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ARTICLE INFO ABSTRACT

Received: 18 May 2018 The article «Oil Production in Absherony is devoted to the connection of chemical

Accepted: 28 June 2018 discoveries with the importance of oil production in Azerbaijan.

Published: 12 July 2018 In our time, as world practice shows, the development of technology leads to
the development of society. And for the development of technologies, scientific

KEYWORDS discoveries are needed, in this case in the field of chemistry. Oil Absheron
(Azerbaijan) has played a significant role in the world development of technology.

oil production, fractions, oil Information on the oil production of Azerbaijan was in the chronical of the IIT

refining, aromatic hydrocarbons,  century. BC. But only the discoveries in organic chemistry for hydrocarbons of oil

spin-labeled organic compounds,  of the 19th and 20th centuries have become a catalyst for the rapid development

naphthenic. of industry. The role of the chemists of Azerbaijan in this process was noted. The
first works, published in various journals, are marked, and the studies conducted
in different countries are shown in parallel. The stages of discoveries in various
countries of the world are shown, which forward the development of oil chemistry.
Oil chemistry is a perspective science and knowledge in this field allows us to
outline the directions of scientific research at the up-dated, actual stage.
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COKpOBUILHULIEH NPUPOAHOIO ChIPbS M AKTyaJIbHbIM TOIUIMBHO-IHEPIETHYECKUM PECYPCOM Ha
CEeTONHSANTHAH JIeHb ocTaeTcs He(pTh. CorTacHO MUPOBOI PAKTHUKE PA3BUTHIO OOIIIECTBA CIIOCOOCTBYET Pa3BUTHE
TEXHOJIOTHH, B KOTOPBIX OJTHO 3 ITEPBBIX MECT MPUHAUICKUT XUMUH HePTH. Takum 00pa3om, M3ydeHre COCTaBa,
CBOWCTB W TIPEBPAICHUS YIJICBOAOPOIOB HE(PTH SBISCTCS TEPBOCTCTIICHHON 3aIaduei, CIIOCOOCTBYIOIICH
Pa3BUTHIO XUMUH He(hTH KaK HayKu, M3y4aroliei pa3puTre HedrenepepaOboTKu 1 He(TEXIMHUH.

Jist IOATOTOBKY BBICOKOKBATM(UITMPOBAHHBIX KAJpOB XUMHUSI HE(TH, KaKk y4eOHas JMCIMILINHA,
UTPaeT OCHOBHYIO POJIb. A JUIsl IPOTHO3UPOBAHNS Pa3BUTHS HAY KU HEOOXOIUMO NCXOIUTh U3 3aKOHOMEPHOCTEH
€ro Pa3BUTHUS B MIPOILIIOM U OCHOBHOTO COJIEPKAHUS B HACTOSIIEM.

[lepBBIM yueHBIM, BEICKa3aBIIMM K 000 CHOBABIINM [TPEANIONI0KEHIE 00 OPraHUIe CKOM POUCXOKICHUN
Hedu, Obu1 M. B. JlomoHOCOB. HauanbHbIi 3Tan cTaHOBICHUS XUMUHM HE()TH ONPEeIIsIeTCsI KaK STarl epBBIX
HCCIIEIOBaHUM YITIEBOOPOAOB B MEPUOJ BOCEMHAALIATOIO U MEPBOH MOJIOBUHBI JEBSITHAILIATOTO BEKA.

Ceenenust 00 AszepOaiijpkaHckod He(TH, claBsiIeiicss cpeau BCeX CTpaH, ObUIM M3BECTHBI M3
ncToyHUKOB BocTounoii u 3ananHoil EBponsl.

Bo Bpems 3axBaTHuueckux BoiH Mpanckoro rocynapersa B 334-33 1 ronax o H. 3. marep Ajekcanapa
Makenonckoro 0b1 ocBerieH HeThio n3 Kacrus. B VIII Beka u. 3. apadbckuii ncropuk Ady-Hcxax-Hcrap
OTMEYaJl, 94TO JUIS MPHUTOTOBJICHHS MUIIM OAKWHIIBI MCIOJIB30BAIM 3eMIII0, oboraménayo HedTsio. Ha
Arniepone He()Th CaMONIPOU3BOJIBHO BBHIXOAMIIA HA TIOBEPXHOCTh 36MJIM M MOIIa 3aroparbes. Orciona u
Ha3zBanue «Optap FOpay» - «cTpaHa oruei». Yxe B TepBble BeKa Hallleil 3pbl HaceleHue, )KUBYIee Ha
TEPPUTOPHH COBPEeMEHHOTO A3epOaiimkana, ymesno ouniarh HedTh. [To3xke apadckuii yuensrii Myxammer

https://ws-conference.com/ 7(25), Vol. 1, July 2018 3



International Academy Journal. Web of Scholar. ISSN 2518-167X

Bakpam mucan o ToM, 9TO MECTHBIE JKUTENN OaKWHCKOH KPETIOCTH B OMAIIHUX YCIOBUSAX, IPUMUTHBHBIM
crrocoboM Tomydanu U3 HePTH (PpaKIid, KOTOPHIMA OCBEIIAIA YIUIBI U goMa. OHH ouumiamm e€ s
M30aBJICHNS OT TUIOXOTO 3alaxa ! ¢ IMeJbI0 UCTIONb30BaTh He(Th AJIs JISUCHNS.

B nmpyrux BOCTOYHBIX MCTOYHHMKAX YKa3bIBAIOT, YTO HE(MTH JJII OOOPOHBI KPEMOCTH BO BTOPOM
TBHICSIYEIIETUH MCIIOJIb30BAIM B BOCHHON TEXHHKE.

WranesHckuil mytemectBeHHUK Mapxko [lomo B 1264 roxy, mpoesxas depe3 baky, HaOmoman, kak
JoOBIBali MTpocavynBaronlyrocst HedTh Ha Oeperax Kacmmiickoro mops. Mapko Ilomo mucam o Oonbimx
npyJaax, KOTopbie ObLTH 3alOJHEHBI HE(ThIO, 4TO 3anoiHuio Okl cto cymoB. B X-XIII Bekax B jepeBHE
Banaxanel noObiBanack «ierkas Hete», a B Cypaxanax - «Tsprenas». Typenxuii ucropuk X VII Bexa Karu6
UYenebu mucat, 4To KaxKAbId JIeHb J00bIBaNack HedTh u3 500 Komomies.

[Ipumepro B 1320-m romy ¢panimysckuit monax-muccuonep Kypaen Karananm ne Cesepak B
CBOMX 3aMeTKax IHcal, 4YTo, MpoeKas Mo TeppuTopuu Asepbaiikana, Buaena B baky Komomisl, oTkyaa
M3BJICKAIM MacJo, Ha3biBaeMoe “Had1”. OH OTMEYas, 4TO TO MAC/I0 XOPOIIO TOPUT U MMEET IesieOHbIC
cBoiicTBa. MIHTEpecHO, 4To B oTndue oT Mapko [1o710, OH TOYHO yKa3bIBall MECTOPOXKICHUS HedTH B baky
u TouHOe HasBaHwe “Had1”’. Utanesuery Mocadar bapbapo, Oyayun nmocmom Benernumanckoit Pecrryomimku
npu aBope Axroronmnap B TeOpuse, mucan o Tom, uro B yactu Mops (Kacmwst) ects Topos 1o Ha3BaHHUEM
baka, rine ecth Bojia, M3IMBAOIIAS YEPHOE MACTIO C PE3KUM 3allaxOM. DTUM MacJIOM B TOJ JIBa pa3a MaxKyT
KOXY BEpOIIOIOB, YTOOBI OHU HE OOJIEM YECOTKOM, a 1Mo HoYaM 3To macio 3axurawt. [[xedpu Jlyker,
PYKOBOIHTENb aHIIO-PYCCKOM TOPTOBOM KOMIIAHMH, KOTOpBIM mocerman AsepOaiikan B 1568-1574 rr.,
Takke nucai o bakunckoit Hedtu. OH oTMeua, uTo BOIM3U roposia baky HaOIrOaeTCsi CTPAHHOE SIBIICHHE,
TJIe U3-TI0J] 36MJIM BBIXOJIUT MACJIO YEPHOTO I[BETA B YAUBUTEIHHO OOJBIIOM KonmdecTBe. Croma XOJiT 3a
3TUM MacJioM Jlaxe ¢ JajibHuX MecT pana, rie e€ Ha3bIBaroT “HadT” U MUPOKO UCIONB3YIOT. [lepeBo3sT
onu e€ kapaBanHamu 110 400-500 Myi10B 1 0CJIOB 3a ojiuH pa3. OTMeuaroT, uTo BOIM3U ropoja baky ects eiie
U 1IeHHOE Oeroe Maciio (IeTpoJieyM).

CornacHo apXUBHBIM JIAHHBIM, [IEPBBIC IPOMBIIILICHHBIC Pa3pa00TKU HE()TIHBIX KOJIOALIEB ObLIN HA
Tepputopun bubnxeidaT mox pyKoBOACTBOM ropHOTO WHXeHepa Hukomnas BockoOoitaukoBa B 1846 romy.
['my6wna xoonma 6sm1a 21 MeTp. O0 3TOM HalMMCaHO B JOKYMEHTE, MOATHCaHHOM KaBka3CKiMM HaMEeCTHUKOM
Kaszem Muxannom Boponmoseim 8-14 uromst 1847-ro roma. Kak m3BectHo, Ammrepon B AsepOaiimkane
WICTIOKOH BEKOB SIBJISIETCSI MECTOM BBIX0jla He(PTH. YKe MHOTO BeKoB He(pTh moydanu u3 xonoaues. K 1873
roxy Obuto 158 KonoxmeB u 9 ckBaxuH. Pa3Butne HedTem00bM MOBIUSIO U Ha 100619y HedTH B baky. K
1876-my romy 0bL10 yxke 162 konoama u 62 ckBaxunsl. [1o ceenennsim 1887 roga noderua HedTH HOXOAMIA
1o 51513 mynoB u3 paitonos banaxanel, bubu-sii0ar, bunaraau, CaOyHuu.

B 1977 rony BnepBbie B Mupe mnpodeccop baramyp 3eiinanoB paspaboran mporuecc MoaydeHus
CUHTETUYECCKUX HA()TESHOBBIX KUCJIOT MPSMBIM OKUCIIEHUEM He(DTAHBIX HAPTEHOBBIX YIIIEBOIOPOJIOB.

B 2002 rony BmepBble B MHpPOBOM He(TsiHOW mpakTuke npodeccop Anumamen lllabanos
MPUMEHUJ XUMHUYECKHE CEKTOPHI U CIUH-MEUCHHBIC OPTaHHMYCCKHUE COCTUHCHHUS IJIS ONpENeIICHUS
00BOJHEHHOW HE(MTSHBIX MJIACTOB.

