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BBEJIEHUE
B coorBercTBUM ¢ paboyell MPOrpaMMON B TEUEHHE KaXKIOr0 CEMECTpa OOYYEHUs CTYAEHT JOJUKEH BBINOJNHHTH IBE KOH-
TPOJBHEIE PaboTHI, BKIOYaromre 5-6 3a1au B Kaxa0i paboTe Mo oOMIKM Isl Pa3HBIX HANpPaBJICHHH MOATOTOBKHM TeMaM. OOpasiibl
pelIeHHs TAKKUX 3a]a4, PEKOMEHIyeMbIE ISl IPOBEICHHs TPAKTHYECKUX 3aHATHH M0 (PU3UKE, MPUBOAATCA HIDKE. BBIOOp TeM mpak-
THYECKUX 3aHATHN M PA3ENIOB 33/1au KOHTPOJBHBIX PabOT COOTBETCTBYET KOHKPETHON pabodeil mporpamMme HampasjieHus (Crieru-
aJIbHOCTH) IMOJTOTOBKH.

Js caMOCTOSTENTFHOM MTOATOTOBKH K KOHTPOJIBFHBIM paboTaM MPHUMEPHI MPAKTUIECKUX 3a/1a9 IIPUBEICHEI B IIOCOOUSX:
--- Komvaxos 0. H., Kaxapckas C.E., SIkynosa E.B. Mexanuka. MonexymnsapHas Qu3HKa: pyKOBOACTBO K MPOBEICHUIO CAMOCTOS-
TEBHON PabOThI CTYACHTOB: y4eOH. mocobue [DekTpoHHbIi pecypc]/ DmekTpoH.TekCcTOBBIe HaHHbe. — Tyna : Msm-so Tyal'V,
2020.— 22%. .— ISBN 978-5-7679-4250-3.

[TpumepHOe conepkaHne TeM NPAKTHYECKHUX 3aHSITUI B COOTBETCTBHHU C pa0OUYMMH NPOrpaMMaMy IPUBEJICHO B ClICAYIONIEH TabauLe:
Cemectp 2

Ne sansTist Tema MMPAKTUICCKOI'O 3aHATUA

1 Kunematnka IMOCTYNATCIIbHOT'O ABMKCHUS. Kunematnka KpHBOHHHCﬁHOFO IMOCTYNATEJIbHOI'O ABUIKCHUS. Ku-
HEMaTHUKa BPamaTCJIbHOTO ABUXCHMA. CBsI3b KHHEMATHYECKUX XapaKTCPUCTHUK IMOCTYNATCIBHOI'O U Bpalia-
TCJIBbHOI'O ABHUXXCHUA

2 3aKoHbI AUHAMUKH. JIMHAMHKA MOCTYNATEIbHOIO U BpalllaTeIbHOTO ABMKEeHUHN. [IpruMeHeHune 3akoHOB coxpa-
HEHUS] UMITYJIbCa 1 MOMEHTA UMITYJIbCA.

3 IIpumeneHne 3aKOHOB COXPAHEHUSI MOMEHTA UMITYJIbCa U TIOJIHOM MEXaHUYECKOU SHEPTUH.

4 Tlapmonudeckue konebanus U ux cioxeHue. Puzndyeckuil MasTHUK. COOCTBEHHBIC 3aTYXAMONIUE KOICOaHUS U
BBIHYK/JICHHBIC KOJICOAHHUS B MEXaHHUKE.

5 Mertonbl perieHus TepMOJUHaAMUUECKUX 3a1a4. Mcnonb3oBaHue ypaBHEHHS COCTOSIHUS CUCTEMbI, ypaBHEHUI

TEPMOJIMHAMHYECKHX IPOIIECCOB M IIEPBOTO HaYala TEPMOANHAMIKH B IPUMEHEHHUH K pacdeTy IPOIECCOB B
niea bHOM rase. Beranciienue paboTsl rasa.

6 Brrunciienne TEII0EMKOCTH TEPMOANHAMUYIECKIX IIPOLIECCOB. BrIumcenrne M3MEHEHUS SHTPOIIHN TEPMOIH-
HaMHM4YeCKOW cucTeMbl. BTopoe Havano TepMOIMHAMHUKH.
7 Ilukndeckre nporeccsl U BHIYUCICHUE K.I1.1. TerioBbiX MamuH. ukn Kaprno. @yHkius pacnpeneneHus

Makcgeina MoJIeKyJ Ta3a Mo BeJTUYMHAM CKOPOCTEH 1 €€ MPUMEHEHHE K PacueTy CpeAHUX BelInyrH. OyHKIUS
pacnpenenenus bonpiiMana u GapomeTprudeckas GopMya.

8 YacroTa CTOIIKHOBEHHS MOJIEKYJ ra3a co creHKor. Cpenssist [yimHa cBOO0AHOTO TIpodera MoieKy rasa. Ssie-
HUsI IEpeHOCa (TEMIONPOBOHOCTD).




Cemectp 2
1. KunemaTHKa IOCTYIAaTeILHOTO JIBHIKECHUS

Ipy MOCTYNATENLHOM JABMKEHUH BCE TOYKU (PU3UYECKOTO TeNA JABMIKYTCS OJMHAKOBO. Oru-
carh TAKOE JBMKEHUE MOXKHO 3a/1aBas 3aBUCMMOCTb OT BPEMEHH PajdyC-BEKTOPA JIOOON U3 TOYEK,
Hanpumep — uentpa mMacc I =F () . KoHel Takoro BeKTopa, NPOBEAECHHOIO W3 Hayajia KOOPAMHAT,
OIKCBHIBAET TPACKTOPHIO IaHHOW TOUKM WJIM YACTHIIGI, COBEPLIAIOIIECH MOCTYNATENbHOE IBUKEHUE
(puc.1.1).

TTonokenue TOUKHM (YaCTHUIIBI) B JTI000H MOMEHT BPEMEHU MOKHO 3a/1aTh €€ KOOPAUHATAMH
x=x(1), y=vy(t), z= A9, zaBucsaummu ot BpeMenu. OHU ABJIAIOTCS IPOEKIUAMHU PaIUyC-BEKTOPA

na ocn koopannat: [T (t) =1 X (t)+]y (t)+K z(t)|,rae I, |, K - eauHMIHbIC BeKTOPEI, MM OPTHI IEKAPTOBOI CHCTEMBI KOOP/MHAT.

L_dr _ _dv
[Ipu 5TOM CKOPOCTh U YCKOPEHHUE TOUKH TAKXKE SIBJISIOTCS BEKTOPHBIMU BEJIMYUHAMMU: |V = e = ail

Hsudicenue mouxu 6 npocmpancmee yOOOHO pacCMaAmpueams KaK CYMMY HE3aBUCUMBIX OBUINCEHUU 6001b KOOPOUHATNHbIX
Cosem: 0ceti. To20a npoexyuu ckopocmu u yCKOPeHUs. blYUCTAIOMCS. KAK NPOU3E00HbLE ONt CKANAPHBIX (HYHKYUIL.

_oxo o _dy o d2
dt’ Y dt’ ¢ dt

dvy -9V _dvy

5T Y T a0 T

Vx

BennunHaMu (MOIYJIIME) CKOPOCTH U YCKOpEHHs OyayT |V = Vf( + V§, + V% cla=y/ a)z( + a}z/ + a§ .

Ha060p0T, 3HasA BPEMCHHYIO 3aBUCUMOCTb HpOCKIII/Iﬁ CKOpPOCTHU U YCKOPCHHS, MOXKXHO C IOMOLIbIO MHTEIPpaiOB BbIYUCIIUTDH

t t t
KOOPIMHATHI TOUKH: Vy (1) = Voy +faxdt, Vy(t) = Vg, +.f aydt v (=vg, +j a,dr ,
0 0 0

t t t
(V) =% +[vx(Ddt )= w+[vy(ddt £)= g+[v (X
0 0 0

Ilpu pewenuu 6écex 3a0a4 KOHMPOIbHLIX pabOm HEOOXOOUMO 3HAMb BbLIPACEHUS NPOUIBOOHBIX U UHMEZPAL08 OM CAMbIX
npocmulx QYyHKYUll 8pemenu, Komopbvle npusedenvl 8 credyowel mabauye, 20e A, B, N—nocmosnuvie serununsr.

Cosem;
IIpousBoanas Wurerpan
d _ -1 T n+l T
a(Atn) = Ant" [Athdt= A—, jédt: Aln(sz
0 n+1 T t T1

1
d . -
i (Asin(BY)) = ABcoq B Tf Asin(BY) dt= - C08(Br) ~ cogBry)

B

T

%(Acos( Bt)) = - ABsir( B Tf Acos{ BY) dt= Asin(Br2)|;sin( Bry)

T

%exp( At) = Aexy At) TJ? Aexp(BH) dt= Aexp( Bt,) - exy Bry)
B

T

IIpumeper pewenus 3a0au:

1.1. MaTepuasbHas TOUKA ABHKETCS TAK, 4TO ¢& pajiiyc-BeKTOP 3aBHCUT OT BPEMEHH 110 3akony I = At + (Bt2 - Ct3)T , T
A=1m/c®, B=3wmlc?, C=2m/c3. Onpenenurs yckopenne Touku B Moment t = 0,5¢.

Pewenue.

B nmannoii 3amaue X(t) = At3, y(t) =B - Ct3, Z(t) =0. HenyneBbie MPOCKIMU CKOPOCTH TOYKH OMPEICIICHBI MPOU3BO/-

HBIMH V, = dx/ dt= 3AE, vy = dy/ dt=2Bt- 3Ct, a NPOEKIMK €€ YCKOPEHUS HAaXOIWUM, BBIUUCIASA IPOU3BOJHBIE MO t  emmé pas:

ay, = dv,/dt=6At, ay = dv/dt=2B- 6Ct. Bennuuna yckopenns a=.al+ af, = \/(6At)2 +(2B- GCt)2 =3 m/c”.

1.2. B navanpHbIii MOMEHT ty = 0 MaTepuanbHas TOYKa HAXOIWIACH B TOYKE HAYaIa KOOPIUHAT U JBUTAIACH CO
CKOPOCTBIO Vo = 4 M/C BIOJB OCH Z. YCKOpPEHHE TOYKH BCE BPEMsl HAMPABJICHO BJIOJb OCH Y M BO3PACTAET CO BpeMeHeM t
10 3aKOHY a = kt*, rne k = 1 m/c®. Haittu BEJIMYUHY CKOPOCTH JaHHOW TOYKU B MOMEHT BpeMeHu t = 2c.

Pewenue.

B oroif 3amave 3amaHBl MPOEKIUM YCKOPEHMS M HAYaIbHOH CKOPOCTH TOYKH. 8y =a, =0, ay = kt4; Vox =v0y=0,

VOZ = V0. HpOCKIII/II/I CKOpPOCTH B 111000 MOMEHT BPEMCHU t HaxoaMM ¢ MOMOIIBIO UHTCIPaIOB:



5 t
Vx() =0, vy(t)= v0y+ja dt—kjt dt= k5 , Z(t):v02+_[ a,dt= v, .

Benuunna (MOyib) CKOPOCTH V = ,[vy +VZ ,[ kt5/ 5 + VO =7,547wmlc.

1.3. HauaneHast cKOpoCTh TOUKH V) = Al -Bj,rne A=4wmlc, B=2wm/c.YckopeHue TOUKH 3aBUCHT OT BPEMEHH I10 3aKOHY

a=Cti +Dt?] , rne C=2m/c®, D =6m/c*. Ha kakom pacCTOSHUHU OT Hauama KOOpAUHAT O OKAXKETCs TOUKA B MOMEHT BPEMEHH
t = 3¢, ecim B HauasbHbIl MOMeHT tg =0 oHa Haxogunach B Touke O? OnpenenuTs TakKe TAHIEHC Yrila HaKJIOHA BEKTOpPa CKOPO-
CTH TOYKH K OCH y B MOMEHT Bpemenu t = 3c.
Pewenue.
2 —
3anaHbl IPOCKLMK HAYANBHON cKOpocTH Voy = A, Voy =—B, Vg, =0 u yckopenus touku a, = Ct, ay = Dt =0.

ﬂBI/I)KeHI/Ie MIPOUCXOAUT HA ILUIOCKOCTHU XY. HeO6XOL[I/IMO CHayvajlla HalTH 3aBHCHUMOCTH HpOGKLII/II/I CKOpPOCTH TOYKH OT BPCMCHHU!

t t Ct2 t t Dt3
Vil(t) = Vox + [adt= A+ Cf tdt= Ar=—, vy(t)= Vo, + [aydt=-B+ D] £dt=-Br——.
0 0 0 0

Buumamenvno cneoume 3a 3nakamu noocmasisiemvix 6 unmeepaiiol I’lpOGKL{MlZ B8EKMOpOos. Ouwiubka 6 3nake npueobum K He-
npaeulbHOMy HanpaejleHuro O08UdICEHUS. yacmuybnl.

3areM ¢ NMOMOIIBIO MOJYYCHHBIX (byHKIII/Iﬁ BBIYHCIIAEM IMPOCKIHUN KOOPAUHAT L[BH)I(yHIeﬁCH TOYKH, HMEBIIEH I10 yc-
JIOBUIO  HYJICBbIC HaYaJIbHbIC  KOOPJAWHATBI XO = yO =0. Ilocne IOACTAHOBKM  YMCJIOBBIX JaHHBIX HaXOJAUM:

t t 2 3 t t 3 4

Ct Ct Dt Dt
X(t) = [vy(dt=[| A+= |dt= At+——21 t)=[vy(t)dt=[| -B+—— | dt=— Bt+——=34,5m
(1) J(;x() £ > M, y() J(;y() J 3 B

Coeem:

PaccrosinreM TOYKH OT Hayana koopauHaT O OyjeT BequurHa paguyc-BekTopa (cM. puc.l1.2): z(1)

r=yx2+y? =212+ 34,5 = 40,4u .

Ilpu t = 3¢ HalineHHbIE paHEe IPOEKIMU CKOPOCTH YAaCTHUILI paBHEI V, (t) = A+ Ct2/ 2= 13wm/c u x(t)
o
— 3/n—
vy (1) =-B+Dt/3=52 i, o W

Kak Buano u3 puc.1.2, TaHreHc yriia HakJIOHa BEKTOpa CKOPOCTH K OCH Y B 3TOT MOMEHT BpEMEHH Puc.1.2
pasen tgo =v, /v, =0,25.

1.4. MatepuanbHasi TOUKa JBIKETCS TaK, YTO e pajMyc-BEKTOp MeHsieTcst mo 3akoHy [ = Asin(t)i + Acospt )j, rue
A=2wm, b=3pan/c. Onpenenuts nyTh, IPONHACHHBIH TOUKOIT 3a Bpemsi t = 2 C.
Pewenue.
t
Iyte S(t) = jv(t) dt OGyner JAIMHOM TPAEKTOPHUH, BIOJb KOTOPOU TOYKA JBMKETCS CO CKOPOCTHIO V =, /VX + V . Cortacuo
0
dx _, dsin(bt d d cog bt
YCIOBHIO 3a7a4H, Vy =— = A# Y AA
dt dt dt dt

OKa3bIBAETCs MOCTOSHHOM, HE 3aBUCAILEH OT BpeMEHH: V = \/ o v = Ab\/ COS2 bt) + Slr12( bf) =

= AbCOS( bt) , Vy = = —Absin( bt) . Ilpn 3TOM BeNMUMHA CKOPOCTH TOYKH

t
[poiinennslii 3a Bpems t = 2¢ myrth pasen S(f) = Atj dt= Abt=12m.
0

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKL.

1.5. Touka ABUXKETCS MO OCH X TaK, YTO ¢ KOOPAMHATA MEHSETCS CO BPEMEHEM IO 3aKOHY X = Asin( 2t/ T) ,tne T =6c¢,
A=0,3wm . Onpenenuts MUHUMAIBHOE BpEeMsl, Yepe3 KOTOPOe YCKOPEHHUE TOYKH JOCTUTHET MAaKCHMAJILHOTO 3HAYCHUSI.
Omeem: 1,5¢

1.6. MarepuanbHas TOYKa IBHKETCS TaK, 9YTO € KOOPIAMHATA 3aBUCHT OT BPEMEHH 10 3aKOHY X = At* - Bt® ,Tme A= 5M/C4,

B=2wm/c°. Onpenenutb KOOPIUHATY TOYKH, B KOTOPOH U3MEHUTCS HANIPaBIICHUE JIBYDKEHUSI. Omeem:. 16 m

1.7. MarepuanbHasi TOYKa IBHXKETCS TaK, YTO €€ paanyC-BEKTOpP 3aBUCHT OT BPEMEHH IO 3aKOHY [ = At + Bt3j , TIe

A=4wm/c?, B=2wmlc®. B kakoii MoMeHT BpeMeHH t CKOpOoCTh TOuKM Oy/IET HalpaBleHa 1o yriaoM o =45 k ocu x?
Omeem: 1,33c¢

1.8. HauanpHasi ckopocTs ToukH Vo = Ai — Bj,rae A=4wm/c, B=2wm/c.YcKopeHHe TOUKH 3aBHCHT OT BPEMEHH 10 3aKOHY

A=Cti + thf ,rme C= 2M/C3, D =6wm/c*. OnpenenuTs BEIMINHY CKOPOCTH TOYKH B MOMEHT t = 2¢.
Omeem: 16,1m/c



1.9. B HayansHbIii MOMEHT ty = O MaTepuaabHas TOYKa Haxoauiaach B Touke O Havajga KOOPAMHAT U JABHTAlach CO
CKOPOCTBIO Vo = 3M/C B0JIb OCH Y. YCKOPEHHE TOYKH BCE BPEMSI HATPABICHO MPOTHUB OCH Z U BO3PACTAET CO BpeMeHeM t
IO 3aKOHY a = k, re k = 3m/c*. Haittu paccTosiHHe OT JaHHOW TOYKH 10 Havana koopauHat O B MoMeHT t = 2c.

Omeem: r =7,21m

z
ol Vo ¥
X/Na

1.10. HauasbHas ckopocTh Touku Vo = Al —BJ, e A=4wm/c, B =2wm/c . YcKOpeHHe TOUKH 3aBUCHT OT BPEMEHH M0 3aKO-

uy a =Cti + thf ,tae C=2wm/c3, D=6m/c*. B kakoii MomenT BpeMeHH t ckopocTh OyJeT HarpasieHa NepreHIUKYISIPHO OCH )7
Omeem: 1c

1.11. Touka ABMXKETCSA MO OCH X TaK, YTO €€ KOOpJHMHATA MEHSETCS CO BPEMEHEM IO 3aKOHY X = Aexp( bt) , rme A=2mM,

b=0,5C". Yepes HekOTOpOE BpeMs KOOPAMHATA TOUKH CTAHOBUTCS paBHOH x = 14,8 M. OnpenenuTh BeINYHHY YCKOPEHHS TOUKH B
9TOT MOMEHT.
Omeem: 3,7mlc?
1.12. Touka ABMXKETCS TaK, 4TO €& pajUyc-BEKTOp MeHseTcs 1o 3akony [ =Asin(t)i + Acospt )], rae 4=2wm,
b =3,14pan/c . Haiitu aiiuny paauyc-BeKTOpa TOUKH B MOMEHT, KOT/Ia HAMpaBJIeHHEe €€ CKOPOCTH Oy/IeT MEPIEHIUKYISIPHO OCH X.
Omeem: 2 M
1.13. Teno mMansix pasmepoB Gpomeno ¢ 6ammu Beicotod h = 25m mog yrmom a = 3¢ K TOpH30HTY €O CKOPO-
cThi0 V( =40Mm/c . Ha kakoM paccTOSHHUM OT OCHOBaHUs OalllHU Teso ynaaért Ha 3emiro? CONpOTHBIICHHEM BO3yXa mpe-
Hebpeus. g = 10M/c2 Omeem: 173,21

2. Kunemarnka KpUBOJIMHEHHOTO MOCTYNATEIBHOTO M BPAIlaTeIbHOTO ABMKEHHS

Ipu aBHUKEHUHM TOUKHU ((PU3UUECKOTO TeNa) 10 KPUBOM TPAEKTOPUH yI0OHEE HCIIOIB30BaTh HE JeKap-
TOBY CHCTEMY KOODPJMHAT X, Y, Z & BBOJUTEL €ANHUYHBIE BEKTOPHI T (110 KacaTelbHOM K TpaeKTOpHuu) U M
(mepneHAMKYIAPHO TpaekTopuH, puc.1.3).

BekTop ckopocTi V Bcerja HampasJieH 110 KacaTeIbHOM K TPaeKTOPHH: , a BEKTOP MOJIHOTO

"~ ~ TpacKTopHA

YCKOpeHUs TOukd a = &; + &, OyleT cyMMOi ByX NepHEeHANKYISIPHBIX COCTABIIAIOIIUX. TAHI€HIIUAJIBHOIO yC- Puc.1.3
L _ Qv ~ z
KopeHus | g :ar U HOPMAJIBHOTO YCKOpPEHHS |a, :E N.|3mxecs R— paamyc kpuBU3HBI TpaeKTOpUH (PAJNYC OKPYKHOCTH, KOTO-

PYIO MOXHO BIIMCATh B KPUBYIO JIMHUIO TPAeKTOpHH, puc.1.3). BennunHa moiaHoro ycKOpeH s TOUKU a = 4/ arz + a% .

Ipumepwvl pewenus 3a0ay:
2.1. Manenbkoe Tes0 OpOIIEHO FOPU30HTAIBHO CO CKOPOCThIO Vo =15M/c ¢ Beicotsl H =100M. Onpenenuts oT-

HOIIIEHHE BEJIMYMH TAHTCHIMAIBHOTO U HOPMAJIbHOTO ycKopeHuil Tena depe3 t =3 ¢. CompoTuBieHHEM BO3ayXa MpeHeos-
peus. Ipumsts g = 10M/c2,

Pewenue.

Eciu Teno GpoleHo ¢ HavalbHOM CKOPOCTBIO Vo IO YIJIOM 0. K ropu3onTy (puc.1.4),To €ro mojiHoe ycKo-
pEHHE MOCTOSIHHO U PABHO YCKOPEHHUIO CBOOOIHOrO majeHust §. Yroyi ¢ Mexay BEeKTOPOM CKOPOCTH V U FOpPH30H-
TAJILHON OCBIO X BO BpeMsi MMOJETa yMEHbBIIAETCS W, KaK BHAHO u3 puc.l.4, ompenesseTcs COOTHOIICHUEM
cosh = ./ v mu sing = vy /v. Tpu otom a; = gsing = gvy /v, 0, =gcosh = gvy/ v.

Ot (bOpMyJ'II)I CIIpaBCJIUBbI KaK IIpU noabEMe, Tak U Ipyu nNageHuun Tejia, Koraa MmpoCcKIusa Vy MCHACT

a v Vgsina — gt t
3uak. Mckomoe oTHOmeHne —- =tgd = Zyf=|YoSINAZ Y _ O _ 2, Tak kxak 1o yciosuio o = 0.
Vy V( COSO Vo
2.2. Tlo KakuM yIJoM 0. K FOPH30HTY Hal0 GPOCHTE KAMEHb C FOPH3OHTAIIbHON NOBEPXHOCTH 3EMIIH, 4 V=V,
YTOOBI IIEHTP KPUBHU3HBI B BEPXHEH TOUKE TPAEKTOPUH HAXOJIUIICS HA ATON MOBEPXHOCTU? I/// hep
=IO\ X
Buipaoicenue ons paouyca kpususnol mpaexmopuu R ecezoa modicno onpedenums ¢ nomowpio Gopmy.isi <%
Cosem: OJi HOPMANLHO20 YCKOPEHUs Ay = V2/ R.
Pewenue.
2 3
\ gvy \ .
Kak nokazaHo B pemennn 3anaun 2.1, a, = R =—= , otkyna R=——. B BepxHell Touke TPAaCKTOPUH BEPTUKAIbHAS MPO-
v vy

KISl CKOPOCTH CTAHOBUTCS PaBHOM HyImO, Vy =Vq sina —gt= 0. B sror MomeHT t=VgSina / g B BepxHEH TOYKE TPAEKTOPUHU
2
V =V, =V(jCOSO , U paguyc KpUBU3HBI TPAE€KTOPUHU CTAHOBUTCA paBHbIM R = (VO cosa ) / g.
N N . L \2
ITo ycioBUIO OH paBeH MaKCHMANBHOHN BEICOTE MoAgbéMa h =vgsinat- gt2 / 2= ( Vo sma) / 2. U3 paBenctea R = h naxo-

UM sin? a/coga = tgza = 2, OTKyJa O = arctgx/é= 54,9.

*kkkkk * *%k%k * *%




7
[Ipu BpameHnn TOYKH 10 OKPYKHOCTH paauyca R, mim mpu moBopote Tena paanyca R Ha yroin @, Bpama-
TEJNBHOE JBIIKCHHUE 33]]aCTCsL BEKTOPOM YIIIOBOM CKOPOCTH (0, HAIIPABJICHHOM BJIOJIb OCH BPAICHUS 0 TIPABUITY
BunTa (puc.l. 5) YckopeHHOe BpallleHHe XapaKTepH3yeTcs BEKTOPOM YIIoBoro yckopenust € . I[Ipu atom
_de
dt’ dt

BpalcHUA
| Dpatl

63 och
[

I/IHTeI‘pI/IpyH OTH BCJIMYUHBI 110 BpEMEHU, MOKHO HalTH 3aBUCUMOCTH OT BPEMCHHU yrJjia OBOPO-

t t
Ta: |§(t) = do + [aAt)dt, rne 6t) =y + [(t)dt].
0 0

C mOMOIIBIO YTIIOBOM CKOPOCTH M YTIIOBOTO YCKOPEHHS MOYKHO OIIPEENIUTh BEIHMYUHBI INHEHHON CKOPOCTH TOYKH U €€ TaH-

TeHIIMATLHOTO M HOPMAJILHOTO YCKOPEHUH: |V = ooR| , |O(T = ER| , |an =w’R= Vz/ F\1 .

Ipumepwvl pewsenus 3aday.

2.3. Touka paBHO3aMEJICHHO BPAIIIACTCs 110 OKPYKHOCTH paguyca R = 2M ¢ MOCTOSHHBIM YIJIOBBIM YCKOPEHU- L =
eM € = 3pan/c’. B HauabHBbIil MOMEHT to = O BelmumHa eé CKOpOCTH Vg = 2 M/c. Bo CKOJIBKO pa3 OIHOE YCKOPEHHE 3TOM @J
TOYKH OyzeT OoJbllie €€ HOPMAaJbHOTO YCKOpPEeHHs B MOMEHT BpeMeru t = 1 ¢? YUemy Oyzaer paBeH B 3TOT MOMEHT yTOJl
MEX]Ty BEKTOPOM CKOPOCTH M BEKTOPOM MOJTHOTO YCKOPEHHSI TOUKHU ?

Pewenue.

B ciyuae paBHO3aMEUICHHOTO BPAIIEHHs C MOCTOSHHBIM YIJIOBBIM YCKODEHHEM W= Gy —€t, rae Wy =Vo/R. Bemnuuna

TaHT€HLUAJIBHOTO YCKOPEeHHsA TOukM &; = €R, HOpManbHOE yckopeHue &y, = w’R. onoe yCKOpEeHue a=\1612+af2,. Orcrona

U3 puc.1.6 A BHIHO, 4TO PH PABHOYCKOPEHHOM BPAalIEHHH Yrod ¢ MEXIy BEKTOpaMH V H a

Oynet pactu ¢ pocroM . [Ipu paBHO3amemienHoM BpamieHun (puc.1.6B) B Mmoment Bpemenu t = 1 ¢

BpallleHHe IOMEHSET HampaBieHHe, HO Yrol ¢ mo-mpexHeMy OyIeT ONPeNelsThCS COOTHOIIEHHEM

2

a, _ 'R _ (vo/R-¢)
a; ¢R €

tgd = :% .Tlostomy ¢ =arctg( 4 3= 539.

2.4. YacTuia BpamaeTcs Mo OKPYKHOCTH paanyca R = 2M Tak, 4To yros moBOpoTa M3MEHSETCS CO BpeMeHeM t Q .

v

1o 3aKoHy @ (t) =at* +Bt%+yt, re o = 0,02pan/c’, p = 0,02pan/c?, y = 0,02pan/c. Bo CKOIBKO pa3 BEIMYHHA [TOIHOTO
YCKOPEHUS YaCTHI[BI TPEBBINIAET BENNUUHY €€ HOPMAILHOTO (IIEHTPOCTPEMHUTEILHOIO) YCKOPEHHUS B MOMEHT BpeMenu t = 2¢7?

Pewenue.
VYrioBasi CKOPOCTb U YIiOBO€ YCKOPEHHE BPAIICHUS YaCTHIIbI ONPEAEISIOTCS TPOU3BOJHBIMU

dw d

_do_ 0(t4+Bt2+yt) dat3+ Pt+y u = Ty

dt dt(
3a/1a4¥, HaXOJUM MX 3Ha4eHUs] B MOMEHT BpeMeHu t = 20. o = 0,74panlc, €= 1paa/c .

(40(t3 + 2Bt +y) 1t + B . IMoxcraBnsiss YUCIIOBBIC TaHHBIC U3 YCIOBHMA

I/ICHOHLSYH (l)OpMyJ'II)I JJIsL HOpMaHLHOﬁ n TaHI‘eHHI/IaHLHOﬁ MMPOCKIUN YCKOPCHHS YaCTUILIbI an = U)ZR n C(-[ = SR, HaxXoaum

2 2 2 4
a _ar+ €% +w
Hekomoe orHomerne - = YT T _ =2,082.

2 7

2.5. B momenT Bpemenu tp = O nuck paguyca R = 1M HayMHaeT Tak BpallaThCsi BOKPYT OCH CUMMETPHH, YTO IyTh MPO¥i-

JIEHHBIA TOYKOH Ha 0007e IHCKa, MEHSIETCS CO BPEMEHEM IO 3aKOHY S = A(l— exp{— blz)) ,tned=2m,b=0,5 ¢, Haiitu mMakcu-

MaJbHYIO BEJIMINHY YTIIOBOH CKOPOCTH 3TOW TOYKH B MOCIEAYIOIINH MOMEHT BPEMEHH.

Pewenue.

IpotineHHbIi TOYKON MyTh OyAET IIMHOM ITyru Ha 000/Ie NHUCKa, KoTopas paBHa S= Rp , T1e ¢ — yrox moBopoTa JIUCKa B pa-
¢ A d

nuaHax. Torma yrioBas CKOPOCTh AWCKA W= —-
dt ~ Rdt

(1 exp(—btz)) = ZA bt exé—btz) . MakcumyM (QYHKITUH OTIpENeNsieTCs yClo-

dw
€M paBEHCTBa 10 €€ IIEPBO OH3BOIHO ——2b tex btz) ltI]th b | =
BHEM PaBCHCTBA HYII [IEPBOM MPOU3BOIHOM: pm =05t p( ) R( ) ()— )

MakCHMyM BETHYMHbI () JOCTHIACTCs B MOMEHT Bpemenn t =1/v/2b = 1c. HOZ[CTaBH}I}I 9TO 3HaYCHHUE B HAHJEHHYIO HOpPMY-
. A 1
JIy AJISL YTJIOBOM CKOPOCTH, HOTY4aeM Wyyay = E\/ 2b ex;{—aj =1,21pan/c.

Ilpu t - 0 mm t — o 3Ta PopMyia MPUBOAMT K Pe3ysIbTaTy W — 0, T.e. HaliicHHOe 3HAYeHHE OYIET MAKCUMATLHBIM.

2.6. [lepBoHAYaJIbHO MMOKOMBIIHMICS AMCK HAdall Bpalarhcsi BOKpYr ocu cummerpun OO’ Tak, 4TO BEJIMYUHA [ICH- J; an
R
TPOCTPEMUTENILHOTO YCKOPEHHUs] TOUKH Ha €ro 000/1€ U3MEHAETCs CO BpeMeHeM 110 3akoHy @, = k&, rae k = 8 m/c™®. Haii- SF

i paguyc R 1ucka, eciu B MOMEHT T = 1¢ TaHTeHIHaIbHOe YCKOPEHHe 3Toil Toukd 8, = 16m/c?. Haiitu Takxe yrom



IIOBOPOTA JUCKA K ’TOMY MOMEHTY BpEMEHHU.
Pewenue.

Tak xak a, = w’R= k€, T0 yrioBas cKOpOCTb BpALEHHs IHCKA MEHSACTCS CO BPEMEHEM 110 3aKOHY (W= kt8/ R. Tanrenuu-
anpHOe ycKopeHne a; = eéR= Rdy/ dt=+/ kRJ (ﬁ/ dt 4/ kR Orcroma R= a?/(lere) =2Mm.

Yron MOBOPOTAa JUCKA ONPEACTIACTCA UHTCTPUPOBAHNUEM €TO yFJ'IOBOﬁ CKOpPOCTH I10 BPEMEHU:

T \/?T4 \/?15
=[w(t)dt=,|= [t*dt=,|=—=0,4pan.
0 = atd= ([ di= e =0 4pas

2.7. B HavaneHBIH MOMEHT BpeMenH o = O guck Bpamiancs BOkpyr ocu cummerpur OO’ ¢ yriioBoit CKOPOCThIO Oa‘z o

I}

o = 3 paz/c. 3aTeM ero BpaleHHe 3aMeISIeTCs, TIPHYEM BeJMYHHA YTIIOBOTO YCKOPEHHS H3MEHSIETCSI CO BpeMeHeM t 1o S
sakony € = kt, rie k=0,5 pan/c®. Ha kakoii yroi Ag moBepHETCS MCK K MOMEHTY BPEMEHH T = 2 ¢? 0' 4t

Pewenue.

t t
CHauaja ompeJeanM 3aBUCHMOCTh OT BPEMEHH YTIIOBOH ckopocTH jqucka: o(t) = wy —js(t)dt =wy - kj t3dt= Wy~ kt4/ 4 (c
0 0
y4ETOM 3aMejJIeHusE BpalieHust). MHTerpupys 5T0 BRIPaKeHUE 110 BPEMEHH, HAXO[MM yTroJl IOBOPOTA!

