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PE®EPAT

JlurmoMHaM# 1ipoekT Marictpa: 97 c., 47 puc., 34 Ttabx., 2 noxa., 20 mKepen.

O0’exT A0CTiIAKEHHA — IPOSKTYBAHHS OJIMKHROMArICTPAIbHOTO JIITaKa 3 JBOMA
TPB/] Ha niIoH1 HaJ KpUJioM Jyis iepeBe3eHHs 115 macaxupiB Ha nanbHICTh 1500 kM
3 BUKOPUCTAHHSIM €HEPreTUYHOro Metoay nokpaiieHus 3I1X.

Meta podoTm — po3paxyBaTH 3JIITHY Macy JliTaka y TpbOX HaOJMKEHHSX,
BKJIIOYAIOYM Macy MOro arperariB, Ta MOr0 reOMETpUYHI XapaKTepUCTUKU B, 0OpaTH
JIBUTYH, PO3POOUTH KOHCTPYKTUBHO-CHUJIOBY CXEMY, BHU3HAUUTH JBOTHI 1
aepoJIMHAMIYHI XapaKTEPUCTUKH, CIPOEKTYBaTHU €JIEPOH 1 KPIIUIEHHS ISl HBOTO,
po3paxyBaTH IIHY JiTaKka 3 JBUTyHAMU Ta 0€3 ABUTYHIB.

MeTtoa noc/iiIzKeHHs] — CTATUCTUYHUMN, aHATITUYHI METOAU PO3PAXyHKY, METOAN
Oy/iBeJIbHOT MEXaHIKH, PO3PAaXyHKY JIITaKa Ha MILHICTb.

Pe3yJbTaTu QUIIOMHOTO MPOEKTY MAaricTpa i oro HOBH3Ha: B pe3yibTaTi
BUKOHAHHA POOOTH, OTPUMaHiI HACTYIHI PE3yJIbTaTU IJis ONMKHbOMATiCTPAIbHOTO
MacaKUPCHKOTO JIiTaKa, po3paxoBaHoro Ha 115 4onoBik, fanpHicTIO MoaboTy 1500 KkM:

1) Bu3HaueH1 MacoBl MapaMeTpu, Ta MacCH arperaTiB JiiTaka y TpbOX
HaOJIMKEHHAX, Cepell AKUX: 31IiTHA Maca my = 49 100 kr; Maca KOHCTPYKIIIi:
my, = 12 000 kr; Maca nanuBa my; = 9 000 Kr; Maca KOPMCHOTO HaBAHTAXKEHHS
Mgy = 13 800 kT

2) BU3HAYEHI T€OMETPUUHI, MTAPAMETPHU, CEPE]l AKUX:
wioma kpwia Sg,= 108 M?; posmax kpmna L= 32 M; miamerp drozemsxy
D¢ =3 m; noBxuna ¢rozemsiky Ly = 31,5 m;

3) oOpaHuii Matepiai JIJisd €JIEMEHTIB K1 MpaIlloloTh HA CTUCHEHHA — B95, mis
po3tsaruenux eneMeHTiB — 1163 T, nnsa nomxepona oopanuit — 30XT'CA.

4) BUKOHAHO IHTETpOBaHE MPOEKTYBAaHHS W KOMII IOTEPHE MOJIEIIOBAHHS
€JEpPOHY MPOEKTOBAHOTO JIITaKa, ¢ BU3HAUYCHHSM MII0YMX HABAHTAXKEHb Ta
MPOEKTYBaHH1 KPIMJIEHHS JI1 HHOTO;

5) po3paxoBaHlI €KOHOMIYHI TMOKAa3HUKHU JiTaka, I[iHA JITaka 3 JIBUTYHAMH -
nonapis; 0€3 IBUTYHIB J10JapiB.

6) mpoBeleHa JociigHa poboTa y cdepl MOKpAIIEHHS 3JITHO-TTOCAJIKOBHX
XapaKTEPUCTUK 1 METOMAIB iX 3aCTOCYBAaHHS Ha MACaXXUPCHKUX JIITakax, a
TaKO MPOBEJICHO aHall13 X €)EKTUBHOCTI.

Pexomenganii 1mox0 BHUKOPHUCTAHHA Pe3yJbTATiB POOOTH: pE3YIbTATH
JTUIIJIOMHOTO MPOEKTY MaricTpa 0y1yTh BUKOPUCTAHI1 ITPU MOJAJBIINA po3pOOIIl JiTaKa,
HOro arperariB 1 CUCTEM, a TAKOX IMPHU OMPAIIOBAHHI MPOEKTY Y KOHCTPYKTOPCHKUX
OIOpO 1111 KOMEPIIITHOTO 3aCTOCYBAHHS.

JITAK, ®IO3EJLTK, JIOHXKEPOH, KPIJIO, AEPONUHAMIKA, CUJIOBA
YCTAHOBKA, EJIEPOH, KPOHILUTENH, COBIBAPTICTbD.

YMOBH OTPUMAHHS: 32 TMHCHMOBUM JI03BOJIOM 3aBiIyr0uoro Kadeaporo
MPOEKTYBAHHS JIITAKIB 1 BEPTOIHOTIB HalllOHAIBHOTO aepOKOCMIYHOTO YHIBEPCUTETY
iM. M. €. XykoBchkoro «XapKiBChbKUW aBlallitHUIN THCTUTYTY.
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1 KOHCTPYKTOPCBHKHH PO3ILI

1.1 Asromaru3oBaHe (¢GopMyBaHHS BHIVIAAY JIiTAKa Ha  OCHOBI
CTATUCTHYHUX JAHUX

BBe)]eHHﬂ, MMoCTaHOBKA METH U 3azlaqi NMPOCKTYBAaHHHA

JIiTak - 11e TUI NOBITPSIHOTO CY/IHA, [0 BUKOPUCTOBYE a€pOIMHAMIYHUI MIPUHIIUI
noyiboTy. BiH € HalmonmyNsipHIIIKMM BUJIOM aBIaTPAHCHOPTY 3 BUCOKOKO IIBHJKICTIO,
KOPOTKUMH MapHIpyTaMU 1 BUCOKUM piBHEM Oe3MeKku. 3aBIsKU HAYKOBOMY IIPOTPECY,
11 TapaMeTPU MAlOTh BEJIMKUM MOTEHIaN JIs MOJaJbIIOT0 PO3BUTKY.

Tomy niTaku OyayTh NPOAOBKYBATH 3pOCTAaTH B 00CITaxX MepeBE3€Hb 1 PO3BUTKY.
Ile BuUMaraTume MOCTIHHOI KOHKYPEHTOCIIPOMOKHOCT1, CTBOPEHHSI HOBUX MOBITPSIHUX
CyJICH 3 BUKOPUCTAaHHSIM HOBHMX METOJIB BUPOOHHIITBA, MaTepialliB Ta IHHOBAIIMHUX
pilieHb, 30epiralouu Npu IIbOMY HU3bKY BapTICTb.

Metoro 1IbOTO MPOEKTY € po3poOKa HOBOTO JiiTaka Ta WOro KOMHOHEHTIB. Lle
MaiiOyTHE TOBITpSHE CYJHO Ma€ 3allOBHUTH T[OPOXKHEUYY B  CETMEHTI
OJIM>KHBOMATICTPAJIBHUX  JIITAKIB, IO JIO3BOJUTHh PO3MIUPUTU CHEKTP MOCTYT
aB1aKOMIIaH1# 1 30UTBIIUTH X KOHKYPEHTOCIPOMOXKHICTh. B pamMkax 1bOro mpoekTy
PO3pO0JIAE€ThCS MACAKUPCHKUN JIITAK 3 NAJIBHICTIO NepenboTiB 1500 kM Ta €MHICTIO
115 4omnoBik.

1.1.1 Po3pobKka mexHiuHo20 3a860aHHA

Jlitak, SIKW PO3IIISIMAETHCA Il TIPOSKTYBAaHHS, MAa€ Ha METI TMEPEBE3CHHS
MacaKupis, Oaraky Ta MomTH Ha NOBITpsHUX JiHIAX A0 1500 kM. Lleit nitak noBUHEH
MaTH MOXJIMBICTh €KCIUTyaTallli Ha aepoApoMax MOBITPSHHUX JiHIA YKpaiHH, THIIHX
kpainax CHJI Tta ICAO.

OCHOBHI BUMOTH JI0 JIiTaKa BKIIOYAIOTh:

- Pi3HOMaHITHICTH BapiaHTIB BUKOPUCTAHHS (aIMIHICTPATUBHUIA, TPAHCIIOPTHHIA,
Crieliajgi3oBaHui) 1 TUIM O0JIaHAHHS (BITYM3HIHE 1 3apyOiKHE).

- [upokwuit giama3oH 3 KoMGOPTOM, MACAKUPOMICTKICTIO, aBTOHOMHICTIO Ta
MOKPHUTTSIM a€POJIPOMHOT MEPEKi.

- KoHKypeHTOCTIPOMOKHICTh IO BiHOIICHHIO J10 KOHKYPEHTIB.

- 3maTHICTH 3AIMCHIOBATH TOJBOTH HAJ PIBHUHHOIO, TIPCHKOIO Ta BOJHOIO
MICIEBICTIO.

- BiamoBinHiCTh CydacHUM HOpPMaMm JIbOTHOT MPUATHOCTI Ta MEPCIEKTUBHUM
€KOJIOT1YHHM CTaHJapTaM.

- BnpoBamutu po3poOieHI METOAM TMPOEKTYBAaHHA 1 KOHCTPYKTHBHO-
TEXHOJIOT1YHI PIIICHHd B TEOPII0 1 NPAKTUKy CTBOPEHHS 30IpHMX JIITAKOBUX
KOHCTPYKIIiil 3a qormomoroto interpoBanux cucrem CAD / CAM / CAE.

Jlitak, #Oro JBUTYHHU Ta 1HII KOMIUIEKTYIHOYl MalOTh BIATIOBITATH aBialliiHUM
npaBuiaM 1 cranaapraMm, takuM sk All-25, CS-25, FAR-25, JAR-25, AII-33 i T.x.
JliTak TTIOBMHEH TaKOXX 3aJ0BOJILHATH BHMOTaM IIOJIO IIYMYy Ta €Micii JBUTYHa, a
TaKOX 3aXHUCTY BiJl HE3aKOHHOTO BTPYYaHHSI.
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YMoBH ekcrutyartaiii JiiTaka mnepeadadaroTh pi3HI HapamMeTpu, Taki SK
0apOMETpUYHUM THUCK, TEMIIepaTypa, BOJOTICTh MOBITPsl, BUCOTAa PO3TAITyBaHHS
aepoJipoMy HaJl piBHEM Mops Ta iHiil. JliTak MOBUHEH OYTH NMPUIATHUM JJIsSl TOJbOTIB
B PI3HUX yMOBaX, BKJIIOYAIOYU BI3yallbHUI Ta MPUIATOBUN MOJIT, Pi3HI METEOYMOBH
Ta YMOBU OO0JICICHIHHSA, a TAKOXX HaJl PI3HUMH TUIIAMU MICIIEBOCTI.

TexHi4H1 32ac00M KOHTPOJIIO MOBUHHI 3a0€3MeuyBaT JbOTHY MPUJIATHICTH JIiITaKa
MPOTSITOM MOro TEPMIHY CITY>KOH, a CHCTEMH Ta ABUTYHH MOBUHHI €KCIUIyaTyBaTUCS B
MeE3KaxX BCTAHOBJICHOTO PECypCy.

Bapiantu po3BUTKY JliTaka MaioTh MepeadayaTd MOXIUBICTb CTBOPEHHS
ciMeiicTBa  JITakiB Ha 0a3i [bOr0O  MPOEKTYy Uil  BUKOPUCTAHHS B
CepeaHbOMArICTPAIbHUX MACAKUPCHKUX JITAKAX 31 3SMEHIIEHOIO MACAKUPOMICTKICTIO.

VY poszaini 0yio po3po0sieHO TEXHIYHE 3aBAaHH IS TPOSKTYBAaHHS JTiTaKa.

1.1.2 36ip i 06pobKa cmamucmuyHux 0anux, ix anaiz

Ha npomy erami mpoeKTyBaHHSI HOBOT'O JIiTaka 3'ABISIIOTHCS MOKIMBOCTI, SIK1
JI03BOJISIFOTH:

o Bukopucratu pe3ynbTaTH OCTaHHIX PO3pPOOOK Ta JOCSITHEHb Yy Traiysi
NAaCcaXXUPCHKOT0 aBladyyBaHHS Ta 3araJibHOI MAIIMHOOY/1IBHOI IPOMUCIIOBOCTI.
Ile mo3BONMUTH BpaxyBaTH OCTaHHI 1HHOBAIIl 1 TEXHOJOTTYHI JOCSATHEHHS, 110
CTOCYIOThCS CTBOPEHHSI TOBITPSIHUX CYCH.

o BusHauuTu HanmpsSMOK PO3BUTKY Ta MEPCIEKTUBU JJIsI TAKOTO TUITY JITATbHUX
anapatiB. lle o3Hauae aHani3yBaTH TEHACHIII PUHKY, TOTpeOU aBlakOMIaHIHN 1
MacaXupiB, a TAKOK BPAaXOBYBATH HOB1 TEXHOJIOT1] Ta €KOJIOT14H1 BUMOTH.

o Buectu xopuryBaHHsi B NEBHI mapameTpu po3poOiroBaHOro jitaka. Ilig yac
I[bOT'O €Taly MOXXHA MEPETJsSHyTH Ta ONTUMI3yBaTH XapaKTEPUCTUKHU JIITaka 3
ypaxyBaHHSIM HOBUX JaHUX, BHUMOI 3aMOBHUKIB Ta KOHKYPEHTHHX
0COOJIMBOCTEH.

ITin gac 300py iHopmalii OyayTh BUKOPHUCTAHI XapaKTEPUCTUKU TaK 3BAHUX
"MTaKiB-KOHKYPEHTIB", Kl MAIOTh CX0X1 XapaKTePUCTUKU a00 BIAMOBIIAIOTH JEIKUM
BUMOTaM IPOEKTOBAHOTO MOBITPSHOTO cyaHa. lle 703BOIUTH OTpUMATH BaXKIIUBI
BKa3IBKU Ta PEKOMEHMAIlll JJs TMOJaJbIIOr0 YAOCKOHAJICHHS HOBOTO JIiTaka Ta
3a0€3MeUnTH HOro KOHKYPEHTOCITPOMOKHICTh HA PUHKY.

3a niTaku-KOHKYpeHTH 0yno oopaHno Taki [1C:
AH-74TK-200 (pucynok 1.1);
VFW-Fokker 614 (pucynok 1.2);
BAE-146-300 (pucynok 1.3);

AH-158 (pucynok 1.4);

Boeing 717 (pucynoxk 1.5);

@
@
@
0
0
o Bombardier CRJ-1000 (pucynoxk 1.6).



Pucynok 1.2 — Cxema nmitaka VFW-Fokker 614
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Pucynok 1.5 — Cxema nitaka Boeing 717
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Pucynok 1.6 — Cxema mitaka Bombardier CRJ-1000

CratucTryHI JaH1 JIITAaK1B-aHAJIOr1B BHOCUMO B Ta0muiro 1.1.



Tabmuus 1.1 — CratucTu4uHl gaHl JITaK1B-aHAJIOT1B

HaijimeHnyBaHHA JiTaka

An-74TK-| YEW- |BAE-146- Boeing [Bombardier] Jirax,
Fokker 300, An-158,
IMapametrpu 100, - 717, | CRJ-1000, 1110
614, Beauko- | Ykpaina
CPCP . . CIIA | Kanama | mpoekTy
1983 I'epmanis | Opurania| 2010 1995 2010 pu——
1971 1987 —
JIboTHI naHi
Vinax, KM/TOJX 700 780 789 870 930 870 950
Hyax, KM 10,1 8 11 12,2 11 12,5 12
Vipy KM/TONT 650 722 747 820 820 830 850
H.», kM 10 7,6 9,5 11 10,4 12 10
Vioey KM/TOLX 165 205 290 280 260 180
L(my.), km 2750 1200 3340 2600 3800 2845 1500
Lyoss M 1440 900 1535 1100 1750 2120 1500
Lupos, M 800 750 1270 800 1520 1750 1000
Barogi xapakrepucTuku
My (Mgs3n), KT 36500 19958 44225 43700 | 49900 41640
Mlnoc, KT 33000 17560 42100 41000 | 45400 36970
Mnyem, KT 18900 12179 25640 23000 | 30600 23179
My KT 13210 6320 11730 11500 | 13890 8900
Huac, 901 52 44 100 102 117 104 115
/laHi CHJI0BOI YCTAHOBKH
Sine 2xRol
Tun i kinekicts | 2xTPIJ] | Royce/S 4xTPIUL | 2xTP]l Is 2xGE 2XTPIUL
. Honeyw I - | Royce J1-436-
JABUT'YHIB IIporpecc | NECMA CF34-
ell LF 436- | BR71 148
J-36-3A | M45H 8C5A1
507-1F 148 5-Cl1-
Mk 501
30
Po, xH 63,76 35,05 31 64,45 | 93,16 61,3
Mg, KT 1124 673 628 1400 1828 1110
Cp, kr/kHXroa 62 32 414 35,77 69
I'eomeTpuuHi gani
S, m? 128 75 120 77.5 79 77,4
I, m 28,72 26,62 27,8 25,9 26,07 39,1
7> TPan 13 16 17 18.5 15 21 12
y) 6,4 9,44 6,4 8,65 | 7,96 6,4 9.5
n 6,8 3,1 6,7 2,9 3,2 6,7 2,1
Ly, m 34,2 26,1 30,6 28,6 24,55 27,5
Dy, m 3,9 2,9 3,24 2,9 3,3 2,7
Ap 9,2 8,9 8,9 10,1 7,44 8,9 10,5




Ilpooosorcenns mabauyi 1.1

Sy > 12 11 8,2 10,5 14 10,6
Sro 0,18 0,205 0,17 0,205 | 0,247 0,17 0,3
S‘Bo 0,29 0,198 0,31 0,198 0,156 0,31 0,2
IloxiaHi BeJUUYNHHA
Y
Po 10-S’ 370,5 311,8 572,1 425 536,5 537.9 460
Kr/m>
10-P
t, = —° 0,349 0,32 0,28 0,368 0,373 0,292 0,26
m,-g
Vou = m,,
%6 P,’ 0,173 0,206 0,199 0,216 | 0,192 0,179
kr/maH
— mKoM
m= m 0,17 0,26 0,27 0,28 0,28 0,299
0

1.1.3 Po3pobxa makmuxko-mexHivHUx 6umoz 00 1imaxa

Ha npomy nouyatkoBomy etami (pOpMyBaHHS HOBOTO JIITaKa MU CIIUPAEMOCS Ha
paHilie peanizoBai i1ei Ta po3pooku. Lle 103BOaUTH HALIOMY MPOEKTOBAHOMY JIITaKy
e(eKTUBHO KOHKYPYBaTH B CY4YaCHMX YMOBAaX, a TaKOX, y MaOyTHbOMY, 3aBJSKU
BIIPOBA/DKCHHIO  MEPEJOBUX  KOHCTPYKTHUBHO-TEXHOJIOTIYHHMX  pIIIEHb  Ta
HECTaHAAPTHUX KOHUENIid. Mu npuctynumo 10 "CHUHTE3y" KIIOYOBHUX MMapaMeTpiB
JiTaka Ta KOPUT'yBaHHS OTPUMAHUX JTAHUX BIANOBIHO O TEXHIYHOTO 3aBJAHHS.

[neiHUM [POTOTUIIOM CTaHE CIMEMCTBO PETiOHAJbHUX  IMACAKUPCHKHUX
PEaKTUBHUX BY3bKO(IO3EISDKHUX JIITaKIB PO3POOKM KaHAJAChKOi aBiaOyaiBHOI
koMmraHii Bombardier Aerospace — Bombardier Canadair Regional Jet.

OpHiero 3 HAIMX KIIOYOBHX 1€ € BukopucTtaHHs eexry Koannma, Bigomoro

TaKoX sIK epexT cynepuupkyisiii. [{ei edekT nmomnsirae B ToMy, 110 BUIbHUN CTPYMIHBb,
AKUN BUXOJUTH 3 COIUIA, 3aXOIUIIOE HABKOJMILHE cepepoBuie. Lle npusBoauts 10
YTBOPEHHSI BTOPUHHOTO MOTOKY Ha nepudepii CTpyMeHs, KU JT0JAaTKOBO YTPUMYE
3aXOIUIEHI YaCTUHKUA. Y 30HI MDK KpaemM CTpyMeHS 1 CTIHKOIO (OpMYeThCs
HUPKYJIAIiiHA 00JaCTh 31 MIBUAKOK BTOPUHHOIO T€UIE€I0 Ta HU3bKUM THCKOM.

Mu 311CHIOEMO OCTATOYHMI BUOIp 3arajibHOI CXEMH JIITaka, ONTUMI3YIOUH 1
aHaI3yI0YH KUTbKA KOHKYPYIOUUX BapiaHTiB. OLIHIOBAIILHUM KPUTEPIEM JJIsl HAIIOTO
JiTaka € HOro 3JliTHa Maca, a OOMEXKEHHSMU € BHUMOTU [0 JIbOTHO-TEXHIYHUX
XapaKTEPUCTUK, SIK1 BCTAHOBJICH] B TEXHIYHOMY 3aBJIaHHI.

Otpumani TTB 3anocumo B Tabnuifio 1.2.



Tabonuus 1.2 — TakTHKO-TEXHIYH]I BUMOTH

Mu=10KkM | Mimax=10kM | Loy, kM | 2 Lp, M Vi, Hicpeiic, M Dlex
q0.1 KM/T0]] q0.1
0,79 0,88 1500 115 1500 850 10000 4

1.1.4 Bubip i o6tpynmyeannsa cxemu jqimaxa

Buxonsuu 3 TAaKTUKO-TEXHIYHUX BUMOT JJIsl POEKTOBAHOTO JIiTaka 1 Oepydu 10
yBaru CTaTUCTUYHI JlaHi, BUOMPAEMO JITaK Ki1acu4HO1 cxemu. CTpuionoidHe Kpuio
aBisie co0010 HU3bKoIUIaH. Onepenns T-oOpa3He 1 po3TalioBaHe B XBOCTOBIM YacTHHI
¢brozensky. BoHo siBisie co0OI0 OHOKLIBOBE BEPTHUKAIbHE OMNEPEHHS 3 KEPMOM
HaIpsIMKY 1 TOPU3OHTAIBHE OINEPEHHs, 3aKpIIUICHE HAa BEPTUKAIBHOMY, 3 KEPMOM
BHUCOTH.

OOGrpyHTyBaHHsl BUOOPY a€pOJMHAMIYHOT CXEMHU JIiITaKa

3a KJIaCMYHOIO CXEMOIO0 BUKOHAHO OUIBIIICTh CYy4aCHUX MACaKUPCHKHUX JIITAKIB.
[Tpu uboMy MU OTPUMYEMO TaKi epeBaru:

® KpWIO 3HAXOJWThCS B UYHCTOMY HE30YpEHOMY IMOTOI[l 1 HE 3aTIHIOETHCS

OTIEPEHHSIM;
® TIOKpAIIeHUMN OTJIA JJIsl EKINaxKy.

OOuparour HU3BKOIUIAH SIK BaplaHT pO3TallyBaHHSA KpHWia MIOAO0 (PIO3EIAKY,
OTPUMAEMO TICPEBATH:

e 3MEHIIIEHA BUCOTA IIACi, CIPOIIEHHS iX 30upaHHs;

® BHUKOPHCTAHHS €KpaHHOTO edekTy 3 moBepxuer 3I1C;

® [MJBUINCHHS 0€3MEKU MACAXKUPIB y pasi aBapiitHOI MOCaIKH;

® BHCOKA IUIaBYYICTh MPH MOCAIlI HA BOAY.

Kpuno mitaka — ctpiutoBumne i3 cTpimonoaionuMm mo iiHii 1/4 xopm y = 12°
[lepeBaru taxoi ¢hopmu:

® 3HIKYETHCS XBUIHLOBUH OITIp;

® IMJBHIYETHCS KPUTUIHE Unciao Maxa;

® BHCOKA MOINEpPEYHA CTINKICTb.

O6pano T-o0pa3He omnepeHHs, 3 OMISIAY Ha Te, 10 ABUTYHHM PO3TAIlIOBaHI Ha
kpuiai. TakuM 9MHOM, MM BHHECEMO TOPH3OHTAIBHE OIMEPEHHS 13 30HW CIYTHHOTO
CTPYMEHS KpUJia 1 IBUTYHIB.

Bubupaemo TpUKOIIICHY CXeMY 3 MEPEIHBOI0 OMIOPOIO, sIKa MA€ TaKl [IePEeBaru:

® CHpOIICHHS MUIOTYBaHHS Yepe3 3MEHIIECHHS MWMOBIPHOCTI NEPIOJAMYHHX
CTpHUOKIB JIiTaKa micis mocaaku ("Ko3aiHHS"

® TapHUU OIJIAM JJIs EKIMaXKYy;

® MOXJIUBICTh €)EKTUBHOIO raJiIbMyBAaHHS KOJIIC MICJS MOCAJIKH, 110 MOKpaIly€e
MUJIOTYBaHHS MMPU TOCAIII];

® BIJICYTHICTh HEOE3MEKH KaroTyBaHHS.



Jlitak ocHaienuit ABoma TPBJI, po3ramoBanumu Ha kpuiii. Take po3TanryBaHHS

Mae psijl epeBar:
e 103BOJIsI€ BUKOpUCTOBYBaTH edpekr KoaHnma Ta 30uiblllye MiAMOMHY CHILY
Kpuja 1 epeKTUBHICTh MEXaHI3allli KpuJja 3a paXyHOK CyNepIupKyJIslii;

® JIBUTYHU PO3BAHTAXYIOTh KOHCTPYKI[IIO KpuUja B MOJIBbOTI;

e jeMrndye KOJMUBAaHHA KpWJa B TOJbOTI B TypOyJeHTHil atmocdepi 1 €
npoTUBO(GIATTEPHUM OaTAHCUPOM;

e 3a0esmneuye rapHi MiAX0Au A0 ABUT'YHIB IIPU X 0OCITyrOBYBaHHI.

Ha ocHOB1 00pOOKHM CTaTUCTHUYHMUX JAHUX JIITAKIB-aHAJIOTIB Ha €Tari TeXHIYHOT
MPONO3UIlii BUOMPAEMO BIJTHOCHI FT€OMETPUYHI MTapaMeTpU MPOEKTOBAHOTO JIITaKa.
OCHOBHI reOMeTpUYHI NMapaMeTPH arperaTis JiiTaka HaBeAeH1 B Tabmui 1.3.

