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V]IK 629.735.7

B. A. Bacuiabuenko, O. I1. MapuHOIIeHKO

JITAJIBHUM ATIAPAT BEPTUKAJIBHOI'O 3JIbOTY TA IIOCAIKH

Beryn

[IIupoke BUKOpUCTAHHS HJig Oe3MUIOTHHMX JdiTanbHuUX amnapatTiB (brJIA)
aepoOAMHAMIYHUX CXEM Ta KOMIIOHOBOK, SKi 4YacTO HE BiJIIOBIIAIOThH
TpaIWLIHHUM BHMOTaM aepoAMHAMIKH, POOHUTH AaKTyaJbHUM IMOIIYK HOBHUX
aepoNMHAMIYHUX  PIMIeHb  JUIS  TOKPAIIEHHS  TAaKTUKO—TEXHIYHUX  Ta
eKCIUTyaTallliHUX XapakTepucTUK mnepcnekTtuBHuX brJIA. Buxopucranus
aepoJAMHAMIYHOI CXEMH 3 TOPOIOAI0HOI0 HECYUOI0 MTOBEPXHEIO, SIKa € HA JaHUM
MOMEHT MaJIONOIIMPEHa B aBialii moTpedye OMHCAHHS Ta MPUBEACHHS 1i 110
3BHYAITHUX METOMIB PO3PaxyHKy Kpuja, K HalPHUKIJIAJ, 1O METOIUK ONHCAHHS
aepoIMHAMIUYHUX XapaKTePUCTUK KpHJja CKiHYeHOro po3maxy. Lle mo3Bonuth
3pOOUTH TaKy CXEeMy 3pO3YMIJIOI0 3 TOMIALY KJIACHYHOI aepoJWHAMIKH.
OmnaHyBaHHS TaKOTO MiJX0AY AACTh MOXKJIMBICTh CTBOPIOBATH JIITAJIbHI arlapatu
HOBOT'O TIOKOJTiHHSI.

ITocTanoBka 3agaui

3ajayer0 JAaHOrO JOCHIIKEHHS € 3acCTOCYBaHHS IPOrPECMBHO HOBOI
aepoJMHAaMIYHOI CXeMH B MpOeKTyBaHHI Ta OyaiBHUITBI JIA. [[ns BupimeHHs
bOTO 3aBAaHHS MOTPIOHO AOCTIIKYBAaTH aepoOJUHAMIKY TOPOMOII0HOT HeCy4yoi
MOBEPXHI JIITAJTLHOTO amapary.

MeTtoauka aepoguHaMiuyHOTO po3paxyHKy. MeToro cTaTTi € po3podka
METOJIMKH PO3PAaXYHKY aepOJAMHAMIYHUX XapaKTEPUCTHUK JITAJBLHOTO amaparty C
TOPOMOJIOHNM HECyuol0 MoBepxHew. Tomy Oylio 3ampONOHOBAaHO JEKIIbKa
EKCIEPUMEHTAJbHUX METOJAMK, SKI JO3BOJWIM OTPUMATU  PE3YyJbTaTH
pPO3paxyHKy OCHOBHUX a€pOAMHAMIYHUX XapaKTEPUCTHK Ta BHU3HAUYUTHU
OCHOBHUU MPUHIUN TOIKOTY JIA.

JI1s po3paxyHKy MiAMOMHOI CHUJIM MOJ1I0HOT aepOIMHAMIYHOI CXEMHU 1CHY€E
0JlHa EKCIIEpUMEHTaJIbHA MeTouKa [ 1], B K1l HABOAUTHCSA OCTaTO4YHA opmyJsia
JUIA BU3HAYEHHS IT1IHOMHOI CUIH:

Vv
F = B%Rz , (1)
ne F, — pe3ylbTyloua CUa;
B — Ge3posmipHuit KoeillieHT, KK 3aJI€KUTh BiI: pajiycy BinOHBar4oi
IUIACTUHU, BIJACTaHI MDK UEHTpaMu cdep NOBEpXHI amapary Ta HOTOKY
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00TIKaHHS, BIJICTAaHI MDK BIJIOMBAIOYOI0 IUIACTHHOK Ta ceporo OoOTiKaHHS,
pajiycy BXiJHOTO OTBODY.

