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BBenenue

[lenp HacTosIero y4eOHO-METOJUMYECKOTO YKa3aHUs — OKa3aTh ITOMOILb
CTYJIEHTaM —3a0YHHKaM BBICIHIMX y4€OHBIX 3aBEJCHUN B U3YUECHUH Kypca PU3UKH.

OcHOBHOI y4eOHBIH Marepuan MporpaMMbl Kypca B METOJUYECKOM
YKa3aHUM pacupedesieH Ha S5 pas3fenoB. B KaxaoM HW3 HHUX [JaHbl OCHOBHBIE
dbopMyIbl, pUMEPHI PEIIeHUs 3a]ad, 3aJadd JUIsi CAMOCTOSTENIbHOIO pelIeHus,
KOHTPOJIbHBIE 33J]aHUSI U HEKOTOPBIE CIIPaBOYHBIE TAOIHIIBL.

B ykazanum yuTeHBl OCOOEHHOCTH Y4Y€OHBIX IUIAHOB HWHXKEHEPHBIX
crenuanbHOCTe g TporpamMmbl  OakanaBpuar. Jlana Tabiuiia BapUaHTOB

KOHTPOJIbHOHM pabOTHI.



OBIMUE METOANYECKHUE YKA3AHUSA

OcHoBHOM  (opMOlt  OOydeHHUs CTYyJIEHTa-3a0YHUKA SBJSETCS  CaMo-
cTosiTeNbHAsA paboTa Haja ydyeOHbIM MmarepuasioMm. [l oOnerdenust 3toil paOOTHI
kadenpsl GU3UKK BY30B OPTaHU3YIOT YTECHUE JIEKIIMMA, MPAKTUYECKUE 3aHATHS U
nabopatopHble paboThl. [loaToMy mporecc wu3ydeHuss (QU3UKH COCTOUT U3
CJIEIYIOIIHX 3TaIOB:

1)  npopaboTka yCTAaHOBOYHBIX U 0030PHBIX JICKIIUN;

2)  camocrosTenpHasd paboTa HaJl yYeOHMKaMHU U YYEOHBIMH MOCOOUSIMU;

3)  BBINOJHEHUE KOHTPOJIBHBIX PabOT;

4)  nabopaTOpHBIN MPAKTUKYM;

5) 3a4€Thl U DK3aMEHBI.

[Tpu camocrosiTensHOM paboTe Ha y4eOHBIM MAaTEPUATIOM HEOOXOUMO:

1)  cocTaBisiTh KOHCIEKT, 3alUCHIBas B HEM 3aKOHBI M (OPMYIIHI,
BBIPAXKAIOIINE 3TU 3aKOHBI, OMpPEAENEHUS OCHOBHBIX (PU3UYECKUX MOHITHH U
CYIIHOCTh (PU3MUECKUX SIBICHUN U METOJIOB MCCJIEIOBAHMS;

2)  wm3y4aTh Kypc (PU3BHKHA CHUCTEMAaTHYECKH, TaK KaK B IPOTUBHOM
cilydae MaTepuai OyleT yCBOE€H OBEPXHOCTHO;

3) MOJIb30BaThCSl KAKUM-TO OJHUM YYECOHUKOM MJIM y4€OHBIM IMOCOOMEM
(W11 OTpaHMYEHHBIM YHUCJIOM TMOCOOUI), YTOOBI HE yTpayuBajliach JIOrMYECKas
CBSA3b MEXJY OTIEIbHBIMU BOIMPOCAMH, 1O KpalHEW Mepe BHYTPHU KaKOTO-TO
OTpEeJIETICHHOr0 pa3ena Kypcea.

KoHTposnpHble pabOThl MO3BOJSIOT 3aKPENUTh TEOPETUUECKHM MaTephal
Kypca. B npouiecce uzydenus: GU3NKU CTYJCHT JTOJIKEH BBIMOJIHUTH 2 KOHTPOJIbHbBIE
pabotel. PelmieHue 3amay KOHTPOJIBHBIX pabOT SBISETCS MPOBEPKOM CTENEHU
YCBOEHUS CTYJIEHTOM TEOPETUYECKOTO Kypca, a peleH3uu Ha padoTy MOMOTraroT
eMy JnopaboTaTh M MPAaBUIBHO OCBOUThH pa3lIMYHbIE pa3felibl Kypca (U3HUKU.
[lepen  BbIMONHEHWEM  KOHTPOJIBHOM  pabOTBl  HEOOXOAMMO  BHHUMATEIHHO
O3HAKOMUTHCS C MPUMEPAMU PEIICHHS 3ajlad MO JaHHOW KOHTPOJILHOW paboTe,
ypaBHeHUsSAMU © (oOpMynaMH, a TakkKe CO CIOPaBOYHBIMH MaTepHallaMu,

NpUBCACHHBIMH B KOHIIC MCTOANYCCKHUX YKaSaHI/Iﬁ.



JIBe KOHTpOJIbHBIE pabOTHl, NPEAYCMOTPEHHbIE YYEOHBIMH IUIAaHAMH,
pacnpesiesieHbl  cieayromuM obpa3zom: |, 2- Qu3nyeckue OCHOBBI MEXaHUKH,
MOJICKYJISIpHOM  (GU3UKM ©  TepMoauHamuku; 3, 4 (Qusuueckue OCHOBBI
NEKTPOJUHAMUKH; S5-  BOJIHOBas ONTHKA, KBAaHTOBAas MPHUPOJA H3IYUYEHUS;
AJIEMEHTHl AaTOMHOM, IIEPHON (PU3UKHU.

Kontponbnass paGora comepkar 16 3amau. BapuaHT 3amaHusi KOHTPOJBHOM
paboThl OMpEENAeTCs B COOTBETCTBUM C Tociheanen mudpoi mudpa mo tadiauie
JUIsL KOHTpOJIbHBIX pabor. Ecnu, Hanmpumep, nocinenss uudppa S5, TO B
KOHTPOJIBHBIX pa0d0Tax CTYJEHT periaeT 3amxauu 5, 15, 25, 35, 45, 55, 65, 75, 85,
95, 105, 115, 125, 135, 145, 155.

[Ipy BBITOJTHEHWM KOHTPOJBHBIX PA0OT HEOOXOAMMO COONIIOJATh CIEAYIOIINE
MpaBuja;

1)yka3piBaTh HAa TUTYJIBHOM JIUCT€ HOMEP KOHTPOJIbHOW  pPaboThI,
HAaUMEHOBAHMWE JUCUUIUIMHBI, (aMWINI0 W HMHHULOMAJBl CTyAeHTa, wmWudp u
JOMAaILHUH aJipec;

2) KOHTPOJIBHYIO pabOTy CIIEAYET BBINOIHATH AKKYpPaTHO, OCTaBISAsA MOJS s
3aMEYaHUM PELCH3EHTA,

3)3amauyy CBOEro BapHaHTa NEPENUCHIBATh MOJHOCTBIO, A 3aJaHHBIE
(¢u3nyUecKue BEJIMYMHBI BBINKHCATh OTAENBHO, IPHU 3TOM BCE YHUCIOBBIE
BEJIMYMHBI JOJIKHBI OBITh MIEPEBE/ICHBI B OJIHY CUCTEMY €IUHMIL;

4) 111 OSICHEHUsI PELIEHUS 3aJa4d TaM, 1€ 3TO HYKHO, aKKYpaTHO CHAENATh
4epTeK;

S)pemienue 3aauv M UCMHOJb3yeMble (OPMYJIbl JOJKHBI COMPOBOXKIAATHCS
MOSICHEHUSIMU;

6)B mosiCHEHHUSIX K 3aJjaye HeOOXOJAMMO YKa3blBaTh T€ OCHOBHBIE 3aKOHBI U
dbopMyIibl, Ha KOTOPBIX 0a3upyeTcs pelieHrue TaHHOM 3a1auu;

7)npy MOJYyYEHUH PACUYETHOM (POpMyJbl JJisl pelIeHUs KOHKPETHOW 3aJayu
IIPUBOJUTH €€ BBIBOJ;

8)3amauy pekoMeHayeTcs pemMTh CHadajda B OOIEeM BHUE, T. €. TOJIbKO B

OYKBEHHBIX OOO3HAUCHUSX, TOSICHSS MPUMEHSIEMbIE TPH HAMUCAHUH (POPMYI



OyKBEeHHBbIC 0003HAYCHNS,

9) BBIYUCIICHUS CIIEYyeT MPOBOJUTH C TOMOIIBIO TOJCTAHOBKU 3aJIaHHBIX
YHUCIOBBIX BEJIMYMH B pacyeTHYIO (¢opMyiy. Bce HeoOXoauMmble YHCIOBBIE
3HAYeHMsI BETUYUH JOJKHBI ObITh BhIpaxeHsl B CU ;

10) MPOBEPUTH €MHUIIBI TIOJTYYSHHBIX BEJTUYMH M0 PACYETHOUN (opMye u
TE€M CaMbIM MOJATBEPAUTH €€ MPaBUIbHOCTE;

11) KOHCTAHTBHl (PU3MYECKUX BEIMYMH W JIPyTHE CIPABOYHBIC JaHHBIE
BBIOMpATh U3 TaOIULL;

12) pu BBIUKCJICHUSAX, o BO3MO>XKHOCTH, HCTI0JIb30BaTh
MUKPOKAJIBKYJISTOP, TOYHOCTb pacyeTa OMNPEeNessaTh YUCIOM 3Hadalux Ludp
UCXOIHBIX TaHHBIX;

13) B KOHTPOJIbHOW paboTe cleayeT yKa3blBaTh YYEOHMKH U ydeOHbIE
nocoOusi, KOTOPbIE UCIIOIB30BANKCH MIPU PELICHUHN 3a]1a4.

Kontponbubsie paboTbl, opopmiieHHbIE 0e3 COOMIOCHUS YKa3aHHBIX MPaBU, a
TaK»Ke pabOThl, BBIMIOJIHEHHBIE HE TI0 CBOEMY BapUaHTY, HE 3aCUUTHIBAIOT.
[Ipu ornpaBieHun pabOThl HAa TOBTOPHOE PELIEH3UPOBAHHE O00S3aTEIBHO

MPEACTaBISATh padOTy C MEPBOU pEeICH3UECH.



I. DUBNYECKHUE OCHOBbI MEXAHUKHA

[Ipenmer mexanuku. KnHematuka m nuHamuka. Knaccuueckass MexaHMKA.

KBanToBas mexanuka. PensiTuBucTckas MexXaHuka.
1.1. DyieMeHTbl KHHEMATUKH

dusznyeckue MOJEIU: MaTepuajibHas Touka (4YacTuila), CHCTEMa Ma-
TEPUATBHBIX TOYEK, a0COIIOTHO TBEPAOE TEJIO, CIUIoNmHas cpena. [IlpocTpancTBO U
BpeMs. KuHemarnueckoe omnucanue ABWKeHHS. [IpsAMoIMHENHOE [BUXEHUE
TOYKHU. JIBUKEHHE TOYKM II0 OKPYKHOCTH. YTJIOBasi CKOPOCTb U YIJIOBOE
yckopenue. CKOpoCTh U YCKOPEHHE MPU KPUBOJIMHEWMHOM JBHKEeHHH. HopManbHOE
U KacatenbHoe YyckopeHue. CrteneHu cBoOOABI M OOOOIIEHHBIE KOOPAMHATHI.
Yucno creneHeil cBo00abl aOCOMIOTHO TBEPJOTO Teyia. BEKTOp yriioBoi CKOPOCTH.
Kunematnueckoe onvcanue IBUKEHUS KUJIKOCTH.

1.2. JIluHaMHKA YacTHI

OcHoBHas 3agauya aAuHAMUKU. [lOHSTHE COCTOSIHHMS B KJIACCHYECKOM
MEXaHUKE. YpaBHEHMS ABWKEHUsS. Macca U uMIyiabsc. ['paHHIbl IPUMEHUMOCTH
KJIACCUYECKOTO CIocoba onucanus ABuxkeHus yactull. [lepBoiii 3akoH HeloToHa 1
MOHATUE WHEPUUAIBHOM CHCTEMBI oOTcuera. Bropon 3akoH HprooTtoHa Kak
ypaBHeHHe aABrxkeHUs. Cria Kak Mpou3BOJAHAs UMITyJbca. Tperuid 3akoH HeroToHa
M 3aKOH COXpaHEHHMs uMmIiyJibca. HewHeprmanenbie cucteMsl otcyera. Cuiibl
VHEPLIUU.

1.3. 3aKkoH coXpaHeHHUs UMILYJIbCA

3aK0H COXpaHEHUsS WMIMYJbca Kak (yHIAMEHTAIBHBIA 3aKOH TPUPOJIBI.
PeaktuBHOEe nBHkeHHE. LleHTp WHepuMH. AJIIUTUBHOCTH Macchl. Teopema o
JBYKEHUM LIEeHTpa nHepuuu. CUcTeMa LIEHTPa UHEPIIUU.

1.4. 3aKoH coXpaHeHHUs MOMEHTAa UMITYJIbCa

MoMeHT uMItyJbca. 3aKOH COXPAHEHUSI MOMEHTA UMITYJIbCca. MOMEHT CHJIBI.

YpaBHEHUE MOMEHTOB. [[BHJKEHUE B HEHTPAIBHOM IIOJIE.
1.5. 3aKkoH coXpaHeHUs IHEPrumn
Pabora u  kuHernueckas dHeprus. MomHocTh. CBs3b  MEXAY

KHUHCTHUYCCKHUMHU SHCPIrusaAMH B PA3JIMYHBIX CUCTEMAX OTCUCTA. 9Hepr1/1;1 JABHOXKCHMUA



Tena Kak ueinoro. BuyTtpenuss sHeprusa. KoHcepBaTuBHbIE U HEKOHCEPBATHUBHBIC
cunbl. [loTeHnmanbHash SHeprus. 3aKOH COXpPAHEHUS SHEPruM B MEXaHUKE.
OO01edu3nyeckuii 3aKOH COXPaHEHUS SHEPTUU. 3aKOHBI COXPAHEHUSI I CHMMETPHUS

MIPOCTPAHCTBA U BPEMEHU.

II. CTATUCTHYECKASA ®U3UKA U TEPMOANHAMUKA

JluHamMuyeckue W CTaTUCTUYECKHE  3aKOHOMEPHOCTH B  (pu3mKe.

CraTtucTuieckuil 1 TEpMOJIMHAMUYECKUN METOIBI.
2.1. Makpockonu4eckue COCTOSTHHS

TennmoBoe  nBuwxkeHHe. MaKpOCKONMYECKHE MapamMeTpbl. YpaBHEHUE
coctosinud. BHyTpeHHss sHeprus. VIHTEHCHMBHBIE M 3KCTEHCUBHBIE NapameTphl.
VYpaBHEeHHE COCTOSIHHA HIeaNbHOro rasa. JlaBaeHue rasa ¢ TOYKM 3pEHUSA
MOJIEKYJISIDPHO-KUHETUYECKOM  TeOpUU.  MOJIEKYISIPHO-KUHETUYECKUM  CMBICII
TEeMIIepaTyphbl.

2.2. CrarucTuyeckue pacnpeaejeHus

BepositHocTs U damrokTyanuu. Pacnpenenenue Makcsema. Pacnipenenenue
YacTUIl MO a0COJIIOTHBIM 3HAU€HUSIM CKOpOoCTU. CpelHss KUHETHYeCcKas SHEprus
yacTull. CKOpOCTH TEIUIOBOIO JABMXEHUS YacTUll. DPdy3us ra3a U MOJEKYISIPHbIE
nyuku. Pacnpenenenne bonbumana. Pacnpepenenne I['mbO0ca. TemmoemkocTh
MHOTOAaTOMHBIX ra30B. He1ocTaToOYHOCTh KIIACCHYECKOW TEOPUU TEIUIOEMKOCTEH.
Onpenenenue SHTPONMM HEPABHOBECHOW CHCTEMBI 4Y€pE3 CTATUCTUYECKHM BEC
coctosiHud. [IpuHIMIT BO3pacTaHus SHTPOIHH.

2.3. OCHOBBI TEPMOJAMHAMHUKH

OOpatumble U HeoOpaTHUMbIE TEIUIOBBIE Mpolecchl. llepBoe Haudano
TEPMOIMHAMHUKHU. OHTponus. Bropoe Hayajo TEPMOJUHAMHUKHU.
TepmonnHaMUYeCKUE MOTEHIHMANIBI U YCIOBUSI paBHOBECHS. TepMOAMHAMUYECKUE
npeodpazoBanus. [{ukn Kapro. Makcumanbusiii KI1/] TernnoBoit MaluHebL.

2.4, sIBjieHns mepeHoca
[lonsatue o Qusnueckor kuHeTuke. Bpems penakcamuu. DddekTuBHOE

ceuenne paccesaus. [(uddys3us u termonpoBoanocts. Koadbdumment nuddysun.



Koaddumment TEIUIONPOBOHOCTH. TeMmnepaTyponpOBOAHOCTb. Bpewms
BbIpaBHUBaHud. [{uddysus B razax um tBepabix Tenax. Bsskocts. Koaddunuent
BSI3KOCTH Ta30B U XKUAKOCTEN. JIMHaMU4ecKasi U KHHEMAaTHYECKAs BI3KOCTH.
2.5. ®a3oBble paBHOBecHs U ()a30Bbie MpeBpaLleHUs
®a3pl U (da3oBble NpeBpalleHUsd. YcioBue paBHOBecus (a3. DazoBbie
nuarpaMmmbl.  YpaBHeHue Knameipona - Knaysuyca. Kputmueckas Touka.
MeracrabunbHbie cocTosiHusa. TpoitHas Touka. M3otepmbl Ban-aep-Baanbca.

da3oBbI€ NMEPEX0abl BTOPOTO POJA.

1. QJIEKTPHYECTBO U MATHETU3M

[Ipeqmer KiacCUYECKOW dIeKTpoauHamuKku. Mpaes  OIM3KOJEHUCTBUS.
DONEeKTPUYECKUNA 3apsA]l U HANPSIKEHHOCTh 3JEKTPUYECKOro moiis. JHMCKpeTHOCTh
3apsa.

3.1. DaeKkTpocTaTuka

3akoH Kynona. IlpuHiun cynepno3uuuu. IIeKTpuyeckuid aumotib. [ToTok
BEKTOpa. JEeKTpocTaThyeckass Tteopema ['aycca. PabGora 31eKTpOCTaTHYECKOIO
nosist. Hupkynsiiust anektpocratudeckoro noss. [lorenmnuan. Ces3p NoTeHIMANA C
HaMpsiKEHHOCTHIO 3JIEKTPOCTATUUECKOTO TOJISI. [TpoBoaHMK B
ANEKTPOCTATUYECKOM moJie. MneanpHbli mpoBOAHUK. [I0BEpXHOCTHAS IUIOTHOCTH
3apsaa. ['paHuWuHbIE yCIOBUSL HAa TPaHUILE «IIPOBOJHUK —  BaKyyM».
DnekTpocTatuueckoe Imosiie B MojaocTH. KoappuuueHTsl 37IeKTpocTaTudecKoin
€MKOCTH M DJIEKTPOCTATUYECKON MHAYKIHMHU. EMKOCTh KOHIEHCATOPOB Pa3IUYHOU
TCOMETPUYECKON KOH(GUTypaIuu. ODHEPTrus B3aUMOJICUCTBUS DIICKTPUUYECKUX
3apsiIOB. DHEPIrusi CUCTEMBI 3apsDKEHHBIX MPOBOJHUKOB. DHEPTHsl KOHJIEHCATOpA.
[110THOCTB PHEPTHUH HJIEKTPOCTATUUECKOTO MOJIS.

3.2. IIoCTOSIHHBIM JIeKTPUUYECKHH TOK

YcnoBue cymectBoBaHus TOKa. 3akoHbl Oma m J[xoyns — Jlenna B
muddepentmanbaon hopme. Ctopornue cuibl. 3/[C raapBaHUYECKOTO dJIEMEHTA.
3akoH Oma Ui ydacTKa LeNM C TalbBaHUYECKUM »3ieMeHToM.  [IpaBuia

Kupxroda. Dnexkrpudeckuii TOK B CILIONIHON CpeJie.
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OcHoBHBIE (hopMYy.JIbI

CxopocTb MTHOBEHHUS

re r-pajuyc —BEKTOp MaTepUalbHOM ,=dr _ds
dt dt
TOYKH, t- BpEMs; S- PAcCTOSIHHE BJOJb ’
TPAeKTOPUU IBIKCHUS; T — €JAWHUYHBIN
BEKTOD, KacaTeIbHBIN K TPACKTOPHH.
Yckopenmne: _dv
dt
MIHOBEHHOE ’
dv
TaHTeHIUAJIbHOE a, =—7
dt
HOpMaJbHOE
vZ
a, =—n
R .
b
HIOJTHOE

rae R- paanyc KpuBHU3HBI TPAEKTOPUH;

N- €IMHAYHBIN BEKTOP TJIABHOW HOPMAJIH.

CkopocThb yrijoBast _dy
dt

I'ne ¢ — yrinoBoe nepemenieHue.

YckopeHnue yriosoe _dw
dt

CBs13pb MEXIy JIUMHEHHBIMM W YTJIOBBIMH

BCIMYNHaMH

Nmnyabe MaTepuaJbHON TOYKH =

I'ne m- macca marepuabHOM TOYKH.

OcHoBHOE ypaBHeHHe AUHAMHUKHA _a _, .
dt

MATEPUAJBbHOM TOYKH (BTOPOHM 3aKOH

HbroTona)

3aKkoH cOXpaHeHMsl MMMOYJbca [JIA

U30JUPOBAHHON CHCTEMBbI

D mv, =const

Paguyc —BekTOp HHEHTPa Macc

¥ :Zmiri/zmi

CKOpOCTB qacTul 1mocJjie CTOJIKHOBCHHUA:

Ypyroro ueHTpajabHOTO
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myv, +m,v,

u, =-v, +2
m; +m,
Heympyroro
€ Vi M V, — CKOPOCTM YacTHL JI0 0 =y, 40 VL LY,
2 2 ml + m2
CTOJIKHOBEHHSI; M; U My — MAcChl YaCTHII.
myv, +m,v
ul :u2 — 171 272
m, '|‘I’l’l2
Cuia cyxoro Tpenus
I'me f — xkoapdunment tpenus; F, — cuna F,, =/F,
HOPMAJIBHOTO JaBJICHUSI.
Cuna ynpyroctu
I'me k-  xodpduuuent  ymnpyroctu F, =kAC
(>xectkocTh): Al - meopmarusi.
Cuia rPAaBUTALIHOHHOIO
B3aMMO/IeMCTBUS FoogMmm
mp 2
r
I'me my u my — wmaccel yactul; G-
rpaBUTALIMOHHAS MOCTOSTHHAS, r-
pacCTOsSIHUE MEXTY YaCTULIAMM.
Pabora cuibl A= des
MouHOCTE =% _p
dt
ITorenuumanbHas SHEPTUs: 7= k(AI)?
2
YrpyroaedopMupoBaHHOTO Tena
['paBUTAlIMOHHOTO B3aUMOJCUCTBUSA JBYX 17 = ™M
r
YaCTHII
Tena B OZHOPOJHOM TI'pPaBUTAIMOHHOM 1T =mgh

noie, rae g-HaIpsKEHHOCTh

I'PaBUTAIIHOHHOTO 10JIS (yckopenue
CBOOOJHOTO TajieHus1); h- paccTositHue OT

HYJIEBOTO YPOBHSI.

