OJIMMITMAIA HIKOJBbHUKOB «IIOKOPHU BOPOBBEBBI I'OPbI!» 11O ®U3UKE.
2022/23 yueonnrii ron, 3SAJAHUE 3AOYHOI'O TYPA. 10 kaacchl.

3ananue oTOOPOUYHOrO Typa COCTOSIO M3 JABYX uacTeil. B uwactu | mpemmaranocs Tpu Bompoca,
OTBET K KOTOpBHIM (0€3 pelieHus) HYy»XKHO OBLJIO 3arpy3uTh B CHCIHAIbHYIO (OpMy Ha caiite
onuMIUaAbl. BONpOCh y YYacTHUKOB pa3IMYaINCh YHCIOBBIMU JAHHBIMH, BBIOMPAECMBIMU
aBTOMATHUYECKH M3 IIMPOKOro auana3zoHa 3HaueHwil. B uactu |l (TBOpueckoil) mpemnaranocs 4
OJIMHAKOBBIX JUISI BCEX YYaCTHHMKOB 3aadd, K KOTOPBIM TpeOOBaIOCh 3arpy3uTh OTBETHI H
pellIeHus, IpUYeM OLIEHKA OMpeelisaiach Mo pe3yabTaTaM MPOBEPKU PEIICHUH.

Yactb | (mpoBepsitoTcsi 0TBETHI), IPUMeP BapUaHTa:
Bonpoc 1 (7 6a10B):
Haa mocTostTHHBIM KOJHYECTBOM HJICATBHOTO Tra3a mpousBenu mpoiecc 1-2-3-4-5-6-1, auarpamma
KOTOpOTO IIOKa3aHa Ha PHUCYHKE B KOOpAMHATaX JIaBJeHHE-00beM. BprumcianTe KOIMYECTBO
TETJIOTHI, KOTOPBIM a3 B 3TOM IPOLECCe OOMEHSUIICS ¢ OKpPYXAroIUMH Tenamu, eciu Po = 50 kI1a,
a Vo = 3 1. Ortser 3anummre B JIX, ¢ yueroMm 3Haka (Q>0 cooTBETCTBYeT MOJYYEHHMIO Ta3oM
TEIUIOTHI), 0€3 yKa3aHHsI eMHHLl U3MEPEHUSI.
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OtBer: 150.

Kommenmapuii: Cornacuo | Havany tepmogunamuxu, Q= A+AU . B nukmmyeckoM mporecce

AU =0, Tak 4To MOJydeHHOE ra30M TEIUIO PaBHO COBEPIICHHON MM paboTe, a OHA YHCIICHHO
paBHa IJIOMIATM KOHTypa TIpolecca B KOOPIWHATAX JaBJICHHE-O0BEM C y4YETOM HarpaBIICHHUS
00xo/a. 31ech KOHTYpP COCTOUT U3 JBYX YacCTeil C MPOTHBOIOJIOXKHBIM HalpaBIeHHEM 00X0/1a, TaK

qTO0 Q =A=+2 p0V0 — p0Vo =+ p0Vo =+150/1x.

Bomnpoc 2 (9 6a/i10B):

14 oMHAKOBBIX MaJIEHbKUX 3apsyKEHHBIX MApUKOB ¢ 3apsaaoM ( = 1 MxKn y kaxknoro 3akpernsieHsl
B BEpUIMHAX MPAaBUIBHOIO 14 — yrojapHHKa, y KOTOPOrO paguyc ONMCAHHON OKPYXHOCTH paBeH 3
cM. [To TOHKOMY TURTIEKTPUIECKOMY CTEPIKHIO [UTHHOW 3 M paBHOMEPHO pacrpeneneH 3apsn Q = 3
MKkKI1. CrepikeHb pa3MelieH NEPHEHINKYISIPHO INIOCKOCTH, B KOTOPOUM HAaXOJATCS IAPUKHU, U OAVH
U3 €ro KOHIIOB OKa3aJICsl TOUHO B LIeHTpe 14-yronpHuka. HaliquTe BeNMUMHY CHUIIBL, IEHCTBYIOIIEH
Ha CTEP’KEHb CO CTOPOHBI NIEKTPUUYECKOr0 NoJs mapukoB. OTBer 3anumure B H, ¢ TouHOCTHIO 110
JeCATHIX, 0€3 YKa3aHus eIMHUL] U3MEPEHHUS.

OTtBert: 4,2.

Kommenmapuii: HanpaBuMm ocbh X BIOJb CTEPXKHS, COBMECTHB HAyalo KOOPAMHAT C HayaloM
CTepXkHs (U, €CTECTBEHHO, ¢ 1IeHTpoM N-yronpHuka). PaboTa mckomoil cuibl HajJ CTEp>KHEM MpU
MaJioM MepeMeleHnd ero Baosb dtoi ocu pasHa OA=F;-dX. Dra pabGora Moxer OBITH



BBIUHUCJICHA KaK B34TOC CO 3HAKOM «MHUHYC» U3MCHCHUC MMOTEHITHAIbLHOMN OHECPTrrUun B3aHMMOJCHCTBHUI
3apAa0B CHUCTEMbI IIPpHM TaKOM IIEPEMCIHICHUU. O‘IeBI/II[HO, 4TO0 C TOYKH 3pPCHUA HU3MCHCHUA
OTHOCHUTCJIBHOI'O ITOJIOKCHHUA 3apsAA0B 3TO NEPEMCUICHUEC 3KBHUBAJICHTHO «OTPE3aHUIO» OT KOHIA
CTCPIXKHA, HAXOAAMIETOCA B HEHTPE MHOI'OYI'OJIbHUKA M3 3aps10B, KyCOYKa ,Z[J'IHHOﬁ dx c 3apsaa10M

% dx u IIEpeHoCy ero Ha Ipyrou KOHeI[ CTEPIKHSL. [ToaTOoMy

qu_ kNg gdx1 u F = kNQq 1- r ~4,2H. Brpouewm,

r Jrz42 )L Lr Jr2 412

r .
MMOCKOJIbKY EzO,Ol, TO B paMKax 33JaHHOM TOYHOCTH TIOCIEIHEE cllaraéMoe B CKOOKax

kKNQq

HECYIIIECTBEHHO, U MOYKHO T0JIb30BaThCs OoJsiee mpocToit popmynoit Fy = .

Lr

FX dX:—dEn -

Bomnpoc 3 (9 6asi0B):

OnHopoaHasi TOHKast JOCKa JUIMHBL L = 1 M JIeKUT HEMOABUKHO, OMUPASICh «CaMBIM KPAaCIIKOM» Ha
OopTt Oacceiina. J[pyroii ee KOHEIl HAXOUTCS B BOJE, YPOBEHb KOTOpOii B Oacceitne Ha h = 24 cm
HUXKe 3Toro 6opra. [I10THOCTH NepeBa, U3 KOTOPOro U3roTOBJIeHA JI0cKa, p = 0,4 r/em®. TInoTHOCTD
BOJBI B Oacceitne po = 1,0 r/em’. IIpyn kakoii MUHMMAaJIbHOW BelW4YuHE KOd(uIMeHTa TpeHus
MEXIy KpaeMm OacceiiHa U JOCKOM Takoe BO3MOXHO? OTBET 3alUIIUTE C TOYHOCTHIO JIO COTHIX.

