3apaHuAa 3aKAYUTENbHOrO 3Tana OnMmnuaabl WwKonbHUKoB CMN6IY no pusmuke 2022-2023 rr.

YyacTHMKaM 3aKknouuTenbHoro 3stana Onvmnuagbl no ¢GuM3MKe npeanaranca BapuaHT,
cocTosBWMIA M3 5 3adady. Kaxgaa M3 3agay COCTaBAANaCb B HECKO/IbKUX BapuauumsaXx.
Mpeanaraemblii y4aCTHUKY BapMaHT BblIbMpanca cuctemoi nposeaeHna OnMmnumaabl CaydaiHbiM
obpasom. Mpu npoBepke paboT NpoBepsanacb KOPPEKTHOCTb X0 PeLleHMs 334341 U UTOrOBOro
oTBeTa. YacTb 3a4ay Npeanaraiucb K pelleHuIo YY4acTHMKAM pPasHbIX KnaccoB. Huke B
0603HayYeHMAX 33434 YKa3blBaETCA, y4aCTHUKAM M3 KaKMX K1acCoOB OHM NpeHa3Hayanmuch.
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Tpu 0AMHAKOBbIX COCyAa coeAMHEHbl TOHKUMU TpybKamu, nepekpbiTbiMu KpaHamu ki 1 ka. B
COCYZbl HANIUTbI }KUAKOCTU C MNOTHOCTAMM P1>P3>P2. HauyanbHas BbICOTa CTONBUKOB KUAKOCTU B
cocyaax oauHakoBa u paBHa h. CHayana oTKpbiBatoT KpaH ki, foXuAaaloTcs, Korga cToNbmukm
UAKOCTEN B cOcyAax NpuAyT B paBHOBECUE, NOC/IE YEro 3aKpbIBatoT. 3aTeM OTKPbIBAIOT KpaH ki,
[OXNOAI0TCA PaBHOBECUSA, U 3aKPbIBatoT. B pe3ynbTaTe B cpeaHem cocyae obpasoBancs cTonbuk
N3 TPEX XNOKOCTEN, NPUYEM TONLLMHA HUMKHETO C10A OKas3anack B q = 10 pa3 meHbLUe HayabHOM
BbicoTbl h, a cpeaHero — B p =9 pa3 meHble h. HalilauTe oTHOWEHWE NNOTHOCTEN P1: P3 U P3: P2.
HUAKOCTU He cmeLlmBatoTCA.

ks kz

PelweHue.

OTtkpbiBaem KpaH k2. MocCKonbKy MO yCcAOBUIO P3>P2, *KUAKOCTb M3 MpaBoro cocyga oyger
3aTeKaTb B LEHTpasbHbIA. B paBHOBecuM B LLeHTpasNbHOM cocyae byaeT ABa Cnoa XKUAKOCTU:
BEPXHUI CNOM — M3HAYANbHO HAXOAMBLUAACA B COCYAE XKMAKOCTb 2 BbICOTOM h, HUXKHMI cnoilt —
XuaKocTb 3 BbicoToM h/p (no ycnosuto).

B npaBom cocyae octaHeTcA cTtonbumk Boicotont h(1 — 1/p).
YcnoBure paBHOBECUSA KUAKOCTU B LEHTPANbHOM M NPABOM COCYAax UMeeT BUA,
p2gh + p3gh/p = p3gh(1—1/p)

OTtctloaa



3akpbiBaem KpaH k2, oTkpbiBaem KpaH k1. Mo ycnoBuio *KMUAKOCTb U3 NEBOrO COCYAa 3aTeKaeT B

LEHTPaNbHbI, U1 B PAaBHOBECUMM B HEM MNONYYAETCA TPU CNOA KUOKOCTU. BepxHuin cnon -

UOKOCTb 2 BbICOTOM h, cpeAHUI CNo - KUAKOCTb 3 BbICOTON h/p, HUKHUIA CNOW - }KUAKOCTb 1

BbicoTol h/q (no ycnosuio).

B neBom cocyae octaHeTca ctonbuk Boicotont h(1 — 1/q).

Ycnosue paBHOBECUA XNOKOCTU B LEHTPA/IbHOM U 1IEBOM COCYyaaxX MMEET BUL,

p29h + p3gh/p + p1gh/q = p1gh(1 —1/q)

[lenvm Bce Ha p3, HAX0OMM p1/ps:

pr_qp—-1) 10

ps pl@—=2) 9

OTseT: p1: p3 =10:9 1 p3: p2 = 9:7.
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ks

P1, B NpaBOM TOJ/IbKO BOAa. HOBerHOCTM )-KMAKOCTEI;'I B COCyAaX HaxogATCcA Ha O4HOM YPOBHE,

npMYeM HUXKE BEPXHEN TPYOOUKM.

dKcnepuMeHTaNbHaA YyCTaHOBKA, 306paxkeHHasa Ha
PUCYHKe, NpegHasHayeHa ANA  U3MepeHuA
nAoTHoCcTM macna. OHa npeactasnseTr cobon aga
OAMHAKOBbIX  COCYyAad, COEOMHEHHbIX  ABYMS
TOHKMMM TPyOOUYKaMM: y Camoro AHa U nocepeguHe.
B Karkaoi TpybouKke yctaHoBNeHbl KpaHbl (ki un k2),
M3HaYyaNbHO OHW 3aKpbITbl. B neBom cocyae
Haxo4ATCA HecmellmBawlmecs Boga (MNOTHOCTb
P2 = 1 r/mn) 1 macno c Hem3BecTHOM NJAOTHOCTLHO

CTygeHTam npeanaranocb onpesfenvTb NIOTHOCTb Mac/a Pq, BbIMONHUB Cleaytolime AencTeus:

1) W3mepwuTb BbicOTy cToNb6a macna h 1 paccToaHMe X OT MOBEPXHOCTU XUAKOCTU B MPaBOM

cocyzie A0 BepxHel TpybouKu.

2) OTKpbITb KpaH ki 1 goxaaTbcs paBHOBeCKUS.

3) 3akpbiTb KpaH ki, oTKpbITb k2 1 Ao aaTbCA paBHOBECKA.

4) 3akpbiTb k2, BHOBb OTKPbITL k1, A0KAATbCA paBHOBECHUA.

5) W3mepuTb pacctosHMe Yy OT BepxHel TpybouKu A0 NOBEPXHOCTU KUOKOCTU B MPABOM

cocyze.

6) Mo pe3ynbratam namepeHuii h, X N y BbIMUCAUTb NAOTHOCTb Macna.

OAMH CTYAEHT MONEHUACA AenaTb 3KCMEepUMEHT, u3mepun Tonbko h =15 cmn x =1 cm u

nowen AOMOIZ. HakaHyHe cpayn oTyeTa OH «NOAOTHaN» Yy Tak, 4yTobblI MNOTHOCTL Macna

nonyunnace p; = 0, 8 r/mn. Kakoe 3HaueHne y OH B3A1?



PelweHue.

MOCKO/IbKY MNIOTHOCTb Mac/ia MeHblLe NNOTHOCTU BOAbl, @ U3HAYa/IbHO NOBEPXHOCTU KUAKOCTH
Ha OZIHOM BbICOTE, MOC/IE TOr0, KakK OTKPbINM K1, HEMHOrO BOAbl NepeTeyeT B 1EBLIN cocyA;:
hps + (a+b)p, = (h+a—Db)p,
P1
b=h(1—— =3cM>x
P2

Korga 3akpotoT K1 1 oTkpotoT K2, cTonb macna BbicoToM b — x nepeTeyeT B NpaBblii COCYA.
JaBneHue *KNMAKoCTU B NPaBOM cocyae cTaHeT bonblie AaBneHns B nesom. lNostomy, Korga
3aKkpotoT K2 n oTkpotoT K1, Boga noTteyeT u3 NpaBoro B JIEBbIN cocya,

(h=b+x)ps+(@a+b+c)p,=(h+a—b—c)p,+(b—x)p;

BoT cTonbKo ee nepeteyet: ¢ = (b — x) %
2

BbicoTa cT0/16a KMAKOCTU B NpaBoM cocyae ctana h + a + b — x — ¢, a usHavyanbHo 6bina h +

a. 3Hauur,

y=x+h+a—(h+a+b—x—c)=2x+c—b=...=x(2—&)+h&(1—&>

=24cm
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P2 2p; P2

[Ba OAMHAKOBbLIX COCyda COeAMHEHbl ABYMSA
TOHKMMM TPYBOUYKaMMK: Y CAMOro IHa U NocepeanHe.
B Kapoh Tpybouke yYCTAHOB/EHbl  KpaHbl,

k, M3HaYaNbHO OHM 3aKpbiTbl. B neBom cocyae

[} HaxoA4ATcA HecmelwmBatoLmecs ¥UAKOCTU

P2 MAOTHOCTbIO P, > P, B NPABOM TOJIbKO KMUAKOCTb
! NNIOTHOCTbIO oy MoBepXHOCTb KUAKOCTU

k, NNOTHOCTbIO P, B MPABOM COCYyAEe HaxoAMTCA Ha

YPOBHe BepxHen TpybOouKM, a B 1€EBOM — Ha X = 2

CM HUKe. BbicoTa cTonba *Kuakoctu p;pasHa hy = 16 cm.

C yCTaHOBKOM NpouU3BOAAT Ccaeayolme maHmnynaumn. OTKpbIBatOT KpaH K2, KayT paBHoOBecUs,

3akpbiBatoT K2. OTKpbiBatoT KpaH K1, »KayT paBHoBecus, 3aKpbiBatoT K1. U, cHoBa, OTKpbIBAlOT

KpaH K2 u »kayT paBHoBecKA. B pe3ynbTaTe oKka3anoch, YTO BbiCOTa CTON6a KMAKOCTU P B IEBOM

cocyze B g = 1,25 pasa 6onblue, 4em B npaBom. HaliTh OTHOLLIEHWE NAOTHOCTEN Py /p5.

PeweHue.

MycTb h, — BbICOTA CTO/16A KNAKOCTU B NPABOM coCyae.

OTKprJ’IM K2. YacTb *Kugkoctum pP1 NepeteyeT B I'IpaBbIVI COCyA, TaK YTO NOBEPXHOCTUN KNAOKOCTU B

cocyfax byayT Ha ogHOM ypoBHe. BbicoTa cTonba aTol KuakocTu B neBom cocyae byaet (hy +

x)/2, 8 npasom (h; — x)/2.



[NaBneHune y aHa B 1eBOM cocyfe paBHo p; = gp,(h, — x) + gp,(hy + x)/2, B npaBom p, =
gp2hs + gp1(hy — x)/2. Nockonbry p; > p, 10 Py < Py.

3akpbinum K2. OTkpbinn K1. uakoctb byaeTt nepetekaTb M3 NPaBoOro COCy/ia B JIEBbLIN, NMOKa He
YCTAaHOBUTCA paBHOBeCHE:

hy + h, —
P1(12 X)=p2(h2—a)+p1(12 x)

1Cy
a==(1-—
2 P2

o hi—x
B neBom cocyne ypoBeHb XUOKOCTU pP1 Bbllle BepXHen pr60‘-IKVI Ha 12 +a=

p2(h; —x+a) +

OTctoaa

o hy— h
l(h1— x&)>0,BnpaBom X _g=-— f(2— &)>O.
2 P2 2 2 2 P2

3akpbinm K1, OTkpbian K2. YacTb }KMOKOCTU p; NepeTeveT B NPaBblil cOCya, TaK YTO YPOBHU
KUOKOCTU B cocyaax cpaBHATCA. [NOHATHO, YTO caieBa ypOBEHb NOHU3MUTCA, A CpaBa

NOBbICUTCA Ha Q.

XpP1

XP1 Ry xp1
2p2

hi—x
, acnpasa——+a = .
2 2 2p,

h1+x h1
BbicoTa cToN16a MAKOCTH p; CNieBa paBHa —— — a = —: +

MN3BecTHO, 4YTO

2 " 2p,

hy xP1= <h1 xP1>
2 2p;

OTcrlopna

pr_h(g-1) 8

p,  x(@+1) 9
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Ha AgHO nycToro uuaMHAPUYECKOro cocyAa MOMECTUAN KOHCTPYKUMIO M3 Nerkoro Tena,
CKPenIeHHOro ABYMA HEBECOMbIMU YNPYTMMU NPY>KMHKamKM ¢ Bpyckom BOAAHOrO ibaa. 3aTem B
COCyZ, HaZMBAKOT MAC/0 TaK, YTO OHO MOJIHOCTbIO MOKPbIBAET fef, (CM. PUCYHOK) M MOXKeT
npocaymMBaTbCA MeXAy TeJIOM U HOM cocyaa. [I0THOCTM COOTHOCATCA Mexay cobor Kak pr <
Pum < Pji-
B HayanbHbI MOMEHT BPEMEHU CUCTEMA HaxoaMTcA Npu TemnepaType 0°.
1) HaitauTte NAOTHOCTU P W Py, €CAN M3BECTHLI 06bembl Tena Vy = 0.0012 M3, nbpa V) =
0.01 M3 n macna Vy = 0.02 m3; nnotHocTb ibaa p;; = 900 Kr/M3; OTHOLWEHME TOALMHBI
CNOA Macna B Haya/bHOM COCTOAHMM K TOJILLMHE CNOA Macaa Noc/ie TOoro, Kak feg,

H o
NOZIHOCTbIO pPacCTaAn ? = 1.5. Kpome TOro, U3BeCTHO, YTO B Ha4a/iIbHbIM MOMEHT BPEMEHMU

TENo AaBWUT Ha AHO cocyaa c cunoit P = 5 H.
2) Hangute, KaK U3MEHWUTCA AaBNEHWe CoCcyha Ha CTO/ B TOYKe A nocne TOro, Kak nep
NOJIHOCTbIO pacTaerT.
CuntaTtb, YTO B KOHEYHOM COCTOSIHUM BCE KMAKOCTUM B CUCTEME pPa3[enatoTcs  Ha
HEeCMeLIMBaloLWMecs o4HOPOAHbIE CIOM.

