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IIpeaucaoBue

B 2006 romy onmmmnuasa IMKOJIHHUKOB 110 (DU3MKE COCTOSIACH B TOPOJIE
Mockse B mmecTbecaT ceabMoit pa3. OmMmnuaia MpoBOUIACE B COOTBET-
creun ¢ IlosoxkeHneM 0 MOCKOBCKOW PErMOHAJIBHON OJIMMIINAJIE IIKOJIBHU-
KOB'.

B coorserctBum c IlosmoxkeHmeMm, osmMmmaa ITPOBOJUTCS €XKETOTHO
Hemapramentom obpasoBanust ropojia Mocksbl, COBETOM DEKTOPOB BY30B
MockBbr 1 MOCKOBCKOH 00/TACTH, OKPYKHBIMU YIIPABICHUAMHI 00pa30-
BaHUs, 00PA30BATEIHLHBIMU yUPEKICHUAME, [IPU yIaCTUH O0PA30BATEIb-
HBIX YYPEXKJEHWi, HayJIHBbIX oOpraHmsanuii u obmects. Koopauuammio
Oprann3aImoHHO-(PUHAHCOBOIO obeciiedenust mpose/ieHns OIMMIIIabl 0Cy-
mecTBIgeT 1o nopydenuio lemapramenta MoOCKOBCKHMiT HHCTUTYT OTKPBI-
roro obpazosanust (MI1OO).

B onummnnasie MoryT npuHUMATL YIACTHE BCE KEJIAIOIINE TITKOIbHUKMA.

OymMrra1a TPOBOIUTCS B TPU STAIIA.

IIkoBHBIN STAIl TPOBOAUTCS OOMIE00PA30BATEILHBIMU YIPEIK IEHUSIMU
10 33/IaHUSIM, PEKOMEHIOBAHHBIM METOIMYECKON KOMUICCHEH 110 TPeIMETY.

OKpy?KHO# 9TaIl IPOBOJINTCS OKPYZKHBIM OPIKOMHUTETOM, 10 3aJIAHUSIM,
PEKOMEH/IOBAHHBIM METOMYeCcKoil komuccueil mo mpeamery. Ilo coruraco-
BaHUIO ¢ ['OPOJICKUM OPIKOMHUTETOM JIOIYCKAETCs IIPOBE/IEHNE OKPYKHOTO
srarra OJMMINaIbl By30M WM TPYIIOH BY30B IIPU YCJIOBHH COOJIIOJICHUS
ITosoxxenns, cornacoBanns ¢ 'OpoJCKIM OPrKOMHTETOM CPOKOB U C METO-
JIMYecKoil KoMuccueii 1o npeaMery — 3aganuil OyuMimais.

Topoackoit sTan nposomuTcs ['OpoACKIM OPrKOMHUTETOM, O 3aJAHUAM,
DPEKOMEHIOBAHHBIM METOIUYECKOI KOMUCCHEN 110 TIPEIMETY.

B coorsercTBum c Ilosoxennem o Beepoccniickoil osimMmmajie MIKOJIb-
HUKOB? TOPOJICKOH STAIl OJIIMIMAILI TOpoja MOCKBEI IPHPABHUBACTCA K
4-my stamy Bceepoccuiickoit omMmnaibl MKOJIBHIKOB. OKpYyKHOI dTarn
OumMmnua bl TPUPABHUBAECTCS K 3-My 3Tamy BcepoccuiicKoit omMmua bl
mKOJLHUKOB. llosoxkenusimu o MOCKOBCKOIT DPernoHaJbHON OJIMMIINAJIE
IIKOJIBHUKOB 1 0 Beepoceniickoil osimMnua/ie MKOJILHUKOB Uil T00e Te-
Jiell (IuIUIoM 1epBoii crereHu) U Hpu3époB (IUILIOMBI BTOPO U TpeThei
CTeneHn) Tperhero (OKPYKHOro) U 4eTBEPTOro (rOPOJCKOr0) ITAOB OJIUM-
Uabl IPEYCMOTPEHDI JIBI'OTHI IIPU HOCTYILJIEHUU B BY3bI.

Hlpuxas Jlenmapramenra obpasosamus r. Mockser or 26.12.2003 Ne 1083 «O Bae-
JeHun HOJIO)KGHI/IH O MOCKOBCKOU peFHOHaTIbHOﬁ oJimMIInaJge IMKOJIbBHUKOBY, OHy6J'I.
http: //www.educom.ru/ru/dialog/olympiads/order.php

2VrBeprxmeno mpukazom Munobpasosanms Poccumm or 30.10.2003 Ne 4072, omy6ur.
http: //www.educom.ru/ru/dialog/olympiads/thesis.php



B 2005/2006 yuebrOM rojy oKpyzKHOI s1ar MOCKOBCKOIT pernoHa bHOI
OJTUMIINAIBI MMKOJIHHUKOB 110 dusuke cocrosiicst 4 despastsa 2006 roma. s
11-kmaccnukoB aToT dTan npooamicst Ha Pusnyueckom dakyaprere MIY
uv. M. B. JlomonocoBa u B Bysax ropoja Mockeel. B mannoit 6porrope
UpUBOJATCA 3aa4u (¢ pernenusivu) Bapuanta 11 xiacca, pazpaboTanHoro
ropojickoii Meroamdeckoit komuccueii. Bosbinast 9acte By30B, TPUHIMAB-
X YIaCTHE B IIPOBEIEHNN OKPYZKHOTO STAIIA OJIUMIINAIbI, B COOTBETCTBUN
¢ Ilostoxkennem, poBo/IMIIa OKPY2KHOI 9TAIl 110 CBOMM BapUAHTAM, COTJIACO-
BaHHBIM C rOpoJickoit Meromuaeckoit Komuccueii.

Toposckoit sTam ouMInaIbl JJisi YI€HUKOB 7-X KJIACCOB IIPOBOJIUIICS B
omua Typ u 8-11-x kmaccoB — B jBa Typa. llepssriit mpomén 19 dhespans
2006 roga na dpusnueckom dbaxynabrere MI'Y, B uém npunsan yuacrue 1704
vesoBeka (7 k1. — 190, 8 k1. — 253, 9 k1. — 320, 10 k1. — 448, 11 k1. —493).

Ha Bropoii Teoperuueckuit Typ (cocrosiics 5 mapra 2006 r.) 6bum 11pu-
raieHbl yaeHukn 8—11 K1accoB, MOKa3aBIMe JIydIliie Pe3y/IbTaThl B Iep-
BOM Type (I/Win uMeroIue IepCOHAIbHbIE IPUIIAIICHNS ), B KOJIUIECTRE:
8xi. — 143 wes., 9. — 1324emn., 10 k1. — 164 gem., 11 k1. — 214 geJr.

IIo pesysnbraram mepsoro Typa B 7 KJjiacce u BTOporo Typa B 8-11 Kiac-
cax 1mo0eUTesIMA U IPU3EPAMU OJIMMITHA/IBI ObLIN TPU3HAHDBI 49 yaarmuxcs
7 xnacca, 49 ygamuxca 8 Kitacca, 53 ydammxcd 9 Kjaacca, 56 ydarmxcs
10 kutacca, 54 yuamuxcs 11 xiaacca (Bcero 261 desiosex). C IOJHBIM CIICKOM
obe iure el U MpU3EpOB MOXKHO O3HAKOMUTBHCsI B ceTu Internet mo ajpecy
http://genphys.phys.msu.ru/ol/2006

B mannoit 6porrope omyoInKOBaHBI BCE 3aa<1 TIEPBOTO U BTOPOTO TEO-
PETHYECKUX TYPOB C IMOAPOOHBIME PEIIEHUSIMHA.

ITo uroram Broporo Typa B 9-11 kiraccax 48 MKOJBHUKOB OBLIH TIPUTJIA~
HIEHBI HA SKCIIEPUMEHTAIbHBIH TYp (mpomén 11 mapra 2006 roga 8 MI1OO).
DKCIEPUMEHTAIBHBIN TP B HACTOSINEE BPEMsI HE BJIASIET Ha, PACIIPE/ICTICHIE
JUIIOMOB 1100eiuTesiell 1 MPU3EPOB OJIMMIINAJIBI; OH IIPOBOJIUTCH C IEJIbIO
oTbopa KaHaImnIaToB B cOOPHYIO KOMaHIy I. MOCKBBI /711 yIACTHAS B 3aKJIIO-
qUTEeTFHOM dTare BcepoccniicKoil 0JIMMIMa bl MKOJIBHIKOB 110 (pU3UKe.

B macrostmieit 6porrope omyO/MKOBAHBI KPATKHUE OIMCAHUS 3aJaHUIA,
[IPE/IJIATABIITIXCS HA SKCIIEPUMEHTATIBHOM TYDE.

DJIEKTPOHHAsT BEPCHsl HACTOSINEH OpOIIIOPBI, a TaKyKe MaTepu-
aapl  MOCKOBCKOH (hbu3mIecKoil OoMmMInaabl psjga JeT OImyOJMKOBAHbI
Ha cepBepe MOCKOBCKOrO IEHTpa HENPEPBIBHOIO MATEeMATHIECKOTO
obpasosanus (http://www.mccme.ru/olympiads/mfo). Oneparupnas
nadopMalus 00 OJUMIHNAJE W CIUCKH To0eauTeseil myOJuKyrTCs Ha
crpanure Kadeapor obmeit dusukn Pusmyeckoro dakyabrera MIV
(http: //genphys.phys.msu.ru/ol).



OKpy>KHOI1 3TaIl

Cocrostncs 4 despass 2006 rojia.

11 kaacc
Ha BBIIIOJIHEHME 3a/JaHd OTBOAMNJIOCH 5 aCTpOHOMI/ILIeCKI/IX qacCoB.

1. Ha ropuszoHTa/IbHOI IIJIOCKOCTH CUIUT JiAryiika. HaBerpeuy eit uzpaieka
kaTuTcs bapaban pagnycom R. [lerTp 6apabana IBUKETCS CO CKOPOCTHIO V.
C kaxoii HaMMeHbIIeil CKOPOCTHIO JOJKHA TOIPBITHYTh JIATYIIKA, 4TOOBI
[IepPENPLIrHY Th OapabaH, cjlerka KOCHYBIIUCH €0 TOJIbLKO B BEpXHEH Touke?
Pazmepamvu starymikn nmpenedpetn.

Pemtenue. 3avernM, 94TO B JABUXKYINEHCS CHCTEME OTCUETA, CBI3AHHON
¢ 1eHTpoM GapabaHa, BBUJY €ro PABHOMEPHOIO JBUKEHUS JISATYIIKA, TIOCJIe
pbIKKa OyaeT JaBuraTbes 1o napabose. Hanpasum oce X B 3T0# cucreme
10 TOPU30HTAJIN BJIOJIb IJIOCKOCTH B HAIIPABJIEHUU OT JIATYIIKKA K OapabaHy,
a ocb Y — BepTUKaJIbHO BBepxX. Hauajio orcuéra JaHHONR CHCTEMbBI KOOPIHU-
HAT [IOMECTUM Ha ILJIOCKOCTH B TOM MeCTe, IJie CHJIeJIa JIArYIIKa, U OymaeM
OTCUYUTBHIBATH BPEMsI OT MOMEHTA MPBIXKKA. SHAYUT, €CJIU JIATYIIKA PbI-
raeT B HEIOJBUKHOM cucTeMe OTCYETa O] yTJIOM (v K TOPUBOHTY CO CKOPO-
crbio W, uMeronieii ropu30HTAJIbHYO COCTABIISIONIYI0 W, U BEPTUKAJIBHYIO
cocrapJsiontyio Wy, To 3aBUCUMOCTb KOODJMHAT JIAT'YIIKHA OT BPEMEHH  BO
BBEJIEHHOI HAMM JBUXKYIIENCS crucTeMe KOOPAUHAT OyIeT UMeTh BUIL:

2
x= (W, +o)t, y:Wyt——2.

MakcumaibHas BBICOTa IOIbEMA, OYEBUIHO, pasHa Yo = W, /(2g) u
JIOJIZKHA COBIAJATH C YJIBOEHHBIM pajinycoMm nuauHapa 2R. Orcioma mosry-
qaeTcsd, UTO Wg =4gR. Dra BBICOTA JOCTUTAETCS B MOMEHT BpPEMEHU
to = Wy/g B Touke ¢ koopmunaToit xg = (W +v)tg = Wy(W, +v)/g .
Boipasus BpeMa u3 3aBUCUMOCTH (1) U HOJCTABUB €0 B 3aBUCUMOCTD Y(t),
MIOJIy UM ypaBHEHUE TPACKTOPHUN JIBUKCHUS JIATYIITKHA:

Wyx gx? gz — x0)?

YT Wore 2t T (W, o)

(mocyieiHEEe PABEHCTBO JIEMKO HPOBEPSAETCS MOACTAHOBKOM; OHO CTAHOBUTCS
OYEBUJIHBIM, €CJIN IEPEHECTH HAYAJIO CUCTEMbI KOOPJIUHAT B TOYKY KaCAHUs
wiockoctu u Gapabana). BOausu Bepxueil TOUKU mapaboJibl, HAXOLAIEHcs



B TOUKe (0, o), ITO YPABHEHNE JIOJZKHO COBIIAJATEH C YPABHEHUEM OKDYIK-
HOCTH pajycoM R ¢ neHrpoM B Touke (zq, R):

gz — m)* (x — x9)*
— = - =R+ /R?2— (v —120)2 =~ 2R — ——.
N oW, 1) (z = o) °R
Orciona mosygaem: (W, + v)? = gR, orkyna W, = /gR — v.
CrresioBaTeIbHO, BeIMINHA CKOPOCTH JIATYIIKA B HEIOJABMXKHON crcTeme
OTCYETa PaBHA

W= /W2 + W2 = \/4gR—|— (@—U)Q: \/5gR + v2 — 20\/gR.

U OHa JIO/KHA ObITH HAIIPABJIEHA II0J] TAKUM YIJIOM (¢ K TOPU30HTY, ITOOBI

tga= oy 2VeR
& W, gR-—v

Ormerum, uTo mpu v < v/gR jarymka Jo/zKHa HOpbIFaTh HaBCTPEdy
Kardmemycst 6apabany, a Ipu v > v/gR — BePTUKAJILHO BBEpX.

3amevanue. 3amady MOXKHO PEIIUTH IIPOIIE, BOCIOJb30BABIIACH [TOHI-
THEM PpaJuyca KPUBU3HBI TpaeKTopuu. JleficTBUTENBHO, B JABUKYyIIeiics
cucTeMe OTCYETa PAJNYC KPUBU3HBI Ry, TPACKTOPHH JIATYIIKH B BEpXHEH
TOYKe JOJKEH npesblmnarh R (Tpaekropus Kacaercsd GapabaHa), a yCKO-
peHue JIArYIMKA UMEET TOJHKO HOPMAJBHYIO COCTABJSIONIYIO, PABHYIO g.
Orcrona momyuaem: Ry, = (W, +v)?/g = R, 10 ectb W, > \/gR — v. Bep-
TUKAJIbHAST COCTABJIAIONAA CKOPOCTH JIATYIIKW, OYEBHUJIHO, JIOJKHA ObIThH
Takoil, 4ToObl OHA MOIJIA [EPENPLIrHYTh Gapaban BbiCOTON 2R, TO ecTh

Wy =+/2g-2R = 2,/gR . O1ciona cpa3y ciie/lyeT OTBET.

2. Ha rmagkoit  rOpU3OHTAJIBHON  TIJIOCKOCTH
JeKUT Opycok maccoit My m na HEM — JIpyroit
6pycok wmaccoit Ms. UYepes cucremy OJIOKOB,
n300paKEHHYI0 Ha PUCYHKE, IEPEKUHYTa HUTh.
K momsmxHOMY OJIOKY TOJBENIEH TPy3 Maccoit
Ms = My + M>. Tlpu KakoM COOTHOITIEHUU MAacC
My m Ms Opycku me OyIyT CKOJB3UTL JIPYT
o Jpyry, eciaum Ko3(MMUIIMEHT TpPEeHUsl MeXKIy
muvmu  paBeH 7 HuTe cunmrath HeBecoMoOil u
HEPACTSIZKUMO, MacCOil OJIOKOB M TPEHUEM B HUX IIPEHeOPedb.

Pentenne. Ilycts cuia HaTszKeHuss HUTH, MEPEKUHYTONH Uepe3 OJIOKM,
paBraa T', a ciia TpeHus Mexk iy O6pyckamu pasBHa Fr, (cM. puc.) Sammrmem




VpaBHEHUS JBUKEHUsT OPYCKOB W I'py3a B MPOEKITNIX Ha TOPU30HTAIHLHYIO
och X, HAIPABJEHHYIO BIIPABO, W BEPTUKAJHHYIO OChH Y, HAIIPABIECHHYIO
BHU3:

M1a1 =T+ FTp,

Moaz =T F Fiyp,

Mga = (Ml + Mg)g— 27

31ech a1, as n a — yckopenust opyckos My, Ms u rpysa M3, cooTBer-
CTBeHHO. 3HAKY £ U F mepeJi BeJIMIUHO Frp B yPABHEHHUAX COOTBETCTBYIOT
TOMY, UTO CHJIa TPEHUsI, B 3aBUCUMOCTHU OT HAIIPABJIEHHs BO3MOXKHOIO (T. €. B
OTCYTCTBUE TPEHUsI) OTHOCUTEIHLHOTO JIBUKEHUS OPYCKOB, MOKET UMETh KaK
MTOJIOYKUTEBHYIO, TAK ¥ OTPUIATETHHYIO TPOEKITHIO Ha 0Ch X .

Tak Kak MOABUKHBIN OJIOK JAET BLINTPHIII
B CWJie B JIBa pas3a, HO He JIaéT BBIMIPHIIIA
B pabore, To mpu cmerneHun Opycka M; Ha
paccrosinue Axi, a 6pycka Ms Ha paccro-
siae Azxo rpy3 Mz cMemmaercss HA paccTosi-
ure Ay = (Axy/2) + (Axz/2). ITosromy ycko-
penus GPYCKOB U IPy3a CBIA3aHbI YPABHEHUEM
KMHEMaTUYIEeCKOH CBSI3M: 20 = a1 + a9.

IIpu orcyTcTBUM CKOJMbXKEHHUS OPYCKOB
JIPYT 1O JIPYTY UX YCKOPEHHsI PABHBL: (1 = (3.
B srom ciayuae u3 ypaBHEHHs] KUHEMATHYe-
CKOIi CBsI3W CJleflyer, 9To a1 = a2 = 6. CKila-
JIbIBast APYT € JAPYTOM TPHU II€PBBIX ypaBHEHUs, TosydnM, 4to a = g/2. Iloa-
CTaBJIdsl 9TO 3HAYEHHE B Tperbe ypaBHenue, Haiiném: T = (My + Ms)g/4.
Jlasee, u3 1epBOro WM BTOPOrO yPABHEHUSI ONPEJEJNM CUJIY TPEHUSI:
F.p, = (My — My)g/4. Ilpu oTcyTCTBIU CKOJIbKEHNSI GPYCKOB APYT IO APYTY
F.,, siBasieTcs CUION TpeHUs IOKOsI, IIO9TOMY €€ BEJIH'IHHA He MOXKET IIpe-
Bolarh 3uadenue pMsag, o ecrb: |(My — Ma)g/4| < uMag.

Orcroza nosyaaem orser: 1 —4p < My /Mo < 1+ 4p.

3. 3emJIs1, 110 COBPEMEHHBIM T'€O(MU3MUECKUM JIAHHBIM, COCTOUT M3 TPEX
OCHOBHBIX CJIOEB: KODBI (€€ TOJIIUHA OYeHb MaJjia 10 CPDABHEHUIO C OCTAJIb-
HBIMU CJIOSIMU ), MAHTUY U a1pa. [Ipu 3roM 66/IbInast 4acTh BEIIECTBa 3eMIn
HAXOJUTCS B YKUJKOM (paciiaBieHHOM) cocToguun. B Pusnyeckoii SHIUK-
JIOTIEJTUY TIPUBOJIATCS CJIEJTyTOTNe TPaOUKI 3aBUCHMOCTH TIJIOTHOCTH ) 3€M-
HOTO BEIeCTBa M YCKOPEHMS CBOOOIHOTO TIAeHUs g OT ToIyounnt H .
Ornenure, TO eCTh paccuuTaiiTe NIPUOINKEHHO, JTaBJICHIE B IEHTPE 3eMJIN
(ng1st Takoit onenku 3apucumocty p(H) u g(H) MOXKHO pasyMHBIM 06pa3oM
yupocturb). [lonbitaiitech 00bACHUTD TaKzKe, II0YeMy 110 TIIyOUH HOPsijKa



3000 kM ycKOopeHne CBOOOJIHOTO MAJIEHUs g BO3PACTAET.
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Pertenue. Vcxoms u3 yeioBus 3a/1a4i, BOCIOIB3YEMCS MOJIEIBIO YK/I-
koit 3emutn. CIro#i JKUAKOCTH TIOTHOCTBIO p U Tosmmuoit AH co3maér ruji-
pocratmyeckoe jgasienne Ap = pgAH , rjie g — ycKopeHue CBOHOIHOTO Taie-
uusi. [IoCKOBKY p 1 g M3MEHSIOTCs ¢ TyOnHOM H | TO BBIYUC/ICHNE JaBJICHIIS
«B OJIHY CTPOYKY» HEBO3MOKHO. OOpaTuM BHUMAaHHUE Ha TO, UTO CO3JaBae-
MO€ CJIOEM KUJKOCTH THIPOCTATHIECKOE JIABICHUE JIJTsT BCEX HIYKEJIeIKAIIIX
cyioés Oymer BHermmHUM. Takmm obpaszom, 1o 3akony llackass To maBie-
Hue J100aBIAeTC K MHPOCTATHICCKOMY JIABJICHUIO HUKEJIEXKAINX CIIOEB.
Orcrofa mojtygaeM aJIlOPUTM PeIeHusl 3a1a4n.

