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MiHiCTEpPCTBO OCBITU | HayKn YKpaiHu [lep>xaBHUN 3aKnag
[ 7 LintuposaHus: 0,04% id: 1
«JlyraHCbK1UM HauioHabHUN YHIBEpCUTET iMeHi Tapaca LLleB4eHKa»

HaB4anbHO-HayKOBMWIA iIHCTUTYT MaTeMaTUKN Ta iHPopMaLinHux TexHonorin Kadeapa
iHOpMaLiNHUX TeXHONOorin Ta cuctem NonousaH IeaH Mukonanosmnyd AHAJI3 ICHYKOUYINX
TEXHOJIOT 1A NOBYQ0BM MITOK TA BUKOPUCTAHHS 1X Y TEXHOJIOTIAX TOYHOI O
3EMJIEPOBCTBA kBanigikauinnHa poboTa 3000yBaya BULLOI OCBITWM APYroro (MarictepCcbkoro)
PiBHS OCBITHbLOI Nporpamm

n LUunTtnposaHus: 0,01% id: 2
«KoMn'toTepHi Mepexi»

3a cneuianbHicTio 123 KoMn'toTepHa iHXeHepia Ocobuctum nignmc IBaH
FOJIOLUBAH HaykoBuin KepiBHUK FeHHagin MOTUNIbHUW, kaHAUAAT TEXHIYHUX
HayK, AOLEHT Kadeapwu iHHOpMaLiNnHMX TEXHOJIONIN Ta cucTem 3aBigyBay Kadenpwu

Mwunkona CEMEHOB, KkaHonaaT neparoriyHmMx Hayk, OOoueHT Kadeapu
iH(bopMaLinHNX TexHoNorin Ta cnctem MNontaea - 2025 3MICT BCTYI5 PO3411 1. Orndan
TEXHONOTIA TA MPUHLMM NOBYAOBW TOYHOIO 3EMJIEPOECTBAS 1.1. IcTopis Ta
npuHumn poboTun8 1.2. Knacudikauisa cnctem i obnacTi 3acTocyBaHHA1l 1.3. MpuHumnn
nobynoBun ToyHoro 3emnepobcTBal9 1.4. MikpoCeHCOPHiI Mepe)xeBi TEXHONOT I NS MOHITOPUHIY
BpOXKalo i MiHiMi3auii BNAMBY XiMi4HOT 06pobku pocnnH29 BucHoBku ao po3sainy32 PO34IN1 2.
PALIOYACTOTHA IDEHTUDIKALIA: NMPUHUWNAW POBOTU TA 3ACTOCYBAHHA33 2.1. MpuHumMn

poboTwn -cuctem33 2.2. TexHonoriga BupobHnuUTBa -MiTkn35 2.3. M'Hy4ki 6aTapeid0
BucHoBok o posainy45 PO341N 3.

@ O6Hapy»xeH Mnaruat: 0,72% https://ela.kpi.ua/bitstream/12345678... + 5 pecypcos! id: 3
PO3POBKA AJITOPUTMY BU3HAYEHHA MICLEMNOJOXEHHSA -MITOK HA OCHOBI -
BUMIPKOBAHb47 3.1. MeToan BU3HAYEHHSA AasnbHOCTi47 3.1.1. ( )47
3.1.2. ( )48 3.1.3. ( )50 3.1.4. (

)52 3.2. MeToaun po3paxyHKy KoopanHaTt53 3.2.1. MHK - MeTOo4 HalMeHLWNX KBaapaTiB54
3.2.2. Qopmynn baneca5b6 3.2.3. ®inbTp KanmaHa58 3.3. AHani3 BNanBY KOHQirypauii
CEeHCOpPHOI MepeXXi Ha TOYHICTb BU3HAYEHHS MiCLLENOJI0XKEHHS -MiTOK Ha OCHOBI -
BUMiptoBaHb63 3.4. Po3pobKa aniropnTMy BM3HAYEHHS MICLLEMNOJIOKEHHS -MiTOK69 3.4.1.
Po3pobka anropntmy70 3.4.2. AHani3 epeKTUBHOCTI po3pobneHoro anropntmy72 3.4.3. AHani3
MOXXJINBOCTEN MPaKTUYHOI peasizauii po3pobneHoro

anropuTtmy76 BucHoekn go posainy78 BUCHOBKI80 CMTMCOK BUKOPUCTAHNX OXEPEJI81
BCTYN Y cyyacHOMYy CBiTi NpUCTPOi pafio4acToTHOI iaeHTudikauii ( ) 3HaNLWAN LWnpoke
3aCTOCYBaHHSA. Lia TexHoNoris BUKOPNUCTOBYE pafiodacTOTHE eNeKTpoMarHiTHeE BUNMPOMIHIOBaHHSA
ONnsa 3anncy, 34NTyBaHHSA Ta 06pobku iHopMaLii 3a AONOMOrol cneuiasbHUX MPUCTPOIB.
OCHOBHUMW KOMMOHEHTaMM -CUCTEM € 34UTyBaY (pigep) i pamiovacToTHa MiTKa
(TpaHcrnoHoep). Pinep siBns€ coboto eNeKTPOHHUI NPUCTPIA NS OTPUMaHHS AaHUX Npo 06'eKTU.
BiH Mae Benukuin pagiyc Aii, BACOKY NOTYXXHICTb i 34aTHICTb 04HOYaCcHO 06pobnaTn iHhopMaLlito
3 Ki/IbKOX TpaHCMoHaepis. -CUCTeMn, BNPoBad )KeHi A1a ynpaBAiHHA nNepeMileHHAM
npoaykLuii, 403BONSAIOTb ONTUMI3yBaTW CKNaACbKi Ta TPAHCMOPTHI Mpouecu, MiHiMi3yBaTun
NI0ACBKNN (haKTOp, 3MEHLUNTU YacoBi BTPATU Ta YHUKHYTW BTpaT TOBapy nNiA Yac noro
TpaHCcNopTyBaHHSA. Y po3apibHin Toprieni JgornomMarae€ nigTpuMmyBaTu oNTMMasbHi CKAaAacCbKi
3amacu, Npuckoptoe obpobKky MOKynokK Ha Kacax i 3abe3nevye 3axucT Big Kpagi>xok. Kpim Toro,
LS TEXHOJOriS € Ha43BMYaNHO aKTyaJIbHOK A/1S Ci/lbCbKOro rocnogapcTBa, 30KpeMa B TOYHOMY
3eMsiepobCTBi, e BOHa CNPUSE MiABULLEHHID e(DEeKTUBHOCTI Ta TOYHOCTI yrpaBiHHS
BUPOBHMYMMIM NpoLiecammn. ToyHe 3eMnepobCTBO - Lie ynpaBiHHA NPOAYKTUBHICTIO NOCIBIB
ypaxyBaHHAM BapiabenbHOCTi A0BKiIS POC/INH. YMOBHO KaXkyuu, Lie onTuMasibHe ynpaBsliHHS
0211 KOXKHOr0 KBaZlpaTHOro MeTpa nong. MeTolo Takoro yrnpassiiHHA € OTPMMaHHS
MaKCUMasnibHOro NnpmbyTKy 3a YMOBMU ONTUMI3aLii CiNbCbKOroCnoAapCbKoro BUpobHULTBA,
€KOHOMIT roCcrnoAapCbKux i MpupoaHux pecypcis. MNMpn UbOMy BiAKPMBAOTbLCA peasibHi MOXKJIMBOCTI
BUPOBHMLTBA AKICHOI NpoayKLUil Ta 36epeXXeHHA HaBKOJIMLLIHLOIO cepedoBumua. Taku nigxig, gk
noka3sye MiXkHapoaHuM nocBig, 3abe3neyye HabaraTo 6iNbLINA EKOHOMIYHUI eEeKT i,
HaWrosoBHiLe, A03BOJISE NiABULLMTI BiATBOPEHHSA MPYHTOBOI POAIOYOCTI i piBEHb €KONIOriYHOI
YNCTOTK CiNIbCbLKOrOCNOAAPChbKOI NPOoayKLUii. B AaHMM Yac 3poCcTaHHA LiH Ha HacCiHHA, MiHepabHi
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nobpuea, 3acobun 3aXnUCTy POCANH, TEXHIKY Ta iHLWI 3acobu BUpobHMLTBa B CiJIbCbKOMY
rocnogapcTBi MPU3BOAUTbL A0 HEObXiAHOCTI NiaBMLLYBaTN ePEKTUBHICTb IX BUKOPUCTAHHS.
Mepepn KepiBHMKaMK i cnewianicTaMun CiflbCbKOro rocnogapcTBa CTOITb 3aBAaHHSA NiABULLEHHS
PiBHA MeHeO>XXMeHTY, K BaKJINBOro hakTopy A/ AOCATHEHHS pe3y/bTaTUBHOIr o
rocrnogaptoBaHH4. [MocTaBneHy 3a4a4y BUPILLYE HOBUIA HaAMPAMOK Nifg Ha3BOK TOYHE
3emM1epobCTBO, AKe B AaHUI Yac HabyBa€ Bce 6iNbloro nowmpeHHsa B 6araTbox KpaiHax. To4YHe
3eMnepobCTBO - Lie KOMMAEKCHa BUCOKOTEXHOJIOMNYHA CUCTEMA Ci/ibCbKOroCcnogapCbKoro
MEHe>XXMEHTY, Lo BKtoYaE B cebe TexHonorii rnobansHOro no3nuioHyBaHHS ( ), reorpadiyHi
iHpopMaUinHi cuctemn (GIS), TEXHONOTIT OLIHKN BPOXKANHOCTI ( ),
TEXHOJ10rit0 3MiIHHOIO HOPMYBaHHS ( ) i TexHonoril gucTaHuUinHoro
30HAYyBaHHA 3eMni (033). CyTb To4HOro 3emnepobcTBa B TOMY, L0 06pobka noniB NpoBOANTLCS
B 3aJIEXXHOCTI Bi peanbHUX NoTpeb BMpoOLLyBaHMX B AaHOMY Micli KyabTyp. Lli noTpebu
BM3HAYalOTbCHA 32 JOMNOMOrOK CyHYaCcHUX iHPOpMaLinHUX TEXHOONIN, BKAOYA4YM KOCMIYHY
3noMKYy. Mpun uboMy KoLTN 06pObKK ANGEPEHLIOIOTECA B MeXax Pi3HUX AiNSHOK Nons, natyun
MaKCUMasnbHUI epeKT Npn MiHiManbHOMY 306UTKY HAaBKOJIMLLHBOMY CEPEefOBULLY | 3HMKEHHI
3arasbHOl BUTPaTK 3aCTOCOBYBaHNX Pe40BUH. Hanbinbll Ba)>KANBMM MUTAHHAM, PiLLEHHSAM
OCTaHHIM YaCcOM B EBPOMNENCLKNX KpaiHaX, 6y10 3HaX04XXEHHSA ONTUMa/IbHOIMO PiBHS
BUKOPMCTaHHA 0o6pmB i XiMikaTiB B POCIMHHULTBI, @ TaKOXX BU3HAYE€HHS 403 IX BHECEHHS, L0
BUKJIIOYAIOTb HEFaTUBHWI BMNJIMB Ha I'PYHT, POC/INHN | HABKONNWHE cepeoBuile. OoHUM 3
HanNpsAMKIB y BMPOBaA XeHHi TOYHOro 3eMnepobcTBa IK OCHOBW 36isbLLUEHHS NPOAYKTUBHOCTI
MOCIBiB Ta 3MEHLIEHHA HaBaHTa)KEHHS Ha IPYHTU A40XiMiKaTiB, LOOPUB € BUKOPUCTAHHSA
MiKPOCEHCOPHNX MEPEXEBUX TEXHOJIOr N Mobya0BaHNX Ha BUKOPUCTAHHI

@ O6Hapy»xeH Mnarnat: 0,48% https://ela.kpi.ua/bitstream/12345678... + 5 pecypcos! id: 4

[na cTBOPEHHSA aBTOMaTM30BaHOI CUCTEMU MOHITOPUHIY BUKOPUCTOBYOTbL 6e34poToBY
CEHCOpPHY MepeXy 3 BeJIMKUM pafdiycoM Aii, Ka, 3aBASKN PO3BUTKY TEXHOJIOriN, 34aTHa
BiACTEXYBaTW pyxoMi 06'ekTn. [1Na BU3HAYEHHSA MiCLLENOJIOXKEHHS -MiTOK 3aCTOCOBYETbCS
MeTOof, L0 FPYHTYETLCA Ha aHanNi3i OTPMMaHOI MOTY>XXHOCTi CUTHaNy Bif MITOK ( -
BUMIiptOBaHHSA). Llen nigxia BUPIi3HAETLCA NPOCTOTO NMPaKTUYHOI peanisalii, ane B YACTOMY
BUrns4i BiH He 3abe3neyvyye AOCTaTHbLOI TOYHOCTI Y BU3HAYeHHi koopauHaT -MiTOK. O6’eKT
[OCNiIA>XKEHHS - BUKOPUCTaHHSA MIiTOK Y TEXHOOriaxX TOYHOro 3emnepobcTea. MNMpeameTt
DOCNiO>XEHHA - MeToaM BU3HAYEHHS MiCLLENOJIOXKEHHS -MiTOK.

MeTa O0oCnig>XEeHHS - MPOBeAEHHS KOMIMJIEKCHOIO aHasli3y iCHyI4YUX TEXHOOrIN Ta
po3pobKa HOBOro aNropmMTMy AN NiABULWEHHSA TOYHOCTI BU3HAYeHHS KoopAuHaT -MiTOK 3
METOH 3aCTOCYBaHHA B CUCTEMax TOYHOro 3emsepobcTBa.. 115 4OCATHEHHA MOCTABJIEHOT METH
HeobxioHO BMKOHATW Taki 3aBAaHHSA: NPOBECTU Ornag TEXHONOorin Ta NpuHUnnu nobynosun
TOYHOro 3emsepobCcTBa, NpoaHanizyBaTU MiKPOCEHCOPHI MepeXXeBi TEXHONOTIT A4N1S MOHITOPUHIY
BPO>Kalo i MiHiMi3auUil BMMBY XiMi4HOT 06p0obKM pOCAVH; pO3rAsHYTU CKaag CUCTEMU paaio
4YaCTOTHOI igeHTUdiIKauii Ta i3nyHi npuHumMnm poboTn cuctemm Ta 6asosi TexHonorii

BUIOTOBJIEHHSA -MiTOK; NPOBECTM aHai3 iCHy4YNx
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MeTOAiB BUSHAYEHHS MiCLLEeNOJIOXKEHHS -MiTOK Ha OCHOBI BUMiplOBaHb PiBHA CUrHany ;
pPO3p0bUTN PEKYPEHTHUN anropuTM, SKNn byne yToYHIOBAaTU KOOPAMHATU MITOK MO Mipi
HaAX0O>XKEHHSA -BMMIiplOBaHb Big AaT4uKiB 6€34p0TOBOI CEHCOPHOI MEepeXXi, 3aCHOBaHUM Ha

MaTeMaTU4yHOMY anapaTi inbTpauii KanmaHa. MeTtoaun gocnig)xeHHs. Y poboTi
3aCTOCOBYBaJIMCA MeTOAM Teopil MMOBIPHOCTEN, NiHINHOI Ta HEeNiHINHOT inbTpauii B
ONCKPETHOMY Yaci, CTaTUCTUYHOI Teopil NIPUNHATTS pilleHb i CTaTUCTUYHOrO MOAEsIIOBAaHHA Ha
EOM. HaykoBa HOBM3Ha oAep>XaHuX pe3ysbTaTiB. Po3p0obneHo peKYPEHTHUIA aiFOPUTM

BM3HAYEHHS MiCLLeMNOJ1I0XKEHHS -MiTOK, SIKUI, Ha BiOMiHY Bif HassBHUX NiAXon4iB, BPaxOBYE
ancnepcito Noxmbok BUMIipIOBaHHA MOTY>XXHOCTI CEHCOpaMn MepeXxi. Y LboMy aaropuTMi
peanizoBaHo NocnigosHy 06pobky -BUMIiplOBaHb, OTPMMaHMNX BiA CEHCOPHOI Mepexi, Lo

[O3BONAE YHUKHYTH

obumncnoBanbHO CKagHoro obepTtaHHA MaTpuLb BEAUKOI po3MipHocTi. PO341JT1 1. O NS

TEXHOJIOT I TA MPUHLMM NOBYAOBW TOYHOIO 3EMJIEPOBCTBA 1.1. IcTopis Ta
npuHUKMN poboTn (aHrn. ) abo
&4 UnTuposanus: 0,01% id: 6

"pagioyacToTHa igeHTUdikauia"
— L& TEXHOJI0riSA, WO HaNeXXNTb A0 Fpynu (aHrn.
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BoHa BMKOPUCTOBYETHLCS O/ aBTOMATUYHOI0 po3ni3HaBaHHSA 00'eKTiB i 360py AaHMX NPO HUX,

WO MOTiM MOXYTb ByTK iHTerpoBaHi B KOMM'tOTEPHI cucTeMmun 6e3 yyacTi noanHn. OCHOBHUN
NpUHUWMN poboTn Taknin: Koaum ob'ekT i3 -MiTKOI MOTPanJse B 30HY Aii 34MTyBava, TON
HaAcwuNae curHan, wob oTpmmaTu iHpopMaLito 3 MITKW. Y MiTLi MOXe MiICTUTUCA pi3Ha
iHdbopMaList Npo 06'eKT, HaNpukNag, cepinHMN HOMEpP, YacoBi NO3HAYKKU, KOHMIrypaLinHi
IHCTpYKLiT Towo. MNicna oTpuMaHHSA iHhopMaLii 34MTyBay nepepnac ii O KOHTposiepa Yepes
MepexxeBui iHTepdenc. KOHTposiep MOXXe BUKOPUCTOBYBATU Ui AaHi ANS Pi3HMX Winen, Takux sK
BeOeHHS iHBeHTapm3auil abo ynpaBaiHHA npouecammn, Hanpuknag, y BUpobHMYMX niHiax. Puc.
1.1. NpuHumn poboTun OpHi€to 3 ronoBHUX ocobnneocTemn Yy MNOPIBHAHHI 3 iHWMMK
Tunamm € 3HAaYHO MEHLUNN padiyC 34MTyBaHHSA. SAKLLO iHWI BUAW 003BOJIAIOTb
0[HOYaCHO 34UTyBaTW OaHi 3 BEJIMKOI KiIbKOCTi MiTOK, Hanpukfaag, 3 Lisioro nigaoHa, To -
MiTKWN 34UTYIOTbCHA BUKJIIOYHO MO O4HIN. MNepLli NpoMNCNOBI KOPUCTYBaYi -TexHosnorii
3'aBnnuncsa B cepeanHi 1950-x pokiB, KoM HayKoBLi akTMBHO 06rosoptoBanu ii NepCNeKTUBMU.
ToAiwHi o6MeXXeHHSA, NoB'A3aHi 3 BUCOKO BapTICTIO Ta BE/IMKUMU po3MipaMn MiTOK, CTPUMYBanu
LMpoKe BnpoBaaXXeHHS. Y 1970-x pokax po3rnoyasnacs po3pobka pisHUx Bapiauin -cucTem,
AKi 3HaNLLNKM 3aCTOCYBaHHSA B floricTuui, 6ibniotekax, ineHTudikaLii TBapuH, TpaHcNopTi Ta
iHWKX rany3ax. Y 1980-1990-x pokax BiabyBCa 3Ha4YHUIA Nporpec y CTBOPEHHI MaCMBHUX MITOK,
O A03BOJINAO0 PO3WINPUTK chepun iX BUKOPUCTaHHA. Ha nodaTky CTONITTA aKTUBHO
BMPOBAAKYETLCA Yy TOPriBAi Ta NOriCTULi BEAMKUMMN KOMMaHIsIMU, TaKUMKN SK , Ta
.Y uen nepioq TEXHOJOrA TaKoXX NoYasa BUKOPUCTOBYBATUCA AEPXKABHUMU CTPYKTYypaMmu,
30kpema MiHicTepcTtBoM 0b6opoHu CLLA, ske 3anpoBagunio ii cepefn CBOiX NOCTavasIbHUKIB.
3pocTaHHA iHTepecy Ao Crpnano CTBOPEHHIO opraHizauil , IKa po3pobnse
CTaHOapTW ONs uUiei TexHonorii. BigToai rmoyaJsia MoCTYrMoOBO OXOMJIOBATN PUHOK, CTaBLUN
rnepenoBuM pillEHHAM 018 aBTOMaTU3auii BUPOBHMYNX | NOFiICTUYHUX NPOLECiB, 3aBOSAKN il
edeKTUBHOCTI B 36opi Ta 06pobui iHdbopMmauii. CboroaHi -TeXHONOorii akTUBHO
BUKOPUCTOBYIOTLCA A5 yNpaBiHHA NepeMilleHHAM MaTepiasibHUX pecypciB Ha BUPOBHMYO-
CKIaACbKNX KOMMJIeKCaX. be3KOHTaKTHI pafio4acTOTHI pilleHHS NOCTYNOBO NPOHUKAKTb Y HOBI
chepn eKOHOMIKW: Bif IOTiCTUKM Ta po3apibHoi Toprisai 4o megnunHu, 6e3neku, rpoMaacbKoro
TpaHcnopTy Towo. OaHaK BNPOBagXeHHS Yy NOBCAKAEHHE XXUTTSA CYyNPOBOAXKYETbCH
HN3KO BUKJNKIB. 30KpeMa, cnoxxmaadi 6e3 cneuiasnbHoro obnagHaHHA He 3aBXXAN MOXXYTb
BUSABUTU -MiTKW, NPUKpPiNAeHi 4o ToBapiB Ha eTanax BUPOOHULTBA Y1 NaKyBaHHS, i
BuaanuTu ix. KoHuenuis TexHonorii nepegbavae, Wwo -MiTKa 3 YHiKanbHOW iH(popMaLli€to
3aKpPIMETLCA Ha 06’eKTi ans noro igeHTudikauii n obniky. LU MmiTka nepena€e naHi yepes
6e3KOHTaKTHUI 3B'A30K Y 6a3y AaHMX, LO3BOJISAOYN B PEXUMI peasibHOro 4Yacy BiACTEXYyBaTuH
CTaH 00’ekTa. MNeplie NpakTNUYHE 3aCTOCYBaHHS -MiToK ByJ10 B aeponopTax A8 MapKyBaHHS
barax<y, ane uen gocsig BuABMBCA NpobseMHMM: MOHa4 NOJIOBUHA MITOK Nif Yac TpuBanux
penciB po3MarHidyBanacs. Cepep iHWNX obMexeHb TEXHOOriT — CKNaAHOLi 34MTYBaHHA Yyepes
MeTaliyHy YMaKOBKY Y/ PiaNHU, SKi MOXXYTb BMJIMBATU Ha SAKICTb nepedadi AaHunx. PO3BMToOK
PUHKY -TEXHOJIOTIN ranbMyOTb TPU OCHOBHI (pakTOpU: BUCOKa BapTICTb MITOK, CKNaAHICTb
34nTyBaHHSA iHhopMaLii 3 oeskux 06’eKTiB i HeAOCTaTHA PO3BUHEHICTDb | T-iHDpacTpyKkTypu. Ak
3a3HaYaloTb ekcnepTu, BiNbLWiCTb KOMMaHiM Hapa3i He MaloTb HaranbHOI NoTpebu y nepexoni 3i
LWITPUX-KOAiB Ha . X04a uf TexHosoria Hafga€e NeBHi 3py4YHOCTi Ta nepesaru, He BCi
NiANPMEMCTBA roTOBI iIHBECTyBaTK B ii BNpoOBad)XeHH4. Nepexia Ha obunpatloTb Ti, 419 KOro
WBUAKICTb 06p06KYM iHhopMaLlil € KPUTUYHO BaXKNMBO. Mpu LbOMY -MiTKM MalOTb CYTTEBY
rnepeBary Hajg LWTPUX-KOAAMUN — IX NPAaKTUYHO HEMOXXIMBO NiapobuTn. TexHonoris
pafiovacToTHOI igeHTudikauir ( ) € OOHUM i3 HaMaKTyasibHIWMX TPEHAIB y chepi MapKyBaHHS
TOBapiB. Y TOprisni 3aCTOCOBYETbLCA A1 aHani3y rnepemilleHHs NpoayKLUii, BiAKpuBaim
HoBi NnepcnekTmnen. Cepen KAOYOBMX NepeBar — NOBHUN KOHTPOJIb PyXy TOBapiB, NiABULLEHHS
AKOCTi 06CNyroByBaHHS, 3HUXXEHHSA MOMUJIOK i 3aXMCT Bif KpahiKOoK. Yac nokaxke, SKi we
MOXXJINBOCTI CTaHe AOCTYMHMUM 3aBASKW Ui TeXHONOrII. 3axigHi piTennepun BXxe HakonmM4nan
3HAYHUIN OOCBIA BUKOPUCTAHHSA , 1 nepwi ambiTHI NpoeKkTn BNpoBag XyTbCsA B YKpaiHi. Ans
IT-chbaxiBLiB KOMMNAHIN BaXX/INBMM 3aBAaHHAM € iHTerpauis i3 cucteMamu ynpassiHHSA
rnocTadyaHHsaAMN ( ), BiIHOCUMHaMWN 3 KJliEHTaMu ( ) i pecypcamm nignpruemcTtia ( ),
3abe3nevyloym rapMoHinHy poboTy BCi€i cnctemm. Tako)x HeobXiAHO HAaBYUTUN MeHeO KepiB i3
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npoAa>ky po3yMiTn MexaHizamum poboTun Ta ii nepesaru. F0JI0BHOIO CKNAOHICTIO
BMNPOBaA >KEHHS TeXHOJ0rii € HeOBXiAHICTb MOEAHATL iICHYIOYi 3aKPUTi CACTEMU 3 HOBUMM
BiAKPUTMMM TEXHONOriAMU, AKi nepenbayatoTh iHTerpauito obnagHaHHA Ta | T-iHppacTpyKTypw.
BoaHo4ac piTennepam Ba)kJIMBO He NnLle KepyBaTn ToBapoobirom, ane n onTuMisyBaTu
aCoOpTUMEHT Toproeoro obnagHaHHA ond nigBuweHHs NpubyTKoBoCTi. MeHen )xepaM i3
3akynisenb NoTpibeH AOCTYN A0 aKTyanbHUX AaHUX, Wob yHUKaTn BTpaT. HaaBHICTb aediunty
TOBapiB Ha CKJIafli € HEMPUNHATHOK CUTYALIED, AKa 3MYLLUYE KOMMAHIT LUYKaTW iHWKNX
nocTavyasbHUKIB. [03BOJISE YHUKATN TakKMX NOMUOK, 3abe3neyyoymn NoOBHY NPO30pPICTb
TOBapoobiry y po3apibHin mepexi. lnes aBToMaTu3auii B po3apibHin Toprieni B)Ke OaBHO He €
HOBOI0. LLITpMXxoBe KoAyBaHHA CTasf0 HanbinbLL NONYNAPHOID TEXHOJIOMIEID 3 MOMEHTY CBOIrO
BNPOBAAXKEHHS Y cchepy Topriei. loro BUKOPUCTaHHA Y Pi3HUX rany3sx CNpuaao NigBuLLEHHIO
MPOAYKTUBHOCTI Ta NpnbyTKOBOCTI MiAMPMEMCTB 3aBASAKN 3HUXKEHHIO KiJIbKOCTi MOMUJIOK i
CKOPOYEHHIO Yacy Ha 3aBhaHH4, NoB’a3aHi 3 ToBapoobirom. CbOroAHi LUTPUX-KOAN
3aCTOCOBYIOTLCS MOBCIOAHO. IX PO3BUTOK [103BONSE €hEKTUBHO BiICTEXYBATN BUPOOHMYI
npoLecu, KaHanu po3noainy, nocTavyaHHs i npogaxki. NMonynapHICTb WUTPUX-KOAIB MOACHIOETLCSA X
LLIMPOKUM 3aCTOCYBaHHSAM i BEJIMKOIO KiJIbKICTIO KOPUCTYBaYiB. Y NOPIBHAHHI 3i WUTpUX-Kogamu,
TexHosoris Ma€ 3Ha4Ho BifiblLLe MOXKJIMBOCTEN: BOHA MiATPUMYE KOAYBaHHS BENKUX
obcariB maHux, 4O3BOJISIE 3MiHIOBATW Ta nepesannucyBaTun iHQopMaLito, ineHTndikye 06'ektn b6e3
nPsAMoro KoHTakTy abo BisyasbHOro AOCTyny, HaBiTb Y pyci, i 3abe3neyye 3axucT Bia Niapobok.
MpoTe BNpoBag>XeHHS BUMarae€ 3Ha4yHux piHaHCOBUX iHBECTULIN. N5 NMOBHOI iHTerpauii
MOTpPIi6HiI -MiTKW, cneuianbHi 34nTyBadi, NpUHTEPUN Ta -cncteMa. Takox HeobxigHo
BpaxyBaTWu PO3WMPEHHSA PYHKLIOHAbHUX MOXIMBOCTEN CUCTEMM, LLO OO3BOINTL NpautoBaTn 3
Binbwmmm obcssramm gaHnx. OCHOBHOK CEPOI0 3aCTOCYBaHHS € NIOriCTNKa Ta CKAAAChKiI
Komnaekcu. NoegHaHHA WTPUX-KOAIB i -TEXHOJION i MOXKEe 3HAYHO BMJINHYTU Ha
eheKTUBHICTb BUPOBHUKIB, ANCTPUB’t0TOpIB i piTennepis. Konu 6yfe NoBHICTIO iHTerpoBaHa
B iCHYOYI cMcTeMU aBTOMaTU3auil Ta 3006yae AOBipYy KOPUCTYBaYiB, BOHa CTaHe HafiHUM
OOMOBHEHHAM A0 TpaauLinHNX pilleHb, 3abe3neyvyoymn ePekKTUBHICTb TaM, A€ WTPUX-KogyBaHHS
BUABNSAETLCA HEAOCTaTHLO 3py4yHUM. 1.2. Knacudikauisa cuctem i obnacTi 3acTOCYyBaHHA
ICHY€E oeKinbKa KpuTepiiB, 3a SKMMN MOXKHa KnacndikysaTu -MiTKK Ta cuctemmn (AunB. puc.
2): [liana3oH 4acToT. BU3Ha4Ya€ETbCA YaCcTOTOK €NeKTPOMArHiTHOro0 BUNPOMIHIOBaHHS, fKe
BUKOPUCTOBYETLCA OJ19 3UMTYBaHHA Ta 3anncy AaHux. Big 4acToTn 3anexXunTb JafbHICTb
34MTYBaHHS, WBNAOKICTb NMepedaydi AaHMX Ta iHWIi XapaKTEPUCTUKN CUCTeEMUN. Tun axxepena
YKNBJIEHHS. -MiTKN MOXYTb BYTWU MacMBHUMKN (XKUBAATLCA Bif 34NTyBaya), akTUBHUMMU
(MaloTb BNacHe a)xepeso xueseHHs) abo HaniBnacMBHUMKU (KOMBIHYOTb 0buaea TnNu
XKUBMEHHSA). TN Nam'aTi. BU3Ha4Ya€TbLCA TUNOM BUKOPUCTOBYBAHOI NaM'ATi Ang 36epiraHHA gaHuX
( , TOoWwo). BUKOHaHHSA. Ma€eTbCA Ha yBa3i i3nyHa peanizauia MiTKM (Hanpuknag, y
BUrNagi kaptkuy, bpenka, Haknenkn). Bapto 3a3HaumTu, Wo Aiana3oH poboymnx 4acToT MaE€
3HaYHMN BNAUB