Tabonuus 1.3 — OcHOBHI mapaMeTpH JiTaKa

_ D = | = _ _
A Yok | M Cep ;\4]) N(ll), Sro | Seo | Mo | Aso X E(})( X g?( Cro Ceo | Mro | M&o
95117(2,110,1410,5} 3 [(0,3/0,2|3,5|1,6| 30 | 25 (0,10(0,12|3,1|1,1

3a pesynbraramu copmoBaHux TTB BuOMpaemMo HAcTynHy cxeMmy st
MPOEKTOBAHOIO Y3bKO(PIO3EIIKHOTO MaCAXKUPCHKOTO JiTaka 3 1Boma TPJIJ] (pucynox

1.7).
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Pucynok 1.7 — CxemMa npoeKTOBaHOTO NACaXUPCHKOTO JIiTaKa




1.1.5 Busznauennsa 31imnoi macu 1imaka ¢ Hyab060My HAOIUNHCEHHI

35iTHa Maca JiiTaka B HyJIbOBOMY HaOJIMKEHH1 BU3HAYAETHCS 32 (DOPMYJIOHO:

myu. tme,,

(mo)o =

1= (M +1M ¢y +TM o5+ )
je m,, — Maca UiIbOBOr0 KOMEPIIHHOIO HABAHTAKEHH:
my,,. = 120 - n,,. =120 - 115 = 13800 «r;
m,,,— Maca clIy>’kO0BOr0 HaBaHTaXXEHHS 1 eKinaxy (2 mioTa, 2 60pTOPOBITHUKA):
me,. = (93 "My + 68 - no.n.) + AmC.H.;

ne  Mys., — Maca oOJlalHaHHS 1JIS MacaXupiB;

m,,,, — Maca piuH JUIs TyaJeTy,

Mype — MACa aBAPIMHO-PATYBAIBHOTO CHIOPSIPKEHH;

m,,, — 3AINAILIOK Macia,
m,,, — 3QJIHIIOK MaJINBa;

AmC.H. = Mygen T mm.p. + mapc +my,, +m,,;

M1JCYMKOBO:
m., =(93:2+68:2)
2
+ (6,35 -115+ 1,36 - 115+ 0,907 - 115 + 0,151 - 12,6§> ~ 1300kr.

m, = 0,28 — BiJHOCHA Maca KOHCTPYKIIIi /i1 TO3BYKOBUX, TACAXKUPCHKUX,
MaricTpajibHUX CEPEAHIX JIITaKiB;
M ¢y, = 0,13 — BiTHOCHA Maca CHJIOBOI YCTaHOBKH,

m,g = 0,11 — BigHOCHA Maca 00aJiHaHHS Ta YIPaBJIIHHSA, sIKa BKJIIOUA€ B ceOe
T1IPOCUCTEMY, MTHEBMOCUCTEMY, CUCTEMY E€JIEKTPOINOCTAYaHHS, IJIOTaXXHO-
HaBiraijiiine 00Jia/IHaHHS Ta YIPABIIHHA KEPMOM BUCOTH 1 T.1I.;

M., — BIJHOCHA Maca MaJikBa SIKy 3HAXOJIATh 32 EMIIPUYHOIO (HOPMYIIOIO:

m ., =a+b-§;
nme a=0,07; b=0,06.

i, = 0,07 40,06 - =X = 0,176.
850

Toni 3:miTHA Maca JiTaka B HyJIbOBOMY HaOJIMKE€HH1 Oy/ie TOpIBHIOBATHU:

S (120-115) + 1300
M0 T 100,284 0,13+ 0,11+ 0,176)

~49700 kr.
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1.1.6 Po3paxynok macu KOHCHMPYKUIi OCHOGHUX azpezamié Jimaxa, macu
CU0607 yCMAHOBKU, NANUEA, 001A0HAHHA MA YRPAGIIHHA

[licns BU3HAYEHHS 3JITHOI MacHu JIiTaka HYJIbOBOIO HAOIMKEHHS HEOOXITHO
BU3HAYUTHU:
3a CTaTUCTUYHUMU JAaHUMU IPUIMAEMO BITHOCHI 3HAYEHHS MAC: Myoncrp = 0,28;

my, = 0,396; my = 0,351; me, = 0,069; m; = 0,1176.
[TigcraBnsiroun NPUUHSTI 3HAYEHHS, OTPUMYEMO:

— Macy KOHCTPYKIIi JliTaka:
Myonemp = 0,28 -mgy = 0,28 - 49700 = 13920 «r;
— Maca Kpuia:
m,, = 0,396 - m, = 0,396 - 13920 = 5512 kr;
— Maca Qro3ensaxKy:
my = 0,351 -m, = 0,351+ 13920 = 4886 «r;
— Maca OIepeHHS:
m,, = 0,069 - m, = 0,069 - 13920 = 960,5 kr;
— Maca 1maci:
m,, = 0,184 -m, = 0,184 - 13920 = 2561 kr;
— Maca majuBa:
m, = 0,176 -my = 0,176 - 49700 = 8750 xr;
— wmaca CV:
me, = 0,13 -my = 0,13 - 49700 = 6461 kr;
— Maca oOJlaTHaHHS:
my; = 0,11-my, = 0,11 - 49700 = 5467 kr.

OTpumaHi 1aHi y Kijorpamax nepeHecemo B Taduuiio 1.4.

Tabnuus 1.4 — 3HaueHHs1 Mac arperariB JiTaka 3 HyJIbOBOI'O HaOJIMKEHHS

(m0)0 myx mg Myp mep Mon mu, mp Mmcy Mmoo

49700 | 254 | 13920 | 5512 4886 960,5 2561 8750 6461 5467

1.1.7 Ymounennsa 3nimnoi macu 1imaxka Memooom HAOIUICEHD

1.1.7.1 Buznauenns 3nimunoi macu nimaka 6 0py2omy HAOAUNCEHH

OcCkUTbKH TepIie HaOIMKEHHS MOJIArae JIMIIE Y PO3paxyHKy Macu OOJIaJHaHHS
Ta KEPYBAHHS Mos.kep.cr., TO MAE CEHC OZIpa3y MEPEUTH JO APYrOro HaOJIMKEHHS.

CyTb po3paxyHKYy 3/7ITHOT MacH JiiTaka B IpyromMy 1 Tp€TboMY HaONM>KeHH1 IEpe
PO3pPaxXyHKOM B HYJLOBOMY MOJISITA€ Y MIEPEPAXYHKY BITHOCHUX KOE(PIIIEHTIB, B3ITUX
3 JiTepaTypy Ta CTATUCTUKH, 110 3HAXOIATHCSL Y 3HAMEHHUKY, Y TOBHOIIIHHE 3HAYEHHS
Macl y KulorpamMax B YHCEIbHUKY YM IIUJIKOM CYMOIO BCIX Mac MJii TPETbOro
HaOIMKEHHS.



Jlist apyroro HaOJIMKEHHS MEPEPAXYHKY HAJIEKUTh 3HAUEHHS] MacH O0JaIHAHHS

Ta KEPYBAHHS Mogg.kepcn. T MACy KOHCTPYKIII My, 1 dopmyna macu Ipyroro
HaOJIMKEHHS MaTUME TaKUU BUTIISL;

mu.H + My, + My, + m,
1 — (M, + my)

(mg), =

)

dopmyna Macu 00JaJHAHHS Ta KEPyBaHHS:

Mys. = 95 * Nyae (51075 % L + 0,66),

€  Nuac — YUCIO MACAKUPIB;

L — po3paxyHKOBa HAIBHICTh IMOJBHOTY 3 YKa3aHUM YHUCJIOM MACAXHUPIB, KM
(3amana y T3).

Mo, = 95 * 115 (5 - 1075 x 1500 + 0,66) = 8000 Kr;

B cBoro yepry maca KOHCTPYKIllI My BKJIIOYa€E B ceO€ OCHOBHI €JIEMEHTH
KOHCTpYKIii JIA:

e Maca KpuJja;
e Maca Qro3eIsKYy;
e Maca OIEpeHHS,

e Maca Imaci.

Po3paxynkoBa dopmyna s po3paxyHKy Kpuia:

A md n+4

— —4
Myp = 1.14-107*- kMex ’ kKOH ’ kH.M. "P2 Ny - cosl5 Yo.z5 ’ p9 ] C_'O n+1

-1
(-559)
n+3

1€  p — NUTOMa HaBaHTaXXEHHS Ha Kpwiio, naH/m2

mo — 3J1THAa Maca JiiTaka B HyJIbOBOMY HaOJMKEHHI, KT;

p = Cy/C, — KoedillieHT, 1110 BpaXOBye BILTMB KOHYCHOCTI HA Macy KpHJIa;
Co — BiIHOCHA TOBIMHA IPOiTIO OiIs KOPEeHs KPUIa;

C, — BITHOCHA TOBITMHA OIS KIHIIEBOTO MPOodiIro;
np = 3 — PO3paxyHKOBE NIEPEBAHTAKECHHS,

0 = 0,9 — 111 IBOXJIOHKEPOHHOTO KPHIIa;



— — 2

¢, =093 -0,014 - K¢, — 6,3 1073 Kmxp = Mepxp <er.kp> =0,6 —
KOe(ilIEHT PO3BAaHTAXKEHHS KPUIIA;

K¢y =1 — ABUT'YHU BCTAHOBJIEHI Ha KPUIIi;

Kiwp =1 - SIKIIIO OCHOBHI CTOSIKM IIAC1 PO3TAIIOBAH1 B KPHJIL;

Kyuex = 1,15;

Kyon = 0,95

Kiun=0,8...0,85 — 17151 cHJT0BUX €J1€MEHTIB KpUjla BUKOPUCTOBYIOThCS BYTJIE- 1
OOpOITaCTHKH.

OcTtaTto4HO BUpaXyeMO Macy KpuJjia IMiJICTABUB 3HAYEHHS:

4 9.5 497003 21+ 4
me, =114-107%-1.15-09-08-0.6 -3 -

cosl512 |460%09-0.16 2.1+1

(1 16— 1) 4950
21+3) K

Hactynuum ine po3paxyHok Macu Gro3emsiky 3a GopMysioro:
my = 0,003 - Ay - My + 10d5 , gAg + 8 * d§ i, + 150M + 300 + 0,03k, ™y,

ne Ay — MOJOBXKEHHS (PIO3EIIKY;
mo — 3J1ITHAa Maca JiiTaka B HyJbOBOMY HAOJMXEHHI, KT;
dgpexs — EKBIBAJICHTHHM J11aMeTp (IO3EIIKY, M;
M — po3paxyHKoBe yuciio Maxa IoJboTy;
kg = 0.5, AKIIO OCHOBHI CTOSIKM HE 3aKpIIUIEH] HA (IO3EIIIKI.

Maca ¢ro3ensixky 10pIBHIOE:

mg = 0,003 - 10,5 - 49700 + 10 * 32% 10,5 + 833+ 150 * 0.79 + 300 + 0,03
* 0.5 % 49700

mgy = 3890 kr;

Maca onepeHHsI pO3paxoBYEThCs 32 (HOPMYJIIO0:



m,, = (0,946 + 1,5- 1073 - V.., ) - (44 +0,8- 1073 - m,) - (sm + SBO> - my/p

e Vposp — pPO3paxyHKOBa HIBUIKICTH MOJIBOTY, KM/TOJ;

Sr.0 , SB.0 — BIJTHOCHI ILIOIII TOPU3OHTAIBHOTO Ta BEPTUKAIBHOTO OMEPEHHS,
B3ST1 13 CTAaTUCTHKM;

mo — 3J1ITHAa Maca JiiTaka B HyJIbOBOMY HAOJMXEHHI, KT;

p — IUTOME HaBaHTAXKEHHS Ha Kpuiio, faH/m2.

Maca onepeHHsl TOpIBHIOE:

m,, = (0,946 + 1,5-1073-850) - (4,4 + 0,8 - 1073 -49700) - (0,3 + 0,2)
49700

460

m,, =~ 1010 kr;
Macy miaci po3paxoByroTh 3a (OpMYJIOH0:

(mg - 1073 + 359) (49700 - 1073 + 359)
: = 0,032 - 49700 -
(mg - 1073 + 249) (49700 - 1073 + 249)

m,, = 0,032 - m,

m,, =~ 2150 kr;

OTpumaHi 1aHi y Kiiorpamax nepeHecemo B Tabmnuio 1.5

Tabmuus 1.5 — 3HaueHHS Mac KOHCTPYKIIIi JiTaka JJis NepIIoro HaOJIMKEHHS y
KiJorpamax

myp me Mon ny 2my

4950 3890 1010 2150 12000

[ToBepTarounch 10 po3paxyHKy MacH JiTaka y ApyroMy HaOJMKEHHI M1ICTABUMO
3HAYEeHHS! KOHCTPYKIIIT U CIy>KO0BOro 00jaJHaHHS 3aMICTh BIAHOCHUX KOE(IIIE€HTIB
BIJIMOBIIHO /10 HYJILOBOTO HAOJIUKEHHS 1 OTPUMAEMO:



Myy + Mgy + Mg, +m, 13800 + 1300 + 8000 + 12000

m - =
(mo)z 1 — (i, + 7iy) 1-(0,13 + 0,18)

(mo)z ~ 50800 KT,

1.1.7.2 Buznauenns 31imunoi macu 1imaka 6 mpemvbomy HA0auMHceHHI

Sk Oyno 3azHaueHo y myHkTi 1.1.6.1, mepexig ¢ HyJIbOBOro HAONMXKEHHS 10
TPETHOTrO MOTPeOy€e 3aMiHy BIIHOCHUX BEJIWYMH, IO SBISIIOTH COOOI0 y3arajibHEHE
3HAQYEHHS — 3aMIHOI0 TOYHO BHPAaXyBaHMX BEJIMYMUH CKJIQJOBUX 3JIITHOI Macu JiTaka
JUTSL TPETHOTO HAOJIM>KEHHS.

VY apyromy HaOnuxeHH1 Oynd MijpaxoBaHi Maca 00JaJHAHHS Ta CymMapHa maca
KOHCTPYKIIii. Y 1[boMy (iHabHOMY eTari OyAyTh pO3paxoBaHi Maca MajvuBa U maca
JIBUT'YHIB, 3aBEPIIYIOUH PO3PAXYHOK 3JITHOI Macu ¢ BUCOKOIO TOUHICTIO0. DopMyna Jist
TPETHOTr0 HAOJIMKEHHS MacH JIITaKa Ma€ BUTTISL;

(Mg)3 = My + Mg + Mgy + my + mee + mpg + my, + my’ + myy,

Ockuibku MallOyTHIN pO3paxyHOK MajiBa U MacH CUJIOBOI YCTAHOBKH MOTPeOye
BU3HAYEHHS ABUTYHA, SIKHM 3aJ10BOJIbHSE MOTPeOU T3 U BiANIOBIIa€ yCIM HEOOXITHUM
CTaHJapTaM — HACTyHMHUH MIANYHKT Oy/ae npucBsiueHo mindopy TPs/I.

1.1.7.3 Bubip muny osuzyna

BusnaumBImm mMacu arperariB JliTaka, MPUCTYIAEMO JO PO3PAaXyHKY CTapTOBOI
Tty nBuryHa Po. [[7s 1bOTO, CKOPUCTABIINCH CTATUCTHYHUMHU JTaHUMH, TIPHAMEMO
cCepeaHE 3HAUCHHS TAT0030poeHOCTI to = 0,26.

Py=1t-my-g
Po=0,26 - 49700 - 9,8 = 126635,6 H = 12664 naH.

Bu3znauumo CTApPTOBY TAT'Y OAHOI'O JIBUT'YHA:

12664

P()] = = 6332 daH.

Buxoasun 3 oTpumMaHoOi MOTPIOHOI TIATHU, € MOXKIIMBICTh YCTAHOBKM HACTYIHUX
JBUTYHIB:
o J1-436-148;
e General Electric CF34-8E;
e General Electric CF34-10A.
B sxocti nBuryna OyB oOpanuii asuryH [[-436-148 «IBuenko-IIporpec»
(pucyHnok 1.8), sik cepeHiii 30anaHCOBaHUM BapiaHT.
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J-436 — cimeiicTBO aBlaliHUX ra30TypOIHHUX JABUTYHIB, po3pobiiennx 3MKDb
«IIporpec» im. akagemika O. I'. [Buenka (Ykpaina). [IpuznaueHo 115 nacakupChKux 1
TPAHCIOPTHUX JIITAKIB MAJIOi 1 CEpeIHbO1 TAJIbHOCTI MOJBOTY (cepen Hux Ty-334, An-
148, be-200).

VHiBepcanbHa MIJBICKa JABUTYHIB JO3BOJISIE BCTAaHOBIIIOBATU JBUTYHH SIK B
MOTOTOHJIONTaX 3 OOKIiB (ro3emspky (Ha smitaky Ty-334), Tak i B MOTOTOHIONIAX Haj
kpwioM (Ha mitaky be-200). MoaynbHa KOHCTPYKIiSl JBUTYHIB 1 BUCOKOPO3BHUHEHA
cUCTeMa KOHTPOJIIO 1 I1arHOCTUKH 3a0e3Meuye eKCIUTyaTallilo 32 TeXHIYHUM CTaHOM.
JIBUTYH BiZIIOBifa€ SK Ji0OYUM, Tak 1 mepcrnekTuBHUM Bumoram Hopm ICAO 1o
aBlalifHUX JBUTYHIB 100 IIYMiB 1 BUKH/1B MIKIIJIUBUX PEUOBHUH.

XapakTepUCTUKH JABUT'YHA 3aHeCeMO B TaOuIo 1.6.

-

Pucynok 1.8 — TP/l /1-436 «MoTtop-Ciu»

Tabmuus 1.6 — Xapakrepuctuku asuryna TPB/I [Iporpec J[-436-148

Py, naH Cpo, KI/KrCrOa Mcyx, KT I'abapuru, L x D mm

6450 0,351 1400 3872 x 1800




1.1.7.4 Po3paxynox cknadosux napamempié 01a 31imHOI macu Jjimaka 6
mMpPempomMy HAOIUNHCCHHI

[louHeMO poO3paxyHOK 3 Macu CHJIOBOi YCTAHOBKU My, SKa OUIBIIOIO CBOEIO
YaCTHHOIO SBJISIE COO0I0 CyMapHy Macy JABUTYHIB Ta IOMHOXEHY Ha KOe(ILIeHT, 110
BpaxoBy€ TOHJIONY, (PYHKIIIIO peBepcy Ta iHiie. Popmysna Macu CUIOBOI YCTAaHOBKHU
Ma€ BUTJISIA:

mg

7. =R*mAB*n

7B

1€ Ny — YUCJIO ABUTYHIB, YCTAHOBJICHHX HA JITAKY;

m,z — Maca JBUT'yHa 3a MaclOPTOM, KT;

R — xoedirienT, 1110 BpaxoBye 30UIbIIEHHS] MAacH CUJIOBOT YCTAHOBKH MOPIBHSIHO
3 macoto asuryHiB. [ns mitakis 3 TP, TPAJ1 1 TBaJl nopiBHio€:

R=k,(1+ kp,m,M ke +k—(1 2 4 0,275y%75)2],
n,qB. y,qB
ne ki —0.95, koediuieHT, 1110 BpaxoBYy€e KUIBKICTb IBUT'YHIB 1 MICHE X YCTAHOBJIEHHS
Ha JIITaKy;
kp.m=0.15 — peBepc T4ru 1 LIyMOTJyIICHHS;
Nys.pes — YACTIO ABUTYHIB, OCHAIIIEHUX PEBEPCOM THATH;
ky = 1.0 — nBuryHu 6e3 kamep Qopcaxis;
Y — 0.16, macnopTHa nuTtoma Bara asuryHa, naH/maH;
kg —0.0236, xoedilieHT, 1110 BpaXOBY€E TUII MOBITPO3aOIPHUKIB 1 CONEN JIBUTYHIB;
y — 5, CTylliHb JBOKOHTYPHOCTI, BKa3aHUI B MACMOPT1 JBUTYHA.
1 JOPI1BHIOE:

_095<1+015 )[1+ 01E (12+0275*5°75) ]—18

a OCTaTOYHO Maca CUJI0BOI YCTaHOBKHU:
m., = 1,8 1400 * 2 ~ 5060 kr;

Maca manuBa BU3HAYA€ETHCS 32 TAKOIO (hOPMYIIOHO:

mr —m4// (mg)2,

ne (mg),— 31iTHA Maca B TIONEPEIHLOMY HaOIMKEHHI;

ﬁl;/ /_ BIJHOCHA Maca MajiuBa, 1110 BU3HAYAETLCS HIDKUE.

Binnocna maca sBisie co0010 cCyMy BIIHOCHUX Mac:



I _ S _ _
my’ = Mryp + Mriperic © Mrp3 + Mrcan + Mraroys

0,0035-H,;,4(1—0,03-y)
1—0,004H,,,

e Mryg = - BiJHOCHa Maca naJiuBa, 1110 BUTPA4Ya€EThCS HA

Habip BUCOTY;

0,2-(L—40-Hcp)
aH'Merﬁc_O'ZB'WB

mrxpeic T Mru3 = 0,052 + Cp ypeiic [ + 0,1] X

kl'ﬂ:'ﬂ,
NOJIbOTY | aepOHaBiraniiHMM 3anac;

ko-(1+S
\/—2 (1+5) (F, + F, - P) - BifHOCHa Maca naJiiBa JJisl KpeHCepChbKOro pexxumMy

Cp xpeiic = 0,63- mUTOMA BUTpATa MaJIMBa HAa KPEHCEPChKOMY PEKUMI
NOJIBOTY;
ki=1+6,667-107* x5 — 7,778 - 107° - x25%
k, =1,02 - nna A = 4,5;
Sp =20 |S_ 20 171) _ pinyocHa mioma KprIia, 3aitHATa
o =3 7712 BiZJHOCHA IJIONA KPWJIa, 3aUHAT
dro3enskem;

Fl = kOl‘[(CXTp.Kp + CX B.Kp);

0,174-(1+2-¢+9-¢?)(1+2-¢-M
Cx TP.Kp —

: kpeiic) (1 — Ky - S‘q))- KoeillieHT onopy
(lgRer —1,6) 1+0,2’Mxpeﬁcz

TEPTA KPUIa;

3
M, .. —M 1,25—Mypeir ..
Cyx pxp = C (M> <1 + 3 &> - KoediIlieHT

1,25=Mypyr 1,25~ Mypur R
XBUJIbOBOI'O OIIOPY KPHJIA;
kA2 ¢
A2+40,2

Mypyr =1 — COS X025 — KpUTUYHE 4ncJio Maxa;

k = 0,5 - 11 cynepKpUTUYHOTO MPOPiat0 KpUIa;
Rey, =f(H) - Merﬁc\E— yucJio PeliHosb/Ca;

_ _H HEY L7
F(H) = 2,33 (1 =+ 535) 107;
(Cx_Tp.cb"'Cx_B.cl))_

)

F

KMM;{

_ 0,455 1700 L.
Conp = 31+ Ag(L+ 0,1MG) ™07 | 20205 — R%] - KoedillieHT

onopy TepTa Qro3essaxKy;



Rey = f(H) - MypeincApdy = f(H)MpeiicLg — anc0 Pedinosb/ca;

M — KpUTUYHe urcio Maxa /151 Qpro3eisixKy;

=1-—
KpHT-§ Ap+ 2200

Cxpp = rrTE Koe(dil[iEHT XBUJIbOBOTO ONOPY PIO3EITKY;
Mrcun = 0,002 - H,,, (1 —0,03y)(1 — 0,023 - H,,,,) - BilHOCHa Maca

IMaJIMBa, IO BUTPAYAETbCA HA 3HUXEHHA i ImocaaKy,

mrpoy = 0,006- BifHOCHA Maca naysiMBa iHIIUX HEOOJIIKOBUX BUTPAT
(3amyck, mporpiBaHHs JBUTYHIB, pyJib0Ka, HEBiZNpallbOBaHUN 3aJIUIIOK
najivBa);

H,.q = 10 - noyaTKoBa BUCOTa KPEUCEPCHKOTO MOJIbOTY, KM;

H,;y = 10 - KiHjeBa BHCOTA MOJIbOTY, KM.

Maca nanuBa JOpIBHIOE:
my=ml" . (mg), = 0,17895 - 50,8 =9,1 1

Hapemri, Bci ckiianoBi popmyiv JUisl pO3paxyHKy Macu B TPEThOMY HaOJIMKEHH1
BU3HAYEHI Aa0CONIOTHUMM BEJIMYMHAMHU 1 MOXHA BUpaxyBaTH 3JITHY Macy YCbOTO
JiTaKa:

24 r r

(Mg)3 = My + Mg + Mgy + my + mee + mpg + my, + my’ + myy,
(my)s = 13800 + 1300 + 8000 + 12000 + 5000 + 9000
(mo)g = 49100 xr.

OCKUTbKM 3JITHAa Maca y TPETbOMY HAOJMKEHHI BIJHOCHO 1O HYJIBOBOI'O
3MIHUJIACh HECYTTEBO Ta Y MEHIIY CTOPOHY, II€ CBIAYUTH IO OOpaHi Ha MOYATKY
BIIHOCHI Koe(ilieHTH O miaidpaHi TOYHO M MEPEPaxXyHOK TIeOMETPUUYHUX
XapaKTEepUCTHK HE Ma€ ceHey. [0 yBaru MoskHa B3SITH TOM (akT, 1110 3MEHIIIEHA 3JIITHA
Maca MOXE YacTKOBOTO TapaHTyBaTH HaM HE3HAyHE MIABUIIECHHS JHOTHUX
XapaKTEPUCTHUK II0A0 MPUBEACHUX Y MOJAIBIINX PO3paXyHKax.
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1.1.8 Bu3nauennsa zeomempuuHux po3mipie OCHOBHUX azpezamis Jimaxa
(Kpuna rozensnrxicy, onepenns, waci). Buznauenns nonosxcennsa uenmpa mac.
Po3pooka 3azanvnozo euenady aimaka

Busnauenns 2eoMempuyunux napamempis Kpuia
3 CTAaTUCTHYHMX JAHUX Bi3bMEMO CEPEIHE 3HAYCHHS IIMTOMOT0 HABAHTAKEHHS Ha
KPUJIO IIPY 3J160Ti piBHii 460 naH/m?
__ mg'g _ 4970098

= = = 107,85 m>.
10-po 10-460

Po3max koHcouel Kpuia BU3HAYMMO 332 HACTYMHOIO (hOPMYIIOHO:

L=+vAS=,9,5:107,85=32m.

KopeneBy (o oci cumeTpii jiTaka) by 1 KiHIIeBY by Xopau Kpuia BU3HAYAIOTh
BUXOJSYU 3 3Ha4YeHb S, L, n.

