3agaHus 3aKJII0YUTENbHOr0 3Tana OJIUMIHAIbLI HIKOJIbLHUKOB
CIIor'y mo ¢pusuxe 2023-2024 rr.

YyacTHUKAaM 3aKIIIOYUTENbHOTO 3Tana Onaumnuansl no (u3uKe mpejaraics OAWH U3 3apaHee
3aroTOBJIEHHBIX BAPHAHTOB, COCTOSBIINII U3 5 3amau. Kaxknas 3aaua cocTaBIisyiach B HECKOJIBKHUX
Bapuanusx. [Ipu npoBepke paboT mpoBepsiiach KOPPEKTHOCTh XO/1 PELICHUs 33]]a4i U UTOTOBOTO
orBera. YacTh 3amau mpepiaraiuch K PEHICHUIO y4YacTHHUKaM pasHbIX KiaccoB. Huke B
0003HaYEeHMSIX 33]]a4 YKA3bIBAETCsl, y9IaCTHUKAM M3 KaKUX KJIACCOB OHU MpeIHA3HAYAINCh

CTpykTypa pa3doueHus TeM 32/1a4 110 BAPHAHTAM /IJIsl Pa3HbIX KJIACCOB:
8.1 — paBHOMEpHOE ABIKEHHE, IYTh, IEpeMelIeHue, padora ¢ rpadhukom
8.2 — TerI0eMKOCTH, TEIJIOTa CrOpaHys TOIUINBA, U3MEHEHHE TEMIIepaTypbl KUIIEHUS ¢ BBICOTOM
8-9.1 — cratnueckue 0JI0KU

8-9.2— cuna Apxumena, 3akoH ['yka

8-9.3 — naBneHue )XUIKOCTH, COOOUIAIOIINECS COCYAbI, THIPOCTATHKA.
9-10.1 — ckyccTBEHHBIE CITYyTHUKA

9-10.2 — PaBHOYCKOPEHHOE JBMKEHUE

10-11.1 — DnexTpuyeckue Lenu ¢ HETMHEHHBIMU 3JIEMEHTaMU

10-11.2 — CraTuka

10-11.3 — 'maponnHaMHKa

11.1 - Tuddy3us

11.2 — MarauTHas UHAYKIHAS



3agaua 8.1
Bapuant 1

Kyx npuszeminics Ha pOBHYIO TOPU30HTAIbHYIO IOBEPXHOCTD U CTAJ 110 HEM 110J13aTh, KaXable 3
CEeKYHJbl coBepias MmoBopoT Ha 90 TpaaycoB IO YACOBOM CTpesike. 3aBUCHUMOCTb MOMIYJIS
CKOPOCTH JKyKa OT BPEMEHH C MOMEHTA MPU3EMJICHUS MpejcTaBieHa Ha rpaduke. Cunras, 4To
JKYK TIOBOPAYMBAETCS MTHOBEHHO, OIPEACIUTE €ro MepeMelleHrue crnycts 24 CeKyHIbl Mociie

IMPU3CMJICHUA.

Pemrenne:

O6o03naunMm OykBamu A 1 b TOukM Havyana v KoHIA ABWKeHMs. s yno6cTBa mpoHyMepyeM
PUMCKUMH TU(PPAMHU KKIYIO0 TOYKY TOBOPOTA, YTOOBI HE YITYCTUTh TOYKH MOBOPOTA, KOTJA KYK
noBopauuBai He MeHsisi ckopocts (111 u VII) u korna on noBepuya cros Ha mecte (V).

v, cm/c

[TocTpouM TpaeKTOPHIO ABMXKEHHUS KyKa KaK €CJIM Mbl HaOJII0/1aIi 32 HUM CBEPXY M 0003HAUYUM
JJIMHBI KaXKJ0r'0 ydacTKa IyTH. B kauecTBe HagaIbHOTO HaITpaBJICHUEC BBI6epeM JABUXXCHUC
BIIPaBO B IJIOCKOCTHU pUCyHKaA. M3 mocTpoeHus: BUAHO 4TO MEXIy ToukaMu A u b nepemenienue
COCTaBUJIO 3CM.

Bapmuanr 2

>Ky1( MPU3CMIIUIICA Ha POBHYIO TOPU3OHTAJIBHYIO ITOBCPXHOCTDH U CTAJI 11O Hel oJI3aTh, KaXXAbIC 2
CCKYHJIbI COBCpIlass IMMOBOPOT Ha 90 rpagycoB 110 4acoBOM CTPCJIKC. 3aBHCHMOCTD MOAYJIA
CKOPOCTH KYyKa OT BpECMCHU C MOMCHTA MMPU3CMJICHUSA IMPCACTABJICHA HaA rpa(pmce. C‘-II/ITaSI, 4qTo
JKYK HOBOpa4YUBACTCd MIHOBCHHO, OIIPCACIIMTC €ro HnEpeMCIICHHUC CITYyCTA 16 CCKYHI IIOCJIC
IMPU3CMJICHUA.



3agaua 8.2
Bapuant 1

['pynmna TypuCTOB MOJHUMAIOTCA HA ropy MO TYPUCTUYECKOMY MapUIpyTy, BAOJb KOTOPOIO B
HWKHEH yactu Mapiuipyra kKaxsapie 500 M nogbeMa pacronokKeHbl MyHKThI OTJbIXa C HUCTEPHAMU
C BOJIOM, a BBIIIE — C HAKOJIOTBIM JIJOM. TYpHCTBI OCTaHABJIMBAIOTCS HA MPUBAJT Y KaXKJIOTO U3
TaKUX IYHKTOB, Pa3BOAST KOCTEpP, UCIIONb3Yys B3ATHIM ¢ COOON APEBECHBIM Yroib, U KUIATAT B
OTKpbITOM KoTenke 1.5 1 Boawl. Mcmonb3ys HpuBENEHHbIE HUXKE TIpadUKH 3aBUCUMOCTU
TEMIEPATypbl BO3/AyXa W TEMIEpaTypbl KHUIEHHS BOJbl OT BBICOTBHI, PAcCUHUTANTE Maccy
OCTaBIIETOCs Y TYPHCTOB TOILTMBA Mocie mpuBana Ha Beicote 5000 M. Beero ¢ co6oii B oxo oA
B3sUIM 25 KT IPEBECHOTO YTJIs, EpBbIi npuBai Obu1 Ha BeicoTe 500 M, TeMiiepatrypa BOAbI U JibJia
B LACTEpHAX B IIYHKTax OTJAbIXa paBHBI TeMIlepaType BO3JayXxa Ha pgaHHoW BwicoTe, KII/]
HarpeBaHus BOJbl Ha KocTpe paBeH 1%. OTBeT npuBenTe B KUIOTPaMMax, OKPYTJIUB J0 1€CATHIX.
VY nenwpHas TerioTa cropanus apesecHoro yris 34 MJbx/kr, Teruioémkocts Boabl 4200 1x/(kr-°C),
termmoémMkocTs Jpaa 2100 JLx/(kr-°C), ynenbHas TerioTa riaBieHus npaa 330 kJDx/r,
IOTHOCTH Boel 1000 Kr/m>

3aBMCMMOCTb TeMnepaTypbl BO3AyXa 3aBMCUMOCTb TEMNepaTypbl KUNeHUA
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Pewenue:

1) Jlo BeicoTHI 2500M BKJIIOUMTENLHO yPaBHEHHUE TEMIOBOrO Oananca, : cMAT = 0,01qmy,,,

A€ C — TCIIJIOEMKOCTh BOIHBI, M — Mmacca BOJbI, q — yACJIbHAA TCIJIOTA CTOpaHuAd TOILJIMBA,



my,, — Macca Tomnusa, AT — pa3HOCTh TeMIepaTyp HarpeBa BOJIbI 10 TEMIIEPATyPhI
KUIICHUS
cMAT
2) Macca COAKEHHOTO yIIs: My, = 001

3) Macca coxoxeHHoro ynis 3a 5 mpusaios (500m, 1000M, 1500m, 2000m, 2500M) MOXKHO
MOCYUTATh YePe3 CYMMY Pa3HOCTH TEMITepaTyp Ha KaK0i BBICOTE:

cM (2 AT) — 4200%1,5%420 — 7,782 KT

m =
YOt 0,01q 0,01%34%106
4) Hauunas ¢ BeicoTsl 3000M B ypaBHEHHE TEILIOBOrO OajaHca J00aBiIseTCs HarpeB U

nnapnenue abaa: C;MAT' + AM + cMAT = 0,01qmy,,, AT’ - pasHOCTH Temmeparyp

Harpesa Jipaa 10 0 rpaaycos.
5) Macca cox>KeHHOro yIiIs 3a 5 mocieayromux npuBajios (3000m, 3500m, 4000m, 4500Mm,

5000m)
My, = O,ﬁq (G (D 817) 4 cx (D aT) +5%) =

~ 0,01 %34 * 106
~ 0,01 %34 * 106
~ 15

T 0,01%34%1

(2100 * (50) + 4200 * (420) + 5 * 330000)

(105000 + 1764000 + 1650000)