OTtser: 0,33.

Kommenmapuitr: Ha HEIOABMIKHYIO TOCKY JEHCTBYIOT CHJIA TSDKECTH, CHJIa ApXHUMe/a U JIBE CUITBI
peakiuu — Cujia HOpPMaIbHOW peakuuu O60pTa OacceiiHa U cuiia TpeHUs o0 3ToT 6opT. Tak Kak
CHWIIBI TSDKECTH U ApXHMela HampaBlieHbl BEPTUKAIBHO, TO

pasroneiictByromas cun N u Fpp Toxe BepTHKANBHA, H 1103TOMY
B mojoxeHun paHoBecus Fmp=N-tg(r), rne o - yron
HAKJIOHA TOCKH K TOpu30HTY. C APYyroil CTOPOHBI, BETHINHA CHIIBI
TPEHUS MOKOS JIOJDKHA YIOBIETBOPATH TpeboBaHU0 Fmp < 4N, 1
MI03TOMY BO3HUKAaeT U TpeboBaHHWE K KOIPOUIUEHTY TpEeHUs
u>tg(a), 1o ectb  pimin =tg(ex). 3anmmem temepb IS TOCKH

YCJIOBHUC PABHOBCCHUA MOMCHTOB CHUJI OTHOCHTCIIBHO TOYKH OIIOPbI

+Fa-la—mg-lg =0. Benuunxa cuiabel TspKeCTH UL JOCKH C

L
cedenneM S paBHa MQ=pSLg, u ee mueuo g :ECOS(a). Benuuuna cunel Apxumena

h N
Fa=mSIlhg (I = L_W() — JJMHA TIOTPY)KEHHOM B BOAY YacTH JOCKH), a €€ IUIeHo
(24
In 1 h
Ia=| L—— |cos(a) ==| L+ —— |cOS(«r). Kakx BugHO, ypaBHEHHE MOMEHTOB MO3BOJSET
2 2 sin(x)
HalTH :
h h X h
12— —— L+— =0=1tg(a) = ,TIe X=—.
r ro sin(«) sin(«) 9(@) /1_p/p0_x2 L
B nannom Bapuante X = 0,24, 1-£ 0,6 . Takum o6pazom, Lmin = X ~0,33.

£0 J1-pl po — X2

B stom OTBETC, B COOTBETCTBHH CO CMBICIIOM HCKOMOH BCJIIMYMHBI, CYUTAJIOCh IPAaBUJIIBHBIM HE
TOJIBKO OKPYIJICHUE A0 COTBIX IO CTAHAAPTHBIM IIpaBUJIaM, HO U OKPYTJICHUC «BBEPX». B JaHHOM



Bapuante otBer 0,33 sBisercs €AUMHCTBEHHBIM — OH IIOJY4Y€H OKpPYIJIEHHEM BBEpX IO
CTaH/IaPTHOMY aJTOPUTMY.

Yacrte || (mpoBepsitoTcest penienus):

1. («IpdexT 3acTosi», 20 6amno) CymiecTByeT UHTEPECHOE SIBJICHUE, CBSI3aHHOE C CHUJION
Cyxoro TpeHus. Ero Ha3pIBarOT 3¢hghexmom 3acmosi i OHO COCTOUT B NIPEBBINICHUA MaKCUMAIIbHOM
BEJIMYHHBI CHJIBI TPCHUS TOKOs HAJ[ CHUJIONW TPEHHS CKOJIbKEHUs. PaccMoTpuM ABMkeHHE Opycka
MaccChl M, Y KOTOPOTO 3aBUCUMOCTh CUJIBI TPEHUS OT €r0 CKOPOCTH V OTHOCHTEIHHO TTOBEPXHOCTH
OIMCHIBACTCS BEIPAKCHUEM:

0+Fy=mmg+AF, v=0
Fonp (V) =4 zmg + AF (1-v/vg),0< v < vy .
Hmg, v>\Vo

Vo
pr00K CHayaJjla IIoJTaJIKNBaroT, 000611_[35{ €My CKOpPOCTb, PAaBHYIO ?, a 3aTeéM TAHYT cro 1o

TOPU30HTAJILHOW TMOBEPXHOCTU IO MPSIMOM, MPUKPENUB K JIETKOM MPAKTUYECKU HEPaCTSKUMOU
HUTH, IMOAACPIKUBAA CUITY HATSKCHUSA HHUTH HEWU3MEHHON ¥ C BBEICOKOM TOYHOCTBLIO paBHOﬁ
MaKCI/IMaJII)HOﬁ BCIIMYMHC CHUJIbI TpeHI/Iﬂ IIOKO4I. KaK HpI/I 3TOM 3aBUCUT BCIIMYHNHA €Iro CKOpOCTI/I oT
npoiaenHoro mytu? [Homyante o01Iyt0 GopMyity, BEIPAKAIOIIYIO 3TY 3aBUCUMOCTb.
v(s) .
B kauectBe IIEpBOIro U BTOPOI'O0 YHCJICHHOI'O OTBCTAa BbIYHUCIHUTC V_ AJIi1 ABYX 3HA4YCHUU
0

mv@ omvg
H Sy = .
4AAF 8AF

BO3MO/KHOE PEIIIEHUE:
JIBumxeHue Opycka Hy»KHO pa30uTh Ha J1B€ (a3bl: IPU CKOPOCTU MEHEE Vo I OIMCAHUSI BETUUMHbI

IIPOMICHHOIO ITyTH: S1 =

CWIIBI  TPEHHS MOXHO, B COOTBETCTBHM C  YCJIOBHEM, HCIIOJNB30BAaTh  BBIPAKEHHE
Fop (V) = zmg + AF(1-V/vp), a mpu v > vo cuna tpenus noctosHHA: Fp (V) = £MQ . 3amumem

ypaBHEHUE JBIKEHUS B TIEpBOH (haze:

dv AF
Mm— =F —Fpp(V) =—V.
dt mp( ) Vo

[TockosibKy OPYCOK HE MEHSIET HAMTPABJIEHUS JIBUKEHHS, TO €ro MyTh 3a Masioe Bpemsi dt pasen
ds = vdt, u mosToMy, cyMMHUpysl MaJible TIpUpaIeHst CKOPOCTH OPYCKa U €ro MyTH, HAXOUM:

AF AF V AF Vo  AF
mdv="—"vdt=—ds=mv-— |[==—s=V(s) =—+—5.
Vo Vo 2 Vo 2 mv
mvé
CkopocTh vo Jocturaercs mpu S =Sp, Ie, Kak BHJIHO M3 IMOJIy4eHHON (GopMyibl, Sp = SAE

CrnenoBaTenbHO, 3HaY€HHE S =S OTHOCUTCS MMEHHO K 9TOMY MHTEpBally, U Vi = ZVO.

