Pemienust 3a1anmnii 0TOOPOYHOIO 3TAMNA
Omnmnuansl «JIoMoOHOCOBY» 10 HHKeHEePHBIM Haykam 2019/2020
5-7 kJj1acchl

3amxaua 1 (20 6a,710B).

BoimonauTe 3CKHM3BI  (PPOHTANBHOM, TOPU3OHTAIBHOW M MNPOQWIBHOM MPOSKIUH JeTamH,
n300pakeHHOH Ha pucynke. CuuTtaiite, 4TO (QpOHTaNbHAs MPOEKIMS — 3TO BHJ CIEPEIH,
TJIAaBHBIA BUJI; TOPU3OHTAIbHASA — BUJ CBEPXY; MpoduiIbHAas — BUJ COOKY ClieBa.

Pewienue:

OaHO U3 BO3MOKHBIX pellleHui:

["'opu3onTanbHas MPOEKIMs [IpodunsHas mpoekuus

/A

OpoHTalIbHASA IPOSKLIHS




3axaua 2 (20 6a,1,10B).

3aTOYHOI CTAHOK (B MPOCTOPEYUHU — DIICKTPOTOYHMIIO) — CTAHOK ISl 3aTaYMBAHUS PEXKYILETO
UHCTpyMeHTa (cM. pucyHOK). [locme BbIKIIOUEHHS JABUTaTeisl dJIEKTPOTOYMIA  €ro
nuMdoBaibHbIE KPYrHM OCTAHABIMBAIOTCS HE Cpasy, a MO MPOIIECTBUM HEKOTOPOrO BPEMEHH.
OauH U3 BYX KpYroB, YCTAHOBJICHHBIX Ha TOYMWJIE, CHSUIA, IIOTOMY YTO B HEM MOSBUJIACH
TpemurHa. B kakom citydae TOUMIIO OCTaHABIUBAETCS OBICTPEE MOCIE BBIKJIFOUEHUS TBUTATENS: C
OJIHUM WM ¢ ABYMs NuM(oBanbHBIMU Kpyramu? OTBET MOSICHUTE.
Qi s—

[TmmdosanbHblt 1l osansHbIi
Pewienue:

Cuiibl TpeHHUs1, NPEeNITCTBYIOIHE BPAIIEHHI0 BAJa JIEKTPOTOYM/IA, He 3aBUCAT OT YUCJIA
YCTAHOBJICHHBIX KPYroB, 2 MHEpUHs BpalleHHs 0oJblle, KOIla HA Bajie 3aKpelJieHbl 1Ba
i doBanbHbIX Kpyra. [103Tomy TO4YHIIO ¢ OAHUM KPYTOM OCTAHOBHTCS ObICTpee.

3agaua 3 (20 6a1510B).

Ha pucynke 1 npexacraBiena kaprta uHconsuu Poccun. Pa3nudHbie 11BeTa OKa3bIBAIOT 001IIee
KOJIMYECTBO 3HEPI'UH, NMocTynarouieil or CoyHIa Ha TOBEPXHOCTh 3€MJIM B Pa3jIMYHbIX TOUYKaX B
TEYCHHE CYTOK (B CpEeHEM 32 TOJ).
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Pucynok 1
ConHeyHasi TaHENb MO3BOJIIET IPEOOPa3OBBIBATH CBETOBYIO JSHEPTUIO, MOCTYMAOIIYIO OT
ComnHira, B 3JEKTPUYECKYI0. BeTporeneparop mnpeoOpa3yeT 3HEPTHIO BETpa B JJICKTPHUECKYIO.
[IpencraBbre, 4YTO B BallleM PaCHOPSHKEHUH HUMEIOTCSA 1) BETpOreHepaTopbl U 2) COJHEYHbBIE
maHenu oOmiel mromaaso 1000 M2 ¢ KITZA = 20%, Tto ectb TOnbKO 20% CBETOBOW 3HEPrUU
npeodpasyeTcs B 3JEKTPHUECKYIO.

BBenem moHsiTHE «IHEpPreTUYecKasi po3a BETPOB», KOTOpoe OyaeT MOKa3blBaTh pacrpe/esieHne
SHEPruH, BHIpa0aTHIBAEMOI BETpPOTCHEpaTOpaMH, B 3aBUCHMOCTH OT HaIlpaBJICHUs BeTpa. Ha
PUCYHKE 2 TIPEICTABJICHBI «PHEPreTHUeCKue po3bl BeTpoB» st Kamununrpana, KpacHosipcka,
Cypryra, fAxyrcka. JlJig OLEHKH CUMTANTE, YTO KaXAbIA KBAaJpaT HA «IHEPreTUUYECKOW po3e
BeTpoB» cooTBeTrcTByeT 10000 kBT 4 3HEpruu, Mpou3BOIMMOI 3a TOJ MMEIOIIMMUCS B BallleM
pacnopsuKeHMM  BETporeHeparopamu. PaccMOTpuM BapuaHT yCTaHOBKU — BBIIIEYKa3aHHBIX
COJIHEUHBIX TMaHeJel M BETPOreHEepaTOpOB B OJHOM M3 YeThlpex ropoao: KamunuHrpan,
Kpacnosipck, Cypryr, SAxyrck. OneHuTe, B KaKOM M3 YKa3aHHBIX TOPOJOB 3THU MaHEIU H
BETPOreHEPATOPBI CMOTYT BBIpA00OTaTh HAUOOIbIIIEe KOJTMYECTBO SHEPTUH 3a TO/I.

