3ajaHud 3aKJII0YNTEIBLHOro Tana OauMnuaabl MKoJALHUKOB CIIOIY
2018-2019 y4yeOHOro roga mo KOMILIEKCY NpeJIMeTOB
HNuxenepHbIe CUCTEMBI

10-11 kiace

3AZTAYA Ne 1

Bapuanm 1.
Jlia pacuienieHus saep ypaHa-235 HCHONB3YIOT TEIUIOBbIE HEUTPOHBI C SHEPTUsSMHU HOpSIKa

0.025 »B. (1°B=1.6-10"°JI)k — 2NEeKTPOH-BOJGT, BHECHCTEMHAs €IMHMIA W3MEPEHHUS
sHepruu). Takue HEUTPOHBI MOKHO MOJYYUTh, 3aTOPMO3UB OBICTpPbIE HEHTPOHBI (C SHEPrUAMU
nopsiika 1 3B) myTem ynpyroro CTOJIKHOBEHUS ¢ aTOMaMHU pa3iIMYHbIX J1eMEeHTOB. Onpenenure,
BO CKOJIBKO pa3 YMEHBIIMTCS JHEPrusi ObICTPOro HEUTPOHA MpPU CTOJKHOBEHMH C aTOMOM
yrnepoma 2C? CkonbKo TakuMX CTOIKHOBEHHH JOIKHO MPOM3OMTH IS TOTO, YTOOBI GBICTPHIiA
HEUTPOH TMpeBpaTwics B TeIuioBoi? CTOJKHOBEHHS CUMTATh LEHTPAIbHBIMH U a0COJIFOTHO

YOPYTUMHU.

Penienne:

3anuieM 3aKOHBI COXpaHEHUSI UMITYJIbCA M SHEPTHH I HEHTPOHA W aToMa yriiepojia B ciydvae
IIEHTPAITLHOTO a0COJIFOTHO YIIPYTOTrO CTOJKHOBEHUS
m,V, =MV, +mcu,
mv/ /2=mV5/2+m.u®/2,
rac mn — Macca HeﬁTpOHa, Vl — CKOpPOCTH HeﬁTpOHa J0 CTOJIKHOBCHHUA, V2 — CKOpPOCTBb HeﬁTpOHa

II0CJIC CTOJIKHOBCHUA, mC — Macca aroma yriaepoJa, U — CKOpPOCTb aroMma yrjiepoJa IIOoCie

CTOJIKHOBEHHS (MBI CYMTAEM, UTO aTOM YIJiepo/ia BHayase ObL HEMOBMKEH, MOCKOJIbKY OH B 12
pa3 MaccuBHee HEHTpOHA; KPOME TOT0, HayallbHas CKOPOCTh aroma Yriiepojia COOTBETCTBYET
TEIJIOBOM PHEPIHH, a, 3HAUYUT, 3aBEJJIOMO MEHbILIE CKOPOCTH OBICTPOTO HEUTPOHA).

[IpeoOpaszyem BbIpa)KeHUsI 3aKOHOB COXPaHECHHUSI:

Vv, —V, =(m. /m,)u, 1)
Vi =V5 =(v =V, ) (v +V, ) =(me /m, )u?.

Ilonenus MoOYIEHHO BTOPOE PaBEHCTBO Ha IEPBOE, MOJIyduM, 4yTo V,+V, =U. IloacrtaBum 3T0
BhIpakeHue B (1) u mpuBeaeM MoI00HbIE cllaraeMble:
m m, Vv m, m
vV, =V, |1-"¢ 1+ ¢ = |1 :1+% 1_7
2 1( An j/ ( n"In Vg mn mn

(OTpI/II_[aTeJ'ILHOCTB CKOPOCTH V2 0O3Ha4acT, 4To HeﬁTpOH IIOCJIC CTOJIKHOBCHHA OTCKAKHMBACT B

~1.182

MMPOTUBOIIOJIO)KHOM HaHpaBHCHI/II/I).
O‘{eBI/I,Z[HO, YTO OTHOIMICHNEC KMHCTUYCCKUX 3Hepr1/1171 HeﬁTpOHa A0 CTOJIKHOBCHHUA U IIOCJIC PABHO
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EKllIl1 V. 2
Exunz B (/\/2) ~ 14’

TO €CTh B pE3yJbTaTe€ OJHOTO CTOJIKHOBEHHS C aTOMOM YIJIEpOJia BSHEprus HeUTpoHa
yMeHbmaercs B K = 1.4 pasa.

[ToxcunTaTh YMCIIO CTOJKHOBEHHN JUIS MpEBpAIleHHs] OBICTPOro HEMTpPOHA B TETJIOBOM MOXHO
crnenyroummM 00pazom. [Tocie kaxI0ro CTONKHOBEHUS SHEPrHsl HEHTpoHa yMeHblaercs B K pas,
BCETrO 32 MCKOMOE YHUCJIO CTOJIKHOBCHHMI N OHA JOJDKHA yMeHbIIHTHeS B 1 3B / 0.025 3B = 40
pa3. 3Haywur,

(k)" =40 = n=log, 40
WM, 3alMChIBasl Yepe3 HaTypaJbHBIN Jlorapudm,
Nink=In40=n=1n40/In1.4~10.96.

Takum oOpa3zoM, OBICTPBIN HEHUTPOH IOJKEH COBEPIIHTH 11 CTOJKHOBEHWH JUIsi TOTO, YTOOBI
IIPEBPATUTHCA B TEILUIOBOM.

Jameuanue:

Mo>kHO MOKa3aTh, YTO MPU LIEHTPAIBHOM aOCOIIOTHO YHPYTOoM YAape IBYX HEUTPOHOB OHU
MPOCTO OOMEHUBAIOTCS CKOPOCTSIMU, YTO, OUEBHJIHO, HE MPHUBOJAUT K MPEBPALLEHUIO OBICTPBIX
HEWUTPOHOB B TEIIOBBIE.

Otser:

1) 3a 0OJTHO CTOJIKHOBEHHE SHEPTUsl HEUTPOHA YMEHBIIIAETCS TPUMEPHO B 1.4 paza;

2) nis mpeBpalieHusi ObICTPOrOo HEUTPOHA B TEIUIOBOM JTOJDKHO MPOU30UTH 11 CTONKHOBEHMH C
aTOMaMH yIJjiepo/a.

