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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2025/26, 3aknoumTenbHbIM 3Tan, 8 Kaacc

JIuHeitHbIi yckoputens Buaepos

OmuH 13 TTepBBIX YCKOPUTEIE 3apsSsKeHHbIX YaCTUL — JIMHEHBIN yCKOPUTeIb Bumepos Ha apeiido-
BBIX TPYOKaxX — COCTOMUT M3 MTOC/I€N0BATEIbHOCTH TTOJIBIX MTPOBOMASIINX TPYOOK, pa3aeeéHHbBIX Y3KM-
MM 3a30paMu. DJIEeKTPUUYECcKoe Tojie MOKeT CyleCTBOBATh TOJBKO B 3a30paxX. BHyTpu Tpy6oK mose
OTCYTCTBYET, ¥ yCKOpsieMasi YacTulla JBUKETCS 110 MHePLUN.

[Tone B 3a30pax MeHSIETCS ITEPUOAMNUYECKN: B TEUEHVE BPEMEHM 7 OHO HAaIlPaB/I€HO BAOJb IBVKEHUS
YaCTUIIBI (PEKMM YCKOPEHMS), a B TEUEHME CIeYIONIero MHTePBaia BpeMEeHM T — IMPOTUBOIIOIOKHO
9TOMY HaMpaBIeHUIO (PEKMM TOPMOKEHMS). B MOMEHT ¢ = () ITOKOSIIIASICS YaCTUIA MACChI m HAUM-
HaeT JIBVDKEHMeE B IIepBOM 3a30pe. MI3BeCTHO, UTO B 3TOM 3a30pe €€ CKOPOCTh PABHOMEPHO YBeTUUM-
BaeTcs B TeUEHMe BCero MepBoro MHTepBaja 7, Tak YTO K MOMEHTY BXO/Ia B IIEPBYIO TPYOKY UacTuUIla
npuobGpeTaeT KMHETUYECKYIO SHepruio F. Bce mocieqyoniye 3a30pbl CAUTAIOTCS HACTOIBKO Y3KUMIU,
YTO YaCTHUIIA ITPOJIETAeT UX ITPAKTUUECKM MTHOBEHHO; IIPY 9TOM B KaXKIOM M3 HUX €€ KMHeTu4YecKast
SHeprus TakKe YBeJIMUMBAETCS Ha BEJIMUMHY F.

st abdekTMBHOI pabOThl YCKOPUTENSI HEOOXOAMMO, UTOOBI KaskAbIi CIeIYIOIMNIA 3a30p YacTulia
MIPOXOIMJIa TOUHO B MOMEHT Hayasia peXkuMa yCKOPeHMSI.

1. Haiigure paccTossHue xj, KOTOpPOe YacTMIa ITPOXOAUT B IEPBOM 3a30pe O BXOHa B IEPBYIO
TPYOKY.

2. Kakum IOIKHO GbITh OTHOIIEHME IJIMH TPYOOK Ly : Lo : -+ : Ly, eciv TpebyeTcsl, UTOObI TPy
3aJJaHHOM YJMCJIe STAIOB YCKOPEHMS 0011ast AjIMHA YCTaHOBKM OblJIa MMHMMAIbHOM?

UunuHapbl

EcTb IBa HUIMHAPUUECKUX TEOMETPUUYECKI MOJOOHBIX COCYA, M3TOTOBIEHHBIX 13 OJTHOTO U TOTO JKe
MaTepuasa, INIOTHOCTh KOTOPOTO 6OJIbIe TNIOTHOCTY BOAbl. COCYIbl TOHKOCTEHHBIE, HO C MACCUB-
HbIM JTHOM. VX JIMHEliHbIe pa3Mepbl OTHOCSATCS Kak 2 : 1. Bomblnii COCyL CTOUT Ha TOPU3OHTAIIbHOM
CTOJIe M 3alOJHEH BOOOI; B HEM IlJIaBaeT (eCTEeCTBEHHO, He KacasiCh JHA) MEHBIINII COCYH, TaKXkKe
3aI0JTHeHHbIV BOMIOVi. VI3BeCTHO, UTO 06'bEM BOZBI B KasKIOM cocly/:[e COCTaBJISIET OHY U TY 3Ke 100

€ro BHyTpeHHero oobeéma. TosIyHa JHA KaskI0ro CoCya paBHa 7, €O BBICOTBL, Tie k > 1.I10THOCTD

BOJBI paBHa 1000 Kr/m>.