Pazo6wém 3emitro Ha cirou Tommuuoit AH u paccauTaeM 100aBKY K JTaB-
JIEHUIO B IIEHTPe 3eMJId OT KaxKJI0ro cJjos. JList aroro mepemuoxkum AH u
Cpe/iHue 3HAUEHU Pcp U B, OTHOCAIIUECH K CEPEJIMHE KazKJI0To ¢JIog. 3aTeM
CJIOKUM BCe JIOOABKY W IMOJIyIHM OTIEHKY JIIs JIABJIEHUs B IEHTPE 3eMJIn



(em. Taboumy): py & 3,5 - 10! Tla = 3,5 M6ap (1 6ap = 10° Ila). dto 3Ha-
YeHHe XOPOIIO CONJIACYETCS ¢ TPUBEJICHHBIM B PU3MIECKOI SHITUKIIONE INH:
Py = 3,6 Mbap. Ilpn pasbuennn Ha cjioM pas3HOI TOJIIIMHBI HAIIN OIEHOY-
Hble 3HAYEHWs, €CTECTBEHHO, MOTYT Pa3JINYaThCsl, HO Pa3yMHOM SIBJISIETCS
oreHka B npenenax 3—4 Moap.

‘ H, xum ‘ AH, kM | Pep, T/ em? | gcp,M/C2 | Ap(H) = pep 8., AH, 1010 ITa

0 500 3,5 9,8 1,72
500 500 4,0 9,9 1,98
1000 500 4,8 9,9 2,38
1500 500 5,1 10,0 2,55
2000 500 5,5 10,0 2,75
2500 400 5,9 10,3 2,43
2900 600 10,3 9,6 5,93
3500 500 11,0 8,2 4,51
4000 500 11,5 6,8 3,91
4500 500 12,0 5,3 3,18
5000 500 12,2 3,8 2,32
5500 500 12,3 2,1 1,29
6000 400 12,5 0,8 0,40
6400 — — — —
| Nroro | 35,35 |

OTHOCHTEIHLHO POCTa BEJIMUNHBI g ¢ TyiyOnHoi BiioTh 10 H ~ 2900 km
MOXKHO CKa3aTb cJejyiomiee. OjHOpo/HbIe cheputiecKne CIou, JieyKare
BBIIIIE TOYKHU HAOJIONEHUS, HE CO3/AI0T JIOMOJHUTETHLHONU CHJIBI TPUTSZKE-
nnsd. Teso, naxonsieecs uHa riryoure H, IPUTATHBAETCH TOJBKO HIXKEIEXKa-
MMAMA CJIOSIMU, W YCKOPEHUE CBOOOIHOTO TajaeHus Ha rayourne H = Rz — R
I10/T TIOBEPXHOCTHIO 3€MJIN JIJIsI HErO PAaBHO, COTVIACHO 3aKOHY BCEMUPHOIO
rarorenus, g(H)=GM(R)/R?. 3aecs Rz ~ 6400 km — paguyc 3emn,
G =6,67-10"" »®/(xr-c?) — rpasuranmonnas mocrosmHas, R — pac-
crosiane oT renTpa 3emun, M(R) — Macca BCEX CIIOEB, PACIOIOKEHHBIX
HuzKe TIyOuHbl H, TO €CTh Ha PACCTOSTHUSAX OT MEHTPa 3eMJId, MeHbIuX RR.
TTockoJIbKY TJIOTHOCTH KOPBI U MaHTUKW 3€MJIM 3HAYUTETBHO MEHBINEe, 9eM
IUIOTHOCTB €6 sijipa, TO C POCTOM IJIyOmHBI BILIOTH 10 H ~ 2900 kM Beju-
yura, M(R) yObiBaeT HeMHOTO MejjleHHee, deM R2, 9TO M TPHBOIAT K
uebosbomy Bospacranuio g(H) ¢ riybunoii. B npenenax siapa 3emiu mwior-
HOCTh HOYTH IIOCTOsiHHA, Macca M (R) yObIBaeT OYTU HPOIOPIHMOHAJIBLHO
R3, u ermumna g(H) yObIBaeT IpaKTHIECKH JTHHEHHO 10 R.



4. Bo Bcex Toukax Kpupoii A, u300parkEHHOMN A
Ha pUCYHKe, IIOTEHIINAJ SJIEKTPUIECKOrO IIOJIs,
CO3/IAHHOTO HEIOJABUKHBIMUA TOYEIHBIMU 3aPsIaMu e
q1 =4 vKnu ¢ = 1 1K, pasern ¢ = 900 B. Oupene-
jaurte paccrosnue | Mexty 3apsgamu. [locrosanas B
saxome Kymona k=9 -10° H - m?/Ko®.

Pertenue. DekTpudeckoe mMoJjie B pacCMATPUBAEMOM CJIydae CUMMeT-
PUYHO OTHOCHTEIBHO OCH, IIPOXOJIAIIEN Yepe3 3apsanbl q; U go. 1Ipu Bparie-
HUU KPUBOH A OTHOCHUTEJILHO 9TOM OCHU MOJIYIUM 3aMKHYTYIO MOBEPXHOCTD,
HOTEHIMAJ BO BCEX TOYKAX KOTOPOIl OJUH M TOT ke (TaKue IIOBEPXHOCTH
HA3BIBAIOT SKBUIOTCHIUAILHBIMHY ).

Bekrop Hanpskénaoctn B (ecam oH OTIHMYEH OT
HyJsis) B JIIOOOI TOYKE 9KBUIIOTEHIMAJILHOM [OBEPX- A
HOCTHU HAIIPABJIEH IEPIIEHIUKYJISIDHO K Heil. ToabKo
B 9TOM CJIydae 3JIEKTPUUECKOe II0Jie He COBEpIIaeT @
paboThl IIPU IIEpeHOCe TPOOHOIO 3apsijia U3 OJHON O
TOYKN SKBUIIOTEHIINAJIHHON MOBEPXHOCTU B JIIOOYIO
JAPYTYIO TOYKY 3TOH ITOBEPXHOCTH.

3amerum, uTo B Touke O (CM. PUCYHOK), [JIe CAMOIIEPECEKACTCs KPUBAsT
A, HanpaBsieHIe HOPMaJIH K 9KBUIIOTEHITHAILHON TOBEPXHOCTH, &, CJIeI0Ba-
TeJIbHO, 1 HAIIPABJICHHE BEKTOpa F, He OIIPe/IeeHbl. DTO BO3MOKHO TOIBKO
B TOM CJiydae, KOIJa BEKTOD HAIPSKEHHOCTU B ITOI TOYKE PABEH HYJIIO.
IToaTomy

ko _ ka2
gy

rIe 71 U 79 — PaccTosgHus oT Touku O 10 3apsijioB ¢1 U (2. SAIIUIIEM TaK:Ke
BBIpaskeHue JJjisl IoTeHnuajia B Touke O:

k k
1 T2

Kpowme Toro, paccrosiaue MexK Ty 3apsijiaMu
l=7r1+7rs.

13 sTtux ypaBHeHnit HAXOIUM:

| MV )
¥

=9 cMm.
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5. HaitiT wHIyKTUBHOCTH TENH, U300-
paxkEéHHO# Ha pucyHke. HIyKTUBHOCTH
BCEX KaTyIeK B CXeMe OJUHAKOBBI U
paBHBI L, WHIYKTUBHOCTSIMU COEIIMHU-
TeJIbHBIX ITPOBOJIOB U BJIUSTHUEM KATYIIIEK
JpyT Ha Apyra IpeHeOpedsb.

Pemmtenue. Eciu Ha BXo/HBIE KJIEMMBI 3TOI IENU IOJAETCH IIEPEMeH-

HOE CHHYCOWIaJIbHOE HallpsXKeHHe ¢ KPyroBOi 4acTOTOI w, TO MHJyKTHUB-
HBIE COIPOTUBJIEHUS] BCEX KATYIIEK Oy/yT OJMHAKOBBI U paBHbl wl. [lpn
9TOM MPABUJIA CJIOXKEHUSI STUX COIMPOTUBJIEHUN OYIyT TEMU Ke, ITO U JIJIs
CXeMBI, COCTOIIEll U3 PE3UCTOPOB, TO €CThb LIPU 110C/I€I0BATEILHOM COeIUHEe-
HUAU CKJIAJIBIBAIOTCS UH/YKTUBHOCTH, & IIPH [TaPAJUIEbHOM — UX 00paTHbIE
BEJIMYUHDI.

s pacuéra MHAYKTUBHOCTU BHAYAJIE MEPEPUCYEM CXEMY, HAIIPUMED,
TaK, KaK [I0Ka3aHO Ha PUCYHKE CJIEBA.

L L)2

TTockoJsibKy BCe MHIYKTUBHOCTU OIMHAKOBBI, TO M3 COOOPAXKEHUN CHM-
METPUU CJIEJYET, ITO TOTEHIUAILI ToYeK A 1 B B J1060# MOMEHT BpeMeHU
OyayT coBIAaJATh. I103TOMY MOYKHO 3aMKHYTb UX IIPOBOAHUKOM. ITosryumm,
9TO KATYIMKH WHIYKTUBHOCTH L1 1 Ly, Lo u L3, Ls m L7 coequuennr mapaJi-
JIEJIbHO. 3HAYUT, CXeMY MOYKHO TeIlePhb IIEPEPUCOBATH TaK, KaK IIOKA3aHO Ha
PUCYHKe CIpaBa, U OHA OyIeT COCTOSATh W3 KATYIIEK C WHIYKTHBHOCTSIMEI
L/2 u L, coemHEHHBIX MOCJIEI0BATENLHO U apajuieabHo. ObIast nHIyK-
TUBHOCTb TAKO# CXeMbl OyJIeT paBHa

Loom = 7 I - T -

1
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TI'oposackoii atan. IlepBblit TeopeTuvdeckuii Typ

Cocrostncst 19 despadis 2006 rosa.

7 KJacc
Ha BBIIIOJIHEHME 3a/JaHd OTBOAMNJIOCH 3 aCTpOHOMI/ILIeCKI/IX qaca.

1. Haiiure mpuMepHYO BeJIUYUHY JABJIEHWS B IEHTPE 3EeMJIM, CUUTas,
4TO CpeJHfAs IJIOTHOCThH BelecTBa 3eMHOTo mapa pasHa p = 5000 kr/m>.
Pamgnyc emsin R3 = 6400 kM. YcKopeHue CBOOOIHOIO TaJIEHUsT HA TTOBEPX-
noctu e g = 10 m/c?.

Pemntenne. Ha rimy6ume A 1o/ TOBEPXHOCTHIO KUIKOCTH JABICHIE PABHO
p = pgh, T7ie p — €€ WIOTHOCTD, & g — yCKOpeHue cBoOOHOro najenust. Ho
MBI HE MOKEM BOCIIOJIb30BATHCsI 9TOH (DOPMYJION JIJTsT HAXOKICHUST JTABICHIST
B IIEHTPEe 3eMJIH, IIOCKOJIbKY g HE OCTA8TCsl MOCTOSTHHBIM 110 Mepe IPOIBU-
»KeHust BruyOb 3emutn. JleiicTBUTEIHHO, IPEJICTABUM cebe, 9TO HaM YIaa0Ch
[IPOCBEPJIUTH CKBAaYKUHY JI0 TEHTpa 3emuind. ZICHO, 9TO Teso, OIyIeHHOoe
B Heé JI0 ITOrO MEHTpa, OyJIeT CO BCEX CTOPOH OJMHAKOBO IPUTATHBATHCS
BEIEeCTBOM 3eMJIM U HAXOJUThCS B COCTOSIHUU HEBECOMOCTHU, TO €CThb YCKO-
penme CBOGOIHOTO Ta/IeHNsT TIOCTENIeHHO YMeHbITaeTcs oT 3Hadenns 10 m/c?
HA [TOBEPXHOCTH 3eMJIn J10 HyJist B €€ mienTpe. [Toaromy B hopmyity mitst nas-
JIEHUS HAJIO [TOJICTABUTE CPeJIHee 3HAUEHNE YCKOPEHUsT CBOOO/THOTO TIa IeHIs,
paBHOe g/2. 3Ha4YnuT, BEJIMINHA JaBJICHNs B IIEHTPe 3eMJIU IIPUMEPHO paBHa
p = pgR3/2 ~ 1,6 - 10! Ila = 1,6 Muumona armocdep!

Samevarnue. 1lo cOBpeMEHHBIM IMPE/ICTABIEHUSIM, 3€MJis COCTOUT W3
TPEX OCHOBHBIX CJIOEB — TOHKON KOPBI, JOBOJIBHO TOJICTOH MaHTHU (OKOJIO
3000 KM), CJIOKEHHOH W3 HOPOJ CPABHUTEJHLHO HEDOJIBIION IIJIOTHOCTH,
U TSKENOro (JKeJe3HOro) siapa. YCKOpeHHue CBOOOHOrO INaJeHUsl TaKiKe
JIOBOJIBHO CJIOZKHBIM 06Pa30M 3aBUCHT OT [IyOuHBI (cM. 3a1adqy Ne 3 OKpy K-
HOro 3Tamna, crp. 7). C yu4éroMm 3Toro pacuér Jaér Jjisl JaBJCHUS B IEHTPE
Semutn emé 6OIbIIYI0 BeIUIHHY: Py & 3,6 Musumona armocdep!

2. lIkosmpaukn mnobbBaaun B My3ee-umenun JI. H. Tosacroro «HAcmas
[IOJITHA» M BO3BPAIAJINCH B Ps3anb Ha aBTOOyCax, KOTOPHIE €XaJH CO CKO-
poctbio vy = 70 kMm/4. TTomén n0xKab, U BOAUTENN CHUSUIH CKOPOCTH J0
vy = 60 xkn/u. Korma moxkap KoHIMICs, 10 Psi3anu oCcTaBajoch IpoexaTh
S =40 kM. ABTOGYCHI HOEXAIH CO CKOPOCTBIO U3 = 75 KM/Y U BbeXaJu B
Psazanp B Touno 3amanupoBannoe BpeMst. CKOJIBKO BPEMEHU I8 JTOK 7
Yemy paBHa cpeliHsist CKOPOCTh aBrobyca? JIjist yIpolneHns: cauraiire, 9To
aBTOOYCHI B IIyTU HE OCTAHABJINBAJICD.
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Pemtenue. Cpejiasist CKOPOCTH aBTOOYCA — ITO OTHOIIEHUE PO IEHHOTO
IIyTH K 3aTPavYeHHOMY BpeMeHH. TakK KaK paccTosiHue OT «SICHO MOJISTHBI>
1o Psazann n3-3a 10K He U3MEHUJIOCh, U BPEMs, [IPOBEIEHHOE IITKOIbHU-
KaMu B aBToOyCe, TaKKe He U3MEHWIOCH (II0TOMY 9TO aBTOOYCHI BHEXaJu B
Psaszanb B TOYHO 3aIIAHUPOBAHHOE BPEMsl ), TO CPEJIHsIA CKOPOCTH COBIAIAET
€ HAYAJIBLHOH CKOPOCTDIO Ugp = 70 KM/

IIycts moxanp mén B Tedenne Bpemenu t. Torma myTh, MPOWIEHHBIN 3a
9TO BpeMsi, cocTaBuil vat. BpeMmsi, 3a KoTopoe mociie 10K /s aBTOOyChI IPO-
exaJin OCTaBIIeeCsl PACCTOsIHIE, paBHO S/v3. SICHO, 4TO BpeMst, 3aTpadeHHoe
aBTOOyCcaMn ¢ MOMEHTa HavaJja 0K JI0 UPHOLITUS B Ps3anb, TO/IKHO
PABHSITHCSI BDEMEHH, KOTOPOE TTOTPEOOBAJIOCH OBl JIJIsT IIPEO/I0JIEHUST TOTO JKe
paccTosgHns ¢ Ha9a/IbHOM CKOPOCTBIO V1 :

S t+ 5
t+_:u.
U3 U1

OTcrofa HaXOAUM BpeMsi, B Te€UeHUe KOTOPOIro IIEJI 0K/ Ib:

. L(S S)ZS(vg—vl)

U1 — V2 E_ﬁ 'UB('Ul_UQ)

= 16 MuHYT.

3. Bo mpjax ApKTukE B IeHTpe HEOOJBINION TIIIOCKOH JIhIUHBI TLIOMIAIHIO
S = 70 M? crout Geblit MeBe b Maccoit m = 700 kr. Ilpu aToM HaIBOIHAS
YACTh JIbJUHBI BBICTYIAET HAJ[ MMOBEPXHOCTHIO BOJLI Ha BbicoTy h = 10 cMm.
Ha kaxoit rirybume 107 BOJON HAXOUTCS HUMKHSIS MOBEPXHOCTD JIbJIHBI ]
IInoraocTs BogBI Py = 1000 KF/M?’, IUIOTHOCTD JIbJa p; = 900 KF/M3.
Pemtenune. ObGoznaunm dYepe3 x wuckomyio rayouny. Cumina  Tszke-
cTu, AefCTByIOmAg Ha JIBIAUHY C MEIBEIEM, DaBHA, O4eBUaHO, g(m -+
pnS(h + z)). Ona mo/KHA DPaBHATHLCA CHJIE JABJICHHs BOJbLI HA HUK-
HIOI0 MTOBEPXHOCTD JIbJIMHBI, HAXO/ISIIYIOCSI Ha TIyOWHE T, TO €CThb pPpgrs,
[TOCKOJIBKY JIbJIMHA HAXOUTCS B COCTOSTHUN paBHOBecHst. OTCIoa Moy daeM:

z = (m+ pahS)/((ps — pa)S) =1 m.

4. IlpoBosa Haj KeJe3HON JOPOroil, MUTAIOIIME TOKOM 3JIEKTPOIIOe3]Ia,
HATATUBAIOTCS C IMOMOINBIO CUCTEMbI, TIOKa3aHHOU Ha pucynke. OHa Kpe-
[ATCsT K CTOJIOY U COCTOUT U3 TPOCOB, OJIOKOB C U30JISITOPAME U CTAJIBHOTO
rpy3a KBaJIpaTHOTO cedenns co croponoit a = 20 cm. Cuita HATSXKEHUST TOJ-
CTOro TpOCa, KOTOPBI MAET OT KpaiiHero O6Ji0Ka K JIeprKaTesio IIPOBOJIOB,
pasua T = 8 kH. Kaxosa Bbicota h crambaoro rpysa? IlmorHocTs cranm
pasHa p. = 7800 kr/m3. Yckopenne csobomnoro majgerns g = 10 m/c2.
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Pemntenne. Jlerko Bumerh, 9TO KaK/blii OJIOK, OXBAYEHHBIN IBYMS
TOPU30HTAIBHBIMU yYACTKAMU TPOCOB, JAET BBIUIPHINI B CUJie B 2 pasa.
3HaunT, TPpU TAKUX OJIOKA, W300parKEHHBIE HA PUCYHKE, TaJlyT BBIUT-
poin B 23 =8 pas. Cuma TskecTu, JeficTBYIOmAsi Ha IDy3, paBHA
pegV, tne V =a’h — o06béM rpysa. 3HAUNT, CHJIA HATSIKEHHS TOJCTOTO
Tpoca Oyimer B 8 pa3 OGombme: T = 8p.gV. Orcioga mosydaem, d9TO
00bEM crasibHOro rpysa cocrasiaser V = T/(8p.g), a ero mjiuna pasHa
h=T/(8pcga’?) ~ 0,32 m = 32 cm.

8 kJ1acc
Ha BBIIIOJIHEHUE 33/ aHUA OTBOJINJIOCH 3 aCTpOHOl\H/I‘{eCKI/IX qaca.

1. IMIkoapauku mobeBam B ceie Koncrantunoso, na poguae Ceprest Ece-
HUHA, X BO3BpalllajuCch K cebe momoii B Pssanp Ha aBToOycax. ABTO-
Gychl exasm co CKOpocTbio v1 = 70 kM/4. TIomésn 0K /b, U BOJUTEN CHU-
3WJIM CKOPOCTD 10 vg = 50 kM /4. Korya moxK b KOHUuIcs, aBTo0yChl BHOBb
[oexXaJii C MpPeXKHell CKOPOCThIO U Bbexayn B Psi3anb Ha 10 MUHYT T032Ke,
geM ObLIO 3arannpoBaHo. CKOJMBKO BPEMEHHU I JT0XKIb !

Pemenue. CrenaeM pucyHOK U BBEJIEM Ha HEM CJIEJyIOIIe 0O03HAUE-
nust: K — Koncranrunoso; R — Psasanb; AB — y4acTok, KOTOpBIif aBTOOYC
npoexaJi moJi JOXKIAEM 3a uckomoe Bpems t; AC — ydacTok, KOTOPBIA 1mpo-
exaJt Obl aBTOOYC 3a TO 2Ke BpeMsi ¢, ecjii Obl He ObLIO JOXK/IsI.

VAAAAAAA
2000077

K A B c R

Scno, uro BC = AC — AB = (v1 — va)t. C apyroii croponsbl, aBTobyc
npomén nyth KA+ AB + CR 3a 10 e BpeMsl, 3a Kakoe ObLIO 3allIaHu-
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posano mpoiitu Bech myTh K R. Suaunt, BC = v1At, rne At = 10 munyT —
BpeMsI, Ha KOTOPOe OT03/1a/iu aBToOyChl. [IpupaBHUBas Oy YeHHbIE BbIPa-
Kenus, uMeeM: (v1 — vg)t = v1At, otkyna t = v1 At/ (v1 — v2).