— (T (T TA 4 5 —
A = [3 w(t)dt = [ odt-(k/4) [ € dt= wgt - ki/20= 5,2pax.
Tpumepvl 3a0ay KOHMPOILHOU PAbOMbL OJsL CAMOCTOAMENLHOL NHOO20MOGKU

2.8. Tloa KakuM YIJIoM K TOPH30HTY Hal0 OPOCUTH KaMEHb ¢ POBHOM FOPU30HTAIILHON TIOBEPXHOCTH, YTOOBI PAIHYC KPUBH3-
HBI TPAEKTOPUH B HAYAIILHOW TOYKE TPAEKTOPHH OBUT B 8 pa3 GoJIbIIIe, YeM PAaANyC KPUBU3HbI B BEPXHEH TOUKE TPAEKTOPUH?
Omeem: 60°

2.9. Koneco paauyca R= 0,4M Bpaianoch ¢ yrioBoit ckopocteio mg = 10paa/c. B moment t = O Ha Hero HauMHaeT JeH-
CTBOBAaTh TOPMO3SILIIMHA MOMEHT CHJI, M Yepe3 HEKOTOPOE BPEMs YIIIOBasi CKOPOCTh BpallleHHsl yMeHblIaeTcs B 5 pa3. Ckoibko 060po-
TOB C/IENIAET KOIECO 3a 3TO BPEMs, ECITH €ro YIIoBOe yCKopeHue € = 4 pa/c®?

Omeem: 1,91

2.10. Yacruia Bpamaercs mo OKpyXKHOCTH paguyca R= 2M paBHOYCKOPEHHO C YIJIOBBIM YCKOPEHHUEM € = L -
o o > 0
= 3 paxn/c?. Haiiti BequunHy HA4abHOI CKOPOCTH Vo YACTHIIBI B MOMEHT BpeMeHH to = 0, ecii Moment t = 0,4¢ Bew- @
YKMHA MMOJHOTO YCKOPEHMUS YaCTHIIbI OOJIbINE BEMYMHBI €€ TaHT€HIMAILHOTO yekopeHus B K = 1,25pas.
Omeem: 0,6 m/c
2.11. Koneco pamguyca R = 20 cM HaumHaeT BpamiathCs TakK, YTO yrojl €ro MOBOPOTa 3aBHCHT OT BPEMEHHU IO 3aKOHY

¢ = A, rae A = 18pax/c®. B kakoif MOMEHT BPEMEHH yroJl MEKIY BEKTOPAMH CKOPOCTH U TIOJHOTO YCKOPEHHs TOUKH Ha 060.1¢ KO-

Jieca CTaHeT paBHBIM 45°?
Omeem: 0,333¢c

2.12. Touka BpaImaeTcs Mo OKPY)KHOCTH paauyca R = 2M Tak, 4T0 yros HOBOPOTa M3MEHSIETCSI CO BPEMEHEM t 10 3aKoHy
¢ (t) =at* -Bt3+yt?, rae o = 0,1pan/c*, p = 0,1pan/c®, v = 0,1pan/c’. Bo CKONIBKO pa3 BEMUYMHA [IOJHOTO YCKOPEHHS TOUKHU TIpe-

BBIIIACT BEJIMYMHY €€ TAHICHIIHAILHOTO YCKOPEHUS B MOMEHT BpeMeHu t = 2¢?
Omeem: B 1,82pa3

2.13. Koneco pamguyca R = 20 cM HaumHaeT BpaIIaThCs Tak, YTO YrOJI €ro IMOBOPOTA MEHSIETCS CO BPEMEHEM I10 3aKOHY
o =At-Bt?, rae 4 = 0,5pan/c®, B = 2 pan/c. HaiiTi BemumHy TOJHOTO YCKOPEHHS TOYKH Ha 000/1€ Kojeca B TOT MOMEHT, KOT/a

OHO BEPHETCS B UCXOHOE MOJOKEHHE.
Omeem: 12,9m/c?

2.14. Touka BpalaeTcs MO OKPYKHOCTHU TaK, YTO YIroJ MNOBOPOTa HM3MCEHACTCA CO BPEMCHEM t mo 3aKOHY [0}

¥

0

¢ (t) = Acosat, rae o =TY/4 cl,A=2 pan. Haittn BenmnmuuHy pagmyca R okpy»KHOCTH, ecilM B MOMEHT BpeMeHu t = 2 ¢
YCKOpEHHe TOUKH paBHO & = 3m/c’.
Otser: R=1,216Mm
2.15. IlepBoHauanbHO MOKOUBIIMHCS JUCK paguyca R = 1M Hauan Bpamarsca Bokpyr ocu cummerpun OO’ Tak, o;Jg .
4TO BE/IMUMHA TAHTCHIMANBHOTO YCKOPEHHS TOUKH Ha ero 000/1e H3MeHseTCs co BpeMeHeM t o 3akony a, =PBt*, rae p = %%

= 5 m/c®. Haittu BEIIMYHMHY TTOJTHOTO YCKOPEHUS & ITOH TOYKH B MOMEHT BpemeHu t = 1c.
Otser: a = 5,10m/c?

2.16. B HauanbHbIi MOMeHT o = O muck Bpamiancs BOkpyr ocu cummerpun OO’ ¢ yriioBoit CKOPOCTBIO Mg = oq‘; o
= 2pan/c. 3aTeM ero BpaleHHe YCKOPSIETCs], IIPUYEM BEJIMYHHA YTIIOBOTO YCKOPEHHMSI PACTET CO BPEMEHEM t 110 3aKoHy C Dl
€= ytz, rne vy = 0,6 pazx/c". HaiiTu BeJMYMHY OTHOIICHHUS 8,/8; HOPMAIBHOIO M TAHTCHI[HAIBLHOTO YCKOPEHUS TOYKH Ha  O'4h

00071¢ TrCKa B MOMEHT BpeMeHH t = 2c.
Orser: a/a, = 5,4



3. ILI/IHaMI/IKa MOCTYMATCIIbHOT'O U BpalllaTCIIbHOT'O0 ABUKCHUA

B 3agauax, B KOTOPBIX (1)1/131/Iqe01<0e TEJI0 BPAILACTCs C YITIOBBIM YCKOPEHHUEM € BOKpPYI 32erHJIeHHOﬁ ocHu C, MOXHO 3a1u-

CaTb TOJBKO YPAaBHCHUEC JUHAMUKHU BpaAIlaTCIbHOI'O ABUKCHUA | CS = Z M grem | » TAC IC — MOMCHT MHEPLUU TCJ1a OTHOCUTEIILHO 3TOM

ocH, M - IPOCKIUA MOMEHTA BHEIIHEH CHJIBI Ha 9Ty OCb. I[.]'IS[ HCIOJb3YEMbBIX B 3a/la4aX CUMMETPHUYHBIX TEJI, BpalllatOIIUXCs BO-

BHCII
KpYT OCH, IPOXOIAIIECH Yepe3 X EHTP Macc, MOMEHTHI HHEPLIUH ITPUBEICHEI Ha CIIEAyIOmeM pucyHke 1.7.

‘OCBC |ocI>C oorC oenC Ecinu och BpallleHHs1 He 3aKpeIUieHa M IepEMENIaeTcs
. — m m ¢ |5 BMECTE C BPAIIAIOIINMCS T€JIOM, HaJI0 COBMECTHO pelaTh
c m ] CHcTeMy YpaBHEHHH [JUHAMHKHA [OCTYHATEILHOTO |
v I ] ~ =
M& = ). Fyems
| | ‘ BPALIATENLHOTO IBUKEHUIA: % = 2 Foem
TOHKHH 00py4 JIMCK (LIMJIHHIP) wap TOHKHH CTEP/KCHb l.e= z M srem-
Macchl 11 Macchl 11 Macchl H1 JUIHHBL /[

MAaccel 11 =
-1 2 31ech - YCKOPEHHE IEHTPa MacC TEa.
¢ pamuycom R cpamtyeon R vcon R Toropenn = 5m! AECh 8 - YCKOPEHHE LICHTP

1, p2 Hanpuwmep, Ha puc.1.8 no-
Lotpyua Aucka 2 I ipapa= 5MR Puc.1.7 Ka3aH LIIHEAP Macckl M U paguy-

ca R, KanIHIPIﬁCH BBEpX MO Ha-

KJIOHHOH IIJIOCKOCTH nona ﬂeﬁCTBHeM CHJIBI |E , C KOTOpOﬁ TAHYT HAMOTAHHYIO Ha 060,H HUTh. BHEIHUMU cH-

JlaMu KpoMe cuiibl F , Gy/lyT cujia TsHKecTH Mg, CUila TPEHUs IfTp 1 cuiIa HopManbHOl peakiuu N .

Puc.1.8

Ecnu yenmp mace kamswe2ocs mena 08udicemcest 60016 NPSMOL OCU X, MO 3aNUCHI8Alime YpAgHeHue OUHAMUKU NO-
Cogem: CMYNAMENbHO20 OBUICEHUsL 8 NPOEKYUU HA MYy ocb. /s yununopa xa puc.1.8 ono npumem 6uo

M =Y, Ryemx = F+ Fp — mgsina.

Bennunna momMeHTa CHUIJIbI, Bpama}omeﬁ TEJI0, ONIPEACIAACTCS KaK NPOU3BCACHNUE CUJIbI HA IJIEHYO — KpaTqaﬁmee paccTossHuC
OT IMHUM JEHCTBUS CHJIBI 10 OCH BpameHus. Tak kak nuaum cun mg u N Ha puc.1.8 mpoxozsr uepes ock C, X MOMEHTHI PaBHBI
HYJII0, U BpalllaTb HWJIWHAP OHU HE MOTYT.

Jusacun F u Ipr miedoM OyzeT paguyc R, HO OHM CTpeMsTCs BpaliaTh MWIKMHIP B MPOTUBOIIOJIOKHBIX HAIIPABJICHHUSX.
Cﬂedume 3a mem, llm06bl 3HAK MOMEHmMAa Cujlbl COOmMeemcmeosal HanpaeilenHuro epauieHusl (KCIUEHM}I)! OHO OOJZJICHO coom-
8encmeosamsp HanpaejleHuro nocnmynameilbHoco 6eu9fcenuﬂ.

Tak MUINHIAP Ha pI/IC.l.8 BpamacTcAa 1mo JacoBOM CTPEIIKE. MoMEHT CHIIBI |E 6y£[eT YCKOPATH 3TO Bpal€HUE, a MO-

Coeem:

MCHT CHUJIbI lpr - TOpMOSI/ITL €ro. ypaBHeHI/Ie JUHAMHUKHU BpaHIaTeJ'II)HOFO JABHUXKCHUA l'IpI/IMeT BUJ
1c€= Y M ypem FR—FR.
B cnyqae KAauCHUA 663 leOCKaJIb3I)IBaHI/ISI CKOpOCTL TOYKH A KaCaHHUs TEJia U IMJIOCKOCTU V i»]
paBHa Hyﬂ}O. A TAaK KaK KAaYCHHC TCJia SBJISICTCSA CyMMOﬁ HOCTyHaTeHLHOFO JABHUXKCHUSA CO CKOpO' ac
CThIO V U BpamaTem,Horo JABUXCHUA C yFJ'IOBOﬁ CKOpOCTLIO (O] BOprl" ueHTpa Macce C, TO, KakK V +

BuAHO u3 puc.1.9,0yneT BeImonHeHa KHHEMAaTHIeCKast CBS3b (Vo =wWRu g = SH . A AV ¥V Vvior

IIpumepvr pewrenus 3a0ay.

3.1. ToHKy!0 HUTB, HAMOTaHHYIO Ha 000] Kosleca Maccsl M = 1,5kr u pamuyca R = 10 cMm, UMeromero MOMeHT
preprun | = 0,01krM OTHOCHTENBHO OCH CUMMeTpHH, TAHYT ¢ cwtoit F = 9H mox yrinom a = 30 k ropusonty. Koreco
KaTHUTCS 110 TOPU30HTAIEHON OBEPXHOCTH Oe3 MpocKaib3biBaHus. HaliTh yckopeHne a Kolieca M BEJIMYUHY ITOCTOSIHHOM
CHJIBI TPEHUSI B TOUKE OHOPEI.

Pewenue.
Ecnu Bol ne 3naeme, Kak HAnpaeieHa cuia mpenus FTp 68 mouke onopwi, Hanpagvbme eé 6 NV6YI0 CIMOPOHY U 3anuuiume
Cosem:
\Y \ VpasHeHUsi OUHAMUKU C Y4emoM 6blOpanHo20 Hanpasienus. Eciu nanpaenenue FTp 8b1OpPAHO HeBepHO, MO NPU peuleHuu no-

JYUUMCST RPABUNLHAS BEIUYUHA IO CUILL, HO CO 3HAKOM “ MuHyc”.

Hanpasum cuy tpenust Fp, B Touke onopsl A B CTOPOHY JBIKCHHs Kolleca (puc.1.10),4T00BI €€ MOMEHT g

OTHOCHUTEJIIBHO OCH KOJIECAa TOPMO3HJI BpaIlllCHUE. Pemmaem CUCTEMY U3 YpaBHCHUA JUHAMUKHU IMOCTYIATCIIBHOTO ABUXKC- % _’CTC

=

HHUS BIOJIb OCH X mac = Fcosa + FTp U YpaBHCHUA JUHAMHUKU BpallaTCJIbHOI'O0 ABUIKCHHUA BOKPYI' OCHU KOJECa A FTp X

le =FR~- F, R. Beipasum u3 nepBoro ypaBHeHHs HEU3BECTHYIO CHILy F U II0JCTaBMM BMECTE CO CBSI3bIO € = 8¢ /R Prc.1.10

ac F (1+cosa) )
BO BTOpoe ypaBHeHue. [lonyunm | —==FR— (mae - FCOSO() R, otkyna a. =————+=6,72m/c".
R m+ 1/ R
mR - Icosnt
Hao6opor, ycTpaHsis U3 CHCTEMBbI YCKOPEHHE 8, HAXOJIMM BEJIMUUHY CHIIBI Tperust F, = I F=2,28H.
mR + |
Ecnu w3MeHWTHh HampaBiIeHHWE CUIIBI IfIp Ha puc.1.10, To ypaBHEHHS NUHAMUKH TPUMYT BUJI mg = Fcosa - F, wu

le=lag / R=FR+ R. Oto He m3MeHHT moNy4eHHON BbIIe Qopmyinsl wisi 8c. Ho Gopmyna mist Fp, momenser 3Hak, T.e. Ha-

Fip
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MIpaBJICHUE CHITBI FIp Ha puc.1.1065110 BEIOpAaHO BEPHO.
3.2. CntomHoii map ¢ paauycom R katutest 6€3 NpoCcKaib3bIBaHKs 0 HAKJIOHHOH IJIOCKOCTH, 00pasyromel ,, p =

yron a =30° ¢ ropusonToM. B Touke omnopsl Ha mrap aeiicTByer cuiaa tpenus F,, = 3 H, HanpasienHas BIOJIb IIOCKO-
cru. lpuanmas g = 9,8Mm/c?, onmpenenute Maccy mapa m.

-

a

Pewenue.
EnuHCcTBeHHAs cwiia, CO3/aolas OTHOCHTENbHO ocu C Imapa HEHYJIeBOW MOMEHT, 3aCTaBJISIONINKA IIap

BpaIIaThCs C YCKOPEHUEM €, 3TO CHJIA TPCHHS FTp . Kax BumHO u3 puc.1.11,0Ha nomkHa OBITH HaIIpaBJICHA TIPOTHB

Puc.1.11 OCH X, BOOJIb KOTOPO# IIap ABIIKETCS IOJ] ASHCTBHEM MPOSKIUH CHJIBI TSDKECTH MQYSING . YpaBHEHHS AHHAMHUKA
MOCTYNATEILHOTO U BPALIATENbHOIO JBUKEHUS UMEIOT BUJ ma= mgsina - F,; |c€ =Fp, R. Ioxcraemusis crona MOMEHT

uHepuuy mapa |, = 2mR2/ 5 u ca3b € = a/ R, uckimouaem HeusBecTHOE yckopenue a. [lomyuum m=7 Fp / 0= 2,143kr.

3.3. ConHo# muck Macceel My = 1xr u paguyca R Bpamiaercs 6e3 TpeHUsI BOKPYT TOPU30HTAIBHON 3aKper- m, m,
nenHo#t ocu cummerpun O. Uepe3 000 AUCKa MEPEKHHYTa HEBECOMas, HE MPOCKANIB3BIBAIOIIAS MO 000y HHTH, K RP e ecccd
KOHIIaM KOTOPOM HPUKPEIUICHBI JABUXKYIIHECS C YCKOpEHUEeM a = 2 m/c? rpy3sl. IlpaBeiii rpy3 ¢ maccoit M, = 3 Kr I p
CKOJIb3UT MO TOPH30HTAILHOM MOBEPXHOCTH U HA HETO JeHCTBYET cuna TpeHus ckomibxenus F., = 4,7H. [Ipunumas g 8
= 9,8m/c?, naiitu Maccy Mg JIEBOTO TPy3a, OMYCKAIOIIETr0oCsl BHU3 MO IEUCTBUEM CHIIbI TSXKECTH.

Pewenue.

VkaxkeM HampaBje€HHe M TOYKH NMPUIoKeHus Bcex cua (puc.1.12). YpaBHeHHs JMHAMHMKH HaIO0 3allkcaTh % f T ,

JJIA KaX 00 U3 IBMKYIIUXCA TCII.
pr3LI My U My ABUXKYTCS NOCTYNATEILHO, 4 TMCK C MOMEHTOM MHEPLUA | = mle/Z COBEpIIACT Bpallla-

TCJIBHOC IBHKCHHUEC 1101 ,I[CI\/'ICTBI/IGM MOMEHTOB CHJI HaTSKSHHS HUTEH fz n fl , HAIIPABJICHHBIX B Pa3HbIC CTOPOHHEI.

Cuna peakimn N ¥ CHJIa TSOHKECTH MYy TIPUIIOKEHBI K och jucka O U HE CO3MAI0T BPAIIAIONINX MOMEHTOB.
BripaxaeM HEM3BECTHBIC BEIMYMWHBI CHJI HATSDKEHUS 1 M T, W3 OBYX IEPBBIX yPaBHEHHH MOCTYMATEIHHOTO IBIKEHHS
ma=h- Ky,
mga=nmyg- b, M IOJACTABIsIEM B TPEThE YpaBHEHUE JUHAMHKH BPAIATEIbHOTO ABMKEHHS AncKa. [lomyunm
le=la/R=T,R- T R

(my+my/2) a+ K,

mg = =1,5kr.
g—a
3.4. CrIomHOM qucK Macchl M= 1Kr MPHKPEIUICH 32 HAMOTAHHYIO Ha €ro 000/ HUTh K MOTOJIKY U MaAaeT BHHU3 IO
JeHCTBIEM CHIIBI TsKecTH. [IpH pa3sMaThIBAHHH HUTH JMCK BPAIIASTCS C YIJIOBEIM yekoperueM € = 40paxn/c?. [punumas g = ﬂb
_ 2 .
= 9,8m/c”, Haiitu paauyc qucka R. MRy
Pewenue.

J¥cK IBIKETCS MOCTYMATeNbHO BHA3 M OJHOBPEMEHHO BpamaeTcsi BOKpYT ocu C TI0 4acOBOW CTpeJKe MO JIeii-

CTBHEM MOMEHTA CIUIB HATSKEHHA HHTH 1 , TLIEUO KOTOPOil paBHO pamuycy aucka R (puc.1.13).Beipaxas cuny T w3 7 \:‘»
yPaBHEHHUS IMHAMHMKHU MOCTYIIATENLHOTO ABWKEHHS Ma= mg— T, noxacrasiseM eé B ypaBHEHUE IMHAMMKHA Bpamarelb- R
at mg

Puc.1.13

Horo asmwxeHus qucka |€=T [R.

m
C yderoM cBsi3u a=ER u popmyisl 415t MOMEHTA UHEPLUH Jucka | = mR2/2 , HAXOIUM TS = m( g-¢ R) R,

29
orkyma R=—=0,163m.
Y 3

3.5. JTuck maccel My = 2kr u paanyca R = 1 M Bpamaercst BOKpYr rOpH30HTAIBHON 3aKPEIUICHHON OCH CHMMET- R
pun O, IpuyYeM KM3-3a TPEHHS B OCH IUCKA BO3HUKAET TOPMO3AIIMI Bpamenue MoMeHT cull My, = 4 H-m. Uepes obox nucka m1
TIepEeKHHYTa HEBECOMAs, He MPOCKATB3BIBAIONIAS 110 000y HUTh, K KOHIIAM KOTOPOH IIPMKpEIEHH! ABIKYyIIHecs ¢ yckope- A0 |
HHeM TPy3bl ¢ MaccaMu Mp = 1,5kr u Mg = 2 kr. Bo CKOIBKO pa3 ycKopeHHe CBOGOIHOro majeHus, pasHoe g = 9,8Mm/c?,
0oJIbIlIe YCKOPEHHS TPY30B My U My?

Pewenue.

JelicTByromiye Ha Tena Cuibl Hoka3aHbl Ha puc.1.14.YpaBHeHHs] AMHAMUKY MOCTYNATEIBHOTO JBHIKECHUS IPY-
30B My U My ¢ y4ETOM HANPaBJIEHUS UX JBIXKEHHA UMEIOT BUI Mpa= T, — mp g, mya= my g— L. CymmapHbIif MOMEHT

CWJI HATSDKEHMs HUTEH T, W Ty OyZeTr Bpamarh AMCK MO YacOBOH CTPENKE B CTOPOHY JABHMIKEHHs IPY30B. Y paBHEHHE
AMHAMHKH BpallaTeIbHOro ABikeHus aucka le=T,[R-T[R- M., rue | =r‘an2 / 2 (MOMEHT CHWJI TPEHHs B OCH

BCETJIa TOPMO3UT BpaIlleHHE).
IoacTaBUM B 9TO YpaBHEHHE BBIPAXKEHHS CHII T, U Ty, BBIPAXKEHHBIE U3 JBYX YPaBHEHHH MOCTYIATEILHOIO

(mg—-my) - M,/ R
Mg+ np+ m/2

a
JIBIDKEHUS, & TAKXKE YUTEM CBSI3b € = R Orcrofa yCKopeHne a = =0,2m/c% Tostomy ¢ /a=49.
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Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

3.6. ToHKYIO HUTh, HAMOTaHHYIO Ha 000/ HMIMHIPa MacCchl M= 2Kr u paauyca R, TAHYT B TOpH30HTaIBHOM Ha- 5
npaBTeHiy. LIUTHHAD KATHTCS IO TOPH30HTAIBHOM MTOBEPXHOCTH 0e3 MPOCKAIb3BIBAHMS C ycKopeHneM a = 8 m/c?. Cua g mR
TPEHUS B TOUKE OMOPHI MocTostHHa. HaliTu cunmy F, ¢ KOTOpoit TAHYT HUTB.

Omeem: 12H

3.7. TOHKYIO HUTh, HAMOTAHHYIO Ha 0601 muIMHApa paguyca R, Taayr ¢ cunoit F mog yrmom o = 3¢ k ropuson- i3
1y. Llmaap kaTuTcst 6€3 IMpOCKATb3bIBAHMS 110 TOPH3OHTANBHOM OBEPXHOCTH ¢ ycKoperueMm a = 4 m/c?. Bemmunma ro- @ R
PU30HTAJILHO HANPABJIEHHOM CUIIbI TPEHHS B TOYKE ONopkl paBHa F, = 3H. Haiitn maccy M nuuszapa. 2
Omeem: 2,47kr

3.8. Koneco ¢ maccoit m= 2kr u paguycoM R = 10cwm, nmerommee MOMEHT uHEpuu | = O,OlSKrEI2 OTHOCH-
TENBHO OCH CHMMETPHH, KATUTCS 0€3 IPOCKAIB3bIBAHMS 110 HAKIIOHHOM TIIOCKOCTH, obpasytomeii yron a =30 ¢ ropu-
30HTOM. [IpuHKrMas
g= 9,8m/c?, OIIpe/IeNUTe BEJWYUHY JIeHCTBYIOIIEH Ha HEro CHilbl TpeHus ., HarmpaBIeHHOH BIOMb MIOCKOCTH.
Omeem: 4,2H

3.9. [luck maccel My ¢ pagnycoMm R Bpamaercst 6e3 TpeHUs: BOKPYT TOPU3OHTAIBHON 3aKPEINICHHOW OCH CUMMET-
pun O. K HAMOTAHHO} Ha 060 IMCKA HHTH NPUKPEILICH IPy3 MAcChl My, NaJAIONMKHA BHH3 ¢ yekoperuneM 4,8 m/c2. [punu- 1};‘.
o 1
mas g = 9,8M/c?, HaiiTi OTHOLICHHE My/My MACCHI IPy3a K Macce JUCKA. v
2

Omeem: 0,48

3.10. Iuck pamguyca R = 8 cMm BparaeTcs BOKPYT TOpPHU30OHTANBHOM 3aKperuieHHol ocu cummetpun O. K Hamoran-
HOI Ha ero 0060/ HUTH OPHKPEILIeH NafaloIuil BHA3 Ipy3 ¢ Maccoil My= 1 kr. IIpu 5TOM AHCK BpamiaeTcs ¢ yrIoBbIM ycko- &
pernem 30 pan/c?, a n3-3a TPEHHUs B €ro OCH BO3HHKAET MOCTOSHHBI TOPMOBSIIHIT BPAIICHHE MOMEHT CHII My, = 0,2Hm.
[Mpuaumas g = 9,8M/c2, HaWTH Maccy ucka my.
Omeem: 4,08kr

3.11. CrutomHo# auck maccel My = 3kr u paguyca R = 10cM BpamaeTcst BOKPYTr TOPH30HTAIBHOM 3aKPEIIEHHON R
ocu cummetpuu O. M3-3a TpeHHUs B OCH AUCKA BOSHUKAET MOCTOSHHBIH TOPMO3SLK Bpamienue MoMenT cui My, = 0,28H-M. m1
Uepes 00071 MCKa IEPEKMHYTA HEBECOMAsl, HE TIPOCKAIIb3IBAIONIAS HUTh, K KOHIAM KOTOPO! MPUKPETUIEHB! IBMKYIINECS C
yckoperreM 3,6M/c? rpysbl ¢ MaccaMi M, U Mg = 3kr. [IpuanMast g = 9,8Mm/c?, HaiiTi Maccy M, JIEBOTO TPy3a.

Omeem: 0,776kr

3.12. Hununap maccsl My = 2kr u paauyca R = 10cM Bpamaercs BOKPYT FOPU3OHTAJIbHOM 3aKPEIIEHHON _m,
ocu cummerpun O. B ero ocv BO3HHKAET NOCTOSHHBINA TOPMO3AMMi MOMeHT cuil My, = 1,3H-m. Uepes obox mucka ne- R
PEKMHYyTa HEBECOMasl HUTh C IPMKPEIICHHBIMH K €€ KOHLIAM rpy3aMu. I'py3 ¢ Maccoit M, = 3KI CKOIL3HUT 0€3 TPEHHU i s
0 TOPU3OHTAILHON MOBEPXHOCTH, & C MACCOM Mg = 2KI' JBIIKETCS BEPTHKAIHHO BHU3 O] ICHCTBHEM CHIIBI TSKECTH.
[punumas g = 9,8m/c?, Haiitu BEJIMYMHY CHJIBI HATSKCHHUS TPABOTO KOHIIA HUTHU, K KOTOPOW NPUBS3aH IPy3 M.
Omeem: 3,3H

4.3aK0H COXpaHEHUS UMITYJIbca

3aKOH COXpaHEHHs MMITYJIbCa BCET/Ia BBITIOJHIETCS [UIS OBICTPBIX B3aUMOJCHCTBHUI Ten (CTONKHOBEHHE, B3phIB). [Ipu 3TOM
HMIYJIBCH TN P = MV Hag0 CKIagsIBaTh BEKTOPHO.

Cnoscerue 6ekmopos npouje 8bINOIHUMb, He 3ANUCHIBASL UX NPOEKYUU HA OCU KOOPOUHAM, d UCNOIb3YS Meopemy

a

Cosem: KOCUMYCOS: eciu uzgecmubl 0ge cmoponsl a, bmpeyeonvnuxa u yeon 8 mescdy numu, mo keadpam npomusono-
b

. 2 2 2
JNOXHCHOU cmopoHbl |C° = a“ + b — 2abCOSG| uc.1.15
P v ) Puc.1.15
Ipumepvl pewrenus 3aday:
4.1. JTga Tena ¢ MaccaMu My = 3KT W My, JIETEBIINE CO CKOPOCTAMHK Vi = 6M/c U Vo moxa yriom o = 120 apyr k 7
JIPYTY, CTOJKHYJIMCh ¥ CIMILTUCH. HaliT Maccy Mp, €CIIU MOCIIe CTOJIKHOBEHHUS CIIUIIIUECS TEJa JIETAT CO CKOPOCTBIO V = Wi A\B
= 2wm/c mox yriom B = 60 Kk HanpaBIECHUIO IBHXKEHHS IEPBOTO TENA. m oc\ D
- - P . my
()T AT, euleHue ) ) )
& o Ha puc.1.16 u300paxkeH BEKTOPHBIN 3aKOH COXPAHEHUS UMITylbca MyVq+ MV, :( m+ ITQ)V B JIaHHOM
m_ 3amave. Tak Kak B yCJIOBHH HE 33[aHbI ABE BEJIMYHMHBI M U Vo, TO COMNIACHO TEOPEME KOCHHYCOB MOYKHO 3aIicaTh
Vi
Prc.1.1€ Bt JIBA YPaBHEHUS ISl HAXOXKICHHS CTOPOH, JIS)KAIUX MPOTHB yIJIOB B u V:

(mov)? = (my+ mp)*v? + (v ) *-2( my+ g vO ny feosB,
(my + mp)* w2 = () + (my ) -2 my [y Seosy.
B [aHHOM clTydae perenye CHIBLHO yIpomaeTcs: Tak kak B =Yy =60°, 1o Tpeyronsauk Ha puc.1.16pasHocToponnuii, n
My =myv,=(m+ nyv. Torma my =%— m = 6 kr.

4.2. [Ipa Tena ¢ UMIyJbcaMu Py = 6 KTli/c U Py, JICTEBIITHE MO YIIIOM IPYT K APYTY, CTONKHYIUCH U CITHII-
nuch. HaliTu Bemu4uHy UMITyJIbca P, BTOPOTO TEJa IO CTOJIKHOBEHUS, €CJIU MOCIE CTOJIKHOBEHHS BETMYMHA UMITYJIbCa
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ciamuuxcs Ten P = 2p; = 12krlhi/c, a nerst onu nox yrom o = 45’ K HanpaBIeHUIO ABUKEHUS MIEPBOTO TeNa (CM. PHCYHOK).

Pewenue.
D 5 3aKOH COXpaHEHHMs UMITyJIbca Py + Pp = P IpeacTasieH Ha puc.1l.17,u3 KoToporo, coriacHo TeopeMe KOCHHYCOB,
2
crenyer ps = p?+ p?—2p peosu . [oxcrasnsist p=2p;, u cosa = I~/ 2, maxomum p, = pV5- 4cos48 = 8,84kr/c.
A
Puc.1.17 4.3. CHapsa ¢ Maccoil M, JeTeBIuuii co ckopocthio V = 30M/c, pa3opBaics Ha [Ba HEPaBHBIX OC-

KoJIKa. Macca BTOpPOro OCKOIIKA, KOTOPBIH JeTuT mox yriom o = 150 k nepBoHa4aibHOMY HaIpaBIEHUIO ABUKeHus J7 v
cHapsiJia co CKOpOCThIO Vo = 20M/¢, B 2 pa3a 0oJIbllie MacChl IIEPBOTO OCKOJIKA. HaliTH BEIMUMHY CKOPOCTH Vi IIEPBO-
T'O OCKOJIKA.

Pewenue.

mv CroxeHne BEKTOPOB MMITYJIbCa, COOTBETCTBYIOIIEE 3aKOHY €r0 COXpaHEHHUs] MV = MV, + MV , IIPH pa3pbIBe

3
mzvlv‘ cHapsizia, nokasano Ha puc.1.18.CoriacHo TeopeMe KOCHHYCOB (rrhvl)z = ( m/)2 + ( nmyv 2) 2_2m0O mv Lo .

Puc.1.1¢ YuursiBas, uto My = N3 u My = 2N 3 110 YCIOBHIO 3a1a41, HAXOAUM U3 3TOTO YPABHEHHUs

vy =y/9v2 + 4vZ - 12w, cost = 126,2wl.

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

4.4, ]Tga Tena ¢ OAMHAKOBBIMH MAacCaMu My = My, JIETEBINHUE CO CKOPOCTAMHU V4 = 2M/c n Vo mog yriom o = 120 7
APYT K JIPYTY, CTONKHYJNCh U CIMIUIMCE. HalTh BETMYMHY CKOPOCTH V2 BTOPOTO Tela A0 y/apa, €CIH MOCIIe CTONKHOBE-  p \Vz
HUS CIIMIIITMECS TeNa JIETST CO CKOPOCThIO V = 2M/c. m,
Omeem: 4,606Mm/c
4.5. Jsa Tena ¢ uMmnyibcamu P; B Pp = 6 krlii/c, neTeBiiye moj yrioM APYT K APYTY, CTOJKHYJIUCH M CIHUILIHCH. B
Crnmmmecs Tena IeTAT mofa yrioMm o = 60 K HampaBIeHMIO IBHKEHHS MepBOro Tena. Halitw Benmumuy mMmynsca P ——=92%-
CJIMIILIUXCS TN, €CIIM OHA B JIBA Pa3a MEHbIIIE BEJIMYMHBI MMITYJIbCa Py IEPBOTO TeJa IO CTOJKHOBEHHSI. "D,
Omeem: 3,46krhi/c
4.6. CHapsia ¢ Maccoii M pa3opBaiics Ha JBa OCKOJIKa. Macca BTOPOro OCKOJIKa B 2 pa3a 0OoJIbIlie MacChl mep- 7,
BOro ockomnka (M = 2my). Cpa3sy mocie paspbiBa OCKOIKH pasjeTaroTces nmog yriom o = 150 apyr k apyry ¢ oamHako- OLI\ o
BBIMH TI0 BEJIMYMHE CKOPOCTSIMH Vq = Vo, = 60m/c. HaiiTi BesTMumHy CKOPOCTH V CHapsizia 10 pasphiBa. m v l,,;z\jz
Omeem: 24,8ml/c
4.7. JlereBunii co ckopocThio V = 40M/c cHaps pa3opBajics Ha JBa PaBHBIX OCKOJIKA, OJMH U3 KOTOPBIX Jie- A
it mog yriaom o = 150  k mepBoHaYaNILHOMY HalpaBIEHHIO JBMKEHHs CHapsaa co CKOpocTeio Vi = 20 m/c. Haiitu M@g _____
BEJIUYUHY CKOPOCTH V, BTOPOT'O OCKOJIKA. Omeem: 97,8mlc v v,

5. 3aKOH COXpaHEeHHs] MOMEHTa UMITYJIbCa

[pu Bpamenuy Tea BOKPYT OCH CUMMETPMM WM NapajuleNbHOM €M OCH Z 3aKOH COXPAHEHUS MOMEHTA UMILYJIbCA MOKHO
HCIIOJIb30BATH HE B BEKTOPHOI opMe, a B IPOEKLMH Ha 0Ch BpaweHnst Y Lyyoa . = > Lo TIpH 9TOM BaKHO yUHTHIBATH 3Ha-

Kd IpoeKiui (BpamnieHne “1mo” win “npoTuB” 4acoBOM CTPEIKH).