ITepBoie paboTsI 10 HedTEIEpepPadOTKE OBUTN OITyOITMKOBAHEI B XKypHAIe « Texank» No24. [Tedaranachk
naxe >keHmmHa-xuMuk O.B. JlepmonrtoBa. Ee pabGora Obila OTHOCHTENFHO TONYYEHHS apOMAaTHIECKHX
YIIEBOJOPOIOB M3 yIiis v HedTr neperonkoit (1883 r). B Tor xe mepuon cramu m3BecTHBIMU padotsl C.H.
I'ymamam6aposa (1849-19151T. ), BKOTOPBIX pacCMaTpHBAIMCH dTAITbI CTAHOBIICHHS HE(TSHON TPOMBIIIIEHHOCTH
(Ha OCHOBE apXMBHBIX MarepuaioB KaBkasckoro HamecTHHYecTBa). [ ynmumambapoB 0co00 moauepKuBat BKIa
J.W. Mennieneea B pa3Butre HeTsHOM pombinieHHOCTH KaBkasa. [lompoOHOe oricanye HaydHbBIX OTBITOB,
rocTapieHHbIX MeHeneeBbiM B staboparopun Cankt-IletepOyprckoro yHuBepcuTeTa, ObUIO JIaHO B KHUTE
«Imutpuii iBanoBru Menpenees, ero >KU3Hb U ISSITEIbHOCTh. YHUBEpcuTeTcKui nepuoa 1861-1890. Hayunoe
HacyeacTBo» ero yuennkamu M. Mnaznenuessim 1 B.E. Tuienko.

C. 1. I'ynuram6apoB 0co00 BBLACISI BKaJ M MPAKTUYCCKYIO0 3HAUUMOCTh HAayYHBIX HW3bICKaHUI
J.W. MenneneeBa B pa3BuTHe He(TIHON MPOMBIIIITIEHHOCTH Ha KaBkase.

[lepBbIM HCTOPUKO-CTATHCTUYECKAM U SKOHOMUYECKHM HCclieoBaTenieM He(TSHOM OTpaciiu cTal
coetckmii aBTop K.A. IlaxkutHbIN cBOel KHHTOW «OUYEpKHU MO UCTOPHH OAKWHCKOW He(TemoObIBatome
TIPOMBITIIIEHHOCTHY. JIJIT cpaBHEHHWs, B MHUPOBOU mpakTuke, B Poccum, BmepBbie A.H. HoBocuibie
MpOBeN pa3BeAKy Ha He(pTh ¢ momoIIsio OypoBbIX ckBakuH. B 60-e rogst XIX Beka on momydan 800 Teicsd
BeZiep KePOCHHA B TOJ] Ha 3aBO/Iax, IOCTPOCHHKBIX UM Ha Oepery Kepuenckoro mponma. B ToT e nepuos
n3BeCTHBIMU 00padoTunkamu HedTH ObuH B.A. Koxopes (1857 1.), M.K. Cunopos (1868 r.). [lapannensro
uccnenoBanus Benuch U B CIIIA. B 70-x ronax XIX Beka 0OCHOBHYIO MacCcy KEpOCHHA HA MUPOBOM PbIHKE
MpeCcTaBIsIa aMeprkanckas HedrsHas komnanus «Cranmapn Oin Kommanuy, kotopas Oblla OCHOBaHA
JIx. Pokdemnepom. 13 3apyOexHbIX HeciemoBareneid MoxHO Ha3zBaTh [.0. Pocko, K. [llopiemmepa, koTopbie
W3J]aJId CBOM Pa0bOThI BO BTOPOU TOJOBUHE JEBATHAIIATOTO Beka, Jxeiiman [lapTuHTOHA, M3MaBIIero B
60-x rogax ABaAaToro Beka 4-x TOMHUK « cTopust Xxumum.

Kypnan pycckoro ¢usuko-xumuueckoro odbmectBa (KPDXO0), ocHoBanHbI B 60-x Tomax
JICBATHAIIIATOTO BeKa, ObUI OJHUM M3 IEPBBIX, KOTOPBIA MyOIMKOBAN CTaThH, JOKJIA[bl, BBHICTYILUICHUS
YYEHBIX-XUMHUKOB. Marepuais! o Teme He(pTr u3gaBanuch u B [opHOM KypHae.
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Bonwmmioit nHTEpEC MPENCTaBIAIOT COOOH MCTOPHUYECKHE OYSPKH XHMMHKOB-OPTaHUKOB, TIEe 0C000
ormeueHbl A. M. bytnepos, A. U. T'op6oB (yuenuk bytneposa). OauH u3 nepBbix PoccHiicKX NCTOPHKOB
He(rsHOU oTpocnu xumuk K. M. Jlucenko B 1978 romy mzmanm pyKOBOICTBO IO He(TSHOMY ey TOA
Ha3BaHueM «HedTsaHoe mpoM3BOACTBO», KOTOPOE COCTABICHO IO HOBEHIIMM JAaHHBIM TOTO IEPHOJA.
Pa6oter K.U. JIucenko - 3T0 MEpBOMCTOYHHUKH B 00JIACTU M3yueHH HE(TSHON OTpaciu ¥ HayKH O He(TH
BTOPO¥ MOJOBUHEI JICBITHAALATOTO BEKa.

C cepearHBI BOCEMHA/ILIATOTO BEKA /10 CEPEANHBI ACBATHAIATOIO BeKa ObUIN COBEPLICHBI OTKPBITHSI
obmrero xapakrepa. JIMIIb OTKPBITUS TPAKTHYECKOTO Xapakrepa 00 OpraHnYecKUX COCAHHEHHSX B IIEJIOM
1 00 yIieBoiopoaax He(TH B KOHIIE JIEBSITHA/ILATOTO M HaYalle IBA/IATOTO BEKOB SIBUJIMCH KaTaIH3aTOPOM
OypHOTO Pa3BUTHSI TPOMBIIIIICHHOCTH M HayKH. A rrepuof; 50-X - 70-X TOIOB IEBATHAIIIATOTO BEKa CTaJI ATAIlOM
LIeJICHAIIPABJICHHBIX UCCIIEI0BAHUH B 00J1aCTH YIIIEBOAOPOIOB. IMEHHO TOTa ¥ BO3HUKJIIA HEOOXOIUMOCTb
MOATOTOBKU KBAIU(UIMPOBAHHBIX HAyYHBIX M WH)KEHEPHBIX KaapoB Il HE(QTSIHOM OTpaciu, 4To M
CHO0COOCTBOBAJIO OTACICHNIO XUMUH HEQTHU B CAMOCTOSITEIIbHYIO HAyKy M yUEOHYIO0 JUCLUILIUHY.

Takum 00pa3oM, K KOHILY I€BATHA/ILATOrO BEKa CUTYALHsl HA MUPOBOM PhIHKE IIoMeHsu1ack. O0yCIIOBICHO
3TO0 OBIIO TeM, uTo B Poccun copmupoBanack mkosna oprannieckoi Xumun. Yuensie M.B. Jlomonocos, /I.1.
Menpenee, B.B. MopkoeaukoB, B.H. Orooun, M.M. Konoranos, H.M. Kmxkuep, ®@.®. beitnpmrreiin, B.H.
Urnarees, C.C. HamaTkuH B CBOMX Hay4HBIX paOOTax KacajMCh M3yYEHHUsS CTPOCHHMS, COCTaBa M CBOWCTBA
YIJIEBOIOPOAOB HE(TH, UM M YCKOPHIIH TIPOLIECC POMBILIJIEHHOTO TOMY4eHHUs U 00padOTKH HeTH.

K 1900 romy Poccust Beiluia Ha mepBOe MECTO MO JOOBIYE M IKCIIOPTY HEPTENPOLyKTOB. B 3TOM
3HAUUTEbHYIO POJb chirpania bakuHckas HedTh. B 1873 romy B baky Obiio ocHoBano «ToBapuiecTBo
HePTIHOTO TpoM3BOACTBA OpaTheB «HoOenb», KOTopoe yBETHMUWIIO MOCTYIUICHHE KepocwHa B Poccuu.
Bcnencteue pactyiero mpoMBIIIUIEHHOTO CIIpOca Ha KOHKPETHBbIE HEPTETIPOAYKTHI YITIEBOAOPOABI HE(hTH
CTaJIi OTAEIBbHBIM pa3/eIoM OpraHudeckod xumuu. Hamo OoTMETHTh, UTO MCCIIEAOBaHMA 110 pa3paboTKe
TePMHUIECKOTO pas3iokeHus He T mpuHamiexkar oakuaiy Cemeny Ksutko (1912r). B koHIIe ACBATHAAIIATOTO
Y HauaJje JIBaJIaToro Beka yueHsle AzepOaiikana MmpocIaBrIINCh CBOMMH HAYYHBIMU OTKphITHAMHA. B 1977
roay BHepBble B Mupe npogeccop baragyp 3eiinanoB pa3paboTan mpouecc MojaydyeHUs CHHTETHYECKUX
Ha(TEHOBBIX KUCIIOT MPSIMBIM OKUCIICHHEM HEe(TSIHBIX HA(QTEHOBBIX YIIIEBOAOPO/IOB.

B 2002 roxy BniepBbie B MUPOBOi HeTsiHOH MpakTuke npodeccop Annmamen [labaHoB mpuMeHHT
XMMHYECKHE CEHCOPBI U CIMH-MEUCHHBIC OPTaHHMUYECKUE COCIMHEHUS AJISl ONpeAeieHNns OOBOAHEHHOCTH
HEPTIHBIX MJIACTOB.

K 100-netuto co aua poxnenust akagemuka FO.I. Mawmenanuesa pemennem IOHECKO 2005
roa Obu1 00BsiBIEH TofoM HOcuda MamenanneBa, KOTOPBIH Kak M300peTaresib BHEC HEOLIEHUMBIH BKIIA/L
B pa3rpoM aiim3mMa BO BTOpPOW MHUPOBOW BoitHe. MamenanueB cran JjaypearoMm [ocyaapcTBEHHOMH
(Cranuuckoit) npemuun CCCP. A B 1958 rony 10.C. MycabeKkoB - HCTOPUK XHMHH COBETCKOTO IMEpUoja
n3nan kaury «lcropust opranuueckoro cuHresa B Poccumy, rie ormedan Bkiax AzepOaikaHCKUX yUeHbIX
B 2TOi1 00mactw. [lepBhie OTHOCHTETHLHO TOYHBIE JTAaHHBIC O COCTABE KaBKa3CKOW HEPTH OBLITH OITyOJITNKOBAHBI
KO.U. ConoeeBriM B kHuTe «Mcropusi xumun B Poccunm» (1985). B Hamu maM HadTaisaHoByro He(Th
13 MECTOPOXXIEHUS OoKoyio ropopa Hadraman ncnonb3yroT mpu 3a00JIeBaHMSAX OIOPHO-ABUIATEIBLHOIO
anrnapara, HepBHOW CHCTEMbI, KOXXHM U JIpyrux Oonesnsx. HedTb M M3roToBieHHBIE M3 Hee Mpenaparsl
MPUMEHSIOT B BUJIE BaHH, NTOBSI30K, MECTHOTO CMa3bIBAHUS B COUYETAHUU C CBETO- U JIEKTPOJICUEHUEM.

3arparuBasi JaHHYIO TEMY, Mbl HaJIeeMCsI BHECTH CBOIO JICNITY B MO3HAHUH IEPCIICKTUBHON HayKH
- xuMuu HedTH. 3HaHUS B 3TOH 0OJACTH TMO3BOJSIOT HAMETUTH HANpaBICHHUS HAyYHBIX HUCCIEIOBAHUIN M
OTpeENUTh €€ METOJIUKY Ha COBPEMEHHOM JTarlle.
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Beryn. YV xiMiuHIi TPOMHCIIOBOCTI 3aCTOCOBYEThCS Oararo pi3HMX MAIllMH 1 arapariB, TaKHX SIK:
JIpOOAPKH, TPOXOTH, MITMHH, YKUBIITFHUKH 1 T.IT. Y BCIX Cy4aCHUX TaTy3sX IIPOMHUCIIOBOCTI IS TPAHCIIOPTYBAHHS
OyIb-SIKMX CHITKHX, ITOIPIOHEHUX MaTepiasiiB 3aCTOCOBYIOTh JKHBHIILHUKH.

