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rypO Hbr. Typ6xHâ (T) pa3Meqaerca e rnyooxr,rx
cnoKoùHbtx cnoFx BoAbt, a nonnaBoK (n),
yAepxlrBaEu.{[t Ban BpaqeHnr T, Ho He
ylacrByroulxù B ero BpaqeHrl4, HaxoAl4Tca Ha
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ABrxeHl4 . nocpeAcrBoM xecrKoù npoAonbHoù caq3|4
c T eepæ Ban BpaqeH|an cMeu.{eHlaF n nepeAatorcF
3aTonneHHoù T,9To npxBoAl4T ee Bo BpaqarenbHoe

AB XeHl4e, B cuny r[6Kocrt4 nonacreù (n)ABuxeHue T
BCerAa ocyu{ecTBnfleTcq B oAHy cTopoHy, npnqeM B
cocroFHl4l4 noKofl xopAbr tl pacnonaraprcr B
nnocKocï4 BpauleH[fl T, a B aKrxBHoM cocroFHrx tl
!t3f[6anrcF, KaK Kpbrno nruqH ny xBocr pbr6br npl4
MaxoBoM nonepegHoM K HanpaBneH[b AB|4xeHl4F
yAape. 3axBar I h crnoBoe Bo3AeùcrBxe or Tl K tl
ocyr'l.lecrBnqercr B coorBercrBr414 c npaBxnoM u=0 29
B nonepegHoM K nnocKocrl4 ABhxeHuF Il
HanpaBneHhu. n pacnonoxeHbr nonapHo
clMMeTpugHo oTHocfiTenbHo Bana BpauleHn9 Ha
nonepevl4He rax, 9To 06pa3ybr orAenbHbrù oneMeHT T
c 3HaKooAr4HaKoBbrM14 Anq o6e|4x I nopoXAaeMbrx xM14
MoMeHToB BDaLueHxF. KonuqecrBo n raKux
3neMeHTOB, paCnOnOXeHHbtX BAOnb Sana Bpar{eH|4t
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ly'eo6pereune orHocr4Tcc K cpe4crBaM npeo6pasoaaHrn Bo3BparHo-nocrynarenbHoro
ABhxeHhr TeKyqhx cpeA, Bb|3BaHHoro, HanpnMep, MopcKt4M14 BonHaMn, B oAHocTopoHHee
Bpau.larenbHoe ABhxeHhe ryp6nuur.

YpoBeHb rexHnKn
14saecruo ycrpoùcrao aerpnuan MenbHhqa hnh BerpFK (5.3xx. BaeAeHhe B TexHhqecKyto

rh4poMexaHr'rKy. M. - Il.: 1941, FoceHeprons4ar, - 256 c.). B Heù Ha Bany Bpar4eH q B
nflocKocTr4, nepneHAhKyncpHor4 K ocr4 Bana Bpar4eHr.tf,, 3aKpenneHo HecKoflbKo nonacTeù,
KOTOpHe nOA Ae!4CTBÙ4eM BeTpa nphXOAf,T B ABhXeHhe, 3aAaBaF npfi OTOM BpaularenbHoe
ABhXeHne Bana BpauleHhF.

K ue4ocrarxau 3BecrHoro ycrpoùcrBa orHocrrcf,:
- Ht43Kr4ù KooSQhqneHr none3Horo .qeùcrann (Kfl.[): npe4enbHbrù reoperrvecrrù K11!

MeHbue 60%, peanuuurr; - B npeAenax 15-250Â:
- oAHOHanpaBneHHocTb BeTpcKa no oTHouJeHh|o K HanpaBneHI|o BeTpâ, 3aAaou]an

Heo6xogrn,toe HanpaBneH!4e BpauleHhq Bafl a.
lzlgaecrFro (Areea B.A. Herpa4rqnouxue n gogo6HoanseMHe hcro.tHt4Kh eneprr, a (xypc

neKqhù), httpJ/dhes.ime. mrsu.ru/studies/nrps/lectures/lecture12.pdO ycrpoùcrBo, B
KoropoM hcnonb3yercr nphHqr4n Kone6n|oqeroca BoAHoro cron6a (paspa6orxa HaqrouansHoù
hHXeHepHorZ na6oparopreù NEL, BenriKo6pr4raHr4c, pa3MeulaercF Henocpe.qcrBeHHo Ha fpyHre,
ryp6rua nprlBoAr4lcn B AeùcrBr4e noroKoM o4Horo HanpaBneHun), npra oroM cr4creMoù KnanaHoB
npnvoù r 06parHbrù Bo34yrxHbre noroKr4, MeHqor4!4e HanpaBfleHhe ABnxeHnc nog AeÉcrBxeM
xone6asnù BoiqHoro cron6a, nocrynanr ua ryp6uny c oAHoù cropoHbr.

K He4ocrarKaM !43BecrHoro ycrpoùcraa orHocnTcF:
- norepn sQQefihBHocrh ycrpoùcraa h3-3a oHeprerhqecKux norepb, conpoBoMaoqhx

npoqecc npoxox{AeHhF TeKyL[4Mr4 noToKaMh d4cTeMbt KnanaHoB t4 KoneH, h3MeH9lot4r4x
HanpaBneH F noToKoB;

- coxpaHrercn HeoQSeKrnBHbrù nphHqhn pa6orul aerpnxa;
14gsecrHa ryp6nHa Yennca (ïaaùgenn .Qx., Veùp A. Bogo6HoanseMbre hcroqHhKr4 gHeprhh:

flep. c aHrn. - M.: eneproaroMn3Aar. 1990. - 392 c.), y Koropof 3HaKonocrorHHbrù
Bpau{arenbHbrù MoMeHT Bo3HnKaer He3aBhd4Mo or npcMoro hnh o6parHoro HanpaBneH n
noroxa rexyveù cpe4ur. ero Aocrhraercr sa cver $oplsr nonacreù Typ6r4Hbr, o6napaoqurx
agpoAt4HaMl4qecKhM npo(puneM B B!4Ae Kan.nu, BbrrFHyroù B HanpaBfleHrM ABhxeHr4fi nonacrfi B
nnoctocrn BpaqeHhs ryp6hHbr. Tlph na4eHhu noroKa Ha nonacrb nog yrnoM K ee noBepxHocrr,
orn!4qaou.14Mcs or npcMoro yrna, Bo3HhKaer cocraBnqoqas chnbt, Bo3AeùcrBytou{eù Ha
JronacTb, BbrTanK Baou{ac ee h3 noToKa B HanpaBneHhh, nepneHAhKynffpHoM oct4 Bpat4eHhg
ryp6rxu. B pesynsrare ryp6ura npno6peraer Bpau{arenbHoe ABhxeHhe, noAAepx!4BaeMoe
coBoKynHbrM eosgeùcrareu scex nonacreù, hMeoul4xcc y ryp6hHbt. B chny cuMMerp!4h
npoQhnF nonacrh no orHoueHn|o K nnocKocrt4 Bpau{eHuF ryp6ruu Bo3AeùcrBhe npFMoro
noroKa aHanorhquo aosgeùcranrc o6parHoro noroKa, B pe3ynbrare vero ryp6nHa a o6onx
cnyqaFx nMeeT o,qHo t,r To xe HanpaBneHhe Bpat4eHuF.

