BpeBHo

VYciioBue

Samaua 3 HeogHo3HaYHOCTh U KaK C Hell 6opoTbes!

Yactp 1. «BpeBHO»

1.1. Oxnopoanoe 6peBHO Maccoit m = 20 Kr, aaunoit L = 2,0 M IoJBeNeHo TOPpU30HTAIBHO Ha JIBYX
HUATSAX, IPUBS3aHHBIX K HEMY Ha OJMHAKOBBIX PACCTOAHUSX [ = % = 50 cm ot konios. Haiijure
cuibl HaTsKenud 17 w Ty HUTEl, yJIep:KUBAIONINX OPEBHO. YCKOopeHue CBOOOIHOIO IMaJieHus § =
9,8%.

1.2. Ha HekoTOopoM pacCTOSHUHU I OT OCH CUMMETPHUU CHCTEMBI IIOJBSI3aJIN
erie OJHy HUTh, TaK, YTO OPEBHO OCTAJIOCh B NOPU30HTAJILHOM IIOJIOYKEHIH.
Haiture nuana3oH BO3MOXKHBIX 3HAYEHUI CUJIbI HATSXKEHUsT TPEThel HUTHU
T3 B 9ToM caryuae. [locrpoiite muarpammy Bo3MOKHBIX 3HadeHnit T3(n), rie B
KauecTBe MapamMeTpa BhlOpana Ge3pasMepHas BeJIMUUHA 1) = T, B JIMANa30He

UsMeHeHusd 1) (—%7 %)

1.3. Kak Bwr ybenunucey B myukTe 1.2, perienue 3a/iau HOCUT HEOTHO3HAY-

HbIIT XapakTep. /lanHas HEOJIHO3HAYHOCTD MCYE3A€T, €CJIN CUATATD, YTO HUTH ABJISIOTCA OJIMHAKO-
BBIMU YIPYTHUMU TPYKUHAMEA € OOJBIIIM KO3(pDUIMEHTOM KecTKocTH. PaccMorpure myHKT 1.2
JIAHHOM 3a/1av¥, CYMTasi HUTU OJMHAKOBbIMU mpyzKuuamu. [locrpoitte muarpammy T3(z) B 9TOM

_ 13
Cﬂyqae, I/ICHOJHDSYH B Ka49eCTBeE 663p33MepHOFO IHapaMeTpa BEJIMINHY T = m_g

Yacts 2. «JIectHumnas»

OHOpOIHAS JIECTHUIA MPHUCJIOHEHA K CTEHEe M HAXOIUTCs B PABHOBECHM IIOJ
yrjoM « K ropu3oHTy. Kosddunment Tpenns JI€CTHHUIBI O TOJI U CTEHY [ =
0,40. O6o3uaunm yepe3 Ny u Ny CHIBI HOPMAJIBHOIO JIABJIEHUs JIECTHUIIBI HA
IIOJ1 U CTEeHy, a MOJYJ/IU JIeHCTBYIOMUX cul TpeHud Fy; m F, cOOTBETCTBEHHO.
2.1 Banummre BO3MOYKHBIE YCJIOBUsI PaBHOBECHs JIeCTHHIIHL. [lokarkure, 91O
HEBO3MOXKHO OJIHO3HATHOE OIIpeIesIeHre CII HOpMaJbHOTo jgaBiaennsd N, u Ny u
cu1 tpeaus Fi u Fy B janaoMm ciy4ae. 2.2 Beipasute Fi u Fy Kak dyHkmumio Ny.
2.3 Ucnonb3ys BbIpazkKeHue Jjis CUJIbI TpeHnud MoKodA Fr, < /N, moy4duTe Tpu
YCJIOBHS, TIPU BBITIOJTHEHUN KOTOPBIX JIECTHUIA OY/IeT HAXOAUTCA B PABHOBECUH.

lif—r
el
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. —_ — B
[Mocrpoiite quarpammy (B 6e3pasMepHbIX KOOPJAUHATAX f| = g 1 fo= mg) HA

KOTOPOH yKayKuTe 00JIACTH JIONMYCTUMBIX 3HAYEHWI TUX HapaMeTpoB. BbljenTe Ha jJauarpamme
MHOZKECTBO TOYEK, YAOBJIETBOPAIONINX YCJAOBUIO PABHOBECUS.