KHBUITBHHK ue MamnHa abo NMPUCTPIii, sKa NPU3HAYeHA VIS PIBHOMIPHOIO JKMBJICHHS PI3HHX
NpUHMAIBHUX IPUCTPOIB: APOGAPOK, MIIMHIB, HOPMYBAIBHUX MALIKH 1 iH.

3a npuHIUIIOM J1ii poOOYHX OpraHiB pO3pi3HSIOTH TaKi BUJH KUBHIBHUKIB:

- TSMIOBI (CTPIYKOBI, IITACTUHYACTI, JIAHITIOTOBI);

- 00epToBi (TBUHTOBI, TapiadacTi, OapabaHHi I JlomaTesi);

- XWTHI (TTyHXepHi, MaATHUKOBI i KapeTkosi) [1].

Po3misitHemMo nmeTanpHilIE Tajxy3i 3acTOCYBaHHs, OCOOMMBOCTI KOHCTPYKIIl 1 MpUHOMI POOOTH
TUIACTHHYACTOTO KUBHUJIHHHKA.

PesynbTarn pocaigxenns. [lnacTnHIacTUMy KUBUIBHUKAMH HAa3MBAIOTh MAlIMHU O€3MepepBHOT
Iii, TPY30HECYYUM €IIEMEHTOM SIKUX € KOPCTKE MeTajeBe ado JiepeB’siHe, TIIACTMACOBE, TyMO-TKAHUHHE
MOJIOTHO, TIO CKJIAJAEThCA 3 OKPEMHUX IUIACTHH, TATOBUM €IIEMEHTOM € OAWH abo J/iBa IUTaCTUHYACTI
JIAHIIOTH, IO OTWHAIOTH KiHIIEBI (MPUBOAHY 1 HATSHKHY) 31pOYKH. BaHTa)k mepeMinryeThcsi BEPXHBOIO
CLIKOIO KUBUIBLHUKA, HUKHS T1IKa Xoocra [1].

[lnacTuHYacTi JKUBUIBHUKH BUKOPUCTOBYIOTb JUIs TPAHCIOPTYBAHHS B TOPH30HTAIILHOMY i
TMOXHMIIOMY HANpsIMKaX HACHITHUX 1 MTYYHUX BAaHTaXIB B MalIMHOOYMIBHINM, XIMIYHIH, T1pHUYOPYIHIMH,
SHEepPreTUYHIN Ta 1HIINUX Taly3sX MPOMHUCIOBOCTI.

JKuBUIBHUKY HOPMAJTFHOTO TUITY TIPU3HAUEH] [T TPAHCTIOPTYBAHHS KPYITHOKYCKOBUX a0pa3uBHUX
abo rapsMEX MarepiaiiB 1 BCTAHOBIIOKOTBCS INCIs APOOApOK MEPBHHHOIO JAPOONCHHS Ha (abpukax
OKYCKOBYBAHHSI, B PO3BaHTa)XyBaJbHUX [PUCTPOSIX BATOHONEPEKMUAYIB 1 iH.

Po3risiHeMO KOHCTPYKLiO [1aCTUHYACTOrO XKUBHIIbHUKA HA PUCYHKY 1, sIka CKIaa€ThCs 3 CTAHMHY
9, Ha KIHIAX SIKOT BCTAHOBJICHO JIBi 31POYKH — MPHUBOJIHA 2 3 IPUBOJOM 1 HATSDKHA 3 HATSDKHUM MIPHCTPOEM
7, a TakoXX 3 HECKIHYEHHOTO HACTWIY |, IO CKIAAA€ThCS 3 OKPEMHX IUIACTHH, Ta 3aKPIILTIOETHCS 10
XOL[OBo‘l' YaCTHHH, 110 CKJIAJAEThCS 3 ozLHie'l‘ a0o0 BOX TATOBHUX JIAHIIIOTIB, SKi OTHHAIOTH KIHIIEB1 31pOYKH 1
3HAXOIATHLCS B 3a4CTUICHHI 3 1X 3yOITsIMH.
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Puc. 1 Koncmpykyis niacmunuacmozo sdcusunbHuKa:
1 - x0006a wacmuHa JHCUBUTLHUKA 3 HACMUTY I 080X MAL0BUX TAHYIOZIE, 2 - NPUBOOHT 3IPOUKU,
3 - enexmpoosueyn; 4 - pedykmop; 5 - giokpuma 3youacma nepedaua; 6 - X60CMOSI 3ipOUKU;
7 — HamsicHuti npucmpii,; 8 - Hanpaenaodi wuny, 9 - Cmanuna HCUBUILHUKA

BeprukanbHo 3aMKHYTI TSATOBI JAaHLIOTH PyXarOThCS Pa30M 3 HACTUIIOM | 3a HAIIPSIMHUMM ILUIIXaMU
CTaHMHU 9 Y310BXK MO3I0BKHBOI OCI )KUBUJIbHHUKA.

JKuBUIBHUK 3aBaHTaXyeTbCS 4Yepe3 OOHY aldo0 KilbKa BOPOHOK B OyIb-IKOMY MICIi TpacH, a
PO3BaHTAXKY€ETHCS YEPe3 XBOCTOBY 31pouKy 6 i BOpOHKY. [IpoMikHe po3BaHTa)KEHHS MOMKJIMBE TiTBKH JJIs
TUTACTUHYACTHX JKUBUIIBHUKIB 3 0€300pPTOBUM IJIOCKUM HACTHIIOM.
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IIBuaKicTh pyXy TUIACTHHYACTHX JXKUBHIIBHUKIB CTaHOBUTH A0 1,25 m/c. [lo pyxy KUBHIBHUK
MIPUBO/IATH €NIEKTPOABUTYH 3 uepe3 penyKTop 4 ta 3yduacty nepemady S5 [2].

B pesynprari aHamizy TexHidHOI jiteparypu [1, 2] momo KOHCTpYKIi i ocoOmuBocTel poOOTH
TUTACTUHYACTOTO )KUBHIILHIKA MOJKHA BUIUTUTH TaKi HOTO MepeBart i HeIOMiKH.

Jlo mepeBar niuacTUHYACTUX KUBWIBHUKIB HAaJIE)KAaTh:

- 3JaTHICTh TPAHCIOPTYBaHHA BaHTaXIB Ha Tpaci 3 KpyTUMH migiiomamu (mo 35 ° -45 °, a 3
KOBITIOITOMIOHUMH TIACTHHAMH - 70 65 ° -70 °);

- MOXIIMBICTh TPAHCTIOPTYBaHHS BaHTAXKIB 32 CKJIAJHOIO MTPOCTOPOBOIO TPAEKTOPIETO;

- KOHCTPYKIIiS XOIOBOI YacTWHHU Ta po0OOTa Ha TIOPIBHAHO HEBEIUKUX INBUAKOCTSAX IMOJETIIYE
piBHOMIpHE 3aBaHTaKEHHS TUTACTHHYACTHX )KUBIIILHUKIB 1 IOy CKa€E MOYIIUBICTP iX CaMOCTIHHOTO KUBIICHHS;

- MOXJIUBICTb BHUKOPHUCTaHHS IUIACTHHYACTUX JKUBWJIBHHKIB B TEXHOJOTIUHHUX TIpoIlecax |1
MTOTOKOBUX JIHISIX TP BUCOKHX 1 HU3BKUX TEMIIEpaTypax;

- JIOCTaTHHO BHCOKA HaIIHHICTE;

- CHOKiiHWH 1 Oe3uryMHUH Xi.

J1o HefOMIKIB MIIACTHHYACTHX KUBUIILHUKIB MOKHA BiTHECTH:

- Mally MBUAKICTH PyXy BaHTaxiB (1o 1,25 M/ ¢);

- BeJNWKa Maca KUBWJIHHHKA;

- CKJIAIHICTh 1 BeJIMKa BapTiCTh €KCIUTyaTallii 4epe3 HasBHICTh BEJNWKOI KiTBKOCTI IIapHIpHUX
€JIEMEHTIB B JIAHITIOTaX, 1110 BUMAararoTh PeTyJIsIpHOI 3MaIleHHS;

- Oimpmra BUTpara eHeprii Ha OMHMUINI0 MAaCH BaHTAXY HIK Y 1HINX KUBIILHUKIB;

- IIBUIKAN aOpa3uBHUN 3HOC IJIACTHH [2].

3 MEeTOI YCyHEHHS OJHOTO 3 HEONIKIB TUTACTUHYACTOTO JKMBWIIBHHKA, a CaMeé CKJIaJHOCTI
KOHCTPYKIIIi JIAHITFOTA 332 PaxXyHOK HasBHOCTI BEIMKOI KUTPKOCTI IIAPHIPHUX €IEMEHTIB B JIAHIIOTaX, IO
BHMAraroTh PETYISIPHOTO 3MalleHHs, 3p0o0IeHO JiTeparypHO-TIaTeHTHUH MONIYK BapiaHTa YIO0CKOHAIEHHS
KOHCTPYKIIii JTAHIFOTOBOTO POOOYOT0 OpraHy IMIaCTHHYACTOTO )KUBHIIFHIKA. B pe3ynbrari momryky 3HaiiIeHO
i 00paHO BapiaHT KOHCTPYKII] JIAHITIOTa Ha OCHOBI MPOTOTHITY TSTOBOTO INIACTHHYACTOTO OE3BTYIIKOBOTO
JaHirora [3], jaHka sKoro rnpejcTaBiieHa Ha puc. 2.

A-A

Puc. 2 Jlanka msecosozo 6636111)/]1](‘06020 JIaHYyro2a naacmuH4Yacmozco HCUuBUJIbHUKaA

yI[OCKOHaJ]eHI/II/I IUIACTUHYACTHH TATOBHH OC3BIYIKOBUN JIAHLHOr CKIAJAETHCS I3 MOCIILOBHO-
WAPHIPHO 3’€[HAHNX BHYTPIIIHIX | 1 30BHINHIX 2 JAHOK, a BHYTPIUIHA JaHKA YTBOPEHA MAPAICIbHO
PO3MILLIEHUMH BHYTPILIHIMU IJTACTUHAMH, B SIKUX CUMETPUYHO BITHOCHO iX C€peMHN BUKOHAHI OTBOPH, B sIKi
3 HaTSATOM 3alpecoBaHi po3’€MHI CyXapyKy 3 BHYTPIIIHI TOBEPXHIi SKUX BUKOHAHI C(peprIHIMU Ta CIPSHKEH]
13 30BHIIIHIME C(EPUIHIMH ITOBEPXHAMHE 4 BaJIHKIB 5, Ha IKUX HAIIPECOBaHI POJTUKH 7, Ha KIHIIX C(hepUIHNX
MOBEPXOHb 4 PO3MILeH] IUITHPUYHI CTYIIEH] 6, 110 3aIIpecoBaHi B OTBOPH 30BHIIIHIX rtacTuH 2 [3].

BucnoBku. TakuM 4MHOM 3alpONIOHOBAaHA YAOCKOHAJIEHA KOHCTPYKIisl TATOBOTO TUIACTHHYACTOTO
0€3BTYJIKOBOTO JIAHIIIOTA TJIACTHHYATOTO )KUBMIIHUKA 33 PAXyHOK 301JIbIICHHS OTMIOPHOI TUIOIII KOHTAKTY Yy
nrapHipax Ha 17 % 3a0e3neunTh MiJBUILEHHS HECYUO0i 30aTHOCT] TATOBOTO JIAHLIIOTA.