K ne4ocrarxav ryp6rHur Yennca orsocnrcn:
- nugxuù xosS$nqreur noneauoro geùcreun (Kf1!). B cecsu c reM, qro ryp6rua Yennca -

ero $arrnvecxr BerpfiK, xorb 14 AByxcropoHHhù, ero (KllA) B hAeaflbHoM BapuaHre Moxer
oqeHhBarbcF KaK MeHbuJe 60%, a a peanbHoM ot 15 go 25o/o;

- ns6nparenuuocru a e$SerrueHocTt4 B3anMo,qei,tctean nonactw n noToKa h3-3a
QhKc!4poBaHHocrh npoQ nq nonacrn, vro npr uecra6unbHoc 4 BonHoBoro cneKrpa nphBoAhr,
KaK cne.qcrBne, K cyu{ecrBeHHoù norepe o6qeù o$QefihBHocrrt ryp6hHbt;

- n3-3a ô KcrpoBaHHocl4 npo$nnn nonacrn r4crn€qeH pecypc Bo3MoxHoro noBbrureHht
eSSerrnaHocna pa6orbr ryp6r4Hbr 3a cqer cHnxeH c conpon/BneHhr;

- +14Kc14poBaHHocrb aepoAhHaMhvecroro npoQrnF nonacrh h MexaH!4crhqecxnù nogxo4 x
Bo3Ht4KHoBeHhtc ABr4xyqeù chnu flonacrh ga cqer orpaxeHhF noroKa or HaKnoHHof nnocKocfl4
npegcraBnnpr co6où cypporar AByx pa34enoa $renxu - 4nxauhKr4 TBep4oro rena t,r
aopoAnHaMhKrl o6rexaeuoro npo+!4nF, qro np BoiqtaT x uuaroe$$errrBHoMy BaphaHTy
ryp6uuur;



RU 2 303 708 C2

- nphHqnn paGorbr ryp6nHbr 3a,qaer raKyÉ reoMeTprlo npoxoAflt4r4x Ltepe3 Hee noroKoB, qTo
nphBoAr4T K Heo6xoAr4MocTt4 AononHhTenbHbtx 3aTpaT Ha cTpohTenbcTBo coopyxeHhù,
3a,qa|or4r4x pa6oqhe noToKt4 h cH Xaou.lt4x 3ÔsefihBHocTb Bcero cooplD(eHr|F;

- reoMeTphr pacnonoxeHhF pa6oqxx noToKoB n ryp6nHH ncK'|roqaeT Hapaqt4BaHhe
5 MOU.{HOCTI4 Ha Bany TypbhHbt nyTeM KacKaAHoro pacnonoxeHrF Ha HeM rpynnbl

nocreAoBaTenbHo pacnonoxeHHbrx Typ6nH;
- ryp6yneHTHocTb BHeuJHeù aTMoc$epbt B rxTopMoBoù nephoA cyqecrBeHHo Brhner Ha

oQQeKrhBHocrb pa6orbt ryp6xHbt ygnnca.
14seecrFra (httpJ/www.energetech.com.au/) paspa6orxa AecrpanhùcKr4x nso6perareneù -

to ryp5naa,Qennucca-crapu.rero (The Demiiss-Auld Turbine). B eroù ryp6r,rne yron araKh
xecTKr,rx nonacTeù perynhpyeTcg c noMot4bto ceHcopHbtx ,qaTqnKoB, qro nosBorFeT yqecTb

3MeHeHhe HanpaBneHhn AhHaMuqecKoro noroKa Bo3Ayxa c npnMoro Ha o6parHoe n coxpaHnTb
3HaKonocrofl HHoe BpaqeHhe ryp6nnur.

K re4ocrarxau h3BecrHoro cpe4crBa orHocFTcF:
ts - Tor xe HnsroeSQerrnaxslù nprHqnn AefcrBt4n BerpsKa, T.e., no cyrr4, rpebxoeurù cnoco6

co3AaHht ct4llbr TFfh ronacTnMh;
- xecrKhe nonacrh cHhxaor gQQeKTnBHocrb pa6orul ycrpoùcrea;
- BBeAeHne B ycrpoùcrBo ct,tcreMbt ynpaBneHnF nonacrnMh, ycnoxnnoqeÉ ycrpofcrBo,

xehs6exHo nphBoAr,tr K cHt,txeHhto Ha4exHocm paborbt ryp6uHbt.
20 Halrbonee 6nnsxhr\4 K npe4naraeMoMy rexHhqecKoMy peuJeHhp FBnflercn sau <Cnoco6 yt

ycrpofcrBo Ane nepeMeu{eHhr 3aronneHHoro refla) (nareHr Ne2259302 RU), a roroporvr x
nnocKoMy nnr o6reuHovry r!4gpoiqhHaMhqecrlt o6rexaelaouy rra6xor,ay ynpyroMy refly,
Haxognu{eMycn B TeKyqeù cpege, B nonepeqHoM K noBepxHocrr4 npo$nnn HanpaBneHnh B
onpeAefleHHoù o6nacrn, yAoBnerBoperot4eù npaenny U=0.29, nphKnaAbtBaerce crra. 3ro

25 nptABOAVtT K BO3HLTKHOBeHnO y Tena Chflbt TFru B HanpaBneHuh BnepeA, nonepeqHoM K
HanpaBneHhto nphKnaAbrBaeMoù chnbt.

lzlgaecrnoe peueHxe AonycKaer pacuhpeHhe B BuAe nphMeHhMocrr ero AaF cnyqaq, xorga
chra, Bo3AefcrBylou{aF Ha BHUeyKa3aHHoe reflo, co3AaercF 3a cqer oHeprhn, HanphMep,
MOpCKT4X BOnH.

30 L|enb npeAnaraeMoro peuleHhr - paspaborxa cnoco6a n ycrporicrea-rypbrHsr,
Bpau.larenbHoe ABhxeHne KoropoÉ Bo3HhKaer no4 aos4eùcrareM TeKygeù cpegbt npx
Bo3BparHo-nocrynarerbHoM ,qBnxeHnn ryp6r,rr.tut orHocr,trenbHo cpeAbt hnn cpe,qbt orHochrenbHo
ryp6ltxut BAonb oct4 ee BpaqeHhn, nhueHHoro BbruenepeqhcneHHbtx He,qocrarKoB t43BecrHbtx
TexHhqecKnx peueHntl u flBInou.lerocF ecTecTBeHHbtM oa3BhTt4eM Ha|.llero n3BecTHoro

35 TeXHnqeCKOrO De[.UeHrC.
l-.lenb Aocrhraercn nphMeHeHheM B KaqecrBe ronacrh ryp6nnur nnocKoro nnn oGtelanoro

rhApoAnHaMnqecru o6rexaelaoro rn6roro ynpyroro rena, o6nacru xecTKoro 3axBara KoToporo
yAoBnerBopFer npaBhny U=0.29, npn.le[,t B cocroeHr4h noKof, xopAa nonacrh pacnonaraercF B
nflocKocn4 BpaqeHhe ryp6r,rHur, nepneHAhtryflFpHoù oclr apaqennn ryp6nnur, a caua rypbrHa

40 cocronr h3 n or,qenbHbtx oreMeHToB, 3aKpen.neHHbtx Ha Bany BpaqeHun ryp6lrnu, Ka4uù h3
Koropbtx cocraBneH h3 AByx ,r 6onee nonacreù, o4MMerpnqHo pacno.noxeHHbtx orHocrrenbHo
Bana Bpar4eHhF ryp6nxur, nph oroM cnna rFrh nonacrn Bo3HnKaer noA Bo3AefcrBr4eM TeKyqeù
cpeAbr nph Bo3BparHo-nocrynarenbHoM ABhxeHtan ryp6nHbt orHochrerbHo cpeAbt hnn cpe.qbl
orHoc rerbHo ryp6hHbt B4onb och ee BpaqeHhr sa cver rn6rux 4e+opMaqrù flonacrr,

ls nogo6nurx geQopMaqhnM Kpbrna nrhqbt Hr[ xBocra pur6ul e npoqecce MaxoBoro ABl4xeHuF, rl
B03H14KHOBeHfi9 Br4xpeBOrO ABr4xeHnq CpeAbt B nOnepeqHoM oTHoChTeflbHO HanpaBneHht
MaxoBofo,qBhxeHh'l HanpaBneHnh.

CYTIIHOCTb L.I306PETEH I,1F,
A. flpn paspa6orxe <Cnoco6a n ycrpoùcrBa,qnF nepeMeqeHuc 3aronneHHoro rena) (nareHr

so Ns22593O2 RU) Haur nonyqeHo,.{To nph Bo3AericrBnh B nonepeqHoM HanpaBneHhn Ha nnocroe
nnn o6relasoe rh4po4hHaMhqecxr o6rexaeuoe rra6xoe ynpyroe rero r14na Kpbtna, HaxoAnu{eecF
B TeKyqeù cpeAe, B onpeAeneHHoÉ ero oonacrn nphBoAhr K Bo3HhKHoBeHhlo cr4nbt rFrn,
BbrHyXAaouleù reno ABnrarbcn Bnepeg B nonepeqHoM x aosgeùcraynqeh cnne HanpaBneHhh.
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lloncxru ero.
llper4ge acero, ocoboro BHhMaHhs rpe6yer Bonpoc onpe4eneHhc o6nacrh nphnoxeHhn

BHe[!Hero ychr|t4c K ABt4xnTen|o.
PaccMorpr4M (Snr.1) reno, Haxo,qnu.leecn no4 geùcrenev BHeuHeù chnsr. .[flc