Bapuanm 2.
Jlia pacuieryieHus siaep ypaHa-235 UCHONB3YIOT TEIUIOBbIE HEUTPOHBI C SHEPTUSMHU MOPSIKA

0.025 5B. (15B=1.6-10"°JI’k — oNEKTPOH-BOJBT, BHECHCTEMHAs CIMHMIA H3MEPCHHUS
sHeprum). Takue HEUTPOHBI MOKHO MOJYYHUTh, 3aTOPMO3UB OBICTpPbIE HEHTPOHBI (C SHEPrUSIMU
nopsiika 1 3B) myTem ynpyroro CTOJKHOBEHHUS C aTOMaMU Pa3iIMYHbIX 31eMeHTOB. Onpenenure,
BO CKOJIBKO pa3 YMEHBIIUTCS SHEPTUs ObICTPOro HEUTPOHA MPH CTOJIKHOBEHUHU C aTOMOM CBHHIIA
207Ph? CkoJIbKO TAKUX CTOJKHOBEHHH JOJKHO MPOM3OUTH JUIS TOTO, YTOObI OBICTPHINA HEHTPOH
npeBpatuscs B TerIoBoi? CTOJIKHOBEHHUS CUMTATh IIEHTPATbHBIMU U a0COJIOTHO YIPYTHUMHU.

Otser:

1) 3a 0/IHO CTOJIKHOBEHHE YHEPTUSI HEUTPOHA yMEHbIlaeTcsi mpuMepHo B 1.0195 pas;

2) nns npeBpalleHus ObICTPOro HEUTPOHA B TETUIOBOM JOJKHO Tpou3oiT 191 cTonKHOBEHHE C
aToOMaMu CBUHIIA.

SATAYA Ne 2

Bapuanum 1.

Uzoton ypana 2°U ucnonw3yeTcss B KayecTBE TOIUIMBA B SAEPHBIX PEAaKTOpPaX Ha MeEIEHHBIX
HelTpoHax. OHAKO B MPHUPOJIE 3TOT U30TOIN PACHPOCTPAHEH MaJO MO CPABHEHHIO C OCHOBHBIM
motonoM 28U, TosToMy JUIs TOTO, YTOOBI MONYYUTh MPUTOAHOE K UCIIONB30BAHUIO TOIUINBO, B



IPUPOJHOM ypaHEe HCKYCCTBEHHO MOBBINIAIOT COfEp:KaHHe u30Toma 2°U — 3TOT mporecc
Ha3pIBAETCS oOborameHneM. IIPEANoNokKHM, 4TO B OJHOM IHMKJIE DAabOTHl YCTAHOBKH IIO
oboramenuto ypana: 1) 10 % ot macchl NMOCTyNMBIIEr0 Ha BXOJ ypaHa HWAET B OTXOMbI
(0GenHEeHHBIH ypaH) M Jajee He UCIoJb3yercs; 2) 98 % oT kommuectBa sijmep 2>°U Ha BXOje
OKa3bIBACTCS HA BBIXOJE YCTAHOBKH. IlyCTh BHadage MMeNach TOHHA yPaHA, COCTOSAIIETO M3
cmecu mzotonos 28U u 2°U ¢ comepsxanuem mocnennero 1 %. Ilociie HEKOTOPOTo KOIMYECTBA
IUKJIOB pabOThl YCTAHOBKM cofepskaHue 2>°U B OCTaBIIEMCS ypaHe MOAHANOCh 10 19.7 %.
KaxoBo comepxanne 2°U B obmeii Macce oTxom0B? Pasmmumem macc msortomos 222U u 2*°U

peHeopeyb.
Pemenue:

O603HauMM KOJIHYeCTBa sijep u3oTonos °U u 28U B mexoaHoit Macce ypana uepes N5 u N8
COOTBETCTBEHHO, @ MacCy IOOOTO M3 H30TONOB — depe3 M (110 YCIOBHIO HX MAcChl
HepasnuuuMbl). Torma ucxomnas Macca ectb M-N5+m-N8=M, a ucxonHoe conepxaHue

?%U: N5/(N5+N8)=Kk,, rae, cormacko ycnosuo, M = 1 tomna = 1000 xr, a k, = 0.01.

Orcroia mommy4aem:
N5:k0-(N5+N8):kO-M /m.

0603HAYNM JIOJTI0 ypaHa, HAYIIEr0 B OTXOIBI Uepe3 A, a 00 MPOIIeAIINX Ha BEIX0 ] saaep 2°U
— 4epe3 B; no ycnoButo A=0.1, B=0.98. Torga macca ypaHa Ha BBIXOJE YCTAHOBKHU IIOCJIE
TIEPBOTO ITUKJIa PaOOTHI €CTh

(1-A)-M =m-B-N5+m-N8x,

rie N8x — kommuectso saep 228U ma Beixose. ITpu aToM conepxanue 2>°U Ha BeIXose Oyner
BN5S _ B-M:k/m _, B

"B-N5+N8X (I-A)M/m °1-A

O‘leBI/I,I[HO, IIOCJIE BTOPOT'O LHUKIIA COACPKAHNEC 235U OKa’>XETCs paBHBIM

u Tak jpanee. [locie N-ro nukia

3HauuT,
N In(k, /k)
In(B/(1-A))
ITo ycnosuto, mocine nocneguero mukina K, =0.197. Otcroga nomydaem, 9To
o In(k,/k,)  In(19.7)
In(B/(1-A)) 1In(0.98/0.9)

Taxum 06pa3oM, IUKIOB pabOTHI yCTaHOBKHU ObLIO 35.

Ilocme kaxmoro ImuKjIa pa60qer0 BC€IICCTBA OCTACTCA 90% ot ero Mmaccel Ha BXOJ€.
COOTBCTCTBCHHO, nocie 35 OUKJIOB Ha BBIXOAC OCTAHCTCA

0.9®-M ~0.02503- M = 25.03 kr



ypana. [Ipu stom usorona 2°U 6yaer 0.197-25.03 ~ 4.93kr. YuuThIBas, 4T0 B HCXOIHOI Macce
6sut0 0.01-1000=10 kr m3oToma 2*°U, MoJIy4aeM, 4yTo B OTXO/Jibl Tonano 5.07 Kr 3Toro u3orona.

[ockonbKy 06mmas Macca 0Txo0B coctasiser 1000 — 25.03=974.97 kr, To comepxanue **U B
otxonaax Oynet 5.07/974.97 = 0.0052 wm 0.52 %.

Otser: 0.52 %.

Bapuanm 2.

Usoton ypana #°U mcnons3yeTcss B KadecTBe TOILIMBA B SAEPHBIX PEAKTOPAX HA MEJIEHHBIX
Heiitponax. OHAKO B MPUPOJAE ITOT U30TON PACIPOCTPAHEH MaJO 10 CPABHEHUIO C OCHOBHBIM
moTonoM 238U, TTosToMy IS TOTO, YTOOBI MOMYIUTh MPUTOIHOE K HCTIONB30BAHMIO TOIUIHBO, B
IPUPOJHOM ypaHE MCKYCCTBEHHO MOBBINIAIOT COAEpiKaHHe m30Toma 2°U — 3TOT mporecc
Ha3bIBaeTcsi oOorameHueM. IlpenmosnoxuM, 4ro B OJHOM LMKJIE pabOThl YCTAaHOBKU IO
oboramenuto ypana: 1) 15 % oT Maccel MOCTYNMBIIEr0o Ha BXOJ ypaHa HJET B OTXOJbI
(0GeTHEHHBII ypaH) U jajee He HCToNb3yeTcs; 2) couepxkanne 2>°U, uyiiee B OTXOBI, B 4 pasa
MEHBIIIE COJAEPIKaHUSI 3TOT0 W30TONAa Ha BXOJE ycTaHOBKH. [lycTh BHauase mMMmenach TOHHA
ypaHa, cocTosmero n3 cMecu motonos 22U u 2%U ¢ conepsxannem mociennero 1 %. IMocne
HEKOTOPOTO KOIMYECTBA IMKIOB PAabOTHI YCTAHOBKH cojepskaHue >°U B OCTaBIIeMCS ypaHe
noaHsnock 10 15.4 %. KakoBa macca 2°U B octaBmemcs ypase? PazmudmeM Macc H30TOTIOB
238U n 25U npenebpeus.