JITEPATYPA

1. Kosanenko [.B OcHoBHI mponecu, MamMHU Ta anapard XimMiyHux BupoOHuuTB: I[linpyunux [Texcr] / 1. B.
Kosainenko, B. B. ManunoBcekuii. K.: Inpec: Bost, 2005. 264 c.

2. Usanmgenko @. K. KoncTpykmus m pacdér moasEMHO-TpaHCTOpTHBIX MamuH: [limpyunuk [Texcr] / @. K.
Hsanuenko. K.: Beima mk. I'omoBHOE u3a-Bo, 1988. 424 c.

3. TsroBuil MIacTUHYACTUH OE3BTYJIKOBHH JIAHIFOT MiABHIIEHOI Hecydoi 3marHocTi: [latent [Texct] Ne 77644,
VYkpaina, MITIK B65G 33/00 / I1.[0. Kpuswuii, O.J1. JIsuryk. Omy6m. 25.02.13, Bron. Ne4

8 7(25), Vol. 1, July 2018 https://ws-conference.com/



International Academy Journal. Web of Scholar. ISSN 2518-167X

AJIATITATIUS AJITOPUTMA YUCJIEHHO-
AHAJIUTUYECKOTO METO/IA TPAHUYHBIX
3JIEMEHTOB K PACUETY INEPEKPECTHO-
BAJIOYHBIX CUCTEM

Cypvanunos H. I 0. m. u., npog.,
Hlunses A. C.

Yxpauna, Ooecca, Odecckas cocyoapcmeennas akademusi CmpoumenibCmed U apxumexmypbl

DOI: https://doi.org/10.31435/rsglobal_wos/12072018/5971

ARTICLE INFO ABSTRACT

Received: 08 May 2018 Application of numerical and analytical boundary elements method to calculations

Accepted: 28 June 2018 of cross-beam systems is shown. The basic equations of the solved problem are

Published: 12 July 2018 noted in expanded and matrix form. Construction of all the matrices of the method
under consideration — the vector of forces vector and displacements, the external

KEYWORDS load vector, the matrix of fundamental functions - is performed. The principle of
dividing the design scheme into modules (individual rods connected at the nodes)

cross system, beam, boundary is shown. The principles of transformation of matrices, allowing to obtain the

element, fundamental solutions, vector of unknown parameters of the problem, are described in detail.

Green’s function, MATLAB. It is noted that the numerical-analytical method of boundary elements allows

the calculation of cross-beam systems of arbitrary configuration, using the exact
dependencies for the determination of displacements and internal forces. At
the same time, there are no restrictions on the nature of the external load and
the boundary condition on the ends of the beams. The advantage of the above
approach is also that not all the region is subjected to discretization, as in the finite
element method, but only its boundary. This leads to a significant decrease in the
number of discrete elements, and, consequently, to a decrease in the order of the
system of algebraic equations being solved. The algorithm of the method is easily
programmed and can be implemented in MATLAB, Scilab, Delphi, etc.

Citation: Cypesaunos H. I, Hunses A. C. (2018) Adaptaciya Algoritma Chislenno-Analiticheskogo Metoda
Granichnyh Ehlementov k Raschetu Perekrestno-Balochnyh Sistem. International Academy Journal. Web of Scholar.
7(25), Vol. 1. doi: 10.31435/rsglobal wos/12072018/5971

Copyright: © 2018 CypbsiaunoB H. I, IllInasieB A. C. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Beenenue. Ilepekpectno-6anounsie cucrembl (IIBC) ommmuatorcst pazHooOpasueM pacyeTHBIX
CXeM II0 MHOTMM IapameTpaM — paclojJOKEHHUIO 3JIEMEHTOB (OpPTOrOHAJIbHOE, MapajiesIorpaMMHOE,
pomMOnYeckoe U T.I.), [PAHUYHBIM YCJIOBHSM, BEJIMUMHAM IPOJIETOB U IPYTUM XapaKTEPUCTHUKAM.

Haunbonbmee pacnpoctpanenne nonyuwmi 11IBC Ha xBampatHoM win ONM3KOM K HEMy IUIaHE C
OPTOTOHAJILHOM CEeTKOHM (KaK MpaBHJIO, KBAAPATHOW) M peXe — € TPEYTOMBbHOM M IIecTHyronbHON. Onupanue
KOHCTPYKLMI OCYIIECTBIISICTCSI KaK HA CTEHBI, TAK U Ha KOJIOHHBI C PErYJISPHOM U HEpeTryIsipHON pa3OMBKOMN CETKU.

Hcnonb3oBaHne MEpPEKPEeCTHO-0AJIOUHBIX CHCTEM IO3BOJISIET PELIMTh 3a1ady  yCTPOWCTBa
PaLMOHATIBHOTO, JIOTHYECKH OOOCHOBAHHOTO MEPEKPBITHS AAXKE NMPHU CIOXKHBIX 00BEMHO-TTIAHUPOBOYHBIX
pemenusax. C 3TUM NPUXOAUTCS YAaCTO CTAIIKUBATHCS MPH MPOEKTHPOBAHUHN TE€ATPAJIbHO-3PEIHIIHBIX 31aHHH,
MOCKOJIBKY K HUM NPEIBSBISIIOTCS BBICOKHE TPAaOCTPOUTENbHBIE M dCTeTHYecKue TpeOoBanusi. He menee
HIMPOKO NEPEKPECTHO-0AIOUHBIC CUCTEMbI PUMEHSIIOTCSI B MOCTOCTPOCHHUH.

Pacueramy Takux cucTEM 3aHMMAJIMCh MHOTHE UCCIIEOBATENN. 3ECHh IEPBEHCTBO NMPUHAICKHUT M.
I". ByGHoBy [ 1], koTopsrii paccmoTpen u3rud I1bC ¢ 6onbiimM unciiom 0aiok OJHOTO HAPaBICHHUS, OTCTOSIINX
Ha OJJMHAKOBOM PACCTOSTHUH JIPYT OT ApYra, U OAHON Oakoi B JpyroM HampasieHuH. Ero pemienue nosaHee
0000t I1. ®. [TarkoBud [2], CHSIB OrpaHUYEHHSI Ha KECTKOCTh OAJIOK M YCIIOBUS UX 3aKPETIICHUSI.
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[TosiBIeHUEe cOBpeMEHHON KOMITBIOTEPHON TEXHHUKH MO3BOJMIIO 3HAYUTEIHHO PACIIUPHUTH O00JACTh
MPUMEHEHUS KJIACCUUYECKUX METOJIOB CTPOUTEIHHOM MeXaHUKH [3 — 4]. DTO e OTHOCUTCS K YHUCICHHBIM
METO/IaM, KOTOpBIE, B OTIIMYHE OT BAPUAIMOHHBIX METOIOB PAcY€Ta MEPEKPECTHBIX CHCTEM, HAIILTA IITHPOKOE
MIpUMEHEHHUE JIUIIb B IOCIIEIHNE IecaTuiIeTrs. M, B mepByro odepes, MeTo]] KOHeUHBIX ameMeHToB (MKD)
B (popMe MeToma mepeMenIeHni, CHIJT HITH CMEITAaHHOTO MeToza [5 — 6].

Leabio 1anHo# padoOTHI SBISETCS MPUMEHEHHE aJITOPUTMa YHCICHHO-aHAIUTHYECKOTO METO/a
TPaHUYHBIX DJIEMEHTOB K pacdeTy MepeKpeCcTHO-0aTOYHBIX CHCTEM.

Pe3yabrarel uccienoBanus. YncieHHO-aHATMTHYECKHH METOJ TPaHWYHBIX meMeHToB (UA MID)
TIpeACTaBIIET cOOOH OIMH M3 BAPHAHTOB KIIACCHUECKOTO METO/Ia TPaHUYHBIX teMenToB (MID) [7]. Hamboee
TIOJTHO OCHOBBI METO/Ia M MHOTOUYHCJICHHBIE €T0 TPHJIOKEHHUS /IS pacdeTa CTepP)KHEBBIX CHCTEM, IUIACTHH U
000JI04YeK M3TIOKEHBI B IByXTOMHOW MoOHOrpaduu [8]. OcHOBHAs KOHIIETIIIHS METOAa COCTOHT B ITOTYYEHUH
aHAJIMTHYECKHUX BBIPAKEHNH (yHIAMEHTAIFHON CHCTEMBI pellleHni 1 QyHKIuH [ pruHa U1 paccMarpruBaeMoi
3a7au. YUeT yCIOBHIA KOHTAKTa MEXKIy OTACIEHBIMH JIEMEHTaMH CHCTEMBI CBOJIUTCS K HEOOIBIIION CHCTEME
JIMHEHHBIX aNre0OpandecKUX YpaBHEHHIA, KOTOPas peIIaeTcst YMCIIeHHO. Peann3aliys anropiuTMOB OCYTIECTBIISIETCS
B MATLAB [9], Scilab [10] wmu B cpene Delphi [11].

DJeMEHTHI MTePEeKPEeCTHO-0AIOUHON CUCTEMBI ITO/IBEPKEHBI U3THOY U KPYIEHHIO.

Hedbopmuposanne nzrudaemeix anemenToB [IbC ommcrBaercs nuddepeHnmansHpIM ypaBHEHHEM:

d*v
EI y =q, (x) (D
rae v — GpyHKIus mporudos; £l — )KECTKOCTh PH U3THOe.

Hedopmuposanwne anementos [1BC npu kpyuennn onuceiBaeTcs nuddepeHnmraab-HpIM ypaBHEHHEM

dxz _lep (2)

rae 6 — yroij 3aKpydvBaHUs; M (X) — MHTEHCUBHOCTh PACIIPENIENICHHBIX KPYTAIINX MOMEHTOB; G —
MOJIyJTb CIIBHTA; Ikg — MOMEHT MHEPIIUH CEUCHHS DIICMEHTA ITPHU KPYUCHHH.
KpyTsiiui MOMEHT CBSI3aH C HHTCHCHBHOCTBIO PACTIPEICIICHHBIX KPYTSIIUX MOMEHTOB M3BECTHOM
nruddepeHnInanTsHON 3aBUCHMOCTHIO
dM e (x)
———=—m\Xx 3
o (x) 3)
e M \_p(x) — KpYTAIIFEe MOMEHTHI, BO3HUKAIOIINE B TOMEPEYHBIX CEUSHHSX dJIeMEHTa; m(X) —
WHTEHCUBHOCTD PACIIPEICIICHHBIX KPYTSIIUX MOMEHTOB.
WnTerpupys nuddepenmanbasie ypasaeHus (1)-(3), momydnm cucreMy ypaBHEHUH

EIv(x):E[v(0)+EI¢(0)x—@x2 —@ﬁ -

qy (x)dxdxdxdx;

S —=

il
00

S —=

EI(p(x)=El¢J(0)—M(())x—@x2 —)j’c )j'c )j'cqy (x)dxdxdx;
000

M(x)=M(0)+Q(0)x+]5 [y ay(x)dxds; 4)

Q(x)=Q<o>+zqy<x>dx;

lepﬂ(x)=lep6’(0)+Mkp (0)x-

S —=

x
[ m(x)dxex;
0

Mpp (x):Mkp (0)—Zm(x)dx,

e Y(x), o(x), M(x), O(x), 0(x), Mjp(x)  — cOOTBETCTBEHHO MPOTrUO, Yroa MOBOPOTA, U3TMOGAFONIHIA
MOMEHT, [TOTIEPEUHAs CUJIA, YTOJl 3aKPYUHBAHUS M KPYTSAIIMIA MOMEHT B CEYCHUHU HA PACCTOSIHUU X OT HaJasa
koopuHar; v(0), ¢(0), M(0), 0(0), 8(0), M (0) — COOTBETCTBEHHO MPOTUO, YTOI OBOPOTA, H3THOAIOIINIT MOMEHT,
ToTIepeyHast CHJIa, YroM 3aKPyUHBaHMUS U KPY TSI MOMEHT B CEUCHUH B Haualle KOOPIUHAT.

