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Jaxmowumenvnut sman. Teopemunecxuti myp

9 kJaacc

3agaya 1. Ilnornocts nedTH

B cuabBO 3arpassEénnom BogoéMe ToMmMKUEA €108 nedhTH Ha ITOBEPXHOCTH BOIbI
cocrapaser d = 1,0 cm. Ha nosepxuocTs BOnoéMa IIyCTHU TUIABATD JETKMH HHAJIHH-
Apudeckuil crakaRduk Maccoit m = 4,0 r ¢ mromaneo gHa S = 25 cm?. Crakan
Obl1 CHaYanNa NyCThIM, & €ro AHO ObUIO BBIIE CepeauHbl ypoBHs HedbTH. 3aTem
B HEro JOIUIH HeDTH Tak, 4ToDbl € YPOBHU B CTAKAHE H CHAPYXKHM CPABHSIHACD.
B ofoux ciyuasx mHO HAXOMMIOCH HA OJHOM M TOM K€ PACCTOSHUM @ OT YpOB-
HA BoAb! (puc. 1). Onpenennre nuoTHOCTL HedTH Py, 3HASL, YTO TIIOTHOCTD BOJBI
po = 1,0 r/cm®.

3anaga 2. Manéspnl kopabieii

Apa KOpabag ABHIKYTCA ¢ MOCTOAHHBIME H OJTHHAKOBBIMH [I0 MOLYJTIO CKOPO-
CTAMU V) = Up = V. B HeKOT()prﬁ MOMEHT DaCCTOAHHE MEKIY HUMH OKa3aJ0Ch
PaBHBIM L, a uX B3aHMHOC PACIOIOKEHHE TAKAM, KaK HOKA3aHO Ha PUCYHKe 2.

1. Onpeaesure MEHUMAJILHOE DACCTOSTHUE MLy KOPADISIMH PU X Hocs1e1y-
IOINEM JIBUZKEHHH.

2. Haiinmre Bpems T, 4epe3 KOTOpOe KOPabii OKAXKyTCsl HA MHHMMAJILHOM Pac-
CTOSIHHH JPYT OT APYTa.

3. B moment, rorza xopabuab B nepecekaeT THHHIO ABIJKEHHA KOpPabis A,
ot Gopra kopabasi A OTHpaBAseTCA KaTep, KOTOPbIH LOJKEH JOCTABHTH Ha KO-
pabub B naker ¢ paxHbIM cooburenueM. Onpesennre, 4epes KAKOE MEHHMAILHOE
BpeMs At II0CIC OTHPABKH KarTepa UaKeT GyIer J0CTaBiIeH Ha 60pT Kopabnst B,
€CJIH CKODOCTH U KATePa TAKKe PABHA V.

3anaua 3. Ilnasienue asna
B Gonpmofi miockoit npaupe, mveowed remneparypy 0 °C, caenanu ayHKy
obbéma V5 = 1000 cm® u npukpbiin e8 meHonnacToBoi (Tennousoaupyroweit)
KPBIIKOA ¢ HeGosbtiuM oTeepcruem (puc. 3). Kakywo makcumanbryio Maccy m
BOAbI, UMetomeil teMuepatypy 100 °C, M0:KHO IOCTEIIEHHO BIATH Y€pe3 OTBEpPCTHE
B 1yHKy? VI3BeCTHO, 9TO y/e/ibHas TIIOBMKOCTD BoabT ¢p = 4,19 /I /(kr - °C),
IIOTHOCTE BOfbt po = 1,00 - 10° kr/M®, muiotHoCTs ABAA py = 0,90 - 10° Kr/m3,

a yJiesibHaA TEIUIOTa IIaBfenus apaa A = 334 x/Lx/kr.

P .
1
1
1 7
L 130 Kkpouuka STBEPCTHE
A Iz AL A
AL nén #
B # # #
¥
7 # "
Puc. 2 Puc. 3
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3anaua 4. DNEKTPOMIATKA

QUIEKTPOILTATKS, HMeeT IBE CIMPAJY (1Ba HArDEBATEIBHBIX JIEMEHTA), KOTO-
Pbi€ MOXKHO BKJIIOYETH B CeThb JHUOO 10 OTHEIBHOCTH, JIMOO COSIUHSA HX [OCIEI0-
BaTEILHO WM Napadnensuo. ByaeMm cuurars, 4ro canporusienus cnupanieil me 3a-
BUCSIT OT TEMIIEPATY PbI.

Oxa3anoch, 9TO €CNH BKJIOYHTL B CETh TOJBKO MEPBYIO CIHPAJIh, TO SICKTPO-
NJMTKA Harpesaercss JO TeMueparyphbl t; = 180 °C, a ecqm BKIIOYUTH TOJBKO
BTOPYIO CNHMpalih, TO NANTKA HATPEBAETCH O TeMIeparypst to = 220 °C.

Jo xaxolf TeMnepaTyphl HArpeeTCs IIATKA TPH:

1. DOC/TIEAOBATETLHOM BKIIIOUCHIY COIMPAJICH,

2. mapasseIbHOM BKJIIOYEHNH CIIPAJIei.

Yxaszanue. TloTok Tenna OT INKTKH BO BHCINHIOO CPeELy NPONOPLHOHAJIECH Das-
HOCTY TeMIIePaTyp Mex Iy [IHTKOH 1 Bo3ayxoMm B Komuare. Temneparypy Bo3iyxa
CYNTATH DOCTOSIHHOM ¥ papHO# ty = 20 °C.

3apaua 5. DaeKTpHYECKHIH MOCTHK
DNeKTpHYecKas Nelb COCTOMT U3 MATH PE3HCTOPOB U JBYX HIEAJbHBIX aMIep-
meTpor (puc. 4). Conporusnennus pesuctopos Ry, Ry v Ry 3amaHbI, a COUPOTHB-
qenne Ry wemspecrno. Hallanre nokasanuwe amnepmerpa A, ecau cmma Ttoka Ip,
MIPOTEKAIOMIEro Yepes aMnepmerp A, u3BecTHA.

Saxnovumenvunt sman. Teopemuneckut myp

10 knacc

3azaga 1. Ckoabxenune rpysa o JocKe

Ha ayMHEOM rafKoM rOpU30HTAILHOM CTOJE JEXHUT HOCKA MACChl Mg ¥ IUIH-
HBI L, Ha JIeBOM KOHIE KOTOPOM HAXOAUTCA IPY3 Macest my . KoaddumuenTt Tpenns
MEXJY TPY30M M JOCKOH paseH 4. TpeHne MeXIy JOCKOH B CTONOM OTCYTCTBYET.
I'pya m; cesazan ¢ rpy3om M aiMHHON HEBECOMOH HHTBHIO, TIEPEKHHYTON Yepe3 HeBe-
coMplit 6510k (puc. 5). CucTeMa HaAUMHAET IBUTATHCH U3 COCTOSHUS MOKOSL.

1. Ilpu kaxux 3saveHNAX KOIDIUIHEHTA TPEHAS [ TPY3 7] U JOCKA My OYIYT
JBHTATbCA KakK e/uHoe uesoe (6e3 npockanb3vpans)?

2. Haiinure MEEEMAJIGHOE 3HAYEHHE KOIDDUITMEHTA TPEHHS Lmin, TPY KOTOPOM
BO3MOXKHO JBH2KEHHE 0e3 TPOCKAIL3bIBAHIA.

3. Ilycts it = pimin/2. B 310M Cayyae rpy3 m; u mocKa my GYIyT JBUraThCS
C PasHBIMU YCKODeHHAMH. Jepe3 Kakoe BpeMs ¢ [10C/e HAYATIS JBMXKCHHS I'DY3
COCKOJIL3HET ¢ NOCKHT

Cumnraiire, uro my = M = 1 kr, mg = 2 xr. Jymny mocku L npumure pas-
Ho#t 1 M. UsBectHo, wto guuua rpysa muoro menbme L. Yekopenme cBoOOIHONO
NaJeHNs IPUMATE PaBHbIM g = 10 m/c2.
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3agava 2. Jduccoumanusa

TIpu HOPMATBHBIX YCIAOBHAX KHCIOPOI COCTOUT W3 ABYXATOMHBIX Momekyn Oj.
ITpy nosbuIEHH TEMIEPATYPB! YACTH MOJIEKYIT MOXKET JIMCCOUMHPOBATD. B PE3YiTh-
TaTe 9ero M3 Kaaaol Monexyssl Oy obpasyrores msa atroma O. Ha pucynke 6
NIOKA3aHbBl ABa WICHTHYHBIX LEKJINYECKHX mpouecca 1 u 2 B Koopansatax (p,p),
rae p — IOTHOCTh Ta3a, p — pasneHue. [1o ocaM oTnoxenbl Ge3pa3MepHbIe Be-
JUYUHEL P/po U p/po, TAE Po U po — HEKOTOpble Macmrrabubie Ko3hdUIHEHTHI.
IIpu mpoBesienun NEPBOrO SKCHEPMMEHTA PabOYMM BEIUECTBOM CIYIKHI MOJIEKY-
napubiit kucaopon O (au3kue Temneparyper). BTopoit skcnepuMenT npoBoauics
IIPH 3HAYHUTEILHO 60jlee BBHICOKMX TeMueparypax. [Ipu 3ToM 9acTh KHCIOpOIa Ha-
xoaunack B Moiekynsaprom (O2), a gacrs — B aromaprom (Q) cocrostaum, u cre-
TeHb ARCCOUMAIINE He M3MEHSIACH B TeYeHHEe 3KCIepuMeHTa. Maccea rasa B 060ux
3KRCIepuMenTax 6puta 07HOM U TOH ke. I3BeCTHO, 9TO OTHONIEHHE MAaKCAMAIHLHELIX
TeMIEPATYP B 3TUX 3KCHEPUMEHTAX Kmax = T2 max/T1 max = 5,0.
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1. Onpepennre cTeneHEh ARCCOUMAUNHT ¢ (JIOMO AUCCONMHAPOBAHHBIX MOJCKY)
MOJIEKYJI KMCIOPOHa BO BTOPOM 3KCIIEPUMEHTE.
2. Onpesenure orHomeHue ki, MAHWMANGHLIX TEMIEPATYD B 3THX IKCICPH-
MEHTaX.
Sanaua 3. IIlait6a Ha HAKJIOHHOM ILJIOCKOCTH
He6ospmyo mwaiby TONKHYIN BBEPX B/IO/L HAKJIOHHOR I110C-
7 KOCTH C yIJIOM HABKJIOHA (¢ C HAUAJBHON CKOPOCTBIO Up (puc. 7).
1. Yepes kakoe BpeMa fy maiiba BepHETCH B UCXOAHYIO TOYKY
S IPH OTCYTCTBUH TPEHHAT
2. Ilpr kakuX 3HAYEHHAX KO3(DDUIMenTa TpeHHs u maiita
BO3BpATHTCA HA3a.!
3. Omnpenesnre Bpemsi ¢, BO3BpaTa WAMOHI B HCXOAHYIO TOUKY TIPU HAJUYHU
TPeHM.
4. TIpu xaxoM 3Ha~ennn K03 PUIUenTa j« Bpems ¢, Oyer paBHO tg - BpeMeHH
BO3BPATA A0l IPH OTCYTCTBUU TPEHUS?

o

Puc. 7

3angayga 4. Bapucrop
B mexorophIx ciiyuasix a1 npeioxpaHeHus 37eK-
TporpuOopoE 0T OONBLINKAX U3MEHEHHH BXOMHOTO Ha-
IPAXKEHUS [PUMEHSIIOTCS HeJIMHEeHHBIe IOy TPOBO/I-
HAKOBBIE 3JIEMEHTBI -~ BAPUCTOPBI, BKIIOYAEMblE
NApaJINIeIbHO TIpubopy, POsb KOTOPOrO HA PHUCYH-
Ke 8 urpaer Harpy3owHoe couporusienue R,. 3aech
Puc. 8 Ry =10 Om, B = 10 OM — 6annacTHOe COMpOTHB-
nenne, B — BapucTop, BOBTAMIEDHAA XAPAKTEPHCTHKA KOTOPOTo M306pazKeHa

6

Saxaovumenvredi sran. Teopemureckuti myp

Ha pucyuke 9, I — nokazanus amnepmerpa A, & — BXoaHOe HampsKeHwe, B Ho-
MUHAMBbHOM DeXUMe aMIIepMeTp NoKasesaer cuiy toka I = Iy = 1,0 A.

1. Onpeaenure BXOZHOE HANPSDKEHHE &] B HOMUHAJIBHOM DEXKHME, 4 TAKIKE
nanpskenue Uy Ha Bapucrope u cuiy Toka Ip;, Tekyuero epes Hero.

2. Tlycrs BXoAHOE HAIPAXKEHHE BO3POC/IO B 2 Pa3a M CTAJO PaBHbIM & = 2&;.
Onpenesure, Ha CKOJBKO YBEJIHYIHIOCH HANPSHKEHHE HA HAPY3KE W HA CKOJIBKO
H3IMEHUJIACH CHJIA TOK3, IPOTEKAIOUIET0 YEPe3 BAPUCTOP.

