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OBIIUE METOANMYECKHUE YKA3ZAHUSA K PEHHEHUIO 3AJTAY
N BBIIIOJTHEHHUIO KOHTPOJIBHBIX PABOT
[Tpe’xxne ueM NPUCTYNUTHh K BBINOJIHEHHWIO KOHTPOJBHBIX paboT, HEOOXOIUMO

IMpoO4YuTaThb 06HH/I€ YKa3aHuA.

@U3MKY CTyACHTBI-3a09YHUKH U3Y4alOT B TEYEHUE 2 CEMECTPOB.

B xaxxnom cemecTpe CTyAEHT AOJDKEH IIPEACTAaBUTh B JCKAHAT OJHY KOHTPOJIBHYIO
pabory.

Howmepa 3agau, KOTOpbIe CTYACHT JTOJKEH BKIIOYUTH B CBOIO KOHTPOJIbHYIO paboTy,
ONpeaeNsoTcs 1Mo Tabnuie BapuaHToB. HoMep BapuaHTa COOTBETCTBYET MOCIEAHEM
nu(pe U3 Homepa 3a4eTHOM KHIKKU. Hanpumep, k Bapuanty 1 oTHOCSTCS 3aa4H:
1.1; 1.11; 2.1; 2.11; 2.21; 2.31; 3.1; 3.11; 3.21; 4.1; 5.1; 6.1, 6.11; 7.1; 7.11.

KoHTposnpHbIe paboThl HYKHO BBITIOJHATH YEPHUIIAMH B IIKOJIBHOM TETpaIH.
KonTpouabHasi padoTa, BbINOJHEHHAS] B HANIEYATAHHOM BH/Ie, HA NIPOBEPKY He
NPUHUMAETCH.

VYcnoBust 3amady B KOHTPOJIBHOM paboTe Halo IMepenucarb MOJHOCThIO, 0e3
COKpAILICHUM.

BHukHyB B yclioBHE 3a/1auH, cliejlaTh KPATKYIO 3allMCh, BRIPAa3uTh Bce NaHHbie B CU
U, TJe DTO TOJBKO BO3MOXHO, JaTh CXEMAaTHYECKUH YepTek, MOSICHSIIOIINN
coJiepKaHue 3aJauH.

BrisBuB, kakue pu3nveckrue 3aKOHBI JIEKAT B OCHOBE JIaHHOM 3aJjauyM, PEIIUTh €€ B
oO1eM BuU/IE.

[TpoBepuB MpaBUIBLHOCTH OOIIETO pPEIICHUS, MOJACTABUTh YUCIA B OKOHYATEIbHYIO
dbopMyly W yKazaThb EIUHUIy HWCKOMOW (PH3WYECKON BEIWYWHBI, TPOBEPHUB
MPaBWIbHOCTh €€ Pa3MEPHOCTH.

[Tpu moacTaHOBKE B pacyeTHYIO (pOPMYITy 3HAUEHUS BEITUYNH MPEJCTABUTH B BUJIC
MPOU3BEACHUS JCCATUYHON NpoOM ¢ OJHOU 3Hauamiew nudpoil mepes 3aniaTod Ha
COOTBETCTBYIOIIYIO cTeneHb naecsatu. Hampumep, Bmecto 1250 nHamo 3ammcarh
1,25-103. B takoMm BuJE NpencTaBiIAeTCSs W OKOHYATEIbHBIM OTBET 3amaud. lIpm
MOJTYYEHUH YUCJIEHHOTO OTBETA HYXHO oOpaliaTh BHUMaHUE HA CTEIEHb TOYHOCTHU
OKOHYATEILHOTO pe3yJibTata. TOYHOCTh OTBETA HE JOJDKHA MPEBBIIIATh TOYHOCTH, C
KOTOPOU J1aHbl UCXOAHBIC BEITUYMHBI.

B Ttex 3amauax, rae TtpeOyercss HauepTUTh Tpaduk, HEOOXOAMMO MPaBUIBLHO
BBIOpATh MacmTad ¥ Ha4ajI0 KOOPAUMHATHBIX OCEH.

B xoH11€ KOHTPOJIBHOM PabOTHI CTYJICHT JOJDKEH yKa3aTh, KAKUMHU y4eOHUKAMH WIIH
y4eOHBIMU TOCOOMSMH TOJB30BAJICSA TPHU PEIICHUH 3a7a4 (Ha3BaHWE y4eOHUKa,
aBTOP, IO U3JIaHHUS).

[Tociie mpoBepKM KOHTPOJBHOW pPaOOTHI TpPETOJaBaTelh MOXKET BEpPHYTH €€ Ha
T0paboTKYy.

OKOHUATENIbHOE PEIICHUE M0 KOHTPOJbHOU padoTe MPUHUMAET MPENojaBaTesib BO
BpeMsl YCTHOT'O cOO€CeI0BaHMS CO CTYJICHTOM, MPOBOJUMOIO JI0 CAAYH dK3aMeHa.



PABOYAS ITPOI'PAMMA KYPCA «®PU3UKA»
JJIAA CTYAEHTOB-BAKAJIABPOB 3AOYHOU ®OPMbI OBYYEHMUA

| CEMECTP
DJIeMeHTbl KHHEMATUKH

dusrka B CHUCTEME €CTECTBEHHBIX HayK. Du3znka ¥ HAYYHO-TEXHUYECKUU
nporpecc. OOmias CTpyKTypa M 3aJadyd  JUCHMIUIMHBL  «Dusnkay. Duszndeckue
BEJIMYUHBI, HUX MU3MEPEHHE U OLEHKAa norpemHocrerd. OU3ndecKkue MOIEu:
MaTepHalibHas TOYKa, aOCOMOTHO TBepaoe Teno. Cucrema oTcyera, TpaeKTOpHs, MyTh,
nepeMenienue. [loctynarenbHoe U BpamareabHoe ABMKEHUSA. CKOPOCTh U YCKOPEHHE.
HopmanpHOE ¥ TaHT€HIUAIBHOE YCKOPEHHUS], II0JIHOE YCKOPEHUE.

VYrioBasi CKOpPOCTh M YTJIOBOE YCKOPEHHE, UX CBS3b C JIMHEWHOU CKOPOCTBIO U
TaHICHIMAIBHBIM YCKOPEHHEM. THIIBI NBUXKEHUA: IIEPEMEHHOE, PaBHOIIEPEMEHHOE,
PaBHOMEPHOE.

JAuHamMuKa MaTepuaIbHON TOYKH U MOCTYNATEJIbHOI0 IBUKEHUA TBEPAOIO TeJia
WNHuepruanbHble 1 HEMHEPLUHUAIbHBIE cUcTeMbl oTcueTa. | 3akoH HeroToHa. OCHOBHBIE
JUHAMUYECKHUE XapaKTEPUCTUKH: Macca, UMITYJIbC, CUJIA.

Hentp macc. Il 3akon HploTOHa — OCHOBHOM 3aKOH JIMHAMHUKHU MOCTYNATEIbHOTO
nekenus. |1l 3akon Hetotona. 3axon Bcemupnoro tsrorenus. Cuibl yrIpyrocta u
TPEHMUS, CUJIA TSHKECTU U BEC TEIIA.

Pabora u 3Heprus

PaGota m w™ommHocTh. DHeprusa. Kunermdeckas, MOTEHIMadbHAs M TOJHAsS
MEXaHH4YeCKue sHepruu. KoHcepBaTUBHBIE U JUCCUIIATUBHBIE CUJIBI.

3aKOH COXPAaHEHMSI MEXAaHWUYECKOW SHEPIUH. 3aKOH COXPAHEHHS M MPEBpPaLCHUS
SHEPrur. 3aKOH COXPAHEHUS UMITYJIbCA.

JAnHaMuKa BpamarejabHOro IBUKEHUS TBEPAOIo TeJia

Mowment unepuuu. Teopema IlrteiiHepa. MomeHT cuibl. MOMEHT HMITyJIbCa.
OCHOBHOE ypaBHEHHME JUHAMUKHU BPAIATEIbHOIO IBUKEHUS TBEPIOIO TEJA.

3aK0oH coXpaHeHHs MOMeHTa ummyibca. ['upockon. ['mpockonuueckuii 3pPexr.
[Ipenieccuss u  HyTanus rupockomna. Kunernueckas »sHepruss u paboTa Mpu
BpaIlaTEIbHOM JIBUKEHUU.

JJIeMeHTbI MeXaHUKH KUAKOCTEH

Hasnenue. I'mapoctatuueckoe pgaBieHue. 3akoHbl Ilackans u  Apxumena.

YpaBHEHHE HEPA3PBIBHOCTU. Y paBHEHUE bepHyum.
Bsi3kocTh xKuaKocTel (BHYTPEHHEE TPEHUE).
JJIeMeHThI PeJSITUBHUCTCKON MEXaHUKH

[Ipunuun  otHocuTenbHOCTH W npeoOpa3zoBanusa [amunes.  IloctynaTsl
cnenuanbHo Teopun orTHocuTenbHocTh (CTO) DOitnmreitna. IlpeoOGpazoBanus
Jlopennia wm ciencTBus W3 HHUX. PENSATUBUCTCKHM 3aKOH CIOKEHUS CKOPOCTEM.
PenaruBucrckuii nmnyJsibc. OCHOBHOM 3aKOH PENSTUBUCTCKON TMHAMUKH. B3aumMoCBA3b
Macchl U SHEPTUH.



MoJieky/JIIpHO-KMHETHYEeCKAasl TEOPHUs UACAJIBbHOI0 ra3a

OcnoBuble mnonmoxennss MKT. Mopgens wupaeanbHOro rasa. 3akoHbl bouis-
Mapuorra, I'eii-JItoccaka, [lapnsa. Ypasuenue Kinanelipona - MenaeneeBa. Monekyia
¥ MOJIb BelecTBa. MoJieKyJisipHast ¥ MoJisipHast Mmacchbl. Yuemo ABorazpo.

OcHoBHOe ypaBHeHne MKT. MonekynsspHO-KMHETUYECKUM CMBICI MOHSATHUSA
TEPMOJIMHAMHUYECKOU TEMIIEPATYPHL.

Pacnpenenenre MOJEKyl HACAIBHOTO Tras3a IO CKOPOCTSIM (paclpenescHue
Makcgeinna). XapakTepHble CKOPOCTH MOJEKyJ. Pacnpenenenne MoyeKyn UAEaabHOTO
ra3za B IOTEHLIMAIIBHOM CUJIOBOM moJje (pacnpeaenenue bonpumana). bapometpuueckas
dbopmymna.

CpenHee 4YHCIIO CTOJKHOBEHMM M CpeAHssl IJIMHA CBOOOJHOTO Mpodera MOJIEKYII.
SIBnenus nepenoca: 1udpQy3usi, BHyTpeHHEE TPEHUE, TEIJIONPOBOJHOCTb.
OCHOBBI TEPMOAUHAMU KU

TepMoauHAMUYECKU METOJ H3Y4YeHUs OOIIMX CBONCTB MaKpOCKOIMUYECKHX
cucteM. BHyTpeHHsIq 3Heprusi Kak TepMOJUHAMUYECKAs! (DYHKIMS COCTOSIHUSI CUCTEMBI.
Yucno creneHeid cBOOObI MOJIEKYJIbI. 3aKOH PAaBHOMEPHOTO paclpeiesieHus SHEpruu
no creneHsM cBoOoAbl Mojekynl. [lepBoe Hauanmo TepmoauHamuku. Pabora raza u
KOJIMYECTBO TEIUIOTHI. Y IeJIbHASI U MOJISIPHAS TEIUIOEMKOCTH. Y paBHeHME Maiiepa.

[Ipumenenre mepBOTro Hayaia TEPMOJAMHAMHUKU K H30mpolieccaM. AnuabaTHBIN
rporecc.

Termossie asurarenu. Lukin Kapno m ero KII/. Ilonstue surponuu. Bropoe
Ha4aJi0 TEPMOJIUHAMUKHU.

DJIEKTPOCTATHKA
DJIEKTPUYECKUE 3apsibl U HUX CBOMCTBA. 3aKOH COXPAHEHHS DJIEKTPUUYECKOIO
3apsaa. 3akoH Kynona. DIEKTPOCTATUYECKOE roJe. HanpsxenHocThb

ANEKTPOCTATUYECKOTO NOJIs. [[pUHIUIT Cynepno3nUIIMU SJIEKTPOCTATUYECKUX TOJIEH.

[ToTok BekTOpa HanpsKkeHHOCTH. Teopema ['aycca n ee mpuMeHeHne I pacdera
AIEKTPOCTATUYECKUX TOJIEH.

[ToreHnManm W pa3HOCTh  MOTEHIMAJIOB  AJIEKTPOCTATUYECKOTO  ITOJIS.
OKBUIMOTEHIMATbHBIE TOBEPXHOCTU. CBSI3b MEXKY HANPSKEHHOCTHIO U TOTEHIIMAIOM.

Jumons B 3nekTpocTtaTuyeckoM  mnone. [lonspusamuss  AMDIIEKTPUKOB.
Jusnexktpruueckasi MPOHUIIAEMOCTh BenlecTBa. MHAYKIUS 3JEKTPUUECKOTO MOJIS.

[IpoBOHMKM B 3JEKTpocTaTHYecKOM Tmoze. Pacnpenenenue 3apsaoB  Ha
IIOBEPXHOCTU  IIPOBOJHUKOB. JJEKTPOEMKOCTH YEIWHEHHOIO IIPOBOJHHMKA U
KOHJeHcaropa. llapajuienbHOE W MOCIIEIOBATENIBHOE COEAWMHEHHsI KOHJIEHCATOPOB.
OHeprum 3apsHKEHHOT0 MPOBOJHMUKA W KOHJIEHCATOPA. DHEPIHsl U IJIOTHOCTh 3HEPrUU
ANEKTPOCTATUYECKOTO TOJIA.

IHocTOAHHBIN YJIEKTPUYECKUHA TOK

Cwia u 1mnoTHOCTh TOKAa. CTOpPOHHHME CHIBL OJEKTPOABWKYIAS CUJA U
HanpsbkeHue. 3akoH Owma. CompoTuBieHrne npoBOAHUKOB. IlocnenoBarenpHoe U
napajijielbHOE€ COE€IMHEHHE MPOBOAHUKOB. PaboTa M MOMHOCTh TOKa. 3akoH J[>koyiis-
Jlenna. IIpaBwia Kupxroda asis pa3BeTBICHHBIX IETICH.
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1. DieMeHThI KHHEMATHKH

OcHosnbvie hopmyvl
e CpenHsst 1 MTHOBEHHAs! CKOPOCTH MaTEPUAIBHON TOUKHU:
_ AT _dr
<O >=—, U=—,
At dt
II€ AF - NEpPEMEUICHUE TOYKU 3a BpeMs At, [- paguyc-BEKTOpP, ONPEAEIISIOIINMA
IIOJIOKEHUE TOUYKH.
e {11 IpsIMOJTMHEHHOTO PAaBHOMEPHOT'O JBMYKEHUS (O = const):
D=—,
t
rae S — myTh, IPOWIEHHBIN TOUKOM 3a Bpems i .
e CpenHee 1 MTHOBEHHOE YCKOPEHUS MaTEpUAIbHON TOUKHU:
Ao . do
=—, a=—.
At dt
e [JosiHOE yCKOpEHUE TPU KPUBOJIMHENHOM JABUKECHUU:

a=a +4, a=.a’+a?,

<a>

rie  a, =‘3_‘t’- TaHTCHIMAJbHAS COCTABIIAIONIAS YCKOPEHHMs, HamlpaBjieHHas IO
UZ
KacaTellbHOW K TpaeKkTopuu; a, =g~ HOPMalbHas COCTABIIONAS YCKOPEHH,

HaIpaBJieHHAs K IEHTPY KPUBU3HBI TpaeKTopuu ( R - pagnyc KpUBU3HBI TPACKTOPHH B
JTAaHHOM TOYKeE).
o [IlyTh W CKOpPOCTH Il PABHONEPEMEHHOTO [BIKCHHS MaTEepPUAIbHON TOYKHU
(a=const):
2
S:uotir%; L=y, tat,

rae Uy- HadalbHash CKOPOCTb, «+» COOTBETCTBYET PAaBHOYCKOPEHHOMY BHIKCHHIO,
«-» - PABHO3aMENICHHOMY.
e Vri10Bast CKOPOCTE: @:Z—(p.
t

e VYIIIOBOE YCKOPEHUE: & = ?j—“t).

e VYrinoBas CKOpPOCTh JIsI PAaBHOMCPHOI'O BpPaAaTCIbHOIO JABHXXCHHA TBCPAOTO

Tena: w=2-2% _o2.v.
t T

rI€ @ - yroj MOBOpOTa Tejna, | — MEePUOJl BpAILCHUS; v:% - 4acToTa BpalleHUus

(N — 9uciio 060poTOB, COBEPIIAEMBIX TEIOM 32 BpeMs { ).
e YroJ TOBOPOTa W YIJIOBasi CKOPOCTh ISl PAaBHONEPEMEHHOTO BpallaTelIbHOTO
JIBWOKCHUS TBEPIOTO Tena (€ = const):
2
et
(o:a)otirT; o=a,tet,



rae (- HavalbHasg YIrjoBas CKOPOCTb, «1» COOTBETCTBYET pPaBHOYCKOPEHHOMY

BpAalICHUIO, «-» - pABHO3aMCIJICHHOMY.

e (B3 MCIKOY JIMHEWHBIMU U YIJIOBBIMH BCIIMYMHAMU
S =Rop; v=Ro; a_=Re; a, =R,
rac R— PaCcCTOAHNUC OT TOYKH OO MTI'HOBEHHOM OCH BpaliCHU:.

Ilpumepul pewienus 3a0au

3aoaua 1. 3aBEUCUMOCTH IPONUJEHHOTO TEJIOM IMyTH S OT BpeMeHU | BhIpakaeTcs

2 3
ypaBHeHHEM S =At—Bt2+Ct® (A =2 m/c, B = 3 m/c’, C = 5 wm/c”). 3anummuTte
BBIPKEHUS NI CKOPOCTH M yCKopeHus. Onpenenute s MOMEHTa BPEMEHHU t=2c

IIOCJIC HadaJda ABUXCHH HpOﬁHCHHBIﬁ ITyTb, CKOPOCTb U YCKOPCHHUC.

Hano: Pewenue:
S=At-Bt* +Ct’; JInst onpeniesieHUsl 3aBUCHUMOCTH CKOPOCTH JIBUKEHHS Tella
A=2M OT BPEMEHM ONPEAEISAEM NEPBYIO MPOU3BOJAHYIO OT MYyTH IO

¢ BPEMCHH:
B=3cﬁ2; v=§=A-2Bt+3Ct’,
C_g WJI TI0CJIE TI0JICTAHOBKHU
PEl v=(2-6t+15t2)=(2—-12+15-22) =50 (x/c).
t=2c. Jlns onpenenenrs 3aBUCUMOCTH YCKOPEHUS JBUKEHHUS TEJIA OT

o(t)-? a(t)-? | Bp€MEHH OIpeAcasieM IIEPBYIO IPOU3BOAHYIO OT CKOPOCTH IIO
v=?a-?S5-7? BPEMCHH:
a=v=-2B+6Ct,
WA TI0CJI€ IT0JCTAaHOBKH
a=(-6+30t)=(-6+30-2) =54 (mlc?) -
[IpoiaeHHBIN Iy Th ONPENEIAECTCS KAK PA3HOCTh
S=5(2)—-S(0)=2-2-3-22+5.2° =32 (m) .

OTBeT: v=50 m/c;, a=54mlc?: S =32m.

3aoaua 2. Teno GPOIIEHO CO CKOPOCTBIO Uy =15Mm/c mox yriom a =30° k ropusoHTy.
[IpuHEMasT Teao0 3a MaTepHAIbHYI0 TOYKY, OIpPEACIUTE HOPMAIbHOE g H

TAHI'€HLUAIbHOE a . YCKOpPEHUE Tena uepes 1,2 ¢ mocie Havana JBUKEHUS.



Hano: Pewenue
v, =15Mm/c; IlocTpoum d4epTe)X M ONPENEIMM MPOEKIUU CKOPOCTH vo B
Ha4yaJIbHbII MOMEHT BPEMEHU:

o =30°; .
t=12c,; Doy =0, COSa, vy, =v,Sinar.
g=1OM/CZ_

a,—?

a -7

Puc.1.1

HpOGKHI/IH U, B npouecce ABHMKCHHA TOYKHU OCTACTCA MMOCTOSIHHON MO BEJIUYUHE U
HaIpaBJICHUIO.

IIpoekuus v, Ha ocb 0y u3Menserca. B touke C (puc 1.1) ckopocTh HampaBjeHa

Y v -Sina
ropu30HTaNBHO, T.e. U, =0. D10 03Hauaer, ut0 U, =v,, —0t'=0, e po_ 0y _ Yo
g g

BpCMs, B TCUCHHUC KOTOPOI0 MaTcpHajibHad TOYKA ITOJHUMACTCSA 0 MaKCUMaJIbHOM

BBICOTBI, MITH TI0CJIE TIOACTAHOBKH ¢~ 1205 _ g 6.
9

K momenty Bpemenu 1,2 ¢ Ttenmo Oyaer HaxoauThcsi Ha cmycke. IlomHoe
YCKOpPEHHE B IPOLIECCE IBHKEHUSI HAIIPABJICHO BEPTUKAJIBHO BHU3 U PABHO YCKOPEHUIO
cBoOOgHOrO majgeHus ¢ . HopmanbHOe yCKOpeHHE paBHO MPOEKIHMH YCKOPEHHS

CBOOOJTHOTO TIAJeHUs Ha HAMpaBICHUE paJnyca KPUBU3HBL, a TAHTCHIIMAIHLHOE
YCKOPEHHE - TMPOCKIIMU YCKOPEHHsS CBOOOJHOTO TMAaJeHUs HAa HANPABJICHHE CKOPOCTH
nBrkeHus (cMm. puc.l.1).

o " . v a
W3 TpeyroibHUKOB CKOPOCTEH U YCKOPCHHI HMEEM: ¢og ¢ — UTX _%n, singp= Uy = Ef :
Ile v =./uy’ +(g-t,)? - CKOPOCTb B MOMEHT BPEMEHHU t, =t —t'=1,2—0,76 =0,44c.
[locne noacTaHOBKM MOJTydaeM:

a = U, -COS = 15m/c*-0,866 M
" Jw,-cosa)’+(g-t) T A5l c?-0866)+(98m/c?.044c) ¢
a,= 9,28m/c".
v, -Sina 15m/c*.05 M
z_: . g = O3
J,-cosa)’ +(g-t)? ~  JA5m/c?-0866)2 +(98m/c?-044c) ¢
a-= 5361/ c%.

