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BBenenue

Llenp HacToOsIIEro y4eOHO-METOJUYECKOIO YKa3aHUs — OKa3aTh I[OMOIb
CTyJICHTaM —3a0YHUKaM BBICHIUX YYEOHBIX 3aBEICHUN B U3yUCHUH Kypca (PU3UKH.

OcHOBHOM y4yeOHBIM MaTepuaq MpPOTpaMMbl Kypca B METOJAMYECKOM
YKA3aHUM pacupelesieH Ha S pas3feioB. B KakaoM W3 HUX JaHbl OCHOBHBIE
dbopmynbl, IpUMEpHI pelieHus 3aaad, 3aJadu JJIs CaMOCTOSITEJILHOTO pelIeHuUs,
KOHTPOJIbHBIC 3aJJaHUSI 1 HEKOTOPbIE CIIPABOYHBIE TAOJIHIIBI.

B ykazaHum yuTeHBl OCOOCHHOCTH Y4Y€OHBIX IUTAHOB WHXKCHEPHBIX
CIeUAIbHOCTEeH JyIsi mporpamMMmbl OakanaBpuar. Jlana Tabnuiia BapHaHTOB

KOHTPOJIBHOM pabOoTHI.



OBIIUE METOJANYECKHUE YKA3AHUSA

OcHoBHOM  (popMoOil  00ydyeHUS CTy/ACHTa-3a0UHHUKA SIBISETCA  CaMmo-
cToATeNnbHAas padoTa HaJ yuyeOHbIM MatepuanioM. [yt oOnerdeHus 3Toil pabOThI
kadenapbl (GU3MKK BY30B OPTaHU3YIOT YTEHHUE JICKIMHA, MPAKTHUECKUE 3aHATUS U
nabopatopHble paboThl. [loaToMy mporecc wu3yueHus QU3UKH COCTOUT U3
CIIEYIONINX ATAIOB:

1)  mpopaboTka yCTaHOBOYHBIX U 0030PHBIX JICKIIHIA;

2)  camocrosTenabHas paboTa Hajl ydeOHMKAMU U YYeOHBIMU TOCOOUMU;

3)  BBINOJHEHUE KOHTPOJIbHBIX padoT;

4)  1mabopaTopHbBIN MPAKTHKYM;

5)  3a4eThl U DK3aMEHBL.

[Ipu camocTosTenbHOM paboTe Ha/l yueOHBIM MaTEpUAIOM HEOOXO0IUMO:

1)  cocTaBisATh KOHCIEKT, 3alUChIBas B HEM 3aKOHbI U (OPMYJIbI,
BBIPAXKAIOIINE OTU 3aKOHBI, ONPEACICHUS OCHOBHBIX (U3WYECKUX MOHSATUUA U
CYIIHOCTh (PU3UYECKHUX SIBJICHUN U METOJIOB MCCJIEIOBAHUS;

2)  u3y4yaTh Kypc (U3MKH CUCTEMAaTHUYECKH, TaK KaK B IMPOTHBHOM
ciydae matepuai OyJeT YCBOEH OBEPXHOCTHO;

3) M0JI30BAaTHCS KAaKUM-TO OJHUM YYCOHHUKOM HIIM YYEOHBIM IOCOOHEM
(WM OTpaHMYEHHBIM YHUCJIOM TOCOOU), YTOOBI HE yTpayuBajach JOTHYECKAs
CBA3b MEXIY OTICIBHBIMU BOINPOCAMHU, MO KpaWHEeW Mepe BHYTPU KaKOTro-TO
OIIpe/IeNIEHHOTO pa3jiena Kypca.

KonTposibHble pabOThI MO3BOJIAIOT 3aKPEMHUTh TEOPETUYECKUH MaTtepual
Kypca. B npouecce usydenus: Gu3MKu CTYIACHT JOJKEH BBIIOJHUTH 2 KOHTPOJIbHbBIE
paboThl. Pemienue 3amad KOHTPOJBHBIX pabOT SBISETCS MPOBEPKON CTENEHU
YCBOGHUS CTYJIEHTOM TEOPETUYECKOTO Kypca, a peleH3uu Ha paboTy MOMOraroT
eMy aopaboTaTh W TPAaBUIBHO OCBOUTH pa3jMuYHBIE pa3ieibl Kypca (QHU3UKU.
[lepen  BbIMOJIHEHHMEM  KOHTPOJIBHOM  PabOThl  HEOOXOAMMO  BHHUMATEIHHO
O3HaKOMHTHCSI C MIPUMEpaMH pelleHus 3a7ad Mo JaHHOW KOHTPOJIBHOU paborte,
ypaBHEHUSIMH # (GOpMylIaMH, a TaKXkKe CO CIPaBOYHBIMH MaTepHAIAMH,

MNPUBCACHHBIMHU B KOHIC MCTOANYCCKUX YKaSaHHfI.



JIBe KOHTpOJIbHbIE pPalOOTHI, MPEIyCMOTPEHHBIE YYEOHBIMU IUIaHAMH,
pacrpenesieHbl  cieAayommM obpasoM: |, 2- ¢Qusuueckne OCHOBBI MEXaHHKH,
MOJIEKYJISIpHOM  (u3uKM u TepMoauHAaMuKH; 3, 4 (u3HUYEeCKue OCHOBBI
ANEKTPOJMHAMUKH; 5-  BOJHOBAas ONTHKA, KBAHTOBas NPUPOJAA U3IYUYEHHUS;
AJEMEHTBI ATOMHOM, SIAEPHON DUUKU.

Kontponbhas paborta conmepxxkar 16 3amay. BapuaHT 3amaHusi KOHTPOJIbHOM
paboThl OmpeeNseTcss B COOTBETCTBUM C MocheAHer mudpoi mudpa no tabdbauue
JUIsl  KOHTpOJIbHBIX pabor. Ecnu, wHanpumep, mnocinegnsss mudpa S5, TO B
KOHTPOJIbHBIX paboTax CTyACHT pemiaeT 3axauu S5, 15, 25, 35, 45, 55, 65, 75, 85,
95, 105, 115, 125, 135, 145, 155.

[Ipy BBIMOJTHEHUM KOHTPOJBHBIX PAOOT HEOOXOAMMO COOMIONAThH CIEIYIOIINE
paBuIa:

1)yka3piBaTh Ha THUTYJIBHOM JIMCTE HOMEDP KOHTPOJILHOH  paboThl,
HAaUMEHOBAaHUE JIUCUUIUIMHBI, (aMWIWIO U WHUIMAIBI CTyJeHTa, mWuhp WU
JOMAIIIHUH aJIpec;

2) KOHTPOJILHYIO pabOTy CJICIYeT BBITIONHATh aKKYPaTHO, OCTABJISASA TMOJS IS
3aMEUYaHUil PELECH3EHTA;

3)3amady CBOEro BapHaHTa MEPEMUCHIBATH IOJHOCTHIO, a 3aJaHHBIC
¢u3nyeckue BEIUYMUHBI BBIKUCATH OTHAEIBHO, TPH 3ITOM BCE YHCIOBBIC
BEJIUYUHBI I0JKHBI OBITh IEPEBENICHBI B OJTHY CUCTEMY €IUHUIIL;

4) U1 TIOSICHEHUST PELIeHHs 3a/la4d TaM, TJe 3TO HY)KHO, aKKypaTHO CHENaTh
4epTeK;

S)pemenne 3amayu M HMCTONB3yeMble (POPMYIBI JOJDKHBI COIMPOBOKIATHCS
MOSICHEHUSIMU;

6) B mosICHEHHX K 3a7a4e HEOOXOIMMO yKa3bIBaTh T€ OCHOBHBIC 3aKOHBI U
(GopMyIBl, Ha KOTOPBIX 0a3upyeTcs pelleHne TaHHOW 3a7auH;

7)Tpy TIONTyYeHUW PacYeTHON (QOPMYIBl IS pEIIeHUS KOHKPETHOW 3a/adyu
MIPUBOAUTH €€ BBIBOJI;

8)3amauy peKOMEHIyeTCsl pEeIlUTh CHayajda B OOIIeM BHIE, T. €. TOJBKO B

OyKBEHHBIX OOO3HAUCHMSX, MOSICHSS MPUMEHSEMbIE MPU HamucaHuu (HopMyn



OyKBEHHBbIE 0003HAUYCHUS,

O) BBIUMCIICHHS CIIEAYST MPOBOIUTH C TIOMOIIBIO ITOJCTAHOBKU 3aJ[aHHBIX
YHCIOBBIX BEMUYMH B pacueTHylo ¢(opmyny. Bce HeoOXoammble YHCIOBBIC
3HAYEHUS BEJTMYMH JTOJDKHBI OBITH BbIpaxeHnsl B CU ;

10) IPOBEPUTH €AMHUIIBI MOTYYEHHBIX BEJIMYMH M0 pacyeTHO (hopmysie u
TEM CaMbIM MOATBEPAUTH €€ MPaBUIHLHOCTD;

11) KOHCTaHTHl (PU3NYECKUX BEIWYMH W APYTHE CIPaBOYHBIC JTaHHBIC
BBIOMpATh U3 TAOIUIL;

12) npu BBIUMCIICHUSAX, o BO3MOXHOCTH, UCIIOJIB30BATh
MUKPOKAIBKYJISTOP, TOYHOCTh pacyeTa ONpenessITh YUCIOM 3Haydammx Iudp
MCXOJIHBIX JIAHHBIX;

13) B KOHTPOJIbHOM paboTe ciemyeT ykas3blBaTh YYEOHUKM U ydeOHBIE
0CcOOHsI, KOTOPBIE UCITOTB30BAIUCH NP PEIICHUH 3a/1a4.

KontposbHble paOoTbl, opopmiieHHbIE 0€3 COONIIOJEHHS YKa3aHHbBIX IIPaBUI, a
TaKke pabOThl, BHIIOJHEHHBIE HE IO CBOEMY BapUaHTY, HE 3aCUUTHIBAIOT.

[Ipu otmpaBneHnun paboOThl Ha MOBTOPHOE pELEH3UPOBAaHUE 0043aTEIbHO

NPeACTaBIATh pabOTy C MEPBOM perieH3UEH.



|. DPUBUYECKHUE OCHOBbBI MEXAHUKU

[Ipenmer mexanunku. Kunematnka u auHamuika. Knaccuyeckass MexaHuka.

KBaHTOBast MexaHuka. PensiTuBUCTCKasi MEXaHUKA.
1.1. DjeMeHTbl KHHEMATUKH

dusnyueckne MOJEIU: MaTepuajibHas Toyka (4acTulla), CHUCTEMa Ma-
TEepUATBHBIX TOYEK, AaOCOIIOTHO TBEPJOE TEIO, CIuIoNIHas cpena. [IpocTpancTBo u
BpeMs. Kunemarnueckoe omnucanue aBuxkeHus. [IpsMoiuHEitHOE JBHXEHUE
TOYKH. JIBM>KEHHME TOUKM MO OKPYXKHOCTH. YTJOBasg CKOPOCTbh W YIJOBOE
yckopenre. CKOpOCTh U YCKOPEHHE MPU KPUBOJIUHEWMHOM JBM>KeHUHU. HopmanbHoe
U KacarenbHoe yckopeHue. CrerneHu cBOOOJbI W 00O0OIIEHHBIE KOOPIWHATHI.
Yucno creneHeit cBo00abpI aOCOIIOTHO TBEPOTO Tesna. BeKTop yrioBoit CKOpOCTH.
Kunematuueckoe onrcanue JIBUKCHUS KUTKOCTH.

1.2. lnHaMuKa YacTHII

OcHoBHas 3agaya JuHaMHUKdA. [IOHSATHE COCTOSAHHMS B KIIACCUYECKOMN
MEXaHUKe. YpaBHEHHUs IBWKEHUs. Macca u uMmiynbc. ['paHHIBI IPUMEHUMOCTH
KJIACCUYECKOT0 crocoba onucaHusi ABMKeHHs yacTull. [lepBriii 3akoH HproToHa u
NOHSTUE WHEPUHAIBHOM CHUCTEMBI oOTcueTa. Bropoil 3akoH HplooToHa Kak
ypaBHEHUE BMKeHUsA. Cuia Kak Mpou3BOIHAS uMImyJibca. Tpetuii 3akoH HeroToHa
U 3aKOH COXpaHEeHUs uMmiyibca. HewmHepuuanpHble cucteMbl orcuera. CHilbl
UHEPLUU.

1.3. 3aKoH coXpaHeHUS UMITYJIbCA

3aK0H COXpaHEHHUs HUMITYJIbCa KaK (YyHIaMEHTaJbHBIA 3aKOH MPUPOJIBI.
PeaxktnBHOe nBukeHue. LleHTp uHepumu. AAQAUTUBHOCTH Macchl. Teopema o
JIBUKEHHUH 1IeHTpa uHepiuu. CucteMa HeHTpa UHEPLIHH.

1.4. 3aKoH coOXpaHeHUS MOMEHTA UMITYJIbCA

MoMeHT umItynbca. 3aKOH COXPaHEHHUS] MOMEHTa UMITYJIbCa. MOMEHT CHUJIBI.

YpaBHEeHME MOMEHTOB. JIBH>KEHHE B IIEHTPAJIBHOM IIOJIE.
1.5. 3aKoH coXpaHeHUs IHEPIruU
Pabora wu  kuHeruueckas dHeprus. MoumHOCcTh. CBSI3b  MEXIY

KHMHCTHUYCCKHMHU SHCPIUAMU B PA3JIMYHBIX CUCTECMAaxX OTCUCTA. 3Hepr1/1>1 JABHMKCHH S



Tena Kak 1enoro. Bayrpennss sHeprusi. KoHcepBaTuBHBIE W HEKOHCEPBATHUBHEIC
cunbl. [loTeHnmanbHass HHeprus. 3aKOH COXpPAHEHHsS] HSHEPTrUM B MEXaHHKE.
OO61medu3nyecknii 3aKOH COXpaHEHUs! SHEPTUU. 3aKOHBI COXPAHEHUS] U CUMMETPUS

MIPOCTPAHCTBA U BPEMEHHU.

1. CTATUCTHYECKASA ®U3UKA U TEPMOANHAMUKA

JluHamMuueckue W CTaTUCTUYECKHME  3aKOHOMEPHOCTH B (pusmke.

CraTuctrudeckuii 1 TEpMOJUHAMUYECKAN METO/IBI.
2.1. Maxkpockonu4yeckue cOCTOSTHUS

TennmoBoe  nBuxkeHHE. MaKpOCKONIMYECKHWE MapaMeTpbl. YpaBHEHHUE
coctosinusi. BHyTpeHHsisi sHeprusi. IHTEHCUBHBIE M DKCTCHCHUBHBIE MAapamMeTphI.
YpaBHEeHUE COCTOSIHMSI HWJEabHOTO ras3a. JlaBieHue rasa ¢ TOYKM 3pEHUS
MOJIEKYJIIPHO-KUHETUYECKON  Teopur. MONEKyISIPHO-KMHETUUECKUN  CMBICI
TEMIIEPaTypPHl.

2.2. CraTHcTHYeCKHEe pacnpeaeeHus

BepositHocTh U umroktyanuu. Pacripenenenue Makcpemia. Pactipenenenue
YJacTHUIl TI0 aOCOTIOTHBIM 3HAYEHUSM CKOpOCTH. CpenHssi KUHeTUYecKas YHEPTHUsI
gacTull. CKOPOCTH TEIJIOBOTO JABMKEHUS JacTull. I Py3us raza U MOJCKYIIPHBIC
nyuku. Pacnpenenenue bonsnmana. Pacnpenenenune I['m66ca. TemnoeMkocTh
MHOTOATOMHBIX Ta30B. HeqoCcTaTOUYHOCTh KIIACCHYECKOM TEOPUM TEINTIOEMKOCTEH.
OrnpeneneHue SHTPONHUM HEPABHOBECHOW CHCTEMBI 4U€pe3 CTAaTUCTHUYECKUU BeEC
coctosiHus. [IpuHIUIT BO3pacTaHus S3HTPONUU.

2.3. OcHOBBI TEPMOAUHAMMUKHI

OOpatumble ¥ HeoOpaTHUMBbIE TEIUIOBbIE Tporecchl. IlepBoe Havano
TEPMOJANHAMUKH. OHTponus. Bropoe Hayajo TEPMOJANHAMUKH.
TepmonnHaMuyeckue MOTEHUIUANBI U YCIOBUSA paBHOBecUs. TepMOJIUHAMUYECKHE
npeodpaszoanus. [ukn Kapro. Makcumanbeabiii KIT/I TeroBoit MarimHsI.

2.4. sIBjienust mepeHoca
[lonsitue o ¢usnueckor kuHetnke. Bpems penakcanuu. OddekTuBHOE

ceyenue paccessHus. uddysusa u termonpoBoaHocts. Kospduuuent auddysun.



Kosdpdumuent  TemnonpoBOIHOCTH. TemmepaTyponpoBOgHOCTS. Bpems
BbIpaBHUBaHuA. [{uddy3us B razax m tBepablx Tenax. Bsskocts. Koadduuuent
BSI3KOCTH Ta30B M KUAKOCTEH. /[nHamMuyeckas 1 KHHEMaTUYECKask BA3KOCTH.
2.5. ®a3oBbie paBHOBecHs M (pa3oBble MpeBpalICHUSs
®a3pl 1 (a3oBble mpeBpalleHus. YciaoBue paBHoBecus (a3. da3oBbie
nuarpammbl.  YpaBHeHue Kianeiipona - Kiaysmyca. Kputuueckas Ttouka.
MertactabunbHble cocTosiHUA. TpoiiHas Touka. M3otepmbl Ban-gep-Baansca.

da30BbIe MEPEX0/Ibl BTOPOTO POJA.

1. 2JJEKTPUYECTBO U MATHETU3M

[Ipeqmer kmaccuyeckod anexkTpoauHaMuku. Wnes  OnuskoaeicTBHS.
DJIEKTPUUYECKUN 3apsifi U HANPSHKEHHOCTh AJIEKTPUUYECKOTOo Mouisl. JMCKpEeTHOCTh
3apsaa.

3.1. DnekTpocTaTuka

3akon Kynona. [IpuHumn cynepno3uiuu. DNEKTpUUecKuil aumnosb. [ToTok
BEKTOpa. JiekTpocraTudeckas Teopema [aycca. PabGoTa siexkTpocTaTUyecKkoro
nosist. Hupkynsanus snekrpoctatnueckoro nodst. Ilorenunan. Cesa3b noTeHIHANA C
HaIPSKEHHOCTHIO ANEKTPOCTATUYECKOTO HOJIA. [IpoBoaHUK B
BJIEKTPOCTATUYECKOM TToJie. MaeanbHbli mpoBOAHUK. [I0BEpXHOCTHAs MIOTHOCTH
3apsipa.  I'paHMuyHBIE  yCIOBHST Ha TpaHULE «IPOBOJHUK —  BaKyyM».
DnekTpocTaTuyeckoe Imosie B TOJOCTH. KodphUIMEHTHI 3JIeKTPOCTaTHYECKOM
€MKOCTH M JIEKTPOCTATUYECKON MHAYKUHUHU. EMKOCTH KOHIEHCATOPOB pa3jInyHOU
reOMETPUYECKON KOH(UTypauu. OHEPTUS B3aMMOJCHCTBUSA DIEKTPUUECKUX
3apsiIoB. DHEPrUsi CUCTEMBI 3apsiKEHHBIX MPOBOJHUKOB. DHEPrus KOHJEHCATOPA.
[I1OTHOCTB 3HEPTUU FIEKTPOCTATUUECKOTO TOJIS.

3.2. IToCTOSIHHBIN 3JIEKTPUYECKUHN TOK

VYcnoBue cymecTBoBaHUS Toka. 3akoHbl Oma u Jlxoynas — Jlenna B
muddpepenumansaoit hpopme. Croponnue cuibl. J/]C raapBaHMUECKOTO AJIEMEHTA.
3akoH Owma [y ydacTKa Lenu C TalbBaHUYECKHMM 3neMeHToM.  [IpaBuna

Kupxroda. Dnektpuueckuii TOK B CIUIOLIHON cpejie.
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OcHoBHBIE (pOPMY.JIbI

CropocTb MTHOBEHHUS

- — % dr ds
rgpe r-paauayc BCKTOp MaTCpHaIIbHOU V= o ar ’
TOUKH; t- BpeMms; S- pPacCTOSHUE BJIOIb
TPACKTOPUU JBWKCHHS; T — CIHMHHYHBIN
BEKTOp, KacaTeIbHbIA K TPACKTOPHUH.

Yckopenue: _dv

dt’
MT'HOBEHHOE

dv
TAHT€HI[MATIBHOE a, = s
HOpMAaJIbHOE V2

an = E n ,

[MOJIHOE a=a. +a,; a=\/arz+a§,

rae R- paguyc KpUBU3HBI TPAEKTOPUH;

n- GIIPIHPI‘{Hblﬁ BCKTOP rJ1IaBHOU HOpMaJin.

CkopocTh yriaoBasi Pl
dt ’
['ne ¢ — yrinoBoe nepemerieHue.
YcKkopeHue yriioBoe _do
. dt
CBsi3b MEXIy JHHEHHBIMH U YTJIOBBIMH
=¢R: v=aR:
BEJIMYMHAMU
— . — 2
. =& a =R
My ibe MATePHAILHOH TOYKH p=mv,
I'ne m- macca MmarepuanbHON TOYKH.
d
OcHoBHOE YpPaBHeHHE AMHAMHUKH _ d_rt) —ma
MATEPHAJIbHOM TOYKH (BTOPOM 3aKOH
HbroTona)
3aKkoH coXpaHeHHUsl HMIOYJbca IJA > my; = const

U30JJUPOBAHHOM CHUCTEMbI

Pa;myc —BEKTOP LCHTPa MaccC

rL=>mr/>m

CKOpOCTb qacTul 1mocJjie CTOJIKHOBCHUA

Ypyroro ueHTpaibHOIro
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U, =-v, +2
m +m, '
Heynpyroro
rme Vi M V2 — CKOPOCTH 4YacTHI] IO U, = —y, 42 MVs + MV,
2 2 ;
m, +m,
CTOJIKHOBEHHMSI; M1 U M2 — MacChl YaCTHII.
U=y = MV MY,
1= M2
m, +m,
Cuia cyxoro Tpenust
I'ne f — xoaddumuent tpenus; F, — cuna wp = TF,,
HOPMAJILHOTO JIaBJICHHSI.
Cuna ynpyroctu
I'ne k- koaddumment  ympyroctu F, =kA?
(xkecTrOCTB): AL - nedopmarusi.
Cuna rPABUTAIIHOHHOT O
B3aUMOICHCTBUS Fo_gmm,
mp r2
I'me m u m; — wmaccel wyactun; G-
rpaBUTALIMOHHAS MOCTOSIHHAS, r-
PACCTOSIHHE MEXK]Ty YaCTUIIAMHU.
Pa6oTa cHiibl A=[Fds
Mo1uHocTh _dA_ o
=—=Fv
dt
[MoTeHIMaIbHAS SHEPTHS 7 KAl )?
2
YupyronepopmupoBaHHOTO Tea
['paBUTAalIMOHHOTO B3aUMOJICHCTBUS JIBYX 17— g mm;
r
YaCTHII
Tema B OJHOPOJHOM T'PABUTAIUOHHOM I = mgh

noie, rae g-HaNpsIKEHHOCTh

IPAaBUTAIAOHHOTO  ToJisi  (YCKOpCHHE
cBOOOMHOTO TajeHus); h- paccTosHUE OT

HYJIEBOT'O YPOBHSI.