08 (3,519 = 10%) = 15,525 kr

6) 25— (7,782 + 15,525) = 1,693 kr
Bapuanr 2

['pynna TypuCTOB IUIaHUPYET MOABEM Ha ropy Ha BbIcOTy 4500 M, Ha KOTOpOM pacrnojoKeHa
abIMHUCTCKas 0a3a. Jlo 6a3bl MpoJIoKeH TYPUCTUUECKUN MapLIpyT, BAOJIb KOTOPOTO B HUKHEH
gactu Kaxasle 500 M mogbeMa pacroaokKeHbl MyHKTHI OTAbIXA ¢ UCTEPHAMU C BOJIOH, a BBILIE —
C HAKOJIOTBIM JIbJOM. TYpHUCTBI XOTST OCTaHABINBAThLCS HA IPUBAJI y KaKJOTO U3 TAKUX ITYHKTOB,
pPa3sBOJUTH KOCTEpP, UCHOJb3Yys B3ATHIH C COOOW IpEeBECHBIH yroib, U KUMATHTH B OTKPBITOM
koTenke 1.5 n Boxabl. Mcmonb3ys npuBeAeHHBIE HIDKE TpadUKH 3aBUCUMOCTH TEMIEPATyphl
BO3[yXa M TEMIIEpaTypbl KUIIEHUS BOJBI OT BBICOTHI, pacCUMTAaNTE MaccCy TOIUIMBA, KOTOpas
notpedyeTcst TypucTaMm Ui JOCTH)KEHUS allbIMHUCTCKOM 0a3bl coryiacHo Iuiany. Temmeparypa
BOJBI U JIbJIa B LIUCTEPHAX B IIYHKTAaX OTAbIXa PaBHBI TEMIIEPAType BO3yXa Ha JIaHHOM BBHICOTE,
KII/] narpeBanus BoJbl Ha KOCTpe paBeH 1%, mepBblil puBan miaaHupyerca Ha BeicoTe 500 M.
OTBeT npuBeIUTE B KWJIOIPaMMax, OKPYIJIUB 10 JECATHIX.

Y nenbHas TemoTa cropanus apeecHoro yris 34 MJx/kr, Temnoémkocts Boasl 4200/ 1x/(kr-°C),
terioéMkocTh Nbaa 2100 JIx/(kr-°C), yaenbHas TemioTa muiaBieHus jbaa 330 k/[x/kr,
wiotHOCTh Boabl 1000 Kr/m3
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3amaua 8-9.1
BapuanTt 1

HeBecomas Oanka HaXOIUTCSl B PABHOBECHH U JICIIUTCS TOUKOM Oomopkl B oTHOIIeHUH 2:3. K neBoi
KOPOTKOM 4acTH OalKu uyepe3 cucTeMy OJIOKOB C MOJBEIICHHBIM IPY30M MaccOi m MPHUKPETLIICHbI
JBE HUTU, OJJHA K CaMOMY Kparo, Jpyras K cepeAuHe 3Tod yacTu Oanku. K mpaBoit yactu Ha
HEKOTOPOM PACCTOSIHUU X OT TOYKHU OTOPHI Yepe3 CUCTEMY OJIOKOB MPHUKpeIieHa Apyras HuTh. K
cepeauHe JUIMHHOM YacTH MOJIBEIIeH TPy3 Maccoii 2m. B mpaBoii cucteMe 0J10KOB MOBEIICH TPY3
Maccoit 3m.

Kaxyro yactb oT Beelt UTMHBI OaIKy COCTaBIISIET PACCTOSIHUE X OT TOYKHU OIMOPHI 1O HUTHU B TPaBOn
yacTU CHUCTeMbl. Bce OJIOKM, HUTH U TNPYXUHY CUUTATh HEBECOMBIMH, TPEHHE B CHCTEME

OTCYTCTBYET.
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PaccTtaBuM CHUIEI HAaTSKEHUS HHTCfI, KOTOPBIC 3aKPCIIJIICHBI K Oaske:
T1=0,5mg; T2=0,25mg; Ts=2mg; T4=0,75mg
[TpumeMm myuHy Beeit Oanku 3a L. 3anuiiem ycioBrue paBHOBECHs (ITPaBUIO0 MOMEHTOB):

T1%0,4L+T4*x=T2*0,2L+T3*0,3L => 0,2mgL+0,75mgx=0,05mgL+0,6mgL



[Topenum o6e yacTu ypaBHEeHUs HA MJ ¥ MOMHO)HUM Ha 100

20L+75x=5L+60L => 75x=45L => x=0,6L (T0 ecTh K HPAaBOMY KOHIIY 0AJIKH)

Bapuanr 2

Hesecomas 6asika HAXOIUTCS B pABHOBECHH U JIEJIUTCS TOUKOM O1opsl B oTHOIeHUH 3:2. K s1eBoi
JUIMHHOW Y4acTH OAJIKK Yyepe3 CUCTEMY OJIOKOB C MOJIBELICHHBIM I'PY30M Maccoil M MPHUKPEIICHBI
JIB€ HUTH, OIHA K CAMOMY Kpalo, Jpyras Ha pacCTOSIHUU X OT TOukHU ornopsl. K npaBoit yactu uepes
cucTeMy OJIOKOB TOXKE NMPHUKPEIJICHBI IBE HUTH: OJHA K CEpeMHE 3TOW 4acTH Oalku, Apyras K
npaBomy Kkpato. K oqHOMy 13 OGJI0KOB B IIPaBOil 4acTH 3a MPYKHUHY MOJBEUICH I'Py3 Maccoud M.
Omnpenenurte, KaKylo 4acThb OT BCEH JUTMHBI OAJKH COCTABISIET PACCTOSHUE X OT TOYKH OIMOPHI JI0
HUTH B JIEBOW YacTHU CUCTeMbI. Bce OOKM, HUTH M MPY)KUHY CUYUTATh HEBECOMBIMHU, TPEHHUE B

CHCTEME OTCYTCTBYET.
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3agaua 8-9.2

[TapadmHOBas HUIUHApPHYECKAsT CBEYKA BBICOTOW Ho M TUIOMIapio OCHOBaHHS S TUIaBaeT B
Oacceiine. CBeuka MpUKpEIUICHa K MOy OacceifHa MPYKUHKOW € JKECTKOCThIO K (CM. PUCYHOK),
npyXxuHa pactanyTa. Ceeuky nopkuratot. [loka roput ¢putuib, napadus MeaaeHHO Ucnapsercs,
¢dbopMa CBEUKH MpPU 3TOM OCTAETCS LUIMHAPUUYECKON, €€ BHICOTa YMEHBIIAETCS CO CKOPOCTHIO C.
Omnpenenure, Kak U ¢ KaKOH CKOPOCTBIO OYAET U3MEHSTHCS PacTsKEHUE PYKUHKH.



k

—

Pemenue

0O003HaYMM 3aBUCUMOCTH BBICOTHI CBeuKH OT BpemeHu kak H(t). I[To ycioBuio oHO maetcs
BBIPAKCHHEM:

H(t):HO_Ct

O603HaunM 3a h(t) 3aBECUMOCTD OT BPEMEHH BBICOTHI MTOTPYKEHHOM YacTH CBeuku. [10 ycioBHio
CKa3aHo, YTO CBEYKa FOPUT MEJIJICHHO U C MOCTOSIHHOM CKOPOCTHIO, TO3TOMY BTOPOil 3aKOH
HproToHa MOXET OBITH 3aMucaH Kak:

kAx
mg + kAx = py,gh(t)S => pH(t) + S peh(t)

pn(HO - Ct) +

kAx(t)
Sg psh(t)

HOCKOHLKy FJ'IY6I/IH8. OacceliHa ocTaeTCs HeI/I3MeHHOI>'I, MOXXHO 3aIucarhb:

Xo +Ax(t) + h(t) = G => Ax(t) = G — h(t) — x,

ITogcTaBuM B UCXOHOE BBIPAKEHHUE:
k
Pn(Ho —ct) + Sg (G = h(t) = xo) = psh(0)

U toraa 3aBucumocts h(t):

k k k
pulHy = et) + 56— 50 = (o +§) h(o)

PaccmoTpuM /1Ba mpOM3BOJIBHBIX MOMEHTA BpeMeHH tl u t2, mpuyem t2>t1:

(Ho— ct,) + - X —( +k)h(t)
Pnlily — Cly Sg ngo—PB Sg 2

k k k
pulHy = ety) + 526 — -3 = (pu + 52 hito)

BpIuTeM u3 nepBoro BTopoe:

pulo = ct) = pu(llo = ct) = (s + ) 1(e2) = (pu + 5 ) &)



k
—cpy(t, — t;) = (pB + g) (h(t2) — h(t1))

_ Cpa h(t;) — h(t1)
L) -4
(455

BricoTta norpyxeHHON 4acTu OyAeT YMEHbBIIATHCS CO CKOPOCTHIO:

CPn
%)
B+_
(p Sg

3HAYUT NPYKUHKA OyJET YIUIMHATHCA C TOU e CKOPOCTHIO.

vV=—-

3agaua 8-9.3
Bapmuanr 1

B 3akpeIToii KOMHate, r1e armochepHoe nasieHue cocrarister Po = 100 klla Haxonsarca asa
TYCTBIX OJMHAKOBBIX COCY/a BhIcoTol H = 70 cM 1 miomaasio ocHoBanus S = 150 cm?. Cocypl
COEJMHEHBbl TOHKOM TpYyOKOH, pacrojio)KeHHON y J1HA, U OAMH U3 COCYJOB 3aKpbIT TOHKOH
po6koii. Heo6X0auMo ONpenenuTh 06beM KHAKOCTH C IIOTHOCTBIO p = 930 Kr/mM3, KOTOpHIii
HYXXHO BJIUTb B OTKPBITHIA cOCyA (IIPH 3TOM >KHJKOCTh HE IEpeIMBAaeTCs yepe3 Kpail), 4ToObl
npoOka BeUIeTeNa. MakcuManbHas BeJIMYMHA CUIIBI TPEHUS IOKOs, ACHCTBYIOLIEH Ha HpoOKy,
paBHa F =45 H. Ilockonbky Temneparypa B IOMEIIEHUH IOCTOSHHA, TO JJIs BO3yXa B 3aMKHYTOM
o0beMe MPOU3BEICHHUE IaBIEHUS U 00beMa ocTaeTcs Hen3MeHHbIM: PV = const. O0bEM IMIMHIpaA
MOXKHO paccuuTtath 1o ¢popmyne: V = Sh, rae S — miomaap ocHoBaHMs, h — BbICOTa HMIHMHIpA.
Maccoil npoOku, €€ pa3MepoM U pPa3MEpPOM COEIUHMUTENBHOM TPYyOKH MOMKHO TNpeHeOpedb.
Yckopenue cBOGOIHOTO MaAeH s MPUHATH 3a 10 m/c?.