MoMmeHT uMITysibca (HU3MIECKOro Tena, BPAIlAIOIerocss OTHOCHTENIBHO 3aKPEIUICHHOH OCH Z, paBeH e 2

.
HPOU3BEACHHUIO €r0 MOMEHTA HHEPLIMH Ha YIJIOBYIO CKOPOCTb BPALICHHS: . MoMeHT ummyibca Tena ! % o

90°"

¢ mpeHeOPEeKUMO MaIbIMU pa3MepaMu (MaTepHalibHOW TOYKH), paBeH MPOM3BEICHHUIO €ro UMITYJIbCa Ha ILIeH0 T ocs
£ # spamerms
— — — 2
L,=pb=nmv Er| (puc.1.19),a ero momeHT UHEPLMH || 01 rouen = M| - Puc.1.19

MoMeHTHI HHepLIUH CUMMETPUYHBIX TeJ, HCIIOIB3yeMbIX B 3afadax, MpuBeJeHbl Ha puc.l.7. Eciam ock BpamieHus Z He COB-

nmagacT ¢ OCbI0O CHMMETPHUHN BPAIAOIIETOC TEJIa, TO MOMEHT HHEPIIUU BBIYUCTIACTCA C IIOMOIIBIO TCOPEMBI reit- vz J1 _’1112/12
(A Oy Le™

mepa ||, =1 +md2 , e |, -MOMEHT MHEpIHHM OTHOCHUTEILHO MapajuIeNIbHON OCH, MPOXOAAIIEH depe3 LIEHT
z C

d-1/3 C ml

macc (puc.1.7),d — paccTosiHue Mexay ocsiMu. Hanpumep, MOMEHT HHEPIIMH TOHKOTO CTEPXKHs [UTHHBI | 0THOCH- Prc.1.2C
nc.l.

TEJNBHO OCH, POXOJIILeH Yepes ero kpaii, paseH |, = mI2/12+ mI2/4= mI2/3 (puc.1.20).
IIpumepor pewenus 3a0ay:

5.1. Tlpenmer, pazmepaMu KOTOPOrO MOXKHO MPeHEOPeUb, JIETE FTOPU30HTAIBLHO CO CKOPOCThIO V = 3M/C ¥ mpuiinun
K HETOJIBM)KHO BUCEBILIEMY TOHKOMY CTEPKHIO MacChl M = SKr ¥ JUIMHBI

| =2m HapaccrosHuu I’ = 1 M ot ocu noxgseca O. Cpa3sy mocie ynapa CTep:KeHb ¢ HPHIHIIIIAM IPEAMETOM Havall Bpa-
IIaThCsS C YIIIOBOM ckopocThio ® = 0,5pan/c. Haiitu maccy M’ mpeamera.

Pewenue.

MoOMEHTEI MHEPUMH CKJIaIBbIBAIOTCS, M CTEPKEHb BMECTE C IPUIIMILIMM K HEMY NPEIMETOM UMEET OTHOCHTENIBLHO OCH Bpa-
wennst O o6mmit MomeHT utepun | =1 pepe +1ppesy = mI2/ 3+m'l?2, INpupaBHUBas BeTUYMHBI MOMEHTA UMITyIbca Lyoo o =10

IocJie yaapa 1 MOMCHTA UMITYJIbCa LI[O =m'v" neresuero npeamMeTa a0 yaapa (HpI/I CTOJIKHOBCHUUN MOMCHT UMITYJIbCa COXPAHACT-
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2
cs1), HaxoauM M’ =& =1,33kr.
3A'(v-1'w)

5.2. Ipa miapuka, pasMepamu KOTOPBIX MOHO TPEeHeOpeUb, JIETEIH TOPU30HTAIBHO B MTPOTUBOTIONOKHBIX Ha- 0
TIPaBIEHHUSX MEPIIEHIANKYISPHO K TOPU3OHTAIBHON ocH moaBeca O BHCEBIIETO HEMOIBMKHO TOHKOTO CTEPKHS MacChl M .
= 6kr u mHb | = 3M, ¥ 0JITHOBPEMEHHO MPHITHILIA K cTepkHio (cM. pucyHok). [llapuk ¢ maccoit my = 0,4KT u cKOpo- mynr
CTBIO V; = 6 M/C IPUINII B IIEHTPE CTEPKHS, a MIAPHK ¢ Maccoil My = 0,3Kr u CKOpOCThIO Vo = 12M/c —Ha paccTosauu |’ ] rrf %_;7’12

/, 2

= 2M OT ocHu nojaseca. HaiiTu BenmU4nHYy YTJIOBOM CKOPOCTH, C KOTOPOW Hadasl BPAIIaThCSA MO0 YaCOBOH CTPENKE CTep-
YKEHb C MPWIKIIINMU [IapUKaMU cpasy Mocie yaapa.
Pewenue.
Brumamenvro ciedume 3a manpasieHusimMu O8UdICEHUs U BPAUYEHUs. Mel, YMOObl Y4ecmb NPoeKyuu Ux MOMEHMO8
Cogem: UMMYIbCA HA OCb 6PAUEHUS C NPAGUTLHBIMU SHAKAMU.
Cnedume 3a mem, ymoObl UCHONB3YEMbIE MOMEHMbL UHEPYUL COOMBETNCMBOBANU 3A0AHHOU OCU BPAUYEHUSL.

Tak Kak cTep:KeHb HAYHET BPAIIaThCs 0 YaCOBOW CTPENIKe, TO MOMEHT UMIYJIbCa HUIKHETO MIapuKa J0 yaapa Oolblle, YeM

MOMEHT HMITyJbCa BEPXHEro IIapuka. Ero Hamo 3amucaTh B YpPaBHCHHU 3aKOHA COXPAaHEHHUS HMITyJbca CO 3HAKOM “+

Lo =mpv,o O'—my 10/2= Lyyepe = |. 3ech | — cyMMa MOMEHTOB MHEpPLMH CTEPXKHS M NPHIMILIKX K HEMY IIAPHKOB (MaTepu-

voO'-myv,0/2
2m2 2=~ T / ~=0,179pasc.

mi2/3+m (1/2)% + my 1’

5.3. Toukuii crutonrHo# auck ¢ maccoir M = 50T u ¢ paguycom R = 16cM MoXkeT Bpamarses 6€3 TpeHus BO- OF MR 7

v

g

Lo

2 .
aNbHBIX TOYek). | = mI2/ 3+my(1/2)° +mpl 2 13 5Toro paBencTBa HaxomuM W=

KpYT BEpTUKAILHOM 3aKkperuieHHoN ocu cummerpun OO’, mpoxoasimieit dyepe3 1eHTp Aucka. BHadane quck mokowmcs,
a 3aTeM JXyK, CHICBIIHI Ha 000/Ie ANCKa, yIIeTaeT co CKOPOCThio V = 15M/c B TOPH30HTAIBHOM HAMPaBICHUH MO yT-
joM o = 60 k paauansHOU JMHMHU (CM. pUCYHOK). TToCiie 3TOro AMCK HAYMHAET BPALIATHCS C YIIIOBOM CKOPOCTBIO 0 =
10pan/c. Hajiti BenmuauHy Maccel M xKyKa.

Pewenue.

Xyk neTut B ofHY CTOpPOHY mpuoOperas MoMeHT ummyisca L, =nmv [, roe miedo | =Rsina (3to kpart-
‘m d
Jo

o' 4

yaiiiee paccrosuie oT ocd O 10 JHHUU CKOPOCTH, M. puc.1.21).JIMCK HAYMHAET BPAIIAThCSA B MIPOTHBOIMOIOKHYIO

CTOPOHY ¢ MOMEHTOM ummynbca L, =1 w= MRZ(.)/ 2. MoMeHT uMIyNbca CHCTEMBI, paBHBIM HYJIIO 10 Hayaia

JTIMCKa
MRw Puc.1.21
JBIKEHMS, He u3MeHuTesa: L, — Ln =mvO- MRZ(Q/Z =0. Orcrona m= — =3,08r.
2vsina
5.4. luck maccet M = 160r u pagnyca R = 20cm Mosxet Bpamarbes 0e3 TpeHUs! BOKPYT BEPTHKaJIbHOM 3a- ©
kperuienHoi ocu cummerpun OO’, u BHauane mokoutcs. K 0001y qucka 1mo KacaTelbHBIM MOICTAIOT ABA IUIACTHIIA- ¥ R
HOBBIX IIIAPHKa C MaccaMu My u Mp = 20T, pasMepaMu KOTOPBIX MOXHO IpeHeOpeyb, JICTEBIINE B OAHOM HaIlpaBJiic- cgfzv
o Vi
HHH ¢ TOPH30HTAIILHO HAIPABJIEHHBIMU CKOPOCTAMU Vi = S5M/c u Vo, = 17wM/c coorBercTBenHO. [llapuku ogHOBpE- otk “m,

MEHHO MPUIMIAIOT K 0001y JMCKa, KOTOPHIM HAaYMHAET BPAILATHCA C YIIIOBOH CKOpocThio @ = 10pan/c mo yacoBoii crpenke. Haiitu
BEJIMYMHY MACCHI My TIEpBOTO IIapHKa.

Pewenue.

Tak xaxk JUCK HAauMHAET BpALIaThCA 110 YaCOBOHM CTpeIKe, TO MOMEHT HMILyJbca BTOporo mapuka L, =myv,[R orHOCH-

tenbHO ocu OO’ Gosblle, 4eM MOMEHT UMITYJIbCA epBOro mapuka Ly =myVv,[R, HanpapiaeHHbIH IPOTUBOIONOKHO BPAILEHUIO JIHC-

ka. [loacTapisist B 3aKOH COXpaHCHHUI MOMEHTA UMITYJIbCa L2 - Ll =lw 06H1Hﬁ MOMCHT MHEpHUUU AUCKA C MPUIUIIIIHUMU IapuKaMu

MV, —(m+ M/2)wR
=20r
Vit wR

5.5. Tuck ¢ maccoir M = 100r Bpamiascs ¢ yriioBoi cKopocTbio ®g = 10pan/c 1o wacoBoii ctpenke 6e3 Tpe- .. i
HHSL BOKPYT BEPTHKAJIBHOIT 3akpermenHoit ocu cummerpun OO’. K 06ony Ancka Mo KacaTelbHBIM MOUIETAIOT ABA IJ1a- %
CTHUJIMHOBBIX Iapuka ¢ Mmaccamu My = 20r 1 m, = 30T, ¢ mpeHeOpekuMO MaIbIMU pa3MepamH, JIETEBIIHE B TIPOTHBO- — 2.
TIOJTOKHBIX HATIPABIEHMAX C TOPH3OHTATLHO HAMPABIEHHBIME CKOpocTaMu Vi = 10m/c u Vo = 5m/c cootetctBenHO. Mo ot lel
[apuku 0MHOBPEMEHHO NPWIKILIA K 0001y AUCKA, OCIIE Yero OH Havall BPAIlaThCsl IPOTHB YaCOBO CTPEIIKHU C YIIIo-
BOIi CKOpocThIo ® = 15pan/c . Haiitu Benuunny pamuyca R qucka.

Pewenue.

B otnuue oT npenslayieit 3agaun, 006a maprKa CTpeMsITCs MOBEPHYTh AUCK IIPOTUB YaCOBOM CTPEJKH, U HAMPABICHUS X
MOMEHTOB uMmynsca Ly =myv4,[R u L, =mpv,[R coBnanator. Ho nepBoHauanbHO AUCK Bpamiaics B APYTYIO CTOPOHY, U C y4ETOM

(MaTepuanbHbIMU TOYKaMH) | = MRZ/ 2+m R+ m R, HaXOHUM H3 5TOrO ypaBHeHus My =

¥ 0rR

3TOTO BPANIEHHSA C YTJIOBOM CKOPOCTBIO ()y 3aKOH COXPAHEHHs MOMEHTA UMITYJIbCA 3amumIeTcs B Bune L+ Ly =1 ,.,0p =1 0.

IloacraBisis crojja MOMEHT HWHEpLUU AHCKa | = MR2/2 J0 CTOJKHOBCHUSA U CyMMapHLIﬁ MOMCHT HMHEPpLUHUU AUCKA C

JTUCKA

npunumuuMy wapukama | =1, . +m1R2 +m R 10CIIe CTOIKHOBEHNUS, HAXOAUM H3 3aITHCAHHOTO YpaBHEHUS

R= My + MV o ~0,175m.
(my+ mp) wr M(w+0xg)/2
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Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

5.6. ToHkuii cTepeHb ¢ Macco M = 6 KT MOJET Bpamarbcsi BOKPYTr TOPU30OHTAIBHON ocH nojseca O, Npoxoxs- I.m
1Ied yepe3 ero HeHTp, U NepBOHaYalIbHO HENOJBHIKEH B BEPTUKAILHOM IOJIOKEHNHU. B ero HymkHMii KoHel Bpe3aeTcs u 3a- O
cTpeBaet TskEnas myns ¢ Maccoii M= 500, pasMepaMi KOTOPOH MOXKHO TpeHeGpeUb, JIeTeBLIas FOPU3OHTAIBHO CO CKOpo- | ¥ m’
cteio V = 15wm/c. Haiitu anuny ctepxHs |, ecnu cpasy mocie ymapa CTepiKeHb ¢ 3aCTpsBIICi B HEM MmyJieil HaunHaeT Bpa-
IIATHCSI € YIIIOBOW CKOPOCTHIO ® = 4 pan/c. Omeem: 1,5m

5.7. Ipa mapuka, pazMepaMu KOTOPBIX MOXHO IIPEHEOpedb, JEeTeqH TOPU30HTAIBFHO B MPOTUBOMOJIOXKHBIX HA-
IPaBJIEHHSX MEPICHIUKY/IAPHO K FOPH30HTANBHOM OCH moaBeca O BHCEBIIErO HEMOABHKHO TOHKOTO CTEPIKHS MACCHl M 7, %>
=3xr u s | = 2 M (cM. pucysok). Ilapuk ¢ mMaccoit My = 0,8 kr u ckopocThio Vi = 6 M/c mpwmn k nentpy C oy

CTEPIKHS, a IapUK ¢ Maccoi M, = 0,2Kr OJHOBPEMEHHO MPHWIIHII K €r0 HIDKHEH Touke. HalTH CKOpOCTh V, HIDKHETO Ia-
pHKa JI0 yIapa, eciii cpasy Imociie yaapa CTepsKeHb Hauall BpalaThCesl MPOTHB YaCOBOM CTPENKH C YIIIOBOM cKopocThio » = 0,6pan/c.
Omeem: 3,6Mmlc

5.8. JIge mynu, pazMepamMu KOTOPBIX MOXHO MPeHeOpedb, JIETENN TOPHU30HTAIBHO B OJHOM HAIMpAaBICHUU MEPIeH- ()
JMKYJSPHO K TOPU30HTANBHOM OCH TogBeca O HEMOIBIKHO BHCEBIIEr0 TOHKOrO CTEP)KHS Macchl M = 3kr u mmms | =2
M, H OJTHOBPEMEHHO BPE3alIUCh U 3aCTPSAIM B CTepikHE (cM. pucyHok). ITyms ¢ maccoit my = 0,4Kr 1 ckopocThio Vi = 2m/c || ¥
3acTpsuia Ha paccrosauu I’ = 1,5M 0T ocu 1mojBeca, a ImyJst ¢ Maccoi My U CKOPOCTBIO Vo = 4 M/C — B HIIKHEM TOYKE CTEPIK-
usi. Haiiti Maccy My HUDKHEH MyJid, €CJTU 1MoCJie yapa CTePKEeHb Havall BPallaThes ¢ YrIIoBOi ckopocThio o = 0,5pan/c.

Omeem: 0,208kr

5.9. ToHkwuii cTepkeHb Macchl M= 3Kr | JMHBI | = 2M MOKET BpallaThCs BOKPYT FTOPU30HTAIBLHONW OCH TOJ- o
Beca O, IIpoXoJsMeii Yepes ero LEeHTp, U IePBOHAYANLHO HEMOABIKEH B BEPTHKANLHOM HonoxkeHuu. K ero mmwkuemy u - o) V17"
BEPXHEMY Kparo OJHOBPEMEHHO MPHUJIMIAIOT JBa Iapuka ¢ Maccamu My = 0,8kr u mp = 0,3 kr, pasMepamMu KOTOPBIX l,m” o,
MOHO TIpeHebpeub. [Ilapuky JeTear TOPU30HTAIBHO B OJHOM HAMPABJIEHUH MEPIEHIUKYIAPHO K ocu O cO CKOPOCTAMU =
V1 = 3m/c u V, (cM. prcyHOK). HaliT CKOPOCTH Vo HHIKHETO IHapHKa 0 yIapa, €CliM Cpasy Iocie yaapa CTEpKEHb ¢ IPUIHITIIAMHA K
HEeMy IIapHKaMK Hayall BPaIlaThCs M0 4acOBOU CTpENIKe ¢ YrIIoBOM ckopocThio o = 0,6pan/c.
Omeem: 12,2mlc

5.10. IlepBoHauanbHO MOKOAIMIUKCS AUCK ¢ paguycoM R = 16cM MoxeT BpamaTbes 63 TpeHHs BOKPYT CBOCH . m, 0O
BepTHKaIbHOU 3akperuieHHoi ocu cummerpun OO’. K 0601y aucka 1Mo KacaTeIbHBIM MOJIETAIOT ABA IUIACTHIIMHOBBIX Yo ¥ MR
mapuka ¢ MmaccamMu My = 8r m My = 12T, pazMepaMu KOTOPBIX MOKHO TIPEHEOpEeUb, JIETEBIIHE B MPOTHBOTIOIOKHBIX ?
HANpaBJIeHUSAX C TOPU3OHTAIBHO HalpPaBJIEHHBIMH CKOPOCTAMHU Vi = 15M/c u Vo, = 10 m/c. Illapuku 0IHOBpPEMEHHO ok "
NPUIKIAIOT K 0001y JKCKA, MOCIE YEro OH HaYMHAET BPAINATHCS C YIIOBOM CKOpOCcThio ® = 15 pan/c. Haiiti Bennunny maccel M
JTACKA. Omeem: 160r

5.11. uck ¢ maccoit M = 90T u pamuycom R= 20cm, Bpammaics ¢ yrioBoi CKOPOCThIO My MPOTHB Yaco-
BO# CTpENIKM BOKPYT BePTHKAIBHOH 3akperuieHHoit ocu cummerpun OO’. K 0601y aucka mo kacaTelbHbIM MMOIjIeTe-
JIM JIBa MAJICHBKHX IIapHKa C MaccaMu My = 6T u Mp = 9T ¢ TOPHU30HTAJIBHO HANPABJICHHBIMU CKOPOCTAMH V; = 3
M/c u V, = 4wm/c (cMm. pucynok). Illapuku OXHOBPEMEHHO MPUIIMILTH K 000y JMCKA, MOCIE YETr0 OH MPOIOJDKHIT
BpaIlaThCs B MPEKHEM HANPABICHUU C YIIIOBOM CKOPOCThIO ® = 3 pan/c. HaliTu HavalbHYIO YIIOBYIO CKOPOCTb
JIACKA M. Omeem: 6 pan/c

6. 3aK0oH coXpaHEHHUs MEXaHUYECKON YHEPTUU

Mexanunueckas OHEPTUA (I)I/ISI/ILIGCKOFO TEJaa CKJIAaAbIBACTCSA U3 €ro KUHETHYECKON OHEPIUM IMOCTYNATCIIBHOTO W BpalIaTeiib-
m\/2 Ioo2

HOTO JIBHKEHUI M MOTEHLUAILHON SHEPTUH B 110JI€ BHEMIHUX CHIL. By, = > +7 + Eor

B 3a0auax npowe u yoobuee npedcmasums 0sudicenue 8paAUAIOUE20Cs Mena KaK CyMmy NOCMYNamenbHO20
Cosem:  OGUICEHUS CO CKOPOCMbIO V¢ YEHMPA MACC U BPAWEHUS C Y2TI0801l CKOPOCMbIO O 80KPY2 OCU, NPOX0osauyell ye-

mvg Icm2
pe3 yenmp macc (puc.1.22). Toeoa Eyperma =T+T, 20e | — momenm unepyuu mena omMHOCUMENLHO
Mo ocu.
TITomenyuanvhylo sHepeuro mena 6 noje Cuibl MAXCECMU onpedeiaom no evicome noovéma h. ezco yemmpa macc:
Enor = Mgh.

Mexannueckasi JHEpPTHUs COXPAHAETCS B TOM ciIydae, KOTIa Bce ASHCTBYIOIINE B CHCTEME CHIIBI KOHCEPBATHUBHEIL,  HX paboTa
paBHa u3MeHeHHo (yObUIN) oTeHunanbHoit sHeprun. Hanpumep, E, ., = CONSt npu aOCOMIOTHO yIPYroM cOyAapeHnH Tell.

Ecau COyAapeHue HECYNpyroe Ujin B CUCTEME ﬂeﬁCTByeT HEKOHCEpBATHBHAas CUJia (B 3aJavdax MCXaHUKHU 3TO CUJIa TPCHUSA
CKOJ'II))KCHI/IH), TO YaCTh MEXaHUYECKOMU SHEPIrUH NPEBPALIACTCS B TCILIO:

AEM(?X = EMCX HayaubH EV[CX KOHEYH = Q
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Ipumepwvl pewsenus 3aday.

6.1. /IBa TOHKMX AMCKa MOTYT BpamiaTbcs Oe3 TpeHHs BOKpYr oOmied BepTukanbHOM ocu cummerpun OO’
BepxHuii IUCK ¢ MOMEHTOM HHepIH |, = 3 krh, BpalaBIIHiics ¢ YIIIOBOH CKOPOCTBIO ®; = 2 pa/C, yral Ha HIDKHHI
JIMCK ¢ MOMEHTOM HHepuuH |, = 2 kri®, BpalaBmuiics: B POTHBOMOIOKHOM HAIPABICHUHU C YIIOBOH CKOPOCTBIO (0 =
= 4 pan/C. [IUCKM CITUIUIACH U CTalld BPAILATHCS BMecTe. BO CKOJBKO pa3 yMEHBIIUIACH TIOCTIE 3TOrO KHMHETHYECKast
SHEPrHs BPaIlaTeIbHOTO ABUKEHHS CHCTEMBI?

Pewenue.

B 3a0auax, ¢ xomopuix npoucxooum cmoakHo8eHue Ul paziemanie mei HeOOCMAamo4Ho UCNOAb308AMb MOIbKO
Cosem: YpagHeHUe 3aKOHA COXPAHEHUS UNU UBMEHEHUsl MeXaHuyecKkol sHepeuu. B makux sadauax e2o nado peuwiams emecme ¢ ypas-
HeHUeM 3aKOHA COXPAHEHUs UMRYTIbCA UL MOMEHMA UMNYIbCA.

HavanbHas KuHeTHYecKas SHEPrus CKJIaJblBaNach M3 KHHETHYECKOH OSHEPrMH BpalaTeNbHOIO JIBMKEHUS JHCKOB!
Epau = Ilu)f / 2+1 2(,02 2. Ilocne cnumaHus OUCKH UMEIOT oOmui MoMeHT nHepnuu | =14 +1 , 1 Bpamarorcs ¢ obmieif yriaoBoit cko-

POCTBIO (®, KOTOPYIO MOKHO HAaWTH M3 3aKOHA COXpaHCHUA MOMECHTA HUMITYJIbCa |2(k)2 =1 1001:| @ (3HaK

YKa3bIBa€T HaA TO, YTO

JMCKH BPAIIAIUCh B pa3Hble CTOPOHbI). KoHeUHas KMHEeTHYeCKas SHeprus CIUIIIMXCA JUCKOB Oyner paBHa E ., = ( [ +1 2)(02 / 2.

Epga _ 1105 +1 005 _ (|1+|2)(| 007+ 2@22)

HOHCTaBHﬂﬂ 3alMCaHHble COOTHOLICHUA, BUAUM, YTO OHAa YMCHLILIACTCA B =55 pas.
Eeon  (I1+12)6” (150, =1 07)°
6.2. ToHkuii cTepxeHb Macchl My 1 aiuHbl | = 1M BHCHT HENOABIXKHO M CIIOCOOEH BpAlIAThes 6e3 TpeHns ()¢
BOKpYT 3aerHﬂeHHOﬁ rOpI/I30HTaJ'ILHOﬁ ocu O noJABeca Ha €ro Kparo. B LHCHTP CTCPIKHA C BpE3acTCA U NPUTUIIACT m, 3 BN
JIETAIMI CO CKOPOCTBIO V = 2,1M/C TrOpU3OHTAILHO M TIEPIIEHAUKYIAPHO K ock O MayleHbKHM MIacTUIMHOBHIA ma-  “~ ¢

Sl
PHUK TOli 5ke Macchl M, = My. Ha kakyro MakCHMaJIbHYIO BEICOTY N mopHHMMeTcs HYKHMIA Kpaii cTepskns A mocne yma-  mu | A h
pa? A }
Pewenue.
Tak Kak Macchl TeJl OJJMHAKOBBI, My = M, = M, TO MOCJIE CTOJKHOBEHHs CTEPKEHb C MPWIIMIIIUM IIaPUKOM UMEET CyMMap-

HbIf MOMEHT HHepIMHu | = mll2 / 3+m, ( l/ 2)2 = 7m|2/ 12 n HaunHaeT BpamaThcst BOKPYr ocu O ¢ yriaoBoi CKOPOCTBIO ®, KOTOPYIO

o =sz|:|/2= Lnocne = |w. Otcrona w:n;/—llz%_

KuneTtnueckas SHEprus TAKOT0 BPALIaTEIBHOTO ABIDKEHHS MEPEHAET B MOTEHIMATIBHYIO SHEPTHIO MoakéMa eHTpa macc C

2 2
CHUCTEMBbI HAa MAKCUMAJIbHYI0 BBICOTY: IT = % GWI_IZ [66—]\/] = 3“T\4/-2

Touka A HaXoJHUTCs Ha BABOC 0oJbIIEM pacCcTossHUU OT OCH O, yeMm Touka C. H03TOMy MaKCHMaJjlbHas BBICOTA €€ MoabEMa

ONPENEISIOT U3 3aKOHA COXPAHEHU MOMEHTA UMITyJIbca L,

=2mgh. (macca cucteMsl paBHa My + My =2 1M).

6yner B 2 pasa 6onbure. Eci npumsts g = 10Mm/c?, To hy =2h, = 3v2/14g =9,45¢cMm.

6.3. Manenskoe teno ¢ maccod m'= 0,5 xr, pazmepamMu KOTOPOTO MOKHO IpEHEOpeUb, JIETEI0 FOPU30HTAIBLHO CO
CKOPOCTBIO V = 14M/c M 3aCTPSIIO B HEMOJBHXHO BUCEBIIEM TOHKOM CTEPKHE Macchl M= 1xr na paccrosuuu I’ =4 m ot
ocu moaseca O. Haiitu jaminy cTepskus |, eciu npu yaape Beigensercs temiora Q = 25 /Ixk. V

Pewenue.

I,m

Hauanbhas sHeprus cucreMsl OblIa paBHa KUHETHYECKOHl dHepruu jerdmiero mapuka: E . = m'v2/ 2, a mocne ypapa
CTep)KeHb HAUMHAET BPAIAThCs C YIIIOBOH CKOPOCTHIO ®, HMEsl KWHETHYECKYI0 3Hepruto E . . = Iwz/ 2. BoyrenuBiueecs npu yaape

TEIUIO PaBHO Pa3HOCTH 3THX 3Hepruit Q= E ., — B,y = I(A)z/ 2-m v2/ 2. YII0BYIO CKOPOCTh ( BBIPAXKAEM U3 3aKOHA COXPaHEHHUs

MOMEHTa UMITYJIBCA, BBITIONHSIOMIETOCS B MOMEHT yaapa: M'v[l'= |w. [Tocne moaCcTaHOBKH TIOIYYNM BEIUYHHY MOMEHTA MHEPIIHH

v\ 2
m'vl
CTEPXKHS C 3aCTPSBIIAM TeJioM | =¥ =16,333krM?, KOTOpBIil ZOKEH OBITH CYMMOi MOMEHTOB MHEPIHH CTEPKHS W Ma-
m'v--2Q
] mi?
JICHBKOT'O TeJla OTHOCUTENbHO ocu O: | = 3 +m'l =5mMm.
6.4. Toukwuii cTep:keHb Macchl My= 60T ¥ JIKHBI |, BUCHT HEMOIBUXHO U MOXET BPAIIAThCs O€3 TPEHHST BOKPYT 0

3aKPEIUICHHON TOpU30HTaNbHOM ocu O, MpoXosiiei yepe3 TOUKy IO/ABEca Ha €ro Kpaw. B mpoTHBOIONOKHBIA KOHEL [/
CTEPXKHS BPE3aeTCst JIETAIINM CO CKOPOCTRIO V = 28M/C TOPU3OHTAIBHO ¥ MEPIEHINKYIAPHO K ocH O MaJeHbKHI CTallb- -
HOM IIapHK ¢ Maccoi My, = My/4 = 151, KOTOPEIi UCIIBLITBIBAET a0COIIOTHO YIIPYTH# yaap co crepskHeM. Halith Benmuuuny u Yl
HaTpaBJIeHHEe CKOPOCTH IIapHKa IOcie yaapa.

Pewenue.

CrepxeHb cpa3y Mmociie yapa Ha4HET BPaIIaThCs C YIIIOBOW CKOPOCTHIO ), a MAPUK MPOJODKUT JABIKECHHE ¢ HOBOM CKOpO-

N m2v2 _ | oo? mzu2

cThio U. [Ipu aGCONMIOTHO yIIPYTOM YAape BBIIOIHICTCS 3aKOH COXPAHCHUST MEXaHHYECKON SHEPTUH = + .

2 2 2

rac
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1
| = §ml| — MOMEHT MHEPIIMH CTEP>KHsI OTHOCUTENBHO ocH O. DTO ypaBHEHHE HAJIO peliaTh COBMECTHO C YPaBHEHHEM 3aKOHA CO-

XpaHeHust MoMeHTa ummysbea MpV 0 = 1w+ myul (mpeamnosoxuny, 4To MapuK IPOJOKAeT ABUIAThCS B MPEKHEM HAIIPaBICHHUH).
Bripakas mnepeMeHHYI0O U3 BTOPOrO YypaBHEHUsS W TOJACTaBissl €€ B IEepBOE ypaBHEHUE, HaXOIUM

~) _am(v-u?
2 S ooam

my (v

X. %:%,TO v2—u2:(v—u)(v+ u)=3(v- u)2/4,qTo naér v+u=3(v-u)/4.

\
OTCIOZ[a u= —7 = -4 wm/c. 3nax “- YKa3bIBa€T HA TO, YTO MIAPUK U3MCHUT HAIIPABJICHUEC ABUKCHUSA U IMMOJICTUT HAJICBO.

6.5. TonkocreHnas cdepa Maccbl M M paguyca R, MOMEHT MHEpPIMH KOTOPOH OTHOCHTEIIBHO T'OPHU30H-
TaNbHOM ocH cuMMeTpuu paser | = 2mRY/3, kaTutcs Ge3 MPOCKATB3BIBAHMS 10 TOPH3OHTATBHOM MOBEPXHOCTH CO
ckopocThio V = 4m/c. Ha kakyro BEICOTY h BBepX 1o CKJIOHY OHA OJDKHA 3aKaTHTHCS, YTOOBI €€ CKOPOCTh YMEHbB-
mnack B 4 pasa? Ipunsts g = 10m/c?,

m.R.I ..
W A4

Pewenue.
Comnpukacaromasics ¢ MOBEPXHOCTBIO TOYKa cepsl HE CMEIIaeTcs, U padoTa NeHCTBYOIIEH Ha HeE CHIIBI TPEHHS paBHA HY-
mo. [ToaToMy nipu kaueHnn 0e3 POCKaIb3bIBAaHUS MEXaHHUECKass SHEPTHA Tella coxpaHseTcsi. C y9eToM CBS3HM JIMHEHHOHN U yTrIoBOH

mv? I I \v2 2
CKOPOCTH KaTAILIErocs Tea V= wR €ero KMHeTH4YecKas sueprust E . = — +7 = mt— - Oyner paBHa E,, =5mv / 6 mis Ka-
R
TAMEHCS CHEpBHI.
Creoume 3a mem, kakoe kamsujeecss meno (wap, OUCK, ...)3a0aHO 8 YCao8uu 3a0a4u. Yuumvléaime e2o MOMEHM UHEPYUU.

Ci : .. '
teom ITpu noxséMe Ha BEICOTY N 3Ta 3Heprus ymeHblnaercs Ha Benuunny mgh=AE_,. =5 n'(v2 -V 2) / 6, rae no ycio-

siio V' =v/4. Oteioma h=5(v2 —v2/16)/69 = 25/ 33y=1,25m.