p — r'yCTHHA Cepe/ioBUIIa OOTIKaHHS;

V.. — LIBUIKICTb IOTOKY Y BXITHOMY OTBOPI;

R — paziyc amapary;

[ls MeTOoNMKA € EKCIIEPUMEHTAILHOIO Ta JO KIHIS HE JIOBEJICHOIO IS
pO3paxyHKy MiAHOMHOI CHJIM Ha TOPOinaibHI MOBEPXHI TakK, SK IIBHJKICTH
BXIJHOTO MOTOKY V.. MOYKHa BU3HAUUTHU TIIbKM B yMOBaX €KCHEPUMEHTY, a
aJIeKBaTHICTh YMCJIOBOTO 3HAUYEHHS O€3pO3MIPHOTO KOEQILIEHTY [ CTaBUTHCS
I1]T CYMHIB.

Tomy B po0OOTI MPONMOHYETHCS HACTYITHA METOJAWKA JJIi BH3HAUCHHS
MIIAOMHOI CWJIM JJI1  JITAJIbHUX afapaTiB 3 TOPOIOJIOHOI HECYUYOlo
MOBEPXHEI0. MeTa METOAMKH TOJISITa€ B HACTYITHUX MPUITYIICHHSX (pHc. 1):

30BHIILHA Ya¢TUHA LPODLLIO

[lepenxpuinox

Puc. 1. Ilpunymienss, moAo0 Kpuia CKIHUEHHOTO po3Maxy

— 3OBHIIIHSA MOBEPXHS JIITAJbHOTO amapary MNpeACTaBisie co00I0 KPUBY
MIOBEPXHIO OOTIKaHHS, a TOMY MOXHA MPHUITYCTUTH, MO II€ € 30BHIIIHA
MOBEPXHS, 3BHYAWHOIO aepoOJAMHAMIYHOIO MPOGUII0 Kpuia JiTaJIbHOTO
anaparty (puc. 2);

30BHIMNIHSI YaCTHHA IIPO(PLIIO

b

Puc. 2. Yactuna nipodisro, ssika 0yie CTBOPIOBATH MiAHOMHY CHITY

— 30BHIIIHIO TOPOMOAIOHY MOBEPXHIO amapaTy MNpeACTaBISEMO MOBEPXHEIO
KpHuJjia CKIHUEHHOTO PO3Maxy;

— KpWJIO Ma€ B CBOEMY CKJIaJl MEPEIKPHIIOK, TaK SK 3HAXOIUTHCA Ha 3a
KPUTHYHOMY KYTI aTakH, 1 BIH HEOOXITHUHN B KOHCTPYKLIT JUIsl 3aTATYBaHHSA
3pUBY MOTOKY.



—  OCKUIBKH B1JIOMO, IIIO 3pWB MOTOKY, Ha 3aJHIA YaCTUHI KpUJia, HE CTBOPIOE
M1AOMHOI CHJIM, TO LI0 YaCTUHY KOHCTPYKIIIT MU HE BPaXOBYEMO;

— B OOTIKaHHI TOTOKOM TMpHIIMae y4acTh TUIBKA BEpPXHS YacTUHA
TOPOMOAIOHOT KOHCTPYKIIii, @ MEPEIKPUIOK MEPEIIKOIKAE MTPOXOHKEHHIO
MOTOKY Y BHYTPIIIHIO YaCTHUHY JITAJIBHOTO anapary.

— PpO3PaxyHOK aepoJAMHAMIYHUX XapaKTEpPUCTUK OyJAeMO MPOBOJIUTH
AQHAJIOT1YHY KPUJIy O€3KIHEUHOr0 PO3Maxy, TaK sIK KPUJIO Y HAC 3aMKHYTE 1
"mepeTikaHHA" MMOTOKY 3 HI)KHBOT YaCTUHHU Ha BEPXHIO YACTHHY KpHIa, a 3
HUM 1 IHAYKTUBHUHN OMIp BIJACYTHI

[Ilogo po3paxyHKy MiAMOMHOI CHJIM, TO B HAIIOMY BHUIIQJKy 30BHIIIHS

MOBEPXHS PO3AUIAETHCS HA ILIOLLY HPO(LI0 — S, Ta IOy IEPeAKPUIKA

S

ax » AKa cTaHoBHTH 0,1 Bl 3aranbHOI M0l 00TIKaHHA (pHC. 3).