5 onpe4eneHHocrta nycrb oro 6yper nnocKan nracrhHa npnuoyronuuoù $opri,rsr c
pa3MepaMh lxk, rge l- nonepevnsrù, a k - npo4onutuù ee paslaepur, nprveLa l<k.
Paccuarpnearu nnacrhHy 6yger'a a nnocrocrh XOY npnrrloyronbHoù cncreMH KoopAhHar,
o6pasoaaxnoù occrvrgr X, Y n Z. B npo4onbHoM HanpaBneHhh nracrnHa HanpaBneHa
napannenbHo ocu Z, npyqeù hs nù4cra. B pesynurare Ha nflocKocrh XOY npoexqrar nflacrhHbl

10 6yqer Bbrrnnperb xar orpesox AB npnMoù nhHur, An Hoù l. Havano xoop4llnar, rovxy O,
eubepen,t raK, qro oHa 6yger coana4arb c ro,lKoù eur6opa rnrn, c Ha,{arbHoù pnnHoù po. Ocu
OX uanpaanna no Bepruxant,t BHt43 TaK, qro npFMaF, coeghHcoulas rovxy O c nnacruuoù, 6yger
coBna4arb c ocho OX. Ocb OY HanpaBhM B cropoHy Bo3HhKatot4ero nocrynarenbHoro
.qBhxeHhr nnacrhHbt raK, qro rpaefiophn ABuxeHhF, KaK nnocKaq xpnean, 6yger pacnonoxeHa

/5 g nnocxocrr XOY. To.rxoù C o6oeHa.{hrvr reouerpuvecxuù qeurp orpeaxa AB, nannnqnùcn a
HaueM cnygae o,qHoBpeMeHHo qeHTpoM Macc ororo oTpe3Ka. To.rxoù O'ooosHavura rovxy
3axBara rnroù (rpocou) nnacrhHbt na orpesxe AB.

Cyqecreyer 4ae xpaùure cÂTyaqAA nepaar - oro Korga rfira 3axBarbtBaer nflacrhHy B
ToqKe, coorBercrByrou{eù MaKchManbHoMy MlAeneBoMy ceqeHn|o, T.e. B TorlKe C, rge crueqexne

20 CO'=6 Tot{Kh 3axBara nnacrhHbr rFroù paBHo ô=0. B erou cnyqae nphKnaAbtBaeMaq K nracrhHe
BHeuHFq cnna 6yger nopoxçqarb MaKchManbHyto npon4BononoxHo HanpaBneHHyto cnny
peaKqnh cpe4u. 3ro nphBoA!4T K MaKchManbHbtM norepnM B cBF3u c coBepueHneM pa6orbt,
3aTpa.{hBaeMoù Ha npeoAoneHne c nbt peaKqhh cpe.qbr, 14 ct4na rqru He Bo3HhKaer.

-_ e$SerrraHocrh BhrnoflHeHhc pa6or a rarov cnyqae Hh3Kar. Bropan cnryaqrn - oro KorAa rnra
25 gaxsaruraaer nflacrhHy B ToqKe, pacnofloxeHHoù B cepe4hHe $poHroaoù flr4Hr4h nracrhHbr. Ha

nrocrocrr4 XOY gro noroxeHhe coorBercrByer rovre A orpesxa AB, r4e 6=l/2. B oroM cnyqae
chna HartxeHhq rFrn, BHeIUHFF chna, MhHnMarbta. llpr astao4e nnacrhHbt n3 roph3oHTanbHoTo
nofloxeHnq ocyulecrBnnercs, npe4e Bcero, noBopor nnacrrHbt Ao nonoxeH r, 6nh3Koro K

?, BepThKanbHorvry. cnna TFrh He Bo3HhKaer. T.e. eSSerrhBHocTb nphnoxeHhfi Ghnbt n B SToM-- cnyqae nusran. CneÂyer oxnAarb, r]ro Mex(qy AByMe KpariHr4Mr4 cflyqaFMr, KorAa ô=0 h ô=l/2,
AonxHa cyu{ecrBoBarb ro,lKa, 3axBar nnacrrlHbr a xoroporZ 6yger cnoco6creoaars
uaxcnnaanusoù 3S+eKrr4BHocrt4 3a cqer Bo3Ht4KHoBeHhc chnbt rcrr KaK pe3ynbrara AeÉcTBt4q
geyx nens6exHo cyqecrByrot4r4x HaqaflbHbtx chn - gHeuHeù chnbt h chnbt peaKqnu cpe4bt.

3s 3$Qerrranocru peùaann sHeuHeù cunur 6y4eu oqeHhBarb no MaKcnMyMy Bo3HnKaoqeù
cnnbl TFr B 3aBhcr4MocTu oT napaMeTpa ô- Qn3hqecKh oTo AonxHo Burns.qeTb TaK, qTo np!4
nphnoxeH!,fr4 BHeuHero ycL4nL4A K ABtût<ATeno BosHhKaer crna peaKqn!4 cpegsr. Bexropu erux
cha cKna,qbrBanrcF h Aalor BeKTop pe3ynbrhpyroqef chflbt, np Bo,qstl.lhÉ K nocrynarenbHoMy
ABhxeHIo nnacrnHH no Kpt4BonhHefHoù rpaerropnn.

40 OqeHru To paccronHhe ô, Ha KoropoM AoflxHa pacnonararbcn ToLtKa 3axBara sHeuHeù
Tnroù nnacrhHbt no orHotreH!4ro K feoMerphqecKoMy qeHTpy oroù nnacrutHbt.

Ha Qnr.2, a nphBe.qeHH:
XOY - rcxo4uan npcMoyronbHan cncreMa Koop4uHar, ro.lra 0 - rovxa esr6opa rnrn,

HanphMep, rpoca;

4s X'O"Y" - c creMa KoopghHar, cBF3aHHaF c ft,tnroaeHnoù ocb]o Bpat4eH F, npoxognu4eù
qepe3 Haqano Koop4hHar O". flycru nonoxeHhe refla B npocrpaHcrae 6y4er
xapaKTepu3oBarscc xaxoù-nh6o roqKoù ororo rena, HanphMep, KaK B HaueM cny.lae, To..rKoÉ
eTo 3axBara. Tor,qa BBe,qeH"e chcreMbr Koopgr4Har X"O"Y" cBcaaHo c reM, qro nph
Kpr,,rBoflhHeùHoM ABr4xeHhn rera riMeercc ocb, Koropar B paccMarphBaeMblù MoMeHT .qBhxeHht

so AaxoAurca B noKoe, T.e. Teno B oror MoMeHT xax 6st coeepuaer BpaularenbHoe ABhxeHne
BoKpyr orori och, npoxoAFuleù .{epe3 To.ttry O". Taxac ocb Moxer, KaK B HalueM cny..tae,
Haxo4r4rbcn 3a npe4enaMn rena. A pe3yflbrr4pyrrcu{ar KpnBon HeùHaF TpaeKTopt4n EB XeHnf
rena 6yger npe4craBnFTb co6où MHoxecrBo rorleK, nocneAoBarenbHo o6pa30BaHHbtx
coBoKynHocrbro nonoxeHfiù B npocrpaHcrBe roqKh 3axBara.

Crp.: 4
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p - MTHOBeHHaF AnhHa TpOCa;

p'- paccTofHxe oT TorrKr,r 3axBaTa nflacThHbt iqo MrHoBeHHoù oct4 BpaqeHhF o";

F - aerrop nphKnagbrBaeMoù rnroBoù chnbt rpoca (s4ecu r Aanee xhpHbrM't 6yxaaun 6y4yr
o6ogHa.Jarucn BeKTopHbre aenr,rnnsr);

5 N - BeKrop chnbr peaKlll4r4 cpe,qbr.
Ha $nr.2,6 npreegeHur:
AB=l - ruraprana nnacrhHbr;
11 - nnego crnst fl;
f1 - eexrop chnbr, 3aAalou{eÉ Bpau{eHhe nflacrhHbt BoKpyr roqKh O', csnsaFtxoÉ c 3axBaroM

1o nnactung rpocoM;
C - qenrp Macc nnacrnHbr 14 oAHoBpeMeHHo ee reoMerp!4qecxhù qeHTp;
O'C=ô - paccrosHhe cMer4eHhg ToqKh 3axBara nflacrhHbt or qeHrpa uacc C;
Fn=F.Cosc-N'- pe3ynbrhpyror4ae HopManbHaF cocraBnFloulan crnur, geùcreyoqeù na