Kanununrpan Kpacnosipck
C C
3 B 3 B
LY 10
Cypryt SAxyrck




2\
/)

Pucynok 2

Pewenue:

Onennm INpH IOMOIIK KapThbl, KaK0€ KOJUYECTBO COJIHEYHOM JHEPrum B [€Hb (N)
MOJIYIarT ropoaa, yKkas’aHHbIC B YCJIOBUHU 3a/la41U:

Kaaununrpan 3,5 KBT-u/m?
Kpacnosipck 3,5 kBt u/m’
Cypryr 3 kBr-u/m

Skyrck 3,5 kKBr-u/m

I/ICHOJIb3yﬂ 3TH JAaHHbIC, MOKHO OHNPE€ACIUTb KOJHYECTBO OJSHEPIrUHM, KOTOpPOE€ MOKHO
MOJYYMTD IPH MOMOIIHA COTHCYHBIX naHeJeH 3a roa:

Een = N-S'n°t, rae:

t = 365 — yuncJio aHell B roay;

1N =20% — KIIJI co/iHe4YHBbIX NaHeJIei;

S = 1000 m”— o6mas mIomAaAL paGodeii MOBEPXHOCTH COTHEUHBIX MAHEJICH

N — KOJHM4YeCTBO COJTHEYHOIi IHepruM B JAeHb, Moay4aemoii ¢ 1 M’ costHeqHOi O0aTapeu B
KkaxaoM u3 ropoaos (Kanununrpaa, Kpacuosipek, Cypryr, SAkytck).

Takum o0pa3oM, cyMMapHasi JHeprusi, MOJy4eHHasl OT COJIHEYHBIX NaHesed 3a rox AJs
YyeThIpex ropoioB U3 yCJOBHUS 3a/1a4H, PaBHa:

Kaaununrpan 255,5 MBT1'u
Kpacnosipck 255,5 MBT1'u
Cypryt 219,0 MBT1 4
AxyTck 255,5 MBT1'u

N3 ycnoBus 3a1a4um HaM U3BECTHO, YTO Ka:KAbIli KBaJApaT «IHEPreTHYecKoi po3bl BeTPOB)»
coorBercTByer 10000 xBT1'4 3Heprum 3a roa. IlpocymmupoBaB Bce KBaJapaTrbl BHYTPH
00J1acTH «PO3bI BETPOB» JIs1 KAKI0r0 ropojia, a 3aTeM YMHOKMB HX KoJim4yecTBo Ha 10000
KBT'4, MBI CMOXKEM HAWTH  KOJHUYECTBO  JJIEKTPOIHEPIruM  MNPOU3BEACHHOM
BeTpOreHepaTopamM 3a rof.




KosinuecTBo KBagpaToB 1Jisi TOPOAOB U3 YCJIOBHSA 3a1a4HU:

Kanunuurpan 15
Kpacnosipck 17
Cypryt 17
AxyTck 18

CJ'Ie)IOBaTeJILHO, KOJIMY€CTBO 3HECPIruu, BLIpaﬁaTbIBaeMoe BETPpOreHeparopamMu 3a rox B
ropoaax, yKkasaHHbIX B YCJIOBUH 3aJa4H.

Kaaununrpan 150 MB1'4
Kpacnosipck 170 MBt1'u
Cypryt 170 MBT1-u4
Sxyrcek 180 MBt'u

J1s HaxoxkaeHus: o0IIero KOJU4YeCcTBA BbIPA0ATHIBAEMON JJI€KTPOIHEPIUH  CJIOKUM
0011y 10 3JIEKTPO3HEPTHIO OT COJTHEYHBIX NAHeJell U 0T BeTPOreHepaTopoB UIsl KasKA0ro u3
ropoaos.

B urtore nmosyvyaem:

Kanununrpan 405,5 MBT'4
Kpacunosipck 425,5 MBT1 4
Cypryr 389,0 MBT1-u
Skyrck 435,5 MBT'4

Kak BuaHo, Han0oJib1Iee KOJIUYECTBO IHEPrUM 32 oA ¢ MOMOIIbK) BETPOreHEPaTOPOB U
COJTHEYHBIX NMAaHeJell MOKHO NMOJYYHTh B SAIKyTCKe.

Omeem: Axymck.

3agaua 4 (20 6a1710B).

