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OJIMMIINAJA HIKOJIBHUKOB «POBO®ECT» 110 ®U3UKE - IIYTh K JIYYIIEMY
OBPA30OBAHUIO B OBJIACTU ®PU3UKU, MATEMATHUKHU, TEXHUKH.

BBEJEHUE: IOYEMY UMEHHO ®U3UKA?

PobGotoTexHuka ceifuac pa3BUBaeTCs Bce ObICTpee M OBICTpee, NPOHHMKas BO Bce Cgepbl
YEJIOBEYECKON KU3HU. [IpOMBIIITIEHHOCT, M MEAMIIMHA, aBHALMA MU KOCMOHABTHKA, TPAHCIOPT U
N00BIYa MCKOMAEMBIX, HayKa M MOBCEJHEBHAS JXKU3Hb — HUYTO HE OCTAETCA B CTOPOHE OT ATOTO
nporecca. Ho u cama poGoToTeXHMKA BIMTHIBAET B Ce0s1 JOCTHMXKEHUS pa3HbIX 00sacTel, U poOOTHI
CTaHOBATCS Oosee cilokKHbIMU. [lo3TOMy, 4TOOBI paboTaTh B 3TOW OOJACTH HA BBHICOKOM YPOBHE,
HYXHBI HE TOJIBKO NPAKTUYECKUE HABBIKH, TO3BOJISIOIINE PadOTaTh ¢ TEMU TEXHOJIOTHSMU, KOTOpPbIE
yke ecTb. UTOOBI y4acTBOBAaTh B CO3/IaHMHM HOBBIX TEXHOJOTHH, HYXHBI 3HaHUs. Kakue nMeHHO
3HaHUA? YenoBek oOmaercs ¢ poOOTOM Ha sI3bIKe IPOrpaMM U aIrOpUTMOB, I03TOMY HEOOXOAMMO
3HaTh IporpaMMupoBaHue. [locTpoeHue anropuTMOB IOJYUHSETCS JKECTKOM MaTeMaTU4YeCKON
JIOTHKE, a IPOTHO3UPOBAHUE PE3YJIbTATOB CBOUX JAEHUCTBHM pOOOT MOXKET OCYIIECTBUTH TOJIBKO Ha
0a3e aHamM3a MaTeMaTUYECKON MOJIEIH Mpoliecca, B KOTOPOM OH ydacTByeT. [loaToMy HE0OX01MMBbI
3HaHUs MaTeMaTuku. I TeM He MeHee OOJIBIIMHCTBO CIELMAIUCTOB B  YOEKAEHBI: B IEPBYIO
ouepenp sl TOT0, YTOOBI CTaTh BBICOKOKIACCHBIM IPOQECCHOHATIOM B 00JacTH pPOOOTOTEXHHKH,
HE00XO0/IUMO Cepbe3HOE 3HaHUE (PU3HKHU.

[Touemy mMeHHO (DU3KKY MBI BBLIEIsIEM 0C000? DTO BO MHOTOM CBSI3aHO C €€ 0COOOH pOJIBIO B
CUCTEME €CTECTBEHHBIX HayK. Kaknas u3 Hayk M3ydaeT ONpENEICHHBINA KPYT SBJIECHUN NPUPOJBL, U
TOJIbKO (PW3WKa CTaBUT CBOEH 3ajadeil m3ydeHue Bced mpupoabl. MIMEeHHO (u3MKa HCCIeayeT
HOPUPOJY LEIMKOM, BO BCEM €€ MHOrooOpa3uu. 3aKOHbI IOBEACHUS 3JEMEHTapHBIX YacTUL, U3
KOTOPBIX COCTOMT MaTepusi M 3aKOHBI pa3BUTUSI BceleHHOW, HEBEpOATHBIE IO MacmTadam
KOCMHMYECKHE KaTacTpo(bl, B KOTOPbIX NOrHOarOT 3Be3/bl, U IMEPEMELICHUS aTOMOB MEXIY
MOJIEKYJIaMH B XUMHUYECKOW pEaKLMM, PACHPOCTPAHEHUE 3JIEKTPOXMMUUYECKUX HMIYJIbCOB IIO
HEPBHBIM BOJIOKHAM B OPraHU3MeE YEJIOBEKA U DJIEKTPUYECKUM TOK B IEKTPOTEXHUYECKHUX LIEISX,
NEepEMELICHHE YCTPOWCTB pa3MEpOM MEHbBIIE OJHOTO MHUKpPOHa (TO €CTb MEHbIIE OJHOU
MWIIMOHHOM J0JIM METpa) W IOJEeThl KOCMHUYECKHUX 30HJIOB K JAPYIMM IUIaHETaM — 3TO JIMIIb
HECKOJIBKO TIPUMEPOB MPOIECCOB, N3YIaeMbIX (U3UKOW C €IUHBIX MO3UIUi. boiee Toro, MeTo b
(GU3UKN HIMPOKO UCHOJIB3YIOTCS HE TOJIBKO I OIMCAaHUs MPUPOJHBIX MpoueccoB. Ha ¢uznueckom
¢dakynprere MI'Y ecTh rpymmbl HcciaenoBaTeNel, KOTOPbIE M3y4alOT METOJbl YIPABJIECHUS WIH
MOJICIUPOBAaHUE MPOLIECCOB B peaJbHOM SKOHOMHKE. TakuMm o0pa3oMm, ¢u3uKa BbIpaOaThIBaeT
YHHUBEPCAIbHYIO METOAOJOTHIO H3YYEHHsI CaMbIX Ppa3HBIX IPOLIECCOB U SBICHUM, U IMOATOMY
UCIIOJIb30BaHUE €€ OIbITa U METOJI0B MO3BOJISIET JIF000E HCClIeIOBaHKE B 000N 00JacTH MPOBECTH
Ha CaMOM BBICOKOM YPOBHE.

Kpome TOro, mMeHnHo ¢usuka daiie Bcero (OpMUPYET HOBBIE BO3MOXHOCTU JUISI HOBBIX
texHosoruil. Hanpumep, B nepBoit nonosuHe XX Beka (gu3uka 1o0uinack O0JIBLIOrO mporpecca B
W3YYEHUH MHUKPOYAaCTHUIl MaTepuu — aTOMOB, fJep U 3JEKTpOHOB. DU3HKM OTKPBLIM, YTO B
MHUKpPOMHUpE HE€ JEeHCTBYIOT NPHUBBIYHBIE HaM 3aKOHBI «0oJbIIOro» Mupa. boiee Toro — He
JEHCTBYIOT Jlake Ka3aBLIMECS J0 TOTO HEe3bIOJEMBbIMU MPUHIUIBI CBSI3U MPUYMUH U CIEACTBUM, U
MOSTOMY MBI HE MOXEM IpeJICKa3aTh «CyAbOy» OTIENBHOIO 3JIEKTPOHA. DIEKTPOHBI MOTYT
HaxOJIUTHCSI B «HEONPEIEICHHOM» MECTE, YMEIOT «UCYE3aTh» B OJHOM MECTE U «IIOSABJITHCS» B
JPyroM, yMerT BecTH ceOs 1Mo 00HO BOJHAM U B TO )K€ BpEMsI MHOIJIa OKa3bIBAIOTCS MOXOXE Ha
MPAKTUYECKH To4yeuHble 00BbeKThl. Ho gu3uka He orpaHnymiach TeM, YTO JETAJIBbHO U3ydusa 3TH
«cTpaHHOCTH». IMEHHO TNOHMMaHHE NOBEIEHUS DJIEKTPOHOB B BEILIECTBE CTAJ0 OCHOBOW MJIf
MOSIBJICHUSI HOBOW TE€XHOJIOTUU — BO3HMKJIA TBEPAOTEIbHAS JJICKTPOHUKA, O€3 KOTOPOil He OBLIO OBl
HU COBPEMEHHBIX KOMIIBIOTEPOB, HU JPYTMX MHOTOYMCIEHHBIX 3JEKTPOHHBIX YCTPOWCTB, MPOYHO
BOIIEIINX B Hally *U3Hb. SICHO, 4TO M pOOOTOTEXHHKA B €€ HBIHEIIHEM BHUJE TOXe Obuia Obl
MOTIPOCTY HEBO3MOXKHA. M ceifuac nanpHeiiiiee pa3Butue (GU3MKHM MUKPOMHUPA U CBSI3aHHBIX C HEH
TEXHOJOTHI (MUKPOTEXHOJIOTUH, HAHOTEXHOJIOTUH) JIEKUT B OCHOBE Iporpecca 3JIEKTPOHUKH.
[TpuBeneM M HECKOJIBKO TPUMEPOB.

HeoObIuHble KBaHTOBbIE CBOICTBAa MHUKpPOUYACTHUI[ MaTe€pHH Haubosee SPKO MPOSBISIOTCS MPHU
OUYCHb HU3KHUX TemIieparypax (OJU3KHUX K TeMIIepaType, KOTOPYIo (PU3HKH Ha3bIBAIOT «aOCOMIOTHBIM



aynem» I, ~—273°C). T[loeTOMYy MMEHHO NPU TAKUX TEMIEpPaTypax ObLIM BIIEPBBIE 3aMEYEHBI
Y- 0 y

KBAaHTOBBIE CBOMCTBA HEKOTOPBIX BEIIECTB — C8EPXNPOBOOUMOCTIb U c8epXxmeKydecmy. [1epBoe — 310
MOJIHOE MCYE3HOBEHUE DJIEKTPUUECKOr0 CONPOTUBJICHHS MpoBoAHMKA. CaMo 1Mo cebe 3TO CynuT
MHOTO HMHTEPECHBIX TEXHOJOTHYECKUX HOBHUHOK, HEKOTOPHIE M3 KOTOPBIX YK€ HCIIOIB3YOTCS.
Hanpumep, cBepXImpoBoAsilMe JTUHUM NEpeaadyd d3JIEKTPOIHEPTUH, B KOTOPHIX HET TEIIOBBIX
notepb. M MOIIHBIE KOMITAKTHBIE SJICKTPOABUTATEIM CO CBEPXIPOBOISAIIMMH OOMOTKAMHU, H
CBEPXIIPOBOJAIINE KATYUIKA — HAKOMUTENIW SHEPTHH, U CBEPXIPOBOISAIINE MarHUTHBIE MOJIBECHI
(CBEpXMPOBOIHUKH «BBITATKHUBAIOT» U3 C€0sl MArHUTHOE TOJIE, U 33 CUET 3TOTO YMEIOT «3aBUCATHY
HaJ TOJIOCAaMU MAarHuToB), M MHoOroe japyroe. Bce 5To MokeT OBITH HCIONB30BAaHO U B
pobororexnuke. OCOOCHHO €ClIM y4ecTh, YTO (DM3MKAM YyIAeTCs CO3/1aBaTh CBEPXIPOBOIHUKH,
paboTtarone mpu Bce Oojiee BBICOKMX TeMmrieparypax. Kaxkapli mar «BBepx» IO TeMIleparype
CBEPXIIPOBOJUMOCTH BCe 0OJiee pacHIupsieT BO3MOKHOCTH €€ TEXHOJIOTHYeCKOro mpuMmenenus. Ho
€CThb U elle OAHO BO3MOXKHOe mpuMeHeHue. CocTosiHMEe HOCHUTENEeH 3apsiia B CBEPXIPOBOIHUKAX
MOTYT OBITh HCIIOJI30BAHBI IS TPAKTHUECKON peanu3anud Kyoumog (KBAaHTOBBIX OWTOB) —
TEXHOJIOTHYECKHUX D3JIEMEHTOB K8AHMOBbIX KoMnbiomepos. KyOuT, SBISSICH «IUEHKON» XpaHEHUS
uH(pOpMaIIUK, UMEET pa3Mepbl, XapaKTepHbIC IS MUKPOMHPA, U MPU ITOM HMEET 3HAYUTEILHYIO
00Jb1IYI0 MTHPOPMAIIMOHHYIO €MKOCTb, YeM TpaJuIMOHHbIE s4yeiiku mamsaTH. K ToMmy ke 3aKOHBI
B3aMMOJICHCTBYS M B3aUMOCBSI3eH KYOUTOB CHUIBHO OTIUYAIOTCS OT «KJIACCUYECKHX» , U 3TO CO3/aeT
BO3MOXXHOCTh I HEBEPOSITHOTO YBEIMUYEHUS OBICTPOJCHCTBUS KBAaHTOBBIX KOMIIBIOTEPOB IO
CPaBHCHHIO C CYIIECTBYIOIIMMH ceityac. KOHeUHO, CYyIIeCTBYIONINE KBAHTOBBIC KOMITHIOTEPHI €IIIe
HE OYEHb MPOU3BOJIUTENBHBI, U TPeOYIOT CO3AaHUs Ui ceOsl CIelUalbHBIX YCIOBHM (Hampumep,
MOTPYXKCHUS B KUJIKUHN TeIUH IS MOAIeP )KaHUs OYCHb HI3KOH TeMIIepaTyphl), HO MPOTpece HayKu
B OTOW 0ONACTH 3HAUUTENEH, W MOXKHO OXHJaTh TOSBJICHUS HOBBIX BO3MOXKHOCTEH s
POOOTOTEXHHKH, CBSI3aHHBIX C PA3BUTHUEM KBAHTOBBIX TEXHOJIOTHH, YK€ B HETAICKOM OyIIyIIEM.
SlcHo, uTO paboTa MO peanu3anuu MOJAOOHBIX MPOEKTOB MOTPeOyeT OT YYaCTHUKOB MOHHUMAaHUS
NPUHIAIIOB (PHU3UKKM MHUKPOMHpA, KOTOpas SBISETCS OJHHM W3 CaMbIX CIIOXKHBIX pPa3J/eioB
coBpeMeHHOU ¢u3uku. BTopoe siBieHHE — CBEPXTEKY4eCThb — O3HAYaeT MOJHOE HMCYE3HOBEHUE
BSI3KOTO TPEHUS B )KHJIKOCTH. DTO Ja€T BO3MOXKHOCTh, HAIPUMED, CO3/1aBATh JUISI MEXaHU3MOB Y3IIbI
0e3 TpeHus (KOTOpbIe K TOMY K€ HE OYIYyT «TPEThCA»).

BaxHbIM 37IEMEHTOM POOOTOTEXHUYICCKUX CHCTEM SIBJISIOTCS YCTPOUMCTBA MepeIadyn U 00paboTKH
uHpopmanuu. U 3neck pusuka CUiIbHO BIMSAET Ha MOSBICHHE HOBBIX TexHojoruil. XXI| Bek MHorue
CIICIUAIMCTHl HA3bIBAIOT «BEKOM CBETa» - HACTOJBKO YacTO CeWdYac BO3HHKAIOT MPUMEPHI
3¢ (HEeKTUBHOTO HCTOJIB30BAHUS onmuueckux mexuonro2uu. ONTHYECKHe KaHaIbl TO3BOJISIOT
nepenaBaTth HMH(GOPMAIMIO 3HAYUTEIBHO OBICTpEe, 3HAYUTEIHHO HAJACKHEES W C MEHBIIHM
KOJTM4ecTBOM OmHUO0K. CocTosiHUSI ¢homonos (KBAaHTOB CBETA) TAaKXKE MOTYT OBITh HCIOJIb30BAHbI
JUISL peayin3anui KyOuToB. KBAaHTOBBIC TEXHOJOTHH YK€ CETOMHSI HCIIOJIB3YIOTCS JUIS CO3IaHHS
KaHaJoB Tepenayn MHGoOpMaluu, aOCOMIOTHO 3aIlUIICHHBIX OT BHEIIHEro KomupoBaHus. boiee
TOTO, ONTHYECKUE YCTPOMCTBA HAYUYWIMCH HWCIOJIH30BaTh W JIJII MEXaHWYECKOTO YIpaBicHHsS. B
KauecTBe TMpUMepa MOXKHO TMPHUBECTH ONTHYECKHM (JTa3epHbI) MUHIET, [O3BOJSIOIIHIA
MaHUTYJTUPOBATH MHUKPOCKOMTMICCKUMHI O0BEKTaMH C TIOMOIIBIO Jla3epHOro Jiyda. C ero moMoIneko
yJaeTcs nepeMeniarh OTAeIbHBIC YaCTH KUBOU KIETKH, COPTUPOBAThH KIETKU UM MUKPOUYACTHIIHI B
TEXHOJIOTHYECKHUX CTPYKTypax.

Nmvenno Ha 6a3e (GU3HKKM W HOBBIX (PU3MYECKMX MPHUHIMIOB ceiyac OypHO pa3BHBaeTCS
MUKPpOMEXampoHuKka  — HayKa O BHEIIHEM YIpaBJICHUA (B TOM YHCIIE W KOMITBIOTEPHOM
yIpaBIeHUN) MEXaHUYECKUMH YCTPONCTBAaMH MHKPOHHBIX pa3MepoB. MHorma 3meck 3amaua
CTaBUTBCS IIUPE — TOTJA Pedb HAET O KOMIBIOTEPHOM YIIPABJICHHH CaMBbIMH Pa3HOOOpa3HBIMH
dbusznueckuMu Tporeccamu. SICHO, YTO JUIsl PEIICHUH ITOW 3amad HEeoOXOIUM OYEHBb XOPOIIHA
YpOBEHb TIOHMMAHWS 3aKOHOMEPHOCTEH MPOTEKaHWsS 3THUX MporeccoB. HackolbKko peabHO
CO3IaHHE «MUKPOPOOOTOB» - POOOTOB C pasMepaMu B MHIJUIMOHHBIE JOJIH METpa, KOTOpbie OyIyT
BBITIOJHATE PA3IUYHbBIC 3a/IaHUs B MEIHIMHE, HAYYHBIX WCCIICOBAHHIX WJIH B TEXHOJIOTHYECKUX
nporeccax? s Onvxkaiiiiero Oyayniero 3To yxe He KaKeTcs HEOCYIeCTBUMO 3a1aueil.

Ta e MenuumHa cama 1o cebe yxe ceildac sBJISICTCS TT0JIEeM HHTEHCHBHOTO BHEJAPEHHS POOOTOB
U HOBBIX (UBMYECKUX TEXHONOTWMH. MenuuuHckas (Qu3uka sBISETCS OJHHUM U3 CaMbIX
OBICTPOPA3BUBAIOIINXCSl ~ HANpPaBJIEHUHW  COBpeMEHHOM  (us3uku. MeaunuHckue  poOoThI,



UCTIONB3YIONIHE JTa3epHbIC U aKyCTUYECKAE WHCTPYMEHTHI, YXKe MOSBISIOTCS B KIIMHUKaX. SICHO, 4TO
10JIe MX IPUMEHEHHUS U UX BO3MOXKHOCTH OyIyT HENPEPHIBHO PACIIUPATHCS, H YTO MPOTPecC B STOU
00J1acTH HEBO3MOKEH 0e3 pu3ukm.

[IpoHMKHOBEHHE B MHUKPOMHUP OTKPBUIO (H3UKAM M MYTh K H3YYEHHUIO M HCIOJIb30BAHUIO
00BEKTOB HAHOMETPOBBIX pPa3MepoB (HAaHOMETPp — ATO OJHA MWILIMApAHAas JoJisi Merpa). Tak
NOSBUIINCH HanomexHonoeuu. Kak oka3aloch, OHM MOTYT HAlTH CBOE NPHUMEHEHHE BO BCEX
001acTsX JESITeIBbHOCTH YeJI0BEKa — OT HOBBIX MOKPBITHN JJISl TKAHEH WITM JUIS DJIEMEHTOB MAIlHH
A0 CO3JJaHUS HOBBIX JJICKTPOHHBIX yCTpOfICTB )41 BO3I[€I\/JICTBI/I$I Ha 61/IOHOFI/I‘-ICCKI/IG CUCTCMBEI.

W Bce 3TO — maneko He MOJIHBIMA TepedeHb MPUMEPOB MPOHUKHOBEHUS! (PH3UKH B WHXXCHEPUIO U
COBpPCMCHHBIC texnoaoruu! Ho ectn clc OAUH BaKHBIN MOMCHT, O KOTOPOM HECJIb3s HC YIIOMAHYTh.
CerofiHst MHp BOKPYT HAC MEHSETCS OYCHb ObICTPO. TEXHOJOTMHM MEHSIOT HAIly >KU3Hb — HHOTIA
6BICTp€€, 4YCeM MblI YCIIEBACM K 3TOM IIOATOTOBHUTBHCA, OHHM CTAHOBATCA CJIO)KHEC W MOIIHCC.
KnroueBass ponb B 3TOM mporpecce nmpuHaIexkuT ¢usuke. [lodtomy 0e3 (u3Myeckux 3HAHHMA
YEeIIOBEK HE MOXKET CTaTh aKTHBHBIM YYacCTHHKOM Tporpecca. Ho ceifivac MOXHO YBUIETh, Kak
COKpAIlaeTcs MPOICHT JIF0CH, MOHUMAIOIINX, YTO Ha CAMOM JeJie MMPOUCXOJUT B TOM WJIA HMHOM
TEXHOJIOTHYECKOM IPOIIECCe WM JIaXe B TeX MPOIECCcax, KOTOPhIE MBI UCIOIB3YeM B OBITY. DTO
HEMPaBWIBHO. JTO TPUHOCUT B HAIl MUP HECTaOWIBHOCTh. B oOmiectBe 0Oe3 3HaHWIA camble
3aMeYaTeNbHbIC TEXHOJIOTHH MOTYT CTaTh OmacHbIMU. [loaTOMy XOpommii ypoBeHb 3HaHUS (PH3UKH
BaXCH HE TOJBKO MJIs CIHEHUANINCTa — Y4YeHOro wid umxkeHepa. OH BaxeH Al BCIKOTO
COBpPEMEHHOT0 4yenoBeka. OH BaykeH I OyayIIero.

Koneuno, ¢usnyeckre 3amavyu, BO3HUKAIONIME IE€PE] YYACTHUKAMH POOOTOTEXHUYCCKHUX
COpPEBHOBAHMH, €Ille MOKa JAJICKH OT 3a7ad COBpeMeHHON (m3mku. Ho Bce HauMHAETCS ¢ MEpPBBIX
nraroB. BakHO yke ceiiuac y4uThCs BHICTh 3a KaXKIbIM JCHCTBHEM pPoOOTa ero (Qusmueckoe
conepxanue. Buaers, Kak CBsi3aHBI 3aKOHBI (DM3MKH M pealibHBbIC MPOIECCHl B KMBOH NpUPOAE,
TEXHUKE, BO BCEM OKpY’KalolleM Hac Mupe. Takoil B3IJsi HA MHP — CaMblil IPOJYKTHBHBIN. U K
TOMY K€ CaMo pelIeHrue KOHCTPYKTOPCKUX 3a/1a4 TepeiieT Ha 060iie BEICOKUN YPOBEHb, €ClId OyaeT
0a3upoBaThCs HA XOPOIIIEM 3HAHUH 3aKOHOB MPUPOIbI. MTak, MEeHHO (u3uKa.

UCTOPUA: PECTUBAJIb U OJIUMIINA JTIA

Hesuz ®ectuBans «Pobodecty - «3aecy cobuparorT Oynymiee». besycioBHO, OH oOTBeudaer
coJlepKaHuI0 — 06e3 pOoOOTOTEXHUKH HEBO3MOXKHO MPEACTaBUTH cebe U OmmKkaiiiiee, U OTJAICHHOE
Oynyliee 4enmoBedYeCTBA, a ydacTHHKM DecTuBaisi NMpUOOpPETarOT HAa HEM HAaBBIKM M yMEHWUS,
KOTOpBIE UM TPUTOJIATCS B MX cOOCTBeHHOM OynymieM. Ho ¢ mosiBnenueM onummnuasl «Pododect»
ATOT JIeBU3 MpHOOpen emnie oAuH cMbIci. C MOMOIIBIO ONUMITMAAbl YYacTHUKN (DecThBalii MOTYT
OTKpBITh cede nopory B syumne BY3wel Poccun, co3gaB cBOlO COOCTBEHHYIO 00pa30BaTENbHYIO
TPACKTOPHUIO, BEAYIIYI0 K Oyayliemy NpeBpalleHHI0 BBICOKOKJIACCHOTO creruanucra. Kak xe
peann3oBaTh 3Ty BO3MOXKHOCTH? JlaBaiite pazdepemcs.

Onumnuana mkoJsHUKOB «PododecT» mo ¢pusuke poaniach Kak cocTaBHas 4yacTbio DecTuBas,
¥ TpU 3TOM OHA C CaMOTO Hauaja SBJUIACh CAMOCTOSITEIHLHBIM COPEBHOBAaHHUEM C O(UIIMATIBHBIM
cratycoM: ¢ 2017 rona ona Bxoaurt B Ilepeuenp onumnuaz mkoibHUKOB B Poccuiickoit denepanuu,
u npaktuyecku Bce BVY3ml Poccun, cneumanusupyromuecss B 00JacTH (PU3MKM U TEXHUKH,
MPEIOCTABISAIOT €e MOoOeIUTENsIM U IpU3epaM JIbIOThl U MocTyIuieHnd. Hanpumep, gusndeckuii
¢dakynprer MI'Y umenun M.B.JlomoHocoBa 3auncnsger nobenureneil onumnuansl «Pobodect» 6e3
BCTYNMUTEIBHBIX HCIBITAHUN (3TO O3HAYAET, YTO MOOEIUTENI0 ONUMIHUAABI JOCTATOYHO TMOJATh
JIOKYMEHTHl B TPUEMHYIO KOMHCCHIO, CAaTh B JIMYHOE JEJI0 OPUTHHAJI aTTecTaTa W IOJIUCATh
cornacue Ha 3auucienue). [Ipuzepsl onmuMmuaas 0CBOO0XKIAIOTCS OT YYaCTHsI B CAMOM CIIOXKHOM U3
HaIlllUX 95K3aMEHOB — B JICTHEM JIOMOJHHUTEIHHOM BCTYMHUTEIBHOM HWCIBITAHUUA (TTMCHMEHHOM
9K3aMeHe Mo (U3MKE), U UM Ccpa3y IPOCTABISIOT BbICIIyIO oleHKy 100 GamnoB. Ho Heobxommumo
3HATh, YTO ISl TOTO, YTOOBI BOCTIOIB30BATHCS ATUMHU JILI'OTAMH, HEOOXOIUMO €Ile TPOUTH «DUITBTP
Enunoro TN'ocymnapcTBeHHOro DK3ameHa», TO ecTh caaTh EI'D mo ¢u3mke Ha OIEHKY HE HUXKE 75
0asioB.

