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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

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

JIuHeiiHbIit yckopuTenb Buaepos

OnuH 13 TepBbIX YCKOPUTEIe 3apssKeHHbIX YacTULL — JIMHENHBIN yCKOpuTeab Bumepos Ha apeiido-
BBIX TPYOKax — COCTOMUT M3 MOC/IeN0BATENbHOCTH TTOJIBIX MTPOBOASIINX TPYOOK, pa3aeeéHHbBIX Y3KM-
MM 3230paMu. DIEeKTPUUeCcKoe IoJjie MOXKeT CyIIeCTBOBATh TOIBKO B 3a30pax. BHyTpu Tpy6ok mosne
OTCYTCTBYET, M YCKOpsieMast YaCTHIIa ABVSKETCS 110 MHePLVMN.

[Tone B 3a30pax MeHSIETCS TTEPUOAMNYECKN: B TEUeHVEe BpeMeHM 7 OHO HAaIlpaBIeHO BAOJb IBVKEHUS
YaCTUIIbI (PEXXUM YCKOpPEHMSI), a B TeUeHMe CJIeIyIoIIero MHTepBaia BpeMeH) 7 — IMPOTUBOTIONOXKHO
3TOMY HaNpaBIeHUIO (PEKUM TOPMOKEeHMs). B MOMEHT ¢ = ( ITOKOSIIIASICS YaCTUIA MACChI m HAUM-
HaeT ABMKeHMe B IepBOM 3a30pe. VI3BeCTHO, UTO B 3TOM 3a30pe €€ CKOPOCTb PaBHOMEPHO YBeINuu-
BaeTCsl B TeueHMe BCero nmepBoro MHTepBasa 7, Tak YTO K MOMEHTY BX0/la B TIepBYIO TPYOKY 4acTuIla
npuobpeTaeT KUHETUYECKYIO SHepruio E. Bce mocienyoiyie 3a30pbl CAUTAIOTCS HACTOIBKO Y3KUMU,
YTO YacCTUIIA ITpoeTaeT UX MPakKTUYeCKY MTHOBEHHO; ITPM 3TOM B Ka&sKIOM U3 HUX €€ KMHeTHJecKas
SHePTUs TakKe YBeIMUMBAETCSl Ha BeJIMUMHY F.

s 5bpeKkTMBHO paboThl YCKOPUTEIS HEO6XOAMMO, UTOObI KaskKIbIi CIemyIOIINii 3a30p YacTUIla
MPOXOMJIa TOUHO B MOMEHT Havasia peXkuMa yCKOpeHMsI.

1. HaiiguTe pacCTosiHME x(, KOTOPOE 4aCTULd MPOXOAUT B MEPBOM 3a30pe [0 BXOAaA B MEPBYIO

TPYyOKY.
2. KakuM [IOKHO OBITh OTHOIIEHME IJIUH TPYOOK Ly : Lo : -+ : Ly, eciu TpebyeTcst, YTOOBI TPy
3aJJaHHOM YMCJIe 3TAllOB YCKOPEHMsT 061ast AJIMHA YCTAaHOBKY GblIa MMHMMAJIbHO¥ ?

CKOpPOCTh B IIEPBOM 3a30pe PacTET PaBHOMEPHO OT HYJIsI, IIO3TOMY ITyTh paBeH CpeaHeil CKOPOCTH,
YMHOKeHHOJ Ha BpeMs. Bo BTopoit yacTu mogymaiite, Ha KaKoe MMHMMAaJIbHOE BpeMsI ITPOJIETa TPyO-
KV TIOIYCTUM CMHXPOHM3M C IT0JIEM.

E
1)3:0:7'\/%; 2)Ly:Ly:---:L,=1:2/2:2V/3:---:2\/n.

UunuHapbl

EcTb 1Ba HUAMHAPUUECKMX TeOMETPUUYeCKI MOJOOHBIX COCYa, M3TOTOBIEHHBIX 13 OJTHOTO U TOTO JKe
MaTepuaa, INIOTHOCTh KOTOPOro GOJIbIlIe IJIOTHOCTM BoAbl. COCyIbl TOHKOCTEHHbIE, HO C MaCCUB-
HbIM JHOM. VX MMHeliHbIe pa3Mepbl OTHOCATCS Kak 2 : 1. Bonbiiinii cocys CTOUT Ha TOPU30HTATbHOM
CTOJIe M 3alOJIHEH BOAOJ; B HEM IlJIaBaeT (eCTEeCTBEHHO, He KacasiCh AHA) MEHBIIUII COCYH, TaKXKe
3aII0JIHEHHBII BOAOi1. VI3BeCTHO, UTO 06BEM BOABI B KAKIOM COCYEe COCTABJISIET OMHY U TY K€ JIONTI0

€ro BHyTpeHHero oobéma. TosIHa JHA KaskI0ro COCyIa paBHa z €ro BbICOTHI, rae k > 1. IIIoTHOCTD

BOJIbI paBHa 1000 KI‘/M3.