HanpsizkeHHOCTD rPaBUTALMOHHOIO

moJist 3eMJIn
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I'me M,- macca 3emnu; Rs-pagnyc 3emunu; g = GM ,
(R, +h)®

h- paccrosiHue OT HyJIEBOTO YPOBHSI.

I[MoTeHuMas TrpaBUTALMOHHOIO  IOJIA = GM,

R, +h

3emun &

KuHeTH4eckasi 3Heprusi MaTepHaJbHOM O:mvz _r
2 2m

TOYKH

3akoH COXpaHCHUA MeXaHHu4YeCKOH

IHEPTruHn

MomMeHT HHEPpIH MaTepHaﬂLHOﬁ TOYKH

rac r-pacCTosAHHUC 10 OCH BpalllCHUA.

MoMeHTBHI HWHEPUMH TeJ Maccod m
OTHOCHUTEJLHO OCH, MPOXojAsieil 4depe3
HEeHTP Macc:

TOHKOCTEHHOTO UUJIUH]pa (KomB1IA)
paauyca R, ecim och BpallieHHs COBIIAIacT

C OCBIO IWJIMH]IpA

J, =mR’

CIUIONTHOTO IWINHApa (aucka) paauyca R,
€CIIM OCh BpAILECHHS COBNAAAET C OCBIO

HWJINHpA

mapa paguyca R

Tonkoro crepxHsa [iuHON {, e€ciau oOcCh

BpallCHU NCPIICHAUKYIIAPHA CTCPIKHIO

MoMeHT HMHepUMH TejJa Maccod m
OTHOCHTEJIBLHO  NPOM3BOJBLHON  OCH
(reopema Ll Teitnepa)

I'me Jo — MOMEHT MHEPLMU OTHOCUTEIBHO

MapajjieIbHOM OCH, TIPOXOJSIIEH Yepes

HEHTP Macc; d — pacCTOSIHUE MEXTY OCSMHU.

MoMeHT CHJIBI
I'ne r-paguyc — BEKTOp TOUKHM MPUIIOKECHUS

CHJIBI.

M =r XF
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MomeHT nmiyJibca

L=Jw

OcHoBHOE YpaBHEeHHE AMHAMHUKH

BpPaAllaTCJIbHOI'0 IBUKCHUA

M Zd—L =Je
dt

3akoH COXpaHEHUd MOMCHTA HMMIIYJbCa

AJIA H3OJIHpOBaHHOﬁ CHUCTEMBI

ZJ,'CU[ =const

PaboTa npu Bpamarte/JbHOM JABHKEHUH

Kunernueckasi 3Heprusi Bpaiaromerocst

TEJaA

KosnvecTBO BemmecTBa
I'me N-uucio momekyn; Na- MOCTOSHHas
ABoragpo; m —macca BemecTtBa; M-

MOJISIpHAsE Macca.

Ypasuenue Kinaneiipona —MenaesieeBa
I'me p- naBnenue raza; V-ero oOwbem; R-
nocrosiHHas;  T-

MOJISIpHAs ~ ra3oBas

TCPMOANHAMHUYCCKAA TCMIICPATYyPAa.

pV =vRT

YPaBHeHI/Ie MOJIEKYJISIPHO-

KHHETHYeCKOW TeOPUM ra3on
n-  KOHUEHTpAUs  MOJEKYJI, Enocr

-CpCaHssd KHMHCTHYCCKAaA OHCPIrusi

MOCTYNATEIbHOTO JIBMXKEHUSI MOJIEKYJIbI;
my —Macca MOJIEKYJbl, V> - CPEAHss

KBaJpaTH4Has1 CKOPOCTL.

Cpeansisi JHeprusi MoJIeKYJIbI
I'me 1- umcino creneHern cBoOOIBI, k-

nocrossHHag boisiMaHna.

&) =Lrr
2

BHyTpeHHsIs1 SJHeprus NAeaJlbHOIr0 ra3a

U =—vRT

CxopocTH MOJIeKyJ1:

CpCAHAA KBaApaTUYIHaAA

W,.) =\J3kT /my =\/3RT | M
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Cpennsisi apudpmeTnueckas

) =\[8KT / (wm,) =\/8RT / (= M)

Hauoosee BeposiTHAst

v; =\2kT /my =2RT /M.

Cpennsis mHa cBOOOAHOrO mpodera
MOJIEKYJIbI

['ne d- spdexTruBHBIN TUAMETP MOJEKYIIBI

Ay =(2xd*n)"!

Cpennee 4K CII0 CTOJIKHOBEHUI

MOJIEKYJIbI B ¢ AHHHUIY BPEMCHHA

Z) =\27d*nw)

Pacnpenenenue MOJIEKY.JI B
NMOTEHIMAJTBHOM I10J1€ CHJI

rac I1- IMOTCHOMAJIbHAA SHCPIUA MOJICKYIJIBI.

;
n = exp(- -

bapomerpuueckas popmy.ia

m,gh
=p, exp(- —=—
P =Dp,exp( kT)

YpaBuenue 1udp¢y3uu
I'ne D — koadpdurment muddysun; ~ -
IUIOTHOCTE; 95 - seMeHTapHas ILIIOIIAJIKa,

neprneHauKysipaas ocu Ox.

dm = DL asas

dx

YpaBHeHHe TENJIONPOBOTHOCTH

dT

= dsdt

dQ =- o dx
r7ie & - TEMIOMPOBOHOCTh
Cuiia BHYTPEHHEro TpeHust
I'ne n- nuHamuyeckas BI3KOCTh dF =-1 av s

dx
Kosgppunuent 1udpPysuu D :l<v>< A
3

BsizkocTh (IMHAMMYECKAA)

TenonpoBoaAHOCTH
I'me ¢y - yAEeIbHAS M30XOpHAs
TEIJIOEMKOCTD

MOJISIpHaH TCIVIOEMKOCTh H/ACAJIBHOI'O
rasa

M30XO0pHas
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u300apHas c, _(+2) 5
IlepBoe Ha4YaI0 TEPMOAMHAMMKH dQ =dU +dA
dU =vC,dT

dA =pdV

PaboTa pacmupeHusi raza npu mpoiecce

n300apHOM A=pWV,-V))=vR(T,-T)
HU30TEPMUYECKOM A =vRTIn 2 =vRTIn 2L
" P>

aguabaTHOM

A=rC, (7, - 1) =5 ‘1- Ghy| =20
e ¥ =C,/C, (-1 ) 6%
Ypasuenue Ilyaccona pV? =const .

V! =const ;

T7p”" =const

Kos¢ppunuenr mosie3Horo aeicTBus

nukiaa Kapuo

rac Q nu T — KoOIHUYEeCTBO TCIIJIOTHI,

IMOJIY4YCHHOC OT HarpeBarciisi, H €ro

temneparypa; Qo u Ty — KomuuecTBo

TCIUIOTHI, IMCPCHAAHHOC XOJIOOAUJIBHUKY, H

€ro Temmeparypa.

N3meHneHue >HTpONUM NpPH Tepexojae U3

coctossnuda 1 B cocTossHue 2

2

_ @9

Sz'Sl—Jd?
i

3akon KyJiona p_ 1% r
I'te q1 1 Q2 — BEIMUMHBI TOYEYHBIX 3apsAJI0B; Eo- Ame er’ T
AIIEKTpHYECKas IIOCTOSIHHAS, € —
IUDJIEKTpUYECKass IPOHULIAEMOCTb Cpexdbl; I-
PACCTOSIHUE MEXKY 3apsiiaMu.
HanpsisxeHHOCTDb JIEKTPUYECKOro MmoJst E= F
HanpsxkerHocTs 1oLt q
Toueunoro 3apsa

E=—1—

4 mie , er
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beckoHEYHO JIMHHOU 3apsy)KEHHON HUTHU

E=
2me er

PaBHOMEpHO 3apsIKEHHOU OeCKOHEYHOU g=_0
IUIOCKOCTH 2¢,¢€
Mexnay nABymMst PasHOMMEHHO 3apsDKCHHBIMH | p_ O
OECKOHEYHBIMU TIJIOCKOCTSIMU EyE
rJi€ T- JINHENHAs TUIOCKOCTh 3apsa;
G- IOBEPXHOCTHAS IJIOTHOCTD 3apsa;
I- pacCTOSIHUE J0 UCTOYHHKA TOJIsI
DJIeKTpUYecKoe CMelleHne D=¢,¢E

PaGora HIEpEMELIEHHS 3apsja Bl _ j E.di=q| )
DJIEKTPOCTATUYECKOM I10JI€ —4 ! =ql¢,= 9,
rae @i U @>- TMOTEHIHAIbl HAYaJIbHOU U
KOHEYHOM TOYEK
IoTeHumasa moJisi TOYEHYHOIO 3apsaa o= q

4 e\ er
CBsi3b MEXTY MOTCHIINAJIOM m|p__do
HAINPSHKCHHOCTHIO boodl
Cuna npuTsKEHUS MEXKIY ABYMS Pa3HOMMEHHO £, eE*S q°
3apsHKEHHBIMU OOKJIaIKaMH KOHJIEHCATOpa T2 2¢g,eS
['ne S- miomaae NJIacTUH.
DJIEKTPOEMKOCTb: c=4
YeIuHEHHOr0 IPOBOJAHUKA 1)
I1nockoro konaeHcaropa C= €,€S

d

CrnoncToro KoHJIeHCaTOpa £,S

rine d- paccrosHHe MEXAYy IUIACTUHAMHU

KOHJICHCATOopa; d;-Tonmuna 1-T0 CJIOsT

OUDJIEKTPHUKA;  &-  €ro  JUDJIEKTpUYECKas

IIPOHUIIAEMOCTb.

DNEeKTPOEeMKOCTh ~ OaTraperm  KOHJIEHCATOpPOB, | C= z C.
COCIMHCHHBIX

napasIenbHO 1_ > €
MOCIECA0BATEILHO c Ci

DHeprus moJIs: W= Co*_ q* _qp
3apsDKEHHOIO IIPOBOIHHUKA 72 20 2
3apsHKCHHOI'0 KOHJICHCATOpa W, =—¢, eE2V

rae V- o0beM KOHJIeHcaTopa
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OO0beMHas MWIOTHOCTD YHEPTUHU DIIEKTPUUECKOTO w50 ¢E°  p®> _ED
4= = =

OIS 2 2e,¢ 2
Cuna Toxa =94

dt
3akoH OmMma: o

J=YE=—

B muddepenunansHoii hopme
B unTerpanbHoii popme

U
['me vy-ynmenpHas MPOBOAUMOCTE; p-yaenabHOE | I =R
conpoTuBieHue; U- HampspkeHHe Ha KOHIaX
neny; R- compoTuBiieHHWE IeNH; j —TUIOTHOCTH
TOKA.
3akon J[xoyis —Jlenna: dw _ bR E?2
B nuddepennnanbHoi popme dt —JE=YE = p

y U’ 2
B UHTETpaJbHON (hopme dQ=I UdtzfdtZI Rdt
ComnpoTuBIICHHE OJHOTO MPOBOTHHUKA R= pl
rae {-IuHa MPOBOJHUKA; S- TMJIOMIAb €ro S
MOTICPEYHOTO CCUCHMS
3aBUCHMOCTh yJIEIBHOIO CONPOTHBIEHHS OT | p=p,(1+at)
TEeMITepaTypbl
rie  o-  TeMmneparypHbli KO3 UIIHEHT
CONPOTHUBJICHUS; t- Temreparypa MO IIKale
Ilenbcus.
IIpumepsI penienns 3a1a4
1.  JIBmkeHdme Tena Maccoil | Kr 3ajaHo ypaBHeHHeM S =01 +31+2

Haiitn 3aBHCUMOCTB CKOPOCTH M YCKOPEHUS OT BPEMEHHU. BprumcinuTth cuiy,
JEHCTBYIOIIYIO Ha TEJIO B KOHLIE BTOPOW CEKYH/[IbI.
Pemienue. MrHOBEHHYIO CKOPOCTh HaXOAUM KakK IMPOU3BOJHYIO OT IIyTH IO

BPEMEHU:

ds
v =—; )
dt v =18t +3

18




MrHoOBEHHOE YCKOPEHHUE OIPEENIIEMCS IIEPBOU TPOU3BOAHOM OT CKOPOCTH 110
BPEMEHM WJIM BTOPOW MPOU3BOJHON OT ITyTH IO BPEMEHH:

dv d’s
a=——=—";
dt dr* a =36¢t.

Cuiia, nelcTByIOIasl Ha TEJO, OMPEACIIAETCsS 10 BTOPOMY 3akOoHY HproToHa:
F=ma, rae a, cornacHo ycClOBHIO 33J]a4H, - YCKOPEHUE B KOHLIE BTOPOU CEKYHJbI.
Torna

F=m36t; F=164-362i /i#* =721 .

Omeem.:" =18t+3; a=36t; F=72H.

2. Crepxxenb JyMHOM | M aBHKeTCS MUMO HaOmroaarenst co ckopoctbio 0,8 c.
Kakoit mokakercst HaOII01aTENI0 ero JyinHa?
Hano: =1 m;v=0,8 c.
Haiu: €.
Pemenne. 3aBUCHMOCTh JJIMHBI Telda OT CKOPOCTH B PEJSTUBUCTCKON

MEXaHUKe BbIpaxaeTrcs popmysoi

1'1//}71, (1)

rac L - JJIMHA IOKOAIICTOCA CTCPXKHA, V - CKOPOCTb €TI0 ABMIKCHUA; C - CKOPOCTb

cBera B Bakyyme. [loncrasmsis B popmymy (1) uncioBbie 3HAYCHUST IMEEM

£=1i 1- (0,87) /i =1i \J1- 0,64 =0,6i .

Omeem: L = 0,6 Mm..

3. JlBe 4acTHULb! ABHKYTCS HABCTPEdy APYT Apyry co ckopocrsivu;: 1) @=0,5¢ n
u=0,75c; 2) v=c u u=0,75c. HaiiTu X OTHOCUTEIILHYI0 CKOPOCTh B IEPBOM H
BTOPOM CITydasix.

Hano: 1) @=0,5¢c, u=0,75c; 2) @=c, u=0,75C.
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/. /
Haiin: "> %2

Pemenune. CoryiacHO TeopeMe CI0KEHUSI CKOPOCTEN B TEOPUU OTHOCUTEIBHOCTH,

_—5
l+vu/c?

IJIE V, U - CKOPOCTH COOTBETCTBEHHO MEPBOI M BTOPOM YACTHII; U~ UX OTHOCUTEIbHAS
CKOpPOCTb; C - CKOPOCTb CB€Ta B BakyyMme. JlJI1 MepBOro M BTOPOrO CIIy4acB

HaXO0aAuM:

S = 0,5¢ +0,75¢
P +0,5c 0,75¢

2
C

=0,91c;

1

, _A+0,75¢ 1,754

u = =
2 0,75¢*> 1,75
1+ >
C

N

DTO 03HAYyaeT, 4To, BO-NIEPBbIX, HU B KAKOW HMHEPUUAIBHOW CHUCTEME OTCUETa
CKOPOCTB MPOLECCAa HE MOYKET MPEB30OUTH CKOPOCTh CBETA, U, BO-BTOPBIX, CKOPOCTh
pacmpocTpaHEHUs CBETa B BAKyyMe a0COJIIOTHA.

Omeem. € =091 &, =A.

4.Ha nByx MIHypax OJMHAKOBOW JUIMHBI, paBHOW (,8 M, MOJBELICHBHI JBa
cBUHIOBBIX mapa mMaccamu 0,5 u 1 xr. [llapsr conpukacarorcst mexay coooit. [ap
MEHBIIEN MacChl OTBEJIM B CTOPOHY TakK, YTO IIHYP OTKJIOHWICS Ha yron = 60° u
ormmycTriin. Ha kakyro BBICOTY MOJHUMYTCS 00a I1apa Mmocijie CTOJIKHOBeHUs? Y iap
CUMUTATh LEHTPAIbHBIM U HEYynpyruM. ONpeaeuTh SHEPTUI0, U3PACXOIOBAHHYIO Ha
nedopMaIio MapoB MpH yaape.

Hano: m = 0,5 xr; my=1 kr; oo = 60°; £=0,8 m.

Haiitu: h; AE,.

Pemenue. Tak kak yaap IIapoB HEYNPYruid, TO ToOche yaapa OHU OyayT

JIBUTAThCS C OOIIEH CKOPOCTHIO V. 3aKOH COXPAaHEHHUs UMITYJIbCa MPU 3TOM yape

WMEET BU

my, +m,v, =(m, +m,)v (1)
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3necs @11 vy - ckopoct mapoB 10 yaapa. CKopocTh GONBIIOro mapa Jo
ynapa pasHo Hymo (@):=0). CKOPOCTb MEHBIIETO MIapa HAWJEM, UCIIOJB3Ys 3aKOH
COXpaHEHHUs SHepruu. IIpyM OTKIOHEHHMHM MEHBIIEro Imapa Ha Yroil o eMy
cooOmIaeTcsi MOTEHIUAadbHAs DHEPTUs, KOTOpas 3aTeM  TEPEeXOAWT B

m, gh, :(mlvlz

h, =€(1- cosa) =2Csin’(a/2)

KHHETHYECKYIO: )2 Takum oOpazom,

MIO3TOMY

v, =2gh, =2,/glsin(a/2)

)

N3 ypaBHenutii (1) u (2) HaX0AUM CKOPOCTH IIAPOB MOCTE yaapa:

v =my,/(m +m,) =2ml\/gifsin%/(m1 +m,)

3)
Kunernueckass sHeprus, KOTOpOW oOJamaroT MOCie ynaapa, MepexoiauT B

IMOTCHIUAJIBHYIO!

(m, +m2)V2 /2 =(m +m,)gh
['ne h — BeIcOTa MOJHATHS 1IAPOB MOCJE CTONKHOBEeHUs. M3 dhopmyinsl (4)
a2
naxomum " =V /(28 ymu ¢ yuerom (3),

h =2m>Csin> %/(m1 +m,)’

h =2(0,56a)* 0,81 0,25/(0,5éa+16a) =0,044i
[Ipu Heynmpyrom yjape IIapoB YaCTh SHEPrUM PACXOAYyeTCs Ha HUX
nedopmariio. DHeprus jaeGpopMalud ONMPENeNsieTCs] Pa3HOCThI0O KMHETHYECKHUX
SHEPIUil 10 U Mocye yaapa:

AE, =my;} 12~ (m, +m,v* /2

g

Hcnonw3ys ypaBHeHus (2) u (3), noimydaem

AE, =2gtm,(1- e )sinZ%

m +m, ;

AE, =2 9,81i /70,81 -0,5éd(1- 0,5éd/1,5éa) -0,25 =1,3Ace

Orper: # =0.044i . A, =1,34c .
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5. Monot Maccoii 70 Kr mamaeTr ¢ BBICOTHI SM M yAapsieT MO KEJIE3HOMY
W3JICIINIO, JIeKAIlEMy Ha HakKoBaJbHE. Macca HAaKOBaJbHH BMECTE C H3JEIUEM
1330 xr. Cuwuras yaap aOCOJIOTHO HEYOPYTMM, OIpPENEIUTh SHEPrHUIo,
pacxonyemyro Ha naedpopmaumio wuzgenus. CucreMy «MOJIOT — HU3JAETHE —
HAKOBAJIbHSD) CYUTATh 3aMKHYTOM.

JlaHo: m, :70é67; 4 =5; : m, :13306”5-

Haritu: 4,

Pemenue. 1o yciioButo 3agaum, CUCTEMA «MOJIOT — U3AEIUE — HAKOBAJIbHS»
CUMTAETCA 3aMKHYTOW, a yJaap HeynpyruM. Ha OoCHOBaHMM 3aKOHa COXpaHEHUSs
DSHEPIUM MOXXHO CUMUTATh, UTO DHEPIHs, 3aTpayeHHas Ha jJedopMaiuio U3Ieus,
paBHA Pa3HOCTHU 3HAYCHUI MEXAaHUYECKOW SHEPTrUU CUCTEMBI JI0 U MOCJE yiapa.

Cuunraem, 4TO BO BpeMs yJapa U3MEHSETCA TOJbKO KMHETHUYECKAasl SHEPTHs
TeJ, T.e. HE3HAUUTEJIbHBIM IEpPEeMEIICHUEM TeJ MO0 BEPTUKAIM BO BpeMs yjaapa
npeHeoperaem. Torma s sHEpruy AeGopMaIuy U3ACIUI UMEEM

E :mlv2 _ (m, +mz)(V,)2
& 2 2

9

I'e ¥ - CKOpPOCTh MOJIOTA B KOHIIE MAJICHHS C BBHICOTHI h; ¥ -0011ast CKopocTh
BCEX T€JI CHCTEMBI IOCJIe HEYNpyroro yaapa. CKOpoCTh MOJIOTa B KOHIIE MaICHUS C
BBICOTBI h ompenensercs Oe3 ydera CONPOTUBICHHUS BO3JIyXa M TPCHHS IIO
bopmye
v =\/2gh

OO01mIyr0 CKOPOCTh BCEX TEJ CHUCTEMBI IMOCJIE HEYIPYroro yjapa Haizem,

IMPUMCHHUB 3aKOH COXpPaHCHUA UMITYJIbCA:

n
Z my, =const
i=

Jlns paccmaTpuBaeMOW CUCTEMbI 3aKOH COXPAHEHHUsI UMITYJIbCA UMEET BUJ

mlv :(ml +m2)V ’ OTKYI[a

v =my/(m +m,)

[ToxcrasuB B hopmyny (1) Beipaxkenus (2) u (4), moryqaum
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m
E, =mgh——>—
m, +m, .

b

E, =70639,81 /i 51 —200 3358 jie
£ 1330éa+70éa

OTBerT: /fg —dco6dm }

6. Temo maccoii 1 kr mox AelCTBHEM IOCTOSIHHOM CHJIBI JBUXKETCS

MPSAMOJIMHEWHO. 3aBUCUMOCTb IyTH, MPOWJEHHOIO TEJIOM, OT BPEMEHHU 3ajJaHa
ypaBHeHHeM S =2t +4t+1  Onpenenuts pabory cmibl 3a 10 ¢ ¢ Hadama ee
JICUCTBUS ¥ 3aBUCUMOCTh KUHETUUYECKOW YHEPTUHU OT BPEMEHHU.