,À nnacrhHy co cTopoHbr Tpoca;
'" F, - raHreHqhanbHas cocraBnnlou{an crnur geùcraynqeù na nnacrhHy co cropoHbr rpoca;

F'=Fn+F. - ra pe3ynbrnpylou{aF chna, Koropar BbrHyxçqaer reno Al'zr'arlc+ nocrynarenbHo
no xpneonnnefinoù rpaexropnu, ornnvaor4eùcn or oKpyxHocl4;

P - yron MexAy MrHoBeHHbrM HanpaBneHheM ABhxeHnF nflacrhHbr n ocuro Y;

20 y - MTHOBeHHOe 3HaqeHhe yrna noBopoTa MrHoBeHHoro pa+Vyca p'no ornoLuennn K ocr4 o"x";
q - yron oTKnoHeHhF Tpoca oT BepTnKanbHoù ocl,r X;
d - yron Me)r'Ay TpoCOM t4 MrHoBeHHblM paAlayc-BefiopoM O .
Mouenr M.1 (Hexltpusttvttt 6yxeavtn e gansxeùLuen,,t 0603Haqalorcn Mo4ynh coorBercrByrou.1t4x

aexropoa) cnnur F' npnKragbrBaeMori K nnacrnHe n nlaenqeù fl.rlê9o p', onpe,qenflercn

25 npo!43BeAeHneM chrbr Ha nreqo. Tor xe laolaenr chnbt onpeAeflgeTcF MoMeHToM nnepqrn J9.
cnGTeMbl ra npro6perenHurM yrfloBbrM ycKopeHheM dzyld(. rorpa hMeer Mecro paBeHcrBo
M,  =4 .p '= lo , .d ' y l d t '  0 )

(H.tz1.Kapnxru, K.H.EbrcrpoB, 11.C.Knpeee. KparKhù cnpaBoqHhK no $nsrxe. "Burcuan
Luxona".  M.,  1962).

30 
fipyroù vroruenr M2 chnbr f1, peùcrayor4eù Ha nnacrhHy c nfleqoM t1, nphgeM B eroM cflyqae

MoMeHr nHepqhh - Js' 11 lrnoBoe ycKopeHne - d'gldl' , onpeAeflFercF paBeHcrBoM
Mr=q . { r=Jo" .d '?p /d t ' ? .  Q)

Paccnaorpnu cnyvaù paeencrBa yrnoB y=B 14 coorBercrByrolqhx yrnoBbrx
35 vcKooeHrù 12^,612=42Ê.1412

I ' ,  - '  -  v  _ '

Cnyvaù ycp coorBercrByer roMy, ,]ro dzyldT2<d2gldt2, r.e. B coorBercrBhh c reoMerpneù

@nr.2a, 6 nnacrhHa nog geùcreuev rpoca 6yger pa3BopaqnBarbcn no qacoBoù crpenxe. flpn
oroM nnacrtaHa 6y4er npno6perarb nocrynarenbHoe ABuxeHhe Ha3a4. Cny,raù y>B

4, coorBercrByer roMy, tto d2ytdt2>d2ptdt2, r.e. nnacrrna no4 AeÉcrBheM rpoca 6yger
pa3BopaqhBarbcg npor!4B qacoaoù crpenKh. Ho npr erou cornacHo reoMerplrh Snr.2a,6 6yget
yMeHbuarbct chfla peaKqt4h cpeAbr N. B pesynurare clrna F cranosnrcq npocro cnnoù,
TFHyu.lerZ 3a co6où Teno, Ho ue roù crnoù, Koropan 4eÉcreyer B nonepeqHoM K
nocrynaTenbHoMy HanpaBneHy'rro ABhxeHh|o 3aTonfl eHHoro Tera.

4s Torga rveer Mecro paBeHcrBo

4 .p7Jo . - - f ,  ! . t / I o .  (3 )

llocxon ury
F. = F.Sin a,  pr=p.Cosct,  (4)

Jo,=m.t2 /12+m Fû =m t2 l l }+m. p2 .  cos2cr,  ( t
50 

(m - e$$exnrenan paBHoMepHo pacnpe4eneHHaF Macca nnacrhHbr, BKnrcqatorqaF
nphcoeAhHeHHylo Maccy [Il.!.Ilaxpay, E.M.IlnQunq. fngpo4hHaMhKa. "HayKa". 1988]),

{  = 2.  ô N/1, ! ,= 112, Jo, = (m. / '?/12+m .ô'?),  (6)
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ro h3 paBeHcrBa (3) c y.reroM (a), (5) r (6) aureraer
F, =l(n. l'z I 12 +m. p'? . Cos'?cr,)N/p. Coscr,l. ô/(rn. C, /12+m. ôr). (7)

O6osHaqhs Bcto coBoKynHocrb coMHoxureneù, He aaancrulnx or ô, 6yKBoù K, paBHoù

5 
K=I(m. t2 /12+ m. p2 . Cos2a)N/p.Coscrl, (g

nepenhueM paBeHcrBo (7) a enae
4=K ô (m. l ' l 12+m.ô ' ) .  ( 9 )

Torga nepaan npon3BoAHaq Fr'Qynxqrara F. no ô Moxer 6urrs sanncaua a arge

4' = K.[ô/(m. / ' :  /12+m. a).1] '=
10 =K. l(m. I t  l t2+m.ô'?)-ô.(2rn6) l / (m. t2 /12+m,82)2, (10)

PaaeHcreo nynn nepeoù npon3BoAHoù F.'=0 onpe4enner ro 3HaqeHhe BenuqhHbt ô, nph
KoropoM Syuxqrn F,' nraeer sxcrpervryrvr (!l.H.EponLureùn, K.A.Ceruesgnea. CnpaaovHrx no
MareMarhKe. "Hayxa". 1964). Onycxar oqeBhAHbte npoMexyroqHbte BbtpaxeHhF 14

,u npeo6pasoaaHhr, 3anhuJeM,
(m. !2 /12+m'62)- ô. (2rnô) = 0; t2 172=62; 6=t/(L2)t!2=0,2887.!, (11)

A nocxonsry Bropafl npogt3Boguan F." ueuuue nynn
q," <0 (r2)

TO nonyqeHHoe 3HaqeHne BennqhHbt ô onpeAeflceT MaKchMyM $ytxqrn F" or 5.
20 Ecnn xe yqecrb, vro ct/tna rlrttr F.=F.Sing, To oKa3btBaercg, qro nph

6/ !. = 0,2887 03)

.3aronneHHoe reno npno6peraer MaKchMarbHoe raHreHqhanbHoe ycKopeHhe np14 3aAaHHoù
npnKnaAbtBaeMoù cune F 14 pacTeT C pOcToM yrna cr nponopquOHanunO Sin6g.

25 Sror xe yron û, 3a4aer yron Mertçqy BeKropoM cnnul N pearqur cpepu, Bo34efcrBytoqeÉ Ha
nnacrhHy, u npnuoù, a4ons xoropoù 4eùcrayer nphKnaAuBaeMac r nnacrnHe chna F

orcrcga cneAyer, qro ynpyrocrb r rn6xocrs nnacruHbr ,qonxHbr B npoqecce pa6orsr aagaearu
raKoe 3HaqeHhe yrna (r Anc XOpAbt, KoTopOe coorBeTcTByer ycroB14to Bo3H14KHOBeH14F
MaKChMar|bHO14 Chr|bt TFrh

a0 Taxnnl o6pasout, oKa3brBaerct, qro pa3Met4eHhe roqKn 3axBara nnacr[Hbr B coorBercrBr4t4 c
ycnoBheM ô=0,2887.1 hflh npaBhnoM U=O/l=0.29 no3Bonrer .qoc 4qb onrhManbHbtx ycnoBnù
nepeMeqeHr.tf, nnacrhHbt no.q AeùcrBheM pe3yflb 4pyrcqeù 4ayx cnn - TqroBoù chnbt Tpoca
chnH peaKqhh cpegsr. B oroM cnygae nocrynarefibHoe ABhxeHhe refla oHeprerhqecKh
onrhMaJrbHo yxe xoTF 6ut noron,|y, rlro ÂBhxeHr4e nracrhHbt ocyt.qecrBncercF B coorBercrB14h c

35 reut ycnoBhtMl4, Koropue nphBoAtr K Ml,|HtlMyMy eHeprerhqecKhe noreph ABt4xyr4erocF Tena.
T.e., unaen B cBoeM pacnopnxeHhgt o6opygoaaure, no3Bonrnqee pa3Burb rcroByto chny F,
cne4yer onpe4enqrb roqKy 3axBara nflacrhHbt Ha ocHoBaHtah nonyqeHHoro ycnoBhfl. TorAa
BO3HhKalot4a9 CKOpOCTb nepeMeu{eHrF nnacrhHbr 6y4er varcuuanbHoù, a coorBercrByrot4he
oHepfeTnqecK e SaTpaTbt Ha npeoAofleHhe chn conpoTl4BneHhfl cpe.qbt - Mr4H ManbHbtMr4.

