Tu ey
v=343m/c OCHOBHO#H Moz 11 =1, TOrMa V, =~ , OTKyAR
n,v, =? 2

v=2vi=2-10"-0,6 =1200 m/c.
Ha nanuHe cTpyHbl NOMKHO YKNanLBaThCs Lie-
Joe uMcao noaysoau. Torma MakcHManbHas

Moja n,,, = [-(—5:5—2-)-] . Tockoneky lz;vj, TO
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343

v

n=12,3.
Otset: v, =1200m/c; n=1,2,3.

2.
Hano: Pewenue:
=69,9 nb
- [[S 59’ - [To ¢opmyne (185) yueGumnxa B=IOIg-[1—;
B
£=|g-[~; L:]Om :
10 7L I,
(»90
I=1, 10‘° =10"2-10 =10 MxB1/m’.
Ortser: 1 =10 wkBT/M%,
3 :
aHo: Peuichue:
SR k=gl 10 =L,
1, =107" Bt/m i, f,
1-? I=1,-10=10"210° =107 Br/m>.

Oteer: /=107 Br/m?.

Jaxo: Peiensne:

B, =110 1B ! 21 I
=10lg—=101g=-; B, =101g-;
I=21 B, g]o glo B, 1,
-7 B
1= 21,10

0

In10 10
=10(0,4343-2,9957 +11) =113 ab.
Otser: B, =113 ab.

—10(1g2+|g10'°) 10( In2 B’J:

HO, 3BYK MOXET KHMCTH OGEWOHH,

3
My =[&L] FM ‘— 3. Cnenobarens-

paBHbIC

0

By

1, =1, 10lO B, =10lg=— ; =101g2-10% =
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§74. Boicoma, memMbp u 2poMKocmb 38yKa

5.

l]auo:
5=10 cM?>=10" M2

"$=804b

E=-?

.

Pemerme‘

B—lOlg ; 80= !01g lg——--8 —=108
] 0 10'

I=1,-10°; I=107" -108 =10 Br/M%
MowwnocTs 38yka N =S =107 -10™ =107 Br,
Hckomas oweprus E =Nt =107 -1=107 Jlx.

Otset: E =107 Ix.



SJIEKTPOANHAMUKA

Cunel

1 3 3NEeKTPOMAarHWTHOroO B3aUMOAEACTBUS
HEMNOABWXHbIX 3apAA0B

§75. dnextpuueckuii 3apaa. KsantoBanue 3apsina

OTBETH HA BOINIPOCH!

1. Hanuuue inuls CHI NPUTAREHHUS TIPUBENIO Obl K UX HEOTPAHHUEHHO-
MY rpaB#TALMOHHOMY CxaTHio. 1o3TOMY AJ18 CYLUEeCTBOBAHMA TEj
cTabMIbHbIX Pa3sMepoB JOMXKHBI TAKKE llCﬁCTBOBaTb CHABI JJICKTPO-
MArHUTHOTO B3aUMOAeHCTBHS.

2. DaexTpruecKuil 3apa XapakTepu3yeT ernocoGHOCTb TeNa K ANeKTpo-
MarHUTHBIM B3aUMOJEHCTBUAM.

3. B nacrosiuee BpeMs HaHMEHbLIMM U3BECTHBIM 3apsalioM obnasaert snex-

Tpou: e=~1,6-10"" Kn. Jlpyrue 31emMeHTapHEIe UACTHLLI (KBRPKH) MO-

2 1
ryr obnanath ewe MeHLIHM 3apsiioM —3—e s Ee’ HO OnHM He Habmopa-

JUCh SKCNEPUMEHTANLHO B CBOBOIHOM CTAGHILHOM COCTOAHMM.

4. Jlio6o# anexTpuuecKHii 3apsa KPaTEH 3apsaly MEKTPOHa. '

5. Ecan cBoGoaxbie kBapkH GyAyT 3KCNEPUMEHTANBHO OOHAPYXEHB H HX
3apai 6yJeT MEHbLIE 3apAJa BEKTPOHA, TO UIMEHHTCS TONBKO BEJINHH-
Ha MHHMMAIEHOTO 3apRAA, 2 HE MPUHLIMN KBAHTOBAHUS 3apSA0B, NOTO-
MY 4TO 3apAA KBApKa, Kak H 3apAR NEKTPOHA, HEAEIUM i HCH3MEHEH.

§76. dnexTpuzauus Tes1. 3aK0H COXpaHEHHU 3apsaa

OTBETHl HA BOIIPOCHI

1. [1ps TpeHnn ABYX Tea APYr O APYTa 4acTb EKTPOHOB C OAHOIO TeNa
nepexoAuT Ha apyroe Teno, Ha tene ¢ H3GHITOUHBIM KONMHYECTBOM
3eKTpOHOB 00pasyeTcs OTpHUATENbHbIH 3apaa, Ha OTAABIIEM DNEK-
TPOHb! TeJE 00pa3yeTcs NOAOKHUTEAbHLIN 3apsa.

2. Tlockobky HEPrua CBA3H INEKTPOHOB C MONEKYNAMH IIEPCTH MCHB-
e, 4eM ¢ MOMIEKYlaMy JIePEeBa, TO 4acTh INEKTPOHOB C LIEPCTH Me-
periaeT Ha aepeso. [lpu 3TO0M AepeBO 3apsAMTCH OTPHLATCIILHO, &
LWEPCTh KOUKH NMONOKHTENBHO. '

7 Bopucos
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3. Tpu onexTpusaunH Macca Teja YMEHBINACTCS, €C/IH TEAO oTaaeT

3MIEKTPOHLI, ¥ YBETHYUBAETCS, €CAH TENO MX NPUHUMAET. DNeKTpo-
" Hul OBNANaIOT MacCoil, HO H3MEHEHHE MACCHl HACTONILKO MaJo, YTO

3IKCTIEPHMEHTATbHO He 00HapyKHBAETCH.

4. MaraurodoHHas NneHKa, CHATAs ¢ KACCEThI, MPHTArBacTCA K pasiny-
HBIM MpeaMeTaM, NMOCKOIbLKY OHa Obl1a HANEKTPH30BAHA TPEHHEM.

5. AnrebGpadueckas cymMMa 3apsaZOB B ICKTPUYCCKH H3OIHPOBAHHOH
CHCTEME OCTAETCS NMOCTOAHHOM.

3404494
1.
Hano: Pelenue:
U B artome ypaHa conepkutca 92 anekTpoHa v 92

npoToHa, T. €. g, =lg_|=92-1,6-10" =1,47-107" Kn.
QOraet: g, =|g |=1,47-107" K.

q+7q— _?

2,
Hano: Peuwienue:
V=9um>=9-10°u> | MNockonbky kamis BOABI SNEKTPOHEHTPATbHA,
my =310 kr 10 ¢, =|q_|. B onHoit mMonexyne somsr H,0
e=16-10""Kn conepxutca 10 anextponos u 10 npoToHoB.
7.9 -7 OGwwmii 3apan npoToHoB g, =10-Ne, rae umnc-
+2 Y . - m
0 Monekyn Boasl N=-~—, a macca BOJbI
™
m=pV . Taknm obpasom,
3 -9 -19
q. =lO_p_Ve=10 10°-9 10_261,6 10 — 480 K.
m, 3:10
Orteert: ¢, =|g_| =480 Ku.
3.
Hano: Peuienpe:
g=-4,8-10""Kn Yucno nepewieaiing NeKTpoHos
~13

e=-1,6-10"Kn | -4 4810 4 504,
N2 e -1,6-10

Otser: N=3-10°Ka.
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4. MUHUMaNbHOE pasnuyHe MOLYJICH 3apaoB pasHo e =~1,6-107" K.
Mocxonsky g < e, T0 Takoil NpoUece HEBOIMOKEH.