Bropoe 3Hauenne S =S OTHOCHUTCS YK€ KO BTOpOH (haze, Il KOTOPOM cuiia TpeHHs U (BMECTEe C
Heil) pesynpTupytomas cuna F —Fy, = AF mocTosHHBI, U N3MEHEHHE KHMHETHYeCKOH SHeprun
MOJKET OBITh BBIYUCIIEHO MO padOTe pe3yabTUPYIOLIEH CUIIBIL:

mv2(s) mvg \/ ,  2AF \/ 2AF
— 0 —AF(5—50) = V(S) = [V +——(5—Sp) =,/ —S.
5 > (5—S0) = V(s) =,/Vo o (s—50) o




2AF 3
CnenoBarenbHo, Vo =,[——S» ZEVO. Obmas ¢opmyna, BbIpakaroasi 3aBUCUMOCTh BEITIMYHHBI
m

CKOPOCTH OpyCKa OT MPOWIEHHOTO MYTH, OJy4aeTCsl 00beIMHEHUEM JIBYX MOIYYEHHBIX (DOPMYIIL:

Vo AF %)
2 e T T 2R
V
V(S) = 0 2
2AF mvg
s, s> =
m 2AF
Vo AF mvé
2 v ST T 2AF 3
myv,
OTBETBHI: v(S) = 0 , V1="Vo, V2 ==V
2AF mvg 4
s, s> =
m 2AF
KPUTEPUU TPOBEPKU:
JIIEUCTBUE MAaKC.0aJ11
CrenaH BBIBOJI O pa3/IeICHUH IBUKECHUS Ha JBE (pa3bl 1
[IpaBuiibHO 3anucaHoO ypaBHEHUE JABMKEHUS 11 IepBO (a3bl 1
[TonydeHo ypaBHEHHE CBSI3U U3MEHEHHUI CKOPOCTHU U IMMYTH, SKBUBAJIEHTHOE
AF
mdv=—ds 2
Vo

I[TpaBuibHO HaliieHa 3aBUCMMOCTh V(S) Ha 1epBoi (hase JABYKEHHs 4
IMpasuisHO Haiinena Vq =0,75- Vg 3
Jiia ananusa BTOpoi (has3bl UCTOIB3YETCs 3aKOH U3MEHEHUS SHEPTUN 1
I[TpaBuibHO HaliieHa 3aBUCUMOCTh V(S) Ha BTOpoi (ase ABUIKEHUS 4
[TpaBunbHO HaiigeHa Vo =15- Vg 2
3anucan o6t otBeT st V(S) 2
BCET'O 20
2. («Tpeyroabuniii KIIA», 20 6amioB) B HEKOTOpOM KOHCTPYKTOPCKOM OFOPO CO3HaTH

CCPUI0 TCIIOBBIX MAIlIWH, pa60‘-II/IM TEJIOM KOTOPBIX OBLIO ITOCTOSSHHOE KOJIUYECTBO OJJHOT'O U TOI'O
KE HacCaJIbHOro rasa. I[I/Ial"paMMI)I [OUKJIOB BCCX MallWH B KOOpAMWHATax I[aBJ'IeHI/Ie-O6'I)€M UMCIN
BUJ paBHO6CI[peHHOl"O TPECYroJIbHUKaA C p/,p

1

OCHOBaHHWEM, mnapaienbHbiM ocu V. Ecmu 1 5
] ______________________

BbIOpaTh B KadyecTBE MacIITaOHBIX €IUHMII Ha
0CSIX MarpaMMbl 3Ha4eHUs 0ObeMa U J1aBJICHUS B
coctosstHUM 1 (CM. pHUCYHOK), TO Yroia Ipu
OCHOBAaHUHU BCEX TPEYTOJIbHUKOB OKaXkeTcs

OJIMHAKOB, U PAa3JIM4yaTbCs LIUKIIBI Pa3HbIX MallUH
Vv,

r
maox

= -
>

6y,Z[YT TOJBKO OTHOIICHHUCM H3BecTHO

L

TaKke, 9YTO ATOT YroJ BHIOpaH TakK, YTO B KKIOM M3 TPEX MPOIECCOB, OTBEUAIOIIUX CTOPOHAM
TPEYroJIbHUKA, Ta3 TOJIHKO MOJIy4aeT WX TOJIBKO OT/IAaeT TEIIO (JIJIs1 BCEX MCIOJIb3YEMBIX IIUKJIOB).
B Ttabmumne mamsl aBa 3Hauenus KIIJ nias 1ukimoB ¢ pa3sHBIMH 3HAYCHHUSMH TEPEMEHHOM

L

F, = -
~ — Ymax " ¥min.

z 5/11 10/17
KIIJI 4% 5 %




Omnpenenure KOJIWYECTBO CTENEHEH CBOOOIBI MOJIEKYJIbI HCIIOJIb3YEMOT0 ra3a U BETMUYHMHY YIJa .
Haiigure KIIJ] nukna npu z = 1.

BO3MO/KHOE PEIIIEHUE:
Haunewm c onpenenenust napameTpoB cocTosiHuid. Kak BUAHO U3 omnpenesieHusl Halel MepeEMEHOM,
I, = (1+ z)V,. TlockoapKy TpeyroJbHUK paBHOOempeHubid, ; —15 =1, — V), u mosromy

r = r
T:E = [l T ;:] ['1. Tak kak BenmyuHA yriia npyu OCHOBAaHMHM BCErjga OoaHa M Ta XKE, TO IJId BCEX

Y.—p
IUKJIOB —
.

= tg(a) 2% = tg(a) 2. Torma p; —py=te(@)3py n ps=(1-18(@)})py.

PaGota B 5TOM IMKJIE paBHa A = %(701 —p )V, =) = J‘_—‘ tg(a)z”.

ScHo, uTo B mponecce 1-2 ra3 TOIBKO MOJy4yaeT TEIUIo, a B mpoiecce 2-3 — TOJIbKO OTAaeT. B
npouecce 3-1 MOXeT MPOUCXOIUTh U3MEHEHHE HampaBieHHs TEII000MeHa, TO eCTb UMEHHO Ha
ATOM y4YacTKE MOXET HaXOJUThCS TOUKa KacaHus annadaTbl. B COOTBETCTBUM C YCIOBHUEM Yroil

BbIOpaH Tak, 4ToOBI Takas TOUKa He Obl1a BHYTpPEHHEH 171 oTpe3ka 3-1. 3HauuT, eciu Takas To4ka
U eCTh, TO 9TO OAHA M3 KpalHMX ToyeKk — | wim 3. PaccMoTpuMm JBa BO3MOXHBIX BapUaHTA:
O3 =0 n@; =0

a) B cmywae @3y <0 ra3 moiy4aer TEIIO TOJIBKO B mpouecce 1-2, M KOJIWYECTBO TEIUIOTHI