OtBeT: a n=9,28M/CZ, aT:5,36M/CZ.



3adaua 3. Koneco aBTOMOOWIISI BpAIIA€TCsl paBHO3AMEIEHHO. 3a BpeMs 2 MUH OHO
-1
M3MEHMIIO YacToTy BpauieHnus ot 240 go 60 mun . Onpenenure: 1) yrioBoe yCKOpeHUE

KoJieca; 2) YUCIIO MOJIHBIX 000POTOB, CACTAHHBIX KOJIECOM 3a 3TO BpEMs.

t =2 mun=120c¢;
Vo =240 munt =4¢7Y

Pewenue:
3anumeM (GopMyJibl Ui yrila TOBOPOTa M YTJIOBOH
CKOPOCTH NP PaBHO3aMEIJICHHOM BpaIlCHUM:

Hano:

V=60nmunt=1c". ct?
(”:mot_T' (1)
e=? N-=-? a):a)o—gt’ (2)

rae o, = 27ZV0,

@ =27V - YTIIOBBIE CKOPOCTH B HAYaJIbHBIM U KOHEYHBIA MOMEHTHI

BPCMCHHU COOTBCTCTBCHHO.

N3 ypaBHenus (2) nosyvaem:
o 27(Vo—V) _2-314 pao(4c™

a1
L) 0157 paolc?.
120c¢

VYron noBopota ¢ =2~N . [ToaTomy Beipaxkenue (1) MOXXHO 3anucarh Tak:

Otcroma: N=vt-

2

2rN= 27zvot—% =27Vt — (v, vy )t

OtBeT: ¢=0,157 pad/c®;

3aoaua 4.

oWty e190c

-1 _qp-1
_(4c”-1c )120c:300.

Touka HBMIKETCS 1O OKPYKHOCTH paguycoM R =0,1amTaK, YTO

3
3aBUCHMOCTH yTJIa TOBOPOTA pajryca OT BpeMeHHU aaercsi ypaBuenuem ¢ =A+Bt+Ct”,

rae B=2padlc, C=1lpaol A OnpenenuTe K KOHILY BTOPOMl CEKYHJIbl BpAILICHUS: a)
VTJIOBYIO CKOPOCTh; 0) JIMHEWHYIO CKOPOCTb; B) YIJIOBOE YCKOpPEHHE; TI') HOpMaJIbHOE
YCKOPEHHE; /1) TAHTCHIIMAIIBHOE YCKOPEHHE.

Hano:

R=01m,

¢=A+Bt+Ct3;
B=2paodlc;

Czlpa()/c3;
t=2c.

w-? v=-?

=7 a,-?

a, —"?

Pewenue:

3aBACHUMOCTB YTJIOBOM CKOPOCTH OT BPEMEHU ONPEACIISIEM, B35IB
IIEPBYIO IPOU3BOJHYIO OT YIUIa [IOBOPOTA 10 BPEMEHH, T.€.

w=¢=B+3Ct%.

JUTst MOMEHTA BpeMeHH t=2¢ @ = 2 padlc+3-1padlc® - 4c?

w =14 paolc .

JluHerHas CKOpOCTh TOYKH U = @ - R, WK NIOCJIE MOJICTAHOBKHU

v=14mlc.
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3aBUCUMOCTb YTJIOBOTO YCKOPEHHS TOYKH OT BPEMEHU OIPEACIIUTCS MEPBOU
IIPOU3BOJHOM OT YIVIOBOM CKOPOCTH IO BPEMEHH, T.€. ¢ =@ =6Ct.

JUis  MOMEHTa BpeMeHH t—2¢ £=6:1-2=12padlc’. Hopmamshoe u

TAHI'CHIUAJIBHOC YCKOPCHUA OIIPCACIIAIOTCA 110 Cl)OpMYJIaM COOTBCTCTBCHHO:

v? 142
n=—=

=19,6(n/c?) 151 a; =¢-R=12-01=12x/c%.
R 01

OTBeT: w=14paolc;, v=14wulc, 8212pa()/c2;

. 2
an :19,6./%/02) az' :1,2./14/(: .

Konumponwvnwie 3a0anusn
1.1. Teno magaer BepTUKAIBHO C BBICOTHI 19,6 M ¢ HyJIeBOW HaualbHONH CKOPOCTHIO.

Kaxkoii myts mpoiiaet Teno: 1) 3a nepsyto 0,1 ¢ cBoero ABM»KEeHUS, 2) 3a MOCIEIHIOO

2
0,1 ¢ coero apmwxkenna? Cuurars §=98m/c”. Conporusnenuem Bo3ayxa npeneOpeys.

1.2. Teno magaer BepTUKAIBHO C BBICOTHI 19,6 M ¢ HyJIeBOW HauyalbHOW CKOPOCTHIO.
3a kakoe BpeMs Teso npoiaeT: 1) mepsoiii 1 M cBoero myTH, 2) nociieqHuii 1 M cBoero

nytu? Cunrats §=98x/c’. Conporusnenuem Bo3ayxa npeHeOpeds.

1.3. C GamHM B TOPU3OHTAIBHOM HAMPABJICHUH OPOIIECHO TEJIO C HaYaIbHOM
ckopoctbio 10 M/c. [IpeHeOperasi COMpOTUBICHUEM BO3TyXa, OMPEACINUTE JIJIT MOMEHTA
BpeMenn { = 2 c mocie Hauanma ABWKEHUS: 1) CKOpOCTh Tena; 2) paanmyCc KPUBHU3HBI

tpaexropun. Cunrats §=98x/c’.

1.4. Kamenp OpolleH TOPU3OHTAIIBHO CO CKOpOCThiO Sw/c. Ompeaenure
HOPMAaJIbHOE M TaHT€HIIMAJIbHOE YCKOPEHUS KaMHs uyepe3 1 ¢ mocie Havana ABUKEHHUS.

2
Cuntats §=98x/c”. ConpoTupnennem Bo3yxa npeHeOpeyb.
1.5. MarepuanpHas TOYKa HauYWHAET JABUTATHCSA MO OKPYXKHOCTH PaIUycoM r= 2,5
2
CM C TIOCTOSIHHBIM TaHTE€HIMATbHBIM yckopeHuem 4. = 0,5 cm/c”. Omnpenenure:

1) MOMEHT BpeMEHH, MPU KOTOPOM BEKTOpP YCKOpEeHUsi d oOpazyeT ¢ BEKTOPOM
CKOpPOCTH U yrou 45°; 2) myTb, MPOIICHHBIN 32 3TO BpeMsl IBHXKYILEHCS TOYKOM.

1.6. 3aBUCUMOCTH NPOMIEHHOTO TEJIOM IYTH OT BPEMEHHU 3a7aéTCsl ypaBHEHHUEM
s=A+Bt +Ct2+Dt®, rme A=0,Im, B=0,Im/c, C=0,14m/c’>, D=0,01m/c’. 1) Yepes
CKOJNIBKO BPEMEHH I0C/Ie Hadaja [BHMKEHHS YCKOpeHHe Tema Oyaer paBHO 1m/c*?
2) Uemy paBHO cpefHEE YCKOPEHUE Tea 3a ITOT MPOMEKYTOK BpeMEHHU ?

1.7. 3aBUCUMOCTh NPOWJEHHOIO TEJIOM IYTH OT BPEMEHHU 3aJaéTcid ypaBHEHUEM
s=A—Bt +Ct?, rne A=5m, B=4m/c, C =1m/c’. 3anummre BBIPAKEHUS 1711 CKOPOCTH
u yckopenus. Ompenenure sl MOMEHTa BpPEMEHM t=3C mocie Hayajaa JBHKCHUS
IIPOWJICHHBIN IIyTh, CKOPOCTb U YCKOPEHHE.

1.8. 3aBucuMoCTb NPONAEHHOrO TEJIOM IyTH $ OT BpemMeHu 1 BeIpaxaeTcs
ypaBHeHHEM s—A-Bt2+Ct® (A =2 m/c, B = 3 m/c’, C = 4 w/c®). Bammmmure
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BBIPAXEHUS I CKOPOCTH U yCKOpeHus. Omnpenenure ajis MOMEHTa BpEeMEHHu t=2c
1OCJIe Hauaja ABUKEHUS MPONAEHHBIN MyTh, CKOPOCTh U YCKOPEHUE.

1.9. HopmanbHO€ YCKOpEHHE TOYKH, ABMXKYIIEWCS O OKPYKHOCTU pPaguycoM
r=4u, 3amaercsi ypaBHeHmeM a, =At’, roeA = 4 m/c”. Onpenenure:
1) TaHreHUHaJIbHOE YCKOPEHHE TOYKH; 2) MyTh, MNPONJAEHHBIA TOYKOH 3a BpeMs
t, = 5 ¢ mocie Hayaia JBWKEHHS; 3) MOJHOE YCKOPEHHE JUIsi MOMEHTa BPEMEHU
t, =1c.

1.10. KunemaTnyeckne ypaBHEHHs JBIDKCHHS JBYX MaTEPUATBHBIX TOYECK MMEIOT
BU]I x1:A1+Blt+C1t2 u X2=A2+Bz'[+C2t2, rie B, =B,, C1:—2M/(22, C2=1M/Cz_
Omnpenenure: 1) MOMEHT BpeMEHH, ISl KOTOPOTO CKOPOCTH ITHX TOYEK OYIyT pPaBHBI;
2) yCKOpEHUA a, U a, Ul 3TOTO MOMEHTA.

1.11. Hduck paguycom 10 cm Bpaimaercss BOKPYT HEMOJABUXKHOM OCH TakK, 4YTO
3aBUCHUMOCTh YIja MOBOPOTAa paguyca AUCKa OT BPEMEHHM 3aJacTCid ypaBHEHUEM
o=A+ Bt +Ct? + Dt® (B =1 pag/c, C =1 paz[/cz, D=1 pazl/c3). Omnpenenure s
TOYeK Ha 000Je JUCKa K KOHIy BTOpPOW CEKYHIbl IOCIE Hayajla JBHXKCHUS
TaHTE€HIIMAJIbHOE, HOPMAJIbHOE U MOJHOE YCKOPEHUS.

1.12. Jluck Bpamaercs BOKPYT HEMOJIBI)KHOW OCH TaK, YTO 3aBUCUMOCTH YyIJia
MOBOPOTA pPaJnyca JUCKa OT BPEMEHHU 33/aeTCsl YpaBHCHUEM (@ = At’ (A=0,5 pax/c?).
Onpenenure K KOHIy BTOpPOW CEKYHZbl TIOC/I€ Hayajga ABWUXKEHUA: 1) YrioByro
CKOpPOCTb JUCKa; 2) yIJIOBOE€ YCKOpEHME AUCKa; 3) Uil TOYKH, Haxojasulehcs Ha
paccrosHuu 80 CM OT OCH BpAIllEHUS, TAHT€HUHUAIBHOE, HOPMAJBHOE M TOJHOE
YCKOPEHMUS.

1.13. Jluck Bpamaercs BOKPYT HEMOJBIKHOW OCH TaK, YTO 3aBUCUMOCTH YIJia
MOBOPOTa pajnyca JUCKa OT BPEMEHM 3aJaeTCsi ypaBHEHUEM ¢ = At2(A=0,1paJ:[/02).
Onpenennure NMOJHOE YCKOPEHHE TOYKM Ha 000J€ JUCKAa K KOHI[y BTOPOW CEKYHIBI
IOCJIe Havyaja ABMKCHUS, €CIIM B 9TOT MOMEHT JIMHEHHAs CKOPOCTh 3ToM Touku 0,4 M/C.

1.14. duck panuycom 0,2 M Bpaimaerca BOKPYT HEMOABUXKHOM OCH Tak, 4YTO
3aBUCUMOCTb YTJIOBOM CKOPOCTH OT BPEMEHU 3aJAE€TCS YPABHEHHUEM o =S5At*, THe
A=1padlc’. Omnpenenure st TOYEK HA 000/€ JUCKA K KOHILY MEPBOM CEKYHJbI MOCIE
Hayaja JABWKEHUS IOJIHOE YCKOPEHHUE M YHCIO OOOpPOTOB, CHEIAHHBIX JUCKOM 32
MEPBYIO0 MUHYTY JBHKCHUS.

1.15. duck pagmycom 10 cMm Bpamaercs Tak, 4TO 3aBHCUMOCTh Yrja MOBOpPOTa
pajuyca [MCKa OT BpPEMEHM 3aJaeTcs ypaBHeHueM ¢ =A+ Bt* (A = 2 pan,
B = 4 pan/c’). Onpegenure s Todek Ha 060/1e Koeca: 1) HOPManTbHOE YCKOPCHIE B
MOMEHT BpPEMEHU 2 C; 2) TAaHM€HUHUAJIbHOE YCKOPEHHE ISl 3TOr0 € MOMEHTa; 3) yroj
MIOBOPOTA, IPU KOTOPOM IOJIHOE YCKOPEHUE COCTABIISIET C paguycoM KoJieca 45°.
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1.16. SIKOpb BMEKTPOABHTATeNs, MMEIOMMHA dacToTy Bpamenms 50 ¢, mocie
BBIKJIFOYEHUS] TOKa, ciaenaB 628 o000poToB, ocTtaHoBujcA. Omnpenenutre yrioBoe
YCKOPEHUE SKOPS.

1.17. Koneco aBTOMOOWIIS BpallaeTcsi paBHOYCKOPEHHO. 3a BpeMs 2 MHH OHO
M3MEHIIIO 4acTOTy BparneHus ot 60 xo 240 mun . Onpenenure: 1) yrioBoe yCKOpeHHe
KoJieca; 2) YUCIIO0 MOJHBIX 000POTOB, CCTAHHBIX KOJIECOM 33 3TO BPEMSI.

1.18. Koneco, Bpamasick paBHOYCKOPEHHO, JIOCTUTIIO YrioBoil ckopoctu 20 pan/c
yepe3 10 o0opoToB mocie Hayaia Bpaiienus. Haliiure yrioBoe yCKOpeHuUe KoJieca.

1.19. Komeco cmyctss | MHH Toclie Havajia BpalleHHUS MPUOOPETAET CKOPOCTH,
COOTBETCTBYIOIIYI0 yacTtoTe 720 00/MuH. Haiiaure yrioBoe yckopeHHe Kojieca U
YUCJIO OOOpOTOB,  CHENAaHHBIX  KOJIECOM 3a 3Ty MHUHYTY. JIBUXKEHUE CcuuTaTh
PaBHOYCKOPEHHBIM.

1.20. Koneco, Bpamiasich paBHO3aMEIJIEHHO, TP TOPMOKEHUU YMEHBIIUIIO YaCTOTy
Bpamenus 3a 1 mua ¢ 300 06/mun 10 180 06/MuH. Halimute yrioBoe yCKOpeHHE Kojeca
U YKCJIO 000POTOB, CIIETAHHBIX 3@ 3TO BPEMS.

2. JuHAMHKA MaTepHATbHON TOYKH
U MOCTYNATEJbHOI0 ABUKEHUS TBEPAOro Tesia

Ocnoenuvie ghopmynvt

—

e IMnynbc MaTepuanbHOil Touku: P =m0,
rae M-macca MaTepruaIbHOM TOYKH, U - CKOPOCTh JABUKECHUS.
e Bropoii 3akon HetoTOHA (OCHOBHOE ypaBHEHUE AUHAMHUKU MAaTEPUATbHOU TOUYKH):
= ~ do dP
F=ma=m—m=—.
dt dt

® JTO XK€ YpaBHEHHE B TMPOEKIUSAX Ha KacaTeIbHYI0O M HOPMallb K TPAECKTOPUU
2

v, v
JBIDKEHHS Touku: F, =ma, = ma, F =ma, = R = ma)ZR,

do
rae @, = —— — TaHTeHIUAJIbHOE (KacaTeIbHOE) YCKOPEHUE,

dt

2
v 2
a, = R-® R — HOpManpHOE (IIEHTPOCTPEMHUTEIIEHOE) YCKOPECHHE.

e Cuna tpeHns ckonpxenus: F,, = 4N,

rae u— Kod(PUIMEeHT TPeHUs CKOJIbXeHUs; N — cujla HOpMaJIbHOT'O JIaBJICHUS.
e Cuiia ynpyroctu: F = —kx,
rae X - BenuuuHa aepopmanuu; k - KoapOUIMEHT )KECTKOCTH.

m,m,

’
r2

e Cyj1a rpaBUTALMOHHOIO IIPUTSKEHNS IBYX MaTepHAbHBIX TOUEK: F = G
-11 3 2
rie G=667-10""m"/(re-c”)— IPaBUTALUOHHAS HOCTOSIHHAS,
m, 1 m, — MacChl B3aHMOJICHCTBYIOIIMUX TOYEK, r— PACCTOSHHE MEKIY TOUKAMH.

13



e 3aKOH COXpaHCHHS UMITYJIbCa JUISI 3aMKHYTOW CUCTeMBbl: P = » m,u, = const,

rjae - 4nciio MatepuanbHbIX TOUEK (MU TEM), BXOJSIINX B CUCTEMY.

L4 Pa60Ta, coBCpHIacMasd TCJIOM
dA=F.ds=Fdscose ,

rne F;, — npoexkums cuibl Ha HampaBlIeHHE INEpEMELIEHHs; (! — YIOJN MEXIY
HaNpaBJICHUSMU CUJIbI U IEPEMEIICHHUS.

e PaGora, coBepiacMas IepeMEeHHOI CUIIOi, Ha myTH §: A= J. Fds= I Fcosads
S S

o CpenHsisi MOIIIHOCTH 33 IPOMEKYTOK BpeMeHH At (N) = j_':‘ :

rne AA — pabota 3a IPOMEKYTOK BpeMeHu At .

d':‘, win N =Fo =Fu=Fucosa.

e MrHOBeHHAs MOIIIHOCTE. N =

o Kunernueckas OHCPIus ABHXXYIICTOCA Cco CKOpPOCTBIO U TCJ1a
2
mo

maccor M: E, =

e [loTeHumanpHas sHEpPrus Tenaa Maccod M, MOAHATOrO HAJ MOBEPXHOCTHIO 3€MIIH
Ha BBICOTY h: E,, = mgh,
riae g — yCKOpeHHUe CBOOOJHOTO MaICHHUS.

kx?
e [loTeHnIManbpHAs PHEPTHUS YIIPYTO NeOpMUPOBAHHOTO Tena: £, =——

mlmZ
.
® 3aKOH COXpaHEHHSI MEXaHUYECKOU SHEPTUHU (11 KOHCEPBATUBHOM CUCTEMBI):
E . +E, =E=const.

L HOTGHHI/IEU'II)HEUI OQHCPI'uA rpaBUTAIMOHHOI'O BSaHMOﬂCﬁCTBHH: E,=-G

Ilpumepot pewienus 3aoau

3adaua 1. Ha mnype, NEPEKUHYTOM 4Ye€pe3 HEMOJBHXKHBIN OJIOK, MOJBEIICHBI
rpy3sl Maccamu M, wm m,(mM,>m,). CyuraeM HUTh U OJOK HEBECOMBIMH U

npeneOperaeM TpeHueM B Onoke. C KakuM yckopeHueM JBHXKYyTcs rpy3bl? Kakosa
CUJIa HATSDKEHUS LIHYpa BO BpEMsI IBHOKEHUS ?

14



Hano: Pewenue:

m;,m,; ( JlenaeM pHCYHOK, pAacCTaBisieM CHJIbI, ACHCTBYIOIIME HAa KaKI0€
TEJO:
m;>m,). 2222
a—"7?
T2 \
Y
v Puc.2.1

3anuceiBaeM BTOpOM 3aKkoH HbIOTOHA ISl KaXKI0TO Tella B BEKTOPHOU dopme:
ma=mg+T
m,a=m,g+T

[Tockompky m,>m ,» CUUTAEM, UTO TEJIO Maccou M; IBMXKETCS BHU3, a TEIO MAacCOU

m,- BBepX. Ock Y COBIAJAET C HAIPaBICHUEM YCKOPEHMS. 3alMCBIBAEM BTOPOMH

3akoH HeroToHa JJIA KaXKA0ro TCjia B IIPOCKIKMK Ha HAIIPaBJICHHUC OCH Y:
ma=mg-T
m,a=T-m,g
CKJIa}]BIBaH IMOYJICHHO 3TH YPABHCHUA, IOJTyYaCM:

(m,+m)a=(m,-m)g = a=u"TM)O
m, +m,

HOI[CT&BJ'IH?I 9TO BBIPAXKCHHUEC B OAHO H3 ypaBHeHI/If/'I CHUCTEMBI, HonyqaeM

2m;m,g

BBIPpAKCHHUC OJIA CHUJIbI HATAXKCHUA! T=—=——= .
m, +m,

3adaua 2. B ycranoBke (cCM. puc.2.2) yrojl HaKJIOHHOM IJIOCKOCTH C TOPU30HTOM

a=30°, Maccel T€l m, =150 U m, =200-. CuuTas HUTHL U OJIOK HEBECOMBIMH,

OIIpCACINUTC YCKOPCHHUC, C KOTOPBIM IABMIXKYTCA TCJId, KU CUJIY HATSKCHUA HHUTHU, CCIIH

Teno m,omyckaercs. Koagduuuent Tpenus tena m, 0 miockocth paseH 0,1.
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Hamno: Pewienue:

m, =150z, Jlemaem puUCyHOK, pacCTaBIISIEM CHIIBI, JEUCTBYIOIIME HA KaXK10€
m, = 2002, TEI0 .

a=30°;

n=01.

a—? T-?

vy

Puc.2.2

3anuckiBaeM BTOpOM 3akoH HbrOTOHA 77151 KaXKI0T0 TeJia B BEKTOPHOH (hopme:
ma=mG+T + N+ Frp
{mzﬁ =m,G+T.
JId Kakaoro Tesna yCTaHaBJIMBAEM OCU KOOPAWHAT U 3aIlMChIBAEM BTOPOW 3aKOH
HproToHa miis kaxaoro Tena B MpOCKIUAX Ha HanpaBiieHuss 0X u 0 :
{OX: ma=T-m,gsina—F, ; 2)0Y i ma—mg_T.
OY: N=mgcosa .
YunteiBas, uto Fp =N =p-mgcosa | nonyuaem cucremy:
m@a=T —m;gsina —p-mgcosa
{ ma=mg-T.
CxJaipIBa€M MOYJIEHHO 3TH YPABHEHHUS:
(m +my)a=(m,—m;sina—x-m;cosea)g -
Ortcroia nmojiyyaeM BhIPaKE€HUE JJIsI YCKOPEHMUS:
. (m, —m,sin @ — - m, cosa)g .
m, +m,

(0,2-0,15sin30° —0,1-0,15c0s307)10
015+0,2

[MoacraBnsieM uucia; a= =0,4(nlc?).