5.
AHO: Peruensie:
g=8-10"" K 3apsa, ocTaBlIKiica Ha WepeTy:
e=—16-10"Kn | 9u=-9=-8-10""Kn.
o N_? TMockonbky y wepctu oTpuLATENbHBIN 3apa,
e TO 3ACKTPOHbI NEPEIINH HA WepCTh. MIX uncno:
N du _ 810"
e -16-107°
Orteet: ¢, =-8-10"2 Kn; N =5-10".

=5.10".

§77. 3akon Kynona

QTBEThI HA BOIIPQChI
1. B cBOMX OnpItax NO HIMEPEHHIO CHILE B3auMoaciicTaus 3apanos Ky-
JIOH UCNONB30BaA KPyTHIbHbie Bechl. Chepst, HMeolMe OAHONMEH-
HbI€ 3apsijibi, HAYHHANK OTTANKHBATLCA, 3aKpy4nBas HUThL Becos. [lo
BEJIMYHHE yINa NOBOPOTa Kopomeicna KynoH otipencian cuiy B3an-
MOZEHCTBHS 34PALIOB.
2. Cuna p3aumosieiicTBus Fi, Mexny IBYMS HCMONBHIKHBbIMH TOHCHHBI-

MH 3apajiamu g, U ¢, . HIXOIAUIUMHKCA B BaKyyMeE, MpAMO NpOonopuHo-
HalbHa NPOHU3BENECHHIO M()}lyﬂeﬁ ITHUX 3apsA0B 1 06pa1‘H0 nponopiino-

.l -2|q2_|
r

HaJlbHa KBAAPATY PAacCTOSHUS F MEXIY HHUMMU: F, = , rae

22
k =910° Hm*Kt* - koadduumenT nponopuyonanstocTH B cucteme CH,
Cuiia B3aMMOJICHCTBUS HampasacHa 110 NpaMOit, coeauiigiolleii 3a-
paasl. B Takom Buzie 3akoH KynoHa BLINOJHAETCS Ui MaTepHaib-
HBIX TO4EK.
k12
3. Cuna oTrankuBauna ABYX npoTonos £, =—-. Cuna uX rpaBHTaLHOH-
r

Gm; E kP
& . OTHOMIeHNE CHt ~b = —
¥ X m,

HOI'O MPUTSHEHHS [, == =1,24-10".
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4, DTH cuiibl HE YYMTHIBAIOTCH, MOCKONBKY MaKpPOCKONHYECKHE Tesa
OOBIYHO INEKTPOHEHTPANIbHBI.

S. Kynonosckas cuna B3auMoOfeiiCTBHA YYEHHUKOB, CUASILIUX 33 OOHOH
naproi, ecyiu Gbl JONA H3GBLITOUHBIX 3NEKTPOHOB B MX Teaax Obuia
651 1% OT NOJHOrO KOJMUECTBA ANEKTPOHOB Tena, 6bina Obl mopsinka
Beca 3eman (~ 10% H).

3AHAYH
1.
Hato: Pewsenue:

g, =1 MxKa=10" Kn Cornacxo 3axoHy Kynona, cuna B3anmonei-
-6\2

g, =1mkKn=10"Kn | creus F=k~-q’%=9~l()q-ﬂ(§)3—z)=0,lH.

r=30cm=0,3m ’ ’

QOrser: F=0,1H.

F-7
2,
Hano: Penienue:
r=0,5cm F= k , OTKYa Be;IMuHiia 3apsaja pasHa
. A A H.
F =3,6H Y PP
g-" -3
= = =107 K.
\/ r\/ ; V 9 10
Otset: ¢ =107 K.
3.
Hano: Peuenne:
m=441r=441102xr | Tak xak usaph-
1=0.5m Ky HAXOJATCH B
T 907 PABHOBECHU, TO
:__ T+mg+F, =0.

B npoexuuax Ha mg i
KoopAHHaTHBle ocn X' 1 Y nosmyuum (yao6-

o
Hee HCNOoJB3IoBATE yroi B = 37 45° )

,orkvaa F, = mgtaP .

{Tsinﬁ: F

|Tcosp =mg
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4,
Hauo:
r=53-10"u
m, =9,1-10" xr
e=1,6-10"Kn
T,o,v-"

5.
Jano:
m=6xr
a=1%=0,01
£,
F

5

2
Cuna Kyjona 4 £7_2_ =mgtg, rae r=2sinf.
r

Orcroga g =2/sinP mgigh =

_2'05'1@ 4,41-10%-9.8
R 9.10°

Otser: g =4.9 MxKu.

=4.9-10°Kn = 4,9 mxKan.

Peiwenme:

r
ke’ k
KYJla CKOPOCTb MEKTPOHA V=, |— = ¢, [— =
rm rm

PR Tog) ML LA
’ 5310™".9,1-10°

Yrioas CKOpPOCTb!

2,2-10°w/e,

]

2,2:10°°
== 2y = 4110 pae.
TTepuon obpauterus:
r=2%. 2'3"1 =1,52:10™c.
o 4,110

Oreer: T=1,52-10"¢; 0 =4,1-10" pan/c;
v=2,2-10"m/c.

Pewienue:
2 2 - 2
F =k-q—2; F, =G-—m—2,Toraa £=£(i] :
r r £, G\m
g I 1,610 1L,6:10°

m 100m, 1800-1,67-107 18-1,67°

3apan wapa g = oNVe . Konuvectso Moiexyi
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§78. PasHoeectie cmamucmuveckux 3apados

m oeN
N=—N,. Toraa 9. A | & OTHOWEHHE
M m M

F, k(aeNA)z 9-10°
cun —+=— = —7 %
M 6,67-10

g

X[0‘01¢1,6-10"° .6,02-10%
18107

2 .
) =3,9-10".

Orser; —*=3,9.10%,

ST

§78. PaBHoBECHE CTATHCTHYECKHX 3apPSII0B

OTBETHI HA BOIIPOCAHI .

1. Tonsko B 3TOM Ciiyyae CyMMa Ciil, ZeHCTBYIOLIMX HA dTOT 3apsj, pas-

Ha HYJIO.

2. CyMMa KyJIOHOBCKAX CHJ, AeHCTBYIOWMX Ha TPETHi 3apsj, paBHa
HY/TIO M HE 33BHCHT OT €T0 3HaKa.

3. CymMMa KynOHOBCKMX CWJI, ACHCTBYIOILMX Ha TpeTil 3aps, paBHa
HYJIIO ¥ HE 3aBUCHT OT €ro BEJIHYKHBI.

4. PapHoBecHe OTPHLIATENBHOrO 3apsfd ¢, B TOUYKE A HEYCTOH4HBO,

NMOCKOAbKY NPH Manei imux FOPU30OHTAILHBIX NU3MEHEHHUAX MOJoXKe-
HUA 3apsaka g, PaBHOBECHE HApPYLIUTCA.

5. PapHoBecHe cTaTHYeCKHMX 3apAZi0B HEYCTOWUHMBO, NOCKONBKY NMPU Ma-
JISHLIMX M3MEHEHHAX MONOMKEHHNA 3apAI0B PaBHOBECHE Hapy LUKTCS.

1.
Hano:
I=1m

F=0,576 H

34JAHH

PeuieHue:

49:
2

Cuna Kynowa F=k- R Mo ycnosuio

Q=10 MxKn=10"Kn | g+¢,=Q, omkyma ¢ =Q-q,, Toraa

4.9, =7

sz (Q_?l)ql R
l
Peluenne kBagpaTHOTO ypasHEHUS:
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2HO:
-7.2q.1
x, Q-7

Hauo:
[=30cm

F=173H
g-"?

AQFT?
- oo -7

-g.0+— =0 nmeet BUJI
g —¢0 P2 . 4= )

[MoacTaHoBKa 4HCAOBBIX AAHHBIX J3€T HUCKOMbiE
sapanst q, =8 MkKn n ¢, =2 mxKn.

Otser: ¢, =8 MkKn; g, =2 mxKn.