Po

Pemrenne:

N3naganbHO cocyasl mycThie. Kak TONBKO HAYMHAIOT HAIMBATH JKUAKOCTh, BO3AYX B 3aKPBITOM
COCyJle CTaHOBHTCSI M30JMPOBAHHBIM OT BO3yXa B KoMHaTe. [1o Mepe HammBaHMsI KUJAKOCTH
00BEeM BO3/IyXa B COCY/I€ YMEHBIIIACTCS, a €r0 JIaBJICHHE YBEITMUUBACTCS, YTO MOATBEPIKIACTCS
ycioBueM pV = const.



UToOBI BBIJIABUTH MPOOKY aBJIICHHE U30JIMPOBAHHOTO BO3/IyXa P JOHKHO CTaTh JOCTATOYHO

0obIIuM, TO eCTh: p = F/S+po, rie F/S naBneHue HeoOX0AUMOE ISl TOTO, YTOOBI MPEOI0ICTh

CHJIy TpeHUs TPOOKH, a Po JaBjieHHe aTMOC(HEphI C BHEIIHEH YaCTH TIPOOKH.

3anuiiem I TOM CUTyalluy OalaHC JIaBJICHUH B JIEBOK M MIPABOM YaCTH CUCTEMBI:
potpghi=p+pghz => potpghi=FIS+potpgh2 => pgh1=FIS+pgho.

I'me h1— BBICOTA CTOI0A KUJIKOCTH B OTKPBITOM COCY/JIe, /12 — BBICOTA CTOJIOA KUJIKOCTH B

COCy/Jie, 3aKPBITOM MPOOKOH.

B To e Bpems, A1 BO3/1yXa B COCYZE CIIPAaBENIMBO PAaBEHCTBO (IPUMEHUM yciioBrue pV = const
JUTSL COCTOSIHUSL /IO HATMBAHMSI )KUJKOCTH U TIOCTIC HATMBAHUS B MOMEHT, KOTJ]a POOKa HAYHET
IBUXKEHHE, 00BEM HaiiiéM uepe3 hopmyny mist o0béma mumuHApa V1=HS, T.K TOImMHOMI
MpoOKH MOKHO TIpeHeOpeyh):

poV1=pV2 => poHS=p(H—h2)S => poH=(F/S+po)(H—h2)=>0=FH/S—F ha/ S—poh, =>
ho=FHI(F+poS).

[ToacraBuM /2 B mepBoe ypaBHEHHE:
pghi=FIS+pgFHI(F+poS).
U uatinem hi:
hi=F/(Spg)+FH/(F+poS).
Torna uckoMbIi 00bEM:
V = S(hi+h2)=S(FI(Spg)+2FHI(F+poS))=F(1/(pg)+2SHI(F+poS)).

[ToncraBiss uyncna, nonydaeM orset V = 5450 cMm3 (mipu g=10 m/c2). Ecniu 06beM Hanutoi
AKHUJIKOCTH XOTh HEMHOTO IIPEBBICUT 3TO 3HAYEHHE, TO MPOOKA BHIJIECTHUT.

Bapuanr 2

B 3akpeiToii komMHarte, rae atMocdepHoe naBieHue coctasnseT Po = 100 klla HaxomsTcs nBa
OJIMHAKOBBIX cocyna BbicoToil H = 100 cm u miomaneio ocHoBanuss S = 100 o2, Cocynbl
COeMHEHBI TOHKOU TPpYOKOM, pacmonioskeHHo# y qHa. O0a cocy/a 3anoaHIIN Ha YEeTBEPTh BOIOM
mI0THOCTRIO p = 1000 KI/M°, TOCITe Yero OIfH W3 COCYJIOB TUTOTHO 3aKPBUTH TOHKOW MPOOKOH.
Heobxomumo onpenenuth 00bEM BOJIBI, KOTOPBIM HYKHO BIUTH B OTKPBITHIM cocya (TP 3TOM
KHUIKOCTh HE TIEpENIMBAaeTCs 4epe3 Kpaii), yToObl MpoOKa BhIIETENa. MakcuMalibHasi BeTUYMHA
CWJIBI TPEHMs MOKOs, AeicTByronieil Ha npoOky, paBHa F = 20 H. ITockonpky Temmeparypa B
MTOMEIICHUH MTOCTOSIHHA, TO JUTSl BO3/IyXa B 3aMKHYTOM 00BheME MPOU3BEICHHE JaBICHUS 1 00beMa
ocraercst Heu3MeHHBIM: PV = const. O0BEM IUITHH/PA MOXKHO paccuuTath 1o dpopmyie: V = Sh,
rae S — miomiaas ocHoBaHus, h — BeIcoTa ImutMHApa. Maccoit mpoOku, €€ pa3MepoM U pa3MepoM
COCTMHUTEIIBHOU TPYOKH MOKHO TIpeHeOpeyhb. Y CKOpPEHHE CBOOOHOTO TMaieHUs MPUHATH 3a 10

M/c2.



Po

3amaua 9-10.1

Bapmuanr 1

Kocmuueckuii 30HI Maccol M JIBMXKETCS BOKPYr IUIAHETBI X M0 IEPHEHIUKYISIPHOU
9KBATOPUATILHOU IJIOCKOCTH KPYroBoi opOuTe paguyca R co ckopocteio v. [lepuos oOpameHus
IJIaHETBI BOKPYT cBOeH ocu paBeH T, npuyem T >> 2mR /v. Kornma 30H]1 IpojieTai HajJl CeBEPHBIM
II0JIFOCOM, €0 OpOUTa MPOXO/IMJIa TOUHO HAJl KPATEPOM, PacIloyIOKEHHOM Ha DKBATOPE, IPU 3TOM
30H] MpHOIIKANCS K KpaTepy. B 3TOT MOMEHT 30HJ COBEpIIMJI KOPPEKTHUPYIOIIMA MaHEBD,
BBIOPOCHB CTPYIO T'a3a CO CKOPOCTHIO U OTHOCUTENILHO 30H/1a B HAPaBICHUH, TIEPIICHANKYIIPHOM
IUIOCKOCTH MIEPBOHAYANIbHON OpOUTHI, U B UTOTE MPOJIETENl TOYHO Ha KpaTepom. Haiinure maccy
TOTUIMBA, KOTOPYIO BBIOPOCHII 30H] B XOJ€ MaHeBpa. BeIOpoc cumTaiite MrHOBEHHBIM, a Maccy

TOIJIMBA MAJIOH 110 CPAaBHEHUIO C MAacCOM 30H]1a.
IIpumeuyanue: U1t MaNbIX YIJIOB @ MOXKHO cuuTaTh sin(a) = a, cos(a) = 1.

Pemnenne:

3anuiieM 3aK0H COXPaHEHHUsS] UMITyJbca B MPOEKIIMU Ha HAIpaBJIeHUE BHIOpOCa Tra3a, YIUThIBas,
YTO MEepBOHAYAIBHAS CKOPOCTh 30H/1a ObliIa IEPIECHANKYIISIPHA STOMY HaIllpaBJIEHHUIO:

0=pu—(m—pvr =>pu=m-pwvr =>

muvr
K=+ vr

B PE3YIJIbTATC MaHEBpAa CKOPOCTH 30H/Aa MOYTHU HE U3MCHHJIACh, €€ HAIIPABJICHUC CABWHYJIOCH HA

HEKOTOpbIX yron a. Tornpa:

vy =vsina

O06o03HauuM BpeMsi, 332 KOTOPOE 30H]I JOJIeTe OT TMOJIF0ca JI0 IKBaTopa, kKak t. 3a »To BpeMs OH

HpeOI[OHeJI quBepTL JJINHBI Opr)KHOCTI/I. Torﬂa:
_ R—>T—2ﬂ—> _ZnR_t_T_ZnR_ L
VEORES TV T T T T T T T w

3a 3TO ke BpeMs KpaTep CMECTHIICA Ha yroil a:

t=T—

2T
L_Ta_> _77.'L
v  2m @ 2vT

U Torna:



mvr mvsina mv sinz—m

H: = " =
u+vy u+vsina . Tl
u+vsm2vT

Bapuanr 2

Kocmuyeckuii 30H1 Maccoit m JBMXKETCS 110 KPYTOBOW OpOHUTE CO CKOPOCTHIO ¥ BOKPYT ILIAHETHI
X, mepuoJ1 oOpaiieHusi KOTOPOi BOKPYT COOCTBeHHOM ocu paBeH T. [lnuna opOutsl paBHa L. B
MOMEHT, KOTJa 30HJ IpOJeTall HajJ CEBEPHBIM IIOJIOCOM IUIAHETBl, €ro CKOpPOCTh ObLIa
HaIpPaBJICHa 110 KAacaTEJIbHON K OKPY)KHOCTH, TPOXOALICH IIPH IEPBOM IIEPECEUECHUN IKBATOpa
Haja KpatepoMm Y. B 3TOT MOMEHT 30HJA COBEpIIaeT KOPPEKTHPYIOUINA MaHEBp, BBHIOpachIBas
CTPYIO Ia3a CO CKOPOCTBIO U OTHOCUTENBHO 30HIA. B pe3yinbraTre MaHeBpa MOIYdb CKOPOCTH
30HJa U BBICOTaA 0p6I/ITBI He U3MeHWIMCh. CumTas BBIGpOC MI'HOBCHHBIM, OIPCACIIMTC MACCY
BBIOPOIIIEHHOIO TOIUIMBA, €CJIM U3BECTHO, YTO, JOCTUTHYB HKBAaTOPa, 30H] MPOJIETEN TOUHO Hal
KpaTepoM.

