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MuxkoaaiBHa, HamioHalbHUM TEXHIYHUN  YHIBEPCUTET
VYkpainu «KuiBCbkuil MOMITEXHIYHUN IHCTUTYT iMeHi Irops
Cikopcekoroy, npodecop kadeapu npuiaao0yayBaHHs.

OdimiifHi OTIOHEHTH: JOKTOP TEXHIYHUX HAYK, Mpodecop
Homuammucbkuii F0piit OnexcanapoBuy
XKurtomupchkuii nepKaBHUNW TEXHOJIOTIYHHN YHIBEPCHUTET,
3aBigyBady Kadeapu wmetposiorii  Ta  iH(pOpMaIiiHO-
BUMIPIOBAIBHOI TEXHIKH, M. JKutomup;

Kanguaar TexHiuHUX HayK, TOLUEHT

ITHATEHKO IlaBJio JleoninoBuu,

Hamionanenuii yHiBepcuteT «YepHIiriBcbka MOJITEXHIKAY,
JOLEHT Kadenpu TEXHOJIOTIM MamuHOOyAyBaHHS Ta
JIEPEBOOOPOOKH

3axuct BinOyaeTbca « 27 » BepecHs 2021 p. o 14%° rox Ha 3aclJgaHHl
coeriamizoBanoi ByeHoi pamu K26.062.18 y HamionansHomy aBialiiHOMY
yHiBepcuTeTi 3a aapecoro: 03058, m. Kuis, nmpocnext Jlrobomupa ['y3apa, 1.

3 naucepTamilo MOXXHA O3HAWOMHUTHCh y HAyKOBO-TE€XHIYHIA O10JioTerrl
HamionanpHoTro aBiariiHoro yHiBepcurety 3a aapecoro: 03058, m. KuiB, mpocnekt
JIrobomupa I'y3apa, 1.

ABtopedepat pozicinanuii « 27 » cepans 2021 p.

Buenwnii cekperap creriainizoBaHo1

BueHoi paau K26.062.18 Craxosa A.Il.




3arajabHa XapaKTepUuCTuKa pOﬁOTl/I

AKTyaJIbHicTh TeMH. BumiproBaHHS 3HaYeHHS MPUCKOPEHHS CHUJ TSOKIHHSA g 3
BHCOKOIO TOYHICTIO HEOOXiJHE Il BUPIIMICHHS UIMPOKOTO CHEKTPY HAYKOBUX 3a/au:
BU3HAUYCHHs (popmu 3emMiti, moOyI0BU MoJIeiell pyXy TTTMOMHHUX Mac, OLIHKHU TMPYKHHUX
nedopMalliii MOBEPXHi MIIAHETH, IEpeI0aYCHHS 3eMJIETPYCiB, BUHAXOKCHHS TTTHOMHHIX
NIUTHPHICHUX HEOJHOPITHOCTEH, TOMIYKY TMOKIAIIB KOPUCHUX KOoMaimwH Ta 1H. Jlms
BU3HAYEHHS g TpHU3HAUYEHI TpaBiMeTpW. BHUBYEHHS mapameTpiB TrpaBITALIHOTO MO
3emuti (MPUCKOPEHHS CWIIM TSOKIHHS g Ta HOTO aHOMamii Ag) HeoOXiHI SK B aBlaIliifHil 1
KOCMIYHIHM TeXHIIl (KOPEKIlis CHCTEM 1HEpIliaabHOT HaBirailii pakeT, JIiTaKiB, OpOIT KOCMI-
YHUX JIITAIBHUX amapatiB), TaK 1 B IHIIUX Tally3sX HAYKH 1 TEXHIKH - B T€0JIOT11, Teodi3u-
i, reoae3ii (po3Bika KOPUCHUX KOMANWH, BUBYEHHS (opmu 3emiii Tomo). Tomy cTae
aKTyaJIbHAM BEJIMKOMACIITAaOHEe BUBYCHHS aHOMAJIill MPUCKOPEHHS CUIIA Bary.

JIns BU3HAYEHHS XapaKTePUCTHUK TPaBiTAlIfHOrO ToJsa 3emili Moxke OyTH moOyio-
BaHO aBialliiiHy rpaBiMeTpudHy cuctemy (AI'C), yyTIMBUM €IEMEHTOM SKOI € TPaBIMETP.
3a monomororo AI'C MoxHa 3700yTH TpaBIMETpUUYHY iH(POPMAIIIO Y BaXKKOIOCTYITHUX
paiioHax 3eMHOI KyJl Ha0arato IIBU/IIE Ta MEHUIMMHU BUTpaTaMH, HDXK 32 JOMOMOTI'OIO
Ha3eMHHUX MOPCHKHX 200 CYXOITyTHHUX T'PaBIMETPUIHUX 3aCO0iB.

EdextuBnicts podotn AI'C 3HauHOI0 Miporo 3a0e3medyeThcsi BAOOPOM UyTIMBOTO
eJIeMeHTa CHCTeMU - rpaBiMerpa. ChOroHI OJHUMH 3 HAMIEPCIEKTHBHIIINX BBAXKAIOTh
1’ €30€JICKTPUYHI TPaBIMETPH.

['paBiMeTpu4HI BUMIPIOBaHHS MOXXHa 3/IHCHIOBATH HA3eMHHMH, MIJBOJHUMHU (HA
MiIBOJIHOMY 4YOBHI) Ta HAJABOJAHMMH (MOPCHKHMH), aBialliiHUMH (32 JOIOMOTOIO
JTAIBHOTO anapaTy) rpaBIMETPUYHUMH 3aC00aMHU.

Hazemni epasimempuuni sumiprosanus 3a0e3MeUyOTh HAMOUIBII BUCOKY TOYHICTH
(0,01 mI'am). Ane, BOHM 3IiHCHIOIOTBCS YK€ TMOBUIBHO. PaiioHM moOIOCIB, €KBaTopa,
OKeaHiB, BaYKKOJOCTYITHI MICI[S CYIII, MyCTeNi, TiPCbKH MACHUBH JUI TaKUX BHUMIPIOBAHb
HEJIOCTYIIHI.

Mopcuoki epagimempuuni éumiprosanus MaroTh TouHicTh 0,1 — 0,5 mI'an ¥V Toii yac,
SK aBialliiHI BUMIPIOBaHHA MAlOTh 3HAYHO HIKYY TOYHICTh. KpiM Toro mopchki
rpaBIMETPUYHI BUMIPIOBAHHS HEMOJKJIMBI Y TIPCHKUX, BAXKKOJOCTYIMHUX MICIIX CYIII Ta
y BIJJQJICHUX pailOHAX OKEaHiB.

Asiayitini 6umiproganHsa NO3BOJSIOTH 3AIMCHIOBATH BHUMIPIOBAHHS NPUCKOPEHHS
ciwm TsokiHHaA (IICT) y BakkomocTymHMx paiioHax 3emuli 31 MIBHIKICTIO 3HAYHO
OutbIIOI0, HDK HazemHl. 4 1UX [iIed BUKOPUCTOBYIOTH aBialliiHI TpaBIMETpUYHI
CHCTEMH, YyTIUBUM €IIEMEHTOM SIKUX € TpaBiMeTp. JlaHi mpo rpaiTamiiine moje 3emu,
BBEJICHI Y TaM’ITh 0opToBOTrO Komm '1orepa AI'C, CyTTe€BO CIPUATHUMYTH IiIBUILEHHIO SIK
TOYHOCTI BU3HAYCHHS HABITaIllIHHUX TapaMmeTpiB, Tak 1 €(EeKTUBHOCTI TpaBIMETPUYHOI
PO3BIKH.

VY xpaimax CHJ] B aBiamiiiniii rpaBiMetpii Bimomi pobotu A.M. Jlo3uHCBKOI
(ctpynnmii rpaBimerp), €.1. IlomoBa (xBapuoBuii rpaBimMerp), a 3a KopaoHoM — L-R-S
(rpaBimeTp Jla-Kocte-PombGepra), A. I'pada (rpaBimerp Ackanis-I'pad).

[IupoxoBigoMi JOCTiHKEHHsI YKpaiHCHKMX HAYKOBIIB TakuX, K akamemika HAH
VYxpaiau B.I. Crapocrenka B Inctutyti reodizuku im. C.I. Cy66otina HAH VYkpainm,
akanemika HAH Vkpainu B.I. Jlaneko y HaykoBomy IleHTpi aepokocMiuHHX
nociaipkenb 3emii [Hctutyty reonoriynux Hayk HAH Vkpainu, akagemika HAH
Vxpaiau I1.®D. I'oxuka B [HcTUTYyTI Teomoriunnx Hayk HAH VYxpainu, 3acmyxeHoro
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Jisiua HAyKd 1 TeXHIKKM YKpainw, 1.T.H., mpodecopa O.M. bessecinpHoi B KIII im. Irops
CiKOpCBKOTO 3 PI3HUMU THIIAMU TPaBIMETPIB.

B icHyrou#MX Ha CHOTOJHIINIHIA JIeHb aBlalliiHUX IPaBIMETPIB TOYHICTh HEIOCTATHS
(2-10) wml'an. IIBuakomis BUMIpIOBaHb Ta OOpPOOKHM BUMIpPIOBAILHOI 1H(OpMAIT
ICHYIOUHX TPaBIMETPIB € JyKe MOBUIFHOIO. BIJBIIICTh 13 HUX € HEABTOMAaTH30BAHUMU Ta
OJTHO KaHANBbHUMHU. J[0 TOTO XK, Il TpaBiMETPH BUMIPIOIOTH PAa30M 13 MPUCKOPEHHSIM CHIIA
TSOKIHHSL g BEpPTUKAJIbHE MIPUCKOPEHHsI AZ . BucokoTtoyHe BUMiptoBaHHS AZ € CKJIAJIHOIO
HAyKOBO-TE€XHIYHOIO 337a4€l0 1 BUMAarae 3acTOCYBaHHS IHIIMX MIAXOMIB A0 METOIUKHU
BUMIPDIOBaHh Ta BHKOPHUCTAaHHS HOBHX CXEMO- TEXHIYHUX pIlIeHbh — HAMPUKIA,
BUKOPHUCTaHHS METOJY JIBOKAHAJIbHOCTI.

VYcnixu B aBialfiiiHii rpaBiMeTpii Oyniu 0 HEMOXKIUBUMHU O€3 JHOCATHEHb Yy Tally3i
inepuianpanx cucteM Hapiramii (IHC) ta wymmBux enemenriB IHC, BucBiTienux y
HaykoBuX mpansax mkonu BunatHux BueHux KIII im. Iropst Cikopcrkoro: IlaBmoBcekoro
M.A., OgunnioBa A.O., 36pymnskoro O.B., Camorokina b.b., Kapauyna B.B., Menbauk
B.M. Ta iHmmux.

AKTyaJpHOI HayKOBO-TEXHIYHOIO 33/1aueio JAUCepTallii € MiJBUIICHHS TOYHOCTI JI0
0,5 ml'an Ta mBHAKO/II BUMIpIOBaHb NMPUCKOPEHHS CHJIM TSDKIHHS HUISIXOM CTBOPEHHS
HOBOTO JBOKAHAJIBHOTO 1’ €30esieKTpruaHOoro rpasiMeTpa (AI1I") aTromaTuzoBanoi AI'C.

3B’530K AMcepTAliiHOI PO0OTHM 3 HAYKOBUMHM TMPOrpaMaMu, IUIAHAMM,
TeMaMHM.

JlocnipkeHHsT Ta po3po0OKH, y3arajibHEHl1 y AuUCepTalliiHii poOOoTi, BUKOHYBAJIUCh
y paMKax BIIMOBITHOI HAYKOBO-AOCIIIHOI pOoOOTH Mik Kadeaporo mnpuiaagoOyayBaHHs
HamionansHOro TexHiyHOro yHiBepcuteTy YkpaiHu “KuiBChKMH MOJITEXHIYHUHA
iHetuTyT iMeHi Irops Cikopebkoro” (KIII im. Irops Cikopcbkoro) ta MiHicTepcTBOM
OCBITH 1 HAYKH YKpaiHu:

— No 2311m “HoBwif mpenu3idHuN YyTIMBUNA €JIEMEHT cTabiii3aropa 030pOoeHHS
nerkoi OponboBaHOi TexHiku~ (HOMep aepxkpeectpamii 0120U102248): 3moOyBaueBi
HAJIEKUTh PO3AUT 5, B IKOMY PO3IJISIHYTO HOBI aNropuTMH (YHKIIOHYBaHHS Ta HOBa
METOJIMKA EKCIIEPUMEHTAIbHUX JOCHIIKEeHb, a TaK0XX HOBHUH aJrOpUTMIYHHUNA METOJ
3MEHUICHHS JUHAMIYHUX Ta IHCTpyMeHTanbHuX moxuook JI1T.

MeTta Ta 3aaa4i JOCTiIKEeHHS

Memor Oocniddcennss € TMIABUINCHHS TOYHOCTI Ta IIBHAKOAII BHUMIPIOBaHb
OPUCKOPEHHS CHJIM TSDKIHHS ~[UISXOM BHKOPUCTaHHS HOBOTO  JIBOKAHAJIBHOTO
I’ €30€JIEKTPUIHOTO TPaBIMETPa aBialiifHOI aBTOMATHU30BaHOT TPABIMETPUYHOI CUCTEMH.

OcHosHi 3a0aui:

— MPOBECTH AHANITHUYHUN OIJIAJl HAayKOBO-JITEPAaTYpHUX JDKEpesl Ta 3pOOUTH
NaTeHTHUH TOIIYK 3 TeMH JOCIDKEHb Y Tamy3i asialiifHOi rpaBiMeTpii, HamaTu
NOPIBHSUIBHY XapakTepUCTHKY icHyrounx rpaBimeTpiB AI'C, Bkazatu iX mepeBaru Ta
HEOJIKH,

— HAJaTd ONMUC KOHCTPYKILII Ta BHKJIACTH NPHUHIMI Iii HOBOTO IBOKAHAIHLHOTO
1’ e3orpaBimMeTpa aBromaruzoBanoi AI'C;

— po3pobutu mateMatuuny mozaeins 11T

— BUPINIUTH 3aJa4y MOKpaIIeHHs napameTpiB BuxigHoro curnany AT AT'C;

— JIOCIIIIMTH OCHOBHI 30BHIIIHI 3aBaau JABokaHanbHOro III' Ta 3ampomonyBaTu
CIocoOM 1X 3MEHILEHHS;

— JIOCIIITUTH TUIIXU YTBOPEHHS CUCTEMAaTUYHUX Ta BHITAJIKOBHX MOXHOOK KaHAITY
BUMIPIOBaHHS Ta 3allPOMIOHYBATH CIIOCOOM 1X 3MEHIICHHS;



— 3aiiicautu 3a gonomororo EOM marematuuyHe MojeNtOBaHHS pOOOTH HOBOTO
AT aBtomatm3oBaHoi AI'C B yMmoBax, MakcMMaibHO HaOMKEeHHX 10 yMOB JIA,
IPOaHATI3yBaTH Pe3yJIbTaTH MOJICITIOBAHHS,

— MPOBECTH  EKCIEPUMEHTaJIbHI  JOCHIKEHHS  HOBOTO  JIBOKAHAJIBHOTO
1’ €e30rpaBiMeTpa.