Puc. 3. Ilnoma aepoquHaMi4yHUX TTOBEPXOHB anapary

[IpoBeneHHs1 eKCepUMEHTy 3 OOTIKaHHS MOBEPXHI amapaTy B mporpami
Pofili [6] nae Ham Takuii pO3MOILT TUCKY IO 30BHIIIHIN MOBepxHi (puc. 4):

Puc. 4. Po3noais1 3HUKEHOTO TUCKY IO MOBEPXHI JITAJIBLHOTO arapary,
|l - Y4epBOHMM KOJBOPOM TIOKa3aHa TIOBEPXHA JIITAJbHOTO amnapary, sKa



CTBOPIOE MTMOMHY CHITY, 2 — 3€JICHUM — PO3TO/I1JI TUCKY IO 11¥ MOBEPXHi

3riiHO Teopii Kpwiia OE3KIHEUHOTO0 PO3Maxy MOKHA BH3HAUUTH TIJIbKHU
6e3po3mipauit koedirient Cp.

PosrnsHemo 10BUIbHUN TOHKUM PpodIh [2], AKUH MOKHA 3aMIHUTH HOTO
cepenuboro JIiHier0. Hexait o — KyT, sAKWA CTBOPEHUM IIBUJIKICTIO B
0e3kiHneyHocTI 3 Xopaoto OA, sy 30iraerscs 3 Biccio adciuc. CepeaHiit KOHTYp
npodimro Moxe OyTH 3aMiHEHWH BUXPOBHM IIAPOM, €JIEMEHTH SKOTO
30epiraroTh 3aBXKIH Ti K TOJIOKEHHS, SIKI MAIOTh €JIEMEHTH 3aMIIIEHOT CTIHKHU.

HacmpaBni, Ko Y — BUXpOBE HANPYXKEHHS HA OJUWHUIIO JOBXHUHH, TO
Ha €JIEMEHT ds MpoduIIo i€ eJIeMEHTapHa CHIa, SIKa BU3HAYAETHCS TEOPEMOIO
KytTa — )KyKOoBChKOTO:

qds =pyVds. (2)

ne V' — MmBUAKICTH MOTOKY O€3MOCEpPEeAHbO Ha PO3IJISAYBAaHOMY EJIEMEHTY,
g — cuja Ha OJIMHULIIO JOBXKUHHU.

Takum ynHOM, 11100 BU3HAYUTH 1110 TIOTOKY Ha MPpodiib, MOTPIOHO 3HATH
3HAYEHHS 7.

[Tpumyctumo, 10 po3MOMLT BEIMYMHU y HAM BIJOMHN 1 IO KPUBHU3HA
poTF0 TOCTaTHRO Maa JJIst TOTO, 00 eIeMEHTapHI TyTu ds MOHa O0yJio 0
NPUPIBHATHU JI0 IX MPOEKIIN dx (ds R a’x) . BUXpoBe Hanpy>KeHHS y SABIAETHCS B
IbOMY BUMAAKY (PYHKIII€IO0 BiJ KOOPIAWHATH X, HAMPY>KEHICTh SIKOTO JOPIBHIOE
Ydx Ta iHIyUMpye B TOYIll 3 KOOPAMHATOKW & elleMEHTapHy MIBHIKICTb,
HanpaBiieHy B310BXK Oy, sika BU3HA4YaeThes 3a 3akoHoM bio—CaBapa:

—vdx
dv=—7+-—.
2n(x—¢) )
IToBHa 1HyIIUpPOBaHA IIBUIKICTh
B _LA —ydx
2y x—§& (%)

