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Hamenmeni mpukiaam cBi4aTh, MO YKIQJCHWH alTOPUTM TEpECHIAHHS Mac i TENOTH
BIJITBOPIOE TIPOIIEC TEILTOOOMIHY SIK i/IealTbHHM 3a yciMa (hopMaTbHUMHU Ta 3MICTOBHHMH O3HaKa-
Mu. He cTaHOBHTH 0COOTUBHX TPYAHOIIIB “HAIITHTH YaCTKH, IO OEPYTh y4acTh y TEIIOOOMIHI,
BJIACTUBICTIO BHUKOHYBATH OJIHA HaJl OJHOIO poOOTy. 3po3yMilo, IO Ii MPOIECH BUKOHAHHS
poOOTH 3aNMINAThCS YHCTO BHYTPIIIHIMH, a TOMY iJ€aJIbHHM TEIJI0OOMIHHHK HIiSIK HE MOJXE
MIEPETBOPUTHCS Y TEIUIOBY MalluHy. Tak camMo MOXKHa Tepea0aduTd e()eKTH 3MIllyBaHHS pedo-
BHH, IO OE€pyTh y4acTh B TEINTIOOOMIHI, a TAKOK MOJKJIABI XiMivHi Ta (pa30Bi MepeTBOPECHHS.

Ineamizarist TemI00OMIHHHX IPOIIECIB JTa€ MOMKJIMBICTH OIIHIOBATH MOTEHITIHHI MOYKITHBOCTI
BJIOCKOHAJICHHS TETUIOBHX MAIIWH; BIOPSIKOBYBATH TEPMIHOJOTIIO 1 BH3HAYAIBHI IMOJIOKEHHS
Teopil TEPMOJUHAMIYHHAX IHKJIB; paIlioHATHFHO PO3MEKOBYBATH i 00’ €KTHBHO HAJUISATH 3MiCTOM
pi3HOTrO poay HeiJealbHOCTI, BIACTHUBI peaTbHAM MaIlTiHAM TOIIIO.

1. Yokep I'. Jleueamenu Cmupnunea / Ilep. ¢ anen. M., 1985. 2. Ilpyonuxose A.Il., bpoiu-
ko6 I0.A., Mapuues O.H. Hnmezpanwvl u psaovl. Inemenmapuvie pyukyuu. M., 1981.
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MOAEJIOBAHHSA EJIEMEHTIB POBOY0I'O HUKJTY
ABTOHABAHTAKYBAYA

© I'awyx I1. M., 3invro P.B., 2000

CTBOpEeHO MAaTeMaTH4HY MojAedb podoTH i pyxy, fIka cTajJa OCHOBOK s
po3podkn mnakera npukiaagHux nporpamM LLTruck™. 3anponoHoBaHo po30uTH
AOBiIbHUIT poOOYHII MUK aBTOHABAHTA:KyBada Ha omepaiii, a iX — Ha eJleMeHTH.
JoBiIbHUIT UK/ MOKHA aJropurMizyBaTH, 3agisBmu nakeT LLTruck™, B sxomy
BHKOPHCTAHO METOUKY KOTYBAHHS €JIeMEHTIB omnepaiiii muKiy.

Po3rasinyTo nmpHK/JIaa aHAJI3y eKcIIyaTaniiiHol e)eKTHBHOCTI ABTOHABAHTAXKY-
Bay4a B pOOOYHX IHKJIAX.

Beryn. [ aBTOHaBaHTa)KyBayiB € aKTyaJbHAMH KOMILIEKCHE BUBUYCHHS eKCILTyaTalliiftHIX
BIIACTUBOCTEH 1 OIiHKA BIUTHBY HA HHUX TEXHIYHHUX ITapaMeTpiB MAIllMHHW, a TaKOoX I1HIIHX
yuHHUKIB. Ile mdae 3Mory Ime Ha cTajii IPOEKTYBaHHS aBTOHABaHTa)KyBauiB ONTHMI3yBaTH iX
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XapaKTEPUCTHKH 1, SIK HACIIJIOK, CTBOPIOBATH HaMpalliOHaJIBHINII KOHCTPYKIlii, a MPH IX BHKO-
pUcTaHHI B KOHKPETHHX YMOBax eKcIUIyararii 3abe3meduyBaTH MaKCHMallbHY e(eKTHBHICTH
poboTwu.

Jlnst rmOOKOro 1 BHUEPITHOTO BUBYEHHS IMEPEPAXOBAHWX MUTAHb HEOOXIJTHO CTBOPHTH
amapar JOCJIDKeHb — MaTeMaTHYHy MOJEIb POOOTH 1 pyXy aBTOHaBaHTaxyBada. OCKIIBKH IS
MOJIENIb TOBUHHA OMUCYBATH MPOLECH, IO BiJI0OYBAIOTHCS B TIO3IOBXKHIHN 1 MOTIEpeyHiil TIIOmuHAX,
TOMY MOXHa OYIKyBaTH, IIO BOHA OyJ€ CKIAIHOIO 1 TPOMI3AKOK. Y 3B'S3Ky 3 MM JOLIIHHO
PO3AUIATH 3a1adi JOCiKEeHb Ha JiBa Kiacu. [lepmmii kitac — 3amadi, sKi MoB’si3aHi 3 poOOTOIO 1
PYXOM Yy TTO37I0BXHI# BepTHKAIBHIN TUIOINWHI 1 IpyTruii — 3a1adi, siki OB’ s13aHi 3 poOOTOO 1 pyXoMm
B MIOTICPEYHI M BEPTUKAILHIN TUIOIIHHI.

MartemaTuyHa MoJejib po0OTH i PyXy aBTOHaBaHTaKyBaua. PoOounii MK aBTOHABaH-
Ta)kyBaya, HA BIIMiIHY BiJ 1HIIMX TPAHCHOPTHHX 3aCO0iB, CKIATHHIA 1 MICTHTh 3HAYHY KIJIBKICThH
omepartiii. [TormubOiiene MOCHIKEHHSI Omeparlii BUMarae ix po3OuTTs Ha eneMeHTH. Hamami
OymemMo BBaXaTH, IO E€JIEMEHTH, 3 SIKAX CKIAJAIOThCs oreparii, € 0a30BUMH, HaHMEHITUMH
CKJIQJIOBUMU IMKITy MamHU. ToMy asisi OiIbIN TIOBHIIIIOTO aHATI3y MUKy HEOOXITHO BH3HAYUTH
BIUIMB €KCIUTyaTallifHIX YMHHUKIB HA €JIEMEHTH OTepartiii.

MosxnuBi orreparii Ta X CKJIaJ0Bi eeMeHTH ojani y tabm. 1.

Tabnuya 1
MooxauBi onepanii Ta iX ¢KJIa/10BI eJIeMeHTH B P00040oMYy LIMKJIi ABTOHABAHTAKYBa4a
Onepauif EnemenTn omnepatiit

MaHneBpyBaHHS Iin'13x (Bix'i3m) aBTOHABaHTa)KyBaya

Po3BopoT aBTOHaBaHTa)KyBaua
3aBaHTa)K€HHSA — PO3BAHTAKEHHS Haxwn (Bigxuin) BaHTaXoMigitiMaua

BunacHe 3axOMieHHs BaHTaxy
BeprukansHe TpaHCTIOPTYBaHHS — 1311Ka 0€3 BaHTaxXy [Tigitimanns (OmTycKaHHS) KapeTKA
T'opu3oHTaNBHE TPAHCTIOPTYBAHHS — 13/1Ka 6€3 BaHTaXKY Posrin (ranpMyBaHHS) aBTOHABAaHTAXXyBayua

