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YciaoBus 3agau
7 kiaacc

1. "Iloe3n u Besocuneauct'

[To nopore, pacnoaokeHHOHN MapalIeTbHO KEIE3HOIOPOKHOMY TTYTH, ABHUKETCS
BEJIOCUTIEJTUCT CO CKOPOCThIO 8 KM/4. B HEKOTOPBIM MOMEHT BEJIOCHIIEUCTA IOTOHS-
eT noe3a JuHoi 120 M u o0roHsieT ero 3a 6 cekyHz. Uepes kakoe BpeMs Mocie 3TO-
ro Moe3]1 MpUOyIeT Ha CTAHIINIO, HAXOIAMIYIOCs B 20 KM, €CJIM MPOJAOJIKUT JABUTATh-

Csl C TOU e CKOPOCThIO?

2."Peka ¢ kpokoaujaamu"

Moonoii, HO TaNaHTIMBBIA H300peraTens Juma u300pes camompeIraroiiee
YCTPOKCTBO, MPHU NOMOIIM KOTOPOTrO OH MOJKET MPBITHYTh HA PACCTOAHHUE 25 M OA-
HUM IPBDKKOM, IPUYEM HEMOCPEICTBEHHO MPBLKOK 3aHUMAET 3 ¢. [Ipu moseBsix uc-
MBITAHUSAX HA POBHOM JIYI'y OKa3ajaoCh, YTO MHHUMAJIbHOE BpeMs, 3a Kotopoe uma
IIPU MOMOIIM CBOETO YCTPOMCTBA MOYKET, CHEJIAaB HECKOJIBKO IOCIEA0BATEIbHBIX
IIPBIKKOB, IepeMecTUuThea Ha 1 kM, cocraBisieT 160 c. IlpuexaB ais mpoaoyKeHHUs
UCTIBITaHUM B kapkyto Adpuky, Juma okazancs Ha Gepery peku, B KOTOPOH CTpOro
napajjielbHO OeperaM Ha pacCTOSHUU 25 M JIpyr OT JApyra jJexar 25 KpOKOAWIOB
(cm. puc. 1). Cmoxet nu uma, nepe-
IpBITMBasl C OJHOIO0 KPOKOJAWJIA Ha
apyroro, mepedpaTbcsi MO HUM Ha

JIpyrol Oeper, €ciu HaxOJIUThCS Ha 25 M 25 M .o 25 m
Kpokoauiie MOoXHO He Oonee 0,5 c?

Ecnu nma, ckoabKO BpEeMEHU eMy JJis

storo notpedyercs? IlepBeiii u mo-

CJICIHUM KPOKOJWJIBI HAXOMSATCS Ha Puc. 1

paccTosHuM 25 M OT Oepera.

3. "Macca 3agaq"

Macca noiHoOro KOMIUIEKTa 3aJJaHuii U pellieHui oNMuMMuaabl no ¢usmnke, pac-
neyaTaHHoro Ha 9-tu nucrax Oymaru ¢popmarta A4 ¢ AByX cTopoH, Ha 0,6 r OoJbIIe,
geM mMacca 9 JucToB Takou ke unctoi Oymaru. Tonep (kpacsiiee BeIecTBo) Jia3ep-
HOTO NPUHTEPA COCTOUT U3 OTIAEIBHBIX YACTUYEK C XAPAKTEPHBIM Pa3MEPOM S5 MKM
(ImxM = 10°° M), mI0THOCTH KOTOPBIX paBHa 1,5 r/cm’. CunTast, 4TO YACTHUKH TOHEpPA

HaHOCATCA HA IMOBCPXHOCTH 6YMaFI/I B OAHNH CJIOfI, OOCHUTC, KaKasd 4aCTb (B IMPOLCH-
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Tax) MOBEPXHOCTU JHUCTOB 3aHsATa TEKCTOM. CKOJIBKO YaCTHYEK TOHEpa MOHaA00u-
noch s neyatu? Pazmepst nmucta Oymaru A4 — 210 Mmmx297 M.

Cogem: st OLICHKU MOKHO CYUTATh, YTO YACTHUUKH TOHEpA SBJISAIOTCS KyOUKamMu
C JUIMHOM pedpa 5 MKM.

4. "Camplii Jerkuii matepuasa"

B 2012 roxy 6bUT0 TOTYyYEHO «caMoe JIETKOE BEIIECTBO» — a’porpadur, KoTo-
PBIii IpeACTaBIsIeT COO0N CUHTETUYECKYIO MEHY, COCTOSIIYIO U3 TPYyOUYaThIX BOJIOKOH
rpaduTa, 3aMOTHEHHBIX BO3IYXOM. ILT0THOCTB asporpadura pasra 1,38 kr/m’. Uepes
roJl 3TOT PEKOp.l ObLIT MOOUT: CHHTE3UPOBAH «TIpadeHOBBIN a’porenb» (rpaden — oa-
HOATOMHas IJIEHKa Trpadura) — MaTepuan aHAJIOTMYHOTO CTPOCHHS C IUIOTHOCTHIO
1,36 kr/m’. Ha CKOJIBKO TIPOLIEHTOB yAaI0Ch YMEHBIIHTh 00BEMHYIO JOIIO0 TpaduTa B
matepuane? IInoTHOCTh Bo3ayxa — 1,2 mr/em’, rpadmra — 2,25 r/em’. O6beMHO# 110-
Jiel BellecTBa B MaTepuasie Ha3bIBAETCS OTHOIIEHUE 3aHUMAEMOI'0 3TUM BEIIECTBOM
o0beMa Kk 001emMy o0beMy MaTepuaa.

8 knacc
1. "®uabTp A5t BOABI"

Ha xyxHe y Bacu ecTs QuibTp a1 BOJbI, COCTOSIIHMA
Y3 JBYX BJIOKEHHBIX APYT B Ipyra LWINHIPUYECKUX EMKO-

Wl

cTeil (cM. puc. 2, BEpXHss EMKOCTh 3aKperieHa CTPOro Io
LEHTPY HWXKHEW). Y KaXIOW M3 €MKOCTEN BBICOTAa paBHA
JIUaMeTpy OCHOBAHUSA, a BHICOTHI MEHBIIEH U OOJbIIEH eM-
KOCTEH OTJIMYAOTCS B TPU pa3a. EMKOCTH OTKPBITHI CBEp-
Xy, BOJIa U3 MEHbIIEH €MKOCTH MepennBaeTcss B OOIbUIYIO
C IIOCTOSIHHOM CKOpocThlo. Bacsi xoueT Hanmuth cebe He- Puc. 2
MHOTO (priIbTpoBaHHOM BO/BI. CKOJIBKO BPEMEHU €My MpH- '

JETCsl TIO0XK/1aTh, €CIIM OH TOJIBKO YTO 3aIlOJIHUJI JOBEPXY MEHBIIYI0 €MKOCTh U HE
XO04YeT, 4ToObl BOJIa BbUIMJIACH U3 Hee uepe3 Kpai? M3BecTHO, YyTO BOJa U3 BEpXHEH
€MKOCTH MOJHOCTBIO NIEPENUBACTCS B HUKHIOKO 3a 28 MUHYT, B Ha4aJbHBI MOMEHT
HUKHSIS €MKOCTh mmycTa. /[ HanuBanus BoJsl Bacs HakioHsieT QuibTp 10 TeX 1mop,

ITOKa BOJda HC KOCHCTCA BCPXHCTO Kpasd HU)KHEM €MKOCTH.
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2. "]IBe nepeBun"

[To mopore mnunoit 10 km mexnay nepeBHsiMu KaroBka u XBaroBka ¢ MOCTOSH-
HOM ckopocThio 40 KM/4 KypcupyeT mMapuipytka. Benocunenuct Ha 3To# ke qopore
MIPOBOAUT TPEHUPOBKY, KYPCUPYSI MEXAY JAEPEBHIMHU CO CKOPOCThIO 15 kM/4u. B 9 ua-
COB MapHIpyTKa U BEJIOCHUIEIUCT CTapTOBaju onHOBpeMeHHO u3 KaroBku. B kakoii
MOMEHT BpPEMEHHM MapIIpyTKa BHEpBble O0OroHUT Benocunenucta? CKOIbKO pa3 A0
ATOr0 OHU BCTPETATCS, JBUTAsICh HABCTpeuy Jpyr Apyry? Cuuraiite, 4yTO IBHXKEHUE
IIPOUCXOAUT O€3 OCTAHOBOK: JOEXaB J0 JIEPEBHU, MapLIPyTKa U BEJIOCUIIETUCT Cpas3y

&Ke elyT 00paTHO.

3. "Bemagaomuii mapux"

B nientpe miockoro gHa MUIUHAPUYECKON MPOOUPKU auamMeTpoMm 20 MM JICKHUT
CBUHIIOBBIM MIapuK paguycoM 2 MM. B mpoOupKy akkypaTHO (Tak, 4TO IIapUK HE
CMECTWJICS) HaJWIM BOJABI U 3aMOPO3WIH, 3aTEM OOpPa30BaBIIMICS CTOJIOUK JIbaa C
BMOPO>XCHHBIM IIAPUKOM BBITAIWIN U ONMYCTUIU B TEMIYI0 Boay. OH cpas3y MOJHO-
CTBIO TIOTPY3WICS B BOAY, HO HE yTOHYJ. OIleHUTE MaccCy JbIUHKH, KOTOpas uepes
HEKOTOPOE BpPEMs BCIUTBIBET Ha MOBEPXHOCTh. CUMUTAMTE, UTO JIeJ TaeT PaBHOMEPHO
CO BCEX CTOPOH, a IIAPUK BBINANAET W30 JbJa, €CJIU HAYMHAET BHICTYNAaTh U3 HETO
Oosee, yem HamoJioBuHy. IlmotHocTh cBuHma 11,3 r/em’, npma 0,9 r/cm’, BObI
1,0 r/em’, 06beM mapa ompenensercs mo Gopmyne V=4nR’/3.