Sk 2 95-2:2,1
by =~ — = =429 m;
L n+1 30-(2,1+1)
by 4,29
b, = = =—=—"=2,04m.
n 2,1
CepeniHio aepoIMHAMIYHY XOPAY KpHJia 00UUCITIOEMO 32 (POPMYJIIOIO:
2 +n+1 2 2,1242,1+1
ba=_.b0.u:_. 2922 T2 3 46 M.
3 nm+1) 3 2,1-(2,1+1)

Koopaunaty CAX 3a po3maxoM Kpuiia BA3HAYAIOTh O CIIBBIIHOIIEHHIO:

L n+2 _ 30/(2,1+2
Za=—'n = 3 )=7,28M.
6 N+l 6(2,1+1)

Koopaunata nHoca CAX 1o oci OX:

ba n+2 .
= —+——--tan ;
Xa 6 n + 1 XHK
zie
. n-1 21-1 _
tan y,, = tany + oD 0,3+ 952 1tD) 0,34;
TOA1
X, = 0,26 m.

[Tonoxenns nentpa mac (gaiai — [IM) nitaka Bu3HauaroTh BiIHOCHO HOcka CAX.
PexomenioBaHe 3HAUEHHSI, OTPUMAHE 3 CTATUCTUKH, TaK CaMo:

Xm = 0,25-b, =0,25- 3,46 =0,87 m.
[Tno11i ropu30HTAIBLHOTO 1 BEPTUKAIBHOTO OMEPEeHbh BU3HAUAIOTH BIJIMOBIIHO 3a
TaKUMU 3QJICKHOCTSIMU.
Sro = Spo *S=0,3-107,85=128,5 Mm%

Suo = Sao *S=0,2 - 107,85 = 19 M2,
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Po3Max ropu3oHTaIbHOTO 1 BEPTHUKAIBHOTO OIEPEeHh BHU3HAYMMO 3a TaKOIO
dhopmynoro:

Lo = vAro * Sro = /3,5 28,5 =9,98 m;

lBo = \/XBOZISBO = \/1’62.19 =3,89 m.

KopeneBi 1 KiHIEBI XOpAUM OMNEPEHb BHU3HAYMMO AHAJIOTIYHO MOJI0HUM
napaMeTpamu Kpui:

b = Sw, 2N _ 285231
0ro ™ 1 mo+l 3,893,1+1

S, 21 19211
bogo =7 — == =3,61 m;
Lo Meot+l 3,89-1,1+1

=431 m;

b 4,31
byro = =2 = =—=1,39 m;

Nro 31
bose 3,61

Dyge = 22 = 222 =378 1.
Nso 1,1

Po3mip 1 monoxennst CAX TOpU30HTAIBHOTO 1 BEPTUKAIBLHOIO OMEPEHB 1100
HOCAa iX KOPEHEBUX XOP/l 3HAX0IUMO 3a (HOpMYyJIaMH:

2 Nro > Mo+l _ 2 3,12+3,1+1
baro=_ oro .. . ..~ TN =31 M
3 Nro(Mro+1) 3 3,1(3,1+1)

2 NeoZ+Mpo+1 2 1,12+1,1+1
baBO —— OBO%:_. 3,61 —:3,44 M,
3 Npo(Meo+1) 3 1,1%(1,1+1)

o Mro+2 9,983,142

7. =X =2,07 M;
aro Mo+l  63,1+1 ’ ’
lo Mpot+2 3,891,142
Yapo = = = =0,96 m;
6 Mgotl  61,1+1

_ nFO_l — . —3’1_1 = N
Xaro = Zaro (tan Xro F xm(nm+1)) 2,07 (0’87 T 3,5-(3,1+1)) L8 M
_ (tan +%°—_)—096-(066+L)—032
Xaso = Yaso MM Xso T3 7y ) T SRMEVICEREIY A

Biacrani Bin neHTpy Mac JiiTaka A0 LEHTPY TUCKY TOPU30HTAJIBLHOTO ONEPEHHS
BHU3HAYAIOTh BIAMOBIIHO 10 PEKOMEH Iallli, 0 0a3yl0ThCsl HA CTATUCTUYHUX JTaHUX.

L, =36"b,=36-31=16,22wm.

Pospaxynok ceomempuunux napamempis grozensixcy
Po3mipu ¢rozemnsiky (0BXKUHY BCboro (ro3ensiky Ly, JOBXKHHY MOro HOCOBOI

yacTuHU Ly, JOBXUHY MOro XBOCTOBIM 4acTuHI Lys) BU3HA4YaIOTh 32 CTATUCTUYHUMU
JTAHUMH.



Ly =105-3=315m
L, =1,883=5,64m
Ly = 2,353 = 7,05 M

Pospaxynok ceomempuunux napamempis waci
JIJIst TPUKOTICHOTO TIaci 3 IEPETHHOI0 OTIOPOI0 OCHOBHUMH TApaMETPaAMU €:
— b 0aza maci - BiICTaHb M1 OCSIMA OCHOBHHX 1 [TEpEIHINA OTop:

b=039-Ly=039-31,5=12,6 m;

— B xomis mraci - BiicTaHb MK IUIONTMHAMHA CUMETPii OCHOBHMX orop. Kouito
maci B, oOupatoTs 3 yMoBHU 3a0€31€4EHHSI CTIKOCTI PyXy JIITaKa 110
aepoJipoMy 1 B OCHOBHOMY 3aJIeKUTh BiJl BUCOTH LIEHTPY Mac Jiitaka. JlJis
JIITaKiB C BEJIMKUMHU MTOJIBOTHUMHU MacaMH, KoJiit0 B oO0uparoTh O1UIBIIOI0
IIUPUHU TUTUT OETOHHOTO MOKPUTTA aepoapoMiB (6 M), 11100 3MEHIITUTH
HaBaHTA)XEHHS HA 111 TUIUTH.

[Ipr3HavyaemMo KOMIO IIAaci, BUXOJAAYM 3 KOMIIOHOBKH Ta 3JIiTHOI Macu JIA, Ta
CTAaTUCTUYHUX JTaHUX.

2H<B<15(m), Toni B = 6,158 wm;

— € - BUHOC OCHOBHMX I'OJIOBHHUX OIIOp, TOOTO BiJICTAHb MK BEPTHUKAJIIIO, 110
MIPOXOAUTH YEPE3 LIEHTP MAC JIITAKa, 1 BICCIO OCHOBHUX OMOP:

e =(0,06...0,12)b = 0,06 -12,596=0,75 m;

— a - BUHOC NIEepeHbO1T OMOPHU, TOOTO BIACTAHb MK BEPTUKAJLIIO, 110
MIPOXOJUTH YEPE3 LICHTP MAC JIiTaKa, BICCIO MEPEIHBOI0 KoJieca:

a=b-e =12,596 — 0,75 = 11,84 wm;

— (@ - KyT NepeKuaHHs (KyT TOPKaHHS XBOCTOBIM YacTUHI (ro3essiky abo Horo
3ano001KHOT OMOPHU MOBEPXHI 31THO-NTOCaAKOBOI cMyrH) [ 1, c. 838]:
=10
I1o po3paxoBanum naHuM, OyB HaKpECICHUH 3araJbHUNA BUTIIS]] CIIPOEKTOBAHOTO
JiTaka, IOKa3aHoro B JOAATKY A.

1.1.9 Buoéip, oorpynmyeanns, po3pooka i ye’a3ka KOHCHMPYKHIUGHO-CUTIOBUX
cxem (KCC) acpezamie nimaxa

KonctpyktuBno-cunoBa cxema (KCC) — me cxemMa po3TallyBaHHS CHJIOBHX
€JIEMEHTIB KOHCTPYKI[i OCHOBHHUX arperariB, iX BUKOHAHHS, B3a€EMHA CUJIOBA YB’A3Ka
Ta COCOOM 3’ €THAHHS.

[lepmoueprona 3agaua KCC siBnsie co0010 mponec CTBOPEHHsI Ta BUOOPY Takoi
CUJIOBOI CXeMHU, Yy AKil OyAyTh 3a0e3neuyBaTUCh TaKl MyHKTH:

e MiHIMaJbHa Maca KOHCTPYKIIil arperaTiB 1 yChOro JIiTaka B IIUIOMY;



HE0OX1Ha )KOPCTKICTh KOHCTPYKIIi 3 ypaxyBaHHIM JUHAMIYHUX
HaBaHTaXEHb 13ac001B AeMI(ipyBaHHS B [UISIX CTATUYHOT 1 AUHAMIYHO1
CTIMKOCT1 KOHCTPYKIIii B OTOIL[i OBITPSI;

KOHCTPYKIIisl MOBUHHA MATU BUCOKUM CTYIIHb )KUBYYOCTI, a came
3IaTHICTh BUTPUMYBATHU €KCIUTyaTalliiiH1 HABAHTAXEHHS IIPU YaCTKOBUX
pyIHYBaHHSIX IEBHUX €JIEMEHTIB, 1 BIMIOB1AaTH BUMOraM BTOMHO1
MIITHOCTI;

KOHCTPYKIIiSl TOBUHHA OYTH TE€XHOJIOTTYHOIO, 1100 1 11 BUTOTOBJICHHS
MorJia OyTH 3acTOCOBaHa HAUOLIBII IPOCTA 1 pallioHaIbHA TEXHOJIOT'151;
KOHCTPYKIIii TOBUHHA 3a0€3MeuyBaTH HAWOLIbII 3pYYHOCTI B
eKCIUTyaTallll JliTaka 3aBJSKU palioHATbHOMY PO3MIIIEHHIO JIFOKIB 1
eKCIUTyaTallliHUX PO3'eMIB arperaris, JJIs MAXO0AY A0 CHUIOBIN
YCTaHOBII1, OOJIaIHAHHSA 1 T. [I.

Bub6ip KCC arperatiB npoBOAUTHCA Ha OCHOB1 aHATI3Y:

PO3paxyHKOBHUX BHUIIAJIKIB HABAaHTAXKCHHS JIITAKA;
BU3HAUYCHHS HaBaHTaXeHb, K1 J1IOTh HA arperar;

poOOTH CHUJIOBUX €JEMEHTIB arperaty MiJl HaBaHTaXEHHAM 1 iXHeE
KOHCTPYKTUBHE BUKOHAHHS,

tuniB KCC arperary;
KCC ananoris arperary.

ITpu Bubopi KCC arperaty, HeoOX1JHO KEpyBaTUCSI HACTYITHUMH BUMOT'aMU:

30BHINIHI (popmMu Ta 00BOAM arperaty MOBWHHI 3a0e3MedyBaTH MiHIMYM
aepOAMHAMIYHOTO OTOPY, BUKIIOUYUTH MOKJIMBICTH 3PHBY MOTOKY 3
O0OTIYHUX MOBEPXOHB, JHOTHO-TEXHIYHI XapaKTEPUCTUKHU MOBUHHI OyTH
BHCOKHMU,

Maca KOHCTPYKIlii MOBHHHA OyTH MIHIMaJIbHOIO, a HAAIMHICTB 1 )KUBYYICTh
— BUCOKHMU;

HEOOX1HO 3a0€3MeUnTH 3PYYHICTh eKCIUTyaTallii B pi3HUX KIIMAaTHYHHUX
yMOBaX.

Koncmpyxkmueno-cunosa cxema xpuna

Bubip KOHCTPYKTUBHO-CHJIOBOI CXEMU KpHJla BUSHAYAETHCS
a) KOMIIOHYBaHHSIM KpUJia — HAABHICTIO B OOIIMBIII JIFOKIB JIJIsI
00CIIyTOBYBaHHS PO3TaIlIOBAHUX B KPUJI1 arperariB o0JiaJHaHHSI, HASIBHICTIO B
KpuJii Oaka J1Jis majinBa;
0) KOMIIOHYBaHHSM (DIO3€JISKY — HAsIBHICTIO JIOCTATHIX OOCSTIB JIst
LEHTPaAIbHOI YACTUHU KpUJia B (PIO3EIAKI;
B) BUMOTaMH >KOPCTKOCTI.

Jlitst

HaOJIMKEHOTO  BUOOPY  KOHCTPYKTUBHO-CHJIOBOI  CXE€MHM  Kpuja

BUKOPHUCTOBYETHCSI TIOHITTSI YMOBHOTO JIOH>KEPOHA, IIUPUHA MOSICY SKOT'O0 CTAHOBUTH
60% xopau Kpuiaa B PO3pPaxyHKOBOMY mepepidi. B AKOCTI Takoro mnepeTuHy
MPUIMaIOTh KOPEHEBY XOpay by.



ToBLIMHA TOSICY YMOBHOT'O JIOHKEPOHA BU3HAYAETHCS 32 (DOPMYJIOHO:

(PSS Zy—2-mig-Zi—mg-g-2z))-n"
Y 0,96 - ¢ - b2 - op ’

ne
Po = 4600 H/M? — muToMe HaBaHTAKEHHS Ha KPUJIO TPHU 37THOTi;
S =107,85 M? — wiora KpUia;
Zp = 7,28 M — KOOpJIMHATA CEPE/IHbOI aePOAUHAMIUHOI XOP/IU B/l MO3J0BKHbBOI
BICh JIITaKa 3a PO3MaxoM KpuJja;
m; — Maca BaHTaXy, pO3TaIlIOBAHOTO HA KOHCOJI1 KpUJia:

m m
m; = (TH) +my,; + (Tm) = 7055 kr;

g = 9,81 M/c? — IpUCKOpPEHHS BiTbHOTO Ma IiHHS;

Z; — KOOpJIMHATa LIEHTPY Mac BaHTaXy, PO3TAIIOBAHOTO Ha KPWUJIi, Bl
MO3/IOBXKHBOI OC1 JIiTaka Mo po3maxy kpwia Z; = Z, = 3,1 m;

np = 3,45 — xoediieHT po3paxyHKOBOI EPEBAHTAKEHHS;

m,, = 5515 Kr — mMaca kpuina;

¢ = 0,14 — BimHOCHA TOBIIMHA PO UTIO KpHIIa;

by, = 4,29 — xopeHeBa xopaa Kpuia,

op = 330 MIla — pyiiHiBHE HaNpyXEHHS MaTepialy MOsCY JOHXEPOHa
anmtominieBoro cruiay J{16T.

_ (4600 107,85+ 7,28 —2-7055- 9,81+ 3,1 — 5515 9,81 - 7,28) - 3,45
v 0,96 - 0,14 - (4,29)2 - 330 - 106

= 10,8 MM.

Tak sk 8y > 3MM, 1€ CBITYUTH MPO TE, MO IS MPOEKTOBAHOTO JIiTaka 3
MAaCOBHX XapaKTepUCTHKaM OUIbII BUT1IHO NPUUHATH KECOHHY CXEMY KpuJa.

O6uyucIMMO BENUYMHU I1HTEHCHUBHOCTI MOMEHTHOTO HAaBaHTaXXE€HHS, IO
BU3HAYAIOTHCS 32 BUPA3OM:

M =[(po-S—pr-g)-zA—Z-mi.g-Zi]-nP_

H3 1,03 - (¢ by)3 ’
M  [(4600-107,85—5515-9,81)-7,28 — 2 - (7055 - 9,81 - 3,1)] - 3,45
— = = 43,15 MIla.
H3 1,03 - (0,14 - 4,29)3

B kecoHHOMY KpHli HAMOUIBII pallioHaTbHO BUKOPUCTOBYETHCSI MaTepiaj, Maca
Kpujia MiHiManbHa. BHYTpimHiA 00'eM kpuia OUIbII BUIBHUN BiJi KOHCTPYKTHUBHUX
eneMeHTiB. TakoX KecOHHa cXeMa JOIUIbHA JJIsi OTPUMaHHS OUIBIIOI >KOPCTKOCTI
KpuJia Ha KPy4YEHHS.

Keconne kpuio ckiagaeThecs 3 IEHTpOIUIaHa 1 ABOX KoHcoJiel. KoxkHa KoHCOIb
BKJIIOYAE JIBa JIOHXKEPOHA, HEPBIOPHU, MaHENl, 3aKpUJIIKH, TMEPEIKPHIIKH, €JIEPOHHU,
3HIMHI1 HOCOBI 1 XBOCTOB1 yacTUHU. CTUKOBKA LIEHTPOILJIaHA 1 KOHCOJEH 3IIMCHIOETHCS
(ITUHTOBUX 3'€ THAHHSIM.
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Pucynok 1.9 — KCC kpuna

Koncmpyxkmueno-cunosa cxema d)IOS’eJZ}ZOfCV

B mporuieci npoektyBanHs Jitaka B sikocti KCC drozensiky oOpaHa CTpUHT€pHO-
O0ankoBa cxema(miBMOHOKOK). Taka cxema 3a0e3nedyye JOCTaTHIO MIIHICTh 1
AKOPCTKICTh KOHCTPYKIIII (hr03eTsKy MPU HaMEHIUX BUTpaTax Macu. KoHcTpykiis
O0ankoBuX (IO3EIIKIB J03BOJIAE HadaBaTH iM HAWOUIBIN BUTIIHI aepoJMHAMIYHI
dbopmu, 3abe3neuyBaT OTPUMAHHS T1aIKO1 MOBEPXHI; OTPUMYBATH HaMKpaIll yMOBU
JUTs1 OUTBII TTOBHOTO BUKOPUCTAHHS BHYTPIIIHIX 00CATIB (hIO3ETSKY; PO3MIILIYBATH B

HUX T€PMETU30BAHY KaOlHY.
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Pucynok 1.10 — KCC ¢rozensiky

KOHCTpYKTHUBHO-CUJIOBA CXEMa FOPU30HTAIBLHOTO ONEPEHHS

KoHcTpykTHBHAa cXema TOpPU30HTAIBLHOTO ONEPEHHS — JIBOJIOHKEPOHHA.
HapanTaxxeHHsI Ha TOPU30HTAIBHE OMEPEHHS CIIPUUMAIOTh JIBa JIOHXKepoHa. [lepenniit
JIOHKEPOH MPOXOAUTH Ha BifcTaHl 25% Bim Hocka mpoduIo o Xopai, 3aaHii — 65%.
[Tonepeuny »kopcTKIiCTh 3a0e3meuye Habip HEPBIOP.
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Pucynok 1.11 — KCC I'O

Koncmpyxkmueno-cunosa cxema 6epmukaibHo20 OnepeHHs

KCC BepTukanbHOro onepeHHs — IBOJOHKEpOHHA cxema. [lepenHiil ToHkepoH
MPOXOAUTH Ha BificTaH1l 25% BiJl HOCKa Xopau, Apyruit — 65%.
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Pucynok 1.12 — KCC BO

[lo po3paxoBaHMM JaHuUM, Oyja HAaKpeclI€Ha KOHCTPYKTHUBHO-CHJIOBA CXEMa
CIPOEKTOBAHOIO JIITaKa, IOKa3aHOro B T10AAaTKy A.



1.1.10 Bucrnoexu

VY pe3yabTaTi HbOro po3auly Oysiv BU3HAUYEHI NapaMeTpPH JIiTaKka Ha MOYaTKOBOMY
etani. bynu npoBeneH1 po3paxyHKH BaroBUX XapaKTEPUCTUK OCHOBHUX KOMIIOHEHTIB
JiTaka Ta BUOpaHa CHJIOBAa YCTaHOBKa, 10 3a0e3rnedye HEOOXIAHY TAry Ta JbOTHI
XapakTepucTuku. Takoxk Oynu BHU3HAYEHI OCHOBHI T'€OMETPUYHI MapameTpu
KOMITOHEHTIB JIiTaka. by BUKOHAH1 KPECIEHHS 3araJIbHOT0 BUTJIAY Ta KOH(Irypaii
JiTaKa.

VY pe3ynbTaTi HbOro po3auly Oyiu po3po0JieH] TaKl €TEMEHTH:

- Texuiune 3aBmaHHs, B sIKOMY Oyna 3i0paHa Ta oOpoOJieHa CTaTUCTHUYHA
tH(pOopMallis Ipo MICTh KOHKYPYIOUYHUX JIITAKIB.

- Bynu Bu3Ha4YeH1 TAKTUKO-TEXHIYH1 BUMOTH.

- ByB BU3HaueHuU1 3araqbHUI BUTIISA JIiTAKa Ta HOT0 apaMeTpy Ha MOYaTKOBOMY
eTarli, BKJIIOYalOUYd BaroBl XapaKTEPHUCTUKH JIiITaKa Ta MOTr0 KOMIIOHEHTIB, BUOpaHy
cunoBy ycraHoBky (TP [1-436-148) Ta reomeTpuyHi pO3MIpH KIHOYOBUX
komnoHeHTiB TIC.

- Bbynu po3poOsieHi KpecleHHs 3arajbHOrO BUIVISIAY JiTaka Ta MPOBEACHI
PO3paxyHKA HEOOXITHUX XapaKTEPUCTUK HABAHTAKCHHS HA CHJIOBI €JIEMEHTH IS
(bopMyBaHHS Ta KOMIIOHYBaHHSI KOHCTPYKTHBHO-CHUJIOBOI CXEMH JIiTaKa.

1.2 InTerpoBaHe NPOEKTYBAHHS il KOMII'IOTEPHE MOJCJIOBAHHS €JIECPOHY
NMPOEKTOBAHOI0 JIiTAKA

Onuc npusnauenus i KOHCMPYKYIUHUX 0COOIUBOCMEN elePOHY
Eneponu - 1e aepoauHaMiuHi OpraHd YyMOpaBIiHHS, PO3TAIIOBAaHI HA 3aJHIX
KpOMKax KOHcoJed kpwia. BoHM MOXYyTh BIAXWIATHUCS BrOpy 1 BHU3, IO J03BOJISIE
KepyBaTH JIITAKOM IO HOTO MO3J0BXKHIA OCl. BigxuieHHs eJIepoHIB CTBOPIOIOTH
PI3HUII0 MiJHIMAJIBHUX CHJI HA MOpaBid 1 JiBIM mosioBuHaX kpuia. llelt mexaHizm
3abe3Meuye MonepeyHy CTIMKICTh 1 J03BOJISIE BUKOHYBATH KPUBOITTS. EnepoHu cxoxi1
Ha KPUJIO 32 CBOEI0 KOHCTPYKIIIEIO 1 aepOAMHAMIYHOIO (POPMOTIO.

Eneponu ckmamaroTbesi 3 JIOHXKEpPOHA, CTPUHIEpiB 1 HepBrop. JIoHXkepoH,
MOAIOHUHN 10 JTOHXKEPOHA KPUJIa, MICTUTh BEPXHIN 1 HUKHIN MOSICH, K1 NIATPUMYIOTh
oomuBky. Ilomepeunuili HaOlp enepoHa BKIOYae HepBoopu. Kapkac enepona
3aKpUBAETHCS METAJIEBOIO OOIIMBKOKO. HaBaHTakeHHS Ha €JIEpOH CHPUNMAIOTh
JOHXXEPOHU, a Mepepi3ylouy Cuily IMepelaroTh OCHOBHA CTiHKAa JIOHXKEpOHa Ta
oOIIMBKaA.

CrpuHrepu 3a3Buyail MaloTh HEBEJTUKUI MONIEPEYHUI NIEPEPI3 1 BAKOHYIOTHCS 3
KyTOBUX MpodiniB. 3a1HIi CTPUHTEp €JepOHA AHAIOTIYHWNA 3aJHHOMY CTPHUHTEPY
kpuna. KpimieHHs enepoHiB A0 Kpuja 3AIMCHIOETHCS 3a JIOMOMOIOI0 BY3IIIB
HaBIITYBaHHSA, K1 3'€ THYIOTHCS 3 JIOH)KEPOHOM 1 BasKeJIeM YIpPaBIIiHHS.

HepBiopyn ckmamaroTeCs 3 JIBOX YacTHH: HOCKa 1 XBOCTHKAa. BoHuM
BUTOTOBJISIFOTBCSL  IITAMITYBaHHSM 3 JUCTOBOro Mmatepianmy. CTIHKH HEpBIOp
BIITMHAIOTHCA JUIS KPIIUICHHS JO CTIHKW JIOHXKepoHa. Jlims 3abe3medyeHHs OUTBIN
BHUCOKOi TOYHOCTI MpHW CKJIaJaHHI KPITUICHHS CTIHOK HEPBIOP JO JIOHKEPOHY MOXKE



3

MPOBOJUTHUCS 3a JOMOMOTOI KYTOYKIB, TMOIMEPEIHbO 3aKPIIUIEHUX HA CTIHII
noHxepoHa. [{i KyTouku 0THOYACHO MIJKPIIUTIOIOTh CTIHKY JIOHXKEPOHA.

OOmmBKa KpIMUTHCA JO Kapkacy 3akjlenkamMu 3 TOTailHOIO TOJIOBKOIO.
3'enHaHHS JIUCTIB OOIIMBKY MPOBOJUTHCS BCTUK B MO30BKHBOMY HAMPSIMKY MO TOSICY
JOH)XEpOHAa, B MOMNEPEYHOMY HANpsIMKy — MO Moscax HepBiop. s KpimieHHs
KPOHIITEHHIB BY3J1iB HABIIIYBaHHS B IIKAPIETI(l €JI€POHA POOIISITHCS BUPI3U.

KpimienHss enepoHiB A0 Kpuwia MPOBOJUTHCS 3a JIONMIOMOIOI  BY3IIIB
HaBIIIYBaHHA. Y BY30JI HaBilllyBaHHS BXOJHUTHh KPOHIITEWH, 3aKPIMJICHUNA HA KPUII,
KPOHINTEHH Ha eJepoHi 1 mapHipHud Oont. KOHCTpyKIis BY3JIB HaBIIIyBaHHS
3a0e3neyye BUKOHAHHS BHMOTH B3a€EMO3aMIHHOCTI 1 BHKJIOYa€ MOXJIUBICTD
3aKJIMHIOBAHHS eJiepoHa Ipu Aedopmaliii Kpuia B MOJbOTI.

By3on HaBilllyBaHHS BUKOHAHUH Y BUTJISIA1 BUJIKOBOTO 3'eTHaHHs. KpoHiuTeitn
3aKIHUYETHCSA BYXOM, B IKOMY BCTaHOBJIIOETHCSI KYJIbKOBHU CEPUUHUN MITUIUTHUK.
MOXIUBICTh TIJIONIMHI BHYTPIIIHBOTO KUIBIA TMIAMIMIHUKA TOBEPTATUCS 1010
IUIOIIMHY 30BHIIIHBOTO KUIbLS BUKIIOYAE€ MOXKJIUBICTh 3aKJIMHIOBAaHHS €JIEpPOHA B
MOJILOTI MpH Horo nedopmairii 1 regopmariiii Kpuma.