PiBHOMipHUiT pyX aBTOHaBaHTa)KyBaya

VYV nmocmiKkeHHSIX e(eKTHBHOCTI TPAHCIIOPHUX 3acO0IB BEJIHKA yBara IMpHALIIACS po3po0-
JIeHHIO THUMOBHX [1], TecTyBambHHX [2] a00 CTBOpPEHHIO aJbTEPHATHBHUX ONTHMAIBHHX ITHKIIB
[3]. Lle moB's13aHO 13 HEOOXiHICTIO BU3HAUEHHS €(DEKTUBHOCTI aBTOHABAaHTaKyBaya y IJIOMY, a He
B KOHKPETHHX YMOBax €KCILTyaTarlii, OCKiITbKH TaKhX yMOB Moxe OyTu Oe3miu. [{ro mpoOmemy
MOKHa CIIPOCTHTH, BUKOPHUCTABIIN MaTeMaTH4Hy MOJIelb poOOTH 1 pyxXy [4], OCKiTbKH Mate-
MaTUYHHN €KCIIEPUMEHT MOXKHA MPOBECTH JUIsl HAMIIUPINOT raMu poOOUYUX ITUKIIIB TPAHCHIOPTHUX
3aco0iB i Ha OCHOBI OTPHMAaHHX pPe3yJIbTaTiB BU3HAYHMTH 3MiHY €(EKTHBHOCTI MAITHHHU 3aJICKHO
BiJl 3MiHU YMOB eKkciuryararfii. OCHOBHOIO BUMOTOIO /0 MAaTeMAaTUYHOI MOJIENi Y I[bOMY BHIIAJIKY €
MOXJIMBICTh MOJICTFOBaHHS ejeMeHTIiB omeparlii [S]. Toxi 3 eneMeHTIB MOXKHA CKJTAaCTH JOBLTbHHUI
pobGounii MUK 1 B HHOMY JOCTIIUTH BIUTHB PI3HUX €KCIUTYTaIliiHUX YAHHUKIB Ha €(PEKTHUBHICTH
ABTOHABAHTAXyBaya.

Ha puc.1 moka3zaHi TUIIOBI €IEMEHTH OTIepaIlii IHKITY.
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Puc.1. Tunosi enemeHTy onepaiiil UMKy:
| — HaxWIT BaHTaXKOMIiAiliMaya; 2 — 3aXOIICHHAS BAHTAXY; 3 — BiIXWIT BAHTaXKOTIiTiliMaya;
4 — migiiMaHHs KApeTKH 3 BAHTAXKEM Ha BUCOTY TPAHCTIOPTYBaHHS; 5 — pO3riH 3 BAHTAXKEM;

6 — piBHOMIpHU# pyX 3 BaHTa)keM; 7 — TalbMyBaHHS 3 BaHTaxxeM; 8 — mifiliMaHHAS BaHTa)Ky Ha BUCOTY
crenaxyBaHHs, 9 — nin'i3n 3 BanTakem; 10 — Haxun BaHTaxoniaiimaua; 11 — 3apaHtaxeHHs; 12— Bin 13,
13 — Bigxun kapeTkw; 14 — omycKkaHHS KapeTKH Ha BUCOTY TPAHCIIOPTYBAaHHS; 15 — po3riH 6e3 BaHTaxy;
16 — piBHOMIipHUII pyx O3 BaHTaxy; 17 — raabmyBaHHs 06e3 BaHTaxy; 19 — ONyCKaHHS! BAHTAXY HUKUE
TPaHCTIOPTHOT BUCOTH
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AuaropurMmizanisi onepauiii i HUKJIIB po00TH aBTOHABAHTAKYBa4iB. Y BUIAJKy BUKOpHUC-
TaHHSI MaTEMaTH4YHOI Mo poOOTH i pyXy aBTOHABaHTa)XyBada €JIEMEHTH OIepariiii MOXHa
3MOJICTIIOBATH 3MIHOIO y3arajJbHeHHX KoopauHaT. OCKUIBKH yCi €IeMEHTH aBTOHABAHTAXKyBaua,
sIK1 TIOB's13aH1 3 0OpOOJITHHSIM BaHTaXy, MAOTh MPHUBIJ, 1 y3araabHEeHI KOOPJIMHATH, TIOB's3aHi 3
HUMH, TO, 3Q/Ial0YH XAPAKTEPUCTHKH MPHUBOAY MOKHA 3MOJETIOBATH TOW UM IHINWHA E€JIEMEHT
orreparii. Y Tabn.2 mogaHo 3B's30K MiX BHKOHABYMM €JIEMEHTOM aBTOHABAHTA)XXyBaya i eJIeMeH-
TOM omeparlii, sKuii BiH 3JIMCHIOE, a TAKOX iX 3B'SI30K 3 BIIMOBIJIHOIO Yy3araJbHEHOIO KOOp-

JUHATOIO.
Tabauys 2
3B'A130K Mik IPpUBO/IaMH ABTOHABAHTA’KYBa4a, eJleMEHTaAMH ornepauiii
Ta BIAMOBIIHUMH y3araJi-HeHUMH KOOPAUHATAMU
EmemeHT omepanif [TpuBin aBTOHaBaHTa)XyBava Y3arajgbHeHa KOOpAuHaTa
ITin'i3n (Bin'i30 JIBUTYH, TpaHCMICist 0
( ) (PTK( xO],})
Haxwn (Bigxwin) BaHTaXKOMIAifiMada lippouwninap HaXWITy BaHTaKOTIdifiMada 0
BuacHe 3axoruieHHA JIBUTYH, TpaHCMICist 0
(PTK( xO] 3 )
— : : — 1
[inifimanHs (OMyCKaHHs) KAPETKH TigpouuniHap migHIMaHHS KapeTKu Zp,
Posrin (ransmyBaHHs) JIBUTYH, TpaHCMICist 0
) N ol X01.3)
PiBHOMIpHUIi pyX

Sk mpuxiTan TMoKakeMo, SK MOXXHa MOOYyIyBaTH aJTOPUTM MOJIENIOBAHHS —omeparii
TOPU30HTAIBHOTO TPAHCIOPTYBAHHS.

[lepeBaxkHO omepalliss TOPU30HTATHLHOTO TPAHCIOPTYBAHHS CKJIAJA€THCS 3 PO3TOHY, PiBHO-
MipHOTO pyxXy 1 rampMmyBaHHs. [liciasi MaHeBpyBaHHS aBTOHABaHTAXKyBau pO3TaHSIETHCS BiJ

IIBHIKOCTI MAHEBPYBAHHS Vil 1O UIBHAKOCTI PIBHOMIPHOTO pyxy Vidy =Vigy = Vi, . Ha ni-
JITHITI TaJdbMYBaHHS BiH TaJbMYE JIO IIBHIKOCTI MaHEBpPYBaHHS V%q (Tabmn.3). MonemoBaHHS

i€l oneparii MOXHa 31HCHUTH, BIUIMBAIOYN HA y3arajJbHEHI KOOPIUHATH (g 1 Oxom 3a paxyHOK

3MiHH XapaKTePUCTHK 1X MPHUBOIIB.

Tabauys 3

AJITOpUTM MO/EJIIOBAHHS ONepanii TOPU30HTAJIBHOI0 TPAHCIIOPTYBAHHSA BAHTAKY
Po3srin PiBHOMipHWMIt pyX lanbmyBaHHA