4. "/Keae3nblii Bek"

OO6b1yHO ceMbu TuIeMeHH KOMOO roToBST 1eNeOHBIM OTBap Tak: MOJYIO THIKBY
00BeMOM 5 JIMUTPOB HAIMBAIOT JI0 KpPaeB BOJON W3 pyubs, KIAAyT B HEE KYCOK
YEPHOTr'0 JIepeBa Maccoi 3 Kr, pacKaJI€HHBbIM Ha KocTtpe Ao temnepartypsl 200°C, a
3aTeM 3aKpbIBAIOT KPBIIIKOW U KAYT, KOTJa YCTAHOBUTCS TEIJIOBOE paBHOBecue. Jo
KaKoOW TeMIlepaTyphl HarpeBaeTCsi BOJa BHYTPHU ThIKBBI? OJHaXIbl OfHA U3 cemel
Halllla >KEJIe3HbIH METEOPUT Maccol 3 Kr W peniwia HCHOJb30BaTh €ro BMECTO
nepesa. Jlo kakoil TeMriepaTypbl HarpeeTcs Mpu 3TOM BOJIa, €CJIM METEOPUT YJAlI0Ch
packanuTh Ha koctpe no temmeparypbl S00°C? ITnotHocT yepHoro nepesa 1200
kr/M>, kenesza 7900 kr/m°, Bomel 1000 Kr/m’; yJIeJbHBIC TETUIOEMKOCTH YEpPHOTO
nepea 2,4 kJDx/(kr-°C), xenesa 0,46 xllx/(xr-°C), Bomel 4,2 xIlx/(xr-°C).
Temmnepatypa Boabl B pyube 20°C, Tem1ooOMEHOM COJEPKUMOTO THIKBBI C
OKpYXalollel cpeioi U TEIIOEMKOCThIO €€ CTEHOK MpeHeOpeyb.
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9 KJj1acce

1. "IloagnpeiruBawmue mapuxku'"

Hapx ropu3oHTanbHO pacmnoyiOKEHHOMW IJIOCKOM IUIMTOM BUCST — HA Pa3HbIX BbI-
COTax U HE Ha OJIHOW BEPTUKAJIM — JIBAa OJIMHAKOBBIX MalleHbKUX Inapuka. [lapuku
OJIHOBPEMEHHO HAYMHAIOT CBOOOJHO MajaTh C HYJIEBOW HayainbHOUW ckopocThio. [lo-
cie abCOJIIOTHO YMPYToro yjaapa O IUIMTY KaKIbli IapuK MOJHUMAETCS Ha Mpex-
HIOIO BBICOTY U MOBTOPSAET CBOE IBM)KEHUE BJOJb OJJHOM U TOU K€ TPACKTOPUU HEOT-
pPaHWYEHHOE YMCIIO pa3. BpeMsa Mexy IByMs MOCIEI0BATEIbHBIMU yAapaMu O ILJIU-
Ty OJIHOTO IIapuKa B 1esnoe uncio N pa3 Oosblie, yem apyroro. M3BecTHo, 4To nep-
BBIM pa3 MIapUK{ OKa3aJluCh HAa OJMHAKOBOW BBICOTE UEpe3 BpPEMs T MOCIE Hadaja
INBWKEHHS. Uepe3 kKakoe MUHUMAJIbHOE BPEMSI TIOCJIE 3TOTO OHU CHOBA OKAXKYTCS Ha
onnHakoBoM BeicoTe? COMpOTURICHUEM BO3AyXa MpeHeOpeyb.

2. "beckoHeuHasi cucreMa 0J10KOB"

N3 oueHp OOJBIIOrO 4YHCIa OJMHAKOBBLIX IMOJBMKHBEIX OJOKOB —
cobpana uzo0paxeHHas Ha puc. 3 cucrtema. OnpeaeauTe Maccy OJTHOTO ul
0JIoKa, €ciM CHCTeMa HaxOJMWTCS B paBHOBECUHU, a JuHaMmoMeTp [
nokaszeiBaeT S0 H. Coenunstonine 0JIOKM HUTH JIETKUE U HEPACTIKUMBIE,

TPEHHE OTCYTCTBYET.
Puc. 3

3. "KyOuk B npodupke"
Huxusig yacTh HMIMHAPUYECKOW MPOOUPKH ¢ BHYTPEHHUM TUaMETpoM d mpe-
CTaBJIsIeT co00H moaycdepy ¢ AUaMeTpOM, paBHBIM auameTpy npoodupku. Ha crone

BEPTUKAIBHO CTOAT JIBE TAaKWX MPOOUPKH, HIDKHAS YacTh KOTOPBIX (TIO-
nycdepa) 3anosnHeHa Bojou (cM. puc. 4). B neByto npoObUpKy CTaBAT Ky-

OuK ¢ quHOM pebpa d / V2. [Ipu kakol MIOTHOCTH MaTepuana KyOuka

OH BCILIBIBET, €CJIM BCIO BOJY U3 MPABON MPOOUPKHU MEPETUThH B JIEBYIO? AW,
[110THOCTB BOJBI Py, TIPHU MEPETUBAHUU HA BEPXHIOI IPaHb KyOUKa BoJa Puc. 4
HE MOMAa/IaeT, TPEHUS MEXIYy KyOMKOM M CTEHKaMU MPOOUPKHU HET.

4. "llepexauka Temnja'
B nBe ogmnakoBsie 60mbiue eMkocTd Hanuto 1mo 100 1 Boasl mpu 20°C. B kax-
JIOM M3 EMKOCTEH YCTaHOBJIEH 3JIEKTpOHArpeBaTesib MOIIHOCTHIO 4,2 kKBT. B HEekoTo-
pPBIFi MOMEHT BPEMEHH BKJIIOUYAIOTCSl 00a HarpeBaTesisi, OJHOBPEMEHHO ¢ HUMHM BKITIO-

YaeTCsl HACOC, NMEPEKAUYNBAIOIINM BOAY U3 JIEBOM €MKOCTH B IMPABYIO C MOCTOSHHOM
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ckopocThio. Yepe3 15 MUHYT mociie BKIIOUEHHsI HarpeBaTeseil TeMnepaTypa BOAbl B
neBol eMkoctH cocraBuia 31,9°C, a B npaBoi — 27,9°C. Eme yepe3 15 MUHYT TeM-
neparypa BOAbI B MPAaBOM €MKOCTH cTaja paBHa 36,5°C. Uemy paBHa Temrmeparypa
BOJIbI B JIEBOW €MKOCTU B 3TOT MoMeHT? IloTepsimu Temia, a Takke UCIapeHueM BO-
16l IpeHEOpeYb, yaeabHas TeroeMKocTb BobI 4,2 kJIx/(kr-°C).

5. "Cxema ¢ amnepmerpom"

Onpenenure NOKa3aHHWs amIepMeTpa B HU300pa-
KEeHHOU Ha puc. 5 cxeMe. CoNpoTHUBIIEHHE aMIIepMeTpa

MHOT'0 MEHBIIIE CONPOTUBIIEHUSI PE3UCTOPOB, a OaTapeii-

Ka uacaljibHas, T.C. HAIIPSKCHUC Ha €C KIICMMax HC 3aBU-

CUT OT TCKYILICT'O YCPEC3 HCC TOKA.

10 kiaacce

1. "Ilapa6oaunyeckoe 3epkaJjo -1"

[TapaGonoun BpamieHus: ¢ GOKYCHBIM pacCTOSSHUEM F' YyCTaHOBIIEH TaK, YTO €ro
OCb CHUMMETpPHUHU BepTUKaJbHa (cM. puc.6). M3 Touku, HaxoxsIecss BHYTpU napado-
JIOHUJIa HAa PACCTOSIHUM @ OT €r0 OCH, OTIYCKAIOT 0€3 HauaJbHOM CKOPOCTH MaJIeHbKUIA
mapuk. Ha kakoil BeicoTe€ (OTHOCHUTEIBHO
BEpIIMHBI Napaboioua) HaXOAWICA 3TOT /
HIapuK, €clid Moclie JBYyX aOCOJIOTHO YII- “-\_ a /
pYrux OTpakeHUH OT mapaboyiouaa OH \ ; /
MOAHSAJICA Ha IEPBOHAYAJIBHYIO BBICOTY? \“x\ / |
YckopeHnue cBOOOTHOTO MAICHUS g.

Cnpasounas ungopmayus: mapadbo- =
JIOMJ] BpAILEHHUS] — 3TO NOBEPXHOCTH, IMO- ~-l--f”
JTy4yaeMas BpallleHHeM napalosibl, ypaBHe- Puc. 6
HHUE KOTOPOH y=x2/4F, BOKpYr ocu OY, Ha3biBaeMou ochblo mapabosouaa. Bepmmuna
napa0osbl Ha3bIBaeTCA BEpIIMHON mapabosiouaa. Touka, jexalias Ha ocu mapabo-
JIOMJIa Ha PAcCTOSHUM F OT €ro BeplluHbI, Ha3biBaeTcsa ero (okycom. Ilapabomouna
oOnafaeT CiaeayIolUM CBOMCTBOM: €clii Tiepe/l aOCOMIOTHO YIPYTUM YJIapOM YacTH-
bl 0 MapaboJou]l ee CKOpOCTh Obljla HaNpaBlieHA MapajulelIbHO €ro OCH, TO IMOCIe
ATOTO yJapa ee CKOpoCTh Oy/eT HampaBiieHa Ha ero (okyc.

Ykazanue: MOXHO CUMTATh, YTO BCA TPACKTOPUS IIApUKA JIEKUT B OJTHON BEPTH-
KaJIbHOM TIOCKOCTH.
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2. "Capanua"
Capanua nemena, nemena
U cena.
Cuoena, cudena — ce cvena
U enosw ynemena.
Omuem ronnexcckoeo cekpemaps A.C. Ilywkuna
HOB0POCCULICKOMY U beccapabckomy
eenepan-eyoepnamopy ep. M.C. Boponyosy
CapaHya CUAUT Ha TOPU3OHTANBHON MIIAT(HOPME YYBCTBUTENBHBIX JIEKTPOHHBIX
BECOB, IIPU ITOM Bechl Noka3biBaoT 3,0 rpamma. CapaHya NpbIraeT, OTTAIKUBASACH OT
BECOB MOJI YIJIOM 57° K UX MOBEpXHOCTU. OnpeenTe yCKOPEHHE CapaHYl B MOMEHT
OTTaJKUBAHUS, €CJIM MMOKA3aHUs BECOB B 3TOT MOMEHT COCTaBuiM 38,5 T.

s cnpasku: sin 57°~0,84.

3. "KyOuk B O6acceiine"

K crene GacceitHa miIoTHO IpuKaT (HO HE MPUKIIEEH) KyOUK, MOJTHOCThIO HAXO-
TSIIUAKCS TIOJ BOJOM M HE Kacaromuiics n1Ha. Mexy CTeHKON KyOuKa U CTeHOM Oac-
ceiiHa BOJla HE MPOHHUKAET, MO3TOMY MEX]y HUMHU JEHCTBYET CUJla CyXOro TPEHUs,
K03 PUIIEHT TpeHUs paBeH L. YPOBEHb BOJbI B OacceiiHe HAYMHAIOT MEIJIEHHO T0-
HUXKaTh JI0 TeX MOp, MOKa €€ YpOBEHb HE OMYCTUTCS 10 BepXHeH rpanu kyouka. [lpu
KaKoM MJIOTHOCTU KyOHKa OH OyJeT ocTaBaThcs B MOKOE Bce 3T0 Bpemsi? [lmoTHOCTD
BOJIBI Po, CUUTANTE, UTO KyOUK MOKET ABUTATHCS TOJIBKO MOCTYMATEIbHO.

4. "Cxema ¢ amnepmerpom"
Omnpenenure mnoka3zaHus ammepMerpa B H300pa-

KeHHOU Ha puc. 7 cxeme. CoONpoTHUBIIEHHE aMIIepMeTpa

MHOT'0 MEHBIIIE CONPOTUBIIEHUS PE3UCTOPOB, a OaTapeii-

Ka uacaljibHas, T.C. HAIIPSKCHUC Ha €C KIICMMax HC 3daBU-

CUT OT TCKYILICT'O YCPE3 HCC TOKA.
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5. "Ilapaboanueckoe 3epkano —2"
3epkano wumeer ¢opMmy mapabdoionaa

BpamieHus (cMm. 3amady 1) ¢ gokycHbIM pac- |\ /
CTOSIHUEM [ M BbICOTOU 4F, HAKPBITOTO CBEP- \ — /

Xy IUIOCKOW IUIACTMHOM, Ha KOTOPOW Ha pac- \ 3 /

CTOsAHHMHN a OT OCH Hapa60J10Hz[a 3aKpPCIIJIICH 4F { /
WCTOYHUK cBeTa. McTouHuk HNCITYCKACT TOH-

KWW Jy4 CBeTa, NapajulelbHbI OCH mapado- F

nouaa (puc. 8). Onpenenure pacCTOSHUE Me- o
KTy UCTOYHUKOM U TOYKOH, B KOTOPOH OTpa- Puc. 8

JKCHHBIN OT 3CPKaJia JIY4 momnmagacT Ha IJIACTUHY HCpBBIﬁ pas.