1. IlycTb k = 4. OnipegenuTte AMana3oH BO3MOXHbBIX 3HAUEHU TIJIOTHOCTYU p MaTepuaia COCyI0B.
2. Ilpu KakMX 3HaUEHMSIX k He CYLIECTBYET OTBETA Ha BOMIPOC MPeIbIAyIIero myHKTa?

3. IIpennonokum, YTO UMCIIO COCYH0B YBeAMYMIOCh 0 N. N-Ji COCYZ, CTOUT Ha CTOJIe U 3aI10/IHEeH
BOJIOJi; B HEM InaBaeT (N — 1)-i1 cocyn, B HEM — (N — 2)-i1 1 Tak gasee. JIuHeliHbIe pa3Mephl
cocyzioB oTHOCATCSI Kak N : (N — 1) : (N —2) : --- : 2 : 1. O6BbEM BOABI B K&KIOM COCYZE
COCTaBJISIET OJIHY U TY K€ JOMI0 ero BHYTPeHHero oobeéma.

VTBepKOaeTcs, YTO pu 3aJaHHOM 3HaueHuu k (k > 2) U HEKOTOPOM 3HaueHuu p (p > po)
Takas CUcTeMa COCyIOB MOXKET CYILIeCTBOBATh B PaBHOBECUM (BO3MOXKHO, HEYCTOMUYMBOM) 151
mo6oro N > 3.
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BepHo i 3TO yTBEepXKOeHMe?
[Tpu pellleHMM MOKET OKa3aThCs MOIe3HOI GopMyIia Ij1si CYMMbI KyOOB HATypaIbHbIX YMCENT

n?(n +1)2

148427+ 40’ =) a = I
a=1

&3 Kpusuc kunenus

B 06b19HOM (ITy3BIPbKOBOM) pekyMe KUITEHMS TEIIO0 OTBOAMTCS OT IMTOBEPXHOCTY HarpeBaTess 3a
CUET ITapoobpa3oBaHMsI M MHTEHCUBHOTO ITepeMellBaHMs SKUIKOCTM, BOSHMKAIOIETO IIpU poCTe U
OTpbIBe IMy3bIpbKOB. OJHAKO MPY TOCTATOYHO OOMBIION MOITHOCTY HArpeBaTessl PesKUM KUTIeHUS
MeHsIeTCs: 0Opa3oBaHMe Mapa CTAHOBUTCS CTOJIb MHTEHCUBHBIM, UTO MY3bIPbKM CJAMBAIOTCS IPYT C
npyrom, bopMupysi Ha TOBEPXHOCTM HarpeBaTeJs CIVIOIIHYIO TapOBYIO IIEHKY. Takas cMeHa pexxi-
Ma KUIIeHMs Ha3bIBaeTCsI KPU3MCOM KUTTEHMSI.

[TockonbKy KO3(pdUIMEHT TEIUIOOTAauYM Uepe3 IapoBoii ¢JI0i Ha ABa MOPsIKa MeHbllle, YeM Py ITy-
3BIPbKOBOM KUIIEHMM, CTALIMOHAPHBIN PEXXMM TeIIoNepenauy HapymaeTcs: Mpy HeM3MeHHOM MOTIT -
HOCTM HarpeBa TeMIlepaTypa HarpeBaTelbHOrO 37ieMeHTa HauMHaeT HEKOHTPOIMPYEMO PacTU. ITO
TIPUBOJMUT K €ro Pa3pylleHNI0 — Tak Ha3bIBAEMOMY «I1€pPeXKOTy CTEHKM».

CornacHo rugpoauHamudeckolt Teopuu C. C. KyraTenanse, KpuTudeckoe COCTOSIHME HACTYTIaeT, KO-
I7la MHTEHCUBHBIV ITOTOK 00pa3yoIlerocs napa HauuMHaeT MPensiTCTBOBATD TOCTYITY KUIAKOCTU K T10-
BepXHOCTM HarpeBareJsi. [Iporie roBopsi, 3TOT IMOTOK AEJCTBYeT Ha BOAY ITOA06HO CYMIIbHOMY BCTpeu-
HOMY BeTpY.