-_— I

P PP P PP I PP T M
Viow Vic - Viiou =V =Viin Viiou =V > Vi =V

Temep OymyemMo alTOpPHTM MOJICIIOBAHHS XapaKTepHOTO MHUKIY poOoTH (puc.l, mo3wmii
1-18) aBTOHaBaHTaXKyBaya (Tab1.4).
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Tabnuys 4
AJropurMizamis XapaKTepHOro MUKy pOOOTH ABTOHABAHTAKYBa4a
Ne .y
y Oneparii EnemenTn omnepatiii IMapameTpu
n/n
. e M M
1 ManeBpyBaHHs ITin'13n aBTOHABaHTaXXyBaua Vel L
2 BeprukansHe niepeMitneHHs | OmnyckaHHS KapeTKH Ha 3eMITIO 3 v H
0e3 BaHTaKy BucoTH 0,3 M Kap> =1
Haxun BanTaxomniziiimaua ol
Jonepeny
3 3aBaHTaKeHHS BuiacHe 3axorieHHs BaHTaxXy v M
BinxuneHnus
BaHTaXoMifiliMaua f1o3amy 0
4 BeptukanbHe [TigitiMaHHS KapeTKY Ha BHCO
P s P R4 Vi » Hi
TpaHCTIOPTYBaHHS 0,3m
5 MaHeBpyBaHHS Bin'i3n aBTOHABaHTa)XKyBaua v M LM
P P P
V s Vierir s L
Posrin o4 KIH
: : o PP _ P _ /PP PP
6 ["'opu3oHTaIBHE pllliHOMlpHI/Il/I pyx VHO‘[ = VKIH = VK[ , L
TPAaHCTIOPTYBAaHHS aJIbEMyBaHHS
r _pPP I _ oM T
Viiou =V - Virn =V, LT
- M M
7 ManeBpyBaHHs ITin'I30 aBTOHaBaHTa)KyBaua Vel L
8 Beprukansue [TigitiMaHHS KapeTKHW Ha BUCOTY V. H
T KAP> 12
paHCTIOpTyBaHHS CTeNnaXyBaHHS
Haxun BanTaxomniaiiiMaua y ol
BepTHKAJIbHE TIOJIOXKEHHS i HaJli
9 Po3BaHTaxxeHHs nonepeny
BriacHe 3BaHTa)KCHHS BaHTAXY yM
BinxuneHnus
BaHTaXoMifiliMaua f1o3amy 0
10 | BepTukangbHe IepeMillleHHS OnyckaHHS KapeTKH Ha BUCOTY v H
6e3 BaHTaXKy 0,3 M Kap> =2
i M M
11 MaHeBpyBaHHS Bin'l3n aBroHaBaHTaxyBaya Ve, L
Po3rin P P P
V Vi, L
12 I'opusoHTanbHa i31Ka not - “Kif
: : o PP _ P _ /PP PP
0e3 BaHTaXy PiBHOMIpHWUII pyX Van = VK[H = VKI , L
I PP I M I
TanbMyBaHHs Vitou =V Ve =V" . L.

3a aHaNori€r0 po3pOoOJSETHCS 1 aJTOPUTM MOJICITIOBAHHS JIOBUTBHHX OIEparliii i IHKIIiB
poOOTH aBTOHABAHTAXKyBayiB.

Bukopucranns nakera npukjaagaux nporpam LLTruck pas aaropurmizanii onepa-
niii i mukiB. Byno mokasano, Sk anropuTMi3yBaTH omepartii i MUKJIM aBTOHAaBaHTaxyBada. [laker
IPUKIATHAX IporpaM [6] crmpomMokHHE Oe3mocepeHh0 OOpOOWTH KokeH 3 19 emeMeHTIB
oTiepariii MuKITy.

VY Toit ke yac moctae mpobiema afanTtaiii METOJUKA BUKOPUCTAHHS MaKeTa MPUKIaTHUX
Iporpam JJIs aITOPUTMI3yBaHHS OIepalliii 1 MUKITIB.
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Haiimpocrime 110 MeTy MOKHA JIOCSITHYTH, 3aITyCKalOUH TaKeT MPUKIIAIHUX TporpaM Oarato
pasiB, Jie 3a OJIMH pa3 aHaTI3y€eThCSI OJUH 3 JIeB ITHAALSATH TUIIOBHX €JIEMEHTIB ONeparliii MuKIIy.
BpaxoBytoun, mo JOBITBHHHA IHKI MOXE CKJIAIaTHCS 3 BEIMKOI KUTBKOCTI Omepariiif, maker
JOBENIEThCSL 3alyckaTu Oarato pasiB. JIJis YHHKHEHHS [bOTO HEOOXiJHO, MO0 MaKeT MiCTHB
iH(pOpMAIIiIO PO TIOCIIOBHICTH SJIEMEHTIB B OTIEpallisX 1 onepaiiii y mukii. Maroun taky iHpop-
MaIlifo, MakeT B aBTOMAaTHYHOMY DPEXHMI repeOupaTiMe MOCIiOBHO €JIeMEHTH OIepariii i mpo-
aHaJizye BeCh ITUKJ JIOBUIBHOI CTPYKTYpH. JIsi mbOTO 3amponOHOBAHO BHKOPUCTOBYBATH KOJI,
SIKMI MICTUTH (AMB. Ta0J.5): OPSAKOBAN HOMED €JIEMEHTa B IMKIII, THIT OTeparlii, HampsM pyxy
pH BUKOHAHHI oOTeparii, HasBHICTh YH BIJICYTHICTh BaHTaXy, PEXHM pOOOTH aBTOHABaH-

TaX<yBaya.
Tabnruysa 5
Onuc koay A5 3aJaHHS eJIeMeHTa onepauii y HuKJIi
ITopsinkoBuii BuxonysaHuii Hampswm pyxy HasBHicTh BaHTaXy Pexum
HOMep eJleMeHTa pyx
nl n2 n3 n4 n5
01 A 1 0 2
-0 A=l 1 — BBepX, monepeny, 0 — BaHTaX BiACyTHiH; | 1 — po3riH;
Bif ceOe; 1 — BaHTaXX HasIBHUI 2 — piBHOMipHH# pyX;
lT B=2 2 — BHMU3, 103a1y, 3 — Hakar;
1o ceoe. 4 — rambMyBaHHS
f/\\‘ C=3
—
D=4

Jliist MOIeTIOBaHHS €JIEMEHTIB IIHKITy HEOOXiHO CTBOPUTH MOJIEIh, Sika O MOTJIa BUPAXOBY-
BaTH SIK XapaKTEPUCTHKH ABTOHABAHTAXyBadya MpPH WOTO pyci, TaKk i MOJEIOBATH IHUKI TO-
€JIEMEHTHO.

Pesynbrarn pobit 6ararbox aBTopiB [7-10] mokasaiu, o JuIst JOCITIDKEHHS JUHAMIKH PYy-
Xy aBTOHaBaHTa)KyBaya JIOIJIbHO BUKOPUCTOBYBATH PO3PAXyHKOBI CXEMU 3 JUCKPETHO pO3Moisie-
HHUMH KOPCTKHMH 1HEPIIMHAMH Ta MPYKHUMH Oe31HEepIIMHAME efeMeHTaMu. Haami BUKOpHCTO-
BYBaTHUMEMO 3arajlbHO MIPUUHSTI 711 JOCIIKEHb JUHAMIKY MAIllUH MPUIYIICHHS. 3a aHAJIOTIENO 3
[11, 12], mepimuii ki1ac 3a/1a4 po3B’SI3yEMO 3 TAKUMH MTPUIYIICHHSIMUA:

® aBTOHABAHTAXXyBay, BAHTAXOIIiIiMaY, KapeTKy 3 BaHTaXK03aXOIUTIOBadeM (BUJIa), BAHTAX
BBa)KAa€EMO >KOPCTKHMH I1HEPIIMHUMH elleMEeHTaMH, a KoJyieca, Oydep MiBICKH, TiApOIMUTIHAPH,
JIAHITIOTH — TPYKHUMH O€31HEepIIMHAMH eJIeMEHTAMH;

® OOMEXYIOUH JOCIIDKEHHS TPSIMOJIIHIHHOTO HEBCTAHOBIIEHOTO PYXY, PO3PAaXyHKOBY CXeMY
ABTOHABAHTAXKyBaya BBA)KAEMO TUIOCKOIO;

® )KOPCTKICTh TiAPONMIIHAPIB MMiAHIMAHHS KapEeTKH JIIHIHHO MpUHMAEMO 3aJIe)KHOIO Bij BHU-
COTH ii MmiTHIMaHHS, a TIAPONMIIIHAPIB HAXKITY BaHTAKOIIIIifiMada JTiHIHHO 3aJeKHOIO BiJI TOBXKH-
HU BUCYBaHHS TAPOIMIIIHIPA;

® pajIiabHY JKOPCTKICTH KOJIC JTIHIHHO 3aJIe’KHOIO BiJ iX pagiaabHOl gedopmartii;

® TAHTEHIIATHHY KOPCTKICTH KOJIIC JIIHIHHO 3aJIe)KHOIO BiJI IX KyTa 3aKpy4YeHHS;

® IMCUTIAIIIO €HEPTil y TIAPONMITIHIPAX 1 OTIOPHHUX POJUKAX KAPETKH BiJICYTHBOIO.