Pelnenmne:

O603HaYNM HCXOJHYIO Maccy ypaHa depe3 M, conepskanne m3orona U B Heit — uepes KO, a
JIOJIF0 ypaHa, HIYIIEro B OTXO0bl, — depe3 A; mo yciaoBuo M = 1 tonna = 1000 kr, kO = 0.01,
A=0.15. Torma mocye TepBoro IUKIa paboThl YCTAHOBKM Macca M30Tona >>°U, MOMaBIIero B
otxojpl, paBHa (k0/4)-A-M, a macca 3TOro M30TOIa, MPOLICAIIas JalbIiie, —
kO-M - (k0/4)-A-M.
COOTBETCTBEHHO, Macca u3oTona 238U, momaBIIero B OTXOAbl HOCIE MEPBOro IHUKIA PaboThl
ycTaHoBKH, pasHa (1-K0/4)-A-M, a macca 238U, npomemas nanbiue, —
(1-k0)-M-(1-k0/4)-A-M.
IIpu aToM conepsxanue 22°U na BeIxoe Oyaer
1- kO-M-(l—A/4)
~ k0-M-(1-A/4)+(1-k0)-M —(1-k0/4)-A-M '

HpOBOI[H HeO6XOI[I/IMBIe COKpaIJ_[eHI/I}I, HOHy‘laeM
k1= ko. . IZA4
1-A

OquI/II[HO, IMMOCJIC BTOPOT'O LUKJIA COACPIKAHNEC 235U OKa’>XCTCs paBHbIM

2
k2=k1~1_A/4 =k0'(1_A/4J
A 1-A

u Tak jganee. [lociae N-ro mukia



k = ko.(—l‘AMj .

1-A
3HauwT,
_In(k, /k,)
- (1— Al 4)'
In| ———
1-A
ITo ycnoButo, mocne nocneauero nukiaa K, =0.154. Orcrona nomydaem, 4To
In(k, /kO) _ In(15.4)

" In((1-A74)/(1—A)) _ In(09625/0.85)

Takum oOpa3om, HUKIOB pabOThl YCTaHOBKH ObLIO 22.

[Tocne kaxmoro mnwukima pabodero BemecTBa octaercs 85 % OT Macchl Ha BXOJE.
COOTBETCTBEHHO, TTOCIE 22 MUKIOB Ha BLIXOJE OCTAHETCS

0.85%-M ~0.028-M =28 ke
ypana. ITpu 5Tom m3otona 2°U 6yner 0.154-28 ~ 4.31kr.

OtBert: 4.31 xr.

3AJTAYA Ne 3

Bapuanm 1.

B necy, Branu oT HaceneHHBIX MyHKTOB, y HHKEHEPa pa3psAuiIcsa akkyMyssitop. OIHaKo psiioM
oKkaszajucs Bojonana BeicoTorM 10 M. Y MHKeHepa Hamiencss MOTOK MEAHOW MPOBOJIOKH JJIMHOU
35 M, ITOCTOSIHHBIN MMOJOCOBOM MAarHMT, CO3JAIOIIMKA BOJM3H CBOMX IIOJIIOCOB MarHUTHOE IIOJIE C
unayknued B = 0.1 Ta u umeromuii aiuunay 20 cM, KOJIEco ¢ JonacTsIMHU AuaMeTpoM 1 M, a Takxke
HECKOJIBKO TTOJTYITPOBOJAHUKOBBIX JM0J0B. KakuM 00pa3oM M3 3TUX NOAPYYHBIX CPEACTB
WH)KEHEpP MOXKET coOpaTh YCTPOWCTBO M 3apsaku akkymyssitopa? Kakoe makcuMmalibHOE
3HAYCHHE HAIPSHKEHUS Ha BBIXOJIE YCTPOMCTBA MOYKHO IOJYYHTh, €CJIM HUKAKHE TMOTEPH HE
yuuThiBaTh? Hapucyiite cxemy ycTpoicTBa.

Penrenne:

C nmnomoupl0 JAaHHBIX MOJPYYHBIX CPEACTB MOXHO CKOHCTPYHMPOBaTb YCTPOMCTBO,
npeodpasyroliee KHHETHYECKYI0 SHEPTUI0 MaJAl0LIe BObI B lIeKTpUdecKyo. J{is 3Toro BHU3Y
BOJIONA/Ia pa3MelaeTcst Kojeco TakuM oOpa3oM, 4ToObl BOJA Majana Ha €ro JIONacTH M, Kak
CIIEICTBUE, KOJIECO MPHUBOAWIOCH Obl BO BpamleHue. M3 MarHuTa, NEepHeHIUKYIAPHO
HAaCa)KCHHOTO Ha CTEpP)KEHb, KOTOPBIM TIPUKPEIUIEH K OCH KOJIeCa, IIOJy4aeTcs pPOTOp
aNeKTporeHeparopa (0yeM CUMTaTh, YTO OCh MPOXOJIUT dYepe3 LeHTp MarHuTa). CTaTop MOXKHO
U3TOTOBUTh U3 BUTKOB IPOBOJIOKH TaK, 4TOOBI JUAMETP BUTKAa ObUI HECKOJBKO OOJblIE, YeM
pa3Mepsl maruuta. Hanpumep, u3 35 M IpoBOJIOKHM MOKHO czienath 22 BUTKa paguycom 0.25 m;
IUIOIIA/Ib BUTKA IIpU 3ToM Oynet 0.196 m2.