Peutenue:

[To ycnoBuw pasHOBecus 3apaia @ MOAYnH CHI
Eou B - k290 _ kqQ
Fo v F, pasupt: £, =F , T e m_—r—z—

2 1 N2 1 |
Orcioa — ==, ——=— H x= .
U+xy x l+x x ﬁ—l
Yenosue pasnosecns sapsaa 290 Fo=F , T. e

kQ2q kIIQ q Xy’ ( xY
.O =gil+=| =
Tin) i Tciona Q= q q\ +J

1Y 2 2
= 1
q( +\/'—1j TW2-1 Ao
i

OtseT:
3~ 2f V2-1
Pewenue:
Pesynwtupyromas cuna £=F, +F,. Mogymi1 cun F,
2
u F, paBHbl: F =Fz=%~

Torna F=2k- ‘[l

_ NFE
i A o
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\/17 3.0,09
=107 Kn = 10 MxKo.
J‘

29109——
2

O1get: g =10 mMxKn.

4,
Hano: Peuienue:
g=-10mxKa | B uewrpe Tpe-
0-? yrojibHUKa  cJjie-
OyeT  pacrofo-
HHUTb  MOJIOKH-
TenbHbIH  3apsa.
W3 ycnosus pas- F&
Hosecus [y =F.

24 c0s30° _ o 49
12 /_ “l‘_. ‘)2 *
L, 2c0s30°

249 =5,77-10°° Ka = 5,77 mxKn.
4cos 30° \/3

Torna k-

OTKyAa

Otrer: O =5,77 MmxKn.

Jano: Pewenne:

q B uewtpe KkBajpara Hajao pac-
Q -7 NOAOXKHTL OTPHUATC/IbHbBI ]
3apx)_1. YCJIQBMG paBHOBeCMﬂ

sapana ¢: F+F+E+F=0 (cm,

PUCYHOK).
P 2 2
er=Y R M _ M
r TN A
kqlo]  2kqlQ!
= — qIQ! ——q—,g—g.Toma
\ I
A T,

kZ
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s V2 A 2kq|Q| _ 2241
Pyt > otkyna [O}=¢-=—,
22 +1
aQ=-¢g- -
4
O’FBe’I‘ZQ=—q'2—\/?.

§79. HanpsaKeHHOCTD IEKTPOCTATHYECKOI0 MOJas

1.

2

3,

4.

5

i

OTBEThHI HA BOIIPOCAHI
s Toro wrobul 0OHAPYKUTH IMEKTPHUECKOE HONE B NPOCTPAHCTBE,
HCOGXCAHMO BHECTH B 2TO fiene npobHLIii 3apas.

. HanpsoxkeHHOCTBIO 3neKTpiyeckoro nona £ HaseiBacTcs BeKTOpHAA
BENMUMHA, KOTOPas PaBHA OTHOLIEHWIO cunki Kynowa F,, neitct-
Bytouiedi Ha NPOOHBIH NOAOKHUTENBHLIA 3apsia g, MOMEEHHHIH B

.
ZAHHOE None, K BeUYHHE CAMOro 3Toro 3apspa: F =K

UeH HanpsKEHHOCTY ABASETCS HbIOTOH Ha xyaon (1 H/Kn).
Hanp#axeHHOCTH TONA TOYEHHOrO 3apsAaa oOpaTHO NPONOPUHOHAb-
Ha KBaApaTy paccToAHuS,

TecomeTprueckoe MeCTo TOMEK ¢ OJIHHAKOBBIM MOJY.IEM HAMPKCHHO-
CTH 31CKTPOCTATHYECKOro NOJIA TOUEHHOI'O 3apsaa obpasyeT chepy.
FeoMeTpHYECKOE MECTO TOYCK C ONMHAKOBLIM NO HANPABAEHHIO BEK-
TOPOM HAMPAKEHHUOCTH 3IEKTPOCTATHHECKOrO 110 TOUEYHOrD 3a-
psga npeacrasaser coboit ayy.

3ATAYHH

JaHo: Pewenue:
g=-3MkKn=-310°Ka | No dopmyste (190) yueGuuka F =gE .
E=210"H/Kn 3apsn oTpuuaTEnbHbIA, NO3TOMY HANPAB-

-9 ACHHE CHIlbl TTPOTHUBOIICII0XKHO HalipaBic-
HHI HAUPAKCHHOCTH. Mf‘[ly.:'lb CHUIIb!

F=2-10"-3.10"=0,6H
Oteer: F = 0.6 H; nazanat.
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2.

AHO:
g=1,6-10""Kn
r=53-10""wm
E,F-?

3.
Hago:
E=1,3-10""H/Kn
g=-1,6-10"Kza

m=9,1-10"" kr

a~"
4,
Lano:

g =2mxKn
F=9H

n==

2

E -7

5.
llauo:
E =3,6-10"° H/Kn

E, =1,6-10" H/Kn

Persenue:

Mo dopmynam (189) 1 (190) yuebruka nomyHum:
1,6-10°"
(5,3-107")?
F=gE=1,6-10".53-10" =8,2-10° H.
Orteer: £=5,3-10"H; F=82-10" H/Kx.

E=k-L=9.10. =5,3-10" H/Kn;

Peuienue:

[To BropoMy 3akony Helotona ma = Iql E . oTky-~

ldE 1,6.10".1,3-10"
m 9,1-107"

Otger: a=2,28-107H.

gaa= =2,28-10" H.

Peirenne:

ITo 3akony Kynona F=k%- qQ , OTKYJa Qz
r

Q

L
e

| TMo dopmyane (189) vueGuuka £, =k -—=—5 =

(r/2)y’

ok 28 49 807K,

P q ~2.10°
Orger: E, =1,8-10" H/Kx.

Peuienue:

Mo dopmyne (189) yuebuuka £, =k % , OT-
!

Kyna x, = \/E, E =k- 2 , OTKyJla X, —\/

Q _ 4/0Q 4EE,  _
Yooy +x) (‘/_+\/”)

>
m!

try

2
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_ 4:36-10°.1,6:107
(+/3,6-107 +1,6-10%)?
Otger: E,=2,3-10"° H/Kn.

=2,3-107 H/Kn.

§80. JImHuu HaANPAKEHHOCTH
IEKTPOCTATHYECKOFO NOJA

QTBETHI HA BONIPOCAHI

1. JIuHun, B kaKRO0H TOUKE 11015 KacaresibHblE K KOTOPBIM COBNAAAIOT ¢
HanpaBleHHEM BEKTOPa 3MEKTPUYCCKOH HanpsyKeHHOCTH, Ha3biBa-
I0TCA TIHHUAMH HANPSKEHHOCTH 3IEKTPHYECKOro HOJIs.

2. loTomy 4TO, €Clik Hall 3apaj NOJOKHUTENbHBIH, TO TpobHLIR 3apaa B
noboH TouKe NPUTATHBACTCA K HEMY, 4, €CiM OTPHLATENbHbIH, TO
OTTaNIKHBaeTCA.

3. JluHuy HanpAKEHHOCTH 3MIEKTPHUECKOro MOJIA HAYMHAIOTCA Ha MoNo-
KUTENIbHLIX 3apA/IaX, A 3aKAHUMBAIOTCA HA OTPHIATELHBIX WIH B
HeckoHeuHOCTH.

JIHun HanpsHKEHHOCTH HE MepecekaloTcs, MOTOMY YTO B MPOTHB-
HOM Clty4yae HanpaBAeHHE HANPAMEHHOCTH NOJif B TOYKE Nepeceuye-
HHS JBYX JIMHHH HanpaxeHHOCTH ByIeT HEONPEAC/ICHHbIM.

4. lonycTuM, N — 4ucno NHHHE HaNpAXKEHHOCTH MO TOUEYHOro 3a-
paga Q. IlycTb Takxke 3TH JIMHUM RPOHU3BIBAIOT cdepy maowmaiu S:
S =4nr? . CneposatenbHo, YUCIO JHHRHA HanpPAXEHHOCTH, MPUXO-

1 1
JALIMXCA HA RJoWagp S, NponopUHOHAILHO = Tockonbky E~?,
nonyyaem, yto £~N.