06 ’exm 0ocnioxcenHs. IPOUEC BUMIPIOBAHHS IPUCKOPEHHS CUJIM TSKIHHA LUISIXOM
BUKOPUCTaHHS IBOKAHAIBHOTO I1"€30€JIEKTPHYHOTO rpaBiMeTpa aBTomaruzoBanoi AI'C.

Ilpeomem Oocniodcenns: HOBHM JTBOKAaHAJIBHUN 11’ €30€JIEKTPUYHHN T'paBIMETP
aBroMartuzoBanoi AI'C.

MeToau noCaigKeHHA:

— BHUBYEHHSA Ta aHali3 HAYKOBO-JIITEPaTypHUX JDKepedl 3 TeMU AOCIHIIKEHb
nuceprartiii (po3ain 1);

— TPOBEIEHHS MAaTEHTHOTo MOIIyKy icHyrounx 1’ e3orpaBimMerpis (I1I) (po3ain 1);

— aHaNi3 TPHUHIMITY il 11’ €30€IEKTPUYHOTO TEPETBOPIOBaYa JJIsi BUBEICHHS
matematuaaoi mojeni I (po3min 2);

— METOJ YCYHEHHS BIUIMBY 3aBajJi Ha BHUXIJHUW CcuUTHaN ABokaHaiabHOro [T
aBroMatuzoBanoi AI'C (pozain 2);

— METOAM Teopii BUNAJAKOBUX IporieciB ais aHami3y ToanocTi I (po3min 3);

— ajaropuTMiuHi Metonu o0OpoOku iHdopmamii Ha OCHOBI amapary IITYYHUX
HEHpPOHHUX Mepex (po3ain 4);

— teoperuuHi gocaipkeHHs JIIIT 13 ypaxyBaHHSM JiI0YMX Ha HbOTO MapaMeTpiB
30BHINIHIX 30ypeHb (po3aii 4);

— ekcnepuMeHTanbHi gociimkeHds JIII' 3 BuUKOpHCTaHHAM OOYHCITIOBAIBHHUX
KOMIT FOTEPHHUX MPOTpaM IS IMIATBEPIKEHHS aJleKBAaTHOCTI BHUCHOBKIB TEOPETHYHUX
JTOCITIDKEeHB (po3aii 5).

HaykoBa HOBM3HA OTPUMAHUX Pe3yJIbLTATIB:

- oTpuMaNia TOJANBIIWNA  PO3BHUTOK po3poOKa Ta  JOCHIPKEHHS  HOBOTO
nBoka"aibpHOTo 1" aBToMaTu3zoBaHoi AI'C 6inbiroi Tounictio (0,5 mI'am) Big Bigomux
rpasimeTpiB (2 — 10 mI"an);

- po3pobJeHO MaTreMaTUYHy MOJETh aBialliiHOT TPaBIMETPHUYHOI CUCTEMH JUIS
BuMiproBanas aHomaiiid [ICT, ska BiAgpi3HAETHCS Bil BIIOMUX JOJATKOBUMU
nonpaBKkamMu, MOXHOKa BiJ HEBpaxyBaHHsS SIKUX HemomyctuMo Benuka (3,67 mlan).
JloObyTo pIBHAHHS PYyXy, BU3HAYEHO OJIOK-CXEMU BCiX OCHOBHHX KoMIoHEHTiB AI'C:
cHcTeMH cTabimizalii, HaBiramii Ta BusHadenus anomanii [1CT;

- OINHCAaHO CTPYKTYpHY cxeMy neperBopeHHs curHany [ICT y m’e3oenemeHTi
HoBoro JIIII' Ta 3ampomoHOBAaHO cMOCIO KOMIEHCAIli BXITHOTO HAMpPYXEHHS MUISIXOM
BBEJICHHS BIJ'EMHOTO 3BOPOTHOTO 3B’SI3Ky Ha OCHOBI 3BOPOTHOTO I°€30€(EeKTy.
Busnaueno xoedimient nepemadi mn’ezoenexkrpuyHoro enementa (I1E), Burorosienoro i3
H100aTy JiTIiO, sIKUi ckiaaae 1,682;

- s 3a0esneueHHss moTpiOHOI TouyHOCTi BuMiptoBaHb [ICT AI'C, oGuucieHo
JIOITyCTHMI 3HaYeHHS MOXWOOK BU3HAYEHHS MapaMeTpiB JbOTY JiTanpHOTO anapary (JIA):
mBuakicts 0,05 m/c, kype 1,43 kyt. xB., mupoTa 0,5 KyT.XB., BUcOoTa 3,3 M, BEepTHKaJIbHa
IIBUJIKICTD 0,5~IO2 Mm/c, muisx 1,5 m;

- PO3paxoBaHO JOMYCTHUMY TOXMOKYy crabimizamii oci uwymmBocti I y
MIOJIOKEHHS BEpTUKANl 5 KyT.XB. i TouHOcTi 0,5 M['anm Ta 3ampornoHoBaHO HuUIAXu ii
3MEHILIEHHSI 34 PaxyHOK BHUKOPUCTAHHS METOJ/IB BHUCOKOTOYHOTO BHUCTABJIEHHS OCI
gytimBocTi 11T
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- BHU3HAUEHO CKJaJ Ta CTpykTypy mnoxubok JIII, po3risHyTo Ta po3paxoBaHO
OCHOBHI 13 HHX. [HCTpymeHTanbHa moxuOka BuMipioBaHHS He mepesumrye 0,1 ml'am, a
Taki TMOXHMOKH, IO BHKJIMKAaHI CIIOCOOOM KpIIMJICHHS JO OCHOBH, IIYMaMH Pi3HOTO
MOXO/PKEHHSI Ta 3MIIEHHSIM HYJb-IIYHKTY MO)XHA CIIOBHA JIIKBIAYBAaTH 3a JOMOMOTOIO
KOHCTPYKTUBHMX ocobnuBocten AT

- Ha ocHOBI piBHsHHA quHamiku 1" po3paxoBano Horo mepenaTHy QyHKIIO A7
aHai3y Ha CTIHKICTh. BCcTaHOBNIEHO, 1110 BOHA Ma€ BUTJISA]I KOJIMBAJIBHOI JIAHKY;

- 3a kputepismu ['ypsina ta HaiikBicta BuzHaueno, mo I e criiikum.

IIpakTHyHe 3HAYEHHS OJIeP:KAHUX Pe3yJIbTaTIB:

- PO3KpUTI y AWCEPTAIiiHINA poOOTI pe3yJbTaTH TEOPETUUHUX 1 EKCTIEPUMEHTATLHUX
JOCJII/DKEHh € BHECKOM Yy TEOpil0 MOOYIOBM HOBHX THITIB TPAaBIMETPIB aBlalliiHUX
IPaBIMETPUYHUX CHCTEM 3 MiJABUIICHOIO TOYHICTIO Ta MIBUAKOII€0. PimeHHs, mo Oymu
3amMpOTIOHOBaHI y AMCEpTaliliHii poOOTi, € HOBUMH 1 PO3MIUPIOIOTH Ta JIOTIOBHIOIOTH
OCHOBH Teopii moOyq0BH BHUMIPIOBAILHUX TMEPETBOPIOBAUIB 3 MHU(PPOBOK 0OPOOKOIO
1HpopMarii;

- OOrpyHTOBaHO JONUIBHICTH BuKopucTaHHs HOBoro JIIII' aBromarmsoBanoi AI'C
outbmoi TouHocTi (mo 0,5 wmlam), HDXK y BiIOMHX Ha CBOTOJHI TpaBIMETPIB (3
pe3yabTaTamu BUMiproBanb 2-10 mIan);

- YIOCKOHAJIGHO JIa0OpaTOpPHY YCTAHOBKY JUISI ©KCIIEPUMEHTAIBHUX JOCIIIKECHb
JIIT;

- po3po0ieHO METOAMKY 1 alrOpuTM JOCHIPKeHb BHCOKOTOYHHUX aBlalliiHUX
BHUMIPIOBaHb MPUCKOPEHHS CHIIM TSXKIHHS.

Bci HaBeaeni pe3ynbratu AO3BOJISIOTH MIJBUIIUTH TOYHICTH BUMIPIOBaHb g y 2
pa3u (0,5 mI'am) Ta mBuakoaito - y 10 pa3iB y MOpiBHIABHSAHHI 13 CHOTOJHI BIJIOMUMH
aBlalliiHUMH TpaBIMETpaMH 3 pe3yJibTaTaMu BUMiproBaHb 2-10 mI a.

PesynpraTnn aumcepTaniiHoi poOOTH BHPOBAIKEHO 1 MIATBEPIKEHO aKTaMU
BIIPOBA/UKEHHA y HaBYaJbHOMY Tmpomeci Ha kadenpi mnpuinanoOynyBaHHS
HarmioHansHOTO TEXHIYHOTO YHiIBepcuTeTy YKpainu «KuiBChbKHH MOMITeXHIYHUN
iHCTUTYT 1iMmeH1 Irops Cikopchkoro» B HaBYalbHUX aAucnuiuiiHax «Haykosi
TOCHIJKEHHS] B Tajy31 aBTOMaTH3allii Ta KOMIT'IOTEPHO-IHTErPOBAHUX TEXHOJIOTIH» 1
«IlnanyBaHHA eKCIEpUMEHTY» Ta B TMpoIeci JUIUIOMHOTO Ta KYypCOBOTO
MPOEKTYBAaHHS 31 CIEIIalbHOCTI «ABTOMAaTH3aIlisd Ta KOMII IOTEPHO-IHTETPOBaHI
TEXHOJIOT11», a TAKOXK — Yy JOCIIDKCHHSAX 32 TeMaTukKow [IyOiiaHOTO aKiioHepHOTO
toBapucTtBa «HaykoBo-BupoOHUYe 00’ eqHanHsT « KHIBChKUI 3aBOJT aBTOMATUKI

Oco0ucTnii BHeCOK 3100yBaya.

OCHOBHI TEOpPETHYHI MOJOXKEHHS IUCEPTAIiifHOT poOOTH pO3pOoOICHO pa3oM i3
HAyKOBHM KEpiBHHKOM [I.T.H., npod. bessecimpHoro O.M. ABTOpOM mpoOBenEeHO
aHaJI3 HayKOBO-JITEpaTypHUX JDKEpel 3 TEeMH JAOCHIKEHb JucepTalii Ta aHai3
CydyaCHUX METOJIIB BHUMIPIOBAaHHS TPUCKOPEHHS CHUJIM TSDKIHHSA, HAJaHO ONHUC iX
KOHCTPYKII Ta BUKIAJACHO TMPWHIUN [ii HOBOTO JAKOkKaHanpHOTO [T
aBromatuzoBanoi AI'C. OtpumaHO Ta JOCHIPKEHO MaTeMaTUYHY MOJIeIb HOBOTO
nkokaHanbHoOTO I1I'. BU3HaueHo qomycTuMi 3HaUEHHS MOXUOOK BU3HAYECHHSI TapaMeTpiB
JBOTY  JITaJIbHOTO  amapary. Po3poOieHo MareMaTuyHy MoOJeNdb  apiamiitHoi
rpaBiMeTpuyHOi cuctemu aisi BumiptoBanHs aHomaniii [ICT. OmmcaHo CTpyKTypHY
cxemy neperBopeHHs curHany [ICT y m’e3oenementi HoBoro JIII" Ta 3ampornoHoBaHO
crociO KoMmmeHcallli BX1JHOTO HaNpyXEHHs IUISIXOM BBEICHHS BiJI’€MHOTO 3BOPOTHOTO
3B’SI3Ky Ha OCHOBI 3BOpPOTHOTO I €30edekry. [IpoBeneHo mudppoBe MojaenOBaHHS Ha
EOM rta nabopatopHi eKkcnepuMeHTaldbHI JOCHiUKeHHS pobotu HoBoro JIII.



Busnaueno cknan ta ctpykrypy noxu6ok JIIT, po3risiHyTo Ta po3paxoBaHO OCHOBHI 13
HUX.

JloCcTOBIpHICTh Ta OOTPYHTOBAHICTh OTPUMAHUX pPe3yJbTAaTIB MiATBEPIKEHO
301KHICTIO aHATITHYHUX PO3PaxyHKiB, PE3yIbTaTiB €KCIIEPUMEHTIB Ta MOJICITIOBAHHS
Ha EOM.

AnpoOanis pe3yabTaTiB qucepTaNil.

Bnpoosxx pobOTH OCHOBHI MOJIOKEHHS Ta Pe3yJbTaTH AHMCEpTaliiiHOi poOoTu
oynu BucsiTieHl Ha: The decision of the Organizing Committee of the conference
"Global science and education in the modern realities "2020" Ne 1 (USA,
Washington, August 27, 2020); Abstracts of XX th International scientific and
practical conference «Perspective directions for the development of science and
practice» (Greece, Athens, 8§ — 9 June, 2020); MixHapoagHa HayKoBa IHTEPHET-
koH(pepeHmis "[HdopmariiiHe CyCHMIILCTBO: TEXHOJOTiYHI, €EKOHOMIUHI Ta TEXHIYHI
acnekTu craHoBieHHs (Bumyck 48)" (Ykpaina, Tepuominb, 12 TpaBusa 2020 p.);
[aTerpoBani iHTeNekTyaldbHi pobotorexHiudi kommekcu (IIPTK-2020); XIII
MDKHapOJHa HayKoOBO-pakTuyHa KoHpepeHuis (Ykpaima, KuiB 19-20 TtpaBHs
2020 p.).

Iyo0aikanii.

3a pe3ynbpTaTaMu IOCIIIKEHb OMy0IiKOBaHO 7 HAYKOBHUX Mpallb, y TOMY YHCII 3
CTaTTi y HayKoBHX (axOBUX BHUJAHHAX (3 HUX 2 CTAaTTi y HAyKOBHUX (HaxoBHX
BUJAHHAX VYKpaiHu, 1 cTarTs y BUIAHHSAX 1HO3EMHHUX JepkaB), 4 wmarepiaiu
JIOTIOBiIel MI>KHAPOIHUX HayKOBO-TEXHIYHUX KOH(EPEHIIi.

