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ITpenuciaoBue

B 2008 romy osmmnuaia MKOJIHHUKOB 10 (PU3UKE COCTOSLIACH B TOPOJIE
MockBe B mrecTbiecaT aeBAThI pa3. OnuMnnaga MpOBOAWIACHE B COOTBET-
crBun ¢ [lomoxkernmem o MOCKOBCKOI PErnoOHAJIBHON OIMMIINA/IE MIKOJIHHI-
KoB'.

B coorBercrBun ¢ Ilomoxkenuem, koropoe jeiicrsoBaJio jo 2008 roxa,
OJIMMIINAJTa TPOBOIMJIACH €XKeroHo JlemapraMeHToM 00pa3oBaHUsl TOPOJIA
Mocksei, CoBeToMm pekTopoB By30B MockBbl 1 MOCKOBCKOIT 06,1aCTH, OKPY K-
HBIMA YIPABJICHUSIMHI 00Pa30BaHUsi, 00PA30BATEILHBIMA yIPEKICHUAMHA,
IIpA y4acTUU 0OPa30BATENbHBIX VUPEXKIEHU, HAyYHBIX OPraHu3aIuil u
obrectB. KoopauHalinio opraHu3alinoHHO-(PUHAHCOBOTO O0ECTICUeHUsT TTPO-
Besenust OJIMMITNAJIBI OCYIIECTBIIsT 110 nopydenuto /lenapramenta Mockos-
cKuil uHCTUTYT OTKpBITOro obpazosanus (MIOO).

B onumnmane mMorsiv mpuHUMATE yYacTHe BCE KEJIAIONINE TKOJIHHUKH.

OunMmnaia TPOBOIUIIACH B TPH JTAIA.

IITkoBbHBIN TAIl TPOBOIUIICS OOIIEOOPA30BATEIHLHBIMY Y IPEKICHUIMI
10 3aJIAHUSIM, PEKOMEHIOBAHHBIM METOINYECKON KOMUCCHEN IO TPEeIMETY.

OKpy>KHO# Tall MPOBOIMJICS OKPY>KHBIM OPIKOMHUTETOM, I10 33 AHUSIM,
PEKOMEHIOBAHHBIM METOJINYIECKOl Komuccueir mo mpemmery. 1lo cormaco-
BaHUIO ¢ ['OPOICKNM OPTKOMHUTETOM [OIIyCKAJIOCH IIPOBEMEHNE OKPYKHOIO
srana OJMMIUAIBI By30M WM T'PYIIOH BY30B MPU YCJIOBUU COOJIIOJCHUST
[Tostoxkenust, corsacopanusi ¢ [OpoJICKUM OPrKOMUTETOM CPOKOB U C METO-
JIMYecKOi KoMuccueil 1o npeavery — 3aganauit OmMnmais.

Topomckoit atan npoBoamiics [OpoacKuM OPrKOMUTETOM, IO 33 IAHUSIM,
DPEKOMEHIOBAHHBIM METOIMYIECKON KOMHUCCHEN 110 TIPEIMETY.

B coorBercTBuuE ¢ panee aeitcrBoBasiinM [looxkernnem o Beepocceniickoit
OJIMMITHAJIe IIKOJBHUKOB> TOPOJICKON 3Tall OJUMINAIBI Topofa MOCKBBI
npupaBHuBaJjicad K 4-my srammy BcepoccmiicKoil OJIMMITHAIBI IITKOJIBHUKOB.
Oxpyxnoit sran OJuMmnuaabl TPUPABHUBAJCSI K 3-My 3rtamy Bcepoccumii-
CKOIl OJIMMIHA bl MKOJBHUKOB. [lomoxkennsimu 0 MOCKOBCKOIT pernoHasb-
HOI oTMMIIMA e TMKOJBHUKOB 1 0 Beepoccnitckoit ommMma e mKOJTBHIKOB
JUTst TToGeiuTeseil (JIUIJIOM TIepBOii CTeneHn) U MpU3EpOB (UIIIIOMBI BTOPOi
U TpeTbeil CTeeHN) TPEeTHEro (OKPYKHOI0) U 4eTBEPTOro (FOPOJCKOr0) 3Ta~
IIOB OJIUMITAA bl OBLIN MIPEyCMOTPEHBI JIBIOTHI IIPU MOCTYILJIEHUU B BY3bI.

HIpukas [emapramenTa obpasosammsi r. Mockser or 26.12.2003 Ne 1083 «O BBe-
nernn ITosoXKeHHst O MOCKOBCKOW DErHOHAJILHOW OJIMMIINAJIE IIKOJBHUKOB», OILyOJI.
http: //www.educom.ru/ru/dialog/olympiads/order.php

2VrBepxkaeno mpukasomM Munobpasosanusi Poccum or 30.10.2003 Ne 4072, omy6r.
http: //www.educom.ru/ru/dialog/olympiads/thesis.php



B 2007/2008 yue6rOM romy OKpyKHOIi aTan MOCKOBCKO# peruoHabHOI
OJIMMIINAIBI MMKOJBHUKOB 110 pu3nke cocrosiyics 2 depaitst 2008 roma. s
11-kmaccuukoB 3toT dtan npoBoamicst na Pusmaeckom dakyabrere MIY
um. M. B. Jlomonocosa u B By3ax ropoma Mocksel. B mannoit 6porrope
NpUBOIATCS 3a7a4m (¢ pemeHusiMm) BapuanTa 11 kiacca, paspaboTaHHOTO
ropojickoit Merommiaeckoit Komuccueii. Bosbiias 4acTb By30B, MPUHUMAB-
IIAX yIaCTHAEe B MIPOBEJICHUN OKPY2KHOT'O 9Tana OJUMINAbI, B COOTBETCTBUN
¢ Tlostoxkennem, mpoBOAMIIa OKPY2KHON 9TAIl 10 CBOUM BapHAHTAM, COTJIACO-
BAHHBIM C TOPOJCKON MeToamIecKoit KoMICCHeii.

Topozckoit sTan omMIuaIbI [ YIEHUKOB 7-X KJIACCOB IIPOBOJIMIICS B
onuH Typ 1 8-11-x kmaccoB — B jiBa Typa. [lepsorit Typ mpomén 10 despadis
2008 roma na dpusnueckoMm dakysnprere MI'Y, B HéM npunsiin yuactue 1978
qesoBek (7 k. — 239, 8 k1. — 323, 9 k. — 310, 10 k1. —496, 11 k1. —610).

Ha Bropoit Teoperuueckuii Typ (cocrosiicsa 29 dbespassa 2008 r.) 6buin
IIpUIJIalieHbl yueHukn 8—11 KiraccoB, ITOKa3aBIIue JIydIlue pPe3yJbTaThl B
nepBoM Type (M/WiM UMEIOIIYe NepCOHAJbHBIE TPUIVIAIIEHNUS), B KOJIIIe-
crBe: 8ka. — 133 wen., 9kt — 128 wes., 10 k1. — 148 werr., 11 k1. — 255 4elr.

IIo pesympraTam mepBoro Typa B 7 Kjacce 1 BToporo Typa B 8-11 kirac-
cax mobeuTeIIMI U TPU3EPAMU OJIMMITHAIBI ObLIN TPU3HAHDBI 49 yaarmuxcs
7 kjacca, 63 yugamuxcsa 8 kiacca, 52 yvamwmxces 9 Kiacca, 36 ydarmmxcs
10 xuacca, 101 yuammitcs 11 kiacca (Beero 301 wenosek). C mosHBIM criuc-
KOM Tmobemuresieii u Mpu3EpoOB MOXKHO O3HAKOMHUTBCS B ceTd Internet o
agpecy http: //genphys.phys.msu.ru/ol/2008

B mammoit 6porrope omy0InKOBaHbBI BCe 33/1a91 [IEPBOTO U BTOPOLO TEO-
PeTUYecKuX TYPOB C IMOAPOOHBIME PEIIEHUSIMI.

IIo ntoram BTOpOro Typa B 9-11 KjIaccax 58 MKOILHUKOB OBLIN TIPUTJIa-
IIEHBI Ha 9KCHEePUMeHTAIbHbIH Typ (npormén 15 mapra 2008 roxa 8 MUOO).
DKCIIEPUMEHTAJIBHBIN Typ He BJIUSJI Ha, PACIpeesieHre JIUILJIOMOB mobeimre-
Jielt 1 Ipu3€POB OJIMMITAAIBI; OH IPOBOIUIICS C MEJIbI0 0TOOPA KAHIUIATOB B
coopHyo KoMaHIy T. MOCKBBI [I/Is yIacTus B 3aKJIIOYNTETLHOM dTame Bcee-
POCCHUIICKOI OJTUMITHA/IBI IITKOJIHLHUKOB 110 (DUBUKE.

B wmacrosmeit Oporriope omyO/UKOBaHBI KpPAaTKHE OINUCAHUs 33/ aHMUil,
IIPEJIIaraBIIUXCs HA SKCIEPUMEHTAILHOM TYPE.

B ¢BsI3u ¢ BBIXOJIOM HOBBIX HOPMATHBHBIX JOKYMEHTOB (IpuKazbl MuHo-
Opuayku Poccum or 22.10.07 r. Ne 285 u Ne 286) mopsiziok mpoBeieHust
omnmiuaa B P® maunnas ¢ 2009 roma msmennscss. MOCKOBCKast OJIMMIIH-
aJia MIKOJbHUKOB 10 (PU3MKE B HACTOMAIIEE BPEMs HE MMEET CTATYCa dTaIa
Bcepoccuiickoit omumima bt mkoIbHUKOB. Ctaryc MOCKOBCKOM OJTMMITHA B
IIKOJIBHUKOB ompeieién npukazom Mwunaobpuayku Poccum or 02.09.08 r.
Ne 254, B cooTBeTcTBMEM € KOTODBIM €if TPUCBOEH Tperuil ypoBeHb. [lpnm



IIOCTYIJIEHUH B TOCY/JaPCTBEHHbIE U MYHUIIUIAJIbHBIE 00Pa30BaTE/IbHBIE
VUIPEXKIEHUS CPEJIHErO TPOGECCUOHATHLHOIO 00Pa30BaHUsl, a TAKXKE B TOCY-
JIApCTBEHHBIE U MYHUIIAIIAJIBHBIE 00Pa30BATE/IbHBIE YIPEXKICHNUS BBICIIIETO
podeccnoHaabHOr0 00pa30BaHus MOOEINTEN U MPU3EPHI OJTUMITHAIBI IO
pelleHno 06pa30BaTEIbHOIO YUPEXKIEHUs] UMEIOT IIPaBO B T€YEHUE OIHOIO
rojila C MOMEHTa YTBEPXKJIEHUsI CIIUCKOB IobeauTe el U Mpu3EPOB OJIMMITH-
aJIbl HA IOJIyY€HUE OIHON U3 CJEAYIOIMNX JIbIOT:

OBITH TPUPABHEHHBIMHU K JIUIAM, HAOPABIITAM MAKCUMAJILHOE KOJUIECTBO
6aJIOB 10 €IMHOMY TOCYJIAPCTBEHHOMY 3K3aMeHY II0 MPEJIMEeTY, COOTBET-
CTBYIOIIEMY MTPOMIIIIO OJIUMITUA/IBI;

OBITH IPUPABHEHHBIMU K JIMIAM, YCIEIIHO IIPOLIEIIINM JOIOJIHUTE b~
HbIE BCTYIHUTE/IbHbBIE UCTIBITAHUS TPOMUILHON (IIPU IOCTYILIEHUH B 06pa30-
BaTeJIbHbIE YIPEXKIEHNUS BBICIIErO IPOGMECCHOHAILHOIO 06pa30BaHusl ), TBOD-
Jeckoil u (uim) npodeccuoHaJIbHON HAIPABJIEHHOCTH, [PEyCMOTPEHHBIE
Bakonom Poccuiickoit @ejepamuu «O6 obpazoBaHums», 110 MPEJIMETY, COOT-
BETCTBYIOIIEMY MPOMUIIIO OJMMIIUAJIBI, B MOPSIIKE, OIPEIe/IsIEMOM ITPUEM-
HOIl KOMuUCCHell 06pa30BaTE/IbHOIO YIPEXK ICHUS;

OBITH 3aYMCJIEHHBIMA B 00pPA30BATEIbHOE YUpPEXKIeHne 0e3 BCTYIUTEb-
HBIX UCILITAHUN HA HAIIPABJEHUS IIOAIOTOBKU (CHEIUAJIbHOCTH), COOTBET-
CTBYIOIIHE TTPOMUIIO OJIMMITAAIHI.

C HOPpMAaTUBHBIMU JTJOKYMEHTaMM, OIIPpEICJIAIONIMMU ITOPAJIOK IIPOBEIe-
HUsI OJIUMIIAAJIbI, 8 TaK»Ke C JIPYroil nH(pOpMAaIyeil 0 Pa3JIMYHBIX OJIUMITAA~
JlaX MOYKHO 0oJree TIOJpoOHO 03HAKOMUTHCS Ha TopTaJje Poccuiickoro coBera
ommmmma mKoabHIKOB (http: //rsr-olymp.ru).

B Oporriopy Takke BKJIIOYEHBI YCJIOBHSA 3a7a4d 1-ro0 Typa MOCKOBCKOi
OJTUMITHA,IBI TIKOJIBHUKOB 110 pusuke 2009 roma ¢ orBetamu. Pemrenus 3a1a1
JIAHHON oJiuMIIua bl OyayT omybsmnkoBanbl B Tevdenne 2009 roga B KypHaJe
«KBaHT».

DJIeKTpOHHAsT BEPCHUS HACTOSIIEH OpOIMIOPBI, a TakyKe MaTepu-
anbl  MoOCKOBCKO# (pu3mdecKoit OIMMNIHMAIBI psiia JIeT OMyOJTUKOBAHBI
Ha cepBepe MOCKOBCKOIO IEHTDPA HEIPEPBIBHOTO MATEMaTHIECKOrO
obpasosanus (http://www.mccme.ru/olympiads/mfo). Oneparusuas
nadopMalys 00 OJMMIHNAIe W CIUCKH I00eauTeseil IyOJUKYIOTCsS Ha
crpanune Kadenpel obmeit usukn Pusmueckoro daxyaprera MIY
(http: //genphys.phys.msu.ru/ol).



Onumnuana 2008 /2009 y4u. roga. 1-it Typ

Cocrostics 1 mapra 2009 roma.

7 KJacc

Ha Brinosmenue 3alaHud OTBOANJIOCH 3 ACTPOHOMHNYIECCKUX YJacCa.

1. lsa npyra — Erop m Ilers — ycrpomnu ronkwm A
Ha BEJIOCUITEIaX BOKPYT KBapTaja B JATHOM IOCETKE

(cM. pucynok). CTapToBaB OJHOBPEMEHHO U3 TOUKH B

B pas3Hble cTOPOHbI, Erop — Biosb yiuiel BA, Ilers —

Brosib yaur, BC u C'A, npy3bsi BCTpETWJINCH dYepe3 ~
4 MUHYTBI B TOYKe A ¥ IPOJOJKUIN TOHKHU C IOCTOSH-
HBIMH 110 MOJLYJIIO CKOPOCTSIMH, 00be3Kas KBapTal pa3 s
3a PasOM B IPOTHUBOIOJIOKHBIX HAIpaBiIcHusX. Uepes < b, 300 u
KaKOoe MUHHMAJIbHOE BpeMsl IIOCJe STO BCTpedHd OHU
CHOBa OKaXKyTCsl BMecTe B Touke A7

400 M

Ilerst

OTBeT: MUHUMAJLHOE BPEMs JI0 MOBTOPHOI BCTpedn B Touke A cocras-
astet 48 munyT = 0,8 Taca.

2. B cucreme, n300parkéHHON Ha PUCYHKE, Macca CaMOrO IIPaBOro rpysa
paBHa My = 1 KI, a Macchl Bcex OJIOKOB OMMHAKOBBI U paBHBI my = 300 1.
Cucrema ypaBHOBellleHa U HeroaBukHa. Haliqure Macchl rpy30B my, mg u
mg. Maccoit Tpoca n TpeHmeM B 6JI0Kax MpeHedpedn.

OTBeT: mi; = my = mg = 2my — mgo = 1,7 Kr.

3. Ilarunecarumerpossiit Oacceitn mupunoit 20 M umeer npodUIL ITHA,
MTOKA3aHHBINT HA PUCYHKE: depe3 Kaxkjble 12,5 M riybuna Oacceifna yBesn-
yuBaercss Ha 1 M. Ilycroii GacceilH HAYMHAIOT 3aIOJIHSITH BOJION, HAJIUBAS



ee co ckopoctbio 1000 siurpoB B muayTy. IlocTpouTs rpaduk 3aBucHMO-
CTH BBICOTHI i yPOBHS BOZBI HAJI CAMOIl TWIyDOKOIl YacThio JiHa bacceitHa oT
BpeMeHH ¢ W OIPEeJe/INTh, Yepe3 KaKoe BpeMs 0acCeilH 3aIoJHUTCS BOION
JIOBEPXY.

OtrBer: cMm. rpadwuk; 0OacceilH 3amoJHUTCS BOIOI IOBEpXYy 3a
2500 muayT = 41 vac 40 muHyT.

h, M A
4

0

4. Y mronbHIKAa AHJpesi ecTh CTEKJSHHAs TPOOUpKa Mac-

coit M = 80 r u BMecTuTenpHOCTLIO V' = 60 M. OH OIyCTHI  [coeyn
IpOGHPKY B IIIMHAPHYIECKHI COCYJ C BOJOH U HOCTermeHHO |~ npoSupka
HACBIITAJ Ha JTHO TPOOWPKY TECOK JI0 TeX IOp, ITOKA OHA He [
HOIPY3WJIACH B BOJY HO TOPJIBIIIKO (CM. PHCYHOK). 3aTeM
Amngpeit u3aMepmnst Maccy MecKa, HAXOJWBIIEroCsl B TPOOUPKe
B 9TOT MOMEHT, ! OHA OKa3aJach paBHoit m = 12 r. Buyrpen-
HUI PajJInyC COCyIa, B KOTOPBIil OmyIeHa mTpoOupKa, paBeH
R =5 cm. Ilnornocts Bomwl paBHa p, = 1 v/em®. Onpene-
JINTE O ITUM JAHHBIM ILUIOTHOCTH CTEKJIa NTPOOMPKU W BBIYUCIUTE, HA




CKOJIBKO TIOJIHSIJICSI YPOBEHb BOJBI B COCYJI€ B PE3yJIbTaTe MOTPYKEHUs IPO-
OMpPKU B BOIY.

M,

M M+m
M+m— p;V

=25 3. Ah =
5 r/em R

OrBeTt: por = ~ 1,17 cMm.

8 kJ1acc

Ha sreimosiaenne 3aJJaHuA OTBOJHUJIOCH 3 ACTPOHOMHYIECKHUX Yaca.

1. Tlo npsiMOit peKe ¢ IMOCTOSIHHON CKOPOCTBIO U = 5 M/C IIBIBET GaprKa JJIn-
woit L = 100 m. Ha kopwme Gapxku crour marpoc. OH HauMHAET XOIUTH IIO
bap:ke OT KOPMBI K HOCY 1 0OpaTHO. Brepém oH maeT ¢ MOCTOAHHONW OTHO-
cUTeIbHO GApPXKU CKOPOCTBIO ¥1 = 1 M/c, a Ha3aJ — € IIOCTOSIHHOM OTHOCH-
TeJILHO BapKK CKOPOCTHIO Uy = 2 M/c. Kakoil myTh mpoiiIéT MaTpoc OTHOCH-
TeJIbHO Gepera peKw, ecyiu mpoiiér no bapxke Tyja u obparno n = 10 pas?

OtrBer: wMarpoc TpOWAET OTHOCUTEJbHO Oepera peKd IyTh
v1 + V2
s = nLu———= = 7500 M.
V1V2

2. Tak Ha3bIBAEMBII <«KHTANCKUN BOPOT» IPEJICTABJIAET
co0Oli IBa MUIMHIPUIECKUX Bajia paauycamu r u R, Haca-
2KEHHBIX Ha OOIIYI0 OCh, 3aKPEIIEHHYIO TOPU30HTAJILHO <o 2R
(na pucynke nokazad Buj c6oky). Ha Bajbl B nporuso- ~
IIOJIO2KHBIX HallpaBJICHUAX HaMOTaHa BepéBKa7 Ha KOTO-
POil BUCUT MOABUMKHBIN HJIOK TAKOTO pajinyca, ITo CBOOO/I-
Hble YYACTKU BEPEBKU MPAKTUYECKH BepTUKaJIbHBI. K ocu
6/10Ka PUKPEIUIEH TPy3 Maccoit m. Bopor cuabxkén pyd-
KO, KOHeI KOTOPOil HaXOAuTCs Ha paccTosiuuu 2R ot ocu
BOPOTA.

1) Bopor BpamaioT 3a pyuky Tak, 9T0 OH JeIaeT 1 060-
poToB B cekyH1y. C KaKOil CKOPOCTBIO IIPU ITOM JIBUKETCSI
I'Py3, €CIU BepPEBKA HUT/IE HE MPOCKAIB3bIBACT !

2) Kakyro custy HeoOGX0MMO IPUKJIAIBIBATE K KOHILY DYYKU BOPOTA JIJIs
TOro, 9YTOOBI PABHOMEPHO IIOJHUMATD I'DY3, €CJIU BePEBKA U OJIOK OYeHb JIET-
KUe, a TPeHUs HeT?!

-
™

OTBer.
1) Ilpu BpammeHny pyYKHE BOPOTa ¢ 9aCTOTO 1 000POTOB B CEKYHJLY TDY3
JIBIZKETCS CO CKOPOCTBIO v = m(R — 7)n.



2) Ilpst Toro, 4robbl PABHOMEPHO IMOJHUMATL TPY3, K KOHILy PYydYKH
mg(R —r)

BOpPOTa HEOOXOJIMMO TMPUKJIIBIBATD CHly F''= ———=.

4R

3. HapucoBaTh cxeMy, COCTOANIYIO U3 OaTapeiiku, AByX NEPeKIIovuaTe el u
TPEX JIAMIIOYEK (CM. PUCYHOK) M MMEONLYIO TIPH PA3JIMIHBIX MOJOYKEHUSIX
HepeKrouaTeseil cielyionue PesKIMbl paOOThL:

1) Topur nepsas namia.

2) Topur BTOpas JamMua.

3) Topur Tperbs Jammna.

4) TopsiT BCe TPH JIAMIIBL. -—|I—-
B mocremmem ciaydae KaxKias W3 JIAMID
JIOJIDKHA, TOPeTh TaK »Ke SPKO, KaK M TOrJa,
KOTJIa OHa TOPHUT OJIHA.

i
2% 9

OTBeT: BO3MOXKHAsS CXeMa BKJIIOUEHUS JIAMIIOYEK H300pakeHa Ha
PUCYHKE.

4. kospauk lleTs Ha KaHUKYyJIaX 3a/IMJI C JEAYIIKOM KATOK HA JIade ILIO-
manpio okosro 100 m2. ITocie MOPO30B HAdaJlaCh OTTENENb C JIOXKJIEM U
cHeroM, a moroMm cHoBa ynapuyim moposbl —10 °C. Ilpuexas B cybooTy
Ha mady, Ilers obHapy»mi, 9To npuMepHO 5% ILIOMEAIM KATKa MOKPbI-
JIOCh «rpubamMu» U3 Jbla — HAPOCTAMHU TOJIIMHON OKOJO 1 cM u mio-
maspio npumepuo 100 cm?. Tlere oueHL XOTEIOCHh IOKATATHCA HA KOHb-
KaX, U OH PEIIUJ BBIPOBHATH KATOK, <BBIIJIAJIMB» €r0 TOPAYUM YTIOIOM.
IIpumepHO CKOJBKO BpeMeHH IOHAI00UTCH Jjid 3Toro, u ycueer jm llers
IMOKaTaThCs B BOCKpeceHbe?! MomHocTs yTiora — 2 KBT, yaejapHas Ternio-
émroctb Jipga Cy = 2,1 JIx/(r - °C), yueibHas TeJoTa NJIABJICHUS JIbJA
340 Ix/r, yneabaas TemsioéMkoctsb Boasl C; = 4,2 Tx /(v - °C), wiorHocTh
maa py = 0,9 v/cm®. MoKHO COETATh, 9TO KasKIbI «TPHO» JOCTATOTHO
pasrIaauTh 0 BBICOTHI 1 MM, IIpU PAa3IVIayKUBAHUU BOJA HAIPEBAETCH JIO
+50 °C, morepn TENJOTHl Ha HATIPEBAHMWE OKPYKAIONIEr0 YTIOT BO3/yXa



MaJIbl, & IIOTEPU BPEMEHU Ha PACIIPEIeJIEHNE BOJIBI 110 JJOCTATOYHOMN ILJIONIA I
JIbJIa U HA TIEPEXO]] K CACAYIOMEMY «TpUOy» COCTABJISIIOT OKOJIO 20 CeKyHI.

OTBeT: HA <«BBIIVIAXKUBaHUE» KATKA YHIET nmpuMepHo 6 9acoB, TaK ITO
Ilerst B BocKpeceHbe CMOYKET IOKATATHCS.

(Beero na karke HaxomaTces 500 jeaganbix «rpubosy». BpeMs Ha miasJie-
HUE OJHOTO «rpubay YTIOroM =% 23 CEeKyHJIbI, C YIETOM JIOTOJHUTEIBHBIX
norepb 20 CeKyHJI Ha OIUH «I'PUb» TPATUTCA He MeHbIne 43 CeKyH/I. )

9 kJIacc

Ha spmmosaenne 3aJJaHUA OTBOJHUJIOCH 4 ACTPOHOMMYIECKHUX YTaca.

1. Omuenure, Ha KAKOii IIUPOTE @ HAOJIIOJIATE b HE CMOYKET BIIETh HU OJIHOI'O
CIIyTHUKa 3eMJIM, HAXO/IsIIIEerocsi Ha IeoCTallnOHaPHO OpOuTe, TO eCTh KaK
OBl «BUCHAIIETO» HAJ OJHON TOYKON 3eMHOU moBepxHOCTH. Pammyc 3emun
paBeH Rj3, yckOpeHme CBOOOIHOIO IMAJeHUS HA IMOBEPXHOCTHA 3eMJIN — g,
nepuog obpainenus (cytku) — 7.