Jlano: m =1éa; s =2t" +4t+1

Haiitu: A, T={(t).

PabGorta, coBepmiaemasi ~ CWJIOW,  BBIpaXaeTrcs  uepes

Pemenne.
KPHUBOJIMHEMHBIN UHTErpaJl
A= des

Cuna, neficTByroIIIasl Ha TEJO, MO0 BTOPOMY 3akoHY HbloTOHa paBHa
d’s

F=m——7-ro
ar’

F =ma , LN
MrHoBeHHOE 3HaUEHHE YCKOPCHUA OIPCACIIACTCA HepBOﬁ HpOH?;BOIIHOﬁ OoT

CKOPOCTH II0 BPEMEHHM WJIM BTOPOM MNPOW3BOAHOM OT IIyTH IO BpeMeHH. B

COOTBCTCTBHUHU C OTUM HAXOAHUM

v zﬁ =4t +4

dt :

Torna

N3 Beipakenus (3) onpeaenum ds:
ds =(4t +4)dt

[TonctaBug (5) u (6) B ypaBHeHue (1), moayuum
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A= [Am(4t+4)dr

[To sroit dopmyrne ompenenum padboTy, coBepiiaeMyro cuioi 3a 10 ¢ ¢

Hayajia ee NeHUCTBUS:

10

A= [(16mt +16m)dr =m v +16t |y’
0

161> . .
T =1(8 100+16 10) Aee =960 Ace

KuneTtnueckas sHeprus onpenaensercs no ¢popmylie
O=mv>/2
[Toacrasnss (3) B (7), umeem

T =m(4t+4)* /2 =m(16° +32¢ +16)/ 2 =m(8¢* +161 +8)

Orger: A =9604c . T =m(8* +16+8)

7. Kakyroo CKOpOCTh HY)XHO COOOIIMTH pakeTe, 4ToObl HAa, CTApPTOBaB C

3emun, He BepHyJiach Ha 3eminto? ConpoTuBiieHHe aTMOC(hEphl HE YUUTHIBATD.

Jlano: Re=63710% . ¢ =9.8i /i, R— o

Haiitu: "0,

Pemenne. C ypnameHueM pakeTbl OT 3emiid OyJeT YBEJIMYMBATHCS €€
NOTEHIMAJIbHASL SHEPIUs U yMEHbIIAThCS KUHETHYecKas. [1o 3akoHy coxpaHeHUs
HHEPTUH,

mv,  mv’ _m(GM _GM
2 2 R R

)

b

¢

['ne m-macca paketsl; M- Macca 3emiin; G — rpaBUTallMOHHAs [TOCTOSIHHAS;

Vo un vV - CKOpPOCTH PAKCTBI OTHOCUTCIBHO 3emMiad B HayalbHBIA H

RC uR-— PaCCTOAHUA OT OCHTpPA 3emin A0 PAaKCThI B

paccMaTprUBaeMblii MOMEHTHI;
HAYalbHBI M paccMaTpUBacMblii MOMEHTHI Bpemenw; -~OM /R porenuman
IPaBUTALMOHHOIO MOJI1 3€MJIM Ha pacCTOSIHUM R OT ee neHTpa.

2 —
Tocie npeo6pazopanus ypashenns (1) umeem *o -V =2GM 1/ Re- 1/ R)

PakeTa He BepHETCS Ha 3eMJIIO, €CITU €€ CKOPOCTh V OYIeT B OECKOHEYHOCTH

2
paeHa Hymo, T.¢. ¥ =0 pu R~ *. B srom ciyuae 70 =2GM /R,
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N3 3akoHa BCEMHPHOrO TSITOTEHHS CJEAYyeT, YTO IOBEPXHOCTH 3eMJIIU

2 _
GmM | R, =mg. OTKY A

GM =gR;
rje g- yckopenue ceoooaHoro najenus. [loacrasum (2) B (3):

v, =2gR, —h 2gRC.

CuuTasi, 4TO pakeTa IpUOOPETAET HYKHYIO CKOPOCTD Vo YKE BOJIU3U OBEPXHOCTH

3eMJIH, HaXOJUM

v, =2 9,81 /@ 6,3710° =11,210°i /i =11,26i /7

Takass ckopocTb HEOOXOaUMa ISl MPEOAOTIEHUSI TPABUTALMOHHOIO MOJISI 3eMJIH.
Ona Ha3bpIBaeTCS BTOPOM KOCMUYECKON MITH MTapabO0IMIeCKON CKOPOCTBIO.

Otger: Vo =11,2¢éi /ﬁ.
8. Toukuii crepxenb maccod 300 r m mmuHot 50 cMm Bpamiaercs ¢ YrilOBOM
ckopocThio 10 ¢' B TOpPHM30OHTANBHON IUIOCKOCTH BOKPYT BEPTHKAIBHOM OCH,
IPOXOJAIIEH dYepe3 cepeauHy cTepxHsA. HalWTu yrioByr CKOpOCTb, €CIM B
Ipoliecce BpallleHHsI B TOW K€ MJIOCKOCTH CTEPKEHb MEPEMECTUTCS TaK, YTO OCh
BpAIICHUS IPOUJET Yepe3 KOHELl CTEPIKHS.

Tlano: ™ =300a=0,3é4; € =50 =0,5i; @ =107

Haiitu: #-.

Pemrenue. Vcnonb3yeM 3aKOH COXpaHEHHUSI MOMEHTA UMITYJIbCA

Zn'.]l.a)i =const

i=l R
I'ne Ji — MOMEHT mHEepLUMU CTEPKHSI OTHOCUTEIIBHO OCH BPAILICHUS.
JIJ1 U307 1MpOBAaHHOM CUCTEMBI TE€J BEKTOPHAs CyMMa MOMEHTOB UMITYJIbCA
OCTaeTCsA IOCTOSSTHHOW. B maHHOW 3azade BCIEACTBUE TOTO, YTO PACIPEICIICHUE
MACChl CTEP>KHS OTHOCUTEIIBHO OCH BpAIIEHUS H3MEHSETCS, MOMEHT HHEPLHUH

CTEp>KHA Takke u3MeHuTcs. B coorserctBum ¢ (1) 3anuiiem

Jio, =J,0, )
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W3BeCTHO, YTO MOMEHT MHEPLMHU CTEPKHSA OTHOCUTEIBHO OCH, IIPOXOASIIEH
4yepe3 LEHTP MacC U NEPIEHANKYJIIPHON CTEPKHIO, PaBEH
J, =mt* /12
ITo Teopeme lllTerinepa,

J =J, +md?*

rae J — MOMEHT MHEPLMU Tella OTHOCUTEIBHO MPOU3BOJIBHON OCH BpaleHus; Jo —
MOMEHT MHEPIUU OTHOCUTEJILHO MapaJIeIbHOM OCHU, MPOXOJAIICH uepe3 LEHTP
Macc; d — paccTosiHHE OT LIEHTPA Macc 10 BRIOPAaHHOM OCH BpalleHHUs.

Halitem MOMEHT WMHEpPIMH OTHOCHUTEIIBHO OCH, MPOXOJSIICH 4Yepe3 KOHEI
CTEPHSI ¥ IEPIICHAUKYJIAPHO EMY:

J, =Jy+md*. J, =mt’ /12+m(t/2)* =mt* /3

[Toncrasmnssi, popmydsl (3) u (4) B (2), umeeM:
mCw, /12 =mlw, /3

Otkyna
w, =w /4 w,=10c"/4=2,5c"

. -1
Otser: @ =23¢

9. MaxoBuk Maccoii 4 Kr Bpamaercs ¢ uactoroii 720 MmuH! BOKpYyr
TOPU30HTAIBHOM OCH, MPOXOJALIEH yepe3 ero IeHTp. Maccy MaxOBHKa MOKHO
CUMTaTh PABHOMEPHO pacrnpejieieHHoN no ero oooay paauycom 40 cm. Uepes 30 ¢
noJ JCHCTBUEM TOPMO3SIIETO MOMEHTAa MAaxOBUK ocTaHOBWicsA. Halitu
TOPMO3SIIIIMA MOMEHT U YHCIO 00OPOTOB, KOTOPOE CAEIAET MAaXOBHK JI0 MOJHOU
OCTaHOBKH.

Jlano: ®=0; m=4 xr; n=720 mun"'=12¢"; At =30c; R=0,4i

Haittu: M; N.

Pemrenue. [l omnpeneneHuss TOPMO3AIIEr0 MOMEHTA M CHII, IEUCTBYIOLIMX Ha
TEN0, HYXHO TPUMEHUTh OCHOBHOE YypaBHEHHE JWHAMHUKHA BpallaTeIbHOIO

JABHXKCHMUA:
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JAw =MAt
rae J- MOMEHT HHEPLMY MaXOBHKa OTHOCUTENBHO OCH, IIPOXOAILIEH Yepe3 LICHTP

macc; A®- p3meHenue yrioBoil CKOPOCTH 3a MPOMEXKYTOK BpeMeHu A7

AW =0, ne @ . yayanpHas yIiIoBas CKOPOCTb, TAK KAK KOHEUHas

ITo ycnosuro,
yrioBas ckopocTs @ =0 BeIpa3suM HauanbHYIO YIJIOBYIO CKOPOCTh Y€pE3 YaCTOTY

=2rn

BpAILICHUS MaXxOBUKA, TOTAa “o u Ao =271 MoMeHT HHEpLUH MaxOBHKa

J =mR’*  rne m- Macca MaxoBHKa; R- ero paguyc. ®opmyia (1) mprHEMAaET Buj
mR*27wn =M At ,
Otkyna
M =2 3,14 12¢™" 464 0,161 %% /307 =1,61 -i )

Yron moBopora (T.e. YrioBOM MyTh () 32 BpeMsl BpalllEHHs] MaxXOBHKa J0
OCTAaHOBKM MOKET OBbITh ompejesneH 1o Qopmyse i paBHO3aMEJICHHOTO
BpaIllCHUS:

@ =wyt- eAt’ /2

rae € - yriioBoe yCKOpeHHUeE.

Mo ycnosumio, @ =% & w=0 & =0  Torna pppakenne (2) MOXKHO

3aIInucaThb TakK:

@ =w,At- w,At/2 =w,At /2

K #=27N O Z2T0 16 qpciio HONHBIX 060POTOB

Tak ka
N :nAt/2; N =12¢" 30¢/2 =180

Orser: M =161 i ;N =180

10. B cocyne 00beMOM 2 M> HAXOJAMTCS CMECh 4 KI Teyius U 2 KI' BOJOPOJa
npu temneparype 27°C. OnpenenuTs AaBleHUe U MOJISPHYIO MacCy CMECH ra3oB.

Hano: V=2m’; m;=4xr; M;=4 10° xr/mMonb; my=2kr; M, =2 107 kr/Mois;
T=300K.

Haiitu: p; M.

Pemienue. Bocnonb3dyemcs ypaBHenuem Knaknepona — Menaeneesa,

IMPUMCHHUB €T'0 K I'CJINI0O U BOAOpOAY:
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pV =mRT /M, .
p.V =m,RT /M,

['ne pi- mapuumanbHOE AaBieHWe renus; M; — ero MoJisipHas macca; V —
obbem cocyna; T-remmeparypa raza; R=8,31 Ix/(mons K) — MonsipHas razoBas
MOCTOSIHHAS; P, —aplMalibHOE JaBJICHHE BOJOpPOJA; My- Macca Bojopoaa; M, —
ero MoispHas Macca. [log mapuwanbHBIM JaBJICHHEM pPi; U P, MOHUMAKOT TO
JaBJICHUE, KOTOPOE MPOU3BOAMII ObI Ta3, €ciu Obl OH OJMH HaXOJWICS B COCY/IE.
[lo 3akony JlaibTOHA JaBJ€HUE CMECH PABHO CyMME MaplUaIbHBIX JaBJICHUMN
ra3oB, BXOJISIIUX B COCTaB CMECH:

P=p*p, (3)

N3 ypaBHenutii (1) u (2) BbIpa3um p; U p, U OJCTaBUM B ypaBHEHHE (3).

Nmeem
mRT  m,RT | m, m, |RT
p=— s = —F—= | —
MV MV M, M,V (4)
MoutsipHy10o Maccy cMecH ra3oB Haijem 1o popmyiie
- +m,
v+,

>

€ Vi U V, — YUCIIO MOJIEM TelIus U BOAOPOJA COOTBETCTBEHHO. Ywuciio
MOJIEH Ta30B OMPEACIUM MO PopMyJIaM:
v, =m /M, .
2

v, =m2/M2‘

[Toacrasmnss (6) u (7) B (5), Halimem

_ m, +m,
m M, +my | M,

[ToacraBnsst unciioBbie 3HaUeHUs1 B popmyJibl (4) u (8), momyuaem

b= _34ea N _32ea 8,314ce /(1 l3eu -£)300 —4936] &
4107¢éal/iiéi 2-10°éaliiéii 21
4éa+2éa

=3107°éd/ i i éii

464/ (410761 16 ) +26a/ (210761 1éi )
Otsert: p=2493 kIla; M=3 10”kr/M0Ib.
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11. UYemy paBHbl cCpelHHE 3HAYEHUS KUHETUYECKOW  SHEpruu
MOCTYNATEIBHOTO U BPAILATEIBHOTO IBUXEHUN MOJIEKYJ, COAECPKAMNXCA B 2 KT
BoJiopoaa npu temneparype 400 K?

Jano: m=2 kr; T=400K; M=2 10~ kr/M0Ib.

Haiitu: <‘g“‘ﬁé>; <£dﬁ>.

Pemienne. Cuuraem BOIOPOX MICalNbHBIM razoM. Mousekyna Bomopona —
JIBYXaTOMHas1, CBSI3b MEXIY aTOMaMM CUHUTAEM KECTKOM. Torjga 4ucio creneHeu
CBOOO/IBI MOJIEKYJIBI BOAOpOAa paBHO 5. B cpegHeM Ha oJHY CTENEHb CBOOOJIBI

MPUXOIUTCS  DHEPrus &) =kT/ 2, rne k — mnocrossunas boabimvana; T-

TEPMOIMHAMHUYCCKAs TeMIiepaTypa. [TocTymarensHOMY TBUKEHUIO
npunuceiBatoTcs Tpu (i=3), a BpamareabHOMy ABe (1=2) cTerneHu CBOOOJIBI.

DHEprusi OAHON MOJIEKYJIbI

3 2
==kT ) =—kT
Ep) i Ey) 5

b

i'7io

Yucio MOJICKYIJI, COACPKAMNXCA B MACCC Irasa,

N =vN, =(m/M)N,

I'me v — uucino monen; Nao — mocrosHHas Aoraapo. Torma cpenHss

KHHETUYCCKAA DHEPTUA IOCTYIATCIILHOI'O ABHXKCHMA MOJICKYJI BOAOPOda

(¢

770

) =(m/M)N, 3/2 kT =3/2(m/M)RT (1)
['me R=kNa — MomnsipHas Ta30Basi MOCTOSTHHAS.

CpCI[HH}I KHHCTHUYCCKAdA OHCPIusA BpalllaTCIbHOIO JABHWKCHHUA MOJICKYJI

BOJIOpOJa

<&,5) =(m/M)RT

[ToacraBnsst uncioBbie 3HaUeHUs: B popmydsl (1) u (2), umeem
3268314 /(i iéii-E) -400E
22-107¢éal i i éi
_326a8,314ce /(i iéii-E) -400E
2107éal i i éi

Orper: Cim) =4986éde . «&,,) =3324édw

&, =49,86 10° A =4986é4ce

=33,24 10’ Ade =3324é4Ace

Erias )
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12. OmnpenenuTh CpEeAHIO NIJIUHY CBOOOJHOTO TpoOera MOJIEKYJ U YHUCIIO

coymapeHuii 3a 1 ¢, IPOUCXOIAIIMX MEXAY BCEMH MOJIEKYJaMU KHCJIOPOJa,

HaXOJIAIIErOCsS B COCYJIE BMECTUMOCTBIO 2 1 ripu Temmneparype 27° C u JaBieHun

100 kITIa.
Tano:V =26 =2107i 51 =32110"¢a/ i i éil; 0 =300E . 0 =100¢f a =10°T &;

d=2,910"7

Haiitn: 452 .

Pemenue. CpenHiolo JIMHY CBOOOJHOrO mpobera MOJEKYJ KHUCIOpoJa

BBIYUCJISIIOT MO popMmyIie

Ay =1/(V2xd*n)

rae d- 3¢pdeKTUBHBIN AMAMETp MOJEKYJbl KHCIOPOJAa; N- YKUCIO MOJEKYT B
SIMHMIIC 00hEMa, KOTOPOE MOXKHO OIPEACIIUTh U3 YPaBHEHUS
n=p/kT) , )
['ne k- mocrostnnas bonbivana. [oncrasnss (2) B (1), umeem
A) =kT | (27d*p)
Yucno coynapeHuid Z, mpoOUCXOISIINX MEXKYy BCEMUA MOJIEKYJIaMHU 3a 1¢, paBHO

Z =1/2<Z)N 4)

210717 <Z) _

['me N- guciao MoJeKysl KHCIOpoda B cocyae 0O0beMoM cpenHee

YHUCJIO COyAapeHUi OHOM MOJIEKYJIbI 32 1 ¢. Hnco Mosiekyn B cocyie
N =nV ®)

CpenHee 4ncino coyJapeHuid MOJIEKYJIbl 3a 1 ¢

Z) =)/ <A) (6)
Tne ) - cpennss apudMeTndeckasi CKOpOCTh MOJICKYJIbI
«v) =8RT / (=M
[Toncrasnss B (4) Beipaxenus (5), (6) u (7), Haxoaum

, L8R/ (xM 27d?p P, _2xd’pV [RT
2 kT kT KT \NaM

HOIICTaBJUI}I YHUCJIOBBIC 3HAYCHUA, ITOJTYUHUM
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2314-2,9°10%; 210" g* 2107°; 3
Z= -46 5 22 4 72 X
1,38 10°* 4 *E™* 9 10°E
o 8,314ce /(i iéii-E) 300E

3,14 -32107%éa/ 1 i éii

=9 10%7 ',

1,38 102 4 / E 300E
Ay =

= _=3.5610%;
V2 3,14 2,9 10 2 10°T a4

Orger: Z =9 .10280"’ A) =3,5610%7 _

13. Omnpenenuth kod3pduinmentsl Aubdy3ur U BHYTPEHHErO TpEHHUS a30Ta,
Haxopsuierocs npu remmneparype T=300 K u gasnenun 10° I1a.

Tlamo: P =h25¢a/i7 1 =28107¢aliiéi; 0 =300 . 0=10'Ta. d=3110"1
Haiitu: D>

Pemenne. Koappunuent nuddys3un onpenensercs mo popmylie

D =1/3w)A)

W)

rae Y/ - cpenHss apupMeTHIEcKas CKOPOCTh MOJIEKYJI, PaBHas
«v) =8RT /(7M). 2)
A)_ cpenmsis JUTMHA CBOGOMHOTO TpoGera Mostekya. JIis HaXOoXKIEHHsS )

BOCIIOJIB3yeMcs (popMyIIoi u3 npumepa 11:
A) :kT(\/Eﬂ'dzp). (3)

[Toacrasinsis (2) u (3) B Beipaxenue (1), umeem
oL [SRT kT _ 24T [RT
3NaM  ozq*p 3md’p\NaM

KoaddunmeHnT BHyTpeHHETO TpeHUs

n =1/3w)xA)p

4

T7I€ p- IIIOTHOCTH Ta3a npu temneparype 300 K u napnennn 10° I1a.

I[JISI HaXOXKICHHUA P BOCIIOJIB3YCMCA YPABHCHHUCM COCTOJAHHUA HACAIBHOI'O I'asa.

3anuiieM ero OJIA IBYX COCTOSIHMM a30Ta — I[P HOPMAJIBHBIX YCIIOBHAX ]Z) =273K ,

~ e
p=LO0110 T a y gy 3aannEx yenoBmsx:

poVy =(m/M)RT,. pV =(m/M)RT (6)

b

=m/V, p=mlV

Yuutsias, uto o , IMEEM

31



P =p,pTy 1 (pyT) (7)
Koadhdumument BHyTpeHHEro TpeHUs Tra3a MOXKET OBITh BBIPAKEH Yepe3
kodppunment nuddys3uu (cm. hopmyisl (1) u (5)):

n =Dp =Dp,pT;, ! (p,T) (8)

[ToncraBnsst unciioBbie 3HaUeHUs B (4) u (8), mosryuyum

=4,7107°1% /7

b

p= 2138 10" dee / E 300E  [8,314ee /(i iéi-E) 300E
33,1343,1° 107 * 10°T a 3,14 28 107 éa/ i i éii

10°7 a 273E
1,0110°7 a -300E

n=4,71077 /ii1,25éd/1° =5,23107¢éa/ (i i)

Orper: D =47107°1%/ii n=52310"éa/(i )

14. Kucnopon maccoit 160 r HarpeBaroT npu nocTosHHOM jaasieHuu ot 320 go 340
K. Onpenenuth KOJWYECTBO TEIUIOTHI, IOTJIONIEHHOE TIa30M, HW3MEHEHUE
BHYTPEHHEU 2HEpruu U paboTy paclidpeHus rasa.

