ONMMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBEbEBbI FOPbI» no PUSUKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2023 roaa

BUNET Ne 06 (7-9 Knaccbl)

Kpurtepuu onenuBanus:

1S BONIPOCOB:
EcTp oTnensHbIC paBHIIbHBIC COOOpaXkeHus — 1 aJw.
OTBeT B IIENIOM MPABWICH, HO COJNEPKHUT CYIICCTBCHHBIE HETOYHOCTH, WM CYIIECTBEHHO
HEMOJIOH, UJIM OTCYTCTBYET 0OOCHOBAHUE (17151 BOIPOCOB, B KOTOPHIX HEOOX0IMMO 0O0OCHOBAHUE)
— 2 0anaa.
OTBeT npaBuiicH, HO MPUCYTCTBYIOT MEJIKUE HETOYHOCTH, WJIM OTBET HEJIOCTATOYHO IMOJIOH, WX
OTCYTCTBYET JIOCTaTOYHOE 0OOCHOBaHUE (IJI1 BOMPOCOB, B KOTOPBIX HEOOXOIMMO 000CHOBAHUE)
— 3 0asia.
OTBET MOJHOCTBIO MPABUIBHBINA, HO HEAOCTATOYHO OOOCHOBAHHBIN (11 BOIPOCOB, B KOTOPBIX
HeoOXoauMo 000CHOBaHKE) — 4 faJla.
[IpaBunBHBIN, MOTHBIN U 000CHOBAHHBIN OTBET — S5 0AJI0B (MAKCHMAJILHASA OLIEHKA).

g.]]ﬂ 3aaay.

EcTb oTAenpHbIE TpaBUiIbHBIE cOOOpaskeHus — 1-2 6aJuia.

EcTh yacTh HEOOXOIUMBIX Ul PELIEHUs] COOOPAKEHUM, pelIeHne He 3aKOHYEHO WM COJEPHKUT
cepbe3HbIe OmMOKU — 3-4 faJjia.

[TpucyrcTByeT G0blIas 4acTh HEOOXOAUMBIX JIJIsl PELICHUsI COOOpaKeHUl, MPaBUIILHO 3alucaHa
4acTb HEOOXOJMMBIX COOTHOILIEHUM, pELIEHHE HE 3aKOHYEHO WM COAEPKHUT OMMOKH — 5-7
0aJuI0B.

[TpucyTcTBYIOT BCe HEOOXOAMMBIE ISl PEHICHUSI COOOpasKeHUs, IPABHIIBHO 3aIIMCAHBI TOYTH BCE
HE00XO/UMBIE Ui PeLeHHs] UCXOIHbIE YPaBHEHHUs, HO pEIlIeHUE HE 3aKOHYEHO WIN COJEPIKUT
omoku — 8-10 6asiioB.

[TpucyTcTBYIOT BCe HEOOXOAMMBIE Uil PELICHUs COOOpa)keHUs, MPaBWIbHO 3allMCaHbl BCE
HEOOXO/JMMBIC ISl pEIICHUs] WCXOAHBIE YpPaBHEHHS, PEIICHHWE BBICTPOCHO IMPABHIBHO C
(bu3MUecKoil 1 TOrnYecKoi TOUKH 3peHMsI, HO COAEPKUT omnOku — 11-14 6asioB.
[TpucyTcTBYIOT BCEe HEOOXOAWMMBIC IUIsi PEHICHHsS COOOpakKeHUs, IMPABHJIBHO 3alMCaHbl BCE
HEOOXO/AUMBIE JJIsl pEIIeHUs HCXOAHbIE YpPaBHEHMs, pEILICHHE BBICTPOCHO IMPAaBHIBHO C
(GU3NIECKO W JIOTUYECKOH TOYKM 3PEHHUs, HO COJNEPKHUT OJIHY-IIBE MEJKHE HETOYHOCTH, HE
MO3BOJIMBIIME MOJYYUTh NPABWIBHBIA OTBET, WJIM NPAaBUIbHOE pPELICHHE C HEJ0CTATOYHBIM
000CHOBAaHHEM CYIIIECTBEHHBIX MCIIOIb30BAaHHBIX Pe3yabTaToB — 15-17 6anJioB.

[TpaBunbHOE OOOCHOBAaHHOE pELIEHHE C BEPHBIM AHAJIUTHUYECKUM OTBETOM, HO MEIKOH
HETOYHOCTBHIO TP MOJyYSHUH YUCIEHHOTO OTBETA, JIMOO MPABUIIBHOE PEIICHUE C TPABUIHHBIMU
OTBETaMHM C HEJIOCTaTOYHBIM 0OOCHOBAHUEM OJIHOTO U3 UCIOJIb30BAHHBIX PE3yJIbTaToOB (U3 YHCIa
HE KJITFOYEBBIX JIJIS PEIICHHs], HO He00X0anMbIX ) — 18-19 6asioB.