I, A
3 ]
]
2 I
i
7
Ji
1 y
/
y.
Lot Us, B
0 5 10 15
Puc. 9

3anagda 5. lens ¢ gByMs KoHAeHcaTopaMu

1. B snmekrprueckoil merm, cOCTOsIUEH W3 aKKYMYy- | 12C
aaropa ¢ IJAC &, ABYX KOHAEHCATOPOB € eMKOCTS- 11
mu 2C u C' ¥ pe3sucropa ¢ HEKOTOPHLIM COTIPOTHB/IEHH-
eM (puc. 10), sampixaor ko9 K. o kaxoro ganpsxe-
HES 3apAIATCH KOHARHCATOPDI? BHYTPEHHHM COTPOTHB- K, Ky
JICHMEM aKKYMYJIATOpa npeHetperure. Puc. 10

2. Iocsie Toro, Kak KOHIEHCATOPBI HOJTHOCTHIO 38 PAIMITICE, 3aMbIKAIOT Kiou Ka,
U Da3MBIKAIOT €r0 TOIAA, KOTAa CHIIA TOKA 4epe3 aKKyMYJIATOp YMEHBIIAeTCH
B 2 pasa N0 CPaBHEHMUIO C CHUIOH TOKA Yepe3 Herc Cpasy MOCHTe 3aMBIKAHHS Kili-
ua Ko. Hafizure xonuuecTso Temnorst (), BbLAe/IHBIIEECS B IIENH 35 BPEMS, IIPO-
meiinee ¢ MOMEHTA 3aMbIKaHNA Kiao4ua Ko 10 MOMEHTa ero pasMbIKaHHS.
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11 knacc

3anmaua 1. llenouka Ha cdepe

Oanopoasan nenoyuka jiMHbl [ 3aKpeniena OgHUM KOH-
LIOM Ha BEPIIMHE TVIAJKOH Chepuveckol MOBepXHOCTH pa-
muyca R, mpuuém L < wR/2 (puc. 11). Bepxumii xoHery
LIETTIOYKH OCBODOIK AAFOT.

1. C xaknM yckoperyem a (o MOAYI) GYAET ABATATH-
¢s1 CPa3y nocje 0CBODOXK AEHHS KaXK IbI YIEMEHT HeIOYKH

Puc. 11 2. B KakoM MeCTe LEenodYKH CWia HaTsxkeHus 1’ cpasy

nocse ocoGox aeHust OyHeT MAKCUMAJILHOM?

Paccmorpure cayuall, Korga mipHa nenodxu L pasua 2w R/6.

3anaua 2. JIpuxenue 6e3 OpocKaJIb3bIBAaHUS
3 8 ms Ha rianxoii ropusoHTaIsHO NOBEpXHO-

AV CTH CTONA TIOKOWTCA JUTMHHAA JIOCKA Mac-

N | my CBl M, HA TIpPaBbli Kpail KOTOpOH MoMe-
N ~ R OPYCOK MaccChi 12. BPyCoK coeauuén
M €O CTEeHKOH JErKo# HepaCTAHYTON HPYIKH-
ot xké€crkoctu k. K gocke upukpennén

Puc. 12

rpy3 Maccsl M ¢ noMoupo AErkoll zepacrs-
JKUMOH HUTH, IEPEeKnHYTOH uepes 6ok (puc. 12). B naganoHbI MOMEHT CHCTEMA
nokouTesa. Mexxay Jocko# B OpyckoM cyumecTByer cyxoe Tpenne. Koaddunuent
TPEHUA MeXIy AOCKOU M OPYCKOM paBseH pi. .
Kakoii myrs L npeogosieer 6pyCcOK K TOMY MOMEHTY BPEMEHH, KOTAA. MEXKIY HAM
1 Jockof HauréTCa npockaabskpanue? HecaeayiiTe, Kak pe3yabTaT 3aBHCUT OT 4.
Haginure BpeMs ¢ aByKenus OpyCcKa, 3a KOTOPOE OH MPeOIoNeeT pacerosaue L.

Saxmowumenvrniit sman. Teopemunecxuti myp

Samaua 3. TennoBas MammHA

Y remnopoil Mammebl, paboraroiueil no yukiay Kapro, Temieparypa Harpesa-
tens 17 = 800 K, a temmeparypa 7 XOJOZHIbHUKA 3aBHCAT OT IOJE3HOH MOILI-
HOcTH P mamubbl. XONOAMIbHUK [IPEICTABASET coDOM MACCHBHOE TeILION30IHpo-
BaHHOE OT OKDYKAaroilell Cpelpl TENO, KOTOPOE MOCPEACTBOM TeHNJIONPOBOIHOCTH
nepeaaeT XONOAHOMY pe3epByapy ¢ temuepatypoit To = 300 K Bcio remioByio
IHEPIHIO (Yo, MONXydeHHYIO 3a BpeMs At paborsl Mammes! {puc. 13). Tennonposoa-
HOCTB OCYIIECTRIsIeTcH Mo 3akony Q2 = a(T — T2)At, rae a = 1,0 kBr/K.

1. Belpasure MomuOCTh P Terminosoil Mammubt gepes temneparypst 11, T u Th.

2. Beruucsure Temmeparypy I, XOJOAUABHHUKA, IPH KOTOPOH MOIMHOCTH Ma-
IMHB! MAKCUMAJIBHA.

3. Ouapegeipre 3Ty MAKCHEMATBHYI) MOUIHOCTE Fpay.

4. Hadimare KILA 1 rennosolt manmubr npu pabore ¢ MAKCUMAIbHOR MOIIHO-
CThIO.

Teruiosas Malmua

Harpesarens Pabouee XomoanasHEEK
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Puc. 13
3anaua 4. [IBurkeHne 3apsidXeHHDBIX 9acTHIl
B cBoboxoM rpocTpaHCcTBe HA OKPYXKHOCTH +q
pajumyca Ry B BepUIINHAX BIUCAHHOTO KBAJIPaTa """'""'
PaCHOJIOZKeHB 4 TOYeyHbIe MacChl M. JIBe U3 HUX m
HeCYT 3apaf +g, a gse apyrue — —q (puc. 14). ," Y
B HauanbHbI# MOMEHT 9THM MATEPUATLHLIM TOYU- }' m 0 \7
KaM COOOIMAIOT OJMHAKOBBIE IO MOAYMO ckopo- 4 % * ‘ m ] 4
CTH, HAIPABACHHBIE 10 KACATEILHON K OKPYIKHO- N Jo '/
CTH TI0 Y4COBOH CTPeJIKe. AN ,
sBectHo, 910 HOCTMraeMoOe B NpPOILecce IBH- \\\ m .

WKEeHUS MHHUMAJBHOE PACCTOSHHE Or J0O00H *;"I"
W3 TOYEYHBIX MAacC M0 ueHTpa () Ha4vaILHOIM q
okpyskHOCTH paBHo R; (Ry < Rp). Cuwmraiire, Puc. 14

YTO B 000 MOMEHT BPEMEHM 3apsibl HAXOAATCA B BEPIIHHAX KBAIPaTa C LEH-
TpoM B Touke O. HeficTBreM rpaBUTAIHOHHBIX CHJI MOXKHO IpeHeOpeds.

1. BommoaHuTe HEOOXOIHMMbIE DACYETHI U ONPEALTINTE TPACKTOPHH IBUKEHHS
MaTEPHAIBLHBIX TOYEK.

2. OnpegennTe XapaKTepHOE BPEMs JIBHRKEHNA MATEPHANBHBIX TOYEK.
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3anaua 5. YHHDONSPHDBIE WHIYKTOD
Yuunoaaprwi undyxmop upeacrasisier cobofl ObICTPO BpaIAIOIWCH IOCTO-
sHELH MaraaT B OpMe JucKa. JJMCK BBIIOAHEH W3 MArHHTHOIO CILIaBa, CIioco6-
HOT'O CO3JABATH CHJILHOE MAPHHTHOE [10JIe, ¥ HOKPLIT TOHKHUM IIPOBOISILHMM CJIOEM

HUKEJIH.
B B
e e
TS

Puc. 15 Puc. 16

TIpu Bpalenuy JUCKa MEXK, 1y OChIO BPAILEHHS U DOKOBOI NOBEPXHOCTHIO BO3HA-
KaeT Pa3HOCTh MOTEHIHMAI0B, KOTOPYI0 MOXKHO H3MEDHTL € IOMONIBIO HENOIBHK-
Horo BosnbTMerpa (puc. 15). Ecau xe K ocH BpallieHus H OOKOBOH HNOBEPXHOCTH
NOACOCAMHUTE HaTtapeliky, TO MAPHUT HATHET ORICTPO BPAIATHLCS, TPEBPATHRINHCH
B 3JIGKTPOABUIATE b. TOYHO TAK Ke, eciii ObICTPO BPAIIATh BaJl OOBIYHOTO 3JI€K-
TPOMOTOpA, OH HPEBPALACTCA B TEHEPATOD, ¥ HAOOOPOT, eciIu HA AEKTPHISCKUH
reHepaTop HOAAThH HANPSZKEHHE, OH PEBPAIIAETCS B JEKTPOMOTOP.

Ha pucyske 16 nokaszasa cxeMa TaKOrQ pPeajibHO pabOTAIOINETO YHUNOAAPHOZ0
snexmpodeluzamens, POTOPOM KOTOPOTO ABJSICTCsS] CHABHBIH NOCTOSHHBIN MarHUT
B OpME JHCKA PAIAYCa To = 2 CM, HACAXKEHHOr0O HA OChb. lIpH nojxmoueHun
¢ IIOMOIUIBLIO CKOIL3ANMX KoHTakToB 6arapeiiku ¢ 9/1C & = 1,56 B miick HaunHaer
OBICTPO BPAIATLCH.

1. Yo nokazxer HENOABHKHBINA BOJABTMETD Ha PUCYHKe 15 IpH ©acToTe Bpame-
Husg gucka v = 3000 06/mun? KakoBa MOTAPHOCTD TOH PA3HOCTH HOTEHIHATIOB?
YKaXHUTe NOJApHOCTh HA PHCYHKe 15.

2. Ilpenebperas TpeHueM, OLEHATE NPEJEABHYIO YaCTOTY BpauieHus (06/MuH)
HaMarHHIeHHOro ucKa (poTopa YHHOOJISPHOTO ABHraTens Ha pucyHke 16). Vka-
JKUTE HAIPABJICHUE BPAILCHHS POTOPA [PU 33aHHONH Ha PUCYHKE 16 MOJSIPHOCTH
Darapelixy ¥ HANPABJIEHUH BEKTODA B. Moayns Bekropa B uocrosiuen u pasert
B=1Tn

Hpumevanue. s yupomenns pacaérop cuuraiite, 9To B IPOBOAIIEM HUKeIe-
BOM CJIOE BeKTOD MHIYKITHH B marnuTHOTO rost TIePIEHTUKYIISPeH TI0BEPXHOCTH
gucka (puc. 15). Taxkxke mjist yopomeHus cyurafite, 4TO TOK B IPOBOAIIEM CJIOE
TEeYET BJOIL PajUyca.

10

3axmonumenrvund sman. Teopemuueckud myp

Bo3zmorkubie penreHus
9 knacc

3anaua 1. IlnotHOCTh HedTH
YcnoBre PaBHOBECHA B NEPBOM CIyuae 3allMIIeTCa Kak mg = Fa, Tae cwia
Apxumena Fp = p1g(d — a)S. Orcrona naitgém:

%‘- = p1(d — a). (1)

Bo BropoM cayyae nasnenue na yposue maHa cOCTABHT p = p1gd + poga. Cienosa-
TeJLHO, YCJIOBHE DABHOBECHS 3aIMINeTCH KakK:

(m+ p1S(d+a))g = pS = (p1d + poa)gS,
oTKyza, ncnoasya (1), naltaéym py = (a/d)po. TMoacrasum 310 BLIpakenne B (1):

m a .
5 :pog(d—%z), WTH 2 —z+

pods = O

rie ¢ = a/d. Pemas ypaBHeHHE, TOJySUM ABA KOPHSI:

:rr~l:l: /l_ m 1 4
1,2 B 1 p[)d —~5I’UIH g

Taxnum 06pasom, Hali 1M 1Ba BO3MOKHBIX 3HAUCHHSA LI IOTHOCTH HedTH:

p1 = pox = 0,2 r/cm® wm 0,8 r/cum®.
Wcxoas w3 Toro, uro a/d > 1/2, nonyuum okouuarensso p; = 0,8 v [em3.

Kpumepuu: ouenueanua

3anuCaHO YCIOBHE PABHOBECHS B TIEPBOM CIYUAE .« oo vvenre e eeses s 2
3aIucato yCiOBHe PABHOBECHS BO BTOPOM CILYHYAE .. ..o o oo e 2
Haiinens! 1Ba BO3MOXKHBIX 3HAUCHUS TIOTHOCTH .« .« o ovnoeoeere e 4
Brifpano BepHOE 3HAUCHHE TWIOTHOCTH] . .\ oo eee s et e 2

3azaga 2. Mauéspnl kopabieit .

1. Aas oTeera Ha mepBbli BOHPOC YA0GHO BHIGpaTH CHCTEMY | LA
OTCY€Ta, CBA3AHAYIO C OMHKM U3 Kopabuedt (nanpumep, A). Ha pu- o gl f
cynke 17 n306paskén BekTop V 0THOCHTEIHHOM CKOPOCTH KOpabiisi. C ‘\300:['
Tax Kax no yciaoBuw v, = Uz = U, U3 DHCYHKa ClleJlyeT, YTO OT- Xr- R
HOCHTEJIbHAA CKOPOoCTh V' HampabiaeHa noj yriiom 30° K amHummn, ,'H}Y;'/ v2
coenpusarOmeli kopabim, u pasHa no Moaymo v. Iz onpenenennss  —g, B
MUHUMATLHOIO PACCTOAHMA MEXKAY KOpPabisMu HY>KHO ONyCTHTH Puc. 17
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NEPHeHAMKYISAP U3 TOYKM A Ha HAIPABJEHHE OTHOCHTEIbHOM CKOpOcTH. Munup-
MaJIbHOE PACCTOSHIE MEK LY KOpabisiMu IIPH UX JAJbHENIIeM JBUKEHHUH €CTh IJIH-
Ha l = AC = Lsin 30° = L /2 ouylueHHOro nepries JuKyisipa.