[Ipu paspaboTke mNpoekTa MOJCPHU3ALMHM 3aBOJAa IMOTPEOOBANIOCH OMPEAETUTh CKOPOCTh
JBIKCHHUS] KOHBEMEPHOU JIEHTHI, 110 KOTOPOW 3arOTOBKM JUIS MAHEJIEW COJIHEYHBIX DJIEMEHTOB
JIOCTaBISUIMNCh M3 CKJaza B LieX. s 3TOro pemmiv HMCIosb30BaTh 3JIEKTPOHHBIE HACTEHHBIE
4achl, BUCEBIINE HA CKJIAA€ U B LeXy. MHAMKATOPBl 3THMX 4acOB MOKAa3bIBAJIM TOJIBKO 4Yachl U
MUHYTbl. M3BeCTHO, YTO B MOMEHT IMepeladd [0 paJu0 CUTHAJIOB TOYHOIO BpPEMEHH,
COOTBETCTBYIOIIMX poBHO 10 wacam yrtpa, u Te u napyrue vacel nokaseiBanu 10:00. B tor
MOMEHT, KOTJla OJlHa M3 3arOoTOBOK IMOKWHYJIA CKJaJ, 4ackl Ha ckiaae mokassBaiu 10:05, a B
MOMEHT MPHUOBITHS 3TOI 3arOTOBKHU B I1eX 4yachl B Lexy nokasbBanu 10:20. B xakux npenemax
MOJKET JIeXkKaTb CKOPOCTb JBM)KEHUS KOHBEHEPHOH JIEHTHI, €CIIM €€ JUIMHA OT CKJaja A0 Lexa
paBHa 120 m? Cuutarh, 4TO CKOPOCTh XOJa OOOMX YacOB COBMAJAET CO CKOPOCTHIO XOAa
ITAJIOHHBIX YaCOB, KOTOPBIE UCIIOJIB3YIOTCSA IS IEPENaYl CUTHAJIIOB TOUHOT'O BPEMEHHU.

Pewenue:

Ecau yacsl B MOMEHT nepeaavyu CUrHajJioOB TOYHOIr0o BPEMEHH NMOKA3LIBAKOT IPaBHJbHOC
YUCJI0 YaCOB U MUHYT, TO B MOMCHT MHIUKAIIUN HA HUX BPEMECHHU T TouHOE BpemMs t PaBHO



T + 7, rie T — HeKOTOpasi BeJIMYUHA B MHTepBajle —Tg < T < T (3mech To = 60 cekyHn,
T.€. NIPOJAOJIKUTEIBbHOCTH 0IHON MUHYTHI). IIycTh yachbl Ha cKJIaJle B MOMEHT OTIIPAaBJIEHUS
3arOTOBKH MNOKAa3bIBaJM Bpems T4, a 4achbl B lleXy B MOMEHT NPUOBITHSI 3TOH 3ar0TOBKH
noxkasbiBajiu Bpems T,. Toraa TouHoe BpeMsi OTHIPABJIEHUS] 3aTOTOBKH M3 CKJIaJa PABHO
ty = T, + T4, a TOUHOE BpeMs NPUOBITHA 3aTOTOBKH B LeX paBHO t; = T, + T,, Tak 4TO
L L L
t2—tg - T +12-T1- 11 - Ty —T1+(T2-71)
IMockoabKy pa3HoOCTh (T — Tq) MOXKET HM3MEHSATHCS B mpeaeaax or —2T, A0 +2T,

N . L
CKOPOCTh IBH:KEHUS] KOHBEHEPHOH JICHTBI JICKHT B NPEeNIaX OT Vpyjp = —— —— = 11,8
2~ 11 0

CKOpPOCTh /ABHUKCHUSA KOHBeﬁepHOﬁ JEHTBbI V =

L

———— =~ 15,4 c™m/c.
Tz —T1—2‘l’0 g

CM/C 10 Vppgx =

Omeem: om 11,8 cm/c 0o 15,4 cm/c.

3axaua 5 (20 6a110B).

Macca nycroii 10-1uTpoBOil alFOMMHUEBON KaHUCTPHI AJis O€H3MHA (CM. pUCYHOK) paBHa 1,3 Kr.
OueHuTe TONIUHY CTEHKU KaHUCTPBI.

Pewienue:

N3 npuBeaeHHOr0 PUCYHKA BHIHO, YTO 1O ¢opMe KaHUCTPA 0JIM3Ka K NPAMOYIOJbHOMY
napaJjJjieJjenuieny, B OCHOBAHUM KOTOPOro (NmepeaHsisi TPaHb KAHMCTPbI) JEKUT KBAAPaT
(0003HAYMM CTOPOHY 3TOro KBaJapara 4yepe3 a), a BbIcoTa h MpuGJIM3NTEIHLHO B TPH pa3a
MeHblle CTOPOHBbI OcHOBaHuA. U3 TpeGoBanus a*h = V, rne V =101 — 00beM KaHUCTPBHI,
naxomnm a = V3V = 30 cm. Toraa odbem MaTepHaJila CTeHOK KAaHHUCTPBI paBeH V.. =
(2a® + 4ah)t, rae t — ToamMHA cTeHOK KaHMCTpbl. [IpupaBHuBas npoussenenue p,,V .



(rone p,, = 2,7 r/em® — miaoTHOCTH AJIOMHHUA) Macce KaHUCTPbI M = 1,3 kr, HaxoauM
M

tzm z:|.,6MM.

Omeem: 1,6 mm.




