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YBakaeMble YJICHBI KIOpH !

3agauu, NpeIJIOKECHHbIC MIKOJIbHUKAM JIJIs PEIICHHUS Ha OJMMIIMAJE, HE CTaHIApPTHBIE U
JIOCTAaTOYHO cJokHbIe. [IpensokeHHbIe 37€Ch BapUaHThI IMyTel
pelIeHU HEe SIBIISIIOTCSA €IMHCTBEHHO BO3MOKHBIMH. YYaCTHUKH
OJTUMITHAIBI MOTYT TPEJIOKUTH CBOM CIOCOOBI pemieHus. Ecim
ATH CMOCOOBI TMPUBOIAT K TMPABUJIBHBIM OTBETaM U (DU3HUYECKHU
000CHOBaHBI, TO 3a7avya (MJIM €€ OT/ICJIbHBIC MYHKTHI) JIOJDKHBI
OIICHUBAThCA MAaKCHMAaJIbLHBIMH OaJlJIaMHu.

Kaxnoe 3amanue compoBoxnaaercs Jlucrtamum OTBETOB, B
KOTOpBIE YYaCTHUKHU OJIMMITHA]IBI JIOJDKHBI 3aHECTH
OKOHYATEJIbHbIE PE3YIIbTATHI.

Ecin okoHUaTenpHBIM pe3ynabTaT HE 3aHeceH B Jlucr
OTBETOB, HO COAEPKHUTCA B OCHOBHOM pEIIEHUHU, TO OTOT

pe3yJIbTaT TaKkKe HE0OOXOUMO OLICHUBATh.
He 3a0biBaiite, uTo BBl JOMKHBI OLICHMBATH HE TOJHKO KOHEYHBIE OTBETHI, HO U
OT/JeTIbHBIC MTPABWIIbHBIE IIIATH B XOJ1€ PEIICHMs!

He sicaneiime 6annoe (eciu, koneuno, ecms 3a umo!) oasa nawiux
MAnaHmMaueblx WKoJIbHUKO08!
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3ananue 10-1. [IporpeccuBHasi AMHAMH KA 10 H

B nanHOM 3amaHuM AeicTBHE CUJIBI TSKECTH HE YUUThIBaTh. BHUMaHue! 20 H

PrcyHkn HOCAT KaueCTBEHHBIM XapaKTep: peajibHble IPONOPLUUN CUII Ha

m
HHX II0 TIOHATHBIM IPpUYXUHAM HE COGHIOIICHBI. 80 H 10 H

1.1 Ha marepuanbHyi0 TOUKYy Maccol m = 36,4 KI' JAEHCTBYIOT LIECTh

cun (Puc. 1), pacnosioxkeHHBIX B OJHOM IJIOCKOCTH, caMasi «MaJIeHbKas» Puc. 1

n3 kotopbix paBHa F; = 10 H u HanpaBnena Bnons ocu Ox. M3BecTHO,

YTO KaXJas cieaylomas cuia Oonbllle Mpeaslaylied B JBa pasza U o

noBepHyTa Ha yron a = 60° (cM. Puc. 1). Haiinurte yckopenne d; 320H

MAaTEepUAILHON TOYKH MO/ JEHCTBUEM TAHHOW CUCTEMBI CHIL

1.2 Paccmorpum obmwmii cioyvaid. Ilycte Ha MaTepmanpHyto Touky maccoii m (Puc. 2) neiictByer

= > = > -
cuctema u3 n cun (Fy; F,; F3; ...; F_q; F,), pacroioKeHHBIX

B OJJHOM MJIOCKOCTH Ha OJWHAKOBOM YIJIOBOM paCCTOAHUN O =

2T

—~ JIpyr OT jpyra. N3BectHO, yTtOo Monynb Fj,i; Kaxoou

crnexyromeil cuibl Bk pa3 Gonpiie Mopyis F; mpensiaymieit.
Haligute yckopenue d, MaTepHalbHOM TOYKH IIOJ JAEHCTBHEM
OIMCAaHHOM CUCTEMBI CHII.

1.3 Hcnonb3yst oOlee BBIPAKEHUE, MONYYEHHOE s d, B
HPEABIAYIIEM MYHKTE, BBIUUCIUTE YCKOPEHHE @y JUIA MEPBOTO

MTyHKTa 3aJ1a4yu.
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Pemenue:
3ananue 10-1. IIporpeccuBHasi AMHAMHKA

1.1 Ilpsmoil Merox peuieHHs] NpenojiaraeT HaxOXJAEHHE HPOEKLUMH KaxJO0H U3 ILIeCTH CHUJIl Ha
COOTBETCTBYIOLYI0O OCh M  JaJbHEWIIEe CYMMHUpPOBaHHE
MPOEKLHM MO KaXJO0W U3 OCEH.
OpnHako 3a1a4y MOXKHO peluTh mpole (1 kopoue!) ecnu
MIONIAPHO CJIOXKUTh CUJIbI, IPOTUBOIIOJIOKHBIE I10 HAIPABJICHMUIO.
OTO yNmpoUIaeT CUCTEMY A0 TPEX CHUJ Pa3IUYHON JUTMHBI
(Puc. 01), xoTopble MOKHO IOCIEA0BATENBHO TPOCYMMHUPOBATH

IO MPaBUITY MapaJlIeIorpaMma. 280 H
[Tocne cnoxenus cun 70H u 140 H mo Tteopeme

kocunycoB (Puc. 02) umeem
F;, = V702 + 1402 — 2- 70 - 140 - cos 120° = {185,2025918}1 = 185 H . 1)

S
Jlis nanpHEHIMX BBIYUCIEHUN HaM MoTpedyercs yron [ MeEKIy BeKTopoM  Fi, M CUIION
140 H (cm. Puc. 02), koTopblit HaitieM 10 TeopeMe CHHYCOB

70 H 185H o
sinf  sin120° p=191°. (2)

Jlanee ananoruyHo (MO MpaBWILy Mapajierorpamma)

CKJIaJIbIBAEM CHJIBI ﬁ12 n 280 H, yuutsiBas, uTo
y =180° — (¢ + ) = 101° . (3)
OnsTh ke o TeopeMe KOCUHYCOB
F =+/1852 + 2802 — 2 - 185 - 280 - cos 101° =
{363,8582305} = 364 H . 4)
JUJIst HOTHOTO 3a/1aHusl BEKTOPa HEOOXOAMMO HE TOJIbKO

HaWTH ero Moaynab (4), HO W YyKazaTb HampaBleHHE Ha

riockocT. Ha mpakTuke At 9TOro A0CTaTOYHO HAWTH yrod,
o0pa3yeMblif JaHHBIM BEKTOPOM C KaKOH OO OCBIO MITH OTPE3KOM.
B mnamem ciywae ynobHo Haiitm yroai ¢ (cMm. Puc. 02), oOGpa3oBaHHBI BEKTOPOM

S
paBHOnEKCTBYIOIEH F ¢ ocero Ox

p=a+d . (5)
ITo Teopeme cuHyCOB 11 TPEYT OJIBHMKA U3 BTOPOro MapauieorpaMma UIMeeM
185H _ 364H o
sind ~ sin101° 6= 29,9°, (6)
TOr;ma
@ = 60° 4+ 29,9° = 89,9° = 90° . ©)

Kak cnenyet u3 (7) BeKTOp paBHOACUCTBYIONIEH F mpakTU4YeCKH MeprneHauKkyaspeH ocu Ox,
CJIEIOBATENBHO, COTJIACHO BTOPOMY 3aKOHY HBIOTOHA, YCKOpeHWE @, MaTepuasbHOM TOYKH TaKKeE
OyIeT MPaKTHYECKU NEPIEHANKYISIPHO 3TON OCH.

