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HNPEIMCIIOBHE

Uem nacrosimero y4eGHO-METOMMYECKOTO WoCOGHA - OKa3aTh [OMONIH
CTYAEHTAM-30HAKAM TEXHOIOTHICCKHX B UHXEHEPHO-3KOHOMHYECKHX cnenuans-
HOCTEH BRICIIUX YUeOHBIX 3aBesieRMH B M3YUEHAN Kypca (uaukn.

OcHoproli yyeGHuI# MaTepuan TpOTpaMMK xypca B RocoGru pactipenenen na
HIECTh PA3AENOB. B KOKIOM H3 HHX JAHK OCHOBMbIE GopmynmH, npumeprr pemenns
3a4av, KOHTPOJIbHEIC 3a/laHus. KpoMe Toro, B 0co6uu saHm obmue METOAMYECKHE
YK23aHms, HEKOTOPHIE CHPABOYHbE TAGTHIR.

B nocobum yurenst 0co6eHBOCTH yueSHBIX mIanos Pa3HBIX CHEUMANIBHOCTERN,
HAns storo gamel aBe Tabnuum BapuaHTOB KOHTPONBHMX paboT: oxua - mim
CTYACHTOB-TEXHONOTOB, BEINOIHAIOWMX HIECTh KOHTPONBHEX pabot, u BTOpas ~ fis
CTY/ICHTOB-3KOHOMHCTOB, BHITONHAIOLUHX TPH KOHTPOMLHEIE PaGOTH .

OBUHE METCAMYECKHE YKASAHHA

CTYZIEHTH TEXHOAOMHYCCKH CNEHHANBHOCTEN BRNOMHSIOT nRe KOHTROJBHBIC

—_~—s

paboThl 1O DeEpBLIM JBYM pasienaM Kypca u NpeACTABAMIOT WX Ha peueHzmo s
CAENYIOMHE CPOKH:

» KorrponsHaa pabora Nel - B Teuenne | cemecrpa.

¢ Konrponshas pabora Ne2 - p teyenue I ceMectpa.

Kaxnas xonrponssas pabora BKMOuaeT B ceba cemb 3agau. Onpeaencune
BAPUAHTA 3AIARHA NPOBOLMTCA HO CIWHOH /LA BCEX WECTH KOHIPOMBHLIX pabor
Ta0/MUE BAPHBHTOB B COOTBETCTBMM ¢ WOCHEnHeH uudpo wadpa. Ecaw,
'HAMPEMep, nocnenua uupa mAdpa CTYJEHTA~TEXHONOTA CeMb, TO B KaaOH
KOHTPOEHOJ OH pewaet 3azaun 7, 17, 27, 37, 47, 57, 67.

Talamua sapuauTos 119 TeXHONOrOB

Bapmanr Howmepa 3ana% B kax/i0K KOHTPOIBHOH paGore
i i 11 21 31 - 41 51 61
2 2 12 22 32 42 52 62
3 3 13 23 33 43 53 63
4 4 14 24 34 44 54 64
5 5 I5 25 35 45 55 65
6 6 16 26 36 46 56 66
7 7 17 27 37 47 57 67
8 8 18 28 338 48 58 68
9 9 19 29 39 49 59 69
10 10 20 30 40 50 60 70




CTYAEHTH-35KOHOMHCTR BRITOIHAIOT ORHY KOHTPOnsayro paboty no neparm
ABYM pasieiiaM Kypca M ODEJCTAaBIsiOT ¢ HAa DPEUCH3NI0 B TEYCHHE NEpBOTO
cemMecTpa.

KowurponbHas paboTa COASPAKHT 10 TPH 33a4H U3 ABYX Pa3fe/ioB, BCETO IECTH
sanau. OOpeaelienne BEPUAHTA 3a4asMs B COOTBETCTBMH C© nocneaueli umdpoi
nmdpa MPOBOAXTCS 1O TRONHIE BAPHAHTOB.

TabmMna BAPHAHTOB 18 IKOHOMHCTOB

NeNe Howmepa 3aaau 3 kaxziolt korTponsro# pabote
BAPHAHTOB H3 xomponmqﬁ pa6om Nel M3 KOHTPONbHOR pabotsr Ne2
1 21 41 61 I u 3
2 22 42 62 2 12 32
3 23 43 63 3 13 33
4 24 44 64 4 14 34
5 25 45 65 5 15 35
6 26 46 66 6 16 36
7 27 47 67 7 17 37
8 28 48 68 8 18 38
9 29 49 69 9 19 39
10 30 50 70 10 20 40

Tpn BHOTHEHMH KOHTPONBHEIX PaboT HEOOXOAMMO BHINONHSTH CICAYIOILME
npaBuAa;

1) xOHTPOALHYIO paboTy CIEmyeT BHMIONMATh AKKYPATHO, OCTABNAA NOMA ANA
JAMEUaHHH DEICHICHTA,

2)3agady CBOETO BaPHAHTA NEPENHCHBATL HOMHOCTBIO, a 3anaHHBIe
dMIMSECKHE BETMYHHbI BRITHCBIBATE OTASALHO, TIPH JTOM BCC 4HCIIOBBIC BETHUAHES
JOSDXHB GRITS TTEpeselieHhl B OAHY CHCTEMY SHMHUIL,

3) A nOACHEeHHs PEIICHMA 3a7auu, TOE IT0 HYXHO, aKKyparHO caenar
HepTex;

4) pelieHuA 33529 H HCHOMb3yeMble QOPMYNH JOMKHB CONPOBOKIBTLCA
TIOACHEHHAMM,

5)Ha TMIYJIBHOM JIHCTE HYXKHO YKA3aTh HOMED KOHTPOABHOR paborsi,
BAUMCHOBAHHE JAUCHHMIIIMEL, (PAMMIMIO H HHHIWANH CTYACHTA, IIHQD 1 AoMaHnH
aapec;,

6) B NOACHEHMAX K 3aja¥e HEOOXONWMO YKa3biBATh TE€ OCHOBHBIC 3BKOHW H
GopMynBl, Ha KOTOpHX GasHpyeTcd PeHICHHE AaAHOH 3aKauu,

T)npy nomyderur pacuersol (GOpMyNW, KoTOpan HyAHa IS pemeHws
KOHKPETHOR 311291, NPHBOAMTE €€ BHBOJ,
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8) pexoMernyeTCA DEHicHHE 3ala4M CHauana CRCNars B ofmeM Baje, T. €.
TONbKO B OyxsenHwx 0COIHAYCHNAX, NOACHAN NPHMCHACMBIC HPH HANHCAHHH
dopmyn GykeerHbie o60IHACHHN,

9) BHYNCICHAS CHCAYCT NPOBOHTH NMYTEM MOACTAHOBKH 38JIAHHEIX YHC/IOBBIX
BeNHYHH B pacueTyio GopMyiy. Bee wBCNOBHE 3HaYCHEA BEINTHH, HEOOXOMHMEE
AN pefienus Aanmol 3axaud NOMKHN Omrs Bapaxens 8 CH (cM. cnpaBousbie
JABHHEIE);

10) npopepuTs €MHAIN NOFYICHHBIX BETHYHH A0 pacueTHO! opMyne H Tem
CaMBIM TIOXTBEPANTS ITPABANLHOCTS PacueTHOR dopMy:Ts,

11) B xoaTpOnEHON pabore cneayer ykasniears yueOuukn u yuebusie nocobus,
KOTOPHE MCTIONB30BANMCH HPY PEILCHRN 3324,

Konmpoasnvie pabomel, npedcmaenenssie be3 cobaodeHus YKa3aHHbIX npasil,
a makxce pabomsl, GLINCIHEHHBIE He N0 CE0EMY BaAPUANMY, 3AYUMILIGAMbCH HE
byoym.

Ilpu snoBTOpHOM peleHsupoBaHuy ofg3aTensHe npexncrasnars pabory ¢
nepBo# peucH3neit.

Bo Bpem# sKk3aMeBaunoHHO-1a00paTOPHKX ceccHit TPOBONATCA NaboparopHbIC
paborh. Llens naboparopHOro TPAKTHKYMa - HE TONBKO W3Y4HTh T€ WM MHbIC
dusnyeckue aBienHs, yOERHTHCA B NPABWIBHOCTH TEOPETHYSCKHX BHIBOIOB,
npHOBPECTH COOTBETCTRYIONIME HaBhiky B ofpamensn ¢ GusHyeckrMu nprbopamMu
Ho 1 Gonee ray6OKO OBITAAETh TEOPETHYCCKAM MATCPHAIOM.

Ha sx3aMeHax u 3a4erax B Nepsylo OYepelb BEIACHACTCA YCBOCHHME OCHOBHAIX
TEOPETHYECKHX IMOJIOKEHHH NPOrpAMMbLI M YMCHHC TBOPYECKM TIPAMEHATh
NONYUEHHHE 3HAHWA K POLEHWMO NPaKTHHEeCKHx 3ajad. Du3znueckas CymIHOCTH
ARNEHUH, 3AKOHOB, HPOLECCOB OJDKHA MNATAThCH ETKO H 0CTATOMHO HOAPOGHO;
pemiaTs 3851248 HeobxonuMo Ge3 ommbox B ypepensio. JhoGas rpaduueckas pabora
AO/DKHA OHTHL BHNONHEHA AKKYDETHO U 4CTKC. TOMLKO HPH BHIIOJIHEHMM 3TAX
yenosa# 3KAHAA MO Kypey GH3HKH MOFYT OHITH NPH3HAHD YAOBICTBOPHTEIILHBEMH.
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PABOYAS ITPOT'PAMMA

OUINYECKUE OCHOBbI MEXAHWUKHU

Mexanuueckoe ABwkeHMe kak npoctefitias Qopma JBUKCHHA MATCPHH.
Tpeacrannenne o CBOACTBAX NPOCTPaHCTBA U BpeMeHn. IIpeoGpasopatid Tanunes.
MexauuuecKkHil TPHHOMI OTHOCATENhHOCTH. Kiaccmueckmit 3axOH  CHONSHUA
ckopocteti. ITocTynaTsl CReUMATEHOR TEOPHH OTHOCHTENsHOCTH. [Ipeobpasobanus
Jlopenna. PenfTHBHCTICKOC MIMEHEHME JUMH W IPOMEXYTKOB  BPEMEHH.
PensruaucTckuil 3aKOH COXCHHS CKOPOCTER.

[ocTynaTe/ibOe ABPKCHHE TBEPAOro Tena. 3akoH MHepuMn. Bropoil sakon
Hewotouna. LleHTp HHEpU#H MexanHuecKkoH CHCTEMB! M 33KOH ero JBHOKeHHA. 3akon
COXpBNEHHA KOMHMYECTBA ABHKEHNA. JHEPrAs KaK YHUBEPCATRHAL MEPA PA3MUHBIX
dopM IBWKERHS ¥ BIAMMOJEHCTBHA. PaloTa CHIB W -ée BMIpaXEHME depes
KpuBONMHEHHBH  MHTerpan. 3akom  coxpaueHus sHeprad.  [lodstie o
penstuBACTCKON  JuHaMuke. OCHOBHOH 33KOH PEJATHBHCTCKOH — IHHAMUKH
MATEPHATLHON TOYKM. PENIATHBHCTCKOE BHPAXKEHHC JUIA KHHETHUECKOR SHEPIMM.
3aKkOH B3aUMOCBA3H MAacCH M 3Hepruy. COOTHOMICHHE MEXAY MORHOH JHepruei u
HMITYBCOM YACTHLIN .

ITone wak ¢opma Marepud, OCYUICCTBAAIOLIEE CWIOBOS BIAMMONCHCTBME
Mexay uacrunamu pemectsa. [lotenumansioe noge cun. Tlorenumansuas sHEprus
MaTEPHANLHON TOYKH BO BHEHINCM CHIOBOM NOAE W e Cem3e ¢ cunolt, Tlonstue o
rpagMente ckanspHol QynxmEn. Hanpmkewrocts, noresuman nons. [lpuunun
cyneprio3nupy. JICTCDMHAWIM KAacCHueckol MEXaHMKW. 3aKOH COXPaHEHHS
MEXAHHYECKOH 3HEPrHE H €ro CBA3L C OAHOPOAHOCTHIO BpeMeny. Yaap abcomoTno
ynpyrux W HeynpyrHx Tei. Chfdb 3aKOHA COXPAHEHMA H MPEBPAICHUA SHEPrHA C
3AKOHOM COXPaHEHHA MACCH.

OcHORbl JUHAMUKY BPALIATENLHOrO ApwkeHua. MomeHT cunbl. Momedt
MHEPUHMH TENa OTHOCHTENbHO HenofrmkHOR oCH Bpamenusa. (JCHOBHOC ypaBHEHWE
JIMHAMHWKM BPAUATEISHOTO ABHMMCAMA. MOMEHT KOMMYECTBR MABWAKCHUA Tena
OTHOCHTENLHO  HenmoapwkHOoA ocu  spamenns.  Kunerwdeckas  IHCprs
ppamaomerocs tena. Pabora npy BpalaTeNsHOM IBIAKSHHUM. JaKOH COXpaucHHA
KOJMMECTBA JABHXCHHA M €ro CBiA3b ¢ M3OTPOTHOCTBI) H  OJHOPOAHOCTHIO
MPOCTPAHCTRA.

Tapmonngeckue KoMeOaHHA (MEXBHMYCCKHE) H  HX  XAPAKTEPHCTHKH.
Jnddepenpansioe ypaBHEHHE TapMOHMMecKHX KoneDanwii. Maremamaveckuii,
duswaeckuit  MAATHUKH, OHEPruA  TIapMOHWdeckHx xoneGaumit. Cnoxenue
rapMonmueckuit kosmelamm#. Croxemue rapMoHHdeckwx xonebanmii  oAHOrO
HANpaBAeHAs ¥  OHHHAKOBOM wvactorm. Drenms.  Choxende  B3auMHO

NepueHAAKY/IApHKX KoneOanmit,
’ Jiudpepennuansioe ypasHeHHe 3aTyXalOWBX MEXaHWYeCKHX kosmeGasud u
ero * pewenue. Jlorapupmudecknii nekpeMeHT U KOXNDPOHIMEHT 3BTYXaHMA.
Jobporrocts xouTypa. Auepuonuwuecknii npouecc. Juddepennuansioe ypasHesne
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BolHYHUICHHEX MCXBHHECKHX KoneOammli u ero pemenwe. Amiumryaa u taza
BRIHYXICHHBIX KovieOanu#i. Pesonanc,

Mexaunsm 06pasoBanas MEXaHUYECKEX BOTH B ynpyro# cpene. Tponoisaune u
nonepetHne BHE. Boatosoe ypasrenue. ®asopas CKOPOCT M IHCHEPCHA BOJH.
nepras sonus. lpunan cynepnosuums. Korepenmiocts. Hrrepdepennan noa.
Crosume BONHE. YPaBHCRUE CTOXYEH BOTHYL.,

MONEKYNAPHAA OU3MKA
M TEPMOQUHAMUKA

CratuctuyeckHl MeTOX HCC/IEAOBAHHKA. BriBoa ocHOBHOro  ypasHenus
MOJIEKYJIADHO-KHHETHYECKOH Teopuu razos. CpeaMas keaipatwusas CKOPOCTh
MONEKYN.  MONEKYNspHO-KHHETHYECKOS  TONKCBAHHE  TEPMOAWHAMMNECKOMH
Temneparypel. wcno crenewe#f  coGomm  Monmexyn. 3akon PaBHOMEDHOTO
Pacnpeniesienis JHEPrMH MO cTeneHaM ¢Boboasl Momexyn. 3akon Makceemia,
Pacnipenenewne monexyn wpeaneHoro rasa mo ckopocTam. Cpeanee umcno
CTONKHOBEHMHA M Cpe/HAs AmmHa cBoGonHoro npobera monexyn. 3akon Bommumana
A pacnpeieleHus YacTHIl BO BHEUIHEM TOTCHIHANBHOM TI0J1E.

JBnenus  mepeHOCa B TEPMONMHAMHMCCKH  HEDABHOBCCHBIX  CHOTEMAX,
Onwitaeie  3akoHb  AM(QysuM, TETUIOUPOBOAKOCTH N BHYTPEHHEr0 TpeHHs.
Monexyaspro-xHHETHUECKAY TEOPHA ITHX ABNEHWH. TepMonuuamumeckuit meron
Hecnenopanna. Tepuonunammyeckas cucteMa. TepMOIHHAMMYecKHE NIapaMeTpst.
PaBHOBECHNE COCTORHAA M MPOUECCH, MX H300paKeHue Ha TEPMOJAHHAMMWIECKHX
Anarpammax. BHYTpeHHAR 3Hepras u&eanbhoro rada. Pabora rasa npu ero
pacuispenny.  Konmuecrso  tennotsl.  Tenpoemkocts. [lepsoe  mauano
TepMOMHaMHKN. [IpHMenenue NEpPBOro Hayana TEPMOJHHAMMUKE K H3ONPOUECCaM
MECATLHOTO Tena.

Ypasnewne Maiiepa. Annabareniii mpouece. Knaccmueckas MONEKYAPHO-
KHHETHYECKAA TEOPHA TETUIOEMKOCTEH HeallbBLIX T430B M €€ OrPaHHUCHHOCTS.
Obpatamsie 1 neobpatumste mpouecch. Kpyroshe npoueccs (uukm). Luxn Kapro
u ero KILJ ans wneanshoro rasa. DHTpOnuA, IHTPONAS MACANBHOrO rasa. Bropoe
Haqai10  TepMonuHaMuk.  CTATHCTHYECKOE TONKOBaHWE BTOPOTO  HAyana
TEPMOARHAMHKH.

Ypasuenne Bau-nep-Baamnca. Cpasnenwe u3orepM Bau-mep-Baamsca ¢
JKCTICpHMEHTALHBMA. KpHTHYecKkoe cocTosune Bemectsa. Masosste nepexon 1 u
Ul posa. BHYTPeHHSAA SHEPrHA PEabHOrO rasa.