Cxopocth BpamieHust o0oja Kojieca V COBHAJaeT CO CKOPOCTbIO MAJArolIe BOJBI BHU3Y
BojoNaa (peArnoiaraeM, 4YTo Boja MajaeT Ha JonacTu BOIM3M 000/1a). DTy CKOPOCTb HAWeM,
InprupaBHUBAA IMOTCHUOHUAJIBHYIO SHCPIruiO0 BOJbI Ha BCPIIMHC BOAOIIalad KHHETHYSCKOM SHEPruun

m-g-h=m-v?/2 =>v=/2-g-h,

rme M — macca mazjaromer Bogel, § =9.8 m/c¢® — yckopeHHe cBO6OIHOTO TajgeHus, h —

BOJIbI BHM3Y BOJOIaAa:

BbICOTa Boonaaa. OTcroAa rnoixydyaeM Nepuo]] BpalleHus KoJjieca
T :27r-(d /2)/V=7Z"d/ 2-g-h=022c™,

riae d — auamerp KoJreca.
O/1C uHAYKIMU HAXOAUTCA 10 popMmyIie

At
3nece AD — u3MeHeHne MarHUTHOTO TIOTOKA Yepe3 KOHTYp 3a Bpemsi At. Ecin S — mnomanp
BHTKa, @ N — YHUCIIO BUTKOB, TO B HAIIIEM CITyJae
AD=AB-S-n,

rac AB — wusmenenune HHAYKIIUK MArduTHOTO II0JIsA, CBA3aHHOC C Bpall€CHUEM MarHuTa B
IIJIOCKOCTH, HCpHCH}IHKy.HSIpHOﬁ IJIOCKOCTH BUTKOB. MakcuMajbHOE W3MEHEHHE MAarHUTHOTO
IMOTOKA MPOHUCXOJUT, KOT'JJa MAarduT M3 MOJIOXKCHUA, MEPIICHAUKYIAPHOTO IJIOCKOCTH BUTKOB 3a
BpeMsl, paBHOE IOJIOBHHE NE€PUOJIa, TIOBOPAYMBAETCS TAKXKE B IOJIOKEHUE, MEPIEHIUKYIIPHOE
IUIOCKOCTU BUTKOB, HO IIPH 3TOM II0JIFOCA MarHUTa MeHs0TCs MectaMu. [lo3TromMy npubarxeHHO
MakcumanbHoe 3HaueHue DJIC paBHseTcs

g:_ZB~S-n _ 2-0.1-0.196-22 ~77B
T/2 0.11

Ota DJIC OyneT nmepeMeHHOH, HO ¢ MOMOIIBIO JUOJI0OB U OCTATKOB MPOBOJIOKH MOYKHO CHEJaTh
BBITIPSIMUTENb (IHOJHBIA MOCT) JJIsi TpeoOpa3oBaHUsl MEPEMEHHOTO TOKa B IOCTOSHHBIA W
3apSAIUTh aKKYMYJISATOP.

3ameuanue:
bonee touno 3/1C uHAYKIINY OIpenesieTcs Kak MPOU3BOJHAsl MAarHUTHOTO MOTOKA MO0 BPEMEHHU
c.__ 4
dt

B nameit KOHCTPYKIIMU J3JICKTPOTrCHEpATOpa MAarHuTHAsA HHAYKIHA B INNIOCKOCTHU BUTKOB (a,
3HA4YUT, U MarHUTHBIN HOTOK) MCHAKOTCA IO IIEPUOIUICCKOMY 3aKOHY

B(t) = B, cos wt,
rae B, — MakcuManbHOe 3Ha4eHUE MHIYKIMU, PaBHOE 3aJaHHOM HMHIYKLUH, CO3[aBaeMOM
MarHuToM  (MakCHUMajdbHO€  3HAUEHHE  pealnu3yercs, KOorja MarHuT  pPacrloJIOKeH
NEePIEeHUKYIISIPHO TIOCKOCTH BUTKOB), @ =27/T — KpyroBas 4yacTOTa BpaIleHHs MAarHUTa.
ITockoibky
dB(t) _
dt
TO MakcuMmasibHoe 3HaueHue DJ[C paBHO

—-B, - w-sin wt,



g:_Zﬂ-BO-S-n _ 2-7-0.1-0.196-22 ~123B.
T 0.22

Orser:
7.7 B umn 12.3 B (0oTBeT Takxe 3aBUCUT OT TOTO, CKOJIBKO BUTKOB U Kakoro paauyca Oynaer
U3TOTOBJIEHO U3 33J]AHHOTO KOJINYECTBA IIPOBOJIOKH).

Bapuanm 2.

B necy, Baanu oT HaceneHHBIX MTyHKTOB, Y HHKEHEpa pa3psauics akkyMmynsatop. OnHako psaoM
OKa3zajcsi BOJOMaj] BbICOTON 15 M. ¥V MHXeHepa Haleicss MOTOK MEIHOM MPOBOJOKH JUIMHOMN
30 M, MOCTOSIHHBIN MMOJOCOBON MAarHuT, CO3JAIOMINKA BOJIM3U CBOUX ITOJIOCOB MarHUTHOE IIOJIE C
uanaykiued B = 0.05 Tn u umeromuit jymuHy 30 cM, Kosieco ¢ jomactsamu auamerpoM 50 cm, a
TaKXKe HECKOJIbKO TTOJIYIIPOBOAHUKOBBIX THOJOB. KakuM 00pa3oM M3 3THX MOAPYYHBIX CPEJICTB
UHXEHEep MOXEeT coOpaTh YCTPOMCTBO JUIsl 3apsaaku akkymynsropa? Kakoe makcuMaibHOE
3HAYCHHE HAINpPSHKCHHUS Ha BBIXOJIE YCTPOWCTBA MOJYKHO TIOJYYHTh, €CIIM HUKAaKHE MOTEPH He
yunTtbBaTh? Hapucyiite cxemy ycTponcTBa.

OTtBerT:

10.9 B unmu 16.3 B (oTBeT Takxe 3aBUCUT OT TOTO, CKOJILKO BUTKOB M KaKOTO pajuyca OyaeT
M3TOTOBJIEHO W3 3a/IaHHOTO KOJIMYECTBA IPOBOJIOKH).

SAJTAYA Ne 4

Bapuanm 1.
@DOTOCHHTE3 B 3€JIEHBIX PACTEHHUSIX OINpEIeNsieT CYIIECTBOBAHHE BCEX

BBICIIHX (l)OpM JKHN3HHU Ha 36MJ'I€, INIOCKOJIBKY HMCHHO B PE€3YJIbTATC 3TOI'0 EDZ -';- (CHZ

00pa30BaHus OJJHOM MOJIEKYJbl KUCIOPOAA U3 OJHON MOJEKYJbl BOJBI U
OJITHOM MOJIEKYJbl yIJIEKHCIOro rasa tpedyercs 8 ¢ortonos. MHTepecen
BOIIPOC, HACKOJILKO (poTOCHHTE3 3(h(HEKTUBEH ATl CaMOl KIIETKH, CKOJIBKO
SHEPIrUU OHA MOXKET HOJYYUTh B pe3ylbTare 3Toro npouecca. Cuuras, 4to Argpoguar
MOTJIOIIEHUE SHEPTUH NPOUCXOIUT TOJIBKO BOJIM3HM MAaKCUMyMa B KPacHOM

obnactH, OLeHUTEe st XJI0poduiia b kodhPuIHeHT moIe3HOro AeicTBHs
nportekanust ortocunresa. Mcnonpsyiite cxemy (oTocHMHTE3a U rpaduk

mpouecca mosydaeTcss atMocdepHbiii  kuciopon. Ilpu stom s ]

4

KOO(PPUIHUCHTA MOTTIOMICHUA XJIOpO(PULIa, TPUBCACHHBIC Ha PUCYHKAX. 7
bduu 11l pod puBesL pucyH Hzﬂ_,?zH_)__,uz
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CrangaptHble sHTanbnuu AH oOpa3oBaHMs BEIIeCTB AaHbI B TaOJIHUIIE.