N3 ypaBHEeHUs 2) BbIpakaeM CUITYy HATSIKEHUS: T =m,g—m,a -

Moncrapnsem uncna: 1 =02x2(10-04)m/c* =192 H |

Orser: a=04m/c’; T-192H.

3aoaua 3. JIBrxyluieecs Te€JIO Maccod M; ynapseTcs O HEMOABHXKHOE TEJI0 MACCOMN
M, . Cuuras ygap YNOpPyruM M IIEHTPaJbHBIM, OIpPEACNNTe, KAKyl YacTh CBOEH

NIEPBOHAYAJIBHON KMHETUYECKOM SHEPTUH NIEPBOE TENO MEPENAET BTOPOMY IIPH yAape.
3ajady peuMTe cHadajga B OOILIEM BHJE, a 3aT€M PacCMOTpUTE ciayyau: 1) M, =m,;

2) m, =9m,.
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/ano: Pewienue:
m,m,, o, [Tycte ckopocTh mepBoro Ttena A0 yaapa o,. CKOpocTh
BTOPOTO TeJa 0 yAapa o, = 0. KuHerndeckas sHeprust nepBoro

2
1)m,=m,; |Tema no ymapa g -"% . IIpeamonaoxuM, YTO CKOPOCThH
2

2)m; =9M,. | groporo Tema mocme ymapa paBHa U,. Torga KHHeTHYeCKas

E! L
—k2 7 BHEprys BTOPOro Tena mnocnie yaapa g, =% | a orHomeHune
E 2
K1
JHEpPrum
2
E+’<2 _ m, -u, (1)
=
Exi m-u

Jns ompeneneHuss CKOPOCTH BTOPOro Tejla IOCHE yhapa 3aluiieM 3aKoH
COXpAaHEHUS] MMITyJIbca B MPOCKIIMU HA HAIMPABJICHUE JIBUKCHHS M 3aKOH COXPaHEHMS
MEXaHUYECKOM SHEPruHu, moJiaras, 4ro CHUCTEMA TeJl 3aMKHYTa U B HEW JICMCTBYIOT
TOJIBKO KOHCEPBATUBHBIC CUJIBI.

m v, =m u +m,-u,

ml-uf:ml-uf+m2-u§ (2)
2 2 2

[Ipeobpazyem cuctemy (2) K BUIY

ml'Ul_ml'ulzmz'uz} (3)

2 2 2
m.-v, —m -u =m,-u,

Pa3nenuB oqHO Ha Apyroe BbIpakeHHs! cucTeMsl (3), moayuum U,=U, -0, a mocie

MOJICTAHOBKHU CKOPOCTH u, B NMEPBYIO (pOpMyIly CUCTEMBI (3) MOITYyUYUM

u, = 2m, v, ) (4)

m, +m,

OtnHomenue sHepruii (1) mpuoOpeTraeT BU

Er. 4m-m,

EKl (I‘]fll.-+_r.r]2)2

1) Ectu m;=m, , To £k =1. [Ipu paBeHCTBE Macc IEPBOE TEJIO IOJHOCTHIO OTIAAET

KI
9HCPIrur0 BTOPOMY, T.C. IICPBOC TCJIO OCTAHOBUTCA, a4 BTOPOC HAYHCT JABUIATHCA CO
CKOPOCTBIO IIEPBOI'0 TCJIA.

2) Ecim m1:9m2,T0 Ei;@:‘l'gmiz'zm:o,%-
E,  100m:

OTBeT: 1) Ei;ﬂzl, 2) E7;<220,36.

K1 EKI
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Konmponwnuie 3a0anun
2.1. Yepe3 HenmoABWXKHBIA OJIOK mepeOpolieHa HUTh, HA KOHIIAX KOTOPOH BUCST
Ipy3bl C paBHBIMU Maccamu 10 245 r kaxapiid. C KaKuM yCKOpEHUEM OyIyT JBUTAThCS
Ipy3bl, €CJIM Ha OJWH U3 HUX NOJIOXKUTH Ipy3 10 r? Omnpenenurte HaTSKEHUE HUTH U
BpEMs1, 32 KOTOPOE OJIMH U3 TPY30B MPOKAET MyTh 1,6 M.

2.2. Ha HUTHU, TEpEeKUHYTOW Yepe3 HEMOJBWKHBIA OJOK, MOJBEHICHBI TPY3bI
maccamu 0,3 u 0,34 kr. 3a 2 ¢ mocisie Hayana JBUKEHHS Ka)XIblil Tpy3 MPOLIEN MyTh
1,2 M. Ilo nmaHHBIM oOmBITA HAWUIAUTE YCKOPEHHE .
CBOOOJTHOTO TaJICHHUS. '

2.3. I'py3sl oquHaKoBO# Macchl (m,=m,= 0,5 Kr) co-
CIMHEHBI HUTHIO U TMIEPEKUHYTHI Ye€PEe3 HEBECOMBIH
0JIOK, YKpEIJICHHBbIM Ha KOHIle cTojia (puc. 2.3).
Kosdpduuuent tpenus rpyza m, o croa O0,15.
[Ipenebperas tpeHuem B Oioke, ompenenute: 1)
YCKOpPEHHUE, ¢ KOTOPBIM JIBHXKYTCS TPY3bl; 2) CUIY

HATSDKECHUS HUTH. Puc.2.3

m,

2.4. Teno A wmaccoit 2 xr (puc. 2.4) HaXOAUTCS HA TOPU3OHTAIHLHOM CTOJIE U
COCIMHEHO HUTSIMH ITOCPEACTBOM 0JI0KOB ¢ TenaMu B (m,= 0,5 kr) u C (m,= 0,3 kr).
CuuTas HUTH U OJIOKM HEBECOMBIMM U IpEHEOperas CHjIaMu TPEeHus, ompenenure: 1)
YCKOPEHHE, C KOTOPBIM OYAyT ABUIaThHCA OTH Tela; 2) Pa3HOCTh CHJI HATSHKEHMS HUTEM.

2.5. C KakuM YCKOpPEHUEM JIBHUXKETCS CHCTeMa, W300pak€HHas Ha (puc. 2.4),
ecnu macca Ten A u BpaBHa m=1ke, a macca tena C paBHa 2m? KoadpduumeHt
Tpenus paBeH 0,2. Onpenenute CUIbl HATSHKCHUS HUTH, CBsI3bIBatolieii Tena A u B, u
CHMJIBI HATSHKEHUSI HUTH, CBs3bIBaromie tena A u C.

A

Puc. 2.4

2.6. C BeplIMHBI KJIMHA, JIMHA KOTOPOTrO 2 M U BbIicOTa 1 M, HAUMHAET CKOJB3UTh
HeOouboe teno. Koadpuuuent tpenust mexay tenom u kiuHoM 0,15. Onpenenure
YCKOPEHUE, C KOTOPBIM JBUKETCS TEJIO, BpeMs IMPOXOXKIACHUS Tela BIOJb KIWHA U
CKOpPOCTbH T€JIa Y OCHOBAHUS KJIMHA.
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2.7. B ycranoBke (puc. 2.5) yron & HaKJIOHHOW IUIOCKOCTH C TOPU30HTOM DPaBEH
30°, maccst et m; =200 r 1 m,=300 r. [Ipu >TOM TEJIO MAacCCON m, IBHIKETCS BBEPX IO
HakjI0HHOU TmockocT. Koaddunuent tpenus 0,1. Cuutas HUTH U OJIOK HEBECOMBIMH,
OTIPENICTTUTE YCKOPEHHUE, C KOTOPHIM OYIyT IBUTAThCS ITH Tella, U CUIY HATSHKEHUS
HUTHU.

",

Puc. 2.5

2.8. B ycranoBke (puc. 2.5) yron & HaKJIOHHOW IUIOCKOCTH C TOPU30HTOM DPaBEH
30°, maccsl Tenr m, =500 r u m,=200 r. IIpu 3TOM TENO Maccom m, ABMKETCSA BHU3 MO

HakJIOHHOM 1ockocTu. Koaddumuent tpenus 0,1. Cunrtas HUTh U 610K HEBECOMBIMH,
OTIPEJICTTUTE YCKOPEHHUE, C KOTOPhIM OYIyT JABUTATHCS ATH Tella, U CUIYy HATSKEHUS
HUTHU.

2.9. B ycranoBke (puc. 2.6) yriel & U B C TOPU30HTOM COOTBETCTBEHHO PaBHBI
30° u 45°, maccel Ten m,=0,45 xr u m,=0,5 kr. Cuntasgs HUTh U OJOK HEBECOMBIMU U

npeHeOperas cujiaMu TpeHus, onpenenure: 1) yckopeHue, ¢ KOTOPhIM JBUXKYTCS Tela;
2) cuIy HaTSIKEHUSI HUTH.

Puc. 2.6

2.10. B ycranoBke (puc. 2.6) yribl @ U S C TOPU30HTOM COOTBETCTBEHHO PaBHBI
30° m 45° wmaccel Ted1 m, =m,= | kr. Koadpduuuest TpeHus Kaxaoro Tema o

mockocTh paBeH 0,1. Cuurtas HUTH U 0JI0K HEBECOMBIMH, OIIpEIeTUTe: 1) YCKOpEHHeE, C
KOTOPBIM JBHKYTCS TeJja; 2) CUILY HATSIKEHUS] HUTH.

2.11. Kamens, npuBsi3aHHbIi K BepEéBKe JMHONU 50 CM, BpalaeTcs B BEPTHKAIBLHON
rwiockocTu. Haiiaute, mpu kakoM yucie o00pOTOB B CEKYyHIY BepEBKa 000PBETCS, eclin
M3BECTHO, YTO OHA pa3pbIBAETCS MIPU HArPYy3Ke, pABHOM JECATUKPATHOMY BECY KaMHSI.

2.12. Kamenp, MpuBsA3aHHBIA K BEpEBKE, BPAIIACTCS B BEPTUKAIHHOM IIIOCKOCTH.
Haiinute maccy KaMHs, €CIM HM3BECTHO, YTO PA3HOCTb MEXIY MAaKCUMAJIBHBIM H
MHUHHUMAaJIbHBIM HaTsSKEHUSAMHU BepEBKM paBHa 10 H.
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2.13. I'mpbka, npuBsi3anHas K HUTH AAUHOU 30 CM, ONMUCHIBAET B TOPU3OHTATHHOU
IJIOCKOCTH OKPY>KHOCTh paauycoM 15 cm. Halinure yactoty BpaleHHsi TUPBKHU.

2.14. Jluck BpamiaeTcsi BOKPYr BepTHKadbHOM ocu ¢ yactotod 30 oO/MHH.
Ha paccrostnuu 20 cM OT OCH BpallleHUsI Ha JAMCKE JISKUT Tesno. KakoB JOJKEeH OBITh
KO3 PUIMEHT TPEeHUsI MEXKIY TUCKOM U TEJIOM, YTOOBI TeJI0 HE CKaTUIIOCh C AUCKA?

2.15. C xakoii CKOPOCTbIO JOJDKEH €XaTh aBTOMOOWJIbL MacCoi 2 T MO BBITYKIOMY
MOCTY C paguycoM KpuBU3HBI 40 M, 4TOOBI B BEPXHEHW TOYKE OH IMEpecTal OKa3bIBaTh
JaBJIEHWE Ha MOCT?

2.16. Cawmouer, netsuuii co ckopocthio 250 M/c, BeimosiHseT netiao Hecreposa B
BEPTUKAJIBbHOU MIOocKocTH paanycoMm 1600 m. C xakoi cuiioi jgeTyuk maccoil 70 kr
JIaBUT Ha CUJICHbE B BEpXHEH 1 HMKHEHW TOUYKaX METIu?

2.17. Ha ropuzoHTaapHOH Opore aBTOMOOMWIIb JICJIACT IOBOPOT paauycoMm 16 m.
KakoBa Hanbobinasi CKOpOCTh, KOTOPYIO MOXET pa3BUBAaTh aBTOMOOWIIb, YTOOBI €ro
HE 3aHEC]I0, €ciM KO3(Q(ULUHMEHT TPEHHs CKOJBXKEHHUs Koiec o jopory paseH 0,47
Bo CkoiBKO pa3 U3MEHHUTCS 3Ta CKOPOCTh 3UMOI, Korga Ko3(p(UIHEHT TPEHUs CTaHET
MeHblle B 4 pa3a?

2.18. Topu3oHTANIBHO PACIOJIOKEHHBIH JHCK TPOUTPHIBATENS BpaIlaeTcs C
gactoToi 78 o06/mMuH. Ha Hero mnomectunu HeOonbiol mnpeaMer. [lpenensHoe
PACCTOSIHUE OT MPEAMETA 10 OCH BPAIIECHUS, IIPU KOTOPOM IPEIAMET YIECPKUBAETCA HA
nvcke, paBHO 7 cM. KakoB koA GUIIMEHT TpEeHUS MEXKIY MPEIMETOM U JUCKOM?

2.19. YenoBek CUIUT Ha Kparo KPYrJIOH TOPU3OHTAIBHOMN TIAT(OPMBI paguycoMm 3
M. C kakoll MaKCHMAaJbHOW dYaCTOTOW JOJDKHA BpaliathCs IUIaTGopMa BOKPYT
BEPTUKAIBHOW OCH, YTOOBI UYETIOBEK MOT YIEp)KaThCsi Ha HEW mpu KoddduimeHnte
tpenus 0,37

2.20. Manpunk maccor 50 Kr kayaeTcs Ha Kayensax, ¢ JIuHou mojseca 4 M. C Kakoi
CUJIOW OH JIaBHT Ha CUJICHBE MPHU MPOXOKICHUU CPEIHETO MOJIOKEHUS CO CKOPOCTHIO 6
Mm/c?

2.21. Ilap maccoit 10 kr cramkuBaercs ¢ mapom Maccou 4 kr. CKOpPOCTh MEPBOTO
mrapa 4 m/c, Broporo 12 m/c. HaiiguTe oOmryr0 cKOpoCTh IIApOB MOCHE yapa B ABYX
Clly4asiX: KOTJa Majblii Iap HAaroHseT OONBIION IIap, IBIKYIIMWCS B TOM JKe
HAIpaBJICHUH, W KOTJAa MIapbl ABWXKYTCS HABCTpedy JHPYr Apyry. Yaap cCuUuTaTh
NPSIMBIM, TIEHTPAJIbHBIM, HEYITPYTHM.

2.22. Illap maccoit 200 r, naBmxymmics co ckopocteio 10 M/c, ynmapser
HEeMOABMXKHBIN 1map maccoit 800 r. Y aap npsaMoi, eHTpadbHbIN, a0COIIOTHO YIPYTHMA.
Onpenenure TpoeKIMU CKOpocTell mapoB nocie yaapa. (Hampasienue ocu BeIOpath
10 ABMKEHUIO MEPBOTO 11apa J0 yJaapa).

2.23. I'panara, nersmas co ckopocteio 10 m/c pa3opBasiach Ha JBa OCKOJKA.
Bonpmmii  ockosiok, Macca KoToporo cocrasisier 60% Maccel Bceil TrpaHaThl,
MIPOJIOJIKAJ IBUTATHCA B TOM K€ HAIpaBJIEHUU, HO C YBEJIMUEHHON CKOPOCThIO, pABHOU
25 m/c. Haiinute CKOpOCTh MEHBIIIETO OCKOJIKA.
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2.24. Tenexka, Macca KoTopoii (6e3 demoBeka) 120 Kr, ABUKETCS IO WHEPIIUU TIO
TOPU30HTAILHON IIOCKOCTH CO CKOPOCThIO 6 M/c. C TENeKKH COCKAKMBAET YEJIOBEK
Maccor 80 kr mox ymiom 30° k HampaBieHHIO €€ JIBUXKEHHS. CKOPOCTh TEJIEKKH
yMeHblIaerca npu 3tom a0 4 mM/c. KakoBa Obuta CKOpPOCTh MPBDKKA OTHOCHUTENIHHO
IJIOCKOCTH?

2.25. Hlapuk maccoit 10 T magaeT Ha TOPU3OHTAIBHYIO TNIOCKOCTh C BBICOTHI 27 CM.
Haiinmure cpenHio0 cuily yaapa B ciydae, KOTja MapuK MIaCTUINHOBBIN (a0COTIOTHO
Heynpyrui yaap).JlirensHocTh yaapa mapuka ¢ miockoctsio 0,03 c.

2.26. JIBmxytieecs TEIO Maccoi M, ymapsieTcs o HEMOABIKHOE Tesro Maccor M, .
Cuuras ynap HEyNpyruMm U IEHTPAIbHBIM, HaWJWTE, KakKas 4acTh NEpPBOHAYAIbHOU
KHHETHYECKOM YHEPTUU MEPEXOIUT MPHU yaape B TEILIO.

2.27. Snpo, nereBiiee TOPU3OHTAIBHO CO CKopocThio V=20Mm/c, pa3opBalloch Ha
JIBa OCKOJIKa ¢ MaccamMu mp;=10Kr 1 m,=5 kr. CKOPOCTh MEHBIIIEr0 OCKOIKa V, = 90M/c
Y HaIpaBJIeHa TaK e, KaK U CKOPOCTH sAJipa A0 pa3pbiBa. Onpenenure HanpaBiIeHUE U
YUCJIEHHOE 3HAYEHUE CKOPOCTHU V1 OOJIBIIEro OCKOJIKA.

2.28. Cuapsn wmaccoi m =100 kr, JneTAOM TOPU3OHTAIBHO  BJIOJb
KEJE3HOAOPOXKHOTO MyTH €O ckopocThio V=500 m/c, momagaer B BaroH C IMECKOM
maccoii M=104kr u 3actpeBaer B HeM. Omnpenennte CKOpOCTh BaroHa B CIEAYIOLINUX
ciyyasix: 1) BaroH cTOsJ HEMOJBHKHO; 2) BaroH ABUTANICS cO CKOpocThio V=10 m/c B
TOM >K€ HampaBJEHWHU, YTO M CHapsJ; 3) BaroH ABUTANICS cO ckopocThio 10 M/c B
HaIpPaBJICHUH, TPOTUBOIOJIOKHOM JIBHXKEHUIO CHAPSIIA.

2.29. Teno maccoit My=1 Kr IBMKETCS TOPU3OHTAIILHO CO CKOpocThio Vi = Im/c u
CTaJIKUBACTCA CO BTOPBIM TeIoM maccord M,=0,5kr. OmpeaennuTe CKOpPOCTH TEN IOCHe
HEYNpyroro yjapa, eciiv: 1) BTOpoe Tejlo A0 yAapa MOKOWJIOCh; 2) BTOPOE TENO [0
yAapa JABUTAIOCh €O CKOpOCThi0 0,5M/C B TOM K€ HalpaBJEHUH, YTO U MEPBOE TEIO;
3) BTOpOE TENO ABUTaJOCh CO CKOpOCThio 0,5M/C B HampaBI€HHH, IPOTHUBOIOIOKHOM
HaIpaBJICHUIO ABUKEHUS IEPBOTO Tela.

2.30. Yenoek maccoit m; =60 xr, 6erymuii co ckopoctbio Vi =2,5M/c, HOTOHSET
TEJeXKY Maccol M, =100Kr, ABMKYIIYIOCS CO CKOpOCThIO V, =1M/C, 1 BCKakuBaeT Ha
Hee.l) C Kakol CKOPOCTBIO CTaHET [BHUraTbCA TEJIEKKA BMECTE C YEJIOBEKOM?
2) C kakoil CKOpPOCTHIO OHHM IBHTAIHCH ObI, eciu Obl 4YeJOBEK Oexall HaBCTpedy
TEJIEKKE?

2.31. AstomoOwib maccoit 1,8 T ABMIKETCS paBHOMEPHO B ropy, YKIOH KOTOpPOH
coctaBimsgeT 3 M Ha kKaxjaesle 100 m mytu. Omnpenenutre paboTy, COBEPIIAEMYIO
JIBUTATEJIEM aBTOMOOWIISI Ha MMYTH S5 KM, eclii Ko puimeHt TpeHus pasen 0,1, a Takxke
pa3BUBAEMYIO JIBUTAaTEJIEM MOIIHOCTb, €CJIM U3BECTHO, YTO ATOT IMYTh OBLI MPEO0JICH
3a 5 MUH.
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2.32. Ompenenute paboTy, COBEpIIaEMyI0 IIpHU MoabeMe rpy3a maccoi 50 kr mo
HAKJIOHHOW IUIOCKOCTH € YriioM HakjoHa 30° K TOpU30HTY Ha paccTrossHue 4 M, eciu
BpeMs noabema 2 ¢, a koapduuuent tpenus 0,06.

2.33. Teno CKOJIB3UT C HAKIOHHOM TUIOCKOCTH BBICOTOM h M YIJOoM HakjioHa & K
TOPU3OHTY M JBWXKETCS Jajiee MO0 TOPU3OHTaIbHOMY ydacTKy. IlpuHumas
KO3(QPUIMEHT TpeHUs Ha BCEM IyTH IMOCTOSHHBIM W DPaBHbIM (L, ONPEIEIUTE
paccTosiHME $, NOPOUIAECHHOE TEJIOM Ha TOPU3OHTAIBHOM YYacTKe, [0 TIOJIHOMU
OCTAHOBKH.

2.34. CamoneT Maccoil 5 T ABUTANICS TOPU3OHTAILHO CO CKOPOCThIO 360 kMm/4. 3aTem
oH moaHsicss Ha 2 kM. [Ipu 3TOoM ero ckopocth crana 200 km/4. Haitgute paborty,
3aTpaueHHYI0 MOTOPOM Ha MOJIBEM CaMoJeTa.

2.35. T'mps maccoii 10 kr magaer ¢ BeICOTHI 0,5 M Ha MOJCTaBKY, CKPEIUIEHHYIO C
npyxxuHoi xéctkoctbio 30 H/cm. Onpenenure npu 3TOM CMEILIEHUE MPYKUHBI.

2.36. C Oamnu BbicOTOM 20 M TOPU30HTAIBHO €O CKOpocThio 10 M/c OporieH
kameHb Maccoit 400 r. IIpeneOperas CONPOTHUBICHHUEM BO3/yXa, ONPEACIUTE s
MOMEHTa BpeMeHHU | ¢ mociie Hauyaja JBIKEHHS KUHETHYECKYI0 U IMOTEHIUAJIBHYIO
SHEPTUU KaMHS.