Cucremy ypaBHeHUi (4) ynoOHO MPEICTaBUTh B MATPUYHOM BUJIE:
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Y(x)=A(x) X(0)+B(x) ()

e Y(x) — BEKTOp yCHIIHii ¥ [IEPEMEIICHHI B IPOU3BOILHOM CEUCHHH;

0) — BEKTODP yCHUIIMI ¥ NIEPEMEILEHHUI B Ha4ajIe KOOPAMHAT;

x) — Marpuia KodQGUINEHTOB CUCTEMBI YPaBHEHHH;

x) — BEKTOp BHEIIIHEH HArPY3KH.
o

JISl CHCTEMBI, COCTOAIIEH U3 HECKOIBKUX JIEMEHTOB, ypaBHEHHE (5) MOKHO 3aIiCcaTh B BHJIE

v

PRl

Y(1;)=A(1;) X (0)+B(1;) (6)

r1e Y(/;) — BEKTOp yCHIIHIA ¥ IIEPEMEIICHAH B KOHIIE -T0 YIEMEHTa;
X(0) — BeKTOp yCHIIMI U TIEPEMEILEHHIT B HAaYalle -TO SIEMEHTa;
A(l;) — marpuna yngamMeHTansHbIx Gy ([8]);
B(l;) — BEKTOp BHEIIHEH HATPY3KH;
[, — nimHa 1-ro dIEeMEHTa.
Brimmoranm 11 (6) mpeoOpa3oBaHus IO CXEMe:

Y (1) = 4(5;) X (0) + B(5;) > 4(1;) X (0) - ¥ (1) =

. (7

Jla 3anmcy BeKTOpa BHENTHEW Harpy3KH HCITONB3YETCs METO] HadallbHBIX rapaMeTpoB. [Iporemypa
1 ee 000CHOBaHHE MPUBEICHEI B [8].

DJeMeHTHI BEeKTOpa BHEIIHEH HATrpy3KH MTPH U3THOE:

(x-a)? (x-b)° (x-¢)* (x-a)*

By =llysq M 5t lysp £y I ly>c 4y T4 ly>a 9y 24
2 3 3
x—b x—c x—d

BZZM(X70)+||x>be( 2) IHx>CQy( 6) ”x>d‘Iy( 6 ) (8)

3 2

x—c x—d
B3:M+Fy(x_b)+||x>cq)/( 2 ) N x>d qy%
By =Fyt s 4y (x=0)=ll s g 4, (x=d).
DJIeMEHThI BEKTOpa BHEIIHEW Harpy3Ku Npy KPyUYECHUU:
£2 2
(x=/) (x-g)

Bs =llyse Mkp (x—e)+ ||x>f m—s—" ||x>g m—s 9)

Bg=Mp,+llys s m(x—f)- lysg m(x-g).

B coorBercTBMM C KOHIENIMENW YHMCIEHHO-aHAJIMTUYECKOTO METO/a TI'PaHUYHBIX 3JIEMEHTOB [8§],
cIleyeT pa3OnUTh PacueTHYIO CXeMy Ha MOIYJIH — OT/IENTbHBIE CTEP)KHH, COSTMHEHHBIE B y3JIOBBIX TOuKax. [Ipn
HEOOXOITMMOCTH, KaKIIbII MOYIIh MOKHO JIOTIONTHUTENIHHO Pa30UTh Ha IPOM3BOIEHOE KOJTMYECTBO 00JIee METKHX
Moyselt. [IprHuMaeTcs 1eBOBHHTOBAs I00ATbHASI CHCTEMa KOOPAWHAT C HA4aJjioM B JIEBOM OITMKHEM Y3JIe.

IIpumep HyMepaluu 3J€MEHTOB U y3J10B PUBEJECH Ha puc. 1.

3 ) 6 P 9
2 9 5 10 8
5
Y
1 - 4 5 7
A AN AN
0 X

Puc. 1. HyMepauuﬂ 2/1eEMEHRMOE U V311068 CUCMeMbl NepeKpecnHblX banox

https://ws-conference.com/ 7(25), Vol. 1, July 2018 11



International Academy Journal. Web of Scholar. ISSN 2518-167X

Ka)KI[OMy OTACJIbHOMY JJIEMEHTY Ha3Ha4acTCd TAKXKE MECTHasA JICBOBUHTOBasA CUCTEMa KOOPAWHAT C
Ha4YaJIOM B y3JI€ C MCHBIIIUM ITOPAIKOBBIM HOMEPOM, OCh 0X MeCTHOM CHCTEMBI KOOpAHHAT 3JIEMCHTA IIPHU 3TOM
HarrpaBJICHaA BJI0JIb DJIECMCHTA. HaHpaBJ'ICHI/IH ocell MeCTHBIX CUCTEM KOOpAHHAT 3JIEMCHTOB ITOKAa3aHbIl HA PHC. 2.

G

Y Z2 Yo
LA
9 10
A

Puc. 2. Hanpaenenus oceti mecmuuix cucmem KoopouHam OJisl
cmepoicretl 6 nanpaeienuu 0X (a);, cmepoicneii 6 nanpasiernuu 0Y (6)

[Moce Hymepay y3710B U 3JIEMEHTOB MepeXouM K (OPMHUPOBAHUIO MATPHILl ypaBHEeHUS (6). s
K)KIOTO OTAENBHOTO 3JIEMEHTa BEKTOPHI TPAaHMYHBIX MapaMEeTPOB M BHEUIHEH HArpy3Kd 3alHCHIBAIOTCS
CIIETYOIINM 00pa3oM:

Ev(l;) Ev(0) Bi(l})
Elo(l;) Elp(0) 2(7;)
o S o S o
Glip0(1;) Glp0(0) s (1)
My (i) M, (0) Be (1;)

DJeMeHTHI BEeKTOpa BHEIIHEH Harpy3Kn (POPMUPYIOTCSI B COOTBETCTBHH C 3aBUCUMOCTIMHU (8), (9).

Marpuna ¢yHIaMeHTanbHBIX (GYHKIME 4 U018 KakKZOTO OTJAENHHOTO 3IEMEHTa CHCTEMBI
MEPEKPECTHBIX 0ANIOK B CITydae HArPYKEHHsI [0 HAMPABICHUIO HOPMAIH K TNIOCKOCTH, 00pa30BaHHOMN MU,
OyZeT BBIIISACTD CIEAYIOIUM 00pazoMm [8]:

R JE
01 - /200
<o o 1 L 00 (11)
00 o0 100
00 0 0 1
00 o0 0 01

Js cucTeMbl IepeKpeCcTHRIX 0AIOK U3 M 3JIEeMEeHTOB, (popMupyeTcs cuctemMa u3 6m 31emeHToB. [Ipu
STOM BEKTOPbI TPaHUYHBIX TAPAMETPOB W BHEIIHEH HArPy3KHA COCTOAT M3 M MOCIEI0BATEIEHO 3aTMCAHHBIX
COOTBETCTBYIOINX BeKTOpOB (10), a B 001IyI0 MaTpHily KO3 PHUIIMEHTOB 3aMTMCHIBAIOTCS TOCIIEI0BATEITHHO
0 TIaBHOMW AnaroHany Matpuils! (11), ocTanbHbIE MecTa 3alOTHSIOTCS HYJeBBIMU 3HAYCHUSIMH.

Jus BeImonmHeHHs mpeoOpa3oBaHuil 1o (7), HEOOXOAWMO pPacCMOTPETh TPAHUYHBIE YCIOBHS
DIIEMEHTOB, OIpeeNsieMble W3 YCIOBUH 3aKperuieHWs, YpaBHEHWH paBHOBECHUS M COBMECTHOCTH
MEPEMEIICHUN B y3J1aX.

B cooTBeTCTBUM ¢ TPaHUYHBIMHU YCIOBUSMH, ITPH HATWYUH OTIOPHI B y3JI€, B BEKTOPE HadaIbHBIX
apamMeTpoB X(0) ¥ BEKTOPE KOHEYHBIX TApaMETPOB Y(/;) OOHYJIAIOTCSA TPAHMYHBIE TTAPAMETPhI JIMHEHHBIX
nepeMenieHnii, a B mMarpuie KodhuiuneHToB OOHYISIOTCS CTONOIBI, HOMEpa KOTOPBIX COOTBETCTBYIOT
HOMEpaM OOHYJSEMBIX ITapaMeTPOB:

EI(1;)=0 EN(0)=0
Elg(l; Elp(0
7(l;)= Agl((l’l’)) . X(0)- ((0)) (12)
lepa(ll-) lepe( )
My (1) M (0)
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0 4 22 <P 0 0
01 - /200
a=o o 1 L 00 (13)
00 0 1 00
00 o0 1 g
00 o0 0 1

ITockonbKy 2r1eMeHTHI, O0bEMHEHHBIE B IIEPEKPECTHO-0AT0UHYI0 CUCTEMY JIOJDKHBI HAXOIUTHCS B
PaBHOBECHH, TO W OTIEIbHBIE Y3IIbI OyIyT HAXOAUTHCS B paBHOBecHH. [Ipr 3 TOM cTaTHdeckue rpaHuIHbIE
napaMeTpsl OyIyT YIOBIETBOPATh YPAaBHEHUSIM PaBHOBECHS Y3IIOB.

DOnemeHTH ypaBHeHUS (7) GopMuUpyIOTCS B cliemyromeM nopsiake [8]:

* 3amuchiBaeM Marpuity 4(/;), Bekropsl X(0),Y(1;) u B(;) ypaBHerust (6).

* paccMaTpMBAEM T'PAHUYHBIE DIEMEHTBI BEKTOPa HAYalbHBIX MAapaMETPOB X(0), NPHHHMAs BO
BHMMAaHHE YCIIOBUS 3aKpEIUICHHs, COBMECTHOCTh NedopMalii W TepeMelIeHni, a TakKe ypaBHEHUS
paBHOBecHs. Ecm oneMenT BeKTOpa paBeH HyIlo, OOHYIAeM CTOJI0€I MaTPHULBI A(/;), HOMEpP KOTOPOTro paBeH
MOPSIIKOBOMY HOMEpY DJIEMEHTA B BEKTOpPE Ha4YaJbHBIX MapamMeTpoB. Eciu Mpon3BONBHBIN IeMEHT paBeH
JIPYTOMY DIIEMEHTY BEKTOpa Ha4aJIbHBIX MTaPaMeTPOB, TPUPABHUBAEM JIEMEHT C OOJIBIIIMM HOMEPOM HYITIO U
00HYyIIsIeM CTONIOEI MaTPHUIIBI 4(/; ), HOMEP KOTOPOI'O PaBeH NOPAJAKOBOMY HOMEDPY JIEMEHTA, IPUPABHEHHOTO
K HYJIO, B BEKTOpPE HadaJbHBIX MapaMeTpoB. Takum oO0pa3oM, MbI YMEHBIIaeM KOJIHYECTBO HEM3BECTHBIX
BEJIMYMH B BEKTOPE HAYaIbHBIX TAPAMETPOB.

