IIMCBMEHHASA PABOTA YYACTHHUKA
OJIUMIINA 1Bl HIKOJIBHUKOB CIIoI'Y

2018-2019

3aKIFOYUTENBHBIN ATAll

[Ipeamer (komruiekc mpeaMeToB) OTuMITHATBI ®U3UKA (10-11 KJIACC) IIpumep Bapuanrta 1

3agaua 1 2 3 4 5 | Bcero
Maxkc. baymmr | 20 | 20 |20 | 20 | 20 100

3amava 1. [0 noaHATUSA TSOKENBIX TPY30B AIBIHHUCTBI COOPYKAIOT CHUCTEMY, HA3bIBAEMYIO IOJHUCIACTOM.
N neanu3upoBaHHBIN MOJUCIIACT — 3TO CUCTeMa OJIOKOB, Jaroliasi BRIMTPHINI B cuie. biok mpeacraBiser coOoit
MAaCCHUBHBIN JIUCK, BCS Macca KOTOPOTO COCPEI0OTOUCHA Ha BHEITHEM pajinyce, 0€3 TpeHUs BpallalolIuicss BOKPYT
IIEHTpaJbHOM ocu. Macca kaxaoro 6J0ka m = 5 KT.

1. C xakoi cUJION HYKHO TSHYTh 3a BEPEBKY, YTOOBI MOAHUMATH rpy3 Maccoit M = 100 kr ¢ yckopeHuem

a =1 m/c*, B cydae, eciu OJIOKH MIEANbHEIE (T.€. HE UMEIOT Macchl)?

2. Yurute Maccy OJIOKOB M OTBETHTE Ha TOT ke Bompoc. [Ipu kakoif Macce OJI0KOB UCIOJIb30BaTh JIAHHYIO

CUCTEMY JUIsl TOABEMA I'Py3a Macchl M CTaHET HEBBITOIHO?
3. Anpnunuct IlerpoBuu Hamén oauH uaeanbHbid Omok! Kakoil HempeanbHbI OOK eMy HaJ0 3aMEHHTb, YTOOBI TOOUTHCA

MAaKCUMAJIBHOTO YCKOPEHUS Ipy3a IPU HEU3MEHHOM TAHYUIEN cuie?

CuuTtaTh, 4TO BCE BEPEBKH MapajuIeNIbHbI APYT APYTY, KPOME MECT, IJIe OHU MPOXOAAT yepe3 OJIOKH.

OtBet: 1) F = 0.25M(a+g) =275 H; 2) F = 0.25[2m+M)(a+g) + 14ma]=320 H; m=32M= 150 kr; 3) IlepBblii OT TAHYLIETO.



3apaya 2. TeruioBas mammHa, paboTaromias IO MHUKIY, W300paXEHHOMY Ha PHUCYHKE, HCIIOJIb3yeT B KauyecTBe pabodero Tena
WJeaabHbIA OJTHOATOMHBIN ra3. M3BeCTHO, UTO MUHUMAJIBHBIM 00BEM B mpoliecce paBeH 1 J1, a MakcuMaibHbIN 64 1. MuHUMalbHOE
JaBJeHue, JocTUraeMoe TterioBod Mammuoi 10°Ila, a B mpouecce 4 — 1 mag rasom *
coBepiaercs padora 5600 Ix. B mpouecce 1 — 2 oTCyTCTBYeT TEMI000MEH MEXIY Ta30M H
OKPYXarUIEH Cpesiou, a npouecc 3 — 4 NpoOXOAUT NP MTOCTOSIHHON TEMIIEPATYPE.

1. HaiiguTe oTHOILIEHHE TEMIIEpaTyp B Toukax 3 u 1;

2. Haitqure KIT/I nukina.

Ipumeuanue: Ypaenenue aduabammnozo npoyecca PV" = const. e
Paboma 2aza 6 usomepmuueckom npoyecce modicem Ovimsv gvluucieHa no gopmyne (30ecv T —

memnepamypa uzomepmol, v — Koauwecmeo mogei easa, Vou V— obwvem eaza 6 nauane u 6 konye npoyecca): A = vRT In (V/Vy).

OtBet: 1) T3/T1 = 8; 2) n = 53.6%.