11 xkaacc
1. "XoKkkel Ha HAKJIOHHOH MJIocKocTH"
Caiira urpaeT B XOKKel Ha MJIOCKOCTH, HAKIIOHEHHOMW MOJT YIJIOM [} K TOPU30HTY.
On Opocaet mai0y B KakOM-TO HaIlpaBJICHUHU BJIOJIb MJIOCKOCTH CO CKOPOCTBHIO U, a
caM eJIeT C MOCTOSSHHOMW MO BEJIMYMHE W HAIPaBJICHUIO CKOPOCTHIO U, 0O0pa3yroleH
yroJ (p C MPOBEJICHHON Ha MIOCKOCTH TOPU30HTAIBHON JUHUEH (cM. puc. 9), u uepes
HEKOTOPOE BpeMsl OKa3bIBACTCS B

OJIHOM Touke c maiboil. Ha xa-
KOM PacCTOSIHUM OT MecTa Opo-
cka 310 npoucxoaut? Tpenuem o
IUIOCKOCTh W COINPOTHUBICHUEM

BO3JlyXa MOXHO TIpeHeOpeUb,

maiiba OoT MJIOCKOCTH HE OTpPhI-

BacTCs.

2. "Ommndka HproTona"

I'oBopsar, 1. Hpl0oTOH, MIaHUPysl SKCHEPUMEHTHI MO ONPEAECICHUIO KOIUYECT-
BEHHBIX XapaKTEPUCTHK TATOTEHHUs, OLICHUBAJ BpPEMsl, 32 KOTOPOE CTOJIKHYTCS JIBa
CBUHIIOBBIX IIapa aAuameTpoM 1 ¢yT, pacnosiokeHHbIE M3HAYaIbHO HA PACCTOSHUU
1 mroiim. [lomyuuB BcieacTBUE apu@METHUYECKON OIMMOKM BEJIMYMHY MOpsIKa He-
CKOJIBKMX MECSILIEB, OH OTKA3aJCs OT MPOBEACHUS HKCIEPUMEHTA. DKCIIEPUMEHTANb-
HOE HCCIEOBaHUE MPUTSKEHUS ABYX TsDKENBIX IapOB OBLIO MPOBEAECHO TOJBKO Ye-
pe3 100 ner I'. KaBenaumieMm; pe3yapTaTbl 3TOTO UCCIEAOBAHUS MO3BOJIWIM OIpe/e-
JUTh, B YaCTHOCTH, T'PaBUTALMOHHYIO TIocTosiHHYI0. [Ipennaraem Bam pemmuts 06-
paTHYIO 3ajady: 3Has 3HAYCHHE TPABUTALMOHHON MOCTOSHHON 6,67-10"" H-mM”kr 2,
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onieHure 9310 Bpewmsa. IlmotHocts cBuHna 11350 KF/M3, 1 ¢yr=30,48 cwm,
I mroiim=2,54 cMm. Ilox paccTossHEEM MEXKIY IIapaMu MOHUMAETCSl PACCTOSIHUE MEK-
Iy UX OMMKauIIuMu IPyT K APYTYy TOYKAMHU.

3. "3aragouHoe ycTpoucTBO"

B nHe nmiIMHIpHUYECKON €MKOCTH C IIONaiblo ocHOBaHuUsA 10 M’ uMeeTcst OT-
BepcTHE Momaapo S0 CM2, K KoTopoMy Tipuaenana U- oOpa3Has TpyOKa C ced4eHUEeM
TaKoM ke TIoaau. B HauanbHBI MOMEHT BpEMEHHU B TPYOKE HaAXOIUTCS BOAA, MIPU-
9YeM ee JIEBOe KOJICHO MOJHOCTBHIO 3all0JIHEHO, a B eMKOCTH Bojbl HeT (puc. 10). Ha
BbicOT€ 10 M OT OCHOBaHHUSI EMKOCTh 3aKpbITa MopiiHeM maccor 100 kr, moj KoTo-
pbiM HaxoauTcst SO0 Kr Boznyxa. Bed cucrema noaaepKuBaeTcs

B TCUCHHUC JOJIOro BpPCMCHHU IIPpHU MOCTOSIHHOM TCMIICPATYPC

80°C. Ha cKoJIbKO MOBBICUTCSI YPOBEHBb BOJBI B IPABOM KOJIEHE,

€CJIM Ha IOpIIEHb MEUIEHHO HachllaTh MECOK O0IIeH Maccoit
50 Toun? CuuTaiiTe, 4TO BOJa HE BBUIMBAETCS U3 TPYOKU U HE

YXOOUT U3 JICBOI'O KOJICHA ITOJIHOCTBIO. ATMOC(i)CpHOC JaBJICHUC

10° ITa, monsapHast Macca Bo3ayxa 29 r/Mojb, BoJbl 18 1/MOIB, e 10
Hc.

mwI0THOCTHL BoAbI 1000 Kr/Mm°.

4. "MeHs0mAasaca HHAYKTHBHOCTD "'

K 6Garapeiike ¢ 3[IC & u BHYTpEeHHUM CONPOTUBIICHU-

M 7 IMMOAKIIXOYCHBI ITApAJUICIABbHO APYT APYTrYy HACAJIbHAA Ka-

TYHIKa HWHAYKTUBHOCTH H PC3UCTOP COIMPOTHUBICHUCM R

NS))
~

(puc. 11). Onpenenute, KaK JOJDKHA 3aBUCETh OT BPEMEHU —
WHIYKTUBHOCTh KAaTYIIKW, YTOOBI Yepe3 Hee TEK IMOCTOSH-

HBINA TOK /.

Puc. 11

5. "JIy4 B nmpo3pa4yHoM miape, ujiu paayra'
[TosioBHHY MOBEPXHOCTHU MPO3pavHOro mapa nocepedpmwin. Ha npo3paunyto no-
JIOBUHY IlIapa U3 BO3JlyXa MaJaeT My4yoK CBETa, MapajuieIbHbld ONTHUYECKONH OCH CHC-

TEeMbl, IIUPHUHA KOTOPOro OoJibllle AuameTpa mapa (puc.

<
12). Tlpu kakux 3HAYEHUAX TOKa3aTes MPEIIOMIICHUS é
mapa n (n>1) Hala€rcsa mo kpalHel Mepe OJWH HE Jie- é _________
KAl HA ONTHYECKOW OCH CHUCTEMBI JIy4, KOTOPBIM TO- §
CJie IBYX IPEJIOMIICHUN U OJTHOTO OTPaKCHUs BBIMACT B é
BO3J1yX CTPOr0 NapaJuIeJIbHO UCXOJAHOMY HAPABIEHUIO? P<’Hc. 12

10
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Pemenus 3agau

7 kiacc
7-1. 13 ycnoBus 3aa4u CIEIYET, YTO CKOPOCTh M0€3/1a OTHOCUTEIBHO BEIOCUIIEIH-
[ 120
CTa VUgpy =—=——=20 M/c =72 xM/u. Toraa ckopocTb 1Moe3ja OTHOCUTEIBHO 3€M-
t

MM U, =0y +0, =72+8=80 xm/u. CinemoBaTenbHO, OCTaroUIMecs 10 CTaHLUH

20 kM moe3n npouaet 3a 1/4 yaca=15 MuHyT.

Otser: uepe3 15 MUHYT.
Kpumepuu OUCHUGAHUA

Haitnena ckopocTh moe31a OTHOCUTENBHO BEJIOCHUIIEINCTA 3
Haiinena ckopocTh oe31a OTHOCUTENBHO 3EMIIU 4
Haiineno Bpems npuObITHS HA CTaHIIUIO 3

7-2. 1ns nepememienus Ha 1 km J{lume HyxHO caenatb 1 km/25 m=40 npeiokkoB. Ecnu
KKl MPBDKOK 3aHMMaeT 3 ¢, TO caMu NpbikKU notpedyroT 120 c. To, yTo 3TO
BpEMsI MEHBIIIE YKa3aHHOTO B YCJIOBMHM MHUHUMAJIBHOrO BpeMeHH B 160 c, o3Hayaer,
yT0 /[Ma TpaTUT HEKOTOpPOE BpEMs IEpe] MPBLKKOM Ha MOATOTOBKY K HEMy. Eciu
MIPEANOJIOAKUTH, YTO ATO BPEMS OJMHAKOBO IEpe] Ka)AbIM IPBIKKOM, TO OHO, OYe-
BUJIHO, paBHO (160—-120)/39~1,02 c. IlockoyibKy HaXOAUTHCA HAa KPOKOJHMIE MOYKHO

toisibko 0,5 ¢, To mepedpaThbcs uepe3 peKy TakuM 00pa3oM y UMbl HE TOTYUHUTCS.
Kpumepuu ouenusanusn

OnpeneneHo KOJIMYECTBO MPBIKKOB AJIs IepeMelieHus Ha 1 kM 1
Onpeneneno HEOOXOAUMOE I TOTO KOJIMYECTBA IPHLKKOB BpeMs 1
VYka3aHo, 94TO M3 YCIOBHS 33aJaddl CIEIYyeT, YTO UIS TMOJATOTOBKU INPBDKKA TPEeOyeTcs
BpeMs

[Tokazano, 4To 3TO BpeMs 00JIbIlIe BpEMEHHU PEaKIIu KPOKOIUIa 3

7-3. Hailinem o06beM TOHepa, HAHECEHHOTO NpPH IeYaTh Ha JUCTHL: V=m/p=0,4 cM.
Ecnm yacTuuku TOHEpa HAHOCATCS B OJUH CJIOM, TO 3aHUMAEMYI0 UMHU ILIOIIAb
MOXHO Haiith kak 0,4 cm>/5 Mxm=0,4+10°M>/5-10 °M=0,08 M*=800 cm’. O6mast mwio-
1aJlb MOBEPXHOCTHU JUCTOB cocTtasisier 18:21,0-29,7 em’=11226 cm* (3mech y4TeHo,
4TO TEKCT pacreyaTaH Ha o0eux CTOpoHax JUCTOB). Torma TEKCT 3aHUMAET
800/11226~7% moiaan JIUCTOB.
Jlnst onpeiesieHusT KOJIMYEeCTBA YaCTUUEK TOHEpa MOXKHO OOIIMii 00beM MOTpayeHHO-
ro toHepa 0,4 cM® pasmgenuTh HAa 00BEM ONHOM YACTHYKH, PABHBIN
510" M’=1,25-10" c™’, momyuaercs npumepro 3-10° wir.
OtBet: 7% momaam, 3-10° wacTuuex.