472 R3
gr? -

SaIvIeTI/II\l, 9TO IIOCJI€ IIOJCTAHOBKH H3BECTHLIX 4YHCE/I B ITY (bOpl\Iy.Hy

OTBeT: ¢ > arccos {

mojrydaercs, 9ro ¢ > 81,4°. B Takux BBICOKHX IMUPOTAX YKUBYT TOJBKO
MTOJIAPHUKH, TAK 9TO MPAKTUIECKU BCE KUTEJIN 3€MJIM MOTYT ITOJIb30BATHCH
CIIy THUKOBBIMU «TapeJIKaMu |

2. Maurblii cocy y/IepKUBaiOT BHYTPU OOJIBINIONO TaK,
KaK ITOKA3aHO Ha pHUCYHKe. B jmHe MaJioro cocyma
€CTh OTBEPCTHE CO BTYJIKOH, B KOTOPOE BCTABJIEH
muarHap. Boicora mummmaapa h = 21 ¢M, OH MOXKeT
IIepeMenaThCss OTHOCUTE/IHHO BTYJAKUA O€3 TpeHus u
TOJIBKO 110 BEPTUKAJA. B MajioM CcOCy/le HaXOIUTCsI
BOJ[a, B OOJIBIIIOM — CIUPT, U IIPU ITOM IIUJIUHIP TOKO-
nrcsi. Ha kakoit rirybure d 110J1 BOJI0# HAXOIUTCS BEPX-
Hee ocHoBanue mumHapa? [lnoraocTs Boupl pp = 1000 kr/ M3, IIJIOTHOCTH
crmpTa p. = 790 xkr/M3, mI0THOCTH MITHHPA p = 600 KT /M3,

Pc— P
Ps — Pc

OrBert: d = =19 cm.
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3. Pesucropnr COIIPOTUBJIEHUSAMH A B c D E

— 1 1 1
Rl = 10 OM7 RQ = 20 Ol\/[7 R3 = 40 OM R R RS s
n R4y =80 OmM npumasgibl K KJeMMaM i'Hil—'

A, B, C, D u FE tak, Kak IIOKa3aHO Ha
pucynuke. Umeercst ucrounuk toka ¢ 9J1C

& =12 B 1 BHYTPEHHNUM CONPOTHBIICHHEN 15 ii:iii il ii:

r =5 OM, a TakKe MHOTO COEIMHUTE/Ib-

HBIX IPOBOJIOB MAJIOr0 CONPOTUBJICHUS,

KOTOPBIE MOXKHO MOJK/II0OYaTh K HUCTOYHUKY U K Jjoboit m3 kiemM. Kak
HY?KHO COEJMHUTH UCTOYHUK U PE3UCTOPBI, 9TOOBI OOIIAsT TEIIOBast MOII-
HOCTb, BBIJIEJISIFOINASICST HA PE3UCTOpax, Oblia MakcuMasbHOi! Yemy pasHa
9Ta MOIIHOCTH?

OtBerT. VckoMast TemmoBast MOITHOCTD
Niax MAKCUMaJIbHA, KaK HETPYIHO JIOKa-
3aTh, KOIJIa COIPOTHBJIEHHE HArPy3KU
PaBHO  BHYTPEHHEMY  COIPOTHBJIEHUIO
ucrounuka r = 5 Om. D10 gocTUraercs ¢
HarbOJIbIIell TOYHOCTHIO IPU Iapajljiesib-
HOM COEJIMHEHHUU BCEX PE3UCTOPOB (CM. PHUC.), TAK YTO UX O0IIee COPOTHB-

nenne R = (16/3) Om ~ 5,33 OM, a Nyax = &?R/(R +1)? ~ 7,19 Br.

4. Tlanka, crosimasl BEpTUKAILHO HA NOPU30HTAJLHON ILIOMIAIKE, OCBEIA-
eMOil COJIHEYHBIM CBETOM, mMeeT BbicoTy h = 1,2 M m orOpachiBaeT TEHb
mmuaoit L = 0,9 M. [Tanky HaIMHAIOT MeIIEHHO HAKJIOHSITDH B HAIIPABICHUN
0TOpaChIBAEMOIl €10 TEHH, TaK, YTO €€ HUXKHUI KOHEI[ He CABUTAeTCs C MECTA.
JlJinHA TEHU P 3TOM JI0 OIPEIEJIEHHOIO MOMEHTA yBEJININBAETCS, & IIOTOM
HAYMHAET YMEHbINaThCsl. JeMy ObLIa paBHA MaKCHMAaJIbHAsI JIJIMHA TEHU OT
maJiku?

OrBer: Ly = VL2 +h2 =15 M.

10 kJaacc

Ha sbimostaenne 3aJJaHuA OTBOINUJIOCH 5 ACTPOHOMHNYIECKUX TaCOB.

1. YiaB pemui yCTAHOBUTH MUPOBOU PEKOPJL B IPBIXKKAX B BBICOTY CpPeIU
VIaBOB. YIIaB MOYKET W3 ITOJIOKEHUsI «CBEPHYBIINUCH JIEXKA» BBIIPAMUTHCS
[TOYTH BEPTUKAJIBHO U PAa30rHarbes g0 ckopoctu V. nuna Ynasa L. Kakum
MoxKeT ObITh pekopi? Kak moJizkeH JBUraTbcst YiaB, 4TOObI yCTAHOBHUTH
pexopa? Macca YiaaBa pacupejejieHa paBHOMEPHO 110 €r0 JIJIMHE.
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OTBeT. yﬂaB Ha MAKCHUMAJIbHOI BBICOTE JOJIZKEH CJIOZKUTLCs ITO0IIOJIaM
TaK, 9TOOBI €r0 CepeHa 0Ka3aIach HaJl IIAHKO, & T0JI0Ba U XBOCT CBEIIIH-
V2
BaJIUChb BHU3I. PeKOp,ILHaH BbICOTAa paBHA —— —_—.
4 2g
2. ABroMOOMJIb C 3aJHUME BEILYyIIUMU KOJIECAMEU BbE32KAET BBEPX IO IIPs-
MOJIMHEHHOMY VYacTKy JIOPOTH, OOPa3yIolieMy C TOPU30HTOM YTOJ (, 1
OCTaHaBJINBaCTCH. qepeB HEKOTOpOE BpeMd IIOCJIE I3TOro BOJAUTEJIb PE3KO
HaXKUMaeT Ha ra3 M OJHOBPEMEHHO OTIIyCKaeT TOPMO3. C KaKUM MaKCHU-
MaJIbHBIM YCKOPEHHEM MO2KET Ha4daTb ABUTaTbCA aBTOlV[O6I/IJ'II)7 ecJm KO'S(b—
dburmenT TpeHus ero KOJec O JOPOry PaBeH (i, & MOIIHOCTDH JIBUTATEJIHA
jpocrarouno Besuka? IleHTp TsKecTH aBTOMOOMJISI HAXOJIUTCS Ha PACCTO-
auuu h or J0PpOr'u 1ocepeinue MezKay KOJ'[éCaMI/I, pacCTOosdgAHNE ME2K/1Y OCAMU
IepeJIHIX W 33 JHUX KoJjiec paBHO 2L.

uL cosa

m —sina | g, upu yciaosuu L > ph.

OTBert: a =

3. lopuzonrasbuas miaardopma, HA KOTOPYIO IMOJOKWIN 0e3 HadaabHOMN
CKOPOCTHU TI'Dy3 Maccoit m, coBepriaeT f pa3 B CeKyHJIy Takue KoJieOaHus:
CHAYAJIA OHA JIBUXKETCsl BIIPABO C MOCTOSHHBIM YCKOPEHWEM ¢, ITOTOM MIHO-
BEHHO OCTAHABJIMBAETCS W BO3BPAINAETCH B HAYAJIBHOE IIOJIOYKEHUE C TIOCTO-
saHHbIM ycKopenueM a/2. Kosdduruent rpenus mexay rpy3om u miardop-
Moit paBeH i < 1, yckoperme a > g, yacrota f > 1 I'm. B kakoMm nHampas-
JIEHUU, U 10 KAKOMY 3aKOHY OyJleT JBUraThCsl I'Py3, U Oyier Jin OH BOOOIIE
geuraTbesi? CUNTaTh, 9TO CKOPOCTH JIBIXKEHUsI IPY3a BCETIa MHOTO MEHBIIE
MaKCHMAaJIbHON CKOPOCTHU JBUXKEHUS ILIAT(HOPMBI.

OTBeT: pr3 6y,aeT JABUTI'aTbCA BJIEBO CO CpeAHI/IM yCKOpeHI/IeM, paBHLIM
V2 -1
V241

4. B mwmmHapudeckuitn  crakaH oobemMoM V =200 My u cedeHHEM
S = 20 cM?, cTosmuit Ha cToJe IIpH KOMHATHOI Temmeparype Ty = 20 °C,
MTOJIOZKHJIN KYCOK JibJia Maccoit m = 100 1, Haxoadmmuiicd mpu TeMIlepaType
Th = 20 °C, u HAKPBUIA CTAKAH IIOTHO Mpujeramorieil kpoimkoit. Omennre
CUJTy, KOTOpasi MOTpebyeTcs, YTOOBI OTOPBATH KPBIIIKY OT CTaKaHa CPasy
mocJie Toro, Kak Jiéj pacraer. Camraiite, YTO TEIJIOTA MOCTYIAET B CTAKAH
TOJIBKO CHM3Y, KPBIIIKY OTPBIBAIOT Cpa3y II0 BCEMY IEPUMETPY, aTMocdep-
Hoe masnenue p, = 10° Ila, mioTHOCTH MBIA p; = 900 KT/M3, MIOTHOCTD
BOJBL pp = 1000 xr/Mm3.

110 MOJLYJIIO (g
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OrBer: cumja, KoTopasi MOTpPeOyercsi, dYTOOBI OTOPBATH KPBIIIKY
OT CTakKaHa cpa3y Iocje TOro, Kak JIEJ pacTaeT, IIPUMEPHO paBHA

psTo(paV —m)

F=pS|1-—
paT(psV —m)

~ 32 H.

5. ITsaTh cTOPOH IPaBUIBHOIO MIECTUYTOJIBHUKA 00Pa30BaHbI OJIMHAKOBBIMU
JUIJCKTPUIECCKUMEA PABHOMEDHO 3apsKEHHBIMU IMajioukaMmu. [Ipum sTom B
touke (), HAXOJsIIelcss B IEHTPE IMEeCTUYIOJIbHUKA, TOTEHIUAJ JTaHHON
CACTEMBl 3apdAJ0B DPaBeH (g, & HAIPAKEHHOCTb 3JIEKTPUYECKOI'O II0JIS
paBHa EO. Haiinure, KakuMu CTAHYT TOTEHITHAJ 0 U HAIPAKEHHOCTD JJIEK-
TPUIECKOI'O I10JI E B Touke O, eciin yOpaTh OJIHY U3 3aPKEHHBIX TAJI0YEK.

i

E= Euz + EOS

Pucynok 26 Pucynok 28

4 -
OtBer. ¢ = —pg Upu ynajgeHun JOO0H u3 masodek. F 3aBucur ot

5

TOrO, KaKyIo HAJI0UKY yAaJjsior (cM. pucyHKu 2a, 26, 2B): ecild yIaJUTh
nayouky 3, ro E = 0; ecsu yaamuts nanouky 2 uiu 4, 1o |E| = |Ep|, a Bex-
Top E moBEpPHYT OTHOCHTEIHLHO BekTOpa Fy Ha yroa 60°; eciam ymaauTb
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nanouky 1 wm 5, To |E| = v/3|Ep|, a Bekrop E NMOBEPHYT OTHOCHTETHHO
BekTopa Fy Ha yroa 30°.

11 kaacc

Ha sreimostaenne 3aJJaHUA OTBOJHUJIOCH 5 ACTPOHOMHYIECKUX TaCOB.

1. OauH MUIMHIPUYIECKHii cocy st paauycoM Ry yaep-
KWBAIOT BHYTPU JPyroro, pamumycom Rs, Tak, Kak
ITOKA3aHO Ha PUCYHKE. B JIHEe MAaJoro cocyia ecTb
OTBEPCTHE CO BTYJIKOI, B KOTOPOE BCTABJIEH JI€PEBSIH-
HBIH ITUJINHAP PAJIUYCcOM 7 U BbICOTOI h = 21 cM; oH
MOYKET IePeMeIaThbCsi OTHOCUTEIBHO BTYJIKU 0€3 Tpe-

HUSA TOJILKO IO BEPTUKAJIM. B MaJblif COCYJ, HAJUTA
Boma 110 ypoBHsa a = 30 cM, a B OOJIBIIOI — Maco,
U TPU TOM IUJIWHAP MOKOUTCA. ILIOTHOCTH BOBI
ps = 1000 kr/ M%, IJIOTHOCTD MAacia Pu = 790 K1/ M, IJIOTHOCTD IIHJIMH-
apa p = 790 KI‘/M3 . Kakas gacth 00bEéMa IMUIMHIPA HAXOIUTCS B BOJE, a
Kakas — B Maciyie? [Ipu KakoM COOTHOIIEHUN MEXKIY Py, P, T, B1 1 Ro pas-
HOBeCHe IUINHIpa OyIer yCTOWYUBBIM, TO €CTh IPHU €r0 CMEIEHUU BBEPX
WM BHU3 OYIyT BOSHUKATH CHUJIBI, CTPEMSIIIECS BEPHYTH €ro obparTHo, K
IIOJIOXKEHUIO PABHOBECHS !

OtrBer. B Boje HaxomuTcss dYacTh 00bEMA IUJIMHJpPA, paBHAS
a  pPpu—pP 11 N 10
n=-—-———=— a B MacjJe — YacTb 00bEMa, paBHasg 1 —n = —.
h P — Pu 21 21
R-R+r? R
Ps 7 -
RI-R2 R

PaBHoBecue Oy/IeT yCTORYIUBBIM, €CIIH Py,

2. Ogunr u3 kounoB U-o6pa3Hoit TpyOKH IOCTO-
STHHOTO CEeYeHUsl, 3allOJHEHHOU PTYTHIO, HATJIYyXO
3akpbuUM  (CM. DHCYHOK). Bo3IyX B 3aKpbl-
TOM KOHIIe TPYOKHM CTaju MeJJIeHHO Harpe-
BaTh, WM3Mepsid 3aBUCHMOCTb €ro JABJICHUS P
or rtemmeparypel 1. Kak okazajoch, sTa 3aBH-
CUMOCTH B Hadajle HArpeBaHUsl TPUOJIUKEHHO

- T 1Ty
ABJIAETCA JIMHEHHo: p &~ pg | 1 + a———— |, rze

To
po = 760 MM pT. cT. — armocdepHOe naBJeHUE,
Ty — abOcoJoTHas TeMIEpaTypa OKpPY2Karolen
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cpenpl, o = 0,5. Haiture BoicoTy g crosba Bo3/yxa B 3aKpPLITOM KOHIIE
Tpy6KM B Haudajie mporecca. IlmorHocTs pryTn p = 13,6 v/cM3.

ho Do

OTBer: ZO = m = 380 MM, rae ho = % = 760 MM.

3. Tpu npueraroniye Apyr K Apyry rpaHu KyOuKa 3apsi?>KeHbl PABHOMEPHO
C TMIOBEPXHOCTHOM IIJIOTHOCTBIO 3apsijia 40, 8 OCTaJbHBIE TPAHN — C ILIOTHO-
cThIO 3apsiaa —o. Haiitn Hanpsi:KEHHOCTH E JIEKTPUIECKOTO TI0JIsI B IIEHTPE
KyOuKa.

OrtBet: \E| = L, BEKTOD E HAIIPaBJIEH BJIOJIb MIPOCTPAHCTBEHHOM

\/350

JIMaroHajM KyOUKa OT €ro TOJIOKUTEJHHO 3apSyKEeHHOTO «yIylay K OTPUIa-
TEJIbHO 3aPSZKEHHOMY.

4. BeckoHnedHasi 1ENOYKa U3 OJIMHAKOBBIX 3BEHLEB COCTOUT M3 PE3UCTOPOB
conpoTtuBjeHusIME 3R 1 R, coeTMHENHBIX, KaK ITOKa3aHo Ha pucynke. Haittn
eé conporuBjienne R4p MeXKly BXOJIHBIMUA KOHTaKTaMu A u B.

Orser: Rap = (1,34 /5,89)R ~ 3,73R.

5. ToHkasi IJIOCKOBOTHYTasl PACCEUBAIONIAS JIMH3a IPUKATA ILIOCKOCTHIO
K TOPITy IHIMHIApUIecKoil TpyOku. B TpyOKy BcTaBjeHa ITOCKOBBITYKJIAs
cobuparomasi JNH3a TakK, YTO IVIABHBIE OIMTUYECKNE OCU JIMH3 COBIAJAIOT C
ocbio TpyOKH, a cobuparolast JuH3a oOpalleHa IIJIOCKOH CTOPOHON K pac-
cenBaroreit. Cobrparonyio JIMH3Y MOXKHO II€PEMeIaTh BJOJIb OCH TPYOKH.
Ecin #a mepByro JuH3Y BI0JIb OCH HAIIPABUTH y3KUil MAPAJIICIbHBIN Iy 0K
CBeTa, TO MPU HEKOTOPOM PACCTOSHUHM MEXKJY JIMH3aMHU U3 CUCTEMBI BBIi-
JIET TaKKe [MapaJjuleSbHbIN MydoK. Ecim yKe MpoCTpaHCTBO MEXK/IY JIMH3AMU
3AII0JIHEHO YKUJIKOCTBIO, TO JIJIsl MTOJIyIeHUsI TaPaJIIeIbHOTO IIyYKa PacCTOsI-
HUe MeXKJIy JIMH3aMu HeoOXoauMo yBejmanuThb B 1,5 pasa. Haittu mokasaresn
MIPEJTIOMJICHUS YKUTKOCTH.

OTBeT: Ny = 1,5.

15



OxkpyxHoii 3tarm 2007 /2008 y4. roga

Cocrosuicst 2 despastst 2008 roja.

11 knacc
Ha BbLIIIOJIHEHME 3a/JaHud OTBOANJIOCH 5 ACTPOHOMHNYIECKUX JaCOB.

1. IIpu urpe B BOsEii6OT MTPOK OTOMI MaAd y camoit 3emin. Ha mepsom
PUCYHKE IIOKa3aHa HPOEKIUA TPACKTOPUHU MAdYa HA BEPTUKAJBHYIO ILJIOC-
KocTh ceTku. KacaresbHast K 910it npoekinn obpasyer yroa o = 30° ¢ Bepx-
Hell JIuHUuell CeTKU B TOYKE IlepecevyeHunsl ¢ Hell.

CeTKa « CeTKa

Ha BrOpom pucyHKe mOKazaH BHJ, CBEpXy: WIPDOK B MOMEHT yaapa
HaXOJIMJICS HA PACCTOSHUM @ = 3,5 M OT CETKHU, a IJIOCKOCTh TPACKTOPUN
obpasyer c cerkoit yroa ¢ = 60°. 3BecTHO, YTO CKOPOCTH MsdA4Ya CpPa3y
mocJie yjapa Oblia HalpasjeHa 1oj yriioM 6 = arctg 1,2 x ropusonTy. Ha
KaKOIi BBICOTE HAJl 3eMJIEH TPAEKTOPUsI Ms49a [TEPECEKAET IIJIOCKOCTh CETKH !
Bricora cerku h = 2,4 M. Msa cuurarh MareprajbHON TOYKOMN, COMPOTUB-
JIEHUEM BO3/yXa IIPeHeOpedb.

Pernenune. Beesém cucremy KOOpAnHAT, HAIIPABUB TOPU3OHTAJIBHYIO OCh
T B CTOPOHY CETKU IEPIEHIUKYJ/ISIPHO €if, OCh i — BJIOJIb [TI€PECeYeHUs] ILIOC-
KOCTH CETKU C IIOBEPXHOCTHIO 3eMJIN, OCh z — BepTUKAJbHO BBepX. Hauaso
KOODJMHAT BBIOEPEM Ha MOBEPXHOCTH 3eMJIM B TOUKe yaapa mo msay. O6o-
3HAYNM Yepe3 g YCKOPEHHUe CBOOOHOTO MaJICHUSI.

Haiiém ropu3oHTaIBEHY IO TPOEKIMIO CKOPOCTH Msida vp.. JIjist 9T0ro 3ame-
THM, YTO [IPOEKIMS CKOPOCTU MsI9a Ha BEPTUKAJIBHYIO OCh Z Y IOBEPXHOCTH
Semiin paBHa v;. - tg 0, a Ha BbIcOTE h OHA, B COOTBETCTBHUH C 3aKOHOM COXPa-

. 2
HEHUs MEeXaHNYeCKO SHEPIruH, paBHA Uy = \/ (v - tg6)” — 2gh. Yrou « cBs-
Ug

3aH C YKa3aHHBIMU IIPOEKIUAME CKOPOCTH COOTHOIIEHMEM: tg o = ———.
Ur COS
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Orcrona

2gh
(tg0)” — (cosp - tgar)®

(vr - cos-tga)® = (v -tgh)® —2gh, u v, =

ILHH TOoro, 9TO0OBI OTBETUTDH HA, BOIIPpOC 3a/ia4u, 3aME€TUM, YTO MAY IIepe-

a
CEKAeT ILUIOCKOCTb CETKH depe3 IIPOMEXKYTOK BpemeHu t = ———. B sror
Vp SN
MOMEHT BpeMEeHHM KOOPJMHAaTa z MdA4da paBHA

2 t 0 2
z:vrtgé’-t—gt—za.g — gq =
2 sinp  2(vpsinp)?

tgl  a®(tg? 0 — tg? o - cos?
:a'g _a’(tg g2a cos @)%2,541\4.
sin ¢ 4hsin® ¢

2. Ha pucynke n3obparkeHa cucrema, COCTOsIAsI 13 OJIOKOB, I'PY30B U Bepé-
BoK. Macce! rpy30B 1 1 2 usBecTHBI: M1 = 4 KT, Mo = 6 KI.

- —
) f
ap | apoam  ap
O) HE ©

ms3

mi Mo

B kakoMm mHTepBaJje MOKHA JIEXKATh MAcca M3 TPETHETO I'Py3a, YTOOBI
cucTeMa HaxOIUjIach B paBHOBeCHH! BJIOKM U HUTH CUMTATH HEBECOMBIMH,
TpeHreM B OJIOKaX IpeHeOpedb. YUYaCcTKM HUTEH, He Jiexkaline Ha OJIoKax,
TOPU30HTAJIbHBI UJIA BEPTUKAJIBHBI.

Pemrenne. O603HauuM cuiibl HaTs2KeHust Hureit yepes Ty, 11, To, T3 u
T3 (cM. pUCYHOK). 3amuieM ycJIOBHsI pABHOBECHs I'Py3a 3:

mzg = T13 + T3,
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rpy3os 1 u 2:

mig="T1 +T13, mog="T5+ 153,
a TaKzKe HO,HBI/I)KHBIX 6.HOKOB:

2Ty =Ty, To=2Ts.

Wcnonb3yst ycstoBust paBHOBecHUst Ipy30B 1 1 2 1 OJIOKOB, MOYKHO BbIpa-
3UTH BCE CUJIbI HATSKEHNS depe3 Beaudauny 1j:

T3 = myg — 271y,

1
T3 = mog — §T0-

ToA A

T34 | Tos

msg
mg

5
msg = (mq +ma)g — 3 = 5(m1 + mg — m3)g.
Orcroma

1
Tis=—-(m1 —4dmo+4ms)g u Tos = —(—mq1 + 4ms + ms3)g.

TlockONMbKY CHJIBI HATS)KEHUsT HUTEl HEe MOTYT OBITH OTPUIIATETHHBIMH,
3alMIIeM JOMoJTHUTeIbHbIE yeaosust: Ty > 0, Tig > 0, Tas > 0. Orcroona

my +mg = m3, my+4mz > 4mo, 4ma +m3z = my.

HO,HCTaBJIHH YUCJICHHbIE 3Ha4Y€HUd, HaXOJIUM HHTEpPBaJl, B KOTOPOM

JIOJIZKHA JIeXKaTh Macca 173 TPEThero Ipysa [jisi TOro, YTOObI CHCTeMa HAXO-
Juiiach B paBHOBecuu: 5 Kr < mg < 10 Kr.
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3. B mpocreitmieit mMojiesin HEHTPOHHON 3Be3/IbI IPEJIIT0JIaraeTcsi, 9To JIaB-
JIeHWe p HEATPOHHOTO Ta3a, SABJISIONIErOCs BEMIECTBOM 3BE3[IbI, SIBJISETCS
crereHHOM (DYHKIMENH ero IJI0THOCTA P W MPAKTUIECKH HE 3aBUCHT OT TEM-
neparypsr: p = Ap®/3, roe A =0,54-10* H- m3/xr®/3. Onennre B manmoit
MOJIeIM pa3Mep HefiTpoHHON 3Be3jbl (paguyc R cdepsl, BHyTpH KOTODOIl
COCPEJIOTOUEHA, TIOJIOBMHA MACChI 3BE3/IbI) ¢ Maccoii nopsika Macchl CosHna
M = 2-103° kr. I'pasuranuonnas nocrosanas G = 6,67 - 10~ H - M2 /xr2,

Pemenne. Paccmorpum chepy paguycom R, BHyTpu KOTOpOit cocpeio-
TOYEHa, MOJIOBUHA MacChl 3Be37bl. Ha Jekamuii Ha | MOBEPXHOCTHIO ITOU
cepbl cTOI6 HEHTPOHHOrO Tasa ¢ Majoil Iomaabio ocHoBanusa AS u

N M2 N
Maccoit Am = rR? AS neficTBYIOT ypaBHOBEIIMBAIOIINE JAPYT IPyTa CHUIa
e G(M/2)Am  G(MJ2) M)/2
m
bB=—"m =" wp®
u cuta masnenus Fy = p- AS = Ap®/? - AS. Crenoparennho,
2
GO _ s
4w R4

[L1oTHOCTH HEHTPOHHOrO Tra3a y MHOBEepXHOCTH cdepbl paauycom R
MOKHO NPHUOJINZKEHHO OIEHUTDH KAK CPEJHIO0 IIOTHOCTH BEINECTBA BHYTPH
M/2
(4/3)7R3"

s JABYX IIOCJICTHUX ypaBHeHI/Iﬁ HaXOJM1M:

91Ol cdepsl: p

2/3
A 9v3 /N A

A~ ——— ~0,9-10* M~ 10 KM
G (M/2)"/? \ 4m G (M/2)"?

~
~

BameTuM, uro cpexuumit pagmyc ComHna cocraBiasger ~ 7 - 10° kM, To
eCThb HeHTpOHHAs 3Be3/a ¢ Maccoil mopsaka Macchl CoJIHIIa MEHBIIE HEro 110
pasmepy npumepro B 100000 pas!

4. CompOoTUBIEHNS BCEX PE3UCTOPOB B JIEKTPHU- Ry Ry R3
TeCcKO 1enn, NM300parKEHHON Ha PUCYHKE, OJIM-
HakoBbl 1 paBabl R = 300 OMm. Briouénnbrii B
IEIb aMIIEPMETDP IOKA3bIBAET BEJIMYUHY CHJIBI
toka I = 10 MA. Haiigure 9/1C & 6arapeiiku.

ComnporuBieHusIMA  aMIIepMeTpa U OaTapeiiku I
'8
|
MOXKHO TIPEeHEOPEYb.
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Pemenne. Haiiiém conpoTuBiieHre 3JIEKTPUIECKON TN MEXKIY TOY-
kamu A u B (cMm. puc. ciesa). [ljist 9TOro mepepucyeM Cxemy ILEld, Kak
[OKa3aHO Ha puc. cipaBa (mudpamu Ha cxeme 0BO3HAYEHBbI COOTBETCTBYIO-

e Apyr APYry y3JIbl).