3amava 3. g MNOOHATHS HECKUMAEMOW HE3apsHKEHHOW MPOBOSIIEH MKUIKOCTU ObUT CKOHCTPYMPOBAH U

CIIeyIONUH Hacoc. BBICOKMI KOHAEHCATOP C PACCTOSIHUEM MEXY TUIACTUHAMH, PaBHBIM d, U WX IIUPUHOM,

paBHOM @, KacaeTcs HWXKHUM KpaeM TMPOBOJSIICH JKUAKOCTH TakK, 4YTO OOKIJIAJKH KOHJIeHCcaTopa

B
NEePHEHANKYJIIPHbI TOBEPXHOCTH. BHYTpH KOHIEHCAaTOpa CO3AaETCSI TOPU3OHTAIIBHOE MOCTOSIHHOE OJJHOPOAHOE ®

MargmMTHOC IIOJIC C HH,HYKHHGﬁ B, MapajuICJIbHOC INIACTHHAM KOHACHCATOpA. KOHI[eHCElTOp MOJKIIIOUEH K

WCTOYHHMKY TOCTOSIHHOTO HampspkeHuss U, HUMeEroleMy MaKCMMalbHYI0 MOIIHOCTh Pn: moka Momuocts, — — — — — — —
BbIJIEJIIEMAs HA HAarpy3Ke, MeHble Py, Ha KOHAEHCATOpE MOAAEPKUBAETCA TOCTOsIHHOE HanpspkeHue U. [Ipu nanpHenmeM pocte Toka
HArpy3Ku HampspKEHHE MajlaeT TakK, YTOObI MOIITHOCTh, BBIJIEsieMasi Ha Harpy3Ke, ObLIa MOCTOSIHHA U paBHA P,

1) Ha kakyioo BBICOTY MOJHUMETCS >KUAKOCTh MEXIYy IJACTUHAMHU KOHJIEHCATOpa, €Clu €€ IUIOTHOCTb Prs;, @ YIEIbHOE

CONPOTHUBIICHUE P,?



2) JlommycTtuM, mpenenbHas BBICOTA MOABEMA XKUAKOCTH h m3BecTHa. C KakoW CKOPOCTBIO OyJEeT MBHUraThCs BOJia BBEPX W3

KOHJICHCaTOopa, eciiu TOT OyaeT obpe3aH 10 BeICOTHI hy = h/4? TTomyuute oTBeT 1151 ciydas B-U < 2dgp, pus.
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3apaua 4. DnekTpuueckas nenb coctouT u3 6arapen ¢ IC € U BHYTPEHHUM COIPOTHUBIICHHEM T,

WJICAJIbHOM KaTyIIKA WHAYKTUBHOCTH JIMHOM D, mmeromer N BHUTKOB, KaXAbId IUIOIIAIBIO S, U
IIEPEMEHHOTO CONPOTHUBIICHUS R, HaualbHOE 3HaYeHUE KOTOPOTo paBHO Ro.

1. Kntou 3ambikaror. Kakoiét Tok OyaeT Tedb dYepe3 HMHAYKTUBHOCTb, €CIIM MOJI0XKAATh

JOCTAaTOYHO AOJITO ITOCJIC 3aMBbIKaHHA Kiro4ga?

2. Ecnu B KaTyliKy BBECTH CEPACUYHUK, TO €€ MHAYKTUBHOCTh BbIpacTeT B k pa3. Kakoi Oyaet v
WHIYKTUBHOCTb KaTyIIKH, €CJIH CEpACYHHUK BBEJIEH Ha paccTosAHHE X (X < D)? D
3. Ilocne ycraHOBiE€HUSI TOKa, B KaTyIIKy HAYMHAIOT BBOAUTH CEPJCYHUK C HYJIEBOU YN Y Y

HaYaJIbHOW CKOPOCTHIO U YCKOpeHHEM a. OMHOBPEMEHHO C 3TUM HaYWHAET MEHSATHCS COIPOTUBIICHHUE
R Tak, 9T00BI TOK Yepe3 KaTymKy He MeHsIIcs. HaliuTe 3aBUCUMOCTD CONPOTUBIIEHUS OT BPEMCHH.
IIpumeuanue: Unoykmusnocme kamywku 6e3 cepoeuHuxa modxcem ovims eviyuciena no gopmyne: L = uoN>S/D, 20e to— macnumuas
NOCMOAHHASA (KOHCMaHma, cuumams uzeecmuou), N — konuvecmseo eumkos, D — onuna kamywku, a S — niowaos ceueHusi 00H020
BUMKA.