3amerum, uto Ha Puc. 02 yron ¢ Tynoi, Torja Kak TOYHbI€ BRIUUCIEHUS [10KA3bIBAIOT, UTO OH
«HEMHOXEUYKO OCTpHIii». TeM He MeHee, Jake TaKON «KauyeCTBEHHBIN» PUCYHOK IIPUBEN HAC K LEJIH.

1 — 3neck m manee: B QUIYpHBIX CKOOKaX TpencTaBieHbl (6e3 pa3sMepHOCTH!) TOKAa3aHHA HHKEHEPHOTO KAIBKYJIATOPA

(manpumep, CASIO fx-991EX (CLASSWIZ)) npu npaBuibHOM pacyére.
3

Teopernueckuii Typ. Bapuanr 1.
10 xnacc. Pemrenus 3aga4d. bnank ams xxopu.
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W3 0OCHOBHOI'O 3aKOHA IMHAMUKHN HaXOJIUM MOJYJIb (; YCKOPEHUS] MaTEpHaIbHON TOUKH
F 364 (M M
o =—=22(2)=10(%). 8
I 7 m ™ 364\c2 c? )
HNutepecHo, uto 3HaueHue (8) sl @, COBEPIICHHO CIIy4ailHO «COBMAJO» CO 3HAYCHHEM g ,
HCIIOJIb3YEMOM Ha IEHTPaIM30BaHHOM TecTipoBanun (©), XOTs B 3TOM 3aJaHUHU MBI €r0 HE YUUTHIBAIIN

a; = gyr = 10 (24_2)

1.2 Tlo onpenenenuto paBHOACHCTBYIOIAsA F' paBHA CymMMe BCeX CUJI, IEHCTBYIONIMX HA MaTepUaTbHYIO
TOYKY
- - - - - -
F=YF=F+F++F,_1+F . 9)
3aMeTuM, 4TO MOAYJIH CHJI, TEHCTBYIOUIMX Ha MaTepUalIbHYI0 TOUKY, 00pa3yroT BO3pacTaIOILYIO
reomMeTpudecKyro nporpeccuto. CienoBarenbHo, AJ1 MOy cuiibl  F,, crnpaBeuinBa GpopMysia
— . n—1
E,=F k" (10)
Kpome Toro, mpu reoMerpuueckoil mporpeccuu ais JoObIX cocelHuX wieHoB Fji 4 n Fj
BBIITOJIHSAETCS] PABEHCTBO

% = k = const. (11)

Jnsi mpaKTHYEeCKOro HCIonb30BaHust cBoiictBa (11) ma BektopHoit mumarpamme (Puc. 02).
YMHOXXHUM KaXAbli BekTOop F; Ha k (IIpu 3TOM OH yAJMHUTHCSI B Kk pa3) U MOBEPHEM «yAJIMHEHHYIO»

21 o
CHCTEMY CHJI KaK I[eJI0€ Ha yTOJl @& = —= NPOTHB YaCOBOH CTPEIIKH (Cm. Puc. 03).

- >
U3 (11) cnenyet, 4To mocie Takoil Hpoleaypsl BekTop F; «mupeBpatuicsi» B F, U B TOUHOCTU

«3aHs ero mecto». COOTBETCTBEHHO, BEKTOp F, «mpeBpaTHics» B F; U B TOYHOCTH «3aHSJI €ro

MeCTO» M T.A4. TOJNbKO MmocineqHuii BekTop F, «ymmHuics» B k pa3 u 3aHAI MECTO «YUISIIIET0» MPH

MIOBOPOTE MEPBOr'0 BEKTOpa ﬁl. COOTBETCTBEHHO, MO)KHO CUUTATh, YTO K CTapOW CHCTEME CHJI IOCIe
TaKOW  Mpolenypbl  TpPOCTO  J00ABUIICA  BEKTOp kE, — F;,
OpPHEHTHPOBaHHBIN BJOJb ocu Ox.

Ho, ¢ npyroii ctoponsl, u3 (9) cieayer, 4To pe3yabTHpYOIIas CHla

-

21
F mipu 5TOoM yBenmnumiack B k pas u Takke MOBEPHYJIACh HA yTONl @ = —.
n

N300pa3um Bce cka3aHHOe Ha BekTOopHOW auarpamme (Puc. 03),
o0pa3yroneil BEKTOPHBIH TPEYroJbHUK.
CornacHo TeopeMe KOCUHYCOB ISl TPEYTOJIbHIKA MOYKEM 3aIUCaTh

(kE, — F))?> = F?> + (kF)? — 2F - kF * cos a. (12)
C yuerom (10) mpeobpazyem (12) k Buay
FZ(k™—1)? = F? + (kF)? — 2F - kF - cos a, (13)
OTKY/1a HAXOHM
K"-1 K"—1
F=———F = F, . 14
VkZ—2kcosa+1 1 k2—2kcos(27n)+1 1 (14)

-

Jlnis 3ajaHus HarpaBJieHUs BeKTopa F Ha IJIOCKOCTH HalJieM yroil 5 U3 TEOpeMbl CHHYCOB
Fi(k™-1 F Fsina sina

= = sinfi = = .
sina sinf B Fi(k™-1) Vk2-2kcosa+1

Toraa BekTOp F o0pa3yer ¢ ocbto Ox yron
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y=a+p="24+8 (16)

Bripaxenus (14) — (16) moaHOCTBIO 33/1aI0T PAaBHOACHCTBYIONIYIO CHITY F' /11 TaHHON CUCTEMBI
CHLIL.
CornmacHo BTOpoMy 3akoHy HpBIOTOHAa YCKOpeHHE MaTepuaJbHOW TOUYKH OyIeT Takxke

HaIpaBJIeHOo Mo yriioM Y K ocu OX U paBHO
F K"—1 Fy

a2 == .
m sz—chos(il—nHl m

1.3 [lns BerumciacHuit ¢ ucnonb3oBanueM (14) — (16) u3 ycioBus 3amadd HaiaeM HEOOXOTUMbIC

A7)

napameTpsl: n = 6 ; k = 2. Ilociie mogcTaHOBKM IOJTy4aeM

26-1 10 (M M
a, = — (=) =1{9,992600813} = 10 (=), (18)
S P cos(y+1 36,4 (cz) (CZ)
f =sin?! sin60° =2 = 30°. (19)
/22—2-2cos(2?")+1 6
CnenoBarenbHO,
21 T T °
}/—?-Fg—z—g(). (20)

Cornacno (20) BeKTOp d, mepueHAuKyIsapen ocu Ox.

CpasuuBas (18) u (20) ¢ (7) u (8) KoHCTaTUPYEM MOJTHOE COBMAJACHHE OTBETOB (C YUETOM MaJIbIX
MOTPEIIHOCTEN OKPYIJICHHs) U B OYEPENHON pa3 yOexxaaeMcs B CIPaBEJIMBOCTH CTapoil HCTHHBL: «Bce
MPaBUJIBHBIC PEIICHHUS, B OTINYKME OT HEMPABHIILHBIX, BEAYT K OJHOMY M TOMY K€ 0TBeTy»! ©
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3ananue 10-2. DHepruyHblii 6pocok

Hebonpiioil xamemniek maccoil m OpoCHSIM TOJ HEKOTOPBIM YIJIOM « K TOPU30HTaJIbHOMU
nosepxHoctd (Puc. 1) ¢ HEKOTOPOI HaYaIbHOM CKOPOCTBIO Uy. 3aBMCMMOCTh KMHETHYECKOW 3HEPTUH
E, xamemka (cM. Puc. 1) ot npoiiaenHoro um nytu [ B

Uy l K . npolecce nonéra npejacTaBicHa Ha Puc. 2 B 6e3pa3sMepHBIX
Puc. 1 T g koopaunarax E./E, u l/ly (rne Ey m ly — HekoTopsle
m Ao ' pa3MepHble MacIITaOHblE MHOKUTENN).