—py(V, =V ) =—p,Vyz. (3mech I — 4HCIO CcTEneHed CBOOOJIBI

HarpeBatens @Gy = @y, =

-

1

a7y

A
MOJIEKYJIbl ra3a). 3HauuT, B 3ToM ciydae KIIJ[ uukna paBen n = ol

tg(a) - z. Takum

o0Opa3oMm, eciM B HamMX LOUKIAX @3y <0, to 3Havenus KIIJl HOKHBI yIOBIETBOPSTH

= ;—:, TO €CTh 3TOT BapHAHT HE MOAXOJIUT.

e | L

Mo _ Eg
cooTHouIeHno — = —. IIpoBepuM: Ha camMoM Jierne

6) Ocraercs 3 == 0. Torga ra3 oTmaeT TEIUIO TOJBKO B Mpolecce 2-3, U KOJUYECTBO TEIUIOTHI

Pa7THg

(V, —14) = 2 (p,V, — p1%). Hcnonb3yeM BbIpaKeHHs st

)]} =

XOJNOOUNbHUKA (., = —(. =

rapameTpoB, MOJIYyYEHHBIE B HAYAJIE, U TOJYYUM:
P e i oo (1
- = |2 —tgla)=|+ 2|1+ =z—{1+=}(1—to(ex
%= 2(a)3 (1+3)(1-te(@

= Tﬂiq z [2 +i(1+ tgla)) + (i — Dtgla) g]

Ba ]

3HAYHT, B 9TOM CITy4yae

)= A _tg(ft):
A+Qs [i—l)tgﬁﬂjﬁ_z_iﬁl_tg(ﬂjj

Z[J'ISI HUCCIIeNOBAaHUSA JTOM 3aBHCHMOCTH €€ yI[O6H0 JIMHCApU3UpPOBATh. Kak BHUIHO o6paTHa;1

BennunHa KII/] ects nuHeliHas ¢pyHKLMsA 0OpaTHON BEIMUYMHBI Z:

1 i+1 2+i(l+tgla))l _ b
n 2 tela) z z
[To nBy™M TOYKaMm HaxoaAuM KO3 (OUIIUEHTHI STON 3aBUCUMOCTH:
11b
2b=a+——
g — { a =3
17hb b=10
20=a+——

10



. i+1 .
W HaxOJWM YHCIO CTETNeHEH CBOOOJBI MOJIEKYJIbI Tasa —=3=1i=5 (To ecTb 93TO

o o 7+5te(al
JIByXaTOMHBIN HJCaIbHBIN ra3) U yroi —gc =10 = tg(a) =

- Takum oOpa3om, BeTHMUMHA

[

yria & = arctg (:} IIpu z = 1 KII/] paBen 1 = L ox 7,7%0.

= 13

IIpoBepum TO, uTO B mpouecce 3-1 HET COCTOSIHMI, B KOTOPBIX HPOUCXOAUT H3MEHEHHE

|

u OyJIeM HCKaTh TOYKY KacaHus ¢ aauabdaToil M3 YCIIOBHS PaBEHCTBA HYJIIO OECKOHEYHO MaJjioro

HaNpaBJICHUs TeIJI000MeHa. 3aruIIeM ypaBHEHHE 3TOT0 Mpolecca B BUIE

Py =Pz 0, o, [ ?(V J 701[
L By =p 1 —=(——1]|=2[12-7
-V, ( 1) =1y 51,

|4
p(V)=p, — I

A

5

KOJIMYCCTBA TCIIJIOTBI, KOTOPBIM I'a3 obOMeHsICd ¢ OKpYyXKarllnuMH TCJIaMH B OKPECTHOCTHU JTOM
TOYKHU:

=0

50 = pdV + 2d(pV) =~ pdV + 2vd _42;:1.:{1»’[1 F]
0@ =p Salpv)=gp SVdp =— 7,

Mps1 0O6HapyKuBaeM, UTO Takas TOYKa €cTh Ha oTpe3ke 3-1, u B Heil oObeM raza IV = V. 3Hauwur,

3TO TOYKa | — KpalHss TOYKa MPOIlecca, U YCIOBHE MMOCTOSHCTBA HAMPABICHUS TEIIOOOMEHA IS
3-1 BEIOJIHEHO.

OTBETBI: =5, = arctg(14) = 54.5°, 7= ~7,7%

KPUTEPUU ITPOBEPKU:
JIIEUCTBUE MAaKC.0aJ11
[IpaBuibHO BeIpakens! Vo u V3 uepe3 Z u Vs 1+1=2
[IpaBUIBHO BRIpKEHO P3 uepes o, Z U P1 3
[Torydena dopmyia s paboThl, IKBUBAJICHTHAS
A=2(p, —ps) (1, — V) = Eitg(a)z? 2
[IpaBrIIbHO IPOBEECH aHAIN3 BO3MOKHOCTH {34 < 0 2
Jnst @5, = 0 nonydena npaswibHast popmyina s KITJ] yepes o, zu i 3
[MpaBunbHO HaliaeHO =5 2
[TpaBunbHO HaiigeH o = arctg(1,4) ~ 54,5° 2
[IpaBuneHo Hanaen KII] npu z = 1 2
IIpoBeneHa npoBepka MOCTOSHCTBA HAIIPABICHU TEINIO0OMEHa B npouecce 3-1 2
BCET'O 20
3. («TenJio m cBet», 15 6amuioB) B noneBoil nabopaTopuu TpH OAMHAKOBBIX HarpeBaTENbHBIX

OJICMCHTA C MOCTOSAHHBIM COIIPOTHUBIICHUEM U TPU JIAMIIbI
paboTaiiu OT OJHOTO TeHepaTopa, MOICPKUBAIOLIETO Ha
CBOMX KJIEMMax IIOCTOSAHHOC HaIPsAKCHHUEC. B cxeme
QJICKTPOIMUTAHUA WCIIOJB30BaHbI JiBa AJIMHHBIX ITPOBOJA C
3aMETHBIM COINPOTHBIICHUEM (HA PUCYHKE OHHU TMOKa3aHbI
«KpUBBIMU»  JTHMHUSAMH). CONPOTUBICHUS OCTAbHBIX
COCJIMHUTEINILHBIX TPOBOJIOB T0 CPAaBHEHHID C HHUMH
MPEeHEOPEKUMO Malibl. B mepBoM pekrmMe paboThl CXEMBbI

o K pa3oMkHyT, paboTaer TONBKO OJHA JlaMIla, OJMHOYHBIA HarpeBareib MOTPeOIseT
momaocTh P =980 Br, a kaxnpii u3 marpesareneil B mape — P> =720 Br. 3arem wmou K

3aMKHYJIM, U TCHECPb CBETAT BCC TPU JIAMIIBI. HpI/I 9TOM MOIIHOCTH HOTpe6J'IeHI/I${ KaXJa01ro us3



NapHLIX Harpesarelel ymenpmmiaach 10 P, =648 Br. Kakyro momuocts P Temeps morpebser
OJIMHOYHBIN HarpeBaTesb?