KpoHiTeliH enepoHa BCTAHOBIIOETHCS HAa WMOTO JIOHAKEPOHI 1 3B'A3YETHCS 3
HEpBIOpaMu. 3'€JHAHHSA KPOHIITEHHA 3 HEPBIOPAMHU PO3BAHTAXKYE CTIHKY JIOHKEPOHA
1 BUKJTFOYAE ii TPOTHH.

Baxine ympaBniHHA eNepoHiB, OakaHO pO3MIIIyBaTH B TEpepi3i By3ia
HaBilTyBaHHA a00 MO0IM3y oro. YacTo KpOHIITEHH By3j1a HaBIITyBaHHS Ha €JIEPOHI 1
BaX1Ib YIPaBIIHHA SBISIOTH COOOI0 OJHY JAeTallb. BCTaHOBIIOBAaTH BaXKib
VIOPABIIIHHS €JIEPOHIB CIiJ] TaK, MO0 BiH MPH HEOOXITHOMY IUIEYl SIKOMOTa MEHIIE
BHUXOJIMB B ITOTIK.

L)

Pucynok 1.13 — Bua cekuii kpuia B mjiaHi Ta npodisib Kpuiia y nepepisi



Pucynok 1.14 — 3]1 130MeTpUYHUN BUTIIA €IEPOHY

1.2.1. Busnauennusa Haganmax)cens, wi0 0ilomsv Ha e1epoH

VY mpoekTyBalbHUX pO3paxyHKaxX aepoJAHMHAMIYHY HABaHTa)XEHHs, L0 JIl€ Ha
€JIepOH, NPUOIU3HO BU3HAYAIOTH 110 3AJI€AKHOCTI:

Penp =K-f-S5,; qmax

oe k- koegiyicnm, sikuti scmanosnoemvcsi Hopmamu miynocmi, (K = 2)
f - koeghiyienm 6e3znexu, (F = 2)
S,, - niowa enepoua;

S,, =0.05 -8, =0.05%107.85= 5.4 m°.
3a3Buuail poO3paxyHKOBUMH HAaBaHTAXCHHSMHU [JIs €JepoHAa Ha eTarl
MPOCKTYBAIIBHUX PO3PaXyHKIB MOXYTh OyTH TPHUHHATI HaBaAaHTAXXCHHS TMPH HOTO
BIIXWJIEHHI Ha MaKCUMallbHI mBuAKocTi. Po3mojiieHa aepoguHaMivyHa
HABaHTAXXEHHS, KA MPUNAJA€ HA OJUHULIO IUIOLII €JIEPOHA, MPUOJIU3HO MOXKE OyTH
BH3HAYCHA I10 3aJIC)KHOCTI:

Pey = 0,64 - qmax

oe:
2

_ pH ) Vmax ~ ~
= T —CKOpOCMHOU HANOP HA MAKCUMATbHOU CKOpocmu

max

Py = Py - (20 —H)/(20 + H);
po=1,285ke/m3; H=10xm;

1,285 - (20 — 10)
Pu =720 + 10)

= 0,43 xr/m3;



0,43 - 23672

= 11975
2

q

P., =0,64-11975 =7664 H

_ Py tPy/3

q3J'I 2

wl N

kH
b,,==-f-k-b,;-q=365 —
M

Po3nooin nasanmasgicenns no xopoi npuiliMacmuCs 3a 3aKOHOM mpaneyii
(Pucynok 1.15)
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Pucynok 1.15 — Po3nonisnn HaBaHTa)€HHsI IO XOp/11 eJiepoHa

1.2.2 Ilpoexmyeannsa nocuinenoi Hepeopu pyxaueoi 4acmuH Kpuia

[TocuneHi HEpBIOpU PYXOMHUX YaCTUH Kpujia 1 ONEPEHHsS PO3MIIYIOThCS B
palioH1 OMOPHUX BY3JIIB iX HaBilIYBaHHs. /{0 HUX KpPIMISITHCS KPOHILITEHHU €JIEPOHIB,
3aKPUJIKIB, PYiB, IIUTKIB, IEPEIKPUIIKIB.

Kpim 30epexkeHHsT aepoJMHAMIYHOTO KOHTYPY 1 CHOPUHHSATTS MOBITPSHOT
HAaBaHTa)XCHHS BOHU MPHU3HAYCHI ISl COPUMHATTS BEJIUKHX 30CEPEIKEHUX
HaBaHTaXeHb Bij peakiiit onop R. [locuneni HepBropu, cripuiiMaroyu OMOPHI peaxiii
R, nepenatoTh ix Ha KOHTYp OpouUIO y BUMISAAI TOTOKY AOTUYHUX cull  (PucyHox
1.16).

Tak sK MOBITpSHA HABAHTAXXEHHS 3HAYHO MEHIIE [III0Y0i HAa HEPBIOPY
30CEpEePKEHOr0 HaBaHTAXKEHHSI, TO TIPHU MPOEKTYBAIIBHOMY PO3pPaxyHKY HEIO 3a3BUYAil
HEXTYyI0Thb. Po3paxyHkoBa cxema HepBIOpM — Oanka, MPYKHO OMNepTa Ha CTIHKY
JIOH>XEpOHa 1 OOIIUBKY.



Pucynok 1.16 — Po3paxyHkoBa cxema HEpBIOpH

Tabauus 1.16 — BuxinHi Jadi Juisi pOEKTYBaHHS

R, H e, M by, M a, rpan B, rpan H, mm

365000 0,24 1,2 10 5 305

H — OyxiBenbHa BHCOTa HEPBIOPHM B PO3PAaXyHKOBOMY mepepi3i. Martepian
KOHCTpyKIii — J{16T

204,35

305

1200

Pucynok 1.17 — Cxema nepsropu (npodinie NACA cepist 2412)



ac:

3 YMOB pIBHOBaru 3HaXoJIUMO:

_ R-e
1= b2 (tga + tgp)

IlincTaBUMO 4HMCENBHI 3HAYECHH :

_ 365000 - 0,24
"~ 1,22(0,1763 + 0,08749)

q = 181 196,8 H/m

POSp&XYHKOBC SHAYCHHA 3TrMHAJIbHOT'O MOMCHTY HCPBIOPHU CKJIIAZC!
P _
M; =R-e,

MP = 365000 - 0,24 = 68673,6 H - m.

Po3paxyHkoBe 3HaU€HHS EPEPI3YIOTh CUIIM 3HAMIEMO 10 3aJI€KHOCTI:

_R-e My
~ by by

365000-0,24 68673,6

12 12 = 57228 H.

OcpOBI 3yCHIIIS B IOSACAX JIOHKEPOHA:

M;
k- H

k — koedinieHT BUKOpHUcTaHHs OyniBenabHO1 BUcoTH (0,95 ... 0,98), npuitmaeMo
k=0,95;
H =305 mm (Pucynok 1.45).

68673,6

N= ———=237009,8 H.
0,95-0,305 ’
[1no11a monepeyHoro nepepizy mnosca B po3TATHYTIN 30HI:

N
F =

- )
klloB




e Oy — MeXa MIIHOCTI MaTepiany (o, = 435 Mlla);

ki — xoeditieHT, 110 BpaxoBy€e OCIabIeHHS Mosica 3 OTBOPAMHM IiJ| 3aKJIEIKH,
MpU 3BaploBaHHi, a00 MpUMMAEThCA 32 yMOBaMHU 3a0e3MEUYEHHsS 3aJJaHOTO PECypCy
piBauMm 0,6 ... 0,9; nns ganoro po3paxyHky npuitmaemo k; = 0,9.

_237009,8
©0,9-435-106

605,3 MM?

[To copramenTy BuOMpaeMo HaHOIMKUMIl TIO TUIONT B 01K 30 UIbIIEHHS TPOdUIH
J16-T-1Ip100-23, y axoro F = 685,5 mm 2; H= B = 60 mm; S = 6 MMm;
[1no11a monepeyHoro nepepizy B CTUCHIN 30HI:

1e: Op— pyHMHYE HOpMaJlbHE Hampyra rnosica, Moke OyTH 3HaiiieHo 3a rpa)ikoM Ha
Pucynok 1.18

Gp Gp_
[MITa] 1 7 7 T T T T T T | [MIa]
JU6T 30XI'CHA
s [F——

L 1800
Q\ | 30XTCHA o130,
I 1
800 | \ \/ 30XI'CHA 6,=1.26,| o0
l 1
700_\\§/ JOXTCHA 6 ~1.15.—1400

S0 BESE WS 1200
1000

500

[ \<><1116Tg;1.zq
400~ || T Jsss
300 \ £00

200 | | 00

100 200

0 2 4 6 8 10 12 14b/8

Pucynok 1.18 — 3anexHicts 6, Big b /0

3amaemo b / 6 = 8. Toni qns matepiany 16T op,= 347 MIla.

~237009,8

= m = 683,02 MM2



Bubupaemo HaitOnvkuuii 3a TUioero B 01k 30UIbIIEHHS PO LIb
J16-T-1Ip100-23, y axoro F = 685,5 mm 2; H= B = 60 mm; S = 6 MMm;
TOBIIMHY CTIHKM 3HAIEMO 32 CIIBBITHOIICHHSM:

Qh
.h’

8CT=T
p

ne: Tp— pYHHYE NOTUYHE HANPYKEHHS, 3HaXoAuMo 3 rpadika Ha Pucynky 1.19.
n, Mia

" . hf e ,‘2 05 'm
20

175 //; =
150 \

AT
100 ZA\ \

A SR
75 / / \ /;’! -g7 .5 !\ .1 \*’v’EﬂUiffz’f—Zi{%—

50
25

SN
-
=i
Q

a 10 20 30 L0 50 60 70 Q5 Mh

Pucynok 1.19 — 3anexHicTh T, 111 CTIHKH 3 amoMiHieBoro crmiaBy 16T Bix
Q/h2

Jl1st BU3HAYEHHS Tp3a BKa3aHOM rpadiky 3Haiinemo Q / h2,
ne  h—BucoTa CTIHKM HEPBIOPU B PO3PaXyHKOBOMY Mepepisi.
h = H — (Spacr + Scx), Spacr 1 Sex — TOBIIMHH MOSACIB HEPBIOPU B PO3TATHYTIN 1
CTUCHYTI! 30H1 BIJMIOBIIHO, 3HAIAEHI B XO1 JaHOTO PO3PAXYHKY paHillIe.

h=305-(6+6)=293 mm = 0,293 m.
Q/hy=57228/0,2932 = 666612,3 = 0,66 MIIa.

[Tpu po6oti 3 rpadikom Ha Pucynok 1.47 crniBBiIHOIIEHHS KPOKY CTIHOK 1 110
BUCOTH CTIHKM h abo BUOIp 1Ji1 MPOEKTOBAHOI HEPBIOPH MIIKPIIICHOT CTIHKH — 3a
PIIIEHHSM IPOEKTYBaJbHUKA. Y JAaHOMY pO3paxyHKy npuiimaemo 1/ h= 0,5

Toni t, nopiBHoBatuMe 101 MIa.

ToBIIMHA CTIHKH:

5 57228
T 101-106- 0,293

= 0,00193 = 1,93 mm
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3riIH0 COPTAaMEHTY B MPOMHUCIOBOCTI BUKOPUCTOBYIOTHCSl JIUCTU HACTYIMHUX
toBmmH, mMm: 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0; 1,2; 1,5; 1,6; 1,8; 1,9; 2,0; 2,5; 3,0;
3,5;4,0; 4,5; 5,0; 5,5; 6,0; 6,5; 7,0; 7,5; 8,0; 8,5; 9,0; 9,5; 10,0; 10,5. IIpuiimaeMo 1o
COpPTaMEHTY HallOnmx4ay B OiK 30 UTbIIEHHS TOBIIUHY JucTa 2,0MM. TaKUM YUHOM OCT
= 2,0 MmM.

[1noma nonepeyHoro nepepizy CTIMKKU 3HANIEMO MO 3a1eKHOCTI:

Feroiixn = (% * Tnpus ° 5m> 1,
a00 npubIHU3HO Feroiixu / 6cr * 1 = 0,5
3BIOKH Foroiiun = 0,5+ O¢p - 1
Feroiixn = 0,5+ 2,0 - 293 = 293 mm?

[lo copramenTy BuOHMpaeMo mpodiiib 3 MIIOMICIO0 MEPETUHY HallOMmk4ii (B 01k
30UTIbIIIEHHS) po3paxoBaHiil cymi Fcroliki. Bubupaemo npodinsl16-T-IIp100-13, y
sxoro Fcroriki = 305,7 mm 2; H=B =40 mMm; S = 4 mm.

1.2.3. Ilpoexmyeanna KpoHuwimeina HagicKu e1epona

Po3paxyHkoBa cxema KpOHIITEiHA — IJIOCKAa pama 31 CTIHKOK. 3aBIaHHS
BU3HAYEHHSI 3YCHUJIb B €JEMEHTaX KpOHIITeiHAa — CTaTUYHO HEBU3HAYCHA.
Posrnsimaroun KpoHIITEHH $K JBYNOSICHY TOHKOCTIHHY Oanky (Pucynox 1.20, a),
MpUAMaeMo, 110 MOSICH KPOHIITEHHY MOBHICTIO CIIPUMMAIOTh 3rHHAIILHUIT MOMEHT 1
MPaIO0Th HAa PO3TATHEHHS-CTUCHEHHS, CTIHKA Ipalllo€ Ha 3CYB BiJ MEPEPI3yIOTh
cuin. Po3paxyHkoBa cxeMa B [IbOMY BUIAJIKY CTA€ CTATUYHO BU3ZHAYHOT 1 SIBJISIE COOO0IO0
pamy ABC/] (Pucynok 1.20, 6), 3akpimieny Ha ABox onopax A i [I. Onopamu € 601t
KPIIUICHHSI M1JI0IIBU KPOHIITEHA J10 IOHKEPOHY a00 3aJ1H1i CTiHIIL. 3yCHUIUIS B MOsIcax
Nag, Nep 1 MOTIK JOTUYHUX 3YCUJIb B CTIHII X BU3HAYAIOTh 3 PIBHSHHS PiBHOBaru
ejeMeHTa paMu J1I0BxkuHOK0 X (Pucynok 1.20, B).



a 0 B
Pucynok 1.20 — Po3paxyHkoBa cxemMa KpOHIITEHHA

Po3paxyHok KpoHIITeilHa BUKOHAHUI 3 BUKOpUCTaHHSM nporpamu MathCad.
Tomy B manomy po3auii OynyTh HaBeAeH1 BUXijHi nani (Tadmuug. 1.17) 1 y3aranpHeH1
pe3yIbTaTH.

Tabmuna 1.17 — Buxigai gani

P, xH H, mm [, Mm m, MM

365 310 192 0

Jns miqmunauka 3 pecypcoM B 5000 HUKITIB HAaBaHTAXKEHHS 1 JIOMYCTUMUM
HaBaHTaxkeHHAM 375 kH (pecypc mpuiimaerbcsi 3a BHOOpPOM po3paxoByBaua,
JOMYCTUME HaBaHTAXKEHHS, 110 3a0e3medye JOCATHEHHS OOpaHOTO pecypcy,
MpUNUMAaETHCS BIIMOBIIHO 10 3aBAaHHs HailOMvK4a B 01K 30UTbIIEHHS. a00 HE3HAYHO —
B CTOPOHY 3MEHIIIEHHSI) PO3MIpH MIJIIUITHAKA HACTYITHI:

d =45 mum, dn =70 mm, an = 26 mm, b = 32 um, d1 = 60 mm, r = 1 mm.

Jns miamertpiB migmmnuauka da = 60 ... 70 MM BiACTaHb B Kparo BYIIKa JI0
30BHIMIHBOI 000MMH mimmunHauka ¢ = 0,4 MM.

ToBmMHa Bymika: a = aH + 2e.

[TincTaBisieMO YKUCIIOBI 3HAYEHHS

a=26+2-0,4=26,8 mm.
Po3mip nepeMuuku 11 BylIKa 3 aJIFOMIHIEBUX CILIaBiB t =3 ... 4 MM (mpuiiMaemMo
t=4 mMm).
Toni:

D=dy+2-t=70+2-4=78 Mm.

Hiametrp Oonta kpoHiTeiHa ds BU3HAYAETHCS IO BHYTPIIIHBOMY JlaMETpy
MIIIUITHAKA, 3 COPTAMEHTY.



O6uucnroemo tg a, tg B, cos a, cos PB:

H.m-D H oD
tg&_Q ? 2tg|3_2 ,1 2
coso = L ccosp = L

q‘1+tgza 1+tg2|3
tg o= 0,604
cos o= 0,856

Tak sik B 1TaHOMY OpuKJIal po3paxyHKy m = 0, To tg a = tg B 1 cos a = cos .
Tonitg a=tg f = 0,604; cos a =cos p =0,856.

3a CHiBBIIHOIICHHSIM OOYMCIIIOEMO 3yCUIUIs B mosicax kpoHiteitHa Nag 1 Nep
JUISL IT'SITH TIepeTHHIB, Ui Akux: x =1L x=1/2,x=1/7,x=Di1x=0.

F
N = i N = 4y = P|l—— t t
AE H, cosa cp H,cosf q H, —sz(g“-l— 9B)
H,=B—(l-x)(tga + tgp)
ne: B — BiacTaHb MIDK OCSMH OONTIB KpIMJIEHHS IMIJIOMIBH KpPOHINTEHHA 10

JOHXepoHy abo cTiHui. B=10,9 - H.
[lincraBamu uncenpHe 3HaYeHHS H 1 oTpruMaeMo BIATIOBIIHO:

B=0,9"-310=279 mm= 0,279 m.

Jlns nepetuny x = 1:

Hx = 0,279 m.

JIns kpoHuTerHa 3 m = 0:

Nae = Ncp = 2,935 - 105 naH
Jlis nepetuny x =1/ 2:

Hx =0,163 m.

JIns kpoHmTenHa 3 m = 0:

Nake = Ncp = 5,023 - 105 naH
Jlist nepetuny x =1/ 7:

Hyx = 0,080 m.



JIns kpoHuTeHa 3 m = 0:

Nae = Ncp = 1,459 - 105 naH
s nepetuny x = D = 78 mwm:

Hx =0,141 m.

JIns kpoHwTenHa 3 m = 0:

Nae = Nep = 2,355 - 105 naH
s nepetuny x = 0:

Hy = 0,047 m.

JIns kpoHwTenHa 3 m = 0:

Nae = Nep = 0 naH

[ToTiK TOTUYHUX 3YCUITb B CTIHIII (x BU3HAYUMO 3 PIBHSHb JJISI TUX XK€ M'STH
nepetnHiB3x=1,x=1/2,x=1/7,x=D1x=0.

Jlns nepetuny x = 1:

gx = 2,204+ 105kr / ¢?
Jlnst mepetuny x =1/ 2:

qx = 6,457+ 105kr / ¢?
s nepetuny x =1/ 7:

gx = 2,671+ 106xkr / ¢?
Jlns nepetuny x = D = 78 mwm:

gx = 8,598 105kr / ¢?
Jns nepetuny x = 0:

gx = 7,766 106xkr / ¢

[Tnomi nonepeunux nepepisiB mosiciB Fag 1 Fep 1 TOBIIMHY CTIHKHU OCT.K



KpPOHIITEWHA BU3HAYMMO 3 YMOB MIITHOCTI:

= Nar = Nep g
Fap=— Fep=—-, Gemu=—""
Opazp Opasp Thasp

I€  Opayp, Tpasp — PYHMHYIOTH HAIIPYTW MOACIB 1 CTIHKH, SKI CIIJ HPUAHATH IS
TaBPOBOTO NMEPETUHY 3a (OPMYITAMHU:

O = 0,9KE; Ty = 0,9k<E,
ne k=0,45;

k= 5,6 — koedimieHTH OMTOPHUX YMOB MOSCIB 1 CTIHKH.
VY nepromy HaOIMKEHH1 MOXKHA TIPUUHATH BIATOBIIHO A0 [11]:

Opasp = O = 400 MIla;  Tpasp = Tz = 0,50, = 200 MIIa.
JIns kpoHwTeHa 3 m = 0:
Fae = Fep

Toni nns nepetuny x = I:

N N
Fap = Fop= —2E = 0 = 7337 . 104 m2

Opasp  Opasp

Ocrx = 1,02 MM

3 TEXHOJIOT1YHUX MIPKyBaHb IPUIMAEMO TOBIIMHY CTIHKHA MOCTIIHOIO 1 pIBHOIO
mpu X = D, dcrx= 4,3 MM.

[IpoBoaMMO pO3paxyHOK OOJTIB KPIMJIEHHS KPOHIITEWHA 10 JIOHXKEPOHY abo
3aHIM CTIHII KOHCTPYKIi. [{i 60aTH Mpallfol0Th Ha PO3TATHEHHS 1 3pi3, PO3TATYIOTh
3ycuist 6outa 3HalIeMo 3a GopMYyIIolo:

Pl

N¢g = —,
™ 1B

ne:  n—yucio 00aTiB Bropi abo BHU3Y (n = 2)
3ycuiis 3pi3y 00JTa BU3HAYKUMO 10 3aJI€KHOCTI:

TakuM YHMHOM: N = 125,6 xkH;
Ps=9,125 - 104 naH.



MiHiManbHa BiICTaHb BiJl OCl 0OJITa JO CTIHKMA KpPOHIITEWHA BU3HAYAIOTH 3a
I'OCTowm [12] 3 yMOBH MOXKJIMBOTO MIIXOAY TAKOBOTO KJIHOYa.

3a 3ycumisiMm N 1 Pg 3Haxonumo niametp Oonta ds, mpuiiMaemMo HaOuibIe
3HAYECHHS 1 BAKOHYEMO MEPEBIPOYHUI PO3PaAXYHOK:

_ Ng, _E _ 2 [4Ng _ 2 [4Pg
Os =55 To =g oTKyoa d; J—MH, d; fmn

ne: Fg=mnds’ /4 — mioma nmonepevHoro mepepizy G6onra.
matepian 30XI'CA o, = 1100 Mlla, T, = 6,93 - 108.

d61: 10 MM d62: 11,2 MM.

Bubupaemo MakcumalibHe 3HAUYEHHS 1 MpUHAMaeMO 3TiHO copTameHTy [10]
HaOMK4mil B 01K 301UTbIIeHHS AlaMeTp dg = 12 mm.
[IpoBoAMMO TIEPEBIPOUHUIN PO3PAXYHOK:

J 4N, 4P
—_ 2 2 g . —_ E- —_ & =
o= |65 +4T EG'B,JP—Hd%,T—R_dzg'Tﬁ

o,=1,11-10°, 1=8,072" 10,

0=0,985-10°<o, nepeBipka npoiiieHa.

Po3mipu miomBu miAcTaBU KPOHIITEHHA MiAOMPAEMO 32 YMOBOKO TOTO, IO
3iM's10 11 OOJITaMM 1 MICHEBOIO BUTHMHY MMiJT OKPEMHUM O0NTOM. 3 YMOBHU 3MUHAHHS
TOBIIMHY MIOIIBH MiJCTaBX KPOHIIITEHHA 3HANIEMO IO 3aJI€KHOCTI:

Ps

Snop = ———
o/ . ’
d6 Ocm

i (S Ocu = 1,3 03— I0OMyCTUME HANPY>KEHHS] 3MUHAHHS MiI0IIBH.
Onox = 5,318 MM, IpUIMAEMO Opoy = 5,4 MM.

[Ipu nmomanpmux po3paxyHKax HEOOXITHO MPOBECTH MEPEBIPKY HA MICUEBHI
BUTHH 1] OKPEMHUM 00JITOM. 3 YMOBU BUTHHY:

__6NsC, _

myd5,, ¢

A0o0 saxmro C2> C1



_ 6N:C
T w0
nog

3 ypaxyBanHaMm [12] C; =20 mm, mp = 20 MM
[IpoBeneMo po3paxyHOK 30UTHIIMBINK TOBIIUHY MIJOIIBA B 30HI YCTaHOBKH
00JTIB (Onox = 10 MM), 1151 3a0€3MI€YEHHS CIIBBITHOIICHHSO < Oj .

0 =987,4 Mlla < o,
J1s 3MeHILIeHHS BIUIMBY MicLeBoro BUruHy po3mipu Ci 1 C, 6axaHo 3MEHILUTH.

1.2.4. Bucnoexu

ByB cripoexToBaHuil €l1€pOH BIANOBIAHO 10 KOHCTPYKTOPCHKUX XapaKTEPUCTUK
Ta 00OMeXeHb, 3 ypaxyBaHHAM TTX mpoekToBaHOro JiTaka i 3 3a0€3MEeYEHHSIM YCIX
HOpM O€3MEeKH Ta Cy9aCHUX MIKHAPOJHUX aBlallMHHUX CTaHIApTIB.

Bu3HaueHl HaBaHTa)XEHHsA, 11O [IIOThb Ha €JepoHU. JIOHXKEpOHU pPo3poOIIeH]
BIJIMTOBITHO /O CTaHAApTiB MiHIMaabHOT Macu. Bukonano kpecneHHs Ta 3][
MOJICJIIOBaHHSI ~ €J€pOHAa 3  BUKOPUCTaHHSAM  IpOrpaMud  aBTOMATHU30BaHOI'O
npoextyBaHHs «Kommac-3D v18.1» ta HaBeneno y pucynkax 1.21, 1.22.

Pucynok 1.21 — 31 130MeTpUYHUI BUTIIA CEKIIII KPUIIA 1 €JIEPOHY



S e——

Pucynok 1.22 — 3]] Bux 300Ky Ha miepepi3 Kpuiia i e1epoHy

A Tako MokazaHa poOOoTa eJIepoHa MpH BiIXWIECHH] Kepyro4oi moBepxi Ha +/- 20
rpagycis (puc. 1.23)

Pucynok 1.23 — 3]] BinxXuiaeHHS TUIOIIi €JIEPOHY



2 EKOHOMIYHHM PO3 11

Buxioni oani 0ns po3paxyHky mexHiko-eKOHOMIYHUX NOKA3HUKIE e(heKmUBHOCmi
CMBOPEHHA IMATbHO20 anapamy:

JIns MOBHOTO pO3paxyHKY BHUTpPAT B JAOCHIHO-KOHCTPYKTOPCHKOMY OIOpO
HEOOX1IHI MacoBl XapaKTEPUCTUKU KOHCTPYKI(i Ta oOJiaJHAHHS MPOEKTOBAHOIO
JiTaka ¥ MIBUIKICHI XapaKTepUCTHKU, a CaMe€ MaKCcUMalbHE 4Yuciao Maxa moJboTy
JiTaka i MakCUMaJibHA MBHUJIKICTh MOJIBOTY JIITAKa Vmax B KM/TO/I.

— MacoBi XapaKTepUCTUKHU JIITaKa, 0 MPOEKTYEThCS:

— Maca KOHCTPYKIIII JiTaka Myoy = 12 000KT;

- Maca o01agHaHHA Mes; = 8000 KT;

— Maca exinaxy JjiTaka mee = 350 Kr.