40 Heo6xo4ruo o6parhrb BH MaHhe Ha ro, qro rorlKa, xapaKTepusyroqarcn
ycnoBheM ô=0,2887.1, oKa3btBaercq 6n gxoù x o6nacrr raK Ha3btBaeMoro $orcyca npoehne
Kpbrna, onpeAenntoùlerocff r43 Apyrhx coobpaxeH ù. 3ro noHsrne hcnorb3yercq B
caMonerocrpoeHnr (A.M.Mxnrapnu. Aepo4nuararxa. M.: MauusocrpoeHne. 1g76.44g c.\ npn
aur6ope onrun,|anuxoù $opvul Kpbtna B qencx, B qacrHocrt4, onpeAeneHhF raxoro npo$unn

45 Kpbma, npu KoropoM xpurno 6y4er hMelb MaKchManbHyp noA'beMHyo chny nph Ha[nyqlxeM ero
KaqecrBe. l1pr,t srov Kpbtno caMorera xecrKoe, a ue rn6xoe, qro Bnufler xa e$$exrnaHocru
Kpbrna, n uaF ero yH BepcaflbHocTt4.

B xo4e sxcnepnveHToe Mbt BbtrB nh,,lro rh6xoe ynpyroe reno, 3axBaLteHHoe B
coorBercrB14h c npaBù4noM U=0.29 n HaxoArqeecg noA Bo3AeùcrBr,teM BHeuHero nonepe..iHoro

50 ycwnwfl, MeeT Hahny'qrxhe AhHaMhqecKhe noKa3aTenh - MaKcIManbHyo c4ny rflfti t4
Mù4HuManbHyro norepo oHeprhI nph 3a.qaHHoù Berhg!4He eos4eùcreynr4eù cnnsr.

6. B naurx ccneAoBaHhex (Vcrrorrua l-.FI. "llonerul B Bo3gyruHoù BoAHoù cpe4ax,'.
fasera "Or4ghra", Ne29, k13A..[orv "flepaoe cenrn6pn',. 2004) noxasaHo, qro Ann MaxoBbtx

Crp.: 6
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nepbeB nTl4q oT Bopo6bF, cl4HnqH, fopoAcKhx BopoHbt r.t ronybe Ao qaùKh coKofla h ahcTa
xapafiepHbrM flBnFercf paBeHcrBo napaMerpa U=0.29. Onpegenf,nocb oHo h3MepeHhFMt4
B3ahMHoro pacnoroxeHng onaxana h crBona nepa. npr4.{eM crBon - oro ra qacrb nepa, qepe3
r(oropylo ocyqecrBnnercn yAapHoe MaxoBoe B3auMoAefcrBhe Kpbtna c aoagyLlrHoù cpeAoù. T.e.
nphpoAHbre ABlrxr4Tenh noATBep4qalor cnpaBegnnBocrb npaBhna U=0.29 rax HannyquJero iqnn
co3.qaHuF MaKcltManbHoù chnbt rFrh y rn6xoro ynpyroro aopog HaMhqecxn obreraeuoro
nnocKoro nnr bnugxoro x rouy obtelluoro rena nph aos4eùcrarn Ha Hefo nonepeqHoi chrbt c
M14HnManbHoù norepeù oHeprnt,t.

B. flansxeùure Haùt,t nccne4oBaH q 3aKnp.{anncs a roM, .tro6ur nphMeHhrb pe3ynbrar
nynrra A (npaenno U=0.29) a BapnaHTe He o.qHocropoHHero, a 3HaKonepeMeHHoro eospeùcrern
Ha reno c qenbp co3AaHhF ct4Ibt rFrh BbtHyx(Aaouleù Tero ABhrarbcF ne no xpreonnteùtoù
TpaeKropnx c MoHoToHHbrM 143MeHeHr4eM HanpaBneHhfl ABhxeHhF, a B cpeAHeM nocrynaTenbHo
B OAHOM npFMOM HanpaBreHhh ABnxeHh9.

llycrs (Qnr.3) nracruHa 6y4er saxpenneHa rnroù B Bfi.qe He rpoca, a nogBr4xHoro BAonb
ocn OX urroxa, vepes xoropurù ocyqecrBnnercn eos4eùcrane Ha nnacrrHy. llycrs ranre urox
6yger nrueH Bo3MoxHocrn Bpar4eHr49 e ro.lxe O chcreMH roopAnxar XOY. A caMa ro.tKa O
nycrs 6yger xecrKo cBn3aHa, HanphMep, c nnaBcpe4crBorvr. Torga (Qrar.3), ecnr peann3yeM
BHeluHee Bo3AeùcrBr4e B Bh,qe 3HaKonepeMeHHoù nepno4nvecxoù cnnoù, npnnyx4aoqeù To9lry
3axBaTa nnacThHbt K Bo3BpaTHo-nocrynaTenbHoMy ABhxeHh|o, To cneAyeT oxnAaTb
Bo3Hr.fKHoBeHrF pe3ynbrnpyroqeû cnnL/' rA 4 anepe4. 3ra cl/'na rAfl , nphroxeHHafl K
nnaBarenbHoMy annapary, BphBeper K ero nocrynarenbHoMy ,qBlrxeHrrc. [1pn srovr
coBepuJaeMbre BbrHyMeHHbre xone6aHnc roqKh 3axBara nracrhHbt 6y4yr nalnrucn
ABhxeHhFM14, nOnepeqHUM14 nO OTHOtxeHhlo K HanpaBI|eHh|o ABhxeHuF nnaBcpeAcTBa, qTo
hgeanbHo coorBercrByer Mauyu{eMy ABrxeHhto Kpbtna nrhqbt h xaocra psr6ul. O4noapen,teHuo
oro o3Haqaer, 'rro Bce cpeiqcrBa Bo36yMeHnF cr/'nbi' r'n4 B TeKyq[x cpeAax, op]4eHTnpoBaHHbte
Ha rone6atenunoe aeepono6noe ,qBltxeHhe ABnxnrenn nphHqhnhanbHo nporhBope.lar ycnoBnlo
vaxcuruanuHoù oQQeKrhBHocrh ô=0,2887.1 14, cneAoBarerbHo, no onpe,qeneHnto hMe|or
laesururù xoe$$rqueur none3Horo AefcrBhF, qeM B npeAnaraeMoM cnygae.

B raKoM cnyqae He Bo3HnKaer neobxognlaoctu 3aAaBarb yron araKn ABhxhrenq, nocKonbKy
ABt4xnrenb noA Bo3.qefcrBgreM BHeLtlH!4x cun n ycnoanit car,a, geSoprvrnpyncb, nphH!4Maer
oHepreThqecKh BbrroAHbte cpopMy h yrofl aTaKh.