Pemienust 3a1anmnii 0TOOPOYHOIO 3TAMNA
Omnmnuansl «JIoMoOHOCOBY» 10 HHKeHEePHBIM Haykam 2019/2020
8-9 kJ1accel

3amxaua 1 (20 6a10B).

be3oTBeTcTBEHHBIN BOAUTENh MUXauil JOJKEH MEPEBE3TH U3 MMyHKTAa A B MyHKT b Ha rpy3oBuKe
CO CTAJIbHBIM KY30BOM IIECTh TSKEJIBIX IUIUT: JBE CTAJIbHBIC, JBE JKEJIEC3HbIE U JIBE YUYT'YHHBIC.
Bce mimuthl — 0AMHAKOBBIE TPSAMOYTOJIBHBIE MapAJUICIEIUIEbI, Y KOTOPBIX BBICOTA 3HAUUTEIBLHO
MEHBIIIE JUIMHBI M INUPUHBL. Y OE30TBETCTBEHHOTO MmuXamia HET HHUKAKUX KPEIUICHUH st
MEPEBO3KHU IUIUT, TO3TOMY OH MPOCTO KIAAET IJIUTHl B Ky30B OAHY Ha APYrylo (CM. pUCYHOK),
HAJEsCh, UTO MO MYTH OHU HE HAUYHYT CKOJIb3UTh JAPYT OTHOCUTEIBHO JIpyra U OTHOCHUTEIBHO
KY30Ba.

IImuTe!

JIHO
/ Ky30Ba

B kakom mnopsake Muxauma JODKEH YIOXKHUTh IUIMTHI, YTOOBI MMHUMAJIBHBIA Yrojl HaKJIOHA
JIOPOTH, MIPU KOTOPOM Kakue-JIMOO IUINThl HAUHYT CKOJIb3UTh, ObUT HanOonemuM? Yemy paBHa
BenuunHa »T1oro yrna? OtBer mnoscHute. KodhduImEeHTbl TpeHHs CKOIBXKEHUS MEXIY
MaTepHajJaMM IUTUT U Ky30Ba NPUBEIEHbI B TaOIUIIE:

Cranp Keneszo Uyryn
Craib 0,18 0,19 0,16
Keneso 0,19 0,15 0,18
UyryH 0,16 0,18 0,16

Pewenue:

Cockajab3bIBaTh MOryT Ha4vYaTrb oOJAHa WJIM HECKOJIBbKO BEPXHUX ILJIMUT. HyCTb m -
CyMMapHasa MaccCa COCKAJIb3bIBAIOIIHUX IVIMT, & — yIroJl HAKJIOHA Ky30Ba:



mg cos o

Cuiia TpeHHsI MKy COCKAJIb3bIBAIIUMH IUIUTAMH M JiesKalleil Mo HUMM TUIMTON WJIH
JAHOM KY30Ba paBHa FTp = uN = umg cos a. IlodTomy o0masi cuia, JeHCTBYHOIIAsA HA

COCKAJIL3bIBAKIIME MUIUTHI BA0JIb HANMPABJIEHNUSI COCKAJIL3bIBAHNS, PABHA
F =mgsina — uymg cos «a.

Takum 00pa3om, yroy, npu KOTOPOM IJIMThl HAYMHAIOT COCKAJIbL3bIBATH, Y/I0OBJIETBOPsSIET
ypaBHeHuio 0 = mg sina — umg cos a.

Orcwopa a = arctg y, mo3Tomy AJsl KaXKI0ro pacnosioKeHHusl IVIMT MUHUMAJIBHBIN yroJa,
NMPH KOTOPOM XOT#l ObI OIHA MJIMTA HAYHET COCKAJIb3bIBATh, ONpe/e/isieTcsi HAUMeHbIIUM
3 KOI(PPUIMEHTOB TPEHUsI MENKAY COCETHUMHU MJIUTAMH WJIM HUKHEH MUINTOH W JTHOM
Ky30Ba.

Muxans He MOXKeT YJOKHMTh INIMTBI TaK, YTOObI HAMMEHbIINH KO3 (PHUUHEHT TpeHHs
MeKAYy COCeJHMMM IJIMTAMM MJIM HMKHeH IUIMTOH M JHOM Ky3oBa Obla 0,19, Tak kak B
ITOM cJIyyae YyryHHasl IUIMTA HEe MOMKET CONPHKACATHCH HM C OJHOM U3 IUIMT WJIH JHOM
Ky30Ba.

Eciim Muxanj yJI0KHT HAa JHO Be CTajJbHbIe IUIUTHI, 3aTeM KeJIe3HYI0, 3aTeM YYT'YHHYIO,
3aTeM JKeJIe3HYI0 M CBepXy YYIYHHYIO IUIMTY, TO HaMMeHbIIMH K03 (PuuMeHT TpeHus
MEXKAY COCCHUMH IJIMTAMM WJIM HHKHEH NJIMTON M JHOM Ky30Ba Oyaer pasen 0,18. Yroa,
NPH KOTOPOM HAYHYT COCKAJb3bIBATh ILIUTHI, cOCTABUT @ = arctg 0,18 ~ 10°. Herpyano
NOHATb, YTO 3TO eIMHCTBEHHbII BAPHAHT PAaCHOJIOKEHUS IUIMT, NPH KOTOPOM He
CONMPUKACAIOTCA CTAJIb M YYyT'YH, YYT'YH M YYT'YH, ’KeJIe30 U JKeJie30.

Omeem: 10°.

3axaua 2 (20 6a,1710B).