2.4 Tlocrpoiite muarpammy Fj(tg ) BO3MOXKHBIX 3HAYEHWI CHJIBI TPEHUS JIECTHUIBI O TIOJI B 3a-
BucuMocTs or (tg«a). 2.5 Haifimure, mpu KaKOM MUHUMATHLHOM 3HAYEHUU YTJIa (Vi JECTHUIA eIIe
CMOKET OCTABATHCS B MOJIOYKEHUN PABHOBECHUsI?

Pentenne
3amaua 3 HeogHo3HaYyHOCTh U KaK C Hell 6opoThes!

Yactp 1. «BpeBHO»

1.1 /TamHBIil MyHKT OJIMMIINA/IHON 38/1a90 cJleyeT BOCHPUHUMATDH KaK IIyTKY — OY€BUJIHO, YTO [IPH
CUMMETPUYHOM PACHOJIOKEHUN HUTEI UX CUJIbl HATAXKEHUs PABHBI IIOJIOBUHE CUJIBI TAKECTH

myg

1.2 Ecin 6peBHO 1OJIBEIIEHO MOPU30HTAJIBHO HA TPEX HUTIAX, MOXKHO 3alliCaThb CJIEIYIOIINe ypaB-
HEHUsI PABHOBECHUs: - CYMMa BCEX CHUJI, JEHCTBYIONUX Ha OPEBHO paBHA HYJIO:

ZEIG = T1+T2+T3:mg; (2)

- CcyMMa MOMEHTOB CHIJI, JIHCTBYIONNX Ha OPEBHO TaKxKe paBHA HYJIIO, IIPUYEM 3TO YCJIOBUE MOYKHO
3aIUChIBATH OTHOCHTEJIBHO JII000I ToUKM (KOHIA OpeBHA, TOUYeK MojBeca HUTEHl, TeHTPa TAKeCTH

L)
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ZMi:O

1 3 1 1

1 1 1
A: To-L+T5|-L = -L:
25 + 3(4 +3?) mg4 ;

1 1
C: TQZ_lL = T3$+T21L,
1 1
D: T (ZL—i—x) = mgx + 1, (ZL—x) ;

1 1 1

Orako n3 Beex ypasHeHHi (2)-(3) He3aBHCHMBIME SIBJIAIOTCA TOJIBKO JBa (TI00BIX), TAK OCTAJIb-
Hble YPaBHEHUsI MOI'YT OBIThH TOJIyYeHbI U3 BBIOpAHHBIX JBYX. Cile/l0BATEIbHO, CHIIbI HATS KEHUS
HUTEH He MOrYT ObITb OIpPEJesIeHbl 0JHO3HAUYHO. OYEBUIHO, YTO CUJIbI HATSYKEHUS HUTEH MOTyT
6BIT]) HallpaBJIEHbI TOJIbLKO BEPTUKaAJIbHO BBEPX, UMEHHO 9TU YCJIOBUA OI'DaAHUYIUBAIOT BO3MOZKHLIE
JAalla30HbI CUJIbI HATAXKCHU A TpeTbeﬁ HUTHU. (DOpMaJ[bHO 9T OI'PaHUYICHNA MOT'YT 6I:>ITB 3alliCaHbl
B BHje Hepasencts 17 > 0; Ty, > 0; T3 > 0. ajee MOXKHO BBIPA3UTh CUJIbI HATAXKEHUA TEPBOI
¥ BTOPOil HUTEHl KaK (QYHKIMN CUJIbI HATSYKEHUS TPEThEH U MOJIYYNTh TEM CAMBIM HEPABEHCTBA
OrpaHMYNBAIONINE [IPEJICJIbl U3MEHEHUs TPeThell HUTH

T5(T3) > 0 (4)

HOﬂy‘—H/H\/I 9T HEPaBE€HCTBA B dABHOM BH/I€ 1 CaMbIM 6bICprIM CHOCO6OM — OJIg 9TOIr'o Had0 BbI6I/IpaTb
yPABHEHUsI, B KOTOPBIE BXOJSAT TOJBKO TpeOyeMble CUIbl (UTOOBI HE TPATUTh BpeMsl Ha aarebpa-
nueckue 1peobpasosanus). [losromy BbiGepem ypaBHeHHE (3), 3aIUCAHHOE JIJI TOUKU KPEILJIEHHsT
epBOii HUTH, U3 KOTOpOro Beipasum T(T3):