[Tocne orpannueHu, CBA3aHHBIX ¢ MaHaemMueit, decTuBanb OONbIIe HE TPOBOAUTCS, HO OJUMITHA/IA
MpoJIoJDKaeT paboTarh, W YK€ MHOTro Jier BXoauT B llepeueHb onmmmuaja MKOJLHUKOB B PO.



OMHOBPEMEHHO € ATHM OJIMMIIMA/A PACHIMPSET CIMCOK HANpaBIECHUIO MPAKTUYECKOI'O Typa — C
2021 roma MOSBMIIOCH HAlpaBlIeHUE «MH)XEHEPHBIM MpoeKT», a ¢ ce3oHa 2023/24 roga emie 0JHO
HaIpaBJICHUE — «HAYYHBIN MPOCKT». B paMKax 3THX HAMpaBJICHWA yYACTHUKH (JTMYHO WM TPYIIION
He Ooyiee 2 HIKOJBHHMKOB) BBIMOJHSIOT MPOEKTHbIE pabOThI, BKIIOYAIOMIME KaK TEOPETHUYCCKHI
aHamu3 TeMmbl (WM pPa3pabOTKy YCTPOWCTBA), TaK M HKCHEPUMEHTAJIbHOE MCCIEIOBAHUE WU
IpaKTHYecKylo peanusanuto. B 2025 rony cpenu npeacTaBIEHHBIX HAyUHBIX IPOEKTOB MOSBUIUCH
IIPOEKTHI, BHIIOJIHEHHBIE B JJabopaTopusx ¢pusndeckoro gaxynprera MI'Y.

JAEBU3 OJIMMIINA/IbI: COPEBHOBAHUE B ObYYEHUUN

Ces3b  (pu3ukH, pOOOTOTEXHHUECKUX 3aJaHUN, HWH)KEHEPHBIX M HAyYHO-HCCIIEIOBATEIbCKUX
IPOEKTOB PEATN3YETCsl MMO-CBOEMY Ha KaKIOM M3 ITAIllOB OJMMITHAIbl. bojiee TOro — Bce 3Tarbl
ABJIIAKOTCA JJII  YYaCTHUKOB HC TOJBKO COPCBHOBAHWEM, HO U 06yquHeM. q)aKTI/I‘-IeCKI/I,
OpraHU3aTopbl OJIUMIMAIBI MPEUIAral0T YYaCTHUKAM COPEBHOBATHCS HE CTOJBKO B «TOTOBBIX)»
3HAHMSIX, CKOJILKO B CIOCOOHOCTH K O0YUYEHHUIO.

Hanpumep, BO MHOTMX 3aJaHusX OTOOPOYHOrO 3Tama SPKO MPOSBIAETCS CTpEeMIICHHE
METOJIMYECKONH KOMHCCHU OJMMIHAABI (TO €CTh COTPYAHMKOB Qusuyeckoro akymprera MI'Y,
COCTABIISIBIIINX ATH 33J[aHNUs1) IPOBEPUTH CIOCOOHOCTh YYaCTHHUKOB paboTaTh C HOBOW MH(OpPMALIUEH
U YUYUTHCS HENOCPEACTBEHHO B XOJe copeBHoBaHWil. [lpuBenmem mnpumep: pazbepemM OIHO H3
3aJaHuii 0TOOPOYHOTO 3Tana onumnuansl «Pododect» mo gusuke.

OTBEOPOUYHBINI ITAII 2016/2017 yu.rona, 3AJJAHUE 4:

Po6oTta MOXHO CHaOAUTH JATUYMKOM, KOTOPBIA MOKET pa3iuyaTh 1BeTa. Ha camom nene cBetoBoe
U3ITy4YEHUE — ITO PA3HOBHUJHOCTb 2/1€KMPOMASHUMHBIX 60JIH, TIPUYEM Pa3HbIE LIBETa OTIUYAIOTCS
IpYT OT Apyra OauHou 6onHbl (3TO PACCTOSIHHE MEXKIY NIBYMSl «TpeOHsME» BOJHBI). B Tabmune
IPUBEJICHA CBS3b MEXAY JJIMHOM BOJIHBI B HAaHOMeTpax (1 HM = 10'9M) Y BUJIUMBIM [IBETOM:

KpaCHBII OpPAH)KEBBIN | KEITHII 3€JICHBII roay0oii CHUHMI (hroNIeTOBBIN

625-740 um | 590-625 am | 565-590 am | 500-565 um | 485-500 um | 440-485 um | 380-440

«benprii 1BeT» - 3TO MPUMEPHO paBHOMEpPHAas CMECh BCeX ITUX LBeTOB. Hampumep, pagyra —
ONTHUYECKOE SIBJIEHUE, B KOTOPOM COJTHEYHBIN IIBET, MPEJIOMIISISICh B KAIUISIX BOJIBI M OTPAXkasich OT
HUX, pa3/ieNsieTcsa Ha COCTaBJISIONINE €ro LBETa.

4.1. Ecnu pa3nenuth MNOBEPXHOCTH AUCKA PaJyCaMH Ha CEMb OJIMHAKOBBIX CEKTOPOB U PACKPACHUTh
KOKIBIA CEKTOp B OJMH U3 I[BETOB PAJyrd, a 3aTe€M IMPHUBECTH AWCK B OYEHb OBICTPOE BpAIICHHE
(HaCTONBKO, YTOOBI TJ1a3 COBEPIIIEHHO HE pa3iudall OTJEIbHBIX CEKTOPOB), TO UYTO JIOJDKEH YBHJIETH
HaOII01aTeNb, CMOTPSIINIA Ha AUCK «CBEPXY» (TPU ATOM AMCK OCBEUIAETCS TOXKE CBEPXY)?

4.2.  JlomycTuM, 9TO MBI M3TOTOBWIIN IUIACTHHY W3 CICIUAIBHOTO COPTA CTEKIJA, 00JIaTaroIiero
CJEYIOIMMH XapaKTePUCTUKAMHU: SJIEKTPOMAarHUTHOE U3IydeHHue ¢ anuHaMu BojH oT 300 go 420

HM 3TO CTEKJIO MOYTHU IOJTHOCTBIO OTPAXKaET, ¢ AITUHAMHU ) ¥- é
BOJIH OT 420 10 620 HM — ITOYTH MOJIHOCTBIO TOTJIOAET ST o]
(moryIolEeHHas SHEPrus. WAET Ha HarpeB CTEKnIa, a N -
IOTOM yXOOUT B OKPYXAWIIyl Cpely B BHUIE 1 N 7
HEBUIMOTO TEIJIOBOTO U3JIy4€HHsI), C JUINHAMH BOJIH 3% .7

or 620 no 800 HM — MOYTH MONHOCTBIO IpomyckaeT. I[lo ogHy CTOpPOHY OT TakOW IUIACTUHBI
pasmemiena jgamna JI (CM. pUCYHOK), CBETSIIasi TIOUTH «O€IBIM» CBETOM, a IO APYTyI — podot 1 ¢
JAaTYUKOM IIBeTa (PETrUCTPUpPYET BCerja OAMH M3 7 IBETOB pajayrd — IO TOMY, B KakoM W3
JMana30HOB JJIMH BOJIH TOCTynaeT Oosbluas sHeprus). [ITyHKTHpOM moka3zaHbl IpaHUIBl 001acTH, B
KOTOPOH TaTUUK «BUIUT» 00beKThl. KakuM — 1o Mmoka3zaHusIM JaTYyMKa — OKaKETCs [[BET MJIaCTUHBI?
4.3. Kakum OyJeT IBET IJIaCTHHBI 10 TTOKa3aHUAM JaTYMKa, YCTAaHOBJICHHOTO Ha podoTe 27

4.4. TennoBoe H3Ty4eHHE TAKXKE HA3BIBAIOT «UHDPAKPACHBLIMY» — 3TO TOXE Pa3HOBUIHOCTD
AIIEKTPOMAarHUTHBIX BOJIH, HO C JjauHamMu BosH oT 740 HM g0 2000 mxm (1 MKkM = 10'6M). Jnuna
BOJIHBI HauOoJiee MOIIHOTO M3Iy4eHMs Tesla, HarpeToro J0 TemIeparypsl T *, ompenensercs H3




2898 mxmM - K

3aKoHa cmewjenus Buna @ Ay, = = . JlaT4MK 1BeTa, €CTECTBEHHO, HE MOXKET OIIPEJIEIUTh

[BET MH(PAKPACHOTO HU3ITYYEHHUS, HO B COBPEMEHHOW OINTHKE HCIIOJIB3YIOTCS IMpeoOpa3oBaTeilu
U3ITy4yeHUs, YyJIBaWBAIOIIME YacTOTy M3JIy4eHHs (4YacToTa — BeJIMYMHA, oOpaTHas THepuoay
KOJICOAHUH 3JIEKTPOMArHUTHOTO TIOJIE B BOJHE, OTMETHM, 4YTO [UIMHA BOJIHBI B TOYHOCTH
COOTBETCTBYET PACCTOSIHUIO, KOTOPOE CBET MPOXOJUT 3a OAUH mepuon). Jomyctum, yTo Ha BXOAE
JaTyiKa I[BETa IIOCTABJICHO JABA TaKuUX MpeoOpa3oBareis, W OaTUYUK ONpeAessieT LBET ABYX
HaArpeThIX TeJl KaK XKEJNThIM U roayooil. YeMy NpuMepHO paBHbI TEMIIEPATYPbI ITUX Tel?

*3mech WCMONB3yeTcs abCONIOTHAsT Temmeparypa |, u3Mmepsemas mo mkane KembBuna. B aToii
HIKaje 3a Hayalo OTcYeTa MPUHAT «aOCONIOTHBIA HOMbY» - TeMIeparypa, IpH KOTOPOi
IIPEKpALAETCsl TEIUIOBOE JBM)KEHUE MoJiekyl. 'paayc aroil mkansl (1 K, To ects 1 KenpBun) B
TOYHOCTH paBeH rpaaycy mkaisl Llenbcus. AGcomtoTHas Temneparypa T cBsi3aHa ¢ TeMIEpaTypoit
o mkajie [lemscus t coornomenuem T ~ (273 +1°C) K.

Omeemul u NOACHEHUA K IMOMY 3A0AHUID .
4.1. OH n0JI7KeH YBHAETh MOBEPXHOCTh AUCKAa MOYTH Oenoil. [Ipu BpameHuu aucka OT Kaxaon
TOYKH 32 BpEMsl peaKIMH IJia3a MPUXOAAT C MPUMEPHO PABHOM MHTEHCHBHOCTH H3JIyUYEHHUS BCEX
JUIMH BOJIH BUJMMOT'O CBETa (BCEX LIBETOB PayrH), YTO COOTBETCTBYET OEIOMY LIBETY.
4.2. KpacubiM. Jlo naTunka po6oTta 1 TOXOAUT TOJNBKO CBET JaMIlbl, IPOLISAIINN Yyepe3 MIacTUHY,
TO ecTh ¢ JyinHamMu BoJIH OT 620 1o 800 HM, 4YTO B OCHOBHOM COOTBETCTBYET JIMAINa30HY KPACHOIO
1BeTa (C HEOOIBIION MPUMECHIO OPAHIKEBOTO).
4.3. ®uojeroBbIM. Jlo 1aTunka podoTa 2 JOXOAUT TOJIBKO CBET JaMIIbl, OTPAKEHHBIH OT IJIACTHHBI,
TO ecTh ¢ anuHamu BojiH oT 300 no 420 HM, TO €CTh U3 BUJIUMOIO CBETa — TOJBKO H3JIy4YECHHE
¢duoneToBoro 1BeTa.
4.4. Tlpumepno 1250 K (980°C) m 1470 K (1200°C). Tak kak uUCHOJIb30BaHbl JBa
npeoOpaszoBarensi, TO YacTOoTa yBelIW4YMBaeTcs B 4 pas3a, a mepuoj KosiebaHuil ymeHblaercs B 4
paza. CrnenoBaTenbHO, AJMHA BOJIHBI YMEHbLIaeTcs B 4 pa3za. 3HAYUT, NPEIMET, KOTOPBIA JaTUUK
[[BETa «BUIUT» KENThIM (OH MPUHUMAET HM3ITYYCHHE B OCHOBHOM C JJIMHOW BOJIHBI, MIPUMEPHO
COOTBETCTBYIOIICH IIEHTPY <CKEITOTO» AMamna3oHa, TO €cTb 577,5 HM), HCHyCKal TEIIOBOE

2898 ‘K
U3IydeHHe ¢ Ay, ~ 2310 M. Ero temmeparypa T, 5 SO0V R 1255K. AHanorHuHo TUIst

2310 M
BTOPOTO IpEAMETa, KOTOPBIA JAaTYMK IBETa «BUAUT» TONYOBIM: Ay, =4-492,50M =1970 BM, 1
2898 -K
) z#zM?lK. Ha camom pene pa3Opoc BO3MOXKHBIX 3HAYEHHWH [UIMH BOJIH B
HM

yKa3aHHBIX JMana3oHax Mopsjaka 127’55z 02 u 4;’255 ~0,02, To ectb okoso 2%. 3HAYHT, U

TEMIIEpaTypbl OMNpENEICHbl MNPUMEPHO C TAaKOW K€ TOYHOCTBIO, TO €CTh «IUI0C-MUHYC» 25 K|
M03TOMY Pa3yMHOE OKpPYTJIEHHE OTBETa — C TOYHOCTHIO 710 JAecITKOB KenbBuH.

HpI/IHHI/IHI/IaHI)HaSI I103UIuA (1)H31/I‘-I€CKOFO (baKym,TeTa COCTOUMT B TOM, 4YTO Kaxaas HW3 HaIIHUX
OJIUMITMAJ] — HE IPOCTO COPEBHOBAHME IIKOJILHUKOB, HO M 00pa3zoBaTeiabHOe MeponpusTie. Baxnas
yacTb 3TOM 00pa30BaTEIbHOM COCTABIAIOIIEH — ATO CBA3b 3aJaHUl OTOOPOYHOro 3Tama ¢
OyaymuMu 3agaHusMu (uHanbHOro srtama. [leficTBUTENbHO, 3a/laHUsl OTOOPOYHOrO 3Tama yxe
MNPpUYyYarOT YYaCTHHUKOB K ONPEACICHHOMY CTHIIO 3aJad U HGO6XO)II/IMOMy UIA OJIMMIIMAaAbl M3
[Tepeuns ypoBHIO TpeOoBaHui. Beab MMEHHO 3aJaHMsA TaKOro YpPOBHS OKMAAIOT yYaCTHUKOB Ha
(1)I/IH2L]'II)HOM JTarie. KOHGLIHO, Y4aCTHUKHM HW3 MHOI'MX KOMAHJ, BKJIAJbIBAIOIIME HEMAJIO CHII H
BpPEMEHH B CO3/1aHUE POOOTOB I COPEBHOBAHMMA, HE BCETJa yCIIEBAIOT €lle U HaTPEHUPOBATHCS B
}IOCTaTO'-IHOI\/’I CTCIICHU B PCHICHUHN OJIMMIIMAAHBIX 3a1a4. TeM He MeHee HY)XHO ITIOHUMATb, 4YTO 0e3
Cepbe3HOM MOATOTOBKH 10 (PU3HKE, MaTEMAaTHKE, IPOrPaMMHUPOBAHHIO, HENb3sl YCIEITHO paboTaTh B
o0nacTu coBpeMeHHOW poOoToTeXHUKH. M mosTomMy Hama oauMmnuaza CTPEMHUTCS BBIBECTH
YYaCTHMKOB Ha XOpOLIMHA YpOBeHb 3HaHUM 1O ¢usnke. OHAa CTAHOBUTCS YacCThIO Ipolecca
06y‘-IeHI/I$I, KOTOpasa OCYHIECTBIIACTCA HE O6I>I'—IHI)IMI/I, TO €CTh «HCIIKOJIBHBIMU» METOJaMU. HO3TOMy
y4acTHUKaM HE CJIEeyeT HacTpauBaThCs Ha HEyJady TOJBKO M3-3a TOTO, YTO MX HEAOCTAaTOYHO



HOJArOTOBWIIM K PELICHUIO MOA0OHBIX 3a/1a4 B 1Koje. Hy)kHO HacTpauBaThCsl Ha CEpbE3HYyIO yuely.
Kak MbI Buzienu, yxe Ha OTOOPOYHOM 3Tare yYaCTHUKaM COOOIIAIOT MHOTO HOBOM MH(OpMAIuu, 1
Cpa3zy JK€ JalT «GaKpeIUIoIlue YIpaKHEHUs» Ha ee ucrnonb3oBaHue. Ho yudeba Ha 3TOM He
3aKaHYMBAETCs, TaK KaK MeKAY OTOOPOUHBIM U (PMHAJIBHBIM ATANaMH JJIsi YYaCTHUKOB OJIMMITHA/IBI
OpPraHu3yloT OecIUIaTHblE KYypChl JONOJHUTENBHOM IOAIOTOBKM B CHCTEME JIUCTaHIIMOHHOIO
obpazoBanust MI'Y umenun M. B. JlomonocoBa «YHuBepcurer 6e3 rpanui». Ha 3Tux kypcax
YYaCTHHUKH MOJIYYalOT BO3MOXKHOCTh YJIYYLIMTh CBOM 3HaHUSA 10 (U3UKE, IPUBBIKHYTh K YPOBHIO
tpeboBanuit MI'Y, u TakuM 00pa3oM yJIy4IIUTh CBOU OyaylIue pe3yibTaThl Ha (PMHAIBHOM 3Tarle.
OueHb Ba)XXHO 11OCTAPATHCS MOJIYYUTh B XO/1€ MOJATOTOBKH K (PUHAIBHOMY 3TaIly KaK MOXKHO OOJIbIlIe
3HaHUH M HaBBIKOB, M MMEHHO Kypchl MI'Y — Hammyummii cnoco0 caenats 3T10. Kypceb
3aBEPIIAOTCS BBINOJIHEHHUEM TPEHHUPOBOYHOIO 3aJaHMsl, OPUEHTUPOBAHHOIO Ha UCIOJIb30BAHUE U
3aKpeIuIeHUE IMOJyYeHHbIX 3HAHWKA M HABBIKOB, NPUYEM B IEPBYIO OYepelb — TEX, KOTOpPHIC
NOHAA00STCA  IPU BBINOJIHEHUM (QHUHAIBHOIO 3ahaHus. ONBIT yXe IHPOBEAECHHBIX OJMMIINA
MOKa3bIBAaET, YTO HaWOOJee YCIEUIHO Ha ()MHAIBHOM H3Tale BBICTYNWIM MMEHHO T€ YYaCTHHKH,
KOTOpbI€ MPOSBUIM HAMOOJIBLIYI0 AaKTHUBHOCTb BO BpeMs IOATOTOBKU. B kaxkaom ce3oHe
OpraHu3aTOPBl OJIMMIIHNA/BI PACIIUPSIOT BO3MOKHOCTH YYaCTHHKOB TI0 MOJATOTOBKE K OTOOPOUYHOMY
U K GUHATIBHOMY 3TallaM OJIMMIINa/Abl. B 3TOM ce30He yxe B 4eTBEPThIi pa3 oJMMIMaja HAUMHACTCS
C TIPUTJIACUTEIIBHOTO dTala — OH HE SIBISETCS 0053aTEIbHBIM, HO UMEHHO C HETO HaYMHAEeTCs paboTa
[0 MOJTrOTOBKE K OJMMIIMAJE: 33aJauyd 3TOTO 3Tala HpoIle OJIMMIIMAJAHBIX, HO HEMHOI'O CIIOJKHEE
CTaHJAPTHBIX «IIKOJBHBIX». TakuM 00pa3oM, BOZMOKHOCTH JIJIsl OOYUEHUS B XOJI€ OJIMMITHA/IBI eIIIe
pacCLIMPSIOTCS, U OYE€Hb BaXKHO, YTOOBI YUACTHUKH OJIMMITHA/IbI UCIIOJIB30BaIM 3TH BO3MOKHOCTH. 1
it GU3N4ecKoro (pakynpreTa BaXKHO, YTOOBI OTOOp MOOEAWTENeH W TNPHU3EPOB OJUMITHAJIBI
«Pobodect» ObUT UMEHHO OTOOPOM TeX, KTO HanboJee MOTUBUPOBAH U CIIOCOOEH K 00YUEHHUIO.

Haunnas ot 3amanuii or60poyHOro Typa, BHUMAaHHE YYaCTHUKOB HAIPABISAETCS Ha P GU3NUECKUX
3a/71a4, TECHO CBSI3aHHBIX C BBINIOJIHSAEMBIMH 33JaHUSIMH, B TOM 4YHCE C 3aJaHUsIMU
POOOTOTEXHUYECKUX COPEBHOBAHMM. 3aTeM, Ha Kypcax MOJATOTOBKU K (pMHAILy, COOTBETCTBYIOIINE
paszaensl GU3MKHU elle pa3 MmoaApoOHO oOcyxaaroTcs. [IponreMoHCTpupyeM Ha MpUMepe MaTepHaioB
camoii nepBoit onumnuaasl «Pododect» — 2016/2017 yyeOHoro roga, Kak BHICTPAUBAIOTCS JTUHUH
00y4eHUSs B X0J1€ OJIMMITHA]IBI.

Tema: Cuna mpenus u ee enrusanue Ha Ogulicenue poooma.

OmHo w3 3a7aHuil POOOTOTEXHUYECKUX COPEBHOBAHUN ATOr0o Toja TpeOoBajio OT COOpPaHHOTO
YY4aCTHUKOM pOOO0Ta MPEOJOJICHUS MPENATCTBUS — FOPKH C HAKIOHHBIM MOJABEMOM U HaKIOHHBIM
cmyckoM. OTHOBPEMEHHO B XOJ€ OTOOPOYHOTO 3Tama OJMMITMAIBI MCIONB30BATIOCh CIEAYIOIEe
yIpaxHeHHE:

OTBOPOYHBIN ITAI 2016/2017 yu.rona, SATAHUE 3:

PoOoty, y koToporo o6e nmapsl KoJieC SBISIOTCS BEAYIIMMH, OJUHAKOBBI IO pa3MepaM U CHaOKEHbI
OJINHAKOBBIMH IIMHAMM, IPEJICTOUT BBEXATh 110 HAKIOHHOW IUIOCKOCTH JUIMHON L =1Mm Ha BbICcOTY
H =0,6m.

3.1. Ilpm xakoil MHHHMAaIBbHON BeMWYMHE KOAXPQPUIMEHTA TPEHUS MEXKIy IIHHAMH W
MOBEPXHOCTBIO MJIOCKOCTH 3TO BO3MOYKHO?

3.2.  Ecmm 3abnokumpoBaTh Kojieca W CMasaTh IUIOCKOCTh MacioM (4ToObl TpeHHe CTajo
OpeHeOpe)KUMO Majio), TO JJs IUIABHOTO MENJIEHHOTO MOoAbeMa M0 IUIOCKOCTH K pPOoOOTY
HeoO0XxouMo mpukiIaabBarh cuny F =15H (MOXHO cuuTaTh, 4TO 3Ta CHUJa COOTBETCTBYET BECy
rpy3a mMaccoit 1,5 kr). Haiitu maccy po6ota (B Kujgorpammax).

3.3.  PaccrosHue MexIy ocsMHU TepeIHUX U 3a1HuX kojec pobota | =9cwm. [lycts nentp macc
(IIM) poboTta HaxoauTcs Ha OJMHAKOBOM PACCTOSTHUHU
oT 3Tux oceld. Ha kakoii Beicore h (oTcUMTBIBaeMOi OT
MOBEPXHOCTH, HA KOTOPOHM pOOOT CTOUT  BCEMHU
KOJIeCaMH — CM. PUCYHOK) JIOJDK€H HAaXOJIUTHCS LIEHTP
Macc, 4ToObl POOOT MOr BbEXaTb Ha HAKIOHHYIO
wiockocTh? Koad¢uimeHT TpeHus MmUH O MIOCKOCTh
1 = 0,8 6omb111e HaliieHHOTO B MMyHKTE 3.1.