BO3MO/KHOE PEIIIEHUE:
O6o3HauuM R — compoTuBIEHHE <«II€PBOr0» JUIMHHOTIO MPOBOJA (PacHojOKEHHOTO Ha CXeMe
«cneBa»), k-R — conporuBieHue «BTOporo» («cmpaBay), X-R — comporuBiacHHEe OAHOTO
HarpeBates, U Y-R — cOmpoTUBICHUE HUTU OAHON Jammbl. Torna, BEIYUCIISAS CYMMY HAIPSKCHHIMA

o «BepxHemy Oepery» Hamiero mocta, moiaydaem: |1R+1gXR=Uqg (4 — cmma Toka uepes
y Uog
«OIMHOYHBIN» Harpesarenb). Bmems o6o3HaueHue |g E?, MBI MOXEM II€pPErucarh 3TO

COOTHOLICHUE B BUAC YPaBHCHUA
l1+Xlg =1o (3.1)

AHanornyHo i «HWKHero Oeperay 3anwuiieM ( |4 — crna Toka yepes mapy HarpeBareneii)
X
k|2 +§|2H =|0 (3.2)

Ermie nBa HE3aBUCUMMBIX ypaBHEHUS JAIOT YCIOBUS HEMPEPBIBHOCTH OOILEr0 TOKA
|l+|2H :|2+IH (33)
u 3akoHa OMa /17151 J1aMIIbl (IEpBBIN CiTydaid)

glm 1 =y(|1—|H):>§|2H tyly =LY (34).

DTy CUCTeMY JIMHEHHBIX YPAaBHEHUI MOXKHO PEIIUTh OTHOCUTEIBHO CHUJI TOKOB. B wacTHOCTH, 1J1s
CHUJI TOKOB Y€pe3 HarpeBaTEIbHbIE AJIEMEHTHI

X(K+y)+2k(1+y)

Iy

~ Ok ) + (x+ 2K)[y + x(L+ V)]
Lt =1 Ak +y+x1+y)]
Kx(L+ X) + (X + 2K)[y + x(L+ y)]
R 49 14 Iy
OTtHomeHHE »JTHX TOKOB HaM M3BECTHO, BeIbh —— = = = =—. D10

P 36 (I,n/2)? I 12
Sk+(12k-7)y
7-6k+y

(omHa JaMma 3aMEHEHa Ha MapajUIelIbHOE COECJUHEHUE TpeX) IOJIyYaroTCsl TOYHO TaKHE JKe

COOTHOHICHUC NAacT YpABHCHHC Ha k, Xuy: X=

CHO, YTO IJIA BTOPOTO Cliy4das

. y ' .
(bopMyIbl ¢ 3aMEHOU y—>§. Torma coornomenune P, x P, naer mam emie oxHO ypaBHEHHE:

P _10_ 134 _ low _+10
P9 1% 3
V10 3(k +X) + 1+ X)y ~3kX(1+ X) +3x(X + 2K) + (X + 2K)(x + D)y

3 (k+X)+@+x)y  kx@+X)+x(X+2K) + (x+2K)(x+1)y
10T IIyTh MMO3BOJIACT HauTH X U Y I KaXXKI0ro k, U IpA 3TOM HUCCIICAO0BATh AUAITa30H 3HA4YCHUHU k,
IpHU KOTOPBIX PCHICHUC ABJIACTCA (bI/ISI/I‘-ICCKI/I A0IMYCTHUMBIM (OTHOI_I_ICHI/ISI COHpOTI/IBJ'ICHI/Iﬁ

HIIN

MOJIOKUTENBHBL U OJNM3KKM MO TOpsAKY Benuuuubl). Hanpumep, npu K =1 nonyuaercs X =5,

y = 0,3015. st Ka)XJI0TO MOJTY4EHHOTO KOpHS MOYHO BBIYHCIIUTH
’ 12 2

El, = I 5= X3k +y) +2k(E+Y) , u Haiitu P . OtmernM, 4T0 5TO OYeHH HEYmMOOHBIN

P> (24 12) K+y+x@+Yy)

IIyTh, TaK KaK IOJYUCHHAasd CUCTEMa IMOCJIC HCKIIOYCHHA JTF000H Mapel HCU3BCCTHBIX IMPUBOAAT K



YpPaBHCHHUAM BBICOKOH CTCIICHU, HC IMO3BOJIOMIHNX PCIIUTL €€ AHAJIMUTHYCCKU. Tak uytO JJISL
YYACTHHKOB, KOTOPBIE TOILIN 3TUM IyTeM, MPAKTHYECKH €TNHCTBEHHOH BO3MOKHOCTBIO SIBIISITIOCH
YHCJACHHOE pelleHre (HampuMmep, ¢ ToMomplo Tabaum EXxcel wmn  crnenmann3upoBaHHBIX
MaTeMaTHYeCKUX mporpamm). Takol TOJXOX MPUBOIWI K BBIBOJAY, YTO BO3MOYKHBIC 3HAUCHHS
MOIITHOCTH TIOTPEOJICHHUsI OJMHOYHOTO HAarpeBaTelii BO BTOPOM CiIydae JIeKaT B JHana3oHe

855Br< B <909 Br.

BripodeM, ecTh emie oIMH BO3MOXHBIA MyThb. ECIM npednonoscums, 4TO 3aaa4da AODKHA UMEThH
JOCTAaTOYHO TPOCTOE pEIICHHE, TO MOXXHO WCKAaTh BapHaHT, B KOTOPOM BBIPAXKCHHE IS
OTHOIICHHS CWJI TOKOB CYIIECTBEHHO YHpoImaercs. M3BeCTHO, YTO 3TO MPOUCXOAMT B Cliydyae
«IPOMOPIIMOHAIEHOTO MOCTa», KOTJ]a CONPOTHBIICHHE JIBYX <«JUIMHHBIX» MPOBOJOB OJMHAKOBO (B
Hamux obosnauenusx K =1). leiicrurensHo, B 3roM ciaydae u3 (3.1) u (3.2) MOXKHO MOJTYyYHUTh

X
ypaBHenue |+ Xl =1, +§I o4. Bbiuumtas w3 Hero  (3.3), oOOHapyXHBaeM, 4YTO

X
@+x)ly = 1+§ Ioy . Takum obpasom, mpu K =1 oTHOIIEHHE CHII TOKOB Yepe3 HarpeBaTesu

Iy X+2
— = He 3aBUCUT OT lg U Y, u modToMy OyAeT OAMHAKOBO AJIs 000MX MOAKITIOYCHHU!