W3 cummerpun ygyacTKa cXeMbl, comepkaliero pesuctopsl R3, Rs, Rg,
R; u Rg cnemyer, 9TO cuja TOKa, TEKYIIEro uyepes pesucrop R7, paBHa
HyJito. [ToaToMy 1pu ynajieHun 3TOro pe3sucropa u3 IENu CUJIbl TOKOB Yepes
OCTaJIbHBIE PE3UCTOPHI U ODIIee CONPOTUBIIEHNE Tienu He n3MeHsiTcst. Corpo-
TUBJIEHUE TETH TOCJIe YIAJEHHUs 9TON0 PE3UCTOPA OIPEIE/ISIeTCs U3 3aKOHOB
[TOCJIETIOBATEIHHOTO U TAPAJIIEIBHOTO COIMPOTUBJIEHUsT IPOBOJHUKOB; OHO

5 5
paBHO Rap = §R' CnenmoBarenbho, & = IRAp = §IR =5 B.

5. Torkas cobuparomas JuH3a ¢ (POKYCHBIM

paccrosinueM F' IprioykeHa BIUIOTHYIO K I1JIOC- )4
KoMy 3epkajy. lI300parkeHmeM IIpPSIMOYIOJIb- B 4

urka M ABC (rouku M u C' nexar Ha rJIaBHOR

onrnyeckoit ocu ML jmH3BI) B 9TO# onTHde- M ¢ L
cKoit cucreme spigerca tpanemus MA'B'C' ¢ o | |
ocaoBarusimu M A’ u C' B’ (cm. pucynok). Bep- /B,

mmnel Tpanenuun M, A', B’ u C' apisrorcs, A
COOTBETCTBEHHO, M300pazkeHustMu BepruH M, 17

A, B u C npsmoyroibauka. Haiijure paccrosi-

Hue OoT TOUYKM M 110 JIMH3DBI, & TAKyKe JJIMHBI

ocuoBanuii u Boicory C'M tpanemun M A'B’C’. JIjnmubl CTOPOH TpPAMO-
yrosibiuka AB = a u M A = b. U3sectHo, uto a < F u b < F.

Pemienune. JIya BM mocne oTpaKeHHsI OT ONTHYECKOH CHCTEMBI JI0JI-
2KeH, 110 YCJIOBUIO, BHOBb IIPOHTH epe3 TOoUKYy M. DTO BOZMOXKHO TOJIHKO B
TOM CJlydae, eCJIl II0CJIe IIPEJIOMJIEHNS] B JINH3Ee OH MJET IepIEHIUKYJISIPHO
3epkaiy. CiegoBarenpHo, Touka M aBisgercs GOKYCOM JIHH3BI, & PACCTOs-
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Hue oT Heé J0 nenTpa Jua3bl L pasao ML = F. Orcioga Tak:Ke BBITEKAET,
qT0 TouKa B’ nexur Ha npsmoit BM (cM. pUCYHOK).

IIygok cBera, wucxomdmumii ©u3 TOYKHU
KOTOpas JIE)KUT B (DPOKAJIBHON ILIOCKO-

mpeobpa3yercss JIMH30{l B IapaJliesb-
et my4dok. Ilociie oTpaKeHuwst OT 3epKaja
9TOT IIYYOK OCTaETCs MapajLIeJIbHBIM, & IIOCTe
BTOPOI'O IIPEJIOMJIEHWsI B JIMH3€ OH IIPeoDd-
pasyercs B IIy9OK, BHOBDb CXOIMAIIUICA B
doxkanbHOil I0cKOCTH. ClIeI0BATEILHO, TOYKA,
A’ Takke JeKUT B (POKAJBLHON ILJIOCKOCTH.
IMockosbKy jiya AL JIMH30[ HE IPEIOMIISIETCS,
to LJALM = ZA'LM,u MA' = MA =b.

N3  momobusi  TPeyroabHUKOB
C'B'=C'M - é
a
b OM b
F+a F-CM a
bF
F+2a

A,

cTH,

Takum

nJjinm

C/B/ —

21

MCB
Vuarém, uro /BLM = /B'LM; otcona

0bpaszom,

B A

C B

A/

n MC'B  umeewm:
cn_ow
CL 'L’

aF’
C'M=——
F+2a’




TFoposickoii atan 2007/2008 y4. roga. 1-it Typ

Cocrosuicst 10 despadis 2008 rosa.

7 KJacc
Ha BbBIIIOJIHEHME 3a/laHUA OTBOJANJIOCH 3 aCTpOHOI\II/I‘{eCKI/IX qaca.

1. Crpoenne Kpucrajja HEKOTOPOIO METAJIa CXeMa-
TUYECKH TIOKA3aHO Ha PUCYHKE. ATOMBI HAXOIATCS B
BepITUHAX KYOUKOB M 00Pa3yioT KyOWIecKyio KPUCTAJI-
JITYECKYIO peIméTky. VI3BecTHO, YTO IJIOTHOCTH ITOrO
Merasita pasHa p = 7900 xr/ M3, a Macca OJHOI'O aToMa
mo = 9,3 1072% kr. Haiinure o6bém Vp omHOTO
KyOWKa — 3JIEMEHTAPHON sS9YeifiKu JAaHHON KPUCTAJLIU-
YEeCKOU PEerIeTKH.

Pemtenune. IIpoBesém mi0cKOCTH TIEPIIEHIUKYIISPHO cepeuHaM pébep
KyOukoB. B pesysibrare KpucTasl OKasKeTcs Pa3eIHHBIM Ha KyOWKH, B
KaXKJIOM U3 KOTOPBIX HAXOUTCS IO OJHOMY aTOMY.

IIycts kpucramn umeer 06bém V u comepxkur N aromos. Torga mior-
HOCTb METAJLIIA

- Nmo o mo o mo
-V V/N W
rae Vo = V/N — 006béM, npuxoigmuiics Ha OJUH aTOM, TO €CTh HCKO-

MBIl OOBEM 3JIeMEHTApHON SYefKU KpucTaindeckoil permérku. Orcoa
Vo = mo/p ~ 1,18 10729 w3,

2. YUeHUK n3MepuJI IJIOTHOCTh JIEPEBAHHOTO OPYyCKa, MTOKPBITOIO KPACKOMH,
U OHA OKazaJach paBHoil p = 600 kr/ v, Ho Ha camom Jejie GPYCOK COCTOUT
U3 JIBYX YacTell, PaBHBIX 10 MAacCCe, IJIOTHOCTH OJHON U3 KOTOPBIX B /1B
pa3a 6oJibIle mioTHOCTU Apyroii. Haiiure mroTHocTn 06enx 1qacTeit Opycka.
Maccoit KpacKu MOXKHO IPEHEOPEUb.

Pemenne. Ilycte m — wmacca kaxkmoit m3 dacreit Opycka, p; u
p2 = p1/2 — ux mwiorHoctu. Torma wacTu Gpycka MMEOT OOBEMBI m/pq
u 2m/p1, a Becb Gpycok maccy 2m u o6béM 3m/p1. CpejHsisi NUIOTHOCTH

2m 2p1
3m/p1 3

Orciofa HaxXo[UM ILIOTHOCTH YacTeit 6pycka: p; = 3p/2 = 900 kr/m3,

p2 = 3p/4 = 450 xr/m3.

Opycka p =
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3. Ha pucyHke m300parKeHbl pbIYaru, Ha KOTOPBIX UMEIOTCsl KPIOUKU, [IPU-
KpEeIIEHHBIE Uepe3 OJMHAKOBBIE pacCcTOdHUsI. KPIOUKN MpOHyMepOBaHbI OT
—3 mo 3, mpuuém 0 mpuxoauTCd HA cepeuHy pbrdara. K HEKOTOPBIM KPIOd-
KaM MPUKPEILJIEHO 10 HECKOJIbKY I'PY30B OJINHAKOBOH Macchl. Vmeercs ermé
OJIMH TAKOIl »Ke He IOJBEeNIeHHbIH I'Py3. K KpIouky ¢ KaKuM HOMEPOM 1 €ro
HY?KHO ITOJIBECUTD, 9TOOBI pbIUal HAXO/WJICS B paBHOBecun! Pemure 3a1ady
JIJI KaKJIOTO U3 TPEX CAydaeB, IPEJICTABIEHHBIX HA PUCYHKE.

a) 6) B)

-3 -2 -1 0 2 3 -3 -2-10 1 2 3 -3 -2-1 0 1

Aé A 4 A éé

Pemnenne. O603nadnM gepe3 m Maccy OIHOTO rpy3a, | — paccTosHue
MEXKJY COCEIHUME KpIOUKaMu. [IpuMeHuM [jId KarKJIOoro U3 CIydaeB Ipa-
BUJIO pbIYara;

(a) m-1—2m-2l+m-nl =0, orciona n = 3;

6)3m-1—2m-3l+m-nl =0, orciona n = 3;

(B)2m-2l+m-3l—m-l—3m-3l+m-nl =0, orciona n = 3.

4. K moTosKy HaJl TOPH30HTAJIBHBIM CTOJIOM IIOJBEINEHa MpyXKuHa. Fcam
K €€ KOHI[y IPHUKPENUTb T'Py3 U JIOKIATHCA YCTAHOBJIEHUS DPABHOBECHS,
I'PYy3 OKayKeTCsl Ha CTOJIE B CIYYae, eCJM €ro Macca M MPEeBOCXOIUT 3Ha-
genue mo = 400 r. C kakoii cujioit F' rpy3 maccoit m > mg Oyuer 1aBUTb
Ha cron? PasmepamMu rpysa II0 CPaBHEHUIO C PACTSYKEHHEM HPYKHHbI
MOXKHO npenebpeun. OTHOmMEHnE IefCTBYIOmel Ha I'Py3 CUJIBI THAXKECTH K
Macce rpy3a (3Ta BeJIMIMHA HA3BIBAETCs YCKOPEHUEM CBOOOIHOIO HaIeHMsl )
g =10 H/xr = 10 m/c?. Pemmre 3a/maqy B obmeM cIydae u Ipu m = 1 Kr.

Pemmrenne. Kak cieayer m3 ycjiaoBus, npu m = mg I'Dy3 B DaBHOBe-
CHHU TOJIbKO KOCHYJICS CTOJIa, He OKa3blBas Ha Hero jasienusi. Ciemosa-
TEJBbHO, JEHCTBYIOmIAsl HAa I'PY3 CHJIA TAXKECTH Mg yPABHOBEIINBAETCH
CUJION yIPYrOCTH NPy KUHBL [Ipy JasbHeleM yBeJInIeHn: MacChl IPy3a
CHJIa yIPYTOCTH TPY?KUHBI HE MEHSIETCs], 8 CHUJIa TSXKEeCTU CTAHOBUTCS PaB-
Holt mg. CueoBaTeNbHO, IDY3 JABUT HA IIOBEPXHOCTb CTOJIA C CHJION
F=(m-—mp)g=6H.

5. ITomIaBoK A1 PHIOOJIOBHOM yIOUKH mMeeT 06béM V = 5 cM® m Mmaccy
m = 2 r. K momiaBky Ha JilecKe MPUKPEIJIEHO CBUHIIOBOE T'PY3WJIO, W IIPU
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9TOM IIOILJIABOK ILJIABAET, IIOI'PY3UBIINCH Ha IIOJIOBUHY cBoero oobéma. Haii-
qmte Mmaccy rpysuna M. Ilnorrocts Bomsl p, = 1000 kr/M3, mioTHOCTH
ceurTA pe = 11300 xT/M3.

Pemenne. Ha cucremy, cocTosInyo 13 MOIIABKA U IPY3UJIa, JeHCTBYIOT
HAITPABJIEHHBIE BHU3 CHJIBI TSI?KECTH Mg (NPUJIOKEHA K MOMIaBKy) n Mg
(mIpusIoyKeHa K IPY3WIIY), & TaKKe HANPABJIEHHBIE BBEPX CHJIBI Apxumesa
psgV/2 (upmioxkena K momnasky) u psMg/p. (upuiaokeHa K rpysuiy).
B paBrOBecun cymma Cuji, JeHCTBYIONMX HA CHCTEMY, PaBHA HYJIIO:

=gV s M
2 Pe
Orcrona
p‘;V —m 1000 % -5-107° a3 0,5 — 21073 ko
M = = M ~ 0,55 .
~ Ps 1000
pe 11300
8 kJ1acc

Ha Boinosmenue 3a/laHUA OTBOJINJIOCH 3 ACTPOHOMHNYIECCKUX YJaca.

1. JIpa 9KCKYPCHOHHBIX aBTODyCa CO IIKOJIbHUKAME JOJZKHBI OBIJTH OTIPa-
Burhcst u3 MockBbl B Cankr — IletepOypr, HO ojuH n3 aBTOOYCOB 3a]€ep-
J)KaJicst ¢ ornpasienneM. Korja 3ajiep:kaBuiniicss aBToOyC BblexaJl, IIepPBbIit
aBTOOYC HaXOIUJICs Ha paccrosHuu S = 20 KM OT MecTa OTIPaBJIEHUs. 3a
BpeMsi, 3a KOTOPOe 3aJiepKaBinuiicss aBrodyc mpoexas S = 20 KM, [epBbIii
aBToOyC mpoexas S; = 16 kM. Ha npoxoxnenue paccrostanst As = 1 KM BTO-
poii aBrobyc 3arpauuBaer Ha At = 12 ¢ MeHblne, yeM nepsbiii. Ha kakoMm
paccrossHuM L OT MecTa OTIpABJIEHUSI BTOPOIl aBTOOYC JIOTOHWT IIE€PBBIit?
Yemy paBHBI CKOPOCTH aBTOOYCOB v1 1 vo? CumTaiiTe, 4TO IPOOOK HA JOPOre
HET, U CKOPOCTU aBTOOYCOB HE MEHSIFOTCSI.

Pemtenne. 3a omHO mW TO 2Ke BpeMs IEPBBIA M BTOPOW aBTOOYCHI
IpOeXaJii PAcCTOAHUS S U S; CjeoBaTeNbHO, OTHOIIEHUE UX CKOPOCTEi

U1 S1 . .
— = — = 0,8. Ilepeiiném K OTBETAM HA BOIIPOCHI 33/AMN.

V2 S
Korma Bropoit aBrobyc mpoiinér paccrosiune L, TepBbIii TpoiaéT pac-
L-S " .
crosiaue, paBuoe L — S, 10 ectb — = ——. C y4éTOM Ha{JIeHHOTO BBIIIIE
U2 U1
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OTHOIIICHMA CKOpOCTefI noJrydaeM:

S S?
L= = = 100 xM.
1—(1}1/’02) S—Sl

IIo ycnosmuio,
At:AS(1_1> :A8<1_vl> :AS(l_Sl)
v U2 U1 V2 U1 S
Orcroma

_ As St KM S As (S B KM
UlAt(l,S)GO‘I’ Vg = U1 = (Sl 1>75 .

2. B cocyupl, coeuHéHHBIE TPYOKOiT ¢ Kpa-
HOM, HaJjguTa Boma (CM. PHCYHOK). ['mu-
POCTATUIECKOE JABJIEHNE B TOYKax A n
B pasno pyp =4 xlla u pp = 1 xlla coot-
BETCTBEHHO, ILIOMAIY IOIEepedHOro cede-
HUST JIEBOTO U TIPABOTO COCYI0B COCTABJIAIOT
Sa4 =3 M u Sp = 6 aM? COOTBETCTBEHHO.
Kakoe ruapocraTnieckoe JaBIEHNE yCTAHO-
BUTCs B TOuKaxX A u B, eciii OTKPBITh KPaH?!
Pemrenne. o OTKpPbITUSI KpaHa Macca BOJLI B JIEBOM COCYJE paBHA
paSa/g, B mpaBoM cocyle ppSp/g. locie oTKpeITHs KpaHa B TOYkax A
u B ycramaBimBaercs olMHAKOBOE THIPOCTATUIECKOE JABJICHAE P, TO3TOMY
cyMMapHast Macca Bojbl B cocyuax pasaa p(Sa + Sg)/g. Iockonbky macca
BOJIBI coxpaHsiercs, T0 paSa + ppSp = p(Sa + Sg). Takum obpaszom,

s |l

_ paSa+pBSs

= 2 klla.
Sa+Sp

3. [MapaduHoBast cBeYKa TOPUT TaK, UTO €€ IJIMHA YMEHBIIAETCSI CO CKO-
pocteio u = 5-107° M/c, a ucnapstiomuiicss TapaduH TOJTHOCTHIO CTOPAET,
He crekast BHu3. CBeuka ILIaBaeT B IIMPOKOM COCyle ¢ Bozoi. Eé cierka
MTO/JIEP?KUBAIOT B BEPTUKAJLHOM IIOJIOXKEHUM, ITOOBI OHA HE OIPOKU/IHIBA-
sack. C Kakoil CKOPOCTBIO ¥ CBEYKA JBUXKETCsSI OTHOCHUTEJILHO COCYIa BO
BpeMs cropanus? [LnoraocTs Bogpl py = 1000 kr/ M3, wioTHOCTH MTAapaduHA
pn = 900 kr/m3.
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Pemenne. [lycts [ — nimHa CBEYKM B HEKOTOPBII MOMEHT BPEMEHH,
H — mmna eé mogBoaHoil qactr, S — IIOMAIb €€ MONepeIHOrO CEUeHHs .
Corutacuo ycioBuio mwiasanus rei, pgHS = ppgLS, orkyna H/L = py/pe.
3a Bpemsi At JUIMHA CBEYKN yMeHbITUIACh Ha Bejmanny AL = uAt, a riy-
6I/IHa HOI'PYy>KEeHn A eé HHN2KHETO KOHIla YMEHbIINJ/IaCh Ha

uAtpy

AH =P"AL =
P P

Cure10BaTeIbHO, HUKHUN KOHEI CBEUYKU (KAK U BCHA CBEYKA) JIBUKETCS CO

CKOPOCTBIO
AH ;

v=""0 20 090 =45-1070 m/c
At Ps

OTHOCHUTEJILHO COCYyIa.

4. IIkonpuuk Bacsa nmpoBoauT goma hU3UTECKUH IKCIIEPUMEHT, & €r0 M-
muit 6pat Ilers nbiTaercs emy momorath. Bacs namua B 6anky V = 1 a
BozbI Ipu TeMitepaType t1 = 20 °C, moMecTu1 B BO/Iy KUMSITUIHHUK MOIITHO-
cteio P = 1 kBT, BKJIIOYHUJI €r0 U BBIMIET B COCETHIOID KOMHATY IOTOBOPUTH
o TesiepOHY C OTHOKJIACCHUKOM. BepHyBHmInCh 4epe3 T = 5 MUH, OH U3Me-
pPUJI TeMIepaTypy BOJBI B GaHKe, M OKAa3aJ0Ch, YTO OHA paBHa to = 60 °C.
Bruisichuiiocs, uro Ilerst Ha HEKOTOpOe BpeMsl OTKJIIOYAJ KHUISTUJIbHUK,
oka Bacst pasrosapusaut 1o tejiedony. CKobKO Bpemenu ajuiach [letnna
«11oMoIIb» 7 YienabHas TernoéMKocTb Bogpl ¢ = 4,2 kI /(kr - °C), mwior-
HOCTb BOJIbL p = 1 kr/ut. TertoeMKocTsiMU GAHKY ¥ KUIISITUIILHUKA, 8 TAKIKE
MIOTEPSIMU TEIIOTHI IPEHEOPEYb.

Pemenne. Ha narpesanue Boupt ot 20 °C 10 60 °C moskHO yiiTu BpeMst

cpVita —t
To = % = 168 c. CaegosarenbHo, [leTnHa <«mMOMOIL» IIHIACH B
cpV(ta —t
TedeHre IIPOMEKYTKa BpeMeHn At =7 — 79 =7 — %1) =132 c.

9 kJ1acc
Ha BbBIIIOJIHEHME 3a/laHUA OTBOANJIOCH 4 ACTPOHOMUHNYIECCKUX YJaca.

1. K BeprukajbHOI CTEHKe 4Yepe3 paBHbIE WHTEPBAJIBI IIPUKPEILIEHBI Oac-
KeTOOJIbHBIE KOJIbIA, TponyMepoBanube oT 0 mo 10. Crpemsich momactb B
OJTHO U3 KOJIEI], MKOJbHUK OPOCHJI M9 M3 TOYKA A TOYHO MO Halpasiie-
HUIO K KOJIblly ¢ HoMepoM 0 (cM. pucyHOK). B HeKkoTOpBIi MOMEHT Hos1éTa
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MY HaxXomauJIcs B Touke B. B kakoe u3 6ackeTOOIbLHBIX KOJIEI OH ITONaIET?
Bausauem Bozmyxa mnpenedpedsb.

Pemienne. Beeném cucremy koopawHAT, BRIODAB B KadeCcTBE HAYAJIA
KOODJIMHAT TOYKY A M HAIPABUB OCh T IO TOPU30HTAJM K CTEHKE, MepIIeH-
JUKYJISIPHO elf, & 0Ch Y — BEPTUKAJIHHO BBEPX. B IM0JIe CHJIBI TSIKECTU M
JIBUKETCsI 110 ntapaboJie, ypaBHeHIe KOTOPO# B JIAHHOW CHUCTEME KOOPIUHAT
umMeeT Buf y = kx — bz?, riae k u b — HEKOTOpBIE TIOIOKUTEILHEIE KO3 du-
[UEHTBI.

Moxxno cumrarh, YTO BOJIM3UM TOYKK OpOCAHUS MSY JIBUKETCS MPIMO-
JmHeHHO (y &~ k) 10 HampaBJeHWo K KoJblly ¢ HomepoMm (. VI3 pucynka

7
ompejesisieM, 910 k = 2 Haiiném tenepp kosdpdurment b. ObozHaunM

qepe3 L paccTosHue MeXKJy JBYMsI COCETHUMM KOJILIIAMU; TOTJIa TOYKa B

umeer koopauHathl (4L; L/2). Torpa agyist Touku B uveem:
L 7
— = _— 4L —b-(4L)? b= —.
2~ 24 (UL)",  orxyaa 24L

Beprukanbrast mpsimast, Ha KOTOPO PACIOJIOZKEHBI TEHTPHI KOJIETl, TMEEeT
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KoopamHatTy x = 12L. Ms4d nepecedéT e€ B TOUKe ¢ KOOPAUHATOM

1
T qop - L. (12L)* = —2,5L,

Y=o 241,

TO €CTh TMOMAIET B OacKeTOOIbHOE KOJIBII0 HOMED 6.

3aj1auy MOYXKHO IIBITATHCS PEIlaTh, UCXOs U3 TOTO, YTO TEJIO, CBODOIHO
najawInee 6e3 HAYAJBHONU CKOPOCTH, 32 TOC/Ie0BATE/IbHBIE DABHBIE TPOME-
KYTKA BPEMEHH ITPOXOJIUT PACCTOSIHUS, OTHOCAIIUECT APYT K JPYTy, Kak
1:3:5:... B nannoii 3agade 3T PACCTOSHUS HY?KHO OTCUUTHIBATH OT
MYHKTHPHON TPAMO# Ha PHUCYHKE, BIOJb KOTOPOH MBUTAJIOCH OBl TEIO B
orcyTcTBHe cuiibl TszkecTr. OHAKO MacIiTad PUCYHKa He II03BOJISET JOCTa-
TOYHO TOYHO OIIPEJECUTh, Ha KAKOM PACCTOSHUM OT TOUKU B HAXOIUTCS ITa
IpsiMasi, YTO CHUKAET TOYHOCTDH JaJbHedmux Burauciaenuii. [losromy mpn
TAKOM CIIOCODE PEIIeHUsI MOYKET MOJIYIUThCS, 9TO MY IMOMATET MEXKIY 6-M
1 7-M KOJIbIIAMIU.

2. Kopobka maccoit M mojBenieHa HA HUTKE K TOTOJIKY
KOMHATBI (CM. PUCYHOK ). BHYyTpu KOpOOKHU Ha JIETKOW LIPY-
JKUHE TOJBeIeH Tpy3 Maccoit m. HuTky mepexxwuraior.
Haiiure yckopenust rpy3a U KOpOOKHU cpa3y Iocje Iepe-
KWTaHWS HUTU. YCKOpPEHUe CBOOOIHOIO MaJIeHNs PABHO g.

Permenune. Jlo mepexxurannss HUTH Ha TPy3 Maccoit m JaeficTBOBAIN
HaIpaBJIEHHAs BHU3 CHUJIa TSXKECTH Mg U PABHAS el 10 BeJTMINHE U TPOTUBO-
ITOJIOZKHAS TT0 HAITPABJIEHUIO CUJIa YIPYTOCTH NPYKUHBI F'. Ha KopobKy Jieii-
CTBOBAJIU HAIIPABJICHHAS] BHUA3 CUJIA YIIPYTOCTU IPYKUHBI F' 1 cuia TsKecTn
Mg, a TakKe HaIIpaBJIeHHas BBepX CwJia HaTsKenns autu 1' = F' + Mg.

Cpa3sy 1mocJe mepeKuranust HUTH CUJIa €€ HATS KeHHsT 00PATUTCS B HOJIb,
a oCTaJIbHBbIE CHUJIBbI, JEHICTBYIONINE Ha I'PYy3 U KOPOOKY, OCTAHYTCS IIPEXK-
uumu. [To 910l mpudmHe ycKopeHue rpy3a cpasy I0ocjie IePeXKUraHus HUTH
Oyzmer paBHO Hy/10. Ha KOpoOKY ke OyIyT AeficCTBOBATH TOJBKO CHJIBI Tsi?Ke-
CTH U YIIPYTOCTH, [TO3TOMY YCKOpPEHHE KOPOOKM OyIeT paBHO

_F+Mg m+M
M M

3. Ha cranmun rirybokoro 3ayioxkenust B MOCKOBCKOM METPOIIOITUTEHE JIJTUHA,
sckaysiaropa pasHa L = 100 M, yrojg ero HakJIOHA K TOPHU3OHTY paBeH
o = 22,5°, a cKopoCTh JBUKeHus cocrasiger v = 1,2 m/c. Kakosa jnomxuaa
OBITH MUHUMAJIbHAS MOIIHOCTD 9JIEKTPOMOTOPA, TPUBOJIAIIETO B TBUYKEHIE
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9CKAJIATOD, YTOODI B «9aC MUK », KOTJIa SCKAJIATOP [JIOTHO 3aII0JIHEH JIIOAbMH,
9TOT MOTOP MOT CIPABUTHCsI C HATPY3KOU mpu ABukeHnn BBepx! Cunrarsh,
9TO JIIOJU B CPEIHEM UMEIOT Maccy m = 70 KI U PACIIOIAralOTCs B IBA PIIa
Ha, CPeJIHEM PACCTOSIHUY JAPYT OT japyra (1o ropusontanu) | = 50 cm, a KIT/]
MEXaHMYeCKOi JacTu 3ckajiaropa pasen 71 = 0,7.