2. B aByX/IITPOBYIO IIACTUKOBYIO Oy THLIb Y€pPe3 KOPOTKUIl IILJIAHT HAKAIU-
BaeTCs BO3/IyX J10 fdaBjenns 2 atM. [IlaHr nepexuMaercs, u K HEMY ITPHUCO-
€/INHSIETCS TePMETHYHBI TOHKOCTEHHBIH ITOJINITUIEHOBBIH ITakeT OOJIbIIOi
émkoctu (6osbire 10 suTpoB) 6e3 Bo3ayxa BHYTpU. ByThuib BMecTe ¢ maxe-
TOM KJIQJIyT HA OJIHY YaIlKy BECOB U YPABHOBENINBAIOT I'MPsAMU, KOTOPbIE
IOMEIAKT Ha JPYLYI0 YaIlKy, a 3aTeM 3a)KuM ocjabisercs. Bozmyx us
Oy TBHLIN [IEpEeTEeKAeT B TAKET, M PABHOBECHE BECOB HapyIIaercs. I py3 Kakoii
MaCChl M HA KAKYIO 9aIllKy BECOB HYKHO IIOJIOXKUTh, 9TOOBI PABHOBECHE BECOB
Boccraosmtoch? [L1oTHOCTE Bo3Iyxa pasHa 1,3 kr/M% ;) yckopenne cBo6o1-
HOTO TIaJIeHns cauTaTh pasHbiM 10 M/c?.

Perrenue. Cymmaprasi Macca BO3/yXa BHYTPU OYTHIIU U [TAKETa [OCJIe
[epeTeKaHns BO3/Myxa n3 OyThLIN B IMakeT He m3MeHmIach. Ciie1o0BaTe/bHO,
CcyMMapHasi CHUJIa THAXKECTH, JIeHCTByMIas Ha 00e ODOJIOYKH U BO3IYyX
BHYTpU HEX, OCTayach npexneil. OHAKO M3MEHWICS CyMMAapHBIH 00bEM,
KOTODBIII 3aHUMAIOT BMeCTe OYTBhLIb M IAKEeT, TaK KakK Iocje ocJabJie-
HUs 3ayKMMa 4YacTh BO3/yXa u3 OyThbLIn Iepernuia B naker. /laBjenme B
[makere CTajio paBHBIM 1 aTM, 3HAYUT, TAKOE YKe JABJIEHHE yCTAHOBUJIOCH
u B Oyrhumn. Bo3myx, KoTopblil B OyThLIN 3aHuMa 00bEM 2 J1 TIpU JaB-
JICHWH 2 aTM, Terepb npn gasjeHnn 1 arm 3anumaeT o0béM 4 . Taxkum
06pa3oM, B IaKeTe 0KA3aJI0Ch 2 JIUTPa BO3/LyXa, U CYMMAapHBII 00bEM yBe-
Juyaniicd Ha 2 jgurpa. Ha OyThuib u makeT cO CTOPOHBI BO3/yXa JIEHCTBYeT
BoITasIKuBalomasa (Apxumenosa) cusa. Ilpupainenue TOH CHJIBI PABHO:
AFy = 0,002 v - (1,3 xr/m3) - (10 m/c?) = 0,026 H.

Takum obpaszom, Jijisi TOTO, 9TOOBI pPABHOBECHE BECOB BOCCTAHOBUJIOCH,
HY?KHO Ha Ty Ke JalIllKy, [Jle HAXOJUTCs OYThLIb U ITaKeT, J00aBUTh TUPbKA
cymmapHoit Mmaccoit M = AFa/g=2,6r.

3. B kamopumerpe maxomurcsas m = 100 r pacriaBJIeHHOTO METAJIIA TaJl-
JIWsi TIPU TeMIepaTrype ero miasjieHus t,,; = 29.8 °C. Ero wagyaym meyieHHO
OXJIAXKJIaTh, 0beperas OT BHEITHUX BO3/EHCTBUIl, 1 B PE3y/IbTaTe TEMIEPa-
Typa nonusmwiach Jo t = 19,8 °C, a rajumit ocrascs kunkuM. Korsa mepe-
OXJIAZKICHHBI TaKUM 00PA30M JKUJIKUI TAINNi pasMeniaan maJoIKoi, O
YaCTUYHO TIeperné B TBepjoe cocrosinme. Haiimre maccy OTBEpIeBIIEro
raJuinsl ¥ YCTAHOBUBIIIYIOCS B KAJIOPUMETPE TEeMIIepaTypy. Ye/ibHasi Tell-
Jora wiasjenns rajmst A = 80 kJ[K /K, yiebHasl TEeIIOEMKOCTD KUAKOTO
rasms ¢ = 410 Ixx/(xr - °C). TemmoéMKOCTBIO KAJOPUMETPa W MATOYKH
peHedpedn.
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Pemmenue. [Ipu oTBepieBanny rajiins BbIAEIAETCS TEII0TA KPUCTAJLIN-
3aIun, ITO IPUBOJIUT K HAIPEBAHUIO CHCTEMBI JI0 TeMIIEPATYPbI IIaBJIEHUS
rasmus ty,; = 29,8 °C, MOCKOJIbKY TOJBKO IIPU 9TOI TeMIIepaTrype KUK
U TBEPJBIN TajuIuil OYIyT HAXOAUTHCSI B DABHOBECHUH.

KonmiaecTBo TenIoTHI, BBIIECISIONIEECT MPU OTBEPJIEBAHIUN MAaCChl M
rajutnsi, paBHO Ami. OHO UAET Ha HAIDEBaHWE BCErO TAJLINS JIO TeMIlepa-
TYDBI IUIABJICHUST; JJIsl 9TOI0 TPeOyeTcs KOJIUIeCTBO TeIUIOThL ¢ (ty, — t).
CuentoBarenbio, my = em(ty, —t)/A ~ 5,1 1.

3aMeTuM, 9TO eciu Obl ePeOXIaKIeHne ObLIO OYeHb CUJIbHBIM, TO Tell-
JIOTBI KPUCTAJLIA3AINNA MOTJIO ObI HE XBATUTH JIJIs HATPEBAHUS BCEl MaCChI
raJuidsi 10 TeMmreparyphl maBjienns. OHAKO, TMOCKOJBKY 11 < 1M, TO B
HaIlleM CJIy4ae raJuiuii JeiCTBATEJIbHO HarpeeTcd J10 3TOH TeMIepaTyphl.

9 kJ1acc
Ha BBIIIOJIHEHME 3a/JaHd OTBOIMNJIOCH 4 aCTpOHOMI/ILIeCKI/IX qaca.

1. Huwnumap maccoit M TOMECTHIM HA PEJIbCHI,

HAKJIOHEHHBIE II0J] YIJIOM (@ K TOPHU30HTY (BUJL M

cbOKy NOKasaH Ha pUCYHKE). ['py3 Kakoil MUHU-

MaJIbHON MacChl M HYKHO IMPUKPENUTH K HAMO- m

TAHHOW HA IMWJIAHJID HUTH, 9TOOBI OH ITOKATHJICS «

BBepx? [IpocKasb3biBaHme OTCYTCTBYET.
Pentenune. Ha mummaap J1eiicTByIOT Tpu-

JIO’KEHHAsI K €ero NEHTPY cuia Tsxkectu Mg

U NPWIOXKEHHAs K €ro Kpalo CHJIa HATsKe-

Hud HUATH, paBHasd mg. umaap nokaTurcs

BBEPX, €CJIM MOMEHT CHJIbI TS?KECTU OTHOCHU-

TeJILHO OCH, TIPOXO/IsAIIeii yepe3 Touky A mep-

HMEHUKYJISIPHO IJIOCKOCTH DPUCYHKa, OyJeT

MEHBIIIE MOMEHTA CHJIBI HATSKEHHUs HUTH.

IlockouibKy IIedn CHJI TSXKECTH U HATsKe-

Husg HATH pasubel Rsina n R(1 —sina), To ncKoMoe yC/IOBHE HMEeT BUJI:

MgRsina < mgR(1 — sina), wom m > (M sina) /(1 — sin «).

2. AyoMuHueBasi MPOBOJIOKA JUAMETpOM d = 2,5 MM, HEe CJIMIIKOM THY-
Tas, MOKpbITa JbaoMm. OOImuit JuaMerp MTPOBOJOKH €O JIBJOM paBeH
D = 3,5 mm. Temmeparypa Jsbma u npososioku t = 0 °C. Ilo mpososioke
nycrmim ToK custoii I = 15 A. 3a kakoe Bpems Jj1611 pacraer? IlmorHOCTD
abaa p, = 0,9 r/em?, a ero yaenbras terora miasierns A = 340 kJIx /kr.
VienbHoe conporusiaenne amomuaus p = 2,8 - 1078 Om - M.
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Pemntenne. [lpu mpoxoxkaeHnn TOKa depe3 MPOBOJOKY B Hel BBIICTSI-
ercs Tero, pasHoe 10 3akony Jxkoynga-Jlenna QQ = I?RT, rie T — ncKoMoe
BpeMd TasgHUS JIbJla, a R — CONPOTUBJICHNE TIPOBOJIOKH. DTO COIPOTUBJICHHE,
corsiacHo u3BecTHOl bopmyne, pasro R = pl/S = 4pl/md? (3nech | — niuna
POBOJIOKH, S — ILJIOMA/b €6 HOIEPEYHOTO CEUeHUs ). DTO KOJIUIECTBO Tell-
JIOTBI PACXOJyeTcd Ha ILIaBJeHue Jjbiaa: = Am. Macca Jibjga m pasHa
IIPOU3BEIEHUIO €r0 TIOTHOCTH Ha 00béM: m = p,V = pu(1/4)7(D? — d?)I.

IIpupaBHuBas MOy YEHHBIE BBIPAYKEHUS I KOJIMIECTB TEILIOThI, OKOH-
JaTebHo TostydaeM: T = \p,m2d?(D? — d?)/(161°%p) ~ 19 mun.

3. DjekTpuvecKast I€lb COCTOUT W3
TPEX PE3UCTOPOB C M3BECTHBIMHU COIIPO- ,

R, R
tuBjiedussMu Ry = 20 Om, Ry = 30 O,
R4 = 60 OM, ofHOTO pe3ncTopa ¢ Hens- A B
BECTHBIM CONPOTHUBJIEHUEM R3 M OIHOTO R R,
nepemennoro pesucropa (cm. puc.) Ilpu

U3MEPEHUN CONPOTHUBJIeHUsT RAp MeXIy

Toukamu A u B 3Toif 3JEKTPUYECKON IENU BbISICHUIOCh, YTO OHO He
3aBHUCHUT OT COIPOTHUBJICHUS MEPEMEHHOTr0 pe3ncTopa. Haiigure BeIUINHBI
COIPOTUBJIEHUIT HEM3BECTHOT'O pe3ucTopa Rz u Beeil e Rap.

Perrenune. Unesi pernenuns 3ak/04YaeTcs B TOM, UTO IMPU YCJIOBUSIX
3aJa9M TOK Yepe3 MEepEeMEeHHBIN Pe3ucTop He MAET, W HalpsizKeHne Ha HEM
pPaBHO HyIO (B IPOTHBHOM CJIydae M3MEHEHUe CONPOTUBIIEHUS STOIO Pe3H-
cropa Hem36exKHO IPUBOAMIO Obl K M3MeHeHuto Beandusbl R4p). Orciona
BBITEKaeT, 9T0o Hampsikenns Uy n Us ma pesucropax R; m R3 coBmaaior.
Tak kak

R1 RB
_u Us =Unp - —3
Ry + Ry’ Rs+ Ry’
T0 orciona RiRy = RoR3, " COUPOTHUBJIEHNE HEU3BECTHOTO PE3U-
cropa R3 = RiR4/Ry =40 Om. Comnporusjienue Bceil Hemu  MOXKHO
HAWTH, TOJIB3YICH GOPMYIIOH JIs apaslIeIbHOIO COCUHEHUs PE3UCTOPOB:

1 1 1 (R1 + RQ)R4

= + , O a Rap=
Rap Ri+R: Rs3+ Ry e AP Ry + Ry

Ui =Uap-

~ 33 OmM.

4. B cekcrante, KOTODBIIl IO3BOJISIET OIPEIENIATH YIOJ (© BO3BBIIIEHUS
CoJtHita HaJT TOPU30HTOM B IOJIJIEHD ¥, TAKUM 00pPa30M, IITUPOTY MECTHOCTH,
HUCIOJIB3YIOTCS JIBa IJIOCKUX 3€pKaJia, OT KOTOPBIX CBET IIOOYEPEIHO OTpa-
JKAETCsl U yTOJI (v MEXKJIy KOTOpbIMU perysupyercs. V3o0paxkenne CostHiia
B 9THX 3€PKajax IPU U3MEPEHUIX C IOMOIIHIO CEKCTAHTA HEOOXOINMO COB-
MECTHUTD C JIMHuEHl ropusonTa, noadoupas yrosa «. Haiiaure cBa3pb yria o ¢
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YIJIOM (0 U OOBSICHUTE, IIOYEMY HCIIOJIb30BAHIE CEKCTAHTA CUJIBHO YIIPOIAeT
3a/1a4y HAXOXK/IEHUS yIJIa ¢, OCODEHHO IIPU KavdKe KOPadJIs.

Pemtenue. [Tocrponm xos1 styda cera ot COJHIIA B CEKCTAHTE TIPH JIBYX
OTPaXKEHUsIX CBETa OT ILJIOCKUX 3€PKAaJI, YIOJI MEXKJIy KOTODBIMU DPaBEH
(em. puc.). O6o3HauMM BepInuHy yria « ToUKoi O, TOUKHU NaJIeHus JIyda Ha
mepBoe 1 BTopoe 3epkajia — A u B, TOUKy mepecevdeHust MepeHnKyIsapoB,
BOCCTaBJIEHHBIX K 3epKaJjiaM B Toukax A u B — 1uepe3 C', TOUKy mepecevdenust
BXOJISIIETO B MPUOOP W BBIXOIAIIEr0 U3 Hero jgydeit — depes D. B moment
CHSITHS TIOKA3AHWIA IPY TPABUILHOM TIOJIOXKEHUN 3epKaJl ipsiMast BD ropu-
30HTAJIbHA, & YIVIbI IAJI€HUs CBETA Ha 3epKaJia PaBHBI, COOTBETCTBEHHO, 11
u 3. B gerwipéxyrompanke AOBC nBa yria — OBC u OAC — upsimbie,
nosromy yroia BCA paseH (m — ), a CMeXHBIN ¢ HUM paBHgercd «. Ho
9TOT K€ YTOJI sBJISIeTCS BHEINIHUM yrjaoM Tpeyrosbauka ABC, mosromy
« =11 + i3. B cBoto ouepeib, yros ¢ Bossbimerus CosHIIA HAJT TOPU3OH-
ToM pasen yriy BDA B Tpeyrosbauke ABD, ocrajbHbIE YIJIBI KOTOPOTO
PaBHbBI, COOTBETCTBEHHO, 211 U 2i9. [oaromy ¢ = 7 — 2(i1 +1i2) = 7 — 2.

TOPU30HT

Takum obpaszom, o = (T — ¢)/2 U He 3aBUCUT OT yTIJia IAJEHUs CBETa
Ha 3epkasia. [loaTomy mazke pn Kadke KOpabJist 1 U3MEHEHUN YTy ¢ JIyd
cBera o1 COJIHIIA, BBIXOISAIIUI U3 CEKCTAHTA, COXPAHSIET CBOE HaIlpaBJIEHHE
(ropu3oHTAJIbHOE [IPU IPABUILHOM Hou60pe yriia «). Ilpu arom coBmecTuThb
n3o6pazkenne COJIHIIA ¢ TOPU3OHTOM TOpPa3]0 IMPOIIE, YeM BU3UPOBATH HAa
YIJIOMEPHOM WHCTPYMEHTE cpa3y JBa HampasjeHus — Ha CoJIHIE U HA TOPU-
30HT, /14 ellé ecJin Beé Kadaercs!
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10 knacc
Ha BBIIIOJIHEHME 3a/JaHd OTBOAMUJIOCH 5 aCTpOHOMI/ILIeCKI/IX qacCoB.

1. OHaxK bl JJeTHUM YyTPOM Ky3HeunK cujen Ha acdasbre. Korma Cosaie
[IOJTHSIJIOCH Ha YTOJI (0 HAJI TOPU3OHTOM, OH NPBITHYJ B cTopory CoJHIa ¢
HAYAJIBHON CKOPOCTBIO ¥y MOJ yIJIOM < K ropu3oHTy. C Kakoil CKOPOCTHIO
JIBI2KETCS TI0 acalibTy TeHb Ky3HEUHKa CIIyCTs BpeMsi ¢ TI0ocJe PbIKKa?

Perrenue. Hanpasum ock X 1o ropusonrtasu B cropony CosHIa, 0Ch
Y — BepTUKAJBHO BBEPX, a HAYAJIO KOOPJINHAT TOMECTHM B TOUKY, TJI€ CUJIE]T
Ky3HEJUK. 3aKOH JBUKEHUsI Ky3HEUNKA MMeeT BUJI:

2 2 2

z(t) =wvocosa-t, y(t)=wvpsina-t— ER npuaém 0 <t < “hosma

Kooppuuary Tenn Kysneunka Ha acdasbre X (£) MOKHO OIPEIETUTD U3
yenosust y(t)/(z(t) — X (t)) = tg . Orciona

2
X(t) = x(t) — y(t) ctg p = vo(cos a — sin ctg )t + gt? ctg .

CiefloBaTesibHO, JIBUXKEHHME TeHH Ky3HeunKa Ha acdasibre siBIs-
eTCsl PABHOYCKODEHHBIM C YCKODEHHEM gCtgy ¥ HAYaJIbHOI CKOPO-
creio Vo = vg(cosa — sin actg @) = vg sin(p — a)/sing. CiesroBaresso,
CKOPOCTBH TEHH B MOMEHT BDEMEHH ¢ PaBHA

sin(¢ — @)

Vt) = v L gtetgp,  0<t<
sin ¢

2vp sin o

2. Ha mapuupHo 3aKkperiénnoii 70cke Ha paccToguuu R oT mapHupa Haxo-
JIATCs MaJleHbKasl 1maiiba. /JocKy, mepBOHAYAIBHO PACIIOIOKEHHYIO TOPHU-
30HTAJILHO, HAYAJIN BPAIATH BOKPYT MAPHAPA B BEPTUKAJIBHON IIJIOCKOCTH €
YIJIOBOIT CKOPOCTHIO w. [Ipn KaKOM 3HAUEHUN yIjIa (v HAKJIOHA JJOCKU K TOPU-
30HTY Imaiiba HAYHET CKOJIB3UTH 10 Jocke?! Koadduiment Tpenus maiobn
0 1ocKy (1 < 1. Yckopenue CBOOOIHOIO 1A I€HUsI PABHO g.

Pemntenne. fcro, 9To ecam pe3ko HaYATh Bpa-

MaTh JIOCKY, OIyCKas €& CBOOOJHBIN KOHeI, TO B N \w
MOMEHT HadJaJia BpAIeHUs Iaiiba cpasy OTOPBETCs Fop
or jocku. [losromy MBI OymIeM paccMaTpuBaTh CIIy- 7 Yme
Jaif, KOrJaa CBOOOIHBIN KOHEIl JIOCKU TTOIHIMAIOT. s

IIpu coobmennn T0CKe TOCTATOYTHO OOJIBITION YTIIO-
BO CKOPOCTH TIaiiba cpasy Ke HATHET CKOJb3UTh 110
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nocke. Ilpu mHe caumkoM OGOJBIION YTJIOBOW CKOPOCTH Iaiiba HEKOTOpOe
BpeMsi Oy/IeT HEIOJBUKHA OTHOCHUTETHHO JIOCKU, JBUTASCH IIPU ITOM IO
OKPY?KHOCTH, & 3aT€M HAYHETCS CKOJIbYKEHUE.

Ha mraiiby meficTByroT cmjia TsiKeCTH, CUJIa peakiuu ormopbl N U cujia
Tpenns mokos Fy, (cM. pucynok). ITockosbKy yckopenue maiibbl Ipu nBH-
JKEHIH [0 OKPY?KHOCTH PABHO w?R U HAIIPABJICHO K MIAPHUPY, HMEeM:

N = mgcosa, mgsina — I, = mw?R.

st maitbbl, HEMIOIBUYKHON OTHOCUTEBHO JJOCKH, JTOJIZKHO BBITIOJTHSITHCS
yeaosue |Frp| < uN. CrenoBarensuo, maiita He 6y1eT CKOIb3UTD [0 T0CKE
mpu |mgsina — mw?R| < pmgcos a.

Orciona nosydaem, 9ro 1npn w?R > g maiiba HAYHET CKOJIB3UTDL 110
JOCKe cpagy ke, npu o = 0.

IIycts Temeps w?R < pg, n a # 0. Oupenesnm, OpH KaKUX YCIOBHAX
BO3MOKHO CKOJIbYKEHIE IMAaf0bl K IMapHUPY U OT HEro.

1. ITaitba OyjeT CKOJBL3UTHL K IMAPHUDPY, €CJN HAYHET BBIIOJ-
HATBCA ~ ycjoBme — sina — pcosa > w?R/g. Beemém  obosmadenme:

1
[ = arctg u = arccos ———= = arcsin N — Torma  mpusesénHOE
1+ p? 1+ p?
YCJIOBHE MOYKHO 3allMCATh B BHJIE:
in 3) > Ww?R N . Ww?R
sin(a — _— nun @ arcsin —————.
gV +1 gV +1
. W’R m
Ormerum, ITO BBHY TOro, 4To pt < 1, mmeem 3 + arcsin ———— < —,
g1+ u? 2

[I09TOMY, HAYMHASI C HEKOTOPOil BEJIMUUHbI yIJIa (¢, PACCMATPHBAEMOE YCJIO-
BHE OyJIeT BBIIOJIHATHCSL.
2. Anasormdno, maiifa MOMXKeT Ha4aTh CKOJIB3UTH OT IIAPHUPA, €CJIH
sina — pcosa < w?R/g.
w?R

gV +1’
oznako npu 0 < a < 7/2 OHO HE BBIIOJIHAETCH.