3.4. Ilycte nBuratenr poOOTa pa3BUBAET IOCTOSHHYIO MOIIHOCT P, W OH HadyMHAeT
MOJAHUMATBCS 10 HAKJIOHHOW IUIOCKOCTH C MOYTH HYJIEBOM HayalnbHOM cKopocThio. CHavalia OH
JBUKETCA C TOCTOSHHBIM YCKOPEHHMEM, HO IIOCJI€ JOCTHKEHHSI HEKOTOPOW «KPHTHYECKOWN»
CKOPOCTH €ro YCKOpPEHHE HauWHaeT yMeHbIaThcs. OOBSCHUTE ATO MOBeAeHHE ycKopeHus. s
MOIIIHOCTH, paBHOUM 8 BT, Maccel poOoTa 3 myHkta 3.2 u kodduimenta TpeHus U3 myHkra 3.3
HaWUTE BEIMYMHY «KPUTHUYECKOI» cKopocTH. CuuTaTh, YTO MOIIHOCTh aBTOMATHYECKHU
pacrpeieniieTcsi MEXIy IapaMH BeAyIIUX KOJIeC TakuM o0pa3oM, 4YTO OHU HAUMHAIOT U
MpEKpaIiaroT TPOCKAIb3bIBaTh BCETAA OJJHOBPEMEHHO.
Omeemol u NOACHEHUA K IMOMY 3A0AHUIO'
3.1. Opu #=0,75. ITpu L =1mu H =0,6 M npoeKyst [JUIMHBI TUIOCKOCTH HAa TOPU30HTAJIb paBHA

D=08mM (mocTarouHO BCHOMHUTb O  «ETHIIETCKOM  TpPEYrOJbHHKE).
[epnienaMKyIIsipHAS MOBEPXHOCTH COCTABJISIONIAS CHUJIBI TSDKECTH, KaK BHIHO

U3 TMOCTPOCHHS, paBHA gmg, U OHA YpPaBHOBEIIMBACTCS CHJIOW pEaKIHHU

noBepxHocTd N (TO €CTh UMEHHO OHA MPUKUMAeT poOOTa K MOBEPXHOCTH).
CocraBisitomias CUJIbI TSXKECTH BJIOJIb MOBEPXHOCTH paBHA gmg, U CcUJia OTTAJIKUBAHHS KOJecC

po0oTa OT MOBEPXHOCTH JAOJDKHA OBbITh HE MeHblle 3TodW cuibl. C JOpyroil CTOpOHBI, cuja
OTTAJKWBAHUS HE MOXET ObITh OOJIbIIIE MAaKCUMAIBHOW CHIJIBI TPEHUS IIOKOS, IPUMEPHO PaBHOM

CUJIC TPCHUA CKOJIbXKCHUA Fmp = /IN . 3Ha‘II/IT, JJIA TOro, YTOOBI pO60T MOT 3a€XaTh Ha HAKJIIOHHYIO

4
MOBEPXHOCTb, JIOJKHO BBITIOJHATHCS HEPABEHCTBO 5 mg < ,uE mg—=u= 1

3.2. 2,5 xkr. Kak sicHO U3 mpenpIayIero paccyxaeHus. B oTcyTcTBue TpeHHe MUHUMAIIbHAs CHJIA,
3
HeoOXoauMas sl «3aTaCKUBaHUS» poOOTa BBEPX, paBHA gmg , TIOATOMY gm =15kr. Otcrona

HaxoJIUM, YTO Macca podoTa m=2,5kr.
3.3. He 60J1ee 6 cm. Eciiu ieHTp Macc poGoTta OyeT HaXOUThCA «JIE€BEE» TOUKH OIMOPHI 3a/IHETO
Kojeca (CM. PHUCYHOK), TO pPOOOT HE CMOXKET IOJHUMATHCA TIO
IUIOCKOCTH, TaK KaK OIPOKHHETCS «Haszaa». YToObl 3TOro He
IIPOUCXOJWIIO, JOJKHO BBIIIOJIHATHCS HEPABEHCTBO h < b (HyXHO
/72 H

paccMOTpPETh «KPUTHUYECKUN» city4yad, korga [IM HaxoguTcs TOYHO
HaJl TOUYKOW OMOpPBbI, U BOCIOJIB30BATHCS MOJOOMEM IMOIYUYHMBIIHUXCS

D
TpeyronabHukoB). CienoBarenbHo, h < ﬁl =6cm.

3.4. Kputnueckasi ckopoctb 0,5 m/c. Korna poGoT TONbKO HayMHAeT JBUTAThCS, €r0 Kojeca
0053aTeNbHO TPOCKAIB3bIBAIOT (OHU YK€ KPYTATCSA MOJ JEHCTBUEM JIBUraTels, a CKOpPOCTh
JBIDKEHUS poOoTa ellle nouTu Hynesas). [lo3ToMy cuiia OTTaJKUBaHUS €ro OT MOBEPXHOCTH paBHA
cusie Tpenus ckonbxenus Fpo =N, koTopas He 3aBucut or ckopoctu. IlosTomy u yckopeHue

poboTa OT CKOPOCTH HE 3aBHCUT (YCKOPEHHE CO3/AeTCsl pPe3yJIbTHPYIOIIEH CHIIOH, KOoTopas
3
HarpaBJieHa BJIOJIb TUIOCKOCTH M paBHA Pa3HOCTU CHJIBI OTTAJKUBAHUS U gmg ). [Ipu sTOM HacTh

MOIITHOCTHU P pacxonqyeTcda Ha BBIACICHUC TCIUIA ITPU MPOCKAJIb3bIBAHUN. HO, KOTria BO3pacTaronias
CKOPOCTb OOCTHUTIaCT BCIIMYUHBI, IIPU KOTOpOfI P =/JN -V, TO BCS MOIIHOCTb HMACT HAa Pa3roH

p060Ta, H MMO3TOMY HaJie€ MPOCKAIb3bIBAHUC MTPCKPAMIACTCA U CHUJIa OTTAJIKUBAHUS OIMPECACIIACTCA U3

P
cootHomeHusi P=F -v=F =— (1o ectp yOnIBaeT ¢ poctom ckopoctu). [ToaTromy u yckopeHue
v

P 5 P
HauMHaeT yObiBaTh. Kak BHMJIHO, KpuUTHYecKass CKOpOCTb paBHa V, =——=——— Eciu
uN 4 umg

2
IIO/ICTABUTD HAIIIM 3HAUYeHHMs (KaK BHIHO U3 YCIOBUS, cieayer cuntatk g ~10wm/c”), To vV, =0,5m/c.



Kak BuaHO, B XOA€ BBINOJHEHMS] 3TOrO YHPAXXHEHUS YYACTHUKHU JOJDKHBI OBIIM JOCTaTOYHO
NOpOOHO TTO3HAKOMHTBCS CO CBOMCTBaMU CHIIbI TpeHHs. B TpennpoBoyHoM 3aganum ais 10 u 11
KJIACCOB 3Ta TeMa I0JIydaeT JajibHelIee pa3BUTHE: B HETO BXOAMIIA 3ajjaya, IPEICTABICHHAs HIDKE.

3aganue 1.

1.1. Ha rmankoi TOpU30HTAIBHON MOBEPXHOCTHU JISKUT JOCKA, HA KOTOPOW MOKOMUTCS HEOOJBIION
opycok. Koaddumment tperus mexny imHelkod u Opyckom paBeH u=0,2. Jlocky aBuraror
IOCTYIATENbHO C ycKopeHmeM 3 M/c’. C KakUM YCKOPGHHEM IBUXKETCS OTHOCHTEIBHO
MOBEPXHOCTU OpyCcOK (€ro ABM)KEHHE TaK)Ke MOCTYMAaTeIbHO, U OH HAaXOJUTCS Ha JMHeHKke)?
Yckopenue cBoboiHOTO nageHus g ~10 M/c2. OTBeT 3anummure B M/c2.

[Tonckaska 1: yckopeHue OpycKy cooOIIaeT Cuiia TPeHHUsL.

[Tonckaszka 2: MakcuMaibHas BeIMYMHA YCKOPEHUsI OpycKa, IpU KOTOPOM OH YK€ MPOCKATb3bIBACT

0 J0CKe, A, = U]~ 2 m/c?.

Pewrenue:
VYckopenne Opycky cooOIaeT cuwia TpeHHs, KOTopas HE MOXeT InpeBbimars F . =umg.

CnenoBarenbHO, MakCUMalbHas BEJIMYMHA YCKOpEHUs Opycka, IpuU KOTOPOW OH YyKe
IPOCKaNb3bIBAET 10 JOCKE, A, = HJ ~ 2m/c?. 3HAYMT, IPH 3aJAHHOM YCKOPEHHH JOCKH OPYCOK

HE MOXCT IBHUI'aTbCA BMCCTC C ,I[OCKOI>'I, M OH IIPOCKAJIL3bIBACT 110 JTOCKE. Ero YCKOPCHUC KAK pa3 U
PaBHO MaKCUMaJIbHOMY.
OTBET: 2.

1.2. Ha ropu3oHTaJbHOM CTOJIE JIeKaT JUIMHHAsA jJuHeiika AB u npsamoyronbsusiii nactuk C.
Jlactuk KacaeTcsi JMHEHKM OJHOM M3 CBOMX OOKOBBIX TpaHed  (cMm. 4
pucyHok). Jluneiiky mepemectwnu Ha paccrossaue S =20cwm, aBuras ee A C
pPaBHOMEPHO M IIOCTYNAaTEJIbHO, TAaK 4YTO JIACTHUK JBHTAJICA  HEpeN
JIMHENKOW, HE OTPHIBASICh OT HEE. YTOJ MEXAY JIUHEHKOW U HaIpPaBICHUEM
ee MepeMelleHusl cocTaBisieT o =45°. HaiiiuTe BeIUUMHY NEepeMeleHus
JacTUKa OTHOCUTEJIBHO crojla  3a To ke Bpems. Koadduuuent tpenus B

a

. 1
JACTUKA O JIMHEWKY paBeH y = ——. OTBET 3alUIIUTE B CAHTUMETPaX.

272

1
IToackaska 1: IMMOCKOJIBKY UH=—F=< 1= tg o, TO JIaCTHK HE MOXKCET IMCPEMCIIATHCA 0e3

22

MMPOCKaJb3bIBAHHUA 11O JIMHEHKE.

[Moackaska 2: cuina TpeHus: Oy/ieT UMETh BEIUYHHY | Ifmp |= 4N , u pe3ynbTHpYOIIAs CHJIa PEAKIIUH

muneiikn F =N+ Ifmp OyIeT CoCTaBIsATh C HOPMAJIBIO K JIMHEHKe yrom S =arctg (L) .

[Tonckaska 3: ans TpeyroiibHHKa, 0OpPa30BaHHOTO BEKTOPOM IEpEMEIIEHUsl JIMHEHKU, BEKTOPOM
MEPEMEIIICHUSI JaCTUKA OTHOCHUTENBHO CTOJIA M BEKTOPOM CMEIIEHUS JIACTUKA OTHOCHUTEIBHO
JIMHEVKH, MOKHO HCIIOJIb30BAaTh TEOPEMY CHHYCOB.

Pemenmne:

1
HOCKOHLKy H=—"F=< 1= tg &, TO JIaCTUK HE MOXCET INCPEMCHIATHCA 0e3

272

MPOCKAJB3bIBAaHUSL MO JIMHEWKe (pe3yJbTHPYIOIIas Cujia peakuuu JMHEHKN
F=N +Fmp JOJDKHA OBITh HAmNpaBJICHA IO TEPEMENICHUI0, TO €CTh — B
OTCYTCTBHE IIPOCKAJIb3bIBAaHUS — MO/ YIVIOM ¢ K HOPMallu K JIMHEWKE). 3HAUMT,
cuna Tpenusi Oyner mmerh Benumuuny |F |=4#N, u F Gyner cocraBnsars ¢

HOopMaliblo  yron f=arctg(x). 3HauuT, NacTUK OyaeT mepeMelnaThcsl B
HAIpaBJIEHUHU, COCTABJISIIONIEM Yrol «— /[ C HalpaBJICHUEM IepeMeleHus

nuHelkn. Takum 00pa3oM, B TpeyrojbHUKE, OOpPa30BAaHHOM BEKTOPOM

NepeMCIICHUSA JTUHEUKH S , BEKTOPOM IICPCMCIICHUSA JIACTHKA OTHOCUTCIIBHO CTOJIa SJ7 H BEKTOpOM



. 3 T
CMEIIEHHs] JIACTHKA OTHOCHTEIBHO JIMHEWKH S, YroJ HampOTHB CTOPOHBI S, paBeH rl a,a
, T V4
HAnpoTuB S: 7 — EY —a|-(a—p)= 2 + [, 1 110 TeoOpeMe CHHYCOB

sin(”—a)
s, = 2 S - cos(a)
sin(72r+,b’j cos(f)

S =Scos(a)y1+ u* =15¢m.

OTBET: 15.

Kaxk BusHO, B X0/1€ BBIIOJIHEHUS 3a/1aHKs (HAIOMHUHAEM, YTO OHO PEIIaIOCh YYACTHUKOM B PEKUME
on-line) MoXHO OBLIO BOCIOJIL30BAThCS HECKOIBKMMHU «ITOJICKA3KAMMU», TOCIIEC KaXI0W U3 KOTOPBIX
YYaCTHHKY JIaBAJIaCh €I O[HA MOMBITKA, U TOJIBKO B CAMOM KOHIIE (ITOCJIE IMOTyYEHHUS MPABUILHOTO
OTBETAa WJIU MOCJI€ MCIOJIb30BAaHUsI BCEX MOJICKA30K M MOMBITOK) YYACTHHUK IMOJIy4Yald BO3ZMOXHOCTh
y3HaTh aBTOPCKOE PEIICHHE.

Hakonern, w3ydeHHe TEMBI «CWJIa TPEHHS» 3aBepiiajiach B (UHAIBHOM 3aJaHUM OJMMITHAIBL.

[TpuBenem npumep 3agaun 1 0THOTO U3 OUIIETOB:

®UHAJIBHBIN 3TAI 2016/2017 yu.rona, BUNET Ne 01 (10-11 knaccbl)

3ananmue 1:
Bomnpoc: Ha ropn3oHTabHOM MTOBEPXHOCTH JISKHUT JAOCKA, HA KOTOPOU MOKOUTCS HEOOIBIIIOI Opycok
Maccel M= 250r. KoaddummeHnt tpenus mexay nockoit u Opyckom paBen 1 =0,4. Jlocky ObicTpo

CMECTUJIM BJIOJIb HEE caMOM IO MOBEPXHOCTH Ha paccrosiHue S =1m. [Ipu 3Tom Opycok caBunyIcs

OTHOCHTEJIBHO IIOBEPXHOCTH Ha paccTosgHue S=50cM. Kakoe Koiam4ecTBO TeIuia BBIIEIWIOCH U3-3a
. 2

TPEeHUsI MEKIY OPYCKOM U J0CcKoi? Y ckopeHue cBoboHoro mageHus g ~10wm/c”.

OrtBet: KonmudecTBo Teruia paBHO MOAYITEO paOOTHI CHITBI TPEHUS CKOJIBKEHUS, KOTOpas paBHa M( ,
a OTHOCHTEJIbHOE CMelIeHne OpycKka u Jocku paBHO S —S. Mrak, Q = umg(S —s) =0,5 JTx.

3agaua: Mogens Oynbo3epa 10JKHA BBITECHUTH 32 MPeelibl MoJisi He0OoMbIIyI0 KOpoOKy. CKOpOCTh

MOJIEJIA HalpaBlieHa MEPIEeHANKYISAPHO KParo TOJs, a KOBII MOBEPHYT Ha L x4
yron «=30° OTHOCHUTENTBRHO JTOTO Kpas (cM. pHCYHOK). HawanbHoe - >
paccrosiHue OT KOopoOku 1o kpas mois L =10m, xkoappuuueHt TpeHus . Ja/‘:

MEXJy KOBLIOM M KopoOkoil x=0,5. Haiinute xoopauHaty X TOYKH, B \ |

KOTOpO KOpOOKa MpoiaeT Kpail. Bo cKONbKO pa3 OTIMYaroTCsl KOJINYECTBa @ ______________ 0
TEIUIOTHI, BBIICITUBIIMECS W3-32 TPEHHUS MEXIY KOBIIOM M KOPOOKOH u

MeKIy KopoOkoit u mosiom? Koadpduuuent tpennst kopoodku o o ' =0,1.

KopoOka nBmXeTcsl MoCTynaTeNbHO U HE OTPhIBaeTCs OT KoBmia. CKOPOCTh MOJIENH OCTOSTHHA.
Pemenne: KopoOxka nBuranach 66 HEpIEHIAMKYISIPHO KPAKO MOJIs, €CIIM ObI HE CKOJIB3MJIA IO KOBIIY.
Ho B 3TOM ciyyae Takxe ObUia OBl HampaBlieHa W PaBHOACHCTBYIOMIAS CHI L x4
TPEHHUS O KOBII M CHJIBI HOpMalbHOHM peakuuu KoBma. Ho Torma mexny ¢ >

N
STUMH CHJIAMH BBIONHANOCH Obl cootHomenue F = Ntg(a)=—=, uro

J3

HeBO3MOXkHO, n6o F ., <N =0,5N . 3uaunt, KOpOOKa CKOJNB3UT IO KOBIILY.

[osTomy pesymbTupyiomas cuta F =N + IEmp HalpaBJieHa 0] YIJIOM

S =arctg(x) x cune N, To ecTh 01 yrioM o — arctg() k mepneHanKynsapy K Kparo mojisi. 3HauuT,
ti —

Y@ -# _oem.
1+ utg(ax)

KOpO6KI/I IIO4YTH HAa BCEM IIYTHU IMOCTOSAHHA, W IMO3TOMY CHJIA F paBHa 1O BCIUYMUHE CUJIC TPCHUA

X=L-tg[a —arctg(u)]=L Tak kak CKOpPOCTb MOJENN MOCTOSIHHA, TO U CKOPOCTb



7,

1+ ?

TEIUIOTHI, BBIJICIIMBIIUECS W3-32 TPEHUS MEXKIY KOBIIOM M KOPOOKOW M MEXKIy KOPOOKOW M TOJIOM

S
% = ng , TJe S — BEeJIMUYMHA MPOCKaJIb3bIBAaHUA KOPOOKH IO KOBLILY, @ U S — IyTh KOPOOKH 110
1+u

KOpPOOKH O MO Ifn’m. Torna F,, =sin[arctg(u)]F = Fpp> 1 COOTHOLIEHHE KOJMYECTB

o X | Yl@)-u
cos(ar)  cos(ax) + usin(a)’

[ 2
— L =L 1+,u- .I/ITaK,g:MzO,OB.
cos[a —arctg(u)]  cos(a) + usin(ca) Q’ 1+u°

Lmzo,GM’g:wzgyog_
1+ utg (o) Q' 1+u

Kak BHaHO, Ha BceX dTamax HpPOBEACHHS OJMMITUA/IBI €€ 3aJaHusl UMENU ITOXOXKYI0 CTPYKTYPY, TO
€CTh COCTOSUIM M3 «HABOJSAIIMX» BOIPOCOB M pacyeTHBIX 3a1ady. B MpHBEICHHOM mpuUMepe
BBIICJICHO MMEHHO TO 3a/laHHe TPEHHPOBOYHOIO BapHaHTa, KOTOpoe ObUIO0 Haubojee OIM3KUM K
OynyiieMy 3aJaHHI0O TEOPETHYECKOTO Typa 3aKIIOYMTENBHOrO dSTama. SICHO, YTO BBINOJHEHHE
H000HBIX TPEHUPOBOUHBIX 33JaHUN — JIYYIIHHA CIOCO0 Uil MOATOTOBKH K CaMOMy (DHHAIBHOMY
ucnbitanuo. Ho 11t Toro, 4roObl 3Ta MOArOTOBKA OblIa JEHCTBUTEIBHO 3()(EKTHBHOM, HYKHO
YCBOUTH BCE «yPOKHY», MPEIOKEHHbIC HA MPOTSDKCHUH BCei onumIuajpl. [Ipocinenum eie oaHy
MOJOOHYIO «IIEMOYKY»:
OTBEOPOUYHBINI ITAII 2016/2017 yu.rona, 3AJJAHUE 2:

2. PoboT ocHaleH JaTYMKOM OCBEIIEHHOCTH, KOTOPBI H3MEpseT CBETOBYIO SHEprHIo,
MIOTIAIAONIYI0 B MAJICHBKOE «BXOJIHOE OKHO» JaT4yHKa. VICTOYHHKOM cBeTa CIyXHT HeOOoJbIIas 1o
pasmepam JaMII04Ka, UCITYCKaloIas CBET OJIMHAKOBO BO BCEX HAIPABJICHUSX.

2.1. Ilycts poOOT IBMKETCS IPSIMO Ha JaMIIOYKY, U IIPU 3TOM JaTUYMK HalpaBJIeH Ha JIAMIIOUKY (TO
€CTh IUIOCKOCTh BXOJHOIO OKHA pa3BepHyTa MEPIEHIUKYISIPHO 3TOMY HAalpaBlIEHUIO0). 3a ISTh
CeKyHJ IOKa3aHWs JaTdyhka yBeIUYWIMCh B N =6,7/6pa3a. Bo ckoimbko pa3 3a 3T0 Bpems

YMEHBIIMIIOCH PACCTOSTHUE MEXKY JaTYMKOM U JIAMIIOYKON?
2.2. PoOOT ocTaHaBIMBAECTCSI HA HEKOTOPOM PACCTOSHUU OT JaMIOYKM M HAa4MHAET BpallaTbcsl Ha
mecte. [Ipy kakoM HampaBlieHHM JaTyvka (IO OTHOLICHMIO K JIAMIIOYKE) MOKa3aHWs JaTyhKa BO
BpEMsI 3TOr0 BpAIlEHUS MaKCUMalbHbI? BoO CKONBbKO pa3 yMEHBIIUTCS H3MepseMas JaTYUKOM
OCBEIICHHOCTD, €CJIM OH MOBEpHETCs Ha yros 60° OT 3TOro HampaBiIeHus?

2.3. IlycTb Tenepb poOOT ABMXKETCS MO MPSMOM, MPOXOSAIIEH Ha pacCTOSHUM | =1M OT JaMIIouKkH,
U JaTYUK OCBEIIEHHOCTH BCEI/Ia HAIIPaBIIEH «BJIEBO» IO XOIY P-4
nBwkeHus (cM. pucyHok). Ilpu mnpoxoxnenun Touku O
(Omkaiiiieil K JJaMIOYKe TOYKH MPSIMON) AaTUMK MOKa3bIBaeT

IoJay. U3 réoMETprun HaXoauM, qTo

OTBeT: X=

ocBemeHHocte  |,.  Kakoit  ¢dopmynoii  omuceiBaercs

3aBUCHUMOCTh  IIOKa3aHMH JaT4hKa OT pacCTOsHUA X L > . —>
(M3MepsieMoro B MeTpax) oT pobota 10 Touku O?
2.4. PoboTa 1 1aMITOUKy MMOMECTHIIM Ha OIMHAKOBOM PacCTOSHUM 2| =2M OT MI0CKOM 3epKaibHON
CTeHKH. PaccrosiHue Mex1y poOOTOM M JIaMIOYKOH I =3M.
BxonHoe OKHO JaTdyMKa OCBEUICHHOCTH CHAOAMIIHM  Y3KOM
JUIMHHOM «Hampasisitoliell TpyOoi» ¢ YepHBIMH CTEHKAMHU.
PobGot Bpamaercs Ha Mmecte. Korma TpybGa HampaBieHa Ha
JTaMITOUKy, TaTYHMK MOKa3bIBaeT OCBEIEHHOCTH |, . Bo ckombko

pa3 OTINYaroTCAa OT |0 IIOKa3aHus AaTdruKa B MOMCHT, KOTI'Ja

TpyOa HampaBieHO Ha M300paKeHHE JIAMITIOYKH B 3epkajie? Bo CKoabKO pa3 9TH MokazaHus OyayT
ommyarecst oT |, ecnmm momectuths Ha paccTosHHMM 4l =4M OT CTEHKM HEOOJBIIOE IIOCKOE

3CpKaJIo Tak, YTOOBI OTPAXCHHBIC OT CTCHKHU U 3TOT'0 3€pKaJjia JIy4Yu CBCTA OT JIAMIIOYKH ITOIIaa]I Ha



poboTta, W HampaBuTh TpyOy Ha 3T0 3epkano? CuuTaTh, 4TO 00€ 3€pKaJbHBIE MOBEPXHOCTH
OTPAXAOT — IOTOKa Ha,uafomeﬁ Ha HUX CBETOBOU OHCPIUU IAJid BCEX YIJIOB MMaJICHUS.

Omeemul U NOACHEHUA K IMOMY 3A0AHUIO
21. B J/n=26 pa3a. [lo mepe ynaieHus OT JIaMIIOYKH IUIOIIA[(b MOBEPXHOCTH cdepbl pacTer
MPOMOPLUOHANILHO KBaApaTy paaunyca. [Io03ToMy MOITHOCTh U3Ty4YEHHS JIAMIIOUKH, PETUCTPUpYyeMast

HA PACCTOSHUM I OT Hee, yObIBACT 0OPATHO IPOIIOPIHOHANIBHO 2.
2.2. Tloka3aHus AaTYHKA MAKCHMAJIbHBI, KOIJIa OH HANpaBJjeH TOYHO Ha Jjammnouky. Ilpu
MOBOPOTE HAa YroJi 60° 0T 3TOro HaNpaBJieHUs MOKA3aHUSI YMEHBIIAIOTCS B IBa pa3a. SIcHo, 4To
MaKCHMaJIbHOE KOJIMYECTBO SHEPTHU B CIUHUILY BPEMEHU
MomajaeT B JaT4YMK, KOTJa IUIOCKOCTh BXOJHOTO OKHA
pa3BepHyTa MEPHCHAUKYISIPHO HAMPABJICHUIO HA JTAMIIOYKY.
HerpynHo 3ameTuTh, 4YTO mpu MOBOpoTe Ha yroa 60°
IUIONIA/Ib Y4acTKa ()pOHTA CBETOBOM BOJIHBI, JIyYd KOTOPOTO MOMAJAlOT B BXOJHOE OKHO JIaT4MKa,
YMEHBIIIAETCS UMEHHO B JiBa pa3a (MOXKHO MCXOIMTh U3 TOTO, YTO KAaTEeT, JICKAIIUN MPOTUB yIiia B
30°, B ABa pa3za MEHbIIIE TMIOTEHY3bl, HJIK U3 TOrO, YTO BHICOTA B PAaBHOCTOPOHHEM TPEYTOJIbHUKE
SBIISICTCS MEIMAHOMU, MK, HAKOHEI, 3 TOro, 4yro €os(60°) =0,5).

