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1. 3aranbHi MeTOAUYHI peKoMeHaaNil

Kypcoga po6oTa 3 nuciumiian «OCHOBH aepOJMHAMIKH Ta TAHAMIKH TOJIBOTY
00OB’SI3KOBOT  KOMIIOHEHTH CKJaJeHa BIAMOBIIHO JO OCBITHBO-IPOdECIiHOT
nporpamu  mepmoro  (0akamaBpChbKOro) — piBHA  BHINOI  ocBiTH  TexHiuHe
00CITyrOBYBaHHS Ta PEMOHT MOBITPSHUX CYJICH Ta aBlaJIBUTYHIB

MeTo10 BUKOHAHHS KYpCOBOi pOOOTH € 3aKpiMJIeHHs 3HaHb 3/100yBa4aMH OCBITH
OTPUMAHHUX Ha JIEKIISX, MPAKTUYHUX 3aHATTAX 1 B MPOIECI CaMOOCBITH, @ TaKOX
PO3BUTOK Y 3700yBaviB OCBITH HAaBHYOK CAMOCTIHHOI poOOTH Ta TBOPUOI AisSITLHOCTI,
OBOJIOJIHHS 3HAHHSIMH CyYaCHHUX METOJIB 1 JIOCIHIIKEHb, 3HaHb 3aKOHOMIpHOCTEH
PO3BUTKY CY4YaCHOi HAyKH 1 TEXHIKHM, OCOOJIMBOCTEH BITYM3HSIHOTO 1 1HO3EMHOTO
PO3BUTKY aBIaIIfHOT 1 KOCMIYHOI TEXHIKHM, TOTJHUOJCHE BUBYEHHS OKPEMHX TEM
IUCIUILIIHHA.

[Ipn BUKOHaHHI POOOTH HEOOXIAHO AOJEPKYBATHUCH JACpP>KaBHUX CTaHIApTIB
VYkpainu, nOpuiHATOI aBialiitHOiI TepMiHoJOTii. Bel BU3HaYeHHsT (I3MYHUX BEIMYUH
MOBUHHI BIAMOBIJATH OJUHUIISIM MiXXKHApOJIHOI CUCTEMU BUMIpPIOBaHb. BUKianeHHs
3MICTYy pOOOTHM NOBUHHE OYTH JAKOHIYHUM 1 3pO3YMIIUM, TEKCT MOSICHIOBAJIbHOI
3alMCKM TOBMHEH UIIOCTPYBATUCS CXEMaMU, MalllOHKaMH, rpadikaMu, a TaKoX
MICTUTH BIJIMTOBIJIHI PO3PaXyHKOBI (POPMYIIH.

[Ipu odopmiieHHi 3amucKM PpoOOTH HEOOXIAHO KEPyBATUCh HACTYITHUMHU
pPEKOMEHIAITISIMU

1 TI'padixku 1 MamoHKM Oa)kaHO BUKOHYBaTM Ha MUIIMETPOBOMY Hamepi,
opopMIISITH MPOCTUM OJiBlIEeM abo Tyur'to. KomabopoBy Tymr abo macty
JIOMYCKAEThCS BHKOPHUCTOBYBATH JIMIE JUIsl BUJIJICHHS JITBHUIL HA
rpadikax abo po3paxyHKOBUX KparokK MpH ix MoOya0BI.

2 MacmTab rpadikiB 1 MaTIOHKIB HEOOX1JHO BUOUPATH BiJIMTOBITHO O BUMOT
JIep’KaB-HOTO CTaHAApTy 1 BIH MOBHHEH OyTH 3py4YyHUM Jig TOOYIOBH 1
BU3HAYCHHS HEOOXITHUX 3HAYeHb BIANOBIAHMX mapaMmeTpiB. Bici
KOOpPJMHAT 1 JIiHIi rpa¢ikiB HE MOBUHHI BUXOJIUTH 32 MEX1 HOPMATUBHOIO
TIOJISL APKYIITY.

3 Ha rpadikax 4iTKO BUIUISTH PO3PAXYHKOBI TOYKH 32 SKUMHU OyAyIOThCS
KpUBI1 BIJIMOBIIHUX a€POJUHAMIYHUX 3aJI€KHOCTEH.

4  PesynbTaTH po3paxyHKy HE0OXiTHO OOPMIISITH B TAOTUIHOMY BUTJISIIL.

5 Apkymi 3 rpagiyHUMH cxemamH 1 TpadikaMyd TOBHHHI O(OPMISTHUCS
BIJIMOBITHUMH PaMKaMH.



2. Temu KypcoBHX pPoOiT, IOPSIAOK BUOOPY BapiaHTy, BUKOHAHHA i
MOJAAHHS KypPCOBOI po0OTH HA 3aXHCT

2.1 Bubip BapianTy

Bapiantu kypcoBoi poOOTH BHOMPAOTHCS 3TIJHO OCTaHHBOI IU(pU 3aTIKOBOL
KHIDKKA 3/100yBaya OCBITH 3a TMEPeiKOM TpadidHuX 3aBIaHb I10 BIAMOBIIHUM
npodissaM, HaBeeHUX B JJooamky 7K, 1 BUXITHUX JaHUX HaBeleHUX B /Jodamky A (8
Tabnuyax 11i2).

SIKII0 B HaBYANbHIM TPyIi MOBTOPIOIOTHCSA OCTaHHI HU(PH 3aTIKOBUX KHIKOK,
TO BUKJIaJa4 Ma€ MPaBoO PO3MOJUIATH BapiaHTH 3a 1HIIUM M1A00POM HUQP 3aJ1KOBOI
KHIDKKHU 3 METOIO OXBaTy BCiX BaplaHTIB 3aBJIaHb JI0 KYpPCOBUX POOIT.

[Ticnst BUOOPY BapiaHTy BUKJIaJa4 CYMICHO 3 3100yBa4aMu OCBITH O(OPMIISIOThH
3aBJaHHS Ha KypcoBy poOoTy. 3100yBay OCBITM Ha MPOTA31 THUKHS CaMOCTIHHO
oopMisie KaJeHIApHUM IUIAaH BUKOHAaHHS KypcoBOi poOOTH 1 Mojae MHoro Ha
Y3TOJIKEHHSI KEPIBHUKY KYPCOBOi pOOOTH.

MeroauuHi peKOMEHJAlll M0J0 BUKOHAHHSA OKpemux po3aunB KypcoBoi
pOOOTH BUKJIAJICHO B PO3/ILI1 8§ TAaHUX METOJIMYHUX BKA31BOK.

2.2 Tlopsiiok BUKOHAHHS POOOTH

2.2.1 Tlo BUXiTHUM JaHUM KOOPJMHAT OMOPHHX TOUOK CXEMH KpHJIa CKJIAIHOI
dbopmu B maHi (Tabauys 1) noOyayBaTH B MaciiTadl cxemy MpaBoi KOHCOJI Kpuia.
I'padiunum cnocobom BU3HAUMTU Micle po3TamnryBaHHs 1 po3mip CAX kpuna. Ilo
3HaueHHIM CAX 1 po3MmMaxy Kpuja BHU3HAQUUTH IUIONLY E€KBIBaJEHTHOTO
MPSMOKYTHOTO KPHJIa PIBHOBEIMKY TUIOLII KpuJia CKIaaHOi ()OPMH B TUIAHI.

2.2.2 3a BUXITHUMH JTaHUMH TabOauyi 2 BUSHAYNTH IIBUIKICHHN TUCK, HABECTH
JlaH1 OCHOBHUX (PI3UYHUX MapaMeTpiB arMocdepu Ha 3aJaHiil BUCOTI 3riHO TabiuIli
MCA.

2.2.3 Buznauutu KOHTpOJbHI Touku 3 rpadikiB Cya = f(a) 1 Cxa = f(Cya) 3rigHO
BapianTy 3aBaaHHA ([Jodamox JK) 3a BIANOBIIHMMH 3HAYEHHSMH KYTIB aTakH,
Bru3HAunTH 3HAaYeHHS Cya 1 Cxa, 3amoBHUTH 3BeneHy TabOmuiio ( ous. [ooamok A,
mabauysi 3) 1 mooyaysatu rpadiuni 3anexHocTi Cya(a) 1 Cxi(a). Ha rpadiunmx
3aJIEKHOCTSIX BUJIIJIUTU XapaKTEpHI JUIBHUIN 1 TTapaMeTpH, a TaKOXX MO3HAYUTH Ha
HUX BIAMOBIAHI KYTH aTaKd: 0o, OCxOmin, On3, Oxp, Omp. IIOICHUTH CYTHICTb
XapaKTEpPHUX KYTIB aTaku 1 BIAMOBIIHUX IM 3HAYeHb KOE(IIIEHTIB aepOoaMHAMIYHUX
cui. JlaTm xapakTepHCTHKYy 3aJaHOMYy, 3T1IHO 3aBAaHHS, MpodUI0 Kpwia 1 CBIA
IIPOTHO3 II0JI0 MOr0 BUKOPHUCTAHHS HA HECYUUX NOBEPXHAMHU JIA.



2.2.4 3a BuzHaueHWMHM 13 TrpadikiB 3aBJaHHS 3HAYEHHSIMHU aepOIUHAMIYHHX
koedimieHTiB migioMHo1 cuii Cya 1 cumu 1060Boro onopy Cxa Ta po3paxyHKOBHUMH
3HAYEHHSIMH TUIOIII KpuJja 1 MIBUAKICHOTO THUCKY pO3paxyBaTH 3HAYEHHS IiTHOMHOT
cui Ya 1 ciii J1000BOTO Oomopy Xa IS BIAMOBITHUX KYTiB aTaku Ta 3allOBHUTH
mabauyio 3. [oOymyBatu rpadiku 3aexnoctei Ya = f(a) 1 Xa = f(a). Ha rpadikax
BUJIUIUTH XapaKTEPH1 JUTHHUII 1 TApaMETPH.

2.2.5 3a HamnpaBIAOYMMH KOCHMHYCAMH IiepepaxyBaTh aepoJIMHaAMIYHI
koedirieHTH Cya 1 Cxa 13 MIBUIKICHOI CUCTEMH KOOPJMHAT B 3B’sI3aHY 1 BU3HAYUTH
aepomuHamiuHi kKoedimieHTrn HOpManbHOI cwim (Cy) 1 moB3moBxkHKOI cumm (Cx) Ta
3aHECTH 1X 3HAUCHHS B 3BeJieHy mabauyto 3. [ToOymyBaTu rpadiuni 3anexnocti Cy(a)
i Ci(a). Ha rpadikax BUAIIUTH XapakTepHi ITUIBHUII 1 TapaMeTpH, a TaKOX
MO3HAYUTH Ha HUX BIJAMOBIAHI KYTH aTaKW: o, GCxOmin, Onz, Oxp, Omp. 110ICHUTH
CYTHICTh XapakTEpPHUX KyTIiB aTakd 1 BIAMOBIAHUX iM 3HA4Y€Hb KOE(DIIIEHTIB
aepoMHAMIYHUX CHJL.

2.2.6 3a 3HaueHHsIMHU KoedimieHTIB mia#oMHOI ciii Cya 1 1000BoTO 0mopy Cxa
po3paxyBaTu aepoAuHaMIuHy sKicTh K sl BIAMOBIAHUX KYTIB aTaKu 1 3aHECTU B
3Beneny mabnuyro 3. TloOymyBatu rpadik 3amexsHocti K = f(a), BusHaumTH i
noka3atu Ha rpadiky HaUBUTIIHIIINN KYT aTaKU Olue, TOSCHUTH HOTO CYTHICTH 1 AaTH
BU3HAYCHHS MaKCHUMAaJIbHOT aepoJuHaMIYHOI sIKOCTi. Po3paxyBaTu mpu SIKUX KyTax
aTaku KOe(QiIlleHT aepoJIMHAMIYHOI SAKOCTI OyJe OJHAKOBUM 1 HAHECTH Il 3HAYEHHS
Ha rpadik 3anexHocTi K = f(a). Poskputu disuuHy CyTHICTH aepOAMHAMIYHOT IKOCTI
1 1aTH 1 KOPOTKY XapaKTEPUCTHUKY.

2.2.7 3a 3HaueHHsAMH aepoauHaMiuyHuX Koe(dimieHTiB Cya = f(a) 1 Cxa = f(a)
noOyayBaTH MOJSApHY Agiarpamy npodunro kpwia [ pomy. Jlatu mnosicHeHHs
xapakTepHuM IUTBHUIM 3anekHOCTI Cya = f(Cxa). Ha monspi 1 pony Bu3HauuTH i
NIOKA3aTH XAPAKTEPHI KyTH ATaKH do, Oxp, Ous, O.Cxamin, & TAKOXK 01 1 02 MPHU SIKUX
Koe(illieHT aepoaAMHAMIYHOI SKOCTI Mae oauHakoBi 3HaYeHHs K = const. ITopiBHsATH
ix 3 Kyramu artaku Ha rpadikax 3a myHkramu 4.2.3 1 4.2.6. Poskputu ¢izuuny
CYTHICTh TIoJispu | poay i matu iii KOPOTKY XapakTepuctuky. OxapakrepusyBaru ii
MIPaKTUYHE BUKOPUCTAHHS.

2.2.8 3a 3HaueHHsMu aepoamHaMidHux koedimieHtiB Cy = f(a) 1 Cx = f(a)
noOyayBaTi MOJSpHY niarpamy npodumo kpuina I pomy, JaTu TMOsSCHEHHS
xapaktepHuM autebHUISM 3anexHocTi Cy = f(Cx). Ha nossipi BU3HAYMTH 1 MOKa3aTH
KyTH aTaKU Olo, Oxp, Oue Ox0Omin 1 TIOPIBHATH IX 3 KyTaMU aTaku Ha rpadikax 3a
nyHkTamu 2.2.5 1 2.2.7. Po3kputu QizuuHy cytHicte nojspu Il pomy 1 gatu i
KOPOTKY XapakTepucTuky. OxapakTepuzyBaTH 1i TpPaKTUYHE BUKOPUCTAHHS.
Po3kput  Qi3MUHYy CYTHICTH BIACMOKTYBaJbHOI CHJIM 1 1i 3HA4YeHHS IS
aepOJAMHaMIKH JIOTIAaTel HECYYOTO TBUHTA BEPTOJILOTY.