ITosHaunMo 4yepe3 V|, MBUAKICT NMOTOKY B OE3KIHEYHOCTI (YTBOPIOIOUY

KyT O 3 Biccto Ox ), a uepe3 U — MPOEKIIiio Ha Bick Ox NOAaTKOBOI IMIBUIKOCTI,
COPUYMHEHOI BUXpOBUM MmapoM. Llg nomaTtkoBa MIBHAKICTH 3B’s3aHa 3
BUXPOBOIO HAMPYKEHICTIO Y HACTYITHUM BI1JHOIICHHSIM

vd&=2udg;, y=2u. (5)
OdeBuHO, IO TOBHA TOPU30HTANIbHA MIBUKICTH B TiHl Jke ToUIl P Oyze
V,=V,cosa+u=V,+u. (6)

[IpeacTaBuMO BUXPOBE HAIIPYKEHHS y Y BUIJISII



YZZVO(AO +iAk sin(ke)]- (7)

B npoMy BUMaaKy HUPKYJIALISA TOPIBHIOE:
I'=4naV,sina=mncl,sina . (8)

[IIBrAKICTE B TOYIl IUIOLIMHN TOHKOI IJTACTUHKHU

df d 2 o 4 (]
E R e S

s _C i
A Ha camili IIJIaCTHHIII, BBaXKaO4Hu & = ae’ = Ze

sino +sin (8 + o) . 0
u=-V, . =V, cosoc+smoc-ctg§ .(10)

sin o

BinMiTiMo mami, 110 MOYaTOK KOOPAWHAT y BHITAJIKy TOHKOI IUIACTHUHKH,
JICKUTh Ha CEPeJIMHI XOpJIU, TOAl SIK MpU Po3rsiaAl npodiiro BiH OyB Ha 3aaHIN
KpoMmiii. B pe3ynbpTati oTpuMaemMo

o 0
0=m—-0; ctg—=tg—. 11
g5 =te7 (1)

BignmoBigao

y0=2V0-sina-tggz2V0-tgg. (12)

Takum uymHOM, mepmui wieH y Bupasl (7) NOpomopuiHUN 4YieHy,
BI/IMOBITHOMY OOTIKQHHIO TOHKOI1 TUTACTHHKH, a 1€ BUpa3 B MOBHOMY BH/II
BIIMOBIZa€ OOTIKAHHIO TOHKOTO NPOQUI0 3 HIyKAaHUMH aepoJMHAMIYHUMHU
XapaKTePUCTUKAMHU.

3ayBaxuMo Hajajl

ydx:cVo[AO(l—cose)+iAk-sin(ke)-sine}de. (13)

JIist iIHAyIMpPOBaHOT IIBUJIKOCTI OTPUMAEMO HACTYITHUN BUPA3:

o T A0l {”A(cos(k_l)e_cos(m)e)} (14)
T, COSQ— cos@ T [ cosp—cosH

Mar4du

T cos(m0) dean, (15)
0

cos0 —coso sin @

MOTIEPEHIH 1HTETPal BUPAXKAETHCSI OCTATOYHO B TAKOMY BUTJISI



1 | sin(k—1)p—sin(k+1)o
v:_V0|:AO_§ZAk (k1) . (ad) }
T sin @

(16)
{4+ St
1
BBexeMo BigHOIIIEHHS
QZAO—OLZAkCOSke, (17)
dx 1

mykaHi koeQiuieHTH A4, —«a, A, A, ... A, € Koe(plUl€eHTaMU PO3KIaLy B Pl
®dyp’e, TOMy MOXKEMO 3aMACATH

1 %dx 2 Tdx
A=4,-o=—|—d0,.., 4 =—|—cos do.
4, s ngdy (n0) (18)

Takum YuHOM, MMOBHA MIAWOMHA CuWia JJIsI BIAPI3KY KpHJIA, PIBHOTO
OJIMHUIII, HOPMaJbHA JI0 MOTOKY 1 BUPAKAETHCS PIBHICTIO

g 1
P:pVojydx:pchoz(AO +5A1j. (19)
0

[Ipu TeopeTUyHOMY Ta EKCHEPUMEHTAIBHOMY JOCIHIIKEHHSAX CHIIOBOI
B3a€EMOJIII PYyXOMOro Tula 3 HABKOJUIIHIM  CEpelOBUIIEM  3a3BUYAil