PA3JEJI 1. PH3IHYECKME 3AKOHbI MEXAHUKH

OcHoBHBIC 3aK0HBI H GOPMYJILE

Besmanna win duapteckull 3akon Gopmya
MrHoBeHRAR CK dx s
VirHOBEHHAN CKOPOCTD v=E mve g_
dt at
Cpennas CKOPOCTH (v)= As
At
MrHoBeHHOE YCKOPEHHE dv d%s
, a= =
dt 4%
Mramrran UNMrANRAITIES Avr
NPV FVRUWITIW (a> = _‘i
' At
TaHreHUMANEHOE H HOPMATBHOE dv  d%s v2
ycxopenue Ta @ =
TTonHoe yckopenne a=yal+al
Vriiosas ckOpOCTh _de
Tt

To xe, pist paBHOMEPHONO
BPAMATCITBHONO NBHOKCHUA

YriaoBoe yekopenue

YpasHEHHS PABHONCPEMEHHOIO
BPALIATEITLHOTO ABWXKCHEA

- Cra3b MEXIY THHEHHBIMH M YIIIOBRIMH
BESTHUHMHAMH

Bropoit sakon HetoToHa 11
TOCTYIATERBHOIO JBHAKEHHA

To xe, mns m = const

To xe, nna F = const

Crua, aecTBYIOIAN HA TENO,
JBHXYICECH N0 KPHBOK PagMycoM ¢

- (LIEHTPOCTPEMHMTEIILHAA CUIIA)

o =const; © =9/t;
2nfT=2nv; T=1fv

_do _d’o
dt 4%

=0, tet, p=txet?/2

S=Qr; V=W,
a=gr;a, =0t

F-dt=m.dv=mv, —mv,

F, =ma, =mv’/r= mo’r



Tpononxe e

Besmruama uihn gunaccknli saxon Dopmyna
PaboTa nepeMeHHOM CHITH HA MyTH § A.—.an-ds:IFoostx—ds
3 B
MowmHocTs N= dA,
m >

CxopocTs 1apoB Maccamu mi 1 m2
nocne aGCoMOTHO YIDYToro
UEHTPAIBHOTO Yapa

Cropocts 11apoB Hocne abeomoTHo
HEYNPYToro yaapa

Cuna Tpesus cKobxenna

MoTenumnansHas 3HEprus ynpyro-

ReGOPMHPOBAHHOTO TeNa
{(pabota ynpyroii cunsl)
AA -

MIOMEHT E'ﬁepl.wl’i MaT
MoMeHTH HHepUKH NOJIOTO K CIUIOH -
HOTO UMJIMHAPOB (WK JHCKA) pafnycoM

R OTHOCHTENTBHO OCH BpAILEHHA,
COBIAIAIONIEH ¢ OCBIO INANUHADPA

MoMenT uHepumy 1rapa pasaycom R
OTHOCHTENBHO OCH BPALICHAA,
TpOXOAsIeH uepes LUEHTP Mace uIapa

MoMenTH HHEDIHYE TOHXOTO CTepXHS

AMAOH I, €CIM OCh BPAIIEHWS HepuieH-

JHKYJIAPHA CTEPAKEIO H IPOXOJMT:
4Epe3 NEHTP MACC CTEPKHA

UePe3 OAWH U3 KOHUOB CTEPKHA

MOMEHT MHEPITMH TeNa OTHOCHTENTLHO

N

npoussomsHO#M ocH. Teopema Hlrelinepa

MoOMEHT CHITBI OTROCHTENBHO OCH

d(F
= —-—-—~(d:s) = Fcosa% = Fvcoso

_vy(m; - m, )+ 2m,v,
- m, +m,
_vy(my —m; )+ 2myv,
- m, +m,

y

us= myv,+m,v,
m; +m,

F,, = kF,
U=A=kA*/2

J =}{2ml2

J=/3ml2

J=J, +md?

M=Fr

BPAINEHUs



OxonugHme

Be.nuqum win uinyecknil 3axon

Dopmyas

OCHOBHOE YPABHEHHC THHAMAKA
BpAIATENHHOTO ABHKEHHR

To xe, mpu J = const

3aK0oR COXpaHCHAS MOMEHTA
KOJIMYECTRA ABMKEHHA 1A
H30/HPOBAHHON CHCTEMB

KuneTHyecKas SREPTHA BpAAIONIETOCH
’ TEaa

Pa6oTa np¥ BPaarenbHoM ABHKEHHN

HanpskeRHOCTb FPABHTALMORHOTO
noJIR

TeopeMa CIOKEHH CKOPOCTEH B
TeopuH OTHOCHTEILHOCTH

3aBHCHMOCTD MACCHI YaCTHL 0T CKOPO-

CTH Vv, CPaBHAMO# CO CKOPOCTRIO CBETa

[TosnHan SHEPTUS YBCTHIILL,
MBAKYIIEHCA CO CKOPOCTRIO v, Onuikoi
K CKOPOCTH CBETa

Kunernueckas IHEPTHS HaCTHLbE

3aBHCHMMOCTS LTHHBE TENA OT CKOPOCTH

YpasHeHUE rapMOHMYECKOro
koneOarm

[onnag SHEPTAA HPH TAPMOBHUECKOM
ronebaHnu

YpaBHeHHe BOIHBI

Mepuon konebanmit dusnueckoro
MasTHHKA

Jlorapudmuecknii nexpeMenT
3ATYXAHUL

vt d(Je)
dt dt

M=Jd—“—)—=Ja
dt

i]imi = gonst

P
T=lo!/2

A =Mo
G=F/m

L w4y
1+u'v/c?

m=m,/1-vi/c?

2
1-v?/e?
T=E-E,=m¢* —m,c?
1=t fi-v?ict
t=t,/J1-v?/c?
s=Asin(ot+9,);
o =2n/T=2nv

E= lzmmzA2

s=Asin2n(t/T - if))
T=2nTjmg

8=1n(A;/A;.)=(Vn)ln(A,/A,)
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Ipumeps pemenns 3axay

Tipamep 1.
JBHKEHNE MATCPHATBHON TOYKH 3311aHO YPABHCHHEM
s=4t> +2t+1. 3}
Ha#ty MrHOBEHHEE CKOPOCTH K YCKODEHHSA B KOHLC Nneppoil ¥ BTOPOH CekyHA
JIBUIKECHHSA, CPeJHIO0 CKOPOCTH 33 2 C.
Pewienue. MIHOBEHHYIO CKOPOCTh HAXOAMM KAK MNMPOH3BOAHYIO OT TYTH TO
BPEMEHH!

V:—‘-ii; v=1200 42 @)

dt

o meszmrieadl < n e e v

[ BRIMCHCHNHA CpCAHCH CKOPOCTH ABMAKCHHA HARO HaHTH uxﬂume‘ri‘ < IMyTH
KO BPEMCHH, B TEUCHHE KOTOPOTO OH NPOHAEH:

(v) = /At . 3)
[To dhopmyae (2) BhrumciseM CKOPOCTL B HA4ae W KOHIE MHTEPBANA BPEMEHH

tb=1c¢,t=2¢
=121 +2=14;, v=12.27+2=50, o
PEAHENR CKOPOCTH HAXOLHM TyTh, ﬁm;u;;rmhhﬁ
+

or to=lc ao t=2¢, wucnons3ys ypassenme (1) s—4(

2° = 1) + 2(2 1) = 30 w. Tlo dopuryrie (3) Buramcasen

M=¢/(t-t,) {(v)=30/1=30m/c.
MrHOBEHHOE YCKOPEHHE ONPEAETAETCH NepBoii NPOMSBOMHON OT CKOPOCTH 110

dv d’s
BPEMEHH WIH BTOPOH NPOM3BOAHOH OT NYTH [0 BPEMCHH! a=—d—~; = .

W mnre hmmaccoot 7Y samemis D | sy
FiICAGb3YA QOPMYITY (<), HaXOGOMM a= 24l. O Ha¥@WiC ¥ B KOHALUC 3aXanfsro

HHTEPBANA BPEMEHH YCKOPEHHE PABHO:
a, =24m/c* a=48m/c’.
Omeem. v, =14mfc, v=>50m/c, a, = 24mfc?, a=48m/c?, (v)=30m/c.
Ilpamep 2.

Teno Gpouero BBepx ¢ BucoTH 12 M mog yrioM 30° K rOPH3OHTY ¢ HAYAIBHOH
CKOpOCThIO 12 M/c. OnpesienuTs MPOSOIKATELHOCTS TOJeTa Tea 40 Touky A u B
(puc. 1), MakcUManbHyl0 BHICOTY, Ha KOTOPYK) NOJHAMACICA Teao, M JANBHOCTH
nonera rena. ConmpoTHRICHUE BO3AYXa HE YUHTHIBATD.
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Jano: H=12 M, ¢ =30°, v, = 12 w/c.
A Haiimu: ta, tg, Mgy, Xgax.

Pewenue. B ofosnavensod Ha puc. 1
CHCTEME KOOPJHMHAT OPOCKUMH HAganbHOK
CKOpOCTH OyayT
] Vox =V, COSQ | M
[ X Voy =V, sing - gt. )
Koopaunateh 7Tela ¢ TedeHHE BPEMEHH
Puc. 1 H3MEHSIOTCA B COOTBETCTBHA C YDABHEHHEM
PABHONEPEMEHHOTO NBHKEHUA.
y=H+v, tsing-gt?/2; 3
Xx=v tsing. 4

Bpems noxseMa Tena HaliieM W3 YCJIOBHR, 9TO B HAMBHICHICH TOYKE MOABEMA
T€1a CKOPOCTD Voy = 0. Torna [em. (2)]

taon =V, SO/ )

Bpems criycka Te1a oT T0uKH C 10 TO4KH A PaBHO BPEMEHH HOALEMA, TIO3TOMY
MPOLOIKUTEIBHOCTE IONETA TeNa 0T TOYKK 0 20 TouKH A paBHa

th =2, =2V, sing/g. (6)

MaxCUMATBHYIO BHICOTY NOAneMa HalzieM U3 ypasuerus (3), MOACTaBHE B HErO
BpEMs HOAbEMA U3 ypaBHEHHs (5):

Yum = H+ V2 sin 0/(2g). M

Bpems nonera tena go Toukd B ualzem M3 ypasuemus (3), npupaBHas

xooparuary y ¥ Bymo (y = 0}

. P R 23 -
tg =v, sm(p/g+\](v“ sing/g)” +2H/g. (3
JampHocrs nonera HaliieM 3 YPaBHCHMS (4), NOACTaBHB B HEro BpeMa
ABHXEHHs 3 ypasHenns (8);
X max = Volp COSQ ©)
Torma, NOACTABAAX UMCNOBWE 3HAaUeHWA B Buipaxenus (6)-(9), nosyynm
CEAYIOUIME SHAUCHUA HCKOMBIX BOTHIRH
_2-12m/c-05

=122 ¢
981m/c?

A=

12



2

12M/c - . .

p = 120005 (12M/c 025) Nl RPN
981m/c 981m/c 981m/c

123 (m/c)’ - 052

Y oinex = 12M +
o 981m/c?

=1384 m;

Xpax = 12M/c-229¢-0867 =238 M.
Omeaem: 1= 122 ¢, t5=2.29 ¢, Hpax = 13.84 M, X = 23.8 M.

Hpumep 3.

Ho ycnosuio 3anaam2 HaliTv B MOMEHT NpM3EMIEHHA Tena CleXylowHe
BEIAYMHEL CKOPOCTL M Yrofl MANEHMs TENd, TAHIEHUWANBHOE M HOPMANbROE
VCXOPEHUE Tena, PAnMyc KPUBHIHE! TPACKTODHH.

Aowo: H=12m, ¢=30°, v, = 12 mlc.

Haimu: vy, B, a,, a,, R.

Pewenue. Peaynuapylowan, win MrHOBEHHaS, CKOPOCTE B Touke B (puc. 1, 2)
v =V cos’ ¢+ v . Tpoexumo vy 8 Touke B Haitzem u3 ypasHenus (2) samauh 2,

NOACTABMB B HEFro BpeMA NBHKeHMA tp oM. (8)]:
Vyp =V, i@~ gty = yv; sin’ o+ 2gH ;

vg = V2 cos” @+ V2 sin’ @ + 2gH = V2 +2gH ;

Vi =\/(122 +2-981-12)m%/c* =195m/e

o<

Jna onpeaenenns yrna B, COCTaRIEHHOTO
BEKTOPOM  CKOPOCTH Vg € OCBHIO ()x,
BOCHONBIYEMCA  TPCYFONLHMKOM  CKOPOCTEH
(oM. prc. 2);

v \/(vo sin? :pﬁ)2 +2gH

emBR = ..I°

\J‘AI'J — B R e —————— o 3 <
Vg YVvi+2gH Puc. 2

sinf =0845; P = arcsin 0.85 = 57°40;

[locrpoum 8 Touke B Tpeyromswux yckopennii, BeKTOp TaHIEHLHAIBHOFO
YCKOPEHHA d: HAUPABNCH BAONL BEKTOPA MIHOBEHHOM CKOPOCTH B AamHON TOUKe,
T.€. IO KacarenbHOM K TpaexTopaH. HopMalbnoe yCKOpEHHE d, HANPABIEHO
NEPNECHANKYIAPHO BEKTOPY MIHOBEHHON CKOPOCTH vp. Y3 puc. 2 Buawo, 1To

a, =gsinB=gvy,/vy;

o
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a, = goosP = gV, /vy = gV, cosp/ V2 + 2¢H ;

a, = 981m/c? -0845=83m/c?;

a, =981+ 12w/c- 0367/ (12x/c)’ +2-981-12w/c* =525m/c? .

Papyc KpWBH3HH TPacKTODHE B TOYKE NPHICMACHHA ONPEAC/HEM W3
ypastienus @, = V5 /R, cnesosaremsio

R=vija,;
, 195 m?/c?
5.25m/c?
Omeem: vg = 19.5 wc, B =57°40°, a, = 8.3 M/c?, @, = 525 w/ct, R =72.5 M.

=725m.

Mpumep 4.

Ha asyx mHYpax OAMHAKOBOH JUTHHLI, PAaBROH
0.8 M, NOABEWCHE! B2 CBHHLIOBKX [1Apa MACCAME
0.5 u 1 xr (puc. 3). Ilape conpHKacAIOTCA MEXAY
coboii. 1llap McHBIIECH MACCH OTBCNW B CTOPOHY
TOK, YTO INHYp OTKIOHWICA Ha yron o =60° u
ornycrwym. Ha xakyio BecOTY noanmMytcs oba
mapa 1nocie - cTonkhobeHns? Yjap  cumrath
UEHTPANLHEM H HEYRPYTAM. ONPENCTIMTL SHEPTHIO,

H3PACXONOBAHEYIO HA AeopMannio [UapoB HpH
yaape.

Hano: my =05k, mp=1kr,=60°{=0.8m

Hatimu: h, AW,

Pewenue. Tax xax yiap ImapOB HEynpyruii, To mocne yaapa mapk Gyayr
JABHTATECA C OOIEH CKOPOCTRIO V. 32KOH COXPAHEHNA KONHYECTBA JBHHKEHHA ITOTO
yIapa HMeeT BUA

my, +myvy =(m, +m, v, )
3peck vy, V2 ~ CKOPOCTH iwapop 10 yAapa. CkopocTk $osbluoro mapa Ao yaapa
pasna Hymo (v;=0). CkopocTs MeHblero inapa HaligeM, HCRONL3YN 33KOM

coxpaseHua 3uepray. [IpH OTKIOHCHHH MEBBIICTO tapa Ha Yron & (CM. pHE. 3) Myl
coofitaem €My 3a0aC NOTSHUMANBHON IHCPrAM, KOTOPas 3aTEM INECPEXOIKT B

KHHETAYECKYIO! m‘ghi=m,vf/2. H3 pucysxa Bwmwo, 4ro npu by =I(1-
cosa) = 2isin’(a/2), moaroMy

v, =2gh, =2/¢f sinfe/2). b))

U3 ypasrermit (1) v (2) maxogum CKOPOCTS IAPOB TOC/E YA2PA:
14



v=myv, /(m, +m,)=2m, /g sin(e/2)/(m, +m,). 3

Kugernueckan JHEPrua, KOTOpoH oOnasaioT wapk rocne yaapa, NEPexoanT B
NOTCHOMANEHYIO! (m;+m2)v2/2 = (rny+my)gh. Orciona onpejenies BHCOTY HONHATHA
IAPOB MOCHE CTONKHOBEHMA

h = v?/(2g), wm [ém, 3) h= 21112I gl sin’ (oL/Z)/(mI + mz)2 ;

h=2. (0.51(1“)2 -08m- 025/ (05xr + ll(l‘)z =0.044um .

TlpH Heynpyrom YAape UIApOB YacTs OJHCPIMH pacXoQyeTed Ha ux
nedopMaI0. JHEprUA Je(pOpMALMY ONPEACNACTCH PASHOCTHIO KHHETHYECKHX
sueprufi 1o B nocne ynapa:

2
AW =TV _mtm, o
a 2 s

r4a

Wcnoan3ys ypasHerus (3) # (2), nonyuaem -

m :
AW, = Zglm,[l o +}m2) sin’(v/2);

0.5kr

025=131x.
0.5!(!‘-’:-1!({) 25=130x

AW, =2-98Mm/c-08m- O.SKI‘(I -

Omeem: h=0444 M, AW, = 1.3 [Ix.

Tpumep 5,

[pys maccolt 700 Kr ManAeT C BHICOTH 5 M i3 3a0MBKH CBAM MaccOl 300kr.
HalTi cpemion CHiTy COTIPOTHBIIEHMA TDYHTA, €CIH B PE3yAbTare OQHOro yrapa
CBOS BXOAMT B IPYHT Ba riyOuHy 4 cM. Yiap Mexay Ipy3oM M CBaeH Cautath
aBCoMOTHO HEYTIPYTHM.

Hano: my =700 xr, h = 5 M, mp = 300 kr,5=4 cm =0.04 M.

Haumu: <F>.