Pemenne. Bcero Ha 9CKaJlaTOpe B <«YaC IHUK» IIOMeEOIaeTCdAd YHUCIIO

Lcosa
Joneil n = 2———— obeit Mmaccoit M = nm u Becom P = nmg. Dckasa-

l

TOP JIOJIZKEH JBUTATH JIFOIEH C BEpTUKAJIBHON CKOPOCTHIO 4 = v sin . Takum
obpa3oM, mojie3Hast MeXaHUIecKast MOIMHOCTb dcKajaropa pasHa N = Pu,
a MUHHMAJIbHAs MOIITHOCTD 3jeKTpoMoTopa ¢ yaérom KIIJ mexammaeckoit
YACTH ICKAJIATOPA PaBHA

N Pu mnmgvsina 2Lmgvcosasina  mgLvsin2a

NMI/III - — - — ~
n n n In In
70 xkr-10 25 100 M- 1,2 = 0,7
C C
~ ~1 Br.
05 m-07 0 xBr

4. DyeKTpuUecKas Ielb, cXeMa KOTOPOil n3o06parkeHa

Ha pUCYHKe, IOJK/0UeHa K Oartapeiike. BojibrmeTpbr @
Vi m Vo mnokazwiBator Hampsikenns U; =1B u
(1) %
U; = 0,1 B, a amnepmerp A moka3bIBaeT CUJIy TOKA
I =1 mA. Haiinure conporusienust mpubopos. BoJbT- @

MeTPbI cuuTaire OJAVHAKOBBIMMU.

Pemienune. Conporusiienne ammepmerpa R4 paBHO OTHOIIEHUIO HAIPS-
xkenns U Ha HEM K cuile TOKa I, TEKYIIIero depe3 aMIepMeTp:

R4 = % = 0,1 kOm.

O6o3naunM 1gepe3 Ry cONpOTUBIIEHUsT BOJIBTMETPOB. Uepe3 BOJIbTMETD
V1 teuér Tok cunoit Uy /Ry, KOTODBIN Pa3BETBJISIETCSI HA TEKYIIUH depes
BosbT™METD V3 TOK custoit U/ Ry m TOK cuitoii I, Tekymuii yepes aMiepmerp:

Uy Us

— =—+1.

Ry Ry +
Orcrona Ry = @ = 0,9 xOwm.
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10 kJacc

Ha sbimosaenne 3aJJaHUA OTBOJUJIOCH 5 ACTPOHOMHNYIECKUX TaCOB.

1. B OTKpBITOil TPAMOYTOJBLHON KOPOOKE CHIUT
KY3HEYUK, KOTOPBIIl yMeeT MPBIraTh ¢ HAYAJIHHOMN
cropocThio Vy = 3 M/c mo mo6bIM yIyioM K FOpH-
3ouTy. Ha Kakoi#i MWHMMAJIBHBEIHN YTOX K TOPHU-
30HTY HY2KHO HAKJIOHUTH KOPOOKY, 9YTOOBI Ky3- |8
HEYMK CMOT u3 He€ BhIIPBITHYTH? CUuntarh, 9TO
KaxKJiasg I'DaHb KOPOOKH SIBJIsIETCS KBaJIPaTOM CO
cTOPOHOIT h = 52 cM. YcKopeHHe CBOOOIHOTO Ta/Ie-
ms g = 10 m/c?. ComporubiienneM BO3IyXa Ipe-
Hebpedb.

Permenue. Bribepem KoopanHATHBIE OCH
X un Y, kak nokazaHo Ha pucynke. Torma
B MOMEHT t,; IIPEOJIOJIEHUST KY3HEUNKOM Kpast
KOPOOKHU TPOEKIINsT €ro CKOPOCTH Ha OCh Y
JIOJKHA OBITH DaBHA HYJIIO, a KOODINHATA
y = h, 1 MOXKHO 3aIlUCATH CJIEJYIONIHE COOT-
HOIIIEHMUSI:

aytﬁ_h
2 — b

rae ay = —gcos o u Vo, — IPOEKIUU BEKTOPOB
YCKOPEHUs U HadaJbHON CKOPOCTU Ky3HEUYHKA
Vo,
2gcosa’
IIpu pukcupoBaHHBIX 3HAYEHUAX yTJIa (v 1 HAYaJbHON cKopocT V) Max-
CHMaJIbHAS BBICOTA MOAbEMA HAJT THOM KOPOOKHU JocturaeTcs mpu Voy = Vo,

TO €CTh Ky3HEUHKY CJIe/IyeT IPbIraTh MEPUEHIUKYIIAPHO HHY KOopooku. [Ipu
3TOM

Voy + aytn = 0; Voytn +

Ha ock Y. Orcrona h =

V2 V2
cosa = —%2 ~ 0,87, «=arccos —> = 30°.
2gh 2gh
Brons ocm X KysHedmk 3a BpeMs t; CMECTHTCS HA PACCTOSHHE
Vi sina

| = a,t? /2, vae a, = gsina. Orciona [ = ~ 30 cMm.

2gcos? a
Takum obpaszom, pazMepsl JHA KOPOOKM JOCTATOYHO BEJUKHU JIJIsi TOTO,
tITO6bI KY3HCYNK MOI' «CTapTOBAaTh» Ha HY?KHOM yIaJIEHUH OT CTCHKMH.
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2. ZKeesnbiit KyOMK CO CTOPOHOIl @ IOJBEINIEH Ha IPYy-
KWHE XKECTKOCTHIO k. B HavuajpHBI MOMEHT KyOHK Kaca-
€TCsl HIKHE TOPU30HTAJIBHON IPAHBIO TOBEPXHOCTH BOJIBI
B cocyze. B cocyn HaUMHAIOT MeJJIEHHO JIOJIUBATH BOJLY
TaK, YTO €€ YpPOBEHb IIOJHUMAETCS CO CKOPOCThIO V.
C kakoil CKOpOCThIO Vo OTHOCUTETIHHO COCyjia OyJIeT mpu
sroM jBuraTbes Kyouk? IlmorHOCTH BOMBI paBHA p, YCKO-
peHre CBODOOIHOrO NAJIEHNUsT PABHO g.

Pernenne. [Ipu MeyileHHOM MOBBINNIEHUN YPOBHS BOJBI B COCY/IE MOYKHO
CYUTATH, YTO B JIIOOOH MOMEHT BpeMeHHM KyOMK HAXOJIUTCS B PABHOBECHH.
VaurbiBasi, 910 Ha KyOHUK JefICTBYIOT CHJIBI TaAXKeCcTH mg, yupyroctu Fy,
u Apxumesna F'a, 3aluineM ycjaoBre paBHOBecHsl KyOuka:

Fonp + FA = mg.

3a Bpemsi At mupyxwuHa cramer kopode Ha VoAt, a 00bEM mOrpy-
JKeHHOfl B Bojly dacTu Kybuka ysenmumrcsa na (Vi — Va)Ata?. Tlostomy
cujia ynpyroctu maMenntcesa Ha AFyp, = —kVoAt, a cuma Apxnmena —
na AFy = (V4 — Va)Ata?pg. Yaureisas, uro AFy,, + AFx = 0, noayanm
mocJie Ipeodbpa3oBaHUit

2
a
Vo= Vil
pga* + k
C Takoil CKOpOCTHIO KyOUK Oy/1eT «BCIIBIBATHY, IIOKA OH IEJIMKOM He OKa-
’ g —2 o (1, P g
2KEeTCsl T10JT BOJIOH, TO €CTh IIpH —_— = . Ipu jannb-
1 BOJION, PHES s T . pu 1

HeIeM 3aI0JIHEHUU COCYIa BOJIOM CKOPOCTh KyOuka Oy/ieT paBHa HYJIO.

3. JIérkaga mocka mojiBerneHa 3a Kpas Ha ABYX IPYKUHAX
KECTKOCTHIO k, K JIPYTUM KOHIIAM KOTOPBLIX IIPUKPETI-
JIEHbl HEPACTS’KHUMble HUTH, IEPEKUHYTHIE Yepe3 HeIo-
JIBUKHBIE OJIOKU U COeJIMHEHHBIE C Ipy3amu 1 u 2 Maccoit
M xaxpapiit (cM. pucynok). Ha cepejine JOCKH JIe2KUT
maitba maccoit 0,010 ; K mocke cHEU3Y O MIAbOI ToI-
BemreH rpy3 3 maccoii 1,99M . B HekoTODPBIT MOMEHT Bpe-
MEeHU HUTb, CBA3BIBAIONIAS JOCKY U I'PY3 3, OOPBIBAETCS.
Ha kaky1o MakCUMaJIbHYIO BBICOTY OTHOCUTEJIHHO CBOETO
[IEPBOHAYAJIBHOTO ITOJIOYKEHUsT TTOJICKOYNT 1aiiba? Hurn,
OJIOKI ¥ TPY2KUHBI CIATATH HEBECOMBIMU, TPEHUE OTCYTCTBYET, YCKOPEHME
CBOOOIHOTO TIAIEHUsT PABHO g.
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Pemenne. B mnonoxxenuun paBHOBeCUS YJ/UIMHEHUS TPYKUH DPaBHBI
Mg/k. Tlocie obpbiBa HUTH, Ha KOTOPOH BUCHUT I'DY3 3, YCKODEHHUs T'DYy-
30B 1 m 2 oxaspBaioTca npuMmepHo B 200 pa3 MeHBINE YCKOPEHUs JTOCKN
¢ maitooit. IToaTomy Oymem cautaTh rpy3nl 1 U 2 HEMOABMKHBIMU B T€UEHUE
BpeMeHH pasroHa maiibbl. C Takoil »Ke TOYHOCTHIO MOXKHO B TEUEHUE ITOrO
BpPEMEHU ITpeHeOPeyb CUJION TszKecTH, JeficTByomieil Ha naiidy, mo cpaBHe-
HUIO C CHJIOH YIPYTrOCTH NPYKUH. B paMKax Takoit MoJiesu maiiba ¢ JErkoi
JIOCKOM JBUMZKYTCS TOJBLKO IO, JeHCTBUEM CHUJIBI YIPYTOCTU JIBYX IPYZKUH;
MaKCHMAaJbHYIO BBICOTY h mombéma maildbl MOXKHO OIEHUTH C ITOMOIIBIO
3aKOHA COXPAHEHUs] MEXaHUYIECKOIl SHEPruu: IOTEHIINAIbHAS SHEPIUus Ipy-

Mg/k)?
xua U =2 - k- % [IePeXOJIUT B IOTEHIINAIBHYIO SHEPIUIO IIaiibbl
M
W = 0,01Mgh. Orciona h ~ 1007"5.

4. lopuzoHTAIBHO  PACIOJIOXKEHHBI  [IUJINH-
JPUYECKUN  COCYJ, €  TEeIJIOMPOBOJISIIIMMU
CTE€HKAMU, 3allOJIHEHHBIA  aproHOM  ILJIOTHO-
cteio  p = 1,7 Kr/M?, 3aKpLIT  TOJBIKHBIM
MOPIIHEM W HAXOIUTCsS B KoMHaTe. llmomaib
mopmus paBHa S = 400 cM?, paccTosHEE OT |
JIEBOTO Kpasi IWIWNHIPA [0 TMOPITHS PABHO
h =50 cm (cM. pucynok). B cocyme ko mmy Ha
HITH HPUKPeIUISH map obbeémMom Vi, = 1000 cM?, cremanmbiii 3 TOHKOTrO
HEPACTS?KUMOI'O U TEILJIONPOBOISIIErO MaTepraJjia U 3all0JIHEHHBIN TeJiieM;
Macca Imapa ¢ reqmeM pasHa m = 1,2 r. Ilocie Toro, Kak mpoTonmin
[eYb, U BO3JyX B KOMHATE MPOTPEJICs, MOPIIEHb MePEMECTHIICS BIPABO HA
paccrosare Ah = 3 cm. Haitnure uamenenne AN cuiibl HATSI)KEHUs] HUTH,
yJlepKuBaomeil map. Yckoperne csoboiHoro najernsa g = 10 m/c2.

Pemenne. [lpu nepensmkennn nopiiasg o0bEM aproHa M3MEHUJICS CO

V +SAh
|4

pa3. B Takoe ke KOIMYECTBO Pa3 yMEHBINWJIACH ILIOTHOCTH aproHa — B

suavenust V = Sh — Vi, no 3navenus V + SAh, yBeIuduBIINCH B

Vv
KOHIIE IIpo1ecCca OHa pPaBHa pm CJIe,D;OBaTeIH)HO, BbITAJIKUBAIOIIIAA

cuia, AeficTByomas Ha Iap, YMEHbIINIACh HA BEJIUINHY

SAh SAh

v
AF=(p—po— VgV =p—20 gy = p 220 oy
(p pV+SAh>gV PV SARE TPt ARy — V8
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Ha Takyro ke BeJIUYMHY yMEHDBIIUJIACh U CUJIa, HATSKEHUSI HUTHU, YIAED-
xkuBaromeit map. [losTomy mamenenmne 3Toit cuabl paBHO

SAh N _3
= pS(h+Ah) — Vmng ~ —-1,0-10"" H,
€C/IM TOJIBKO OHO He IIPEBBINAET IO BeJUYMHE HAYAJbHON CHJIBI HATH-
JKeHHsI HUTH, TO €CThb €eCJU IIap B KOHIE HAIDEBAHUS HE JISXKeT
Ha JHO I[MJIMHJApa. lIpoBepuM 5TO: BHA4YAjIe CUJIA HATSXKEHWs] HUTH
N O6buta paBHa pasHOCTH Cuibl ApXuMena M Beca IMapa C IeHeM:
N = (pViy —m)g=>5-10"2 H > |AN|. 3nauntr, HUTH B KOHIE OCTAHETCS
HATSHYTOH, U HAIIl OTBET CIIPABEJIJINB.

AN

5. HempoBojgimumit crepkendb JynHON R mMeeT 1aBa oju-
HAKOBBIX TOYEUYHBIX 3apsja () Ha CBOMX KOHIAX U PaC-
TTOJIO2KEH TIEPIEeHINKYASIPHO ITPOBOJIATIEN He3aPAKeHHOU

JIOCKOCTU GOJIBIIOrO pa3mepa (CM. PUCYHOK). Paccros- OLOR
HUE OT TIJIOCKOCTH JI0 OJTHKANIITero K Heil KOHIA CTePXKHSI Q Q
Tak2Ke paBHO R. Oupenenurs cuity F', 1efiCTBYIOILYIO Ha
CTepKeHb C 3apsiaMUA CO CTOPOHBI ILIOCKOCTH.

Pemenne. CosmaBaemoe B pac-
CMaTPUBAEMOIl CHCTEME 3JIEKTpUYe-
CKOe TIOJie CJIeBa OT IIPOBOAAIIEN

ILTIOCKOCTU OyJIeT, COTJIACHO METOLY oL o | I g N o 5
3JIEKTPOCTATUYECKUX n300paxkenuit, @ Q
TaKUM K€, KaK 1 B CHCTEME 3apsJI0B,
HOKa3aHHONH Ha pucynke (3apsan 4
sBJIseTcs u306parkenueM 3apsiga 1, a 3aps 3 — uzobpakeHueM 3apsja 2).
Hampasum ock X B0/Ib CTEP2KHS K IJIOCKOCTH. TOT/1a BCe CUITBI B3AMMO/IEH-
CTBUSI 3aPsiJIOB OYIyT HaIlPaBJIeHbI BJOJIb ITON OCH, U CO CTOPOHBI 3JIEKTPU-
YECKOrO TOJIsT HA 3apsiibl 1 U 2 JefiCTBYIOT CUJIBI ¢ TIPOEKIUSIMA Ha OCh X,
paBHBIMUI

KQ?  kQ® kQ? kQ?  kQ® kQ?
F = — F =
= TR T ERE Tar? YO T R T eRrE T BRY
1
raoe k = T — JJICKTPpUYICCKasd IIOCTOAHHAA. CKJI&,IH)IB&H 9THU CHUJIbI, HaXO-
TED

JUM CyMMapHYIO CUJLY, JIeHCTBYIONIYIO Ha CTEPKEHDb C 3apsJaMUA CO CTOPOHBI
IIJIOCKOCTH:

EQ? /1 1 1 1 TTkQ? 1 77Q?

ZACEETRRE) T 144R? T 4meg 144R?°
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11 kaacc
Ha BBIIIOJIHEHNE 33 JaHUAd OTBOAUJIOCH 5 aCTpOHOMI/I‘{eCKI/IX qacCoB.

1. /Ige marepuanbHble TOYKH 1 u 2
MaCCaMu M1 U Mo HAXOJIATCS HA aDCO-
JIIOTHO IVIQJKOHU IOPU30HTAJIbHON ILI10C-
KOCTM U CBSI3aHbI HEBECOMOI Hepac-
TKUMON  HuThIO Ajmuoii L. Bna-
Jajie TO4YKa 1 3aKpervieHa, a TO4YKa 2
JIBUZKETCST BOKPYT HeE IO OKPYKHO- >
cru. 3areM TOYKY 1 OCBOOOXKIAIOT, U

TOYKA 2 HAYMHAET IBUTATHCH [0 TPACKTOPHUH, M300ParKEHHON Ha PUCYHKE.
Haitnure mar Tpaekropun h u mupuny metin d.

2

Pemrenne. O603HaUUM yepe3 w yIJIOBYIO CKOPOCTHb BpAIleHUs] TOYKU 2
BOKPYI' TOYKH 1 70 MOMEHTa €& OCBOOOXKJieHWsl. BBeIEM HEIOIBUAKHYIO
cucTeMy OTCYETa, BHIOpAB B KAadeCTBe HAYaJja OTCYETA BPEMEHU MOMEHT,
KOIJla OCBOOOXKIAIOT TOUKYy 1, a B KadecTtBe Hadaja koopmmaat O —
HAYAJIbHOE TOJIOKEHUE MEHTPA MACC CUCTEMbI, HAXOJSIIErocss Ha PacCTosi-
mun Ry = 7m2L or Touku 1 u Ry = 7m1L ot Toukn 2. Hampasum

mi + mo mi + mg
0Cb T BJI0JIb HAYAJIHHON CKOPOCTH TOYKHU 2, & OCh Y — BJIOJIb HUTU OT TOYKHU
1 ¥ Touke 2. B HEMOIBMKHOI cucTeMe OTCYETA HAYAJIbHASI CKOPOCTb TOYKHU
1 paBHa HYJIIO, & HaYaJbHas CKOPOCTb TOUYKW 2 paBHAa wl W HalpaBjeHa
mo ocu z. BBenéM Takke JABUKYILYIOCS CHCTEMY OTCUETA, KOOPJUHATHBIE
0CH KOTOPOIt x'H 1)/ HAIPaBJIEHbI OJUHAKOBO C KOODAMHATHBIMHU OCAMHU T U
y, a Hagaso xkoopauuar O’ B moment ¢t = 0 coBnagaer ¢ Toukoit O u JBH-
. wmgL
JKEeTCsI OTHOCUTEJILHO HEE CO CKOPOCThIO ————— BJIOJIb OCH &. B Takoit
mi + mao
JBUKYIIENCs cucTeMe OTcYéTa IeHTp Macce cucreMbl (Touka O') Henozipu-
JKeH, MO09TOMY TOYKHU 1 ¥ 2 JBUYKYTCsI BOKPYT HErO MO OKPY>KHOCTSIM pPaJivi-
ycamu Ry u Rs cooTBeTCTBEHHO. B HaYa/IbHBIN MOMEHT BPEMEHU CKOPOCTH

wmo L
ToueK 1 m 2 HampaBJIeHbI BJIOJb OCH & W PAaBHBI V] = —————— = —whRy
mi + mo
wmiL
n vg = ————— = wRy COOTBETCTBEHHO, MTO3TOMY BpaIleHue ToueK 1 u 2
mi + mo

BOKpyT Touku O IIPOUCXOIUT TaKKe ¢ yIJIOBOH CKOPOCTbIO w. Touka 2 npu
9TOM JIBUIKeTCs 110 3aKoHy =’ = Rgsinwt, y' = Ry coswt.
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Ilepeiiém  06paTHO B  HENOJABUXKHYIO CHCTEMY OTCUETa. 3aKOH
JIBU2KEHUWST TOYKH 2 3JeCh OyJeT BBINIAJIETh CJELYIOmuM 00pa3oM:
x = Rysinwt + wRit, y= Rocoswt. 3a Bpema At=27/w, TO ecTb
38 Tepuoj; OOpallleHusI TOYKMA 2 BOKPYI IIEHTPA MACC CHCTEMBI 3Ta
TOYKA CMEIAeTCsd MO OCH X Ha PACCTOSHHE, PABHOE IIary TPaeKTOPHUU:

2mms L
Asc:h:27TR1:72.
my + mo
YT00BI HAWTH IIMPUHY [ETIIN
d, uccieyeM 3HaK KOMIIOHEHTBI (Y
Uz CKOPOCTHU TOYKH 2: w(Ry + Ro)
dx
vy = — = w(Ry + Racoswt).
dt WRl
Bugno (cM. pHUCYHOK), 49TO v,
MeHsieT 3HaK upu Rg > Rp, TO R EL T
eCcTh mpu Mmqp > Meo. Ha mpors- w(Ry — Ry) RV

JKEHMH IIepBOro Iepuoja obpa-
MIEHUST TOYKW 2 BOKPYT IIEHTPa MAacCC CUCTEMbBI KOMIIOHEHTa CKOPOCTH

Ry
Vp JBaXKIbI oOpamaercss B HOMb — TMpH wiy :w—arccosﬁ u mpu
2

Ry
wtey = T 4 arccos e B mpomexyTke Bpemenn Mex)ay tp U ty KOMIOHEHTA
2

CKOPOCTH vV, OTPpHUIlaTE/IbHA. 3a 310 BpeMsd TOIKa 2 CMeEIaeTCd 110 OCU T Ha
paccTodHue, paBHOE
ngL 2m1L

x(te) —x(t1) = —d= Ry -2¢p — 2Ro sinp = — sin p,
(t2) —x(t1) 1+ 2p 28I = e o, S

1 ma
TJIe (¢ = arccos "= arccos —. Takum 06pa3oM, MUPUHA TETIN PABHA
2 my

g oL (my i ) 2L S me
= — (M1 SIn Y —m = ms — M5 — Mo arccos — .
mitma T e o my

2. Bnenne 3acTOsi 3aKIIOYAETCS B TOM, YTO MAKCHUMAJIbHAS CHJIA TPEHUS
[TOKOSI TIPW KOHTAKTE JBYX TeJI HEMHOTO OOJIbINE, YeM CHJIA TPEHUsT CKOJIb-
»KeHust. JlJist n3ydeHust 9TOro sBJIeHUsI IPOBeJIu ciepyiomuii onbit. K jexa-
IeMy Ha TOPU30HTAJIBHOM CTOJIE OPYCKY MacCOil M MPUKPEIUIN TPy KITHY
xécTrOCThIO k. CBODOIHBIN KOHEI[ MPYKUHBI HAYAJIN [IPIMOJIMHEIHO, PaB-
HOMEPHO ¥ OYEHb MEJJIEHHO II€PEMEINaTh, yaajss ero or opycka. B srom
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orbITe OPYCOK JIBUTAJICS CKAYKAMH, II€PEMENIasiCh Ha HPOTSIKEHUH OJIHOT'O
CKaJKa BCE BpeMsl B OJHOM HaIlpaBJIeHUN Ha paccrosHue s. Haitnure makcu-
MaJIbHYIO CIIIy TpeHus mokos F mexmay crosom u 6pyckom. Kosddurment
TPEHHs CKOJIb2KEHUsI OPYCKa O CTOJI (4 HE 3aBUCUT OT CKOPOCTH. YCKODEHHE
CcBODOOJIHOI'O T1a/I€HUS PABHO g.

Pemtenune. [Ipu memyieHHOM pacTsi>KeHUN IPYKUHBI OPYCOK HAYHET JIBU-
raTbCs, KOrja yJJIMHeHHe [IPYKUHBI cTaHeT pasubiM xg = F'/k. Paccmarpu-
Basl IIPOIECC IBUYKEHUS OPYCKA, MOXKHO CYHUTATH, YTO BO BPEMS «CKAUKa»
nepeMeInaeMblil KOHel[ IPY>KUHBI HEMOJIBIKEH (ero CKOPOCTh IO YCJIOBUIO
ouenpb MaJia). Hampasum ocb X B CTOPOHY IEpeMeIIeHrs KOHIA, [IPYKUHbI,
3a HAYAJIO KOODIWHAT IIPUMEM HAYAJHHOE IOJIOXKEHUE OPYCKa W 3alluilieM
BTOpOIl 3aK0oH HbioTOHA B IMpOEKIMM HA 3Ty OCh:

d*x F—umg
may, =m—s = k(zg—2)—pmg=-k|lz— ——.
@ gz = Flao — @) — pmg < Z
9TO — ypaBHEHHE TapMOHMYECKHX KOJeOAHUl; OHO CIPaBeJInBO

JUIS  JIBUPKEHMsl OpyCKa OT HadaJa ero CMEINeHHs 0 IIepBOil  ocTa-
HoBKH. JIBuWrasich BIpaBo, OpPYCOK COBEPINUT IOJMEPUOTA KOJIeOaHN,
OpoiiJig M3 Hadaja KOODAMHAT dYepe3 MOJIOKEHHE DPABHOBECHS C KOOD-
quHaroit zp, = (F — pmg)/k B Touky ¢ BABoe GoJbIIeil KOOPAMHATON
ks
5

3aiady MOXKHO PelluTh U 3HepreTuIecKuM crocoboM. IlycTh K MOMeHTy
HavaJsa CKOJIbXKeHHsl OpyCcKa Npy>KUHa pacTsHyTa Ha BeaumduHy x. Torma K
MOMEHTY OCTAHOBKHU OpycKa (Cpa3y Ioc/ie OKOHYAHUS «CKAYKa») PacTsizKe-

s = 2z, = 2(F — pumg)/k. Orciona F = pmg +

HHE IIPY2KUHbI COCTaBJIACT T — S, U 3aKOH U3MEHCHUA MeXaHUYIeCKO QHEP-

kx?  k(x —s)?
ruu 6pyCKa MOYKHO 3aIlUCATh B CJICTYIONEM BUJIE: o= g Thmes.
pmg | s )
Orcroma = = ~ T g U A MAKCHMAIBHO! CHJIb TPEHHUst NOKOSL HOILy-

qaem: F' = kxr = umg+ %
3. Huksr TerwioBoit MAIMHBI COCTOUT W3 JIBYX H300ap W ABYX H30TEPM,
pu 3TOM paboTra mpu M300aPUIECKOM PACIINPEHUN TaKas K€, KaK U IIpu
n3orepmudeckom. Haimure KIIJI Takoro mukia, eciim pabovunM BemecTBOM
SIBJISIETCs] TeJINil, a MAKCUMaJIbHAsSl TeMIlepaTypa B IIPOIecce BIBoe HOJIbIIe
MUHUMAJIbHOM.
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Permenne. N3z06pasum IUKJI TEeIJIOBOIT P

MAIMUHBl  Ha TEPMOJAMHAMUYIECKON JHarpaMMe B —=

pV-koopaunarax (cM. puCyHOK): 1-2 u 34 — K
n3obapsl, 2-3 m 4-1 — wusorepmsr. KIIJ nwmkia 4 3
paBEeH OTHOIIEHUIO COBEPIIEHHOW B IUKJIE PAOOTHI K R
MTOJTy I€EHHOMY Ha yJacTKe 1-2-3 KoyimdecTBy TerioThl. 0 4

Paccuuraem pabory Ha  pa3NUYHBIX  ydacT-
kax 1wkiaa. O6osmaunm pabory Ha ydacrke 1-2 depes Ajp = A;
TOTJI@ 10 YCJOBUIO Jiisi  ydacTka 2-3 umeem Ag3 = A. Jlna pac-
96éTa paboOThl Ha ydJacTKe 3—4 yduTéM, YTO B CHJIY YCJIOBHUS 3aJadn
Ty =T3 = Thax, Th =Ty = Tin, T3 =214, p1 = p2, p3 = ps. IlosTomy
Vs = (T5/T4)Vy = 2Vy, Vo = (To/Th) Vi = 2V4, p1 Vi = paVa; orciona

Aza = —pa(Va = Va) = —paVa = —p1Vi = —p1 (V2 — V1) = —A,

st pacaéra paboTh! Ha yaacTKe 4—1 3ameTnmM, 910 KpuBas 1—4 mosyda-
eTcsd U3 KpUBOH 2-3 cXKaTheM B JiBa pa3a BJOJIb OCH V, ITO3TOMY IIJIONIAIH
1o KpuBbiMu 1-4 u 2-3 ommaaiores B gBa pasa: Aq = —A/2. Cymmapnas
paboTa B mUKJje, TAaKUM 00pa30M, PaBHA
A A
As = A1+ Aoz + Asa + Ay =A+A—A—5 =5
Paccunraem nosryueHHbIE ra30M KOJIUYECTBA TEIJIOTHI HA yYacTKax 1-2
n 2-3. CoobraemMoe ra3y KOJUYIECTBO TEIUIOTHI WJIET HA HU3MEHEHHE €ro

3
BHYTPEHHEe# 3HepIr'uu, KOTopad IS OJHOATOMHOI'O I'eJIusl PaBHa ipV, u Ha

coBepiienne paboTel: Q19 = gpl(‘/Q V) +p(Va—Vp) = gA, Qo3 = A.
CyMMmapHOe KOJMYECTBO TEILIOTHI, IOJIydeHHOe Ha ydacTke 1-2-3, paBHO
Q123 = Q12 + Q23 = gA + A= ;A.