Kombunupyst mnosiydenHble pe3ysbraThl, IPHXOJUM K OTBETY: IIpU
w?R > ug maiiba HAYHET CKOJNB3UTH TO JOCKe Tpn « = 0; TIpH
W?R < pg < g maiiba HQaqHéT CKOJIb3UTb IO JIOCKE K IIAPHUPY IpH

w R

gV +1

3. ,Z[Ba KOCMHNYECKHNX KOpa6HH C MacCCaMM 111 1 My JIEeTAT C BBIKJIIOYECHHBIMUI

D10 ycioBHE MOYXKHO 3alicaTh B BHje: o > m — [J — arcsin

o > arctg (1 + arcsin

JIBUTATEJIIMHA B TIOJIE€ TSITOTEHUs 3BE3]IbI, Macca KOTopoit M MHOTO OOJbIIe
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ux Macc. CkopocTu KopabJieit Ha OOJIBINOM YIAJEHUN OT 3BE3/IbI OBLITH PABHBI
v1 | vy cooTBeTcTBenHO. [locse mposéra Kopabiieit OKOJIO 3BE3/IbI U UX y/Ia-
JIeHUST Ha OOJIBINOE PACCTOSTHUE OT Heé BEKTOPHI WX CKOPOCTEHl M3MEHWJIN
cBoé¢ mampasJienne Ha 90° m ocTajuch TakuMH 2Ke 10 Beqmdune. [lepsbrii
KOpabJib TIPOJIETEST OT 3BE3/Ibl HA MUHMMAJbHOM paccrosinuu [1. Ha kakom
MUHUMAJIBbHOM PACCTOSTHUH OT 3BE3/IbI [y MPOJIeTeT BTOPOil KOpadib?
Pemntenne. Ilpexae Bcero, 3aMeTnM, 9T0 TPACKTOPUS JTBUKEHUS MaTe-
PUAJIBHOIN TOYKHU B MOJI€ TSYKECTH 3BE3/IbI HE 3aBUCUAT OT MaCChl MATEPUAb-
HO# TOYKM. YTOJI IOBOPOTa KOPAOJIsi ¢ TIOITOMY OJTHO3HATHO 3aBUCUT OT €r0
MUHUMAJIBHOT'O PACCTOSTHUST JIO 3BE3/IbI [, €r0 CKOPOCTU HA OECKOHEYHOCTHU U
u Besmuannbl GM, Bxogameii B 3akoH BceMupHOro Tarorenus (G — rpasu-
TAIMOHHASI IIOCTOSIHHAS ). DTH BEJMYUHBI UMEIOT CJIE/LYIOIINe PA3MEPHOCTH:

[GM] =wm> -2, [1] = ™, [v] =m-c L.

M3 HUX MOXKHO COCTABUTH TOJBKO OJHY HE3aBUCHUMYIO 0Ge3pa3sMepHyIo

KOMOMHAITHIO: . CieoBaTe/ibHO, yTOJI TIOBOPOTA KOPabJIst (0 SIBJISIETCS

2
OTHO3HATHO (blvaKuHeﬁ OT TaKOW KOMOUHAIINHN, U JI/TsT 000nX KopabJieit 3tu
G—]\g = G—]\g, otkyna ly = I3 (v1 /v2)?.

llvl 121}2

JlaHHBI OTBET MOXKHO TaKKe MOJITBEP/IUTD, UCIOIB3YsT COODPaKEeHNUs
noobus. JleficTBUTENbHO, YpaBHEHNE IBUXKEHUE JJIsT KOpabJIs, JBUKYIIE-
rocst B MOJIe TSYKECTH 3Be3/bl, nMeeT B @ = —GM7/r3. Eciu ysenmanTs
BCe PACCTOSIHUS B A Pa3, a MPOMEXKYTKH BpeMenn B A\3/2 pasa, 10 ckopocTu
usmensTes B A~ /2 pasa, a yckopenue @ n sesmmauna GM7/r3 — B A72 pas.
ITosTomy, ecim B KaKoW-TO MOMEHT BPEMEHHU DaJInyC-BEKTOPBI U CKOPOCTH
JIBYX MATepUAJbHBIX TOYEK, JBUKYIIUXCA B TOJIE TATOTEHUS 3BE3JIbI, CBs-
3aHBI COOTHONIEHUSAMU 7] = Ay, U1 = A~ /2%, T0 9T1 cooTHOMeHNsT OyayT
CIIpaBeJJIUBBI BO BCe MOMEHTHI Bpemenu. [loaTomy, eciu jiBa KopabJist OTHO-
BPEMEHHO IIPOJIETAIOT Ha, MUHUMAJIBHOM PACCTOSTHUU OT 3BE3[bI TAKUM 00pa-
30M, UTO CIPABE/JIUBBI 9TU COOTHOIIEHNUS, TO U3 HUX, UCKJIIOYAsT \, TIOJTY IUM

HAIIMCAHHBIA BBIIIIE OTBET JJIst [o.

BEJIMYMHBI JTOJIZKHBI COBIIaJIATh:

4. B mumuHgpe 1o/ TOPITHEM HaXOIUTCS TPU HOPMAJIbHBIX YCIOBUAAX TOP-
U TeIUsl B KOJUYIECTBE V = 2 MOJIb. Eif cOOBIIA0T KOJUIECTBO TEILIOTHI
@ = 100 I, mpu aToM Temiieparypa rejus ysesuunbaercsa Ha AT = 10 K.
Ouennre usMeHerne oO6bEMa ra3a B 3TOM IIPOIECCE, CUNTAsl €ro TEILIOEM-
KOCTb IIOCTOAHHOIA.

Pentenne. Brauae ompesennM, Kak MeHSETCs OObEM Tremnst B JTaH-
HOM mporiecce. Kcim 6b1 00bEM HEe MEHSJICsI, a TeMIepaTypa yBeInInIach
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na AT, To Bcé coobiaeMoe KOTUIECTBO TEIJIOTHI TOIMLIO ObI HA U3MEHe-
uue BHyTpenneil suepruu rejus: AU = (3/2)vR AT ~ 250 Ix. [Tockoabky
AU > @ = 100 /I2x, 70 ra3oM, COTJIACHO ITEPBOMY HAYAJY TEPMOUHAMUKH,
cosepinaercs pabora A = QQ — AU ~ —150 Ik, T0 ecTb 06bEM rejus H0JI-
JKEH yMeHbIaThest. [Ipu 3ToM TeMieparypa rejius pacTér, W JaBJICHUEe
JIOJIZKHO BO3pacTaTh ObICTpee, 9eM IIPU U30TEPMUIECKOM MIPOIIECCe.

TMockompky AT =10 K < Ty = 273 K, 1o Oyaem cuurarh, 9TO BeEJIHU-
apHa u3Menenus oobéma |AV] < Vy =2-22,4 j1, u U3MeHeHne JaBICHAS
Ap TakrKe HEBEJINKO II0 CPABHEHHUIO ¢ HAMAIBLHBEIM JaBJIeHIeM po ~ 10° Ia.
Torna npu rpy6oii olleHKe MOYKHO MOJIOXKUTH P & pg U A ~ pg AV. Orciona
nostydaeM, uro AV ~ A/py = (Q — (3/2)vRAT)/p =~ —1,5 1. Buzso, uro
geitcrBuresnpao AV < Vy = 44,8 51, mosToMy TPUOIHKEHHE MAJOTO U3Me-
HeHUs 00bEMa JIEHCTBUTEIHHO OIPAB/IAHO.

Ha camom jesie (cM. Bbliie) JaBjeHue B IIPOIECCE BO3PACTAET JI0
px=vR(To + AT)/(Vo + AV) = po(1 + (AT/Ty))/(1 + A(V/Vp)) =~ 1.07po,
u 60J1eé TOUHAs OIEHKA TIOJIyIUTCsl, €CJIN B BhIpazkeHnue Jijis paborel A 1moj-
CTaBUTB HE P, & CPEJIHEe 3HAUEHNE JABJICHUA B IIPOIECCe Pep = (Do + Pk ) /2.
Torma yrouménnoe TakuM o00Opa3oM HU3MEHEHHEe O00bEéMa OyaeT paBHO
AV ~ —1,45 1, 910 OYTH HE OTJIMIAETCS OT HpeabLIyIeil, 6osee TpydOit
OTICHKH.

3amevwarue. B ycioBum ckazaHo, 4TO TEIJIOEMKOCTH Iejiisl B JAHHOM
[IPOIIECCE MOYKHO CUUTATH TIOCTOSHHON. DTO 03HAYAET, YTO IPOIECC ABJISACTCS
HOJIMTPOIMYECKUM (TaK HA3BIBAIOTCS IHIPOIECCHI, IIPOXOJAIINE IPU IOCTO-
STHHOM TeIJIOEMKOCTH ), OJIHAKO HCCJIeJI0OBAHME ITUX IIPOIECCOB BBIXOIUT 3a
PAMKHM TIKOJBLHON mporpaMMbl. TOUHBIA pacdér, UCIOBL3YIONMi TEOPUIo
[OUTPOIMIECKIAX IIPOIEeccoB, naér AV ~ —1,43 j1, Tak 4YTO Jarke HaIla
rpybast olleHKa COBCeM Hernioxa/

5. K nIeanbHOM baTapeiike % (1)
¢ IC Uy=1,3B noakiodena ~ ped
MOCTOBasl  3JIGKTpUYECKasi  IEllb,
coOpaHHasi ©3 TPEX OJMHAKOBBIX
BOJIBTMETPOB M JIBYX OJMHAKOBBIX
MUITHAMIIEPMETPOB, [PUIEM  OJIUNH s
U3 MUIIHAMIIEDMETPOB BKJIOYEH B Uo
JMaroHajgb MocTuka. M3BectHO, d9TO
MOKA3aHUsT MUJITHAMIIEPMETPOB OTIMIAIOTCs B 3 pasa. Kaxkum mMoxkeT ObITh

) )
Y, Y,

OTHOIIIEHUE COTPOTUB/IEHUI BOJIbTMETpa U MujLtnamiepmerpa’? Caurast, 910
COIPOTHBJIEHNE BOJIbTMETPa OOJIbINE CONPOTUBJIEHUS] MUJIJINAMIIEDMETPA,
olpeJiesiiTe II0OKa3aHus KaxKJ0T0 U3 BOJIBTMETPOB.
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Pemtenne. Ilycts I — ToK wepes A=D1 Vi
MUWLTHAMIIEDMETD, BKJIIOYEHHBIA B 7\’ 7\’
JAUaroHaJ b MOCTHKa, Torma A — ) W
TOK depe3 JIPYToil MHIJLINaMIIEPMETD T4l T I
(cMm. pucynok). Bo3smokHBIE 3Haue- —=> ——=
mug A pasubl 3, 1/3, -3 u —1/3. ) @,

Toxku wepe3 BoJLTMETPHI 000O3HA-
9UM, COIJIACHO [I€PBOMY  IIPABUILY Us
Kupxroda, xkak J, (A — 1) u J + I.

Ob6ozaaunm yepe3 R4 1 Ry cONPOTUBJICHUS] MUITAAMIIEPMETPA U BOJIBT-
MeTpa ¥ 3amnmiieM Bropoe npasuio Kupxroda s JIByX COCETHUX KOHTY-
poB, He cojepxkarux I/C:

(J4+ )Ry + IRy = (A —1)IRy
JRy =IRA+ MRa

IloncraBnss J Ry u3 BTOPOTO COOTHOIIECHUS B TIEPBOE, TOJIYTa€M:

(A+2)IRs = (A —2)IRy,

u
Ry A+2
Ra A—2°
IIpu A=1/3 u A= —1/3 orHOIIEHNE COUPOTUBIICHUII OKA3LIBAETCH
OTPUIATEJ]LHBIM, CJIeJ0BATEILHO, STH CJIydal HEBO3MOXKHBI. B oCTadbHBIX
Ry Ry
Caydasix UMeeM: — =H Ipu A =3 U — = — 1pu A = —3.
Ra Ra 5

TTockosIbKy 110 YCJIOBHIO CONPOTUBJIEHIE BOJLTMETPA OOJIBINE COIPOTHUB-

Ry
JIeHUsd MUJLJIMaMIlepMeTpa, IMeeM: T 5, A =3.

A
OTcrofa HaXOAUM TOKH, TEKYIIe Jepe3 BoabTMeTphbl Vi, Vo u Vi:

Ra 4

J=AN+1)I—= -1,
(A+1) R 5

(A= 1I = 2I;
9

J+1=-=1I.
* 5

CirenoBaresibHO, IIOKa3aHus 3TUX BojabTMeTpoB Vi, Vo u V3 orHOCHATCH,

9

KaK Jucja —, 2 1 —.

TTockombky Uy + Us = Uy = 1,3 B, nmonywaem: U; =04 B, Uy =1 B,
Us =0,9 B.
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11 knacc

Ha Brbimostenne 3aJJaHuA OTBOJIUJIOCH 5 ACTPOHOMMUYIECKUX YaCOB.

1. ITo BHyTpeHHEl TOBEPXHOCTH OOJIBIIOrO HEIo-
JIBUYKHOTO 00pydva pajmycoM 21 6e3 MpOCKaIb3bIBa-
HUsI KaTUTCA MaJiblii 00pyd pajmycom r. OTpe3ok
00’, coepunstonmuii MeHTPbl 06pyYeil, JBUIKeTCs C
YIJIOBOI CKOpOCThIO w. K Majomy obpydy B Touke A
NPUKPEIIEH IPY3uK. B HEKOTOPBII MOMEHT BpeMeH!

00pyYHn U Ipy3UK PacCIOJIOXKEHBI TaK, KaK MOKa3aHO L
Ha pUCyHKe. UeMy paBHO B 3TOT MOMEHT yCKOPEHUE
rpysuka’
Pemtenune. [Tomectnm nagano kKoopgauHaT B To9ky O W HAIIPDABUM OCh
X Bupaso, a ocb Y — BHm3. Torma Touka O’ — meHTp Masoro obpyda —

JIBHZKETCH TI0 3aKOHY
X(t) = rsinwt, Y (t) = rcoswt,

€CJIN OTCUUTHIBATH BPEMsI OT MOMEHTA, YKA3AHHOTO B YCJIOBUM 381N,

O6ozaaunm gepes ¢(t) = pg — w1t Yyroa moBopoTa Majoro obpyda, Bpa-
AIOIIEr0Cs IPU KAYEHUN 110 OOJILIIOMY 0OpYYy B IPOTUBOIOJIOKHYIO CTO-
POHY € yTJIOBOW CKOPOCTBIO w1. 3aKOH JBUXKEHHUsI TOUYKU HA MaJIOM 0OpyUe
MOZKHO 3aIUCATH B BUJIE

x(t) = rsinwt + rsin p(t), y(t) = rcoswt + r cos p(t),
a CKOPOCTb U YCKODEHHUE 3TO TOUKH — B BHUJIE

vz (t) = rw coswt — rwy cos p(t), vy (t) = —rwsinwt + rwy sin (1),

2

az(t) = —wrsinwt — wirsing(t), ay(t) = —w’rcoswt — wir cos p(t).

B moment Bpemenu, Korya ¢(t) = wt, paccMaTpuBaeMasi TOUKa Ha MaJIOM
00pyte KacaeTcss OOJIBITOTO O0pyta, TMOITOMY €€ CKOPOCTDH JIOJIKHa 0o0pa-
maTbest B HOJIb. OTCrO/a 1oty qaem:

w1 = w, i Ay = —w2x, ay = —w2y.

CireoBaTesibHO, B KarK/blii MOMEHT BpPEMEHU yCKopeHwe Touku A Ha
MaJIOM OOpyUe HAMPABJIEHO K TEHTPY OOJBIIOrO 00pyda W BBIPAXKAETCS
Jepes paccTogHNe JI0 MEeHTpa GoIbIToro obpyda Kak w?R. B MomeHT Bpe-
MeHH, TTOKA3aHHBIA Ha PUCYHKE B yCJI0oBHHE 3aja4n, R = rv/2. Taknum obpa-
30M, BEKTOD yCcKopeHHusi TOUkn A nHampasien K Touke O 1oy yriaom 45° k
orpesry AO' u 1o BesTmUNHE paBeH a = w2ry/2.
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2. Ha 3axpeniéHHo# HAKJIOHHONW IIJIOCKOCTH, 0Opa3yIoIieil yroa o ¢ TOpH-
30HTOM, YIEpP:KUBAIOT JIErKuit juct Oymarn. Ha Hero moso:Kmim O60JbIo
JiepeBsaHEbBI 6pycoK. C KAaKUM YCKOPEHHeM HavaJ I JBUTaThCs OPYCOK, KOT/Ia
6pycok u 6ymary ormyctuwiu! Kosddunment Tperus mexiay OPyCKOM u
Oymaroit (11, MeXy OyMaroit 1 HaKJIOHHON ILIOCKOCTBIO [49.

Perrenue. Ha Gpycok maccoit M jeiictByror cusa Tsizkectu Mg, cuma
peaknuu onopsl M g cos o 1 cuita TpeHnd [r,1 CO CTOPOHBI JINCTA. YCKOPEHHE
OpycKa ompejiesisseTcss n3 BTOporo 3akona Hobioromna:

Ma = Mgsino — Frpi.

Ha mucr 6ymaru geficTByIOT CUIbI pEaKINK OMOPHI CO CTOPOHBI OpycKa
U HAKJIOHHOI IJIOCKOCTH, IIPOTUBOIIOJIOXKHBIE TI0 HAIIPABJIEHUIO U PABHBIE I10
BesmauHe M gcos o, ¥ CHIIBI TPEHNs €O CTOPOHBI OpycKa [l 1 HaKJIOHHOM
mIocKocTn Flipo, TaKzKe MPOTHBOIOJIOKHBIE IO HATIPABJICHUIO 1, MTOCKOJIBKY
JICT JIErKuil, paBHble 10 Besumuune: [, = Fipo = M(gsina — a). Ilpu
TOM JIOJIZKHBI BBIIOJHATHCS YCJIOBUS:

Fp1 < piMgceosa, Fipo < poMgcos .

Pasencrsa B 9TUX COOTHOIIEHUSAX JOCTUTAIOTCS TOJBKO TPU CKOJIbIKEHUN
MIOBEPXHOCTER JIPYT OTHOCUTEJILHO JPyTa.

Takum 06pa3oM, BO3MOXKHBI CJIETYIONTNAE CITYIAM:

1. Cucrema okourcs, ipu 3rom a = 0. Cirygait BO3MOXKeH pu f11 > tg «
u o > tga.

2. Bpycok aBuzKercsi, a JJUCT OyMaru IMOKOUTCA. B aToM cirydae

Fip1 = Frpo = pnMgceosa, a = g(sina — py cos o).

Citygait BO3MOXKEH Ipn (1 < fio U (1 < tga.
3. Bpycok jBmxkercst BMecTe ¢ 6Gymaroit. B aTom ciygae

Frip1 = Frpa = paoMgcosa, a = g(sina — pg cos ).

Citydait BO3SMOXKEH IPA 41 > fio U fy < tga.
Orcroa mostygaem:

a=0 npu min(u,p) > tga,

a = g(sino — min(pq, p2) cos) mpum  min(u, p2) < tga,

3. BakpenyiéHnas HeIPOBO/IsIIas TOHKOCTEHHAs OJIHOPOIHAs cdepa pajiu-
ycom R u maccoit M paBHOMEPHO 3apsizKeHa 110 MTOBEPXHOCTH 3apsijioM ().
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U3 neé BbIpesalor MasieHbKUil Kycodek maccoit M /10000, cxkumaoor ero B
KPOIIIeYHbII KOMOYeK (He MeHsisl 3apsi/l) U HOMEIIAOT B 1ieHTD cdepbl. Komo-
9eK OTIyCKAIOT. deMy Oy/eT paBHA €ro CKOPOCTDH Ha OOJIBINOM YAAJEHUIN OT
cdepni? A B MomenT BblIeTa n3 cdepbl! Cuia TSXKECTH OTCYTCTBYET.

Pemenue. Cdhepy ¢ BbIpe3aHHBIM KYyCOUKOM MOYKHO IIPEJICTABUTH KaK
COBOKYITHOCTDH 11eJioit cepnl ¢ 3apsgom @ (Oyaem cuurarh, uro @ > 0)
U MAJIEHBKOIO JINCKA C 3aps/IOM ITPOTHBOIIOJIOXKHOTO 3HAKA, PACIIOJIOXKEH-
HOTO B MeCTe HAXOXKJIEHUS BBIPE3AHHOTO KYCOUYKA. 3apsji 9TOrO JHCKa
paBeH —q = —@) /10000, a OBEpXHOCTHAS IIOTHOCTH 3apsijia HA HEM paBHA
o = —Q/4m R?. Tloka KOMOYEK JIBUZKETCs BHYTPHU Chepbl, OH TPUTATHBAETCST
K 9TOMY OTPHUIATEBHO 3aPSIXKEHHOMY JIUCKY, TIOCKOJIbKY Tlejiasi PABHOMEDHO
zapsikeHHasi cdepa He cozmaéT mosst BHYTpH. [locsie BbuLTeTa 3a mpesesnbt
cdepbl KOMOYEK OTTAJIKUBAECTCS OT HEE.

CKOPOCTH KOMOYKA Ha HOJIBITIOM y/IaJIeHIH OT ¢(hephbl U B MOMEHT BBLIETA
u3 Heé MOXKHO HAWTH U3 3aKOHA COXpaHeHWs Hepruu. MOXKHO CYnTaTh,
9TO IMOTEHIMAJ B IEHTpe cepbl, CO31aBaeMbIii BCeMHU 3apsijiaMu Ha eé
[IOBEPXHOCTH, paBeH ¢y = kQ /R, riae k = 1/4me(, HOCKOIBKY HOTEHIAJIOM,
KOTOPBIN CO37aET MaJIEHbKNI OTPUIATEIHHO 3aPSKEHHBIN JIMCK B IEHTPE
cdepbl, MOXKHO TIpeHeOpedh. B cepeie 0TBEPCTUST TTOTEHITAA CKJIA hIBa~
ercsi U3 Py — IMOCTOSTHHOTO MOTEHINAJIA BHYTPU PABHOMEDHO 3aps?KEHHOI
cdepbl — U MOTEHIUAA B IEHTPE OTPHUIATETHHO 3aPsi?KEHHOT0 JINCKA, KOTO-
PBIil MOYKHO HAMTHU CJIEIYIONTIM 00Pa30M.