@ O6Hapy»xeH MnarunaT: 0,09% https://yak.koshachek.com/articles/a... id: 9

Ha XapaKTepucTuku -cucteMu. 9k NpaBuo, YAM BULL@ YacToTa, TUM Bifblua AanbHICTb
34NTyBaHHA iHGOopMaLii 3

MiTok [3]. Puc. 1.2. Knacudikauis cucteM CyyacHi -CUCTEMUN OMepPYyTb Y HOTUPbOX
OCHOBHWX YaCTOTHMX Aiana3oHax: 125-150 kl'y, 13,56 Mlu, 862-950 MI'y ta 2,4-5 I'fu. Bnbip
uUnx Aiana3oHiB 06yMOBNEHWI, NepLU 3a BCE, PErYJSTOPHUMM BUMOraMun Pi3HUX KpaiH, fAKi
003BOJIAIOTL BUKOPUCTOBYBATU Li HaCcTOTK AN19 KOMepLUinHux po3pobok. Hanpuknag, gianasoH
2,45 Ty, LWWMPOKO BUKOPUCTOBYETLCSA A1 6€34p0TOBUX TEXHOJON N, TaKNX K i Wi-
[Nna KOXKHOro gianasoHy iCHYIOTb CBOI CTaHAAPTHW, WO BU3HA4YalOTh XapakKTEPUCTUKN CUCTEMU,
TakKi K 0aNbHICTb 34MTYBaHHS, LUBUOKICTb Nepefadi AaHUX Ta iHWIi napameTpu. [eTanbHiwe
XapaKTepPUCTUKKM Pi3HMX Aiana3oHiB HaBegeHo B Tabnuui 1.1. HU3bKOYaCTOTHI -MiTKW, SK
nMpaBuJIo, MaloTb CKNagHi 6araToBUTKOBI @aHTEHW | BUKOPUCTOBYIOTLCSA B MACUBHMX CUCTEMAX.
BoHU Bigpi3HATLCA HN3bKOI BapTICTIO | YaCTO 3aCTOCOBYOTLCA ANA iAeHTUdIKauii TBapuvH,
nogen Ta iHwnx 06'ekTiB. OgHakK, Yepe3 BeANKY OOBXUHY XBWUJi, Taki cMcTeMn MatoTb
obMeXXeHy [anbHiCTb 34MTYBaHHSA | CXUbHI A0 MepeLwKko Ta KONi3in Nnpyn ogHO4YacHOMY
34YUTYBaAHHI AeKinbKox MiToK. Tabnuus 1.1 Hdiana3oHun YacToT [diana3oH 4acToT XapakTepucTukmn
cuctemu Mpuknagm 3actocyBaHHA Husbki 100-500 klM'y, Mana ganbHiCTb 34MTYBaHHSA, HU3bKa
BapPTICTb MiTOK. KOHTpO/Ib A0CTYny. laeHTudikauia TesapmH. Cuctemu iHBeHTapusauii. CepeHi
10-15 MI'y CepenHS OanbHICTb 34MTyBaHHA KoHTposb goctyny. CMmapT-KapTu. Bucoki 850-950
MIy 2,4-5,0 I'Ty, Bennka ganbHICTb Ta WBUAKICTb 34MTYBaHHSA, MNOTPibHe TOYHE HauiloBaHHS
34MTyBaYa, BUCOKa BapTiCTb MiTOK CNOCTEPEXXEHHS 3a MepeBe3eHHAM BaHTaXXiB 3ani3HuLUeElo.
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CncTeMun CTArHEHHS NaTu 3a KOPUCTYBaHHS AOPOroto 3 BoAdiiB aBToMobiniB. Cucrtemm, Wwo
npauloTb Ha YacToTi 13,56 MI'u, € nonynsapHuM BU6OpoM 3aBOSKW CBOIN OOCTYMHOCTI,
€KOJIOriYHOCTIi, BUCOKOMY PIiBHIO CTaHAapTM3aLii Ta LUMPOKOMY CEKTPY pilleHb. BOHU LWnMpPOKo
3aCTOCOBYIOTbLCS B TaKUX chepax, Ak 6e3KoHTaKTHI nnaTexi, Norictuka Ta cuctemm
ineHTudikauii ocobuctocTi. CtaHpapT 14443 (tTunm A i B), po3pobneHuin Ansa Lboro
Aiana3oHy 4acToT, 3abe3nevyye BUCOKUI piBeHb Be3nekn 3aBOSKN cMcTeMi gnBepcndikauii
KJtoYiB. Lle no3Bosisie cTBOptoBaTK Binbll BiAKPUTI CUCTEMU, AKi BAKOPUCTOBYIOTb
CTaHAapTM30BaHi anropuTMm WwWngpysaHHA. Ha OCHOBI LLbOro CTaHAapTy CTBOpeHo 6e3niv
Pi3HOMaHITHUX CUCTEM, Hanpuknag, cMcteMmy onaaTu npoisay B Mapuxi. OQHak, HaBiTb cucTeMU,
L0 BiAMOBIAAOTb CTAaHOAPTY 14443, moXXyTb MaTu Bpa3nmBocCTi. Hanpuknag, kapTu

, IKi BBakanucsa 6inbw 6e3nevyHMK 3a CBOIX NonepenHuKiB, Bce X Taku Bynu 3namaHi.
Kpim TOro, BCi cnctemu, WO NpaulolTbh Ha CeEpedHixX YacToTaX, CTUKalTbCA 3 npobnemamu,
MOB'A3aHMMM 3 AANIbHICTIO 34YUTYBaHHSA, BMJIMBOM MeTasy Ta BOJIOMM, @ TAaKOXX 3 MOXJIMBICTHO
KOi3in Npy 04HOYACHOMY 34MTYBaHHI OEKiSIbKOX MITOK. -MiTKW, L0 NMpauloloTb Ha
YNbTPaBUCOKMX YacToTax ( ), 34aTHi NnepefaBaTu AaHi Ha 3Ha4YHO BiNbLi BiACTaHI, HiIXX IXHI
HW3bKOYaCTOTHI aHasnorn. KpiMm Toro, BOHM 4acTO OCHALLEHi TEXHOOriSMN, WO 0O3BOJIAIOTb
34MTyBaTW iHPOPMaLio 3 AEKiSIbKOX MiTOK 0JIHOYACHO, He CTBOpPIOtoYM nepewkon. CnovyaTKy Taki
MiTKM po3pobnanucsa ana BiACTEXEeHHS TOBapiB Ha Ckiafax Ta BUpobHuLUTBax. |aes nongarana B
TOMY, WO6 KOXXeH BUPOOHMK CaMOCTIAHO 3anNnCyBaB YHiKanbHU Koa ToBapy ( ) Ha MIiTKYy.
OfHakK 3 YacoM BMSABUIIOCS, LLLO O4HOMO inlle KOAY ToBapy HeLoCTaTHbO. BuHukna notpeba
3abe3ne4ynTun 0OAATKOBUIM PiBEHb 3aXUCTY Bif Nigpobok, TO6TO 3p0bNTU KOXKHY MiTKY
YHiKasbHOW. Ane §K ue 3pobunTtu, SKWo Mn xo4emo, Wwob BMpobHUK Mir BiJibHO 3anucyBaTu byab-
AKNN Koa ToBapy? Lle 3aBAaHHSA BUSBUAOCA OOCUTb CKAagHUM. MNepuwi vinn gns -MiTOK Masnn
hikcoBaHUIM yHiKanbHUI ineHTUdIKaTop, ane He 3abe3nevyyBann 3axXmMCT gaHUX. [HWNMK
cnosamu, byab-XTO Mir 34MTaTU BCIO iHpopMaLito 3 TaKoi MiTKKU. HacTynHe NOKOiHHA YiniB
HaBYMNCA 3aXULLATW CBOI JaHi MaposieM, ajie BTpaTUAW iHAUBIAYanbHICTb - IX MOXXHa Byno
JNIerko ckonitoBaTn. TakKUM YNHOM, BUPOBHUKM -4iniB 4OBrMM 4ac HaMaraJamcs 3HanTn
onTuManbHe piWeHHs, Ske 6 NnoeaHyBaNo B CObBi YHIKANbHICTb KOXXHOI MITKWU Ta MOX/UBICTb
3anncy AO0BiIbHOrO KOAY TOBapy.
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Y 2008 poui koMmnaHis npeacTaBusia PEBOJIOLINHE PiLLEHHS B ranya3i -TEXHOJIONIN -
Yinm 51351202 i 513 1002.

Lli 4inn He nuwe BignNoBiganan BCiM Cy4aCHUM CTaHAapTaM, asie 1 3anNponoHyBaanM HOBUI Niaxig,
00 3abe3neyeHHs YHiIKalbHOCTI KOXXHOI MiTKM. KNnto4yoBoo 0cobamnBICTIO LMX YiniB cTano
po3AineHHs nonsa ineHTUikaTopa MiTku (11D) Ha ABi YacTuHW. MNepLua YacTUHa MICTUTb
iHhbopMaLito Npo BupobHUKa Ta Mogesib Yina, a opyra - yHikaJbHUI HOMep caMoro Yina.
3aBASAKM LbOMY KOXKHa MiTKa CTaJla abCcoNtoTHO HEMOBTOPHOID, L0 3HAYHO MiABULLNIIO PiBEHb
6e3nekn cncTemMm, sKi ix BUKOPUCTOBYOTb. HOBI 4inu 36epernu BCi nepesarun TexHoorii

2.0: MOXIMBICTb 3aXUCTY AaHUX NApPOJIeM, FTHYYKY HAaCTPOMNKY NpaB AOCTYMYy Ta BUCOKY
WBUAKICTb 34MTyBaHHSA. KpiM TOro, BOHM CTanan SOCTYMHILWIMMK 3a LiHOIO MOPIBHAHO 3 MiTKaMM,
L0 NPaLooTb Ha IHWKMX YacToTax. MiTKK, LLO NpauioloTb Ha YIbTPAaBUCOKNX YacToTax,
BUKOPUCTOBYIOTb MPOCTY aHTEHY, SKa CKJaOA€ETbCA 3 OAHOIM0 BUTKa APOTY. Taka KOHCTPYKLIis
003BOJIAE 3p0bUTN MITKY MiHiaTIOpHOIO Ta AeweBoto. OKpeMunin BUg -MiTOK, BiOMUIA SK MiTKMN
611M>XHBOrO NoNsA, B3aEModi€ 3 06'ekTaMm 3a AOMOMOro MarHiTHoro nons. Lle possonse
34nTyBaTM iH(hOpPMaLLilo HaBiTb B YMOBaX BUCOKOI BOJIOrOCTi, HAABHOCTI BOAW 4K MeTany.
3aBAsKN Lin 0cobMBOCTI, Taki MiTKN NepCNeKTUBHI ANA BUKOPUCTAHHA B chapMaLeBTUYHIN
NMPOMMUCOBOCTI, Ae baraTto npenapaTiB MICTATb Bosiory abo meTasnesi efleMeHTU B YNaKOoBL.
Hanbinbw eKoHOMIYHMMUN € MAaCUBHI MiTKN, SKi nnwe 30aTHi BigaaBaTn iHhopMaulito, asne He
npunMaTy ii. Ix ganbHicTb Aii 3a3BM4an obMexeHa KislbkoMa MeTpaMu. -MiTKN MOXHa
KnacugikyBaTn 3a CNocobOM XXMBAEHHA: NAaCUBHI, akTUBHI Ta HaniBnacueHi. Puc. 1.3.
Knacudikauis -MiTOK lMacuBHiI MITKN HE MalOTb BNIACHOI0 AXXepena XnBJeHHA. BoHK

u LvtupoBaHus: 0,01% id: 11
"3apapxatoTbca

BiA CMrHanNy 34MTyBa4a, SKUN iHOYKYE B aHTEHI eNeKTPUYHU CTpyM. Llenm cTpym gocTaTHIn ans
XKUBNEHHSA HEBEINKOIO0 Yina, akuin 36epirae iHhopMaLito. AKTUBHI MITKU MaloTb BlacHe axXkepeso
YXNBJIEHHS, 3a3BUYait e baTapelka. Lle n03BOsISIE IM NpaLtoBaTW HE3aIEXKHO Bi 30BHILLUHIX
h>xepen eHeprii i nepegaBaTu cUrHan Ha 6inbwi BiacTaHi. OgHaK, Taki MITKN OOPOXXYi | MaloTb
obmexeHun TepMiH cnyxbu 6aTapei. 3a3Bnyan,

—
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-MiTKa CKJIaa€ETbCA 3 aHTeHU (Y4acTo 6BaraToBUTKOBOI) i Yina. Yin MiCTUTb €NeKTPOHHI
KOMMOHEHTN, HeobXigHi oNa NnpuinomMy Ta nepedasi

pagiocurHany, a TakoxX oss 36epiraHHsa faHuX. Y akTUBHUX MiTKax TaKoXX MPUCYTHE AXKepeso
XKUBJIEHHSA. AKTUBHI -MiTKW, 3aBASKW BJIACHOMY A)Kepesy XXUBJIEHHS, 3Ha4YHO NepeBepLlyioTh
MacuBHI 3a A4aNbHICTIO 34NTYBaHHSA Ta CTINKICTIO A0 30BHILLUHIX BNAUBIB. BOHM 34aTHI NpaytoBaTu
B CKJIafHMX YMOBaX, TakMX K Boda, MeTan abo Ha BENMKUX BiACTaHAX, 3aBOAKN NOTY)XHiLLOMY
curHany. KpiMm TOro, akTUBHI MiTKU MOXXYTb BYTU OCHaLLEHi Pi3HOMaHITHUMKW CeHcopamMun Ans
MOHITOPUHIY TeMnepaTypu, BOJIOFOCTi, TUCKY Ta iHWKWX napameTpiB. TepMiH cnyxbu baTapei
TakKux MiTOK MoXe gocaratu 10 pokiB. MacusHi -MiTKN XXNBNATbCS Bif, eHeprii 34MTyBaya,
wo obmexye ix ganbHicTb Aii. OgHaK BOHW € 6iNbll €eKOHOMIYHUMW Ta AOBrOBIYHMMUN, OCKIiIbKU
He MaloTb BUYEepnyBaHUX OXKepen XUBJeHHSA. EnekTpoMarHiTHa XBuas 34nTyBada iHOYKYE B
QHTEHI MiTKN eNeKTPUYHUIA CTPYM, AOCTaTHIN AN XXUBJIEHHSA MIKpOoCXeMu i nepefadi
BignosigHOro curHany. ¥ 2006 poui KomnaHis npeacTaBuia Hag3BMYaAWMHO MiHIaTIOPHUIA

-4in, Ha3BaHUM |- . Bin 6yB TOHWWXM 3a nanip i MaB po3mipu Bcboro 0,15x0,15 mm. Len
ManeHbKNM Yin Mir 36epiratn yHikanbHWn 128-6iTHMN Kof, AKUIA HE MOXXKHa By10 3MiHUTK nicns
BMpOobHMLUTBA. Lle 03Ha4vano, Wwo KoXXeH 4in 6yB yHiKanbHUM i Mir 6yTn NOB'AA3aHNIN 3 KOHKPETHUM
npeaMeToM. Takni MiHIaTIOPHUN PO3Mip CTaB MOXX/IMBUM 3aBAAKW CyYaCHIN TeXHOoNOorii
BMPOOHMLUTBa Mikpouyinis. Y 2007 poui niwna we gani, npeacTtaBuUBLLM LLLE MEHLNNA Yin,
po3MipoM Bcboro 0,05x0,05 mm, aknin MoxxHa 6yno BbygosyBaTu HagiTb y Nanip. Nabaputn -
MiTOK 3HA4YHOO Mipoto 06yMOBIEHI PO3MipaMK 30BHILLHbOI @aHTEHU, AKa, K NPaBUJI0, NEPEBMNLLYE
po3Mipu Mikpodina B Kisibka pa3iB. He3Ba>kato4unm Ha ue, 3aBAsSKN oNTUMi3auii BUpobHn4nx
npoLeciB i BUKOPUCTAHHIO TaKNX TEXHOJIONIN, AK APYKapCbKe BUPOOBHULTBO aHTEH, BapTiCTb

-MIiTOK 3Ha4YHO 3HM3MNacs. Lle 0o3B0OASE BUKOPUCTOBYBATH iX Y BEMKMX MacwTabax,
Hanpuknag, y po3apibHin Toprisni. CyyacHi TexHonorii BupobHMLTBa -MiTOK, Taki 9K

- ( ) Ta , 403BOJIAOTb 3HAYHO 36inbWINTK 06CcArn BUpOobHNLTBA Ta 3HU3UTN
cobiBapTicTb roToBMX NpoaykKTiB. Lli MeToan 6a3ytoTbCs Ha BUCOKOTOYHOMY aBTOMaTU30BaHOMY
3'€QHaHHI MiKpocxeM 3 aHTeHamu. Mpouec , HaNpuknag, Ao3B0JIS€ BUPOONATN NoHang 2
MiSIbMOHN MIKPOCXEM Ha rognHy. Hesesa>kato4m Ha BUCOKY NPOOYKTUBHICTb, KJIKOYOBOIO
npo6s1emMot0 3a/INLAETLCSA TOYHICTb MOHTaXKy MIKPOMIHIATIOPHMX KOMMNOHEHTIB. CaMe ToMy
KOMMaHii akTMBHO NpaLoloTb Hag po3pobKoto HOBMX pilleHb, CAPSAMOBAHNX Ha NiABULLLEHHS
eheKTNBHOCTI BUPOOBHMLTBA | 3MeHLIeHHs cobiBapTOCTi -MiTOK. [NepcnekTUBHUM HaMPAMKOM
PO3BUTKY -TEXHOJIOTiIN € BUKOPUCTAHHSA MONIMEPHUX MaTepianiB ANa CTBOPEHHS MiTOK.
KomnaHii i BXXE NPOAEMOHCTPYBa M YCMillHI NPOTOTUMNN TaKNUX MITOK, LWLO
npautoloTb Ha YacToTi 13.56 MI'u. MacoBe BUPOBHMLTBO TaKNX MiTOK METOLOM pPOTaLUiHOMO
OPYKY 003BONMTb 3HAYHO 3HU3UTU iXHIO BapTiCTb i 3p0buTn ix 6inblu 4OCTYNHUMW. -MiTKIN
MPauloTb 3@ MPUHLWIMOM PaAioeTUKETOK: BOHM OTPMMYIOTb €HEpPrito Bif 34MTyBaya i
BiANPaBAATb NOMY Ha3af 3aKoA40BaHY iHPOPMaLLit0. 3aneXHO Big TUnNy MiTKKU, LS iHpopMauia
nepenaeTbCsa PisHUMKU cnocobamu. MpuHUKMN poboTN NAaCUBHUX -MiTOK 3aCHOBaHWUN Ha
B3a€EMOJIi 3 eNeKTPOMarHiTHMUM rnonem 341uTyBada. MiTka iHOYyKYyE B cObi BACOKOHACTOTHUN
CTPYM, SKNIA BUKOPUCTOBYETLCA OIS XKUBNEHHS MIKPOCXeMU i Mogynauii Binbutoro curHany.
MacumBHi -MiTKN BUKOPUCTOBYIOTb IBA OCHOBHUX METOAN MOOyNAUil: MOOYNsALil0O 3BOPOTHOIO
po3citoBaHHA (ang YBY i CBY giana3oHiB) Ta Moaynsuito HaBaHTa)KeHHA (ona BY gianasoHy). Y
rnepLomMy BUNagKy MiTka 3MiH€e a3y abo amnniTyny BigbuTtoro curHany, a B Apyromy - 3MiHIE
onip aHTeHW. MopiBHAHHA aKTUBHMX, MAaCUBHUX i HaMiBNACUBHMX -MiTOK MOKAa3YeE, L0 KOXeH
TWUM Ma€ CBOI NepeBaru i HefoNiKN., AKTUBHI MITKN BiAPI3HAIOTbLCA BUCOKOIO NMOTYXHICTIO
rnepenaBayda i BEJINKOK AaJIbHICTIO 34NTYBaHHS, afie MaloTb 0bMe)xeHun TepMiH cny>kbu. MacuBHi
MiTKW, HaBNaKW, MaloTb NPaKTUYHO HEOBMEXXEHUI TepPMIiH CNy>Kbu, ane BuMaratoTb BinbLu
MOTYXXHUX 34MTyBaYiB. HaniBnacKMBHiI MiTKW € KOMMNPOMICHUM pilLIEHHSM, L0 NOEAHYE B CObi
nepesarn obox Tunis. Cnocobu 3anucy iHhopmauii Ha -MiTKWN CXOXXi Ha pi3Hi BUAWN OUCKIB. €
MiTKW, Ha AKi iIHPOpMaLil0 MOXKHa 3anucaTu uwe oAnH pa3 (9K Ha KOMNaKT-AUCK), € TaKi, Ha AKi
MO>XHa 3anuncaTn KijibKa pa3iB (K Ha eLlKy), a € M Taki, Ha SKi B3arasi He MOXXHa Hi4yoro

3anncaTu, TiNbKN 34UTYBaTU (K Ha 3BMYarHOMY CD). Tunm nam'aTi -MiTOK BM3Ha4al0Tb
MOXXJIMBICTb 3anucy i nepe3anucy iHpopMauii. MiTkun Tuny MPU3Ha4YeHi BUKOYHO 04
34NTYBaHHSA 3aBOACBKUX HaNawTyBaHb. MiTKn Tnny 003B0OJIAI0OTL OAHOPA30BMA 3anunc

KOPUCTYBaLUbKUX AaHux. MiTku Tnny R/ 3abe3nevytoTb 6araTopa3oBui 3annc i 34MTyBaHHA
iHpopmauii. 1.3. MpuHunnm nobynoBn To4HOro 3emnepobcTBa Y po3BUHEHUX arpapHo-
iHOYyCTpianbHMUX KpaiHax HabyBa€ NONYNAPHOCTI cucTemMa To4HOro 3emnepoberea (CT3), gka
N03BOJISE OTPMMYBATWN NPOAYKLLiIO BULLLOT AKOCTi 3@ HU>X4Y0l0 coBiBapTICTIO, @ TaKOXX 3MeHLYyBaTuU
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arpoTexHOoreHHe HaBaHTA)XEHHS Ha AOBKiNAA 3aBAAKM CKOPOYEHHIO BUKOPUCTAHHA NecTULnAiB,
n0obpuB Ta iHWKWX MaTepianiB. To4yHe 3eMsiepobCcTBO ( abo )
— L& KOMMEKC Y3rog)>XeHux 3axoAiB, CNPAMOBaHMX Ha ONTUMasibHE BUKOPUCTAHHS
TEXHOJI0TiYHMX pecypciB (HaCiHHA, 0obpuB, 3aCobiB 3aXNCTy POC/INH, PETYNATOPIB POCTY) i
npoBefeHHs arpoTexHiyHnx pobiT. BOHO Bpax0OBYy€ BUMOIrM KOHKPETHUX CislbCbKOroCNoAapCbKux
KYNbTYp, CTaH IPYHTY, EKOMOriYHi acnekTKn, a TakKoXX iHAMBIiQYyalbHi 0COBNMBOCTI KOXKHOI AiNAHKMN
rnoss, Wo A03BOJISIE AOCATTU MaKCUMaJibHOI ePEKTUBHOCTI Ta 3bepertun goekinnga. MNpuHunnu
TOYHOro 3eMnepobcTBa HagalTb HOBMI NiAXiA 00 BUKOPUCTAHHSA iIHTEHCUBHUX TEXHOJOTIN,
36epiratoum SKicTb OOBKINNSA. Lle pocsaraeTbCcs 3aBOsSKN peanilauii aganTMBHONO NoTeHUiany
BUAiB, copTiB Ta arpobioueHosiB, TO6TO IX 34aTHOCTI MPMCTOCOBYBATUCA 40 YMOB
HaBKOJIMLLHBLOIO cepenoBuLla. na po3KPUTTS LbOro MOTeHLiany Ba)K/IMBO MaKCUMasIbHO
BMKOPMCTOBYBaTU Bi0N0OriYHI MOXXIMBOCTI pocinH. Lle 0o3Bonse nigBuulyBaT NPOAYKTUBHICTb
3a CNPUSATNBMX YMOB, @ TakoX 30iNblUyBaTy iX €KONOriYHY CTIMKICTb A0 TakKux (hakTopiB, SK
MOCYyXM, CyxOBil, MOPO31 Ta HU3bKi TeMnepaTypu. Y pesynbTaTi NiABULYETLCA BPOXKANHICTb
copTiB i arpobioLeHo3iB, LU0 € KNOHOBUM (PaKTOPOM AN 36inblueHHS NPOAYKTUBHOCTI.
BnpoBap)xeHHS TOYHOro 3emnepobcTBa Binobparkae 3arasbHy TEHAEHLIO 40 BUKOPUCTAHHS
iHOPMaLINHUX TEXHOJIONIN y Pi3HUX cdepax OisNbHOCTI. Y CibCbKOMY FOCNoOapcTBi Le
[03BOJISIE 3HAYHO MiABULLNTN TEXHIYHUI Ta YNPaBAiHCbKNI pPiBEHb 3aBASKN ONepaTUBHOMY Ta
6araToakTOPHOMY MPUAHATTIO pilleHb. OCHOBHUM 3aBAaHHSM € NPOCTOPOBO-4aCoOBa
onTuMMi3aLis yMOB A1 BUPOLLYBaHHSA POCAMH, NPUYOMY Cy4acHe To4YHe 3eMnepobCTBO roJI0BHUM
YMHOM 30Cepen’keHe Ha NPOoCTOPOBIN onTUMI3auii. N8 AOCArHEHHS LbOro HeobxigHo:
3abe3ne4yn T piBHOMiIpHE po3TallyBaHHA POCJVH Yy MNOAi, WO Npu pagKkosin ciBbi o3Havae
O0JHAKOBY BiACTaHb MiXK HUMU. Lle CTBOPIOE 0AHAKOBY NOLLy i 06'€M XUBNEHHSA. BHOCUTK
nobpuBa i necTuuMan TakMm YMHoM, Wob 3abe3neynTn PiBHOLIHHI YMOBW 19 BCiX POCJIVH.
OfHakK HaBiTb HaMBULLA TOYHICTb i PIBHOMIPHICTb 3aCTOCYBaHHSA TEXHOJIOMYHMUX MaTepianiB He
rapaHTye O4HAKOBMX YMOB OJ19 POC/IMH Yepe3 BapiabenbHiCTb MPYHTOBUX BNaCTUBOCTEN,
3acCesIeHiCTb WKigHuKaMmu, 6yp’aHUCTICTb Towo. Lle moxxe Npru3BOAUTU A0 HEPIBHOMIPHOCTI
POCTY POC/AVH, BIiAMIHHOCTEN Yy IKOCTi BPOXKalo Ta Pi3HUX CTPOKIB A03piBaHHA. BupileHHs unx
npobnem nonsra€ B aganTalii TEXHONOrNYHMX 3axoA4iB A0 NoTpeb pocsMH Ta iTocaHiTapHOro
CTaHy MOCiBiB Ha KOXHIN ginaHui nons. O0ns uboro HeobxigHO CTBOpPIOBATWN OeTasbHi
KapTorpamm, ki MiCTATb AaHi NPO 3anacu NOXXMBHUX eNeMeHTIB, rycToTy 6yp’'sHiB, CTaH POC/VH,
MOTEHLiNHY BPOXXAMHICTb Ta iHLWI MOKa3HUKKW. ToyHe 3emnepobCcTBO BKIOYaE: [leTanbHe
KapTorpadgyBaHHS NONSA 3 ypaXyBaHHSAM OCHOBHUX arpoTexXHiYHUX napameTpis. KoopanHaTHe
MPWB’A3yBaHHA MALUNHHO-TPAKTOPHUX arperaTiB A0 KOHKPETHUX AiNAHOK nons. ToyHe
BMKOHAHHSA TEXHONOriYHMX onepauin BignoBiagHO 00 0COBINBOCTEN KOXKHOI eleMeHTapHOI
DingHKN. OCHOBHI KOMMOHEHTM CUCTEMU TOYHOro 3eMnepobcecTea (CT3): MNeorpadiyHa
iHopMaUuinHa cnctema (G1S) — komn'toTepHa cncTeMa, sika 36upae Ta 0bpobnsie gaHi npo
arpoTexHiYHi NapaMeTpu KOXKHOI AingHKK nons. AudepeHuinosaHa rnobanbHa cncrtema
no3unuioHyBaHHS ( ) — AJ19 TOYHOr0 BU3HAYEHHS MiCLSA pO3TallyBaHHS TEXHIKN. TexHonoris
3MiHHUX HOPM BHECEHHS ( ) — A5 afanTUBHOIMO BHECEHHSA peCcypcCiB 3ai1eXXHOo Bij yMOB
KOHKPETHOI fingHku. MNeorpacdiyHa iHpopMauiiHa cuctema (G1S) o6'egHye anapaTHi 3acobu Ta
nporpamMHe 3abe3nedyeHHs, AKi 4O3BONAAIOTb 36MpaTn 1 aHani3yBaTW OaHi MPO arpoOTEXHOOriYHi
MOKa3HWKKN AiNAHOK nong. IHhopMauia moxxe byTn oTpMMaHa wnsaxom sinbopy npob y noni
(Hanpuknag, ANS aHanisy arpoxiMiyHOro cknagy rpyHTy) i3 noganbwoto o6pobkoto pe3ynbTaTiB i
MPUB’'A3KOI0 X A0 TOYHUX KOOPAUHAT. TaKOXX BUKOPUCTOBYIOTLCH ONMTUYHI NPUCTPOT 3
6Ee3KOHTaKTHUMUN aT4YMKaMK, SKi B iH(hpaYepBOHOMY Aiana3oHi poTorpadytoTb Moas 3 NiTakis
abo cynyTHukiB. OTpuMaHa iHpopMauia HakonNn4yeTbCA B 6a3i 4aHNX | BAKOPUCTOBYETbLCS A1
CTBOPEHHS TEMAaTUYHUX KapT, HAaNpuKNag, KapT YPO>KAaNHOCTI, BMICTY MOXUBHUX pe4yoBuH abo
HOPM BHeCeHHs1 0obpuB Ta iHWKNX MaTepianiB. AndepeHuinoBaHa rnobanbHa cucrtema
Mo3nuUioHyBaHHS ( ) — Le pafioHaBirauinHa cynyTHMKOBa cucTema, sika 3abesnevye
BWCOKOTOYHE BU3HAYEHHS MiCLA pO3TallyBaHHSA CTaLiOHapHUX | pyxoMunx ob’eKTiB y
TPMBUMIPHOMY MPOCTOPI (AOBroTa, WMPOTa, BUCOTA) 3 TOYHICTIO A0 KiJlbKOX OECATKIB
CaHTMMETpIB. € BAOCKOHANEHUM BapiaHTOM rnobasibHOI CUCTEMM NO3ULLIOHYBAHHS ( )
SIKa Ma€ TOYHICTb NMwle y MeXax AecAaATKiB MeTpiB. 3aCTOCyBaHHS 018 KOOpAMHAaTHOro
NpuB’'a3yBaHHA MaLUNHHO-TPAKTOPHUX arperaTiB Y CiJlbCbKOMY rocnoAapcTBi obMexXyeTbCa
yepes BUCOKY BapTiCTb obnagHaHHA, HEAOCTATHIA PO3BUTOK MepeXi CTaHuin ans
andepeHLUianbHOro KOPUryBaHHS, a TaKoXX NMOXUOKN, CAPUYMHEHI NPUPOAHUMK haKTopaMu,
TaKMMUN K rPO30Bi po3paamn Ta MarHiTHi Bypi. TexHonoria 3MiHHUX HOPM BHECEHHS ( ,