Toxi po3paxyHkoBa cxemMa aBTOHABAHTAXXyBada 3 BaHTAXOIIiiMadeM, KapeTKOIO 3 BaH-
Ta)XK03aXOTUTIOBAYEM 1 BAHTAXKEM MATHMe TaKWi BHTJIS, SIK MOKA3aHO Ha pHC.2.
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Hanani BUKOPHCTOBYIOTHCS TaKi CHCTEMH KOOPIMHAT:

Xo00Zy — HEpYXOMA CHCTEMA, JIe BiCh 7, MapayiejbHa JIiHIT AT CHIH TSOKIHHS 1 TPOTHIICIKHO
70 Hel HampsMJIeHa, Bich X¢ — IMEpIeHIUKYIsIpHa oci 7 1 HampsMmiieHa B OiK pyXy aBTOHaBaH-
Ta)xyBaya.

X101371, X301 373 — pyxomi, IepIira >KOpCTKO MOB's13aHa 3 BAaHTAXKOMIAifiMauem, a apyra — 3
KOpITycoM 1 JexaTh y miomuHi XoO0oZo; iX cliIbHUM modaTok — Touka Oj 3, siKa JIEXKUTh Ha OCl
o0epTaHHSI TATOBHX KOJIIC, OCi 7, 73 — mapajiejbHI 0 TO3JI0BXKHBOI OCi CHMETpii BaHTaXO-
migiimMaya.

Cucrema X,0,7, - pyxoMa KoopAWHATHa CHCTEMa, IO JKOPCTKO 3B’'S3aHa 3 KapeTKoro 1
JICKHTH Y TUIOMIHHI po3tamyBanHs X0¢Zg, Bick 7, — mapayiejibHa oci 7 1 30ira€Tbes 3 MPSIMOIO,
B3JIOBXK SIKOT pyXa€ThCs KapeTKa.

I Ba"TaxomimiiiMad, i aBTOHABaHTaXyBad pyxaroTbcs y tiomuHi XoO0¢Zio. Tomy 3a
y3aragbHeHi KoopAuHaTH Oylo NPUUHATO @1, ®3 — KYTH iX MMOBOPOTIB BITHOCHO OCi, IO

MPOXOJIUTE Yepe3 iX criibHui 1eHTp O3 , Ta KOOPAUHATH 0x01.3 , 0201.3 IIHOTO IIEHTpA.
KapeTka pyxaeThcsi MOCTYMAJIhHO B3JIOBXK BAHTAXKOIIIiMaya, a BAaHTAX — B3JOBX BHIL
Towmy 3a y3araiibHEHI KOOpIUHATH Oy BUOpaHi 1202 Ta 2xc4.

ObepTayibHUN pyX €JEeMEHTIB NMPUBOJIY pa3oM 3 KoJleCaMH, SIKi TATHYTh, XapaKTepHu3yBaBCs
y3arajbHEHOIO KOOPAUHATOIO @, .

Puc.2. PozpaxyHkoBa cxema aBTOHaBaHTaXyBaya

Ha puc.2 moznaveno: C;, C,, C3, C4 — IIeHTpH Mac BaHTaXOMiAiiMaya, KapeTKH, aBTOHABAH-
Ta)kyBaya BiJIIOBITHO BaHTAXY.
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Ha ocuogi piBastHHS Jlarpanxa II-ro pomy Oyna ckiiajeHa cuctema piBHSHB MOJIEINI, sIKa Ma€e
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2013422 T @143+ 202404+ XC4495 + 93496 2

2 1. 1. B
+ 01 Byy3+ 20001834+ X0aP1Br35 +93Bogg =

P 0 0o (o.r C]];C)]S) or o f(o.r
=—A11g+CT [RT— 201’3+ Za( xOK)}+—CP P [Rk— Zogt za( xOK)];
5 TCk

0.. 0.. .. 1.. 2.. 1. . 2. .
Yo13431+ 2013430 + 01433+ 202434+ "X 4435+ 202918334+ X 0401 B335 =
_ [ : 1 2 52 : 1 Kosi 1 _ 3
=g[ mysinpr+ ooy pagy +by +mysinlep+io ey Ky +my Kysiniog+ oy 3)
1 .2 1.2 .
—an1’3 COS((pl‘i‘ OLAI —aAlAsj xAl‘i‘ ZAl )

0.. 0. . 1.. .2 2. .
E013441% 2013440 + P14g3+ 20444 + 917 Byz3+ X491 By35 = (4)
:—A44gcoscpl;
0.. 4 0. Ao oA +2.. A +62B +1. . B B 5)
Y013451% 2013452 T P1453+ XC4455 T @1 D33+ 20201534 =

=A55gsin(p1 — fmy (0'Z'C4 + g)coscp1+05c'c4 sin Qg Jsign(zXC4);

P 3 /3.2 /3.2 |.
+FKI6 cos (3 +an1,3 cos((p3+ o 43 _OCAIABJ X3t ZA3:|,
1 0x01’3dt

. T
brx 477 =Mog =Cr |97 = [ |- )
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e

All :A22 =My My My Iy A23 :A32 :Bl33 :—(mlLl +myLsy +m4L5);
A13 =A31 =—B233 =mLy +myL, +m4L6; Ay = Ay = B3y =(m2 +m4)coscp1;

Ay =4y :‘%st4 :(mz +m4)Sin¢1; A2s =452 :%B135 = Tmy siney:

A =Agy ==Byac=mycosp: Ay =462 = B136 =317

A6 =461 = Baze =M31lg:

2,42 2 2 2, 2 .
A34 :A43 :mz(L4 sin@q — L3 coscp1)+ m4(L6 singy — Lg coscpl);

A35=A53=m4(L6coscp1+LSSin(p1); Ayg =my +my;

Aos == Byps =t Bony=mys  Agg =my|12 + 12 )+ 1 03 Ay =1 o

55775743575 P534 T4 66 ~"'3\7 TER)T I yC3> 77 = yCK>
1 . .

B334 :—53433 :2{m2(L4 cos P +L3 sm(p1)+ m4(L6 cos@q + Lg s1n(p1)};

B335 = ‘53533 =2fny (- L sinoy + Ls cosoy :

0 0, (0 :
Ki="2013~ Za( x01,3)’

1 1 . _ 1 2 1 .
K2 Z\/( x02 +612)2 +( 202 +b2)2 5 K3 —\/( XO2+ xC4)2 +( 202 +b4)2 5

ne Ci3, Cj2 — XKOPCTKICTh Ha PO3TAT—CTHCK TiIPOIMIIIHApPAa MiX BaHTaXoIiiiiMayeMm 1 aBTO-

HaBaHTa)XyBadeM, TiJIPOIIIIHApPA 1 JIAHIIOTIB IMHIMAHHS KapeTKH, BiAMOBIIHO; C; C7]~3 , C ,? ,

C f; - TaHTeHIlabHA 1 pajiiaibHl JKOPCTKOCTI TSATOBOTO Ta KEPOBAHOTO KOJIC, pajiaabHa

HKOPCTKICTE Oydepa.

Cucrema piBasiHB (1)—~(7) pa3oM i3 3HAUEHHSIMU y3araJbHEHUX KOOPJIWHAT Ta MIBHIKOCTEH Yy
MOYATKOBUH MOMEHT dYacy, MPEJICTaBIis€e COO0I0 MaTreMaTH4HY MOJIEb POOOTH 1 pyXy aBToO-
HABaHTA)XyBava.

CiM pIBHSHP CHCTEMH BIJAIMOBIAIOTH CEMH Yy3araJlbHEHHM KoopawHaTaM. lli piBHSHHS
BIJTHOCSITHCS JIO KJIACy HENIHIMHUX 1HTeTpoau(epeHIIaIbHUX PIBHSHB, OCKUIBKH JI0 HUX BXOJSTH
HETHINHO K MOXiAHI Bia HeBimomux (yHKIINA, Tak 1 iHTerpaym Bix HUX (piBHsSHHS (1) 1 (7)).
PiBHSIHHSI CHCTEMU HETiHIIHI TOMY, IO MMOXIJIHI BiJ] y3araJbHECHHX KOOPJWHAT i caMi y3araJibHEHi
KOOp/IMHATH BXOJSATh y PIBHSHHS CUCTEMH HENiHIMHO, a came: ¢ 1 (3 B TPUTOHOMETPHUHI

NOKa3HUKY QYHKIIT; @, , X 5, X, —B PO3PUBHI (PyHKIII IepIIoro NOpaaKy; y3aralbHeHI KOOPIH-
HATH Z,3 Ta X,3 BXOAATH IiJ iHTETpasl 3 BEPXHHOIO 3MiHHOIO MEXEIO IHTeTpyBaHHS.