A

PeweHue:
1) N3 cOOTHOLWEHMNS NNOTHOCTEM Mbl BUAUM, YTO e, TOHET B Mac/ie U NPUMKUMAET Ierkoe Teno
KO AHY cocyaa. Ynpyrue npyXuUHKM He AatoT negaHoMy 6pyCcKy NOMHOCTbIO ONYCTUTLCA Ha Teno,
a Teny — BCMAbITb. BBEAEM HEN3BECTHbIN KOIPDULIMEHT }KECTKOCTU NPYKMHOK k U U3MeHeHue nx
ANNHbI Ax.
B HauyanbHbIA MOMEHT BpEMEHMW YyC/I0BME PaBHOBECUA TeNa:

prVrg + 2kAx — pyVrg =N (1)
roe N = P — cuna peakuum onopbl, A4EUCTBYIOLLAA Ha TENO CO CTOPOHbI AHa.
Ycnosue paBHoBecuA bpycKa nbaa:

pnVng — 2kbx — pyVpg =0 (2)
Mocne TOro, Kak /nen MNONHOCTbIO pacTaeT, BOAA OMycKaeTcA Ha AHO (T.K. py < pjg W,

cneposatensHo, py < pg = 1000 kr/m3), a Teno scnnbiBaeT M NnaBaeT Ha NOBEPXHOCTY Macha.



prVrg — PMVTIQ =0 (3)
Fne V;' — 06bem macna, BbITECHEHHbIN TEIOM.

r pT
Vp=—Vr (4)
Pum

H
Tenepb BOCNO/Ib3yeMCA YCIIOBUEM — = . 0603HaYMM nNnoLwab OCHOBAaHMA cocyaa 3a S, Toraa

B Haya/IbHbI MOMEHT BpemMeHu cnpaseannBo ycnosume:
SH=VM+VT+VH (5)
A nocne TaaHuA Nnbaa:

SH,=VM+VT,=VM+p_TVT (6)
Pm

Paspenum (5) Ha (6):
Vm+ Ve +V,
Ly
VM +—
MT T

Tenepb Bblpa3nM NAOTHOCTb Tena:
_VM(l—a)+VT+Vj]
B aVr

pu (%)

Pr

Cnoxum ypaBHeHusa (1) u (2):
(or = Pu)Vrg + (on — PmIVng = P
MoactaBum pr, 0603HAUUB ANA KPATKOCTU pr = [ oy (BbipaxkeHue (*)):
Bom — pmdVrg + (on — pu)Vng = P
((B=DVr = Vi)gpu = P = paVng
Bbipasum py,:

Py = P—pnVng (+%)
v =

((B = DVr = Vn)g
MoAcTaBMM YUC/IEHHbIE 3HAYEHWUA:

VM(l - 0() + VT + Vj[
= ~ 0.667
g aVr
P —piV,
Pu Pn’ng ~ 817 kr/m3

((ﬁ - DVr — Vﬂ)g
pr = 545 kr/m3
2) [asneHune B Touke A paBHoO Becy cocypa Mg (M = m,. + my + my + my,), AeneHHOMY Ha
naowaap AHa cocyaa. Macca cocyfa, macna, Tena M BOAbl/AbAa He MeEHAETcs, No3ToOMy W
AaB/IeHMe He MeHseTcA.
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B cocyA, 3ano/HEHHbIN MacNoM, ONYCTUAM KOHCTPYKLIMIO U3 Tea, CKPenneHHOro HeBecomoi
ynpyrov NpymHKol ¢ 6pyckom BoaaHoro nbaa obvema V; = 5 000 cM3. Macno nonHocTbio
NOKpPbIBAET Nef, (CM. PUCYHOK) U MOXEeT NPOCaunBaThCa MeXay TeNOM U IHOM CoCyAa.
B Haua/ibHbI MOMEHT BPEMEHM cucTeMa HaxoamTca npu Temnepatype 0°. MAoTHOCTb Nbaa pj =
900 kr/m3 , nnotHocTb Boabl pg = 1000 kr/m3, nnotHocTb Macna py, = 920 kr/m3.
1) HaiiguTe, kakoii 06bem Tena ByaeT NOrpyxeH B BOAy NOCAe TOro, Kak BECb e[, pacTaerT.
N3BecTHO, 4To py < pr < Pp, U UYTO CUNa peaKkLMW OMNOpbl, AECTBYIOWAA Ha TeNo B



HayanbHbIn MmomeHT BpemeHu, N = 0.5 H, a Teno He BbICTynaeT Haj MOBEPXHOCTbIO
XUAKOCTHU.
2) HalguTe, Kak M3MeEHUTCA AaBiAeHMEe COCyAa Ha CTO/M B ToYKe A nocse Toro, Kak nej
NOJIHOCTbIO pacTaer.
CuntaTb, UYTO B KOHEYHOM COCTOAHMM BCE KUAOKOCTM B CUCTEMe pasdenAlTca Ha

Hecmelwunsarwowmeca ogHopoaHble C/10ou.

PeweHue:
1) U3 cooTHOWEHMA NAOTHOCTEN Mbl BUAMM, YTO TENO TOHET B MaC/Ne U TAHET 3a NPYKUHKY Nes,
He fJaBas emy BCM/biTb. BBeaem HeM3BECTHbIN KOIPOUUMEHT MKECTKOCTUM MPYXKUHbI Kk ¥
n3MeHeHue ee annHbl Ax.
B HaYaNbHbI MOMEHT BpEMEHM YCI0BME PAaBHOBECUA TeNa:

prVrg — kbx —pyVrg =N (1)
Ycnosue paBHoBecuA BpycKa nbaa:

pnVng + kAx — pyVyg =0 (2)
Mocne Toro, Kak e NOMHOCTbIO pacTaeT, BoJa onyckaeTca Ha AHo (py < pg = 1000 kr/m3), a
Teno Bcn/biBaeT B Boge (oy < pr < Pp) VM NNaBaeT Ha rpaHuLe pasaena Boabl U Macna:

prVrg — puVr'g—psVr"g =0 (3)
Fne Vi’ — obbem macna, BbiTeCHeHHbIN Tesom, a Vy'' - o6bem BoApl, BbITECHEHHbIN TeNOM.
CnpaBea/iMBO COOTHOLIEHNE
V' + V" =Vr (4)
=> prVr — ppVr"' —pu(Vr = V7)) = 0
Bbipasum ob6bem Tena, Norpy>KeHHbIM B BOAY:
_ (pr—pm)Vr

V n
r (P8 — Pm)

(*)

Cnoxum ypaBHeHusa (1) u (2):



(or = PudVrg + (Pn — PuIVng = N (¥*)
YpasHeHusa (*) n (**) comepaT Tpu HenssecTHble BennunHbl pr, Ve n V', Ho mosxHO 3ameTuTts,
YTO M3 BTOPOTrO YPaBHEHWUS MOXHO MOHOCTbIO BblPa3uTb YACAUTENb NPaABOM YacTu B (*), U Takum
obpasom peLuunThb ero:
N+ (py—pn)Vng
(P — PMm)Y

"
Vr

MoactaBum uncna:

V' =0.00188 m3
2) OaBneHune B Touke A paBHoO Becy cocyaa Mg (M = m, + my + my + my,), 4eNeHHOMY Ha
naowaap AHa cocypa. Macca cocyfa, macna, Tena M BOAbl/AbAa He MEHAeTcs, No3ToMy W
AaB/IeHMEe He MeHseTcA.
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Cuctema COCTOUT M3 MacCMBHOrO 6/10Ka, NMOABELIEHHOTO HA NPYMKUHE KEeCTKOCTbo ki, U ABYX
HEBECOMbIX YMpPYrUX KrytoB C ectkoctamu k, u ks (k, < k3), cBA3aHHbIX HeBecOmOM
HEepPaCTAXKMMOMN HUTbI0. CBA3KA HUTb-}KIYTbl NEPEKMHYTa Yepes 610K U MOXKET CKONb3UTb MO HEMY
6e3 TpeHuA. KOHUbl MPYXKUHbI U KIYTOB MPOYHO MNPUKPENJIEHbI K ABYM NapaniesibHbiM
FOPM30HTANIbHbIM MNOCKOCTAM (CM. PUCYHOK). B HauyasbHbIi MOMEHT BPEMEHWM KryTbl He
pacTAHyTbl. MNOCKOCTM pa3Benn, yBEAUYMB pacCTosHMe mexay Humu Ha AH. Hailgute, Ha
CKOMbKO YAJMHUNACL MPYKUHA W XKIYTbl MO CPAaBHEHUIO C HayalbHbIM COCTOAHUEM.
feomeTpryecknMmn pasmepamm 6/10Ka MOMKHO npeHebpeyb.

L

AH

G

PeweHue:
0O603HaYMM U3MEHEHMA A/MH Kak Ax, (NpyXuHa) n Ax, n Axs (KryTbl).

Mo ycnosuio 610K MaccMBHbIN, BBeAeM ero maccy M. Torga B Ha4aNbHbI MOMEHT BPEMEHM Ha
Hero AencTByT CUbI:

kiAxg —Mg =0 (1)
Foe Axy — yAVIHEHME NPYXKUHBI B HAYaIbHbIi MOMEHT BPEMEHM.
Mocne TOro, Kak NNOCKOCTU pa3Benu, ycioBMe paBHoBeCUA BNOKa NPUHUMAET BUA:
ki(Axg + Axy) — Mg — 2k,Ax, =0 (2)
O6veauHms (1) u (2), nonyyaem:
kiAx, — 2k,Ax, =0 (3)

BOCI'IOJ'Ib3yeMC$I YCNOBUEM OTCYTCTBUA TPEHNA N PABEHCTBOM CUJIbl HATAXKEHUA NO BCel AnnHe

(MryTblI+HUTL):



szxz = k3Ax3 (4)

Tenepb pacCMOTPUM, KaK M3MEHUIOCH PACCTOAHNE MEXKAY NNOCKOCTAMM U BOCMO/Ib3yeMcA
YCNOBUEM, YTO U3MeHeHMe pasHo AH:

Ax, + Axs
AH = Ax, + — (5)

Pewas cuctemy 13 Tpex ypaBHeHui (3)-(5), Hanaem Mckomble YANNHEHUSA:
4AH

(4245

Axl =

2AH

(s ++1)

2AH

(1 +e+1)

Ax, =

Ax3 =
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CvcTema COCTOUT U3 ABYX HEBECOMbIX DNOKOB: HUXHUI 3aKpenaeH Ha HeEPACTAXMMOM CTePXKHe,
a BEPXHWI — Ha NPYXKUHE }KECTKOCTbIO K, K HEMY Ha HEBECOMOM HEPACTAXKMMOW HUTU NOABELLIEH
rpy3 maccovi m. Yepes 6710KM NepeKknHyTbl ABa HEBECOMbBIX YNPYIUX XKryTa C KecTKoCcTAMM k, U
ks (k, > k3), cBA3aHHble HeBeCcOMOM HepacTAXUMON HUTblO. CBA3KA HUTb-XKIYTbl MOXET
CKONb3UTb Mo H610Kam 6e3 TpeHMA. KOHLbI NPYKMHbI U KIYTOB NMPOYHO MPUKPENIeHbl K ABYM
napannenbHbIM rOPU30HTANbHBIM NJIOCKOCTAM (CM. PUCYHOK). B HayanbHbI MOMEHT BpeMeHM
¥KryTbl He PacTAHYTbI. [110CKOCTU pa3Benu, yBesIMumB paccToaHne Mexay Humu Ha AH. Haingure,
Ha CKO/IbKO YA/NMHWAACh NPYXWMHA M KryTbl NO CPaBHEHWIO C HAYa/ibHbIM COCTOAHMEM.
feomeTpryeckMMmn pasmepamm 6/10KOB MOXKHO npeHebpeyb.



SIS e '\ﬂ/
L b

TN i
e ==

PeweHue:

0603Ha4YMM M3MeHEeHUA ANUHbI KaK Axq (npyKuHa) n Ax, n Axs (KryTbl). 3anuiiem ycnosue
paBHOBecuA BepxHero 6,10Ka B Ha4a/ibHbli MOMEHT BPEMEHMU:

kiAxg—mg=0 (1)
Foe Axy — yAVIHEHME NPYXKUHbI B HAYa/IbHbIi MOMEHT BPEMEHM.
Mocne Toro, Kak NNOCKOCTU pa3BeNU, YCI0BME PaBHOBECUA BEPXHEro 6710Ka NPUHUMAET BUA;:
ki(Axg + Axy) —mg — 2k3Ax; =0 (2)
O6beguHumB (1) 1 (2), nonyyaem:
kiAx, — 2k3Ax3 =0 (3)

Bocnon b3yeMCA YCNOBUEM OTCYTCTBUA TPEHUA MeXKAY XKIyTom U 610KOM:
szXZ = k3AX3 (4‘)

Tenepb PacCMOTPUM, KakK U3MEHNIOCb PACCTOAHUE MEXKAY NNOCKOCTAMM W BOCMNO/Ib3yeMca
YCNOBUEM, YTO U3MeHeHue paBHo AH. Mo ycnoBuio 3aaaum pasamepammn 610K0B MOXKHO
npeHebpeyb. Toraa paccTtosHME MeXAy NOIOM U MOTONKOM CKAaAbIBAETCA U3 AJIUHbI CTEPIKHA
Ly, paccToaHma mexay 610Kamu v ANUHbBI NPYXKUHbI Y:

H=x0+Ax0+L0+y(5)
Mocne pa3aBuUXKeHUA:

H+ AH = x¢ + Axg + Axy + Ly +y + Ay (6)



BblunTas (5) us (6), nonyyaem:
AH = Ax, + Ay (7)
C Apyrov CTOPOHbI, ANNHA CUCTEMbI HUTb+KIYTbl U3HAYA/IbHO:
Ly =L+3y+xy,+Ax, (8)
Mocne pasaBUNKEHNA, C YHETOM PACTAXKEHUN XKryToB Ax, u Ax; umeem:
Ly + Axy, + Ax3; = L+ 3y + 3Ay + xo + Axg + Axq (9)
BbiumnTas (8) us (9), nonyyaem:

sz + Ax3 - Axl
3

Ax, + Ax; = 3Ay + Axy => = Ay(10)