) — ue MeTon BHECEHHS 3MiHHMX 003 TEXHOJMIOMYHUX MaTepianis
(mobpwuB, NecTnUMAiIB TOWO) 3a0€eXHO Bif 0COBIMBOCTEN KOXHOI AiNgHKK nons. BoHa
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peani3yeTbCs 3a AOMNOMOroto creuiasbHoro obnagHaHHA. OCHOBOO € BNCOKOTOYHA
CinbCbKOrocnogapcbka TexHiKa, WO OCHaLleHa Cy4aCHUMWN eNeKTPOHHUMU NMPUCTPOAMUN, TaKUMKU
K KOMN'l0Tepun, Mikponpouecopn Ta gatyuku. (puc. 1.4). Puc. 1.4. MT3-1221 3i BCTaHOBAEHUM

-IN- Ha Jaxy i po3kupavyem -M1500 O6npuckyBadi obnagHaHi
MPUCTPOAMN AN eNEeKTPOHHOr0 peryatioBaHHSA nogadi pobo4oro po3ynmHy necTuuniis, CiBanku -
ONS peryntoBaHHA HOPMU BUCIBY Ta rMMBMHK 3aropTaHHSA HaCiHHSA, MaWWHW 418 BHECEHHS
nobpuB - perynioBaHHA 003 BHeCceHHS 006puB, rpyHTo006p0o6HI 3Hapanna - 4S9 peryaoBaHHS
rnnéuHm obpobiTky rpyHTY. KepyBaHHSA pobo4ymM NpoLecoM i KOHTPO/b 3@ NOr0 BUKOHAHHAM
30iNCHIOTL i3 TpakTopa, o6nagHaHoro 6araTokaHaJbHUM MikponpoL,ecopom abo KoMn'tOTeEpPOM,
a Ha CiflIbCbKOrocrnoAapcbkKMx MallnHax BCTAHOBAIOOTb YHi(hikoBaHi AaT4ynku. Ha nynbT
KepyBaHHS HaAXoAuTb iH(OpMaLis WoA0 WBUAKOCTI pyxy arperaTy, obcary BUKoHaHoi poboTw,
BMTPaT NasibHOro i 3anaciB TeXHOOriYHUX MaTepianie Towo (puc. 1.5). Puc. 1.5. NynbT
KepyBaHHS [Npy HEMOXXIMBOCTI BNPOBAaAXKEHHSA CUCTEMU TOYHOro 3eMnepobcTBa 3a KIaCcU4HO
CXeMOlI0, BAAKTbCA A0 aNlbTEPHAaTUBHUX Nigxoais. Tak, AN BU3HAYeHHA KoopaAuHaT
BMKOPUCTOBYIOTb pafiocucTemMu, ki cknagatoTbcs 3 6a30B0i pafiocTaHuUii, Wo 3HaX04NTbCA B
MPUMILLEeHHi, Ta NpMManbHO-NepedaBajsibHUX NpUAaais, BCTAHOB/EHMX Ha NOJIbOBUX arperaTax.
YKpaiHCbKi BYEHi 3aNponoHyBasn HOBUI Nigxia A0 TOYHOro 3emnepobcTBa, AKUW Nonsrae y
BUKOPUCTaHHI unpoBux 306pakeHb nona Anasa CTBOPEHHS AeTalbHUX KapT. Ui kapTtn
003BOJISAIOTb TOYHO BU3HAUYNTM KOOPOMHATM KOXKHOI TOYKM Moasa BiAHOCHO pobo4yoro opraHy
CiflIbCbKOrocrnoAapcbKoi MallMHW. 3aBASKN LLbOMY MO>XKHa ONTMMIi3yBaTu BUKOPUCTAHHSA pecypcis,
Takux K pobpmusa Ta necTmuman, i NigBUWLNTN ePeKTUBHICTb BUpobHULTBa. B YKpaiHi y 2000 p.
MPUNHATO

n LvtuposaHus: 0,07% id: 13

«[porpamy CTBOPEHHS Ta BMPOBaA XeHHS TeXHIYHUX 3acobiB A5 TEXHOMOrIN TOYHOro
3emnepobcTBa,

peanizauis AKoi gana nepuwi pe3ynbTaTh, CTBOPEHO MOBINbHI MalWMHN ONS MEXaHI4YHOro
BinbupaHHsa Npob rpyHTy, eIeKTPOHHO-MexXaHi4YHi MPUCTPOI OS89 3MiHM 003 BHeceHHS nobpus,
MalLUUHY Ana gudepeHuiansHoro 06pobiTKy rpyHTY, pagiocncTteMy Ans BU3HAYEHHS KoopanHaT
arperaTiB, 3 BUKOPUCTaHHAM 6a30BOi pafdiocTaHLuUii, Ta iH. HepauioHanbHe BUKOPUCTaHHS
3eMesibHUX pecypciB B YKpaiHi npu3Beno A0 3Ha4YHOI Aerpajauii rpyHTiB. BTpaTa poao4ocTi
I'PYHTIB € HACNiIOKOM MOPYLUEHHS NPUPOAHUX NPOLLECIB, WO BiAbyBalOTLCS B 'PYHTI, i NPM3BOANTL
0o 36igHeHHs rpyHTOBOI 6ioTKn. Lle, B CBOIO 4epry, HEraTUBHO BMJINBAE Ha BPOXXaMHICTb
CiflIbCbKOroCrnoAapCbKMX KyNbTYp Ta €KONOriYHNI CTaH AO0BKiNNA. N BupilleHHS uiel npobnemu
HeobxigHO nepenTn A0 6iNbl €KONOriYHNX TEXHON0TIN 06p0obiTKY I'PpyHTY, fKi 3abe3nevyaTb
36epexxeHHs poaY0CTi Ta CTabifibHi BpoXKal. IPYHTO3aXUCHI TEXHOJIOTII, LLIO BKJIIOYa0Th
MiHiManbHy 06p06KY rpyHTY, BUKOPUCTAHHSA OpraHiyHnX 4obpume Ta CiBO3MiH, MOXXYTb 3HA4YHO
MOKPALLUMTX CTaH I'PYHTIB Ta NiABNWNTN ePEKTUBHICTb CiIbCbKOroCnoaapCbkoro BMpobHuL TBa.
TpaauuinHi meToam 06pobiTKy IpyHTY Ha cxunax, saki nepenbayatoTe rnmboke opaHHS,
NMPU3BOAATb A0 YTBOPEHHS LWiJIbHOIrO Wapy rpyHTY, LLO MOripLy€e NOro CTPYKTYPY Ta CrpuUsae
pPO3BUTKY epo3ii. Takui Nigxiga npu3BoanTb A0 BTPATU POAIOYOro Wapy FPyHTY, NOriplUeHHs
0ro BOAHO-MOBITPAHOIO PEXUMY Ta 3MEHLLEHHS BMICTY OpraHiyHoi pe4oBuHN. ' PyHTO3aXNCHI
TexXHOJ10rTii MPOMNOHYTh aJlbTEPHATMBHUN Niaxia, kM 6a3yeTbCa Ha MiHiManbHOMY 06pobITKy
IPYHTY Ha HEBENNKY FNBUNHY 3 BUKOPUCTAHHSAM CrievuiafbHUX 3HapaAb. Takuin Nigxia [03BONSE
36eperTn Ha NOBEPXHi FPYHTY POCAUHHI 3aNMULLKWN, AKi BAKOHYIOTb POJib MYJibYi, 3axXuLLaroymn
IPYHT Bif epo3il Ta BUNapoByBaHHSA Boaorn. Kpim Toro, MiHiManbHuin o6pobiTok crnipuse
36epe>XeHHIo B I'PYHTi BOJIOrM Ta OpraHivyHOi pe4oBUMHMN, WO MigBULLYE NOro POAIOYICTb.
BnpoBan)XeHHS r'pyHTO3aXUCHNX TEXHOJION N AO03BONAE 3HAYHO 3HU3UTU BUTPaATU Ha
BUPOOHMUTBO Ci/lbCbKOroCcnoAapCbKol MpoayKLUii 3a paxyHOK €KOHOMIi NasibHOro, MiHepaabHUX
nobpue Ta nectuymaie. KpiMm Toro, Taki TeXHONOrii CnpusioTb 36epe)xeHHI0 poayoCTi FPYHTY,
3MEeHLLEeHHI0 epo3ii Ta NiABULLEHHIO BPOXXAWHOCTI CiIbCbKOroCNoAapCbKuUxX KynbTyp. HagMipHe
BUKOPUCTaAHHA MiHepanbHUX A06PMB Ta XiMiKaTiB y CiNIbCbKOMY roCrnogapcTBi NpU3Beno 4o
Aerpagauii rpyHTIB, BUPa>XEHOI B 3HM>XXEHHI BMIiCTY FyMYyCy, MOMipLEHHI CTPYKTYPU Ta 3HMIXKEHHI
6ioNoriYHOT aKTMBHOCTI. BiAHOBNEHHSA POAKOYOCTI TaKMX I'PYHTIB € CKAAAHUM i TPUBaINM
npouecoMm. TpaauuinHo a1 BiAHOBJIEHHSA POAYOCTI FPYHTIB BUKOPUCTOBYIOTb OpraHiYvHi
nobpuea, Taki AK rHin. OgHak, uen MeTod Ma€ psag HeLoJliKiB, 30KpeMa, BUCOKY TPYAOMICTKICTb,
PV3MK 3aHECEHHS NAaTOreHHNX MIKPOOPraHi3MiB Ta HaCiHHA Byp'AHIB. [TepCNeKTUBHUM
HaNpPsMKOM Yy BiJIHOBJIEHHI POAOYOCTI FPYHTIB € BUKOPUCTaHHSA biorymycy. biorymyc - ue
BUCOKOSKiICHe opraHiyHe nobpunBo, aKe OTPUMYIOTb B pe3ynbTaTi Nnepepobkun opraHivyHnx
BiAX0AiB AOLLOBUMU YePB'AKaMun. BiH MiCTUTb BeINKY KiNbKiCTb rymycy, 6iof10riyHO ak TUBHUX
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PEYOBUH Ta MIKPOENIEMEHTIB, WO CNPUSE NOKPALWLEHHIO Qi3NYHMX, XiMiYHMX Ta BionoriYHmMX
BJIACTUBOCTEN I'PYHTY. BukopucTtaHHs 6iorymycy sik opraHiyHoro gobpva 003BONSE NiABULLNTHU
POLIOYICTb IPYHTIB, BPOXKANHICTb Ci/IbCbKOrOCMNOAaPChKMX KYNbTYP Ta MNOKPALLNTU AKICTb
npoaykLuii. 3aBAsiK1u CBOIM B/IAaCTUBOCTSAM, BiorymMyc Cnpusie 3MeHLLIEHHI0 3a/eXHOCTI Bif
MiHepasbHMX A06puMB Ta NeCcTULUAIB, LLO A03BOJSISE OTPUMYBATMK €KOJIOMHYHO YMCTY NpoaykLuito. Y
6araTbOX PO3BMHYTUX KpaiHax, Taknx aK AHrnia, FonnaHgia Ta Himevy4dmnHa, 6iorymyc Lwimnpoko
BUKOPUCTOBYETbLCS B Ci/IbCbKOMY FOCNOAapPCTBI. 3aBASAKM MO0 3aCTOCYBaHHIO BAAIOCHA AOCATTH
3HAYHUX pe3yNbTaTiB y NiABULLEHHI BPOXKANHOCTI 3epHOBUX KyNbTyp A0 56-70 u/ra Ta kapToni
- 0o 500-800 uy/ra. B CLUA noHaa 500 Tuncay doepmepCbKnx rocnogapcTB Nepenun Ha cuctemy
bionorivyHoro 3emnepobcTBa, WO 003BOAMI0 3abe3nedynTn NiagBULLLEHHS AKOCTI Ta BPOXKAMHOCTI
3epHOBUX KyNbTyp A0 60 u/ra, a KykKypynsmn Ha 3epHo - noHag 100 u/ra. 3aBasaku iHHOBaUinHOMY
nigxony, 30Kpema, BUKopucTaHHo biorymycy, CayniBCbKin ApaBil BOa0Csa NeEPeETBOPUTU CBOI,
3naBanocs 6, HenpuaaTHiI onga 3emaepobcTBa 3eMi Ha NPOAYKTUBHI MO, WO A03BOJISE Ih He
TinbKn 3abe3ne4ynTn BRacHy NpoAoBobYy 6e3neKky, ane n eKCnopTyBaTU CiJibCbKOroCNoaapCbKy
npoaykuito. O6rpyHTYBaHHSA rpyHTO3axMCHUX TeXHoNorin. TpaguuinHa cucteMma obpobiTky
rpyHTY, Wwo nepenbayae rnmboke opaHHA, NPU3BOANTL A0 NopyLIeHHS BionorivyHoi piBHOBaru B
rpyHTIi. NepeBepTaHHSA OPHOro Wapy NPU3BOAUTL A0 3MillyBaHHSA aepobHMX Ta aHaepobHMx
WwapiB, WO CpUYNHSAE 3armbesb 3Ha4YHOI YaCTUHM rPYHTOBOI 6ioTn. Takun Niaxia, y NOEAHAHHI 3
iIHTEHCUBHUM BUKOPUCTAHHSAM MiHepanbHUX 006pUB Ta necTuunais, NpuU3BoONTb A0 Aerpagalii
rPYyHTIB, epo3ii Ta 3abpyaHEeHHSA A0BKiNAA. Y 3B'43KY 3 LLKUM, BCe BinbLIol NonynsapHOCTI
HabyBaloTb aJibTEPHATUBHI cMCcTeMUn 3emMnepobcTBa, AKi 6a3yoTbCA Ha MiHiManbHOMY 06p06ITKY
IPYHTY, BUKOPUCTAHHI opraHiyHux gobpus Ta 6ionorivHMx MeToniB 3axnucTty pocauH. Ui cnctemu
[03B0ONSAI0TbL 36eperTn poaoYiCTb FPYHTIB, MOKPALLUTMY AKICTb CilbCbKOrOCMOAapCbKOoi NpoayKLii
Ta 3MEHWMUTN HeraTUBHUIN BMNJIMB Ha AO0BKiNNA. TpMBana NpakTUKa opaHKM Npussena ao
nopyLleHHA MikpobionoriyHoi piBHOBaru B rpyHTi, LLO HEFATUBHO BMJIMHYJO Ha MO0 POAIOYICTb.
Mepexin no cuctem 3emnepobcrTBa 6e3 060poTy NNacTa CNPUSE BiAHOBMEHHIO 'PYHTOBOI 6ioTn Ta
MiABULLEHHIO POAIOYOCTI FPpyHTIB. OpraHidyHe 3emMnepobcTBO - Le cucTeMa 3eMnaepobcTBa, SKa
6a3yeTbCs Ha NpuHLUMNax 36epe)xeHHS NPUPOAHUX PecypCiB Ta BUKOPUCTAHHSA NPUPOLHUX
npouecis gnsa NigBULLEHHS POAKYOCTI 'pyHTIB. OCHOBHUMMN efleMeHTaMn OpraHiyHoro
3emsiepobcTBa €: MiHiManbHUIM 06PO6ITOK FPYHTY, BUKOPUCTAHHSA OpraHivHMUX Ao6puB, CiIBO3MIiHK,
6i0N0OrivYHMIN 3aXNCT POC/INH Ta BiAMOBA Bi CUHTETUYHMX XiMiKaTiB. OpraHiyHe 3emnepobCcTBO
nepenbayae pauioHarbHe BUKOPUCTaHHS CiBO3MIH, SKi BpaxoByloTb 6ionoridyHi ocobnmneocTi
KYNbTYp, KNiIMaTU4YHi YMOBU Ta arpoTexHiyHi BumMorn. OntTnuManbHa CTPYKTYpa CiBO3MiHM
nepenbaya€e HaaBHICTb 25-40% 6060BUX KynbTyp Ta 40-50% 3epHoOBUX. KNIOYOBUM e1eMEHTOM
opraHiyHoro 3emnepobcTBa € cnctema ob6pobiTKy FpyHTY, sika Ba3yeTbCA Ha MiHIManbHOMY
BTPYYaHHI y MPpUPOAHI npouecun. BinmoBa Bif opaHKn 003BONSE 36eperTn CTPYKTYpPY FPYHTY,
NiABULWNTN NOFO BOOOYTPUMYLOYY 30aTHICTb Ta 36inbWINTM BMICT OpraHiYyHOl pe4OBUHMN.
TexHonoria npamoi cisbu (No-till) € epeKTUBHUM iIHCTPYMEeHTOM 36epe)KeHHsa FpyHTY Ta
NiABULLEHHS MOro poayocTi. [ToBepXHEBUIN MOKPOB i3 MOXXHMBHUX 3a/INLLKIB 3aXULLAE IPYHT Big
epo3ii, perytoe BOAHUN | TEMMepaTyPHUN PEXUMUN, @ TaKOX CNPUAE HAKOMUYEHHIO OpraHivyHoI
pedoBuHN. KoMNaHin

u LvTtuposaHus: 0,01% id: 14
"Arpo-Coto3"

3 2002 poky cTasna niaepoM y BnpoBaa>XeHHi B YKpaiHi iHHoBaLinHMX MeToaiB 06pobiTKy 3emni,
AKi 0,03BONAIOTL 36eperTu poAtodicTb FPYHTY. JoCnig>KeHHA NigTBepAnn, Lo 3 HaCoOM TaKi
TexHonorii 3abe3neyyloTb cTabifibHE NiABULLEHHSA BPOXXAWHOCTI. MNicasa nepworo KpUMTUYHOro
nepiony (4-5 pokiB) cnoctepiraeTbca ctabinizauia BpoXXaHOCTI Ha piBHi 4,5-7 u/ra Buule, Hix
npu TpaanuinHux metofnax obpobiTky. Opyruin 3Ha4HUN CTPUOOK NPOAYKTUBHOCTI (12-20 u/ra)
crnocTepiraeTbes nicns 4-5 pokie cTabiflbHOro 3aCTOCyBaHHA FPYHTO3aXUCHUX TEXHOOTIN, KON
I'PYHT NOBHICTIO BiAHOBJ/IIOE CBOI MPUPOLHI BAacTMBOCTI. Yepe3 8-9 pokiB cMCcTeMaTUYHOIO
3aCTOCYBaHHS FPYHTO3aXUCHMX TEXHONONIN FPYHT HabyBa€e BNacTMBOCTEN, 6N3bKKX A0
LiIMHHUX 3eMenb. loro npoAyKTUBHICTL CTAaE MEHLL 3a/1eXKHOI0 Bif MOrO4HMNX YMOB, a CepeaHi
MPUPOCTK BpoXKato gocaratoTb 20-25 u/ra. TpuBane BUKOPUCTAHHA FPYHTO3aXUCHUX TEXHOJIOTIN
(moHapn 15 pokiB) A03BOASE NOABOITM BPOXXAMHICTb MOPIBHAHO 3 TPAaAUUINHUMK CUCTEMaMN
3emniepobcTBa. OAHIE 3 BIAMIHHMX PUC FPYHTO3aXNCHUX TEXHOONIN € (POKYC Ha NOKPaLLEHHI
BJIAaCTMBOCTEN CaMOro rpyHTY, a He Nine XUBJIEHHS POC/INH. 3a paxyHOK MNoJinWeHHsA
Pi3nYHMX, XiMiYHNX Ta BioNOriYHNX BNAaCTUBOCTEN I'PYHT CTa€ BiNblu poaymMM i 34aTHUM
3abe3ne4ynTn PoCanHM yCiMa HeobXiaHUMN eneMeHTaMn XXUBJeHHS. baraTo epmepiB CnanTb
CONIOMY Ha NosfAX, AyMak4u, WO Tak yaobpooTb 3eMs1t0 nonesioM. Ane HacrnpaBai Le ayxe
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WKiANMBO ANA FPYHTY. KO MU CMastoeEMO COIOMY, MU BTPa4YaEMO BaraTto KOPUCHUX PEYOBUH,
SKi MOoTpPibHI pocinmHam ons pocTy. KpiM TOro, BOroHb LUKOAWUTb XXUBUM OpraHiaMaMm y rpyHTi, fKi
pobnaTh ii poalyoto. Yepes Kilbka poKiB Takoro

u LlmtupoBaHus: 0,01% id: 15
"ynobpeHHA"

3eMJ1a CTAa€E MeHLU POoAKYOI0, | BpOXKaW 3MeHWYETbCA. Koan My 3anMwaeMo CoJIOMY Ha MoJi, BOHa
neperHnBac i ctae gobpnBoOM ANa HACTYMHMX POC/AVH. Lle Takoxx gonomarae 36eperTtu Bosiory B
FPYHTI i 3axXncTUTK il Big eposii. KpiM TOro, pocnnHm, BUPOLLEHI Ha TakKuUX NONSax, MiCTATb Binblie
KOPUCHUX pevoBUH. Mpn MiHiManbHOMY 06p06iTKY PYHTY CNoCTepiraeTbCs iHTeHCUikauis
npoueciB 6ionorivyHoi ikcaLii aTMochepHOro a3oTy BiIbHOXUBYYUMU a30ThiKCy0UUMU
6aKkTepiaMu, WO CMPUSE MONINWEHHIO a30THOI0 XXNBEHHS POCANH. BHECEHHS NOXXHUBHUX
3a/INWKIB XapaKTepPM3yETbCA WMPOKNM CMiBBIAHOWEHHAM BYreu A0 a30Ty. [na yCyHeHHSs
OenpecmnBHOI Ail MOXXHUBHUX 3aJIMLWWLKIB Ta ONTUMI3aLil mpoueciB MiHepanisaulii opraHivyHoi
PEYOBUHN PEKOMEHAYETLCA 0O0OAaTKOBE BHECEHHS a30THUX A06puB 3 HOpMOK 10 Kr 4.p. a30Ty Ha
1 ra Ha KOXHi 10 CM BUCOTU NOXXHUBHUX 3aJULLKIB. B yMOBax pO3BUHYTOrO TBAPMHHULITBA
e(heKTUBHUM € 3aCTOCYBaHHSA OpraHiyHMX 4obpumB (piAKOro rHoK) y CNiBBiAHOWEHHI 6-8 THa 1 T
conomu. I'pyHTO3axXUCHI TEXHONOIT CNPUAIOTL 3HAYHOMY MOJIMWEHHIO (PI3UYHMUX BAAaCTUBOCTEN
FPYHTY: NiABULLYETLCA CTPYKTYPHICTb, 3HMXKYETbLCA LWiSIbHICTb, POPMYETLCA BEPTUKAJIbHA
opieHTauia nop. Lle cyTTeEBO NoKpally€e BOAOMNPOHUKHICTb Ta BOAOYTPUMYLIOYY 30aTHICTb FPYHTY,
36iNnbLUy€E NOro Hecy4y CNPOMOXKHICTb. Ha NoBepxHi 'PyHTY He yTBOPIOETLCA KipKa, a KapboHaTu
nigHiMaTbCa 6M>XK4e 40 NoBepxHi. MOKPUTTA FPYHTY MySibYeto 3 MOXXHUBHUX 3aJIMLLIKIB CMIPUSAE
ONTUMi3aLil TENJIOBOIO PEXMMY I'PYHTY, 3HMXXYIO4YN BUNAapOBYBaHHS BOJIOMM B JIiTHI Nepiod Ta
36epiratodm Tenno B 3MMOBUIA. BaXkNMBUM acneKTOM € TaKOX SABULLE KOHAEHCaLlii Bonorun B
r'pyHTI, Wo 3abe3neyye N00aTKOBE 3BOJIOXKEHHS KOPEHEBOI CUCTEMUN POC/INH. CucTeMaTnyHe
3aCTOCYBaHHS FPYHTO3aXUCHUX TEXHOJION N NPU3BOANTL A0 NiABULLEHHSA BPOXKANHOCTI
CiNlbCbKOrocnoapCbkKMx KyabTyp Ta NOMiNWeEHHS IXHbOT AKOCTi. 30KpeMa, CnocTepiraeTbcs
36inbLIeHHS BMICTy Biflka Ta KJIEMKOBUHW B 3€PHi 03UMOI MLIEHNL, WO NiABULLYE Ti AKICHUIA Kac.
TaKoXX 3pOCTa€E BMICT LYKPIB y KopeHenaogax LykpoBux bypskis Ta naogax ToMaTiB. [MOXXHUBHI
3aJIMLLKN € Ba>KJIMBUM O>KEPESIOM OPraHivyHOI pe40BUHU Ta NOXKMBHUX €1IEMEHTIB A1 POC/INH.
Mpwv po3kKaagi CoONOMU BULINAETLCA 3HAaYHA KiNIbKiCTb BYrJIEKNCAOro rasy, SK1Un, B3aEMOLI04M 3
BOJOI0, YTBOPIOE BYIIEKUCINIA @HIiApnA, WO CNpUSE MiHepasisauii opraHiyHol pe4yoBuHN Ta
MigBULLLEHHIO OOCTYMHOCTI MOXUBHUX €1IeMEHTIB ANS POC/NH. KOonn MM 3aMLWLaEMO COIOMY Ha
nosi, noTpibHO Nam'aTaTn, WO pocanHM NoTpebytoTb AOAATKOBOro XxapdyBaHHS. Kpim Toro,
COJIOMa MOXKe 3aBa)kaTu gism repbiunais, ki Mn BUKOPUCTOBYEMO At 6opoTebun 3 Byp'sHamu.
ToMy Ba)kKJIMBO NpaBuibHO 06pobnaTu none i BHocUTU repbiumam nicna Toro, K 3iNAyTb NOCIBK.
fAKLLO cosioMa po3rnogineHa No noJjito HePiBHOMIPHO, Le MOXKe HeraTUBHO BIMJIMHYTU Ha picT
POCAVH i 36inbWINTY pU3MK XBOpO0O. LLLO6 oTpnuMaTn eKoNorivyHO YNCTYy NpoayKLito, gpepmepu
BUKOPUCTOBYIOTH CreLiajibHi METOAN 3aXUCTy pPocauH. Lli meToam no3sonsoTb bopoTucs 3i
WKigHMKaMn Ta xBopobamu, ane Npu LbOMYy HE LWKOAATb AOBKiNM0. MNepen TnM, AK
3acTocoByBaTK Byab-aKi 3acobu 3axmcTy, haxiBLi NPOrHO3YyOTh, AKi CaMe LWWKIAHNKU MOXYTb
3'9BUTUCS Ha nonsax, i obnpatoTb HanbesneyHiwi cnocobmn 6opoTbbn 3 HUMK. BnipoBaa XeHHS
I'PYHTO3aXNCHUX TEXHOJIOT i CyNPOBOOXXYETLCHA MEBHMMU PU3NKaMU, Ki HeobXigHO BpaxoByBaTu
npwv NnaaHyBaHHI BUPOOHMYMX NpoLLECiB. 30KpeMa, B NepLUi poKK nicasa nepexony Ha 6e3nny>xHumn
06pobiToK MOXKe cnocTepiraTnucs BiAHOCHa a30THa HEeAOCTaTHICTb, 0COBIMBO Ha rpyHTax 3
HN3bKMM BMiCTOM OpPraHi4yHOT pe4oBUHN. AN il yCYHEHHS peKOMeHAYETbLCA AO0LAaTKOBE BHECEHHS
a30THUX 0o6pnB HaBeCHI. TakoX iICHYE pu3nk 36inbleHHs 3abyp’SHEHOCTI nonie, Wo noTpebye
3aCTOCYBaHHSA ePEKTUBHUX CUCTEM 3aXUCTY POCNH. 1.4. MiKpOCEHCOPHiI MepeXXeBi TEXHONOTIT
DN MOHITOPUHIY BpOXXato i MiHiMi3auii BnanBy XimiyHOI 06pobkn pocnnH CyyYacHe CinbCbke
rocnopapcTBO NparHe OocArTn 6anaHcy MK OTPUMaHHAM BUCOKUX BPOXKaiB Ta 36epexeHHsAM
npMpoaHMX pecypcie. O4HUM i3 WNAXIB 0O LUbOro € BNPOBaOXXEHHA CTINKNX MEeToAiB
3emMs1iepobCTBa, AKi A403BONAIOTL 3MEHLUNTN BUTPATU Ha BUPOOHNLTBO, 36epertun poatoYicTb
FPYHTY Ta 3HM3MTK 3abpyaHEeHHA AOBKiNAA. AK ue npauoe? 3aBAAKN HOBUM TEXHOMOrIAM
hepmepun MOXYTb BMpoLLyBaTK BinbLie NPOAYKTiIB, BUKOPUCTOBYIOYN NPK LLbOMY MeHLUEe BOAN Ta
ximikaTiB. Lle He TiNbKN 3MeHLIYy€E HeEraTUBHUI BNJIMB Ha NPUPOAY, asie N NOKPaLLYE AKICTb
npoAykuii. o6 pnocartv Takux pe3synbTaTiB, HAYKOBL BUKOPUCTOBYIOTb Pi3HOMaHITHI MeToAu
jocnigeHHsa. BOHU BUBYalOTb POCIMHN, BUMIPIOIOYN BMICT Y HUX X0podiny (3eneHoro
nirMeHTy, HeobxigHoro ons poTocMHTE3y), a30Ty (Ba>kK/IMBOIro e/lIeMEeHTa XXUBJMIEHHSA) Ta iHLWI
MOKa3HUKUN. TaKoXX AOCAIAXKYIOTb CTaH FPYHTY: NOro LWiNIbHICTb, KNCNOTHICTb, BMICT OpraHivyHux
PEYOBUH Ta iHWI XapaKTepUCTUKKN. 3aBOSKM LM OaHUM MOXXHa 3p03yMiTH, 9Ki YMOBU HanKpalle
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nigxXoAATb AJ19 BUPOLLYBAHHSA Pi3HUX KYJIbTYpP | SK MOXKHa ONTUMI3yBaTWn NpoLec BUPOLLYBaHHS.
YaBiTb cobi none, Ae KoXKHa poC/IMHa OTPUMYE CaMe Te, WO in noTpibHo. Lle 6inblue He
haHTacCTuMKa, a peasbHIiCTb, AKY PoBASATL MOXKINBOIO Cy4aCHi TEXHONOrIi. 3aBAAKM crneuiallbHUM
OAaTYNKaAM MU MOXKEMO TOYHO BU3HAYUTU, AKi MOXKNBHI PEe4YOBUHU HEODXiAHI KOXXHIN AinaHLUi nons,
i 3acTocoByBaTh oobpuBa caMme TaM, e BOHW NOTPIiOHI. Lle fo3BonsAE He TinbkM 36inbWNTK
BPOXXaNHICTb, ane n 36epertv NpupoaHi pecypcu Ta 3MEHWMNTN 3abpyAHEHHS OOBKINNS.
CneuianbHi gaT4YnKN, BCTAHOBJIEHI Ha CiJIbCbLKOrOCNoAapChKin TexHiui abo 6e3nocepeqHbLO B
r'PYHTI, 36MpatoTb AaHi NPO CTaH POC/VH i FPYHTY. BOHM BUMIPIOIOTL TaKi MOKa3HUKKN, K BMICT
a30Ty B JIUCTI, piBeHb BOMIOrOCTi FPYHTY, NOr0 KUCAOTHICTb Ta iHWi. OTpMaHi oaHi
06pobnaTHCA 33 4ONOMOro KOMMN'IOTEPHUX NpOorpaM, i Ha X OCHOBI CTBOPIOIOTLCA KapTu NosiB.
Lli KapTu NoKa3yoTb, Ae POCNHN MOTPebyloTb OAATKOBOI0 XXUBJIEHHS, @ A€, HAaBMakKu, Noro
Had MWOK. Ha puHKy NpeacTaB/eHUA LWUMPOKNIA aCOPTUMEHT OaTuUuMKiB ANs pi3HUX noTpeb.
[esaki 3 HUX BUMIPIOIOTb CTaH poCAnH (Hanpuknag, BMIiCT xnopodiny, iHAeKC BereTauii), iHwWi -
XapPaKTEPUCTUKN I'PYHTY (KNCNOTHICTb, BOJIOMiCTb, BMICT OpraHidyHux pevyosuH). Cepen HanbinbLu
BiAOMUX BUPOBHMKIB faTUYMKIB MOXKHa Ha3BaTun , , ) ,