Kpumepuu OUCHUGAHUA

(pu Bcex BBIYMCIICHUSX TOMYCKAIOTCA OKPYIJIEHUS B pa3yMHbIX Ipeesax.
JlomyckaeTcst mpoBeACHHE MPeoOpa3oBaHUi B 00IIIEM BHJIC)

Omnpenenen 06beM UCIOJIB30BAaHHOTO TOHEPA 3
[Tonmy4yeHn oTBeT Ha EPBBINM BONIPOC 4
[Tomy4yeHn oTBeT Ha BTOPO# BOTIPOC 3

11
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7-4. O6a BemecTBa COCTOAT U3 rpaduTa U Bo3ayxa. ObosHauas V,, u V, 3annmaemMble

P

V +V

6 p

M O6’BCMBI, MOZKHO 3aItucaTtb, 4TO o0BeMHas HOJIsA I“pa(l)I/ITa B MAaTCpHalIC n =

m, +m
B T0 ke BpeMs 10 onpenesneHuIo INIOTHOCTh MaTepuana p = ————. BeIpaxas mac-

6 ep
Chl rpa(uTa ¥ BO31yXa 4epe3 UX MIOTHOCTH U OOBEMBI, UMEEM:
b P Vo + PV, b Vo vp Vo
V.+V TV AV, TV +V

6 p 6 p

=p,n+p,(1-1), OTKyAa MOXKHO BBIPa3UThH

PP,
pgp_pg

00BEMHYIO JI0JII0 TpaduTa B MaTepuaie: n = . Torna MOXHO BBIYMCIUTH OT-

M _Pr=pP, _136-12 _

m P1— Py 1,38-1,2 0989
CrnenoBarenbHO, 00BEMHYIO JTOJIO TpaduTa yaaIoch YMEHbIIUTh Ha 11 %.

OtBert: Ha 11 %.

Kommenmapuu: 1. BooO1iie roBopsi, JIOTHOCTb rpaduTa Uil peuieHus He HyxHa. Ho
OHa TI03BOJISIET BBIYUCIUTH 00bEMHBIE 10U rpaduTa B KXKI0OM U3 MaTEPHAJIOB.

2. 3aMeTuM, 4TO OTBET "yMEHbIIMIOCH HA 12,5%", KOTOPBIN KaXKETCsl €CTECTBEHHBIM,
€CJIM TIOCUUTaTh O0paTHOE OTHOIIEeHHUE 1M/My=1,125 saBisercs, BooOIIe roBops, He-
BEPHBIM, TIOCKOJIbKY U3MEHEHUE 00BbeMHOM oau cocTaBiseT 11% ot craporo 3Haue-
Husg unu 12,5% ot HoBoro. TeMm He MeHee, peKOMEHIyeM He CHUKATh 0ajljloB, €CIIH
YYacTHHUK JaeT oTBeT 12,5%.

HOIlIICHUE OOBEMHBIX JoJiel rpadutra B MaTepHaiax:

Kpumepuu oyenueanusn
3anucaHo onpeaeneHue 00beMHOH 10U rpadura
3amucaHo onpe/eeHne MI0THOCTH
3anucaHa cBs3b INIOTHOCTU U 00bEMHOM J101a rpaduTa
[Tosyden oTBeT

WAk N~

8 kinacc
8-1. N3zo0pa3um rpaHvHyI0 CUTYallUIO0, TP KOTOPOU BO-
Jla HAaYHET BBUIMBATHCS M3 HWKHEW U BEpXHEU eMKOCTel
OJIHOBPEMEHHO, T.€. MPHU OJMHAKOBOM YIJIE HAKJIOHA (CM.
puc.13). B aToM ciydae 3amoIHEHHBIE BOJIOM YacTH €MKO-
CTEeH HMMEIOT OJIMHAKOBYIO (OpMy, a BCE UX JIMHEHHBIC
pasMmepsl oTinyarTcs B 3 paza. [loaTomy ux o0beMbI pas-
JIMYAI0TCS B 3°=27 pa3, CIeI0BATEIBHO, U 00BEMBI BOJBI B
€MKOCTSX JIOJIKHBI OTJIMYATHCS B § pa3. DTO O3HAYAET, YTO
B HI)KHIOIO €MKOCTh yCIeNo mnepereub 27/28 Bcell BOABI,
1u1st yero notpedyercst 27/28-28 mun= 27 muH. CTOJIBKO U
NpUaeTCs kKaath Bace. Puc. 13
OtBet: 27 MUHYT.
Pexomenoayus nposepsaiowemy: BoOOIIE TOBOPs, HEOOXOAMMO TaKXe MPOBEPUTH,
YTO B YKa3aHHOM TOJIOKEHUH KUJKOCTh B OOJBIIIOM COCYZE HE KacaeTcsl MOBEPXHO-
ctu Maynoro. OJIHAKO MOCKOJIBKY 3TOT (haKT BIIOJHE MOHITEH U3 MOCTPOCHHUS, TpeOo-
BaTh OT YYaCTHUKOB €r0 CTPOTOr0 JI0Ka3aTeJIbCTBA HE CIIETYET.

12
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Kpumepuu ouenueanusn

HapucoBana nnu onvicana rpaHu4Hasi CUTyalus 2
VYkazaHo, 4To B 3TOM (opMa 3ar0JIHEHHBIX BOJIOHM YacTel 0JJMHAKOBA 3
OrmpeneneHo OTHOIIEHHE 00bEMOB ITUX YaCTEH 2
OmpeneneHo, Kakasi 4acTh BOJIbI IEPETEKIIA B HIKHIOI EMKOCTh 2
OtBer 1
. 40 2
8-2. IlpeoOpa3zyem Benu4MHBI CKOpOCTEH Juisi yaoOCTBa: U, =——=— KM/MUH;
60
15 1
U, = — =— KM/MUH. SICHO, 4TO MapuIpyTke TpedyeTrcs 15 MUHYT, YTOOBI MpoexaTh
60 4

MEXIy JepeBHIMHU, a Benocunenucty — 40 munyt. Mcxoas usz storo, crpoum rpadu-
KM UX JABUKCHUS — 3aBUCUMOCTH KOOPJIMHAT OT BpeMeHu (puc.14)

X, KM
2|8
V4

P 1 oOffon

[AMANVAEAVVA A
HARNANRRANAY

0O 10 20 30 40 50 60 70 80 90 7 mun
Puc. 14

CriomiHoOM TMHMEN MoKa3aH rpaduK JBMXKEHHUS] MapIIpyTKU, a MyHKTUPHONW — Ipa-
buK ABMKEHHS Bejocureaucta. BpeMs oTcuuThIBaeTcsi OT MOMEHTa HUX OOILEro
crapra (T. e. =0 coorBerctByer 9"°). Touka mepecedeHus rpauKOB, OTMEUCHHAs
KBaJIpaTUKOM, COOTBETCTBYET IEPBOMY OOIrOHY BEJIOCUIIEAMCTa MapLIPYTKOM. ITO
npousonuio Mexay 40 u 50 MuUHyTaMu IBUKEHMSI, KOT/Ia OHM JBUTAIUCHh OT XBaTOB-
k1 B ctopony KaroBku. U3 rpaduka BUAHO Tak e, 4TO O ITOTO OHH YCIENH JABaXK-
Il BCTPETUTHCS (JIB€ TOYKU NepecedyeHus rpadukoB, OTMEUEHHbIE Kpyxkkamu). Haii-
JIeM TOYHO€ BpeMs oOroHa. [[is 3Toro coctaBuM ypaBHEHUs IBHXKEHUS BEJIOCUIIEIH-
CTa U MapUIPyTKH JJIs1 MHTEPECYIOLIET0 HaC MPOMEKYTKAa BPEMEHH. 3a Ha4yaJlo OTCYE-
Ta BpeMeHU Bo3bMeM 9 4 40 MUHYT, KOT/ia BEJIOCHUIIEUCT BIIEPBbIE CTapTOBal B 00-
patHblii myTs. Torna s Bemocumemucta x,(t)=10—v, -¢. CTapT MapmpyTKH u3

8
6
4
2
0

XBaroBkH OblI Ha 5 MUHYT no3xke. [loaToMy ee ypaBHEHHE ABUKEHUS UMEET TaKoOU
Bun: x,,(t)=10—1v,, - (¢ —5). TlpupaBHEBas MX KOOPIMHATHI, HAXOTHM MOMEHT O6TO-
Ha: x,(t,)=x,(t,). B passepuyrom Bugme: 10— v, -1, =10-10v,, -(t, —5). Orciona

Uyt S

I0JIy4aeM, 4To f, = =8 MHHYT. DTO O3HAYaEeT, YTO MEPBHIA OOTOH MPOU30-

Oy —Up
men B 9 yacoB 48 MUHYT.
48
OtBet: B9, 2 paza.

13



Myruyunanvhsiii 53man oauMnUaObl WKOJILHUKOS NO Qu3uKe. Pewenus

Kpumepuu oyenusanusn
Ompeneneno (Jt00bIM CIIOCOO0M), YTO OOTOH MPOU30MAET MOCIIE TOTO, KaK MapIIpyTKa 4
TPH pa3a IPOEHET PaCCTOAHUE MEXIY NEPEBHAMU
OmnpeneneHo KoJIMYECTBO BCTpeY O 00roHa
Paccuurano Bpems o6rona

N

8-3. Ilycte R=1 cM — paanyc OCHOBaHHUS MPOOUPKH, a / — BBICOTA JICISTHOTO CTOJIOH-
Ka. Ycnosue TJIaBaHUS poOUpPKHU c IIIAPUKOM UMeEeT BH/I

4 4
p08§7l7”3 +p, (7R h —5717’3) = p,nR*h, oTKyna

Ap. —p ) 4 104 8-107°
h= (P, ’0”)2:—- . ~ 1,11 c™m
3(p,—p,)R" 3 0.l 1
I[JISI TOrO, IIT06E;I HlapI/IK BBIIIAJI, JOJIDKCH paCTaSITB CJIOI71 JbAa TOJIIJ.II/IHOI71 2 MM. B pe-
SYJIBTaTe III/IaMeTp N BBICOTA ]_II/IJII/IHI[pa yMeHBIIIaTCSI Ha 4 MM HU CTaHyT paBHBI

h'=7,11 mm 1 D'=16 MM, ipu 3TOM Ha MecCTe IIapuKa OCTaHeTcs moiycdepuieckas

2
) 2
BhleMKa. Toraa macca ocrasiueiics ibauaku m = p, (7R'“h' — 5717’3 )=1,13r.