2.2.9 PO3KpUTH TOHATTS a€pOJUHAMIYHOTO KOe(iIlieHTYy MOMEHTa TaHTaxka My,
IIEHTpa THUCKYy, IIEHTpa MacH, aepoguHamMidHoro (Gokyca 1 mapabdoiu CTIHMKOCTI.
[ToOymyBatu sikicHi Tpadiku 3anexHocred M; = f(a) i Cy = f(a) B omHili cuctemi
KOOpJIMHAT Ha OfHOMY TpadiuHomy moii . JlaTh MOsSCHEHHS aepoaMHAMIYHOTO
MOJI0BXKHBOTO MOMEHTY (MoMeHm)y maHeadicy) PodUIIo Kpuia 1 HOTo 3aJIeKHOCTI Bl
KyTa aTakH.

2.3 Iopsinok moaHHsI KyPCOBOI po00TH HA PO3IJisii BUKJIAAA4y

KypcoBa po6ora moBuHHa OyTH BHKOHaHa 1 MOJaHa Ha MEPEBIPKY BUKIAIady
TUCITUIUIIHU HE MI3HINMIE HDK 3a JIBa TWXKHI O TIOYATKy CEMECTPOBOi cecii abo y
TEpPMiHH, BKa3aH1 BUKIIaJaueM.

Buknanau neperinsgae 3aucky KypcoBoi poOoTH, CKIafae BIATYK Ha poOOTy Jie
BKa3ye pILIEHHS MpO JOMYycK ado He JOIMYyCK 3700yBaua OCBITU JI0 3aXUCTY. SIKio
BUKJIaJ]a4 BCTAHOBJIIOE, 1110 pOOOTa BUKOHAHA HE CAMOCTIMHO 1 HE B IOBHOMY 00CS31,
ab0 3 MOpPYILIECHHSM BUMOT 1 HE BIJAINOBiJIa€ 3aJaHOMY BapiaHTy, TO BiH MOBEpPTa€
3alMCKY Ha JIOOTPAIlOBaHHS 1 HE 3apaxoBYE ii.

2.4 Tlopsiaok nepeBipku KypcoBoi podoTu
[Tpu po3riszal 3anMCKU KypcoBOi poOOTH 3BEPTAETHCS yBara Ha:
— pIBEHb 3aCBOEHHA OCHOBHOI'O TEOPETHUYHOTO Marepiandy, 3B’S3aHOrO 3
BUKOHAHHSM 3aBJIaHb KypCcOBOi poOOTH;
— HasBHICTH TBOPYOTO PO3B’A3yBaHHS MPOOIEMH;
— BMIHHS OOTPYHTOBYBAaTH BUKOHAaH1 PO3PaXyHKHU;
— CaMOCTIMHICTh BUKOHAHHA KypCOBOI pOoOOTH;
— rpadiuyHe BUKOHAHHS CXeMH Kpuiia i rpadikiB 3aJIeKHOCTI aepogruHaAMIYHUX
XapakTepucTUK. BingnoBiaHicTh ix opopmuenns sumoram JICTY;
— BMIHHS BUKOPHCTAHHS HABYAJIBHOI 1 JJOBIAKOBOT JIITEPATYPH;
— SIKICHE 1 cTapaHHe OOPMIIEHHS 3aIUCKU POOOTH.
[Tpuiimanus Bia 3700yBaviB OCBITM BUKOHAHOI KYpPCOBOI pOOOTH 3/1HCHIOETHCS
B MOPSIIKY BIAKPUTOTO 3aXUCTY y MO3aypPOUYHUI Yac.
[To3uTuBHA OIlIHKA 3 JUCHUILTIHU ~Aepociopocazo0unamika’” BUCTABISETHCS
IIPU YMOBI MO3UTUBHOTO 3aXUCTY KypCOBOi pOOOTH.



3 Pexomenpaauii momo ogpopmiieHHs
PO3PaxXyHKOBO-MOSICHIOBAJIBLHOI 3aITHCKH

3.1 CTpykTypa i 3MicT 3anUCKH podoTH
KypcoBa pob6ora odopmMiaoeThcs Ha OPYyKApChKHUX apKyIlax CTaHIApTHOTO
dopmaty A4 3rigHo BuMor nepxkaBHux craHaaptis JCTY 1.5-03, ICTY 3008-95,
JCT2.105-95, ACTY-4163-03 ta €ECK/.
PekoMeHmyeThCSl HACTYMHA CTPYKTYpPa 3aITUCKHU:
TutyneHuii apkym (nonatok b);
3aBaaHHsS Ha KypcoBYy poOoTy (oaaTtok B):
Kanennapauii mian BUKOHaHHS KypcoBoi poOoTH (noaatok I);
3wmict (Honmarok J1);
Beryn (0,5 — 1 apk.);
OcHoBna vactuHa (10-15 apk.);
Bucnosku (0,5-1apk.);
Cnucok Bukopuctanoi giteparypu (Joxatok E);
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JlomaTtku (IMOMIIIAOTHCS MPU HEOOX1THOCTI);
10 Biaryk kepiBHHKa KypcoBOi poOOTH (HE MiAIINBAETHCS, BKIATAETHCSA B
3aIMCKy KypcoBoi poOoTu mepen ii 3axuctoM) (nogatok ['-1).

TuryabHuil apkym opopMIIETHCA 3TAHO BUMOT CTaHAAPTY (3pa30K HaBEAEHO
B /[ooamky b), BUKOHY€ThCS Ha IIUIbHOMY mamnepi Gopmary A4 1 € 0OKIaIUHKOIO
3aMMCKU POOOTH.

3aBIaHHS HA KYPCOBY po0oTy 0GOpMIISEThCS BHUKIATA4eM CIUIBHO 3
KypCaHTOM 3TiHO BapiaHTy Mepe]l MOYaTKOM BUKOHAHHS KypCOBOi poOOTH (3pa3ok
HaBesieHo B JJooamky B).

Kanenpapuuii miian opopmisieTbest 3700yBaueM OCBITH 3TiJTHO 3aBIaHHS Ha
KypcoBy poOOTy Ha MpOTs31 THUXHS MICAS HOro OTpUMaHHs (3pa30K HaBEJIEHO B
Hooamxy T').

Binryk kepiBHMKa KYpcoOBOi po0OTH O(DOPMISETHCS KEPIBHUKOM KypPCOBOL
po0OTH Ha MPOTA31 THXKHA MICHS Mojadi 3700yBaueM OCBITH KypcOoBOi poOOTH Ha
nepeBipKy (3pa3ok HaBeneHO B JJodamky [-1). Binryk He MiAIIMBAETHCS B 3aMUCII
KP, a micns 3ani0oBHEHHST KEPIBHUKOM BKJIAJAETHCS B 3AMMHCKY.

3MicT oopMIIIETBCS 3TITHO PEKOMEHJOBAHOTO TOPSAIKY (3pa30K HaBEJCHO B
Jlooamky /[) 1 BimoOpakae mepesiK po3ILIiB 3alMUMCKU POOOTH 3 MOCHJIAHHSAM Ha
HYMEPAIIII0 apKYIIIiB.



Beryn BimoOpakae akTyalbHICTh 1 HAYKOBY HOBH3HY TE€MHU KypCOBOi1 po0OTH, ii
3HA4YEHHS JJIS1 3aCBOEHHS MaTepialy IUCIUILTIHH.

OcHOBHA 4YaCcTHHA TIOBMHHA MICTUTH TEOPETHYHI BHUKJIAAKKA 1 HEOOXITHI
PO3paxyHKOBi 1 rpadivyi pe3ynbTaTd TBOPYOi, 1HAUBIAYanbHOI pOoOOTH KypcaHTa
3riTHO 3 3aBJaHHSAM KypcoBOi poOOTH. BiamoBigHO [0 3aBAaHHS KPUTUYHO
OIIIHIOIOTBCS 1CHYIOYl aHAJIITHYHI METOAM, METOIWKH 1 JITepaTypHl JpKepesa.
JlomiabHO PO3pOOKM 1 TPOMO3HIIi OOIPYHTOBYBAaTH pO3paxyHKaMmH, rpadikaMu 1
cXeMamu.

BucHoBKkHM MiCTATH B €001 cTHCIy 1HQOpMAIIIO B SKii JIOTIYHO, 3MICTOBHO,
KOPOTKO 1 apryMEHTOBAaHO BHUKJIAJAIOTHCS CaMOCTIHI y3araJdbHEHHS TIO0 TeMi
3aBJIaHHS 1 OCHOBHI pe3yJbTaTH OTPUMaH1 IPU BUKOHAHHI KypCcOBO1 pOOOTH.

Cnucok BHKOpPHCTAHOI Jitepatypu ([Jodamox E) MOBUHEH MICTUTH JIUIIE Ti
JoKepena siki Oynu 6e3nmocepeTHbO BUKOPUCTAH1 MPU BUKOHAHHI KypCOBO1 poOOTH, 1
BKJIIOYae B cebe IMepeslik KHHUT, HaBYaJbHMX IIOCIOHMKIB, CTaTei, HAyKOBUX,
HaBUYAJbHUX, JOKYMEHTAIbHUX, JAUPEKTUBHUX a00 HOPMATUBHUX MaTepialiB.
OdopMmiieHHs JITEpaTypHUX JKEpesl MOBUHHO BIAMOBIAATH BUMOTaM JIEPKABHOTO
cranaapty. llopsgok po3TamnryBaHHs JITepaTypd y CHOUCKY IOBMHEH BiAINOBIATU
MOPSIIKY 1X TIOCHJIAHHS B TEKCTI 3aIUCKU KyPCOBOI POOOTH.

JlonaTKu MOar0THCS TIPHU HEOOX1THOCTI 1 MOXKYTh MICTUTH B c001 iH(popMaiiito,
B1JIOMOCTI 1 Tpaiku, K1 JIOTMOBHIOIOTh OCHOBHHMM TEKCT 3allUCKU KypCOBOI pOOOTH
a00 € MOBIIKOBMMH 1 HOPMATHMBHUMH JaHUMHU [JISi MPAKTUYHOTO BUKOPHCTAHHS.
Koxuuii n107aToK HYMEpYEThCS BEIMKMMHU JITEpaMH YKpaiHChbKoro andariTy i
MMOBHWHEH MTOYMHATHCS 3 HOBOTO apKYIITy.

Bumoru 1o 3micty KypcoBoi poOOTH:

— 3aCTOCOBYHOYM 0a30BI TEOPETHUYHI TOJOXKEHHS JUCHUIUIIHK, HEOOX1THO
PO3KpUTH 3MICT 3aBAaHHS 1 MOCTIJOBHO BUKJIACTH B 3alUCII pe3yJbTaTh
pobortu;

— MAaKCHMAaJIbHO HAaCUTUTHU 3MICT poOOTH CUTyallsIMH, (paKTaMH, aHAJIOTaMH,
uudppoBUMU  Ta  IHIIMMH  JOBIAKOBUMHM  MarepiajaMu, a  TaKoOX
y3arajgbHIOIOYMMHA BUCHOBKAMH PO aKTYaJbHICTh TEMU KYpPCOBOi poOOTH;

— YITKO, KOPOTKO 1 SICHO (DOPMYJIIOBATH 1 BUKJIAJIATH TYMKH, BUKOPUCTOBYIOUH
CTPYKTYpPYBaHHS 1 JIOTIYHE PO3MIIIEHHS MaTepiaiay B3sITOTO 3 BiJMTOBITHUX
IDKEpeT;

— (opMyIOBAaTH 1 BUKJIAJIATA TEKCT HEOOXITHO CBOIMU TyMKAaMH 1 MMPOCTHUMHU
pEUYCHHSAMH, JIOCTHIBHE TIEPENHMCYBAHHS JIITEPATypHUX  JDKEpPENT  He
JOITy CKAEThCS;

— 1npu odpopMIIeHHI poOOTH HEOOX1AHO MOCUIIATUCS HA aBTOPIB JITEPATYPHUX
JoKepenl, BKa3yr4H MOPSAKOBUNA HOMED MEPEiKy JITepaTypH, sgKa
BUKOPHCTOBYETHCS.



3.2 OdopmiieHHs i 00CAT 3aNIUCKU KYPCOBOI po00TH

3amucka poOOTHM Mae CKIagaTHCS 3 TEKCTOBOTO BHKIIAJaHHS pe3yJIbTaTiB
KypcoBoi poOOTH Ta BIANOBIAHUX TpadikiB, cxeM, TabIuI, GopMyll, CTATUCTUYHHX 1
(baKTUYHUX JaHUX.

Ha TuTynapHOMY apKyin 3a3Ha4a€eThCs MIHICTEPCTBO OCBITH, odilliifHa Ha3Ba
KOJIKY, IIMKIIOBOI KOMICIi, Ha3Ba KypcOBOi poOOTH, BaplaHT, IO BUKOHYETHCH,
JTYCLUILIIHA 3 K0T BUKOHYEThCS Po0OOTa, HA3Ba 1 HOMEP HaBUAJIbHOI IpymH, mudp i
HApSM MiArOTOBKH, MPI3BUILE, 1M’ s, M0-0aThKOBI 3100yBaya OCBITH.

CrpaBa, HIDKYEe Ha3BU POOOTH, BKA3yeThCS JOMAIIHS ajapeca JUisl 3700yBadiB
ocBiTH 3a04HOi popmu HaBUaHHA. Jlanbii opopmiIseTbes mianuc 3100yBadya OCBITH 1
JaTa TOJIaHHA KypcoBOi pOOOTHM Ha TEPEBIPKY, KEPIBHUK KypCOBOI poOOTH 3
3a3HAUEHHSM HAyKOBOIO CTYIIEHIO (kameeopii euxkniadaya), BYEHOTO 3BAHHS
(neoacociunoco 36anmns euxkiadaua), Mocaad, pe3yabTaT MEPEBIPKH 3aBaaHHsI. BHU3Y
TUTYJIBHOTO apKyIlla BKa3yeThess MicTo KpeMenuyk 1 pik Hanmcanus ([Jooamok A).

Ha npyriii 1 TpeTiii CTOpIHKax HAaBOIATHCS 3aBIaHHS Ha KypcOBY poOOTYy 1
KaJICHIapHUH I1aH 11 BUKOHaHHS (AuB. /Jooamxku B,BiI).

Ha wyeTBepTiii CTOpIHIII HABOAUTHCS 3MICT 3alUCKU KypCOBOI POOOTH, SIKHiA
BiIoOpaXkae MOro CTPyKTypy (po3aiunM, Wiapo3auid, maparpagu Ta 1iH.) 13
3a3HAYCHHSM CTOPIHOK iX po3MillieHHs B pedeparti (nuB. Jodamox /).

Biaryk kepiBHUKA Ha KypcOBY poOOTYy BKJIAJAETHCS B 3aMUCKY KYpCOBOT pOOOTH
micist ii MmepeBipKU KEPIBHUKOM 1 BU3HAYEHHS HUM IOMEPEAHBOI OIIHKU KypCOBOi
po0oTH.