I 3

2.3. 910 opmyaa I(x)=1,- VuureiBas ob6a HaljeHHBIX S(pderTa (MOIIHOCTH

(IZ +X2)3/2 '

yOBIBACT OOPATHO TPOIOPIHOHAIBHO [, U W3MEHSETCS TPU [IOBOPOTE OT HAMPABICHHS HA JTAMITY
MPOMOPIHUOHAIILHO KOCHHYCY yIJIa TOBOPOTA, HAXOAUM, 4YTO OONIMH 3aKOH W3MCHCHHS

|2 | 1°
untencuBHocTu cera |(X) =1, - : =1, - :
|2+X2 ,|2+X2 (|2+X2)3/2
25 657

2.4. |, menpmre |, B 323,125 pa3a, a |, menbmie |, B az10,266 pa3za. Teneps BMecTO

pacCTodHud OT JIaMIIbl HYKHO 6paTL NJINHY HpOﬁI[GHHOl"O CBCTOBBIMHU JIydaMU IIYTH OT JIaMIIbl 10

natuuka. [ mydeid, MCIIBITABIINX OJHO OTPAXEHUE ITO [} =4/ ré+ (4|)2 =5M, a 11 uCTbITaBIINX

mBa — 910 I, =+/r? + (81)? =+/73 M. KpomMe TOro, HyHO y4ecTb YMEHbIICHAE HHTCHCHBHOCTH H3-

N 8(r 8 (8)2 64

3a orpaxkenuil. [Tootomy |, =—| — | lg=—lg,al, == | | —| lg===1,.
9{ n 25 9)n, 657

Crnenyer OTMETUTb, 4TO @omomempuro (TaK Ha3bIBAIOT pas3fen (U3MKH, W3YYAIOUIMA METOJIbI
I/ISMCpCHI/II\/II MIOTOKA CBETOBOM OHCPIrUr U 3aKOHBI, OITMCBIBAOIINEC U3MCHCHUA 3TOI0 HOTOKa) II04YTHU
HE M3Yy4aloT B IIKOJIBHOM Kypce (U3MKHM, U MOITOMY MHOTME U3 3aKOHOMEPHOCTEH,
HCIIOJIb30OBAHHBIX B PCHICHUAX U OOBSICHEHHSIX DTOTO 3aaHus, MOryT OLITh HE W3BECTHHI
yJacTHHKaM. BMecTe ¢ TeM 3a7aHus cocTaBlIeHbl MMEHHO TaK, YTOObI, BHIIOIHSS UX IIIar 3a Iarom,
YYaCTHHK MOT CaM «OTKPBITh» ISl ce0sl 9TH 3aKOHOMEPHOCTH. DTO — TO €CTh CIIOCOOHOCTH CBOMMU
CHJIaMH BBICTPOMTH HOBOE 3HAaHUE — OJIHA U3 CaMbIX IIEHHBIX CIIOCOOHOCTEH yenoBeka, U o0aiaHue
ATON CITOCOOHOCTHIO JUIsl y4aCTHHUKA O3HAYaeT BO3MOKHOCTh B OyAylleM padoTaTh B 00JaCTH HAyKH
U BBICOKUX TEXHOJIOTHUH, IJle OHa COBEPLICHHO HeoOxoauma. BuaHo, 4ro 3agaHus oTOOPOUYHOrO
3Tama — 3TO M «TECT» Ha HAJIMYHUE YK Pa3BUTOH CIIOCOOHOCTH K «T€HEpallii HOBOTO», M IEINBIN PN
yIpaKHEHUH 1O ee pPa3BUTHIO Y BCEX YYaCTHUKOB. M3yueHHIo TeMbl «poTOMEeTpus» ObUIO yIIENEeHO
JOCTAaTOYHO MHOI'O BHUHMaHUA U B XOJ€ ITOATIOTOBKH. 3aBepH1anocr, 9TO H3YUYCHHEC OJHUM U3
3aJaHuii (PMHABHOTO ATara:

®UHAJLHBIV DTATI 2016/2017 yu.rona, BUNET Ne 05 (7-9 knaccbli)

3amanue 4:
Bonpoc: @oTtogaTurk HampasieH Ha JIAMIIOYKY, U IIPH PACCTOSTHUM MEXKIYy HUM M JIaMIoukou B 50
cM TOK ¢oronaTunka paseH 72 MA. [Ipu kakoM paccTOSHHUHM MeXTy (OTOAATUYMKOM U JIAMIOYKONW TOK
dbotomatunka Oymer paBeH 8 MA? Jlamrmouyka CBETUT OJIMHAKOBO BO BCEX HAIpaBIEHUAX. TOK



(doTomaTyMKa NPONOPLUOHATIEH MOLUIHOCTH CBETa, MoNajarouiero Ha Gorogarunk. BiausHueM cpeabl
(BO3Iyxa) Ha M3JTyYEHHE JIaMITbl IPEeHEOpeyb.

Otser: Ilnomans cdepbl mponopruoHaIbHA KBaJgpaTy paauyca. DHEpTys H3JIy4eHHUs JaMIIOYKU
PaBHOMEPHO pacIpeessieTcs 0 OKpYKalolel ee cdepe, MO3TOMY MOIIHOCTh CBETA, MOTMAJAI0IIEro
Ha (OTOAATYMK, OOpaTHO NPONOPLUOHATIBHA KBaApaTy pacCTOSIHUS 10 Hee 10 (OToJaTUHKA.

CnenoBarensHo, ' = ‘/% -05M=15 m.

3agava: PoGot HaxonuTcs Ha iomaake B hopme kBaapara co croponoit a =10 M. B Tpex BepmmHax
KBaJpaTa pAacCHOJOXKEHbI JIaMIbl pa3HBIX IBETOB, a po0OOT cHaOkeH TpeMms (oTogaTyYNKaMH,
HAacCTPOEHHBIMU Ha 3TH K€ I[BeTa (CM. PUCYHOK). JlaTYMKM HAacCTPOEHbI TaK, YTO IPU HAXOXKACHUU
pobora Ha paccrossHur a=10M OT MH000H M3 JaMIl TOK COOTBETCTBYIOIIETO JaT4YHWKa pPaBeH

I, =8MA. Ilo ToKy Tpex JaTYMKOB B TEKYLIEM MOJI0XKEHUH IIPOrpaMma poboTa 1T /l 5
oTpezieisieT ero MOJOXKEHUE Ha I0JIe U HampapiseT podoTa Mo KpaTdaliemy

@
IyTH B yroj mojs A co ckopocteio V=0,8wm/c. 3a kakoe BpeMs poOOT

JOCTUTHET A W3 IIOJIOKEHHUS, B KOTOPOM TOKH 1aT4uKOB paBHbl |; =10MA,
I, =40MA u |; =20MA?

Pemenne: KBanpar paccTosiHHS OT KaXIOW M3 JIaMIl 10 poO6oTa oOpaTHO MPOIOPLUOHANIEH TOKY

2|0 2 ZIO

I .
COOTBETCTBYIOIIET0 fdaTumka, To ecth I =a’-%, rf=a’-% wu rf=a’-2. C npyroi
Iy I, I3
CTOPOHBI, 3T KBAAPaThl PACCTOSHUN MOXKHO C MOMOIIKIO Teopembl [Tudaropa Beipa3uTh uepe3
JIEKapTOBbI KOOPJAWHATHI poOoTa OTHOCUTENbHO yria A. Ecim och X ty
HAMpaBUTh OT yrjia A K TpeThel JIaMIOuYke, a OCb Y — K MEpBOH, 1 ?2
COBMECTHB HA4aj0 KOOPJMHAT C yriioM A, TO KBajpaT PacCTOSHHS OT \ /
mepBoii mammel g0 poGora I =x%+(a-y)? =x?+y?+a®-2ay. 1--~~~~-- '.I
Amanormuro  IF =(@—x)> +(@-y)?=x>+y*+2a® -2a(x+y) wu |
1
TaKKe r32 =(@a-x)?>+y?=x?*+y*+a®—2ax. U3 otux ypaBHeHHii '
1
BBIpaXKacM: 0 1 3] x
e @— >

2 2 2
n-r+a’ _a P

x=-—t 2% _Z)1,0__0|_gy
2a AT

yolsmtral _afy b b g
2a 207 1, 1,

3HaunT, POGOT HAXOAMTCA OT yria A Ha PacCTOSHHH S=+/X? +y? =10m. Bpems pocTmkeHus
S

ATOro yria miomaaku t=—=125c.
v

OrtBer: 3a Bpems t=125c.

BaumaTenpHOE M3ydeHHWE MaTEPHANIOB 3aJlaHUM OTYETJIMBO JIEMOHCTPHPYET, UYTO OHU SIBIISFOTCS
MPOJOHKEHHEM TOH «00pa30BaTeNbHOM JIMHUWY», KOTOpas OepeT CBOe Hayalo OT 3aJaHHid
0TOOPOYHOTO ATamna M MPOXOIuia Yepe3 3a/1anus, pa3dupaeMble Ha TOITOTOBUTEIBHBIX 3aHATHSIX.

B xavecTBe emie omHOrOo mpHUMepa TpeasiaraeM Bamemy BHHMaHWIO MaTepHaibl 3aJaHHUH
omummuansl  «Pobodect» mo ¢uszuke 2020/2021 yuebHOro roma. Haumnas ¢ storo rona
BBITTOJIHEHNE 33JaHUH M0 (U3MKEe Ha OTOOPOYHOM ITarle CTAIO JUCTAHIIMOHHBIM, YTO YBEITHUYHIIO
JOCTYITHOCTh YYacTHUSl B OJIUMIIHA/IE. YYaCTHUKU OTOOPOYHOTO OBLIM pa3OUTHI HA TPH BO3pACTHBIE
rpynnsl: 7 — 9 knaccel, 10 kmacesl u 11 knacesl. B kaxaoil rpymnmne UCnoyib30BIMCh TPU BapHaHTa



3aJaHu}, UICHTUYHBIX 10 YPOBHIO CIOHOCTH. YYACTHHKH IOJTYYalu 33JaHUS C BapbUPYEMbIMH
JTAHHBIMHU.

3AJJAHUSA OTBOPOYHOI'O OTAIIA 2020/2021 yuedonoro roga 10 ®U3UKE:

11 kiaacenl
IIPUMEP BAPUAHTA: BOSMOKHBIE PEHIEHUS U KPUTEPUU ITPOBEPKU

1. Pacxooom 600vi, mpoxonsmeld depe3 TpyOy, Ha3bIBalOT OO0BEM BOJBI, MPOXOJAIIUN depes
cedeHue TPyObl B €IMHUILY BPEMEHH (3TY BEIMYMHY MOKHO H3MEPSTH B TUTPAX B CEKYHY).

1.1. Tlo tpy6e muamerpom d =4cm Teder Boga co cKopocThio V =3,98 m/c. Haiinure pacxon
BOJIbI, TPOXOJISAIEH uepe3 3Ty TpyOy. OTBeT aaiiTe B J1/C, ¢ TOYHOCTBIO JI0 LIEJIOTO 3HA4YEHUs, Oe3
yKa3aHUsI SMHULL U3MEPEHHSL.

1.2. Ha xoHme 3Toil TpyObl, pacrmoiOXEHHOW TOPU3OHTAIBHO, HaJeTa KOHHWYECKas Hacalka,
JMaMeTp BBIXOJHOTO OTBEPCTHsI KOTOPOH B 2 pa3a MEHblIe auaMeTpa TpyObl. [laBieHue Ha
BBIXOJIE W3 HACAJAKH PAaBHO HOpMalbHOMY armocdepHomy. IlpeHeOperas cmimamMu BSI3KOTO
TPEHUs1, HAMIUTE, Ha CKOJIBKO KHJIOTIACKAJICH JaBJICHUE BOJBI HA BXOJIC B HACAJIKY JOJDKHO OBIThH
Oosbie atMoc(hepHOro At MOAEPKaHUsS 3TOT0 pacxoja BoAabsl. OTBET JaiiTe ¢ TOYHOCTHIO 110
[EJIOr0 3HA4YeHHs, 0€3 yKa3aHWs CIUHHII W3MEpeHUs. Boay MOXHO cuuTaTh MPAaKTUYECKU
HECHKIMACMOI KUIKOCTBIO C INIOTHOCTBIO p =1 r/em’.

Bo3MmoskHoe pemende: 3a uHTepBan BpeMenn Al depes ceueHue motoka S HpH CKOPOCTH V
2
MPOXOJUT 00BEM JKUIAKOCTH, PaBHBIN S - VAL, m03TOMY pacxo )HUIKOCTH (=S -V = TV ~ 51/cC.

MAKCHUMAJIBHBIM BAJLJI OTBETHI CTOUMOCTD

5 5 100%

VY Hec)kMMaeMo# JKUAKOCTH Pacxo]l B MOTOKe He m3MeHseTcs (( =CONSt), u mpu mpoxoxAeHUU

KOHHYECKOW HacaJKHh CKOPOCTh JIOJDKHA BO3pacTaTth OOpaTHO IMPONOPHMOHAIBHO cedeHuto. [Ipu
9TOM YBEIIMYMBACTCS KHHETHYECKAas HHEPrusl J>KUAKOCTH — 3a cYeT padOThl CHJ JaBJICHUS.

\\
\
S|+
1o

//
—

JaBjieHHEe JIOJDKHO YOBIBaTh BIOJbL IIOTOKA, M 3Ta pa3sHOCTh OTPHMIATENLHA), IOITOMY
2 2

\" \"

= (-Ap)Sox = A 'OT +p|=0. Hrak, Bemuuuna P 5

2
AE, = PSOXV

2
A PSOxXV

+p=const B

TOPU30HTAILHOM TIOTOKE HEBS3KOM HEC)KMMAaeMOW MKUAKOCTU (ITOT pe3ylbTaT TakKe MOKHO
MOJIYYUTh U3 3axona bepuynnu). Ha BbIXOJe U3 Hacaaku JaBJICHUE CTAHOBUTCS PABHO BHEITHEMY
(atMocepHOMY), TOITOMY  JaBlI€HHE Ha  BXOJE  OMNpEAeNseTcs U3  COOTHOIICHUS

2 12
yo Y +p:pV

PaCCMOTpI/IM JBHIKEHHE «CJIOSI» TOTOKA C OYEHb MAaloM TOJIIMHOM oX u

MONEPEYHBIM CedeHneM S (BBHIY MaJOCTH TOJIIMHBI IpeHebperaem €ro
u3MeHeHneM). Macca storo cinos OM= PSOX, W YBEIUYEHHE €r0

KHHETHYCCKOM OHCprunM 1Ipu CABUIC B «COCCAHEC)  IMOJIOKCHUC
CI/IJ'Ia, pa3roHAromias CIION — 23TO Pa3HOCTL CHUJI

HAAaBJICHUSA TI10 pa3HbIC CTOPOHBI OT CJI0A (SICHO, 4TO IJIdg pa3roHa KUAKOCTHU

2

2
d
+ po. Ipu stom V'=|— | V=4v. 3Haunt, U30BITOYHOC [ABICHHE HA BXOJC
0 d!

Hacaaku Ap=p—p, =

P2 pv? 15

= pv? =118 «lla.

2 2 2
MAKCHUMAJIBHBIN BAJIJ OTBETDI CTOMMOCTD
10 118 100%
119 90%
117 80%




2. Boxa mogaercs mo TpyOke cedenmem S =5cm? ¢ pacxomoM (= 21n/c. Konern tpyOku
HaxoauTcss Ha Bbicore N=10cM Hax rOpU3OHTAIBHOW MOBEPXHOCTHIO 3EMIIM, & YroJl HaKJIOHA
BBIJICTa CTPYM K TOPH30HTY « BBIOpaH Tak, 4TOOBI CTpys Momajajia B HEOOJBIION KaMellek,
JeKaIui Ha 3emyie Ha paccTostHuM | =1,8M Mo TOpU30oHTANM OT KOHIIA TPYOKH, IPOXOs 10 caMoi

BBICOKOW W3 BO3MOXHBIX Tpaekropuil. [IpeneOperasi cuiol CONMPOTHBIEHUS BO3AyXa U BSA3KHM
TPEHUEM B >KMJKOCTH, HAaAUTE . YCKOpPEHHE CBOOOIHOIO NaJECHUS IPU BBHINOJIHEHUU JAHHOIO
3aJaHus CUATaTh paBHbBIM J = 9,8 m/c®. OTBer naiite B rpajaycax, ¢ TOYHOCTBIO 10 L[E€JI0r0 3HAYEHU,
0e3 yKazaHus eJUHHIL U3MEPEHUsI.

Bo3moskHoe pemienue: HayanbHas CKOPOCTb ABUIKEHUS «IIOPLMI» BOJBI B CTPYE IPU BBIXOJE W3

KOHLIA TPYOKH V :%:4,2 M/c. BBegem cucremy KoopAauHaT, B KOTOpPOH OCh X HalpaBiieHa

TOPU30HTAIIBHO, OCh Y — BEPTUKAJIbHO, a HAYaJl0 KOOPJIMHAT COBMEUICHO C KOHIIOM TPYOKH. 3aKOH
JIBU>KEHUS IOPLUMH BOJABI B 3TOM CUCTEME KOOPJAMHAT MMO3BOJISIET HANTU YPAaBHEHUE €€ TPACKTOPUU:

X(t) = v, cos(a)t g x2 g x2
_ t2 b = y(x) = tg(a) - X ——————— = tg(ar) X — 1+tg?(a)]-
y(t) =v, sm(oa)t—gT y(x) = tg(2) 22 cos? (a) 9(a) 22 [1+tg" ()]
gl® 2
s Touxku magenus —h=1-tg(x) —2—2[1+ tg° ()], u MBI MOJTydaeM ypaBHEHHE JUIS BEJIUYUHBI
Vo
C2 oV 2hvg
z=tg(ex): z° - 2—I z+1- 2 = 0. Bo3MOXXHBI 1B TPACKTOPUU, HO HAM HYXHa 0oJiee BBICOKas.
g g
2 4 2
2h
[Mosromy tg(a) = Yo, V2° >+ —VZO -1= ﬂ 3HauuT, @ = arcty (ﬂj ~53°.
gl g“l gl 3 3
MAKCHMAJIBHBIN BAJLT OTBETBI CTOUMOCTbD
10 53 100%

54 90%
52 80%
55 60%
51 50%

3. Ilepen copeBHOBaHHUSIMH 3all, TJ€ OHH OYAYT MPOXOAWUTH, MPOBETPHIIM, 3aKPBLIM OKHA H

JBepU, M BKJIIOYWIM HarpeBarenbHble npuOopel. Korma TtemmepaTypa  yCTaHOBHIIACH,
KJIMMaTHYeCKOe TaHHO, BHUCsIIee B 3aime, 4ro oHa paBHa t=20°C, HO BO3IyX OYEHb CyXOH —
OTHOCHUTENbHAs BIAXHOCTh paBHsack I =15%. Jlns co3manus Oonee KOM(OPTHBIX YCIOBHI
BKJIFOYMIM YBIQKHUTEINH BO3MyXa W YBEIHYWIM OTHOCHUTENbHYIO BIaxHOCTh 10 I’ =50%.
TemnepaTtypy npu 3TOM COXpaHWUIM HEM3MEHHOW. Haliaure maccy BOJbI, KOTOPYHO UCHAPWIHA IS
yBenuueHns: BiuaxHoctH. OGbeM 3ama V =800M°, Momsphas Macca Bomsl  u =18r/Monb,
yHUBepcajbHas razoBas nocrosHHas R = 8,31 ][x/(monb-K). JlaBneHne HacChIIIEHHBIX MapoOB BOAbI
npu temmneparype 3ana p, = 2,34klla. OTBer 3anummuTe B KUJIOrpaMMax, ¢ TOYHOCTBIO 10 COTBIX,

0e3 YKa3zaHug €AUHUL U3MCPCHU.

. m
Bo3mosknoe pemenue: 13 ypaBHenuss MenneneeBa-Knaneiipona pV = —RT MOXHO BBIPa3uTh

v
Maccy napa B 3aJI€ qCpCS JAaBJICHUEC 3TOI'O0 napa m= % . I[aBJIeHI/IC napa MOXHO OHpeI[eJ'II/ITL 110
up, Vv
RT
CJ'IC,Z[OB&TCJ'ILHO, yBCJ’II/I‘-ICHI/Ie MacCChl BOIAHOI'O napa HpI/I YBCJ'II/I‘{CHI/II/I OTHOCHTCHLHOﬁ BJIAXKHOCTHU

\Y
)ﬂpH

OTHOCUTEJIBbHON BJIAXKHOCTH U JaBJICHHUIO HACHIIIEHHOTO mapa p=r- pH . HOBTOMy m=r

Am=m'-m=(r"—r ~ 4,84 kr.

| MAKCUMAJIBHBIA BAJUT | OTBETBI | CTOUMOCTh




10 4,84 100%
4,85 90%
4,83 80%
4,86 60%
4,82 50%
4. Jlnst pasroHa TENEKKM MAacCol M =4Kr 1o ABYM TIOPHU3OHTAIBHBIM IIPSIMOJUHEWHBIM

TOJICTBIM METAJUIMYECKUM pebcaM HCHOJb3YyeTcs cienyromuil mexanusm. Koseca Tenexku
HENPOBOJSIINE, HO MEXIy HUMH IOMEIIEeHA MPOBOSAIIAs IUIaHKA, KOHTAKTUPYIOIIas ¢ O0OMMH
penbcamMu (M M30JIMPOBAaHHAs OT OCTaJbHBIX yacTed Tenexku). PacrnpeneneHue mMacc B TEIEXKKE
TaKOBO, YTO CHJIA JABJIECHUs IUIAHKM Ha PENbChl MOCTOSHHA M paBHa 25% OT Beca TENEKKH.
Koaddument tpenust Mmexy miankoi u penbcamu paBeH = 0,8. K koHIaM penbc NOIKIIOYatOT

akkymysarop ¢ DJIC & =98B, a B npocTpaHcTBEe MEKIy HUMH CO3aHO BEPTUKAIBLHOE MarHUTHOE
nosie (HampaBlieHWE BBIOPAHO TakK, YTOOBI TENEXKa ye3kajla OT aKKyMyJsTopa) C HHIYKIHEH
B =8Tn. [lnuna muanku | =0,5M, ee conpoTuBieHue (BKIIOYAOIIEE COMPOTUBICHUE KOHTAKTOB)

R =300M HamMHOTro 0O0JbIIIE BHYTPEHHETO COMPOTUBIICHHUSI UCTOYHUKA M CONPOTHBIICHHS yYaCTKOB
penbC, MO0 KOTOPBIM MPOE3KACT TEJICKKA B XOJIE pa3roHa. YCKOpEHHE CBOOOJHOTO MaJeHUs IMPH
BBITOJHEHHH JAHHOTO 3aaHHs CINTATh PaBHBIM ¢ ~ 10 M/c’. COmpOTHBIICHHEM BO3IyXa U TPEHHEM
KaueHUs NpeHeOpeyb.

4.1. Jlo xakoil MaKCUMaJIbHON BO3MOKHOW CKOPOCTH MOXKET Pa30rHAThCS TENIEXkKKa, €CIU PEIbCh
oueHb JuuHHBIE? OTBET 3amUIIMTE B M/C, C TOYHOCTBIO JIO JECATHIX O3 yKa3aHHs €IWHUII
U3MEpEHUsl.

4.2. Oka3aioch, 4YTO TIOCIEC TOJKIIFOUCHHUS aKKyMyJSITOpa TEJIeKKa HAOUpaeT TOJOBUHY
MaKCUMaJIbHON cKkopocTH 3a Bpemst t = 5,2c. Haiinure KII/I paboThl akkyMyJsTOpa 110 pa3rony

TEJICKKH JI0 OSTOW CKOPOCTH (OTHOUICHWE KHHETHYECKOW OJHEPruu TENeKKH K padoTe
akkyMmyunaropa) OTBET 3aluIIuTe B MPOLEHTaX, ¢ TOYHOCTHIO J0 EJIO0r0 3HaUeHusl, 6e3 yKa3zaHus
€IMHUL] U3MEPEHUS.

Bo3MmoskHoe peumieHue: B ropu30HTaJIbHOM HAIIPaBICHUU HA TEJIEKKY JNEHCTBYIOT CHJIA TPEHUS

1 .
IUIAHKHK O penbesl Fpo = N = 2 umg u cuna Amnepa F, = Bll (neiicTByeT Ha IUIaHKY € TOKOM CO

1
CTOPOHBI MATHUTHOTO MOJIs1). Y paBHEHHE JBHKCHUS TeIeKKH ma, = Bll — 2 AMQ, a CHJIa TOKa MpU

JBIKYIIECHCS TeNexke Bbruncisierca ¢ yderom OJIC mHaykumm &, :—BAA—?:—BIA—);:—BIVX
- - BI
(sscno, uyrto DJIC MHIYKUMU CTPEMHUTCS YMEHBIIUTh CUIy ToKa): | = 8];8' = & R Yx . B
IpOLIECCE pa3rOHa CKOPOCTh pAacTeT, a YCKOpEHUE yMEeHblIaeTcs. MakcuMmallbHasi CKOPOCTh
COOTBETCTBYET HYJIEBOMY YCKOPEHHUIO, u II03TOMY
& —Blv 1 & umgR
0=Bl—— ™ -~ umg =V, =— ——— =9,5Mm/c.
R 4/'1 g max BI 4BZIZ
MAKCHUMAJIBHBIU BAJIT OTBETHI CTOUMOCTD
5 9,5 100%
9,4 80%
9,6 80%

3anumeM CHOBa YPpaBHCHHUEC JBHXKCHHA TCICKKHU JIA TIPOU3BOJIBHOI0O MOMCHTA BpPCEMCHU

1 .
ma, = Bl ~2 MMg ¥ YMHOXHM €ro Ha OYeHb Maibli MHTEpBan BpeMeHH At. Ilockonbky

aAt=Av, u IAt=Aq, To MBI momyuynm mAv, = Bl Aq —% umgAt . IIpocymmupoBaB Bce

. 1
HU3MCHCHUA OT MOMCHTA CTapTa 10 BPECMCHU t, Koraa , HaugacM, 4ToO Emv

max

= qu—%ymgt. 4K




3TOr0 YpaBHEHUSI HAXOJIUM 3apsijl, MPOTEKIIUH Yepe3 UCTOYHHK 32 3TO BpeMsl (| =

2mv,,,, + #magt .