2. JIpurasich ¢ OTHOCHTEILHON CKOpPOCThI0 V = v, KOpabiub B 0KazKeTcss Ha MH-
HHMAaJbHOM DPACCTOsIHUM OT KOopabius A vepes Bpems:

;o Lcos30° ﬁL

v T 2w

3. st orsera Ha TPETHIl BOPOC H300PA3UM OTHOCH-

TeJbHOe TI0JIOKEeHHe KOopabiiell Ha MOpe B TOT MOMEHT,

-- korja kopabub B nepecekaer JIMHUIO JBAKEHHsSt KOPab-

ag A (puc. 18). Ha srom pucynke touku 4’ u B’ ofo-

3HAYMAIOT MOJOXKEeHUA Kopabiell B HaYaJbHBIR MOMEHT

BpeMenn. Tax Kak CKOpOCTH Kopabmell U karepa 1o mMo-

AYITIO OJIHHAKOBBIL, 8 YTOJI MEXAY CKOPOCTAME ¥ U U pa-

pen 60°, rouka D Berpeun karepa ¢ xopabném B 1ok~

Puc. 18 HAa, JIeXKaTh B BEPIIMHE PABHOCTOPOHHErO TPEYTONbHHEKA.

3uaunt, vAt = a/2, rne a — runorerysa AA'B’'B, pasunas 2L /\/3 Orcioga Haxo-
aum At:

a 1 L
Aar=2 12
2 3w

Kpumepuu oyenusarus

OnpeneneHo MUHIMAIBHOE PACCTOSIHHME [ . ... .. o 4
HaBIIEHO BPOMSL T .ot o ittt e ettt et e e et e ettt e s 3
ONPEnEeHO BPEMST Al . ..ttt ettt et et e e 3

3agaua 3. [lnasneHue apga
{Ipu 3ano/HEHUH JYHKH KHIDSATKOM HEKOTODBIN 0ObéM V, Jibja pacmiasuTcs.
U3 aroro sabsa odpasyercs Bogd obbénvom Vy = Vypa/po. Creposareibro, obnénm
[IOJIOCTH yBeauuuTes Ha AV

AV =V, -V, =V, (u) . 2)
Po

Hast nnasaenus apga o6bpémoM V, norpebyercsi KOMHYECTBO TeINoTh (!
Q1 = Vapa. @)
Takoe xKe KOMHYECTBO TEITOTHI OTAACT JbAY KHIOSTOK B IPOIECCe OCTHIBAHMS:
Q2 = (Vo + AV)pocoAt, 4)

12

Saxaonumenvnnd sman. Teopemureckuti myp

rae At = 100 °C — u3Menenue remueparypsi ojsl [Tockomsky Q1 = Qq, ¢ yué-
roMm (2), (3) u (4) nonyaum:

Vipu) = [Vo +V, (39—[)1’2)} pocoAt.
(]

Orcwona Hajiiném obbém V.

V. = Vopoco At
“ 7 paX = (po — pa)coAt’

Hcxomast macca:

~1
m = (Vo + AV)po = Vopo - (1 - (—p"—p—'ﬂ’ﬁq’—;\‘—t) ~ 1160 r.

Kpumepuu ouenusanun

Ha#ineno renso, TpebyeMoe HA TLIABICHME JBJA « -« v v vveeer e eee e 2
HaiiteHO TEna0, OTIAHHOE BOMOM JIBIY « -« o v v ere e ee et rteaeennneannn 2
Haitmen o0n8M Vo oo 2
Half AEHO BEIPAKEHHE JIIH T .\ oo et v e ettt e e et e e e e e e e e e e e e 2
IOy 9enr TUCTOBOM OTBOT . . ..\ttt e e e e e e e 2

3amaga 4. DaeKTponJanTKa
O603HaMHM INEKTPHIECKUE CONPOTHBICHAA cupaledl yepes K, u Ko, Hanps-
AKeHHe B ceTu — depe3 U. 3anumeM yeIoBus TEMIOBOro DATaHCA IS BCEX HEThIPEX
CIydaeB:

2
— = Aty — to), 5
7 (t1 —to) (5)
2
7 = A(tz — to), (6)
U2

—ee = At — ¢t

e = Alls — to), ™

U2(R, + Ry)

3aech t3 U t4 — TEMIEPATYPH! IUMTKHA NPH 1TOCAEN0BATENbHOM B HAPALICILHOM
coeauHenun cuupaiell, Ry = R + Rz, Ry = R1Ry/(R; + R2) — conporusiienus
crupalielf Ipyu NOCNEAOBATENBHOM M [aPaJUIedbHOM COEIMHEHNH, A — HeKOTODLIH
K03GbPULHEHT POIOPIEOHAIBHOCTH.

Paznenns nounenno (6) na (5), monyqum:

By _ty—ty _ 200 5
Ro  t1—ty 160 4

13
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Teneps pasaenum (6) wa (7), Torma:

Ri+ R, to — tp Ry 200 v
= ; 7] 14+ — = ——r, TKYHS ty ~ 109 °C.
7 P Wi 7 L% OTKYyIA 3

Takum 0OpasoM, TIPH MOCIENOBATEILHOM COCIMHEHUH CITHPaJIell IINTKa HArpeeTcs
BCero 1o tz =~ 109 °C.

Anazorunsi 06pasoM HallIEM TEeMIEpaTypy t4 NPH NAPALICILHOM COCIMHE-
uyn cnupaJse. Jdns storo pazmenum nmowienno (6) na (8):

Ry th—tg
By + Ro ty—tg’

OTKYAR ty = 380 °C.

Kpumepuu oyeHusarus

BanpcaHbl 9eTHIPE YCAOBHST TEIIIOBOTO BGAMAHCA - .t vttt a i ie e i e e enns 4
Halij1eHa TeMIIEPATYPA €3+« « vt v ettt e e et e e et e 3
HaliIEHA TEMIEDATYDEA £4 « o v« e et e et e et et e e et et e e e nae e 3

3agaga 5. DieKTpHYECKN MOCTHK
Sanuwem 3axon Oma mast yuacrka nemm (puc. 19):

1. 0

R

IRo+ LR =U=0LR + I3 R. (9)
Cuna ToKa, IPOTEKAIOMIETO YePe3 HCTOYHHK, PABHA,

In=L+L=5L+1I. (10)

IIpeoGpasyem ypasrenus: (9) u (10):

(Io = I3)Ro = LRy — L Ry, (11)
Puc. 19 I() — I:J’ = II b I‘z. (12)

Iloacrapum (12) B (11): -
(It = )Ry = IRy — 1 R;.

W3 aToro ypapHeHUs CJIeAyeT:

Bo+ R

Kpumepuu oyenusanun

BanucaH 3aKOH OMa, JF YIACTKA IEIIH . - .« ot ettt et ieeienan et aaeaaeennns 3
3aIHMCaHO COOTHOIMICHUE I L1 oottt i it i iia e eerninenns 3
HafimeHo BhIpasKeHHe JAST Lo . .o e e 4

14

Saxmowumenvuntl sman. Teopemureckud myp

10 kJjacc

3apgaga 1. Ckoab>KeHue Ipy3a Mo JOCKe
1. Obo3naunmM cuiy Harsokenus HuTH depe3 T'. Sanumwem BTopoit 3akoE Hblo-
TOHA I BCEX TPEX TeN:

mypay = T — FTP? MGy = F"rp, Mal = M'g -~ T.

;,11(%017 a1 H (o — YCKOPEHHI I'PYy3a A JOCKU COOTBETCTBEHHO. W3 sTux ypaBHe}mﬁ
HHOJIYHUM!:
- fWg - Frp Frp

ma + M ms

Ilpwn apuxernn 6€3 MPOCKATL3BLIBAHUA A1 = A3:

Mg - F’rp - FTD oTKYa Fo= Mm, g
my + M msy’ o P o Fmy+ M

H})H ITOM CHJIa TPEeHHd IO MOAWIIO He NPDeBbIllacT 3HAYCHHA iy g. CHQJIOB&TQJH’»-
HO, AJIA JIBUXEHWST He3 NPOCKaJIL3bIBaHKA HGOGXO,I},I/IMOI

Mms < um U Mmgy
- . PA—— .
my + Mg + a9 S, e Hmin my(my + ma + M)

Fp=
2. HO,ZLC'I‘&BJ].HH HKCIOBbIe 3HAYCHIM MaCC BCEX PPY30B, [HOAYYHM!:

Hmin = 1/2

pu & 2 fmin CKOJIBIKEHUs! HET, & TIPH {4 < fipin I'PY3 Oy/1ET CKOIL3NTH 110 JOCKE.
3. Ilycrs Tenepb (t = pmin/2 = 1/4, Torpa:

M—mipu my
= e (] Go =
my + M

mso

OrHocuTeIbHOE YCKOpeHHe:

M—~miuy m
Mg ):9/4,

a, = a3y —as =
o g ( mi+M  ms

Bpems cocKaNb3bIBaHUA HAXOAEM U3 (bOPMyNbl L = Gorut? [2:

| 2L
t= =0,9c.
Aoy

Kpumepuu oyenusanus ,
Bamical BTOPOH 3aK0H HBIOTOHA /18 KAMKIOTO U3 TPEX TM .. v v rnernernernsn- 2
Halnenbl YCKOPEHHS TPY38 W JIOCKM . « < .« « e ueteeata et e e et e e s e aaeeaeeanenen 1
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Omnpeneneno, npu Kaxux Frp [PY3 IPOCKATBIBIBACT « ..\ ' e eaeeeeennnnn. .. 2
YKa3aHO 3HAYCHHE CHUJIbl TDEHUS MPH MPOCKATBIBIBAHEM . . . . .o ov e e eerernnn.s 1
ONPEHETIEH Lomin - -« o+ e v e v e ettt e ettt e e e e e e e e e 1
Haiizens! yCcKOpeHus JOCKHM B IPY3a HPH 4 = fmin/4 oo v v, 1
Ha#fIeHo OTHOCHTEIBHOE YCKOPEHEE - . - .« - e\t i e et e e e e e 1
HaiineHO BPeMst COCKATBIBIBAHM . . o« v v v ettt e e e et oo e e 1

3amaua 2. Jduccoumanmus
Hycrs v — yncsno momelr Oz 40 AUCCOUMALMH, (@ — FaCTh AUCCOUUPOBAHHBIX
Monekyn. ducno moaeit MOJeKyasapHOro Kucaopoga Qs mocie Aucconmanus vy =
= (1 — &)y, yucao Momeii aromaproro xucioposa O vy = 2av.
BanumeM ypasHenus: COCTOAHUS AJIst MOJNEKYJIAPHOTO ¥ ATOMAPHOIO KMCI0PO-
Aa:
po,V = v RT = (1 — «)vRT, poV =1 RT = 2avRT.

Cornacuo saxony JJansToHa p = po, + po, OTKYJA:
m
pV =1+ a)vRT = H—RT(l +a).
2

rae pp — monApHas mMacca Op. HocrenHee ypasHerMe MOYXKHO NEPENNCATD B BHIE:
_ RTy

1+ a), (13)

- p
p= 2 Rr1 (1+a) HIIH (—
H2 P/2
e MHIEKC 2 03HAYAET, YTO ITO COOTHOIIEHNE OTHOCHTCS KO BTOPOMY IHKILY.
AHAJOTHYHO AN NepBOro UMKIA:

R
(2) - .}i_i (14)
P/ 12

Coornomenns (13) u (14) cessbiBatoT oTHOUIEHUE p/ p ¢ Temireparypoit T’ B m10-
Goit Touke 1uknoB 1 1 2. B 9acTHOCTH OHH CHPABEIIHBEL I TOYEK C MAKCUMAIIb-
HBIMM TeMIleparypaMu Ha nukaax 1 u 2:

(E) _ RT} jnax , <[_)) — E_T_z_’_l_“j‘l‘_(]_ + ).
P/ 1,max H2 P/ 2,max H2

Benuwnnnl (p/p); nax B (P/P)g max MOKHO ONPESEIATS IO HAKJIOHY KACATEb-
HBIX K LuKJaM 1 2, mpoBeASHHLIX N3 HadaJa KoopauHat (puc. 20). Jis onpenee-
HHST abOCOMIOTHBIX 3HAYEHHH YTUX BEJMYUH HY’KHO 3HATH 3HAYEHHS MACIITAGHBIX
K09bdUIMERTOB pp ¥ Po, UCII0/B30BAHHBIX TIPU TOCTPOCHHN IPahUKOB 1IMKIIOB.

Ho Geapasmeproe OTHOIIEHHE Tipgy = [(p/ P)2.max /| (P/P)| max | HE 3aBHCHT OT Mac-

WTabHBIX KO3DOHUIHEHTOB py 1 Po. Ero MoxHO OTpe e s, MPOBe s KacaTeIbHbIe
K IEKIaM 1 1 2 ¢ MUHUMAJIBHBIM HAKJIOHOM K ocu abcuuce. Io rpaduky:

(ot ()0
P 2.max p 1,max

TO €CThb Tmax = 6.