[TonHoe, mpaBuUIbHOE, OOOCHOBAHHOE pELIEHHWE C TNpPaBWIbHBIMU oOTBeTamMu — 20 0OayuioB
(MakcuMaJIbHas OLIEHKA).

MakcumanbHas ouneHka 3a padory: 100 6as10B.

ycnosua, BOSMOMXHbIE PELLEHHUA U
PACNPEAENEHNA HAYUCNAEMDbIX BANNTOB ANA 3AOAY:

3ananmue 1:
Bomnpoc: JIBe maiiObl, CKOMB3AIIME MO POBHOW MOBEPXHOCTH, COSAMHEHBI KECTKUM CTepKHEM. B
HEKOTOPBI MOMEHT BPEMEHHU CKOPOCTh OJTHOM M3 HUX HaIpaBJICHA BIOJb CTEP)KHs U paBHa 1,2 m/c. B
3TOT MOMEHT CKOPOCTh BTOpPO# IaiiObl HampaBiieHa moja yrioM 60° k crepxkHio. Uemy paBHa ee
BeJIMYuHa?



3apava: Tpu mydrter (A,B u C) ¢ 0IMHAKOBBIMH MaccaMd MOTYT CKOJIB3UThH IO JBYM TJIaJKUM
TOPU30HTAJIBHBIM HaIIPaBJISIIOIINM, [IEPECEKAOIIUMEs 1o yrioM y = 120°.
MybTtel A 1 B u3HauaabHO TOKOSTCSA, W OHM IIAPHUPHO COCAMHEHBI C
JIETKUM KECTKUM CTEP)KHEM TaK, YTO CTEPKEHb COCTABJISIET OJMHAKOBBIC
yribl ¢ obenMu HampapisirouMu. Mexny mydrtoi C, IBIXKYyIICHCS 10
Hanpasisromeil co ckopocteio V = 1,5 m/c, u MmypToli A TPOHCXOIUT

ynpyroe coyaapenue. Ompenenutre ckopocTb My(GThl A cpazy mocie
ynapa.

OtBer Ha Bompoc: IIoCKOIBKY CTEpKEHb SBISETCA <OKECTKMM», TO PACCTOSHUE MEXAy Liaibamu
(MHA CTEepKHA) HE MOXKET M3MeHHTbes. [1oaToMy mpoekuus ckopocTell maid Ha OoChb, WAYILYIO
BJOJb CTEp)KHSA, JOJDKHbI ObITh paBHbl. CleoBaTeNbHO, sl CKOPOCTH BTOPOM  IAHObI

\Y
Vy-Cos(a) =V =V, = -t 3Hauur, Vo, = 2,4 m/c.
cos(«x)
Pemienne 3agaum: B mpouecce coymapenus main6 C m A CyMMapHBI UMIYNbC INAaid He
COXpaHseTcs, TaK Ha HUX JEHCTBYIOT CHJIBI PEaKIMM HalpaBJsAOIIMX (BCeraa HepleHAUKYIIsIpHbIE

HaIpaBJSIONINM, TaK KaK TE€ MO YCIOBHUIO TTAJKKE) U CUJIA YIIPYTOCTU CTEPXKHSI, HAMPABIICHHAS BJOJIb
Hero. Cuna F', neiictByromias Ha maitby C co CTOpOHBI miailbbl A BO BpeMs yaapa, paBHa IO

BEJIMYMHE W MPOTHUBOIIOJIOXKHA [0 HampasieHuto cuie F ., nelictByromeid co ctopoHel C Ha A.
[TosTomy wu3meHenue wummynbca Imaitder C 3a Majmoe Bpems ynapa At (B NpOEKIHIO Ha
HaIPaBJISIOLIYIO) mve —mvp =—F - At, a
mva = F - At —T cos(a) - At. Jlerko 3aMeTHTh, YTO YIIIbl MK

7Z' —
CTEp)KHEM U HAIpaBJISIONIUMHU OJJMHAKOBBI i PABHBI o = 7 ,
T0 ecth COS(ax) =Sin(y/2). Cuna T', neiicTByrolias Ha maioy
B co cCcropoHbl CTepkHS, paBHAa TI0 BEIMYUHE U