2.37. K HWKHEMYy KOHIy MpPYXHUHBl >KECTKOCTBIO k, TPUCOEIUHEHA Apyras
MPY>KUHA )KECTKOCTBIO k,, K KOHILy KOTOpOU npukperieHa rups. [Ipenedperas maccoit
NPYKUH, ONPENEIUTE OTHOIIEHHE MOTEHIMAIBHBIX YHEPTUN MPYKHH.

2.38. U3 mnpyXWHHOrOo MHCTOJETa BbUIETENa B TOPU3OHTAIBHOM HaIlpaBJICHUU
nyJibka, macca kotopoi 5 r. XKXectkocts npyxkunsl 1,25 kH/M. [Ipyxkuna Obuia cxxaTta Ha
8 cM. Onpenenure CKOPOCTH ITyJIbKU IIPU BBUIETE €€ U3 MACTOJIETA.

2

2.39. Crpys Bombl cedeHueM 6 cM” ynapsieT 0 CTeHKy noj yriaoM 60° Kk HopMaiu U
YIOPYro OTCKaKUBaeT OT CTEHKU Oe3 moTepu ckopoctu. Halmute cuimy, neHCTBYIOUTYIO
Ha CTEHKY, €CJIM U3BECTHO, YTO CKOPOCTh T€UEHHUS BOJIBI B cTpye 12 m/c.

2.40. W3 peaktuBHOU ycTaHOBKH Maccoi 0,5 T, HAXOMASIICHCS TIEPBOHAYATIHLHO B
MOKOE, B TOPWU3OHTAJIHLHOM HAIMpPaBICHUM BHIOPACHIBACTCS IIOCIEIOBATEIHLHO JBE
MOPITUHU BemiecTBa co ckopocthio 1000 M/c OTHOCHUTEIBRHO yCTaHOBKH. Macca KakIou
nopuun 25 kr. Kakoil cTaHeT CKOpPOCTh YCTAaHOBKHM IOCJ]IE€ BbIOpOCa BTOPON MOpLUU?
TpeHue OTCyTCTBYET.

3. BpamaTenbnoe ABHKCHHEC TBCPABIX TEJ

OcHoenuvie ghopmyot
o 2
e MOMEHT UHEPLMHU MATEPHAILHOM TOUKH: J =MT*,

rae M— macca TOYKHU; r— PACCTOSHUE 10 OCU BPAILLECHUS.
e MOMEHT MHEPLINU MEXaHUUYECKON CUCTEMBI (Tejia) OTHOCUTEIBHO HEMOBUKHOM

n
ocu: J =Zmiﬁ2,
i=1
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rae li- paccrosHue MaTepualibHOM TOYKM Maccod M; 10 ocu BpallleHus; B cilyyae
HEIPEPBIBHOTO pacrpeereHus Macc: J :jrzdm.

e MOMEHTHI HHEPIMH TEJ MPABUIBHON reOMeTpUIecKoi (PopMBI (Terna CYUTAIOTCS
onHOpoaHbiMU; M — macca Tena):

MomeHT
Teno [Tonoxxenue ocu BpaleHus VHEPLUHU
OOpyu niH noyibIk Ocp cuMMeETpHUH TPOXOIUT mR’
TOHKOCTEHHBIN LIWJIMHAP yepes LEeHTp HUInHApa
paguycom R
CmiomHoN NWIMHAP Och cuMMeTpHUH IPOXOIUT 1. Rr?
WJIU JUCK paanycoM R yepes HEeHTP MUINHApa (JIUCKA) 2
[IpsAMO¥ TOHKHUM Ochb nepneHauKyJIsipHa 1o
CTEpKEHb JIMHOU | CTEPIKHIO U IIPOXOJUT YEPE3 12
€ro CEepeINHY
[lap pagnycom R Ocp IpoXoauT uepes LEHTP 2 R?
mapa S

e Tecopema Ireiinepa: J=J, +md?,

rae J; — MOMEHT MHEpLMH Tela OTHOCHTEIBHO OCH, IPOXOJAIIE depe3 IEHTP Macc;
J — MOMEHT MHEPIMU OTHOCUTEJIBHO MapajjieIbHOW OCH, OTCTOSIIEH OT MEPBOU
Ha pacctosinuu d; M- macca tena.
e MOMEHT CHJIbI OTHOCUTEILHO HEMOABUKHOM Touku: M = [F, F] ,

IJI€ r — PaJNyC-BEKTOp, MPOBEICHHBIN U3 ITOM TOUKU B TOUKY MPHUIIOKEHUS CUIIBI F .
Moaynbs MOMEHTa CHJIbI OTHOCUTENIBHO HEMOIBUKHOM OCU: M = F,

rae | - maedo cuiasl (KpaTyaiinee pacCTOSHUE MEXAY JUHUEH JNEHCTBUS CHIIBI U OCHIO
BpAIlICHUS ).

e (OCHOBHOM 3aKOH JUHAMHMKHU BPAIIaTEILHOIO JIBU)KCHHUS TBEPIOTO Tea:
Mdt=d(Jw),
IJIc M - MOMEHT CHJI, IPHJIOXKECHHBIX K TeIy; J — MOMEHT HHEPIIMH Teja OTHOCUTEIBHO
OCH BpallleHUs; @& - YIII0Basg CKOPOCTh TeJa.

e YpaBHEHHE (3aKOH) JAWMHAMUKK BpAIATEJIbHOTO JBUXEHUS TBEPIOTO Teja

OTHOCHUTEJIbHO HEMOJABUKHON OCH: M ,=J, CL_a) =J,¢s,
t

riae ¢ - YIJIOBOC YCKOPCHUC; J, - MOMCHT MHCPUUHA TCJIa OTHOCHUTCIIBHO OCHU Z

e MomMmeHT HMITYyJIbCa (MOMeHT KOJIMYECCTBA I[BI/I)KGHI/I?I) TBCPAOIO TCIIa

n
OTHOCHTENBHO OCH Bpamenus: L, = > mor =J,0,
i=1
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rae [ - paccTossHME OT OCH : J0 OTAECIbHOM 4YacTHUbI Tena, MU, - UMIYJIbC 3TOU
YaCTULBI, J, - MOMEHT MHEPLUUHU TeJa OTHOCUTEIIBHO OCH z; (@) - €ro yrjioBas
CKOPOCTb.

e 3aKoH COXpaHCHUA MOMCHTA UMITYJIbCa IJIs 3aMKHYTOI\/’I CHUCTCMBI.

— N —
[=YL
i=1

e Pabora npu BpamareJIbHOM JBHKEHUH TeNla: dA = M ,de,

const.

Irae de - yroJ rmoBopora Tejia, M, - MOMCHT CHUJIBI OTHOCUTECIIBHO OCH z.

e KuHernueckas dHeprus Tesa, Bpallalouierocs BOKPYT HEMOABUKHOM OCH z:
2
_Jy0
2
re J, — MOMEHT UHEPLMH TeIa OTHOCUTEIBHO OCU z; (@ - €r0 YIJ0Bas CKOPOCTb.

EK

e Kunetnueckas OHCPIUA TCJa, KaTAICTOCH 110 IINIOCKOCTHU 0e3 CKOJILKCHHUS
1.

1
E,.==mv?+=J.0°,
K 2 C 2 C
rne M — macca Tena; U; - CKOPOCTh LIEHTPA Macc Tena; J; — MOMEHT MHEPLUH Tena

OTHOCHTCJIIBHO OCH, HpOXOI[}IHleﬁ 4epe3 €ro NCHTpP Macce, o — yrioBasa CKOPOCTb
TCJa.

e CBsa3b padOThl U KMHETHMUECKON SHEPruM Tela MpHU BpallaTeIbHOM JIBHXKCHHUU:
2 2
Ao Jo,” Jo,
2 2
rae J —MOMEHT MHEPIUU Tejla OTHOCUTEIIFHO OCU BPAIEHUS; @, — YIIIOBasg CKOPOCTh

TCJ1a B KOHCYHOM COCTOSHHH, (¥ — YIJOBasg CKOPOCTH TCJIa B HAYaJIbHOM COCTOSAHHU.

24



Ilpumepul pewenusn 3a0au

3aoaua 1. Haiinute MOMEHT MHEpLUMH 1apa paguycoM R otHocutensHO ocu OO0,
HaxoJs1eicst Ha pacCTOAHUU | OT moBepXHOCTH 1mapa (puc.3.1).

Hano: Pewenue:

R, |1 3anuceiBaeM Teopemy llteiinepa:

) 2
J =" ‘J:JC-I—md , TIIE JC:%mRZ,
o - MOMEHT MHEPLMH LIapa OTHOCUTEIBHO OCH, TPOXOIAIIEH YEPE3
HeHTp Macc; d =R+I- paccrossHue Mexay ocsimu. [lonydaem:
RAI ngmR2+m(R+I)2.
m - 5

3aoaua 2. Ha mHype, MEpeKUHYTOM uepe3 OJIOK B BHJIE OJTHOPOTHOTO IIHIIMH/IPA
maccoit m =0,2xe nmoaBemensl rpy3sl Mmaccamu M, =03k u m, =06« . Cuuraem HUTH
HeBeCcOMOU U npeHeOperaeM TpeHueM B 6s10ke. C KakiuM YCKOPEHHUEM JIBUKYTCS

rpy3bi? KakoBbI CUJIbI HATSXKEHUS LIHYPa, ACHCTBYIOLIME HA TPY3bl BO BpeMsi
NIBIDKEHUS ?

Hano: Pewenue:
m =02«xe; JlemaeM pUCYHOK, pacCTaBiIsieM CHIIbI, AEUCTYIOIIUE
m, -03x2; Ha KaXKJ10€ TeJo U Ha 6110k (puc. 3.2):
m,=06xz.

a-? T,-? T,—? R
X '/"'x f

T
I
[ Tne

mg i

X

Puc.3.2

3anuceiBaeM BTOPOM 3aKOH HbIOTOHA JU1s1 Ka)KJIOTO Tela B BEKTOPHOM U CKAJIIPHOM

1)

ma=m,g+T, ma=T-mg

dbopwme: . :

m,a=m,g+T, m,aa=m,g-T,

Jlis 6J10Ka 3aIMchbIBaéM OCHOBHOE YpaBHEHHUE TMHAMUKH BPaIaTeIbHOTO
JIBIDKEHUS B BEKTOPHOM U CKaJsipHOM popme: M =J -2 M=J-g, (2)

e M =(T, —T,)R- MOMCHT CHJI, J = % mR 2 - MOMEHT UHEpIUU 0JIOKA; & == - YIJIOBOE

a
R

yCKOpeHwue 0JIoKa.
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[ToncraBiisist 3TU BbIpa)KeHUs B (2), HOIydaeMm:

mR* a
(T, -Tl)RzTE , T.€. (T, —Tl)z% . (3)
Pemast coBmectHo ypaBHenus (1) u (3), moiy4aem: T, —T, =m,g —m,a—m,a—m,g -
(m, —m,)g

O a=—=2—=_ T =m,(g—a), T,=m(g+a).

TCIOJA morm,em2’ 2 (g—-a), T, (g+a)

(06-03)10

1 fa= =3(m/c?),

OJICTaBJISIEM YHCIIa 031064022 (M c )

T,=06(10-3)=42H,
T,=03(10+3)=39H .
OrtBer: a=3(jw/c2),T1 =39H,T,=42H .
3aoaua 3. lap u 06pyd 0JJMHAKOBOW MACChI M paauyca, U3rOTOBICHHBIEC U3 OJHOTO U

TOT'O K€ MaTepuana, KaTaTcsa 0€3 CKOJIbXKEHUS C OJJMHAKOBOW CKOPOCThIO. BO CKOIBKO
pa3 KMHEeTH4YecKasi JHeprus 1apa MEHbIIIe KHHETHYECKON dSHEepruu oopyya?

Hano: Pewenue:
m, R, v Kunernueckass  sHepruss  Teja,  KaTAIIErocss IO
E_, MOBEPXHOCTH, CKJIAJIBIBACTCS W3 KUHETHUUYECKOW HHEPrUu
E, BpAIIaTEIbHOTO JIBM)KEHHUSA M TOCTYNATEIbHOTO JIBUXKCHUS
IEHTPa Macc:

Jo* mv?
E= + , 1
> T 1)
MOMEHTBI HMHEPLUUHM OTHOCHTENHLHO LEHTpa Macc oOpyua J; =mR2(2) U 1apa

J> :émRZ (3). CBs13b TUHEHHOM U YTII0BOM CKOpocTH - v=w-R(4). [loacrasmss (2), (3)
mR?v®  mo?
—+

2R 2

u (4) B (1), monyuyaem: E, = =mo’ - 17151 00pyua,

2mR?0* mo* 7 _ ,
, = 5 2R + > =Emu - U 11apa.

E, mv®-10 10

- 14
E, Tmv® 7

Otger: B 1,4 pa3za.
Konmponwsnwie 3a0anusn
3.1. OnpenenuTe MOMEHT HMHEPIMU CIUIONIHOTO OJHOPOJHOTO JHMCKAa PaanycoM
40 cM u Maccoi 1 Kr OTHOCHTEIBHO OCH, NMPOXOIAIIECH Yepe3 cepeliMHy OJHOI0 U3
PaJinyCOB MEPHEHIUKYISIPHON IJIOCKOCTH IUCKA.

3.2. JIBa mapa onMHaKoOBOTO paauyca R =5 cM 3akpermsieHsl Ha KOHI[aX HEBECOMOTO

crepxkHs. PaccrosHue Mexnay neHtpamu mapoB I = 0,5 M. Macca kaxzaoro mapa
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M= 1 xr. Haiigure MOMEHT HHEPUMH CUCTEMBI OTHOCUTEIBHO OCH, MPOXOASAIICH Yepe3
CEepEIMHY CTEPKHS MEPIEHAUKYISIPHO K HEMY.

3.3. OmpenenuTe MOMEHT MHEPLIMHA TOHKOTO OJHOPOIHOTO CTEpPXHS AnuHON 50 cM
n maccoil 360 © OTHOCUTEIBHO OCH, NEPHEHAMKYJSIPHOW CTEPKHIO M MPOXOIAIIEH
4epes €ro KOHeE.

3.4. Omnpenenure MOMEHT MHEPLMH TOHKOTO OJHOPOJHOIO CTEpKHS AIMHON 50 cm
n Maccol 360 r OTHOCHUTEIBHO OCH, NEPHNEHIUKYJISIPHOM CTEPKHIO U IMPOXOISIIEH
yepe3 TOUKY, OTCTOSLIYIO OT KOHIAa CTepXkKHS Ha 1/6 ero IJIuHbI.

3.5. Jlnmmaa ToHKOTO Tpsimoro crepxHs 60 cM, macca 100 r. Onpeneaute MOMEHT
WHEPIMU CTEPKHS OTHOCUTEIBHO OCH, TMEPHEHANKYISIPHOM K €ro mjiuHEe U
MPOXOSIIEH uepe3 TOUKY CTEPKHsI, yAaleHHYt0 Ha 20 ¢M OT OJIHOTO U3 €ro KOHLIOB.

3.6. Tonkuit 0O6pyu nuamerpom 56 cm u maccoiri 300 © BUCUT Ha T'BO3]ie, BOUTOM B
creny. OnpeneianTe ero MOMEHT WHEPIIMH OTHOCUTEIHHO 3TOTO TBO3IS.

3.7. Oguopouplii mapuk Maccoi 100 r moABeIIeH Ha HUTH, JJIMHA KOTOPOM paBHa
paauycy mapuka. OnpenenuTe MOMEHT HHEPIMU IIApUKAa OTHOCUTENIIBHO TOYKHU

rojaBeca, €Cliu JymHa HUTH 20 cMm.

3.8. OnpenenuTe MOMEHT MHEPIIUHU CILIONIHOTO OAHOPOIHOTO HUIUHAPA PaTuyCcoOM
20 cM 1 Maccol 1 KT OTHOCHUTENBHO OCH, MPOXOIAIIEH Yepe3 00pa3yonly o UINHAPA.

3.9. JIra mapa oAMHAKOBOTO paauyca R = 6 cM 3akperieHbl Ha KOHIIaX HEBECOMOTO
crepxkHs. Paccrognue mexnay mapamu r = 0,8 M. Macca kaxgoro mapa m= 2 Kr.
Haitgute MOMEHT HHEPUUH CUCTEMBI OTHOCUTEIIBHO OCH, TPOXOJISIIEH Yepe3 CEPENHY
CTEPKHsI IEPIICHIUKYIISIPHO K HEMY.

3.10. JInmuna ToHKOTO MpsimMoro crepxkHs 60 cM, macca 200 r. OnpeaenuTe MOMEHT
WHEPLHUHN CTEPKHS OTHOCUTEIbHO OCH, TMEPHEeHAUKYISIPHOM K €ro JJIMHE U
MPOXOJAIICH uepe3 TOYKy, JeKal[yl0 Ha MPOJOKEHHHM CTEPXKHS, YJIaJCHHYH Ha
10 cM OT OHOTO U3 €ro KOHIIOB.

3.11. Yepes HenmOABUKHBIN OJIOK B BUJE MOJOTO TOHKOCTEHHOTO HMUJIUHIPA MAacCOU
160 r nepexkuHyTa HEBECOMasi HUTh, K KOHIIAM KOTOPOW MOJABELIECHBI IPy3bl MacCaMu
200 r u 300 r. IlpeneOperas TpeHreM B ocu 0JIOKA, ONPENIETUTE YCKOPEHHUE TPY30B U
CHUJIbI HATSKEHHUS.

3.12. Ha omHOpOAHBIA CIUIONIHOW IUIMHApUYECKUH Basi paguycom 50 cm
HaMOTaHa JIeTKasi HUTh, K KOHIy KOTOPOM MHpUKpeIuieH rpy3 maccod 6,4 kr. I'pys,
pa3MaTbIBasi HUTh, OIYCKAETCA C YCKOPEHHUEM 2 m/c?. Onpenenurte MOMEHT UHEPLIUU U
Maccy Baja.
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3.13. Ha 6apaban maccoit 9 Kr HaMOTaH MIHYP, K KOHITy KOTOPOTO MPUBS3aH T'PYy3
Maccor 2 kr. Haiimute yckopenwe rpysa. bapaban cuutath OZHOPOAHBIM JUCKOM.
Tpenuem npeHeOpeyb.

3.14. Ha Gapaban paguycom 0,5 M HaMOTaH LIHYpP, K KOHI[y KOTOPOTO MPHUBS3AH
rpy3 Maccoit 1 kr. Halimute MoMeHT mHepuuu OapabaHa, €CiM HM3BECTHO, UTO TPy3
2
omyckaercsi ¢ yckopenuem 2,04 m/c”.

3.15. Yepes noaBMKHEIN OJIOK B BUAE OJHOPOIHOTO CILIONIHOTO IMJIMHJPA MAacCOM
0,2 Kr nmepekrHyTa HEBeCOMasi HUTh, K KOHIIaM KOTOPOUM MPUKPEIUIEHBI TEJIa MaccaMu
0,35 xr u 0,55 xr. [IpeneOperas TpeHueM B ocu OJI0Ka, ONIPEAEIIUTE YCKOPEHHUE TPY30B
U OTHOLIEHUE CHUJI HATSKEHUS HHUTH.

3.16. Temo maccoit 0,25 Kr, coeIMHEHHOS HEBECOMOM HUTBIO MOCPEICTBOM OJIOKa
(B BHJIE€ MOJOrO0 TOHKOCTEHHOrO IWIMHJApa) ¢ TenoM maccod 0,2 Kr, CKOJB3UT IO
MMOBEPXHOCTU TOPU30HTAIBHOTO cToJa (puc. 2.3). Macca 6soka 0,15 kr. Koaddunment
TpeHusi Tena o mnoBepxHocTh paBeH 0,2. IlpeneOperas TpeHueM B MOJAIIMITHUKAX,
OMPENICIIUTE YCKOPEHUE, C KOTOPHIM OYIyT JBUTAThCA 3TH Tejla U CUJIbI HATSHKEHUS
HUTH 10 00€ CTOPOHBI OJI0Ka.

3.17. K 0001y 0JTHOPOHOTO CILUIONIHOTO JMCKa Maccoi 10 Kr, Haca)KEHHOT'0 Ha OCh,
MpUJIOKEHA TOCTOsSIHHAs KacatenbHas cwia 30 H. Onpenenure KUHETHYECKYIO
SHEPTUI0 IMCKA uepe3 BpeMs 4 ¢ Mmociie Havaia IeUCTBUSI CUJTBI.

3.18. llap u crIOMIHOW MUIWHIP OJUHAKOBOM MacChl, M3TOTOBIEHHBIE U3 OJHOT O U
TOT'O € MaTepuasa, KaTarcs 0€3 CKOJIbKEHHUs C OJIMHAKOBOM CKopocThio. Onpeaenure,
BO CKOJIBKO pa3 KHHETHYECKas OHHEpPrus IIapa MEHbIIE KUHETUYECKOW JHEPruu
CIUIOIIHOTO IUJIMHIPA.

3.19. O6py4 ¥ AWCK MMEIOT OJWHAKOBYIO MAacCy M KaTsiTcs 0e3 CKOJBKCHHS C
OJIMHAKOBOU JNMHEWHON ckopocThlo. KuHernueckast sHeprus oOpyua paBHa 4 JIxk.
HaliinTe KHHETUYECKYIO SHEPTHUIO JIUCKA.

3.20. Ompenenure, BO CKOJBKO pa3 TOJIHAs KWHETUYECKass SHeprus oOpyua,
CKOJIB3SIIIIETO BJOJh HAKJIOHHOW MJIOCKOCTH, MEHBIIIE TMOJHON KHHETUYECKON dHEPTUN
o0pyda, KaTAIIErocs o HaKJIIOHHOH TIOCKOCTH.