CTpykTypa Ta ob6cHAr auceprauniiiHoi podoTu. PoboTa ckiragaeTbes i3 BCTyILy,
I’TH PO3JLIIB, 3arajlbHUX BUCHOBKIB, CIIMCKY BUKOpPUCTaHUX JKepen 13 120 Ha3B Ta
2 nonatkiB. Poboty Bukinaaeno Ha 190 cTropiHkax OCHOBHOI'O APYKOBAHOTO TEKCTY. Y
TEKCTi BUKOpHUCTAaHO 84 pucyHku ta 19 Tabauis.

OCHOBHHM 3MICT POBOTH

Y Berynmi OOTpYHTOBAaHO aKTYyalbHICTH JOCTIIKEHb, MOXKIMBICTh Ta JOIIBHICTH
BUKOPUCTAHHS B SKOCTI TpaBiMeTpa aBialliifHOI TpaBIMETPUYHOI CHUCTEMH HOBOTO
nBokaHanpHOro III°, chopmynboBaHo MeTy 1 3amadi JOCIHIKEHb JUCEPTaIlii, HAYKOBY
HOBH3HY, NPAaKTUYHE 3HAUEHHS OTPUMAaHUX pe3ynbTaTiB. HaBeneHo OCHOBHI HAayKOBi Ta
NPaKTUYHI pe3yNbTaTH, SKi OTPUMAaHO Yy AUCepTaliiiHii poboTi. BusHaueHo cTpyKTypy Ta
obcsr qucepTaliiHoi poooTH.

Y nepumomy po3aiji NMpoBeACHO aHali3 HAyKOBO-JITEPATYpHUX JKEpen 3 TeMU
JOCIIPKeHD JUCEPTAIlii Ta aHaji3 Cy4acHHX METOJIB BUMIiPIOBaHHS MPUCKOPECHHS CHIIN
TsOKIHHSA. Bu3HaueHo MeTonu Ta 3aco0M BU3HAUEHHS NPUCKOPEHHS CHUJIM TSKIHHSA
pi3HUMU rpaBiMeTpamu. [lokazaHo, 10 TOYHICTH BIJOMUX TpaBiMeTpiB HepocTaTHs (2-10
M), mBuakomis ix wama. OOIPYHTOBAaHO 1J€0JOTII0 PO3POOKH JTBOKAHAIEHOTO
’e3oenekTpuaHoro rpaBimerpa AI'C. Bu3HadueHO cydacHi TOYHICHI BUMOTH JIO
rpaBimetpiB AI'C. Jlns cyTTeBOoro mokpaiieHHs xapakrepuctuk TouHocTi AI'C Hapasi
KPUTUYHUM € JOCSTHEHHS To4HOocTi rpasimMetpa AI'C Benunuunoro go 0,5 wmlan.
3amporoHOBaHO JUIsI PO3POOKM HOBHU JBOKAHAJIBHUHN I’ €30€IEKTPUYHUN TpaBIMETp
AT'C, 0coONMHMBOCTI SKOTO [O3BOJIIOTH IOJ0JIATM BCI OCHOBHI HEIOJNIKH 1CHYHOYHX
rpaBimetpiB AI'C

Y napyromy po3aiii mpoBEIEHO OISl HAYKOBUX Mpallb IO I'€30€IeKTPUYHUM
nepeTBoproBauyaM. AHami3 IUX Mpaip MOoKa3aB, M0 B HUX HE JOCHIDKEHO JETATbHO
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MOJKJIUBICTh BHMKOPUCTAHHSI JBOKAaHAJIBHHUX I1'€30aKCEJIEPOMETPIB Jisi BHUMIPIOBaHb
HU3bKOYAaCTOTHUX BiOpaIifHUX MPHUCKOpeHb. He BKka3aHO METOIM 3MEHIIEHHS iX BIACHOI
YacTOTH Ta MIJBULIEHHS YyTHuWBOCTI. He mocimimkeHO [eTajabHO MOXKIHMBICThH
3aCTOCYBaHHS JIBOKaHAJIBHUX I’ €30aKCEIEPOMETPIB B SIKOCTI IpaBiMETPIB.

[3 HaBeEeHOTO OTMIsiAy HAYKOBUX Mpallb BUJHO, IO BiACYTHS Oyab-sika iH(opMaris
OpO BHUKOPUCTAHHSA (I3UYHOTO SBUIIA MOPSIMOTO 11 €30€PeKTy i MoOyAOBU
JIBOKAHAJIBHOTO TpaBiMeTpa aBialiiiHOT TpaBIMETPUYHOI CHUCTEMHU, IO € aOCOTIOTHO
HOBHUM HanpsMOM 1 00JIaCTIO 3aCTOCYBAHHSI 11’ €301I€PETBOPIOBAUIB.

HoBwuii nBOKaHANBHUI IT'€30TPaBIMETP CKIAMAETHCS 3 TPUCTPOIO OOYMCICHHS
BUXIZJHOTO CHUTHAJIy II’€30rpaBiMETpa Ta UYYyTJIMBOTO €JIEMEHTY, IO MICTUTh MaKeTH
n’e3omnactud (puc. 1). UyTnuBuil eneMeHT Mae JBa KaHalu. Y KOXXHOMY KaHall
BCTAaHOBJICHO IO OJHOMY 1JI€HTUYHOMY II’€30€JI€MEHTY, 10 BUTOTOBJEHI Y BHIJIAII
1’ e3oriacTiH Ta iHepuiaoi macu (IM). 1i m’e30eneMenTr po3TanioBaHi J3epKabHO Ta
CIIBBICHO (OCi Z) BITHOCHO OJWH OAHOTO. Buxoau m’e3omiacTud 060X KaHaMIB 3’ €IHAH]
3 BXogamu cymaropa. CHurHaja cymMaropa MOJA€TbCA Ha BX1J MPUCTPOIO OOYHMCIICHHS
BUXIIHOTO CUTHajJy rpaBiMeTpa. Taka KOHCTPYKLisS TpaBiMeTpa I03BOJISE IIiIBUIIHTH
TOYHICTh BUMIPIOBaHb TPABITAIITHOTO MIPUCKOPEHHS.

[linBuIIeHHs TOYHOCTI BHUMIPIOBaHHS Y JBOKaHAJIbHOMY II €30TpaBIMETpi
3a0e3MevyeThes 32 paXyHOK TOTO, IO BBEJIEHO APYTUH KaHal BUMipioBaHHS. UyTinuBHii
€JIEMEHT y IbOMY BHIIaJKy BUKOHAHO 3 JBOMa KaHaiamu. [1’e€30emeMeHT 0JHOr0 KaHaly,
3 BcTaHOBIEHOIO IM Ha m’e30minacTuHax, Mpaloe Ha CTUCHEHHS. KOHCTPYKTHBHO
ITIEHTUYHUNH oMy I1’€30€JIeMEHT IHIIOro KaHaly, 3 BCTaHOBJIeHOW [IM min
I’ €30IUIACTUHAMHY, TPAIlO€ HA PO3TATYBaHHA. BHXiJHI €JNEKTPUYHI CHTHAJIU
n’e3omnactuH 060x kaHanmiB YE cymyroTbest y cymatopi. OTpumaHUil pe3ynbTyrouuit
KOPUCHUM  €JIEKTpUYHUI CuTrHal Oyae MNpONOPLIMHMM  TOJBOEHOMY  CHUTHAILY
TpaBITAIlifHOTO MPUCKOPEHHS. 3aBASKH BUKOPHCTAHHIO JIOJAaTKOBO BBEIEHOTO JPYrOTro
KaHaTy BHUMIPIOBAaHHS, 3a0e3MeuyeThbCs BIJICYTHICTh Y BUXIIHOMY KOPHCHOMY CHTHAJI
HoBoro JIIII' curnamiB mnoxumOOK BiJ BIUIMBY BEPTUKAJIBHOTO MPHUCKOPEHHS Ta
IHCTPYMEHTAIBHUX MOXUOOK (MOXUOKH, III0 BUHUKAIOTH BiJl 3aJIUIITKOBOI HEIIEHTUYHOCTI
KOHCTPYKIII OAHAKOBHX II’€30IUIACTUH Ta IHEPIIMHMUX Mac, BiJ BIUIMBY 3MIHHU THUCKY,
BOJIOT'OCTI, TEMIIEPATypH Ta 30BHILIIHBOTO CEPEIOBUIINA, K1 MOXKYTh OyTH 3HAUHUMH.

(%]

Uy /

=X TpncTpiit ! T
OOuHCIEHET I

BEXUTHOTO CHTHATY
TpaBiMeTpa

Puc. 1. JIBokaHanbHUM 11’ €30€IEKTPUIHUN TPaBIMETP



Omxe, 3anpomonoBanmii JIIII' 3abe3meuye CyTTEBE MiIBUIICHHS TOYHOCTI
BUMIPIOBAaHHS TPaBITAIlIHHOTO MMPUCKOPEHHS.

Po6ora aBOKaHANBHOIO 1’ €30TPaBIMETPA MOJATAE Y HACTYITHOMY.

Ha m’esoenemenTn 000X KaHadiB Ji€ BepTHKanbHe npuckopenns AZ JIA,
rpaBiTalliiiHe MPUCKOPEHHS <., Ta IHCTPYMEHTaIbHI MOXHOKK Ai (BIUIMB 30BHILIHBOT'O
CepellOBUINA, BIUIMB 3MIHM BOJIOTOCTI, TeMIeEpaTypd Ta TUCKY, BIUIMB HETOYHOCTI
BUTOTOBJICHHS TTAKETIB IT"€30IIaCTHH 000X KaHamiB). BpaxysaBmm, mo m’e3oeneMeHt 4
JIPYyroro KaHaily — Ha PO3TATYBaHHsS, a I’ €30€JIE€MEHT 3 OJHOr0 KaHaTy MpaIioe Ha
CTHUCHEHHS 1 CIIPOEKTYBABIIY BIUIMBU Ha BUMIPIOBaJIbHY Bich (Jz, OTPUMAEMO:

u, = k(mg. + mAz + Ai); u, = k(mg, — mAz — Ai), (1)
1€ U; — BUX1ITHUN €JeKTPUUHUN CUTHAJ TAKETY 1’ €30IJIaCTHH OJHOTO KaHally;
U, — BUXIJHUN €IEKTPUYHUN CUTHAI MAKETy I €30IUIACTHH APYroro KaHaiy;
k —m’e30enekTpuyHa cTana; M — Bara iHEpI[iiiHOI MacH;

BuxigHi enexTpuyHI CHUTHAIU u; Ta U, TAKETy I’ €30IUIaCTHH 000X KaHaliB

CYMYIOTbCS Y cymMartopi 5:
us =u, +u, =2kmg_, )
Je Uy — BUXITHUM CUTHAJI cymartopa 5.

BuxigHuii curHan Uy 3 cymaTopa 5 moJaeTbes Ha MPUCTPild 00YMCICHHS BUXiTHOTO
CUTHaNly TI1’€30rpaBiMeTpa 2, ne BiH (QOpMyeTbcs 3a NEBHUM 1HTepBan wyacy. Sk
pe3ysIbTaT, OTPUMYEMO BUXITHUN CUTHAI I MPUCTPOIO OOYMCIIEHHS BHXITHOTO CUTHATY
rpaBiMeTpa 2, 1o MpeacTaBisie co00K MOJBOEHUN CUTHAM IPaBITalliiHOTO MPUCKOPEHHS.
Y 1pbOMy CHrHaJi IOBHICTIO BIACYTHI IHCTPYMCHTaIbHI MOXHOKHM Al Ta MOXHOKH
BUMIPIOBaHb, SKi CIIPHYMHEHI BIUIMBOM BEPTHUKAIBHOTO NPHCKOpeHHS AZ. TOYHICTH
JIBOKAHAJIBHOTO I1’€30TPaBIMETPa 3HAYHO IM1IBUIIUTHCS.

[TIpu naii [ICT wa ¥oro uymmBy Macy kKonuBainbHOI cuctemu JIIII' BUHMKArOTH
BUMYIICHI KOJTMBAHHS.

KomuBanpaa cuctema IIIT ckimamaeTscsi 3 HACTYITHUX €JIEMEHTIB: iHEpIliiiHa maca
(m), nemnyrounii eneMeHT (n) Ta eJIeMEHT KOPCTKOCTI (k). [ToBITpsl BUCTyMHae B SIKOCTI
neMIIpyrodoro ejneMeHTa, CTBOPIOIOYM OIip pyXxoBi iHepriiiHOi Macu. EnemeHt
YKOPCTKOCTI XapaKTePU3YETHCS MPYKHAMH BIIACTUBOCTSIMHU MIPYKHOTO CIIEMEHTY.

3anponoHoBaHa KOJIMBaJIbHA CUCTEMA € €(PEKTUBHOIO 32 BU3HAYEHUX YMOB:

— pyx IM B iHepuianbHIM cHUCTeMI BIUTIKY BIiIOYyBa€ThCA B3IAOBXK OCI Z-Z,
NepHeHUKYIIpHOT TUIonTrMHI BcTaHoBaeHHs 1T

— Maca MPY>KHOTO €JIEMEHTa € HE3HAYHOI0 1 Habararo MeHIa 3a [M;

— Maca 4YyTJIMBOTO €JEMEHTYy, KOeQiIlieHT MpyKHOCTI Ta pgeMndyBaHHSI €
HE3MIHHUMH Y Yaci;

— Yy MeXaxX MOXJIMBHX KOJMBaHb, CHJIa TPYXHOCTI MpomnopiiiHa aedopmarrii
HOPY>KHOTO €NIEMEHTA;

— omopa, IM Ta inmi cknanosi [1I" € HegemnpoBanumu.

Il oonoco uymausoeo enemenmy JIII" pyx 1HEPLIHHOT MacH 13 IPUCKOPEHHSIM g,
3a0e3neuye cuia, 110 OB’ A3aHa 3 HUM 3T1IHO Apyromy 3akoHy HeroToHa:

G=mg._, 3)
ne G — cuna, sika nie Ha IM; m — Benmunna IM.