1 1 1 1 1 T
To—L+T;5| -L =mg—L; Th=-mg—T5(=-+2—-). D
25 L+ 3<4 —|—x) mg L = Tp=gmyg 3<2—|— L) (5)

[Tosaras Ty > 0, moJiyauM HepaBeHCTBO, OT'PaHUYIUBaIOIIee 3HaYeHUsT 13

T3 1
k. A
mg — 1+47
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AH&HOFI/I‘{HO IIOCTYyIIUM C YypaBHCHHEM JIJId TOYKHN KPCIIJICHU A BTOpOﬁ HUTHU:

1 1 1 1 1
T1§L+T3 ZLL_I =mg-L; = Ty=-mg-—T; S92 >0, (7)

OTkyza ciemyer, 910

Ba nepasenctsa (6), (8) MOryT OBITH 3alMCAHBI B BUJE OJJHOTO

Ty 1
mg — 1—4[7|

Ha pucynke nzobpazkena auarpaMma 3aBucuMocti T3(x), ykasbiBaoras 00J1acTh BO3MOYKHBIX 3Ha-
YeHU CUJIbl HATAXKEeHUsT TpeTbefI HUTN (BaTeMHeHa). PeaﬂﬂsyeMoe 3HaYCHNE CUJIbI HaTAKCHUA TPe-
Thell HUTU MOXKET 3aBUCETH OT MAaJIbIX pPa3/ImIndgx B JJIMHaX HUTEN u CHOCO6& €e II0/IBA3bIBaHMA.

Ommemum, 4mo dannas 06Aacmd MOHCEM OBIMb BVIOEAEHA U U3 PUUMECKUT CO0OPAHCEHUT: MAK-
CUMANOHOT CUNE HAMANCEHUA MPEMBE HUMU COOMBEMCMEYEM HYAEB0E HAMANCEHUE IPY20T HU-
mu, Haro0AULETUCA ¢ MOt dHce CMOPOHLL OM OCU CUMMEMPUL, 4IMO U MPEMBA HUMD.

1.3 Eciim HUTH cYMTATDH CJIETKa PACTAXKUMBIME, TO
OpeBHO CJlerka HAKJIOHUTCHA K TOpU30HTY. Tak Kak
JKECTKOCTU HUTEH BeJMKHU, TO yroJ HAKJIOoHA (KO-
TOPBI MBI JIJIsl TPOCTOTHI 0003HAYNM [3) OyeT Ma-
JIbIM. B 3TOM 1pub/mKeHnn MOXKHO IIpeHedpedb OT-
KJIOHEHUEM HUTEl OT BEPTUKAJIN.

Tenepb 10 K JBYyM (OmATH JH0OBIM!) ypaBHEHUSIM
pasHoBecus (2) —(3) cureyer 106aBUTH BbIPaXKEHHsT
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Il CUJI YIIPYrOCTEel HUTEH, 3alluCcaHHble Ha OCHO-
BaHUU 3aKOHY ['yka:

T =k (yo—i-ﬁg)

Ty =k <y0 - 5%) , (10)

T3 = k(yo + Bz)

rje k - KoapPUIMEeHT »KeCTKOCTe HUTel, 1y - cMe-
IeHre MeHTpa OpeBHA U3-3a PACTIKEHUs HUTEH.

Y Hac ectb OoraTblit BLIOOD: KaKue JiBa yPaBHEHUs

M3 YCJIOBHs PABHOBECHs BBIOpaTh. Tak Kak cucrema (6peBHO M HUTH) 00JIa1aeT OPEeIeTIeHHON CHUM-
MeTpueil, TO HaJI0 BLIOUpATh Harboee CUMMETPpUIHbIE ypaBHeHusd. Kpome Toro, ciemayer modbicT-
pee n30aBIATHCA OT HEM3BECTHBIX W HEHYKHBIX BEJIMYNH, TAKNX KaK <«IIPUIyMaHHbIE» YKECTKOCTD
IPY?KUHBI, CMEITeHNe [IeHTPa 1 HAKJIOH OpeBHa.