3aMeTuM, 4TO 00bEM BBIEMKH COCTaBiIseT MeHee 2% OT o0beMa BCeil JIbAUHKH, I10-
ATOMY B IIpeAbIAyIIeH (hopMylie UM MOYKHO IPEHEOPEYb.
OrtBer: 1,13 r (1onmyckaeTcsi OKpyIJIEHUE 10 JAECATHIX).
Kpumepuu ouenusanusn
3aHI/IC2lHO YCJI0OBHEC IJIaBaAHUA JIbBAUHKH C HIAPUKOM
Ompenenena BbICOTA JIbAMHKA
Omnpenenenbl pa3Mepsl JIbIUHKH MTOCTIE BBITIAJACHHS IIapUKa
OtBeT

[NOJ O T O R SN

8-4. Tlpu norpyxeHuu aepeBa B BOJY U3 THIKBbI BBUILETCS YaCcTh BOJIbI, 00BEM KOTO-
poii paBeH 00beMY NOTPYKEHHOTO Kycka V=m/p. Mexy octaBiielics BOJOU U Jiepe-
BOM Oy/IET MPOUCXOAUTH TEIJIOOOMEH, YpaBHEHHE KOTOPOTO UMEET BU/I

CsPs(Vomy/p)(T=t0)= camy(t:-T),
rjae Vo — o0beM ThIKBBI, T — HCKOMas Temneparypa. Tornaa

m
cﬂmﬂtﬂ + chB(VO - J)to
T = P

m
chB (VO - 72[) + cj;[mj;[

pis
[ToacTaBnsst mpuBEeAEHHBIE B YCIOBUM YUCJIOBBIE JaHHBIC, MOJy4aeM MPH HCIOJIb30-
BaHuM jaepesa 93°C. Jlns xene3a MOXHO MOJYYUTh aOCOIIOTHO aHAJOTHYHYIO (op-
MyJTy, TIOJICTAHOBKA B KOTOPYIO YUCJIEHHBIX 3HaueHui naet 52°C.
OtBet: 93°C, 52°C.

Kpumepuu ouenueanusn

3anucaHo ypaBHEHHE TEIUIOBOTO Oalanca 6
[Tomnyuen orBet 4 (rmo 2 3a
KaXKIbIi )

PCIHCHI/I?I, B KOTOpBIX HEC y‘II/ITBIBaeTCSI BBIJIMBAHUEC BOAbI U3 TBIKBBI, OIICHUBATh HC BBIIIC 5
0aJuI0B

14
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9 kn1acc

9-1. /Ins onpene€HHOCTH CUUTAEM, YTO |-M IIapUK HaXOAUTCS Ha MEHBIIEH BBICOTE.
Breném obo3nauenusi: Hy, H, — BbIcOTa HaJl TUIMTOM B HauaJbHBIA MOMEHT BpEMEHHU
l-ro u 2-ro mapuka COOTBETCTBEHHO; 1, 7> — BpeMs OT Hayajia ABUKECHHS O NIEPBO-
ro yzaapa o miuty («Bpems najeHus») 1-ro u 2-ro mapuka, COOTBETCTBEHHO.

bynem nanee Ha3biBaTh "BCTpeueil" cuUTyalluio, Mpu KOTOPOH o0a miapuka oKazaluch
Ha OJTHOM BBICOTE.

ITockonbKy BpeMeHa MaJCHUM OTHOCATCS Kak LIEJIbIe YKCJIA, TO 3a BpeMs IaJIeHUs
BTOPOI'0 IIAPUKA NEPBBIM YCIIEET LEI0E€ YUCIIO pa3 MPOUTH IyTh H;. B 3aBucumoctu
OT TOT'0, YETHBIM WJIM HEYETHBIM SIBJISIETCS YUCIO N, B MOMEHT IIEPBOr0 HAXOKICHUS
BTOPOI'0 IIAPUKA HA TUIMTE MEpPBBIA OyAeT HaAXOAUTHCS JAUOO0 Ha MuUTe (IIPU HEYeT-
HOM N, puc. 15a) mubo B BepxHeil Touke cBoeil TpaekTopuu (Ipu 4eTHOM N, pHucC.

156).

N1
7.
<>
1
a) 0)
1,2 ~ 2 t
Puc. 15.

Cryuaii a) paccMaTpuBaeTcsi TOBOJIBHO MPOCTO. M3 puCyHKa MOHSATHO, YTO B 3TOM
ciyyae 1=13, a cieayolias BCTpeya IIapuKOB MPOU30MIET Takke B MOMEHT MX Ha-
XO0KJICHUS Ha TUTUTE, KOTOPBIN CIyduTcst uepes Bpems 27,=21.

B cnyuae 6) o603HaunmM 7 BpeMs, KOTOPOE MPOILIO MEXAY NMepBOM BCTpeuel mapu-
KOB U M300pakeHHBIM Ha puc. MOMeHTOM. IlycTh BeTpeda mpowusoruia Ha BBICOTE /1
nan mwinroit. Torna g(To—T0)/2=Hy—h u gTy*/2=H—h. VI3 5TO# CHCTEMBI HECIOXKHO

y T, H,-H T, T;-1' T’ T
naittu Tp: T, =—2-—2—-L1 Tx H=gT/2,10 Ty="2--2 L =—L = "2 |
2 g7, 2 27, 2T, 2N
CUMMETPHUHU IBUKECHHUS CIIEAYET, YTO OT MEPBOM BCTPEUYM IO BTOPOM MPOUAET BPEMSI
T. 2N? -1 T
2T =—22. Ocranocs BeIpa3uts 1, uepes t: 1=1,—1p=1, — Torma 27, 0=
N 2N 2N -1
Otser: 21 npu HEYETHOM N, > IIpY YETHOM M.
Kpumepuu ouenuganusn
[Tonmy4yeHna CBA3b BBICOT M BPEMEH MaJACHUS 2
Amnanu3s ciyyast He4eTHoro N 3
AnHanu3 ciydas yetHoro N 5

15
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9-2. IlockosbKy KpailHMI MpaBblii OJIOK HE BpAIAETCs, TO CHJIA HATSXKEHUS €ro Jie-
Boll HuTH paBHa Takxke 50 H. Ilockonbky yncio OJOKOB B CUCTEME OYEHb OOJIBIIOE,
TO yAaJIeHHE OJHOIO0 MPaBOro 0JI0Ka HE U3MEHUT KOH(UTYypaluio CUCTEMBL. JTO 03-
HAYyaeT, YTO CWJIa HATSHDKEHHs] HUTH, IPUCOEIUHSIONIEH BTOPOM crpaBa OJIOK K mep-
BoMYy, Takke paBHa 50 H. Torna nmonydaercs, yTo Ha KpallHUM mpaBblii OJIOK ACHCT-
BYIOT J1Be cwiibl o 50 H, HampaBiieHHbIE BBEPX, U OJHA TaKas K€ CUJIa, HAIIPABJICH-
Has BHU3. [10CKONbKY OJIOK HAXOAMUTCS B paBHOBECHH, TO ACHCTBYIOIIAs HA HETO CUJIA
TSOKECTH COCTaBIIseT, TakuM oopaszom, 100-50=50 H. Toraa ero macca 5 kr.

Otser: 5 kr.

Kpumepuu ouenuganusn

Omnpenenena cuia HaTSHKEHUS JIEBOM HUTHU TEPBOro CIpaBa Oioka 2
Omnpenenena cuiia HaTSHKEHUS! HUTH, COEIMHSIONIEH BTOPOH OJIOK € IEPBBIM 6
Ompenenena macca 010Ka 2

9-3. PazMephl kyOHKa TaKOBBI, UTO €r0 TOPU3OHTAIBHBIC TPAHU TIPEACTABISIOT COOOM
KBaJpaThl, BIUCAHHBIC B OKPYXHOCTh — TOPH30HTaIbHOE ceueHue mpodupku. Ilo-
ATOMY KYOHK KacaeTcs CTEHOK TOJIbKO CBOMMHU OOKOBBIMH p&opamu. [loa neiicTBuem
CHJIBI TSDKECTH KYyOUK OMYCTHUTCS 10 «HU3a» MPOOUPKHU, TO €CTh 10 MECTA, I/Ie KOHYa-
eTCsl NUIMHIPUYECKAs YacTh U HaUMHaeTcs nojycdepa, U TaMm ocTaHOBUTCA. OO0BEM
nosycdepsl paBeH

V.= %ﬂRf = i7m?3

3 12
Jlo Havana nepenvuBaHus KyOHWK KacaeTcsl MOBEPXHOCTH JKHAKOCTH HUXKHEHW TrpaHbIo,
Y BBITAJIKHUBAIOIIIAS CUJIa paBHA HYIIIO.
[lepenuBaemasi )KUJIKOCTh HAYHET 3aMOIHATh IPOCTPAHCTBO MEXKIY KYOUKOM U CTCH-
kamu npoOupku. [IpocTpaHCTBO MEXy CTEHKaMU KyOUKa U MPOOUPKHU MPEICTABIISIET
co0oli YeThipe MWIMHJPA, CYMMapHas IJIOIIaAbh OCHOBAHUSI KOTOPBIX OINpEeseTCs
KaK pa3HOCTh IUIONIaAeH Kpyra quaMeTpoM d U OCHOBaHMS KyOuka. Torma o0bEm 3a-
JUTOU JKUJKOCTH V), CBSI3aH C BBICOTOW YPOBHS BOJIBI HAJ JTHOM KyOWka (TITyOWHOM
MOTPYKEHUs KyOUKa) i COOTHOIIIEHUEM
> (dY) ,d o«
V=h—=|—7=| |=h—G-D ()

4 \\2 22

Ecnam u3 mpaBoii mpoOUpKU BCIO BOAY TEPETUTh B JIEBYIO, TO OHA MOJHUMETCS O

YPOBHsI, OMpPEACISIEMOro pPaBEeHCTBOM 00BbeMOB V u Vi h =L~O,92 d. Tlo-

3(r—-2
CKOJIbKY BbICOTa pebpa KyOuka d / V2 ~0.71d, 10 B pe3ynbTaTe Boja MOIHOCTBIO MO~

KpoceCT KY6I/IK B stoMm ClIydac YyCJIOBHUC IlJIaBaHUA IIPHUHHUMACT CTaHHapTHBIﬁ BHU:
IINIOTHOCTH 1<y61/11<a JOJIZKHa OBITH HE OOJIBIIE INIOTHOCTH KUIOKOCTHU.

OTBeT: IpU IJIOTHOCTH MEHBIIIE Py.
Kpumepuu ouenueanusn
[Tokazano, 4To A0 TEepenBaHUs KYOHMK KacaeTcCsl BOJIBI
Omnpenenen 06beM BOJIbI B IPOOUpKE
[Tonygyena dhopmyna (*) umm 3KBUBaJICHTHAs €it
[TokazaHo, 4TO BOJja MOKPOET KYyOUK

W W = =

16



Myruyunanvhsiii 53man oauMnUaObl WKOJILHUKOS NO Qu3uKe. Pewenus

3amcan OTBET 2

9-4. [Tycts M — HauvanbHasi Macca BOJbI B KaXKJIOW U3 €eMKOCTe, Am — Macca BOJIbI,
nepeKkadyanHas 3a BpeMs =15 MUHYT u3 JeBoM eMKocTH B npaByto, A7;=11,9°C u
AT=7,9°C — u3MeHeHuss TeMnepaTypbl B JIEBOM M MPaBOl €MKOCTH 3a 3TO BpEMS.
[TockonbKy mOTEph HET, TO YpaBHEHHUE TEIJIOBOrO OanaHca AJig BCEH CUCTEMbl HUMEET
BUn 2Pr=c(M+Am) AT+ c(M—Am) AT, (1), otkyna Haxoaum Am=45 xr. O4eBUIHO,
emie yepe3 15 munyT Am ctaHeT B JBa pa3a Oosblue. Torna u3 ypaBHEHUS TEJIOBOTO
6amanca HaxonuMm AT,=46,5°C.