, , , Ta . NNepeBarn BUKOPUCTaHHA
AaTyuKiB: 36isbLUEHHSA BPOXKANHOCTI: 3aBAAKN TOYHOMY BHECEHHIO 4OOPMB POCINHN OTPUMYIOTb
ONTUManbHE XUBJIEHHA. 3MEHLLEHHS BUTPaT: CKOPOYEHHSA BUKOPUCTAHHSA A06pMB Ta iHLINX
3acobiB 3aXUCTY POC/INH. 36epe)xeHHA HAaBKONIMLLHBOIro cepeaoBulla: 3MeHLeHHS 3abpygHEHHS
rPYHTOBUX i NOBepxXHeBMX BoA. MNiaBMLWEHHA eeKTUBHOCTI BUPpOOHMLTBA: oNTUMI3aLuis
BUKOPUCTAHHSA peCcypcCiB. 3aBAAKN BUKOPUCTAHHIO AAaTHUKIB CiJibCbKe rocrnofapcTBo CTa€ BinbLu
TOYHUM, eDEKTUBHUM Ta eKoJiorivyHUM. Lle no3Bonsie BupobaaTn Ginblue NpoayKTiB Xxap4yBaHHS,
BUKOPUCTOBYOYM MNpU LLbOMY MeHLUe pecypciB. CbOroAHi CifibCbKe rocnofapCTBO NepexXnBac
CMPaB>XHIO PEBOJIOLLIIO 3aBAAKN PO3BUTKY TEXHONOriN. AKLWLO paHiwe depMmepn noknagaancb Ha
BJIACHI CNOCTEpPEXXEHHSA Ta pPY4YHi BUMipX, TO 3apa3 Ha AOMNOMOry NPUXoAATb iHHOBALiNHI
pilleHHsA, AKi A03BOIATbL OTPUMYBATU TOYHY iH(pOopMaLLito Npo CTaH MoniB Ta KynbTyp. PaHiwe
0N OUiHKK CTaHy nons pepmMepn BUKOPUCTOBYBaIM Py4Hi npunaan abo gatymkn, BCTaHOBJIEHI
Ha TpakTopax. Ui npunaav nossonanu oTpuMyBaTh AaHi nnle Nnpo obMexxeHy KinbKiCTb
nokKa3HuKiB. CbOrogHi ) CMTyaLlia KapAnHaabHO 3MiHMAAcA. 3aBASKN PO3BUTKY CNEKTPOCKOMIi Ta
rinepcnekTpasibHMX 306pakeHb MU MOXXEMO OTpMMaTK AeTasbHy iHopMaLilo Npo cTaH
POC/IMHHOCTI Ha BCbOMY noni. ApoHun, obnafgHaHi crneuiasbHUMN KamepaMu, 403BOJISAOTb
CTBOpPIOBATU AeTallbHi KapTu NOJIB, @ CEHCOPHI MepeXKi, BCTAHOBJIEHi B 'PYHTIi, HaJaloTb
iH(popMaLito Npo NOro BOMOriCTb, TeMMAepaTypy Ta iHLWi NnapaMeTpu B peXMMi peasbHOro 4acy.
3aBAsSKN OTPUMaAHUM OaHUM hepMepu MOXXYTb TOYHO BU3HAYUTU, AKi LiNSAHKM Nona NnoTpebyoTb
[00aTKOBOIro NiAXUB/IEHHS, a Ae fobpuBa MOXXHa 3MeHLWNTU. Lle 103BONSIE He TiNbKK
36iNbWNTM BPOXKAMHICTb, ane 1 36epertu AOBKiNASA, 3MEHLUNBLUN KiNbKICTb BUKOPUCTAHNX
n0obpuB. aTuYMKK BONOrOCTi FPYHTY AOMNOMaraloTb BU3HAYNTU, KOJIM POCIMHaM noTpibeH nonwms, i
AKMN 06'em Boan HeobxigHWM. Lle [o3BONAE e(heKTUBHO BUKOPUCTOBYBATM BOOHI pecypcu Ta
YHUKHYTW Nepe3B0I0)KEHHS abo nepecnxaHHsa rpyHTY. 3a AOMOMOrol AAaTUYMKIB MOXKHA BUABUTU
3aXBOPIOBaHHA PocanH abo WKIQHMKIB Ha paHHIX CTadisaX, WO 003BOJISE BYACHO BXUTN
HeobxigHWX 3axoAiB. 3arajioM, BAKOPUCTaHHS Cy4aCHUX TEXHOOrIN A03BOJISE MiABULWNTIN
e(eKTMBHICTb CiJIbCbKOrOCNO4apCbKOro BUPOOHNLITBA, 3MEHLWUNTX BUTPATK Ta oTpuMaTu 6inbL
AKICHY NpoAYyKLito. He3BaXkato4m Ha BCi mepeBaru, BUKOPUCTAHHS AAaTUYUKIB i CEHCOPHUX Mepex
Ma€ cBOi obMe)xeHHs. OQHMM 3 OCHOBHUX € BUCOKa BapTiCTb 06/1aHaHHA Ta NOro BCTAaHOBJIEHHS.
Kpim Toro, onga epekTmnBHOI poboTn cuctem HeobxiaHi haxisLi, SKi BMitoTb aHani3yBaTu BeSUKI
obcarm paHmx. JaTymku i kabeni € nepewkonoto ans pobotuw B noni (puc. 1.6) Puc. 1.6. JaTymkn i
kabeni € nepewkogoto gna pobotum B nosi ManbyTHa meTa: 6e3gpoToBa 6iopo3knagHa CEHCOpPHa
Mepexxa (puc. 1.7). CboroHi CinbCbKe rocnofapcTBO CTa€ Bce HinbL TexHONorivHUM. YaBiTb cobi
rnoJsie, Ae KoXKHa PocC/aiMHa Mae cBin Mikpouin. L yinn 36upatoTb iHhoOpMaLLito NPo CTaH POCSINH i
rPYHTY i NnepenaoTsb ii hepMmepy. 3aBOSKN LLbOMY hepMep MOXKe TOYHO 3HATU, KOMIM POCIIMHAM
noTpibHa Bopa, nobpmea abo 3axuCT Bif WKiQHUKIB. Lle fo3Bonse supoutyBaTtn Binblue
NMPOAYKTiB, BUTPadaloym MeHLle pecypciB i 36epirato4m npupoay. basosa cTaHUifa 3 -
NigKAYEeHHAM 00 LeHTpy ynpaBniHHA y hepmepis. Puc. 1.7. be3zgpoTtoBa bioposknagHa
CeHCcopHa Meperxa BucHoBku o po3ainy Y noganblumnx posginax pobotn byne geTanbHO
PO3rASHYTO NPUHLUUMN PYHKLLIOHYBaHHA CUCTEM pafiovacToTHOI iaeHTudikauii ( ). 30kpemMa,
6yne npoaHanizoBaHa bynosa -MiTOK, MeToan Moaynsauii Ta gemMmoaynsuii pagiocurHanis, a
TaKOXX NPOTOKO/IN B3aEMOMIi Mi>XK 34MTyBayeM Ta MiTkoto. PO341J1 2. PAOIOYACTOTHA
IDEHTUDIKALIA: MPUHLUWNN POBOTU TA 3ACTOCYBAHHA 2.1. MpuHunn poboTun -cuctem o
CKJlagy CUCTEMUN BXOAATb: aHTeHa ANs NpUrnoMy i nepefadi CUrHany, Wo 34MTyeE (34MTyBav,
pigep) i -MiTKa Ang 36epiraHHs iHpopMauii. MeToa HU3bKOYaCTOTHLUI iAeHTudikauii npautoe
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Ha HeCy4Mx YyacToTax Bif COTeHb Kinorepy, A0 OANHULB Merarepuy. Y Hac B KpaiHi Ha ue
BUAOINEHO 2 4YaCcTOTHI 30HK: 125 klMy (LF), i 13,56 MI'y, (HF)(puc. 2.1). -cuctemMa PyHKLIOHYE
Ha OCHOBI €NeKTPOMArHiTHOI iIHOYKLIi. 34MTyBay reHepye 3MiHHe efleKTpoOMarHiTHe nose, aKke
IHOYKYE €NeKTPUYHNIN CTPYM B aHTEHWN NaCUBHOI -MiTKN. OTPUMaHUN CTPYM XUBUTb
MiKpoCcxeMy MiTKU, SKa OEKOAYE KOMaHAW 34MTyBada, obpobnse gaHi Ta nepenae BignoBigb.
YacTtoTa poboymx curHanis -CUCTeM MOXKe BapiloBaTUCA Bif KifIbKOX Kiflorepy, 00 AeKiflbKOX
rirarepu, Wo BMNJIMBAE Ha AaJibHICTb 34NTyBaHHA Ta obcar 36epiraemol iHpopmMauii. MpuHUMn
po60TK MITOK FPaHNYHO NPOCTUN | ONMUCYETHLCA SK poboTa 3BMYaNMHOro TpaHchopmMaTopa. Bei Mu
3HAEMO LLO TpaHChOpMaTOop - Le efieMeHT 003BOJISE 3MiHIOBATW BEJIMYNHY MPOTIKAE MO HbOMY
CTPYMYy i NOAAHOro Ha NOro NepeBuUHHY 06MOTKY Hampyru B CMiBBiAHOLUEHHI KiflbKOCTi BUTKIB 1Or0
NEPBUHHOI Ta BTOPUHHOI 06MoTKkn U1 /U2 = N1 /N2. A ocb iMnegaHc 06MOTOK 3MiHIOETLCS BXe
B 30BCiM iHLWIin nponopuii: Z1 /22 = (N1 /N2) ©~ 2. BigNnoBiAHO HEBENMKA 3MiHa iMMeaaHcy B
HaBaHTa)keHHi bye ABHO BUpa)keHa A1 ONUTYBasibHOrO NPUCTPOLO. BignosigHO 0TpnMyeEMO
HaCTYyMHY CUCTEMY: MPUAMaJIbHO- NepefaBasibHUA MOAYJb, AK @aHTEHU Y AKOro sskacb 06MoTKa
(nepBuHHa). MiTKa - Le 4in, 3 BTOPUHHO 0O6MOTKOIO BiAMoBigHO. [Mpu ToMy, Lo nigHecno
34MTyBaYa A0 MiTKU, Yepe3 0OMOTKY MITKU MOYMHAE TEKTU CTPYM i Bii HBOrO XXUBUTBLCSA Yin,
KU 3MIHIOYYM iMMNedaHC B HaBaHTa>XeHHi 06MOTKK nepedac iHopMauito 34nTyBada. HanbinbLu
yHKLIiOHaNbHa, 3 NnpeAcTaBsieHnX, TexHonoria PYl Ha YacToTi 13,56 MI'y. BoHa Ma€ BUCOKY
LWBMAKICTb Nepenaydi oaHux i Benukumu obcaramm iHdbopMmaldii, wo 36epiraeTbca Ha NoO3HaYU
(oamHnui KinobanT). MiHyC Li€i cncTemMn - MiHiMasbHa BiACTaHb 34UTYBaHHA iHPOPMaLIi 3 MITKK -
3a3BMYan He nepeBuLlye 30 €M, a cepefHin NoKasHUK He nepesuwye 10 cM. TexHonoria ,
O NpaLLloe Ha YacToTi 868 MI'L, BUKOPUCTOBYE 30BCIiM iHLINIA NPUHLMNM, HiXX Ti, WO
3aCTOCOBYIOTbLCS B HU3bKOYaCTOTHMX MiTKax. BoHa 6a3yeTbCca Ha MeToAax pajionokauii, aKi Bxxe
[aBHO BUKOPUCTOBYIOTbLCS B CnewuianbHUX cnyxXbax, Takux sk po3Bigka. YaBiTb cobi, Lo MiTKa -
LLe MasieHbKNIM BiabnBay, KU NOBEPTAE CUTHAJ, SKNIA MOCUIAE 34MTyBaYy. 3aBASAKN LbOMY
MO>XHa TOYHO BU3HAYNTU MiCLE3HAXO0OXKEHHSA MITKW i oTpuMaTK 3 Hel iHhopmauito. Lo
TEXHOJ0ril0, iKa KOJIMCb BUKOPUCTOBYBanacsa oJ1a Oy)Xe CeKPeTHUX 3aBAaHb, Tenep aganTyBaau
ONS LUMPOKOr0o BUKOPUCTaHHSA, 3pobumBLum ii 6inbly AOCTYNHOK Ta KOMMAAKTHOK. BUCOKOYaACTOTHI

-CUCTEeMW NpaLoTb Ha NPUHLMMI aKTUBHOIO 30HAYBaHHS NPoCTopy. YaBiTb Cobi, Lo -
MiTKa - Lie MafieHbKUi pajionepenasayd, SKUM BiAryKY€ETbCA Ha CUMHaN 34MTyBaYva. 34MTyBad
MOCTINHO MOCUNAE PafioXBWI, | KON BOHW A0CAratoTb MiTKWN, BOHa 1X

u LUwnTtnposaHusa: 0,01% id: 16
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NMpaLtoe 3a NPMHLMNOM pagionoKalii: 34nTyBay NOCKMNAE CUIrHaN, a MiTKa 1noro Bigbueae,
3MIHIOKO4YM MPY LbOMY CBOIO
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Ansa 34mTtyBada. Puc. 2.1. Cxema pagiodacToTHOI iHAMHTMgIKauii (PYl) YBY -cuctemin
3abe3neYyloTb AaNbHICTb 34MTYBaHHA NACMBHMX MITOK 0 10 MeTpiB, X04a Ha NpakTuui B
NPOMUCIOBUX YMOBaxX 3a3BM4an BUKOPUCTOBYETbLCA BiACTaHb Big 0,5 oo 3 meTpiB. Taki cnctemun
30aTHi OHOYACHO iAeHTUMIKYyBaTWN A0 KiJlbKOX COTEHb MITOK 3i LUBUAKICTIO A0 KiJIbKOX COTEHb
34MTYyBaHb 3a cekyHAay. Cy4yacHi NaCuBHi -MiTKN MOXXYTb 36epiratu Kifibka KinobanTt gaHux i
OCHalleHi BOyJOBaHUMKN KpunTonpoLuecopamMmm Ana 3aXncTy nepepaHnx gaHmx. OCHOBHMMM
obmMe)XxeHHAMU 3acToCyBaHHA TexHonorii YBY € BNAaCTUBOCTI MaTepianis, LLLO MapKYIOTbCS.
OnTuManbHUMKU AN BUKOPUCTaAHHSA € dieNleKTpUYHi MmaTepianun. Ansa meTaneBunx Ta
BOJIOFOBMICHUX MaTepianiB po3pobrsieHi cneuianbHi TUNM MITOK, WO 3abe3nevyyoTb AOCTaTHIO
OaNbHICTb 34MTyBaHHSA. He3BaXkatloum Ha Ui obMme)xeHHs, TexHonoria YBY € OJHi€l0 3
HanbiNbL NepcnekKTUBHUX TEXHOJIOr N aBTOMaTUYHOI ineHTUdiKauii Ta BigcTeXeHHA 06’'eKTIB Y
CyYacCHin MpPoMUCNOBOCTI. 2.2. TexHosorisa BupobHmnuTBa -MiTKWN -MiTKW - Lle MaJIeHbKi
€JIeKTPOHHI MPUCTPOI, AKi 003BONAIOTbL iAeHTUdiKyBaTN 06'eKTN BE€3KOHTAaKTHUM cnocobom. BoHu
CKJlagaloTbCA 3 MiKpodina, 9K MiCTUTb iHPopMaUito Npo 06'ekT, Ta aHTeHU ana 6e34poOTOBOro
3B'A3KY 3i 34MTyBayeM. MpuHunn poboTn AOCUTbL NPOCTUN: 34YNTYBAY MOCKUNAE PARIOXBUNI, AKi
aKTUBYIOTb MiTKy. MiTKa, y CBOIO Yepry, Biacunae 3bepexxeHi gaHi Ha3an A0 34MTyBava.
BupobHuyTBO -MiTOK - L& AOCUTb CKIaAHNI TEXHOJOMIYHNI Npouec, AKU BKAOYaE B cebe
HaHeCeHHS MiKpoYina Ha NiaKIagKy Ta CTBOPEHHS aHTeHW. Bnbip maTepianiB ong mMiTku
3a/1eXXNTb Bifl YMOB il eKcnyaTalil Ta HeobxigHOro piBHA 3axmMcTy AaHux. Cy4YyacHi TexHonorii
003BOJIAIOTL BUPOBAATN MITKU Pi3HMX POPM i pO3MIpIB, LLO PO3LLMPIOE CEPY iX 3aCTOCYBaHHA.
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Puc. 2.2. Pafio4acToTHI MiTKK MNMpoOrHo3oBaHe 3pOCTaHHA PUHKY CUCTEM PagioyacTOTHOI
ioneHTudikauii NoB'A3aHN 3 AAaBHO O4iKYBaHUM 3HUXXEHHSAM LiH Ha -MiTKW. Lle cTaHe
MOXXJINBUM, AKLLO MiTKK ByayTb BUrOTOBAATUCS 3a TEXHOMOTIELD, sika nepenbayvae macose
BUPOOHNLTBO i HU3bKY COBiBapTiCTb. Hegopori MiTKM NOBUHHI By TN SIKICHUMW | HAZIRHUMN,
OCKiNIbKU B NepLUy 4epry naaHyeTbCH iX BAKOPUCTAHHSA OJ19 aBTOMaTUYHOI iaeHTudikawii
TOBApPHUX OOUHMLL NPOAYKLUii. He MOXXHa He BpaxoByBaTW i BUMOIM, NOB'A3aHi 3 eKONOriYHO
6e3nekoto. NMepeabada€eTbCs, WO KiNbKICTb BUNYLLEHNX MITOK Byae ob4yncaoBaTuUCsa MinbsapaamMu.
Y 3B'A3KY 3 UMM NUTaHHSA IX NoAanbWoi yTunisauii 6e3 wkoan ans AOBKiNAS Ma€ BUPiLWYBaTUCSH
BXXe CborogHi. Komnanis po3pobuna HOBY TEXHOOrIO BUPOOHULTBA paniovacTOTHUX
MIiTOK 3 ypaxyBaHHSAM BCiX BULLEBKa3aHUX BMMoOr. Ha puc. 2.3 i 2.4 npeacTaB/ieHi pafio4acToTHI
MiTKW 0S8 giana3oHy YactoT 13,56 MI'y i 850-960 MIMy, WO BUNYCKaOTbLCA CbOrOA4HI KOMMaHIEK
. TEXHIYHI XapaKTepUCTUKN MITOK, AKi NpauoTb Ha YacToTax 850-960 MIu, HoBoro

CTaHpapTy 1 2, micTaTbea B Tabnumui 2.1. Obnasa TUNK MITOK MaloTb MEPEMUYKY
( ), iKa npepncTaBasie coboto rHy4YKy OPYKOBaHY NaTy 3i BCTAHOBJIEHOO MiIKPOCXEMOIO,
3'€QHAHOI 3 KOHTYPOM aHTEHW. 3a TeXHOJOrIE MPOBOAUTBLCSA MOHTaX MiKpOCXeMu Ha
rnepemMunyky i 3'eqHaHHsS NepeMnykmn 3 aHTeHoto. Tabnnua 2.1 TexHi4YHi XxapakKTePUCTUKN MIiTOK
XapakTepucTtuka 2 (V750-D22M01-1M1) 2 (V750-D22M02-1M) Po3Mip aHTEHU
(Mm) 94,0 x 16,0 70,0 x 68,0 Mikpocxema 1 2

1 2 Tun nam'aTi ( 96 6iT) ( 96 6iT) Pobo4a yacToTa (MI'y)

850-960 850-960 MaTepian aHTeHn AntOMiHin AntoMiHin Poboya TemnepaTypa (°C) -20 go 55 -20
0o 55 ObnacTb 3acToCyBaHHS YHiBepcasbHa/peeCTpaLifa yNakoBOYHUX OANHULb HasfBHICTb B
BMpobax meTany, pianHn/nigBuLLLEHa BONOriCTb/peecTpauia nanet Puc. 2.2. Pagioy4acToOTHI MiTKK
Ansa giana3oHy 4actoT 13,56 MI'y i 850-960 MI'y Puc. 2.3. Pagio4acToTHI MiTK1 onsa giana3oHy
yacToT 13,56 MI'y i 850-960 MI'y TexHonoris - Le iHHOBaLUiNHNI MeTon 3'€AHAHHSA
eNIeKTPOHHUX KOMMOHEHTIB, 30KpemMa MiKPOCXEM, 3 FHYYKMMMN APYKOBaHUMU NaaTamu. Ii Ha3Ba
noxoguTb Big abpesiaTypu, WO po3LLINGPOBYETLCH AK
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(3'emHaHHA, meTan, nniBka, ynbTpa3Byk). MNpouec 3'eaHaHHA BigbyBaeTbCA 3a 4ONOMOI o0
YNbTPa3BYKOBUX XBWUJIb, AKi aKTUBYIOTb CNeuiaJbHUI LWap TEPMOMJABKOro KAE Ha NosiMepHin
naisyi. Mig gi€to umMX XBUJb BUCHOBKN MIKPOCXEMU MPOHMNKAOTh KPi3b KAENKUA Wwap i MiLHO
3'eQHYIOTbCSA 3 NPOBiAHMKaAMN Ha naTi. LUen meTton 3abe3nevye HadinHe 3'egHaHHA 6e3
HeobXigHOCTi BUCOKMX TemMnepaTyp, WO [O3BONSAE BUKOPUCTOBYBATU NOro ANA YyTANBUX
KOMMOHEHTIB. BiIKPMBAE HOBI MOXKJINBOCTI B €NeKTPOHiLi, 0cob/InBO ANS CTBOPEHHS
FHYYKNX Ta MiHiaTIOPHUX NPUCTPOIB. 3aBAAKN CBOIM NnepeBaram, LU TEXHOJIOriA 3HaXoAnTb
3aCTOCYBaHHS B Pi3HUX rajy3sax, TakuxX K BUPOOHNLTBO CMapT(dOHiB, MEANYHOI ENEKTPOHIKN Ta
HOCIMUX MPUCTPOIB. Pnc. 2.4. ETann moHTaxxy TexHonoris MPOMOHYE PEBOIOLLINHNIA
nigxin 0o 3'€eAHaHHA eNeKTPOHHUX KOMMOHEHTIB, 30KpeMa MIiKPOCXeM, 3 THYYKUMUN OPYKOBAHUMU
naatamu. MNopiBHAHO 3 TpagULINHUM MEeTOL0M, SKUN BUKOPUCTOBYE aHI30TPOMHY TOKOMPOBOOAYY
nacTy ( ) OEeMOHCTPYE 3Ha4yHy rnepesary B LUBUAKOCTI Ta e(heKTUBHOCTI. 3aBASAKN
BiICYTHOCTI HEOBXiAHOCTi HaHECEHHS Ta BUCYLLYBaHHS KJelo, TEXHONOrIS CYTTEBO
CKOpPOYYE 4ac BUpobHmMUTBa. Lle 4OCAraeTbCs 3a paxyHOK 3MEHLLUEHHS KiJlbKOCTiI TEXHOJOMYHNX
onepauin. Kpim Toro, MiHiIMi3Y€E PU3MK BUHNKHEHHS OedeKTiB, Lo € 0Co6aAMBO Ba)KJIMBUM
OJ1 MaCOBOro BUPOOHULITBA €/IEKTPOHIKN. TaKUM YMHOM, He e NPUWBUALLYE
BUPOBHMYUI npoLec, ane N NigBULLYE NOro HAAINHICTb Ta 3HWXYE cobiBapTicTb. Li nepesaru
pobnaTte rMepcrneKTUBHOK TEXHOJIOMIEID ANA Pi3HUX rany3en, ae WBNAKICTb, AKICTb Ta
€KOHOMIYHICTb € KJII040BUMU haKTopaMun. TeXHOOrid rapaHTY€E BUHSATKOBY MiLHICTb
3'€AHaHb B €/IEKTPOHHUX NPUCTPOAX. 3aBASKN YTBOPEHHIO 3BapHOro LWBa, 3'€AHaHHA MiX
MiKpOCXeMaMW CTaloTb HEPO3PUBHUMMU, LLO 3abe3nevye BUCOKY HaAiNHICTb HaBiTb 3a
eKCTpeManbHNX YMOB eKcrayaTaLii. Pe3ynbTaTn TecTiB Ha BUrMH NiATBEPAXYOTb, LLO NPUCTPOI,
3ibpaHi 3a TeXHONOri€l , 30a@THi BUTPMMYBATW 3HA4YHO BiNbLUi MeXaHiYHi HaBaHTa)XXeHHs
MOpPIiBHAHO 3 aHanoramu. Lle pobutb ineanbHMM BMOOPOM s BUPOOHMLTBA CyHaCHUX
€JIeKTPOHHMX NPUCTPOIB, AKi NOBUHHI BTN He Tinbku PyHKLiOHaNbLHUMK, ane N MiLHUMN Ta
OOBroBiYHUMMN. 3MEHLLEHHS PO3MIipPiB MIKPOCXEM HAaCTYMHOIrO MOKOAIHHA 00 3Ha4YeHb MeHwe 0,5
MM CTaBUTb HOBi BUKJIMKN 015 3abe3nevyeHHs HAaOiMHOCTI 3'€QHaHb. TexHonoris