CanoBon-mobutens Anekcerd [lerpoBuu pemnn ycTpouTh (DOHTAHUMK B IIEHTPE KIyMOBI C
nBeramMd. OH MOMECTHIJI MOTPY>KHOM BHOPALMOHHBIA 3JIEKTPOHACOC C JUAMETPOM BBIXOIHOTO
natpyoka d = 12 MM (cM. pHUCYHOK) B 0Oak C BOJOM, IOCTaBJICHHBIA B IIEHTP KIyMOBI, U
0OHApYXXWJI, 4TO MpH MOTpedasieMoit HacocoM MoutHOCTH P = 100 BT BhICcOTa CTpyH, OBIOIIICH U3



natpyOka BepTuKaibHO BBepx, paBHa H = 30 cm. Yemy paBen KII/[ nacoca, paGotaromiero B
TaKoOM pexume?

Pewenue:

IMockoabKy BbICOTa CTpPYH paBHa H, cKOpPOCTh BOAbI ¥ Ha BBHIXO/lEe H3 HACOCA MO 3aKOHY

cOXpaHeHMsl MeXxaHMYeckol JHeprum paBHa . 2gH. ChaenoBareiibHO, Macca BOJbI,
wd?
BbIOpacbIBaeMasi HACOCOM B €AWHHUILY BPEeMeHH, €CThb U = p—,V, T1e p — IUIOTHOCTD

2
v
Boabl. KuHeTHueckasi JHeprusi eTMHUIBI MACChl BOJAbI HAa BBIXOJ€ W3 HACOCAa PaBHA -
2 2,3
uv nd*v
MO3TOMY TMOJIe3Hasi MOIIHOCTb, pa3BHBaeMasi HAcocoM, paBHa W = - =P =
nd?./(2gH)3 w nd?\/(2gH)3
p %, a ero KIIJI paBen =P + =~ 0,008, T.e. 0,8%.
Omeem: 0,8%.

3axaua 3 (20 6a,1710B).

HaunnarommeMy 3aTOYHHKY METaUIOPEXKYIIEro HHCTPYMEHTa ApKaauio, paboTaroleMy Ha
aneKkTpoToumiie (pucyHok 1), morpeOoBasioch 3aKpenuTh IIIHM(POBATBHBIM KPYr € BHEUIHHM
muamerpoM D m nmamerpom mocanodHoro otBepcTHs d (PHCYHOK 2) Ha Baly dJIEKTPOTOYMIIA
nuamerpoM 0o<d (pucynok 3). CHayama OH MPOCTO 3a)kal TalWKOW HUTH(GOBATBHBIA KPYT
(pucyHOK 4), BHCEBIIMI Ha Baly MOJ JEHCTBUEM CHIIBI TSHKECTH TaK, YTO MOBEPXHOCTH €ro
MOCAJIOYHOTO OTBEPCTUS Kacanach Bajga (pucyHok 5). Ilpu sTtoM Apkamuili 3aMeTwi, 4YTO
BpallleHne Kpyra MpOUCXOIWIO C paaualibHBIM OMEHHEM ero pabdoueil moBepxHocTH. [loaTomy
OH peuryl 0O0TOYMTH HUTHM(OBAIBHBIM KPYr aJMa3HbIM IPaBIJIOM TakK, YTOObl ero pabouas
MOBEPXHOCTh NpUHsIA (GOpMY IIIMHAPA, COOCHOTO C BaJloM (PUCYHOK 6), CTOYMB MpPHU 3TOM
MUHUMAJIBHO HEOOXOJMMOE KOJIHYECTBO Marepuana kpyra. OZHAKO IMOCIE 3TOr0 LEHTP Mace
Kpyra OCTaJICsl CMEIEHHBIM OTHOCHTEIBHO OCH Bajia, M OBICTPOE BpallleHUE Kpyra MPUBOIUIO K
3aMETHBIM paJuallbHBIM Harpy3KaMm Ha BaJl B MECTE €ro KacaHus ¢ Kpyrom. UtoObl ycTpaHUTh U
pamuanbHbIe HArpy3Kd Ha Ball, U OWeHHE pabodel MOBEPXHOCTH Kpyra, ApKaauil pemmi



U3rOTOBUTH MEPEXOJHYIO BTYJIKY C BHYTPEHHHM AuaMeTpoM Oy ¥ BHEIIHUM guameTpoM d u
YCTaHOBUTH KPYT Ha BaJl Yepe3 3Ty BTYJKY, IOBTOPHO OOTOYMB €ro aiMa3HbIM npaBuiioMm. Kakoii
MUHUMAaJbHBIN 00bEM MaTepHalia Kpyra Hy)KHO CTOYUTh JJIsl 3TOro?