5. DnextpocTarnyeckoe none HasLIBAcTCA OAHOPOAHBIM, €CIH B J1000H
TOYKE NOJs HAMPSHKEHHOCTH OJMHAKOBA KaK MO MOAYIIO, TaK W 1o
HarpaBAeHUIO.

§81. Ilpunuun cynepno3numu
3JIEKTPOCTATHYECKHX MoJiei

OTBEThI HA BQHPOCHI
1. HanpskeHHOCTb Monist £ CHCTEMBI 3apAI0B B HEKOTOPOH TOMKE paB-
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§81. MNpuryun cyneprnosuyuu INexmpocmamuyeckux ronel

2

3

Ha BEKTOPHOH CymMMe nanpsxennocteil E,. E,,.., E, , co3nanHbIX

KOKAbIM 33PAA0M CHCTCMEL, E = El + EZ +..._+ EN .

. Jomycrum, 4T0 / — pasMep CHCTEMbI 3apAJ0B ¢ CYMMapHBIM 3apALOM

Q0. Torna HanpsHKEHHOCTL DNEKTPOCTaTH4ecKkoro mois £ Ha pac-

CTOSIHUH OT CHCTEMb! # >/ onpeaensercd popmynoit: £~k Qz .
r

OO6parHo NPoNOpUHOLANLHA PACCTOSHHIO B Kybe: E:k._—»QI__*.

[}

4. Hanpsxennocts £ cdepnt panvyca R ¢ 3apsaom Q Ha pacCTOAHHM 1

Q
orec nentpa: E =3 52 nprrz R,
0,npu r <R.
BHYTpM céepsl HaNpsAKEHHOCTb PaBHA HyJt0, NOTOMY YTO Ha Mo-
BepxHOCTH cepbl Beerpa HalayTces [Ba TAKHX 3apsafa, 4To co3ja-
BACMbIE MU HaNPSKEHHOCTH B TOUKE BHYTpH cdepsl OyayT paBiib
No MOZY.110 ¥ MPOTHBOMONOXKHbI 10 HANPABICHHIO,

5. Haan)KCHHOCTb 3apmerHoﬁ TUIOCKOCTH Beer/ia HanpasjicHa nepnex-

AHKYJIAPHO 3TOM ILIOCKOCTH, TOTOMY YTO HA ee NMOBEPXHOCTH BCeraa
HalAyTCs ABA TaKMX 3apsifa, HTO CO3aBacMble HMH HaNPAKCHHOCTH
OyAyT paBHbl 10 MOAYJNO, @ NAPANNENbHBIE NAOCKOCTH KOMNOHEHTHI
BEKTOPOB HANPSKEHHOCTEH HAMPABACHbI MPOTHBOMNONOKHO.

o o
HampsseHHOCTs MonNs 3apsAXkeHHo# nnockocth E =5 rae ¢ -
€
0

MOBEPXHOCTHAR IMIIOTHOCTh 3apA/a, €; — JNCKTPHUUECKAA MOCTOAHHARA.

3A0AYH
1.
Jlano: Peruenne:
g=10mkKn=10°Kn | B Touke 4: E,=0. B
[=12eM=0,i2 M rouke B: £, =E +E,.
AB=x=8cM=008M | 13 pucynxa suao, )
Ey By ato E, =2, cosa.. S N
STTETR R
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2.
ano:
g=3,2-100"Ka
1=10"wm
a=2,5-10""um
E-?

3.

Jano:

¢ =%2nKn
I=10cM=0,1m
L=6cMm=0,06m

[,=8cM=0,08Mm

D
E, ~°

_2:9 10*-107°.- 008

2
0, 082 + 9’2_
4

Otser: £, =0; E, =1,44-10' H/Kn.

=1,44.10" H/Kn,

Peuienne:

3

[ T———
[ a

B npoexumsx ua ocs X-

E =E +E. k-—q——k~ 9 -

=kq|— - {=9-10"-3,
ql:a2 (1+a)2J
Fo
X ™ ;
125107y (107 +2,5-10)
Oteer: E =4.6-10° H/Kn.

i ! :
J=4.,(~,‘10” H/Ka.

Peienne:
[To npuxunny cynepno-
SULHH E =E +E‘,, rae

E=k = ,a E, =k

’1 12
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§81. [Tpuryun cyneprosudul 3NeKmpocmarmuYecKkux noned

[MokasaHHbIH HA PHCYHKE TPEYTObHHK — NPAMO-
yronsHbifi: yron npy Bepuune 4 pasen 90°. flo-

2 \2
yoMy: £, =\ E'+E’ = ’[[E) +UqJ =
2

I
9.10°
a (6102810)

7, 12
x\/(6~10’2)‘+(8~10") =5.74-10° H/Kn,
=5,74-10° H/Ka.

4.
Jano:
R =2cm=0,02 M
R, =dcem=0,04 M

O, =1HKn=10"Kn

Otser: £,

Pewenue:

=3 =5 ’
0 =3uKn=3-10"Kn E, =0, nockonbKy f <R, .

r=1lecm=0,01wm

-
Q‘ =9.10" 1?0 =10* H/Kn.

rp,=3cm=0,03m E, =
r=5cm=0,05m ) ] B
: ) |
o B by gk do Bl Lo o)
r3 rs 5
9
= 9'10_4~(—2~10"’)=—7,2-103 H/Ka.
25-10
Oteer: £ =0; E, =10"H/Kz;
E, =-7,2-10° H/Ka.
5.
Jauo: Pewenue:
o, 20,d [lo npuuuuny cynep- < +20

NO3HLUNHY

F,E,E -7

E= F +E WK B

IpoekuUax Ha och X'

Exzb-n\+E~2nx' 0 d
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M ~0<x<0 B, =+ -2 - O

2, 2, -2,

3
Mpn 0<x<d Ey=--2-20 - 39
2e, 2, 2,
Mpu x>d E, .6 26 _o©

EX
4
LS SR
2, .
0 : "
N
2€, i
30
2,
3 o
OtseT: E,, = __c_; E, =___c_x_; E, =—-
2¢g, 2, 2e,



OHeprus

1 4 ANEKTpoMarHiTHoro B3aVMOOENCTBUSA
HEeNoABWMXHbIX 3apAaaoB

§82. PaGoTa CHJI 3J1eKTPOCTATHHECKOTO MMOJISA

OTBETHI HA BONIPOCHI

1. [ToToMy 4TO CHIbI rPaBUTALMOHHON H IJEKTPOMarHHTHOH NPHPOIbI
OJIKHAKOBO 3aBUCAT O PaCCTOAHNSA MEXAY TE1aMH.

2. PadoTa JAEKTPOCTATHHECKOTO AON% 3aBUCHT TONLKO OT HAYANLHOTC H
KOHEHYHOTO 1ONOXCHH 33paAa U He 3aBUCHT OT GOPMbI €€ TPASKTOPHM.

3. DnexTpocTaTHYECKOE NOfe NOTEHUMANLHO, NOCKONbKY ero pabota
3aBMCUT TOJILKO OT HAYAJBHOTO H KOHEYHOTO NMONOXKEHUHA.

4. [Totomy 4TO cHNa MpUTAXKEHHA B 000X cayyasx ofparno nponop-
I{HOHANIBHA KBAAPATY PACCTOSHHSA MY HHMH.