[IBuAKICHI XapaKTEPUCTUKH JIITAKa, 1110 TPOCKTYETHCS:

— MakcumansHe unciio Maxa M = 0,88;

— MakcuMalnbHa MBUAKICTh MOABOTY Vmax = 950 km/ro.

Onucani BuIlle XapaKTEPUCTUKKU OyAyTh BUKOPUCTAHI MPU OOUYUCIICHH]1 BUTPAT
HEOOXITHUX B IOCIITHO-KOHCTPYKTOPChKOMY Ot0po. Po3paxyHOK npuBeAeHUI HUKYE.

J{aHi 1J1 po3paxyHKy BUTPAT Ha cepiliHe BUPOOHHULTBO JIiTAKA

JIs MOBHOTO PO3paxyHKY BUTpAT Ha CepiiiHE BUPOOHUIITBO JIiTaKa TAaKOX
HEOOX1/IHI MacOB1 XapaKTePUCTUKU MPOECKTOBAHOTO JIITaKa, MAaCOBI XapaKTEPUCTUKHU
oOnagHaHHs, O Oyae YCTAaHOBIEHO U MAacOBl XapaKTEPUCTUKH LI1JIBOBOTO
HaBaHTaXeHHs (y HallOMYy BUIAJKY Macy 2 NUIOTIB, 2 OOpPTHpPOBIIHUKIB Ta 115
nacaxxupin). OKpiM 1IOr0, HEOOXITHO BKA3aTH MIBUIKICHI XapaKTEPUCTUKH, a came
MaKcUMallbHe 4uciao Maxa moyiboTy JliTaka i MakCHMMallbHa IIBUJKICTH MOJBOTY
JiTaka Vmax B KM/TO/I.

— MacoBi XxapaKTEepUCTUKH JIiTaKa, 0 IPOCKTYEThCS:

— Maca KOHCTPYKIIIi JiTaka Myey = 12 000 KT

— Maca obimagHaHHA Mes; = 8 000 KT

— Maca exinaxy jiiTaka mee = 350 Kr;

— Maca macaxupiB My = 13 800 kr;

— Maca cunoBoi ycTanoBKY Mgy = 5060 Kr.

[IBuAKICHI XapaKTEPUCTUKH JIITAKa, 1110 TPOCKTYETHCS:

— MakcumansHe uncio Maxa M = 0,88;

— MakcuMalnbHa MBUAKICTh MOABOTY Vmax = 950 Km/TO/I.

BripoioBx poKy IUIaHY€eTbCS BUITYCKATH 3aBOJIOM-BUPOOHUKOM 10 16 JiTakis.
IIpu upomy, auie 10 yiTakiB MOBUHHO BUPOOUTHUCH 3a MEPLIMH pIK BUpOOHMIITBA. B
MOAANBIIOMY, 32 IPYTUU PiK CEpIMHOrO0 BUPOOHUIITBA KUTBKICTh BUITYIIIEHHUH JIITaKiB
MOBHUHHA 30UIBIIUTUCH 10 PIBHS 3aKJIaICHOTO TporpaMoro (20 mryk).
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Onucani BuIlle XapaKTEPUCTUKHU OyAyTh BUKOPUCTAHI NMPU OOUMCIICHH]1 BUTPAT
HEOOXIIHUX TpHU CepiiHOMY BUPOOHMIITBI JiTaka, 110 MPOEKTYeThCs. Po3paxyHOK
HABEJICHUW HUKYE.

2.1 Po3paxyHoOK BUTPAT Ha coliBapTicTh JiTako0yaiBHoro OKb

Butpatu Ha po3poOky kpecineHb KoHCTpykiii JIA Bu3HauarThCa 3a
dhopmyoro:
. T+
p a,(M+ 1)’
ne my, = 2585 — wmaca mma"epa miTaka 3 OOJIaHAHHSM, BKJIIOYAIOYH Macy
CIIy>k00BOI'0 HaBAHTAXKEHHS 1 €KIMa)xy 0€3 Macu CHIIOBUX YCTAaHOBOK B TOHAX;
K60 = 1,61 — KoedilieHT, 110 BpaxoBY€e 00OB'I3KOB1 BHECKH, BIIpaxXyBaHHS,
I'm+1) = 0,93658 — ramma dyHkiis, Mo 3a0exuTh Bifl BEMUIUHE M.

0,1
=15 "My Kyso

M = 0,88 — makcuMalbHa MBUAKICTb MPOEKTOBAHOTO JIiTaka B unuciax M.
a = 0,01515 — mapameTp, 1110 BpaXxoOBY€E BIAXWICHHS Bix M.

0,93658

0,01515(0,88+1)
BI/ITpaTI/I HAa BHUITOTOBJICHHIA KO>XHOIO 3 I[OCJ'IiI[HI/IX 3p213KiB BU3HAYAKTHCSHA
HaCTyrIHI/IM YUHOM.

Cop = 1,5-25,85% - 1,61 - = 8251,5 Tuc. fo.;

— ) . A70,2 . .-1,237 ;0,699
Cn r 15 Kieo " N My Vmax ’

u3

ne N — mopsaKoBUM HOMEP JOCIITHOTO 3pa3Ka;
Vinax = 950 KM/9 — MakcUMabHA MBHJIKICTH JIITAKA;

C;=15-1,61-1%.2585%237.95096% = 16 300 Tuc. fo.1.
C,=15-1,61-2%.2585%237.950%6% = 14 200 Tuc. go.
C; =1,5-1,61-3%2.2585%237.950969 = 13 000 Tuc. go.

Butpatu Ha BunpoOyBaHHs JIA 1 KOpUTYBaHHSI KOHCTPYKTOPCHKUX KPECJICHB
JIA:

Cucn = 1,5- Koo - 10* "MNyo * Kpan - [1 +0,01- (nno - 1)]

ne Ny, = 3 — KUIbKICTh JOCIIITHUX 3pa3KiB;
Ky, = 1 — koedimieHT, 110 3a71€XKUTh BiJl JOBXKUHU 37TITHOT CMYTH.

Cuen = 1,5-1,61-10*-3-1-[1+ 0,01 (3 — 1)] = 73,9 Tuc. gou.
3aranbhi BuTpatu OKD 1 mina npoexty JIA Bu3Ha4aroThes 3a GOPMYIIOIO:

Coxs = Cup + Cn,,. + Cycn = 8251,5 + 16276,5 + 73899 = 98427 tuc. nomn.
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2.2 Po3paxyHoOK co0iBapTOCTi BUTOTOBJICHHS JeTajleil 32 KAJIbKYJIAMIHHIMHA
CTATTSMM BUTPAT

Butpatu Ha po3poOKy KpecieHb KOHCTPYKIII JliTaka BU3HAYAIOTHCS 3a
dhopmynoro:
Ch = CBHp + Bys,
ne  Cyyp — BUpOOHMYA COOIBAPTICTH OJIHOTO JIiTAKA 3 PIYHOTO BUIYCKY B N IITYK;
B, — BuTparu Ha 30yT, miiaHoBaH1 B po3Mipi 1% Big BUpoOHHUYOT COOIBAPTOCTI.
Toni C;; = Cyyp - 1,01

Bupob6uuua cepensi co0iBapTICTh OJHOTO JIiTaKa 3 piuHOro 00csry B N mTyk 6e3
BAapTOCTI JBUT'YHIB BU3HAYAETHCS 32 (HOPMYJIOIO:

Caup = Mg + 1B + COc + 0B + CnB + 3, + 36B + OB3,

ne M, — BapTicTb OCHOBHUX MaTepiajiiB, CHPOBHUHM 1 TOTOBUX BHUPOOIB
3arajibHOMPOMUCIIOBOTO MPU3HAYEHHS 1 BAPTICTh MOKYMHUX HamiB()aOpUKaTiB;

My = 1,95 10% - m>® - 0,933%1N = 195 . 10 - 12093 . ,93-321n16
) K ) ) )
~ 85,6 Tuc. foJ. ,

e m, = 12 T — maca KOHCTPYKIIii JIiTaKa;
N = 16 — piuHuii 00CsT BUMYCKY JITaKa.

Bapricts nokynHux Bupo6iB 1B po3paxoByeTbes 3a GopMymnoro:

MB = 1,95 (—1280 + 2,37 - Vyqr + 14,15 -m,,;) - N~%9°
=1,95-(—1280 + 2,37 - 950 + 14,15 - 25850) - 1007
= 518,3 Tuc. goJ. ,

e mgy, = 25852 Kr — Maca mopoxHKOTO JIiTAKa;
Vinax = 950 — MakcuMabHa MIBUAKICTH JTiTaKa.

Po3paxyemo BUTpaTH Ha BHUTOTOBJIECHHS, PEMOHT, BIJIHOBJICHHS CIELiaJIbHOT
TEXHOJIOTITYHOTO OCHAIIIEHHS, 110 CHUCYEThCA HA MpPOrpamy MEpHIUX JBOX POKIB
CepiiiHOTO BUMYCKY JiTaKa.

Butpatu mpaini Ha BHUTOTOBJICHHS, PEMOHT, BIIHOBJICHHS CHEIIAJTbHOIO
TEXHOJIOTTYHOTO OCHAIIEHHS:

T, = (2,943 + 0,0775 - m, — 2,58 - 10* - m2,) - 1,05
= (2,943 + 0,0775 - 25,85 — 2,58 - 10* - 25,85 2?) - 1,052
= 19 MJIH. HOpMO — T,

1€ N = 2 — KUIbKICTh JIBUT'YHIB Ha JIITaKYy.
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3arajibH1 BUTPATH Tpalli Ha BUTOTOBJICHHSI, PEMOHT, BIIHOBJICHHS CHEI[1aJIbHOT'O
TEXHOJIOTTYHOTO OCHAIIEHHS

Tocu = Tk " Ky Ky - K3 - Ky - Ko,
ne K — koedimieHT, 1o BpaxoBye 00CAT BUITYCKY,
K, =227-10"3-N+0,64=227-10"3-16 + 0,64 = 0,6763;

K, — koedimieHT, 10 BpaxoBye piBEHb 3aCTOCYBaHHS HOPMAaJi30BaHOi
OCHAIIICHHS,

K,=12-0,005-X=1,2-0,005-25= 1,075,

ne X = 25% — piBeHb 3aCTOCYBaHHS HOPMaJIi30BaHOI OCHACTKU B %, Ha CEpiHUX
3aBOj/Iax;

K; = 1072[220 — /250,62 — (X — 220)2] = 1 — «koedimient, mo Bpaxosye
PIBEHb CIAJIKOEMHOCT1 CTBOPIOBAHOT KOHCTPYKIIIT,

X — BIICOTOK JeTajed, sKi MNepeliuin 3 MNOoNepelHbOI MNPOAYKIIil, IO
BUTOTOBJISIETHCS HA I[bOMY 3aBOJI1 KOHCTPYKIIIT;

K, = 1,54 — xoedirtieHT, 1m0 BpaxoBye BUTOTOBICHHS TyOJepiB OCHAIEHHS, ii
PEMOHT 1 BITHOBJICHHSI;

K; = 1 — koedilieHT, IO BpaxoBy€ THUIl JIiTaKa BEPTUKAJIBHOTO 3IBOTY 1
MOCAJIKH.

Toew =19-0,6763-1,075-1-1,54-1 = 21,2 MJIH. HOPMO — T.
BennyuHa BUTpaT Ha BUTOTOBIICHHS CTICII—OCHAIIICHHS
CO =T,y =212 -10°-2,5 = 53,2 MsH. fi0J1. ,
ne C —BapTICTh  BUPOOHMIITBA  OJIHIET ~ HOPMO-TOJMHH  CIEIaJIbHOTO
TEXHOJIOT1YHOTO OCHAIIEHHSI, 10 JOPIBHIOE 2,5 NOJ.

CO

CO. = —,
° N;+N,

ne Ny =16TaN, = 18 — KUIbKICTb JIITaKiB, 3aIJIJAHOBAHUX J0 BUITYCKY B MEPIIHA
1 Apyruil poKu CepitHOrO0 BUPOOHUIITBA.

53200000

Oc = 16+—18 = 1,6 MJIH. 4OJI. ,

Po3paxyemo nocranoBouHi Butpatu [1oB, BUKIIMKaHI OCBOEHHSIM B CEpiiiHOMY
BUPOOHUIITBI HOBOTO JIiTaKa 1 po3po0KoI0 mpoiiecy Horo BurotosiaeHHsa. CnB — cnen—
BUTpATU (BUTPATH HA IPOBEJACHHS BUIPOOYBAaHb CEPIMHUX JITAKIB).

[IoB=0,43-C0,=0,43-1,6 = 0,67 MJH. 0. ;
CnB =10,30-C0O.=0,3-1,6 = 0,47 MJIH. 10J1.
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ButpaTtu Ha OCHOBHY Ta JOIaTKOBY 3apO0OITHY IJIaTy BUPOOHUYUX POOITHUKIB 3,

3HaXOAUMO 33 POPMYJIIOIO:

Jc

Jc

30

3, = 1,5-3,013 - 10* M« MOAZ . N7032 . K,

K, — KoediieHT, 1110 BpaxoBye MiIBUIIEHHS MPOAYKTUBHOCTI Mpaill poOiTHUKA

np
3a 4Yac BiJ PO3POOKH ECKI3HOTO MPOEKTY, KOJIU BEAEThCS MOIMEpPEeIHIM
PO3paxyHOK I[1HU JIITaKa, 10 MOYaTKy CEPIHHOr0 BUPOOHUIITBA;

M — makcumanbHa MIBUJIKICTh MPOEKTOBAHOTO JIiTaka B yuciax M,

m, — Maca KOHCTPYKLi B TOHaX.

Kyp = 1,087t = 1,087 = 0,584,
t = 7 — 114 Ba)XKKHX JIITaKIB.
=1,5-3,013-10%-13,929993.(0.88%42.167932. 0,584 = 426,6 TuC. 10.1.

3araJibHOBUPOOHUY1 BUTPATH 3HAXOAUMO 3a ¢opmyroro [23, c. 15]:

36B = 1,923, (3,04 N~9129 4 3,701 - N~0359)

= 1,92 - 426600 - (3,04 - 16~%12° + 3,701 - 16793%%) = 2,9 ms1H. o1

OO00B'sI3KOB1 BHECKU Ha PIYHY IPOrpamMy BUITYCKY JIITAKIB BU3HAYAOTHCS Tak [23,

c. 17]:

Jac

Jc

1033 ' 3nnn
OB3 = ———
100 ’

loss = 22% — cymapHa cTaBKa OOOB'SI3KOBHX BHECKIB BiJ] BUTPAT Ha OIUIATY
mparll ycix KaTeropi nmpamonimx;

3unn — BUTpaTH Ha OCHOBHY Ta JIOJATKOBY 3apoOITHY IJIaTy MPaLiBHHUKIB yCiX
KaTeropidi MpOMHUCIOBO—BUPOOHUYOr0 MEPCOHANy, IO BKIIOYAIOTHCS Y
BUPOOHUYY CEPE/IHIO COOIBAPTICTh OJHOTO JIITAKA.

3um = K; (CO. + TMoB + 3, + 36B),

K, = 0,235 — yacTka BUTpaT Ha OIUIATy Tpaili MPAI[IBHUKIB yCiX KaTeropid
MIPOMUCIOBO—BUPOOHUUOIO TMEPCOHATy B CYMAapHHMX BHUTpaTax Ha CHeElialibHe
OCHAIIEHHSI, TOCTAHOBOYH1 BUTPATH, BUTPATU HA MPOBEJCHHS BUNPOOYBaHb, HA
OCHOBHY Ta JIOJATKOBY 3apoOiTHY IUIaTy BHUPOOHUYUX POOITHHKIB, Ha
3arajibHOBUPOOHUY1 BUTPATH.

3 = 0,235 (1,6 -10° + 0,67 - 10° + 426,6 - 103 + 2,9 - 10° ) = 1,3 MJH. J01.

OB3 22:13-10° o
= 100 = ,7 TUC. IOJL.




Bupo6Huua co6iBapTICTh JliTaKa CKIAJE:

Coup = 85,6 + 518,34+ 1600 + 670 + 470 + 427 + 2862 + 285,7 =
6 919 Ttuc. gos. = 6,92 MIH.O0.

IToBHa coOiBapTICTh JiTaKa:

Cn = 1,01 Cyyp = 1,01+ 6,92 = 6,99 muH. fio11.

2.3 BusHayeHHs uiHM BHpPOOYy 3a BHTPaTaMHM i OOIPYHTYBaHHHA
0e330MTKOBOCTI BUPOOHULITBA

[1nanoBanuii IpUOYTOK CEPIHOTO 3aBOMY:
_P-Cy
~ 100"

ne P =25% — mmaHoBaHa peHTAOCHBHICTH BiA peami3amii OJHOrO JIiTaka
CEepIHHUM 3aBOJIOM.

256,99
m=_-—"""-

100 = 1,75 MJH. f01.

Po3paxyHkoBa cepeaHs 1iHa JiTaka 0e3 IBUT'YHIB BUSHAYAETHCS
O.=C,+I1 =699 + 1,6 = 8,59 MmsH. 101
Po3paxyHnkoBa 11iHa jiTaka 0€3 JBUTYHIB 3 ypaxXyBaHHSIM MOJATKYy Ha JOJaHy
BapTICTh:

Upge = U - 1,2 = 8,59 - 1,2 = 10,3 MJH. o1

BapricTh ABUTYHA pO3pax0OBYEMO HACTYITHUM YHHOM:

s = 0,015 - Kypo * Ko - Kegs * Rimax (3400 — 10y Rmax) )

ae
Kiso = 1,575 — xoedimieHT, Mo BpaxoBy€ y BUTpAaTaxX Ha MPOSKTYBAHHS MTOTATKH,
000B’SI3KOB1 BHECKH, BiIpaxXyBaHHS;
K.« — KoedilieHTH, 1110 BPaXOBY€E CEPINHICTD;
Ryax — 3711THA Tra ogHOTO ABUryHa = 6450 naH.

Koedimient, mo Bpaxosye tum asuryna (K.,) mms TP/ mpu M<1: K, = 1,25.
Po3paxyemo koedilieHT 110 BpaXxoBY€ CEPIAHICTS:

K = (1500 0>
caB — > T 5

e D Ny — KUIbKICTh IBUTYHIB B Cepii.



T
Z Ny = N, "Ny - (1 + Koew + h3eM) ' (1 + K06) 'T_C;
IB

ae
N, — KUIBKICTb JIITaKiB, HA SIKUX BCTAHOBIIOIOTHCS ABUTYHH IILOTO THUILY;
Ny — KUIBKICTh JBUTYHIB, 10 BCTAHOBIIIOKOTLCS Ha OJHOMY JITaKys;
K;en — KOE(DiIieHT, 1110 MPUPIBHIOE Yac poOOTH JBUTYHA HA 3€MJI1 1 B MOBITPI;
h,e, — IHTOMA Bara 4yacy poOOTH JBUTYHA Ha 3€MJIi B 3aTaJIbHOMY JIbOTHOMY Yaci
JTaKa;
T. — amopTu3aniiiHuit a0o MOBHUM TEPMIH CITYyKOU JIITaKa;
T,z — amopTH3aniiHui a00 NOBHUHI TEPMIH CIIy)KOU JBHUIYHA.
Koediient, mo npupiBHioe yac poOOTH ABUTYHa Ha 3emil 1 B moBiTpl (Key),
npusHavaemo: K,y = 0,2.
[Tutoma Bara yacy poOOTH JBUTYHA HA 3€MJI1 B 3araliLHOMY JIbOTHOMY 4aci JiiTaka
(hsen), MpU3HAYAEMO: hyey = 0,05.
Koediuientr obopotHOro (oHAy IBUTYHIB IBOTO THILY, BEJIMYHMHA SKOTO
3aJIeKUTh  BIJ ~ MDKPEMOHTHOro  pecypcy naBuryHa B obopotri  (Kyg),
npusHadaemo: Ky = 0,2.

25000

—16-2-(1+0,2+0,05)-(1402)-->— =80
EST%B (1+0,2+0,05)-(1+02) - 7m0

1500\%°
KC,E[B = (W) = 4,33

l,; =0015-1,575-1,25- 4,33 - 6450 - (3400 — 10\/6450) = 2,14 MJIH. f0J1.
Po3paxyHkoBa cepenHs 1iHa JiTaka 3 JBUTYHAMU:
Ueps = Upgp + 2 - Uy = 10,3 + 2+ 2,14 = 14,58 MJIH. 101

2.4 llopiBHAJbHMI aHAJI3 BApPiaHTIB KOHCTPYKTOPCHKHUX PillleHb 3 TOYKH
30py BUTPAT HA BUTOTOBJICHHS

Hanpsimu 3HMKEHHS BUTPAT HA BUPOOHUIITBO MPOYKIIIT HEOOXITHO pO3TIIsAIaTH
3 TOYKH 30py ONTUMAIILHOTO MO€THAHHS 3MEHIIIEHHS BUTPAT 1 MIIBULIEHHS SIKOCTI.

ExoHoMiuHa niTepaTypa MNpPONOHYE TPU OCHOBHI CIOCOOM JTOCATHEHHS
MOCTaBJICHUX 3aBJIaHb:

1) TexHiuHi crocoOu, SKI Ppeani3ylThCS 3a JIOMOMOTOK) BHKOPUCTAHHS
JOCKOHAJIIIUX 1 MPOIYKTUBHIMIMX 3acO0IB Mpalll 1 J0CATAIOTHCS ILISIXOM
MIABUIIECHHS TEXHIYHOTO PIBHS BUPOOHUIITBA:

- BIPOBAIKEHHS HOBOI 1 BAOCKOHAJICHHS BXKUBAHOI TEXHIKH 1 TEXHOJIOT1;

- PpO3IIMPEHHS MaclTablB 3acTOCYBaHHS HOBOI TEXHIKH, TEXHOJOTIH,
MOJIEpHI3allis 1 HOJIMIIEHHS eKCIUTyaTalli JII0Y0ro yCTaTKyBaHHS;

- 3aCTOCYBaHHsSI HOBMX BH/IIB 1 3aMiHa CIIOKMBAHOI CUPOBHUHH, MaTepiais,
MajauBa 1 €Heprii, MOJIMNIIEHHS 1X BUKOPUCTAHHS;



CTBOPEHHSI HOBO1 1 NIABULIEHHS SKOCTI MPOAYKIi, IO BHITYCKA€ETHCS,
MOJTIMIIEHHS 11 XapaKTepUCTHK.

2) OpranizaiiifHi cnocoOu, sKi IPUITYCKalOTh ONTUMAaJbHE MOEJAHAHHA B Yaci 1
pocTopi 3aco01B mpalii, MPEAMETIB mparli 1 pod0Y0i CHIIH.

3) ExonomiuyHi crnoco6u, TOOTO CTBOPEHHS MOTHUBALIMHUX MEXaHI3MIB, IO
3a0e3MeuyloTh JOCATHEHHS HaWKpalmux pe3yJbTaTiB MpU HaWMEHIIHX
BUTpATax, a TAKOXK aJIbTEPHATUBHI BapiaHTU PIlIEHHs BUPOOHUYUX 3aB/aHb:
€KOHOMIYHE CTHUMYJIIOBaHHS MEpCOHANy, ONTHUMI3ALII0 3 TOYKU 30pYy
eKOHOMIYHOT e(heKTUBHOCTI 00'eMy BUpOOHHUIITBA, ()IHAHCYBAHHS 1HBECTHUIIIH.

JI0o YMHHUKIB, 110 BIUIMBAIOTh Ha O0'€eM 1 CTPYKTYpy HNPOAYKILIi, CTPYKTYpYy
BUPOOHUIITBA BIAHOCSTHCS:

BIJHOCHA 3MIHa YMOBHO-TIOCTIHHUX BHUTpAaT K HACIIJOK 3MIHH OOCSTY
BUPOOHUIITBA MPOAYKIIII;

BIJIHOCHA 3M1HA aMOPTU3ALIMHUX BIAPaxXyBaHb;

3MiHA CTPYKTYpPH MPOAYKIIii, IO BUITYCKAETHCS;

BBEJICHHSI HOBUX BUPOOHUITB(a B 00'€IHAHHSIX TAKOX 1 BBEJECHHS HOBUX
MIIPUEMCTB);

OCBOEHHSI HOBUX IIJMPHEMCTB 1 MIATOTOBKAa BHPOOHHUIITBA HA JIFOYMX
MIAMPUEMCTBAX.

3MiHa YMOB IOCHOJIapIOBAHHS 10CSTAE€THCS 32 PAXYHOK 3MIHU:

I[IH Ha BUPOOIIOBAHY MPOAYKIIIIO;

I[IH HA CTIO’KUBaH1 CUPOBUHY, MaTepialid, KOMIUIEKTY1041, HamiB(padbpukaTu,
MaJIMBO 1 EHEPTIIO;

OTUIaTH Tpalil.

3MiHa BUTpAT BU3HAYAETHCS CTOCOBHO KOKHOTO OKPEMOT0 YUMHHHUKA HE3aJICKHO
Bil WOro BIUIMBY (TMO3UTHBHOTO a00 HEraTHMBHOTO) Ha 3HIDKEHHS CO0IBapTOCTI

MPOAYKIIIi.

ExoHoMiuHa siTepaTypa MPOTIOHY€E TPU OCHOBHI METO/IM TUITAHYBAHHS 3HIKEHHS
co0iBapTOCTi: 30UTBIIEHUN, YTOYHEHWH 1 TUIAHYBAaHHS IO TEXHIKO—CKOHOMIYHHX
YUHHUKAM.

[Tpu 30impmIeHOMY METOA1 PO3PAaXyHKY 3HUKEHHS COOIBapTOCTI MPOIYKIIii
BpPaXOBYETKCS BIUTUB Ha COOIBApTICTh HACTYITHUX YNHHHKIB!

3pOCTaHHS MPOAYKTUBHOCTI Tpalli 1 cepeHboi 3apo0iTHOI T1aTH;
3pOCTaHHs 00CATY BUPOOHUIITBA, a 3aJIE’KHO BiJl HHOTO;

BITHOCHOTO 1 aOCOJIOTHOTO CKOPOYEHHS YMOBHO—IIOCTIfHUX BHTpAT Ha
OJIMHUIIIO TPOTYKIIii.

301IbIIIEHUH PO3PAXYHOK BEIETHCS HA OCHOBI CTPYKTYPH COO1BAPTOCTI POTYKITI{
3BITHOTO TMEpIOAy 1 OUYIKyBaHOI 3MIHM BHUTPAT MO OKPEMHUX CTaTTAX BUTpPAT B
IUTAHOBOMY TIEPi0/Ii B MMOPIBHSAHHI 3 0230BHUM.