Tano: m =160 =16 107éa_ G =320E 0, =340F

Haiitu: Q; AU ; A.
Pemenne. KonuuecTBo TEIIOTHI, HEOOXOAMMOE J[UIsl HarpeBaHusi Ta3a Mpu
MOCTOSTHHOM JIaBJICHUU

Q =mc,(T,- T)) =(m/M)C,(T,- T)) (1)

C =Mc
3mech ¢, U7 »-yJenbHas U MOJSPHAs TEIUIOEMKOCTH Ia3a IIPH IOCTOSHHOM
_ S am A e
nasnenun; M =32°107¢éaliiéi_vongpuas wmacca kmciuopoma. Jlus  Bcex

ABYXAaTOMHBIX I'a30B

N,=7/2-R. C,=3,58314dce /(iiéiE)=294c /(iiéiiE)

b
W3MmeHeHue BHYTPEHHEHW SHEPTUH ra3a HaXoauM 1o Gopmyie

AU =(m/M)C, (T, - Tl), )
3necy ¢, u C,=Mc, —ynenpHas U MOJSIpHAs TEIUIOEMKOCTH Trasza MpH

_ “3Aa sy A
HOCTOSSHHOM jaBnenum; M =32-107éa/iiéi - yonspras macca kuciopona. Jls
BCEX JBYXAaTOMHBIX I'a30B

C,=7/2°R. C,=3,5831de /(iiéiE)=29dw /(i iéiE)

b
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W3meHeHne BHYTPEHHEH SHEPTHH ra3a HaXOauM 1o hopmyJie

AU =(m | M)C, (T, - T))

FI[G CV —MOJIIpHaA TCINIOCMKOCTB I'a3a IIPH IMOCTOSAHHOM o0BeMe. I[JUI BCECX
JABYXaTOMHBIX I'a30B
C, =5/2R. C, =2,58,314ce /(i iéii-E)=20,84ce /(i iéii-E)

A=0NV Lpo AV =V,- 7,

Pabota pacuimpenus rasa rnpu u300apHOM mporecce r
W3MEHEeHHEe 00beMa Ta3a, KOTOpOoe MOXKHO HaWTh u3 ypaBHeHus Kraiimepona —
Memnneneesa. [Ipu n3ob6apHom npoiiecce

p¥, =(m/M)RT;. (3)
pV, =(m/M)RT, (4)

[TouwneHHbIM BhIYMTaHUEM BhIpaxkeHus (3) u (4) Haxoaum

pWVy- V) =(m/ M)R(T, - T))

CnenmoBartebHO,

A=(m/M)R(T,- T}) (5)

[ToncraBnsst unciioBbie 3Ha4eHUs B popmydsl (1), (2) u (5), moaydaem:

P .. ) ) )
= 1_63{(3 29 A% (3408 - 320 =2900 dce
32107éal/iteni i1reni-E

0

b

o )
o 10107ed g5 A€ 3405 - 320£) =2080 dee
32107°édal i iéii 1iéi-FE

1010768 ¢ 5 A% 3405 - 320£) =840 dee

T3210%¢a/iié0 " 1iéE
Orper: @ =29004w; AU =20804c; A=8404c
15. O6bem aprona, Haxoxsmierocs npu nasienuu 80 klla, yeauuuics ot 1 10
2 1. HackonbKOo HW3MEHUTCS BHYTPEHHSIE HHEPrusi ras3a, €clii pacluIupeHue
MIPOUCXOIUIIO: a) u300apHo; 0) aarabaTHoO.
Tano: V1 =100°, V=210, =08 10°1 a;1 =40 107éa/iiéi; ;=3

Haiitu: AU |
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Pemenne. IIpumenum mnepBblii 3akOH TepMoAMHAMUKHU. COINIACHO 3TOMY
3aKOHY, KOJMYECTBO TEIIOTHl (Q, NEepeJaHHOE CHCTEME, pacXxoAyeTcs Ha
yBenrdeHne BHyTpeHHel sHeprun AU u Ha BHEIIHIOI MEXaHHYECKYIO paboTy A:

Q=AU+4 (1)
Bemnuuny AU MOXHO ompemenurh, 3Has MacCy rasa m, yIeIbHYIO

TEIIIOEMKOCTh ITPU HOCTOSHHOM 00beMe < M m3MeHeHue TeMueparyphl AT :

AU :chAT (2)

Onnako ymoOHOe u3MeHeHue BHyTpeHHel sHepruum AU onpenensats uepes
MOJISIPHYIO TeII0eMKOCTb Cy, KOTOpass MOXET OBITh BbIpa)XKEHA YE€pe3 YHCIIO

creneHe cBOOOIbI:

C, iR
c, =———— ———
M 2M (3)

[ToncraBisst BeTu4uuHy C, U3 GpopmyJisl (3) B (2), momydaem

AU =2 L RAT
M2

4)

M3MeHeHne BHYTPEHHEM JHEPIMM 3aBHCUT OT Xapakrepa Ipouecca, IIpU
KOTOPOM HJET pacmupeHue raza. [Ipm m3006apHOM pacmmpeHur rasa, COTJIACHO
NEPBOMY 3aKOHY T€PMOJIMHAMUKH, YaCTh KOJMYECTBA TEIUIOTHI UJIET HA U3BMEHEHHE
BHyTpenneil sueprun AU | koropas Beipaxkaerca dopmynoii (4). Haiitu AU ms
aproHa no ¢opmysie (4) Helab3s, TaK KaK macca rasa u TemIeparypa B YCIOBHH
3amaun He JaHbl. [loaToMy HE0OX0AMMO MPOBECTH ITpeoOpazoBaHue GopmyIsl (4).

3anumem ypaBHeHue Kralimepona —MenzaeneeBa i Ha4yajdbHOTO H

KOHEYHOI'0 COCTOSIHUM ras3a:

pVy =(m/M)RT,. pV, =(m/M)RT,

Wi
Py~ ) =(m/ M)R(T, - T) 5)

[Toxcrasus (5) B hopmyny (4), momyuum
AU =2 p(0;- V)

(6)
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DTO ypaBHEHHE SABIAETCA pacdeTHBIM Julst onpeaenenns AU npu msobapaoM
pacCIIMpEHHUHN.
[Ipn agmabaTHOM pacHIMpEeHHUH Ta3a TEIUIOOOMEHa C BHEIIHEH cpelol He
npoucxoaut, mosromy < =0, Vpasuenue (1) 3amumercs B Buje
AU+ 4 =0 (7)
DTO COOTHOIIICHUE YCTAaHABJIMBAET, YTO paboTa paclIupeHusl Tra3a MOXKET ObITh
OCYIIIECTBJICHA TOJILKO 3a CUET YMEHBIIEHUS BHYTPEHHEH JSHepruu ra3a (3HaK

munyc nepeg AU):

A=-AU (8)
dopmyna paboTHI IS aAMa0aTHOTO MPOIECCa UMEET BU]T
y-1
,4212"52% 1- %;
Y- 2
: )

IJIe Y — IOKa3aTesb CTeIICHN aaruadaThl, PABHBIM OTHOIIIEHUIO TEIIIOEMKOCTEH:
Cp _i+2
Cy P Jlist aproHa — 0JTHOATOMHOT'O Tasa (0 =3) _ ymeem ¥ =167,

HaxonuM u3MeHeHue BHYTPEHHEH SHEpruM mpu aaurabaTHOM mpouecce s
aprona, yuutsiBas popmyisl (8) u (9):

_m RL,
M y-1

AU

Vl -1
—Lyto
(V)

2

(10)
Jlnst ompenenenuss paboThl pacmupeHust aproHa dopmyny (10) crmemyer
npeo0pa3oBaTh, YUYUTHIBas MPHU ITOM MapaMeTphbl, JaHHBIE B YCIOBUU 3aJayH.

[IpumenuB ypaBHenue Kiaiinepona —MennaeneeBa s JaHHOTO —Cilyyas:

ph =(m/MRT  yonyaum BhIpakenne A1 TOJCUETa M3MEHEHHsA BHYTpeHHei

SHEPTHH:
y-1
ALJ:LEJ% [%;] -1
[Toncrasnsst uncioBbie 3HaYeHus B (6) u (11), umeem:

a) pu U300apHOM PACHINPEHUU
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AU :% 0,810°7 a 1077 ° =1214ce

0) mpu agrabaTHOM pacIIUPEHUH

. 5"\. -3 3
Ay 2081077 d 107
1,67-1)

10372 1,67-1
[ ! ] 1| =-44,6 4

21077 °

Orger: a) AU =121A4ce ; 6) AU =-44,6 Ace ‘

16. Temneparypa HarpeBarens teminoBod mamuHbel 500 K. Temmnepatypa
xonmoamnpHuka 400 K. Onpenenurs KIIJl TersoBoi marmubl, paboTtaromie mo
nukiny KapHo, ¥ MOJHYIO MOIIHOCTh MAalIWHBI, €CJIM HarpeBaTelb €XKECEKYHIHO
nepenaet ei 1675 [k TemioThl.

Tano: O=500E; O, =400E . 0 =16754c
Haiitu: 7V

Pemenne. KoapdunmeHT mone3Horo MEHCTBUS MAIMHBI ONPEICTISCTCS 10
bopmyie

n=T-T)/T (1)

WIn

=470, 2)
N3 Beipakenutit (2) u (10 Haxoaum
A=nQ=0(T-T,)/T
Beruucnnm:

500K - 400K _

0,2
500K :
A4=0,2 16754 =3354c

OTa pa60Ta COBCPIIACTCA 3a | C, CJICOA0BATCIILHO, ITI0JITHAA MallTHOCTHb MallIMHBI

335 Br.
. =0,2. = {0
OTBeT. n < N 335A0 .
17. T'opsiuast Boja HEKOTOPOMl MaccChl OTAAET TEIJIOTY XOJIOJHOW BOJE TAKOM
7K€ MAcCChl M 3HAYECHUS UX TEMIIEPATYpPbl CTAHOBITCA OJAMHAKOBbIMU. [Ioka3ars, 4To

OHTPOIIUA IIPpU 3TOM YBCIMINBACTCA.
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Pemienne. Ilycte Temneparypa ropsuert Boxel Ti, xomomnoum T, a
Temneparypa cMecu ©. Onpeaenum TEMIIEpATypy CMECH, UCXOI U3 ypaBHEHUS
TEIJI0BOro OanaHca

me(T;- ©) =me(®- 1) n-©=0-T,

, WIH
OTKyza
©=(T)+T,)/2 (1)

N3menenne 3HTpONUH, MPOUCXOIAIIEE IPU OXJIAKIACHUN TOpPsYEH BOBI,
(C]

dT S

AS, = Jcm— =cmln—

w7 d

W3mMeneHne 3HTpONUY, MPOUCXOAIIEE IIPU HArPEBAHUU XOJI0AHOM BOJIBI,
(C]

dT C]

AS, = J£m— =cmln—

T, r 2

W3MeHeHne SHTPOIIUH CUCTEMBI PABHO

2
AS =AS, +AS, =cmln9+cm ln9 =cmln—

1 2 172
s

WJIU C yueToM cooTHolueHus (1) umeem

2
AS :cm—(T1 +1;)
4T T,

172

Tax xax (1 +5)° >0y 415 >0 1o AS >0

18. /IBa oAMHAKOBBIX 3apsiaa HaXo4ATCs B Bo3ayxe Ha pacctossHuu 0,1 M apyr ot
apyra. HanpspkeHHOCTB 1o B TOUke, yaaineHHoun Ha paccrosaus 0,06 u 0,08 m ot
OJTHOTO U JIpyroro 3apsiioB, paBHa 10 kB/M. Onpenenuts noTeHLyaN Mo B 3TOU
TOYKE Y BEJIMUMHY 3apsI0B.

JlaHo: E:1'104B/M; r3:0,1M; r2:0,06M; r1:0,08M; 9,=9,=q
Hanitu: a; o.
Pemenne. HanpspkenHocts E M moTeHnuman ¢ 1O TOYEYHOrO 3apsaa (
onpenensercs o Gopmysiam:
E=—4 |

4 nge,r . 4 e,y r
9

b
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Fz[e € — JUIJICKTPHUYCCKAdA IMPOHHLIACMOCTb CPCAbI; &) — OJJICKTPHYCCKAA

IMOCTOAHHAA, I — PACCTOAHUC OT 3apdada OO TOYKH IIOJIA. Kak BUIHO H3 PHC. 1

2, -2 _TT
= + (X—/
E=vVE; E2,Ta1<1<a1< 2,

. ¢ ., & __q \/I+i—q ri+rs
(4mee,ra)* (4nmee,r2)* 4meeg\ry r{ 4dmee,rir,

Otkyna:

. 2 2 . _4 . . . . _12 o 2 . 2 .
q:E 4mee,rir, 1107 43,14 8,8510"" -0,06” -0,08 =3,510° B¢

Jrit+n \0,08* +0,06*
Onpenenum noTeHUUAI:

10?2
y=pte, = 4+ 4 -1 i"‘l = 50 10 - 1 + 1 =9205.
dmee,r, 4meey;  4meey\r, 1) 4-3,14-8,85-10 710,06 0,08

Orper: 4 =3:510°Eé; ¢ =9204.

19. /IBe mapannenbHble TNIOCKOCTH OJJHOMMEHHO 3apsiKEHBI C IOBEPXHOCTHOM
2 .
IJIOTHOCTHIO 3apsAnioB 2 u 4 uKn/M”. OnpenenuTs HAPSKEHHOCTh TOJISI: a) MEXIY
TJIOCKOCTSIMH; 0) BHE IJIOCKOCTEH.

Tano: 1 =2 10°Eé/ i 2; o, =410°Eé/i .

Haiitu: 4’ u 4",
A =d,- 4

Pemenne. Kak BHUAHO U3 pHUC. 2, B 3a30p€ MCKIY IINIOCKOCTAMH

b

TaK Kak HarpasiieHHus BeKTopoB E; u E, npornBononoxuel. Toraa

J=9%_0 _
28, 28,

1
> (o,-0)
€ , TJIE € — DIIEKTPUUECKAs TIOCTOSHHAS.
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1

:m(4- 2) '10_9 :11314/i

A =
Y=
y =

A5
4.59
Y. .=

Puc. 2

B mnpoctpaHcTBe BHE 3a30pa MEXAY IUIOCKOCTSIMH BeKkTopel Ei u E,

COBIIAJarOT I10 HAIIPABJICHUIO. HOBTOMY

-9
A" =4 + A4, :2L(a1 +0,)= 610 =3404/1 .

£ 2885107
Orper: 4 =1134/15 47=3404/1 .

20. 3apsn BenumuuHoM 1 HKN mepeHocUTcss U3 OECKOHEUHOCTH B TOUKY,

HaxoJsyocss Ha paccrosHud 0,1 M OT MOBEPXHOCTH METAJUTMUECKOU cdepbl

paguycom 0,1 M, 3apsKEHHOM C IOBEPXHOCTHOM mmoTHOCTRIO 107 Kir/m?,

Onpenenuts padboTy NepeMelleHHs 3apsia.
Tano: 4 =1107Eér =11070 =0, R =110 . o =110°Eé/i
Haiitu: A.

Pemenne. Iorennman nons %, cosmaBaemoro 3apskeHHOM cdepoil Ha

+
paccTosIHUA R+1 o1 ee [EHTpa, onpeaensercs no GopmyJe:
_ q
@, -1
4re,(R+1,)
b
q, =0 AR’ . &
rac - 3apana c@epm, - JJICKTPHUYICCKaAsA ITIOCTOAHHAA.

[ToTeHIMaN Mo Ha PAacCTOSHHUHM 2~ paBeH Hymo: 2 =0 Pa6ora A mo

NEPEMELIEHUIO 3apsiia U3 OECKOHEYHOCTH B TOUKY IOJI paBHa!

o-4rR*> 1107 1107

A=q(¢ - @) =qp, = =
9% #) =49 4re,(R+1r) 8,85107"7 2107

=5,6 10 Ace
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Orser: 4=56107de

21. Konzaencarop ¢ mapaduMHOBBIM JIUPJIECKTPUKOM 3apsiKEH JI0 Pa3HOCTU

norennuanos 150B. HanpskeHHOCTL B HEM paBHa © 10°4 /i , TJIOIIA b IUIACTUH 6

CM2. OHpCI[GHI/ITB CMKOCTb KOHACHCATOPa U MOBCPXHOCTHYIO IIJIOTHOCTD 3apsaaa Ha

(e =2)'

OoOKJIaIKax

Naro: U =1504, A=610°4/i; §=610"i" ¢ =2

Haiitu: C u o.

1{ _ O
Pemenne. B [10CKOM KOHIEHCATOPE HAMIPSXKEHHOCTH HOJIS o rme € —
JUDJIEKTPUYECKAs IPOHMIAEMOCTE CPEIbl, & — OJJIEKTPUYECKAss IOCTOSHHASL.

Otkyna

o =ee, A =2 8,8510" -6 10° =1,1 10%Eé/i?

B nockoMm koHIeHcaTope pa3HOCTh NOTeHHHanoB U u HanmpshkeHHOCTh E
cBsi3aubl 3aBucumoctsio 4 =U/d | d- 3a30p mexny obknaakamu. Otkyma 4 =U/E

. EMkocTh C m10ckoro KoHaeHcaTopa onpeaensercs no gopmyiie:

c 6,8 _¢ee,SE 28,8510 610" 6 10°
d U 150

=4,2510"0

Ortser: N=4,2510"0. o =L110*Eé/i .

22. DHeprus IUIOCKOrO BO3AyIIHOro KoHaeHcatopa 40 nHJDK, pa3HOCTH
NOTEHIMAI0B Ha oOKkiagkax 600 B, miomans miatus 1em?.

OnpeaenuTs pacCTOSTHUE MEXTY 0OKJIaKaMu, HAMIPSHXKEHHOCTh M 00 bEMHYO
IJIOTHOCTH YHEPTUHM MOJI KOHACHCATOPA.

Tlamo: W =40ide =410" de U =6004 . S =lii > =107 2,
£, =8,8510"°0 /1 _

Haiitu: B, E, w.

Pemrenne. Dueprust kompencaropa W =CU’/2: emkocTs KOHEEHCATOpa
W:e;"OSUZ

C=&S5/d nenosarensho, 2d . Orcioma
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_g,SU* _8,85.107°0 /i 107*i * (6004)°

d — =0,004
W 2410 dee
HaHpﬂ)KeHHOCTB IIOJIA1 KOHACHCATOPAa
o
_U_ 2 1224 10 A_‘f‘ . _=1,5110°4/ i
d £SU 8,8510"20/i 10 * 6004
O6’BCMH3.$I IIJIOTHOCTD C-)HepFI/II/I I10JIA:
2 LA 1078 Aop \2 )
/) 2 (410" dee) 107 e /1

w=—= = ,, P
Sd  £,S°U* 8,8510°0 /i «(107*7 %) (6004)’

Orper: @ =0,004i ; A =1,5110°4/1 . w=110"4dee /i°.

23. IIOTHOCTH TOKa B HUKEJIMHOBOM NPOBOJHHKE JIJIMHOM 25 M paBHa |
MA/M?. OnpenenuTh HapsKEeHHE Ha KOHIAX MPOBOJHHUKA.

Namo: (=251 j=110°4/i% p=410"11 i

Hayitu: U.

Pemenue. I1o 3axony Oma B nuddepernuanpaol GopMe MIOTHOCTh TOKA j

B MPOBOJHHKE HPOMOPIMOHATIbHA HaMpskeHHOCTH E moms B mposoamuke / =VE

Y=
rae P -ynenpHas IPOBOAUMOCTE; ¥ -yIeNbHOE CONPOTHBIEHUE TPoBOAHUKA. C

U
E=
JPYrof CTOPOHBI U, rae U- HanpsOKEHHOCTh HA KOHIIAX MTPOBOJHMUKA UTMHOM
E_U

j ==
0. Torna P P orkyna

Otget: U =108

U =jpt=110°-410" 25=108

24. OnpenenuTh IEKTPOABUKYIIYIO CHIYy aKKyMYJISTOPHOU OaTtapeu, TOK
KOPOTKOI'O 3aMBIKaHMsI KOTOpoil paBeH 10 A, eciau npu NOAKIIOYEHHH K HEHN

pe3ucropa conpotupieHreM 2 OM cuiia TOKa B LIENH paBHA | A.

I[aHo: [éc =104; R :2ii ;I =1A4.
Haitru: .
&
I= =I(R+
Pemenune. Ilo 3akony Oma R+r y €=IR+7), pre r- BayrpenHee

conpoTuBieHue Oarapeu. IIpu KOPOTKOM 3aMbIKaHUU IIEMU  BHEIIHEE
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— . = = . = + N
conporusnenne R=0 yu l& /7 orgyna T/ e Torma £ TIR*E/ ) ypy
IR 12 .
€= = =2,24
1-1/1, 1-0,1
Orser: £ =224
KOHTPOJIBHASI PABOTA Nel
Tadauuna BapUuaHTOB
2 3 4 5 6 7 8 9 10 |11 12 |13 14 |15 |16
1 1.1 1.11 | 1.21 | 1.31 | 141 | 1.51 | 1.61 | 1.71 | 1.81 | 1.91 1.101 | 1.111 | 1.12 1.131 | 1.14 1.151
1 1
7 |12 [112 [122 [132 [ 142 [ 152 | 1.62 | 172 | 1.82 | 1.92 | 1.102 | L.112 | 112 | 1132 | 114 | 1.152
2 2
3 |13 | 113 [ 123 [ 133 | 1.43 | 1.53 | 1.63 | 1.73 | 1.83 | 1.93 | 1.103 | 1.113 | 1.12 | 1.133 | .14 | 1.153
3 3
4 14 114 | 1.24 | 134 | 144 | 1.54 | 1.64 | 1.74 | 1.84 | 1.94 1.104 | 1.114 | 1.12 1.134 | 1.14 1.154
4 4
5 |15 | 115 | 125 [ 135 | 1.45 | 155 | 1.65 | 1.75 | 1.85 | 1.95 | 1.105 | 1.115 | 1.12 | 1.135 | 1.14 | 1.155
5 5
6 1.6 1.16 | 1.26 | 1.36 | 1.46 | 1.56 | 1.66 | 1.76 | 1.86 | 1.96 1.106 | 1.116 | 1.12 1.136 | 1.14 1.156
6 6
7 |17 [ 117 [ 127 [ 1.37 | 147 | 157 | 1.67 | 1.77 | 1.87 | 1.97 | 1.107 | 1L.117 | 112 | 1.137 | 114 | 1157
7 7
§ |18 | 118 [ 128 [ 1.38 | 1.48 | 1.58 | 1.68 | 1.78 | 1.88 | 1.98 | 1.108 | 1.118 | 1.12 | 1.138 | 1.14 | 1.158
8 8
9 |19 [ 119 [1.29 [ 139 | 1.49 | 1.59 | 1.69 | 1.79 | 1.89 | 1.99 | 1.109 | L.119 | 1.12 | 1.139 | L.14 | 1.159
9 9
10 | 110 [ 120 | 1.30 | 1.40 | 150 | 1.60 | 1.70 | 1.80 | 1.90 | 1.100 | 1.110 | 1.120 | 113 | 1.140 | 1.15 | 1.160
0 0
1.1. Teno, OpolieHHOE BEPTHKAIbHO BHU3 C HAYaJIbHOW CKOPOCTHIO 5 M/C, B

MOCJICAHUE 2 C MaJICHUS MPOIIUIO ITyTh BABOE OOJBIITNHI, YeM B JBE MPEAbIAyIIHE 2

c. Ompenenutb BpeMsi MaJ€HHUs] U BBICOTY, C KOTOPOM Teno ObUIO OpOIEHO.

[TocTpouthb rpaguku 3aBUCUMOCTH MPOUIECHHOTO MYTH, YCKOPEHUS U CKOPOCTH OT

BpPCMCHH.