TekcT KypcoBOi poOOTH BUKOHYETHCS Ha OJIHIN CTOpiHUI apkymia ¢opmary A4
(210x297) M™amIMHONMCHUM, KOMIT'IOTEPHUM YH PYKOINHUCHUM CHOCOOOM 3
JOTPUMAaHHIM HACTYITHUX BUMOT: 37iBa MmoJie mupuHoio 25-30 MM, cripaBa — 10 MM,
3Bepxy 13Hu3y 1o 20 Mm. Bucora nitep moBuHHa OyTH HE MEHIIIE 2,5 MM, a THTEpBaI
MDK psiakamu He meHmie 1,5 mm. [lpu xomm’rorepHOoMy Habopi po3mip mpudTy
noBuHeH Oytu 12 a6o 14, Tum mpudty Times New Roman.

VYci apkymrii 3amucKu KypcoBOi poOOTH HYMEPYIOThCSl Y MPAaBOMY BEPXHBOMY
KyTl apkymry apaOcbkuMu 1udpamu. 3aragpbHa HyMepalis [OYUMHAEThCS 3
TUTYJBHOTO apKyllla, aje MOpPSIKOBUA HOMEp Ha HHOMY HE CTaBHUThCA. KoxHy
CTPYKTYpHY YacTHHY 3amuCKd (3aBOaHHS, KaJeHIApHWN TUIaH, BIATYK KepiBHUKA,
3MICT, BCTYyN, OCHOBHa YaCTHHA, BHCHOBOK, CIIMCOK BHUKOPHUCTAHOI JiTepa-TypH,
JOJIaTKN) HEOOX1HO MOYMHATH 3 HOBOTO apKyia. B TEKCTOBIW 4acTWHI 1 OJaTKaX
YMOBHI TIO3HAYKH, PUCYHKH, CXeMH, rpadikud TMOBUHHI BIJIMOBIJATH IFOYAM
JIEPYKaBHUM CTaHJIapTaM Y KpaiHH.

Po3ninu  HymepyroThess apabcbkumu  1udpamu nociigoBHo. [laparpadu
HYMEPYIOThCS 32 KOKHUM PO31JI0M OKpPEMO. 3a HassBHOCTI MiAPO3AUIIB iX HEOOX1HO



HyMEpYyBaTH 3a KOXXHUM Taparpadom okpemo. Hanpuxnao: 1.1.1 — nepmia nudpa e
HOMED PO3/iTy, Apyra — naparpad 1boro po3auly, TpeTs — MiApo3/ia maparpady.

B Tekcti 3ammcku poOOTH TMOBMHHI MICTHUTHCS TOCWJIAHHSA Ha JiTepaTypHi
JpKepena, HaBeleHui nudpoBuil matepian, fogaTku. [Ipu mocunanHi Ha JTiTEepaTypHi
JoKepella B KBaJIpaTHUX MJYXKKAaX BKa3yeTbCS TMOPSIKOBUIM HOMEp 3a CIHUCKOM
BUKOPHCTAHOI JiTeparypu, Hampukian: [5]. [Ipu HaBemeHHI B TEKCTI LATAT, B KiHIII
HUX MICIA JY>KOK CTaBUTHCS MOPSAKOBUM HOMED JITEPATypHOTO JKeperna 1 HOMEp
CTOPIHKH Ha SIKif pO3MIIIy€EThCS 1IUTaTa, HanmpukiIad: [6, c. 30].

Pucynku po3MimyroTbes BiApasy Tmicis TOCWIAHHS HAa HHX B TEKCTI 1
HYMEPYIOThCS TIOCTIIOBHO B MEXaxX pO3/iTy apaOChKUMU udpamMu, HAIPUKIA: PHC.
1.5 — ne nepma udpa e NOpAIKOBUNA HOMEP PO3/iTY, a Ipyra — MOPSIKOBUN HOMEP
pucyHka. Ha3Ba pUCYHKY pO3MIILIY€ThCS M PUCYHKOM, BIICTaHb MIX TEKCTOM Ta
UTIOCTpalli€ro moBUHHA OyTH 6JM3bK0 15 MM. ['padiku ohopmitroroThCs 3riIHO BUMOT
JNCTY. Hagnucu Ha rpadikax MOBUHHI BUKOHYBAaTUCh KpecIsipchKkuM mpudTom. Bici
rpadikiB MOBHHHI OyTH MIAMMCAHUMH YMOBHUMHU TO3HAYCHHSMU TapameTpiB 1 iX
po3MipHOcTsiMU. Ha rpadikax moBuHHI OyTHM MO3HA4YE€Hl XapaKTEpHI IUIbHULI 1
napaMeTpH.

Tabnuii po3MINIyIOThCA BiJipa3y MICs MOCHJIAHHS HAa HUX Y TEKCTi. BoHu
MOBUHHI OyTH TPOCTUMHU 1 3po3ymimnMu. HymepyroThCcsi TaOIuIll MOCHIJOBHO B
MeXax pO3JILTy, IPU ILOMY CIIOBO ,, Tabnuiid” 1 ii HOMep PO3MINLYIOThCS JTIBOPYY HaJl
3arosioBkom, Hanpukian: “Tabmurg 1.3”. 3aroioBOK po3TalIoBYETHhCS MOCEPEIUHI
HaJa modeM Ta0nuil. OauHUIN BUMIPY B TaONUISIX HABOASATHCS 3TIAHO JIFOYUX
Jep’KaBHUX CTaHIAPTIB.

[Ipu BuUKOpHCTaHHI B TEKCTI (OPMYJ, HEOOXITHO PO3MM(PPOBYBATH YMOBHI
3HAY€HHS CUMBOJIIB. POpMyIIH HEOOX1AHO OPOPMIIATH y BUTJISAI 3BUMAMHOTO IpO0Yy.

Hanpuxnan:

M=V
a
ne
M — gucno Maxa;
V — BHUAKICTH MOJBOTY, M/C;
a — MBUAKICTb 3BYKY, M/C.

dopmyiii HYMEpYIOThCS TIOCTIIOBHO B Mexax posaiury, Hampukiaam: (1.1),
nepmra mudpa BKazye HOMEpP PO3IUTY, a Jpyra — MOPSAKOBUN HOMep (opmynu B
po3aui. BigcTanb MiX 3aroJIOBKOM 1 TEKCTOM, TEKCTOM 1 pUCYHKOM MOBUHHA OyTH 15
mm. AG3anHUM BICTYN NOBHHEH OYyTH OJHAKOBHUM IO BCHOMY TEKCTY 3allUCKH 1
JOPIBHIOBATH I’ SITH 3HAKAM.

JlonaTku B KypcCOBiMl poOOTI pO3MINIYIOThCS (npu HeobXiOHocmi) B KIHII
3aMKUCKHU, JI€ HABOJATHCSA MEPBHHHI JOKYMEHTH, 3BITHI (DOPMH, CXEMH, CTaHIAPTH,



TaOJIuUIll, PUCYHKH, MOJENII, 5Kl JOMOBHIOIOTh OCHOBHUU 3MICT 3alMCKH 1 POOJIATH
Horo OUTBII 3MICTOBHUM 1 MOBHUM, KOKHUU JTOJATOK HYMEPYETHCS 3aroJIOBKOBUMHU
JiTepaMu yKpaiHCbKoOro angasiTy, MOYHHAIOUH 3 JiTepu A (3a sunamkom aimep I, €,
3, L1Io0,4, b), nanpuxnan: /Jlooamox b.

JliTepaTypy pEeKOMEHIYETHCS PO3TAIIOBYBATH B HACTYIHINM MOCIIJOBHOCTI: Ha
MOYaTKy TEPeNiKy PpO3MIIaloThcs  O(PIIIHHO-TOKYMEHTAIbHI, JUPEKTHUBHI Ta
Jep:kaBHI 1H(MOpMaIliifHI MaTepiaiy, Jajdl — KHUTH, CTATTl Ta 1HII JpKepena Ha MOBI
opurinany. /s cHpoieHHs JiTepaTypy MOKHa pO3TalllOBYBaTH B TOPSAKY ii
MEPIIOTO MOCHJIAHHS M0 TEKCTY 3alHCKU KypCOBOi pOOOTH.

3amucka KypcoBoi poOOTH IIOBMHHA OYTH CKpIIJIEHA CTHUILJIEPOM 200 PYUYHHUM
CIIOCOOOM - cKOOaMH, TUTYABHUM apKyIl € MEPUIOI0 CTOPIHKOIO OOKJIaAWHKH, a
OCTaHHIM apKyll — APYIOI0 CTOPIHKOIO OOKJIQJWHKH 1 BHKOHVIOTHECS 13 IIIBHOTIO
narepy.

PekoMeHIy€eTbC  OpolIypyBaTH  3alUCKY KYpPCOBOI  pOOOTH B JKOPCTKHX
00KJIaIMHKAX Y BUIABHUYNX MaNCTEPHSIX.

4 Tlopsaok migdopy JiTepaTypH i HAMCAHHSA PO0OTH

[1in061p Ta BUBYEHHS JITEPATYPH € MPOLECOM TBOPYOTO 3aCBOEHHS IMHUTAHb
KypcoBoi poOoTu. BuBuaTu miTeparypHi JKepesa Ciif MOYMHATH BiJ] MOIMYJISIPHUX
BUJaHb J10 MOHOrpagiif, HAayKOBUX CTaTeH, CTaTel MepioJAWYHUX BHUJAHb. J[OLIIBHO
CIIOYATKY OIpaIfOBaTH MiAPYYHUKH, HAaBUYaJbHI MOCIOHUKHU, a TOTIM HOPMATHBHO-
3aKOHOJIaBUl JOKYMEHTH, TEOPETHUYHI PO3POOKH, CTATTI.

B mponeci poGotu Hanx JiTepaTypHUMH JDKEpelaMd HEOOXITHO BUAUIMTH
OCHOBHE Y MPOYUTAHOMY, PETEIILHO PO310pATHUCS Yy TEPMIHOJIOI1, 3aIMCATH MTUTAHHS,
Kl BHUHUKAIOTh MiJl 4ac poOoTHU 3 JitepaTyporo. IIpum BukoHaHHI poOOTH cCiij
BUKOPUCTOBYBATH (haKTUYHMI MaTepial, a TAKOXK CTATUCTUYHI JIaHi.

Bukonanust po6otu nepeadavae mpoxoKEHHS KUTBKOX MOCTIIOBHUX €TalliB.

1 Ha mepuiomy erarii aHami3yeTbCsl 1 CUCTEMATU3YEThCS Martepiaia BUXITHUX
TaHHX.

2 Ha pgpyromy erami po3paxOBYIOTbCS HEOOXiJHI BEJIWYUHU, OYAYIOThCS
rpadiuHl 3aJ€KHOCTI, HAHOCATHCS XapakKTEpHI MJUIBHUIN 1 MapaMeTpH,
c(hOpMYITIOIOTECS BUCHOBKH 1 peKOMEH/Iallli, K1 BUTUIMBAIOTh 3 TEOPETUYHOTO
Marepiany, OIIHIOETECSA MOXJIMBICT, 1X BUKOPUCTaHHS B TPAKTUYHIN
TUSUTBHOCTI.

3 Ha TperboMy eTami yTOYHSIIOTBCS OKpEMI TMHTAaHHSA, OCTaTOYHO
c(hOPMYITIOIOTHCSI BUCHOBKH 1 TIPOTIO3HIIIi.

4 Ha 3aBepmiaJibHOMy eTami 310paHuii MmaTepian miaydrae JgiTepaTypHid
00po06111 1 0hOPMIIEHHIO.



5 Ilopsizok 3axucTy po0OTH i KpUTEPii OLiHIOBAHHS

DopMOI0 KOHTPOJIIO SIKOCTI BUKOHAHHSI KYpCOBOi poOOTH € TepeBipka i1 micis

MOaHHs 3700yBadyaMu OCBITH Ha IUKJIOBY KOMICItO 1 ii 3axucTy kowmicii. Kypcosa

poborta

OLIIHIOEThCA 3a PEUTHUHTOBOIO cucteMoro 3rimHo “IlomokeHHs Tpo

PEUTHHIOBY CHUCTEMY OIlIHIOBaHHS HaOyTHX 3/100yBayaMH OCBITH 3HaHb Ta BMIiHb 3

HaBYAJIbHUX JUCIUIUIIH UKJIOBOI KOMIcCii. 3a pe3yibTaTaMu OIIHIOBaHHS BUKJIAJa4

BUCTABJISI€ KIHIIEBY OINIHKY 3T1AHO 3 ICHYIOUHMM IIOJIO)KCHHSM 3a HalllOHAJIbHOIO

JOTHPHOX OaJILHOI0 CUCTEMOIO, SIK CEPEIHIO 3a SIKICTh BUKOHAHHS 1 3aXHUCTY 1 B 0anax

ECTS BoioHCBHKOI cucTEMU OI[IHIOBAHHS.