Ucxoas u3 srux coobpazkeHuii, Bo3bMeM ypapHeHue (2), B KoTopoe BxojuT cymma cui 1) + Th,
KOTOPYIO TaKzKe MOYKHO BBIDA3UTh M3 ypaBHeHuil 1151 cuit yrpyroct (10), 9To Mo3BoJIsieT BBIPA3UTh
3HaYEeHHs Mmapamerpa kyo:

h+Ta+T3=mg; = Ti+Ty=mg—1T;3

Ty =k (yo + B8%)

mg — 15
T2:k(yo—5%) ‘

= Tl + TQ = 2ky0 = k’yo = 9

(11)

B ypaBuenun pasHOBecusi (3), 3allICAHHOIO [Tl IIEHTPA MacC, JIEIKO BBIPA3UTh PA3HOCTH THX
CIJI, KOTOpas TaKKe BbIPayKaeTcsi U3 ypaBHeHuil /i cuit ynpyroctu (10), 9ro naer BO3MOKHOCTH
BBIPA3UTh Hapamerp kfS:

1 1 x
Tlé_lL =T3x + Tzé_lL = T\—1Ty= 4ET3

T, =k L L
1= h (g + ﬂi) = T-Ty=kfZ = kB=8—T (12)
Ty =k (yo — %) 2 L
[ToncTaBuM 3TH BhIpaXkKeHNe B ypaBHeHHE 3aKoHa ['yKa Jiid TpeTbeil HuTu
mg — T x?
Ty = k(yo — Bx) = kyo — kfz = T3 — 85T (13)
PeHleHI/Ie 9TOI'O ypaBHEHUA TaeT NCKOMBIIT pesyJjibTraT
T 1
e — (14)

mg 3416 (2)"
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T
mg X
1+4L

05 05 04 03 02 01 02 03 04 05 06

['pacduk sToit pyHKIMH, HAHECEHHDBI Ha paHee MOCTPOCHHYIO JIMarpamMMy, MOKa3aH Ha PHUCYHKE.
Kak u ciemoBaJio oxkujiaTh, 3Ta KpuBas I0MaaeT B 00J1acTh JIOMYCTUMBIX 3HAYEHHIA.

B 3aksmrouenne oTMeTHM, UTO U IMOCJEIHUN IIYHKT 9TON 3a/1a4u CTPaJlaeT HEKOTOPON MCKYCCTBEH-
HOCTBIO: TPY/IHO HAWTU abOCOJIOTHO OJMHAKOBBIE HUTH U €Ille TPY/Hee MOJBA3aTh MX TaK, YTOOLI
JITUHBI B HEJIePOPMUPOBAHHOM COCTOSTHUM OBLIU OJIMHAKOBBI.

Yactp 2. «JlecTHuma»

- —cose = F1 s +F.Le

2.1 Cuibl, feiicTByIONIMe Ha JIECTHUILY, H300pa- HgscosaS i anosgidsog |
JKEHBI Ha PUCYHKe. YCJIOBHAMU PABHOBECHS AB- a4

JISFOTCSL: - PABEHCTBO HYJIIO CyMMBI BCEX CHI

N1+F2:mg

_ (1) W R
Ny = F} N, +F,=mg

(B TIPOEKIMsIX Ha BEPTUKAILHYIO U IOPU30H-

TAJIHYIO OCH, COOTBETCTBEHHO); - DaBEHCTBO

HYyJII0O MOMEHTOB CHJI, KOTOPO€ B JAHHOM CJIy-

Jae yI00HO 3allucaTh OTHOCHTEIBHO Touku C' - F,

TOYKN TIepecedeHnd MePIeHINKYIIPOB K CTeH- N.—F ‘J X
Ke U I0JIy B TOYKaX KaCaHWUs JTeCTHUIII i

L .
mg—cosa = FiLsina+ FyLcosa =
2 (3)
mg
—_— = F1 tg o+ F2
2
TaK KaK CHJI TpeHI/IH B JaHHOM C.quae ABJIAIOTCA CUJIaMIN TpeHI/Iﬁ HOKOSI7 TO HEJIb34 CBA3aTh UX C
CHJIaMHA HOpMaJ’IbHOﬁ peaKL[I/H/I beHKL[I/IOHaJ'IbHOﬁ CBH3bIO, BO3MOZXKHO TOJIBKO OFpaHI/I‘{I/ITbCH Hepa—
BEHCTBaMU