As 1

Qiaz 7 !

Caenosarenbro, KITJI nukiia pasen 1 =

4. I[lonoXXUTEeTbHBIN ¢ W OTPUNATETLHBIN
@2 TOYEYHBIC 3apANbl 3aKPEIJICHbl Ha OCH
X 110 pa3Hble CTOPOHBI OT IVIAKOI HEIIPOBO- @ <
JdIeil IJ1acTUHbI, IIJIOCKOCTh KOTOPO IIep- -@
e IuKy/IsipHa ocu X . MasieHbKuit oJI0Ku-
TeJIbHO 3apsi?>KeHHBIII NIapUK TaKzKe HaXo-
JUTCA Ha ocu X, YIHUPascCh B NJIACTUHY,
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KaK [MOKa3aHO Ha pucyHke. [lepBoHaYaIbHO IJIACTHHA PACIIOIOXKEHA BOIM3M
OTPHUIATEILHOIO 3apsija, IMapuK P ITOM HAXOIWTCS B paBHoBecuu. [lma-
CTUHY HAYMHAIOT TOCTYHATEIbHO TEepeMeIaTh BAOJb Ocu X, MEIJICHHO
YBEJIMYMBasl PACCTOSTHUE | MeXKIy IIACTUHON U OTPUIATETHHBIM 3aPIIOM.
Korga [ mocturaer 1/3 paccTostHust MEXKy 3apsiIaMy, IIAPUK <YIETAET» C
ocu X . Oupezesiurte OTHOIIEHUE (1 /¢2. BinsiHMeM BelecTBa UIACTHHBI HA
3JIEKTPUYIECKOE TI0JIe, 8 TaKKe CUJION TsI?)KeCTH IIPEeHedpeUb.

Peruenue. IIpemnonokuM, 9T0 MApPUK CMECTUIICS BJIOJIb OCH Y, JiexKar-
el B INIOCKOCTH IIJIACTHHBL U IIEPIIeHIUKYIISIPHOM K ocu X, Ha HeGOJIbIIoe
paccrostiue h (CM. DHCYHOK).

o
Q1 @

IIpoekrusa Ha och Y pe3yabTUPYIONIENH CUIIbI, JTeHCTBYIONIEH Ha MapuK
CO CTOPOHBI TOYEYHBIX 3apA0B, PaBHA

Fy = Fysina; — Fysinao,

. h .

e sinay = —, sinag = —, a 7] U 'y — PACCTOSHUS OT ITapUKa JI0 3aPsi/IOB
1 T2

q1 u go coorBeTcTBeHHO. [To0KeHme mapuka Ha ocu X OyIAeT yCTONIMBBIM,

ecmu Iy, < 0. Ilorepst ycrofausocTu nmpoucxoauT npu Iy sinay = Fy sin .

13 zakona Kyona ciemyer, aro

h_a 1
F  —q 1}
CrenoBare/ibHO,
@ 3 __sinap T
S 1 sinar
Orcroma

3
@ (7‘1)
q2 T2
HpI/I MaJIbIX h, paCCTOHHI/IH T1 n 7o HpI/Il\IepHO paBHbI COOTBEeT-
CTBYIOIIAM PACCTOSHUSM, uU3MEpPEeHHBIM BA0Jb ocu X. CiemoBarebHO

a__ (ﬂ)g = -3
) l
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5. Temexxka ¢ BOJION JIBUZKETCS 1O TOPU3OHTAJb-
HOI TIOBEPXHOCTU C IOCTOSHHBIM yckopenmeMm. Ha
TeJIeKKY 110l YIVIOM (¢ K BEPTHKaJIN HaJaeT JIyd
cBeTa, KOTODPBIN IIOcjie OTparkeHus paclpocTpaHd-
eTcs IOJL YIJIOM 7y K BepTHKaJ/U (HAIPABJIEHUS YCKO-
PeHMsI TeJIeXKKU U Jiydeil MOKa3aHbl HA PHCYHKE).
Haitnure yckopenue a Tenexkku. YckopeHnue cBOOO/I-
HOI'0O IaJICHUA PaBHO &.

Pemtenune. 113 3akona orpakennsi CBETa BBITEKAET, YTO HOPMAJb K CBO-

2

0OHOI TOBEPXHOCTU BOJbI HAIIPABJIEHA IO/ YIJIOM @ = K BepTUKaJII

(CcM. pHCYHOK).

CriefioBaTeIbHO, CBODOMIHASI MOBEPXHOCTH BOJBI HAKJ/IOHEHA IOJ] ITUM
YIJIOM K rOpu3oHTad. PaccMoTpuM ¢ioit Bojbl Maccoit Am Ha cBOOOIHOI
[TOBEPXHOCTH. 3aluIleM Jjisd Hero BTOpOi 3akoH HbloTOHA B MpOeKIuu Ha
IIOCKOCTD, KACATEJIbHYIO K moBepxHocTH: Amgsin o = Ama cos ¢. Orciona

a—7

a=gtgw=gth
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TFopojickoii atan 2007/2008 y4. roga. 2-ii Typ

Cocrosuicst 29 despadis 2008 roa.

8 kJ1acc
Ha BbLIIIOJIHEHME 3a/JaHud OTBOANJIOCH 3 ACTPOHOMHNYIECCKUX YJacCa.

1. 3ag yberaer ot Bosika 1o mpsiMoit, gBurasich paBHOMepHO. B HagabHbII
MOMEHT BPEMEHH PacCCTOsiHUE MexK Iy Jaiiriem u Bosikom pasaOo S = 36 M,
a ckopocth Boska papHa vg = 14 M/c. Boak ycraér m uepes kaxkple
At =10 ¢ (B MomenThl Bpemern At, 2A¢, 3At, ..., cauras OT HaUAIA J[BU-
JKEHMsl) yMEeHbIIAeT CBOI CKOpocTh Ha Av = 1 m/c. C Kakoil CKOPOCTHIO
JoKeH bexxarh 3asil, arobsr Bosik ero ne moiiman?

Pemenne. Ecin 3asn 6ymer yberarb co ckopoctbio 11 M/c, To Bosk
OyzeT npubmKaThCst K 3aiiily B Tedenue nepebix 10 ¢ co ckopocThio 3 M/c,
B Tevenne cienyronmx 10 ¢ — co ckopoctbio 2 M/c. [Tosromy Bosk moronur
aiira.

Ecsn Bas 6yger yberars co ckopoctbio 12 m/c, To Bosk Gymer npubiim-
KaThCsd K 3aiiily B TeueHue 1epBbix 10 ¢ o CKOPOCTBIO 2 M/C, B TedeHue
nocaenyromux 10 ¢ — co ckopocthio 1 M/c. 3a 20 ¢ paccTosiHue MeXKITy
JKUBOTHBIMU yMeHbIIUTCsI Ha 30 M U J1ajiee IepecTaHeT yMEHbIIATHCS. 3asil]
yoexkut ot Bosika.

Takum obpa3oM, mMCKOMas MUHUMAJbHAsT CKOPOCTH 3aiflla JIEXKUT B
unrepsaie or 11 m/c mo 12 m/c. O6osHaunmm e€ uepes (12 —u) m/c,
e 0 <u < 1. 3a mepsoie 10 ¢ Bosk mpubmmxkaercs K 3aifiy co CKOpo-
crbio (2 +u) M/c, 3a Bropele 10 ¢ — co ckopocrbio (1 + u) M/c, 3a Tpe-
e 10 ¢ — co ckopocThio u M/c. B nasbrediimem Bosk HadHET OTcTa-
Barh oT 3aiia. 3a 30 ¢ paccTosiHre MEXKIY YKUBOTHBIMUA YMEHBIITUTCH HA
10(2 + u) 4+ 10(1 4 u) + 10u = 30 + 30u merpos. CieoBaresnsHo, 3asry yoe-
xkut ot Bosika, ecoim 36 > 30 + 30u, nan u < 0,2.

CuaenoBaTesibHO, CKOPOCTH 3afina JoKHa npesbimarh 11,8 M/c.

2. Poruar moxserren K cucreMe OJIOKOB TaK, UTO ¢

TOYKHU MOJBECA JEIAT €r0 B OTHOIIEHWH a :b:c
(cMm. pucyHoK). Biloku, pplyar U HUTH HEBECOMBI,
Tpenuss Her. KakoBO OTHOIIEHHWE MAcC TPY30B 111
U Mo, €CJIM CUCTEMa HAXOJUTCS B PaBHOBECUU?

a | ¢
|jml my |f|
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Pemenne. [lycrs nepeknnyTas uepe3 OJIOKM HUTH HATAHYTa C CUION 1’
(cm. pucyHoK). Torya K peraary IpuIozKeHbl CJie/IyIolue CUjIbl: B Touke A —
HaIPaBJIEHHAS BHUA3 CUJIA TSKECTH Mg, B TOUYKe B — HalpaBjeHHAs BBEPX
cusa Hatsikenust HuTH 27, B Touke C' — HampaBJeHHAsT BBEPX CUJIA HATS-
keHust HUTH 1, B Touke D — HaIpaBjieHHAasl BHU3 CHJIA TSXKECTH Mog.
ITockonbKy reomeTpryeckasl CyMMa CHJI, JIEHICTBYIOIINX Ha PBIYAr, JTOJIKHA
OBITH paBHA HYJIIO, ITOJIyYaeM mepBoe ypaBuenue: 31 = mqg+ maog, U3 KOTO-
POro HaXOIUM

T = é(ml + mg)g
3anmineM TpPaBUI0O PABHOBECHS pbIYara OTHO-
CUTEJIbHO OJHON W3 TOYeK, HaIPUMEP, OTHOCU-
TeJbHO TOUKU A:

2T -a+T-(a+b) =meg- (a+b+c).

IloncraBnsis B 310 cooTHomIeHne 3HadeHue 71,
HAXOJIAM:

1 A
(my1 4+ ma)ga + =(mq + ma)gb = mag(a+ b+ c). l
3 mig mog
0 mi 2b + 3¢
TCIOA — = ———— .
. mo 3a+b

3. HIkoIbHUKY TOPYIUIN MTOJUTH CaJ Ha gatde. UToObI HE TaCKATh BOIY B
JiefiKe, OH TIPOJIOXKHUJI TOJICTHIN TIJIAHT Yepe3 TPAJKU Ha OrOpoJie TaK, KakK
[TOKa3aHO Ha PUCYHKE, IIPOJLYJI IIJIAHT, BCTABUJI B HEI'O HEOOJIBIIIYI0 BOPOHKY
¥ HaJaJI MEeJJIEHHO HAJIMBATH B HE€ BOojy. Uepe3 HEKOTOPOe BpeMsi BOPOHKA
3aAIlOJTHUJIACH, BOJAa B HEH IepecTajia OIMyCKATHCS, HO W3 JPYTOro KOHIA
MJTaHTa HE MOJMIach. 1oraa MIKOJBHWK IOMHSAT BOPOHKY BBIMIE W HAJIMII
B Heé ermé Bombl. [Ipubau3uTebHO 10 KaKoil BbICOTHI H Ha 3eMiéit emy
HAJI0 IOJHSITH BOPOHKY C BOJIOil, YTOOBI OHA Ha4aJia BbITEKATH U3 IILJIAHTA?!
Bricora kaxkmoit rpsiaku h = 40 cM, YHCIO IPsIioK N = 5.

Pemenue. [Ipu MeieHHOM HAJIUBAHUYU BOJIBI B MIJIAHT OHA JIOXOJUT JIO
rpeOHs TEePBOil IPSIKY, CTEKAET 110 NMUJIAHTY BHA3 W HAYMHAET 3AIIOTHSATH
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CJIEIY IO ero OTPe30K — J0 TpebHsT BTOpoil Tpsaku. Ilpn sToM B Kycke
NIJTAHTA, CIyCKAIOMEMCS C IIEPBOMl TPSJIKU, OCTAETCS BO3IyITHAS MPOOKA,
3amepTasg ¢ IByX CTOPOH Bomoii. I1pn manpHelmeM HaJIUBAHAN BOILI B IILJIAHT
U [IOCTEIIEHHOM IO IhLEMe BOPOHKH IIPOIIECC IIOBTOPSIeTCs, 06pa3yoTCs HOBbIe
BO3/IyIIHbIE TPOOKHU, U BOJA MOTEYET U3 KOHIA NMLIAHTA, TOJILKO KOTJa, JI0ii-
JET J10 TPeBHsI OCeHEeH I'PSJIKU (CM. PHCYHOK).

po+4pgh  po+3pgh  po+2pgh

Po + pgh

SR

Eciun armocdeproe maBiieHre Ha BbIXOJE W3 IILIAHTA W HA YPOBHE
BOPOHKU PAaBHO P, TO JIABJIEHNE B BO3/IYITHBIX TPOOKAX IIPH IIEPEXOJIE Tepe3
KayKJIyIO IPsiIKy OT KOHIIA IIJIAHTa B CTOPOHY BOPOHKH BO3PacTaeT MpuoOJIu-
suresibHO Ha pgh. Ilepe st mepBoii rpsifikoit OHO Oy1eT paBHO, TAKUM 00Pa30M,
Po + npgh, 1 Tt €ro TPEOI0JIEHNsT BOPOHKA C BOJOM JTOJI2KHA, OBITH TOHSITA
HA TAKyIO BBICOTY H, 9TOOBI JaBJIeHHE BOJBI B HIXKHEN TOUYKE IIJIAHTA 10T
BOPOHKO# OBbLIIO HEe MEHbBINEe 3TOH BeauduHsl: pg + pgH = po + npgh, win
H>nh=2wM.

TTosyyerHoe 3HaYeHME CJIErKA 3aBBIIEHO, IIOCKOJIBKY C POCTOM JaBJIeHHS
00BbEMBI BO3IYITHBIX MPOOOK U MEPETAIBI BEICOT HA IPSIKAX HEMHOTO YMEHb-
mrarorest. OHAKO MOJydeHHast BbIcOTa cocTaBisteT Beero 20% OT BBICOTHI
ho = 22

rg
YMeHbIIIeHHEM 00bEMOB TPOOOK MOXKHO MIPEHEOPEUDb U CYUTATH, IYTO BBICOTA

BOPOHKHM H&JT 3¢MJIEl B MOMEHT HAYAJIA BHITEKAHUS BOJIBI U3 IIIJIAHTA, JTOJIKHA
cocTaBJisiTh npuMepao H ~ nh = 2 M.

~ 10 M, COOTBETCTBYIOIIEH aTMOCHEPHOMY JIABJICHUIO Py, TAK UTO

4. B vamky #agmm pactBop kode npu temueparype t; = 100 °C u 6po-
CUJIM TYJIa HECKOJIbKO KYOMKOB JIbJa, B3ATOro 1ipu Temieparype to = 0 °C.
Korma nén pacrasii, Temmeparypa pacTBopa OKa3asach paBHOil to = 50 °C.
Ha ckoJibKO IpOIeHTOB yMeHbIMIACH KOHIIEHTPaIus Kode B pacrBope? Term-
JIOOOMEH pacTBOpa Kode ¢ OKpYIKaIonieil CPeoil He YINTHIBATD. YIAETbHbIE
KJIx
kr- °C’

TEeIJIOEMKOCTH PACTBOPa KOMe U BOIBI OTUHAKOBBI U PaBHBI ¢ = 4,2
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yJlelbHAsL TeruoTa iasiaenust abaa A = 330 kK /Kr.
Bamevwarnue. Tlom KoHIEHTparueil MTOHUMAETCH OTHOIIEHUE MACCHI
9uCTOro Kode KO BCeit Macce pacTBOPA.

Pemtenune. Ilycts ny — HavajbHas KOHIEHTpamus Kode B pacTBOpe,
ng — KoHedHasi, M — Macca pacTBOpa, m — Macca Jibjla. 1oraa Macca
qucroro Kode B pacrsope pasia Mny, = (M + m)ng, u OTHOIIEHUE KOHIIEH-

. n2
TpaIuii BEIpayKaeTcsl 9epe3 OTHOIIEHNE Macc: — = ——————.
n1 M+m

YT0o06bI HANTH OTHOIIEHWE MACC PacTBOpa Kode U JIba, 3AIUIIeM yPaB-
HeHne TerioBoro Oasamca. PacTBop kode 0OTmaéT KOJIUIECTBO TEILIOTHI
cM(t; — t2), 767 mOIyYAET KOJIMIECTBO TEILUIOTHI AM + c¢mta, MOITOMY

m C(tl - t2)
cM(ty —ts) = Am +cmty, 1 — = ————==. Vcnosnb3ysa 310 COOTHOIIE-
M A+ cto
%) A + Ctg

Hue, 1mojrydaeM HCKOMOE€ OTHOIICHUE KOHHeHTpaHI/Iﬁ: _—=
ny A+ cty

CrenoBaresbHO, KOHIIEHTPAIUs Kode B PACTBOPE yMEHBIMUTCS Ha 28 mpo-
IIEHTOB.

=0,72.

9 kJ1acc
Ha BbBIIIOJIHEHME 3a/aHud OTBOANJIOCH 4 ACTPOHOMMHNYIECCKUX YJaca.

1. YesoBeK MOIHSICS BIOJb BEPXHErO YYACTKA CTEHBI
37aHUsl HA BBICOTY h =2 M C IOMOIIBIO CHCTEMBI,
COCTOSIINIEH U3 Tpy3a Maccoil m = 25 Kr, HEePACTIKU-
MOIl BepEBKM, TPEX OJIOKOB W JIIOJBKHU, MPUKPEILIEH-
HOIT ofHOMY U3 6JI0KOB (CM. pUCyHOK). B HadasbHbIit
MOMEHT BCsI CHCTEMa BMECTEe C UeJIOBEKOM ObLiIa Hero-
JnBmkHa. Korna 4deoBek IOJHUMAJICS, KOHEI[ BEPEBKH
B €ro pyKaX JIBUTAJICs OTHOCHTEJBHO CTEHBI CO CKOPO-
crio v = 1,2 M/c. CKOJIbKO BpEMEHH JJIHJICS HOAbEM?
Kakyio pabory coBepumi 4ejaoBeKk? BJioku, JiojbKa u
BepEBKA HEBECOMBI, TPEHUS HET, yCKOPEHHe CBOOOHOTO
najienus g = 10 m/c?.

/.

Pemenune. Haitném coorHomenne macc rpysa m u denoseka M. Ilep-
BOHAYAJILHO, KOIJIa Y€JIOBEK [TOKOMJICS, CUCTEMAa HAXO/IMJIACh B PABHOBECHH.
IIpu sToM cua TsKecTH mg, AefICTBYIOIIAsd HA TPY3, YPABHOBEIINBAJIACH
CIJION HaTsIKeHUs BepEBKU 1(, a cuia Tsxkectu M g, neiicTByIOMIas Ha, JeJI0-
Beka, ypaBHoBemuBagach cuioit 37y. Ciemoarensro, M = 3m.
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Korma genoBek Hadaji JBUraThbCs C YCKOPEHHEM, PABHOBECHE HAPYIIIH-
JIOCh, W CHUJa HaTsiyKeHus BepéBku 1 crajyia 6osabme mg. HampasieHnubie
BBEPX YCKOPEHUsI TPy3a (1 M IETOBEKA (¢ MOXKHO HANWTHU C TOMOIIHIO BTOPOTO
3akona Hprorona:

T —mg 3I'-Mg 3T —-3mg T —mg
= : a = = = .

a1 e —
m M 3m m

Takum 06pa3oM, 3TH YCKOPEHUST PABHBI; TTOITOMY W CKOPOCTH, IIPHOOpeTae-
MBbIe TPY30M U YeJIOBEKOM, & TAKXKe IPOIIeHHbIE UMU PACCTOSTHUSI, OKA3bI-
BaIOTCsl PABHBIMH BO BCE MOMEHTHI BPEMEHHU.

BripazuMm HampaBieHHYI BHU3 CKOPOCTB ¥ CBOOOIHOTO KOHIIA BEPEBKU
gepe3 HAIIPABJICHHYIO BBEPX CKOPOCTH YeJIOBEKA U, PABHYIO CKOPOCTH I'PY3a.

Sa BpeMsi IOIbEMA T = — JJIMHA HEPACTSIXKUMOI BEPEBKU HE WM3MEHsI-
U

v .
ercs, nodromy v7 —3ur =0, u u = 3 OTcrona JUINTEIbHOCTD MOAbEMA

==

Pa6ora A, coBepinénnasi 4eJI0BEKOM, IOIILIA HA YBEJTMYEHNE [TOTEHIUAJ b~
HOIl 9HEPI'uU 4YeJOBeKa M I'Py3a, a TaKxKe Ha IPHUJIAHUE UM KUHETUIECKOMN
SHEPTUU:

5c¢c

T

m + M)u?

2
A= (m+ M)gh+ ( 5 = 4mgh + §mv2 = 2008 JIx.

2. Tonkuit KapaH/al, IO BEIIeHHbII Ha HUTKE 3a OJUH U3
KOHIIOB, HQUUHAIOT OI'PYZKaTh B BOMY, MEJIJICHHO OITyCKas
TOUYKyY mojBeca (CcM. pucyHOK). Oupenesnre MaKCHMAJIb- ¢ ¢
HYIO TJIyOUHY h TOTPY2KeHus HUKHEro KOHIIa KapaHIaIa,

=

eci JyHa Kapapjgama [ = 18 c¢M, a ero cpejHsis 1IoT-
HOCThb B I = 2 pa3a MeHbIIe NJIOTHOCTUA BOJIbI. — —

Permenue. PaccmorpuMm Kapamgan, MOTPYKEHHBIN B | — |
BOJly U OTKJIOHEHHBI OT BEPTUKAJM Ha MAaJIblil YyIojl .
CyMMapHBIE MOMEHT CHJI Tsi?KeCTH U Apxumeja OTHOCH-
TeJbHO T'OPUBOHTAJILHON OCH, IPOXOAAIIEH Yepe3 BepxXHuil
KOHeIl KapaHJalla, paBeH

l
M = mggsina—FA (l— g) sin a,
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rne Fqa = pgSx — cuna Apxumesia, p — IUIOTHOCTH BOJIBI, S — ILJIONIA/Ib
MONEPETHOTO CEYeHUsl KapaHama, T — JJIMHA IOTPYYKEHHON B BOJLy YacTh
Kapagama, m = (p/n)Sl — macca kapapmama. [Ipu M > 0 MoMeHT cui
BO3BpAIllAeT KapaHJAIl B BEPTUKAJIbHOE moJsioxkenue, npu M < 0 yBenuun-
BaeT OTKJIOHEHNEe KapaHjaiia oT BepTukaiu. PopMysry i MOMEHTa CHJI
MOYKHO IepelrcaTh B BUJE:

l2
M = (:c2 —2lx + ) @sina.
n 2

13 sroit bopmystst caemyet, 94To pu Maabix € Mmoment M > 0 u, ciemoBa-
TEJIbHO, BEPTUKAJIHLHOE IOJIOYKEeHNe KapaHaiia Oyjer ycroiausbiM. [Torepst
YCTOWYMBOCTY BEPTUKAJIBHOI'O TIOJIOKEHUSI TPOUCXOIUT IIPU

1
c=1{1-/1-=],
n

KOI'JJa MOMEHT CHJI MEH{AeT 3HaK C IIOJIO2KUTEJIbHOI'O Ha OTPHUIATEIbHBIM.
[Ipu manbHelineM TOrpyKeHnn KapaHIaIa OH Oy/1eT OTKJIOHATHCS OT Bep-
THKAJH, HO JUINHA T IOUDYKEHHOIH B BOJY €ro YacTU MEHATbCd He Oyler,
IIOCKOJIBKY B PABHOBECHM MOMEHT crJI V] JTOJI2KEH OCTaBaThCSA PABHBIM HYJIIO.
[Tosromy rurybrHa HOrpyzKeHnst HU?KHEro KOHIIa KapaH alla, paBHas T COS «,
OyzIeT mpu 9TOM yMeHbIaTbcs. VTak, MakcuMasbHas TJIyOWHA OTDY KEHUS
HIZKHETO KOHIIa KapaHallla paBHa

1 2
h=1l{1—4/1——]=1 l—i ~ 5,3 cm.
n 2

3. Ha packauénHoil mimre crouT cocyn ¢ Kulsimedi Bozoii (remmeparypa
tx = 100 °C), HauasbHAs Macca KOTOPOH paBHa mg. Bosma mcmapsiercs, a
YaCTh [apa KOHJIEHCUPYETCs HA KYyCKe JIb/A, PACIOI0KEHHOM HaJl COCYIOM,
n crekaer obparno. HavyanmpHas mMacca JbJa m, a ero HadaJbHAs TeMIlepa-
typa tg = 0 °C. Korzma Bech 1ém pacrass, Macca BOJbL B COCYJIE OKA3ajIach
pasuoit m1. Kakast moJ1s1 w OT Bcero mapa KOHJIEHCHPOBAIACH Ha KYCKe JIba?
Kakoe kosm4uecTBO TemoThl () OBbLIO HEPEeIaHo OT IUIMTHI K cocyry?! oss
KOHJIEHCUPYIOIIErocsi Iapa BCE BpeMsl IIOCTOSIHHA. Y/IeJIbHAs TEILJIOEMKOCTD
Bosbl paBHa C', yjeibHas TEIUIOTA IJIABJICHUS JIbla A, Y/eJbHAs TEIJIOTa
mapoobpa3oBanus BOAbI 1. KOHTaAKTHBIM TEIJIO0OMEHOM BOJIBI U JIbJIA C OKPY-
JKaromeit cpeoit mpeHedbpedn.
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Pemtenne. Haiiném 10110 ckoHjieHCcupoBanHoro mapa. llycte Am —
Macca BOJIBI, HUCHapuBIIeiics u3 cocyga. [lpm srom wmacca mapa wAm
CKOHJICHCUPOBAJIaCh Ha KyCKe JibJa U CTeKJa 3aTeM BHH3 BMeECTe
C Tajoii BOJOIi, IOJyduBIIefics npu TagHuu JbJa. ClleI0BaTEIBHO,

mo +m —mq

my =mgo+m—Am+wAm, u Am = . Ilpu koneHCaIMN U

1—w
OXJIAXKJIEHUU JI0 TeMIIEPATy PhI ILIABJIEHUS JIbJIa Iap OTJIAET KOJIUIECTBO Tell-

JIOTHI
w

(r+ Ct)wAm = (r + Cty)(mo + m — ml)li,
—w
a JIEJ TI0JIy9aeT KOJUYIecTBO Teriorsl Am. Orcona
w
(7' -+ Ctk)(mo +m — ml)m = )\m,

w am
Cdm A+ (r+ Ct)(mo +m —my)

IlepesaHHOE OT INIUTHI K COCYLy KOJMYECTBO TEILUIOTHI () IIONLIO Ha
upespaiilienue B nap mMaccol Bogpl (1 — w)Am = mg + m — mq, KoTopas He
CKOHJICHCUPOBAJIACh, a TaKyKe Ha IJIABJICHHE JIbJa MACCOH 7 W HarpeBa-
HHUE TAJOH BOJBI OT TEMIIEPATYPHI ILJIABJICHHUS [0 TEMIIEPATYDbI KUIICHUS.
Mostomy @ = 7 (mg — my +m) + Am + Cmiy.