KpuTtepisimu OI1iHKH €:

»BIIMIHHO” — KypcoBa po0OTa BUKOHAaHAa B MOBHOMY 00cs3i. TeopeTudHa
yacTUHa POOOTH CBITYUTH MPO BMiJE, MpPaBUIIbHE, TBOPYE 1 CaMOCTIiiiHE
3aCTOCYBaHHS TEOPETUYHUX 3HAHb, BHUKOPUCTAHHA MDKIPEIMETHHX
3B’sI3K1B 1 HE0OX1AHOI JiTepaTypu. [IpakTruHa yacTiHa poOOTH BUKOHAHA B
MOBHOMY 00CSI31 JEMOHCTPYE BMIHHS pPOOUTH MPaBHIIbHI PO3PAXYHKH,
dbopMysIOBaTH  CaMOCTIiiHI ~ BHCHOBKU.  3aBAaHHA  BHUKOHAHO 3
OOTpYHTYBaHHSIM TIOCJIIJIOBHOCTI, Ma€ JIOTIYHE 3aBEpIICHHS. 3amucka
BUKJIQJICHA HA Mamepi MOCHIJOBHO 3 JOTPUMAHHSIM KyJIbTYpPH MHCEMHOIO
JIJIOBOTO MOBJICHHS;

»100pe” — poboTa BHUKOHaHA B IOBHOMY O00Cs31, aje Mae HE3Ha4H1
NOMWJIKM, LI0 HE MOPYWYIOTh CyTi ii BUKOHaHHS. [IpakTnuna 4vacthHa
BUKOHAHA TOBHICTIO, aJlé MA€ OKPEMi MOMMUJIKA 1 HETOUYHOCTI BUKOHAHHS,
PO3paxyHOK CBIAYMUTH MPO BMIJIE 1 MPABUIbHE 3aCTOCYBAHHS TEOPETUUHUX
3HaHb, JOIUIbHE BUKOPUCTaHHS MIXK TNPEIMETHUX 3B’SI3KIB TIPH HOTO
BUpIlIeHH]. BUKOHaHe caMOCTiiiHe 3aBlaHHS JEMOHCTPY€E BMIHHS poOUTU
MpaBUJIbHI PO3pPaxyHKH, 3 HE3HAYHUMHU HETOYHOCTSMH, SIKI HE BIUIMBAIOTH
ICTOTHO Ha pe3ynbTaTH pPoOOTH. TEeKCT 3amMCKu BHUKIJIAJICHO Ha mamepi 3
JOTPUMAHHSIM MPABWI KYJIbTYpH MMCEMHOTO JiJIOBOTO MOBJICHHS;
»3I0BiJILHO” — poOOTa B OCHOBHOMY BHKOHAHA, TEOPETUUYHUX 3HAHBb
HEJIOCTaTHBO JJII BMUJIOTO 1 TBOPYOTO 3aCTOCYBAHHS iX MpPH BUKOHAHHS
3aBmaaHHs. JlomylieHI TOMIWIKK Yy pO3paxyHKax, TIOpYyIIeHa JIOTika 1
MOCJIIOBHICT y BUKOHAaHHI poOOOTH. 3amucka Ma€ He3aBepIICHUN
BUCHOBOK. TEKCT 3amuCKd BHKJIAJEHO Ha TMamepi 3 HEe3HAYHUMHU
MOPYIICHHSAMH TIPABUII KYJIBTYPH ITMCEMHOTO MOBJICHHS

»He3210BiIbHO” — po0OTa BUKOHAHA 3 TPYOMMHU TOMIJIKAMH, IEMOHCTPYE
HE3HAHHS OLIBINOI YaCTHHHM IMPOTrpaMHOTO Martepiany. JlomymieHi icTOTHI
NOMMJIKA B PO3paxyHKax 1 3ammcax, MopymieHa Jorika Ta MOCIiIOBHICTh Y
BUKOHaHHI poOotu. BucHoBok BiACyTHI# abo chopMynboBaHUMN
HETNPAaBUIIBHO.



Bu3HadyeHa BUKJIaJaueM OLIIHKA MPOCTABISIETHCS B KYpHaJl HABUAIBHOI IPYTIH,
3aJTIKOBIA KHUXKII 37100yBaya OCBITH Ta y BIAMOBIAHIN BiIOMOCTI OOJIKY BUKOHAHHS
KypcoBoi pobotu. 3700yBauaM OCBITH SIKI OTpUMajd HE3aJOBUIbHI OLIHKH IO
KypcoBili poOOTi, BHUAAETHCS 1HINE 3aBJAaHHS 1 BCTAHOBJIIOIOTHCS 1HIN TEPMIHM ii
BUKOHAHHS 200 MPU3HAYAETHCS MMOBTOPHUIM 3aXHCT KOMICIT BIJI IIUKJIOBOI KOMICI].
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OcHoBHa JiTEpatypa’

1 KorenshixkoB I'. H., Mammok O. B., AepoauHamika JiTaJbHHUX araparis.
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Tepminu. Buznauenns 1 niTepHi no3HaueHHs. BuaaBHuuTBO cTanaaprtis, 1981.



JNCTY 23281 - 78. AepoanHaMika jeTaabHUX anapatiB. Tepminu. BuznaueHHs
1 OykBeHHI no3Ha4yeHHs. BunaBHuITBO cTangapris, 1981.
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7 Ilepejik nuTaHb 10 3aXHCTY KYPCOBOi po60TH
XapakTepucTUKa  CUCTEM  KOOpAMHAT, 110  BUKOPUCTOBYIOTBCA B
aeporiAporazoAMHaMmilll, 1aTi BU3HAYEHHS KyTa aTaky 1 KyTa KOB3aHHS
XapakTepucTUKa CKIIAJJOBUX YACTUH PE3YyJbTYIOUOi aepOJMHAMIYHOI CHIIM Ta
MOBHOTO aepOJUHAMIYHOTO MOMEHTY B TMPOEKISX Ha BICI MIBHUIKICHOI 1
3B’s13aHOI CHCTEM KOOPAUHAT
CyTHICTb cepeHbO1 aepOAMHAMIYHOI XOpAU MpOo(UI0 Kpuja, FreOMETPUUHUN
METOJl BHU3HAUEHHA  MICUS  pO3TAallyBaHHA 1 pO3MIpy  CEpenHbOl
aepOJMHAMIYHOI XOPIU JUIsl KPUII CKJIaJHOT (POPMH B ILIaH1
Aepoaunamiudi  ¢opmMu npodUII0  HECYyYyuX TOBEpXOHb. BuszHaueHHs
YCT@HOBUOTO KyTa 1 CYTHICTh T€OMETPUYHOI, aepOJMHAMIYHOI 1 KOHIYHOI
CKPYTOK HECYYHX MOBEPXOHb
[ToHSATTS TIPO LIEHTP THCKY, a€pOAMHAMIYHHI (POKyC 1 mapaboiry CTIMKOCTI
npodiiro Kpuia
[Ipodinbamit  omip, Horo ¢i3uyHa CYTHICTh, CKJIaJOBlI YaCTHHH, BIUIMB
TeOMETPUYHUX 1 KIHEMAaTUYHHX MapaMeTpiB Ha MPOTIKaHHs 3aJeKHOCTI Cxap =
f(a)

CyTHICTh IHIYKTUBHOTO ONIOPY, BIUIMB KIHEMATHYHUX 1 TEOMETPUYHHUX
napameTpiB mpodiTio0 Kpriia Ha HOoro po3Mip 1 MPOTiKaHHS 3aJIeKHOCTI Cxa,i =
f(a)

AeponuHaMivHa AKICTh TPOdUII0 KpHiia, 0COOMBOCTI MOOYIOBHU 1 XapaKTepHIi
ninpaAII Ha Tpadiky K = f(a)

[Tonspa 1 pony, i CyTHICTB, OCOOJMBOCTI MOOYIOBU 1 XapaKTEepHI JUIbHMII
rpadixky

10 [Tonstpa II pony, ii CyTHICTh, OCOOJIMBOCTI MOOYAOBH 1 XapakTepHI JTITbLHHUII

rpadixky

11 MomeHT TaHraxy npodiaro Kpuia 1 Horo 3aJIeKHICTh BT KyTa aTaku

12 ®opMu Hecyunx TOBEPXOHb B IUIaHI, OCHOBHI T'€OMETPUYHI 1 KiHEMaTH4YH1

napaMeTpy HeCyYuX MOBEpPXOHb JIA



13 OxapakTepu3yBaTi CyTHICTb IMiJICMOKTYBAJIbHOI CHJIM 1 ii BIJIUB Ha TpadiuHy
3anexHicts Cx(a)

8 MeToauuHi pekoMeHIalil 010 MOCIiTOBHOCTI i 00CATY BUKOHAHHS
Ta 0)OPMJICHHS KyPCOBOI po00oTH

8.1 IloOynoBa cxemu KpuJia i Bu3HavyeHHs iioro CAX.
Po3paxyHoK 1o Kpusia i LIBUAKICHOT0 THCKY
3a BUX1IHUMH JJAaHUMHU 3T1JTHO 3aBlaHHA (mabauys 1) 1o KoopJuHATaM OTIOPHUX
TOYOK KpHJIa CKJIaJJHO1 ()OpPMU B IJIaH1 OyyeThCs 32 MacITabOM IpaBa MOJIOBUHA
kpuna (JJooamox ).

Tabmus 1
Buxinni nani ayis no0y10BY paBoi MOJOBUHU KpUiia
HasBa koopauHar 1 2 3
Xi, M 0 3 7,5
Yin, M 7 4 2
Yis, M 2 1 0,5

['padpiuanm mMeTomoM Bu3HAYaeThesl po3TanryBanas 1 po3Mmip CAX kpuna. Jls
I[LOTO MpaBa MOJOBHHA KpHJIa MOAIIAEThCs BiapizkoM BC (Di) Ha KOMJIEBY 1 KiHIIEBY
gyacTiHu Kpwia. Crnodatky Bu3HadaeTbcss CAX KOMJIEBOI YaCTUHM, BIJIKJIABIIN
Biapizku BC nig AD 1 AD nan BC. Hanpuxnao, BigmivaroThes Touku 1 u 1°. Kpim
IIOTO TPOBOJIUTHCS CEPEAHS JIiHISA KOMJICBOI YaCTHHHM KpPWJIA, 3 €HABIIA TOYKH,
Hanpuknad, m. 4-6. Ilotim 3’eanyroThess m. 1-1° uwepes m. 5 (mouxku nepemuny
npsimux 4-6 i 1-1"), Bu3Hauaem xopay ba.o sika 1 € CAX KOMJICBOI YaCTHHU KpHJIa.
AmnayoriuauM criocoboM BusHadaeTbcss CAX KiHIEBOT yacTUHU Da.x. 3’€IHYIOTBCS
KIHIII BU3HAYCHHUX XOPJI KOHCOJBHOI 1 KiHIeBoi npssmumu JiHissMA KN 1 LM. Takum



YUHOM, OTpuUMyeMo TpanerieBuane kpwio KLMN, mis skoro aHajJoridyHUM
rpadiuaum cocobom BuzHadaeTbes CAX MOBHOTO €KBIBaJICHTHOTO KPHUIIA.

[ToOynoBane ekBiBaJE€HTHE 3a IUIOIICIO KPUJIO Ma€ aHAJIOTIYHI aepoJuHaMIvHi
XapaKTepUCTUKU 1 MOMEHTH, SIK 1 y peaJbHOTO Kpuja CKJIagHoi (opMU B IUIaHI.
BukopucroByroun MacmTa® cxemMH Kpuiga Bu3HadaeTecsi  posmip CAX
CKBIBJICHTHOTO KpHJa i HOTO TOBXKHHY.
Hanpuxiao.

ba=34m; |=7,5m.
Po3paxoByeThbes TI0IIa eKBiBaJIeHTHOTO Kpruia (S) mo dpopmyii, nanpuxnao:
§=2-by-l=54m (1.1.1)

3a manumu MixHapoaHoi cranmaptHoi atmochepu (MCA) BU3HAYAETHCS
MacoBa TYCTHHA TOBITPS AJIA 33/JaHOT BUCOTH, a TaKOX PO3PaXOBYETHCS MIBHIKICTDH
nosiboTy B cuctemi CI, B m/c, 11i AaHi 3aHOCATHCS B 3BeJICHY TaOHUIIIO (mabauyio 2).

Tabmuis 2
Buxinni nani ajis po3paxyHKy MIBUAKICHOTO TUCKY
[TapameTpu Po3mip
H, m 1500
p, kr/m® 1,058
V, kM/4q 450

3a BuxigHUMH daHUMH (mabauys 2), po3paxoBYy€eThCS MBUAKICHUN THCK ((), 3a
dbopmyIior:

2
q= % = 8265,6 a

8.2 Xapaxkmepucmuka, po3paxyHok i nooyooea 2pagikie 3anexicnocmeil
C_vr-: = f(a), C.o = fla),
3a sustamun 3 rpadikie Cp, (@) i C.n(Cy,) (Hooamox JK) koHTpoNbHUM
TOYKAM JUISl BIAMTOBIHUX KyTIiB aTaku 3anoBHIOEThCS Tabauya 3 (Jooamok...).
3a BUXIIHUMH HaHUMHU madiuyi 3 OynytoTbest rpadiku 3anexsocreit C,, = f(a)
(Hooamok...)iC,, = f(a) (Hooamok...). Ha rpadiubmux 3a1€KHOCTIX BiAMI4arOTHCS
XapaKTepH1 IUTbHUII 1 KIHEMAaTUYHI TapaMeTpH, a came:
1 Ha rpadiky C,,, = f(a):
— @p — KyT atak, npu skomy C,, = 0. Lle CBIX4UTh PO TE IO THCK HA BEPXHIH
1 HUKHIH TTOBEPXHOCTSAX MPOdis piBHUH.
@y — KYT aTaku TpPU SIKOMY PO3MOYMHAETHCS BIIPUB TMOTOKY 3 BEPXHBOI
YaCTHHU XBOCTOBOW YACTUHH MPOD1IO.



— SIKIO KYT aTakKu ty < @y . — TO OOTIKAHHS IUTaBHE, OC33pUBHE.

— SKIIO KyT aTaku (g = @y . — IOYATOK 3pUBHOTO OOTIKaHHS.

— KYT aTakd ®y, — L€ KyT aTaKkd, PHU AKOMY 3PHUB OXOIUIIOE OUIBLIY YACTUHY
BEPXHbBOI MOBEXHI MPO(P1isis 1 TeUist cTae HECTIHKOIO, IIOTOK TO BiIPUBAETCS, TO
MPKAMAETHCS 10 TIOBEPXHI MPO(]1III0 1 BUHUKAE SBUIIE TPSACKH.

— KYT aTaKd @, — Ue KyT aTaKkd, PH SKOMY BCsS BEpPXHs MOBEPXHSA MPOQLIs

OXOIlJICHA 3pUBOM IIOTOKY.

Binmitku mapameTtpiB koedinienta Cya Ha rpadiky:

— Cyq max — MAaKCHMaJIbHE 3HAYCHHS KOCOILEHTA L, , TIPH KYTI aTAKH Wy ;

— (g rp — 3HAUCHHS KOCOimienTa C,,, KOIM PO3MOYMHAETHCS TPSICKA - KyT aTaku
Arp:
— (g u.c, — 3HaUCHHS KOe(inienTa C,;, KOIH PO3MOYMHAETCS 3PHB MOTOKY — KyT
aTaK Oy .
2 Ha rpadiky C,, = f(a):
— C,o — xoeodimient mno6osoro omopy mpu C,,=0, skuii BkIroYae B ceOs

Koe(illi€HTH TePTS 1 TUCKY TIPH KyTi aTaku ap=0;
— A - C2 = Cxa,i — KOeQiLliEHT iHAYKTUBHOIO OIODY.

a) Oy < O < Q.