3.21. Ha ckambe XXykoBckoro (Bpamaromascs 0e3 TpeHus miaTdopma) CTOUT
YeJIOBEK U JEPKUAT B pPyKaX CTEPKEHB 110 OCU CKaMbH. CKaMbsl € YEJIOBEKOM BpalaeTCs
c yriaoBod ckopoctbio 4 pan/c. C Kakod CKOpPOCTbIO OyIeT BpallaThCsi CKambs C
YeJIOBEKOM, €CJIM CTEpXKEHb IIOBEPHYTh TaK, YTOOBl OH 3aHSJ1 TOPU30HTAIBHOE
nonoxxerne? CyMMapHBIi MOMEHT HHEPIMH HYeNOBEKA M CKAMBbH 5 Kr'M’, UIMHA
cTepkHA 2 M, Macca 6 kr. CuuTarh, 4TO LIEHTP MACC CTEPKHS C YEIOBEKOM B 000OMX
Cllydasix HaXOJUTCS Ha OCH IIaT(HOPMBI.
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3.22. Ha memoaBmkHO#M ckambe JKYKOBCKOTO CTOUT YEJIOBEK M JICPKHUT B PyKe 3a
OCb BEJIOCUIIETHOE KOJIECO, BPAILAIOIICEC BOKPYI CBOEM OCH C YIVIOBOW CKOPOCTBIO
25 pan/c. Ochb KoJieca pacrnoioKeHa BEpTUKAIBHO U COBMAIAET C OChI0 ckaMbu. C Kakoi
CKOPOCTBIO  CTaHET BpallaTbCsl CKAaMbs, €CIM IOBEPHYTh KOJECO  BOKPYT
TrOpU30HTANIBHON ocu Ha yrois 90°? MOMEHT HMHEpUMHM YeIOBE€Ka U CKaMbU DPAaBEH
2,5 KF'MZ, MOMEHT MHepuu koieca 0,5 Kr* M2,

3.23. Ilnatrdopma B BUIE OHUCKA BpaIlaeTCsd MO HHEPIUU O€3 TPEHUsS OKOJIO
BEPTUKAIBHOM OCH ¢ yacToTou 14 mun". Ha Kparo iaTdhopMbl CTOUT yenoBek. Korma
YeJIOBEeK IMepelies B LEeHTp IaTdopMbl, YacToTa Bo3pocia A0 25 mun. Macca
yenoBeka 70 kr. Ompepenute maccy miatrgopmbl. MOMEHT HMHEPIMHU YeEJIOBEKa
pacCUUThIBATh, KaK JIJIsi MATEPUATIbHOW TOYKH.

3.24. T'opuszonTtansHas miatdopma Maccoit 150 Kr Bpamaercs BOKPYT BEpTUKATBLHOMN
OCH, TIPOXOASAIICH Yepe3 MEHTP IaTPOPMBI C YaCTOTOU 8 mun". YenoBek Maccoit
70 Kr cTOoMT mpH 3TOM Ha Kparo miaaTdopmbl. C KakoW yIJIOBOM CKOPOCTbEO HAaYHET
Bpamatbes miatdopMma, eciid YelOBEK MepersieT OT Kpas miat@opMbl K ee HeHTpY?
Cuutarh maThopMy KPYIJIBIM OJHOPOJHBIM JIUCKOM, a 4YeJOBeKa - MaTepualibHOU
TOYKOHU.

3.25. T'opuzonTanbHas miarpopma maccoit 25 kr u paguycom 0,8M Bpamaercs ¢
qacroroii 18 mun". B LIEHTPE CTOUT YEJIOBEK U JAEPXKUT B PACCTABIICHHBIX pPyKax I'MpH.
Cumntas mnathopMy IHUCKOM, OIPEACIUTE 4YacCTOTYy BpalleHUs IIaTHOPMBI, €CITU
YEJI0BEK, ONYCTUB PYKH, YMEHBIIUT CBOM MOMEHT UHEPILIUU OT 3,5 kr-M° 10 1 kroM.

3.26. Yenosek, crosmuii Ha ckambe JKYKOBCKOTO, JEPKHT B PYKax CTEpPKEHb
JUIMHOW 2,5 M, pacrojiO)KeHHbIH BEPTUKAIbHO BAOJb OCH BpallEHUS CKaMEWKH. JTa
cucTema (cxambs u YeJIOBEK) obOnagaer MOMEHTOM 105050000207
10 krM® u BpampaeTcss ¢ 4actotoil 12 wmun'. EcmM cTepkeHb MOBEPHYTh B
TOPU30HTAIBHOE IMOJIOKEHUE TaK, YTO LEHTP CTEP>KHS COBMAJET C OCBIO BPAILECHHUS, TO
4acTOTa BPALIEHUSI CUCTEMBI CTAHET 8,5 mus " Ornpenenure Maccy CTEPXKHSI.

3.27. Yenoek Maccoil 60 Kr, CTOSIIMKA Ha Kpar TOPU3OHTAIHHOU TIAT(HOPMBI
paguycom 1 M u maccon 120 kr, Bpalarmecs Mo MHEPLUUHU BOKPYT HEMOJBHKHOU
BEPTHKAIBHOI OCH ¢ yacToToil 10 MuH ", epexoauT K ee neHtpy. Cuntas miardopmy
KPYIJIBIM OJTHOPOJIHBIM JIUCKOM, a YeJIOBEKa — TOYEYHOM Maccoil, omnpeaenure padory,
COBEpIIIAEMYIO YEJIOBEKOM IPH MEePeXo/ie OT Kpasi MI1aTGOpPMBbI K €€ LEHTPY.

3.28. Ha xpato HenoBrmkHOM ckambu JKykoBckoro guamerpom 0,8 M 1 Maccoit 6 Kr
cTouT yenoBek Maccor 60 kr. C Kakoi yriloBOl CKOPOCThEO HAYHET BpallaThCsl CKaMBbs,
€CJIM 4YEJIOBEK MNOWMAaeT JeTAInid Ha Hero Msa4 maccou 0,5 kr? Tpaekropus msya
rOpU30HTAIbHA U MPOXOoAuT Ha pacctosHuu 0.4 M or ocu ckampu. CKOpOCTh MsA4a
5 m/c.
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3.29. Ilnarpopma B Buae nucka guamerpoM 3 M u Maccoi 180 Kkr Moxer
BpaIaThCs BOKPYT BEPTUKAIBbHOM och. C KaKo# yriioBO CKOPOCThIO Oy/eT BpalaThes
sTa miatgopma, eciu MO ee Kparo MOouaeT 4esnoBek maccoi 70 Kr' cO CKOPOCTBHIO
1,8 M/c oTHOCUTENBHO MIATHOPMBI?

3.30. B nenTpe Bpamaronierocs CToJIMKa CTOUT YEJIOBEK, JEePKAIINA Ha BBITSIHYTHIX
pykax Ha pacctossHuu 150 cm apyr ot apyra ase rupu. CTOJIMK BpallaeTcsi ¢ 4aCTOTOM
-1
1 ¢~. Yenosek coOnukaer rupu 10 pacctossHuss 80 cM, M 4acTOTa YBEJIMYHMBAETCS 10
-1
1,5 ¢. Onpenenute paboTy, MPOU3BEACHHYIO YEOBEKOM, €CIM KaxKJaask TUps UMEET
Maccy 2 Kr. MOMEHT HWHEpUHMH YEJIOBEKa OTHOCHUTEIBHO OCH CTOJUKA CUYUTATh

ITIOCTOSAHHBIM.

4. MosekyJsIpHO-KHHEeTHYECKasi TeOpHs M/1ealbHOI0 raza
OcHoBHBbIE (hopMyIbI

¢ OCHOBHOE ypaBHEHHUE MOJIEKYJIIPHO-KUHETHYECKON TEOPHUU:

P =Znmy (v} ) = 2n(E.) =2 pu? ) =nkT

rae P — naBneHwue raza, n=N/V — KOHIEHTpauus MojeKy, My—Macca ogqHou

MOJIEKYJIBI, <Um.> — CpeIHsIs KBaJIpaTU4Hasi CKOPOCTh OJHOM MOJIEKYJIBL,

p=nm;=m/V - mrorHocts rasa, T —aGcomntorHas Temneparypa, K =138-107 c/K

— nocTtossHHas boapimana.

L4 CpeI[HSIﬂ KHHCTUYCCKAA SHCPTUA NTOCTYIIATCIIbBHOI'O ABHIKCHW A OI[HOﬁ MOJICKYJIBI:

m, (02
RESEEN
e l30omporiecchl (ra3oBbIe 3aKOHBI) — JyIsi M=CONSt :

1) T —const - M30TEPMUYECKHIA: PV, = PV, ;

V., V
2) P —const- u300apHbIi: — =—*;
Tl TZ
P,_P
3) V —const- H30XOpHBINA: —+=—%.
Tl T2

eYpaBHeHue MeneneeBa-Knaneiipona: pv = % RT ,

rae V — o0béMm rasza, M —maccaraza, M — MolsipHas Macca; R =8,31( o/ monw-K)) —

YHUBCPCaJIbHasd ra3doBas MOoCTOAHHA.

N m
e KomuecTBO BelllecTBa: vV = N = VR
A



rae N — obmee uncno monexyn; N, =602 10% moms™ — mocTosHHAS ABorazpo.

e (CKOpOCTH MOJIEKYJI:

(V) = \/ KT _ \/ SRT _ \/ 3PV cpemmsin KkBampaTuuHas,

m, M m
(v) = 8kT _ [8RT _ 8PV cpenHss apudmeTndeckas,
m, M zm
v, = 2kT _ \/ 2RT _ \/ 2PV _ ambomee BEPOSITHAS.
m, M m

e  Hopmanshsie yenosus: T, = 273K (0°C); P, ~10° [1a(760 ymm pm.cm.);
V, =224 1° | monb- 06BEM 0XHOTO MOJIS raza.
Ilpumeput pewenusn 3a0au

0
3aoaua 1. Cmech kucnopoa u a3ora mpu temmeparype t=27"C HaxoauTcs Mo
2 o
nasnennem P=2,3-10 [1a. Macca kucnopoja coctaBiset 75% oT 00111eit Macchl CMECH.
OrnpenenuTe KOHIEHTPAIMIO MOJIEKYJT KaXKI0T0 U3 Ta30B.

Mano: Pewenue:

=300 K; Cwmech ra3zoB NpUHUMAEM 3a UJCATIbHBIN T'a3, ONMUCHIBAEMbIN
5 2. 102 T .

P=2,3-10"I1a; ypaBHeHueM Menneneesa— Knanelipona:

m;=0,75 m; "

M;=0,032 xr/MO1B; P=nkT , 1)

M>=0,028 Kr/MOJIb. I n=n,+n,- ?)
Ni-?n,-7 KOHIICHTpAIUsl CMecH Ta30B; [1; — KOHIIEHTpaIus MOJICKYJ

kuciaopoga, N, —  KOHIEHTpaIUss MOJIGKYJ a3oTa; K—

nocrossHHas bonbiiMaHa.

N3 Beipakenutit (1) u (2) umeem:

P
n1+n2:ﬁ- (3)

BrIpa3uM KOHIIGHTpAIIMIO Ny Yepe3 KOHIICHTPAIUIO Ny.
ITo ycnoButo 3amaun Macca kuciaopoaa: my = 0,75 m, (4) rme m — macca cMecH.

Maccy kucimopoaa MOKHO BBIPa3UTh TakKe uepe3 KOHIICHTpaIuio N; U 00beM rasa:

M
m; = N—lnlv, (5) rme M; — monspuas macca kuciopona; Na — umcio ABoraipo;
A

V — 00beM rasa.
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[IpupaBHsAB NpaBble YacTu BhIpakeHUi (4) u (5), morydum:

075mN,
n=——=. 6
VY (6)

M
Macca azora m,=0,25m, uam wuHauye mzzN—ZHZV. [IpupaBHSB 3HaUYeHHS M, U3
A
MOCJICTHUX ABYX (hOPMYJI, HAIEM:

_025mN, (7)
2 MYV
N3 Beipaxkenuit (6) u (7) umeeM:
n, = nM, (8)
3M,

[ToncraBuB B hopmyiy (3) 3HaUeHHE Ny U3 MOCIETHETO BIPAKEHUS, TTOJTYUUM Ny =
3M,P
KT(3M,+M,)

0,15-10% (1/M).
Otser: n; = 0,40-10%° 1/m°, n, = 0,15-10% (1/v°).
3aoaua 2. B 3axpsiToMm cocyne ooremom V=1 M HaXOUTCS ml—IKr azora u my,=1,5

KT Bojibl. OTIpe/IelnTe AaBICHHE B cocy e IpH Temmeparype t=600°C, 3Has, 4to mpu
ATOM TeMIlepaType BCs BOJia IPEBPATUTCS B Tap.

. _ 23 3 . _
. Ilocie moacranoBky 3HaueHuil U Berunciaenns Ny = 0,40-10°° 1/m°, ny, =

Hano: Pewenue:
V=1 Ilo 3axkoHy /lanmpTOHa naBieHHE B COCyHIE IOCIE
=1 re; IpEBpAIIEHHs BOIBI B I1ap:
m,=1,5 xe;
T=873K; P=Pi+P, (1)

M1=0,028 ke/monv; rae P; - JaBlC€HUE a30Ta, P, — JaBJICHHUE BOJSHOI'O

M.=0,018 xe/mone. mapa. COCTOSIHHME a30Ta B COCyJE OIpENENAeTCs

ypaBHeHneM MeHnneneesa - Knaneiipona:

pP-? PlV:%RT, 2)

rae M; — monsipHas macca azora, R — yHuBepcaibHas
razoBasi IMOCTOSIHHAsl.  AHAJOTMYHO MJISI BOJSIHOTO
napa:
m
PV =R, 3)

2
rae M, — MmonsipHast Mmacca BOJSIHOTO mapa.
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U3 ypasuennii (2) u (3) umeem: p - MRT - p _ MRT Tlocne mopcranosku pasnennii
MV MV

P; u P, B Boipaxenue (1) umeem p_RT M M Vlcnonb3ys 4MCIOBbIE 3HAYEHUS,
VM, M,

noyanm: P = 8,62:10°Ia.

Otset: P = 8,62:10°I1a.

3aoaua 3. Onpez[eJmTe HHMCII0 MOJIEKYIl BO31yXa B ayHTOPHH o6semom V=180 m°
npu temieparype t=22°C u manennn P=0,98-10° [Ta. KakoBa KOHIEHTPAIHS MOJICKYII
BO3/TyXa MPHU ITHX yCIOBUSIX ?

ﬂano Pewienue:
V=180 m>; Yucno Monen Bo3ayxa B ay IUTOPUH:
1=295 K; yo N _m (1)
P=0,98" 10° IIa; Ny M

rjae — Na - uucino ABorazpo, m — Macca Bo3yxa B

N-?,n-? aynutopuu, M — MoJsipHas Macca BO3/1yXa.
N3 Beipakenus (1):
— m
N= TN, (2)
Uucno moseil BO3ayxa B ayJUTOPUM MOXHO BBIPAa3UTh, HCHOJIb3YS YpaBHEHHUE

Knanelipona-Meneneena PV:%RT, OTKyJa :;ZI;\T/' Ilociie mojcranoBKH % u3

nocnenHeit GopmyIibl B BeIpaKeHHE (2) MOITydnM:

PV
N =Ny (3)

Vcrons3ys wmcinoBble 3Hadenns, onpeaeanm N = 0,43:10%. IIposepum emuHmIb!

M3MEPEHNS NPaBO YacTh BhIpaxeHus (3) [n]-- a-ore- K, KOHIEHTpAIMIO (YHCIIO
moaw- M- Jpic- K

MOJIEKYJI B €IMHHUIIE 00beMa) onpeenuM 1o popmyie: - N . ITociae noacTaHOBKH:
v

n=0,24-10%1/ ..
Otser: N = 0,43-10%, n=0,24-10%1/ ..°.

3aoaua 4. Onpenenure CpEeIHIOI KBAaIpPaTUYHYIO CKOPOCTH MOJIEKYJ HEKOTOPOIO

rasa, IIOTHOCTh KOTOporo mpu masiennu P=1,1-10° Tla pasna p=0,024 . Kakosa
./M

Macca OZHOIO0 MOJIA 3TOrO ras3a, €ClId 3HA4€HHWE IUIOTHOCTH JAaHO I TEMIIEpaTypbl
0
27°C?
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/lano: Pewienue:
— .10 ° . o o
P=1,110 " Ila; JIns onpenenenus cpeaHer KBaIpaTUYHON CKOPOCTH
BIDKCHHUSI MOJICKYJl HCHOJB3yeM OCHOBH aBHCHU
=0024 X2 | e OJIEKY. CIIOJIb3yeM OCHOBHOE YpaBHEHHE
’ 2 | MOJIEKYISIPHO-KUHETHYECKOW TEOPUHU B TAKOM BHJIE:
— 1
T =300 K. Pzgmon KZB.’
V-2 M-? (1)
KB.~ * ' e My — Macca OJHOW MOJIEKYJIbI Ta3a, N — KOHUECHTpaUs
MOJIEKYI.
Tak kak Mon = p, To ypaBHeHuE (1) MOXKHO 3anucaTh

B TaKOM BHIC. P =%pV 2 , OTKyHa ,, _ /3P ,IIOCJIC ITIOACTAaHOBKH YHCJIOBBIX 3HAUYCHUU U
KB. =
p

BBIYHUCJICHUA IIOJIYYUM!

3-11-10° M H-M Ke-M-M M
Vig =222 2117262 Vyy )=+ = 2.
KE- 0,24 c [ KB'] M’ Ke c? ke c

Jlns onpeneneHuss Macchl OJHOTO MOJIS T'a3a UCIONb3yeM ypaBHeHue Knanenpona-

Menseneesa - pv = M RrT, otkyaa P=". R Tak kak M= ,, 10 p= pRL, wm m = 28,
M V M v M P

024-831-300 . K

J

HOCHC IIOACTAHOBKHU YHCIIOBBIX 3Ha‘-IeHHI>i U BBIYUCIICHHUA: | = - =0, .
11-10 MOTb

2
[M]— k- M- K-y ke-H-m ke
== = = .
Mo omonv-K-H  m-H-mone  monw

OTBeT: V,, =11726 >, M =0005 .
Cc

MOJlb

Konmponwnwie 3a0anusn

4.1. OnpenenuTe YUCIO MOJEH M KOHIIEHTPAIMIO MOJIEKYJ Ta3a, 00beM KOTOPOTO
V=2410" M3, Temneparypa t = 27°Cu naenenue P=0,5-10"T1a.

4.2. B cocyne maxomgutcsi cmech My = 0,02 xr yriekucioro raza u M, = 0,015 xr
kuciopoaa. Omnpenenutre MIOTHOCTh 3TOM CMeCH NIpH Temieparype t = 27° C u
nasnenun P =1,5-10° Ia.

4.3. B 3zakpeiToM cocyne obovemom V=0,5 M° Haxomures M;=0,45 KT BOIBI W
m,; = 0,8 kr azora. OnpeaenuTe AaBICHUE B COCyJe Npu Temieparype t = 500° C,
noJiarasi, 4To IIpu 3TOM TeMIepaType BCsl BOJa IpEBpallaeTcs B map.

4.4. B 3akpeiTom cocyne Haxomutcss M;=0,015 kr azora u mM,=0,018kr kucmopoma
npu Temneparype t=27° C u nasrennn P=5-10° ITa. Onpenennre 06beM U MOJSPHYIO
Maccy CMECH Ta3oB.

45. Ilpu KakoM [aBJIEHUM CJEAYyeT HAMOJIHUTh BO3AYXOM OaJlJIoH 00bEMOM
V; = 2:10° M3, yTOOBl MPU COEAMHEHUU €ro ¢ OauioHoM oObemMoMm V; = 4-10° 3,
cofepKalmM Bo3ayx npu aasnenuu P, = 0,1 MIla, ycranoBmioch oOriee aaBieHHe
P=0,25MIla ?
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4.6. B Oammone oosemom V = 6°10 M~ HaXoAWTCS KUCIOPOJ MpH TeMmIepaType
t = 27°C. Ompenenure Maccy M3pacXoJOBAHHOIO KHCJIOPOJA, €CIM IABICHHE B
oayone ymenbimioch Ha AP = 100 kIla. [Tpouecc cuntaTh M30TEPMUUECKUM.

4.7. B 6amnone oovemoMm V = 0,01 M HAXOOUTCS T'eJINHA MO JaBJIEHUEM P = 10°TIa u
npu Temmeparype t = 27°C. Ornpenenute aaBieHUE B OaJUIOHE TOCJIE TOTO, KOTJa W3
Gautona BeimycTii M = 0,01 Kr reius, a Temmeparypa noHusmnack g0 17°C.

4.8. B cocyae Haxoautcs cmech M;=0,06 kr yriekucioro raza u m,=0,010 xr a3ora.
OrpeennTe MIOTHOCTH 3T0i cMecn npu t=37° C u naBnennn P=1,5-10° ITa.

4.9. B cocyne emxoctbio V = 0,02 M® comepKHTCA cMech BOIOPOJAA M a30Ta MPH
temmepatype t = 27°C u masimennmn P = 1,2:10° ITa. Macca cmecu m = 0,145 «r.
Omnpenenure Maccy BOAOpOAa U a30Ta B COCY/IE.

4.10. Omnpenenure TUIOTHOCTH YIJIGKHCIOTO Ta3a, HAXOMAIIETOCS B COCYyHIE IO
nasierneM P = 2-10° [1a u umeromero temmeparypy t = 7°C.

5. OcHOBBI PABHOBECHOH TEPMOIMHAMUKH
OcHosnvle ghopmynnl

e MonspHsle TemnoéMKocTH Tpu noctosHHoM 00béMe (G, ) 1 mocrosHHOM naBneHUM
. i 1+2

C.)- C, =—R, C.=—R,

(c)c=tr c.=t

rae i— yucio creneHed cBOOOABI, R =831 /o /( mons- K)- YHUBEpCajbHas rasoBas
MOCTOSTHHAS.

e CBsi3b Mexay yAenbHOW (¢) m momsipHoir (C) TermoéMkoctamu: c¢c=C/M
rae M — mouisipHas Macca.
m i

e BHyTpeHH:s dHEprusa NAeaabHOro rasa: U = M3 RT = %CVT ;

rae M- maccaraza, T - abcoyiroTHas TeMneparypa.

e lI3MeHeHNE BHYTPEHHEN SHEPTUH UACAIBHOTO ra3a: AU = %% RAT,

Vs,

e Pa0oTa pacumpenus raza: A = I PdV - B 0011eM ciiyyae,
Vi

rae P - naBneHue rasa, V - o0bEM ra3a.

A= P(V, —V, )- IIp1 1300apHOM MpolIecce.

m \%
A= m RT In V—2 - IpU U30TEPMHUUYECKOM IIPOLIECCE.
1

7-1
A=—AU = _%CV AT = RTll % 1- (\\;—1} - IpH aAMabaTHOM TIpoIiecce,
V- 2

rne y=C,/C, =(i+2)/1.
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e [lepBoe HauanO TEPMOJAMHAMUKU: Q = AU + A,
rie Q — KOJUYECTBO TEIUIOTHI, COOOIIEHHOE cucTteMe; AU - U3MEHEHUE BHYTpEHHEU
DHEPTUU CUCTEMBI; A — paboTa, COBEpIIEHHAS] CHCTEMON MPOTHB BHEITHUX CHJI.

e VYpasHenue Ilyaccona mis annabaTHOrO mporuecca: PV =const.

e YpaBHeHHE auadaThl HICAUTHHOTO Ta3a B MEPeMEHHBIX T U V: TV’ =const .

y Q-Q T,-T
e Koo(puuuenr nonesnoro aeicrsus nukia Kapuo: 7=— o 2 = 1_|_ 2,
1 1
rae Q,- KOJMYECTBO TEILIOTHI, MOJYUYEHHOE OT HATPEBATENS; Q,- KOJMYECTBO TEIIOTHL
IepelaHHoe  XOJNIOAWIBHHUKY; T,- TEMIlepaTypa HarpeBareis; T,- TeMIleparypa

XOJIOOUJIbHHUKA.