4BI
paboty ucrounnka A=&£Q=E& 2M Vi + ymgt. Kunerndeckast SJHEPrHsi TEJACKKH B ITOT MOMECHT
4Bl
2 2
Ex = m;lx = mV8max , " IOATOMY paboTHI AKKyMYJIITOpa
2
an_K: BImv;, ., ~3%.
A 2&8(2mv,,,, + umgt)
MAKCHMAJIbHBINM BAJII OTBETBI CTOUMOCTb
10 3 100%
4 80%
2 60%
10 knaccbl

INPUMEP BAPUAHTA: BOSBMOKHBIE PEHIEHUA U KPUTEPUU ITPOBEPKU

1. I[Ba OAVHAKOBLIX HIAPHKA, BBITYIICHHBIX M3 KaTaIlyJbT, CTOJKHYJIHCH «100 B JI00» B TOT
MOMEHT, Korjia o0a jeTenan ropu3oHTanbHo. HermocpeacTBeHHo nepes] yaapoM BEITMYMHBI CKOPOCTEH
IIapOB PAaBHSINCH V; =5M/c u v, = 2M/c. Kakoii mocne ynapa crajna BelIM4MHA CKOPOCTH BTOPOTO
mapa (To ecTb TOro, KOTOPBIN 710 yAapa ABUrajics cO CKOPOCTbIO 2 M/c)? Yap cuuTaiTe ynpyrum.
OtBeT 3anumuTe B M/C, C TOYHOCTBIO JI0 [EJIOr0 3HAYCHUS.
Bo3moxkHoe pemenne: [Tocie n10o6oBoro ynpyroro yzaapa tena JBUXKYTCS BAOJIb TOH ke HPSIMOIA,
4yTO U nepen yaapom (ocb X). X ckopocTu 70 U mociie yaapa (B IPOEKLIHSIX Ha OCh X) CBA3aHbI
3aKOHAaMM COXPAHEHMs PHEPruu U ummyibca. [Ipy oIuMHAKOBBIX MaccaX 3TH 3aKOHBI NMPHUBOJAT K
YpaBHEHUAM:

mv;Z mvy2 mvZ mv2 ViTVe =V Y

2 2 2 2

SIcHO, 4TO 3Ta CHUCTEMa HMMEET JiBa PEIEHHUs] OTHOCUTENIBHO «HOBBIX» CKOpPOCTEH, U OHHU JIETKO
YTrabIBAIOTCS: 3TO «CTapbie» CKOPOCTH V; =V, U V, =V, (COOTBETCTBYET OTCYTCTBHIO yjapa) Win

mv; +mv, = myv,; + mv,
j {

ViZ+Vy2 =V VS

«00MeH ckopocTsiMU» V) =V, u V, =V, (ecnu yaap mpomsomien). Takum oOpa3om, CKOPOCTb
BTOPOTO IIapa MOCJIE YAapa paBHA CKOPOCTH MEPBOTO Iapa JI0 yaapa.

MAKCUMAJIbHBIM BAJIJ OTBETHI CTOMMOCTD
5 5 100%
2. PaccmotpuMm ciydaif, korma 3TH mapbsl MEpel yIapoM JIETENH TOPU30HTAIHHO TOYHO

HaBCTpe4y APYr APYTy, HO YOpPYrHid yaap He ObUT JOOOBBIM, M TEPBBIM Imap (JIETEBIIMHA CO
CKOpOCTBIO V; =5M/C) B pe3ynbpTare ynapa OTKJIOHWIICS OT HAlpaBICHUS CBOETO JBWKEHHS 0
yaapa Ha yroi o = 60°. CkopocTb BTOPOTo IIapa Mepes yaapoM HOo-TIpexHeMY V, = 2 M/C.
a.  Haiigure BenmunHy CKOPOCTH MEPBOTo miapa cpasy mocie ynapa. OTBET 3amuimTe B M/c, ¢
TOYHOCTBIO JIO JICCSATHIX.
b.  Haiigure yron OTKJIOHEHHS BTOPOroO Inapa (OT HAMPaBJICHHsS CBOETO JBHXKCHHS 0 yIapa).
OTBeT 3alHIINTe B Ipagycax, C TOYHOCTHIO JIO [EJIOT0 3HAUCHUSL.
Bo3mo:kHOe pemienne: B 5ToM ciydae ABMKEHHUE YKE HE SBISCTCS OJJHOMEPHBIM, U YPaBHEHUS JIISI
«HOBBIX» CKOPOCTEH HY)KHO 3alUChIBATh B BEKTOPHOU (hopMe (MM B MPOCKIMAX HA KOOPIAUHATHBIC
ocu). Hanpumep:
o _
mv; + mv, = mv; + mv, T, =V, +V, —V,
mv;2 mu? mye mvi =
2 2 2 2
VYutem, 4TO 70 yaapa Imapsl JIETeIH HaBCTpedy JApYr Apyry: 3ammmreMm, uto V, =—0,4-V;. Torna

'v1 v1 7!

VY =V Vs -yt

Bosenem  3TO  cooTHomleHWe B KBaapar  (y4WThIBasg,  4TO




I 1
vV, -V =V,v; cos(a) = Evlv’): vy =0,36v7 +Vv;% —0,6v,v;. TloacTapnss crofa BRIpaKEHHE 1A Vy

U3 3aKOHA COXPaHEHHs SHEPTHH, IOJIy4aeM YpaBHEHHE Ui CKOPOCTH MEPBOTO IIapa Mocie yaapa:

v;? —0,3v;v; —0,4v{ = 0. TTonoxkuTenbHbIH KOpeHb 3Toro ypaBHeHus Vi = 0,8v, = 4 m/c.

MAKCUMAJIBHBIN BAJLI OTBETEHI CTOMMOCTD
10 4,0 100%
4 90%
HaiizeM CcKopocTh BTOpOro Imapa mocie yaapa: Vi2 =VZ+Vs —vi> =052vZ, To ecTh
, V13 13
v, = ?Vl = Tvz. [lepenuiieM 3akOH COXpaHEHHS UMIyJbca B JAPYrOM BHUZAE (ACHO, YTO
V, =-25-V,, viZ =4vd): v, +15V, =V . Bossenem ero B KBaJpar

véz +2,25v§ +3v,V; cos(f) :Viz (rme f — UCKOMBIH Yroj MOBOPOTa BEKTOpPAa CKOPOCTH BTOPOIO

mapa) ¥ BeIpazuM f 3@@ cos(p) = —gvzz, TO €CcTh [ = arccos(— LJ ~106°.

V13

MAKCUMAJIbHBIM BAJIJI OTBETHI CTOMMOCTD

10 106 100%
3. [lepen copeBHOBaHMSIMH 3ajl, TI€ OHHU OyIyT MPOXOIUTH, MPOBETPHIIN, 3aKPbUIM OKHA U
JIBEpH, U BKIIOYWIA HarpeBarenbHble mpubopel. Korga TemrepaTypa yCTaHOBHIIACH,

KJIMMaTU4YeCKOe TMaHHO, BUCsIIEE B 3aie, yTo oHa paBHa {=24°C, HO BO3AyX OYECHb CyXOll —
OTHOCHTEJIbHAS BJIAKHOCTh paBHsiach I =18%. Jlns coszmanust Oosiee KOM(OPTHBIX YCIOBHIA
YBIQKHUTENH BO3/AyXa UCMIAPWIIA M = 7 KT BOABL. TemmepaTypy Mpu 3TOM COXPaHUIH HEM3MEHHOM.
Kakoii crama oTHOCHTENbHAs BJIAXHOCTh Bo3ayxa B 3aie? OOwbem 3ama V :1000M3, MOJISIpHAs
Macca BoJbsl 4 =18r/Monb, yHUBEpcallbHas ra3oBas noctosiHHas R ~ 8,31 Ix/(monb-K). J[aBnenue

HACBILICHHBIX I1apOB BOJBI IIPH Temrieparype 3ana p, = 2,99klla. OTBer 3anuimmuTe B NPOLEHTAX, C
TOYHOCTBIO JI0 LIEJIOTO 3HAYEHUS.

. m
Bo3mo:knoe pemenue: U3 ypaBHenus MenneneeBa-Knaneiipona pV = —"RT MOXHO BBIPa3HTh

RT
JIaBJICHUE BOJSIHOTO Mapa 4epe3 Maccy mapa B 3alie P = " m,, . JlaBneHue napa MO>XHO OIpeIeTUTh
7,

[0 OTHOCHUTEIBHOM BIA&KHOCTM M JaBICHUI0 HAaCchIIICHHOro mapa pP=r-p,. Ilostomy
r= RTV m,,. CienoBaTenbHO, yBEIUUYEHUE OTHOCUTEJIBHOW BJIAXKHOCTH IPU YBEJIMYEHUU MAacCChl
up,
! ’ ’ RT
BOJSIHOTO mapa ' —r = (m;, —m,) =r'=r+m =50%.
" Hp,Y
MAKCUMAJIbHBIM BAJIJ OTBETHI CTOMMOCTD
10 50 100%
49 70%
51 70%
4, [Tepen cOopkoi cxeMbl, H300pKEHHONW Ha PUCYHKE, 00a KOHJEHCATOpa ObUIH pa3psiKEHBI.

[Tocne cObopku cHayana 3amMkHynu kimod Kj, a 3areMm, crycts Hekotopoe Bpemsi — Kp. Benmnuunna

C =30mk®, D/IC ucrounnka &£ =50B, BHyTpeHHEee CONMPOTHBICHHUE OAaTaper W COMPOTHUBIICHUE

COETMHUTENBHBIX TPOBOIOB U KOHTAKTOB MPEHEOPEIKUMO MaJlo.

a.  Kakoii 3apsg Oynmer y KoHAeHcaTopa ¢ OOJbIIe e€MKOCThIO mociie 3ambikanus Kip (1o
sambikanus Kp)? Oteer naiite B MKKIT, ¢ TOYHOCTBIO 10 IIEJI0T0 3HAYCHUSI.

b.  Kakoe konu4yecTBO TEIJIOTHI BBIICIHUTCS B pe3uctope R ? OtBer maiite B MJ[XK, ¢ TOUHOCTHIO

J0 1ICJIOro 3Ha4YCHUI.




Bo3moikHoe pemeHue:

KOHACHCATOPOB

obmeit emxocteto C_ . =

3ambikanus  Kj; Oarapes

_2c-C _2,

““2C+C 3

3apsXKaACTCA OT HCTOUYHHKA 0 HAIIPsSXKCHUSA & . 3apﬂz[ Kaxxa0ro

[ ] R
K
l{ e 13 KOHJIEHCAaTOpOB ( = %C & =1000mkKn. Ha sroit cragumu
I
| € TOK 4epe3 Pe3UCTOp HE TEUET, U TEIJIO B HEM HE BBIICIISCTCS.
MAKCUMAJIBHBIM BAJIJI OTBETHI CTOMUMOCTDb
5 1000 100%
1 50%

ITocne 3ambikanus K, xongeHcatop emxoctbio C paspsikaercst 4epes pe3ucTop, a KOHJIEHCATOop
emKkocThio 2C no3apsbkaeTcs 10 HANpsbKeHHs & depes TOT ke pesucTop. Ilockonbky Bce mpoune
COINPOTHUBIIEHHS MaJlbl, IPAKTUYECKU BCE TEILIO BBIAENAETCS HIMEHHO B PE3UCTOPE, U BbIIEIUBILEECS
KOJMYECTBO TEIUIOTHl PAaBHO PAa3HOCTU PabOThl UCTOUHMKA U U3MEHEHHUS DHEPTUHM KOHJEHCAaTOPOB
nocie 3ambikaHusg Kp: Qg =Q=A,  —AE.. Pabora ucrouHuka BBIYHMCIAETCS IO BEIUYHHE

MPOTEKIIEr0 4Yepe3 Hero Ha BTOpoW craauu 3apsnpa: AQ=2C & —%Cé‘ = gCé‘ , U TO3TOMY

2
Acn =€ A= %C £?. V3MeHenue dSHeprum KoHaeHcaTopoB AE. = (2C —Cooy )% = %C &2,

2
Taxum 00pa3oM, B pe3UCTOPE BBIIEIAETCS KOJTUUYECTBO TEIIOTH Qp ~ §C &% =50 m/Ix.

MAKCUMAJIbHBIM BAJI OTBETHBI CTOUMOCTD
10 50 100%
5 50%
9 kjacchbl

INPUMEP BAPUAHTA: BOBMOKHBIE PEHIEHUA U KPUTEPUU TPOBEPKU

1. Po6oT Ha copeBHOBaHUAX OTIPABISIET B MOJET HEOOIBIION MACCUBHBIN IIAPUK C TOMOIIIBIO
KaTanysabThl. I3BECTHO, YTO KaTamynbTa OTIPABISET IAPUK B IOJIET CO CKOPOCTBIO V, = 3,5M/C moJ
yraom o =30° k ropusonty. Cnycts Bpemst t=15c mocie Opocka mapuk emie HaXxOJIUTCA B

nosiere. [IpeneOperas conmpoTUBIEHHEM BO3yXa, HalWTEe CKOPOCTh IIAPHKAa B ATOT MOMEHT.
2
YckopeHue cBOOOJHOTO MajeHHs CcYUTaTh paBHBIM ( =9,8wm/c”. OtBer 3anuuuTe B M/C, C

TOYHOCTBIO 10 ACCATHBIX, 0e3 YKazaHusa CAUHUL U3MCPCHUA.

Bo3mo:xkHoe pemieHue:  3aKOH H3MEHEHHS CKOPOCTH B BEKTOPHOW (opMe mpu ABMKEHUU C

v a HOCTOSTHHBIM ycKkopeHueM § mmeet Bun V(t) =V, + §t. 3amernm, 4to yron Mexay

—
v paBeHCTBa

T *  Bekropamu V,

u § paBeH 90°—a (cMm. pucyHok). [locime Bo3BeneHHs 3TOTro

KBaapar:

vZ =V§ +g°t? +2v,gcos(90° + ) = V& + g°t* —2v,gsin(er). Takum  obpasom,

v =V +02t? —vygt =133mc,

MAKCHMAJIBHBIN BAJIJ OTBETDI CTOMMOCTD
5 13,3 100%
13,6 50%

2. PoGot pacnonaraercsi Ha POBHOM TOPHU30HTAJIBLHOM IOy, U IPOU3BOIUT OpOCOK. 3a/1aya COCTOUT
B TOM, YTOOBI IIAPUK IOMa] B KPYIIIYIO JYHKY B IOJY, IIEHTP KOTOPOW HaXOJIUTCS HA PAaCCTOSIHUU
| =21m ot Touku Opocka mo ropu3oHTanu. KOHCTPYKIMS KaTamyJbThl TAKOBA, YTO BBICOTA TOYKH

Opocka (IleHTpa Iapuka B MOMEHT Opocka) Haa mojioM h=35cM u yroia BbUIeTa MIapuKa K



ropu3oHTy « =30° (UKCHpPOBaHBI C BHICOKOH TOYHOCTHIO, W HACTPONKOHN KaTamylabThl MOXKHO
U3MEHATH TOJIBKO CKOPOCTB BBLIETA IIApHUKa V. Y CKOpEHHE CBOOOAHOrO MaJeHUs CYUTATh PAaBHBIM

2
g =9,8wm/c”.
2.1. IlpeneOperass CONpPOTUBIIEHHMEM BO3]yXa, HaWIUTe BEIHUYUHY V,, NP KOTOPOH MIapHK

MOMAJIET TOYHO B IEHTP JyHKU. OTBET 3alUIINTE B M/C, C TOYHOCTBIO J0 JIECATHIX, 0€3 yKa3zaHUs
€IMHUII U3MEPEHHUSI.

2.2. Papuyc nynku paBeH R =5cwMm, a paauyc mapuka r =5 cMm. B paMkax tex ke npuoOanxkeHuit
HaliluTe MaKCUMaJbHOE OTHOCUTEIIbHOE OTKJIOHEHHE CKOPOCTH OT HailJIeHHON BEJIUYUHBI

Av
—Ma&} | mpM KOTOPOM MIAPUK BCE-TaKM YMaJeT B JYHKY. [loi BOKpPYr JIYHKH JOBOJIGHO

Vo
ITIafKui U OYeHb YIPYTHUH, a CTEHKH JIyHKH ITOKPBITHI OYEHb IIEPOXOBATHIM aMOPTU3UPYIOLIAM
MaTepUaIoM, TaK YTO NPH KACAHUM OHM OTOMPAIOT y HIAPUKA IIOYTU BCKO €r0 KUHETHYECKYIO
sHepruro. OTBET 3aIUIIMTE B IIPOLIEHTAaX, OKPYIJIAA [0 HECATHIX B MEHBLIVIO CTOPOHY, 0€3
yKa3aHUs €IMHULI.
Bo3MmoskHoe pemienne: BeeneM cucTeMy KOOpAMHAT, B KOTOPOM OCh X HallpaBJIeHa TOPU30HTaIIBHO,
0CBb Y — BEPTHKAJILHO, @ HA4aj10 KOOPAUHAT COBMEILEHO C TOYKOM OpOCKa. 3aKOH JBHMKECHHUS LIapPUKA
B OTOM CHCTEME KOOPIMHAT IIO3BOJISET HAUTH YPABHEHHE €TI0 TPAEKTOPHH:

X(t) = v, cos(a)t 2

gx
_ 2t = y(x) =tg(a) - X———— .
y(t) = v, sin(a)t — _92 y() =tg(@) 2vZ cos? (o)

[Tomananue B eHTp JgyHKH o3HayaeT, yto Y(I) =—h. 13 aToro ypaBHeHUs: HaX0UM HEOOXOIUMYIO

9 ~ 4.294m/c.

BEJIMYMHY Ha4yalbHOH ckopocTu Opocka Vv, = | -
2cos(a)[lsin(a) + hcos(a)]

MAKCHUMAJIBHBIM BAJLJI OTBETHI CTOUMOCTD

10 4,3 100%

I[J'ISI OIIPEACIICHUA OOIIYCTUMOI'O OTKIIOHCHHA CKOPOCTU HYXHO 3aMCTUTb, YTO B COOTBETCTBUH C
YCJIOBUCM HIAPUK IMAAAaCT B JTYHKY, CCJIN «XOTHA OBl YYTb-4YTb>» KOCHCTCA €€ CTCHOK. TOFI[a SICHO, YTO

yCcIoBHE I MHHMManbHOW ckopoctn — 310 Y(I—R)=-h+r, a mms makcumanbHOW —
y(l+R)=-h+r.
Co0TBETCTBEHHO Viin = —R) g ~ 4,245m/c, "

2cos(a)[(I — R)sin(«) + (h—r) cos(«x)]

\"

~ 4,370M/c. MakcuMaabHOE OTHOCHUTEILHOE

min = (I + R) - J
2cos(a)[(l + R)sin(«) + (h—r) cos(a)]

OTKJIOHEHHE COOTBETCTBYET CJIydar0 OOJbLIEH CKOpOCTH, M OHO mpuMepHO paBHO 1,77%. Ilpm
OKpPYTJIEHUU B MEHBIIIYIO CTOPOHY noiy4aem 1,7 %.

MAKCHUMAJIBHBIN BAJLJI OTBETHI CTOUMOCTD
5 1,7 100%
1,8 60%
1,6 40%

3. K HUCTOYHHMKY TOCTOSIHHOTO HampsDKEHUS MOAKIIOYWIM NapajlieIbHO PEeocTaT M BOJBTMETP.
Peocrar nporpanyrpoBan — Ha MIKaje psAIOM ¢ ABHKKOM yka3aHa 108 0,1< X <1 oT ero noiaHoro

COIIPOTUBJICHU . BOHLTMCTp paHbIIC OBbLI OYCHB TOYHBIM, HO MU3-3a MMAPA3UTHOI'O0 KOHTAKTa MCKIY
KJICMMaMHU €T0 BXOAHOC COIIPOTUBJIICHHUE OKA3aJI0Ch OYCHb HU3KHM.
3.1. Ecim YCTaHOBUTL Ha IIKAJIE peocrara X; =0,25, TO BOJIBTMCTP MNOKAa3bIBACT HAIIPAKCHUC

U, =9,80B. Ilpu x, =0,5 nokazanus BosnpTMeTpa U, =1890B. Kakumu Oyayr nokxasaHus
BOJIETMETPA, €CIIM YCTAHOBUTh X3 =17 OTBET 3anuIIuTe B BOJbTAX, C TOYHOCTBIO 10 COTHIX, 0€3
yKa3aHUs eUHUI] U3MEPEHUS.



3.2. Jonyctum, uto DJIC ucrounuka paBHO 260 B, a ero BHyTpeHHee comnpoTuBjieHue 5 OM.
HaI>'II[I/ITe BXOOHOC COIIPOTHUBJIICHHUC BOJIBTMCTpA. OTBeT 3aluIIUTE B oMax, C TOYHOCTBIO A0
L[EJIOr0 3HaYeHUs], 0€3 yKa3aHus €AMHUIl U3MEPEHHUSI.

Bosmoxknoe pemenue: Ilycte € u r — 3JIC u BHyTpeHHEe CONPOTUBIICHUE UCTOYHMKA, R, —
BXOJIHOE COIIPOTUBJIEHUE BOJIBTMETPA, @ R — IOJIHOE CONPOTUBIIEHHUE peocTaTa. Tak Kak BOJIBTMETP
nokaspiBaeT HampspkeHne U Ha cebe caMOM M Ha peocTare, TO CHJIbl TEKYIIUX Yepe3 HUX TOKOB

U U o
paBHbl |, = R ul, = R Takoe e HanpsHKEHUEe U Ha BETBU C MCTOYHHMKOM, B KOTOPOH TEYET
X
v

cyMMapHbIit Tok ¢ cutoid |y, +1,, To ectb U =& —r(l, +1,). [loxcraBnss B 5T0 cOOTHOLIEHHE

BBIpXKCHUA [JIA CHJI TOKa, II0JIyda€M YPaBHCHUE [JIA U , H3 KOTOpPOIO HaxoauM, UYTO

& rorl 1 & oo .
—=1+—+—==a+b=. Mpbl OOHapYXWIH, YTO BEIUYNHA — SBJSICTCS JUHCHHON (DyHKIIMEH
U Ry RX X U
1 & g g
—. CootBerctBenHo — =a+4b, —=a+2b, a — =a+b. KoMOuHupys 3TH ypaBHECHHS,
X 1 U, U,
2 1 2U,U
TI0JIy4aeM: 2£:3£—£.3HBHI/IT, —=i——:> g=——1-2 =3528B.
Us U, U U; U, U U, -U,
MAKCHMAJIbHBIN BAJII OTBETBI CTOUMOCTb
10 35,28 100%
35,3 70%
35 40%
2U, —
W3 momyyeHHBIX BBINIE ypaBHEHWI ciemyer, 4ro 1+ L a= 2£ _< =&—1 "2 Teneps
Ry U, U, U,
MBI MOKEM BBIPA3UTh BXOJIHOE COIIPOTHBIICHUE BOJIETMETpA:
u,u
R, = 1=2 ~ 282,6 OM. JIeHCTBUTEILHO, 3TO CIHMIIKOM MAaj0 I «TOYHOIO»
&(2U,-U,)-u U,
BOJILTMETpA.
MAKCHMAJIbHBIN BAJII OTBETBI CTOUMOCTbD
5 283 100%
282 70%
284 70%
281 40%
285 40%

4. Tpy3 maccoit M =40Kr TSHYT BBEpX JETKUM MPOYHBIM TPOCOM 10 HAKJIOHHOH MOBEPXHOCTH C
HOCTOSTHHOM ckopocThio V = 3,3 m/c. Tpoc 3akperuieH Ha Bay HEMOIABHKHOTO JJICKTPOIBUTATEIIS.
JlBurarens mojakiroueH K akkymymaropy ¢ 9JIC £ =112 B, BHyTpeHHEe CONPOTUBIEHUE KOTOPOTO
HaMHOTO MEHBIIIe CONPOTUBIEHHUS 00MOTKHM aBuratens R =50OM. Yromn HakioHa MOBEPXHOCTH TI0
OTHOUICHUIO K Topu30HTY o = 30°, a K03(hHUIMEHT TpeHUsI MKy TPY30M U TIOBEPXHOCTHIO PaBEH

1
u=—==0,29. Yckopenue cBoGoHOrO MageHus paBHo ¢ = 9,8 m/c’. Haiimmre KI1JI aBurarens

23

(TT0JIE3HOM MOIIHOCTBIO CUUTANTE MOJHYIO Pa3BUBAEMYI0 MEXaHHUYECKYIO MOIIHOCTD, & MOTePSIMH —
TEIUIOBBIE TMOTEPU B 00MOTKe). OTBET 3aIUINUTE B MPOICHTAX, C TOYHOCTBIO JIO II€JI0T0 3HAYCHUS,
0e3 yka3aHUs eIUHUIL.

Bo3moskHoe pemenue: Cuiia TpeHHs rpy3a O IUIOCKOCTh, KOTOpas B JAHHOM CiIydae SBISCTCS
CHJIOW TpeHus CcKombxeHus, pasHa Fo, =uN=umg-cos(e). Tak kak rpy3s JBHKETCS C

MOCTOSTHHOM CKOPOCTBIO, TO CHJIa, ¢ KOTOPOM JBHTraTeilb TSHET TPOC, MOCTOSHHA M PaBHA CyMMe
CWIBI TPEHMS U NPOSKIMHM CHIIBI TSDKECTH Ha IUIockKocTh: Fy =mg-[sin(a)+ pcos(a)]. Takum




oOpa3zoM, TMoje3Has MOINHOCTh poibkHa ObiTh B, =F;-V =970,2Br. MomHocts 3atpaT
akkymynaropa & -l uaer Ha KOMIICHCAITUIO JDKOYJIEBBIX TOTEPh B IIETIM OOMOTKH JBHUTATENsl U

2
TIOJIE3HYIO MOIIHOCTh. MOIHOCTS TemnoBbIX noteps B, ~ R1°. TTostomy & -1 ~ Rl 24 P,. 3nauwr,

IZ_E FV

CHJIa TOKa OIpeJeNsieTcs] U3 ypaBHEHUS EI +? =0. Ilpu HyneBOW IMOJIE3HOW MONIHOCTH

TOK JOJDKEH paBHATHCS |, = R’ U [I03TOMY HY)XHBI KOPEHb 3TOI'O YPAaBHEHHUS — CO 3HAKOM «t»:

& E? RV
l=—+ — - Ho B naHHOM ciyyae AMCKpUMHHAHT ypaBHEHMs orpuuareieH! Takum
2R V4R R
obpazoMm, mpu 3amaHHOM 3HaueHUH OJIC aKKyMyJIsITOp HE CIOCOOCH O00eCeuuTh MUTAHUE
ABUTATCIIA JIsI BBIIIOJIHCHUA HOCTaBHeHHOﬁ 3a4a4u. 3Ha‘II/IT, HpI/I 3anycr<e rpy3a C 3a,I[aHH01>i
CKOPOCTBIO, aKKyMyJsaTop OymeT paboTaTh € MaKCUMAJIbHO BO3MOXHOW MEXaHUYECKOM
MOH_[HOCTBIO, KOTOpaSI COOTBCTCTByeT Hy.TIeBOMy 3HAYCHHUTIO I[I/ICKpI/IMI/IHaHTa, TO €CThb

2
P,=FV = f_R =627,2Br. ScHo, uro npu 3toM F <k, u ckopocTs Oyaer yMmeHsbIIaTcs, OKa He

82

E
JIOCTUTHET 3HaueHus V = ~ 213m/c. Torma cuna toka | = ﬁ =112 A, a MOIIHOCTH 3aTpar

& - | =1254,4Br. 3uauut, KII/I nBurarens B aToM peskume 50%.