—

IIPOTUBOMNOJIOKHA [0 HAMNpaBlIeHUIO cuie [, € KOTOpOH
CTep>KEeHb JIeMcTBYeT Ha MIail0y A (CTep:KeHb HEBECOMBIH, Tak
YTO CyMMa MNPUJIOKEHHBIX K HEMY CHJI U MOMEHTOB CUJ 00s3aTelbHO paBHa HY/H0). [loatomy

mvg =T cos(e) - At. Kpome TOTO, yCIIOBHE KECTKOCTH CTEPIKHS TpeOyeT
Vg COS(a) =vaCOS(ax) =>Vg =Va, u  F-Tcos(ax)=Tcos(e) = F =2Tcos(ex). U3  »s1Ex
COOTHOLIEHWH W  ypaBHEHUs  M3MEHEHMs  umnyiabca  mailoer C  crmemgyer, — 4TO

F-At 2T cos(ax) - At
Ve =Vg———=Vg—————F— =
m m
MOJIyYEHHBIE CBSI3U CKOPOCTE:
2 2 2 2
mvg  mM(Va +Vg +V. 2 1
0 _ M(VA+V +V¢) = VE =VA+VA+ (Vo —2Va)2 = VA =Vg = =Vg, Ve =—= V.
2 2 3 3
OTtpunatenbHOE 3Ha4Y€HHE Ve O3Havaer, yTo maiba C mocie ynapa W3MEHSET HalpaBIICHUE CBOETO
JBUKEHUSI («OTCKAaKMBAET» OT IIaiObI A).

Vo —2Va. Haxonen, 3anumem 3CD H MOJACTaBUM B HETO

OTtBer: V) =1M/c.

Pacnpedenenue 6annos 01 3aoauu:

VYkazaHo (MCHOJB3yeTCsl B PEUICHHWH), YTO CHJIBI PEAKLUU HANpaBJISIOUIMX HaNpaBJICHBI 1

MEPIEeHIUKYJIIPHO UM

Vka3aHo (Mcmonb3yercs B PELIEHMM), YTO CHUJa pEaKLUW CTEpXKHs HallpaBlIeHa BJOJb 1
| | crepxkus

[TpaBUIIbHO 3amKCaH 3aKOH M3MEHEHHS UMIYJIbca s aiobr A

[TpaBUIbHO 3amKCaH 3aKOH M3MEHEHHsI UMITYJIbca 1S maiiosl B

[TpaBuibHO 3amMMcaH 3aKOH U3MEHEHUST UMITYJIbca sl aitosl C

NINININ

Hcnonb3yeTcst yclioBUe dKECTKOCTU CTEPIKHS




[IpaBuibHO HalijieHa CBA3b YIJIOB @ U ¥

[MonydeHa mpaBuiibHAsI CBA3b CUJI peakiuu (3kBuBanieHTHas F = 2T cos(«))

[Tonydena npaBuiibHas CBSA3b CKOPOCTEN Vg =V

Honyqua IMpaBUJibHasA CBA3b CKOpOCTefI, SKBUBAJICHTHasA Ve =Vg — 2VA

[IpaBmiibHO 3anucano ypaBHeHue 3CD ¢ y4ETOM CBA3HM CKOpOCTEN

RINININ DN -

[TonydeHn npaBUIIbHBIN YHUCICHHBIN OTBET

BCEI'O 20

3aganue 2:

Bonpoc: Onumure, Kak CTpoUTCs TeMIieparypHas mkaia Llenscus.

3agaua: B 5 Tepmocax HaxXoAusIoCh OJMHAKOBOE KOJIMYECTBO MOKPOTO CHEra (CMecH JIeIsHBIX
KpUCTAJIJIOB M BOJbI, HaXOJsALIMXCs B paBHOBecuM). B mepswiii Tepmoc Bbutmian 100 r kumsarka, BO
BTopoi — 200 r, B Tpetui — 300 r, a B yerBepThiii — 400 T, B OATHIA — HEM3BECTHOE KOJIMYECTBO
kursTka. [locie yctaHOBIIEHUS paBHOBECHS TEMIIEpATypa COAEPKUMOI0 IIEPBOr0 TEPMOCA OKa3alach
paBHa t; =8°C, Broporo — t; =31°C, a nsroro — t5 = 0°C. Kakas temneparypa ycTaHOBUJIACh B
TpeTheM M 4YeTBepTOM TepMmocax? KakoBa MakcUMalbHO BO3MOXHasi Macca KHUIIATKA, BBUIMTOIO B
nATelid TepMoc? OMBIT MPOUCXOAMI NPU HOPMAIBHOM aTMOC(EepHOM [aBIIEHUH, TEIUIO0OMEHOM
COJIEP>KMMOTO TepMOCa C BHEIIHUMH TeJIaMH MOXHO IPeHEeOpeyb.