YRYUBURYY  YYUPUY. URURYY  YYUBURYUYY UUURRYUYY YUY YUBURYY
YUYURYRYY URYUYURYY URURYUYUY UYURYY. YU, YYUYY YUBURY, URYUYULRY
YY URYUPURYY YRYUBURY YYURYUBYUYUY YYURYUYURYYY YYUYUY, YURYUYULRY
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URYUYURYUYUY YU YURYUYURYY YURYUYUY, YUY URYUUURYUYUY YUY YUYy
URYUPURYUYURYRYUY Y, %Y

YUPYUUYYY, YURYUUUUYY
YUY YUYY  YURYUYY  YUUYY 20
YUPURUURYY. UUUY  YUYY a1
YUPUUYY YUUYY 15 M2
YUPYUUYUUYY YUPY YUYY 3
wyyuuuy  yuyyyyy  (1)=(7), 10
YUPYUUYUUYY YUPYUUYYUYY
YUPUUY YURYUPUUYY 5 - /
! \
YUYUUUY, UPUUUY U YUUYY 0 e HH &\\% . .
|

Uy YRYURYRYULY
URYUYURY  URYUYY Y Y
URYUY YYURYYY.

Puc.3. CrifikicTh aBTOHaBaHTA)KyBaya!

wuyy wuyyyyuyY 1 — mo3momxHA CTiHKICTh TIpH MITa0eTIOBaHHI;
YYYUYYUYY YUYYYUUYY I — mo3moBxHS cTIHKICTE TIpH pyci; 1 — KyT HaXHTy
YUUYYYYYYUYYUYUYUY yuyuy- miatdopmu 3a TOCT 1615-80; 2 — pe3ynbTaTd BEHIPOOYBaHb;
UUUUUYUYUY YUUUYUY YUUUYUY U 3 — pe3yapTaTH OTPHUMAaHI 3a TOTIOMOTOK MOJETI

YUY YYYUUUYUUUYUYYUUYY

Y YRYYYY YYBUYULLUY YUYUUYLY, Y YUYUY YYYYYLUYUULUY. YURYLLYUYY YUY
YUY YYYUUY YUUYUUY YULYYUUYUY YYUYUUUYUYY YYUULYUY YUY YUUYUUUY YUUYUY
VYUYV YYYULYUYYLYUYY,  YUBUURLURYULY YUUBUYYLY Y YUBURYRYYY
VYYUUYUYUULY  YURYYUULYY  YUYYUUUYUUY Y YULYYUUUYUYY, YUUUYUUUYUY
YYURLYUYYLY, YYUYUULUYYLYYY  YUBYUYYLYUYYY  LURUYLUYY Y YUURYULYUY
YYYUUYYUULYUYY, Y YYUUY YUUUYUYUUUYY YYUYUUUYYY YYUUUYYYY YYUUY-
YYURLYUYY YUY YYYLYYUYLUYY Y UBY YUYY. YYYULURYLUYUY YUURYULUY
UUUUUUUUUUY YYYYYYYY YU YUUUUY gy (yyy.3).

Ipuxkaan aHamizy ekciuryaTaniiiHoi e()eKTHBHOCTI ABTOHABAHTAKYBA4YiB Yy pPo00YHX
nuKJIaX. Po3rinsHeMo BIUIMB eKCIUTyaTalliiHUX YMHHHKIB Ha €(EeKTHUBHICTH aBTOHABAHTAXKyBaya.
JlocnikeHHsT TPOBOTWIIMCS 3 BUKOPUCTaHHSIM TapaMeTpiB 1,5 TOHHOTO aBTOHaBaHTaKyBaua.
Tomy i BHCHOBKH TIpO BIUIMB YHHHHKIB Ha €KCIUTyaTalliiHy €()eKTHBHICTH 3pOOJIeHi A aBTO-
HaBaHTa)XyBadiB BaHTaKomiaiiManasIM 1,25-1,6 T.

UUUY  YUUUUUY.  UUUUY UUUY UUUUUUY UUUUUUUUUUUUY YU
YUUYYYYYUUUUUUYYUYY YYYUY UYYYUY. YU UUYYYUUUUUY YUUY YUUUUUUYY
UUUUYYUUUUY YUUUY YUUUUUUUUUYUUUUUY YUUUUUUYY.

UUUYYYYURUUUUYY  YUURUUY  UUYYYY, UUYYY  YUUUUUY  YURRRUUY:
UUUUYYY YYYUUY YUY YYUUUUUUUUY UUUY UUUUUUY YUY YUUUY YUUUUUY. YUY
PUUUYYY  RUUUUYY  URUUUY YUUUUY YUY UUUUYYYY UUUY
UUUUUUUUUUUUURUY YuYYYYy (uuy. 4).

UUUUYYY YYYUUURUUUYYYY YUY YYUUY YUUUUUUY YYYUUUUUUUUYYYYY
yyuyuuuy yyy 1000 yy vy yyyyyyyyyyy 1500 yy yyyyyyyyy 22 %. yuy
YUUUY YUUUUYY UUUUYY UUUYYYy yy 8,3 %. YUUUUUUUYYYY YUYYYUUUUUUYY
UUUUYY YUY YUUUY UUUUUUUUUY YUY UUUUUUUUUY UUUUY UUUUUUY, UUUY-
YUY YUY YYUURUUUUYY, YU U YUUUUUYY YUUUUY UUUUYYYUY. Uy uyuyd
UUUUYYUY UYYUUUY YUUUUUUUUUY UUUUYUUURRRRUYYYY 4 yuuuuyyy 2000
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WY Y UUYYY  UURRUUY,  yyyyuuuuy w wyyyyyuuuuuy 15000 yy,
UPUUUUUUUUUUUY YUBUUUUUUUY UY 3%, ¥ yyyyyyy yuuuuy yy 16,9 %.

UUUY, UUUUUUUUY YUUUUYYY  YUUUUUYUUYYYYUYY YUUUUUY YUUY YU
UUUUUUUUY YUUYUUY YUUUUUY UUUUUY U UUUUUUUUUY UUUUUUUUUUUUUY.
UUYYYYUY  YYUUUUUUY  UUUUYYUURRRUUY  puyyyyypuuuuyyyy (vuud, 4,
yyuyuuy 2000 yy) wuyuuuuy U UUUUUUUUUUUUUUUY  YYYYYYY  Yuuyy
UUUUUUY YUY UUUUUUUUUUY. UUUUUUUY  YUUUUY  UY UUUUUUUUUUUY YU
UUUUUUUUUY  UUUY  UUUUY  UUUUY, UUUUUUUY  UUUUUY  UUUUUUUUUYY, YU
UUUUUUUUUUUY YUY UUUUUUUUUUUUUY YUUUUUUYUYYYYYYYY.

70

W4 Be3 BaHTaxy o0
B 1000 kr

010 4+——

1500 xr

0.09 T E= 2000 r
0,08

/-%=%
78 -////
%=%=§
7/ /-///

800 1000 1200 1400 1600 1800 2000 2200
BaHTax, kr

0,07 1

0,06 ~

0,05 +

Q, n/roa

0,04 ~

0,03 ~
0,02 ~

0,01+

§
N\
N\
X
X
D

0,00 —

BanTax

a Y
Puc.4. 3mina ButpaTy najivea (a) i npoAyKTHBHOCTI (0) aBTOHaBaHTaXKyBaua
3aJIe;KHO Bifl Bark TPaHCIIOPTOBAHOTO BAHTAXKY:
1 — pyx 6e3 BaHTaxy; 2 — maca BaHTaxy — 1000 kr;
3 — maca BaHTaxy — 1500 kr; 4 — maca BanTaxxy — 2000 kr

KoopanuaTu nenrpa mac BanTta:ky. byna nmpomosensoBana 3MiHa KOOpIUHAT IIEHTPa Mac
BaHTaXy. lleHTp BaHTaxy 3minryBaBcs Ha Bwiax Ha 200 mm. [lpm mpomy He croctepiraiocs
3HAYHOI 3MiHU BUTPATH MAJIMBA 1 MPOTYKTUBHOCTI aBTOHABAHTAXYBaya.