Ilpumepul pewienus 3aoau

3adaua 1. Kucnopox, sammvarommii npu gasmermn  P=10° Ila o06bem
V = 0,04 MS, pacmmpsercsl Tak, 4To 00beM yBEeTWYMBAETCSA B JBa pasza. Ompenenute
KOHEUHOE JIaBJicHUE U paboTy, COBEPIICHHYIO Ta30M MPHU U300apHOM, U30TEPMHUIECKOM
1 auabaTHOM MpoIleccax.

/ano: Pewenue:
P=10°TIIa; 1. Tlpu wm3obapHoM mporiecce P=CONst, ciegoBaTeIbHO,
V = 0.04 v P1=P=10° ITa. Pa6oTa mpu n306apHOM mpomecce Ay;=P4V=10°

Vi =2V =0,08 M°. | . (0,08v°-0,04:°%)=0,4-10"TTc.
M

P, -?2Py,-7P3-? 2. llpu W30TEPMUUECKOM MPOILECCE HAYAIbHBIE U
A1-?A2-?A3-? | koHeunble 3HAUEHWS NABJIEHUS W O00BEMA CBS3aHbI MEXTY

coboit BBIpaKEHUEM PV=P,V1, OTKyJa:
5 3
p, = PV _10°M1a-004a" _ 65 105 174,
v, 0,08

JUis onpenenenuss pabOThl raza NMpu H30TEPMHUYECKOM MPOLECCE BOCIOIb3yEMCS

_MRT V mRT

BBIPAKECHUEM Az_vmvl. N3 ypaBuenus Knaneiipona-MeHeneesa: T=PV.,

CJIICOOBATCIIBHO A2=P-|n\§. ITocne IIOACTAaHOBKHN YHCIIOBBIX 3HAUYCHUN U BBIYUCIICHUS

3
nomydaem: 4, =10° o041 2% _ 027104 e

M 0,04
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3. Ilpu ammabGaTHOM TIpoIleCCE€ JABJICHHE W OOBEM CBS3aHBI MEXIy COOOMU

ypasuenuem Ilyaccoma: PV =PV/, rme ,_Ce ¢ _lg,r -MOmsIpHas TemIOeMKOCTH
C 2

\

rasa Ipu HNOCTOSIHHOM JaBJICHUH, C, :%R - MOJCIpHas TCINIOECMKOCTL TIa3a IIpUu

MOCTOSTHHOM 00beMe. Tak Kak MOJIEKYJia KUCI0pOia COCTOUT U3 JIBYX aTOMOB, TO i=5, a
4

orHomienue Ce _14 U3 ypaBuenus Ilyaccoma: P, = P(V] . Ilocne moacTaHOBKHU U

C Y%

\ 1

3 14
BBIYHCIICHHUS, MTOJY4aEM: P, :105(%4]”3) -0,38-10° /7. Pabota, coBepiaemasi ra3om mnpu

annabaTHOM pacIIMpPEHUHU, paBHA YOBbLIM BHYTPEHHEH YHEPruu, T.€. A, =-AU =%% R(T-T,),

rac T3 — abcoirroTHas TCMIICPATypa rasa I1ocCJIC aI[I/Ia6aTHOFO paciIupCHUs. 3anuieMm

_mRT

YpPaBHCHHUEC COCTOSSHHA 0 W II0CJIC aI[I/Ia6aTHOFO paCiup€Hus rasa: PV u

_ mRT,

PV, , e T3 — aOCOIOTHAS TeMIlepaTypa ras3a mocie aquadaTHOrO pacIIupeHusl.

W3 nocieqHux  OByX  ypaBHEHMHU: T-T,=(PV -PV,)

MR, a  CIeHOBaTCILHO,
m

A, = %(pv —PV,). Ilocie moacTaHOBKY YHUCIOBBIX 3HAYEHUN U BBIYUCIICHUS:

3 5 H

2
M

5 5 H
A, 25(105 0,042 -038-10° —=0,08:°) =0,25-10* Jporc.

2
M

OTBET: P, -10° 174; P,=05-10°ITa1 P, =0,38-10°ITa 1 A= 0.4-10" Joic.; 4, =0,27-10" Ic.; A, =0,25-10° JJorc -

Konumponwvnwie 3a0anusn

5.1. Ilpu u3orepMuyecKOM pacumiMpeHuu 2 r a3ota (N,) npu temneparype 280 K

00BEM yBenuuuics B Ba paza. Onpenenure COBEPIIEHHYIO Tra3oM paboTy, U3MEHEHUE
BHYTPEHHEU 3HEPTUU U KOJIMYECTBO TEIUIOTHI, IIOJYYEHHOE ra30M.

5.2. Azor (N,) maccoit 0,1 kr wmzobapHOo Harper ot Ttemmeparypsl 200 K no

temneparypsl 400 K. Omnpenenure paboTy, COBEPIIEHHYIO Tra3oM, MOJYYEHHYH) UM
TEIUIOTY U U3MEHEHUE BHYTPEHHEHN SHEPTHUHU.

5.3. Bogopon ( H, ) Maccoii 6,5 T npu temmneparype 300 K 1 mocTosHHOM aBieHUH

pacmupACTCa BABOC 3a CUCT IIPUTOKA TCILJIa M3BHC. OHpCILeJII/ITC pa60Ty paciupCHUsI,
HU3MCHCHHC BHYTpeHHCfI OHCPI'UHU ra3a U KOJIMYCCTBO TCIJIOTHI, ITOJIYYCHHOC I'a30M.

5.4. 2 xMoug yriekucsuoro rasa (Co,) HarpeBaroTCsl IPHU MOCTOSHHOM JIaBJICHUU Ha
50 K. Haiinure u3MeHEHHE €ro BHYTPEHHEH 3SHEpruu, paboTy pacuIMpeHHs U
KOJIMYECTBO TEIJIOTHI, IOJYYEHHOE Ta30M.

37



5.5. Ilpu annabaTHOM pacHIMPEeHUH JBYX MOJb KHCI0poaa (0,), HaXOASIIErocs npu

HOPMAJIbHBIX YCJIOBUAX, 00BEM yBenuuuics B 3 paza. Onpenenure H3MEHEHUE
BHYTPEHHEH 3HEpIruu ra3a u padoTy pacliupeHus rasa.

5.6. Azort (N,), HaxomuBmmiics npu temmeparype 400 K, moaepriau aguadaTHOM
2
pacIIUPEeHHUI0, B PE3yJbTaTe KOTOPOTO €ro 00beM YBEIMYWICA B 5 pa3, a BHyTPEHHsS
sHeprus ymeHbinunack Ha 4 kJ/[>x. Onpenenure Maccy a3ora.

5.7. I'a3 pacmmpsercs aanabaTHO U MPU 3TOM €ro oObEM YBEIMYMBAETCS BABOE, a
TeMriepaTypa nagaet B 1,32 paza. Haliqure uncno creneneit cBo0ObI 3TOTO rasa.

5.8. JlBa MOl IByXaTOMHOI'O MJI€AJIbHOTO T'a3a HarpeBaroT MpU MOCTOSHHOM 00bEeMe
no Ttemmeparypel 289 K. Omnpeaenute KOIUYECTBO TEIJIOTHL, KOTOPOE HEOOXOIUMO
COOOIIUTH Ta3y, YTOOBI YBEJIMYUTH €r0 JaBJICHUE B 3 pa3a.

5.9. Pabora pacmupeHusi HEKOTOPOro JBYXaTOMHOI'O HJI€aJIbHOIO Ta3a COCTaBISET
2 x/Ix. Onpenenure KOJMYECTBO MOJBEACHHOM K Tra3dy TEIUIOTBI, €CJIM Ipolecc
poTeKas u300apHO.

5.10. Ompenenure KOJMYECTBO TEIUIOTHI, KOTOPOE HAIO0 COOOIIUTH Kuciopoay (o,)
o0béMoM 50 J1 mpu U30XOPHOM HarpeBaHUM, UTOOBI JlaBiieHUE oBbIcKiIoch Ha 0,5 MITa.

6. DekTpocTaTNKa

Ocnognule popmyvt

e3akoH Kynona: F __1 |q1||c12|,
drg er
rie F — Moaynb CHJIBI B3aMMOJEHCTBUSI JIBYX TOUY€UYHBIX 3apsigoB O, u (s, ;T

-12
paccrosuue Mexay 3apsgamu; &, =885-107°@/ m- snexTpuueckas MOCTOSHHAS,

£ -MUDIIEKTPUYECKash MPOHUIIAEMOCTb CPEbl, B KOTOPON HAXOASATCs 3apsiabl (s
Bakyyma & =1),

.HaHpH)KCHHOCTB N IMOTCHIOHAII 3JICKTPOCTATUYCCKOI'O ITOJIA:

F W” 00
=" ¢):_1 NI ¢:_1

Jo o 0o
riae F — cuia, IeUCTBYIOIAsl HA TOYSHYHBIN MOJIOXKUTEIbHbIN 3apsa U, , mOMEIeHHbIN B

mu

nannyio Touky nonst; W, — morenumansnas sHeprus 3apana G ; A - paboTta 1o

nepeMelleHuto 3apsaa §y U3 1aHHOM TOYKM MOJist B OECKOHEUHOCTb.

.HaHpH)KGHHOCTB M IIOTCHIHAJI 3JICKTPOCTATHUYCCKOTI'O ITOJIsA, CO31aBaCMOI0

1 1
TOUEYHBIM 3aps/IOM (| Ha PacCTOSHUU r OT Hero E = —iz; = —i.
Arg e Arg e
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e[loTOK BeKTOpa HANMPSKESHHOCTH Yepe3 Turomaaky dS: dd, =EdS =E dS,
r1€ dS =dS-fA — BEKTOP, MOJIYJIb KOTOPOrO paBeH (S, a HampaBJICHUE COBMAJAET C
HOPMAJIBIO i K Iuomanke; £, — cocTaBnsiomas BEKTOpa E IO HANpaBICHUIO

HOPMaJIH fi K TIJIOIIA/IKe.

¢[I0TOK BEKTOpa HANPSKEHHOCTH Y€PE3 IPOU3BOJIBHYIO IOBEPXHOCTD S !
@, = [EdS = [E,dS.
S S

eHanps:keHHOCTh M MOTEHUHA TMOJIsI, CO3JaBaeMOr0 CUCTEMON TOYEUHBIX 3apsJIOB
(OIpUHIUIT CYyNEePHO3ULINH (HATOKEHHS) JIEKTPOCTATUUECKUX TTOJIEH):

n n
E = Z Ei ; (0 = (DI y
i=1 i=1
rac Ei , wi — COOTBETCTBCHHO HaHpH)KeHHOCTB N IIOTCHIHAJ IIOJIsA, CO31aBacMoOIo

3apsiioM ;, N — 4uCIIo 3aps/IoB, CO3IAOITUX TIOJIC.

o CBs3b MCKAY HAPAKCHHOCTBIO U ITIOTCHIHUAIIOM JJICKTPOCTATUYCCKOI'O ITOJIA:

E:—grad(ﬁ, Nniin E:— a—¢r+a_¢]+8_¢R ’
ox oy o

e i, J, kK — €IMHUYHBIC BEKTOPHI KOOPIMHATHBIX OCEH.

oB ciyuae mossi, 061a1ar01Iero NeHTPaIbHOM I OCEBOM CUMMETPHEH: E = _do

e /1151 omHOPOAHOTO 1O (IO IIOCKOT0 KOHIEHCATOpa): E = % ,

A€ (¢, —¢,)— DPa3HOCTb NOTEHLMAJIOB MEXIy IUIAaCTUHAMU  KOHJEHCATOpa,
d — paccTosiHUE MEXy HUMU.

® DJICKTPUUSCKUH MOMEHT JTUTIONS (AUTIOIBHBI MOMEHT): P = |q|| .

rjae | — IUIe4o JWIojs (BEKTOpHAs BEJIIMYMHA, HAMpaBJICHHAs OT OTPHUIATEILHOTO
3apsjia K MOJIOKUTEIILHOMY).

oJluneliHas, MOBEPXHOCTHAasE M OO0bEMHAs IUIOTHOCTh 3apsAloOB, T.e. 3apsm,
MPUXOIAIINICS COOTBETCTBEHHO HA €AMHUILY JIUTMHBI, TUIOIIAIU U 00beMa:
dqg . dqg . d
T = —q y O = —q y p = —q .
dl ds dv

eTeopema I'aycca aJist 3JIEKTPOCTATHUECKOTO MOJISl B BAKYyMeE:

¢E=§EndsziZN:qi:gijpdv,
S 0v

go i=1
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n
rae ».0; — anrebpaddeckas CyMMa 3apsjioB, 3aKJIIOYCHHBIX BHYTPH 3aMKHYTOM
i=1

MOBEPXHOCTH S ; N — 9HCIIO 3apsifIoB; © — 00BEMHAs MIIOTHOCTh 3aPs/IOB.

eHanpsokeHHOCTh TOJNS, co3/laBaeMasi PaBHOMEPHO 3apsDKCHHOW OECKOHEYHOU

(o2
IUIOCKOCThIO; E=——.
28,&

eHanpsokeHHOCTh M MOTEHLMAN MOJIsI, CO3JaBaEMOr0 MPOBOISIIECH 3apsyKEHHOU
cdepoit paauycoM R ¢ 3apsioM ( Ha pacCTOSHUH r OT LIEHTPA CPEpPhI:

1
E=0; o= EgiR npu r<R (BHyTpH cepsl);

1 9 1 q
E = " = R
4re er?’ " Amg er mpu r =R (BHE Chepe)

eHanpsokeHHOCTh TOJIS, CO3/1aBa€MOT0  PABHOMEPHO 3apsDKEHHOW OECKOHEUHOM
UIMHAPUYECKON MOBEPXHOCTHIO PaguycoM R Ha pacCTOSHUU r OT OCH IMJIMHJpA:
E=0 mpu r<R (BHYTpH QWIMHIPA);
1 =

E=—— >R e a).
2re £f npu r >R (BHE HUIKMHJPA)

ePabora, coBepiiaemas CujiIaMH 3JIEKTPOCTATUYECKOrO MOJsl MPU IepeMelIeHUuU
3apsina § w3 ToYkH 1(MMOTEHIUAI ¢, ) B TOUKY 2 (MOTEHIUAT ¢, ):

A, =0 (p—,), wm A, =q[E-dl =q[E -dl,

rae B, — npoexuus Bekropa E Ha HanpasJIeHHE SIEMEHTAPHOTO IEPEMELICHHS di .

e BekTop nonspuzanuu AUIEKTpuKa: P =

P
i=1
V )
rae V — o00peM JUDICKTPHUKA, ﬁi — JIMIIOJBHBIA MOMEHT | -H MOJeKyJIbl, N — 4ucio

N

MOJIEKYI.

e(CBsI3b MEXKAY BEKTOPOM MOJISIPU3ALMUA U HANPSHKEHHOCTBIO JJIEKTPOCTATHYECKOTO
NoJIE B TOW K€ TOYKE BHYTPU IUAIEKTPHKA: P =& £, E I'/le & — JIUAJIEKTpUYECKas

BOCIIPUMMYHNBOCTb BCUICCTBA.

¢ CBs3b JURJIEKTPUYECKOU IIPOHUIIAEMOCTH ¢ v JUDJIEKTPUUECKON
BOCIIPUUMYHMBOCTBIO &:6= 1 + .

40



eCBs3b MEXKIy HANPSHKEHHOCTBIO E IMOJIS B JUDJIEKTPUKE M HAIPSKEHHOCTBIO

BHCHIHETO IIOJIA. E = 5 .
&

¢ CBs3b MCXKAY BCKTOpPaMHU OJJICKTPHUYCCKOro CMCIICHUA W HAIPSAKCHHOCTHU
QJICKTPOCTATUYUCCKOI'O ITOJIA: D= & E.

o CBsI3b MEXTy BeKTOpaMu D, E u P D= gOE +P.

eTeopema ["aycca s 3JIEKTPOCTATUUECKOTO II0JIA B IUAJIEKTPUKE:

@, = §DBdS ={ D,ds =iqi ,
S S i=1

n
rue Zqi — anreOpanyeckas CymMMa 3aKI0YEHHBIX BHYTPU 3aMKHYTOM IMOBEPXHOCTU S
i=1

CBOOOMHBIX DIEKTPMYECKHMX 3apamoB; D, — cocrapisdiomas BekTopa D IO

HaIPaBJICHUIO HOpMAM i K mUomiaake dS; dS=dSA — BekTop, Moaynb KOTOPOro
paBeH dS, a HamMpaBJEeHUE COBMAAACT C HOPMANBIO fi K IuIomaake. MHTerpupoBaHmue
BEJICTCS 10 BCEU MMOBEPXHOCTH.

.QHCKTPOGMKOCTB YEAUHCHHOI'O IIPOBOJHHUKA C = ﬂI/I KOHJCHCATOopaC = % )
@

rne (0 — 3apsan, COO6IIICHHBII>1 INPOBOJHUKY, ¢ — IOTCHOUAI IIPOBOJHHUKA,
U — PAa3HOCTb NOTCHIUAJIOB MCIKAY TNIACTUHAMH KOHIACHCATOPA.

© DJIEKTPOEMKOCTh IIOCKOTI'0 KOHJEHCATOpa: C = _Sodg S,

rae S — miIolaab MIACTUHBI KOHACHCATOpa, d — pacCTodIHNEC MCXKAY IIJIIaCTUHAMU.

®DJIEKTPOEMKOCTh OaTaperd KOHJEHCATOpOB: TMpHU IMOCIEAOBATEIbHOM (a) U
n n
napauieabHoM (0) COeTMHEHUsIX: a) Ci: ZCL, 0) C= ZCi ,
=11 i=1

Trac Ci — JJICKTPOCMKOCTDb | -ro KOHIACHCATOPA, N —gucio KOHICHCATOPOB.

Co® _ap_0o°

03Hepm;{ YECAMHCHHOTO 3apsKEHHOTO ITPOBOJHHUKA. W= 2 2 2C

1 n
elloTeHIManbHAs SHEPTUS CUCTEMBI TOUEUYHBIX 3apsiaoB: W = > z g,
i=1

re ¢;—MOTEHINAN, CO3/IaBaeMblil B TOM TOUKe, I7ie HaxoAauTcs 3apsin J;, Bcemu 3apsaamu,
Kpome i-To, - uncio 3apsaaos.

CU®> qu ¢°
e DHeprus 3apsHKeHHOTO KoHjeHcaropa: W = BT
rae  (— 3apsa KoHaeHcaropa, C — ero 3JeKTpo€MKOcTh; U — pa3HOCTh

MOTEHIIUAJIOB MEXK]Ty OOKIaKaMH.
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eCuila MNPUTSKEHUS MEXAYy JByMS Pa3HOMMEHHO 3apsKEHHBIMU OOKIaJKaMu
o’S  &eE*S
2&,& o2
e DHEpPrus EKTPOCTATUYECKOIO OIS INIOCKOTO KOHJEHCATOopa:
£eSU? e B v
2d 2

rjae S — IUIoIa b OJHOM IJIACTHHBI; U — Pa3HOCTh MOTEHIIMAJIOB MEXK/y IUIACTHHAMU;
V =Sd — 00beM 001aCcTH MEXKIy TUIACTUHAMU KOHAEHCATOpA.

TIIIOCKOTO KOHAEHcaTopa: |F|=

2
:gogE

w Sd =

£,6 E? _ED
2 2’

e O0BeMHas IIIOTHOCTh YHEPTUU IIEKTPOCTATUYECKOTO MOJIsl: W =

rac E- HaHpiDKéHHOCTL I10JI4, D - QJICKTPUYICCKOC CMCIIICHHC.

