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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2025/26, 3aknoumTenbHbIX 3Tan, 8 Knacc

JIuHeiiHbIi yckopuTenb Buaepos

OnuH 13 TTepBbIX YCKOPUTEei 3apsskeHHbIX YacTULL, — JTMHENHbBIN ycKopuTeab Bumepos Ha apeiido-
BBIX TPYOKaxX — COCTOMUT M3 MOCAeN0BATEIbHOCTH ITOJIBIX ITPOBOASIINX TPYOOK, pasie/IEHHbIX Y3KU-
MM 3a30paMM. DJIEKTPUYECKOE TT0JIe MOKET CYIIeCTBOBATh TOJBKO B 3a30paxX. BHyTpu Tpy6oOK rose
OTCYTCTBYET, U yCKOpsieMas 4aCTUIA IBUXKETCS 110 UHEPIUN.

[Tone B 3a30pax MeHSIeTCS IEPUOAMYECKHA: B TEUEHNE BpeMeHU T OHO HaIlPaBIe€HO BIOIb IBVKEHUS
YacTUIIbI (PEXXUM YCKOPEHMSI), a B TeueHMe CJIeIyIolero MHTepBajia BpeMeH) 7 — MPOTUBOTIOIOXKHO
9TOMY HaITpaBJeHMIO (PEXXUM TOPMOsKEHMST). B MOMEHT ¢ = 0 MOKOSIIIASICST YaCTUIIA MAaCChl m HauM-
HaeT JIBMKeHMe B IepBOM 3a30pe. MI3BeCTHO, UTO B 3TOM 3a30pe e€ CKOPOCTh paBHOMEPHO YBeTUUN-
BaeTCsl B TeueHye BCero nepBoro MHTepBasa 7, Tak YTO K MOMEHTY BX0Jla B IIepBYIO TPYOKY YacTuIia
NpMobpeTaeT KMHETUYECKYIO SHEPTMIO F. Bce mociemyrorye 3a30pbl CUMTAIOTCS HACTOIBKO Y3KUMM,
YTO YaCTUIIA ITPOJIETAeT UX MPAKTUUECKM MTHOBEHHO; IIPM 3TOM B KaXKIOM M3 HUX €€ KMHeTu4YecKas
SHePTUs TakKe YBeIMUMBAETCSl Ha BeIMUMHY F.

g 3bdeKkTMBHOI paboThl YCKOPUTEIST HEOOXOAMMO, UTOOBI KasKAbI CIeAyIOMNii 3a30p YacTuUIla
MPOXOVJIa TOYHO B MOMEHT Havaia pekuMa YCKOPEeHMSI.
1. Haiigure paccTosiHue zp, KOTOpOE YacTuIlla MTPOXOAUT B IepBOM 3a30pe 0 BXO[a B MepBYI0
TPyOKY.

2. Kakum I0/IKHO GbITH OTHOIIEHWE IJIMH TPYOOK Ly : Lo : -+ : Ly, ecivt TpebyeTcsl, UTOObI Ipu
3aJJaHHOM YJMCJIe STAIOB YCKOPEHMS 001Iast AjIMHA YCTaHOBKY OblJIa MMHMMAJIbHOM?
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Umnnuuppol

EcTb IBa HUIMHAPUUECKUX TEOMETPUUYECKI TOJOOHBIX COCYIa, M3TOTOBIEHHBIX 13 OJTHOTO U TOTO JKe
MaTepuasa, INIOTHOCTh KOTOPOTo GOJIbIle MIOTHOCTY BOAbl. COCY/IbI TOHKOCTEHHBIE, HO C MACCUB-
HbIM JHOM. VIX MHeliHble pa3Mepbl OTHOCATCS Kak 2 : 1. Bombliiinii cocy CTOUT Ha TOPU30HTATbHOM
CTOJIe M 3amoJIHEeH BOAOJ; B HEM MjiaBaeT (eCTeCTBEHHO, He KacasCh AHA) MEHBIINIA COCYH, TaKKe
3aIT0JTHEHHBIN BOMOVi. VI3BeCTHO, UTO 06'bEM BOABI B KasKIOM COCYIE COCTABIISIET OAHY U TY K€ J0JTI0

ero BHyTpeHHero o6béma. TomHa THa KaXKI0ro cocya paBHa z €ro BBICOTHI, Iae k > 1. [I1OTHOCTD

BOJBI paBHa 1000 Kr/m>.
1. Tlyctb k = 4. OnipenenuTe auana3oH BO3MOXHBIX 3HaUE€HUI TVIOTHOCTU p MaTepuasa COCyI0B.