Ly 2(x+1)
X+2 7

— , MOXKHO HailTH, 4TO X =9, a IOTOM IOJIyYHTh KBaJPATHOE ypaBHEHHE

== =

2(x+1) 12

I Y ¢ HYXHBIM nonoxutensHbiM kopHeM Y = 0,3015, HO B JeHCTBUTEIBHOCTH B 3TOM HET
I 7

HeoOxoauMocTu. Benp Temepp Mbl 3HAaeM, 4YTO JUIsl BTOPOro cliiyyass TOoXe ——=-——, H

oy 12°

[IpupaBHuBas

R 49
— ==
P 36

«MOYTH» MPABUIILHBIM PELIEHUEM (CM. KPUTEPUU TIPOBEPKH )

, 49

R = % P, =882 Br. Takoii 1101X0/] MCIIOIb30BAJICS YaCThIO YYaCTHUKOB, U CYUTAJICS

OTBET: 855B1 < R <909 Br: nonycrmsii otser: B = % P; =882 Br.
2

Ilpumeuanue: OOpaiiaeM BHMMaHUE YYAaCTHUKOB, YTO 3Ta 3agadya — Mo (U3MKE, a HE IO
MaTeMaTHKe, XOTh OHA U TpeOyeT 3HAYMTEIbHOr0 0ObeMa MaTeMaTu4eckoi paboTsl. B peanbHbIX
UCCJIEIOBAaHMX 3aKOHOB IIPUPOJIbI MBI YaCTO HAYMHAEM C CUTYyallMH, KOTJa HaM HEM3BECTHA 4acTb
[apaMeTpPOB PEATUCTUYHOM MOJENM SIBIEHHSA, U B 3TOM CiIy4ae MMEHHO aHalIh3 BO3MOXKHBIX
3HAYEHUN «HEJOCTAIOLIMX» BEJIMYMH I[O3BOJIIET CIJIAHUPOBATh JKCHEPUMEHTHI IS HX
onpezaeneHus. [IoaToMy B HaydHOM HCCIIEI0BaHUU HEIOCTATOYHOCTh KOJUYECTBA YPABHEHUN JJIs
OJIHO3HAYHOT'O pElIeHUs 3a7auu — HE TOBOJ OcTaHaBIMBaThCs. KoHeuHo, Ha onuMIinagax 0ObIYHO
CTaparoTcs JaBaTh 3aJlaud, B KOTOPHIX Takoro He ObiBaeT. Ho 3TO TBOpueckas yacTh 3ajaHus!
Hanpumep, nureparypHbslii nepcoHax OpatbeB CTpyralkux, CTaBIIMH T'epoeM OJHOTO M3 HaIluX
3aganuii  (Kpucrobans Xynrta, omummnuana «[IBI'!'»-2020), npuHIMNHAIBLHO MHTEPECOBAJICS
TOJIBKO PELLIEHUEM TEX 3a/a4, ISl KOTOPBIX 10Ka3aHO OTCYTCTBUE PELICHUS.
KPUTEPUU TPOBEPKU:

neicTBue MaKc.0a/1
[Tonyuyena nosHas cucrema 4 ypaBHEHHH CBSI3M CHJI TOKOB C COIPOTHBIICHUSIMU 4x1=4
(oxBuBanieHTHas (3.1) — (3.4))

ly 7
Boruncneno oTHonenne —— =-— JIu00 MOJy4eHO MPaBUIIbHOE ypaBHEHHE, 1

I2H




R

CBA3BIBAIOIICE — = % C COIMPOTUBJICHUAMU
2

3anucaHa IOJIHAsI CUCTEMa YPaBHEHUN JJIs1 CONPOTUBIIEHUHN WM UX OTHOLLICHUU 2

[IpennosxxeH alropuTM aHaau3a CUCTEMbl ypaBHEHUIN
nJjin

3*
VkazaHo, 4to npu K =1 CBsI3b CHII TOKOB Yepe3 HarpeBaTesn OKa3bIBACTCsI
MaKCHUMAJIbHO MIPOCTOM
!
[ony4ena BepHast hopmysia st B P BBIOPaHHOM METO/Ie 2
2
Ionyuen orBer 855 BT < B <909 BT (momyuen orer B =(882+1) Br nin 3(2)

APYTOil MPaBUIIbHBINA OTBET JJIsl OTHOTO IOMYCTUMOTO 3HaueHHs K)

BCEI'O 15

*Ecnu ciyuail K =1 BbiOpan 6e3 aHai3a oOIIero ciydasi, TO PU MPABUILHOM PEIIEHHUH 33 ITyHKT
1 craButcs 2 6asna (2 ypaBHEHHs), 3@ IIYHKT 2 — MOJIHBIH 0411, 3a MyHKT 3 craButcs 1 0am, 3a
IYHKTHI 4 U 5 — MOJIHBIH 0411, 32 MyHKT 6 — 2 6aJuia. Takum oOpa3oM, MakcuMalbHasl OL[EHKA 3a
9TOT BapHaHT pelieHus paBHa 11 6amnam.

4, («O4vennb ToscTas JuH3ay, 20 6awioB) B HEKOTOPOH YCTaHOBKE HCITOJIB30BAJICS ITYYOK
napajuleNbHbIX JIydel ¢ OYeHb MaJeHbKON PacXOAUMOCTBhI0 — MAaKCHUMAJIbHBIA YOl MEXKIY IBYMS
Jy4aMH B 3TOM IydKe HE JOJDKEH ObUT MpeBblmaTh Fnax =0,1°. Jns co3manus Takoro mydka

HCIOJIb30BAJIUCH SIPKUH MOHOXPOMATHYECKHH CQepuyecKuii HMCTOYHUK CBETa C JUaMETPOM
d=4mvxkm u xomumamop — ummuHap aumamerpoM D=10cMm wu3 crekna ¢ mokasareinem
npenoMiieHnss N=2, OJUH TOPEl KOTOPOro THIATEIbHO OTHUTH(OBaH B (hopMe chepHuecKoit
noBepxHocT paguycoM R =50cMm, HEHTp KpHBU3HBI KOTOPOHM JIGKHUT HA OCH LHJIMHAPA (CM.
pucyHok). Ha kakoM paccrossHUM X OT BEpUIMHBI 3TOM IOBEPXHOCTH HY)KHO DPa3MECTHUTb
WCTOYHUK, YTOOBI €ro JIy4Hd, MPOLIEANINE Yepe3 KOJJIUMATop, 00pa3oBalid My4OK C TpeOyeMbIMU
XapaKTepUCTUKaMU?

oooo- b e °

3
. a
Vkazanue: Yuarure, uro npu o <<1 crpasemuBel npubivkeHHbIe paBeHcTBa SiN(Q) ~ a 5 "

a® . a’ .
t9(a) = a+? C oImuMOKOW MeHee = HcTouHuk cBeTa B paMKax TpeOyeMol TOYHOCTH MOXKHO

CUUTATh TOYCUYHBIM.

BO3MOKHOE PEILIIEHHE:
Cpa3zy oTMeTHM, 4TO pa3Mepbl UCTOYHMKA KpailHE MaJlbl U UX BJIMSHUEM Ha XOJ JIyded MOXHO

d -
npeHe6peraTL (B =4-.10 5 , U JJAKC I «KPAUHUX» JIy4YCHU BJIUAHHUC PASMCPOB HCTOUYHHKA Ha

yron HakjoHa jyda Kk ocu meHee 0,001°). BBegem o0o3HaueHus: MyCTh @ — Yrojl HAKJIOHA K OCH
CHUCTEMBbI JIyda OT HCTOYHHMKA, TMAJArONIero Ha c(epuyeckyro IMOBEPXHOCTH B TOUYke A Ha
paccTrossHuu I' OT OCH.