S. IoteHunansHas 3Heprus W B3aumonelcTBug 3apsifioB ¢, 4 g Ha

paccTosHuy r pasHa: W =k 44,
r

3A0449H
1.
Hauo: Peuienue:
E=3.-10H/Kn PaboTa cuil JneKTPOCTATHHECKOro 1015
1=3.10"m A=Fl=Elle=3-10°-3-10"-1,6-107"" =
|e| =1,6-10""Kn =1,44-10 [Ix. Tlo Teopeme O KAHETH4ECKOi
AE, -7 aneprun AE, = A=1,44-10"" JIx.
Ortpet: AE, = 1,44 107" .
2.
Hano: Pertenue:
e,0,d,8,,m, PaGora 31eKTpOCTATHHECKOTO MONs pPaBHA
A, v=1 A=eEd . Yuywisas, uto E== , pabota A-_-E‘Zi{ X
ITo Teopeme o kuHeTHUECKOI FHEPrUM:
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mv’ 24 [2ecd
A=——— oTKyma v=,—= .
2 m £y,

ecd 2ecd
OtBeT: A=——; v= .
€, m,
3. '
Jano: Pewenne:
r=5310"m ITorenunanbHas dHeprus JJIEKTPOHA NpH JIBHKe-
A= ke’
: HUH [0 OKPYXHOCTH BOKpyr npotoHa W, =-—
He uaMeHserca (cm. dopmyny (204) yuebuuka).
CrejoratensHo, padoTa  oMeXTPOCTaTHYECKOro
noas A=W -W,=0.
Otser: 4=0.
4.
Jano: Pewenue:

W, =610 Jlx | W3 dopmysasl (204) yueOHUKA A1 noTeHusanbHpH

=3 IHCPTHH CHCTEMBI M3 /IBYX 3apAKEHHbIX 4acTHL
7 = :
W. A-2 umeem: W = 90 ,
»o Ay,
a0 _ 1, 1 . 0w "
W, = ==W =~.6:107" =2.10 .
* 4me3r '3 Hox
PafoTa cnit 27€KTPOCTATHYECKOTO TIONS PaBHA:
A=W, 2W,=6-10"-2-10" =4-10™ JIx.
Otget: W, =2-107 JIx; A=4.10"JIx.
5.
Lano: Pewenue:
g=1mKn Pa6oTa CHJ 3JIeKTpOCTaTH4ECKOrO NOJiA pasHa pas-
5 =5cm HOCTH NOTEHUMATLHBIX SHEPruii 3apana q:
rn=9cM A=W -W, = 90 _ 490 _99(rn-n) oT-
A= 0.4 Il dmgyn  Angyn 4ng,rr,
o7 | kym 0= 4ne,dnry _

q{r; = #)




§83. MMomeniuan 3nexkmpocmamuyeckozo nona

_4.3,14(=0,4)-8,85-107.5.1072-9-10? _
- 10°(9-107 -5-107) -
=-5-10" Kot = —5 mxKa.-

Oteer: O =-5mMkKa.

§83. [loTeHMAN NEKTPOCTATHYECKOrO NOJIA

1.

2

1

QTBETHI HA BOQIIPQCAI
Be:mquua, pasHast OTHOLUCHHIO noreuuuanbnoﬁ SHCPIHK B3aUMO-
neicTBUA W 3NIEKTPOCTATHYECKOro Nnojs K npobHoMy 3apsay ¢, of-
nanarouieMy 3To# IHeprueif, HasbIBAETCA NOTCHUHANOM 3IEKTPoCTa-

4
THYECKOTO NOAA: @ =—.

[MoTeHuHan ABNAECTCA JHEPreTHYECKOH XapaxTepucTHko# nond. [l1o-
TeHuan usmepaerca B BosabTax (1 B).
. [Totenuuan, KoTopuiif Co3/1aH TOUEUHBIM 3apAJIOM, 0OpaTHO Mpornop-
UHOHANEH PacCTOAHKIO RO 3apaja.
[MoBepxHOCTL HA3bLIBAETCA IKBHNOTEHLUHATLHOH, €CIH BO BCEX €€
TOYKaX NOTEHLHAT OfHHAKOB.
JIMHHK HanNpPAXEHHOCTH HANpaBiAcHbl OT IKBUNOTEHLHAIBHOH NO-
BEPXHOCTH C Gonsuinm NOTEHUHATOM K NOBEPXHOCTH € MCHLUIHM
NOTEHLMANOM, JHHUU NEepPNeHIUKYIAPHbI NOBEPXHOCTH.
Hanpscenuem (pasHOCTbIO MOTEHLMANOB) MEXAY JABYMS TO4KaMH
Ha3bIBACTCA BCJIWUYHHA, KOTOpas YWUCJICHHO paBHa p360T€ ANEKTPO-
CTaTHYECKOro NOJK N0 NePeMEeHHI0 NONOXUTENLHOMC eARHHYHO-
ro 3aps/ia M3 Ha4yalbHOH TOYKM B KOHEYHY10. PasHoCTb oTeHUHaNoB
ORHOPOAHOTO 3NEKTPHYECKOro nona pasHa U = Ed , tae paccmﬂ-
HHe d OTCUMTLIBAETCS BAOSDb JIMHUY HAMPAXKEHHOCTH.

34 A YH
JdaHo: Pewenue:’
r=53-10"m [NoreHuuas To4EHHOrO 3apsaa NPOTOHA:
e=1,6-10"Kn o=—2 __€¢ _
88510 Ka2/H - w2 Anegr Ame,r

.

-

b

¢, £, -7 i
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19

,ﬂauo:

d, 0.8,
Ap-?

Hano:
¢, =125B

¢, =758
A=1mIx
q-"

4.

Hano:
U=10«B

m, =9,1-107 xr

ld=1,6-10 " Kn

_ 1,6-107"

T 4.3,14.8,85-1072.5,3.10™"
I'IOTeHuuaana;x .')Heprmi JJIEKTpOHA

E =00 =-1,6-10"-27,16 =—4,35-10" I

Otser: ¢, =27,2B; E, =-4,35-10" [l

=27,2 B.

Pewenye:
PasiiocTs noTtenuuanos pasHa: A@=Ed, e

E:—c—, OTKyd A(p:gg.
€, €,

OTtseT: Ap = od .
€

1
Pewicnue:
Pabora ness npy nepemeuicHUH 3apaia 3 TOHKH |
B TouKy 2 pasHa: A = q(¢, —¢,), OTKyaa
4 107

-0, 125-75
Otser: g =20 mxKn,

g= =2-10" = 20 MxKn.

Pewtenne:
Pa6ota nons npu nepecMeieHUH 3eKTPOHA OT
KaroJa X aHoay uieT Ha cooluieHHe IIeKTpo-

. my’
HY KUHETHUYeCKOH sHepruu: A =U|e| =

v-"?

oTKYAa
_ ,lzu|e}= [2-10%-1,6-107"
Vom ¥ 9r-10

Oteer: v=15,9-10" m/c.

=5,9-10" m/c.

Vv
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§84. Inexmpuveckoe none 8 eewecmee

5.
Jaso:
v, =6-10" m/c
I=5cm
d=2cm
U =650xB
m, =9,1-107" kr

l§=1,6-10""Kxn

y-~?

Petnenue:
)
[Tponetas Mex Ay NNacTHHAMY 3a BpeMA [ =—,
Yo

MEKTPOH HCMLITHIBAET JeficTBHe Cbl F =|¢| £ .

U
YyureiBas, uro U = £d , cina pasua F =&

[To BTOpOoMy 3akoHy HblOTOHA, 3Ta cuna coob-
[du
dm,

e

LLIAET JTEKTPORY YCKOPEHHE, PaBHOE a =

¥+ + 3+ 43 31 |y
3 R ! T H

-—

M - e < s e e e ]

OnpeﬂennM PACCTOAHNE, HA KOTOPOL TMCCTHTCH
ar® _ Ut _

JEKTPOH O BEPTUKAINT Y = ) decvuz
__1,6-107.650-(5-107%)*

T 2.2:107-9,1-107(6-10)

~(,002 M = 2 MM.

Orget: y=2 Mm.