Pewenue. TIo yenosmio 3a0a4H yAap HEYNPyrnil W MOITOMY TPY3 H CBas 1ocae
yAapa ABHAYTCS BMECTE, MX NyTh § =4 M. Ha ABmXyuIylocs CHCTEMY AeficTayet
CHNZ TUKECTH ¥ compoThaieH#s <F> IpyHT2, KOTOPYIC MOXHO ONpEeieiurh @3
dopMynsl paGoTst crt conpoTHenenns. 110 3aKOHy COXpaHEHHS SHEPrHK,

T+U=A, H
rae T - somemdeckan sneprus; U - noTeHuManbHasm dHEprua; A - pabora cun

CONpOTHAJIEHNSA, KOTOPYIO MOXKHO ONPEICITHTS 110 GopMye A =<F>s,
Ipy ABEKEHMH CHCTEMH IIO HYTH § H3MEHNIOTCA €¢ KMHCTHICCKAR M

notenuuatsHan aeprnw: U = (my+m)gs; T= }é(mmn;)uz, u - obmas CKOpOCTh

FPy3a ¥ CBa¥ (10cne yaapa (B Havaje uX COBMECTHONO apwxenus). Menoasiys 310,
samamem dopmyry (1) B BaAC
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}é(m, +m, Ju® +(m, +m, Jgs=(F)s. @
Jlna ompenescHNAs CpeHell CHNL CONPOTHMICHHS HAHIeM obulyo CKOPOCTH
TPY3a W CBaM, IPMMCHME 33KOH COXPAHCHHA KOJHIECTBA ABHKEHHA:
. ,
3 M,v; = const. 3)
im} )
JI1A CHCTEMBL TPY3 - CBas 3AKOH COXPAHEHAY KONHYCCTBA ABHIKCHUA HMEET BHA
myv = (m, +m, Ju, 4)
e V - CKOPOCTh FPY3a B KOHIIE TIAACHHA ¢ BHICOTH h; M,V - KOMHYECTBO IBHKCHHA
Tpy3a B MOMEHT YA2Pa O CBAIO, (M+ARju - KOIRYECTBO IBHKCHAA IPY3a H CBaH
nocne yaapa. ‘

CxopocTs TDY3A B KOHIE NANEHHS C BHCOTH h onpenensercs Gez yuera
CONPOTHRIIEHHS BO3AYXA H TPCHUA:

2gh. *)
O6ias CKOPOCTH FPY3a H cBaH nocae yaapa [em. (4) 1 (5)]
u=m,2gh/(m, +m,).
OnpeaeiuM CPeEHIO CRITY CONPOTRBACHHA Mﬁepnaua fem. Q) (3)]

(F)= (m, ‘imz)

+(m, +m,)g;

mig h
(F>= o _:mz -s~+(m, +m2)g;

7 98
(F)= ((_)f’fr) W”/ €M, (700kr + 300kr)-98m/c? = 611-10°H
! 700kr + 300xr  0.04m

Omeem: <F>=6.11-10°H

[pumep 6.

Tonxwmit crepxeHs Maccoit 300r w amnof 50 cM Bpawaercs ¢ yrioBod
ckopoctsio 10 ¢’ B rOpHSONTANBHOM INNOCKOCTH BOKPYT BEPTHKANBHOW OCH,
npoxoasulelt wepel cepemmily crepkua. Ilposoinkas Bpalnaricds B TOH ke
NNOCKOCTH, CTEPHEHE TIEPEMEIAeTCS TAK, YTO OChb BPAMICHHA Teneps TPOXOAMT
qepes konex creprnA. Halmt yrnosyio ckopocTs BO BTOPOM ClTydae.

Jlawo: m=300r =03k, /=50 cM=0.5 M, @) =10 ™.

Hatimu: ©p

Pewenue. ActionssyeM 3axoH coxpanem MOMCHTA KONHYECTRA ABHACHASA

ZJimi = oonst, (1)
jm}
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rae J, - MOMEHT HHEPLHH CTCPXHA OTHOCHTENEHO OCH BPALICHMS.

Jlna B30MMPOBaHHON CHCTEMB TENl BEKTOPHAS CYMM2 MOMEHTOB KOJHYECTBA
OBHNEHHA OCTaeTeA nocrosuHol. B nawwol 3zapawe Bonencraue TOr0, YTO
PACTPELICTICHNE MACCH! CTEPXHA OTHOCHTENLHO OCH BPAIEHUS HIMCHAETCH, MOMERT
HHEPIHH CTEPXKHA Takke usMenserca. B cootsercramu ¢ (1)

J,,O), :szz- (2)

H3BeCTHO, YT0 MOMEHT WHEPIMM CTEPKHA OTHOCHTENBHO OCH, NMPOXORAIHCH
4ePEI HCHTP MACC H TICPEHARKYIAPHOR crepxaio (1-# ciyuaii), pasex

I, = Y,me. %)

To Teopeme Hlreitnepa, J = J,+md® J - momenr HHEPUHMR TEAd OTHOCHTENBHO
NPOK3BONBGHON OCH Bpawlenus; J, - MOMEHT MHEPUMH OTHOCHTETBHO napanienbHoR
ocH, NpoXoasuied depes ueHtp Mace; d - paccTosHME OT HEHTPA Mace Jio
BHIOPAHROH OCH BPALLEHHS.

HailiaeM MOMEHT HHEPLMHM OTHOCHTENBHO OCH, NpOXOAAIEH Yepes ero Koxen u
NEPIIEHANKYIAPHOH CTEPKHIO (2-# Cayyait):

1y =J,+md’; 12=%2m12+m(}61)2=%m12. 4)

Hoacrasum dopmyst (3) u (4) B (2): %2 mlzco, = %ml 2mz, OTKyZa

Omeem: 0, =25 ¢

Hpuamep 7.

Maxoruk Maccoi 4 kr ¢806OAHO BpALLAETCA BOKPYF TOPHIOHTATLHOH ocH,
MPOXOAsWER Yepe3 er0 UEHTP, ¢ 4acToTol 720 muu™' Maccy MaxoBHKa MOXHO
CYMTATL pacnpencncHrod no ero oboxy pammycom 40cm. Yepez 30c¢ nox
ACHCTBHEM TOPMOSAMICTO MOMEHTA MAXOBHK OCTAHOBWICA. HaMTH TOpMOSSILHHE
MOMEHT # 9KCII0 060POTOB, KOTOPOE AENIAET MAXOBHK JIO TIONHOH OCTAHOBKH.

Hano: =0, m = 4 kr, n="720 muu =12 ¢, At=30c,
R=40cMm=04m.

Heaiime- N N

2ilschiis e, 1VA, 1N,

Pewenue. Jlns onpenencxus TopMossmiero mMomenta M Hykno OPUMCHUTH
OCHOBHOE YPABHEHHME IMHAMKY BPAIATENBHOFD JBXKCHHA, T.€. BTOPOH 3aKOH
Huiotona:

JA® = MAL, 1)

rie J - MOMEHT HHEPLMH MAXOBHKA OTHOCHTENBHO OCH, MPOXOJAICH uepes HeHTp
Mace, Aw - B3MeHeHue YroBoH CKODOCTH 3 NPOMEKYTOK spemMenn A, M -
TOPMO3SIUH MOMEHT CHJI, NEHCTBYIOIIHX Ra TENO.
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[lo ycaoBHIO 3aauk Aw = -G, TAE O, - HAYAIBHAA YTIIOBAS CKOPOCTS, TAK kakK
KOMEWHAst YII0BaA CKOPOCTs © = 0. Bhipasum HAUANBHYIO YIJIOBYIO CKOPOCTH uepes
YACTOTY BpAINEHUA MaxoBHK3, TOFAZ @ =2mn K Aw = 27n. MowmedT uHEpOHH
maxosuxa J = MRZ, rae m - Macca Maxosuka; R - ero paguyc. Torna dopmyna D
npumer Bra mR*2mn = MA, oTkyxa

M=M;
At
» - ‘1- » 2
M=2 314-12¢7 - 4kr-0.16M —16H u.
30c

Yron nopopota (YriosodH myTs @) 33 BPeMA BPaleRNA MAXOBHKA O OCTAHOBKH
MOxer SwTh ONpeaeneH no (GopMyne An3 paBHO3AMEICHHONO BPAIleHAs

(p-:mut—eAtz/2, Q)

e € - yrnoBoe yckopenwe. 1o ycnosmio ajawy, © =@, €At @ =0; eAt=0,.
Torna seipaxerue (2) MOxeT ObITh 3ANACAHO TaK:

o =0 AM-0 AM/2=0 At/ 3)
dopmyna (3) mokeT OHTh TaKke NonyueHa NO 3uaveHmio cpemeh YII0BOH
ckopocTs. Tak kak @ = 2N; @, = 270, TO WHCIIO NO/IHEIX 060pOTOB

nAt 12¢-30c

=—, N= 180,
2

Omeem: M =161 Hwm, N=180.

[Tpumep 8.

Marepuanbias Touka Maccoi 20 r COBEpIWIAET rapMOHHuECKHe Konebanus ¢
aepnosiom 9 ¢. Havaneuas taza konebanus 10°. Yepes ckonbko BPEMEHW 0T Havana
ABWKERHS CMELICHAE MOYKH JOCTHIHET NOJIOBHHAI amiutyan? Haltme ammadtyny,
MAKCHMANLHBIE CKOPOCTb M YCKOPESHWE TOUKH,. Ecny nonHas sHeprus ee pasha
107 . :

Hano: m=20r1=2102r; T=9¢; @, = 10° = /18, x= A2,
E =107 Jx.

Hafimu: §, A, Viax, Gmax-

Pewienue.  YpaBHEHWE  TaDMOHHYECKOrO  KOJIEOaTENbHOTO  JBHKCHAR
x = Asin{®t+@,) nitn

x= Asin2nt/T+¢,), )

TC X - CMELIEAHE TOYKH OTHOCHTEIIBHO MOJIOKCHUA PABHOBECHA, A - aMILTATYI2
xone6arms, © =2/T - uuwmmgeckas gactora, T - mepuoa koneGanuii; t - BpeMs
koneGasun; @, - navanbuad §asa konebauns.

Y3 ypasrerua (1) MOXKHO OIpPENETHTS Bpema KoneGanus:
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(e arcsin{x/A)- o,

T;
2n

in(0.5) - n/18 -
o dosin(05)-n/18  _ #/6-x/18

9¢c=05¢.
2n 2n

V3 dhopmynst nonroi 3ueprum koneSmouelica Towat E = mA’0’/2 onpenesmim

aMIITY Ay e¢ koneGanuit:
A:..]._ gg.:l {_g:E’
oVm 2zVm

9 [20?

2.314V2.107

3uan AMIVIUTYYY, MOKHO BLIYHCTHTE MAKCHMAILHYIO CKOpOCTb TOUKH, KOoTOpas
OTIPEENACTCS KaK NEPBas DPOHIBOAHAA OT CMEIICHUA TI0 BpEMEHH.

1.43wm.

v= %= Ao cofot +@,).

Tonaras cos{(ot+@,) = 1, noxyyaem
Vs = A0 = A2/T;
Vome = 143M-2-314/9¢ = Im/c.
YekopeHue TOUKH ONPEIEAACTcE KAk [epBas HPOH3BOJHAA CKODOCTH 1o
BpEMEHHM:

a= % =-Aon’sin{ot +¢,).

[onaras sin(wt+@,) = -1, moayyaem

ay. = Ao? = AQr/T);

a,, =143m-4-3147/81c? = 0.696m/c” .
Omeem: t=05c¢, A= 143 M, Ve = 1 M/C, Gpax = 0.696 wicl.

Tipamep 9.

KoneGmompmecs TOYKH, HBXOAAMHECA Ha ORHOM Jyde, YHAICHHMC OT
HCTOuRMKA KoneGanus Ha 6 u 8.7 M, koneGmiorcs ¢ pasnocrsio ¢az 3/4n. Tiepuon
koneGasmit werounmka 102¢. Uemy pasHa JnMBa BOJHB H  CKOPOCTS
pacnipocTpanenns koncGauuii B namHoN cpene? CocrasuTh YpaBREHHE BONHLL A
NiepBoil B BTOPOH TOYEX, CAHTAS AMILTHTY 4l KoneCanuii ToUeK PaBHbIMH 05wm.

Jano: 1, =6m, L, =87 M, Ap=3/4n, Ay= Ay =05 M

Hadmu: Lav.
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Pewenue. U3 ypaBHEHHA BOIHBL IO PA3HOCTH (a3 A@ u paccTosHMIO I mexay
ACTOUHHKAMH MOXHO onpeaenuts A. Hmeem )

x = Asina(t - //v) (0

x = Asin2a(t/T - I/v), @)

e x - cMelenue KonedmomeHca TOUKH; t ~ BpeMs KOAeDaHUA,® - UHIIHICCKAR
yacToTa; I - paccroanye koncOmoumelics To9kH 0T Bubparopa.

B ypasHenun (2) BupaKenue 2n(t/T-4A) sensercs pasoi  koncOauuid,
Janwinem (assl LI KAKAOH M3 TOYEK. (n = 2n(t/T-1\/A);, @ = 2n(t/T-1/X). Torna
pasHocTs a3 AQ = i~ = Zr{(/i-l2VA], oTiyna

- 27:(12 —1,): 2o 2-314-87m~6M -

, : 72u.
Ao 34314 M

CxopocTh PACHIPOCTPAHEHHSA BOJIHE HAXOMMM U3 thopmynm v = M/T:
v=72m/10"c=T20m/c.

Hmomyeckad 4acToTa  Onpeienserca 3 COOTHOWECHRS O =2n/T =
= 2m/10% ¢ = 200w ¢’

TMoacTaenias HMCIOBHE 3HAYCHHA B ypashewde (1), nosyuact ypasHCHMA
BOJHL, oTODpaXkaomne xoneGanns nepsoli ¥ BTopol ToUEK:

%, = 055in200=(t - 6/720); %, = 0.55in200n(t ~87/720).

Omeem: =72 wm;, v="T20 mlc;
x,; =05sin ZOOn(t -~ 6/720); %, =05sin 2007c(t -87/ 720).

Hpamep 10.

Kakyl0 CKOpOCTh HYKHO coofuwTh paxere, 4robbl OHa HE BEpHYNaCh Ha
3emmo? Conporusnense armocdepsl He YHHTHIBATD.

Jano: Ry = 6370 xm; g = 9.8 m/c; Row.

Hatmu: Ve,

Pewenue. C ynanesme pakeThl OT 3Jemnu Oyaer YBenAuHBAILCH €€
NOTCHIUMANBHARA JHEPTHA W YMEHbUIATBCA KHHeTHdeckad, [10 3akoHy coXpasenws

HEPTHH,
mv:  mv? GM GM
[N SRS, =1 -, (l)

rie m - Macoa pakersi; M - macca 3emims; G - rpaBETAUHONHAA HOCTORHHEAR, V H Vo -
CKOPOCTH DAaKeTs OTHOCHT/ILHO 3eMITH B HAUWILHHA H PACCMATPHUBREMEIH
MomerTs, R B R, - paccTofsys OT NEHTPa 3emim 10 PAKeTH B HAYANBHEHE H
paccmarpusaemsiii MomenTH; GM/R - MOTeHuman nons TAMOTCHHA 3ewm Ha
paccrosHuH R or nesTpa 3eMis.
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Toce mpeoGpasosamms ypasuenut (1) umeem v: - v? =2GM(YR, - I/R).
Pakerta He BEPHETCH Ra JeMIO, ECITH €€ CKOpOCTS v Gyder B GeCKOHEUHOCTH paBHa
Hymo, T. €. v = 0 nps R—»0. B 3roM cayuae
1 2GM
52 Ru

M3 3akoHa BCCMMPHOrO TATOTEHMS CICGAYET, YTO Ha NOBEPXHOCTHM 3emim
GmM/R? = mg, OTKYA2

v

. @

GM=gR?, 3)

e g - YCKOPEHHE CBOBOIHOTO NAASHHS HA NIOBEPXHOCTH 3eMJIH.
TMoncrasnas dopmyny (2) B (3), Haxouum

2
2z 28R, wmn v, = J2gR,
Yo R’ o TNABER,
c
Oisron  UTH MALETE AR LIANOT UUMAIILUEN STAARAMSTY U Taasa nfi ey AR A s s
L HYKidA, SV panvid Daunpavi nymnyro Lau ViED Yo YMAU DUWINAIN HUDLDARUGTR

3emin, HaXOaHM

v, =4/2-98m/c? 637105 =112-10% mfe = 112km/c.

Ckopocts, HeoOxoaumas A1  NPEOJOACHWS T[IONE  TATOTEHMS  3emun,
HA3BIBAETCH BTOPOH KOCMUUECKOit MM napalonuyeckoll CKOPOCTHI.

Neaoom v = 11 Y salo
LATHIOR I, Vo 11.4 MiN,

INMpumep 11,

[Iporon asuxerca co ckopoctato (.7 ckopocry ceera ¢. Halitm kxomwuecrso
NBHKCHUS ¥ KHHETHYECKYIO SHEPIHi0 NPOTOHA.

Hano: v=20Tc.

Hatou: p, T

Peuienue. KonuecTso IBHKEHUS IPOTOHa Onpenenserca no popmyne

p=mv. 1)

Tak xak CKOpOCTb NPOTOHA CPABHAMMA CO CKOPOCTHIO CBETa. TO HEOOXOAMMO ydecTh
3ABHCAMOCTE  Macchl OT CKOPOCTH,  BOCHOJL3OBABIIECH  PEXATHBHCTCKMM

BLPAKCHACM AJiA MACTHI

m=m0/\/1—v3/c:" =m,/{1-B?. 2

rIe M - MACCa ABHXYUICrOCs DPOTOHE, M, = 1.67-10% kr - Macca nokoa ApoTOHA; V
- CKOPOCTS JRHKEHHS TpoTona; ¢ = 3.10° M/c - ckopocTs caeta B BakyyMe; vic=p -
CKOPOCTH IPOTOHA, BHPAKCHHAA B JOJIAX CKOPOCTH CBETA.