COHpOTI/IBJICHI/IeM BO31yXa IpHu ABUKCHUHN KaMCIIKa
npenedpedb. YCKOpeHue CBOOOAHOTO MaiIeHUs g.

Yacrs 1. «Toabko ¢opmyas» B 310l uvactu

3amaud BaMm mpencrouT camoe MpoCTOe: BBIBECTH E./E, Puc. 2

(bopMyIbl A pa3InYHBIX (PU3NUECKUX MapaMeTpoB

CUCTEMBI YEPE3 U3BECTHHIC BEJIMYUHBI: M, EO, g.

X /

1.1 Haiigute KMHETUYECKHE SHEPrUM Kamelka: E;

— B MOMEHT Opocanus, E, — B BepxHel TOuke

TpaeKTopHH, E3 — pu MajieHuy Ha 3EMITIO.

1.2 Ompenenute HaYaIBHYIO CKOPOCTh U KaMeIKa

pu 6pocke.

/o

0 1 2 3 4 5 6 7 8 9

O R, N W b U1 OO N 0 ©

1.3 Tlonyuute dhopmyiy s ONpEACIICHUs yIila o,

MOJT KOTOPBIM KaMeIllleK OpOCHUIIN K TOPU3OHTY.

1.4 BeiBeaute popmyiy A BpEMEHHU MojeTa t,; KamellKa.

1.5 Haiinute MaKCUMaIbHYIO BBICOTY Mg, M AATBHOCTH S TI0OJIETa KaMEIKa IPH TaKOM OpOcCKe.
Yacrtp 2. «Toabko pacuéres» B 31Ol yacTu 3agaun BaM npencTtout camoe CI0XKHOE — BBIYHUCIUTH
3Ha4YeHus (PU3NYECKUX NapaMeTpoB CHUCTEMBI MO (opMysaM, MOJYyYeHHBIM B mepBoil udactu. [lpu
pacuerax npumure: m = 1,00 kr, E; = 10,0 >k, g = 9,81 M/c2.

2.1 Bpruucnure 3Ha4eHUS BeeX PU3NYECKUX TapaMeTPOB CHCTEMBI U3 MyHKTOB 1.1 —1.4 .

2.2 BplunciuTe MakCUMalbHYIO BBICOTY Ny, U JAJBHOCTH S TOJeTa KaMmellka U3 ImyHKTa 1.5.
[Monyuure uucieHHOe ypaBHeHHe Y(X) TPaeKTOPHH KaMellka, cxemaThdecku e€ mocrpoiire. Kak
MOXHO TOYHEE OI[EHHUTE JJIMHY TPACKTOPHU Ly,,, KaMeIKa.

2.3 OmnpenenuTte YMCIEHHOE 3HaYEHUE pa3MEPHOr0 MacIITaAOHOr 0 MHOXKHUTENS [ .
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Peienne:

Yacrts 1. «Toabko popmyabi»

1.1 B momeHT OpocaHusi yTh, IPOIICHHBIN KamenkoM, paBeH Hymo (l/ly; = 0), 4T0 COOTBETCTBYyeET

HavanbHO# Touke A rpaduka (Puc 10). CrenoBatenbHO

E, = 8E,. D) | E/E e 10
[Tockosbky KaMelleK Opocator BJI0JIb 2 C

P

A /

FOpI/I3OHTaHBHOﬁ MOBCPXHOCTU W  COMNPOTHUBJIICHUEM

BO3JlyXa MOKHO IIpeHeOpeyb, TO MO 3aKOHY COXpaHEHUs

SHEPruM, B KOHEYHOW TOYKE TpaeKTopuu (mpu

npuzemiienun /1, = 8) ero kunerudeckas sueprus Es

O R, N W b U1 OO N 0 ©

OyZeT MMeTh TakKoe K€ 3HaueHHe, KaK M IpH CcTapre N LT
(rouka C Ha Puc. 10) B -
E; = E, = 8E, (2) A
B BepxHedl TOuYkKe TpaeKTOpUH TO 3aKOHY o 1 2 3 4 5 6 7 8 9

COXpaHEHHUS! SHEPruM MOTEHIUANbHAsg SHEPrus HMeEeT
MaKCHMaJbHOE 3HaYCHHE, a KHHETHYecKas dHeprus E, , COOTBETCTBEHHO — MUHUMallbHOE (TOuka B Ha
Puc. 10).
Munumym ¢ynkuuun Ha Puc. 10 coorBerctByer Touke B ¢ abcumccoit [/, = 4 (monoBuHa
MpoiIeHHOro Iy TH) U opaunaroit E./E, = 2. CiegoBaTenbHO
E, = 2E,. 3)
1.2 HayanpHyro CKOpOCTH KaMelllka HaijeM, 3Has E;

2

1.3 B BepxHeil TOYKE TPACKTOPUH KHHETHYECKas OHHEPrusi KaMelIKa OMpPEAeNsieTcsl TOJIbKO
TOPU30HTAIBHON MPOEKLUEN Vg, = Uy COS @ €ro HauajabHOU cKopocTH. CiienoBaTenbHO
mv3,  muvi(cosa)? E, 1

_ _ _ 2 = [B2_1
E, === > = E,(cosa) = cosa= |T5=o. (5)

1.4 ]lns BeIYUCIIEHUS BPEMEHHU MOJIETA KaMellka He00X0AUMO HalTH CHHYC yrila ero OpocaHus

sinazmz{(sanl_g—j:\/ﬁE—fzzg. ®)

Janee wucnois3yeM U3BeCTHYIO (opmyiy nanas BpeMeHHM mojéra npu OpocaHMM BAONb
TOPU30HTAIbHON TOBEPXHOCTH

2.U()y ZUO sina 2 2E1 EI_EZ 2 Z(El—Ez) 4 3E0
t. =—=— = 4 ) 6 == [—= = = = - [—. 7
n g g {4 ( )} g\l m \/ E; g\} m g\l m (1)

1.5 MakcumalbHYyIO BBICOTY OABbEMA KaMelIKa Ny, ,, HaAWAEM U3 3aKOHA COXpaHEHUs MEXaHUYEeCKOU

suepruu (Puc. 11)

mU(Z) _ _ - l EK
2 El - EZ + mghmax = Vo \o g’
L _ BB _ 6k ©® mda fmax
max mg mg i S = B
[ S Puc. 11
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JlanbHOCTb MOJI€Ta KaMelllKa HaiJIeM U3 YCJIOBUS €ro PaBHOMEPHOIO JIBUJKEHUS 110 TOPU30HTAIIN 3a
U3BECTHOE BpEMs

S = UOx - tl’l = UO cosa- 2v0 Slna \/7? El EZ 1/E2(E1 - EZ —_ \/_EO . (9)

Yacts 2. «Toabko pacyérbi»

2.1 TIpoBeneM HeOOXOIWMBbIE BBIYMCICHHUS C Y4YETOM IIpaBUJIa COXpaHEHHS TpEX 3Havammx udp
(CTONBKO 3a71aHO B YCIIOBUH).

E, =8E,=80,0 i, E;=E, =8E,=80,0/x, E,=2E,=20,0lx; (10)
v0—4f—126— (11)
cosa= |[2=1 = a=60,0°="<, (12)