§84. DaexTprueckoe noic B BewecTBe

OTBETHl HA BOIIPOCHL

© 1. Bee seinectBa no crenctd MoOHiBHOCTH ACKTPHUCCKUX 3aPAfos
ACAAT HA IPOBOAHHKH, NNONYNPOBOAHHKH ¥ U TEKTPUKA.
[MoasuxHOCTL 3apAMEHHLIX HACTHLL B BeWECTBC ONpeiCIaeTCa
CIPOCHHEM W PACHIOJIOKCHHUEM ATOMOB BELUCCTBA.
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2. 3apsxeHiible YaCTHLBl Ha3bIBAIOTCA CBODOAHBIMU, OHH MOTYT nepe-

MeLlaTbes MO/l AeHCTBUEM INEKTPHUECKOTO NONS.
BetitecTBO ABAAETCA MPOBOAHHKOM, EC/H COAEPHALINECH B HEM CBO-
Gonubie 3apAabl CIOcoOHL! Nepemellarses no scemy obbemy Beiue-
ctea. Hanpumep, MeTanssi, pacTeopel KHCNOT, conelt M wenoucii u
MHOI'Me Apyrue BelecTsa.

3. 3apssbl pa3HOro 3HAKA, KOTOPHIE BXOAAT B COCTAB aTOMOB WJIM MOJTe-

Ky, Ha3blBAIOTCA CBASAHHBIMH, €C/IH OHH HE MOTYT NEPEMELUATHLC
OT/lebHO APYT OT Apyra noj AeficTBUEM 2AEKTPHUECKOTO NoNs.
BeuiecTBO Ha3bIBAGTCH AMIAEKTPHKOM, €CIM BCC 3apsdbl, CoAepika-
11dec B HEM, ABAAFOTCS CBA3AHHDBIMIL.
ANNeKTPHKY — OYEHDb XOPOLLHE H30AATOPb, IOTOMY HTO OHH [IPAK-
THHECKH HE NPOBOAAT TOK (B HHUX Her cBoboatbix 3apsaos). Haripu-
MCp, AHCTHILIMPORAHHAS BO/A, CTEK/1a, nnacTMmacces, 6eH3on, macia,
cmoza, papdop H MHOFHE ApyrHe BELIECTBa.

4. BeulecTso Ha3bIBAETCA MONYNIPOBOJAHHKOM, €CITH COAEPKAHHE B HEM
cBODOAHBIX 33PSA0B HAXOAUTCA B 3aBUCHMOCTH OT BHELIHMX YCIO0-
BHil (TeMnepaTypbl, HaNPAXKEHHOCTH AEKTPHYECKOro Mo, BIH-
HNS pasAuYHbIX KW3Ny4yeHni). Hanpumep, repMannit, KpeMH#1H, MHO-
THE OKCHABI, CY/IbPHADI, MEHEPAIbI, CEJIEH U T, A.

5. Dueprus cBA3U 2MEKTPOHA C ATOMOM MOJIY NPOBOAHNKA MEHbILIE, YeM
C 3TOMOM JHYIEKTPHKA, HO GONILUIE JHEPriN B3aUMOJEHCTBHS ek~
TPOHA C aTOMOM NPOBOAHHKA.

§85. In3iekTPHKH B 3JIEKTPOCTATHYECKOM 110J1€e

OTBETH HA BOHNPOCHI

1. Monekyast seillecTsa AenAT Ha nosisApHble (B HUX LEHTPb] pacnpede-
JIEHHUS TTONIONMTEILHOTO H OTPHLATENLHOTO 3apSA0B HAXOASTCA Ha
HEKOTOPOM PAcCTOAHHHM) K HenonApHbie (B HUX LIEHTPbI pacnpele-
NEHHA MONOKHTEIbHOTO W OTPHUATENBHOTO 3apAA0B COBMNAJlaloT).

2. [Tpu aeficTBUM DNEKTPHHECKOIO NOMNA HA MOJIEKYIIbI TIOAPHOTO AMINEK-
TPHKA, PACTIONOMEHHBIE XAOTHUECKH, OHI OPHEHTUPYIOTCA MO MO0,

3. Ilpu neHcTBUH DAEKTPHYECKOrO MOJIS HA MOJEKYJbl HEMONAPHOrO
AHONEKTPHKA B HHX MPOUCXOAHT pasAeie€HHE UCHTPOB MONOMKHTENb-
HOro H omuuarenméro 3apsA0B, H AOCE 3TOI'0 MOJIEKY bl 1TOBODA-
YHBAIOTCS 110 MOJHO.
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4. Jlnanexrpuk ocnabaseT BHellHee 3neKTpuyeckoe note £ B €pas s
cBA3M C nmonspusauue, BO3HMKAOILEH NPH noBopoTe. DJek1pHue-

nl EBM
ckoe none £ B cpene paccuutsiBaercs no gopmyne: E = .
€

Benuuuna € Ha3bIBAETCA AMINEKTPHUECKON mponuLaeMocThio. Oxa
MOKa3biBAET, BO CKONBKO pPa3l HAMNpSKEHHOCTh NOAS B BEECTBE
MeHbuIe, YeM MoJe B BaKyyMe.

5. B anexrpocratiyeckoM (uIIbTPE NONAPUIOBAHHAS TbLIh MPHUTArMBa-
€TCA K 3apsDKCHHBIM 3NEKTPOAAM M 1O ROCTHXKEHNH HEKOTOPOit KpH-
THYECKOH MacChi MbUTL OCHINAETCA C 2:1eKTpoAoB. [1pu 3TOM Ha BbI-
XOZle 1EKTPOCTATHYECKOr 0 (PHIBLTPA NONYHACTCA OHHILEHHBLH ras.

34444H
1.
Hano: Peulense:
g =1 HanpskeHHOCTL 3n€KTpHYEcKOro noas, cosja-
c. =80 BAEMOro 3apskeHHbIM tapoM (3emneii) y no-
, =
R = 6400 kM BEPXHOCTH, £ = ——lgi——z— .
0=-57-10°Kn Ane,R
E E 7 B auanckTpHKe ¢ AMAAEKTPHYECKOH nNpoHuLae-
2T MOCTBIO € HAIPSXKEHHOCTD 1O/IA YMEHBLIACTCA B £
a3; E=—~—|—q——. Cuuras ans Bo3lyxa € =1,
!
noay4yuMm £, -—-———'Q——z:
4nee R
5
- 57:10 — =125B/w.
4-3,14-8,85-107°-1-(6,4-10%)°
%
1 BOAbl £, = ——— =
fn 27 4me e, R
5
5,710 =1,6 B/m.

T4.3,14-8,85-10"2.80-(6,4-10°)°
Orser: E, =125B/m; E, =1,6 B/m.
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2,
Lano:
U,=200B
/,=8B
g =1
g,~"?

3.
Hatio:
E =400 xB/v
d=05cm
g=10H/m

p, =11,3-10° kr/m’
p, =1,26-10" kr/m’

q-"?

Hano:
QO =1iwmxKn
e=2
§=25cm?

F-?

Peiueniye:

. E U ¢
IMockonbky U=FEd ,a E=—2 10 —L=_1
£ , &y
OTCIOAa  [MINEKTPHYECKAs  MPOHHLAEMOCTS
Ug, 200-1
aumuaka: g, = —1 = =25,
U, 8

Orser: g, =25.

PeweHue:
Ha cBHHLOBBIA UlapuK AEHCTBYIOT cuia Apxi-
mena £, =Vgp,, CHIla TAKCCTH mg W cUla co

croponbt nons £, =gk . Tak kak mapux Ha-

XOAUTCA B PABHOBECHH, TO mg = F, + £, uan

qE =mg-—p,gV ,0Tkyna g =%(m -p, V).

Ob6bem uapuka V :]gﬂd3, a e.ro macca m=pV .

3
Torpa 3apsaa waphka ¢ = 1%1—1:_5-(;)] -p,)=

_3,14-0,5°-107
T 6-4-10°
x16,4-10°Kn=16,4 uKn.
Orser: g=16,4 uKn.