6.6. lllap maccel M u paauyca R ckarbiBaeTcst 63 MpocKasib3bIBaHus M 0e3 HadaJIbHOM CKOpO-
CTH MO HAKJIOHHOI MOBEpXHOCTH € BbICOTBI h = 14 M u uMmeeT BHH3Y cKopocTh V. C kako# BeICOTHI N’
JIOJDKHO COCKOJIb3HYTh BHH3 0€3 TpeHus n 0e3 HayaJIbHOM CKOPOCTH MaJIeHbKOE TEJIO C TOHM e Maccoit
M, 4TOOBI €ro CKOPOCTh BHU3Y ObLiTa paBHa V' = V/57?

Pewenue.

3akoH coxpaHeHm MexaHquCKoﬁ SHEPrUM IPH CKaThIBAaHUU 0€3 HauyaJIbHOM CKOPOCTH Iapa

2 o
mgh = E,, = m\2/ + mapza - I 1o TAK KaK | apa = 2M R2/5 (pue.1.7)n w= V/R. Jl1s1 CKOJIB3SILLIETO TeJla TOT 3aKOH HMEeT
BBEPXY  BHH3Y
"5y 2 1
Bun mgh' = '2/ 2. [Tonenus yeBble U NIpaBble YaCTH ATUX YPABHEHUH, OIyUYUM — . 7—2 =35 , otkyma h’ = 0,4 m.
\'

OCH CUMMETpPUH paBeH | = mﬁ/S cKaTeiBaeTcs 0e3 HpOCKaJ‘ILSI)IBaHI/Iﬂ 1 6e3 HayaabHOM CKOPOCTH ¢ BHICOTHI h = 3 A
M 110 NPABOMY IIEPIIABOMY CKIIOHY SIMBI U MPOJOJDKAET CKOJIB3UTh 0€3 TPEHHS IO JIEBOMY HAEATbHO TIIAJKOMY
CKJIOHY SIMBI, BPAIlasiCh BOKPYI cBoeill ocu (cM. pUCYHOK). UeMy paBHa BEJIMYMHA KHHETHYECKON DHEPIHH KOJeca B BEPXHEH TOUKe
noxgbéma h'? Tlpuasts g = 10M/c2.

Pewenue.
IIpu xagennn 6e3 mpockans3biBaHusA V = WR . KnHeTnyeckas sHeprus BpaIlaTelbHOTO IBIDKEHHS Kojleca ¢ ydeToM 3a/aH-
I o’ 2
HOro B yCJIOBUM MOMCHTa MHEPLUHUH paBHA EK,,IHBp Dlr R2 j ——6 CKaThIBasiCh TI0 TPaBOMY CKJIOHY, KOJECO MpH-

obperaeT kuHeTHYeCKyIO 3Hepruto E.,, = mgh= m,z/ 2+ h)z/ 2=2 m/2/ 3. Otcrofa B HIKHEH TOYKe SIMBI CKOPOCTh JIBIIKEHHUS KO-

[3gh mgh
meca V = % ,a EKHHBp=Tg=15I[>K

le/[ MoabEME Mo JICBOMY CKJIOHY KMHETHYCCKas SHEPrus MoCTynaTeJbHOro ABUKCHUA MEPEXOAUT B NOTCHIHUAJIbHYIO SHEP-

THIO m\/z/ 2=mgh, u Ha BeicoTe h' 1eHTp Macc koneca ocranaBmuBaercs. Ho cuma Tperns orcyrcrByet. Her MomeHTa cuit, KOTo-
pBIF 3aTOPMO3MII OBI BpallleHUE KOJIeca BOKPYT OCH CUMMETPHH, MPOXOISIICH yepe3 ero neHTp. B BepxHei Touke moabémMa KOJeco

MMPpOAOJIKACT BpalllaTbCA U UMECT TY K€, YTO U BHU3Y, KUHETHUYCCKYIO OHEPI'UiO BpallaTCJIIbHOTO ABUKCHUS EKI/IH Bp — =15 Il)K

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

6.8. /IBa qucka MOTyT Bpamarbcsi 6e3 TpeHHs BOKpyr oOueit BeprukanbHoit ocu cummerpun OO’. Bepxuuit muck O J,

¢ MOMEHTOM uHepI |; = 3 kr° OTHOCHTENBHO ITOI OCH, BpAIaBIIUNACA C YIJIOBOM CKOPOCTBIO (), yHal Ha HWKHHHI Do
MIOKOUBIIMNCSA TUCK. JIMCKHM CIUIUIMCh U BpaIlalOTCS BMECTE, a KHHETHYECKasl PHEPTUsl BpallaTebHOTO JIBUXKEHUS JaH-
HOM CHCTEMBI YMEHBINWIACH IpH 9TOM B K = 4 pa3a. Haiitu Bennuuny MOMeHTa HHEPIUH |, HIKHETO JHCKA. ok L

Omeem: 9 xr®
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6.9. Toukwit crepxkeHb Maccel My U 1umHb! | = 40C¢M, BUCHT HETIOABMIKHO M MOXKET BpaIaThesi 6€3 TpEeHuUsI BO- 0. "
KpYT 3aKpelIeHHOH ropusoHTansHoi ocu O mozaBeca mpoxoaduiel yepes ero kpail. K nentpy crepxus C npunumnaer . ]
JIeTEBIINI TOPU3OHTAIBHO ¥ MEPHEHIHKYIAPHO K ocH O MalNeHbKHil TIACTHINHOBBIN IIAPHUK TOH 3K MacChl My = My, 5%
IIpu kakoll BeTUUMHE CKOPOCTH HMIApHKa V CTEPKEHb C MPUIMIIINM K HEMY IIAPUKOM OTKJIOHHUTCS OT NepBOHAYAILHO- ml c

rO [OJIOXKEHHS Ha MAKCHMAIbHKLA yron 0 = 1807 [pumsts g = 10m/c%. Omeem: 6,11m/cC

6.10. Touxuii crepxkenb Macchl My=160r u mmHBl | MOXET BpamaTbCa BOKPYI 3aKpEILIEHHOM ropu3oHTaibHOU ocu O,
ik

MPOXOJAIICH Yepe3 ero cepeauny. [lepBoHavanbHO CTEpKEHb PACIOI0KEeH BEPTUKAIBHO U HEMOABIKEH. B ero HIKHUHN Kpaii Bpe3a-

€TCs M MPUINAET JIETSIHIA MEePIeHIUKYIIPHO K ocd O TOPU30HTAIBHO CO CKOPOCTHIO V = 7 M/C MaJileHbKHUil TUIACTHIMHOBBIH I1a-

puk mMaccel My = 40T. CKOJBKO TEIUIA BRIACITUTCS PU HEYIPYroM ynape?
Omeem: 0,56 [Tx

6.11. Toukuii crepskeHb Macchl My= 45T u jiuHbl | , BUCUT HEMOJBIKHO M MOXET BPAIIAThCS BOKPYT 3aKperi- 0
JIEHHOH TOPU30HTANIBHOM ocu mozseca O, MPOXOIAIEH Yepe3 ero Kpaid. B MpOTHBONOIOKHEIM KOHEIl CTEPIKHS BPE3AECTC  m,/
JIETAIINN TOPU30HTAILHO M MEPHIEHAMKYIAPHO K ocd O €O CKOPOCTBIO V = 8 M/C MalleHbKHil CTaJbHOM HIAPHK TOM KE .
Maccel My = My. Yaap aGcomroTHo ynpyruil. Kakas 4acTh KHHETHYECKON SHEPIHU HaJleTalomero mapuka (B %) npesparia- gy
eTCsI cpasy MOcCIe yaapa B KHHETHUECKYIO YHEPTHIO CTEPIKHS ?
Omeem: 75 %

6.12. Toukwuit crepskenb Maccsl My= 30T W [UIHHBI | BUCHUT HEOMBMKHO U MOXET BPAIIATHCS BOKPYT 3aKpeTlICH- 0

HOH TOpU30HTAILHOUM ocH moaBeca O, mpoxoasinel yepe3 ero kpaid. B mientp crepxkus C Bpe3aeTcs JETAIIHA CO CKOPO-

cThio V = 10M/C TOpHM30HTAIBHO W MEPIEHAMKYIAPHO K oc O MalleHbKHI CTajbHOW HIAPHK C Maccoil My, Ymap abco- o= c

JMOTHO yrpyruit. [Ipu kakoi BemUurnHE Macchl My CKOPOCTH LIApHUKA MOCIe yaapa OyJIeT paBHA HYIO?
Omeem: 40T

6.13. Koneco pagnyca R = 10cM, MOMEHT MHEPLH KOTOPOTO OTHOCUTEIBHO FOPU30HTAILHOM OCH CUM-
Merpun pases | = 1 kr'M?, KaTuTCs 63 IPOCKAIb3BIBAHKS [0 TOPH3OHTAILHON TOBEPXHOCTH C MEPBOHAYAILHOMN
CKOpOCThIO V = 2M/c. 3akaTHBIINCH Ha BhIcOTY h = 1M BBepX MO CKJIOHY, OHO MMeeT ckopocTb V' = 1 m/c. Uemy
paBHa Macca M koneca? [Ipumsits g = 10m/c?,
Omeem: 17,6xr

6.14. Huwmuaap maccel M u paguyca R katutcs 6e3 mpocKaib3bIBaHHUS CO CKOPOCTBIO V, CKaThIBACT-
¢ B My TiyOuHOM h = 2M 1 3aKkaThIBaeTCs HAa €€ MPOTHBOIOJIOXKHBINA CKIIOH BBICOTHI H = 3 M (CM. pUCYHOK). %R %
[Tpu kako¥l HAMMEHBIIEH BEIMYUHE CKOPOCTH V JUCK TOJHUMETCS Ha BepIIuHy Topba BeicoThl H? [TpuHATH , el !
g= 10m/c>. Omeem: 3,65m/c

6.15. Toukwmii 00py4 Maccel M u paguyca R ckaTpiBaeTcs 6€3 IPOCKaIb3bIBAHMS C HAYAIBHONW CKOPOCTBIO Vg =
3 M/c 10 HAKJIOHHOM TIOBEPXHOCTH C BBICOTBI h = 2 M u MMeeT BHH3Y CKOPOCTh V. Bo ckoibko pa3 Bospocna Obl 3Ta AN e
CKOPOCTb, €cii GBI 00pPYY COCKaNB3BIBAI C TOM e BBICOTBI h U ¢ TOi jke HayaabHOW CKOPOCTBIO Vo 6e3 TpeHwus, He
pautasics? [Tpuasts g = 10m/c?.

=3
V<

Omeem: B 1,30pa3

6.16. Illap maccel M = 3kr u paanyca R KatuTcst 6€3 MPOCKaIB3bIBAHKS CO CKOPOCTBIO V 110 TOPH30HTAIb-
HO MOBEPXHOCTH, & 3aT€M 3aKaTHIBACTCSA BBEPX TI0 CKIOHY. [ToAHABIINCH HA BRICOTY h = 2 M, OH HMeeT KHHETHIe-
CKYIO DHEPTHIO IOCTYNATEIbHOTO ABWKEHHS, paBHYIO E,, = 15 /. Ha kakyro MakcUMabHYIO BBICOTY H Moker
NOHATHCA map 1o ckiony? [pumsts g = 10M/c?. Omeem: H = 2,7m

7. Hezatyxarome Mexannieckue konebanus. CrnoxxeHue KoeOaHmii

OOBI4HO B MPOCTBIX 3aavdax HE3aTyXarolnue MEXaHUICCKUE KoJiebaHus pacCMaTpuBaArOTCA Ha NpUMEPC MPYKUHHOTO MasAT-
HHMKA —T'py3HKa MAaCcChl M Ha IPY>KUHKE C KOS(l)(l)I/IIII/IeHTOM JKECTKOCTH k, KOTOpLIﬁ COBEpIIACT TapMOHUYECKHUEC KoJieOaHus 1o 3aKOHY

X = ACOS(Q)OI+ 0() C LMKJIMYECKOH 4acToTol Wy =+/Kk/M u ¢ nepnomom T = 2Tr/(uo =2m/m/ Kk (puc.1.23a).

Ammutyny A n HadanbHYO (Basy o koieGaHMil MOJKHO HAWTH W3 HAYAIbHBIX YCJIOBHHN IJIS CMELICHUS Xg = Xit:O = Acosa

¥ [UTs HA9aIIbHOM CKOpocTH Vo = dX/ dI|t=0 = - AyySind  masTHHKA. a) ¢ 6)Jo g fo
. g k m ‘
AHanornyno GyayT pemiathes 3aaud B ciydae KojebaHHi (HU3MUECKOro MM MaTeMaTHde- xlgk M«;«,@gmﬁ mil 1
2 - ol -
CKOTO MasTHHKA, B KOTOPBIX [0 FaPMOHMYECKOMY 3aKOHY OYIET U3MEHSTHCS HE CMELIEHNne X, a yroi  4gm v D mio
— 7

OTKJIOHEHUSI OT TIOJIOKEHUs paBHOBecust ¢ = ACOS(&)Ot + O() (puc.1.236). Puc.1.2°
Ecnu 6 ycnosuu 3adauu ckazano, umo 8 nauanviviti momenm t = 0 masmuuk noKoumcs,, mo on HAX0OUMCs 8 MOUKe MAKCU-

Cosem:  yianbHOCO CMeweHus X|t:0 = A, u e2o xoopounama 6 oanvneluiem mersemcs no saxony X = AcCoS(t). Ecru oce craszano,

umo npu t = 0 ckopocmb mMasmuuka MAaKCUMATbHA, MO YOOOHee BblpA3Umb UBMEHEHUEe e20 KOOpOouHamvl Hopmynou
X = Asin(uyt). Toeoa v|t:0 = Ay cos0= max.
Ipumepvl pewenus 3a0ay.

7.1. I'py3ux Ha npyxuHKe ¢ xkécTkocThio K = 0,8 H/M coBepliiaeT BepTUKaIbHBIE HE3aTyXaroliue Kojaebanus. B Ha-
4asabpHbId MOMeHT t = 0 cMelleHHe rpy3uKa OTHOCUTENBHO MOJI0KEHHS PABHOBECHS PABHO Xg = 2 CM, & BEJIMYMHA €ro CKOpO-
CTH B 3TOT MOMEHT BpemeHHu Vo = 0,1m/c. Haitti Maccy rpy3nka M, eciim MaKCHMalbHOE CMEIICHHE TPY3UKa OTHOCHTEIHHO

< =
é@-}mmww—s
Bl

3
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MTOJIOKCHHUST PABHOBECHS PABHO Xmax = 3 CM.
Pewenue.

3anunieM ypaBHEHHE FapMOHHYECKUX KOJIeOaHMH rpysuka B BHAE X = Xmaxsin((ooH o} ) . Torna HavaneHOE CMELIEHHE M

CKOPOCTB Tpy3HKa B MOMEHT t = O paBHBI X = XmaxSINCG 1 Vg = dx/ dlltzo = XnaxWgCOoSa .

. V2 X2
HckirouaeM U3 3THX PaBEHCTB HAYAIbHYIO (Da3y o € IMOMOIILI0 COOTHOIICHHUS cofa = 1- sifa ) T.e — 0 5= 1- 20 .
Xmax®Wo Xmax
k v8 2
Orcrona (A% =—=ﬁ u m= k( )éax_ )%)/V0=40F.
M Xmax = X0
7.2. TOHKHIA CTEPIKEHb COBEPLIACT HE3aTYXalOLMe FapMOHNIECKHE KOJIeOaHHs BOKPYT TOPH30OHTAIIBHOM OCH mofBeCa  _ ¢
O, poxosiiei yepes ero kpaii. B HauanbHbII MOMEHT BpeMeHH {p = O yriioBasi CKOpOCTh BpallleHUsT CTEPIKHS OTHOCUTEILHO & |
ocu O pasHa Hym0. B MomenT Bpemenn t = 0,4¢ BenmuurHa yriia OTKIOHSHHS CTEPXKHS (@ OT ITOJIOKEHHUS paBHOBECHS B TIep- T’l
BBII pa3 YMEHBIINIACH B TpH pasa. Haiitn mmuny crepskas |. Hpumsts g = 9,8m/c? L

Pewenue.

LuK/MyecKas 4acToTa KoJIeOaH s Takoro (pU3N9ecKoro MasTHHKA paBHa Wy =/mMgd/ lp, raed =1/2, 15 = mI2/ 3 - MOMeHT

HMHEpLUH cTepKHs oTHocuTenpHO ocu O. T.e. wy = \/ mgd/ I, = \/39/ 21 . Io ycnosuto npu t = O cTepKEHb MOKOUTCSA M YrOJ OTKIO-

HeHus ¢ maxcumainieH. I103ToMy 3aBHCHMOCTb yriaa ¢ orT t MOXHO 3amucath B BHAE @ = (5COSWE ). A Tak kak npu t = 0,4¢
2

0/Ormax =COSEE )= 1 3, 10 0, =\/%=M. Orcioma | =——%

=1,55Mm.
2arccoé( A B

He 3a6wisaiime, umo yeon et Hado evluucasims 8 paduanax.

7.3. I'py3uk Ha npyxuHke ¢ xéctkocThio K = 0,8H/M coBepiuaer HesaTyxarouue KojaeOaHus, CKOJIb3sl Mo ab- ﬂ k m |
COJTIOTHO TJIAJIKOW TOPU30HTAIBHOMN MIIOCKOCTH. B HavanbHbIi MOMEHT tp = O ckopocTh Tpy3nka Oblila MAKCUMAITLHOW 1 e
paBHOH Vg = 9 cM/c. 3a mocnenyrouuii uatepsan Bpemenu t =T/3, rae T — nmepuoj KoseOaHuii, rpy3uK mpojenan nyts S = 1,8 cm.
Haiitu Mmaccy m rpysuka (B T).

Pewenue.

CoriacHO yCJIOBHIO, KOOPAMHATY IPy3MKa MOXKHO 3amucath B Buie X = AsSin(uyt). Toraa B HauanbHEI MOMEHT OH Haxo-

JUTCS B TOUKE Xg =0 M MMeeT MakCHMalbHyI0 CKOPOCTh Vg = dX/ dI| = Ay =max. B moment t = T/3 = 21/3w, koopauHara rpy-

3uka paBua X' = Asin(2ry 3)= Ax/?}l 2.

t=0

Ho u3 puc.1.24BunHo, 4to 3a BpeMs T/4 Tpy3uK JOWAET J0 TOYKH MAKCHMAJIBLHOIO CMEIEHHUS, a 0~ = X
. o o o
TOM, COBepIlas KojeOaHus, BEPHETCS B TOYKY ¢ KoopauHaTod X'. IIponenanubiii 3a Bpems T/3 myts OymeT -4 X
paBeH S= A+( A- )() = A(Z—\/?B/Z) , OTKYJIa aMILIMTya Kojebanuii A= §/(2 —x/§/ 2) =1,587cMm . Puc.1.2¢

Hoxacrasisis eé B GopMyIty HadanbHOI ckopocTH Vo = Awy, Te Gy =+/k/m , Haxomum m= A K/Vg =24,9r.

<

7.4. T'py3ux maccel M = 151, noxBenieHHbId Ha mpy)uHKe ¢ xkEcTKoCcThiO K = 0,96H/M, coBepliaeT He3aTyXaromme <«
konebanus. B HavyanbHbIi MOMEHT {p = 0 ckopocTh rpy3uKa Oblia paBHA HYJII0. 3a HOCIeAyroLUHil nHTepBai Bpemenu t =3T/8, xlgk
rae T — mepuoj KoJeOaHwid, TPy3uK Mpojenai myTh S = 3 cM. HaiiTn BennmunHy MakKCHMalbHOW CKOPOCTH, KOTOPYIO TPY3HUK $§m

MOXET UMETh B TPOIIECCE TBHIKCHHUS.
Pewenue.
B otnwuune ot mpenpiaymiei 3aaaqu, B MOMeHT t = O cMelieHre rpy3uKa OT MOJI0KEHUST PAaBHOBECHS OBLIIO MAKCUMAIILHBIM U

PaBHBIM aMIUTUTYle KOJICOaHHH, X|t:0 = A. 3arteM rpy3uK HauHeT ABUTaThes K Touke X = O, u ero koopauHara OyJeT MEHSTHCS 110
3akoHy X = Acos(nt).
3r _3.2n 3n 2
B MomeHT t = - = éEF IPY3UK OKa)KeTCs B TOUKE X = Acosz =- A% , T.€. TIpofieJIaeT myTh S= A+ AI]/E/Z (cm.puc.1.24).I1o-
00
JIy4eHHOE OTCIO/Ia BHIPaKEHHUE VISl aMIUIUTYABI IIOJCTABIsAeM B (QOpMyYILy I MAaKCUMAJIBHOM BEJIMYMHBI CKOPOCTH, KOTOPYIO IPY3UK

S k
OyzneT uMmeTb B Touke X = O B MoMeHT Bpemeru t = T/4: vy = Awg=—F+— q/: =0,141m/c.
Y. P 0 1+ /—2/2 m

7.5. Tenexka coBEpmacTt KojiebaHus B TOPHU30HTAJIBHOM HAIIPABJIICHUH OTHOCHUTECIIBHO HEIIOABHMXKHOIO '? - _5362 X
' X
- >

HaOmIo/aTeNs 10 3aKOHy Xq = Alcos((ot+0(1) . Jlexxamuii Ha TenexKKe Ipy3 OJHOBPEMEHHO COBepIIaeT Kojeda-
HHUS C TOH K€ 4aCTOTOH OTHOCUTENBHO FTOPU30HTAIBLHON TOBEPXHOCTHU TEEKKH IO 3aKOHY Xo = Ay Cos(oot+ a 2) . OtHOCHTENEHO HA-

OJroIaTelIs TPY3 ABIDKETCS TI0 3aKOHY X = Acos((ot+ 0() , TIe o = /4. Haiiqure BeIMYMHY aMILIUTYI6I A pe3yJIbTHPYIOIIETO Kojieha-

uus, eciim A = 10¢em, oy =7/6, a, = /3.
Pewenue.



CyMMy OJIHOHANPABICHHBIX KOJEOaHUl, MMEIONMX OJHY YacTOTY M, YAOOHO CJIOXHTh METOIOM BEK-
TopHo#t tuarpammbl. Ha puc.1.25a Bexropsl A 1 Ay HampaBieHbI 110J] YTJIAMU 04 U 0y K ocu X B MOMeHT t = 0.

OTH BEKTOPHI BpamaoTcsi BOKpYr Toukn O ¢ yriioBoH CKOPOCTBIO , M YKa3aHHBIE YIJIbl BO3PAcTaloT CO BpeMe-
HeM Ha BesimunHy of. CyMMa NpoeKIUH TaKUX BEKTOPOB Ha OCh X OyAeT HCKOMOW CyMMOM Kojle0aHui

Acos@t+a )= A cospt+a, } A, cospt+a,

CE _ CD+DE_ Asina; + Aysina , -1
OC OB+BC A cosi;+A, cod,
cosr § - sifv § ,
sin(y3) - cog1v 3 '
VYTibl MEXAY BEKTOPaMHU HE MEHSFOTCS, U, Kak BUIHO U3 puc.1.250, ammmmtyny A pe3ylbTHPYIOIIEro KojieOaHus
MOYKHO HaWTH C TIOMOIIBIO TEOPEMBI KOCUHYCOB, 3Hasl IBE CTOPOHBI TPEYTrojbHUKA A; 1 Ay | yroin

B=m—(0,—0y) =516 Mexmy HUMHU: A=\/A12+ A22—2A1A2005ﬁ = AJ 2 2cof  p=19,3cm.

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

W3 tpeyronsuukoB Ha puc.1.25,a Buano, yro tgo = npu

a= T;/4 . Iloacrapiss cioa 3a/laHHbIE B YCJIOBUHU BEJIMUUHBI 04 U Op, HAX0AUM Ay =

7.6. Yamka BeCOB ¢ I'MpeH, MOJBEIICHHAs HA NPYXHHE ¢ KoddduimenTom xéctkoctd K = 20 H/M, cosepmiaia “
BEepTHKaJIbHBIC HE3aTyXarIue konebanus ¢ mepuojgoM 1o = 2 c¢. [Tocite Toro kak Ha Yamky J0OaBWIIM €Ilé OJHY THpIO, Ie- a8
prox konebanuii Bo3poc Ha Bexuunny AT = 0,5 c. Haiiti maccy Am go6asiennoii rupu. Hpunsats g = 9,8m/c%. g Am

Omeem: 1,14xkr $A’°

7.7. T'py3uk maccel M = 40T Ha Mpy>KWHKE COBEPIACT BEPTHKAIBHBIC He3aTyXarolmue KojieOanus. B HauaapHBIH «
MoMeHT BpeMenu t = O cMelieHre rpy3uKa OTHOCUTENBHO HOJIOKEHUsI paBHOBECHS paBHO Xo = 1,5¢M, a BenuyrHa ero cKopo- x@k
CTH B 3TOT MOMEHT BpeMeHH paBHa Vo = 0,2m/c. Haitti k03¢ GuimeHT ECTKOCTH MPYKUHKH, €CIH MAKCUMAITbHAS BEJTMYHHA V$§ m

CKOPOCTH, KOTOPYIO OYIET UMETh TPY3HK, OKAXKETCH PABHOM Viayx = 0,25M/c. Omeem: 4 H/m

7.8. ToHkHil cTepXeHb MAacChl M COBEPIIACT HE3aTyXAIOUIMe TaApMOHUYECKHE KOJieOaHUsi BOKPYT FOPU30HTAIbHOMN
ocu noaseca O, MpoXosAIIel yepes ero kpaid. B HadanbHBIE MOMEHT BpeMEHH! &
t = 0 BenuuMHA YIIOBOM CKOPOCTH BpallleHUs CTEPHS BOKpYyr ocu O paBHa oy = 0,3paa/c, a yroy1 OTKJIOHEHUsI CTEPIKHS OT
MOJIOKEHHs paBHOBecHs paBeH ¢g = 0,05pan. B nanbHelineM MakcuMaibHas BEJIHYMHA yrila OTKIOHEHHs OKaxkeTcs paBHoit [P

~~—
®max = 0,1pax. Haittu mmuny crepoxas |. IIpunsits g = 10M/c2. Omeem: 1,25m
7.9. I'pysuk maccel M = 20T coBepLIacT BEPTHKABHBIE HE3ATyXaIOIIUe KoJeOaHus Ha IPYKUHKE C KECTKOCThIO K= «
1,6 H/m. B HavansHbIii MOMEHT BpeMeHH ty = O rpy3HK MMeeT MaKCUMAaJIbHYIO BEJIMYUHY CKOpOCTH. HaliTh BeMunHy cKopo- xlgk
CTH Tpy3uka B MoMeHT BpeMenu t = 0,1c, ecim MakcCHMaJIbHOE CMEIIEHNE TPY3UKAa OTHOCUTENBHO MOJIOKEHHS PABHOBECHS V$gm

PABHO Xmax = 2 CM. Omeem: 0,112wm/c

7.10. I'py3ux mMaccel m = 80r Ha mpy)XHHKE COBEpLIAET HE3aTyXalollue KoyieOaHHs, CKOJIb3s MO abCOIIOTHO i k m
I'JIa/IKO# TOPH30HTAILHOM IIIOCKOCTH. B HAuaIbHBIA MOMEHT BpeMenn tp = O CKOPOCTb TPy3HKa ObLIA paBHA HYIIIO. 34 2%
nocnenyroumid nHTepsan Bpemenn t =5T/12, rae T — nepuon konedaHuit, rpy3uk npoxenai myth S = 1,2cm. Haiiti Bennuuny ko3¢-
¢uireHTa KECTKOCTH K MPYXUHKH, €CIIM MaKCHUMaJlbHasl BEIMYMHA CKOPOCTH TPy3HKa PaBHA Vmax = 2,4cM/c.

Omeem: 1,11H/m

711 Tenexka coBepHiacT KOHe6aHI/I5{ B T'OPU30OHTAJIbHOM HaAIIpaBJICHUU OTHOCUTECIbHO HEIIOJABUXKHOT'O ’? _3(2 X
. —=t=—X4 x
HabJ10/1aTeNs 110 3aKkoHy Xg = A COS(Wt+a ) . Jlexaluuii Ha TelekKKe IPy3 OJHOBPEMEHHO KONEOIETC OTHOCH- 57757777777
TCJIIBHO rOpI/I3OHTaHBHOﬁ TMOBEPXHOCTHU TCIICIKKHU C Toﬁ Xe ‘IaCTOTOﬁ I10 3aKOHY X2 = AQCOS((A)t+ a 2) . OTHOCI/ITCHBHO Ha6ﬂ}0ﬂaTeﬂH

Ipy3 ABWKETCS IO 3aKOHY X = ACOS( wt+ 0() . Halitn ammmutyny A w HadasibHYTI0 a3y o pe3ylbTUPYIOMETo KoyeOaHus, eciu Ay =
=20cm, A, = 10c¢Mm, 04 = 0,0, = /4.

Omeem: 28,0cm; 0,255pan
8. dusnueckuii MasiTHUK

JIroboe MaccuBHOE TEJI0, COBEpLIAIONIee KOJIeOaHus 10| IEHCTBIEM CHIIBI TSHDKECTH BOKPYT TOPU30HTAIBHOM OCH
nozaseca O, He mpoxoasieii yepe3 ueHtp mace C, Oyaer ¢pusndeckum MasTHUKOM (puc.l.26).[{ukiandeckas 4acTora He-

3aTyXaloWKX KoeGaHui 1 [IePHO/ TAKOTO MAsTHHKA ONPEACIAIOTCS, Kak (W =,/mgd/ ||, [T =2 w= lo/mgd

rae lg — MOMEHT MHepIMN MasTHHKa OTHOCHTENHHO och monseca O, KOTOPBIM BhrdmciseTcs mo teopeme lllteiinepa

Puc.1.2¢€

lg=1I¢ +md? , d =CO —paccrosiHie OT IIEHTPa Macc JI0 OCHU MOJ(BECA.

Ecnu pusuueckuii masmuux coenan u3 HecKOIbKUX NPUKPERIEHHbIX Opye K Opyay menr, mo paccmosanue d omcuumvigaemes
Cosem:  om ux oOwieco yeHmpa macc, a 8 Qopmyavl HA00 NOOCMABIAMb CYMMY MACC U CYMMY MOMEHMO8 UHepYull MmaxKux me.

T=2n/> IO/Zm@d.
Ipumepul peuwtenus 3aday.

8.1. Toukwuii cTepxeHp AauHbI | = 1M ¢ Maccoit M= 1Kr nojBelLICH 3a Kpaii i COBEepIIAaeT He3aTyXaroLINe FAPMOHHYCSCKIE
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KoJeOaHusT BOKPYT OcH MojiBeca ¢ mepuoaoM T = 1,6¢, mpudem B ieHTpe O CTEPIKHS 3aKpeIIeH TPYy3 ¢ MacCou My, pa3MepoM
KOTOPOT0 MOXKHO npeHeGpeus. Onpexenuts Maccy My. [lpumsts g = 10m/c?.

Pewenue. 0fm,
Ilentp Macc MasiTHUKA COBIAIAET C IeHTpOM crepxkHs O, B KOTOPOM HaxOAUTCs Macca My. PaccrosiHue 10 ocu moa- I.m
Beca d = /2. MoMeHT MHEpIH OTHOCHTEILHO OCH MOJIBECA CKIIAIBIBAETCS U3 MOMEHTA HHEPIUU CTEPIKHSI, BBIYUCIIIEMOTO T10
o o . 1 2 2 d2 1 1 ?
teopeme lllTeiiHepa, 1 MOMEHTA HHEPIIMU TOYSUHON MACChI My; :Eml +md°“+md = 3 mi-—4 m| f.
2 2
' 3+m/4)! grel/3-T
W3 hopmyisl aus meprioga T = 2TT =2m (m/ n1/ ) HaxomuM My = % =0,123kr.
(m+m) gd (m m) gk T4g-2ml

8.2. TopusonTansHas ock noaseca O mpoxoaut Ha pacctosiaud a = /4 ot niearpa C TOHKOTO CTEpIKHsI [UTHHE |,

l.m
AMEIOIIETO Maccy M, KOTOPBIA COBEpIIaeT He3aTyXarollne rapMOHIUECKHE KOoieOaHus ¢ IUKIMIEeCKOH 9acToTol ® = 4 ¢t s f
OTHOCHTENBHO 3T0# ocnu. C nmpyroit ctopoHs! OT neHTpa C Ha TOM € PACCTOSHUM & Ha CTEpXKHE 3aKpeIlIeH Ipy3 Toi xe C ba
MAacchl M, pasMepoM KOTOPOT0 MOXHO IpeneGpeds. Haiitu wmmy crepxns |, npuanmas g = 9,8m/c* my,
Pewenue.
é,m Tak kaK MacChl CTEP)KHS M MPHUKPEIICHHOTO TOUYECYHOTO I'Py3a OJMHAKOBEI, TO OOIIMI IIEHTPa MacC MasTHUKA
dl c1? HAXOJMTCS TOYHO NOCEPEMHE OTPE3KAa MEXKIY IPY30M U LEHTPOM CTEPKHS Ha paccrosuun d = 3a/2 or ocu noxuseca
uentpd i (puc.1.27).M i
e /hm puc.1.27).MoMeHT HHEPIHUH OTHOCUTEIHHO ATOI OCH CKIIaABIBACTCS M3 MOMEHTa MHEPIINH CTEPXKHS, BEIYUCIAEMOTO IO
s . . 1 2 2 2 19 '2
Puc.1.27  Teopeme llITeiinepa, ¥ MOMEHTAa HHEPLIUK TOYEYHOM Maccel M | = 1—2ml +ma“”+ n(2 @ = 28 mf, tak kak a = /4.

W3 hopmysibl 71t 4aCTOTHI KOJIeOaHmii (PU3NIECKOTO MasTHHKA (W= \/ (m+ m) gq/ I= \/36 g'191 naxonum | =369 / 190’ =1,16m.