BemecTBo AH, x/I>x/mMoIb
CO, -393.51
H20 -285.83

CH:20 -115.9
02 0

Pelnenmne:

W3 cxembl (hOTOCHHTE3a BBINUIIEM YpaBHEHUE:
COz + H20 + 8hv — CH2O + O2 + AH
(3nece h — nmocrosinnas [lnanka, v — 4yacroTa GoTOHA).
W3 rpaduka onpegenum TMHY BOJIHBI MAaKCHMyMa B KpAaCHOM 00acT Jutst XJaopoduuia b:
A =640 HM = 6.4-107 M.
Torna mist 06pa3zoBaHus 0JTHOTO MOJIS XJIopoduiuia TpedyeTcst S3Heprusi POTOHOB, paBHAsI
E,=8hv-N,=8hc-N_/1,.
rae C — ckopocTh cBera, N, — uucio ABoraapo. [ToncTaBiss 3HaUCHNS KOHCTAHT, TIOJIy4UM
E_=8-6.63-10*-3-10°-6.02-10* /(6.4-10’7) ~1496.72 xJIx/ MOJIb.
Torga sHTaNBNUS peaKuu
AH = 1496.72 - 393.51 - 285.83 — (-115.9) = 933.28 JI»x/MOJ1b.
CoOTBETCTBEHHO, HUCKOMBIH KOA((UIIMEHT MOJIE3HOTO NEHCTBUS:
n :AH/(Shv- Na) ~0.62.
OtBetr: 17=0.62.



Bapuanm 2.

N3BectHO, uTO Oosibioe konmyectBO ATD (agenozunTpudochaTa) CHHTE3UPYETCS U3 MOJICKYI
AJl® (amenosunmudocdara) va ATD-cunTeTasze. DHEprus, HEOOXoAUMAs I TaKOW pabOTHI,
MOJIy4aeTCsl 3a CYET BO3HUKHOBEHHS TPAJMEHTa KOHLEHTPAIMH IPOTOHOB HA MPOMEXKYTKE
MEX]ly BHYTPEHHEH M BHEITHEH MOBEPXHOCTSIMH MEMOpaHbl MUTOXOHAPHUH. [IpOTOHBI, TBUTAsICH
B HAIpaBJICHWHU, OOPaTHOM HANPABJICHUIO ATOTO TPAJMEHTA, TOMAAAIOT BHYTPh MUTOXOHAPHH
yepe3 ATD-cuHTeTa3y, IPUBOIAT €€ B ABIKCHHE U 3aITyCKAIOT TAKUM 00pa30M CHHTES.

Paccuuraiite pasHOCTh KOJIMYECTB MPOTOHOB (T.€. TPAJMEHT) MEXIY BHYTPEHHEM M BHELIHEH
MIOBEPXHOCTAMH MEMOpaHbl MMTOXOHJIPUH, CO3JAIOIIYI0 3JIEKTPUYECKOE IIoJie, Ipu padoTe
KOTOPOTO 0 NepeMelIeHUI0 12 MPOTOHOB BBIJENAETCS KOJIMYECTBO SHEPTUH, TOCTATOUHOE JIJIS
npeBpamieHuss 3 wmoisekyn AP B AT®. MoxHO cyuTaTh, YTO MPOTOHBI PABHOMEPHO
pacrnpenieieHbl 10  TOBEPXHOCTH  MeMOpaHbl. [loBepXHOCTHast €MKOCTb  MeMOpaHbl
C=0.5 mx®/cM?, sHeprus HeoOxomumas 1is cuHTe3a 1 Mosiekynsl AT® ma AT®-cunTerase
12 kKan/Monb, TUIOMAAL TIOBEPXHOCTH MeMOpaHbl 5 Mkm2. AT®-cuHTeTasa paboTaer

npaktruaecku co 100% s dekTuBHOCTHIO.
Pemenue:

PaccrostHue Mexnay BHEIIHEH M BHYTPEHHEM IMOBEPXHOCTSIMH MeMOpaHbl MHOTO MEHbIE
pasMepoB ITHUX TMoOBepxHOCTEeH. I[loaToMy ydacTok memOpanbl, rae pacnojoxeHa ATO-
CHUHTETa3a, MOXHO paccMaTpuBaTh B Ka4eCTBE IUIOCKOMApaiebHOrO KoHJeHcaTtopa. [lmockas
3apsKEHHAasi IOBEPXHOCTh CO3JaeT HAIPSKEHHOCTh 3JIEKTPUUECKOTO MOJIsl, PaBHYIO
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2-&-€-S

rae S — momans yJacTka MeMOpaHbl, ( — 3apsj 3TOTO y4acTKa, &, — OSJIEKTpHYecKas

IOCTOsIHHASA, & — JMAJIEKTpHYecKas IPOHUIIAEMOCTh BellecTBa BOIM3U MeMOpaHbl. Eciu 3apsn

y4acTKa BHEIIHEl NMOBEPXHOCTH MeMOpaHbl paBeH (+A(, a BHYTpeHHeH — (], TO MEXIy

MOBEPXHOCTSAMH MEMOpPaHbl HANIPSHKEHHOCTh IIEKTPUUECKOTO OIS OyzeT
Aq
1
2-&-€-S

TaK KaK TaM IIPOTHUBOIIOJOKHBI HaIIPaBJICHUS HOJ'IGfI, CO31aBaCMBIC BHEIIIHEH W BHYTpeHHCﬁ

E=

IIOBCPXHOCTAMMU. 38.MCTI/IM, 4To Aq >O, INOCKOJIBKY TIPOTOHBI JAIBUTAKOTCA OT BHEIITHEH

MMOBEPXHOCTU MEMOpaHbI K BHYTPEHHEH.