2. TIpu KakuX 3HAUEHMSIX k He CyIIeCTBYeT OTBeTa Ha BOIMPOC MPeIbIAYIIero myHKTa?

3. IIpenmnonoxxmm, 4TO UMUCIIO COCYH0B YBeIUIMIOCh 10 N. N-ii COCYZ, CTOUT Ha CTOJIe U 3aIl0/IHEeH
BOJZIO¥i; B HEM I1aBaeT (N — 1)-ii cocyn, B HEM — (N — 2)-i1 u Tak gasee. JIMuHeliHbIe pa3Mepsl
cocyzloB oTHOCATCSI Kak N : (N — 1) : (N —2) : --- : 2 : 1. O6BbEM BOABI B KOKIAOM COCYZEe
COCTaBJIsIET OJIHY U Ty Xe [0/I0 ero BHyTPeHHero oobeémMa.
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VTBepKpaeTcs, YTO Ipu 3aLaHHOM 3HaueHuM k (k > 2) ¥ HEKOTOPOM 3HaueHuu p (p > po)
Takas CucTeMa COCyIOB MOXKeT CYILIeCTBOBATh B paBHOBECUM (BO3MOXKHO, HEYCTOMUYMBOM) 15
jno6oro N > 3.

BepHo nu 310 yTBEep)KIeHue?
Ipu perieHNM MOKET 0Ka3aThCs MMOIe3HOI hopMysia Ijisi CyMMbI KyOOB HATypaabHbIX YMCET

n%(n+1)>2

n
148427+ 40’ =) a = 1

1) 1000 xr/M> < p < 2500 kr/M>;  2) k < 1,6; 3) yTBepaeHMe HeBepHO.

B3 Kpuzuc kunenuns

B 06bIYHOM (ITy3bIPHKOBOM) PeskMMe KUIIEHUS TeII0 OTBOAUTCSI OT MOBEPXHOCTY HAarpeBaTess 3a
CUET Mapoobpa30BaHMsI M MHTEHCUBHOTO TepeMenIMBaHMs SKUIKOCTM, BO3HUKAOIIETO ITPU POCTE U
OTpbIBE ITy3bIPbKOB. OIHAKO MPY TOCTATOYHO OOJIBIINON MOIIHOCTY HarpeBaTessl PesKUM KUTIEHUS
MeHsIeTCs: 0Opa3oBaHMe Mapa CTAHOBUTCS CTOb MHTEHCUBHBIM, UTO MY3bIPbKM CAMUBAIOTCS IPYT C
npyrom, GopMupys Ha ITIOBEPXHOCTM HarpeBaTeJIst CIUIONIHYIO TapOBYIO IUIEHKY. Takas CMeHa pexxiu-
Ma KUTIeHMS Ha3bIBAETCSI KPU3MCOM KUTIEHMSI.

[TockombKy KO3 GUIIMEHT TEIUIOOTAAUM Yepe3 TapoBoii CJI0V Ha iBa MOPSIAKA MeHbIIle, Y4eM IIPU ITy-
3bIPbKOBOM KUTIEHUY, CTAI[MOHAPHBII PEKMM Teruionepenauy HapyuaeTcsi: Tpy HeM3MeHHO MOIII-
HOCTM HarpeBa TeMIlepaTypa HarpeBaTeJbHOTO 37ieMeHTa HauMHAeT HEKOHTPOIMPYEMO PaCTU. DTO
MIPUBOAUT K €r0 pas3pyllieHNI0 — TaK Ha3bIBAEMOMY «I1€PEXKOTY CTE€HKM».

CornacHo rugponvHamudeckoit Teopuu C. C. Kytatenanse, KpUTuueCkKoe COCTOSIHME HACTYIIaeT, KO-
A MHTEHCUBHBIN ITOTOK 00pa3yoIerocs rnapa HaumHaeT MPeIsITCTBOBATh JOCTYITY SKUIKOCTHU K ITO-
BepxXHOCTU HarpesareJsi. [Ipoiie roBopsi, 3TOT MOTOK eiiCTBYeT Ha BOAY MOA06HO CMIIbHOMY BCTPeu-
HOMY BeTpy.