N ona nameHeHmsa PacCToAHNA NmeeM COOTHOLLEHUE:

sz + AX3 - AX1

AH = A
X, + 3

(11)
NToro nmeem cuctemy us Tpex ypaBHEHUN:

klel - 2k3Ax3 = 0
szXz = k3AX3
sz + AX3 - Ax1

AH = A
xq + 3
Pewasn cucrtemy, Haﬁ,ﬂ,eM MCKOMbIE YONTUHEHUNA!
A 6AH
1= kK, Kk
4+ 2+
(4 + 2+ 1)
\ 3AH
2=k
n2 2
(4 KTk T 1)
\ 3AH
B =Tk, k
3 n3
(4 kTE T 1)

9 Knacc, 3agaua 1, BapuaHr 2.

Cucrema COCTOMT U3 ABYX MACCUBHbIX 6N1OKOB: BEPXHUI 3aKPENJIEH Ha JIEFKOM HEPACTAXUMOM

CTEPXKHE, @ HUKHUI — Ha HEBECOMOM NPYMKMHE XEeCTKOCTbIo k4. Yepes 6/10KM NepeknHyTbl 4Ba

HEBECOMbIX YMPYruMx »Kryta c »Kectkoctamu k, u ks (k, > k3), cBs3aHHble HeBecomoW

HepaCTﬂ)-KMMO[;i HUTbO. CBA3Ka HUTb-XKT'YTbl MOXXET CKO/1b3UTb NO 6nokam 6e3 TpEeHUA. KoHUubI

MPY*KMHbI M KIYTOB NPOYHO NPUKPENIEHbI K ABYM Napasine/ibHbIM rOpU30HTaIbHbIM NJOCKOCTAM

(cm. PucyHOK). B HayanbHbIi MOMEHT BPEMEHU KIyTbl HE pPacTAHyTbl. [110CKOCTU pas3Beny,

YBE/IMYMB PACCTOAHME MeXAY HUMU Ha AH . HalianTe, Ha CKOIbKO YA/IMHWUAACh NPYKUHA U KTy Tbl

Nno CPaBHEHUIKO C Ha4Ya/ibHbIM COCTOAHUEM. reOMeTpM‘-IeCKVIMVI pasmepamm 6/10KOB MOXHO

npeHebpeyb.



S
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PeweHue:
0O603HaYMM U3MEHEHMA AMHBI KaK Ax; (Npy*KuHa) n Ax, n Ax; (KryTbi).

Mo ycnosuto 610KM MaccuBHble, BBeAeM Ux Maccy M. Torga B HaYaNbHbIA MOMEHT BPEMEHM Ha
HUXKHWI BNIOK AEUCTBYIOT CUNDI:

kiAxy —Mg =0 (1)
roe Axy, — nedopmauma Npy*KMHbI B HAYAIbHbI MOMEHT BPEMEHMW.
Mocne Toro, KaKk NJIOCKOCTU pa3Benu, yC0B1e PaBHOBECUA HUXKHEro 610Ka NpUHUMaeT BUA.:
ki(—Axq + Axy) + Mg — 2k3Ax; =0 (2)
O6begmHmB (1) 1 (2), nonyyaem:
kiAx; — 2k3Ax3 =0  (3)

Bocnon b3yeMcCA yCnoBUeM OTCYTCTBUA TPEHUA MeXAY XKIyTom U 6}10KOM:
kZsz = k3Ax3 (4‘)

Tenepb PacCMOTPMM, Kak MU3MEHUIOCb PACCTOAHUE MEXKAY NIOCKOCTAMM U BOCMO/Ib3yeMCS
YCNOBMEM, YTO M3MeHeHMe paBHO AH. Mo ycnosuio 3aaaum pasmepamm 610K0B MOXKHO
npeHebpeyb. Torga paccToaHne MexKay NOAOM M NOTONIKOM CKNaAbIBAETCA U3 AJIMHbI CTEPXKHSA

Ly, pacctoaHma mexay 610Kamu v ANUHbBI NPYXKUHbBI Y:
H=xy—Axy+ Ly +y(5)
Mocne pasaBurkeHUA:
H+AH = xq — Axg + Axy + Ly +y + Ay (6)

BbiumTas (5) us (6), nonyyaem:



AH = Axy + Ay (7)
C Apyron CTOPOHbI, AJIMHA CUCTEMbI HATb+KIYTbl U3HAYaIbHO:
Ly, =L+3y+xy—Ax, (8)
Mocne pasasBuKeHUA, C y4ETOM PACTAXKEHWUN KryToB Ax, 1 Ax; umeem:
Ly + Ax, + Ax; = L + 3y + 3Ay + x5 — Axy + Ax; (9)
BblunTas (8) us (9), nonyyaem:

sz + AX3 - Ax1
3

Ax, + Axz = 3Ay + Axy => = Ay(10)

N ona usmeHeHuA pacCToAHUA UMeeM COOTHOLLEHMe:

Axy + Axz — Axy
3

AH = Ax, + (11)

MToro umeem cuctemy U3 Tpex ypaBHeHW:

klel - 2k3AX3 = 0
szxz = k3AX3
sz + Ax3 - Axl

AH = Ax; +
X1 3
Pewas KoTopyto, nony4yaem:
A 6AH
X, =—FF—
ki | ke
(4 et k_z)
A 3AH
X2
ky |, ko
(4k_1 + k_3 + 1)
3AH
Ax,
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MmeeTca ABa TENNOM30/IMPOBAHHbBIX COCYAa, B KaXKA0M M3 KOTOPbIX COAEPHKMUTCA HACbIWEHHbIN
BoAsHOM nap maccon 0,1 Kr n Boga maccoit 0.8 r. Temnepatypa napa B nepsom cocyae 94 °C, Bo
BTopom — 100 °C. Kaxkapli1 U3 coCy0B HarpeBatoT A0 TeX NOpP, NOKa BOAA B HEM HE McnapuTca
NoAHOCTbIO. OnpeaennTe, Ha CKONbKO KOJIMYECTBO TenaoTbl, COObOWEHHOe B MepBbli COCyA,
OT/IM4aN0Ch OT COOBLLEHHOrO BO BTOPOW. CuMTalTe, YTo yaenbHaA TenaoTa Nnapoobpa3oBaHuA He
3aBUCUT OT TemnepaTypsbl, a AaBAeHMe HacbIWEeHHOro BOAAHOIO napa Bo3pacrtaeT Ha 2,4 Kla npu
noBblWeHUN TemnepaTypbl Ha 1 K. YaenbHaa TennoemKkocTb BoasHoro napa 1,38 kIx/Kr-K.
[asneHune HacblweHHoOro napa npu 100 °C pasHo 101,3 Klla.

PeweHune:

[nA HacbIWEeHHOro Napa NP HavaibHbIX YCAOBUSAX:
V= MRT
bV = ; 1)
roe p: — AaBNeHMe HacblweHHoro napa npu T;, V— obbem cocyaa, M — macca napa B cocyae, R

— YHUBEPCA/ZIbHAA ra3oBad NOCTOAHHAA, U — MO1IAPHAA Macca.

[laBneHune HacbIWEeHHOro napa B NepPBOM COCyAe HakgeM M3 AaHHbIX B YC0BMU 33434M
TemnepaTtyp U AaBAeHUA HacbllWeHHOro BoasHoro napa npu 100 °C:

P1 = P1oo — @ * (100 —94) = 101.3 — 2.4 * 6 = 86.9 klla
Torpa BbipaxkeHue gna ob6bema, 3aHMMaeMOro BOAAHbIM NAPOM:

MRT,
piu

MOCKO/IbKY Macca Kaniv MHOFO MeHbLLE Maccbl Napa, TO 3aHMMAEMbIV el 06beM TaKKe MHOTO
MeHbLUe obuiero o6bema cocyaa. Mo3aToMy MOMKHO CYMTaTb, YTO NOC/IE UCNAPEHUA Kan/in 06beMm,

3aHMMaeMblIn napom, He n3meHaeTcA.

MNocne Harpesa:

T, =T, + AT
p, = aAT +p,
M+m
p.V = T 2

3,ﬂ,er m — MaccCa Kaniau soapbl.
M+m

mT,p;

AT =
aMT, — pyM — mp,



Konunyectso TenaoThl, HEO6XO,£I|MN\O€ AnAa Harpesa U ncnapeHnAa Kanam soabl, CKA1aablBaeTCcAa U3:

1. Ko/amyecTBa TENNOTbI, HEOH6XOAMMOrO ANA HarpeBa Kanau Ha AT;

2. KONu4yecTBa TenaoTbl, HEObXOAMMOro ANA HarpeBa MacCbl BOAAHOrO napa Ha AT
(npeHebperaem TennoToM, yweawen Ha Harpes napa oT UCMAPEHHOW Kanau);

3. KoJIM4yecTBa TenaoTbl, HEOBXOAMMOro AN UCMAPEHNA Kaniu BOAbI.

BblpaxeHue Ana cyMMapHOro KoaiMyecTsa TeNA0Tbl BbIFNAAUT caeayowmnm obpasom:
Q = gm + cmAT + ¢, MAT
Toraa pasHuua byaet pasHa:
Q2 — Q; = (em + cyopM) (AT, — ATy) ~ 8.4 Ix
8 Knacc, 3agaya 4, 9 Knacc, 3agava 2, BapmaHr 2

NmeeTca ABa TeNN0M30/IMPOBAHHbBIX COCYAa, B KaXKA0M M3 KOTOPbIX COAEPHKMUTCA HACLIWEHHbIN
BoAAHOM nap maccoi 0,1 kr n Boga maccoii 0.5 r. Temnepatypa napa B nepsom cocyae 96 °C, Bo
BTopom — 100 °C. Kaxkaplil N3 cocyn0B HarpeBakT 40 TeX NOP, NOKA BOAa B HEM HE MCNapuUTCA
nonHoctbto. OnpeaennTe, Ha CKOIbKO KOJIMYECTBO TEN/OTbl, cooblleHHoe B NepBblin cocys,
OT/INYaNI0Ch OT COO0bLWEHHOro BO BTOpoi. CuMTainTe, YTo yaeibHadA TensoTa napoobpasoBaHus He
33aBUCUT OT TEMNEPATYPbI, 3 AaBJEeHME HACbIWEHHOIo BOAAHOIO Napa Bo3pacrtaeT Ha 2,4 KlMa npwu
noBblleHNN TemnepaTypbl Ha 1 K. YaenbHaa TennoemkocTb BogsHoro napa 1,38 kA/Kr-K.
JasneHue HacblweHHOro napa npu 100 °C pasHo 101,3 k(a.

8 Knacc, 3agayva 4, 9 Knacc, 3agava 2, Bapmanr 3

NmeeTca ABa TeNN0M30/IMPOBAHHbBIX COCYAQ, B KAXKA0M U3 KOTOPbIX COAEPHKMUTCA HACLIWEHHbIN
BoaAHoM nap maccoi 0,1 Kr n Boga maccoii 0.7 r. Temnepatypa napa B nepsom cocyae 98 °C, Bo
BTopom — 100 °C. Kaxapli1 N3 COCyA0B HarpeBatT A0 Tex Nop, NOKa BoJa B HEM HE McnapuTcs
nosHocTblo. Onpenennte, Ha CKONbKO KOIMYECTBO TENa0Tbl, cOObLIeHHOe B MepBblit cocyn,
OT/IM4aN0Ch OT COOBLLEHHOrO BO BTOPOW. CuMTalTe, YTO yAeibHaA TENI0Ta Napoobpa3oBaHUA He
33aBUCUT OT TeMnepaTypsbl, a AaBJAeHMe HACbIWEHHOro BOAAHOIO napa Bo3pacrtaet Ha 2,4 kla npwu
noBsbllWeHUN TemnepaTypbl Ha 1 K. YaenbHaa TennoemkocTb BoasHoro napa 1,38 kIx/Kr-K.

[aBneHune HacblweHHoro napa npu 100 °C pasHo 101,3 Klla.
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Cuctema M3 Tpex KoJsiel, 3aKpernsieHa TaK, Kak MOKa3aHO Ha pUCyHKe. BHyTpeHHee KonbLO
paguycom R; BpalwaeTcA BOKPYr CBOEN OCK C YaCTOTOM Wi, BHEWHEE KONbLO Paanycom Rz — ¢
4acToTOM W2>W1 B TOM Ke HanpasaeHun. Mexay Kosbuamu R; v Rz 3a)KaTo Masioe KoJbLO
pPaAnyCcoM r TaK, YTo NPU BpaLLEHMW KOMEL, OHO ABMXKeTcA 6e3 NpocKanb3biBaHuA. Onpegenure:

1) Bpems, 3a KOTOpPOE OCb Ma/Ioro Ko/bLia COBEPLUMUT NOJHbIM 060pPOT BOKPYr ocK Konel, Ry
n Rz,'
2) YacToTy 0bpalleHns Manoro Koablia BOKPYr CBOEN OCK B CUCTEME OTCYETA, B KOTOPOM

BHYTpeHHee KONbUuo HENMNOABUMKHO.