Ha IM mig 4dac pyxy AilOTh TaKoX IHEpIliiHA cuia Bix Aii BEPTHKAJIBLHOTO
npuckopenns JIA, cuna onopy pyxy Ta cuia npyxHocrti [1E.
Cuna npyxHocTi [1E, BignoBigHo 10 3akoHy ['yka, JOpIBHIOE:

F,, =k, ©

np
ae F,, — cuna npy»KHOCTI NPY»KHOTO €JIEMEHTa; K — KOE(ILI€HT NPYKHOCTI, IO 3aJ1€XKNTh
BiJl BJIACTUBOCTEH MPY)KHOTO €JIEMEHTA; z — 3MIillleHHs iHepiiiHoi mucu 1" BimHOCHO
HYJIOBOTO TIOJIOKEHHS.
Cuna onopy pyxy iHepuiitHOi Macu:
dz
F op =—-n E . (5)
ne F,, — cuna onopy pyxy iHEpIiiHOI Macu; 7 — KOe(iLieHT onopy (3aTyXaHH:).
3 ypaxyBauHsM (3), (4) 1 (5) oTpumaemo:
dz
mg, =—n——Kz. (6)
dt

KinneBe piBHAHHSA pyxy II’€30rpaBiMeTpa 13 BpaxyBaHHS IHEPIIHHOT CHUIH
d*z .
F = mF MaTHUM€E BUTJIAO.
t

d’z  dz
m——+n—-+k=-mg.. (7)
dt dt
Hapmani, nBoMa mepmum# CKIaJOBHUMH, OyIeMO HEXTYBaTH dYepe3 I1HEpIiiHICTb
koHCTpyKii [1T".

PiBHsHHS pyXy Im’€30rpaBiMeTpa B yMOBaxX BHUMIpPIOBaHHA Ha 3emii, Oyne
2

K : z .
g. = ——z. B ymoBax po6otu 1" Ha miTaky cKi1amoBy moz HEOOXiTHO BPaXOBYBATH.
m
AHanoriuHo ois opyeozo YE J[III" kiH1ieBe PIBHSHHS PyXy MaTUME BUTJISI:
d’z dz
m—s-+n—+kz=—-mg.. (8)
> dt g

Uepes iHEPIIHHICTh KOHCTPYKIIII 1T’ €30TpaBiMeTpa, ABOMA MEPIIMMH CKJIaIOBUMU
Ha/1aji Oy/ieMo HEeXTYBaTH, SK 1 y IEPIIOMY BUMIAJKY.
Piusuns pyxy mns UE apyroro kanamy JIIII' B ymoBax ycTaHOBKM Ha 3emui,

K
BUITIAJAE: g, =——Z.
m
Jnsa 0sokananbHo2o n’e302pagimempa 6 ymMosax posmauty6anus Ha 3emii
K
g, =-2—z.
m

. . d’z
B ymoBax posramyBanns JIII' Ha mitasbHOMY amapaTi CKIagoBY mF Tpeba
t
BpaxoOBYyBaTH.
3acrocyBaBlIM 0 BUpa3y (8) neperBopeHHs Jlamiaca orpumaemo:

mp*z(p)+ npz(p)+ kz(p) = ~2mg_(p). Q)
ne z(p) — 300paxkeHHs 1o Jlammacy 3MileHHs 1HepIIMHOT MacH; gz( p) — 300pa)KeHHsI 110

Jlammmacy IICT y3mossx oci wytnusocti JAI1T.
3naxoauMo niepeaatny gyskiio W(p) AI1T:



B z( p) _ —2m
W(p)_gz(p)_mp2+np+k' (10
BpaxoByroun, mo Buxigaa nanpyra I mpsmo nponopmiitaa 3mimenao IM ta
BUKOpUCTOBYIOUH Bupas (10), 3anumemo nepenatny ¢ynkiito I mo kanamy I1CT, mo
€ BUXIJIHOIO HAIIPYTOIO:

2K
Wﬂnr(p):rgz;_'_l' (11)
ne Wynr(p) — nepenarna ¢ynkuis A1 no kanany IICT—BuxinHa Hanpyra;
T;1 T, — xoedilieHTH, IO BU3HAYAIOTH MOCTIHHI Yacy 00’ €KTa IPyroro mopsaKy;
Ky — cratnunnit koedinient nepenaui JIII.
Sxmo po3ainutu piBasaEA pyxy I (8) Ha m, To oTpumMaemo:
F4+2-wi+wiz =-2g., (12)

ne & — koedilieHT aeMndyBaHHs; @) — BiaacHa yactora [T
Koedimient nemndysanns I (m’e30akcenepomerpa) € HETIHINHOWO (YHKIIETO,
sKa 3aJIC)KHUTD BiJl IPY>KHUX Ta I’ €30€IeKTpUIHUX BracTuBocteil [1E.
[Tepenumemo piBHAHHS (12) y BUTTISAIL:
m2+z'[2n—Lsin(a)t+g)]+ w;z = N sin o, (13)
ne L=mw,, N=mw, — mapameTpu BiOpariii; w,, w, — aMIUIITyI1 BiOpaliiHUX MPUCKOPEHb.
Beaxaemo, mo M (1) =2n— Lsin(wt + &), a D(t) = w, , Toxi
Z+2M(t)+ D(t)z = 0, (14)
ne M(t) ta D(t) — T-nepioanuni QyHKITIi.
PiBasnns Burnsany (14) 6e3 3MiHM XapaKTEpPUCTUK MOKA3HUKIB MOXKHA 3BECTH [0
aHajoriuyHoro, ae M(t) = const.
Hexaii

j.M(tl )dt, =Wt + M, (t), (15)

ne ¥ =2n; M(t)= j(M(tl)—T)dt =£cos(a)t+5).
5 @

3MiHIOIOYHU
1 1L
;= e—EMl(t)Z, _ e—zgcos( wt+5)Z” (16)
JICTAaHEMO
Z'+2nz'+ F(t)z' =0, (17)
B SIKOMY
F(t)=w] +v, sin(at + e+ o), (18)
w INo+4n®
ne Oy =arctg—; vy =———.
2n 2
Bupa3s (18) 13 ypaxysanusam (13) 1 (17) moxkHa 3anmucat y BUTIISIL
'+ 202 + [} +v,sin(axt +e+0,)]z = Nsina, (19)

A60? 3 ypaxyBaHHsIM napameTpiB: m =0,01ke, £+ o0, =0:

Z+2lmz + (a)g +v,w, sin a)t)z' =0,01w, sinax, (20)
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Otxe, orpumano piBHsHHSA (20) Tumy Marpe-Ximna, fke € 3py4HHM IS
MmozeiroBandg Ha EOM.

CxJ1aJoBUMH TPUCKOPEHHSI Ta IIBHJAKOCTI OyaeMoO Yy NOJajbIIOMy HEXTYBaTH,
3Bakarouu Ha iHepuiHicTs AT

Posrnsinyro cmocobu posmimenas [IE y xonmcrpykumii JAIIIT ta 3pobimeHo ix
MOPIBHSUIbHY XapaKTepUCTUKY, BU3HAUEHO iX NepeBaru ta Heaoliku. OO0paHo HACTYIHUMN
croci®0 posmimenns [IE — HeleHTpoBaHMN Ta 3aTUCHEHHWM 3a JOMOMOIOI) TBHHTA.
[IpoBeneno aHai3 OCHOBHHMX BHJIB II €30MartepianiB (KBapl, HIOOaT JiTio, TypMaiH,
CeTHETOBA Cilb, CyibdaT jiTio, aurigpodocdar amonito, kepamika) mis YE nHoBoro
AIIT.

[IpoBeaeHO aHai3 OCHOBHUX MapaMeTpiB I’ €30€IeKTPUUYHUX MaTepialliB Ta 0OpaHO
HaONTUMAaNbHIMK 13 HUX i KOHCTpyKuii uyrnuBoro (UE) pospobnsemoro AT, a
came — Hio0aT JITito.

He3Baxkatroun Ha Majie 3HA4YEHHS I1°€30MOAYJSl Ta BIJHOCHOI Ji€NEKTPUYHOL
NPOHUKJIMBOCTI y MOPIBHSIHHI 13 I’ €30KepaMiKOr0, HI00AT JITiI0 Ma€ BUCOKY CTIHKICTh JI0
3MIHM 30BHIINIHIX TEMIIEpaTyp Ta THCKIB, BHUCOKHU KOE(DIIMIEHT €IeKTPOMEXaHIYHOTO
3B’SI3Ky Ta CTaOLIbHI 1T’ €30€JIeKTPUYHI BJIACTUBOCTI, 1[0 € BAKJIUBUM O€3MOCEPETHBO IS
koHcTpykmii I

[IpoBeneHO po3paxyHKH OCHOBHHX EINEKTPUYHUX MapaMeTPiB I €30€IEKTPUYHOTO
rpaBiMeTpa, JUII  [OTO  BHUKOPHUCTAaHI  ICHYIOYl  METOAUKH  PO3PAXYHKIB
I’ €3011ePETBOPIOBAYIB.

Pesynpraté BUMIipIOBaHb NMPHUCKOPEHHSI CHIIM TSDKIHHS, OTPHMaHI 3a JOIIOMOTOIO
OyIb-SKOTO TpaBIMETpa, MICTATh BENHMKI TMOXHOKKM BUMIptOBaHb. Lli moXubOku
BUMIPIOBaHHS BUKJIMKaHI TUM, 10 LIT[" BUMiproe mpoekIiito CyKyImHOCTI CUTHAJIIB Ha BICh
gytauBocTi: kopucHoro curHany (IICT) Ta curHamy mepemkond 3a paxyHOK
BEPTHKAIBHOTO IPUCKOPEeHHs (BoHO y 10° mepeuiye KoprucHuii cHrHam).

Tomy Oynma BupimeHna mnpoOnema ¢iabTpamii  BuxigHoro curHany LIIT
aBTOMAaTHU30BaHO1 aBiaIlifHOT TPaBIMETPUYHOI CHCTEMHU.

OTpuMaHO aHAIITUYHI BHUPa3d CIEKTPAIBHUX MIUIBHOCTEH KOPHUCHOTO CHUTHAIY

G, (w) Ta BEPTHKAIBHOTO MpHUCKOpeHHs JIA Gz(a)) Ta moOyaoBaHO iX Tpadiku

(puc. 2).
I3 puc.2 BugHo, mo mnpu yactorax noHan 0,1 panm/c cmekTpanbHa TYCTHHA

BEPTUKAILHOTO MPUCKOPEHHS NPSAMYE 10 HECKIHUEHHOCTI; MPH YacToTax, MeHmmx 3a 0.1
pam/c, cuCTeMa JTaK-aBTOMUIOT 3HAYHO 3MEHINYE e(QEeKTH BIUIMBY BEPTUKAIHHOTO
npuckopeHHs. ToMy HeoOXxiaHO 3a0e3neyuTH nporec (inpTpanii BuxigHoro curaany [1I°
13 yactotoro 0.1 pan/c. HaimomupeHimmmM MeToA0M KOHCTPYKTHBHOI peastizallli JaHOTO
nporecy y BIIOMUX TpaBIMETPIB € BHUKOPUCTAHHA HHU3bKOYACTOTHUX (QUIBTPIB 13
yactoToro 3pi3y 0,1 pan/c. OnHak, y THX ymMOBaX, B SIKMX Iepen0auyeHa eKcrulyaTallis
JIIT", poGoTa eneKTpOHHUX KOMIIOHEHTIB (PUIbTpa CTa€ HECTAOUIBHO, IUM 3MIHIOIOUU
fioro Jactorty 3pizy. Y KIHIIEBOMY pe3yibTaTi QUIBTp MOYMHAE MPOIYCKATH 3aBajv Ha
Buxin JIII" abo He mpomycKaTtu 4acTWHY KOPMCHOTO CHUTHANy B3araii. Tomy HasBHICTb
GiTpTpa HU3BKUX YacTOT, SIK OKPEMOTO OJI0Ka y CKJIaji rpaBiMETpa, CYyTTEBO 3MEHIIIYE, Y
nepIry 4epry, HaAilHICTh NpUIaay Ta TOYHICTb.
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Puc. 2. I'padix cnekrpanbHoi miimbHOCTI KopucHoro curHany [ICT (2) 1
BepTUKanbHOTO TIpuckopeHHs JIA (1)

3anpornoHoBaHo croci6 ¢inpTparlrii BuxigHoro curnany I 3a paxyHOK CTBOpeHHS
YyTJIMBOTO ejaemMeHTa HoBoro rpasimeTpa AI'C y BUrisi i’ e3onakera, 4acToTa BIaCHUX
KOJINBAaHb SIKOTO JOPIBHIOE HAWOUIBIIIN 4acTOTI TpaBITALlIHUX MPUCKOPEHB, IO MOXE
Oytu BuMipsiHa Ha ¢oni nepemkoxn — 0,1 pax/c.

HusbkouactoTHa  dimeTpamis 3 dactoror 3pizy 0,1 paa/c, mo3Boise
BiZIOKpeMIIIOBaTH g Bix Z 3abesneuyroun TouHicTh BuMiptoBanus IICT 0,5 mlan. ¥V
BUXIJHOMY CHUTHaJIl TpaBiMETpa MpU LBbOMY TaKOX YCYBAIOTbCS YyCI KOMIIOHEHTH
30ypeHb, nepeBakHa 4yactora sikux Oinmpmia 3a 0,1 pax/c. [lo Takux 30ypeHp Halexarb
KyTOBi1 BIOpOIIPUCKOPEHHS, TMepeBakHa dactoTa sikux monayn 0,1 pan/c; mocTymanmbHi
BIOpOIpHUCKOPEHHS, IEpeBaXkHa yacToTta sikux 3 140 pan/c.

BceranoBneHo, 1mo 4actota BIaCHUX KOJIMBaHb I1’€30MakeTa OyJe 3MEHIIYBaTUCh
Py WOTO 3HAYHIN TOBIIKHI.

[HmmM  cnocoOoM  BupilieHHS mpoOsiemMu  (GinbTpallii BIUIMBY BEPTHKAJIBHOTO
OpUCKOpEHHsT Ha BuUXiaHI mokazu [II' € BHUKOpUCTAHHS JIBOKAHAJIBHOTO METOAY
BUMIipIOBaHHS.

Busnaueno ocnoBHi xapakrepuctuku I, Taki sx: poGouwmit miamazon IICT,
poOounii 4YaCTOTHMM  [Jlama3oH, TEMIEpaTypHy 3aJ€XKHICTh I €30€JIEKTPUYHHUX
napametpis I1E Ta iHmmi.

PozpaxoBano wactory Biacamx koiumBanb JIII' 0,1 pan/c, ska 3abe3neuye
BIJICYTHICTb HEOOXITHOCTI BUKOPHCTaHHS JOJATKOBOI (iIbTpallii BUXITHOTO CUTHATY
JIII" Big BepTUKAIBHOTO MMpUCKOpeHHsI JIA, sike € OCHOBHUM 30YpPEHHSIM.