8.3. Tonkuit auck ¢ maccod M u ¢ pagnycom R = 30cM coBepuraeT He3aTyxaromuye KoiueOaHuss OTHOCHTEIILHO
ocu noaseca O, MPOXosIIIeH NMEPIEeHIUKYISIPHO TUIOCKOCTH AMCKA Ha PAacCTOSIHUM & = 15c¢cM ot ero uenrpa. B HmxHei
TOYKE JIMCKA 3aKpEIUIeH I'Py3 TOH e Macchl M, pa3MepoM KOTOPOro MOKHO IpeHeOpeyb. OnpenenTh NIUKINIEeCKYIO Jac-
ToTy KONeGanuit, npunnMas g = 9,8m/c%.

Pewenue.

Tak kak Macchl JUCKa U rpy3a OJMHAKOBBI U & = R/2, To 00uuil IeHTp Macc MasgTHUKA HAXOAUTCS MOCEPEANHE MEXIY LCH-
TPOM JIMCKA M TOYEYHOI Maccoil M Ha paccrosumn d = a+ R/2= R or ocn noxseca. OGUMI MOMEHT HHEPLMH MASTHAKA OTHOCH-

TenpbHO ocl O CKIIagbpIBaeTCS M3 MOMEHTa MHEPIUH Jucka | = mR2/ 2+ m& =3 mF%/ 4 (o teopeme Illteiinepa) u MoMeHTa

JIACKa

2 . o
MHEPLUH TPY3a | sy = m( R+ a) =9 mF@/ 4. TloncTaBnsiss 3TH COOTHOIICHHSI B GOPMYITY JJIS MUKIAYECKON YacTOTBI KOJICOaHMMA

m+ m) gd
(memgd /E =4,67¢™
I JUCKa +1 rpysa R

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

MasITHMKA, HAXOAUM ()=

8.4. Toukuii CTCPIKCHL C Maccoii m IIOABCILICH 3a Kpaﬁ 1 COBEPIIACT HE3ATyXarOINE IrAapMOHUYECCKUE KoJiebaHus ¢ <

. 0
nepuosoM T = 2 ¢, IpUYeM Ha ero MPOTHBOIOJIOXKHOM KOHIIE 3aKPEIUIeH IPy3 TOW ke Macchl M, pa3MepoM KOTOPOTO MOMKHO Im

npene6peun. Haiitn muny | crepxns. [puasts g = 9,8Mm/c%. ’

. A | g

Omeem: 1,12m m

8.5. JIBa 0IMHAKOBBIX TOHKHMX CTepskHs uIHHbI | = 90 cM coBepIIaroT He3aTyXarole rapMOHUYECKUE KOJTe- A

o s

OaHus. Y OJJHOTO M3 HUX TOPH30HTaNbHAs OCh HoaBeca O MPOXOAMT Yepe3 Kpaif, a y APyroro HaXOIUTCSl HA PACcCTOsI- (C> ta
HuM @ oT Hentpa C crepxHs (CM. pUCyHOK). ONpeNenTh PACCTOSHUE @, ECIHM IEPHOIBI KOJIEOaHUi 000MX CTEPIKHEN Lm (Im

OJIMHAKOBBI. N [

Omeem: 15cm

8.6. Tonkwmii auck ¢ maccoir M= 100r moaBemieH 3a Kpail ¥ COBEPIIACT HE3aTyXalOIINE rApMOHNYECKHE Koeha-
HUS C IMKIIHYECKOi 4acToToll @ = 4 ¢ B IIIOCKOCTH, COBNAAIONIEi ¢ MIOCKOCTBIO AHCKa. B HEHTpe [HCKa 3aKpervien
rpy3 Maccsl My=300r, pa3sMepoM KOTOPOro MOXHO mperedpeds. [lpunimas g = 9,8m/c?, Haiiti paguyc aucka R,
Omeem: 0,544m

8.7. TopusoHTanpHas och noaBeca O MPOXOTUT HA paccTossHUU & = R/2  OT HEeHTpa TOHKOro AMCKa, HMEIOLIETro <
Maccy M, KOTOPBIH COBEpIIaeT He3aTyXalolue rapMoHHYeckue Kosebanus ¢ nepuogom 1 = 1c¢ B miockocTH, coBnaaaro- RO %
1IeH ¢ MIOCKOCTBIO aucka. C Apyroi CTOPOHBI OT LIEHTPa AMCKA HA PACCTOSIHUM @ 3aKpeIUIeH Ipy3 TOH e Macchl M, pa3- m
MEpOM KOTOPOrO MOXKHO npeHeOpeus. Haiitu paguyc mucka R, mpunnmas g = 9,8m/c*
Omeem: 0,213m

8.8. /IBa oMHAKOBBIX TOHKHX JUCKA ¢ paauycoM R = 1M coBepiuaroT He3aTyXarollue rapMOHHYECKHIE KO-
ne0aHus B IUIOCKOCTH, COBIAJAIONICH C IUIOCKOCTBIO NUCKA. Y OIHOTO M3 HHUX TOPH30HTalbHas ochk mojaseca O
MPOXOIMT Yepe3 Kpaid, a y Ipyroro HaxoAUTCs Ha PACCTOSIHUU & OT LeHTpa Jucka (cM. pucyHOK). OIpenenTs pac-
CTOSIHHE @, €CJIM TIepHO/] KojeOaH s JIEBOTr0 IUCKa B 2 pa3a MEHbIIIE IIepHoaa KojJeOaHuii IPaBoro JuCKa.

Omeem: 8,45¢cm
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9. CoOcTBeHHbIE MEXaHUYECKUE 3aTYyXaIOIUe KOJIeOaH s

Ha koneOmromuiicst B BA3KOW cpele MPYXKHUHHBIA MasSsTHUK JCHCTBYET TOPMO3SIIas cuja BsA3KOro TpeHus. Ecim ;:k

Ha TPYXKHMHKE MOJBELICH WIAPUK pajuyca [, ABIKYIIMIACA CO CKOpOcThio V (puc.1.28), To 9Ta cuima nMeeT BHA |——2-—
Fp =-6rnrv, rme 1N — Ko3hOHUIMEHT BA3KOCTH Cpeasl. B pesynbrare KoeOaHWs 3aTyxalOT [0 3aKOHY {fpj I
TV x

X(t) = Ay e_Bt COS(Q) t+ O() , TIe A(t) = Aee_Bt - aMIUTUTY/1a KoJieOaHUi, YOBIBAIOIIAS 10 IKCIIOHCHI[UAITLHOMY 3aKOHY, P;/ICT]:.ZE

B — ko3¢ duumeHT 3aTyxaHus KoneOaHuH, TPONOPLIHUOHAIBHBIN BI3KOCTH 1).

. . [ k 21
Takne konebaHus MPOUCXOMAT C IMTUKITNIESCKON 9acTOTON |W= wﬁ —[32 , rne (1)8 =— wucuepuogoM |T =— = %ﬁ .
wp —B

w

3

C pocroM ko3¢ pHIMeHTa 3aTyXaHus B MepHO PacTET, M KoJeOaHMs MPEKpaIaloTes;, Koraa 3= wy =4/k/m.

3aryxaHue KojJeOaHUil XapaKTepU3yIOT TaKKe BEIMIHMHON JOTapru(pMHUIECKOTO IeKPEeMEHTa 3aTyXaHHs, KOTOPhIH B 3aAadax

213
MOYHO BBIYHCIIHTH 110 (O 0=PBT =———|.
-B
Ipumepvl pewenus 3a0ay. gk Ly
ELS| E
9.1. J/IBa OZIMHAKOBBIX [IAPUKA TIOBEIIEHBI HA MIPYKUHKAX ¢ pasHOU xEcTKOCThIo Ky = 0,02H/Mu k; =0,04H/M u |78 —- "5

. L -2 \2

COBEpIIAIOT KONEGAHHs B BA3KOM KHIKOCTH, PHUEM OTHOIICHHE YaCTOT KOJNEOGAaHHMil PAaBOro M IEBOTO mapukoB |Vi®M -V2em

PaBHO Vo/v; = 2,a K03 GHIMEHT 3aTyXaHus KoTebanuii 5tux MasTHIKoB B = 0,8¢™. Haiiti maccy mapuka m (B r). I - -
Pewenue.

OrHouleHne  vafvy PaBHO  OTHOLIEHHIO  LMKIMYECKHX  4YaCTOT  JAaHHBIX  NPYKUHHBIX  MAasTHUKOB
W/ = \/kz/m—Bz /\/ kl/ m—B2 =2, OTKy/a JIErKO TOJNyYUTh (hopMyay M= (4k1 - kz)/332 =20,8r.

9.2. [lepuo COGCTBEHHBIX HE3aTYXAMOIINX KOJICOaHUH [IapuKa ¢ MAcCOW M, BUCSIIEr0 Ha MPYXKUHKE ¢ KECTKOCTHIO K, ObLT
paBeH To = 2 c. DTOT MasiTHUK NOTPY3WIN B BA3KYIO )KHUAKOCTb, TJIe TIEPHOJ] ero KoebaHuii cran paBHeM 1 = 2,5¢. Bo ckoibko pa3
HAJI0 YBENNYUTh KOI(D(DUIMEHT BAZKOCTH ITOH KUIAKOCTH, YTOOBI KOJIeOaHNsI MAasTHUKA B HEW TIPEKPATHUIINCH?

Pewenue.
3aaHHBIC B YCIOBUHU TIEPUOIBI KOJICOAHUH ONpeNesIFOTCs opMyIaMu
2
To= 2n , T =L, OTKyJia K :ﬂ , BZ -k 4T[22 :@—4—@ . Konebanus mpekpatsrcs, eciu B'z =k/m= 4T[2/'|62, T.C.
Vvk/m k/m-p? m Ty m T o T
B'_ 1 /(1 1)_| T2 _
BSI3KOCTD JKHKOCTH Hajl0 yBEIMUUTE B -~ = |5 /| 5= 5 | = [—5——5 = 1,67pas3.
T, Tg T T -T,
0 0 0 ¢

9.3. [llapuk Ha npyxuHKe ¢ xkeéctrocThio K =0,08H/M coBepinaer KojaeGaHus B BA3KOU KUAKOCTH, IPHIEM €T0 KO- _%k_
OpJIHATA MEHSETCS CO BPEMEHEM I10 3aKOHY X = Aexp(—at) Cos{ bt+ 0() ,rae A, au o —nocrosHHbE, b = 2¢™, a norapud- __‘$§m‘-
MHYECKUH TeKPEeMEHT 3aTyXaHus 3THX Kojebanuii pasen O = 4. Yemy paBHa Macca M mapuka? - ::léc

Pewenue.
IocrosiHubie @ ¥ D B ypaBHEHHH 3aTyXArONUMX KOJIEOAHUM JOIKHBI OBITh PABHBI KOIPPHUIUEHTY 3aTyXaHHs U HUKINYECKON
yacToTe Konebanuit: a=[3, b=w. [Ipx 3TOM He 33aHHYIO B YCJIOBUH MOCTOSIHHYIO & MOKHO ONpPEIEIHTh Yepe3 U3BECTHBIN Jiora-

pudmuueckuii nekpement 3aryxanus 0=BT =2m3/w=2na/b um a = bo/2m.

[MoacTasnss 3T BHIpaXKEHHUE B HOPMYITy IS [UKIHYECKOM 4acToThl D= =4/ k/ m- & , Haxozum

92

m=k |~ +1|f =14,2r

417

9.4. Illapuk Maccel M = 50T Ha MpPyKUHKE COBEPIIA BEPTHKAILHBIC KOJICOaHMs B )KUIKOCTH, IPHYEM 32 BPEMsI
At = 0,5¢ ammiuTyna ero konebanuii ymenpiuanacs B €Xp(1l) = 2,72as3. 3ateM KHUAKOCTh 3aMEHUITH, YBEIHYUB K0P Pu-
IUEHT e€ BA3KOCTHU B J1Ba pa3za. [Ipu 5TOM mepuos koeOaHui Tpy3uka yYBEIHYWICS B IBa pa3a. HaliTu BenmmunHy KECTKOCTH
K npyxuHKH.

Pewenue.

99009099

?

N
| ==
I @0
3!

Tak kak ammunTyna Aoe_st yOBIBACT CO BPEMEHEM dKCIOHEHIHAIBHO, TO 10 ycioBuio PAt =1 u = (At)_l =2¢",

TloacraBmss OTY BCIIWMYUHY B 3aJaHHOC 110 YCJIOBHUIO OTHOIICHUE NIEPHUOJI0B ? =

k/ m—p?
k/m-p'?

€le
1]

=2,rne B'=2B, naxo-

UM E = 5[52 , OTKy1a K = 5B2m: 1 H/m.
m
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9.5. [lapuk ¢ Maccoit M Ha MPYKUHKE ¢ IKECTKOCTHIO K cOBepIIai BepTUKaIbHbIE KOIEOaHusI B BSI3KOMN UAKOCTH. K-
KOCTh 3aMCHUIIH, YBEIUYMB KOI(PGUIMEHT e€ BSI3KOCTH B J1Ba pa3a. UeMy cTaj paBeH MOCIE 3TOro JOrapu(pMHUUYSCKHl TEKPEMEHT 3a-
TyXaHUs KOJICOaHUH TaKOTO NMPYKUHHOTO MasTHHKA, €CIIU MIEPBOHAYATIBHO OH ObLI paBeH O = 1?7
Pewenue.

[pu yBemMYEeHUH BSI3KOCTH JKHIKOCTH BO CTOJBKO K€ pa3 yBeaHduBaeTcs KOd(QOHULHEHT 3aTyxaHus 3, OPONOPLHOHATBHBIN BA3-
koctum: B'=2B.

Bripakass Hew3BecTHOe oTHomieHwe k/Mm w3 (GopMysbl JUld Ha4YadbHOM BENWYMHBI JIOTAPHU(PMHUUECKOTO NEKPEMEHTA 3aTyXaHHs
0=pT :i , 5 = Bz 1+@ , IOZICTaBJIsieM ero B popmyiy st 0' :A ,uTo naér 0'=4 @ -3=2,081.
Jk/m-p2 M 6 Vk/m-p2 ©

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU NHOO2OMOBKU.

9.6. [lapux Maccel M Ha IPYKUHKE C )KECTKOCTHIO K CcoBepIiian BepTUKalbHbIe KoebaHus ¢ nepuogom T, = 1c B <
BA3KOI JKHIKOCTH. ECIIH JKHIKOCTh 3aMEHHTh, yMEHBIINB KO3 (MUIHEHT eé BA3KOCTH B 2 pasa, TO NepHo Kolebanuii Takke | gk
YMEHBIIUTCA B 2 paza. UeMy paBeH Nepuo To HE3aTYXaroIIHUX KOJIEOaHWH TaKOTO MPYKHHHOTO MasTHUKA B BO3AyXe? 5]
Omeem: 0,447c &

9.7. llapuk Ha npyKUHKE ¢ x)EcTKOCThIO K =0,04H/M coBepinan BepTHKAIbHBIE KOJIEOAHHUsS B BA3KOM JKHUIKOCTH,
npuyeM 3a Bpemst At = 1 ¢ amrmumuryaa konebanuii ymenpinanace B €Xp(1l) = 2,72%a3, a KoopAuHaTa MIaApUKa MEHSIAch CO | —
BpPEMEHEM I10 3aKOHY X = Aexp(—at) COS{ bt+ 0() ,rae A a, bu o — nocrosunsie. JKuakocts pa36aBuiu BoOM, yMeHbIUB [ {871

TpH 5TOM K03 HHUIHEeHT €€ BA3KOCTH B [Ba pasa. [locie 3Toro BenmumHa b yBenmmuuiach B monTopa pasa. Yemy paBHa macca ==
m mapuka? Omeem: 25T

9.8. [llapuk Maccel M= 51 Ha npyxuHKe ¢ xkéctkocthio K = 0,02H/M coBepiian BepTHKaIbHBIE KOJIEOaHHs B Bs3- <
KOIf ’KUIKOCTH, IpuyeM 3a BpeMs At = 2¢ aMmmuuTyza ero xonedanuii ymeHpinanace B €Xp(l) = 2,72a3. I'py3uk 3amenn- |[— k.
JIM, TIOIBECUB Ha MPYXXHMHKY LIapUK TOTO Xe pa3Mepa, HO ¢ Maccoil M’ = 10T. Bo cKoiBKO pa3 M3MEHWICS IIPU 3TOM JIoTa- |- p&--
pudMHYSCKUIT TEKPEMEHT 3aTyXaHHs KoJIeOaHUl TAKOTO MPY>KUHHOTO MasTHUKA? f-*_‘i-n-__

Omeem: yBennuauics B 1,464paza

9.9. lllapuk ¢ maccoit M= 10r Ha NMpy>KHMHKE COBEPIIAET BEPTHKAIbHbBIC KOJCOAHUS B BI3KOU )uakocTr. Koreba- «
HHUS Ha IPYXXHHKE ¢ KECTKOCThIO K = 0,2 H/M mpoHCXOomaT ¢ LUKIMYECKOW YacTOTOW = 2 ¢, Bo ckombko pa3 Hazmo _ _/‘_
YMEHBIIHUTH KECTKOCTh MPYKUHKH, 9TOOBI KOJICOAHUS MPEKPATHIIUACH ? 't g

Omeem: ymeHbIIUTH B 1,25pa3 -

9.10. Illapuk ¢ Maccoii M Ha NPYKHHKE C KECTKOCTHIO K COBEpIIA B BO3/yXe HE3aTyXaIOIINe BEPTHKABHbIE KO- ¢
neGanus. Korna Takoii MasTHUK OMECTHIIM B BA3KYIO XKHAKOCTb, OH cTall KoneGatbest ¢ meprogom T = 1c, npuuem nora- |2k
pU(MIYecKyii IeKPEMEHT 3aTyXaHHs TaKHX KoyeGaHuii okazascs paBHbIM 0 = 4. C KakuM NEpHOIOM MASTHHK KONebancs B |- 45-
BO3IyXe? Omeem: 0,844c -

10. BeinyxaeHHble MeXxaHnueckue Konedanus. Pezonanc

E

BriHykeHHbIe KonieOaHUsl BO3HUKAIOT NP IEHCTBHM HAa MAasTHUK BHEUIHEH MEPUOIMYECKON CHIIBI, U3Me-
HsOIIelics, HalpuMep, 10 TapMOHUYECKOMY 3aKOHY € aMILIMTYyAoi Fg 1 uactoToil Wy, : K, = Fycosw,,t.

B citydyae npy;KHHHOTO MasiTHHKa Macchl M, TIOABEIIEHHOTO Ha MPYKUHKE C KECTKOCThIO K M JIBIKYIIETOCS B
BA3KO# cpejie ¢ Kod(GHUIIUEHTOM BA3KOCTH I, 3Ta CHJla 100aBIsSeTCs K CHIIaM YIIPYTOCTH U BA3Koro tpenus (puc.1.29) &

BrIHyKIeHHbIE KOJICOAHHMS MPOHUCXOMAT 10 3aKOHY ‘X(t) = Acos W, t—¢ )| C THOCTOSHHOW aMIUIUTYIOU _ ~ ™
A=constu ¢ 4acToTol ), BHEIIHEH CHIbL. UTOOB! HANTH aMIIUTYRy A U HadaubHYIO (a3y ¢, HamO MOACTABUTH OTO - - ¥ l Fo
2
X dx
pelienue B ypaBHEHHE JMHAMHUKHI mF =—-kx- r]a + Ry coswy,, t. Puc.1.29
t

[Ipu >TOM aMIUIMTYyJa BBIHYKIECHHBIX KOJIEOAHMH 3aBUCHT OT YacCTOThI BHemmiHe# cuibl (puc.1.30) I 4

k
A= > ':O/ m = rie o% =—, B —xo3dpdunment 3aryxanus. MakCHMyM 3TOTO BBIPOKEHUS (pes,o—Amax
2 2 m
V(@ -2 )2 +ap?,

HAHC aMILTHTY/Ibl CMEIIEHHS) TIOIY4aeTest IPH YacTOTE BHEIIHEH CHIIBL | Wy, = Wy = \/0\)% - 2[32 .

Puc.1.3C

TVO U3 onpenenenust V = dx/ dt MOXHO HaliTH aMILIUTYy CKOPOCTH Vg = AWy, Mast-

Vorriax HHKA [PH BBIHY)XACHHBIX KoneOaHmsx. OHa TakKe 3aBHCUT OT YacTOTHl Wy, (puc.1.31)u mocruraer Makcumyma

© (pe3oHaHC aMILTUTYABI CKOPOCTH) NIPU APYrOM 3HAYCHHH YaCTOTHI BHEIIHEH CHITBI |mp63 v =y =k/ m| .
BH

Wpesv
Puc.1.31

Ipumepwi pewenus 3aday.

290009500

10.1. I'py3uk Ha NMPYXMHKE COBEPIIACT BEPTUKAIBHBIC KOJICOAHUS C TOCTOSHHON aMILIHUTY-
JIOW B BSI3KOM JKUJIKOCTH IIOJ JICHCTBHEM BHENIHEH cribl FoCOSot. [Ipu yacToTe BHEUIHEH CHIIBI, PABHOW ® = (01, MAKCHU-
MaJjibHa aMILTUTY/a CMEILLEHUs TPY3UKa, a MPU YaCTOTE ® = (¥, MaKCUMallbHa aMIUIUTYAa ero ckopoctu. Ecimu -

e
1

o

p
1

T
ST
o
&1
e
™
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JICHCTBHE BHEIIHEW CHIIbI yOPaTh, TO IPY3UK HAYHET COBEPIIAThH 3aTyXaIONINEe KOJeOaHUs ¢ MUKINYECKON 9acTOTOl 3 Haiitu Be-
JIMYHHY OTHOIIEHHS 4aCTOT ®1/®3, €Cli Wy/m1 = 3.
Pewenue.

Tak kak ) =Wye;p = \[m% - 2B2 1 W = Whesy =Wy (pe3oHaHCHBIE YACTOTBI AMILIMTYJ CMEIIEHUS M CKOPOCTH) U
= - COOCTBCHHAA 4YacTOoTa 3aTyXarolnuX KOJCOAHWH), TO U3 3aTaHHOTO OTHOIICHUA = - = Haxo-
2 0 y OaHMi () oo% 2B%=3

\/ 2 f
UM B = 4wy / 9. [loxcraBsist 3TO BhIpaXKEHHUE, HAXOIUM OTHOILICHHE 001 \/(Af% B i' 3// \/7 0,447.
-p?

10.2. ManeHbKHUi TPY3UK MPUKPEIUIEH 3a MPYKUHKY ¢ KECTKOCTBIO K = 5 H/M K BepTHKaIbHOM CTEHKE M CO- % Fycosot
BepIIaeT KoyieOaHus 10 TOPU3OHTAILHOMN IMMOBEPXHOCTH MO JAeWCTBHEM BHelIHeH cwibl F = FocoSot, MeHsromelics mo L
rapMOHHYECKOMY 3aKOHY ¢ LHKIHIECKOil 9acToToil @ = 5¢™ u ammmmrynoii Fo = 0,08H. Tpenue otcyrersyer. Haiitn Maccy m rpy-
3WKa, €CJIM aMIUTUTY/a ero KoJiebanuii paBHa A = 2 cM.

Pewenue.

[MoxcTaBuM pelieHne, COOTBETCTBYIONIEE BEIHY)KICHHBIM KOJEOAHUSAM C TOCTOSHHON aMIDIHTYyIo X = ACOSwt B ypaBHe-

Hue auHAMUKH (2-ff 3akoH HproToHa) mmz)g/dlzz— kx Fcoswi (B ciyuae OTCYTCTBUS BSI3KMX CHJI TPEHUS CMEIICHHE

X = ACOSWt mpoUCXOAUT B OHOI (a3e ¢ u3MeHeHHeM BHeIHel cuitbl FoCOSnt). [Tocne moacTaHoBKH nonyan

—mu? Acoswt = — KACOS0 t+ Fy coet. Cokpammas Ha COSWY , nMeeM mo? A= KA- fy. oTkyna m— KR =40r.
WA

10.3. I'py3uk maccel M= 30T Ha npyKMHKE COBEpILAJ BEPTHKAJIbHBIE HE3aTyXaolye KojeOaHus ¢ HUKInde-
cKoif 4acToTol wo = 6¢ ™. Korna Ha IPY3UK Hayala IeHCTBOBATh BEPTHKAJIHHO HANPABIICHHAS BHEINH:AA cuia F = k
= Focosnt ¢ ammutynoii Fo = 0,012H, on cran kone0aThCsl OTHOCHTEBHO MOJIOKCHHS PABHOBECHS C aMILTUTY IO A = 8 18m
= 2 cM. Bsizkoe Tpenne orcyrcTByeT. HaliTi MakCUMalbHYIO BETHYMHY CKOPOCTH BBIHYXKJICHHBIX KOJICOAHUIT Ipy3HKa. N
Pewenue. Focosot

Kak u B npeapiaymiei 3aaade, MOACTaBjIsgeM penieHrne X = ACOSWt B ypaBHEHHE THHAMUKH md? >§/ dt = -k x fy cosw 1

99999900,

90999990
=~

o<
[=)

(cpma TSAKECTHU YPaBHOBEILICHA CHIION YIPYTOCTHU IMPYKUHKU B MOJIOKCHUU paBHOBeCI/Iﬂ). Brruncnss MMPOU3BOAHYIO U COKpalllas Ha

COSwt , MOIy9IrM muw? A= kA- fy. I3 3TOro cOOTHOIIEHH MOKHO HAHTH HEM3BECTHYIO YaCTOTY BHEIIHEH CUIIBI, €CIIM BBIPA3UTh KO-

3 PUIUEHT KECTKOCTH NPYKUHKU K yepes yacToTy COOCTBEHHBIX HE3aTyXaloMMX Koebanuii K = r’rm% . Torma

or [EF [ T

CkopocTs rpy3uka V = dx/ dt=— AvSinwt umMeeT MakcUMaNbHYIO BEIMUHHY Vo = AW = 0,08M/c.

10.4. llIapuk maccel M= 60T Ha MPYyKUHKE COBEPIIAN BEPTHKAIbHBIC KOJCOAHUS B BI3KOW KUIAKOCTH IO JICH-
CTBHEM BHelIHeH cuibl FoCOSot, MEeHSIOmEeHCs 0 TAPMOHUYECKOMY 3aKOHY C ITUKIMYECKOHW YacTOTOH , MpUYeM IpH
gactote ® = ©; = 8 ¢ HAGMIOAATOCh MAKCHMATBHOE YBEIMUEHHE AMILIATY/IBI KoneOaHmii. ECiu BA3KOCT JKHIKOCTH
YBEJNIMYHTH B J1BA Pa3a, TO aMIUTUTYAa CMEIICHHUS IapiKa CHOBA OKa)KeTCS MAKCHUMAIBHOM NP APYTOM 3HAYCHHUH ITUKIIH-
4eCKOM YaCTOThI BHEIIHE CHitbl ® = mp = 6 ¢ ™. Haiiti BenmunHy Kod(pduinenTa KECTKOCTH K NpyKUHKH.

Pewenue.
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Pe3onanc AMIUIMTY bl JOCTUTAJICA TIPU YaCTOTE (A)_L = \'(AJ(Z) - ZB% . I3MeHuB BS3KOCTh KUAKOCTHU Bl — [32, HU3MEHUIIN PE30-

HAHCHYIO YaCTOTY aMIUIMTY/bl CMEILEHUS W) = u)% - 2[3% . I3 5Tux opMysT MOXKHO TIOITyYUTH 3aJaHHOE B YCIOBHHU OTHOIICHHE KO-

2 2
S(IJ(I)I/IHI/ICHTOB 3aTyxaHI/I${ KOHe6aHHﬁ, HpOHOpIII/IOHaJ'H)HLIX BS3BKOCTHU XHUJIKOCTHU. % = % = 2 . I/I3 9TOr'O OTHOLICHUS HAXO0AUM
1 Wy — Wy

> 2
ST k=g m—4‘”13°°2 4,4 Hir,

3
Tpumepol 3a0ay KOHMPOILHOU PAbOMbL OJIs1 CAMOCTOAMENLHOL NHOO20MOGKU
10.5. /IBa 0TMHAKOBBIX TPYy3UKa HA OJMHAKOBBIX MPYXHHKAX COBEPIIAIOT BEPTUKAIBHBIC KOJICOAHUS B BSI3- <« <«
KO skuaKoCTH. JIEBBIN Ipy3UK KOJICONETCS ¢ MOCTOSHHOM aMILTUTYIOW MO eiiCTBUEM BHEIHEH cuibl FoCOSot, Me- __é S -
HSIOLIEHCS IO TAPMOHUYECKOMY 3aKOHY C LIUKIWYeCKoi yacToToi . Ilpu yactoTe BHELIHEH CHUIIBI, paBHOH ® = ®; -‘% _-_-:_Eg@(;)g
MaKCHUMaJlbHa aMIUTUTYJa CMEILEHHs JIEBOrO TPY3UKa, a MPU YacToTe ® = ®, MaKCUMajbHa aMIUIUTYIa €ro CKOpo- f c:()sa) t‘_: -

ctu. [IpaBblii Tpy3uK COBEpINAET CBOOOAHBIC 3aTyXafoMKe KOoJeOaHus ¢ UKINYECKOi YacToTON 3. Halitu Bennunny
OTHOIIEHMS YaCTOT M1/®W3, €Cau /w3 = 1,4, Omeem: 0,2

10.6. OnuH KOHEI PYKUHKH C KECTKOCTRIO K = 6 H/M mpuKpernieH K cTeHe, a Ha IPyroM KOHIE 3aKperuieH 7 ;
. o o v COS®
MAJICHBbKUH TPY3HK, KOTOPBIH COBEpIIACT HE3aTYXAMoI[Ue KoJeOaHWs M0 TOPU30HTAIBHON aOCOIIOTHO TIaIKo#l Imo- immf’%
BEPXHOCTH C [UKINIECKOi 4acToToil o = 6 ¢ ™%, Kora Ha rpysuk Hadana aeiicTBOBaThH BHEwIHss cria F = FoCogot, Me- ==
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HSIFOLASCS TI0 TAPMOHHYECKOMY 3aKOHY C IIMKIMYECKON 4acTOTON @ = 4¢ ™, oH crau KojeGatbes ¢ ammuutynoii A = 2,4cum. Haiitn
BEJIMYUHY aMIUTUTY bl Fo 3TO# CHITEL.

Omeem: 0,08H
10.7. I'pysuk Ha npyskunke ¢ x€EcTkocTbi0 K = 5 H/M coBepluan BepTHKAIbHbIC HE3aTYXAMOIME KONCOAHUA C ¢«
UMKIIMYECKOH 4acTOTOl . Korja Ha rpysuk Hauana JAeiCTBOBaTh BEPTHKAILHO HANpaBleHHas BHemmHss cuia F = 2k Bk
Focosot ¢ ammmmrynoii Fo = 0,084H, menstiowmascst o rapMOHMYECKOMY 3aKOHY € LMKIMYECKON YaCTOTON ®, OH CTal 43, 15,
KoJIeOaThCsl OTHOCUTENBHO IOJIOKEHHS paBHOBECHUS C aMIUIMTYA0i A = 2 cMm. Bsizkoe Tpenue otcyrcTByer. Haiitu Be- 230 N

JIMYMHY OTHOIIEHHS YaCTOT Mg/®. Omeem:. 2,5 Focosot

10.8. Hlapuk mMaccel M = 401 Ha mpyKuHKe ¢ xKECTKOCThi0 K = 4,8 H/M coBepuraeT BepTHKAJIbHBIC KOJIEOAHHS B BSI3KON

JKUIAKOCTH TIOJ ACHCTBHEM BHENIHEH cHITbl FoCOSut, MEHSFOIIEHCs 0 TapMOHUYECKOMY 3aKOHY C IMUKJIMYECKON 9acTOTOH ¥
©, IPAYEM TIPH 9acToTe ® = 1 = 6 ¢ HAGIIOMAeTCS MAKCHMAIBHOE YBEIMUEHHE aMIUTHTYIbl KoeOammii. Bo CKOIBKO
pa3 HaJl0 YMEHBIIUTh KOY(QOULUHMEHT BA3ZKOCTH KMAKOCTH, YTOOBI MAKCUMYM aMILIUTY/bl CMELIEHUS MIapuKa Habmogancs |- 3% e
IIPH HOBOM 3HAYCHHH YaCTOTHI BHEIIHE CHITBI @ = @, = 10¢™? 7
Omeem: B 2,05pa3

11.TlepBoe Hauano TepMoaMHAMUKU. PaboTa uaeanbHOro rasa

Ymobvr pewsums 1106Y10 MEPMOOUHAMULECKYIO 3A0ayy HAOO0 3aNUCAMb U PEUUNb CUCEMY U3 CIEOVIOWUX YPAGHEHU.
Cosem: 1) Vpasnenus cocmosnus; 2) Ypasrenus ecex 3a0aHHbIX NO YCI08UIO PAGHOBECHBIX MEPMOOUHAMUUECKUX npoyeccos; 3) Ypas-
HeHue Nepeoeo HAUAId MepMOOUHAMUKU.
JIJ1st UCTIONB3yeMOro TP PEIICHUH 33]]a4 KOHTPOJIBHOW pabOThI UCaIbHOTO ra3a Takas CUCTeMa YPaBHCHHI UMEET BUJI:

pVv = % RT| (ypaBHEHHE COCTOSHHS HACATBHOTO T'a3a);

f (p,V,T) =0 (ypasrenne npouecca); =)

Q=AU + A,,, | (mepBoe HauaI0 TEPMOANHAMHKH).

3nech p — maBnenue, V —o6béM, T —TepMoanHaMuyeckas temmeparypa rasa (B K), m—ero macca, | —MonspHas macca,
Q —TemnoTa, noxyyaemas (mpu Q>0) mwiu otnaBaemast (mpu Q<0) razom.