IlycTs guck wmeeT pajuyc T U MOBEPXHOCTHYIO ILIOTHOCTH 3apsijia o.
V49acrok Ja@EcKa, OrpaHMYEHHDI OKPYKHOCTAMHU C pajmycamu 17’ u
r’ 4+ Ar’, cozmaér B nenTpe gaucka norenmmas ko - 2wr’ Ar' /r' = 2wko Ar'.
CrenoBare/ibHO, IOTEHIMAJ BCEro JUCKA B €ro IEHTPe pPaBeH
on = 2rkor = —2ky/qr|o|, a TnoTeHIWAJ B cepejuHE OTBEPCTHsS DaBEH
w0 + ¢5. Ha Gosbmom yranenun or cdepbl €€ HOTeHIMA] PaBeH HYJIIO:
Yoo = 0.

Takum 00pa3oM, SHEPIrHUs SIEKTPOCTATHYECKOTO B3aMMOJEHCTBUS
KOMOUKa O chepoil U3MEHUTCsE K MOMEHTY €ro BbuieTa u3 cdepbl (1ocTu-
JKEeHMsl [IEHTPa OTBEPCTUS) HA BEJUUUHY

o B | Q@ _  aveQ _  kQ?
AWBLIH_qASO_q((SDO—’_SDH) 900)_ qu (]7T47TR2— k R o 106R7

a Ha OOJIBIIOM y/IaJeHUN OT C(PEPhl — Ha BEJTUIUHY

kqQ kQ?
A 0o p— A 00 P— ') — = -— = -———— T — .
44 qAPoo = q(Poc — P0) = —qp0 i 104R

CkopocTu KOMOYKa B MOMEHT BblLIeTa U3 CEPbl Ugy,; U Ha OOJIBIIOM
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VIAJIEHIN OT HeE Vs BBIPAXKAIOTCH Yepes ero Maccy m = 10~4M ¢ momomipio
3aKOHA COXPAHEHUST SHEPIHUH:

2 2
—mvam + AWBEI]‘I =0, Mo + AWOO = 0.
2 2
Orcrona
\/—mwoo 2k(Q? Q
'Uoo == = = ,
vV 27T€0MR

m MR
[ —2AW i 10-1 2kQ)? 107'Q
/UBbIJ-I - - = - M
m MR V2megM R

4. Hajitu conporusienue Mexy kiaemvamu A u B nenu, u3o0pazkEHHOI
HA PUCYHKE U COCTOSINEN 13 OECKOHETHOIO YHC/Ia OJJMHAKOBBIX PE3NCTOPOB
¢ conporussienueM R.

R R R R R R
A - — B
R R R R R R
Pemenue. $lcho, uro Ha OOJIBIIOM yiajieHUH OT KjaemMM A u B jaH-
HOM IIeTTN TOK TeYET TOJIBKO 110 HUYKHEMY ITPOBOJIHUKY, & 110 BEPXHEN YacTu
[EI TOK HE UJET, U MOITOMY €€ MOXKHO Pa3opBaTh. Torma n3o00pakEéHHYI0
Ha PUCYHKE B YCJIOBUU 33Ja4UU HJIEKTPUIECKYIO TIEIb MOXKHO ITPEJICTABUTD,

KaK COBOKYIIHOCTH JBYX 3jeKkrpuueckux neneii AC' u CB, coenHEHHBIX
[OCJIeIOBATENBHO (CM. PHCYHOK 1).

R R R R R R
A —e e B
R R R R R R
c

Pucynok 1.

Cormporupienne Beeil 3JIEKTPUYECKOil menu Rap CKIAIbLIBAETCS U3
conporuBienuii Rac u Rcop neneii AC u CB, KOTOpble COBIIAJAOT:
Rac = Rep = R;. llostomy Rap = 2R,.

27



A [
R R R

Pucynoxk 2. Pucynoxk 3.

Iepepucyem ssexrpudeckyio nenb AC (em. pucynoxk 2). ITockonbky sra
1erb OeCKOHEeYHasT U €€ COIPOTHUB/IEHUE He U3MEHSIeTCsI TP J00ABJICHUN eITE
OJTHOTO 3BE€HA B HaJaJle, NIPEJICTABUM €€ TaK, KaK IIOKa3aHO Ha PHUCYHKE J.
Torja U3 3aKOHOB IOCJIEIOBATEIHHOIO U MMAPAJIIETHHOIO COEIMHEHNS 1IPO-
BO/IHUKOB I1OJIYY1M:

RR,

Re=Rt 5w,

NI Ri — RR, — R*>=0.

Pemrag 910 KBapaTHOE ypasHenne, maxomum: R, = R(1 ++/5)/2. Orciona
Rap = 2R, = R(1 +/5).

5. Jlis obocHOBaHMsT (DOPMYJIBI, CBA3BIBAIOIIEH Maccy U aHepruio, A. Diin-
MTeRH TPEJUIOKUT CISIYIONMI MBICJEHHBIR dKkcrepument. JBa rema ¢
MaccaM# mq W Mo HAXOJATCS Ha KOHIAX JIETKOW HEMOJIBUZKHONW TeJIeKKN
JymHON L, KoTOpasi MOMXKeT CBOOOJHO MHEePEMEIaThCs 110 TOPU30HTAIb-
Hoit moBepxHOCTH 6e3 Tpenus. OHO W3 Tea ucmyckaer (GOTOH C YaCTO-
TOI w, KOTOPBIH MOIJIOMAETCA BTOPBIM TejJoM. Uemy Oyer paBHA CKO-
POCTBb TEJIeXKKHU TOCJIe UCIyCKaHus (hOTOHA JIO €ro moryomienns! A moce
noryiomenust porona? Ha Kakoe paccTOsHME CMECTHTCS TeJIeXKKa B pac-
cmarpuBaeMoM mporiecce? Ha kakyio Besmanay Am J0/KHA YMEHBITATHCS
Macca MepBOrO Tejla W YBEeJIUIUTHCsT MacCca BTOPOTO Teja, 9TOObI MEeHTD
MACC CHCTEMBI TIOC/Ie MOTJIoNeHust (hOTOHA ocTajcs Ha mecte?! [locTostHHAs
IInarka paBHa h, CKOPOCTH CBETA C.

Petnenune. ITockonbky umiyinbe dborona pasen p = fuw/c, mocie ero
UCIIyCKAHUS UMEHHO Ha 3Ty BEJUIHHY U3MEHUTCS CyMMAPHBI UMITYJIbC
TesleKKM 1 Tesl. [oaromy mociie ucmyckanust (DOTOHA CKOPOCTH TEJIeXKKN
Gyaer paBua v1 = p/(mi1 +me) = (w/c)/(m1 + ma).

DoTOH IOCTUTHET BTOPOro Tejia 3a BpeMa At = L /¢, u 1oc¢jie ero morio-
[EHUs TEJIEIKKA OCTAHOBUTCSI, TO €CTh €€ CKOPOCTb CTaHET PABHON HYJIIO:
Vg = 0.

3a Bpemst At TejieKKa CJBUHETCS Ha PACCTOSHUE

hw/c L hw L

AL=1At= ——W — = —

mi+mg c 2 my+me
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YT0OBI MEHTP MacCC CHUCTEMBI OCTAJICA Ha MECTe, HYKHO, ITOOBI Macca
[IEPBOTO TeJIa YMEHBIUIAChH, 8 BTOPOTO — YBEJIUIWIACH HA BeJUIuHy Am,

ompejiesiieMyio u3 coorHorierus Am - L — (mq + me) - AL = 0. Orciona
Am = hw/c?.

TI'opoackoii aTan. Bropoii TeopeTudeckuit Typ

Cocrostnest 5 mapra 2006 rosa.

8 kJ1acc
Ha BBITIOJIHEHUE 3a/aHUAd OTBOJINJIOCH 3 aCTpOHOl\H/I‘{eCKI/IX qaca.

1. Ko aHy cocyma mpu [OMOIIU Iap-
HUDa NPHKPEIJICHA 3a KOHEI| TOHKas [, /] A
OHOPOIHAS TTa09Ka JAuHoi L. B cocy 1
Me€/IJIEHHO HAJIMBAIOT BOJY U OTMEYaloT,
KaKasl 9acTh JJIMHBI TaJ0YKN L, OKa3bI-
BaeTcs o1, Booii. ['paduk 3aBucumocTu
OTHOCHATEILHON YACTH JJINHBI MAJIOYKI
L,/L, wuaxomgmeiics 10j BOJIOH, OT
BBICOTBI i YPOBHS KHUJIKOCTU HaJ, JHOM
cocyma m300paxkéH Ha pucyake. Ormpe-
JIeJIUTE TJIOTHOCTH MaTeprasa MaJoduKu,
€CJIN U3BeCTHA IJIOTHOCTH BOJIBI Py .
Pemntenne. 13 rpaduka MOHATHO, €UTO
Ly=h uwpu A< L,/L<1, u L,=L upn -
h > L, o ectb, HauuHasi ¢ Ly /L = \, majgouka

CTOUT B BOJAE BEPTHUKAJBHO -~ CHa4daJIa \ ,/’/\
JaCTUYIHO, a 3aTeM IIOJTHOCTBIO HOFPY)KBHHOﬁ F \AL

Apx
B BOY. DTO MOXKET UMETh MeCTO, TOJIbKO €CJIn .

IJIOTHOCTh MaTephuaJia MAJOYKHA Py MEHBIIE, L
9eM TJIOTHOCTH BOJIBI py. B TO IKe BpeMs
L,/L =X\ =const npu 0 < h < AL, 10 ecTb B
BOJIy IIPU 3TOM TIOIPYIKEHA MOCTOSHHAS YACTh
JUIAHBI TTAJIOYKH, & YIOJ (¢ €€ HAKJIOHA K TOPU30HTY 110 MEpe POCTa YPOBHS
BOJibI B cocyne oT 0 mo AL pactér ot 0 10 90°.

Paccmorpum yeoBust paBHOBeCHsT MAJIOYKH TIPU HEIIOJIHOM €6 IMOTpY-
JKEHUH B BOJY B HAKJIOHHOM HOjIoKeHuu (cM. pucyHok). Ha mamouxy
JeficTBYIOT: cuyta Tskectd mg = pugSL (3mech S — mwiomaap cedenus

29



[IAJI0YKH ), HAIIPABJIEHHAs] BHU3 U IPUJIOXKEHHAs K €6 cepe/inHe, BbITaJIKu-
Barormas cuia Apxumena Fapx = ppgS - AL, HallpaB/IeHHAs! BBEPX U IIPIIIO-
JKEeHHasl K CepeJlMHe [OIPYKEHHON B BOJLY YaCTU HAJIOUKH, M CUJIAa PEAKIUU
[apHUpa, TPUIOXKEHHAs] B TOYKE MPUKPEIIEHUs MAJOYKH K JHY COCY/IA.
B cocrostnun paBHOBECHST CyMMa MOMEHTOB 9TUX CHJI OTHOCHTEJHHO TOUKU
KpeIUJIeHNsI TAJIOUKN B IIAPHUPE JIOJI’KHA OBITh paBHa Hym0. [lockombKy
MOMEHT CHJIbl PEAKIMU IIapHUPA PABEH HYJIO, TO JOJKHO BBIIOJHATHCS
paBenctso: ppgSL - (L/2)cosa = ppgS - AL - (AL/2) cosa, OTKyma momy-
gaeM, 9TO Py = PpA”.

2. B kajopumerpe Haxomujcs JI€d Maccoit my = 0,5 Kr upm Temiepa-
Type t; = —20 °C. VienapHasi TenIo8MKOCTb Jbja ¢; = 2100 Ix/(xr - °C),
a ero yuesnbHas rerora asiaenns A = 340 k/lxk/kr. B kasopumerp
BIIYCTHJIH TIap Maccoit my = 60 r npu temmeparype t,; = 100 °C. Kakas
TeMIleparypa yCTaHOBUTCS B Kajopumerpe? VYeabHas TeIIOEMKOCTD
BOJIBI ¢ = 4100 JIx/(kr - °C), yueabpHas TEIIOTa MapooOPa3oBaHUs BOBI
r=2,2-10° JIxx/kr. TemmoéMKoCTbIO KaJIOPEMETPa I TIOTEPSIME TeTLIa, Ipe-
nebpedb. OTBeTbTE HA TOT YK€ BOIIPOC, €CJIM HAaYaJIbHAS Macca Jb/la PaBHA
my; = 0,3 xr.

Pemtenue. Chavuasia Hy»KHO BBISICHUTD, ITO Oy/eT HAXOJUTHCS B KAJIO-
pUMeTpe B KOHEYHOM COCTOSIHMM — TOJIBKO JIEJ, CMECh JIbJla W BOJIbI WJIN
TOJIBKO BOJIA.

CpaBHUBaeM KOJIMIECTBA TEIJIOThI, KOTOPhIE BXOJAT B YPaBHEHUE Tell-
JIOBOTO Oajiamca, B IIepBoM ciiydae. Tersora, BbIIESIONasICsa IPU KOH/IEH-
caIly BCero napa, paBHa

Q1 =1y = 2210522560 10~3 xr = 132 K/l
KT

Tertora, HEOOXOIUMAA I HATPEBAHNSA BCETO JIbAA 0 TOYKN ILJIABJICHNUSI,
To ecth 10 0 °C, paBHa

Hox

Q2 = camy(0 °C — t,;) = 2100 —— . °C

0,5 xr- 20 °C = 21 x/Ix.

Tertora 0T KOHIEHCAIIUN BCETO apa 00JIbIIe, 3HAYUT, JIE OYIeT IIaBUThCS.
Ob11ee KOMMIECTBO TEIJIOTHI, BBIACSIONICECS TPU KOHICHCAITUN Iapa, 1

oxJIaXKIeHnn obpa3oBasineiicst u3 Hero Bojwl 10 0 °C, cocrapsier

QB = Ql + can(tn -0 OC) -

ﬂ

=1,32-10° JIx + 4100 = - 60- 107 3 kr- 100 °C = 156,6 k/Ix,
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9TO MEHBIIlEe TEIJIOTHI, HYXKHOH [Jisi TOro, 4T0ObI BeCh JIEM, B3ATHIA 1Ipu
Ha4vaJIbHOI TeMmIlepaType, pacllJIaBUJICA:

Q4 = Qs+ Ay = 21 -10° [T + 340 - 10° S22 0.5 xr = 191 wIox.
KT

3HAYUT, pacTaeT TOJBKO YacTh JIb/la, U KOHEYHAs] TEMIIEPATypPa CMeCH
6yner 0 °C.

Bo BrOpoM ciiyuae B KOHEYHOM COCTOSIHMM B KaJIOPUMETPE, OYEBUIHO,
GyZIeT TOJBKO Bojia. PaccunTaem Q) st 9TOTO CiTydast:

Qil = QIQ + Amy =
= 21002[—}?0 £0,3 kr - 20 °C + 340 - 10°

KT -

K/2K

pe 0,3 xr = 114,6 x/Ix.
DTa BeJMYNHA MEHbIIE OOIIEro KOJMIeCTBA TEIIOThl ()3, BBIIEJISIONIe-
rocst IIPU KOHJIEHCATIY TTIapa U OXJIAXKJICHIN 00PA30BABIIEICs 13 HETO BOJBI
510 0 °C. IToaTomy Jij1st pacuéra TeMIepaTypbl, KOTOpasi yCTAHOBUTCS B KAJIO-
pUMETpPE B 9TOM CJIydae, HaJI0 3aliCaTh ypaBHEHUE TEIJIOBOIO basamnca:

Qil + Canl(t -0 OC) = Ql + Can(tr[ - t)a

nJjim
/
CB(mJ'Il + mn)t = Ql - Q4 + My ly.
Bripazkas oTcrofia TeMuepaTypy £, OKOHUYATEJILHO [0y aeM:
My — AmJ‘Il + CaMa1ly + caMy

2%
t= ~ 28 °C.
CB(mJ'Il + mn)

3. I'py3 wmaccoit M upukpemién K

[IO/IBUYKHOMY OJIOKY, IIOJBEIIEHHOMY Ha y JIBUTATEITh
HUTH, OJMH M3 KOHIOB KOTOpOi mamo- R > ®
TaH Ha IIKUB pPaJidiycoM T, a Jpyroi r /

KOHEIT IIEPEKNHYT Yepe3 COOCHBI, CKpeI-

JIEHHBI C TIEePBBIM IIKUB paauycoMm R

U HAMATBIBAETCS Ha BaJI, PUBOIUMBII

BO BpAIIEHNE IIPU IIOMOIIH JIBUTATEIS

(em. pucynok). CKOpPOCTb TOPU30HTAIb-

HOrOo yd4acTKa HUTH paBHa V. Hailimure
MOIIIHOCTh, KOTOPas Pa3BUBAETCS JIBUTA- M
TeJIeM IIPU HOJIHATHH I'Py3a, CIUTasA, ITO

HUATH He MPOCKAJIB3BIBAET 110 IITKUBAM.
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Pemntenne. [lpn aBmkeHNN ¢ MOCTOAHHOW CKOPOCTHIO MOITHOCTH CHJIBI
MOKHO paccauTaTh mo dopmyne N = F - v, e F' — cuna, ¢ KOTOPOi# TIHy T
rpy3, a v — CKOpPOCThb HOAHsATHH rpy3a. CKOpOCTh v HaiiéM U3 ypaBHe-
HUSI KHHeMaTudeckoil cBsasnu. Hampasum och OX BBepxX, HAYaJI0 OTCUYETA
BhIOEpEM HA yPOBHE HAYABHOTO IMOJIOXKeHUsi rpy3a. OD03HAUNM CKOPOCTh
BpallleHnsl KpaiflHuX TodeK Majoro mkuba depe3 V'. II0CKOIBKY CKOPOCTh
BpAIIEHUS KPAHHIX TOYEK OOJIBITIOTO MKNBa PAaBHA CKOPOCTH TOPU30HTAJb-
HOI'O y4acTKa HATH V, TO M3MeHeHue KOOpAMHATHI Ipy3a Ax 3a Bpems At
MOXKHO BBIPA3UTh U3 yPABHEHUS

2Az = VAt — V' At,

IJIe TIepBOe CaaraeMoe B IpaBoii 9acTh ypaBHEHUsT paBHO JJIMHE HUTHU, HAMa-
TBIBAIOIIEHCS Yepe3 OOJIBINOI KB Ha, BaJl JIBUraTeId 3a Bpemsa At, a BTO-
poe ciaraemoe — JIMHEe HUTH, pasMaTbhIBalolleiics ¢ MaJoro MIKABa 33 TO
ke BpeMa At. YUnTbIBasg, 9TO YIJIOBBIE CKOPOCTH O0OMX IIKUBOB OIMHA-
KOBBI, MO3KHO 3anmcars: V' /r = V/R . Boipasum orcroga V', nogcraBum 3to
BBIpasKeHUe B IIpeJIbLAyIIee ypaBHeHne n pasaesnnM ero Ha At. B pesyiabrare
TOJTy TaeM:

v L=V (1-=

SV v ()

Az 1 r
Orcrola HaXOIUM CKOPOCTh ¥ TIOJIHSITHS TPy3a: v = N EV 1-— =)
TTockobKy Ipy3 HOJHIMAETCS PABHOMEPHO, TO CyMMa JIEHCTBYIONINX HA
Hero cus paBra nymo: F' = Mg. Takum o6pa3om, mosytdaeM OKOHIaTETLHOE
BBIPaXKEHUeE JIJIsi MOIITHOCTY, PA3BUBAEMOIl JIBUTATEJIEM [TPU O IHITHN I'PY3a:
1 T
N =-MgV (1 . —).
2 R

9 kJ1acc

Ha Boinosnmenue 3aJJaHUA OTBOJUJIOCH 4 ACTPOHOMHUYECKUX YJaca.

1. Haxojisick Ha BepINWHE JIEIsTHOM
ropku, obpasyiorreit yroa a = 30° ¢
TOPHU30HTOM, IIKOJIBHUK OPOCHUI CHe-
2KOK 11071 yryioM 3 = 70° K TOPU30HTY
U B ITOT K€ MOMEHT HadaJl CIIyC-
KaTbCcsd 0e3 HavdaJbHOW CKOPOCTH C
9TOIl TOPKHU Ha CAHKaX. depe3 HEeKOo-
TOPOE BPEMsi CHEZKOK IIOITAJI B IITKOJIb-
nuka. Haitinre ko3 DunmenT Tpenns MeXK Iy MOJTO3bAMI CAHOK U JIbIOM.
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Pemntenne. Bpeném cucrtemy KOOpAMHAT CIEIYIONINM OOpa30M: HAIpa-
BuM ochb OX BHU3 BIIOJIb TOPKH, 0Ch OY — TepIeHuKyIsIPHO TOPKe BBEPX.
IIpu jannoM BEIGOpE KOOPANHATHBIX OCEil TIPOEKINN Ha HUX YCKOPEHUST CBO-
6OTHOTO TIAJIEHUST PABHBI

g, = gsina, g, = —gcosa.

CaHKU JIBUXKYTCS C YCKOPEHUEM @, OIPee/IsieMbIM 13 BTOPOI'O 3aKOHA
Hriorona:
ma = mgsina — umgcos a,

e 4 < tga — KO3 OUIMEHT TPEeHMUs.