Haﬂpﬂ)KeHHOCTL I'PaBUTAIIUOHHOI' O
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1oJis 3eMJIu g = GM,
T : : (R, +h)?
ne M,- macca 3eminu; Rs-paaguyc 3emiu;

h- paccrosiHre OT HYJIEBOTO YPOBHHI.

IMoTeHUHMAaN TrPAaBUTANMOHHOIO  TOJIA - GM,
R, +h

3emun 3

Kunernueckasi JHeprusi MaTepuaJbHOM . mv?  p’
2 2m

TOYKH

3aKkoH  coXpaHeHMsI  MeXaHMYeCKOoi

JHEPrum

E=T+1 =const

MoMeHT MHepUUH MATEPUATBHON TOYKHU

rac r-paCcCToAHUC 40 OCHU BpallICHUA.

J=mr?

MoMeHTBI HMHEpPUMHM TeJ Maccod m
OTHOCHUTEJBHO OCH, NMPOXOASAINeil 4epe3
LHEeHTP Macc:

TOHKOCTEHHOI'O LWINHIpA (komp1a)
paauyca R, ecinu ocph BpaleHus COBIALAET

C OCBhIO IUJIMHAPA

J, =mR?

CIIOIIHOTO IUJIMHJpa (aucka) paauyca R,
€CIM OCh BpAIIEHUS COBIMANAET C OCBIO

HJINHIpA

mapa paaunyca R

Tonkoro crepxkHs JiuuHOM (, eciaum ocCh

BpAILICHUS MIEPIEHNKYIISIPHA CTEPIKHIO

MoMeHT HHepUMH TejJa Maccou m
OTHOCHUTEJIBHO MPOU3BOJIbHOM ocu
(reopema LlTeiinepa)

I'nme Jo — MOMEHT MHEPIUU OTHOCUTEIBHO

MapaajebHOM OCH, TIPOXOJSIIeH depes

IIEHTP Macc; d — pacCTOSTHUE MEXIY OCSIMH.

MoMeHT CHJIIBI

M=rxF
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I'ne r-pagnyc — BEKTOp TOUYKH IIPUIOKEHUS

CHJTBI.
MoMeHT nmnyibca L=Jw
dL
OcHoBHOE YpaBHeHHE AMHAMMKH M — - Je
BpAIATEJIbHOTO IBHKEHUS
3aK0oH COXpaHEeHHsT MOMEHTa HMILYJIbCa > Jiw, =const
AJISI M30JIMPOBAHHOM CUCTEMbI
PadoTa npu BpamaTe,JJbHOM IBHKEHUHU A= I Md g
KuHeTH4eckasi JHeprusi Bpamammerocs Jo* 2
2 2]
TeJia
KoanuyecTBO Benecrsa
I'ne N-uucno Mmonekyn; Na- mocrosiHHas yo N _Mm
N, M
ABorajpo; m —macca BellecTa; M-
MOJIIpHasi Macca.
Ypasuenune Knaneiipona —-MenaejieeBa pV =vRT

I'me p- naBnenme raza; V-ero oobem; R-
MOJISIpHAsT ~ Ta3oBas  IMOCTOsSHHas; |-

TEPMOIMHAMUYECKAs TeMIIepaTypa.

YpaBHeHue MOJIEKYJISIPHO-
KHHETHYeCKOH TeOPHH ra3oB

N- KOHUEHTpALUsA MOJEKYJ;,  <Epocrd
cpenHss KUHETHYECKas SHEPrus
MOCTYIIATENBHOTO JABHWKEHUS MOJIEKYJIBL;

Mo —Macca MOJNEKYJIbl; <(Vig» - CPEIHSA

KBaapaTuiHasa CKOPOCTh.

Cpennsisi 3Heprusi MoJIEKYJIbI

I'me 1- umcino cremeHer cBoOOIbI, K- (&) = lkT
2
nocrossHHas bonbiMaHa.
i
BHyTpeHHsisl 3Heprusi uaeajaibHOro ra3a U= EvRT
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CkopocTH MOJIeKy.I1:

cpeanssa KBaapaThuiHas

(Vea) =/3KT /My =+/3RT /M

Cpeansist apupmernyeckas

(v)=[8KT / (zm,) = {/8RT / (zM)

Hau0osee BepositHas

Vs =+/2KT /my =y/2RT / M.

Cpeansis MHa cBOOOOHOro mnpoodera
MOJIEKYJIbI

I'ne d- a3pdexTuBHBINA JUAMETP MOJIEKYIIbI

(A) = (N2zd*n)™

Cpennee 4YHCII0 CTOJIKHOBEHMI

MOJIEKYJIbI B €IMHUIy BpEMEHH

(Zy =\27d*n(v)

Pacnpenesienue MOJIEKY.JI B
NMOTCHUMAJIBHOM IOJIe CHJI

Tac I1- MMOTCHIUAJIbHAA OHCPIUA MOJICKYIIBI.

|
n=n,exp(- ﬁ)

bapomerpuueckas ¢gopmyaa

m-gh
P = p,exp(- od )

KT
YpaBHenne qudpdy3un dm = D 92 gsdt
I'me D — xoaddunment muddysum; ~ - dx
IWIOTHOCTB; S - snemenTapHas miomanka,
nepneHauKyisipHas ocu Ox.
YpaBHeHH€E TeIJIONPOBOTHOCTH dT

rJ€ & - TEIJIOMPOBOIHOCTD

dQ = g ——dsd

Cuia BHYTPEHHEro TpeHus

I'ne n- aMHAMUYECKas BA3KOCTh dF = —nd—vdS
dx
Ko>dpdpuuuent nudpQysnn D =10y
3

BsizkocTh (ITMHAMHUYECKAA)

n= %p@m -Dp

TenonpoBoAHOCTH
I'ne cv - yAeTbHas HM30XOpHast
TEINIOEMKOCTD

o= 2C, P NA = e,

MOJ]ﬂpHaﬂ TCINIOCEMKOCTb HACAJTBHOI'0
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rasa

C =LR
2
U30XOpHast
n3obapHast c, - (i+2) o
2
IlepBoe Ha4Ya10 TEPMOAMHAMUKH dQ=dU +dA
du =vC dT
dA = pdVv

Pa6Gora pacuupenus raza npm npouecce

PV 1_[
(7D{

n300apHOM A=p(,-V,)=vR(,-T,)
U30TEPMUYECKOM A—vRT In Ve _ JRT InPL
Vi P,

aanadaTHOM

A=vC, (T, -T,) =220 {1—&)71} -
roe ¥ =C,/C, (r-9 v,
Ypasuenue Ilyaccona pV’ =const

TV’ =const

T’ p” ™ =const

Koappuuuenr mosie3HOro jaecTBUs

nukiaa Kapuo
rne Q muw T — KOJIMYECTBO TEIUIOTHI,
OT

Qo

MEPEAAHHOE XOJOAWUIBbHUKY, H

ITOJIYYCHHOC HarpeBaTeiisi, W CIo

TeMmIreparypa; u Tg — KOJMYECTBO
TEIJIOTHI,

€ro TemImeparypa.

Q-Q T-T,
Q T

HN3MeHeHHe PHTPONHUH TPH Tepexoje M3

coctossuuda 1 B cocrossHue 2

3akon Kysiona

I'ne Q1 1 Q2 — BEIMUHUHBI TOYEUYHBIX 3aPSJA0B; €o-

QJICKTPpUYICCKaA IIOCTOsHHAA, €

AUDJICKTPHUUICCKAd IIPOHHUIOACMOCThb CPCIBI;

pacCTOSIHUE MEXIY 3apsIaMHu.

r-
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HaHpSDKeHHOCTL INIEKTPUIECCKOI0 1M0JIsA

HanpsxeHHOCTD 110714 == q
ToueyHoro 3apsga
E-_ G
Argyer’®
beckoHEYHO MIMHHOM 3apsSyKEHHON HUTH E__°
2, er
PaBHOMEpHO 3apsKEHHOU OEeCKOHEUYHOMH E-_O
IVIOCKOCTH 2¢,&
Mexny nABYMS pasHOMMEHHO 3apsDKCHHBIMH | o _ O
0ECKOHEUYHBIMU TIOCKOCTAMHU EoE
r7e T- JIJMHEHHAs IIJIOCKOCTh 3apsa;
0- IIOBEPXHOCTHAs IUIOTHOCTH 3aps/a;
I- pacCTOSIHUE 10 UCTOYHMKA I10JIs
JJleKTpUYEeCKOe CMelleHne D =g,k

PaGota nepeMeleHUs
AJIEKTPOCTATUYECKOM I0JIe
rie @1 ¥ (- TOTCHIMAIbl HAYaIbHON U
KOHEUYHOM TOUYEK

3apsiia B

2
A= qI E,dl =q(e, —9,)
1

IToTeHUMAT MOJISI TOYEYHOTO 3apsijia __q

Argyer
CBs3b MEXKTY MMOTEHIIUAIOM Mg __ do

=
HaIpPSHKEHHOCTHIO dl
Cwita IPUTSDKEHHUS MEXKIY ABYMSI Pa3HOMMEHHO E £,6E°S q°
3apsKEHHBIMHU O0KJIaIKaMH KOHEHCATopa 2 26,8
I'ne S- mwromaae miacTuH.
DNEKTPOEMKOCTb: c-4
YeInHEeHHOr0 MPOBOJHUKA )
ITnockoro KkoHACHCATOPA co £,€5
d

Croucroro KoHJIeHCaTOpa c £4S

raie  d- paccrosHHe MEXAy —IUIACTHHAMM
KOHJICHCATOPA; di-TommuHa I-ro  cios
JIUDJIGKTpUKA;  €-  €ro  JAUAJICKTpUYCCKas
MIPOHUIIAEMOCTb.

DNEeKTpOEeMKOCTh  OaTapeu
COCIMHEHHBIX
napaiyieIbHO

IIOCJICA0BATCIBHO

KOHIACHCATOPOB,
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DHeprus moJs: Co®> d° qo
I )

3apsHKCHHOTO TIPOBOTHUKA

3apsHKEHHOTO KOHJIEHCATopa W, = % £ NV

rae V- o0beM KoHAeHcaTopa

OObemMHas IOTHOCTh YHEPTUU DIIEKTPUUECKOTO

I10JI4

Cuna Toka

3akon Oma:

B nuddepenumansuoit hopme

B unTerpansHoii popme

I'me vy-ynmenpHas MPOBOJUMOCTB; P-YIASIBHOE
conpoTuBicHue, U- HampspkeHHWe Ha KOHIaX
nenu; R- compoTuBieHHE LENH; | —TUIOTHOCTh

TOKa.

3akoH J>xoyns —Jlenua:
B nuddepennuanbaoi hopme

B MHTETPaILHOUN dhopme

aw _
dt
UZ

dQ = IUdt = —
Q R

JE=/E?=
P

EZ

dt = I *Rdt

ConpoTuBiIeHUE OJJTHOTO MTPOBOIHUKA
rae (-IauHa MPOBOJHWKA; S- IUIOMIAJh €ro
MIONIEPEYHOI0 CEUCHUS

3aBUCUMOCTh YACIBbHOTO COIIPOTHUBJICHUA OT

TEMIIEPaTypPhI

rae  o-  TeMmmeparypHbli K03 UIHEHT
COMpoTHBICHH; (- TeMmmepaTypa IO IIKale
Llenbcus.

p=pl+at)

IIpumeps! perieHust 3a1a4
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1 JlBiokeHHe Tena Maccoii | Kr 3amaHo ypaBHeHMEM S=6t"+3t+2,
Haiitn 3aBUCUMOCTb CKOPOCTM M YCKOPEHHs OT BpPEMEHHU. Bprumcaures cuiy,
JEUCTBYIOIIYIO Ha TEJIO B KOHLE BTOPOH CEKYH/IBI.

Pemienne. MraHoBeHHYI0 CKOPOCTb HAXOAUM KakK IIPOM3BOIHYIO OT IIYTH IO

BpPEMEHHU:

ds )
v=—,; v=18t"+3,
dt

MTrHOBEHHOE YCKOPEHHE ONPENENIEMCs IIEPBOM MPOU3BOIHOM OT CKOPOCTH 10
BPEMEHH WJIM BTOPON MPOU3BOJHOM OT MYTH MO BPEMEHMU:

dv d%s.
a=—=——;
dt  dr?

a = 36t.

Cuia, neiicTByrOIasi Ha TEJO, OMpEACIsIeTCsl 0 BTOpoMy 3akoHy HbroToHa:
F=ma, rue a, corinacHo yCIOBHIO 33a/1a4M, - YCKOPEHHUE B KOHIIE BTOPOM CEKYH/IBI.
Tornma

F=m-36t; F=164-36-21 /i*=72I .

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

2. CrepkeHb JUIMHOW 1 M JBIKETCS MHMO HabmromaTenst co ckopoctbio 0,8 c.
Kakoi mokaxkercst HaOJIFOHaTENIO €ro JinHa?
Hano: £=1mM;v=0,8 c.
Haiitu: (.
Pemenne. 3aBUCMMOCTh JJUHBI TeJda OT CKOPOCTH B PEISATUBUCTCKON

MEXaHHKe BBIpaXkaeTcst (popMyIioi

(= 1N1=V 7P, (1)

rac EO - UIMHA ITOKOAIICTOCA CTCPIKHA; V - CKOPOCTb €TI0 JABHIKCHUA, C - CKOPOCTb

cBeTa B Bakyyme. [loacrasmsis B hopmyny (1) unciaoBbie 3HaUeHUSI IMEEM

¢ =1i \/1-(0,87)? / i* =1i /1-0,64 =0,6i .
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Omeem: L= 0,6 M..

3. JIBe YacTHIIbI ABMKYTCS HaBCTpEUy IPYT APYry co ckopoctsmu;: 1) v=0,5¢ u
u=0,75c; 2) v=c un u=0,75c. HaliTi uX OTHOCUTEJILHYIO CKOPOCTh B IEPBOM 1 BTOPOM
ClIydasix.

Hano: 1) v=0,5¢, u =0,75¢c; 2) v=c, u = 0,75C.

Haiitu: U;; Uj.

Pemenne. CoryiacHO TeopeMe CII0KEHHUS] CKOPOCTEH B TEOPUU OTHOCUTEIbHOCTH,

, v+U
1+vu/c?’

e v, U - CKOpoCTl COOTBCTCTBCHHO HepBOﬁ )51 BTOpOﬁ HYaCTHu1, u'- IX OTHOCHUTEIIbHAS
CKOpPOCTb, C - CKOpPOCTH CBCTAa B BAKYYyMC. HJISI ImepBOTO M BTOPOTO CJIYy4dacB

HaXO0auM:

;  0,5c+0,75¢c _
"= 0,50.0,75 O
14220 C

C2

,  N+0,75¢c 1,75
u2 = > = =C
0,75c 175
1+——
C

DTO 03HAYaeT, 4To, BO-NIEPBBIX, HU B KAaKOH HMHEPUUAIBHOW CHCTEME OTCYETa
CKOPOCTb MpOIECCa HE MOXKET MPEB30UTU CKOPOCTh CBETA, U, BO-BTOPBIX, CKOPOCTh
pactpocTpaHEeHHs CBETa B BaKyyMe a0COJIIOTHA.

Omeem: & =0,91f; & =1,

4.Ha nByxX mHypax OJWHAaKOBOW mnuHbL, paBHOW 0,8 M, MOABELICHBI JBa
cBUHIIOBBIX mapa maccamu 0,5 u 1 xr. [Ilapsl conpukacatorca mexay codoit. [lap
MEHBIIIEH MacChl OTBEJIM B CTOPOHY TakK, YTO IIHYP OTKJIOHWJCA Ha yroia o = 60°, u
ormyctuiu. Ha kakyro BbICOTY MOJHUMYTCSI 00a 11apa Mmociie CTOIKHOBeHUs? Y iap
CUUTATh LEHTPAIbHBIM U HEynpyruM. ONpeaennuTh SHEPTUI0, U3PACXOJOBAaHHYIO Ha
nedhopMalrio mapoB Ipu yaape.

Hano: m= 0,5 xr; my=1 kr; o = 60°; £=0,8 M.
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Haiitu: hy; AEg.
Pemenne. Tak kak ygap IIapoB HEYNpPYrHid, TO IOCIe yAapa OHH OyxyT
JBUTATHCS ¢ OOIIEH CKOPOCTBIO V. 3aKOH COXPAaHEHHUs MMITYJIbca MPHU 3TOM yJape

UMeEET B/
my, +m,v, =(M+m,)v (1)

351ech ViU V2 - CKOPOCTH IIapoB A0 yaapa. CKopocTh O0MIbIIOTo mapa 10 yaapa
paBHO Hymo (1»b=0). CkopocThb MEHBIIECTO Iapa HaiIeM, HUCIONB3Yys 3aKOH
coxpaHeHMs] HSHepruu. [Ipu OTKIOHEHMM MEHBIIEro Iapa Ha Yroia o emMy

cooOmaeTcs MNOTEHIMANbHAs DHEPrHs, KOTOpas 3aTeM IIEPEXOAUT B
KMHeTHueckyro: Moh =(My7)/2. Taxum o6paszom, N =/(1-cosa)=2/sin’(a/2),

O3TOMY

v, =J2gh, = 2,[g/sin(a/2) ()

N3 ypaBHenuit (1) u (2) HaxoauM CKOpPOCTH LIApOB IOCTE yAapa:
v:mlvl/(ml+m2):2ml\/g_€sin%/(ml+m2) (3)

Kunernueckast sHeprus, KOTOpoWl 00JaJar0T TMocie yaapa, NEpPEeXOIUuT B
MOTEHIIUATBHYIO:
(m+my)v?/2=(m+m,)gh
I'ne h — BbICOTa MOMHATHSA IIAPOB TOCJE CTONKHOBEeHHS. 13 dhopmynsl (4)
Haxoaum N=v*/(29), unu ¢ yuetom (3),

h =2m//sin? %/ (m,+m,)*

h=2(0,568)%-0,8i -0,25/(0,584+168) =0,0441
[Ipy Heynpyrom yjaape mIapoB YacTh DJHEPrUM PACXOAYETCS Ha HX
nedopmanuio. DHEprus nedopmanuu onpeaenseTcs Pa3HOCThI0 KMHETHYECKUX
SHEPTUH 10 U MOCJE yaapa:
AE, =my; 12— (m+m)v? /2,

Ucnonwiys ypaBaenus (2) u (3), nonydaem
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AE, = ngml(l—L)sin2 e,
m, +m, 2"

AE,=2-9,811 /f*-0,81 -0,584(1-0,564/1,568)-0,25=1,3Az

Otser: h=0,0441 - AA =13A=z

5. Monor maccoit 70 Kr magaer ¢ BBICOTBI SM M yJapsieT MO >KEJIE3HOMY
W3JICIINI0, JIeKAllleMy Ha HaKoBaJbHE. Macca HAaKOBaJlbHH BMECTE C M3JEIUEM
1330 xr. Cuuras yaap aOCONIOTHO HEYNPYIMM, ONPEIEIUTh SHEPTHUIO,
pacxoayemyro Ha pgedopmanuio wuzaenus. Cucrtemy «MOJNOT — U3JAEIHE —
HAaKOBAJIbHS» CUMTATh 3aMKHYTOM.

JlaHo: m1=70éé; h=5i ) m2=1330éé_

Haittu: A,

Pemenne. [1o ycnoBuro 3a1aun, cucTeMa «MOJIOT — U3JEIUE — HAKOBAJIbHS»
CUMTAETCS 3aMKHYTOHM, a yaap HeynpyruM. Ha OCHOBaHMM 3aKOHa COXpaHEHUs
SHEPrUM MOXKHO CUWUTaTh, YTO HHEPrHs, 3aTpaueHHas Ha JAedopmanuio u3aeus,
paBHA Pa3HOCTH 3HAYECHUI MEXaHUUYECKOW SHEPTUU CUCTEMBI JI0 U MIOCIIE yAapa.

Cuuraem, 4TO BO BpeMs ylapa U3MEHSETCS TOJBKO KMHETHYECKas dHEpPrus
TEJ, T.€. HE3HAUMTEJIbHBIM IEPEMEIIEHUEM TEJl IO BEPTUKAJIM BO BpeMs ylapa

npeneOperaem. Torna st sHeprun neopmanuu u3aeaus uMeeM

e Myt (mem)0)’
g 2 2 1

I'zie V- cKOpOCTh MOJIOTA B KOHLE HaeHus ¢ BBICOTHI h; V' -001mas ckopocTh
BCEX TEJI CHCTEMBI ITOCIIe HeYNnpyroro yaapa. CKOpoCTh MOJIOTa B KOHIIC ITAJICHUS C
BBICOTBI h ompenensercs 0e3 ydera CONPOTUBICHHS BO3IyXa W TPCHHS IO
dbopmye
v=./2gh,
OO1mIyr0 CKOpPOCTh BCEX TEJI CHUCTEMBI TOCJIE HEYNPYroro ymapa Haujem,

IIPUMCHHB 3aKOH COXPAaHCHHA UMITYJIbCA:

n
> my, =const
i=1
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Jna paccmarpuBacMON CUCTEMBI 3aKOH COXPAHEHUS MMITYJIbCa UMEET BUL

my = (M +m)v" orkyna

V=myl(m+m,).

[loncrasus B popmyny (1) Beipaxenus (2) u (4), noayduum

m
Eg — 1gh—2 .
m +m,’
E. —7084.9,81 /.51 — o008 558
¢ 133084+ 7083

6. Temo wmaccoit 1 kr moa JeHCTBUEM TMOCTOSHHOW CHJIBI JIBUXKETCS
NPSIMOJIMHENHO. 3aBUCUMOCTh MYTH, MPOWUJIECHHOTO TEJIOM, OT BPEMEHM 3ajaHa
ypaBHeHHMeM S=2t’+4t+1. Omnpemenuts pabory cumsl 3a 10 ¢ ¢ Havama ee
JNEUCTBUS U 3aBUCUMOCTh KHHETUYECKON IHEPTUU OT BPEMEHHU.