Y Tperbomy po3aini po3pobieHo 6iok-cxemy aBromatuzoBanoi AI'C i3 JIIT mist
BumiproBanas aHomaniii IICT Ta cxemy crabimizamii oci wyrmuBocti JIIII
[TpoananizoBaHo MeToAnuHi Moxubku aBromatuzoBanoi AI'C. Byno Bu3Haue€HO OCHOBHI
noxu6ku HoBoro XKIII' Ta 3anmpornoHOBaHO NUISIXHU X 3MEHIIIEHHS.
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byne-sikuit 3aci0 BuMiproBaibHOI TexHIKH, y ToMy uuchi ¥ I, npuiinaro
pPO3TISAATH SIK JESKUA TEPETBOPIOBAY, IO CIYXHUTh ISl TEPETBOPEHHS BXIJIHOTO
CUTHaATYy y BUXIIHMHA. Y po3aum | posrasHyTo KoHCTpykiito HoBoro JIII, Tomy Ha ii
OCHOBI MOOYIYEMO CTPYKTYpHY cXeMy nepeTBopeHHs BxinHoro curHany [ICT y Buxinny
Hanpyry Il (puc. 3). Ananiz ganoi cxemMu HEOOXiTHUI 171 BU3HAUCHHS KOeQillieHTa
Kprnepemaqi 11T

g. o g Unzs Usx Uszx

—* W, W # W, o W, W b——

Puc. 3. CtpykrypHa cxema npsiMmoro neperBopenss curnany AT

VY cxewmi, 300paxkeHiii Ha puc. 3, nanii W; Bignosigae neperBopenHto [ICT g, mo
nie Ha I1E, y mexaniuyHe HampyxeHHs o. lle MexaHi4yHe HampyXEHHS YMCENBHO piBHE
cuni G, sKka TpUMagae Ha OJUHMIIO IUiomi mnomepeuHoro mepepisy I[IE. Sfxmo
Hanpy>KeHHs NocTiiiHe Ha Beii ot nepepidy [1E S, To o = G/ S, a Tomy:

=281l 1 42)
G SG S

Jlanka W, BiAmOBigae MEpPeTBOPEHHIO MEXAHIYHOTO HANPYKEHHS 0 y 3apsi g Ha

enekrpoaax m'ezoenementa (I1E):

=40 s, (43)
(o}

ne d , — I'€30MOJIyIIb.

Jlanka W; Binnosifae nepeTBopeHHIo 3apany ¢ y Hanpyry Upg Ha enexrpoaax I1E.
[TepenaTHa dyHKIIIS 11i€T TaHKKA Oy/e TOPIBHIOBATH:

U 1
W, = ;E = ‘11 - 1 . (44)
(1+—)C 1+—)C
7 JWR ;. C s ( JWR . C e
OJHaK, BpaxOBYIOUM BEJIMKE 3HAYEHHS R 7z, MOKHA PUHAHATH:
1
W, = . (45)

CHE
Jlanka CcTpykTypHOi cxemMu W, omucye mporec, SKUid MPOXOAUTh MPU TOSBI
nanpyru Ha IIE (nepemaua Uy y komo Upy). Ii mepematna ¢ymkuis Bimmosigae
nepenatHii GyHKIIl BUAO3MiHEHOI mudepennioydoi Janku. TyT Rzy — BXiZHHHA omip
nijcuiaoBadya Hanpyru. BpaxoByroun Benukuit omip I1E, BXijHa yacTHHA mifcuiIOBaya
MPEJCTABJIEHA JIUIIE OITIOPOM Rpy.
[lepenataa ¢pynkuis W, Oyne 1OpiBHIOBATH:

U 1 1+7¢
W,(p)=—"-= L2
U g

Shly T, (46)
gR

Jlanka W; BigmoBijae mepenaTHIM XapaKTEPUCTHUIll MiJACWIIOBaYa HAIPYyTH, sKa
MOBOJIUTH ceOe, K 1HEepIIiifHA JaHKa TEPIIOTO OPSAIKY:

K
Wi(p)= o

1+ pry, “47)
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ne Ko — KoedilieHT miICUIeHHS ONepaIliiHoOTo MiICHII0BAYa; Tp;; — MOCTIHHA Yacy.

OpHak, BpaxoByHOUH pOOOTY MEPETBOPIOBaYa TEPEBAXKHO Y BY3BKOMY JIiara3oHi
4acTOT, IepeAaTHy XapaKTePUCTHUKY MOXKHA TPUPIBHATH JHIIe 10 KoedilieHTa
M JICUJICHHS ;

W, =K,,. 48)
Orxe, mepenarna Gynkuis #,,(p) curany y IIE mative Burimsia:
1 I 1+
W, (p)=WW,W,(p)W,(p)Ws=d, - S
e €r Q4 Lp (49)
gR

Opnnak, [1E Mae cXHITBHICTh pO3PSIKATHCH, TOMY JI0 CXEMH MPSIMOTO ITEPETBOPECHHS
CUTHATY HEOOX1THO JI0AAaTH KOHTYP BiJl’€EMHOTO 3BOPOTHOTO 3B’s3Ky. CTpyKTypHa cXxema
TaKoro 1’ €30MePEeTBOPIOBayUa MOKa3aHa Ha puc. 4.

o c Ao q Uz Urx Ussy

—" erl V\Iz W 5 W 4 Ws .

Unez
W, |e Wi

Puc. 4. Ctpykrypna cxema J{I1I" 3 etekrpoMeXaHiYHUM 3BOPOTHUM 3B’ I3KOM
PYKTYp p p

BuxopuctaBmy piBHSHHS A BU3HAUEHHS JOMYCTUMMX MOXMOOK BUMIPIOBAHHS
napameTpiB pyxy mitaka kommoHeHTamu AI'C 3 JIIII' y skocti rpaBimeTpa i
poaHali3yBaBIIH i TOXHUOKH, OyJI0 3pO0IEHO HACTYIIHI BUCHOBKHU:

1) aytnusicte AI'C 3 JIII" 1o moxuOku BUMIpPIOBAaHHS IIBUIKOCTI MaKCHMaJbHa

mlan . mlan .
1—6,5—— ) npu WwWupoTi ¢ =
m/c e

JUTSL CX1JTHOTO 1 3aXiHOTO KypciB (BignoBigHO 22,6

00, TOOTO Ha €KBATOPI;
2) aytnuBicte AI'C 3 AIII" 1o moxuOku BUMIpIOBaHHS IIBUAKOCTI MiHIMajbHA TPU
pyci JIA 3a miBHiYHEM i miBIeHHMM KypcoM i mpH ¢ = 90° HesanexHO Bix Kypey

(8,05 mlan ).

Otxe, mia 3menmenHs yymmBocti AI'C 3 JIIIIT mo moxubok BUMiprOBaHHA
MIBUJIKOCTI TI€peBary CIiJ BiIgaBaTH MEPUIIOHATFHOMY PO3TAIIYBAHHIO MapIIPYTiB
BumiproBanHs [1CT.

Takox Oyno OOYHCIEHO AOMYCTHMI 3HAYECHHS MOXMOOK BH3HAUEHHS IapaMeTpiB
aeoty JIA: mBumkicts 0,05 M/c, kypc 1,43 kyt. xB., mmpota 0,5 KyT.xB., BUcoTa 3,3 M,
BEepTUKaIbHA MBUAKICTH 0,5 10° M/c, musix 1,5 m.

Po3paxoBano momyctuMy moxuOky ctabdimzaiii oci aytiauBocTi AT y momoxeHHs
BepTtukaini 1 kyT.xB. anst Tounocti 0,5 m['an Ta 3amponoHOBaHO NUISXHU 11 3MEHIIEHHS 32
pPaxyHOK BUKOPHCTAaHHS METO/IIB BHCOKOTOYHOTO BUCTaBJIeHHS oci awyTimBocTi JII.

Busznaueno ckmang Tta crpyktypy noxu6ok I, posrisiHyTo Ta po3paxoBaHO
OCHOBHI 13 HHX. [HCTpymeHTanbHa moxuOka BuMiproBaHHS He mnepesunlye 0,1 mIan.
[ToxmbOkm, mO BHUKIWKaHI IIyMaMH PI3HOTO TOXOJDKEHHS, CIOCOOOM KpIIUIEHHS [0
OCHOBU Ta 3MIIIEHHSIM HYJIb-IIyHKTY MOXHA JIKBIAYBaTH 3a  JOMOMOTOKO
KOHCTPYKTUBHUX ocoOnmBocTeit JII1T.

m/c
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Y 4erBepTOMYy po3aiji mepeTBopeHo audepeHiianbHi piBHAHHS pyxy I 3i
3MIHHUMHU KOe(illi€HTaMH Ha PIBHAHHA ‘‘MalIMHHOTO  BUTIIAAY. Po3pobieno amropurm
po3B’si3aHHs AudepeHiianbaoro piBHsAHHS pyxy I 3a momomororo EOM. JlocmimxeHo
3a gonomororo EOM BIuMB 4acToT @ 1 amIunityn w,,w,, 30yprorodyux BiOpamiiHUX

NPUCKOPEHD I HAWHECTIPUATIMBININX PE30HAHCHUX BUIAJKIB: @ = @), @ = 2@y @ =
3wy, 20= ), 30 = wy, 1e o) — dactoTa BaacHux konuBaub I, @ - yacmoma 36ypens.
Hocmimkeno ¢yukmionanpHl anroputMu AI'C 13 HoBum JIIII" B ekcTpeMaabHUX yMOBaXxX
13 BUKOPUCTAaHHSIM HEHPOHHUX MEPEK.

Y pe3ynapTaTi BUKOHAHOTO MOJEIIOBaHHS Oyilo oTpuMmaHO Tpadiku 3MiHH
BUXITHOTO CHUTHaJy X(¢) JUIsl PI3HUX 3HAuYeHb 4YacTOTH 30ypeHb @ BiOpaIiiiHux
NPUCKOPEHb, KoedimieHTa aemndyBaHHS & Ta PI3HUX 3HAYEHb aMIUTTYHA 30ypIOIOYNX
BIOpOIIPUCKOPEHD W,, Wp.

[Mudpose moxaentoBanHs BmuBy Ha JIII" mapametpiB 30ypeHb, a TaKOX BIACHUX
napaMeTpiB MiATBepaIo ocHoBHY nepeBary Il Han BimoMumu rpaBiMeTpaMu — HOTO
Bury TouHicTh (0,5 mI"am).

[IpoBeneHo TOPIBHSHHS OTPUMAHUX pE3yJbTaTiB LUPPOBOrO MOCIIOBAHHS 13
pe3yabTaTaMy aHATITHYHUX PO3pPaxyHKiB (puc. 5).

Xz Hugpose wodenosanta ——

e Ananimuysull pospaxyHor

0.181 o =

e P
0.09 7N VAR ;
0 ':‘;} !\b‘u _'.fif L \3\\ -'-:? I
20 7 30 10\ 7/ 50t.c

~0.09¢ - A <~
~0.18+

Puc. 5. IlopiBHSHHS OTpUMaHHUX PE3YIbTaTIB BUXIAHOTO CUTHATY (3MimeHHs IM) npu
MOCTYMaTbHUX 30yPEHHSX 13 4aCTOTOI @ = @, MH(PPOBOTO MOJEITIOBAHHS 13
pe3yabTaTaMy aHAIITHYHUX PO3PAXYHKIB

Amnani3z tpadikiB Ha pHC. 5 TIOKa3aB, IO CEPEIHHLOKBAAPATUYHE BIAXUIICHHS
po3B’si3kiB He nepesunrye 0,009 MM Ta TiATBEPAUB aEKBATHICTh MATEMAaTUYHOI MO
JIIT, To0to, orpumana matematuuna mojens I BinmoBigae peanpbHOMY mpuiamy i ii
MO’KHa 3aCTOCOBYBATH JUJIs IPOBEIEHHS MOAANBIINX J1OCIIKeHb napaMeTpis pyxy JAIIT.

Po3risiHyTOo MOXXIMBOCTI BUKOPUCTaHHS HEHPOMEpPEXEeBOro MIAXOLY Yy 3ajaudax
po3poOku anroputmiB (ynkmionyBanHs AI'C i3 woBum /IIII'. BcranoBmeno, mio
($yHKIIOHYBaHHA KOMIUIEKCHOI cHCTeMH aBiamiiiHoi rpaBiMerpuyHoi cuctemu (AI'C) 3
HellpoMepekaMy, MOXKJIMBE Y TPbOX pEeXHUMax: IiJf 4ac MIArOTOBYOro eTaily, MiJ Yac
pyXy Ta MiJ 9ac pyxy Ipu HasBHOCTI curHany 3 npuitmaua CHC.

[IpoBeneno exkcnepumentanbHi mocimimkenas AI'C i3 [III" 3a pmomomororo
HEHPOHHUX MEpEX.

Y n'aromy po3aiii Oyno yIOCKOHaJ€HO EKCHEpUMEHTAIbHY YCTAHOBKY JUIf
JOCHIDKEHHST OCHOBHUX xapakrepuctuk JIII' Ta oOrpyHTOBaHO MOXIHMBICTH HOTO
3acrocyBanHs y cknaai AI'C. 3po6iieHo KOHCTPYKTUBHUHN Ta aHATITHYHUN OMUCH KOXKHOT
CKJIaJI0OBO{ €KCIIEPUMEHTAIbHOT YCTaHOBKH.

[TpuHIMTIOBY CXeMy sIKO1 HaBeJeHa Ha puc. 6.
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3MiHHOT Hanpyr F==>1 e \“‘\\
KUBMEHHA k-1 1
U Usux U Usux
Bonemuemp Bonsmmemp
% s

Puc. 6. [IpuHiunoBa cxeMa yCTaHOBKH JIJIsl €KCIIEPUMEHTATBHUX gociimkens I 1 —
I'MK-1; 2 — AII"; 3 — 6ok migcuiienHs BuxigHoro curdany JI1T;
4 — MmikpocucTema 310paHHs naHuX (MOAYJb BBeAeHHsA-BuBeAeHH); 5 — [1K; 6 —
TeHepaTop 3MIHHOI HATIPYTH JKUBJICHHS, 7 — BOJBTMETP IS PEECTpallii HApyru
reHeparopa; 8 — BOJIBTMETP AJIS peecTpallli Hampyry 1HAYKI[IOHOTO NIepETBOPIOBaya

Jlo ckmagy mi€i yCTaHOBKH BXOJSTh HACTYIHI MPHJIAJAH: TEHEPATOp MEXaHIYHUX
kommBaHb [MK-1 (BiOpocTeHa) i3 BOyJOBaHUMH B HBOTO JBOMA 1HIYKIIOHHUMU
NEPEeTBOPIOBAYAMHU €JIEKTPUYHOTO CUTHAIY Y MEXaHIYHUH; MiKkpocucTema 310paHHsS
naHux (monynb BBeaeHHs-BuBeaeHHs); I, saxuit po3mimieHuil Oe3mocepenHbO Ha
BiOpocrenni; I11K; 6mok migcunenns (bIT) Buxinnoro curnamy /III'; renepaTop 3miHHOI
HANpPYT Ta BOJBTMETPH AJIsl peeCcTpallii Hallpyry reHepaTopa Ta Hapyru 1HAYKI[IOHHOTO
MepPETBOPIOBaYa BiAMOBIIHO.