Pemrenne:

Ecnu Obl cyTHUK IpOJOJIKAl JBUraThCs B TOM JK€ HalpaBIEHUH, TO K MOMEHTY, KOrJa OH
JIOCTUTHET IKBaTOpa, KpaTep CMECTUTbCS Ha HEKOTOPOE paccTosiHME Mo 3kBaTopy. llosTtomy
noTpe0OoBaJICSI KOPPEKTUPYIOIUI MAHEBD.

O603HauuM 3a t Bpemsl, 32 KOTOPO€E CIYTHUK MPEOJI0JIEN PACCTOSIHUE 10 TOUKHM Ha 3KBATOpE, T1e
pacnosoxeH kparep. [1o ycinoBuio HaM JaHO, YTO MOJ1YJIb CKOPOCTH CITyTHHKA II0CJIE MaHEBpa HE
u3MmeHuics. CrenoBaTenbHO, CIYTHUK OYAET OBUTAThCS MO OKPY)KHOCTH TOTO XKE pajuyca,
CMEIIEHHON Ha HEKOTOPBIM yrois o. J[BUrasick OT CeBEpHOro IOJII0ca 10 SKBATOpa, OH MPOMIeT
paccrosiHue, paBHOE YE€TBEPTH JJIUHBI OKPYKHOCTH. CIIe10BaTENbHO:

L

t=—
4v

3a 3T0 ke BpeMsl KpaTep CMECTHTHCSI Ha PACCTOSIHUE BJIOJIb YT OKPYXHOCTH Ra, e R — paaunyc
TUTAHETHI, @ YTOJl @ OIpeeNseTcs U3 mepruoaa oOpalleHus IIaHeThl 1.

a T 2mt L

t=—»>_1=>q0g=—=——

2T T 2vT
[To ycioBuI0 AaHO, 4TO MOCTE BEIOpOCA TOTUIMBA MOYJIh CKOPOCTH 30H1a HEe U3MEHHIICS. BeKTOphI
CKOPOCTH JI0 U mocie o0pa3yloT paBHOOEAPEHHBIN TPEYTONbHHUK C YIJIOM & MEXIY PaBHBIMU
cropoHamu. Torga MOAysib BEKTOpa Pa3HOCTH CKOPOCTEH (TpUpaIieHusi CKOPOCTH B pe3yJbTare
MaHeBpa) OyJeT paBeH:

0| = vy201 =v 201 e
v|=vy2(1l—cosa)=v |2( cossz

I[J'I}I CO6J'IIOI[CHI/I$I YCIO0BUA HEU3MCHHOCTU MOAYJIA CKOPOCTHU 30H/a ITOCJIC MAaHCBpPA HAIIPABJICHUC

BBIOpOCA CTPYH TOIUTMBA JIOJDKHO OBITh TIPOTHUBOIIOJIOKHO HANpaBJIeHUIO BekTopa Av. [TockonbKy
BBI6pOC TOIINIMBA CUUTAEM MIHOBCHHBIM, MOXCEM 3allMCaTh 3aKOH COXpaHCHHA HUMITYJIbCa 10 U
HIOCJIE MaHeBpa CIEIYIOUIMM 00pa3oM:

(m—whv=pi

(m— ) |@v)] = pu =>m | @v)] = u(u + | @V)))



M macca TorMBa Torja MOXET ObITh HaljeHA, UCIONB3Ys paHee MOJydEeHHOE BBIPAKEHUE JIIS
—
|Av|:

u=m|Av|/(u + |Av|)
3agaua 9-10.2

Ha ropu3oHTanbHOM NOBEPXHOCTH 3aKpEIUICHbl JBa TJIAAKHUX HapajulebHBIX OOpTHKA,
paccTostHue MeXy HUMU paBHO L. [locepenune Mexxy HUMM Ha paccTossHuM H Ipyr ot apyra
pacnonioxxensl mai6a (III) u naynka (JI). Ilo maibGe ymapsroT, cooOmias el CKopocTh Vo B
HAIpPAaBJIEHUU K OJIHOMY U3 O0pTOB moj yrioMm . OnpeaenuTe MUHUMAIbHOE 3HAUEHUE yTia «,
IIPU KOTOPOM I11aitba rmonajaer B JyHKY. Pazmepamu maiObl 1 TyHKH MOXKHO TIpeHeOpeub. [llaiioa
OTCKaKHMBAaeT OT OOPTUKOB abcomoTHO ynpyro. Koadduuument Tpenus maiiob1 0 TOpU30HTATBHYIO
MOBEPXHOCTh PABEH |L.

L

—r—{kq

Vo

€
=
e

Pemenne:

[To ycnoBuio naHo, 4ro maiiba nomana B JyHKY. IlockonabKy yros, moJ KOTOPbIM HampaBisIOT
maitoy kK 60pTUKY, HE OTIpEIEeIIEH, 3apaHee HEM3BECTHO, CKOJIBKO Pa3 OH OTCKAKHUBAET OT OOPTHUKOB
nepes TeM, KaK MomnacTh B IYHKY.

MoXHO BOCIIOJIb30BaThCS TEM 06CTO$ITCJ'ILCTBOM, YTO mai0a OTCKaKUBaeT OT 60pTI/IKOB yipyro,
T.C. MOAYJIb CKOPOCTHU COXPAHACTCA, MCHACTCA TOJIBKO €€ HAIIPABJICHUC. Me;x,uy CTOJIKHOBCHHAMU
JABMXXCHUEC ONMCHIBACTCA 3aKOHaAMH Hrrorona. Cuita TPCHUS paBHA

Frp = pmg
Haiinem yckopenue u3
ma = —umg
Macca maiiobl yXOAUT U3 YpaBHEHUS

I[BI/I)KCHI/IC MoJIy4qyacTCsa pPaBHO3AMCIUJICHHBIM HW3-3a HAJIWU4YWUA TPCHUA MCKIAY manoon u
MMOBEPXHOCTHIO

Vg —at = v
Paccrosinue |, koTopoe mpoxoaut mmaiida, paBHO:

vot —at?/2 =1



Jns HaxoXKIEeHUsS MaKCUMAJIbHOTO PACCTOSHHUSA, KOTOpOE€ IMPOXOJIUT Iaiidba, BOCIOJIb3yeMcs
9KCTpeMaJIbHbIM 3HAUE€HUEM CKOPOCTH:

vg —at =0

Torna
lmax = Vg/za

3a c4eT TOro, YTo MPH yIPYroM CTOJKHOBEHUH YTOJ MAJCHUs PaBEeH YTy OTPAKEHHUSI, Mbl MOXKEM
OMKCATh JBUKCHHE IOCJIE CTOJIKHOBEHHUS KaK JBUKEHHE 10 MPSAMOHN B 3€pPKAIbHO OTPAXKEHHOM
OTHOCHUTENIbHO OopTHKa mpoctpanctse. [lycts f =90° —

w —
F 1 Vo

\-\.

=]
I

1.l
.

|
I

~l e
L]

Takum o0pa3oMm, KOMHMPYS M 3€pKAIbHO OTpaxkas MPOCTPAHCTBO MEXAYy OOpPTHKaMu Iocie
KaXJI0T0 CTOJIKHOBEHHsI, MbI MOXXEM pacCMaTpHUBaTh JIBUKEHUE MIal0bI ¢ N CTOJKHOBEHUSIMHU OT
OOPTHKOB ITPOCTO KaK ABM>KEHHUE 110 MPSAMOM OT UCXOIHOM TOUKHU /10 ToukH JI” KoTopas HaxoaAuTes
B N-11 3epKaJIbHOM KOMUU MPOCTPAHCTBA MEXTy OOPTHKaMHU.

| E

Ll S S —

Vg

B

.
Ca

)
<

Hiem HanOOJIbIIIEe YUCIIO CTOJIKHOBEHUI N, Ipu KOTOPpOM [ ocraercs menbIe lmax

] H
sinx = —
l

nlL
COS(X:T

3 TPUTOHOMCTPHUYCCKOI'O TOXKACCTBA pPaBCHCTBA CAUHULIC CYMMC KBaApPATOB CUHYCAa U KOCHUHYCa
yria, Y1ucJio CTOJIKHOBEHHI N paBHO

n=/(1Z - H)/I2

Toraa HaubombIIEE YUCIO CTOJIKHOBEHUN — OKPYIJICHHOE BHU3 3HaYCHHE



Nmax = \/(lmaxz - HZ)/LZ

N yros MOXXKHO HallTH U3 COOTHOIICHUS

*(et) (=)
Omip = arctg = arctg
mn nmaxL \/(Ug/zug)z - HZ)

3agaua 10-11.1

Pesucrop R, TynnenbHbii iuoa 1 u npubop 2 BKIIOUEHBI B 3JIEKTPUUECKYIO CXEMY, KaK ITOKa3aHO
Ha pucyHke. Hanpsbkenune ucrounuka U, muraromero uemnb, coctaiseT 20 B. MakcumaiibHO
JIOITyCTHMasi MOILHOCTh ncTouHuKa cocraiser | Br. Conporusnenue pesucropa R cocrasmnser
500 Om. Bonbt-amnepusle xapaktepuctuku (BAX) nuona n npubopa nzodpaxeHsl Ha rpapukax
Hke. Onpenenure Noka3zaHUs aMmIEpMETpa, €ClId CXeMa padoTaeT B JOIMYCTUMOM PEXHUME.
BHyTpeHHUM CONPOTHBIIEHMEM UCTOYHUKA IIpEeHEOperuTe.