¢ paccMarpuBaeM TPAaHWYHBIE JIEMEHTHI B BEKTOPE KOHEYHBIX MapamerpoB Y(/;). Cocrasisem
YpaBHEHHsI paBHOBECHsI, COBMECTHOCTH Je(opMaIii W TIepeMEIIeHUH, a Takke paccMaTpuBaeM yCIJIOBHUS
3akperienuns. [Ipu paccMOTpeHnH 371eMEHTOB B TIOPSIIIKE BO3PACTAHMUS TTOPSIKOBOTO HOMEPA, €CIIH 3JIEMEHT C
MEHBIITUM HOMEPOM PaBEeH JIEMEHTY C OOJBITNM HOMEPOM, TO JJIEMEHT ¢ OOJIBIINM HOMEPOM TTPUHUMAETCS
HEM3BECTHBIM.

* BCE HEM3BECTHBIE BEKTOpa KOHEYHBIX MapaMeTPOB MEPEHOCITCS Ha HYJIEBBIE MECTa BEKTOpa
HayaJIbHBIX NapameTpoB. [Ipu 5ToM B MaTpuily ko> (GHIMEHTOB 4(/; ) BHOCATCSA KOMIIEHCUPYIOLIHE SJIEMEHTBI
«-1» B siueliKy, KOTOpast HAXOAUTCA Ha MEPECEUSHUH CTPOKU C HOMEPOM HEM3BECTHOTO B BEKTOPE KOHEUHBIX
napaMeTPOBY(/; )1 CTOJIOIA C HOMEPOM TOTO K€ HEU3BECTHOTO YXKE B BEKTOPE HAaYalIbHBIX MapaMETPOBX (0).
ITocse Takoro nepeHoca BEKTOp HayallbHBIX NAPAMETPOB X(0) MpeodpasyeTcs B BEKTOP HEM3BECTHBIX ™.

* WCXONs M3 3alMCAaHHBIX paHee YpaBHEHWH pPaBHOBECHs, BHOCHM B MaTpHIly KOd(h(HUIIMEHTOB

A(l;) KOMIEHCUPYIOIIUE DIIEMEHTBI, PaBHbIE KOO(Q(HIMEHTaM NPH CIATa€MbIX B yPABHEHHUH, B3ATBIM C
MIPOTHBOIIOJIOKHBIM 3HAKOM Ha MECTO TEePECeUeHUs] CTPOKH C HOMEPOM DIIEMEHTa B BEKTOPE KOHEYHBIX
napameTpoB (/;) ¥ CTOIOIOB, COOTBETCTBYIOIIMX HOMEPAM CJIAraeMbIX B BEKTOPE HEM3BECTHBIX ¥

* WCXONs W3 3alMCaHHBIX PaHee ypaBHEHWH COBMECTHOCTH AedopMainuii, BHOCHM B MAaTPHILY
K03 GuIreHToB A(l;) KOMIIEHCHPYIOIIHE IEMEHTHI, PaBHbIE KOO OHUIMEHTAM [IPH CIIAraeMbIX B YPaBHEHHH,
B3ATHIM C IIPOTHUBOIIOIIOXKHBIM 3HAKOM Ha MECTO TIEPECEUSHNS CTPOKH C HOMEPOM JIEMEHTa B BEKTOPE KOHEYHBIX
napameTpoB ¥(/;) 1 CTONOLOB, COOTBETCTBYIOIIUX HOMEPAM CIIATAEMBIX B BEKTOPE HEU3BECTHBIX .

Crnemyetr OTMETHUTb, YTO TIPH PABEHCTBE YIJIOB MTOBOPOTA M TMHEWHBIX NIepEMEIICHNH, B YPaBHEHHUS
(4) coOTBETCTBYIOIIME TAPAMETPhI BXOIAT C KECTKOCTAMH. [[03TOMY KOMIEHCHPYIOUIHE SIIEMEHTHI IS
TAKUX MapaMeTPOB CIeAyeT YMHOXKATh HAa COOTHOoWeHus [12]:

Eil; . Gilkpi Gilkpi Eil;
Nl.j:E.].’Rij:G‘] 2 ij:E.].’Tij:G.] L2 (14)
JiJ Jikpj JiJ Jlkpj
Ime [ — HOMep TPaHWIHOTO DJIEMEHTa, Ui TPAaHWIHBIX IMapaMeTPOB KOTOPOTO COCTaBIISIOTCS

YpaBHEHHUSI COBMECTHOCTH MEPEMEIICHNI; j — HOMep dIIEMEHTa, C TPaHWYHBIMU ITapamMeTpamMu KOTOPOTo
CBSI3BIBAIOTCS TPAHUYHBIE TTApAMETPHI TEKYIIIETO SIEMEHTA.

Taxum 00pa3om, 3neMeHThI ypaBHEHU (7) MOTHOCTHIO0 chopMupoBanbl. CleayeT Takke 3aMeTHTbD,
YTO KOJMYECTBO HYJIEBBIX TPAaHIUYHBIX [TAPAMETPOB BEKTOPA HaYaIbHBIX ITAPaMeTPOB JODKHO OBITH PABHBIM
KOJIMYECTBY HEM3BECTHBIX BEKTOPA KOHEYHBIX MapaMeTPOB.

BoiBoabl. UnciieHHO-aHATUTHYECKUI METOJl TPAaHWYHBIX DJIEMEHTOB TIO3BOJISIET PACCUUTHIBATH
CHCTEMBI TIEPEKPECTHBIX 0AJTOK MPOU3BOIBHON KOH(PUTYPAIINH, UCTIONB3Ys IPU ITOM TOYHBIE 3aBUCHMOCTH
JUIs1 OIPEICNICHUs IEPEMELICHUI U BHYTPEHHUX yCUIIUA. [Ipy 7TOM HET orpaHUYeHU Ha XapaKTep BHEIIHEH
Harpy3KHd W yCIIOBHI 3aKperuieHusI KOHIIOB 0ajok. [IpenMyIecTBo N3I0KEHHOTO TI0/IX0/1a COCTOUT B TOM,
YTO JUCKPETH3AINH TOJIEKUT HE BCSI 00JacTh, KaK B METOJIe KOHEUHBIX 3JIEMEHTOB, a TOJBKO €€ TPaHuIIa.
BHyTpeHHss 9acTh 001aCTH paccMaTpUBaeTCs Kak OWH dJIeMeHT. [lepeMeHHbIe, ONMCHIBAIOINE PEIICHNE,
OyIyT U3MEHATHCS HETIPEPHIBHO IO BCEH 00IACTH, aMPOKCUMAIINS YKe OCYIIECTBISIETCS TOJIBKO Ha TPaHuIle.
DTO MPUBOJINT K CYIIECTBEHHOMY YMEHBIIIEHUIO YHCIIa IUCKPETHBIX AIIEMEHTOB, a, 3HAYHT, U K YMEHBIIIEHUIO
TOpsIIKa pelraeMoi CUCTEMBI alreOpandecKuX ypaBHEHUH.
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Beryn. Po3poOka BiHCBKOBOrO OIsiTy Ha Cy4acHOMY e€Talli — L€ CKIaJHEe 3aBJaHHA dYepe3
PI3HOMAaHITHICTh YMOB HOTO BHKOPUCTaHHS BiliCBKOBOCIYXOOBLSIMHU y mpoueci npogeciiiHoi aisubHOCTI,
a caMme — KJIIMaru4Hi yMOBH, BHCOKE (Pi3MUHE Ta ICHXOJOTiYHE HaBaHTAXKCHHS. Takuil OmsIr MOBHHEH
3a0e3reuyBaTd BUCOKY IpaLe3AaTHICTh 1 KOM(OPTHICTb BiCHKOBOCITYKOOBIIS, aJKe BiJl TOTO, HACKIJIBKH
no0pe y HbOMY MOE€HYIOThCS Pi3Hi €lIeMEHTH, SIK BiH BiANOBiIa€ CBOEMY (DYHKLIOHAIBHOMY PU3HAYCHHIO,
3aJIeKUTh Ipouec npodeciiiHoi, onepaTnBHO-CIY)00BOT Ta HABYAJIBHOT MMiATOTOBKH.

TenzpeHNil PO3BUTKY TaKOro OHASATY TOJISATAIOTh Y BUKOPUCTaHHI HOBUX BHCOKOTEXHOJIOTTYHHX
MarepiajiB 3 METOIO MiJBHIIEHHS KOM(OPTY HOCIHHS; CTBOPEHHI 0araTrolmiapoBUX CTPYKTYp IIaKeTiB,
po3po0ii O6araToPyHKIIOHAILHUX TEXHOJIOTTYHUX KOHCTPYKIIH OAATYy i3 CHEIiallbHUMH JeTallsIMU 3
MO€AHAHHSIM 3aXUCHUX QyHKLIH [1 — 6].

OxkpimM BUMOT HaJIHHOCTI, PrOHOMIYHOCTI Ta TIri€HIYHOCTI, OJIST MOBUHEH BiAMOBIATH BUMOTaM
ocobucToi 6e3neku. Y 3HauHil Mipi 11l MOKa3HUKH BU3HAYAIOTHCS BUAOM MaTepialliB, 110 BUKOPHCTOBYIOTHCS
npu popMyBaHHI OOMOBOTO EKiIllipyBaHHSI.

IocTranoBka 3apaanHs. OHIEIO 3 OCHOBHUX 3aBJaHb IPOCKTYBAHHS PO3BAHTAXKYBaJIbHHUX JKUJICTIB
JUTsl BIICBKOBOCITY>KOOBIIIB € HAYKOBO OOTPYHTOBaHMH Mig0ip MarepiajiB B CTPYKTYPH MaKETiB, SKi 3aBISKH
CBOIM XapaKTEPUCTHKAaM MOXKYTh KOMILUIEKCHO 3a0€3MEYUTH BHCYHYTI BUMOTH. AHami3 iHpOpMaliiHuX
Jokepelt [ 7, 8] 103BOIMB BU3HAYUTH, IO OUIBIIICTD BITYN3HSHUX BUPOOHUKIB BiliCEKOBOT'O OZISITY HE B IIOBHIH
Mipi ZIOTPUMYIOTHCSI BUMOT HOPMaTHBHUX JTOKYMEHTIB YKpaiHu mij] yac ix BUTOTOBJICHHS. Uepes HecTauy
KOLITIB Ta OpaK MPOMHUCIIOBHX MOTYXHOCTEH BUKOPUCTOBYIOThCS HESIKICHI Martepianu Ta QypHiTypa.

Bukonanwuii anani3 ingopmarii mono cy4acHOro CTaHy BITYM3HSHOIO BHPOOHMLTBA BiiCBKOBOTO
OJISITY 3aCBIYMB HEOOX1JHICTh PO3POOKH HOBHMX TEXHOJIOTiIA BUTOTOBIICHHS MarepiaiiB Uil BIHCHKOBUX
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3 TMOKpameHUMH TTOKa3HWKaMU SKOCTI a00 KOMOIHYBaHHS ICHYFOUMX MarepiamiB y Oumbmn edexTHUBHI
MaKeTH B 3aJIeKHOCTI BiJl yMOB eKcIuTyaTarlii. Y 3B’sI3Ky i3 CUTYyaIli€ro Ha CXO/i YKpaiHu JaHui BUI OLSTY
KOPHUCTYETHCS MTOMUTOM 1 TOTPEOY€ K KOHCTPYKTHBHO-TEXHOIOTTYHOTO Y/I0CKOHAICHHSI, TAK BHKOPUCTAHHSI
HOBHX SKICHUX MaTepiaiiB 3 ypaxyBaHHSIM iX BapTOCTI.