[uHaMuuecKoe JaBJieHie TaKOro «I1apa-BeTpa» onpeaensercs Gopmyoii:
pu’
= 77

r7ie u — CKOPOCTb Iapa, 06pasylolierocs y oBepxHOCTY HarpeBaTesisi, a p — ero IIOTHOCTb.

P

Kpusuc kurneHus HacTyraeT, KOrja JMHaMMUUYeCKoe JaBJieHue rapa AOCTUraeT HEKOTOPOro 3Haye-
HUS Pypyr, TPV KOTOPOM OHO CpPaBHMBAETCS C JaB/IeHueM, 00yCI0B/I€HHBIM CMJIaMU TIOBePXHOCTHOTO
HATSDKEHUS U TSKECTH, CTPEMSIIIIVIMUCS <ITPOTOJIKHYTh» BOAY 0OPaTHO K TTOBEPXHOCTM HarpeBaTess
CKBO3b MOTOK Tapa. BemunHy KpUTUUECKOTO JMHAMUYECKOTO JaBJeHMUS A1 BOJbl MOKHO CUMTATh
paBHOI Pypur ~ 20 Ia.

PaccMOTpUM COCYZ, C TVIOCKMM HarpeBaTeIbHbIM 3/IeMeHTOM ILIOmazbio 80 cM? (ITOXOXKMI Ha S/IeK-
TpoyYaifHMK). Boga B cocyme HarpeTa 10 TeMIiepaTypbl, 6113Kkoi K 100 °C; TIIOTHOCTD Tapa Ipu 3TOi
TeMIepaTrype ¥ HOpMaJabHOM aTMochepHOM AaBieHun p = 0,6 Kr/m>. VierbHas TeroTa napoobpa-
30BaHus L = 2,26 MJIK/KT.

1. TIpu kakoi1 MmoigHOCTU Wy, TIOABOAMMOI K HarpeBaTe/Il0, HACTyIlaeT KPU3UC KUTTeHUS?

2. IlycTb K HarpeBaTes0 MOABOAUTCS MOITHOCTD 1,11, [lo Kakoit TeMIiepaTypbl TEOPEeTUYECKU
(!) MOXXeT pa3orpeThbCsl HarpeBaTelib, eciu KO3 huUIMeHT TerI00TAauYM OT CTeHKM K BOZie uepes
TTapoBOii 1071 paBeH a = 200 B1/(M? - °C)? MOIIHOCTB TeTUIonepeaadn onpenenseTcs popmy-
JIoi

W=q«a 5 AT,
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rae S — mowanb Harpesaress, a A7 — Tak Ha3bIBaeMbli «IleperpeB CTEHKU», TO €CTh pas-
HOCTb TeMIlepaTyp HarpeBaTe/IbHOTO 3JIeMeHTa U BOZbI B COCYZe.

3. Temepb K HarpeBaTeI0 MOABOAUTCS MOITHOCTDb W, 3HaUMTEeIbHO MeHbIas W. 3a Kakoe BpeMs
BBIKUIIUT 37IEKTPUYECKMIT YaTHUK C TAKUM HarpeBaTesieM U CJIOMaHHBIM TEPMOPETYISITOPOM,
comepskaiuii 1 Kr BOABI IPU TeMIlepaType KUITeHUs, eC/IN IeperpeB CTeHKM cocrasiisieT 5 °C?
KosdbduiumeHT Terionepenaun Ayt BOAbI IIPU Pa3sBUTOM ITy3bIpbKOBOM KUIIEHMM PaBeH o =
5-10* Br/(m?2 - °C).

1) Wo = SL\/2pPipur ~ 89 KBT; 2) AT = 61000°C; 3)¢~ 1130 ¢ (= 19 MmuH).

Henuneiinas BepéBka

B nabopaTopuu nccieyoT CBOCTBa 00607 MHOTOKMIbHOV BEPEBKY, CTUIETEHHOI 113 BOJIOKOH pa3-
HbIX TUTIOB. [IJIsI OTTMCaHMS CBOVICTB TaKO¥ BEPEBKM YIOOHO MCITOb30BaThb JupdepeHUuanbHyo Heécm-
KOCMb k, KOTOpast OIpeaeIsieTcsl Kak OTHOIIIeHMe MaJIOro M3MeHEeHMS CYITbI yIIPYrocTu A F' K BbI3BaH-
HOMY MM MajIOMy M3MEHEHUIO YIJIMHEeHUs Ax:

_AF

k—ﬂ.