1. IlycTb k = 4. OnipegennuTe auara3oH BO3MOKHBIX 3HaUEHMI1 IJIOTHOCTU p MaTepuasia COCyIdO0B.
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2. TIpu KakuX 3HAUEHUSIX k He CYIIeCTBYeT OTBeTa Ha BOIMPOC MPeIbIAYIIero myHKTa?

3. IpenmomoskuM, 4TO YMCIO COCYAOB YBEIMUMIOCH 00 N. N -ii COCyZ, CTOUT Ha CTOJIe U 3aITOJIHEH
BOJIOJ; B HEM InaBaeT (N — 1)-i1 cocyn, B HEM — (N — 2)-i1 1 Tak gasee. JInHeliHbIe pa3Mepsl
cocyoB oTHOCSTCSI Kak N : (N — 1) : (N —2) : --- : 2 : 1. O6Bb€M BOABI B K&KIOM COCYe
COCTaBJISIET OIHY U TY Ke JI0JTI0 ero BHYTpeHHero oobéMa.

YTBepKAaeTcs, YTO NPy 3aJaHHOM 3HaueHun k (k > 2) U HEKOTOPOM 3HaueHuu p (p > po)
TaKasi CMCTeMa COCY/I0B MOXKET CYIeCTBOBaTh B paBHOBeCUY (BO3MOYXKHO, HEYCTOMUMBOM) IJIs1
moboro N > 3.

BepHo i1 310 yTBEepXKAeHME?

[Tpu perieHNM MOKET 0KA3aThCs MMOJIe3HOI hopMysia IJisi CyMMbI KYOOB HATypaabHbIX UMCeT

2 12
1+8+27+...+n3zza3zw.

Moackaska

3anuIIMTe yCI0BMeE IUIaBaHMSI MEHBIIEro COCya uepes MOoJIi0 3all0THEHMSI BOAO U IIJIOTHOCTb Ma-
Tepuasa, 3aTeM OTpedyiiTe, YTOOBI OH He OCTaBaJI 0 AHA GOIBIIOTO. B TpeThbeM IyHKTe CPaBHUTE,
KakK ¢ pocToM N pacTyT 06Iast Macca 1 001t 00bEM.

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

B3 Kpuzuc kunenuns

B 06b19HOM (ITy3BIPbKOBOM) pekyMe KUITeHMS TEIIO0 OTBOAMUTCS OT ITOBEPXHOCTY HarpeBaTess 3a
CUET ITapoobpa30BaHMsI M MHTEHCUBHOTO ITepeMellBaHMs SKUIKOCTM, BOSHMKAIOIIETO TIpU poCTe U
OTpbIBE IMy3bIpbKOB. OIHAKO MPY TOCTATOYHO OOBINON MOITHOCTY HArpeBaTessl PesKUM KUTIeHUS
MeHsIeTCs: 0Opa3oBaHMe Mapa CTAHOBUTCS CTOJIb MHTEHCUBHBIM, UTO MY3bIPbKM CJMBAIOTCS IPYT C
npyrom, bopMupys Ha TOBEPXHOCTM HarpeBaTeJs CIUIOIIHYIO MapoBYIO IVIEHKY. Takas cMeHa pexxi-
Ma KUIeHMs Ha3bIBAeTCsI KPU3MCOM KUTTEHMSI.

[TockonbKy KO3(pdUIMEHT TEIUIOOTAauYM Uepe3 IapoBoii ¢JI0i Ha ABa MOPsIIKa MeHbllle, YeM Ipu 1Ty-
3BIPbKOBOM KUIIEHMM, CTALIMOHAPHBIN PEXXMM TeIIoNepenauy HapymaeTcs: Mpy HeM3MeHHOV MOTIT -
HOCTM HarpeBa TemIiepaTypa HarpeBaTelbHOrO 37ieMeHTa HauMHaeT HEKOHTPOJIMPYEeMO PacTU. ITO
TIPMBOJMUT K €r0 Pa3pylleHNI0 — TaK Ha3bIBAEMOMY «I1epeXKOTy CTEHKM».

CormacHo ruapoavHamuueckoii Teopuu C. C. Kyratenaase, KpUTUUIECKOE COCTOSTHME HACTYIIAeT, KO-
A MHTeHCUBHBIN IMOTOK 06pa3yollerocs rnapa HauymMHaeT MPersITCTBOBATh JOCTYITY SKUIKOCTHU K I10-
BepXHOCTM HarpeBareJsi. [Iporie roBopsi, 3TOT MOTOK IECTBYeT Ha BOAY ITOA06HO CMIIbHOMY BCTpeU-
HOMY BeTpY.