2.5 BucHoBku

VY pe3ynbTaTi NpoBeIeHUX PO3PAaXyHKIB OYyJIM BU3HAUEHA 3arajbHa IiHA TPOEKTY
JIA, noBHa co0iBapTiCTh JiiTaka 0€3 BapTOCTI IBUT'YHIB, pO3paxXyHKOBa I1iHa JiTaka 0e3
JIBUTYHIB 1 I[1Ha JIITAKa 3 JBUTYHAMU:
- 3aransHi BuTpatu OKBb 1 ina npoekry JIA: C, g = 98427 Tuc. noin.;
- ToBHa co0iBapTiCTh JiTtaka: Cy = 7 MJIH. JOJL.;
- po3paxyHKoBa LiHa jirtaka 0e3 aBuryHis 3 II/IB: L;g = 10,3 MuH. 101,
- po3paxyHKoBa IiHa jiraka 3 apuryHamu 3 IIJIB: L., = 14,6 MJIH. 01
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«Boocxonanennss 311X npoekmosaHux nacaicupcvkux JNimMaxié 3a paxyHOK
aepoOUHamiuHux eexmisy

"Improvement of the take-off characteristics for passenger aircrafts due to
aerodynamic effects"

Abstracts

The student's research paper on the topic: "Improvement of the runway of
designed passenger aircraft due to aerodynamic effects" contains:

Figures - 23

Tables - 3

Object of study: mechanisms for improving the airspeed of aircraft in the normal
scheme, their aerodynamic principles of operation.

Purpose: to perform a comparative analysis of existing methods for improving
runway performance, to investigate the possibility of introducing a new type of runway
mechanization on currently designed aircraft.

Research method: statistical, analytical with the use of statistical data.

Results of work:

1. A direct comparison of the performance of different runway devices;

2. Analysis of their aerodynamic principles of operation;

3. Calculation of the aircraft using the proposed mechanism for improving the
TLC.

4. Development of nozzle characteristics using the Coanda effect.

Keywords: COMPETITIVE, TAKE-OFF AND LANDING
CHARACTERISTICS, STALL SPEED, WINGLETS, FLAPS, MECHANISATION,
PROFILE CURVATURE, WING AREA, SUPERCIRCULATION,
INTERFERENCE, THRUST VECTOR DIRECTION.



3.1 BCTYII

Cy4JacHMI1 pUHOK MAca)XXUpPChKOi aBiallli, MOCWICHU yMOBaMHU NaHAeMii, HaOyB
aCIeKTy JIy’Ke BHUCOKOi KOHKypeHIii. OCHOBHI Hillll aBialepeBe3eHb MIUILHO 3aKPUTI1
aB1aOyJIBHUMHU 3aBOJaMU CBITOBOTO KJacy Ta iX, II0 BXE€ CTalu KIACUYHUMH,
miTakaMu Uil nuMx Him. Ha pomady 10 1bOro, MOCATHYTHH PIBEHB JOCKOHAJIOCT1
MPAKTUYHO BCIX BY3JIB JIITaKa CYTTEBO 3HUKYE MOXMIIMBOCTI JJIsi Moaudikaiiil ta
HOBUHOK. Taka cuTyarlist 1y’e yCKJIaIHIOE€ IPOEKTYBaHHSI HOBOT'O JIITAKa.

Came nst mapupyBaHHS BCiX BUIIEONMUCAHUX (PAKTOPIB HEOOXITHO BIAATHUCS JO
€IMHOTO ONTUMAJIBHOTO HUISIXY - IIUISIXY CTBOPEHHSI KOHKYPEHTOCIIPOMOXKHUX BUPOOIB
3a PaxyHOK PI3KOTO MOJIMIIEHHS JACSKUX TEXHIYHUX XapaKTePUCTUK O€3 3HUIKEHHS
(a00 3 HE3HAYHUM 3HIKEHHSIM) 1HIIMX. BU3HauaabHUM TpU BUOOP1 XapaKTEPUCTHK
JUIs TAaKOTO TOKPALIEHHS MAa€ CTaTH SKICHE 3POCTAaHHS CIOXKHWBUMX BIACTUBOCTEH
CTBOPIOBAHOTO 3pa3Ka aBlallifHOT TEXHIKA MOPIBHSIHO 3 HASIBHUMH Ha PUHKY.

[Ipn amami3i miTaka SK CKJIAJHOI KOHCTPYKIIi 4Yepe3 MepCHeKTUBY CY4acHOI
aBiarii Ta MiABUINEHHS 1i JOCTYIMHOCTI Ccepel JIIOJeH, a SK HACTIIOK 1 CTPIMKOTO
3pocTaHHs AaHOi cepu, Bce OUTBIIT TOCTPO BUAUIAIOTHCS €TaId 3JIbOTY Ta TIOCAIKH, a
TOYHIIIIE — IOBKUHA PO30iry Ta mpoOiry Jiraka, a TAKOXK IITyMOBE 3a0pyTHCHHSI.

Ha croromgHimHii neHp HAaWOUIBII 3aTpeOyBaHMMH 3 IILOTO TOTJISAIY € 3JITHO-
nocaakoBi xapakrepuctuku (311X) miTakiB. 3 iXHbOIO JOTIOMOTOI MOYKHA BUPIMIUTH
BiZIpa3y psAl BAKIUBUX MPOOIIeM, a came:

1. IlinBumenHs Oe3MeKy MPOXO/DKEHHS HAWHEOE3MEUHIMUX €TamiB MOJbOTY -
37bOTY Ta MOCAJIKH;

2. Po3ramryBanHs aepoapomiB (iX BiIIaeHICTh BiJl CIIOKMBAYa) Ta iX KIJTBKICTH;
3. Po3mipu moTpiOHux 3miTHO-ocaakoBux cMyT (311C) Ta X XapakTepUCTHKY;

4. Exosorito Ta KoM(GOPTHICTH JIFOACH, K MPOKUBAIOTH IMOOIU3Y aepoIpOMY.

Bce e mae 4itko 3po3ymirty, 1m0 BaockonaneHHs 3[1X - mepcnekTHBHMIM BEKTOP
PO3BHUTKY CY4acHOTO JIITAKOOyTyBaHHS.

INTRODUCTION

The current passenger aviation market, exacerbated by the pandemic, has become
very competitive. The main niches of air travel are tightly covered by world-class
aircraft manufacturing plants and their now-classic aircraft for these niches. In
addition, the level of sophistication achieved in almost all aircraft components
significantly reduces the scope for modifications and innovations. This situation makes
it very difficult to design a new aircraft.

To counteract all of the above factors, it is necessary to resort to the only optimal
way - the way of creating competitive products by dramatically improving some
technical characteristics without reducing (or slightly reducing) others. The decisive
factor in choosing the characteristics for such improvement should be the qualitative
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increase in the consumer properties of the aircraft being created compared to those
available on the market.

When analyzing an aircraft as a complex structure in the context of modern
aviation and its increasing accessibility to people, and as a result, the rapid growth of
this sector, the take-off and landing stages, or rather the length of the take-off and
landing run, as well as noise pollution, are becoming increasingly important.

Today, the most popular in this regard are the take-off and landing characteristics
(TLC) of aircraft. With their help, a number of important problems can be solved at
once, namely:

1. Improving the safety of the most dangerous stages of flight - take-off and
landing;

2. Location of airfields (their distance from the consumer) and their number;
3. Dimensions of the required runways and their characteristics;

4. Ecology and comfort of people living near the airfield.

All this makes it clear that the improvement of the runway is a promising vector
for the development of modern aircraft construction.
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3.2 ANALYSIS OF THE PROBLEMS ASSOCIATED WITH AIR
DEFENCE DEFICIENCIES OF MODERN AIRCRAFT

3.2.1 Work vectors to improve aircraft performance

Take-off and landing is one of the most important and dangerous stages of a flight,
requiring maximum performance from all flight participants, from the pilot to the
controller. These stages are accompanied by extremely low speeds close to stall speed,
high angles of attack a and low flight altitudes close to the city and airport
infrastructure. Therefore, the more the equipment can "allow", the more space the crew
will have for manoeuvre. This will also improve passenger comfort and safety.

This means that the designers will be tasked with improving various
characteristics of the aircraft to optimise the take-off and landing stages.

The main take-off and landing characteristics include: take-off speed (Vorp ),
landing speed (Vo ), approach speed (Vz po), take-off length (L, ), runway length (L,
), take-off distance (Lgs; ), landing distance (Lpoc ). They depend on the following
parameters:

- aerodynamic properties of an aircraft wing (airframe);

- the presence and properties of changes in the aircraft's longitudinal
acceleration;

- availability of means to ensure vertical traction.

3.2.2 Streamlining existing methods of influencing take-off and landing
performance

Currently, the following methods of improving the runway have been developed
and are being used to reduce the take-off and landing distance of aircraft (Fig. 3.1):

1. Increase the load-bearing capacity of the wing:
- the use of winglets, flaps, deflectable toe, variable sweep wing;
- Boundary layer control (blowing, suction).
2. Create additional lifting force:
- deviation of the thrust vector of the propulsion engine;
- installation of rocket lifting engines.
3. 3. Combined methods:
- use of jet flaps;

- power system for increasing the lifting force.
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Figure 3.1 - Classification of means of improving the TLC

3.2.3 Means of increasing the coefficient of lift Su due to wing mechanisation.

Let's look at one of the largest and most effective ways - wing mechanisation and,
in particular, each of its components.

Wing mechanisation is a device for changing the aerodynamic properties of a
wing. These include:

1. Devices to increase the load-bearing capacity of the wing during take-off and
landing:

- increase 1n the profile curvature, which leads to the elimination of the curve C,
=f(a) to the left and increase to the known limits of C, max ;

- increase in wing area;

- Boundary layer suction (LS);

- Blowing away the boundary layer;

- Increased circulation due to reduced sweep in flight.

2. Devices for increasing frontal resistance during the run and dampers for lift.
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Figure 3.2 - Schematic representation of a wing using different types of wings

Flaps are the part of the lower surface of the wing that deflects downwards,
located along its trailing edge (Fig. 3.2 a). The increase in lift is due to an increase in
the effective curvature of the profile. In addition, the boundary layer is sucked from the
upper surface of the wing into the rarefaction zone between the wing and the shield,
which also increases C, max and slightly reduces o,

Figure 3.3 - Shields

Retractable flaps are more effective, because their downward deflection with
simultaneous shift to the trailing edge of the wing increases the wing area (Fig. 3.2 b).
Deflected winglets significantly increase the drag of the aircraft, so on takeoff, they
have to be deflected to a smaller angle, although this reduces AC,. On swept wings,
winglets are not used, as an increase in the angle of sweep dramatically reduces AC,.

Flaps are the end part of the wing that deflects downwards. The efficiency of a
wing with simple flaps (see Table 1, sketch 1) is relatively low, since the increase in
A C max 1s due to a change in the curvature of the original profile. When the slotted
flaps (see Table 1, sketch 2) are deflected, a profiled slot is formed between them and
the wing. The retractable slotted flap (see Table 1, sketch 3) also increases the wing
area. Slotted flaps can be used for take-off. At small deflection angles, the increase in
C, causes a small increase in C, .
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Figure 3.4 - Double slot sliding flap

As the deflection angle increases, the efficiency of the flaps increases. However,
at large deflection angles of single-slot flaps (more than 40°), flow disruption occurs,
which leads to a drop in C, and can cause shaking. Therefore, most modern civilian
aircraft use highly efficient two-slot and three-slot flaps that operate without flow
disruption up to deflection angles of 50...60° . Also, the use of all types of flaps leads
to a slight decrease in the critical angle of attack.

Table 1 - Characteristics of typical types of flaps

Name of mechanisation Sketch ACy
Simple flap C ZFS—::::—
b3 =03; 53.ma6/1 =45°
Slotted flap C 0.5..0.6
b3 =03; 53.ma6ﬂ =45°
Retractable flap C = NN 1,15...1,25
b3 =03; 53.ma6/1 =40° ’\
— I e il
Double slot retractable flap —— — O- ~ 14..15
b3 =03; 53.ma6/l =40° \
— ST T
Three-slot sliding flap —HS 2.0.30
b3 =0.35; 53.ma6/l =40° \
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The wingtips are located along the leading edge of the wing, forming a profiled
slot at the release (Fig. 3.2 g), which provides more stable wing flow at high angles of
attack.

[MpeakpbInok

Figure 5 - Typical fender flap

The lift force of the wing causes a noticeable flow slant behind it. The flow skew
and the increase in boundary layer velocity prevent the flow from breaking and lead to
an increase in the C, . and of the wing o, .

A variation of the winglets are the front flaps that are deflected by 120...150°
(Kruger flap), with a simple design (Fig. 3.2 h). They increase the curvature of the nose
part of the wing profile and increase C, ..x and o, . However, the C, achieved by these
means decreases quite sharply wheno., is exceeded. Usually, winglets are used in
conjunction with shields or flaps, which gives an increase in Cy 4 Without a large
Increase in O

Table 2 - Characteristics of typical types of mechanisation (winglets and flaps)

Name of mechanisation Sketch AC ’
Flap and simple flap JL I/ 0.55..0.65
b3 =0.35; 53.ma6ﬂ =40°
_Flap and slotted flap (_/J” 0,75..0,85
b3 =03; 53.ma6/l =45°
Flip and retractable flap JL 4‘; ) it 1,55..1.65
b3 =03; 53.ma6ﬂ =40° '\

A e
F_Iap and two-slot flap 4l § wim_ i 18.22
b3 =0.3; 53_ma6ﬂ =40° \
. ﬂ[ A o=
B Deflecting toe and flap —, — === 0,5..0,6
b3 =0.3; 53.ma5ﬂ =40;° 5Hac =10...15°
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Figure 3.6 - Dependences of C, = f (o) for wings with different principles of
mechanisation (a) and different types of mechanisation means.

1 - for the original wing; 2 - with increasing wing area; 3 - with increasing
profile curvature; 4 - with flow stall delay; 5 - for a wing without mechanisation; 6 -
for a wing with a fin fin; 7 - for a wing with a flap; 8 - for a wing with a full span fin;

9 - with a combined use of a fin and a flap.

3.2.4 Means of increasing the lift coefficient of the wing due to energy means
of increasing the lift of the wing

The lift of the wing can also be increased by using the energy of the aircraft's
power plant.

1) Wing jet mechanisation, in which the increase of the ADC and, first of all, the
increase of the lift force is achieved by tangential blowing of a compressed air jet taken
from the propulsion or auxiliary power unit. The ULS can be performed by artificial
suction or blowing the boundary layer from the upper surface of the wing (Fig. 3.2, 1).
This consumes part of the engine power.

2) Jet blasting systems for jet or propeller wings with conventional or jet
mechanisation, as well as engine thrust vector control systems by deflecting flat or
axisymmetric nozzles, where virtually all engine energy is used to increase the thrust;;

3) Combined systems, which are based on obtaining a synergistic effect from the
combination of systems from the two groups described above.

It is worth paying special attention to the second method - jetting of the engine of
traditional mechanisation (Fig. 3.7), since it is the only one that does not take power
from the engine itself.
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Figure 3.7 - Application of energy-based measures to improve LTC in practice

So, let's look at the method of blowing the mechanization with jets from the
bottom surface. This method is extremely common in most modern aircraft, both
military, passenger and cargo.

The advantages of this method of improving the LTC are as follows:

+ classic motor mounting scheme;
Ease of access to the engine;
+ no global changes to the design of both the mechanization and the engine mount.

+

They will be the downside:

- the need to additionally strengthen the attachment of the machinery;
- lower efficiency compared to upper plane blowing;
- the presence of a number of disadvantages when used on low-altitude planes.

Figure 3.8 - Lower wing plane blowing pattern

Let's subject the method of blowing the upper wing plane to the same analysis.
This method is used much less frequently in aviation practice, but this is quite
undeserved, since this method can deflect powerful exhaust jets of a turbofan with a
large double-circuit, with large angles and without excessive losses.
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The advantages include:

implementation of the supercirculation effect (Coand effect) and, as a result, an
increase in the Cy lift coefficient;

Reducing engine nacelle and wing interference;

Reducing the likelihood of foreign objects being sucked up from the runways;
Reducing noise from engines;

the possibility of reversing without the formation of dust clouds by means of an

air jet.

Negative aspects:

- complication of the design stages of the engine mounting system;
- the need for more in-depth aerodynamic calculations;
- slightly higher requirements for pilots during take-off and landing (however, this

aspect is largely compensated for by modern on-board automation).

3.3 STATISTICAL ANALYSIS
EXISTING AIRCRAFTS

Figure 3.9 - Upper wing plane blowing pattern

OF THE CHARACTERISTICS OF

In the following table, we have collected statistics from the global aviation
industry on passenger aircraft of various flight ranges to more fully assess the PFC of
different types of aircraft operating on modern air routes.

Table 3 - Aircraft statistics

Year Number and
Type of aircraft of Country. Tak.e-off Run Length thrust of
. weight length of run .

issue engines
Embraer ERJ135ER 1999 Brazil 19000 1516 1209 2 x 3370 kgf
Embraer ERJ140ER | 2001 Brazil 20150 1693 1344 2 x 3370 kgf
Embraer ERJ145XR | 1996 Brazil 24000 2093 1417 2 x 3370 kgf
An-74TK-100 1983 USSR 36500 1440 800 2 x 6500 kgf
Bombardier CRJ-1000 | 2010 Canada 41640 2120 1750 2 x 6200 kgf
BAE-146-300 1983 United 44225 1535 1270 | 4x3160 kgf

Kingdom




Continued from Table 3

Tupolev Tu-134B | 1966 | USSR | 47600 | 2500 | 1540 | 2 x 6930 kef
Embracr ERJ190 1999 | Brazil | 47800 | 1890 | 1260 | 2 x 8400 kgf
Boeing 717-200 1995 USA 49900 | 1680 | 1420 | 2x 9500 kgf
Boeing 737-100 1968 USA 50346 | 1290 | 1220 | 2x7000 kef
Boeing 737-200 1968 USA 52386 | 2058 | 1281 | 2x 7000 kgf
Bocing 737-400 1988 USA 56473 | 2540 | 1540 | 2x 10670 kef
Boeing 737-300 1984 USA 58333 | 1930 | 1400 | 2x 9990 kgf

McDonnell Douglas | g4, USA 67800 | 2270 | 1500 | 2x9500 kef

MD-82

MCDOI&‘S}%"%I&S 1995 USA 70760 | 2160 | 1600 | 2x 12700 kef
Airbus A319 1999 | Europe | 75500 | 1520 | 1450 | 2x 10700 kef
Airbus A320 1987 | FEurope | 78000 | 2090 | 1530 | 2x 12000 kef
Bocing 737-800 1998 USA 79000 | 2241 | 1630 | 2x 11930 kef
Bocing 737-900 2001 USA 79244 | 2408 | 1700 | 2x 12390 kef
Airbus A321 1994 | FEurope | 93500 | 2180 | 1580 | 2x 15000 kef

Airbus A340-200 1993 | Europe | 243450 | 2990 | 1890 | 4x 15400 kef
Airbus A340-300 1993 | FEurope | 243450 | 3000 | 1926 | 4x 15400 kef
Airbus A340-500 | 2001 | Europe | 368000 | 3050 | 2010 | 4x 24000 kef
Airbus A340-600 | 2001 | Europe | 368000 | 3100 | 2100 | 4x 24900 kef

Based on the structured statistics of the data, we can identify several parameters
of interest to us in this research paper, namely:

take-off weight;
the length of the run;
the length of the run;
engine traction.

Based on these parameters, we will build dependencies to visualise the trends in
the aircraft industry. This way, we will get graphs showing the dependence of the
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required take-off and run length on the take-off weight of the aircraft, as well as the
ratio of take-off and run lengths to the total thrust of all engines.
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Figure 3.10 - Diagram of the dependence of the required run-up and run-down length

on the take-off weight of the aircraft
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Figure 3.11 - Graph of the ratio of run-up and run-down to total thrust of all engines
As a result of the research, it is possible to display on the diagram the final
summary of the effectiveness of various types of wing mechanization of a modern
aircraft aimed at improving its performance.
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3.4 AERODYNAMIC CALCULATION OF TAKE-OFF AND LANDING
DISTANCES with and w/o COANDA EFFECT

3.4.1 Calculating the take-off distance

Aircraft take-off is a flight stage consisting of the aircraft run-up and separation
followed by a set of heights H=400 m above the runway level, at which the transition
from take-off to flight configuration is completed, whichever of these heights is greater.

Figure 13 shows a diagram of an aircraft take-off. The diagram contains the
following abbreviations, which we will describe in the original language:
Runway - runway distance;
Safety barrier - end of safety barrier;
Runway - runway;
TDC - available take-off distance;
RLTL is the available aborted takeoff length;
RLR - available run-up length;
RLP - available runway.

During this calculation we will take a look on 2 type of take-off devices, to
compare their effect on minimal runway distance, needed for aircraft that has been
designed in this work: three-slot retractable flap as the most efficient and popular
against three-slot flap with Coanda effect.

D N W NI N NI NI N

Table 5 — Lift device research options

Name of mechanisation Sketch AC

Three-slot sliding flap < _ 7

b, =0.35; \ 2,0..3,0
o = 40°

3.mabn

Three-slot Coanda flap
b, =0.35; 3,5..4
o = 40°

3.mabn




Initial parameters:
For initial parameters we will take a NACA 2412 (Figure 3.13) airfoil to estimate
how lift devices will reduce take-off distance.

Figure 3.13 — NACA 2412 profile

Also we will use JavaFoil software to get aerodynamic characteristic. This program
use Eppler Standard Stall and Transition model for calculation. Cy,, plot for NACA

2412 (Figure 3.14) and flowfield for 0° AoA look like:

Cl

Flow Field

- Ci
1.6+ S\ g
[‘ ) I
1ol
/

2.0
1.4

0,64

Figure 3.14 - NACA 2412 C,, plot and flowfield

We can see that €y, max achieved on 13° and equal to 1.5. All initial parameters
will be placed in Table 6 below:

Table 6 — Initial parameters

Cyamax (13°) mo’, kg Sw, m* Py, N Cxa(2°) Cya(2)

1.5 49100 108 64500 x 2 0.06 0.5
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The following procedure is used to determine the take-off distance of an aircraft:



Three-slotted flap (traditional)

I. Determine the speed of aircraft separation from the runway using the

formula:
2 Mgy g
Vo = 1,1 ,
PP \/C;Jcll max " PH=0km " SKp
Where Mgy, = 49100 Kr - is the take-off weight of the aircraft;

2=9.81 - acceleration of free fall, cﬂz;

Cya = 0,5 — is the coefficient of lift of clean airfoil;

AC,,=2 — additional lift from lift device

Cyamax = 2,5 - is the coefficient of the maximum value of lift in the
aircraft take-off configuration;

Pr=0xm = 1,225 % - air density at an altitude of H = 0 km - from the
table of the standard atmosphere;

Sep = 108 M? - wing area.

249100 -9,81 M
Voinp = 1,1 =60 —;

25-1225-108 ¢’
2. We determine the running distance using the formula :
L Ve
po3 2. jcp p03,

where. Vg, = 60 % - 1s the runway departure speed;

. . . . . M
Jep pos - 18 the average acceleration of the aircraft on the run-up section, =

2.1. Let's determine the average acceleration of the aircraft during the run-
up section using the formula:

Py — f:rp "Mpzn "9 — Deigp SKp ’ (Cxa B ﬁl‘p ' Cya)
Mgz ,

where P, = 129000 H - is the available thrust during the flight at H=0 km and M=0;
frp = 0,03 - friction coefficient for a dry concrete runway;

My, = 49100 kr - take-off weight of LA;
M

2=9.81 - acceleration of free fall, ot

jcp po3 —

uigp - 18 the speed head when the aircraft takes off from the runway, Pa;
Sep = 108 M? - wing area;

Cyq = 0,06 - coefficient of drag when the aircraft leaves the runway

Cyqa = 0,5 - coefficient of lift during the aircraft take-off from the runway
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Let's determine the value of the speed head during the separation of the aircraft from
the runway using the formula :

0,71 pr=0 xm VBZi,qp
sigp = 5 )

where. py—gm = 1,225 % - 1s the air density at the design altitude from the standard
atmosphere table;
Viigp = 60 % - runway departure speed.
0,71- 1,225 - 602

Iuigp = > = 1533 la
2.1.1. Let's determine the average acceleration of the aircraft on the run-
up section:
_ 12900 — 0,03 -49100-9,81 — 1533 -108- (0,06 — 0,03 - 0,5)
Jeppos = 49100 -
M
=218 —
C
2.1.2. Let's determine the length of the aircraft's run:
02
Lyos = 27218 ~ 1500 M

Now let’s see the same airfoil and same initial conditions, changing AC'y value.

Three-slotted flap with Coanda Effect

3. Determine the speed of aircraft separation from the runway using the

formula:
2 Mgy g
Viin = 1,1 ,
PP \/C;Jcll max " PH=0xkm " SKp
Where My, = 49100 Kr - is the take-off weight of the aircraft;

2=9.81 - acceleration of free fall, cﬂz;

Cya = 0,5 — is the coefficient of lift of clean airfoil;

AC,,=3 — additional lift from lift device

Cyamax = 3,5 - is the coefficient of the maximum value of lift in the
aircraft take-off configuration;

Pr=0xm = 1,225 % - air density at an altitude of H = 0 km - from the
table of the standard atmosphere;

S

xp = 108 M* - wing area.

249100 - 9,81 M
Voinp = 1,1 50 —;

35-1225-108



4. We determine the running distance using the formula :
2

L. = ﬂ

pos 2 'J cp po3

where. Vg, = 50 % - 1s the runway departure speed;

. . . . . M
Jep pos - 18 the average acceleration of the aircraft on the run-up section, =

4.1. Let's determine the average acceleration of the aircraft during the run-
up section using the formula:
Py - f:rp "Meyszn 9 — Geigp SKp ) (Cxa - f:rp ) Cya)
mBBJ'I ,
where P,;, = 129000 H - is the available thrust during the flight at H=0 km and M=0;
frp = 0,03 - friction coefficient for a dry concrete runway;

My, = 49100 kr - take-off weight of LA;
M

2=9.81 - acceleration of free fall, ot

jcp po3 —

uigp - 18 the speed head when the aircraft takes off from the runway, Pa;

Sep = 108 M? - wing area;

Cyq = 0,06 - coefficient of drag when the aircraft leaves the runway

Cya = 0,5 - coefficient of lift during the aircraft take-off from the runway
Let's determine the value of the speed head during the separation of the aircraft from
the runway using the formula :

0,71 pr=0 xm VBZi,qp
sigp = 5 )

where. py—gm = 1,225 % - 1s the air density at the design altitude from the standard
atmosphere table;
Viigp = 50 % - runway departure speed.