Tloncrasnsa ypasrenne (2) 8 (1) # yaurwsan, yro v=p ¢, nonayuaem

pr—e® B
B-vije -
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p=167-107kr-3.10° m/c-07/41 —07? =491-10" % kr-Mfc.

B pesUITUBACTCKOH MEXAHHKE KHHETHHECKAA SHEPTHA HACTMUL OfPCACHACTCA
KaK Pa3HOCTS MEXMTy nonHo# sneprued E u aneprued noxod E, 310l vacTHuH:

T=E-E,, 3

rne E ;—.mocz/\‘;‘1~v2/’c2 JE, = macz;

E, =167 107 wr '(3-108 M/c)2 =15-107" [Ix .
Toraa [em. (3)]

T=15 10“"’(-——L» - ) =06-107" Ix.

Omaem: p=491-10"krw/c; T = 0.610" k.

Konrpoanuas paGora Nel

1. Touka ABMXETCA COTSIACHO YPaBHEHMIO X = T+4t, y = 2431, Kakopa CkopocTs
ABHKERUS TOUKH?

2. JIBHOKEHHE TOUKY ONHCHIBACTCA YpaBHERHEM S = 4t*+2*+7. Hajita ckopocts
¥ YCKOPEHHME TOYEK B MOMEHT BDEMEHH t = 2 ¢ M CPEIHIOID CKOPOCTH 33 NEpBbIE 2¢
JABHKEHVA?

3. [lo 3agaHHOMY ypaBHeHwio npoiaenHoro tenom nytw S= 4421458
fiocTpOUTS rpaduK 3ABACHMOCTH CKOPOCTH OT BPEMEHH 3a TiepBrie 3 ¢. Onpenenvrs
paccTosuue, MPONJEHHOE TENOM 32 3TO BpeMA”?

4. KamvcHp GpOLUEH ¢ BHIIKN B T'OPH30HTALHOM HANPABICHHHU CO CKOPOCTRHIO
20 m/c. ONpeneTs CKOPOCTH, TAHICHIMANIEHOE H HOPMATLHOE YCKOPCHHE KaMHA B
KOHIIE BTOPOH CEKYHAR FIOCTE HAYANA ABHKEHHS.

5, HauGonblas BHCOTA NOXbEMA T3, OPOMIEHHOTO NG YINOM K FOPH3OHTY
co ckopocTsio 20 Mic, coctasiset 10 M. [Ton kaxum yriom oxo Gpomweno?

6. C Gammu BHICOTOH 49M B FOPHIOHTANLHOM HampamieHwd Gpoumeno
TAKEN0E TENO €0 CKOPOTBIO 5 M/c. OUpene/uTs TAHICHUMATEHOE B HOPMANLHOE
YCKODEHHS TeNa B TOYKE, COOTBETCTBYIOWEH TOJOBHHE BOCTO BPEMCHH NANCHWA
Tena. YCTaHOBHTE, HA KAXOM PACCTOSHMM OT GaiiHy OHO YNano.

7. C orsechoil ckansl BeicoToM 24.5 M 0pocalor M4 B FOPH3OHTAILHOM
HANPABNEHWH C HEKOTOPOH HAYaNBLHOK CKOPOCTHIO. Mwy uonazaet B HeJH,
HAXOMATIYIOCH HA 3eMAE, HA paccrosrMuW 30 M oT ochoanmA ckanw. C xako#f
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H3421BHOA CKOPOCTBIO OH 6bin GPOINEH M Kakylo KOHEYHYIO CKOPOCTS OH nprobpen,
nonazgas B ueis? ,

8. Msy, Gpomensnii non yriom 30° k rOpU3ONTY C BRICOTH 5 M, ynan Ha
demmo. ONpefefHTs KOHEYHYK) CKOPOCT MAYA M NAALHOCTD IOJIET, echu
HAYAIBHAA €TI0 CKOPOCTH 22 M/C.

9. IMon xakum yIJIOM K rOPH3OHTY Hafio GPOCHTE Teno co ckopocTsio 20 M/C,
TT06B NAnbHOCTL NoONeTa Gbila B yeTHpe pasa Goneme HauGONbUIEH BHICOTH
noaseMa? OnpeaesuTs pajiHyc KPHBH3IHB TPACKTOPHHK B BEPXHEH €¢ TOUKE.

10. Msu, neresuwmii co ckopoCTBIO 15 M/c, yzapuiacs © TrOPHIOHTATBHYIO
IIICCKOCTE W OTCKOYHII OT HEE ¢ TaKo# Ke CKOPOCThIO. Yronm najgenss Mada 60°.
Onpenenuts HanGONBIIYIO BHCOTY NOABEMA, AVILHOCTS TIONETA, PALMYC KPHBH3HEL
TPACKTOPHH M54a B HAMBHICIICH TOUKe.

11, Kako#t yron cocTapnsieT BeKTOP NOAHOrO YCKOPEHMS TOUKH, JIGKAUICH Ha
obone MaxoBWKa, C PamMyCOM MAxXOBHKH ucpes 1.5 ¢ mocne uavana nsukenus?
YriaoBoe yexopenne maxosuka 0.77 ¢,

12. Tlo ayre oxpyxwuocts paamycom 10 M aswikerca Touxka. B HekoTOpBIH
MOMEHT BPCMEHH HODMATBHOE YCKODEHHE TOUKM PaBHO 4.9 M/c°, B 3TOT MOMEHT
BEKTOPb! TIOJTHOTC H HOPMaNbHOTO yckopenus oSpasytot yron 60°, Hadru cxopocrs
H TRHICHIMHAILHOS YCKOPEHUE TOUKH.

13. Ha oxnoM Bany nacakens aBa Kkoneca ¢ Auamerpamu 16 u 4com,
BPalUAIOIHECs ¢ TIOCTOARHBIM YIIOBMM yCKkopeHiem 4 ¢, Onpenenwis THHERHEIC
CKOpOCTH Ha O0ONAX KOJEC M YINIOBYWD CKOPOCTS BPAaUICHMS B KOHLE BTOPOH
CCKYHADI OCS HAYATA ABWKEHHS,

14. K maxoenky, BpamaioweMycs ¢ 4actoto# 360 Mun™ | npmxans TopMosHyio
xononxv C roro MOMEHT2 OH CTAN BPAMATHLCH PABHOIAMEAICHHO ¢ YCKODEHHEM
20 ¢ Cxombko morpebyercs BPCMEHH /g €r0 OCTaHOBKHM? Yepes CKONMBKO
oﬁopoma OH OCTAHOBRTCH?

15. Matepuanbhas TOuKa IBMXKETCA MO OKPYXWHOCTH mHaMmerpoM 40 m.
3aBHCHMOCTD [IYTH OT BPEMEHH IBIKEHMSI TOYKH OLPENCNISETCH YPABHEHHEM

S=t>+4t7 ~1+8. Onpesenuts npoixeRHRH MyTh, CKOPOCTH, TAHMEHUMATBHOE W
NIONHOE YCKOPEHHE IBHKYIIEHCA TOUKH Yepe3 4 ¢ IocHe HAYANA ABHKCHHA.

2 o
16. Vpapnenue ppamenws teepaorc Tena ¢=3t° +t. Onpemesurs wucno

06OpOTOB Tena, yrIOBYIO CKOPOCTh, YITIOBOE yCkopenme depe3 10 ¢ nocne Havana
BpALEHHUS,

17. Tlo  okpyxnoctn pamuycoM 20 cM JBWKETCS MATEPUATBHA  TOUKA.
VpapHeHHe ec aBWKeRHA S=21° + . Yemy paBHb! TAHNCHUHATBHOE, HOPMaNbHOE H
MONHOE YCKOPEHMA TOYKH B MOMERT BpeMeHH, pasauil 10 ¢?

18. Teno BpamaeTcs paBHOYCKOPEHNRO ¢ HAYATLHON YINOBOH CKOPOCTHIO § ¢'u
yriossiM ycxopesnem 1 ¢, Ckonbko o6opotos caenaer Teno 3a 10 ¢?

19. Touxa nnuxcemx NO OKPYXHOCTH PAaAMycoM 60 cM ¢ TaHreHuMabHbIM
yckoperuem 10 m/c’. Uemy pasusi HOPMANILHOE M NOJHOE YCKOPEHHA B KOHuUE
TpeThed CeKyHARl nocnie Hadana aBwkexns? UeMmy paseH yron mexiy BEKTOpaMH
NIOJTHOTO M HOPMAILHOTO YCKOPEHUIK B 3TOT MOMEHT?
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20. VpasHeHHE BPAHICHUN TBEPAOTO TENa ¢ = 4t® +3t. Onpenemwrs YCIOBYIO
CKOpPOCTB, YFJIOBOE YCKOPEHHE Hepes 2 ¢ NOCe HaYana BPAIICHNS. '

21. Mau maccoli 250 r, asrrasumafica co ckopoctsio 50 M/c, ynpyro yaapsercs
0 BEPTHKANBHYIO CTEHKY B OTCkakupact. CTEHKa HOMY4aeT KOIHHCCTBO IBMKCHHR
2.2 kr-m/c. OnpeNeiuTh YTon NajeHAs ¥ CHNY YAaPA MAYa IIPA NPOACKHTELHOCTH
yaapa 0.02 c.

22. Monekyna, noaneTeBwias K CTeHKe nox yrnoM 60°, ynpyro yaapsercs o

Hee co cxopocTsio 400 m/c v orneraer. Onpefenurs UMIOYEEC CHITH, NOXYMCHHGIR

crenxolt. Macca monexyus 3107 ¢

23. Crapan wmaccolt 2xr, netaumii co cxopocrsio 300 m/c, momapmaer
mMHIIeRs ¢ neckoM Maccolt 100 kr w 3actpepaer B Heit. C Kakoil CKOPOCTHIO H B
KaKOM HanpasieRMR Oyaer MBMraThCd MMINEHb TOCNC NOMANAHWA CHAPANA B
caydanx: 1) MHILECHD HENIOABHKHA, 2) MHILIEHD ABUIAIECH B ONHOM HANPABICHKH CO
CHADRAOM CO CKOPOCTRIO 72 KM/Y,

24. Henons3ya yenosue 331248 23, BHIMHCAKTS, € KAKOH CKOPOCTHIO H B KAKOM
nanpasyieHUH GyAeT ABHIATBCH MHLUCHB NOC/IE NMONAJAHHA CHAPAERA, €C/IM MAIICHL
ABUranach HaBCTPEdy CRAPAAY €O CKOPOCTHIO 72 KM/U.

28. Cuapan, neresmmit ¢ ropasonTansiodt ckopoctsio 600 M/c, paspasacica
Ha [BA OCKONKAa. Macca oaHoro ockonika B aBa pasa Goapime mpyroro. Ockonok
Gonbell MACChl MAJACT NO BEPTHKANM, & MEHLIUKH - noa yriioM 30° K ropHsoHTy.
Kakosa CKOPOCTB 3TOr0 BTOPOro ockoyka?

26. Cuapsn maccoll 20 kr nerur ¢ Hauanbuoli ckopoctsio 200 M/ noa yrnom
60° ¥ ropuiouty. B nawpmcmedt TOuKe HOALEMA O BCTPSTHI LENs W HONHOCTEIO
noracky ckopocts B Tedenuu 0.02c. Onpeaenwts cpezlmolo CHIY Yyaapa.
Conpotusiieine BO3AYX8 BE YYHTHIBATS.,

27, Cranbuci mapuk Maccoit 10 1 ynan ¢ BRICOTH | M Ha CTANLHYIO ILIHTY ¥
noackounn nocie yaapa He 0.8 m. Onpepenuts u3MeHeHHe KONMMECTBA JBHKEHNS
HWAPKKA.

28. Pakera maccod 250 r conepxur B cebe 50 r B3phiByaroro sewecrsa. Ha
KaKy10 BHICOTY OH3 MONET TOAHATLCK, GCIM MPE/MONOKWTH, UTO B3PHIBYATOE
BEIIECTBO B3PHIBAETCA BCE Cpasy, a OOpasoBaBIIMECS MOPOXOBBIE Ta3ki HMEKOT
cxopocth 300 M/c. Onpeaenuts NOTEHNMANBRYIO JHEPTHIO PAKETH! B BolciieH ToYke
noasema, ConpoTHBIICHHEM BO3IYXa npeHeOpeys.

29, JBe rupw mMaccaMy 1.9 1 0.9 kr coenneBE! HepacTaxAMON ruOROM HATHIO,
nepekvHyTOd uYepe3 Hemoxemxuuii Onok, spamalomuiics Ges tpenus. C xakum
ycKopeHHeM OYAYT ABHTATHCA IPy3nt? Hemy pasHa CHna HATOKEHHS HATH?

30. Bnox secom 2 H noasemen x anHaMomerpy. Yepes Giok nepexunyra Huth
¢ rpysamu MaccaMm 2 H 4xr. Kakylo cwiy NOXaKeT XHHAMOMETDP BO BPEMA
OBHKCHHS rPy30B?

31. Co cxann BhicoToM 19.0 M B TOPWIOHTAIRHOM RanpasicHHn OpPOCHIMH
KAMEHL CO CKOPOCTRIO 36 km/a. Onpenensrs XMHETHYECKYID M HOTCHUHATLHYIO
IHEprui0 Kammus depes 1.25c¢ nocne Havana japuxenus. Macca kamms 1001
ConportunneHneM BO3yXa OpeHeOpeus.
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32. Tloa yraom 40° x ropusonty 6sur Gpowen mau maccoii 150 r co CkopocThio
72 ¥m/a. HafiTH ero KHHETHMECKYIO M MOTCHIMANLHYIO 3HeprHH 4epes 2 ¢ noche
HAYaNA MONETA, 8 TAoKe B BHCIel Touke Tpackropuw. CONpOTHRICHHCM BO3NYXA
npenebpedn.

33. Jlea mapa maccamn 4 n 6 xr ZBHXyTCA BAOAB OAHOH NpaMol HABCTPeTy
apyr Apyry co ckopocraMM 5 u 3 w/c. Kakosa ckopocte WmapoB mnocie
CTONKHOBEHMS, ecH yaap: 1) Reynpyrul; 2) ynpyruil? Onpenenums KHEETHYSCKYKO
SHEPrHI0 HEPBOTO APA TTOCHE YASPA BO BTOPOM CITyae.

34. Teno maccodt 2 kr, peurasmeccs co ckOpocTHio 10 M/c, crankmeaercs ¢
HEMOABMXHBIM TeNoM MaccoH 3 kr. Cumrad yAap HEHTPATLHHM H HEYNPYrHM,
HalfTH KONHYECTRO TEMUTOTH, BHIJCAUBIICHCS W YAape.

35. Teno ABHFANOCh CO CKOPOCTHIO 3 M/C. 3WTCM B TCqcRHE S ¢ He Hero
peficrsosana chna B 4 H. 3a 310 BpeMs KHMHCTHYCCKAN IHEPTHA YBEIMUYWNACH HA
100 Jx. Haiftu cxopocTh TENA B KOBLE ACHCTRMSA CHIIK M €50 MACCY.

36. Ioesn nonummaerca B ropy ¢ NOCTOAHROR CKOPOCTBIO 36 xM/u. YKoH
ropu 1 m Ha 1000 m myru. Koadpduunent tpenns 0.002. Onpepests, ¢ kako#t
CKOPOCTHIO OyZ€T ABMTATECH TOE3M NO TOPHIOHTATTLROMY MyTH HPH TOH XK
MOWHOCTH JBUraTens?

37. Monor Maccoi 600 xr, nazas ¢ BLCOTH 3 M, 3a0MBAET CTEPXkKEHL B ACTAND.
Haittat cpenpion CHly CONPOTHBIEHHS, €C/M MPH KAKAOM YAApE CTEPKEHE BXOJHT
8 JeTanb Ha riyGuey 6 oM. Yaap cuutars alCONOTHO HEYHIPYTHM.

38. Ha ropusoHTanbHAYIO Ty Yoaa wapuk Maccol 200 r 1 OTCKOYMA OT Hee
BEPTMKANBHO BBEPX. ILNMTA NPH ITOM NONYYHIA KONHIECTBO ABHKEHMA 4 KI-M/C.
CuMras, 4TO Macca IUMTB MHOrO OOnbile Macchl wiapHKa M yaap abComoiso
yupyrud, HakTH, ¢ KAKOH BHICOTH YN IAPHK.

39. CransHoii mapHK Maccoit 20 T, ynas ¢ BHCOTH 1 M Ra IUMTY nepepan ei
umnyise cwinl, pasusii 0.17 H.o, Halftra saicoty, H8 KOTODYIO MOCHE yaapa
TOAHANCSH MIAPHK, B KOJKUECTBO TENJIOTH, BRICTHBIICECH NIPH YAape.

40. Onpeaesuts paboTy, KOTOPYI0 HeoGXOMMMO 3aTPATHTH, HTOOH BHIBECTH

PaxeTy 3a NpeHcnbi HOMA TRTOTCHHA 3emau, eonn PaKeTa CTAPTYST ¢ KOCMNYECKOre

xopabis, JBMKYIIEroca o xpyrosoi opoure Ha yposHe 500 kv Hal TIOBEPXHOCTBIO
3emsmn. Macca pakerws 200 kr.

41. To HAWIOHHOM WITOCKOCTH BBEPX KATHTCA 0e3 CKOMbXKeHAs nonsd obpyy.
EMy coofmena Hauamenad cxkopocrs 3.14 m/c, napannenshai  HAKIOHHOHA
NNOCKOCTH. YCTAHOBHMTS, KAKO# myTs npoHger oOpyd, eciH Yroa HaiioHa
mnockocty 30°.

42. lllap B oaHoM ciyuae cockatsseipger (e3 ppauleHWs, B JAPyroMm -
CKATHB3ETCA ¢ HAWIOHHOK IUIOCKOCTH C BHCOTH 2 M. Onpenenm CKODOCTH B
KOHHE CITyCKa B ByX cayuasx. Tpenuem npenebpeds.