PeweHune:

CornacHo ycnoButo paguyc Manoro Konbla, byaeT paBeH:

Ry — Ry

r = 2

Ero LeHTp pacnoaoKeH Ha paccToAHUM OT OCK KonbLa Ri:

R+ Ry
2
Mepengem B cMCTEMy OTCUETa, B KOTOPOM BHYTPEHHEE KO/bLO R; NOKOUTCA. BHelwHee KonbLo Rz
B 3TOM cucteme byaeT BpallaTbCA BOKPYr BHYTPEHHEro € 4Yactoton w' = w, — w,. B 3TON

CMCTEME TOYKa MaJIoro KOJlblia, KacaloLancs Kosblua R> byaet ABUraTbCcs C IMHENHOM CKOPOCTbIO
r__
v = (w; — w)R;
CnepoBaTefibHO, LLEEHTP Manoro Kosbla byaeT ABUraTbCA CO CKOPOCTbIO, B [1Ba pa3a MeHbLLE:

(wz — )R,

1.70: 2

CnepoBaTefibHO, YacToTa 0bpalleHUA Maioro KO/ibLia BOKPYr CBOEM OCU B 3TOM CUCTEME OTCYeTa
byanert:



2r 2m . (w; —wR,
2(R; — Ry)

Bo3Bpalancb B MCXOAHYIO CUCTEMY OTCYETa, HaXOAUM /NIMHEWHYIO CKOPOCTb LIeHTpa Masnoro

KonbLa r:

(w; — w1)R, n w1 (R; + Ry) _ waRy +wiRy

Vo = 2 2 2

Toraa Bpems, 3a KOTOPOE Masioe KOMbLO r COBEPLIUT MOJHbIN 060pOT BOKPYr BHYTPEHHEro

KONbLa:

_2n(R +Ry) ( 2 ) _ 2n(Ry +Ry)

t =
1 2 (,I)2R2 + wlRl (,L)2R2 + wlRl

8 Knacc, 3agayva 5, 9 knacc, 3agauya 3, 10 Knacc, 3agava 1, Bapuanr 2

Cuctema M3 Tpex KoJsel, 3aKpensieHa TaK, KaK NMOKa3aHO Ha PUCYyHKe. BHyTpeHHee KobLO
paguycom R; BpallaeTca BOKPYr CBOEM OCK C YAaCTOTOM Wi, BHELIHEe KO/bLO paanycom Rz — ¢
YaCTOTOM W2<W3; B NPOTUBOMNOJIOKHOM HanpasaeHun. Mexay Konbuamu Rz v Rz 3akaTto manoe
KO/IbLLO F TaK, YTO NPU BpaLLEHUN Konel, OHO ABuKeTcs 6e3 npockanb3biBaHuA. OnpegenuTe:

1) Bpems, 3a KOTOPOE OCb Masioro KO/bLia COBEPLIMT NOJIHbIA 060pOT BOKPYr ocu Konel, R1
U R

2) YactoTy obpalleHna Masoro KoJsiblia BOKPYr CBOEM OCU B CMCTEME OTCcYeTa, B KOTOPOW
BHYTPEHHEE KOJbLLO HEMOABUMHO.

PeweHune:

CornacHo ycnosuio paguyc Manoro Konbua, byaer paseH:

Ry — Ry

r = 2



Ero LeHTp pacnonoKeH Ha PacCTOAHUKM OT OCK KoAbLa Ri:
R+ Ry
x = T
Mepeiiaem B CUCTEMY OTCYETa, B KOTOPOM BHYTPEHHEee KobLo R MoKouTcA. BHelwHee KonbLo R:

B 3TOM cucteme byaeT BpallaTbCA BOKPYr BHYTPEHHEro € 4yactoton w' = w, + w,. B 3T0M
CUCTeME TOYKA MAoro KO/bLa, Kacatowancsa Kosbua Rz 6yaeT ABUraTbCa C IMHENHOM CKOPOCTbIO

U, = ((1)2 + (1)1)R2
CnepoBaTeNbHO, LLEHTP Manoro KonbLa 6yAeT ABUraTbCA CO CKOPOCTbIO, B Ba Pa3a MEHbLUE:

' (w; + W R,
0 2
CnepoBaTtenibHO, YacToTa 0HpaLLEHNA MANoro Ko/bLa BOKPYr CBOEW OCU B 3TOM CUCTEME OTCYETa

byaert:

2T 2T _ ((I)z + (l)l)Rz

UTT T T 2R, - Ry)

T 27T

BO3BpaLLI|aFICb B HENOABUXHYIO CUCTEMY OTCHETA, HaXxo4NUm J'IMHEVIHVFO CKOPOCTb UEHTPa Maaoro

KonbLua r:

- (wy + w1)R, _ wi(Ry + Ry) _ wyR; — wiRy
0 2 2 2

Toraa Bpems, 3a KOTOPOE Masoe KObLO r COBEPLIUT MOJHbIN 060pOT BOKPYr BHYTPEHHEro

KOMbLA:

2n(Ry + R,) 2 ) 2n(Ry + R,)
= * —

t =
1 2 ((l)sz - wlRl (l)sz - (1)1R1
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Ha pucyHKe n306paxKkeHa KOHCTPYKLMA, COCTOALLAA U3 3KECTKOM LUTAHMM, Ha KOTOPYH HacaXKeHbl
UMANHAPMYECKAn MAcCMBHaA Wakba u HeBecomas NpyKKUHa KecTkocTblo ki. LWaliba cnocobHa
ABUraTbCA No WTaHre 6e3 TpeHua. Mpy*KMHA OAHMM KOHLOM NpucoeauHeHa K Wwanbe, apyrum —
K nony. lWaiba coeanHeHa ¢ NONOM eLe M 31aCTUYHbIM HEBECOMbIM KIYTOM }KECTKOCTbHO k.
HryT nsHayanbHO He pacTAHYT. PaccToAHWe OT nona Ao wakbbl Hp. MKryT oTTArMBatoT 3a cepeguHy
B rOPM30HTaNIbHOM HanpaB/ieHUM C HEKOTOPOM cuiol F TaK, Kak NMOKasaHO Ha PUCYHKe, B
pe3synbTaTe yero warba onyctunack. Onpeaennte BeNUYMHY 3TOWM CUAbI, €CIU U3BECTHO, YTO

OJINHA XKryTa B pe3ynbTaTe HaTAXKEHUA yBennyumaaco 8 B pas.
. |

PeweHune

B pe3ynbTaTe HATAXKEHUNA XKryTa €ro A/1MHa YBenIn4nTbCA, a NPpyKnMHa COXKMETCA. 0603HaYnM

CUNbl HATAXKEHNA Ha PUCYHKeE. Takxe yron mexagy ropusoHTanblo N XKIyTom 0603Ha4YMM KaK a.

Cuna HaTaXKeHUA CBA3aHA C pacTaXKeHuem Kryta. 0603HauMm 3To pacTaxkeHue Kak Al:
T =k,Al (1)

Mo ycnoBu HamM [aHO, YTO AO/MHA KryTa ysBenuumnacb B B pas. C yyeTom TOro, 4To
nepBoHaYanbHaA AMHa bblna gaHa no yCI0BUIO, UMEEM:

_Hy + Al
=

T =kHy(f— 1) (3)

=>Al=Hy(f —1) (2)



H‘(I’VT TAHET Lua1316y BHU3, BEPTUKA/ZIbHaA NpoeKUnA 3TOM CUAbI CKOMNEHCHUPOBaAHa

ZAOMNONHUTENbHBIM CXKaTUEM MPYKUHbI:
kiAH = Tsina = ky;Hy(f — 1) sina (4)

3,Cl,er AH — 3meHeHune BbICOoTbI NPYXHWHbI NOC/N1IE€ HATAXEHUA XKryTa. CI/IHyC yrna a 3anuvwem no
onpegeneHno n3 NpAMOYroaibHoOro TpeyrosibHuKa, FMHOTeHy30l>'I KOTOPOro ABnAeTCA N0210BUHA
XryTta, a NpoTuBoieKalnm KaTeToOM — NOI0BUHA A/INHbI NPYXWUHbI:

HO_AH 2 HO_AH HO_AH HO_AH

i = — e — = = = 5
NG = A 2T H,+ Al HytHy B =D Hp )

_ 2
cosa=\/1—sin2a=\/1—<%) (6)
0

MNoactasum (5) B (4) v Haligem AH:

k,AH =Tsina = k,Hy(f — 1) ———
HoB

K AH = k, (1 _ %) (Hy — AH)
k,AH + AHK, (1 _ %) = Hyk, (1 - %)

Hok,(B — 1)
H =
(Bky + ko (B — 1))

Cuna HaTAXKEHUA XKryTa oAMHAKoBas No Bcen ero anvHe. Cubl, AENCTBYIOLLME HaA KIYT B TOUKE

(7)

NPUIOXKeHUA cubl F B NPOEKUUM Ha TOPMU30HTA/IbHYIO MIOCKOCTb:
F =2Tcosa
MopacTasnisem Bce paHee HaliieHHble BeIMYMHbI U NOJly4aeM OTBET:

F = 2k,Ho(B — 1)]1 - (%)2 — 2k, Hy(B — 1)\/1 —%(1 _A_H)Z =>

F=2koHoB—1) |1 -~ (1- - 2F D 2
e O e e)

OrBerT:
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dnekTponpubop BKAOYEH B UeNb C ABYMA Pe3NCTOPAaMM UM UCTOYHMKOM MNOCTOAHHOrO
HanpaXeHna (CM. pUCYHOK). M3BECTHO, YTO KaxKabli U3 3/IEMEHTOB Lenn BbIXOANUT U3 CTPOA NpU
onpeaeneHHbIX 3HAYEHUAX HaNPAXKEHMA, NA4AOWMX Ha 3TOM dnemeHTe — pe3nctop Ri npum U,
pesuctop Ry npu 3Uo, anektponpubop npu 5Uyp. ConpoTtuBneHue nepsoro pesuctopa Ri
coctaBnsetr R. ConpotmuBneHune BToporo R, — 5R, npubopa — 2R. Onpepennte, Npu Kakom
MWHMMANbHOM HanpAXeHUM UCToYHMKa Ux anekTponpurbop nepectaHeT paboTaTh.

e DneKTporpudop RI| |R2

PeweHue:

dnekTponpubop nepectaHeT paboTaTb B c/Ay4vae, ecnu: oba CONPOTUBAEHUA NEPEropaT Uam
neperopuT cam npmbop.

O603HauMm 3a U, HanpaxeHwe WUCTOYHWMKA. 3anuwem ypaBHEHUA ONA Lenu B HayalbHbIN

MOMEHT BpeMeHMU (p1cyHokK 1):

f U1 == 11R1
U
L+l =gy =1y = RO;
4
Uy =Uyp + Uy
U1 = U2
k UZ = IZRZ
Ul = Ux - Unp = Ux - Il'lpRl'lp = Ux - Io61.uRnp
LU U
o6, —
R RiR,
M R T RIFR,
U o— U R U _y [y RuRi+Ry)
T e L RiRy T[T RyRy + RypRy + RiR,
" " R+ R,
HanpsaxeHue Ha pesunctope Ry:
U. =U.1 - Rnp(Rl + RZ) — R1R2 —U 1
1 RypRy + RypRy + Ry R, *[RupRy + RypRz + RR, * [Rup N Ryp 1
Ry R,
Ncnonb3ya COOTHOLWEHUA:
Uy = Uy + Uy
Unp = Ux - Ul

Mony4ymm HanpaxeHue Ha camom npubope:



Rnp_l_Rnp
1 R, "R,
Unp=Ux 1_W =U, #
PP PP
Ry R, Ry R,

ConpoTusneHune nepsoro pesnctopa Ri coctasnaet R. ConpoTtusneHune stoporo R, —5R, npnbopa
—2R. MoactaBmMm 3Ha4YeHUs CONPOTUBAEHWI B GOPMY/bl ANA HANPAKEHUA HA KaXKAOM d/1eMeHTe
Lenu Noay4Ymm:

2
Up=Ux| 1 ! =U 2+§ —12U
w=Ue| - |~ U\ 7 |~ 7%
_p , ~1p z
R1+R2+1 2+te+1
U—U—SU
1= 2_17 X

3HaA MaKCMManbHO BO3MOMKHbIE 3HAYEHWMA HANPAKEHUA ANA KAKAOIO 3N1EeMeHTa uenu —
pe3nctop Ri npu Uog, pesuctop Rz npu 3Ug, anektponpmbop npu 5Ug — Hargem 3Ha4YeHus
HanpAXKeHWA HAa UCTOYHMKE, NPU KOTOPOM NEPErOpPUT KaxKAbl SNEMEHT Lenu:

5
—U, => U, = 3.4U,

R:Uy =
1 0 17
5
Ryi3Uy = = Uy => Uy = 10,20
6 5U—12U —>U—71U

Takum 06pa3om Npu 3HaYEHUWN HanpaKeHUA Ha uctouHuke U, = 3,4 U, neperoput pesunctop Ri.

B 3TOT MOMEHT cxema NpUMeET cneayowmn BUA:

= mem,.B CESE0

o=y DIIEKTPOITPHOOpP R2

B sTom cnyyae cnpaBeasivBbl CneayroLMe COOTHOLLEHUA:

Io61.u = gp = 12
Uy = Upp + U,
UZ = Ux - Unp = Ux - InpRnp = Ux - Io61uRnp

I = Uy _ Uy
" ™ Roow  Rup + Ra

U,R R
UZZUX_&:UX 1——"
Ry, + R, Ry, + R,

Hanps»keHne Ha ocTaBliemcs pesuctope Ra:



U,=U,|1- =U
2 x Ry + R, *[Rup + R,
Hanps»keHune Ha npubope:
U . =I.R._=1I1.R_=U Rup
— =1 _q _ Tmp
l'lp I'Ip l'lp o011y l'Ip XRHp + R2

Mcnonb3yn COOTHOLWEHMA ANA CONPOTUBAEHUI, NONYYUM:

5

U, = - U, - HanpseHue Ha pe3ucTope R,.

2
Up = ;Ux - Hanps»KeHune Ha aneKkTponpubope.
B momeHT, Korga cropen pesuctop Ri, Ha UCTOYHMKe BblN0 BbiCTaBAeHO HanpsxeHue 3.4U,.

CnepoBaTenbHo, HanpA*xXeHune Ha ConpoTUBAEHUN Rz B 3TOT MOMeEHT 6y,u,eT

5 3
Us = 34U, = 25Ug < 3Uq

o2 34
Ul'[p = 7* 34‘U0 = gUO < 5U0

CnepoBaTenbHO, OCTaBLIMECA INEMEHTbI He neperoparoT Cpasy BCaeq 3a COnpoTnBaeEHNEM R1, m

HanpAaxXeHme MmOXHO NMoBbIWaTb Aa/ibllie.

Ha|71,u,eM 3Ha4YeHnA HanpAaXeHnAa Ha UCTOYHUKE, NMPU KOTOPOM neperoput Ka)'Kﬂ,bIIZ 1IEMEHT uenun
B 3TOM C/iy4dae:

Mpu U, = 4,2 U, — conpotusnenue Ry; U, = 17,5 U, — anekTponpubop.