S(113-10° 1,26 10°) =

Peluenye:

Cunna B3aUMOJCHCTBHS RJIACTHH
E c

F=Q - —=Q -—— . Y4uibiBasi, 4T0 NOBCPX-
> 2eg,

HOCTHAsA NAOTHOCTD 3apaja o = % , NOJTYYUUM:

.
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§85. Juanexmpuku 6 3nexmpocmamu4ecKoM none

_O _ o™y’
2ee,S 2-2-8,85-10"%.2,5-107
Oteer: F~11,3H.

~1L3H.

Peuwienue:

Cunpl, geiicTByrole Ha OMH H3 LIAPHKOB, B
BO3JYX€ ¥ B KEPOCHHE, NOKa3aHbi HA PUCYHKaX:
a) 6)

3anulieM YCAOBMS PAaBHOBECHS LUADUKOB B
o0oux crny4anx:

x:F, =T sinf 6 x:F, =T,sinP
a .
yimg=T cos8 yimg-F_ =T cosp
M3 nepBoii cuctembl  tgf = by . W3 BTOpOI
myg
Fy

by . Tak kak F,, =L,
mg—F, €

o=

P :
a F,, =pgV =mg-——  TO NOMy4uM:
2

£ By

— = oTKy/a 1= 7 v
m ‘
& ?,mg-(l—-B i s«}l—--p-
P [ Y
UCKOMaAA  NNOTHOCTL. MAaTepHana  LUapHKOB
L2 208 1,6 riem’.

e 1

Orser: p, =1,6 e’
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§86. IIpoBOAHMKH B JIEKTPOCTATHYECKOM M0JIe

QOTBETHI HA BOIIPOCAHI

1. CymmapHbtii 3apsan He3apAXKEHHOr0 NPOBOAHHKA PaBEH HYJIIO,

2. Hi30bITOuHBI 328pAA NPYU OTCYTCTBHM BHELIHETO NOAS PaClpeAChscT-
€1 10 NOBEPXHOCTH NPOBOAHHKA.

3. HanpsiKeHHOCTh MOJIA BRYTPH NPOBOAHHKA B 2ICKTPOCTATHYECKOM
1n0/€ paBHa HyIO.

4. DnekTpocTaTUYeCKOe Nofe HE NPOHHKAET BHYTPh NPOBOJHHKA, NMOTO-
My YTO NPH BHECEHHH NPOBOJHHKA B /EKTPUYECKOE None oHo OyaeT
CKOMNEHCHPOBAHO TOJIEM, KOTOPOE BOIHMKAECT B CBA3M C MEpeMeLle-
HueM cBOOOAHBIX 3apsiloB. DNEKTPOCTATHYECKAs 3alllMTa COCTOMT B
TOM, 4TO H3MepuTebHble NPHOOPEI MOMELIANT B METANLIMYECKHE
Kopryca, 4To0bl Ha HUX He NERCTBOBAJIM 3NEKTPOCTATHUECKHE MO,

5. Ha GamkHell K NOAOKKTENbHO 3apsKEHHOMY TeNly cTopoHe cdepsl
BO3HHKACT OTPHUATENbHBII 3apAj, a HAa JanbHeH — TIOMONKHTCAbHDIH,
7I03TOMy N:000E NONOKMTEIBHO 3apsiKCHHOE TeRo Oymer npHTsCcH-
BATLCA MeTAINHuecKol chepoli. AKANOTHUHbIE PACCYHICHUS H IUIA
OTPHUATENLHO 3aPAAEHHOMO TE1a,

§87. Pacnpeaeaenue 3apsanos
0 NOBEPXHOCTH NMPOBOXHUKA

OTBETHI HA BOIIFQCAI
1. 31exTpoHERTPaNLHbLIH NPOBOIHUK 3aPAKACTCR NPM CONPUKOCHOBE-
HHH C 3apMKEHHBIM, TIOTOMY 4TO ¢ OIHOFO TTPOBOMHUKA HA APYrOf
nepeTexaoT ¢BoGoaHbIE 3apAAb (00bIYHO DISKTPOHBI ).
2. [lpy coennHeHuy ABYX MPOBOARLUIMX COEp 3apan HauHeT nepepac-
NPeASHATHCH MPONOPLUMOHANLHO ux pajuycaM. Paguye 3emnun Ha-
MHOro BOMbLIC PA3MEPOR IpaKTHUECKH iitoGoro o0bivHOTO TeAa, 110-
ITOMY BECh 3apaj, yiieT B 3eMto.
Horenuuan HPoROIHIKE HEU3MCHCH, NOYTOMY TOBCPXHOCTL 3apa-
WEHHOTO [IPOBOIHMKA ABJIRCTCA IKBHIOTCHILAAIbHON.

W

2

4, Bee cdepst 0a1MHakoBbt, noaToMy Ha kakaol cdepe Gvaer 3apaa 3

5. ”pHBe,’lCM ABE HC3APAKRCHHLIC C(pepl;i B KOHTEK! ¥ HOAHCCCM K HHM 3a-
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paxeHHy0. BeneactBie ABREHHA EKTPOCTATUYECKOil MHAYKLMHM HA
OIIHOM U3 3TuX chep BOSHUKAET MONOKUTENBHbIA 3apsan, a Ha APYroH -
orpuuatensHeiif. Teneps pasasuHem cdepbi. Ilpu srom Ha opmoil
coepe OyaeT nonokuTenbHbli, a Ha NPyroi OTpHUETENbHLII 3apan.

§88. DnekTpoeMKOCTL yeAHHEHHOTO NPOBOIHHKA

OTBETHI HA BONIPOCHI

1. Macca ®uIKoCTH BeAeT Cebs KaK dNeKTpUUeckuii 3apsi, NOCKObKY,
€C/IH MBI COGMHHM /1BA COCYAA ¢ XKHAKOCTBIO, TO OHA TIEPETEHET H3
0/1HOTO COCYyza 8 Apyro#, Ho obuias Macca >KHIKOCTH [IPH 3TOM OC-
TaeTcs MOCTOSHHOMN.

2. JlaBneHue ®HAKOCTH Beaer cedst KaK INCKTPUYECKUH NoTeHumnan,
NOTOMY YTO, €CII1 Mbl COEAMHHM JIBA COCYJla C HKHAKOCTLIO, TO OHa
OyAeT reperekaTb U3 cocyna ¢ OONLILMM JRBAECHHCM B COCY] €
MCHLLIHM /iaBjICHUEM,

3. OTHoweHKe 3apsia YEAMHEHHOrO NPOBOAHHKA K MOTCHUHANY JTO-
rO MpPOBOJIHKKA Ha3bIBaeTcs 3feKTpuueckodl emxocTbio C yean-

HeHHOro npoeoaHuka: C :Q.

¢
DieKTpoeMKOCTs 3mMepseTcs B dapasax (1 ).
[MoTeHunan chepsl NpoNnOpUMOHANIEH ¢C 3apHay, CACA0BATCILHO, ¢¢
3MEKTPOEMKOCTL HE 3aBUCHUT OT 3apsia,
Bonbuiof 3apsn, He MOXeT yaepkuBaThed Ha cdepe Masioro paauyca,
TTOTOMY 4TO B 3TOM CJiy4ae noreHuHan chepbl cTaHeT o4eHb B0:lb-
MM, K 3aPAJ HAYHET CTEKATh C HEe.

4

5

B

§89. DnekTpoeMKOCTL KOHAEHCATOPA

OTBETHl HA BOIIPOCAHI
1. Cucrema M3 AByX MPOBOAHWKOB, UMEIOILKX NMPOTHBOMOROKHLIE TO
3HAKY H PaBHBIC 110 MOMYNH 3apsibl, HAZBIBAETCH KOHOACHCATOPOM.
EMKOCThIO KOH/IEHCATOPA Ha3biBACTCH OTHOLICHHE 3apsia (MOZYs)
OMHOL0 13 TPOBUIAHNKOB K HAMPKEHHIO U MEXAY NPOBOJHHKAMK!

c-2.
U
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2. EMKoOCTD TWI0CKOrO KOHACHCATOpa NPAMO NponopluHoHanbHa NNnoasan
NRAACTUH K OﬁpaTHO THPONOPLMOHANILHA PACCTORHUIO MEXAY HUMM.