[yHaMuuecKoe JaBJieHI e TAKOTO «I1apa-BeTpa» onpeaensercs Gopmyoii:
2
U
P=",
r7ie u — CKOPOCTb Mapa, 06pasylolierocs y IoBepxXHOCTY HarpeBaTesisi, a p — €ro IIOTHOCTb.

Kpusuc kuneHus HacTynaeT, KOrga AMHaMuueckoe JaBjeHMe IMapa JOCTUraeT HeKOTOpPOro 3Haue-
HUS Pypyr, IPY KOTOPOM OHO CpPaBHMBAETCS C JaBJieHueM, 00yCI0B/I€HHBIM CMJIaMU TIOBePXHOCTHOTO
HATSKEHUST U TSDKEeCTH, CTPEMSIIIVIMMCS «ITPOTOJKHYTh» BOAY 00paTHO K IMTOBEPXHOCTY HarpeBaTesIst
CKBO3b MOTOK Mapa. BennunHy KpUTHMYeCKOro AMHaMUUYeCKOTo JaBaeHUs AJ1s1 BOJIbl MOXKHO CUMTATh
paBHOM Prpur ~ 20 Ila.
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PaccMOTpUM COCY[I, € TUIOCKMM HarpeBaTeIbHbIM 3JIEMEHTOM IUIomazbio 80 cM? (ITOXOXKMIA Ha S/IeK-
TpouaitHMK). Boma B cocyme HarpeTa 10 TeMIiepaTypsl, 6;113Koii K 100 °C; IIOTHOCTD Mapa Mpy 3TOii
TemIlepaType ¥ HOpMalbHOM aTMOchepHOM AaBieHuu p = 0,6 Kr/M>. VienbHas TerioTa napoobpa-
30BaHus L = 2,26 MJIK/KT.

1. TIpu kakoii momHoCcTU Wy, TOABOAMMOJ K HarpeBaTes0, HaCTymaeT KpU3nUC KUTIeHUS?

2. TlycTh K HarpeBaTesIl0 MOABOAUTCS MOILIHOCTD 1,1Wj. 10 Kakoii TeMIiepaTypbl TEOpeTUYeCKU
(!) MOXKeT pa3orpeThCst HarpeBaTelb, eIy Ko3GdUIMEHT TeIUIO0TAaYM OT CTEHKM K BOJIle uepe3
apoBoii ¢/1071 paBeH o = 200 Br/(M? - °C)? MoIHOCTb Ter/ionepeauy onpenensiercs Gopmy-
JIOM

W=« 5 AT,

roe S — IUIONIAdb HarpeBaTtesns, a AT — TaK Ha3bIBaeMblil «IIeperpeB CTeHKU», TO eCTh pas3-
HOCTb TeMIIepaTyp HarpeBaTeJIbHOTO 3JIEMEHTA U BOIbI B COCYIE.

3. Tenepb K HarpeBaTesIo MMOABOAUTCS MOIIHOCTD W, 3HAUMTE/bHO MeHbIas (. 3a Kakoe BpeMs
BBIKUIIUT 3JIEKTPUIECKNUI YalfHUK C TAKMM HarpeBaTeJeM U CJIOMaHHbIM TePMOPETYISITOPOM,
comepskaiuit 1 Kr BOABI IIpU TeMIlepaType KUIIeHUs, eC/IU TieperpeB CTeHKU cocrasiisieT 5 °C?
KoadduumeHT Teruionepenaun Ajist BOAbI IIPY Pa3BUTOM ITy3bIPbKOBOM KUIIEHUM PaBeH o =
5-10* Br/(m? - °C).

Moackaska

BoIpasuTte cKOpoCTh ITapa yepe3 MOIIHOCTb: 3a BpeMsi At ucnapsietcs macca WAt/ L, a oHa 3aHMMaeT
00BEM SuAt. 3aTeM IpUpPaBHSITe IMHAMUYECKOE TaBleHe K KpUTUUECKOMY.

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

Henuneiinas BepéBka

B mabopaTopum ucciieIyioT CBOMCTBA 0COO07 MHOTOKMIbHO BepEBKU, CIIJIETEHHO 113 BOJIOKOH pa3-
HbIX TUTIOB. [IJIsI OMTMCaHMs CBOVICTB TaKO¥ BEPEBKM YIOOHO MCITOb30BaThb JupdepeHyuanbHyo #eécm-
KOCMb k, KOTOpas OIpeaeIsieTcsl Kak OTHOIIIeHMe MaJIOrO M3MeHEeHMS CYITbI yIIPYrocTu A F' K BbI3BaH-
HOMY MM MajIOMy M3MEHEHUIO YIJIMHEeHUS Ax:

_AF

k—ﬂ.