Bnopouem, MOXHO TOHSATH 3aJaHHE TO APYrOMY: MpU OOHAPY>KEHUH HEBO3MOXXHOCTH 3aJIaHHOTO
PEKUMa MOKHO CUUTATDh, UTO ABHUIaTCIIb «HC CIIPABJIACTCA» C Harpy31<oﬁ, n HpI/If/'ITI/I K BbBIBOAY, YTO
KITJI paBen nymoo. Ilockoiibky B 3TOM cllydae YYacCTHUK OOHApYKWJI TJIaBHYIO OCOOEHHOCTh
paccMaTpuBaeMoOi CUCTEMBI, TO 32 TAKOM OTBET TOKE BHICTABIISIICS MOTHBIN Oal.

MAKCHUMAJIBHBIU BAJIJ OTBETDI CTOMMOCTD
15 0 100%
50 100%

7 u 8 KiIacchbl
IIPUMEP BAPUAHTA: BOSMOKHBIE PEHIEHUSA U KPUTEPUU ITPOBEPKHA

1. JlBe Monenu poOOTOB ABUTAIOTCS MO OJHOM M TOM K€ 3aMKHYTOM Tpacce B OJIHOM
HarpaBieHnu. Monenb Nel mpoesxana Tpaccy 3a Bpems 1 =180c. Monens Ne2 exana Obictpee, u
nostomy Kaxkable t=648c obronsma mepByro. Korma mozens Ne2 B odepenHoil pa3 morHaia
Mozienb Nel, mo komanze ¢ mynbTa ynpasieHus Moaenb Nel Bkitounia TypOOpeKuM JBUTaTeNs, OT
4ero €€ CKOpOCTh yBEJIIMYWJIACh B IIOJITOpa pa3a, U yexana oT mozenu Ne2. Yepes kakoe Bpems
nociie BKIYEeHUs TypOopexxkuma mojenb Nel B mepBblil pa3 oOroHuT mozenb Ne 2, eciii CKOpOCTH
Mojenelt 6osbile U3MEHAThCS He OyayT? OTBeT 3alluIINTE B CEKYHAaX, C TOYHOCTBIO JIO0 IIEJIOT0
3HaueHus, 0e3 yKa3aHus €JUHUL] U3MEPEHUS.

Bosmoxknoe pemenne: ITycte L— nnmua kpyra Ha Tpacce, Vi, — NEPBOHAYalbHbBIE CKOPOCTH

. T
moneneit. Torma L =Vv,T = (v, —V;)t. VI3 3TOro COOTHOIICHUS HAXOIIM, UTO V, = v1(1+ el Bpewmst

1 7T 1 T)L
70 «HOBOTO» 0OroHa ompenessiercss u3 ypasaenus L = (L5v; —Vv,)t' = [E — t_jvlt, = (E — t_j?t, ,
1 1

U3 KOTOPOTO ciaeayerT, uto t' = 20 =810c.

t—2T

MAKCHMAJIBHBIN BAJIJ OTBETHI CTOUMOCTD

10 810 100%




2. [Tyctp Temeps W3BECTHO, YTO JUIMHA Koyiblla Tpacckl paBHa L =320M. O6Ge mopenu
OJTHOBPEMEHHO CTapTOBAIM C «IIPOTHUBOIIOJIOKHBIX» TOYEK TPACCHI (TO €CTh PACCTOSHUE MEXKIY
HUMH BJOJIb TPAacchl PaBHO IIOJIOBHHE €€ JJIMHBI) HaBCTpeuy Ipyr Apyry. IIpum 3ToM cKopocTb
mozeau Ne2 Obuia B ojropa 0osbiie ckopocT Mojenu Nel, 1 MOJEH IBUTAIUCH C IIOCTOSTHHBIMU
ckopocTsiMu. OTHOBPEMEHHO CO CTapTOM MOJIEJICH M3 TOYKU PSIIOM C TOYKOW ctapta moxaenn Nel
B3JIETeNT HEOOJNBIIONW APOH W mosietenn K moaenu Ne2. JIOCTUTHYB BTOPOH MOjENH, OH OBICTPO
pa3BepHYJICS M TOJIETEN K NEepPBOM, 3aTeM CHOBa pa3BepHYJCS M Tak nanee. Oka3zanoch, 4TO B TOT
MOMCHT, KOraga MoJC€jIn BCTPCTUIIMCh Ha TpacCC B TpeTI/If/'I pas3, ApoH OBLI IIOYTH TOYHO Haa HUMMUA.
Haiinmute myTh IpoHa 3a BCe BpeMs MOJIeTa OT CTapTa 0 3TOr0 MOMEHTAa BPEMEHH, €CIIH M3BECTHO,
4TO €ro CPeHsIsi CKOPOCTh ObLIA B TPH pa3a Ooubliie, 4eM cKopocTh Mojenu Ne2. OTBET 3anummTe B
MeTpax, C TOYHOCTBIO JIO [IEJI0r0 3HAYCHUS, Oe3 YKa3aHUs eIMHUI] U3MEPCHUSI.
L L

2(v; +15v;)  5v;
nocJyie crapra (COBMECTHO MPEOO0JIEB PACCTOSIHUE, PaBHOE MOJIOBUHE JITMHE KoJiblia). [lo kaxmou
CIeAyIoUEed BCTPEUYM UM HYKHO BMECTE MPOUTH Lenoe Koublo. [losTroMy B TpeTuil pa3 oHM

Bosmo:xnoe pemenue: IlepBblii pa3 Moaenu BCTPETATCS 4epe3 Bpems ) =

L uL
BCTPETATCS B MOMEHT BpeMeHu t; =5t = —. Ilyrs apona 3a 310 Bpemst S=Ut; =—, e U —
v, Vi

BesmunHa ero ckopoctu. Ilo ycmosuro U =3v, = %Vl , A TIODTOMY S = Q?L =1440m.

MAKCHUMAJIBHBIU BAJIJ OTBETDI CTOMMOCTD
10 1440 100%
720 50%
2880 50%
3. Bo Bpemst anuTenbHOro nepeesjia Boja B paguaTope rpy30BHKa IEperpenach, U BOAMUTENb

caenan octaHoBKy. OH penrwt monpoOoBaTh H3MEPUTh TEMIIEPATypy BOJBI B paJlaTope, Tak Kak y
Hero ObUI ¢ CO0Ol TepMOC C BCTPOCHHBIM TEPMOJATYUKOM, OIPEICIISBIINM TEMIIEPaTypy
conepkuMoro ¢ omuokoi He 6onee 0,05°C (Ha crienuaTbHOM dKpaHe TEMIIEpaTypa 0ToOpaxkaach ¢
JeCATHIMU JTOJISIMU Tpajayca). [IpaBna, TepMoc ObLI paccuMTaH Ha MPEIOXPAHEHHE COACPKUMOTO OT
neperpeBa, a He OT OXJIKICHUS, U JATYUK OBLI pacCUyUTaH Ha TEMIIEPATYPHI, HE MPEBBIIIAIOIIHEC
35°C. Boga B panuatope Oblia siBHO Topsiuee. Torna BoAUTENb HATHI B TEPMOC BOJY U3 OYTHUIKH.
Korma ycranoBuiock paBHOBecHe, Ha dKpaHe JaTyMka oToOpasmiachk temmeparypa t; =24,0°C.
B3sB raiiky, BoguTenb NpUBS3al €€ K TOHKOM MPOYHOM JIeCKe U OMYCTHI B paJAHaTop, a MOTOM — B
Tepmoc. Tenepsr paBHOBeCHasl TeMIieparypa B Tepmoce paBHstach t, = 26,7°C. Ilocne emie ogHOTO
MOMEIIEHUST TalkKh B pPajJdaTop, 3aTeM B TEPMOC M YCTAHOBIICHUS pPAaBHOBECHS, TeMIIeparypa
yBenuumiace a0 t; =29,3°C.

3.1. PaccuwuraiiTe Temiiepatypy BOJbI B paauaTope MO JAHHBIM BOJUTENsS (CUUTAsi UX TOUYHBIMH).
CuuTaiiTe Takke, 4TO B MPOIECCe MAHUITYIISIUNA BOAWTENST OHA MPAKTUYCCKH HE M3MEHUIIACK.
Ortser maiite B °C, ¢ TOUHOCTBIO JI0 1IEJIOr0 3HAYCHHS.

3.2.  OreHUTE BO3MOXKHYIO OMIMOKY TAKOTO H3MEPEHUS TEMIIEpaTyphl. B oTBeTe mocraBbTe:

e 1, eciiu BrI cunraere, uTo 3Ta ommubOka He 6onee 1°C,

e 2, eciu Brl cunraere uto oHa 6onee 1°C, Ho He 6onee 5°C,

e 3, ecimu Brl cunraere uro oHa 6omee 5°C, Ho He 6omee 10°C,

e 4, eciu Brl cuntaere uto oHa 6oitee 10°C, 1o ne 60m1ee 15°C,

e 5, ecim Bl cuntaere uto oHa 6osee 15°C
Bo3mo:xHoe pemenne: [lociae morpyxeHus B pauaTop raifka HarpeBaeTcs J0 TeMITepaTypbl BOJIBI
B paguaTope t. YpaBHEHHE TEIUIOBOro OaylaHca JiIs MpoIlecca OCTHIBAHUS TaKM B TEPMOCE ITOCIIE
nepsoro norpyxenus: C(t—t,)=C, (t, —t,), rne C u C, — TEIIOEMKOCTH railku u Tepmoca

BOJIO# cooTBeTcTBeHHO. [locie Broporo norpysxkernu ananormado C(t—t,)=C, (t; —t,) . U3 stux




t—t, t,—t t2 —tt
33 2 ¢=_2 13 _069°C, eciii CUNTATH JAHHBIC BOIUTEIS

TouHbIMU. C TOYHOCTBIO 10 1enbix t = 97°C.

PaBCHCTB HaXOAUM:

Ho na camom gene Bce TeMnepaTypsl U3BeCTHBI HaM ¢ omuoOkoi 10 0,05°C, a B 3HaMeHaTesne 1poou
npu BeluuciaeHud noaydanock 0,1°C, mpu uem 3TOT pe3ysnbTaT Ha CaMOM Jielleé U3BECTEH C
TouHOCThIO mopsiaka 0,1°C, To ecTb peasibHBII pe3ysIbTaT MOXKET OYEHb CHUIBHO OTJIMYATbCS OT

noxyuennoro! Hanpumep, ecom «macrosime pesynabrateD» t =24,0°C, t, =26,725°C wun
t; =29,275°C (31ech ommbOKa paBHa MOJOBUHE BO3MOXKHOM M BHECEHA B [IBE M3 TPEX BEINYMH), TO
t ~66,43°C. 3nauut, ommbKa pe3ynbrata 3aBeqomo Oonbine 15°C (Ha camMoM jeiie — HaMHOTO
Oompire!). MeTo M3MepeHH 0Ka3alicsl MPAKTHIECKU HE Pa0OTAIOIINM.

MAKCHMAJIBHBIU BAJIJ OTBETDI CTOMMOCTD
15 975 100%
974 80 %
973 80%
972 70%
971 70%
4. Ha aBTOKpy»XKe HMIKOJIBHUKH cOOpalli MOJIENIb aBTOMOOWIISI ¢ OeH3WHOBBIM jBHUTareneM. [Ipu

MIOCTOSIHHOM CKOpPOCTH JBMXKEHUs V =4mM/c nBurarenp mnorpebiser Am=24r OeH3uHA Ha
AXx =100™ nytu. B Mozenu ucmonb3yeTcst cucreMa BOISHOTO OXJIaxaeHus. Bojaa mocrymnaer B Hee
U3 paauaropa ¢ temneparypoit t; =24°C. CKOpocTh HMPKYISLMH BOJBI B CUCTEME OXJIAXKICHUS

2

U =6m/c, uomaap ceueHus: Tpyook cuctemsl paBHa S =0,5¢cm”. KIIJ] nBurarens pasen 30%. C

KaKOl TeMIiepaTypoil BO3BpaIaeTcs BoJa U3 ABUTATeNs B pauaTop B PEKUME, KOT/Ia TeMIIepaTypa
KOpIyca JBHWraresis IOCTOSHHA? VYJenbHas TEIUIOTa CrOpaHUs HCIOIb3YyeMOro OCH3HMHA
g = 45 MJx/Kkr, yaenbHast TEIUIOEMKOCTh BOJbl C = 4,2 kJ[x/(kr-°C), ee MIOTHOCTh p =1 r/em’,

OTset math B °C, ¢ TOYHOCTBIO J0 1IEJ0T0 3HAUCHUS.
Bo3moxknoe pemenue: OTBOAMMOE BOJOM TEIJIO PaBHO PA3HOCTH KOJIMYECTBA TeEIIa,

BBIJICJIMBLIETOCS MpPU CrOPaHWU TOIUIMBA, M TOJNE3HOM paborel asuratens. llone3nas paborta
nsurarens 3a Bpems Az paBHa 30% OT TemnmoTel cropanus TorumBa. SIcHo, uto Am=24r

AX
cootBercTByeT A7=—=25c. Uepe3 ceueHne S TpyObl 3a Bpemss A7 TpoOTEeKaeT BOja,
Y]

HaxXoJMBIIasgca B o0beMe SUA7T mepen 3TUM ceueHueM. [loaToMy depes cucTteMy OXJIaXACHUS 3a
9TO BpeMs MPOTEKAET Macca Bojbl, paBHat AM = pSUAT7. SICHO, YTO YMHOXKEHUE ITOU BEITUUMHBI
Ha YJETbHYIO TEIUIOEMKOCTh BOABI C M Pa3HOCTh TemmepaTyp Al Ha BBIXOAE U BXOJE B CUCTEMY

OXJIQXKCHUS J1aeT BEJIUYMHY, PaBHYIO OTBOAMMOMY Teruty, To ectb 100% — 30% = 70% or
TEIUTOTHI CTOpaHus OCH3WHA B SAMHUITY BpeMeHHU. TakuM o0pa3oM,
gAm-v

aAm _ o7 9Am-v o O.7vaAm _

CoSUAt =0,7
At AX CoSUAX

24°C.

[ToaToMy TemriepaTypa BoJIbI Ha BBIXOJE U3 cucTeMsl t, =1, + At =48°C.

MAKCHUMAJIbHBIN BAJIJ OTBETDI CTOMMOCTD
15 48 100%
24 60%
60 40%

3AKJIOUUTEJBbHBIN 3TAI OJIMMIIUAJIBI «POBO®ECT»

OHeHKa YUaCTHHKaA 3aKIIIOYHUTCIBHOI0 3Talla CKJIIaJblBaJIaCbhb M3 OLCHOK MNPAKTHYECKOIO Typa (B
3aBUCUMOCTHU OT HAIIPaBJICHUA — pO60TOTCXHI/IquKI/IX COpCBHOBaHI/Iﬁ 0o 3alllUThI HpOCKTOB),




TEOpEeTHUECKOoro Typa (pemieHue 3amad no gusuke) u codbecenoBanus nmo ¢usuke. Pacnpenenenne
0aIoB:

PoGoToTexHuyeckue COpPeBHOBAHMSI W 3allUTA TMPOEKTOB (MHAMBUAYAJbHBINA 3a4er) -—
MakcuMajbHas oneHka 40 6ai0B: 3a Bce COPEBHOBAHUS BBICTABISUIMCH TEXHUYECKHUE OAJUThI B
COOTBETCTBUU C periiaMeHToM copeBHOBaHMI. TexHuyeckue Oaiibl mepecuuThiBauch B 40-
OAJUTbHYI0O HMTOTOBYIO OIIEHKY POOOTOTEXHUYECKHX COPEBHOBAHWMN 110 JIMHEHHOW MOHOTOHHOM
IKaJe.

MakcumanbHass cymMMa 0ajlJIOB 32 TeOpeTHYeCKHH Typ (BbICTABJISIOTCH HWHAUBHMAYAJIbHbIE
ouneHkHu): 50 6ammoB: Kaxiplii 13 BApUaHTOB TEOPETUYECKOTO Typa COCTOSUT U3 YeThIpeX 3aJaHui,
cojepxalmx Bompoc u 3aaavy. Ilpu mpoBepke paboT KIOPH 1O YCTAaHOBJIEHHBIM KPUTEPHIM
BBICTABIISJIO TEXHUUECKUE OaLIbL:

MakcumanbHas oneHka 3a Bonpoc — 10 TexHnyeckux 0aJJ10B;

MakcumasibHasi OlleHKa 3a 3a1a4y — 15 TexHuyecKux 0aJ/u10B.
MakcumanbHas oneHKa 3a padoTy TeopeTnyeckoro typa — 100 rexnuyeckux 0a/1J10B.
TexHuuyeckue Gaipl MepecUuThBAIUCH B 50-0asIbHYI0 UTOTOBYIO OLIEHKY TEOPETUYECKOro Typa,
PaBHOH IOJIOBHHE CYMMBI TEXHHYECKHX OaJIOB C OKPYIJICHHEM B OOJBIIYIO CTOPOHY JIO0 IEJIOTO
3HAYECHUSI.
CobecegoBanue ¢ IKcnepTaMu (BbICTABJSIIOTCH WHIAMBHUAYAJbHbIE OLEHKH) — MAKCUMAJIbHAsA
ouenka 10 6aynoB. B xonme cobecenoBaHusi SKCIEPTHl — WICHBI JKIOPU OJIMMITMAABI — 33/aBalld
BOIPOCHI 110 (PU3UKE, CBA3AHHBIE C paOOTON yYaCTHUKA HA TEOPETUUYECKOM Type

MaxkcumasbHasi OeHKAa YYaCTHUKA 3aKJIYMTEJIbHOr0 3Tana cocrasiasia 100 6aios.

Ha TeopermueckoM Type 3aKIIOUUTENILHOIO 3Tala Y4YacTHUKU Pa3OMBAIOTCS Ha JIBE BO3pAacTHBIE
rpynnsl: «vianuryo» (7-9 kmaceel) u «crapuyto» (10 u 11 xiacesr). Ilo3Hakomumcest ¢ mpumepamu
3aJlaHNi.
3AJAHUSA TEOPETHYECKOI'O TYPA 3AK/IIOYUTEJBHOI'O OTAITA
2020/2021 yueonoro roga IO ®U3UKE:
yCJ10BHSl, pellleHHusl, OTBEThl H KPUTEPUH NPOBEPKHU

10-11 knacchbl

BUJIET Ne 01

3aganme 1:
Bonpoc: HeGonpmras maitba, ABMXKyIIascs MO TaJKOW TOPU3OHTAIBHOM IIOCKOCTH, HAJleTaeT Ha
TaKyl >K€ TMOKOSIIYIOCS a0y, U MPOUCXOAUT KOocoW ympyruit ymap. Haiinmure yrom pasnera maitd
nocJie yaapa.
3agaya: JIBe MasieHbKMe MIaiiObl C pa3HBIMH MaccaMU OTIIYCKalOT 0e3 HadaJbHBIX CKOpPOCTEH C
OMMHAKOBOM BBICOTBI N =25cM B sMe—«moayTpybe» ¢ TIIAJAKHMH
cTeHKaMu ((opMa KOTOPBIX — YETBEPTh IWIMHIpPA C BEPTHKAIBHBIM
MPOJIOJDKEHUEM  CBEpXY), TJaJAKO  MEpPeXOoNsdlllMMH B  TJAJIKOE
TOPU30HTANBLHOE JHO (CM. PUCYHOK). Ha TOpU30OHTambHOM JHE SMBI
MIPOM30IIIEI YIIPYTUNA KOCOH yaap, B pe3yjbTaTre KOTOpOro Oosee Tskemnas
nraifba yMeHbIITHIAa CBOIO CKOPOCTh B JIBa pa3a U pa3BepHynach Ha 90°. Ha
KaKyl0 MaKCHMaJIbHYIO BBICOTY TMOJHHMMETCS Oojiee Jierkas Imiaii0a mo CTeHe siMbl (BBICOTA CTEHKHU
00JIbIIIe ATOW BBICOTHI, a €€ JUTMHA TAaKOBa, UTO IMANHOBI HE MOKUAIOT SIMBI 32 BpEMS TIOJIhEMA).

OTtBer Ha BoONpoC: 3anuIIEM 3aKOHBI COXPAHEHMS SHEPIUU M UMITyJbca JUIsl YIPYroro yaapa JIBYX
OJIMHAKOBBIX MIa0 C HaYaJIbHBIMH CKOPOCTSIMH ¥; W 0 W KOHEYHBIMH cKopocTsiMu ¥ u V

COOTBETCTBEHHO: —L=—t — =y =v+ V? u

mv, =mv +mV = vy = v- + V- + 2vVees(d). 3nech ¥ — uckomelii yron pasnera maii6. Beruntas
5TH COOTHOIIEHHMS JAPYr U3 JApyra, Haxomum, uyto vVeces(¥) =0, Tak kak ckopocTH IMmaii6 mocie
KOCOTO YIIPYroro yJapa He MOTYT paBHAThCA HY/I0, To cos() = 0 = 4 = 90°,

‘ [IpaBHUIBHO 3aNMCaH 3aKOH COXPAHEHUs] YHEPTUH ’ 2 ‘




[IpaBuibHO 3ammcaH (B BEKTOPHOM HJIM B KOMIIOHEHTHOW (opMe) 3aKOH COXpaHEHUS 2
HMMITyJIbCa

W3 5THX COOTHONIEHUI NOJYYE€HO NPaBUIILHOE YpaBHEHHE JUIsl YIUIa pasiieTa 3
JlaH npaBUIIbHBIA OTBET 3
BCEI'O 10

Pemenne 3amaum: SIcHo (M3 3aKOHA COXpaHEHMsS] MEXAHUYECKOM IHEPIHM), YTO HA TOPU3OHTAJIbHBIN
y4acTOK HIaifibbl BBIEAYT C OJMHAKOBBIMU IO BEIHYHHE CKOPOCTSAMH Vo =./20h, HampaBJIeHHBIMH

HaABCTpeuy Apyr Apyry. HampaBum ochk X 10 HampaBiIeHHUIO ABMXKEHUS 0oJie TsHKeNnoM maiiobl (Macchl
M) 1o yaapa, a OChb Y — IO HANpaBICHUIO €€ JBWKEHUs MOcie yuapa (MeprneHaIuKysipHO X). 3aKoH
COXpaHEHUS UMITYJIbCA B IPOEKILIUU HA 3TU OCH JIaeT:

Mv, —mv, = mv, v, =(n-1)v,
Vv = n
0=M-2+my, Vv, =——V,
2
M _ N
3mece N=—,a V — ckopocTh OoJiee Jierkoi maiosbl mocie ynapa. [logctaBuM 3TH COOTHOIIICHUS B
m

(M +my2  m(vy +vy) M@, /2’
2 2 2
n(n-11) =0. [Mockoapky M #0, To n=2,2. JIBuKeHHUE BI0JIb OCH Y HE BIUSICT HA MMOIBEM IIAHOBI

YpaBHCHHUE 3aKOHA COXPAaHCHUA OSHCPIrUr

[Tomyuum, yro

d . .
2 2

o o Vv Y
BBICOTA MOIbEMA JIETKOM I1aii0bl Ha cTeHKy sMbl h' = - =1,44. -0 —144h=36¢wm.
29 29
VYkazaHo (MCMOJB3YETCSl B PEIICHUH), YTO Ha TOPU3OHTAIBLHBIN y4aCTOK IIaiiObl BBICAYT C 2

OZIMHAKOBBIMH TI0 BEJIMYUHE CKOPOCTSIMH V, =+/20N , HanpaBiIeHHBIMH HABCTPEUy IPYT

ApYry

[TpaBUIIBbHO 3amKCcaH 3aKOH OXPAaHEHUSI UMITYJIbCa JUIs COyJapeHus a0 (B BEKTOPHOM I 2

KOMITOHCHTHOH (hopme)

ITpaBUIBHO BBIpa’KE€HA CKOPOCTH JIETKOM NIai0BI MOCIIe yaapa yepes N 3

[TpaBUJIbHO 3amKcaH 3aKOH COXPAaHEHUs SHEPTHHU JJIsl COyJapeHus maiio 2
V, TPaBHIILHO BBIPAXKEHA Uepes Vj 3

[Toxyuens! npaBuiIbHbIe aHanuTHUeckuid (' =1,44h ) u uncneHHbI OTBETHI 2+1=3

BCET'O 15

3ananmue 2:

Bomnpoc: B cocyzae moj MOABMKHBEIM TOPITHEM HAXOAWTCS BO3AYX C OTHOCUTEIIBHOHN BIAKHOCTHIO
60%. Kakoii cTaHeT OTHOCHTENIbHAS BIIAYKHOCTh BO3/IyXa, €CIIU OMYCTHTh MOPIICHb, YMEHBIIUB 00bEM
BO3/yXa B 2 pa3a, He HapylIas TePMETHYHOCTH COCY/Ia U MOIePKUBasi HEM3MEHHOM TeMITepaTypy ero
COJIePKUMOTO?