Y m
N3menenue BHYTPEHHEU SHCPIUU UACAJIBHOTO I'a3a ONIPEACIACTCA U3BMCHCHUEM €0 TEMIICPATYPhI AU =——RAT

M2

rje | — Yucio creneHei cBoboasl Moneky raza, R=8,31/x/K Monp - yHMBepcallbHas ra3oBas IMOCTOsHHas. PaboTa miaeaabHOrO

V.
rasa Bbluucisercs 1o gopmyie |A,,, = V2 pdV|. Ona pasnuyHa A7 pa3HBIX Ta30BBIX MPOIECCOB, MOJOKUTEIbHA, €CITH T'a3 PACIIH-
1

psieTcsd, U OTpUIaTeNbHa, €CIU ra3 CXKUMAeTCs.
Ecnu paboma cosepuiaemcs rneuHuMy meaamy Hao 2a3om, mo ona mensem sHax. Ay rason = = Arasa - Credume sa smum

Coeem: JYCO6UEM. Cnedume 3a mem, npurumaem ujiu omoaém 2as menjaomy Q Om 3mo2o 3a8uUcsim 3HAKU GeUYUH 8 YpaeHeHuu I-20
Havauaa mepModuHa_MuKu.

IIpumepvr pewrenus 3a0ay.
11.1. VineanbHslii ra3 coBepllaeT Mpolecc, pu KOTOPOM €ro JaBjeHUe pacTéT ¢ M3MEHeHneM 00bEMa N0 3aKOHy P = av®,

rie o =1400H B12°. O6bém rasa BO3pAcTaeT OT HauanbHOro 3uauenus Vo= 1m° 10 Vo= 2 M. Ilpu 5T0M rasy coomaercs Temora

Q = 292,1x/Ix. HaiiTu npupaiienue BHyTpeHHe# snepruu raza AU (B k/Ix).
Pewenue.

Bsramcnsem pabory rasa. Tak kak V, = 2V, T0
(2n)"'-W _ 27-1, 127
=Q \i =
7 7 7
W3 ypaBuenus 1o Hauana TepmoaunHamuku: AU =Q - A, = 266,7x]/1x.

A = \\/’12 pdV= a j\flvlvﬁdv = a \{’ = 25,4k

11.2. Opue MOJB MACATIHFHOTO ra3a COBEPIIAET MPOLECC, P KOTOPOM ero Temieparypa (B K) nsmensiercs: ¢ m3aMeHEHHEM
. a ..
o0béma 1o 3aKoHy T :EVJM, rne o =100H 54]/4/ Monb , R — yHuBepcanbHas ra3oBasi OCTOSIHHAS, @ 00BEM ra3a yBEeJIMYMBACTCS

ot HayanbHOro 3HadeHns Vo= 1m° gm0 Vo= 163 [pu 3ToM ra3y coobmaercs teriora Q = 700 /x. Haittu npupaiieHue BHyTpeH-
Heii suepruu raza AU (8 JIx).
Pewenue.
V.
é‘\ Ymobw! ebruucaume pabomy 2aza ho gpopmyne A, = .[VZ pdV rado svipazume ece nepemernmvie OO 3HAKOM UHIME2PALA Ye-
osem. 1
Pe3 00HY nepemMennyio, npedeivl UsMeHeHUst KOMopoul 3a0anbl 8 YCI0GUl 3a0ayu. Mo MONCHO COeNamb, UCNOb3YSL YPAGHEHUE
COCMOsIHUSL U YPAGHEHUe Npoyeccd.
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Hckmrouaem TeMIIEPpATypy T us YpaBHCHUA COCTOAHUA IJIA n]/l.l =1 moug rasa u 3aJaHHOI'0 B YCJIOBUHM ypaBHCHU: IIpOIlEcca,

T:p—V:%VJM. Orcrona HaxoAuM CBA3b p:O(V_3/4. C yuérom V2:24V1 pabora raza mTpH €ro pacUIUpeHHH

R
P RV
1 1 4
1~ =A4q \f/ . VI3 ypaBHeHHs epBOro Havasa TEPMOJUHAMHUKH HaXOAUM

— (V234 =
A =02V Y4av=a
AU =Q~ Ay = Q—4a V¥4 =300 /1.

11.3. OguH MO UICANBHOTO Ta3a COBEPIIACT MPOIECC, IPU KOTOPOM €ro JaBIICHHE U3MEHSCTCS C POCTOM TEMIIEPATYPHI IO
3aKOHY P =0 R3T3, rae R — yHuBepcanbHas ra3oBasi OCTOSTHHAs, O = 10° g2 54_5, a 00bEM Taza yBeIMIMBACTCS OT HAYaIHHOTO
spaverns Vi= 1m° 1o Vo= 16 M°. Ilpu oTom ra3 otgaér temiory Q = 500 Ix. Ha kakyio Bemuunay AU H3MEHHTCS BHYTPEHHSS
9Heprus raza?

Pewenue.

Haxons Temnepartypy u3 ypaBHeHus cocTostaus mis 1 mons raza, T = pV/ R, uckimouaeM e u3 3alaHHOTO B yCJIOBHM yPaBHEHUS
3 -2 - i .
mporecca: p = aRPT3=a EQ p\/) , OTKyma p=0ad V2y=312 yyréwm, uro ras ne noJiy4aer, a oTnaét TemioTy. Torna ypaBHeHHE mep-

BOI'0 Havajia TCPMOAMHAMUKH CICAYCT 3allMCaTh, KaK

_ _ _ V‘1/2_
AU :_|Q|_Ara3a :—|q—d 1/2J'\\//12V ade:_‘Q‘_G Y22 = “2x/lx.

vit?_ -IQ _2[1_1] =-|Q _2(1_1J
T IR B (VRN V) R NIV T
BHyTpeHHsis 2HEeprus OyIeT YMEHBIIATHCS, TAK KaK ra3 OXJIaKIaeTcs.
11.4. OnuH MOITB WICATBHOTO ra3a COBEPIIACT MPOIECe, MPH KOTOPOM €ro 00bEM YMEHbBINACTCS C POCTOM JIABJICHUS IO 3a-
kony V = O(p_l, rme a=4 KI[)K/ Mouib . HaganeHoe nmaBienme raza Pi;= 25 k[la. Halith BenmnauHy KOHEYHOTO MABJICHHSI TOCIE TOTO,

Kak ra3 otaact temiory Q = 6 k/Ix.
Pewenue.
Tak Kak B yCIOBHM 33aJjaHa HayallbHAsl BEJIMYMHA JABICHUS T'a3a, a HE ero 00bEMa, TO IPU BEIYUCICHHH PAaOOTHI, COBEpIIac-

Y (of
MOH Ia30M, OpO1IE O] UHTEIPaJIOM OCTaBUTh IIEPEMEHHYIO . IloncraBss dv = d[— = —C(—g , HAXO UM
P p

P2 ¢
Agsa = f pdV=-a f P am (%ij <0 (paboTa oTpHIATEIbHA, IOCKOJIBKY I'a3 CKMMAETCs).
Py
3anaHHbli B ycinoBuM mpouecc PV =0 =CONS! sBIAETCS M30TEPMHYECKUM, T.€. BHYTPEHHSA JHEPIHs ra3a HE MEHsAETCs

(AU = O) , @ ypaBHeHue |-ro Hayana TepPMOJMHAMUKH HMEET BHJ —|Q| = Ay =0 In( P/ Q) . B3siB skcnoHeHTy 0T norapugma,
HOJIy4uM Py = plexp(|Q/O() =112kI]a.

Tpumepul 3a0au KOHMPOTLHOU Pabombl 05k CAMOCHOSIMENbHOU HOO2OMOBKL
11.5. OauH MOk HEANTBHOTO r'a3a COBEPIIAET MPOIECC, IPU KOTOPOM €ro JaBJeHHE YMEHBINACTCS C yBEeJIMIeHHEM 00bhEMa
0 3aKOHy P = 0(/ Vo , rme o =6400H |E/113, a 00bEM Ta3za yBeJWYMBACTCS OT HadajabHOTO 3HadcHHs Vi= 1 M 10 Vo= 2 Mo, IIpu

9TOM ra3 otaaéT remiory Q = 7,5kx/x. Ha kakyro Bemmunny AU (B k/I5K) H3MEHUTCS BHYTPEHHSS SHEPTUS ra3a?
Omeem: ymenbmutes Ha 9 xJ{x

11.6. OnuH MOJIb HICANTLHOTO Ta3a COBEpPIIACT IPOIECC, MPU KOTOPOM €ro 00bEM U3MEHSICTCS ¢ U3MECHEHUEM JIABJICHUS IO
3akony V = p4 ,TIe o =6, 2501010 g4 @111, a JJaBJICHUE Ta3a YBEIMYNBACTCS OT Ha4abHOTO 3HavYeHus P;= 20011a mo po=
= 400TITa. ITpu aToM ra3y coobmiaercs teruiora Q = 14,26x/[x. Haiitn npupanienne BHyTpeHHe# sHeprun raza AU.
Omeem: 9,3k][Ix
11.6. OauH MOJb UIEATHHOTO ra3a COBEPIIAET MPOIECE, MPH KOTopoM ero temieparypa (B K) usmensercs ¢ u3MeHeHUEM
00BéMa 10 3aK0oHY T = av? , rne a[R=4000H Eq_ll, R — yHuMBepcanbpHas ra30Bas MOCTOSHHAS, @ 00BEM rasa yBEIMIHBACTCS OT
HavabHOro 3Havenns Vi= 1m® 10 Vo= 2 Mm% Kakoe terio (B kJ[k) MOTydaeT Ipy 9TOM ras, €ClIH ero BHYTPEHHsS SHEPIHs BO3PAc-

taeT Ha BenmuuHy AU = 90k JIx?
Omeem:. 105k/]x

11.6. Oun MOJIb UAEANTHLHOTO Ta3a COBEPIAET MPOIece, MPH KOTOpoM ero temieparypa (B K) yMmeHbiiaetcst ¢ yBennaeHueM
00BéMa 1o 3akoHy T = O(V_S, roe o [R=8000H B/[lﬁ, R — yHuBepcanbHast ra3oBasi MOCTOSIHHAS, a 00bEM Ta3a yBEIHYHUBACTCS OT

HauanpHoro 3uavenus Vo= 1m° 1o Vo= 2 Mm% Kakyio Tertory (B kJIk) OTAeT IPH 5TOM Ta3, €CIH €r0 BHYTPEHHS YHEPIUs YMEHb-

maetcs Ha Benuunay AU = 23,25k /1x?
Omeem: 21, Tx]JIx
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11.7. OL[I/IH MOJIb UACAJIBHOT'O I'a3a COBECPUIACT NPOLECC, IIPU KOTOPOM €ro TeMIeparypa (B K) HU3MCHACTCA C UBMCHCHUECM

a _ i
JIaBJIeHUS TI0 3aKOHY T = R p4 ,rme a =10 6 Mg/ (H 3@10%) , R — yauBepcanbHas ra3oBast MOCTOSHHAS, a 00bEM ra3a yBeJIMUNBACT-

¢t OT HavaibHOTro 3Hayenns Vi= 1 M° 10 Vo= 8 m°. Ilpu sToM rasy coobmaercs temiora Q = 5625 . Haiiti npuparienne BHYT-
peHHel aHeprun raza AU.
Omeem: 4,5x]JIx

12. Temmo€MKOCTh TEPMOIMHAMUYECKUX MTPOIECCOB

i . |m oQ
Momnspuaas tennoémkocts C 11000T0 TEPMOAMHAMUYECKOTO Ipoliecca onpenessercs popmyinoi |—C =—=

vl dT

COB WICATLHOTO Ta3a OHA MPUMET BH]T mC = 6—Q = M = —m—i R+p—d C noMomIbIo 3ToH (HOPMYITEI MOKHO BBIYHCITUTD
TR T Y TP A o b Y

KOJIMYECTBO TEIUIOTHI, MPHHUMAEMON WM OTAAaBaeMOW NPH YBETUYEHUH WM YMEHBIICHHH TEMIEPaTypbl OT BEJMYHMHBEI [1 10 Ty

. g mpouec-

_MmT
=— CdT].

Ipouecchl ¢ MOCTOSHHOH TEIIOEMKOCTBIO HA3bIBAIOTCS HOIMTPONMYECKMMHU. YacTHBIM CllydaeM HOIUTPOHNHYECKOrO IIPo-
. [ . i+2 .
necca OyIeT H30XOPHIECKUH (Cv=const= 2 R] WM 1300apHaecKuit (Cp=const= G/ +R= - F\’) npornecc. Ho monurponmaeckuii

MPOIIECC MOXKET UMETH JIFOOYIO MOCTOSIHHYFO TertoéMkocTh C = const.
Ipumepwvl pewenus 3aday:
12.1. Metan CHj,, KOTOpBIH MOYKHO CUMTAThH HACATBHBIM I'a30M, COBEPIIIAET MPOLECC, IPU KOTOPOM €r0 JaBJICHHE BO3pacTacT

C POCTOM TEMITEPATyPHI [0 3aKOHY P = 0(T3, rzae o = const.Haiitu Benuuuny mosspuoit termoémrkoctu C 3Toro mporecca. R =8,31
Jox/K oss.
Pewenue.
Ymobul svruuciumos C, HA00 NOCICO08AMENbHO UCKTIOUAMb HEU3BECIHbIE MEePMOOUHAMUYECKIUE NePEeMEHHbLE U3 CUCTEeMbl
Coeem: (X) na cmp.26.

U3 YPaBHCHUA COCTOAHUA UACAIIBHOTO Ira3da U 3aIaHHOI0 B YCIIOBHUH YPaBHCHUA MPOIECCA MOKHO NUCKITIOYUTH JTaBJIC-

. _mRT_ 3 . ~m R
HHUC rasza. p —*7 =aT". 3T0 TMO3BOJIMT 3allUCaTh YpaBHCHUEC IPOLECCa C MOMOIIBIO APYIrUX mapaMeTpoOB. V —*72 . Beruucius
H HaT
o dv m R m F .. . .
MIPOU3BOTHYIO OT 3TOH QYHKITHH, — = —2——3 =—2——, IOACTaBUM €€ B OIIPENEIECHNAE TETIIOEMKOCTH:
dT HaT Hp
m o) dU+dA mi dvV. mi m
—C :—Q:—:—— R+p—:—— R-2— F.

V] dT dT M2 dT pun 2 V]
Tomuume, yumo 0ns1 memnepamyp, npeonoaacaemvix YCi08UAMU OAHHLIX 3A0ay, YUCIO cmenenel c80600bl 0OHOI

Cosem: MOJIEKY/Ibl 2a3d pasHo | = 3 011 00HOAMOMHO20 2a3a; | = 5 ons dsyxamommnozo 2aza; i = 6 0ns 2aza ¢ mpems u 6oavuLe amo-
MaAMu 8 MOJIeKye.

Orcrona C = (IE - 2) R= R=8,31/x/K [@101s , Tak KaK 111 MHOTOATOMHON MOJIEKYJIbI MeTaHa | = 6.

12.2. Bopopoa Hy, KOTOpbIif MOXHO CUMTATh MEaIbHBIM ra3oM, COBEpLIAET MNPOLECC, IPU KOTOPOM €ro TeMieparypa Bo3-

4 o . ..
pacTaceT ¢ pOCTOM AAaBJICHUA 110 3aKOHY T= (C( Ep) , rae o = const.Haiitu BCJIMYMHY MOJISIPHOU TCIUIOEMKOCTH 3TOrO IIpouecca.

R =8,31 /K ok,
Pewenue.
Kak u B 3amaue 12.1, mns HaxoxaeHus TermoéMkoctd C mporecca HaIO HANTH MPOW3BOIHYIO dV/ dT, T.e. ¢ HOMOIIBIO

m T
YpaBHEHUA COCTOAHUA UACAJIIBHOIO ra3a BbIPpa3uTh YpaBHCHUEC IIpoLEcca YCPe3 MCPEMEHHBIC V nu T ﬂJ‘IH — = 1 MOJIA rasa p :7

aBHeHHe coctosiuus) U P=(T/a aBHEHHWE nporiecca). IlpupaBHuBas, HaxomuMm V =d , OTKyJla IPOM3BOAHAS
(vp ) u p=(T/a)™* @p pouecca). Tipup Vv =a*RT¥4, orxyna mp
dv _3_(«a 4 _ i L
Pty R T T MosipHast TEIIOEMKOCTD ABYXaToMHOTO rasa (i=5) 6yier pasHa
p
c O _du+sA_i_ pdv_5_ 3 _ 13
dT dT 2 aT 2 4

= R+= R:—4 R=27,0 JIx/K B1oms .

12.3. Tpu MoJsl UIEadbHOTO Ta3a COBEPLIAIOT MOJIUTPONUYECKHMA MPOLECC, MOJISIPHAS TEMIOEMKOCTh KOTOPOTO B YETBIPE
pa3a 0oJIbIie MOJIIPHON TETIOEMKOCTH 3TOTO Ta3a MpH MOCTOSHHOM naBieHun. Eciu ra3 otmact 99,7k/k Tema, To €ro TepMoIu-
HaMU4YecKasi TeMIlepaTypa YMEHBIIUTCS B Ba pa3a. OnpeienTh YUCIO0 CTeneHel cBo0oapl MoJieKy T ra3a. HadanbHas TeMmeparypa
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raza t°C = 227C. R =8,31 Ix/K Mions.
Pewenue.
i+2
ITo ycioBHMIO MOJISIpHAsT TEILIOEMKOCTh mporecca C = 4CIO = 47 R. TIpu MOCTOSIHHOM TEMIOEMKOCTH TpoIecca Koaude-

CTBO TEIUIOTHI, OTAAHHOE MY/l =3 MOISIMH ra3a IpH yMEHbIIEHHH TEMIIEPATyphl OT 3HaueHust T=1= 227+273=500K 1o 3naueHus

T,=T/2, Gyzner paBHO |Q| = ‘SJ{Z CdT‘ = SC( T—%) =3( i+ 2) RT, otkyna | =%— 2=6.

12.4. Onun monb kuciopona Oy, KOTOPBII MOKHO CUMTATh MAEAIBHBIM ra30M, COBEPILAET IPOLECC, IIPH KOTOPOM MOJISIpHAst
.. . 8
TEIIOEMKOCTh MEHsIeTCs C TeMIepaTypoi rasa no 3akony C =G, (T/ TO) ,rae Tp = 250K — navanpHas Tremnepatypa rasa, Co = 8,31

Jx/K ions,. Kakyro paboTy coBepiuut ras, Harpesasich 10 tremneparypsl T = 500K? R =8,31 /K MioJb.

Pewenue.
T2=2T0 T2=2T0 2T 9 _ Tg

Harpesasics, M/l =1 moub rasa nomyuaer temiory Q = J' CdT= C—g f TdT= % (0)—0 = Sl G 7.
T1:T0 TO T]_: TO TO 9 9

CornacHO IepBOMY Haudally TEpPMOJMHAMHUKU COBEpLIEHHAass UM paboTa Oyzxer paBHa A=Q-AU, rie u3MeHeHne BHyTpeHHEH dHep-
511 5

) [ 5
TUH OJJHOTO MOJIst AByxaTtoMHoro (i=5) raza pasao AU = 3 R(T2 - Tl) = > Rp. Orcrona A= [? G _E Rj To=112,8xx.
Tpumepwt 3a0a1 KOHMPOTLHOU PAOOMbL 051 CAMOCTNOSMETLHOU HOO2OMOBKIL.
12.5. Kucnopoz O,, KOTOPBI MOXXHO CUNTATh HACATHHBIM I'a30M, COBEpIIAET MPOIECC, IPH KOTOPOM €ro 00bhEM BO3pacTaeT

C POCTOM TEMITIEPATYPHI 110 3aKoHy V = aT? , T2Ie 0. = cCONStHalTu BeIMUMHY MOJIAPHON TEMIOEMKOCTH 3TOIO MPOLECca.
R =8,31]1/K Mhos. Omeem: 54,0 1x/Knhons

12.6. Meran CH,, KOTOpBIH MOXHO CUNTATh HJI€aJIbHBIM I'a30M, COBEpIIAET MPOLECC, IIPH KOTOPOM €ro 00bEM yMEHBIIAETCs

C POCTOM TEMITIEPATYPHI 110 3aKoHy V = O T2 , T 0. = constHaliTi BenM4nuHy MOJSPHOMN TEIIOEMKOCTH DTOTO MPOLIECCA.
R =8,31]1/K Mios. Omeem: 8,31 J]x/Knons

12.7. Azot Ny, KOTOPBIN MOYKHO CUMTATh UIEAILHBIM Ta30M, COBEPIIAET MPOLIECC, IPU KOTOPOM €T0 JABIEHHE YMEHBIIAETCS
C POCTOM TEMIIEPATYPHI TI0 3aKOHY P = aT™, rae o = constHaiiu BEJIMYKMHY MOJIIPHOM TEIIOEMKOCTH 3TOTO IPOLECCa.
R =8,31]1/K hhos. Omeem: 62,3 JIx/K hions

12.8. AMmuak NHas, KOTOpBI MOKHO CUMTATh WICATBLHBIM T'a30M, COBEPIIAET MPOLECC, TPH KOTOPOM €ro TeMIieparypa
YMEHBIIAETCS ¢ POCTOM JaBJICHHUSA 110 3aKOHY T = (O( Ep) 4 , Te o = constHaiTi BeIMUUHY MOJIIPHOM TEMIOEMKOCTH STOTO TPOIIEC-
ca. R=8,31 /K ok, Omeem: 35,3 /K hons

12.9. T'enuii He, KOTOPBI MOXKHO CUMTATh HACATBHBIM Ta30M, COBEPIIACT IMOJIATPONMYCCKHI POLIECC, MOJISIPHAS TEILIOEM-
KOCTh KOTOPOTO B TPH pa3za MEHbIIIE MOJSIPHOH TEINIOEMKOCTH 3TOTO ra3a MpH IIOCTOSHHOM naBieHnd. OtaaBas 3 k/[x Tema, ra3z ox-
naxaaercs oT remnepatypsl 27°C  no temmeparypel -27°C. OnpenennTs KOIMYIECTBO reus (B MOISX). YHUBEpCaIbHas Ta30Bas Mo-
croaaHas R =8,31/Ix/K Mons. Omeem: 8,02mois

12.10. Ogun monp yriaekucioro raza CO,, KOTOPBIH MOKHO CYMTATh MACATBLHBIM, COBEPIIACT IMPOIECC, IPH KOTOPOM MO-
.. . 3
TpHas TETIOEMKOCTh MEHSIETCS C TeMIIepaTypoii rasa no 3akony C = G (T/ TO) , Te To = 300K — HauanbpHas TeMreparypa rasa, Cq

= 8,31 ]1x/K o, Kakyro paboTy cOBEPIINT ra3, HarpeBasch 10 temiepatypsl T = 600K? R =8,31 /K hiois.
Omesem: 1,87x]Ix

12.11. TlsaTe MoJiel MIEalLHOTO Tra3a, COBEPIIAIOT MOJUTPONUYECKHUN MHpolecc ¢ MojspHou TeruoéMkocteo C = 49,86
Jx/K tosib, mpyu KOTOPOM TEPMOAUHAMUYECKAs TEMIIEPATYPa I'a3a YMEHBIIAETCS B JIBA Pa3a, a ra3 CKUMAETCS, M Hall HUM COBEpIla-
10T paboty A = 37,4k]/. OnpenenuTs YUCI0 CTENEeHeH CBOOOABI MOJIeKyJ ra3a. HavanbHast TemnepaTypa rasa
t°C = 127C, ynusepcanbHas rasosas nocrosanas R =8,31[x/K hhons.
Omesem: 3

13. VI3MeHeHne SHTPONMH TEPMOJUHAMUYECKONU CHCTEMBI

Eciu mporcxomuT paBHOBECHBIH TIPOIIECC, IPH KOTOPOM TEPMOJHHAMUYECKAsA CHCTEMa TorydaeT (0TaaéT) KOJIMIECTBO Tell-

notel 8Q , TO €€ SHTpONHs u3MeHseTCs Ha Benmuuny |dS=38 Q) T].

%‘ He nymaiime xoneunyro mennoémkocms cucmemvl C=5Q/ dT u beckoneuno manoe npupawenue eé >wmponuu
Cogem: q5=§ Q/ T.

KonunuectBo TCILIIOTHI, HpI/IHHMaeMOﬁ i OTﬂaBaeMOﬁ Ipy YBCJIWYCHUU WM YMEHBIICHUU TEMIECPATYpPhbl OT BEJIU-

.. T
YUHBI T1 10 T2, MOXKHO BBIPa3uTh Yepe3 npupaileHue e€ surponun |Q = -[Tz TdS.
1
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Haobopot, n3MeHeHue SHTPOINH CHCTEMBI BBIpakaeTcd kak |AS=S - $= f— . HampumMep, u3MeHEHHE 3HTPOIMH

nacaJlbHOIo rada MOXHO HalTH ¢ IIOMOIIBIO IIEPBOr0 Hayajaa TCPMOAUHAMUKM:

T \7 ;
AS= deT”’A mle d?T+j ?p dV:—mEI F{n[sz Fm[VZJ
T M T Vl_HR H h H M
sl

Ipumepwvl pewenus 3aday:
13.1. HeuzneanbHas TepMOAMHAMHYECKAsl CHCTEMa, CKUMAsCh, HarpeBaetrcs ao temmeparypsl 17 = 480K, cosepas mpo-

. . 3
1ecc, IpH KOTOPOM €€ SHTPOIHSI H3MEHSETCS ¢ TeMIIepaTypoi 1Mo 3akoHy S= § [ﬂ 7 '5) , TIe

S = 1000x/K, To = 240K — HavyanpHas TeMieparypa cucTeMbl. HallTi BeTMYHHY M3MECHEHHUs BHYTPEHHEH YHEPTUH CUCTEMBI, €CIIH
BHEIITHHE CHJIBI COBEpIIAIOT Haj Hell paboty 4 = 100x/[x.

Pewenue.
CHavaJia HaxoJIuM TCIUIOTY, HOI‘J'IOHleHHyIO CHUCTEMOM IIpY HarpCBaHUU:
Tl—2T0 oT
| Tds-ij T dF = _3%° j P dT=3% (@) - 7o' =458 To/ 4= 270k /L.
To T 7y =3t 16 T, To 4

V3MeHeHHe BHYTpEHHEI SHEpriy HaXOAUM C IIOMOIIBIO TepBoro Hayana TepMoguHaMuk: Q =AU + A rove =AU = Aopenm cun
(BenmuuHa paGOTHI BHELIHUX CHJI BOMAET B 3TO ypaBHEHHE ¢ oTpuuareabHbiM 3HakoM). Otciona AU = Q+ Ayyemcun = 370k,
13.2. TepmoauHaMUYecKas CHCTEMa COBEPILIAET IIPOLECC, IPU KOTOPOM BEIUUYUHA €€ TEIIIOEMKOCTU YObIBAET C POCTOM TEM-

neparypsl T 10 3akony C = Cy4/To/ T, rae Co = 1001x/K, To = 200K — HauasnbHas Temneparypa cucteMbl. Ha kakyio Benmuuuy

YBEJIMYHUTCS SHTPOIIMU CUCTEMBI IIPH BO3pacTaHuu e€ temmeparypsl 1o 11 = 400K?

Pewenue.
) 3Q Q
CpaBHI/IBaﬂ TCPMOJANHAMHNYCCKUE ONPECACTICHUSA MPUPAICHUSA SHTPOIIUU U TCIIJIOCMKOCTH dS=—u C :E , HCKJIFOYacM
CdT
u3 otux Qopmyn Ttemiory O0Q: dS—?. [ToaToMy mpHpalieHne OSHTPONMU CHUCTEMBl TPH HarpeBaHWu OyaeT paBHO
Tl 2Ty 2TocdT 2-|- V2 _ =12 1
[ ds= [ == cofj T¥247= cofuzzco 1-—— | =58,6Ix/K.
= i -1/2 V2

13.3. /Ia mous renus He, KoTopbIil MOXKHO CUHUTATh HICAbHBIM Ia30M, COBEPIIAIOT HOJIUTPOIHNYSCKUI POLECC, MOJISpHAS
TEIUIOEMKOCTh KOTOPOTO B TPH pa3a OO0JIbIIIe MOJIIPHOM TEIUIOEMKOCTH 3TOTO ra3a Mpu NOCTOSIHHOM 00bEMe. Haiitn npupamenue sH-
TPOIUH ra3a, eclii ero Temmeparypa T Bo3pactaeT B 4eTbipe pasa. R = 8,31 1x/K Mioss.

Pewenue.

.. i 9

MousipHas TEILIOEMKOCTb 3a[JaHHOIO B yCIOBUH HOJIUTPONUYECKOro mpouecca nocrosHHa u pasia C=3G, = 35 R:E R,
TaK KaK MOJIEKYJIbI OJJHOATOMHOI'O TeJIUsI UMEIOT | = 3 cTeneHu CBOOOIbI.

B cnyuae nonumponuueckux npoyeccog usmeneHue 3HMponul UOedibHo20 2a3a NPowe 8bIYUCTUMb, sbipadicas meniomy 0Q ¢

Coeem; T
NOMOWBIO NOCMOAHHOU MOJAPHOU Mmenaoémxocmu npoyecca. 0Q =— CdT Toeoa AS= I GQ m —C dT mCln (hj .
H L T Ll
y _ y _*0sq _“omcdT _ _
B mamHoii 3anage wust My =2 Moneii rasa AS= | Eabl Breabt RJ’ =9RIn4§-In §)= 9 Rn4=103,71x/K.
H
To To

13.4. Yetbipe Mo Bojopoaa Hp, KOTOpBI MOXHO CUMTATh WACATBHBIM ra30M, COBEPIIAIOT MOIHTPOIMHYSCKUI TpoIliecc,
MOJISIpHAs TEILIOEMKOCTh KOTOPOT'O B JIBa pa3a 00JIbIle MOJSIPHON TETUIOEMKOCTH 3TOTO T'a3a MPH MOCTOSHHOM JaBicHuU. HavansHas
Temrieparypa raza To = 300K. HaliTi koHEUHYIO TeMItepaTypy 3TOro Tra3a Mociie TOTo, Kak ero YHTPOIHUSI YMEHBIIUTCS HA BEINIHHY
AS = 100/Ix/K. R=8,311:x/KMons.

Pewenue.
. i+2
MousipHast TeMIOEMKOCTh JaHHOTO MosmTponnyeckoro npouecca papia C =2C, = 2—— R= 7R (monexybl gByxaTomMHO-
ro raza uMerT i = 5 creneneii cBo6oabl). Kak u B npeapiyieii 3a1ade, HaX0uM M3MeHEHHE dHTporuu MY =4 Moeil rasa no
d)opMyne

m CdT ;dT_ T
AS= J ds= J —— =28 F{ — =28 An — - | [Ipy yMeHbIIEHUN SHTPOIIMHM TEMIEepaTypa CUCTEMbl yMEHbIIAETCS (T < TO) .
0

To To
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YUTO0OBI BEIYHUCINTE T, IMpUpaBHUBACM SKCIIOHCHTLI OT 00eux vacrei MOJIy4YCHHOT'O paBCHCTBA!

-|A -|A
exp Inl El=ex | SI ,otkyna T =Tyexp | SI =195,2K.
To) To 28R 28R

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMETLHOU HOO2OMOBKIL.
13.5. HeuneanbHast TepMOJMHAMUYECKAST CUCTEMA COBEPIIACT MPOLECC, TPU KOTOPOM €€ SHTPOMHUs YOBIBACT C POCTOM TEM-

IepaTypsl 1Mo 3aKOHy S = %[ﬂ 7 '5)_5, rae S = 100x/K, To = 320K — HavasnbHas Temieparypa cucreMsl. Kakyro paboTy coBep-

LIaT HaJl CUCTEMOW BHELIHWE CWJIBI, €CJIM OHa HarpBaeTcsi 10 Ttemmeparypsl 11 = 640K, a e€ BHyTpeHHsIs1 SHEprus Bo3pacTaeT Mpu

stom Ha Benmuuny AU = 22 5k]x?
Omeem: 60 xJIx

13.6. TepmoanHaMuyeckas CUCTEMa COBEPILAET MPOLIECC, IPH KOTOPOM €€ TeIJIOEMKOCTb BO3PacTaeT C POCTOM TeMIlepary-
7
pel T mo 3akony C =G, I:QT/ 'Ib) ,rae Co = 10 Ax/K, Tp = 250K — HauanbHas TeMiiepatypa cucTeMbl. Ha Kakyro BeTHYHHY yBEIH-
YUTCSI SHTPOITUST CUCTEMBI TIPU BO3pacTaHuu e€ TemrepaTypsl 10 T, = S00K?
Omeem: na 181,4]1x/K
13.7. TepMoguHAMHUYECKast CHCTEMA COBEPIIIAET MPOIECC, IIPH KOTOPOM €€ TeIIOEMKOCTh YOBIBACT C POCTOM TeMIepaTyphl T
2
o 3akony C =G [@TO / T) , rme Cop = 100 1x/K, To = 300K — HavyanpHas Temmeparypa cucteMbl. Ha Kakyro BEJIHYHHY H3MEHUTCS
SHTPOIHS CUCTEMBI IIPH BO3PACTAaHUH €& TeMIIEpaTyphl B YeTHIpe pa3a?
Omeem: yBenuuutcs Ha 46,9 Ix/K

13.8. Isa mous yriekucioro raza CO,, KOTOPBI MOXHO CUHTATh HACAJBHBIM I'a30M, COBEPINAIOT MOIUTPOIIMYECKHI MPO-
1IecC, MOJISIpHAs TEIUIOEMKOCTh KOTOPOTO B YETHIpe pa3a OoJbIIe MOJSPHON TEINIOEMKOCTH JTOrO ra3a IPH IIOCTOSHHOM JaBICHHH.
HaiiTu npupallieHue SHTPOIHH ra3a, ecii ero Temmneparypa T Bo3pacraeT B aBa pasa? R =8,31/[x/Khiosns.