43. UenoBex CTOMT B HEHTPE CKambd JKYyKXOBCKOro M JACPKAT Ha BHTAHYTHX
PYKax rHpH Maccol 1o 5 xr. Pacctosnue Mexxy rapsMi 1.3 . Tipn caMmeTpiarom
CXATHW PYK PAcCTOSHRE OT FHDH A0 OCH BPACHAN YMEHBUMNOCh A0 15 cM,
CKOPOCTh BPAIIEHMA CKAMBH HM3MCHMIIACH. Mouem MMEPUMH THPb W CKAMBH C
enoBeKOM HA Hell Npu BHTKHYTHIX pykax 10 wr M. OnpenenmTh, KaKk H3MEHWIACH
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CKOPOCTE BpAICHHA CKAMBHM, €C/IH M3BECTHO, YTO HPH NEDPBOM TONOKEHHH THpb
CKaMbs BPAMANAch ¢ yacTorol 120 mun. Kaxyio paboTy npomsseaer genosex npH
M3MEHCHHH TIONOKEHAA rHph?

44, Uumasap maccoif 5 kr kKatircs 663 CKONBKEHHA ¢ NOCTOSHHON CKOPOCTHIO
14 m/c. Onpenemats. 1) KHHETHYECKYIO JHEDIHIO IGUIMHAPA; 2) 9epe3 CKOMBKO
BPEMEHH ITHIMHAD OCTAHOBANCS, EC/IM CHNTA TPeHHA pasHa S0 H.

45, Onxoponustii crepxens pomuod 1.2 M ® Maccolt 0.3 kr spamaerca B
FOPH3OHTAILHOR TUIOCKOCTH BOKPYE BEPTHKAILHOK OCH, HPOXOQAMIEH Yepes OuK 13
KOHUOB cTepxnA. Uemy paBeH Bpamasomyit MOMEHT, €CIM CTEPKEHR BPAINAETCA C
YTJIOBHM YCKOPEHHEM 9.81¢?? Kak mamesnres BPAMAIOTIMA MOMECHT, €CIH OCh
BPALECARA NOMECTHTL B CHTP MEACC CTEDKHA?

46. Mowent cunsl, zefictsyromeif ua Teno, 9.8 H-m. Yepes 10 ¢ nocne navana
BpALIEHVS TENO AOCTHITIO YIN0BOK ckopocTH 4 ¢!, HailfTh MOMeHT HHEpLMH Tena.

47. MaxopuK, Macca KOTOPOro 6 Kr paBHOMEDHO pacnpenencha no oboay
pammycom 18 cM, Bpamiaerca Ha sany ¢ uacroroit 600 mur’. Tlon neficranem
TopMo3niero Momenta 10 H-m maxoBuk ocramasnusaercs. Halivn, yepes ckomsko
BpEMEHH OH OCTaHOBUTCHA, KAKOC YUCNO 060[)0’1'08 OH COBECDLIAJ 33 3TO BPEMA H
xakoga pabota TOpMOXEHHA?

48. Crepxenp wmmoR 1M B Macco | Xr MOXET - BpamiaThCs  BOKDYT
FOPM3OHTATGHOR OCH, npoxoasiuedl yepes ero sepxwull xomweu, B apyroi xowen
CTePIKHA TI0NajacT NeTAAR TOPHIOHTRIBHO NyJA MacCoil 5 I' M 3aCTpeBacT B HEM.
Hatit 1epBoHasalbHyl0 KMHETHHECKYIO OHCPrHIO IyJM, €CHIH  CTepXeHsb
oTwionHEcA Ha 30°.

49. Crepxens munoH | M # Maccolf 7 xr MoxeT cRBOGOIHO BPAIATHCA BOKPYT
TOPU3OMTANLHOH OCH, NMPOXOAsALIEH Yepes ero BepxHMH koHen. B apyrofi kowen
CTEPXKHR INONAZAET MNyna Maccod 5r, nevanmax co  cxopoctsio 500 m/c
NEPNEHANKYASPHO OCH ¥ CTCPMKHIO, M 3aCTpeBact B HeM. Onpejennrts YrIoBylo
CKOPOCTH CTEPAHA TOC/E TONANAHAL B HEro NYJM.

50. B ropusoHTAnLHOH NMOCKOCTHM BOKDYT BEPTMKANBHOM OCH BpAlUACTCH
TOHKHE CcTepxend AMHEON 0.5 M u Maccolt 1 kr. CHMMETPHYHO OCH BpailieHus,
TPOXOJALICH Yepe3 CEPeNHHY CTCPXKHA, Ha paccTosnuu 10 ©M OT Hee, Ha cTepxHe
pacnonomeHn mis HeGoabmux rpysa maccoi no 0.2 xr. Yraosas cxopocts
spawenus 2 ¢”. UeMy Oyner paBra yriioBas CKOPOCTB, GCNH IPY3hl CABHHYTHCA Ha
KOHUBI CTEpPXKHAT

51. C xaxolf ckopocteio Amxercs 3emsts  Boxpyr Conuua? [ipuasrs, uro
3emin ABHKETCSH TIO KPYTOBOH OpOHTE.

52. Bo cxonsko pa3 cKOpoCTs aevxenHs Berepn B0bIIe CKOPOCTH IBHKCHHS
Mapca woxpyr Conmmna? Paccrosmue or Comuua a0 Benepw 108 mus. kv, 2 10
Mapca 227.8 mim. kM.

53. Ilepuon BpamCHAS MCKYCCTBEHHROIO ¢IIyTHHKa 3eMnu pasew 2 4. Cuntax
OpOHTY CHyTHHKA KDYroBO, HARTH, Ha KaKol BHCOTE HRJI NOBEPXHOCTHIO 3eMiH
IBYDKETCS CITYTHHK.

54. Haift annelidylo ¢KOPOCTS B NEPHOR BPAICHHA KOCMHYECKOrC kopatins,
ABIKyerocs bokpyr Jlysn 1o kpyroeolt opGure Ha Boicote 500 xM.
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§5. VickycCTBCHHLIA CIYTHMK 3eMiM JIRHNETCA 010 Kpyrosolt opfure Ha
pitcote 300 KM OTHOCHTE/IBHO TOBEPXHOCTA 3emym. HalTh UEHTPOCTPCMHTENLHOS
yCKOpEHHE, C KOTOPbIM CIYTHHK JIBUKETCH 110 opbure.

56, [psMoyromermii  6pycok €O CTOPOHAMH 33 u 69cm nmExeTca
napaiesHo GonbmoMy pedpy. IIpu xakof CKOPOCTH ABHKCHMA NPAMOYTONBRBLH
Bpycok npespaTeTsea B Ky6? Kak cxaxerca fisicTpoe ABIOKERHE Ha obbeme Tena?

57. Dpextpon setur ¢0 ckopocteio v=08c¢, rae ¢ =3-10° wfc - cxopocTs
cpera 8 Baxyyme, ONpEETHTh KHHETHIECKYIO JHEPTHIO IACKTPOHA. Bo cKoBKO pas
ero PeIATHBHCTCKAs Macca Gonbilie Maccsl nokos? Macca noKos IEKTPOHA paBsa
9.1.10°" kr.

§8, Onpene/mTs NOFPEINHOCT,  KOTOpas  MOMCT BO3HUKHYTH, CCIIH
KMHETHHECKYIO JHEPrHI0 WICKTPOH3, NBHXYIIETOCH CO CXOPOCTBIO 0.75 cxopocTa
¢B8eta, NONCYHTETHL HE IO penaruBucTekoil GopMyne, 8 no KJACCHYECKOH.

59, Macca NOKOA GCPBOR GaCTHINT B JIBa paia Aonsme MAacCH NOKOS BTOPOH
qACTHIbI, 3 HX CKODOCTH COOTBCTCTBCHHO DABHEI 0.85 u 0.95 cropoCTH CBETa.
HaitTy OTHOUICHHE X KHHCTUICCKHX JHeprii.

60. HalfTi uMayIbe, TOAHYI0 W KHHCTHUECKYIO 3JHEPIMM INEKTPOHA,
JBIKYIIEN0cH CO CKOPOCTLIO, panno# 0.7 CKOPOCTR ¢BETA. Macca DOKOs MeKTPOoHa
pasha 9.1-107" xr.

61. Hauamspas (asa xoneGammii Towkm 15° Uepes CKONBKO BPEMEHH OT
HAYANA [BIKCHHA CMCIIEHHE TOUKM TNEPBHA PA3 JOCTHTHET BEMUMHR, paeHO¥
[IONOBHEE aMIKTy s, Iepuon koneGanui 12 c.

62. VDaBHEHHE * JABIAKSHAA MATCpPHAThHOMH TOUKH MACCOH 3T HMMEET BAL
§= 2sin(m/6+7t/8) cM. ONpeac/HTh MAKCHMAIBHYIO BOSBDALIOMYI0 CATYy H

NONHYIO 3HEPrito koneGauuh.

63. HesecoMmiif cTepxeHb ATHHOM 60 cM KosiebaeTca OKono TOPH3OHTANIBHOH
ocu, npoxoasneR yepes ero BepxHuil xoHerl, Ha crepxHe 3aKperuicHsl Ba Ipysa
onpuaxonoli Maccsr. OnpeaenuTh NEpROL wonebannii CYCDPXHA, €CTH OllMH TPY3
3aKpenneH HA HIDKHEM KOHLE CTEpKHA, 2 apyroii - Ha 10 cM Beune. Kak namenures
nepron xoneGanuil CTePXKHA, €CnM OMH TPY3 OCTEHOBHTL Ha KOHLE CTepxHiA, 3
APYro#i pacnonokHTs Ha 10 CM HIDKE OCH BAUICHHA. Macca rpysa 300 r.

64. Hajity maccy rpy3a, KOTOphiH Ha NPYXEHE XCCTKOCTHIO 250 H/m nenact
70 koneBamwii 3a 16 c. Halftu nosHyl0 IHEPTHIO xonebauuid Tpy3a M ero
HARBONBITYKY CKOPOCTH, €CIIA AMIUIMTY A3 KoneHaril paBya 2 ¢M.

65. OnHopoaublii  JHCK  paanycom 0.4m xonebnercs B BEPTHKAMLHOH
[UIOCKOCTH OKOJIO TOPH3OHTATLHOH OCH. Oce NiepneHIUKYAPHA JUCKY ¥ TIDOXOAWT
yepes ero kpaft. Kax MIMEHHTCA ICPHOA konebanuii AHCKA, €CIB OCk NEPCHECTH K
LEHTPY MNAPALIENLHO CAMOH cefe Ha paccTOAHME /) PalHyca OT FMPEXHEro
NOIOWEHBA,

66. [epuop xoneGamull MATEMATHICCKOTO smastiuka 10 ¢, Jimma 371010
MafgTHHKA paBHa CYMME ATHH JIBYX ADYTHX MATCMATHYECKMX MasTHHKOB, OJWH M3
KOTOPBIX HMMEET HacToTy Konebamit y6 I'n. Yemy pasen mepmon Konelamui

BTOPOrO M3 3THX MasTHUKOB?
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67. Ha xaxoM DAacCTOSHHM HAXOAMTCS Konefmomagcs TOUKA OT UCTOUHRKR
xoneGanKil, ecnE CMEMSHHE TOUKA OT NONONMEHHA PABHOBECHA PABHO RONOBHHE
AMIUIHTYIH A% MOMenTa t = T/37 Jrana BONRH pasHa 4 M.

68. /1A Kakoro pepBoro MOMEHTA BPEMEHHM CMEIICHHE TOMKH OT IOHOMeHHs
paBHOBECHS PaBHO +2/2 ee amrumTyan? Paccrosmme xoneGmomedics Touxs OT
HCTOYHHKA % A, & neprox koneOanu# 2 ¢.

69. Uemy pasHa pasrocTs (a3 koneGannii AsyX TOUEK, CCIIH OHH YIAICHBE APYT
OT Ipyra Ha PACCTOAHME 3 M M JIEKAT HA NPAMOH, MEPICHAMKYNAPHON (poHTY
BONHH, 8 nepuon xoneGauuit 0.02 c. Cropocts pacnpoctpanenus sonun 600 m/c.

70, Cxonbko  MOMHBIX  KojeOamuii  [OMKEH — CAeNaTh  MAaATHMK,
forapudMEHECKiE  IeKpeMeHT 3atyXxamms Koroporo 0.054, mns Toro wrofm
AMANMTYAA ero KoieOaHuil yMeHpImiIach B TpH pasa?

PAIEJT 2. MOJIEKYJIIPHASR ®HM3UKA U TEPMOAUHAMHKA

OcHoBHbIe 3aK0HBI H POPMY.IbI

Besnrumna win GusHuecknii 38K0H ®opmyna
Vpasuenne Knanejipona - Mennencesa pv =mRT/n
(OCHOBHOE YPABHEHHE MOMIEKYIMPHO- s=lnmv® =2/ W=n 4T
B2 o 4 L lJ 73 lolllvm /3 lo" "'llolil
KHHETHYECKOH TECOPHH
Cpeauss KHHETHYECKAR JHEPTHA (W, )= ikT/2
MOJIEKYJTHE
Kuneriueckas 3HEprHs TCIOBOLO W, =imRT/2p
JBHKCHHA MOJCKY
(BHYTPEHHAA IHCPIHA HACATHHOIO I'asa)
Cpenpsd KBaApaTHIHAL CKOPOCTH (Ve ) = 3kT/m = \3RT/p
MOMEKYJTHE
Cpennas apadmeTHueckas CKopocTh (Vap) = \/SkT/(mn) = \[SRT/(np)
MOJICKYJIbE
Haubonee BeposTHadA CKOPOCTS v, = \/ZkT/m =2RT/u
MOJIeKYJIbl
Cpenuss nymna oBoGoaHore npobera 2= l
MOJIEKY Il )= V2nd*n,
Cpemee 4iCno CoyaapeHuit MOTEKyTE (2) = +2md’n, (vap)
saalc
PacnpeneneHne MONEXys B HOAE CHIbL n=n, exp(— w, /(kT))
TONeCTH (pacnipeaenenne borbuMaHa)
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IIponosnxenme

Beguunna nad puznueckuli 3ax0H

Dopmy.na

Bapoumpuqecxéx dopmyna

Ypaexenne auddysun (3axon Puxa)

Cuna BHYTPEHHETO TPEHHA B KHIKOCTH
o rase

VpasueHne TeTLIONPOBOHOCTH

KosdrpwuueHT BHYTPEHHErc TpEHUA
(AMHAMHYECKRSA BAKOCTD)

TenmonpoBOAHOCTL

Vpapserue HEPBOTO 3aK0HA
TEPMOAHHAMMIH

BryTtpesusis 3Hepris HACAILHOTO rasa
Pa6ora npr n3obaprom npouecce

PaboTa npy W30TEPMIUECKOM
npouecce

Pa6ora npu anuabarHoM mpougecce

YpasserHs anwabartHoro npouecca
(ypasnenus [lyaccona)

Ko>pduuMeRT Noae3H0ro AeucTus
umxna Kapuo

Hamenenne SHTPONHH

Ypasxenne Maitepa

Hsoxopydeckas MOIAPRAR
TEIUI0EMKOCTR

p == p, exp(— mg(h - b, )/(kT))

dm=~Dg(ESdt
dx
dv
F=-n—S_§
&
daT
dQ =~k —Sdt
Q dx
n_1/

A= %cvp<vap>(k) =7c,

dQ=dU+dA; dU=mC dT/u
dA = pdV

U = miRT/(2p)
A=p(V, - V)= mR(T, - T))/n

A= -“limn{} =M rTIn B

H . P,
_mRT | (W)

*u(v~l)[‘ (Vz) }
==Cy(f,-T,)

pV' =const; TV’ =const

Q-Qo T_To

Q T

AS= f dQ/T

C,-C,=R
C,=iR/2;C =c,n
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OxomMuamme

Beanumns wiM @u3ndeckni 3aKoH ®opmy.a

WsoGapuueckas MONApHas c -i*2 +2p.¢,

TEILIOEMKOCTE v T
Ypasuenne Ban-nep-Baannca
F (wg’—; a)(V~-—b)——RT
u’ v K B
CxopoCTh PACHPOCTPAHEHHA 3BYKA B v= wﬁﬁ/_P = J7RT /;;
rase

Hpameps! pemenus 3a1a4

Mpumep 1.

B pezepyape ofvemonm 1.2 M naxomutcs cmecs 10 xr a30ma u 4 «r sogopona
npu remnieparype 300 K. onpesenuth naBaeHre M MOAAPHYIO MACCY CMECH 12308,

Jlano: V=12w; T=300K; ny=10xr; p; =28107 xr/Moms, m; =4 kr,
1y = 2107 Kkr/Mom.

Haamu: pup.

Pewernue. Jing pelleHHs 3aaqd BOCHOJB3YEMCH YPABHEHMEM Knaneﬁpona—
Menaeneesa, NPUMERHB €10 K a30TY H BOAODOAY:

p,V=mRT/u,; m

p,V =m,RT/u,, )

The pr - MAPUMANBHOC NABJICHHE a30Ta; N - Macca as30Ta; |4 - MONApHAasA Macca
asora; V - obnem pesepsyapa, T - temmeparypa rasa, R =8.31 ix/(monsK) -
MONAPHAR Ta30Bas NOCTOSHHAS; P; ~ NMAPLAANLHOE TABICHHE BOAOPOAA, M, - Macca
BOJOPOJA; {42 - MOSIHPHAS Macca BOAOPOAa. [lon napitanbHbiM JaBJICHRHEM P ¥ Py
TIOHHMAETCA TO JABJIEHHE, KOTOPOE NPOH3IBOIMN bl ras, eciin 6bi TOMBKO OH OJHH
HAXOHWIGH B COCY .