[IpoanamizoBane mporpaMHe 3a0e3meyeHHs [Uis BIAOOpaXEHHA pE3yJbTaTiB
nociimpkerb Ha EOM. IlpoBeneHO eKCnepHMEHTalnbHI JOCHIDKEHHS Ta IMOOYI0BaHO
rpadiki OCHOBHHMX HEOOXIITHMX 3aliekHOcTel. Bueneno piBusiHHsa pyxy I, B sskomy
BpaXxOBaHO OCHOBHI (akTopW, IO BIUIMBAIOTH HA TMPOBEJACHHS  AaBialliiHUX
rpaBIMETPUYHUX BHUMIPIOBaHb. BUKIameHO METOAMKY 1 pEKOMEHJAlii 3 MPOBEICHHS
BunpoOysanb JI1I" y ckmami AT'C.

JInst ekcriepuMEeHTaNbHUX JOCHTIIKEHb 00paHO JIBOKAHAJIBHUN I’ €30aKCeIepPOMETP
AHC 114-08, sxuit maii BmacHy wactoty w,=0,1 pan/c, sky 3a0e3me4eHo MUIIXOM

30UJIBIIICHHS] CyMapHOTO oropy (7 = %: R.)-
DIl N

1. TlpoBeaeHO IOCHIKEHHS 3aJ€KHOCTI aMIUTITYAH BHUXIAHOI HaMpyrH, SKY
3HiMaemo 3 A" Uyyr Bil 4aCTOTH @ KOIMBaHb BIOPOCTEHMA JUIA aMILIITYJH HAIPYTH 3
redeparopa U,,=5,7, 8 B. [lo orpumanum ganuM moOynoBaHO rpadikd 3aleKHOCTEN
Ungnr=w(w) ta s U, =5, 7, 8 B (puc. 8).

I3 rpadikiB Ha puc. 8 BHUIHO, IIO0 MaKCHMaJlbHa aMIUIITy/[a BUXITHOI HaANpyrH
nociimpkyBanoro JII" Mae miciie mpu 3HAYSHHSIX YaCTOTH KOJHMBaHb BIOpOCTeHIA @ =
0,1 pan/c ma U.,, =5 B; U,.,,=7 B; U.., =8 B, 1110 N1OpiBHIOE YacTOTI BJIACHUX KOJHBaHb
nocaimpkyBanoro I (w=wy=0.1 pan/c). lle Bumamok Tak 3BaHOrO “TOJOBHOTO
pe3oHaHcy”. lleli BHCHOBOK CITiBMaAa€ i3 BUCHOBKAMH QHAITUYHOTO JOCHTIDKEHHS Ta
nocaimkenas Ha EOM.



16

U,

200

175

150

125 A

100

75 1

25

\

0ol 0033 0.5 01 015 0z 0225 0,28 0.3 o

33{0: paa/c
Puc. 8. 3anexuicts BuxigHoi Hanpyru I Big yacToTH KOJIMBaHb BIOPOCTEH 1A MTPH
pisHuX Hanpyrax 30ymxeHns: 1 - Uy=y(w) npu U.,,= 5 B; 2 - Uygr=y(w) npu U, =
78B; 3 - Uyr=y(w) npu U.,,=8 B

2. TlpoBemeHO HOCHIKEHHS 3aJ€KHOCTI aMIUNTYAW BHUXITHOT HaMpyru
iHaykiionHoro mneperBoproBava (II1) Uy; Bim 9acToT @ KOJWMBaHbL BIOpOCTEHAA IS
amMIuniTyau Harpyru 3 reHeparopa U.,.=5, 7, 8 B. Ilo orpuMaHuM eKCIIEpUMEHTATLHUM
JaHuUM o0y noBaHo rpadiku 3anexHoctedt U=y (w) nna U.,,=5, 7, 8 B (puc. 9).

I3 rpadikiB Ha puc. 9 3pobiaeHO BHUCHOBOK, MmO Uj; HE 3alIeKUTh BiJ] 4acTOTHU
KOJIMBaHb BiOpocTeHAa Ta mpsMo mpomnopiiitae U.,,. Takox BCTaHOBJIEHO, MO Y 30HI
®<0,033 pan/c € HeBenMKE BIOXWICHHS BiJ JIHIHHOCTI XapaKTEpPUCTUKU, OOYMOBJICHE
TEXHOJOTTYHUMU MOXMOKaMU BUTOTOBJIEHHS! BUMIPIOBAJILHOTO MIEPETBOPIOBAYA.

Unnrss
3
3
2
25 '—ﬁh\ __' .‘/ / 1
Tl e 7‘—-—--—:—-—-:———-———:—- —x——a
2 2 S,
e — it L — — — — —
- - b b - - -
15
1
o5
(1]
0,01 0,033 0,05 0.1 015 02 0,25 028 0.3 035

@, pad/c
Puc. 9. 3anexuicth amIuniTyau BuxinHoi HanpyTH 1 Big yacToTH KOJWBaHb
BiOpocTeHaa npu pizHuX Hanpyrax 30ymkenus: 1 — U= y(w) npu U,, =5 B; 2 — U=
y(w) npu U, =7 B; 3 — Ujp= y(w) npu U,,,= 8 B

[To6ymoBano rpanyroBanbHy Xxapaktepuctuky III" AI'C ta BcTaHOBIEHO, IO KYT
noBopoty BuMiptoBasibHOT oci JIIII' AT'C BiZHOCHO IOBITKOBOI BEPTHUKANI BILTUBAE
OPSMO MPOTOPLIHHO HAa HOTO BUXIAHI MOKA3U Ta BEMUYHUHY HOTO MTOXHOKH.
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Excniepumentansio Bu3HadeHo noxuOky I y maGopaTopHux ymoBax, sika
cranoBuTh 0,00006 mI'anm, mo cmiBmazmae i3 pe3yiabTaTamMyd IH(PPOBOTO MOJEIIOBAHHS
(po3nin 4).

3AT'AJIBHI BUCHOBKHA
Buxmaneni y nucepraiii JOCTiPKSHHsI TO3BOIMIA BUPIIIATH aKTyalbHY 1 CKJIAIHY
HAyKOBO-TEXHIYHY 3ajady, [0 Ma€ BAXKJIMBE 3HAYCHHS, — IMIJIBUIIUTH TOYHICTH 1

MIBUAKOMIIO  BUMIPIOBAaHb TMPUCKOPEHHS CWIM  TSDKIHHS — IUIIXOM  CTBOPEHHS
JBOKAHAJTBHOTO I €30€NEKTPUYHOTO  TIpaBiMeTpa  aBTOMATH30BAHOI  aBlalliifHOI
rpaBIMETPUYHOI CHCTEMU. 3100yTO Taki HOBI Pe3yIbTaTH:

1. VYmepuie po3pobieHo Ta AOCTII)KEHO HOBUM JBOKAHAJIBHUN I’ €30€IEKTPUUHHIMA
rpaBimeTp aBTromMaTu30Banoi AI'C 6inbmoi Tounocti (0,5 mI'an) Big BigoMux rpaBiMeTpiB
(2—-10 mlan);

2. Po3pobneHo cxemMy HOBOTO JIBOKAHAJIBLHOTO I1’€30€JEKTPUYHOTO TIpaBiMeTpa
AT'C, mo 3abe3mneuye MiJBUIICHHS TOYHOCTI BUMIPIOBAHHA g Y 2 pa3u Ta poO3poOJICHO
HOro MaTeMaTHuyHy MOJIEINb;

3. OOrpyHToBaHO, IO 3ampoloOHOBaHa HoBa aBToMatm3oBaHa AI'C 13
JIBOKAHAIHHUM 1’ €30€JIEKTPUYHUM TPaBIMETPOM 3a0e3Medye BHIII TOYHICTD (y 2 pa3u) Ta
MIBUIKOJIIF0 BUMIPIOBaHHS Ag, aHIK BIZJOMiI CHCTEMH Ta BiJIPI3HAETHCS BiJl HUX THM, IO Y
il KOpPMCHOMY CHUTHajl BIJICYyTHE 3HAYEHHS OCHOBHOI 3aBaJd — BEPTUKAIHHOTO
NPUCKOPEHHS,  3aJMIIKOBUX  IHCTPYMEHTAJbHUX  TMOXMOOK Ta  HOXMOOK  BiJ
HElAEHTUYHOCT] KaHAaJiB;

4. InenTndikOoBaHO Ta  JOCHI[KEHO OCHOBHI TMOXHOKH  JIBOKAHAJIBHOTO
I’ €30€JIEKTPUYHOIO TPaBIMETPa, ISl KOXKHOI'O BUAY MOXUOOK 3alPONOHOBAHO 3aX0/IU 10
1X 3MEHIIICHHIO;

5. Vmepme BupimeHo 3amady ¢inbTpamii BHXITHOTO CHUTHATY JBOKAHAJIHHOTO
I’ €30€JIEKTPUYHOTO TpaBiMeTpa aBToMaTu30BaHoi AI'C NUIIXOM BCTAaHOBJICHHS YaCTOTHU
BJIACHMX KOJMBaHb TpaBIMETpa, PIBHOI YaCTOTI MEPETUHY CIEKTPAIbHUX ILIUILHOCTEH
KOPHCHOTO CHTHAJTy TPUCKOPEHHS CHJIM TSOKIHHA Ta CHTHAJTY OCHOBHOI 3aBaju
BEPTHUKAJIHHOTO MPUCKOPEHHS JIA;

6. IlpoBenmeno 1mdpoBe wmonentoBanHs Ha EOM Hailbuibm HeOe3MeUHUX
PE30HAHCHUX PEXHMMIB HOBOT'O JBOKAHAJIBHOIO I’ €30€JIEKTPUYHOIO TpaBIMETpa: w=wy,
w=2w,), W=3w), 0=wy2, o=wy/3. IlokazaHo, Mo HaAKOIILII HEOE3NEYHHM € TUILKHU
BUIIAJIOK TOJIOBHOTO PE30HAHCY w=w,. OJHaK, pPE30HAaHC 3HUKAE 31 30UTBIIECHHSIM
koe(imienTy nemmndyBaHHS;

7. OOrpyHTOBAaHO JOUIIBHICTh BUKOPUCTAHHS HEHPOHHUX MEPEXK IS 3MEHIIECHHS
iHCTpyMeHTanbHUX MOXHO0K HOBorO JI1I" Ta iHmux cknagoBux aBromaru3oBanoi AI'C;

8. Po3po0ieH0 HOBI aIrOpPUTM Ta METOJUKY JOCHIDKEHb g Ta Ag NTBOKaHAIBLHUM
I’ €30€JIEKTPUYHUM TpaBiMeTpoM aBToMaTu30Banoi AI'C;

9. VYnockonaneHo I51abOpaTOpHY YCTaHOBKY Ta yIepIIe MpOBEACHO Ha Hil
EKCIIEPUMEHTANIbHI  JIOCTI/DKEHHST  HOBOTO  JBOKAHAJIBHOTO T’ €30€JIEKTPUIHOTO
rpaBiMeTpa;

10. IlinTBEpMKEHO TOYHICTH BHUMIPIOBaHb JIBOKAHAIBHOTO [T’ €30€JIEKTPUYHOTO
rpaBiMmerpa 0,5 wmlam 30DKHICTIO  pe3yibTaTiB  aHATITHYHUX  PO3PAXYHKIB,
eKCTIepUMEHTATBHUX JOCTIDKeHb Ta pe3yJbTariB MojentoBanHs Ha EOM (y HalO1abIn
HeOe3MeYHMX, 3 TOUKH 30py MOXJIMBOCTI BUHUKHEHHS PE30HAHCY).
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CIIUCOK OITYBJIIKOBAHUX ABTOPOM ITPAILIb 3A TEMOIO
JTUCEPTALI

Cmammi y axosux e6uoanusax Yxpainu, saxi 6KIOUeHI 00 MIJHCHAPOOHUX
HAYKOMEeMpPUUHUX 643

1. Hazapeako H.M. JIBokananmpHuii m'e30enekTpuunuii rpasimerp / O.M.
bessecimbHa, F0.B. Kupmayk, H.M. Hazapenko // Bichuk XMensHUIILKOTO HAI[IOHAIBHOTO
yHiBepcutety. Cepisa: Texuiuni Hayku, — 2020. — Ne3. — C. 124-127. (daxoBe BUIAHHSA)
DOI 10.31891/2307-5732.

3006ysauem ompumano mamemamuyry Mooelb pobomu HO8020 O0BOKAHAILHOSO
n'ezoenekmpuunoco epagimempa ma 6U8e0EHO OCHO8He poboYe DIGHAHHS PYXY
A8MOMAMU308AHOI aepocpasiMempudHoi cucmemu i3 080KAHALIbHUM N'€30e1eKmPUdHUM
epasimempom. OmpumaHne pi6HAHHA  pYXY  OBOKAHANbHO20  N'€30€1eKMPUUHO20
2pasimempy nepemeopene y 8u2iaio, 3py4Hull 01s nooaisuio2o mooenoeants na EOM.

BunaHHs BXOIHUTH 10 TIEpeNTiKy HayKOBUX (DaxoBHX BUIaHb YKpaiHU, BKIIOYCHO JIO
Google Scholar Ta iH.

2. Hazapenko H.M. CtpykTypHa cxema NepeTBOPEHHSI CUTHATY MPUCKOPEHHS CHUIIH
TsOKiHHSA Yy 11’ €30enemenTi / O.M. bessecinbHa, 10.B. Kupnayk, H.M. Hazapenko // BicHuk
XMeNbHHUIILKOTO HallloHaTbHOTO YHiBepcuTeTy. Cepisi: Texniuni Hayky, . — 2020. — Ne5. — C.
112-129. (daxose Bumanss ). DOI 10.31891/2307-5732.