1.2. BBepx 1o uaeanbHO IIaIKON HAKJIOHHOM ITIOCKOCTH, oOpasyromieit yroi 30° ¢

TOPU30HTOM, IMYyCTWIM Iai0y ¢ HadaabHOW ckopocThio 12 wm/c. Korma mraitba
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JIOCTUIJIA ITOJIOBUHBI MAKCHMAJIBHOW BBICOTHI ITOABEMA, U3 TOW K€ TOYKH, B TOM
K€ HAIpaBJIEHMU U C TOH K€ CKOPOCTBIO IyCTHJIM BTOPYIO maiidy. Onpenenuts:
Ha KaKOM pacCTOSIHUM OT Hayajla HAKJIOHHOM IUIOCKOCTH BCTPETATCSA 00€ Maiobl;
MaKCHMaJbHYIO BBICOTY IObeMa IIaii0bl; TPOMEKYTOK BPEMEHH, ITPOLIEAINI OT
HayaJia JIBM>KEHHS MepBOM a0kl 10 ee BcTpeun co BTopoi. Haueptuts rpaduku
3aBUCHMOCTH IIPOUIEHHOIO ITyTH, CKOPOCTU M YCKOPEHUS OT BPEMEHU IS IIEPBOU
11aii0pl B MPOMEXYTOK BPEMEHM OT Hayajla ABM)KEHHS O MOMEHTa BCTPEUU CO
BTOPOM.

1.3. [lIap, cBOOOHO MBKYIIHMICS CO CKOPOCTHIO 6 M/C, YAapHIICsA O APYTOH IIap
W, JBUTasCh B OOpaTHOM HAIIPABJIEHUU CO CKOPOCTbIO 2 M/C, BEpPHYJICA B
UCXOJHYI0 TOUKY (puc. 1.). PaccTositHue Mexay MUCXOAHBIM IOJOKEHHEM IIapa W
€ro IOJIOKEHUEM B MOMEHT COYJIApEHUs C IPYruM IapoM paBHO So. [locTponth
JUI TIPOMEXYTKAa BpPEMEHM OT Hadala [BWXKEHUSA IIapa O MOMEHTa €ro
BO3BpAIllCHUs B HCXOJHOE TIOJOKEHUE TIpauKH 3aBUCHMOCTH OT BPEMEHH
CKOPOCTH, MOAYJSl CKOPOCTH, KOOpJAMHAThl IeHTpa mapa Ha ocu O, u

MpoxXoaAuMOro MM IIyTH. OHpeI[GJ'H/ITB TAKIKC CPCAHCC 3HAYCHNEC MOAYJISI CKOPOCTHU

JBIDKEHUS mapa. Bpemenem coyaapenust mapoB npeHeOpeyb.

Puc.1

1.4. HaGmromarens, crosmuii Ha TiaTdopMe, ONMPEAeNiiI, YTO TEPBbIM BaroH
AJIEKTPOIIOE3/1a MPOoIe] MUMO HEro B TedeHue 4 ¢, a BTOpOW - B TEYEHHE S5 C.
[Tocme storo mepenHud Kpal Moe3Ja OCTAHOBWIICA HA PACCTOSIHUM 75 M OT
HaOmonatensa. Cuuras ABMXKEHHE IOE€3/la paBHO3aMEJIEHHBIM, OIpPENEIUTh €ro
HAYaJIbHYI0 CKOPOCTb, YCKOPEHHE M BpEeMs 3aMeJICHHOTO JIBMKeHus. HauepTuthb
rpayky 3aBUCHMOCTH IyTH, CKOPOCTH M YCKOPEHHUs MO€3/1a OT BPEMEHH. 3a
HA4ajJo OTCYETa BPEMEHU IMPHUHATH MOMEHT MPOXOXKJIEHUS MHUMO, HabOarojaTens

NepEaAHCro Kpasd 1moe3aa.
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1.5.HaGmronaTenpb, CTOSAIMI B MOMEHT Hadaia JBHKEHHUS dJICKTPOIIOe3/1a Y ero
MEepeJHEro Kpas, 3aMETW/, 4YTO IEpPBbIM BaroH NpolIed MHUMO HEro 3a 4 c.
OnpenenuTs BpeMsi, 32 KOTOPOE MHUMO HErO0 MPOWIYT JEBSITh BaroHOB, a TaKXKe
BpeMsI MPOXOXKIEHUsI 9-ro BaroHa. Bo CKOJIBKO pa3 CKOPOCTh AEBITOrO BaroHa
0OJIbIlIE CKOPOCTU MSTOTO B MOMEHTHI MX MPOXOXKIACHUS MHMO HaOromaTesns?
JIBr>KeHUE CUMTATh PABHOYCKOPEHHBIM.

1.6. Teno, aBurasch NPSIMOJMHENHO C MOCTOSHHBIM YCKOPEHHEM, IIPOILIO
ITOCJIE0OBATENBHO JIBAa PABHBIX y4acTKa IMyTH, 1o 20 M Kaxabii. [lepBriil yyacTok
npoiiaeH 3a 1,06 ¢, a Bropoit — 3a 2,2 ¢. OnpenenuTs yCKOPEHUE Tela, CKOPOCTh B
HayaJjle MepBOro 1 B KOHIIE BTOPOTO YYaCTKOB IYTH, ITyTh, IPOWICHHBIA TEJIOM OT
Hayasa ABUKEHHUS 10 OCTaHOBKU. HauepTuTh rpadMku 3aBUCHUMOCTH MPOUIEHHOTO
MyTH, CKOPOCTH U YCKOPEHUSI OT BPEMEHH.

1.7. C ropsl AB (puc. 2) nnunoit 20 M U3 COCTOSTHUS TOKOSI CKaThIBAIOTCS
CaHKM U 3aTeM, MpoJoJKasi JBHXKEHHE OT TOYKM B 1O TOpU30HTAIBHOMN
IJIOCKOCTH, OCTaHaBiuBaroTcs y Touku C, mpoiias paccrossnue BC, paBHoe 15 M.
OnpenenuTh CKOPOCTh CAHOK B KOHIIE CITyCKa C TOPbl, YCKOPEHHS Ha yyacTkax 4B
u BC u Bpems cnycka c¢ ropsl. Becy myte JIBC canku mpoxomsar 3a 15 c.
VYckopenue Ha KaxaoM U3 ydactkoB (AB u BC) cuutaTh nocTostHHbIM. HauepTuth
rpaMKu 3aBUCUMOCTHU MPONJEHHOTO IMyTH, CKOPOCTU U YCKOPEHHUS OT BPEMEHHU.

1.8. ABTOMOOWJIb TpOraeTcs C MecCTa W TEPBbI KUJIOMETP MPOXOJUT C
YCKOPEHUEM a; a BTOPOM — C YCKOpEHUEM a,. [Ipu 3TOM Ha MepBOM KHJIOMETPE €Tro
CKOpPOCTh Bo3pactaeT Ha 10 M/c, a Ha BTOpoM — Ha 5 M/c. OnpenennuTb: BpeMs
MPOXOKJICHUS MEPBOTO U BTOPOTO KUIOMETPOB; KaKOE€ YCKOpEHHe OoJblie — a;
WU @, CPEAHIO CKOPOCTh Ha BceM myTu. HauepTuTh rpaduku 3aBUCHMOCTH

IyTH, CKOPOCTH U YCKOPEHUS OT BPEMEHH.

)
[

44



Puc.2

1.9.Teno, xoTopomy coOOIIeHa HavallbHas CKOpPOCTb 2 M/C, Hayaio
CKOJIB3UTh II0 HAKJIOHHOM ILIOCKOCTH. 3a 10 ¢ OHO NPOXOJWT IO HAKJIOHHOU
I10cKocTy IyTh 50 M, a 3aTeM 10 TOPU30HTAJIBHON IMOBEPXHOCTH O OCTAHOBKH -
90 M. CuuTass IBWKEHHME Te€la HAa KAKIOM H3 YYACTKOB PABHOIIEPEMEHHBIM,
ONPENENNTh CKOPOCTh T€lla B KOHLE HAKJIOHHOW IUIOCKOCTH, YCKOPEHHUsS Ha
HAKJIOHHOM U FTOPU30HTAJIbHOM YYacTKaX ITyTH, CPEHIOI0 CKOPOCTh Ha BCEM IyTH;
BpeMsi JABWKEeHHUs Tena. HauepTuth rpauku 3aBUCUMOCTH IMYTH, CKOPOCTH M
YCKOPEHMS OT BPEMEHU.

1.10. JIbpxHUK chexal ¢ ropel gyuHo# 40 M 3a 10 ¢, mocie 4ero oH mpoexaint
[0 TOPU3OHTAIBHOM IUIOMAJAKE N0 OCTaHOBKH 20 M. CunTas NBH>KEHHE JIBDKHUKA
Ha 000MX y4acTKax paBHONEPEMEHHBIM, ONPEAEIUTh CKOPOCTh JIbDKHUKA B KOHIIE
rOpbl, CPEJHIOI CKOPOCTh HAa BCEM IyTH, YCKOPEHHUS Ha KaXKJOM M3 Y4acTKOB,
BpeMsl JIBIDKEHUS [0 TOPU3OHTAIbHOM Tuiomanke. Hadeptuts rpaduku
3aBUCUMOCTH IMYTH, CKOPOCTU U YCKOPEHHUS JIBDKHHUKA OT BPEMEHHU.

1.11. Teno, xoTopomy OblIa coOOIIEHA HEKOTOpas HayalbHas CKOPOCTH,
JIBUKETCS PABHOYCKOPEHHO. 3a TPEThIO CEKYHJY CBOErO ABMKEHHUS OHO IPOLLIO
10 M, a 3a mectyro - 16 M. Onpenenurb yCKOpEHUe Tejna, HadallbHYI0 CKOPOCTb,
CKOpPOCTh K KOHIy BOCBMOM CEKYHIBl U IIyTh, NPOWJCHHBIA 3a 8 ¢. HauepTuth
rpadUKy 3aBUCUMOCTU NPONAEHHOIO NYTH, CKOPOCTH M yckopeHus Tema ot
BpPEMEHU.

1.12. Kycok np1a oiMH pa3 OpocaroT ¢ HEKOTOPOUM CKOPOCThIO 1o yriaom 30° k
TOPU30HTY, a APYroil pa3 MyCKAIOT C TAaKOW € CKOPOCThIO MO TFOPU30HTAIBHOMN
MOBEPXHOCTH JibJla. Bo BTOpoM ciiydae OpOILIEHHBI KyCOK JibJja HaXOJWJCS B
JBIDKEHMM B 8§ pa3 Joiblle, 4YeM NpH nojere B Bozayxe. OnpenenuTsb
KO3 PUIMEHT TpeHUs JbJa O Jie, OTHOLIEHUE MPOIJACHHBIX B 000MX CIydasx
pPacCTOSIHUI B TOPU3OHTAIBLHOM HarpaBieHuu. CONpOTHBICHHEM BO31yXa
npeHeopeyb.

1.13. [Tog xakuM yriioM K TOPU30HTY Haa0 Opocuth Tesno Maccoi 200 r, 4ToOBI

JaJIBbHOCTH ITIOJICTA Obl1a B JABa pasa 00JIBIIIE €T0 MAaKCUMAJILHON BBICOTHI ImoabEMa,
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€CJIM TOPU30HTAJIbHBIN BCTPEYHBIN BETEP ACUCTBYET HA TEJIO C MOCTOSIHHOW CUJION
B 1 H?

1.14. 13 Opanacnoiita, MOAHITOrO HAJl IOBEPXHOCTHIO 3€MJIM Ha BBICOTY 2,5 M,
ObET CTPys BOJBI MO YIJIOM 36° K TOPU30HTY U MaJaeT Ha 36MJII0 Ha PacCTOSHUU
15 M or Toro Mmecra, HajJ KOTOPbIM HaXOAUTCA OpaHAcnoWT. OmnpenenuTs, Ha
KaKyl0 MAaKCHMAJIbHYIO BBICOTY MOJHUMAETCS CTPyS BOABL, PaANyC KpPHUBU3HBI
CTPyHY B BBICHIEH TOYKE, CKOPOCTh BOAbl B MOMEHT MaJICHHs Ha 3eMJII0 U 00beM
BOJIbI, TMOJaBaeMoil OpanjcrodToM 3a 1 MHH, €Clu IUIOWIAAb OTBEPCTHUS
Opanacnoiita papHa 1 cm®. COnpOTUBIEHHEM BO3IyXa IPEHEOPEYb.

1.15. U3 onHOM TOYKHM OJHOBPEMEHHO OpOIIEHO JBa Tejla C OJWHAKOBOM
HaYaIbHOM CKOPOCTBIO 20 M/C MO Pa3sHBIMU YITIaMH K TOPH30HTY: 0 =45, 0 =60°.
OnpenenuTh pacCTOSTHUE MEXKAY TEIaMH CHYCTS 2 € IOCJE€ Hayajua JBHKEHUS,
CKOPOCTH T€JI B 3TOT MOMEHT, HOPMAJIbHOE U TAHTCHIIMAILHOE YCKOPEHUs uepes3 1¢
nociie Opocanus. COMpOTHBICHUEM BO3/yXa MIPeHEOpEUb.

1.16. C GankoHa, BbICOTa KOTOPOTO 5 M HaJ MOBEPXHOCTHIO 3eMIiH, OpolieH
KaMeHb 1oJ1 yriioM 45° k ropu3oHTy. KamMeHb ynan Ha 3eMJII0 Ha pacCTOSIHUM 48 M
OT MECTa, HaJ KOTOPbIM HaXoAuTCs OankoH. OnpenenuTh HadajdbHYIO CKOPOCTb
KaMHs, BpeMsl €ro mojeTra, HauOOJbIIYI0 BBICOTY MOABEMA, PAANYC KPHUBHU3HBI
TPACKTOPUU B HAUBBICIIEH TOYKE, CKOPOCTh KaMHSI B MOMEHT MaJICHUSI HAa 3eMJIIO,
yIoJi, KOTOPBIM 00pa3yeT CKOpPOCTh KamMHS B MOMEHT IMaJ€HUs Ha 3eMIII0 C
TOPU3OHTAIBHBIM HarpasiieHrueM. CONpoTUBJIEHUEM BO3/IyXa MPEeHEOpeyb.

1.17. HeGonpiroe Teno ObLUIO BBITYIIEHO M HAYalI0 MaJaTh W3 COCTOSTHHS MOKOS
¢ BoicoThl H. Ha BbricOTE /1 OHO aOCOJIFOTHO HEYNPYTO yIapsieTcsi 0 HEOOJbIIYIO
3aKPEIUICHHYI0 W TJaJKyl0 IUIOUIAAKYy, PAcHoOJIOKEHHYIO Moj yrioM o=45° k
ropu3oHTy. OnpenenuTs BpeMs MaJIeHHs Tella U TOPU3OHTAIBHYIO NabHOCTH
roJieta, cuurad H=10m u 7 =5 m.

1.18. HeOonbmoe Tteno, OpomeHHoe noja yrioM 45° K TOPU3OHTY C
HAaYaJIbHOW CKOPOCTBIO 15 M/C, ympyro yaapsieTcsi 0 BEpPTUKAIbHYIO TIAAKYIO,
CTEHKY, HaXOJIIylocs Ha paccTosHuu 14 M (10 Tropu3oHTaauM) OT MecTa

Opocanusi. OmnpenenuTb, Ha KaKOM pPAcCTOSSHUM OT CTEHKU YMaaeT TeIo Ha

46



3eMITIo0, ecii ko3¢ dunueHT BoccTtanoBiaeHus k=0,75. HaliTu Takke OTHOIICHHE
ATUX PACCTOSIHUH, €CIIM BO BTOPOM Cllydae yaap aOCONMIOTHO YIPYTHH.

1.19. ManeHbkuil MIApUK TMOJBENICH HA HEPACTSIKUMOM HUTH JiuHOU 0,5 M.
[Ipn BepTUKAIBHOM TIOJOKCHHM HHUTH (IIOJOKCHHE pPaBHOBECHUS) IIAPUKY
COOOIIAIOT TOPHU30HTAIBHYI0 CckopocThb 4 w/c. Omnpenenuth BbeICOTY H Han
UCXOJIHBIM ypOBHEM, TIOCJE€ JOCTHMXKEHUS KOTOPOM INApUK JBUKETCA MO
TPACKTOPUHU, OTJIMYAIOIICHCA OT OKPYKHOCTU. HallTu CKOpOCThH IIapuKa B MOMEHT
JIOCTUKEHHUS 3TON BBICOTHI 1 MAKCUMAJIbHYIO BBICOTY MOAHATHUA mapuka. C kakon
BBICOTHI IIAPUK CHOBA HAYHET JIBUTAThCS MO OKPY>KHOCTU? Ha KakoM HauMeHbIeM
paccTossHUM (IO TOPHW30HTAIM) OT TOJIOKEHUS pPaBHOBECHUS HAAO TIOCTABUTH
JIOBYIIKY, YTOOBI MOWMATh MIAPUK TMOCJE TOTO, KaK OH MEPECTAHET JIBUTAThCS MO

okpyHOCTH? COMPOTUBIICHUEM BO3lyXa MPEHEOPEUb.

1.20. HeGomnpbiioe Teno, OpOIIEHHOE BEPTUKAIBHO BHU3 C BBICOTHI 32 M C
HAYaJIBHOW CKOPOCTBIO 2 M/C, YIIPYTO yAapseTCs O 3aKpeIyieHHY 0 Ha BeicoTe 20
M. MIaJKyH IUIOIAAKY ¢ yriioM HakioHa 30° k ropu3oHTy. Omnpenenuts, BO
CKOJIbKO pa3 BpeMs MaJeHus Tejla IPU BCTpeYe C IUIONIaAKON OoJibllle BpeMEHU
cBOOOMHOTO TajeHusi, eciau Koddduiuent BoccTaHoBieHus paBeH 0,8
JAJTBbHOCTh TIOJIETA Te€Ja IO TOPU30HTANIM, OTHOLIEHHE CKOPOCTEM B KOHIIE
MaJIeHUs MPY BCTPEUe C MJIONMIAAKON U TPU CBOOOIHOM MaICHUHU.

1.21. B nepeBsHHBIN 1Iap Maccod m;=8 KrI, MOJBEIICHHbIM HA HUTHU JJITMHOMN
[=1,8 M, momajgaeT TOPU3OHTAIBHO JeTAmas myjs maccod m,=4 1. C kakou
CKOpPOCTBIO JIETENA IIyJs, €CJIIM HUTh C I[IApOM M 3aCTPSBIICH B HEM IIyJeH
OTKJIOHWJIACh OT BEpTUKaNIM Ha yroi o=3°? Pazmepom miapa mpeneOpeub. Ynap
MyJIM CYUTATh MPSIMBIM, [IEHTPAJIbHBIM.

1.22. [lo HeOomplIOMY KYCKYy MSTKOTO >KeJe3a, JiealleMy Ha HaKOBajbHE
Maccoit m = 300 kr, yaapsier MmosiotT Mmaccoit m, = 8 kr. Onpenenuts KII] » yaapa,
ecnu  yaap Heynpyruil. llone3Holl cuuTaTh SHEPrHIO, 3aTPAYEHHYH) Ha
nedopmallfio Kycka skemnesa.

1.23. Illap maccoit m; = 1 K IBHXKETCSI CO CKOPOCTBIO V = 4 M/C U CTAJIKUBAETCS

C TIIapOM Maccou m; = 2 KT, ABWKYIIUMCS HABCTPEUY €My CO CKOPOCTBIO V,=3 M/C.
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KakoBbel ckopocTH u; W u, mapoB mocie ynapa? Yaap cuutaTh aOCOIIOTHO
YIPYTUM, NIPSAMbBIM, LICHTPAJIbHBIM.

1.24. Illap maccoit m;=3 Kr IBUKETCA CO CKOPOCTBHIO V| = 2 M/C U CTAJIKUBAETCS
C TMOKOSIIUMCS mapoM Maccoil m,=5 kr. Kakas paGorta Oynmer coBepiieHa Mpu
nedopmar  mwapoB? Yaap cuuTaTh aOCOJIOTHO  HEYNPYTHM, IPSMBIM,
LEHTPAJIbHBIM.

1.25. Omnpenenutes KIIJI 1y nHeympyroro ymapa Ooiika wmaccoit m;=0,5T,
nmajarpmero Ha cpato macco m>=120 kr. Ilome3Holl cuuTaTh JHEPrHUIO,
3aTpayeHHYI0 Ha BOMBaHUE CBaU.

1.26. Illap maccoit m,;= 4 Kr JBUKETCS CO CKOPOCTBIO V = 5 m/c u
CTaJKMBAETCA C IIApOM MacCOd m,=6 KI, KOTOpPBIA ABHKETCA EMY
HaBCTPEUy CO CKOPOCThIO V>, = 2 M/c. Ompenenuth CKOPOCTH U; H U
mIapoB Mocie yaapa. Yaap cyuTaTh aOCONIOTHO YIPYTUM, HPSIMBIM,
LEHTPAJIbHBIM.

1.27. I3 cTBOJIa aBTOMATUYECKOI'0 MTUCTOJIETA BbUIeTENa myJig maccord m; = 10 r
co ckopoctbio V' = 300 m/c. 3aTBOp nuctoaera Mmaccoit m, = 200 r npuKUMaeTcs K
CTBOJIy TPYXKHWHOH, >KECTKOCTh KoTopoul k=25 kH/m. Ha kakoe pac crosHue
OTOWJET 3aTBOp Iocie BeicTpena? Cunrtarh, YTO MUCTOJIET KECTKO 3aKPETLIICH.

1.28. Illap maccoit m; = 5 Kr JBHXKETCA CO CKOpPOCThIO v; = 1 M/c u
CTaJIKUBAETCSA C MOKOSIIUMCS [AapOM Maccou m; =2 Kr. OnpeaeanTs CKOPOCTH U; U
u; WApoB TMoOCle ynapa. YAap cuuTaTh a0COJIIOTHO YIPYTUM, MPSMBIM, LEHT-
palbHBIM.

1.29. W3 opyaus, He HMEIOWEro MNPOTUBOOTKATHOIO  YCTPOMCTBA,
MPOU3BOAMIIACH CTpEIbOa B FOPU3OHTAIBLHOM HarpasieHuu. Koraa opynue Obuio
HETIOJBIDKHO 3aKPEIICHO, CHAPSI BBLIETENI CO CKOpocThio vi= 600 m/c, a Korma
OpYAMIO JJATH BO3MOXHOCTh CBOOOJHO OTKATHIBATHCS HA3al, CHapsiJ BbUIETET CO
CKOpOCThIO V2 = 580 m/c. C Kakoil CKOPOCThIO OTKATHIIOCH MPU 3TOM Opyaue?