Jano: m=18a: s=2t>+4t+1

Haittu: A, T=A(t).

Pemenne.  PaGota, coBepmiaemass ~ CWJIOW,  BBIpaKaeTcs  yepe3
KPUBOJIMHEWHBIN UHTETPal

A=[Fds

Cuna, gelicTByrollasi Ha TEJO, 10 BTOPOMY 3akoHY HbrloTOHA paBHa

MrHOBEHHOE 3HAUYEHUE YCKOPEHUS OINPEAEISIETCS MEPBOM MPOU3BOAHOU OT
CKOPOCTH II0 BPEMEHM WIM BTOPOM NPOU3BOAHOM OT IYTH IO BpeMeHu. B

COOTBCTCTBHHU C 3THUM HaXOIHM

Torna
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N3 Beipakenus (3) onpeaenum ds:
ds = (4t + 4)dt
[ToacraBus (5) u (6) B ypaBaenue (1), monyuum

A=[4m(at+4)dr

ITo »Toit Qopmyne ompeaenum paboTy, coBepiraemyro cuioit 3a 10 ¢ ¢

Hayajla €€ JEUCTBUMA:

10 2
A= I(16mt +16m)dr = m{ﬁ (l)°+16t‘t°} =1(8-100+16-10) Az =960A=
2
0

Kunernueckas sneprus onpenensercs mo ¢popmyre
O=m?/2
[Toacrasnss (3) B (7), umeem
T =m(4t +4)2 /2 = m(L6t? +32t +16) / 2 = m(8t? +16t +8) .

Otser: A=960A% : T =m(8t* +16t +8)

7. Kakylo CKOpPOCTb HYKHO COOOIIMTH paKeTe, YTOObl Ha, CTapTOBaB C
3emuid, He BepHyJach Ha 3emuto? ConpoTUBIEHUE aTMOC(EPHI HE YUUTHIBATH.

Jlano: Rc=6,37-10°1 : g=9,81 /i’ R—>w

Haiitu: vo.

Pemenne. C ynaneHueM pakeThl OT 3eMiu OyAeT yBEIMYMBATHCS €€
NOTEHIMAIbHAs YHEPTHUS U YMEHbIIAThCd KuHeTuyeckas. [lo 3akoHy coxpaHeHus
SHEPTHH,

mvg _m’_  GM GM
2 2 R

I'me m-macca pakeTsl; M- Macca 3emun; G — rpaBUTalMOHHAS TIOCTOSHHASL,
Yo. © YV - CKOpPOCTH pakeThl OTHOCHUTEIbHO 3eMJM B HaYaJdbHBIA U
paccMaTpHBaeMbIi MOMEHTEL, R m R — paccTosHMS OT HEeHTpa 3eMIId 10 PAKETHI B
HAuadbHBIA M paccMaTpUBaeMblii MoMeHTHl BpeMenu; —CM/R- norenmuan

TPaBUTAILMOHHOTO NOJISI 3EMJIA HA pacCTOSIHUU R OT ee nenrpa.

ocue npeobpazosanmst ypasHenus (1) umeem Yo —v =2GM (/R ~1/R)

24



PakeTa He BepHETCS Ha 3eMJTIO, €CJTH €€ CKOPOCTh V OYIET B 0ECKOHEYHOCTH
paBHa Hymo, T.e. V=0 npu R—©. B stom ciyuae v, =2GM /R,
N3 3akoHa BCEMUPHOTO TATOTCHHS CIEAYET, YTO TOBEPXHOCTH 3eMITU
GmM /R =mg OTKyZIa
GM =gRZ,
rjae g- yckopenue cBoboanoro nagenus. [logcrasum (2) B (3):

Ve =20R; mim Vo =+/20R; .

C‘II/ITaH, 4TO pakeTa HpI/IO6peTa€T HYXHYIO CKOPOCTB Vg YK€ BOJIM3H IMOBCPXHOCTH

3eMJIi, HaXO0 UM

v, =/2-9,81 /-6,37-10°1 =11,2-10°1 /fi=11,281 /f.
Takasi ckopocTh HEOOXOaUMAa ISl MPEOAOJICHUS TPABUTALIMOHHOTO TOJIs 3EMIIH.
OHa Ha3bIBaeTCsA BTOPOH KOCMHYECKON MU MapadoIMueCcKo CKOPOCTHIO.
Otget: Vo =11281 /i,

8. Tonkuii crepkenb Maccor 300 r m jmuHOM 50 CM Bpamaercss ¢ YIrJIOBOM
ckopocTeio 10 ¢! B rOpu30HTANBHON INIOCKOCTH BOKPYI BEPTHKANBHON OCH,
OpOXOAsUIed depe3 cepeauHy cTepkHs. HallTu yrioByr CKOpOCTb, €ClI B
IPOLIECCE BPAILEHUSI B TOM K€ IUIOCKOCTH CTEPKEHb MEPEMECTUTCA TaK, YTO OCh
BpalleHUs MPOUIET Yepe3 KOHELl CTEPKHSI.

I[aHo: m= 3005.: 0,3éé, E = 50ﬁi = 0,5\| , a)l =1Oﬁ71 .

Haiitu: @..

Pemenue. Vcrionp3yeM 3aKOH COXpaHEHUSI MOMEHTA UMITYJIbCa
n
> J;w, =const
i=1

I'ne Ji — MOMEHT MHEepUUHU CTEPAKHS OTHOCUTEIBHO OCH BpaIICHUS.

JI1s1 U30JIMPOBAHHOW CUCTEMBI T€Jl BEKTOpPHAs CyMMa MOMEHTOB MMITYJIbCa
OCTaeTCs MOCTOSIHHOW. B maHHOW 3ajgade BCIEACTBUE TOTO, YTO PACHPEICIICHUE
MacChl CTEPKHSI OTHOCUTEIBHO OCHU BpAIlEHHS HU3MEHSIETCS, MOMEHT HMHEpPIHHU
CTEpKHS Takke u3MeHuTcs. B coorBerctBuu ¢ (1) 3anuimem

Jo, =J,0,,
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N3BECTHO, YTO MOMEHT UHEPLIUU CTEPHKHSI OTHOCUTEIBHO OCH, IIPOXOAALIECH
yepes LEHTP MAacC U NEPIEHIUKYIAPHON CTEPKHIO, PABEH
J,=me? /12
ITo Teopeme lllteitHepa,
J=J,+md?
rae J — MOMEHT MHEPUMH TeJIa OTHOCUTEIIBHO MPOU3BOJIBHON OCH BpalleHus; Jo —
MOMEHT MHEPUMH OTHOCUTEIIBHO MapajljieIbHOM OCH, MPOXOMSLIEH 4Yepe3 LEHTP
Macc; d — pacCTOsIHUE OT IIEHTPa Macc JI0 BBIOPAHHOM OCH BpAIICHHS.
Haiinem MOMEHT WMHEpLMM OTHOCHUTEIBHO OCH, MPOXOIAIIEH YEPE3 KOHEI
CTEpKHS U NIEPIIEHIUKYIIAPHO EMY:
J,=3g+md?:  J,=m¢*/12+m(£/2)* =me* /3,
[loncrasnss, popmyisl (3) u (4) B (2), umeem:
mlw 112=mlw, /3,
Otkyna

w,=w 14 ©,=10c"/4=25c",

OtBet: @, =2,5¢",

9. MaxoBuk Maccoii 4 kr Bpamaerca ¢ dyactoToii 720 MHHT BOKpYr
TOPU30HTAIIBHOM OCH, MPOXOMSAIIECH 4depe3 ero neHtp. Maccy MaxoBUKa MOKHO
CUMTaTh PABHOMEPHO paclpe/ielieHHOH 1mo ero o6oay paauycom 40 cm. Yepes 30 ¢
[OJ JCHUCTBUEM TOPMO3SIIIEr0 MOMEHTAa MAaXxOBUK OCTaHOBWiCA. Haitu
TOPMO3SIINNA MOMEHT U 4YUCIO0 000POTOB, KOTOPOE CAEIAET MAaXOBHUK /IO MOJHOU
OCTaHOBKH.

Jano: ©®=0; m=4 kr; n=720 mun'=12c?; At=30c: R=0,4i

Haiitu: M; N.

Pemenne. /[ onpeneneHus TOPMO3SIIET0O MOMEHTa M CwWJl, IEMCTBYIOIIMX HA
TENO, HYXHO TMPUMEHUTh OCHOBHOE YypaBHEHHE JUHAMHUKUA BpaliaTeIbHOTO

JABUOKCHUA

JAa):MAt,
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rjae J- MOMEHT HHEPLUU MaXOBHUKa OTHOCUTEIBHO OCH, MPOXOASAIIEH Yepe3 LEeHTP
Macc; A®- U3MEHEHHE YIIIOBOM CKOPOCTH 3a IPOMEKYTOK BpeMeHu At

ITo ycnosuto, A® =, rie @ - HauanbHas yriaoBas CKOPOCTh, TaK KAK KOHEYHAsI
yrioBas ckopocts @ =0, Bpipasum HayaabHYIO YIIIOBYIO CKOPOCTh YEPE3 YaCTOTY
BpallleHUs] MAaXOBUKa, Toraa @ = 27N y Aw=27n_ MomeHT VHEPLIUU MaXOBUKaA
J =mR?, rze m- macca MaxoBHKa; R- ero pamuyc. ®opmyina (1) npuaumaer By

mR?27zn=MAt

Otkyna

M =2.3,14-12¢™-464-0,161 A /30A=1,611 -i .

Yron moBoporta (T.e. yriIoBOM NyTh () 3a BpeMs BpalleHUs MaxXxOBUKa J10
OCTaHOBKM MOXeET OBbITh oOIlpeaesieH 1no Qopmyne ajisg paBHO3AMEIEHHOTO
BpaIllCHHUS:

@ = w,t — eAt? 12,

rae € - yriioBoe YCKOpPEHHE.

[To ycnosuio, @=@&,—&At  w=0 eAt=a, Torga Belpaxenue (2) MOXKHO
3amucaTh TaK:

@ =0,At—w,At/2=a0,At]2

Tak kak ? =272N | @, =270 10 yuciIo MOJTHBIX 000POTOB

N=nAt/2: N=12¢"-30c/2=180,

Otser: M =161l -1 ;N =180,

10. B cocyne oobemom 2 M2 HAXOIUTCS CMeCh 4 KT resius u 2 K BOJIOpOJIa
npu temneparype 27°C. Onpenenurs AaBIeHUE U MOJIAPHYIO MAacCy CMECH Ia30B.

Hano: V=23 mi=4xr; M1=4-102 kr/monp; my=2kr; M, =2-107 kr/mMomb;
T=300K.

Haiitu: p; M.

Pemienune. Bocrnone3dyemcs ypaBHenneM Knannepona — Menaeneesa,
MIPUMEHUB €r0 K IFeJINI0 U BOJOPOAY:

pV =mRT/M,:

P,V =m,RT /M,
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['ne pi- mapumansHOe naBneHue renus; Mip — ero mossipHas macca; V. —
o0beMm cocyna; T-remnepatypa raza; R=8,31 Ix/(monb-K) — MonsipHas rasoBas
MOCTOSIHHAS; P2 —NaplHalbHOE JABICHHE BOJOPOJAA; mp- Macca Bogoponaa; My —
ero MoisipHas macca. llog mapruanbHBIM JaBICHHEM p1 M P2 TMOHHUMAIOT TO
JaBJICHNE, KOTOPOE MPOU3BOIMI OBl Ta3, €clii Obl OH OJWH HAXOAWJICS B COCY/E.
ITo 3akony /lanpTOHa NaBJIEHHE CMECH PABHO CYMME IApLUUAIbHBIX HABICHUHN
ra3oB, BXOJIAIIUX B COCTAB CMECH:

P=P+P,. (3)
N3 ypaBHenuii (1) u (2) BbIpa3uM p1 U p2 U MOJCTaBUM B ypaBHeHue (3).

Nmeem

o MRT  mRT _[ml +ﬂjﬂ

MY MY (M, M,V (4)
MounsipHy10 Maccy cMecH ra3oB Haiiziem 1o ¢popmyse
o Mt m,
v, +V,
II€ Vi U V2 — YUCJO MOJIEH Telldsd W BOJOPOJa COOTBETCTBEHHO. Uucio
MoOJIel Ta30B OMpPeeINM 1o (hopmyam:
vp=m/ M, :
v,=m,/ M,
IToncrasnsisa (6) u (7) B (5), Halinem

3 m, +m,
m /M, +m,/M, -

[Toncrapnss uucnoBsie 3HaYCHHS B hopmydis (4) u (8), momydaem

pz( _ieiam.ﬁ _32Ae~a‘mnj8,31Aae /([Leu~E)300:2493é.|.a

4.10°éa/i1éu 2-10°éa/inéd 21 '

o deard 30/ e
464/ (4-10°éa-1 160 )+26a/(2-107éa-11é0)

Otset: p=2493 kIla; M=3-103kr/mM01b.
11. Yemy paBHbl CpeAHME 3HAYEHUS KUHETUYECKOM  OSHEpPruu
MOCTYNAaTEIbHOTO M BPAIIATEIbHOTO JBUKEHUN MOJIEKYJI, COJIEpKAIIUXCS B 2 KT

Bojiopojia mpu temreparype 400 K?
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Jlano: m=2 kr; T=400K; M=2-10 kr/mob.

Haittu: (&iw >; (€x) .

Pemenne. Cunraem BOJOpPOJA HACaNbHBIM ra3om. Monekyna Bojaopoaa —
JIByXaTOMHasl, CBSI3b MEXIY aTOMaMH CYHTAaeM KCCTKOW. Torga 4uciio cTerneHeu
cBOOOMBI MOJIEKYJBI BOAOPOJA paBHO 5. B cpeaHem Ha onHY CTeneHb CBOOOIIBI
npuxomurcs oHeprus (&) =KT/2  rne k — mnocrosnnas BonbiMana; T-
TEPMOIUHAMUYCCKAS TeMIIepaTypa. [TocTynareasHOMY JBYKEHUIO
npunuceiBatotest Tpu (iI=3), a BpamarenbHoMy JBe (I=2) cTemeHu CBOOOIBI.

9Hepr1/151 OI[HOﬁ MOJICKYJIbI

3 2
(i) = 5T, (ew) = KT

Uucno MoseKyJl, CoJIepKalnXcsi B Macce rasa,
N=vN, :(m/M)NA’
I'me v — uucino momeir; Na — moctosiHHass ABoranpo. Toraa cpenssis
KMHETHUYECKasi SHEPTUsl MOCTYNMATEIbHOIO ABUKEHUS MOJIEKYJ BOJIOPOAa
(&) =(M/M)N,-3/2-KT =3/2(m/M)RT (1)
I'me R=KNa — MoJ1sipHast ra3oBasi IOCTOSTHHAS.
Cpennsis KUHETHYECKAs DSHEPTHs BpalaTEJIbHOTO JBHXKEHHUS MOJICKYI

BOZOpOA

(g5 =(MIM)RT

[Moncrapnss uucnoBsie 3HaUeHHS B hopmydsl (1) u (2), umeem
_ 3-288-8,31A= /(i 16i-E)-400E
2-2-10°6a/i 1éu
s >_3-2éé-8,31Aae /(1 Té0-E)-400E
e 2-107°64/1 Tél

=49,86-10° Az = 49868A=

(Eiiro?

=33,24-10° A =33248A=x

OtBeT: (&) =49868A% , (£,5) =33248A=
12. OmnpenenuThs CPEeAHIO JUIMHY CBOOOJHOTO IpoOera MOJICKYJ M YHCIIO0
coynapeHuid 3a 1 ¢, INPOUCXOASIIMX MEXIYy BCEMH MOJIEKYJIaMHU KHUCJIOpOJa,
HAXOJALIErocs B COCY/le BMECTUMOCTBIO 2 11 nipu Temreparype 27° C u naBneHuu
100 xITIa.
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Jlano:V =26=2-10"1 ; 1 =32.10°¢4/1 16ii; O=300E ;
8=100&1 a=10°T a;d =2,9-10™1 ,

Haiitu: (42,

Pemenne. CpenHioo IMHY CBOOOAHOTO TMpoOera MOJIEKYJ —KHCIOpoja

BBIYUCIISIOT 0 popmyIie
(A) =1/(J§;zd2n) ,

rae O0- sdhdexTHBHBIA AMaMeTp MOJEKYJBI KHCIOPOJa; N- YHCIO MOJCKYJI B
euHUIe 00beMa, KOTOPOE MOKHO ONIPEICIIUTh U3 YPaBHEHUS

n=p/(kT), )
I'ne k- mocrostunas boneimana. IToacrasiss (2) B (1), umeeM

(A) =KT I (J2xd?p)

Uucno coynapenuit Z, mpoucxXoaainX MEeXy BCEMU MOJIEKYyJIaMu 3a 1c, paBHO

Z=1/2Z)N_ (4)
I'me N- 4mcno Monekyn kucioponga B cocyme obsemom 2-107°1°%(Z)- cpennee
YUCIIO COYIapEHUN OJTHOM MOJIeKYIIbI 3a 1 ¢. Uuciao Moiekys B cocye

N =nV (5)
Cpennee ynciio coyiapeHuid MOJIEKYIbl 3a 1 ¢
(Z)=)I{A), (6)

I'ne (V) - cpennss apudMeTHyeckasi CKOPOCTb MOJIEKYIIbI

(V) =+[BRT / (zM .

[loacrasnss B (4) Beipaxenus (5), (6) u (7), Haxonum

, _1\BRT/(zM 2rd’p p, _27d’p" [RT
2

KT KT k°T? M

HOI[CTaBJ'I}I}I YKCJIOBBIC 3HAYCHUA, ITIOJTYyUUM

2.314-2,9%.107%7 2.10"°T a%-.2-10% ®
= 46 R 2F 2 42 X
1,38-10™ Az “E“-9-10"E

3,14-32-107°éa/i 1éu
o3 . .
(2 = 13810 A= / E -300E 356101

J2.314.2.92.10%1 2.10°T &
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Oteet: Z=9-10%¢c?, (1)=3,56-10°1 |
13. Omnpenenuts ko3pPuuuentsl AUPGY3MHM U BHYTPEHHETO TPEHUS a30Ta,
Haxozsmerocs npu temneparype T=300 K u napnenun 10° Ia.
Jlano: P, =1,258a/1°% 1 =28-10°e4/i1él; O=300E ; 3=10°Ta; d=31.10™i .
Haiitu: D77,
Pemenue. Kosxdppunuent nuddysun onpenensercs no Gopmye
D=1/Xv)X4)

rae (V) - cpenHss apudMeTUYECKask CKOPOCTh MOJIEKYII, PaBHAs

(v)=8RT /(zM); 2)
(A)- cpennss mnuHA CBOOOMHOrO mHpobera MoOJeKyl. Jlisd  HaxoxkKJeHHs
(1) Bocnonb3yemcs hopmystoii u3 mpumepa 11:

(A =KT (2zd?p) . (3)

[Moncrasnss (2) u (3) B Beipaxkenue (1), umeem

o_ 1 [BRT kT __ 21 [RT
3NVzZM /2,42 p 3zd’p\ zM (4)
KoaddunmeHT BHyTpeHHETO TPEHUS
n=U3vXp,

e p- IIOTHOCTH ra3a npu TeMmneparype 300 K u nasnenun 10° IMa.

JIis HaXOXKIEHHS P BOCIOJNB3YEMCS YPAaBHEHHEM COCTOSHHUS HAEAIBHOIO Tasa.
3anuiiem ero JUis IByX COCTOSHHMI a30Ta — IPU HOPMAJIbHBIX YCI0BHsX To = 273K
p=101-10°T & i py 3aJAHHBIX YCIOBHUAX:

PVo =(M/M)RT,: pV =(m/M)RT (6)
VunreiBas, uto Fo =MV, p=M/V  pmveem

P =poPTo [ (PeT) (7)
Koo puimeHT BHYTpEHHErO TpPEHHMs Tra3a MOXKET OBbITh BBIPAKEH YEPE3
kodhpurment nuddyszuu (cm. popmynst (1) u (5)):

n=Dp=Dp,pT,/(p,T) (8)

[Toacrapnsst uncioBbie 3HaUeHUs B (4) u (8), moyyum
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_2:1,38.10% Ae /E -300E \/8,31Aae /(i Téi-E)-300E 4,710 * /-

T 3.3134-312-10°1 2.10°T a 3,14-28-107%84/i 1él

10°T1 a-273E

n=4,7-10°1 /{i-1,256a/1 *- T 3.300F
1,01-10°T a-300E

=5,23-10°64/(1 -fi) |

Oreer: D=4,7-10°1 */ii =5,23-10°8a/(1 -fi),
14. Kucnopon maccoit 160 r HarpeBaroT npu NocTossHHOM AaBieHuu ot 320 go 340
K. Onpenenuts KOJIUYECTBO TEIUIOTHI, TMOTJIOIMIEHHOE Ta30M, W3MEHEHHE
BHYTpPEHHEW SHEPrUu U paboTy pacHIMpEeHUs rasa.
Jlano: m=160=16-102¢4, G, =320E | O, =340E
Haiitu: Q; AU ; A,
Pemienne. KonamdecTBO TEIUIOTH, HEOOXOAMMOE JJIS HarpeBaHHWs Tas3a IIpU
MOCTOSTHHOM JIaBJICHUU
Q=mc,(T,-T)=(m/M)C,(T,-T) (1)
3neck ¢, 1 Cp =MCy-ynenpHas u MonsgpHas TEMIOEMKOCTH ra3a IIPH IOCTOSHHOM
nasienun; M =32:10°8a/1 Tél-momsapHas Macca kmciopoma. Jms  Beex
JBYXaTOMHBIX T'a30B
Ny=7/2-R. C,=35-831A= /(iTél-E)=29A= /(i Tél-E)
N3meneHne BHyTpeHHEH dHEPTHH Ta3a HaXOAUM 110 hopmyJie
AU = (m/M)C, (T, ~T,) 2
3nece ¢, u Cp=Mc, —ynenpHas U MOJISIpHas TEIUIOEMKOCTH rasa IIpU
HOCTOSTHHOM JiaBlieHun; M =32-107°8a/i7él - monapnas macca kuciopoga. s
BCEX JBYXaTOMHBIX I'a30B
C,=7/2:R. C,=35831A® /(i Tel-E)=29A= /(i TéU-E)
N3meHeHne BHYTpeHHEN SHEPTHUH ra3a HAXOAUM o popmyJie
AU =(m/M)C, (T,-T,)
I'me Cy —momnsapHas TETIOEMKOCTh ra3a MpHu MOCTOSHHOM oObeMme. [ Bcex
JIBYXaTOMHBIX T'a30B

C, =5/2R: C,=2,5-831A= /(1 1él-E)=20,8A= /(i Tél-E)
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PaGoTa pacluupeHus ra3a npu u306apuoM npouecce A= 0AV | rpe AV =V, -V,
M3MEHEHHE 00beMa raza, KOTOpo€ MOXHO HalTh W3 ypaBHeHus: Knaitnepona —
Menneneena. [Ipu nzobaprom nporecce

V, =(m/M)RT,: (3)
V, =(m/M)RT, (4)
[TownenHbIM BeiuMTaHUEM BhIpaxkeHus (3) u (4) HaxoauM

p(Vz _Vl) =(m/M )R(Tz _Tl) ,

CrnenoBaTteiabHO,
A=(Mm/M)R(,-T,) (5)
[ToacraBnss uncnoBbie 3HaUeHUs B popmydsl (1), (2) u (5), monyuaem:
, "
Q= 12}9 ——29 A z (340E —320E) = 2900 Az :
32.10°éa/iién  if1éd
255 "
__16107ea 44 A (340E 320E)=2080Az :
32-107°%@a/i Tl 1 1é0-
285 "
___1610 _g31_ A% = (340E —320E) =840 A=
32-107°%@a/i Téu 1 Té0-

Otger: Q=2900A% ; AU =2080Ax; A=840Az

15. O6wem aprona, Haxozsmierocs npu gasineHuu 80 klla, yeauduncs ot 1 10
2 1. HackonbKO W3MEHUTCS BHYTPEHHSII SHEpPrusli Ta3a, €CIM pacllupeHue
IPOUCXOUIIO: a) n300apHO; 0) aguabaTHO.