Pucynok 1 Pucynok 2

Pucynox 5 Pucynox 6

Pewenue:



D . d
Iycts R = 5 — BHeWHuWii paamyc HUIH(OBAJIBHOIO Kpyra, 1 = 7 — pammyc ero

d
MOCaJ0YHOr0 OTBEPCTHS, Ty = 7" — paauyc BaJa. Ilocie nepBoro o0TaunBaHusi BHEIIHSS

MOBEPXHOCTH IN(OBAJBLHOI0 Kpyra oyaer umerb (popmMmy HUIMHAPA paauycoM Ry = R —
Ar, tne Ar =1 — 1y ecTh PpaccTosiHHEe, HA KOTOpOe NLIU(OBAJIbHBIIA KPYr CIABHHYT
OTHOCHUTEJIbHO OCH HHJIMHIPA M3 CTPOr0 COOCHOIO € BAJIOM IOJIOKEHHS (CM. PHCYHOK S;
paauyc 3TOr0 HWIMHAPA paBeH HAUMEHbIIEMY PACCTOSIHHIO OT OCH BaJjia 0 BHENIHEH
MOBEPXHOCTH NUIH(OBATBLHOIO Kpyra). TouHO Tak :Ke mocjie BTOPOro 00TavYMBAHUS
BHEIIHSISI IOBEPXHOCTH Kpyra Oyaer umerb (popmy nmjaunHapa paauycom R, = Ry — Ar =
R — 2Ar. Ilo3TomMy 00beM MaTepHaJia, CHATOIO NMPH BTOPOM O0TAYMBAHMH, HA €JUHHUILY
TosmmHbl Kpyra pasen w = w(R3 — R3) = m(2RAr — 34r?%) ~ 2nRAr.

3axaua 4 (20 6a1710B).

VYrnepoanas HaHOTpyOka (cokpamieHHo — YHT) — sTo amnorponHas moaudukanus yriepoa,

npeacCTaBJIArOIIaA coboit MMOJIYIO HUWJIWMHAPHUYCCKYIO CTPYKTYPY AUAMETPOM OT HCCATBIX I[OJ'IGI71

HAaHOMETpa /10 HECKOJIbKMX JECSITKOB HAHOMETPOB, COCTOSIIYIO W3 OJHOM WM HECKOJIbKHX
CBEpHYTBIX B TPYyOKY rpadeHOBbIX miiockocTeil. OqHuM u3 Hanbosiee NepCrEeKTUBHBIX METO/I0B

cunte3a YHT sBusercs kartaauTHUeCKUH HHUPOJIU3 YrieBoAopooB. CTpyKTypa MOIy4aeMbIX
YHT B OoybmION CTENEHW 3aBUCUT OT Karajau3aTropa, TIPU OSTOM HCIIOJIB30BAHHE
MHOIOKOMIIOHEHTHBIX CIUIABOB MJIM CMECEH METalJIoB B KauyecTBE KaTajau3aTopa IO3BOJISET
3HAYUTENBHO YBEJIUYUTD BBIXOJ] IPOAYKTA.

st cunreza YHT wucnons3oBanu Fe-MoO katanu3aTop ¢ MOJISIpHBIM cooTHomeHueM Fe/Mo =
5/1. B xauecTBe HOCHTENs KaTajau3aTopa ucronb3oBaics MgO. OOmas macca katanusaTopa u
Hocutens cocraBuna 1 1 (3% (mo macce) cmecu Fe/Mo, 97% (o macce) HocuTenst). B kauectBe
ucrounnka Fe m MO wucnosnp3oBanuch HoOHaruapaT Hutpata xkene3a Il u rexcarmapar
renramonu0aaTa aMMoHus. PaccumnTaiite Macchl HaBECOK COJI€H, KOTOpble HEOOXOAUMO B3STh
JUISI IOATOTOBKH KaTaJln3aTopa.

[Tocne BBINOSHEHUS CHHTE3a KaTalM3aTop HEOOXOAMMO YAANuTh. JlJIs 3TOTO IMOJIyYEHHYIO B
pe3yibTaTe CHUHTE3a CMECh IOMELIAI0T B KPYIJVIOJOHHYKO KOJOYy M MOJCOEAMHSAIOT €€ K
00paTHOMY XOJIOAMJIBHUKY. Uepe3 CTEKISHHYI0 BOPOHKY MPUIMBAIOT HEOOJBIIMMHU MOPIHSIMU
KOHIICHTPUPOBAaHHYIO  COJsHYI0 Kuciory. Konly ¢ XOJOJWIBHUKOM MOMEIIAlT B
yIABTPa3BYKOBYIO BaHHY U 00pabateiBatoT mipu 70 °C B TeueHHE TPEX YacoB.

Hanummre ypaBHEeHUSs MPOTEKAIOIIUX POLECCOB. 3a4eM KOJOY ¢ XOJOUIBHUKOM IOMEIIAIOT B
YJIBTPa3BYKOBYIO BaHHY?

Pewenue:

Iycts v(MO0) = X MoJIb, TOTAA V(FE) = 5X MoJIB.