1.30. Illap maccoit m;=2 Kr CTaJKUBAETCS C TOKOSIIMMCS IIapoM OoJbIIei
Maccel U npu 3ToM TepsaeT 40% kuHeTnueckol sHepruu. OnpeaenuTb Maccy m,

OoJplero mapa. ¥Yaap cuuTaTh a0OCOIIOTHO YIIPYTUM, MPSAMbBIM, LIEHTPAJIbHBIM.
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1.31. Hlapuk Maccoit m=60 r, NpuBsSI3aHHBIN K KOHILYy HUTHU JJIUHOU (;=1,2 M,
BpAI[a€TCsA ¢ YaCTOTOM Ny = 2¢™', ONUpasCh Ha FOPU3OHTAILHYIO IIOCKOCTh. HUTh
yKOpauuBaeTcs, NpubmkKas mapuk K ocu 10 pacctosiHus ,=0,6 M. C kakoii
4acTOTON n, OyAeT mpu 3ToM BpamaThesi mapuk? Kakyro paboty A coBepiiaer
BHEIIIHSIS CUJIa, YKOpauuBasi HUTh? TpeHueM mapuka o miI0CKOCTh peHeOpeyb.

1.32. Ilo kacaTenpHOM K IIKMBY MaxOBHMKa B BHJE AuCKa guamerpom D = 75
cM u maccoil m = 40 xr npunoxena cuna F=1 kH. Onpenenuts yriosoe
YCKOPEHHE € U YaCTOTy BpalleHUsl # MaxoBHKa uepe3 Bpems t=10 ¢ mocne Havana
JIEUCTBUS CUJIBI, €CTTU painycC r mkuBa paBeH 12 cm. Cuiol TpeHust IpeHeOpedb.

1.33. Ha o6ox maxoBuka auameTpoM D=60 cM HamMoOTaH IIHYp, K
KOHIly KOTOpPOTrO MNpPUBSA3aH Tpy3 Maccol m=2 kr. Onpenenuts MOMEHT
MHEepUUU ] MaxOBUKa, €CJIM OH, BPAaIllasiCh PABHOYCKOPEHHO MO/ IEUCTBUEM
CUJIBI TSDKECTH TPy3a, 3a BpeMs t = 3 ¢ mpuoOpen yrioByl CKOPOCTh ®»=9
pan/c.

1.34. HuTth c npuBsi3aHHBIMH K €€ KOHIIaM Ipy3amu Maccamu m;=50 r u m,= 60
I IepeKkuHyTa 4yepe3 OJok auamerpom D=4 cm. Omnpenenutb MOMEHT UHEpIuu J
O5oKa, eciau TOoJ JEHCTBUEM CHJIbI TSDKECTH TPY30B OH TMOJY4YWJI YTJIIOBOE
yckopenue €=1,5 pan/c>. TpeHHeM M NPOCKAIb3bIBAHMEM HUTU II0 OJIOKY
peHeopeyb.

1.35. CrepxeHp BpamaeTcss BOKPYT OCH, HPOXOMSIIEN Yepe3 €ro CepevHy,
COTJIaCHO ypaBHEHHIO ¢ = At + Bt’, rne A = 2 pan/c, B= 0,2 pan/c’. Onpenenurs
BpaIlAOIINi MOMEHT M, JEHCTBYIOIIMII Ha CTEpXKEHb depe3 Bpems t=2c¢ mociie
HayaJa BpalleHHs, €CJIM MOMEHT MHEpLUK cTepxkHus J=0,048 kr- M.

1.36. I1o ropu30oHTaNIBHOM MIOCKOCTU KATUTCS JIUCK CO CKOPOCThIO V' =8 m/c.
Onpenenuts  KOG(UIIMEHT  COMPOTUBIICHUSA, €Cau  JUCK, Oymyuu
MPEIOCTaBIEHHBIM CaMOMY ce0€, OCTaHOBUJICS, MPOMIS MyTh s=18 M.

1.37. OnpenenuTs MOMEHT CUibl M, KOTOpBIM HEOOXOOUMO MPHUIIOKHTH K
OJIOKY, BPAIAIOLIEMYCS C 9acTOTOM 7 =12 ¢!, 94T0ObI OH OCTAHOBMIICS B TEUYEHHE
BpeMmeHu At=8 c. Juamerp Omoka D=30 cm. Maccy 0Onoka m=6 Kr CUUTaTh

PaBHOMEPHO PpAaCIPEICICHHON 10 000.y.
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1.38. bnok, umeronuii dopmy maucka maccoir m=0,4 Kr, Bpamaercs Mo
JEUCTBUEM CUJIbl HATSDKEHUS HHUTH, K KOHIIAM KOTOPOM MOJBELIEHBI T'PY3bl
maccamu m; = 0,3 xr u m, = 0,7 xr. OnpeaenuTs CUIbl HATSKEHU 1; U 1> HUTH 1O
00e cTOpoHBI OJI0KA.

1.39. K kparo crona npukperieH 010k. Yepe3 00K mepekrMHyTa HEBECOMasi U
HEpacTsKUMasi HUTh, K KOHIIAM KOTOPOM MpHKpeIvieHbl Tpy3bl. OIUH Tpy3
JIBUKETCS 110 TTIOBEPXHOCTH CTOJIa, a APYTOM - BJOJIb BepTUKAIU BHU3. ONpeaennuThb
kod(ppunmeHt f TpeHus MeXIy MOBEPXHOCTSIMHU Tpy3a U CTOJNA, €CIU MaccChl
KOKJOTO Tpy3a M Macca OJoKa OJUHAKOBBI M TPY3bI JBUXKYTCS C YCKOPEHHEM
a=5,6 m/c’. TIpocKanb3bIBAHUEM HHUTH I10 OJIOKY M CHIJIOW TPEHUS, AEHCTBYIOIIEH
Ha 0JI0K, TpeHeOpeyb.

1.40. K xoHIIaM JIeTKOM M HEPACTSHKUMON HHUTH, NMEPEKUHYTOW uepe3 OJOK,
MOABEIIEHBI Ipy3bl MaccaMu m; = 0,2 xr u m,=0,3 kr. Bo CKOJIBKO pa3 OTIIMYAIOTCS
CHJIBI, IEHCTBYIOIINE HAa HUTh IO 00€ CTOPOHBI OT OJ0Ka, ecnu Macca Omoka m=0,4
KI, a €ro0 OCh JBUIKETCS BEPTHKAILHO BBEPX C YCKOpeHueM a=2 wm/c*? Cunamu
TPEHUS U MPOCKAIb3bIBAHUS HUTHU 10 OJIOKY MpeHeOpeyb.

1.41. Onpenenuth HanpsiKE€HHOCTh (G TPAaBUTALMOHHOIO TIOJISI HAa BBICOTE
h=1000 kM Hag noBepxHOCThIO 3emiau. CuuTaTh H3BECTHBIMHU YCKOPEHHUE £
CBOOOJHOIO MaJIeHUs y MOBEPXHOCTU 3eMIIH U ee paauyc R.

1.42. Kakas pabota 4 OyAeT coBepilieHa CHUJIAaMU TPABUTAIMOHHOTO TOJS MPU
najeHuu Ha 3emiro Tena maccod m=2 kr: 1) ¢ BweicoThl A=1000 kM; 2) u3
OEeCKOHEYHOCTH ?

1.43. 13 GecKOHEYHOCTH Ha MOBEPXHOCTh 3E€MJIM MaJaeT METEOPUT MacCCOM
m=30 kr. Onpenenuth padoTy A, KOoTopas mpu 3TOM OYJEeT COBEpIIeHA CHUIaMU
IPAaBUTAIIMOHHOTO TIOJISI 3eMJU. YCKOpPEHHE CBOOOJHOTO TANEHUs g ¥y
MOBEPXHOCTHU 3€MJIU U €€ PaInyC R cUUTaTh U3BECTHBIMH.

1.44. C noBepxHOCTH 3€MJIM BEPTUKAJIIBHO BBEPX MYIIIEHA PAKETA CO CKOPOCTHIO
v=3 km/c. Ha kakyto BBICOTY OHA TIOJTHUMETCS?

1.45. Tlo xpyroBoii opOuTe BOKpyr 3emiid oOpaiaercsi CIyTHUK C MEPUOIOM

T=90 mun. OnpenenauTs BHICOTY CIYTHUKA. Y CKOpEeHHE CBOOOJHOIO MajJCHUs g y
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MOBEPXHOCTHU 3eMJIM U €€ paanyc R cunuTaTh N3BECTHBIMH.

1.46. Ha kakom pacCTOAHMHU OT LIEHTpa 3€MJIM HAXOJUTCS TOYKA, B KOTOPOH
HaMpsHKEHHOCTh  CYMMApHOTO TpaBUTAMOHHOTO moJis 3emiu u JlyHwsl paBHa
nymo? Ilpunsats, uro macca 3emiun B 81 pa3 Oonbine maccel JIyHBI M 49TO
paccTosiHue OT LieHTpa 3eMiu 110 ueHTpa JIynsl paBao 60 paauycam 3emiu.

1.47. CnytHuK oOpamaeTcsi BOKpYT 3eMiid TI0 KPYTrOBOM OpOMTE Ha BBICOTE
h=520 kM. Omnpenenutb Nepuoj; OOpallleHUs] CIyTHHUKA. YCKOPEHHE CBOOOIHOIO
MajieHusl g y TOBEPXHOCTH 3eMJIM U €€ PaiuyC R CUuTaTh W3BECTHBIMU.

1.48. OrmnpenenuTs JIUHEHHYIO M YIVIOBYIO CKOPOCTH CHYTHUKa 3eMJH,
oOpararomierocss mo KpyroBod opoure Ha BbicoTe h=1000 kM. VYckopenue
CBOOOJIHOTO MaJeHUs g Y MOBEPXHOCTH 3€MJIU U €€ paauyc R cuuTaTh N3BECTHBIMU.

1.49. KakoBa macca 3emsiM, €ClIM M3BECTHO, 4To JlyHa B TedyeHHE roja
coBepiaeT 13 oOpalieHuid BOKpYT 3eMJIM U PacCTOSIHUE OT 3eMJin 10 JIyHbI paBHO
3,84 -10° m?

1.50. Bo ckonpko pa3 cpeAHsis IJIOTHOCTh 3€MHOIO BEIIECTBA OTJIMYAETCS OT
cpenHel oTHOCTH JyHHOro? ITpunsaTe, yto paauyc R, 3emnu B 390 pa3 6ombiie
panuyca R, JIyHbl u Bec Tena Ha JIyHe B 6 pa3 MeHbIlIe Beca Tena Ha 3eMII€.

1.51. Boga, koTopyro MpoKadynBaroT 4epe3 rIagKhil MUIaHT, BBIPBIBACTCS U3
HEro 4Yepe3 HAKOHEYHMK, HMMEIOIMH momepeynoe ceuenue 35 cm’. Crpys
HarpasieHa noj yriiom 30° Kk ropu30HTY U nogHuMaercst Ha BoicoTy H=4,8 M Haj
BBIXOJIHBIM OTBepcTHeM. [lomaromuii muIaHrT Hacoca MOTPYKEH B OOJBIION
pe3epByap, ypOBEHb BOJbI B KOTOpOM Ha h=2,4 M HIKE YpPOBHS OTBEPCTHUS B
HakoHeyHHKe. Omnpenenutb, KaKyld MOIIHOCTh MOTPeOJiseT OT  CEeTH
AIEKTPOABUTATEND, TPUBOASAIINN B AEHCTBHE UCIOJBb3yEMbIN HACOC, €CJIU OO
KII/I Hacoca c anekrpojapurarenaeMm n=60%.

1.52. Ctpys Boabl auaMeTpoM 2 CM, ABWXKYIIasica co ckopocThio 10 m/c,
yaapsieTcss O HEMOJABUXKHYIO IJIOCKOCTb, IOCTaBICHHYI) NEPHEHIUKYISIPHO K
ctpye. Onpenenuts CUILy JaBJICHUS CTPYH Ha IJIOCKOCTh, CYUTAsA, YTO TOCIIE yaapa

O IINTIOCKOCTb CKOPOCTDH YaCTHIl BOJLI paBHAa HYJIIO.
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1.53. KyOuk w#3 OJHOPOJHOTO MaTepHajia, HaXOIAIIUUCI B KHUIKOCTH,
BCILIBIBAET C MOCTOSTHHOM cKOopocThio. [ImoTHOCTE xunkoctu B 3,5 pasza Gosiblie
IJIOTHOCTH Matepuasia KyOuka. Omnpeaenntb, BO CKOJbKO pa3 cujia TpeHUS,
JENCTBYIOIIAs HA BCIUIBIBAIONIUI KyOHUK, OOJIBIIIE BECa ITOr0 KyOuKa.

1.54. B cocya HenpephIBHO JILETCS CTPYs BOJBI U3 KpaHa BOJIOMpPOBOjAA. 3a 1¢
HanuBaetcs 0,3 1 Boabl. KakoB omkeH ObITh JUaMeTp OTBEPCTUSI B AHE COCY/IA,
4TOOBI BOJIa B HEM JIEprKajlach HA TOCTOSIHHOM ypOBHE, paBHOM 10,5 cM?

1.55. Humaap Hacoca uMmeeT auameTp 20 cM. B Hem nBukercs
MOPIIEHb CO CKOPOCThIO 1 M/C, BRITAIKUBAIOITUI BOAY Y€pe3 OTBEPCTUE
nuaMmeTpoM 2 cM. Onpenenutb CKOPOCTh BBHITEKAHUSI BOJIBI U JIABJICHHE
BOJbI B IIMJIMHAPE HAcOCa.

1.56. Teno, nmagas B BOJAE M3 COCTOSIHUSA ITOKOS, IPOLLIO IMYyTh S 3a Bpems !
OrnpenenuTs MIOTHOCTh TEJa, CYUTAsi CHIIY COIPOTUBIICHHS BOJIbI MOCTOSSHHOW U
MEHBIIEN IEUCTBYIOIIEN HA TEJIO CUIIBI TSXKECTH B 11 Pa3.

1.57. T'magkuii pe3wHOBBIM WIHYp, JuMHA KoToporo { u ko3(dduumeHt
ynpyroctu k, nmoasemieH ogHuM KoHIoM K Touke O. Ha npyrom koHiie mmeetcs
ynop B. U3 Touku O HaumHaeT cBOOOJHO maaath Mmydprta A maccoit m (puc. 2).
[Ipenebperass Maccoil mHypa W yIopa, ONpeaeTuTh MaKCUMAIbHOE PACTSKEHUE
HIHYpa.

1.58. OnpenenuTh CKOPOCTH BBUIETA MIApUKA MAcCOM 15 T M3 MpyKUHHOTO
MUCTOJIETa, €CIIM MpY>KUHA OblIa cxxata Ha Al= 6 cM u ee )xectkocTh k= 180 H/m.

1.59. BepxHuii KOHEl MNPOBOJIOKM JJIMHOM £, 3aKpersieH, a K HIKHEMY
MOJABEIIECH IPy3 MAacCOM m, MOJ IEMCTBUEM KOTOPOrO MPOBOJIOKA YIJIUHSETCS Ha
BennunHy Al. OmnpenenuTs M3MEHEHHE IMOTEHIMAIbHON 3HEPTrUU MPOBOJIOKU U
rpy3a.

1.60. Bepxuuii KOHEI] METAJUIMYECKOrO0 CTEpKHS 3akpervieH. K HikHemy
NPUIOKEHA I1apa CHJI, MOMEHT KoTopoi paseH 10°H:-M. Yron 3akpyuyuBaHus
crepkHA 5°. OnpenennTh MOCTOSHHYK0 KPYYEHHSI M IMOTEHUHAIBHYIO DHEPIUIO
ne(hOpPMUPOBAHHOTO CTEPIKHSI.

1.61. Onpenenuts CpeIHIO KMHETUYECKYIO DHEPTHUIO BPAIATENBHOIO JIBUKEHUS
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OJIHOM MOJIEKYJIbl ABYXaTOMHOIO Ta3a, €ClIM CyMMapHas KUHETHYECKash SHEpPrus
MOJIEKYJI OJTHOTO KMJIOMOJISI 3TOro ra3za paBHa 6,02 M/Ix.

1.62. Cx0abKO MOJIEKYJ BOAOPOAA HAXOJUTCS B COCYJE BMECTUMOCTBIO 2 J1, €CIIN
CpenHssi KBaJpaTU4Has CKOpPOCTh IBWXeHHs Mojekyn 500 m/c, a naBineHWe Ha
crenku cocyna 10° ITa?

1.63. HaiiTu cpenHIOH KHHETHYECKYKO) SHEPIHI0 BpAIIATEIbHOTO JBUKEHUS
BCEX MOJIEKYJ, coaepxkamuxcs B 0,25 r Bogoposa npu temmeparype 13 °C.

1.64. Jlasnenve upeansHOro rasza 2 mlla, xoHueHTtpauus Monekyn 2010 cm™.
OnpenenuTh CpPEIHIO KUHETUYECKYI0 HHEPTyI0 IMOCTYNATEeNbHOTO JABMXKCHUS
OJIHOW MOJIEKYJIbI M TEMIIEpATypy rasa.

1.65. Onpenenuth cpeHUE 3HAYEHUS TOJHONM KHUHETUYECKOW PHEPIruu OIHOM
MOJIEKYJIbI HEOHA, KHCJIOpOJa U BOASTHOrO napa npu tremneparype 600 K.

1.66.Cpensisi KMHETUYECKasl SHEPIHs MOCTYNATETbHOTO JBWKEHUSI MOJIEKYJ Ta3a
pasHa 5 * 10 *' Jx. Konnentparms Momnexyi 3 ¢ 10" cm™. Onpenenurs 1asieHue rasa.

1.67. B cocyne BmectumocTio 200 cM® HaxomuTes Ta3 npu Temmeparype 47 °C.
M3-3a yTeuku rasa u3 KojObl mpocounaocs 10°' monekyn. Hackonbko CHU3HMIIOCH
JIaBJICHUE ra3a B cocye?

1.68. CkoJIbKO MOJIEKYJI Ta3a HaXOJIUTCS B COCYJE€ BMECTUMOCTbIO 1,5 11 mpu
HOPMAJIbHBIX YCIOBUSIX?

1.69. OnpenenuTh KOHIIEHTPALIMIO MOJIEKYJ MACATBHOTO Tra3a Mpy TEMIEPATYpe
450 K u naBnenun 1,5 MIla.

1.70.0npenenuth TeMIepatypy WICAIbLHOTO Ta3a, €CIM CPEIHss KUHETUYECKas
SHEPIUs MOCTYNATENLHOrO IBMKEH s €ro Moneky 3,2 x 107" k.

1.71. B cocyne Bmectumoctbto 10 51 Haxomutcs 2 T Kuciopona. Onpenaenurhb
CPEIHIOI0 JJIMHY CBOOOAHOTO ITpobdera MoJIeKy .

1.72. Onpenenuth CPeIHIO JJIMHY CBOOOHOTO IpoOera MOJICKYJ a30Ta, eCld
IUIOTHOCTH paspesxkeHHoro rasa 0,9 ¢ 107 kr/v’.

1.73. Ilpu kakoM MdaBJIC€HUU CPEAHSSI AJIUHA CBOOOJHOIO IMpoOera MOJeKyJ
Kuciopoaa pasHa 1,25 m, eciiu Temniepatypa raza 50 °C?

1.74. BpucauTh CpeAHIO JUIMHY CBOOOJHOTO IpoOera MOJICKYI
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BO3yXxa npu aasiaenuu 1+10° ITa u Temneparype 10 °C.

1.75. Tlo ycnoBuro mpeApIAyIIel 3aa4d BBIYUCIUTH KOd(hGUIMeHT nuddy3un
BO3lyXa.

1.76. Bo ckombko pa3 koddduimeHt muddy3un MOJIEKya BOAOpPOAa OOJbIIe
kodhduimenta guddysun Monekyn azora? Temmeparypa | JIaBICHHE Ta3oB
OJTMHAKOBBIC.

1.77. CKonapKO COyIapeHHil B CEKyHAY B CpPEJHEM HCHBITBHIBAIOT MOJEKYJIbI
a30Ta, HAXOSIIHUECS MPU HOPMAJIBHBIX YCIOBUSIX?

1.78. Onpenenuts KOIPPUIMEHT BHYTPEHHErO TPEHUS YIJIEKUCIIOrO rasa Ipu
temmneparype 300 K.

1.79. Cocyn BMectumocThio 10 11 comepxkut Boaopon mMaccoit 4 r. OnpenenuThb
CpEelIHEE YUCIIO COYJapEHUI MOJIEKYJ B CEKYH/Y.

1.80. KoaddurmieHT BHYTPEHHETr0 TPEHHSI KUCTIOPOia IMPH HOPMATBHBIX YCIIOBUAX
1,91 « 10 * kr/(mec). KakoBa cpenHsis MHA CBOOOJHOrO Ipobera MOJEKyJI
KHUCJIOPO/ia MPH 3TUX YCIOBUSX?

1.81. Ilpu xakoM mpoliecce BBITOJTHEE OCYIIECTBIISITh PACHIMPEHHUE YTIIEKUCIOTO
raza: aauabaTHOM WJIM HM30TEPMHUYECKOM, €CIM OOBhEeM yBeIM4MBaeTcs B 2 paza’?
HavanpHas Temneparypa B 000MX Caydasx OJIMHAKOBA.

1.82. Haiitu paboTy ¥ W3MEHEHHWE BHYTPEHHEW SHEPruv IpH
aarabaTHOM pacliMpeHur 1 Kr Bo3ayxa, eciii ero 00beM YBEIUYUIICS
B 10 pa3. HauansHas remnepatypa 15 °C.

1.83. Onpenenuth KOJIMYECTBO TEIUIOTHI, cooOieHHoe 20 T a30Ta, €Civ OH
o1 Harper oT 27 mo 177 °C. Kakyrwo paboTy Nmpu 3TOM COBEPIIUT Ta3 U Kak
WU3MEHUTCS €r0 BHYTPEHHSISI YHEPTHsi?

1.84. Bo ckompko pa3 yBenuuurcsi oObeM 1 Mo BOmOpoAa  IpH
M30TEPMHUYECKOM pacuMpeHuu npu temneparype 27 °C, ecnu mpu 3TOM ObuLia
3arpaueHa TerioTa, paBHas 4 kJx.

1.85. Bomopo, 3aHMMaroImuii 00beM 5 11 M HaXOIAIMICS 10 AaBiaenueM 10°
[la, aguabatHo cxar m0 obvema 1 5. Haiitu pabory cxatuss ¥ H3MEHEHHE

BHYTPEHHEW 3HEPTUH BOJIOPOJIA.
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1.86. I'a3, 3anumaromuii o6bem 20 1 moxa maBienuem 1 MIla, ObuT H300apHO
Harpet ot 323 o 473 K. Haiitu paboty pacmmpeHus rasa.

1.87. Ilpu HarpeBanuu 1 kMmoisis azora Obuio mepenano 1000 J[k TErIOTHI.
OnpenenuTs padboOTy pacHIMpEeHUs MIPU MOCTOSTHHOM JaBJICHUH.