Jlano: V, =101 °; V,=2-101 *; §=0,8-10°T &; 1 =40-10°8a/iTél; i=3,

Haiitu: AU

Pemenne. IlpumeHuM nepBblii 3aKOH TepMOAMHAMUKH. COrJacHO 3TOMY
3aKOHY, KOJMYECTBO TemoTel Q, TMepemaHHOe CHCTeME, pacxXolIyeTcs Ha
yBenuuenue BHyTpennei sueprun AU 1 Ha BHEIIHIOI MEXaHHYECKYIO paboTy A:

Q=AU +A, (1)
Bemnuuny AU MoxkHO ompemenuth, 3Has MacCy Trasa m, yIETbHYIO

TEMJIOEMKOCTh MPU MTOCTOSTHHOM 00beMe O 1 m3MeHeHue Temneparypbl AT :

AU =mc, AT (2)
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OnHako ymoOHOe W3MeHeHWe BHyTpeHHel sHeprun AU onpenensts udepes
MOJISIPHYIO TeroeMKocTh Cy, KOTOpass MOKET OBIThb BBIpaKEHA YEpe3 UHCIIO

CTeIeHe CBOOOIBI:

S TR
VIR ITE (3)

[loncrapinss Benuuuny cy U3 popmysl (3) B (2), mosrydaem
m i
AU = ——RAT
TEA NN

N3MeHeHrne BHYTpPEHHEM DSHEPIMM 3aBUCHUT OT Xapakrepa Ipolecca, Ipu
KOTOPOM HJET pacuupeHue rasza. [lpu n3o0apHOM pacliipeHUM Trasza, corjacHo
IIEPBOMY 3aKOHY TEPMOAMHAMUKH, YaCTh KOJINYECTBA TEILIOTHI UJET HA U3MEHECHUE
BHyTpeHHel sHeprun AU | kotopas Beipaxkaetcs ¢opmynoit (4). Haiitn AU s
aprona no ¢opmyine (4) Henb3s, TaK KaKk Macca rasa M TeMmIieparypa B YCIOBHH
3aiauu He AaHbl. [loaTomy HeobxoaMMo npoBecTu npeodpazoBanue Gopmyssl (4).

3ammmeM ypaBHeHue Kiralimepona —MeHneneeBa Uil HA4aJbHOTO H
KOHEYHOI'O COCTOSIHUM rasa:

pV, =(M/M)RT,: pV,=(m/M)RT,
WU
p(V, V) =(m/M)R(T, -T)) (5)
[ToacraBus (5) B popmyany (4), momydum

AU =i§ p(Vz _Vl) (6)

DTO ypaBHEHHE SBJIAETCS PACYETHBIM JUIsl onpeaenenus AU npu uzobaproM
PACLINPEHNH.

[Ipn agmabaTHOM pacHIMpPEHHH Ta3a TEIJI0O0OMEHa ¢ BHEIIHEH cpenod He
npoucxoaut, nosromy Q =0, Vpasnenue (1) 3anumercs B Bue

AU +A=0 (7)

DTO COOTHOIIEHHE YCTAHABIMBAET, YTO pab0oTa PACIIMPEHHS ra3a MOKET ObITh
OCYLIECTBIICHA TOJILKO 3a CYET YMEHBIIECHMs BHYTPCHHEH SHeprum rasa (3HaK
munyc nepex AU):

A=—AU (8)
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®opmyna paboThI 111 aAMa0aTHOTO MPoIlecca UMEET BT

mRL|, (V)
A_V71[1_(\72j ] ®)

rac y — ImokKasaTejib CTCIICHA aI[I/Ia6aTBI, paBHBII)'I OTHOIICHHUIO TEIJIOEMKOCTEH

Co |+2

r= C, . Jlns aprona — ogsoatomuoro raza (1=3) - umeem 7 =167,

HaxonuMm u3MeHeHue BHYTpPEHHEH SHEpruu mpu ajarabaTHOM mpouecce s

aprosa, yuuTsiBast popmysl (8) u (9):

m RT, 1
N

Jnst ompenenenus paboTel pacimupeHus aproHa ¢opmyny (10) cimemyer
npeoOpa3oBaTh, YYUTHIBAsS MPU ITOM IMapaMeTphl, JaHHBIC B YCJIOBHUU 3aJlauu.

[IpumenuB ypaBHenue Knalinepona —MenaeneeBa i1 JAHHOTO — Cilydas:

pV, =(M/M)RT, | nonmyunm BbIpakeHHe A MOJcYeTa HM3MEHEHHs BHYTpEHHeil

ol w

[Toncrasmnsisg yncnoBelie 3HaYeHus B (6) u (11), umeeM:

OHCPIUHU:

a) IpH U300apPHOM PACIIUPECHHUH

AU :2-0,8-105]' a-107°%1 * =121A=& :

0) pu aanabaTHOM paCIIUPEHUHU

©0,8:10°7 2-10°1 3| 1071 ? W—l_l —_44,6 Az
(1L67-1) 2:10°1 ° B

Orser: a) AU =121A% ; 6) AU =-44,6 Ax

16. Temmeparypa narpeBarens teroBor mammabsl 500 K. Temmepartypa
xonoaunbHuka 400 K. Onpenenuts KIIJl TemioBoi mamivHbI, paboTaromieil mo
uukny KapHo, ¥ MOJHYI0O MOIIHOCTh MAallWHBI, €CJIM HAarpeBaTelb €KECEKYHIIHO

nepenaet e 1675 JIx TeninoTsl.

Jlano: O=500E; O, =400E : Q=1675A=
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Haiitu: 7.N
Pemenue. KospduuneHt mnose3Horo AEHWCTBHUS MAaIlMHBI OMPEACNSIETCS IO
dbopmyne

n=T-T)/T 1)
W

n=AIQ, 2)
N3 Beipakenwnii (2) u (10 Haxogum

A=nQ=Q(T -Ty)/T

Beruucinm:

_ 500K —-400K 0.2
500K

A=0,2-1675A2 =335A=

Ota paboTa coBepiaercs 3a 1 ¢, ciegoBaTeIbHO, MOJHAS MAITHOCTh MAIlTUHBI
335 Br.

Orger: 7=0,2: N=335A0

17. Topsiuast Bola HEKOTOPOW MaccChl OTJAET TEIUIOTY XOJIOJHOM BOJIE TaKOM
K€ MACChl M 3HAUEHHUSI UX TEMIIEpaTypbl CTAHOBITCS OAMHAKOBBIMU. [loka3aTe, 4yTo
SHTPOIHS IPU 3TOM YBEJIMUHUBAECTCSI.

Pemenne. Ilycte Temmeparypa ropsiuer Boael Ti, xomomHout To, a
temrieparypa cmecu ®. OnpenenuMm TeMIepaTypy CMECH, UCXOIsl U3 YpaBHEHUS
TEIUIOBOTO OajaHca

mc(T1—®):mc(®—T2)’ 150)04 T1_®:®_T2,

OTKyZa
O=(T+T,)/2 (1)
N3meneHnne SHTpONNH, MPOUCXOISIIEE IIPU OXJIAKICHUHU TOPSYEN BOBI,
(S}
mdT
AS, =IC d =cm|n9
T T Tl

N3Menenne 3HTponun, MPOUCXOAIIEE TPU HATPEBAHUU XOJIOIHOU BOJBI,

(S}
AS, :Icde :chnT9

T, 2
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W3MeHneHue SHTpONIUU CUCTEMBI PABHO
© © e’
AS =AS, +AS, =cmIn=+cmIn—=cmIn—
Tl T2 172 ’

WM C y4eToM cooTHolenus (1) umeem

(T,+T,)°

AS =cm-——=—
4TT,

Tak kak (T, +T,)* =0 i 4TT, >0 1o AS>0,

18. JIBa oiMHAKOBBIX 3apsiia HAXOAATCS B Bo3nyxe Ha pacctosinuu 0,1 M npyr ot
npyra. HanpsikeHHOCTB oIS B TOUKe, yaajneHHoH Ha paccrosaus 0,06 u 0,08 m ot
OJIHOTO M JIPYroro 3apsjios, paBHa 10 kB/M. OnpenenuTs MOTEHITUAT MOJS B ATOU
TOYKE U BEJIMYUHY 3apsi/I0B.

Jlauo: E=1-104Blm; r :0,]_/14; r, :0,06M; r =0,08M; 9,=0, =0,

Haiitu: 9; o.

Pemenne. HanpsokenHocts E W moTeHumman ¢ mojis TOYEYHOro 3apsana (
ornpezensieTcs no Gpopmynam:

q a
E:—- =
Aregr?® 4 Aregl

'me €& — pguwdnekTpuyeckas TMPOHUIIAEMOCTh CpPEIbl; € — JJIeKTpUYecKas

MOCTOSTHHAS, [ — pacCTOSHUE OT 3apsaa A0 Toukw monsd. Kak BugHo u3 puc. 1

E=\E{ +E; , TaK KaK a:%_

o |9 @ _ 4 [1 1 _@r+n
(Aresgr?)?  (dmegt?)? Ameg, v, '  Adresr/r}
&l &h &\ 1 &l 1
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Ortkyna:

2,2 —4 -12 2 2
g Erdmait) 11074:314.88510% 0,06°:0,08° o o)ospe
N J/0,08" +0,06° '

Onpenenum noTeHuuMaN:

-9

VAT 47;505 " 47zgg0rl B 4;zqggo [% " Flj "43 1?-58,1:5-1012 (0,106 i o,t)sj =9208.

Otper: q=3,5-10°E¢; ¢=920A

19. /IBe mapayiebHbIE TUIOCKOCTH OJTHOMMEHHO 3apsDKCHBI C IIOBEPXHOCTHOM

IJIOTHOCTBIO 3apsoB 2 u 4 HKi/M2. OnpeaenuTs HaNPSKEHHOCTD MOJIS: a) MEXKIY
IJIOCKOCTSIMU;, 0) BHE TUIOCKOCTEH.

Jlano: 0, =2-10°E&/1?: 0, =4-10°E&/1 *.

Haiitu: A’ u A",

Pemenne. Kak BUIHO U3 prc. 2, B 3a30pe Mexay mwiockoctamu A=A, —A

TaK KaK HaIIpaBJICHUS BCKTOPOB EiuEp IMPOTHUBOIIOJIOKHBI. Torna

280 280 280 2 1/, TAC € — JICKTPUUICCKAA ITOCTOSHHAA.

1 R
=~ (4-2)-10° =113A/i
2-8,85-10‘12( ) .
[+ 21+
- ——— -~
E, E, E,
— — —
Puc. 2

B mpocTtpancTBE BHE 3a30pa MEXIy IUIOCKOCTSIMM BeKTOpel Ei m E»

COBIIAJAIOT I10 HAIIPABJICHUIO. HOBTOMY

1 6.10°° i
A=A +A == (0,+0,)=——— __—340A/1.
Aty 26, %)= 5 88510
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Orser: A'=113A/1; A"=340A/i .

20. 3apsn BenmumHoM 1 HKn mepeHocutcs U3 OECKOHEYHOCTH B TOUKY,
HaxoJsmIytocss Ha pacctosHur 0,1 M OT TOBEPXHOCTH METAJLUTUYECKON cdepsl
paguycom 0,1 M, 3apsyKEHHOM ¢ IIOBEPXHOCTHOH IIOTHOCTBRIO 10° Ki/m2.
Omnpenenuts paboTy MepeMENICHUs 3apsa.

Jlano: 4=110°E& ,=1.1071 ; r,=0: R=1.10%1 ; o =1-10°E&/1 2,
Haiitu: A.
Pemenue. [loreHuman mons %, co3maBaeMoro 3apsiKeHHOM cdepoil Ha

paccrosuuu R+H o1 ee nenTpa, onpepensercs no Gopmyie:

%

@= dre,(R+1,)

2
rae % =0 -47R" - zapsn chepsr; & - meKTpUUEcKast MOCTOSIHHAS.
[Morennuan mons Ha paccTosHuM L =©paseH Hymo: ¢ =0, PaGora A mo
NIepeMENICHHIO 3aps/ia q U3 0ECKOHEUYHOCTH B TOUKY TIOJISI paBHA!

c-4zR*> _ 1.10°-1.10™
4rey(R+1) 8,85-10"%-.2.107

A=0a(p—9,) =0qp = =5,6-10"° Az

Orser: A=5,6-10"° A |

21. KonneHcarop ¢ mapauHOBBIM JUAJICKTPUKOM 3apsDKEH 10 Pa3HOCTH
noteHuuanoB 150B. HanpsskeHHOCTh B HEM paBHA 6-10°A/1 | momaap IacTuH 6
cM?. OnpeienuTh eMKOCTh KOHAEHCATOPA M MOBEPXHOCTHYIO IUIOTHOCTD 3apsja Ha
o6kmankax (£=2).

Jlano: U =150A; A=6-10°A/1; $=6-10"17% &=2,

Hawitu: C u o.

(o2
Pemenue. B 1mmockom KOHAEHCATOPE HANPSKEHHOCTD MOJIA A= o » THC € —
0
OURJICKTPUYECKAsl MPOHULIAEMOCTh CpPEAbl, € — DJJIEKTPUYECKas IOCTOSHHAs.

Otkyna
oc=¢c5,R=2-885-10".6-10°=11-10"E&/i ?
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B mI0CKOM KOHEHCATOpe Pa3sHOCTh NoTeHuuanoB U M HampsKeHHOCTh E
cBs3anbl  3aBucumocTeio A=U/d | d-3azop wmexnmy ofkiagkamu. OTkyzna
d=U/E, Emxocts C IIOCKOr0 KOHAEHCATOPA ONPEIEIAETCA 10 GopMyIIe:

o _ 58S _#5,SE_2:885-10%-6-10*-6-10°
d U 150

Otser: N=4,25-10"0; 0 =11-10"E&/1 |

=4,25-10°0 .

22. DHeprusi IJIOCKOro Bo3aylHoOro konaeHcatopa 40 [k, pa3HOCTb
MOTEHIMAI0B Ha 00KkIaakax 600 B, mromaas miatue 1cm?.

OrnpenenuTs pacCTOsTHUE MEXKTY 0OKIaKaMu, HAMIPSKEHHOCTh U 00BEMHYIO
IUIOTHOCTH HEPIHU MOJsl KOHAEHCATOpa.

Jlano: W =40iAz =4-10"° A= ; U =600A: S =1fii >=10"1?;
£, =8,85-10"70/1 .

Haiitu: B, E, w.

Pemenne. DHeprus Kkonpencaropa W =CU?/2; eMKOCTh KOHIEHCATOpa

£,SU?
2d

C=¢,S/d cnenoarensno, W = . Orcrona

_£SU?  8,85.1020/1 -10*i ?-(600A)?

d — ~0,0041 |
W 2-4.10° Az
HanpskeHHOCTB 110JIs KOHIEHcATopa
"
AU _ 2V _ 2AMAR g 5).005A/ ]
d £SU 8851020 /1 -10°1 2-600A :
O0ObeMHas IIOTHOCTh SHEPTHU TOJIS:
2 -8 A 2
wo__aw® 2-(4:10° Az ) _110%Am /17

Y= Sd T 2507 8851070 /1 -(10°1 %) (600A).

Orser: d=0,0041 ; A=151-10°A/1 : w=1.10"A= /i °

23. TIMOTHOCTH TOKa B HUKEIMHOBOM IPOBOJHUKE IIWHOW 25 M paBHa |
MA/m2. OnpeenuTh HaNpsiKeHHEe Ha KOHIAX IIPOBOIHMKA.

Jlano: (=251 j=1.10°A/1 % p=4107"T1 -1

Haiitu: U.

Pemenne. Ilo 3akony Oma B auddepennumansHoil popMe MIOTHOCTh TOKA

B IIPOBOJHHUKE IIPOMOPLHOHATIbRHA HANpssKeHHOCTH E mons B mpoBognuke J=7E |
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1

rae V= p “YAelbHas MPOBOAMMOCTD; P -ynenpHOE CONPOTHBIIEHUE NMPOBOAHUKA. C

U

JIPYTON CTOPOHBI E= VERL U- HanpspKeHHOCTh Ha KOHIIAX MTPOBOJHUKA JUIMHOU

E_U
p pL
Orer: U =10B,

. Torma I = otkyma U = jo¢=1-10°-4.10"-25=10B .

24. OnpenenuTh IEKTPOABIKYIIYIO CHIIYy aKKyMYJISITOpHOM Oarapeu, TOK
KOPOTKOTO 3aMBbIKaHUsl KOTOpoil paBeH 10 A, ecnu npu NOAKIIOYEHUH K HEHR

pesucropa conpoTtuBiieHueM 2 OM cuiia TOKa B IIeNH paBHa 1 A.

I[aHo: Iég:]'OA; R:2’|\i ol =1A
Haiitu: €.
&
Pemienne. Ilo 3aKOHY Oma I= R+r u ¢= I(R+r), rae r- BHYTPCHHEC

COIIPOTHUBJICHHUC 6aTapeH. HpI/I KOPOTKOM 3aMbIKaHNH Oc1In BHCIIHCC

conporupinesne R=0 yu lo=¢/r orxyna r=¢/l,. Torma ¢=1(R+&/ly) umm

o R 12 .4
1-1/1,, 1-01 -

Otger: € =2.2A

KOHTPOJIBHASA PABOTA Nel

Ta0uuua BapuaHToOB

1 /2 |3 |4 |5 |6 |7 |8 |9 10 |11 |12 |13 |14 |15 |16
1 11 [ 111 |121]131 [ 141|151 [161 [ 171 [1.81 [1.91 |1.101 [ 1.111 [ 1.121 | 1.131 | 1.141 | 1.151
2 12 [ 112 | 122|132 [ 142 | 152 [ 162 | 172 [ 1.82 [ 1.92 | 1102 [ 1.112 | 1.122 | 1.132 | 1.142 | 1.152
3 13 [ 113 | 123|133 [ 143 | 153 [ 163 | 1.73 | 1.83 [ 1.93 | 1.103 | 1.113 | 1.123 | 1.133 | 1.143 | 1.153
4 |14 [114 | 124 | 134|144 | 154 | 164 [ 174 | 1.84 | 1.94 [ 1.104 | 1.114 | 1.124 | 1.134 | 1.144 | 1.154
5 15 [ 115|125 | 135 | 1.45 | 1.55 [ 1.65 | 1.75 | 1.85 | 1.95 | 1.105 | 1.115 | 1.125 | 1.135 | 1.145 | 1.155
6 16 [ 116 | 1.26 | 1.36 | 1.46 | 1.56 | 1.66 | 1.76 | 1.86 | 1.96 | 1.106 | 1.116 | 1.126 | 1.136 | 1.146 | 1.156
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17 | 117 | 127 | 1.37 | 1.47 | 1.57 | 1.67 | 1.77 | 1.87 | 1.97 | 1.107 | 1.117 | 1.127 | 1.137 | 1.147

1.157

18 | 118 (128 | 138 | 148 [ 158 | 168 |1.78 | 188 | 198 | 1.108 | 1.118 | 1.128 | 1.138 | 1.148

1.158

O

19 1119 (129 | 139 | 149 [ 159 | 169 | 1.79 | 1.89 | 1.99 | 1.109 | 1.119 | 1.129 | 1.139 | 1.149

1.159

10 110|120 | 1.30 | 1.40 | 1.50 | 1.60 | 1.70 | 1.80 | 1.90 | 1.100 | 1.110 | 1.120 | 1.130 | 1.140 | 1.150

1.160

1.1. Teno, OpolieHHOE BEPTUKAIBHO BHU3 C HAdajJbHOM CKOPOCTBIO 5 M/c, B
MOCJIETHUE 2 € MaJIEHUs MPOILIO MyTh BABOE OOJBIINHN, YEM B JIBE MpEbIAyIIHE 2
c. Omnpenenuth BpeMmsi MajJ€HHUS U BBICOTY, C KOTOPOW Teyo Obulo OpoOILEHO.
[TocTpouTs rpadguku 3aBUCUMOCTU MPONACHHOTO MYTH, YCKOPEHUSI U CKOPOCTU OT
BpEMEHH.