MPOMNOHY€E epeKTUBHE pilleHHSA Ui€i NnpobaeMn 3aBOsSKN YyTBOPEHHIO MiLLHOMO 3BapHOro LUBa.
Pe3ynbTaTun TecTiB, MpoOBeAEHNX B eKCTPEMAJIbHNX YMOBaxX TemnepaTypu Ta BOJIOrOCTi,
OEMOHCTPYIOTb BUCOKY CTilKIiCTb 3'€QHaHb, OTPUMAHMUX 3a AOMOMOro0 , 40 30BHILLUHIX
BMNAMBIB. KpiM TOro, TexHooris YyCMilWHO 3aCTOCOBYETHLCA A1 BUTOTOBJIEHHSA MITOK Ha
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rnanepoBnx Ta NnoniMepHUX nigknagkax, Wo niaTeepnXxye il yHiBepcasibHICTb Ta BUCOKY
adanTUBHICTb A0 Pi3HMX BUPOBHMYMX npoueciB. MNpy MOHTa)Ki MiKkpoCxeM Ha FHy4YKi naaTu
YTBOPIOIOTLCA Tak 3BaHi

u LlmtupoBaHus: 0,01% id: 19
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AKi MOXXYTb BMJIMBaATU Ha AKiCTb CUrHany. TexHosoris MiHIMi3y€ BNNB LINX EMHOCTEN,
3abe3nevytoum 6inbw cTabinbHi NapameTpu 3'eaHaHHSA. Lle no3Bonse 36inblunNTY BiaCTaHb
CTIKOro 3B'A3KYy MiX -MIiTKOIO i 34MTYBayeM, a TaKOXX NiABULWNTN HAZINHICTb poboTK
cucTemu. He BMKOpUCToBY€E Hebe3neyHi maTepianu Mpun -MeTOo/fi 3aCTOCOBYOThLCA
heaKki Buan TepMivyHO TBEpAHYTb MaTepianiB - NN1acTUKY Ha OCHOBI €NOKCUAHMX 3B'A3yl04mMX. Taki
MaTepianm MicTaTb BicheHon A, WO pyNHYE EHOOKPUHHY cucTeMy ntognHun. MogdibHi maTtepiann
He MOBWHHI BUKOPUCTOBYBATUCH NPU CEPinHOMY BUPOOHNLTBI pagiodacTOTHUX MITOK, K
3abpyaHIOI0Tb HAaBKOJIMLLIHE CepefoBULLLE | 3aBAAl0OTh LUKOAM 340POB't0 Ntoaen. MPOMOHYE
iHHOBaLiMHWI Niaxig Ao 3'€AHaHHA €eNeKTPOHHNX KOMMOHEHTIB, BiAMOBUBLLUUCHL Bif TpaguLuinHoi
namkun. 3aMiCTb po3nsaBieHHA MeTany, BUKOPUCTOBYE YNbTPa3BYKOBi XBWUAi ANA
CTBOPEHHSA MiLHOro 3'egHaHHS. Llei npouec Bkatovae B cebe ToYHe BUPiIBHIOBAHHSA KOMIMOHEHTIB,
IXHE 3'€AHaHHA Nig Oi€0 yNbTpa3BYyKy Ta Nodasiblue YLliIbHEHHSA 3'€QHAaHHSA 3a paxXyHOK
naacTuyHoi gecdopmauii maTepianis. Takun nigxin 3abesneyvyye BUCOKY MiLHICTb 3'€QHaHHA,
BiICYTHICTb TEPMOLLOKY Ta MOXXJIMBICTb pob0OTU 3 pPi3HMMN MaTepiasnamMun, BKIOHAKYN TOHKI
NAiBKW Ta FHy4Ki Nigknagkn. TexHonoris Hafa€ rHy4kicTb y Bubopi maTepianis gns
BUIFOTOBJIEHHS KOHTYPY @aHTEHM Ta CTPYMOMNPOBIAHNX CXeM -MiTOK. 3anexHo Big poboyoi
YaCTOTU MITKM Ta BUMOI [0 BapTOCTi, MOXXYTb BUKOPUCTOBYBATUCA Millb, astoMiHin abo cpibro.
Bnbip maTepiany BNAMBAE Ha TaKi XapakTEPUCTUKN MITKU, K MPOMyCKHa 34aTHICTb, BapTIiCTb
BMPOOHMLITBA Ta CTiMKICTb A0 KOpo3ii. 18 MITOK, L0 NpauloloTb Ha YacToTi 13,56 MIu,
onTUManbHUM MaTepiasioM ANS KOHTYPY aHTEHU € Mifb, TOAI K A1 MITOK, L0 NpaLoloTb Ha
6inbLU BUCOKMX YaCTOTax, 4aCTO BUKOPMUCTOBYETLCA altlOMiHilA 3aBASKM CBOIN AOCTYMHOCTI Ta
XOPOLNM e/IEKTPOMNPOBIAHUM BIACTUBOCTAM. Puc. 2.5. MOHTa)K MiKpOCXEMU Ha FHYYKYy MaaTy
2.3. THy4Ki 6aTapei PO3BUTOK TEXHOJONiIN THYYKMX €1EKTPOHHMX MPUCTPOIB CTUMYJIHOE MOLUYK
HOBUX pilleHb A9 CTBOPEHHS FHYYKUX aKyMynaTopHux 6atapen. TpaauuinHi KOHCTPYKLUIi
rHy4knx baTtapein Manu psap HefoniKiB, NOB'A3aHNX 3 BUKOPUCTAHHAM MOAIMEPHMX NiIAKNAOOK i
HU3bKOMPOOYKTUBHUX MaTepianis. JoCnAigHWKN 3 3anpornoHyBasan HOBUA NiaXia, SKNn
[03BOJISIE CTBOPOBaTU BiNbl eheKTUBHI Ta OOBroBiYHI FHYYKi NiTiNn-ioHHI baTapei. 3aMicTb
TpaanUinHNX NoNiMepHUX MigKNaAoK, B HOBi BaTapei BAKOPUCTOBYETLCA TOHKa NacTUHa 3
HeopraHiYyHOro mMaTepiany, Wwo 3abe3neyvyye BUCOKY CTabiNbHICTb NMPY LNKAIYHOMY 3rMHaHHI i
BUCOKNX TemnepaTypax. AKTUBHI MaTepiann 6baTapei (aHOA, KaToA4 i eNeKTPOIiT) HAHOCATBLCA Ha
NAACTUHY Y BUMNSa4i TOHKUX LWapiB, WO 0O3BOASE 3MEHLUNTW 3arasbHy TOBLUMHY BaTapei.
EkcnepuMeHTasbHI AOCAIAXXEHHSA THY4YKMUX BaTapen 4eMOHCTPYOTb BUCOKY CTIMKICTb iX
€/IeKTPOXiMIYHNX XapaKTEPUCTUK A0 MexXxaHivHuxX aedopmMadin. 3okpema, Npu 3Ha4YHUX 3rmHax
CMOCTEPIra€TbCs HE3HAYHE 3HMXKEHHSA EMHOCTI (He Binblue 7%) Ta NPaAKTUYHO HEe 3MIHIOETbCS
Hanpyra po3psagy. Anga macwTtabHoro BupobHULTBa rHy4Ykmx baTapen HeobxigHa po3pobka
eheKTUBHUX METOLIB PO34iNeHHs WapiB akTUBHUX MaTepianis. [lepcneKTUBHUM HanpsMKOM
OoCNig)eHb € 3aCTOCYBaHHS Jla3epHUX TEXHOJIONN ANna aenamMiHauii 6baratowapoBmMx CTPYKTYP.
HocnigHuubKa rpyna 3 TeXHOMOrYHOro iHCTUTYTY Hbto-[)Kepci npeacTaBnia BaacHy po3pobky
rHy4ykoi 6aTapei, Wwo 6a3yeTbCs Ha NJACTUKOBIN NigKAaaLi, MPOCOYEHIN eNeKTPOaKTUBHUMU
KOMMNOHEeHTaMU. B AKOCTi akTUBHUX MaTepiasiB BUKOPUCTOBYIOTLCHA MIKPO- Ta HAHOYACTUHKN,
30KpeMa Conli NiTito Ana NiTin-ioHHNX 6aTapen Ta CNOJIYKN LMHKY 3 AiOKCMAOM MapraHuio ons
ny>xHux baTtapen. NMpeacrtasneHnn NpoToTun rHy4vkoi baTtapei aBase coboto enacTnyHum
KOHTeNHep, Lo MICTUTb ABa €/1eKTPOAN: MOPUCTUN FPadiTOBUN eNneKkTpon Ta ajltloMiHIEBUN
CTPYMO36ipHUK. ENEKTPosiTOM CNYrye CONbOBUIA PO34NH. 3aBOSKN BUKOPUCTaHHIO rpadiTy,
HbaTapes AEMOHCTPYE BUCOKY LUBUAKICTb 3apsAA KaHHA Ta BiAMIHHI MOKa3HNKK 6e3neku
MOPIBHAHO 3 NITIN-IOHHUMW aHanoraMmu, Xxo4a N Ma€ BABIYI MeHLUY HOMiIHasIbHY Hanpyry.
He3Ba>kalo4ym Ha NepCNeKTUBHI pe3yabTaTu, MaclwTabHe BUpOobHMLTBO Takmx baTapen
BMMaraTuMMe 000aTKOBUX A0CAiIAXeHb Ta po3pobok. KoMnaHis po3pobuna npotoTun
rHY4YKOI NiTin-ioHHoT 6aTapel y Burnani kabento. 3aBaskuy criipasbHii KOHCTPYKLUIT BCix
KOMMOHEHTIB, BKJIlOYalO4YM KaTon 3 NiTin-kobanbToOBOro okCMay, aHon Ta cenapaTop, 6aTapes
OEMOHCTPYE BUCOKY MHYYKIiCTb, WO A03BONISE BUKOPUCTOBYBATM il B HOBUX (popMax-thakTopax,
Hanpuknag, B TEKCTWUJII. IHHOBALINHMM PilLEHHAM € BUKOPUCTaHHSA TOHKUX MiAHUX OPOTIB,
MOKPUTKX CMIABOM HiKeso Ta 0J10Ba, B SKOCTi KATOAHOIro CTpyMo36ipHMKa. Taki HUTKK
cnniTaloTbCA B 6isblL TOBCTE BOJIOKHO, BOHO 00epTaETLCSA HAaBKOJIO CTPUXKHSA AiaMmeTpoMm 1,5 mm.
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3 BUOAJIEHHAM CTEP>KHSA 3a/IMLAETHLCA BEIbMU FHYYKa i MilHa cnipajb ManbyTHbLOro aHoA4a.
MoBepx cnipaJjii HAMOTYETBLCA aJIlOMIHIEBA CTPiYKa, MiC/IA YOro 3aHYPIOETLCA B PiAKNNA PO3Y4YUH
OKUCY NiTito-KobanbTy, Wob CTBOPMTY KaTo akyMynaTopa. KOHCTPYKLIO, 3aKpMBalOTh 3aXMCHO
06ropTkolto, a LeHTpasibHa NOPOXXHMHA HAaMOBHIOETLCS PiAKUM enekTposiToMm. LLinbHicTb
36epiraHHsa eHeprii i Hanpyra NOBHICTIO BiANOBIAA€E 3BUYANHMM NiTiN- iOHHMM BaTapesaM, ane
BOHU BinbLU FHYYKi | TOHKi. B 0CHOBI 6iNbLIOCTi CTBOPIOBAHUX FHYYKUX aKyMYJISTOPIB NieXXaTb
rnoniMepHi enekTpoan. BoHn HagineHi CTpyKTypoto, Ka Haragye B's3Ky TeKy4y piavHy. B
pe3ynbTaTi iX MOXKHa 3ruHaTu. KpiM TOoro, BOHU BiApi3HAIOTLCA €KoorivHo 6e3nekoto.
BuknukKaHo Le TUM, Lo HOBi FHYYKi akyMynaTopHi 6aTapei He MiCTATb enekTponiTy(puc. 2.6).
Puc. 2.6. THy4ki 6aTapei MHy4Ki NiTin-ioHHI akyMynsaTopu Hapasi NPoxXoAATb CTagito
MPOTOTUNYBaHHSA. Pe3ynbTaTn eKCnepnMeHTaslbHUX [OCAIAXKEHb CBiAYaTb NPO BUCOKY
MeXaHiYHy CTiNKiCTb Ta 36epexeHHs eNleKTPOXiMiYHUX XapaKTePUCTUK Npu baratopa3oBux
unknax gecopmauii. OTpMMaHi AaHi A03BOSAIOTL MPOrHO3yBaTU yCrMillHe KOMepLiani3auito Li€i
TexHonorii B Hanbnmx4yomy ManbyTHboMy. Ane € KOMNaHIi, SKi NPOAOBXYIOTb JiHINKY BXe
iICHYIO4YNX aKyMyNaTOpiB, CTBOPIOKOYN 3pa3Ky NiTin-ioHHUX BaTapen, WO MaloTb 34aTHICTb A0
nedopmadii. Tak B rHy4kmnx baTapesax KoMnaHii 3aCTOCOBYETbLCSH BHYTPILIHA CTPYKTYpa
npoBoAKW i BaraTowapoBi 30BHIiLLHI KOPNYCK, SKi YHMKaOTb neperpiey abo BUTOKY eNeKTponiTy.
Kopnyc akyMmynaTopa 3axuLlia€e naMmiHoBaHa 060s10HKa. MHy4YKi akyMmynaTopHi 6aTapei

MatTb TOBLWMHY B 0,55 MM, BOHN MOXYTb 3rMHaTUCA Tak, LLO MO KPMBI BOHWN 3aKPY4yOTbCA B
pagiyc 25 mMm. baTapei TPpUMaloTb 3apsaf B Mexax 17,5-60 MAr. Onsa cydacHMx
CMapTOHIB LIET MOTY)XXHOCTI MOKN HE BUCTA4YaE€, ase BMHaXih BXXe CbOroAHi MOXXHa yCnilHo
BUKOPUCTOBYBaTK ANA MasioNOTY>XXHUX MPUCTPOIB, HaNpukniag, cMapT-oaary abo cMapT-KapT.
Cy4YacHi TeHOeHUIi B rany3i eNeKTPOoHIKN AEMOHCTPYIOTb 3pOCTa4YNIA iHTEpPeC A0 FHYYKUX
npucTpoiB. MpoBigHi BUPpOBHUKK, BKAOYatoun LG, Ta , aKTUBHO iHBECTYIOTb Y
PO3p0b6KY FHYYKUX aKyMynaToOpiB, AMCMIEIB Ta iHWKWX KOMMOHEHTIB. NepenbavaeTbCs, WO B
HanbM>XKYi POKMN PUHOK MOBINBHUX NPUCTPOIB BidinAae BiA TpaguuUinHnx popM-hakTopiB Ta
nepenge 0o BUMpobHULTBa NPUCTPOIB 3 HECTaHAApPTHUMK hopMaMu, Lo 3abe3neyyeTbes
PO3BUTKOM TEXHOJIOFIN FHYYKUX MaTepianiB Ta KOMMOHEHTIB. OcobnmnBocCTi Ta BUAN YAbTPATOHKI
UWHK-roniMepHi baTapei Big KoMnaHii , 0ep>XyBaHi METOAOM NPOMUCIIOBOIO
TpadapeTHOro ApyKy. Y HUX 3aCTOCOBYETHLCA HOBITHIN 0cobaMBO TBEPAUN NOJIMEPHUI
€NIeKTPOJIIT, SKNN BUKIOYAE 3aMUKaHHS, 003BOSE 36iNbWNTN EMHICTb | CTabinbHICTL AXXepena
XKUBNEHHSA. AKyMynaTopHi 6baTapei Ha OCHOBI NITIEBMX MOPOLLKIB, ByrieueBnx HaHOTPY6boK, B
TOMY 4YUCNi NanepoBoi NiAKAagKn . Taki akyMynaTopu BUAINAOTLCA XOPOLLOH
MPOBIAHICTIO i cTabinbHOT NOTY>XXHiCTO. BaTapei Ha OCHOBI NiTiIN-IOHHUX aKyMYNSTOpPIB, L0
[03BOSIAIOTb 3rMHaTK IX B AOBINbHUX HanpsMKax. AKyMynaTopHi 6aTapel Ha OCHOBI aftoMiHin-
iOHHUX ocepepkiB. Ller npoToTnn 06'eaHye rpacdiToBUN KaToA4 i aNtoOMiHIEBUI aHOA,. BONOKHUCTI
CynepKOHOeHCaTopwu, WO CKAagatloTbCs 3i 3BMYarHoro nanepy abo iHWOro BOJIOKHUCTOroO
MaTepiany, SKi MOKPMBaOTLCA CKAaAoM 3 CPiBHUX HAHOMPOBOAHUKOB i ByrieLeBux HaHOTpy6boK.
Taki 6baTapei MoOXKHa rHYyTU, M'STW | 3aHYpPOBaTU B KUCJIOTHI PO34MHUN. KoXXeH KyBiuyHu MinimeTp
BOJIOKHa BaTapen moxe 36epiratu go 6,3 MBT eHeprii. THy4Ki baTapei 4eMOHCTPYIOTb HU3KY
rnepesar, Wo pobnaTb iX NepCneKTUBHUMW NS LUMPOKOro CMEKTPY 3acTocyBaHb. Cepefl HUX
MO>XHa BUAINMNTN: BUCOKY eHepreTUYHy WiJIbHICTb. 3Ha4YHa KisIbKiCTb eHeprii, wo 36epiraeTbcs B
oAuHMLI Macy Ta 06'eMy, [O3BONAE CTBOPIOBATU KOMMAKTHI Ta fierki NpucTpoi. BigcyTHICTb
edekTy nam'ati. MOXXNMBICTb YaCTKOBOI 3apsaakn 6e3 wkoau ans eMHocTi. CTabinbHy Hanpyry
po3paay. MiHiManbHi KONMBaHHA HanNpyru Nig Yac Bigaadi eHeprii. LUMpokuin TemnepaTypHUi
Aiana3oH poboTun. 34aTHICTb PyHKLiIOHYBATM B LUMPOKOMY Aiana30oHi TemnepaTyp. Bucoka
FHYYKiCTb. MOXJ/INBICTb CTBOPEHHS BaTapen pi3HOMaHITHUX POPM i po3MipiB 3aBAAKMN Manin
TOBLUMHIi aKTUBHMX eneMeHTiB (Big 1 MM). PasoM 3 TuM, rHyyki 6aTapei MatoTb NeBHi 0bMeXeHHS,
AKi NoTpebyloTb NoAdanblUnX Aocniga)eHb: CTapiHHSA. [ToCTynoBe 3HMXXEHHS EMHOCTI 3 YacoM Ta
KiNbKIiCTIO UMKAiB 3apsaa-po3psas. Bucoka BapTicTb BUpobHULTBa. Ha AaHOMY eTani TeXHOOoris
BUPOOHMUTBa rHY4YkKnx baTapen € 4OoCMTb goporoto. HeobxiaHICTb A0OaTKOBUX AOCAIAXKEHD.
MoTpeba y noganblINX HAYKOBUX AOCAIAXKEHHAX A8 ONTUMI3aLlil XapakTepucTuk Ta
PO3LINPEHHS Aiana3oHy 3acToCyBaHb. [Hy4Ki 6aTapel, 3aBASKN CBOIM YHiKaJIbHUM BNAaCTUBOCTSM,
BiAKPMBAIOTb HOBI MEPCNEKTUBUN A5 PO3BUTKY €NeKTPOHIKM Ta iHWNX ranyseil. IX 3acTocyBaHHA
o6iL € peBoOLIOHI3yBaTU HaLl NOBCAKAEHHUN CBIiT, CTBOPIOIOYM NPUCTPOI 3 HEeCTaHAAPTHUMN
dopmamm Ta pyHKUigMK. OAHIED 3 HanbinbLW NepcnekTUBHUX Chep 3aCTOCYBaHHSA FHYYKMX
6aTapen € HoOCMMa esfieKTPOoHiKa. YABiTb cobi CMapT-roOMHHUKK, AKi iIHTEerpyoTbCcs
6e3nocepenHbLO B WKipy, abo TeKCTUMb, WO 30aTHUA 3apagXaTn MobinbHi NpucTpoi. MHyYKi
baTapei 003BONATL CTBOPOBATU NPUCTPOI, SKi ByayTb HEBiA'€EMHOO YaCTUHOM HALIOro ogsary Ta
Tina. MobinbHi TenedoHn, NAaHWeTn Ta HOYTOYKN TaKoXX BiAYYIOTb BMJINB MTHYYKNX TEXHONOTIN.
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3aBasaKM rHy4kuM baTapesm, Ui NpucTpoi CTaHyTb 6inbl KOMMAKTHUMKU, NErKUMUN Ta
eHeproedekTnBHUMN. KpiM Toro, 3'aBNAaTbCs MOXXJIMBOCTI OJ19 CTBOPEHHS MPUCTPOIB 3
HeCcTaHOapPTHMMK opMaMK, SKi IerKo CKNadatTbcs abo posropTatoThca. MTHy4Ki baTapei €
KJIIOYOBMM KOMMOHEHTOM OJ19 PO3BUTKY

n LvTuposaHus: 0,01% id: 20
"pPO3yMHUX"

MaTepianiB Ta IHTepHeTy peyen. BoHN 003B0ONATbL CTBOPOBATU CaMO3apsaa>XyBaHi ceHcopu,
aKTyaTopWu Ta iHLWIi efleMeHTun

u LlmtupoBaHus: 0,01% id: 21
"pO3yMHUX"

cucTemMm, aki byoyTb BUKOPUCTOBYBATUCS B MPOMUCIIOBOCTI, ByAiBHMLUTBI Ta nobyTi. Y cdepi
MeaNUVHN FHYy4YKi 6aTapei BiaKprBatlOTb HOBi MOXXJINBOCTi 011 CTBOPEHHS iMMJIaHTOBaHUX
MeANYHUX MPUCTPOIB 3 TPUBAINM TEPMIHOM CNyXXbu. Lle MOXyTb ByTW WITYYHi opraHu,
KapaioCTUMYNATOPW Ta iHLWWI NPUCTPOI, AKi 3abe3nevyytoTb aBTOHOMHE XUBAEHHS. JIerkicTb i
FHYYKICTb FHY4YKuX 6aTapern pobnsaTh iXx NepCrneKTUBHNUMIN A5 BAKOPUCTAHHA B a€POKOCMIYHIN
NPOMUCIOBOCTI. BOHN MOXYTb 6YTU BUKOPUCTaHI 019 CTBOPEHHSA JIEFKUX | KOMMAKTHUX O)Xepen
KUBJIEHHSA OJ19 CYMYTHUKIB, KOCMiYHNX KOpabniB Ta iHWNX KOCMiYHUX anapaTiB. KpiM rHy4YKunx
6aTapen, BeNUKi NepCneKTUBN MatoTb FHY4YKi CynepKoHAeHcaTopu. Lii npncTpoi BigpisHAOTLCA
BUCOKOIO LUBUAKICTIO 3apAAXKaHHA Ta Po3psaarKaHHS, LLO 003BOJISE BUKOPUCTOBYBATU iX A4
CTBOPEHHSA BUCOKOLLBUAKICHUX 3apsgHMX MPUCTPOIB, pe3epBHUX OXKEPEN XUBJIEHHS Ta iHWKNX
3acTOCyBaHb, Ae NoTpibHa BUCOKa MOTYXKHICTb 3@ KOPOTKUIN MPOMIXKOK Yacy. MHyYKi
aKyMynATOpHI 6baTapei N9)KyTb B OCHOBY CTBOPEHHS iHTesIeKTyasibHOro ogsary 3 sbygoBaHoto
€JIeKTPOHIKO0, IMMNTaHTOBaHNX MeANYHNX MPUCTPOIB HOBOIO MOKO/IHHA Ta eflekTpomobinis 3
nigBuLLEHO eHeproedeKTUBHICTIO. BUCHOBOK A0 po3ainy AHani3 npuHumunis poboTun -
cucTem Ta ocobnmeocTen BUpobHULTBa -MiTOK, 30KpeMa 3 BUKOPUCTAHHAM FHYYKUX
baTapen, CBiAYMTb NMPO 3HAYHUI NMoTeHuian uiei TexHonorii. MoegHaHHA pafioYacTOTHOI
ioneHTudikauii 3 iHHOBaUINHMMKW MaTepianaMun Ta AXXKepesaMn XUBJIEHHS BiAKPMBAE HOBI
FOPU30HTW ONA CTBOPEHHSA iHTENeKTYasIbHUX CUCTEM YNpPaBfiHHA Ta MOHITOPUHIY. He3Bar)kalouun
Ha OOCArHYTi ycnixu, noganblWnNin pO3BUTOK -TeXHOJIorin noTpebye BMUPIiLLEHHA TaKnUx
3aBAaHb, K NigBNLLEHHA eHeproedeKTUBHOCTI, MiHiaTiopM3aLis NpucTpoiB Ta 3abesnedvyeHHs
6e3nekn paHux. 3arasaom, -CUCTEMIW € NEPCNEKTUBHUM HaMpPAMKOM OOCHiOXXEHb, AKUN MaE
3HAYHWW BMJIMB Ha Pi3HOMaHITHI rajy3i NpoOMUCAOBOCTI Ta NOBCAKAEHHE XUTTA. Bubip tuny -
MIiTOK 3a/1e)XUTb Bif NOCTaB/IEHNX 3aBAaHb i

@ o6Hapysen Nnaruat: 0,15% https://ela.kpi.ua/bitstream/12345678... + 2 pecypcos! id: 22
YMOB CepefloBULLA, B SKOMY BOHW BUKOPUCTOBYBAaTUMYTbCH. [1Na HALIOro 3aBAaHHSA
ONTUMasIbHUM BapiaHTOM € NACUBHI -MiTKN BUCOKOYACTOTHOIO Aiana3oHy, OCKiJIbKKU BOHU

3abe3nevyloTb Hambinbwy AanbHICTb Ail (00

10 M) i MalOTb HN3bKY BapTiCTb. binbll fopornM BapiaHTOM € aKTUBHI -MiTKW, AKi OCHaLLEeHi
3aXUCHUM KOPMyCOM, MOPTAaTUBHUM [IXKEPESIOM XUBNEHHSA | MatoTb Binblunin obcar nam'aTi. BoHun
30aTHI NpauloBaTN Ha 3Ha4YHO BinblKnx BigcTaHAX (4o 200 M). Y 3B'A3KYy 3 LM AOUINLHO

nepesipnuTn anropnuTm poboTm 3 oboma TUNamm -MiToK. PO311J1 3.