O6o3naunM wepes v, = vg cos(a + ) u vo, = v sin(a + ) mpoekuun
HAYaJbHON CKOPOCTH CHEXKKa Ha KOOPIMHATHBIC OCH. 3aKOHBI JBUKCHHS
cuexka (1) u canok (2) umeror Buj

sin o - 2 cosa - t?
r1 = Vot + giy Y1 = 'UOyt - g47 (1)
2 2
sin o —  cos a)t?
ry = SO ¢l

CHEeXOK TOMaJIET B MAJBINKA, €CJAU B HEKOTOPBIi MOMEHT BpPEMEHU
1 = 22 1 Y1 = y2. OTCIONA TTOJIyIaeM COOTHOIICHUS:
Hgcos o - t2 gcosa - t2
0 =v9gt + ——— n 0 =wvoyt + =—F—
2 2
CremoBaTenbho, Vog /Voy = — i, B ft = — ctg(a + §) ~ 0,17.
it TpUBEAEHHBIX B YCJIOBUM YHUCJOBBIX JIAHHBIX COOTHOIIEHUE
p < tga ~ 0,58 meficTBUTEIBHO BBIIOIHEHO.

2. B cucreme, wuzobpaxkénmoit Ha

pUCYyHKe, HUTH HeBecOMa U Hepac-

TS2KUMA, OJIOKA HEBECOMBI, TPEHUS

wer. Macchl Ipy30B Ha KOHIAX HUTH “
PaBHBI 1M1 W My, OJHOPOIHAS JIOCKA

MacCCOIl M3 JIE?KUT Ha T'OPU3OHTAJIb- m 0
HOM CTOJIE TaK, YTO BEPTHKAJIbHbBIE
YYIACTKHU HUTH, [1ePeOPOITEHHOI depes
3aKPEILIEHHBIE Ha JIOCKe OJIOKH, IPO-
XOIAT BIOJb €€ ToproB. Ilpu kakom
YCJIOBUH JIOCKA [IPU JBUXKEHUU I'PY30B
OyZIeT 0CTaBATHCA B TOPU3OHTAIBHOM
[TOJIOXKEH U !
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Pemnenne. Ob6o3HATIM
JITUHY JIOCKU <epe3 [, a CHuIy
HaTsSKEHNs, OJIMHAKOBYIO BJOJIb
Beelh uutu, epes T (eMm. pucy-
HOK). ¢ICHO, 49TO JOCKa MOXKeT
MOJHATBCS — 1[OJ,  JIeACTBUEM
cunbl ') TPWIOXKEHHOU K eé
[IpaBOMY KOHILY, B TO BpeMs KakK
JIeBBIH eé Komer, — Touka O —
NPUZKAMAETCS K CTOJY TaKOn
ke 1o BeguwawHe cmwioit T,
a CO CTOPOHBI CTOJI& B 3ITOI
TOYKE HA JIOCKY JeHcTByeT cuaa peaknun omopbl N. Takum o6pasom, mocKka

OCTAHETCA B TOPU3OHTAJIBHOM IOJIOYKEHUH, €CJM MOMEHT CHJIbI TAYKECTH
otHocuTEEHO TOUKH () Gymer GoOJbINe, WeM MOMEHT CHibl 1, TO ecTb
msg(l/2) > Tl, wmu T < (m3/2)g.
ITpu 3TOM rOpU3OHTAJLHASL CYMMa CHJI, JIEHCTBYIONUX Ha JOCKY, PABHA
HYJIIO, TaK 9TO MPU JBUKEHUH I'PY30B OHA OCTAHETCS HEIO/IBUMKHOI.
VpaBHeHWs JBUKEHWs] TPY30B B IIPOEKINA HA BEPTUKAIBHYIO OCh X
UMEIOT BHJT:

mia; =mig— T, maoas = mog — T
W3 ycnoBust HepacTsiXKUMOCTU HUTH MOJIydaeM, 910 a1 = —ag. Orcioma
T T 1 1
ag=g——, aa=g——, T'=|—+—]2g
mi ma mi ma

Takum obpasom, T = (2mims/(m1 + m2))g, U UCKOMOE yCJIOBUE TOPH-
30HTAIBHOCTH JOCKH UMEET BHLI
2m1m2 ms 4m1m2
—g < —g WHl m3=>—.
my + mo 2 mi + mo
3.B gBa coobmamomuxcs —IMIXHIPA
HasmTa Boja. OOUH M3 IMUIMHAPOB C ILIO-
MAIbI0 IOIEPedHOro cedeHus S OTKPHIT,
a JPYroit 3aKpbIT cBepXy HOPIIHeM, K KOTO-
pOMy TIpHKpeluUleHa py>KuHa (cM. puc.)
CucreMa HaXomUTCad B paBHOBecHH. Ecim
TOYKY NOABECA HPYXKHUHBLI CMECTUTDL BHU3 Ha
paccTogHue @, TO CBODOJHAS IOBEPXHOCTD
BOJBI B IIEpBOM LUJIUHJIpPEe IIOAHUMETCS Ha
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pPaCCTOSIHUE (1@, & HOPIIeHb OIYCTUTCH HA PAaCCTOSHUE (od (v U Qg —
noJoxkuTeabHble K03 dunuentsl). Hemy paBHa ILIOMALL IIONEPEIHOIO
cedennst Sy 3akpbiToro nuamHipa? Ha kakoe paccrosiame by cMecTHiICs
OBbI MIOPIIIEHDb, €CaU Obl B OTKPBITHIA IMUJIXHIP A0JUIn 00bEM V BOIBI, HE
cMelrasi TOYKY IojiBeca MpyKUHBbI? emy paBHa KECTKOCTH NMPYKUHBI k7
VckopeHnne CBOOOIHOTO TAJIEHUsT PABHO g, IJIOTHOCTH BOJIBI DABHA p.

Pemntenne. U3 ycmoBus 3a/a9m BBITEKAET, 9TO 00BEM BOJBI B JIEBOM
MUIAHJIPE YBEJMIUICT HA S0 G, HA TAKyIO YK€ BEJMIUHY JTOJKEH YMEHb-
MIUTHCA 0O0BEM U B IMPABOM IIUJIMHJIPE; OTCIOA

Siara = Ssasa, u Sy = Slal.

Q2

Jlobapienre BOJBI B JIEBBIA NUJIMHIP MOXKHO IIPOBECTH B JiBa JTAallA.
CHauaJa JOabEM B JIEBbIH TUIHHIP 06bEM V' BOJIBI 1 MOJHAMEM TOUKY TIOJI-
Beca Py KuHbl Ha paccrosuue V/(S1 + Sq). Torma paBHoBecue B cucreme He
HapYIIUTCH, U TOPIIEHDb TAKYKe TIOJHAMETC sl Ha TaKoe yKe paccrosgnue. [loce
9TOr0 BEPHEM TOUKY IOJ[BECA B IIPEsKHEE MTOJIOYKEHNE, OITyCTUB 6€ HA PACCTOSI-
uwe V/(S1 + S2). Torga nopmens omycrures Ha paccrosiane agV/(S1 + Sa).
Ob11ee cMerenre TOPIITHs PABHO

V(]. —ag) - V ) OZQ(]. —042).

by = = —
2 S1+ 5 S oy + Qg

Haitném xéctkocTh npy:kunbl k. Bepuém mopineHs B mepBOHAYTAILHOE
(10 HaJMBaHUS BOJBI) IOJIOKEHHME, CMECTUB €r0 BHU3 HA PACCTOAHUE Do,
a TOYKY ITOJIBECa — BHU3 HA PACCTOSHUE

bg Vv 1—0&2

(e ST a1+ as

TOF,HEL pr}KI/IHa COH{MéTCﬂ 110 CpaBHEHUIO C HavYaJIbHOMN ,HJII/IHOI';I Ha BeEJInu-
1— (65
qI/IHy -+ ———, a B JIEBOM TUJIMH/IPE ypOBeHb BO/IbI 6yﬂeT BBIIIIE€ Ha
S1 a1 Fap
pesimanny V/S1. 3anuiiem ycioBre paBeHCTBa JaBJIeHUI:

kK V 1—ao 14
So ST a1+ as S1
Orcrona
1— sy ay 1—o
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4. B TexHMYeCKON TOKyMEHTAINM Ha KAJbKYISITOD
MKOJBHUK TPOUnTaI: « I HOpMAIbHONH pabOThI KaJTh-
KyJISTOpa I0/laBaeMOe Ha Hero HaIpsiKeHUe TOJIZKHO R,
6bITh B 1mpeaenax oT Upin = 4,5 B 10 Upnax = 5,5 B;
B 3aBUCUMOCTH OT PEKUMa PabOThI KAJIBKYJ/ISITOD MOTPed-
JageT TOK OT Imin = 20 MA 110 Tnax = 50 MA». He naiina
baTapeiKy ¢ Hy’KHBIM HAIPSKEHUEM, MMKOJBHIK PETTIT

PR
KaJIBKYJIATOD)|

BKJIIOYUTH JIAHHBIA KaJbKYyJAdATODP, HCIOJb3yd HUMEIONUicA B NIKOJIbHON
Jraboparopun akKyMyJisitop ¢ Hampsizkeanem Uy = 12 B u masbiM BHYT-
PEHHUM COMPOTHUBJIEHUEM U PE3UCTOPBI, BKJIOYEHHBIE B IJIEKTPUIECKYIO
IIelb, CXeMa KOTOPOi m300parkena Ha pucyHke. COpOTUB/IEHTE PE3UCTOPA
Ry =40 Om. B kakoMm wmHTepBaJje JOJZKHO JIeKATh CONPOTUBJICHUE PE3U-
cropa Rj, 9T0OBI BK/IIOYEHHBI TAKUM 00PA30M KAJIBKYJISITOP HOPMAJHHO
DYHKIMOHUPOBAJT!

Pentenne. 13 Tekcra TeXHUIECKON JOKYMEHTAIIUN CJIETYET, UTO COMPO-
TuBJIeHne R KaJabKyJIsTOpa 3aBUCHT OT PEXKUMa ero paboThl U MOYXKET KOJIe-
06aThCsa B TIpeieiax

Ui U,
Rmin == < R < Rmax = .

Imax Imin
B coorBercTBUM ¢ opmynaMu IS TOCTIEIOBATEBHOTO U APAJLIE b
HOT'O COEJIMHEHUsI ITPOBOJHUKOB, HAIPSXKEHUE HA KaJbKYJISITOPE BbIparKa-
ercs depe3 conporusiienust Ry u Ry ciemyionum obpas3om:

. Uo RiR Us
o RiR R +R Ry Ry’
" 14 == 4 2=

Bt R R "RTR

IIpu yBenunuenun conporusienuns R Hanpsikenne Ha KajabKysaarope U
BO3PACTAET; CJIEJIOBATEIHHO, KAJBKYJISITOP OyIeT HOPMAJIBLHO (OYHKITMOHI-
POBATH IIPU COOJIIO/IEHUH CJIE/LYIOIINX HEPABEHCTB:

U() UO
m 2 Umin " W < Umax
Rl Rmin Rl Rmax

Ot HepaBEHCTBa MOZKHO IIeperucaTb B BHIE:

UO R2 R2 < U() R2
Umax Rmax Rl
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JJtst IMCTIOBBIX TAHHBIX, YKA3aHHDIX B YCJIOBUU 33181, 00a IIpeiesia B TaH-
HOM HE€paBEHCTBE IIOJIO?KUTEJ/IbHBI; CJIE0OBATEJIbHO, COIIPOTHUBJIEHUE pPE3U-
cropa Ry M0/KHO JTezKaTh B CJIEIYIONEM UHTEepBaJe:

U, minRQ UmaxR2

<Ry < .
UO - Umin - ImaxRQ UO - Umax - IminRQ

HOILCT&B.HHH B 3TU HEPABEHCTBA YHCJ/JIOBBLIC 3HAYCHUIA, IIOJIydaeM:

32,7 Om < Ry < 38,6 Om.

10 kaacc
Ha BBIIIOJIHEHUE 3a/aHUA OTBOJINJIOCH 5 aCTpOHOl\H/I‘{eCKI/IX qaCoOB.

1. B cucrewme, I/I?O6pa}KéHHOI7I Ha pHECYHKC,
MacChl BCEX TPEX TPY30B OJIMHAKOBBI U
paBubl m. Hutb, coenunsitommast rpy3sr 1 u 2,
HEBECOMa W HEPACTSKHUMA; €€ yJacTKU, He
Jrekarue Ha 0JI0KaX, BEPTUKAJIbHBI HJIH TOPH-

30HTaJIbHBI; OJIOKH HEBECOMbI, TPEHUA HET.

I'py3 3 nBMKeTCs IO TOPU3OHTAJIBHON I1JIOC-

KOCTH, He OIpPOKHIbiBasich. Haliinre yckope-
HUsI BCEX TPEX I'PY30B. YCKOPEHME CBOOOIHOTO
aJIeHusl PaBHO g.

Pemenue. Ilpu ycnoBusax 3aaqn cusia HATAXKEHUS HATH Be3Jie OJNHA-
koBa u pasHa 1. I'py3 1 Oyaer ABUTATHCS 110 BEPTUKAJIM C YCKOPEHUEM a7,
Irpy3 3 — II0 TOPU30HTAJIH C YCKOPEHUEM a3, TPY3 2 — IO BEPTUKAJH C YCKO-
PEeHUEeM @2, U BMECTE C I'PYy30M 3 110 TOPU3OHTAJIU C YCKOPEHUEM (2, = A3.

>
=

LSS X
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Beeném cucremy KoOpAMHAT, KAK ITOKA3aHO HA PUCYHKE, U 3aIIAINIEM
YPaBHEHUS JBUKEHUS I'PY30B B IPOEKIHAX Ha ocu X U Y:

ma; =mg—T (rpys 1);
masy = mg—T (rpys 2);
2mag, = —T (rpyssl 2 u 3).

IIpu manucanum 1ocie/Hero ypaBHeHUsI Mbl yUWIH, YTO CHJIBI JIABJICHUS
Ipy30B 2 1 3 APYT Ha APyra — BHYTPEHHHE JJIs CHCTEMBI 3TUX I'PY30B, TaK
9TO OHHU JBUKYTCS TOJIBKO ITOJ, JefICTBUEM CUJIBI HATsKeHUA HUTH 1.

3 ycmoBusa HepacTsSKUMOCTH HUTH ¥ + Y2 + T2 = const cireryeT ypas-
HeHUe KUHEMATUYeCKOU CBA3U a1 + A2y + Q2 = 0.

W3 7aByx mepBbIX ypaBHEHMII IIOJIyYEHHONl CHCTEMBI CJIEJYET, HTO

a1 = agy = g— (T/m), a u3 TpeTbero — 4TO Ao, = —1'/2m. Iloncrasmssa
ST BBIPAyKCHUsl B ypaBHEHNE KHHEMATUICCKON CBSAZH, IOy YaeM:
T T T 4
g——+g————=0, i T = -mg.
m m  2m 5
CremoBarenbo, a1 = agy = g/5 U a2, = a3 = —2g/5. Orcioma Haxo-

JM  BEJTHUMHY yCKODEHHsl BTOPOTO TDy3a: ag = /a3, + a3, = g/ V5.

BekTop yCKOpeHHsT BTOpPOTO Tpy3a HANpPaBJeH BHHU3 TOJ  yTJIOM
¢ = arctg|agy /as,| = arctg(1l/2) k ropusouty.

2. Ha rajgkoM TOPH30HTAJBLHOM CTOJIE HAXOJUTCS TeJIeKKa MAaCCOi
M = 3 kr. Ha eé moBepxHOCTH MOJIOXKUJIH JIUCT OyMaru Maccoit mg = 5 1, a
Ha Hero — rpys Maccoit m = 1 xkr. Kosddunuent rpenust mex 1y Oymaroii u
KaxKibiM 13 Tes1 paBeH = 0,7. JIuct 6ymaru HAUNHAIOT TSHYTH B TOPU30H-
TaabHOM Hampasjennn ¢ cuitoit F. Cumras, aro g = 10 M/c?, onpememmre
3Havenust F', Ipu KOTOPBIX:

a) rpy3 Oyzer HEeloJBUKEH OTHOCUTEILHO JINCTA;

6) TesexkKa OyIeT HENOABUKHA OTHOCUTEIHHO JILCTA.
Haitmure yckopenne nucra g ciaydaes F'=3 Hu F' = 10 H.

Pemntenne. Paccvorpum  cumbl,  ieii-

CTBYIOIIHE HA KayKJI0€ U3 TeJ 10 BePTHU-

kaau. Ha rpy3 AeficTBYIOT cuia TsKecTn Fy " F F
mg W CUIa PEAKIH OHOPbI CO CTOPOHBI I F} - —>
Oymaru, Takyke paBHAasi [0 BEJUIUHE 1Mg. ™M w

Ha jiuct Oymaru geiicTBYIOT CHJIBI PEAKIAN

€O CTOPOHBI I'Py3a U TeJeXKKHU, & JIeHCTBYIO-
el Ha Hero CUJION TAXKEeCTU MOYKHO TpeHedpedh, T. K. mo K m < M.
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Ha tenexky meficTByeT cuja JaBJIEHHUSI CO CTOPOHBI JINCTA, PaBHAs Mg,
U TakKagd Ke 110 BeJIUYUHEe CUJIa CO CTOPOHBI CTOJIA.

CiletoBaTesibHO, KaK CHJIa TPeHHst Frp MEXKIly JINCTOM U IPY30M, TaK H
cuita TpeHus s Me¥KJTy JIICTOM U TeJIeYKKOII He MOI'YT IIPEBOCXO/IUTE [41ME.
IIpu sToM KaxKjas M3 CUJI TPEHUS PABHA (Mg TOJBKO MPU CKOJJILXKEHUN
HOBEPXHOCTEN.

3amnuinemM ypaBHEHUsI JIBUMKEHMS, U3 KOTOPLIX MOYKHO HANTHU yCKOpEeHUsI
rpysa ai, JIUCTa g U TEJEXKKHU (2, B IIPOCKIUAX HA IOPU3OHTAJIBHYIO OCb,
HaIpPaBJICHHYIO BJIOJb CUJIbI F':

mGJl:FTpU mOGfO:F_FTpl_FTp% MGJQ:FTp2~

PaccmoTpuM deThbipe BOZMOXKHBIX CJIydast.

1. JIuer CcKOIB3UT OTHOCUTENILHO IPY3a U TEJIEXKKH. B 9TOM CJiydae CUJIbL
TPEHUS MAKCUMAJIBHDL; JAHHBIN CJlydail BOBMOXKEH TOJIbKO npu F > 2umg.

2. Jlucr CKOJB3UT BMeCTe C I'DY30M OTHOCHTEIHHO TEJIeKKU. B sToMm
cilydae UMeeM:
pumg _F
™ T
Janublil ciydait Bo3MOXKeH npu [, < umg u o oay > az, WIH 1pU
umg(l+ (m/M)) < F < 2umg.

3. JIUCT CKOJIB3UT BMECTE C TEJIEKKOI OTHOCUTEILHO I'py3a. B aTom ciiy-
vqae Frp1 = (mg, TO3TOMY BBHJLY TOTO, YT0 M > m, TOMKHO OBITH a3 < a7.
TTosTOMY 1IpU YUCIOBBIX JAHHBIX, IIPUBEIEHHBIX B YCJIOBUU, JTAHHBINA CJIydail
HEBO3MOKEH.

4. Jluer pBurKeTcss BMeCTe C TEJIEXKKOH U I'DY30M € YCKOPEHHEM
ap = a1 = ag = F/(M + m). Ilpu srom

m M
Fip1 = M——I—mF’ Fipo = M——i—mF

Hammerit  ciayuait  Bosmoxken mpu  Fipo < gmg, TO  €CTb IpH
F < pmg(1+ (m/M)).

B urore nosygaem ciieayionuii OTBeT.

(a) TI'pys ©Oymer  HemoABUXKEH  OTHOCUTEJBHO  JIACTA  IIPU
umg(l+ (m/M)) < F < 2pmg, To ects npu 9,33 H < F' < 14 H.

(6) Temexxkka Oymer HENOABUKHA  OTHOCUTEJIBHO JIUCTA  IIPU
F < pumg(l+ (m/M)) =9,33 H.

IIpu F =3 H peamusyerca caydait 4, wu yCKOpeHHe JIUCTa
ap=a; =az = 0,75 m/c?; mpu F =10 H peammsyerca cmoydait 2, u
yckopenme jicta ag = a; = (F/m) — pg = 3 m/c%.

FTpQZ,Umg; FTI)l%F_FTPQ%F_)U/mg7 az =
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3. B nesecomocTu BHyTpu cdepnl pamuycom Ry nBuxkercs

MAPHUK, yIIPYTO COyIapsisich co creakamu cdepbl. CKOpoCTh

mapuKa vg, yroJi majenns mapuka ua cdepy, TO eCTh yroJ

MEZKJIY BEKTOPOM €r0 CKOPOCTH M HOPMAJIBIO K c¢hepe Hero-

CPEJICTBEHHO ITI€pe]] COYIAPEHUsIMU, PAaBeH g (CM. pHC.).

Cdepy Hagam MeJJIEHHO PABHOMEDHO CXKUMATH JI0 PaJIH-

yca Rp. C Kakoif CKOPOCTBIO v1 OYJ/IET JBUraTHCS MIAPUK B

KOHIIE Tporiecca cxkaTug! Hdemy mpu 5ToM OygeT paBeH yroJ aq MHaJeHust
mapuka Ha cdepy?

Pemtenue. [lycrs B MOMEHT BpeMenu, Korja pajauyc chepbl paser R,
MAapUK JBUKETCS CO CKOPOCTBIO v, TMajas Ha MOBEPXHOCTH TOJ| YIJIOM
K HOpMaJiH, a cdepa CXKUMAETCs CO CKOpocThbio u < v. [locie coymaperus
COCTABJIAIONAsT CKOPOCTH IapUKa, MapaJsiiejbHas CTeHKe, OCTASTCS HEU3-
MEHHOI, a HOpMaJIbHAs COCTABJIAIONAs U3MEHAeTCsT Ha Besndanny 2u. Cre-
JIOBATEJILHO, U3MEHEHNEe KUHETUIEeCKON SHepruu ImapuKa

AW = % ((veosa +2u)? — (veosa)?) ~ 2mou cosa

(Cﬂal"a,elvlbﬂ\l, IPONIOPIOHAJIbEHBIM U,Q, MOZKHO HpeHe6peth BBUAY €TI0 MaJIo-

CTI/I)7 a U3MEHEHNE BCJIMYNHBI CKOPOCTH IMapuKa PaBHO

AW
a muv

Av = 2ucosa.