Takmm obpasom, cHavana npu HanpsaxeHun U, = 3,4 U, croput pesuctop R1, HO TOK
NPOAOJ/IKUT Teub No uenu. [lanee, npu HanpaXKeHun Ha uctouHuke U, = 4,2 U, neperoput u
BTOPOWM PE3nCTOp, YTO YXKe NPUBEAET K NOJIHOMY 06pPbIBY LiENMW.

Otset: U, =4,2U,

9 Knacc, 3agava 5, 10 knacc, 3agava 3, BapuaHr 2.

dnekTponpubop BKAKYEH B LUeNb C ABYMA pPe3UCTOPamMM M MCTOYHMKOM MOCTOAHHOIO
Hanps»KeHus (CM. PUCYHOK). M3BECTHO, YTO KaXKAbl U3 3/IEMEHTOB Lenu BbIXOAUT U3 CTPOS NpU
onpeAeneHHbIX 3HAYEHUAX HaNPAXKEHMA, NA4AOWMX HA 3TOM dnemeHTe — pe3nctop Ry npum U,
pesuctop Ry npu 1.2Uq, anektponpubop npu 3Uo. ConpoTuBneHue nepsoro pesucrtopa Ri
coctasnsaet R. ConpotmsneHune stoporo Ry — 0.3R, npubopa — 0.2R. Onpeaennte, Npu Kakom

MWHUMAZIbHOM HanpAXeHUN UCTOYHUKA Uy anekTponpumbop nepectaHeT paboTaTh.



= 1)

=t meesm .. [SRC

gr—p DneKTporpuodop RI| |R2

PeweHue:

dnekTponpubop nepectaHeT paboTtaTb B cnyyae, ecan: oba CONPOTUBNEHUA MEPEropAT UK
neperopuT cam npmbop.

O603HaumMm 3a U, HanpaxeHWe MCTOYHWMKA. 3anuwem ypaBHEHWA ONA UEenu B HAYa/bHbIN

MOMEHT BpemeHM (PUCyHoK 1):

( Uy = LR,
U
L + 1, =106M=IHP=R;‘
3 oo
Uy = Upp + Uy
Ul = UZ
K U2 = 12R2
Ul = Ux - Unp = Ux - Il'lpRl'lp = Ux - IoGLuRnp
LU U
obm ~ p R{R
6 10
N RutRIER
U. =U.—R Ux =vu.|1- Rnp(R1+R2)
P T L RiRy T[T RypRy+ RopRy +RiR,
" "R, +R,
HanpaxeHue Ha pe3suctope Ri:
U. =U. 1= Rnp(Rl + RZ) _ R1R2 =U 1
1= RupRy + RypR; + Ry R, *|RupRy + RupR2 + Ry R, IRy Rup
1 2
Mcnonb3ya COOTHOLWEHMA:
Uy =Upp + Uy
Unp = Uy — Uy
Mony4ymm HanpaxKeHue Ha camom npubope:
. Bup  Rup
_ _ Ry R
Unp Ux 1 erp Rnp L - Yx Rnp Rnp L
R, TR, R, TR, T

ConpoTtuBneHue nepsoro pesuctopa Ri coctasnsetr R. ConpoTtusnenune BToporo R; — 0.3R,
npubopa—0.2R. MoacTaBUM 3Ha4YEHMA CONPOTUBIEHUI B GOPMY/Ibl /1A HANPAXKEHMUA Ha KaXKA0M

N1EMEHTE LLenn NnoNy4ynm:



1, 2
Up=U §+§ —13U
mp — Vx| 1 2 _2_8x
stg+1l
U—U—15U
1= 2_28 X

3HaA MaAKCMMaNbHO BO3MOXHblE 3HAYEHWUA HANPAXEHUA ANA KaXA0ro sfnemeHTa uenn —
pesnctop Ri npu Ug, pesunctop Rz npu 1.2Ug, anektponpubop npu 3Uo — Halgem 3HaYeHus
HaNpPAXeHWA Ha UCTOYHUKE, MPU KOTOPOM NEPErOPUT KAXKAbIN INEeMEHT Lenu:

R U —15U =>U —113U
R'12U—15U —>U—26U
2 4 0_28 x x 25 0
13 6
npu6bop: 3U, = 2—8Ux =>U, = 61—3U0

13
Takvum 06pa3om Npu 3HaYEHUM HaNPAXKEHUA Ha UcTouHuKe U, = 1 P U, neperoput pe3uctop Ri.

B aTOT MOMEHT cxema npumeT Cl'leAVIOLLI,VIﬁ BuAa:

gre=— DJIEKTPOTIPUOOP R2

B aTom cnyyvae cnpaseanumsbl chegyrowme COOTHOWEHUA!

IO6I.LL = Inp = 12

Uy =Uy + U,
U2 = Ux - Ur[p = Ux - InpRnp = Ux - IO6LLLR1'I]J
LU U
" ™ Rosw Rup + Ra

UxRy Ry
Uz:Ux‘Aﬁx[l‘ﬁl
np 2

Hanps»eHune Ha ocTaBliemca pesnctope Ry:

U=, |1——tm | _p [ Re
27 T Ry + R, *[Rup + Ry

HanpskeHune Ha npubope:

Rup
nperp = Ioﬁ].u,Rnp =U

U =1 _
n xRHp+-R2

p



ConpoTtusneHne Btoporo R, — 0.3R, npubopa — 0.2R. Mcnonb3ys COOTHOWEHUA ANA
CONPOTUBNEHUI, NONYUYNUM:
3
U, = EU" - HanpAXeHue Ha pe3uctope R,.
2
Unp = EU’C - HanpsaXXeHWe Ha aneKkTponpubope.

13
B momeHT, Korga cropen pe3ncTtop R1, Ha NCToYHUKe 6b1710 BbICTAB/NEHO HanpAaxXeHune 1EU0

CnepoBaTtesibHO, HaNPAXKeHWe Ha CONPOTMBAEHUN R, B 3TOT MOMEHT byaeT

U, ! 28U 1 3 Uy, < 1.2U,

= — % — = F— .

2 5 5 0 25 0 0
.2 28 56
UHPZE*EUOZ%U0<3UO

CnepoBaTte/ibHO, OCTaBLUMECA 3/IEMEHTbI He MeperopatoT cpasy Be/ied 3a ConpoTusieHnem Ry, 1
HanpsAXeHMe MOXHO MOoBbIWaTb Aa/blue.

Haliaem 3HaYeHUA HaNPAXKEHUA HA UCTOYHMKE, NPU KOTOPOM NEPEropUT KaXKAbIN 31eMEeHT Lenu
B 3TOM C/lyyae:

Mpn U, = 2U, — conpotusnenue Ry; U, = 7,5 U, — anekTponpubop.

13
Takum 0bpasom, cHayana Npu HanpsxkeHun 1 o U, cropuTt pesunctop Ri, HO TOK NPOAO/IKUT TeYb

no uenu. [lanee, npu HanpsaKeHUn Ha uctouHuke U, = 2U, neperopuT 1 BTOPOI pesncTop, 4to
y*Ke npuBeaeT K NosIHoMy 06pbIBy Lenu.

Otset: U, = 2U,



10 knacc, 3agava 4, 11 Knacc, 3apava 1

[lNAa N3roToBKM TEPMOMETPA B TOHKUI CTEKNAHHBIN KanuANap BbICOTOM H 1 cedeHnem S Hanuam
pPTYTb 06LWen maccolt My, NnpeaBapuTeNIbHO OTKaYaB U3 HEro BECb BO3AYX, FTEPMETUYHO 3aKPbIan
M HaHECNM NINHEWHYI0 LWKany Ha OCHOBE JAaHHbIX O TEPMMYECKOM PacWUPEHUU PTYTU.
Onpeaennte, KaKylo TemnepaTypy MOKa)keT rpafyCcHWK, eCcan BHeCTM ero B cpeay cC
TemnepaTtypoi T.? 3aBUCMMOCTb NIOTHOCTU PTYTM OT TeMnepaTypbl gaeTca Gopmynoin:

Po

px(T) = 1530 =Ty

rae TO — TemMmnepartypa 3amep3aHna pTyTn. 3aBMCUMMOCTb NAOTHOCTWU HACbIWLEHHbIX napos pTyTU
OT TemnepaTypsbl, a TakKXkKe BCe BE/INYNHDLI U K03¢¢MLI,MGHTbI, nepeyncaneHHble Bbllle, cynTanTe
n3BecTHbimu. CToNb6UK PTYTM He AOCTUraeT KOHUa Kanwunnapa. BanaHnem NnoBEPXHOCTHOIo

HaTAXKeHuA npeHebpeuyb.
PeweHue:

B rpagycHuK HanmBatoT Mo pTyTu Nog, Bakyymom. YacTb pTyTM ncnapsetcs. PTyTb B rpafyCcHuMKe
HaxXOAMTCA KaK B }KMAKOM, TaK M B ra3oobpasHom coctosiHun. ObLee YNCNo YacTUl, ) KUAKOCTU B
cocyae He meHsaeTca:

N =N, +N,
0603HaYMM M Maccy oO4HOWM YacTuLpl. Macca BCero Bew,ecTsa B COCyae:
M = my(N, + Ny) = M, + M,
0603HauMm 3a h BbicoTy cTonba pTyTW. Toraa macca napa:
M, = p,S(H = h)

MNonyyaem:
M
M = S(pxch + pu(H = h)) => = = ph + pu(H — h)

FpaflyCHMK nNporpagyvpoBanu, nosnaras TepMUYEecKoe paclimpeHue pTyTH, npeHebperas

ncnapeHmnem:
pu(T) = %
Mo = pu(Sh = gl Sh => 1+ 5T 1) =257
Monyyaem BbipaxkeHne ANA WKaNbl:
PAT = ;;‘(}_SAh => AT = ?—;Ah

lpaZyCHWK BHECM B cpeay € Temnepatypon Te:



M, Po
? - 1 +,8(TC _To)h +pn(Tc)(H - h)

Bbipaykaem BbICOTY CTO/IBMKA PTYTU NPK 3TOM TemnepaType:

M, _ Po
T - pn(Tc)H =h (1 + ﬁ(Tc — TO) - pn(Tc))
= % — Pn (TC)H

D
TR, —To) oo

an 3TOM Ha rpagyCcHmKe OTMeTKa B T. 6yp,eT CTOATb Ha BbICOTE:!

_ Mo(1+ B(T, — Tp)) o

hl
PoS
OTAnuyme B NOKa3aHMAX COCTABUT:
MO
AT = h —h [ Mo(1+B(T, —Tp)) —< — Pu(TH DoS
T AR S - Po _ M
P ey DRV
1 _ 5P (TH

M 1

1+ B(T, —T,) — 0 -

‘ 1 _ (T |B

1+,3(TC_T0) Po

M nckoman TemnepaTypa byzer:

_ Sp(T)H
1 B 1
T,=T.—AT =T, —| 1+ B(T. - T,) — n T |3
__ Fo\‘c
1+.B(TC_TO) Po
1 — Sen(TIH
T, =T +l Mo -1
* 0T R ( 1 _pn(TC)>
1+B(TC_TO) Po



10 Knacc, 3agava 5, 11 knacc, 3agava 2, sapmaHt 1

Ha cTone Haxogunuch YeTbipe He3apsAXKeHHbIX MeTanInyeckmx Kyba. Mx solnoxunu s urypy,
MOKa3aHHYI0 HA PUCYHKe cneBa, coeAnHunn Kybbl Ne3 mn Ned npoBoasAuieli NepemblYKon U
NOAKNOYMAN UCTOUHMK HanpaxeHua V, mexay Kybamm Nel u Ned. MNocne 3toro cxemy
nameHnnn. CHayana oTCoOeAMHUNN UCTOYHMK HaMpAXKeHUsa, NOTOM ybpanu nepembiuky Mmexay
Kyb6amm No3 1 Ned, 3atem Kybbl No3 1 Nod caBuHYAU U, HaKoHeL, K Kybam Nol n Ned nogknioumnnu
BO/IbTMETP. MITOroBoe COCTOAHME CUCTEMbI NMOKA3aHO Ha pUCYHKe crnpaBa. Kakoe HanpsaxeHue
NoKaXKeT BONbTMeTp? CunTanTe, UTO 3a30p MeXKAY Kybamu Bcerga OAnH U TOT XKe, U 4TO OH MHOFO

MEeHbLLIE CTOPOHbI Kyba.

©)

Puc.1 UcxoaHan KoHdUrypaums cuctemol (cnesa) n UsmeHéHHasn (cnpasa).
PeweHue

[1Ba pacnofioXKeHHbIX pPAAOM METaNNMYecKnx Kyba obpasytoT NAOCKMIA KoHAeHcaTop. Tak Kak
3a30p mMeXKay Kybamm MHOro MeHbLUE UX IMHENHbIX Pa3MepPOB, KpaeBbiIMU 3ddEKTaMU MOXKHO
npeHebpeyb. MOXKHO COCTaBUTb CXEMY 3aMeLLLeHUS BCE CUCTEMDI:

C

lo

)

Puc.2 Cxema 3ameLleHUA NCXOAHOM CUCTEMBI

0603HauMm 3a q 3apAs, 4O KOTOPOro 3apsaKaercs KoHaeHcaTop C 13 AByx KybOB, eciv K HUM

NMPUNOKNTb HaMpAXKeHue VO- Mpn nocnepoBaTeNibHOM COEAMHEHUU KOHAEHCAaTOPOB, KakK Ha

1

puc.2, EMKOCTb yMeHbluaeTca: Cy; = = C (nocneaHAs EMKOCTb 3alUyHTMPOBaHa NepPeMbIYKON, U eé
2



MOXXHO UCKNHYNTL U3 CXEN\bI). T.K. HanpAaxXeHmne Ha Cucrteme paBHO VO: TO CyMMapHad EMKOCTb

1
3apAxaeTcA A0 - 4. Mpy nocne08aTe/IbHOM COEAMHEHNM U3MEHEHNE 3aPA/A HA KOHAEHCATOPaX
o 1 o
O/ANHAKOBO, NO3TOMY Ka/aA U3 EMKOCTEN TOXe 3apaeHa [0 ~q. Kaxabiii U3 3apAxeHHbIX
o . 1
KOH/AL@HCATOPOB 3/IEKTPOHENTPANEH, HA OAHOM U3 OBKNAZ0K CKaNJMBAETCA 3apAd +2¢, a Ha

o 1
apyrou _Eq Ha pMC.3 noanuvcaHbl 3apAadbl, KOTOPble CKOMUMANCD Ha MNOBEPXHOCTAX

COOTBETCTBYIOLNX rPAHEN.

q(] 4
1 w13 2
q/2
-q/2
3 0|10 4
V() ~

Puc.3 UcxoaHaa cuctema ¢ noAnncaHHbIMM 3apAagamMm rpaHeit Kybos.