16

Saxaonumenvroi sman. Teopemuneckuti myp

Cure10BaTEIIBHO:

Tomax (1+a)=k(1+a)=256,
Tl,max

OTCIOIA a=0,2.

OmnpeaennM renepb OTHOMEHRUE 1% ymin/ 71 min. JJ1s 9T0r0 HY»KHO IPOBECTH Ka-
carenbHbie K UuKiaM 1 # 2 ¢ MaKCUMaNbHbIM HakjoHOM K ocu abcumce. Ilo rpa-
dbuKaM UKIOB HAXOHUM:

T»l,min _ 11

"min = 11, OTKY/Ia = & 9,2.
Trnin P Y Tl,min 1+ P
1 0/po
2
1 Fa / L§

N

' ll //

; ]/ /

al

) g ,
Al
:P/Pn
0 2 4 6 8 10 12
Puc. 20
Kpumepuu oyernusanua

TIpuBeEHBI BHIPAKEHHUST ISl U1 M Vg UEPEB U H U oo ivie et ieiiaanaeanen 2
Hal(eHO BBIPAXKEHHE IS (D) P)2 v v vttt 1
HaitleHO BBIPAKEHHE I (D/P)V1 - oo v e et e e e 1
Onucas Cnocod HAXOKAEHUS Pmax 0 TPADHKY ..« oot or ittt 3
HalineHo 9HCIeHHOE 3HAYECHHE JJLST Trnax -« - « o« o e v v vmsnnsasanocneeeneeennenenn 1
OnpegeneHs CTENEHD DUCCOMMATIHI & .« v v e eneener e ™ot 1
Haiimeno otaomenne T min /T min - - oo v v 1
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3apaua 3. Illaii6a Ha HakJIOHHOM IUIOCKOCTH
Ilpn oTcyTcTBUM TpeHus BpeMms BO3BpaTa:

2v,
tg = —2 .
gsin
Tlpu Basm4uy cyxoro Tpenus maiba CKOMB3IWT BBEPX 10 HAKJIOHHOH IIOCKOCTH
C OTPHUATENBHBIM YCKOPEHHEM, PaBHBIM I10° MOILYTIO:

a; = g{sina + pcosa).
Bpewma t; nogbpéma nIaiibel 10 OCTAHOBKM:

Yo Lo

t = = — )
! ar  g(sina + pcosa)

IIpu sToM maiiba 40 OCTAROBKM TIPOHAET MyTh:

S:U()t]—alt%—t (’U ——ﬂ)_)_ 7"8
: 2 A0 2g(sina + pcosa)’

&

[locne ocranoBKH B BepxHel Touke maitba HAYHET CKOJIB3UTh BHU3 MO HAKJIOH-
HOH TITIOCKOCTH TIPH YCIOBHK g < tga. B aToM criydae yckopenne mai6ol: °

as = g(sin & — jtcos ).

: = 25
Bpewms to cnycka Haitném no dopmyne = —
5]
g 1
ty = — = .
9 /sin® a — p? cos? o
Bpewms ¢, Bosspara mafibsr: .
Vo 1 1

t, = tl +t2 = = . +
# g \sina+pcose  \/sin?a — p2cos? o

Beeaém obosnagenue:

T = —

tga’

Torna Bripazkenve qna t, MOxHO MpeoGpa3oBaTh K BHIY:

P Vo 1 + 1
P gsina\l14+z  V1-22/°
pu z — 1 ¢, — oo. Hafiném ycnosre, mpu KoTopoM £, = to.

18

Saxaovumenvrut sman. Teopemuneckuli myp

Ilpupasnss {, = tp, nomyunm:

1 n 1 —9
1+ '\/1——-;1:2_

DT0 ypaBHEHHEe MOYKHO IPUBECTH K BHIY:

=14 2z, OTKYJA. z—22% =0.

Tax kak x > 0, TO KOPHAMM ITOrO ypapHeHus ABAAOTCa Ty = 0 u 22 = 1/ V2.
[TepBoe 3HaUYeHWE COOTBETCTBYET JBIXKEHHIO Oe3 TpeHus, a [Jid BTOPOrQ peiie-
HUA Lo = tg a/\/Q. Ilpu it > po BpeMs Bo3BpaTa t, > to.

Kpumepuu oyenusarnusn

|5 % 2 0515 (00 ] 0 2) 3 7 Y 1
OnpegeneHo, IPpH KaKUX jL Ia#0a BEPHETCST HA3AM -« oo vvrene e iareneannas 1
Oupeneneso BpeMst £, BO3BPATA MPH HAJMTHE TPEHHA. . o\ vovnrreraiaenaeannnn. 4
Haiizmen 4, TPH KOTOPOM by = 40 « oo veii i iei et e e i e ee e 4

3agaua 4. Bapucrop

1. Ilycrn cana roka I = I, Obo3naunm ue-

pe3 Iy u I; CHJIBI TOKOB, TEKYIIHX COOTBETCTBEH-

HO Yepes pesucTop 8 Bapucrop (puc. 21). Torua
HANPSKEHWE HA BAPHCTOpPE:

E—-IR=U, =I,Ry = (I - I;)R..

Orcioaa caepyert, 9To i onpenenennd I,1 n Uy Ha rpaduxe BAX Hy»XHO IOCTPO-
uTh npsaMyIo auHuio Iy = I—U, /Ry, HA3bIBACMY 10 HATPY3049HOH XapaKTEPUCTUKOMH.
Crpouwm 3toT smueiinsi rpabuk: npu Uy, = 0, I, = I =lp =1 A, anpu I, =0,
U, = [yRy = 10 B. Orxnagemaem no ocam I, =1 A, Uy = 10 B (puc. 22).
Haxonum 1o rpaduxy: Ih ~ 0,36 A, Uy = Uy ~ 6,4 B.
W3 ypasuenusi & = Uy + [ R HaxouuM:

& =Unmg + L1 R=164B.

2. HanpszkeHre MCTOYHMKA BO3DPOCAO H CTAJNO paBHbIM ¥, = 267 = 32,8 B.
Hainésm ceasp Uy u Iy

& —IR=6& — (Ii+ LL)R =U,, a TIOCKOJIbKY I, =

HMEeM:

Us .
& — ?R — IR =Us,.

;1

19
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Iony4aeM ypaBHenune npsimoit:

& 11
)

OTnoxEM 1o ocaMm:

éa2Rn
I =0, Uy=—-—2"=164B,
0 R, +R ’

Us =0, IB=EB3,3A.
ITocrpouM HArpy304YHYIO XapaKTEPHCTHKY M HAMNEM:

Io~142A, Uwm=~92B,

AUy =AU, =Upa — U1 =28B, u Al =142-036~ 1,1 A.

I, A
3 |
]
]
7
2 ]
]
i
1 : :
7 N
i N
- A S :
a . \ )
—— ) : RN Us, B
0 5 10 15
Puc. 22

Kpumepuu ouenusanun

Halinena Harpy3souHaa XapakTEPUCTHEA B HEPBOM CILYYL .« v v v vrrrrnenraenenn.. 1
IlocTpoena Harpy304YHAS XaPAKTEPUCTHKA B TEPBOM CIIYHAC .. .. o.vrenenr. ..., 2
10)1001c91 (<3 (<) s Y0 1
Haitnena Harpy304Haa XapakTEPHCTHKA, BO CTOPOM CAYYAC « . oo vervnnnnennn. ... 2

20

Saxarowumeavnut sman. Teopemuneckuti myp

IlocTpoena HATPY301HAS XAPAKTEPHCTUKA BO BTOPOM CIYHAC . ... overrenen ... 2
Onpenenennt AUy ¥ ALy o oot e e e e 2
3anmaua 5. Ilenp ¢ gByMsa KoHIeHcaToOpaMu
1. Haitnem 3apst Ha KOHAEHCATOPAX: e [ l2¢

g , 4 I

E=—+ =,

TTw o == Ic'l :g T
otkyga g = 2C& /3. Torna HanpsaKeHUs Ha, KOHJICHCATO- Ir
pax: 2L & Puc. 23

Ue=—, U=~
' 3 3

2. Ilyers cpasy mnocne 3ambikannsg Kmoua Ks cuia ToKa 4epes axKyMyasTop
papna I, gepes xoumercarop C' — I¢, a yepes pesucrop - Ip (puc. 23).

B npouecce nepe3sapsakiu CyMMa HAIDSIKEHHI HA KOHIEHCATOPaX B M0OOH MO-
MEHT BPEMEHH PaBua &, CAeJ0BATENbHO:

Icdt B Idt
cC 20
HNonyuyaem I = 2[¢, orkyna:
3 Uc

IR=I+IC‘:'2‘I:"‘R—-

Crre10BaTeIBHO, KOIZIA CUJIA TOKA Yepe3 HaTapeid yMeHbUIHTCS B ABa pasa, HOBBIHA
3apsiy Ha C Takzke yMEHBUIHMTCS B ABA Pas3a, TO €CTh:

7(1“0/5"
do=5= 3~

Haiiném sapsaqg wa 2C:

. qo A4C&
q!zc7:20(5‘cc>: 3

3anumeM 3aKO0H COXPAHEHHUS SHEPrHM:
A=Q+ (Wi —We) + (Wae — Wae),

rae W — sseprusa Kouzencaropa, 4 = &Ag — paborta akKyMyaaTopa.

Ionyuaem:
s (€ @\ (ae &
@=&lec—q) (20 2Cc 4C  4C )

21
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. R L
CrreZi0BaTeNIBHO, Si Pmax = I 1 —cos &

IIpu L/R = w/3 moayuamMm, 9TO sin pmax = 3/(27) =~ 0,48 ~ 0,5. Orcroona
Qmax = 30°. TakuM 06pa3oM, TOUKA, B KOTOPOH HATAMKEHHE MAKCUMAILHO, HAXO-
AUTCS NIPUBIIABATENBHO B COPENHE LEOYKH.

Kpumepuu oyenusanua

3anucan BTOPOii 3ak0H HpIOTOHA IS MAJIOTO 3IEMEHTR. . . ..o e oot eennnns .2
IIpou3BeneHO CYMMUPOBAHUE IO BCOM HEMOWKE . . ..o\ vo et eene e, 2
HailfeHO BBIPAKEHME JIA Gy - o\t oot e e e e e et et e e et e e eeeans 2
Hamucano yenosue pasencrsa Hymo AT ... . . 2
Hanmmcano BHIPDAKEHME ITIA SITLDmax « e+« « o v v e enneenrnneemne e aian e, 1
B o7 i 1) T O 1

3anaua 2. /IBukenue 6e3 NpoCKaib3LIBaHUA
Ipumenum propoit 3axor Heotona ams rpy3a, qocku u 6pycka:

T— F'rp =myay,
Mg—T=Ma,,
Fip — kx = moaa.

3aeco T — cana garsKenus HUTH, Fyp, — cHna Tpenud, T — yAuMHeHAC DY KUHBL.

Toka Fyp < pmag, npockanb3biBanus we Oyzer. Vckompift iyte L Hafigsm
U3 YCAOBHA 1 = (g, NJIH WHAYE:

Mg — pmag  pmog — kx

mi + M ™Mo
Orcrona:
=g )
L=—_. , 1) — .
kmy+ M p(my +m2+M) M
Ecnu:
M
pu < = Hmin,

my+mes+ M

[IPOCKAJIb3bIBAHKE Ha9UHAeTCA cpasy, To ectb L = 0.

IIpw gocraroyno Gonkmom koadbdunnente rpenus p cucrema, OyIayyn npeno-
CTaBJeHHas CaMoli cebe, HaYHET coBepiIaTh KojebaTesbHOe JBUXKEHHE ¢ AMILINTY-
a0kt A = Mg/k. Makcumaireroe pacrspkenue npysxunst pasuo 2A. Toraa us yeno-
BUs Liax = 24, MBI CMOXKEM OIPENENUTE MUHIMAIBHBLA KO3(hDUupenT Tpesmust 11,
NIPH KOTOPOM NPOCKANL3BIBAHHS HE OyIeT:

M 2my +my +2M

H0=m2 my +my + M

24

Saxarovumenvroti sman. Teopemuneckud myp

Wrax, ecmu 0 > pg, 10 L - o0.

Ecan:
<u< M 2my +my +2M
— ) T e e
my+me + M B<to my my+mg+ M
TO:
—9_m ( o+ M) - M
i—— Y wimy +my + M) ) .
Ecim: v
M

< i =
H < HBmia my+me+ M’

BasucumMoctb L o7 p M306pakeHa Ha pucyHKe 25.