Puc ... Cxema o0TikaHHs npod U0 KpUiia TP BIAPUBHOMY
1 HE BIAPUBHOMY pEXUMax

30UTbLIEHHST KyTa aTaKyd MPHUBOJIUTh, C OJJHOI CTOPOHHU, A0 OUIBIIOI AedopMariii
CTPYMUHOK, 301JBIIICHHIO MIBUIKOCTI TOTOKY 1 30UTBHIIICHHIO 30HU PO3PIHKEHHS Ha
BEpPXHIN MOBEPXHIi, a 3 IHIIOI CTOPOHU — JO TaJbMyBaHHS MOTOKY 1 IiJIBUIICHHIO
THUCKY Ha OUIBIINA YacTUHI HWKHBOT MOBEepxHI npodisiss. BHacHi0K mboro migioMHa
cuita npodins kpuia Cy,, ipu 301bLICHI KyTa aTaKu Bill & 00 Gup TBULIYETHCS,

30UTbLIEHHS KyTa aTaKy MOHAJ KPUTUYHUHN @i > dxp TPUBOJIUTH 10 PO3LIUPEHHS
3pUBHOI 30HM 1 MiAMOMHA CHJIA, JOCSTHYB MaKCHUMAJIbHOTO 3HAYCHHS IMOYMHAE
3MEHIIIYBAaTUCh, TaK KaK TMOJAJbIIe 30UIBIICHHS KyTa aTakKd TMPU3BOAHUTH [0
PO3MOBCIOKEHHS 30HU 3pUBY Maii’kKe Ha BCIO BEPXHIO MOBEPXHIO TTPOPiIs.



Cuiia 1060Boro omnopy mnpodiis Ipu J103ByKOBOMY OOTIKaHHI BKJIIOYAaE B cebe TpHU
CKJIa/I0B1 YaCTUHU JIOOOBOTO OTOPY:
Cxa = Cx,o +CX,mp+CX,i
eoe
—  Cxo — onip mucky — BUHUKAE 13-3a PI3HUII TUCKY Iepea IpodiieM 1 3a HUM.
Po3mip onopy 3anexuthb Big hopmu mpodis.
—  Cxmp — onip mepma. Cunu B’A3KOT0 TEPTS B IPUMEKOBOMY I1apl BU3UBAIOTh
OIIip TEPT, 1O Jii€ 3 OOKY MOBITPS HA TIJIO, IO PYXAETHCS B HHOMY.
Omip TepTs 1 omip TUCKY (HOPMYIOTh HpodinbHULl onip, TPU LILOMY OIIp TEPTS B
ckJIaJil MpoduUIbHOTO ornopy cianae 6au3bpko 80 %.
Cxa,p = Cx,0 +CX,mp
- Cx,i -inoykmuenuit onip. Ilpu 0O0TIKaHHI peaJbHOTO KpWJia BUHUKAE
NEepeTiKaHHs MOBITPs 13 00dacTi MIABMIIEHHOTO THUCKY IIIJI KPWJIOM B 00JacTb
MOHIDKEHOTO TUCKY HaJ KpwioM. Lle mpu3BOAUTH 1O MOSIBU BHUXPOBHX JKIYTIB, 5K
3XOAATh 3 OOKOBHX KpOMOK Kpuia. BuxpoBa Teuiss BU3MBAa€ MOSABY 1HAYKTHBHOL
IIBUKOCTI, BU3BaHOI KYyTOBOIO IIBUJKICTIO OOEPTaHHS BUXOPY, CKOIIEHIO MOTOKY 1

NOSIBI MPOEKIIi AIMCHOT MiIHOMHOT CHJIM Ha BICh OX 3B’s13aHOI CUCTEMHU KOOpJMHAT,
SIKa HOCUTb Ha3BY iHOYKMU8H020 onopy Cxa,i.

Cyma omopy Teprts i TucKky mnpu Hy’lboBiii migiiomuid cumi (Cya = 0)
no3navaercst Cx,o:

Cx,o + Cx,mp = CX,O

Toni 3aranbHe piBHSAHHA KoOe(QIll€HTa JOOOBOrO OINOPY MpPU JT03BYKOBBIX

MIBUAKOCTSIX T€Uii MAET BU/I:
Cxa = Cx,0 +Cxa,i

Ha rpagiky 3amexsocti C,, = f(a) BigMidaroTbcs CKJIagOBI YaCTUHH

CYMapHOTO JJ000BOTO OTOPY.

8.3 Xapaxkmepucmuka, po3paxynok i nooyooea cpagikie 3anexcnocmeil
C,=f(a) C;=f(a)

Huist mobynosu rpadikis sanexHocrein C, = f(a) i C, = f(a) meoOxigHO
nepepaxyBaTh 3HAYCHHS KOC(illieHTIB aepOAMHAMIYHUX CHIT Cya i Cya 13 IBUAKICHOT
CUCTeMHM KOOPAWHAT B 3B’si3aHy, MJis1 IIbOTO BUKOPHUCTOBYIOTHCS HaIpaBJIAIOYl
KOCHHYCH 3 JIOTIOMOTOI0 HACTYITHUX (POPMYIT IEpEepaxyHKYy:

C,=C,q-cosa+C,, sina
C,=C,o-cosa—C,, -sina

B 3ammcii xypcoBoi poOoTH HEOOXITHO HABOAUTH (PParMEHTH PO3PAXYHKY

JOBUILHOTO 3HA4YeHHs KoedilieHTa Cl JUIS. JIOBUTBHOTO 3HAYEHUS KyTa aTakw,

Hanpuknao, I Kyra & = 2°;



C,(2°) = 0,3- cos(2°) + 0,015 sin(2°) = 0,299
Po3paxynku xoedinienta C, s pelTH KyTiB aTaku BUKOHYIOTbCS B UEPHETI],
a pe3yJIbTaTH PO3PaXyHKIB 3aHOCSATHLCS B 3BECHY TAOJHITIO pa3paxyHKiB.
HeoOximHo HaBoguTu  (parMeHT poO3paxyHKy JOBUIBHOTO  3HAYEHHS
koeirienta Cx 1S TOBUTLHOTO 3HAUEHHS KyTa aTaKh, HANPUKIAo, Uit Kyta & = 27
C,.(2°)=0,015-cos(2°) — 0,3 -sin(2°) = 0,004
Jlis pemT KyTiB aTakd PO3paxyHKH BUKOHYIOTHCSI B UEPHETII, a pe3yJbTaTh
PO3paxyHKy 3aHOCATHCS B 3BEJICHY TaOJHUITIO pO3pPaxyHKIB.
BuxopucToByoun po3paxyHKOBI BEJIWYMHHU HaBeaeHi B Tabauyi 3, OyIyrOThCS
rpadixu 3anexuocreii €, = f (&) (Jooamox....) 1 C, = f(a) (Jodamoxk...).
Ha rpadikax HaHOCATBCS XapaKTepHI JIIbHULIL:
1 Ha rpagiky 3anexsocri C,, = f(a):
— () jmax — MAKCHMaIIbHE 3HAYCHHS HOPMAIbHOI CHIIM TIPH KYTi ATAKH Olxp.
— @, — KPUTUYHUIH KYT aTaky;
— Cy =0 mpu KyTI aTaku @i = do
2 Ha rpadiky 3anexuocrti C, = f(a):
— (., — xoedimi€eHT MMiICMOKTYBaJIBHOT CHIIH;
— Cxo - koeditieHT mo3aoxuHoro omnopy npu Cy = 0.

8.4 Xapakmepucmuka, pazpaxynok i nooyooea cpagikie 3anexicnocmeil
Y,=f0)iX, = f(a)

AepoMHaMIYHUMH CUJIaMU HA3WBAIOTCS CWJIM, IO BUHHUKAIOTh B PE3yJbTaTi
MEXaHIYHOI B3a€MOJIT pyXOMHX T1J1 B IOBITpsiHOMY moTotri. [Ipu 1iboMy, pyX moBitps,
13-3a B’SI3KOCTU, BU3UBA€ BUHUKHEHHS HA TTOBEPXHI TiJIa CHJI OTIOPY TEPTH.

Taxum wunom, Ha KOKHHH €JIEMEHT T1JIa, 110 OOTIKAETHCS TOBITPSM, JIIOTh CUIIN
HOPMAJIbHOTO THCKY MEPHNEHIUKYISPHO J0 MOBEPXHI TiIA 1 CUIM ONOPY TepTH, SKi
JIOTH TIO KOB3HIN JIO MOBEPXHI I[LOTO TiJIA.

Po3nopineHi mo moBepxHI Tija HOPMalbHI 1 KOB3HI CHJIBI MOKHO CKJIACTH 1
BU3HAYUTH PO3MIP PE3YJIBTYIOUOT a€pPOIUHAMIYHOT CHIIH.

PesynbTyroua HOpMaJIBHHX CHJI TUCKY 1 KOB3HUX CHJ TEpTs, IO JIIOTh Ha
MOBEPXHIO TJIa, HA3UBAETCS PE3YJIBTYIOUOI0 200 MOBHOIO a€POAMHAMIYHOIO CHIIOHO 1
MO3HAYAETHCS OYKBOIO R.

Ha po3mip 1 HanpssMOK J11i MOBHOT a€pOIMHAMIYHOT CUJIU BILTUBAIOTD:

—  WeUOKIiCMb HAOI2aouo20 NOGIMPAH020 NOMOKY,; opma npodinio;

—  nojodiceHHsi npo@into  BIOHOCHO 8eKMOpa WBUOKOCMI NOBIMPAHO2O0

NOMOKY,
—  uucno Maxa, sike xapakmepusye CmyniHb 6niugy CMuciueocmi nogimps,



— uyucno Petinonvoca, sAxe xapaxkmepuzye CmyniHb 6nAUBY 8 A3KOCU

noBIMpA,;

—  Wepoxoeamicmb NOGEPXHI MIIA,; MmemMnepamypa noGimpsi.

YacTo B aepoarHaMiIll JUIsl aHAJIU3Y BUKOPUCTOBYIOTh HE MIOBHY a€pOJAMHAMIYHY
CUJIy, a i1 MpOoEKIIi Ha BIAMOBIAHI BICI IIBUIKICHOT CUCTEMU KOOPAMHAT: MigioMHAa
cuJia 1 cuiia JJOOOBOTO OTOpY.

Iioiiomnoro  cunorw  (Ya) Ha3WBaeTcs  TPOCKINSL  PE3yJNBTUPYIOYOI
aepoxuHaMiuHoi cutsl (R) Ha Bick 0Ya, a came mpoekiis cumu (R) Ha meprneHauKymsp
70 BEKTOPY IMIBUIKOCTI MOBITPSHOTO TOTOKY, IIO JIGKUTh B IUIOUIMHI CHUMETPil
oOtikaemoro Tina. [ligiioMHa cuiia BUHMKae abo MpH HASBHOCTI KyTa aTaku abo mpu
HAsBHOCTI KPUBU3HU TpOoPUIs, KOIM BUHUKAE PI3HULS THUCKIB HaJ 1 MiA
MOBEPXHOCTSAMHU 00TIKAEMOTO TTPOPLITIO.

Cunoio 10006020 onopy (Xa) Ha3UBAETHCSA TMPOCKINiS pe3ynbTyrouoil cuiau R Ha
Bicb OXa, a caMe IO HampsIMKy BEKTOpa IIBUAKOCTI HE30ypEeHOIro MOBITPSIHOTO
MOTOKY, BOHA TIEPECKO/KAE€ pPyXy TiJda, HaMaraeTbCs 3arajJbMyBaTd MHOTO 1
HalpaBlicHAa [0 BEKTOPY IIBHUIKOCTI HAOIrarouoro TOTOKY (npomu Hanpsamxy
noavomy JIA). 3BijcW, SK HACIiJOK, IOBHAa aepoJuHAMIYHa CHJIa R zapxau
BIJIXWJIEHA Ha3aJ B1J] IUIOLIMHH, MEPIEHIUKYISPHOI BEKTOPY IIBUIKOCTI OBITPSIHOTO
MOTOKY 1 cwjia J0OOBOTO ONOPY Ma€ BiJ’€MHE 3HAUYCHHS B NPUHHATIN cHCTEMI
KOOpJAMHAT.

[ToGynosa rpadikis 3anexunocreit ¥, = f(a) i X, = f(a) moxnuBa nuie micie
BUKOHAHHS pa3paxyHKiB 1o ¢opmyii M. €. JKykoBcbKOT0O TpH BITOMHUX 3HAYCHHSX
koeditienTi Cy,, i Cyrq, @ TaKke pO3PaXyHKOBHX 3HAYCHHAX HIBUIKICHOMY THCKY i
IUIOLLI KpuUJIa.

Po3paxyHOK po3Mipy IiAHOMHOI CHIIH Y, BUKOHYETHCS 110 (hOPMYJIi:

Yo=0C,.q5

BukoHyeTbcs po3paxyHOK JUTsl TOBUTBHOTO 3HAYEHHS KyTa aTakW, HAnpuxiao,
nnakyta @ = —4% Y, (—4°)=—0,1-8265,6-51=—42-10* ,H

Po3paxyHOK BeIWYMH TOMWOMHHUX CHJI JUISI PEIITH KYTiB aTaKd BUKOHYETHCS
aHAJIOT1YHO HA YEPHETIIl 1 3aHOCUTCA Y 3BeACHY maoauyy 3.

Po3paxyHOK po3Mipy CHIIM TI0OOBOIO OIOPY X, 3IHCHIOETHCS 3a (POPMYJIOKO:

X, =CraqS

3MiACHIOETHCS PO3PAXYHOK /ISl JOBUTRHOTO 3HAYCHHS yTila aTaku, HanpuKkiao,
s ¢ = —4°;

X, (—4°)=0,02-82656-51=8,4-10°,H

Po3paxyHok BenuuMH cui  JOOOBOTO OINOPY /MJis PEIITH KYTIB aTaku
3IMCHIOETHCS AHAJIOTIYHO B YEPHETIII 1 3aHOCUTHCS B 3BEJIEHY mabiuyro 3.



ITo po3paxyHKOBHM 3HAaYeHHSAM OyayeThes rpadiku 3anexHocreit Y, = f(a)
(Hooamox )i X, = f(a) (Jooamox ....).
Ha rpadiunnx 3aneXHOCTSIX MO3HAYAIOTHCS XapaKTepHI AUTbHHULIL
1 Ha rpadiky 3anexsocti ¥, = f(a):
— Y, jmax — 3HAUEHHSI MAaKCUMAJIBHOI ITOAMOMHOI CUIIY;
@ty — KPUTUYHHI KYT aTaky.
2 Ha rpadiky 3anexnocti X, = f(a):
—  Xa,min— MiHIMaJIbHE 3HAYEHHS CHUJIU JIOOOBOTO OTOPY;
—  OCx,min— KyT aTaKu IPH SKOMY CHJIa OIIOPY MiHIMaJIbHa.