3anaya: B xopormo 3arepMeTH3npoBaHHOM TMIOMELIEHUH TeMIeparypa Bo3ayxa paBHa ty = 21°C, a ero
oTHOcHUTeNbHas BIaxHOCTh Iy = 20,0 %. B momemenun Bxmounnn oborpesatens. Koraa temneparypa
noxusutack g0 t; =24°C, oTHOcUTeNnbHas BIaXHOCTh cTaia paBHa I} =16,8 %. Kaxoii craner
OTHOCHTENbHAs BJIAKHOCTh BO3/yXa B MIOMENICHUH TPH MOBBIIIEHUN Temmeparypsl a0 t, =27°C? B
uHTepBaie temieparyp ot t, =21°C mo t, = 27° C ¢ yqoBIETBOPUTENHHON TOYHOCTBIO 3aBUCHMOCTD
JTABJICHHSI HACBIIIEHHOTO I1apa OT TeMITepaTyphl MOKHO CUUTATh JIMHEHHOM.

OtBer Ha Bomnpoc: Eciu KoHJIEHCAIMs BOJSHOTO Tapa B MPOIecce CKATHS HE HAYHETCs, TO Macca
BOJISTHOTO TIapa OCTaHETCs HeM3MEeHHOM. Toraa mpu M30TEPMUYECKOM CKATHUU MapIUAIbHOE JaBICHHUE
BOJISTHOTO ITapa OyJeT pacTh OOpaTHO MPOTIOPIIMOHATBHO 00bEeMYy, M K KOHITY CXKaTHs BO3pacTeT B 2

pa3a. I[aBJ'IeHI/Ie HACBIIICHHOI'0 BOJSHOI'O IIapa 3aBUCUT TOJIBKO OT TEMIICPATYPbI, U IMO3TOMY OHO
OCTAaHETCSA HCEM3MCHHBIM. 3Ha'-II/IT, B OTCYTCTBUC KOHJACHCAIINU OTHOCUTCIIbHAA BJIAXKHOCTH BO3pOCiia OBI




B 2 pa3a u cocraBwia 120%. Ho 3To HEBO3MOXHO B yCTOWYMBOM PAaBHOBECHOM COCTOSIHUU. 3HAYMT, HA
caMoM JieJie B MPOLIECCe CKATUsl Hayanach KOHJEHCAIMs BOJSIHOTO 1apa, U B KOHEYHOM COCTOSIHUM Tap
HachllleHHbIA. OTHOCUTENbHAS BIAXXHOCTh cTaHeT paBHa 100%.

VYkazaHo, 4TO Macca BOJASIHOTO Mapa MOXKET MEHSThCS TOJIbKO M3-3a KOHJACHCALIMHI 3
VYka3aHo, 4TO B OTCYTCTBHE KOHJICHCAIIMH JIaBJIEHHE POCIIO ObI 00paTHO MPONOPIUOHATIBLHO 2
00beMy

VYka3zaHo (UCIONIb3YeTCsl B PEIICHUH), YTO JaBJIEHUE HACBIILIEHHOTO Mapa MpH MOCTOSHHON 2
TEMIIEPATYPE HEU3MEHHO

JlaH npaBUIBHBINA OTBET 3
BCEI'O 10

Pemenne 3amauu: B coorBercTBUU ¢ ypaBHeHHEeM MeHeneeBa-Kianeiipona, gaBjaeHue mapoB BOJbI
o mRET

Maccoil m B nmomenieHuu oobemoM V mpu Temneparype T paBHO p = ——. JlaBlieHUE HACBHILIEHHOIO
pv

mapa, COIJacHO YCIOBHIO, MOKHO 3amucath B Buae P.(T)= aT +b. IlosToMy OTHOCHTEIbHas
BIAXKHOCTb  Bo3ayxa +(T) =——
o7 aT+

n MOXHO 3aMCTUTBb, 4YTO 06paTHa;1 BCIIMYHMHA SBJIACTCA

oo . . . 1 1
NMHEWHON (QyHKIMeH 00paTHOM abCOMOTHOM TeMueparypel: — = A + 5—. 3anuiieM 5TH COOTHOIIEHHS

1 1 1 1
s temmeparyp tp u tyi —=A+EBE—- u —=A+EB— . BbpasuMm u3 HUX K03()ULUEHTHI

o T

3aBUCHUMOCTH A = — 2 M C MX IIOMOWIBK) BBIYHMCIISIEM OTHOCHTEILHYIO

BITQKHOCTB IIPH 1. — = —————— (?,;. T, —n1 Ty —=2(r—m) ] B pesynbraTe nomydaem:

¥o FaPali,—ig) N Ig )

= - .e-*_-.'_. o :,_ — 2 1415%

I[OHYCTI/IMO YaCTUYHOC HCIIOJB30BAHUEC YHUCIIOBBIX NAHHBIX: HAIIPUMCP, IMPH IMOJACTAHOBKC 3HAYCHHI

BTy .
£ = A& 14,504,

TeMIepaTyp 13 = o -

JlaBneHue napoB BeIpaXeHO U3 ypaBHeHMs MenaeneeBa-Knaneiipona

Vcnonb3yercs popmyina JMHEHHON 3aBUCUIMOCTH TS P, (T)

3anucaHa JMHEapu30BaHHAas CBS3b I U TEMIEPaTyphl

KoaddutimenTs! TMHEHHON 3aBUCHMOCTH BBIPA’KEHBI Yepe3 IaHHbIC 3a/1a4M (aHATUTHYECKU | 2+
WJTU YHCIICHHO)

3anucaHo BeIpaXKEHUE IS T3 1
ITony4yeH npaBUIIbHBIN YUCICHHBIN OTBET 2
BCEI'O 15
3ananmue 3:

Bonpoc: JIBe ropusoHTambHbIE TPYOBI MPOJOKEHBI MapaJlIeIbHO, UMEIOT OJMHAKOBYIO JUITHHY U
OJIMHAKOBOE CEUeHHe IIOYTH MO BCEW JJIMHE, KpOME ydacTKa B CepeluHe, IJie y OJHOH u3 TpyO
UMEeTCsl yIIUpEeHHUe (cedeHue TpyObl IUIABHO YBEJIWYMBAETCS, a MOTOM IUIABHO YMEHBIIAETCS [0
NepBOHAaYaJIbHOrO 3HadeHus). Ha Bxox obeux TpyO BoAa mojaercs C OAMHAKOBOW CKOpocThio. B
HEKOTOPBII MOMEHT BPEMEHH Ha BXOJ TPyO OJJHOBPEMEHHO MOMNAJat0T YaCTUIbl KPACKH, IUIBIBYILIKE MO
TEUEHUIO0, HEe KacasiCh CTEHOK. B kakoil u3 TpyO (IMOCTOSIHHOTO CEYEHHUs WM C YIIMPEHHEM) YacTHUIIbI
KpacKu JIOIUIBIBYT JI0 KOHIIa TpyObl paHble? CKUMaeMOCThIO U BA3KOCTHIO BOJIBI MOKHO ITPEHEOPEYD.
OT1BeT OOBSCHUTE.

3agaua: Ha koHIle mutaHra AuamMeTpoM 3 CM MOCTaBWIIM KOHMYECKyro Hacanky mmuaoi | =40cm c
JMaMETPOM BBIXOAHOTO oTBepcTus 1,5 cM. CTpyro HanpasisItOT TOPU30HTAIBHO, a JABJICHUE B IIIJIAHTE
TaKOBO, YTO CTPYs MOMNAJAAaeT B MUILIEHb, PACIIOIIOKEHHYIO OT BBIXOJIHOTO OTBEPCTHS Ha PACCTOSIHUU T10

1
ropuzoHTanu L um Hmxe mo Beicote Ha H . M3BecTHO, uTo H = 7 L u 4ro HEoOXoaMMOE JaBICHHE

okazanoch Ha Ap = 27 kIla Gonbiie atMocepHoro. 3aTeM HacaJKy MOMEHSUIM Ha JPYTYI0 — TaKoH ke

JJIUHBI, HO C JUAMETPOM BBIXOJHOI'O OTBEPCTHA 1 CM, 1 YCTAHOBHUJIM €€ KOHIIOM BBCPX IO YTJIOM 45°
K TOPHU3O0HTY. Kakoe wu30bITOUHOE AAaBJICHUC HYXHO CO31aTb B NIJIAHIC TCIICPb, YTOOBI CTpyd IO-




PEeKHEMY TIOMAJaia B MHINCHb (ITOJIO)KCHHE BBIXOJHOTO OTBEPCTHS M MUIICHH HE W3MCHHIINCH)?
[1noTHOCTD BOABI P =~ 1F/CM3, yCKOpeHue cBoOoaHOro nageHus g ~ 10 M/c?,

OTtBer Ha Bompoc: JlJig CTallMOHAPHOTO TEUYEHMsI PacXoj BOJbI B KaXKJOM CEUEHUH IMOCTOSHEH. Tak
KaK C)KMMaeMOCTBIO BOJIbI MOXHO TpeHeOpeyb, TO 3TO YCIOBUE MOXKHO 3amucarh B Buae VS = CONSt .
3HauuT, B 00J1aCTH YIIUPEHHS BOJA (2 BMECTE C HEW M YaCTHIIBI KPACKHU) JABIKYTCSI MEIJICHHEE, YeM Ha
AQHAJIOTMYHOM Yy4YacTKe TPYObl MOCTOSHHOTO cedeHus. [losTomy 1m0 KOHIIA TPyObI YacCTHIBI KPackKu
paHbliie JOIUIBIBYT B TPYO€ MOCTOSTHHOTO CEUCHHUSI.

Yka3aHo, 4To pacxoj BOJbl B KAKJOM CEYCHHH ITOCTOSIHEH 3
VY coBUe MOCTOSIHCTBA Pacxo/ia UCTIONIb3YeTCsl B BUE VS = CONSt 2
VYkazaHo, 4TO B 00J1aCTH YIIUPEHUS BOJA U YaCTULbI KPACKH JIBUXKYTCSI MEJUIEHHEE, YeM Ha 2
AHAJIOTHYHOM y4YacTKe TPYObI MOCTOSIHHOTO CEYECHUs

JlaH BEpHBIN OTBET 3
BCEI'O 10

Pemenue 3aJavumn.: HOCKOHBKy CTpyd mnomnagac€t B MHIICHb, TO CKOPOCTH €€ BLIXOJAa W3 HACaJAKW B

2H , gL?
IIEPBOM CJIy4ac OMPEACIACTCS U3 COOTHOIICHHA L =vyt=v, [— =V =m. Tak kak pacxon

BOJALI IIPpH ITPOXOKACHUN KOHHUYECKOM HacaJlKu B KaXXIOM CCUHCHUU IMOCTOSAHCH, TO CKOPOCTL BOJbI HA

2
BXOJI€ B Hacauky V =(—1j V,. Ilepenan naBineHM MOMKHO OIpPEAEIUTh U3 ypaBHEHHs bepHymin

do
(maBjcHHE HA BBIXOJ€E u3 HACAIKU CUUTAEM paBHBIM aTMOC(epHOMY):
2 2 2 4 2
oV Ao Mo d 15gL
+p= + =>Ap=—""|1-| — = . Bo BTOpOoM ciyyae IS HaXO0XKICHUS
2 TPT T TP T AT (do 64H port e

CKOPOCTH BbIXOJA BOAbI U3 HACAAKHU 3aIIUIIEM YPABHCHUC TPACKTOPUU «MaJICHBKOI» IIOpHIKUHU BOAbL

X(t) = v{ cos(a)t 2 g x>

gx 2
, t? b= y(X) =tg(a) - X —————— =tg(a)x — 1+t92 ().
y(t) =V} sm(oz)t—gT y(x) = tg(@) 2viZ cos? (@) 9(a) 2vg,2[ 9 (a)]
gL’ 2 o
Jus toukm magenuss —H =L-tg(a)— o2 [L1+tg°(«)]. Tlo ycmoBuro, «=45°, u modTOMY
Vo
L? q 2
vy S CkopocTh BX0Ja BOJBI B Hacajaky Tereph V'=|—2 | v, a ypasHeHue BepHymim
2(L+H) do

2
\'
MPUHUMAET BI/IIL'DT + pgh + p = const. TIpu MPOXOKIAEHUN HACAIKH IIEHTP MAacC CJIOS MOAHUMAETCS

12 12
Ha Beicoty h, —h, =1sin(«) . 3uauur, oAl +p'= %-FngSin(a)-l- Po, |
) 4 2
, PVg d, . 20 gL . 256 H i
Ap'=——|1-—= |+ pglsin(a) = — + pglsin(a) = ————Ap + pgl sin(a) = 6,4kI]a.
== g pylsin(a) AT () a3 L H PPl (a) xI1a

[TpaBunpHO onpeneneHo V, (Ui IepBOro ciay4das)

2
d
3anuca”o BRIPAKEHUE JJIsl CKOPOCTH Ha BXOJIE€ B Hacaaky V = (—1 Vo
dg
3anucaHo ypaBHeHue bepHysuin (3aKoH COXpaHEHHs SHEPTHH) JIJIsl IEPBOTO ClIyyast 1
15gL? 2

[Tonyyena ¢popmyna, 5KBUBaJIeHTHas AP =

64H

I[TpaBUIIBHO OTIpeieeHo Vi (17151 BTOPOro Ciydas) 2




2 1

3anucaHo BeIpOKEHHE )11 CKOPOCTH Ha BXOJE B Hacaaky V' = d—2 A

0
3anucaHo ypaBHeHHe bepHyin (3aK0H cOXpaHEHHsI SHEPTUu) JIJIsl BTOPOTO Ciydast 2
[Tonyyena npaBuibHas popmyna s Ap’ 2
[TonydeH npaBUIIbHBIN YHCICHHBIN OTBET 2
BCET'O 15

3ananmue 4:
Bonpoc: [Iposoasinuii crepskens mHON | = 1M IBUKETCS B IUIOCKOCTH, IEPIEHAUKYIISIPHON BEKTOPY
uHAyknun B = 0,2 T moCTOSHHOTO OJTHOPOJAHOIO MarHUTHOTO TOJIS CO CKOpOCThio V = 3Mm/c. BekTop
CKOPOCTH TIEPIIEHIUKYISIPEH cTepxHI0. Haliiute pa3HOCTh MOTEHIIMAIOB HA KOHIIAX CTEPKHA.

3apaya: V3yunte BO3MOXXHOCTH MPEOOpPa3OBaHUS DSHEPTUHU, TEPSIEMONW MACCUBHBIM TEJIOM TIpH
TOPMOXKCHHH, B SHEPrUI0 3apsja KoHJaeHcaTtopa eMKocTeio C =50, F

Hpe3una maccoir m =10T ABMXKETCSA CO CKOPOCTBIO V= 20 M/C, U OIyCKaeT ,9
_ l

¥
| Vo,

Ha TOPU3OHTAJIbHBIC CBEPXIIPOBOASAILIME IIMHBI MPOBOISALIYIO IIEPEMBIUKY
mmuabl | =1,2 M, 3aMbIKast 1IeTb 3apsiaa KoHaeHcaropa. [LInHbl 1 nepembruka

F

HaxoIiTCsl B BEPTUKAJIbHOM MAarHUTHOM IMoje ¢ uHAaykuued B =10Tm.
TpeHue nepeMpldyKd O IIMHBI MPeHEOpeKMo Maio. HaliuTe MakCcMMalIbHBIN 3apsi/i KOHJIEHCATOpa U
KII ero 3apsiaku 10 3TOTO 3apsa (3arpaTaMu CYUTATh MOTEPI0 KHHETUYECKOM SHEPTUU APE3UHBI).

OTtBer Ha Bonpoc: CBOOOIHBIE HOCUTENH 3apsijia B MPOBOISAIIEM CTEPKHE OYIyT MepeMemarbes 10
T€X MOp, IMOKa CUJla CO CTOPOHBI BO3ZHUKILIETO H3-3a UX pPa3lieJIeHUs] AJIEKTPUUECKOTO TMOJisi He
ypaBHOBecuT cuily JlopeHna: eE =evB = E =vB. PazHocTh noreHmanoB Mex1y KOHIIAMU CTEPKHS
U=E-l1=vBlI=0,6B.

ITpaBUIBHO yKa3aHO yCIOBHE MPEKpAIIEHUs ABMKEHHUsI HOCUTENEH 3apsaaa B CTepKHE (WK 3
BBICKa3aHa Hjesd pacueTa pazHOCTH noreHuuanoB kak J/[C muHaykuuu B BooOpakaeMOM
KOHTYpE)

ITonyueno ypasHenne E =vB (unm 3anucan 3axon Dapajes) 3

VYkazano (ucmonb3yercs B pemeHuu), yto U = E-| (umm momydena dopmymna mist DJ1C 2

WHIYKIIUN)

[TonydeHn npaBUIIbHBIN YHACICHHBIN OTBET 2

BCEI'O 10

Pemenue 3agauu: [Ipu 1BM>KEHUH MEPEMBIUKH B MarHUTHOM 110Ji€ B Hel HaBoautcst DJIC uHIyKIHH.
. AD AX

B coorserctBum ¢ 3akoHom Dapanes, sBennuuna stoi DJIC E; =|—/ = Bl X = Blv. Tok 3apsaku

t
KOHJEHCAaTOpa B MOMEHT, korga ero 3apag (=CUg. OTIpENIESAETCS U3 COOTHOIICHUS

Ei-Uc _BI q . . .
= — R = Ev “eR’ YckopeHue HApe3uHbl CO3AaeTcs Cuiol Ammepa, IOEWCTBYIOLIEH Ha

Av IBI Av Bl Ag
HEepeMbIUKy: @ = — = ——— . 3aMETUM, 4TO AJIs JJI000r0 Majoro MHTEpBana BpeMEHH — = —— —

At m At m At '
TO €CTh 3apsij pacTeT, a CKOPOCTh majgaer — noka JJ]C MHAYKIIMN HE CPAaBHIETCS C HAMPSHKEHHEM Ha

_ qmax

KoHzaeHncarope: Blv, ;. = c (mocne 3TOro 3aps] KOHJEHCATOpa MEpPEeCcTaHeT PacTH, a CKOPOCTh —

min

Bl

yMmenbmarcs). Kpome tToro, Av=-—AQq, 4, CyMMHpPysd BCE Malble H3MEHEHHUS, HaAXOIUM:
m

Bl " . o
Vo = Viin = o Omax- Y13 ABYX MOJTY4YEHHBIX YPAaBHEHHUH Ui MUHUMAaIbHOW CKOPOCTH U MaKCUMAaJIbHOTO
2|2 Blv,C
B°l1“C mBlv,
3apana HaXOmUM: Vo —Viyin = ——5—5—Vor Omax = ——— 35— ~1119Kn. Makcumanbnas >HEprus

m+ B21%C m+ B?l°C




o __mPBH1CV; ;
max = = ) 5 a TOTCPAd KHUHCTHYCCKOU OHCPIrUr APC3UHBI
2C  2(m+B°I°C)

o mvg mvZ,  m(2m+ B?I°C)B?I*Cv{

3apsga KOHIeHcatopa E

min

AEy = - = , MIOATOMY KIIJg 3apsAKd
2 2 2(m+ B?12C)?
E m
n=—m& — ~ 48%. B nienom MOXHO 3aMETUTh, YTO BOOOIIE MaKCHMallbHOE BO3MOKHOE

AEx  2m+B2I%C
212
3naugenue KIIJI 6imsko k 50% mpu B“1“C <<m. MoxHO Takxke 3aMEeTHTb, YTO Vo —V,,;, =~ 0,067 - v,
TO €CTh 3apsiKa OJHOTO0 KOHIEHCATOpa B TaKOM PEXHME TOPMO3UT JAPE3UHY JUIIb HAa HEOONbIIYIO
YacTh CKOPOCTH (@ MpHU CYIIECTBEHHOM TOPMOXKeHUH 3aMeTHO yMmeHbinaetcs: KIIJ] 3apsiaku), mostomy

B PCAJbHOCTH HMMEET CMBICI HCIIOJIb30BaTh OOJIBIIOE KOJMYECTBO IIOCJICIOBATEIBHO 3apsDKaeMbIX
KOHJICHCATOPOB.

[IpaBunbsHO onpenenena D/1C MHAYKIMU B IEPEMBIUKE 1
IIpaBriibHO 3amucaHa CBsI3b TOKa B IEPEMBIYKE CO CKOPOCTBIO U 3apsiIoM KOHJIEHCATOpa 2
[IpaBrIbHO 3a1IMCaHO YpPaBHEHUE ABMXKEHUS JPE3UHbI 2
3anucaHo ycioBue OanaHca HalpsHKEHUH ISl YCTAaHOBUBILETOCS PeXUMa, SKBUBAJICHTHOE 2
Blv,i, = Amax
C
1 Bl 3
OJIy4€HO COOTHOILEHUE, SKBUBAJIIEHTHOE Vy — Vi, = Eqmax
[TpaBWIbHO HaliIeH MAaKCUMATBHBIHN 3apsii KOHAeHcaTopa (hopMylia WA YHCIIO) 2
[IpaBmiibHO HaiiIeHbl MaKCHUMallbHOE 3HAUYE€HHWE JHEPrHuH KOHJEHcaTopa M u3MeHeHue | 1+1=2
KMHETUYECKOM SHEPTUU JIPE3UHBI
[Tonyuen npaBuibHbIA yuciaeHHbld oTBeT g KIIJl 3apsiaku (B uHTepBaie ot 47% 1o 1
50%)
BCEI'O 15
7-9 k1acchl
BUJIET Ne 04
3aganue 1:

Bonpoc: Bricokas BepTHKaabHas MOJHUS yAapuia B 3eMJII0 Ha paccTostHuM 880 M oT HaOmomaress,
KOTOPBII CITBIIIAN 3BYK TpOoMa OT Hee B TeueHuu 3 ¢. Kakosa Obia BeicoTa MotHHA? CKOPOCTH 3BYKa B
BO3/yXe cuuTaiire paBHoii 330 m/c.

3agaua: Po6oT, cHaOXeHHBIH YIbTPa3BYKOBBIM JIOKATOPOM (MCTOYHMKOM M MPUEMHUKOM
yIABTPa3BYKOBBIX UMITYJIbCOB), ABMIKETCS C IOCTOSIHHOM CKOPOCTBIO K CTeHE 3aja. McTouHMK JoKaTopa
W3JIy9aeT MMITYJIbCHl JUIUTENbHOCTEI0 7, = (20,000 £ 0,002) mc. IlpmemMHHK JOKaTOpa (HKCUPYET

OTPaXEHHBIE OT CTEHbl HMMITYJbCH IIUTENBbHOCThIO 7 ~ (19,940 +0,003) Mc. C Kkakoi CKOpPOCTHIO

IBIKeTcst po6oT? OIeHUTe BETUYMHY HOTPEHIHOCTH OINpPENEeNeHUs] CKOPOCTH TaKUM METO/IOM,
CBA3aHHYIO C HCTOYHOCTBIO HU3SMCPCHUA MIUTCIBHOCTU HUMITYJIBCOB. CqHTaTB, 4TO0 CKOPOCTH
yIbTpa3ByKa B BO3yXe MPHU YCIOBUSIX, COOTBETCTBYIOIUX U3MepeHuto, U ~1470,0 £ 0,1m/c.

OtBer Ha Bompoc: C ydyeroM MaJOCTH BpPEMEHHM pa3psa, MOXKHO NPUNWTHU K 3aKIIOYEHHUIO, YTO
JUIUTENILHOCTh TPOMa MPUMEPHO paBHA PA3HOCTU PACCTOSIHUHN JI0 CaMOTo JajleKOro U caMoro OJM3KOTo

I — i o o
y4acTKa «CTBOJIa» MOJIHUH, Pa3CiICHHYI0 Ha CKOPOCTh 3BYyKa T ~ W Brmxaiimeit sBisiercst
S
HIDKHSISL TOYKa BepTUKAIbHOrO crBojia: I, =1=880M, a camoit ymameHHOH — BepXHSISL:
21
Fax = V12 +h? . Crenosarensuo, h = V7 |1+ —— =1650m.
V.7
VKa3aHo, 4TO UIMTENHHOCTh TPOMa MPHUMEPHO paBHA Pa3sHOCTH PACCTOSHHUIA JIO Camoro 3

JaJICKOTI'0 U CaMOr'o OJIM3KOTO y4acCTKa «CTBOJIa» MOJIHUN




VYkazaHo (Mcrosb3yeTcs B pelIeHnn) I, 2

Vka3aHo (MCIIONIB3yeTCs B PEIIEHUN) [,y

[TosxydeH npaBuiIbHBIN OTBET 7St N (IOCTATOYHO YKCIIa)

BCEI'O 10

Pemenue 3anaun: Kaxmomy y4acTKy UMITysibCa HY)KHO MPOWUTH CO CKOPOCThIO U paccrosiHue | o0
CTEHKHM, W PAcCTOSIHUE OO0 BCTpeun ¢ pobotom, To ecth Ut =1+1-Vt. 3nauut, yneTpasByk,
U3JTy4aeMblil JIOKATOPOM po0O0Ta, JBMXKYIIETOCS CO CKOPOCThIO V K CTEHKE, B MOMEHT, KOrja OH

HAaXOJWIICS Ha paccTosHuK | OT Hee, BepHETCS K NPUEMHHKY CIYCTS BpeMs t= . IlosTomy

u+V
IJINTCIIBHOCTD HpI/IHI/IMaeMOFO I/IMHy.Hbca OHpeI[eHSIeTCSI JJINTCIIBHOCTBHO HBJIY‘IaeMOI‘O nu paSHOCTBIO

+2(I—Vr0)_ 2l _u-Vv
u+Vv u+V u+Vv

BPEMEH JIBI)KEHMs Hadajga M KOHLA uMmynbca: 7 =7, +t —t, =17, 7g-

To—7T
Cnenosarensho, V =—2— U~ 2,21m/c. IIpn OLEHKE MOrPEIIHOCTH (HAMPHMEp, XapaKTEPHBIM UIS
T+7,

IIKOJIbI MHTEPBAJIBHBIM METOJIOM) CaMO€ Ba)KHOE — YTOOBI IIKOJBHUK TMOHHUMAJ, YTO MOTPEITHOCTh
OTIpe/ICNICHUs] CKOPOCTH CBSi3aHA B IEPBYID OYEpeIh C MOTPEIIHOCTHIO BBIYHUCICHHS PAa3HOCTHU
JIMTEIBHOCTeH MMIYJIbcoB: 7 —7 ~ (0,060 £ 0,005) mc. OtHOcuTenbHas omMOKa pe3ynabrara OiM3Ka

K _0’005 =8%! Takum oOpaszom, OV ~ iV ~ 0,18m/c. OtBeT: V = MU ~(2,21+0,18) m/c.
0,060 12 T+7,

IIpaBmiibHO noay4yeHa Gpopmyrna JUisl Bp€MEHHU «I1yTEIIEeCTBUS YIbTpa3ByKa t

JUINTENBHOCTh IPUHUMAEMOTO UMITYJIbCA CUATACTCS KaK 7 =7y +1, —1,

[Toryyena npaBuibHas cBsi3b V , U, 7, u 7 (B 1500001 hopme)

N W NDW

ITosrydeH mpaBWIIbHBIN aHATUTHYECKHUN OTBET JyIst V

[Tonmy4yeH nmpaBUIBHBIN YUCICHHBIN OTBET it V 2

KoppekTtHo ouenena norpemHocts, npudeM 0,1< 6V <0,25 1+2=3

BCEI'O 15

3aganue 2:

Bonpoc: Ha Goprax cynoB ¢ OOJIBIIUM BOJOU3MEIICHHEM MOXKHO YBUJIETh JUHUHU, OTMEUAIOIINE
JIONYCTUMBIE TJIyOUMHBI MOTPYKEHUs (BaTep-JIMHUM, COOTBETCTBYIOIIME MAaKCUMAJIbHOM JOMYCTHMOIL
3arpyske). Ecnu cyiHO XOQUT B MOpe U 110 peKaM, TaKUX JIMHUU TPHU. 3aHyMEpyeM UX CBepXy BHHU3: 1,2
U 3. OTH TUHUM TpeJHAa3HAYeHbI IS JIETHETO MOps, 3UMHEro Mops, U ans pek. Kakas u3 Hux — amis
yero nMeHHO? OTBeT 000cHOBaTh. Maccy MakCHUMallbHOM 3arpy3Kd CUMTaTh OJIMHAKOBOM BO BCeEX
ciyyasix.