B nabopaTopun umeeTcst 607bII0e KOMIMUYECTBO 00Pa3lioB — OTPE3KOB UCC/IeyeMOoii BEpEBKM OV~
HaKOBO IJIMHBI. BCSIKMIT pas SKCIepUMEHT ITPOBOASIT C HOBBIM 00Pa3IioM.

B ombITax rmepBoro Tuma oopasel] 3aKpervisSiioT ¥ IJIABHO YBEJIMYMBAIOT €r0 PacTsDKeHMe 1, U3Me PSS
BO3HMKAIOILIYIO CYITy HaTsDkeHus F. [TomyuyeHHbIe JaHHbIEe CBUIETENbCTBYIOT, YTO MIPU JOCTUKEHUN
MTOPOTOBBIX 3HAUEHM YIJIMHEHMS (B MOMEHTBI pa3pbiBa BHYTPEHHMX BOJIOKOH TOTO VTV MHOTO TH-
Ta) cuia HaTSKeHMST CKaukKooOGpa3Ho yMeHblIllaeTcsl. PazopBaHHbie BOJIOKHA TIPU CHITUM HATrpPy3Ku
He BocCcTaHaBauBaloTcs. Ha puc. 1 mpuBenéH rpaduk 3aBUCMMOCTH k OT CUJIbI HATsSKeHUST F' (TTOITy-
SKMPHbIE IMHUM YEPHOTO 11BETA), IOCTPOEHHBbII 110 pe3yabTaTaM 3TOr0 MCC/IeIOBaHMS.
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k, H/cm

25

20

15

10

Puc. 1

1. Vcnonb3ys rpaduk k(F'), BOCCTAHOBUTE 3aBUCUMOCTD CUJIBI OT YAJIMHEeHUS F'(z) s mpo1ecca
pacmsxicerus obpasua. [loctpoiite rpaduk F(z), OTMETUB Ha OCSIX 3HAUEHUS] B XapaKTepHbIX
TOYKaXx.

B ormbITax BTOpOro Tua oauH KOHel 06pasiia 3aKpervisiioT, a K IPyroMy IMOJIBeIIMBAIOT JIETKOe BeJl -
po. B Benpo HauMHAIOT PaBHOMEPHO MOACHINATh MMECOK, TaK UTO €ro BeC yBeIU4YMBAETCs JTMHENHO
co BpemeHeM. Uepe3 30 muH Bec gocturaet 50 H, mocse yero rmecok HauMHAIOT Tak ke paBHOMEPHO
YOAJISITh IO TIOJTHOTO OITyCTOIIeHMS BeApa (YTO 3aHMMaer eiié 30 MuH). YCTaHOBKA OCHallleHa CIie-
[IMAJIbHBIM JIeMII(epOM, KOTOPbI/i MTHOBEHHO racUT Kojie6aHMs BeApa IMpy pa3pbIBax BOJIOKOH.

2. M306pasuTte umeaan3supoBaHHbI rpadgMK 3aBUCUMOCTM YIJIMHEHMSI 00pas3lia x OT BpeMeHM ¢
Ha MPOTSDKeHMM Bcex 60 MUH SKCIIEPUMEHTA, IToJIarasi, YTo CUCTeMa B 1000/ MOMEHT BpeMeHM
HAXOIUTCS B TIOJIOSKEHUY PaBHOBECHSI.

Monckaska

Ha yuacTke, rje k IIOCTOSIHHA, @ BOJIOKHA He PBYTCS, F' IPOIIOPIMOHAJIbHA & C TeM Ke KOs duiimeH-
ToM. IIpu pa3pbiBe BOJOKOH = He MeHSeTCs, a C1Uja MajaeT A0 3HaueHMs, COOTBETCTBYIOIETO MeHb-
e >KeCTKOCTH.

1) F(z) — nomaHasi co ckauykamy BHM3 Ipy 1 = 1lcm (cuma 20H — 10H) u 2o = 4 cm (cuna
40 H — 20 H), mocnenHmit y4acTok UAET 10 x3 = 12 ¢cm (F' = 60 H);  2) paspbiBel ipu 1 = 12 MUH U
to = 24 MMH, [10C/Ie HUX x CKAYKOM IIPMHMMaeT 3HaueHus 2 cM 1 8 ¢M; z(30 MuH) = 10 cM; 3aTeM z
JIMHEIHO yObIBaeT 0 HyJS K 60-i1 MyuHyTe (6e3 06paTHBIX 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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