1 2 3

t, =§ /% =223c. (13)

2.2 HpOBeI[eM BBIYHCIICHHA C YUCTOM IIpaBUJIa COXpAaHCHUA KOJIMYCCTBA 3HAYAIIUX I_[I/I(i)p
6E

Pmax =2 = 612w, (14)
s=20% 141w, (15)

VpaBHeHue Tpaekropuu Kamemka y(x) mpencraBiser coboll mapaboiy, BETBH KOTOPOW
. S
HANPaBJICHbl BHU3, a €€ BEPIIMHA C/IBUHYTA BNPABO HA — M NPUIIOHATA HA hinax - COOTBETCTBEHHO,

e€ ypaBHeHHUE OylleT UMETh BU]I

y(x) = —a (x — 3)2 + Rnax (16)

4h _
rJI€ TOCTOSIHHAS 4 = % =0,123 M1

olpeeNsieT «KpPyTU3HY» BETBel mapaloibl.
[ToacraBnss B (16) uncnennsle 3HaueHus (14) u (15), monyduM 4uclIeHHOE ypaBHEHHE TPAEKTOPHH
KaMelllka
y(x) = (=0,123 - (x — 7,05)% + 6,12) (m) , (17)
onpenenénnoe Ha Ha yuactke [0; 14,1]. anee o6o3HauuM R4, = h.
Takum o0pa3om, HaM HEOOXOAWMO KaK MOXXHO TOYHEE HAWTH JUIMHY L., TMapaboiibl, 3a1aHHON

ypaBHeHuem (17).

E

e N

CxemaTnuecku H300pa3uM 3aBUCUMOCTb

X
N~
\

=

o

(17) na rpaduke (Puc. 12), rae Bce usmepsiem

B Mmerpax. Ounenum mmmHy kpuBoii DEF

Memooom ecpanuy, TMOCJICOAOBATCIBHO HaXO0dda

e€ ¢ HEeIOCTAaTKOM U U30BLITKOM, IOCTEIICHHO

CyXasl FPaHMIIBL.
B nepBom npubimkeHHMM MOCTYNUM

o = N w H (9] (@)} ~N
~
T

D | 52 G \

mapaboibel cHavana xopmoii DE, a 3arem 0 5 10 15

OpeeibHO  MPOCTO:  3aMEHUM  TIOJIOBHHY

MOJIOBUHOM  IIEpUMETPA  MPSAMOYTOJbHUKA
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DHEG (cm. Puc. 12).

l
Kak cienyer u3 pucyHka, JJIMHA IOJOBUHBI apaboiasl DE = ==

OonblIe AIMHBI TUIIOTEHY3bI
DE mpsimoyroJyibHOro TpeyrojbHuka DEG (HUXHSS TpaHUIIA)
DE =,/(§/2)? + h? =9,34 ™M, (18)
HO MeHblie cyMMbl ctopoH DH u HE nipsimoyronbauka DHEG (BepxHsisi TpaHHIIa)
JOT+RE < <2 p (19)
B uncrneHHbIX 3HaUEHUAX 3TO NAET (Jajgee Bce U3MEpsieM B METpax)
9,34 < M < 13,17, (20)

Bo3smem CpCaHCC apI/I(l)MeTI/ILIeCKOC HIDKHEH U BerHeﬁ I'paHUllbl, TOr'Aa B IICPBOM HpI/IGHI/I)KCHI/II/I

IJI JJIMHBI TPACKTOPUU ITOJYyHIaCM
9,34+13,17

= 22,5 M. (21)

B kauectBe morpemHocTH Al ,, TEPBOro MpUOIMIKEHHS BO3BMEM IIOJIOBHHY HHTEPBAja MEXIY

lmax = 2

rpaHuLIAMU
Almax = @ =19. (22)
OKOHYATENBHO AJIsI IEPBOT'0 MPUOIMKEHHUS HAXOAUM (BCE U3MEPSITH B METPaXx)
bnax = (225119 M, €e=8,4%. (23)

Jyist BTOpOro npuOJIMKEeHUs TMHBI TPACKTOPHH Ly, 4, BBIOEpEM TOuKy K IpUMEpHO Ha cepeinHe
(mo abcumcce) Bocxozsmied BeTBU napabonbl (cMm. Puc. 12). HoBas HuHss rpanuna Oyner paBHa
cymMme il otpeskoB DK = /3,52 + 4,52 = 5,70u KE =./3,5% + 152 = 3,81.

Janee npoBeném KacaTeNnbHYIO K Mapabosie B HayanbHOU Touke D (cMm. Puc. 12) u Haiinem Touky L
e€ mepeceuenus ¢ orpeskoM HE. Torna HOBas BepXHssl T'paHMIIA OLIEHKH OyneT paBHA cyMMe JJIUH
orpeskoB DL = /3,52 + 6,02 =6,95 u LE =3,5.

B dncieHHBIX 3HaUCHHSAX (Jajiee BCe U3MEpSieM B METPax) Il BTOPOTO MPUOJIMIKEHUS TTOTydaeM

9,51 < % < 10,45, (24)

BoseMmeM cpennee apupmMeTHUECKOE HIDKHEW U BEpXHEH IpaHMIIbl, TOTAa BO BTOPOM IPUOIHMKEHUN

JUISL JJIMHBI TPAEKTOPHUH I10JIy4aeM

9,51+10,45 = 20,0 M. (25)

B xauectBe MMOIrpCrHOCTH BTOPOI'O HpI/I6J'II/I)K€HI/IH BO3bMCM IIOJIOBUHY HHTCpBAJla MCEKIAY

lmax = 2

IrpaHHIIAMU
Alpax = @ =047 =0,5 . (26)

OKOHYATENBHO AJISI BTOPOTO MPUOIMKEHUST HAX0 UM
Lnax = (20,01 0,5) M, e=2,5%. (27)

Kak Bumum u3 cpaBHeHust (27) u (23), TOYHOCTH BTOPOro NPHOJMIKEHHS BBIPOCIA B pasbl,
IIOCKOJIbKY OTHOCHUTEJIbHAS MOIPEIIHOCTh € IPH 3TOM YMEHbLIMIIACh OoJiee, YeM B TpU pasa.

[ToHATHO, YTO MpOJOJIKASL ATY MpOLENYpY JAajee, T.e. J00aBisisd Ha CepelliHe KaKJI0ro oTpe3Ka
HOBBIC TOYKH JICJICHUS U MPOBOJS HOBBIE KacaTeIbHbIE K KOHIIAM AYT, MbI OyJeM Moay4aTh Bce 0ojee u
6onee Tounsie (€ — 0) OIEHKH AT ATHMHBI TapaOOJIBI.
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[Tpu nocraToyHo OosbiioM yuciie pa3ouenuid (N — 00) OyneT MOJIy4eHO TOYHOE 3HAYCHHUE Lqy
JUTUHBI 1apaboJibl MEXY TOYKAMH OPOCaHUS U IPU3EMIICHUS KaMeIlIKa.