1.88. OmpenenuTh, Kakoe KOJMYECTBO TEIUIOTHI HEOOXOIUMO COOOIIHUTH
yriaekuciiomy razy maccoit 220 r, yroosl HarpeTs ero Ha 20 K: a) npu nocTossHHOM
o0BemMe; 0) Mpu MOCTOSTHHOM JaBJICHUH.

1.89. Kakoe koJM4YeCTBO TEIUIOTHI HYKHO COOOHIMTH 1 KMOJIIO KHCIOpoAa,
4yTOOBI OH coBepinuia padoty B 1000 [Ix: a) mpu M30TepMUYECKOM Ipoiiecce; 0)
npu u300apHOM?

1.90. A3oT Maccoii 2 kr, Haxodiuiics mpu temneparype 288 K, cxxumaror: a)
u3orepMuuecky; 0) anmabarHo, yBenuuuBas pgasieHue B 10 pas. Omnpenenutsb
paboTy, 3aTpauCHHYIO Ha CXKATHE raza, B 000UX CiIyvasx.

1.91. Jlen maccoii 100 r, Haxomsmmiics pu Temnepatype -30 °C, nmpeBpaiaercs B
nap. OnpeaenuTh U3BMEHEHNUE SHTPOITUU TIPU ATOM.

1.92. XKene3o maccon 1 xr mpu temmeparype 100 °C HaxoauTCs B TEIIOBOM
KOHTaKTe C TakuM ke Kyckom skene3a npu (0 °C. Uemy Oyner paBHO M3MEHEHHE
DHTPONMUM NpU JOCTMKEHUM paBHOBecHOW Temrieparypsl 50 °C? Cuurarth, 4TO
MOJISIpHAsI TeTIJIOEMKOCTH kele3a paBHa 25,14 JIx/K.

1.93. Bomopon maccoii 10 T m300apHO pacmmpseTcs, P 3TOM O0BEM €ro
yBenuuuBaeTcst B 2 pasa. Onpenenuts W3MEHEHHE SHTPOMUW BOAOPOJA IPU TOM
nporecce.

1.94. OnpenenuTs U3MEHEHUE SHTPOIUU, NPOUCXOASAIIEE MPU CMELIMBAHUU S
KI' BOJIbl, Haxozsiencs pu temnepatype 280 K u 8 xr Boabl, HaxoAsmencs npu
temneparype 350 K.

1.95. O0bem renusi, Macca KOTOPOTO COCTABIISIET 2 KT, YBEITUYHIICS B

5 pa3: a) uzorepmuuecku; 0) aanadatHo. KakoBo m3MeHeHHE PHTPONUHU B
ATUX CIIyqasx?

1.96. OnpenemuTh W3MEHEHUE OSHTPONMMM | MOJS HACATBHOIO Ta3a Ipu

HN30XOPHOM, H306apHOM U U30TCPMHUYCCKOM IIponecCCax.

55



1.97. Onpenenutb U3BMEHEHUE SHTPONUU 4 KI' CBUHIIA MPU OXJIAXKJICHUU €ro OT

327 no 0 °C.
1.98. Haiitn n3menenne sHTponuu npu HarpeBanuu | kr Boael ot 0 no 100 °C
Y TIOCJIEAYIOIIEM MTPEBPALLEHUH €€ B IIap MPH TOU K€ TeMIEpaType.
1.99. Kak wu3MeHHMTCA SHTpoOnUs NpU H30TEpMHUYECKOM pacmupennn 0,1 xr
KHCJIOPOJIa, €CJIU MPU 3TOM 00bEM €ro u3mMeHurcs ot 2,5 no 10 n?
1.100. OmpenenuTs W3MEHEHWE PHTPOINUU Tpu H300apHOM HarpeBanuu 0,1 kr
azora ot 17 mo 100 °C.

1.101. /IBa 3apsiza HaxoJATCs B KEPOCHHE HA pPacCTOSSHMM | cM Apyr ot
Jipyra U B3auMOJAEHCTBYIOT ¢ cwioi 2,7 H. BennuuHa onHoro 3apsna B TpU pasa
Oosnblie, yem apyroro. OnpenenuTs BETUYUHY KaXK10T0 3aps/a.

1.102. JIBa ToueuyHBIX 3apsaa, HaXoJsich B Boae (£, = 81) Ha paccrosHuU {
Jpyr OT Jpyra, B3auMOJEHCTBYIOT C HEKOTOpOoM cuiaou F. Bo CKoibko pa3s
HEOOXOAMMO  YMEHBIIUTh  PACCTOSIHUE  MEXIy  HHUMH, 4YTOOBl  OHHU
B3aMMO/ICHCTBOBAJIM € TAKOM )K€ CUJION B BO3yXe?

1.103. [lpa mapuka OQMHAKOBOIO 00heMa, obmamaromme maccoi 6 - 107 r
KaK/IbIiA, TIOJIBEIIEHB] HA IIEIKOBBIX HUTSIX JIMHON 0,4 M Tak, 4TO MX MOBEPXHOCTU
COIPHUKACAIOTCA. YTOJd, Ha KOTOPBI Pa3oLUIMCh HUTU MPHU COOOIIEHUM IIapUKam
OMHAKOBBIX 3apsAnoB, paBeH 00°. Haitm BenuuuHy 3apsaoB U CHILY
AIEKTPOCTATUYECKOTO OTTAIIKUBAHUSI.

1.104. B yrnax mpu OCHOBAaHMHU PABHOOEIPEHHOIO TPEYrOJIbHUKA ¢ OOKOBOM
CTOpOHOM 8 ¢M pacnofioxkeHbl 3apsabl Q u Q.. OnpenenuTs CUIly, ACHCTBYIOITYIO
Ha 3apsan BenuunHOM 1 HKU, moMenieHHbli B BEPIIMHE TPEYTrOJIbHUKA. YTOJI MpU
BepuinHe 120°. PaccmoTtpets ciyyait: a) Q = Q. =2 uKu; 6) Q, =-Q, =2 uKu.

1.105. /IBa paBHBIX OTpHUIATEIbHBIX 3apsaa mo 9 HKI kaxaplii HAXOIATCS B
BOJIE Ha paccTosiHMM & cM JApyr oT apyra. Omnpenenutb HaNpsLKEHHOCTh U
MOTEHIMAN MOJI B TOUKE, PACIOI0KEHHON HA PACCTOSIHUU 5 CM OT 3apsiI0B.

1.106. /IBe GecKOHEUHO JJIMHHBIE PABHOMEPHO 3apsKEHHBIE HUTH C JIMHEHHOM

IJIOTHOCTEIO 3apsaoB 6 - 10° Ku/M pacmonoxensl Ha paccrosaud 0,2 M Apyr oT
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apyra. HailTu HanpssKeHHOCTh JJIEKTPUYECKOTO TOJIA, CO3JaHHOTO B TOYKE,
yaaneHHou Ha 0,2 M OT KaXXJ0W HUTH.

1.107. [IBe mnapauienbHble METAUIMYECKHE IUIACTUHBI, PACIIOJIOKEHHBIE B
JUBNIEKTPUKeE (€ = 2,2), 00Ia1ar0T IIOBEPXHOCTHOM IIOTHOCTHIO 3apsiaa 3 u 2 MKKi/m®.,
OnpenenuTs HANPSHYKEHHOCTh W UHAYKIUIO DJIEKTPUYECKOTO TONS  MEXKIY
IJIACTUHAMM U 32 MpeJieslaMH IPOCTPAHCTBA MEXKAY HUMHU.

1.108. B BepmmHax kBaapara co croponor 0,1 m nmomemens! 3apsasl no 0,1
HKIT kaxapiid. OnpenennTs HapsHYKEHHOCTh U MOTEHIMAN MOJIS B IEHTPE KBaapara,
€CJIM OJIMH U3 3apsI0B OTIUYAETCS MO 3HAKY OT OCTAJIbHBIX.

1.109. IIpocTpaHcTBO MEXIy JBYMs TMapajyIeIbHBIMU  OECKOHEYHBIMU
IUIOCKOCTSIMH C TIOBEPXHOCTHOM IIOTHOCTBIO 3apsaoB +5-10 * Ki/m* u -9 - 10® Ki/m?
3aIoJIHEHO CTeKJIoOM. OmpenenuTh HANpsSKEeHHOCTh MOJIS: a) MEXKIY IUIOCKOCTAMMU;
0) BHE MIOCKOCTEH.

1.110. 3apsnaer o 1 HK3 Kakaplil TOMEINIEHbI B BEPIIMHAX PABHOCTOPOHHETO
TpeyroibHuka co cropoHod 0,2 M. PaBHOpelcTByromias cuil, JEHCTBYIONIMX Ha
YETBEPTBIA 3apsij, NOMEIICHHBIM B CEPEAMHE OJHOM W3 CTOPOH TPEYTOJIbHMKA,
paBHa 0,6 MkH. OnpeiennTs BEIMUUHY 3TOTO 3apsiia, HAPSHKEHHOCTh U MOTEH LN A
MOJISI B TOUKE €r0 pacroIoKeHUS.

1.111. Toueunwie 3apsapl Q; = 20 MxKn, Q,=-10 MxKn Haxoxsarcs Ha
pacctostHuu d = 5 cm apyr ot apyra. OnpenenuTs HANps>KEHHOCTh MOJIsl B TOYKE,
yYAAJIEHHOM Ha 1 = 3 OT MepBOro U Ha I, = 4 cM OT BTOpOro 3apsaa. Onpeaenursb
Takke cunny F, neficTByroiyto B 3Toi Touke Ha ToueuHbIi 3apsia Q=1 mxKi.

1.112. Tpu oauHakoBbIX ToUeUHBIX 3apsaa Q; = Q. =Q; = 2 uKu HaxoasTCs B
BEpIIMHAX PAaBHOCTOPOHHETO TPEYrojibHUKa co cropoHaMu a=10cm. OnpenenuTsb
MOJlyJIb U HalpaBJICHUE CWIbI F, NEHUCTBYIONIEN HA OJMH U3 3apsI0B CO CTOPOHBI
JIBYX JIPYTHUX.

1.113. J[Ba monOXUTENBbHBIX TOUEUHBbIX 3apsiga Q u 9Q 3akpernseHbl Ha
paccrosiuun d= 100 cm apyr ot apyra. Onpeaenutb, B KAKOW TOYKE Ha MPSIMOH,
MPOXOJSIIEH Yepe3 3apsjibl, CIeIyeT MOMECTUTh TPETUW 3apsii TaK, YTOObl OH

HaXOJWICA B PABHOBECHM. YKa3aTh, KAKOW 3HAK JOJDKEH MUMETh 3TOT 3apsii s
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TOTO, 4YTOOBI paBHOBECHE OBLJIO YCTOMUYMBBIM, €CIH TEpEMEIICHUs 3apsaoB
BO3MO>KHBI TOJIBKO BJIOJIb IIPSAMOM, MTPOXOJAILIEN YEPE3 3aKPEIICHHbBIE 3apsIbl.

1.114. /Ia o1MHAKOBO 3apsKEHHBIX IIAPHUKA MOJBEIICHBI B OJHOW TOYKE Ha
HUTSAX OJMHAKOBOW nnuHbL. IIpw 3TOM HUTH pazouuuck Ha yroa d. Hlapuku
NOrpy’karoT B Macyio. KakoBa MiIoOTHOCTh P Maciia, €clid yroj pacXoxXACHUs HUTEH
IpU TIOTPY>)KEHUHM B MaCIO ocTaeTcsi HeusMeHHbIM? Il1oTHOCTH Marepuana
IIAPHKOB Po== 1,5-10° Kr/M’, qUDIEKTpHUUECKas IPOHUIIAEMOCTh Macia € = 2,2.

1.115. Yeteipe onnnHakoBbiX 3apsana Q=0Q,=Q;=Qs =40 kHn 3akperuieHsl B
BEpIIMHAX KBajpaTa co cropoHor a=10cm. Hantu cuny F, nericTByroniyro Ha oquH
U3 3THX 3apsI0B CO CTOPOHBI TPEX OCTAIbHBIX.

1.116. Toueunsle 3apsasl Q=30 mMxKn m Q,= -20 mxKn nHaxomarcs Ha
paccrosinuu d=20cMm JipyT OT Apyra. OnpeaenuTs HAPsS)KEHHOCTh 3JIEKTPUYECKOTO
nonst E B Touke, yaaJleHHOW OT mepBOro 3apsjaa Ha paccrosHue r;= 30 cm, a or
BTOPOro - HA T, = 15 cMm.

1.117. B BepuMHAaX NOpaBUIBHOTO TPEYroJbHUKA CO CTOpoHON a=10cm
Haxozarcs 3apsaabl Q=10mkKII, Q, =20 mxKn u Qs = 30 MxKn. Onpenenuts cuiny
F, nelictByrontyto Ha 3apsii Qi CO CTOPOHBI ABYX JIPYTUX 3apsI/IOB.

1.118. B BepmmHax KBajpara HaXOAATCA OJUHAKOBBIE 3apsiabl Qi = Q= Q.=
Q,=8-10 " Ku. Kakoii orpuuarenbHbiii 3apsag Q HyXHO IIOMECTUTh B LIEHTPE
KBa/IpaTa, YTOObl CHJIa B3aUMHOTO OTTAJIKUBAHUS IMOJOKUTEIBHBIX 3apsA/l0B ObLia
YpaBHOBEIIICHA CHJIOW MPUTSKEHUST OTPUIIATEIBHOTO 3apsiaa?

1.119. Ha paccrostnuu d = 20 ¢cM HaxoasaTcs 1Ba TOYEUHBIX 3apsnaa: Q, = -50
HKn n Q=100 uKn. Onpenenurs cuny F, neiictByronryto Ha 3apsia Q, =-10 uKu,
yAaJeHHbIN OT. 000MX 3apsiI0B HAa OJJUHAKOBOE PACCTOSIHUE, paBHOE d.

1.120. Paccrostnue d mexay AByMst ToueuHbIMU 3apsgamu Q; =2 uKi, u Q, =
4 uKun, paBHo 60 cMm. Onpenenuts TOUKY, B KOTOPYIO HYKHO IOMECTUTh TPETUI
3apsn Qs Tak, yTOOBI cHCTEMa 3aps/iIoB HaXxoJuwiach B paBHOBecuu. OmnpenenuTh
3apsia Qs U ero 3HakK. Y CTOMYMBOE WJIM HEYCTOWUYMBOE OYJIET paBHOBECHE?

1.121. Tlbumeka maccoit 8 -10"° Kr ymepKuBaercs B PaBHOBECHU MEXKIY

T'OPU30HTAJILHO PacCIIOJIOKCHHBIMHA 06KJIa,Z[KaMI/I IIJIOCKOTI'O BO3QYIIHOT'O
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KOH/IeHcaTopa. Pa3HOCTh MOTEHIMANoB Mexay oOkimaakamu 49 B, a paccrosiHue
Mexay Humu | cm. OmnpenenuTh, BO CKOJbKO pa3 3apsii NbUIMHKA OOJblle
AIIEMEHTApHOIO 3aps/a.

1.122. 3apsn, paBubiii 1 HKII, mepeHOCUTCS B BO3yX€ U3 TOUKH, HAXOISAILIEHCS
Ha paccTosiHUM 1 M OT OECKOHEYHO JUIMHHOW, paBHOMEPHO 3apsKEHHOW HUTH, B
TOUKY, Haxopsulytocs Ha paccrosHuu 10 cm ot Hee. Ompenenuts padorty,
COBEPILIAEMYIO MPOTUB CHUJI TOJIs, €CIU JIMHEHAS TUIOTHOCTh 3apsija HUTH paBHA |
MKKJ1/M.

1.123. 3apsn paBubiii 1 1K Haxoaures Ha paccrostHuE 0,2 M OT OECKOHEUHO
JUIMHHOW PaBHOMEPHO 3apsbDKEHHOW HuUTH. llom aeiicTBMEM MO HUTH 3apsij
nepememaerca Ha 0,1 m. OnpenenuTs JMHENMHYIO IUIOTHOCTB 3apsa HWUTH, €CIIU
pabota cun nons paBHa 0,1 MxJx.

1.124. 3apsan, pasubiii 1 HKn, nepeHocuTcss M3 OECKOHEYHOCTH B TOUKY,
HAXOJIAIIYIOCS Ha PACCTOSIHUM | CM OT MOBEPXHOCTH 3apsKEHHOTO I1apa paguycoM
9 cm. TToBEPXHOCTHAs IUIOTHOCThL IOJOKUTEIBHOIO 3apsza pasHa 110 * Ki/m?.
OnpenenuTs COBEPIIAEMYIO ITPU 3TOM PaldoTy.

1.125. Kakyro paGoTy Hal0 COBEpIIUTh, YTOOBI 3apsabl, paBubie 1 u 2 K,
¢ paccrostaus 0,5 M cOnu3mnuch a0 paccrossaus 0,1 m?

1.126. 3apsan -1 uKn nepemectuncs B nose 3apsaa +1,5 vHKn u3 Touku ¢
notennuanoM 100B B Touky ¢ motenmmanom 600 B. Onpenenuts paboTy cuit osst u
PacCTOSIHUE MEXKy ITUMU TOUKAMHU.

1.127. B mone OECKOHEYHOM pPABHOMEPHO 3apsDKCHHOM IUIOCKOCTH C
HIOBEPXHOCTHOM IUIOTHOCTHIO 3apsaga 10 MxKi/M®> W3 TOYKM, Haxopsiuekcs Ha
paccrosium 0,5 M OoT Hee, nepemeniaercs 3apsag. OnpeaenuTs ero BeIMYUHY, €Cld
IIPH 5TOM coBepIaercs padota, pasHas 1 mJx.

1.128. 3apsan Ha KaxaoM W3 JBYX MOCIEAOBATEIbBHO COEAMHEHHBIX
KoHJIeHCaTopoB eMKOCThI0 18 u 10 Mx® paen 0,09 vKi. Onpenennuts €MKOCTBH
O0araper KOHJIEHCATOPOB U HAIpsSHKEHUE Ha OTOM OaTapee M Ha KaXIOM

KOHJICHCATOpE.
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1.129. Bprancnuth €MKOCTh OaTaped, COCTOAIIEH M3 TpeX KOHIAEHCATOPOB
eMKOCThIO 1 MK® KaX/bli, TPU BCEX BO3MOXKHBIX CIydasiX UX COCIUHEHUS.

1.130. K oxHoOl 13 00KJIAJ0K IJIOCKOTO KOHAEHCATOPA MPUIIEraeT CTEKITHHAS
IIoCKomapaienbHas miactuHa (€,=7) tommuuHod 9 wmm. Ilocne Toro kak
KOHJIEHCATOP OTKJIFOYMIIM OT UCTOYHUKA HanpspkeHus: 220 B v BBIHYIM CTEKIISTHHYIO
IUIACTUHY, MEXIy OOKJIaJKaM{ YCTaHOBUJIACh PAa3HOCTh MOTEHIMAIOB 976 B.
OmnpenenuTtsb 3a30p MEXKIy OOKIaIKaMH KOHICHCATOPA.

1.131. ITsummaka Maccot m=200 mkr, Hecymas Ha cebe 3apsan Q=40uKo,
BJIETEJIA B DJIEKTPUYECKOE TII0JI€ B HAIPaBICHUM CUWIOBBIX JiMHUW. [locrie
MPOXOXKJACHU pasHocTU moTeHimanoB U==200B B mnpulMHKa HMeIa CKOPOCTh
v=10 M/c. OnpeaenuTb CKOPOCTh Vo MBUIMHKHU J0 TOTO, KaK OHa BJIETeNa B MOJIE.

1.132. DnekTpoH, obnaaaBmKii KuHEeTHYeCKOi sHeprueil T=10 3B , Bieren B
OJHOPOJHOE BJICKTPUYECKOE I0JI€ B HAIPABJICHUM CWIOBBIX JIMHUNM moJis. Kakoit
CKOpPOCTBIO OyAeT o00iaaath dJIEKTPOH, MPOMAs B OSTOM TIOJIE Pa3HOCTh
noteHuanoB U=8 B?

1.133. Haiitu otHomieHue ckopocteii woHoB Cu'~ wu K', mpomemmmx
OJIMHAKOBYIO Pa3HOCTh MOTEHIIMAJIOB.

1.134. Dnextpon c sueprueii T=4003B (B O6eCKOHEUHOCTH) ABUKETCS BIIOJIb
CWJIOBOM JIMHUU IO HAIPABJICHUIO K MOBEPXHOCTU METATUYECKON 3apsKEeHHOMN
ctepsl paguycom R=10cMm. Onpeneants MUHUMaIbHOE PACCTOSIHUE a, HA KOTOPOE
MPUOITU3UTCS DIEKTPOH K TOBEPXHOCTH cdepbl, eciu 3apsia ee Q=-10 uKo.

1.135. DOnexktpoH, npoWas B IUIOCKOM KOHIEHCATOPE IIyTh OT OJHOMU
IIACTHHBL 70 APYroM, mpuooOpen ckopocts v=10° wm/c. PaccrosHue Mexmy
wiactuHamu d=8 mm. Haiitu: 1) pasHocts notennuanoB U MeXIy TUIaCTUHAMM, 2)
MOBEPXHOCTHYIO IJIOTHOCTH 3apsA/ia O Ha MJIACTUHAX.

1.136. IlpummHka maccoii m=5 Hr, Hecymas Ha cedbe N=10371eKTpOHOB,
Mponuia B BaKyyMe YCKOpPSIOIIYIO pa3HocTh mnoreHiuanoB U=1MB. Kakosa

kuHeTndeckas sHeprus T neutnaka? Kakyro ckopocTs v mpuoOpesa nbiinHKa?
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1.137. Kaxoii MHHHMaJIbHOW CKOPOCTBIO Vmin JOJDKEH 00JanaTh MpPOTOH,
YTOOBI OH MOT JJOCTUTHYTh IMOBEPXHOCTH 3apsiKEHHOro 0 nmorteHuuana @=400 B

MeTaJTH4ecKoro mapa (puc. 7)

puc.7

1.138. B onmHopomHOe sneKkTpudecKkoe mojie HampsbkeHHocThio E=220 B/m
BJIeTaeT (BAOJIb CUJIOBOM JIMHUH) JIEKTPOH CO CKOPOCThIO Vi=2Mm/c. OnpenenuTsb
paccTosiHie {, KOTOpOE€ MPOMAET 3JEKTPOH J0 TOYKH, B KOTOPOW €ro CKOpOCTh
OyJlleT paBHA MOJIOBUHE HAYAIHHOM.