Ecim d — paccrosiHre MeXIy TMOBEPXHOCTAMU MEMOpaHbl, TO Pa3HOCTh TOTEHIIMATIOB MEXIY
HUMU OyzeT

Aq-d
U=E.d=—24¢
2-&-€-S
WIIH, YYUTBIBas (pOPMyYITy AT EMKOCTH IUIOCKOTO KOHAEHCATOPa,
Ag

U=——-—.
2-C-S



Ecnu 00603HaunTh BEIMYUHY 3IEMEHTAPHOTO 3apsana Kak (f,, TO M30BITOK 4HClIA IMPOTOHOB Ha
BHEIIHEH MOBEPXHOCTH MeMOpaHbl ecTb AN=A(/(,, a pabdora mo mepeHocy 12 HpoTOHOB
MEXly BHEIIHEH U BHYTpEHHEH moBepxXHocTsMM Oyner paBHa 120U . Oty paboTy HyXHO

MIPUPABHATH SHEPruu, TpeOyemoit i npespauieHus 3 mojekyia AP B ATO

12U = 3-12 KK:IUI/ MOJIb |

a

rae N, — uncino Asoraapo.
Bripasum Bce 3a1aHHble BennuuHbl B cucreme CU:
12 xxas/ monb = 12-10° - 4.1868 JIx/ Monb ~ 5.024-10°,
C =0.5mx®/ cm® =0.5:10°-10" @/ m* =5-10"° D/ ™?,
S=5mkmM* =5-10"% M°.
BBIpa3I/IM An u3 BBIPAXKCHUA JI SOHEPTHUU U TOACTABUM BCC M3BCCTHBLIC BEJIMYHNHBI:
3-(12 KKan/MOJlb)-Z-C-S B 5.024-10*-5-10°.5.10™"
12-q5 N, 2.(16-10™%)-6.02-10%

~ 40750 npoTOHOB.

OtBer: An=40750 npoTOHOB.

SAJTAYA Ne S

[Iporpammupyemslii  apoH, uMewmuid ckopocty VX uw VY mo koopauHatamMm X WY
COOTBETCTBEHHO, CTAPTYET M3 TOUKU S ¢ koopaunatamu (X0, Y0). Ilens npona — mpoiTu uepes
oTpeJieNieHHbIe Y4acTKU-BopoTa. Hamuimure nmporpammy, Mo3BOJISIONIYIO JAPOHY CAENaTh 3TO C
YUETOM CIIEYIOLIUX YCIIOBUMA:

1) 3a oaHy eAMHHUIlY BPEMEHH JAPOH MOKET HU3MEHSATh CKOPOCTH IO KaI0u M3 oceit Ha 1, 0
uiy -1 (M3MEHEHUS 110 OCSAM X U Y MOT'YT OBITh Pa3HBIMH).
2) Kaxmoe HeHyneBOe M3MEHEHHE CKOPOCTH XOTs ObI 0 OJHOW M3 KOOPIUHAT YyMEHbBIIAET
KOJIMYECTBO TOIUIMBA Ha OOPTY ApoHa Ha 1.
[IporpamMma A0KHA BBIBOJUTH KOJIMUYECTBO TOILIMBA, KOTOPOE APOH 3aTPATUT HA MPOXOXKACHUE
BCEX YYaCTKOB M BO3BpAIICHHE B UCXOJHYIO TOUKY.

3amMeuanue:

1) Ilpu MPOXOkKACHUU «BOPOT» JAPOH MOMKET
KacaTbCsl CTEHOK.

2) Bce naHHbIe 337a4u — [IEJIbIC YHCIIA.

3) KomnuuectBo BOpoT — He Ooutee S.

4) VcxomHble TaHHbBIC JJIs 33/1a4d 3arUCaHbI ERELE A1\ \ o,
B (aile, WMEIOIMMUM  CIEAYIOUIYIO ] ‘ o B,
CTPYKTYpYy (YUHCIIa B CTPOKaxX pazJielieHbl
3arsAToN U MpoOesIoM):




Ne CrpykTtypa (aiina Onwucanue

CTPOKHU

1 x0,y0 KOOPIMHATHI HAYaIbHOM TOUKH S
2 VX, Vy HayaJbHasi CKOPOCTb

3 n KOJIMYECTBO BOPOT

4 axl, ayl, bx1, byl, cx1, cyl, dx1, dyl KOOpIuHATHI BOpOT Ne 1

5 ax2, ay2, bx2, by2, cx2, cy2, dx2, dy2 KOOpJIUHATHI BOPOT Ne 2

CooTBeTcTBeHHO KoopauHaThl BopoT: Al(axl, ayl), B1(bx1, byl) u T.m.

No [Tpumep HaYaNbHBIX TaHHBIX
CTPOKH

1 3,10

2 4,8

3 3

4 1,2,5,6, 11, 12, 16, 17

5 18, 4,12,8, 23,9, 17, 13

Lpumeuanue: npoecpamma O0NINHCHA COOEPHCAMb KOMMEHMAPUU, 00BIACHAIOWUE BbINOJIHIEeMble
oeticmsust. Omcymcmeue KOMMeHmapues eieuem 3a coO0U CHUNCEHUE NOLYYAeMblX 3d 3A0ayy
oannos!

Pelnenmne:

33,[[3‘13 IIPOBEPACT TBOp‘lGCKHﬁ moaxoa U MmoApasyMEBACT HECKOJIBKO BAapHAHTOB €€ PCILICHUA.
Kaxmoe U3 BO3MOXHBIX peH_IeHI/Iﬁ TECHO CBsA3aHO C PaA3/IMYHBIMU IMOAXOJaMH K PEIICHHUIO psAda
BOIIPOCOB.

1) Kak BbIOpaTh BOpoTa uepe3 KOTOpble HE0OOXOAUMO MPOUTH JPOHY?

Kaxplif pa3 npu npoxojie MEepBbIX WU MOCIEAYIONIMX BOPOT HEOOXOIUMO pelaTh OJHY U TY
XK€ 3a/1auy: B CTOPOHY KaKHUX BOPOT JIBUTaThCs janee?

OTOT BONPOC MOXKHO PEIIUTh HECKOJIBKUMHU CIIOCOOaMU:

a) MepBOHAYAIBHO (T.€. IO BXOJa B MIEPBbIE BOPOTA) OTCOPTUPOBATH BOPOTA 0 MX YAaIEHHOCTH
OT Ha4yaJbHOTO MOJIOXKEHMUS JpoHA M COON0JAaTh 3TOT MOPAIOK IMPH BCEM JBMKEHUU (CM.
PUCYHOK HUXe). [laHHBIM MOJIX0 UMEET CMBICH U ONpeAETIeHHbIE TUIIOCHI, OJIHAKO COAEPKUT U
OTPHILIATEIbHBIE MOMEHTBHI.

6) Kaxzapii pa3 mocine mpoxoia BOPOT OMNpeNeNaTh Onmkaiiive (3a MCKIYEHUEM YxKe
MIPOI/IEHHBIX paHee) U JABUraThCs K HUM (CM. PUCYHOK HMKE). DTOT MoAxo] OoJjiee TMHAMUYEH
[0 CPAaBHEHMIO C MPEABIIYHIUM, T.K. YYUTBHIBAECT IIOJOKEHUE ApOHA IOCIE IPOXOKICHUS
OuepelHbIX BOpOT. B 3TOM ciayd4ae DOCIEAOBATENbHOCTh TPOXOXKJIEHUS BOPOT MOXKET
OTJIMYATHCS OT TOU, UTO ObLJIa Hal/leHa B MPEIbIAYIIEM ITyHKTE.