Poboma  npucesuena  docniddicenuro  eghpekmusHocmi - pobomu  asiayiuHoi
2PAiMempudHoOi cucmemu, Wo 3HAYHOK MIpOH 3aDe3nedyemvcsi 6UOOPOM UYMIUBO20
ejleMenma cucmemu - n’e€3oepagimempa, a came NepemeopeHHs ma 0O0poOKU CUSHATY
APUCKOPEHHSL CUNU MANCIHHA, WO ZHIMAEMbCA 3 YYMAUBO20 elleMeHma n’€302pagimempa.
Po3spobneno cmpykmypHy cxemy npamoz2o nepemeopeHHsi CUSHALY N €302pasimempom
071 BUMIPIOBAHHS AHOMAIU NPUCKOPEHHSL CUTU MANCIHHS.

BunanHs BXOIUTH 0 MepeiKy HAyKOBUX ()aXxOBHX BHJIaHb YKpaiHH, BKIIOYEHO JI0
Google Scholar Ta iH.

3. Hazapenko H.M. MonentoBanHa BIUIMBY MapaMeTpiB 30ypeHb Ha poOOTY
JIBOKAHAILHOTO 1 €30eJIeKTpruaHOro rpaBiMetpa / O.M. bessecinbha, 10.B. Kupuuyk,
H.M. Hasapenko // Bicuuk Binamipkoro momitexaignoro incruryry. — 2021. — No
1(154). — C. 21-28. (®axoBe Bumannas) (Google Scholar, Index Copernicus,
https://doi.org/10.31649/1997-9266-2021-154-1-21-28

Hocniooiceno enue napamempis 30)yprooyux NPUCKOPeHb Md GIACHUX NApamempis
O0BOKAHAILHO20 N €30-epasimempa Ha tioco pobomy 3a donomozoro EOM. Ompumano ma
noodano pezynemamu mooenosanus Ha EOM. Moodenosascsa ennue napamempie 308HIUHIX
30yperb Ha pobOMY HOB020 OBOKAHATILHO20 N '€302pasimempa.

BunaHHs BXOIUTH 10 TIEpeNniKy HayKOBUX (DaxoBHX BUIaHb YKpaiHU, BKIIOYEHO JIO
Google Scholar Ta iH.

4. Hazapenko H.M. Cmoci6 Bu3HaueHHS $KOCTI OOpOOKM TOBEpPXHI KaMeHIO /
beseecinbra O. M., Uepenanceka LIO., CazonoB A.IO., Kotmsip C.C., Kupuuyk FO.B.//
Bicuuk XMenbHHIBKOro HarioHansHOro yHiBepceutety. Cepis: Texuiuni Hayku. — 2021, —
Nel. — C. 83-85. (Paxose Bumannst) (Google Scholar, Index Copernicus, PUHII, Polish
Scholarly Bibliography).

3anpononosano HOBUlI CHOCIO BUBHAYEHHS AKOCMI 00pOOKU NOBEPXHI KAMEHIO 3
BUKOPUCMAHHAM WUHHOI HEUPOHHOL Mepedici ma HOB8020 Aneopummy 0OpOOKU BUMIPIOBATILHUX
CUCHAIIB.

BunanHs BXOIUTH 10 MepeiKy HAyKOBUX ()aXxOBHX BHJIaHb YKpaiHH, BKIIOYEHO JI0
Google Scholar Ta iH.




19

5. Hazapenko H.M. ABTOMAaru30BaHUN JBOKAHAJbHUN I €30€JIEKTPUUYHUM
rpaBimerp AI'C / O.M. besBecinmbHa, FO.B. Kupnuyk, H.M. Hazapenko, A.I'. Tkauyk //
Bicauk XMenbpHHIIBKOTO HalioHalbHOTO yHiBepcuTeTy. Cepis: Texniuni Hayku. — 2021.
— Ne2. — C. 17-22. (®axose Buganus). DOI 10.31891/2307-5732.

Cmammsa nocesiuena OMPUMAHHIO OCHOBHO20 pODOY020  DIGHAHHA  PYXY
0B80KAHANLHO20 N’ €30€NeKMPUUHO20 2pagiMempa asiayiinoi spagimempudtoi cucmemu.
Onucano npunyun Oii HOB020 0BOKAHANILHO2O N '€302pagimempa, 300padiCeHo 1020
cmpykmypHy cxemy. Ilokazano, wo peanvHum € OO0CACHeHHS OilbUloi mMouHOCmi
n’ezoepasivempa AI'C (0,5 mlan) wnsxom kKomnewcayii noxubok 6i0 6NIUBY
gepmuranvhozo  npuckopenns. (v 10°  pas nepesuwye kopuchuii cuenan) ma
IHCMPYMEeHMAIbHUX NOXUOOK ma NoxXuboK 8i0 3aNUUKO80i HeiOeHMUUYHOCMI 080X
Kanauie.

BunanHs BXOIUTH 0 MepeiKy HAyKOBUX ()aXxOBHX BHJIaHb YKpaiHH, BKIIOYEHO JI0
Google Scholar Ta iH.

V' nepioouunux uaykoeux eudammsax iHwux Oepoicas, s[Ki 6x00amv 0o Opeawnizayii
EKOHOMIYHO2O0 ChigpodimHuymea ma/abo possumxy €eponeticokoeo Coro3y

6. Hazapenko H.M. Crocobu 3akpiruieHHs T1’€30€JeMEeHTa Yy KOHCTPYKIIii
m’ezorpaBiMerpa / O.M. bessecinbHa, FO.B. Kupnuyk, H.M. Hazapenko // International
periodic scientific journal «Modern engineering and innovative technologies» Heutiges
Ingenieurwesen und innovative Technologien (ICV: 84.35) Germany. —2020. — Ne13 Part 1. —
P: 131-137. http://www. moderntechno. de/index.php/meit/article/view/meit13-01-040. DOI:
10.30890/2567-5273.2020-13-01-040

3006ysauem po3ensAHYmMO CnOcoOU po3MIiWeHHs N’€30en1eMeHmie Vy KOHCMPYKYii
n’e3o0epagimempa ma 3po0aeHo ix NOPIBHAILHY XapaKmepucmuKy, 8UsHa4eHo ix nepesacu
ma Heoonixu. Obpano cnocib6 posmiujeHHs N’€30e/leMenmie — HeyeHmpOoBaHuli ma
3amucHenuil 3a 00NOMO2010 28UHMA.

7. Hazapeuko H.M. [I'pagyroBasibHa  XapakTepUCTHKA  JBOKAHAJbHOIO
1’ e30enexkTpudHoro rpasiMerpa / O.M. be3secinpHa, FO.B. Kupuuyk, H.M. Hazapenko //
International periodic scientific journal "Scientific World Journal", 1 May 2021, Svishtov,
Bulgaria. — 2021 — Ne 8, Part 1. — P: 55-60. (Y mepiomuuHuX HAyKOBUX BHAAHHSX 1HIIMX
nepkaB, ki BXoaaTh A0 OpraHizarii €KOHOMIYHOTO CIIBPOOITHHUIITBA Ta/ab0 PO3BUTKY
€pporeiicekoro Corozy). DOI: 10.30888/2410-6617.

Ilobyodosano epadyrosanvHy xapakmepucmuky 080KAHAIbHO20 N’ €30e1eKMPUUHO20
epasimempa asiayiuHoi epagiMempuyrol cucmemu ma 6CMAaHOBIEeHO 3ANeHCHICb KYym)y
1n0B8OPOMY BUMIPIOBANILHOI OCI 2pasimempa 8i0HOCHO 008I0K08OI epMUKAL.

8. Hazapenko H.M. Bubip wMarepiaqy aBTOMaTH30BaHOTO JIBOKaHAJIBHOTO
n’e3oenektpuaHoro rpaimerpa AI'C/ O.M. bessecinpHa, 10.B. Kupuuyk, H.M.
Hazapenko // Slovak international scientific journal. Bratislava, Slovakia. —2021. — Ne 53,
Vol. 1. — P:39-42. (Y neplognyHuX HAYKOBUX BUAAHHSX IHIIHMX JEPIKaB, K1 BXOJATH 10
Opranizaiiii €EKOHOMIYHOTO CIIBpOOITHHIITBA Ta/ab0 po3BUTKY €Bpomneiickkoro Coro3sy).
(Google Scholar, Index Copernicus, Global Impact Factor, Scientific Indexing Services,
International Scientific Indexing, Open Academic Journals Index).

Ilposedeno amaniz ocHosHux 6udie n’'ezomamepianie (Keapy, Hiobam 1imiro,
MYpMAniin, cecHemosa Cinb, cyavgam aimiio, ouciopogocgham amownito, Kepamika) 0ns
YYMAUGO20  ejleMeHma Hoeo20 n’ezocpasimempa. Ilposedeno amaniz  icHyouux
BUMIDIOBATILHUX NPUCMPOi8, NPUHYUN Oii AKUX OCHOBAHULL HA DIZUYHOMY AGUUWT NPAMO2O
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ma 360pomHo20 n’e30eqhekmis. Bcmanosneno, wo n’ezoaxcenepomempu € 0OHUMU I3
HAUNOWUpeHiuux 0amuyuKie 0s 8UMIPIO8ans 8ibpayiil ma nPUCcKopeHb.

Onyoaikoeani npayi anpobayilino2o xapaxmepy:

9. Hazapenxko H.M. Orisin HaykoBHX Ipallb, HPUCBSIYEHUX IT'€30€NEKTPUYHUM
neperBoproBadam / O.M. bessecinbha, FO.B. Kupnayk, H.M. Hazapenko // The decision of the
Organizing Committee of the conference "Global science and education in the modern realities
2020" Ne 1 Cekuis: MIHHOBaIMOHHAsT TEXHUKA, TEXHOJOTMHM M MPOMBINLICHHOCTh. (USA,
Washington, August 27, 2020) — USA, 2020. —Ne 1. — CA41-45.
https://sworld.education/index.php/secciius3-1/32419-us03-101.

3006ysauem Hasedeno iHGoOpmayito nNpo n’€30eleKMpudHi nepemeoposadi 0
suUMiptosanHs pisHux Qizuunux eeaudun. Ocobausy ysacy npudileHo n’€30eieKmpuyHuM
akcenepomempam. IIposedeHo amaniz icHyrOUUX HA CbO2OOHI BUOI6 N €30KEpaAMIUHUX
mamepianié ma onucamo ix ¢izuuni eracmusocmi.

10. Hazapenko H.M. HeiiponHi Mepexi y IOCHIIKEHHSX CHCTEMU KepyBaHHS
HapiramiitHoro kommiekcy / O.M. bessecimpHa, FO.B. Kupnuyk, H.M. Hazapenko //
Abstracts of XX th International scientific and practical conference «PERSPECTIVE
DIRECTIONS FOR THE DEVELOPMENT OF SCIENCE AND PRACTICE» 8 — 9
June, 2020. Adinu. — I'pemis, 2020. — P: 134-138. Available at:
DOI:10.46299/1SG.2020.XX: URL: http://isg-konf.com.

3006ysauem sukopucmano anapam HeupoOHHUX mepexc Ol NiOBUWEHHS MOYHOCMI
cucmem KepysamHs ma wymiuueux eeMeHmis.

11. Hartunk pyxy Ha edekti Hormmepa / H.M. Hazapenko / MixHapoaHa HaykoBa
iHTepHeT-KOHpepentis "[HpopmariiitHe CycnibCTBO: TEXHOMOTIYHI, €KOHOMIYHI Ta TEXHIYHI
acriekTu ctaHoBieHHs". 30ipHUK Te3 ponosiaei: Bummyck 48 (M. Teprormins, 12 TpaBns 2020
p.). — Tepuomins, 2020.—C. 139-142.

3006ysauem posensoaromvcs oamuuxu pyxy Ha egpexmi Jonnepa, oyineHi ix
ROXUOKU ma cghepu 3acmocy8anHs.

12. Hazapenko H.M. KBapriosi repmeruzoBani TepmoneperBoproadi / FO.B. Kupuuyxk,
H.M. Hazapenko // InterpoBani iHTenekTyanbHI poboToTexHiuHi komruiekcu (IIPTK-2020).
Tpunamsita MbKHapomHa HaykoBO-TpakThdHa KoHgepenmis 19-20 tpasus 2020 p., Kuis,
Vkpaina. — K.: HAY, 2020. — C.122-125.

3000y6auem 0ns  noxkpawenmHs moyHicHux xapakmepucmux I waaxom
memMnepamypHoi  KoMneHcayii  po3ensoaromscsi N '€30K68ApYo6i  Nepemeoprosayi
memnepamypu.

13. Hazapenko H.M. Opranizamis aBianiiiHux TrpaBiMeTpuuHHX BuMiptoBanb // Il
MixHapogHa HayKOBO-TIpaKTHYHA I1HTEepHET-KoH(pepeHIls «lHTerparis OCBITH, HAyKH Ta
Oi3HECY B Cy4acHOMY CEpEIOBHIII: 3UMOBI auchyTu: Te3u jor. 11 MixrapomHoi HayKOBO-
NPaKTUYHOI iHTepHET-KoH(pepeHuii, 4-5motoro 2021p. — duinpo, 2021. T.2. —C. 153-154.

Pesynomamom Oocniosicenns € onuc opeauizayii asiayiiHux 2pasimMempudHux
sumiptosanv 3a oonomozoro AI'C i3 HO6UM O0B0KAHANLHUM N €30€1eKMPUUHUM
ecpasimempom.

14. Hazapeako H.M. ExcnepumMenrtanbhi gocmipkeHHst xapakrepuctuk /11
MixHapogHa HayKOBO-TIpaKTHYHA I1HTEepHET-KoH(pepeHIls «lHTerparisi OCBITH, HAyKH Ta
Oi3HECy B Cy4acHOMY CEPEIOBHIII: 3UMOBI auctyTu: Te3u jor. 11 MixrapomHoi HayKOBO-
NPaKTUYHOI iHTepHET-KoH(pepeHii, 4-5motoro 2021p. — duimnpo, 2021. T.2. —C. 155-157.

Y pesynemami nposedenux excnepumenmanvHux — OOCHIONCEHb  OMPUMAHO
sanedcHocmi amnaimyou euxionoi nanpyeu JIII" ma indykyitiino2o nepemeopiogaua 6io
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yacmomu Koaueamsb 8ibpocmenoa. Bcmanosneno, wjo MakcumaibHa amniimyoa uxioHoi
nHanpyeu [I1I" mae micye npu 3HAUEHHAX YACMOMU KOIUBAHL 8IOPOCMENOY, WO OOPIGHIOE
yacmomi enacuux koausauw J{I11".

15. Hazapenko H.M. BusHaueHHsS JOIMyCTUMHUX TOXMOOK BHMIPIOBAHHS IIBUIKOCTI
aBiariiiHo1 rpaBiMeTprynoi cuctemu / H.M. Hazapenko, FO.B. Kupuuayk, O.M. be3secinbha //
[nTerpoBani inTenekTyanbHi poboroTexHiuHi kommuiekcn ([IPTK-2020). Yortupuamusra
MDKHapOHa HayKoBO-TipakTH4yHa KoH(pepeHiis 19-21 tpaBusa 2021 p., Kuis, Ykpaina. — K.:
HAY, 2021. - C. 92-94.