@ O6Hapy»xeH MnarunaT: 0,05% https://ela.kpi.ua/bitstream/12345678... + 5 pecypcos! id: 23
PO3POBKA AJITOPUTMY BU3HAYEHHA MICLEMNOJIOXEHHSA -MITOK HA OCHOBI -
BAMIPHOBAHb

OuiHka BiagCTaHi 4O NAacUBHUX -MiTOK € hyHOaMeHTaNbHOO 3ada4veto y baraTbox cucremax

NoKanizauii. 3a ocTaHHi poku 6ys10 3aNPONOHOBAHO LLUNPOKWUIA CMEKTP MEeTOAIB, AKi
BUKOPUCTOBYIOTb Pi3HOMAHITHI i3WYHi NpuHUMNK Ta MoAeni NOWNPEHHS paaiocurHanise. 3.1.
MeToaun BU3Ha4YeHHSA fanbHOCTI 3.1.1. ( ) O4HUM 3 HaNOLUMPEHILINX
MeTof4iB BU3HAYEHHSA Oa/bHOCTI € aHani3 piBHA NPUAHATOrO curHany ( ). Llen meTon
6a3yeTbCs Ha eMNiPUYHOMY CMOCTEPEXKEHHI, O NOTYXKHICTb paAioCUrHany 3MEHLUYETLCS 3i
36inblIeHHAM BiACTaHi 4O NepefaBaya. 3a OMNOMOroK MOAEsi MOLMPEHHS, SKa BPAaXOBYE
BTPaTW B CEPEAOBULLI MOLWNPEHHS, 3aTIHEHHS Ta iHWI ePeKTn, MOXKHa BCTAHOBUTU 3a1€XKHICTb
MiXK BUMIPAHOIO MOTYXXHICTIO CUrHaNy Ta BiACTaHHIO A0 MiTKU. Han4vacTille BUKOPUCTOBYETLCH
mogenb Matna: Pi=P0-10%* o * 10(Ri/R0O) + vi, (3.1) pe: Pi - BUMipsSiHa [-M OaT4YNKOM
NOTY>XXHICTb CUrHany -MiTKW, po3TalloBaHol Ha BiacTaHi Ri; PO - BiiOMa NOTYXHICTb CUrHany
Ha BigcTaHi RO; 2 - KoediLieHT 3aTyXaHHSA, AKNN 3a/1€XXNTb Bifl XapaKTEPUCTUK CepesoBULLA;
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BMNagKoBa Noxmbka BUMipOBaHHSA. BUKOPNCTOBYOYM OaHi, OTPMMaHI Bif KiflbKOX OaT4YUKIB,
MO>XHa nobyayBaTu OeKiNbKa Kijl, LeHTPW SKUX CMiBMaaaloTb 3 PO3TallyBaHHAM AaT4uKiB, a
pagiycn BM3HavyaloTbCs 3a BUMIPAHUMM 3HAYEHHAMU NOTYXXHOCTI CUrHaNy. To4Yka NepeTuHy Lnx
Kin i 6yne opiEHTOBHMM po3TallyBaHHAM -MiTKK. Llem meTon BigoMnin sk TpunaTtepauis.
MeTopn BM3Ha4YeHHA KoopanHaT 06'eKTIB 3a AOMOMOro0 aHai3y PiBHA NPUAHATOrO curHany ( )
HabyB LUMPOKOro 3aCTOCYyBaHHSA 3aBASKMN CBOI EKOHOMIYHIN e(heKTMBHOCTI. BUKOpUCTaHHSA

He BUMara€ 0oAaTKoOBOro obnagHaHHS, Wwo pobnTb Noro npruBabnmemm pileHHAM gna 6araTbox
3acTocyBaHb. OQHaK, He3BaXkat4m Ha CBOIO NPOCTOTY, -MeTo[ Ma€ 3Ha4YHWN He[oNiK: BUCOKA
YyT/MBICTb 00 0COBNMBOCTEN CepenoBuLLa MOLWMPEHHS padiocurHany. lopeanbHa Mmoaenb
MoWMpEeHHS, LWo nepenbavyae chepnyHy CMMETPI0 CMrHasy, 4aCcTo He BiAMOBIAAE peasibHUM
yMoBaM. Ha npakTuui, NOWNpeHHA CUrHanNy 3a3Ha€ BMJIMBY TakKNX PaKToOpiB, K
6araToWwNSAX0BICTb, 3@aTiHEHHS, BiAObUTTA Big NOBEPXOHb Ta iHWI HeMiHiINMHOCTI. Lle npn3BoanTb A0
3HAYHMX BiAXWUNEHb BUMIPAHOro pPiBHA CUrHay Big TEOPETMYHO PO3PaxoBaHOro, Lo, B CBOO
4Yyepry, 3HUXYE TOYHICTb BU3HA4YeHHA KoopaMHaT. A4 NiaBMWeHHSA TOYHOCTI -nokKanizauii
HeobxigHO BpaxoByBaTW BN/ANB PaKTOpiB cepenosuLla. Lle Mmoxxe 6yTn OOCArHYTO LLUAAXOM:
KanibpyBaHHS: BU3HAYeHHA eMNiPUYHNX MOOENEN MNOLWNPEHHA CUrHaNy ONs KOHKPETHOIo
cepepnoBula. PinbTpauii: BUAKOPUCTAaHHA MeTOAIB isibTpauii AnA 3rnag)XyBaHHA BUMIpAHUX
DaHUX Ta 3HMXKEHHSA BNAUBY LWyMiB. KOMBiHYBaHHSA 3 iHWWMK MeTodaMn: 06'eAHaHHSA -
MeToA4y 3 iHWMMKU MeTogaMu sioKanisauii, TakuMm sk

@ O6Hapy»xeH Mnaruat: 0,14% https://ela.kpi.ua/bitstream/12345678... + 2 pecypcos! id: 24
( ) abo ( ), BN OTPUMAHHSA BinbLl TOYHUX
pe3ynbTaTiB. 3.1.2. (

) TexHiKa BU3Ha4YeHHA KyTa npunomy ( ), TAKOX BiAOMa K BU3HAYeHHS HanpsMKy npmbyTTsa
( ), LO3BOJISIE JIOKaNi3yBaTun -MiTKY LUJISXOM TOYHOr0o BUMIpOBaHHSA KyTa, Nig 9KMM
pagiocnrHan HagxoanTb Ha NPUNMasIbHUIA AATYMK. 3aCTOCOBYOYN FrE€OMETPUYHI MPUHLKNN,
MO>XHa BM3HAYMUTN MiCLEe3HaX0O)KEeHHSA MITKWU Ha OCHOBI NepeTuHY ABOX JiHil, NpoBefeHUX Bif
KOXKHOI0 AaTyuKa Mig KyTOM, Lo BiAMOBiAA€ HAaNPAMKY NMPpUNoMy curHany. Lle npencraBneHo Ha
pucyHky 2.1. Puc. 3.1. Meton AOA [1nsa BU3Ha4YeHHS KOOpAMHAT 06’€eKTa B ABOBUMIpHOMY
npoCTOpi 3a A4ONOMOro MeTony HeobxigHO MiHIMYM ABa NPUAMaNbHUX AaTYUKWN.
36inblUEeHHS KiNbKOCTI AaT4YMKiB 40 Tpbox i 6inblue A03BOJISE NiABULLMTN TOYHICTb JIOKasi3auii 3a
MPUHLUMMOM TpUaHrynauii. Y ineanbHMX ymoBax, KOau BiACYTHI nepeLwikoan Ta
6araToWwISX0BICTb, HAMPSMJIEHI aHTeHU, BCTAaHOBJ/IEHI Ha NpUMaYax, MOXyTb 6yTn TOYHO
OpPIiEHTOBAHI Ha poXXepesno curHany ( -MiTKY). KyTu, nig aKUMMU aHTEHU NPUNMalOTb CUrHan (
Ai[]lB), BU3Ha4aloTb HanMpsaMKN Ha MiTKY Bif, KOXKHOIro gaTtyuka. lNepeTnH umMx HanpsMkis
003BOJIAE BU3HAYNTU TOYHE MiCLE3HAaX0OXKEHHS MITKU. Y Cy4aCHUX KOMEPLiNHMX Ta BiNCbKOBUX
cucTeMmax, Wo BUKOPUCTOBYIOTb METO BU3HAYEHHSA KyTa npunomy ( ), 3aMiCTb MeXaHi4HOo
PYXOMMX aHTEH 3aCTOCOBYOTb baratoesieMeHTHI aHTeHHI pewiTkn. CurHasna, NPUNHATUIA KOXKHUM
e/1leMeHTOM peLliTKK, 06pobNAeTLCA eNEKTPOHHNM LWAAXOM. 3aBAAKN MaTEMATUYHUM
004YNCNIEHHSM, L0 BUKOHYKOTLCSA 064MCIOBaNbHOIO CUCTEMOI), BU3HAYAETLCA KYT, Nig SKUM
curHan npmbye 0o aHTeHW. Llen npouec nepenbadvyae BUMiptOBaHHSA pi3HULiI Yacy NnpubyTTa

( ) CUrHaNy [0 Pi3HUX €NeMEHTIB pewWiTKK, Lo BUABASETbLCS Y BUrNa4i pisHULUi a3
MPUNHATUX CUFHaiB. 3aBASKMN Ui Pi3HULI )a3 MOXKHA BU3HAYUTU HaANPSMOK Npuxoay CUrHay.
Llen meTon, AKUNM iHOAI HA3MBAKOTb

u LntupoBaHus: 0,02% id: 25
"3BOPOTHUM (PpOpMYBaHHAM npomMeHs",

no3Bonse 6e3nocepeiHbLO BUMIPIOBATM YacC NMPpUByYTTSA CUrHaNY Ha KOXKEH €/IEMEHT aHTEHW.
OOHMM i3 KNacu4YHUX NMPUKagiB peanisauii MeToay BM3HA4YeHHS KyTa npuxoay ( ) € cuctema
BCeHanpaBJ/ieHNX pafioHaBirauinHnx Maskis YKX gianasoHy ( ). diana3oH YacToT

cTaHoBWTb Big 108,1 oo 117,95 MI'y. MpuHumn poboTwu nonsirae B TOMy, WO Ha3eMHi
pafioMasiku BUMPOMIHIOIOTb KislbKa pafiaibHUX CUrHaniB y pi3HMX a3mMyTax. bopToBuin npunMay
NiTaka, NnpunMalo4dm Ui CMrHanan, BU3Ha4vYa€e CBil a3nMyT BiAHOCHO MaskKa. BUKOPUCTOBYIOYUN AaHi
NMPUMNOMY Bifl KiJIbKOX MasiKiB , bopToBa cucTema HaBirauii 3a 4ONOMOro TPUTOHOMETPUYHUX
PO3paxyHKiB BU3HAYa€E TOYHI KOOPAMHATK NiTaka. MeToAM BU3HAYeHHS KyTa NpUXoay CUrHany

( ) LULMPOKO 3aCTOCOBYBAJ/INCS Ha PaHHiIX eTanax Po3BUTKY MOBINbHUX Mepexx ONst BU3HAYEHHS
Micue3sHaxoaxeHHsA aboHeHTa, 0co6MBO B eKCTpeHUX cuTyauisax. MpuHUKN nonsras y TOMy, WO
Kinbka 6a30BUX CTaHLUiN BU3Ha4Ya M HanpsaMoK Ha MOBifIbHMIA TenedoH 3a KyTOM Npuxony
curHany. NoTiM, BAKOPUCTOBYOHYN METOAN TPUaHrynsauii, ob4nciioBanncs ToOYHi KOoOpaAnHaTU
aboHeHTa. OgHakK, UsA TEXHOJOriA Ma€ CyTTEBI 0OMeXXeHHs, NMoB'A3aHi 3 BNJMBOM
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6araTowNAX0oBOCTI. ¥ MiCbKNX YMOBaXx, Ae CUrHann MOXXyTb BiabuBaTunca Big byaisenb Ta iHWNX
06'eKTIiB, TOYHICTb BM3HAYEHHS KOOPAMHAT 3a AOMNOMOroo 3HA4YHO 3HUXXYETLCA. Lle pobutb
OaHnN meTon MasioeheKTUBHMM Y MPUMILLEHHSX Ta N'yCTOHacesieHnX panoHax. 3.1.3. (

) MeTon BU3HaA4YeHHs Yacy npubyTTsa curHany ( ) € 0OOHUM i3 yHAAMEHTaNbHNX
MeToAiB IoKanisauii, wo 6a3yeTbcsa

@) o6Hapysen Nnarunat: 0,18% https://ela.kpi.ua/bitstream/12345678... + 3 pecypcos! id: 26

Ha TOYHOMY BUMIpIOBaHHI Yacy, 3a KU CUrHana O0J1a€ BiACTaHb Big A>Kepena Ao npurnmada. Y
CucTeMax pafiodacToTHOI ineHTugikauii ( ) e MeTo BUKOPUCTOBYETbLCA ANS1 BU3HAYEHHS
BigCTaHi Mix -MiTKOlO Ta

34NTYBaJIbHUM NPUCTPOEM. MpuHumn poboTn meToay Monsira€ B TOMy, LL,O -MiTKa
rnepefaEe CMrHan 3 BiAOMUM 4acOM MOYaTKy, a 34NTYBaJIbHUIN NPUCTPIN PiKCYeE MOMEHT NpubyTTS
LbOro CUrHany. BuaHauymeLwmM YaC NOWMPEHHSA CUFHaNy, MOXKHa po3paxyBaTu BiACTaHb MixX
MiTKOIO Ta 34NTYBaYeEM, OCKiJIbKM WWBMNAKICTb NOLNPEHHS e/IEKTPOMArHiTHUX XBUJb € BiAOMOIO
KOHCTaHTOow. OaHak, ons 3abe3nevyeHHS BUCOKOI TOYHOCTI BUMiptOBaHb BiACTaHeN 3a AOMOMOroto
MeTony HeobxigHa Hag3BNUYaMHO BMUCOKa TOYHICTb BUMipOBaHHSA 4acy. Lle Bumarae
BUKOPUCTAHHSA BUCOKOTOYHUX MOANHHUKIB Ta CKNlagHUX CUCTEM CUHXPOHIi3auii, Ski 3abe3nevyoTb
CUHXPOHHY poboTy BCix enemeHTiB cuctemmn. OCHOBHa CKJ1ladHICTb Nondarae B HeobXigHOCTI
CUHXPOHI3yBaTW rOONHHNKN -MiTKWN Ta 34NTYBaJIbHOrO NPUCTPOIO 3 TOYHICTIO A0
HaHOCeKyHpA. TakKuM YNHOM, MeToL € MOTYXXHUM IHCTPYMEHTOM [OJ19 BU3HAYEHHS BiACTaHen,
ane noro epeKTUBHICTbL Be3nocepeHbO 3aNeXNThb Bif TOYHOCTI BUMIPIOBaHHSA 4Yacy Ta HAsBHOCTI
BMCOKOTOYHOI CMHXPOHI3aLil. BuMipsaHi 3a gonomoroto metoay BiACTaHi o -MiTKW Big,
KOXXHOIO NPUNMaibHOro gaTynka MOXKHa YSABUTU SK pagiycn Kifn. LLeHTPpOM KOXKHOro Kona €
BiAMOBIAHMN AATYMK. TAKUM YNHOM, peajibHe MiCLe3HaX0OXEHHSA MITKWU Ma€ ne)xaTun Ha
nepeTuHi UnX Kifn. JKWo M1 MaeMo AaHi Big ABOX AaTHYUKIB, TO OTPMMYEMO ABIi MOXJ/IUBI TOYKN
nepeTuHy Kin, To6To ABa NOTEHLUINHMX MiCLS po3TallyBaHHA MITKW. NS yCyHEHHS
HEeOAHO3HAYHOCTI Ta NiABULLEHHSA TOYHOCTI JIOKali3auil BAKOPUCTOBYIOTb AaHi Bif TPbOX
OaTyYuKiB. Y UbOMYy BMMadKy KOJla MEPETMHAIOTLCA B OAHIM ToYLi, WO OAHO3HAa4YHO BU3HAYaE

MOJIOXKEHHS -MiTKu (guMB. puc. 3.2). Puc. 3.2. Metoa TOA Yac nNoLMpeHHa CUrHany Bif

CTaHUuii X o paTtymkie A, B Ta C BUMIPIOETLCA 3 BUCOKOIO TOYHICTIO | MO3HAYaETbCA K A, (B Ta

BiAMOBIAHO. 3HAYM WBUAKICTb NOWNPEHHS CUMHaNY, MO>XKHa po3paxyBaTu BiACTaHi Big cTaHUil
00 KOXHOro gatydmka (A, r, rC). Ko)xHa Taka BiACTaHb BU3HA4Ya€E KOJI0 3 LLEHTPOM Y

BiAMNOBiAHOMY AAaTYMKY, Ha AKOMYy po3TalloBaHa CTaHUisA X. lepeTuH UnUX TPbOX KiJl i BKa3y€e Ha
TOYHe Micue3Haxoa KeHHA cTaHuil X. OgHak, B AesKNX Bunagkax, ocobameo npu HasBHOCTI
nepelwkon abo 6araToWNAX0BOCTI, MOXKYTb BUHUKATWN CUTYyaLi, KON TPU Kosla NepeTUHatloThCs B
DeKinbKOoX To4YKax. 0ns yCyHeHHS Takol HEOAHO3HAYHOCTi BUKOPUCTOBYIOTh AOAATKOBI AaTUHMKU,
L0 A03BOMISE OTPMMaTK BinblW TOYHY NoKanizauito. MeTon BU3HAYEHHSA Yacy npubyTTa curHany

( ) THYYKMIN Ta MoXKe ByTn 3aCTOCOBaHUN K A1 ABOBUMIPHOI, TaK i A4/ TPUBUMIPHOI
nokanizauii 06'ekTiB. Y TPUBMMiIpHOMY NPOCTOPi 3aMiCTb KiNl BAKOPUCTOBYIOTLCA Chepu, WO
003BOJISIE BU3HAYUTU HE TiSIbKN KOOPAMHATW Ha MJIOLWMHI, @ N BUCOTY 06'ekTa. OgHaK, OCHOBHOO

npobnemoto meTony € HeobXigHiCTb Haf3BMYaMHO TOYHOI CMHXPOHI3auil FOAMHHUKIB YCiX
NMPUCTPOIB, 30KpEMa -MiTKM. HaBiTb He3Ha4Hi BigxmnneHHs B 4aci, Hanpuknag, 100
HAHOCEKYH, MOXYTb MPU3BECTUN A0 3HAYHUX NOXNOOK y BU3HAYEHHI KOOPAWHAT, AOCAralo4un
KiNlbKOX pecaTkiB MeTpiB. ToMy MeToq HaWKpalle Npautoe B CepenoBuLLLax 3 MiHIMalbHUMN
nepelwkongamun Ta barawnsaxosicTio. 3.

@ O6HapyxxeH Mnarunat: 0,09% https://ela.kpi.ua/bitstream/12345678... + 2 pecypcos! id: 27
1.4. ( ) MeToA BU3HAYEHHA Pi3HMLI Yacy NpubyTTa curHany

(

) 6a3y€eTbCA Ha NOPIBHAHHI MOMEHTIB NPUNOMY CUrHaNy PisHUMK AaT4ynkamu. Ha BiaMiHy Bif
MeToay , He BMMara€e abCcoNtoTHOT CUHXPOHI3aLii FOONHHKKIB, @ NnLe IXHbOI BiAHOCHOI
CUMHXPpPOHiI3auii. Lle 3Ha4yHO cnpolye peanisauito cnctemm. MaTemaTnyHoO, METOL, 3BOOUNTbLCH
0o 3apadi rinepboniyHoi NaTepauii, AKa NoNAsArae y BU3Ha4YeHHi TOYKM NepeTuHy rinep6on, wo
BiAMNOBiAalOTb Pi3HMUAM Y Yaci NpnbyTTa curHany. a9 o4HO3HA4YHOIrO BU3HA4YeHHS no3uuii
06'ekTa HeObOXiaHI WOHANMeHLLe TPU CMHXPOHI30BaHi AaTYNKN. BUKOPUCTaHHSA 0OOATKOBUX
OaT4YMKiB 00O3BOJISE MiABULLNTM TOYHICTb JIOKani3auii Ta BUPILWWNTM HEOAHO3HAYHI CUTyauil, SKi
MOXXYTb BUHUKHYTU NMPU BUKOPUCTaHHI inwe Tpbox AaT4uKiB. CyyHacHi po3pobku B ranysi cncrem
003BOJIAIOTbL 3HAYHO MOCNabUTV BUMOrn A0 TOYHOI CUHXPOHI3aLUii FOONHHMKIB MPpUMadiB.
OOHMM i3 TakKux MigXxoniB € BUKOPUCTAHHSA MepioanydHoi KanibpoBk roguHHUKIB 3a 4OMOMOI Ol
30BHILIHLOrO O)xepena Yacy. Lle nossonse o64mMcnnT noxmbky MicLueBoro roguHHMKa i BHECTU
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BiAMOBIAHI KOPEKTUBW. IHWNIA iHHOBaLiNHMIN MeToAa nepenbayae obMiH cneuianbHUMKU
CUHXPOHI3YIO4YMMN NaKeTaMn MiXX nMpuinMadamm. AHaniayoum 4ac npubyTTa UMX NakeTiB, MO>XKHa
BU3HA4YMTUN BiAHOCHI 3CYBU FOANHHUKIB i BHECTU HeobxigHi kopekTmeu. Obmnaga Ui nigxoau
003BOJIAIOTb 3HU3UTU BUMOrK A0 abCONOTHOI TOYHOCTI CMHXPOHI3aUii rFOOQUHHUKIB, WO 3HA4YHO
CNpOLLLYE pearni3aLilo cnctem . CuctemMmn aeponopTiB € KNACUYHUM MPUKSIALOM
3aCTOCYyBaHHSA TeXHOOrIT . Y cchepi mobinbHOro 38'A3Ky BiAOMUN AK E- (

) i 3abe3ne4vye BMCOKY TOYHICTb BU3HAYEHHS po3TallyBaHHSA, 0cobnBo
B CiflbCbKin MicLLeBOCTi (80 60 MeTpiB) Ta HaBiTb Y MICbKMX YMOBax 3 BEJIMKMMU NepeLlKofamMum
(oo 20 meTpiB). Ak , TaK i MalTb CXOXXi NepeBaru Ta Henoniku. Obnasi TexHonorii
nobpe 3apekomeHayBann cebe y BenimkoMacwTabHMX CUCTEMaAX 30BHILLUHbOMO NO3ULIOHYBaHHS,
TaKNX K CUCTEMU HaBirawii TpaHCMOPTHMX 3aCo6iB. TaKOXX, BOHM e(heKTMBHI B HaMiBBIAKPUTMX
npocTopax, 9K-0T CTadioHX Ta aMdiTeaTpyn, a TAKOXK Y 30BHIiLLHIX yMOBaXx, HaNnpukagd, Ha
aBTOCTOSIHKAX. Y NpUMiLLLeHHAX OEMOHCTPYE HalKpalli pe3ynbTaTu y BEJINKNX BiAKPUTUX
MPUMILLEHHAX 3 BUCOKUMU CTeNSaMU. AK cnctemm , TaK i 3a3BM4aln BUMarawTb
nofaTkoBoro obnagHaHHS, sKe BCTAaHOBJIIOETLCA MapasiefibHO A0 OCHOBHOI iHPPaCcTPyKTypu
3B'A3Ky. YacTo ue o6nafHaHHSA iHTEerpyeTbCa B 3arasibHi KOPNyCcx pa3oM 3 iHWMMK MPUCTPOSMN,
TaKMMU K TOYKN JOCTYNy. Y 3aKpUTUX MPUMIiLLEHHSAX, 0CO6IMBO B YyMOBaX TiCHUX MPOCTOPIB,

TOYHICTb poboTK cnuctem Ta MOMITHO 3HMXKYETbLCA Yepes3 6araToLNSAX0BICTb CUrHaNy,
TO6TO MHOXUHHI BiabnTTA BiA CTiH, Mebnie Ta iHWNX 06'eKTiB. Llen edhekT 0cobnmBO BUparkeHUin
Yy BY3bKOCMYIrOBUX CUCTEMAX . Cepen meTofiB BU3HAa4YeHHSA KOOpAUHAT pagdioMiTOK

HanmbinbLwy NonynsapHiCTb HabyB MeToA, 3aCHOBAHMNIN Ha BMMIPIOBaHHI PiBHA NPUAHATOrNO CUTHaNYy
( ) [3-7]. 3.2. MeToamn po3paxyHKy KoopaAMHaT Po3rnsHyTi BULLE MeToAM 003BOJSAKTb
BU3HA4YMTW BiACTaHb A0 -MiTKW, NpoTe ANa eheKTUBHOIO BiACTEXEHHS il pyXy HeobxiaHo
3HaTW TOYHI KOOpPAMHATK B NPocTopi. Lle A03BO/INTb TOYHO BigobparkaTu NONOXKEHHSA MITKW Ha
eKpaHi MoHiTopa. N4 uboro HeobxigHO po3pobaaATH anropuTMu, AKi 34aTHI LUBUAKO
ob4yncnoBaTU KOOPANHATH -MiTKN B peasibHOMY 4aci, BiACTEXYIO4N 3MiHU Ti NONIOXKEHHS.
3.2.1. MHK - meToAa HanMeHLWwnx KBagpaTiB MeToa HanMeHwunx kBagpaTie (MHK) - ue
MaTeEMaTUYHUIN afirOPUTM, AKNI O03BOJISIE 3HANTW HaKpalle HabnvKeHHs A0 3a4aHoi
CYKYMHOCTI AaHUX 3a OOMOMOrol KpuBoi. KpnBa BBa)Ka€ETbCA HAaMKPALLO0, AKLLO0 CyMa KBagpaTiB
BiAXWNE€Hb TOYOK AaHWX Bif L€l KPUBOI € MiHIMaNbHOW. BUKOpPUCTaHHA KBaApaTiB BigXW/eHb, a
He iX abCoNTHMX 3HaYeHb, PObUTL L0 PYHKLUIO ONdepeHLiioBHOIO, WO CNPOLLYE
MaTeMaTUYHUIN anapaT 418 3HaxO0A>XXeHHS MiHiMyMy. OAHaK, OCKiJIbKWN BiAXWEHHS MiAHOCATbLCS
00 KBaApaTy, TOYKN, AKi BigAaseHi Big KpMBOi, MatloTb BinblUWA BAJINB Ha pe3ynbTaT, HiXX
6113bKi ToukN. Lle Moxke ByTu ik nepeBaroto, Tak i He0IIKoOM 3aN1eXHO Bif, KOHKPETHOI 3adavi.
MeToA HaMMeHLINX KBagpaTiB € HANNOLWMpPEHILLMM | HAaNNPOoCTiwmnM cnocobom NobynoBM NiHIMHOT
perpecii. loro ocHoBHa 3a4a4a - 3HalTW NPSAMY NiHil0, IKa HaNKpaLLle OMUCYE 3a0eXHICTb MiX
ABOMa 3MiHHMMW. HaBiTb AKLLO 3a/1€XHICTb MiXK AaHUMUN HE € JiHINHOK, YaCTO 3aCTOCOBYIOTh
Pi3Hi MaTeMaTUN4YHIi NepeTBOpPeHHS, Wob 3BecTn ii 4o NiHinHoro surnsagy. Lle possonse
BUKOPUCTOBYBaTK CTaHAAPTHI (hOPMYM MeTOAYy HaMMEHLLINX KBagpaTiB 419 064nCNeHHs
napameTpiB Mogeni. BapTo 3a3HauuTw, Wwo hopMyam MeToay HaMMeHLWNX KBagpaTiB He3a1e)XXHO
po3pobunu Maycc Ta Jlexxangp. Ana 3apayv HENiHINHOT perpecii 4acTo 3aCTOCOBYIOThL iTEPATUBHI
MEeTOoaW, SKi 3BOAATb HEJsiHINHY PYHKLUi0 00 NOCAiA0BHOCTI NiHINHKMX 3ada4. To6bTo, Ha KOXKHOMY
Kpoui My fiHeapn3yeMo PYHKLII0 B OKOJi NonepeaHbOoro pilleHHs i 3aCTOCOBYEMO A0
NiHeapn3oBaHOi Mogeni 3BM4alHi METOAN HaMeHLWNX KBagpaTiB. OgHakK, iCHYIOTb Nigxoan, AKi
[03BONISIOTb YHUKHYTUY iTepauin. Mu moxxemo cnpobysaTu niHeapmnsyBaTu BUXiAHY HENiHINHY
dyHKLUIlO Bigpa3y i 3acTocyBaTu 40 Hel NiHINHI MeToan. Takuin Nigxia, xo4a 1 nopyLuye oeski
CTAaTUCTUYHI MPUNYLWEHHS, YaCcTo A€ 3a[0BiNibHI pe3ynbTaTu. Ona ob4yncneHHa napameTpis
MoZeni B LUbOMY BMMaAKy MOXXHa BUKOPUCTOBYBaTM MeTo ncesaoobepHeHoi MaTpuui. Baxxnnso
3a3Ha4YnNTH, LWO AKICTb OTPUMAHMX pe3y/ibTaTiB CUJIbHO 3aN1€XUTb Big BUOOPY NOYaTKOBOIro
Habnn)XeHHA Ta BUOYy HeniHinHocTi. KpiM Toro, SKWO A5 KOXKHOT TOYKN JaHMX BigoMi il
noxmbKun, TO MOXKHa 3aCTOCOBYBATU 3Ba)KEHi HaMMeHLWi KBaapaTun, Hagat4m 6inbwy Bary 6inbLu
TOYHUM TOYKaM. OCHOBHUMW AAHUMU A7 BU3HAYEHHSA KoopAunHaT 06'€KTa € OUiHKM Pi3HNLI
BiACTaHen MiXX 06'eKTOM Ta KilbKOMa npunMadamm (Ri), @ TaKoXX BiAOMi KOOPAWNHATU LUX

npunmadie (x;, vi, zi). 0N N04aTKOBOI OLIHKW MPAMOKYTHUX KoopauHaT 06'ekTa (x, v, 2)

BUKOPUCTOBYETLCSA CUCTEMA PiBHSAHb, 9Ka 6a3y€eTbCA Ha HACTYMNHUX CMIBBIAHOLWEHHAX: 12 = (X -
2+ (v-v)2+ (z-2)2=(R+0)2 (3.2) pe: ri - BiaCTaHb MiX i-M NnpuinMavyeM Ta 0b6'ektom; | =1, 2,
.., N-1; n - 3aranbHa KiNbKiCTb MpUAMadiB; x, vV, Z - HEBIAOMiI KoopAunHaTh 06'ekTa; X, Vi,

BiJOMi KOOPAWHATKM [-ro NpMMaYda; I - BiACTaHb BiA 06'eKkTa 40 NOYATKY KOOPAWHAT; Ri - pi3HMLSA

BifiICTaHen MiXk 06'ekTOM Ta napamu npunmMadie. MNicna geskux anrebpaiyHUX NepeTBopeHb
OTPUMYEMO CUCTEMY NiHINHMUX anrebpaivyHumx
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PiBHSIHb, SKY MOXXHa 3anucaTu y MaTpudHoMy Buraagi: (3.3) oe A — maTpuusa posmipy (n-1)*,
- KiNbKiCTb AOCAIOXXYBaHNX BEANYUNH

— BekTop | [11, b — BekTOp (1 [11) [11 ANna po3B'A3aHHSA L€l CUCTEMU PiIBHAHb 3a3BUYal
3aCTOCOBYETbCA METO4 HaMeHLWNX KBagpaTiB. ONnTuMasibHe 3Ha4YeHHS BEKTOPA HEBIAOMUX
rnapameTpiB W 3HaxXO0ANTbLCS 3a POPMYJIOH0: 0.5 1 (3.4) 3.2.2. Popmynun baneca
dopmyna baneca € NOTYXHUM IHCTPYMEHTOM CTaTUCTUYHOIO BUCHOBYBAHHSA, SKNIA O403BOISE
OHOBJIIOBATWN MMOBIPHICHI OLLiIHKK 3@ HASiBHOCTI HOBUX AaHWUX. Y KOHTEKCTi BU3HAYEHHS

MiCLLeNnosI0XKEeHHS -MiTOK BOHa A03B0JIS€ 006'€eqHaTLM iHpOpMaLito 3 Pi3HMX AaTYMKIB Ta
MOKPALLUMTU TOYHICTb OLUIHKK. Hexan A Ta B - ue pi3Hi gaT4ynkun, ki BU3HavyaloTb
MiCLLenosIoXKeHHS -MiTKW. ToAi 3a Teopemoto barneca maemo: P(A[B) = (P(B]A) * P(A)) / P(B)