3ameTum, 4To y Kyba Nel okasbiBaeTcA CyMMapHbIv 3apsas, +%q, ay kKyba Ne3 3apsag —%q. Kybbl

No2 un No4d sneKTpoHenTpasnbHbl. Koraa bbis1 OTKAOYEH UCTOYHUK HaNpsXKeHUs 1 bbina ybpaHa

nepembliyka, BcCe Ky6b| OKa3a/nCb U30TIMPOBAHHbIMU, N UX 3apAObl B ﬂ,aﬂbHeVlLHeM HE OO01XKHbI
MEHATbLCA.

Mocne nepemelleHna KyboB obpasoBasiach LEenoyka M3 YeTblpéX KoHAeHcatopos (puc.4), u
3apsaabl rpaHen q;, onpeaenéHHbIM 06pasom U3IMEHUIUCD.

f]u”‘f]:z
1 4qi2|f4i2 2 ”
| S OE q24 ai| 0|
EL 424 B e
3 93q4||-4934 4 9'34”'%4
|l
(N ~
~ ©

Puc.4 Cuctema nocne UsmeHeHus ¢ NoANMCaHHbIMKM 3apagamum rpaHelt Kybos (cnesa) n cxema
3amelleHuns (cnpaga).



CoxpaHeHMe CyMMapHOro 3apsza KyboB MOXKHO Tenepb 3anncaTtb B BUAE YPaBHEHUIA:

1
12 + q13 = Eq
—q12 + 424 =0

1

—q13 T 434 = 5

—Q24— (34 =0

Mpw 3TOM NocnegHee ypaBHEHWE NOAYYaAETCA U3 TPEX NPeablaYLLMX, ECAN UX CNOXUTb. [To3Tomy,
Ha cCaMOM fene, NOKa YTo 3anmncaHbl 3 HE3aBUCUMBbIX YPaBHEHMA Ha 4 Hen3BecTHbIX. Heobxoanmo
3anucaTb eweé o4HO ypaBHEHME, YTOObI HANTN HEU3BECTHbIE.

JocTaTovyHo PACCMOTPETL CXemy Ha pMC.3 KaK napannenbHoe coeguHeEHUE LOBYX LEMNOYEK,
KaxaaAd Wn3 KOTOPbIX COCTOAT M3 ABYX NOC/nenoBaTe/ibHO COeANHEHHbIX KOHAEHCATOpPOB.
HanpmﬂeHme npm napanneibHoOm coeagnMHeHne OAMHAKOBO, a MpU nocsnenoBate/ibHOM -
CKNnaabiBaeTcA, N0O3TOMY:

Vig +Vou = Viz + V34
roe Vix = @; — @) - Pa3HOCTb NOTEHUMANOB MeXAY i-M U k-m Kybom, Vi, = —V,;.

Tak Kak EMKOCTM BCEX KOHAEHCAaTOPOB PaBHbI MeXAy cOO0MN, TO MOXKHO NepenTn K aHaNorMYHOMY
YPaBHEHUIO Ha BEIMYMHbI 3apAL0B:

12 T 924 = q13 T Q34

Tenepb pewum 3Ty cuctemy. lMepeHecém (,, B NOCNEAHEM YpPaBHEHMM B MPaBYK YacTb U

BbIPa3nM OCTa/IbHble BEIMUYUHbBI YEPES (41,, UCNONL3YA ApYyrve ypaBHeHUA. [lonyymm ypaBHeHMe

Ha (q1;:

1
Q12 = q13 T 434 — Q24 = (ECI — CI12> — 412 — q12
OTKyAa
_ 1
qi2 = 3 q

M3 ypaBHeHU 1-3 ganee HaxoaAaATCA U Apyrue 3HadyeHusa:

_1
CI24—8q
_3

q13 _8q
1

q3s+ = — 54

8



Tenepb, 3Han 3apAabl KOHAEHCATOPOB, 06PA3YIOWMXCA MEXAY TPAHAMKU KyDOB, MOXKHO HaNTH
Pa3HOCTb NOTEHLUMAN0B Mmexay Kybamu Nol n Ne4:

OtBet: I/ = iVO
10 Knacc, 3agava 5, 11 knacc, 3agava 2, BapmaHTt 2

Ha cTone HaxoAuancb YeTbipe HE3aPAXKEHHbIX METaNIMYECKUX Kyba. Ux BblaoKuau B durypy,
NMoKasaHHylo Ha puc. 1 cnesa, coeanHunmn Kybbl Ne3 m Ne4 npoBoasuweit nepembi4KOn U
NOAKNIOUMNIN UCTOYHUK HanpaxeHuna V, mexay kybamm Nel u Ned. Mocne sToro cxemy
n3ameHnnun. CHavyana oTCOEANHUAN UCTOYHUK HaNpaXKeHUsa, NoToM ybpann nepembluky mexay
Kybamu Ne3 u No4, 3atem Kybbl CABMHYAM W, HakoHel, K Kybam Nel m No4 noakntoumnu
BO/IbTMETpP. MTOroBoe COCTOAHME CMUCTEMbl MOKA3aHO Ha puc. 1 cnpaBa. Kakoe Hanps)KeHue
NOKa)KeT BONbTMeTp? CunTanTe, YTO 3a30p MeXKAy Kybamu Bcerga O4AnH U TOT JKe, U 4TO OH MHOFO
MeHbLUE CTOPOHbI Kyba.

3 J 3 4
Vo

Q

Puc.1 UcxoaHan KoHoUrypaums cuctemol (cneea) n UsmeHEHHasn (cnpasa).
1
Otset: V = EVO
10 Knacc, 3agava 5, 11 knacc, 3agava 2, BapmaHt 3

Ha cTone Haxoauancb YeTbipe HE3apAXKEHHbIX MEeTaNNYeCcKUX Kyba. Ux Bblioxuam B durypy,
NMokasaHHytlo Ha puc. 1 cnesa, coegmHuan Kybbl N22 n Ne3 npoBoaswein nepemblYKon U
NOAKNIOYNIN UCTOYHMK HanpsaxeHua Vo mexay kybamm Nel u Ne4. Mocne 3Toro cxemy Havanam
MeHATb. CHavyana OTCOeAMHUAN WUCTOYHWUK HANpAXKeHWA, NoToM ybpanu nepembluky mexay
Kyb6amm No2 1 Ne3, 3atem Kybbl Ne3 1 Nod nomeHANn mectamu U, HakoHel, K Kybam Nol n Ne4
NOAKNIOYMAN BONBTMETP. MTOrosoe COCTOAHUE cuUCTemMbl NOKasaHo Ha puc. 1 cnpasa. Kakoe
HanpsaMKeHWe NoKaxKeT BoAbTMeTpP? CUMTaNTe, YTO 3a30p MexXAy Kybamu Bcerga OAuH U TOT XKe,

M YTO OH MHOTIO MeHblLIe CTOPOHbI Kyba.



Q

Puc.1 UcxoaHan KoHdUrypaums cuctemol (cneea) n UsmeHEHHasn (cnpasa).

OtBet: I/ = %VO



11 knacc, 3apava 3, Bapuant 1

Mokpoe Koneco paguycom R, Bpallalolleeca C YacTOTOM w,, AepKaT Hasecy. B HekoTopbIn
MOMEHT KO0JIeCO NOCTaBU/IN HA NOBEPXHOCTb, U OHO HA4Ya/10 ABUraTbCA BAOAb Hee. CnycTa Bpema
t KONleco NPoAO/IKaN0 ABUMKEHME, BPALLAACb TaK, YTO C KaxKAOW TOYKU €ro MnoBepPXHOCTU
CPbIBa/INCb Kan/u C Haya/lbHOM CKOPOCTbIO, PABHOM CKOPOCTU 3TON TOUYKU. OnpeaennTte, Yemy
paBHa MaKCMMa/ibHas BbICOTa, KOTOPOW AOCTUIAN Kan/in, OTOPBaBLUMECS OT MOBEPXHOCTU Kosleca
B MOMeHT BpemeHu t. KoapdumumeHT TpeHUA CKObXKEHMA Koneca O NOBEPXHOCTb — . TpeHnem
KauyeHuA npeHebperuTe.

MpumeuaHue: Yrnosoe yckopeHue 5 CBA3aHO C MOMEHTOM NMPUIOXKEHHbIX CUJ/T COOTHOLLEHUEM:

—

- —
Iﬁ =M, roe I — momeHT nHepunn tesia OTHOCUTENbHO OCKU BPALLEHUA, M - CYMMapPHbIN MOMEHT

BHELIHNX CUN1 OTHOCUTE/IbHO 3TOM XKe OCH. Ana Kpyrnoro Kosneca, spawatouleroca BOKpyr CBOEN
2

mR
ocnl =

PeweHue

Koraa Koneco nocTtaBuaAM Ha TOPM3OHTA/NIbHYKO MNOBEPXHOCTb, OHO HAYMHAeT ABuUraTtbCA C
YCKOpeHMeM, Mnpu 3STOM NPOCKaNb3biBaA. [nA nocTynaTesnbHOro ABUXKEHUA YCKOpeHue
NoNOXUTENbHOE, ONS BpalweHua- oTpuuaTenbHoe. Koraa 6yaeT BbIMONHATLCA COOTHOLWIEHUE
WR = v, KOneco HayHeT ABUraTbcA 6e3 NPOCKab3bIBAHNA U, COOTBETCTBEHHO, paBHOMEpPHO 6e3
YCKOpeHuUA.

1. NoctynaTtenbHoe ABUXKEHUE:

2

at
x(t) =x9 +—
2
YcKopeHue Koneca:
ma = umg
a=ug
OTcropa:
£2
x(t) = xo + ,ug2

Toraa CKOpOCTb ABUMKEHWUA NPU HAIMYMU NPOCKANb3bIBAHUA:
v, (t) = ugt
2. BpawaTtenbHoe ABUXKeHMe:
w(t) = wy + Bt

|_|OJ'Ib3y6MCFI npmnmeyvyaHnem mn3 ycaosua, pacnmcbiBad MOMEHT CU/Ibl:

2

m
IB=M,1I=

M = —umgR
> umg



OTtcropa:

3. Onpepensem MOMEHT BpemMeHM f, Koraa [ABMXeHe C MPOCKaNb3blBaHWMEM MepexoamT B

ABUXeHne be3 npockanb3biBaHus (WR = v):

2ug . -
woR — %tR = ugt
woR

=
3ug

4. oneT Kane/ib. I'Iepel7|p,eM B CUCTEMY OTCHETA, CBA3AHHYIO C LEHTPOM KON1ECa.

v

Kannu BbineTatoT no KacatenbHoM co ckopocTblo w(t)R = woR — 2ugt, noa HEKOTOPbIM Yr/I0M

. HavyanbHan BblCOTa Kanau:

Yo(@) = R + Rsin(¢p)

BbicOTa 1 CKOPOCTb Kanau, Bbl/IETEBLUEN B MOMEHT BpemeHU t, No mepe noseta Ha NPOTAXKEHUU

BpemeHu t':

gt'®

y(@,t',t) = R + Rsin(g) + (woR — 2Zugt) cos(p) t’ — =

vy (@, t',t) = (woR — 2pugt)cos(p) — gt'

Haxoaum BpemMmAa nogvema Kanjanm U3 ycnosumAa, Koraa BepTuUKasibHaAa COCTaB/iAOWAA CKOPOCTH

CTaHOBUTCA paBHa HYyW:

5 _ (WoR — 2ugt)cos(p)
g
Torga makcMmanbHas BbICOTa B 3aBUCUMMOCTU OT yr/1a 9 U MOMEHTa BpeMeHW Bblneta t:

(woR — 21ugt)? cos(p)?
29

Ymax((/)' t) =R+ Rsin((p) +



5. Haxoaum yron, no4 KOTOPbIM BblZ1IETAET KanaiAa, AOCTUTalOLWanA HanboNbLUEN BbICOTbI cpegm

BCeX Kanesb, BblIETAOLWMNX B MOMEHT BpemeHHU t:

aymax((p' t) — 0
do
Monyyaem:
gR
(woR — 2pgt)?

2_ . (gR)?
oS0 =1~ ook — 2uge!

sin(e) =

6. MaKcmanbHas BbicOTa NOAbEMA Kane/b B NPOU3BO/bHbIA MOMEHT BpemeHn t < t:

N gRr? (woR — 2ugt)?
2(woR — 2ugt)? 29

Ymax (t) =R

Ecant > t, To BMeCTO & cTaBMM paHee NoNyYeHHOe BbipaskeHue A/1a Hero:

99 N (woR)?
2wg? 18g

Ymax = R +

11 Kknacc, 3agava 2, BapuaHt 2

Mokpoe Koneco paguycom R, Bpallalolleeca C YacTOTOM w,, AepKaT HaBecy. B HekoTopbIn
MOMEHT KONeCO NOCTaBMAN Ha NMOBEPXHOCTb, COOOLMB eMy Havya/bHYK CKOPOCTb Vy < woR B
ropu3oHTa/IbHOM HamnpaB/leHMM TaK, KakK MOKasaHO Ha pucyHKe. Cnycts Bpema t Koneco
NpPoAO/I}Kano ABUXKEHME, BPALLAACh TaK, YTO C KaXKA0M TOUYKM €ero NoBepXHOCTU CPbIBAIUCH Kanau
C Haya/IbHOM CKOPOCTbIO, pPaBHOM CKOPOCTU 3TOM TouKWU. Onpegennte, 4Yemy paBHa
MaKCMManbHasA BbICOTA, KOTOPOM AOCTUIIM Kanau, OTOPBAaBLUMECA OT NMOBEPXHOCTM KOJieca B
MOMEHT BpeMeHU t. KoapdULMEHT TPeHUA CKONbXKEHUA KONeca O NOBEPXHOCTb — . TpeHuem

KayeHus npeHebperuTte.