PO3IIIAAAETHCS HE Pe3yIbTyroua cuiia R, , a MPOoeKIii i€l CHIIM Ha OCl CUCTEMH

xoopmunar (X .Y ):
R,=X*+7* . (20)
ne X — cuiia onopy;

Y — mipifomHa cuia, a ToMy MOXHa MpupiBHATH Bupasu (20) Ta (21):

A
Pszojydx:pchoz(Ao +%A1J:RA:JX2+Y2 (21)
0

B cBoro uepry
Y = Pcos(B!)ds,

X = Psin(Bl)ds, 2)

ne Ids — emeMeHT moBepxHi mpodigro, B — KyT MiK JOTHYHOK CWiIH P Ta

MOBEPXHEIO TIPOPLITFO.
3rigHO BiIOMOTO BHpa3y JAJs IOBHOI a€POAMHAMIYHOI CUITU, MAEMO:



P=C,25s. (23)

3 Bupazy (23) crae 3po3ymijo, IO 3aNpONOHOBAHA METOAMKA, A€
MOXJIMBICTh PO3PAaXOBYBAaTH acpoJIMHAMIUHI XapakTepucTuku JIA 3 HaBeIeHUM
TOPOMOJIOHMM  HECy4YuM  KOpmycoM. Taka MeTOAuKa  aHAIITHYHOTO
JTOCHTIKEHHSI Ja€ MOJXJIMBICTh MIATBEPAUTH €KCIIEPUMEHTAIbHI pPE3ysbTaTH,
10 BimoOpaxkeni Gpopmyioro (1).

IIpuHIMn B3aemMoii JiTaJIbHOI0 anapary 3 NOBITPIHUM MOTOKOM

BeHTunsTOp B LIEHTP1 MAIIMHU CIIYKUTh JJI1 CTBOPEHHS MOTOKY MOBITPS
HABKOJIO HEi. AJsie Ha BIAMIHY BiJ] LIJIOTO PSly anapariB TUIY «TBUHT Y KUIbLIDY
caM Lied MOTIK HE CTBOPIOE PEAKTUBHOI MiAHOMHOT cuid. | omaTi BeHTUisTOpa
TYT T€X HE JIIOTh 3a IPUHIIMIIOM BEPTOJITHOTO TBHHTA.

B nanomy Bumagky ctpyMidb "mpuiunae" g0 cepudHoi 30BHINIHBOT
noBepxH1 Kopmycy (puc. 5) 1 BuHukae Tak 3BaHuil epekt Koanma [3]. Hiskoro
OpUIUNIAHHS HACHpaBlli, 3BUYAWHO XK, HeMae. Bce e MOsICHIOEThCS THM, IO
noTik Oyje raJbMyBaTHCh 1 B Pe3yJbTaTl YOTO BHUHHUKHE HEOAHOPIAHE MOJIe
IIBUKOCTEN IO BUCOTI MMOTOKY, 3aB/ISKH 1IbOMY BUHUKHYTH 1HEPIIIIHI CHUJTH, K1
naayTh Oe3BIApUBHE OOTIKAHHS HECY4YOi TOPOIoAiOHOT moBepxHi. ToMy 3aBISKU
JaMiHaApHOMY OOTIKaHHIO, OTPUMAEMO MAaKCUMAJIbHY TIAMOMHY CHITY IO BCbOMY
KOHTYpY amapary. ExcrnepuMeHT, NpoBeAeHUN B BIPTyalbHIA aepoJaMHAMIYHIN
TpyOl Jae HArjsgIHUM BHCHOBOK, IIIOJI0 3aCTOCYBaHHS IIbOTO €(EKTy B TaKii
aepoANHaMIuHIN cxemi (puc. 6).

Stream of water Stream of water

rd

The Coanda effect #1
JL Naudin - 192699

The Coanda effect #2
JL Haudin -09-26.99

Puc. 5. Ilpuxmnan aii edpexry Koanna



Velocity megnitude [m/s] - Custom

>= 18, BEEE

-

9. GEeE
4, 5666

G. GEee

Puc. 6. ExcnepuMeHT y BipTyalbHIi aepoarHaMiuHii TpyO1
3actocyBanns edexty Koanma ta HETpaauIiiHUX aepOJUHAMIYHUAX CXEM
y O€3MJIOTHUX JITAJIbHUX amaparax € JOLUIbHUM Ta MEPCHEKTUBHUM. Tomy
nabopatopiero Naudin [4] ta kommaniero AESIR [5] Oynmm ctBOpeHi momeni
JiTanpbHUX amapatoB (JIA) 3 TOpormoaiOHOI0 HECYYOI0 TTOBEPXHEIO.