1.139. DnexTpuyueckoe IMojie CO3/1aH0 OCCKOHEYHOW 3apssKeHHOW MpsiMOi
JUHUEH ¢ paBHOMEpHO pacmpeneneHHbM 3apsgoMm (=10 aKn/M). Onpenenutsb
KMHETUYECKYIO DJHepruro T, dJIeKTpoHa B TOYKe 2, €ciM B TO4dke 1 ero

kuHeTnyeckas sHeprus T,=200 3B. Puc. 8.

! IpI/IC.S

1.140. DiexTpOH JABWKETCA BIOJb CWIOBOM JIMHUM  OJHOPOJHOIO
JJEKTPUYECKOro mojs. B HekoTopol Touke monst ¢ mnoreHuuaioM @,=100 B
ANEKTPOH HMeN cKopocTh V =6Mwm/c. OnpenenuTs NOTEHLUHANT Q> TOYKU MOJS,
JIOUJIS 10 KOTOPOU 3JIEKTPOH MOTEPSET NOJIOBUHY CBOEH CKOPOCTH.

1.141. B MeaHOM NPOBOJHHMKE CEUEHHUEM 6 MM U JUIMHOM 5 M Teuer ToK. 3a 1
MUH B NPOBOJHUKE Bbiaensiercss 18 J[k Ternorel. OnpenenuTh HaNpsSKEHHOCTb
OJIsl, TNIOTHOCTh U CHITy TOKa B MPOBOJTHUKE.

1.142. BaytpenHee comnpoTuBiieHHuE akkymymisitopa 2 Owm. Ilpu 3ambikaHun

€ro OJHMM pE3UCTOPOM CHJIa TOKa paBHa 4 A, Ipu 3aMbIKaHUU JAPYTUM
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pesuctopoM - 2 A. Bo BHemHe# 1nenu B 000MX Cydyasx BBIICTSETCS OJMHAKOBAS
MoutHOCTh. Onpenenuts I/]C akKyMynsTOpa U BHEITHUE COTPOTUBIIEHUS LIETIEH.

1.143. DOJIC OGarapeun paBHa 20 B. Koadduument mnonesHoro naencTBus
Oarapen coctaBiusser 0,8 mpu cuine Toka 4 A. UeMy paBHO BHYTpPECHHEE
CONMpOTHUBJIEHUE OaTapen?

1.144. Cuna toka B pesuctope comnportuBieHuemM 10 Om 3a 4 ¢ JIMHEHHO
Bo3pactaeT oT 0 o 8 A. Onpenenuts KOJIUYECTBO TEIUIOTHI, BBIACIUBLICHCS B
pe3ucTope 3a nepsbie 3 C.

1.145. barapest cocTOMT U3 5 MOCIENOBATEIbHO COEAMHEHHBIX 3JIEMEHTOB.
Buytpennee conporunenune u 3/C xaxnoro 0,3 Om u 1,4 B cOOTBETCTBEHHO.
[Ipu kakoM TOKe mojie3Hasi MOITHOCThL OaTapeu paBHa § B1?

1.146. HanpsbkeHrne Ha KOHIIaX MNPOBOJHUKA compoTusieHueM 5 Om 3a 0,5 ¢
paBHOMepHO Bo3pactaeT ot 0 no 20 B. Kako#l 3apsax mpoxXoauT 4epe3 MPOBOAHUK
3a 3TO BpeMsi?

1.147. Cuna TOKa B NMPOBOJHUKE paBHOMEPHO Bo3pactaeT oT 0 g0 2 A B
TeueHue 5 ¢. OnpenenuTts 3apsij, TPOLIEAIINI 110 MPOBOIHUKY.

1.148. Cuna Toka B mpoBojaHuke comnpotuBieHueM 100 OmM paBHOMEpHO
yosiBaeT ¢ 10 10 0 A 3a 30 c. OnpeaenuTh KOJTUIECTBO TEIJIOThI, BbIICTUBIIICHCS B
MIPOBOJHUKE 32 ATO BPEMSI.

1.149. IlnotHOCT, TOKAa B MeIHOM mpoBoaHuke pasHa 0,1 MA/M
OrnpenenuTh 00beMHYIO IIIOTHOCTh TEMJIOBOM MOIITHOCTH TOKA.

1.150. Onpenenuts MIOTHOCTh TOKA, €CJIM 3a 2 € Yepe3 MPOBOJHUK CEUYEHUEM
1,6 mm” iponio 2+ 10" snekTpoHOB.

1.151. 3a Bpems t = 20 ¢ ipu paBHOMEPHO BO3pPACTABILIECH CUJIE TOKA OT HYJIS
JI0 HEKOTOpOTO MaKCHMMyMma B TIPOBOJHMKE comnportuBieHMEM R = 5 Owm
BBIJICTWIIOCH KOTUYECTBO TeIOTH Q = 4 k. OnpeaenuTs CKOpOCTh HapacTaHUs
CHUJIbI TOKA, €CJIM CONTPOTUBIICHUE MPOBOJIHUKA R =5 Om.

1.152. Cuia Toka B MPOBOJAHUKE U3MEHSETCS CO BpEMEHEM 110 3aKoHy | = L.e
‘at, toe Iy = 20 A, a= 10°c’. OnpenenuTs KOIMYECTBO TEILIOTHI, BLIIEIUBILEECS B

IPOBOAHUKE 3a Bpems t = 10 7 c.
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1.153. Cuna Toka B mpoBoaHuKe conpoTuBiienneM R = 10 Om 3a Bpems t = 50
¢ paBHoMmepHO HapactaeT oT )= 5 A mo I, = 10 A. OnpeaenuTs KOJIUYECTBO
Ter10Thl , BBIICIUBIIIEECS 32 3TO BpeMsl B IPOBOJHUKE.

1.154. B npoBoaHuke 3a Bpemsi t = 10 ¢ mpu paBHOMEPHOM BO3PACTAHUU CHUJIBI
toka oT I = 1A o I, = 2A BeIIeNMIOCH KOMYECTBO TerioThl Q = 5 kJ[x. Hailtu
conpoTtuBieHne R npoBogHuKa.

1.155. Cuna Toka B NIPOBOJAHUKE HU3MEHSETCS CO BPEMEHEM IO 3aKOHY
[=losinwt. Haittu 3apsin Q, mpoxoasiuii 4yepe3 mornepeyHoe CEYeHHe MPOBOTHUKA
3a BpeMs f, paBHOE MOJOBHUHE Nepuoaa 7, eciau HavanbHas cuia Toka [ = 10 A,

MUKJINYecKas yacTora 6 = S0rte .

1.156. 3a Bpems ¢ = 10 ¢ npu paBHOMEPHO BO3pACTAOUIEH CUIIE TOKA OT HYJIS
JI0 HEKOTOPOT'O MaKCUMyMa B MPOBOJIHUKE BBIICIUIIOCH KOJIMYECTBO TEIUIOTHI Q =
40 x/x. OnpenenuTe CpeNHIO CUIy TOKa <[> B NIPOBOJHUKE, €CIU €ro
conportusieHue R =25 Owm.

1.157. 3a BpemMs t = 8 ¢ puU paBHOMEPHO BO3pACTABIICH CUJIE TOKA B
MIPOBOJIHUKE COMPOTHUBIICHHEM R = 8§ OM BBIJICIMIIOCH KOJUYECTBO TEIUIOTHI Q =
500 Ix. Onpeaenuts 3apsn g, NPOXOIAIIANA B MPOBOAHUKE, €CIHM CUJIa TOKA B
HayaJIbHbIi MOMEHT BPEMEHU paBHA HYJIIO.

1.158. OnpeaenuTh KOJIMYECTBO TEIUIOTH Q, BhIJEIMBIIEeCs 3a Bpems ¢ = 10
C B POBOJHUKE conpoTtusieHueM R = 10 Om, eciiu cuiia TOKa B HEM, pABHOMEPHO
yMeHbasch, u3Menuiach ot I = 10 A no L, = 0.

1.159. Cuna Toka B menu u3MeHsercsa mo 3akoHy I[=[sin®t. Onpenenuth
KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIACIUTCS B MIPOBOJIHUKE CONPOTUBIeHUEM R= 10
OM 3a Bpems, paBHOE yeTBepTH nepuoja (ot ¢, = 0 1o £ = T/4, rne rae T= 10 ¢).

1.160. Cuna Toxa B LENU HM3MEHSETCS CO BPEMEHEM II0 3aKoHy I=[e
OnpenenuTs KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIACIUTCS B  IPOBOJHHKE

conporuBienneM R=200m 3a BpeMs, B T€YEHHUE KOTOPOTrO TOK YMEHBIIUTCS B €

pa3. Koopduuuent a npuasts pasubiv 2107 ¢
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[Ipunoxenue

1. OprFJIeHH])Ie SJHAYCHHUA OCHOBHBbBIX (l)I/I3I/I‘IGCKl/IX MNOCTOSAHHBIX

®usnueckas NOCTOSHHAS OO6o3HaveHne YucnoBoe 3HaUeHNE
HopmainbsHoe yckopeHue cBOOOAHOTO MajieHUs g 9,81 m/c?
I'paBHMTAIMOHHAS TOCTOSHHASL G 6,67-10"" M*/(kr-c)?
[MTocrosinHas ABoraapo Na 6,02 * 10* momb™
MousipHast ra3oBasi HIOCTOSIHHAS R 8,31 1x/(monbK)
[Moctosiuuas bonpiMana k 1,38 10 JIx/K
OOBEeM OJHOrO MOJSI MJCATBHOIO Tasa IpH 22,4+ 10 2 m*/moib
HOPMAaJIbHBIX YCIIOBMSIX (To=273,15K,
po=101325 ITa)
DIIeMEHTAPHBIH 3apsiT e 1,60 ¢ 10" Kn
Macca nokost SJIeKTpOHa m. 9,110 kr
[TocTostauas ®apangest F 9,65 Kn/monp
CkopocTb cBeTa B BaKyyMe 3+10° m/c
IMocrosinuas Crepana — BonbiMana c 5,67 -10® Br/(m* ‘K?)
[TocrossHHast BunHa B iepBoM 3aKoHE (CMEIICHNs) b, 289+10° MK
IMTocrosinHas BuHa Bo BTOPOM 3aKOHE B> 1,30 10°B1/(M°’K°)
[Mocrosnnas [Tnanka h 6,63 10**]Ix-c

h 1,05 103*Ix-c

[Mocrosunas Punbepra R 1,097- 10" m™!
BopoBckuii paauyc a 0,529 -10"'m
KoMIITOHOBCKasI JIMHA BOJIHBI HJIEKTPOHA Ae 24310 "% M
DHeprus HOHU3ALUK aTOMa BOIOPOIa Ei 2,18 10" ]Ix= 13,6 5B
AToMHas eqUHUIIA MACCEI a.e.M. 1,660 -10*" kr
OHeprus, COOTBETCTBYOIas 1 a. €. M. 931,50 M»B
DneKTpudecKas OCTOSHHAS € 8,85+ 10 "> d/m
MarsuTHas NOCTOSIHHAs Ho 47 - 10" Tu/m
Marneron bopa Hs 9,27 - 10 Ix/Tn
SInepHbIi MarHETOH Ax 5,05 - 107 /T
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2. HexoTopble aCTPOHOMHYECKHE BeTHYMHBI

Panuyc 3emiu (cpenHee 3HaYCHHE), M 6,37 -10°
Macca 3emiu, Kr 5.96 - 10*
Pannyc Connua (cpennee 3HaueHue), M 6,95 « 10»
Macca ComnHia, K& 1,98 - 10%°
Panuyc Jlynsl (cpennee 3nadeHue), M 1,74 -10 ¢
Macca JIyHsl, KT 7,33 -10%
Cpennee paccTosiHue MEXTy IeHTpamMu 3emii U JIyHbI, M 3,84-10°
Cpennee paccrosuue Mexay tearpamu ComHia u 3eMin, M 1,5-10"
[Tepnona obpamenus JIyHbsl BOKpYT B 3eMIIH, 27 cyt 7443 mun

3. ILnoTHOCTH KMAKOCTEH p * 10 2, Kr/m®

Bona (mpu 4°C) — 1 I'munepun —1,26  Kepocun —0,8
Macno —0,9 Pryts — 13,6 Crmmptr — 0,8

4. IL10THOCTH ra30B (IPH HOPMAJILHBIX YCJI0BHSX), KI/M’
Azor—1,25 Apron — 1,78 Bonopon— 0,09
Bozmyx — 1,29  TI'emmii — 0,18 Kucnopong — 1,43

5. ILnoTHOCTH TBEPABIX TEA P * 10 ~, Kr/M’

AnroMuHAN 2,7
Boasdhpam 19,75
Kenezo (cranp) 7,85
KoncranTan 8,9
Jen 0,92
Menn 8,8
Huxenb 8,8
Huxpom 8,4
Dapdop 2,3
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6. D pekTUBHBIN JHAMETP MOJIeKYJIbI ra3os d -107%, m
Azor —3,1 Apron —3,6 Bozmyx —3,0
Bomopon—2,3T'emii— 1,9  Kucnopon — 2,9
7. YaenabHast Temiora miasjaenns A-10™ /xr

Jlen— 33,5 Cunenn— 2,3
8. YiaeabHast Temiora napooépasosanus r+ 107, Jl/kr
Bona—22.5 Oup —6,68
9. YaeiabHas TemioeMKocThb ¢ - 10 2, Jix/(kr » K)
Boma—41,9 Jlen—21,0 Huxpom — 2,20 Cunernr— 1,26

10. YaeanHoe conporusienue p- 10°, Om - m

Bonbdpam — 5,5 Kenezo—9,8 Huxemin — 40
Huxpom — 110 Memp— 1,7  Cepebpo— 1,6

11. ImdiiekTpuyeckasi MPOHMIIAEMOCTb (OTHOCHTE/IbHAS) BelleCTBA

Boma— 81,0 [Mapadpun —2,0 Cmoma— 6,0
bakemmr —4,0 Tpanchopmaroproe macino —2,2 Crexiio —7.,0
12. TemneparypHblil KO3QPUIHEHT CONPOTUBJICHUA IIPOBOIHUKOB
10°, K !
Bombsdpam —5,2 Menr—4,2 Huxema —O0,1

13. IlloTeHumaa noHu3zauuu, B
Bonopon—13,6  Pryts— 104

14. Iloka3aTenb npeJOMJICHUS

Amvaz — 242 Boga—1,33  T'munepun — 1,47
Kamennas conb—1,54 Kgapir—1,55 Cepoyriepon—1,63
Cxurap—1,48 Crexno—1,52

15. I/IHTepBaJILI AJIMH BOJIH, COOTBETCTBYIOIIIUE PA3JIUYHBIM IBETAM
CIIEKTpPa, HM

@DHUOJICTOBBIH. . .......... 400-450 Kenrnii....... 560-590
CuHMM.................... 450-480 OpamxeBblil. . ...590-620
[ony6oit................. 480-500 Kpachpii. . ........ 620-760
S1511 (551501 7 S 500- 560
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16. Macca my u 3Heprus E) mokosi HEKOTOPBIX 3JIeMEHTAPHbIX YaCTHI
U JIETKUX s/Iep

m, Eo
HacTuuer 2. ¢ . 107, kr M>B 10" T
Dnekrpon [5,486+ 10 0,00091 0,511 0,00081
IIpoton  [1,00728 1,6724 938,23 1,50
Hetitpon [1,00867 1,6748 939,53 1,51
Hewitpon  (2,01355 3,3325 1876,5 3,00
-yactuna [4,0015 6,6444 3726,2 5,96
17. PaGoTa BbIX0/1a 3JIEKTPOHOB U3 MeTasLia, 3B
AmomuHuiA —3,7 Bomepam —4,5  Jlurmit — 2,3 Mens —4.,4
IInatrHa— 6,3 Le3mit —1,8 [y —4,0 Huxens — 4,8
18. Ilepuoabl mosypacnaga HeKOTOPbIX PAAMOAKTHBHBIX 3JIEMEHTOB
2Ca_ 164 CyT » U- 7,1 « 10® ner
WS 27 ner nU 4,5+ 10° ner
w Po_ 138 CyT w Ra 1590 ner
i Rn -3,82 ¢cyr 12 ser

19. D1eMeHTHI NEPUOANMYECKON CHCTEMBI 1 MACChI HEMTPAJIbHBIX
aTOMOB, a. €. M.

Onement |M3otom |[Macca Onement cucteMsl  |M3oTon Macca
CHCTEMBI
Bonopon - AJTFOMUHUN 1227 Al 26,98135
}H 1,00783 Kpemuuit 124651' 26,81535
le 2,01410 dochop fgp 32,97174
131-] 3,01605 Cepa 132 S 32,97146
Tenunii - Kemneso ;g Fe 55,94700
g He 3,01605 Mens g;‘ Cu 63,5400
‘2‘ He 4,00260 Bonbdpam 17§4 W 183,8500
JuTnit ;Li 7,01601 Maruui f;Mg 23,98504
Bepuuii | 7 Be 7,01169 1227 Mg 26,98436
bop ;0 B 10,01294 Kanpmuit ;‘g Ca 47,95236
1513 11,00931 Cepebpo z‘;s Ag 107,869
A3sor 174 N 14,00307 Panuii ;é"’ Ra 226,0254
Kucnopon 186 o) 15,99492 Topwuit 532 Th 232,038
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16,99913

VYpau

238
92 U

238,0508
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20. MHOXKHMTEJN M PUCTABKH /I 00Pa30BaHUS JeCATHYHBIX KPATHBIX
M 10JIeBBIX €IMHHUIl M UX HAUMEHOBAHU M

[NprcraBka | O6o3HaueHre | MHOuTenb | [lprcraBka OOozHavyeHne | MHOXHUTEH
TIPHCTABKH IPHCTABKU
IKCa D 10" CaHTH C 107
nera i 10" MUJLIA M 107
Tepa T 10" MHKPO MK 10°
rura r 10° HAaHO H 10°
Mmera M 10° IMKO I 10"
KHUJIO K 10° demra ® 10"
nenu hi§ 10 aTro a 1078

21. Ilpou3BoaHbIE HEKOTOPBIX (PYHKIUIA
[IpousBoaHast OT NOCTOSIHHOW BeIUYUHBI y= C
y'=0.
[TpownsBoaHas oT cTeneHHoN GyHKIUHA y=x*"

B wactHoctu, y=1/x, y'=

[TpousBoHas OT MokaszarebHOW QyHKIHH Y ~4

y'= a‘'lna
B uwactHOCTH, y=¢€"; )' = €.
TpoussomHas ot orapudmueckoit Gynkimy * 18 ¥
vy =log, e/x
B yactHOCTH, I HATYpabHOTO Jorapudma y=Inx
y'=1/x.
[TpousBoaHBIC OT TPUTOHOMETPUIECKUX (PYHKITUNA:
y=sinx y =cosx.
y =cosx y =- sinx;
y=tgx y =1/cos’x

[Tpou3BoiHbIE OT OOpPATHBIX TPUTOHOMETPUUYECKUX (QYHKIMMI:

y =1/1- x* .
y =11-x.

b

y =arcsin x
y =arccos x

y =arctgx y =1/(1- x%) .

gy = =x v =) y=1(adx)
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22. Tabnuila OCHORHKIX UHTErnanor

J‘xﬂdxﬁf'f-:wc (n#-1, Exi‘-=lnx+C;

X
adx=2"y4C, ecrma=¢,10 |exdx =er+C;
Ina

jsinxdx =~cosx+C; Icosxdx: sinx+C.

23. O npudIMKeHHBIX BHIYMCJIEHUSIX

YucnoBble 3HAUEHHUS BEIUYHMH, KOTOPHIMHU IPUXOJUTCS ONEPUPOBATH MPU
pemieHrr (PU3UYECKUX 3a/1ay, SBISIOTCS OONBIICH YacThi0 MPUOIMIKCHHBIMHU.
[ToaTOMY npY BEIYUCIIEHUSX HYXKHO MPUIACPIKUBATHCS CIACAYIONTUX MPABUI:

1. locTaTo4uHO MPOBOJUTH BBIYHMCICHUS C YHMCIAMU, COJIEPXKAIIMMU HE OoJee
3HAKOB, YeM B MCXOJHBIX JaHHBIX, TaK KaK C MOMOIILIO BBIUMCICHUM HEBO3MOMKHO
MOJTyYUTh Pe3yJbTaT 00JIee TOYHBIN, YEM UCXOAHBIC TaHHBIE.

2.1lpu cHOXKEHUM WIA BBIYMTAHUM YHUCEN, UMEIOLIUX Pa3IU4YHYyl0 TOYHOCTD,
0oJiee TOYHOE JIOJDKHO OBITh OKPYTJICHO JI0 TOYHOCTH MEHee TouHoro. Hampumep:
9,6 +0,176 =9,6 + 0,2 =9,8; 100,8-0,4=100,4.

3.1Ipy yMHOXeHMU (IENEHUM) CIEAYET OKPYIJIATh COMHOXKUTEIM TaK, YTOObI
KXl W3 HUX COACpNKaTl CTOJMBKO 3HAvammx udp, CKOIBKO WX HMEET
COMHOXXKUTEJIb C HaWMMEHBIIMM YucioM 3Havamux mudp. Hampumep: 342-378 =
129-10°, Ho ne 129276 u ne 129300; 0,148 0,183 = 7,65-10 ~, Ho He 0,0076494;
0,350:3=0,117, Ho He 0,11667.

4. Tlpyn u3BICYEHUM KOPHS N-M CTENEHM pPe3yibTaT JOJDKEH HUMETh CTOJIBKO
3Ha4YaImux mudp, CKOIBKO UX UMEET MOAKOPEHHOE BhIPAKCHHE.

Hanpuwmep:
31,3310 =1,10 -107°

5.1Ipy BBIUMCICHUM CJIOKHBIX BBIPAKECHUN CIIEIyeT COOMIoAaTh IpaBuja B

3aBHCUMOCTH OT BH/JIA IPOBOJIMMBIX JICHCTBUM.



6.Korma w4mcio wmamo OTIMYAeTCs OT €IUHUIBI, MOXHO TIOJh30BAThCS
NpUOIMKEHHBIMU (hOPMYJIaMHU.

Ecnu a, b, c — mansl 1o cpaBHeHUto ¢ equHuIei (Mensie 0,05), To:
1) (1£a)(1+b)(14c) = 1+atb=Ec;
2)Vi*a =1+a/2,
3) (1xa)" =1*na.
4) U/ (1=a)" =1zan.
5)1/(1%a) =l %a.
6) ¢ =l+a;
7) In(l1+a) =4a-a* /2

sin o

7. Eco yron @ <10” 19 =lga =t (g panuanax).
yr p

Cobnrosiast 5Ty TIpaBUiia, CTYICHT COKOHOMUT BpPEMs Ha BBIYUCIICHHUE MCKOMBIX

BEJIMYMH NPU PEeIICHUU PU3NIECKUX 3a/1a4.
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