MoxHO TOKa3aTh (OT HIKOJBHUKOB HE TPeOyeTcs), YTO TOYHOE 3HAYCHHUE JUIMHBI JIyrd (DyHKIHH
f(x) mayuacrtke [0; S] naercs onpenenéuHbpIM HHTENPAIOM

lmax = Jy T+ (F (0)%dx , (28)
rae f'(x) — npousBoaHas or paccmarpuBaeMoi (QyHkuuu. B manHom ciydae f(x) — mapabona (17), a
eé mpomssognas: f'(x) = (—0,246x + 1,7343).
B Hamiem ciydyae HECKOJNBKO I'POMO3JIKOE MHTETpHpoBaHue (28) MPUBOIHUT K OKOHYATEIHHOMY
pe3yabTaTy

e = 20/ TH E2 43¢+ In (“ 1*"), (29)

. S
rae 0e3pa3MepHbIil mapameTp ¢ paBeH & = e

s nonyuennoit tpaektopuu (&€ = 0,576; h = 6,12 mM; S = 14,1 M) pacuer o dopmyine (29)
naéT 3HaUCHHE ISl JUTMHBI TPACKTOPUHU

Lnax = 19,48 M . (30)

3aMeTuM, 9TO COBPEMEHHBIC MHKCHEPHBIC KAJIBKYISTOPBI, KOTOPHIMH Pa3pelIeHO MOJIb30BaThCS HA

OJIUMIINAJIE, TTO3BOJISIFOT BEIYMCIUTD UHTErpa (28) HenocpeacTBenno meroaoM ["aycca — Kponpona

lmax = Jy " T+ (=0,246x + 1,7343)2dx = 19,47 .. (31)

Kax Bugum u3 (30) u (31), 1 aHATUTHYECKOE, ¥ YUCIICHHOE HHTEIPUPOBAHUE C TOUHOCTHIO JI0 TPEX

3HAYAIMUX HUQP TPUBOAAT K OTHOMY M TOMY K€ Pe3yJbTaTy, KOTOPBIA YCIOBUMCS CUUTATHh «TOUHBIM»
3HAYEHUEM MCKOMOI BEJIMUMHBI B pAMKaX Hallled 3aJaun
Lnax = 19,5M. (32)

Kak cnenyer u3 cpaBHenust (32) u (27), «TOUHBII» pe3ynbTaT IS JUIMHBL Ly, TPAaeKTOpUU
KaMelllKa 1oraJl B UHTepBaJl OICHKH (TIpaB/aa, Ha CaMblil KpaellekK. ..) yKe Ha BTOPOM mmiare (IIpu BTOPOM
MPUOJIMKEHUH ), YTO BEChbMa HEIIOXO JIJIT BRIOPaHHOT O MPUOIMKEHHOT'0 METO[a OIICHKH.

JloruyHo OXHWJaTh, YTO cCieayromee (TpeThe) MpUOIMKEHHE (C ABYMS TOYKAMHU IPUBSI3KH Ha
napa0os1e) MO3BOJIUT BBIYUCIUTH HCKOMYIO JJIMHY TPAECKTOPHH C €Ile OONbIIeH TOYHOCTHIO (MEHBIICH
OTHOCHUTEIBHOM IMOT'PEIIHOCTHIO).

Y4uThiBas, 4TO BpEMsl OJMMITHAAbl OTPAaHUYEHO, & BBIBOJ TOYHOH (HhopMyJibl (29) OT IMIKOJIBHUKOB
He TpeOyercs, MOXXHO CYUTATh JOCTATOYHO YCIICIIHBIM BBIOJTHEHHE JaKe ABYX NPUOIMKCHHH C
MOJIy4YeHHEM pe3ysbTaToB, Onu3kux K (27). Ilpu s3Tom «Trounoe» 3naueHue (32) AOHDKHO MOMNACTh B
WHTEPBaJ OLEHKH.

Takum 00pa3oM, MPOCTHIE WIACH M BBIYUCIUTENIbHAS HACTOWYMBOCTH MO3BOJSIOT C HEMJIOXOM
TOYHOCTBIO BBIYUCISATE CIIOXKHBIE CYMMBI.

2.3 3Has anuHy TpaekTopuu (27), HaXOAUM UCKOMOE 3HaueHHue Oe3pazMepHoro napamerpa [,
20,0

lnax =8lg = lg="2=22m=250u. (33)

3aMeTHuM, UTO €CJIU B KaueCTBE lq, HCIOIB30BATh «TOUYHOE» 3HaUeHHE (32), TO OTBET HECKOJIBKO
YTOYHUTCS
lmax _ 19,5
8

lo M=2,44M. (34)
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3aganme 10-3. Huka Kapno

B coBpemMeHHOM MuUpe yCHEMmHO pa0OTalOT MWIJIMOHBI MAIIWH, OCHOBHAs YacTh KOTOPBIX
WCIOJIb3yeT Kak OEH3WHOBBIC, TaK W JU3eNbHbIC ABUTaTenn BHYyTpeHHero cropanus ([ABC). ons
AIIEKTPOMOOMIICH Ha MUPOBOM pPBIHKE B HACTOSIIHI MOMEHT KpaiiHe HeBelMKa
— okoino 2 %.

[Ipu cozmanum JIBC B cepenune XIX Beka mepea HHXKEHepaMu U
KOHCTPYKTOpaMH BCTaJl Ba)KHbIM MPUKJIaJHOW (M HaydHbIH!) Bompoc: a Kakoi
TEIUIOBOM JBUTATENlb MMEET MaKCHUMalbHbIM TepmonuHamuueckui KII, T.e.
SIBIISIETCS UAEAILHON TEIJI0OBON MAIIHHON?

3amernM, 4yTo HHMKA OTTO (OCH3WHOBBIA JABUTATENb) W IUKI Jlu3ens
(mM3eNbHBINA TBUTATEIb) HE SBISIOTCS MICATIbHBIMU TETUIOBBIMH IIUKJIAMHU, XOTS
aBTOMOOWIIH, paboOTalIIMe MO ATHM IHUKJIAM, U COCTaBIISIOT JHBUHYIO JIOJIO
COBPEMEHHOI0 NMPOU3BOACTBA. Tak YTO ke, Halla [IUBUIIM3ALMS TaK riryna?

BnepBrie wupeanpHas TermsoBas MamMHa Oblla onucaHa B 1824 r.
¢pannysckuMm ¢uzukom u uHxeHepom Camu Kapuo (Puc. 1) B ckpoMHOi
pabore «Pa3MblliuieHHs] O JIBIOKYIEH CHIIE OTHS M O MalllMHAaX, CIOCOOHBIX
pa3BUBATh ATy CHILY». 3aMETUM, YTO 3Ta CPABHUTEIBHO HEOONbIIas paboTa colepikalia «BCEro JIUIIb)»
65 cTpaHull, 5 NOACHSIOLIUX PUCYHKOB U 2 TEOPEMBI. P

WuTepecHo, 4TOo caM aBTOp TaKk M HE cuel HEOOXOAMMBIM H300pa3uTh
rpadguueckun cBOM 3HaMeHUTHIM LUKI (Puc. 2), W3BECTHBIN ceromHs KaxiaoMy a Puc 2
IIKOJbHUKY, OH MPUBEI TOJIBKO €r0 TOYHBIE O CAHHUS ... \

C. KapHo ObUIT TaJaHTIIMBBIM YYCHHKOM H3BECTHOTO MaTeMaTHKa M (pu3uka \ \
Cemuona Jlenu Ilyaccona, kotopsiii B 1823 r. BhepBble NONY4YWJ YypaBHEHUE \
aguabatHoro npouecca (ypaBHeHue [lyaccoHa) W mpeanokuil TeMy AalbHEHIero

Puc. 1

MIEPCIIEKTUBHOIO HccliefoBaHus MonogoMy KapHo.
WuTtynnus v npequyBcTBUsl He nonsenu Ilyaccona — muonepckast paborta aktuBHoro Kapho co
BpeMeHeM cTajla (yHJaMEHTaJIbHOM, MPUHECTIa aBTOPY MHPOBYIO M3BECTHOCTh M TOJIOXKMJIAa Haydajo
HOBOMY pa3zjieny (pU3HUKH — TepMOJAUHAMUKE.
bt
Cnpasounvie oanHvle u napamempvl paccmampusaemoli cCucmemvl. €ciu

ab™ = const, 1o npu mansix Aa u Ab (Aa < a, Ab < b) crnpaBemTBO

Aa Ab
PaBEHCTBO: n—+m-—-= 0 (cmpaBenIMBO Takke U 00OpaTHOE

. K
yTBEpXKJI€HUE); 3aTOHUpoBaHHas iomane S (Puc. 3) nox runepbosnoit y = <

Puc. 3

o X2 | :
BBIUUCISIETCS 4Yepe3 HaTypajbHbIH Jorapudm mo ¢opmyrne S =k -ln ) : ;
1

MoJsipHas razoBas mocrosHHas R = 8,31 /Ix/(MoJb - K).