JuHaMuuecKoe JaBjieHe TaKOro «I1apa-BeTpa» onpeaensercss GopmyIoii:
pu’
= 77
I7e u — CKOPOCTb I1apa, 06pasyIolerocs y IOBePXHOCTM HarpeBaTeis, a p — ero IJIOTHOCTb.

P

Kpusuc kumneHus HacTyIaeT, KOrjga AMHaMMUecKoe JaBjieHMe rmapa JOCTUraeT HeKOTOPOTo 3Hayve-
HUSA Pypyr, TPV KOTOPOM OHO CPaBHMBAETCS C aBJIeHueM, 00yCI0BI€HHBIM CMIaMU TIOBePXHOCTHOTO
HATSKEHUST U TSDKECTU, CTPEMSIIIVMMCS «ITPOTOJIKHYTh» BOIY 00paTHO K IMTOBEPXHOCTY HarpeBaTesIst
CKBO3b MOTOK Mapa. BennunHy KpUTM4YeCKoro AMHAMUYeCKOT0 JaBaeHUS AJ1s1 BOJIbl MOXKHO CUMTATh
PaBHO Pipur ~ 20 Ia.

PaccMOTPUM COCYZ, C TUIOCKMM HarpeBaTeIbHbIM 3JIeMEHTOM IUIomazbio 80 cM? (ITOXOXKMIA Ha S/IeK-
TpouaitHMK). Boma B cocyme HarpeTa 10 TeMIiepaTypsl, 6;113Koii K 100 °C; IJIOTHOCTD Mapa Mpy 3TOii
TeMIIepaType ¥ HOpMalbHOM aTMOchepHOM AaBieHnn p = 0,6 Kr/M>. VieabHas TerioTa napoo6pa-
30BaHus L = 2,26 MJIK/KT.

1. IIpu kako¥ MoIHOCTU W), TOABOAMMOMN K HarpeBaTeto, HaCTynaeT KpU3nuC KUIeHus ?

2. IlycTb K HarpeBaTes MOABOAUTCSI MOLIHOCTD 1,1Wy. [Io Kakoil TeMIiepaTypbl TEOPETUYECKU
(!) MOKeT pa3orpeThCsl HarpeBaTesib, ecyiv KO3 UIMEeHT TeIJIO0TAauM OT CTEHKM K BOJie uepes
TapoBoii c10ji paBeH a = 200 B1/(M? - °C)? MOIIHOCTb Terionepeaadn onpesaenseTcs popmy-
JIoi

W=a«a-5 AT,

roe S — TuIomaab HarpeBatens, a AT — TaK Ha3bIBaeMblil «IleperpeB CTeHKU», TO eCTh pas-
HOCTh TEMITepATyp HarpeBaTeIbHOTO 3JIeMEeHTa M BOIbI B COCY/IE.

3. Temepb K HarpeBaTesII0 MOABOAUTCS MOITHOCTb W, 3HaUMTeIbHO MeHbIIas Wj. 3a Kakoe BpeMsi
BBIKUITUT 37IeKTPUYECKMIT YaliHUK C TaKMM HarpeBaTejieM U CJIOMaHHbIM T€PMOPETYISITOPOM,
cozmepxkamuii 1 KT BOABI TIPU TeMIlepaType KUMeHUs, eCiu IleperpeB CTeHKM cocTasiisieT 5 °C?
KoadduumeHT Teruionepenaun Ajist BOAbI IPU Pa3BUTOM ITy3bIPbKOBOM KUTIEHUM PaBeH o =
5-10* Br/(m? - °Q).
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Henuneiinas BepéBka

B nabopaTopumu ncciemyoT CBOCTBa 00607 MHOTOKMIbHOV BEPEBKY, CTUIETEHHOI 113 BOJIOKOH pa3-
HBIX TUTIOB. [IJIsI OTTMCaHMS CBOVCTB TaKO¥ BEPEBKM YIOOHO MCITOb30BaThb JupdepeHyuanbHyo #eécm-
KOoCMb k, KOTOpPAst OTIpeiesiSIeTCsT KaK OTHOIIeHMe MajioTo M3MeHeHMsI CWJTbI YIIPpYTocTu A F' K BbI3BaH-
HOMY MM MajJIOMy M3MEHEHUIO YIJMHEeHUS Ax:

_AF

k—ﬂ.