X
D

OtBet: 1) I:(R€—+r); 2) L:LO(1+(k—1) ); 3) Rlt)=R,—L,lk—1]at/D, rxe Ly=p,N’S/D.
0



3apauya 5. Cdepa JlaiicoHa — 3TO THUIMOTETHYECKOE HMCKYCCTBEHHOE COOPYKEHHE, KOTOPOE MOKET OBITh :
MMOCTPOCHO ITUBUJIM3AIIMENH BOKPYT 3BE3/bI JJIsI MaKCUMAaJIbHOTO HMCIIOJb30BaHUsl €€ sHepruu. [Ipeacramiser
coboii cepy paauycoM R, 1IeHTp KOTOPOI COBITaIaeT C IEHTPOM 3BE3/IbI: B PE3yIbTaTe BCE U3IIYUCHUS 3BE3IbI
MOXeT ObITh cOOpaHo. Hem3BecTHO, CMOXKET JIM KOTJa-HUOYIb Y€JIOBEUECTBO TTOCTPOUTH TaKyH KOHCTPYKIIHIO,

HO HCKOTOPBIC OLICHKHU BbI CITOCOOHBI CACJIaTh YiKC ceiyac.

1) Bo-niepBrIx, HY»HO BBIOpaTh paauyc chepsl Jlaiicona mist TOro, 9ToObl Ha €€ MOBEPXHOCTH OBLIO HE
CJIMILIKOM XOJIOAHO U HE CIUIIKOM Topsiyo. HambGosiee KoMPOpPTHOI nJisi yenoBeKa CUMTAETCS TeMIeparypa
okoJio 23°C. Ouenure, KakuM J0JHKEH ObITh paguyc cdepsl [Jalicona R g CoinHia, yToObI TeMIiepaTypa MOBEpXHOCTU cepbl Oblia
KOM(OPTHOU 11 denoBeka. IIpy 3TOM cuuTaiite, 4T0 CyMMapHas MOLIHOCTh, usinydaemas ConHieM pasHa Po=4-10* Br. Cdepa
U3Iy4aeT TEIIO B OKPY’KaroLIee IPOCTPancTBO 1o 3akony Credana-BonbiMana: j = 6-T%, rue j — MOIHOCTL M3JIy4E€HHs C €IUHUIIBI
IJIOIIAAY M3JIydYalolmledl MOBepXHOCTH, T — Temieparypa u3ilydarolieii mosepxHoctd B KembBuuax, a o = 5.7-10° Br/(M>K') —
noctosaHas Credana-bonpiMana.

2a) IlycTh MBI XOTUM KUTh Ha BHYTPEHHEH MOBEPXHOCTU chepbl. UTOOBI CO31aTh WILTIO3UIO TPABUTALIMU MOXXHO PACKPYTHUTh
chepy Bokpyr ocu. Haiinure, kakoit JoKHA OBITH YTII0Basi CKOPOCTh M JJIS TOTO, YTOOBI TPy3 Ha 3KBaTOpe chephl NCUCTBOBAI Ha €€
MOBEPXHOCTh C TaKoOM e cuiod, kak u Ha 3emie. Cuuraiite u3BecTHbIMU paauyc chepbl R, maccy 3Be3gpl M u yckopeHue
CBOOOJHOr0 MaeHHsI BOJIM3U OBEPXHOCTH 3EMJIIH L.

26) Onenure 3Ty yriaoByro ckopocts mist ConHia, B3sB R, HalineHHbli B iepBoM Borpoce, M = 2-10*° kr u g = 10 m/c’.
I'paBuTanmonnas nocrosuuas G = 6.7-10"" m*/(kr-c?).

3a) Haiigute B 0011eM BHE, B KAKOM JUana3oHe HIIMPOT MPeIMEThl Ha BHYTPEHHEHW MOBEPXHOCTU Cepbl OCTAIOTCS Ha MECTE,
eciu ux He Tporath? KoadduiimeHt TpeHus paBeH L.