Yacts 1. AnuadaTHbIi npouecc

TepMmoaunaMuueckuii mporecc, mMpoBoauMEI 0e3 Temnoodmena (Q = 0) ¢ okpykaromiei cpeaou
(T.e. B TENJOWU3OJUPOBAHHON CHCTEME), Ha3bIBACTCA aoduabamuviM TPOIECCOM. AnnabaTHBIMU
SIBJITFOTCSL MHOTHE OBICTPOINPOTEKAIOIINE MPOIecchl (B3phIB, OBICTpOE pacmmpeHue (Cxatue) rasa,
pacnpocTpaHeHHEe 3BYKOBOHM BOJHBI), MPOIECC MOJbEMa TEIJIOr0 BO3JIyXa C IOBEPXHOCTH 3E€MJH C
MOCJIEAYIONIMM OXJIaXICHUEM, KOH/ICH caluel mapa u o0pa3oBaHHEM 00JIaKOB U T.1.

1.1 Temnoémkocts c¢M wmpmeanpHOro rasa, B3SATOrO B KOJIWYECTBE V = 1 MOJIb (m = M), ma3piBaeTCs
MOJISIPHOM TEIUIOEMKOCTBI0. HaliuTe MOJSIpHYIO TEIOEMKOCTD c{," HA1€abHOT0 OJJHOATOMHOIO ra3a
MPH W30XOPHOM Tporiecce, T.e. npu noctosHHOM o0béMe (V = const). 3anummre dopmyiny s
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BHyTpeHHel sHeprun U W1eanbHOro OJJHOATOMHOIO ra3a uepes Cj W B JaibHeiileM HCHosb3yiTe eé
JUIs1 1I000T0 U1eaIbHOro rasa.

1.2 BeIpa3ute MOJSPHYIO TEIJIOEMKOCTh HJ/€aJbHOIO rasa c{,‘” IpU TIOCTOSSHHOM JAaBiieHHH (p =
const), T.e. Ipu U306apHOM TIpolecce, Yepes cpy.

1.3 Tonyuute ypaBHeHHE aauabaTHOrO Tpolecca IS TMPOM3BOIBHOTO HIEAILHOTO Traza B

M
C
nepemennbix (T,V) ¢ mokasarenem aquadatel y = —wa .
|4

14 B MMOJIY4Y€HHOM YpaBHCHUHU claenanTe 3aMCHY ICPEMCHHBIX U 3aIIUIIUTC YPABHCHHUC a}II/Ia6aTHOFO
nponecca ajist MpOrU3BOJIBHOTI'O HACAJIBHOI'O I'a3a B «TPAAUITUOHHOM» BUJIC, T.C. B IICPCMCHHBIX (p, V)

1.5 Cxemarmuecku nzoOpasure Ha oxHO# (p, V) — quarpamme xoj aanabaThl U H30TEPMbI HIE€ATBHOTO
raza. Kpatko oxapaxkTepu3yite 0COOEHHOCTH IOCTPOCHHBIX I'Pa(UKOB.

Yactb 2. Uneanbublii nuki (uuka Kapho)

KapHo pnokazan, 4Tto wupaeanpHas TEIJIOBas MAalllMHA, PEATM3YIOIIAS 1y, MaKCUMaJbHBIN
tepmoanHamuueckuid KIIJ[ mpu 3amaHHbIX Temmepatypax HarpeBarenss Ty u
xonmonuneauka T, (T; > T,), nomwkHa paboTath 1O OOpATHMOMY IHKITY
(Puc. 4), cocrosimemy M3 IBYX M30TE€PM U JIBYX aauadaT (BTopas Teopema
Kapno).

bonee toro, 1y, A7 nukia KapHo He 3aBUCHT OT TUIa pabodero Tena
(T.e. HE BaXHO, KAaKOW WMEHHO HJEalbHBIM ra3 wucnois3yercs!). OH
OIpenensieTCsl TOJIbKO TeMIlepaTypaMH HarpeBaTenss T; ¥ XONOIuIbHUKA T,
(nmepBast reopema Kapho).

[Tpu npeanbHOM HUKIE M30TepMa 1 — 2 OCYIIECTBISETCS MPH OOJbIIEH

r

temnepatype T;, manee cienyer aguabaTHBINA nepexon 2 — 3, uzorepma 3 —
4 nipu MeHbIIel Temmneparype T, W, HaKOHeIl, aguadaTHoe BO3BpalieHue 4 —
1 x mavanpHOU TOuke mukia (cM. Puc. 4). Bemmuunwr Ty, T,, Vi, V, , V3, V, nns nuxma Kapro
CUHMTANTE N3BECTHBIMH.

2.1 Jloxaxure «mpaBuiIo 00beMOB» JJis 1MKiIa KapHo, corinacHo KOTOPOMY MPOU3BEACHHUE «KPAHHUX)
00BEMOB PaBHO POU3BENEHUIO «cpenaux» : V V3 = V,V, .

2.2 JloxaxkuTte «mmpaBuiIo aauadaTHBIX MIIOMIAACH» UId JaHHOTO LMKJIa, KOTopoe 7
YTBEpXKJAET, 4TO IIomaau Spyz U Syq mox anuabatramu 2 —>3 u 4 —> 1 Ha
(p, V) — muarpamme nukia Kapao (Puc. 5) oguHakoBbl: Sp3 = S, .

2.3 HaliguTe KOJMYECTBO TEILUIOTHI (@, MOJYYEHHOH HCaTbHBIM Ta30M OT
HarpeBaTels, U KOJMYECTBO TEIIOTH (5, OTIAHHOW UM XOJIOAWIBHHKY.

2.4 BeiBemute ¢opmyny s MakcuMalbHOro TtepmoauHamuueckoro KITJI

Nmax HKIa KapHo, ocymecTtBiasieMoro mnpu JaHHBIX — TeMIlepaTypax PHc. 5
HarpeBartenst 1; W XoJlojuiibHUKa T,.
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Bo3morkHbIE pemenus:
Yactb 1. AnnadaTHblii mpouecc
1.1 BHyTpeHHss 3HEPrus HealbHOI0 OJJHOATOMHOI'0 ra3a BeIYUCIIAEeTCs o popmyIie
U=32RT = 2yRT. (1)
2M 2

[Tockonpky mpu m3oxoproMm mporecce (V = const) pabora razoMm He COBepIIaeTcs, TO MPHU
HarpeBaHuU UACAJIbHOIO OAHOATOMHOI'O ra3a Ha AT YBECIUYUTCA TOJBKO €0 BHYTPCHHAS DHEPTHUA Ha
AU

AU = ZVRAT. )
C npyroii CTOPOHBI, COTJIACHO YCJIOBHIO, MOXKEM 3aIHCaTh
AU = ¢vAT. (3)