Omeem: 184,3]1x/K

13.9. [1Ba moust a30ota Np, KOTOPBI MOXHO CUHTATh HJCAIbHBIM I'd30M, COBEPILAIOT MOJUTPOINMYECKUI MPOLece, MOJIIpHAs
TETIOEMKOCTh KOTOPOTO B IIECTh Pa3 MEHbIIIE MOJSIPHOM TEIUIOEMKOCTH 3TOTO ras3a MpH MOCTOsSsHHOM 00béMe. HauanbHas Temiepa-
Typa raza Tg = 200K. Haiitn koHEeUHYIO TEMIIEpAaTypy 3TOTO Ta3a IOCNie TOro, KaK ero dHTPOMUsS Bo3pacTET Ha BennduHy AS = 10
Jx/K. R =8,31]x/KMos. Omeem: 847 ,6K

13.10. lects MoOJICH HMaCATBLHOIO ra3a COBEPIIAOT MOJMTPOIMMYCSCKHIA MPOIECC, MOJSIPHAS TEINIOEMKOCTh KOTOPOTO B BO-
CeMb pa3 MEHbIIIC MOJIIPHON TEIUTOEMKOCTH TOTO ra3a MpH IMOCTOSHHOM JaBiieHuH. ['a3 HarpeBaeTcs oT Temnepatypsl 1o = 300K mo
temrepaTypsl T; = 600K, npudem ero surponus BospacraeT Ha AS = 15,1J[x/K. Haiitu ymciio creneHeil cBOGOABI MOJIEKYI 3TOTO
raza. R =8,31/x/KMons. Omeem: 5

14. KII /I qukIn4ecKux npoLeccoB B TEPMOJAMHAMUKE

Bemmaunra KIIJI nukimugeckoro mporecca B TEPMOJUHAMHKE ompeenseTcs GopMyion |N =MDOO% , TIe
H

QH — BCJIIMYHHA TCIIJIOTHI, HOHy‘IeHHOﬁ oT “HarpeBaTena" 3a BCE BpEMsd 1UKJIA, a QX — KOJIMYCCTBO TCILJIOTHI, OTJaHHOC

“xonoauiabHUKY” 3a BpeMs nukia (puc.1.32).Bxogsmiye B 3Ty GOpMyITy BEIUYHUHBI TODKHBI OBITh MOJI0KUATEIbHBIMH. Puc.1.32

Hawubosee mpocTo TEIIoTy MOXKHO OMPEACIUTh Yepe3 u3MeHeHue dHTponuu: (Q = f sz TdS. [TosToMy HHKIIHYECKHE TIPOITEC-

CBl y100HO n300pakaTh Ha auarpamme “remmeparypa-sarponus’ (puc.1.32),rae unrerpan Q = JTdS paBeH IUIOMAAN TOJT KPUBOH
nporecca T = T( S) . Terutora mocrynaer, eciu saTporus S pactér (dS> 0)u otmaéres, eciu Symensinaercs (dS< 0). Ha puc.1.32

3aIITPUXOBAHA IUIOINAIb HOJ BEpXHEIl KpHBOH mpoliecca, P KOTOPOoM SpacTér, paBHas ony4eHHoi Temtore Q).

Creoume 3a nanpaenenuem yukauyeckozo npoyecca! IIpamoit mepmoounamuueckuii yuki Ha ouazpamme COCMOHUSL COOM-
Cosem: 6emcmayem 00x00y nemau yuxkia no uacogou cmpenke (puc.1.32).Ilpu smom cucmema, coeepuiaiowass YUk, nPOU3EoOUm 3a
ooun yurn pabomy Ay, = Qq — Q, pasuyio niowaou nemmu yuxna na ouazpamme cocmosnus (puc.1.32). KT/ yuxna mooic-

HKJIa
HO 3anucamuv Kax N = Al— (1009 .
H

B ciyuyae o6paTHoro nukia (06Xoa IPOMCXOAUT IPOTHB YacoBo# cTpenky, puc.1.33).Buemnue cunsl co- 47 40
BEPIIAIOT HAJl CUCTEMOIT 32 OMH UK padoty A,,., (Takke paBHyIo 3amTpuxoBanHoil Ha puc.1.33momanu net- a : y
ﬂ S BHEIT

I IMKJA), 338 CYET KOTOPOH y “XoJjommibHuKa” 3a0upaercs Temrora Q. , a “HarpeBareliro” OTHAETCS TEILIOTA

X !

O
QH = Qx + AﬁHem . )i’I/IC.l.3E



Ipumepwvl pewsenus 3aday.

14.1. Ha nguarpamme T-S(remneparypa-sutpornus), rae 73= 300K, 7,= 400K, Ts= 500K, S= 5 [Ix/K, T3|T A) yat
S= 10 Ix/K, u300pakeHsl ABa HUKINYECKUX TPOLIEcca, COBepmaeme WleanbHBIM razoM. Bo ckombko pas KIIJT 12 b’ 7]
npasoro nporecca ng 6oxbme KI1J] neBoro npouecca ny? e is
P Sl SZ Sl SZ
euleHue.

SZTdS paBHA IUIOMIATM TPAMEUUH II0J BEPXHEH MpsSMOM IMKIA!

Is

Jus neBoro umkia (A) moxydeHHas Temiota Qy =

+ +
Q= T3+ Ty T2 (Sz 3) a OTJaHHas TeIJOoTa paBHA IJIOMIATU TPamelUy IOJ HIDKHEH mpaMoil muxna: Q, = -T2 Tl(Sz 3) Bepru-
KaJlbHas IpsAMas COOTBETCTBYET aanabaTHYeCKOMy Ipoleccy S= § =cConsl, cosepmaemomy 6e3 nepenaun teruia. I[loatomy KITJ
- T3+ T)—(To+ T,
nwmommmnAszﬁkﬂm%:(3 2)=(T2* ) (1000 3= T2 (13009,
Qu (Ts+T2) T3+ T
T3—T N _Ts+Tp _

[100%. Mckomoe oTHOLIEHHE
T3 na T3
14.2. neansHbIi Ta3 coBepinaet muknndeckuii mpomece ¢ KITA n = 50 %, u3zobpaxkeHHbIN Ha auarpamme T-S
(temnepatypa-suTponus), rae 7o= 300K, Tz= 700K, S= 4 JIx/K,
S= 8 1x/K. Onpeaenuts Temmeparypy 7.
Pewenue.
INony4yennas oT HarpeBaTens 3a HUKI Temnorta Q, U OTAaHHAs XOIOAWIBHUKY Temora Q, Ha auarpamme T-S

T3+T2(

ITpassrit nukin (B) sBisiercs nukiaoM KapHo, st kotoporo Ng ==

S S

PaBHBI, COOTBETCTBEHHO, IUIOLIAAM Tpaleluil o BepxHel npamoil nuxia Q, = S - §) U TOJ HIDKHEH MpsIMOM ITMKIIA

+ -_—
Q=12 T1(s,2 $) . Mooy KT =2~ 100%= 13" (100%= 509. Orciona T, =312 = 200K.
Qu T3+ Tp 2
14.3. Boruucautsh B % KIIJ[ 1ukinyeckoro mporecca UaeaibHOro ra3a, u300paxkeHHOro Ha quarpamme S-T (9H- S
Tponusi- Temreparypa), rae 71= 300K, To= 450K, S= 10/x/K, S= 20 Ix/K, S;= 30 /K. §3IQ
Pewenue. S? AN
Hanpaesnenue obxooa npomue uacoeoii cmpenxu Ha ouazpamme S-T,npusedeHHoU 6 Yciosuu 3a0adu, C53aHO C T 7"2

Cosem: ' HenpasuibHoiM" 8b100pom oceli koopounam. Taxue ouazpammel HAO0O nepepucosamsv auarocuyno puc.1.32 g
ocax T-S* memnepamypa-sumponus’.

[oayuum auarpammy mnpsmoro nukia (puc.l1.34).Iliomans mo BEpXHEH TOpU30HTAIBHOM JTHHUEN H30TEPMHU-

YeCKOTr'o IIpoliecca paBHa TEILTy, NOIyYeHHOMY OT “HarpeBarens’: Q, = f SsTdS— 'E( g- @ . [Inomaaes TpeyroasHOM

5 58
NETJIM LMK paBHa paboTe 3a WHKIL Ay, = (T2 - Tl) $- §) / 2 . INosromy KIIJ] nukna PII/I C.zl. % /
To-T

H 2T2

n= Awiera [100%= L} [(100%= 16,67%.
Q

S 14.4. NneansHbiil Ta3 coBepnaet nukandeckuit mporecc ¢ KIT n = 40 %, uzoOpaxeHHbIH Ha quarpamme S-T
Sy & (suTpoOMIHS- TEMTEpaTypa), Tae T1= 350K, T»= 500K, S;= 3 [Ix/K, S;= 6 Iix/K. Onpenenuts Temmepatypy 7s.
Sip—T Pewenue.

hhh Kak u B mpenpiayieii 3agade, Halo IEPepPrUCOBATh JHAarpaMMy MPsIMOTO LUKIIA B 0csx T-S(Ttemmeparypa-
suTtponus) (puc.1.35).Ha 3toM pucyHKe TeroTa, MoJdydeHHas OT “HarpeBatesst’, paBHA IUIOM[AH TPAMELMHU IO BepX-
E+B(

Hel mpsiMoit Q, = S - §), a TemIoTa, OTAAHHAs “XONOMMIBHHKY" — IUIOI[AJM IO HIDKHEH IOPU30HTAIbHOI

55,
n="% nggge=  Prc.1.35

npsamoit  msorepmuueckoro mpouecca Q=T (S-§). U3 onpemenenus  KIIJ
H

10
=T 12~ 2T 11 0004= 400 maxomum Ta = —T; - T, = 666, 7K.
T3+ T, 3
Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMETLHOU HOO2OMOBKIL.

14.5. UneanbHbIii Ta3 coBepmaeT rukandeckuit mporecc ¢ KITJI n = 20 %, u3o0pakeHHbIN Ha quarpamme T-S T

(remmepatypa-surponus), rae T1= 250K, S;= 2 [Ix/K, S= 4 [Ix/K, S5= 6 /K. Onpenenuts Temmeparypy To. L 2
Omeem: 375K he—=S
S1 82 8
T A T B 14.6. Ha guarpamme T-S rae 7,= 200K, To= 500K, S;= 2 Ix/K, S= 4 Ix/K, S;= 6 [Ix/K, uzo-
Dy by

OpakeHbl JBa MHUKJIMYECKUX IPOIecca, COBEPIIAEMbBIX HICAIbHBIM ra3oM. Haitu pasHocth Mp-na KIIJ]
L_/ ST L(-J § TPaBoro H JIEBOro mpoieccos (B %0).
S Sz S3 S8 Omeem: np-na = 15%

h




14.7. VineanpHbIi Ta3 coBepmaeT nuknndeckuit nporece ¢ KITA n = 50 %, nzoOpaxeHHbIH Ha quarpamme T-S v
rae Ty= = 400K, T»,= 600K, S= 2 JIx/K, S;= 4 JIx/K. Onpenenuts temreparypy 7s. 7} -
Omeem: 1000K 7 bS
l ' [l
S 14.8. U neanbHeblii ra3 copepinaeT nukiudeckuii npouecc ¢ KITJ] n = 30 %, n300paxeHHbI HA UATPAMME S1 S
S, i S-T(auTponusi- remmneparypa), tae 7>= 600K, 75= 800K, S;= 3 Ix/K, S= 6 /K. Onpenenuts remneparypy 7.
ST Omeem: 380K
hLh 14.9. Ha nuarpamme S-T (3uTpomus- temnepatypa), rae 7;= 300K, 7= 400K, S= 4 Ix/K,
S= 6 JIx/K, S;= 8 JIx/K u3o0pakeHsI JBa MUKIMUECKMX MPOLECCA, COBEPIIAEMBIX HueanbHbIM razom. Haiitu  S3f
pasHocTb N-Na KIIJl mpaBoro u neoro npoueccos (B %). Omeem: np-Na = 5% gf
1T

15. Pacnpenenenune MakcBemia

B COCyA€ HaxXoIATCs N OAWHAKOBBIX MOJICKYJI UACAJIbHOI'O ra3a. Yucno MOJICKYJI I'a3a, UMCIOINX BCJINYNHDBL CKOpOCTeﬁ V B UH-

Vo 3/2 2
m nmv
TepBasie Vi <V<V,paBao [AN=N| f (v)dv|,rme |f,6 = expl ——— | 4mA| — HKIUS pacipenesieHnss MakcBen-
pBajie Vy 2P [ fu(v) M (ZT'kBT] 2T (ymxus pacrp

Vi

JIa 10 BeJMYMHAM CKOPOCTEii.
3mece M — macca OQHOM Monekynsl, 1 — temmeparypa rasza (B K), kg = R/ Nagoragpo =1 3801023 /K - nocrosuas

Bonbumana. Bemuunny AN/N  HasbiBaroT noneil Mojekysn rasa co cKOpOCTSMH Vi<V <V,. OHa ke OyIeT BEPOATHOCTHIO

V2
P= I fu (V) dv| TOro, 4TO MOJIEKYJIBI HMEIOT BEIMYUHBI CKOPOCTEil B HHTEepBale Vi <V <V,.
Vi

T'a3 XapaKTepu3yioT TPEeMs XapaKTEPHEIMH CKOPOCTSMH, TIOKA3AHHBIMHU Ha rpaduKe hyHKUHM pacnpese- 4 7 (y)
nenns Makcgemna (puc.1.36): M

Haubonee BeposATHOI cKOpocTbio V, =4/2kgT/ M obnagaer nanGonswas gons AN/N momekyn rasa

Vg. OHa COOTBETCTBYET MaKCUMyMY (DYHKIUH pactpenenenus Makcgeia (puc.1.36).
CpelnHsis  CKOPOCTh MOJIEKYJ Ta3za (cpeanss apudMeTHdeckas) BBIYHCIAETCA IO  (GOpMyJie

(v) = (BT /rm.

CpenHsas KBapaTU4HAs CKOPOCTb MOJEKYN Vi, = <V2> =,/3kgT/M COOTBETCTBYET MOJIEKYIIE CO CPEHEl KNHETHIECKOH

Vg (V) Vs
Puc.1.3¢€

2
o mv .
SHEpPruel MocTynaTenbHOro ,I[BPI)KCHPI;[<EKHHHOCT> =—& | Cpenmssist KHHETHUYECKAsT SHEPTHSA MOJIEKYIIBI C YHCIIOM CTEIICHeH cBO6O-
. . i
bl |, coBepIIaloIeil Kak MOCTynaTeabHOE, TaK U BpalllaTelIbHOE IBHKECHHUE, PaBHA (E) = 5 kg T|.
. kg _ R _R
Cosem:  dmobbl He uckamv 6 3a0ayax maccy 00HOU MONEKYIbl 2a3d, YOOOHee UCNONIb306AMb CE53b —> = ———— = — | U Gblpa-

m mNABora)Jpo
Jlcame 3aNUCAHHble (QOPMYIbL Yepe3 VHUBEPCANbHYIO 2a308Vi0 nocmosauHyrw R u uzeecmmuyio monspuyio maccy eaza L

3/2 2
fM = (Lj ex —& 4;,-[\/2 vV, = E : <V> = E ; Vg = E .
2TRT 2RT V] ! 11

Ipumepwl pewenus 3aday:
15.1. Ammuak NHz, KOTOpBIi MOXHO CYMTATh HIEAIBHBIM TAa30M C MOJIPHOM Maccoil p=17 r/Mojb, HMEET TEMIIEPATYPY
27°C. Haiiti BeposTHOCTE (B %) TOTO, YTO MOJICKYIIBI 3TOT0 Ta3a MMEIOT BEIMYHMHBI CKOPOCTeil B MHTEpBase Vq <V < Vq+AV, rae

V1 — CpeHsist CKOPOCTh MOJIEKyJI ra3a, a AV = 0,1m/c. Yuusepcanbhas razosas nmocrosinaas R = 8,31 x/K-moJib.

Pewenue.
Vi +Av
Hckomast BEpOSATHOCTD WIIH J0JIS MOJICKYJI, 008 Jaf0IMX YKa3aHHBIMH CKOPOCTSMH, paBHa P = f fu (v) av.
Vi
Ecnu unmepean usmenenus ckopocmeii AV man, mo MOJCHO CUUmMAamy, 4mo 3mom unmezpai, npax- £0)
: o« o o M
Cosem: 1 yuecku pasen niowaou 3aumpuxo68aHHol y3koll norocku nod kpueoi (V) Ha puc.1.37:
vi+Av 3/2 2
V i
P= | f(V)dv=f,(v))Bv=| =] exp -EL |4r@mv. :
2TIRT 2RT ‘ _
Vi Puc.1.37%

IMoxcTasiss cro/ia BEJIMYMHY CPEJIHEH CKOpOCTU Vq = <V> = /8RT/TU u yuutsiBas, uto T =27+273 = 30K, nonyunm
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3/2
P:(Lj exd -~ BRT) 4 8RT 5 =10 /L ex;E—f)mv:=l,485]04 wii 0,01485 %.
2TRT 2RT M ) m\ 2nRT T

15.2. OmnpenenuTe BENUYMHY MOJISIPHOW MacChl MIEaJIbHOTIO Ta3a, €CIIM U3BECTHO, uTo NpH Temrepatype T = 600K B kaxmom
MOJIE ATOTO Ta3a BEUIHMHBI CKOpoCcTel OT Vi 1o Vi + AV umeroT AN = 107° MOJICKYJI. 3/1ech V; — BeIMUMHA CpEAHEH KBaJApaTHIHOMN

CKOPOCTH MOJIeKy rasa; Av = 0,1m/c ; R= 8,31Ix/K-Momb; Nagorampo = 6,02310% moms ™.

Pewenue.
Kak u B npenpiynieit 3aade, mpy MaJoM HHTEpBajie CKOpocTeil AV MOKHO 3anucaTh
3/2 2
AN _(_H HV] - -y =
N = f, (Vl) [Av = (ﬁj exp| ToRT 41'[\/12 [Av. Tak xak B KaxaoMm Moise raza N=Nagorampo, TO, MOACTABUB Vi =V, =
3/2
= E , IMeeM AN =( H J exp - E?ﬂ— 4;13—RTm v= ﬂ ex;{—ig) [Av, OTKyna
M Nagoragpo  \ 2TRT 2RT M TRT 2
2
~TRT[_AN exp( 3 = 48,18r/mos.
2 (AW,

15.3. Tenuid, KOTOPBIA SBJISETCS HAEAIBHBIM ra30M ¢ MOJIIPHON Maccoil 1=4 r/MoJib, HAXOIUTCS B 3aKPBITOM COCYJIE C 00BE-

moM V = 30 surpoB. Haiitu naBieHue rasa, eciiv CyMMa KBaJpaToB CKOPOCTEH BCEX €ro MOJIEKYJ Zvi2 = 4EI.029M2/ ¢?. Yucno

ABorazpo N ABoraﬂpo=6,0231023 MOJB .
Pewenue.

N
Cosem:  Bcnommume onpedenenue cpeonezo snauenus no0oti nepemennol X, umelowei pasuole senudunst X: (X)=y % /N. Cymmy
)

N
makxkux eejiudur j1ecKko 3anucams ¢ NOMoublo cpe&neeo: z X = N< X> .
i=1

CpeL[HHH KBaZgpaTUYHasA CKOPOCTb Vi ONPEACIACTCS CPECAHUM 3HAYCHHUEM KBaJpaTa CKOPOCTH MOJICKYH rasa Vi, = <V2> .

N 3RT
IMoaTomy B raze u3 N momeky Zvi2 = NvlfB =N—, orkyna NRT=p>_ Vi2 / 3. JlaBneHne MOKHO HAHWTH M3 YPAaBHEHHS COCTOSI-
i=1 H
§ m N MRT_ NRT _ pYv?
HUS HEaTbHOTO Ta3a, YHUCII0 MOJIei KOToporo paBHO — = —— — . [lomygaem p=——= =
NABoranpo BV NABOFV 3NABOFV
15.4. B cocyze ¢ o6béMom V = 40 murpoB Haxomsrest N = 51072 Monekyn nneansHoro rasa. Jlasienue rasa p = 90«Ila, a
BEJINYMHA CPEJIHEH CKOPOCTH ero Mouiekyn paBHa 800wm/c. Haiitu Maccy oiHON MOJIEKYJIbI JAHHOT'O ra3a.
Pewenue.

=29,5«I]a.

My N _ K

OTHOILIIEHHE MaCChI rasa, COCTOAICTO U3 N MOJICKYIJI, K €TI0 MOHﬂpHOﬁ MacC€ MOKHO 3a11ucaTtb B BUJIC R
u

rre M — macca OXHOM MoJieKyibl. Torja ypaBHEHHE COCTOSIHMSI MIEajbHOrO Traza npumer Bup PV = Mrasa RT= Nk T wm

,Tme nN= N/ V' - KOHIEHTPALMS WM YHUCIO MOJEKYJ B enuHune oobéMa. Bemnunny kT Haiinem u3 ¢opmyisl ais cpen-

8k T 8pV

5= 2,8610%° kr.

HEll CKOpOCTH (v) = . [Tocne moaCTaHOBKY MOJyduM M=
NTI(V)
15.5. B 3akpeiToM cocyne moa maBineHueM P = 162kIla HaxomuTcs uaeanbHbIA ra3. Bemnauaa ckopocTH, KOTOPOit o0mamaeT
HauOOJIbIIIAs 10/ MOJIEKYII 3TOrO rasa, pasHa 450m/c. HaiiTi BeMYnHY IJIOTHOCTH rasa p.
Pewenue.
p= Meaza - pH

RT
. HeusBecTHy!o BeNMYHMHY —— HAaxo-
\% RT

IInoTHOCTH MJI€ATBLHOTO ra3a OIIPEACTISICTCS YPABHCHUEM €0 COCTOSHMS!

UM 13 GOPMyIIBI [T 3a1aHHOM B yCIIOBMHM Hanbosiee BEPOSITHOI CKOPOcTH V,, = +/2RT/H =450m/c, oTkyza p = 2p/ Vg =1,6xkr/v>.

15.6. B nepsom cocyze ¢ 06bémom V = 20mmrpos Haxomares N = =400% monekyi azora Ny, y KOTOPOro CPeIHss YHEPrHs
OJIHOHM MOJIEKYJIbI paBHA (EN > = 5[10% I, a BO BTOPOM TaKOM 7Ke COCY/e HAXOXUTCS TAKOE JKe KONMIeCTBO MOJIeKyI kuciopoaa O,.

JlaBnenue azora OoJble JaBICHUS KUCIOpoaa Ha Beananny Ap = 24 kIla. Cunras 06a ra3a uaeaabHbIMH, HAUTH BETUYUHY CpeIHEH
SHEpruu (Eo> OJTHOI MOJIEKYJIbI KHCIIOPO/A.

Pewenue.

p =M RT__ N E Tak kak ¥ 4uciIo MoJe-
H \ NABOF \

kya N 1 006€M V Ta30B OIMHAKOBEI, TO Pa3HOCTH NaBJICHUH CBS3aHa C PA3HOCTHIO UX TEMIIEPATYP:

BI)Ipa?)I/IM JAABJICHUEC WACAJIBbHOI0O rada ¢ NIOMOIIbIO YPABHCHUA COCTOSAHUA
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N( Ry RF

Ap=py— =—| ———————|. TeMneparypa raza nponopuroHajbHa CpeJHEH KHHETUYECKOW SHEPTHU €r0 MOJIEKYJIbI:
v NABor NABor
2(E
( >—— BT—'_ RT . Orcrona RT = < _> . Uucno creneHeil cBoOombl MoneKkyn oboux ra3oB oaumHakoBo (i=5). [TosTomy
2 2 NABor NABor i
\|>1|2(< n) >) uro naér (Eg)=(Ey) - %zzﬂazoﬂm

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMETLHOU HOO2OMOBKIL.

15.7. AN; u AN, —9muciio MOJIeKyJI HIeaTbHOTO Ta3a cO CKOPOCTSAMH OT Vi 10 V1 + AV U OT V; 10 Vo, + AV COOTBETCTBEHHO.
Haiitu Bemuuny otHomrerus ANy/ANo, eciu Vi — cpeiHss KBapaTH4Has, a Vo, — HauboJiee BEPOSITHAs CKOPOCTh MOJIEKYJI 3TOIO T'a3a,
aAv = 0,1m/c. Omeem: 0,9098

15.8. MeraHn, UMeIOIINI MOJISIPHYIO Maccy u=16 r/MoJb, MOXHO CYMTATh HieabHBIM Ta3oM. Haiiti Temmeparypy 3Toro ra-
3a, €CJIM BEpPOSITHOCTh TOT'O, YTO €r0 MOJIEKYJIBl MMEIOT BEJIMUMHY CKOPOCTH B MpeAenax oT Vi 1o Vi + AV, rie Vi — Hanbosee BeposiT-
Hast CKOpocTh Mosieky, a AV =0,1wm/c, pasaa P =0,01 %. R = 8,31/x/K-MoJb. Omeem: 663,5K

15.9. B 3akpsiTom cocyzne ¢ oobémMom V=20 nutpoB Haxoxawics npu temneparype 1=300 K yriekuciblii ras, KOTOpbIH

MOYKHO CUMTATh MIEAJbHBIM I'a30M ¢ MOJIIpHOH Maccoi pu=44 r/mojb. KoHleHTpalus ero Mojekya N = 5007m 2. Ha KaKyI0 BEJH-
YHHY A(Z|Vi |) YBEJIMYHUTCSI CyMMa BEJIMYMH CKOPOCTEH BCEX MOJIEKYJ JaHHOI'O ra3a, eciii HarpeTh ero B moiropa paza? YHHUBeEp-

canpHas ra3oBas mocrosiuHas R = 8,31]x/K-MmoJib.
Omeem: na 8,5410° m/c

15.10. OnpenenuTh BEeNWYMHY CKOPOCTH, KOTOPOH 0Oianaer HanOosbiuas goiist Moiekyn amMmuaka NHs, kKoTopbslit MOXHO
CUUTATh MJCATbHBIM Ta30M, HMEIOIIHM MOJSIPHYIO Maccy U=17 r/moinb. I3BeCTHO, YTO BHYTPEHHSS JHEPTHsI BOCBMU MOJISH 3TOro ra-
3a paBHa 45,9k/][x. Omeem: 474,3m/c

15.11. B 3akpeitom cocyne ¢ o0bémom V=50 TUTpoB HaxoAWTCs HWAcanbHBIN ra3 mox aaBinenueM P=60 klla, npuyeM BenuvrHA
CKOPOCTH, KOTOPO#i 00J1aiaeT HaubobIast 0JIs ero MoJyiekyJ, pasHa V,=400m/c. Haiiti Maccy rasa, HaXOIAIIEroCs B COCY/IE.
Omeem: 0,0375kr

15.12. B 3akpbiToM cocyje ¢ 06béMoM V=15 murpos Haxomsres N = 30107 Moneky: HueansHOTro rasa. Benmunna cpenrero

KBajipaTa CKOpPOCTH, KOTOpOH 00J1aiaeT MOJIeKyJia 3TOro rasa, paBHa <V2> =6010°m?/c 2. Haiitu 1aBinenue rasa B cocyne. Macca oa-

HOM Mostekybl M = 402 kr. Omeem: 160xkITa

15.13. HaiiTi MOJIIpHYIO MacCy MIAEANLHOrO Ta3a, y KOToporo mpu Temmeparype t* = 27°C cpeauss KBaapaTuuHas CKOPOCTh
MOJIEKYJI OOJIbIIE CpeHel ckopocTr MoteKy I Ha AV = 30m/c. R = 8,31/1x/K-Moib.
Omeem: 51,45r/monb

16. Pacnpenenenue bonbimana. bapomerpuueckas hopmyia

Pacnpenenenne MakcBeia ONMUCHIBAET T'a3 MOJIEKYJ, MOTEHLUHAIbHbIE YHEPTUHU KOTOPBIX MPAKTUUECKH OJIMHAKOBHI. KoH-
IEHTPANKs N MOJIEKYJ TaKOTO ra3a OJIMHAKOBa BO BCEM ero o0bEMeE.

Ecnm 06b€M raza HaCTOJNBKO BETHK, YTO TIOTESHITHAIBHAS SHEPTHS MOJICKYJI B MOJIe BHENTHUX CHJI pa3JIMYHA B Pa3JIMIHBIX 00-
JIaCTAX, TO KOHLEHTPAlMa N MoJEeKyN Oy/eT 3aBUCETh OT BEJIMYMHBI NOTEHIHAILHOM dHepruu ofgHoi Monekynsl E; .. . Taxas 3aBu-

Eo
CUMOCTb HA3bIBACTCA paClpeaACICHUCM boabiMmana: (n= I'beXp k T , TJI€ Ng - BEJIMUYMHA KOHLICHTPALMX MOJIEKYJ ra3a B TOYKE,
b

/I TOTCHIMAIBLHAS SHEPT s MOJICKYIIBI PABHA HYIIIO.
B uneanbHOM rase ypaBHEHHE COCTOSHISI CBSI3bIBACT KOHIICHTPALIMIO MOJICKYJI ¢ naBieHueM: |P = nkg T|. IToaTomy mms rasa

C OIWHAKOBOM BO BCEX TOYKaX TeMmmepaTrypoil T = CONSt pacnpeneneHne boibIiIMaHa MOXKHO 3amucarh ISl JaBJICHHS:
Fb eXp ETIOT
kgT
B uacTHOM cilydae ra3 HaXOAUTCS B IIOJIE CHJI TSDKECTH M JUISL €ro MOJEKyJbl ¢ Maccoit m  E; . = mgh. Pacupenenenue
mgh pgh y
BOJ’ILIIMaHa IpeBpallacTcs B 6aDOMeTDI/I‘~IeCKV}O d)ODMYle: poexp k = Fb ex _ﬁ , COTJIACHO KOTOPOU HOaBJICHUEC
5l
aTMOC(epbl YMEHbIIIAeTCsI ¢ BEICOTOI h Haj ypoBHeM Mops, TAe AaBieHUe paBHO Po (puc.1.38). Ananoruunyro dop- p
MYJIy MOXXHO ]ISl KOHIEHTpPALMK MOJIEKYJ pPaBHOBECHOH aTMoc(ephl, MMEIOIIEH BCIOAY OJMHAKOBYIO TEMIIEPaTypy: Po
pgh 0 h
n=ryex .
"o p( RT Puc.1.38
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Ipumepwvl pewsenus 3aday.

16.1. T'a3, oOpaszyromuii atMocdepy MIaHeTbl, UMel Bo Bcex Toukax Temneparypy 11 = 300K. Kaxoii crana temnepatypa
aTMOC(epbl, eCIM KOHIEHTPALMS MOJISKYJ 3TOr0 Ta3a yBeJIMYniIach BOJIM3M MOBEPXHOCTH iaHeTs! (Ha Boicore h = 0) B 1,22pa3, a
Ha BhicoTe h = 1 KM HaJl IOBEPXHOCTHIO IIAHETHI KOHIIEHTPALHs BO3pocia B 1,2 pasa? Vckopenue cBoGoaHOro maenus g = 10m/c%;
MOJIsIpHast Macca rasa | = 44r/Moib; yHuBepcaabHas razosas nmoctosaaas R = 8,31 [x/Khos.

Pewenue.

h
Pacnipesienenus KOHLEHTpAllMU MOJIEKYI rasa JI0 M IIOCJI€ M3MEHEHHUs TEeMIIEpaTypbl UMEIOT BHI Iy = n01exp(—& 178

R
= Npo exp[ H9 j ITo ycnomxno =1,2mu Doz — 1,22. B3sB OTHOLIEHHE JIEBBIX U MPABBIX YacTeil 3ancanHbIX GOpPMYII, IT0JTy-
RT No1

n h h
oy 2 = o2 (&_&j_

M Ny RRh Rb
N Ymobuvl 6 n000OHBIX 3a0a4ax ebipa3ums nepementble, Cmosiyue noo 3HAKOM IKCHOHEHMbL, HAOO NPOIO2APUPMUPOBATNL IKC-
Cosem:

\} | nomenyuanshyio @ynxywo: I (exp(x)) =X.

-1
IosTomy In exp[th “—th= In(kmj = ugT 1) Orcrona Ty = ( 1_R In(l;zjj =274,3K
RhL RE n B2 T3 Ty ugh (1,22

16.2. Cuuras TemnepaTypy atMoc(epbl HEKOTOPOH ILUIAHETHI MOCTOSHHOM U paBHOM t° = -23°C, Onpenenurh BETUYUHY MO-
JSIPHOM MAacChl CMeCH ra3oB, o0pasyroumux artmochepy. 3BecTHo, 4To qaBieHne atMochepsl BOIN3HM MOBEPXHOCTH IUIAHETH (Ha BBI-
cote h = 0) paprno 150«I1a, a npu moabéme Ha BoicoTy h = 1 kM oHO m3Mensiercs Ha Benmuunny Ap = 20k[]a. Yckopenue cBOGOAHOTO
najieHus g = 15m/c% R= 8,31/ 1x/Khos.

Pewenue.

CornacHo 6apomerpuueckoil popmyne p= pp—Ap= p)exp( L;‘:]:j rne T = -23+273=250 KJlorapudmupyst ato BbIpa-

JKEHHE, HaX0IUM Inexp(—&h):—“—ghz In Po=A4p , UM :—ﬂln LAD :19,8L.
RT RT B gh ) MOJb

16.3. T'a3 ¢ Temmneparypoii t° = 327C u3 3apsKCHHBIX HOHOB HAXOAUTCS B TAKOM 3JIEKTPUYECKOM IIOJIE, YTO MOTEHIHAIbHAS

SHEpIVsl HOHA 3aBHCHT TOJBKO OT KOOPIMHATH X M MEHSETCS 110 3aKoHy Enor = o+pX, rae o = 210 2° [x. Haiftn Bennuuny nocto-
suHO# B (B J[k/M), €M OTHOIIEHHE KOHIIEHTPALUI 3TOTO ra3a B TOUKAX ¢ KOOPAUHATAMH Xo = 4M U

X, = 2 M paBHO N/ny = 0,04. kg =1,3801023 /K .

Pewenue.
JIi1st TakOTO Ta3a M3 MOHOB TO-TIPEKHEMY CIIPABEIIIMBO pacnpenencnne boinpimana:

ELo _a+
n= I'b exp[ k = rb ex B OTHOIHeHI/Ie KOHIIeHTpaIII/II/I II0O3BOJISIET y6paTL HCU3BECTHYIO BCIIMYUHY no
BT

&=exp[—LBX2 G+BX1J [{B X% ],OTKy,Z[a B=£|n(&]=l,33]0'20):[>1</m
ny ke T =X \n

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMETLHOU HOO2OOGKIL.