Jlanmi mpomoHyeTbes Taka cxeMa JIA, sika Mae JOCHTh Oarato mepesar,
cepen SKMX Tpeda BII3HAYMTH: JOCUTh Mally MOTYXKHICTh 1 Bary JIBUTYHA,
MOJIMBICTh ~ BHUKOPUCTaHHS  MAJOIIyMHHX 1  €KOJOTIYHO  YHCTHX
CJICKTPOABUTYHIB, TMOIIIHHY  €KCIUTyaTaililo; BHCOKY MAaHEBPEHICTh —
BEPTHKAIBHHIA 31T 1 TIOCAKa, MOXKIIMBICTh 3aBUCaHHS; BUCOKY BaroBy BiJady;
Majly pO3MIPHICTh Ta pajilo MPO30PICTh amapary; 0e3MeYHICTh BUKOPUCTAHHS —
eauHa HeOe3IeuHa pivu B anapari 1€ BeHTHIISITOP, 110 3HaXOUThCS B Kijblil. Bin
HE Ma€ OyIb-SIKUX 30BHIIIHIX PYXOMHX YacTHH (HE BPAaXOBYIOUM HEBEIMYKHUX
IUTACTUHOK JJIsi BIAXWUJICHHS MOTOKIB MOBITPA) 1 TOMy 0e3 MOOOIOBaHHS MOXKeE
JiTaTi GIU3BKO T1IOK JIepeB a00 1HIINX MEePEIKO/I.

OCKiTbKM BHKOPUCTAaHHS OJIHO TBHHTOBOI CXE€MH MPHU3BOAUTH [0
BUHUKHEHHS PEAKTUBHOIO MOMEHTY, TO JJI 3HM)KCHHS BIUIMBY PEAaKTUBHOTO
MOMEHTY TMOTpPIOHO BUKOPHCTOBYBaTH aepOJMHAMIYHI TOBEpPXHI, IO
BCTAHOBJICHI HA 3OBHINIHIA TIOBEPXHI 1 CKOIIYIOTh NOTIK moBiTps. Taki
JOJATKOB1 TIOBEPXHI NpPU PyCcl B TOPU3OHTAJIBHIN IUIOMIMHI CTBOPIOIOTH
JIOJAATKOBHH OIIp Ta MiABUILYIOTh PIBEHB IITyMY, ONITUYHY 1 PaJio MOMITHICTb.

ToMy momanmbIIMM PO3BHTKOM CXEMHU 3 TOPOMOIIOHOK HECYUYOrO
MOBEPXHEI0 € BIPOBAKCHHS COOCHOI CXEMH, SKa KOMIICHCYe HeOakaHui
pPEaKTUBHUN MOMEHT, OYHCTUThH 30BHIIIHIO MMOBEPXHIO Ta JACTh 3MOTY TOBHIIIE
BUKOPHUCTATH TUI0Iy BeHTHIATOpIiB — 1,3 [6]. Lle mae 3mory migHiMaTH OiIbIIe
KOPHCHOTO HaBaHTa)XKEHHS; 3HIKATU O0EPTHU OJHOTO 13 BEHTUJISITOPIB Ta HAJlA€
MOJKJIMBOCTI KEpyBaTH DPHCKaHHSIM O3 YCKJIaJHEHHS CHCTEMU KEpyBaHHA 1
KOHCTPYKLII anapary.