1.2. BBepx 10 uaeanbHO TIaIKON HAKJIIOHHOM IJIOCKOCTH, 00pa3syromieit yrou 30° ¢
TOPU30HTOM, MYCTWJIM Iail0y ¢ HaudajdbHOM ckopocThio 12 m/c. Korpa mraiiba
JIOCTUTJIA TIOJIOBUHBI MAaKCUMAJIbHOW BBICOTHI MOAbEMA, U3 TOW KE TOUKH, B TOM
K€ HaIPaBJICHUH U C TOM XK€ CKOPOCThIO MYCTHJIM BTOpPYIO 11ait0y. OnpenenuTs:
Ha KaKOM PAacCTOSIHUM OT Hayajia HAaKJIOHHOM IJIOCKOCTH BCTPETATCS 00€ IIaiObI;
MaKCHUMAaJIbHYIO BBICOTY MOJbEMA IIal0bl; MPOMEKYTOK BPEMEHH, MPOLIEAIINNA OT
Hayaja JABW)KEHHUs NepBOil maiObl 10 ee BcTpeun co BTopod. Haueptuts rpaduxu
3aBHCHMOCTH MPOUIEHHOTO IyTH, CKOPOCTH U YCKOPEHUS OT BPEMEHHM ISl IEPBOM
aiiopl B MPOMEXKYTOK BPEMEHHU OT Haydaja JBMXKEHHUS 10 MOMEHTa BCTPEUYU CO
BTOPOM.

1.3. Ilap, cBOOOHO ABMKYIIUHCS CO CKOPOCTHIO 6 M/C, yIapuiIcs O IPYyrou map
M, JBUTasCh B OOpaTHOM HAaIpaBJIE€HUH CO CKOPOCTbIO 2 M/C, BEpHYJICS B
UCXOJHYI0 TOUKY (puc. 1.). PaccTositHue Mexay MCXOJHBIM IOJOKEHHUEM Ilapa U
€ro MOJIO)KEHUEM B MOMEHT COYJapeHHs C APYTUM IIapoMm paBHO So. [loctpouts
Ui TpPOMEXYTKa BpPEeMEHM OT Hayaja JABI)KEHUs IIapa J0 MOMEHTa €ro
BO3BpAIllEHHUs B HCXOJHOE TMOJOXEHHE TIpadUKH 3aBUCHUMOCTH OT BPEMEHHU
CKOPOCTH, MOJYJSI CKOPOCTH, KOOpJAMHAThl IeHTpa mapa Ha ocu O, w
IIPOXOJUMOI0 UM IMyTH. ONpEeAenTh TaKKE CPEJHEE 3HAUEHUE MOJYJISI CKOPOCTH

JBUKEHUS 11apa. BpemeHneM coyaapeHus mapoB NpeHeOpeyb.
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Puc.1

1.4. Habmronatenb, crosuii Ha 1uiaTdhopme, OMpeaeiani, YTO MEpPBbIA BaroH
ANEKTPONOE31a MPOIIE] MUMO HEro B TedeHue 4 ¢, a BTOPO - B TEUEHHE 5 C.
Ilocne 3Toro mepeaHui Kpail moe3fga OCTAHOBWIICS HA pacCTOSHUM 75 M OT
HaOmonarens. CuyuTas JBU)KEHHE MOe€37a paBHO3AMEIJICHHBIM, ONpPENENIUTh €ro
HAaYaJIbHYI0 CKOPOCTh, YCKOPEHHE U BpPEeMs 3aMEJIJICHHOTO JBUXKeHUsA. HauepTuThb
rpaduKi 3aBUCUMOCTH TYTH, CKOPOCTH M YCKOPEHHS Ioe3da OT BpEeMeHHu. 3a
HA4yaJo OTcueTa BPEMEHHM TMPHUHATH MOMEHT IMPOXOXKICHUS MHMO, HaOJI0aTess
NEepPEAHEro Kpasi moe3/1a.

1.5.HabmronaTenpb, CTOSUIMI B MOMEHT Havaljla ABUKEHHS JIEKTPOIoe3a y ero
nepeaHero Kpas, 3aMeTWJl, YTO NEPBbI BaroH Mpomiea MUMO Hero 3a 4 c.
OnpenenuTs BpeMs, 3a KOTOPOE MUMO HErO MPOWAYT JEBSITh BaroHOB, a TaKXKe
BpeMs MpoXOxkAeHUs1 9-ro BaroHa. Bo CKOJIBKO pa3 CKOPOCTh AEBATOrO BaroHa
OOJIBIIIE CKOPOCTH TSTOTO B MOMEHTBHI UX MPOXOXKIEHUS MHUMO HaOmromatens?
JIBU)KEHHE CUUTATh PABHOYCKOPEHHBIM.

1.6. Teno, nBurasch MNPSMOJMHEHMHO C TMOCTOSHHBIM YCKOPEHHEM, MPOIILIO
MOCJIEI0BATENBHO JIBA PABHBIX ydacTKa MyTH, Mo 20 M Kaxabld. [lepBbIil yuacTok
npoiineH 3a 1,06 ¢, a BTopoit — 3a 2,2 ¢. OnpenenuTs yCKOPEHUE Tea, CKOPOCTh B
Hayaje MepBoro U B KOHIIE BTOPOr0 YYacCTKOB IYTH, IyTh, MPONAEHHBII TEIOM OT
Hayaja ABUKEHHUS 10 OCTaHOBKU. HauepTuTh rpaduku 3aBUCUMOCTH PO ICHHOTO
MyTH, CKOPOCTH U YCKOPEHUSI OT BPEMEHH.

1.7. C ropel AB (puc. 2) nnuHori 20 M U3 COCTOSIHUSI TIOKOSI CKAThIBAOTCS
CaHKM M 3aTeM, NpOJIoJKas JBWKEHHE OT TOYKM B 10 TOpU30HTAIbHOU
IJIOCKOCTH, OCTaHaBiIuBaroTcs y Touku C, npouaa paccrossuue BC, paBHoe 15 M.

OrnpenenuTh CKOPOCTh CAHOK B KOHIIE CITyCKa C TOPbl, YCKOPEHUS Ha y4acTkax AB
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n BC mn Bpemsa cnycka ¢ ropel. Becy myte JIBC cankm mpoxozsar 3a 15 c.
VYckopeHne Ha Kaxa0M U3 ydacTkoB (AB u BC) cuutaTh nocTosHHBIM. HauepTuth
rpaduKy 3aBUCUMOCTH MPOMIEHHOTO IYTH, CKOPOCTH U YCKOPEHUSI OT BPEMEHH.
1.8. ABTOMOOWJIb TpOTraercss C MeCTa M MEPBbI KUIOMETpP MNPOXOIUT C
YCKOPEHUEM a1 a BTOPOM — ¢ ycKopeHueM ap. [Ipu 3ToM Ha IEpBOM KUIIOMETPE €ro
CKOpOCTh Bo3pactaeT Ha 10 M/c, a Ha BTopoM — Ha 5 M/c. OnpenenuTb: Bpems
NPOXOXKJEHUSI MEPBOr0 M BTOPOTrO KHIOMETPOB; KaKOe YCKOpeHHe Ooublle — ai
WIH ap CPEJHIOI CKOPOCTh Ha BceM myTh. Haueptuth rpaduku 3aBUCHUMOCTH

IMTyTHU, CKOPOCTHU U YCKOPCHUA OT BpCMCHU.

L
el
Ls

B
Puc.2

1.9.Teno, xoTopoMmy cooOIlleHa HauyajdbHasg CKOPOCTh 2 M/C, Haydalo
CKOJIb3UTh IO HAKJIOHHON IJIOCKOCTU. 3a 10 ¢ OHO MPOXOJWUT IO HAKJIOHHOW
IJIOCKOCTH IyTh 50 M, a 3aTe€M MO FOPU30HTAIIBHOW MOBEPXHOCTU IO OCTAHOBKU -
90 M. Cuyuras IBI)KEHHME Tela Ha KaXIOM M3 YYacTKOB PaBHOIEPEMEHHBIM,
ONpENENIUTh CKOPOCTh TEJla B KOHIIE HAKJIOHHOW IUIOCKOCTH, YCKOPEHHS Ha
HAKJIOHHOM U FOPU30HTAJIbHOM YYaCTKaxX MyTH, CPEJHIO CKOPOCTh Ha BCEM MYTH;
BpeMsi JBWKEHHS Tena. HauepTuth rpagukd 3aBHCHMOCTH TMYTH, CKOPOCTH H
YCKOPEHUS OT BPEMEHH.
1.10. JIbbKHHK cbexan ¢ ropsl AunHou 40 M 3a 10 ¢, mocie yero oH mpoexan
[0 TOPU3OHTAJIBHOM MIonaaKe 10 ocTaHOBKU 20 M. CunTasi JBUKEHHUE JIbIKHUKA
Ha 000MX ydacTKax paBHONEPEMEHHBIM, OMPENEIUTh CKOPOCTh JbDKHUKA B KOHIIE
rOpbl, CPEIHIOID CKOPOCTh Ha BCEM IyTH, YCKOPEHHUS Ha Ka)XJAOM U3 yYacTKOB,
BpeMsi JIBIDKCHHS TI0 TOPU3OHTaIbHOW Tuiomaake. Haweptute rpaduku

3aBUCHUMOCTH IIYTH, CKOPOCTH U YCKOPCHUA JIBIZKHUKA OT BPCMCHHU.
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1.11. Teno, koTtopoMy OblIa COOOIIEHA HEKOTOpas HaudalbHas CKOPOCTh,
JIBIKETCSI PABHOYCKOPEHHO. 3a TPEThIO CEKYHAY CBOETr0 JABMIKEHUSI OHO IMPOIILIO
10 M, a 3a mecrtyro - 16 M. Onpenenuts yCKOPEHUE TENla, HAYAIIBHYI0 CKOPOCTD,
CKOPOCTh K KOHIY BOCBMOW CEKYH[Ibl U IyTh, NPONAEHHBIN 3a 8 c. HauepTuth
rpaduKy 3aBUCUMOCTH TMPOHJEHHOIO0 MYyTH, CKOPOCTH M yckopeHuss Tema or
BPEMEHH.

1.12. Kycok nb1a oauH pa3 OpocaroT ¢ HEKOTOPOU CKOpOCThIO oA yriioM 30° k
TOPU3OHTY, a JIPYrol pa3 MyCKalT C TaKOW ke CKOPOCTHIO MO TOPU3OHTAIBHOM
MOBEPXHOCTH JibJla. Bo BTOpOM ciydae OpOIIEHHBIM KYCOK JIbJa HAXOJUJICA B
JIBIDKGHMM B 8§ pa3 Jojblle, 4eM Tpu TmojieTe B Bo3ayxe. OnpeaenuTtsb
KO3 PUIIMEHT TPEeHUs JibJa O JieJ, OTHOIIEHHWE MPOUJICHHBIX B O0OUX CIydasx
pacCTOSSHUM B TOPU3OHTAILHOM HampaBieHun. CONpOTUBIEHUEM BO3ayXa
npeHeOpeyb.

1.13. Tlox kKakuM YIJIOM K TOPU3OHTY HaJio OpocuTh Tesno Maccoit 200 r, 4ToObI
JANBbHOCTD ToJieTa ObUIa B IBA pa3a 0oJibllle €T0 MAaKCUMAaJIbHOM BBICOTHI OABEMA,
€CJIM TOPU30HTAJIbHBIM BCTPEUYHBIN BETEp JACHUCTBYET HA TEJIO C MIOCTOSIHHOM CUJION
B 1 H?

1.14. V3 GpanjacrioiTa, MOAHATOTO HAJl ITOBEPXHOCTHIO 3eMIIM Ha BBICOTY 2,5 M,
OBbeT CTPys BOJBI IOJ yrioM 36° K TOPHU3OHTY M IMaJIa€T HA 3eMJIF0 Ha PACCTOSHUHU
15 M oT TOro Mecrta, HajJ KOTOpPBIM HaxoauTcs OpanacmouT. OmnpenenuTts, Ha
KaKyl0 MaKCUMaJIbHYI0 BBICOTY MOJHHMAETCA CTPYys BOJbI, PaguyC KpPHUBU3HBI
CTPYU B BBICHIEH TOYKE, CKOPOCTh BOJBI B MOMEHT MaJCHUS Ha 3€MJII0 U 00bEM
BOJBI, TMOJaBaeMoW OpaHACHOWTOM 3a | MUH, €CIOW IUIOMaab OTBEPCTHS
Opanzcnoiita papHa 1 cm?. ConpoTHBIEHHEM BO31yXa IIPeHEOPEYb.

1.15. Y3 opHOM TOYKH OJHOBPEMEHHO OpOIIEHO JABa Tejla C OJMHAKOBOM
HAYaIBEHOM CKOpOCThI0 20 M/C MO pa3HBIMH YIJIaMH K TOPU30HTY: 03=45°, ap =60°.
OnpenenuTh pacCTOSTHUE MEXKAY TelaMH CIYCTd 2 C MOCIe Hayana JBHKEHUS,
CKOPOCTH T€Jl B 3TOT MOMEHT, HOPMAJIbHOE U TAHT€HIIMAJIbHOE YCKOpEeHHUs yepe3 1c
nocye opocanusi. COnpoTUBIEHUEM BO3/1yXa NMpeHeOpeyb.

1.16. C GankoHa, BBICOTa KOTOPOTO 5 M HaJ MOBEPXHOCTHIO 3eMJjH, OpoIcH
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KaMeHb 1oJ yriioM 45° k ropu3oHTy. KamMeHp ynan Ha 3eMJII0 Ha pacCTOSIHUM 48 M
OT MecCTa, HaJ KOTOPbIM HaxXoAuTcs OankoH. OnpeneauTh HaA4albHYI0 CKOPOCTh
KaMHsI, BpeMsl €ro IMoJjieTa, HauOOJIbIYI0 BBICOTY MOABEMA, PAAUYC KPUBU3ZHBI
TPAaEKTOPUHU B HAWBBICIIECH TOYKE, CKOPOCTh KAMHSI B MOMEHT MaJ€HHUs Ha 3€MIIIO,
yroja, KOTOpbIA oOpa3yeT CKOpOCTh KaMHSI B MOMEHT MaJCHHUS Ha 3eMIII0 C
TOPU3OHTAIHLHBIM HampaBieHueM. COpOTUBICHUEM BO3/yXa MpeHeOpeyb.

1.17. HeGounpimioe Teao ObUIO BHIMYIIEHO U HAYAJIO MaJaTh U3 COCTOSHUS MOKOS
¢ BeicoTel H. Ha BbicoTe h oHO a0CONMIOTHO HEYHpPYro yaapsercss 0 HEeOOJBIIYIO
3aKpEIVICHHYI0 W TJIAJIKyH TUIOMIAJKY, PAacCIMOJIOKEHHYIO MOJ yrioMm o=45° k
ropu3oHTy. OrnpenenuTs BpeMs MaJeHUs] Tejla U TOPU3OHTAIBHYIO JallbHOCTh
noJiera, cuntag H=10m u h =5 m.

1.18. HeGonwmoe Tteno, OpomieHHOe Toa yrioM 45° K TOPHU30HTY C
HaYaJIbHOM CKOPOCTBIO 15 M/c, ympyro yaapsieTcs O BEPTUKAIbHYIO TJIAIKYIO,
CTEHKY, HaXOJSIIylocsi Ha paccTossHuM 14 M (10 TOpHU3OHTaIU) OT MeEcCTa
Opocanusi. OnpenennuTh, Ha KaKOM pPACCTOSHUM OT CTEHKH YMaJeT TeJlo Ha
3emutio, eciu koadduiment Bocctanosnenus k=0,75. HaliTu Takxe OTHOIICHHE
ATUX PACCTOSIHHM, €CITM BO BTOPOM Cliydae yAap aOCOJIOTHO YIPYTHA.

1.19. ManeHpkHil IIapHWK TOABEIICH HAa HEPaCTSHKUMOW HHUTH JiuHON 0,5 M.
[Ipy BepTUKAIBHOM TMOJOKEHHMM HHUTH (MIOJOKEHHE pPABHOBECUA) IIAPUKY
COOOIIAIOT TOPU3OHTANBHYIO CKOpocTh 4 wm/c. Ompenenuth BbicoTy H Han
HUCXOJIHBIM YpOBHEM, TMOCIE€ JOCTHKEHHS KOTOPOM INApUK JABUKETCA MO
TPACKTOPHUH, OTIUYAOLIECHCS OT OKPYKHOCTH. HallTh CKOpOCTh IIaprKka B MOMEHT
JOCTH>KEHUSI 3TOW BBICOTHI U MAaKCUMAJIbHYIO BBICOTY HNOAHATHUS I1apuka. C Kakoil
BBICOTHI IIAPUK CHOBA HAYHET JIBUTATHCS MO OKpYKHOCTH? Ha KakoM HauMeHbIIeM
paccTossHUM ([0 TOPHU30HTAIM) OT TMOJIOKEHUS PaBHOBECHUS HAAO TMOCTABUTH
JIOBYIIIKY, YTOOBI MOWMATh IIAPUK TOCIE TOTO, KaK OH MEPECTaHET JBUraThCs IO

okpyxHOCTH? COMPOTUBICHUEM BO3TyXa MPEeHEOPEUb.

1.20. HeGoupmioe Teno, OpoIieHHOE BEPTUKATHLHO BHU3 C BBICOTHI 32 M C
HavyaJdbHON CKOPOCTHIO 2 M/C, YIIPYTo yJapseTcsi 0 3aKperyieHHYIo Ha BbicoTe 20

M. TJIAJAKYIO IUIOMIAAKYy C yriiom HakiioHa 30° k ropu3oHTy. Onpenenurts, BO
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CKOJIBKO pa3 BpeMs MaJeHUs Tesa MPHU BCTPEUE C IUIOIIAJKONW OOJIbIIe BPEMEHH
CBOOONHOrO TMajieHus, eciu KodhduiumeHt BoccTaHOBIeHUs paBeH 0,8
JANbHOCTh MOJE€Ta Tejda MO TOPU30HTANH, OTHOIIEHHE CKOPOCTE B KOHIIE
MaJIeHus MPU BCTPeUe ¢ IIIONMIAJAKON U TPU CBOOOTHOM IMaICHUH.

1.21. B nepeBsiHHBIN 1Iap Maccol mi1=8 Kr, MOABEIICHHBbIA HA HUTU JJIMHON
I=1,8 M, momamaer rOpU3OHTAILHO JeTsAmas Mmyias maccoit mpy=4 1. C Kakoii
CKOPOCTBIO JIeTeNla IMyJisd, €CIM HUTh C IIapOM U 3acTpsiBIIE B HeM IyJiel
OTKJIOHWJIACh OT BEepTUKaIM Ha yroi o=3°? Pa3mepom mapa mnpeneOpeub. Ynap
MyJIU CUATATh MPSIMBIM, [IECHTPAIHHBIM.

1.22. Tlo HeOonpIIOMY KYCKY MSTKOIO >Kejie3a, JiealleMy Ha HaKOBaJIbHE
maccoit m = 300 kr, yaapseT MoJaoT Maccoi mp = 8 kr. Onpeaenuts KIIJI # ynapa,
eciii  ynap Heynpyrui. [losie3HOM cuMTaTh JHEPrur0, 3aTPAYEHHYI0 Ha
nedopMalfio KycKa xeesa.

1.23. Illap maccoit m1 = 1 Kr ABWXKETCS CO CKOPOCThIO V = 4 M/c U
CTAJIKUBAETCSA C IIAPOM MACCOM my = 2 KI, JIBIKYIIUMCS HABCTpEdy €My CO
ckopocThio vo=3 wm/c. KakoBbl ckopocTd u1 M up mapoB mocie ynapa? Yapap
CUMTATh a0COJIIOTHO YIPYTUM, NMPSMBIM, IIEHTPAITBHBIM.

1.24. Mlap maccodi mi1 =3 KIr JABHXKETCA CO CKOPOCTBIO Vi = 2 M/C U
CTaJIKUBACTCSA C TOKOAIMMMCS ImapoM Maccou mp=5 kr. Kakas pabGora Oymer
coBepiieHa mpu naepopmanuu mapoB? Ymap cuutath abCONIOTHO HEYNPYTUM,
MPSIMBIM, IEHTPaJIbHBIM.

1.25. Ompenenutes KIIJI 1y neympyroro ymapa Ooiika wmaccour m1=0,5T,
najaromero Ha cBaro Maccod mp=120 kr. Ilone3HoM cUuTaTh JHEPrulo,
3aTpavyeHHYIO HAa BOMBAHUE CBaM.

1.26. I[lap maccoit mi= 4 Kr OBHIKETCS CO CKOPOCTBIO V = 5 m/C u
CTAJIIKUBACTCA C IIAPOM MACCOM mp=06 KI, KOTOPBIM JABHXKETCS €My
HABCTPEUYy CO CKOPOCTBIO V2 = 2 m/c. OmnpenenuTs CKOpPOCTH Ui H U2
mapoB Mocie yhapa. YJap CUMTaThb aOCOJIOTHO YIPYTUM, MPSIMBIM,

OCHTPAJIbHBIM.
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1.27. V3 cTBOJIa aBTOMATUYECKOT'O MUCTOJIETa BbUIETENA Myt Maccod My = 10T
co ckopocthio V = 300 m/c. 3aTBOp nucrtosnera Maccout my = 200 r npuKUMaeTcs K
CTBOJIy TIPYKUHOM, >KECTKOCTh KoTopoir k=25 kH/mM. Ha kakoe pac crosHHE
OTOMAET 3aTBOp nociie BbicTpena? CUuTaTh, 4TO MUCTOJIET )KECTKO 3aKPEIUICH.

1.28. Illap maccoit mi; = 5 Kr ABWXKETCS €O CKOpocThio Vi = 1 m/c u
CTAJIKUBAETCS C MOKOAIIMMCS apoM Maccoll My =2 kr. OnpeneauTb CKOPOCTH U1
U U IIApOB MOCJE yaapa. Yaap CUUTaTh aOCONIOTHO YHOPYTHM, MPSIMbIM, LIEHT-
paJbHBIM.

1.29. U3 opyaus, HE UMEIONMIET0 MPOTUBOOTKATHOTO  YCTPOMCTRA,
POM3BOJIMIIACH CTpenb0a B TOPU30HTAIBHOM HarpasieHuu. Korpa opynue Obuio
HEMOJIBI)KHO 3aKpEIJICHO, CHAapsA BbUIETEN CO cKopocThio vi= 600 M/c, a xorga
OpYIIUIO JTaJdl BO3MOXHOCTh CBOOOJHO OTKATHIBATBHCS Ha3al, CHapsa BbUIETET CO
ckopocThbio v2 = 580 m/c. C Kakoil CKOPOCTBIO OTKATUIIOCh MPU ATOM Opyaue?

1.30. IIap maccoif m1=2 KI' CTAJKUBAETCS C TMOKOSIIMMCS IIapoM OoJblen
Macchl U npu 3ToM Tepsaetr 40% kuHeTnueckoi sHepruu. OmnpeneauTs mMaccy mp
OoJbIIIeTo 1Iapa. Yaap cuuTaTh aOCOIIOTHO YIPYTUM, MPSMBIM, [IEHTPATbHBIM.