OtBeT: 66,5°C

Kpumepuu ouenueanusn

3anucaHo ypaBHeHUe (1) uiu aHaOTMYHOE eMy Ui NEPBBIX 15 MUHYT 5
Ompenenena Macca BoJibl, mepekayanas 3a 30 MUHYT 2
[Tosyden oTBeT 3
9-5. ITocKkOJIBKY COMPOTUBIIEHHE aMIIEPMETPA MOKHO CUH- :l O
TaTh PaBHBIM HYJIIO, CXEMY MO>KHO NIEPEPUCOBATH TaK, KAK R, 10 Om
nokasaHo Ha puc.16. Toraa ee obmee conpoTusienue pas- 4 ——1
HO 7,5 OMm, mostomy udepe3 Oarapeiiy teder TOok _ 1/ B| R, 10 0m
30 B/7,5 Om= 4A. DTOT TOK CKJIaJbIBAETCSl U3 TOKA, TEKY- 30 B R
LIEr0 Yepe3 aMmepMeTp, U Toka /j, TEKYIIEro 4yepe3 pe3u- T 110 Om

ctop R;. IlockonbKy CONpOTHBIEHUS HUKHEN M BEPXHEN Puc. 16
BeTBeU cxeMbl paBHbl (1o 15 Om), To Tekymuuii yepes uc-

TOYHUK TOK 4A nenutcs MeXAy HUMU mnonosiam. B cBoro odepeap, TEKyUIuil yepes
CONPOTHUBIIEHUE R, TOK 2 A TaKke MOAEIUTCS MOIoJIaM MEX1y CONPOTUBICHUSMH Rj3
u Ry, 1.e. [[=1A. Toraa uckomelii Tok paBeH 4A —1A=3A

OtBet: 3 A.
Kpumepuu oyenusanusn
OmnpeneneH TOK Yepe3 HCTOYHUK 3
OmpezerneH TOK uepes pe3uctop R 3
[Tosyden oTBeT 4

10 k1acc

10-1. KoopauHaThl UCXOAHOM TOUYKK 0003HA4YUM (a, 7). OTMETUM, YTO TOUKHU HA OCH
(a=0) HEe yIOBIETBOPSIOT YCIOBHUIO 3aJa4M: TEJO JIBHXKETCS BEPTUKAIBHO BBEPX yiKE
MOCJIE OJTHOTO OTPa)KEHUsI OT MOBEPXHOCTH 3epKaya (BMecTO ABYX). [loaToMy Hmke
nmonaraem a=0.

Teno, magas, monmaa€T Ha MOBEPXHOCTH Mapabosona B TOUKE ¢ KoopAUHATaMHu (a,
a2/4F). Cpasy nociie OTpaXXeHHs OT MOBEPXHOCTU CKOPOCThH TeJIa HalpaBjieHa B TOUKY
dbokyca (3TO HE 3aBUCUT OT HaJIMYUS WU OTCYTCTBUA cuiibl Tskectu!). Torga yrom,
KOTOPBIM CKOPOCTh 00pa3yeT C TOPU30HTOM, OIpPEACISIeTCS W3 COOTHOIICHUS
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F-a'/AF 4AF* -a°
a 4Fa

ngC = , 4 MOAYJIb CKOPOCTH IIOCJIC OTPAXCHUA — M3 3dKOHA

COXPAHEHUS DHEPTUU: U, =

[locnie BTOporo oTpa)keHus TeIO ABUKETCS BEPTUKAIBHO BBepX. s aToro Heodxo-
JIUMO, YTOOBI «Ha MOAJIETE» K TOYKE y/lapa OHO MMEJIO CKOPOCTh, HANIPaBIEHHYIO OT
¢doxyca K 3TOi ToUKe. DTO BO3ZMOXKHO, TOJIBKO €CJIM TEJIO MOMAaAaeT B TOUKY C TaKOU
K€ BEpTUKAJIbHOM KOOPJAMWHATOM, YTO U TOYKA NEPBOIO yJapa, HO Ha IPOTUBOIOJIOXK-
HOU cTopoHe mapabononaa. Takum o6pa3zoM, IBUKEHUE Tella MEXKY JBYMs OTpaxe-
HUSIMU TTOJHOCTHIO COBNAAAET C ABMKEHUEM (B MOCTOSHHOM U OAHOPOJHOM I0JIE CH-
JBl TSDKECTH) TeJla, OPOIISHHOIr0 MOJI YoM K ropu3oHTy. OTcCroma, KCTaTu, cpa3y
MOKHO cJieJaTh BbIBOJI, YTO NepBas (a, Ce10BaTeIbHO, U BTOpas!) TOUKa OTpaXKEHUs
HaxoJsTCs HUXe (GoKyca, ClieOBaTEIbHO a*/AF<F, 3uaunt, a<2F. Taxxke HETPYIHO
3aMETUTh, YTO TPAEKTOPUSA CUMMETPUYHA OTHOCUTEJIBHO OCH 3€pKalia, €€ HadajabHas
M KOHEYHas TOYKM SKBUBAJCHTHBI: HAayaB JBWKCHHE B KOHEUHOW TOYKE, TEJIO BEP-
HETCS B HAYAJBHYIO; a BEpIIMHA TPACKTOPUH JISKUT HA OCH CUMMETPHUH MapadbosIou-
na.

IlockonbKy HauajdbHAasi U KOHEYHAsl TOUYKU HAXOIATCS Ha OJHOM TOPU3OHTAIIA U pac-
CTOSIHME MEXJYy HUMH PaBHO 2a, MO>KHO, BOCIIOJIb30BaBIIUCH (POPMYIION ISl Jajib-
HOCTH TI0JIeTa Tella, OPOIICHHOTO MO/ YIIIOM K TOPU30HTY, 3amucaTh: 2a=vo?sin2a/g.
IloacTaBinss crona BbIpaXKEHHUE IS Uy U BOCIOJIB30BABIINCH, HAIPUMEP, U3BECTHOM

: 2
dbopmyron sin2a = tgo; , IOJTy4HM:;
I+tg°a
a’ a al a 1 al a 4Fa 4F* —a’
h= + — =— + +tga |=— "+
4F sn2a 2\ 2F tga 2\2F 4F° —a 4Fa
2 2

Oteer: <| -2 4ra 4 —a npu a<2F. Cnenyetr OTMETUTh, YTO B 3aBU-

+ +
202F  4F* - 4? AFa
CUMOCTH OT BBIOPAHHOI'O crioco6a mpeoOpa3zoBaHU OTBET MOKET UMETh APYTroW BUL.
BCC OTBCTHI, HpI/IBOI[I/IMBIe K yKaSaHHOMy TOXKIACCTBCHHBIMHA HpeO6paSOBaHI/ISIMI/I,
CJICIIyeT 3aCUUThIBATh KaK BepHBIe.

Kpumepuu OUCHUGAHUA

[TokazaHo, 4To MEXIy ABYMs yAapaMu Telo OyJeT ABUraThCs IO CUMMETPUYHOM OTHO- 3
CUTEBHO OCH TapaboJie

OmnpeneneH MOAyJb CKOPOCTU B TOUKE yjapa 2
OmnpeneneH yroy, KOTOPbIM CKOPOCTh NOCIIE OTpayKEHUsI 00pa3yeT ¢ TOPU30HTOM 2
[Tosyden oTBeT 3

10-2. U3 ycnoBus cneayer, 4To Macca capaHuu 3 rpamMma. Ha capandy B MOMEHT OT-
TaJKWBAHUS IEUCTBYIOT JIBE CHUJIBI:

¢ Cujia pCaknnuun F; HJIaT(l)OpMBI, KOTOpasda COrJIaCHO 3 3dKOHY HrroTona paBHa

0 MOJYJIO ¥ TIPOTHUBOTIONOKHA 110 HAINIPABJICHUIO CUJIC JIaBIICHUS capaH4H Ha
mwiathopmy.
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® cuja TSKECTH mg .

WX BekTOpHAs CyMMa OIpeIeisIeT BEIUINHY U HAIPaBJICHUE YCKOPEHUS CapaHdH:

F=F +mg.
HampaBum ock Oy BEpTHKAIBHO BBEPX, a 0Cb OX — TOPH30HTAIBHO B CTOPOHY
2

npepkka.  Torma  F . =F - COS(57°), rIe Cos(57°) =41-0,84"=0,54, a
— 5 (o]

F, =F, -sm(57 )—mg.

[ToxazaHus BECOB B MOMCHT OTTAJKMBAHUS COBITAJIAlOT C BEIIMYMHON BEPTHKAIHHOM

NPOEKIUHU CHJBI AaBleHUs, nodromy F,=0,0385-9,8/sin 57°~0,45 H. Torma monyns

paBHOJAEHUCTBYIOIIEH F = \/ (F, cos 57°) +(F ,sin57" —mg)~0,423 H. Tornma ycko-

F 0,423
pPECHHE CapaHuu g = — =
m 0,003

~141 M/c*~14,4 g.

Otser: 141 m/c’.

Kpumepuu ouenueanusn
3anucaH BTopoil 3akoH HbloTOHA /U1l capaHuu B MPOEKIUSIX
3amnucana cBsA3b IOKa3aHUH BECOB B MOMEHT IIPBI’)KKAa C MOAYJIEM CHJIbI JaBJICHUA
[Tosmydena paBHOIEHCTBYOLIAS
[Tosyden oTBeT

—_ L W W

10-3. Ilycth mIOTHOCTH KyOUKa p>py. Torma cymma cui TsXKecTd U Apxumesa, paB-
Hast g(p—Po)a°, CTPEMHUTCS CMECTHTh KYOHK BHU3. DTOM CHIE IPOTUBOACHCTBYET CHIIa
CcyXxoro TpeHus UN, rae N — cujla HOpMaJlbHOM peaklUu CTEHKH, paBHasl CUJIC JaBlie-
HUSL BOJIbI Ha OOKOBYIO IpaHb KyOuka. O4eBUAHO, YTO dTa CHJIa YMEHBIIAETCS C
YMEHBIICHHEM YPOBHsI BOJbI, B TO BpeMs Kak cujia ApXuMmesa Mnpu 3TOM He MEHSET-
cs. [loaToMy A0CTaTOYHO PAcCMOTPETH MPENETbHBIN Clay4yal, KOTJla YPOBEHb BOJbI
HAXOJUTCSl BPOBEHB C BEpXHEH rpaHbio KyOuka. [IockonbKy JaBieHue BOAbI JMHEHHO
3aBUCHUT OT IUIYOUHBI, TO JJIsl BBIUUCICHUS CUJIBI MOYKHO MCIIOJIb30BaTh CpEHEE /1aB-
neHue BOJIbl pga/2, Torna N= pga’/2, i yCIOBHE PABHOBECHS IPUHUMACT BHL
g(p—po)a’< ppoga’/2, otkyma p<po(1+w2).

B cayuae p<p, aOCOJMIOTHO AaHAIOTMYHbBIE BBIUMCICHUS NPUBOIAT K PE3YIbTATY
p=po(1-w2).

OT1BeT: po(1-W/2)<p<po(1+w2).