4. Haiitu compoTuB/ieHne 3JIEKTPUIECKON

e Mexiay toukamu A u B (cMm. pucy- R
HOK). CONpOTHBJIEHNE CTOPOHBI GOJIBIIIOTO W
MMEeCTUYTOJbHUKA PABHO R, CONPOTHUBJIEHUE

CTOPOHBI MAJIOTO TIECTUYTOJHLHUKA PaBHO R/2/R /
R/2, conporuBiieHue KazKJI0ro BHY TPEHHETO %
IIPOBOJIHUKA, 3aKJIIOUYEHHOTO MEXKIY IIEeCTH-
yroJbHUKaMH, paBHO R/2, a couporusie-
HHE KazKJI0I'0 IIPOBOJHUKa, HaXOJIAIIErocs

ssio ]

BHYTpHU MaJIOr'O IMIEeCTUYTOJIbHUKa, PaBHO

R/A.

Pemtenne. B cxeme sekTpudeckoil menu, m300parkEHHON HA IIEPBOM
pucynke, Toukn Fi, Es W HEHTp CXeMbl MMEIOT, B CHJIy €& CHUMMETPUH,
OJIMHAKOBbIE TOTeHIMAJbI. [Ipu UX coeMHEHNN TPOBOJHUKOM C HYJIEBBIM
COIPOTUBJIEHNEM TOKU B IIENU U €€ COIIPOTUB/IEHUE HE MEHSIIOTCSI, a OJIy YeH-
Hasl IPU TAKOM IIPeoOpPa30BAHNM CXeMa COBIIAIAET CO CXEMOI, TPUBEIEHHOM
B yCJIOBUU.
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Bynem mosroMmy paccuuThIBATH COMPOTUBJICHUE SKBUBAJIECHTHON 3JIEKTPH-
JeCKOM Ienn, cxeMa, KOTOPOi m300parkeHa Ha MepBOM PHUCYHKe. B meit mapbl
touek A1 u As, By u By, C1 u Co, Dy u Dy TakKe B CHly CUMMETPUN
HUMEIOT MOTIAPHO OJIMHAKOBBIE MOTeHIINAJIbI. COeIMHSS UX, [TOJIyIaeM CJIeTy-
IOIIYIO 9KBUBAJEHTHYIO CXeMy, U300pPaKEHHYIO HA BTOPOM PUCYHKE; 37I€Ch
YYTEHO, 9TO COIIPOTUBJIEHUE JIBYX MapPaJIIeIbHO COEIMHEHHBIX OJIMTHAKOBBIX
PE3UCTOPOB BJABOE MEHBIIEe COIIPOTUBJICHAA KazKJIOTO U3 HUX.

R/4

R/4 m R/4

A ApF  Ci D BiG B

B cxeme Ha BTOpOM pHCYyHKE, Kak CleIyeT U3 COODpaKeHWil CHMMeT-
pun, napbl ToueKk Ao u F, Bis u G UMEOT OIMHAKOBBIE IIOTEHINAJIBI;
COEJIMHSAS UX, IIOJIy9aeM JIEKTPUIECKYIO IIEllb, CXeMa KOTOPOil n300parkeHa
Ha TpPeTbeM PHUCYHKe. E& colpoTuBJIEHUE JIENKO PaCcCYUTHIBAETCs 10 (hop-
MyJIaM TIOC/IEIOBATEIFHOIO U NapaJljIeIbHOTO COEIMHEHUsI PE3SUCTOPOB: OHO

13R
PaBHO ——

20

10 knacc
Ha BbLIIIOJIHEHME 3a/JaHued OTBOANJIOCH 5 ACTPOHOMUHNYIECCKUX JaCOB.

1. IkonpHUK GexKuUT TO OKpyKHOCTU pajmmycoM R = 30 M ¢ mocTosHHO
1O BeJindrHe CKOpocThio 4 = 3,14 M/c. BTopoil KO/IBHUK MOHUTCH 38 HUM,
CTapTOBAaB U3 IEHTPa OKPYKHOCTU. B mporiecce MOrOHN OH BCE BPEMs HAXO-
JIUTCS Ha, Pajuyce, COEIUHSAIONIEM IEHTP OKPYKHOCTU U IMEPBOrO IITKOJIb-
HUKA, & BeJIMYNHA €r0 CKOPOCTH Hem3MeHHA u paBHA v = 2u. CKOJIBKO Bpe-
MEHU 3afMET TOTOHS?
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Perenne. O6o3HaunM vepes w = u/R yIJIOBYIO CKOPOCTH JBUKEHUSI
[EPBOroO IMIKOJBHUKA, T — PACCTOSHHE OT BTOPOIO IIKOJBHUKA JIO IEHTPA,
(¢ — YIOJI MEXK/Iy HAIPABICHHEM CKOPOCTH BTOPOT'O MIKOJBHUAKA ¥ PAJILyCOM
(cM. PHCYHOK).

TIockONBbKY COCTABIIAIONIAST CKOPOCTU BTOPOTO MIKOJIbLHUKA, ITEPIICHTUKY-
JIIpHAas PaJInycy, PaBHA wWT, a MOJIYJIb €ro CKOPOCTH paBeH v = 2u = 2wk,
MeeM:

. wr r
sing = = —.
2wR 2R
CirefoBaTesIbHO, B IIPOIECCE TIOTOHM YTOJI (0 M3MEHSIETCS OT HA9aJIbHOIO 3HA-
1 T
YeHUsI, PABHOI'O HYJIIO, JIO KOHETHOI'0 3HAUEHUsI, PABHOI'O g = arcsin 3 = r

Haiiném mpomerkyTok Bpemenu At, 3a KOTOPBIN YyroJl (p U3MEHsIeTCsT Ha
HEKOTOPYIO MaJsIyio Besmauny Ap. [liist 91010 3aMernM, 9To 3a JJaHHbBIH TPO-
MeXKyTOK BpeMeHH BTOPOi MIKOJIBbHUK yAJIseTCs OT IIeHTPa OKPYKHOCTHU Ha
pacCcTosAHNE

Ar =2R-A(sinp) = 2R(sin(¢ + Ap) —sinp) =

A A
=2R-2cos <p+—go sin =7
2 2
Varém, 9T0 CHHYC MAJIOTO yIJia HPUOJIMKEHHO PABEH ero pPaJMaHHON
Mepe:

A
Ar%2R~2cosnp-7¢ =2Rcosp - Agp.

ITockosibKy pajinasibHasi COCTABJISIONIAsT CKOPOCTH BTOPOTO IMIKOJBHUAKA
paBHa 2w R cos , OH yJAJINTCS OT IEHTPa OKPYKHOCTH Ha paccTosaue Ar
3a BpeMs

Ar 2Rcosp-Ap  Ap
© 2wRcosg  2wRcosy  w
[IPOITOPIIHOHAIBHOE U3MEHEHHUIO YTJIA.

At

)
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CirenoBare/ibHO, BpeMsi, KOTOPOe 3aiiMET IIOrOHsI, COCTABUT

=T i 5 c.

t = — =
w 6w 6u

2. Hebombmoit rpy3 Maccoit m, NpuBsi3aHHbBII HUTHIO
JHO | K miardopme (CM. PUCYHOK ), JIBUXKETCS 10
[JIAJIKOM TOBEPXHOCTHU CTOJIA CO CKOPOCTHIO U, OMUCKI-
Basl OKPY2KHOCTh. HUTh HEBecOMa U HEpACTsIKUMA U
obpasyer yroji « ¢ Beprukajbo. ILnardopma Haun-
HAEeT JIBUTAThCs BBEPX C YCKOPEHUEM @ DU 9TOM BHa~
yaJie Ipy3 He OTPBhIBAaeTCsa OT croJa. Haiiaure Besu-
YUHBI JIEHCTBYIONUX HA TPY3 CUJI HATSXKEHUsT HUTH T’
u peaknuu croja N cpa3y mocJje HadaJa JIBUXKeHUsT TIaT(OPMBI.

Pemienne. Ilycrs a1 — cocraBisromast yCKOpeHus Ipy3a, HAIPABJIEHHA
K IIEHTPY OKPY?KHOCTHU. 3aIUIeM BTOPOil 3aKoH HbIOTOHA B MPOEKINsIX HA
BEPTUKAJIbHOE U TOPU30HTAJIBHOE HAIIPABJIEHUS B BEPTUKAJIBHOM IIJIOCKOCTH,
IIPOXOJIAIIEI Yepe3 HUTh:

Tcosa—mg+ N =0, Tsina=ma.

Orcrona
mai
= ——, N =mg— majctga.
sin «

s mosydeHnsi OTBETa OCTAETCS HANUTH BEJUYUHY (1.
ITomecTrM HAYAIO TPSAMOYTOJIBHON CHCTEMBI KOODAUHAT B

[EHTD OKPY>KHOCTH, [0 KOTOPOH JBUKETCst TPY3 (CM. pHCY- 2=
HOK). OGo3HaunM 4epe3 7 paJMyc-BEKTOD KOHIA HUTH,
IIPUKPEILIEHHOTO K T'PY3Y, T2 — PayC-BEKTOD KOHIIA HUTH, i « -
MPUKPEIJIEHHOTO K TIaTdopMe, U] U Uy — CKOPOCTH KOHIIOB 2
HUTH, 41 U (o — YCKOPEHHUsI KOHIIOB HUTH. BBenéM Tak:ke a1
0003HAYEHNA JJIsT OTHOCUTEIbHBIX BEJIMIUH: E =7 — 7 e

(Mo,uym) 9TON BeJIMUYMHBI PaBEH JJINHE HI/ITI/I), V=0, — 1,
(CKOPOCTH I'Py3a OTHOCUTEJILHO BEPXHErO KOHIA HATH), A= d; — ds. 3ame-
TUM, 4TO
AV AT, AT L L o
E:E—Ezdl—G@:A.
TaK KaK HHUTbh HEpaCTAXKNMa U B IIPOLECCE ABUZKCHUA rpy3a BCé BpeMda
HaTAHyTa, TO CKOPOCTb I'Py3a OTHOCHUTEJILHO BEPXHEro KOHIIA HUTU BCErIa
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HAIPABJIEHA NEPIEHUKYJIAPHO HUTH. DTO 03HAYAET, YTO CKAJISIPHOE IIPOU3-
BeJIeHUE R-V=0.

IycTs 3a Masoe BpeMsi At BeKTOpbl R 1 V HOJLy<HIN MaJIble IpUpaIe-
mnst AR 1 AV. Banmmen 115t MOMeHTa, Bpemenu ¢ + At 110JIy4eHHOe BBIIIE
ycioBue nepruneHInKyJJaIdpHOCTH:

<}§+Aﬁ) : (\7+A17) -

PackpebiBasi ckoOku, npenebperasi Masoit BeJanIHHON AR-AV u JIeJIst
06e gactu Ha At, ¢ y9éTOM TOTO, 9TO R-V = 0, nmoJryuum:

V.V+R-A=0.
Cpa3sy mociie Hagasa JIBUKEHUSA TaThOPMBL U] = U, U = 0 1
V. V=v} R-A=R-d —R- -Gy = —la; -sina+la-cosa.

2

CrenoBarennuo, v2 —laj -sina+la-cosa =0, u a1 =a-ctga + ———.

l-sina

ITozcrasiisisi HalijleHHOE YCKOPEHUE 41 B IIOJIyYeHHBIE BBIIIE (DOPMYJIbI JIJIs
CIJI, TIPUXOJIUM K OTBETY:

ma - ctg o muv? mu? ctga

T= ., N=mg—ma-ctg®a—

sin o Isin® a Isin o

3. Ilopuus resmst 00béMoM Vo = 1 J1 HAXOIUTCS TIOJ, IaBJIeHneM pg = 1 aTm
npu temueparype 0 °C. Tenmil pacIIIpsIOT B PABHOBECHOM IIPOIECCe TAKIM
06pa30M, 4TO OTJAHHOE UM B OKPYZKAIOILYIO CPEJy KOJHYECTBO TEIJIOTHI
B UeThIpe pa3a MeHbIle COBEPIISHHOM resmeM paborer A. Haitnure makcn-
MaJIbHO BO3MOXKHOE 3HaUeHHe paboThl A ra3a B TAKOM IIPOILECCE.

Pemenne. Ilycts Uy u U — HagasabHOE U KOHEYHOE 3HAYEHUS BHYTPEH-
Heil sHepruu rasa. Ilepeannas okpy»Karomedi cpesie sHeprus pasta Uy — U.
CoryiacHo 1epBoMy Havaly TEPMOJMHAMUKH, OHA CKJIAJ(IBAETCS U3 KOJIIUe-
crBa Ternorsl ) = A/4 n paborsr A; orciona Uy — U = (5/4) A. Koneunas
BHYTDPEHHSIS S9HEPIHs IeJIns He MOXKeT OBITh OTPHIATEIBHA, II09TOMY paboTa
A ne moxer npesocxouth (4/5)Up. Ilpn ykazaHHBIX B 3a/jade IUCICHHBIX
JIAHHBIX TeJIMi HaXOMUTCA B ra3000pasHoM cocrosiHuu. Cumrasi 0HOATOM-
HBI Ta3 uaeanbHbIM, HaxomuM: Uy = (3/2)poVo.

CnenoBaTeslbHO, MAKCHMAJIBHO BO3MOXKHAsl paboTa Tesds DaBHA
Apax = (4/5)Up = 1,2poVp = 120 k.
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4. B BepmumHax NOpaBUILHOIO [N-yTOJIBHUKA PACIOJIOXKEHBI ITOCTEI0BA-
TEJIPHO 3JIEKTPUIECKUE 3aPsiIbl, BEJUIUHBI KOTOPBIX 00pPa3ylT IeOMeTpPH-
YeCKyIo HPOIPECCHIO CO 3HaMeHaTejaeM 2 W pasHEL ¢, 2q, ... , 2V "1q. Pac-
CTOsIHME OT IIEHTPa MHOTOYTOJIBHUKA [0 JII00OW M3 ero BepiiuH paBHO R.
Haiture Besimunny E HAIPS2KEHHOCTH JIEKTPUYECKOTO TI0JI B IEHTPE MHO-
TOYTOJILHUKA.

Permnenne. [Iponymepyem BepinHbl MHOIOYTOJIBHUKA Kak Ag, Aj, ...,
An_1; Torga B Bepimae Ay Haxommres 3apsi 2Fq. TIposenénm ¢ mexomHoil
cucTteMoit 3apsioB 1 cienyrorime mpeoOpa30BaHus: MOBEPHEM €€ Ha yToJl

2T
~ Tak, ITOOBI 3apsa] U3 TOYKH Aj Meperména B TOUKY Apyi1; yBeamanm

BeJINYUHBI 3apSAJ0B B [[Ba Pa3a U MU3MEHUM UX 3HAKU — IOJYHUM CHCTEeMY
3apsA70B 2 (CM. PHCYHOK):

2q 4q —2q —4q
[ ] [ ] o o
Ay A,y Ay Ay
7@ A . Az e —2Ngo A . Az0
0 b 3 q 0 O 3
Axa Ax
e [} o o
21\‘*1(1 _21\"—lq
cucrema 1 cucremMa 2

Hanpsi2KEHHOCTD  3/IEKTPUYECKOrO II0JIE B IEHTPE MHOIOYIOJIbHUKA,
co3aBaeMyio cucreMoit 1, obosnaumm Kak Fi, cucrtemoit 2 — kak Fs. Bek-

21

Top E» monmyvaercd n3 1 moBopoToMm Ha yrosa N pacTsKEeHUEM B J[Ba pa3a

7 U3MEHEHNeM HallpaBJIeHUs Ha IIPOTHBOIOJIOXKHOE.

Hamoxxum Temepb cucreMbl 3apsfoB 1 u 2 JApyr Ha JApyra, IOJIYyYUB
cucremy 3apsayioB «1+2». Bce 3apsiapl, KpoMe PAaCIOJIOXKEHHBIX B TOYKE
Ap, ByLyT KOMIIEHCUPOBAHBI, IIO9TOMY cuUCTeMa «1+2» COCTOUT U3 OJHOIrO
3apsia BeJIMIUHON —¢ (2N — 1). CrenoBaresnbho, cucteMa «1+2» cozmaér
B IIEHTPE MHOTOYTOJIbHUKA JEKTPUIECKOE II0JI€ C BEJMIMHON HAIPSKEH-
q(2V —1)

4 60R2

EHz MOYKHO IOJIYYHUTh, CKJIAJbIBas BEKTOPHI Ey u E, no MIPABUITy TapaJI-
JleslorpaMMa, KakK IOKa3aHo Ha pucyHke. Vcmosb3ys TeopeMy KOCHHYCOB,

Hoctu |Fiio| = . C [0 CTOPOHBI, BEKTOP HAIPSIKEHHOCTHU
+ )
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HaXOJUM:
o2 D) o2 o o 2m
|Evy2|” = [E1]” + |E2|” — 2By - [Eaf - cos - =

2 2
:E2—4—4E2—4Ezcosﬁ7r = E? <5—4COS]\7;).

CienoBare/ibHO,

/ 21 q (2N —1) B q(2V 1)
E 574COSF7W’ E =

2
4megR%4 |5 — 4 cos Wﬂ-

5. HIkonpanku Bosa u luma cobpasin 3J1eKTPUIECKYIO IIENb, COCTOAIILY IO U3
camojiesbHOM Garapen ¢ DIIC &, pesucropa conporusieaneM R = 20 kOwm,
KOHzIeHCaTopa éMKocThio C u nByxmosurmorHoro kioda K (cm. cxemy).
Sarem oHEM B MOMEHT BpemeHU ¢ = ( ¢ BKJIIOUMJIA CEKYHIOMED, 3aMKHYJIN
KJIIOY B TOJIOKEHUE 1 U CIyCTss HEKOTOPOE BpeMs TEPEeKJIIOUUIN KUY B
moJsioxkenne 2. [osyuusmrasics y Bosel u JIuMbl 3aBUCUMOCTD HAIIPSIZKEHUST
U na KoHJIeHCATOpE OT BPEMEHH TOKa3aHa Ha pUCyHKe. [IpoaHasn3mpoBas
9TOT TpadUK, OHI CMOTJIH OIIPEJIEUTD, Y€MY PABHBI EMKOCTH KOHJEHCATOPA

C, 9/]1C & u BHyTpeHHee COIPOTUBJIEHNE I aKKYMYJISITOPHOI Oarapen. Haii-
JIATE 3TH 3HAYECHUS.

Hamnpsizkenune U, B

Bpewmsi ¢, ¢
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Pemtenune. Paccmorpum mporieccsr, mpoucxojsiinue B menu. [lpu 3ambi-
kannn kioda K B momoxkerne 1 kKouzercarop C 3apsi?KaeTcs 9epe3 COmpo-
tusjienne R or Garapeu ¢ Hekoropoit DJIC & u BHYTpEHHUM COIMPOTUBJIE-
HUEM 7', IYTO, OYEBUIHO, COOTBETCTBYeT y4uacTKy rpaduka or 0 mo 7 c. Ilpn
NIePEeKJIIOYEeHUN KJII09a B IIOJIO2KEHUE 2 IIPOUCXOUT IIOCTEIIEHHad pa3pAaKa
KOH/ICHCATOPA {Yepe3 COIPOTHBJIeHHE R, YTO BUIHO Ha ydacTKe rpaduka
or 7 mo 10 c¢. Banumiem ypaBHEHUS JJIsi 9TUX HEPEXOIHBIX mporeccoB. [Ipu
3apsiJike KOHJIEHCATOPA

E—R-I+r-1+2
R-IT+r G

OueBnIHO, 9TO B HAYAJBHBI MOMEHT BpeMeHH 3apsij () Ha KOHJEHCa-
TOope paBeH Hy0. [loToMy TOK, TPOTEKAOIMNiT Yepe3 PE3UCTOP B HAYAIbHBIN

&
MOMEHT, C OJIHOU CTOPOHBI, paBeH [ = Rar a C JIpyroil CTOPOHBI, OH SABJI-
r
AQ AU
eTCsl CKOPOCTBIO M3MEHEHUs 3apsja Ha KOoHjeHcatope: | = AN AL

Ecin MBI onipesiesinm yriioBoit koaddurmenT KacateabHol K rpabuky U (t)
B Touke ¢ = 0 ¢, TO €CTb HAYAJIBHYIO CKOPOCTHb POCTa HAIPSKEHUs HA KOH-

&
(R+r)C’

Jasee, n3 rpaduka BUIHO, 9TO K MOMEHTY BPeMeHU ¢ = 7 C HAIIPSZKEHUE

JeHcaTope AL TO CMOXKeM HaiTH 3Ha4YeHUE BBIPAKECHUST

Ha KOHJICHCATOPE Y2Ke MOYTH HE MEHSIETCsI, TO €CTh TOK OYeHb MaJl, U MOYKHO
YTBEPXKJATD, YTO HAIIPSI?KEHNE HA KOHJIEHCATOPE CTAJI0 IPAKTHIECKN PABHO
9JIC Garapeu &, a 3apsij Ha KOHjieHcaTope craj paseH &C.
TTocite nepexmouenns Koda B NOJOKEHNE 2 YpaBHEHUE PA3PSJIKA KOH-
JIEHCATOPA BBITJISJIAT TaK:
Q

=R-I+=.
0=R-I+5

Toxk, mporekatomuii 1epe3 pe3ucTOp B MEPBBII MOMEHT IOCJIE TIEPEKJIIO-

JeHUs KJI0Ya, C OJHON CTOPOHBI, paBeH | = 7 a ¢ ApYyroil CTOPOHBI, KaK

y2Ke 0TMevaJioCh, OH BJISIETCS] CKOPOCTBIO YMEHBIIIEHUs 3aps/ia Ha KOHJEH-
AQ AU

carope: I = — = ——C. Eciin MbI orpejie/inM BEeJIMYUHY YIJIOBOTO KO3((h-
At At

durnmenra kacarenabHOH K rpaduky paspsaku U(t) B Touke t = 7 ¢, TO ecThb

cpasy mocJje IepPeKIIoYeHNsl KJIf04a B IIOJIOYKEHHE 2, TO CMOXKeM HalTH 3Ha-

YCHUEC BbIpaKCHUA

RC”
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Iocrpoum obe Kacarenabubie K rpadurky U(t) u acuMuTory, K KOTOPOit
OH CTPEMUTCS Ha JTAIE 3aPsIIKN KOHJIeHCATOpa. V3 9T0ro mocTpoeHust moJry-
qaem, uro DJIC Garapeu & ~ 27 B, a BeJmuuHbI yIJIOBBIX KO3 PUIINEHTOB

paBHBI (R—i—gT)C ~ 18 B/cu % ~ 27 B/c. Ilo 9TuM JIaHHBIM J1ajlee HaXo-
muMm (R+7)C =~ 1,5 ¢, RC =~ 1 ¢, orkyuna C ~ 50 Mk® u r = 10 kOm. AKKy-
MYJIATOpHAas H6aTapes y IMKOJbHUKOB ITOJIyYMIach OYeHb ILJIOXasi — BUIUMO,
oHa ObLIa cOOpaHa U3 «CEBIIUX» aJIbBAHUYECKHUX JIEMEHTOB.

3amMeTnM, 94TO 3aJa9y MOXKHO PEIlaTbh W HECKOJBKO IO-JAPYrOMY, €CJIn
3HATDH, 9TO 3aPsKa U Pa3PsaIKa KOHICHCATOPA Yepe3 PE3UCTOP IPOUCXO-
JIAT TI0 KCIOHEHIMAJIbHOMY 3akony. 1Ipu sToM BesmumHa pa3HOCTH TEKY-
mero 3HaueHust U(t) HampsKkeHHsI HA KOHJEHCATODE U IIPEJEIbHOrO 3Ha-
vyenust U(t — o00) B KoHIe nporecca (To ecth & npu 3apsyike u 0 npu
pa3ps/IKe) YMEHBIIACTCS ¢ TedeHneM BPEMEHH 110 3aKOoHy e /7. rie mocTo-
siHHAs BpeMeHu T upu 3apgnke pasua (R + r) - C, a upu paspsaaxe R - C.
Ecsn npoBecTn ynoMmsnyThIe BbIIE KAcaTeIbHBIE U ACUMIITOTHI, TO PACCTO-
sIHUS TI0 BPEMEHM OT TOYeK HadJaJla KacaTeJbHBIX J0 TOYEK UX Ilepecede-
HUsI C ACUMIITOTaMU OYJIyT PABHBI COOTBETCTBYIOIIUM ITOCTOSIHHBIM BPEMEHU
T, 9TO TO3BOJISET CPa3y »Ke HAWTU W3 MOCTPOEHUsl BeInduHbl & ~ 27 B,
m=R+r)-Cx1bcumn=R-C=x1c, u ganee C u r. I3 nocrpoe-
HUsT BUJHO TaKKe, YTO CIIyCTs BPEMs T IOCJIE HAYAIA IIPOIECCa 3aps/IKN
WA Pa3psIKU KOHJIEHCATOPA PA3HOCTbL TEKYIIErO0 U KOHEYHOI'O 3HAYEHUS
HAIIPsI?KEHUs YMEHBIAeTCs 110 BeJIUYUHE B e & 2,7 pasa 10 CPABHEHWIO C
HaYaJIBHBIM €€ 3HavdeHuneM, To ecth ot 27 B 1o 10 B.
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11 kaacc
Ha BBIIIOJIHEHNE 33 JaHUAd OTBOAUJIOCH 5 aCTpOHOMI/I‘{eCKI/IX qacCoB.