1.31. Ilapuk maccoit m=60 T, NpUBSI3aHHBIA K KOHIY HUTH AauHON (1=1,2 M,
BpaIlaeTcs ¢ 4acToToil Ny = 2¢™, onupasick Ha TOPU3OHTANIBHYIO IIOCKOCTH. HUTH
yKOpauMBaeTcs, MpuOankas mapuk K ocu jao paccrosHus £,=0,6 m. C kakoit
4acToTO# 72 OyJeT mpu »ToM BpamaTthes mapuk? Kakyio paboty A cosepiiaer
BHEIITHSA CUJia, YKOpaduBasi HUTh? TpeHreM Iaprka o IIOoCKOCTh TpeHeOpeyb.

1.32. Tlo kacarenbHON K IIKWBY MaxOBHKa B BHJIE JHCKa IuameTpoM D = 75
cM u maccol m = 40 kr npunoxena cuina F=1 kH. Onpenenuts yriosoe
YCKOPEHHE € U YaCTOTY BpaIlleHUs] # MaxoBHKa uepe3 Bpems t=10 ¢ mocne Hauana
NEUCTBHS CUJIbL, €Cclid paauyc I mkuBa paBeH 12 cM. Cuioil TpeHus IpeHeOpeyb.

1.33. Ha o6onm maxoBuwka aumametrpom D=60 cm HamoTaH mIHYp, K
KOHIy KOTOpPOro MNpHUBSA3aH Ipy3 maccod m=2 kr. OnpeaenauTb MOMEHT
WHEPIMY J MaxOBHKa, €CJIM OH, BPAIIasiCh PABHOYCKOPEHHO IO ICHCTBUEM
CUJIBI TSDKECTH T'py3a, 3a BpeMs t = 3 ¢ mpuoOpest yrioBYyI CKOPOCTh =9

paz/c.
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1.34. Hutb ¢ npuBsi3aHHBIMU K €€ KOHIIaM Ipy3aMu maccaMu m1=50 r u my= 60
I IepeKuHyTa yepe3 0ok nuamerpom D=4 cm. OnpenenuTs MOMEHT MHepUuH J
0JIoKa, ecnu TOoJ JEHCTBUEM CHJIbI TSDKECTH TIPY30B OH THOJY4YWJI YIJIOBOE
yckopenne £=1,5 pan/c’>. TpeHHeM M IIPOCKANb3BIBAHUEM HHMTH II0 OJIOKY
npeHeopeyb.

1.35. CrepxxeHb BpallaeTcsi BOKPYT OCH, MPOXOJAIIECH 4Yepe3 ero cepeauHy,
cornacHo ypaBHeHUI0 @ = At + Bt3, rne 4 = 2 pan/c, B= 0,2 pan/c®. Onpenenurs
Bpalllaloluii MOMEHT M, NEeHCTBYIONIMIA Ha CTEpKEHb uepe3 Bpemsa t=2c mociie
HayaJa BPallCHHUs, €CIIM MOMEHT HHEpIUHK cTepxkHs J=0,048 kr- M2,

1.36. Tlo TOpUBOHTAILHOM TIJIOCKOCTH KAaTUTCSI JUCK CO CKopocThio V =8 m/c.
Onpenenutsb KOd(QPUIIMEHT  COMPOTHUBIICHUS, ecnu JIUCK, Oymyan
NpEeIOCTaBICHHBIM CAMOMY ce0€e, OCTaHOBHIICS, MPOMst MyTh S=18 M.

1.37. Omnpenenutb MOMEHT CWJIbl M, KOTOPBIM HEOOXOJUMO MPUIIOXKHUTH K
OJIOKY, BpaIlarIeMycs ¢ 4acToToi N =12 ¢, 4ToObl OH OCTAHOBUJICS B TEYEHHUE
BpeMenn At=8 c. Jlmamerp Omoxa D=30 cm. Maccy Onoka m=6 Kr CUYUTaTh
PaBHOMEPHO paclpeieieHHOW 10 000.y.

1.38. bnok, umeromuit dopmy aucka Macco m=0,4 Kr, BpamaeTcs IO
JECHCTBUEM CHWJIbl HATSDHKEHUS HUTH, K KOHIIAM KOTOPOM TMOJBEIIEHBI TPY3bl
maccamu m1 = 0,3 kr u mp = 0,7 xr. Onpenenuts CUiIbl HaTsKEHUsT 11 U T2 HUTH
1o 00e CTOPOHBI OJI0Ka.

1.39. K kpato ctona mpukperuieH 010k. Yepes 00K mepekuHyTa HEBecoMmasi U
HEpacTsKUMasi HUTh, K KOHIIAM KOTOPOW MPUKpPEIUIeHbl Trpy3bl. OauH rpy3
JBUKETCS TIO TIOBEPXHOCTH CTOJIA, a IPYTroM - BAOJb BEpTUKAIN BHU3. OnpeenuTh
kodpuimenr f TpeHHs MeXITy MOBEPXHOCTSIMH Tpy3a M CTOJNA, €CJIA MacChl
KOKJOTO Tpy3a M Macca OJOoKa OJWHAKOBBI M TPY3bl JABUXKYTCA C YCKOPECHHEM
a=5,6 m/c?. TIpockanb3bIBaHHEM HUTHU 1O OJIOKY M CHIJION TpeHHs, AeiicTByromeil
Ha OJIOK, mpeHeOpeyb.

1.40. K xoHI]aM JIETKOW W HEPACTSKUMOUW HHUTH, TIEPEKUHYTOW dYepe3 OJIOK,
MOJIBELICHBI TPYy3bl MaccaMu My = 0,2 kr 1 My=0,3 kr. Bo CKOJIBKO pa3 OTINYAKOTCS

CWJIBI, JICHCTBYIOIINE HA HUTH IO 00€ CTOPOHKI OT OJ10Ka, eciiu Macca 6ioka m=0,4
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KT, 2 €ro OChb JBMXKETCS BEPTHKAIBHO BBEPX C yCKopeHHeM a=2 m/c?? Cumamu
TPEHUS U MPOCKAJIb3bIBAHUS HUTHU 1O OJIOKY MTpeHeOpeYb.

1.41. Ompenenutph HanpsKeHHOCTh G TpaBUTAIMOHHOIO MOJS HA BBICOTE
h=1000 kM Hamx mnoBepxHOCThIO 3emiu. CUHMTaTh M3BECTHBIMH YCKOpPEHHE (J
CBOOOJIHOTO TMAJICHUsI Y IOBEPXHOCTH 3eMiiH U ee paauyc R.

1.42. Kakas pabota A OyJeT coBeplleHa CUJIaMU TPABUTAIIMOHHOIO MOJS MPU
najeHud Ha 3emito Tejga Maccoid m=2 kr: 1) ¢ Beicotel h=1000 km; 2) wu3
OECKOHEUHOCTH ?

1.43. V3 OGeCKOHEUYHOCTH Ha TMOBEPXHOCTh 3eMJIM MaJaeT METEOPUT Maccou
m=30 kr. Onpenenuts padboTy A4, KOTOpas Mpu ATOM OyJeT COBEpIlIeHa CHUIaMU
IPaBUTAIIMOHHOTO TOJsA 3eMJid. YCKOpEHHE CBOOOJHOrO maaeHus ¢ 'y
MOBEPXHOCTH 3€MJIU U €€ paiuyc R cuuTaTh U3BECTHBIMH.

1.44. C moBepxHOCTH 3eMJIM BEPTUKAJIBHO BBEPX MYIIIEHA PAKETa CO CKOPOCTHIO
v=>5 km/c. Ha xakyro BBICOTY OHA TTOJTHUMETCS?

1.45. Tlo xpyroBoii opOuTe BOKpYr 3eMiid 0oOpalaercsl CIyTHUK C MEPUOO0M
T=90 mun. Onpeaenuts BHICOTY CIIyTHUKA. Y CKOpPEHHE CBOOOIHOTO MajeHus g y
MOBEPXHOCTH 3eMJIU U €€ paanyc R cuuTaTh H3BECTHBIMHU.

1.46. Ha xakoM pacCTOSHHMH OT IEHTpa 3eMJIM HaXOJUTCS TOYKa, B KOTOPOM
HANPSDKEHHOCTh CYMMAapHOTO TpaBUTalmoOHHOro mons 3emun U JIlyHbl paBHa
Hynto? Ilpunsars, yto Macca 3emnu B 81 pa3 Oosbmie Macchl JIyHBI W 4TO
paccTosiHue OT LeHTpa 3eMiu A0 ueHTpa JIyHsl paHo 60 paguycam 3emin.

1.47. CnytHuk oOpamaeTcsi BOKpYTr 3eMiId IO KPYroBOW OpOMTE Ha BBICOTE
h=520 kM. Ompenenuth nepuoa oOpalIeHUs] CIyTHUKA. YCKOPSHHE CBOOOIHOTO
najieHus § y MOBEPXHOCTU 3€MIIH U €€ paiuyc R cuuTaTh H3BECTHBIMU.

1.48. Omnpenenuth IWHEWHYIO W YIJIOBYIO CKOPOCTH CIyTHHKA 3€MIIH,
oOpararomierocss mo KpyroBoit opoOute Ha BbicoTe h=1000 kM. YckopeHue
CBOOOTHOTO MaIeHHsI § Y TTOBEPXHOCTH 3eMJIH U €€ paauyc R cuuTaTh U3BECTHBIMU.

1.49. KakoBa Mmacca 3emy, e€ciau H3BeCTHO, 4To JIlyHa B TEUCHHE Trojaa

coBepiaet 13 oOpaieHud BOKpYT 3eMJIM U pacCTOsIHUE OT 3emiu 110 JIyHbI paBHO

3,84 -108 m?
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1.50. Bo ckonbko pa3 cpefHsis MJIOTHOCTh 3€MHOI'O BEIIECTBA OTIUYACTCS OT
cpenHel ioTHocTH TyHHOTo? IlpunsaTe, yto paanyc R; 3emnu B 390 pa3 Gonbiie
panuyca R, Jlynsl u Bec Tena Ha JIyHe B 6 pa3 MeHbIIIE Beca Tela Ha 3eMJle.

1.51. Bopna, koTopyro MpokaynBaroT 4yepe3 IrIagKuil NUIAHT, BEIPHIBAETCS U3
HETO0 4epe3 HAaKOHEYHWK, UMEIOIMI momepedHoe cedeHue 35 cm?.  Crpys
HarpasiieHa nog yriaoMm 30° K rOpu30HTY U MOJAHUMAETCs Ha BbicoTy H=4,8 M Haj
BBIXOAHBIM OTBepcTueM. [lomarommii HUIaHr Hacoca MOrpyX eH B OO0JbIION
pe3epByap, YPOBEHb BOJbI B KOTOpoM Ha h=2,4 M HIKEe ypOBHS OTBEPCTHS B
HakoHeuyHuke. Omnpenenutb, KaKyld MOLIHOCTb  MOTPEOIsieT OT  CeTu
ANEKTPOABUTaTElb, TPUBOIAIIMN B AEHCTBUE UCIIOIB3YEMbIH HACOC, €CIIM OOIIUI
KIIJ] nHacoca c sanexkrpoasurarenem n=60%.

1.52. Crtpys Bonmbl auameTpoM 2 cM, ABWXKYyHIasica co ckopocteio 10 wm/c,
ylapsieTcsi O HEMOABMKHYIO IUIOCKOCTh, MOCTaBJICHHYIO MEPHEHAMUKYISIPHO K
ctpye. OnpenenuTs CUily JaBleHUsl CTPYU HA MIIOCKOCTh, CUUTAsA, YTO MOCTE yaapa
0 IJIOCKOCTh CKOPOCTh YaCTHUIL BOJbI paBHA HYIIIO.

1.53. KyOGuk wu3 OmHOpPOAHOTO MaTepuana, HaXOASAIIMICI B JKHUIKOCTH,
BCIUIBIBAET C MOCTOSIHHOW CKOPOCThIO. [ImoTHOCTH *)uakocTu B 3,5 paza Oomblie
IUIOTHOCTH Marepuana Kyouka. OmnpenenuTh, BO CKOJIBKO pa3 Cujia TPEHHS,
JEeHCTBYIOIIAs HA BCIUIBIBAIOIINI KyOHK, OOJIBIIIE Beca 3TOro KyOuKa.

1.54. B cocya HenpepbIBHO JILETCS CTPYs BOJABI U3 KpaHa BOJIOIpoBoAA. 3a Ic
nHanusaercs 0,3 11 Boabl. KakoB nomxeH ObITh AMAMETp OTBEPCTHUS B JHE COCYa,
4TOOBI BOJIa B HEM JIepKajlach Ha MOCTOSSHHOM ypoBHE, paBHOM 10,5 cm?

1.55. Iununap Hacoca umeer auamerp 20 cM. B HeM nBukercs
HOPIIEHb CO CKOPOCThIO 1 M/C, BBITAJIKUBAIOLIUI BOAY Uepe3 OTBEPCTHE
auameTpoM 2 cM. OnpenenuTs CKOPOCTh BBITEKAHMS BOJBI U JaBJICHUE
BOJIbI B IMJIMHJIPE HAcoca.
1.56. Teno, magast B BOj€ M3 COCTOSHUA MOKOS, MPOLUIO MyTh S 3a Bpems t
OnpenenuTs MJIOTHOCTh TEJla, CUUTAsl CHIIy CONPOTUBIEHHUS BOJABI MOCTOSIHHOW U
MEHBIIIEH IEMCTBYIONIEH Ha TEJIO CHIIBI TSIXKECTH B N pas.

1.57. Tnagkuii pe3wHOBBIM IWIHYp, MiIuHA KoToporo { u Kod(huuueHt
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ynpyroctu K, moxBemeHn ogHuM KoHIIOM K Touke O. Ha apyrom koHie umeercs
ynop B. U3 touku O HaumHaeT cBOOOAHO manath myprta A maccoit m (puc. 2).
[IpeneOperass Maccoii mHypa U ymnopa, ONpeAeUuTh MAaKCUMAaJIbHOE PACTSKEHHE
HIHYypa.

1.58. Ompenenuth CKOPOCTh BbUIETA IIapUKa Maccod 15 r U3 NpyXUHHOTO
MUCTOJIETa, SCIIA MPYXKKHA OblIa cokata Ha Al= 6 cM U ee )xecTkocTh kK= 180 H/m.

1.59. BepxHuii KoOHEl MNPOBOJIOKH JIMHONW {, 3aKperuieH, a K HUWKHEMY
MOJBEIIEH T'PYy3 Maccod M, MoJ JeWCTBUEM KOTOPOTO MPOBOJIOKA YUIMHSETCS Ha
BenuuuHy AL. OnpenenuTs M3MEHEHUE MOTEHIMATbHOW YHEPTUM MPOBOJIOKU U
rpysa.

1.60. Bepxuuii KOHEIl METAUIMYECKOTO CTEpXHsA 3akperuieH. K HumkHeMy
IPUIOKEHA Tapa CHJI, MOMEHT KoTopoii paBeH 102H-m. VYron 3akpyuuBaHus
crepkas 5°. OnpenenuTh MOCTOSHHYK KPYYEHHUS M TOTCHIIMAIBHYIO SHEPTrHUIO
1e(OpMHUPOBAHHOTO CTEPIKHS.

1.61. Omnpenenuth CPEeHIO KMHETHYECKYIO SHEPTUIO BPAIATEIbHOTO JIBUKECHHUS
OJIHOM MOJIEKYJIbl JIByXaTOMHOTO Ta3a, €ClM CyMMapHas KWHETHYecKas >HEeprus
MOJIEKYJI OJTHOTO KWJIOMOJISI 3TOro ra3a paBHa 6,02 M/[x.

1.62. CkobKO MOJIEKYJT BOJIOPO/Ia HAXOAUTCS B COCYE BMECTUMOCTBIO 2 JI, €CIIN
CpedHsisi KBaapaTU4yHasi CKOpPOCThb NBWkKeHHS Mojekyn 500 m/c, a naBineHue Ha
crenku cocyna 103 ITa?

1.63. Haiitu cpenHiO KHHETUYECKYIO0 SHEPTHI0 BpaIIaTeIbHOTO JIBMKCHHS
BCEX MOJIEKYJ, coaepxamiuxcsa B 0,25 r Bogopoaa npu temnepatype 13 °C.

1.64. JlaBnenue nneansHoro rasa 2 mlla, koHuenTparms monekyn 2¢10° cm=,
OnpenenuTh CpPEeOHIO KUHETUYECKYI0 JHEPrUi0 IMOCTYNATEIbHOTO JIBUYKECHUS
OJIHOW MOJIEKYJIbl U TEMIIEpaTypy rasa.

1.65. Onpenenuth cpenHre 3HAYEHUS TOJHONW KHHETUYECKOW SHEPTUU OIHOMN
MOJIEKYJIbl HEOHA, KUCJIOPO/Ia U BOJISTHOTO Tapa npu temmepatrype 600 K.

1.66.Cpennsisi KMHETUYECKAs SHEPrHsl TOCTYMATELHOTO JIBIDKEHHMS MOJIEKYJN Tra3a
paBHa 5 * 10 2 JTx. Konnentparus monekyi 3 ¢ 10%° em™, Onpenermurs naBnenue rasa.

1.67. B cocyne BMectumocThio 200 cM® HaxouTes ras npu Temmneparype 47 °C. W3-
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32 yTeukd rasa u3 KoiObl mpocoumnoch 1071 momekyn. Hackonabko CHH3HIOCH
JaBJICHUE rasa B cocyae?

1.68. CkonbKO MOJEKYN ra3a HaXOIUTCS B COCyJl€ BMECTUMOCTBbIO 1,5 1 mpu
HOPMAaJIbHBIX YCIOBUSX?

1.69. Onpenenuth KOHIICHTPAIIMIO MOJIEKYJ HI€aIBHOIO raza mpu TeMiepaTrype
450 K u naBaenun 1,5 MlIIa.

1.70.0npenenuth TeMIepaTypy HIeadbHOTO rasza, €Clid CPEIHss KMHETHYeCKas
SHeprys NOCTYNATENLHOrO ABMKEHHs ero Monekyn 3,2 x 1020 JTx.

1.71. B cocyae Bmectumocthio 10 51 Haxomutcs 2 r kuciopoaa. OnpenenuTh
CPEIIHION JJIMHY CBOOOIHOTO MpoOera MoieKyJl.

1.72. OnpenenuTh CPeAHIOK JUIMHY CBOOOJHOIO MpoOera MOJICKYJ a30Ta, €CIu
JIOTHOCTB paspexkenHoro rasza 0,9 « 10° kr/m®,

1.73. Tlpu kakoMm [daBIIGHWW CPEIHSAS JJIMHA CBOOOJHOTO IMpoOera MOJEKYII
Kuciopoja paBsHa 1,25 M, eciau temnepatypa raza 50 °C?

1.74. BpbuCIUTh CpPEIHIO JUIMHY CBOOOIHOrO MpoOera MOJEeKYI
Bo3yxa 1pu gasiaeHnu 1+10° ITa u remnepaType 10 °C.

1.75. Tlo ycnmoBuro MpeapIAyIIe 3agaud BbIUUCIUTH KodDdumment muddy3uu
BO3/yXa.

1.76. Bo ckompko pa3z kodbhdurment auddy3rmn Mojekysl Bojopona Oolblie
kodhduimenta auddy3un  Momekyn azora? Temmeparypa UM JIaBJCHHE Ta30B
OJIMHAKOBbIE.

1.77. CKOIbKO COyAapeHUil B CEKYHAY B CPEIHEM HCIBITHIBAIOT MOJEKYJIbI
a30Ta, HAXOSIIIIHUECS P HOPMATBHBIX YCIOBUIX?

1.78. Onpenenuth KOIPPUIMEHT BHYTPEHHETO TPEHUS YTJCKUCIIOTO Ta3a MpH
temnepatype 300 K.

1.79. Cocyn BMecTtuMocThIO 10 11 comepkuT Bojopoa maccoi 4 1. OnpenenuTthb
CpEIIHEE YHCIJIO COYIaPEHUN MOJIEKYJ B CEKYHY.

1.80. Koa(purmeHT BHYTPEHHETO TPEHHS KUCTIOPOa MPH HOPMAIbHBIX YCIOBHIX
1,91 « 10 * xr/(mec). KakoBa cpemHssi IJaMHA CBOOOJHOIO IpOOEra MOJEKYII

KHUCJIOPOJIa MPH 3TUX YCIOBUAX?
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1.81. IIpu kakoM MpOIECCE BBHITOAHEE OCYIIECTBISTh PACIIUPEHHUE YIIICKUCIIOTO
raza: aJuadaTHOM WM W30TEPMHUECKOM, €Cli O0BheM yBeIW4MBaeTcs B 2 paza?
HauanpHas TemnepaTypa B 000UX cllydasix OJIMHAKOBA.

1.82. Haiitu paboTy M W3MEHEHHE BHYTPEHHEH 3Hepruu mpu
aarabaTHOM PACIIUPEeHUU | KT BO3/ayXa, €CH €ro 00beM YBEITUMYWIICS
B 10 pa3. HauansHas Temneparypa 15 °C.

1.83. Onpenenuth KOIMYECTBO TEIUIOTHI, cooOmeHHoe 20 T a30Ta, eCiu OH
obu1 Harper ot 27 po 177 °C. Kakywo paboTy Mpu 3TOM COBEpPUIMT ra3 U Kak
U3MEHUTCS €T0 BHYTPECHHSIS SHEprus?

1.84. Bo ckombko pa3 yBenuuutTcss oO0beM 1 Monisi  Boaopona IpH
M30TEPMHUUYECKOM paclIupeHuu mpu Temmeparype 27 °C, ecnu mpu 3ToM Oblia
3aTpaueHa TerioTa, paBHas 4 kJx.

1.85. Boopo, 3aHuMaronuii o6beM 5 11 ¥ HaxoAsmuiics noa nasieHnem 10°
[la, agnabatHo cxar no0 obobema 1 s Haiitu pabGory cxatus ¥ HU3MEHEHHUE
BHYTPEHHEW SHEPTUU BOJOPO/A.

1.86. I'a3, 3anumaromuii o0bem 20 1 mox nasineHuem 1 Mlla, Gpi1 M300apHO
Harpet ot 323 o 473 K. Haiitu paGoTy pacimupeHus rasa.

1.87. Tlpu narpeBanuu 1 kmoms azora Owuio mepemano 1000 [k TEIUIOTHI
Onpenenuts pabOTy pacHIMPEHUs MPU MTOCTOSHHOM JaBICHHUH.