Vron OTKJIOHEHUS IMMPCJIOMJICHHOT'O Jyda OT OCH 0003HaYUM ﬁ, a yrojl MCexay OCbKO CUCTCMbI U

paauycoM chepudeckoll MOBEPXHOCTH, MPOBEIACHHBIM B TOUYKy A, Ha3oBeM . B kauecTBe

o o . r
IIEPEMEHHOM, OMKCHIBAOIIEH MONIOKEHHEe TOYKH A, OyaeM Hcrmoib3oBath Y =Sin(y) :E. Kaxk

BUJIHO, 00JIacTh M3MeHeHHs1 3Toi nepemernon 0 <y < R =0,1<<1. 3aKkoH mpenomMIICHHUs JTydYa B

TOYKE A J1aeT CBsI3b YIJIOB f U !

sin(e + ) = n-sin(y — B) = sin(a)\1- y? + ycos(a) = 2y cos(B) — 2sin(B)/1—y> . (4.1)

Hckomoe paccTogHue X CBsI3aHO C YIJIOM X .

X =r-ctg(a) — R[L—cos()] = R[y - ctg(a) =1+ /1 y?]. (4.2)
OTMeTHM, 9TO OTpPaKCHHE Jyded OT OOKOBOW IVIIMHIPHYECKON MOBEPXHOCTH KOJUTUMATOpa HE
U3MEHSIET MOAYIs [, U K TOMY € JUIS TOJYYarol[MXCs YIJIOB 3/1€Ch MPOUCXOJHUT IMOJHOE
BHYTPEHHEE OTPAKEHHE, TaK UTO U Ha SAPKOCTb JIy4eH 3TU OTpakKeHUs He BIUAIOT. B nanpHeiiem

MbI He OylneM o0paiath Ha HUX BHUMaHuWs. Tak Kak orpanudeHue Ha yron 3 =arcsin[n-sin(s)]

OYEHb KECTKOE, TO M YIbl [ NOJDKHBI OBITh KpaiiHE Majbl, ¥ C BBICOKOH TOYHOCTBIO MOKHO
9
CUMTATh, YTO 2= nl A=l A< % =0,025° =~ 0,00044. OpHako aHANUTHYECKU BBIPA3UTh [

yepe3 U U3 MOJYYEHHBIX TPAHCIEHIECHTHBIX ypaBHEHHH He moyyuutcs. [103TOMy TYT BO3MOXKHBI
JIBa MYTH:

|. Beipasute S(X,Y) u3 (4.1) u (4.2), mone3ysice manocteio Y. Ilpu 3TOM cpasy HEoGXOAUMO
TOHSTH, YTO ciaraembie mopsiaka Yo <1073 cymiectBennbl B TpeGyemMoM MacmTale TOYHOCTH
BBIUHCIICHUM, U KX HEOOXOIMMO COXpaHsiTh (IpeHeOperarb Mbl MOKEM TOJIBKO CJIaraeMbIMU

2 4

y .y )
~— 4+ -— HaxOIUM:

nopsaka y° <107 u menbime). B otoM ciyuae u3 (4.2) ¢ yaerom 1—/1-y? ~ >t g

X
tg(a) = %, rie Z=-—. 3amucaB o ~ay+asy’, W HCIONB3ysS DANOKEHHE JUIS

R
Z+7 -+
2 8

3242
6z°

TAaHICHCA, HaXO0AUM, IIpHUPABHUBAA CJIaraCMbIC C OJIMHAKOBOM CTEIEHBIO: d=— U az =—
z

5 Yy 3z2+2 3
Takum 00pa3oM, ¢ TOYHOCTHIO JI0 TIOMPABOK MOpsIKa Y yroin o ~ > —F y”. AHaJIOTUYHO B
Y4
(4.1) 3anuceiBaem ﬂzbly+b3y3, U CHOBa HCIOJb3YEM pA3JIOXKEHUs IJI CHHyca U KOCHHYCa
: 2 _ 3 2
sin(a) zl—a—):bl _z-1 1 b :+7Z +9z +3212+11
tg(a) 2 2z 487

z-1 7234922 +21z+11 4
By, z) = + .
.2) 27 y 4873 y

(cos(a) =

. Takum oOpazom,




Mpbl 00HApYKWIIH, YTO B MOPSIKE y1 npu Z=1 (10 ecth misa caydas X =R, korma MCTOYHUK

pacrionaraercst B (oKyce CQepHuecKOil IMOBEPXHOCTH, PACCUYMTAHHOM B IapaKCHAIbHOM
NpUOIMKEHUN — Hampumep, 1o ¢GopMyse ONTHYECKOW CHUJIbI TOHKOW JIMH3BI) MBI TOJTYy4aeM, 4TO

BCE JIydH B KOJUTMMATOPE HAYT MApaiuIenbHo ocH. OHAKO TPH y4eTe MONMpaBoK mopsyika Yo s
ayda ¢ MmakcuManbHbiM oTkiIonerneM (Y =0,1) or ocu £$(0,1,1) ~0,001> 0,00044. D10 o3Hauaer,

9TO MPH TAKOM IOJIOKCHHH HMCTOYHHKA IMYYOK MMEET CIMIIKOM OOJbIIyl0 pacxoammocTh! Kak
BH/HO, Ha CAMOM JIeJie JIy4Ilie B35Th Z HEMHOIO MEHbIIE 1, U B 3TOM citydae [max OyIAeT MEHbIIIE.

Hanpumep, MOKHO BBIGpaTh €ro Tak, 4rodbl npu Y =0,1 yron otkinonenus £ obGpamaics B HOJb
(oro cootBerctByeT Z ~ 0,980 mmu X =490Mm ), u 3T0T BBIOGOP OTBeYaeT Lrax =~ 0,00041, To ecth

MYYOK YIOBIICTBOPSIET BBEJACHHBIM TpeOoBaHMsM. bojee moapoOHOe MCCiIeI0BaHUE TOKAa3bIBACT,
4TO My4oK ymosieTBopsieT TpeboBanusm mpu 0,979< 7 <0,988 (to ects 4895 MM < X <494 Mm),

a HaMMEHBIIIAs PaCXOIUMOCTh Iyuka gocturaetes npu Z = 0,984 (X~ 492mm).