B nabopaTopun umeeTcst 60/bII0e KOIMYECTBO 00Pa3lioB — OTPE3KOB MCCIeyeMOii BEPEBKM OfV-
HaKOBOJ IJIMHBI. BCsIKMIT pa3 sKCIIepMMEHT MTPOBOASIT C HOBBIM 06pa31ioM.

B ombITax rmepBoro tuma o6pasel] 3aKpervisSiioT ¥ IJIABHO YBEJIMYMBAIOT €r0 PacTsDKeHMe 1, U3Me PSS
BO3HMKAIOIIYIO CYITy HAaTsDkKeHMs F. [lomyyeHHbIe JaHHbIEe CBUIETENbCTBYIOT, YTO MIPU JOCTVKEHUN
MTOPOTOBBIX 3HAUEHM YIJIMHEHMS (B MOMEHTBI pa3pbiBa BHYTPEHHMX BOJIOKOH TOTO VT MHOTO TH-
Ta) cuia HaTSKeHMST CKaukKooO6pa3Ho yMeHblIllaeTcsl. PazopBaHHbie BOJIOKHA TIPU CHITUM HaTrpy3Ku
He BoccTaHaBauBalTcs. Ha puc. 1 mpuBenéH rpaduk 3aBUCMMOCTH k OT CUJIbI HATSKeHMST F' (TTOITy-
SKMPHbIE IMHUM YEPHOTO 11BeTa), MIOCTPOEHHbII 110 pe3yabTaTaM 3TOTr0 MCC/IeIOBaHMs.

k, H/cm

25

20

15

10

Puc. 1

1. Vcnonb3sys rpadux k(F'), BOCCTAHOBUTE 3aBMCUMOCTb CUJIBI OT YAAMHeHus F'(x) 0jis nmpoiiecca
pacmsxcerus obpasua. [Toctpoiite rpaduk F(z), OTMETUB Ha OCSIX 3HAUEHUS] B XapaKTePHbIX
TOUKaX.
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B ombiTax BTOPOro TUa ofyH KoHell 06pa3iia 3aKpeIlisiioT, a K JPYyroMy I0JJBeLlIBalOT JIETKOe BeJ -
po. B Benpo HauMHAIOT paBHOMEPHO IOACHINATD [1€COK, TaK UTO ero BeC yBeauuuBaeTCs JIUHEeNHO
co BpemeHeM. Yepes 30 muH Bec gocturaet 50 H, rmocse yero nmecok HaUYMHAIT TakK ke PABHOMEPHO
YOQISTD 0 IOJTHOTO OIYCTOIIEeHMs BeApa (UTo 3aHuMaeT elé 30 MuH). YCTaHOBKA OCHallleHa CIie-
L[MaJbHbIM JleMIiepoM, KOTOPbI/i MTHOBEHHO racUT KosebaHus BeApa Mpy pa3pblBaxX BOIOKOH.

2. V306pasute umeann3upoBaHHbIN rpaduK 3aBUCMMOCTHU YIJMHEHMS 00pasiia x OT BpeMeHH ¢
Ha IIPOTSKeHNUM Bcex 60 MMH SKCIIEPMMEHTA, ITojIarasi, 4YTo CUCTeMa B JII000if MOMEHT BpeMeH!
HaXOAMUTCS B MOJIOKEHUY PaBHOBECHS.

1) F(z) — nomaHasl co cKaukamyu BHM3 Ipu =1 = lcm (cuna 20H — 10H) u 29 = 4 cm (cuna
40 H — 20 H), mocnenHmit y4acToK UAET 10 x3 = 12 cm (F = 60 H);  2) paspeiBel ipn ¢; = 12 MUH U
to = 24 MMH, [1OC/Ie HUX x CKAUKOM IIpMHMMAaeT 3HaueHus 2 cM 1 8 cM; 2(30 MuH) = 10 cM; 3aTeM =
JIMHEeHO yObIBaeT 10 Hy/s K 60-i1 MyuHyTe (6e3 06paTHbBIX CKAUKOB).

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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