OTtBer Ha Bompoc: [ u3MepeHus TeMmiepaTypbl Te€la OHO MPUBOJUTCSA B TEIUIOBOE PABHOBECHE C
TEPMOMETPOM — CTaHAAPTHBIM TEJIOM C HWHJAUKAIMEH TeMIepaTyphl, MpOTrpagypoOBaHHON B
COOTBETCTBUHM C HEKOTOPOH TemmepaTypHOWl ImiKajgou. s rpaaydpoBKH TEpMOMETpa IO IIKaJe
Lenbcus MCMONB3YIOTCA JIBE «PETEPHBIC» TOYKHU: TEeMIlepaTypa IUIABJICHHS JibJla TP HOPMaJIbHOM
atMochepHoM naaBneHuu npuHuMaerca 3a 0°C, a Temreparypa KUIIEHHS BOJbI IPU HOPMAIBHOM
atMocdepHoM napiieHun npuHumaercs 3a 100°C. Mexay 3TUMU TOYKaMU IIKaja pas3jensiercs Ha
rpagaychl paBHOMEPHO, U OT HUX B 00€ CTOPOHBI PACTIPOCTPAHSIETCS C TAKUM K€ LIaroM.

Pemenne 3agaun: ITycte M — Macca MOKpOro cHera B KaXJIOM TEpMOCE, X — MaccoBast J10J1s1 JIEASHbBIX
KPHCTAJUIOB B HeM, a K — KoiIM4ecTBO «mopuuii» Kumsatka mo M = 100 r, BEUIMTOE B HEKOTOPBIA U3

TepmocoB (1o ectb Ky =1, K, =2 wu tak nmanee, a Ks HemsBecTHO). Tak Kak B MOKPOM CHETe BOJA M
JIe]] HaXOJSITCS B PaBHOBECHH, TO ero Temreparypa paBHa 0°C, a temmnepatypa kumstka to =100°C.

Hpe)IHOJ'IO)KI/IM, 4YTO BECh JIEA B HCKOTOPOM TEPMOCEC pacTasal IOJHOCTBIO. SanuieM YpaBHCHHEC
TEIUIOBOro OajaHca AJI1 YCTAHOBJICHUA PABHOBCECHUS B TAKOM TEPMOCE, HCIOJIb3YSA CICAYHOUIUC

M
o0o3HaueHUsl: A — yAenpHas TEIUIoTa IJIaBJIEHUs JIbJa, C — yAelibHas TeMJI0EMKOCTh BOJbI, Y = —,
m

kto —T
T= XMi Torma AXM +cMty =ckm(ty —tx) =t = ko— IMogcTtaBuM B  IOJYYEHHYIO
mcC +
(GopMyIly 3HAUEHHUS TEMIIEPATYP IS IEPBBIX JABYX TEPMOCOB:
to—T to +1t, — 2t
t = e ] 2
YTy to-T=t(1+Y) y t, -ty
2to~T [ ) 2ts T = t,(2 = t(to + 1) — 2tit '
t, = 20 to—T =t2(2+Y) 1ollloth o _ 760C
2+ Yy tz —tl
kto (tg —tl) + 2t1t0 -t (to + tl) _ k -100°C —76°C

Takum obOpazom, tyx = IToxcraBiusia 3Ha4YEHUS

k(tz—t1)+to +t1—2t2 K+2
ISl TPETHETO U YeTBEPTOTo TepMmoca, HaxomuMm t3 =44,8°C u ty, =54°C. Tak kak B ATOM TepMOce

ts =0°C, To KoaIMYecTBa TEIJIOTHI, OTAAHHOTO KHIISITKOM, HE XBAaTHJIO, YTOOBI PACTOIHTh BECh CHET
(WM XBaTWUJIO TOJBKO HA ATO — Ha HarpeB yxke He ocrtainock). [lockonbky Hame YTb 3anucano B
MNpCANOJIOXKCHUN, YTO BCCh JICA pacTadll, MoJIydaroumladacs Npyu HAPYHMICHHUU 3TOIO0 IMPCANOJJIOKCHHUA

Ksto — T T
TeMmreparypa He J0JDKHAa ObITh gomycTuMoi. Hrak, =0 <0 ks < - =0,76. 3uauwur,
5+Y 0

MaKCHMaJIbHO BO3MOXKHAsI Macca KUIATKA, BBUIUTOTO B MATBHIA TEPMOC Msmax = 0,76m = 76T.




OtBer. t3 =44,8°C, t; =54°C, MakcuMaJlbHO BO3MOJKHAsl Macca KHIISITKA, BBLUIMTOTO B IISITBIH
TepMoc, paBHa 76 T.

Pacnpeodenenue d6annos o0aa 3aoauu:.