Kommenmapuii: B 1eICTBUTENBHOCTH YCIOBUE MOCTYINATEIBbHOTO JBUXKEHUS KyOHKa
BBITIOJIHSIETCS HE Bcernaa. B ciiydae o4eHb JEerkoro Jub0 OYeHb TSAKEIOro KyOuKa oH
HAaYHeT BpalllaThCsl paHbllle, YeM CKOJIb3UTh BIOJb CTEHKH. TOYHBIM pacueT (Tpe-

) 2
6YIOH_II/II/I BBIYUCIICHUA HWHTCTpAJIa BHUIA JX dx oJIA ONpCaACJICHUA MOMCHTA CHIIbL

JaBJICHUA HaA 60KOBy10 HOBCpXHOCTB) IMOKa3bIBACT, YTO YKA3aHHOC B 3a/1a4C HCPABCH-
CTBO HCﬁCTBHTeHBHO COOTBCTCTBYCT HAXOXKICHUIO KY6I/IKa B TIOKOC TOJIBKO IIpHU
“<2/3.
Kpumepuu oyenusanusn
B onnom u3 ciydaes (p>po 1160 p<po):

n300paxxeHbl 100 omucaHbl (C yKa3aHMEM HaIlpaBJICHUI) AEWCTBYIOIIME HA KyOMK 2

CHJIBI

Paccuurana cuna gaBieHus BOJbl Ha OOKOBYIO I'paHb B MpeAEIbHOM JIMOO B Mpous- 3
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BosibHOM ciydae. (Eciam pacder Bemercsi yepe3 cpeaHee JaBjieHHe, HO 000CHOBA-

HHe KOPPEKTHOCTHU TAKOI'0 MOAX0/1a OTCYTCTBYET, TO TOJIbKO 1 6asn!)

[Tonyden orBer 2
[IpoBeneH aHamu3 BTOPOTO CITydasi, B T.4. TIOJIy4eH OTBET 3

10-4. Cm. pemienue 3aaaun 9-5.

10-5. [agarommii Ty4 mepeceKkaeTcsi ¢ 3epKaioM B TOUKe ¢ KoopauHaTamu (a, a’/4F),
U, B COOTBETCTBUHU CO CBOMCTBAMU MapadoJibl, OTPAKEHHBIN JTyd MPOXOIUT uepe3 ¢o-
Kyc (B AayipHeiieM pemieHuH nojaraem >0, mockoyibKy ciydail a<0 aGcoyitoTHO
aHajorudeH). Bo3MoxHbBI JBa pa3IMuHbIX BApUAHT: JIMOO a) OTpaKEHHBIN Jy4 cpasy
MoMaieT Ha IMJIACTUHY, MO0 0) OH CHaydaja MonajeT Ha 3epKajio U OTPa3UTCs BTOPOU
pa3. B aTom ciyyae B COOTBETCTBUU CO CBOMCTBAMM MapadOIbl OH TOCIE OTPaKEHHUS
MoMIeT napauieabHo OCH.

VYpaBHEeHUE OTPaKEHHOTO MEPBBINA pa3 Jyya MOKHO MOCTPOUTH KaK ypaBHEHUE Mpsi-
MO, pOXosIIeii Yepe3 aBe Toukn: (a, a*/4F) u (0,F)

2
24 an /4F F,OTKYI[a y=x a _F + F', unu x:az(y—F)
x—0 a-0 AF a a’/AF - F
YcnoButo, pa3rpaHUYMBAIONIEMY BapUaHTHI a) U 0), COOTBETCTBYET IOMAaHUE JTyda
B TOuKy (—4F, 4F), uto naer ypasHenue a’—3Fa+4F=0, a=F ( ¢ y4eToM yCIOBHS
a>0). IlocTpoeHreM HECIOKHO YOeIUThCs, YTO BapUaHT a) peanusyercs npu a<F. B
ATOM cClly4ae TOYKa MepeceyeHus jydya ¢ IIACTUHON MMEeeT TOPU30HTAJIbHYI0 KOOp-

4F - F 16F* —a?
u. Torna nckomoe paccTostHuE A=|xa—a|=a—a :

AUHATY X,=X =a

a’/AF — F 4F° —a’
B BapuaHTe 0) HY»KHO HaTH TOYKY IEPECCUCHUS OTPAKEHHOTO JIyda ¢ mapadoIoi:
a F
y=x{ ——— |+ F 2 2
AF 4F
za , X*—x| a- —4F* =0, x=— (orOpackiBasi KOpEHb
X a a
4 4F

X=a, COOTBETCTBYIOIIIUM MEPBOMY OTPAXKEHHUIO).
ITocne BTOpOro oTpa)xeHus Jy4d UAET BIOJIb OCH, IOITOMY €ro TOYKa MEePECEUCHUs C
TJIACTUHOM OYyIEeT UMETh TaKyIo e KOOpAUHATY, U TOT/1a A=a+4F/a.

16F* —a’
OrBer: a———— 1pu a<F, a+4F*/a npu a>F
-a

Kpumepuu ouenueanusn
VYka3aHo, 4TO BO3MOYKHBI JIBA PA3JIMYHBIX CITydast
OmnpeneneHo rpaHuYHOE 3HAUEHUE
[Tonmydyen oTBeT B BapuaHTe a)
[Tonmy4yen oTBeT B BapuaHte 0)

W W NN
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11 kaace
11-1. IlycTh ckopocTh 11aiiObI HampaBieHa MOJA YIJIOM O K FOPU30HTAIbHON JTUHUU
Ha TUIOCKOCTH. /IBMkeHHe 1maiiobl Ha IMIOCKOCTH aHAJIOTUYHO JBUXKEHUIO Tela, Opo-
IIEHHOTO TMOJ YIJOM K TOPU30HTY, C 3aMEHON YCKOpEeHHsI CBOOOJHOIrO MaJeHHUs Ha
€ro KOMIOHEHTY a=gsinf3, HanpaBJICHHYIO BAOJb IJIOCKOCTH.
Hanpasum oce OX 1o ropusoHTa-

7, JeKallel B IJIOCKOCTH, & OCh
OY — 1o TEepNeHIUKYJIIPHOH K
HEM U JIeXalled B IUIOCKOCTH
npsimoit (puc. 17). Ilycts Havasb-
Has CKOPOCTh IIaiObl 00pa3yeT C
ocwsto OX yroi a.

JBmxkenne Camu paBHOMEPHOE
mo oOeuM ocsIM, a JIBHKCHHEC
maios! — paBHOMEpHOE 110 ocu OX 1 paBHOycKopeHHOe 110 ocu OY. . [TockonbKy OHH
BCTPETWIIMCHh B OJTHOM TOYKE, TO MPOCKIIMU WX CKOpocTeil Ha och OX HOKHBI OBITH
PaBHBI: UCOSO=UCOS(.

Kpome ToOro, mOMmKHBI COBHACTh HMX V-KOOPAWHATBI B MOMEHT BCTPCYH:
vtsina—gsinfr’/2=utsing.

Hcnonb3yst 3TH JBa yCIOBHUS, MOKHO OIPEICINTh BpeMs IBIKeHus Caid ¢, a 1mo
HEMY — U TIPOUJICHHOE UM PaCCTOSTHUE

Puc. 17

2

2u : : 20u u 5 u .
S =ut=—vsina —usinp)=———(,/1 ——cos” ¢ — —sing)
a gsin 3 v v
2 u u’ ) u .
OrBer: ————(4/1 ——co0s” @ ——sin@). 3amMeTUM, YTO TaKas CUTyalus BO3MOK-
gsinfB v v v

Ha HE MPH JIOOBIX 3HAYECHUSIX CKOPOCTEH.
Kpumepuu oyenueanusn
VYKa3aHo, 4TO JBM)KEHHE HIal0bI 1O MIIOCKOCTH PAaBHOYCKOPEHHOE, U ONIPEJETIeHO yCcKope- 3
HHUC
3anucaHbl YCIOBUS BCTPEUH 4
[Tonyuen orBet 3

11-2. TTockoabKy pacCTOSHUE MEXKIY LIapaMHU COCTaBJISIET OKOJO 8% paccTosiHUS
MEXIYy MX LEHTPAMH, TO U3MEHEHHEM PACCTOSIHUS MEXAY LEHTPAMU IIapOB B MPO-
1ecce JIBIKEHHUS MOXKHO TMpeHeOpeub. Torma ycKOpeHHe KaXKIoro U3 IIapoB

m rDp
a= GD2 =G 5 MOKHO CYHTAaTh MOCTOSHHBIM. Tenepp BBIYUCIUM BpEMH,

2
t .
UCIIOb3Yysd KHHEMATHUYECKOE COOTHOIIeHue d =a5 (3mecy d=0,5 mioiima —

PacCTOAHUC, Ha KOTOPOC CMCCTWICA HICHTP IIapa A0 CTOHKHOBCHI/IH). N3 stux
COOTHOIIICHUHN HECIIOKHO OIIpCACINTS
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-2
‘e 12d _ 12-1_,]?4-10 : <450 ¢
nGpD \3,14-6,67-10" -1,135-10" - 0,31
Otser: npumepno 450 c.
Kommenmapuu: 1. B 1eliCTBUTEIBHOCTU PACCTOSHUE MEXAY LIEHTPAMH LIApOB B Te-
YEHUE SKCIIEpUMEHTa MeHseTca npumMepHo Ha 4%. 1103ToOMy mOrpenHoCcTh MoJy4eH-
HOTO pe3yJibTata Oynet npuMepHo 2%, MOCKOJIbKY 3TO pacCTOSIHUE B UTOTOBYIO (op-
MyJly BXOJUT B cTerneHu 1/2. PexkomeHyeM 3acUUThIBATh B KAYECTBE BEPHBIX OTBETHI,
OTJIMYAOIINECS OT YKa3aHHOTO B npeaenax 5%.
2. I'. KaBeHauin u3mepsii, KOHEYHO, HE BPEMS, a yroj, Ha KOTOPBIN MOJ JAEHCTBUEM
CWJIbI IPUTSKEHUS 1IAPOB 3aKPYUYUBAETCS HUTh, HA KOTOPOM OHU NojBeleHbl. OnHa-
KO OLIEHKAa XapaKTEPHOTO BPEMEHU NPOIECCa BaKHA NPH IUIAHUPOBAHUU SKCIEPH-
MEHTa: P O0JIBIIOM BPEMEHHU BO3PACTAET POJb CIYYaHBIX (PaKTOPOB.
Kpumepuu OUCHUGAHUA
YKa3aHO, YTO B JAHHBIX YCIIOBUAX YCKOPECHUC MOXXHO CUUTATH MMOCTOSAHHBIM
YCKOpCHI/IC BBIPAXKXCHO YCPE3 pasMCPhbl U IIJIOTHOCTH Iapa
3anucaHa CBsI3b YCKOPEHHS U BPEMEHHU COIMKECHUS
[Tosyden oTBet

N W W

11-3. O603HauuM: naBieHue atMocdepsl py, Macca nopiHs M, macca 106aBOYHOTO
rpy3a m, mwiomaas 0oibiioro cocyna S, manenbkoro S'. OctaibHble 0003HAYEHUS
MoKa3aHbl Ha puc. 18.