30) Ouenute pe3ynbTaT, HOJYYEHHBIN B Borpoce 3a, s paccMarpuBaeMoit Hamu cdepsl Jlaiicona Bokpyr Counnia u pL = 0.5.
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IIMCBMEHHASA PABOTA YYACTHHUKA
OJUMIINAIbI HIKOJIBHUKOB CIIoI'Y
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3aKIFOYUTENBHBIN ATAll

[Ipeamer (komruiekc mpeaMeToB) OTuMITHATBI ®U3UKA (10-11 KJIACC) Ilpumep BapuaHTta 2

3agaua 1 2 3 4 5 | Bcero
Maxkc. baymmr | 20 | 20 |20 | 20 | 20 100

3agaua 1. [{ng nogHATUS TSOKENBIX TI'PYy30B AIBIUHUCTBI COOPYKAOT CHCTEMY, HA3bIBAEMYKO IOJMCIACTOM.
N neanu3upoBaHHbIA MOJUCHACT MPEACTABISET cOOOM cucTeMy OJIOKOB, JAIOUIYIO BBIMIPHILI B cuje. PeanbHbIN
OJIOK MMeeT J1Ba paanyca — BHEIIHHUNA, IO KOTOPOMY MPOXOJIUT BEPEBKA, M BHYTPEHHUMN, IO KOTOPOMY MPOXOIUT
BpAILlEHUE OTHOCHUTEIBHO OCH, 33 KOTOPYHO 3aKpeIul€éH Oyiok. BHyTpu Osoka AeWcTBYeT cuia TpeHUs. MOMEHT

CWJIBI TPEHHSI BHYTpH 0JI0Ka MOcTosiHEH U paBeH M = 4 H-m. BHemnuii paauyc 610ka paBeH R = 6 cm.

1. C xakuM ycuiiieM HY>KHO TSHYTh 32 CBOOO/HBINA KOHEI] BEPEBKH, YTOOBI O€3 YCKOPEHUs MOJHUMATD TPY3

Maccoit 120 kr? Cumnoit TpeHus npeneopeyb.

2. YuruTte cuily TpEHUS U paccuuTaiTe peanbHoe ycwiue. [Ipu kakoM 3HaueHnn M UCIOIb30BaHUE CUCTEMBI JJISI
OoJABEMA JAHHOTO TPy3a CTAHOBUTCS HEONPABAAHHBIM?

3. Anbnunuct IletpoBuy Hamén oauH uaeanbHbld 050K (0e3 Tpenus)! Kakoil peanbHbId OJIOK €My HaJ0 3aMEHHUTb, YTOOBI
TOOUTHCSI HAUOOJBIIIETO BHIMTPHIIIA B CHIIE?
CuuTaTh, 4TO BCE BEPEBKM MapajuiesibHbI APYT APYTY, KPOME MECT, IJIe OHU MPOXOAAT uepe3 OJIOKH.

Otget: 1) 300 H; 2) 400 H, Bpiurpoii ctanoBurcsd 1:1 mpu M=36 H*wm; 3) IlepBblii 10 BepéBKe OT TAHYLIETO.



3agaua 2. TemoBas MmaimmHa, paboTarolas MO MUKITY, U300paXEHHOMY Ha PUCYHKE, HCIONB3YyeT B KadecTBe pabodero Tena

UJeaabHbIA OJJHOATOMHBIN Tra3. M3BecTHO, YTO MUHUMANIBHBIN 00BEM B Ipoliecce paBeH 1 1, a MakcuMalnbHbIl 128 1. MakcumanbHoe

JaBJIeHUE, JOCTUraeMoe TeruioBoi mammuoi 128-10° Ila, a B mponecce 2 — 3 K raszy Obuio ” 3

noaseaeHo 14.4 x/[x teriotel. B mporecce 1 — 2 OTCYyTCTBYET TEIIIOO0OMEH MEXIY ra3oM U

OKPYXarUIEH Cpesiou, a npouecc 3 — 4 NpoOXOAUT NP MTOCTOSIHHON TEMIIEPATYPE.
1. HaiiguTe oTHOILIEHHE TEMIIEpaTyp B Toukax 3 u 1;
2. Haitqure KIT/I nukina.

Ipumeuanue: Ypaenenue aduabammnozo npoyecca PV" = const.

[N}

14

Paboma 2aza 6 uzomepmuueckom npoyecce modxcem 6vims gvluucieHa no gopmyne (30eco T —

memnepamypa uzomepmol, v — Koauwecmeo mogei easa, Vou V— obwvem eaza 6 nauane u 6 konye npoyecca): A = vRT In (V/Vy).