TTo 3axony JlameToHa fgBieHHe CMECH PABHO CYMME NAPUHaThHBIX JABIICHHH
4308, BXOJSIMX B COCTAB CMECH:

P=P+D;. )
Hs ypasnenud (1) 9 (2) BHPasuM p) ¥ Py H TIOACTABNM B ypasHeHHE (3):
:Eﬂ+£§lz(ﬂ+ﬁjﬁl_ @
my o ou,v W K
Haiinem Monapryio Maccy cMecH rasos 1o GopMyne
= (my +m,)/(n, +n,), )
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e m; - Macca a3oTa; Ny - KOMUECTBO MOneH a3oTa; mp - Macca BOAOPOAA, M -
KOJIRUECTBO MOIEH BOIIOpOAA.
KoNH4ecTBo MOJEH 83072 1 BOJOPOA Ty ¥ 1y HAMAEM o QopMyJiam:

n, =m, /i (6)

n, = m, /|

. Y

kL

[Toncrasnss (6) 1 (7) B (5), Haiigem

m, +m
pom bt L))
m, /i +my /iy
Toacrarnss uacnossie 3HaueHna B GopMysst (4) u (8), nonysaem:
o e )83wone K)I0OK
T \28-10 7 xr/mone 2107 krjmoib/ 12m3
=49-10°IMa
10kr + 4xr -3
= e =6-10
B o y 6- 107 xr/Momb

28107 r/moms 2- 107 kr/mons
Omeem: p=4.9-10° Ta; p = 6107 xr/mons.

Tpumep 2.

Uemy paBHa KHHETHYECKAs IHEPIHA TETIOBOFO M BPAWATEIIBHONO JIBHKCHHS
MOJIEKYJ1, CONEPIKANAXCA B 2 KI' KHCIIOPOZA NPH TEMTICPATYPe 340 K?

Jarno: m=2xr, T=340K; p= 32-107 x¢/mMosb.

Hawmu: Wy, <Wg>.

Pewrenue. CuwraeM KUCTOPOA WACANBHMIM Ta3oM. CornacHo KNacCHUECKoH
CTATHCTHHCOKOH HIKe KUHETHUECKAS IMEPrus TCMi0BOro JABYOKEHHS MONICKYI
(BHYTPEHHSA YHEPrHA) RACAIBHOTO ra3a ONpEISACTCA PaBEHCTBOM
W, =~ ZRT,

2
Fli€ i ~ GUCAIO cTefleHe cBOBO K MONIEKY. 1a38 | R = 8.31 JJx/(mont-K) - monsipsias
razosas moctoannas, T - TCPMOAMHAMUYECKAR TEMNEpATYPa, M - Macca rasa; p -
MOMAPHAA MACCa rasa.

Mosiexynia KWciopoja - ABYXaroMmHas. CumtacM CBH3b MEXIY aroMamu
Kecrroil, umeem i = 5. Toraa

W, == —RT. (1)
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. BpauarensHOMy JBHNEHHIO MONEKYTH KHC/IOPOJA HNPHIMCHIBACTCA JBE
crenens cBoGomni. TOT/A CPEAHSA SHEPFUA BPAIATENBHOTO JABHKEHMA MOJIEKYN
KuCIopo/a Bripasutcs hopmynok

2m
W, )==—RT. 2
( 'P) 2 i ( )
MoacTasnas YHCioBble 3Hadenns 8 dopmynn (1) u (2), uMeem

5 2xr

=2 e 8 31 [k /(Mo - K)- 340K = 440 N
* 2 32107 kr/monm (o ) has

2 2xr
W, == e T 831 [l f{mosts - K}- 340K = 180k /1x .
(Wer) 2 32-107" kr/mons o ) A
Omicem: W, = 440 x/lx, <W > = 180 x[Ix.
[Ipumep 3.

HafiTy MAOTHOCTL a30T4, ecaw Monekyna 3a | ¢ ucnbireiBaer 2.05 10 ¢!
clonkHOBeRUH npy Temneparype 280 K. Kakosa cpeimsis annna csobonHoro
npobera monexyn”?

Jano: <z>=205100¢Y, pu=2810" kr/mons; T=280K; d=3110"0u;
Na = 6.03-10 mom™"

Haimu: p, <d>.

Pewenue. [TnotiocTs a30Ta onpenensaerca no Gopmye

p=m/V, (1
rae m - Macca a3ota; V - 06seM.

Maccy a30Ta MOWHO BRPAIUTh UEPe3 YHCIIO MOJNEKYT B AaHHOM ofbeme M
MACCy OLHON MONEKYh:

m=mN. Q)

Maccy my oaHONH MONEKY/IM MOXHO HAHTH JENCHHEM MACCH OAHOTO MOJA Ha
(I0CTOAHHYIO ABOTanpo:

m, =p/N, . @)
YHcno MONEKYN, COLEPRKAMXCH B ra3ze Hekotoporo ofbeMa V, pasHo
N=n,V, “)
TA€ 1, - KoHuenrpatus Monexyn, Tloacrasias (4) n (2) B (3), ameem
m=pun, V/N, . )
nanee, noacranass (5) B (1), nomyuaem '
p=un,/N,. 6
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KoHueRTpaumi© MOJIeKyl Haxonnm u3 dopmynst mis uucna CTONKHOBEHHUH:
(z)=V2rd"n,(v,,), OTkyz2

I, ™

‘.[2_7“12 (Vi)

rae d=3.1-10"" M - >DpeKTHBHBIH [HAMETP MOJCKYJH a30T2; <Vyp> - CPERHAA
apuMETHYECKaR CKOPOCTE MONEKYIL,

(Vop) = JBRT/(nn1), ®)

rae rae R = 8.31 Jiw/(Monp-K) - MonspHas rasoeas DocTosmHat, T - TepMoauHa-
Miveckas Temneparypa. 110AcTaBnss Bewanny <vy,> 43 (8) B (7), nonyunm

S ©
4d* [xRT/p
TMoactarnss (9) 8 (6), umeem

wz) 10y

P N4 R

Cpenmioio nmny ¢060AHON0 poGera MOJeKy1 a30Ta HaXOMM 110 dopmyne

1
(= ;/Endzno '
Henonb3ys cooTHowienne (9), nonyyaem
(1) = BRT/(m2)/(2). an
Togcrasnss yacnossie spauckna 8 hopmyast (10) u (11), nonyuaem
28-107 kr/moms _
100 [314-8311x (moms - K)- 280K
28-107 kr Momb

p:.’:

603-108 monn ™' -4-3.

=485-107 xr/n’

JS 831tk /(Mo - K) - 280K
28107 kit
()= 314.28 lOsm;, MOIb oo
205-10°¢”

Omeem: p = 485107 kr/M’, <A> = 2.5 Mxm.

Npumep 4.

Buuncnute K0OGOUUHEHTH BHYTPEHHETO >1pcmm 1 puddysuu xucnopona,
HaxozAmmecs np4 xasnerun 0.2 MTla u Temneparype 280 K.
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Jlano: p =2-10° TTa; d = 2.9107" m; p = 32-10° kr/mons; T = 280 K.

Hatimu: 1, D.

Pemenue. Ha 0cHOBABMH OPEACTABICHHH MOJEKYIAPHO-KHHETHYECKON TEOPHM
Ta30B KOO(XHUMEHT BHYTPEHHEr0 TPCHWS MICATHHOTO rasa (MHHAMHMECKAd
B3koCTE) ¥ xoxbpuuuent aaddy3nn onpeaensoTea 1o Gopmynam:

1= Yok} ve,). (1

D= K (AN vs), @

If¢ p - WIOTHOCT: ra3a; <A> - CPeHAR JTHHA cBODORHOTO Npobera MoneKy: ; <vy,>
- CpelHAs apA(METHIECKAn CKOPOCTE MOJIEKYN.
H3 (1) n (2) cnenyer

n:pD_ i3

1 Al s

Cpearion apUOMETHYECKYIO CKODOCTh W CPRAHIOIO AnMHY cBOBOAHOTO
npodera HaxoauM 1o popMyiiam

(Vap) = BRT/(np) )

1
W= Foadin, ®

rae R =831 Ax/(mMone-K) - mongpHas ra3josas MOCTOsHHAS, 1 - TEpMOIMHa-
mnueckas Temneparypa, d=29-10""m - sddextumamii Amamerp Monekyns
KHCIOPOJA; 1, - YHCTO MONEKY B 1 o (xonuEHTpaLMA),

M3 OCHOBHOrO YpaBHEHHR MOJCKYJIAPHO-KHHETHHECKOR TeOpHM rasoB
ONpeeNiicM Ny

n, = p/ (kT) s ©)

rae p - nasnenye; k = 1.38-10 /K - nocrosusas BormsuMana.
Toncraensn (6) B ypastenue (5), noay4yaem

OxoHvuaTensHei BuA pacuernoil Qopmynsl aaa xoabouuncHTa guddysnn
HaleM, NoacTaBnA suadeHnd (4) n (7) B (2)'

1["“ 2T F ®)
3Vnu fndp V2rd’p

{lnoTHOCTS KHCNOPOAA onpejenserca no dopmyne (6), paccMOTpeHHOl panee
B 3ana4e 3: p = un,/N,a. C yuerom (6) wmeem

p = up/(N,kT). ®




Hoacrasnas (9) » (8) B (3), nonyuaem pacuecrayio GopMyny Ias
K03(PUIHEHT BHYTPEHHETO TPEHHS:

2
= [JURT.
ik 3nJnd?N, WR

-

Buiumcnaem:

_2 138107 Jtx/K 280K [831]Ix/(moms-K)- 280K
3 314-297-102w% -2-10°H/m2 | 314-32.107 krjmoms

=74-10"n/c

5 . o .y Y .
n= 2432.107 kr/mons- 831 Jlk/( Moss - K )- 280K
T 3.3144/314-603-10% moms™ - 2.9% 107 M?
Omeem: 1= 2-10° kr/(m-c), D = 7.410° m’/c.

=2-107 r/(m-c).

[pumep 5.

2 kr a30Ta OXIAKAAOT NPH [OCTOAHHOM jpasienwn or 400 a0 300 K
OnpenenuTs W3MEHEHWe BHYTPCHHCH IHEPIMM, BHEIIHIO paboty H KOJIHYECTBO
BBIAETIEHHOM TETNOTHY.

Jano: m =2 kr; = 28107 xr/mons; Ty =400 K; T, = 300 K.

Haimu: AU, A, Q.

Pewenue. Viamencuue BHyTpeuHeil dHEpruM rasa (CUMTaeM 230T HACATbLHBIM
razomM) Haitaem 1o popuyne AU =mC,(T»~T,)/ p, rae m - macca rasa; J - MOJIpHan
macca, C, - MOJIDHaR TEIIOEMKOCTh NpPH NOCTOSHHOM ofveme; T - HauanbHas
Temneparypa rasa; T, - KoHeuHas TeMneparypa rasa.

Jaa Beex namyxatomHumx rasos C,= LR, rae R =831 dw/(MonsK) -
MOASpHaR ra3osas nocrosunas. Torna

AU = mR(T, ~T,)/. 5]
K0/IMyecTBO TENI0THI, BRACIAICIEECR IPH OXNAKICHHH ra3a PN NOCTOAHHOM
JABNEHUN: Q=mC, (T2 -1, ) /’p , )

rae C, - MOASpHad TETUOEMKOCTh NPH TNOCTOSHHOM JAmICHUM, JIA  BCex
AByXaTOMHBIX ra3oB C, = 7/,R. dopmymy (2) 3anuuiem 8 BAaS

Q=4 mR(1; - T)/u. @

PaGora cxaTws rasa npa w3obapeoM mpoitecce A =pAV, rae AV = V-V, -
HaMeHenne 00bEMa ra3a, KOTopoe HaiiieM 3 ypasHetus Knaneftpona-Menzeneesa.
Tlpu u3o6aprom nponecce p = const:

pV, =mRT, /n; “)

pV, = mRT,/u; (5)
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MounensuM BHUYNTAHHEM BHpaxeHHd (4) u3 seipaxcHMa (5) HaxoamM, 4ro
p(V2-Vy) = mR(To-T¥p. Crenosarensno,

A=mR(T, ~T,)/n. (©)
Toacrasass yucnosye 3HaverEns B gopmymst (1), (3) u (6), nonysam
AU = ¥ 2xr-831 [ /(mons- K)-(300K — 400K)/(28-10 xr/mosms) =
= -1 48xJIx

Q= 7 2xr 831 b/ (moms - K)-(300K ~ 4001()/(28 107 Kr/Monb) =
= =207k Jlx¢

A = i -831 [T /(moms  K)-(300K ~ 400K)/(28-10™" xr/mons) =
= -59x JIx

T

[+
E
3
5
I
én

Omeem: AU = -14

Hpumep 6.

Kak M3MEHHTCS SHTpONUA 2T BOAOPOAA, sandMaomero obweM 4051 npu
Temnepatype 270K, €caM - ABIGHME YBGNMMMTL BIBOE TIDH  TIOCTOAHHOH
TEMMNEpaType, M 3aTeM HOBBICHTS TeMmepatypy Jo 320 K?

Tawo: m=2r=210%kr; V,=40n=410"w";  p=2107 xr/mons;
Ty =270K; T, =320K; p: = 2p1. .
Hatmu: AS.

Pewenue. iameHeHwe SHTPONEH ONpEAEsACTCs (bdpmynoﬁ
2
AS=[dQ/T, ()
4

rae dQ - #3MeHeHne KONMYECTBE TEIUIOTH; T < TEPMOARHAMHYECKAs TeMIIepaTypa.
Mamedende  KOMHYECTBA  TEIUIOTHE - HAXOXMM M3 OEPBOrO  32KOHa

TANMOATUMAMUKE T EReANTLHAr) raia;
Fpravail larannisivasaansa faeats Sapmwiseasianes ) 2SS

dQ=vadT/u+pdV, Q)

3aeck M - Macca rasa; | - MomApHas macca, C, - MONApHAS M30XO0pHAA
TemnoeMkocTh, dT - MIMEREHME TEMNepaTypw rasa; p - Aamienne rasa, dV -
u3Menenne 0Gnema; pdV - pabora paciuspenys rasa.

Benuuuny p Haliaem a3 ypasdenua Knane#ipona-Menaeneesa:

p=mRT/(pV). 3)
Jins AByXaToMHBIX Fa3os
C, = %R, @)



rae R = 8.31 [ix/(mons-K) - MoaspHad ra3osas DOCTOSHHAA.
Toncramian (3)  (4) 8 (2), HaxoauM

S5m m....dV
dQ==—RdT +—RT-—. [
| Q 2 +u v *)
Noncrasnsa (5) 8 (1), nonyqaeM

as=2Bg 9T far +ORL dv:—!ER(zlnI’»HnYl). (6)
2p TlT uT, le p \2 T Vi

s waorepmuueckoro npouecea p;Vy = paVa, Vo/Vy = py/p;y. Toraa ypasnrenue
(6) npumMer suR

Tpoussoanm BEYHCICHAA.

2.107%xr (5 320 )
AS s — T 830 I/ (mons - K) ~In—~1n2 | =-227 K.
2-107 kr/monb Fou ( ) 370 fox/

Omgem: AS =-2.27 Iw/K.
Mpumep 7.

WneansHas temosas Maumna, paﬁo'rmomax no uminy Kapho, cosepiuaer 3a

omwi umukn pabory 1.5-10° [ix. Temneparypa narpesarens 400 K, remmepavypa
xojioamnsavka 260 K. Haitrs KI1/] Mamumst, KORHIECTBO TEIIOTH, NOAy4aEMOe
MAMMHONA 33 OZIWH LMK OT HAIPEBATEN#, U KOIMYESCTBO TETUIOTH, OTAABACMOC 32
OOHH HHKST XONOAWILHAKY.

Havo: A=1510° I; Ty=400 K; T, =260 K.
Haumu: m Qh Q.
reuwuuc NIA Lu'uum I\HPI‘IU UIIWAWIHUID)I ‘WPM_, Ul’l
n=(T,-T,)/T, (n
rae Ty - TeMneparypa Harpesaread, T, - TeMnepaTypa XONOMMABHHKA.
C apyro# croponn, Tepmuueckuit KTL Buipaxaercs dopmynot
' n=A/Q,, 2)

rae A - pabora, cosepurennas pabounM TeoM TennoBOR Mammusl, Q) - TeNIOTa,
NONYYEHHAs OT HATPEBATEIA.
H3 (1) u (2) ameem

Q =A/n=AT1/(T|—T2), 3

Pabora, cosepiuennan paboupM . TEIOM TEWIOBOR. MALIMHL, ONpeensercs
PasHOCTHIC MONYYEHROH OT HArpeBaT&NA TEenAoTH Q) H OTAAHMOH XONOAMNEHEXY
remnorst; A = Q1-Qz. Orciona Q, = Qi-A, w ¢ yuerom (3)
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Qz =AT1/(TX —‘Tz)-A:ATz/(T! "“Tz) (4)
Toncranmia ynciossie 3uadenns 8 (1), (3) u (4), naxoxum
‘ 7= (400K - 260K)/400K = 035= 35%

Q, = 15-10° I - 400K /(400K — 260K) = 430K ;

Q, = 1.5-10° I - 260K/(400K ~ 260K) = 280K .
Omsem: ny = 35%, Q; = 430x/lx, Q; = 280k [Ix.