@A)
1
BAX TyHHenbHoro guoaa (1) BAX npubopa (2)
0,07 0,07
0.06 0,06
0,05 0,05
< 0’04 T i < 0704 ,‘/
— 0,03 N\ / — 0,03
/ \ /
0,02 // / 0,02 7
0,01
0,01 / >
0.00 s 0,00 )
0 5 10 15 20 25 0O 5 10 15 20 25 30 35 40
U,B U, B

Pemenue:



Ll 10 15

0O0603Ha4MM TOKH, KaK TIOKa3aHO HA PUCYHKE 4 U COCTaBHM CHUCTEMY U3 TPEX YpaBHEHHIA:

11212""[3
{U(): UR+U1
U=U2 ,

rae U, - HanpsbkeHHe Ha TYHHeIbHOM auoje U,-HanprskeHue Ha npudope.

HepennmeM CUCTCMY YpPAaBHCHUA B CIICAYIOILICM BU/JIC:

11=12+I3
{Uozlz'R +U1
U:UZ

N3 BAX npubopa Haiinem Tok, porekaromuii uepe3 Hero: Iz = 0.04 A.

W3 cuctempl ypaBHEHUH MTOIYYUM YPAaBHEHMS I TOKA YEPE3 PE3UCTOP U JUOJ:

U-U,
L, =——.
2 R

['padmyeckum MeTOAOM HalZieM TOK Yepe3 JUOJ  PE3UCTOP.
0,074
0,06
0,05

< ol ,
T 003 N /

0,024/ \ /
/

0.014

0,00

0 5 10 15 20 25
Ll B
Tox I, moxetr npuaumaTts 3Hauenus 0.03 A, 0.015 A, 0.01 A.

CremoBaTeIbHO OOIIMH TOK HETH [; MOKET TaKKe MPUHUMATh TPpH pa3nnyHbix 3HadYeHus 0.05 A,
0.055 A, 0.07 A, HO oH He MoxeT npeBbIcUTh 0.05 A M3-3a OrpaHUYEHUS] B MOIITHOCTH.



3agauya 10-11.2
Bapuanr 1:

MOTOLMKINCT NBITAETCA CABUHYTH TSDKEJIBIH Ipy3 Maccoil M ¢ mecTa ¢ IOMOILBIO CBOETO
3aIHENIPUBOIHOr0 MoToLMKIa. OH MpuUBS3all Ipy3 BEPEBKAMU K OCH 3aJIHETO KOJeca, 3aIlyCTHII
JIBUTATENIb U CTaJl MOCTENICHHO yBEIMYMBATH OOOPOTHI 3aHETO KoJyieca. B HEKOTOpBIi MOMEHT
IepeHee KOJECO OTOPBAJIOCh OT 3€MJIM, JIBUraTelb MPULUIOCH 3aridylIuTh, HO IPy3 TaKk U HE
caBuHYyJCS ¢ Mecta. Onpenenure, rpy3 Kakoll Macchl HY)KHO 3aKpENUTh MOTOLMKIMCTY Ha OCH
HepeHero KoJjeca, YyToObl IMONYyYWIOCh CABHUHYTH Tpy3 ¢ Mecra. Paamyc konec paBeH R,
paccTosiHuEe MEXAy OCAMM KOJIEC PaBHO L, Macca MOTOLIMKJIA ¢ MOTOLIMKJINCTOM paBHA M, a UX
LEHTP TSXKECTU PpACIONOXKEH IOocepeinHe Mexay ocsMu Kosiec. KoapduuueHnt tpeHus
CKOJIBXKEHHUS KOJIeCa O MOBEPXHOCTh PaBEH [ U MOHOTOHHO BO3pPAacTaeT ¢ 4acTOTOW oOpalieHus
3aJJHEro KoJieca.

Bapuanr 2:

MOTOLUMKIUCT TBITae€TCSl CIBUHYTh KaMeHb Maccoi M ¢ MecTa C IIOMOIIBIO CBOErO
3aJHETIPUBOTHOTO MOTOLMKIA. OH MPUBS3aI IPy3 BEpEBKaMHU K OCH 3aJIHEr0 KoJieca, 3aIyCTHII
JIBUTATENIb U CTaJl MOCTENICHHO yBEJIMYMBATH OOOPOTHI 3a/IHETO Koyieca. B HEKOTOpBI MOMEHT
nepeaHee KoJIeco 0TOPBAJIOCh OT 3€MIIH, JIBUTATENb HMPUILIOCH 3ariyllInTh, HO KAMEHb TaK U HE
C/ABHHYJICS C MeCTa. MOTOLMKIIMCT pelIaeT 3aKPenuTh Ha KOPITyce MOTOLMKIIA TOTIOTHUTEIbHBIN
rpy3 Maccoil Am, pacroyioKUB €ro Ha OTpe3Ke MEeXIy ocsiMu kojec. Ompenennure, Ha KaKOM
pPAacCTOSIHUU OT OCH 33JHEr0 KoJieca €My HYXXHO PaclOJIOXUTh 3TOT Ipy3, YTOObI MOIY4HUIOCH
CIBMHYTb KaMeHb ¢ MecTa. Paguyc kojec paBeH R, paccTOsIHME MEXIY OCSIMU KOJIEC paBHO L,
Macca MOTOIMKJIAa ¢ MOTOLIMKIMCTOM paBHA M, a UX LEHTP TSHKECTH PACIONIOKEH MOCEperHe
MexIy ocamu Konec. KoadduumeHT TpeHus CKOMBKEHUsT Kojieca O TOBEPXHOCTh PAaBEH [ H
MOHOTOHHO BO3pacTaeT ¢ YacTOTOM oOpallieHus 3a/{Hero Kojeca.

Pemrenne:

Homyctum, Tpy3 caBuHyjcs. MuHUMaIbHas Macca rpy3a OyAeT Torjaa, Korja rnepeaHee Kojaeco
mouTH oTopBaioch. CieaoBaTesbHO, BECh BEC MPUXOAUTCS Ha 3a1Hee Koseco. [1o BTopomy 3akoHy
Hprorona:

(m+Am)g = N,

Ecimu MEPEAHECE KOJICCO OTOPBAJIOCH, TO B TOPU3OHTAJIbHOM HAIIPAaBJICHUN ABHXKCT TOJBKO CHJIa
TPCHUS OT 3aJHCTO KOJICCA:

HoMg = pN; = p(m + Am)g

VYcnoBue OTphIBa MEPEHEro Kojieca U3 MpaBUiia MOMEHTOB (TO, YTO CHJIA PEAaKIIMU OMOPHI Ha
BTOpOE KoJieco paBHO HYIt0 N, = 0).

Bapmuanr 1: macca 1ONOMHUTENBHOTO IPy3a HEM3BECTHA

mgL
u(m+ Am,)gR = — + Am, gL

L
Am, = _m,l(fi’_—iR)

BapuanT 2: pacnonoxxeHue JOMOJIHUTEIBHOIO I'py3a HEU3BECTHO



3amauya 10-11.3
Bapmuanr 1:

B cocyne ¢ 1ByMs OPIIHAMM, KaK IOKa3aHO HA PUCYHKE, HAXOAMUTCS HJiealbHasl HEC)KUMaeMas
JKUJKOCTb B IIOJI€ CWJIBI TSDKECTU. TpeHHE MeXAy IOpPIIHAMM M CTEHKAMHM OTCYTCTBYeT. B
HAYaJbHBI MOMEHT MOPIIHU M JKUAKOCTb IOKOATCA. 3aTeM OOJIbIIOW IOpIIEHb HA4YMHAET
JICHCTBOBATh HA JKUJKOCTb C IIOCTOSIHHOW cwiIoN F, B pe3ysbTare 4ero MaJCHbKUN ITOPIICHb
HaunHaeT noxHuMarbes. Haiiimre MakcMMAaJIbHYIO BBICOTY MOAbEMA Majoro mopimiHs Ry,qy,
UCTIOJb3YS MPEeANnonokKeHUs, YTo ' << Rur << Ry,q,, Te T - paguyc y3Koil Tpyoku, R - paauyc
6onbuoro nopiHsa. CuuTaite, YTO )KUIKOCTh ABUXKETCA 0€3 3aBUXPEHUIN U CKOPOCTh OJJHOPOAHA
10 CEYEHHIO y3KOM TpyOku. VI3BeCTHBI cienyronue BEIMYHMHBL: Macca M U paauyc I' Majaoro
nopIHs, paanyc R 60ibIIOro MOPIIHS U MPHIIOKEHHAS K HeMy cuiia F, TIOTHOCTB KUKOCTH P,
YCKOpEHHE CBOOOHOIO MaJieHHs g.

dr, m

Pemenne:

Haiiném makcumanbHyr0 BBICOTY uepe3 3Hepruu. B nanHol cucteme pabora A coepriaercs
MOpIIIHEM, KOT/Ia OH IepeMemaeTcs. 3a CU€T 3Toi paboThl yBEIMUUBAIOTCS KUHETHYECKHE U
NOTEHIMATIbHBIE SHEPTHUH MAJIOTO MOPIIHS U )KUKOCTH:

A= AEHOT,nop + AEKI/IH,HOp + AEHOT,)K + AEKI/IH,}K
HOJ'IyTH/IM BBIpa)KeHI/If{ JUIA KaXX0T0 U3 cilaracMhbiX, HpeHe6pera51 MaJIbIMH BCJIIMYUHAMU.