YkazaHo u 000CHOBaHO, YTO TeMIiepaTypa MOKporo cHera pasaa 0°C 1+1=2
VYka3zaHo, uto Temneparypa kumstka pasHa 100°C 1

| | [IpaBriIbHO 3amMCAaHO YpaBHEHKE TEILIOBOTO OajlaHca JUIs IPOM3BOJILHOTO TEPMOCA 3
Hcnonp3yercs aHalu3 3aBUCUMOCTH PaBHOBECHON TEMIEPaTyphl OT KOJIMUYECTBA «IIOPLIMI» 4
KHITSITKA
[IpaBmiibHO onpeneneHsl 00a «HEJOCTAIIUX) NapaMeTpa B UCMOJb30BAHHOM 3aBUCUMOCTH | 2+2=4
[TosrydeH mpaBHIIbHBIN YUCIIeHHBIH oTBeT s {3 = 44,8°C 2

11 | omyuen npaBuabHBIi uncIeHHbI oTBeT uis Ty = 54°C 2
YKa3zaHo, 4TO B 5-M T€pMOCE CHET PacTasiyl HE MOJHOCTHIO 1
[TonydeH mpaBUIIbHBIN YUCIEHHBIN OTBET A Msmay = 0,76M =76T 1
BCEI'O 20

3amanmue 3:

Bomnpoc: Komera Bpamaercst 1o JUIMNTAYECKOH OpOuTe, HAa KOTOPOH MaKCHMalbHOE PACCTOSHHE /10
Conrna B 9 pa3 0olibllie MHHUMAIBHOTO, @ MHHUMAJbHAs CKOPOCTh KOMETHI paBHa 6 km/c. Uemy
paBHa MakCUMaJIbHas CKOPOCTh KOMETHI Ha 3T0il opOuTe? OTBET 000CHOBATH.

3anaua: [1on0XKUTENBHO 3apsHKEHHBIA HOH IBIIKETCS MO AIUIMITHYECKOI OpOUTE BOKPYT MAJICHBKOTO
OTPHIIATEIBHO 3apPSDKCHHOTO IMIApUKa. J[BIKCHHE MPOUCXOAUT B BAaKyyMHOH Kamepe OOJIBIIOro
pa3mepa. Ha nepBoHavaipHON OpOUTE MaKCHMAaJIbHOE PACCTOSHKME OT IIAPHKA 0 HOHA ObLIO B § pa3
OoJbIllc MUHUMAJBHOTO. 3aTeéM B TOYKE OPOUTHI, HA KOTOPOM 3TO PACCTOSHHE MHHUMAIBHO,
YCTaHOBUIIM HEOOJBIIYI0 YCKOPUTEIBHYIO KaMepy, KOTOpas He M3MCHSCT HAlPaBJICHHE JBHKCHUS
WOHA, HO TPU KaKJIOM MPOXOXKICHHH YBEINYMBACT €T0 MEXAHWYECKYIO SHEPTHIO HA OIHY U TY XKE
BenuuuHy. [locne mepBoro mpoxXoKaeHHs KaMepbl COOTHOLICHHE MaKCHMAaIbHOTO ¥ MUHHMAIbHOTO
PACCTOSIHHI MEXTy HOHOM U IAPUKOM YBEIHYMIOCH 10 9. KakuM cTaHeT 3TO COOTHOIIEHHE MOCIie 5-
ro MPOXOXKCHHS MOHOM YCKOpUTEIbHON Kamepbi? Ilociie Kakoro mo cyety MpOXOXKACHHS HOH HE
BepHercss K kamepe? IloTepu Ha COMPOTHBICHHE CPEIbl OTCYTCTBYIOT, MOTEPSIMU Ha H3IyYCHHE

b2
npeHeOpeyb. Pamuychl KpUBU3HBI AIUTHAIICA HA KOHIAX Oosbimnoi (a) u Mainoii (b) momyoceit paBHbBI o
a2
u 5 COOTBETCTBEHHO.

OTrBer Ha BoOmpoc: MakcuMaldbHOE W MHUHUMAJIBHOE PACCTOSIHUE COOTBETCTBYIOT alOTeUIo
(adenuio) u mepurenuto OpoOUTH KOMETHI, TO €CTh CHMMETPUYHBIM TOYKAM JJUTHIICA, PACTIONIOKEHHBIX
Ha KOHIax ero Oompmioi ocu. [lodTomMy paamychl KpPUBU3HBI TPAeKTOPHHM R B 3TUX TOYKax
OJIMHAKOBHI. 3aIlMCcaB C YYETOM 3aKOHA TATOTeHHS HbIOTOHA ypaBHEHUS ISl IIEHTPOCTPEMHUTEIHLHOM
KOMIIOHEHTBI YCKOPEHHUS B 3TUX TOUKaX, HalJIeM COOTHOIIEHHE COOTBETCTBYIOIIUX CKOPOCTEM:

mv% _GmM

R 2 Vp Ia T

) I'p :>_P _ A _ Tmax -9
va ~ GmM Vo e Inin

R r2

Takum 00pazoM, Vmax = WVmin = 54 km/c.