IH [1

h+Ah

h, hy — Ah

Puc. 18

[IpoBenem mnpenBapuTEIbHBIE PACUETHI: 3aMETHM, YTO mMopiieHb maccoi 100 kr u
wroniaaeo 10 M co3naet u3driTounoe aasienue Becero 100 Ila, moatomy mo cpaBHe-
HUIO ¢ aTMocdepHbIM gapieHneM 10° ITa um MoxHO mpene6peraTb. OObeM MO.
TMOpIIHEM B HadaabHOM momoxkennn 100 m°. Bosmyx maccoit 50 Kr, 3aHMMArOIIHit
3ToT 00BbeM mipu Temmepatype 350 K, co3mact moj moplIHEM J1aBlIEHHE
p=mRT/MV~5-10" I1a=0,5 aT™. DTOr0 HEZOCTATOUHO, YTOOBI KOMIICHCHPOBATH ATMO-
chepHOE NaBlieHUE CHAPYXKHU, TO3TOMY KPOME JIaBJIEHUS BO3JyXa HEOOXOJIHUMO y4H-

THIBATh U JIABJICHUE HACBIIICHHBIX MTAPOB BOJBI, KOTOPOE, CIEAOBATCIIBHO, COCTABIISICT
4
pr=35-10" Ia.
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[Ipu noGaBieHUU Ha MOPILIECHD JOMOJIHUTEIBHOTO IPy3a OH OIYCTUTCS BHU3 HA HEKO-
TOpoe pacctositnue AH, B pe3yabTare ypOBEHb BOJbI Kak B JIEBOM, TaK U B IPABOM
KOJIeHaX TPYyOKH U3MEHUTCH.

3anuiieM YCJIOBUE PABEHCTBA TMAPOCTATUYECKUX JABJICHUI Ha 00EHMX KOHIAX CO-
€AMHUTENIbHON TPYOKHU:

Mg
B HaYaJIbHOM IIOJIOKEHUU p,, + ~ + pgh, = p, + pgh
M +
B KOHEYHOM IIOJIOKEHHH D, + % + pg(hy —Ah) = p, + pg(h+ Ah")

Boelunras 311 ypaBHEHUS, UMEEM % = pg(Ah+ Ah") (1)

3aHI/IH_ICM YCJIOBI/IC paBHOBeCI/IH HOpI_HHSI:
v RT

BO31

SH
_ mg VBOMRT
B KOHCYHOM IIOJIOKCHHUMH . pO + —= pn + ;
S S(H -AH)+ S'Ah
3)16(:]5 queHO, qTo, HOCKOHBKY IICCOK HACHIIIarOT MCAJICHHO, TO HpOHeCC HpOHCXOI[HT
I/I?)OTepMI/IquKI/I, HpI/I 9TOM JHABJICHHUC HACBIIIICHHOI'O Hapa HC MCHIACTCA, a JaBJICHUC
BO?)I[yxa MCHACTCA B COOTBCTCTBHUU C ypaBHeHI/IeM COCTOAHUA UACAJTIBHOT'O I'a3a.

Bbrauras 3tu YPaBHCHU, IIOJTY4aCM

B Ha49aJIbHOM IIOJIOKCHUH p, = D, +

mg VBOSI[RT 1 VBOSI[RT 1
= ( — D= ( ~——D (2)
s SH | _AH _S'A SH '|_SAH-SAh
H S H SH

B pe3ynbrate ommcaHHOW MpoOIEAypbl 00beM Ta3a IMOJ MOPIIHEM yYMEHBIIUJICS Ha
SAH — S'Ah. ConepsxkaBUIdiicss B 3TOM 00beMe map CKOHIACHCHPOBAJICSA, U 00pa3o-
BaBIIIAsICS BOJIa MIPUOABUJIACH K Y)K€ UMEBIIIEHCS B y3KOU TpyOKe. DTO MPUBEIO K J10-

MOJHUTEIBHOMY IIOBBIIICHHIO YPOBHA Ha Ah'—Ah—= Pr (SA};I_?;: Ah)p 3)
Jo,

(L — MoJIsIpHas Macca BOJbI, p — €€ TUIOTHOCTB ).
Beipaxas SAH — S'Ah u3 (2) u noactapiss B (3), umeem
AW — Ap = Pt mgH

PpS'RT mgH +v_, RT

BO31Q

[lonnyyeHHOe ypaBHEHUE COBMECTHO ¢ ypaBHeHHEM (1) oOpa3yeT mpocTyro cUCTEMY,
U3 KOTOPOH HECIIOKHO HailiTh TpeOyemoe 3HaueHue AA' (Ha ITOM 3Tane peuieHHs
1e71eco00pa3HO MOACTABUTh YHUCIIA):

_5-10*-18-107°-10-10 50-10°-10-10

3 -4
10°-50-10 -8,31-35050.103.10.10+295ﬁ)_3.8,31-350

Ah" — Ah

~3,1 M

Ah+ Ah' = Sﬂ=5,0 M. Otcrona Ah' =4 m
fo,
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3ameTnM, 4TO 0€3 ydeTa KOHICHCAIIMU Tapa Mmoiayduics Obl oTBeT 2,5 M, T.e. B JaH-
HOM ciydae 3(pdeKT oka3bpIBaeTCs CYIIECTBECHHBIM.

OtBer: npuMepHO Ha 4 M.
Kpumepuu oyenueanusn
[Toka3aHo, 4TO NOJ MOPIIHEM COAEPKUTCS TAKXKE HACBIIIEHHBIN BOASHOW map, U omnpene- 2
JIEHO €r0 JJaBJICHUE
3anucano ypaBHeHue (1) uiu 5KBUBaJICHTHOE EMY
3anucaHo ypaBHEHUE (2) UK SKBUBAJICHTHOE EMY
3anucano ypaBHeHHE (3) WM SKBUBAJICHTHOE EMY
[TosrydeH 4ynCIIeHHBINA OTBET

N W N —

11-4. Ilyctb I — TOK, Tekyuui yepe3 ucTouHuk. DJ{C MHAYKIIMU B KaTyLIKE IO OIpe-
neneHuto ectb &=—d®/dt=—d(Lly)/dt=—1y dL/dt. B sTom cnydae 2-it 3akon Kupxroda,
3aMMCAHHBIN ISl IBYX KOHTYPOB, OyA€T UMETh BUJ

E=(I—-1y))R+Ir v —lydL/dt=(I-1y)R.

dL &
Uckimrouass u3 Hux [, moiydyaeM — =|r——

dt I /R+r
IIPAaBOM YaCTH MOCTOSHHBI, TO HHAYKTUBHOCTH OYyJIET 3aBUCETh OT BPEMEHH I10 3aKO-

. HOCKOHBKy BCC BCJIMYHUHBI B

Hy L=|r-— &

0
HOCTb OCTA€TCsI MOCTOSSHHOMU. [[eficTBUTENBHO, B 3TOM CIy4ae UCTOYHUK (PaKTUUYECKU
3aMKHYT HAaKOpPOTKO, IOCKOJIBKY MHAYKTUBHOCTb HJI€aJIbHAsl, a COOTBETCTBYIOLINN
TOK U €CTh TOK KOPOTKOT'O 3aMbIKaHHSI.

OtBer: L= r—é
]O

&
7 t + const. OO6paTuM BHMMAaHHE, YTO NpU — =/, UHIYKTHUB-
+7r r

t + const

R+r

Kpumepuu oyenueanusn
3anucan 2-i 3akoH Kupxroda a5 AByX KOHTYpOB
3anucana cBs3b J/1C MHAYKIUU U CKOPOCTH U3MEHEHUSI UHYKTUBHOCTHU
[Tony4yeHO BbIpaKE€HHE ISl CKOPOCTU U3MEHEHUS UHIYKTUBHOCTH
[Tosyden oTBeT

(NS \O BRVS IRVS]

11-5. VI3 cuMMeTpHUH OTHOCUTETBHO ONITHYECKOW OCH CUCTEMBI U OOPaTHMOCTH XOJa
Jydel caeayeT, YTO TPH BBIMOJTHEHUH YCIOBHS 3a]1a4M BXOISIINN M BBIXOISIIHHA JTy-
YH PACIIOJIOKEHBI CHMMETPHUYHO OTHOCUTEIIBHO OCH.

Torma xox aydyeli UMeeT OKa3aHHBIN HA puc. 18 BUI, U U3 HECIIOKHBIX Te€OMETPHUYC-
CKUX PacCyKICHHH CIeAyeT, YTO YroJl MaJACHHS i CBSI3aH C YIIIOM MPEIOMIICHHUS 7 CO-
OTHOIIICHUEM =27 (HaIpUMep, MOKHO 3aMETUTh, YTO YIOJI i — BHCIIIHUHA K paBHOOE/I-
pPEHHOMY TPEYTroJibHUKY AOB, yriibl IpH OCHOBAaHWUHU B KOTOPOM M paBHHI r). C npy-
TOW CTOPOHBI, 3TH YIJIBI CBSI3aHbI 3aKOHOM IPEIOMJICHUS: Sini=nsinr. 3aMeTUM TaK-
xe, uTo i#0 (magaromuii 1yd He JEKUT Ha OCH).

Torna moMKHO BBIMOJMHATHCS COOTHOIIEHUE sin i=nsin(i/2), otkyna cos (i/2)=n/2. C
OJIHOU CTOpOHBI, cos (i/2)<1, moatomy n<2. C npyroit cTopoHsl, i<90°, mosTomMy
n/2>cos 45° (kocunyc — yowiBarotas Gpynkius). O0beIMHEHUE ITUX JIBYX YCIOBHM

MIPUBOJUT K HEPABEHCTBY J2<n<2.
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Puc. 18

OtBer: /2<n<?2
Kommenmapuii: analoruuHbli Xo Jiydel B BOASHOW Karule MPUBOAMUT K 0Opa3oBa-
HUIo paayru. OIHAKO MOCKOIbKY MOKa3aTeb MpeloMiieHus Boabl #n=1,33 He momnaaa-
€T B YKa3aHHBI MHTEPBaAJ, B 3TOM Clly4ae BBIXOJI Jiydya MapajiebHO yIaBIIeMy Ha
KaIlTi0 HEBO3MOKEH.
Kpumepuu ouenusanusn

[TocTpoen xox myuen

3anucaH 3aKOH MPETOMIICHHUS

Ilokazano, yrto i=2r

[Tonydyeno ypaBuenue cos (i/2)=n/2 i aHaJOTUYHOE

[Tosyden oTBeT

W NN~

CocTaBuTenM HACTOSALIETO OCOOUSI HAACIOTCA, YTO UM YJAlI0Ch M30€XKaTh OMeYaToK
B ycnosusx 3aiad. B To jxe BpeMsi OHU YBEpEHBI, YTO B peuleHusax 3ajad OneyaTku, K
CO’KaJICHUIO, OCTAJIUCh, U OYIyT OjarofapHbl 3a yKa3aHHe Ha HUX. DTU CBEJEHUS, a
TaKKe JII00bIE BOMPOCHI IO YCJIOBUSM M PEIICHUSM 3aJ71ad aBTOPBI TPOCST MPUCHUIATh

CaBuny Anekcero BraaumupoBuuy (CM. KOHTAaKThI Ha C. 2).
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