P a60Ty MOKHO BBIPA3UTh KaK

r?
A=FH=FhF

['1e 6BIIO UCIIOIB30BAHO COOTHOIICHHUE
hr? = HR?

T.K. 00BbEM KMIKOCTH coxpaHsieTcsi (00bEM KHUIKOCTH, MOAHABILEHCS B y3KYIO TpyOKY, paBeH
00BEMBI, BRITECHEHHOMY OOJIBIIUM MTOPIIHEM).

YBenuuenue HOTCHHH&HBHOﬁ OHCPI'HHU MMOPIIHA B IMOJIC CHUJIBI TAXKECTH HAXOAUTCS KaK:
AEHOT,HOp = mgh

VYBennueHne KWHETUYECKOW SHEPIUM MOPIIHSI HAXOJUTCS KaK:



muv?

AEKI/IH,HOp = T

IJie U, - CKOPOCTh TOPIIHS U KHUJIKOCTU B Y3KOH TpyOKe pajuyca I.

YBenuuenue HOTCHI.[PIEUIBHOIZ OHCPTIHUU KUJAKOCTHU B I1OJIC CUJIBI TAXKCCTU MOKHO HaWTH KaK:

1 1
AEHOT,)K = Enom{c(h) - Enom«(o) = pnrzh g (Eh + R) - anzH g (E H)

2h (1 h+R ! H)
= pmr = - =
P 9 \5 >
rae prtrZh - Macca )XHJIKOCTH B Y3KOU TpyOKe, a G h+R ) - BBICOTA ILICHTPa MaccC HaJl Ha4YaJbHBIM

YpOBHEM OOJIBIIOTO MOPIIHSA. B paccMaTprBaeMoOM COCTOSIHMHM CHUCTEMBI 3TOT 00BEM JKUIKOCTH
TIOSBMIICS BMECTO BBITECHEHHOTO OOJIBIINM OpIHIHEM 00bEMa pTR%H ¢ HEHTPOM Macc Ha BBICOTE

1
~-H.
2
Tak Kak UMeeTcs CleAyIoIIee COOTHONICHHE
r? .
—_—es =<
h R?

To ecTb H << h, nocnenuum cnaraeMeiM B BeIpaxkeHUH AE} ;5 MOKHO IIpeHEOpeyb, U TOr1a

1
AE o = pT2h g (Eh + R)

YBennuenne KHHETHICSCKOM OHEPTHUHU KUAKOCTH MOKHO 3allUCaTh KaK

2
2, Ur
AE yyx = PTIT h7 + Ex

['ne Ep - kuHEeTHYeCKasi JHEPIrHsl )KUJIKOCTH B OOJIBIIOM pe3epByape. BOmuzu 60ap110ro nopuHs
XKHUJIKOCTb JIBUTA€TCS BBEPX C €ro CKOPOCThIO, a BOJU3M COEJUHEHHUS C Y3KOH TpyOKoii
yckopsiercsi. B o0miem ciydae, €€ CTOUT BBIUUCIISTH Kak

XapakTepHble pa3Mepbl TMEepexXoAHOM 00JacTH, TNl KHUIKOCTh YCKOpSIeTCS M JIBUXKETCS CO
CKOPOCTBIO, yXKe ONM3KOH K V., COBIAAAIOT C pauycoM y3Kou TpyOku. MOKHO cuuTaTh, 4YTO B
OCTAJIBHOW 00JIACTH CKOPOCTh OJIM3Ka K CKOPOCTH OONBIIOrO MOPIIHS Vg. Torma MOXKHO
no00path 1Be KOHCTAHTHI C; U C,, 3HAUE€HUS] KOTOPBIX UMEIOT MOPSAJOK €MHHULIBI, YTO

2 2

v v
Er = Clpnrzr% + Czan2R7R

U3 HeC)KUMAEMOCTH SKMIAKOCTH, I CKOPOCTEH HMEETCsl COOTHOIIECHHE
v, 1% = vRR?

Otkyna



Torna

, Vf T
Ep = pnr r—(61 + C, —)
2 R
Teneps BUIHO, ¢ yuéToM r << h, 4TO 3Ta 4aCTh KHHETHYECKON IHEPIHH MHOTO MEHBbIIIE TIEPBOTO
craraeMoro B BeIpaXKeHMH AEy,y . TO ecTh KMHETHYeCKOH SHeprued >KMIKOCTH B OOJBIIOM
pe3epByape MOXHO mpenedpeus. Torna MoKHO 3anucaTh

2
2 Yr
AEKI/IH,)K = p1r h?

B utore mosyuaem cieayoiiee ypaBHEHHE:
2 2

r vy
Fhﬁ =mgh + >

vy

2

1
+ prr’h g (Eh + R) + prtr?h

B cucreme nopieHs U )KUIKOCTh CHaYana OyayT yCKOPAThCS, 3aT€M, KOT/ia MOPILEHb TOAHUMETCS
BBIIIE PABHOBECHOI'O IOJIOXKEHUS, OH HA4YHET 3aMeUIAThCSA. B HaWBBICIIEH TOYKE €ro CKOPOCTh
00paTUTHCS B HOJIb:

v, =0

U1 B ypaBHEHNH MOKHO OyzaeTr cokpatuth h. [loxydanm

r? , (1
Fﬁz mg + pnr<g (Ehmax +R)

OTKya MOKHO HAUTH Ry

2

r
e + R = B2
o 'tmax = prig
2 _am
max = pmR2g  pmr?

Bapuawnr 2:

B cocyne ¢ nByms HOpIIHSAMH, KaK [TOKa3aHO HA PUCYHKE, HAXOJINUTCA UcaIbHas HEC)KUMAaeMast
KUIKOCTh B TIOJE€ CHJIBI TSDHKECTH. TpeHHe Mexay NOpPIIHSMH M CTEHKaMH OTCYTCTByeT. B
HAYaJbHBI MOMEHT MOPIIHU M >KUAKOCTh MOKOATCA. 3aTeM OOJIbIIOW MOpIIeHb HAaYUHAET
JICHCTBOBATh HA JKUJKOCTh C IOCTOSIHHOM CwiIoN F, B pe3ysibTare 4ero MaJCHbKHW IMOPIICHb
HayuHaeT noaHumarecsa. Halaure maccy Majioro NmopiuHsi, €ClIv B ONPEACIIEHHBIA MOMEHT
JBIDKEHUS ObUIM W3MEpeHbl BbIcOTa moabéMa hg M CKOpoCTh Vg mnopiiHd. Mcmonb3yiiTe
npeanonoxenus, uro r << R u r << hgy, rne r - paauyc y3koil Tpyoku, R - paguyc 60JbIIOro
nopmrHg. CuuTaiiTe, YTO JKUIKOCTh JBHKETCS 0€3 3aBUXPEHHUNW M CKOPOCTH OJHOPOJHA IO
CeUeHHI0 y3Koi TpyOku. Taxke M3BECTHBI CIEAYIOIIME BETUYMHBI: PaJUyC I MajJoro MOpPIIHS,
paanyc R 601b1110T0 MOPIIHS U MPHIIOKEHHAs K HeMy cuiia F, III0THOCTb )KUJIKOCTH P, YCKOPEHHE
CBOOOJTHOTO TIAJICHUS (.



3agaua 11.1
Bapuanr 1:

W30rHyTHIN KanWLIsp, 3alassHHBINA C OJJHOM CTOPOHBI M OTKPBITHIM C IPYroil, YACTUYHO 3aII0JHEH
JKUJKOCTBIO INIOTHOCTBIO p. Paguyc kanusuisipa MHOIO MEHBIIIE €r0 JUIMHBL. Y 3allassHHOIO KOHIIA
KallMJUIIpa HAXOAUTCS BO3AYILHBIN My3bIpb, OTPE3aHHBIA OT BHEIIHEH CPEAbl CIOEM KHUIKOCTH.
['paHnLBI MEXAY KUIAKOCTHIO U Fa30M IIEPIEHANKYJIIPHBI CTEHKAM Kaluuapa.

1 ) —

le—|
L !