B) MOXHO W3HA4YaJIbHO OMPEAETUTh MOCIEI0BATEILHOCTh BOPOT MO MX YJAICHHOCTH JIPYTr OT
apyra (cM. pucyHOK Hipke). [Ipu 3ToM HauMHAThH IBMXKEHHUE C MEPBBIX WU MOCIECIHUX BOPOT B
JTAHHOW TIOCIIEI0BATEIHHOCTH | IPU BCEM JIBIDKEHHH COOJIOIATh 3TY IMOCIEI0BATEIBHOCTD.

B ciiydae ecnu ApoHy HEOOXOIMMO BEPHYTHCSI B HAYAJIBHYIO TOYKY, TO BBIOOpP C KAaKOW CTOPOHBI
HAJICHHOM MOCJIEA0BAaTEIbHOCTH BOPOT HAYNHATH ABUKEHUE HE SABJISIETCS MPUHIIUIIUAIbHBIM.

(@ (E)
3aMeTuM, YTO €ClId B aJrOpUTME Ha KaKJOM Iuare (T.e. MPU Ka)XJ0M HU3MEHEHHH CKOPOCTH)

MIPOUCXOUT BBIOOp ONMKaMIIuX BOPOT (COPTUPOBKA), TO MOXKET MPOUZONTH NepeHalleuBaHne
Ha JIpyrue BOpOTa T.K. OHU OKaxyTcs Ommpkaiimumu. Takoe nepeHalenvBaHHE HE SBISETCS
OLIMOKOM U MOKET MPUBECTU K JOCTATOYHO OPUTHHAIILHOMY PELICHHUIO.

2) Kak "mo6enuTh" Ha4aJIbHYIO CKOPOCTh U KaK MOIMAacTh B BOpOTa?
[Ipeamnonokum, 4TOo MBI BBIOpanu ONKalIne BOpOTa K
KOTOPHIM  HEOOXOOMMO  ABHWTraTbcs. MBI TIBITAaeMCS
pa3BepHYTh JIPOH B CTOPOHY BOPOT (HAmpUMEpP B CTOPOHY
TOYKH, PACIOJIOKEHHON BHYTPH BOpPOT Ha TIEPECCUCHUU
IMaroHajel mMapajuiesorpaMmma, OOpa30BaHHOTO CTEHKAMU
BOPOT) W MPOU3BOJAMM HW3MEHEHHs CcKopocTu. [Ipm 3TOM,
4yepe3 HEKOTOPOe BPEMsSI Mbl MOXKEM OKa3aThCsl B CHUTYaIUH
KOTJla JIPOH YIpPETCs B CTEHKY BOPOT (KakK IOKa3aHO Ha
pucynke). Ecnu B yciioBuM 3amauu yka3aHo, 4TO JPOH HE
MOJKET TPOXOJUTHh Yepe3 CTEHKY W BO3MOXKHO TOJBKO €e

KacaHue (T.e. epeceueHe He JOMYCTHMO) TOTJa 3a/ia4ya He
OyZeT pellieHa B MOJIHOM 00beMe.

PaccMmoTpeHHas cuTyanus sSBIsIeTCs HeTaTUBHBIM BAPHAHTOM Pa3BUTHsI COOBITUH B ClTydae KOria
BEKTOP CKOPOCTH MBITAIOTCS HAIICIUTh HAa BHYTPEHHIO TOYKY BOPOT. Pemraronum akropom B
3TOM TOJX0/I€ SBJISECTCS JAITBHOCTH J0 BOPOT (M JUIMHA BEKTOpa CKOPOCTH ApoHa). B yacTHOCTH,
€CIIM JTAIIbHOCTh /10 BOPOT MEHbIIE MyTH KOTOPBIA MPOUIET JIPOH MPH Pa3BOPOTE B CTOPOHY
BOPOT TO MPOU30MAET yTHIKAHUE B CTEHKY BOPOT.

Bo3moxen npyroi moaxo.

[TocTpoum yepe3 CTOPOHBI BOPOT BEKTOpa U PACCMOTPHM YIOJ
MEXIy HUMH U BEKTOPOM CKOpPOCTH ApPOHA. 3aMETHUM, YTO €CIU
MOCTPOHTH ANTOPUTM KOTOPBIN OyneT BHIOMpaTh HAUMEHBIINHN U3
9TUX YIJIOB TO B HEKOTOPBIX CUTYaIlUSX MBI MOXKEM JIBUTaThCS B
MPOTUBOTIONOXKHYIO OT BOPOT CTOPOHY. UTOOBI MOMAacTh B BOPOTa
HEOOXOMMO pa3BEPHYTHCS — 3TO BIIOJHE BO3MOXHO T.K. TpHU
OBUKEHUM OT BOPOT JUIMHA BEKTOpa CKOPOCTH  Oyner




YMCHBIIATBCA, a PpPacCTOAHHUC [JO BOPOT YBCIUMYMUBATHCA T.C. YCTPAHACTCA BO3MOXHOCTH
YTBIKaHUSA B CTCHKU BOPOT.

3aMeTUM, 4TO BO3MOXKHA CUTYyallMsl KOIla pacCMaTpUBacMblii MUHUMAJIbHBIA yroj OyJIeT TaKkoB,
YTO BEKTOp JBMXKEHMs OyAeT HallpaBi€H B CTOPOHY BOPOT, OJHAKO IpH JIFOOOM W3MEHEHUU
CKOPOCTH IMPOU30MIET yThIKaHHE B OOKOBbIE CTOPOHBI BOPOT C BHYTPEHHEWU CTOPOHBI T.€. HET
BO3MOYKHOCTH MPOUTH Y€PE3 BOPOTA.

3) Kak onpenienuth HarpaBji€HHUE B CTBOP BOPOT?

HampaBieH 5nm BEKTOp CKOPOCTH JApOHA B CTOPOHY BOPOT MOXHO IIPOBEPUTH CIICAYIOIIMM
crocoboM. IIpoBeaem BekTopa yepe3 KpailHME TOUKHM BOPOT: INEPBBIM BEKTOp yepe3 Hadalo
OJIHOW CTOPOHBI M KOHEIl APYrod, BTOPOM BEKTOP aHAJIOTMYHO HO JJIs APYrOW CTOPOHBI BOPOT
(kak MoKa3aHo Ha PUCYHKE).