3 ormAgy Ha o 3ampoIllOHOBAHY CXEMYy MPOIOHYEThCS — HACTyIHA
KOHCTPYKTHUBHA peami3allis amapary, M0 TMPEeJACTaBise Cco00 KapKacHy
KOHCTpyKLiO (puc.7), moniOHy 3Buuaitnum JIA Ta kopabmsM, sika y
BEPTUKAJILHOMY Tiepepisi Mae HamiBchepuuny Gopmy. BoHa Takok CKIagaeThCs



3 IIMAHrOyTiB, CTPUHTEPIB Ta OOIMMBKM — &, BEPTUKAIbHI IIIMAHTOYTH
PO3TAIIOBYIOTECS B PajiajbHUX HAmpsMax I KyroMm 45° OIUH 10 OIHOTO,
00’ €IHYIOTBCSI BOHU CTPUHTEPAMH Ta JBOMA TOPU30HTAIBHUMH HINAHTOyTaMHu.
3BepXy pO3TAllOBYEThCSA OOIIMBKA. AmMapaT OJHOTBUHTOBOI CXEMH Ma€ Taki
napaMeTpu, K TOTYXKHICTh eJeKTpocusioBoi ycTtaHoBKHM 1000 006/XB. BOJIBT;
po3mipu rBuHTa 250/175; 3aranbna Bara 0,6 kr.

Puc. 7. KonctpykTusHi enemenTu JIA

CrocoBHO KepyBaHHS TakuM JIA y TO3M0BXKHBOMY 1 TOMEPEYHOMY
HampsAMi TO HOTO MOKHA peali3yBaTH 3a JOTIOMOTO0 YOTHUPHOX BEPTHKATHHUX
pyJiB-KkiamadiB (puc. §), BIAXWUJICHHS SIKAX MPU3BOJIUTH JIO TMEPEPO3MOALTY
HiAMOMHOT CHITH, a came, BIIXUJICHHS MOBITPSIHOTO MOTOKY, 1 3A1MCHEHHS pyXY B
TOPU3OHTAIbHIN TTOTIHHI.

[ToBOpOoT HaBKOJIO BEpPTUKAJIBHOI OCI — pPyX B IUIOMIMHI PHUCKaHHS,
3MIACHIOETBCS 32 JIOTIOMOTOI0 BEPTHKAIBHUX PYJiB, pO3TAlIOBaHUX Ha
30BHIIIHIMN TMOBEPXHI amapary y pajiaibHUX Hampsmax a0o Mpu BUKOPUCTAHHI
COOCHOI CXEMHU 32 JJOTIOMOTOI0 3HUKEHHSI 00€pPTIB OJHOTO 13 BEHTUJISITOPIB.

Puc. 8. Beprukanbsui pymi-kinanaHu, O KEpyBaHHS TO3IOBXKHIM Ta
MOTICPEYHUM PYXOM

BucHoBku

HaBeneHo TroJIOBHI acmeKTH METOJIUWKH PO3PaxyHKY MEPIIOPSTHUX
xapaktepuctuk JIA TopomomiOHOI aepoJUHAMIYHOI CXEMHU, IO JO03BOJISIE



BUKOPUCTOBYBATU  TPQAMIIIAHI  aHAJITUYHI  METOAM  aepOJUHAMIYHOTO
pO3paxyHKy Ta JOCHIDKEHHS JITaJbHUX amapaTiB Takoi abo moji0Ho1
KOHCTPYKITi.

CTtBOpeHO MOJeNbh OOTIKaHHS 3alpONOHOBAHOTO JITAIBHOTO amapaTry Ta
MIPOBEJICHO aepOMHAMIYHI JIOCIKEHHS y BIPTYaJIbHIM aeponHaMiuHii TpyoOi,
M0 MIATBEPKYIOTh MPUHHATI MPUMYHICHHS IIOAO  aepOJMHAMIYHOTO
JOCTIIKEHHS MON10HUX JITaTbHUX arapaTiB.

BusHaueHO NepCrNeKTUBHICTh Ta JOLUIBHICTh CTBOPEHHS JITAJIBHOTO
arapaty 3 HECy4UM TOPOMOJIOHMM KOPITYCOM Ta COOCHOIO CXEMOIO TBHHTIB.

Cnmcox BUKOPHCTAHOI JIiTEepaTypH
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http://energy—source.ru/—iv—/s19—html.

2. Mxumapsn A. M. Jlunamuka mnoneta. [Tekcr] / Tlog penakuuei
A. M. Mxutapsana — M.: Mamunoctpoenue, 1978. — 424c.
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