Il. MoxxHo pmoramaTbcs, 4YTO HauOoyiee KpUTHYHAs 00JacTh — OO0JacTh YIJIOB, OJM3KUX K
MakcuManbHOMYy OTKJIOHeHHI0 (Y ~0,1), U MOXHO BBIOMpATh IOJIOKECHHE HMCTOYHHKA TAKHUM

o6pazom, utobsl f =0 npu onpeneneHHoM 3HaueHun Y, Hanpumep — umeHHo npu Y = 0,1. Takoit

moI00p MOKHO OCYIIECTBHTH HEmocpeacTBeHHO Ha 0aze ¢gopmyn (3.1) u (3.2): momoxus B (3.1)

£ =0, maxomum, uro Sin(@)y1—Yy? +ycos(@) =2y = a =arcsin[2sin(y)] -y Toxacrasus 510
V1-y? 1-4y? + 2y
21-y2 —\[1-4y?

nonydaercs X ~0,97985- R~ 4899 mm. Kak BuaHO, 3TOT METOX TaeT pa3yMHBIH pe3yibTar H

-1+ 1—y2 . Torma s y =01

3nadyeHue B (3.2), Haxomum, 4To X = R

HAMHOTO TIPOIIIE [0 pacyeraM, HO OH MEHEe CTPOT: OTCYTCTBHE aHATMTHUYCCKOW GopMyIisl it [

HC MMO3BOJIACT MPOBCCTU aHAJIU3 yIJia OTKJIOHCHWA HAa MAKCHUMYM, U MbI OITMPACMCA Ha «I0TaAKy» O
TOM, YTO HY’>KHO MUHUMHU3UPOBATH OTKJIOHCHHEC ((KpélﬁHHX» MMPECJIOMIICHHBIX nyqeﬁ OT OCH.

[1l. MoxHo Moau(puIMpPOBaTh «BTOPOI» METOJ, NMPOBEIS UYUCIECHHBIA aHaIM3 3HAYEHUH Yyria
OTKJIOHEHHUS] HA MakCUMyM BO BCEM BO3MOXXHOM HHTEpBaJle TOUYEK MajJeHUs (Ha OCHOBE (opMyI
(3.1) u (3.2) um B paMKax KOPPEKTHOTO IKBHBAICHTHOT'O 1MOX0/1a). B 3TOM cilydae — pH 4eTKOM
OOBSICHEHUM MPOLEAYphl U TPEACTaBICHUN pe3yJIbTaTOB pacueTa Uil Pa3HbIX 3HAYEHUH X H
pa3HbIX TOYEK MNAJCHHUS — TAKOW METOJ PEUIEHUS CTAaHOBHUTCA CTPOTMM, M OH 3aCUUTBIBAJICS
HapaBHE C «IIEPBBIM.

OTBET: X~ (492+2) Mm.

KPUTEPUU ITPOBEPKU:
JENCTBHE MaKCc.0aJL1
VYkazaHo (UCIONIb3yeTcs B PELICHNH), YTO pa3MepaMi HCTOYHUKA MO>KHO 1
npeHedpeyb
VYkazaHo (MCTIONB3YETCs B PEIICHUH ), YTO OTPAKEHHS OT OOKOBOM MOBEPXHOCTH HE 1
BIIMSIFOT Ha Pe3yJbTaT
[IpaBmiibHO 3amucaH 3aKOH NMPENIOMIICHUS Ha cepuyeckoil moBepxHoct (3.1) 3
[IpaBuiIBbHO 3amKcaHO ypaBHEHHE, SKBUBaJIEHTHOE (3.2) 2
OO00CHOBaHO, YTO B PA3JI0KEHUH IO MAJIOMY ITapaMeTpy HY)KHO YUUTHIBAThH 3/2*

" " 3
claraeMble ¢ OTHOCUTENbHOM BenmmauHou 10 10 / OOBsACHEHO, YTO HYKHO
MUHUMU3HUPOBATh OTKIOHEHUE «KPAHUX» JIyuel OT OCH




[Monyueno Beipakenue i B(Y, Z) B Hy)KHOM HopsiKe / HallIEHO BHIPaXKEHHE ISt 5/3*

X, TP KOTOPOM KpalHUM J1y4 HE OTKJIOHAETCS

Orteer 11t X B BHE auana3ona (492+ 2) MM/ OTBET B BUJIE YHCIIA B JUAIIa30HE 3/2/1
(492+ 3) MM / Tosbko B manazone (4924 5) MM

ITpoBeneH aHaIM3 OTKJIOHCHUS Ha MAKCUMYM JUISL BCEX TOUYCK MMaJIeHUs 2*
BCEI'O 20

*[Ipu peuieHuu «BTOPBIM» METOJIOM BOOOIIe Oe3 aHaju3a OTKIOHCHHH Ha MAaKCHMyM BO BCEM
BO3MOYKHOM MHTEpBaJie TOUEK MaJCHUsI MaKCUMaJIbHAs OIICHKA paBHA 16 6ajiam, eciiu Takke HeT
00BsCHEHHMS, TOYEMY BBIOpaH KpalHuM 1y4, TO 15 danaam.

Ilpumeuanue: Kak BUIHO W3 NMPHUBEICHHOTO PEUICHUs, HCIIOJIB30BaHUE (POPMYIIBI TOHKOW JTMH3BI
Wil «popMyibl HUTH(OBATBIIUKA» TPU 33JaHHOM TpPEOOBAHHUIO K KosiuHeaprocmu (MaJloi
PacXoIUMOCTH) ITy4YKa SIBISETCS CIMIIKOM IpyOBIM, TaK KakK MPU WX BBIBOJE B BBIPAKCHUAX JJIS
CHHYCOB U TaHTE€HCOB YTJIOB NPEHEOPEraloT YIOMSHYTBIMU B YCIIOBHH KyOMYECKUMH TOMPABKAMHU.
[TosTOMy IpakTHUYECKH JIF000€ pelIeHHe Ha OCHOBE 3THX (OPMYII OKA3bIBAETCS 10 CYTH HEBEPHBIM.
Kpome ToOro, sicHo, 4yTo B paMKax MapaKCHaJIbHOIO MNPHUOIMKEHHsS] KOPPEKTHbIE BBIYUCICHHS
00s13aTeNbHO TODKHBI puBecTH Hac K otBery X =500MM. B xoze npoBepku kropu 00HAPYKHIIO
MmHoro (6osiee 100) paboT ¢ pereHUsAMH, TPUBOISIMME K 0TBETY X > 504 MM (Miu aHAJIOTHIHOMY
CO «CABHIOMY 3arsiToit). JKropu MpoCUT y4acTHHKOB B JajibHEHIIIEM ObITh OOJiee BHUMATEIbHBIMU.
OTH penieHus He TOJBKO MOIyYeHbl B paMKax HEKOPPEKTHOTO JIJIsl TaHHOW 3a1auyl TPUOIMKEHUS C
MOMOIIIBI0 BBIYUCIICHHUH, COAEPIKAIIMX HETOYHOCTH, HO W HMMEIOT (U3NYECKH OECCMBICICHHBIN
OTBET (M3 HEro, HampuMep, CIEAYeT, YTO Ui JIy4d OT YyJaJeHHOro (X—>00) HCTOYHHKA,
HaXOJAIIETOCSs Ha TJIABHOW ONTHYECKOH OCH JIMH3BI, TOCIE MPOXOXKICHUU JIMH3BI WIYT
MIPaKTUYECKH MapaJlIeIbHO 3TOM OcCH, a 3TO o4eBUAHO He Tak!). IlosTomy Takue pemeHUs
CUUTAJIUCH MIOJIHOCTBIO HEMPaBUIIbHBIMU.