Haiizem m(Fe/Mo) = ¢/ Ml"go"; (e — 0,03 r, Torma m(Fe/Mo) = v(Fe) - u(Fe) + v(Mo) -

n(Mo) = 376x, Toraa X = 0,08 MmmoIb

r

(1) Houmarmapart Hurparta xkeje3a |11 — Fe(NO3)3-9H,0, pu = 404

MOJIb
r

2 Iexcaruapar rentamoménara ammonust — (NH4)sM07024 - 6H,0, p = 1272

MOJIb


https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BB%D0%BE%D1%82%D1%80%D0%BE%D0%BF%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BB%D0%B8%D0%BD%D0%B4%D1%80
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BD%D0%BE%D0%BC%D0%B5%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%81%D0%BA%D0%BE%D1%81%D1%82%D1%8C_(%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F)

U3 popmyasi (1), v(Fe(NO3)3-9H,0) : v(Fe) = 1:1, 3nauut, v(Fe(NO3)3-9H,0) = 0,4 mmo.Ib,
torma M(Fe(NO3)3-9H,0) = 0,162 r
U3 popmyast (2), v(NH4)sM07024 - 6H20) : v(Mo) = 1:7, 3naunt v((NH4)sM07024 - 6H,0) =

9,08 mmorn I;IMOH" = 0,011 mmoub, Toraa M((NH4)sMo7024 - 6H,0) = 0,014 r

Ilo oxkoHYaHMHU peaKkuHMHu B K00y 100aBJISIIOT KOHIEHTPHMPOBAHHYIO COJIAHYI0 KHCJIOTY IS
pacrBopenus MgQO. YpaBHeHue peakumu:

MgO + 2HCI = MgCl; + H,O

YabTpa3ByKOBYI0 BAHHY MCHOJIB3YIOT VIS JIyUllleil OYMCTKHA HAHOTPYOOK OT KATAJIM3aTopa
U NpeAoTBpanieHus 00pa30BaHNs arJIOMePaToB.

Omeem: 0,162 2 u 0,014 2.

3agaua 5 (20 6a1510B).

Ha pucynke 1 npencrasiena kapta unconsuuu Poccun. PaznuuHble 11BeTa moKa3bIBalOT o0IIee
KOJIMYECTBO DHEPIuH, nocTymnaromieii or ColHIa Ha MOBEPXHOCTh 3eMJIM B Pa3jIMYHbIX TOUYKaX B
TEUYEHHUE CYTOK (B CpEHEM 3a T'OJI).
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ConHeuHasi TaHeNb IO3BOJISIET IMPEOOpPa30BBIBATh CBETOBYIO HHEPIUI0, MOCTYMAIONIYI OT
CounHita, B 2JIEKTpHUECKYl0. BeTporeHeparop mpeoOpa3yeT KWHETHUYECKYIO DHEPTHIO BETpa B
aNeKTpuuecKyro. [IpencraBpTe, YTO B BalleM paCIOPSHKEHHH HMEIOTCS COJHEYHBIC ITaHEeNn
oGmei mromameo 1000 mM® ¢ KIIJ[ 20%, a Takxke BETPOTECHEPATOPHI C BEPTUKAIBHON OCBIO
(BpIpaOOTKA MU AIEKTPOIHEPTUH HE 3aBUCHUT OT HampasieHus BeTpa), KI1/I kotopsix paBeH 5%
(oTHOIIEHWE BBIPAOATHIBAEMON MOIIHOCTH K MOIIHOCTH TIOTOKa BO3/yXa, OXBATHIBAEMOTO
BpaImaromumMucs yonactsmu). OOmas TUIomaas, OXBaThbiBagMas BPAIIAOIIUMUCS JIOMACTIMU
BCEX BeTporeHepaTopos, pasHa 10000 M.



PaccmaTtpuBaercs  BapuaHT  YCTAHOBKM  BBIIICYKA3aHHBIX  COJHEYHBIX  MaHENed U
BETporeHepatopoB B oaHoM u3 4 roponaos: Kamununrpazn, Kpacnosipck, Cypryr, SAkyrck.
Ouenute, B KaKOM M3 OTHX TOpPOJOB MOXXHO IMOJIYYUTh HauOOJbIIEe KOJIUYECTBO
AIEKTPOIHEPTHH 32 TOI.

Hwxe Ha pucyHke 2 npencraBiieHbl «po3bl BeTpos» s Kanununrpana, Kpacnosipcka, Cypryra
u Slkyrcka. [l OEHKHU MpenrnoaraeTcs, 4To BeTep MOXKET AYTh JIMILIb BAOJIb 4 HalpaBiIeHUN
(ceBep, 10T, 3amaj, BOCTOK), @ YUCJIAaMH Ha rpaduKax MpeACTaBICHO o0liee KOJINYECTBO YacoB B
roly, B TEUEHHUE KOTOPBIX BETEp IYyeT BJOJIb KaXJOr0 W3 HampaBieHUil. B Tedenue rona
CKOPOCTb BETpa, IPU €ro HaJMYHH, CYUTAUTE MIOCTOSIHHOW (OHA yKa3aHa BO3JIE «PO3bI BETPOBY).
[TnoTHOCTH BO3/IyXa pUMHUTE paBHOH 1,27 Kr/nm®,

Kanununrpan Kpacnosipck
1.8 m/c C 2,1 m/c C
750
1500 T 1900 _|300
= s = | :
800 450
1350 | 1750
10 10
Cypryt AxkyTck
3.7 mlc C 1,6 m/c C
1750
950 T
1300 1000
3 I B 3 ! | B
1050 900
1050 | 750 |
to 0
Pucynok 2

Pewienue:

OueHnM NpPU TOMOIIM KapThl, KaKOe KOJIMYEeCTBO COJTHeuHOii 3Hepruu B JaeHb (N)
MOJIy4al0T IropoJa, YKa3aHHbIC B YCJIOBUH 32Ja4H:

Kaaununrpan 3,5 KBT-4/M?
Kpacnosipck 3,5 kB u/m*
Cypryr 3 kB u/m?