YUY PYUBURYUYY YUBURYUBURYY Y UBURYUY YYUBURYUYY YUBURYURYY
YRYUUUY YRYUBURY YYUBUY YUYY YU YURYUBY ¥ URURYURYUYUY URYUYULY
YU YYUYURYY, YUYURYUY YUYY URYRYY  UUURYRYURYRYY YUY URYRYURY
YRYUBURY YUY, UPY URURYUBURY  YRYUBUY YYUYUYE ¥ YURYUBURYUYULRY
YRYURURYUYURYUYUY YUY YYUY ¥ RYUBURYY, YURYY  UUUYR  RYURY
YRYURURYURY ¥y wuyyuyuy 1100 uy Yy YUY YUPURURYUY  URYRYULY
YRYUYY, ¥ U YURYURY YUYURYY RYUBURYUYY U UYUY YYRYUY YU URYLRYURY
200 yy yuy YUY YYRYUBURYY URURYY, YURY YURURYUY, UY YUY URURYURYYY
YUYUYY YURY YYRYUYY YU YURURY YYUY RYURURYUBURYUYURY RYRYULRY
YRYUYY YURYUYURYYY, Y YPURYUBURYUPURY YURYURY (Y3Y.5).
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300 400 500 600 800 900
3MilWeHHA, MM

R
B B

500
3MilleHHA, MM
a u
YUR.I. YUUUY YUUUUUY YURUYY (Y) Y YURUUUYYYRURUY (U) YURUYYYURUUUUYYYY
VUYRUYY YUY YUYUUY UURY UUURUYUUUYRUYRUY UYUUYUY

\

300

Yy YUYYUULYYY  UUYYUY YUY YUYYUUY . Yy YUUUYY Yuuy
UUUUUUUUUUUUUUUUY  YUUUUUY  YUYYYY  puuuyyyyyyy w23 %, %
vyyypypyyyuuyyy  yyuuyyuy wy 0,7 %. wuy RUYYURUUYY  YUUUUY  YUYY
YYURLYY YUY RUYRUYY YYLY YUYUYYULUPYLYUYUYLY YUURUYY YURYYY
YUUUYYY Yy 3,9 %, Y YYYUURRRUUUYYY yyyyuuuuuuy uy 1,0 %.

IIneye TpancnmopryBanHs. [Ipu 30iNbIIEHH] Meya TpaHCIOPTYBaHHS BHUTpaTa MajinBa
3poctae (puc.6). HeoOXiHO BiI3HAYXTH, IO MPHUPICT MACH BAHTAXY € OITBITHM BiJl TPHPOCTY
BUTpaTH TajnBa, TOOTO BUTIJIHIIIIE BUKOPUCTOBYBATH aBTOHABAHTAXXyBadl MPH MaKCHUMAIbHOMY
Koe(iIieHTI BUKOPHUCTAHHS BarW. Tak, MpHU 3MEHINCHHI JOBXHHH TEpeBe3eHHS 3 HOMiHATHHUM
BaHTaxeM Ha 50 % TpoIyKTUBHICTH 3pocTae Ha 1,4 %, a BUTpaTa majimBa 3MeHITyeThes Ha 16,7 %.
IIpu 3pocranHi noBxuHH 131kH Ha 50 % MOpoayKTHBHICTH 3MeHIMyeThes Ha 0,8 %, a BHTpara
nanuBa 3poctae Ha 20,1 %.

24 1000 kr
BER 1500 kr

V771 6e3 saHTaxy

013 T E=E 1000 r 5SS 2000 kr
0,12 44—

S . ‘
o1 — RN 1500 kr AN
010 1— BE= 2000 «r

\\—-//i

Q, niron

Ui,

@u

A\\\Z-///i

87\ Y N N}
001 AN 2= N=% 5 N = N [
0.00 .:,;.:.;\ = ,\\\\ -// .: &\\ /%

100
HOB)KMHa 130KU [oBXMHa T3AKH, M
a w

wyR.6. puuuRuYy upuuRy (§) ¥ YuRURRUURUURUY (43)
UYURUUYUUUUYUUUYUY YUY UUUUUUUYUY UUUYYUUY UUUUYS

1 — yyy yyy puupuyy; 2 — yyyyyy — 1000 wy; 3 — wuuuyy — 1500 yy; 4 — yyyyyy —
2000 yu
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PanionanbHa cxema nmkJiy. /s mpukiiaay mokazaHo €JIeMEHTH IHKITY: PO3TiH 1 TalibMy-
BaHHs. LUK, y sSIKOMY pO3TiH iIHTeHCHBHININMN, € BUTIIHIIINAM 3 TIOTJISITY HA MAJIWBHY OINATHBICTH
(puc.7, a).

v,.Q

v.Q 7.00E400
8,008400

700E+00 ¢ 6.00E+00

6.00E+00 - - 5,00E+00 - )¢

5,00E+00 4,00E+00

4.00E+00 3,00E400

3.00E+00
2,00E+00

2,00E+00
1,00E+00
1,00E+00
0,00E+00 -
O o o ] % 4 O o > < el N el
& @ P T LA SSRGS I A

$ R P P ® e N e N S
S PP PP R R R PR e P A e
RN s R S A A GO S S AN SISO, S A SR ;

0,00E+00

a U
YYU.7. YUYUY YUUY YUUUUYUUY UUUUY U UUUYUY UUUUUUUUYUUUY YYuuuyy (3) o
wuppuRuyRuY (3)

YUY UYUBURYUBURYUY UPURYUY UYUBYUY YYURUY URYULRY, YUY YYY
YUYUY  UPURYUY  RYUBURYUYURY  YURYURURYY YRYUYYYY
URYUPURYUYURYRYUY. YU,  YYy

URYUYURYUY YYUY UYURYRY, YUY

URYYUYUUYY  URYURYUY  YYYUYYY
YRYYUY Y Y YYUUYY  YYURYURYY
YRYYUYY YYUBYUUYUYY YYURYY.
yuy YURYURYUUYY
VRYYUYYUYYUYYUYYUY Y YYURYY
YUYURYURYUUYY, UUYUYYUYYYY Y
YRYYUYY  YURBYURYRYYYY Y

7))
-
-////////////////

BB eKoHOMIYHUI PEXUM

NN\

" yyyyyyuyuyyy ( wgi > %)
10: | [/ wwl;y;uwwﬁt P
ALY YUYYRUUUYUUUUYUUY YUY UYYY %
YUL.S. UUUUURRYUUUUYY UYYUUYUUUYUY U YYRUYUUUYYY
PPRPURRYURP YRR YUY UYYRUYY. YUY UURUYUUUYUY
210091 MM M VUMM UMM y,y,y,y,y,y, uuuuyuyuyuuuuuu

UYUUUYUY U UUUUUUUUUUY Y
UUUUYUY YUUUUUUUUUUUY. UUUUUUUUY YUUUUUUUUUUUUUY Y UUUY UUUUUUYY
(YUY YYYUUUUUUUYY Y YUUUUUUUUYY UUUUYUY) YUUUUUUUUY UUUUUYYYY.

WYY YUY YUUUUUUUUUUUUUUUY Y UUUUUUUUUUY UUUUUY
URUPYYYYUUUUYRY QBB RBYyyyuuuuuyy yuuyuyy uy 16,3 %.