1. Ha ropu3oHTaJIbHOM CTOJIMKE JIEKAT MaJleHbKas Inaiiba Maccoit
m = 100 r. CToJIMK IOKPBIT TAKOW CMa3KOW, 4TO IPH IBUXKEHUH IIANAOBI
CO CKOPOCTBIO ¥ BO3HUKAET CUJIA BA3KOTO TPEHUS, PABHAS ﬁTp = —U, Tae
~v = 0,4 kr/c. Cyxoro Tpenus ner. Ha maiiby Ha9uHAIOT JefCTBOBATDH CUJION,
BEKTOP KOTOPOI BpalllaeTCd B TOPU30HTAJIBHON MJIOCKOCTH C YIJIOBOU CKOPO-
CTBIO w = 3 paji/c, a MOIYJIb He MEHsETCs co BpeMeHeM 1 pased F' = 0,3 H.
B ycranoBuBmemcst pexkume miaiiba IBUKETCs C MOCTOSHHONW CKOPOCTBIO TIO
okpyxkuoctu. Haiimure eé paguyc R.

Pemtenne. Ha maitOy meiicTByIOT BHeIIHSS CrIa
F u HANPAB/ICHHAS TPOTHB JIBHYKCHAA CHJIA BA3- 7 o
KOI'O TPeHHs FTP, paBHas 110 MOJLYJIIO |FTp\ = qywR.
[Ilaii6a qBUKETCS ¢ HAIPABJIEHHBLIM K IIEHTPY OKPY2K-
HOCTH YCKOPEHHeM @, paBHbLIM 110 BestmauHe || = w? R
(cm. pucynok). CorsacHo Bropomy 3akony Hbrorona,
ma=F + ﬁTp. YunrsiBas, uro dLFy,, HaxomuM:

|FI? = [mdl® + | Fop|* = (mw®R)* + (ywR)®

F
Orcioja R= ————— =0,2 M.

wi/ (mw)? +~2

2. C moprumeii reust MPOBOIAT MAKJIMIECKUIT TPOIECC, COCTOSIIIN U3 M30-
6apHOro pACIINPEHUs, N30XOPHOTO OXJIAXKJICHUS W A MabdaATHOTO CYKATHS.
Mozker qu KII Takoro mukmia 7 okasarbesa Goabime 50%7 Yemy pasen
MakcuMaJsbHO BodMOxKHbIN KIIJI Takoro nukJjia?

Permenue. 306pa3uM MUK, MPOBOINMBIA C
v MoJgMu rejus, Ha pV-mumarpamme (cM. pucy- p
HOK): 1-2 — uzobapa, 2—3 — uzoxopa, 3—1 — ajua- 1 2
6arta. Ilycts T4, To, T35 — TemmepaTypbl rejus B
TOYKax 1, 2 1 3 10 TePMOJMHAMUYECKO IIIKAJIE.
ITockonmbKy wu300apHasi TEIIOEMKOCTH TOPIIUU 3
reJis, coJieprKalreil ¥ Moseit, paBua 2,5V R, renanit
Ha y4acTKe 1-2 mojrygaeT oT HarpeBaTe s KOJIude-
crBo remwtorsl Q1 = 2,50 R(Ty — T). Nsoxopras

<v
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TEIJIOEMKOCTD JIAHHOM Iopruu rejius paBaa 1,5v R, osromy Ha yaacTke 2—3
rejuii OTAAET XOJIOAMIBHUKY KOJaudecTBO Temnorel @~ = 1,5vR(Ty — T5).
IIpu anuabaraoMm cxkaruu Ttemieparypa rejus nosbimaerca (17 > T3),
nosromy Q~ > 1,5vR(Te — T7).
Q- 3 Q- 3 2
Orciona — > —,un=1— == <1—-=- =04 =40%.
e et QF 5 5 ’

TTokazkeMm, uto K 3Hadenuto KIL/I 1 = 40% MOXKHO MPUOIU3UTHCST CKOJIb
yrogao 6ym3Ko. IlycTth Temiieparypa ra3a Ha ydacTke 1-2 Bo3pacTaeT B
n paz: To = nTy. Torna Q1 = 2,5vR(n — 1)1}, a, nockombky T3 > 0, To
Q™ < 1,bvRT, = 1,5vRnT;. Torna

- 3 n 3
n:l—Q—>1—f =04—- —7-.
Q+ 5n—1 5(n—1)
CiietoBaTeIbHO, BBIOUPAsT JJOCTATOTHO HOJIBINOE 1, MOYKHO MPUOJIU3UTHCST K
upegenbaoMy suadennio 7 = 40% ckoJsb yroaHo 6ImMsKo.

3. B BepmmHax npaBuibHOrO [N-YrOJbHUKA PACIOJIOXKEHBI IOCJIEI0Ba~
TEJIBHO JIEKTPUYIECKUE 3aPSIIbl, BEJTUINHBI KOTOPBIX 00pa3yioT apudmMeru-
YECKYIO MMPOrPECCUIO ¢ PA3HOCTHIO ¢ U PABHBI ¢, 2¢, ..., Nq. Paccrognue or
IEHTPa MHOTOYTOJIbHUKA J10 J1I000i1 3 ero BepruH pasuo R. Haiiniure Besn-
YUHY HAIPSKEHHOCTH F 9IeKTPUYIecKOro moJis B IEHTPE MHOTOYTOJIbLHUKA.

Pemrenne. [IponymepyeM BepiimHBI MHOrOYTrOJIbHUKA Kak Aq, Ao, ...,
Ap (cM. pucynok); Torga B Bepruune Ay nHaxomurces 3apai kq. IIposeaém ¢
UCXOJTHOM cUCTeMOil 3apsnoB 1 cieayromume mpeoOpa3soBaHus: TTOBEPHEM eé

™
Ha yToJ1 W TaK, 9TO0OBI TOYKA, Ak nepenijia B TOYKY Ak+1; 1 USMEHUM 3HaKN

3apsJI0B — IOJIyIUM CUCTEMY 3apsiioB 2 (CM. PUCYHOK).

2q 3q —q —2q
[ ] [ ] o o
Ay As A, As
qe A . Ase —Ngo A . Aj0 Ao
1 bo) 4 1 O 4 1
A N A N
° ° } o
Ngq —(N—1)q
cucrema 1 cucreMa 2

PaccvoTpum Takke cucremy 3apsioB 3, cOCTOAINLYIO 3 [N OJIMHAKOBBIX
3apsiJIoB —(, PA3MENIEHHBIX B BEPIIMHAX JTAHHOTO MHOTOYTOJIbHUKA.
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HaHpH)KéHHOCTL QJIEKTPpUYIECKOr'o IIoJId B HEHTpe MHOI'OYI'OJbHHUKA,

cozfaBaeMyIo cucremoit 1, obosnaunMm Kaxk ~Fi, cucremoit 2 — kak Fy. Bek-
s - 27

Top E5 monyvaercs u3 F7 MOBOPOTOM Ha yTOJI N U U3MEHEHHUEM HaIpaB-

JIeHUsI Ha TPOTUBONOJIOKHOe. CrcreMa 3apsiioB 3 CO37aET B IIEHTPE MHOTO-

YTOJIbHUKA HYJIEBYIO HAIPAXKEHHOCTD SJIEKTPUIECKOTO ITOJIS.

Hanoxxum Temepb cucreMbl 3apsioB 1, 2 m 3 Apyr Ha Jpyra, IOJy-
YUB CUCTEeMY 3apaioB «1+2+43». B meil Bce 3apsapl, KpoMe PACIOJIOKEH-
HBIX B TOouke Aq, OyAyT CKOMIIEHCUPOBAHBI, IIOSTOMY cucTreMa «1-+2-+3»
COCTOUT U3 OJHOI'O 3apsiaa BesudnHoil — N g B Touke Ap. Cucrema «1+2-+3»
CO3/1a€T B I[EHTPE MHOTOYTOJIBHUKA IJIEKTPUUECKOE TI0JIE€ HAIPIKEHHOCTHIO

|Er1tots] = |Fig2] = C apyroii cTOpOHBI, BEKTOP HAIPS>KEHHOCTH

Nq
47T€0R2 .
El+2 MOXKHO IIOJIYYUTDb, CKJa/blBasd BEKTOPLI El u Eg IO IIPaBUJLy I1apaJl-
JiesiorpaMMa (M. puCYHOK). Vcrosib3ysi TeopeMy KOCHHYCOB, HAXOJM:

. B . L o
|Brpal® = [Eal” + | Eo|* — 2| Ea| - [Eb| - cos = =

2 2
= FE? + E? - 2F? COSNW = 2F? <1 — cos ]\7;) = 4F?sin? %
N N
CremoBarenbho, 2F sin % = KJJRQ’ ukb = q

.o
8mepR? sin N

4. Y4acTok ruOKOro 1poBojia Maccoit m moji-
BEIlleH TAaK, YTO €ro KOHIbI 3aKPeIrIeHbl Ha
OZIMHAKOBOII BbICOTE (CM. pucyHok). IIpoBox
HAXOJUTCS B OJIHOPOJIHOM TOPU30HTAJIHHOM
MarHUTHOM TI0JIe ¢ UHIYKIuei B, u no Hemy
teaér ToK [. Cmibl, JeficTByomue Ha MpPO-
BOJI B TOYKaX MOJBECa, 00pa3yoT yroa « ¢
ropuzonTom. Haiimure cuiy T HarszKeHUst
MIPpOBOJIA B €ro HIKHei Touke. Pasmepsl L u h M3BECTHDI.

Pemtenne. OGo3HaunM HUXKHIOI TOYKY NpPOBOja [epe3 A, Bepxnue
rouku — depe3 B u C' (cM. pucynok). Beejém B 1JI0CKOCTH IIPOBOJA JeKap-
TOBY HPSAMOYTOJBHYIO CHCTEMY KOODJIMHAT, HAIPABUB OCh X BIPABO, OCh
Y — BBepx; oboznaunm koopaunarel Touek A u C Kak (xa;y4) u (xo;yc).
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Pacemorpum yaacrok niposojia AC. Ha vero
JEeHCTBYIOT HallpaBJIeHHAs BHU3 CHUJIA TAXKECTH

—

——, HallpaBJIECHHasd BJIEBO CUJIQ T HaTIXKEHNS

HUTH B HMXKHeWl TOouke A, HalpaBjIeHHas IO/l
YIJIOM (¢ K TOPH30HTY CHJIa HATSIKEHHS! HUTH X
F u cuna Awmrmepa Fmarn , JIEMCTBYIOIIAsl CO CTO-
POHBI MATHATHOT'O ITOJISI. BanmueM yCJIOBHE PaB-
HOBECHST CUCTEMBI B TIPOEKIMAX Ha ocn X 1 Y:

Eyat 4 Feosa—T =0, F;“am—l—FSina—%:O.

Bripakas u3 BTOpOro COOTHOIIEHUST HEM3BECTHYIO BEJIMIUHY CUILI F' 1
MIOJICTaBJIsIsl €€ B IEepBOe ypaBHEHWE, HAXOINM MCKOMYIO CHJIY HATS KEHUS
HUTH:

T — Fa]\?/IﬂFH + (,r];g FME)I‘H) Cth{.

Jtst moJTydeHus OTBeTa OCTAETCS HANTU KOMITOHEHTBI
cunbl Ammepa Fvarn Paccmorpum MmasieHbKUIT OTpe30K Al
nposojia jymnoi Al, cOCTaBJSIOMUNA YroJi <y ¢ TOpHU- s\ e
30HTOM U PACIOJIOXKEHHBIH MexKIy Todkamu ¢ koopau- (&)
waramu (x;y) u (x + Az;y + Ay), tme Ax = Al - cosvy,
Ay = Al-siny (em. pucyHok). Ha sToT yuacTox mefi-
crByer cuyia Ammepa AF Mart - napHast 10 Moy [ BAl u HanpasjieHHast
IIOJT YTJIOM Y K BEPTHUKAJIHM. JTA CAJIA UMEET KOMIIOHEHTHI

-
AFM&F[[

AP = AFMginy = IBAlsiny = IBAy;
AR = —AF™ ™ cosy = —IBAlcosy = —IBAx.

CkianpiBast cuiibl Amiepa, JefiCTBYOIIe Ha BCE MaJIble OTPE3KH yIacTKa
AC 1poBojia, HAXOIUM:

EY*™ = IB(yc — ya) = IBh;

L
F;}darﬂ = —IB(xC - xA) = —IBE.
Ioxcrasisist pe3dynbrar B GOPMYILY AJIsl CHIIBI HATSIXKEHUST IIPOBOJA, [IPUXO-
JUIM K OTBETY:

IBL
T=IBh+ %ctga
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5. Toukasi cobuparomasi JuH3a ¢ (OKYCHbIM paccrosauem F = 30 cm
co37AET M300paskeHne JIBUXKYIIErocss TOYETHOr0 MCTOYHUMKA cBeTa. Korna
MCTOYHUK CBETA IIePECEKAJI IIABHYIO OIMITHIECKYIO OCh JIMH3BI, JBUTASICH IO,
yriioM « = 60° K Hell, yrojg MexKJy CKOPOCTHIO ero M300parKeHusl U ITOH
ocbio cocrasisiii 3 = 30°. Ha KakoM paccTOsiHUM OT JIMH3BI B 9TOT MOMEHT
HAXOJ/UJICSI UCTOYHUK CBETAT!

Pertenne. Bpeném mekapToBy NpsIMOYTOJIBHYIO CHUCTEMY KOODJIMHAT,
BBIGpaB B KavecTBe HadaJla KOOpAUHAT onTrudecKuii nentp O JIMH3bI 1 HAIlpa-
BUB 0Cb X OT MCTOYHMKA A B CTOPOHY LEHTpPa JIMH3BI, & OCh Y — NepIeH M-
KYJIIPHO TJIaBHOII ONTHUYECKOI OCH B IIJIOCKOCTH, IIPOXOAAINEI yepe3 9Ty OCh
U BEKTOD CKOPOCTH UCTOIHMKA. OBO3HAINM KOOPJAMHATHI HCTOYHUKA A U €ro
nzobpazkenust B 1epe3 (—a;ya) u (b;yp) COOTBETCTBEHHO, & KOMIIOHEHTHI
CKOPOCTH MCTOYHHKA ¥ €0 U300paKeHns: — depe3 (Vaz;Vay) U (VBz; Upy).

IlycTh B HaUaJ bHBIH MOMEHT Bpemenn ¢ = (0, KOT/a HCTOYHHK HepeceKal
[JIABHYIO ONITHYECKYIO OCh JIMH3BI, X -KOOPJUHATHI NCTOYHUKA U M300paske-
HUST PABHSLINCH —Qg U by COOTBETCTBEHHO; TOT/A 110 (hOPMYyJIe TOHKOMN JIMH3bI

1 n 1 1
ao bo F.
AHaJIOFI/I“IHO7 IIpuMeHdad (bOpMyJIy TOHKOI JIMH3bI B MOMEHT BpemMeHnun At >

0, numeem:
1 1 1

to— oA bt updt
Boranrast mepsyo dopmysry u3 BTOPOIt, HAXOIWM:
Vaz AL B v At
ao(ag — vazAt)  bo(bg + vpLAtl)’

Cunrast At MajbIM, MOIyYaeM BBIpAYKEHHE JIJIsi OTHOIIEHUsT X -KOMIIOHEHT
Vaz Qg
= .
VUBzx bO
Haitném teneps orHOmenne Y -KOMIIOHEHT CKOPOCTE NCTOIHUKA 1 U300~

CKOPOCTEIi:

paskeHusi. YITEM, 9TO JIyd, TPOXOJSIIUI depe3 ONTUIECKUIl EHTD JTMH3bI,
HE IPEJIOMJISIETCST; CIIeoBaTesbHo, Touku O, A 1 B Bcerja JjiexKaT Ha OJ{HOM
npsiMoit, u yryioBbie KoadurmenTs! mpsimbix OA u OB coBnagaior:

_Ya _YB
a b’
B wactHOCTH, B MOMEHT BpeMeHn At moJrydaem:
vay At vpy At

7@0 — VA AL - bo + UBa;At'
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Cunrast At MaJIbIM, HAXOIUM:

Vay Qo

UBy bo

Kak BoiTekaer u3 ycioBud 3a/1a491,

tg VAy VUBa @
tg B VAz UBy ao
tg o

CremoBaresbHo, by = it 3 - ag. ITogcrapiss nanHoe COOTHOIIEHME B (POp-
g

83 :l I/IaozF(litgﬁ)

MYJLy TOHKOW JIMH3bI, HAXOIUM: — ,
ag aptga F tg o
t 1 4
ITockombKy g—ﬂ =—,1000=-F =40 cm wu ag = = F = 20 cm.
tga 3 3 3
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DKcnepumeHTaJ bHbINH TYp 2007 /2008 y4. roga

Cocrostics 15 mapra 2008 roja.

DKCIIepUMEHTAIbHBIN TYp MPOBOIUTCS HadWHasi ¢ camoil mepsoit Moc-
KOBCKOIi pusndeckoit ojmmumant (1939 rox). Jo 2003 roga BKIOYATENHLHO
MMEHHO Ha IKCIIEPUMEHTAJTBLHOM TYype OMPENeIsINCh TOOETUTETN OJTUMITH-
aJIbl.

C 2004 roma bopmasibHbIE UTOTH OJIMMITUA,IBI TIOBOJIATCSI TOJIBKO II0 TEO0-
perudeckuM TypaMm. Ha sKcnepuMeHTAJLHBIN TypP, TPAJUIMS TPOBEICHUST
KOTOPOT'0 COXPAHUJIACH, MPUTJIAIIAIOTCI MO UTOraM TEeOPETHIECKUX TYPOB
MOCKOBCKHE MKOJbHUKHA 9—11 KitaccoB. DTo AaéT BOZMOXKHOCTH 3TUM IIKOJIb-
HUKaM JIydIle MOJATOTOBUTHCS K yUIACTHIO BO Bcepoccuiickoit oauMmmmaie
I10 dpl/ISI/IKG, rie HpI/I II0/IBE€/ICHNM UTOI'OB B paBHOﬁ CTelleHn y“II/ITbIBaIOTCH
PE3yJILTATHI KAK TEOPETHIECKOr0, TAK U IKCIEPUMEHTAJILHOTO TYPOB.

DkcrepuMeHTa bHbIE  Typ MOCKOBCKOI  (DU3MYECKONW — OJIMMITHA BT
COCTOUT W3 JBYX OSKCIEPUMEHTAJBHBIX pabor. Ha BbImOIHEHWE KaXKIOM
paboOThl OTBOAWMTCA 2 AaCTPOHOMUYECKMX daca. JIas KaxKIoro Kiiacca
(9, 10 u 11) mpemraraloTcss OpejIaraeTcsi KOMIUIEKT U3 JBYX DaboT,
OJIMHAKOBBIN JIJIT BCEX IMKOJBHUKOB 9TOr0 KJacCa, HO pa3Hble YIACTHUKU
MOI'YT BBIIOJHATH CBOM PabOThI B PA3HOU IOCIEI0BATEILHOCTH (CILyCTsI
2 Jaca mocjie HavdaJaa Typa IMKOJLHUKHU CIAI0T OTYET IO MepBoil pabore u
MEHSIIOTCST MECTaMHU C TeMH, KTO BBITIOJJHSI APYTYI0 PaboOTy; TEM CAMbBIM
HOMepa pabor «1» u «2» B KayKJIOM KJacce sBJISIIOTCH yCIOBHBIMU).

JI1st BBITIOJTHEHUST KaXK 0 pabOThl YIACTHUKY TYPa BBIIAETCSI KPATKOe
onncanue (UMEHHO T KpPaTKUe ONUCAHUS M IIPUBOJIATCS 3/1eCh B KaueCTBe
YCIOBHI 33JaHUi) U KOMILIEKT HEOOXO0IUMOro 000pyIoBanusl (M3MepUTE b
Hble MHCTPYMEHTDI, IPUOOPBI, JeTaau, u3ydaeMblii 00bekT). Corpyaauku
KIOPH JTAI0T Pa3bsCHEHUs Tepe ] BHITIOTHEHNEM KaXK 10 paboThl, OTBEIAIOT
Ha BOIIPOCHI IMIKOJIBHUKOB II0 XOJIy €€ BBIIIOJIHEHUS, YCTPAHSIOT BO3HUKAIO-
7€ TPUA 9TOM TEXHUYECKUE HETOJIAJIKHU.

Ob6pariaem Ballle BHUMAHME, 9TO OIUCAHUS PAOOT U IPUBEIEHHBIE Pellle-
HUSA BJISIOTCST UMEHHO kpamkumu. OHI JAIOT JOCTATOTHO TTOJTHOE TIPEICTaB-
Jleane o paboTe, HO He 3aMEHSIOT COOOM BO3MOXKHOCTH peabHOI pabOThI
¢ obopymoBaHmEM, Pa3bsICHEHNN, OTBETOB Ha BOIPOCHI U pa3bopa pere-
HU# TI0CsIe TIpoBeieHus Typa. [1o/b3ysich TOBKO TPUBEAEHHBIMYI TEKCTaMU,
B [IPUHIIAIIE HEBO3MOXKHO NOAHOCTNHI0 PA300PATHCS B 38 JaHUSIX IKCIIEPUMEH-
TAJIBHBIX TYPOB (B OTJIAYUE OT TEOPETUYECKUX TYPOB, TIe BCs He0OX0uMast
urdOpMAaIHsl COIEPKUTCS B TEKCTE YCJIOBUS 3a/1a4H).
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9 KJjacc

9.1. UccaegoBaHue MOJIYITPOBOJHUKOBOTO JIMOIA.

Sagmanne. CHATH BOJIBT-aMIIEPHYIO XaPAKTEPUCTUKY U0/, OMPEIEIUTH
HAIPSIZKEHNe, IIPU KOTOPOM TOK 1epe3 juos cocrasisier 0,1 MKA.

Ob6opyoBanue. Jlyoj HEM3BECTHOIO THUIA, OarTapeiika HaIpsSXKEeHHEM
1,5 B ¢ aepxkaresem, norenrmomerp 1 KOwm, pesucropsr 1 kKOwm, 10 kOwm,
39 kO™, MyJIBTUMETD JIEKTPOHHBI.

Juon moAKIIOYEH K M3MEPUTEIHHOW CXeMe IPU MOMOINUA 3ayKUMHOM
naHeau (IOJISIPHOCTD HOJAKJIIOYEHMs Iuojaa BbiOpaHa npasuibao!). M3me-
Hsisl TI0aBaeMOe Ha U0/ HAIIPS2KEHUE IIPY ITOMOIIHU IOTEHIINOMETPA, HYKHO
OIIPEJIEJIUTh 3aBUCUMOCTD TOKa Yepe3 JINOJL OT IIPUJIOYKEHHOTO HAIIPSIZKEHUST
B JIOCTATOYHO IUPOKOM JIMana3oHe TOKoB. [Ipobsiema B ToMm, uTo B Bamrem
PACIIOPSAYKEHUN BCErO OJIMH U3MEPUTENbHBINA prubop (yHUBEPCAJILHBIA MHO-
rOIIPEIEJIbHBINA aMIIepMeTp — BOJbTMeTp — oMmMerD). Ipuaymaiire criocob
U3MepeHUsl HYKHBIX BEJIMYHMH C UCIIOJIb30BAHUEM BbIIAHHBIX PE3UCTOPOB (MX
COIIPOTUBJIEHUSI MOXKHO U3MEDPUTH TEM K€ MYJIbTUMETPOM C TOYHOCTBHIO HE
xyxe 1%).

CupaBouHble naHHBbIE. B pexXuMe UW3MepeHUsl HAIPS2KEHUI BOJBTMETD
umeer conporusiieane 1 MOwM (oauHakoBoe Ha pa3HBIX IpeeIaX, 3TO
3HAYEHUE MOXKHO CUYMTATh TOYHBIM). B peXuMe u3MepeHusi TOKOB <IIajie-

HUE HAIPSI?KEHWUS> IIPH MAaKCUMAJBHOM 3HAYEHUU U3MEPSIeMON BeJIMYMHbI
cocrapisier posao 0,2 B. Conporusnenne 1 kOm — 310 posao 1000 Owm,
1 MOwMm — posno 1 Muummor Owm.

TIOXKAJIYICTA, He HOAKIOUaliTe TPUOOpP K HaTapeiike HAIPAMYIO B
pekuMe u3MepeHusi TOKOB — mpubop Oymer ucnopuen. He momkirogaiite
JIMOJT, HAIIPAMYIO K OaTapeiike — IMOCIEI0BATENHHO C IUOJO0M JTOJIZKEH ObITHh
IOJIKJTIOUEH KaKOW-HUOY/Ib U3 BBIJAHHBIX BaM pesncropos!

9.2. IamepeHne Macchl IIJIaCTMACCOBOM MPY>KUHKMU.

Saganne. V3MepuTh Maccy ImjacTMACCOBOI IIPYKUHKHU.

Ob6opymnosanue. [InacTmaccoBas TpyKUHKA ¢ OOJIBITAM YUCIOM BUTKOB
7 He OYeHDb OOJIBIION KECTKOCTHIO, MOHETa HOMIHAJIOM 1 pybsib — e€ macca
M3BECTHA U COCTABJISIET POBHO 3,3 T', MIJLIMMETPOBas Oymara, MepHasi JICHTa,
JIUTIKAs JIEHTa — I10 Mepe HeoOXOIMMOCTH.

Hy2xHo npugymaTs criocod 1 IpOBECTH U3MEPEHUST, UCIIOJIb3Y sl BhIIAHHOE
ckyHOe obopymoBanue. [locTapaiiTech MOIyInTh PE3yJIBTAT ¢ MAKCUMAJIHHO
BO3MOKHOIT TOUYHOCTBIO.
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Pemtenne. Cama mpyKUHKa MOXKET CJIYyXKHUTb U I'PY30M, U I[PYKUHOM
st m3mepennit. CHava a CIeayeT MePEeCINTaTh BCe BUTKU MPYKUHBI, CJIe-
JIATH OTMETKY Ha €€ cepejune (WM B APYIHX TOYKAX, JAEIANIUX [PYKUHY
B OIIPEJIEJIEHHBIX [IPOIOPIMAX) U U3MEPUTH HAYAJIbHYIO JIMHY HeledopMu-
POBAHHOI IIPY2KUHBI. 3aTeM IIPYKUHA OJIHUM KOHIIOM KPEIUTCS Ha IITATHBE
TakK, 9TOOBI €€ OCh 3aHsljIa BEPTUKAJIBLHOE ITOJIOXKEHNE, KO/ IIPYKUHA CBO-
OOIHO BUCHUT B ITOJIOXKeHUU paBHOBecusi. Hy>KHO yOeIuThCsi, 9TO CBOWCTBA
MIPYKUHBI IPUMEPHO OJMHAKOBBLI BJOJIb BCeil €€ mymubl. s 9Toro mame-
pSAIOTCS YAJIMHEHNs BepXHEHl M HIKHe# 1mojoBuH npyxkunbl. [locse sroro
KOHIIBI IIPY?KUHBI MEHAIOTCS MECTaMHU U BHOBb U3MePAIOTCA YAJINHEHNA BEPX-
Hell U HUXKHEH ITOJIOBUH IIPYXKWHBI. 3aKPElUB IPYXKUHY He 33 €€ KOHeIl,
a B HEKOTOPOI1 JIPYyTroif TOYKe, MOXKHO yOeIUThbCsl, IYTO y/JIMHEHUE KaKON-TO
YaCTH [PYKUHBI (HAIIPUMED, IIOJIOBUHBI OOIIEr0 KOJMYECTBA BUTKOB) IIPO-
ITOPITMOHAIBLHO YUCITy BUTKOB, 3aKPEIIEHHBIX 110/ TOU JacThIO CHUZY.