0,71 - 1,225 - 5072
Auigp = > = 1095 Ila

4.1.1.  Let's determine the average acceleration of the aircraft on the run-up
section:

12900 — 0,03 -49100-9,81 — 1095-108 - (0,06 — 0,03 - 0,5) B

49100
M
=225 -
C
4.1.2.  Let's determine the length of the aircraft's run:
502
p03—2_2,25~ 1000 m

As we can see, there 1s almost 30% of improvement to take-off distance (Figure
3.15).



MINIMUM RUNWAY LENGTHS NEEDED FOR A
SELECTION OF SHORT AND LONG HAUL AIRCRAFT.

115 passengers

~50 passengers”

~70 passengers*

Airbus A320 180 pussongors®

1000m runway

1,200m runway*

1,500m runway*

1,900m runway®

Boaing 787 242-335 passongors’® 2,600-2,800m runway*

Boeing 777 313-396 passengers® 2,500-3,000m runway*

Airbus A380 5566 passongors®

3,000m runway*

“besed on varying airlines configurations.

+altitude effects the size of runway, this is just 8 rough gauge.

Figure 3.15 — On-market take-off distance comparison



7

3.5 RESEARCH AND DEVELOPMENT OF A JET VECTORING
SYSTEM USING THE COANDA EFFECT

3.5.1 Description of the idea

The jet vectoring system relies on two effects, namely jet interaction and the
Coanda effect.

The tendency of a fluid to adhere to a curved surface (Figure 3.16) is called the
Coanda effect. This phenomenon occurs due to the pressure drop caused by high jet
velocities. The balance of forces on the fluid causes the fluid jet to adhere to the curved
surface. The forces that cause this adhesion are radial pressure and centrifugal forces.
The contact pressure of the fluid jet with the wall is lower than the ambient pressure
when the jet is in contact with the wall. It is lower because of the viscous drag
phenomena that occur when the fluid interacts with the wall surface. The pressure
difference observed here is the main reason for the fluid to attach to the curved wall
surface.

Figure 3.16 - The Coanda effect

3.5.2 Vectoring system and how it works

The vector jet system generates vector thrust by interacting with two primary jets
and then adhering the secondary jet to the surface. The entire process is successfully
carried out without the need for any moving parts. The primary jets are constantly
influencing each other. The design is designed to allow the secondary jet to deflect in
a controlled, dynamic manner. This secondary jet is the sum of the two primary jets.

The jet vectoring is controlled in such a way that if both primary jets have the
same velocity, then there will be no deviation of the resulting secondary jet from the
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symmetrical axis, but if not, the primary jet with the higher velocity captures the other,
causing the flow to deviate from the symmetrical axis. The attachment of the deflected
flow to the wall surface is the result of the Coanda effect. To withstand the unfavorable
pressure gradients created by this process, a cylindrical surface is chosen. The general
design of the nozzle is shown in Figure 3.17.

Lows momentum flow (m.2)

High momentum flow [m.1)

Figure 3.17 — Nozzle prototype

The basic requirement of this system is a flow path divided into two channels by
a central baffle. Two primary jets feed the nozzle, and the deflection of the outlet jet is
a function of the pulses of the two primary inlet jets. The term m; represents the mass
flow rate of the stream with the higher pulse, and m, represents the mass flow rate of
the stream with the lower pulse. These two channels converge in a region where the
mixing process begins. After that, the outflow occurs where the walls smoothly connect
to the two surfaces.

The dimensions of the vector jet guidance system selected for this study are
shown in Figure 3.18. The change in nozzle geometry concerns the Coanda surface.
The radius of curvature of the Coanda surface has been modified for various studies.
In this study, the radius varies from 52.73 mm to 62.67 mm. Different levels of surface
truncation were also made.



Figure 3.18 - Dimensional characteristics of the nozzle

3.5.3 Computational fluid dynamic modelling (CFD)

Computational fluid dynamic modelling was performed using the Ansys Fluent
CFD code. Numerous simulations were performed. The 2D planar nozzle geometry
used in these simulations is shown in Figure 3.18. Running simulations for different
mass flow rates provided a model that was independent of geometric parameters.

The mesh network was created using a two-dimensional unstructured mesh,
which was further improved by inflating and refining the boundary layer. In total, there
are 3540 nodes and 3428 elements. A sample mesh is shown in Figure 3.19.

L “ 0000 0100

Figlnlc;g3.19 - Mesh grid of the nozzle model

The computational module is a 2D planar based on stationary density. Both
single Spalart-Almaras and two k-¢ turbulence models with standard wall treatment
were used. These simulations were performed for various differential mass flows with
a total mass flow of 8 kg/s. The fluid for the flow is considered as air as an ideal gas
under standard conditions. The solution formulation is explicit. The Lagrangian
approach was followed.

Atmospheric conditions of 101325 Pa pressure and 300 K temperature were
applied to the static ambient region surrounding the nozzle and flow region. The inlet
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conditions were the mass flow at the inlet. The total mass flow rate is 8 kg/s, which
was divided into different differentials for the different simulations throughout this
study. The flow has an overpressure of 4000 Pascal than the ambient atmospheric
pressure. No slip and adiabatic conditions are applied to the walls.

3.5.4 Calculation results and their interpretation

A study carried out by Michele Trancosi and Antonio Dumas on the device and
control of the Coanda synthetic jet gave the results of the mass flow versus deflection
angle for one arbitrary radius of curvature. The results of this study were used to
validate the initial calculations. The results of this verification are shown in Figure
3.20. The average deviation from the results of Michele Trancosi and Antonio Dumas
was found to be 0.09 radians. In the study by Michele Trancosi and Antonio Dumas,
the parameter m™* was introduced to represent the mass flux differential with a single
value.

m*= (m-mj2 )/ (m +m )2

1.6
1.4
1.2

0.8
0.6
0.4
0.2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Figure 3.20 - Comparison of the deviation angle graph with m*
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Figure 3.21 - Examples of FEA images with a radius of 58.251 mm and different
thrust vane angles
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The graph obtained by plotting the deflection angles corresponding to different
mass flow differences is shown in Figure 3.21. The main observation from this graph
is that the different radii of curvature of the Coanda surface have a profound effect on
the deflection angle parameter. On the other hand, cutting the Coanda collar did not
have any favorable effect on the deflection angle. The deflection angle continuously
deteriorated as the truncation level increased.
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Figure 3.22 - Deviation angle to differential flow mass for different radii of
curvature

The differential mass flow is the independent parameter (parameter controlled
and determined by the nozzle operator) and the deflection angle is the dependent
parameter (desired output). The required deflection angle depends on the application
and use. The parameter to be considered here is not only the range of deflection angles
achieved, but also the change in deflection angles in relation to the change in mass flow
difference. For example, if the majority of the operating range will be between 0 and
0.5 radians, then a 61.56 mm curvature radius provides a change in deflection angle
with very little change in mass flow difference, however, if very minute changes in
deflection angles are required, then a 57.15 mm curvature radius is required. When
choosing the appropriate radius of curvature, other details must also be considered, for
example, with a radius of curvature of 56.04 mm, 58.25 mm, there is always only an
increase in deflection angle with an increase in mass flow difference, while with some
other radii of curvature there is no constant increase or decrease in deflection angle,
there is an increase followed by a decrease or vice versa, or both. This may not be ideal
or desirable for some applications. A plot of the angle of deviation from the radius of
curvature for various mass flow differences is also shown in Figure 3.23.
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Figure 3.23 - Deviation angle to curvature radius for dlfferent differential flow
masses

A graph of the outlet velocity versus the radius of curvature of the Coanda
surface is shown in Figure 3.24. The outlet velocity is the average outlet velocity for
all differential mass flows for that particular radius. It can be seen that the general trend
is that the exit velocity increases with increasing radius of curvature. A higher exit
velocity indicates that there is less thrust loss and less friction because there is no
change in the flow inlet.
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Figure 3.24 - Nozzle outlet velocity versus radius of curvature



3.5.5 CONCLUSIONS

Based on the results of the research, which collected information on existing
mechanisms for improving the runway and their principle of operation, as well as
analyzed their effectiveness, the mechanism was identified that is not currently
widespread in the world aviation, but given the current state of the available science
and technology development, can be implemented in the designed aircraft to increase
their competitiveness in the "tight" passenger aircraft market.

This principle of supercirculation has proven that, with a small number of
disadvantages, it has a significant number of advantages, including: increased lift
coefficient during take-off and landing, which in turn reduces take-off and run
distances and improves the life of the airframe, reduced interference, maintaining
convenient approaches to the engine for its maintenance, reduced noise and improved
reversing action without the formation of dust clouds.

In summary, the technology of implementing the Coanda effect is appropriate
for implementation on future aircraft and will enable air carriers to reduce their losses
and provide the target consumer with a higher level of comfort and a wider range of
services.

Additionally, this paper describes the parameter changes that occur when
changing the geometry of the jet vectoring. And suggestions on how to choose a
suitable geometry are also discussed in this paper. The vectoral jetting system is a
modern development with a large number of potential applications.

The potential savings in cost, materials and complexity of numerous devices
with a vector jetting system are enormous. This research will help to further improve
the efficiency of these devices and help to speed up the design processes for these
devices.



BUCHOBKH

[IpoekToBaHMH JITaK Ma€ CTaTH JIITAKOM, SIKMi TTOBHICTIO 3aJJ0BOJIbBHUTh PHHOK
0JIN3BKOMATrICTPAIBHUX MEPEBE3€Hb K Ha YKPAaiHCHbKOMY, TaK 1 Ha 30BHIIIHbOMY
pUHKax. 3a pe3yjpTaTaMU aHalli3y KOHKYPEHTIB OyB 3HAiIEHMH JHIIE OJMH JITaK,
CXOKHH 3a XapaKTepUCTUKaMU Ha MpoekToBaHui - 1ie Boeing 717. Ane us Moaenb
JABHO 3acTapiiia 1 3HsTa 3 eKCILTyaTarii.

Y npoektHOMYy po3auil 1i€i poOOTH Oynu pO3MNISIHYTI CTaTUCTUYHI J1aH1
KOHKYpPYIOUMX JIITaKiB, 1 HA OCHOBI 1H(oOpMaIlii, OTpUMaHOi B pe3yibTaTi aHaIi3y,
c(hopMOBaHO 30BHIIIHIM BUIJISA JiTaKa, OCHOBHUM IMPU3HAYEHHSAM SIKOTO OyAyTh
OJIM3bKOMATICTpaJIbHI TMOJBOTH 3 NacaxupomicTkicte 115 ocid. Ha mniacrasi
TEXHIYHOT'O 3aBAAaHHS 1 TAKTUKO-TEXHIYHUX BUMOT OYB po3p00JIeHH 30BHIIIHIM 001K
JiTaka Ta OTpUMaHi T€OMETPUYHI NapaMeTpH, Takl K po3Max kpwia 32 M, aiaMetp
brozesiky 3 M 1 3araibHa qoBxkuHa 31,5 M.

3aBAsIKM TIEBHUM TEXHIYHUM OCOOJHMBOCTSM, MPOAMKTOBAHUM MPU3HAYCHHSIM
JiTaka, a caMe METOIO0 3aJ0BOJICHHS PUHKY BHYTPIIIHIX MOJBOTIB Ha a€poOJpOMHU 3
KOPOTKMUMHM Ta CEpPEeAHIMHU 3JITHO-OCcaAkoBUMU cmyramu, edexkr Koanma Oys
peanizoBaHUN 3a PAXyHOK PEAKTUBHOIO CTPYMEHs BIJ JABUTYHA Ha KpWil Ta
pPO3BHHEHOT MexaHi3alli. e 703BOIMI0 3MEHIIUTHU 3JITHY AOBXHUHY 1 MPOOIr JiTaka
0€3 3MEHIIIeHHS HOTO0 3J1ITHOT MacH.

[Ticns popMyBaHHS 30BHINTHBOTO BUTIISALY Oy oOpaHi KOHCTPYKTUBHO-CHUIIOB1
cxemu arperariB JIA, KpWiIO KECOHHOTO THWITY, JBOXJIOH)XXEPOHHE 3 JIBOMa
MOB3/IOBXHIMU CTIHKaMH, $Ki TIABUIIYIOTh KPYTHJIBHY J>XOPCTKICTH KOHCTPYKITii
Kpuia. byma mepepaxoBaHa 37iTHA Maca y TpbOX HAOJIMKEHHAX 1 TOYHICTH KIHIIEBE
3HAUEHHS MaKCUMaJIbHO HAOIMKEHE /10 3HAYEHb PEeabHOTO JTiTaKa.

HacTtynmHuM TyHKTOM METOJOM IHTETPOBAHOTO MPOCKTYBAHHS IiJ JITaK IO
pO3pOOIISIEThCST OYB pO3paxOBaHHM €JIEPOH — OJHA 3 HAWBAKIMBINIMX KEPYIOUUX
MOBEPXOHB JIITaKa, Ta MOPAXOBAaHUN BY3€Nl MOTO KPIMJIEHHS 0 CUIOBOI KOHCTPYKITii
kpuia. 3po6ieHa 3]1 Moenb eepoHy 3a yB’I3K0I0 TO PO LI0 KpHIIa.

B exoHOMIYHOMY pO3/1iJ1i HA OCHOBI CTATUCTUYHUX JTAHUX JIITEPATYPH BU3HAYCHO
I[IHYy TPOEKTYBaHHS Ta BUMPOOYBaHb, MICJIS YOTO BU3HAYCHO BAPTICTh Ta IiHY JIITaKa
3 IBUTYHaMH Ta 0€3 HHUX.

CrnemianpHa 4YacTHMHA BKIIOYae B ceOe TMOOKEe OmpalffoBaHHs 3aco0iB
MOKPAIIEHHS 3JIITHO-TIOCAKOBUX XapaKTePUCTUK Ta, 30KpeMa, EHEPreTUYHOTO
MeTony 3 3actocyBaHHAIM edekra Konana. [lopiBHsHI acpoiMHAMIYHI XapaKTECPUCTHUKH
1 e(eKTHBHICTh 3aCTOCYBAaHHS, IOpaxOBaHI JBa 1JICHTUYHHX JIiTaka 3 Ta 0e3
3aCTOCYBaHHSl €HepreTuyHoro meroAy mnokpamenas 31X, nme 3a pesynbraramu
CIIOCTEPIra€eThCsl 3MEHIIIEHH MOTP1OHOT JOBXHUHM po30iry JiTaka Ha 30%.

JloaTkoBO OyJ10 MPOBEJEHO MapaMeTPUYHE MOJICTIOBAHHS TEOPETUYHOT'O COTLIa
JUIL PEAKTUBHOTO CTPYMEHsT Ta 3po0JieHa pO3BHMHEHA aepo- TiApoJWHaAMIdHA
KOMIT FOTEpHA CHUMYJIAIIS OOTIKAaHHS TIOBEPXHI CTPYMEHEM [JIsi JeMOHCTpAaIliid
npuHIMIY cyneprupkyisiiii (edpekr Koanna). OtpuMani onTUMaabHI 3HAYSHHS IS
dbopMu BUTOKY CTPpYMEHS Ta pajiiyca KpUBU3HHU OOTIUYHOT TOBEPXHI.
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KOMIT'IOTEPHUI PO3PAXYHOK AEPOJMHAMIYHIX XAPAKTEPUCTHUK
JIITAKA

Pacuer abpOonNMHAMUYECKHUX XapaKTEepHUCTHK JIeTaTeJBHOIr'O annapara

CrymenT: N130, KoTenbHMKOB BuTanmmi
Turn camojieTa: HOO3BYKOBOM HeMaHeBpeHHEH. Cxema: oOwruHasg. [nmomans Sh=107,85
I'eoMeTpuueckmue napaMeTpsl M asSpoAMHaMHMUYECKHue xapakrepucTukyu H3O0JHPOBAHHOI'O $H3EJIAXA

Ld=31.500 Dp= 3.000 Lmdp=10.500 Smd= 7.069 Sotd=0.0654 F6/Sm=37.640 M*=0.934

Lu= 6.900 Du= 0.000 Lmu= 2.300 Etu= 0.000 Betu= 0.000 dopma: kOHMUECKAS

Lx= 5.400 Dx= 0.000 Lmx= 1.800 Etx= 0.000 Betx= 8.000 dopmMa: KOHMUECKAS
BoznyxozabopHuk - orcyrcrByeT SB3= 0.000 Sur= 0.000 SuTor=0.0000

®onappb Ldoon= 0.000 Soou= 0.000

[IpodmIbHOE CONPOTMBIIEHME M3OJMPOBAHHOTO (Qo3essaxa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Touka Xt 0.22081 0.19803 0.19018 0.18653 0.18461 0.18355 0.18297 0.18268 0.18286 0.18307
H= 0.0 0.07909 0.07314 0.07015 0.06823 0.06681 0.06565 0.06464 0.06371 0.06029 0.05945
H= 5.0 0.08393 0.07768 0.07449 0.07241 0.07087 0.06962 0.06852 0.06751 0.06381 0.06291
H=11.0 0.09163 0.08513 0.08170 0.07943 0.07773 0.07633 0.07509 0.07396 0.06981 0.06880
IONMOJIHUTEJIbHOE NPOdMUIIBHOE CONPOTMBIIEHME M3OJIMPOBAHHOTO Oo3esaxa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.04754 0.04897 0.04975 0.05029 0.05069 0.05103 0.05134 0.05163 0.11084 0.09798
H= 5.0 0.04649 0.04786 0.04863 0.04915 0.04956 0.04990 0.05020 0.05049 0.10836 0.09583
H=11.0 0.04500 0.04625 0.04696 0.04746 0.04785 0.04818 0.04848 0.04876 0.10454 0.09252
BosiHOBOe CONPOTMBIIEHME M30JMPOBAHHOTO (Qo3esaxa M ero dacTey M*=0.934

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Hocomasa 0.21335 0.18937

Kopmorasa 0.29745 0.26768

dozemnsax 0.51080 0.45706

IONMOJIHUTEJIbHOE BOJIHOBOE COINPOTMBIIEHME MBOJMPOBAHHOTO (Qo3esaxa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

0.00000 0.00000

lpouseonHas dCy/dAl m3oimpoBaHHOTO Qo3essaxa M ero dacreir Alfal= 0.17

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Hocomas 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 1.8272 1.8136

Innunopuu 0.6881 0.7672

KopmorBas -0.4000 -0.4000 -0.4000 -0.4000 -0.4000 -0.4000 -0.4000 -0.4000 -0.4000 -0.4000
drozensx 1.6000 1.6000 1.6000 1.6000 1.6000 1.6000 1.6000 1.6000 2.1153 2.1809
llosoxeure ¢oryca Xf ¢ozensxa m ero yacTel B LOJAX OJIMHE Qo3esisXxa OTHOCUTEJILHO HOCKA
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Hocomas 0.1460 0.1460 0.1460 0.1460 0.1460 0.1460 0.1460 0.1460 0.1460 0.1460

Innunopuy 0.2680 0.2803

KopmorBas 0.9143 0.9143 0.9143 0.9143 0.9143 0.9143 0.9143 0.9143 0.9143 0.9143

drozensax -0.0460 -0.0460 -0.0460 -0.0460 -0.0460 -0.0460 -0.0460 -0.0460 0.0404 0.0524

I'eoMeTpuueckmue napaMeTpsl M asSpoAMHaMHUYECKHue xapakrepucTuku W3O0JIMPOBAHHOI'O KPEHUIA

BO= 4.515 B6= 4.290 Bk= 2.040 Bs= 3.165 L= 33.000 Lk=15.000 Fikp= 0.00

Ba= 3.298 Xa= 2.021 (6e3 HamnjwBa)

Sk= 94.950 Sor=0.8779 Lm= 9.479 Et= 2.103 (6e3 Hamjuea)

Xi00= 17.0 Xi05= 13.0 Xil0= 8.9 Xic= 15.0 Xi25= 15.0 (6es3 Hamnjuea)

Tun npobuns - kjaccuueckuyt Kp= 2.1 m= 0.350

C6= 0.120 Ck= 0.120 C= 0.120 Xc= 0.250 f= 0.050 Xf= 0.200 M*=0.728

XB0=12.400 XBb=12.859 Fi= 0.000 paccTosHMe OT HOCKa Oo3esyiaxa M yIoJl yCTaHOBKM
X14=13.931 D14= 3.000 X12=15.004 D14= 3.000

KoMmMnoHOBKa - KpPBJIO + Obo3esax KpyIJioro cedenms Kint= 0.623
Dp= 3.000 H=-1.268 Sig=0.091
KoHIIeBEHE BJIEMEHTH - OTCYTCTBYOT

KosdpdmumeHT TOPMOXEHMS MOTOKa Iepen KPBUJIOM

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.98476 0.98306
H= 5.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.98476 0.98306
H=11.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.98476 0.98306
IIpoduIbHOE CONPOTMBIIEHME M30JIMPOBAHHOTO KpBIJIA

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Xt 0.36484 0.30913 0.28165 0.26564 0.25542 0.24851 0.24369 0.24027 0.00000 0.00000



0.0 0.00592 0.00549 0.00522 0.00502 0.00486 0.00471 0.00458 0.00446 0.00560 0.00547
H= 5.0 0.00622 0.00579 0.00552 0.00532 0.00516 0.00501 0.00487 0.00475 0.00597 0.00583
1.0 0.00673 0.00624 0.00598 0.00578 0.00562 0.00547 0.00533 0.00520 0.00662 0.00646
BoJIHOBOE CONPOTMBIIEHME M3OJMPOBAaHHOTO Kpewia M*=0.728
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30
0.18700 0.17250
lponseoguass dCy/dAl msonmpoBaHHOTO Kpeula Alfal= -3.01
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30
4.1629 4.2119 4.2978 4.4284 4.6169 4.8878 5.2881 5.9238 5.9674 5.0326
MonoxeHre ¢Qoxyca Xf kpelta B HoJjigx OOPTOBOM XOPIE OTHOCUTEJIbHO HOCKa OOPTOBOM XOPIBL
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Kabenpa AsporumpomuHamuku (N101) - 17.12.2019 22:16:12 / Crp. 1
0.6107 0.6107 0.6107 0.6107 0.6107 0.6107 0.6107 0.6107 0.8553 0.8555

I'eoMeTpuy. napaMeTps u a/n XapakTepucTuxyu W3OJIMPOBAHHOI'O I'OPM3OHTAJIEHOI'O OIEPEHMUS

BO= 4.310 B6= 4.310 Bk= 1.390 Bs= 2.850 L= 9.980 Lk= 4.990

Ba= 3.099 Xa= 1.805 (6es3 nHanmeBa)

Sk= 28.443 Sor=0.2630 Lm= 3.502 Et= 3.101 (6e3 HamnmeBa)

Xi00= 41.1 Xi05= 30.1 Xil0= 16.0 Xic= 36.0 Xi25= 36.0 (6e3 HamimEea)

Tun npoounsa - kjaccuueckut Kp= 2.1 m= 0.350

Co= 0.110 Ck= 0.110 C= 0.110 Xc= 0.250 f= 0.000 Xf= 0.200 M*=0.814

XB0=29.350 XBb=29.350 Fi= 0.000 paccTosHMe OT HOCKa On3eyaxa ¥ yIOJI YyCTAaHOBKN
X14=30.428 D14= 0.000 X12=31.505 D14= 0.000

X1=14.223 Bl= 4.141 Xgo=16.496 Ygo= 6.270 S*/Sk= 0.534

KomnoHoBka - T-oOpasHoe omnepenme Sig=0.000 Kint= 0.000

KoHlleBEE BJIEMEHTH — OTCYTCTBYIOT

KoodduumeHT TOPMOXEHMS I[OTOKa Iepel T'OPMBOHTAaJIbHEIM OlepeHMeM

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.92541 0.92172
H= 5.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.92541 0.92172
H=11.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.92541 0.92172
lIpodunpHOE CONPOTUBIIEHME M3OJUPOBAHHOTO T'OPMBOHTAJIBHOTO ONEPEeHMUS

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Xt 0.18010 0.15276 0.13888 0.13065 0.12532 0.12168 0.11910 0.11724 0.00000 0.00000

H= 0.0 0.00692 0.00627 0.00591 0.00566 0.00546 0.00529 0.00514 0.00500 0.00522 0.00510
H= 5.0 0.00742 0.00670 0.00632 0.00605 0.00584 0.00565 0.00549 0.00534 0.00557 0.00544
H=11.0 0.00831 0.00745 0.00701 0.00671 0.00647 0.00626 0.00608 0.00591 0.00618 0.00603
BoslHOBOEe CONPOTMBIIEHME M30JMPOBaHHOTO T'OPM3OHTAaJIbHOTO onepeHma M*=0.814

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

0.04804 0.05398

NpomseonHas dCy/dAl M30IMPOBAHHOTO I'OPM3OHTANIbHOTO onepeHus Alfal= 0.00

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

2.9462 2.9676 3.0045 3.0592 3.1353 3.2386 3.3794 3.5766 3.7534 3.4804

llonoxenne ¢Qoxyca Xf TOPM3OHTAJBEHOTO ONEepeHus B HOoJAX OOPTOBOM XOPHIH

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

0.5756 0.5756 0.5757 0.5758 0.5759 0.5762 0.5768 0.5784 0.7648 0.7709

IeoMeTpuy. napaMeTps u a/n xapakrepucTukyu W3OJIMPOBAHHOI'O BEPTHKAJIBHOI'O ONEPEHUA

BepTukasnbHOE OIlepeHMe - LeHTpajibHoe (lwT)

BO= 3.610 B6= 3.610 Bk= 3.280 Bs= 3.445 L= 3.890 Lk= 3.890

Ba= 3.448 Xa= 1.173 (6e3 HamnjuBa)

Sk= 13.401 Sor=0.1239 Lm= 1.129 Et= 1.101 (Bes3 HamnjaweBa)

Xi00= 31.5 Xi05= 29.7 Xil0= 27.8 Xic= 30.6 Xi25= 30.6 (6e3 HamJLBa)

Tun npodouns - kyjaccuuyeckuyt Kp= 2.1 m= 0.350

C6= 0.120 Ck= 0.120 C= 0.120 Xc= 0.250 f= 0.000 Xf= 0.000 M*=0.801

XB0=27.080 XBb=27.080 Fi= 0.000 paccTosHMe OT HOCKa Oo3esaxa ¥ yI'OJI yCTaHOBKN
X14=27.982 D14= 0.000 X12=28.885 D1l4= 0.000

KosddnumeHT TOPMOXEHMSA IIOTOKa Iepel BepPTMKAaJIbHEM OIlepPeHMeM

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.99857 0.99812
H= 5.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.99857 0.99812



H=11.0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.99857 0.99812
IpodmibHOE CONPOTMUBIIEHVE M3OJMPOBAHHOTO BEPTUKAJIBHOTO ONEPEeHMS