CpaBuuBas (2) u (3), HAXOAUM MOJIIPHYIO TEIIOEMKOCTh HAEAIHHOIO0 OJHOATOMHOI'O ra3a Mpu
MMOCTOSIHHOM 00BEMeE

! =%R. (4)

5
3aM€TI/IM, 4YTO ABYXaTOMHOI'O MACAJIBHOI'O Ia3a Npru KOMHATHBIX TCMIICpAaTypax C‘I/VI = ER, JUIA

. 6
TPEXaTOMHOI'O C‘I/\/I = ER U gajec OHa MOHOTOHHO BO3paCTacT B 3aBHUCUMOCTH OT YMUCJIa aTOMOB U

0CcOOEHHOCTEH (TeMITepaTypbl) H30XOPHOIO MpoIiecca.
Ucnonb3ys (4) u (1), 3anumieM BHyTpeHHIOI sHepruio U moboro uaeanbHOro rasa B 001ieM
BUJIE
U= cvT =vc!T. (5)
1.2 CornacHo nepBoMy Hauajdy TEPMOAMHAMMKH MPU MPOU3BOJIBHOM IPOIECCE KOIMUYECTBO TEIJIOTHI
AQ, coobmienHoe rasy, HAeT Ha U3MEHEHHE ero BHyTpeHHel sHepruu AU U COBeplIeHHE ra3oM
pabotel AA = pAV
AQ = AU + pAV. (6)
Paccmorpum sBa Guuskux cocrosaus cuctemsl (p,V) u (p + Ap,V + AV). U3 ypaBHeHus
COCTOSIHHS MieanbHOro raza B ¢opme Knaneiipona — MenpeneeBa Jisi 3TUX HW300apHBIX COCTOSHUIN
MO>KEM 3aIucaTh

pV = vRAT %
p(V + AV) =vR(T + AT)’
Boruuras ypaBHeHus, us (7) Hallgem
pAV = vRAT. (8)
[Toxcrapss (8) B (6), ¢ yueTom (3) moaydum Jjisl ©300apHOTO Mporecca
AQ = c/!'vAT + vRAT. (9)

Tenepb, IO OMImpEACIICHHUIO, JICTKO HAXOJAUM MOJIAPHYIO TEMJI0EMKOCTh HACaIbHOI0 rasa IIpr

IIOCTOAHHOM AaBJICHHUH

M AQ C‘I/VIVAT-H/RAT
iy (10)
VAT VAT

[Tocne cokpamenus Ha VAT, OKOHYATEIbLHO MOJIy4aeM, 4YTO JJIi TIPOU3BOJBLHOIO HJ1€aJIbHOTO
rasa CIpaBe/IJINBO PAaBEHCTBO
M _ .M
¢ =c¢y +R. (11)
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Vpasuenue (11) Obimo momyueHo B 1842 r. HEMEUKHM €CTECTBOMCHBITATEIEM W OYCHb
BHUMaTesbHbIM MenukoM (!) P. MaiiepoM, KOTOpBIi epBbIM 3aMeTHII pa3inuus B 1jBeTe KpoBH (!!) Ha
IKBATOPE U B CPEIHUX MIMPOTax. [71e KPOBb, a rj1e TepMoanHaMuka ...7 ©

Takum oOpa3om, corimacHO ypaBHeHHIO Maiiepa, MoJisipHasi ra3oBasi MOCTOssHHasE R (cM.
pa3MEepHOCTh) MaET Pa3HOCTb MEXAY MOJSIPHBIMH TEINIOEMKOCTSMHU HJEAIbHOIO ra3a IpHU Pa3IndHbIX
mpoleccax: M300apHbIM U U30XOPHBIM.

1.3 TIlo ompeneneHuto anuabaTHBI  MpoLECC  OCYIIECTBISIETCS B TEMIJIOW30JIMPOBAHHOU
TEPMOIUHAMHYECKON crcTeMe, T.e. 6e3 Terutooomena (Q = 0) ¢ okpysKaroIeil Cpeoit, ClieIoBaTelbHO,
MEepPBOE HAYAJIO TEPMOJIUHAMUKY JJIs1 HErO MPUMET BUJT
Q=0=AU+A. (12)
N3 (12) cnenyert, uto manas pabora AA wuaeasbHOro rasa Mnpu MaJIoM OOBEMHOM pPaCIIUPEHHH
Ha AV coBepiuaercs TOJBKO 3a CUET YOBUIN €ro BHYTPEHHEH SHepruu (MPUTOKA TEMJIOTHI HET)

AA = pAV = —AU. (13)
C yuerom (5) nepenumiem (13) B Buzae
pAV = —AU = —vc)!AT. (14)
Bripasum naBieHne uaeanbHOro rasa u3 ypasuenus Kianeiipona — Meneneena
pV =vRT = p= g. (15)
C yuerom (15) Beipaxkenue (14) npumer Bua
LAV = —vefl AT = —%-%V= = (16)

[Tepenumem (16) B «yno0HOM» BHJie, YTOOBI BOCIIOJIB30BATHCS MATEMATHICCKOM MOACKA3KOH U3

YCJIOBUA 3aa4U

AT R AV
Trm 5 =0 (17)

Tenepb, C Yy4€TOM MaTeMaTH4eCKOM MMOACKAa3KM H3 YCJIOBHUA 3agadyu, MOKEM 3aKJIIOYUTb, YTO

CIpaBEeUINBO PAaBEHCTBO
R

TV = TVY-1 = const . (18)

R

[Tockonbky —5; = ¥ — 1, TO OKOHUYATENBHO MOIYYUM
C
14

TVY~1 = const.

R cM+r
e y=1+-5= VCM =% > 1 - mokasarens anuabatel [Tyaccona.
\%4 \%4 \%4

Hecmortpst Ha To, 4TO ypaBHeHHE aguadaTHOro mporecca B Buze (18) ierue BeiBoguTCS, Yatie (¢
noaa4u camoro I[lyaccoHa) OHO HCIOJB3YyeTCs B BRIpaKEeHHH Yepe3 nepeMenubie (p, V).

1.4 TlepenumeM ypaBHeHME aaualaThl IS MAEAJbHOIO ra3a B Haubosee paclpoCTPaHEHHOM,
«KIIACCHYECKOM» BUJIE, KOTOpOE HCIoib30Bai [lyaccoH, T.e. B mepeMmeHHbIX (p, V).
s 3amensl mepeMeHHbix U3 (15) Beipazum temnepatypy T u nojactaBum B (18)

pV =vRT = T= Z—V %Vy‘l =const = pVY =const* . (19)

R

CnenoBarenbHO, ypaBHeHHMe aauabatHoro mpouecca (Ilyaccona) nnsi TpPOU3BOIBHOTO
UeaNbHOro ra3a B mapametpax (p; V) MOXHO 3amucaTh B BUJC

pVY = const, (20)
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M
C

rje mokasaTelb aguadatsl Y = CLM >1.
\%4

1.5  BsIpa3um 3aBucHMOCTh JHaBicHHS OT odbema p(V) wmIea’dpbHOro rasa MmpH U30TEPMHUUICCKOM

rporecce
_ ﬂ" __consty
p - v - v ' (21)
Y TIpH aJI1abaTHOM IIpoIecce
__const,

[Mockonbky y > 1, o u3 (21) u (22) cienyer, uto ¢ poctoM 00béMa V uaeansuoro raza na (p, V)
— auarpamMme aanadata yObIBaeT «ObIcTpee», 4eM u3oTepma. MOXKHO cKa3aTh U p

aquabara

no apyromy: Ha (p,V) — nuarpamme amuabara UIET «Kpyde», YeM H30TEpMa,

MOATOMY Y HUX 00s13aTebHO OyneT Touka nepecedenuss B (Puc. 5).
CooTBETCTBEHHO, I10C/IE TOYKHU IepecedeHus rpapukos (cMm. Puc. 5), npu

V — co anmabara Bcerma mprwkUMaeTcsl «Oimxke» K ocu abcrucc (00BEMOB),

Puc. 5

—— H30TEpMA

T.€. KaK ObI «HBIPACT» IO U30TCPMY.