Tenepb BBLIMUCINM BpeMs ABUKeHMS OpyCcKa
[0 Ha4daja NMpOoCKayb3biBaHuA. [Ipu sToM cucrema
JBHXKETCS 110 TAPMOHUUECKOMY 3aKOHY:

L= A:q(l — coswt),

7
rae w? = k/(my +ma+ M). Otcioma mosygum, 91o:

fmy +ma+ M ( kL )

t =4/ —————-arccos{1-— npu o< po,
k Mg
a upd > (o NPOCKANL3LIBAHNE HUKOIAY, He HAYHETC.
Kpumepuu oyenusarnua

Banucay Bropoi 3axod HboTOHA IJ1 BCEX ABUACYIIMXC TEM. . oo oo veeeeene s 1
OUIPEIEIEH Lhpigin -« « « e v v vt ettt et ettt e e et et et e et et ie e iaaaeaas 2
OIPEIETIEH UG -« o« e v et et e et ettt e e et e e e e e e e 2
HatneH XapakTep JIBUIKEHMS TIPH Lh 2 10 -« o« e eenenenenmnnenennaaananiaaenans 1
HafimeH MYTh TPH Lhmin < g D « o v e vnvvnet et ettt a e eaeeanaanene 2
O1peieleHo BpeMs ABMIKEHHA OPYCKA - . ..ot ottt ie e e e e iaeeeeens 2

3agaua 3. TennoBas Malimka
PaccmoTpam paGoTy TemnoBoit Malunubl 3a Bpems At = 1 ¢. 3anumem BbIpa-
xenue g KILT n nukaa Kapro:

_Q-Q_ P _Ti-T
n 01 P+ P, T,

3mech P — nosesnas MOIIHOCTL MallMHBL, P — TCIJIOBAA MOUIHOCTDL, HEPEAABAC-
Mas XONOAMIBHHUKY. I3 5T0r0o BhIpasKeHHs CleayeT:

\-T

CormnacHo yenosuio 3aga4s Py = (Q2)ar=1c = (T — Ta).

P"—‘Pz
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XLIV Bcepocculickaa oaumnuade uikoasvHuros no guauke

13 sTux cooTHOMEHUE crexyer:

P:a(T“T2¥T‘ —D_, [T1 + Ty — (T+ T1TT2)] :

Besmuuna (T + T1 7> /T) npusuMaer MuHHEMaibHOe 3navenue mpu T = T, =
= /T1T5 = 489,9 K =~ 490 K. CnenosarensHo:

Paax = @ [T1 +T zm] =« [\/’E - \/T;]Z ~ 120 xBr,

[IpH ITOM:

= ET—T’E = 38,7 %.
m.
Kpumepuu oyenusarnua
Homy4eno sripaxenne dis Puepes Ty, To u T oo ooeeeeein e 4
Haiinena TemMneparypa, Opu KOTOPOi MOIIHOCTS MAKCHMAIBHA « « ..\ vsee... ... 3
Haliitena MaKCHMAIBHAS MOIIHOCTD .+« o v\ o ettt e s oo 2
Ompenemeno KTTIL . ..o o e 1

3ana4da 4. /IBmkenue 3apsiyKeHHBIX GaCTHIL

1. Benny cnmmerpuu Bce MaTepuaibHbIE TOY-
Ku OyayT OBHIaTbCA IO OZUHAKOBBIM TPAEKTO-
PHAM, OCTABAACH B KaXKAblI MOMCHT BPEMEHH
Ha OKPYKHOCTH HEKOTOPOTO HEPEMEHHOre pagny-
car(t) B BepIINHAX KBAJAPATA CO CTOPOHAMH, PaB-
HbIMK @ = /27 (t).

Paccmorpam onny u3 MATCPUAILHBIX TOYEK.
Ha He€ JefCcTBYIOT CHIIBI fl, I‘o u F. 3 CO CTOPOHDL
ocranbhbix actay (puc. 26). o 3akony Kynona
MOJIYJIH 9THX CHJI:

: _p- L oL 7
Puc. 26 h=h= dmegy 2r2’ B = dreg 4r2°

Pesynprupyomas cuna scerna nampasieHa K nedtpy (Touxa (), a eé MONvib
P) ; 3

papen:
F(r) = L (iz_\@__‘ii): 1 ¢ (2v2-1

dmeg \ 202 4r2 4meg r2 4

Orcroza cieyer, 9TO Kaxk/Iasd U3 MATEPHATBHBIX TOTEK ABHIKETCS TaK, Kak ec-
Jiu OBl M3 TEHTPA €€ HPHUTSATUBAN 3apH]l, IPOTHBOMIOIOKHBIH MO 3HaKy ® 1o abco-
JIOTHOM BCJIMYHHE PABHBIN

Q=g -—-———2@~1

26

Saxsovumesvrnt sman. Teopemuvecxuts myp

Dopmysra auis F(r) ananorndsa 3akony Kynona (uiu 3aKoHy BCEMUPHOTO TATO-
TeHus), Tak Kak F(r) ~ 1/r2. TIoaToMy TpACKTOPHH TOUEK — FJLTHICH ¢ GOITHIIOH
ocei0 Rg + R;. Touka O HaxomuTes B 0J1ioM n3 BPOKYCOB 9THX 3JUIHIICOB.

2. Xapaxteproe Bpems — nepuo/ T obpaienus no 3JUIHITHYECKOH opbuTe.
On moxer Gertb Hallzen n3 Tpersero sakona Kemepa.

Haiiném cragasa nepuoa Ty 06patieHunsi ToMeUHOR MACChT M, ABIXKYIIEHCS 10,
Aeticreuem cuitbl F'(r) no kpyroso#t opbure pamuyca Ro:

2 Ry mud
Ty = — — = ) =
0 o Ry (r)

1 ¢ (2v2-1
dmeg 72 4

Takag cKOPOCTDL JOMKHA GbITH COOBIIEHA MATEPUATBHBIM TOYKaM, 9T00bI OHH JIBH-
PAJIHCH IO OKPYAHOCTH paguyca Rg. Toraa:

ITo Tpersemy sakony Kenepa:

T\*_ (Ro+R\* e Tt (Bt RN
) = SR o ) OTKYyAa =lo\ =S5 — Ry .

loacrasasa s 31y dbopmysty Beipakenne s Ty, nosyuum:

2% m(Ro + R1)3
T=—,2rgg————
g 72 -1

Kpumepuu ouenusanus

Caeras BbIBOJ O XAPAKTCPE ABHIKEHMST TOUEK . . .« neeeeaesseessiee . 1
Onpenenenst cubl, JCHCTBYIONIHE Ha KAXKJIYIO TOUKY - oiiie e ieie e iiiiiannnns 1
Haiineno suipackenue juist F(v) ..o o 1
Onpeaenén sb@eRTUBHBI 3ADPAL Q... oo 1
O6bAacHeHO, MOYEMY TOUKI JIBHXYTCS 110 JIUIHACY « v veeennnn. e 1
HUcnonwzosan Tperuit sakon Kewaepa .. ..o oo 1
3annCane YPABHEHUO JIBHKCHUI TOMCTHON MACCHL . ..o\ e 1
Onpeneméa mepuon Ty ovvovovoiiininnn.. e e 2
Hafimeno Beipakenime nasn T oo R |



XLIV Bcepoccuiickas oaumnuada WKOAGHUKOS O dusuxe

3azaga 5. YHUIOISIPHEIE HHIYKTODR

1. Ha csoBomtbie 3/1eKTPOHBI B TPOBOAMAIIEM CJIOE IPH Bpa-
LIeHUY MUCKa aeficTever cuaa Jlopenua Iy, = ev B, rnee <0 —
3apsi 3AEKTPOHA, U = wr — JuHelinas ckopocTs. Ilpn ykazan-
HBIX H& PHCYHKE 27 HANDPABICHHAX MAIHUTHOTO I[10J1s1 H Bpaile-
Hus OucKa cmna JIopeHIs HampasieHa K NeHTpy Jucka. B pe-
3yALTATE BO3HAKACT NepepacipeIeieHte 3apagos: JJeKTPOHB!
6ynyT mepeMelmiaThcs K HEHTPY, & Ha GOKOBO#H MOBEPXHOCTH

Puc. 27
06pa3yeTcss HeCKOMIICHCHPOBAHHBIA MOMOKATENBHEIH 3apai. ITO MPUBEIET K BO3-
HUKHOBEHMIO 3IeKTPHIECKOTO Mo/ F, HAIPABIEHHOTO O PAARYCY K LeHTpy. Pas-
HOBECHe HACTYIAT, KOTAa B KaxKIOH TOUKe MPOBOJALIEro Clos KyJAOHOBCKAA CUNa
CKOMIIGHCHpPYeT cuay JIoperma:

E =vB.

Pa3HOCTH OTEHIHATOB Ay MEKIy GOKOBOH MOBEPXHOCTHIO AUCKA (T = To) M €ro
uerrpoum (r = 0) pasHa

ell = evB =ewrB, TO €CTh

r

1
Ay = IEdr = 5/.&7‘3.3.
0
Ta pasHOCTh OTEHUHMATOB ¥ OyJeT H3MepeHa BOAbTMETPOM:

V=Ap= %wrﬁb’ = avrg B = 62,8 - uB,

HPUYSM MHEHYC — B LEHTPE JHCKA, 8 [I0C ~ Ha GOKCBOU MOBEPXHOCTH.

2. Juck pasroHAeTcs MOMEHTOM CHJibl AMIiepa, BO3HHKalOUlell B pesysibrare
B3aMMOASHCTEYA PAJHANBHO HAUPABJACHHOO TOKA C MACHUTHBIM TONEM JUCKa.
B cooTBeTCTBHM ¢ MPABUIIOM JEBOH PYKH JHMCK OYyJeT BPAIDATBCS TaK JKe, KaK

¥ Ha pucyHke 27 — MPOTHB YacOBON CTPEJKH, EC/IH CMOTPETh CBepXy. Pasrod nuc--

Ka OPEKPaTHTCH, KOTHa CHIA TOKA CTAHET DABHOH HY/IO, TO €CTh KOTJA Pa3HOCTh
noreHnuanos A, obycnosiennaa geficrsueM cuibl Jlopenua (cMorpu myHkT 1),
craner pasuoit DC Garapeiku:

2
TVnpeals B = &,

d

Ap =&, i
OTKYNIA Vnpen = & /(T3 B) = 7,2 - 10* 06/ M.

Kpumepuu oyenueanua

O6bACHCHS, OPUHUEA BOSHUKHOBEHNST DA3HOCTH MOTEHIAATOB . - oo vveveeenee e 1
BANHCAHO YCIOBHE PABHOBECHI . - .« v« ettt e vteen e et e et e e s e 2
] 13 51CY (5 (212 YA N 2
[Monyveno YHCACHHOE 3HAYCHME AT V ..o . .. ... .. 1
O6bACHEHA NPHIUHA, BPATUEHWA JACK . oo ot et ot iatnnern et cnnaeeenarasannaons- 1
BaIrCano YCIOBHE IPEKPAINEHN PA3IOHA JHCKE « -« v v e vvnvaeae et enaaeuanans 2
To. Ty Meto YHCACHHOE SHATEHHE JITIST Unpes « -+« + v oo s nrnsnsneessnaenesoennaonns 1

28

MeToauueckas KOMECCHA 110 pU3NKe
[pU IIEHTPAJILHOM OPTKOMHATETE
Beepoeen#ickux oJmmMnuan HKOJIbHAKOB

XLIV Bcepoccniickasg oauMnaga
NIKOJIBHIKOB TI0 (pu3mke

3aKJIIYUTEeJbHBIN 3Tall

Teopermyeckuit Typ

MeToauueckoe nocobne

BeJaropoa, 2010 .



3aKA0UUMEALHBLT IMAN. DKCNEPUMERMANHOIT MYP

9 kJ1acc

3agagya 1. MaruutHoe TOpMOXKeHHE
Pasmugaror 1Ba Buga cuit TpeHus.
Cuna Cyxoro TpeHUsI BO3HUKAET HA TI'pa-
HUIE JBYX TBEPJBIX TeJI. IJTa CHJIA XapaKTe-
pusyercss KO3I(pDUIIMEHTOM CYXOro TpPEeHUs /.
MakcumaJjbHasi CHJIa CyXOTO TPEHUsI BO3HUKAET
[IPU CKOJIbXKEHUH OJJHOTO TeJIa O JPYroMy:

(FTp)mam = MNv

rae N — cujia HOpMAaJIbHOTO JIaBJICHUS. Puc. 1
Cuta cyXoro TpeHust MpaKTUIeCKH He 3aBUCUT OT OTHOCUTEIHLHOM CKOPOCTH COTIPHU-
KACAIOIUXCS TeJl.

Cuta Bs3koro Tpenus F), BO3HUKaeT NpU JIBUZKEHUU TBEPJIOTO TeJia B KW/I-
KOCTU WJIM ra3e. JTa CUjia TP JIOCTATOYHO MAJIBIX CKOPOCTSX MPOMOPIMOHATLHA
CKOPOCTHU TeJia; B

F.p = —00.

Ona Bcerjia HalpapJjieHa [IPOTUBOIIOJIOXKHO OTHOCUTEILHON CKOPOCTH U. DTOM
JKe 3aKOHOMEPHOCTHU HOIUHACTCS CUJIa "MATHUTHOTO TOPMOYKEHUA" | BO3SHUKAIOIIA
[pU JIBUZKEHUN HAMATHUYIEHHOTO TeJIa [0 TPOBo/Isiieil mosepxuocTu. Cujia Maruu-
HOI'O TOPMOYKEHUS BO3HUKAET U3-38 MAIHUTHOTO B3aMMOIEHCTBIS HAMATHITIEHHOTO
TeJa ¢ HJIEKTPUIECKIMI TOKAMHU, BOSHUKAIOIIMMI B HEMATHUTHOM IIPOBOJTHUKE, 110
KOTOPOMY CKOJIB3UT TeJi0. CHity MAarHUTHOT'O TOPMOYKEHUSI TAKKE YCJIOBHO HA3bIBa~
IOT CHJION BA3KOI'O TPEHHUSI.