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Xt 0.25049 0.21198 0.19341 0.18274 0.17600 0.17149 0.16838 0.16619 0.00000 0.00000

H= 0.0 0.00635 0.00581 0.00549 0.00527 0.00510 0.00494 0.00481 0.00468 0.00523 0.00511
H= 5.0 0.00675 0.00618 0.00585 0.00562 0.00543 0.00527 0.00513 0.00499 0.00557 0.00544
H=11.0 0.00745 0.00678 0.00643 0.00618 0.00598 0.00581 0.00565 0.00550 0.00617 0.00603
BOJIHOBOE COMNPOTMBJIEHME M3OJIMPOBAHHOTO BEPTMKAJBLHOTO onepenms M*=0.801

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

0.04423 0.04358

I'eoMeTpuyYeckne napaMeTpsl ¥ aspoRuMHaMHYECKHe XapakTepucTuxyu W3OJHMPOBAHHEIX M/TOHIOJ

PacrnojsioxeHre M/TOHIOJI - Ha kpewie Ngd= 2 Kint= 1.366

Lro= 3.872 Drg= 1.877 Dur= 0.000 Lm= 2.063 S= 2.767 Sor=0.0256 F6/Sm= 8.251
PaccTosHMe OT Hocka oozemnaxa Lumra= 9.942 M*= (0.515

Tun peurarens - TPIO

Xrg= 3.400 Hrm= 0.325 Arno= 0.000

JONMOJIHNTEJIbHEIE BJIEMEHTHE: PEeBEPC TATM, TEeXH. LeNn
IpodmibHOE CONPOTUBIIEHME M3OJUPOBAHHOM M/ TOHIOJIE
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Kadenpa AspormppommHaMmmkym (M101) - 17.12.2019 22:16:21 / Crp. 2

Touka Xt 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
H= 0.0 0.02697 0.02586 0.02584 0.02616 0.02662 0.02711 0.02761 0.02810 0.02967 0.02996
H= 5.0 0.02911 0.02779 0.02772 0.02802 0.02847 0.02898 0.02949 0.02999 0.03161 0.03191
H=11.0 0.03294 0.03123 0.03102 0.03128 0.03173 0.03225 0.03278 0.03329 0.03499 0.03530
JOMOJIHUTEJIBHOE NPOQUIIBHOE CONPOTUBJIEHME M3O0JIMPOBAHHOM M/ TOHIOJL

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00564 0.00555 0.00555 0.00558 0.00561 0.00565 0.00568 0.00572 0.00584 0.00586
H= 5.0 0.00580 0.00570 0.00569 0.00572 0.00575 0.00579 0.00583 0.00586 0.00598 0.00601
H=11.0 0.00608 0.00596 0.00594 0.00596 0.00599 0.00603 0.00607 0.00611 0.00624 0.00626
BOJIHOBOE COINPOTMBJIEHME M3OJIMPOBAHHOM M/ToHImOJE M*=0.515

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

0.00861 0.01794

[lpor3BOLHAS MONBEMHOM CUJIE M30JMPOBaHHOM M/ToHmoJss dCy/dAl= 2.0000

Kpurnueckoe umcio Maxa camosiera M*=0.95 min{0.728,0.814,0.801,0.934,0.515}= 0.691
ConporuBileHne 4YacTey caMoJieTa ¥ ILONOJHUTEJBHEX BSJIEeMEeHTOB B CHCTeMe caMoJera

llpodunpHOE CONPOTUBRJIEHME (Qo3eJigXa B CHUCTeMe caMmoJjieTa
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00828 0.00798 0.00784 0.00775 0.00768 0.00763 0.00758 0.00754 0.01118 0.01029
H= 5.0 0.00852 0.00821 0.00805 0.00795 0.00787 0.00781 0.00776 0.00771 0.01125 0.01038
H=11.0 0.00893 0.00859 0.00841 0.00829 0.00821 0.00814 0.00808 0.00802 0.01140 0.01054

BosiIHOBOE compoTHMBJIeHME OGo3essxa B CHUCTeMe caMmojieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

0.03339 0.02987

lIpodunpHOE CONPOTUBIIEHME KPEUIA B CHCTEMe caMmoJieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00520 0.00482 0.00458 0.00441 0.00426 0.00414 0.00402 0.00392 0.00484 0.00472
H= 5.0 0.00546 0.00508 0.00485 0.00467 0.00453 0.00440 0.00428 0.00417 0.00516 0.00503
H=11.0 0.00590 0.00547 0.00525 0.00508 0.00493 0.00480 0.00468 0.00456 0.00572 0.00558
lpodunbHOE CONPOTUBIIEHME MHTepOEepeHUMM KPEUIO + (Qo3esax

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00045 0.00042 0.00040 0.00038 0.00037 0.00036 0.00035 0.00034 0.00042 0.00041
H= 5.0 0.00047 0.00044 0.00042 0.00040 0.00039 0.00038 0.00037 0.00036 0.00045 0.00044
H=11.0 0.00051 0.00047 0.00045 0.00044 0.00043 0.00042 0.00041 0.00040 0.00050 0.00048
BOJIHOBOE COMNPOTMBIIEHME KpBUJIA B CHCTEME CcaMmoJjieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.16168 0.14888

H= 5.0 0.16168 0.14888

H=11.0 0.16168 0.14888

BOJIHOBOE CONPOTHUBIIEHME MHTepbepeHMUMM KPBUIO + Qo3esiax

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00000 0.00000 0.00000

H= 5.0 0.00000 0.00000 0.00000

H=11.0 0.00000 0.00000 0.00000
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[lpodunpHOE CONPOTUBJIEHME T'OPM3OHTAJIbHOTO ONepPeHMA B CHUCTeMe caMmoJjieTa
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00182 0.00165 0.00155 0.00149 0.00144 0.00139 0.00135 0.00131 0.00127 0.00124
H= 5.0 0.00195 0.00176 0.00166 0.00159 0.00154 0.00149 0.00144 0.00140 0.00136 0.00132
H=11.0 0.00219 0.00196 0.00184 0.00176 0.00170 0.00165 0.00160 0.00156 0.00150 0.00146

[IpodmIbHOE CONPOTMBIIEHME MHTephepeHUUM IOPM3OHTAJIbHOE OlNepeHue + Qo3essax
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
H= 5.0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
H=11.0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

BOJIHOBOE CONPOTHMBJIEHME T'OPM3O0HTAJBHOT'O ONEPEeHMA B CUCTEeMe caMoJieTa
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.01169 0.01309
H= 5.0 0.01169 0.01309
H=11.0 0.01169 0.01309

BOJIHOBOE CONPOTUBJIEHME MHTepdOepeHMLVM TOPUBO0HTAaJIbHOEe olepeHue + do3esisax
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00000 0.00000
H= 5.0 0.00000 0.00000
H=11.0 0.00000 0.00000

llpodmunpHOE CONPOTUBIIEHME BEPTUKAJLHOTO OINEepeHMusa B CHUCTeMe camojieTa
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00079 0.00072 0.00068 0.00065 0.00063 0.00061 0.00060 0.00058 0.00065 0.00063
H= 5.0 0.00084 0.00077 0.00073 0.00070 0.00067 0.00065 0.00064 0.00062 0.00069 0.00067
H=11.0 0.00092 0.00084 0.00080 0.00077 0.00074 0.00072 0.00070 0.00068 0.00076 0.00075

BoJIHOBOE COMPOTMBJIEHME BEPTMKAJILHOTO ONEepeHus B CUCTeMe camojeTra
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00547 0.00539
H= 5.0 0.00547 0.00539
H=11.0 0.00547 0.00539

[podunbHOE COMPOTMBIIEHKME M/TOHIOJI B CHMCTEME caMmojeTa
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M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00228 0.00220 0.00219 0.00222 0.00225 0.00229 0.00233 0.00236 0.00248 0.00250
H= 5.0 0.00244 0.00234 0.00234 0.00236 0.00239 0.00243 0.00247 0.00251 0.00263 0.00265
H=11.0 0.00273 0.00260 0.00258 0.00260 0.00264 0.00268 0.00272 0.00275 0.00288 0.00291

BOJIHOBOE COINPOTMBJIEHME M/TOHIOJI B CHCTEME CaMmoJieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30
0.00044 0.00092

lIpodmibHOE CONPOTMBIIEHME camojieTa (06e3 ydera IONOJIHMUTEJIbHHEX BJIEMEHTOB)
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.01881 0.01778 0.01725 0.01690 0.01663 0.01642 0.01623 0.01606 0.02084 0.01979
H= 5.0 0.01968 0.01859 0.01804 0.01767 0.01739 0.01716 0.01696 0.01677 0.02153 0.02049
H=11.0 0.02118 0.01993 0.01933 0.01894 0.01864 0.01840 0.01818 0.01797 0.02276 0.02172

BoJIHOBOE CONpPOTHUBJIEHME caMmojieTa (6e3 ydeTa OOINOJIHMTEJIbHLX 3JIEMEHTOB)
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.21267 0.19814
H= 5.0 0.21267 0.19814
H=11.0 0.21267 0.19814

CyMMapHOe HOMNOJIHUTEJIbHOE CONPOTMBIIeHMe camojeTa KdCx= 0.100
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.00188 0.00178 0.00172 0.00169 0.00166 0.00164 0.00162 0.00161 0.02335 0.02179
H= 5.0 0.00197 0.00186 0.00180 0.00177 0.00174 0.00172 0.00170 0.00168 0.02342 0.0218¢6
H=11.0 0.00212 0.00199 0.00193 0.00189 0.00186 0.00184 0.00182 0.00180 0.02354 0.02199

KosbpmumeHT nO60OBOTOC COmMpPOTMBIIEHMs camonera npm Cya=0
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.02070 0.01956 0.01897 0.01859 0.01830 0.01806 0.01785 0.01766 0.25686 0.23973
H= 5.0 0.02165 0.02045 0.01984 0.01944 0.01913 0.01888 0.01865 0.01845 0.25762 0.24049
H=11.0 0.02330 0.02193 0.02127 0.02084 0.02051 0.02024 0.01999 0.01977 0.25897 0.24185

BonHoBOe compoTuBJieHMe camojieTa OoT M*=0.691 mo M=1.2
M=0.5 M=0.6 M=0.7 M=0.8 M=0.9 M=1.0 M=1.1 M=1.2

H= 0.0 0.00000 0.00696 0.04065 0.10356 0.17532 0.21267
H= 5.0 0.00000 0.00696 0.04065 0.10356 0.17532 0.21267
H=11.0 0.00000 0.00696 0.04065 0.10356 0.17532 0.21267

JJoBorOoe conpoTuBIIeHMe camojieTa oT M*=0.691 mo M=1.2



M=0.5 M=0.6 M=0.7 M=0.8 M=0.9 M=1.0 M=1.1 M=1.2

H= 0.0 0.02242 0.03373 0.07177 0.13904 0.21516 0.25686
H= 5.0 0.02323 0.03453 0.07256 0.13982 0.21593 0.25762
H=11.0 0.02459 0.03589 0.07392 0.14118 0.21728 0.25897

IlonseMHasT cuya wvacTey caMoJjlera B CHCTeMe caMojieTa

CpenHee 3HaueHMe KODQOMUMEHTa TOPMOXEHMS IOTOKa Iepen KPEJIOM

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.98476 0.98306
KosdduiimeHTH mMHTepdepeHUMM: KpPBJIO + Ooo3essax kA10=1.04241

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

kAl 0.98136 0.98136 0.98136 0.98136 0.98136 0.98136 0.98136 0.98136 0.98125 0.98119
DkAl 0.04162 0.04162 0.04162 0.04162 0.04162 0.04162 0.04162 0.04162 0.04162 0.04161
kFi 0.94143 0.94143 0.94143 0.94143 0.94143 0.94143 0.94143 0.94143 0.94133 0.94127
DkFi 0.03993 0.03993 0.03993 0.03993 0.03993 0.03993 0.03993 0.03993 0.03992 0.03992
CpenHee 3HaueHMe KO3QOMUMEHTA TOPMOXEHMS IIOTOKa Iepel TOPMB3OHTAaJIbHEIM OlepeHMeM
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.92541 0.92172
KoodduumeHTE MHTepdepeHUMMU: TOPMUBOHTAJIbHOEe omnepeHme + o¢ozessx kA10=1.00000

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

kAl 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
DkAl 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
kFi 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
DkFi 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
CxkoC moToOKa Iepel TOPM3OHTAJIBHEIM OIlepeHMeM

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

eps0 0.360° 0.363° 0.368° 0.376° 0.388° 0.405° 0.431° 0.473° 0.361° 0.258°

epsAl 0.1238 0.1248 0.1266 0.1294 0.1334 0.1393 0.1481 0.1625 0.1240 0.0886
NpomseonHas dCy/dAl m yronm Alfal kpeula B CHCTEMe caMoJjieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dCy/dAl 3.73880 3.78278 3.85997 3.97720 4.14657 4.38987 4.74939 5.32030 5.27715 4.44257
Alfa0 -2.89° -2.89° -2.89° -2.89° -2.89° -2.89° -2.89° -2.89° -2.89° -2.89°
lpomseonHas dCy/dAl u yronm Alfal IOpMBOHTAJILHOT'O ONEPEHMs B CUCTEME caMmojieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dCy/dAl 0.67893 0.68306 0.69014 0.70048 0.71457 0.73311 0.75712 0.78778 0.80020 0.76895
Alfa0 0.41° 0.41° 0.42° 0.43° 0.45° 0.47° 0.51° 0.56° 0.41° 0.28°

NponzeomHas dCy/dAl u yronm Alfal dozenaxa B cucCTeMe camojieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dCy/dAl 0.10457 0.10457 0.10457 0.10457 0.10457 0.10457 0.10457 0.10457 0.13826 0.14254
Alfa0 0.17° 0.17° 0.17° 0.17° 0.17° 0.17° 0.17° 0.17° 0.17° 0.17°
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lponseomHass dCy/dAl m yrosn Alfal0 camonera ©e3 TOPMBOHTAJIBHOTO ONEPEHMS

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dCy/dAl 3.94572 3.98970 4.06689 4.18411 4.35349 4.59679 4.95630 5.52721 5.51775 4.68745
Alfa0 -2.40° -2.40° -2.40° -2.41° -2.41° -2.42° -2.43° -2.44° -2.42° -2.40°

NpousBognass dCy/dAl m yronm Alfa0 caMoseTa C TOPMBOHTAJILHHM OlNEPeHMEM

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dCy/dAl 4.62465 4.67276 4.75703 4.88460 5.06806 5.32990 5.71343 6.31500 6.31794 5.45639
Alfa0 -2.03° -2.03° -2.04° -2.05° -2.06° -2.07° -2.09° -2.12° -2.10° -2.05°

KosdduumenTt nomvemMHOM cujiel camojyiera Cya=dCy/dAl (A1-Al10) (JIMHEMHBI y4acToOK)

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Al= 0.0° 0.16400 0.16592 0.16930 0.17443 0.18184 0.19248 0.20821 0.23317 0.23177 0.19539
Al1=10.0° 0.97115 0.98147 0.99956 1.02695 1.06638 1.12273 1.20539 1.33534 1.33446 1.14771
A1=20.0° 1.77831 1.79703 1.82982 1.87948 1.95093 2.05297 2.20257 2.43752 2.43715 2.10003
KoaddmumeHT MakKCUMaJIbHOM MOAOBEMHOM CUJIBI CaMoJieTa U KPUTUYECKMM yTI'OoJl aTaKu

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Cya max 1.50745 1.47284 1.43438 1.39208 1.34594 1.29594 1.24211 1.18442

Alfa xp 18.15° 17.53° 16.74° 15.78° 14.66° 13.36° 11.87° 10.13°

KosddmuumeHT oTBajia MOJIAPHL

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

0.03946 0.03944 0.03941 0.03936 0.03928 0.03918 0.03904 0.03883 0.15807 0.18310
MakcuMaJibHOE KadecTBO Kmax

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30



0.0 17.497 18.003 18.287 18.487 18.650 18.796 18.940 19.094 2.481 2.387
H= 5.0 17.107 17.604 17.881 18.078 18.239 18.385 18.529 18.683 2.478 2.383
1.0 16.490 17.003 17.272 17.461 17.615 17.756 17.897 18.048 2.471 2.376
HamBelTonmHeVumy ko3QduLMEeHT nonbveMHOM CcuJsl Cy H.B.
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

H= 0.0 0.72423 0.70422 0.69388 0.68723 0.68248 0.67890 0.67622 0.67443 1.27474 1.14423
H= 5.0 0.74074 0.72017 0.70961 0.70277 0.69784 0.69408 0.69122 0.68928 1.27663 1.14606
H=11.0 0.76844 0.74565 0.73466 0.72763 0.72255 0.71864 0.71563 0.71353 1.27997 1.14927
llonsapa camosiera Cxa = Cxo + A-Cya”2 mna H= 0.0

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Cya= 0.0 0.02070 0.01956 0.01897 0.01859 0.01830 0.01806 0.01785 0.01766 0.25686 0.23973
Cya= 0.2 0.02227 0.02114 0.02055 0.02016 0.01987 0.01963 0.01941 0.01921 0.26318 0.24705
Cya= 0.4 0.02701 0.02587 0.02528 0.02488 0.02458 0.02433 0.02410 0.02387 0.28215 0.26903
Cya= 0.6 0.03490 0.03376 0.03316 0.03275 0.03244 0.03217 0.03191 0.03164 0.31377 0.30565
Cya= 0.8 0.04595 0.04480 0.04419 0.04377 0.04344 0.04314 0.04284 0.04251 0.35802 0.35692
Cya= 1.0 0.06015 0.05900 0.05838 0.05794 0.05758 0.05724 0.05689 0.05649 0.41493 0.42283
Cya= 1.2 0.07751 0.07635 0.07572 0.07526 0.07487 0.07448 0.07407 0.48448 0.50340

Cya= 1.4 0.09803 0.09686 0.09621 0.56668 0.59861

JONMOJIHMTEJIbHOE MHIYKTMBHOE CONPOTMBJIIeHMe camoJsieTra dCxi nya H= 0.0

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Cya= 0.0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Cya= 0.2 0.00002 0.00003 0.00003 0.00003 0.00003 0.00004 0.00004 0.00005

Cya= 0.4 0.00019 0.00020 0.00022 0.00024 0.00027 0.00030 0.00034 0.00932

Cya= 0.6 0.00065 0.00069 0.00075 0.00083 0.00092 0.00103 0.01321 0.03377

Cya= 0.8 0.00159 0.00171 0.00186 0.00205 0.00229 0.02258 0.04704 0.07205

Cya= 1.0 0.00331 0.00358 0.00393 0.01024 0.03924 0.06820 0.09680 0.12556

Cya= 1.2 0.00644 0.00707 0.03153 0.06520 0.09913 0.13308 0.16769

Cya= 1.4 0.02705 0.06535 0.10583

CyaKrit 1.35452 1.23356 1.10635 0.97134 0.82618 0.66687 0.48542 0.25902

llonsapa camosiera Cxa = Cxo + A-Cya”2 + dCxi mna H= 0.0

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Cya= 0.0 0.02070 0.01956 0.01897 0.01859 0.01830 0.01806 0.01785 0.01766 0.25686 0.23973
Cya= 0.2 0.02230 0.02116 0.02058 0.02019 0.01990 0.01966 0.01946 0.01926 0.26318 0.24705
Cya= 0.4 0.02720 0.02607 0.02550 0.02512 0.02485 0.02463 0.02444 0.03319 0.28215 0.26903
Cya= 0.6 0.03555 0.03445 0.03391 0.03358 0.03336 0.03320 0.04512 0.06540 0.31377 0.30565
Cya= 0.8 0.04754 0.04651 0.04605 0.04582 0.04573 0.06571 0.08988 0.11456 0.35802 0.35692
Cya= 1.0 0.06346 0.06258 0.06231 0.06818 0.09682 0.12545 0.15369 0.18205 0.41493 0.42283
Cya= 1.2 0.08395 0.08342 0.10724 0.14046 0.17399 0.20757 0.24176 0.48448 0.50340

Cya= 1.4 0.12509 0.16221 0.20204 0.56668 0.59861

Cya= Max 0.20021 0.22053 0.23896 0.25476 0.26749 0.27682 0.28259 0.28569

K max 17.047 17.522 17.767 17.920 18.024 18.096 17.548 12.896 2.481 2.387
Cya H.B. 0.68695 0.66666 0.65461 0.64534 0.63706 0.62896 0.48542 0.29658 1.27476 1.14425
AlfaH.B. 6.48° 6.14° 5.85° 5.52° 5.15° 4.69° 2.78° 0.58° 9.46° 9.96°

IIponoNBHEI MOMEHT ¥ IIOJIOXeHue (QokKyca uacTely caMojlera B CHCTeMe CaMojieTa

lponzBomuas dMz/dAl u nojoxeHue Qokyca Xf/Lf Kpeula B CuCTEMe caMmojieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dMz/dAl -1.8372 -1.8588 -1.8967 -1.9543 -2.0376 -2.1571 -2.3338 -2.6143 -2.7689 -2.3311
Xf/Lf 0.4914 0.4914 0.4914 0.4914 0.4914 0.4914 0.4914 0.4914 0.5247 0.5247

pousBonuasa dMz/dAl u nomnoxenre ¢pokyca Xf/Lf DOPMBOHTANBHOTO ONEpeHUs

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dMz/dAl -0.6861 -0.6902 -0.6974 -0.7079 -0.7221 -0.7409 -0.7652 -0.7964 -0.8293 -0.7976
Xf/Lf 1.0105 1.0105 1.0105 1.0105 1.0105 1.0106 1.0107 1.0109 1.0364 1.0372

Npomzsonuasa dMz/dAl u nojoxeHue Qokyca Xf/Lf dwos3enaxa B cucTemMe caMojieTa

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dMz/dAl 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 0.0048 -0.0056 -0.0075
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Xf/Lf -0.0460 -0.0460 -0.0460 -0.0460 -0.0460 -0.0460 -0.0460 -0.0460 0.0404 0.0524
Ipomssonuas dMz/dAl MOTOTOHLOJI B cucTeMme camosiera dMz/dAl= -0.0323

TloJIOXeHVe MOTOTOHIOOJI OTHOCUTEJIbHO HOCKa odo3enaxa Xumra/Lf= 0.3156

poussonHas dMz/dAl u nosioxenve ¢oryca Xf/Lf camosera ©e3 TOPMUBOHTAJIBHOTO OIEPEHMUI
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dMz/dAl -1.8647 -1.8863 -1.9242 -1.9818 -2.0650 -2.1846 -2.3613 -2.6418 -2.8068 -2.3709
Xf/Lf 0.4726 0.4728 0.4731 0.4737 0.4743 0.4752 0.4764 0.4780 0.5087 0.5058

Npouseonguass dMz/dAl u nonoxenue doxyca Xf/Lf camMoseTa C TOPMBOHTAJIBHHM OMNEpPeHUEeM

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dMz/dAl -2.5507 -2.5765 -2.6216 -2.6897 -2.7871 -2.9255 -3.1265 -3.4382 -3.6361 -3.1685
Xf/Lf 0.5516 0.5514 0.5511 0.5506 0.5499 0.5489 0.5472 0.5444 0.5755 0.5807



doxkyc Xf/Ba camojyieTra 6e3 TOPMBOHTAJBLHOTO OIEPEeHMsS OTHOCUTEJIbHO HOCKa CAX Kphlla

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Xf/Ba 0.0020 0.0039 0.0073 0.0122 0.0188 0.0274 0.0386 0.0533 0.3467 0.3191

®okyc Xf/Ba caMoyleTa C T'OPMBOHTAJILHEIM ONEPEeHMEM OTHOCUTENBHO HOcka CAX Kphuia

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

Xf/Ba 0.7562 0.7546 0.7519 0.7475 0.7408 0.7306 0.7147 0.6883 0.9851 1.0344

CMmemeHre pokyca camosiera dXf/Ba

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

dxf/Ba 0.7542 0.7507 0.7446 0.7353 0.7220 0.7032 0.6761 0.6349 0.6383 0.7152
Kosdpduumenr momMeHTa mz(0 kpeula M Qo3ejsaxa B CUCTEMe C KpbUIoOM (OoTHeceHO k CAX Kpbuia)
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

mzOu3.x -0.0316 -0.0316 -0.0316 -0.0316 -0.0316 -0.0316 -0.0316 -0.0316 -0.0316 -0.0316
mz0d (k) 0.0642 0.0642 0.0643 0.0644 0.0645 0.0647 0.0649 0.0652 0.0648 0.0642

mz0* 0.0124 0.0124 0.0124 0.0125 0.0126 0.0127 0.0128 0.0130 0.0127 0.0124
KosdpdmumenTt moMeHTa mz0 uvacTeit camosieTra 6e3 T'OPMBOHTAJBHOTO ONEPeHMUs

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

mz0x’ -0.0338 -0.0338 -0.0339 -0.0339 -0.0340 -0.0341 -0.0342 -0.0343 -0.0406 -0.0404
mz0p’ -0.0015 -0.0016 -0.0016 -0.0016 -0.0016 -0.0016 -0.0016 -0.0016 -0.0018 -0.0018
Kosppuumenr MoMmeHTa mz0 camojsiera 0e3 TOPMBOHTAJIBHOTO OlepeHMsa (oTHeceHo k CAX Kp.)
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

-0.0230 -0.0230 -0.0230 -0.0230 -0.0230 -0.0230 -0.0229 -0.0229 -0.0298 -0.0299
Kosdpdnumenr momeHTa mz(0 uwacTell caMmosieTa C T'OPMB3OHTAJIbHBEIM OIlE€PEeHMEM

M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

mzOx 0.1082 0.1092 0.1109 0.1134 0.1168 0.1214 0.1275 0.1358 0.1290 0.1196

mz0r.o 0.0213 0.0217 0.0223 0.0232 0.0246 0.0266 0.0296 0.0346 0.0253 0.0165

mz0¢ -0.0018 -0.0018 -0.0018 -0.0018 -0.0018 -0.0018 -0.0018 -0.0018 -0.0021 -0.0022
Kosbppmumenr MoMenTa mz0 caMoyeTa C I'OPMBOHTANBHEM onepeHmeM (oTHeceHOo k CAX Kkpsuia)
M=0.10 M=0.20 M=0.30 M=0.40 M=0.50 M=0.60 M=0.70 M=0.80 M=1.20 M=1.30

0.1401 0.1415 0.1438 0.1473 0.1522 0.1589 0.1682 0.1816 0.1650 0.1464

© XomaBko B.JM. AspoaMHaMMUeCKUE XapPaKTePUCTMKM camojeTa, 1991 - 1998
© Umorx B.B. Kadpempa 101, 1991 - 2011 Bepcus 4.11b or 01.11.2011
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