UUUUUUYUY  UUUY. YUUUUUUUUUY  YUUUUY  YUUUUY U YUY
UYUUUUYYUUUUUUUUY YUY UUUUUUUUUY UUUUUUUUY UUUUUUY UUUUUY UYY
UUUUUY YUUUUUUUUUUY YUY RuUUUY (YYY.9), ¥ YUY UUUUUUUUUY YUY
YUY YUUUUYYYY UUYYUURUUY YURURUUYYYY uyuyy (yyy.10).
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et p e R,

24 1 kmiron
Y27 BB 5 «miron

V., V4 1 xmiron /

o

e

T o A4 v/ B2 5 «xmiroa 4
o o3

OOT[)S 5 5 i 025 0,30 035 0.40 0.45

J, mic’

a 0

wun. 9. puuuuYy wuuuuy (Y) Y YRRRUUUYYURRRY (U) YUY YUY Y UUUUUYYYUUUY YUY
UUYUYYY YRUYUUYYY YUYY

70

| 777

)
T — H///////
.
1 -////////l////////

%E%I%
[ 1

1 12 7

V, Mlc

V777, /

| {///-%//I//
I B B
; % -//// B
LB ]

V, mic

\

.
\

\

a U
wuu.10. yyyyyuy yyyuuy (4) ¥ yypuuuuyyyyuyy (¥) wuy yyyy
YU YURRUUUUY RURUUYYURY YUyupupuuyy wuuy (14,3 w/u)

yyuy yuuy ¥ yuyurururyry yuyryryryyryy 04 u/u% uy yyyyyyyyy 5
u/@g Gug?y PUUYYYYUY YYYURRRuRuyyyy uy 1,6 %, wuuyuuuy wuuuuy puuuyy
Uy > 0-

uy wun.10 yyyuyy, Yy YURRUUY YUUUUY UUY UUUY U URRUUUUYYYY
YUUUYYYYY  YYYUUUY  YUUUUY YUY YURRUUUUYYUUUY. YUY YUURUUUYY
wuuyyyyyyyuuuy yy 1,2 %, wuuyyyy wuuuyy guuuuyy ywy 45 % yy
YUYW YYYYY u UYRUUUYUUYY UUUUUUY UUUUUUYY UUUUUUY
YYUURUUUUUUURUUUY U UUUUUUUUUUUUUY  UUUUUUY UYL UUURUUY, YUY
YYUURUUUUY YU YURUUUUUUUUUUUY YRUUUUY Y URUUUUUUUY YUY UUUUUUY
YUUUUUUY YUUUUUYUYY.

YmoBu pyxy. Cepesl HABXXJIMBIIMX YAHHUKIB, K1 BIUTMBAIOTh HA YMOBH PyXYy aBTOHABAH-
Ta)kyBaya € OIip KOYECHHIO.

uy wuu.ll puuuuuuy UYL UUUUUUY UUUUUY Y UUUUUUUUUUUUUY
UUUUUUUUUUUUUUUUY YUY YUUUUY YUUUUUUYUUUY YUUUY UUUUUUY Y YUYY U
UUUUUY UUUUUUUUY. YUY, YUY YUY UY uuuuuuuuy 15wy /yyy yyy yuuyy
wuypuyuuuuy  wuuuy  yyyyyy oy 0,012 (yyyuuyuuuuuyy) yy 0,028
(VYYYYYYYYYY YUUURRRY UUUUUY) YUUUUUY YYYYYY VRUYYUY Yy 21,9 % yyyu
UUUUUUUUY UUUUUUUUUUUUUY Uy
1,2 %. wyuy YUUUUUUUY YUUUUUUUY UUUY UUUUUUUUUUUUUUUUY UUUUUY YUY



56

wuuyyyyyy yyyyy yyyyyy 0,028 yuyyyyyyyyyyuy yuuuuyy wy 3,02 % yyy
wuuuuyyyy yyyuuuy yuuuuy wy 8,9 %.

22 5 xmiron

0st— BB 10 kmiroa
15 km/roa

Q, ni/ron

0,024 0,026

a u
wuu. 11 yyuyuuuyyyy uyyyyy yuyyyy (u) ¥ puyyyyyryuuuyy (y)
UUYRYPYRUYURUYRUYY
UYY YUUYYUUYUUY UYUUY UYBUYYY % YUUYUUUYY YUYY

Junamika o0podku BaHTaxy. [IIBHIKicTh TepemileHHs] KapeTKH BH3HAYAE MPOTYKTHB-
HICTh pOoOOTH aBTOHABaHTAXKyBaua IPH BEPTHKAIBHOMY TPaHCHOPTYyBaHHs BaHTaxy. Ha puc.12
NoKa3aHa 3aJIeKHICTh BUTPATH TTAJIMBA BiJl IBUKOCTI TPAHCTIOPTYBAHHS 1 MACH BaHTAXY.

017
0,16 Y22 0 «r S ZI/II//////”://////////
015 37— 28 500 «r
0,14 =

0134 SN 1000 kr
0,12

5 10 15 20 25 30

YR 12. YUYRUUUYUY YUURYRY YUYRYY (%) ¥ YRURYRYRuRYRYY ()
UYY UPUPUYUYY UYUYRYRYRYLUYY YYRYRURURURUYUY Y YURY YRURULRY

YUY YRUYUURYY puuuuupuuyuuuy uu 2,4 %, wUYURUY UURUYY YUYUUUY
uy 94,9 %. YYYY YUUUUUUUY YUUUUUY UUUUUUUUUY YUUUUUUUY YUY UUUUY
YYUYYYYY YUUUUYYYUYY YUUYYYYYYUUUY YYYUUUUUUULUYYYY.

BucnoBku. 1. JIoBiTbHHI ITUKJI MOXKHA pO30HTH Ha orleparii, a Ti, IOYepeKHO, Ha
CJIEMEHTH.

2. YYYYYYYYYYY YYYYYY % YURUUUUY UUUY YYUYY YUUUUUUUUUUUUUY YUY
YYUYYYYYYUUUUUY YUYUUUUUY YUUUUUUUUYUYUYYY.

3. WUUUUUUUUUY YUUUUY YYYYYY Y YUUY YUUUUUUUUUUUUUUUY YUY
YYUYY YYUUUUUY YUY YYUUYYYYY YUUUUUYYYY YUUUUUUUYUYYY YUUUUUUULUYUYY
VYUY YYYYY  YUUUUUUYYYYYUYUUY. YUY YYUYYYYY, YUY YUUUUYYYY
YYUYYYYYYUY  YYYYUYYUY, YUUUY YYUYUYYYY  YUUUYYYUYY  UUUYUYYYY  YUUUY-

YURYURYY.
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4. YYYYUUY UUUYYY YU  UUUUUYYUUUY  UUUY  YUURUUY YUY YUUUY
UUUUYYY.  UYUUUUY  YYUUUUY  YUUUUY  UUUUUY YUY UUUUUYUY  UUYY
UUUYYYUUUUUUUYYY UUUYYYY.

O, YUY UUUYYUUY  UUUUYUY U UUUUUUUUUY UUUUUUY
UUUYYYYYUUUUUUYYY UUUYYYY UUYYUY UYUYYUUUUUY YUUUUUYY.

6. uwuy UUUUUUUYUY  UUYYY  UUUYUUUUUUUUUUY  UURUUUY  YUUUUY
PUUUYYY. YUUUUYY YYUY YUUUUUY Y YYYUUUY YUY UUUYYUUY YUUUUYY
UUUUYY, UUYUY UUUUUUUUY UYUUUBUUUUUUUUY  UUUYUUUUUUUUUYYUY YUY
UUUYYYYUUUUUY YUUUUUUYYYY UUYYYUUUUUUY YUUY.

7. YUUYYYUUY  YYUUUUUUUY  YUUUUUUUUUUUUUUUY YUY UUUUUUUYY
UUUYYY UUUYY UUUUYYUY UYYYUUUUUUY YUY YYUUUUUY YUUUY.

8. YUUUUUY UUYYUY YUY UUUYUUY  UUUUUUUUUUUUUUUUY  YUUUUUY
PUUUYYYUURUUUUYY  YYYUURUUUUY. YUY YURUUUUYYUURRRUUYY Y
UUUUYYUUY  YUUUUUUYUY 910 UU/UUY UUUYUUY  YUUUUY  YUUUUUUUUYY
UUYY.

9. YUY UYYYUUUUY YUUUY YUUUUUY U UUUY UUUUUY YUUUUY YUUUUUY
UUUYYY UUUYYYUUUUUUUYUYYY UUYYYUY YYYYUUURUUUYYYYY.

10. yyy YYYYUURUUUUUY YUUUYUUUUUUUUUY UUUUUUY YUUY YUUUUUY U
UUUYYYY YUY YYUUUUUY YUUUUUY YUUUUY, YUUY UYYUUUY UYYYUURUUUUYY
UUUUYYUUUUUUUUYYY YUY YUUUUUYY UUUUUUUUUUY YUUUUUUUYUYY.