Npumep 8.
p,10°Na

A

N

N

0 2 4 6 8yo’w
Puc. 4

[lpy  pamnenwm  10°Tla 0.2 monx
BYXaTOMHOIO Ta3a 3aHuMaer oGwem 10 5. Taz
w300apHo CxHMaOT 10 obvema 451, 3areM
ckumaloT  aamabarso,  mocne €ero  ra3
W30TCPMIYCCKH PACILMPAETCA A0 HAYATEHOTO
obvema w nasirenus. [loctpowrs  rpadux
npouecca B KOOpAMHatax p, V.  Halru:
1} paboty, coBepIICHHYIO Fa30M 3a OAMH LUKN,
2) remneparypy, HmaBieHM¢ W 00nem B
XapaKTepHblX TOYKAX JIPOHECCa, 3) KOAMYECTBO
TEIUIOTH, NOJYYCHHOE TA30M OT HAIPEeBaTens H
OTJABHHOE TasoM XONOAMIBHHMKY, A TAKKe

repmugeckuit KI1J] unkna.
Hawo: p=10°Tla; v=02  mons,
Vi=10n=107 Vo =4n=410" ",

T3=Typr=pxni=35

Haumu: A’ Th TZ: Ps, Ql’ QL n
Pewsenue. Vs ypasnenna Knaneltpona-Menneneera p, V, = vRT,, naxoum

Ty =pVi/(VR), T, =10°Tla-10"ne’/[0.2mo0ms - 831 Tl /(moms - K )] = 602K

M3 ypasnenus wzobaproro npouecca Vi/T, = Vof T, Raxonum

=) Vo ¥y, T, =602K-4-10

B 3Siad 3 apsus
m /107 M’ = 241K,

Halinem xoopamuatsl nepeceuennn ajuabarsi w m3orepms. M3 ypasHenus
anuabaruaeckoro mpouecca T,V =T,V)™” (npu y=14 - ana asyxatommoro

ra33) cnenyer

Y, = Vy(T/1)07, v, = 41072 (241K/602K) 4 = 4.06-107* W,

W3 ypaprenns @30TepMHYeckoro npouecea psVs = py Vi cheayer
Py =p,Vi/Vs, py=10"TIa 10 m*/(4.06-10u’) = 246-10°x",
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3Han KOOPAMBATH TOYEK NEPECCUcHHs A30TEPMBl B anpabaTh Mexkay coboi u
KOOP/MHATH TONEK Hepecevenus ¢ wiobapoil, crpoum rpaduk npouecca (pHc. 4).

KonsuecTso TeInorsl, HOJIYYCHHOE [a30M OT Harpesatens, OIPEJCIHM [0
TICPBOMY 3aKOHY TEPMOJHHAMHKH.

dQ= vC,dT +pdV.

Tpu wzorepumdeckom npouecce dT=0 w dQ=pdV (rae pdV - pabora
PACILHPEHNA); CIEAOBATENbHO

Q, = vRT, ln(V,/Va),

Q, = 0.2monb - 831 1x /(Movms - K)- 602K - 32 = 32k .

KOoAM4YecTBO TENNOTH, OTAAHHOE IA30M XOMOMWIBHHKY npn wn3obapHoM
npouecce, paBHO

Q, = VC,R(T, - T,).
Jns npyxaromuoro rasa Cp = 1R, Torna
Q, = 02monms- 77831 Jlc/(mons - K) - (602K — 241K) = 2 JiJlx
PatoTa, coBepiICHHAA Ya30M,
A=Q -Q,, A=(32-21kDx = Lixf.
Haxonwm K11 upxna:
n=(Q-Q,)/Qi, n=11/32=0344 = 344%.

Omeem: A=11xllx, Ty =602 K, T, =241 K, p; =2.46 Mlla, Q; = 3.2 x/Ix,
Q, =2.1 xlix, n = 34.4%.

Hpumep 9.

Tasopas CMeCh COCTOMT W3 830Ta Maccoii 2 kr W aproHa macco# i kr.
[IpuxvMan 3TW rashi 33 HACANbHEIC, OHPEACHATL YACAbHLIC TCILIOEMKOCTH Cy H Cp
Ta3080# CMECH.

Jano: my =2 &r; my = 1 xr; Wy = 28-10° kr/Moms; py = 40-10° kr/mons.

Hagimu: ¢., ¢,

Pewenue. Bripazum 1enaoty, HCOOXOMHMYIO AJlA HArPEBAHHHA CMECH a30Ta M
aproHa Ha AT asymia cnocobamu:

Q= c,{m, +m,)AT, 1)

Q=(c,m +c,,m,)AT, @

rae ¢y - YASHbHAA TeIUNIOEMKOCTE CMCCH 13308 NPH NMOCTOAHHOM obneme; oy -
yAEAbHAN TEIWIO0EMKOCTh 43078, Cyv; - YACNbHAA TCINNOEMKOCTh AProMa; m,; ~ Macca
a30Ta; m; - Macca aprosa.
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TipupaBuss npassie yactv ypaBHeHu# (1) w (2) 1 DPOH3BEAS COKDANICHRS,
HOJysHM Cy{My+ My) = Cyifin+CyaMy, OTKY AR

ey =cum J(my +my)+c,,my f{m, +m,). 3)
ARamoru4HHM 00pa3IoM IONYyUHM BHPAKCHHE B AT Cp:
¢p = Cpymy /(m, +my)+c,m, J(m, +m,). “

Y aenbHbIE TENI0EMKOCTH HICAIBHBIX FA30B BhIPAXKAOTCH ¢opuynamu:

= iR/(2u), 0}

¢ =liv2R/2n). )
TMosacrasnas (5) 1 (6) B (3) U (4), noNyuaem pacueTHEE GOPMY L
R m IR m
"

c, =
my +m, 2 B, mp+m,

! N

m
+-1 - {: 2

l’ gr_mp VTR m

2 p,m+m, 2 p,m+m,

G, =

®
Jlns azoTa (1ByXarOMHBIH 1a3) i = 5, a8 aproHa (OAHOATOMRKINA ta3) i = 3.
Moncrannsn yncnobbié 3naueHud B Gopmynsi (7) u (8), nomyaum:

_ 5 831Ix; (MOIIb K) 2« 5 8310k /(mom - K)  1kr

"2 28-10 xr/moms Zar e 2 40-107 Kr/Momb 2Kr+ Ikr

= 596, /(xr - K)

542 831 [Ix/{moms-K)  2xr 5+ 2 831 sz/(uom. K) Ikr
P2 28107 krjmoms Darlkr . 2 40-10° Kr/Monb 2Kr+1kr

= 8661k /(xr - K)
Omgem: ¢, = 596 Ja/(xr-K), ¢, = 866 Tad/(xr-K).

Kontpoabnas paGora Ne2

1. Cwmecs 40 r sonopona i 80 r HeoHa HaXoAHTCs B COCYAE eMkocTeio 0.8 M’
npk paanesns 0.5 Mila, Onpenensrs Temneparypy rasa.

2. B ofenx 4acTAX 3KPHITOTO FOPHIOHTANLHOIO UBIHHAPA, PA3neNeHHOro Ha
AB€ 9ACTH TCIVIOHENPOHMNAEMEIM JIETKO TMONBHXHWM TOPITHEM, HAXOLATCA
ONMHAKOBBIE Macch rasa mpw Temneparypax 300 u 450 K coorsercreenno. Ha
KaKMe 9aCT¥ NOPHIEHE AETHT LHNAHAP?

3. B cmecu rasos copepxures 30% xucnopoga ¥ 70% remms. Onpenensrs
AAOTHOCTH Fa3a npu Temneparype 300 K u nasnennu 0.01 Mila.
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4. B Bosayxe coxepxurcs 23.6% xucnopona # 76.4% asora (no Macce) npu
hasnecuns 100 xlla v remueparype 13°C. Haiiti nnoTHOCTE BOIAYXa K NaplUHANEHOE
AABNEHHUE KHCIOPONA.

S, Orxpuirsii cocyn NpE 2TMOCHEPHOM NAKTCHHH MEIICHHO HATPEBAIOT OT
250 no 350 K. xaxas uacrs MBCCH Bosnyxa ocranacek B HeM? PaciupenseMm cocyna
npenebpeus,

6. B BepruxansHOM UMIMHADE non TAKENBM NOPILIHEM HAXONAKTCR BOMYX Bpw
Temmeparype 250 K u namnenuu | MIla. Onpesenits nnomans ceYeHns DOPHK,
eciu ero macca 100 xr, a o6veM cxaroro posayxa 0.5 .

7. B cocyne emxocteio 50 n maxonmres asor npu Temmeparype 17°C.
Beaencrpre yreukd rasa AasieHHe yMmensmmiiocs ha 80 xfla. Onpenenmrs Maccy
Ta3a, BBSAWETO 3 GanioHa. TeMIICPATypPy CHITATh HEUIMCHHOM,

8. Onpenenurs Maccy rasa s Samnone emxocTors 90 1 ops TeMneparype 295 K
n nasienun 5-10° Ila, ecrm ero nnGTHOCTE NPW ROPMATRREIX YenoRusx 1.3 kriv’.

9. ApToMOOMILHAZ KaMepa MammHH €MKOCTHIO 6 1 comepxuT 26 r BO3AyXa
npu temneparype 27°C, Tlocne nogkauk# Bo3Ayxa JaBneHMe yBeaauunocs Ha 20%,
a TeMnepartypa noskicHnacs Ha 5°C. Kakyio Maccy BO3fyxa JONONMHUTENEHO BBENH B
Kamepy?

10. Cxonbko MOREeKy KHCIOPOAA HAXOAMTCS B cocyne obmemom 33.8 M* pu
Temneparype 27°C u nasnennn 1.2 MITa. Halitn cymMapHylo SHEpTHIO TEILIOBOrG
JBHDKCHHSA BCEX MOJIEKYJT rasa.

11. Bu4HC/IATE IHEprdio Temnosoro asmwkeuna 40 r xkucaopona npr 147°C.
Kakyro uacts »T0M . 3Hepmn COCTABNIACT DHEPrHA NOCTYIATEABHOIO JBIKEHNA
Monexyn? ,

12, BoMucnuTe TeMnepaTypy KAcIOpoORa, MpPH KOTOPOH JHEPTHA . TEMAOBOro
IBMIKCHHA MONCKYJ HE ByaeT AOCTATOUHA U1 TOro, 9To0Bl MONEKYIIb RPEOLONEIMN
CHIY 36MHOTO NPHTSHKEHHA ¥ HABCET XA NOKHHYIM (UIAHETY .

13. Onpenenvits  CpeaHIOID  KBaZPAaTWUHYI0O CKODOCTH  MONEKYN rasa,
IKINOUEHHOTO B COCY BMECTHMOCTBIO 2 i1 non nasinewuem 200 xlla. Macca raza
(.3 r. BHYWCAHTS KHHETHYECKYK) FHEPTHIO NOCTYNATENbHOrO ABHKEHHS MONEKYJ
rasa.

14. Kaxoso maenenme a3ora, C/iM CPEAHAN KBAADATHYHAA CKOPOCTh €ro
mostexyn 500 M/c, a ero mwrorHoets 1.35 Kkr/m*? Haliru SHEPIMIO NOCTYNATENbHOTO 1
BPAUIATEIBHOTO ABMKCHHASN OHON MONCKYNIbt a3a.

1S. /lsa 04AHAKOBHIX COCY/a, COACPXALIHE ONMHAKOBOC YMCIO AaTOMOB TENHA,
cocAMHEHB KpaHoM. B nepsom cocylie CpeARAs KBaAPAaTU4HAR CKOPOCTH aTOMOB
rasa passa 100 w/c, o sropom - 2000 m/c. Kako#i Gyper cxopocTs, ccmu Kpad
OTKPHTL H CAENaTs COCYAN COOOHAIOWAMHC?

16. Haiitu wMciio moiekyn B | M M CPEIHIOK KHHETHUECKYIO JHEPIHIO
TOCTYNATENLHOTO JBHKCHUA OAHOH MONCKYNH rasa, HAXOAAMIETOC NPH AaBicHHYU
0.2 MI1a u remneparype 127°C.

17, Ecim MoJIeKy/Isi, ConepAaiinecs B 1 1 BoAL, PABHOMEPHO PacIpENEiHTh
To ToBepxHOCTH 3eMIH (3EMHOro WApa), TO CKOJLKO M3 mpuaercs Ha | oM,
Cunrars 3emmo naeanssoil chepoli pamvycom 6400 km.
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18. B Gamnone mmeercs 16 Mr kucnoposa. Yepes oTBEPCTHE B KEKAYIO
ceKyHIy Burrexaer | MDA, MoneKyt. 3a Kakoe Bpems ra3 swreder u3 6amrona?

19. Bepraxanmsho nocTasneHuNi IMHHAD 3aN0/HCH BO3AYXOM IPH JaBNEHHU
0.1 MI'Ta ¥ 3aKpHIT JErKONOMBHAHRIM NOPIIHEM, MACCZ XOTOPOro 50 xr n wiowam
nonepeusoro cevenns 49 cM? Ipn remneparype 27°C nopiiens ycTaHARIABACTCA
Ha HEKOTOPOH BEICOTE OT Ha WTHHAPA. Kak H3IMERHTCA NOI0KEHHE NOPINHA, €CIH
Ha HErO NONOKHTH AOTIONHUTENbHEIN IPY3 Macco# 50 kr, a TeMiepaTypy nosncHTh
Ha 150 K?

20. Kakoea mmsa pebpa ky6a, conepxanmero 2-10° Monexy:n uaeansHoro rasa
NPH HOPMATBHBIX YCIOBUAX?

21. Buyrpu cheput auamerpom 20 €M HAXOLHTCH KHCIOPOA NPH TEMNEpaType
17°C. Onpegenus fnamneHde rasa W upcio monexyn 8 1om’, ecom amama
¢BoboAHOTO pobera MoJIeKys! paBHa JUAMETPY COCyna (Monexynu HE MCTIBITBIBAIOT
coynapeHni Mexy coboi).

22. Tipw xako# TeMnepaType CpeaHAn KBAJPATHYHAA CKOPOCTh MOAEKYA a30Ta
paBHa cpenned apH(METHUECKON CKOPOCTH MOJIEKYA BOAOPO/A, HAXONSUIAXCSA NpH
temitepatype 400 K?

23. B3penicHHEE B BO3NYXE THINMHKYA MOXHO PACCMATPUMBAThL KK KPYNHbIC
mostekynmsl. Kakosa cpennas apadMeTnyeckas CKOPOCTh NBIIHHKH, €CIH €6 Macca
10 kr? Temneparypa Bo3ayxa 300 K.

24, Boiuvcantb  CPEAHIONS JLTHHY W CPEAHIO  NPOAOSKHTENLHOCTH

coboanoro npobera MojeKkyn kucopona npy v temueparype 300 K » nasaenun
102 TTa

25. Tlpn xaxoM JAaBicHHM MIMHA cBoboasoro npofera MONEKyn BOAOPOXE,
saxopamerocs npn temueparype 127°C, pasna 0.1 MM, eciM npM HOPMAILHEIX
ycnosuax ona cocrasmser 1.6:107

26, ITpocTpaHcTBO MEXAY ABYMA KOAKCHANBHEIMH HAIMHADAMM 3ANO0NHEHO
rasom. Paamyc shemnero mwmuapa 20.5 oM, sayrpensero 20 M. Jimuua oboux
IMIHAAPOB papHa 30 cM. BHewmMH MWIMHAD BPAMACICA BOKPYT HEHOABHMKHOIO
BHYTDEHHEr0 IAIMHPa ¢ YacToToll 25 ¢’ . Kaxas cuna Gyaer nedictsoBats ua 1 M’
NOBEPXHOCTH BHYTPEHHErO UWIHHOpa, ecnM  Ba3kocTs rasa 18 wmxlla? C
JOCTBTOMHOH = CTENCHLI0 TOYHOCTH CHOH rasa MeXAy UMIAHADAMH MOXHO
PacCMaTPHBATH KaK TUTOCKHH.

27. Kakoe KONMMECTBO TeMUIOTH TEPACTCH KANIBH 4Yac Yepes KHPAHYBYIO
CreHy MIOHANGI0 13 M M TONIHHOM 40 CM W3 KOMHATH, €CIH TEMIIEpParTypa
HapyxHOTo npocrpaHcTea 260K, a  rtemmeparypa nomemesma 293 K7
Temnonposonwocts kupnuya 0.4 Br/(m-K).

28, Onpenennts KOXPHHUMEHT TEILTONPOBOAHOCTH KACIOPOKA MIPH JABNEHHH
0.11 MITa » Temneparype 320 K, ecnu xordduumenr nuddy3um B 3THX YCIOBHAX
pases 0.2 cm*/c.

29. Cranssoll HATMRIPAYECKMH CTEPKEHD AnvHOM 15 cM u zmaMerpoM 1 oM
nporpesaercs ¢ OAHOro KOHNA No TeMneparypsl 650 K, a apyrim KOHIOM BCE BPEMA
KacaeTcs baa Opw Temneparype 273 K. [Ipesnaras, wro tennonepenada TEMIOTH
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HIACT HCKHOYHTENLHO BAONL crepxus (6e3 noTeps uepes cTeHKH), HOZCUWTaTH
Maccy nbia, pacrassmero 38 1.5 mum. Teonposommocts crami 49 Br/(m-K).

30. Amomunuenpiit xodefinuk Harpesaercs Ha smexTpoliHTe. Boxa B meM
noseaeHa no wmennn (100°C) v B3 kaxayo mmmyTy Buenserca 17.5 r napa.
Tonmwmna nua xodelinmka 02cM, a mnomaas ana 400 oM. Onpenenars
TEMTICPATYDPY HApYXHOK NOBEPXHOCTH JIHA, TPEANONaras, YT0 BCE JHO HAIPEBALTCHA
PaBHOMCPHO H BCA TCINOTA HACT MCKUOYATCIBHO HA MCOAPCHHE RO
Tennonposomsocts amomuaus 200 Br/(m-K).

31. Onpa n 1a e Macca IBYXATOMHOTO BACANBHOIO ra3a CKMMACTCH OHH pas
M30TEpMIYeCKH, 8 BTOpoil pa3 axAabarso. HagamsHele napamerps rasa B oBoux
ciryyasx opusakosst. Haiity orsomesne paborsl cxams upu amabaTaoM mpouecce

b o
k paboTe npH M3OTEPMEYECKOM npouecce, ecim 8 oBomx npomeccax o6wnem

VMEHBIIWICS B TPH pasa.

32, Halitu ysemmiemue BHyTpensed sweprmu u pabory pacmmpenms 30t
BOAOPOAA NPH HOCTOAHHOM AABACHHH, €CIM er0 OOBEM YBEHWWICR B [ATE pas.
Hauansras temnepatypa 270 K.