Fr < pNy

(4)
Fy < uN

11 xnacc. Teoperuueckuit Typ. 6



Cucrema ypasuenuit (1)-(3) siBisieTcs He MOJHON — YHCIO HEU3BECTHBIX (UETHIPE —JIBE CHJIBI TPE-
HUsI U JIBE CUJIBI HOPMAJIbHO PeaKIiin) MpeBbIIaeT YiCI0 ypaBHEeHHii (TpH), TI09TOMY 9Ta CUCTeMa,
OJIHO3HAYHOI'O PeIlleHs He UMeeT: JIF0Oble TPH CHJIbI MOTYT OBbITh BBIPAYKEHbBI Y€Pe3 OJ[HY OCTABIITY-
focst. HepaBeHCTBa OMpaHIIMBAIOT JUAA30H BOZMOXKHBIX N3MEHEeHH NCKOMBIX cnit. 2.2 Hampumep,
CHJIBI TPEHUS MOIYT OBITh BbIDaXkKeHbl Kak (QYHKIMN cuibl peakiwu Ni: - u3 ypasaenus (1)

FQng_Nla (5)

U3 ypasuennus (3)

1 mg
F :—<N ——>.
! tg o ! 2 (6)

2.3 Tak Kak j1ajiee HeOOXOIMMO aHAJIM3UPOBATH JUATPAMMY JIJIsi MOJLYJIEN CUJI TPEeHUS N30aBUMCs B
ypasHenusix (1)-(3) u HepaBeHcTBax (4) OT CHJI HOPMAJIBHBIX peakiuii. /I 9Toro BeIpasum cubt
PEaKINy Yepe3 CUJIbl TPEHHs

N1 =mg — I

N (7)

¥ TI0/ICTaBUM B ypaBHenue (3) n HepasercTsa (4):

@ :Fltg()é+F2

2

Fy < p(mg — F3) (8)
Fy < pky

DTa cucreMa OIpeJIesseT BO3MOXKHbBIE JTUANIA30HbI U3MEeHeHusl cuil Tpenus. g ynporienns ana-
JIN3a CUCTEMbI IepefijieM K yKa3aHHBIM B yCJIOBHE Oe3pa3MepHBbIM HapaMerpam fi = % u fy= n%’
JIUTsT 9ero pas3jieiuM ypaBHeHWe W HepaBeHCTBa (8) Ha MOJyJb CHJIbI TszKecTn mg. B pesynbrare

IIOJTY YAM

fit+tufo<p

b < uh ©)

fltga+f2:% (10)

11 xnacc. Teoperudeckuit Typ. 7



0 02 pr 04 0,6 08B 10 f

Uszo06pasum rpadudeckn Ha gumarpamme (fi, f2) obsacT yaoBIeTBODSIONINE HEPABEHCTBAM (CM.
puc). Ix nepeceuenue (TeMHbIH TPEYTOJIBHUK) ONpPeie/iserT 00/1aCTh JOIyCTUMbIX 3HAYEHUH, Orpa-
HUYIEHHYIO MAKCUMAJbLHO BO3MOXKHBIMU 3HAUCHUAME CUJI TpeHus. [locTponM Takxke Ha 9TOM Jua-
rpamme npsamyio AB, onucbiBaemyto ypasaeruem (10). Hakiion 31oii mpsimMoii K oTpuriaTe/ibHO-
My HaIIpaBJICHUIO ocu paBeH «. [Ipm yBenudenwum 3Toro yria npgaMmas NpuOIMKaeTcd K 00J1acTh
JIOIyCTUMbBIX 3HaUeHUit. B TOM Ke ciydae, KOTJa 9Ta MpsiMast IIepecekaeT 00JIacTh JOMYCTUMbIX
SHAUCHUIA, TOABIAIOTCA BO3MOXKHBIe pertenuii cucremsr (9)-(10). B wacrroctn, st npsvoit AB’
SIBJISIETCSL OTPE30K, JIeXKAlUil BHYTPU TPEyroJIbHUKA JOIMYCTUMBIX 3HAYEHUH (9TOT OTPE30K OTMe-
YeH TpeMsl BOCKJIUIATEIbHBIMU 3HAKAMHE).