. 7
Yacrts 2. Uneanbubiii nukia (Huka KapuHo)
2.1 ]Jlng pokaszatenbCTBa «mpaBuiia 00bEMOB» HCIOIB3YyEeM YCIOBHE 3aMKHYTOCTH Lukia KapHo u
P

ry

3aMuIleM YpaBHEHHs BCEX MPOIECCOB UIEATbHOrO ra3a (M30TepM U aanadart) mno

X0y LHKJIa
piVi =pV;
’ 23
pZVZV = p3V3y (23) P,
p3Vz =4V,
' 24
paVy =p () P, .
[TepemuoxuB Bce ypaBHeHUs (23) u (24), TOJIy4YUM «IJIMHHOE» PaBEHCTBO P i :L : i.;
piVi e D2Vy - psVa paVy =02V psVy paVa i i V. b W
(25)
KOTOpOE, MOCIIe COKPAIICHUM, TaéT
v—-1,,v-1 _ Y—1,,y—-1
ooV o=l (26)

U3 (26), mocne uzBnedenust Kopsi (Y — 1) cremneHu, clieayeT HCKOMOE PaBeHCTBO (TIPOU3BECHIE
«KpalHUX» 00BEMOB PaBHO ITPOU3BEAECHUIO «CPEIHUX))
ViV =V, V,. (27)
HuTepecHo, 4TO «IpaBHIIO OO0BEMOB» OyneT TakkKe CHpaBeAJIMBO U N JIOOBIX 3aMKHYTHIX
MOJMTPOITUYECKUX ITUKIOB BHaa pV™ = const, mOCKOJIBbKY pe3yabTar (27) HE 3aBHCHUT OT Y.

2.2 Paccmotpum agmabatel 2 —» 3 u 4 —» 1 nwukna Kapuo. Ilpu agmabatHoM pacmmpeHun 2 —
3 paboraraza A,; monoxwurensHa (V3 > V,) u paBHa 3aTOHUpOBaHHAs IUIOIATN  » .
S,3 mon agnabaroun
Sa3 = Azz . (28)
C nmpyroii CTOpPOHBI, CHCTEMa TEIIOM30JIMPOBAaHA, MO3TOMY M3 TEPBOro Hadasa
TEePMOJUHAMUKHU CJIEAYET, YTO 3Ta paboTa paBHA Pa3HOCTH BHYTPEHHUX SHEPrUil rasa

B HAYaJIbHOM U KOHEYHOM COCTOSIHUSX (Ha BEpXHEM M HUXKHEH m3oTepmax, ras mpu

3TOM OCTBIBAET)
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_ _ _ .M
Sy3 = Azz3 = =AUz =vey (T — Ty) (29)
R
rme c]’,” = ) JIJIS JAHHOT'O UAEAJIbHOrO rasa. »

AnanoruyHo, mpu aguabaTtHoMm cxatun 4 — 1 wMoxpynb pabotel A, rasza

paBeH muionaau noj rpadukom (ona orpunarensha (V; < V)
Sa1 = |Asl. (30)

PaGora ra3a mpu 3TOM Takke paBHa pa3HOCTH SHEPrHil Ha TEX K€ M30TepMax

(ra3 mpu ATOM HarpeBaeTcs, TOCKOIBKY €ro CKUMAFOT)
— — — M —
—S41 = Ay = AUy = —vey (T —T) = —Ays . (31)
U3 (29) u (31) cnenyer, uto Ha (p,V) — muarpamme nukiaa Kapuo 3atonupoBanuble Ha Puc. 5
IUIONIAIU IO afrabaTaMH paBHBI

S23 = Sa1 - (32)

2.3 Jlna HaxOoXXIeHHs KOJMYEeCTBa TEIUIOTHI (Jq, MOJTY4YEHHOM ra3oM OT HarpeBaTels ¢ TeMIepaTypoin
T;, paccmoTpuMm u3orepmuueckoe pacmpenue 1 — 2 nuxia Kapno (Puc. 6).

IIpu TakoM mporiecce, COracHo NepBOMY Hayaly TePMOJAUHAMUKH
Q1 = Az, (33)

a 3aBUCHUMOCTD JaBJICHHUA OT o0beMa SBIIIETCS FI/IHep6OJ'II/I‘{eCKOI71
VRT, const

r(V)=—"=—"—" (34)

Kak cienyer u3 mMareMaTHUecKOM MOJCKAa3KH, padOTa ras3a MpH TaKOM IpOIecce MOJOKUTEIbHA
(V, > V;) u paBHa 1uioIau moja rumnepoosioi (cMm. Puc. 6)

V.
Ql = A12 = VRTlll’l (V_z) . (35)
1
AHaJIOrMYHO 3aMETHM, YTO IPH H30TEPMUYECKOM CXATUHU 3 >4 pabora raza Oyner
orpunarensHa (V, < V3) 1 KoauuecTBo TEMIoThl @, OTAAHHOE XOJIOAUIBLHUKY paBHA
V. V.
Qz = Azs = VRT;In () = —vRTyIn (). (36)
2.4 Tlo onpenenenuto repmoannamudeckuii KI1J] nukmna paBen
V3
Q; VET,In(?)
=1-==1-—3xX. 37
M= T T ) 37)

W3 npaBuna 00bEMOB (27) cienyer, 4To

s_» 5\ _ 1n(2
V. W = In (V4) =In (Vl) ' (38)
C yuerom (38) MOXXKeM COKpaTHTh HaTypaJibHble JIorapudmbl B (37), ¥ MOJIYyYMM 3HAMEHUTYIO

bopmyny niast makcumanbHoro KITJ[ maeanibHO# TenaoBoi MalnHel, padoTaroiiei mo nukiry Kapao
_ T, T,-T;
Nmax = 1-—== :

I T1 (37)

Kak Bumum u3 (37), KIIJI wuaeanbHOW TEMJIOBOW MAIIMHBI 14,  ONPEICISAETCS TOJIBKO

TeMIepaTypaMu HarpeBaTeis M XOJOJIWUJIbHUKA (T.H. «TEIIOBBIX pe3epByapoB»). OH HE 3aBUCUT OT

roKasartesns aauadarsl (T.€. BUJA ra3a wid pojaa padodero Teja), CTEICHH pacIiMpeHus (CKaTUs) raza u
T.JI.

OnHako mpakTUYECKoe wucnoib3oBaHue I1ukina KapHo (kak u Bcero wuuaeanbHoOro!) He

MPEICTABISICTCS BO3MOXHBIM — TpeOOBaHUS PaBHOBECHOCTH W OOpaTUMOCTH TMPOILIECCOB ITUKIIA

YBCIMYHUBAIOT BpEMA IMPOBCACHUA ILUKIA IO0 OECKOHEYHOCTH U CBOJAAT HAa HOJb €ro II0JC3HYIO
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MOIIHOCTh! Tak 4To NUBWIN3ALMs HE TaK YK M [IIyIa: Jy4lle uMeTh Asuraresnb ¢ MeHbmmM KIIJI, Ho ¢
OonbIIIeH TTOE3HOM (MCIOIb3YEeMOii) MOIIHOCTBIO. JIydilie CHHUIIA B pyKaX, 4eM JKypaBiib B Hebe... ©
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