3a OpOMEeXyTOK BpeMeHH MexKy coyiaperusyu At = (2R cosa)/v
pajuyc cdepbl naMensiercss Ha BesmanHy AR = —uAt = —(2Ru cosa) /v.
Cuenmosarensio, Av/AR=—v/R, u A(wR) =0, 10 ecrb vR = const.
Orcrona v1 Ry = vgRy.

Bo Bpems  KaxIOro CTOJIKHOBEHHW  COXDAHSIETCS — BEJMTHHA
vsina = const, TpH 3TOM YroJa « YMEHBIIAETCST TAKUM O0OPA30OM, €TO

Av
Av-sina+v-Asina=0 u Asina=——sina. Opnako 3a Bpems

JBUYKEHUS IIAPUKA MEXK/Iy CTOJKHOBEHUSIMU PA/Inyc cPepbl YMEHbIIAeTCs,
[I0O3TOMY II0 TEOPEME CHHYCOB Sin (v YBEJMIUBAETCs OOPATHO IIPOIIOPIIHO-
nasabHO R. [TosToMy Ha cTajiuu JIBUZKEHUS TTAPUKA MEKJTY CTOJIKHOBECHUSIMU

Asina = — sina CuesloBaTeIbHO, CyMMapHOe H3MEHEHHe yTJa & BO
BpeMsI CTOJIKHOBEHUsI W 33 BPEMsl MIPOJIETA MEXKy CTOJKHOBEHUSIMU PABHO
HYJTIO.
Takum 06pa3oM, MBI TPUXOIUM K OTBETY:
Ry

U1 ZUO—Rl, a1 = Q.
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4. U neasnbHblil 0HOATOMHBII ra3 (KOJMYECTBO BEIECTBA V) ydacTByeT B
[IUKJTMIECKOM TIPOTIECCe, COCTOSIIEM U3 JIBYX M30TE€PM | JIBYX m3oxop. [Ipm
M30XOPUYIECKOM HATDEBAHUU Ta3 TOJIyYaeT KOJUIECTBO TEIIOTh ()1, a mpu
M30TEPMUIECKOM PACIIUPEHUN — KOJUYECTBO TEIIOTHI (Jo. MunnmabHas
TeMmIeparypa ra3a B JaHHOM IUKJIUIECKOM Imporecce paBHa Tii,. Haiigure:

a) MaKCUMAJIbHYIO TeMIEepPaTypy rasa;

6) KOJIMUeCTBa TEIUIOThI, OTAAHHBIE FA30M [IPH H30XOPUYECKOM OXJIAK e~
HUU W U30TEPMIIECKOM CXKATUH;

B) paboTy, COBEPIISHHYIO ra30M Ha KasKIO U3 CTajuil Iporecca;

r) KII/ remwrmoBoro jasuraress, pabOTAIONIErO 110 PACCMATPUBACMOMY
[UAKJTY.

Pemmenue. Kosmmaecrso reriors: (1, coob-
aeMoe Ta3y MpU U30XOPUIEeCKOM HATDEBAHUU P A
oT TeMreparypbl Ty, KOTOPYIO Ta3 UMes Ha
HUZKHE m3oTepMe (CM. PUCYHOK), J0 MaKCH-
MaJIbHOI TemiiepaTypbl Tiax HA BepxHEil n30-
TepMe, UIET Ha U3MEHEHHE ero BHYTpPeHHei
sueprum: Q1 = (3/2)VR(Timax — Tmin)- o

1

CaenoBarenbno, Tinax = Tmin + G2WR T

3aMeruM, 9TO BeJIUYUHBI padbor As u Ay,
COBEPITAEMBIX Ta30M HA M30TEPMHUYECKUX CTa-
JIUSIX, OTHOCSITCSI, KaK IO KPUBOJIMHE-
HBIX Tpanenuii (CM. pUCYHOK) IOJ TUiepbo-
JIAMH, OIMCBIBAEMBIMU CJIEIAYIONMMU ypaBHeHUuAMI: P = VR hax/V (Bepx-
Heas wuzorepMa) u p = vRT i /V (nmxaas wzorepma). [Tockosbky 1pu
u3MeHennn obbéMa Ha Masayio Beamuuny AV raz cosepimaer pabotry
AA = (VRAV/V)T, ro Besmuuna paboThl, COBEPIISHHON B U30TEPMUYECKOM
mporiecce, MpOMOPIMOHAJIBHA TeMieparype 1, KOTOPYIO MMeeT ra3 B 3TOM
uporecce. [Toaromy As/|As| = Timax/Tmin-

Takum ob6pazom, MOXKHO HANTH pabOTHI, COBEPITAEMbIE TA30M Ha KaXK IO

‘7

13 CTaJNi JAHHOIO IUKJIMIECKOTO IIPOIECCa.

1) Nzoxopuveckoe narpesanue: A; = 0.

2) Nzorepmudeckoe pacmupenue: Ay = (Q2, TaK KAK BHYTPEHHSIA JHED-
I'us ra3a He U3MEHSeTC.

3) Mzoxopuueckoe oxuaxenue: As = 0.

4) NzorepMudeckoe cxKaTue:

Tmin 3/2 VRTmin
IPNCTL)

A = —A .
! 2 Tmax (3/2)VRTmin + Ql
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IIpu usoxopuueckoM oxsazkaeHun (crajus 3) ra3 OTHaéT KOJUIECTBO
rerwtorsl Qs3] = (3/2)VR(Tmax — Twmin) = @1, & UPU U30TEPMUYECKOM CZKa-
tun (cragus 4) — KOJMYECTBO TEIIOTHI

(3/2)VRTmin
(3/2)vRTmin + Q1

KII/I n remoBoro msuraress, pabOTAIOIIEr0 II0 PACCMATPUBAEMOMY
IUKJTY, PABEH OTHOIIEHUIO COBEPIIEHHON PAOOTHI

A:A2—|—A4:A2 (1_§min):Q2 (1_Tm1n)

|Qa] = [A4] = Q2

max Tm ax

K TIOJIy 9€HHOMY KOJHUYIEeCTBY TeIIoThl Q1 + Q2. CiemoBaresbHO,

Q1Q2 .
(Ql + Q?) (%VRTmin + Q1>

7’]:

5. J/IBena imaTh pe3nCTOPOB CHASTHBI B BUJIE MPSIMOYTOJILHOTO TAPAJIIC/IeTIH-
1e/1a TaKUM 00pPa30M, ITO COMTPOTUBIICHUST KAYK IBIX T€THIPEX MaPAIICTLHBIX
pebEp OIMHAKOBBI U PABHDI, COOTBETCTBEHHO, R1, Ry u R3 (CM. pUCYHOK).
Haitmure compoTuBienne 3To 3JIEKTPUTIECKON TN MEXKTy TOTKaMHU, JIeZKa-
IMUMA Ha IPOCTPAHCTBEHHON JIMaroHaJn rapaJsiiesennrea.

Pemenne. O6osnaunm wepes Iy, Iz, Is, I7, I u I} Toxn uepes coor-
BETCTBYIOIIUE PE3UCTOPHI, Yepe3 I — MOJIHBIA TOK B IENH. 3alnIIeM 3aKOH
COXpaHEHHs 3JEKTPHYECKOTO 3apsjia I KaxKJoil M3 TpExX rpaHeii, mpu-
MBIKAIONMX K BepmuHe A, B KOTOPYIO BTEKaeT TOK. Hampumep, B TpaHb
ABB’ A’ rekaer Tok I u BbITekaor 4 Toka: 2 Toka [; u3 sepmun A u B’ u
2 toka I u3 Bepmma A’ u B. Takum o6pasoM, mosydaeM:

I=2I +2I (rpans ABB'A’);
I=2I+2I, (rpans ADD'A");
I=2I3+2I} (rpans ABCD).
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TlosTomy ymo6HO TEpeobO3HATNTD TOKMH:

I I
Il:Z+J1’ H:Z J1;
I I
Iy=7+J IQZZ—J%
I I
IB:Z+J3, Ié:Z—Jg

B’ {1 C/ I
I ~
3 L LA Az,
B e A
> I; w D’
L4 AL T,
I >
A L D

Banumem st Kaxkaoro us Kourypos ABB'A’, ADD'A’ w ABCD sro-
poe npasuio Kupxroda. s konrypa ABCD umeem:

1 I 1 I
(Z+J1> Ry + <Z_J2> Ry = (Z_Jl) R+ <Z+J2> Rs,
otkyna Ji Ry = JaRy. PaccmarpuBas aHAJIOTHYHO JPYTHE KOHTYPHI, TOJIY-
qaeM: J1R1 = JQRQ = J3R3 = UQ .

Ciie/oBaTe/IbHO, BCE TOKU BBIPAYKAIOTCS 9€pe3 OJINH HEM3BECTHBIN Mapa-
metp Up:

1 Uy , I U
Il_4+R1’ h=1 Ry’
I U() / I UO
I:— e I:———'
2= 1T Ry 274 Ry
1 UQ 1 UO

I3 ==+ — Ih==—- =
ST 1T Ry 3517 R,

ITapamerp Uy MOXKHO ONPEJIENNTb U3 3aKOHA COXPAHEHUS IJIEKTPIYIE-
CKOro 3apsijia B Touke A:

1 1 1 I
L+, +13=1, OTKY/Ia UO(—+—+—):_.
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CuietoBarenbio, nanpszkenue Mexxay Toukamu A n C’ 3/1eKTpudecKoil
[IENN BBIPAYKAETCST YePE3 TOK CJIE LY FONTUM 00PA3OM:

1
U =Uppc :I1R1+.[2R2+I:/3R3 = Z(Rl +R2+R3)+Uo =
I 1
B e st
Ry Ry Rs

a UCKOMOE€ COIIPpOTHUBJICHUEC SJIeKTpI/I‘{eCKOfI ey paBHO

1 1
R=-|R+Ry+ Ry + ——
4 1r, 1.1
R, ' Ry,  Rs

11 kaacc
Ha BBITIOJIHEHUE 3a/aHuA OTBOJINJIOCH 5 aCTpOHOl\H/I‘{eCKI/IX qaCoOB.

1. B cucreme, m300pakEéHHONW Ha PHUCYHKE,
MUJIMHPAYIECKUI TPy3 MacCoil My JIBUKETCs Lisss
BHYTPH IUJIMHIPHIECKOrO KaHaaa IyTh GOJIb-
Iero JuaMeTpa, MPOCBEPJICHHOTO BHYTPHU TEJIa
Maccoit mo. Hurh, coeamusomast rpyssl mq
" M3, HEBECOMA U HEPACTSIKUMA, OJIOKHM HEeBe- my
COMBI, TpeHHsl HET. JeMy PpaBHO YCKOpDEHHe
rpy3a Maccoit mi? YckopeHme CBOOOIHOIO |
NaJIeHnsl PaBHO g, YIACTOK HUTU MeXKy OJIo-
KaMU TOPU30HTAJIEH.

Pemntenne. Bemém cucremy KOOpAMHAT, KaK MOKA3aHO HA PUCYHKE.

ITycre T — cuiia HATSIKEHNS HATH, A1y U A1y — HIPOEKINN YCKOPEHMUS
[IEPBOTO I'Py3a Ha KOOPJIAUHATHBIE OCH, Uy = (1, — YCKOPEHUE BTOPOTO IPy3a,
a3 — YCKOPEHHE TPEThEro Ipy3a. 3aluireM ypaBHeHUs IBUKEHUS TPY30B U
yPaBHEHUsT KHHEMATUIECKO CBA3HM B IPOEKIUSIX HA KOOPJWHATHBIE OCH.

msas =T — m3g (ypaBHeHue IBUKEHUs TPETHEO IPy3a)

(mq 4+ ma)as = T (ypaBHeHUe IBUMKEHUST CUCTEMBI U3 [IEPBOIO U BTOPOTO
I'Py30B)

miary, =T —myg (ypaBHeHue IBHKEHHS IEPBOTO IPy3a)

a1y + as + a3 = 0 (KuHeMaTHIECKAS CBA3D)

3ameTnM, UTO MOC/Ie/IHEE YPABHEHNUE CJIEJYET U3 YCJIOBUS HEPACTIAKIMO-
CTU HUTH.
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Bripazum u3 nepBbIX TPEX ypaBHEHH YCKOPEHUs I'PY30B:

T T T
aqa = — — ay == —— a = -_— .
3 & 2 L+ g 1y m g

ms
IloncraBuB nx B ypaBHeHre KHUHEMATUYIECKOH CBSA3M, ITOJIYINM COOTHOIIEHUE

JJISL OHpe,HeHeHHH CUJIbI HATAXKEHNSI HUTH:
2mimg(mi + ma)g

2g
T = = .
L 1 1 (m1 +m2)(m1 +m3)+m1m3
miy  mi+me  ms3
LLgsL Ly
I
(o)
@ [ ]
Tﬂ\/ T
Ay N -
4—

> Pl as
| Aay —3 agl
! mss

mig

T

OTcroza onpesesnM IPOEKINE yCKOPEHHS IIEPBOr0 TPy3a
2mims
A1y = A =
w (my + ma)(m1 + ms) + mims

—m%

g

P mz(m3 - ml)
YW (my + ma)(my + ms) + mims

CirenoBare/ibHO, BEJIMUNHA YCKOPEHUsI IIEPBOTO I'Py3a

V (2mimg)? + (ma(mg —mi) — m?)ng

ap = /a2, + a3, =
! e 7 ™y (m1 4+ ma)(m1 + ms) + mims

a yroJl ¢ MezK/Iy ero HallpaBJIeHueM U T'OPU30HTAJILHON OChIO OIIpe/le/IseTCs

N3 COOTHOIIICHUA
_ _ 2
meo (m3 ml) mi

tgp=—* =
& 2m1m3
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2. PasBuBast MOJICKY/ISIPHO-KHHETHUECKYTO Teopuio, V1. Jlomvuar B 1865 .
[IPEJJIOKUIT TIEPBBIA  CIIOCOO OIEHKH pas3Mepa W Macchl MOJeKyabl. On
UCIIOJIB30BAJ M3BECTHBIE B €r0 BPeMsl JaHHbIe O JIMHEe CBOOOJHOIO IIpO-
Gera — pACCTOSIHUU, KOTOPOE MPOJIETAET MOJIEKYJIA Ta3a B MPOMEKYTKE
MEXKJIY CTOJKHOBEHUAMHU (OHO BBIPAZKAETCHA 9epe3 OLPEIE/IgeMbIe U3 ObITa
K03 DUIMEHTBI BA3KOCTU U TEILIONpoBoaHocTn). Besen 3a Jlommmarom
nostyauTe (hOpMyYJIbl JIJIS ONEHKH 110 TOPSIJIKY BEITUYUHBI PasMepa MoJie-
KyJabl Tg U €€ MAacChl Mg IO U3BECTHBIM JAHHBIM — JJINHE CBOOOJHOTO
mpobera A W TJIOTHOCTSIM BEIECTBA pr M Py B Ta3000pa3HOM U YKHUJIKOM
cocrosinusx. [logyuure orBer B OOINEM BUJE U JIJIs YUCJOBBIX 3HAYCHUIN
A= 1077 M, py = 103 kr/M3,) pp &~ 1 x0/M3.

Pemtenue. 3a Bpemsi At IBIKYIIAsSCS B ra3e co CKOPOCTHIO U MOJIe-
KyJla IUIOMMAJIBIO ~ T3 CTOJKHETCA C MOJIEKYJTaMH, HAXOJAATIMMUCH B 00b-
éme AV ~ v Atrd, a ux KomuvecTEO B 9TOM 00bEME MOXKHO ONEHHTH KaK
AN ~ v Atr3(pe/mo). CregosaresbHo, BpeMs MKy JBYMs MOC/IeI0BA-
TEJBLHBIMU CTOJIKHOBEHHUSIMI MOJIEKYJTBI COCTABJISIET TOPSITKA,

T 71 = U'I’Q& - = mo
AN/At %mg prrav’

3a 3T0 BpeMsi MOJIEKYJIa IIPOXOJIUT PACCTOSTHIE, PABHOE JIJTMHE €€ CBOOOIHOIO
npobera:
AR oT = m_02.
PrTg
g momydeHus emeé OQHOIO yPaBHEHHS 3aMETHM, UTO IS KHUIKOTO
COCTOSIHUSI BENIECTBA PACCTOSIHUS MEXKJIy MOJIEKYJIAMU 10 TOPSJIKY BEJIH-

YUHBI COBIIQ/IAIOT C UX pa3MepaMMu. YunrbiBas 9TO0, MOKHO 3alliCaThb:

~ 3
mo ~ PsxTg-

3 HanmncaHHBIX COOTHOIIEHMI IoJIyv1aeM:

- /\3 3
TO%Ap_’ mo ~ 2pr‘.
p>K p)i(

Tloacrasisis aucaoBbIe JaHHBIE, HAXOIUM:
ro ~ 10710 M, mo ~ 10727 kr.

Y9TO II0 MOPAJKY BEJIUMIUHBI COIVIACYyeTCdA C COBPEMEHHBIMU JaHHBIMU.
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3. /IBa OIUHAKOBBIX HEUJIEAJIb-
HBIX JIMOJ& C  BOJIbTAMIIEPHOI
XapaKTEPUCTUKON,  ITPUBEJIEHHO
Ha TpaduKe, BKIIOYEHBI BMECTE C
KOHJIEHCATOPOM, JBYMsI PE3UCTO-
paMu, wuaeaJbHON OaTapeiikoit n
KJIIOUOM B 3JIEKTPUYECKYIO IIElb,
n300pakénuyo na pucyHke. Comnporusienusi pe3uctopoB R = 16 Owm,
r =4 Om, DJIC bGarapeiiku & = 4 B, sylekrpudeckasi éMKOCTb KOHJIEHCA~
Topa C' = 100 Mx®, mapamMeTpbl BOJbTAMIIEPHON XapaKTEPUCTUKU JIHOJIA:
Uy =1 B, Iy =50 mA.

a) Kimou B menm 3amkuysiu. /1o KAKOro HalpsizKeHUsT 3aPAUTCs KOHJICH-
carop?

6) ITocste 3apsiKu KoHIeHCATOPA KII0Y pasoMKHyJn. Kakoe KoJmaecTBo
TEIJIOTHI BBIJIEJIUTCS TIPU Pas3psijike KOHJEHcaTopa Ha pesucrope R? A Ha
KarKJIOM U3 JIHOJI0B7

Pemenue. [l npuBes€HHBIX B 3ajade  YHCJIOBBIX  JAHHBIX
&>2Up+ Ipy(R+r), unodromy Ha KaxXKJIOM U3 JHOJIOB  [aJ@AeT
nanpsikenune Uy, a TOK depe3 mamoabl Oosibiie Iy, OH paBeH
I=(&—-2Uy)/(R+7r)=0,1A, cuenoaresrbHo, Ha pesucrope R
majiaer Hanpsikenne [R = 1,6 B, a Ha KoHJeHcaTope — HaIpsi>KeHHe
Uy =Up+IR=(rUs+ R(&—Up))/(r+R) =2,6 B. Imenno 10 Taxkoro
HaIPSAYXKEHUs] U 3aPsIUTCs KOHIEHCATOP IOC/Ie 3aMbIKaHUsl KJII0Ua.

IIpu pasMblkaHUN KJII0Ya TOK YEpes3 JIEBBIN MO/ HE TEYET, IOITOMY Ha
HEM TEILIO HE BBIACSIETCS.

IIporecc pa3psiiku KOHIEHCATOPA MOXKHO pa30UTh Ha IBa dTara: Ha Iep-
BOM 3Talle Ha Juojie majaer Hamnpsikenne Uy, a TOK OKa3bIBAETCs OOJIBIIIE,
geM Iy. DTOT caydail peajausyercs, I0oKa HallpsizKeHNEe Ha KOHJIEHCaTOPe IIpe-
BocxonT Beumunny Us = Uy + [pR = 1,8 B.

Hamee gmox Bemér cebsd KakK — pPE3UCTOP € COMPOTUBJICHUEM
R, =Uy/Ip =20 Om. Haiigém KosmuecTBa TEIJIOTHI, BBIJEISIFOIINECS
Ha JINOJIe U PE3UCTOPE HA KAXKJIOM M3 ITAIOB.

1. Ha mepBoM 3Talie Ha JAMO€e BBIAEIAETCs TEILI0, PABHOE IIPOU3BEIEHIIO
nanpszkenust Up Ha nporékmmuii uepes auoj 3apsy C (U — Us):

& — 2Uy
r+ R

QL= C(U1 — U2)Uy = CUR ( - 10) =0,8-107* JIx.

JLj1st TOro YTOOBI PACCIUTATD TEILIO, BBIIEISIOIIEECs HA PESUCTOPE, 3aMe-

TUM, 9TO IpHu HanpsKennn U Ha KOHJIEHCATOPE TOK Yepe3 PE3UCTOP B Pac-
CMaTPHUBaEMOM IIpOllecce OKa3bIBAETCS TAaKNM 2Ke, KaK U B CIIyUae Pa3ps/IKN
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KoHjeHcaTopa ¢ namnpsikeanem U — Uy 6e3 mmoma. [losTomy komamtaecTBO
TEILIOThI

o _ CWL=Us)®  CUz=Us)? _
R 2 2

2 2 . 2
= CR (I2—I§): cn <<(g’ 2U0) —I§> :0,96-104 K.