33. T'a3 sanmmaer obvem 12 i1 pn napaennn 0.2 MIla. Onpenensts pabory,
COBCPUICHHYIO Ta30M, €C/M OH W306apHo HarpesaeTcs or 300 xo 348 K.

34, OupenenHTs MONAPHYIO MACCY £a33, €CITH NPH U3OXOPHOM HATPCBANMM HA
10°C 20 r rasa tpebyeres 630 [k Terwtors, a npw wsoGaprom - 1050 JIx.

35. Topiodyro cMechk ra3’oB NOMEAIOT B UMAMHAD ¢ nopiunem. Tlpn SeicTpoM
CKATMM OHA BOCIUIAMEHACTCH npu Temmeparype 1200K. Bo cxoneko pas
YMEHBIUIRNCA 00BEM CMECH, ECIH HavanbHan ee TeMiicparypa Guina 300 K. Ipouecc
CMMTATh A/ABATHHIM | v=15.

36, B Gannone eMKOCTBIO 53 waxomurcea asor npm 300 K nop namnemme
16.8 MIla. bannon mHarpesaloT w npy naasncumn 26.8 MIla on paspwmisaerca,
hasfieHye ra3a OpH 3ToM ymedsmaercs A0 0.1 MITa. Npeanonaras, wro npouecc
paciiMpenns rasa fmocue sipeiba apmabaranii, ompenenuTs. 1) oGvem ras nocne
B3pHIBA; 2) ero TEMNEPATYPY; 3) HIMEHEHHE BHYTPEHHEH YHEpruy.

.
37. Onpenesyts OTHOWEHNE TEIIOEMKOCTEH rasa NPH NOCTORHHOM AaBJCHHY

M NpH BOCTOAHHOM ofweMme, ecny mpw wm3obapHOM Harpepanuy ero ma 100K
1pebyetca 4200 [k TennoTH, a NpH M30XOPHOM OXNAKACHHN ra3 oTaaer 5040 JIx
TENAOTR [PH YMCHRICHMH JARNICHKS B ABa paza. HauansHas remueparypa rasa opu
HI0XOPHOM oxnakacHHK 400 K.

38, Kncnopon 3annmaet obvem 5 1 npu nasnenww 0.2 M1z, a npu pasneuus
| MIa 1a xe Macca rasa 3asamMaeT o6sem 2 J1. ONpeaenuTs KOMHYECTBO TEILIOTH,
coofleHHOE Ta3y B NPOLECCC NEpeXofa W3 MEPBOIO COCTOAHMA BO BTOPOE,
W3MEHEeHNE BHYTPCHHEIl SHEPIrHY M COBEpIUEHHMYIO TasoM paboTy, ecii npolece
npodcxofmi. 1) cHagana W30X0pHO, 3areM w300apHo; 2) cHavana maobapuo, 3aTeM
#30x0pHO. OOBACHATE COBHALEHHE H PAUTHIHE OTBETOB.

39. Cocyn ¢ ra3om nps Temneparype 283 K asuxercs ¢o ¢kopocthio 250 m/c.
OnpenesiATh TEMTIEPATYPY 4307Ta B COCYAE, €CHH OH BHE3ANMHO OCTAHOBHTCH,
Tepenaseii TeruoTh cTeRKaM npeHelSpens.

43



40. Yrnekdcnwl ras, saxonsumics npm temneparype 450 K u gasnenun
0.5 MIla, paciuapserca aymalarno xa tpoifroro ofbema. Haltrn temmeparypy n
JIABICHAE (33 FHOCIE PACIIAPCHHSL.

41. B 50 r soms mipu 90°C simanu 30r BOJ: pd S°C. Onpesenyts NIMEHEHHE
IHTPONHYN BOJM.

42. Yemy pasHO MimeHewme 3mrponmuu 10r mosmyxa npum  M306apHoM
pacummperss ot 3 a0 8 1.

43. Yemy paBHO wu3McHCHHe dHTponME [0r BO3ayxa npm  HIOXOPHOM
Harpepasns ot 250 20 300 K.

44. Yemy pasno w3menenue 3uTponu 10T BO3AYXa NpH M3OTEPMHYCCKOM
pacmupenin ot 3 10 8 n.

45. Yemy pasHo usMeHcHme >HTponmy 10T BOsmyxa npm wu30GapHOM
oxnaxaennn of 300 zo 250 K.

46. Ta3 cHauana Obit Harper H3008pHO TAK, YTO €r¢ O6BEM YBEIMYMWICA B
4 paza, 3aTEM H3OXOPHO OXJIAK/EH TaK, YTO NARICHHE YMEHbIWMNOCH B 4 pasa.
Onpegenirs U3MEHeHUe IHTPOIIMK U1 OAHOTO KWIOMONS Ta3a.

AT Chraamunoiar B2 NAUANGISLIY  BuanTiiry  raan  nAr MaMy 3 W
WA ZW/MWVAMKIDOGEL L AAAXES ywll\‘yvm'l“l\ nll\l}llnm.‘\. 1 aoQ UUW n 2 n

HMEIOUMX  OauHakoBylo TeMmmeparypy 400K u namnennu 100 xIla. Ha
NPOACXOAAILEE IPH ITOM MIMEHEHUE IHTPOMUM.

48. B 3001 Bomm mpu 50°C omycrwm 50 r smwxa npu 0°C. Bstamcauts
M3MEHEHNE FHTPOTHA B MOMEHT YCTAHOBICHHS TEIUIOBOTO PABHOBECHS.

49, Bayncants HIMEGHEHHE YHTPODHA APH npespaticauy 150 r ponwt, Basrol
p 20°C, B nap TpH 100°C.

Lt L]

50, Hpu W30XOPHOM HarpeBaHny 480 r KWCIODOA2 KaRTEHHE YBESMUHMNOCH B
5 pa3s. Haifts U3MCHCHUC SHTPOIHH 8 3TOM APOLECCe.

S1. Mpeansnas Tennosas Mammna, paboratomas no  wmkay  Kapuo, -
HCTIONB3YeTCA I8 NONACPKAHHA B pesepyape -remneparyput 250K npu
TemIeparype OKpyiaowero posayxa 27°C, 3a oqun HHKN OT pe3eppyapa OTBOAHTCS
315 xJIx rermorn. Kakasw wmexammdeckas paCota tpelyercs ans BMWIOIHEHHS
OAHOI'O IHKIA MAUIHMHAL,

52. Uneanvhas xonoawistas Manna paGoraer no ofparuMoMy wakty Kapso
¢ KIIA 40% » 32 omsn mmkn cosepimaer pafory 25 xllx. Kakoe Komuuectso
TENNOTH MaiokHa feper 0T XONOAMILHAKA 33 OIHH IHKL?
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53. Oupenemures Tepmudeckuii KI1JL temmoroif mawmns, paGoraiomed no
maxiny Kapeo, ecim temneparypa Harpesatens 100°C, a xonommnsnuka 0°C. Ha
CKONBKO HYXHO HOBBICMTh TEMNEpaTypy Harpesarens, 9robm ysenwawrs KILJ
MawHMHK B 3 pasa (Npn HewsMEHHON TeMmeparype XONONRIbHAKA)?

54. Hpeamsnan reruiopas Mainusa, paboraiomas mo wmiotry Kapro, npemaer
xonomuneauky 288 Mx rennorsi B uac. Temneparypa marpesarens 377°C, a
xonoxunbiuka 27°C. Onpeaenurs MOIWHOCTH YCTAHOBKH,

55. Tennonas MAINHAA COBEPINAET TEPMOAMHAMMUYCCKUH LMK, W306paXeHHbH
Ha puc. 5 8 xoopamuarax T, S (temneparypa, suTponns). Berancmurs KIIJ| wmkna,
eciln MaKCHMANIbHAs TeMniepaTypa pabodero Tena 500 K, a munvmaneras 300 K.

56. Temonas MalInHa COBEPIACT TEPMOJWHAMMYECKHH LMK, wiobpakeHubii
Ha puc. 6 B xoopaunarax T, S (remmeparypa, snTponns). Baaucmurs KIL[ umcna,
€CI/M MaKcHManbHAA TeMneparypa paboyero Teiia 500 K, a MunmManstan 300 K.

K7 Unoamiwaa Tannneag uMamuua comenmraer ofinarunsril UMK,

W Pe KALAWAMEIARGASL A Wiy AASIIGASR  (TAUARARTALATE SArATMprAmATAM 4 A peis A sacmenan "mm'“ﬁ

H3 ABYX H30X0p W IBYx u3o0ap. B mpouecce UMKIa MAKCHMATLHOE NABNCHHE U
o6benM rasa B Aa pasa Somsiue MuHuMansHoro. Onpesenurs KIT/ mwaxoa.

£8. Tennoras MAHIMHA ¢ ABYMA MOJIAMH ABYXATOMHOFO 7233 COBEPINACT LMK,
COCTOSUTME B3 M3OXOPH, H30TepMH H H300aphi. Makcumansimi#i o0beM rasa B
Jpaza OConpimie MHHMMANHHOTO, HM30TEPMMMECKHl OPOLECC NPOTEKACT TpPH
temneparype 450 K. Haiiru KTTX nakia r pabory, copepiaeMyso 3a O/#H URKI.

59, Upcanpunili ABYXaTOMHbLUE a3 COBCPINAET LMKJ, COCTOAINME H3 ABYX
W3OTEPM M JBYX H30X0p, npuueM HambGonpiuas Temneparypa rasa S00K, a
naumenbinag 300 K, naubonsomii obvem 125, a waumersmmdt 3 . Hafie KI1J]
" uHKna.

60, Mneansyan tennosas mamusa paboraer no uukny Kapuo. Temmeparypa
narpesarens 600 K, a xonoanibuuka 300 K. orsomenne sHaubonsiwero obvema
HaHMEHLILEMY B OHOM nmpouecce pasHo 8. Kakyio paborty cosepiuaeT Mammua 32
opun unkn? PabouuM TeAoM ABIAIOTCR BA MOJIA OJHOATOMHOTO HICANLHOrO rasa.

61. Halftn ynenvHBE TETUTOEMKOCTH Cp, M Cy AN MONEKYN Fasos, ecnn
BEPOATHAA CKOPOCTh OBUXCHHA MX NPH HOPMATLHBIX YCHOBAAX pasHa 484,5 wifc, a-
CKOPOCTb PacHpoCTpaHeHHs 3pyka 388 m/c.

62. CxopocTs 3ByKa B [a3€ NPH HOPMANLHEIX YCOBHAX pasa 340 m/c, 2
nocroanHas axnabarel pasua 1.4. Kaxosa miorsocTs rasa?

63. CxopocTh 3Byka B KHCJIOpOAE NpH HekoTopodi Temnepatype 640 m/c.
OnpenesuTs CKOPOCTb 3BYKa B FesIKK FPH TOI %¢ TEMepaType rasa.

64. Halttes oTHOIMIEHHE YAENHHOM TEILIOEMKOCTH NPH NOCTOAHHOM NABJICHHN K
YAETBbHOH TSIUI0EMKOCTH TIPH NOCTOAHHOM ofbeMe UiA ra3osoli CMECH, CoCTORNeH
u3 7 r reqas ® 14 r Bogopona.

65. BHUHCIHTL yAcnbHBE TENIOEMKOCTX 1433, 3Has, 910 ero MOJIAPHAA Macca
4-107 kr/MOMB W OTHOWEHHE MOJAPHOR TEMTOEMKOCTH NP MOCTOSHHOM AABNCHWH
K MOJIAPHOH TENIOEMKOCTH NPH NOCTONHHOM ofbeMe passo 1.67.

66. Tpexaromsntit ra3 nox aannenncM 240 kila n Temmeparype 20°C 3anumaer
o6bem 5 1. Onpenerrs MOMAPHYIO TEIVIOEMKOCTE JITOTO raldd NPH NOCTOAHHOM
JARNEHHH.
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67. Onpenenurs yAcIbHEE TEILIOEMKOCTH MIPH NOCTOAHHOM JARIGHMM M TPH
AOCTOAHHOM OOBEMe BONOPONA, B KOTOPOM TONOBMHA MONCKY/ DACHANach Ha
ATOMBL.

68. BuMHCITHTE TEMOCPATYpY BO3NYX4, NPH KOTODOH IARNCHHO paBHO
11.8 MITa # mnotHocTs Bo3ayxa 145 kr/m’. Ilocrosmsas Bas-aep-Baansca mia
Bosgyxa a=13.8-107 Hu*/moms?, b=03-10" m’/moms. Cpanuwre pesynyramu c
BHIMHCHEHMEM B IPEANIONOKSHHA, TITO Fa3 RACATBAMH.

69. Onpestenums JaRIEHHE, KOTOPOS CO3AACT | MONL KHCIOPOAA, ©C/IM OH
sanumaet ofvem 0.5 n npr remmeparype 300 K. Iocromman Bas-nep-Baansca nns
xucnopona a = 13.6-107 Ha/mom?, b = 3.17.10°° &’ fuoms. CpaBHHTB Pe3ylIbTaTH ¢
ARBNIEHHEM, BHIYHCNICRHBIM NO ypaBHeHiio Menneneena-Knaneiipona.

70. B cocyae BMecTeMOCTBIO 0.3 ;1 HAXORMTCH YTHEKHCILIHA. ra3 B KOMUMECTBE
onnoro. Moas npH temmeparype 300 K. Onpemenurs xasaenwe rasa: 1)no
ypasuenmo  Menneneepa-Knmane#ipona; 2)no ypasHenwo Ban-pep-Baaneca.
[loctosunas Bau-nep-Baamsca i yriexucaoro rasa a=3.61-107 H-m/mom?,
b = 4.28-10° M*/momb. Onpexennts OTHOCHTEJILHYIO MOTPEHOCTb, KOTOpan Syner

AONYIICHA, ¢CJIK TA3 CHATATh BACAILHDIM.

CIIPABOYHLIE MATEPHAIBI
1. OcHoBHbie PUINUECKNHE NOCTORHHBIE (OKPYITIEHHBIE SHAYCHNA)
Du3HYECKHE NOCTORHHBIE 05“::?%’ YHCOBBIE 3HAYCHHA
HopmansHoe yokopeHHe CBOS0HO g 9.8 m/c?
NIANAIOUIMX TN '
TpaBHTAUHOMHAS TOCTORHHAN G 6.67-10" M /(xr-c?)
TMocrosnnas ABoraapo Na 6.02:10% moms™!
Monspuas (yHuBepcauat) ra3onas R 8.31 Jix/(mons-K)
NOCTONHHAR
Iocrosnnas bonsumana k 1.38-10% IwK
Monsamtif 06ben Haeanshororasa | - Vo 22.4-10° m*/mons
(0ob6BeM ONHOTO KHTOMONA
MICANBHOIO 1433 PA HOPMANBREIX
YCIIORUAX)

2. ACTpoHOMHAUECKHE BENHIHHL

Cpearuil PATHYE 3EMITH............o..veevnneeeivaensenes s enoneen. 6.37-10% m
CPeanAs INOTHOCTS 3EMIIH ...........oovvoviverereeeenrererseeeeeeenne 5500 kr/m’
MaCCa 3EMIM .........ooooovrmieeoreeeceseree s e ses e 5.96:10* kr
Pagiyc COMAUA. ..o b estsstreneesseeenn 6.95-10° xr
Cpensn TOTHOCTD COMBIA. .......oovnveeerreiererirecensecernns 1400 xr/m®
Macca COMHIA................cooveveniereereteee e see s eees oo 1.9710% kr



PARHYC JIVHBL .....ooveoevemeneeeneneeonmesensesemnss s esesssessessssnsssan 1.74-10° m

MBECCA JIYHBL. ..o verneeeeersenssscesssensessiansssnsssns s ssssnssnnses 7.3-10% kr
Cpennee pacCTOAHAE MENKAY HEHTPAMU

3EMIH M ILYHBL . .ocvoeovee oo 3.84.108m
Cpemiee paccTOAHNE MEXTY UCHTPAMK

COTMHIA W IEMIH. .vvvcorvvovvevirvesenseeecssemssirs s 1.5:10" m
Ilepuoz obpaieras JIyHs BOXpyr

BEMITH ...cooeveis st ceres e bbbt na e 27 cyr 7943 Mun

3. TnoraocTu xuakoctedt p-107, kr/n’
Bozst (pi 4°CY - 1; rmuueptaa - 1.26; kepocunua - 0.8;
macna - 0.9; pryru - 13.6; cnapra - 0.8
4. TLAOTHOCTH ra30B NPH HOPMATLHKIX YCIOBHSIX, KT/M'
asora - 1.25; aproua - 1.78; soaoposa - 0.09;
Bo3ayxa - 1.29; renms - 0.18; kucmopona - 1.43

5. TlosepxHocTHOE HATKEHUE uaKocTel npu 20°C, Him
pomst - 0.072; rmanepuna - 0.066; crpra - 0.022

6. ILnornocts p, Mogyae ynpyrocta (Moay.n ¥Oura) E, xordguumenr
JRHeHROro PRCIUHpEenns (CPETHEe 3HAYCHHE)

Hawnmenosanue p-10?, xrid E 107" uiv? o 10° K
AmoMusuik 27 7.00 24
Bonbdipam 19.75 411 43

Keneso (crans) 7.85 22,0 119
Koncrawran 89 2190 17.0

Jen 0.92 0.28

Menn 8.8 12,98 16.7
Huxens 8.8 204 ‘ 134
Hwxpom 8.4
®apdop 23 3

7. DbpdexTunumit samerp Moneky.a rasos, 0-10'" u
asota - 3.1; aprona - 3.6; sogopona - 2.3;
Bo3zyxa - 3.0; reaus - 1.9, xucnopona - 2.9

8. Vaenvhas Terutota nutassienus, A-10™ Di/kr
aeaa - 33.5; cpukna - 2.3
9. Yaensnas rewnora napooGpasosamus, r-10° Dx/kr
BoAs - 22.5; adupa - 6.68

10. Yneabnas Temwnoemxocts, c-107 Ih/(kr-K)
Bozp! - 41.9; neaa - 21.0; cunua - 1.26; suxpoma - 22.0
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