1.88. Omnpenenuth, Kakoe KOJUYECTBO TEIUIOTHI HEOOXOIUMO COOOIIUTH
yriaekuciaoMmy razy maccoit 220 r, ytoObl Harpeth ero Ha 20 K: a) npu noctossHHOM
o0bemMe; 0) MpH IMOCTOSTHHOM JIaBJICHHH.

1.89. Kakoe KonMm4ecTBO TEIIOTHI HYKHO COOOHIUTH | KMOJIO KHCIOpPOJa,
qT00BI OH coBepmmi padoty B 1000 JIk: a) mpu M30TepMHUUYECKOM Tporiecce; 0)
pu u3o00apHoM?

1.90. Azor Maccoli 2 Kr, Haxoasuuics npu temmneparype 288 K, cokumaror: a)
n3oTepMuuecky; 0) anmabatHO, yBenuuuBas nAasieHue B 10 pa3. Omnpenenutsb
paboTy, 3aTpadyeHHYIO Ha C)KAaTHUE Ta3a, B 000X Clydasx.

1.91. JIen maccoti 100 T, Haxoasmuiics mpu Temreparype -30 °C, mpeBpariaercs B

nap. OnpeaennuTe U3MEHEHUE SHTPOIIUU IIPH 3TOM.
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1.92. Kenezo maccoit 1 xr mpu temmeparype 100 °C HaxoauTcs B TEIUIOBOM
KOHTAaKTe C TakuM ke KyckoM skene3a mpu 0 °C. Uemy OyneT paBHO HM3MEHEHHE
DHTPONUM NpPU AOCTYKEHUM paBHOBecHOW Temmeparypsl 50 °C? Cuutarh, 4TO
MOJISIpHas TEIJIOEMKOCTh kefe3a paBHa 25,14 JIx/K.

1.93. Bomopon maccoit 10 r m300apHO pacmmpsieTcsi, IpU 3TOM OOBEM €ro
yBenuuuBaeTca B 2 paza. Onpenenuts W3MEHEHHE SHTPOINMHU BOAOPOJA MPHU 3TOM
nporecce.

1.94. Onpenenuts M3MEHEHUE SHTPOIUU, MPOUCXOASIIEE P CMEIIMBAHUU 5
KI' BOJbI, Haxoxasuieics npu temmneparype 280 K u 8 Kr Boabl, HaXOAAUIENHC TIPU
temnepatype 350 K.

1.95. O0bem renusi, Macca KOTOPOTO COCTABISIET 2 KI, YBEITUUMJIICS B
5 pa3: a) uzorepmuuecku; 0) anguadatHo. KakoBo M3MEHEHHE IHTPOIUU B
ATUX cllydasax?

1.96. OnpenenuTh W3MEHEHWE OSHTpONMUU | MOJS MICAILHOTO Tra3a IpH
M30XOPHOM, NU300apHOM U U30TEPMHUYECKOM MPOIECCaX.

1.97. Onpenenutb U3MEHEHUE SHTPOIUU 4 KI' CBUHIIA MPU OXJIAXKIACHUHU €r0 OT
327 no 0 °C.

1.98. Haittu uzmenenue sHTponuu npu HarpeBanuu 1 xr Boasl ot 0 g0 100 °C
¥ TIOCTIEYIOIIEM MPEBPAIICHUH €€ B ap MpH TOM Ke TeMIeparype.

1.99. Kak wu3MeHHTCS OHHTpONMS NpU H30TepMuUdeckoMm pacmmpenun 0,1 kr
KHCJIOPOJIa, €CJIH IPU TOM 00beM ero u3MeHuTes ot 2,5 1o 10 1?

1.100. OnpenenuTh U3MEHEHHE PHTPONUM TpU m300apHOM HarpeBanuu 0,1 kr
azora ot 17 no 100 °C.

1.101. /IBa 3apsima HaxXoOAATCS B KEPOCHHE Ha pacCTOSTHUU | cM Jpyr OT
Apyra U B3aUMOJAEUCTBYIOT ¢ cwior 2,7 H. BenuumHa ogHOro 3apsna B TpU pasa
Oonpiie, yem npyroro. OnpeneianTs BETUYUHY KaXI0TO 3apsiaa.

1.102. JIBa ToueUyHBIX 3apsaa, HaXoasich B Boae (€1 = 81) Ha paccrosauu {
IpyT OT Jpyra, B3aMMOJCHCTBYIOT C Hekoropor cwioi F. Bo ckompko pa3
HEOOXOJIUMO  YMEHBIIUTh  PACCTOSIHUE  MEXKJIYy  HHUMH,  4YTOOBl  OHHU

B3aMMO/ICMCTBOBAJIN € TAKOM K€ CHUJION B BO3AyXe?
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1.103. [lpa mapWka OJMHAKOBOIO 00ObeMa, obnajzaromme maccoi 6 -+ 104 r
KaXXIbIH, TIOJIBEIICHBI HA MIEIKOBBIX HUTSX JIMHON 0,4 M Tak, 4TO WX MOBEPXHOCTH
COIIPUKACAIOTCA. YTOJd, Ha KOTOPBIM Pa30LUIMCh HUTU MPH COOOLIEHUM IIApUKaM
OIMHAKOBBIX 3apsnoB, paBeH 60°. Haiftu BennuuMHy 3apsgoB U CHIY
AIIEKTPOCTATUYECKOTO OTTAIKUBAHUS.

1.104. B yrmax npu OCHOBaHMM PaBHOOEAPEHHOI'O TPEYroJibHUKa ¢ OOKOBOM
CTOpoHOM § cM pacnonoxkeHsl 3apsaasl Q1 u Q2. OnpenenauTs cuity, 1eUCTBYIONIYIO
Ha 3apsan BennuuHoM 1 HKI, moMenieHHbI B BEpLIMHE TPEYroibHUKA. YTOJ MPHU
BepiuHe 120°. Paccmotpets ciyudaii: a) Q1 = Q2 =2 uKir; 6) Q1 = -Q2 =2 uKu.

1.105. /IBa paBHBIX OTpHUIATENbHBIX 3apsiaa no 9 HKn kaxaplii HaxoAsTCS B
BOJIE HA paccTosHUU § cM Jpyr oT aApyra. Onpenenutbs HaNps>KEHHOCTh U
NOTEHIIMAJ TOJISl B TOYKE, PACIIONIOKEHHONW Ha PACCTOSSHUM 5 CM OT 3apsiJI0B.

1.106. /IBe OeckOHEYHO JUTMHHBIE PABHOMEPHO 3apsKEHHbIE HUTH C JTMHEHMHON
IJIOTHOCTBIO 3apsanoB 6 - 10° Kn/M pacnosnoxkensl Ha pacctostHud 0,2 M JpYr OT
napyra. HailTh HanpsoKeHHOCTh  AIIEKTPUYECKOTO TIOJs, CO3JAaHHOTO B TOYKE,
yaaieHHo# Ha 0,2 M OT KaXJ10¥ HUTH.

1.107. JlBe mnapasuieibHbIE METAJUIMYECKUE IIJIACTHHBI, PACIIOJNIOKEHHBIE B
nuIeKTpuKe (€ = 2,2), 001a1al0T OBEPXHOCTHOM MIIOTHOCTHIO 3apsia 3 u 2 MkKi/M?,
OnpenenuTs HANPsSHKEHHOCTh W MHAYKIMIO — AJIEKTPUYECKOTO MO MEXIy
TUIACTUHAMH U 3a MpeJieJaMu MTPOCTPAHCTBA MEXKITY HUMHU.

1.108. B Bepmmnax kBaapaTa co ctoponoit 0,1 m momemiens! 3apsas mo 0,1
HK1 kaxaenii. OnpeaenuTs HAPsHKEHHOCTh U MOTSHITMAN TOJI B IIEHTPE KBaapara,
€CJIM OJIMH U3 3apsA0B OTINYACTCS 1O 3HAKY OT OCTAJIbHBIX.

1.109. TIIpocTpaHcTBO MEXIy MABYMsI TMapajljIeIbHBIMH OECKOHEYHBIMU
IJIOCKOCTSIMU C HOBEPXHOCTHOM MIIOTHOCTBIO 3apsnoB +5-10 B Kn/m? u -9 - 108 Kn/m?
3aIoJIHEHO CTEKJIOM. OmNpenenuTh HANPsSHKEHHOCTh TOJIS: a) MEXKAY TUIOCKOCTSIMMU;
0) BHE TIIOCKOCTEH.

1.110. 3apsimer mo 1 HKIT KakapIii MOMENIEHBI B BEPIIMHAX PABHOCTOPOHHETO
TpeyrojbHuka co ctopoHor 0,2 M. PaBHOmeWCTByromias Cwil, JICUCTBYIOIIUX Ha

YETBEPTHIA 3aps]l, MOMELICHHBIA B CEPEIMHE OJHOM W3 CTOPOH TPEYrOJIbHUKA,
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paBHa 0,6 MxH. OnpenenTh BEIUYUHY 3TOTO 3apsijia, HAPSKEHHOCTh U MOTEHIIHAI
MOJISl B TOUKE €r0 PACIONI0XKECHUS.

1.111. Touweunsle 3apsael Q1 = 20 mxKn, Q.=-10 mxKn nHaxonarca Ha
paccrositauu d = 5 cM Apyr ot apyra. OnpeaeuTh HaNPsKEHHOCTh MOJI B TOYKE,
YIAJIEHHOW Ha 1 = 3 OT NEPBOTO U Ha I = 4 ¢cM OT BTOPOTO 3apsana. OnpenennTtsb
Taoke cuty F, aeiicTByromyro B 3Tol Touke Ha ToueuHblid 3apsn Q=I mxK.

1.112. Tpu ogmHakoBBIX ToUeUHBIX 3apsaaa Q1 = Q2 =Qz = 2 uKun Haxonarcs B
BEpIIUHAX PABHOCTOPOHHErO TPEYroJibHUKA cO cTopoHamu a=10cMm. Onpenenutsb
MOAYJb U HamlpaBjeHUE CUIIbI F, MelcTByIOIIEH HA OJUH W3 3apsA0B CO CTOPOHBI
JBYX IPYTHX.

1.113. JIBa TMOJOXMUTENbHBIX TOUEYHBIX 3apsiga Q wu 9Q 3akperieHbl Ha
paccrositauu d= 100 cm apyr ot apyra. OnpenenuTb, B KaKOH TOYKE Ha MPSIMOM,
POXOMASAIIEH Yepe3 3apsibl, CIeAyeT MOMECTUTh TPETHUW 3aps] Tak, 4TOOBl OH
HaXOAWICS B paBHOBECHM. YKa3aTh, KaKOW 3HAK JOJDKEH MMETh STOT 3apsjl JUIs
TOr0, 4YTOObI paBHOBECHE OBLJIO YCTOWYUBBIM, €CIU TIEPEMEIICHUS 3apsI0B
BO3MOKHBI TOJIBKO BJIOJIb TIPSIMOM, MPOXOASIIEH Yepe3 3aKperIeHHbIE 3apsibl.

1.114. JIa oAMHAKOBO 3apsDKEHHBIX IIapUKa IMOJBEIIECHBI B OJHOM TOYKE Ha
HUTSX OJUHAKOBOW JvHBI. [Ipy 3TOM HuTHM paszouumchk Ha yroia a. [llapuku
norpy»atot B Macio. KakoBa IJIOTHOCTh P Maclia, €Clii YToJl PacXOKIEHUs HUTEH
Opu TOTPY)KEHHH B Macjo ocTaercs HeusMeHHbIM? [ImoTHOCTh MaTepuaina
mapukoB Po== 1,5-10° kr/m3, nuonexrpuyeckas npoHUIaeMocTh Macna € = 2,2,

1.115. Yetwipe ogmHakoBbIX 3apsga Q1=Q2=Q3=Qs =40 xHiu 3akpernieHsl B
BEpLIMHAX KBajpaTa co ctopoHoi a=10cM. Haiitu cuny F, nelicTByroniyto Ha OJuH
U3 3THX 3apsiI0B CO CTOPOHBI TPEX OCTAJIbHBIX.

1.116. Toueunsie 3apsapl Q1=30 mMxKn m Q.= -20 mxKn Haxomarcs Ha
paccrosaun  0=20cm apyr ot gpyra. OnpeneiuTts  HaNPsHKEHHOCTH
anektpuyeckoro noyst E B Touke, yJadeHHON OT MEPBOro 3apsiia Ha pacCTOSHUE

ri= 30 cm™, a oT BTOpOro - Ha I = 15 cm.

57



1.117. B BepmmHax NOpaBWIBHOIO TPEYrojdbHUKAa cO CTOpoHOM a=10cm
HaxonsTcs 3apsaasl Q1=10MkKUI, Q2 =20 MmxKn u Qs = 30 MxKi. Onpenenuts cuity
F, neiictBytomryto Ha 3apsg Q1 CO CTOPOHBI ABYX APYTUX 3apsiJIOB.

1.118. B BepmnHax KBajpaTa HaXoJATCsl OJUHAKOBBIE 3apsaabl Q1 = Qo= Q.=
Q4=8-10 1% Ku. Kakoii orpuuaTenbHbiii 3apsag Q HYXHO NMOMECTHTH B IIEHTPE
KBajpaTa, 4TOObI CHUJIa B3aUMHOI'O OTTAJIKUBAHMS TOJIOKUTEIBHBIX 3apsioB Oblia
ypaBHOBEIIIEHA CUJION MIPUTSKEHUsI OTPUIIATEIILHOTO 3apsijia?

1.119. Ha paccrosiuuu d = 20 cM HaxoJsaTCs Ba TOYeUHBIX 3apsaa: Q1 = -50
HKi 1 Q=100 K. Onpenenuts cuny F, neiictByromryto Ha 3apsan Qs =-10 uKo,
yJIaJICHHBIN OT. 00OMX 3apsI0B Ha OJMHAKOBOE paccTossHue, paBHoe d.

1.120. Paccrosiaue d mexay nBymst TouednbiMu 3apsaamu Q1 = 2 uKit, u Q2 =
4 uKn, paBao 60 cMm. OnpenenuTs TOYKY, B KOTOPYIO HY)KHO TMOMECTUTh TPETHH
3apsin Qs Tak, 94TOOBI CHCTEMa 3apsJIOB HaxoAWJIach B paBHoBecuu. OnpeneauTh
3apsan Q3 M ero 3HaK. Y CcTOM4MBOE WM HEYCTOHYMBOE Oy/eT paBHOBecHe?

1.121. TIeumnka maccoii 8 -10%° xr ynepkuBaercs B pPaBHOBECHH MEXITY
TOPU3OHTAJIBHO  PACIONOKEHHBIMH  OOKJIAaJIKaMHd  IJIOCKOTO  BO3IYLIHOTO
KOHJIeHcaTopa. PazHocTh moTeHIManoB Mexay oOkimaakamu 49 B, a paccrosiHue
mexny Humu 1 cm. OmnpeneiauTb, BO CKOJBKO pa3 3apsAl NBUIMHKA OOJIbIIIe
AIIEMEHTAPHOTO 3apsi/ia.

1.122. 3apsin, paBubiii 1 HKII, mepeHOCUTCS B BO3AyXe U3 TOUKH, HAXOSIIEHCS
Ha paccTOosTHUU | M OT GECKOHEYHO JJIMHHOW, PAaBHOMEPHO 3apsHKEHHOW HUTHU, B
TOYKYy, Haxomsmlytocs Ha paccrossHuu 10 cm ot Hee. Ompenenuts paboTy,
COBEPILIAEMYIO MPOTUB CUJI MOJIs, €CJIM JIMHEHAs TJIOTHOCTh 3apsia HUTH paBHa 1
MKK1/m.

1.123. 3apsn passbiii 1 1K mHaxoautes Ha paccrostHuu 0,2 M OT OECKOHEYHO
JUIMHHOW PAaBHOMEPHO 3apsHKCHHOM HUTH. llox naercTBMEM MOJA HUTH 3apsil
nepememiaercs Ha 0,1 m. OnpenenuTs JUHEHHYIO IUIOTHOCTH 3apsiia HUTH, €CIH
pabota cwi o paBHa 0,1 Mx/[x.

1.124. 3apsan, paBubeiii 1 K3, mepeHocHTCs M3 OECKOHEUYHOCTH B TOUKY,

HaXOJSIIYIOCS HA PACCTOSHUM 1 CM OT IMMOBEPXHOCTH 3apsKEHHOTO I1apa pagnycoM
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9 cm. IoBEpPXHOCTHAS ILIOTHOCTH MOJOXKHUTENBHOrO 3apsma pasHa 110 4 Kiw/m?,
OnpenenuTs COBEpUIAEMYIO IPU ITOM padoTy.

1.125. Kakyto paboTy HaJl0 COBEPIIUTh, UTOOBI 3apsaabl, paBHble 1 u 2 HKUI,
¢ paccrosinus 0,5 M cOnusmnuce 10 pacctosiHus 0,1 m?

1.126. 3apsan -1 vKn nepemectuics B mone 3apsaa +1,5 vKn u3 Touku c
noteHuanioM 100B B Touky ¢ nmorenmmanom 600 B. Onpenenuts paboTy CHUII TOJIS U
PacCTOSIHUE MEXy dTUMU TOYKAMHU.

1.127. B mone OeCKOHEYHOW PABHOMEPHO 3apsDKEHHOM IUIOCKOCTU C
IOBEPXHOCTHOH MIIOTHOCTHIO 3apaza 10 MxKn/mM?> m3 ToukM, Haxojsmieiica Ha
paccrossauu 0,5 M OT Hee, nepeMentaetcs 3apsan. OnpeaenuTs ero BEJIMYUHY, €CIIU
IIpU 3TOM coBeplinaercsa padora, paBHas 1 m/[x.

1.128. 3apsn Ha KaxaAOM U3 JBYX IOCJIEIOBATEIILHO  COCAMHEHHBIX
KOHeHcaTopoB eMKOCThi0 18 m 10 mMx® paBen 0,09 vKn. Onpenenuts eMKOCTb
Oaraped KOHJIEHCATOPOB M HaMNpsDKEHHE Ha OTOM OaTapee M Ha KaXIOM
KOHJICHCATOpe.

1.129. Bpluucinuth €MKOCTh OaTapeu, COCTOSIIEH M3 TpeX KOHIEHCATOPOB
eMKOCThIO 1 MK®D KaxKIIbIi, TPH BCEX BO3ZMOXKHBIX CIIyUYasiX UX COCAUHEHHUS.

1.130. K omHO# 13 00KIaI0K IUIOCKOTO KOHJEHCATOpPA MPHUJIETraeT CTEKIITHHAS
IIocCKomapajiienbHas IiactuHa (€1=7) tommuHoM 9 w™M. Ilocine TOoro kak
KOHJICHCATOP OTKJIIOYMJIM OT UCTOYHHMKA HanpspkeHus 220 B 1 BBIHYJN CTEKIISTHHYIO
IUTACTUHY, MEXIy OOKIaJKaMH YCTAaHOBWJIACh PAa3HOCTh MOTeHHHaioB 976 B.
Ornpenenuts 3a30p MEKIY 0OKIaAKaMU KOHJEHCATOPA.

1.131. TIeimmaka maccoit M=200 Mkr, Hecymas Ha cebe 3apsn Q=40uKu,
BJIETE€NIa B DJJEKTPUUYECKOE II0JIE B HampaBieHUWU CWIOBBIX JmHMM. [locne
npoxoxaeHuss pazHoctu noteHuuanoB U==200B B mnbUIMHKa HMeNa CKOPOCTH
v=10 M/c. Onpeaenutb CKOPOCTh Vo MBUTMHKH JI0 TOTO, KaK OHA BJIETENa B TOJIC.

1.132. DnexTpoH, obnagaBmwii KuHETHYecKoi sHeprueit T=10 3B , Bueren B
OJHOPOJHOE AJCKTPUYECKOE MOJIE B HAMPABJICHUM CUJIOBBIX JUHUN MmoJist. Kakoi
CKOpDOCTBIO Oyner o00ianath SJIEKTPOH, MpoWass B 3TOM TIOJIE Pa3HOCTb

norennuaiios U=8 B?
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1.133. Haiitu ortnomienue ckopocreit woHoB Cu'" wu K', mnpomiemmmx
OJINHAKOBYIO Pa3HOCTh MOTEHIIUAJIOB.

1.134. Dnextpon c sneprueit T=4003B (B O€CKOHEUHOCTH) ABMXKETCS BIOJIb
CUJIOBOM JIMHUU 110 HAIIPABJICHUIO K IOBEPXHOCTH METAJUIMYECKON 3apsyKEeHHOU
coepsl paguycom R=10cMm. OnpenenuTs MUHUMAIbHOE PACCTOSIHUE @, HA KOTOPOE
MPUOIM3UTCS JIEKTPOH K TOBEPXHOCTH cephl, eciu 3apsa ee Q=-10 K.

1.135. DnexkTpoH, mpoias B IUIOCKOM KOHJIEHCATOpE IyTh OT OJHOU
IJIACTHHBL [0 JApYyroi, mpuobpen ckopocts V=10° wm/c. Paccrosnue Mexmy
miactuHamu d=8 mm. Haiitu: 1) paznocts noreHnuanoB U Mexay miiacTUHAMU; 2)
MOBEPXHOCTHYIO MJIOTHOCTh 3apsiia O Ha TUIACTUHAX.

1.136. Ilsummaka Maccoit M=5 Hr, Hecymas Ha cebe N=1031eKTpOHOB,
Opoluia B BaKyyMe YCKOpSIOUIyl0 pa3HocTh mnoteHiuaioB U=IMB. Kaxkosa
kuHetnueckas sueprus T nputnaka? Kakyio ckopocTs V mproOpesna nbUTMHKa?

1.137. Kaxoifi MHUHUMAaNbHON CKOPOCTBIO Vmin JOJDKEH 00JafaTh IMPOTOH,
4TOOBI OH MOT JOCTUTHYTh MOBEPXHOCTH 3apsKEHHOTo 10 noteHuuana @=400 B

MeTaJUIn4ecKoro mapa (puc. 7)

(R 3R

puc.7

1.138. B omHOpoaHOE 3JIEKTpUYECKOE ToJie HampsbkeHHocThio E=220 B/Mm
BJIETAaeT (BAOJb CUIIOBOW JIMHHUH) DJIEKTPOH CO CKOPOCThIO Vo=2Mwm/c. Onpeaenutb
pacctostHrie {, KOTOpOE€ MPOWIET SJEKTPOH JO TOYKH, B KOTOPOH €ro CKOPOCTh
OyZeT paBHA MMOJOBUHE HAYATBHOM.