flpr pa6ore gauxhrene B03Hr{Kaer Br4xpeBoù norox ($nr.4), Qoprr,lrapyor4raÉcn
nocfleAoBarenbHo cxo4f,lL{t'tM14 c ABhxnrenfl saMKHyrbtM14 BhxpFM14 Tnna ropa. llpu eronr
HanpaBneHne BhxpeBoro noroxa ($rr.5) npFMo npor14BononoxHo HanpaBneHho cl4rbt rFrh.
florox $oprvtrpyercf rpynnoù anxpeù, o6pasyol4r4x 3a iqBnxhreneM Aopoxrry r na Aopoxt(h
Kapuana (H.E.Kovnn, H.B.Pose. Baegenne B reoperhqecKyro rn.qpoMexaHhKy. l-oc. rexnnxo-
TeopernqecKoe h3,qarenbcrBo. M.-n. 1932 r. 316 crp.). 3gecu yr,recrna aïanor4+ c KaprhHoù
B03H14KHoBeHrF no4ren,tnoù chnbt Kpbtna, ABnxyqerocn a rexyveù cpege c Hexoropoù
cropocrbro: npu xebonuunx yfJrax araKr, np[MepHo 5-10 rpa4ycoa, y Kpbtna Bo3HhKaer
3HaqhreflbHan no,qbeMHan chna. B HarueM cnyqae, nphxra4uBan K nflacr He BHeuHtoto chny
TaK, Lrro oHa hrpaer ponb nog'beMHof cnnu, a 4e$opru aquu usrn5a nnacrnHbt nphBopqr ee
QopMy K QopMe Kpbrna, Mbr co3gaeM 4Lnn aueuueù TeKyqeù cpe4bt ycnoBhe, npta Koropbtx
Bo3HhKatou{ee BhxpeBoe ABhxeHhe cpegbt 4onxxo 6srrs rarlrv, vro6ur oHo coorBercrBoBaflo
no4ÈeMHofi crne. B erou cMucne Hau cnoco6 aos6y4qelt4+ ABA)KeHAA cpeAbt sBnrercq
o6paruuna cnoco6y Bo3H14KHoBeHnF no4teuHoù chnbt Kpbtna, Haxo,qnulerocn B ABr4xyqeMcq
norore. B gtoM cnyqae hcKntoqeHo nphMeHeHhe reKyqeù cpeAu B KaqecrBe ynopa, a noroMy
ncKnrc)veH oneMeHT AB!4xenrn "npoaan" ganxhreflF B cpepy, Kor4a oH, xax rpe6xoeoe
cpeAcrBo, hcnonb3yercs AnF Toro, vrooul oneperucF o reKy,tyÈo cpeAy.

llpo6neua Hee+QeKr!4BHoù crapnn "nepexna,qbtBaHnF 4elrxnrenn" B npe4naraeMoM
peueHhh cHhMaercF nonHocrbro reM, qro,qBhxl4Tenb B groù cra.qhn pacnpcMnqercq v1
Bo3Bpat4aer noreHquanbHyo oHeprr4to nsrqda s Bh4e KnHerhqecKof oHeprnh nocrynarerbHoro
ABnxeHhF nflaBaTenbHoro annapaTa Bnepe,q.

B pesynurare Haunx hccne4oBannh ganxntenn c noMollbro rrleroga Qnsnvecxoro
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MoAenfipoBaHhF nonyqeHo KnA=76%- B aHanorrvuurx ycnoBhqx BnHT-ABt4xhreflb o6na4aer
Kru1^45%.

f. np MeHeHhe Hauero ABt4xHTenF B Bap[aHre nonacrh 4lr ryp6rausr Aaer ycrpoùcrBo,
h3HaganbHo o6naAarculee BbrcoKr4M Kn.q h 3HaKonocrocHHbtM MoMeHToM BpaqeHrir nph
3HaKOnepeMeHHOM HanpaBreHr'rr,r naiqeHhq noToKa TeKygeù cpe,qbt Ha Typ6hHy.

Ha $rr.6 noKa3aH gneMeHT Typ6r,rHbr, cocronu.lhù h3 AByx nonacreù 1, saxpennennurx ua
nonepeqhHe 2 a o6naùn, coorBercrByrou.leù npaBhny U=0.29 Ann ronacrh. flonepevnna 2
xecrKo coe4 HeHa c BaroM 3, rueoqrau ocb BpauleHnc 4. TaK BUrnFAhr oneMeHT ryp6rauu e
cocroqHr4t4 noxon. ,Qenxenne oreMeHTa Bgonb oct4 Bpau{eHr4n, T.e. B nonoxhrenbHoM
HanpaBneHulrf ocn Z npueoput x ngru6nuru 4eSopvaqnnu 5 nonacreù, npor14BononoxHoe
ABhxeH e nphBo4r4T x r4srh6Hurv 4e$opuraqr,rnrra 6 nonacreù. B o6or,rx cnygaqx oreMeHT
npno6peraer BpaularenbHoe AB!4xeHhe B HanpaBneHhgt 7 - nporne qacoBoù crpenKn.
Hapaqnaaure ghcra oneMeHToa ryp6nuu, nocre4oBarerbHo pacnoJroxeHHbtx Ha oAHoM Bany
Bpau.{eHhF, nphBoAr4T K nponopqhoHanbHoMy Bo3pacraH14o Mol4Hocrh na aany apaqennr. 3ro
no3aonner Hapar4hBarb Heo6xoghMyro Mol{Hocrb Ha oAHoM Bany BpaqeHhF ryp6rnur 6ea
yBenhqeHnc nonepeqHbrx pa3MepoB xoneca ryp6ntul.

lzlao6pereuue noFcHqercr !4nnocrpaqncMh, Ha Koropbtx:
Onr.1. Bn.q c6ory (cevenre) AB nnacruHbt. XOY - gexaproaa cucreMa Koop.quHar;

HaqanbHafl ro.rra O coBnagaer c ro.rKoù or6opa rpoca OO'; O'- ToqKa 3axBara nnacrhHbl
rpocorr,|. c - reoMeTpuqecKhù qenrp nnacrruu. S - rpaerroprr h HanpaBneHhe ABhxeHhg
nnacrhHbr. F - aerrop eHeluHefi chnbr, nphKna4btBaeMoù qepe3 Tpoc K nnacrhHe.

ônr.2.a - ang c6ory (ceveuue) nnacrrsu AB B.qBuxeHhu; XOY - r'rcxoÂHac chcreMa
Koop4hHar; X'O'Y'- MrHoBeHHar chcreMa KoopAhHar; F - BeKrop BHeuHeù cnnsr, N - aerrop
chnbr peaKqhn cpegsr; 6 - ar4 c6ory nnacr!4Hbt AB B HaqanbHoM nonoxeHnh.

Onr.3. B cr4creMe xoop4ruar XOY uao6paxeHur ,qBe cra4hn ABhxeHuF rr6xoù nnacrrHsr 1
(AB) nop geùcra[elr sHeuHeù chnbr ypapa Fyo"o, npnrnaputBaeMori K nflacrhHe qepe3 uroK B
rovre 2: a) - cnna yAapa HanpaBneHa aaepx; 6 - cvna y4apa HanpaBneHa eHhs. Ocs OY
coorBercrByer HanpaBneHhlo ABuxeH!4fl nnacruHbt. Ocu OX coorsercrByer BeprnKanbHorZ
npnruoù, BAonb Koropoù r.tlToK ocyrJ.lecrBnqer cBoe co6crBeHHoe Bo3BparHo-nocrynarenbHoe
,qBhxeHhe h ABhxeHne roqKn 3axBara nracrhHbt. Berropaun N noKa3aHbt cnnu peaKqhh cpeAbt.
OO' - nnsnn roph3oHTa; mm' - xopga nsornyroù nracrhHbt.

Vron uex,gy orpe3KaMh nprMbrx mm' r OO' cooraercrByer yrny araKh, nopox{AeHHoMy
Ae+opMaqueù nracrhHbr A cvnaul4 y4apa I peaKqhh cpegsr. Orgenuuo BHHeceHbl
napannenorpaMuu crn Fy4sp r,r N, c nolaoqun Koropbtx reoMerptaqecKh onpegenFercr BeKrop
crrur rnrn R.

Orar.4. CxevarrqHo noKa3aHo o6pasoaanre qenoqKh araxpeù, obpaayrrcqeùcn sa
4eùcrayoqeù nnacrrnoù, 4anxyqeùcn B cpeAe co cKopocrbrrc V. l-lrSpaun 1, 2, 3 orMe.reHsr
nocneAoBaTeflbHHe Bo BpeMeHh h npocTpaHcTBe nonoxeHhq nnacT[Hbt nph npoxoMeHnI
cpe4hHHoù nhHhh nocrynarenbHoro ABhxeHtAA ABt )t<ÂTen+ Bnepe4. 3aMKHyrbte n He3aMKHfrbte
KphBbre co crpenKori yKa3brBaor HanpaBneH!4n ABhxeH q qacrnq cpegsr. 3auruyrbte KpuBbte
orpaxator or4efl bHbre Bhxph nonoxhrenuHoù n orprqarenuuoù !4HTeHchBHocrr4.

<Dur.S. FlpraegeHa Qororpa$nn BhxpeBo[o cneAa 3a ropvroù Aeùcreyoqeù rr,togenn. Cneg
orpa3hncn B B Ae pacurnpqroqeùcn cneBa HanpaBo nonocbt so3Myu{eurù Ha noaepxtocrr
eoAur. Mo4ens AB Xercc cnpaBa HafleBo.