ToMy BaXIMBHM € aHajli3 aCOPTHUMEHTY CYYacHHMX TKaHUH YKPaiHCHKOTO Ta 3aKOPJOHHOTO
BUPOOHUIITBA JIJIsi BUTOTOBJICHHS 3aXMCHOTO OJISITY, iX XapaKTepUCTUK MaTepialiiB Ta X BIACTUBOCTEH s
MOJANBIIOT0 (OPMYBaHHS iX y CTPYKTYPHI MaKeTH 3aJie)KHO BiJ 30HM PO3MIIIEHHS, sSKi OyayTh Kparie
3aJI0OBOJIBHATH BUCYHYTiI BUMOTHY TIPY €KCIUTyaTallii BIHNCHKOBOTO OJIATY.

OTXe, MOCHIDKEHHS MarepialliB 3aXMCHOTO OJSTY JUIsl BiICHKOBOCTYXOOBIIIB € aKTyaJTbHUM
HAyKOBO-TEXHIYHUM 3aBIaHHSIM.

Pesynbraru nocmimkerns. Cepe iCHyI0UMX BUIIB CIIOPSKEHHS BiHCHKOBOCITY>KOOBITS HAUTIOTITPEHI M
€ PO3BaHTAKYBAJIbHI JKUJIETH, SIKi IPH3HAYEH] [T MAKCUMAJIbHOTO €prOHOMIYHOTO PO3IOZILTY BAHTAXKY.

BilichkoBe CHOpSKEHHSI, 30KpeMa PO3BaHTAXKYBAJIBHUI JKWIIET, MAa€ BIIIMOBIIATH KOMILICKCY
YKOPCTKHX 1 CYNIepEUTMBUX BUMOT ITPH3HAYEHHS, HATIHHOCTI, prOHOMIYHOCTI, ECTETUYHOCTI, TEXHOJIOTI9HOCTI,
€KOHOMIYHOCTI Ta eKOJIOTIYHOCTI. BifmoBiHICTh MM BUMOTaM 3a0e3nedyeTbesi O0IPyHTOBAHHM BHOOPOM
MarepiaiiB, 3 SKHX BiH BUTOTOBIISIETHCS, & TAKOXK PaIliOHATHHIM KOHCTPYKTHBHO-TEXHOJIOTIYHUM PIllICHHSM.
Bubip marepianiB Oyzie TOMIIFHAM B pa3i BiAMOBIIHOCTI OCHOBHHUX MaTepialliB MPU3HAYEHHIO BUPOOY 1 B3aEMO
Y3TO/KEHOCTI CKIIA/IOBI Marepiaiy 3a CBOIMH BIACTHBOCTSAMH OCHOBHOTO MaTepialry.

IIpogimni ceiToBi (5.11 Tactical (CIIIA), MIL-TEC (Himeuunna), WEB-TEX (Benuka bpuranis)
ta BiTumsHAHI (Proflgroup, TEMII-3000, M-TAC) xommaHii € BHpPOOHHUKAMH PO3BAHTAXKYBaJIHHHUX
KUIIETIB. AHANI3 PUHKY CyYaCHHX 1 IEPCTIEKTUBHUX MOJIeIel J03BOIMB IPOAHAIi3yBaTH i CHCTEMAaTH3yBaTH
MaTepiay HeoOXiTHi I iX BUTOTOBIICHHS (pHc. 1):

* Marepiany BepXy — MillHI 3 CHHTETHYHHX BOJIOKOH; CTIHKi JI0 MEXaHIYHWX HaBaHTaXXCHb;, 3
BHCOKOIO 3HOCOCTIHKICTIO; BOJOHETIPOHUKHI;

*  Marepiayy MiKIAJIKA — 3 00 €MHOIO CITYaCTOIO CTPYKTYPOIO JIJIst 3a0€31IedeHHs TEIUIOo-, TapOoOOMiHY;

* Marepiaiy MPOKIAIKU — CTIMKi 10 medopmariii Ta po3puBy, JIETKi Ta M’ SIKi;

* GypHitypa.

Pi3HOBH/IH MaTcpianin JUIA BUTOTOBJICHHA PO3BAHTAKYBAJILHHUX JKUJICTIB

T
[ I | |

Marepiann Bepxy | Marepiaiu npokyiajiku || Marepiain niakiaiku I I DypHitypa |

okchop; MHOIIOJ1- { 130J10H CITKa _| okchopa NPSUKKH- | || (hacTekce
_IM CTUPOJI - air-mesh peryisitopu b
i nosdom HeitoH ——— || xHomKa |
— OTOR 3D oeacep|- TeKCTRIbHA ‘
Kopypa JIMCTOBUU| |_Mriopornion | 1222-CTICHCCP] L™ capyka —— | [ kapaGin

n v TCKCTHIBLHA]
| CITKa raJlaHTCpCHHA I 3acT1OKa

T

Puc. 1 — Piznosuou mamepianie 01 6120moGieHHs PO3BAHMAICYBAILHUX JHCULEMIB

BuxoprcToByBaHi IS BWUTOTOBICHHS PO3BAaHTAKYBAJIBHUX JKWICTIB CHHTETUYHI TKAaHUHH 3
MPOCOYYBAHHSAM MICTSATh TaKi BOJIOKHA, SK HEWIOH, momiamia, momiedip Tomo. OgHMM i3 crocoOiB
MPOCOYYBAaHHS MarepiaiiB € Oe3nmocepeiHe BBEACHHS B PO3YHMH IOJIIMEPY HAIOBHIOBada, 110 3a0e3rnedye
CTIWKICTh 7O OaraTtopa3oBoro uwuiieHHS. /[0 TiOKIaAKOBHX MarepialliB HajekaTh MaTepialii Taki, SK
okcop, HEHITOH, capka, CiTKa raJaHTepeiina, ciTka air-mesh Ta 06’emna citka 3D 3 CHHTETHYHUX BOJIOKOH,
BHKOHAHA B TEXHIIl TPHOXBUMIPHOTO TIEpEIUIETEHHS 3 KOMipKaMH Pi3HOTO PO3MIpy Ta TOBIIUHH. 3aBISKH
TaKiil CTPYKTypi 3a0€31edyeThest TOBITPOOOMiH, aMOPTH3aIlisl, IETKICTh, MIITHICTb, IBUKE BUCUXAHHS TIPH
HaMOKaHHI, JOBTOBIYHICTh. 30KpeMa, MPOKIAAKOBI MaTepialid — IIe XIMIYHO 3ITUTHH CITIHCHWH MOTIeTHIICH
pi3HOI TOBIIMHY Ta rycTuHU [9 — 12].

Bracnigok HasBHOCTI BENHUKOI KiIBKOCTI CHEMialbHUX KHIIEHb, MiJICYMKIB Ta iHIINX €JIEMEHTIB,
MIPU3HAYCHUX TSI KOM(DOPTHOTO HOCIHHS 30p0oi Ta MaraswHiB 10 Hel, 30KpeMa, TpaHaT, (UIATH, alnTeuKH,
JTOKYMEHTIB, parlil TOIIO BayKIIMBUM € BUKOPHCTAHHS SIKICHOT (DypHITYPH 1 HUTOK.

IIpy BHUTOTOBNEHHI PO3BAHTAXKYBAJIBLHUX JKWIIETIB BHUKOPHUCTOBYIOTHCS (YpHITYpa Ta HHUTKH
3 TiABUIIEHUMH BUMOTAaMH 10 HAJIHHOCTI. AHaji3 iCHYIOUMX DPI3HOBHIIB IaHWX BHPOOIB, TO3BOJIUB
BCTAaHOBHWTH, 1110 HAYaCTiIIe BHKOPUCTOBYIOTHCS TaKi BUIH PYPHITYpH: TEKCTHIIHHI TACBMH Pi3HOI ITUPHHH,
IIUTBHOCTI; KapaOiHU-KITICH, 3acTiOKH-OMUCKaBKH, MPSIKKU-PETYISATOPH, 3aCTiOKM-(PacTeKcH, MeTajeBi
JIIOBEPCH, KHOIIKH TOIIO, KOTP1 BUTOTOBIISTFOTHCS MTPOBITHAMHE CBITOBUMH kKommaHissMu Duraflex, ITW Nexus
(CLIA), YKK (Amonist)

[Topsm 31 CHUTBHOIO TEHIECHINEI0 10 30iTbIIEHHS PI3HOMAHITHOCTI Ta OHOBJEHHS ACOPTHMEHTY
TeKCTHJILHUX MaTrepialiB pi3HOTO TMPH3HAYCHHS B YKpaiHi, JWIIE OCTAaHHIM YacOM CIIOCTEPITaeThes
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He3HadHe 301JIbIIeHHS] CETMEHTa PUHKY 3HOCOCTIHKMX 1 MIITHUX JI0 PO3pUBY MatepiaiiB. s mocmimkeHs
00paHOo 3aKOPOHHI 3pa3Ku MaTepiaiiB Bepxy, AeMI(epHoi MPOKIAIKA Ta TMAKIAIKA 3 3aJeKIapOBaHUMHU
BUPOOHUKAMH TAKUMH TTOKA3HUKAMU, SIK CHPOBHHHUI CKIIaJ1, TOBEPXHEBA I'YCTHHA, TOBILUHA, Ta TIPOBEJCHO
KOJyBaHHS OKpPEMHX INapiB y Mmakerax 3a (YHKIIOHAJIBHOIO o3Hakoio. Cepen MarepiamiB BEpXHBOTO
3HOCOCTIHKOTO mapy Bimomumu € okchopa 600D (31), okchopa 800D (32), meitnon 1000D (33), xopaypa
1000D (34), citka 3D cneiicep (35). HaiioinpIr po3MOBCIOIKCHAME Cepel MaTepialliB JUIsl aMOPTH3aIlil €
130700 (A1), momidom (A2), miHomomictupon (A3), mopoioH (A4). ®opMOCTIHKHIA: TUTACTHK JTHCTOBUI
(®1). do migkmagkoBOTO Halexarh: capxka rmaakodapoosana (I11), okcdopm 400D(112), meitmon 400D
(I13), ciTka ramantepeitaa (I14), citka air-mesh (I15), citka 3D cmeiicep (I116) (Tabm. 1).

SlkicTe BIHCHKOBOTO OnATY (DOPMYETBCS Ha BCIX CTaJlifX HOTO CTBOPEHHS, IMMOYMHAIOUM Bif
MPOEKTYBaHHS 1 3aKiHIYIOUN €KCILTyaTaIli€lo, aje B OLTBIII Mipi 3aJIeXKHUTh BiJl XapaKTEPUCTHK MaTepialis,
3 SIKUX BiH BUTOTOBIISIETHCS, 1 BUMAarae 3a yMOB HAyKOBO OOTPYHTOBAHOTO KOMIUIEKCY AOCTI/KEHh BMIHHS
BCeOIYHO OIIHIOBaTH, 00’ €EKTHUBHO OOHMPATH i PEKOMEHIYBATH JI0 3aCTOCYBaHHSI.