2 2 r+ R

OTMQTI/IM, 9To AJId  CYMMapHOT'O KOJIMYeCTBa TEIJIOTBI, BbBIICIAIO-
Ierocd Ha IIepBOM  dTalle, CIIpaBeIJINB 3aKOH COXPaHEHHdA SHEPruun:
CU: CU3
QI + QI — 1 2
A 2 2

2. Ha BTOpOM 3Tamne KoJIM9ecTBa TEIJIOTHI, BBIJIESIONINECS HA JNO/E U
pe3ucTope, OTHOCATCS JIPYT K JIPYTY, KaK BEJIMYUHBI CONPOTUBJIEHUN IO/
U pe3ucTopa, TO eCThb

@u _ By 5
QI " R 4

TTockosbKy Q/I:LI + QY = CU3 /2, 10 orciona nomyuaewm:

o R CU22 _ CI()R(U() + I()R)

— . =0,72-107%
R=R.+R 2 2 ’ Hax,
R, CU? CUy(Uy+ IhR)
11 1 2 o(Uo + 1o 4
- : - =09-10 :
G TR IR 2 2 ’ Hax

CkitapIBast KOJMYECTBA TEIJIOTHI, BBIACIUBIIAECS HA IEPBOM U BTOPOM
Tarnax, HaXOIM:

CR? [ (& —2Uy\> LU
I I 0 oUo 4
Qr=0Qr +Qr D) <( "I R ) + R > ,68-107° JIx,
CUyR [ (26 — 3Uo)R + Uor _
Q, — QI QH _ _ — . 41
Pio g+ P 2 < R(T+R> I() 1,7 10 K.

4. DyileKTpuvecKas Ielb COCTOUT U3 KATYIIEK C

UHIYKTUBHOCTSIMU L1 1 Lo 1 KOHIEHCATOPA EMKO-
creio C, BKIIFOUEHHBIX ITapaJuie/ibHO. B Havuab-
HBIIl MOMEHT BPEMEHM TOKH 9€pe3 KATYIIKU TEKYT
B omHy cropony u pasubl IV m 19, a xommenca-
Top He 3apsizkeH (cM. pucyHok). Haitnure yacrory
W BO3HUKAIOIINX B CHCTEME TapMOHUYECKUX KOJeOAHUI M 3aBUCHMOCTH OT

Lgln® == 3L,

48



BpeMeHU TOKOB 4yepe3 Karymku [1(t), I2(t) u 3apsma na Kougencarope @Q(t).
ComnpoTuBjieHnEM KaTYIIeK IpeHedpedn.

Pemnenne. Ilycts 1 u 5 — TOKH, TeKyIye Yepe3 KaTyku, () — 3apsi
Ha KoHjieHcaTope. V3 3akoHa coOXpaHeHHs SJIEKTPHIECKOT0 3apsi/ia CJeyeT:
AQ/At=T1=1 + I.

B konType, cocrosiieM TOILKO U3 KATYIIEK, CyMMapHBI MArHUTHBIN
notok coxpansgercs: L1l — Lols = & = Llff — LQIS = const. Cuenosa-
TEJILHO, TEKYIIHe Yepe3 KATYIIKA TOKHM BBIPAYKAIOTCS Yepe3 TOK, TeKyIIHii
gepe3 KOHJIEHCATOP, U MOCTOSIHHYIO BEJUIHHY MAIHUTHOTO ITOTOKA:

Lol ®y LI dy

I = + 5 = - .
! Li+Ls L1+ Lo ? Li+Ly Li+ Ly

9JIC camouHIyKINH, AEHCTBYIOIAs B KaXKJI0W U3 KATYIIEK, PaBHA

AII AIQ L1L2 AT
S it N i R S S —
¢ At N Ly + Ly At

Iockoubky Q/C = &, T0 3apsiy Ha KOHJIEHCATOPE U TEKY Il Yepe3 Hero
TOK Y/IOBJIETBOPSAIOT yPABHEHUIO TaPMOHUIECKUX KOJIeOaHMIA:

L1Lo _dQQ Q: LiLy d*T 1

e 0, ale 40 1,
I.1L, dae t¢ N P A TR

Yacrora 3TUX KoJeOaHUil paBHa w = M
P LiLC

CJIG,HOB&TGJ’H)HO, 3aBUCUMOCTH OT BPEMEHHN 3aps/ia Ha KOHJIECHCATOPE 1
TEKYIIEro 9epe3 HeTro TOKa MMEIOT BU/IL:

Q(t) = Qosin(wt + ),
1(t) = Qow cos(wt + ) = I1 (t) + I2(1).

s navanbubix yeaosuit naxomum: ¢ = 0, Qo = (IY + 19) /w.

CirenoBaresibHO,

9+ 19

Q) = gsinwt,
LIV — LoIY  Lo(IV+ 19

L(t) = 22 22 2(h + 2)coswt,
Lo — 010 Ly(I9+ 19

L(t) = 222 Ll L+ 2)coswt.

L1+L2 L1+L2
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5. B Boay (mokaszaresb mpesomiie-
HUS 7y;) YACTUYHO IIOTPY2KeHa TOHKAsI
CTEKJITHHAS TLIOCKOBBITYKJIasl JIMH3A,
OpUIEM €€ TIOCKasd CTOPOHA TOPU30H-
TajbHA U HAXOJIUTCS TI0JT, BOJIOM, a TOJI-
mmHa JUH3bI paBaa H (M. PUCYHOK).
Ha a1y cucremy BeprukaybHO Najaer - — ——
napaJuleJbHbIA myvdok ceera. Ha rury-
6unax [ u L > | B Bo/e BO3HHMKAIOT J[Ba OJMHAKOBO SIPKUX U300PAKEHUS.
Kakosbl pajimyc R BBIIYKJIOH MOBEPXHOCTHU JIMH3BI, TOKA3ATEb IPEJIOMIIe-
HUsI N MaTepUaJia JUH3bI U Tiyouna h eé norpyxkenus B Bojiy? OTparkenueM
CBeTa OT BOJIBI U OT JIMH3BI, & TAK¥Ke MOTJIOMEHNEM CBeTa IPeHebpedn.
Pemntenne. zo6pazkennst (hOpMUPYIOTCsT CIEIYIOMIAM 00pPa30M: TaCTh
Iy 9Ka [OaaeT Ha JIMH3Y B BO3/yXe, IPEJOMIISEeTCs Ha Hell, 3aTeM IPeIOM-
JISIETCS Ha TJIOCKON TIOBEPXHOCTH JIMH3BI B BOJIE U 00Pa3yeT OJHO U300parke-
Hue Ha TiryOuHe [; ipyras 9acTb Iy YKa [oraj aeT Ha JJUH3Y B BOJIE U 0Opa3yer
ocJie IpejioMJieHuii Bropoe uzobparkenne na riybune L > [ (cm. puc.).

Broipasum paccrosinust 10 m3obparkenuii | u L gepe3 pajuyc R BBITyK-
JIOW IOBEPXHOCTHU JIMH3bI U ITOKa3aTe/IN IIPEJIOMJICHIA BOJIbI Ny U MaTepuaJa
JIMH3BL 7.
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st TOr0 pacCMOTPUM JIYY CBETa, MPOXOIAIIHI Ha paccTrognnn & << R

OT TJIABHOM ONTHYECKON OCHU JIMH3bI W IIOINAJIAlONIuil Ha HeE B BO3JyXe.
On najgaer Ha cdepudeckyio HOBEPXHOCTb JIMH3BL 107, yrioM « = x/R
U TIPEeJIOMJIZETCS ToJ, yrjaoM [ = x/Rn, noBopaduBas IpHU 3TOM HA yTOJI
T

v = T <1 — —) . Ilox aTuM ke yriioM OH maIaeT Ha MJIOCKYIO IOBEPXHOCTH
n

x 1\ n
JINH3bI U IPEJIOMJISIETCS 110 YIJIOM & = = <1 — —) —, BBIXOJS B BOJIY.
n/) ng

ITockouibKy 110 yCJI0BUIO JIMH3a TOHKast, To 0 = x/l, u paccrosiaue [ 10 n300-
parKeHusi MOYKHO OIIPEJIEJIUTH U3 CJIEIYIONIEr0 COOTHOIIEHUSI:

r_z 1—l a 0 ec l—RnB
I R nj) ng o cetp T -1

AnayormanbiM  06pa3oM, paccMaTpuBasg 9acTh IIYyYKa, HAJAONIyI0 Ha
JIMH3Y B BOJIE, HAXOAUM PACCTOSHHE JI0 BTOPOTO M300ParKeHM:
R Rnyg

L: =
1 n—mnsg

n

Ny
(ara opmyia 1OJIydaeTCs 3aMEHON B BBIPAXKEHUU I | MOKA3aTes s IIpe-
JIOMJIEHHSI BO3/IyXa, PABHOIO 1, Ha MOKA3aTe/b MPEJIOMIICHUS BOIBI Ny ).
W3 oty 9eHHBIX COOTHOIIEHMIT HAXOUM:
I n—n, _ nel —1 _lL(nB—l)
I~ -1 " "TTo T Tl —1)
Haiiiém Teneps rirybuny h morpyzkeHus JUH3bI B BOLy. [locko/IbKY 1300-
pParKeHUsT OKA3bIBAIOTCS OJMHAKOBO SIPKUMI, TO YaCTH ITyIKa, MaJaoIie Ha
JINH3Y B BO3JIyXe W BOJIE, MEPEHOCIT OIIMHAKOBYIO dHepruto. [losromy rmro-
A/ TOPU30HTAJBHBIX OCHOBAHUI YacCTeil JIMH3bI, TIOKPBITHIX W HE TOKPbI-
TBIX BOJIOM, JIOJI?KHBI COBIAJIATH, W IJIOMA/b OCHOBAHWS BBHICTYIIAMONIEH U3
BOJIbI YACTH JIMH3BI COCTABJAET 1/2 OT IJIOMAIM OCHOBAHUS BCEH JIMH3DL.
Haiizém cBasp Boicorsl (H — h) BblcTynaoreil 13 BOJbl YaCTH JIMH3bI C
pajmaycoM 1 eé ocHoBauus (cM. pucyHok). ITo Teopeme IIudaropa ¢ yuérom
masioctu H 1o cpaBaenuio ¢ R nmeeM:

1> =R?— (R— (H —h)?~2R(H — h),

OTKy/la IIJIOIIa/lb OCHOBAHUS BBICTYNAIONIEHl U3 BOJbI YaCTH JMH3bI paBHA
Sy =7r? ~ 2nR(H — h).

Apanormunbpiv  06pa3oM, ILIOMALL OCHOBAHMS BCell JIMH3BI pPaBHA
S = mr} ~ 2rRH, u nockonbky S1 = S/2, To h = H/2.
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DdKCepuMEeHTAJbHBIN TyP

Cocrosiicst 11 mapra 2006 roja.

DKCIEPUMEHTAJIBHBIN TYP TPOBOINUTCS HAaYWHAs ¢ camoil mepsoit Moc-
KOBCKOIt pusndeckoit oumumast (1939 rox). o 2003 roga BKIIOUATEIHLHO
UMEHHO Ha KCIEPUMEHTAJIHLHOM TypPe ONPEIEIsINCh MT00eIUTe/ N OJTUMITU-
aJIbl.

C 2004 roga dopMajbHBIE UTOIM OJUMIIMAIALI HOABOJAATCA TOJBKO IIO
TeopeTudeckuM Typam. Ha sKcriepuMeHTaIbHBI Typ, TPaJIUIus IIPOBe-
JeHNsI KOTOPOTO COXPAHUJIACH, IPUTJIAIIAIOTCS 110 UTOTaM TeOPEeTHIECKUX
TYPOB MOCKOBCKUE MKOJbHUKE 9—11 KJ1accoB. DTO Ja6T BO3MOKHOCTH ITUM
MKOJBHUKAM JIYHITe MOJATOTOBUTHCA K ydacTuio Bo Bcepoccuiickoit ommmm-
nuaje 1o (pu3nKe, e MPU MOABEJICHIN UTOTOB B PABHOI CTEIIEHU yIUTHIBa~
IOTCS PE3YIbTATHI KaK TEOPETUIECKOr0, TaK U IKCIEPIMEHTAJILHOTO TyPOB.

DKCIepUMEHTAIBHBIN  Typ MOCKOBCKO# — (hu3mIeckoil  omMIma bl
COCTOUT U3 JIBYX IKCIIEPUMEHTaIbHbIX paboT. Ha BbIOHEHME KarKI0ii
paboThl OTBOAUTCS 2 ACTPOHOMUYECKHX 4Uaca. IIIKoJbHMKAM KaxKI0ro
kiacca (9, 10 u 11) npegaraiorcsa ogHu u Te ke paboTbl, HO pa3HbIE
YUACTHUKI MOLYT BBIIOJHATH UX B Pa3HON [OCJIEI0BATEILHOCTH (CILyCTsI
2 yaca 1ocjie Havajga Typa IMKOJHHUKU CIAAI0OT OTYET 110 1epBOi padore u
MEHSIOTCSl MeCTaMU C TE€MH, KTO BBIIOJHAJ JIPYTYIO PAbOTY; TEM CAMbBIM
HOMepa pabor «1» u «2» B KAXKJIOM KJIaCCe ABJISIOTCA yYCAOBHBIMHE).

JlJisi BBITIOJIHEHUsT KarKJ0if PabOThI yYACTHUKY Typa BBIIAETCS KpaT-
KOe onucaHue (MMEHHO 9TH KPATKUe OLMCAHWs U PUBOJSATCS 3/1eCh HUKE)
U KOMIUIEKT He0OXOJMMOro 000py[0Banus (U3MepUTeIbHbIe HHCTPYMEHTHI,
upubopsl, jerau, u3ydaeMblii 00bekT). COTPYIHUKE YKIOPH Jal0T Pa3bsic-
HEHUsI TIePe/]T BBITIOJTHEHUEM KarK 10l pabOThl, OTBEYAIOT Ha BOIPOCHI IIIKOJIhb-
HUKOB TIO XO/IY €€ BBITIOJIHEHUS, YCTPAHSIIOT BOZHUKAIOIINE TTPU ITOM TEXHU-
YeCKHe HEeITOJIA K.

Ob6paraem Baille BHUMAaHEE, YTO OMUCAHUS PAbOT SBJIAIOTCS WMEHHO
xpamrumu. OHE JAIOT JJOCTATOYHO MTOJIHOE TIPEJICTaBIeHne 0 pabore, HO He
3aMEHSIOT CODOIl BO3MOXKHOCTH PEAJIbHON PabOThI ¢ 000PYIOBAHIEM, PA3h-
SICHEHUIT, OTBETOB Ha BOIIPOCHI U Pa30b0opa peIeHuil moc/ie IpoBeieHns Ty pa.
[Tob3ysch TOJBKO MPUBEIEHHBIMU OTTUCAHUSMU, B TMIPUHITUIIE HEBO3MOYKHO
NOAHOCBI0 PA300PATHCS B 33 [aHUAX IKCIEPUMEHTAJBHBIX TYPOB (B OTJIH-
qrue OT TEOPETHIECKUX TYPOB, IJle BCA HeoOxomMast MH(MOPMAIHS COJED-
JKHUTCS B TEKCTE yCJIOBUS 3a/1a4N ).
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9 kJ1acc

9.1. IsmepeHue yaeJbHOI TEMJI0EMKOCTHU.

O6opyioBaHue: TEPMOMETD, CTAKAHIUKN, MAJLJINMETPOBAasi OyMara, mra-
TUB, HUTKA, ropAdag U XOJIOAHAs BOJA — 110 TPEOOBAHMIO, Yachl (MOXKHO
UCIIOJIH30BATH HAPYYHbIE YaChl).

Balanme: N3MepHUTh y/e bHbIE TeIZIOEMKOCTH I'Py3a U IgTaka’.

9.2. IamepeHune conpoTUBJEHUS pe3ucTtopa B «UépHoMm fmimkes.

O6opymnosanue. B «Yépuom fmuke» (Boobiie TO OH HE OYEHD YEPHBIA,
TaK HA3BIBAIOT OOBEKT, KOTOPBIN HYKHO HCCJIE/I0BATH 0€3 HapyIIEeHUsI ero
[[EJIOCTHOCTHU ) HAXOJUTCSI POBHO JIBA JIEMEHTa — MaJIeHbKas JIAMIOYKA U
pesucrop. Ectb emé oma Takast e JIaMIIO9IKa, pe3uctop 75 OM, MILIHaM-
epMerp, BOJILTMETD, OTEHIMOMETD (PeoCcTar ¢ TPeMs BBIBOJAMH) COIPO-
tusaerueM 10 Owm, GaTapeiika, mpoBo/a.

SajiaHme: OMpEJIeUTh IKCIEPUMEHTAJBHO COIMPOTUBJIEHUE PE3UCTOPA
BuyTpu Admuka. Onpenesnurs cxemy fnpka (mapasiesbHO B HEM 3JIEMEHTHI
HOJKJIIOYEHBI, UJIH TIOCJIE[OBATEIIBHO).

10 kaacc
10.1. UccaemoBanue marHura.

O6opyoBanue: MarsuT — 1 IIT., MeTaJIUYecKue YTOJKH — D IIIT.
(3arIymKu rHé31 B CUCTEMHOM 0JI0KE KOMIIBIOTEPOB ), IMHAMOMETD — 1 IIT.,
MPOYHBIA KampOHOBBIN Immarar — 1,5 M, Jmnkasi Oymara, MULIAMETPO-

Bas Oymara, IJIOTHAas OyMara, eé «IUIOTHOCTh» (Macca OJHOTO KBAIPATHOIO
merpa) 160 v/m? — 1 mmer dopmaTa A4, TBe TATOYKH CO CPE3AHHBIMA BaT-
HBIMI TAMIIOHAMH, MepHasI JIEHTA.

Sajianne: HAWTU 3aBUCUMOCTb OT PACCTOSIHUSI CHJIBI TTPUTSI?KEHUST Mar-
HUTA U OTOTHYTON HOJ IPAMBIM YIJIOM YaCTH KEJIE3HOIO yroJka (OHa pac-
[OJIATAeTCsl [IapaJjulesibHO GOJIBINoN rpann MaruuTa). [locrponts rpadux
3TON 3aBUCUMOCTH.

10.2. I3mepeHune conpoTUuBJeHUS pe3uctopa B « Uépuom rmmkes.

O6opymnosanue. B «Yépuom dmuke» (Boobiie TO OH HE OYeHD YEPHBDIA,
TaK HA3BIBAIOT OOBEKT, KOTOPBIN HYXKHO HCCJIEI0BATH 03 HapyIIEeHUsI ero
[[EJIOCTHOCTH ) HAXOJUTCS POBHO JIBa JIEMEHTA — II0JLy [IPOBOIHUKOBBII IO/
u pesucrop. Ecrb emé onun TouHOo TaKoii xKe auog, pesucrop 75 Om (muox —
KPOIIIEYHBI [OJIYIIPO3PAYHBIH IUJINH/IP C JBYMs BBIBOJIAMH, PE3UCTOP Iy Th

3Monera mocromncTBOM 5 Komeex, naxoausinascs B obpamtenun B CCCP (u crpanax
6biBirero CCCP) B 1961-1998 rogax.
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no6oJibliie, OH GoJiee 10JIOCAT, YeM JIMOJ, :), YHUBEPCAJIbHBI H3MepUTeIb-
HBIl IPHOOD, HOTEHIMOMETD (PeocTaT ¢ TPeMs BLIBOJAMU) COIPOTHBICHUEM
470 Owm, Garapeiika B KOPILyce ¢ BBIBOJAME, IIPOBOJIA.

3ajianue: OIPEJIETUTh SKCIEPUMEHTAJILHO COIPOTUBJIEHHE PE3UCTOPA
B «YéproMm mukes, ompene/inTh CXeMy COEIUHEHUs JIEMEHTOB BHYTPH
Amuka (napasiesbHo, WK IOCIEI0BATEIHHO).

BHUMAHUWE: mummnammepmerp u auox HEJIB3 4 moakaogars mpsyo
K GaTapeiike — cropsr!

IIpo auoj 3HATH HUYEro HE HY?KHO KPOME TOrO, UTO 3TO HeJMHEHBIH
9JIEMEHT U IIPOBOJUT TOK TOJBKO B OJIHY CTODOHY.

11 kaacc

11.1. IamepeHnEe NJIOTHOCTU.

ObopyoBanue: apeomerp, HuTKa — 0,5 M, MeTaIHIeCKast IIPOBOJIOKA B
IUTACTUKOBOM M30JA1MH — 2 KycKa o 20 cM, MeH3ypKa, BOJla, MUJLIIMET-
poBas Gymara.

3aJlaHue: U3MEPUTD CPEHION0 ILJIOTHOCTD (IJIOTHOCTDL — 3TO MACCa, IPU-
XOJIAIIALACA HA eIUHUITY 00bEMa) IPOBOJIOKU BMeCTe ¢ u3odiueil. Cunrars,
4T0 Bofa mMeetr mwiiotHocTh 1000 Kr /M3,

11.2. UccnenoBanme «Yépuoro dAmnimkar.

Ob6opynoBanue: «Yépubrit Anmk», cojepzxKainuii pOBHO JIBa JJIEMEHTA,
KOTOpbIE HE COEJIMHEHBI JPYr C JAPYrOM, JB€é MUHHATIOPHBIE JIAMIIOYKH,
noTeHImoMeTp (peocTar ¢ TpeMs BeiBojamu) conporusienueM _ kOwm (3ua-
JeHUe COIIPOTHUBJIEHNUSI PEOCTATA YKA3BIBAJIOCHh MHAUBU LY AJIbHO JIJIsT KazKI0T0
KOMILJIEKTa, 000PY/I0BaHNsl ), TEHEPATOP 3BYKOBOIi, IPOBOJIA.

SajiaHme: OIpeIe/InTh SKCIIEPUMEHTAIbHO colep:kuMoe fiuKa u u3me-
PUTH MapaMeTphbl MOMEIIEHHBIX B HEFO 3JIEMEHTOB.
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