3. Beeaeuue ANINCKTPHKA B KOHACHCATOP YBCTUUUBACT €r0 ¢MKOCTDL,
[TOCKOILKY 3ICKTPOCMKOCTL KOHACHCATOPA NPAMO MPONOPHHOHATb-
Ha HHSHCKTPH'-ICCKOﬁ NPOHKLIAEMOCTH Cpelbl, KOTOpas 3anoJIHAeT
NPOCTPAHCTBO MEXAY NJACTHHAMHM KOHAEHCATOPDA.

4, Ecav BBECTH B KOHJACHCATOP AHJICKTPHK C TPCHHUACMOCTBIO CPCAbl
€, TO €ro €MKOCTh YBCAUIABACTCAH B £ pas.

5. 3J1€KTPOCMKOCT!> KOHACHCATOpA HC 3aBHCHT OT BHEUWIHHX JJICKTPO-
CTaTH4ECKUX NoNcH, Tak KaK 3TO €ro BHYTPEHHASA XapaKTCpUCTHKA,
onpeaensemMas TonbKO nNapaMeTpaMu KOHACHCATOpA,

3AHAYHA

Peuwenue:
o popmyne (217) yqebHuka:

4
c=2_810 4 0% =3k,
U~ 200

Otset: C =3 Mmxd.

2. Ha pucyHkax nokasaHbl rpadyku 3aBUCMMOCTEH MPOEKLMU HANpS-
sweHHocTH E, (x) u noreHumana ¢(x):

A Ex
0 CH X
o :
LS R
221} H
< +G H
> - < <
< -+ > +G
0 Y X

flpy noctpoenun rpaduxa @(x) HCHONBL3OBAIOCH COOTHOLUEHWE

E =-22.
Ax
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§89. Snekmpoemxocms koHOeHCamopa

JHano:
C=12nd
S=1cm?

E =3MB/m

U-?

s.

Hano:
d, =0,7 MM

d, =0,4 MM
g =7
g =2

§=1,25cw’

c=?

Peuwrenye:
CornacHo onpezleﬂeumo E€MKOCTb MNJIOCKOr0 KOH-
£,5 Cd
neHcaTopa pagHa C = ,0TKyAa S ="~
a’ €6,

MNnowaak NAaCTHH ANOCKOTO BO3LYILIHOIO KOHUYCH-
Cd _107".5.10°
g8, 1-8,85-10"
%56,5-10° M>= 56,5 mv”.
flnowans, naacTHH NNOCKOrO BO3AYUIHOTG KOHAEH-
caTtopa ¢ HoMelleHHO B HEero cito 104 pasHa:
. Cd 1077-5.10"
S,z =22 81-107 = 8,1 MM,
Toeg, 7-8,85-1¢

Otget: S, =56,5 Mm% S, = 8,1 ma,

caropa §, =

Peuenne: :
EMKOCTb NJ0CKOIro BOBIlyLl]HOI"O KOHHCHC&TOpa

C=§%’£. TNockonsky U = Ed , 10
g8, SE 1-8,85.1077.107.3-10°

C 12-107%
Orser: U =220 B.

U=

=220 B.

Peujenne:
Cnonctoll KOHZAEHCATOP MOXHO NpEACTaBUTh Kak
CHCTEMY M3 TNOCHEAOBATENBHO COEAWHEHHBIX KOH-

¢G,

AeHcatopoB ¢ emkocThio C=—""2—_ rne
C+C,
g5 885
£S5 -, E
G =-1= n (=2 555 Torma c=t
d, d, €8S E)€¢S

4, 4,
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§EES

=—2T2 . [loacTaBUB YHCIOBBIE NAHHBIE, MOMYHHM:
gd, +e,d,

_8,85~10"2 -7-2-1,25-10°
7-4.10%+2.7.10°
Otser: C=3,7 nd,

=3,7-102 ®=3,7nd.

§90. DHeprug 1eKTPOCTATHYECKOrO MO

OTBEThAlI HA BOIIPOCAI

1. Ecnu npepoctasuth Mx camMum ceGe, TO MIACTHHBLI MJIOCKOTO KOH-
JCHCATOpa CXJOMHYTCR H3-332 TOTO, YTO HA HUX HAXOJATCS 3apsibl
MPOTHBOMONOXKHOIO 3HaKa, KOTOPbIE NPUTATHBAOTCA NOA AeficTBU-
€M KYJCHOBCKHX CHII.

2, DHeprus 3NeKTPOCTATHUECKOro TONsA, KOTOpas 3anaceHa KoHAeHca-
TOPOM, 3aBMCHT OT €MKOCTH KOHAEHCATOPA, A TAKWKE OT 3apsila, 3a-
NAaceHHOro Ha KaXXAoH nnacTuHe,

3. OTHOWIEHHE FHEPriHK MO B 00bEME K BENHYUHE 3TOTO 00bema Ha-

. 3biRACTCA O0LEMHON TNNOTHOCTBIO 3HEPTHH DASKTPOCTATHUECKOrO
nons w:

W

W= —

4. O0bemHas IUIOTHOCTb JHEPIMH MICKTPOCTATHHECKOIO NGAA NPAMO
MPONOPUHOHANBHA KBAAPATY HANPAKCHHOCTH.

5. Hanpumep, npuxumn aeiicTBus QOTOBCHBILIKM. (3anaceHHas B KOH-
ACHCATOpPEe IHEPIHA NUAA NPEBPAIAETCs B CBCTOBYH DJHEPIHIO
BCIIbLKH).

3IALAHH
1.
JlaHo: | Peurenie:
C=0.1mxd [To dopmyae (224) yueOnuxa 3Hepius INeKTPOCTa-

THHCCKOTO [I05is KOH/IEHCATOpa
CU?  0,1-10°-4-10°

y

| Orser: W =2 mMx.

U=2208

W= =210 Jlx = 2 MLk,
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4.
Jano:

Q
€
C

AC, AW =7

Pewenue:
Pabora, uo onpeaenenuto, pasHa A= Fd. [lo-
ckonbky A=W , 10 W = Fd , oTkyaa cuna nputa-
HKEHHUA DNacTHH pyr K Apyry
-3
Fe w210

T4 5907
Orser: F=41H.

Peienue:

Mo ¢Qopmyne (224) yueGHuka W,:-Q—. a

1)

2C
W, = & . Tak xax C= E“S, a d,=3d, TO
°2G, d ;
2
C, :g. Toria W, :E-Q—. Pabora BHEINHWX CHII
3 2C
1732 2 2
A=, - =32 2 Q0
- 2¢ 2 C
Orser: A= ¢ .
JTBCT C
Pewienue:

€, =C — eMKOCTb KOHACHCATOPA C JIHIACKTPHKOM.

C
Torna G =— — eMKOCTbL BO3/IYILIHOIO KOH/IEHCATOpa.

€
C 1-
HMamenenue emikoctn AC=C, - =—~ C:M .
> €.
2 z
Havanbhas onepras W, = 2 =Q—‘ Konevnas
2¢, 2C
2 2
3neprust W, = 2 Q¢ . M3menenne anepruu

2¢, 2C
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5.

Jano:
E=3-10°B/m
e=1
w-7?

2
xouncHcaTtopa AW =W, -W, =Q—(e—l).
2C
- 2
Omer: AC=125¢; aw =L (c-1).
£ 2C

Pewenve:

OG6bemHas IIOTHOCTL JHEPTHH JICKTPOCTATHHECKO-

ro nojs:

we g, £’ 1-8,85-1077.9.10"
2 2

Oteer: w =40 l/m’.

=40 Jlx/m°.