IIpuMepsl penieHus 3aaa4

3aoaua 1. J]IBa ToueuHbIX 3neKkTpuueckux 3apsana (i1=1 uKn u ,=—2 uKun Haxoastcs
B Bakyyme Ha paccrosHur d = 10 cm apyr ot npyra. Onpenenure HaIpsHKCHHOCTh U
MTOTEHIAAIT o, CO371aBAEMOT0 3TUMH 3apsIamMu B
TOYKE A, yIaJIeHHOMU OT 3apsja (; Ha paccTosiHUE 1=9 cM 1 OT 3apsaa (J; Ha pacCTOSTHUE
r,=7 cm. Kakas cuna Oyner aeiictBoBaTh Ha ToueuHbld 3apsn =1 nKun, eciaum ero
IIOMECTUTh B TOUKY A7

/ano: Pewienue:

_— CoriacHO TPUHIUIY CYNEPHO3HMINU SJICKTPUUCCKUX TOJICH

=1 uKu; N
G ’ KaXIbI 3apsii CO3/aeT IOJIe HE3aBHCUMO OT TMPHUCYTCTBUS B
;= -2 uKi; | IPOCTPAHCTBE APYTHX 3apsIOB.
d=10cwm; HanpsikenHocThb E
rL=9cm; DJIEKTPUYECKOTO TOJISI B MCKOMOM
2
TOYKE Oyner paBHa
ra="7cMm; reOMETPUYECKOM CyMMe
q =1 uKn Hanpsokennocrer B,  m E,momei,
E=7 =2 CO3JIaBAEMbIX KaXIbIM 3apsiOM B
E=9 OTIENBHOCTH: E=E; +E,.
Puc.6.1
E =,/E? +E2+2E,E,cosa, (1)

rae d — yroil MeXIy BEKTOpaMH Ej M E p, KOTOPBI MOXET ObITh HAaWICH W3
d?—r?—r?
2nr,
I/I36C}KaHI/IC I'pOMO3IKHUX 3armmMcen y,HO6HO 3HAYCHHC cos « BBIYHUCIIUTH OTACJIBbHO:
(102 - 92 -72)
2-9-7

TPEYrOJIbHUKA CO CTOPOHaMU I, I, U O: coso= . B maHHOM ciydae BO

CoS a= =-0,238

42



HanpsokeHHOCTD  DJIEKTPUYECKUX — IIOJIEH,  CO3JaBAEMbIX  COOTBETCTBEHHO

sapsaaMu Quu Qo g, =% . E,-—% (2
Arg,r? Arg,r}
[ToncraBnsst Beipakenus st E1 u E; u3z (2) B (1) 1 BeIHOCS 00U MHOXKUTEIb

1/(4 7, ) 3a 3HaK KOPHS, TIOJTy9daeM:

2 2
e L Jqqzqq 3)
drg \ 1) T, o,
Cuna, neiicTByromiast Ha 3apsia (' F=qE. 4)

B cooTBercTBMM € NPUHIMIIOM CYNEPHO3UIIUU DIIEKTPOCTATUYECKUX TOJICH
MOTEHIIMAJ @ PE3yJIbTUPYIOMIETO MOJIsI, CO3/1aBaeMOr0 JIByMs 3apsijiaMu (; U 0, , paBeH
alreOpandeckoi CyMMe MOTCHIIMAIIOB, T.€.

p=pi1te,. (5)

HOTCHHI/IaH I10JII TOUCYHOTI'O 3ap;Iz[a q Ha paCCTOHHI/II/I I OT HEro Bpra)KaCTCH

.. _q
bopmyoii: @ drar (6)
B namewm ciyuae cornacHo ¢popmyiiam (5) u (6) momyyaem:
=2 (ke (7)

- dre, 1, T,
[ToactaBuB B dopmynsl (3), (4) u (7) 4yucCieHHBbIE 3HAYCHUS (PUUUIECKUX

BCJIMYMH, ITPOU3BCACM BbIYMCJIICHUSA:
1

E—o— =~
4n-8.85.10 12
9.2 9.2 9 9
. (10 )4 +(2-1o 4) Lo 10 : 2-10 (-0239) =
(0.09) (0.07) (0.09)2 (0.07)
~353.103 5 _358"8.
M M
F=10".3.58-10° =3.53-10 °H =3.531H;
1 10° -2.10°
- + —_157B.
? = 4m885107 000" 007

Otset: E=358"8: F-353u1; p=-1578.
M

Konmponwvnwie 3a0anusn

6.1. Paccrosinue MEXJIy  OJHOUMEHHBIMU  OJMHAKOBBIMH  3apsiaMu
g = 2 uKu paBuo 10 cm. Onpexnenure Hanps>KEHHOCTH MOJIS, CO3/1aBAEMOI0  3TUMU
3apsiiaMu B TOYKE, HaXOASUIEHCA Ha pacCTOSHUM 8 CM OT MEPBOro U 6 CM OT BTOPOIO
3apsja.

6.2. Paccrosinue MEXIY JIBYMS TOYEYHBIMU 3apsaaMu
= 2 vKn mw Q = — 3 uKn, pacnoigoxeHHBIMH B BaKyymMe, paBHO
25 cm. Ompenenure HANPSXKEHHOCTh MOJIA, CO3/1aBAEMOr0 3TUMHM 3apsiiaMH B TOUKE,
YJAJIEHHOW OT MEPBOIO 3apsAaa Ha pacctosgHue 20 cM U OT BTOpOro 3apsiaa Ha 15 cm.
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6.3. Paccrosinue Mexay ONHOMMEHHBIMH OJAMHAKOBBIMH 3apsaamu ( = 2 K
paBHO 10 cMm. Onpenenure HANPSKEHHOCTH IMOJIA, CO3JaBAEMOr0 3TUMHU 3aps/laMu B
TOYKE, HAXOASAIEHCS HAa PACCTOSIHUM 8 CM OT IEPBOrO U 6 CM OT BTOPOIO 3apsa.

6.4. Paccrosaue MEKITY JBYMsSI TOYEYHBIMHU 3apsiiamMu
Q= 2 HKn wmw ¢, = - 3 ©Kn, pacnosiokeHHbIMH B BakKyyMe, paBHO
25 cM. Omnpenennure HaNpsSKEHHOCTh IOJIA, CO3aBAEMOI0 3THMHM 3apsiaMH B TOYKE,
YAAJIEHHOH OT IEPBOTO 3apsiaa Ha paccrosiHue 20 ¢cM U OT BTOPOro 3apsiaa Ha 15 cMm.

6.5. Ompenenure HaMpsHKEHHOCTh TMOJII B TOYKE, HAXOJAIIEHCS Ha TMPSMOH,
coequnstomeit 3apsasl (;p =10 HKn u q; =-8 HKn, Ha paccrossHum 8 cM cmpaBa OT
OTpHULIATENILHOTO 3apsiia. PacctosiHue Mexty 3apsaamu paBHo 20 cM.

6.6. C xakoil CuiIOW, MPUXONAIICHCS HA EIUHUILYy TUIOMAN, OTTAIKHUBAIOTCS JBE
OJHOMMEHHO 3apsDKeHHble OECKOHEYHO NpOTshKeHHble miiockoctu? IloBepxHOCTHas
. 2
IUIOTHOCTB 3apsija Ha Kaxaou miockoctu 2 MkKi/m”.

6.7. K 6eCKOHEUHO 3apsOKeHHOHN IUIOCKOCTH C MMOBEPXHOCTHOHM IIOTHOCTBHIO 3apsiia
2 . .
8,85 uKu/cM” mpuKpersieH Ha HUTH OJHOMMEHHO 3apsDKEHHBIN IMIAapHK ¢ Maccoil Ir u
3apsaom 2HKu. Kakoit yroi ¢ miockoctbio o0pa3yeT HUTh, HA KOTOPOW BUCHUT LIAPUK?

6.8. /IBa mapuka maccod | Kr KaKIblii MOABEIICHBI HA HHUTIX, BEPXHHE KOHIIBI
KOTOPBIX coearHEeHBI BMecTe. JlnmnHa kaxxmor Hutu 10 cM. Kakue oguHaKOBBIC 3apsiibl
HaJI0 COOOIINTE apuKam, YTOOBI HUTHU Pa3oIUIUCh Ha
yroj 60°?

6.9. JIBa mapuka OJMHAKOBOTO PajJMyCca U MacChl MOJBEIIEHBI HA JBYX HUTIX TaK,
4TO WX MOBEPXHOCTH COIpHKacaroTcs. Ilocie cooluieHns mapukam 3apsiga 410K
OHH OTTOJIKHYJIMCH JPYT OT JApyra U pa3onuiuck Ha yroa 60°. Haiimure Maccy Kaxaoro
IapuKa, €Ciav JuHa HUTH 20 cMm.

6.10. YeTsipe 0quHAKOBBIX TOUCUYHBIX 3apsiaa (i =0, = (3 = (s = 2 aKx HaxomaTcs B
BEpIIMHAX KBajipara co ctopoHoit 10 cMm. Onpeaenure cuity, IEMCTBYIOUIYIO HA OJUH U3
3apsiIOB CO CTOPOHBI TPEX JAPYTHUX.

6.11. PaccrosHme Mexay IJIaCTHHAMHU IUTIOCKOTO KoHaeHcatopa 5 mm. Ilocie
3apsAKU  KOHJEHcaropa J0 pa3HocTd mnoTteHuuanoB 500 B mexny mnnactuHamu
KOHJIEHCATOpa MOMECTHJIM CTEKJISIHHYIO IUIACTUHKY (€=7), TOJHOCTBIO 3aIlOJHSIOLLYIO
IPOCTPAHCTBO KOHJeHcartopa. Omnpenenure: 1) TUANIEKTPUUECKYHO BOCIPUUMYHUBOCTH
CTEKJIa; 2) NOBEPXHOCTHYIO IUIOTHOCTh CBSI3aHHBIX 3apSA0B Ha CTEKJISIHHOM IJIACTUHKE.

6.12. IIpocTpaHCTBO MEXKIYy TIACTUHAMH TUIOCKOTO KOHJIEHCATOPA 3aMIOJIHCHO JABYMS
CIOSIMU JUDJICKTPUKA — CIIOJSHOW TuIacTHHOW (€;=7) TomuuHod d; = 1 MM m
napa¢uHOBOM mactuHOM  (g8,=2) TommmHOM d; = 0,5 wmm. Omnpenenure:
1) HampsHKEHHOCTU  DJIGKTPOCTATUYECKUX  MOJIeW B CIOSAX  JIUDJICKTPUKA;
2) DJIEKTPUYECKOE CMEIIEHHEe, €CJIM PA3HOCTh MOTEHIMAJIOB MEXAYy IUIaCTUHAMU
konzaeHcaropa U = 500 B.

6.13. Paccrosinue Mexay MIacTUHAMHU IJIOCKOro KoHjaeHcaropa d = 5 MM, pa3HOCTh
norenuuanoB U = 1,2 kB. Onpenenure: 1) NOBEpXHOCTHYIO IJIOTHOCTH 3apsja Ha
IUIACTUHAX KOHJIEHCATOpa; 2) IMOBEPXHOCTHYIO IIJIOTHOCTh CBSI3aHHBIX 3apsOB Ha
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JUBJIEKTPUKE, €CIIM U3BECTHO, YTO JUAJIEKTPUUYECKash BOCHIPUUMYUBOCTh JUAICKTPHUKA,
3aMOJIHSIOUIEr0 MPOCTPAHCTBO MEXKy TIaCTUHAMHU, & = 1.

6.14. IlpocTpaHCTBO MeXAYy IUIACTUHAMM IUIOCKOTO KOHJIEHCATOpa 3aloJIHEHO
crexioM (g=7). PaccrosHue mexnmy miuactuHamMu d = 5 MM, pa3HOCTh MOTEHIHAJIOB
U = 1 kB. Onpenenute: 1) Hanps»E€HHOCTb MOJS B CTEKJE; 2) MOBEPXHOCTHYIO
IUVIOTHOCTh 3aps/la Ha IUIACTHMHAX KOHJEHCATOpa; 3) IOBEPXHOCTHYIO IUIOTHOCTH
CBSI3aHHBIX 3apsAJI0B Ha CTEKIIE.

6.15. K mymactuHam IUIOCKOTO BO3AYIIHOTO KOHAEHCATOpa MPHIIOKEHAa Pa3HOCTh
norenmmanos U; = 500 B. Tlnomans miactun S = 200 cM’, PaCCTOSHHE MEXKLYy HAMH
d = 1,5 mm. Ilocne oTkiro4YeHUs KOHJAEHCATOpa OT HWCTOYHHMKA HaNpsHKEHHS
IPOCTPAHCTBO MEXAY IUIaCTUHaMU 3amojHWwiIM napadpuHom (¢ = 2). Ompexpenute
pazHOCTh moTeHIManoB U, MeXQy IUIACTUHAMH II0CJIE€ BHECEHHs JHAJIEKTPHUKA.
Onpenenure Takxke 3JeKTpoeMKOocTH KoHaeHcatopa C; m C, 10 M IOCiIEe BHECEHMS
JUDIIEKTPHKA.

6.16. K muactuHam IUIOCKOTO BO3AYIIHOTO KOHAEHCATOpa MPUJIOKEHA Pa3HOCTh
norenmmanos U; = 500 B. Tlnomans miactun S = 200 cM’, PacCTOSHHE MEXLy HAMH
d = 1,5 mm. [lpu BKIIOYEHHOM HCTOYHHKE MUTAaHUS B MPOCTPAHCTBO MEXKITY
IUIaCTUHAMHU  KOHJEHcaTtopa BHeciu mnapabun (¢ = 2). Ompegenure pa3HOCTh
noteHuuanoB U, Mexay IUIaCTUHAMHU II0CJIE€ BHECEHUs AudiekTpuka. Omnpenenure
TaKXKe 3NeKTpoeMKocTu KoHaeHcatopa C; u C, 10 U Tocjie BHECEHUS JUAIICKTPHUKA.

6.17. [Inockui BO3/IyIITHBIN KOHJIEHCATOP 3JIEKTPOEMKOCTBIO
C = 10 n® 3apsokeH no pazHoctd moreHnuanoB U; = 500 B. Ilocne oTkmtoueHus
KOHJIEHCAaTOpa OT MCTOYHHUKA TOKa PACCTOSIHUE MEXKIy IUIACTUHAMU KOHJIEHcaTopa
ObUT0 yBenuueHo B 3 pasza. Ompexaenurte: 1) pa3HOCTh MOTEHIIMATIOB Ha OOKJIAJKax
KOHJIEHCAaTOpa MOCJI€ MX pa3JBIXKEHHMs; 2) paOOTy BHEIIHUX CHJI MO Pa3IBHKEHHIO
MJIACTHUH.

6.18. K mmacTuHam IJI0CKOT0 BO3AYIIHOTO KOHJIEHCATOpa MPUJIOKEHO HANPSKEHUE
U; = 500 B. ITnomaas miactua S = 200 CM2, paccrosiHre Mexay Humu d; = 1,5 mwm.
[Inactunbl pazaBuHyau 10 pacctosiHus d, = 15 mm. Haitgure sumeprum W; u W
KOHJICHCATOpa OO0 W TOCIE Pa3ABMXKEHHUS IUIACTUH, €CIM MCTOYHUK TOKa MEPE.
Pa3IBUKEHUEM OTKIIIOYAJICA.

6.19. K nmuactrHaM II0CKOTO BO3AYLIHOIO KOHJEHCATOPa MPWIOKEHO HampsyKEeHUE
U; = 500 B. ITnomams miactun S = 200 cM’, paccrosune Mexay aamu d; = 1,5 M.
[Tnactunel paznBunynu g0 pacctosuus d, = 15 mm. Haitnure sneprum W; u W,
KOHJIEHCATOpa [0 M IIOCJIE PA3ABWKECHMUSA IUIACTHH, €CJIM HMCTOYHHK TOKA IIepen
pa3IBHKEHUEM HE OTKIHOYAJICS.

6.20. DnexktpoeMkoCcTh OaTapeu, o0Opa3oBaHHOW JAByMs  IOCJIEIO0BATEIbLHO
COEJIMHEHHBIMU KOHJIeHcaTopamu, paBHa 100 n®d, a 3apsan 6atapeu 20 uKn. Onpenenure
AIEKTPOEMKOCTh BTOPOT0 KOHJICHCATOPA, a TAKXKE PA3HOCTH MOTEHIIMAIOB Ha OOKJIaIKax
Ka)XJIOT0 KOHJEHCATOPA, €CJIN AJIEKTPOEMKOCTh ITepBoro koHjaeHcaropa 200 nd.
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7. IToCcTOSIHHBIN 3JIEKTPUYECKHI TOK

OcHogHbvle hopmyib

o Cuna Toka: | :2—?; I =%(ecnn | =const).
o IIIOTHOCTB TOKA: | :é_, j=ne(v),

raie S — IUIOIIAJAb IIONMEPEYHOTO CEYEHUsI IPOBOJIHHKA, <D>— CpeaHsAsl CKOPOCThb

YIOPSIAOYEHHOTO JBUXCHUSA 3aps/IoOB B MPOBOJHUKE, — KOHUEHTpauus 3apsijoB, €—

AJIEMEHTAPHBIN 3apsil.

e 3aBUCHUMOCThH COIPOTHBIICHHS OT MapaMeTpoOB MPOBOIAHHUKA: R = plg, rae |— nnouHa

1
IIPpOBOJHHKA, S — oAb IIOIIEPCYHOro CCYCHUA IIPOBOJHHKA, L = — — YACIBHOC
/4

COIIPOTHUBJIICHHUC, y— YACJIbHAA IIPOBOAUMOCTD.
e 3aBHCHMOCTbH YACIbHOTO COIIPOTUBJIICHUA OT TEMIICPATYPbl IJI1 MCTATNIMYCCKHX

POBOJHUKOB: L = [ (1+at),

rae & — teMrepaTypHbIil KOdQPUITMEHT COMPOTUBIEHUS; Oy — yIETLHOE COMPOTUBIICHUE
npu 0°C, { — Temmneparypa npoBOJHUKA.
e CompoTHBIEHHE CHUCTEMBI MPOBOJHUKOB: TIPU TMOCIENOBATENIbHOM (a) U

napasuiesibHoM (0) coequHeHusx: a) R=) R, © 1_ i,
P R R
i=1

i=1 i

Trac Ri_ COIMIPOTUBJICHUC ~ -T'O IIPOBOJHHKA, N —gucio IMPOBOJAHUKOB.

o ComnpoTuBIICHUS, HEOOXOIUMbIE JIJII PACIIUPEHUs TIPEACIOB U3MEPEHUsT Mpudopamu
cunbl Toka ( Ry, ) n nanpsoxenus (R q05) B pas:

R
= R =R(n-1).
Ru/yHTA n_1’ J[Ob. ( )

 3akoHbl OMa: 711 OTHOPOAHOTO Y4aCTKa LEMNH: | = (p1+R(p2 = UE :
JUI HEOAHOPOIHOT'O yUacTKa LEIHU: | = m,
R
o I 8
AJIs1 3aMKHYTOU LICIIN: =,
y R+r

B muddepeHnnansHoit hopme: | =y E,
rae U — HanpsbKeHHE Ha OJHOPOJHOM YYacTKe LEIH, (p, —¢,) — PA3HOCTh NOTCHIIMAIOB
Ha KOHIAax yyactka unenu, ¢ — OJIC uCTOYHMKA, [ — BHYTPEHHEE COIPOTHUBIICHUE
HCTOYHMKA  TOK4, ] —  IUIOTHOCTH TOKa, y—  YyHeJlbHas  MPOBOJUMOCTb,
E —HanpsHKEHHOCTD ITOJIS.
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o Cuia TOKa KOPOTKOT'O 3aMbIKaHHus: | = < .
r

UZ
o PaGora Toka 3a Bpems t:A=1Ut= IZRt:Ft_

3akoH [[xoyns-JIeHna (KOJIMYECTBO TEIIOTHI, BBIAEISEMON MPU MPOXOKIACHUH TOKA
2
uepes nmposoanuk): Q =1°Rt,

U 2
2
« MomHoCTh TOKA, BbIACTsieMast B Harpy3ke (mmonesnas): P=1U =1"R = =

e [loytHAst MOIITHOCTH, BEIIENsAeMad B 1iern: P=¢-1| .

e MoOIHOCTH, TepsieMasi B UCTOYHUKE: P = 1°r .
P

nOJe3Has

o KOB(l)(i)I/IHHGHT IIOJIC3HOT'O ,HGIZCTBHH HCTOYHHKA TOKA. 17 = P =

noaHa:A

R
R+r '

« [pasuna Kupxroda: 1) D I, =0 — s y3nos; 2) Y IR =) &, — 1151 KOHTYpOB,
i i k
rne > l;— amrebpauueckas cymMma CHJI  TOKOB, CXOJANIMXCS B Y3,
i

Zgo — anrebpanueckas cymma DJIC B KOHTYpE.
k

IIpumeps! pelienus 3axa4

3adaua 1. DJIC ucrounuka Toka ¢ =6 B. HanGoubmas ciiia TOKa, KOTOPYIO MOXKET
JaTh UCTOYHMK TOKA, lmay =5A. Kakas HanbGoNbInas MOIIHOCTE Prpay MOMKET BBIIEIMTHCS

Ha TOJKIIOYEHHOM K HMCTOYHHUKY TOKA PE3UCTOPE C MEPEMEHHBIM COMPOTHUBICHUEM?
Kakum npu stom Oyaer KIIJ| ucTouHnka TOKa M Kakasi MOIIHOCTb Pnomepb Oyner

pacxoa0oBaTbCA HAa HArp€BaHUEC CaMOro WCTOYHHUKA?

Hano: Pewenue:

§=6B:; MoOniHOCTh TOKa Ha BHEIITHEM Y4aCTKE LIETH HAXOIUTCS 110
lnax =54  (POpMyIIE:

P=1U=IR, (1)
Prax =? rae R — conpoTuBiieHUE pe3ucTopa MpU YCIOBUH OY€Hb MaJIOro
n =2 COINPOTHUBJICHUS MOABOASAIINX TOK MPOBOJHUKOB.
Cuny Toka | MOKHO HailTH Ha OCHOBE 3akoHa OMa 11
Fromep, =? 3aMKHYTOU LIETIN:
| = g
R+r (2)

rac Rur-— COIIPOTHUBJICHUS BHCHIHCTO U BHYTPCHHCTO Y4aCTKOB
O COOTBCTCTBCHHO.
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[ToncraBus hopmymy (2) B hopmyiy (1), momyanm:
2
- ‘9_RZ . (3)
(R+r)

N3 dopmynsl (3) BUIHO, YTO NMPH IOCTOSHHBIX BEIMYMHAX ¢ M I MOIIHOCTH
aBisieTcsl GyHKIMEH OTHOU MEepEeMEHHON — BHENIHEero conpoTuBieHus R. V3BecTHO,
YTO 3Ta PYHKIUS UMEET MaKCUMyM IpH ycioBuH R = r. B 3ToM MOXHO yOeauThbcs,
INPUMEHUB OOLIMI METOA UCCIeNOBaHMUS (YHKIHMA Ha SKCTPEMyM C MOMOILIBIO
ITPOU3BOTHOM.

CraenoBaTtebHO,
2

2

&r ¢

== 4

M (r+r)? 4r )

Takum oOpa3om, 3aa4ya CBOJUTCS K OTBICKAHUIO CONPOTHUBICHUS I' BHYTPEHHETO

yJacTka 1enu (MCTOYHMKa Toka). Eciu ydecTs, yTo cornacHo 3akoHy Owma (2) st

3aMKHYTOMW LIETH HAHOOJbIAs CUIIa TOKA |max OyJET MpH BHEIIHEM CONPOTHBICHHH R

= 0 (TOK KOPOTKOTO 3aMbIKaHHUSI ), TO
&

Imax =— (5)

[loacraBuB HailnenHoe u3 (5) 3HaUYE€HHE BHYTPEHHETO CONPOTUBIEHUS I B
bopmyay (4), monydum:

el 6-5

—=7,5Bm .
max 4 4

MOoOIIHOCTh TOKA, BhIAEIsIEMasi HA BHEIIIHEM YYACTKE LIETH, SIBJISIETCA MOJIE3HOM MO
OTHOIIICHHIO K MOJHON MOITHOCTH MUCTOYHUKA TOKA, KOTOpas HaXoIUTCs 1o hopmyie

P .=é& I u B namewm ciyuae Gyner paBHa

2
&

Poom = E = 2Pmax . (6)

KHﬂ HNCTOYHHKA TOKAa PAaBCH OTHOIICHUIO MOJIC3HOM MOIIIHOCTH, BBIHCHHCMOﬁ Ha

BHCIIHCM Y4YdCTKE IICIIN, K MMOJIHOM MOIITIHOCTH UCTOYHHKA TOKaA:

Pno e3HAA
— noresnan v
=3 (7)

nonHas
B namewm ciryuae

P
n =212 100 % = 50 %.