MpumeyaHue: Yrnosoe yckopeHue ,B CBA3aHO C MOMEHTOM MPUNTOHKEHHDbLIX CUT COOTHOLWLEHNEM!

—

- —
Iﬁ =M, roe [ —momeHT MHEPLUNUN TENA OTHOCUTE/IbBHO OCU BPALLLEHUA, M- CYMMapHbI MOMEHT

BHELHWUX CU OTHOCMTE/IbHO 3TOM }Ke ocu. [1s KPYrioro Koaeca, BPaLLakoLWerocs BOKpyr cBOewn

mR?

ocnl =

x

PeweHune



Korga Koneco nOCTaBUAW HA TFOPU3OHTAaNbHYHO MOBEPXHOCTb, OHO HA4YMHaeT ABUraTbCA C
YCKOpEeHMEeM, MNpPOCKanb3biBasa. MNOCKOAbKY wR > v,. [nAa noctynateNbHOro ABWUMXKeHUA
YCKOpPEeHMe MNOoNOoXUTeNbHOE, ANA BpalleHusa- oTpuuatenbHoe. Korpga O6yaeT BbINOAHATLCA
COOTHOLWeHMe wWR = v, Koneco HayHeT ABuratbca 6e3 NPOCKaNb3blBaHUA U, COOTBETCTBEHHO,

paBHOMEpPHO 6e3 yCKopeHus.

1. MNocTtynaTenbHoe ABUXKEHUeE:

x(t) = xo + ath
YcKopeHue Koneca:
ma = umg
a=ug

Cuna TpeHua byaeT NpenATCTBOBATb BPALLEHMIO, MO3TOMY OyAeT COHanpaB/ieHa Haya/lbHOM

CKOpPOCTU. OTc roga:

ugt?

2

x(t) = xo + vot +
Toraa CKOpOCTb ABUMMKEHUA NPU HAIMYMM NPOCKANb3bIBAHUA:
v(t) = vy + ugt
2. BpawaTtenbHoe ABUXKeHue:
w(t) = wy + Bt

Monb3yemca NnpMmedYaHnem U3 yCA0BUA, PaCnmnCbiBas MOMEHT CUAbI:

mR?
Ip=M,I = ,M = —umgR
OTtcroaa:
2ug
=%
“g
t) = wg———t
w(t) = w, R

3. Onpefensem MOMEHT BPeMeHW t, Koraa [ABUMMEHEe C MPOCKaNb3blBaHWEM MepexoamuT B
ABUXKeHWe 6e3 npockanb3biBaHMA (wWR = v):

2ug . -
wOR—%gtR=v0+ugt
~_(UOR_1.70
3ug

B aTOT MOMEHT BpemeHHU:



N woR —v 2
v(t)=v0+%=§v0+w0R

Koneco npoaonXkut gBuratbca Aasiblle paBHOMEPHO C TaKOW CKOPOCTbIO.
4. Nonet Kanenb. MNepeaem B cUCTEMY OTCYETA, CBA3AHHYIO C LLEHTPOM KoJeca.

v

Kannu BblneTatoT no KacaTeNbHOM €O CKOpocTbio WR = woR — 2ugt, nop HEKOTOPbLIM YrIOM .

HayanbHaA BbICOTa Kanau:

Yo(®) = R + Rsin(p)

BbicOTa M CKOPOCTb Kanu, BbleTeBllel B MOMEHT BpeMeHM t, N0 Mepe noseTa Ha NPOTAXEeHUM
BpemeHu t':

t'?
y(@,t',t) = R + Rsin(p) + (woR — 2ugt) cos(p) t’' — gT

vy (@, t',t) = (woR — 2ugt)cos(p) — gt’
Haxoanm Bpemsa nogbema Kanau:

5 _ (@oR — 2ugt)cos(e)
g

Torpa makcuMmasibHaA BbICOTa B 3aBMCUMOCTM OT yrna ¢ U MOMeHTa BpemMeHU BblneTa t:

(woR — 2ugt)? cos(p)?
29

:Vmax((pr t) =R+ RSin(§D) +

5. Haxoaum yros, noA, KOTOPbIM BblETaeT Kannasa, AoCTUrawlaa Hanbonbllen BbiCOTbl cpeaum
BCEX Kane b, BbI/IETAlOLWNX B MOMEHT BPEMEHMU t:

aymax ((pl t) —

do 0

MNonyyaem:

SIN(@) = o R = 209D

__ (gR)?
(woR — 2pugt)*

cos(p)? =1



6. MakcmmanbHaa BbICOTa NoAbema Kanesb B I'IpOVI3BOJ'IbeIl71 MOMEHT BpemeHun t < t:

gR? (woR — 2ugt)?
Ymax(t) = R + 2 °
2(woR — 2ugt) 2g
Ecmt > t:
5 woR | 2vp\?
_ gR (4 +3Y
Ymax = R+ 2 + 2
T
3 3
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MoKpoe Koneco paguycom R, Bpaluatoweeca C 4acToToM wg,, AeprKaT Hasecy. B HeKoTopbIN
MOMEHT BpemeHMU to=0 Koa1eco NoCTaBUAN HA NOBEPXHOCTb, COODOLLMB €My HAYabHYH CKOPOCTb
vy < wTOR B FOPU3OHTa/IbHOM HaMNpaB/ieHUM TaK, KaK MOKa3aHO Ha pucyHKe. CnycTa Bpems t
KOJIECO NPOAO0MXKAN0 ABUMNKEHME, BPaALLAACb TaK, YTO C Ka)XAOW TOYKM €ro noBepPXHOCTU
CPbIBA/INCb KaNn/iM C Haya/IbHOM CKOPOCTbIO, PAaBHOM CKOPOCTU 3TON ToUYKU. Onpeaennte, yemy
paBHA MaKCMMa/ibHas BbICOTA, KOTOPOM AOCTUIIM Kan/iv, OTOPBaBLUMECA OT NOBEPXHOCTU Koieca
B MOMeHT BpemeHu t. KoapdumumeHT TpeHUA CKONbXKEHMA Koneca O NOBEPXHOCTb — . TpeEHNEM
KayeHus npeHebperuTte.

MpumeyaHue: Yrnosoe yckopeHue ,B CBA3aHO C MOMEHTOM MPUNOHKEHHbLIX CU/1 COOTHOWEHNEM!

- — —
If = M, rpe [ — MOMEHT MHEPLMM TeNla OTHOCUTE/IbHO OCK BpaLeHns, M — MOMEHT BHELLHMUX
- mR?
cun. lna Kpyrnoro Koaeca, BpaLaroLL,Eeroca BOKpyr ceoen ocn I =
\QJO
Vo
— R
-
X

PeweHue

Korga Kosiieco noctaBuMAM Ha FOPM3OHTANIbHYIO MOBEPXHOCTb, OHO HAYMHAET MPOCKa/b3biBaTb,
OBUraACb C YCKOPEHWeM, NOCKOAbKY WR > —v,. [JnA nocTynatenbHOro ABUXEHUA YCKOpeHue
NONOXUTENIbHOE, A5 BpalleHua- oTpuuaTenbHoe. Koraa 6yaet BbINO/MHATLCA COOTHOLUEHME
wR = v, Koneco HauHeT ABuUraTbcs 6e3 NPOCKasib3biBaHUA U, COOTBETCTBEHHO, paBHOMEpPHO be3
YCKOpPEHMUA.

1. MocTtynatenbHoe ABUXKEHUE:

2
x(t) =xg +—



YcKopeHue Koneca:
ma = pymg

a=ug

TpeHune byaeT NpenATCTBOBATb BPALLEHMIO KONECa, YCKOpeHue ByaeT HanpaBieHo B CTOPOHY,
NPOTUBOMNO/OMKHYIO HAaNpPaB/lEHUIO HaYanbHOM ckopocTu. OTcloaa:

ugt?
2

x(t) = xo — vot +
Toraa CKOpOCTb ABWMMKEHWUA NPU HAIMYMM NPOCKANb3bIBAHUA:
v(t) = —vy + ugt
2. BpawaTtenbHoe ABuxeHue:
w(t) = wy + Pt

MNonb3yemca npumeyaHmem m3 ycaoBUA, PpacnmcbiBasd MOMEHT CUJIbl:

2

m
I =M,I = > ,M = —umgR
OTcropa:
2ug
P=""%
2
w(t) = wy —%‘gt

3. Onpesensem MOMEHT BpeMeHM t, Koraa [ABWMMeHe C NPOCKanb3blBaHMEM NEepexoamuT B
ABUXKeHMWe 6e3 npockanb3biBaHua (WR = v):
2ug .. -
(l)oR —$tR = —170 +llgt
; woR + v
3ug

CKOpPOCTb KONeca B 3TOT MOMEHT BPEMEHMU:

woR +vy  woR 217
= —3 Vo

£)=—

woR
Mo YCN0OBUIKO CKa3aHO, 4YTO 7 <%, cnepoBaTteslibHO KOJ1ECO HE MOMEHAET Hanpas/eHUE

ABUXEeHUA.

4. MNonet Kanenb. I'Iepel7|p,eM B CUCTEMY OTCYETA, CBA3AHHYIO C UEHTPOM KoOJ1eca.



Kannu BblneTatoT No KacaTeNbHOM €O CKopocTbio WR = wyR — 2ugt, nop HEKOTOPbLIM YrI0OM (.

HayanbHaA BbICOTa Kanau:

Yo(®) = R + Rsin(p)

BbicoTa u CKOpPOCTb Kannuy, Bbl/ieTEBLUEN B MOMEHT BpemeHU t, Nno mepe nosieta Ha NPOTAXKEHUU

BpemeHu t':

t'?
y(@,t',t) = R + Rsin(p) + (woR — 2ugt) cos(p) t’' — gT

vy (@,t',t) = (woR — 2ugt)cos(p) — gt’
Haxoaum Bpemsa nogbema Kanau:

= _ (@oR — 2ugt)cos (@)
g

Torga makcMmanbHas BbICOTa B 3aBUCUMOCTHU OT yrna ¢ 1 MOMeHTa BpemMeHU BblaieTa t:

(woR — 2pgt)? cos(p)?
29

:Vmax((pr t) =R+ RSin(§D) +

5. Haxoaum yros, noA, KOTOPbIM BblETaeT Kannasa, A0CTUrawlaa Hanbonbllen BbiCOTbl cpeaum
BCEX Kane b, Bbl/IETAlOLWNX B MOMEHT BPEMEHMU t:

aymax ((pl t) —

do 0

MNonyyaem:

gR
(woR — 2pugt)?

R
(woR — 2pugt)*

sin(g) =

cos(p)? =1

6. MakcmmanbHasa BbICOTa NoAbema Kanesb B I'IpOVI3BOJ'IbeIl>i MOMEHT BpemeHun t < t:

+ gRr? + (woR — 2ugt)?
2(woR — 2ugt)? 29

Vmax (t) =R

Ecmt > t:



@R _ 2vy

2
gRr? +( 3 3 )

Ymax = R+
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BbICOKMI TENNOU30/IMPOBAHHbIM FEPMETUYHbBIN LLUAMHAPUYECKWNIA COCY/, C MIOLLAAbI0 OCHOBAHMA
S, 3aKpbITbI CBEPXY HEBECOMbIM MOPLUHEM, CNOCOBHbIM ABUraTbcA 6e3 TpeHus, HaxoauTCA B
nosne TAXECTM NAaHeTbl C aTmocdepoi, cocTosAwel M3 aproHa (monspHaa macca May).
Temnepatypa atmocdepbl M yckopeHuMe ¢BOOOAHOrO MafeHMA C BbICOTOM MEHAKTCA
He3HaunTeNnbHO. BHYTpM cocyaa HaxoAWUTCA V MOAb aproHa Mpu TOM »Ke TemnepaType, Y4To U
CHapYXu.

1) OnpeaenuTe, Ha KAKOW BbICOTE HAXOAUTCA MOPLUEHb.
2) Ta3 B cocyae HauMHaOT MeaJsIeHHO oCTyKaTb. OnpeaenvTe, 4,0 KaKOW TemnepaTypbl
OCTYAMANM a3, eciv NopLeHb ONyCcTUACA A0 BbICOTbI H.

ATmocdepHoe faBneHMe Ha NOBEPXHOCTU NNAHEeTbl, yCKOpeHue cBoboAHOro NnageHus u
TemnepaTypy aTmocdepbl CYUTANTE U3BECTHLIMM.

PeweHune:

Bonpoc 1): 3aBMCMMOCTb KOHUEHTPALMM ATOMOB OT BbICOTbI AAETCA pacnpeseneHvem
BonbumaHa (nnmn 6apomeTpuyeckoit bopmynon):

ng)
RT

n() = ngexp (-
Mo YCNOBUIO HaM AaHO, YTO B COCyae HaXoaMnTCA n3BeCtHoe KoO/IM4YeCTBO aproHa, T. €. U3BeCTHO,
CKOJIbKO BCero 4actuvuy, HaxoautcAa B cCocyae. CooTHecem 3TO 4uCno C pacnpeneneHnem
KOHLLeHTpaLI,MIZ aTOMOB NO BbicoTe. TakK, BblAe MM HEKOTOprVI cnon rasa BHYTPW cCoOCyda

TonwmHom dy. Ymcno yactuy, B aTom cnoe byaer:

Mgy
dN(y) = ng exp (‘ W) Sdy

OTctopga, B3AB WMHTErpan BN/AOTb A0 BbICOTbI, Ha KOTOpOl)‘I HaXo4AUTCA nopLeHb, nojay4yaem
BblpaxKeHune:

OTKyAa Bblpaxkaem BbicoTy Hy:

vMg _ 1 ( MgH0>_> < MgH())_l vMg s MgH,
sngkT —~ OP\" gt )77 P\""RT )T " T SngkT —~ T RT
vMg
=in(1-g—0) =>
" SnokT
. = RTl 1 vMg
°7 Mg n ( SnokT)

Mo ycnoBuiO Ham AaHO, YTO AaBJjieHWMe aproHa y NOBEepPXHOCTU PaBHO PO- MocKoNbKY NopLleHb

Haxo4uTCA B MOKOe, TO AaBAEHUA HA HEero CHapyXu U U3HYTPWU paBHbl. A TaK Kak BHYTPU U



CHapy»M cocyZa Haxo4uTcA OAMH U TOT »Ke ra3 npu Ton e TemnepaTtype, a TOALMHA NOPLIHA
He3HauuTeNbHas, TO AAB/NEHME AprOHa Y OCHOBAHWUA COCyAa BHYTPU HEro paBHO Tomy e Py.