11. pyyyyyy YUUYYYY YUUUYYUUURUUUUY YUUUUUYYUUUY YYYUUUY, YU
UUUYY UUUYYYUUUUY UUUYYUUUUUUUYY UUYYUUUUUUUY
UUUYYYYUUUUUUUYYY Y YUUUUUUYY YUUUYYY UUUYYY YUY YUUUY YUUUUUYY.

12. yyyuy YUY UYYUUUUUUUUY UUUY UURUUUUUUY YUUUUUUUUUYUUY
YUPYYYYUUURRRUUYY yyyyuppunuyyyyyuuy 1,25-1,0 v yyuy wyuyyyyyyy yy
UUUUYUY UUYYUUY YYUUUY:

) YUUUYYY UUUYYYUUUUUY YUUUUUY;

) YUUUUYUUUY YUUUUY YUY UUYUUUY YUY UUUUUY YUY YUUUUY;

) YUUUYYYYUUUY YYUUUUUUYYYUUUUUY Y UYYYUUUUUY YUUUUUY;

F) YHHUKHCHHSA eKcnnyaTauiI dBTOHAaBaHTaKyBayda 13 MBUIAKOCTAMH, IIPpH JKHX BHHHKAKOTH
pCSOHaHCHi SIBHIIA,

%) YUUUUYYUUUUY  YUURUUUUUUUUUUUUUY YUY YUUUUUUUUUYYUY
UUUYYYUUY Y YUUUYYY UUYYYUUUUUUY YUUUY YUUUUUY;

%) YUUUUUUUYYY  UUUUUUUUUUUUUUY  YUUUUUY  UUUUURUUUUY U
PUUUYYYUUYUY YU UUYYY  UUUYYUUY  YYUURRUUUYY YUY YUUUUY  UUUYY
UUUUYYUUUUUUUUYUUY UYUYUUUUUY.

UUUUYYYY YYYUUY YYUUUY Y UUYY UYYY YYYYY YYYUURUUY YUUY YYYY
UUUUY YUUUY U UUUUUYUUY UUUUYY UUUUUUUUUY UUYYUUUUUUUY YUUUUUY.
PUUUYYYY YYYURUUUUYY U YUUUUYY, YUY UUY UUYYY YYYUUY YURUUUUYY
UUUUYYY UUUYYY Y YUUY YUUUUUUUUUYUUUUYUY.

1. yyyyyyy  wY. UURUUUYYUURUUUUYYY  UUYYYUURUUUYUYY Y
UUUUYYUUUUY UUUUYUUUUUUUUUY YUUUUUUY UUUUUURUUUUY YYUUY [/ Yy.
UUYY uy UUUYYYYYUUUUUUYY. UUUUY, 1983. u.7-12.
2. YUUYYYUY  YYUUUUUUUUY  UUUUUUUY  UUUUUUUY  UUUUUUY YUY
wyyyyyyyuyy. y 37.001.022-81. ., 1981. 3. wyyyy u.u. YYYYUUUUUUUUYYY
UUUUYYUUUUUUY UUUYUUUUUY. UuuYY, 1992, 4. wuuy-uy %Y. YPUUUUUUYYY
UUUYYYYYUUUUUYUY  YUUUUUY  YYYUURUUUUUYYYUUY  UUUUYYY  YUUUUYYYY
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wpypuuuuuuuuy /) wuyyyyyy yo yyyyyyy wo puuuuuuuuuy. 20000 v 2(14).
w.31-39. 5. uuUUUY YUY,  UUUUUUYY  YUUUUUUUUY  UUUUUUUUUUUYYUY
UUYYYYUUUUUY  UUUYYYURRRUUYYYYUY % wuuuuuy  uuyyyy S/
UUUYYUUUUUUY YU YUUUUUUUUUUYY UUYUUUY Y UUUYYUUUUUUUY UUUUUYYY.
1999. y 6. y.61-66. 6. yyuuuuy w.u. UUUUY UUUYYYYUUUY UUUUUUY YUY
UUUYYUUUUUY YYUUUY Y YUUY UUUUUYUUURUUUUUYYY /) YYYUUUUUUUUY YUY
UUUUYYYYUUUUY YUUYYYY Y YUURRuuuuyyyy yuuyuyyyy. 1999, v 4. 9 .39-41.
7. YUYy Yy UUYYYUURUUUUY YUUUUYYY. Y., 1961. 8. yuuyyyyyuy y.u., yuy
wy., yyuuy w.H. yyyyyuuuy ¥ yyyyuuuuuy yyyy. y., 1985. 9. yuuuuuyyy,

UUUYYUUUUUUY, UUUUUYUUR YUUUUUYUUYR: U 3 U, / YUY UUY. LU UUUYYYY,
pyu.yyyuuyuy. u.1. w., 1968. 10. Simulation wunterstutzt Ermittlung wvon

Schwingbeiwerten an Gabelstaplern/ Beha Eugen //F+H: Fordern wund
Heben. 1990. 40. v 5. S$.276, 293—294, 297-298, 300—301. 11. yyuyu u.u., yuu-
YUY YU UUUUUUUUUUUY  UUYUUUUY  UUUUUUUURY  UUUUYUUUUUUUUY YUY
WUYYYYUY  UUY YU RURBRYYYRRYE  uuuyyy S/ Yy wuuy yu
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I'no6uax M.B., Koposaesuu JI.M., Kamym M.M.
J1Y “JIpBiBCchKa moiiTexHika”, kadenpa ekcruryararii
Ta PEMOHTY aBTOMOOUIBHOT TEXHIKH

JAESKI ACIIEKTU ®OPMYBAHHS PEMOHTHOTI'O ®OH/1Y APII
© I'moobyax M.B., Koponesuy JI. M., Kanyw M.M., 2000

Po3rasinyro mepexymoBu dopmyBanasi pemonay. [lpoananizoBano ATII sk
(paxTop nonosHeHHs pemponay APIIL.

VY cydacHMX €KOHOMIYHHX YMOBaxX aBTOPEMOHTHE BHPOOHHIITBO, SIKE€ Ma€ CBOI crierudivni
0COOJIMBOCTI, JTOMUIEHO peaitizyBaTd Ha HeBenwkux APII 3 By3pkoro cnemiamizamiero. Crerrialti-
30BaHi MAMPHEMCTBA Kpamie 1 IMBUAIMIE MPUCTOCOBYIOTHCS 0 YMOB PHHKOBOI €KOHOMIKH, sKa
nepeadavyae KOHKYPEHIII0, Ta CTBOPIOIOTH YMOBH JUIS BJIOCKOHAJIEHHS Ta TOKpAIIaHHS SKOCTI
PEMOHTHHUX POOIT.

CTBOpEHHSI CIemiani30BaHOT0 PEMOHTHOTO MiANpHEMCTBA a00 OKpeMOi JITBHUII HA HOBIH
TEPUTOPIT IIJIKOM 3aJICKUTh BiJI BEIMKOI KIJTBKOCTI PI3HUX YHHHHKIB, HAWBAXKIIUBIIIUMHU 13 STKHAX €
3abe3nedeHHs: peMOHTHUM (oHIOM. OCHOBHHM JUKeperoM (OopMyBaHHS PEMOHTHOTO (OHIY €
HAsBHICTh B EKCIUTyaTamii 3HAYHOTO MapKy TPAHCIOPTHHUX 3aco0iB, MmO (GOpMYIOTH IUIAHOBI
pemonTH. KpiM TOro, BaroMor0 € MOXIIMBICTH TOTIOBHEHHSI KUJTBKOCTI PEMOHTHOTO (OHIY 3a
pPaxyHOK TTOMIKO/KEHB, OTPUMAHHUX BHACIIIOK NOpoxHO-TpancnopTHuX npurox (I TIT). ITeperax-
HO KUTBKICHHH CKJIQJ TapKy aBTOMOOIUTFHOTO TPAHCIOPTY Ta HOTO CTaH € Hamepesa BiZloMi, OTXe,