Pemrenne  3amaum: g Havyana  BCIIOMHHMM
ONPEACIISIONIEEe CBOMCTBO AJUIUIICA: CYMMa PACCTOSIHHUM
1o (okycoB suHIica A0 TH000W €ro TOYKH MOCTOSHHA
W paBHa YABOCHHOW mjuHE Ooybmioi mosyocu. Ilo
aHasiornn ¢ | 3axkonom Kemnepa mnonumaem, uTO
3apsOKEHHBIM — MIApUK ~ HaxoguTcss B (Qokyce




AJUTUNTUYECKOH OpOUTHI MOHA, M TOSTOMY SCHO, YTO PACCTOSHME OT IIapHKa [0 HOHA NpHU
MPOXOXKACHUHN TOUYKU B (HaxoJsiencs Ha KOHIIE Majiol MOJyOoCH — CM. PUCYHOK) paBHO a. Jlanee
3alMIIeM YpaBHEHHE ISl HEHTPOCTPEMUTEIBLHOIO YCKOPEHHSI MOHA B TOUKE B, TO MOYKHO BBIPA3UTh
€ro CKOpPOCTh B 3TOM TOUYKE Uepe3 JUTMHY OOJIbIION MOJIYOCH:
2
Vg k b k
mYe _F - q|2Q|—:>v§ _kql|Q]

RB a a ma

(3mecy 0 u Q — pasHOMMEHHBIE 3apsi/ibl MOHA M IIapuka, © M — macca uoHa). C Apyroi CTOPOHHI,

mvi  kq|Q|_ kq|Q|
2 a

. Kak BuziHO, MBI

IIOCTOsHHAA ITOJIHAA OHEPIUA MOHA Ha HaHHOﬁ 0p6I/IT€ E=

a 2
r
MOYEM CBS3aTh PHEPTUIO0 MOHA ¢ OTHOIEHHeM N = X : [ocKONbKY 28 = Imax + Mmin = (N +Drmin,
Mmin
k . k k
o E= —&. Ha nepBonauansHoOil opOute Eg=-— alQ| - QI , Tak dYTO
kq| Q| _ y
——— =-9E,. [locne BKIIOYCHUS YCKOPHUTEIHHOW KaMepbl SHEPTUs B OpOWTAa MOHA M3MCHSIOTCS,
Mmin

HO I'min OCTA€TCsl HEM3MEHHBIM (MOH BBLIETACT U3 HEe NePIEHAUKYIAPHO PAAUYCY, TaK YTO 3TO TOUKA
OCTaeTcsl «IepurenuemM» ero opouthl). IlycTh Ha KakJOM NPOXOXKICHWU KaMephl DHEPTUs HOHA

YBEJIUYUBACTCS Ha AE. Torma rmocie OJIHOTO MPOXOKICHUS
k E
Eo + AE = —& = g Eo; = AE = ——0, a mocJie N MpoXOoKAeHUN
rmin(N7 +1) 10 10
Eo +NAE = Eo[1- 1 | = B0
10 N, +1
80+n
N3 sroro ypaBHeHnust Haxomum, 4to N, = 10—n Kak BuaHo, mocne 5-ro mpoxXO0XKICHUS HOHOM

yckoputenbHoit kamepbl Ns =17, a Njg =00, To ectb mocne 10 mpoxXokIeHUs YCKOPUTETbHOU
KaMepbl UOH TEepPEenIeT Ha HE3aMKHYTYIO (Ha caMOM Jiesie TapaboInvecKyto) opOUTy U He BEPHETCS K
YCKOPUTENBHOM Kamepe.

Orteert: [locne msaToro mpoxoxaeHus MOHOM yckoputenbHoW kamepbl Ns =17, u mocne aecaru
MIPOXOKJICHUNM YCKOPUTEIbHOM KaMephl HOH MepeieT Ha napabosInyecKyo OpOUTy U HE BEpHETCS K
YCKOPHUTEIIBHON KaMepe.