B nannoii 3aade npejjiaraetcst UCCIeI0BAThH CKOJIbYKEHUE HAMATHHICHHO Taii-
OBl I3BECTHOI MACCHI IO AJIIOMUHUEBOH DaJIKe, IOKPBITOH 6y Maroi, Ipu pa3InaHbIX
yrax HAKJIOHA OaJIKMU.

1. Vkaxkure HOMEp YCTAHOBKHU B TETDAJIN.

2. N3roroBbTe HAKJIOHHYIO IJIOCKOCTH C TOMOIIBIO MITATHBA U AJIOMUHUEBON
6aJIKi, KaK [MOKA3aHO Ha PUCYHKE 1.

3. Oupenenmure KO3MDOUIMEHT L CYXOTO TPEHUS MEXKJIy MATHUTHON IMaitdoil u
MTOJIOCKO# OyMarm.

4. Ecoiu moJIOKUTH MArHUT Ha HAKJIOHHYIO OAJIKY U OTIIYCTUTH, TO I€Pe3 HEKOTO-
poe BpeMsl YCTAHABINBAETCS JIBUKEHUE C ITOCTOSIHHOW CKOPOCTHIO.

CHEMHTE 3aBHCHMOCTD yCTAHOBUBILIEHCH CKOPOCTH Uycr CKOJIBXKEHH: OT yIVIA
HAKJIOHA aJTIOMUHUEBOT Oasku. [Ipu KarK10M 3HAYEHUN yTyIa (v UBMEPEHUsI CJIEYeT
[IPOBOJIUTE HE MEHEEe TPEX pa3, U ONPEe/sITh CpejiHee 3HAYeHUEe CKOPOCTH.

JlJtst 0THOTO TTPOU3BOJILHOTO YTJIa YOEIUTECh, IYTO Ha, BLIOPAHHOM yIaCTKE U3Me-
PEeHuil CKOPOCTD JABUXKEHUA JAEHCTBUTE/ILHO IIOCTOAHHA.

5. Onpegenure KOaMMUIUEHT TPOTOPIUOHATLHOCTH 3 MeXKTy CUJIoil "Marau-
HOT'O TOPMOXKEHUsA" U CKOPOCTHIO JIBUYKEHUsI MATHUTA.

XLV Bcepoccutickasn 0isumMnuada WrOAbHUKOS N0 dusuke

Buumanmne!!! Maraut goctaTodHO CHJIBHbBINH, ITOTOMY OyabTe aKKy-
paTHbI, ecjid MObJIU30CTH €CTh MeTa/LInvdeckue npeaversl. Pekomengyem
CHSTH U OTJIO’)KUTH B CTOPOHY MEXaHUIECKHUE YacChI.

ITocsie okonvanusi paboTbl OCTaBbTE€ YCTAHOBKY B I€PBOHAYATBHOM
cocrostauu. Pacuér morperrsHocrerli He TpebyeTrcs.

Oo6GopynoBanue. Illrarus, amromuHueBas Oajika ¢ HAKJICEHHBIMU IOJIOCKOM
OyMaru ¥ M3MEePUTEIbHON JIEHTOH, MAarHUT ¢ W3BeCTHO# Maccoit m = 15,4 r, ju-
Heifka, CeKyH0Mep, MIJITIMEeTpOoBast Oymara.

3agaua 2. OcTeIiBaHue BOABI
B sroit 3a7ade niperaraeTcs U3yUIUTh MPOIECC OCTHIBAHUS MAJIONW MOPIAN BO-
apl. Tak Kak 9TOro HeJb3d CAeJIaTh MPU IMOMOIIHA TEPMOMETPa, TO MPEeJIaraeTcs
HCII0JIb30BaTh TepMOIlapy Me/ib-KOHCTaHTaH.
Eciu onun u3 criaeB TepMoniapbl HAXOMUTCS IPU TeMIlepaType ti, a Apyroi —
npu Temmeparype tg (ta > t1), TO HAIIPsIPKEHUE MeXK/Iy KOHITAMI TePMOIIaphl 3aBU-
CUT OT pa3HOCTH Temueparyp At =ty — i1:

U=a-At+b-(At)?,

rae b=15-10"° MB - °C~2 npu yc/ioBUM, UTO OJUH U3 CIAEB PACIIOJIOKEH B BOJIE,
a BTOPOIl — B CMeCH BOJBI CO JIbIIOM.

Komuarnas temmeparypa ty 3amaeTcs opraHm3aTOPaAMH OJIUMINAILI. Pacdér
MTOTPEITHOCTEN He TPedyeTcs.

1. Ompenenure sKCIEPUMEHTAIBHO 3HAUYECHIE KOYDDUITUECHTA @.

2. TTocrpoiire rpagynposounslii rpaduk 3asucuvoctn U (At) HAIDsIZKEHUsT MEK-
Jly KOHIIAMF TE€PMOIAPLI OT PA3HOCTH TEMIIEPATYD, P KOTOPBIX HAXOJATCS CIIAK
TepMotiapbl, B guanazone 25 °C < At < 90°C.

3. MzroroBbre U3 MPOBOJIOKH IOJICTABKY JJjis MPOOUPKU U 3aKpeluTe B Heil
npobupky. Haseiire B Heé ropsigeii BOJIbI, IOTOM BbLIEHTE U CHOBA HAJIEHTE TPUMEP-
uo jio Metku 1,5 myr. CHUMHUTE 3aBHCHMOCTH TEMIIEPATYPBI OCTHIBAIOIIEN BOJIBI B
IPOOUPKE OT BPEMEHU OCTBIBAHUS. PEKOMEH TyeTCs IIPOBOIUTD M3MEPEHIsT BPEMEeH!
B MOMEHTBI M3MEHEHUsI TIOKA3aHIi MUJUIMBOJIBLTMETPA.

4. TTocrpoiire rpaduk 3aBUCKMOCTH TEMIIEPATYPhI ¢ BOJLI B TIPOOUPKE
OT BPEMEHU T.

5. Haitmure yriioBbie KO3 MUITHEHTHI Y4 U Y3 HAKJIOHOB KaCATEIbHBIX K Tpadu-
Ky IpU TemIeparypax Bojbl B npobupke ty = 65°C u tp = (t4 + tx)/2 n ux
OTHOIIIEHNE.

6. XapakTepHoe BpeMs OCTBIBAHUS BOJbI B IPOOUPKE BLIUUCISIETCS IO hOPMYIIe

t—tx
T = """
Y
e t — TeMmiepaTypa BOJLI B IIPOOUPKeE, a Y — yIJI0BO# KO3 PUIUEHT HAKIOHA
KacaTeJbHON K rpaduKy 3aBUCHMOCTHU TEMIIEPATYPBI BOJIbI B IPOOUPKE OT BPEMEH!
[IpU TeMIIEPAType BOIbI B MPOOUPKE t.

4



3aKA0UUMEALHBLT IMAN. DKCNEPUMERMANHOIT MYP

Haiture xapakTepHoe BpeMsi OCTBIBAHUS BOJIBI IpU t = t4 U t = tp, a TakkKe
UX OTHOIIEHHE.

IIpumevanue. Jleq u ropsdast Boja BBIIAIOTCS 10 TPEOOBAHUIO yIACTHUKA.

O6opynoBaumue. Tepmorapa Me/Ib-KOHCTAHTAH, MUJIIMBOJBTMET], ILIACTMACCO-
Basi MPOOUPKA, TPOBOJIOKA JJIs MTO/ICTABKHU, IJIACTUKOBBIN CTAKAHIUK C BOJON 1pu
KOMHATHON TEeMIIEPaType, COCYJ CO CMEChIO BOJBI U JIbJIa, CEKYHIOMED, B JIACTA
MIJLIMMETPOBOI OyMAaru Jjisi IIOCTPOCHUS IPAUKOB.



XLV Bcepoccutickas orumMnuais WKoNGHUKOE No Puduke

10 kaacc

3amaua 1. OnpeneseHue BI3KOCTU MAacCJIA.
Eciu cdepuveckoe Bsi3koe Teso maiaeT B OECKOHEYTHON KUJIKOH cpejie, U BA3-
KOCTH JKHJIKOCTH MHOT'O OOJIBIIIE BSI3KOCTH ITOTO TEJIa, TO HA HETO JICHCTBYET CUJIa
BSI3KOT'O TPEHMsI, KOTOpas Bbraucasercs mo ¢popmyse CTokca:

F = 4mnrv,

rjle ¥ — CKOPOCTD IIAPUKa OTHOCHTENHHO YKUJKOCTH, I' — PaJHIyC IapuKa,
7 — KO3 DUIMEHT BAZKOCTH.

Ecnu xe cdeputeckoe Bs3koe Teso masiaeT B Tpyde ¢ KUJIKOCTHIO, TO YTOTHEH-
Hasi (GOpMyJIa IPUHUMAET BU/I:

F=dmrv |1+ 2,4}% ,
rae 7 u R — pammycel Teia u TpyObl COOTBETCTBEHHO. DTa (DOPMYJIa ITPUMEHUMA
B CJIydae JBUYKEHUS MIAPUKA BIIOJIb OCU IWJIMHIPUIECKONU TPYOBI.

Onpenenure BsA3KOCTh Macja. st aToro:

1. [Tpuaymaiite n onummTe Crrocod MOIyYeHNsT KaIleIb BOJIbI OJIMHAKOBOIO pa3-
Mepa U OIPEJEUTE UX PAIIYC.

2. Nmeer Jin CMBICII 1I0JIB30BATHCsI yTOYHEHHON popmysioii? Orser obocHyiiTe.

3. Omnpenenure K03DOUINEHT BI3KOCTH KCIEPUMEHTAJIBHO, IIPOBEIT CEPUIO
u3 He MeHee 15 maMepeHwmii.

4. TloBropure mM3MepeHusi, UCIOJIL3ys BTOpyio uriay. CpaBHUTE TOJIyJeHHBIE
3HaveHnsT KO3 PUImeHTa BI3KOCTH.

5. Omennre norpentHoctu usmepenunii. OneHUTE IyTh peJIAKCAIIUA — JJIAHY
ydacTKa, Ha KOTOPOM YCTaHABJIMBAETCS CKOPOCTD IIAPUKA.

Ilpumevanue. Ba3kocThb BOJIBI MHOTO MEHBINE BSI3KOCTH Macja. B ciaydae ns-
OBITKA YKUJIKOCTH B IIMJINHJIPE, 0OPATUTECH K JI€?KYyPHOMY 110 aynuropun. Ecim Bbl
YTOIWIN IPOOKY B Macjie, 00paTuTECh K JEKYPHOMY IO ayIUTOPUH.

OGopymoBaHue. MepHblil UJIKHJIP U3BECTHOrO juaMerpa [ ¢ MacjoM, cTa-
KaH C BOJOIl, 2 UIJIBI PA3HBIX JUAMETPOB, IIIIPUIL 2 MJI, IIIPHUIL 1 MJI, CEKyHIOMEp,
IIEHOTLJIACTOBas IIPOOKA.

Bamaua 2. Cepblii g1k
Bam Bbigan “cepblil gamumk” ¢ IPOHYMEPOBAHHLIMU BbiBogamu (puc. 2). Buyr-
PU HEro HAXOIUTCS ISTh PE3UCTOPOB C COIMPOTUBJIEHUEM I° U OJWH PE3UCTOP C
conporuBenneM R, coeJMHEeHHbIe, KaK MMOKa3aHO Ha pucHyHke 3. OJHAKO COOT-
BETCTBHE MEK/y BBIBOJIAMU SIINNUKA U BBIBOJAMU HA IIPUBEIEHHON JIEKTPUIECKON
cXeMe HEU3BECTHO.



3aKA0UUMEALHBLT IMAN. DKCNEPUMERMANHOIT MYP

12— Cepurit anux [2 3

s N

4
Puc. 2 Puc. 3

1. Ykaxkure B paboTe HOMED BBIIAHHOI'O BaM HAIINAKA.
2. MIamepbTe 3HAUEHUSI CONPOTUBJIEHII MEXK Iy KaxKJIOi 1mapoii BBIBOIOB "cepo-
ro" gmuKa ¥ 3aHECHTe PE3yJIbTATHI U3MEDPEHH B TabJIHILy.

3. Ucnonb3ysa mosydeHHble B XOJe M3MEPEHUil JaHHbIe, MPEeIIOXKUTE CII0Cob
YCTAHOBJIEHUsI BEPHOI'O COOTBETCTBUSI MeXK Iy rapamu BeiBojoB A — Du B —C u
mudpamu 1, 2, 3, 4.

4. Oupejiesinre 3HAYEHUs COPOTUB/IEHUN R u 7.

5. Onennre TOrpentHoCcTy HANIEHHBIX BEJTUIIH.
OGopynosanue. “Cepblil gmuK’, MyJIbTUMETP B PEKUME OMMETPA.



XLV Bcepoccutickas orumMnuais WKoNGHUKOE No Puduke

11 kaacc

3agaua 1. ITaoTHOCTH ILIACTU/IMHA.
Ompeaenure MIOTHOCTD IJTACTIIAHA.