B pesynbrare nuddysum dyacTuil rasa CKBO3b JKHUAKOCTH OO0BEM Iy3bIpbKa IOCTETIEHHO
yMeHbIIaeTcsl. B HEKOTOPbIf MOMEHT BpEMEHH pPAacroIOXKEeHUE CTOJIOMKA KUIAKOCTH M ITy3bIps
BO3/lyXa B Kamuiuisipe ObLIO TakUM, Kak M300pakeHO Ha pucyHke. Ompenenure CKOpOCTb, C
KOTOpOH OyJeT oImycKaTbcs CTOJIOMK JKUAKOCTH B 3TOT MOMEHT, €CIIM IIJIOTHOCTh IOTOKA
Tupdy3un  YacTUl] CKBO3b CTOJNO JKUAKOCTH IIOCTOSIHHAa BJOJb CTOJ0A JKUAKOCTH U
MIPONOPIUMOHAIBHA PA3HOCTH KOHIIEHTPALUK YaCTHUL[ y TOBEPXHOCTEN KUJKOCTH:

n—ny

J=-C—;

OTa BeJMYMHA MOKA3bIBAET, CKOJIBKO YaCTHUI[ IPOXOAUT Yepe3 €IUHUILY IUIOIAAN 3a €AUHUILY
BpeMeHU. B npuBeIeHHOM BBIpa)KEHUH N — KOHIIEHTpAIMsl YacTHUI] T'a3a BO BHEIIHEH Cpelie, Ny, —
KOHIIEHTPALUS YaCTHIl Ta3a B Iy3bIpe, | — MoJHAs AJMHA yYacTKa KalWuIsapa, 3al0JTHEHHOTO
KHUAKOCTBIO, C — K03 PULIMEHT MPONOPIIMOHATBLHOCTH.

}KI/I,ZIKOCTI) HEC UCIIapgaCTCs, ra3 B ITY3BIPbKE CUHTANTE nacaJlbHbIM, 1aBJICHHUE BO BHEITHEH cpeaec
paBHO P, TemmepaTrypa paBHa T. YckopeHue cBOOOJHOro majaeHus paBHO g. ['eomerpuueckue
[IapaMeTpbl, IPUBEIECHHBIE HA PUCYHKE, CUNTAITE N3BECTHBIMHU.

Pemenne:

I[aBHeHI/Ie Tra3a U KOHICHTpAalud YaCTUIl CBA3aHbI KaK:



P =nkT
Torna motok auddy3un BeIpakaeTcs Kak:

CP-P,
KT 1’

Cronb KUAKOCTH CO3/1aET JOMOIHUTEIBHOE IaBJICHUE, TI03TOMY
P, =P + pgH
OTKy/Ja MOXKHO BBIpa3uTh AU (y3nOHHBINA TOTOK

_ CpgH

kTl

OTa BeIMYMHA [10KA3bIBAET, CKOJIBKO MOJIEKYJI IPOXOIUT Yepe3 eIMHUILY IO I1 32 €AUHULLY
BPEMEHU:

dN = J dS dt
3Ha§[, CKOJIBKO MOHCKYJI yXOI[I/IT nu3 Hy3I)Ip$I, MOJHO IIOHATH, KAK MCHAIOTCA €10 pa3Mepr
33.1'II/IH_I€M ypaBHeHI/IC COCTOSAHUA UACAJTIBHOI'O Ir'a3a.

PV = NkT

I'ne

S - mIomans ceueHUs Kanujapa.

Yepe3 Manoe dt B my3blpe YMEHBUIMTCS KOJUYECTBO MOJEKyd Ha dN, u3-3a 4ero ero o0beMm
yMmenbuTes Ha dV = SdL. B pe3ynbraTe 3TOro yMEHbIIUTCS JUIMHA BEPTUKAJIBHOIO y4yacTKa,
3aIl0JIHEHHOTO KHJIKOCTBIO, M IaBJICHNE YMEHBIIUTCS Ha dP. B pe3ynbrate ypaBHEHHE COCTOSIHHS
3aMMILIETCS KaK:

(P, —dP)(L—dL)S = (N — dN)kT
I'me
dP = pg dH
dH = dL

CpgH

AN ==

Sdt

[Tpu sToM u3menennem H B BbipaxkeHuu st AN MoxHO npeHeOpeub. [ToncTasisis, monydaem:

CpgH
(P, — pg dL)(L — dL)S = (N -2 s dt) kT

) CpgH
P,LS — P,SdL — pgLS dL + pgS dL* = NkT — I Sdt

B stom Beipakenuu P, LS u NKT coxpamiarores, mociie 4ero TakkKe MOYKHO IMOAETUTh BhIPpaKEHHE
Ha S. Kpome Toro, cnaraemsiM pgS dL? MokHO IpeHeOpeds 110 CPaBHEHUIO C IPYTUMH, T.K. B HEM
burypupyer KBaapat MaJioi BeIu4YnHbL. B urore:



CpgH
(Pp + pgl) ar = P97 ‘lg dt

Wnu, pactiuceiBas Pp:

CpgH
(P+ng+ng)dL=%dt

OTKYI[a CKOPOCTb USMCHCHUS JIMHBI ITY3bIPS:

aL CpgH
dt — 1(P+pg(H+1))

v =

Bapuanr 2:

BepTukanbHblii Kanwuisip, 3alasHHBIA CHU3Y M OTKPBITBIA CBEPXY, YaCTUYHO 3aIOJHEH
JKUJKOCTBIO INIOTHOCTBIO p. Paguyc Kanusuisipa MHOIO MEHBILIE €ro JUIMHBL. Y 3allassHHOIO KOHIIA
KanwuIsipa HaXOIUTCSl BO3AYIIHBIN ITy3bIPb, OTPE3AHHBIA OT BHELIHEH CPENbl CIOEM KUIKOCTU
BBICOTO |. ['paHuLIBI MEX Y KHIKOCTBIO ¥ Fa30M IEPIICHIUKYISIPHBI CTEHKAM KalliuisIpa.

Bl

B pesynbrare muddy3unm wyacTuil raza CKBO3b KHAKOCTh OOBEM Iy3bIpbKa IMOCTEHEHHO
yMmeHblnaercs. Onpenenure cKopocTb, ¢ KOTOPOil OyAeT omycKaThCsl CTOJIOUK KHUAKOCTH, €CIIU
nporecc A1 y3un MOXKHO ONKCaTh CIEAYIOINN 00pazoMm:

1) KoHieHTpalys MOJISKYJT ra3a C B )KUJIKOCTH Y IIOBEPXHOCTH MPOMOPIIMOHATIbHA JaBJICHHUIO r'a3a
P 0Kko0110 3T0i MOBEPXHOCTHU: C = AP, rie A - U3BECTHBIM KO3 PHULIHEHT.

. o dc
2) IToTok pacTBOPEHHBIX MOJICKYJT T'a3a | MOXHO HaiiTh u3 3akoHa duka: | = —D o (nmpuBeneHa

OJTHOMEpHasl TOCTaHOBKA, KOTAa KOHLEHTPAIMsI MEHSAETCsl TOJIbKO MO KoopAuHate y), rae D -
W3BECTHBIN Kod(durment muddysuu (pasmepHocTs MZ/C). CumTaiiTe, 4TO pa3Mephl Iy3bIps
MEHSIFOTCSI OY€Hb MEJICHHO, YTO paclpeieiieHne KOHICHTPAIUU Ta3a B JKHIKOCTH YCIIEBAET
YCTAHOBHTKCS, T.€. HA BCEM MPOTSHKEHUHU 00JIACTH, 3aHITOH KUIKOCTHIO, T (D y3nOHHBIH TOTOK
OJIMHAKOB.

KunkocTh He ucnapsiercs, ra3 B My3bIpbKe CUMTAlTe UAeaJbHbIM, 1aBJIEHHE BO BHELIHEH cpene
paBHO P, Temneparypa paBHa T. YckopeHHe cBOOOIHOTO MaJeHUs PaBHO g.

Pemenmue:

Pa3s Ha BcéMm IIPOTAKECHU N O6J'I3.CTI/I, 3aHATUU KHUAKOCTBIO, IIOTOM IIOCTOSSHEH, TO MOXHO
3aKJIIOYUTh, UYTO KOHIICHTPpaAA paCTBOpéHHOFO rasa MeHseTcs JIMHENHO. Torz[a MOX>XHO HaIltucaThb,
YTO IMOTOK MOJIEKYJI T'a3a U3 Iy3bIPsi HApYXKy paBeH

C—Cp P - Pb

—AD

J="D—=—= !



I'ne ¢}, - KOHIEHTpALHs MOJIEKYJI Ta3a BOJIM3H My3bIps U Py, - 1aBieHHE Ta3a B HEM.
Cronb KUAKOCTH CO3/1aET JOMOIHUTEIBHOE IaBJICHUE, I03TOMY
P, =P + pgl
OTKy/a MOXKHO BBIpa3uTh AU y3nOHHBINA TOTOK
J =2ADpg

1
PaSMepHOCTB IIOTOKA, KaK CJICAYCT M3 3aKOHa (DI/IKa, 9TO ——, T.C. 3Ta BCIMYHHA IOKA3bIBACT,
M4C

CKOJIBKO MOJ'ICKy.]'I IMpOXOJUT qepe3 eI[I/IHI/II_[y IJiomaaun 3a C,Z[I/IHI/ILIy BpCMeHI/IZ
dN = J dS dt
3H3.H, CKOJIBKO MOHeKy.]'I YXO,Z[I/IT Hn3 HYSBIpH, MOJKHO ITOHATb, KaK MCHAIOTCS €0 pasMEphl.
3aHI/IHIeM ypaBHeHI/Ie COCTOSHUA UACAJTIBHOI'O Ira3a.
PV = NkT

I'ne

S - miomaab CCUYCHUA KallWuJlJIsIpa.