8.5 Xapakmepucmuxka, po3paxynok i nooyooea zpagiky 3anexncnocmi
aepoounamiunoi axocmi 6io kyma amaxu K=f(a)

3 aepoAMHAMIYHOI TOYKH 30pY HAMOUIBII JOIIBHUM € TaKe KPUJIO, SIKE BOJIOIIE
BJIACTHBICTIO CTBOPIOBAaTH MAaKCHUMAJIbHO MOXIIWBY TOJHOMHYIO CHIy MpH
MIHIMQJIBHUX BUTpaTax Ha MOJ0JIaHHS J0O0BOTO onopy. JJis OLiHKK aepoguHaMIYH1
JOCKOHAJIOCTI KPHJIa BBEICHO MOHATTS apOIUHAMIYHOI SKOCTI Tpodins (kpuia).

AepoMHaMIYHOK0 SIKICTHO KpHJIa Ha3WBAETCs BIJHOIICHHS KoedilieHTa
MITAOMHOI CHJIH JI0 KOe(]iIli€eHTa CUIIM JIOOOBOTO OTMOPY MPH OAHOMY 1 TOMY e KYTi
aTaKu:

Cya
C

s BenmuumHa mpeACTaBiIsie COOOK TAaHIMEHC KyTa HaxWily IOBHOI

K =

X

aepoaMHAMIYHOT CHIIH Ra 10 HAMPSMKY BEKTOpA MIBUIKOCTI HE30YPEHOTO MOTOKY:
K=tge
ne
- @ — KyT HaxXwiy pe3yJIbTyr4oi Cuiu Ra BIIHOCHO BEKTOpa MIBUIKOCTI
HE30ypeHOro MOBITPSIHOIO MOTOKY .

MakcumanbHa BeIHMYUHA aepOJAUHAMIYHOT AKOCTI it ipodinst (kpuna) (Kmax)
BIJINIOBIJITa€ HAWBHUTOIHINIOMY KYTy aTaKH (@ug) 1 YMOBHO TPEICTaBISE COOOIO
JaJIbHICTh M1aHyBaHHs 3 BUcotu H = 1000 m B He30ypeHiit atmocdepi. YuM MeHblIIIe
7000BUK omip MNpodUIF0 TPH OJWHAKOBIM MOJAWOMHINA CcHill, THUM OlJIbIIa
aepoMHaMIvHa SKICTh.

Ha aepomunamiuHy $KICTh BEJIUKHN BIUIMB 3I1MCHIOE KYT arakd. 31
30UIBIICHHSIM KyTa aTakd JO0 HAWBUTOAHINIOTO aepoJMHaMiyHa SKICTb 3pOCTae€, a
MOTIM 3MEHIIYEThCS 13-32 3MEHIICHHS BIJHOIIEHHS MK TMOJHOMHOIO CHJIOK 1
noboBuM omnopoM. Ha aepoauHamiuHy SIKICTh HOpo@UIs BIUIMBAIOTH: BITHOCHI
topiuHa (C) i kpususzHa npodins (). IIpu npomy Oinmbinuii BIUTUB 31iKCHIOE hopMa



npodisis, popma HOCKA 1 MiICIe 3HAXO/KEHHSI MaKCUMaJIbHOT TOBIIUHHU TIPOQIIs MO
XOpi.

dopma kpuia B IUIaHI TaKOXX BIUIMBAE HA aepOJMHAMIYHY SIKICTh Kpuia. Jlms
OTpUMAaHHS HAWOUTBIINX 3HAYeHb SKOCTI HaWKpamorw ¢GOpMOI Kpuiaa €
IUIINCOBUIHA (PopMa 3 3a0KPYTJIECHHOI MEPEAHBOI KPOMKOK. Take Kpujao Mmae
HalMEHbIIMN IHAYKTUBHUHN Omip. 301IbIICHHS MTOB3/I0BXKEHHS KpUjla 3MEHbIIIYE HOTO
1HIYKTUBHUHN OIIp, a BIJIMOBIIHO 301JIBIIIY€E HOTO aepOAUHAMIYHY SKICTb.

Cran moBepxHI Kpuia (uepoxosamicmv, X8UTbOBICHb NOB8EPXHI) BIUIUBAE HA
po3mip mpodinbHOrO omnopy. Tomy, MOMIMIIYIOUYM CTaH TOBEpPXHI Kpuia (abo
niompumyrouu il 8 3a008LILHOMY CMaHi), MOXHO JOOWTHCH HAWBUIIOI
aepOJIMHAMIYHOI SIKOCTI Kpuiia (rimaka).

JInst po3paxyHKy aepoJuHaMIYHOI SKOCTI 1 MOOYyIOoBU rpadiky 3aJeKHOCTI
K = f(a) BukopucTOBYIOTHCS KOE(DIllI€HTH iTHOMHOI CHJIM 1 CHIIM JIOOOBOTO OIOPY
JUTSL BIJIMOBITHUX KYTIB aTakW, 3aHECEHUX B 3BEJEHY TaOJMIly 3a pe3ysibTaTaMmu
MPOJTYBKH 3a1aHUX MPOQUITIB.

Po3paxyHOK BeIMYMH a€pOIMHAMIYHOI IKOCTI BUKOHY€ETBHCS 110 HACTYIHIN opMyIi:

K= €ya
C.‘l'!'-!
HeoOxigHO BUKOHATU PO3pPaxyHOK Jig JOBLIBHOTO 3HAYEHHS KyTa aTakw,
Hanpuknao, I KyTa ataku @ = —4°;
0,41
K(4°) = =205
(4°) 0,02

Po3paxyHOK njisi pemTu KyTiB aTakKu BUKOHYETHCSI HA YEPHETIIl aHAJIOTIYHO SIK 1
s Kyra araku @ = 4° PesymbTatd po3paxyHKIiB 3aHOCAThCS B mabnuyy 3. 3a
JTaHUMH po3paxyHKiB Oyayerses rpadik K = f(a) (Jooamox...).

BukoHy€eTbCS pO3paxyHOK aepoJIMHAMIYHOI SIKOCTI JUIsl ABYX 3HAa4€Hb KYTIB
aTaku, IPU SKUX CIIBBIJHOIIEHHS M1 MOJHOMHOIO CUJIOKO 1 CUJIOK J00O0BOr0 OMIOpY

OJIMHAKOBE:
_ Cya,al _ C:ya,nz2

Cxa, a Xa, a,

K = const

Ha rpadiky 3amexsocti K = f(@) HaHOCATBCS XapakTepHi TiNBHUIN 1
napameTpu.
—  K,,.x — MakcuManbHa aepoauHaMIiYHA SKICTh;
Oy — HAUBUTOHIMIIIUN KYT aTaKH;

— 01, a2 — KyTH aTaKd, IPH SIKUX aepoJrHaMIYHa SKICTh OJJHAKOBA.

8.6 Xapaxmepucmuka i nodyooea zpagixa nonapu I pooy



3anexHicTe KoedilieHTa maioMHol cum L, Bix KoediuieHTa 1000r0 0nopy

Cya IS OMHAKOBUX KYTIB aTakd — HAa3MBA€TCS IIOJISIPOIO IIEPHIOro poxy abo
NOJSIPHOIO stiarpamoro I pody 1 onmcyersbest sanexHicTio Cy, = f(Cyp).

I'eomerpuuno nossipa I pody tnpenctaBisie cobow ABa MoeAHaHUX Tpadika
sanexnocredt Cy, = f(a) 1 Cra = f(a). ®isuuno momspa I pooda TpencTaBisie
cO00I0 TEOMETPUYHE MICTO TOUOK KIHIIS BEKTOpA MOBHOI aepOJMHAMHYHOI CHUJIM TIPU
3MiHI KyTa aTaKH.

[To BUX1AHUM JAaHUM 3BEJICHOT madauyi 3 ISl KAKHOTO 3HAYEHHS KyTa aTakd 3a
3HaueHHAMH Koeditientis Cy,, i Crq OymytoThes rpadik sanexnocti Cy,, = f(Cyp) —
TaKUM YUHOM OyyeThes noisipa I pody (Jooamok ...).

Ha rpadguky mnonspu I pody HaHOCAThCA HAWOUIbII XapaKTEpHI AUIBHUIN 1
napaMeTpHu:

— @y — KyT, ipu sikomy C,,, = 0, a C;; Mae Many BeMUMHY, 10 BiNOBiIa€

HEBEJIMKOMY 3HAUYEHHIO KyTa aTaku, 1 BU3HAYaeThcsi (popmoro mpodiiro 1
WOT0 BHJIOM;

- acemin — KYT, IO BIIIOBIA€ MiHIMaIbHOMY 3HA4YeHHIO Cyp;

— @y; — HABUTOJIHIILIMI KYT aTaku, MPU IKOMY aepOJMHAMIYHA SIKICTb M€
MakcuManbny Beamunny K = K, ... BennmunHny MakcuMaiabHOI SIKOCTI Ha
rpadiky noJiipu BU3HAYA€THCS HACTYIHUM YHMHOM: IPOBOJUTCS TOTUYHA JI0
HOJISIPY 13 TOYKHM MoYaTky Bice#t koopauuar. [Ipu mpomy K = K, 4., Tak s
KyT Haxuily AOTHYHOI 6 = &,,,, B MOPIBHAHHI 3 0000 IHIIOK TOYKOM
HOJISIPH.

- 0 — KPUTUYHMEA KYT aTakd BIINOBINAE MaKCHMMAJIbHOMY 3HAYCHHIO
KoeimieHTa €y mqy - [IpU nOJANBIIOMY 30UIBLICHHI KyTa aTaku @ Ouiblie

KPUTUYHOTO @, 13-3a MOSIBU 3pMBa MOTOKY Ha BEPXHINA MOBEpXHI Mpodisis

Kp
BenmunHa (), — 3MEHINYeThCHA, a KoedilieHT JI000BOro Oropy Cra
30UTBIITY€THCSI, TOMY TpadiK MOJISPH BIAXUISETHCS BIPABO 1 BHU3.

Takox Ha monsipi I pody HaHOCSTHCA KyTH aTakd, MPH SIKUX aepoAMHAMUYHA
AKICTh Ma€ OJMHAKOBI 3HaueHHsA. L[i KyTM BH3HA4yalOThCsS LUISXOM IPOBEIACHHS
CIKYyLIOi JIIHII 13 MOYaTKy BiCed KOOPAMHAT MO Tpa@uKy MOJApU IS BIAMOBIIHUX
KoediuieHTis Cy, 1 Ca.

Hanpuxnao, na rpadiky nonspu diHis OB Bu3Havae KyTH aTaku o = 0 ap = 8
P SKUX aepOoJMHAMIYHA SKICTh OJMHAKOBA!

Cyr g =0° O =8°
K=2X—=2%_=const

Cyqg=0" Cyg=8"°

8.7 Dizuuna cymuicmy niocmMomKyeanoi cunu,
aepoounamiunozo yenmpy mucky i ¢poxyca npoginio. Ilonapa |1 pooy.



Jns aHamizy CTIMKOCTI 1 KEpOBAHOCTI JIITAJIBHUX amapaTiB 1 pa3paxyHKiB
KOHCTPYKTUBHUX €JIeMEHTIB Kpuia 1 JIA B wmioMy Ha MIIHICTh, YacTo OyBae
HEOOX1HICTh 3HATH CKJIAJOBI pE3yNbTYIOUOi aepoAuHaMiuHOi cuin Ra He B
IIBUIKICHIH, a B 3B’ SI3aHHIN CHCTeMaX KOOPIUHAT.

J1s1 11BOTO Pa3paxoBYHOTECS KOSilliEHTH HOPMAIBHOI C,, 1 TIO310BXKHOI CHJI C,
OpU PI3HUX KyTax aTrakd. Y HECy4YHX MOBEpPXHOCTEH 3 MpoduUIIMHU JTOCTATHHOI
ToBmmHN (€ > 5—6%) 1 3aKpyrJIeHOI MepeTHBOI0 KPOMKOIO CIOCTEPIracThes
IiKaBa 1 Jy>ke BaKJIMBA BIACTUBICTh: B CEPEIHINA YaCTHHI poOOYOro Aiama3zoHy KyTiB
aTakd pe3yJbTUPYIOYa aepoIMHAMIYHUX CHJT Ra po3TamioBaHa B MpOCTOpPI TakK, 4TO ii
MO3/I0BXKHA CKJIa/IoBa X HampaBlieHa 10 HOCUKa MPOLITIO.

[3 BekTOpHOT HiarpamMu pa3noJily TUCKY IO BEPXHIM MOBEPXHI MPOQiI0 Kpuia
BUXOJIUTh, IO HA MEpEeNHIi KpomIill Npodiyis BUHMKAE MK po3pijxeHHs. KoB3Ha
CKJIaZI0OBa HOPMAJIBHUX CHJI PO3PIKEHHS MO HANPSIMKY XOpAH MPOQLII0 MPU I[OMY
HaIpaBJIeHa BIEpe 10 HOCHUKa MpoQiisi 1 HOCUTh Ha3BY HIOCMOKMYBANbHA CULA.

HasiBHICTD niocMOkmyseanvhoi cunu Mae€ BENWKE 3HAYEHHS Ui JomaTei
HECy4oro rBuUHTa Beproiiery. Ll cuna 3abe3nedye 30epiraHHsa 4acToTy 0OepTaHHs, a
BiAnoBIIHO 1 Tsaru HIT Ha pexumi camMooOepTaHHsS, TakKUM YHMHOM 3a0e3levye
BUKOHAHHS TUIAHYBAHHSI 1 YCIIIIHOT MOCAJKH BEPTOJIETY Ha PEKUMI CaMOOOEPTaHHS
IIPU B1JIMOBI JIBUTYHIB.

[TincMoKTyBanmbHA CHJIa TPAKTUYHO BIJICYTHSI Y HECYYHMX MOBEPXOHb 3 TOHKUMU
npoduIsiMi, OCOONMBO TpU 3aroCTpeHHIN TmepeaHiil kpowmii. [le mosicHIO€ThCS
BIJICYTHICTIO JIOCTaTHBhOT MOBEPXHI JJIsI «HpukiaderHs TiKa po3piaxeHHs. Ha Takux
npOQUISIX CHJIM TUCKY MPAKTUYHO MEPIICHIUKYJIISIPHI XOP/il, @ CaMe BIC1 OX 3B’S13aHOT
CUCTEMH KOOPAMHAT, 1 X MPOEKIIis Ha If0 BICh, K y IJIOCKOI IJIACTUHU, BIJCYTHSI.
Tomy nms momaTedl HeCy4YMX TBHHTIB BEPTOJICTIB BHUKOPHCTOBYIOTHCS BIJIHOCHO
TOBCTI mpodim 3 3aKpPyTJICHOI TEPEAHBOI KPOMKOIO, SKI MalTh BHCOKI HeCydl
BJIACTUBOCTI 1 COPUSIFOTh BUHUKHEHHIO MiJICMOKTYBJIBHOI CHJIH.