1.139. DnekTpuyeckoe IO0je CO3/1aHO OSCKOHEUHOH 3apsDKECHHON IpsSMOi
JUHUEH ¢ paBHOMEpHO pactpeaeneHHbM 3apsaoM (=10 aKn/m). Onpenenutsb
KMHETHUYECKYI0 JHEepruto T, »iaekTpoHa B TOYKe 2, ecim B TOouke | ero

kuHetnueckas sHeprusa T1=200 3B. Puc. 8.
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1.140. DnexTpoH JBMXKETCA BIOJb CHIOBOM JIMHUM  OJHOPOJHOIO
AJEKTpUYECKOro mois. B HekoTtopol Touke mons ¢ mnoreHnuaioM @;=100 B
ANEKTPOH HMeNl cKopocTh Vi=6Mwm/c. Onpeaenutb NOTEHUHANT Q2 TOYKU OIS,
JOWUJIA 10 KOTOPOU 3IEKTPOH MOTEPSET MOJIOBUHY CBOEH CKOPOCTH.

1.141. B MeHOM IIPOBOJHMKE CEYEHUEM 6 MM? M JUIMHOM 5 M TeueT Tok. 3a 1
MUH B NpOBOAHUKE BbiAensercs 18 [k Termmorel. OnpeaenuTh HaNPsSKEHHOCTh
10JIs1, TUIOTHOCTH M CHITY TOKA B POBOJIHUKE.

1.142. Buytpennee comnpotuBieHue akkymynstopa 2 Owm. [lpu 3ambikanuu
€ro OJHUM pE3UCTOPOM CHJIa TOKa paBHAa 4 A, TpU 3aMBIKAaHUU JPYTHM
pesuctopoM - 2 A. Bo BHemHe# 1enu B 000MX CiIy4asix BBIIEISETCS OJMHAKOBAs
motHOcTh. Onpenenuts AC akKymMynsaTopa U BHEIIIHUE COMTPOTUBIICHUS LIETICH.

1.143. DJIC OGarapeu paBHa 20 B. KosdduunmeHt mnonesHoro aencTBus
Oatapen coctaBiusier 0,8 mpu cuime Toka 4 A. UeMy paBHO BHYTpPEHHEE
COTPOTHUBIICHHE OaTapen?

1.144. Cuna toka B pe3uctope comnpotuBieHnemM 10 Om 3a 4 ¢ JIUHEWHO
Bo3pactaer or 0 1o 8 A. OnpeaenuTh KOJWYECTBO TEIUIOTHI, BBIJACIUBILICHCS B
pe3ucTope 3a nepsbie 3 C.

1.145. barapess cocTOUT U3 5 MOCIEAOBATEIbHO COEIUHEHHBIX AJIEMEHTOB.
Buytpennee conpotusnenue u J/JC xaxgoro 0,3 Om u 1,4 B cooTBeTCTBEHHO.
ITpu xaKoM TOKe IoJIe3Has MOIITHOCThL OaTapeu paBHa 8§ B1?

1.146. Hanpsbkenue Ha KOHIIAX MPOBOJHWKA compotuBieHueM 5 Owm 3a 0,5 ¢
paBHOMepHO Bo3pactaet ot 0 1o 20 B. Kakol 3apsia npoxoauT yepe3 MpOBOIHHUK
3a 3TO BpeMs?

1.147. Cuna TOKa B MPOBOJHUKE paBHOMEpPHO Bo3pactaeT oT 0 g0 2 A B

TedeHue S5 ¢. OnpeaeauTs 3apsil, IPOMIEAIINN O MTPOBOJIHUKY.

61



1.148. Cuna Toka B mpoBojHuKe comnpoTuBieHrneM 100 Om paBHOMEpHO
yosiBaeT ¢ 10 10 0 A 3a 30 c. OnpeaenuTs KOIUYECTBO TEIJIOTHI, BbIICTUBIICHCS B
MIPOBOTHUKE 32 3TO BPEMSI.

1.149. TIlmoTHOCTP TOKa B MEIHOM TMpoBOAHMKE paBHa 0,1 MA/Mm2.
OnpenennTts 00beMHYIO IJIOTHOCTH TEIIOBOM MOIIIHOCTH TOKA.

1.150. Onpenenuth IWIOTHOCTh TOKA, €CJIH 3a 2 ¢ Yepe3 MPOBOJIHUK CEUCHUEM
1,6 mm? mponwo 2+ 10%° snexTponos.

1.151. 3a Bpems t = 20 ¢ nmpu paBHOMEPHO BO3pacTaBUIEH CHUJIE TOKA OT HYJIS
JI0 HEKOTOpPOro MakKCMMyMa B TMPOBOJHUKE compoTuBieHneM R = 5 Owm
BBIJICJIHIIOCH KOJTMYECTBO TEIIOThl Q = 4 /. Onpenaenuth CKOPOCTh HaApaCTaHUS
CHJIBI TOKA, €CJIM CONPOTUBIIEHHUE MPOBOAHUKA R = 5 Owm.

1.152. Cuna Toka B IPOBOJIHMKE U3MEHSIETCS CO BpeMeHeM 10 3akoHy | = lse -
at, rae lo = 20 A, a= 10%c?. Onpenenuts KOIMYECTBO TEIIOTHI, BBIIEIHUBILEECS B
nposoaHKKe 3a Bpems t = 10 2 c.

1.153. Cuna Toka B mpoBoiHHKe cornpoTtuBieHrueM R = 10 Om 3a Bpems t = 50
¢ paBHOMepHO HapactaeT oT li= 5 A mo | = 10 A. Onpenenuts KOJIMYECTBO
TEIIoThl Q, BBIJICIUBIIIEECS 3a 3TO BpEeMsI B IIPOBOIHHKE.

1.154. B npoBoaHuKke 3a Bpems t = 10 ¢ ipu paBHOMEPHOM BO3pACTAaHUU CHUIIBI
Toka oT |1 = 1A mo |, = 2A BeIgennIoCch KoiandecTBO TemioTel Q = 5 x/[k. Halitn
CONpOTHUBIIEHHE R IpOBOHUKA.

1.155. Cuna TOKa B TPOBOJAHUKE M3MEHSAETCS CO BPEMEHEM IO 3aKOHY
I=losinwt. Haiitu 3apsn Q, mpoxoasaniuii yepe3 MonepeyHoe CeUYeHUE MPOBOIHIKA
3a Bpems t, paBHOE MOJIOBUHE Nepuoja 1, ecid HadajabHas cwia Toka lop = 10 A,
HMKIM4YecKkas yactora @ = 50rte .

1.156. 3a Bpems t = 10 ¢ mpu paBHOMEPHO BO3PACTAIOMICH CHJIE TOKA OT HYJIS
710 HEKOTOPOTO MaKCUMyMa B MTPOBOJHUKE BBIICIUIOCH KOJTMYECTBO TETUIOTHI Q =
40 x/Ix. OnpeaenuTh CpeAHIO CUiIy Toka <|> B NpPOBOJHUKE, €CIH €ro
compoTuBieHue R =25 Owm.

1.157. 3a Bpemss t = 8 c mpu paBHOMEPHO BO3pacTaBUIEH CHUJIE TOKa B

MIPOBOJIHUKE CONMpPOTHBICHHEM R = 8§ OM BBIACIHIIOCH KOJIMYECTBO TEILIOTHI Q =

62



500 [dx. Onpenenuth 3apan (, TPOXOISIIUMKA B MPOBOJHUKE, €CIM CHJIA TOKA B
HavyaJIbHBI MOMEHT BPEMEHH paBHA HYJIIO.

1.158. Onpenenuth KOMMYECTBO TEIIOTH Q, BhiAenuBIieecs 3a Bpems t = 10
C B MpoBoJHUKE cornpoTuBieHreM R = 10 Om, eciau cuiia Toka B HEM, paBHOMEPHO
yMeHbIIasiCh, u3MeHunack ot l1 =10 A go 1> = 0.

1.159. Cuna TOKa B mHemu u3MeHseTcs mo 3akoHy I=losinwt. Onpenenutsb
KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIJICTUTCS B MPOBOJHUKE conpoTuBieHueM R= 10
OwM 3a Bpems, paBHOe ueTBepTH nepuoga (ot ty = 0 mo t = T/4, rne roe T= 10 c).

1.160. Cuna Toka B IlemU H3MEHSAETCS CO BpeMeHeM N0 3akoHy I=l,e at.
OnpenenuTs KOJWYECTBO TEIUIOTHI, KOTOPOE BBIJEIUTCS B  IMPOBOJHUKE
conpotupieaneM R=200m 3a BpeMsi, B T€U€HHE KOTOPOTO TOK YMEHBIIHUTCS B €

pa3. Kosdpumuent a npunsats pasasM 2-102 ¢,
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ITpunoxenne

1. OxpyrieHHble 3HAYEHUSI OCHOBHBIX (DU3HYECKUX MOCTOAHHBIX

duznyeckas IOCTOSTHHAS O0o3Ha4eHne YucnoBoe 3HaueHNE
HopmanbeHoe yckopeHue cBoOOIHOTO MaeHUs g 9,81 m/c?
['paBUTaIMOHHAS TIOCTOSIHHAS G 6,67:-10™ M¥/(xr-c)?
[Tocrositnnas ABoraapo Na 6,02 * 10%° Mo
Momnspras ra3oBasi HOCTOSIHHASI R 8,31 1x/(MmosbK)
[Tocrostanas bonbpimana 1,38 -10 2 Ix/K
OO6beM OJHOTO MOJIS MIEATLHOrO Tasza IIpH 22,4 + 10 = m3/momnp
HOPMAJIBHBIX YCIIOBUSX (To=273,15K,
po=101325 Ila)
DiIeMeHTapHEIH 3apsi e 1,60 + 101° Kn
Macca moKost 3MeKTpoHa Me 9,110 3 xr
[Tocrostnnas @apanaest F 9,65 Ki/momab
CKOpPOCTb CBETA B BAKyyMe 3108 m/c
IocrosiHAas Crepana — bonbiMana c 5,67 -108 Br/(m? -K*)
[TocrosirHas Buna B mepBoM 3aKoHE (CMEIEHUS) b1 2,80+10% M+ K
[Tocrossnnas BuHa Bo BTOpOM 3aKOHE B. 1,30 10°Bt/(M°K®)
ITocrostunas [1nanka h 6,63 103*Ix-c

h 1,05 103 ]Ix-c

[Tocrositnnas Punbepra R 1,097- 10" m*
Boposckuii paguyc a 0,529 -101%
KomrroHoBcKast ijiiHa BOJTHBI AJIEKTPOHA e 24310 %M
DHeprus HOHU3AIMK aToMa BOJI0POaa Ei 2,18 10%8]1x= 13,6 5B
ATOMHAas eIUHUIIA MACCEI a.e.M. 1,660 -107%" xr
DHeprusi, COOTBETCTBYIOIIAA 1 a. e. M. 931,50 M>B
DneKkTpuyeckas MoCTOSHHAS €0 8,85 ¢ 10 12 d/m
MaruuTtHas MOCTOSIHHAs Ho 47 - 10" Tu/m
MarneroH bopa PB 9,27 - 102 Ilw/Tn
S nepHblii MarHeToOH BN 5,05 - 10%' x/Tn
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2. HeKOTOPBIe ACTPOHOMHUYECCKUE BEJINYNHBI

Panuyc 3emnu (cpeanee 3HaueHue), M 6,37 -10°

Macca 3emiu, Kr 5.96 - 10%
Pannyc Counnia (cpennee 3HaueHue), M 6,95 « 10»
Macca Cosnniia, Kr 1,98 - 10%
Panuyc JIynsl (cpeqHee 3HAYEHHE), M 1,74 106
Macca JIyHbI, KT 7,33 -10%
Cpennee paccTosiHue MKy leHTpaMu 3emiid U JIyHbl, M 3,84-108
Cpennee paccTosaue Mex 1y HenTpamu ColHIa U 3eMIiH, M 1,510
[Tepuona o6pamenust JIyHbl BOKpyr u 3emMiH, 27 cyr 7 4 43 mun

3. IlnorHOCTH sKMAKoOcTed p * 10 =, kr/m®

Bona (mpu 4°C) —1  T'mumepun —1,26  Kepocun —0,8
Macimo —0,9 Pryts — 13,6 Crmmpt — 0,8

4. IlnoTHOCTH ra30B (IPH HOPMAJBLHBIX YCJI0OBHAX), KI/M°

Azor—1,25 Apron — 1,78 Bomopox— 0,09
Bo3nyx — 1,29  T'emmit— 0,18 Kucmopon — 1,43

5. IL1oTHOCTHL TBepABIX Teu p * 10 3, kr/m®

AnroMuHUN 2,7
Bonsdpam 19,75
XKeneso (cranp) 7,85
Kouncranran 8,9
Jlen 0,92
Menb 8,8
Huxkens 8,8
Huxpom 8,4
dapdop 2,3
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6. DQdexTUBHBII TMAMETP MOJeKy.Ibl razos d -101%, m

Azor—3,1  Apron—3,6 Bozmyx—3,0
Bonopon —2,3Temmit—1,9  Kucnopon — 2,9
7. YaenabHas TenjaoTa miasiaenns A-10™* Jix/kr

Jlen—33,5 Csunenn — 2,3
8. YaeabHas Temaota napoodpasosanust I 10*°, Jlm/kr

Boma—22,5 D¢up —6,68
9. YaeabHasi Tem10eMKocThb ¢ * 10 *2, Jixk/(kr * K)

Boma—419 Jlen—21,0 Huxpom — 2,20 Csunenr— 1,26

10. Yaeannoe conporusienue p- 102, Om - m

Bonbdpam — 5,5 Kenezo—9,8 Hukenmn — 40
Huxpom — 110 Meap—1,7  Cepebpo — 1,6

11. ImdnekTpryecKkasi NPOHMLIAEMOCTb (OTHOCUTEIbHAS) BelleCcTBa

Boma—81,0 [Mapadun —2,0 Cmroma—6,0
bakenmur —4,0 Tpanchopmaroproe macio —2,2 Crexiio —7,0
12. TemnepatypHblii K03GGUUHEHT CONPOTUBJICHUS TPOBOHUKOB
0-10%, K !
Bombsdpam —5,2 Menr—-4,2 Hukemmna —O0,1

13. IloTenuag noHu3anuu, 3B
Bomopon— 13,6  Pryrs— 104

14. Iloka3zaTeab nmpejaoMJeHHsI

Ammvaz — 2,42 Bona—1,33 T['mumiepun — 1,47
Kamennas coms—1,54 KBapi—1,55 Cepoyriepon—1,63
Cxurmgap—1,48 Crexno—1,52

15. UnTepBaibl 1JTUH BOJH, COOTBETCTBYIOIIHE PA3TUYHBIM IIBETAM
CIeKTpa, HM

QDUONETOBBIN. . ... ....... 400-450 Kemreiii .. ..... 560-590
(03711717 SR 450-480 OpamxeBbii. . ...590-620
Fomy6oit................. 480-500 KpacHpri. .......... 620-760
3eNeHbIH. . ............... 500- 560
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16. Macca Mo 1 3Heprusi Eo mokost HEKOTOPBIX 3J1eMEHTAPHBIX YACTHIX

H JEIrKHX AA€p

m, Eo
HacTumer a.e. M. 1077, xr M>B 10% JTx
DnekTpon |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
Hevitpon (2,01355 3,3325 1876,5 3,00
o-gactuia |4,0015 6,6444 3726,2 5,96

17. Pabora BbIX0/1a 3JIEKTPOHOB U3 MeTaJL1a, 3B

Asmomunnii —3,7
[Tmatuaa — 6,3
18. Ilepuoasbl mosypacnajga HeKOTOPbIX PAAMOAKTHBHBIX 3JIEMEHTOB

45
20Ca-

164 cyt

351 -27 ner

210
84

222

Po- 138 cyr
s "N-3,82 cyT

Bonspam —4,5  Jlummit — 2,3
Hyak — 4,0

Le3mii—1,8

235

e U- 7,1 ® 108 JIET
oU -45¢10° et
s Ra - 1590 ner

86

tH  -12 ner

Mens —4,4
Hukens — 4,8

19. JjieMeHTHI IEPUOAUYECKONH CUCTEMBI M MACChl HEMTPAJIbHBIX

aTOMOB, 2. €. M.

Onementr |M3oTonm |Macca Onement cuctemel  |M3oton Macca
CHCTEMEI
Bonopon - AnroMuHAR 1227 Al 26,98135
1H 1,00783 Kpemunii fffSi 26,81535
12 H 2,01410 docdop fg P 32,97174
fH 3,01605 Cepa fgS 32,97146
Tennit - Keneso 22 Fe 55,94700
g He 3,01605 Menb g‘;} Cu 63,5400
‘2‘ He 4,00260 Bonbdpam 17i4w 183,8500
Jntnii ; Li 7,01601 Maruui 12;‘ Mg 23,98504
bepunnuit Z Be 7,01169 1227 Mg 26,98436
bop éo B 10,01294 Kansmonmii ‘2‘3 Ca 4795236
él B 11,00931 Cepebpo 138 Ag 107,869
Asot 174 N 14,00307 Panuit g;ﬁ Ra 226,0254
Kucnopon ée 9] 15,99492 Topuii ngTh 232,038
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s O

16,99913

VYpaun

238
92 U

238,0508
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20. MHOKMTEJIH U NPUCTABKH VIS 00pa30BaHMS 1eCATHYHBIX KPATHBIX
U 10JIeBbIX ¢AUHUIl U UX HAMMEHOBAHUH

IprcraBka| O6o3HaueHre | Muoxkurens | [prcraBka O6o3HaueHve | MHOXuTED
TIPHUCTABKA IPUCTABKU

IKCca C 10%8 CaHTU c 102
nera I 105 MUJIJIN M 1073
Tepa T 1012 MHUKPO MK 10°
rura r 10° HAHO H 10°°
Mera M 100 MTMKO I 10 *2
KHJIO K 10° demra O 101

bi (1101 i 101 aTro a 1018

21. Ilpou3BoaHbIC HEKOTOPBIX QYHKIUH

HpOPISBOJ]HaSI OT IOCTOSTHHOM BEJIMYMHBI y= C

!

y'=0.

[IpousBoaHAas OT CTENEHHON PYHKIIUU y=xH

B wactHoCTH, y=1/x, y'=-1/x%; ¥ =X =Xx" y'=1/(2«/§), y'=1/(2&)

[Ipou3BoaHas OT HOKA3aTeIbHON QyHKIMU Y =2’

y

B wactHocTH, y=¢€"; ' = €".

"= a’lna

[TponsBoHas ot morapudmMudeckon GyHKIMH Y = log, x

y!

=log, e/ x

B wactHOCTH, 1711 HaTypalIbHOTO JIorapudma y=I[nx

y'=1/x.

[TpousBOAHBIE OT TPUTOHOMETPUUECKUX (PYHKITHIA:

y=sin

X y’:cosx;

y=CosX y'=-sinx:

y =tgx

y' =1/cos® x

[TponsBoHBIE OT OOPATHBIX TPUTOHOMETPHUECKUX (HYHKITUH:

y =arcsin x

Y =arccos X

y = arctgx

y' =1/J1-x*;
y' =—1J1-x*;

y'=1/(1-x%)
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22. Tabnuua OCHOBHbIX MHTErnanos

ey = XL dx _ .
Ix dx = 2—+C (n#-1), I—x?‘-—lnx+C,

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

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

23. O npuOIHKEeHHBIX BHIYMCIEHUAX

UucnoBble 3HAYEHUS BETUYMH, KOTOPHIMHU TMPUXOJUTCS OINEPUPOBATH MPHU
permieHrr (QU3UYECKUX 3aj]lad, SBJIAIOTCS OOJbIIEH YacThiO MPUOMKCHHBIMHU.
[ToaTOMy npy BBIYKMCIIEHUSX HYXKHO MPUACPIKUBATHCS CIICTYIOIINX MPABIIT:

1. locTaTOYyHO MPOBOJUTH BBIYHMCIICHHS C YHUCIAMH, COJEpKAIMMH HE Oojee
3HAKOB, YEM B MCXOJIHBIX JAHHBIX, TAK KaK C MOMOIIbLIO BHIYMCICHUNA HEBO3MOMKHO
HOJTYYHUTh Pe3ybTaT 00Jiee TOUHBINA, YeM UCXOIHbIE TaHHBIE.

2.1lpy cnokeHHMH WM BBIYUTAHUM YHCEJ, WMEIONIMX Pa3IUYHYI0 TOYHOCTH,
Oosiee TOYHOE JTONKHO OBITH OKPYTJIEHO O TOYHOCTH MeHee TouHoro. Hampumep:
9,6 +0,176 =9,6 + 0,2 = 9,8; 100,8-0,4=100,4.

3.1lpu ymMHOXEHUM (JIeNeHUH) CJIeAyeT OKPYIJIATh COMHOXHTENIN TaK, YTOOBI
KQXIbIi M3 HUX COAEpKal CTOJBKO 3HAYalmmMX 0UQp, CKOJBKO HX HMEET
COMHOXHTENb C HAUMEHBIINM YHCIOM 3Hadammx nudp. Hampumep: 342-378 =
129-10%, Ho me 129276 u me 129300; 0,148 0,183 = 7,65:10 3, Ho ne 0,0076494;
0,350:3=0,117, o ue 0,11667.

4. 1lpy W3BIEYEHUU KOPHS N-il CTENEHU pe3yibTaT JIOJKEH HUMETh CTOJIBKO
3HaYalMx nu@p, CKOJIbKO UX UMEET MOJKOPEHHOE BhIpaKEHUE.

Hanpumep:
J1,33-10% =1,10-10°°

5.1lpyu BBIUMCIEHUM CIOXKHBIX BBIPAKEHUN CleIyeT CcOOMIoAaTh MpaBuia B

3aBUCUMOCTH oT BHUIA MPOBOJUMBIX JICUCTBUH.



6.Korma uwmcino wmano oOTIMYaeTcs OT €IWHUIBl, MOXHO IOJb30BaThCS
NPUOIMKEHHBIMH (POPMYITAMH.

Ecmu a, b, ¢ — mansl o cpaBHenuto ¢ enunuiieit (Mensie 0,05), To:
1) (1#a)(1xb)(1£c) = 1+atb=+c;
2) Vita=1+a/2;
3) (1+a)"=1+na;
4)1/(1+a)" =1+tan;
5)1/(1+a)=1*a;
6) e"=1+a;
7) Inl+a)=+a-a®/2,
7. Ecim yron a <10°, 1o SiN@ =19a = (g paguaHax).

CO6J’IIO,IIa}I 9TH IIpaBUjia, CTYACHT COKOHOMHUT BPCM: HA BBIYUCIICHHC MCKOMBIX

BCJIMYMH IIpU pCUHICHUHN (1)I/I3I/I"ICCKI/IX 3ajgad4.
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