(3.5) pe: P(A|E) - yMOBHa MMOBIPHICTb TOrO, LLO MiTKa 3HaX0AUTbCSA B NOJIOXKEHHI A, 3a YMOBMU,
L0 AaT4YuK B nokasas ue NosioXeHHs; P(B|A) - yMOBHa NMMOBIPHICTb TOro, L0 AaTYUK B NOKake
MOJIOXKEHHS A, 3@ YMOBMU, WO MiTKa AINCHO 3HAaXOAMNTbLCA B MOJIOXKEHHI A; P(A) - NMOBIPHICTb TOro,
O MiTKa 3HaxoOAUTbCs B NOJIOXKEHHI A; P(B) - MMOBIpHICTb TOro, Wo AaT4yuk B noka>ke byab-sike
MONOXKEHHSA. [HWMMK cnoBamu, popMyna bareca A03BONASE 06YNCANTU MMOBIPHICTb TOrO, WO
Hawe NpunyLeHHa Npo MiCLENOoJIOKEHHSA MITKU € NpaBUJIbHUM, BUXOAA4M 3 AaHUX, OTPUMAHNX
Bifl AaT4uMKa. KWO M1 MAaEMO KinbkKa gaTyukis B1, B2, ..., By, To dpopmyny baneca MoxxHa
y3araJibHUTK TakuM YuHoMm: P(A|B1, B2, ..., Bo) = (P(By, Bz, ..., Bo]A) * P(A)) [ P(B1, B2, ..., Bh)
Mpunyckatoun, wo nogaii B1, B2, ..., Bn € He3aneXxxHnMn 3a ymoBu A, oTpuMmaemo: P(A|B1, B, ..., Br)
= (P(A) * (Bi]A)) 1 P(B4, B2, ..., Br) Us dopmyna nossonse ob'egHaTn iHpopMaLlito Bif BCixX
OaTynKiB 018 OTPUMaAHHS BiNblU TOYHOT OLLIHKW MiCLLENOTIOXKEHHS -MiTKM. B pamMkax
baneciBCcbKOro Nigxoay HeBiAOMI MapamMeTpu MoAesii po3rnsa4aloThCsa K BUNaOKOBi BEJINYMHN,
o MalTb NEBHMI po3nogin nMosipHocTen. Llen po3noain Binobpa)kae Halle No4aTKOBE
YSIBJIEHHSA NP0 MOXXJINBI 3HAYEHHS MapaMeTpIB i HA3MBAETBLCA a NMPIOPHUM po3noginom. Micna
OTPUMAHHA HOBUX AaHUX MW OHOBJIIOEMO Halle yAB/EHHS NPO 3HAaYeHHA MapaMeTpiB,
ob4ncnoYM anocTepiopHUn po3noain NMOBIPHOCTEN 3a 4ONOMOrow TeopemMin bawneca.
AnocTepiopHuni posnoain W (x|9) xapakTep13ye MMOBIPHICTb TOro, WO NapamMeTp & Ma€ 3Ha4YeHHs

, 3 YpaxXyBaHHSM OTPUMaHMX AaHUX. MaTeMaTuU4He 04iKyBaHHS LbOIro po3rofisly € TOYKOBOLO
OUiHKOI MapaMeTpa 5. TakuMm YnHoM, GaneciBCbKa OLiHKA € HE MPOCTO TOYKOBUM 3HAYEHHSM, a
MOBHWM PO3MOA4iINI0OM NMOBIPHOCTEN, LLO Bifobparka€ HEBU3HAYEHICTb LWOA0 OLiHIOBAHOMO
napameTpa. 18 BU3HA4YEHHSA MiCLLENONOXKEHHS -MiTOK BaneciBCbKUI NiaXin A03BOJISIE
o6'egHaTK iH(OpPMaLitO 3 Pi3HMX OXXepes, TakKNX SK MoKasaHHA AaT4YUKiB, a 3HaHH4 NMpo
MOXKJINBI MiCcUsi po3TallyBaHHSA MITOK Ta iHWI AONOMiXXHIi gaHi. Mpouec 6aneciBCbKOI OLIHKN B
LbOMY BUMaAKy BKJOYAE Taki eTanun: PopmMytoBaHHA Mogesni. CTBOPEHHS MaTeEMaTU4YHOI Moaeni,
AKa OMUCYE 3aJIEXKHICTb MiXK CrOoCTepeXyBaHUMN AaHUMKU (Hanpukaag, CMrHasaamm Big faTHnUKIB)
Ta HeBigoOMUMM NapamMeTpamMin (KoopamnmHaTamMun -MiTKIN). Bnbip a npiopHoro posnoginy.
Brn3HavyeHHA NO4aTKOBOro PO3MoAifly AMOBIpHOCTEN A1 HEBIAOMUX NapaMeTpiB Ha OCHOBI
HasBHOI a iHpopMauii. Ob4YMcneHHs anocTepiopHOro po3noainy. 3acToCyBaHHSA TEOPEMU
baneca 0nsa oHOBJIEHHS a NPIOPHOro Po3nNoaiay 3 ypaxyBaHHAM HOBUX AaHuX. OTpMMaHHSA
ouiHKK. OBbYyncneHHa MaTeEMaTUYHOr0 O4YiKyBaHHSA anOCTEPIOPHOro po3mnoainy Ana oTpuMaHHS
TOYKOBOI OLIHKK KoopAUHaT -MiTkWN. NepeBarun bareciBcbkoro niaxony: MNy4KicThb:
MOXJIMBICTb BUKOPUCTAHHSA Pi3HOMaHITHUX TUMIB @ NPIOPHUX PO3MOAiNIB Ta Moaenen.
IHTYITUBHICTb: Bal€eCiBCbKNI NiaXig Ma€ NPUPOAHY iIHTEpNpeTaLuilo B TepMiHaX OHOBNEHHS
BipyBaHb. MoXxnmBicTb 06'eqHaHHSA pi3HUX axxepesn iHdpopMauii. OuiHKa HEBM3HAYeHOCTI:
anocTepiopHUI po3noain A03BOSE OLIiHUTN HEBM3HAYEHICTb B OUiHLiI NapaMeTpiB. baneciBCbKkunin
niaxiga € NOTY>XXHUM iHCTPYMEHTOM A1 BU3HAYEHHS MiCLLEeNnosI0KEHHS -MiTOK, OCKiflbKW BiH
003BOJISE BPax0OBYBaTW HEBM3HAYEHICTb B AAaHWUX Ta BUKOPUCTOBYBATM a iHpopMaUito.
3acTocyBaHHA BaleciBCbKOro nigxoay A03BOJISE OTPMMaTK Binbl TOYHI Ta HaZiNHI OLIHKK
KoopawuHaT -MiTOK. 3.

@ O6Hapy»xeH Mnarunat: 1,15% https://ela.kpi.ua/bitstream/12345678... + 2 pecypcos! id: 29

2.3. ®inbTp KanmaHa Ons onucy pyxy 06'ekTa B AUCKPETHUIA MOMEHT Yacy Kk BUKOPUCTOBYETLCS
NiHiNHa Mogenb cTaHy: u(k) (K, 1)u(k [11) (k)1() (3.6) u(k) - BekTOp cTaHy 06'ekTa B
MOMEHT Yacy < (Hanpuknapg, KoopAMHaTy, WBUAKICTL); LU(l -1) - BEKTOp CTaHy B nonepenHin
MOMEHT 4Yacy (i, k-1) - MaTpuusa nepexoay CTaHy, L0 ONMUCYE €BOJIIOLLIID CTaHy CUCTEMN 3
rnornepenHbLOro MOMeHTY 4Yacy; G(k) - maTpuus, Wo noB'A3ye Wym npouecy v (k) 3i ctTaHoM
cuctemu; [[(<) - BEKTOP MPOLLECOBOrO LWWYMY, SKUN BPaxXOBYE HEBU3HAYEHOCTI B Mogesli pyxy.
PiBHSIHHSA, IKe ONUCY€E NMpoLec BU3HAYEHHS MiCLLENO0I0XKEeHHS Lini, Mae Burnag ul (k)
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(k)u<) (k) (3.7) pe: Ul (<) - BeKTOp CNOCTEPEXEHHSA, AKMA MICTUTb NapaMeTpu LWini, AKi

BMMIplOIOTLCS; [ |(k ) - BEKTOP MOMUAKN BUMiIpIOBaHHA NapameTpiB uini (k) - matpuus

CNOCTEPEIKEHHS, LLIO MOB'A3YE CTaH CUCTEMU 3 BUMIpPIOBAHHAMU; 3a piBHAHHAMU (3.6), (3.7),

CMHTE30BaHO AUCKPETHUN QinbTp KanmaHa, aknin onncyeTbcsa Bupasamm [10,11]. ge u*(k),
(k) BEKTOpW NpOrHo3y i OLiHKM NapaMeTpiB Lijli B MOMEHT 4Yacy

N OuiHkKa cTaHy oTpMMaHa 3a gonomoroto ginbTpa KasMaHa, € ONTUMasibHOK B CEHCI MiHiMi3auil
cepenHbOKBaApaTU4YHOI Noxmnbku. KoBapiauinHa maTpuusa P*(k) xapakTepu3sye TOYHICTb OLIHKN.
Knio4oBnM napameTpom inbTpa KanMaHa € KoedilieHT nigcuneHHsa K(k), akmn BM3Havae,
HaCKiNIbKM CUIbHO HOBi BUMIiPIOBAHHS BMJIMBATUMYTb Ha OHOBJIEHHSA OLHKWN CTaHy. BenndnHa K(k)
PO3PaxXOBYETLCHA PEKYPCUBHO Ha KOXKHOMY KpoLi inbTpaLil i 3aneXnTb Bif TOYHOCTI
rnonepenHbOol OLIHKM Ta PiBHA WYMIiB Yy BUMiptoBaHHAX. Oe P*(k) -

@ O6Hapy»xeH MnaruaT: 0,33% https://ela.kpi.ua/bitstream/12345678... + 2 pecypcos! id: 30
KopensuinHa MaTpuusa NOMUAKK MPOrHo3y | |u*(k) *(k) (k) P~ (k) — kopensuinHa
MaTpuULSA NOMUJIKU OLiHKN () (k) () MoyaTkoBa ymoBa Ma€ suraag U (0) (0),

(0) (0) CTpykTypHa cxema ¢inbTpa KasMaHa noka3aHa Ha puc. 3.3. Puc. 3.3. CTpyKTypHa
cxema inbTpy KanmaHa

Binnin rayciBcbkun wym w(k), 9Knn HeobxigHWUM ona hopMyBaHHSA BEKTOpa CTaHy cuctemm U(k),
NpeacCTaBNASETLCA Y BUMASA4i BUNaAKoBoro npouecy. nsa noro o6pobkn BUKOPUCTOBYETHCS
NiHINHMIA QiNbTpP i3 NapaMeTpamu, WO 3MIiHIOITbLCA 3a/1eXXHO Bif Yacy. POpMyBaHHSA
36yo)KyBasibHOr O WYyMY BiabyBaeTbLCHA Yepe3 NnepeTBOPEeHHS BeKTopa U(kk) Ta HakNagaHHS
fJopgaTkoBoro wymy v(k). Ona 3anycky ginbTpauii 3agatoTbCa no4aTKoBi 3HaveHHs u(0) i P(0). L
3Ha4vyeHHA 6a3yloTbCA Ha MOBHICTHO BigOMIiN Mo4YaTKOBIM iHpopMaLil Mpo cTaH cuctemMu. Y npoueci
poboTun hinbTpa KAKYOBY POSb BiAirpatoTh: KOpenauinHi maTpuui wymis 36ypxeHHa O(k);
MaTpuus G(k); nepexigHa maTpuus cuctemn F(k,k—1), ska BU3Ha4Ya€ NnapamMeTpun, HeobxigHi gns
dinbTpauii wymis. PopMyBaHHSA BUMIipIOBaJIbHOr0 BEKTOpPa (k) BinbyBa€eTbCA 32 AOMOMOrOIO
3aCTOCYBaHHSA LIMX MapaMeTpiB i BUKOPUCTAHHA KOPeNALiINHUX XapakKTePUCTUK WyMiB. QinbTp
KanMaHa € aganTUBHOK CUCTEMOIO, OCKiJIbKM NOr0 XapaKTEPUCTUKN 3MIHIOIOTbCS 3aJ1€XKHO Bif,
3MiH BXiAHUX f@HUX Ta NapaMeTpiB cMcTeMmn. 3aBAsaKn KoedilieHTy nigcuneHHs K(k) dinbTp
MO>Ke BiACTeXyBaTW 3MiHU B CTaHi cMCTeMK B peasibHOMY 4aci. [pouec OHOBAEHHS OLIHKK CTaHy
CKNlaJa€eTbCA 3 ABOX eTaniB: [IPOrHo3yBaHHA: Ha LLbOMY eTani 3[iNCHIOETbCS MPOrHO3 CTaHy
CUCTEMU Ha HaCTYMNHUI KPOK Ha OCHOBI NornepeaHbOoi OUiHKK Ta mogeni nepexony. OHOBNEHHS:
OTPUMaHe NPOrHO3He 3Ha4YeHHSA KOPUTYETLCA 3 ypaxyBaHHAM HOBUX BUMiptoBaHb. KoedilieHT
niacuneHHs K(k) BU3Hava€, HaCKiNbKMU CUNbHO KOPUTYETLCSA NPOrHO3. BennduHa KoediuieHTa
nigcnnerHHs K(k) 3anexuTb Big cNiBBiAHOLWEHHS MiXX iIHTEHCMBHICTIO MpoLEecoBoro wymy w(k) Ta
wyMmy BuUMiptoBaHb V(k). Mpu BUCOKOMY piBHI LWYMY BUMiptOBaHb QinbTp binblie gosipse moaeni
nepexoay i MeHLwe - HOBUM BUMIpPIOBaHHAM, LLO NPU3BOAUTL 00 3MeHLweHHa K(k). | HaBnaku, npu
BMCOKOMY PiBHI MpouecoBoro wymy qinbTp 6inble AoOBipsS€E HOBUM BUMIpIOBaHHAM i 36inbLuye
(k). Mpw BiaCcyTHOCTI NpoLecoBoro wyMmy abo Npu NOro 3HeBa>kK/IMBO Main iIHTEHCUBHOCTI
KoegiuieHT nigcmnneHHsa K(k) 3 Yyacom NpsaAMye 00 Hyn4. Lle o3Havae, wo QinbTp nepexoanTb y
peXXnM NPOrHO3yBaHHA, TOBTO BUKOPUCTOBYE NnNLLE MOAESb CUCTEMN A5 OLIHKW CTaHy, He
BPaxoBYIO4YM HOBI BUMIipOBaHHA. PinbTp KasiMaHa € 04HMM 3 HAaWMOLWMWPEHIWKX aropuTMmiB
OUIHKWN CTaHy AMHaMi4yHuUX cuctem. Cepelr NOro OCHOBHUX MepeBar MOXKHa BUAOINNTU HACTYMHi:
PekypcnBHICTb. PinbTp 064YNCNIOE OLIHKY CTaHy B peasisHOMY 4Yaci, BUKOPUCTOBYOYMN NnLLe
rnonepenHto OUiHKY Ta HOBe BUMIiploBaHHSA. Lle fo3Bonse epekTnBHO 06p0obnaTn NOTOKM AaHMX.
OnTMManbHICTb. 3a YMOBW, LLLO MOAENb CUCTEMU Ta CTAaTUCTUKIN LLYMIB BiOMi TOYHO, QiNbTP
KanmaHa 3abe3neyye MiHiManbHO cepeaHbOKBaApPaTUYHY NOXNOKY OLIHKW. JTiIHINHICTb OUiHKMW.
OuiHKa CcTaHy € niHinHOK KoMbiHaLUiel NnonepeaHbOoi OLIHKN Ta HOBOIO BMMIiPIOBAHHS, WO
CMpOLLYE aHaNi3 Ta peanisauito. MoXIMBICTb NonepenHbLOro po3paxyHKy KoedilieHTa
nigcunerHs. KoegiuieHT nigcuneHHs (k) moxe 6yTun obyncneHun 3asganerigb, SKLWoO
CTaTUCTUYHI XapaKTePUCTUKM LWYMiB BifOMi. He3Bar)kalo4m Ha CBOi nepesaru, ginbTp KanMaHa
Ma€ CYTTEBUN Henonik - po36iXKHICTb. PO36iXKHICTb BUHMKAE, KON PAaKTUYHI MOXUOKU OLLIHKK
CTalTb 3HA4YHO BinbwMKM 3a Ti, wWo nepenbavaroTbCa QiibTpPoM. MpnynHamm po3bi>KHOCTI
MOXYTb ByTW: HeagekBaTHICTb MoAesi: AKLWO MoAesb CUCTEMUN HETOYHO OMNUCYE peanbHUn
npoLec, To OUiIHKK hiNbTpa MOXYTb BiAXUAATUCS Bifl iICTUHHOIO 3HA4YeHHSA CTaHy. HeniHinHoCTi:
NiHeapu3auia HeNiHINHNX CUCTEM MOXKe NMPU3BOAUTWN A0 BTPATU TOYHOCTI OLHKU. 3MiHU
napaMeTpiB CUCTEMU: AKLLO NapaMeTpu CUCTEMU 3MIHIOIOTBLCA 3 YacoM, a PINbTP He
afanTYyETbCA OO0 LUMX 3MiH, TO MO>XKE BUHUKHYTU PO3BiXKHICTb. [TOMUAKN OKPYTrNEHHS: nNpn
unchposin peanizauii ifbTpa NOMUNKK OKPYTrA€HHA MOXKYTb HAaKOMUYyBaTUCS | MPU3BOANTU [0
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p036i>KHOCTI. AN 3MeHWeHHA pu3nky po3bi>xHOCTi inbTpa KanMaHa Mo)KHa 3aCTOCyBaTW TaKi
niogxogu: AganTueHi @inbTpn KanMmaHa. B Takmx inbTpax napamMeTpu MoAeni i KoBapialilnHi
MaTpuLi WyMiB afanTyloTbCa B Npoueci poboTun dinbTpa. PoswmnpeHnin pinbTp KanmaHa. Lien
QiNbTP BUKOPUCTOBYETHLCA OJ18 OLLIHKW CTaHy HENiHIMHNX CUCTEM LIASXOM JliHeapu3auii moageni B
KOXKHil To4Lui TpaekTopil. be3zanaxosun inbTp KanmaHa. Len inbTp TakoXX Npu3HavYeHnin ons
HeniHInHUX CNCTeM, afie BUKOPUCTOBYE iHWINIK Nigxin A0 niHeapu3sauii. YacTUHKN inbTp. Lien
MeTOo[ 3aCHOBaHMN Ha NpeacTaB/IeHHI Ppo3MoAiny NMOBIPHOCTEN CTaHy CYKYMHICTHO YaCTUHOK.
Bunbip KOHKpeTHOro MeToAy 3anexnTb Big ocobnmBocTen 3agavi Ta BUMOr 00 TOYHOCTI OLLiHKMN.
QinbTp KanMaHa € ePpeKTUBHUM iIHCTPYMEHTOM OJ19 OUiIHKW CTaHy AUHaMiYHMX cucTeM. OfHak,
0718 YCNilWHOro 3acToCcyBaHHA inbTpa HeobxigHO BpaxoByBaTn NOro obme)xeHHs Ta BubupaTtu
BiAMNOBIAHMI BapiaHT inbTpauii 3 ypaxyBaHHAM 0COBNMBOCTEN KOHKPETHOI 3adadi. Takum
YMHOM, aKTyaJIbHUM HayKOBMM 3aBOAHHAM €
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po3pobka anropnTMy BU3HAYEHHS MiCLIEMOJIOXKEHHS -MiTOK Ha OCHOBI -BMMIiplOBaHb,

akunn: byge afanTMBHUM 40 3MiH YMOB CepefoBuLLa Ta 3MOXKeE YTOYHIOBATU KOOPANHATU MIiTOK
Ha OCHOBI MOC/IAOBHO OTPUMaHUX BUMIiptoBaHb; Byae 3aCHOBaHMIM Ha MaTeMaTU4YHOMY anaparTi
GinbTpauii KanmaHa, Wo A03BOJIMTb BPpaxOBYBaTU HEBU3HAYEHICTb BUMIPIOBaHb; 3MOXe
rnpautoBaTV B yMOBaxX HEMOBHOWM iHoOpMaLii Npo NnapamMeTpu cnctemu. 3.

@) o6Hapysen Nnaruat: 0,27% https://ela.kpi.ua/bitstream/12345678... + 5 pecypcos! id: 32

3. AHani3 BNMBY KOHQirypaLii CEHCOPHOI MepeXXi Ha TOYHICTb BU3HAYEHHSA MiCLIeNO10XKEHHS

-MiTOK Ha OCHOBI -BUMiptoBaHb CNCTeMM NAaCcCUBHOT pafiosioKaLlil XapakTepusyTbCs
i30/1iHiAMK cepegHbOKBaapaTU4HOI moMunkn (CKB) BUMiptoBaHHSA OasIbHOCTI -MiTOK, AKi
OynyoTbCa Y KoopauHaTax x,v [14]. Oiarpama i3oniHin ona cepefHbOKBaApPaTUYHOI MOMUIIKUA
BMMIipIOBaHHSA pi3HULi BigCTaHen M

CTBOpPEHa A1 HOTUPbLOX MOLENEN CEHCOPHUX MEPEXX i3 Pi3HOI0 KiNbKICTIO faT4yuKiB, ane
0LHaKOBOIO KiNbKIiCTO -MiTOK, po3TalloBaHUX Ha CiTui 3 KPOKOM 1 M y KiMHaTi po3Mipom
10x10 M. 3MoaenbLoBaHi i301iHIT 06MeXXyloTb AiNAHKK, A& NOMUJIKa HE MePEBULLYE MEBHOIO
3Ha4yeHHs. Lle no03BONSE OLIHNTMY,

@ o6Hapysen Nnaruat: 0,57% https://ela.kpi.ua/bitstream/12345678... + 5 pecypcos! id: 33

Ha AKUX OinsgHKax NMoOMUIKK 3pOCTaloTb MoBisbHiWe abo weualie. MNepwa mogens (puc. 3.4)
MPeAcCTaBJISIE CEHCOPHY MEpeXy, L0 CKNAaAAETbCA 3 TPbOX AATYMKIB, PO3TALLOBaHUX Yy TOYKaX:
00 (-10; 10), A1 (10; 10)i A2 (0; -10). Lia KinbKicTb AATYUKIB € MiHIMaNIbHOO OJ19 BU3HAYEHHS
MiCLLENO0JI0XKEHHS -MiTOK Ta 019 PyHKLIOHYBaHHA NacMBHOI pafiosioKallii 3arasom. Puc.
3.4. KoHdirypauia ceHcopHol Mmepexi 3 3 gaT4ymkiB Ha puc. 3.5 ans -BMMIipPIOBaHb
CMOCTEPIraETbCH, WO cepefHbOKBagpaTniHa noMmuiaka (CKB) 3pocTa€e HanmMNoBisbHiWe B LLEHTPI
KiMHaTW, Tohi 9K 6ing OaTYUKiB BOHA O0CAra€ HanbinbLwmx 3Ha4yeHb. 3HavyeHHA CKB gns
BMU3HAYEHHS MiCLLEeNOJIOXKEHHS -MiTOK

3HaxXoAATbCA B Aiana3oHi 1.184 2.187m. Ansa KiMHaTU Takoro po3Mipy Le AOCUTb BesnKa
noxnbka. Tako»X MOMITHO, LLIO TOYHICTb BUMipOBaHb BULLA Y BEPXHIN YaCTUHI pUCYHKa, L0
MOSICHIDETLCHA 0COBNMBOCTAMU BU3HAYEHHS BiACTaHen 3a JONOMOro0

@) o6Hapysen Nnaruat: 0,38% https://ela.kpi.ua/bitstream/12345678... + 3 pecypcos! id: 34

-BMMiptoBaHb. Puc. 3.5. -BUMiptoBaHHS IHLLIA KOHQIrypaLis ceHCOpHOI Mepexxi 306pakeHa
Ha puc. 3.6. Mepexxa CK/Iafa€ETbCA 3 YHOTUPLOX AATYMKIB, PO3TaLLOBAHUX Y KyTax KiMmHaTu: 00 (-
10; 10), ,1(10; 10), O2 (10; -10), A3 (-10; -10). Puc. 3.6. KoHdirypalisa ceHCOpHOI Mepexi 3 4-
OoX gaTyukiB Ons -BMMIipIOBaHb, MOKa3aHMWX Ha puc. 3.7, cepefHE KBagpaTU4HE BiAXUIEHHS
(CKB) moMUAKM BU3HAYEHHS MiCLLEMOJIOXKEHHS -MiTOK

CTaHOBUTb Yy Mexax 0.97 1.3m. Puc. 3.7. - BUMipIOBaHHSA Y NOPIBHSAHHI 3 KOHQIrypaui€to 3
TpbOMa AaTymMKaMu, us

@) o6Hapysen Mnaruat: 0,76% https://ela.kpi.ua/bitstream/12345678... + 4 pecypcos! id: 35

Mae€ 6inbL piBHOMiIpHUA po3nogin CKB NnoMUAKKM BUMipIOBaHb, MPU LibOMY TOYHICTb B LIEHTPI
KiMHaTW BMLLA | OXOMJO€E Binbluy NIOLLy, @ N0 KpasX KiMHAaTW TOYHICTb 3MeHLWYEeTbCA. OaHaK
TaKa KiJIbKiCTb AaT4YMKIiB BCE L e He BiAMoBiAa€e BUMOram. TpeTs MoAeib Mepexi, aka
[OCNiIOXKYETbLCA, NpeacTaBneHa Ha puyc. 3.8. BoHa cknafa€eTbCca 3 BOCbMU AATYUKIB 3
koopgunHaTtamu: A0 (-10; 10), A1 (0; 10), A2 (10; 10), A3 (10; 0), A4 (10; -10), A5 (0; -10), A6 (-
10; -10), O7 (-10; 0). Pnc.3.8. KoHdirypauia ceHCcopHOi Mepexi 3 8-Mn gaTymkis Ons -
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BUMIiplOBaHb, NpeacTaBieHux Ha puc. 3.9, CKB NOMUIKM BU3HAYEHHS MiCLLENOI0XKEHHS -
MiTOK 3HaxoaAuTbCHA B Mmexkax 0,46 0,66 M. Lia KoHdirypauis 3abesnedye piBHOMipHWIA
po3noain CKB NOMUIKN BU3HAYEHHS MICLLENO/IOXKEHHS -MiTOK,

npuyomMy nJouwa 3 piBHOMIPHUMKU 3HAYEHHSAMUN 3HAYHO Binblua NMOpPiBHAHO 3 KOHAIrypauieto 3
yoTMpMa fgaTynkamum. OgHaK Ha Kpasax KiMHaTW NOMWUJIKa He CYTTEBO BiAPI3HAETLCA Bi4 NMOMUIKKN
B LEHTpIi. 3'aBUANCA AiNAHKW, Oe TOYHICTb Ha 10-12 cM BULLA, HiXK Y LUEeHTpIi KiMHaTuh. Puc. 3.9.