[TincMokTyBanmbHa CHJIA HE BUHUKAE TaKOXX NPU HAI3BYKOBUX IIBHUIKOCTSIX
pPYXy, HasiBHICTh T'OJIOBHOI'O CTPUOKA YUIUIbHEHHSI BUKJIIOYAE MOKIIMBICTh MOSBU Ha
nepeaHiil KpoMili npodiis mika po3piHKeHHS.

3a po3paxyHKamu KOeQili€eHTiB HOpManbHOi (), 1 MO3IOBXKHOI C, cun mpu
pi3HUX KyTax aTaku Oymyerbcs rpadiuna 3anexHicts Cy = f (Cx), sika HOCUTH Ha3BY
noaapa opyz0zo pody abo nonspta aiarpamma Il poay ([Jooamoxk...).

Ha mossipi npyroro poy mo3Ha4aroThbCsl XapaKTepHI KyTH aTaku 1 JUTBHUIL, 5K 1
Ha mosisipi I poody. Tlpu HaAsSBHOCTI MiJICMOKTYBaJIbHOT CHJIM BEKTOp KoedirieHTa
noB310BkxH0i cunu Cx y BU3HAUEHOMY Jiana3oHi KyTiB ataku, (npubausto 4...6°),
CIpSMOBAaHUM IO HOCHKA €JIeMEHTa JIOMaTi, a caMe MPOTU HAMPSIMKY TMOJBOTY, Ma€e
3HAK «810 ‘emMHutl», TakuM YMHOM KoeditieHT Cx Bia’ eMHUH. [{lUM 1 MOSCHIOETHCS, 1110



rpagik moJsSIpH APYToro poay MOCIIIOBHO BiIXOAUTH BIIBO BiJ 3HAa4eHHS C, = €, 1
P KyTaxX aTaku, npubausno 4 - 6°, nepexoauTh uepes Bich (.

SIKIO K MiJICMOKTYBallbHA CUiia BiACYyTHS (V eunaokax, npuseoenux suuye),
koedimieHT mo3MoBkHBOI cuian C, 3aBKIM 3alIMIIAETHCS MO3WTHBHHM, IEKiIbKa
301IBLIYETECSL B 3HAaYeHHs (, 1pu 30UIBLICHHI KyTiB aTaku. B mpomy Bumaaky

MO3IOBKHA CHJIA 3aBXK M HAIPABIIEHA JJO XBOCTUKA MPOQIJIs.

Touka nmepeTuHy JiHIT 111 CUIIM PIBHOAIIOYOT aepoAMHAMIYHUX CHJT Ra 3 X0p1010
npodiis Ha3MBAETHCS LIEHTPOM THCKY eJIeMEHTa JjionaTi. BificTaHp BiJ IIEHTpa THUCKY
70 HOCHKa MpOo(dit0 MO3HAYAETHCS X7, TOMY PIBHSHHS MOMEHTY TaHTaXy MOKHO
3aMucaTh y BUTIISIIL

M, =-Y-X

llopiBHsiBIIM  BHpa3 MomeHta TaHraxa M, =—C, qSx; 3 3arajpHOIO
dopmynoro M, = m_Sqb, moxkHO oTpumati GopMyIly It BH3HAYEHHS BiJIHOCHOI
KOOPJIMHATHU LIEHTPa TUCKY 3 BpaXyBaHHsM Toro, o Cy = Cya!

m,=—C ¥ f{f,

3BIICH

Po3MmileHHs 1IeHTpa TUCKY MOKE 3MIHIOBATHUCh B 3JICKHOCTI B1J 3MIHM KyTa
aTaku, a caMe BiJl 3MiHA OCHOBHHUX ITapaMeTpiB: KoeQillieHTa MOMEHTY TaHTaxy (M)
i koedimienta momiomuoi cuiu  (Cya). Skmo mpodiae  eaeMeHTta  Jiomari
cuMeTpuuHuit, To ipu & = 0 momifomMHas cuiia i aepoAMHAMIYHHNE MOMEHT eJIEMEHTa
npoUII0 TaKOX PIBHAETHCA HyM0. SKIMO Tpodiib HECUMMETPUYHHM, TO TPH
HYJIbOBIHM MOAMOMHIN CUIII TIpH & = @y, 30€pIra€ThCSl HEBEJIMKUHN B’ €MHUI MOMEHT
TaHraxy M, < 0, MOSCHIOETBCS XapaKTEPHUM PO3IOIIIIOM HOPMAIBHOIO THCKY I10
MOBEPXHI MPOQLIIO.

Takuii po3MoaiJI THCKY BU3UBAE TOSBY TIAPH CHJL, TIPH IIbOMY PE3YIbTYIOUA SIKUX
PIBHSIETBCS HYJIO, a LEHTP THCKY, 3HAXOIWTBCS HAa HECKIYeHOCTi (ye eumixae i3
¢popmyau npu C,, = 0). IIpr oMy BHIJISHAE TPOXH AOCTPAKTHOO (i3MYHA ysiBa MPO
IIEHTP THUCKY. BHSABISETHCS, IS TOYKA MOKE BHXOJWTH 32 MEXI XOpAW Mpodis,
BILIAJISISICH BIPUTYJI 10 HECKIHUEHOCTI.

[Ipy wboMy € 1HImIA TOYkKa HaA XOpHal npodiisg, SKy OUIBII 3PYYHO
BUKOPHCTOBYBATH TMPH pa3paxyHKaX MOMEHTHUX XapakTepucTuk mpodimst. Tak sk
THEHHUN XapaKTep 3pOCTaHHS MiAHOMHOI CHIIM MPHU 30UTbIIIEH] KyTa aTaKy BU3HBAE 1
JMiHilHE 3pocTaHHs MOMeHTa Taunraxa M, o i 3anexuicte m, = f (C,) mo obmacri

MOYaTKy 3pUBY MOTOKY JIiHIHA, TAKUM YHHOM MOKHO 3pOOUTH BUCHOBOK, IO TIEYE
MOAMOMHO1 CHJIM TIpHU 301JIBIIEH]I KyTa aTaku (@) HE 3MIHIOEThCS, TAKUM YMHOM, BOHA



OPUIOKEHA MPH PI3HUX KyTax aTakd (@) B OnmHIA Toulli (nmpu uyvomy ninitina
sanexcnicmo misie momernmom M i cunoro Y nopywunacs).

MOMEHT aepoJMHAMIYHUX CHJI BigHOCHO Ii€i Touku (F) He 3amexuTh Bix KyTa
aTaky 1 3aBXkK/IM PIBHAETHCS [IOYATKOBOMY MOMEHTY TaHraxa M, , Tak sk cuia Y He

Jla€ MOMEHTY BiJIHOCHO TOYKH MPUKJIAJACHHA. TOUKy, BITHOCHO SIKOT acpOANHAMIYHHHA
MOMEHT TaHTaka 3aJHIIAEThCS TOCTIMHUM TpPU MajduxX 3MiHaX KyTa aTakw,
HA3UBAIOTh hoKycom (no Kkymy amaxu).

HaBenena cxemMa BH3HAYE€HHS a€pOJMHAMIYHOTO MOMEHTY BIIPI3HSIOTHCS THUM,
0 BiMiu€HO €(EeKT MOYaTKOBOrO0 HaBaHTaKeHHs mpu Y = 0, a caMme MOMEHT Bij
cuni Ra PO3/IIEHO HA TMOYATKOBUA MOMEHT Tanraxa M, (60 napu cun) i MOMEHT
B1JT OJHOMHOT CHUJIH.

Bincranb Touku (hokyca BiTHOCHO HOCHKA MPOGULIS TO3HAYAETCS XF.
PiBHSIHHSI JIUIs IPOJIOJIBHOTO MOMEHTY (8i0HOCHO HOCuKa npoghins, mouxa () Ma€e BU;

M,=M Zq Yyxp
Abo (6uxodsuu, wo C, ~ C,)

Aspodunamuieerul
goxyc

Puc. ..... Cxema aepoauHaMiuHoro ¢gokyca

m,5qb=m, qSb — C,q5xp,

3B1JICH
B C,xp _ c
m, =m, — b - m, — C X
- fig m _ m
Xp=——"+21=x +—2
¢, €, Cy

Bupa3 BcTaHOBIIOE B3a€EMO3BSA30K MK MICLSIMU PO3TAlllyBaHHS MOYKU (hoKyca
1 yenmpa mucky. Bupas nokasye, mo Uisi CUMETPUYHOTO MPOdiss UEHTP THUCKY
crhiBnaaae 3 pokKycoM, Tak K B IIbOMY BUIAJKy MOYATKOBUN KOE(DILIEHT MOMEHTY



TaHTaxa JUil CUMETpHYHOro mpodimo m, = 0. Jlns HEeCHMETPHIHOrO Mpodiss

(i, < 0) hoKycC 3HAXOAUTHCS MONEPETY LIEHTPA THCKY.

8.8 Dizuuna cymuicmo aepoouHamiuHO20 MOMEHNLY MAH2ANHCA

Jlnia aHamizy CTIMKOCTI 1 KEpOBAaHOCTI JIITaJbHOTO amapary HEOOXIAHO yMITH
BHU3HAUATH BEJIMUYMHY 1 HANpSAMOK MOMEHTIB BiJl aepOJMHAMIYHHUX CHJI BIJHOCHO
3aJlaHo01 TOYKHM Tima (Hanpuxnad, yewmpa mac) abo BU3Ha4deHOi Bici. Jlyisi mporo
HEOOX1THO 3HATH BEIMYMHY PE3YJIbTYIOUOi CHJIM 1 PO3Mip Ijieda BiJJHOCHO 3a7aHOl
Toukn abo Bici. JloOyTok mux aByx BenuuuH (cuau R = Cp5q na ii nneue x,) i
BU3HAYA€ MOTOYHUN MOMEHT TaHTaxa.

Ha wmamoHky TmoOKa3aHO CXeMy BHUHUKHEHHS MOMEHTAa TaHTaXka BiJ
aepOIMHAMMYHOI CHJIA MTPO(ias BIAHOCHO Hocuka npodins (mouxu (), abo oci OZ,

110 MPOXOAUTH YepPe3 HOCUK MPOPIs:
M, = —Ra = Cp5q

RI ]y,

enmp dasneHus

Puc. ... Cxema BU3HAUEHHSI MOMEHTA TaHT KA
BiJl aepOAMHAMIYHOT CHJTH MPOodiss (eJeMeHTa Kpuiia)

Takum ymHOM, HAa BEIMYMHY MOMEHTa TaHTaXXa BiJ aepOJUHAMIYHOI CHIIH
OyayTh BIUITMBATH AaHAIOTIYHI  (AKTOpW, BiA SKUX 3aJICKUTh BEJIMYMHA
aepoauHaMivyHOT cuiu Ra 1 siIKi BpaxoBYIOThCS 11 KOEQILIEHTOM pe3yJIbTYHYOi
aepogunamiunux cun Cp  (kym amaxu, ¢gopma mina). KpiM 1boro, Moxe
3MIHIOBATHCS 1 IJIEY€ @ BIAHOCHO TOYKU MPUKJIAACHHS cHIM Ra B 3B’s3Ky 31 3MIHOIO
HaMpSAMKY ii Jii (2iHii 0ii) 1iJ BILTMBOM aHAJOTTYHUX (DAKTOPIB.

1106 He ycknagHoBaTH (HOpMYJH, MOMEHT cuid Ra po3paxoByeThbcst IPU yMOBI
MOCTIHOTO, 3HAYEHHS IUIeYa, 110 XapaKTEepHO Jisi JaHOTO Mpodiato, a (paxTuyHa
3MiHa TIeYa BIITHOCHO TOYKH MPUKIAJCHHS CHIIM BPAXOBYETHCS IIISIXOM BiMOBITHOT



3MIHM Koe(]illieHTa MOMEHTa TaHTaXa, SKUW BpaxoByEe TakoX 1 (akTopu, 10
BIUIMBAIOTh Ha BEIMYMHY a€pOAMHAMIUHOI CHUJIH.

CTocoBHO 10 MpodiI0 Kpuiia 3a XapaKTepHUIl pO3Mip MPUHMAETHCS JTOBKUHA
xopau b, i dopmyna st mpoaOIBLHOTO MOMEHTY (MoMeHmy 8i0HOCHO NOnepeyHOl
gici) IpuMae BU/I;

M, =m,5qb
ae
- M, — KOoe}IIIEHT aePOJUHAMIYHOTO MOMEHTA TaHTaxy 1o oci OZ.
[3 ManroHKa BUWIUIMBA€E, MO MOMEHT TaHTaxa M; 3aleXuTh BiJ BEIHMYUHU

HOpMasIbHOI cui Y, a MOoB3J0BXKHA criia X, MOMEHTA BiJHOCHO Bici OZ He CTBOPIOE.

[3 puUCYHKY puc BUXOAWTH, IO MOMEHT TaHTaxa (Mz) 3aJIe)KHUTh BiJ PO3MIpY

HopManbHoi cumu (Y) i koopauHaTH LEHTPY THCKY (x,). Tomy 3amexHicTh

KoedilieHTa MOMeHTa TaHraxy Mz = f(a) BU3HAYAETHCS B OCHOBHOMY 3aJICIKHICTIO

KoedilieHTa HopMajabHOT clitk OT KyTa ataku Cy = f(a).
"

Cya’ml 4
0.5

03 1

0.1

-5><
-0,1

s

-0,3

-0,5

Puc ... Cxema BUHUKHEHHS MOMEHTY TaHTaxka npodisist (M),
sanexxHocti Cy(a) i mz=f(a)
ME =—R-'a

3anexHicTh Mz = f(e) mpu Manux KyTax aTaky Ha MMOYATKY € JIHIHHOIO, a MpH
NOpYUIEH] TUIAaBHOTO OOTIKaHHS Mpo@iis MpU BEIUMKUX KyTax aTakd, L 3aJeKHICTb
CTAaHOBUTHCS HENIHINHOIO.
Mz;=-Y x_, mpu yonosnn L, = €, momy<um
= _ -4 X =2
m; = —C,, , +OTCIOAa X, = o

Tomy, koedirienT MmomeHTa Tanraxa (IMz) Bix kyta ataku (O) BH3HAYAETHCS
sanmexHicTio (O, = f(a), ska 1 BU3HAYAE XapakTep 3MIHU KoedillieHTa MOMEHTa
taHraxa M, = f(a) (Jooamox...). TakuM 4uHOM, YMM OIIBIIUN KyT aTaku, THM

Oinpia HopMaibHas cuia (Cy), 1 TMM Oinbla abCOMIOTHA BEIMYMHA MOMEHTA Ii€i
cwiIH 1 KoedillieHTa MOMEHTa TaHTaxa (M;.)