3areM K HUKHUM BUTKAM IIPYKUHBI JIMIIKON JIEHTOI KPEIUTCsT MOHETA.
CHoOBa u3MepsieTcsl YJJIMHEHNE BEPXHEl IIOJIOBUHBI IIPYKUHBL. Y IHHEHNE
I10JT JefiCTBUEM MOHETHI U3BECTHOM MaCChl COOTBETCTBYET Y/JIMHEHHUIO 3TOT'O
2Ke y9acTKa IPY2KHUHBI 10T JIeCTBUEM HEKOTOPOI'O KOJIMYECTBA IPUKPEILICH-
HBIX CHU3Y BUTKOB TPY:KUHBL. OTCIOMa MOXKHO BBIUUCIUTH TOJHYIO MACCY
IIPY?KUAHBI.

10 kaacc

10.1. IamepeHne €MKOCTH KOH/IEHCATOPA.

Saganne. VI3MepuTh EMKOCTD 3JIEKTPOJIUTUIECKOIO KOHAEHCATOPA.

Ob6opynosanme. Kommencarop 00/bII0it €MKOCTH, MTOAKIIOYEHHBIN K
3aKUMHOMY YCTPOHCTBY (KOHIEHCATOP IIOJISIPHBII, €10 « MUHYCOBBI» BbIBO/L
HOJKJIIOYEH ¢ Kpalo), barapeiika (Hanpsizkenuem npubiusurenasto 4,5 B),
MYJIBTUMETDP CTPEJIOUHBIN, CEKYyHJIOMED, PE3UCTOP C U3BECTHBIM COIIPOTUB-
sieaneM 152 kOwm, ipoBojia.

Hy»xmno m3MepuTh ¢ MaKCHMAaJbHO BO3MOXKHOU TOYHOCTHIO EMKOCTH
BBIJIAHHOTO KOHJIeHCAaTOpa. TOK IOJIHOrO OTKJIOHEHUsI IPUOOpa B PEXKUMeE
u3Mepenust Hanpsizkennit 50 MKA, ero copoTHBIIEHNE B PEKUME H3MEPEHUsT
nanpsikenuit 20 KOm/B. Kuace Tounoctn npubopa npuHaTh pasHbiM 1,5%.

VYkaszanue. Criocob pereHnst O9eBUICH: HYKHO 3apsi?KaTh U PA3PAKATH
KOHJIEHCATOD OT OaTapeiiku depe3 Pe3ncTop ¢ M3BECTHBIM COMPOTUBICHUEM.
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10.2. Ismepenune armocgepHOro qaBJIEHUS.

Saganne. V3mepurh armocdepHoe JaBjieHHe B MOMEIIeHUN KadeIpbl
dusukn MUOO, B KOTOPOM ITPOXOIUT IKCIIEPUMEHTATIBHBIN TYP.

Ob6opynosanue. TepmomeTp, TOHKasT CTEKJITHHAS TPYOKa JIHHON 15 cM ¢
[TOCTOSTHHBIM BHYTPEHHUM CEYEHHEM, OTKPBITas C OJJHOTO KOHIIA U COeJ[IMHEH-
HAasl C TIOJIBIM CTEKJITHHBIM IMAPUKOM C JIDYTOro KOHIA, INTACTUKOBAs THOKAsT
TpyOKa JyInHOM 1 M ¢ BHYTDEHHUM CEYEHHEM, KOTOPOE HEMHOI'O MEHbIIe
BHEIITHEI'O CEUEHUs CTEKJISTHHOM TPYOKM, IJIACTUKOBAas EMKOCTb JIJIsi BOJIBI,
MepHag JIeHTa, ropadag Boja (110 TpeGOBAHUIO), JIUIIKAS JIEHTa — 110 Mepe
HEOOXOIUMOCTH.

Hyxmo nmpuaymars crocod n M3MEPUTh JaBJIEHHE aTMOC(HEPHOrO BO3-
JlyXa B TIOMEIIEHUU ¢ MAKCUMAJILHO BO3MOXKHOI TOYHOCTBIO.

Pertenune. [Ipemanmosmarapmmmiicss Xoa pereHnst 3a1a91 TaKOB.

Yacmo 1. B ropsueit (83 °C) Boie HarpeBaercsl CTEKJISIHHBIA NIAPUK,
a 3aTeM OTKPBITHIfI KOHeI[ CTEeKJSHHON TPYOKM OIyCKaeTCs O BOJIY.
B pesynbrare oxjaxkieHusi TPYOKH U BO3/yXa BHYTPH HEE 0 KOMHAT-
Hoit Temueparypet (23 °C) B TpyOKy BrarmBaercsa Boja. Pasmepnl TpyOKu
U mapuka ObUIM TaKUMM, YTO CTEKJdHHAasd TPYyOKa HOYTH IEIMKOM (Ha
150 MM) 3amoJiHsAJIACH BOJIOW, & B MIAPUK BOJAA HE HOIAJAAJIA. DTOT IKCIIEe-
PUMEHT ITO3BOJISIET YCTAHOBUTH OTHOIIEHWE BHYTPEHHUX OOBHEMOB ITapUKa
V1 1 MuIMHIPUYIeCKOH 9acTu CTeKJATHHON TpyOoKu Va:

Vi
(Vl + V2)TKOMII = Vl (TKOMII + 600); 7 ~ 9.
2

Yacmo 2. C MOMOIIBIO HArpeBa W OXJIAXKJIEHUS I[MAPUKA MOXKHO IIOMe-
CTUTH HEOOJIBINON CTOJIOUK BOJBLI BHYTPb [UJIMHIPUIECKON YACTU CTEKJISTH-
HO# TpyOouku. OH OTIEIseT BO3IyX BHYTPH IIApUKa W TPYOOUKH OT BO3-
ayxa cHapy:Ku. HagampHbIit 00bEM BO3IyXa, OTAECJIEHHOTO BOJSHBIM ITOPII-
HEeM, paBeH

Vo=|V1+ iV2
L
3nech L — Bes 1yivHA, IMUITHHAPAIECKOTO YIaCTKA CTEKISTHHON TpyOKH, a | —
JJIMHA OUJINHIPAYECKON YacTH, 3allOJHEHHONU BO3AYyXOM M IIPUMBIKAIOIIENH
K IapUKY.

TloyauBrieecst ycTpOHCTBO MOXKHO UCIIO/IB30BATH KAK YaCTh YCTAHOBKHU
JUIs U3MEPeHUsl JIaBjeHusl. Bropasi 4acTh yCTAHOBKU W3TOTABJINBAETCS U3
ILUIACTUKOBOI TpyOKM U BOjbL. [L1acTHKOBYIO TPyOOUKY CJIEI0BAJIO PACIOJIO-
KUTh TOPU3OHTAJBHO W 3AIOJHUTH BOJOW MPUMEPHO Ha MOJOBUHY JIMHEI.
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Bona no/mkHa ObLIa HAXOIUTHCS B CpeIHEN 4acTu TPYOKH, a OCTajIbHAs
gacTh TPYyOKH (BOJIU3U €6 JBYX OTKPBITHIX KOHIIOB) JIOJKHA ObLIA OCTATHCS
nycroii (3anosHeHHON BO3ixyxoM). ljmHa cTOJOMKA BOIABI B ILUIACTHUKOBOI
TpyOKe u3MepsieTCsi € IMOMOIIBI0 MUJIIUMETPOBKM WM JIMHEHKHU. 3aTeM
OJIHAM KOHIIOM 3Ty IJIACTHKOBYIO TPYOKY HY?KHO COEIMHHUTH C OTKPBITBHIM
KOHIIOM CTEKJISTHHOI TPyOOUKY, B KOTOPOIl y2Ke HaXOIUTCsT Pa3 e IuTe/IbHbIIA
CTOJIOUK BOJBI.

Ecim mnactukoByo TpyOKy NpWBECTH B BEPTUKAJBHOE IIOJIOXKEHUE,
TO MOXKHO YBEJUYUTH WU YMEHBIIATH JABJIEHUE BO3/IYyXa B CTEKJISHHOM
mapuke. JlomoHuTEIbHOE JIABI€HNE, CO3JAHHOE B TPYOKEe CTOJIOOM BOJIBI
jymHOi h, paBHO pgh. Temmeparypa BO3yXa BHYTPH MIAPUKA OCTAETCSI
ITOCTOSTHHOM, 1mo3TOMYy maBjieHne P u o6bém V' 3ameproro BOmAHON 1poO-
KOIT BO3yXa CcBA3aHbI cooTHOmenneM PV = const. I3aMepuB nepemernenne
Pa3/IeJINTEILHOIO CTOJIONKA BOJBI B CTEKJITHHON TPYOOUYKe X, MOXKHO HANTH
JlaBJyieHne Bo3iyxa Py B KOMHaTe:

l | —
Vit 2V ) Po= (Vi —=Va ) (Po+ peh).

Cremyer mpoBecTH HECKOJIBKO H3MEPEHUil, paciojaras ILIACTHKOBYIO
TPYOKY [0-pa3sHOMy (IOPU30HTAJIBHO, BEPTHKAJBHO C YBEIMYCHUEM JABJIe-
HHUsl BHYTPHM CTEKJ/ISHHOI'O IIapUKa, BEPTUKAJbHO C YMEHbIIIEHHUEM JlaBJie-
HUsI BHYTPH CTEKJISTHHOTO IIAPUKA). DTH HECKOJIBKO U3MEPEHHIH TT03BOJISIIOT
BBIYHCJIUTD JABJIEHUE BO3/yXa B KOMHATE U OIPEJIEIUTD HOTI'PENTHOCTH U3Me-
peHus.

11 kaacc

11.1. ViccienoBaHue «YEPHOTO SATIMUKA».

Saganne. OUpee/inTh CXeMY COEIMHEHHs 3JIEMEHTOB BHYTPH «9IEPHOIO
AIMMKA», U3MEPUTDH IIapaMeTPhl 3TUX 3JIEMEHTOB.

Oo6opymnoBanue. «YEpHBII AMUK», T€HEPATOP HU3KON YaCTOTHI, MUJLIN-
aMIIEpMeTp MEPEMEHHOr0 ToKa, pesuctop 1 kKOwm, mpososa.

B «samukes comeprkaTcsa maBa dJeMeHTa — HY?KHO OIPEIeTUTh THIT ITUX
9JIEMEHTOB, CXEMY UX COEJIMHEHUs, U3MEPUTH ¢ MAKCHUMAJIbHO BBHICOKON TOY-
HOCTBIO WX MapameTpbl. MujinaMmiepMerp uUMeeT JBa IIpejiesia U3Mepe-
it — 5 u 50 MA, oH XOpoIIo paboTaeT Ha TEX YacTOTaX, KOTOPhIE obecIe-
IUBAET TEHEPATOP, OH COAEPIKUT JAUOTHBINA BBITPSIMUTEb, «IaIeHIE HAIIPSI-
KEHHUS» Ha MUIJLIHAMIEPMeTPe MPU MAKCHMAJBHOM OTKJIOHEHUH CTPEJIKH
npubopa cocrasisier npumepuo 0,6 B.
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Pemenne. B ANMUKE HaXO/[NJINCh MHAYKTUBHOCTH U él\’IKOCTB, BKJTFOYEH-
HbI€ TapaJIJICJIBHO JIPYT APYTY.

Ecnu BrTOYHTH 1OCTIEI0BATENHHO TE€HEPATOD, PE3UCTOD, <«UIEPHBIH
SINUK» ¥ MUJUIMAMIIEPMETD U IIJIABHO M3MEHSITh YacTOTY, Ha KOTOPOii pabo-
TaeT TeHepaTop, To Ha dyacrtore okoyo 10 kI MoKHO OBLIO OOHAPYKUTH
«IaJIeHNey TOKA3aHUI MUJITHAMIIEPMETPA B Y3KOI MI0JIOCE YaCTOT. JTO COOT-
BETCTBYET PE30HAHCY KOJIeOaHMIT B KOHTYPE, COCTOSIIEM U3 KATYIIKA HHITYK-
THUBHOCTH U KOHeHcaTopa. [Ipu 3ToMm obiiee conpoTrBIeHne TOCIEI0BATE b
HOI1 eI CTAHOBUTCS OY€Hb OOJIBIIUM, YTO COOTBETCTBYET HAPAJIIETEHOMY
COEJIMHEHUIO0 KOHJEHCATOPa W KATYIIKA WHIYKTUBHOCTU BHYTPU <«IEPHOIO
ATAKAY.

TTockobKy 3J1€MEHTOB BHYTPH SIMAKA BCETO [BA, MOXKHO yOEIUTHCH
B TOM, YTO TaM JAefCTBUTEJIHLHO KOHJEHCATOP U KATYIIKA WHIYKTUBHOCTH.
st aTOTO cobupaeM cxemy, B KOTOPOil MOC/IET0BATEIHHO COETUHEHBI MeHe-
paTop, «4EPHBIA SIMUK» ¥ U3MEPUTE/IbHbINH mpubop. [Ipn gocrarounom ya-
JIEHUU TI0 YACTOTE OT PE30HAHCA KaK BHU3, TAK W BBEPX IIOKA3aHUS IIPUOOpa
PACTYT BILIOTH [0 €r0 «3aIMKAJIUBAHUSIY. JTO COOTBETCTBYET TOMY, ITO CYM-
MapHBIII UMITEJIAHC «9IEPHOTO ANNKA» YOBIBAET U HA HU3KUX, U HA BBICOKUX
4acToTax.

Yro6bl IIPOBEPUTDH, HACKOJLKO <«XOpOII» TeHepaTop (B TOM CMBICIE,
HACKOJIBKO MAaJIO €r0 BHYTPEHHEE COIPOTUBJIEHUE), COOEPEM CXeMy, B KOTO-
POil «UEPHBIN SIMUK» TOCAEIOBATENBHO C MUITHAMIIEDMETPOM ITOIKJIIOIEH
K TeHeparopy. BeibepeM 9acToTy, Ipu KOTOPO# MmoKa3aHue mpubopa cocTa-
BHUT IIPUMEPHO IOJIHYIO €ro IIKaJIy U IPHU JajIbHEHIIeM YIAJIeHUn OT Pe30-
HaHCa WPOJOJKaeT pactu. [ljsi 3Toro Hy»KHO yATH OT pe3oHaHca Jbo
BBEpX, JUO0 BHU3. 3aTeM IOJKJOUYAM K BBIBOIAM IE€HEPATOPA PE3UCTOP
1 kOm. Ecim nokazanme nmpubopa M3MEeHMIOCh MaJIo, 3HATUT, €10 COIIPOTUB-
JIEHUE 3HAYUTETbHO MEHBIE COMPOTUBJIEHUS PE3UCTOPA, TO €CTh TeHePaTOP
JIOCTATOYHO XOPOIII.

Tenepp HOAKIIOYUM 3TOT K€ PEIUCTOP NMAPAJIIEJILHO U3MEPUTETHLHOMY
npubopy. Eciu ero mokasanme M3MEHHUTCsl MaJjio, 3HAYUT, €r0 BHYTPEHHee
COINPOTUBJIEHNE 3HAYUTETHFHO MEHbIIE COIIPOTUBJIEHUS PE3UCTOPA, ITO TOXKE
TOBOPUT O KAdeCTBe Mpubopa.
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Ilpu  wsMeHeHMEm  YaCTOTHI  PeHeparopa  BOJU3UM  PE30HAHCA
BBEPX U BHU3 MOXKHO JIOOUTHCSI TOTO, YTOOBI MUJLIMAMIIEDMETD MTOKA3BIBAJ
MaKCHMAaJbHOEe 3HAa4YeHHe TOKa [, KOTOPOEe OIpeessercs MMapaMeTpaMu
«4EPHOrO slMKa» (COUPOTHBIECHUSIMU DEHEPATOPA U MUJLIMAMIIEPMETDA
upenebperaem). ITocsie TOro BKIIOYAEM B IElb HOCJEIOBATEIBHO C «4YED-
HBIM IMAKOM» U TeHepaTopoM emié u pe3uctop. [lo uaMenenuro moxkazanmii
npubopa [y MOYXKHO BBIYHCJIUATH PEAKTHUBHOE COINPOTUBJIEHUE <«IEPHOTO
ANUKA» HA COOTBETCTBYIOIIEH YACTOTE. DTO IMO3BOJUT HANTH BEIMIUHBI
€MKOCTH W WHJIYKTUBHOCTH, CPABHUB WX HMIIEJIAHCHI C COINPOTUBJIEHUEM
pesucropa. Tounbie hOPMYJIIBI JJIst TOKOB C YIETOM MaJIOCTH COIIPOTUBJIEHUN
pubopa 1 reHepaTopa TaKOBbI:

U,
I = 0 , L=
L/C
/ 2+R2
L
wC

Ecau cunrars, 9TO BBINE YACTOTHI PE30HAHCA OCHOBHOW BKJIAJ, B WMIIE-
JaHC Ma€T KOHJEHCATODP, & JJis HU3KUX YacTOT OCHOBHYIO POJIb HUIPAeT
UH/IyKTUBHOCTH, TO 3T (POPMYJIbI OYIAYT BBIIVIAIETh 3HAYUTEIHHO HIPOIIIE:

I o L= <
= T ) w Wpes,
2 w2L2 +R27 1 UJL P
U
e U ety ws e
1 2
Ter] + R

11.2. UccaenoBanue KoJiebaHuii JuHelKn, 3aKPEIJIEHHON OHUM
KOHIIOM.

Sananne. VccnenoBars Konebanust TUHEHKY, 3aKPEILUIEHHON OIHUM KOH-
1IOM.

Oo6opynosanue. [liacTukoBasi BeTHas JUHENKa JJIMHON 42 ¢cM — 00b-
€KT M3Yy4Y€eHUsl, ITATUB C IJIOCKUM YyT'YHHBIM OCHOBaHUEM, CTPYOIMHA, [TPO-
Ki1ajKa (OPYCOK U3 ajlOMUHUS), BTOpad JuHelKa jJymuoit 40 cM, ToHKasg u
IPOYHAs KAIIPOHOBas HUTH ¢ OycuHKON Maccoit m = 0,34 1, Tpy3 ¢ KPIOIKOM
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U C PE3MHOBBIM KOJIBIOM (KOJIBIO MPEIHA3HAUEHO JIJIsl 3aKPEIlJIeHHs] HUTH ),
JUHAMOMETD IITKOJbHBIA (1peesnl usmeperus 10 4 H).

II.1. Teopernueckas gacTb 3amanus. PaccauTars 9acToTy KOJIeOaHwmii
OyCHHKY, 3aKPEIJIEHHOW Ha HUTHU, KOTOpas pacTdHyTa ¢ cuioit T > mg.
Konnpr HuTn xkéctko 3akperieHbl. OT KOHIIOB HUTH JI0 OYCHHKH PacCTo-
saust L1 u Lo. BycuHKa cMeraercst B HaIpPaBJIEHUH, [TE€PIIEHIUKY/ISIPHOM
PABHOBECHOMY IOJIOYKEHUIO HUTH, U OTIIYCKAETCS.

I1.2. DxcnepumenTanbHas JacTh 3aganus. [1ITaTuB yaIoKUTH «HADOK>.
Wcnonp3yst KHUrn B Ka4eCTBE OIOPBHI, JTOONTHCH BEPTUKAJIBHOIO PACIIOJIOZKE-
HUsI IyTyHHOrO ocHOBaHUs. OOBheKT n3yueHus! (IIBETHYIO JIMHEHKY) € OMO-
IBIO0 CTPYOIMHBI 3aKPENUTh NOPU30OHTAILHO MEXKJIY MTPOKJIAJIKON U 9yT'yH-
HBIM OCHOBAaHHMEM TaK, YTOObI CBOOOJHON OKa3aJach YacTh JUHEHKN JIJIHHON
L (or 25 1o 7 cm). VI3MepuTh 3aBHCHMOCTD YaCTOTHI KOJIeOaHUil JIMHEHKH
oT JuinHbl L eé cBODOIHOM YacTh C IIOMOIIBIO M3MEPUTEIHLHON CHCTEMbBI U3

HUTKU, OYCUHKH, TPy3a.

Pemenne. Ilepsas (Teopermyeckasi) dactb pabOTbl ObLIA  YCIIEIIHO
BBINONTHeHa Bcemu ydaacTHukKamu III Typa. Bce mamuim 3aBucuMocTh cOO-
CTBEHHON YacTOTBI KOJI€OAHWUIl CHCTEMbl U3 HUTEH M OYCUHKH OT JaHHBIX
B yCJIOBUU TIAPAMETPOB:

Vcii0Br€ 9KCIIEPUMEHTAIBHON 9aCTU 331291 [IPEIIOJIATaJI0 BIIOJIHE OIIpe-
JIEJIEHHBIN CIIOCOO 3aKpeIUIeHusT JTHHEWKH C IIOMOIIBIO IMTATUBA U CTPYO-
IIUHBL: IIJIOCKOCTH JIMHEHKU B IIOJIOXKEHUU PaBHOBeCHUsI ObLjIa BEPTHKAJIBLHOI,
IIPX TOM JIMHEHKa ObLIa BBITSHYTA B JJINHY TOPU30HTAJIBHO.

CsoboiabIe KoJiebaHust JITHEKN BO30OY XK IAJINCH BPYYIHYIO
yIapoM TO JIMHeWKe WA IyTEM BBIBEJEHUs] €€ W3 TOJIOYKEHUs] PaBHO-
BECHUST U OTIIYCKAHUS.

st m3MepeHHMs YacTOThI KOJIeOAaHW JIMHEHKU Ha JIMHEWKY BOJIU3U
MecTa €€ 3a)KuMa CTPYOIMHON KpEenuTcsl OJWH W3 KOHIOB HUTU KoJeba-
TEJILHOU CUCTEMBI, IPETHA3HAYEHHOI [T M3MEPEeHNs YaCTOThI. Takoe MecTo
KpelruieHust obecrieauBaeT ciaabyio CBa3b KOJIEOATeIbHBIX CUCTeM (JUHEHKN
u OyCHMHKM HA HUTKE), TO €CTh HUTKa ¢ OYCHMHKON He CUJILHO BJIMsIeT HA COO-
cTBeHHbIe Kojiebanus quneiku. [Ipu Bo3OyKaeHnn Kosiebanmii TuHeHKN BO3-
Oy:kmarorcst U Kojebanust Oycuaku. BOm3u pesonanca KojebaHusi OyCUHKN
UMEIOT JIOCTATOYHO OOJIBIIYIO AMILIUTYLY, YTOOBI 3aUKCUPOBATH HAJIMINE
9TUX KojebaHmit W momodpaTh MapaMeTpbl M3MEPUTEIbHON CUCTEMBI I
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mojtydeHusi pe3onanca. [logbop ocyIecTBsjicsi U3MEHEHUEM JIJIMH CBODOJI-
HBIX YYACTKOB HUTH W M3MEHEHUEM CHJIbI HATS KEHUs HUTH. Pe3onanc Guk-
CHPOBAJICSI BU3YAJIbHO, [IPH 9TOM TOYHOCTH HOAGOpa IAapaMerpoB (JJInHbBI
YYaCTKOB HUTH) HEe IPEBBIIIAIA 2 CM IPU JIJIMHE COOTBETCTBYIOIIEI0 YIaCTKa
HUTU OKOJIO 20 CM, TO €CTb IIOTPEHIHOCTH HU3MEPEHUsHA TaCTOTbI 6])1.]'[3, HE
Menbie 5%.

Ha ocHoBanuu mpoBeEHHBIX M3MEPEHMUil CJIe0BAJIO TOCTPOUTH TPadUK
3aBUCHUMOCTH 9aCTOThI COOCTBEHHBIX KOJIeOaHUIl JIMHEHKN OT JJINHBI €€ CBO-
0OOIHOM YacTH.

Ksaspar yrimoBoit yacToThl KosiebaHuit 06paTHO MPOMOPIHOHAIEH KyOy
JUIMHBI CBODOHOM YaCTH JIMHEHKU. DTO JIErKO 0O0CHOBATH: ITpU (PUKCHPOBaH-
HOM HM3TH0e JUMHEHKN BOJIM3U MecTa €€ 3aKpeIlIeHUs CO3IaéTCsl OlpeeIeH-
HBIIl MOMEHT CHJI, IPOIIOPIINOHAJIBHBIN YIUIy M3ru0a JUHEAKH. ITOT MOMEHT
cui1 0DecIreunBaeT JBUXKEHHE C YIVIOBBIM YCKODEHHEM yYacTKa JIMHEHKH,
Macca KOTOPOro IIPOIOPINOHAJbHA JJINHe yaacTka. MoMeHT mHepnun 3Toro
y4acTKa IIPOIOPIMOHAJIEH, COOTBETCTBEHHO, KyOy JIJIMHBI 9TOTO yYacTKa:

. 3 2
Ko =—-pAL° = w* = ViR
Bropyio (skcuepuMeHTadbHYI0) dYacTh 3afadn ydacrHuku 111 Typa
BBITIOJIHIIN MeHee ycrerHo. CKopee BCero, 3TO CBI3aHO C TeM, YTO MeTO-
JIUKA HACTPONKM U3MEPUTEIbHON KOebaTeIbHON CHUCTEMBI He ObLIa SBHO
OINCaHa B YCJIOBHM 33Jiad¥, a Ha [PUIyMbIBaHHEe COOCTBEHHON METOIUKN
TpebOBAJIOCH BpeMSI.
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OrnaBiieHue

IIpeaucioBue 3
Osaumnuana 2008/2009 yu. roma. 1-it Typ 6
TRKIACC o v v v v e e e e e e e e e e e e e e 6
S KIIACC . v v v v v e e e e e e e e 8
D KITACC . . o v v 10
10 KJTACC .+ o v o e e e e 11
11 KJIAaCC . . v v o o e e e 14
Oxpy>xkHoii stan 2007 /2008 y4. roga 16
11 KJIACC .« o o o e o e e e e e e 16
Topoxckoii sran 2007/2008 y4. roma. 1-it Typ 22
TRIACC « v v v v e e e e e e e e e e e e e e e e e 22
S KIACC . . v v v v v e e e e e e e e e e 24
D KITACC . . v v v v e e e e e e e e 26
10 Kmace . . . . o o e e 30
1l kmace . . . . . o o L e e 34
Toponckoii stan 2007 /2008 y4. roga. 2-ii Typ 40
S KITACC . . v v v v v e e e e e e e e e 40
O KITACC . . v v v v e e 43
10 KJTACC . . o v o e e e e e 47
11 KJIACC . . o o o o e e e e e 55
OkcnepumeHTANbHBI Typ 2007 /2008 y4. rona 61
D KIACC . . v v v e e e e e e e e e e e e e e e 62
10 KIace . . . o o o e e e e e 63
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