B na6opaTopuu nmeeTcs 60JbllIoe KOIMYECTBO 06pa3i0B — OTPe3KOB MCCIeayeMOoil BepEBKU O -
HaKOBOJ IJIMHBI. BCSIKMIT pa3 sKCIIepMMEHT MTPOBOJSIT C HOBBIM 06pa31ioM.

B ombITax mepBOro TUIa 06pasel] 3aKPervISioT 1 IJIABHO YBEJIMYMBAIOT €T0 PACTSDKEHME 1, U3MePSIS
BO3HMKAIOUIYIO CYITY HAaTsDKeHus F. [lomyuyeHHbIe JaHHbIe CBUIETENbCTBYIOT, YTO MIPU JOCTVKEHUNU
MTOPOTOBBIX 3HAUEHU YIJIMHEHMS (B MOMEHTBI pa3pbiBa BHYTPEHHMX BOJIOKOH TOTO MY MHOTO TH-
Ta) cuia HaTSKeHMsT CKaukKooOGpa3Ho yMeHblIllaeTcsl. PazopBaHHbIie BOJIOKHA TIPU CHITUM HATpPy3Ku
He BoccTaHaBauBaloTcs. Ha puc. 1 mpuBenéH rpaduk 3aBUCMMOCTH k OT CWJIbI HATSKeHMST F' (TT0ITy-
SKMPHbIE IMHUM YEPHOTO 11BETa), IOCTPOEHHbII 110 pe3yabTaTaM 3TOT0 MCC/IeIOBaHMS.

k, H/cm

25

20

15

10

Puc. 1

1. Vcnonb3sys rpadux k(F'), BOCCTAHOBUTE 3aBMCUMOCTb CUJIBI OT YAAMHeHMs F'(x) 0jis mpoiiecca
pacmsixcerus obpasua. IoctpoiiTe rpaduk F(x), OTMETUB Ha OCSIX 3HAUEHMS B XapaKTePHBIX
TOUYKAX.

B ombITax BTOpOro TMIa OAVH KOHell 06pasiia 3akpervisiioT, a K APyroMy MOBeLIMBAIOT JTETKOe BeJl-
po. B Benpo HauMHAIOT PaBHOMEPHO MOACHITIATh MMECOK, TaK UTO ero BeC yBeIUUYMBAETCS TUHEINHO
co BpemeHeM. Yepe3 30 muH Bec gocturaet 50 H, rmocse yero recok HaUMHAIOT TakK >XKe paBHOMEPHO
YOAJISITh O TIOJTHOTO OITyCTOIleHMs Bepa (UTO 3aHMMaer ellé 30 MuH). YCTaHOBKA OCHallleHa CIie-
LIMaIbHBIM TeMIipepoM, KOTOPbI/i MTHOBEHHO racuUT KojiebaHus Beipa Mpy pa3pbIiBaxX BOJIOKOH.

2. V3o6pasute uaeanmn3upoBaHHbIN rpaduK 3aBUCMMOCTHU YIJMHEHMS] 00pasiia x OT BpeMeHN ¢
Ha IPOTSKeHNUM Bcex 60 MUH SKCIIEPMMEHTA, ITojIarasi, 4YTo CUCTeMa B JII000ii MOMEHT BpeMeH!
HaxXOOUTCS B TTOJIOKEHNM PAaBHOBECHSI.

McTouHmk: MOCKOBCKas onuMnuaga WKoAbHUKOB nNo Gusmke, 2025/26, 3aknountenbHbl 3Tan, 8 KNacC — YCN0BUS, pPeLleHus.
3apaum nepeHabpaHbl Ha botay.pro, peweHns — No oduLMaNbHbIM.
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