Otet: 1) T3/T1 =16; 2) n = 60.8 %.

3amaua 3. B peaktope wumeercs 1ienb, BBICOTOM b, W3 KOTOpOH JIETUT
napajuieNibHblii My4OK 4YacTull (OpOTOHbI W HEUTponsl). HampoTuB menu Ha
TOPU30HTAIBHOM PEILCE CTOUT SKCIEPUMEHTAIbHASI YCTAaHOBKA, KOTOpPAs MOXET
CKOJIb3UTh TIO pelibcy ¢ TpeHueM (kodpduireHT TpeHus ). YacTuibl UMEIOT
CKOPOCTBIO V, HaNpaBJICHHYI NapajUIe]IbHO pEIbCy. OKCIEpUMEHTANIbHAs
YCTAHOBKa MPEJICTABISIET CO0OM AIIHUK, Y KOTOPOTO OTCYTCTBYET JBE CTCHKH:
OMMKHSAA K IIENH W BEPXHSS KpbImKa. Sk mpeactaBisieT coboir KyO co
ctopoHoit h >> b, umeer maccy M u co37a€T B CBOEM BHYTpEeHHEM OOBEME

OJTHOPOJIHOE MarHuTHoe mnoje B = mgv/eh , HampaBieHHOE B rOpPU3OHTAIBHOU
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IJIOCKOCTH NMEPNEHIUKYJIAPHO HANpaBJICHUIO JIETAIKNX YacTull. CTEHKU SIMKa MOIMIOLIA0T MOMABIIME HA HUX YacTulbl. HuxHui
Kpail 1IeJIM COBIA/IAET C HMX)KHUM KPAeM SIIIUKA 110 BBICOTE.

1. B mepBOM 3KCHEPUMEHTE W3 LIENH JIETAT TOJBKO HEUTPOHBI. CKOpPOCTh BBUIETAIOUIMX M3 peakTopa yactul v. [Ipum xakom
MHMHMMAaJIbHOM 3HAYE€HUY UHTEHCUMBHOCTH Iydka n (1/(cM>-¢)) AMK caBrHETCS ¢ MecTa?

2. OTBeTHTE HA TOT K€ BONIPOC, ECIIM U3 PEAKTOPA JIETAT HEUTPOHBI U MPOTOHBI B COOTHOIIEHUU 1:1 ¢ TOM K€ CKOPOCTBIO U
CyMMapHON MHTEHCUBHOCTHIO. Maccy mpoTOHA CUYMTATh PAaBHOW Macce HEUTPOHA M, = M, = Mo. DIIEMEHTaPHBIN 3apsi] €.
BnusiHrEeM CUITBI TSDKECTH Ha YaCTHUIbI PEHEOpEeyb.

pMg n 2 Mg

OtgeT: 1) n:mthb; 2) :W'

3apaya 4. DmekTpuyeckas Ienb cocTouT u3 Oatapeun ¢ DJIC &, konmeHcatopa €MmkocThio C u C" ‘ R

pesuctopa ¢ conporusBieHueM R. KonaeHcaTop MMeeT KBaapaTHbIE IUIACTUHBI CO CTOPOHOU a,
pPacCTOSIHUE MEX]Ty TuTacTUHaMu — d.
1. Kaxoii Tok I, Oyzner Teub uepe3 KOHIEHCATOP cpasy MOCIIe 3aMbIKaHUs Kitoua?

2. Ecin B KOHJEHCATOP BBECTU KBAAPATHYIO IUIACTUHY AMDJIEKTPHUKA CO CTOPOHOW @, TO €ro

eMKOoCTh BbIpacteT B k pa3. Kakoii Oymer eMKOCTh KOHJIEHCATOpa, €CIW JMAJIECKTPUK BBEIACH Ha &
paccrosiue X (x < a)? a
. . 1
3. Haiinute, ¢ Kakod CKOPOCTBIO HYXKHO HAyaTh BJIBUTaTh MAJICKTPUUECKYIO ILIACTUHY B —

KOHACHCATOP B TOT MOMCHT, KOI'Td TOK YCPC3 KOHACHCATOP CTAHCT PABCH L= 11/3, YTOOBI CHJIa TOKA B

HCTIM 1I€pecTalia MCHATLCS.

d
OTBeT: 1) IIZE/R; 2) CZSOG(kX+G—X)/d; 3) V:2Rgoa(k_1).