Pacnpeodenenue 6annoe oaa 3a0auu:

Yka3zaHo, 4To 3apsLKEHHBIN MApUK HAXOIUTCs B POKYCe DIUTUITHYECKON OpOUTHI HOHA 1
VYka3aHo u OOOCHOBaHO, YTO IOCJIE€ MPOXOXKIECHUS YCKOPUTEIHbHON KaMmepbl Iyin HE 3
U3MEHSETCS, a Imax pacTeT
BepHo 3ammcanHo ypaBHEHHE JUIsI LEHTPOCTPEMHUTENIBHOW KOMIOHEHTHI YCKOPEHHUS B 2
«yn0OHOW» TOUKE
[TonHas sHeprus MoHa Ha OPOUTE BHIYHUCISETCS MO €r0 CKOPOCTH U MOJOXKEHHUIO «YI00HO» 4
TOYKHU
[Tonydena npaBuibHAs aHAIUTUYECKAs CBS3b YHEPTUH HOHA ¢ OTHoleHneM N = fmax 3
Mmin
[IpaBunbHO HaliIGH 3aKOH WM3MEHEHHMsI OJTOrO OTHOIIEHUs (moiydeHa ¢opmyIa, 3
80+n
Il | sxBuBanentHas N, = ——)
10—n
[Tonmyuyen npaBuiIbHBIN ynciaeHHBIH 0TBeT N5 =17 2
CnenaH mNpaBUJIBHBIN BBIBOJ, YTO MOH HE BEPHETCS K YCKOPUTEIBHOM Kamepe Iocie 2
JIECSITOTO TTPOXOKICHUS
BCET'O 20




3ananmue 4:
Bonpoc: Korga x MCTOUHHUKY MOCTOSIHHOTO HANpPsDKEHHS MOJKIIOUMIA BOJIBTMETP, TO OH TOKa3al
Hanpspkenue (11,765+0,002) B. [Ipu moakitodeHUH K 3TOMY UCTOYHUKY JIBYX TaKUX BOJBTMETPOB,
COCIMHCHHBIX TapaJlIeIbHO, KaKIbIH W3 HHUX Mokazan Hampspkenue (11,538+0,002) B. Haiigure
OTHOIIIEHNE BHYTPEHHUX COMPOTHUBJICHUN BOJHTMETPA U MCTOUYHHUKA U OI[EHUTE BO3MOXKHYIO OIIHOKY
pe3yIbTara.
3apava: Yuenuk 9 kiacca cobpai 1ernb, cxemMa KOTOpOH IoKa3aHa Ha
PUCYHKE, U3 aKKyMYJATOpa, JIBYX PE3HCTOPOB M IATH OJMHAKOBBIX
BOJIbTMETPOB. M3BECTHO, YTO BOJBTMETPHI «IIPAKTUUYECKH HJCANIbHBIEY,

O/1C ucrounuka & =14 B, a ero BHyTpeHHee conpotuieHue I =10Mm.

ComporuBnenust pesuctopoB R, =5 Om nu R, =4 Owm. Omnpenenure
MOKa3aHUs BCEX BOJILTMETPOB (OHU MOKA3bIBAIOT HAMPSIKEHUS 0€3 ydyeTa MOJISIPHOCTH).
OtBer Ha Bompoc: Beenem o6o3Hauenus: mycte U — HampsbkeHHeE, CO3/1aBaéMOE€ MCTOYHUKOM Ha

CBOMX KJIeMMax Ipu pazomkHyTol nenu (ero 3/IC), r — ero BHyTpeHHEe CONMPOTHUBICHHE, a R —
COIIPOTHBIICHUE BOJIBTMETpA. Toraa mpu MojAKIIOYSHUH OJHOTO BOJIBTMETpA K KJIEMMaM HUCTOYHHKA

R Z
cujia TOKa yepe3 Hero paBHa | = , M HalpsbKeHUe Ha BoJbTMeTpe Up = U= U, rae
R+r z+1
R R/2 z
Zz=—. llpu nogkiIrOYeHWH JABYX BOJBTMETPOB U, = U= U, TO ecThb
r R/2+r 7+2
U Z2+2 2U, -U
1 fTE 2T 48,828 (3mech ocTaBjeHbI 5 3HaYaNMX MU(P — Kak ObLIO B JAHHBIX).
U, z+1 U, -U,

I[JI?I OIICHKHKN TOYHOCTHU MOXKHO HpI/IMeHI/ITI), HaHpI/IMep, <<HHTCpBaHBHBIfI)) METOL: B34TH
MaKCUMaJIbHbIC 1 MUHUMAJIbHBIC B Mpenenax ommoku 3Hauenus U; u U, , monydum MakCUManbHOE U
MUHUMAJIBHOE 3HAYCHHUE Z : Zmin ~ 48,939 u Zax = 50,749 . Kak BUAHO, OTKIIOHEHUS OT «CPETHETO»
3HaYEHUS MPUMEPHO paBHBI AZ ~ 0,9, TO ecTh peanbHO OMIMOKA MOSBISETCS YK€ B TPEThel 3HaUaIIen

R
mudpe: — ~ 48,8+ 0,9. Takoe cHUKEHNE TOYHOCTH pe3yJIbTaTa MO CPABHEHUIO C TOUHOCTBIO JAHHBIX
r