16.4. Atmocdepa 1uraHeTsl MMeaa BO Bcex Toukax temmepatypy T; = 450 K. ITocie Toro, Kak Temmeparypa aTMocChepsl
ymenbiimiaack Ha AT = 150 K, KoHIEHTpaIisT MOJIEKYJI COCTABIISONIEro e€ ra3a Ha Beicote h = 1 kM Hajl MOBEPXHOCTHIO TUIAHETHI
yBesmumnnack B 1,5 paza. Uemy crana paBHOM KOHIIEHTpAIUS MOJICKYJT Ta3a BOJIM3H MOBEPXHOCTH TuiaHeThl (Ha Bbicote h = 0), ecu
npu Temneparype T; oHa Gbina paaa 510™ M™>? Vckopenne cBoGOIHOTO najeHus MpuHATH paBHbiM g = 10 M/c% MomsipHas Macca
raza u = 16r/monp; R = 8,31/ /KMionb.

Omeem: 7,6610"° M

16.5. Atmocdepa rutaHeThl BMea BO Beex Toukax temmeparypy T1 = 400K. ITocie Toro, kak TemnepaTrypa aTMochepsl yBe-
mramnack Ha AT = 100 K, napnenue atMocdepsl BOIM3U MOBepXHOCTH IUianeTsl (Ha Bbicote h = 0) ymenpiunocs B 1,24 pasa. Ha
Kakoii BeicoTe N HaJl HOBEPXHOCTBIO IJIAHETHI AaBJIeHUE aTMOC(EPH YMEHBIIMIOCE B 1,2 pa3a? Y ckopeHre CBOOOIHOIO MajeHus g =
10 m/c%, monsipHas Macca obpasyroneii arMocdepy cMecu ra3os p = 30r/moms; R = 8,31 [x/Kbkoms.

Omeem: 1817m

16.6. Ha Beicote h = 500M Haj MOBEPXHOCTHIO IUIAHETHI IIOTHOCTH rasa, oopasyromiero eé armocepy, cocrapisger 95%ot
BEJIMYMHBI IUNIOTHOCTHU T'a3a BOJIM3U MOBEPXHOCTH IIaHeThl. OnpeieuTh TeMiepatypy arMocepsl, cunuTas e€ MOCTOSIHHON M OfMHA-
KOBOH BO BCeX TOUKax. YCKOpeHHe cBOOOIHOro manerus g = 12m/c% MomsipHast Macca ra3a, KOTOPBIil MOJKHO CUHTATh HACATHHBIM, |l
= 20r/mons; R = 8,31/ x/Khios.

Omeem: 281,5K
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16.7. V3BeCcTHO, YTO KOHIIEHTPAIIMS MOJIEKYJ ra3a BOIM3M MOBEPXHOCTH HEKOTOPO# mianersl (Ha Bhicote h = 0) paBHa
10”° M, a ipu moabéMe Ha BbicoTy h oHa m3MensieTcst Ha Bemmanay An=8[10°° M3, Cunras Temmeparypy aTMocdepsl 3TOi [IAHETHI
OCTOSIHHOI ¥ paBHoii t° = 7°C, onpenenuts Boicoty h. Vckopenne cBoGoauoro magenus g = 10 m/c”; Momsiprast Macca rasa p = 30
r/mone; R = 8,31]x/KMons. Omegem: 647m

17.YacroTa coynapeHuii 1 cpeHss IIMHA CBOOOJHOTO Mpolera MoJeKyII ra3a

Yacrora coy;lapeHI/Iﬁ MOJICKYJ CO CTEHKOH V paBHaA YUCTY MOJICKYJI, CTAJIKUBAOIIUXCSA C eL[PIHI/IIIeﬁ o~
BEPXHOCTU CTCHKHU 3a €AMHUILY BPCMCHU. Ecnu ¢ nnomazu(oﬁ AS 3a BpeEMA At crankuBaercst AN MOJICKYJ Ira3sa,

AN 1 8RT
TO [V=—-—=— n(v) , TIIe (v) = |—— - cpennsst cKOpOcTb MoseKya rasa, N = N/V — KOHueHTpauus 1 vuc-
ASAt 4 ™
JIO MOJICKYJI B €JIMHUIIE €0 00bhEMa.

Ecnu B cTenke cocyaa € ra3omM CeCJIaHO MaJICHBKOEC OTBEPCTUC IJIOMIAAbIO S, TO nomaaarominue Ha OTBEP-

1
CTHE MOJICKYJIbI Ta3a OYIyT BBUIETATh M3 cocyaa. 3a Bpems At u3 cocyna BeuieTut AN = 2 n(v) A { mosekyn (puc.1.39).

Hna pewenus 3a0ay Ha 3my memy HeoOX00UMO yuecmv YPAGHEeHUe COCMOSHUS 243a U 3d0aHHOEe NO YCI08UI0 YPAGHEHUE Npo-
Cosem:  mexarowezo c 2azom npoyecca. Hanpumep, ecru cocyo ¢ easom saxpoum, mo N'= N/V = const, u npu usmenenuu memnepamy-

bl npoucxodum usoxopuieckuti npoyecc P=nkgT.

Ipumepwvl pewsenus 3aday.
17.1. OpuH MOITB HIICANTBHOTO Ta3a HaXOJUTCSA B COCYAE, 00bEM M TEMIIEpaTypy KOTOPOTO MEHSIOT TakK, YTO JaBJICHUE ra3a

BO3pacTaeT ¢ pocToM 00bEMa 1o 3aKOHy P =0 RV , rae o = constBo ckombko pa3 U3MEHHTCS YHCIIO COYIAPCHUI MOJIEKYJI Ta3a ¢

y4acTKoM momanu S= 1 cm? Ha cTeHKe cocy/ia 3a €IUHUILY BPEMCHH, €CIIH JaBJICHHE ra3a Bo3pacTéT B 4 pa3a?
Pewenue.

N 1 .
Hano BeIUMCINTG 3aBUCUMOCTh YHCJIa COyAapCeHNU MOJICKYJI AN = Z n<V> At or JABJICHUA ras3a P, T.€. yCTpaHUTh U3 3TOU

dopmynsl mapamerpsl V u T (06béM 1 Temmeparypy rasa). IloactaBum B 3Ty (GopMmyny ompeiesicHHe KOHUCHTPALMU MOJICKYI

. 8RT
N = Nagorampo / V (mnst 1 monst Tasa), a TakKe BBIpaXKEHHE U CPEIHEH CKOPOCTH MOJICKYIT (V) = W , OTKYZa MOKHO HCKJIFOUHTH

\ f
TeMIiepatypy T C IOMOIIBI0 YPaBHEHHS COCTOSHUS UACALHOTO raza 1 = % . Homyunm AN = Ny o0 ﬁ At
T

YcTpanuB oTCIOIa TIEPEMEHHYIO W= p/a  (3amaHHOE B YCIOBHM YpaBHEHHME MpOIECCA), HAXOAMM 3aBHCHMOCTD

AN ~ ]/ \/T) . [Ipu yBenmuenuu p B 4 pa3a uncio AN coymapeHuit MOJIEKyJl YMEHBITUTCS B 2 pa3a.

17.2. OauH MOJIb UIEATBHOTO Ta3a HAXOJUTCS B COCY/E, 00hEM U TEMIIEPATYPy KOTOPOT'O MEHSIOT TaK, YTO JaBJEHHUE ra3a
pacTér ¢ POCTOM €ro TEeMIEpaTyphl MO 3aKOHy P =0 IZI'3/2, rae o = CONSt.Bo ckoybKO pa3 U3MEHHUTCS YMCIIO COYAAPEHHH MOJIEKYIT

rasa ¢ ygacTkoM miomann S= 1cm? Ha cTenke cocyna 3a At = 1 ¢, eclii TeMIeparypa rasa Bo3pactér B 4 paza?
Pewenue.

}NABOF RT
4 vV !

pe3 TeMIeparypy T. ILTIH 3TOr0 MCKJII0YaeM JaBJICHUC P U3 YPAaBHCHHUS COCTOSIHUS 1 mons HJCAJIbHOTO I'a3a U 3aJaHHOI'0 YPaBHCHUA

R JT

n AN ~—— ~T . Kak u remnieparypa, gucio coynapeanit AN Bo3pactér B 4 pasa.
oT \%

*% * *kkk * *kkk * *% *kkk *%

1 ..
Kak u B mpenpiaymeii 3agage, AN :Z n(v) A t= A . Teneps, COMIACHO YCIOBHIO, HAI0 BBIPa3UTh 00BEM V de-

mporecca: p = % a2, Otcroma V =

_ 1
J2rd?n

MOJICKYJIbI MOKHO CHUTATh MPAKTUYCCKHU MMOCTOAHHBIM IPHU OTHOCUTEIILHO HEOOJIBIIOM U3MEHEHNH TEMIIEpAaTyphl, IpeAIIOojIaracMoM B

JnuHa cBoGomHOTO Mpobera MOJIEKYJIbl ra3a ompeaensiercs GopMmyaoi (A , B KOTOPOii 3¢ dexTuBHbIH qruametp d

YCJIOBMH 3a7a4: d =const. KOHIIeHTpaIII/IIO MOJICKYJI UACAJIbHOTO Ia3a y[[06H0 BbIpaKaTb 4€PE3 AABJICHUEC C IMOMOLIBIO YPABHCHUS

COCTOSIHYIS, 3alIUCAaHHOTO B (hopme | P = nkg T|.

17.3. VpeanbHbll Ta3 coBepIllaeT MpoLEcC, NPU KOTOPOM €ro TemIepaTypa pacTéT C yBeJIMYeHHEM O00BbEMa IO 3aKOHY

T= 0(V3, rae o = const.Uemy paBHa cpeaHsisl UTMHA CBOOOJHOTO Mpobera MoJieKyln ra3a npu temmneparype T, = 600 K, ecou mpu
temrieparype T, = 300 K ona pasna A; = 300am?

Pewenue.

KonnenTpanus MOIeKyI ra3a MeHsIeTCsl 0OpaTHO IMPOMOPIIHOHAIBEHO €ro 00bEMY, KOTOPHIH, COTTIACHO YCIIOBHIO, 3aBUCUT OT
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T N 1 1 1 5
TeMIepaTypsl 1o 3akony V =3— , 1.e. N=— ~—— . Ilostomy A =————~—~3T wmm A = constIT . Orciona CIIEYET, YTO
a v T J2md?n N

Ao =M BT,/ =1 F2 = 378um.

17.4. UneanbHbIi Ta3 coBepLIAET MPOIECC, P KOTOPOM €ro JIaBJICHHE YMEHBIIAETCS C yBEIWYEeHHEM 00bEMa 1Mo 3aKOHY
p=a W_]/?’, rie o = constUemy paBHa cpelHss AJIMHA CBOOOIHOTO IMpodera MoeKkyJI rasa rnpu temneparype T, = 600 K,ecnu npu

temrieparype T, = 300 K ona pasna A; = 200am?
Pewenue.
Yempansiime neuzeecmmuvle nepemennvle, peuias cucmemy u3 ypasHeHUss npoyecca U ypasHeHus COCMosaHus 2asd.

Coeem: . .

Hamo HaliTh 3aBUCMOCTh A OT TeMIieparypbl T rasa. [ 9Toro HCKIIoYMM BHadalle 00béM V U3 3aJaHHOTO B YCJIOBHUH
_ 3
ypaBHeHHsI mporiecca P = [V Yy 3, KOTOpPOE MOXHO Tiepenucarh B Buje V = (0(/ p) , U YPaBHEHUS COCTOSHUS UICATLHOTO
3

. mRT _a 1 N

raza: V=——= —3- Orcroma p ~F. IToactaBuM 3Ty 3aBHCUMOCTH B (DOPMYITY ISt A, B KOTOPOH KOHIIEHTpAIMs N BhIpakeHa
H P p

oo KT T 192 Oriom A=constT¥2 i Ay = Ay (To/T)% 2 = 565,6um.
V2md?n 2nd?p P
17.5. B cocyze, 3all0IHEHHOM HMAEABHBIM Ia30M, uMeromeM temmneparypy t° = 75°C, mpomenano MaleHbKOE OTBEPCTHE C
miomanpo S= 1 Mm?. M3BECTHO, 4TO CpeHssl UIMHA CBOGOIHOTO IPoGera MoJeKyIl rasa B cocyae paBHa A = 1 MkM, 5K THBHBIIH
nuamerp Monekyist d = 0,3HM, a 3a CeKyHIy W3 OTBEpCTHS B OKpYXKarolmii cocyx Bakyym Beuteraer N = 410%° monexys. Haiitu
BEJINYNHY MOJISIPHON MACChI 3TOTO ra3a. YHuBepcalibHas ra3oBas nmocrosaHas R = 8,31 x/Knosb.

yepes JaBeHue; A =

Pewenue.
1
Bhipa3iM KOHIEHTPALUIO MOJIEKYJI ra3a yepe3 CPeAHIO UIMHY CBOOOAHOro mpobera, N =m , M IOJICTaBUM €€ B (hOpMyJTy
2
1 1 8RT
JUTSL 9MCITa MOJICKYJI, BBUIETAIOIINX Yepe3 oTBepcTHe 3a Bpems At = 1c: N =— n(v) At= —= ——SAt. Orcroma
4 a/2rd®\ \ T

2

RT( S\t

M=—F| —— | =18r/mous.
4n3(d2)\Nj

Tpumepul 3a0au KOHMPOILHOU paboOmbl 05t CAMOCMOAMENLHOU HOO2OMOBKU.
17.6. OnuH MOITh HIEANTLHOTO Ta3a HAXOJUTCSA B COCYAE, 00BbEM M TEMIIEpaTypy KOTOPOTO MEHSIOT TakK, YTO JaBJICHUC ra3a

BO3PACTaeT C POCTOM 00BEMA IO 3aKOHY P = aV?, rae o = const.Bo ckombKo pa3 M3MEHUTCS YHCIIO COYIAPEHUH MOJIEKYJI ras3a C
2 . ..
y4acTKOM IIomanan S= 1cM” Ha CTeHKe cocy/ia 3a OJHYy CEKYHAY, eciii 00bEM cocyaa Bo3pacTéT B 4 paza?
Omeem: yBenn4nuTcs B 2 pasa
17.7. OnuH MOJNIb MIEATBHOTO T'a3a HAXOAMUTCS B cocyzie, 00BEM U TeMIepaTypy KOTOPOro MEHSIOT TaK, 4To 00bEM rasza Bo3-

pacTaer ¢ pOCTOM €ro JaBJCHUS 110 3aKOHYy V = cxp3, rue o = CONst.Bo ckoibKo pa3 H3MEHUTCS YUCIIO COYAAPSHUH MOJIEKYJI ras3a ¢
2 . ..
y4JacTKOM IIommaan S= 1cM” Ha CTeHKe cocy/ia 3a OJHY CEKYHAY, eciii 00bEM cocyaa Bo3pacTéT B 4 paza?
Omeem: ymenpumtes B 1,587pa3
17.8. OrH MOJIb UI€ANIBHOTO ra3a HaXOJHUTCS B cOCylle, 00BbEM U TEMIIepaTypy KOTOpPOro MEHSIOT TakK, 4TO TeMIeparypa ra-

3a BO3pPACTaeT C POCTOM €ro JaBJCHUS 10 3aKOHY T =0 p6, rae o = COnst.Bo ckobKO pa3 M3MEHHUTCS YUCIIO COYAapPEHUN MOJICKYIT
rasa ¢ y9acTkoM riomaa S= 1 cm? Ha cTeHKe cocy/ia 3a OJIHY CeKYH/Iy, €CJIY IaBJICHHUE BO3pacTéT B 4 paza?
Omeem: ymenbmuTes B 16 pa3s
17.9. OauH MOITH UIEATEHOTO Ta3a HAXOJHUTCS B COCyIe, 00bEM U TeMIepaTypy KOTOPOro MEHSIOT TaK, 4YTO TeMIlepaTypa ra-

3a yMEHbIIAETCS C POCTOM ero 00bEéMa 1o 3aKoHy T = 0(/V2 , TJIe 0. = CONSt.Bo cKkobKO pa3 M3MEHUTCS YaCTOTa COyapeHHid MoJie-
KyJI Ta3a CO CTCHKOM, eCJIH JaBJICHHE Ta3a BO3pacTér B 8 paz? Omeem: yBennuutcs B 4 paza

17.10. B 3akpsitoM cocyze ¢ 066émoM V = 100mutpos Haxomures N = 2,410%* Mosekyst yrieKHeioro rasa, KOTOpbIi MOX-
HO CUUTATh WJCAIBHBIM ra3oM. Macca 3toro raza m = 176r. 3a mpomexxyTok BpeMeHu At = 3 cek U3 MaJIeHbBKOTO OTBEPCTHUS C ILIO-

magsio S= 3MM2 B CTEHKE cocy/ia IOJDKHO BbUIeTaTh Hapyx y AN = 2107 MoJieKy. HaliTu Benn4uHy aBieHUs ra3a B COCyJIe.
Omeem: 94,8xIla

17.11. I/Lueam,m,lﬁ ra3 COBEpHIACT NPOLECC, MPU KOTOPOM €Io AaBJICHUEC BO3PACTACT C YBCINUCHUCM TCMIICPATYPHLI 11O 3aKO0-

HY p=0 EI'?’/Z, rae o = const.Uemy paBHa cpeqHss UTMHA CBOOOAHOTO Mpobdera MoJIeKy:l ra3a nmpu temmneparype T, = 600 K, ecnn
npu temnepatype T; = 300 K ona paBna A; = 100um? Omeem: 70,7um
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17.12. VipeanbHblil ra3 coBeplIaeT MPOLECC, NMPH KOTOPOM €ro o0bEM YMEHBINAETCSl ¢ POCTOM JABJIEHUS 110 3aKOHY

V= 0(/ p4 , TAe o = constUemy paBHa cpemHsAs TMHA CBOOOIHOTO TIpobera MoJIeKyI rasza nmpu Temmneparype T, = 1600 K,ecou npu
temnepatype T; = 200 K ona paBna A; = 100HM? Omeem: 1600HM

17.13. I/IﬂeaHLHBIﬁ ra3 coOBEpLIACT NPOLECC, [IPHU KOTOPOM €T0 TEMIIEpAaTypa BO3PACTACT C YBCIIMYCHUEM JaBJICHUS 110 3aKOHY

T=a Ep2/3, rae o = constYemy paBHa cpeqHss JUIMHA CBOOOTHOTO Mpodera MoJIeKyI raza npu temmneparype T, = 600 K,ecau npu
temnepatype T; = 300 K ona paBna A; = 300HM? Omeem: 212um

18. SIBnenus nepeHoca (TEIIONPOBOIHOCTD)

IloTok Temia uayu KOJIMYECTBO TEILIOTHI, MEPEHOCHUMOC 3a €ANMHUIY BPEMCHHN Y€PE3 NOMNCPCUHYIO MOBEPXHOCTL € IJIOMIAAbIO S, oripe-

JIeIsieTcsl YpaBHEHHEM TETUIONTPOBOIHOCTH . jQ =—-k [gradT 5, rue |3Q| = AQ/At, K — KO3(pPUUMEHT TEMIONPOBOAHOCTH CPEJIBI.

Ecnu notok tema HanpasJICH BAOJIb OHHOﬁ OCH, TO BO BCCX TOYKaxX OH OOJI?KCH OBITE OJUHAKOB: JQ =const. Muaye Ha-

pymaeTcs TCIJIOBOC PABHOBECUEC U YHACTKH CPEAbI, KyJda NOCTYIACT OoJibIe TCIUIa, Y€M yXOIUT, 6I)ICTp0 pas3orpeBarOTCd 10 OTpOM-
HbIX TCMIIEPATYP.

N i
B razax xo3((HIUEHT TEIONPOBOJHOCTH ONpenenseTcs GopMyaont K., = ngm (V) ~ p/ JT u B 3aBucumoct ot raso-

BOTO IIPOIIECCAa MOXKET UMETh Pa3HyI0 3aBUCHMOCTD OT TEMIIEPaTypHsI 1.
B TBepapIx cpelax 3aBHCHMOCTBIO K OT TEeMIEpaTypbl MOKHO TpeHeOpeuYb W CYUTATH, YTO

Krpepens = CONSt. B 9TOM citydae rpaJieHT TeMIepaTypbl OCTOSHEH TaK Xe Kak M [OTOK TeIia, H ero  Jy

MOXXHO BBIYHCIIHTH O (Popmyrie |gradT | =AT/AX. TemnepaTypa M3MEHAETCS 10 JMHEWHOMY 3aKOHY x

(puc.1.40). KonuuectBo temmorsl AQ, mepeHocHMoro 3a Bpems At depes MONEPEYHYIO IUIOMAns S B

AQ AT
CTOpOHY ¢ 0oJIee HU3KOHM TeMIepaTypoil MOXKHO BBIYHCIIHTS 110 (hopMylie N = KA_
X

IIpumepwvl pewsenus 3aday.

18.1. Kupninynasi CTeHa TOJIIHHON B JBa KMPIIHYA
(h = 50 cm) umeer miomams S = 15m% Kosddumuent temonposorocty kupiuda k = 0,7 Br/mK. Kakoe konudgecTBo
TEIUIOTHI IIEPEHOCUTCS CKBO3b CTEHY M3 OTAIUIMBAaEMOW KOMHATHI Ha yJHIly 3a cyTKu? Temieparypy Bo3ayxa B KOMHaTe
t,°= 27°C w na ymune t,"= -10°C cuurars HEM3MEHHBIMH.
Pewenue. ~h>

T2 TZthsAt 67,13M/Ix. dtoT

L

W3 ypaBHEHHS TEILIOMPOBOIHOCTH JQ = AA—Q =K []l]radT| [B=K T1 Snaxomum AQ =K

IIpUMeEp MOKa3bIBAET, HACKOJILKO BEJIMKY MOTEPH TEIJIa 3MMOM Yepe3 CTeHbI 3aHuM.

18.2. JIpa TUIOCKHX CJIOS C OJMHAKOBOM MOIEPSYHON IUTOMAABI0 S COeNaHbl U3 pasHbIXx MeTauioB. Cioi

“1” ¢ tomuuno hy = 4 cm —u3 cranu, a cnoit “2” ¢ Tommuaoi hy = 8 cm — u3 menu. Temneparypa To = 300K 1o Tz
JIEBYIO CTOPOHY 3THX CJIOEB oJMHaKoBa. [1o nx npaBylo cTopoHy temrnepatypsl pasHsl 13 = 450K u T, = 400K. 3a

3 MHHYTHI 4epe3 CTaIbHOH ciioi nepeHocutest 5,2 Mk Teruiorsl. 3a kakoe BpeMs 4epe3 MeIHBIH cioi Oyner re-

penecero 19 M/Ix termnotsl? KoahuineHTh TEmIOnpoBOIHOCTH CTAK U Mequ paBHbl K1 = 52B1/M'K 1 1, = 380B1/™M°K.
Pewenue.

- h~

A =T A T, =T,
Q1_Kl htlog g, = Qz_K 2=To g
OTHOIIEHNE NIEBBIX M TPAaBBIX YacTEW JTHX ypPABHEHUM MO3BOJSET YCTPAHHTh HEM3BECTHYIO IUIONANb S M ONPENENUTH BPEMS
A Ko (Ty— T,
Aty = Bty Qb K1(T1~To)

3anuiiem BBIPAXKCHMS 1JIs1 TCILUIOBBIX IIOTOKOB Y€PE3 1BA YKA3aHHBIX CJIOS: ‘JQl =

=4,5Mmun. SN\ 2
AQhy K2(T2=To) Sy
o _ 2 N 1z~
18.3. Jla mI0THO NPHKATEIX APYT K APYTY IVIOCKUX CJIOsl C NOLEPEeYHOM miomansio S= 16M° nsrorosiuenst  \ Ty 'k, |2
U3 pasHBIX MAaTEPUAIOB ¢ KO3 DUIHEHTAMH TEIUIONPOBoAHOCTH K1 = 3BT/M'K 1k, = 4 Br/M'K 1 umeror tommuny hy \ h h
1 2

=20cMm u hy = 40cMm coorBeTcTBEHHO. HaliTH IPOMEXKYTOK BPEMEHH, 38 KOTOPBIA Yepe3 CIIOU HEPEHOCUTCS KOJIMYe-
cTBO TeroThl, paBHOEe 360K /k? Temmneparypsl ciieBa U cripaBa oT ci10€B Heu3MeHHbI 1 paBHBI 11 = 300K u T, = 360K.
Pewenue.
[ToTok TerIa yepes JIeBBIH CIIOH JTODKEH OBITh PaBeH MOTOKY TeIjIa yepe3 MpaBblii ciioi. MHade n3-3a pa3HOCTH MOCTYIIAIOMIETO U
YXOJIAIIEr0 TEIJia TPaHHWIAa MEXIY CIOSAMHU OYCHb OBICTPO HarpeeTcs 1o OeckoneyHocTu wiam oxiamutes no 0 K. Temneparypa T;
TPaHUYHOIO CJI0s JISKUT B uHTepBane I < T3 < T,. YpaBHeHHe OanaHCa TEILIOBBIX IIOTOKOB

T3- Th-T3 ¢

T +
Joj =K, —=—18= =K o—=—= £ M03BOJAET BEIUUCINUTE ITY TEMIIEPAT, T :thsz—thle: 324K.
Q1 1 hy 1 2 hy y patypy 13

Kohy +K4hy
Koﬂl/lquTBO TCIIJIIOTHI AQ, HepeHOCI/IMOe llepe3 CJIOH 3a OI[HO " TO XK€ BpeMSI At OJUHAKOBO. HpOMeX{yTOK BpeMeHI/I At MO-

A
JKET OBITh BBIYHCIICH, HAIPUMED, JJIS JIEBOTO CIIOS: JQl = —Q = Kl n S, otkyma At = AQ |]11 =62,5cexk.

At y Kk (T3-T) S
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18.4. Bopa kunut B cTansHOM cocyne mnpu temnepatype t;° = 100C. TemnepaTypa IpOTHBOIONOKHON CTO- 22
POHBI IIOCKOTO JHA cocyza ¢ miomansio S = 500cm? pasna t,° = 100,3C. Onpenenuts Tonmmuy h ua cocyza, ec- SR
JIM 34 JIBE MEHYTBI W3 COCY/Ia BBIKUIIAET, PEBPAIIASACH B IIAP, MAcCa BOAbI, paBHas AM = 8r. YV nenpHas terora mapo- |- S -4-
obpasoBanus Boabl = 2250k x/kr, K0O3PYUIHEHT TeMIONMPOBOIHOCTH cTaii K = 52B1/MK. IR, 2

AU

Pewenue.
Best Termmora AQ, moctynaroias B COCyJl ¢ BOAOH yepe3 IIOCKoe JHO 3a BpeMs At = 2 MUH UAET HA HATPEBAHME KUITALICH
BOJIBI U MpEBpalieHue B map Maccel Am:  AQ = gAM. YpaBHEHHE TEIUIONPOBOAHOCTH MO3BOJISIET BEIPA3UTH 3Ty TEIUIOTY Yepe3 MOTOK

T, -T T, -T
tema; AQ = JQAt= K%&t.OTC}OHa h=K%%t=5,2MM.
gAm

Mertaibl XOpOIIO MPOIMYCKaT Terio. [103TOMy pa3HOCTh TeMIEPaTyp JABYX MOBEPXHOCTEH Meramimdeckoro jaHa (oaHa
TPAaHUYUT C KHIAIIEH BOJOMH, a Apyras HarpeBaeTcs IIaMeHeM), Tak HeBenuka © T, — T;=0,3K.

18.5. TloTok Teria HAampaBJeH BAOJbL OCH X M OJMHAKOB BO BCEX TOYKAX IIOCKOTO CJIOSI C MOMEPEYHON LIONIa- ‘

1610 S= 1m? ¢ Tommuuoii h = 50cm. TemmepaTypsl o 06€ CTOPOHSBI Ci1osi Hen3MeHHb! 1 paubl T4 = 300K u T, = 600

K. Koo dumueHnTt TemionpoBoHOCTH MaTepraa 3TOTO CIIOsI 3aBUCUT OT TeMIlepaTypsl 1 10 3akoHy K = IT/ T, , roe h I

a = 10Bt/m'K. Kakoe KOJM4YeCTBO TEIUIOTHI OYAET EPEHECEHO YePE3 CIIOM 3a OJHY MUHYTY? XN T
Pewenue.
B nanHo# 3aga4e KO3(QQPHUIHEHT TEIUIONPOBOIHOCTH 3aBUCUT OT TEMIIEPATYPHI U 3aBUCUMOCTD T =T(X) HENb3s MPEIACTABUTH
nmHeHbIM rpadukoM (prc.1.40). Ho BennumHa TEIIOBOIO IOTOKA Jo mo-mpexHeMy OIMHAKOBa BO BCeX TOYKax cios. IToatomy

J
YPaBHEHHE TEMIONPOBOAHOCTH Jg =K (T)doradT| OS=k ( T)z—T S= CONS no3BOJISAET Pa3JeNUTh IIePeMEHHbIE ?de= K(T)dT un
X

J h J T2:2T1 a T2:2T1
MIPOMHTEIPUPOBATH 00€ YaCTH MOJIYICHHOTO YPABHEHHU: ?Q I dx= —(S? h= J' K ( T) dT=—= J' 2 d1=
0 T 1T

a (2n)**-12 207

N 3

terwiory: AQ = JoAt= 20(3—-;18(2\/5 - ].)At =438,8x/]x.

(2\/5 - 1) . [NomyueHHBIN pe3yabTaT MO3BOJISIET HAWTH MEPEHECEHHYIO Yepe3 ciloit 3a Bpems At = 1 MuH

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMBL 051 CAMOCTNOSMETLHOU HOO2OOGKIL.

18.6. beronnas crena 3manus ToummHOW 20 cM 33 CYET TEIUIONMPOBOIHOCTH IPOITyCKaJia 32 CyTKH KOJIMYECTBO TEILIOTHI,
paBHoe 240 M/Ix. Kakoit noymkHa OBITH TOJIIMHA AEPEBIHHON CTEHBI C TOH K€ IMOTMEPEYHON TUTOIAIbI0, YTOOBI OHA 33 HEIENI0 TPOo-
MyCcKaJla BIBOE MEHbIIIEe KOJHYECTBO TEIUIOTHI MPU YCIOBUH, YTO Pa3HOCTh TEMIEpaTyp 1Mo 00e CTOPOHbI OETOHHOM M JepeBsHHOU
cren oxunaxkoBa? Ko puuments: remnonpoBogsocTr Getona u apeBecunsl pasusl ky = 1,7B1/MK 1 «; = 0,15B1/MK.

Omeem: 24, 7cm

18.7. IBe cTeHBI ¢ OMMHAKOBOM MOMEPEYHON IUIOMAABI0 S CcAeaaHbl U3 pasHbix MaTepuanoB. CteHa “1” \ \
touuHoM hy = 25¢M — u3 kupmuya, a crena “2” tonmuaoi h, = 20cMm — u3 Gerona. Temmneparypa To = 300K 1o

OJIHYy CTOPOHY 3THX CTEH oJMHaKoBa. [1o Apyryio CTOpoHy CTeH Temmeparypbl paBHbl 11 = 250K u T, = 260K. 1 T 2 T
UYepes KUPIUYHYIO CTEHY 3a Ms1Th MUHYT nepeHocutcst 60 k[ TeroTel. Kakoe KOJIMuecTBO TEIIOTHI IIEPEHOCUTCS ! ?
3a JIBe€ MUHYTHI 4epe3 OeToHHYI0 cTeHy? Ko3(h(QUIMeHThI TeIIOnpPOBOIHOCTH KHPITHYa 1 OETOHA PABHEI ~h~  Thy
k1 = 0,8B1/M'K u K, = 1,6B1/M'K cOOTBETCTBEHHO.

Omeem: 48 x]JIx

18.8. Crena c oniagpi0 S COCTOMT M3 JBYX IUIOTHO IPHXKATBIX IUIOCKUX CJIOEB. MaTepuaibl 3TUX CIOEB N~
HMEIOT pa3Hble KO3 (UIHeHTHI TeronpoBoanocty k; = 4 Bt/M-K u x; = 5B1/M-K. Temneparypsl cieBa u crpasa ot S \

Jo b~
co€B, a TakXkKe B TOUKe MX conpukocHoBenus, paBHbl 17 = 300K, T, = 400K wu T3 = 360K cootBercTBeHHO. Uemy |* - T~ I
paBHa toiiuna hy 1eBoro cios, ecnu tosiunaa npasoro ciost h, = 30cm? Kl ke |2
Omeem: 36 cMm ~h><hs

18.9. TloTok Teruia HAMpPAaBJIEH BIOJIb OCH X H OJMHAKOB BO BCEX TOYKAX IUIOCKOTO Ciiost ¢ Tommmuoi h = 21 cm. ‘

Temmeparypsl 1o 06e cTopoHbI cost Henm3MeHHBI 1 paBHBI 11 = 300K u T, = 600K. KoaddumueHt TermionpoBoIHOCTH

5 h

Marepualia 3 KOTOPOTO M3TOTOBJICH CJIOH, 3aBUCHUT OT TEMIIEpAaTyphl T O 3aKOHY K = O [QT/ Tl) , rie o = 10 Br/mK. s
X

Haiity mromans S momepeyHoro CeUeHus CII0si, €CIH 3a OJHY MUHYTY Yepe3 3TO CEYCHHE MIEPSHOCHUTCS KOJUYECTBO TEIl-
JIO0THI, paBHOE 27 M/ k. Omeem: 3 m°

18.10. IloTok Teruia HAmpaBJeH BIOJb OCH X M OJAWHAKOB BO BCEX TOYKAX ILIOCKOTO CIIOS C TMOMEPEYHON ILI0- ‘

maznpio S= 16 M°. Temmeparypsl 10 06¢ CTOPOHBI cliosi HensMeHHbl 1 paBubl Ty = 300K u T, = 600K. Kospduument

6 h

TETJIONPOBOJHOCTH MaTepraa 3TOr0 CJIOS 3aBUCUT OT TeMIlepaTypsl 1 10 3aKoHYy K = [ﬂTl/ T) , rie o = 10 Br/mK. B
X

Yepes cI1o# 3a OJIMH Yac MEPEHOCUTCS KOJHUYECTBO TeIoThl, paBHoe 210M /. Haittu tonuuny ciost h. SN
Omeem: 16,2¢cMm