OTtcioga nonayyaem OKOH4YaTe/ibHOE BblpaxKeHune A4 BbICOTbl, Ha KOTOpOl‘/JI HaxoaunTCA NOpPLUEHb:

ng>

Hy= ———1 (1 -
0 "\ sp,

Mg
Bonpoc 2) [lanee, ra3 B cocyAe HauMHaeT OCTbiBaTb, B TO BPeMA KaK CHApY»KM TemnepaTypa He
MeHseTcA. [laBneHne BHYTpW cocyaa byaeT ymeHblaTbea, nopweHb byaeT onyckaTbca. byger
BbIMO/IHATLCA PABEHCTBO [aB/JIEHUIM Ha MOPLWEHb CHApYXW (Bblpa)keHWe cneBa) U WU3HYTpU
(BbIpakeHune crnpasa):

MgH MgH
POeXp<_ RT )ZPleXp<_ RT )
1

[laBneHue BHYTpU cocyna y ero ocHoBaHus P; Tenepb byaer otamyatbca ot Py. YTob6bl ero
onpeaenvTb, BHOBb 3anulUEM BblpPaKeHWe A4 MONHOro 4YMcaa 4YacTuy, B cocyde, KoTopoe

OCTaeTCA NOCTOAHHbIM:

N=s RTl(1 ( MgH)) e y=§ kT1<1 ( MgH)) s
=Sn, Mg exp RT, =>v=58n Mg exp RT, =

vMg
n1 = -
SkT. MgH
ti-en (-7
Pl = nlle

H — koHeuHoe nonoxeHune nopwHaA. Heobxogmumo Havtn Ty (H).

Nmeem:
exp (= M)
P, ex (— MgH) = n, kT, ex (— ng) => P, ex (— MgH) = YMgkT, . RTy
0 €Xp RT, 171y exp RT, 0 €Xp RT, SkTy 4 _ exp (_ I\;I?‘%H)
1
MgH
MgH\ vMg ©XP (_ R—Tl) Mgy
eXp(_ RT)ZSP ' Mgy =~ 1T p<_RT>
0 01— — 1
1 eXp( RT, )
VMg ( MgH) (MgH)
~sp, P\ rr, )P\ kY,
ex (MgH) -1= Mg ex (MgH) => Mgt =In (ng ex (MgH) + 1)
P\rT, sp, PRt RT, sp, P \Rr,
MNonyyaem oTBET:
MgH
T\ (H) =
) vMg MgH
R ln(spo exp(RTO )+1)



Ecnn 6bl He BbIN0 3aBUCMMOCTU OT BbICOTHI, T.€. Koraa Mgy <K RTy:

Tu(y) = Mgy _ Mgy _ Mgy ySPy PRV
v (VMg Mgy T . (VMg T L, VMg~ Rv ~ WR
R l“(spo exp(_RT0)+1) R ln(spo +1) R SP,
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B npobupke, 3aKkpbITOM NPOOKOM Maccbl m, HaXoAUTCA YV MOJIb aproHa npu Temnepatype T
(monspHaa macca Ma,). Npobupka 3aKkpenneHa B ueHTpudyre paguyca R, Bpallatowencs c
KPYroBo# 4acToToM Wo, AHOM K ee ueHTpy. Onpeaenute cuay TPEHUA NOKOSA, AEUCTBYIOLLYIO Ha
npo6bky. MNaowaab NnonepeyHoro ceyeHnsa Npobupkm S, Bbicota H, paccTtoAaHne OT AHa NPOBUpKM
[0 ueHTpa ueHTpudyrn R, npuyem R>>H. BHyTpu uUeHTpudyrn Bakyym. Cuaon TAXKECTU
npeHebpeyb.

PeweHune

PeweHne yaobHO NpoBOAUTb B HEMHEPLMA/IBHOM CUCTEME OTCHYETA, CBA3AHHOM C LEHTPUDYroN.
B 31Ol cucteme oTcyeTa nNpu BpaleHUM UeHTpudyrm Ha npobky OyayT AencTBoBaTb
LeHTpoberKHasa cuna, cuna TPEHUA U CMIa AABAEHUA rasa BHYTPU Npobupku. Ytobbl npobka

Hauana BblNETaTb, O/KHO BbINOHNUTLCA Ceytollee COOTHOLLEeHMe:
mwiR + py S =F,
[laBneHune aproHa Ha NpobKy:
Par = NokT,

Ny — KOHLEHTpaLmMa aTomoB B61M3M NPobKK. PacnpepeneHne aTomos BHyTPU NpobupKku byaeTt
NOAYMHATLCA pacnpeseneHunio bonbumaHa:

mogeffr)

n(r) = ngyexp (— T

rae mogeffr — NOoTeHUWa/IbHaA aHEPINA aTOMa, Haxo4ALWErocAa B npo6V|pKe Ha PaCcCTOAHUN T OT

NpPooKu.

ATtom, HaxogAcb B Npobupke, byaeT HaxoAMTCA B MOTEHLMANAbHOM MOJIE LEHTPOOEKHOM CUbI.
MOCKO/IbKY BbICOTa MPOBMPKM MHOTO MEHbLUIE paanyca LEHTPUPYTK, Bapuaunen LeHTpobeKHoM
CUAbI C KOOPAMHATOW BHYTPU NPOBUPKN MOXKHO npeHebpeub. Torga NoTeHUManbHanA SHepPrus

aToOMa B 3TOM No/le, OTCUUTbIBaEMasn OT NPo6KM, ByeT onpeaenaTbea Kak:
T
U= f mow3Rdr = myw3rR
0

rne my = My,./N,y — macca atoma aproHa (N4 — noctoaHHas ABoragpo).

Camo pacnpegeneHne torga:

mow(z,rR)

n(r) = ngyexp (— T



Mo YyCNoBUIO aHO KONNYeCTBO BELWECTBA aProHa B npo6MpKe, T. €. o6u.|,ee KOJINYECTBO aTOMOB

N. Ero MmOXHO 3anmcaTb Kak:

N = SfH (r)dr = SfH mow3rR Qs kT ) mow3HR
=5 n(r)dr = i N exp T r= nomong exp T

OTKY4,a MOXHO BblPa3nTb KOHLLEHTPALMIO YacTUL, Y NPobKM ny:

Nmyw3R
2
SkT (1 — exp (— %%HRD

Torpa paBneHue rasa Ha NpobKy byaeT paBHO:

Ng =

VMATO)(Z)R

2
S <1 — exp (— %%HR))

Par = NokT =

N nckomasna cmna TpeHunAa:

VM, w3R

)
( v

= wiR| m+
( ( mOwSHR)>
L=exp\ == —

F = Mw3R + p4rS = mwiR +
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HeBecomas u HepacTaKMmasn TOHKan HUTb MJIOTHO BUTOK K BUTKY HAMOTaHa Ha UMAUHAP paauyca
R B8 N 060p0OTOB Kak NMOKa3aHO Ha pUCyHKe. K HMXKHeMY eé KOHLY npusA3aH rpys maccoi m. C
KaKOW CWNOMA Hafo TAHYTb CBOOOAHbLIN KOHel HUTU BBePX, 4TOObl MOAHATL TPy3, ecau
KO3)ODULUMEHT TPEHUA MEKAY HUTbIO U MOBEPXHOCTbIO UMAMHAPaA cocTaBndeTr W? LUunamHgp
3aKpenIEH ropuU3oHTa/IbHO U He BpallaeTcs.

PucyHok 1. UnntocTtpaumsa HATU, HAMOTAaHHOM Ha LMANHAP.
PeweHune:

Myctb T - HaTAXKeHMe HUTWU. Korga oHa HAMOTaHa Ha LMAUMHAP U HaTAHYTA, OHa NPUXKMMAeTCca K
ero MOBEPXHOCTU C HEKOTOPOW CWUMOM, 3aBUCALWLEN OT HaTAKeHuA. OB6O03HaUYMM SINHENHYIO
nAoTHOCTb 3Toi cunbl 3a f(T). U3-3a 3TOI cuAbl, YTOBbI MOAHATL rPY3, HAZO NPEOAONETb He

TONBbKO CHUANY TAXKECTU, HO U CUNY TPEHUA.

JonycTMMm, YTO HUTb TAHYT C HYXXHOM CUNOM, U FPy3 NOAHUMAETCA C MNOCTOAHHON CKOPOCTbLIO.

PaccmoTpum pacnpeaeneHue cun B O4MH U3 MOMEHTOB BPEMEHM.

Ana Hebonbworo yyactka HUTM dl cuna Tpenus coctasut W f(T)dl. Ha Takylo BeanyuHy
YBENYNTCA HATAXKEHWE HUTU Ha dI BavKe K TOUKe NpunoXKeHua cuabl. Mpu atom BennumHy dl
MOKHO Bbl6paTb CKOJIb YrOAHO Masioi, YTobbl MOXHO 6b110 cuntaTh, Yto f(T) NnoctosHHa Ha
3TOM yyacTKe. Toraa MOXKHO 3anucaTb ypaBHEHME:

T(l+dl) = T(D) + pn f(T)dl
Unn

TA+d) — T(D) _
i =unf(T)

Yctpemnas dl K Hynt0, MOXKHO nepentn K anddepeHumanbHOMy YpaBHEHNUIO

aT
FTie nf(T)

YTo6bl ero pelwnTb, Heobxoanmo HaTu 3asucumoctsb f(T)



PaccmoTpum, ¢ Kakoit cunoit Hebonblwol ydactok HUTKM dl NpuxKMMaeTcs K UUMAUHAPY, ecau
CYMTaTb, YTO Ha ero macwTabe cuna HaTAXKEHUA He meHAeTcA. A 3TOro caenaem cnegytouiee

nocTpoeHme (PUCYHOK 2).

PUCYHOK 2. UnntocTpaumsa BOSHUKHOBEHMA CUJbI, MPUKMMAIOLWEN HUTb K LMAMHAPY

Cuna f(T)dl - 310 pe3ynbTaT BEKTOPHOIO CNOMKEHWUA CWU/ HATAKEHUA HUTU, AEMCTBYIOWMIA Ha
pa3Hble KOHUbI y4acTKa dl. M3 NnocTpoeHus, MCNONb3ys YroN o, €€ MOXKHO HalTH:

f(T)dl = 2Tsin(a)
ECAM y4ecTb M3MEHEHUE HATAXEHUA HUTK, TO cuna byaer:
f(T)dl = (2T + uf(T)dD)sin(c)

OpHako BBMAY ManoCTu yrnos BeJ/iIMdNHa ,D,O6aBKM 6yp,eT BTOPOro nopAaaxka manoctu, KOTOpOﬁ

MOXHO npeHebpeyb.

Tak Kak dI MOXKHO BbIOMpPaTb CKOJIb YTOAHO MasibiM, TO U O ByAeT Masioi BEIMYMHOMN, MOITOMY
MOKHO MCMNO/1Ib30BaTb CBOMCTBO CMHYCA AN MAOro yrna:

sin(a) ~ a

TaKKe & MOXKHO Bblpa3uTb Yepes AnuHy ayrv dl, ncnonb3ys COOTHOLEeHUe
dl = 2aR

MoacTaBnAsA 3TM COOTHOLWEHMSA U cokpalwas dl, nonyyaem

T

f(T)=§

Tenepb MOXXHO 3anuncatb anddepeHumanbHoe ypaBHEHUE B BUAE
OT n
al R

Ero peweHune



T(l) = Tyexp (% l)

loe kKoopauHaty | BAO/Ib HUTU MOMKHO OTCYMTbIBATb OT TOYKW, FAe HWUTb BMEPBblE KacaeTtcA
uMAnHApa. B aTolh Touke
T(0) =mg
OTKyaa
Ty =mg

OnvHa N BuTKOB HUTK cocTasnseT 2TtRN, oTKy4a MOXKHO HAaUTU HaTAKEHUE HUTU B KOHEYHOWM
TOYKe, KOTOPOE PaBHO CUJIE, C KOTOPOM HEOBXOAUMO TAHYTL:

F =T(2nRN) = mg exp(2mpN)
Otset: F = mg exp(2mpuN)
11 Knacc, 3agava 5, BapuaHr 2:

CTpouTenb NogHMMAET rpy3 Maccoi m 3a NIErKY0 HEPACTAXKMMYIO BEPEBKY Yepes HeMnoABUKHbIM
(He morkeT BpalWlaTbCsi BOKPYr cBoen ocu) 610K paanyca R (pucyHoK 1). Yron mexay Yactamu
BepéBKKU coctaBnseT 90 rpagycos, a KOIGOUUMEHT TPEHMUA HUTU O NOBEPXHOCTb 610Ka — . C
KaKON MWHMMANbHOM CUNON CTPOUTEND HaAo TAHYTb 3@ BEPEBKY, 4TOObI rpy3 Hayan

noaHMMaTbCA?

Orser: F = mg exp(mu/2)
11 Knacc, 3agaua 5, BapmaHr 3:

[ga rpy3a ¢ maccamu m n M 3aKkpensieHbl Ha KOHLaX NErkoM HepacTAXKMMOWN BEPEBKKU, KOTOpan
NepeknHyTa yepes HGpPeBHO C Kpyr/ibiM cedyeHMem c pagmycam R (pucyHok 1). Mpu Kakom
MaKCMMa/ibHOM COOTHOLWEHMM Mmacc rpy3oB M/m OHM OCTaHyTCA HEMOABWMMKHbIMM, €CNM
KO3OOULUMEHT TPeHUA MeXay BepéBKOM M OGpeBHOM cocTaBnsAeT W? BbpeBHO 3akpenneHo
rOpM30HTa/IbHO M He BpaLlaeTcA.



Oteer: M/m = exp(mp)