- BUMiptoBaHHA OcTaHHSA Modensb, wo byna gocnigxeHa, 30bpa)keHa Ha puc. 3.10. L4
MepexKa CKNafaEeTbCA 3 ABaHAAUATM AAaTUYMKIB 3 TAKUMK

@ o6Hapysen Nnarnat: 1,26% https://ela.kpi.ua/bitstream/12345678... + 4 pecypcos! id: 36

koopauHaTamu: 00 (-10; 10), A1 (-3; 10), A2 (3; 10), A3 (10; 10), A4 (10; 3), A5 (10; -3), 06
(10; -10), O7 (3; -10), O8 (-3; -10), A9 (-10; -10), 410 (-10; -3), 411 (-10; 3). Puc. 3.10.
KoHoirypauisa ceHCcopHOI Mepexi 3 12-Tn gatyukis g -BUMiptOBaHb, 306pa)xeHnxX Ha puc.
3.11, CKB NOMUAKN BU3HAYEHHSA MiCLLEMNOJIOXKEHHS -MiTOK 3HaxoAounTbCA B Mexxax 0,42

0,60 M. Lla KoHpirypauis mae noaibHunn posnoain CKB noMnnku BU3Ha4YeHHs
MiCLLEMOJIOXKEHHS -MiTOK 00 po3noginy A9 Mepexi 3 BOCbMMW AaT4MKIiB, OAHAK B LLEHTPI
KiMHaTn yTBOPUBCA OCTPIBOK, Ae CKB NOMUIKN BULLMN, HiXK Ha NOro Kpasx. TakoX € OiNIAHKN 3
MiHiManbHMM 3Ha4YeHHAM CKB nomunku. Puc. 3.11. - BUMiptoBaHHs Ha puc. 3.12 noka3aHo
3anexHicTb CKB noMUAku BU3HAYEHHS MiCLLENOJI0XKEHHS Bif, KiIbKOCTI OaT4YUKIB, SKa
nobynoBaHa Ha OCHOBI AaHUX, OTPUMaHUX Yy LLeHTPi KiMHaTu. Puc. 3.12. 3anexHicTb 3MiHU CKB
MOMWJIKW BiJ, Ki/IbKOCTi A4@THYMKIB 3 LbOr0 pUCYHKa BUAHO, WO 36iNbLIEeHHS KiIbKOCTi AaT4nKiB
He NMPM3BOAUTb A0 3HAYHOro 3MeHweHHS CKB NOMUAKN BU3HAYEHHS MiCLLEMOJIOXKEHHS.
KoHoirypauisa 3 BoCbMU gaT4yuKiB 3abe3nevye Hanbinbw piBHOMipHMI po3noain CKB noMunkun
ANS faHMX YMOB. TOX MOXXeMO 3pobuTin Taki BUCHOBKIN: Cepen YCixX po3rnsgHyTUX KOHirypauin
HalnKpawioto € Tonosioria BCM 3 BocbMun faTymKiB. Taka KoHirypauis

rapaHTYy€E BNUCOKY TOYHICTb MOPIBHAHO 3 MEHLLOI KiJIbKIiCTIO AAaTYMKIB i € EKOHOMIYHO BUTi4HOIO,
OCKIiNIbKN 3pOCTaHHA KiNbKOCTI AaT4uMKiB 36inbLye BapTiCTb cncteMmun. MoaentoBaHHA nokasaso,
WO AodaBaHHSA BinbWOl KiNIbKOCTi AaT4YMKIB HE NPU3BOANTb A0 3HAYHOIO 3HMXKEHHS
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CKB NOMUIKN OLLiIHKK MicLLlenosioXKeHHS. 3.4. Po3pobka anropmtMy BU3HAYEHHS
MiCLLeN0JI0XKEHHS -MiTOK Ha nonepefHix eTtanax poboTu 6yno geTanbHO PO3rnsgaHyTO
MeTOoAM BU3HAYEHHS BiACTaHI Mix -MiTKaMn Ta faT4YMKaMn 3a PiBHEM OTPUMAHOro CUrHany

( ), @ TaKOXX MeToan ob4YncaeHHs KOOpAMHAT MITOK Ha OCHOBI LIMX BigcTaHen. Byno Takoxx
nMpoBeAeHO aHasli3 HeobXigHOT KiNIbKOCTI AaT4YuKIiB AN

3abe3neyeHHs AOCTaTHbLOI TOYHOCTI JloKasi3auii. 3 MeTo MiABULLLEHHSA TOYHOCTI BU3HAYEHHS
KoopAuHaT -MiTOK Y AMHaMi4YHMX YMOBaX, NPOMNOHYETHCA BUKOPUCTOBYBATWN aJirOPUTM,
3acHOBaHWNM Ha inbTpauii KanmaHa. Lein meTon O03BOJISE PEKYPCMBHO YTOYHIOBATU OLLIHKY
CTaHy cunctemu (B g4aHOMy BUNadKy, KOOPpAUHAT MiTKW) Ha OCHOBI MOCJTiAOBHO OTPUMaHUX
BMUMiptOBaHb, BPAXOBYIOUYM NMPU LIbOMY HEBM3HAYEHICTb K CaMUX BUMIipPIOBaHb, TaK i Moaeni
cuctemn. 3.4.1. Po3pobka anropntmMmy OCKiNlbKM MU PO3rISSAAEMO CTAaTUYHI -MiTKWN, BEKTOP
CTaHy CUCTEeMM B MOMEHT 4acy kK 3BOANTbLCHA A0 BEKTOpa KoopAuHAT MiTku: ul=ul-1, (3.8) ge: ul=
(<!, vl )T- BEKTOp CTaHy cucTeMn B MOMeHT Yacy 1; x|, v! - BiANOBIAHO x- Ta Y-KOOPAUHATHN -
MiTKW. BUMIipOBaHHSA pPiBHA CUTHaNy Bif -MiTKMN OaT4YMKaMM OMNCYETLCA HENIHINHNM
PIBHAHHAM CNOCTEPEXXEHHS, 3 YpaxyBaHHAM (3.9) MOXXHa NpeacTaBUTU Y BUAI (ul) ,
(3.9) me h! (ul') - HeniHINHa YyHKLIA, SKa onncyeTbCca Bupa3om (3.10) Ons 3acTocyBaHHA
dinbTpa KanmaHa, SKUN € NiHiNHUM QinbTPoM, HeObXiAHO NiHeapu3yBaTW HeNiHIMHE PIBHAHHSA
CnocTepekeHHs. Lle Mo)KHa 3pobunTum 3a 4ONOMOroto po3knaay B psag Tennopa B OKoNi
rnornepeaHbOi OLUiHKM CTaHy. AITOPUTM BM3HAYEHHS MiCLEN0JI0)KEHHS MiTOK OMUCYETbLCA

piBHAHHAMK [15]: ne U |- ouiHKa BeKTOpyY CTaHy Ul Ha |-My Kpoui - KopensauinHa MmaTpuus
MOMUIIKN OLLIHKN BEKTOPY CTaHy - KoeiUieHT nigcuneHHs ginbTpa; ONs KopekTHoI poboTun
dinbTpa HeobxifAHO 3a4aTN NOYaTKOBI 3Ha4YeHHS i MoYaTKOBI KOoOpAUHATH -MiToK x~0,vy"0

BW3HA4YalOTbCA METOAOM HaMMeHLKnX KBagpaTiB. Llen nigxia notpebye MiHiManbHOI KilbKOCTI
BUMIipIOBaHb MOTY>XXHOCTi CUIHaiB Big AaT4YUKIB, WO CTAHOBUTb TPpU. PO3paxyHOK OMUCYETLCS
piBHAHHAM: W =0.5( )—1 , (3.11)

@) o6Hapysen Nnaruat: 0,12% https://ela.kpi.ua/bitstream/12345678... + 2 pecypcos! id: 38
KopensuiiHa MaTpuLsa NOMUSIKU OLLIHKN BEKTOPY () BU3HAYaEeTbcA [15] 3a gonomoroto BmMpasy:
(3.12) pe ||| - MaTpuLsa BU3HAYaAETLCA 3a hOPMYJIOH

- ANCNepCis BUMipPIOBaHHSA AaNbHOCTI |-M gaT4MKOM. [1na BU3HAYEHHS AUCNEpPCin BUMipIOBaHb
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BiACTaHEN MOXKHa BUKOPUCTOBYBATU eMNipuyHi AaHi abo TeopeTunyHi mogeni. OCKiNbKM CNOYaTKy
MW MA€EMO OLLIHKY KOOPAWHAT MiTKMN B TPUBUMIPHOMY MPOCTOPIi (BK/IIOYaK4YM BUCOTY), @ BEKTOP
CTaHy inbTpa KanMaHa MiCTUTb nnwe ABi KoopanHaTuy (x, V), TO 418 OTPMMaHHS N0YaTKOBOI
KoBapiauinHoi maTpuui P~ (0) HeobxigHO BUKpPeCIUTU TPeTIN paaoK Ta TPeTin CToBMNeLb MaTpuLi,
AKa 064YNCNIOETHCA 38 METOA0M HaMMeHLLNX KBaApaTiB.

@) o6Hapysen Nnaruat: 0,22% https://ela.kpi.ua/bitstream/12345678... + 2 pecypcos! id: 39

Micna BCTaHOBNEHHSA MOYAaTKOBUX 3HAYEHb A1 MOJIOXKEHHS -MiTKM Ta KOBapiaLinHoi
MaTpuLi, po3pobaeHnin anropuT™M A03BOJISE YTOYHIOBATU MiCLLENOJIOXKEHHS MiTKU Mpu
MocC/lifOBHOMY OTPUMaHHI BUMipOBaHb MOTYXXHOCTI Bifl YCiX AaT4YMKiB CEHCOpPHOI MepexXi ().
3.4.2. AHani3 eheKTUBHOCTI po3pobneHoro anropntmy Ons

OLHKN eheKTUBHOCTI 3aNpPONOHOBAHOI0 aJirOPUTMY Ta MOPIBHAHHSA NOr0 3 iICHYYMMNK
MeTodaMu, onncaHnMm B nitepaTtypi [17, 18], 6yno npoBeaeHo aeTasibHe CTaTUCTUYHE
MOAENOBaHHA. Y paMKax MOAeNOBaHHA 34iINCHIOBANMNCA po3paxyHKNU KOOpAnNHaAT -MIiTOK 3a
A0MNoMOrol MeToay HanMmeHwmnx keagpaTie (MHK) ons Bu3HayeHHS no4aTKoOBMX YMOB poboTun
dinbTpa KanmaHa. Ong 3abe3sneyeHHs HaAINMHOCTI pe3ynbTaTiB, iHiUiani3auia ginbTpa
34iNCHIOBANIacs Ha OCHOBI BUMipIOBaHb Bifl TPbOX AaT4uMKiB. ONTUMaNbHUM 419 MPOBeLEeHHS
ekcrnepuMeHTiB 6y0 BU3Ha4YeHO po3TallyBaHHSA BOCbMUW OaTYMKiIB PiIBHOMIPHO MO NeEpUMeTpPY

MPUMILLLEHHA padiycoM 7 MeTpiB. -MiTKW PO3MilllyBaninCsa B LEHTPi LUbOro Kona. Ans ouiHku
TOYHOCTI anropnTmy ob4uncaioBanmcs
@ O6Hapy>xxeH Mnarunat: 0,16% https://ela.kpi.ua/bitstream/12345678... + 3 pecypcos! id: 40

cepefHbOKBaApPaTUYHI BiAXWUIEHHS MOMUIKN BU3SHAYEHHS KOOPAUHAT MIiTOK. PesynbTaTn
MOJEe0BaHHA HaBeaeHo Ha pUCyHKy 3.13. Puc. 3.13. Kpyrosi CKB NOMUAKN OLLIHKK
MiCLLEMOJIOXKEHHS -MiTOK 15 OLiHKMK

TOYHOCTIi po3pobsieHOro anropnTMy Ta NOPIBHAHHS MOro 3 iCHYO4YUMK MeTodaMu 6yno
rnposegeHe MoaentoBaHHA MeTogoM MoHTe-Kapno. bysio po3paxoBaHo cepeaHbOKBagpaTU4He
BiaxmnneHHsa (CKB) hakTU4YHOI MOMUJIKU OLIHKN KOOPpAMHAT -MiTOK, IKe XapaKTepun3ye
TOYHICTb BM3HAYEeHHS iX NONOXKEHHS. [ToYaTKOBI 3Ha4YeHHs an4 dinbTpa KanmaHa BM3HavYanucs
Ha OCHOBI BUMiplOBaHb Bif TPbOX AATYMKIB 3a A4OMNOMOro MeToay HanMmeHwmnx keagpaTie (MHK).
KopensuinHa MmaTpuus noxmbkun oLiHKKM NapaMeTpiB BEKTOpy CTaHy PO, po3paxoBaHa 3a
dopmynoto (3.10), BukopucToByBanacsa onsa nobynosm teopeTnyHoi kpusoi CKB MHK (kpuBa 1 Ha
puc. 3.13). ®akTndHe CKB, oTpMaHe B pe3yfbTaTi MOAeSIIoBaHHS, NpeacTaBAeHO KPUBOIO 2.
Pe3synbTaTn mogentoBaHHA Noka3anaun, wo paktuiyHe CKB 3HaxoanTbhCs B Mexax Big 2 Ao 8.4
MeTpiB. Lle cBig4nTb Npo Te, WO TOYHICTb BU3HAYEHHS KOOPAMHAT MITOK 3a AOMOMOroto
po3p0ob6s1eHOro anropnTMy 3aNeXXNUTb Bif Pi3HUX AKTOPIB, TaKUX K LUYM BUMIiPIOBaHb,
reoMeTpia po3TallyBaHHSA AaTYUKIB Ta iHWI. [Na nopiBHAHHA 6y0 pO3rasHYTO BiOMUA MeTOA,
3acHoBaHMN Ha MHK, Ak BUKOPUCTOBYE BCi BUMIpIOBaHHSA BifL BOCbMWU AaT4YUKIiB 4N1A
obumncneHHs koopauHaT MiTKK (KpuBa 5 Ha puc. 3.13). Pe3ynbTaTu nokasanm, wo CKB ansa yboro
MeToAy 3HaxoOuUTbCa B Mexax Bif 1.8 o 2.2 meTpiB. MNMopiBHAHHA KpnBuX 4 i 5 Ha pncyHky 3.13
OEMOHCTPYE, Lo po3pobaeHnin anropuTM, 3aCHOBaHUN Ha QinbTpi KanmaHa, 3abe3nevye 6inbL
BUCOKY TOYHICTb BU3HA4YeHHA KoopauHaT -MiTOK, 0c06/11MBO Npu 36iNbLUEHHI KiIbKOCTI
iTepauin ginbTpa. Lle NoACHIOETLCA TUM, WO GinbTp KanMaHa 34aTHUM afanTyBaTUCs 40 3MiH
YMOB i YTOYHIOBATM OLLIHKY CTaHy Ha OCHOBI MOC/iIAOBHO OTPUMaHUX BUMiptoBaHb. [MpoBedeHi
DOCNio>KeHHs NoKa3anu, Wwo po3pobneHnin anropuTMm, 3acHoBaHUM Ha QinbTpi KanmaHa, €
e(PeKTUBHUM IHCTPYMEHTOM A1 BU3HAYEHHSA MiCLLENO0SI0OKEHHS -MiTOK. BiH 3abe3neuvye
6iNblW BMCOKY TOYHICTb MOPIBHAHO 3 TPAAULINHUMN MeTo4aMu, 3aCHOoBaHMMM Ha MHK. OgHak,
018 NoAanblIoro NiagBULLEHHS TOYHOCTI HeObXiAHO NPOBECTV A0AATKOBI AOCNIAXKEHHS,
CMpsIMOBaHi Ha oNTUMiI3aUilo NapameTpiB iNbTpa Ta BpaxyBaHHA 0COb6IMBOCTEN KOHKPETHUX
3acToCyBaHb. Po3pobaeHnin anropuTmM Ma€ TEOPETUYHY MeXY TOYHOCTI, BU3HAUYEHY rpaHuULED
Pao-Kpamepa (KpuBa 6). Lle o3Ha4vaE€, Wo AOCArTM TOYHOCTI, HMXKYOI 3a L0 MeXY, HEMOXKJIMBO 3a
OaHNX YMOB. Pe3ynbTaTu MOAestloBaHHA AEMOHCTPYIOTh, WO Hall aropuTM HabnmxaeTbCca o0
L€l MeXKi, Lo CBigYNTb NMPO NOro BUCOKY ePeKTUBHICTL. MNMOpiBHAHHSA 3 BigoMum meTonom [16,17]
MOKa3yeE, WO B AEeSKUX BUMaAKaxX Hall anropuTm 3abesnevyye NnokpalleHHA TOYHOCTI Ha 56-48%,
a B iHWKNX BUNagKax pe3ysbTaTn € NOPiBHAHHUMKU. O4HaK, Yepes aesky po3biKHICTb y poboTi
dinbTpa KanMaHa, anropMTM MOXXe CTaBaTu MEHLU YyT/IMBUM A0 HOBUX BUMIpPIOBaHb, LLO
MPM3BOOUNTb 00 HE3HAYHOro NOripLWeHHS TOYHOCTI B OKpEMUX BUNagkax. B cepegHbomy, Hal
aNropuTM OEMOHCTPYE NOKpPALWLEHHA TOYHOCTI Ha 32-36%. [nsa 6inbl getanbHOro aHanisy 6yno
npoBegeHO MOAENOBaHHSA B ChepnyHUX KoopanHaTax. PesynbTtaTun, NnpeacrtaBieHi Ha pucyHKax
3.14 Ta 3.15, noka3yloTb 3a7eXHiCTb pakTn4Horo CKB noMunKkun ouiHku KoopanHaTt X (KpuBa 1)
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Ta Y (KpmBa 2) K 41 NO4aTKOBUX YMOB, Tak i Ana po3pobneHoro anropntmy. Puc. 3.14.
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Kpyrose CKB NOMWUIKN OLLIHKM MiCLLEMOJI0XKEHHS -MIiTOK AJ19 NO4aTKOBMX YMOB. Puc. 3.15.
KpyroBe CKB NOMWUAKN OLIHKW MiCLLEMOJ/IOXKEHHS -MiTOK po3pobneHoro anropntmy. Ha puc
3.16 Noka3aHO eheKTUBHICTb ajirOPUTMY MiCaa NOCAiIfOBHOM0 YTOYHEHHS OLLIHKYK
MiCLLeno0XXEeHHS -MiTOK. Puc. 3.16. 3miHa CKB NOMWUIKN OLLIHKW MiCLLeNno0XKEHHS -

MiTOK MpX NOC/iAOBHOMY HaAX0AXXEHHI AaHnX Big gaTyukieB BCM Ak BUAHO 3

pUCYHKa, 3anNpONoHOBaHWN anropnTM Nicna o6bpobku BCiX AaHMX Bif AaT4YMKIiB 0O3BOMMB 3HU3NTH
cepegHbokBagpaTuyHe BigxmnneHHs (CKB) NOMUAKM BU3HAYEHHS KoopAMHAT -MiTOK y 2,23
pas3n NOpiBHAHO 3 NOYATKOBMMM OLiIHKaMW. Takoro CyTTEBOIO NOKpaLLeHHs BAAN0CA AOCATTH
3aBASKM BpaxXxyBaHHIO MaTpuLi KoBapiaLii noxmbok BuMiptoBaHb BigCTaHEN, WO A03B0AK0 BinbLu
TOYHO OLLIHUTN HEBU3HAYEHICTb AaHUX. NOPiIBHAHHSA 3 METOAOM HaWMEHLLIWX KBaapaTiB
DEeMOHCTPYE nepesary 3anpornoHOBaHOro NiaxoAy, oCKiNbku QPinbTp KanMaHa 34aTHUN
BpaxoByBaTW AUCNEPCi0 MOMUIKMN OLIHKW. TTpn BUKOHaHHI MpUNyLWeHHS Npo rayCccoBun Ta
AOVTUBHUN XapaKTep NOMWUJIKN, LLO MNiATBEPAXKYETbCA HalLMMN po3paxyHKaMum, 3aCTOCYyBaHHS
dinbTpa KanmMaHa 003BOJISE [OCATTM pe3ybTaTiB, 6IM3bKNX 00 TEOPETUYHOI MeXi. 3.
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4.3. AHani3 MOXXIMBOCTEN NPaKTUYHOI peani3aLii po3pobneHoro anropntMy Oas OLiHKK
ehEeKTUBHOCTI po3p0baeHOro aaropuTMy HeobXigHO He nnLle NpoaHanilyBaTu TOYHICTb
BU3HAYEHHSA MiCLLEMONOXKEHHS -MiTOK,

anie N OUiHNTK NOro ob4mncBanbHy CKAAAHICTb. AO)Ke aJilfOPUTM NMOBUHEH HE TiNlbKN
3abe3nevyyBaTn BUCOKY TOYHICTb, ajie 1 NpauBaTn ePeKTUBHO Ha 0b64nCIOBasibHUX pecypcax. Y
Tabnuui 3.1 npeacTaBNeHWN AeTaNbHUIA aHani3 064nCNOBasbHUX BUTPAT aJropnutmMy Ang
BMMaOKy, KON ogHa -MiTKa CKaHYETbCHA BiCbMOMa AaT4ynkaMu. Takuin aHani3 4O3BOJISE
OLiHNTWN BUMOIN aNropuTMy A0 064nCNioBafibHUX PecypcCiB Ta BU3SHAYUTU NOTEHLUINHI WAsaxu
noro ontumisauii. Tabanuysa 3.
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1 AHani3 KiNbKOCTI onepauin BennvunHa, aka 064ncnioeTbca Yucno onepawin MHOXXeHHS Yncno

onepauin gineHHs Yucno onepauin pogaBaHHa 1 2 3 4 2 (N 1) 0 (N [11)

(N2 )L 0 (200 2111) ( 1) 2.0 ( 1) 11/ |. Bcboro onepauin ans BCix

rimoTes Ha oauH TakT |\ 2 (N2 ) 2 (3N 2 [[12N ) ( 1) ( 1)
(20 2111) ( 1)1 (41 2 1). Bcboro onepalin oasa BCix rimotes Ha oguH

TakT npu L.=8, =3

264 24 272 MNpoBeneHUin aHaniz 064McnoBaNbHOI CKNagHOCTI anropuTMy, pe3ynbTaTh SKOro
HaBefeHo B Tabnuui 3.1, [O3BONSAE OLIHUTM NOro PEeCYPCOEMHICTb. BaXK/IMBO 3a3Ha4ynTu, WO
npencTaBseHi B Tabnuui gaHi CToCyloTbCA KLLE NOYaTKOBOI iHiLianisauii cuctemu. Mpwu
nodanbllin poboTi anropntMy, 3aBASKN NOF0 PEKYPCUBHOMY XapaKTepy, 0b64ncioBanbHi
BUTPaTU 3HAYHO 3HU3ATHLCS, OCKINIbKM BiNbLUICTE NPOMIXKHMX pe3yfibTaTiB MOXYTb ByTun
MOBTOPHO BUKOPUCTaHI. [Nna edheKTUBHOI peanisauii po3pobneHoro anroputmy HeobxigHo
obpaTu BignoBiaHy ob4yucnioBanbHy NnaTdopMy. 3Ba)Kaymn Ha BUMOrM peasbHOro Yyacy Ao
06pobKM faHMX B cncteMax , ONTUMaNbHUM PILLEHHAM € BUKOPUCTAHHS LNDPOBUX
CUIrHaNbHUX npoLecopis ( ). creuianisytoTbcs Ha 06pobui cnrHanie i 4aHMX B peasibHOMY
yaci Ta 3ab6e3neyvyioTb BUCOKY NPOAYKTUBHICTb NPY BUKOHAHHI TaKMX onepaLin 9K MHOXEHHS i
0OMaBaHHSA, SKi € OCHOBHMMW AnA peanisauii anropntmy. Cepen cyyHacHUX
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ans o6bpobku Yncen 3 nNaaBarvol0 TOYKOIO BapTO BiA3HAYNTU MOLENT KOMMAHIN

[18] Ta [19]. Ansa npakTunYHOI peanisauii

3arnpornoHOBaHOro aJiroOpPUTMy Moxke 6yTu BUKOPUCTAHUIM CUTHaIbHUIN NMPoLecop 320C6747.

Llen npouecop Ma€e BUCOKY TakKTOBY YacToTy 456 Ml i 3abe3neyvye BUKOHaHHS onepalin
[00aBaHHS Ta MHOXEHHS 3 MOoABINHOI TOYHICTIO 33 14 TakTiB. 3a ouiHKaMun, 018 BUKOHAHHS
OLHI€l iTepauii peKypCcnBHoro
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aJIrOpUTMY BU3HAYEHHS MiCLLENOJI0OXKEHHS -MiTKW Ha OCHOBI -BUMiploBaHb HeobXxigHO
6113bK0o 16.478 MKC. BucHOBKK A0 po3ainy MNpoaHanisyBaBLUW iCHYOYI MeToOn BU3HAYEHHS
MiCLLeN0JI0XKEHHS -MiTOK Ha OCHOBi BUMIiplOBaHb PiBHA cUrHany ( ), MOXKHa 3pobuTn Taki
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BMCHOBKM: HegoCTaTHA TOYHICTb NPU BEIUKIN KiNbKOCTI AaTuyuMKiB. ICHYOYi MeToOn He 3aBXXaun
BPaXOBYIOTb 3pOCTaHHS AMCAEPCiT MOMUAOK BUMIiptOBaHb NMpu 36iNbLUEHHI KilbKOCTi OaT4YuKiB.
Lle npn3BOONTb 00 3HUXXEHHSA TOYHOCTI BU3HAYEHHSA KOOPAUHAT -MiTOK. MoTpeba B
afanTUBHUX airopuTMax. Ons nigBULLEHHSA TOYHOCTI BU3HAYEHHSA MiCLIeMOJI0OXKEHHA HeobXiaHO
po3pobaaTN anropmTMun, AKi 34aTHIi afanTyBaTUCA A0 3MiH YMOB CepefoBuLLa Ta YTOYHIOBATU
KoopauHaTn -MiTOK Ha OCHOBI MOCNILOBHO OTPUMAaHUX BUMIipOBaHb. [MepCcneKTUBHICTb
3acTocyBaHHA dinbTpauii KanMaHa. @inbTp KasiMaHa € eheKTUBHUM iIHCTPYMEHTOM A1
PEKYPCUBHOI OLLiHKWN CTaHy AMHaMiYHMX cucTeM. loro MaTemMaTuU4HUil anapaT [03BOJIAE
pO3p0obATN aIFOPUTMU BU3HAYEHHS MiCLLEMOJIOXKEHHS -MiTOK,

AKi 34aTHi BpaxoByBaTW HEBU3HAYEHICTb BMMipIOBaHb Ta 3MiHM B yMOBax cepefosuila. Ons
BU3HAYeHHSA KOOpAUHaT -MiTOK Yy peanbHOMY Yaci 6yno po3pobsieHo aaropuTmMm, WO
6a3yeTbCs Ha MeTOAi KaJIMaHIiBCbKOI inbTpaduii. Llen meTon 403BOISIE NOCTINHO YTOYHIOBATM
OLiHKY KOOPOMHAT MiTOK 3 KOXXHUM HOBMM BUMIiPIOBaAHHAM CUIMHasy, WO MPUAMAETLCS
6e30poToBOD CeHCOpHOW Mepexeto (BCM). ina ouiHKKM TOYHOCTI po3pobsieHoro anropmtmy 6yso
npoBefeHe CTaTUCTUYHE MoOeNtoBaHHA. K KpuTepin To4HocTi 6yno obpaHo
cepenHbokBagpaTuyHe BigxuneHHa (CKB) noMunakn BU3Ha4YeHHA KoopauHaT. PesynbTaTu
MO esItoBaHHA MPOAEMOHCTPYBaN, WO 3anpornoHOBaHU aaropuTM 3abesnedye NoKpaLLeHHS
TOYHOCTI IoKanizauii -MiTOK Ha 32-36% MNOPIBHAHO 3 ICHYIOYMMM MeToAaMU. [ 5 OLiHKK
BUMOTr 10 064ncitoBasibHUX PecypciB anropnTMmy 6yao NnpoBeaeHo aHani3 noro o64ncoBasbHOI
CKNafHOCTI. Pe3ynbTaTu aHanidy nokasanum, Wo AJs BU3HAYEHHSA KOOPAMHAT OOHI€El -MiTKIN
3a AOMOMOroK BOCbMU JAaT4YMKIiB anropnutMy HeobxiaHo 6m3bko 16.478 MiKpOCeKyHA, Lo
003BOJISIE eheKTUBHO pealizyBaTu NOro Ha CydaCHUX Mikpornpolecopax. [poBeneHnin aHanis
OEMOHCTPYE, WO po3pobneHnit anroputMm Moxe ByTn epeKTMBHO peanizoBaHUM Ha CyHaCHUX

. BukopucTaHHs cneuianisoBaHMUX NpoLecopiB A03BOANTL 3abe3neuynt HeobxigHy
LWBWAKOAI Ta TOYHICTb 064uMcneHb. Mpn LbOMY, 3aBAAKN PEKYPCMBHOMY XapakKTepy ajiroputmy,
ob4yncnoBasnbHi BUTPATN MOXYTb 6yTK 3Ha4YHO 3HMXKeHI. BUICHOBKW B poboTi rpyHTYO4YMCH Ha
aHasi3i HOBITHIX TEXHONOTIN BUPOBHNLTBA MiIKPOCEHCOPHUX CUCTEM NPOBOAUIAChL po3pobka
HanNpPsAMKIiB BUKOPUCTaAHHSA MPUCTPOIB Yy TEXHOJIOrNiAX TOYHOro 3emnepobceTaa. MNpn LboMy
6yno npoBeneHo ornsg TEeXHOJI0rin Ta NpUHUUNK Nobynosm TOYHOro 3emnepobcTBa,
nMpoaHani3oBaHi MiKpOCEHCOPHI MepeXXeBi TEXHOJOTIT 4J19 MOHITOPMHIY BPOXKato i MiHiMi3au,ii
BNJINBY XiMi4HOI 06p0OKM POCAMH. PO3rnsHYyTO CKNaf CUCTEMUM pafio YaCTOTHOI igeHTudikauii Ta
di3nyHi npuHUuMnu poboTn cnctemm Ta 6a3oBi TEXHONOriT BUrOTOBJIEHHS -MiTOK. B
pe3ynbTaTi NnposBeaeHoi poboTn 6yno po3pobieHo HOBUI PEKYPCUBHUI aiFOPUTM, LLLO Ba3yeTbCs
Ha ginbTpauii KanmaHa. BigMiHHOIO pUCOIO0 LIbOro aNropuTMy € BpaxyBaHHS AnMCNepcCii MOMUIOK
BUMIiplOBaHb, LLO 403BOJINAO 3HAYHO NiABULWNTU TOYHICTb BU3HAYEHHA KOOPAUHAT -MiTOK.
Pe3ynbTaTun ekcrnepMMeHTaNbHUX OOCAIAXKEHb NOKa3asn, WO 3anNponoHOBaHNN afiropuTM
3abe3nevye NokpalleHHS TOYHOCTI Ha 32-36% MOpPIBHAHO 3 iICHYIOYMMUK MeTodaMun. Baxknmeum
acnekToM poboTm 6yNno BU3HAYEHHA ONTUManbHOI KOHIrypaLii 6e34p0TOBOI CEHCOPHOT MepexXi.
Hocnig>KeHHs nokKasasnaum, Lo BUKOPUCTaHHA BOCbMU aTyuMKiB 3abe3nedyye onTuMasibHe
CMiBBIAHOLIEHHSA MiXK TOYHICTIO BU3HAYEHHSA KOOPAMHAT Ta BapTIiCTo cucteMn. 36inbLieHHS
KiIbKOCTi JaT4YMKiB HE MPMU3BOANTbL 00 CYTTEBOrO NiABULLEHHSA TOYHOCTI. 15 OUiHKN
eheKTUBHOCTI po3pobneHoro asroputmMy 6yno NpoBedeHo aHani3 noro 064McaoBabHOI
CKJIafQHOCTI. Pe3ynbTaTu aHanidy nokasanum, Wo aJropmtm Mmoxxe 6yTn peanisoBaHunin B
peasibHOMY 4Yaci Ha Cy4aCHUX Mikponpouecopax. HaykoBa HOBM3Ha poboTun nonsrac B
HacTynHoMmy: Po3pobka HOBOIrO PEeKYPCMBHOI0 anropuTMy, L0 BPaxoBY€E AMCMEPCilo MOMUIIOK

BUMIiptOBaHb. MiABULLLEHHS TOYHOCTI BU3HAYEHHSA KoopanHaT -MiTOK. OnTUMI3auin
KOHQirypauii 6€34poToBOi CEHCOPHOI Mepexi.
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MpakTu4He 3HaAaYEeHHS oep)XXaHUX pe3ysbTaTiB: Po3pobsieHnIA anropuTM Ha OCHOBI -
BUMIiptOBaHb A03BOJISE 3MeHWNTU CKB NOMUAKN BU3HAYEHHS MICLLENOJIOXKEHHS -MiTKU B

MOPIBHAHHI 3 BioOMUMKN MeTodaMn Ha 32-36%. KoHgirypauis 3 BOCbMU faT4uKiB 3abe3nedye
HanbinbL piBHOMIpHUI BUA i30MiHIM KpyroBoro CKB NOMMAKN BU3HAYEHHS MiCLIEMOJIOXKEHHS B
rOPU30HTaNbHIN NNOLWNHI. PO3pobneHnin anropuTM BU3HAYEHHSA MiCLLEMON0XXEHHS HA OCHOBI

-BUMIiplOBaHHS He BMMara€ 3Ha4yHuUx ob4ncnioBasbHUX 3aTpaT i MoXxe ByTuK peanizoBaHUN Ha
CyYacHMX MikpornpoLecopax B MacLuTabi peanbHOro 4yacy.

TaknM YMHOM, pe3ynbTaTn NPOBEeLEeHOro A4OCNiAXKEHHS € BaroMnMM BHECKOM Y PO3BUTOK
TEexXHOJIorin nokanisauii -MiTOK Ta BiAKpPUBaOTb HOBi MepPCNeKTUBM s IX 3aCTOCYBaHHSA.
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