Sxyrck 3,5 kBT u/mM°

Hcnoub3yss 3TH JaHHbIE, MOKHO OINPEACIUTb KOJIHYECTBO JIHEPrHH, KOTOPOE MOKHO
MOJIYYHUTh IIPH IOMOILIM COJTHEYHBIX MaHeJIel 3a roa:

Een = N-S'n¢'t, rae:
t = 365 — yuncJi0 aHell B Toy;

Nen = 20% — KIT/I costHEYHBIX MAaHeJIei;




S = 1000 m° — o6mmas mIomanb paboyeii MOBEPXHOCTH COJTHEYHBIX MAaHeJIeid ;

N — KOJIM4eCTBO COJIHEYHOI 3HEPruu B [IeHb, Moay4aemoi ¢ 1 M’ costHeqHOI O0atapeu B
kaxkaoM u3 ropoaoB (Kamumnunrpaa, Kpacuosipek, Cypryr, AAkyrck).

Takum 06pa30M, CyYMMapHasi HEprusi, moJdydeHHasi OT COJTHECYHBLIX naHeJei 3a roa AJs
YETBIPEX I'OpoaoB U3 yCJI0BUA 3a/iavdi, paBHaA:

Kaaununrpan 255,5 MBT1:4
Kpacnosipck 255,5 MBT1'u
Cypryt 219,0 MBT1-u
Sxyrek 255,5 MBT1'u

Tenepsr ompeaeJuM KOJHMYECTBO 3JHEPrHU, KOTOPOE MOKHO MOJYYHTh C TOMOIIbIO
BeTporeHepaTopoB. U3 ycioBusi 3a1a4m cjieyeT, YTO CKOPOCTh BeTPa MOKHO CUYMTATh
MOCTOSIHHOI, 2 €ro HATIPaBJIeHHE He BJIUseT HA BHIPA0GOTKY JIeKTPOIHEPTHH.

JHepru, MoJay4aeMyld OT BeTPOreHepaTopoB 3a BpeMsi I MOKHO OUEHUTHh Kak E, =
Ner' P-t, 1€ N — KIIJ BeTporeneparopos, P — MOIHOCTH MOTOKA BO3yXa, 0XBATHIBAE€MOI0
BPAlIAIOIIMMHUCH JIONACTAMH BceX BerporeHeparopon. Ilo ompenesenuro mMoumHocts P
BO3AYIIHOTO IOTOKA, NMPOXOJSIEro 4epe3 cedyeHHe S paBHA KHHETHYECKOl IHePruu
BO3/1yXa, POXO/ASIIEro Yepe3 ceyeHue MI0AAbI0 S B e IUHUIY BpeMEHHU, T.e.

P= u°V2/2, rjae p = p:S'V — MaccoBblil pacxojx BO31yXa B eJUHUIY BpeMEHHU.
Taxum o6pasom, moaydaem P = p-S-v3/2, rae:
p = 1,27 kr/m°— m0THOCTD BO3AYXA;

S = 10000 m> — o0masi mIomAaAb, OXBaTbiBaeMasi BPALIAKIIMMHCH JIONACTAMH BCeX
BETPOreHEePaTopoOB;

V — CKOPOCTH BE€TPa AJd Ka’KA0ro U3 ropoaon.

Bpemss t Mo:XHO HaliTM M3 PHCYHKOB B YCJOBHM 3anaud. /[las kaxpaoro ropoaa
NPOCYMMHPYeM 10 BCeM YeThIPEM HANPABJIEHUSM KOJIHYECTBO YaCOB, B Te4eHHe KOTOPbIX
ayJ BeTep. B urore noiny4yaem:

Kaaununrpan 4400 yacos
Kpacnosipck 4400 yacos
Cypryr 4350 yacoB
Sxyrck 4400 yacos

Takum o0pa3oM, cymMMapHasi JHEPrusi, NMOJYy4YeHHasi OT BeTPOreHepaToOpoB 3a Ioja Jist
Ka’K[10ro ropoja, paBHa:

Kanununrpang E.,.= 8,1 MBt'u
Kpacnosipck Ei=12,9 MB1'u
Cypryrt Esr= 69,9 MBT1 4

AxyTck Ei-= 5,7 MBT 4



Jiis HaxoxJaeHUus1 o0uIero KoJUYeCcTBA BbIPA0ATHIBAEMOIl JHEPruM CJOKUM IHEPIrulo,
MOJIYYeHHYI0 OT COJIHEYHBIX MaHeJ e, U IJHePrulo, N0JYy4YeHHYI0 OT BeTPOreHepaTopoB, AJs
KaK/10r0 U3 rOpo/0B.

B urtore mosyyaem:

Kanunuurpan ~ 264 MBT1-4
Kpacnosipck =~ 268 MBT'4
Cypryr =~ 289 MBt'4
Axyrek =~ 261 MBt'4

Kak BuaHo, HauOoJiblIee KOJMYECTBO IHEPIUHU 32 o ¢ MOMOIIbI) BEeTPOreHepaTopoB M
COJIHEYHBIX MaHeJIell MOKHO moJyuuTh B Cypryre.

Omeem: Cypeym.