UYepe3 manoe dt B my3bIpe YMEHBIIUTCS KOJIMYECTBO MOJIEKYN Ha dN, W3-3a 4ero ero JUiMHa
YMEHBIIUTCS Ha dL. YpaBHEHUE COCTOSIHHSI 3aIHILIETCS KaK:

P,(L — dL)S = (N — dN)kT
I'ne
dN = ADpg S dt
[Tpu aToM u3mMeHennem H B BbipakeHuu uist AN MoxHO npeHeOpeub. [ToncTabiss, monydaem:
P,(L—dL)S = (N —ADpg S dt)kT
P,LS — P,S dL = NKT —ADpg kTS dt

B stom Beipakenuu P, LS u NkT cokpamiaroTcs, Mociie 4ero TakkKe MOKHO MOAEITUTh BhIpaKeHUE
Ha S. B urore:

P,dL = ADpg kT dt
Wnn, pactinceiBas P!
(P + pgl) dL = ADpg kT dt
OTKyJa CKOPOCTh U3MEHEHHMSI JUIMHBI IY3bIPS:

dL  ADpgkT

v:dt_P+pgl

Bapuanr 3



BeprukanbHblil Kanmwuidp, 3a0assHHBIN CBEPXY U CHU3Y, YACTUYHO 3aMOJIHEH KUJIKOCTBIO: CIIOU
KHUAKOCTU pa3acisICT O6’béM ra3a Ha JBa ITY3bIps. Pa;myc KanuJurapa MHOI'O MCHbIIC €ro JJIMHBI.
['paHuIBl MEXKY KUIKOCTHIO ¥ Ta30M MEPIEHANKYISIPHBI CTEHKAM KauuIsipa.

B pesynbrare aud@y3un gacTull raza CKBo3b KHUIKOCTb 00BEM BEPXHETO My3bIpbKa MOCTEIIEHHO
YBEJIMYMBACTCS, @ HWKHETO — YMEHbBUIAETCA. B HEKOTOpHIi MOMEHT BPEMEHHU PAaCIIOJIOKECHUE
CTOJIOMKA JKUIKOCTH U ITy3bIpei BO3IyXa B KAMJUIAPE OBUIO TAKMM, KaK H300pa’keHO Ha PUCYHKE.
OmnpenenuTe CKOPOCTh, C KOTOPOH OITyCKAaeTCsl CTOJIOMK >XHIKOCTH B 3TOT MOMEHT, €CIH
IUIOTHOCTh TMOTOKa AU((y3UHM YacTHIl CKBO3b CTOJIO JKHIKOCTH | HM3BECTHA. DTa BEIMYMHA
MOKa3bIBAET, CKOJIKO YACTHIl IPOXOAUT Yepe3 eANHUITY TUIOMIAAN 33 €AUHUILY BPEMEHH.

KunkocTs He ucniapsieTcs, ra3 CuuTaiTe uaeaabHbIM, TEMIIEpaTypa paBHa . Pa3mepsl mmy3sipeil u
JIaBJICHHE r'a3a B HUX B PACCMAaTPUBAEMOM MOMEHTE CUUTANTE N3BECTHBIMHU.

l? P, $L1

Pemrenne

Bennunnaa 1uddy3MOHHOTO TTOKA3BIBAET, CKOJIEKO MOJICKYJI MPOXOJIUT Yepe3 eMHHUIY TUTOIIa I
3a €IMHUILY BPEMEHU:

dN =] dS dt
3Hasi, CKOJIBKO MOJIEKYJI YXOAUT U3 MY3bIpsi, MOKHO MOHSATH, KaK MEHSIOTCS €r0 pa3Mephbl.
3anuiuemM ypaBHEHHE COCTOSIHUS WICaIbHOTO rasa:
PV = NKT

I'ne

S - rmjionrazib CCUCHUA KalluJlIsApa.

Yepes manoe dt B BepXHEM Iy3bIpe YBEIWIHUTCS KOJMYECTBO MOJEKYNI Ha dN M Ha CTOJIBKO ke
yMeHbIHTCS B HIKHeM. OOBEM BepxHero yBenuuutcss Ha dV = SdL u Ha CTONBKO Xe
YMEHBIIUTCS 00BEM HUIKHETO.

CTo0 )KHUAKOCTH CO3IaET MOCTOSTHHOE JIOTIOJIHUTEIILHOE JIaBJICHHUE, OTKY/Ia
P, = P; + pgl

I'ne p - MIOTHOCTB KHUIKOCTH, g - YCKOPEHNE CBOOOTHOTO MaieHus, [ - BRICOTA CTONI0A
KUJKOCTH.

W3 npuBeAEHHOr0 BBIpaKEHUS CIEIYET, YTO U3MEHEHHUe JaBiieHust dP B 000MX mMy3bIpsix Oynaer
OJIMHAKOBO.

B pesynbrare ypaBHEHUS COCTOSIHMS IS ABYX ITy3bIPEU 3aIIUIIYTCS KaK:



(P +dP)(Ly +dL)S = (N, + dN)kT
(P, + dP)(L, — dL)S = (N, — dN)kT

N
P;L;S+L,SdP + P;SdL + S dP dL = N,kT + dNkT
P,L,S + L,SdP — P,SdL — S dP dL = N,kT — dNkT
C yuérom
P;L{S = N,kT
P,L,S = N, kT
u
dN =]S dt

MOXKHO COKpATUTh PsiJ] ClIaraeMbIX, a 3aT€M IMOJCIUTh Ha S.

Kpome Ttoro, cinaraembim dP dL MoXHO mpeHeOpeub MO0 CpPaBHEHHIO C IPYTHMMH, T.K. B HEM
burypupyer KkBaapaT Masloil BETUYHHBI.

B pe3ynbrare cucrtema ypaBHEHUM CBEAETCS K
LydP + P;dL = JkT dt
L,dP —P,dL = JkT dt
W3 BTOpOrOo ypaBHEHUSI MOXKHO BBIPa3UTh dP

dpP = i dL +]det
L, L,

W nmoacTaBuTh B IepBOC

P kT
L, (—ZdL +]—dt) + P, dL = JkT dt
L, L,
L, Ly
(Pl + EPz) dL = JKT (1 - L—2> dt

OTKyZa CKOPOCTh BBIPA3UTCS KaK

Ly
_a (o)
at p +%P2
2

v

Beipaxas P,, nonyuum
L
kT (1 -7
Lt (1-1)
- Ly

P1+L;P2



3agaua 11.2

Mertammyeckue crepxan AC u EF pacronoxeHsl Ha mapajulelIbHBIX MPOBOISIIMX PEIbCax,
crepxxenb EF 3akperuien; crepxkenpr AC MoxeT CBOOOIHO TMeEpeNBUTATHCS BIOJIb PENBCOB,
WU3HA4YaJIbHO IOKoWTCA. HaganbHOe paccrositHue Mexay CTepKHAMH Lo. Bes koHCTpykius
MOMEIleHa B OJHOPOJHOE MarHuTHOe mojie ¢ uHAaykmued B (cm. pucynok). CrepxkHio AC
COO0O0IaI0T HAYAIbHYIO CKOPOCTh VU, IO HalpaBieHUIO K cTepkHio EF. Onpenenure Benuuuny u
HanpaBJieHue cuibl Amrmepa, AeicTByromyo Ha crepxkenb AC B MOMEHT, KOTJla pacCTOsSHHE
MEXIy cTepkHsAMH OyneTr paBHO L. JlnmuHa crepskHeld H, macca M, CONMPOTHUBICHUE €IUHUIIBI
JUIMHBI CTEpXHEH M PeNbCcOB OJMHAKOBO M PaBHO A. MIHAYKTUBHOCTBIO CTEpXHEH U penbcoB
npeHeOpeub.

B
®__c® ® F ©®
Vo
® I ® o |1
A. E‘
® ® ® ®

Pemenne

B pe3ynbrate 1BUMKEHUS CTEPKHS B MarHUTHOM MoJie B KoHTYype ABCD Boznuknet 9/1C
UHYKIHH:
do dL

TTa T

rae L = L(t) — paccTosiHEE MEXIY CTEpKHAMHU. B pe3ynbpTrare o KOHTYypy OyIeT Teub TOK:

L_E BH dL
"R 2A(H4+L)dt

Hanpasnenue Toka OyzeT 1o 4acoBoil cTpeke.
Ha noasuxHbIN cTepeHb OyneT AeiicTBOBaTh cuila AMiiepa:
F dv IBH B%H? dL
M TP T H D dt

HanpaBneHHe CHIJIbI 6y21€T IMPOTHUBOIIOJIOKHO HAITPABJICHUIO HavaJlbHOM CKOpPOCTH, CTCPIKCHD
6yz[eT TOPMO3HUTCA. 3anuieM YPaBHCHUC ABUKCHHUA CTCPIKHS, HAIIPABHUB OCh KOOPAHWHAT BIIPABO

dL _
(E < 0)

dv B?H? dL

dt 2Am(H +L)dt
ar=— sy =+ 2 (H+L)
VEomH+ D T U T T w1,



Hmes B BUY, 4TO CKOPOCTh CTEPKHS CBA3aHA C N3BMEHEHUEM PACCTOSIHUS MEXKIY CTEP)KHSAMU,
MO’KEM 3aIliCcaTh BBIPAXKEHUE I BETUYUHBI CUIIBI AMIIEpa:

o b BH | B <H+L>
V=T T T+ o\ T 2m "\H 1,