B pobomi obuucneno oOonycmumi 3HaueHHSA NOXUOOK BUSHAYEHHS WBUOKICMb
nONbOMY IMANbHO20 anapamy OJisi GUMIPIOBAHHS NPUCKOPEHHSA CUNU MANCIHHSL.

16. Hazapenko H.M. Orminka mopenroBaHHS poOOTH cTabumizaTopa i3 BBEISHHIM
JlaTYMKa KyTOBOI IIBUIKOCTI Y BepThKanbHuid kanan / H.M. Hazapenko, }0.B. Kupuuayk, O.M.
bessecinbna // HaykoBo-mpaktuuna mexmyHapomana Kondepenmis «Promising scientific
researches of Eurasian scholars '2021» (17-18 tpaBus), — bonrapis, 2021. — C. 137-140.

Bukonano moodenosanns pobomu cmabinizamopa i3z 66e0eHHAM 0amMuuKa Kymoeoi
weuoKocmi 'y 8epmuKkaibHull Kawan cmabinizamopa. Mooentosanns nposoounocs O0is
8UNAOKY Npu pyci no nepeciueniti Micyesocmi, 3a aHAI02IEI0 3 HOPMATI308AHOI0 MPACOIO,
i 8IONpPaybO8YBAHHS NOCAIO0BHOCMI IMNYIbCHUX BNIUBIS.

AHOTANIA
Hasapenko H.M. JIBOKaHAIbHU I 11’ €30eJIeKTPUYHU rpasimerp
ABTOMATH30BaHOI aBialiiiHOI rpaBiMeTpU4YHOI cucTeMu. — Ha npaBax pykonucy.
Hucepranis Ha 3000yTTS HAayKOBOTO CTYINEHS KaHAWJATa TEXHIYHMX HayK 3a
crenianbHicTio 05.11.01 — Ilpunagum Ta MeTOAM BUMIPIOBaHb MEXaHIYHUX BEJIUYUH. —
Hanionansamii aBianiiinuii ynisepcuret, Kuis, 2021.

VY nucepTarii IOCHIKEHO HOBUHN JTBOKAHAIBLHUN I1'€30€JCKTPHUYHUNA TPaBIMETP
(ATII") aBTOMaTtM30BaHOi aBiamiitHOi TpaBiMeTpudHOoi cuctemu (AI'C). ABTOopom
MPOBEACHO aHalI3 JITepaTypHUX JDKEpea y Taly3l cydacHoi aBialfiiiHoi TrpaBiMeTpii,
BU3HAYEHO METOIU Ta 3acO0M BU3HAYEHHS MPUCKOPEHHS CHUIU TSOKIHHS PI3HUMHU
rpaBiMeTpaMu. Po3po06iieHO KOHCTpyKTUBHY cxemy HoBoro JIII', po3risHyTo OCHOBHI
JpKeperda TOXMOOK Ta  3alpolOHOBAaHO IUISAXM  IX  3MEHIIEHHsS, po3po0JeHO
(yHKIIOHAIIBHY CX€My HOBOTO aBIaIlifHOTO JBOKAHAJIBHOTO 11’ €30€JIEKTPUYHOTO
rpaBiMeTpa. Po3po0ieHO MaTeMaTWyHy MOJIeNib JABOKAHAJIBHOIO I1°€30€JIEKTPUYHOTO
rpaBiMeTpa Ta PO3PaxOBaHO MOr0 OCHOBHI KOHCTPYKTHBHI Ta €JIEKTPUYHI MapameTpu.
PosrasayTo crnocobu po3MiiieHHs 1’ e30eneMenTa y koHcTpykmii JIIIT Ta 3pobneHo ix
NOPIBHSUIBHY XapaKTEPUCTUKY, BH3HAUEHO IX TNepeBard Ta HENOJiKu. Bupimeno
npobaemy QinapTparii BuxigHoro curany JIII' Bix BUCOKOYACTOTHUX 3aBajl 32 PaXyHOK
BUKOpUCTaHHS 11 e30eneMenTa HoBoro JIIIIT sk y skocti YE, Tak 1 dinbTpa HU3BKUX
9acToT.

Po3pobneno Omok-cxemy aBtomatm3oBaHoi AI'C i3 JIIII' mist BumiproBaHHS
anomauniit [ICT ta cxemy crabimizarii oci wyrnuBocti JIII'. TIpoananizoBaHo MeTOUYHI
noxubOku aBToMatu3oBaHoi AI'C. Byno Bu3HaueHO ocHOBHI moxuOku HOBoro [III" Ta
3alpONOHOBAHO IUISAXM IX 3MEHIIEHHA. BuzHaueHo ckiag ta crpykTypy noxuook JIIT,
PO3IIIIHYTO Ta PO3paxOBaHO OCHOBHI 13 HUX.

Po3risiHyTo MOIJIMBOCTI BUKOPHCTAHHS HEWPOMEPEKEBOTO MIAXOAY Y 3adadax
po3poOku  anroputMmiB  ¢yakmionyBanas AI'C i3 woBum JIII. IIpoBenmeno
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ekciepuMmeHTanbH1 gocaimkenas AI'C 13 JIII" 3a mormomMororw HepoHHHX Mepex. byio
YIOCKOHAJICHO  €KCIIEPUMEHTAIIBHY  yCTAHOBKY ISl JOCHI/PKCHHS  OCHOBHHX
xapakrepuctuk JIII" Ta 0O0rpyHTOBaHO NOIIIBHICTH HOTO 3acTocyBaHHs y ckinanai AI'C.

Knrwowuoei cnoea: TpaBiMeTp, 1’€30€JIE€MEHT, TOUHICTh, aBialliifHa TpaBIMETpUYHA
cUCTeMa, MPUCKOPECHHSI CHJTU TSHKIHHS.

AHHOTANIMUA
Haszapenko H.H. JIByxkaHaJbHBIH Nbe30JIEKTPHUYECKHH  IpaBHMETP
AaBTOMATHU3MPOBAHHON ABMALMOHHOM IpaBHMMeTpUYecKoil cucrembl. - Ha mpaBax
PYKOIIMCH.
Jluccepranus Ha COMCKAaHUE YYCHOW CTEIEHM KaHAWJaTa TEXHUYECKUX HayK II0
cnenuanbHocTd 05.11.01 - ITpubopsl U METOBI U3MEPEHUN MEXaHMYECKUX BEJIMYUH. -
HanunonanbHblil aBuanmoHHslii yausepcuret, Kues, 2021.

B nucceprauumm uccineqoBaH  HOBBIM  JBOKAHAJIBHBIM  MBbE303JIEKTPUUECKUN
rpaBUMETpP aBTOMAaTHU3MPOBAHHOM aBHALMOHHOW TpaBuMeTpuueckoit cuctemsl (AI'C).
ABTOpPOM TMPOBEACH aHAINU3 JIMTEPATYPHBIX HCTOYHHUKOB B O0OJIACTH COBPEMEHHOU
ABUALIMOHHOW TPaBUMETPUHU, ONPEAEIIEHBl METOAbl U CPEJCTBA ONPEACIICHUS YCKOPEHUS
CWJIBI TSDKECTU PA3IMYHBIMU TpaBUMETpaMH, pazpaboTaHa ero KOHCTPYKTHBHAs CXeMma,
pacCMOTPEHBl OCHOBHBIE HCTOYHHUKM TOTPEIIHOCTEM H TNPEIJIOKEHbl IMYTH HUX
YMEHBIICHHsI, pa3paboTaHa (QyHKIMOHAIbHAS CXeMa HOBOTO  JBOKAHAJIHHOTO
ABUALIMOHHOTO JIByXKAHAJIBHOTO IMbE303JIEKTPUUECKOro rpaBuMerpa. PaspaboraHa
MaTeMaTH4ecKasi MOJIENIb JBYXKAHAJIBHOTO Mbe3odiekTpudyeckoro rpasumetpa (AT u
pacCcyuTaHbl €ro OCHOBHBIE KOHCTPYKTHBHBIE U  JJIEKTPUYECKHE IIapaMEeTphl.
Paccmotpensl cnocoObr pasmenienus [I9 B konctpykmum JIIIT u cpaBHHTENbHAs
XapaKTepUCTUKA, OIpeAesieHbl UX MpeuMyllecTBa M HeAocTaTKU. Pemiena mpobiema
¢mipTpanun  BeixomHoro curHana JIII' oT BBICOKOYACTOTHBIX IOMEX 3a CYET
UCI0JIb30BaHUs Ibe3odsieMenTa HoBoro JIIII" kak B kauectBe UE, Tak u (puiapTpa HU3KUX
4acToT.

Pa3paborana Omok-cxema aBToMatusupoBanHod AI'C ¢ I gns usmepeHus
anomaimii [ICT u cxema crabunmmsanmu ocu yyBctButenbHOCTH [1I. [IpoananmsupoBansl
MeTouueckue mnorpemnoct aBroMmatuzupoBanHo AI'C ¢ [III'. Beumn onpeneneHs
OoCHOBHbIE norpemnHocty HoBoro JIII" u mpeasioxkeHsl nyTu Ux ymeHbleHus. OnpeneneH
COCTaB U CcTpyKTypa norpemnocter 11" n paccunTanbl OCHOBHBIE U3 HUX.

PaccmoTpeHbl BO3MOXKXHOCTH MCIOJIB30BaHUS HEHPOCETEBOTO IMOJAXOAA B 3aJadax
paspabotku anroputMoB ¢yHkuuonupoBanuss AI'C ¢ HoBeiM JIIII'. TIlpoBeneHs
skciepuMeHTanbubie uccaegoBanus AI'C ¢ JAIII' ¢ moMonipto HeMpoHHBIX ceTel. bpuia
YCOBEPILIEHCTBOBAHA JKCIIEPUMEHTAIbHAS YCTAHOBKA [UISl HCCIIEIOBAHHUS OCHOBHBIX
xapakrepuctuk [I1I" u o6ocHOBaHa BO3MOXKHOCTh ero npuMeHnenus B coctae AI'C.

Kniouegvie cnosa: rpaBUMETp, NbE303JEMEHT, TOYHOCTb, ABHAIIMOHHAS
IrPABUMETPUYECKAS] CUCTEMA, YCKOPEHUE CUIIBI TSIKECTH.
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In the thesis, a new piezoelectric gravimeter of the automated aviation gravimetric
system (AGS) is explored. The author analysed literary sources in the field of modern
aviation gravimetry, determined the methods and means for determining the gravity
acceleration by various gravimeters, developed a constructive scheme.

The ideology of the development of a dual-channel piezoelectric gravimeter of the
AGS is substantiated. The modern precision requirements for AGS gravimeters are
determined. A new dual-channel piezoelectric gravimeter of the AGS, the features of
which make it possible to overcome all the abovementioned disadvantages of the existing
AGS gravimeters, are proposed.

An overview of scientific works on piezoelectric transducers is given and a
functional diagram of a new dual-channel aviation piezoelectric gravimeter is developed.
The mathematical model of a dual-channel piezoelectric gravimeter has been developed
and its basic design and electrical parameters are calculated. Methods for placing PE in
the structure of the dual-channel PG have been considered and their comparative
characteristics are completed, their advantages and disadvantages are determined. The
following way of placing the PE has been chosen — off-centre and attached by a screw.
The analysis of the main types of piezoelectric materials (quartz, lithium niobate,
tourmaline, Rochelle salt, lithium sulfate, ammonium dihydrogen phosphate, ceramics)
for the SE of a new dual-channel PG has been carried out. Lithium niobate was chosen as
the material for the SE of a new dual-channel PG. Lithium niobate has a high resistance
to changes in external temperatures and pressures, a high coefficient of electromechanical
coupling and stable piezoelectric properties, which is important directly for the dual-
channel PG design.

The problem of filtering the output signal of a dual-channel PG from high-
frequency interference was solved by using the piezoelectric element of a new dual-
channel PG both as a SE and a low-frequency filter. Methods of the structural
achievement of PG natural frequency of 0.1 rad/s were proposed. The optimal one has
been chosen by increasing the input resistance of the operational amplifier.

The main characteristics of the dual-channel PG were determined. They are: the
operating range of the GE, the operating frequency range, the temperature dependence of
the piezoelectric parameters of the PE, and others.

Methodological errors of automated AGS were analysed. The main errors of a new
PG have been identified and the ways to reduce them are proposed.

A mathematical model of an aviation gravimetric system for measuring GE
anomalies has been developed, which differs from the known ones by additional
corrections, the error from neglect of which is unacceptably large (3.67 mGal). The
equations of motion were obtained, the block diagrams of all the main components of the
AGS were determined: the systems of stabilization, navigation and determination of GE
anomalies.

The block diagram of the GE signal transformation in the piezoelectric element of
the new dual-channel PG was studied and described, and a method for input voltage
compensation by introducing negative feedback based on the inverse piezoelectric effect
was proposed. The transmission coefficient of PE made of lithium niobate was
determined, and it is 1.682.

The permissible error of the dual-channel PG sensitivity axis stabilization to the
vertical position of 1 arcmins for an accuracy of 0,5 mGal was calculated and ways of its
reduction by using the methods of the high-precision setting of the dual-channel PG
sensitivity axis are proposed.
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The composition and structure of dual-channel PG errors were identified, and the
main ones were studied and calculated. Instrumental measurement error did not exceed
0.1 mGal. Errors caused by noise of various origins, the method of attachment to the base
and the offset of the zero point can be completely eliminated with the help of design
features of a dual-channel PG.

With the help of a computer the influence of frequencies and amplitudes of
perturbing vibrational accelerations for the most unfavourable resonant cases was
studied: ® = @y, ® = 2my, ® = 3m), 20 = ®y, 3® = g, Where , is the frequency of dual-
channel PG natural oscillations, o is the perturbation frequency.

Digital simulation of the influence on the dual-channel PG perturbation parameters,
as well as on its own parameters confirms the main advantage of dual-channel PG over
known gravimeters — its higher accuracy (1 mGal).

Possibilities of using the neural network approach in problems of algorithms
development of AGS functioning with a new dual-channel PG were considered.
Experimental studies of AGS with dual-channel PG using neural networks are performed.
An experimental facility to study the main characteristics of dual-channel PG is created
and the expediency of its application as a part of AGS is substantiated.

Key words: gravimeter, piezoelectric element, accuracy, aviation gravimetric
system, gravity acceleration.
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