Ecnu BEKTOp CKOPOCTH NMOMAAAET B YrOJ MEXIY 3THUMHM BEKTOpPaMHU /
TO y JpOHAa €CTh BO3MOXHOCTH TIOMAacTh B Bopora. OgHaKo, e—=
BO3MO>XHa CI/ITyaHI/IH Koraga JaHHOC YC.]'IOBI/IG BBITIOJIHACTCS, HO HpI/I \/
9TOM JIUOO JAPOH HAXOJUTCS JAJIIEKO OT BOPOT M COOKY OT HHUX, JTUOO

,HpOH HaXOoOUuTCA OYCHb 6J'II/I?>KO K BOpOTaM 158 HpI/I J'IIO6OM N3MCHCHHNU

CKOPOCTH JpOHA BCE PaBHO IPOM30HAET YTHIKAHHE B CTEHKY (C

BHYTpPEHHEI CTOPOHBI BOPOT).

YactuyHo wu30ekaTh 3TUX MPOOJIEM MOXHO C TOMOIIBIO
pacCMOTpPEHHUS] HAINpaBJICHHS Ha BBIXOJ W3 BOPOT (KpadHue
TOYKHM) W Ha TOYKYy BHYTpH BOpoT. PaccmarpuBas
COOTBETCTBYIOIIME VIJIBI MEXKJIYy BEKTOPaMH W KOPPEKTUPYS
BEKTOP CKOPOCTH MOYHO JIOOMTHCS TPOXOJa JPOHA depe3
BOPOTA.

OnHako JaHHBIA  IMOJXOJT COJEPKHT OIIMOKY T.K. He
paccMmarpuBaeT MpoOeMy MPOXOXKIACHUS Yepe3 BXOJAHOW CTBOP

BOPOT.
DTO MOXHO PELIUTh C MOMOIIBI0 PACCMOTPEHHUS HAIpPaBICHUS
Ha BXOJ M BbIX0A M3 BOpPOT. COOTBETCTBYIOIIME YIJIbl U HX : -
OTHOIIEHUS JAPYr K JPYTY IO3BOJSIOT BBINKCATh YCIOBHE \
MIPOXOXKIACHUS IpOHa Yepe3 BopoTa. Hampumep, BenuuuHa yria
Ha TOYKY BHYTPU BOPOT JOJDKHA OBITH He 0oJiee MOJIOBUHBI

BEJTMYMHBI YTIIa HA BXOJl B BOPOTa U aHAJIOTMYHOE yCJIOBUE IS
BBIXOJ]Aa U3 BOPOT COBMECTHO TapaHTUPYET MPOXOXKICHHE \
JpOHA Yepe3 BOPOTa.

IlocnegoBaTenbHOCTH BEIBOAA ApOHa B CTBOP BOPOT.
Bce paccMaTpruBACMBIC PAHEC CUTyallUU KACAJIMChb CUTYyAllUU KOI'Jda APOH HAaXOIUTCA HAIIPOTUB

BXOJa B BOpOTaA. PaCCMOTpI/IM HAauXyJlIyr0 CUTyallMIO: IMYCTb APOH HAXOOUTCH C60Ky 1/ W
AAJICKO OT BOPOT. B stom cJrydqac HCO6XOI[I/IMOZ



a) BbIOpaTh HampaBi€HUE [JBWKEHUS (M COOTBETCTBYIOIIUM
00pa3oM M3MEHSATh CKOPOCTbH) JI0 TE€X HOp MOKa HalpaBJIeHUE Ha
TOUYKY BHYTPH BOPOT OKA)XETCS BHYTPM yIJIa Ha BXOJ B BOPOTa
(cm.m.3);

0) HEOOXOIMMO OCYIIECTBUTh IBWKEHUE JpOHA NapalIeIbHO
BXOJY B BOpPOTa JI0 T€X MOpP MOKa HE CO3IACTCS CHTyalus KOTAa
HanpaBJIeHWE Ha BHYTPEHHIOIO TOYKY HE OKa)KETCSl BHYTPH yIJIa
HE TOJIBKO Ha BXOJ HO U Ha BBIXOJ U3 BOPOT (CM.11.3).

B) B CITy4ae €CJIM IMOJIO)KEHHE JIPOHA YAOBJIETBOPSET MyHKTaM "a"
u "0" HO HampaBlieHHE CKOPOCTH JIpOHAa HE HAXOJUTCS BHYTPU
OTIMCAHHBIX YIJIOB (Ha BXOJ U BBIXOJ U3 BOPOT) HEOOXOAUMO JHOO

BEPHYThCS K MYHKTY "a" M JBUraTbCs B CTOPOHY OT BOPOT €llle

OAVWH  TIPOMEXYTOK  BpEeMEHH, JHOO  BOCIOJIB30BATHCS
pe3yibpTaTamu I.2.

3ameuanue: B XOJ€ BBIIIOJIHCHUS .0 IIpru U3SMEHCHHWHN CKOPOCTHU BO3MOXKHA CUTyallls KOrJa II.a
NEPECTACT BBITIOJIHATLCS

4) IIpoxon BHYTpH BOPOT.

21.]'[5{ OMpCACIICHNA TOIr'0 4YTO TOYKA HAXOAWUTCSA BHYTPHU BOPOT MOXKHO TaK K€ BOCIIOJIb30BATLCA
yriamMu. B 3TOM ciiydae cymMMa 4eThIpex yrioB (Ha BXOJ M BBIXOJ, Ha 00€ CTOPOHBI BOPOT)
JoJbkHA cocTaBuTh 360 rpamycoB. KOHTpoib MpOXoaa MOYHO OCYIIECTBIATH KaK IHUKIOM C
YCIIOBHEM «ITIOKa CyMMa yrioB paBHa 360 rpaaycoB» JauO0 IO MPOWUIEHHOMY PAaCCTOSHHUIO U
ITyOMHE BOPOT (BBIYHMCIIACTCS 110 JJIMHE CTEHKH ).

5) Tlocne MpoXoXkKACHHSI OJHHMX BOPOT HEOOXOJWMO TMOBTOPUTH AITOPUTM JUISL CIEIYIOITUX
BOPOT.

6) BosBpaiieHue B HayalbHYIO TOYKY MOXHO paccMaTpUBaTh Kak €Ille OJIHH BOPOTa,
BHYTpPEHHEI TOUKOH y KOTOPBIX Oy/AeT HauajabHas mo3uius ApoHa. [Ipu 3TOM CTeHKH 3TUX BOPOT
MO>KHO Ha3HAYUTh TaK Kak YIOOHO JUIsl alropuTMa B KaXKIblii MOMEHT JIBHXKEHHS JpoHa B UX
CTOPOHY T.€. UX MO’KHO M3MEHATH Ha KaXKJIOM IlIare Tak yToObl M.a ¥ M.0. anropurMa ObLIN HE
CYIIECTBEHHBI, a YCJIOBHSI I1.B BCET/1a BHIMOIHSIINCE.

3aMeuaHue: MOBTOPSIOIIMECS AJIEMEHTHI alropuTMa (Harmpumep, CpaBHEHHE YIJIOB Ui BXOJa U
BBIXOJIa) LIereco00pa3Hell BBIMOIHUTE B BUJe PYHKUUN WIH IPOLEAYD.