Banexuicth M, = f(&) cooyarky JiHifHA, a NpWd OPONaJaHHI IUIABHOTO

OOTIKaHHS L 3aJI€KHICTb, 5K 1 3anexHicTs C,, = f(a), BIAXWIAETHCS BiJl JIIHIHHOTO

3aKOHY 1 CTAHOBUTHCS HE JIIHIMHOIO.

9 BuxiaH1 qaHi 171 BUKOHAHHS KyPCOBOi pOOOTH

Jlooamox A
Ta0murg 1
BUXIIHI JJAHI UL IIOBY IOBU KPUJIA
Ha3s Bapiaunrtmnu
Ba| 1 | 2] 3 | 4] s | 6 | 7 | 8 | 9 | 1
Koo KoopauHatu XapakTepHMX ONOPHHUX TOYOK KpHJIA
':ll;':123123123123123123123123123123
% 37 71 |2 3 3 7 3
o3|8lol4/90]|.|.]0[3.]o.|7l0]|.|8)o|.|9l0|3|8l0|3.]0]|. |8
Lm 5|5 50 |5 5 5 5 5
Y 3/1]16 5 1 1 115 115 1
o 161142 13|74 2]6/3|.|5(4|.] |4|2)6]4[27|4 .| |3
” 5/5]5 5 5 5 515 515 5
Y 110]o0 0 ol [1/0]ol1]|0]1 ol1| ]2 0/1/0
si, |1 21112 211 .11 211 0. (21
. 5/5]5 5 51 |5/5]5|5|5]5 55| |5 5/5|5
Tabmanis 2
BUXIJIHI JIAHI JUISI POSPAXYHKY ILIBHUAKICHOTI'O TUCKY
BapianTmu
ITapamerpu
1 2 3 4 5 6 7 8 9 10
H, m 0 500 | 1000 | 1500 | 2000 | 1500 | 1000 | 500 0 1000
V, km/200 | 300 | 350 | 400 450 500 300 350 | 400 | 450 | 500




Taomurs 3

SBEAEHA TABJJUUA PE3VILBTATIB PO3PAXVYHKY

IMapameTpu

PO3PAXYHKOBI TOYKH

112 (3|4

5

6

7

8

9

10

11

12

13

14

15

IMpumirka

o, rpaa.

Xao, H

Cx

Ta0muus 4

XapakTepHi KyTH aTakd aepOIMHAMIYHUX XapAKTEPUCTUK

KyTu ataku

a Cxa,min

o,

aHB

a w

an

aKp

Yucaose
3HAYEHH,
rpan.




MIHICTEPCTBO BHYTPIIIHIX CITIPAB YKPATHU
XAPKIBCHKUH HAIIIOHAJIbHUM YHIBEPCUTET BHYTPIIIIHIX CITPAB
KPEMEHUYYILKAH JbOTHUM KOJEXK

Muki0Ba KOMicisi aepoHaBiraumii

KYPCOBA POBOTA

(BapianT 3aBnanus)

Hucuumininu:  OCHOBM aepoJUHAMIKU Ta TUHAMIKH MOJIbOTY

lany3i 3Hans: 27 Tpaucnopt

CrneuianbHOCTI: 272 ABlaliiiHUI TpaHCIOPT

Crnemiamzanii: TexHiuHe 00CIyrOBYBaHHS Ta PEMOHT MOBITPSHUX CYJIEH
Ta aBIaJIBUTYHIB

(T.L.B. 3100yBava 0CBiTH)

Jomamns aapeca:
(mineku Onst 3006y6aua oceéimu 3a04HUKIE)

3aBIaHHA BUKOHAB:
(mignuc 3100yBaya OCBITH)

(maTa moaHHA)

3apnaHHs mepeBipuB: K. T .H, c. H. ¢, TATHIA B.T.

PesyabTaT nepesipku

(ominka)

(mignuc, nara)

Kpemenuyk 2021
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HHooamok B
_ 3pasok 3aé0anta na Kypcogy pobomy
XAPKIBCbKUU HALIIOHAJIBHUM YHIBEPCUTET BHYTPIIIHIX CITPAB

KPEMEHYYIIBKH JIbOTHUM KOJIEK

[{uxiioBa KoMmicisi: AepoHaBiramii

Jucuuriiza: OcHOBH aepoaMHAMIKH TAa INHAMIKA MOJILOTY
CrenianpHicTh: 272 ABiauiiiHuii TpaHcnopT

Kypc 2, rpyna  TMamc-20-16, Cemectp 4

3ABJIAHHA
HAa KYPCOBY po0oTy 3100yBaya oCBiTH

bYJIbbA TAPAC ITAHACOBHNY

Tema: PospaxyHok, moOyoBa rpadiuHuX 3ajJexkHOCTEH 1 aHall3 OCHOBHHX

aepOJMHAMIYHUX XapaKTEPUCTUK MPOdII0 HeCcyuux moBepxoHb JIA (BapiaHT
Ne XXX)

Ctpok 31au4i 3akiH4€HOT KypcoBoi podotu: «15» ciuna 2022 p.

BuxingHi gaHi 10 KypcoBoi poOOTH: KoOpOuHamu npagoi KOHColi Kpuia 32i0H0 eapianmy--
X1=0m, Yn1=6m, Y51 =1m; Xo=3m, Yn2=3,5m, YVs2=15m; Xa=8m, Yu3=1,5m,
Y33 = 0,5 m. Po3paxynkoea eucoma — 0 m, weuokicmo pyxy — 300 km/200. Mamepianu
oocnioxcenv npogpinto IJAT'H P-111-15,5, ocnoeni a/0 xapakmepucmuku npoginto ona X
eapianmy.

3MICT PO3paxyHKOBO-TIOSICHIOBAJIbHOI ~ 3allUCKU  (nepenik numawnb, AKi  nioasA2aioms
pos3ensdy). no euxionum Oanum zpagiunum cnocooom eusnauumu CAX Kpuna,
SUBHAYUMU NAOWLY KPUNA | WEUOKICHUI MUCK, HAgecmu OCHOGHI (i3uyHi napamempu
ammocgepu na 3adanin eucomi, suamu 3 zpaghixie Cya(a) i Cya (Cxa) 3nauenns Cya i Cxa
0n1s 6iOnoeionux Kymie amaxu, po3paxysamu a/0 cuau Ya i Xa, no nanpaenawuum
Kocunycam eusnauumu 3navenus a/0 koegiyienmie Cy i Cx euznauumu a/0 xoeghivicum
K(a), éusnauumu 6ionoeioni 3nauenus 01a noodyoosu noaapnux oiazpam I i I pooy.
Po3paxynkoei oani 3anecmu 6 36e0eHy madauylo, GUIHAYUMU XApaKmepui oonacmi 01
ao, Oxamin, Ons, Omp, Oxpy Ong. PO3Kpumu ¢hizuuny cymuicms niocmoxkmyeanvnoi cunu i iy
3nauenna ona HI' eepmonvomy. Po3kpumu Qizuuny cymuicme aepoounHamiynozo
Koeghiyienmy M;(a).

[Tepenixk rpadiuHoro Mmarepiany (nepenix 0008 s3k06ux Kpeciewv I epagikie): cxema
KoHconi Kpuna ¢ macuimaoi 32iono JJCTY, epagiunuit cnocio eusnauennna CAX kpuna,
epaghixu 3anexmcnocmeii Cya(a), Cxa(a), Ya(a), Xa(a), Cy(a), Cx(a), Cya(Cxa), Cy(Cx), K(a),
Mz(a). Hanecmu na zpaghpixax xapaxmepni 3nauenus Cyamax , Cxaomin , Cyans, Cyamp , Cyaue
, Cxayino. ,Cy,max Cxo,min, Kmax , AKi 6i0no6ioaroms Kymam amaxu oo, dxamin, Gz, Omp, Oips Cue.-
Ha nonapnux oiacpamax I i Il pody nosunni 6ymu naneceni Kymu amaxu, OOmuuni i
nepepizani ninii 0na xapakmepuux 3Hayensv Koegiyicumy a/0 akocmi. I'paghiku noeunni
oymu euxonani y eionogionocmi 0o eumoz /[CTY.

Jara Bunaui 3aBaanus: «10»eepecusn 2020 p.
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HHooamok I’
3pa3zoK KanenoapHozo niamny Kypcoeoi pooomu
KAJIEHJIAPHUM IJIAH
BUKOHAHHS KYpPCOBOi po0oTH
Crpok
Ne . . BUKOHAHHS .
Ha3Ba eraniB kypcoBoi po6oTu . .. | IIpumitku
3/m eTarriB KypcoBoi
poboTtu
Kypcant
(mignuc, nara) (npi3Bu1e, iHIIiaMN)
KepiBHuk

(mignuc, nara) (npi3Bu1Le, iHIIiaMN)
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3pa3zok 6i02yKy KepieHUKa Kypcoeoi pooomu

BIAT'VK

Mooamok I'-1

KEPIBHUKA ITPO KYPCOBY POBOTY 3/10BYBAYA OCBITH

(mpi3Bue, iM’st, 0-0aTHKOBI 3106yBaua OCBiTH)

Tema:

Po0oTa € BiznmoBigHoro moxao:

O aKTyaJbHOCTI;

O HOBU3HU;

O 3B’S3KY 3 MailOyTHROIO MpOdeECi€ro.
3mMicT poloTu BignoBinae Temi:

O IOBHICTIO;

O 4YacTKOBO;

O He BIAIOBIJAE.

Y po0orti onpanboBaHo:

O Bci HEOOXiaHI JKepena;

O HEeIOCTaTHS KITbKICTh JDKEPEd.
BucHoBku:

O BIAMNOBIZAIOTH TEMI;

O He BIANOBIIAIOTH TEMI.
OdopMmiieHHs CIHCKY JiTEpPaTYpPH BiANOBia€ BUMOIaMm:
O TOBHICTIO;

O YacTKOBO;

O He BIAMOBIJAE.

PoGoTa Ha KokHOMY eTamli MiATOTOBKH N01aBaJIacs KePiBHMKOBI:

O BYACHO;

O 13 3aMi3HCHHAM;
O He mojaBaiacs.
3ayBa'KeHHsI KepiBHHKA:

O BpaxoBaHi 1 ONpalbOBaHI;

O BpaxoBaHI YaCTKOBO;

O He BpaxoBaHi.

KypcoBy pobory:

O pPEeKOMEHIIOBAHO JI0 3aXHCTY;

O He peKOMEHIOBAHO J0 3aXHCTY.
Inui 3ayBakeHHs:

KepiBauk

(mignuc, I1.LB.)

« » 202 p.
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HHooamox /T
3pazox oghopmnenna smicmy noOACHIOBANbHOT 3aNUCKU
3MICT
5 0 P 3
L OCHOBHA HUACTHHA ... e e e nees 4
1.1 ITobymoBa cxemu Kprita 1 BU3HAUEHHS HOTO CAX ... ..ottt 4
1.2 BusHaueHHS IUIOMII KPHIIA 1 IIBUAKICHOTO THCKY . .« .t veneeteeteateneeneeteateneeneeneaneneeneennenens 5

1.3 BusnaueHHs koHTposibHHX TOouok 3 rpadikiB Cy,, = f(a) i Cya = f(Cxa) 32 BimnoBigHUMU
3HaueHHSAMU KyTiB ataku (3rigHo Honatky JK), BuzHauntu 3Ha4eHHS Cya 1 Cxa.vevvvvnvennenneannnn.. 6
1.4 XapakTepHucTHKa CUCTEM KOOpIUHAT. BU3HaueHHS aepoJMHAMIUYHKMX CUJI B IIBUKICHIHM cUcTeMi
KOOP/MHAT 1 aepOIMHAMIYHUX KOS(IIIEHTIB B 3B’ I3aHIH CUCTEMI KOOPIAMHAT. .. ... ueneeneeneanennen. 7

1.5 Xapakrepucruka i mooymosa rpadiunux 3anexHoctei Cya(a), Cxa(a), Ya(a), Xa(a), Cy(a),

O () TS 8
1.6 XapakTepHucTHKa, pO3paxyHOK 1 M00Y/10Ba 3aJICKHOCTI aePOIHHAMIUHOT AKOCTI K(Q1) .....ocvve... 9
1.7 Po3paxyHnok i mooymoBa aiarpam I poga Cya (Cxa), 1 11 poay Cy (Cx).evvevvenieniiniiiiiiin. 10
1.8 Xapakrepuctuka KoedimieHTa MOMEHTY TaHTaka M (o), IEHTpa TUCKY, IEHTpa Mac,
AePOAMHAMIYHOTO (POKYCY 1 MAPAOOIIH CTIHKOCTI. . .uutt ettt eeteee et et e e et e et e eeeeaeeaennn 14
CITMCOK BUKOPUCTAHOIL JIITEPATYPH. ..ot 20

JMOIATKIL. ... e, 21



37

HHooamoxk E

3paszok oghopmaennn cnucky eukopucmanoi rimepamypu

CIIUCOK BUKOPUCTAHOI JITEPATYPU

Aeponunamika mitanbHuX amapartis: [ligpyunuk/I’. H. Kotenbnikos, O. B.
MawmtokoB, B. 1. Cinkos, 0. M. Tepemenko. - K.: Buma ocsita, 2002. — 255
C.: 1L

Mxwutapsaa A. M. YueOuuk. AsponnHamuka: - M.: Mammsaoctpoenue, 1976. -
428c.: uin.

OcHoBsl a3ponuHamuku. Kokynuna JI. X. YueOnuk. — M.: Tpaucnopr, 1976. —
207 c.: nm.

Asponunamuka. JI. M. Ilpunkep, I'. U. CaxapoB. YuebHoe nocobue. - M.:
Marmmnoctpoenue, 1968. — 310 c.: u.

Pomacesnu B. ®., CamoitnoB I'. A. VYuebHoe mnocobue. Ilpaktuueckas
a’poJAMHaMHUKa BEpTOIETOB. - M.: Boenusnar, 1980.
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Honartok 3