2.4 TlocTpoennas marpaMmMma MO3BOJIAET PACCMOTPETH BCE BO3MOYKHbBIE BAPUAHTHI U3MEHEHUSA CUJTbI
rpenns F)(tga) B 3aBUCHMOCTH OT yIJIa HAKJIOHA JIECTHUIIBI.

[Ipur masbix yrirax npsavasi AB He mepecekaer 06/1acThb JOIMYCTUMBIX 3HAYEHHIT, TTO9TOMY JIECTHUTIA
He MOXKeT HaXOJAWThCS B PABHOBECUH.

MunnMabHOMY YIJIy HAKJIOHA JIECTHHIIBI COOT-
BETCTBYET CUTYyallusd, Koryia npsaMasg AB nepeceka-
er TouKy C' B 9TOM cjlydae MaKCUMAaJbHOI'O 3Ha- J

S I

YeHUs JOCTHraroT obe CUJIbl TpeHus (O MoJl U O
CTeHy). B 9TOM Cﬂyqae BBITIOJIHAKOTCA ypaBHeHI/IH A
1
f1tgoz—|—f2=§ 0,4
11
hitpf=p (11)
fo=ph
0,2 { i i
pemeHI/Ie KOTOpI)IX [IO3BOJIACT HATU 3HAYCHUI MU- i i C
HUMaJIBHOI'O yFJIa HaKJIOHa JICCTHHUIIBLI. . <[
fa=nhi fi = &5 0,2 0,4 0,6
= ftifi = p = iy
fl+luf2:lu f2:1+N2
(12)
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U nopcraBuM B 1iepBoe ypaBHEHUE CUCTEMBbI, U3 KO-
TOPOTO HailjieM 3HaYeHNEe MUHUMAJBHOIO YIJIa

2 2
7 Iz 1 1 —p

1+ p? g@+1+ﬂ2 2 & 24 (13)

YucenHoe 3naveHre MUHUMAJILHOTO YIJIa TIPU 33/ IAHHOM 3HAYEHUH KOdMDUIMenTa TpeHusd

1— p?
tg amin = ——— = 1,05. 14
g 2 (14)
Olmin ~ 46,40

HpI/I ,HaﬂbHefILHeM YBEJIMYIECHNUN YyIJVIa HaKJIOHa ITOABJIAETCA 006/1aCTb U3MEHEHUS CHUJIBI TpeHud Fl.

1 IEYIAT.
Wy fe o+ it 3 >
0*4 . \,‘ I j] g .‘f“ 2517 | f: — JUJ]
\ | A
0.2 0.6

JL st otnipeiesieHrsT MUHUMAJIBHOTO 3HAUEHUsT PACCMATPUBAEMOI CHJIBI HEOOXOIMMO PEITUTEH CUCTEMY
ypaBHeHuit

fitga+ fo=1 1
1 T S flam=m (15)
fo=pfi 2(u+tga)
MakcumaibHOe 3HAYEHUe ITON CUJIbl HAXOJUTCS U3 CUCTEMbI yPABHEHU
tga+ fo=1
fl g« f2 2 :flmaX:+- (16)
fitufa=p 2(1 - ptga)

[Ipn masmbHeiinem yBeamdenun yriia HakJona npsmasg AB mpecekaeT TpeyroabHUK JIOMYCTHMBIX
3HAYEeHNI Ha ero HUKHeM OocHOBaHHU. [losTomy B 3TOM ciIydae MaKCHMaJIbHOE 3HAYEHHE OIIPe/le-
JIACTC U3 CUCTEMbl ypaBHCHUN
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(17)

Takum 06pazoM, 061aCTh BOZMOXKHBIX 3HAYEHUIT CHIIbI TPEHK O [0/ OTPAHUYEeHa TPeMsi ruiepoosIa-
M, onuckiBaeMoil dyukimeit (17); cmemmenHoit, onmcbBaeMoil dyuknueit (16) u «mepeBepHyTOI»,
sajaBaeMoii yukimeit (16). tu obsacTi MOKa3aHbl HA PUCYHKE, BbIIEJEHA 00IaCTh M3MEHEHHs
CHUJTBI TPEHUS O TMOJI.
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