3amauva: B cocyn ¢ Bomoil omycTwim IMIMHAP U3 JepeBa C INIOTHOCThIO p; =0,7 /e, x KOTOPOMY
TOHKHUM CJIOEM KJiesi ObLT MIPUKJIEEH TPY3 U3 aIFOMHHUS C TUIOTHOCTBIO p, = 2,7 r/em®. Korna wammsmp

C Tpy30M OBUTH LETUKOM MMOMEIICHBI B BOAY, TO YPOBEHb BOJBI B COCY/E MOMHsUICS Ha h = 2cMm 1o
CPAaBHEHHUIO C NEpBOHAYAIBHBIM, IPUYEM OHM OCTABAJIMCh HEMOJBMIKHBI IOl BOJOH, HE KacasCh JIHA U
CTeHOK cocyaa. CnycTs HEKOTOpOoe BpeMs Kiel pa3MoK, U Ipy3 oTaenwics oT muiuHapa. Kak u Ha
CKOJIBKO M3MEHHUTCS YPOBEHb BOJIBI B COCY/I€ Ha 3TOT pa3 (110 CPaBHEHHIO C MPEIbIAYIIIUM, K MOMEHTY
ycTaHOBNEHHs paBHOBecHs). ILlmoTHOCTh Bogsl p=1,0 r/em’.

OTBer Ha Bompoc: B cocrosHuu paBHOBecHs cuja TSDKECTH, JNEHCTBYIOIIAss HAa KopaOiib W TPY3,

YpaBHOBEUIMBAETCS apXUMeHoBO cminoit mg = F, = pV,0, 1 no3ToMy 00beM NOTPYKEHHOW YacTH

m N
KOpabJ1si 00paTHO MPOMOPLHOHANICH IIOTHOCTH BOAbI V|, = — . TIIIOTHOCTB COJICHOMN BOJIBI BBIIIIE, YEM Y
o,

IIPECHOM, a IUIOTHOCTh XOJOJHOW COJIEHOM BOABI OO0Jjbllle, YeM IUIOTHOCTh TEIUION (MakCuMyM
IUIOTHOCTH KHJIKOM BOJBI TocTUTaeTcs pH TeMnepatype okoio 4°C). [Toaromy MakcuMaibHas ocajaka




MIpU JTaHHOM Tpy3e (0TMeTKa 1) oTBeYaeT pekam, CpeHssl (OTMETKa 2) — JISTHEMY MOPIO, MUHUMAaJIbHAsI
(oT™MeTKa 3) — 3MMHEMY MODIO.

Hcnonbs30BaHbl 3aKOH ApXuMea ¥ YCIOBUE PaBHOBECHS 1+1=2

VYkazaHo, 4T0 00bEM MOTPYKEHHON 4acTH KOpadiist 00paTHO MPOMOPLUUOHAIEH IIOTHOCTH 2
BOJIbI (WJIM €CTh DKBUBAJICHTHOE YTBEPKIICHHE)

VYka3zaHo, 4TO IJIOTHOCTh COJICHOM BOJIbI BBINIE, YEM y MPECHOM, a IUIOTHOCTh XOJIOJHOM | 1+2=3
COJICHOM BObI OOJIbIIIE, YEM TIJIOTHOCTH TETLION

[IpaBuiabHO Ha3BaHa NPUHAJIEXKHOCTh BCEX TPEX OTMETOK 1+1+1=3

BCEI'O 10

Pemenne 3amaum: Korma mwmHap u Trpy3 ObLTM BMECTE MOTPYKEHBI IMOJ BOAY, OOHmMii 00BbeM
o m m

BBITECHEHHO BOJIBI OBLI paBeH cyMMe HX 00beMoB: Sh, = — + —=. (S — muromaap ceyeHus cocya).

PL P2
Tak KaK OHM HAXOJWIIKCH IOJ BOJOW B PaBHOBECHH, HE KacasCh CTECHOK M JHA, TO CHJIa ApXuUMesa

m m m —
ypaBHOBeIMBana cuiuy TsokecTd: (M, +m,)g=p| —=+—2|g, u mosroMy —=2 = pP=PL_P2

Pi P2 m P P2—P
m —
[MoxcTaBnsisi 3TO COOTHOIIEHWE B TIEPBOE YPABHEHME, HAXOMMM, 4TO Shy = P27l qpene
PL P2—P

pa3aciICHUA I'py3a U HWIHMHAPA I'Py3 OIYCKACTCA HA IHO, U OH BBITCCHACT HpC)KHI/Iﬁ 00BeM BOJBI, a
OUIMHAP IJIaBaC€T Ha HOBCPXHOCTHU, W TCICPb BBITCCHSICMBIII MM H3-110J IMOBEPXHOCTU BOJbLI 00beM

m
paBCH —l 3Ha‘lI/IT, YPOBCHBb BOJABI IIO CPABHCHUIO C NPCABIAYIIUM COCTOAHUCM OITYCTUTCH, IIPUYCM

m m m, p-— Ah - -
SAh=—"-—1= L WEinre/y . 3HauuT, A__ PP P A . Takum obpazom,
P P PP hh P P
Ah=-— (02 = PP =) h, =-0,51cm. Ortger: YPOBEHB BO/JIBI OITyCTUTCS Ha
PP = p1)
_An = P2=P)p—p1) h, ~05cu.
PP, —p1)
[IpaBmiibHO 3anucaH 00bEM BHITECHEHHOM BOJIbI B IEPBOM CITy4yae 2
Vcnonp3yeTcst yclloBHE paBHOBECHsI LWJIMHIpPA T'Py30M B IEPBOM cilydae 3
[TonydeHo npaBuiibHOE ypaBHEeHHe i Shy yepe3 Maccy M U MIOTHOCTH 3
[TonydeHo npaBuiibHOE ypaBHEeHHE it SAh depe3 maccy M, ¥ IIOTHOCTH 3
YkazaHo, 4TO BO BTOPOM CIIy4ae YPOBEHb BOJIBI OMYCKAETCS M0 CPABHEHUIO C MEPBHIM 1
[MonydeH MpaBUIIbHBIN AHATUTHYCCKHUIA OTBET 1yt Ah 2
ITosyueH nmpaBUIIbHBINA YUCIEHHBINA OTBET st Ah 1
BCET'O 15
3aganue 3:

Bonpoc: Kamens Opocunu co ckopocTsio 4 M/c oz yriiom 60° k ropu3oHTty. Uepes kakoe BpeMst yroi
HaKJIOHA BEKTOPa CKOPOCTU K TOPU30HTY YMEHBIIUTCS B /iBa pa3a? YcCKOpeHHe CBOOOJHOrO MajeHus
cuuTaTh paBHBIM 10 M/c?, COMPOTHUBIIEHUEM BO3/lyXa MPEeHeOpeUb.

3agaya:  PoOoT-mokapHbIi HampaBiseT CTPYI0 TakuM o00pa3oM, 4YTOObI IONAacTh B MHIIEHb,
HAXOJAUIYIOCS Ha paccTossHMM L =7,5M DO TOpH3OHTaIM OT BBIXOJHOTO OTBEPCTHS HACAJKH

Opanjicrioiita. JTO OTBEPCTHE 10 BEPTHUKAIM DPACIOIOKEHO Bbimie MumeHd Ha h=2m. Crpys
NOTIaJIaeT B MUIIEHb, €CITM OHA HANpPaBJSeTCs TOPU30HTANBHO. HaiiinTe BenmMunHy erie OIHOTO yria
HAKJIOHA CTPYH K TOPU3OHTY, IPH KOTOPOM CTPYS TOXKE IMOMaaeT B MUleHb. CKOJIBKO JTUTPOB BOJIBI B
CEeKYHZy BBIOpachIBaeT OpaHACIOUT 3TOro poboTa, €CIu TUIONIAJbh CEYEHHUS BBIXOJHOTO OTBEPCTHUS
S =20 cm?? Tpu oTBeTe Ha BTOPOii BOIPOC HCIIONB3YHTE BEINYMHY YCKOPSHHS CBOGOIHOTO MaICHHS
g ~10 m/c%

OtBer Ha Bonpoc: 3aKOH M3MEHEHHsSI CKOPOCTH B BEKTOPHOU (hopMe MpH JBUKEHHUH C TOCTOSTHHBIM




yckopenneM § mmeet Bux V(t) =V, + gt. 13 moayueHHOTo0 BEKTOPHOTO TPEYroJIbHUKA (CM.

g pHCYHOK) HaxoauM, 4Tto VCO0S(30°) =V, cos(60°) =V =v,/ J3.C JIpPYrol  CTOPOHBI,
v

. . v
gt = v, sin(60°) —vsin(30°), otkyna t = —°— ~ 0,23c.
0 ) (30°), otky, 03

Vcnonb3yeTcst 3aKOH U3MEHEHUs1 CKOPOCTH B BEKTOPHOM MJIM KOMIIOHEHTHOH (hopme 2
N300paskeH TPEyroJIbHUK CKOPOCTEH HIIM 3alMCaHbl BCE HEOOXOJMMEBIE ajredpanydecKkue 3
COOTHOILIEHUS

KoHeuHast cCKkopocTh BbIpa)KeHa Yepe3 Ha4YaJIbHYIO 2
IlosydeH npaBuiIbHBIN OTBET 171 t (IOCTAaTOYHO YKcia) 3
BCET'O 10

Pemenue 3aJaum: BBC,I[CM CUCTEMY KOOpJAUHAT, B KOTOpOﬁ OCh X HaIIpaBJICHA T'OPU30HTAJIBHO, OChb Y —
BCPTHUKAJIBHO, 4 HAYAJIO KOOPAHUHAT COBMCHICHO C KOHIIOM pr6KI/I 3aKkoH ABWIKCHUSA IMMOPLUUH BOJBI B
J3TOM CUCTEME KOOpAHWHAT IMO3BOJIACT HaWTH YPaBHCHUE €€ TPACKTOPHUU:
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3aganue 4:

Bonpoc: Cuna, ¢ KOTOpOH pOTOp 3JEKTPOABUIATENsl HATATMBACT TPOC, HAMATHIBAIOLIMICS Ha Bal
poTopa, MPsIMO MPONOPLUUOHATBHA CHUJIE TOKA, TEKYIIEro B 0OMOTKe poTopa. IlycTh aneKkTpoaBUraTesb
MOJIHUMAET PaBHOMEPHO rpy3 1, U mpu 3ToM cujia Toka B oOmMoTke potopa 1 A. Ilpu paBHOMEepHOM
NOBEME I'Py3a 2 TEM XKE JBUTATEIIEM, TOAKIIOUYEHHBIM K TOMY K€ aKKyMYJISTOPY IMOCTOSIHHOTO TOKa,
cuia Toka B oOMoTke paBHa 2 A. Kakol w3 rpy30B MOJHHMAETCS ¢ Ooiblned ckopocThio? OTBET
OOBSICHUTB.

Bamaua: JIBa pasHBIX JJIEKTPOJABUTATENS TMOAKIOYAT K akkymynstopy ¢ DJC £€=24B u



MpeHeOpe)KMMO MallbIM BHYTpEHHUM compoTuBieHueM. Korma rpy3 Maccoit

M=5Kr NOJHMUMAIOT BEPTHKAILHO HA JIETKOM Tpoce JBurarenem |1,

yCTaHOBUBILAsICA CKOPOCTb MOJbEMa paBHa V; =1,5M/c mpu cuie Toka B 0OMOTKe

poropa |; =3A. Ilpu ucnons3zoBanuu asurarens 2 V, =2,5m/c mpu |, =3,25A.

Kakoii Oyner ycraHOBHMBIIASCS CKOPOCTH MOABEMA, €CIM MOJHUMATH 3TOT TPY3

cpa3y o0OMMH JABHUTaTeNIsIMH, KOTOpBIE MAapaJICNbHO IMOIKIIOYEHBI K TOMY K€

aKKyMYJIATOPY C HCIIOJIb30BAHUEM CXEMbl IOJbEMa, IMOKA3aHHOH Ha PUCYHKE m
(oOmmuii Jerkuit HepacTSHKUMBIM TPOC TMEPEKHHYT dYepe3 JICTKUH paBHOIUICUUMA

MTOJIBMDKHBIN OJIOK 03 TpeHus B ocH)?

OtBer Ha Bompoc: Paborta croponHux cui ucrounuka ¢ IJIC &£ uaeTr Ha MEXaHUYECKYIO padoTy
JIBUTATEIS, IEPEMEIIAIONIETO TPy3 cHiIol F co cKOpoCThIO V, M HAa KOMIICHCAIIUIO TEIUIOBBIX MOTEPh
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CKOPOCTh Y IEPBOTO Ipy3a.

, TO €CThb YCTAHOBHUBIIAACA CKOPOCTbH 0oJIbIIIE npu MCHBIIEM TOKC. 3Ha‘II/IT, OoJIbIIast

BepHo yka3aHbI ciaraeMble, BXOJSIIUE B YPaBHEHUE YHEPreTU4eCKoro OauaHca

HpaBI/IHBHO 3alMMCAHO YPABHCHUEC SHECPICTUUCCKOTI'O OanaHca JABUTaTCIIA

[TonydeHo BepHOE ypaBHEHHUE, CBA3BIBAIOLIEE CKOPOCTh U CUIIY TOKA

WINWIN

JlaH BepHBII OTBET HA BOIIPOC
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Pemenue 3agaum: [Ipy paBHOMEPHOM NOABEME Tpy3a CUila HATSDKEHUS TPOCA JOJDKHA PAaBHATHCS 110
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[IpaBWIIbHO 3amMKCaHO YpaBHEHUE YHEPTETHYECKOTO OallaHca JUIs IEPBOTO MOIbeMa 2
[TpaBHIIbHO 3amKICaHO YpaBHEHHE YHEPTETUUECKOTO OaslaHca JUIsi BTOPOTO MO JbeMa 2
VYKa3aHo, 4TO B TPEThEM CIIy4ae JABHTAaTENI CO3JA0T OJMHAKOBOE HATSHKEHUE TPOCa, PaBHOE 1
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I __ I __
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[IpaBWIIBHO 3amKCaHO YpaBHEHUE YHEPTETHYECKOro OajaHca JUIsl TPEThEro Mo ybeMa 2
U3 aTOTO YpaBHEHUS MCKIIOYEHBI COMPOTUBIICHUST OOMOTOK M TIOJYYE€HO YpaBHEHHE Uit V 3
[TosydeH npaBUIbHBIN aHATUTHYECKUN U YUCIICHHBIA OTBETHI IS V 2+1=3
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C ce3ona 2022/23 yueOHOTO TOJ]a yYaCTHUKH COPEBHYIOTCS B YeThIpeX BO3PACTHBIX rpymmax: 6-8
KJacchl, 9 kiaceol, 10 kiacesl 1 11 kiaacchl.

Teneps pa3zbepeM, Kak MOIBOASATCS HTOTH 3aKIIOYUTENBLHOTO 3Tana onuMmiuansl «Pobodect». B
2024/25 y4yeOHOM TOAY HCIOJIB30BAIHMCH CICAYIOIIUEC KPUTEPHH OIpPEACICHUs ToOeauTeNeii u
MIPU3EPOB:

KPATEPUU ONPEJEJIEHUA MOBEIUTEJIEN U IPU3EPOB
OJIMMITHAABI IKOJIbHUKOB «PododecT» mo PU3UKE B 2024/25 yueoHom roay

OTBOPOYHBIN DTAII:

s 9,10 u 11 xaaccoB
HOBEJAUTEJIb — ot 85 0a/1710B BKJIKOYUTEIBHO U BbIIIIE;
IMTPU3EP — ot 62 02,1710B BKIIOYHUTEJILHO 10 84 62/1J10B BKIIOUHTEILHO.

MakcumasnbHasi cymma 0as10B 0T00pouHoro 3tana: 100 6asu1o0B.

g 6-8 ki1accos

HOBEJAUTEJIb — ot 85 6a/1710B BKJIIOYUTEILHO U BbIIIIE;
IMPU3EP — ot 60 02,1710B BKJIIOYHUTEJILHO 10 84 02/1J10B BKIIOYNTEILHO.
MaxkcumanbHasi cyMMa 0aJu10B 0TOOPOYHOrO 3Tana Bo Beex kiaaccax: 100 6anos.

OO6mee koamdecTBO mobdeauTenell u nmpuzepoB oTdOopodHoro sramna cocraBuio 44,1 % ot obuiero
KosindyectBa yuactHrKOB (163 u3 370).

3AKJIIOYUTEJbHBIN DTAII:
st 11 kaaccoB (MakcumaibHas onenka — 100 6asuioB)

MNOBEJUTEJIb (numiom | cremenu) — ot 88 6asioB BKIOUMTEabHO M Bbime (5,6 % or
00I11er0 KOJIMYeCTBA YIaCTHUKOB — 2 U3 36);

MHPU3EP (qunjom |l crenenun) — ot 78 6a/10B BKJIIOYUTEILHO /10 87 0a/1/10B BKJIIOYUTEIbHO
(8,3 % ot 00111eTO KOMMYECTBA YYACTHUKOB — 3 U3 36);

MPU3EP (mumiom |11 cremenn) — ot 72 6a/1/10B BKJIYHTEIBHO 10 77 0a/JI0B BKJIIOYHTEIbHO
(11,1 % ot 001Iero KOJUYECTBa YIaCTHUKOB — 4 13 36).

B cymme nobGenutenu u mpusepsl cpeau ywammuxcs 11 kmaccoB coctaBisoT 25 % or obuero
KoyimyectBa yaacTHHKOB (9 u3 36).

st 10 kaaccoB (MakcumaabHas onenka — 100 6asioB)

MNOBEJUTEJIb (muniom | crenmenn) — ot 84 6ani0B BKIOYMTEIbHO W Bbiie (4,88 % ot
00IIIero KOJIMYECTBa YYaCTHUKOB — 2 U3 41);

MMPU3EP (qunjom Il crenenun) — ot 78 6a//10B BKJIIOYUTEILHO /10 83 0a/1J10B BKJIIOYHTEIbHO
(9,76 % ot o61ero KoJUYECTBa Y4aCTHUKOB — 4 u3 41);

MMPU3EP (numiiom |11 crenenn) — ot 74 6a/1/10B BKJIIOYUTEIBHO /10 77 0a/UI0B BKIKYUTEILHO
(9,76 % or ob1ero KoauUecTBa yUacTHUKOB — 4 u3 41).

B cymme nobGenutenu u npusepsl cpenu yuamuxcst 10 kmaccoB coctaBisor 24,39 % ot obmero
kosimdyectBa yuactHukoB (10 u3 41).

s 9 kiaaccoB (MakcuMasbHast oneHka — 100 6asioB)



MNOBEJUTEJIb (mumiom | cremenu) — ot 83 6aioB BKIKOYNTEJAbHO W Bbime (7,5% ot
00I1Ier0 KOJINYeCTBA Y4aCTHUKOB — 4 u3 53);

HPU3EP (qunjom |l crenenn) — ot 67 6a/U10B BKIIOYUTEIBHO 10 82 0a/1/10B BKJIYUTEIbHO
(5,7 % ot ob1ero KoaMYeCTBA YYaCTHUKOB — 3 U3 53);

MNPU3EP (munJjiom |11 crenenn) — oT 55 6a/1/10B BKJIKYHTEILHO 10 66 0a/1J10B BKIIOYHTEIHLHO
(11,3 % ot 0011Ier0 KOJUYECTBA YIaCTHUKOB — 6 13 53).

B cymme mobGemutenu w mpu3epsl cpenu ydammxcs 9 kimaccoB coctaBisroT 24,5 % ot oOmiero
KosindectBa ydactHUKOB (13 u3 53).

a5 6-8 kaaccoB (MakcuMasibHas oneHka — 100 6asioB)

NOBEJAUTEJIb (mumiom | cremenn) — oT 75 6ajioB BKIWYHTEIbHO M Bbile (4,26 % ot
00I1Ier0 KOJIMYEeCTBA YIaCTHUKOB — 2 U3 47);

MMPU3EP (quniom Il crenenn) — ot 53 6a/10B BKIKOYUTEIBHO 10 74 6a/UI0B BKJIYUTEIHHO
(10,63 % ot 00111eTO KOJIMYECTBA YIACTHUKOB — 5 U3 47);

INPU3EP (munJjom 11 crenenn) — ot 46 6a/1,10B BKJIIOYNTEIBLHO 10 52 02/J10B BKJIIOYUTEIbHO
(8,51 % ot 0011IeTO KOJIUYECTBA YIACTHUKOB — 4 13 47).

B cymme noGeaurenu u mpusepsl cpeau ydamuxcs 6-8 kmaccoB coctaBnsioT 23,40 % ot obuiero
KosruecTBa yaacTHUKOB (11 u3 47).

OO0mee KOIMYECTBO TOOEAWTENEH W TPHU3EPOB 3aKIIOYHUTEIBHOro 3tama cocraBuio 24,3 % or
00I1Iero KOJIM4ecTBa y4acTHUKOB (43 u3 177).

OTMeTuM, 4YTO TMOJBEICHUEM HUTOTOB OJUMIIUAJBI €€ padoTa ¢ MOOSAUTEISIMU U TpU3EpaMu He
3aKaH4YUBaeTcs: JUIsl YU4eHUKOB 11 Kiacca opraHu3yroTcsi OecIlaTHbIE KypChl IO IMOATOTOBKE K
EI'D no ¢wusuke. Bece roasl nmpoBeneHus: OJIMMIMAAbl Mbl B MUTOT€ 3aMe€4aeM, YTO IOJaBIISIOLIEe
60bIIMHCTBO NOOeuTeNneil u npuszepos onumnuaasl u3 11 knacca cnanu EI'D ycnemHo, 1 MHOTHE
U3 HUX, MCIIOJIB3Ys JIbIOTHI IO JAMUIUIOMAaM OJIMMIIMAJIbl, IOCTYHNWIN B BbIOpaHHble BY3bl, B TOM
yucie u Ha pusznyeckuii pakynprer MI'Y.

OpranuzaropaM OYE€Hb Ba)KHO, YTOOBI 3Ta TPAIMIMS IMPOJAOJKAJIACh, U Mbl BCTYIIaéM B HOBBIM
Ce30H, Hajesach Ha Bamu ycnexu.

PEKOMEH/JIALIUM IO MTOATOTOBKE
K TEOPETUYECKUM TYPAM OJIUMITUAIBI «POBO®ECT»
B 2025/26 YYHEBHOM oy

[Tone3Ho u3y4ath 3aaHus MPOLLIBIX JIET: OHU pa3MellleHbl (BMECTe C aBTOPCKUMHM PELICHUSIMH) Ha
caiire omummuanst HATIMCATH CAUT.

3amanuss 0TOOPOYHOTO dTama pa3OouThl Ha 4 BO3pacTHBIC rpymmel: 7 U 8 kiaccel, 9 kmaccer, 10
knaccel U 11 kmacesl CornacHo IlonokeHnio o6 onuMnuagax HIKOJbHUKOB B P®, yuamuecs
TF000TO KJIacca MOTYT y4acTBOBaTh B OJMMIIMAIax Oosiee cTapiield BO3PacTHOW TPYIIIBL, B TOM
qrcie W B 3a4eT BBITyckHOTO (11) Kitacca, o AuIIioMaM KOTOPOTO MPEAOCTABIISIOTCS JIBTOTHI IS
noctyrieHuss B BY3bl, KOTOpble MOXHO MOJYyYUTh B TeUEHHM 4 JIET IMOCJe OJIMMIIUAABI. TeMbl
0TOOPOYHOTro 3Tana OyayT OObSIBICHBI 10 ero Hayajaa — B HosiOpe 2025 rona.

Ha ¢unansHOM 3Tane OyayT MCIOJIb30BaHbl 3afaHus I TeX ke 4 Bo3pacTHbIX rpynm. [Ipu stom
3agaHusl OyayT MOCBAILICHBI TEMaM, KOTOpPbIe MCIOJIb30BAIUCH HA OTOOPOYHOM 3Tame JUIsl TaHHBIX
KJIACCOB.

Kesaem ycnexa BceM y4aCTHHKaM POo0OOTOTEXHUYECKHX COPEBHOBAHMI, ABTOPAM IPOEKTOB U
BCeM, CBSI3aHHBIM ¢ oiumMnuanoi «Pododect»!