3apauya 5. Cdepa [alicoHa — 3TO THINOTETHYECKOE HCKYCCTBEHHOE COOPY)XEHHE KOTOPOE MOKET OBITh |
MMOCTPOCHO IMBHUJIM3AIIMEH BOKPYT 3BE3]IbI, JJII MaKCUMaJIbHOTO HCIOJb30BaHusA €€ sHepruu. [Ipencrapiser
coboii cepy paarycoM R, IeHTp KOTOPOI COBMAIAET C IIEHTPOM 3BE3/bl: B PE3YyJIbTaTe BCE M3TYyUCHUS 3BE3IbI
MOXeT ObITh cOOpaHo. Hen3BecTHO, CMOXKET JIM KOT/1a-HHOY b YeJIOBEYECTBO MOCTPOUTh TaKYI0 KOHCTPYKIIMIO,

HO HCKOTOPBIC OLICHKHU BbI CITOCOOHBI CACJIaTh YiKC ceiyac.

1) Bo-niepBrix, HY>KHO BBIOpaTh paguyc chepsl JlaiicoHa amst Toro, 9ToObI Ha €€ TTOBEPXHOCTH OBLIO HE
CJIMILIKOM XOJIOAHO M HE cIUIIKOM ropsiyo. Hanbonee xkoMpopTHON AJig yeIoBEKa CUMTAETCs TeMmIeparypa
okoJi0 23°C. OueHure, KakuM JI0JKEH ObITh paauyc cdepsl Jaiicona R g berenbreiize, 4ToObl Temneparypa MoBEepXHOCTH chepsl
Obl1a KOM(OPTHOM Ul YesnoBeka. IIpy 3TOM cuuTaiiTe, 4T0 CyMMapHas MOIIHOCTb, M3jaydaeMasi berensreiize pasna Po=2-10°! Br.
Cdepa msimydaer TEWIO B OKPYXKAKOIIEE IIPOCTPAHCTBO 1o 3akoHy Credana-Bonbumana: j = 6-T%, , rae j — MOIIHOCTL M3JIy4EHHS C
eMHULBI [UIOIIAAY M3Iydaromel nosepxaoctu, T — Temmeparypa nsinydaromieii mosepxnoctu B Kenbpunax, a ¢ = 5.7-10° Br/(M*K?)
—nocrosinHasg Credana-bonbivana.

2a) IlycTh MBI XOTUM KUTh Ha BHYTPEHHEH MOBEPXHOCTU chepbl. UTOOBI CO31aTh WILTIO3UIO TPABUTALIMU MOXXHO PACKPYTHUTh
chepy Bokpyr ocu. Haiinure, kakoit JoKHA OBITH YTII0Basi CKOPOCTh M JJIS TOTO, YTOOBI TPy3 Ha 3KBaTOpe chephl NCUCTBOBAI Ha €€
MOBEPXHOCTh C TaKoOM e cuiod, kak u Ha 3emie. Cuuraiite u3BecTHbIMU paauyc chepbl R, maccy 3Be3gpl M u yckopeHue
CBOOOJHOr0 MaeHHsI BOJIM3U OBEPXHOCTH 3EMJIIH L.

206) Ouenure 3Ty YriIoBYO CKOPOCTh uist BeTenbreiise, B3saB R, HalineHnslil B miepsoM Borpoce, M = 3-10*' kru g = 10 m/c’.
I'paBuTanmonnas nocrosuuas G = 6.7-10"" m*/(kr-c?).

3a) Haiigute B 0011eM BHE, B KAKOM JUana3oHe HIIMPOT MPeIMEThl Ha BHYTPEHHEHW MOBEPXHOCTU Cepbl OCTAIOTCS Ha MECTE,
eciu ux He Tporath? KoadduiimeHt TpeHus paBeH L.

30) Ouenute pes3ysbTar, NOJYYEHHBIH B BOIpoce 3a, ajid paccmarpuBaeMoil Hamu cdepnl [Jalicona Bokpyr berenbreiize u

u=0.5.
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3a) JIubo a,=arccos , Tae tgp=p; 30) a~23.6°,