Ipumeuanue. Ecim Bam nonamgoburcs dbopmysia Jjisd KHHETHIECKON IHEPIUn
IPY2KUHBI Macchl M, OauH KOHEIl KOTOPOW 3aKpEeIUIEH, & JIPYroil JBUZKETCS CO
CKOPOCTBIO ¥ BJIOJIb OCU NPY?KUHBI, TO Bbl MOXKET€ CYUTATD, YTO

B Mwv?
KMH — T
Macce! npyuabl M u raitku myg, BbIpakeHHbIe B FpaMMax, YKa3aHbl Ha Pado-
YeM CTOJIE.
BroigansbIil BaM IUIACTUIINH 110 OKOHYAHUN PAOOTHI OCTABUTH HA pabodyeM MecTe.
ObGopynoBanue. Kycok mractuinHa, raiffka Macchl myg, IpyKuHa Maccsl M,
HUTH, CEKYH/IOMED, IITATUB, JUCT OyMaru HECTaH/IAPTHLIX PA3MepPOB.

3amada 2. Onruyeckuii YEPHBIN AIUK.

Buyrpu 4éproro gmuka (TpyObl ¢ OTBEPCTHIMU, 3aKPHITHIMU IJIOCKUMUI CTEK~
JIAMU ) HAXOJUTCs OLNTHYECKas cucTeMa. B eé cocraB BXOJAT JBe AudPaKIUOHHbIE
peIeTKn u Kpyrias guadparma, IpUCIOHEHHAS BIJIOTHYIO K OJIHOI M3 PEIIéTOK.
Ormpesesure:

1. paccTosiHus OT PEIIéTOK JI0 KOHIA Cepoil TPyOKM, 0603HAUEHHOIO CTPEJIOU-
KOI;

2. yroJ1 MeXKly IITPUXAMU PENIéTOK;

3. nepuobl (pacCcTogHUs MEXKIY MTPUXaMiu) AUu(PAKINOHHBIX PEIIETOK;

4. tmameTp anadparmbl.

OGopynoBanue. YEpHBIiT sIIUK € TI0/ICTABKON, OyMarkHast JuHelika (¢ MUILIm-
METPOBBIMHU JIEJIEHUsIME ), Ja3ep (mamHa BosHBI A = 650 + 10 HM) Ha HOJCTABKE,
MULIUMETPOBag OyMmara, JucT OyMaru (BbIAEPHUTE U3 TETPAIH).



3aKA0UUMEALHBLT IMAN. DKCNEPUMERMANHOIT MYP

BOSMO}KHBIQ pemeHmnAda
9 kJ1acc

3agagya 1. MaruutHoe TOpMOXKeHHE

1. Cobupaem yCTAHOBKY COTJIACHO YCJIOBHIO.

2. YcranaBimBaeM yroJl HaKJIOHA OAJKUA paBHBIM HYJIIO U KJIAJEM Ha HEeE Mar-
uut. Ilocrenenno yBesinduBasi yros HaKJIOHA, HAXOAUM KPUTHYECKHN YIOJ «,
[IpU KOTOPOM IMaiiba HAYMHAET COCKAJIB3bIBATH. llpm stom p = tga. IIpoBommm
HECKOJBLKO OIBITOB, IOy Ie€HHbIE PE3YILTATHI YCPETHIEM.

3. CHuMaeM 3aBHCHMOCTL BpeMe-
HU ¢ [OPOXOXKIEHU: MAIHATOM ydYacTKa
OLpEIeIEHHON JUIMHBL | OT Lepenaja Bbl-
cor h ma sTom yuactke (puc. 4). B arom > 1
cJlydae MOYKHO 3alliCATh:

l h h

V= - sino = —.
t’ l

st Toro, 9ToOBI yOETUTHCS, UTO </

Mbl HU3MepgeM CKOPOCTb JEHCTBUTEIHLHO
B YCTAHOBUBINIEMCS PEXKUME, IPU (DUKCH- Puc. 4

POBAHHOM yIJVIe CHUMaeM 3aBUCHUMOCTH

BPEMEHU COCKAJb3BIBAHUS OT JUIMHBI | u crpouM e€ rpaduk. OCHOBHBIE n3Mepe-
HU¢ CJIe/IyeT IIPOBOJIUTH HA TOM ydYacTKe, rje rpaduK JIMHEEH.

4. 3anumem BTopoit 3aK0H HbIOTOHA [jIs yCTAHOBUBIIETOCS JIBUYKEHUS TTANOBI
B IIPOEKINH HA [TOBEPXHOCTH OAJIKU:

mgsina — ymgcosa — fv = 0,
OTKY/Ia IIOJIy4daeM:

m
v = %(sina—ucosa) = k(sina — pcos ). (1)

Jlist KaXKI0ro 3HAYEHUs] yIyia Mbl MOYKEM paccuuTarh Koddduiment "Ba3ko-
CTH & 3aTeM IOJIyIEHHbBIE Pe3yJIbTaThl yepeaHuTh. OHaKo ropasno 60/ee TOTHBIM
MeTOJIOM 00pPabOTKH sIBJISIETCs TpadUIecKuii Criocoo.

13 dopmysst (1) ciaemyer, 4T0 3aBUCUMOCTD Vyeq (SIN (v — 4 COS @v) ABJIACTCH JIHI-
ueitaoit. [locTpous eé€ rpaduk u ompeesnB yriaoBoit KO3 @UITHEHT ero HAKJIOHA K,
MBI MOZKEM PACCUUTATH BeJIUIUHY Koddbduruenrta J3:

XLV Bcepoccutickasn 0isumMnuada WrOAbHUKOS N0 dusuke

Kpumepuu ouenusanus

Haitern KO3 MUIIEHT CYXOTO TPEHUIST b « .« vt v vttt e et e e et e e e e 3
IMomy emHa 3aBHCUMOCTD Vyer (Q) oo e e et 3
IIpoBepena MOCTOSIHHOCTH CKOPOCTU COCKATBIBIBAHIIS . .« « e v voveeeeeeaeeeeann 2
BriBesiena dopmysia, CBABBIBAIOMAA Vyep € YITIOM (V.o vvovanee e, 2
ITocrpoen rpaduk 3aBECUMOCTH Vyer OT (Sin v — 1 COS @)

WU [IPOBEJIEHBI PACIEThl Ko duimenTa (5 sl PA3JINIHBIX YIJIOB . ... ... 3
Ompenesteno 3HaUEHUS KOIDMUIIIEHTA ..o\ o ittt 2

Sagaua 2. OcTeIBaHUEe BOABI

1. Omycrus ojinH cnail TepMonapbl B CMECh BOJBI CO JIBJIOM, & JIpYTOil — B CTa-
KaH C BOJIOI IPU KOMHATHOIN TeMIlepaType, u3MepsieM MUJIJINBOJILTMETPOM HallPsi-
xenne Uy = 1,0 MB Mex 1y KOHIITaMHu TepMomnapbl. 3Has KOMHATHYIO TEMIIEPATYPY
tx = 27 °C, naxoanm:

a = ti = 0,035 W .
K

2. 3uas koaddunuentol a u b, crpouM rpajyuposounbiii rpaduk U (At).

3. BakpemisgeM IIaCTMACCOBYIO MPOOUPKY B MOJICTABKE, IIPOTPEBAEM ropsivdeil
BOJIOI U 3amoJiHsieM TpoOupKy mo MeTKy 1,5 mur. CHuMaeM 3aBHCHMOCTDH HAIPsi-
JKEHUs MeKJly KOHIIAMH TepMOoIapbl OoT BpeMeHH. VIcrosb3yst rpajayunpoBOYHBII
rpaduk, cTpouM rpaduK 3aBUCUMOCTH TEMIIEPATYPHI BOJBI B IIPOOUPKE OT BpeMe-
HU.

4. Ha nostyuennom B nyakre (3) rpadbuke NpoBOAUM KacaTeJbHble B TOUKaxX A
u B, rme Temmeparypsl Bogbl B IpoOupKe cOOTBETCTBEHHO paBHbl t4 = 70°C n
tp = 48°C. Haxomum yriioBbie KO3(hDUIUEHTHI HAKJIOHOB KACATEJIbHBIX B 3TUX
TOYKAX U UX OTHOIIEHHE:

_a_

B

k 2.

Kpumepuu ouernusanus
Hamucano Boiparkenue, cBs3bIBaloliee 3HateHne K03 uimenTa, a

C UBMEPACMBIME BEJIATMHAME .« .« « « + e ottt e et et et et ettt e e e e en 1
Haiineno suadenue a B puanasone 0,032 < a < 0,038 MB/°C................... 1
BanosHeHa Tabmia 3aBUCHMOCTH U (AE) ..o 1
Tocrpoer rpaduk 3aBUCUMOCTI U (AL) .ot 2
Banosnena Tab/IHIA KCIEPUMEHTATILHON 3aBUCHMOCTH £(T) oo .vov e, 5
TTocTpoen rpaduK 3aBUCHMOCTHI £(T) .« .t vttt ettt et 2
OLIPEJICJICHBI 3HAYCHUS YA, VB U UX OTHOIIEHUE . « . o« o v sveeeeea e, 2
OIIPEJIEJICHBI 3HAYCHUS TA, TR U UX OTHOIICHUE . .« e e veeeataeaeaeneeenenns 1
10
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10 kaacc

3anmaya 1. Onpenesienne BAI3KOCTH MacJa.

1. /1 onpenesierns paJimyca Kaneab HATOJUHAM IIITPHIT BOJOM JI0 HEKOTOPOTO
YPOBHS, TaK YTOOBI MBI 3HAJIN BeChb 00bEM BOJBI B minpuile. Byaem BbIIaBINBaTH
U3 IIIPUTA KA, [TI0Ka BOJIAa B IIIPHIE He 3aKoH4YnTCd. [Ipu aToM Hy)KHO
[IO/ICYUTHIBATH KOJIMYECTBO BbIIABJIEHHBIX Kallesb. Tora:

NVo =V,

rme N — KOJIMYeCcTBO Kalle/lb BBIJIABIECHHBIX U3 IIpuma, V. — o0bEeM BOILI B
mputie, Vo — 00bEM o1HOM Kartu. Toraa paanyc MOXKHO ITOCIUTAThH U3 U3BECTHOI
dopmyibt 71 00bEMA TIapa:
4
VQ = — 7TT‘3.
3

s mosty 4eHust Kalresib BOJbI OJIMHAKOBOI'O Pa3Mepa IPOThIKAeM IIPOOKY IIIIPH-
1M, & 3aTeM 3aTBIKAEM IIPOOUPKY MPOOKOI ¢ IPOJIETHIM IIITPUTIEM.

2. Bynem cuntarh, 9T0 CKOPOCTH JABUKEHUS KAILIA YCTAHOBUIIACDH, TOIIA 1) MOK-
HO HafiTu u3 BTOpOro 3akona Hpiorona:

r

(ps — pu) gVo = ATNrvyes | 1+ 2,4R

Torma mosryaaem:

1 Ps — Pu 9T2
SR @)

r

Uycr 1+ 2,4§

L1t TOrO, 9TOOBI PENIUTH, UMEET JIU CMBICJT [TOJIb30BAThCS YTOUYHEHHON (hOPMYJIOii,

HY?KHO CPaBHHUTH 1 U IOIIPABKY 2,4}%. Ecau nonpaska conzmepuma ¢ 1, To €€ Hy2KHO
VIUTBIBATD.

3. Hna ompezesenus 1) mo dopMyite (2) HyKHO ONPEIEIUTb Uyer — CKOPOCTD
YCTaHOBUBIIIETOCH JIBUKEHUS ITapUKa BOJIBI B MacJye. é MOKHO MOMepUTH
C IIOMOIIBIO CEKYHJIOMepa W JieJleHuil Ha mpobupke. Paccrosnne Mexky JIByMs
JIeJIEHUSIMU ITPOOUPKHU MOXKHO OIPEJIETUTD 110 (hOpMYyIIe:

AV

Al= 22
TR’

riae AV — 06bEM, COOTBETCTBYIONIUI OJIHOMY JIEJIEHUIO IIPOOUPKH.

4. YTobOb! OIEHUTH MOTPEITHOCTD OIPEJIC/ICEHNs 1) HY2?KHO CHaYaJa OIEHUTH I10-
IPENTHOCTH MPSAMBIX u3Mepennit. Torjga morpenHocTb MOXKHO ITOCIUTATD, TPOud-
depeHnpoBaB BbIPAXKEHUE [IJIsi 1) IO BCEM U3MEPseMbIM IepeMEeHHBbIM. B Takom

11
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ciIydae IOoJIydaeM:

A AN (A (280 24Ar

= + + + =
n l t r R+ 24r

IIyctn Lo — mOJIHBIH Ty Th, KOTOPBI KAILIsS MTPOXOIUT B YKUJIKOCTH 38 BpeMs tg
C MOMEHTa OTPBIBA OT UIVIBI IMHpHIA. Torja myTh peslakcaruu MOYKHO OIEHUTD

CJIEITY FOIIM 0Opa30M:
SyCT = VUyer * to — LO-

Kpumepuu ouenusarus

Buisog dpopmysibl st KOIDDOUIUECHTA BAZKOCTHL 7« « o v v v veveeeeaeaeae e 1
Crioco6 (popMUPOBAHUS KAIIEJIb TOCTOSTHHOTO PAIILYCA . « « « v vvvveeeeeaee e 3
Criocob onpejiesieHnst pairyca Karin

D20 07 (61 (6)3 02 (01 CTC)  E2 N (C) 04 1 1
Veranosiiena HEOOXOAUMOCTD yuéra moupaBku 2,47 /R ... oo 1
OIEHKA IIYTU PEITAKCAITII « . .« e sttt ettt ettt et et e e et et et e 1
JBe cepun U3 IMATHAANATH U3MEPEHUN (1T KAYKION MIIBI) « . .ovveereeennen .. 4
ITony4eno BepHoe YHCIEHHOE 3HAYECHUE

B auanas’oHe 0,1 — 0,6 KI.(M*€) o vvtnti ittt e 3
IIpoBesiena pasyMHAast OMEHKA TTOTPEITHOCTH « « « v v vt v e e eeeeeeeeaeaeaeee e 1

Bamaua 2. Cepblil AITUK
Vcnonb3yst BbIIAHHBINA MYJIBTUMETD, U3MEPUM COIIPOTUBJIEHUST MEXKJIY KarK IO
[apoil BBIBOJIOB U 3AI0JIHUM IPEJIOKEHHYI0 Tab/uily (IIOrPerIHOCTH HallIeHHBIX
sHaveHnit cocrapsor 0,2 KOMm).