MOsABUIJIOCH M3-3a TOIr0, 4TO B BBIYUCICHUAX MblI ACIWJIA Ha Majlo€ YHCIO — Pa3sHOCTb OM3KHX
BenuuuH. B 06H_ICM cilIydac ((HHTepBaHLHbeI)) MCTOJA — BE€CbMa HpH6J’IH3HTCJ’IbHHﬁ METOA OLCHKHU

. . R
MOTPEIIHOCTEW, HO B JAHHOM IpHUMEpE OH JaeT pa3yMHbId pe3ynbraT. OTBeT — ~49+1 — TOXKE
r

BIOJIHE IPUEMIIEMBIH.

Pemenne 3agaum: SIcHO, 4YTO CONPOTHUBIIEHHWE BOJBTMETPOB 3HAUUTENBHO IPEBBIIIAET
COINIPOTHBIIEHUSI PE3UCTOPOB M MCTOYHMKA, IIOITOMY IIPHM pacuere CHUJ TOKOB YEPE3 PE3UCTOPHI
TOKaMH, TEKYIIMMH 4Yepe3 BOJbTMETPhI, MOKHO IpeHeOpeub. Toraa

gyepe3 00a pe3ucTtopa Te4eT TOK ¢ cuioi | =L =14 A. Tlpu

Ri+Ry +r
9TOM HampsikeHue Mexay Toukamu A u B paBHo Uxg =IR; =7B, a

HanpsbkeHue Mexay Toukamu B u C Ugc = IR, =5,6 B. Otmerum, uto
BOJIETMETPHI OJIMHAKOBBI, @ Yepe3 BOJBTMETPHI 3-5 TeueT oOIui, TaK YTO MX MOKa3aHHs OJJMHAKOBBI.
CrpaBeyiuBHI ciieyromiue yciaoBus Oananca HanpspkeHnid: U; +U, =Uag 1 U3 —U, =Upge. Eme
OJTHO YpaBHEHHME MOXKHO IOJIyYUTb, BCIIOMHMB, YTO TOKHM (XOTb M UpPE3BBIYAHHO Majble) yepes
BOJIETMETPBI BCE-TaKM TEKYT, W Ui HHUX CIIPAaBEUIMBO YCIOBHE HeNpepbIBHOCTH B y3ne D:
I; =1, + 13 (oOpaTuTe BHUMaHHNE HA «COTJIACOBAHUE» BBIOOPA MOJI0KUTEIBHOTO HAIIPABJICHUS TOKA U
«TTOJIOKUTEIFHOWY» TMOJISIPHOCTH JIsi BOIBTMETPA 2). YMHOKHB 3TO PAaBEHCTBO HA CONPOTHBIICHUE
OTHOTO BOJbTMETpa, noiayunM Uj; =Uj,; +Us;.  PemaeM nNOJIy4YeHHYIO CHCTEMY M HaXOIUM:

Ulzw=433, U, =M=2,2B u Us =w=2,63, OTMETHM, HTO

U, >0, To ecTh MBI «yragain» HOJIIPHOCTh, XOTS 3TOTO U He TPeOOBAJIOCH.



& 4R1 + R2 & 3R1 — R2

OTtBer: U; = =488, U, = =22B 5
Ri+Ry +r 7 Ri+Ry +r 7
& Rl + 2R2
Us=U,;=Usg = =2,6B.
Ri+Ry+r 7
Pacnpedenenue 6annos 01 3aoauu:
Vka3zaHo, 4TO MpHU pacyeTe CUJI TOKOB YEpe3 PE3UCTOPhl TOKAMH, TEKYLUIUMHU dYepe3 3
| | BOIBLTMETPbI, MOKHO npeHeopeyb
[TpaBuUIIbHO 3aMMcaHbl ABAa HE3aBUCUMBIX YCJIOBHsI OajlaHCa HANIPSDKEHUN HA BOJIBTMETPAX 2+2=4
Wcnonw3yercst yciioBUe HENPEPHIBHOCTH TOKA B y3iie D 3
I[MpaBunbno onpenenensl 3Hadenus U g =7 B u Uge =5,6B 2+2=4
" [Tony4yeHsl MpaBUIIbHBIC AHATUTHYCCKUN U YUCICHHBIA OTBETHI 1 Uy 1+1=2
[TosydeHbl npaBUIbHBIE AHAIMTUYECKUI U YUCIIEHHBIN 0TBeThI 1 U ) 1+1=2
[Tony4yeHnsl npaBUIIbHBIC AHATUTUYECKUN U YUCIEHHBIA OTBETHI 111 Uz =U4 =Us 1+1=2
BCEI'O 20