NOJIHAA
MoniHocTh, TepseMyl0 B HUCTOYHUKE TOKAa, MOXHO HallTu mno dopmye:
P

2
nomepo = Pnomta;l _PI’IOJZ&?HGE = I r "
B namewm cinyuqae:
Pnomepb =2Pay = Prax =Prax =75Bm .
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3aoaua 2. DiekTpuYecKas LENb COCTOMT M3 JBYX MCTOYHHKOB TOKA, TpeEX
conpotuBieHuit u ammnepmerpa (puc.7.1). B sroii menu R;=100 Om, R,=50 Owm,
R3=20 Om, DJIC ogHOro U3 MCTOYHUKOB ToKa ¢;=2 B. AMmepMmeTp perucTpupyer TOK
15=50 MA, uayuuii B HanpaBieHUH, ykazaHHOM cTpenkoi. Onpenenute 3/C BTOporo
UCTOYHUKA TOKa ¢,. CONPOTUBIECHUEM aMIlepMeTpa U BHYTPEHHHM CONPOTHUBICHUEM
HMCTOYHUKOB TOKA MpeHeOpeyb.

Ykazanua: Jljis pacyera pa3BeTBICHHBIX LIETIEH
npuMeHstoTes npasmia Kupxroda:
a) Y1, =0—nepBoe npasuino Kupxroda;
i

6) > IR = &, - BTOpoe mpaBuIo.
i k

Ha ocHOBaHHMM 3THX TpPaBWJI MOXHO COCTaBUTh ypaBHEHUS, HEOOXOJUMBIE IS
OMpeNeNIeHUs] MCKOMBIX BeIW4MH (cuibl Toka, conpoTuBieHus u IJIC). Ilpumenss
npasuia Kupxroda, cienyer coomoaaTh Cleayrone yKa3aHus:

1. Tlepen coctaBieHHWEM YypaBHEHUW NPOU3BOJBLHO BBHIOpATH: a) HAIMPABICHUS
TOKOB (€CJIM OHM HE 3a/IaHbl 10 YCIOBHUIO 33/1aUl) U yYKa3aTh UX CTPEJIKaMU Ha YEPTEKE;
0) HanpaByieHUs1 00X0/1a KOHTYPOB (HapUMep, MO0 YaCOBOM CTPEIIKE).

2. Ilpu cocTaBieHUM ypaBHEHUH 10 TIepBOoMYy npaBmity Kupxroda caurarh TOKH,
MOAXOJAIIMEe K Y37y, TMOJOXHUTEIbHBIMH, a TOKH, OTXOJSAIIHEe OT Y3Ia,
OTpUIIaTeILHBIMU. UNCII0 ypaBHEHUM, COCTABIIIEMBIX MO TiepBoMy mpaBuiay Kupxroda,
JIOJDKHO OBITh Ha €IMHUILY MEHBIIIE YHCIIA y3JI0B, COACPKALTUXCS B IIETTH.

3. [Ipu cocTtaBiaeHuu ypaBHEHM 10 BTOpoMy mpaBwiy Kupxroda Hamo cyuTats,

YTO a) MPOMU3BEJCHUE CUJIbI TOKA HA COMPOTHUBIICHHE y4yacTka KoHTypa | R, BXoauT B
ypaBHEHHUE CO 3HAKOM ““TIIIOC”, €CJIM HaNpaBJieHWE TOKa B JAHHOM YYacTKE COBIAJIAeT C
BBIOpaHHBIM HampaBjieHUEM 00X0Ja KOHTYpa, B MPOTUBHOM ciydae npousseaeHue | Ry
BXOJIUT B ypaBHEHHE cO 3HaKoM ‘“‘muHyc”’, 0) DJIC BXOIUT B ypaBHEHHUE CO 3HAKOM
“IJTIOC”, €CJIM OHa TOBBIIIACT MOTEHIIMAT B HAINpaBJICHUHW 00X0Ja KOHTypa, T.€. €CIIH
npu 00XoJe NPUXOAUTCS HMATHU OT MHUHYCa K IUIIOCY BHYTPHM HCTOYHHKA TOKAa; B
IpoTUBHOM citydae J/[C BXOOUT B ypaBHEHHME CO 3HAaKOM “‘MHUHYyC . Uucno ypaBHEHH,
COCTaBJICHHBIX MO BTOpoMy TmpaBuwily Kupxroda m0omkHO OBITH paBHO YHCTY
HE3aBUCHMBIX KOHTYPOB, UMEIOIIMUXCS B 1enu. J[Jisi cocTaBlieHUs] YpaBHEHUN TEpPBbIN
KOHTYp MOHO BBIOMpaTh MPOU3BOJIbHO. Bee mocienytonme KOHTYphI ClielyeT BhIOpaTh
TaKuM 00pa3oM, 4TOOBI B KaXKIbIii HOBBIN KOHTYP BXOJWJa XOTS ObI OJJHA BETBb IICTIH,
HE Y4YacTBOBaBIlIasi HU B OJHOM U3 PaHEE HCIOJIb30BAaHHBIX KOHTYpOB. Ecnu mnpu
pEIICHUH ypaBHEHWH, COCTABJICHHBIX YKa3aHHBIM BBHIIIE CHOCOOOM, TIOJIYYECHBI
OTpHUIIATENIbHBIC 3HAYEHUSI CHJIbl TOKA WM COMPOTUBIICHUS, TO 3TO O3HAYAET, YTO TOK
yepe3 JaHHOE CONPOTHUBJICHUE B JEHCTBUTEIBHOCTH TEYET B  HAIPABICHUH,

IMPOTUBOIIOJIOKHOM IPOU3BOJILHO BI:>I6paHHOMy. HpI/I O9TOM YHCJIOBBIC 3HAYCHHS CHUJIIBI
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TOKa OyayT mpaBuiIbHBIMH. OJJHAKO B 9TOM CIIy4ae HEBEPHBIM OKA)KETCS BBIYMCICHHOE
3HAYCHUE CONMPOTHUBJICHUSA. Toraa HEoOXOAUMO, U3MEHUB Ha YEPTEKE HaIpaBICHUE
TOKa B COIPOTHUBJIECHUH, COCTABUTh HOBYK) CHCTEMY YPAaBHEHHW U, pEIIUB €€,
ONPENEIUTh HCKOMOE CONPOTHUBIICHUE.

Aaro: Pewenue:
R; = 100 OM; Breibepem HampaBieHHS TOKOB, KaK OHH IIOKa3aHbl Ha PHCYHKE, H
R, =500m; | YCIOBHUMCS OOXOJUTh KOHTYpbI IO 4YacoBo# ctpenke. [lo mepBomy
R, =20 0m; | TpaBmiry Kupxroda mist y3na F nmeem:
£,=28; |1—|2—|3=O. (1)
- [To BTopomy npaBuity Kupxroda numeem s konrypa ACDFA!

£, =? o
— 1Ry — bR, = — ¢4, unu moce yMHOXKEHUST 00euX YacTeil paBeHCTBa

Ha — 1:
|1R1+ |2R2= &1 . (2)

CootBerctBenHo it konTypa AFGHA Hatigem: 11R; + 3Rz =¢;,. (3)
[Tocie MOICTAaHOBKHM M3BECTHBIX YMCIIOBBIX 3HaUeHUH B popmyis (1), (2) u (3)
nonyuum: |,—1,—0,05=0, 501,+251,=1, 1001+0,05-20=¢,, .
IlepenHecst B 3TUX ypaBHEHUSAX HEM3BECTHBIC BEIMYMHBI B JIEBbIC YACTH, 4 U3BECTHBIC — B
MpaBble, MOJYYUM CUCTEMY 3 YpaBHEHUM C TPEMSI HEU3BECTHBIMHU:
l,— 1,40 =0,05
501, +251,+0=1
1001, +0-¢, = 1.
Bripazum 13 nepBoro ypaBHEHHS CUCTEMBI |, 1 1MOJIcTaBUM BO BTOPOE:
I,=1,-005, 50I,+25(1,-005)=1 =1, =003.
[Toacrasnss |, B TpeTbe ypaBHEHUE, OJydaeM &, =4 B.

Ortser: ¢,=4 B.

Konumponwvnwie 3a0anusn

7.1. I'anbBaHUYECKUH AJIEMEHT JA€T Ha BHelIHee conpoTtusienue 0,5 OM cuiy Toka
0,2 A. Eciu BHellHee conmpoTuBiieHHE 3aMeHuTh Ha 0,8 OM, To Tok B menu 0,15 A.
Onpenenute cUly TOKa KOPOTKOTO 3aMbIKAHUS.

7.2. Haiinute BHyTpenHee conpotusienne u 3J{C nCTOUHMKA TOKA, €CIIH MTPU CHJIE TOKA
30 A mommuocTs BO BHemHeW nenu pasHa 180 Br, a npu cune toka 10 A ata MOIIHOCTB
pasna 100 Br.
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7.3. Onpenenure CUily TOKa B IIETH, COCTOALICH U3 ABYX 31eMeHTOB ¢ D/[C, paBHBIMU
1,6 B u 1,2 B u BuyrpeHaumu conpotusieHusiMi 0,6 Om u 0,4 OM COOTBETCTBEHHO,
COCJIMHEHHBIX OJJHOMMEHHBIMHU ITOJIKOCAMU.

7.4. BHemHss 1leb UCTOYHMKA TOKa MOTpediseTr moutHocTh 0,75 BT. Onpenenure
cuiny Toka B uenu, ecinu 9J{C ucrounuka 2 B u BHyTpeHHee conpoTuBieHue 1 Owm.

7.5. Amnepmerp comnpotuiienneM 0,18 OM mpenHazHaueH A U3MEPEHUS! CHUJIIbI
toka 10 10 A. Kakoe compoTuBieHHE HAIO0 B3STh M KAK €r0 BKIIOYHUTH, YTOOBI ATUM
aMIIEpMETPOM MOXKHO OBIJIO U3MEPATH CHITY ToKa 10 100 A?

7.6. Bomnbtmerp comportuBienuem 2000 OwM mnpemHazHaueH JUisi M3MEpPEHUs
HanpspkeHus 1o 30 B. Kakoe conpoTuBieHne Haa0 B3SATh M KaK €ro BKIIOYUTH, YTOOBI
TUM BOJIbTMETPOM MOYHO OBLIIO U3MEPSATH HaIpsHKEHHE 10

75 B?

7.7. Tox B npoBogHuke comnpotuiennemM 100 Om paBHOMepHO HapacTaeT oT 0 10
10 A B Treuenue 30 c. Uemy paBHO KOJIMYECTBO TEIJIOTHI, BBIACIUBIIECECS 3a 3TO BPEMS B
IIPOBOJAHUKE?

7.8. I1o mpoBoHUKY comnpoTuBiieHreM 3 OM T€YET paBHOMEPHO BO3PACTAIOIIUNA TOK.
KonnuecTBO TEIIIOTHI, BBIAEIUBIICECS B MNPOBOJHMKE 3a 8 ¢, paBHo 200 [Ix.
Onpenenute 3apsij, TPOTEKIINWNA 3a 3TO BpeMs MO MPOBOJHUKY. B HauanbHbIII MOMEHT
BPEMEHH TOK ObLT paBeH HYJIIO.

7.9. Tox B TPOBOAHUKE PABHOMEPHO YBEIWYHUBACTCS OT HYJS JO HEKOTOPOTO
MaKCUMaJbHOTO 3HaueHus B TeueHue 10 c. 3a 3To Bpemsi B MPOBOJHUKE BBIIACIUIOCH
KoJm4uecTBO TerioThl 1 kJ[x. Onpenenure CKOpoCTh HapacTaHUS TOKA B MPOBOJHUKE,
€CJIM CONpOTUBJIEHUE €ro 3 OMm.

7.10. Ucrounmk Toka ¢ DJIC 12 B wm BHyTpeHHuM comnpoTtuBieHneM | Owm
MOAKIIOUEH K Harpyske compotuBiennemM 9 Owm. Halinurte: 1) cuiny Toka B Uemu,
2)MOIIHOCTh, BBIJCTSEMYI0 BO BHEIIHEW YacTU LENH, 3) MOIIHOCTh, TEPAEMYIO B
HMCTOYHUKE TOKA, 4) MOJTHYI MOITHOCTh UCTOYHUKA TOKa, 5) KIIJ] nctounuka toka.

7.11. Hapuc. 7.2 &€, =&, = &, R; =48 Om, R, = 24 Om, nanenue Hanpsixkenus: U, Ha

conpoTtuBieHn R, paBuo 12 B. IlpeHeOperas BHYTPEHHHM COINPOTHBICHHEM
AJIEMEHTOB, OIPEIEIUTE CHIIy TOKA BO BCEX YUaCTKax LM U CONTPOTUBIIEHHE Rj.

1] L1 — 1 L 1]
R; |{'| R Rs R, C) R,
2 G
| Rs R
- &, __| £, & T ] . —
I
Puc. 7.2 Puc.7.3

7.12. Ha puc. 73 ¢=2B, Ri= 60 Om, R~= 40 O™, Rs=R;, = 20 Owm,
Rs= 100 OM. Ompenenurte cuiny Toka /g yepe3 rajabBaHOMET).
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7.13. Ha puc. 74 & = 2,1 B, &= 19 B, Ri=45 OmMm, R,= 10 Owm,
R;= 10 Owm. Haiigute cuiay TOKa BO BCeX ydYacTKax Ienu. BHyTpeHHuUM
CONPOTUBJICHUEM BJIEMEHTOB MPEHEOPEUb.

£
— | —— i
R,
L "] -
—
VAL
R £, P
— [ P
Puc. 7.4 Puc. 7.5

7.14. Ha puc. 7.5 conpotuBieHnus: BoJbTMeTpoB paBHbl R1=3000 Om u R,=2000
Owm; R3=3000 Om, R4,=2000 Owm; ¢ =200 B. Halinute nmokazaHus BOJBTMETPOB, €CIU
K104 K pa3oMKHYT. BHYyTpeHHUM CONPOTHBICHHUEM MCTOYHHKA IIPEHEOPEYb.

7.15. Ha puc.7.6 €,=¢&,=110 B, R;=R,= 200 Om, conmpoTuBJIcHHE BOJbTMETPA

1000 B. Haiigute mnoka3zaHue BOJbTMETpAa. BHYTpEeHHUM CONPOTUBIEHUEM
HMCTOYHUKOB IIpeHEOpeYb.

g, & | £,
DRl V)R, D 3 7
B =

Puc. 7.6 Puc. 7.7

7.16. Ha pwuc.7.7 &, =&,= 2B, BHYTpEHHHUE COINPOTUBIEHUS HCTOYHUKOB

paBubl 0,5 OMm, R;= 0,5 Om, R,= 1,5 Om. Haligute cuiy TOKa BO BCEX ydacTKax
LICTIH.

Puc. 7.8 Puc.7.9
7.17. Ha puc.7.8 & =&,= 100 B, Ri= 20 Owm, R,= 10 Om,
Rs= 40 Owm, R,=30 Owm. Halhgure mnoka3zanue amnepMmeTrpa. BHyTpeHHUM
CONPOTUBIIEHHUEM UCTOYHHUKOB U aMIlepMeTpa NpeHeOpeyb.

7.18. B cxeme Ha puc. 7.9 R;=1 Om, R,=2 Om, R3=3 Om, cuna Toka depe3
UCTOYHUK paBHA 2A, pa3HOCTh MOTEHIMAJIOB MEXTy Toukamu 1 m 2 paBHa 2 B.
Haiinure conporusnenue Ry.
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Ny
g [ é &
1,
|

\J
£ o R,
T R, |-
L |
Puc. 7.10 Puc. 7.11

7.19. Kakyto cuiy Toka MokasbiBaeT ammnepMerp Ha puc. 7.10, compoTuBieHue
KOTOPOTO R,=500 Owm, eclin £,=1B,&£,=2B,
R3=1500 Om u mnaneHue HamOps>KEHUsT Ha comnpoTtuBieHun R, paBao 1 B.
BHyTpeHHHM COMPOTUBICHUEM HCTOUHUKOB MPEHEOPEYD.

7.20. Ha puc. 7.11 £,=1,5 B, £€,=1,6 B, R;=1 kOwm, R,=2 kOm. Onpenenure
MOKa3aHUs BOJIETMETPA,

eciu ero
Ry=2 xOm. ConpoTHUBIE€HUEM UCTOYHUKOB IIPEeHEOPEYb.

CONIPOTHUBIICHUE
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HHPUJIO)KEHHUE

CripaBo4HBIC TAOIHITBI HEKOTOPHIX MOCTOSHHBIX BETUIUH
1. HexkoTopble acTpOHOMHYECKHE BeJINYNHBI

HaumenoBanue 3HauyeHue

Pannyc 3emnun 6,37-10°M
Macca 3emiu 5,98-10%°kr

Panunyc Connia 6,95-10°m
Macca CosHita 1,98-10%"kr

Pamgnyc Jlyns 1,74-10°M
Macca Jlynsr 7,33-10%kr

Paccrosinne oT nentpa 3emiu 40 [EeHTpa 1,49-10"m

ConHna
Paccrostnue ot nieHTpa 3emiiu 10 IeHTpa 3,84.10°m
JIyHBI

2. OcHoBHBIE pHU3MUYECKHE TTOCTOAHHBbIE (OKPYIJIeHHbIE 3HAYEHHS)

duznyeckas NOCTOSIHHAS O06o3HaueHue 3HaueHHUE
VY ckopeHue cBOOOIHOTO NaAeHHs 0 9,81 m/c”
I'paBUTaIIOHHAS TTIOCTOSIHHAS G 6,67-10 " m°/(xr-c?)
[TocTosiHHas (uncia0) ABOrajapo No 6,02-10°°momp ™
ITocTostnHas bonbiimMana k 1,38 107 JIx/K
DnekTpudecKas MOCTOsTHHAS ¢o 8,85-10"° d/m
MarHauTHas IoCTOsSIHHAs Ho 4,107 Tu/m
YHuBepcasibHas ra3oBas n 8.31 J/(morb-K)
MTOCTOSTHHAS
DJIEMEHTAPHBIN 3apsij e 1,60-10" Kn
CkopocTh cBETa B BAKYyME c 3,00-10° m/c
[Tocrosunaa Credana — ) 5.67-10° Br/(m>K?)
boapmmana
Iloctosnnass Buna b 2,90-10'3 M-K
[Tocrostanbie [Tranka h 6,63-10"% Jik-c;
ATOMHAas eIMHHUIIA MACCHI a.e.M. 1,660-10%" kr
Macca nokost 3JIeKTpoHa me 9,11-10'31 KT
Macca nokost npoToHa mp 1,672-10°%" kr
Macca nokost HeUTpoHa m, 1,675-10" kr
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3. I1.10THOCTH TBEPABIX TeJl

Teepmoe teno | Ilnotnocts, kr/m° |  TBepmoe Teno I110THOCTB, KI/M”
AJFOMUHMIT 2,70-10° Menb 8,93-10°
Bapwuii 3,50-10° Huxkenb 8,90-10°
Banauii 6,02-10° CauHen 11,3-10°
Bucmyt 9,80-10° Cepebpo 10,5-10°
Xeneso 7,88-10° Le3uii 1,90-10°
Jluruit 0,53-10° Lunk 7,15-10°

4. I110THOCTD KUAKOCTEH

Kuakocthb I110THOCTD, KI/M° Kuakocthb I110THOCTb, KI/M°
Bona (mpu 4°C) 1,00-10° Cepoyriepon 1,26-10°
['munepun 1,26-10° Kepocun 0,80-10°
PTyTh 13,6-10° CripT 0,80-10°

5. Il1oTHOCTB ra3oB (IPY HOPMAJILHBIX YCJIOBHUAX)

Ta3 I110THOCTD, KI/M° Ia3 [110THOCTD, KI/M®
Bomopon 0,09 I"enmi 0,18
Boznyx 1,29 Kucnopon 1,43

6. KoappuumeHT NoOBEPpXHOCTHOI0 HATSIZKEHUS KUAKOCTEN

Kunkocts Koadpuument, MH/M| Kuakocts |Kosadpdbumnument, MH/m

Bona 72 PryTh 500

MpuibHas neHa 40 Crupt 22
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7. I3 neKkTpudecKasi NpOHUIAeMOCTh

BemectBo [IponnnaemocTh BemectBo [Iponnnaemoctn
Kepocun 2,0 [MomuyTrien 2,3
[Tapadpun 2,0 Crekiio 6,0
8. D¢ dekTHBHBIN TUAMETP MOJEKYJIbI
l'a3 Hnametp, M l'a3 Hunametp, m
A3zoT 3,0.10™ Tenuit 1,9-10™
Bonopox 2,310 Kucnopon 2,7-10"
9. YeJibHOE CONPOTHBJICEHHE METAJLJIOB
Y ensHoe Y nensHoe
MeTamt COIIPOTHUB- MeTann CONPOTHUB-
neaue, HOM'M nenue, HOM M
Menb 17 Huxpowm 1100
AtOMUHUN 26 Cepebpo 16

10. MHOKUTEJIN M NIPUCTABKH /151 NPe00Pa30BaHUA 1eCATHYHBIX KPATHBIX
U J0JIbHBIX eIMHUI] 1 UX HAUMEHOBAHM I

IIpucraBka IIpucraBka
s} )
S = 2 s | = Y
= = = = = =
; g 5 ITpumep § S 5 ITpumep

o =N o =N
g £ = S | E =
= = 3 = = 3

= Vo) = O

> ®) < ®)

s n
10" JKCca ] 3KCaMETp Sm | 107 e bi JIeUUMETP IM
10" nera IT nerarepi [l | 102 | cantu c CaHTHUMETP cM
10" | Tepa T tepamkoyns | Tk | 10° | mwm M MUJLITHAMIIED MA
10° rura r ruragsioron | TH | 10° | wmmkpo | Mk MHUKPOBOJIBT MKB
108 Mera M MeEraoMm MOwm| 107 HaAHO H HAaHOCEKyH/a HC
10° KHJIO K KHJIOMETP kM | 10%? | mmko n nukodapas n®d
10° | rexro r TEKTOBATT rBr | 10%° | demro b dbeMTorpamMm ¢br
10! neKa na JEKAITUTP man | 1078 aTTo a aTTOKYJIOH aKn
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2. ®uszuka. 3agaHus Ui ayAUTOPHBIX MPAKTUYECKUX 3aHITHH U CaMOCTOSTEIbHON
paboThl CTYACHTOB, 4YacTh 2: DJEKTpUYECTBO W MarHeTusM. —PoctoB H//I:
N3parensckuii uentp AI'TY, 2012.
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