Tabsmna 1: ConpoTuBIeHUsT MeXK/Ty PA3JINIHBIMIA TAPAMUA BBIBOJIOB

Ne gpiBonia | 1 2 3 4
1 x | 135,1 kOwm | 112,0 kOm | 112,0 kOm
2 X X 112,0 xOm | 112,0 kOm
3 X X X 42,8 kOm
4 X b X X

BripaszuM conmpoTuBIeHns MezK Ty BRIBOIAME CXEMbBI YepPe3 COTPOTUBJIEHUS COCTAB-
Jstiomux eé pesucropos. Comporusiienne Mexkty BeiBojgamMu A u D:

B rR
Cr+R’

Cornporusjenne Mex 1y Bbiojgamu B u C:

Rap

r
RBC = 5

12



3aKA0UUMEALHBLT IMAN. DKCNEPUMERMANHOIT MYP

s ocTaIbHBIX ITap BBIBOJOB MOXKHO 3aMETHTD, UTO UX COIPOTUBJIEHUS DABHBI
MezKly coboii. 3HaunT, pe3uctop R MoxKeT OBbITH MOJKJIIOUYEH JINOO MEXKILY TOUKA-
vu 1 u 2, mubo mex iy Touramu 3 4.

1. IIpegnosoxkum, aro R BKaodeno Mexkay Toukamu 1 m 2. I[lomxyamm, aTo

1-2& A—D, r=(855+04)xOm, R=—(233+3)xOum < 0.

Kak u3BecTHO, pe3ucTop He MOXKET UMETh OTPHUIATENILHOE COIIPOTHUBIIEHHE.

2. IIpenmomoxkmm, uTo R BKIIOUEHO MeKTy BbiBojgaMu 3 1 4. B aToMm ciaydae:
3—4< A-D, r = (270,0 £0,4) kOwm, R =(51,0£0,5) kOwm.
Suauut, nape A — D coorercryer 3 — 4; nmape B — C coorBercrByer 1 — 2.

r=(270,0+0,4) xOm, R = (51,0+0,3) kOm

Kpumepuu ouenusarus
Tabsiunia 3ammoTHeHa BEPHBIMU 3HAYEHUSIMU COITPOTUBJICHUIA

MEZKJLY KAXKJIOM ITAPOB BBIBOMOB - « « « « vt ettt et e e e et e et et e e e e 4
Briesena dopmysia st conpoTuBiienns Mexkay ToukaMu A u D ..o oL 1
TTostyueno opmyiia st compoTuB/eHust Mexk ity Toukamu B u C' .............. 1
VkazaHo, 910 R BKJIIOYEHO JIMOO MEXKIy TOUKamu 1 u 2,

JIA00 MEXKIY TOUKAMI 3 T Attt ettt ettt e e e e 3

Ilokazano, uTo pesuctop R He MOKeT OBITh BKJIIOUEH MKy Toukamu 1 u 2 ... 3
IToygeno BepHoe 3HavUenue compoTuBaeHus R u mpusenena Gpopmya,

IO KOTOPOM HEJTAJICS PACHTET . .« e v et vvttee et e ettt e e ettt e e et e e eeee e e 1
Tlostyueno BepHOE 3HAYEHME CONPOTUBJICHUS T U IIpUBeIeHA (HOpMyIIa,

110 KOTOPOM JIEJTAJICH PACHTET « « v v vt et e ee ettt et ettt ee et e et e e e e e e e e eaes 1
O1ieHEHBI OTPEITHOCTH BEJTMIIMH R U1 T oot v et 1

13
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11 kaacc

3agaua 1. ITaoTHOCTH ILIACTU/IMHA.

1. Onpenesnenne Macchl IIACTUINHA.

[ToxsemuBaem Ha TPYKWHE I'PY3 M3BECTHON MACCHI 1M U OIPEIEJIsieM IEPUO/T
xkosiebanuit Tj. IlosTomy mojBemmBaeM Ha MPYKUHE TPY3 € IJIACTUIMHOM U OIpe-
JiesisteM 1epuoi kosebanuit 1.

IIo dopmyme nysa nepuoa Koyrebanuii rpy3a Ha Py KUHE:

OTKY/Ia HaXOIUM:

2. Onpenenierne 06béMa KycKa IJIACTUINHA.

B mupemioxkenrnom obopymoBanuu HeT MaciiTabuoit sguneiiku. Heobxoanmbrit
MacmTad MOYXKHO YCTAHOBUTH, U3MEPsIs IepHOJ, KoJaebaHuil MaTeMaTUIEeCKOIO Ma-
arHuKa Tyar = 27T\/l/_g.

Wsmepennsi MOXKHO IPOBOIUTH B CJIELYIOIIEM TTOPSIIKE:

Kycok miactuimsa npespainaeM B map (Bo3MoxkHO 6ojiee akkypaTHo). O6Mma-
THIBAEM AP HECKOJIbKO pa3 (IN) HUTKOI 10 auamerpasnbHOMy cedernto. O6o3Ha-
ynM Juinay HuTKY (. [lonBemuBaeM rpys Ha HUTKe JUIMHON | 1 m3MepsieM I1epuos
kostebanuit T,y MaTeMaTnIecKoro MasiTHuKa. OUbIT HY?KHO TOBTOPUTH HECKOJIb-
KO pa3, oOMaThiBas Iap HUTKOM 10 PA3JIMIHBIM CEUCHUSM U OLPEIEssis 3aTeM
cpemnee 3HadeHue [. Pagmyc mapa Bbraucisem mo hopmyiie:

l
R=——.
2t N
O06bEM IIapa BeIYHUCIISAETCS 110 (DOPMYJIe:
4
V=_rR.
37

3. OmupejiesieHne MIOTHOCTH ILJIACTUIMHA.
ILnorHocTs:

p:

<|3

Yucenno p ~ 1,25 r/cm3.
Kpumepuu ouyenusanus

Ornncanue METOUKHI OIIPEIEITEHUST MACCHL « .« v vt vt vt et e e e ea e e eaeae s 1
Pacuéraas dpopMyma Tt MACCHI TTACTHIIAHA « .« « vt e vttt eeeeeee e naeee e 1
Omnpejierenne Maccehl INIACTUIMHA ¢ OTHOCUTEIBHO MOrpemuocTsio 6% . ..... ... 2

14
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Tabsuia pe3ysibTaToB U3MEPEHU JIIST PACCIETA MACCHI . .« v v veee e eaeaeennns 1 3Hast, 9T0 PacCTOSHUE MEXK/Iy PEeIIeTKaMU PABHO 12 ¢M, OIPEJIeINM JHaMeTp Jua-
Omnucanme METOTUKI OMPEIETEHIST OODEMA .+« vt v e et ee e e et e eaeeeeanns 2 dbparmor
Pacuéraas dopmyra 11 00BEMA TITACTIIIIHA « . .« « vt et eneeaeeeeaeeennee s 2 D=02+12. i (em)
Onpegesenne 06bEéMa, JIACTUINHA ¢ OTHOCUTEILHOI MorpenHocTsbio 6% . ..... .. 2 ’ ds '
Tabsmra pe3yabTaToOB U3MEPEHU JITsT PACCTETA OOBEMA . « . v v vt vee e, 1 B BAIINX YEPHBIX SIWKAX GBUI HCIOTb30BAHEL pemeTKH 50 mrpuxos/Mu (R )
TTostyyeHNe TIIOTHOCTH TIACTIIIHE « « .+« « ot e et e et ee e e et e e et e e eeee e 3 u 150 mrrpmxos/Mm (Rz).
Kpumepuu ouernusanus
Sazmaga 2. Onrudeckunii 4EPHbIA AMMK. Haiizien yrost MexK Ty MITPUXAMEI PEIIETOK - .« « .t e vt vt atea e et atae e aeanens 3
3akpenum JTa3epHyIo yKasKy i TpyOKy Ha mojcrapkax. Hampasuw my4 sase- Haiiseno paccrosifme OT TEPBON PEITETKU JTO KPAS « « vt v vvvveate vt ateaneanennen 1
Pa B UepHbIil ANMK CO CTOPOHbBI IPO3PATHOIO CTEKJIA. 3a sIUKOM PACIOJIOKUM Haiiseno paccrositume OT BTOPOM PEITETKU IO KPA « « v v vvvvtene vt ateaeanennen 3
9KpaH u3 Mu/LTEMeTpoBKH. llepBas nudpakimumonnas pemerka Ry pasmaraer oy HaiijteH mar HePBOM PEIIETKI . . ...t vttt et et e et et et e ee e e 4
Ha HECKOJIbKO Jiyuell. Kazkiplii u3 1o/1y 4eHHBIX JIydell pas/araercs Ha pemeérke Ry, HaitmeH mar BTOPOM PEIIETKIL « .« vt vttt e et ettt e e et e e e e e ee e 4

7 Ha 9KpaHe HAOJII0IaeTCs AByMepHasi T PaKIIMOHHAS KapTrHa. e ke cBeTuTh
B AIIUK ¢ Apyroii cropousl, Ha auadparmy (1), Haxomsaniyiocs Ha pemérke Ry,
OJIHOBPEMEHHO TIOIAJIAeT TOJIBKO OJUH JN(PAKIIMOHHBIA MAKCUMYM pereTku Ro.
Drotr Jsiyd 3arem jgudparupyer Ha Ri, U KapTUHA Ha dKPEHE IOJIyIAeTCs OJIHO-
MepHOit. OHa JaeT HaM BO3MOXKHOCTH CPa3y OIPE/IEUTH HAIPABICHNUE ITPUXOB
pemerku Ry . [ToBepHyB SAIMK BMeECTE C [TOJCTABKOIL, HO HE Bpalas TPYOKY BOKPYT
OCH CHMMETPUN, BHOBb IOJIYINM Ha SKPaHEe IBYMEPHYIO KapTuHy. Ternepb Mbl MO-
JKeM OIPeJIeJIUTh HAIPAaBJIEHHE IMTPUXOB PEmeTKn Ry U yroa MexK Iy HITPUXaMU
pemerok. B Hamem ciyuae on 030k K 70°. OupejiesinM MEPUOJBI U ITOJIOZKEHUST
periteTok. JIjist 9TOro CHUMEM 3aBUCHMOCTD PACCTOSHUS MEXK/Iy MAKCHUMYMAaMU T,
COOTBETCBYIOIIUMY KayKJIOW M3 PEIIeTOK, OT PAacCTosiHus L OT KOHIA TPYOKHU 10
9KpaHa.
B mpenesre Masibix yriioB u HOpMaJIbHOTO TIAI€HUS

A
A{ELQ = An . E . (L —|— L172),

e d— nepuof, audpakiuonuoit pemerku, L1 u Ly — paccTosiHus OT OTHOTO
Kpas TpyOKH 10 TudPaKIMOHHBIX PEIIETOK BHYTPHU, 1 — HOMED NudPAKIIMOHHOTO
MAaKCHMYyMa.

Jutst ompeiesieHnst ICKOMBIX TTapaMeTpoB JIocTaTouno 4 namepenuit. s 6016
mefi TOYHOCTH HY?KHO pAacloJiaraTh dKPaH KaK MOXKHO JAJIbIle OT TPYOKH, UC-
[IOJIB3Ys BCIO JJIMHY CTOJIA, & TaKyKe U3MEePATh PACCTOSHUE MEXKIy HECKOJIbKUMMU
makcumymamu: An = 3 — 5.

B cobpannoit cxeme O/mmKaiiimas K jga3epy perieTrka padoTaeT TakKe U Ha OT-
paxennom cBete. [lo mudpakiumonnoit kapruHe, 0Opas3yoIIeiics mo3anu jJa3epa,
MO2KHO IIPOBECTH aHAJOTUYHbIE U3MEPEHUS.

Ompenenum pasmep jpuadparmbl. HammpaBuM Jia3epHbIil Jiyd B YepHBII SIAK
CO CTOPOHBI TEMHOr0 cTekja. MoXKHO 10o100paTh Takoe IOJIOXKeHNe YKa3KH, [IpU
KOTOPOM KapTHUHBI He Oy/er, HO IPH CMEIIEHUH JIyda BIPaBO MJIN BJIEBO Ha 2MM
OyyT BOBHUKATH PA3HbIE IPSMbIE, COOTBETCBYIOIINE PA3HBIM MaKCUMyMaM Ha, Ro.

15 16



	finalT10
	всер_001
	всер_002
	всер_003
	всер_004
	всер_005

	finalE10
	tasks-phys-9-prak-final-2010-11
	tasks-phys-10-prak-final-2010-11
	tasks-phys-11-prak-final-2010-11
	ans-phys-9-prak-final-2010-11
	ans-phys-10-prak-final-2010-11
	ans-phys-11-prak-final-2010-11