Orr.6. flnverprvecKar npoerqnF BpalqarenbHoro oneMeHTa ryp6rusr. flonacru 1
3aKpenfleHbl Ha nonepeqhHe 2 e o6naùu, coorBerctBytot4eù npaBrfly U=0.29 nnn nonacrh.
flonepevnua 2 xecrKo coe.qhHeHa c BanoM 3, ruenqru ocb BpauleHhr 4. Tax aurrnngur
ofleMeHT ryp6rusr B cocrosHr4r noxon.,Qanxenre oneMeHTa B.qorb oct4 BpauleHhn, T.e. B
nonox renbHoM HanpaBneH h ocn Z, npnaopnt x n3rr6uurr',r AeQopMaqricM nonacref BnAa 5,
npor!4BonoroxHoe ABnxeHne nphBoAhr r n3rn6sulla Ae$opr'aaqusla ronacreù era4a 6. B o6orax
cnyqatx eneMeHT nptaobperaer BpaqarenbHoe ABhxeHue B HanpaBneHhh 7 - nporlra,{acoBoù
cToenKh.

@nr.7. OororpaShF MoAerh ryp6hHbr c o.qHIM BpaqareflbHbtM sneMeHroM, coiqepxau{an ABe
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chMMerphttHo pacnonoxeHHbre nprMoyfonbHbte nonacrh 1, saxpennennue Ha nonepe.{hHe 2,
xecrKo cBF3aHHor c BanoM 3. Ha san 3 nacaxenu nonnaBoK I c gogtvtoxHoctuto cao60aHoro
BpaqeHhr Ha Bany n xecrxo 6onuuan uecrepHn 9.

<Dnr.8. llorasassr npoeKqr4h ronacrh 1'. a - Brz'A c6oKy, b - Br4A caepxy. 10 - rapuan 4rn
xecTKoro KpenneHhn nonepetrhHbr h nonacTh.

Onr.9. OororpaQrn ryp6unu c rpeMr nocneÂoBare.nbHo pacnofloxeHHbtM14 oneMeHTaMu Ha
Bany 3, cMeqeHHbrMr oAhH no orHoueHnlo K ApyroMy Ha yron 1 20o r,r paccronrne 0.1 rur.

Ohr.10. Oororpa$rn reueparopa 12, saxpenneunoro Ha nnarQopMe 11, 13 - BbrBo4bl
npoBoAoB reHepaTopa.

Onr.1 1 . l-laerHan Qororpa$nn pa6oru ycrpoùcraa: nog peùcrer4eM BeprhKanbHurx penxenrù
pyxn ycrpoùcrao, 3axBaqeHHoe 3a nonnaBoK, c ryp6r4Hof, norpyxeHHoù B BoAy, 3axtaraer
xpacnurÉ cBerog!4o4 14. Caero4no4 no4coe4 HeH K BbtBoAaM reHeparopa 13 n Ann
ygo6craa $orocren,txn MexaHhqecKn 3aKpenneH Ha uJTarnBe 15.

Our.12. 9epuo-6enrrù aapnaHr $ororpaSrr Qnr.1 1.
flnn peuoncrpaqr4h peann3aqnx npegnafaeMoro rexHr4.-tecKoro peueHhF Bocnonb3yeMcn

MeTOAOM (ph3l4qeCKOrO MOAenhpOBaHhC.

Ha Qororpa$uta Qnr.7 npuae4ena $ororpaQnn uogenu ryp6nnut c o,qHnM Bpau.larenbHbtM
sneMeHTOM, COAepxaUlaF ,qBe Cr4MMeTpnqHO paCnOnOXeHHHe npnMOyronbHbre nonacrn 1 .
3aKpenneHHbte Ha nonepeLrhHe 2, xecrxo cecgaHxoù c BanoM 3. Ha aan 3 nacaxesur nonnaaox 8
c Bo3MoxHocrbo cBoboAHoro Bpar4eHhr 14 xecrKo 6onuuag uecrepHn 9. flonacru BunoflHeHbl
hg rh6xoù ynpyroù nonnuepnoù nneHKh ronu{r.tHof 0.00025 M Tax, qro o6pa3yor npf,MoyfonbHoe
reno c pasMeparvrr 0.07x0.105 r',r2. B o6nacrn, coorBercrBypt4eù npaBhny U=0.29, cæAaH
xapr'aan 10 4nn HacaxhBaHrî9 h KpenfleHun ronacTh 1 Ha nonepevnHe 2. Ha Snr.8 noKa3aHbl
npoeKqhh nonacTh 1: a - eug c6orry, b - BhA cBepxy. 10 - xaprvran gnn xecrKoro KpenneHne
nonepeqhHbt ti nonacTr't.

Ha $ororpa$rr $nr.9 npraegeHa ryp6hHa c rpeMr nocne,qoBarenbHo pacnonoxeHHbrMrl
oneMeHTaMh Ha Bany, cMer4eHHbrMl4 oAl4H no oTHoueHn]o k ApyroMy B nnocKocTt4 Bpau{eH F Ha
yron 120" h paccrorHhe 0.1 r e4onu Bana Bpar4eHhn. 11 - nnoqagxa ArR KpenneHhn
reHeparopa 12 rar, xax sro noKa3aHo na $ororpa$vfla Qnr.10. Bpaqenhe Bana 3 nphBoAr4r B
ABhxeHhe uecrepHo 9, roropan, B cBoro oqepeAb, vepes sy6varyo nepeAaey nphBoAl4r Bo
BpauleHhe Manyto uecrepHo, HacaxeHHyo Ha Ban reHeparopa 12. Koo$+hqheHr nepegaqrl
uecrepeHoK 132:8. B pe3ynbrare BpaqeHhf, ryp6hHbt Ha BbtBoAax reHeparopa 13 eogxnxaer
pa3Hocrb noreHqhanoB. B ra.recrse reHeparopa ucnonulyercn enerrpnvecxnË M KpoABnrarenb
nocroflHHoro roxa a obparuou pex[Me. ,Qanrarens nocroeHHoro roKa AflM-2S-H1-03 paccqnraH
Ha HanpnxeHhe nvralttl 128 u cuny roxa 0.3 A; yrfloBan cxopocrb - 6000 o6/rurn. B
KaqecTBe uHiqhKaTopa hcnonb3yeTcF cBeTo,qhoA rr/|aprn GNL-1206URC rpacHoro qaera c
pa6ovtttrln HanpnxeHheM 1.9 B n cnnoÉ roxa 70 n,tA, nogxnoraemurù K BbrBo,qaM reHeparopa.
Ann nvtwaqun ABhxeHhF nonnaBKa Ha BonHe hcnonb3yercn pyvnoù aapnanr: yAepxnBan
ycrpoùcrBo 3a nonnaBo(, npoh3Bo.qnM BeprhKanbHbre xoneoarensnsre ABnxeHhF ycrpoùcraa
TaK, qro rpexoneMeHTHaff ryp6nla Bce BpeMfi Haxo4rrcn B norpyxeHHoM B BoAy cocronHhut.
[1pr erolir Bo3HHKaer Bpau.larenbHoe ABnxeHhe ryp6nxu, He 3aBncnqee or nprMoro hnr4
06parHoro HanpaBneHnF ABhxeHnF ycrpoùcrea, eos6px,qanqee B qenu reHeparop-cBeroAr4oA
oneKrpr.fecKuù rox. Ha QororpaSvnx Qnr.11 B qBerHoM u Qnr.12 a vepno-benou Bap aHrax
MoxHo Bhperb pa6ory ycrpoùcraa: nog geùcreheM BeprrKanbHurx 4anxennù pyKlr ycrpoùcrBo,
3axBageHHoe 3a nonnaBoK, c ryp6xHoù, nofpyxeHHoù B BoAy, 3axnraer xpacxurù cBeroAr4o4
14. Caerognog nopcoeArHeH K BbrBoAaM feHeparopa 13 h Anc yAo6crBa Soroctevxn
MexaHhqecKh 3aKpenneH Ha urarhBe 15. [nnan,lolaerpngecKhe h3MepeHhfl h r43MepeHuF
HanpnxeHhn n chrbr sflefipnt{ecKor-o roKa Aanh cne4yorJ.lne pe3ynbraru (ra6nrqa 1).
MaxcnuanuHoe 3HaqeHhe npr4KnaAuBaeMoù cnnu au6pann paBHbrM 3.0 H. Cpegnnn
np KnaAUBaeMaq chna 3.0x0.5 AeùcrBoBana B TeqeHhe 0.5 c na rHrepaare BeprhKarbHoro
cMeu.{eHnF ycrpoùcrBa, paanor'a 0.06 M, qro onpeAennno cpe,qHto}o cKopocrb ABhxeHhF xaxO.12
ru/c n ymoayo 1.0 o6op/c. MoqHocrb, npuKna,qbrBaeMan r ycrpoùcray, paBHa 3.0x0.5x0.12=
0.18 Br. hsuepeHue HanpexeHnr (2.0 B) n chnu roKa (0.5 A) na cBeropnoAe, no,qKnoqeHHoM
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K BbIBOAaM feHepaTopa,Aano oqeHKy BbrxoAHof (nonesHoù) uouluocrr 2.
Tâ6nuqa 1

Chnâ,  H

3 0x0.5 0 .12 0 1 8 2 0 0.05 0,10

0x0.5=0.1 Br.

" B pe3ynbrare Kf1[ ycrpoùcraa oKa3aflocb paenurv 0.1/0.18=0.56=56%.
Ecnu yvecrs, qro Knrq reHeparopa (o6parnoro 4arrarenr) Moxer oqeHhBarbcs B npeAenax

or 60 go 80%, ro 4nn KflQ ryp6raHsr MoxHo nonyq!4rb oqeHKh - or g3 Ao 70o/o.
Taxnu o6pasou, npe4noxeHHoe rexHuqeGKoe peueHhe oKa3btBaerct oKoHoM14qecKn

.- cyl4ecrBeHHo 6onee eurogxuttr,t, qeM n3BecrHbre peueHhc- flpuvrxa Buhrpbtua 3aKr|oLiaercq B
10

ToM, qro Mbl nphHq4nhanbHo orxoAl4M or BapuaHTa hcnorb3oBaHnc rexyveù cpe4sr B KaLtecrBe
onopbr AnF ABt4xhrenq, nocKonbKy B oroM cnyqae ABrlxtarerb acer4a 6y4er ',npoaanraarscn" e
cpeAy, npn erou ero geùcreeHHocrb 6yger saxnnvarbcs B ToM, cKonbKo reKy.leù Maccbt B
e4hHhqy BpeMeH!4 oH ycneer orronKHyrb or ce6c. Ho ero pre 6nnxe K peaKThBHoMy ABnxeHho,

,À nprqeM B caMoM oKoHoM qecKh HeBbtroAHoM BapuaHTe. Hau xe BaphaHT 3aKnoqaercq B ToM,'" qTo ABnxr4Tenb co3AaeT ycnoBnF AI9 Bo3Ht4KHOBeHr4g Bt4XpeBbtX nOTOKOB, T.e. TaKhX noroKoB,
KoropHe Bo3HhKatoT nph MaxoBbrx ABhxeHnFX Kpbrna y nÎhqbt ,tflt4 xBocra y pur6sr, Kf],[ Koropbtx
npruepno 95%.

[ipeAnaraeMoe rexHhqecKoe peuleHhe ecrecreeHHbtM o6pa3oM ,qonycKaer cne4yotqhe
oacuhDeHhff:

20 - TypohHa Moxer pacnonararbcc He ronbKo B BoAHof, Ho r a aoegyunorZ cpege;
- Ha oAHOM Bany Bpau4eHhg BO3MOXHO COBMeCTHOe npnMeHeHhe 14 noABoiqHofo t4 Bo3.qyuJHoro

Bap!4aHToB ryp6uuur.

@opMyna rao6pereurr
1. Cnoco6 npeobpasoaanrn oHeprhh MopcKr4x BonH B MexaHngecKyto oHeprho BpaqeHnF

Typ6!4Hbt, saxrlovarcqnùcn B ToM, qro ucnonb3yercn pa3nnqne B cocronHh14 noBepxHocrHbrx
cnoeB MopF, yqacrByoull4x B BonHoBoM ABnxeHhh, r cnoxoùnurx rny6oxrx cnoea ao4sr,
ornrvanqnùcn reM, qro ryp6rta pa3Mer4aercf, a rnyboxnx cnoxoùssrx cnoex Bo,qbt, a
nonnaBoK. vÀeoxr4Batouur,r Ban Bpau{eHhF ryp6nnsr, Ho He yqacrByrou{ ù a ero Bpar4eHhn,

30
HaxoAFcb Ha noBepxHocrt4 BoAbr, yqacrByer B ee BoIHoBoM AB XeHt4r h nepeAaer nocpeAcrBoM
xecrKoù npo4onunoù can:r c ryp6nuoù aanou Bpau{eHhc cBol4 cMeuleH!4n earonneHHoù
ryp6nue, qro npr4BoAl4T K ee cMer4eHucM orHocurenbHo cnoKoùHbtx rny6ruuutx croeB BoAbt, B
pe3ynbrare Koropbtx ryp6nna np xoAhr Bo Bpat4arenbHoe ABhxeHhe, np oroM a crny rn6xocrn

,. nonacreù ryp6uuur AB XeHhe BcerAa ocyqecrBflFercq B oAHy cropoHy, np qeM B cocroFHr4l4-- noxoc xoppu lonacreù ryp6rHu pacnonaraprcn B nflocKocrrl Bpau{eHktn ryp6rusr, a B aKTnBHoM
cocroqHhh ronacr reru6aorcn, KaK Kpblno nrhqu hnr4 xaocr psr6sr nph MaxoBoM nonepeqHoM K
HanpaBneHho ABnxeHhF yAape, nph 3ToM 3axBar nonacrlr 14 cl4ftoBoe Bo3.aeùcrB e or nonnaBKa
K ronacrh ocyqecrBnqercfl B coorBercrBllh c npaBhnoM u=0,29 e nonepeqHoM K nnocKocrr4

oo Ar !! 1nonacreh 
HanpaBneHhh.

z. typo|,I.Ha, coAepxau.lan ronacT , 3aKpenneHHbte Ha Balty BpauleHug, oTnhqaou{aflcr TeM,
'{To KaMaF nonacrb npe,qcraBnner co6où rr6xoe ynpyroe nnocKoe t,lnh 6nhsxoe K nnocKotry
o6'beMHoe fuApoghHaMhqecxn o6rexaeuoe reno npnMoyronbHof hnn 6nh3Koù K MaxoBoMy nepy
nrnqu $opvur, yAepxr4BaeMoe nonepevnuorl, xecrKo cBffgaHHoù c aanoft4 BpaqeHhs, rl

,À nogBepraou1eecq qepe3 nonepelthHy chnoBoMy aosgeùcrenn a o6nacr , onpe4enneMoÉ-" npaernou U=0,29 c Bo3MoxHocrbto ocyu{ecrBnnTb MaxoBbte ABuxeHrn nog geùcrsnevr
npoAonbHblx ABt4xeHhù Bana Bpal4eHxg, nphqeM nonacrh nonapHo chMMerph,.tHo orHoc,lTenbHo
Bana Bpau.leHhr pacnonoxeHbt Ha nonepeqnHe rax, vro o6pasyrcr orgenuusrù eneueur ryp6uuur
c 3HaKoo.qa4HaKoBbtMn ,qnc o6enx nonacreù nopox,qaeMbtx hMt4 MoMeHroB BpalqeHr4F, a
KonhqecrBo n raKhx oneMeHToB, pacnofloxeHHbtx Biqonb Bana Bpat4eHhF ryp6nust, onpeAencer
Mor4Hocrb rypbnHH, Bo3pacraoqy|o nponopq oHanbHo q14cny oneMeHToB ryp6uusr, B3ahMHoe
pacnonoxeHne KoTopbtx no yrfly B nrocKoc 4 Bpat4eHuF n paccToFHl4o Mexqy SneMeHTaMh Ha
Bany BpaqeHhF onpeAentercc h3 ycnoBxF MaKchManbHoù oQ+eKTnBHocrl4 pa6orur enel,renroe.

crp.r 10



d

RU 2 303 70E C2

F.
r p
t
I

ib
N

Yrd
t a *

6

@nr.2

C t p , ; 1 1



RU 2 303 708 C2

Onr.3

@-w.4

Clpj 12



RU 2 303 708 C2

6(<.
)""';:':17

,>]
Our.6

C r p . : 1 3



RU 2 303 708 C2

Qur.7

C r p :  1 4



RU 2 303 708 C2

b
Oun.8



RU 2 303 708 C2

1 2
â

Orr.  10

Onr. 11

Crp r  16



RU 2 303 708 C2

Qnr.12

Crp :  17