Tabmuns 1. XapakreprcTuka MaTepialiB sl BUTOTOBIEHHS PO3BAaHTAKYBATBHUX KHUIIECTIB

=
Z 2 = IHosepx-
=z Hasga 2 . Kpaina CupoBuHHMI HeBa
© S = Haspa marepiany o
= mapy = BHPOOHNK ckJan, % T'YCTHHA D,
=) = 2 r/m2
3, Oxcdopn 600D Kurait I1E — 100 310
= 3, Oxcdopz 800D Kurait ITE — 100 380
25 3, Heitnon 1000D Kuraii TTA — 100 230
x E =
} g S 3, Kopaypa 1000D Cmﬁ’pﬁ?aﬂ TIA — 100 350
) ]
= = =
= i 3 Citka 3D creiicep CIIA, Rurait TIA — 100 500
= 3 Pocis
S .
e = A, [3010H Y¥<pa1Ha, . | INinomomieTniexn -
= = Pocis, Kurait
] o
> | . Vkpaina, .
% '5 A TTomiom Poci;lp Kurait ITonietninen -
= gl
= E . . Vkpaina, .
2 = A, [MTinononicTupon Pocis. Kuraii Honictupon -
=} = 2
=% "
N < VYkpaiHa, . .
% A, TToponon Pocis, Kuraii ITinonomiyperan
= .
% ®opwmocriiiknii | D, [TnacTux nucToBuit POSCIiI;paIl(HH?aﬁ [TinoBiHIIXTOPUA -
< £l
8 Vkpaina
=} 3
5 caprka miaakogapOoBaHa . . baBoBHa — 35
2 1, apr. 1667/25381 P"gi’o I;;::“ TIE - 65 200
1 =
% % I, Oxcdopx 400D Kurait I1E — 100 260
g = I1, Heiinon 400D Kurait ITA — 100 280
A~ g II CiTka rajganTepeiiHa Kuraii, Kopest ITE — 100 210
q o
= m, Cirka air-mesh %ﬁ; Igfg‘; TE - 100 170
I, Citka 3D cneiicep CI_HI;A(;;(;ITaM ITA — 100 500

3a pe3ynbraTamMu MPoOBEJICHOTO aHAi3y iICHYI0UOT0 aCOPTUMEHTY peMiHHO-TiedoBuX cucteM (PIIC)
Ta pO3BaHTAXKYBaJIbHUX )KUJIETIB, IO TPEJICTAaBICHI HA PUHKY YKpaiHU BCTAHOBJICHO, [0 HAUTTOMINPEHIIIUMH
KOMOIHAIIISIMH MTAKETiB MaTepialiB Ha Pi3HUX IUISTHKAX € TKAaHUHA BEPXY, MiAKIaAKK Ta npoknaaku (3AIT);
TKaHMHA BEpXy, MiAKIAAKK Ta ABa TUIH npokiaiku (3ADI]); tkanuna Bepxy Ta migknanaku (311); TkannHa
Bepxy (3) (puc. 2).

OCHOBHMMHU TIOKa3HHKaMH SKOCTI JI0 PO3BAaHTaKYBalbHUX JKWIETIB Ta MarepiamiB s ix
BUTOTOBJICHHSI € TMpH3HAa4YeHHs (BiANOBIAHICTH CE30HY, BIKOBIH TpyIi, pO3MIpHiI Ta IOBHOTO-BIKOBiif
rpyIi), HaAIHHICTh (BUpIO Ta Marepiaiy MOBHHHI 30epiraTv cBiil 30BHINIHINA BUIIISA 1 HUTICHICTD MPOTSATOM
BCHOT'O TEPMiHY BUKOPHCTAHHS), €PrOHOMIYHICTH (3a0e3medeHHs] KoM(YOPTHOTO MiKpPOKIIMaTy, CTaTUIHOL
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Ta IWHAMIYHOI BiIOBIIHOCTi), €CTETHYHICTh (BIAMOBITHICTh KOJIOPUCTUYHOTO O(OPMIICHHS, CTPYKTYpH
Marepiaiy, piBeHb TEXHIYHOTO BUKOHAHHS ), TEXHOJIOT19HICTh (PiBEHB 3aralbHOT TPYIOMICTKOCTI, IIOBEPXHEBA
TyCTHHA, 3yCHIIJIS TIPOKOITY MaTepiary TOIKOI0) Ta Oe3MeUHICTh (MIBUAKICTH TOMIMPEHHS TOIYM s, CTYIiHb
00BYTIIEHHOCTI, TEMITepaTypa IJIaBICHHS Ta TPUBAIICTH crianaxyBanHs) (puc. 3) [13, 14].

3AIT

3ona 3 3ona 4
3

Puc. 2 — 3oeuiwniu suenad PIIC (a) ma pozeanmasicysanbHux scuiemis (0, 8)
i3 30HANLHUM POSMIUWJEHHAM CMPYKMYPU naKemie mamepianie

I HomeHkaTypa noKa3HHKIB SKOCTI JUISt PO3BAHTAKYBAILHOTO JKHIIETY Ta MATEPIaiB JUIS HOTO BUTOTOBJICHHS |

|

I Ipusnauenns l— I HaniiinocTi I —I TexHOMOTYHICTh I
— TOBIIAHA BHpOGY | || BUTpHBAIiCTh 3a OaraTropazoBoro —{ 3ara/ibHa TPYAOMICTKICTh ]
— PO3PHBAILHC 3yCHILIS | POSTATAHHA
= = FRT TOBEPXHEBA I'yCTHHA
abCOMTIOTHE BUJIOBKCHHS || noBroBiunicTs 3a HararopaszoBorc T TEKCTHIBHOTO f10JI0THA
Ha MOMEHT PO31pBaHHs! pO3TAraHHA

| anresis nokpuBHOI MIiBKH || Tewmmeparypa rutapicHus |

YHCJIO LIMK/IIB CTHpaHHA

BIINOBIAHICTL BUPOOY, PO3MIpHIi] B 1O TUIONMMHL
Ta MOBHOTHO-BIKOBIH rpyIil —

3YWILIS TIPOKOITY ]

; R : 3MiHA BIACTHBOCTEH
BIINOBIIHICTD CE30HY, cdepi — —
- 3aCTOCYBAHHS T4 . BL/l CTHPAHHA —I EprosomiunicTh I
YMOBaM EKCIuTyaTartii
|_|3MiHa RIACTHBOCTCH BiX BIUIMBY TirPOCKOMIUHICTE, TeKCTHIIBHOTO
I P —— I_ KJIIMaTHYHHX YHHHHKIB _‘ Marepiany |
. 3MiHa BJIACTHBOCTEH BiJl BIUIHB KOE(ILIEHT MOBITPOIPOHUKHOCTI
BLAMOBLIHICTD XY[0KHBO- m HU3BLKHX TEMIIEPATyp X _{ l
KOJIOPHCTHYHOTO G(OPMIICHHS! s - :
ra CTPYKTYpH Ma‘]'cpld_ny (B"pooy) - — — - KOCq)llIl(’HT BOLIOHPOHHI\HOCTI
T el TCXHIITO BHEOHAMIE T3 3MiHa JIHIHUX PO3MipiB micis
HI B o MOKpPOTo 00poOICHHS i i
gmoéueuuﬂ Matepiaily (Bipody) | P p —l Koe(ilieHT HAMOKaJIbHOCTI I

AT eae ST CTYIIIHb TPHBKOCTI
koeditient popmocTiiikocTi , _{ MOBEPXHEBA BEIHYHMHA 3apsiL
bin mlu(cpra | - uoq)apgypauun J10 Pi3HHX PAHICH asapany |

(b13MKO-XIMIYHUX BITHBIB

| aGcomorna noua nedopmaris |

I besneunictn l-—
po3LapyBaibHE 3yCHILIS ]

| saaumkoa sedpopmattis |

UIBH/IKICTh TIOIIMPEHHS 1101yM 5 |

LT

Koediuient minpocti mBa |

CTYMiHb 00BYIICHHOCTI | —{ eIIACTHYHICTD |

TeMIIEpaTypa ClajlaxyBaHHs |

CTaTMyHa Ta AMHAMIYHA
Tpnnamcn, cnanaxynamm | ] BLAIOBLIHICTH

Puc. 3 — Ilokaznuxu axocmi po36anmasnicy8anibHO20 JHCunema 01 GiticbKO8OCIyHcO08Ys
ma MeKCmuIbHUX Mamepianie 0 U020 6U20mMOG1eHH s

BucnoBkn. Ha 0CHOBI aHATITHYHUX IOCTIIKEHb CHCTEMAaTH30BaHO 1H(OPMAIIIIO TTPO Pi3HOBHIN
CydJaCHHMX MaTepiajliB JIJisi BHUTOTOBJICHHS PO3BAHTAXYBaJbHHUX JKWJIETiB, C()OPMOBAHO HOMEHKIATYpPY
MTOKAa3HUKIB SKOCTI 0 HUX Ta MaTepiaiiB [T iX BUTOTOBJICHHS. BUsABIEHO HAMOLIBII TTOMIMPEH] CTPYKTYPH
MaKeTiB MaTepialliB Ha Pi3HMX 30HAX JKUIIETIB 3aJIe)KHO BiJl TepMiHYy eKCIUTyarallii Ta pO3MiIIeHOTO Ha
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MEBHUX JIUISTHKAX CHOPSDKEHHS ToImo. [Ipu ¢opmMyBaHHI HOCTIMHUX 3pa3KiB CTPYKTYp MaKeTiB MaTepiaiiB
BHKOPHCTAHO TIPHUHIIAIT BapiroBaHHS KOMOIHAIlIH IIapiB mMarepiaiiB B 3aJIGKHOCTI BiJ HaBaHTaXCHHS Ha
BHU3HAYCHIN 30HI.

10.
11.

12.

13.
14.
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Introduction. Uncertainty in medical practice is becoming a major problem on the way to a precise
diagnosis, since it prevents you from choosing the best solution and, consequently, can cause a poor response.
[1]. There are various approaches to creating medical diagnostic systems, for example, expert systems that
deal with unformalized tasks that require a non-standard approach. One of the most difficult non-formalized
tasks of medical diagnostics is an olfactometry study.

There are many methods for assessing olfactory disturbances, among which are the most popular
sniffing sticks test, the University of Pennsylvania Smell Identification Test (UPSIT) and others [2], but the
main difference is the number of used odorivectors, which makes formalization of olfactory abnormalities
difficult. Therefore, it seems advisable to propose an integral criterion for assessing olfactory disturbances. The
choice of odorivectors in olfactory tests is also due to a geographic factor: olfactory stimuli should be easily
detected by the subjects. Another aspect for effective olfactometry research is the use of objective measurement
tools, lack of objectivity is a disadvantage of the most popular tests (UPSIT, Sniffing sticks test, etc.).

Taking into account the above, it seems necessary to develop an integral indicator of olfactory
sensitivity in order to formalize diagnostic data in the development of decision support systems based on a
method for increasing the objectivity of olfactometry research [3-5], with the help of which it is possible to
perform objective investigations of respiratory and olfactory disorders and it fully meets the requirements.
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Results of the study. It is necessary to make a determination of the importance of the selected
private indicators (the degree of sense of the odorivectors), in other words, the weight coefficients used in
the integral functions. One of the most common ways of determining weighting factors is the method of
expert assessments (attribution of points). In contrast to the ranking method, experts here, depending on
the importance of the indicator, set points from 0 to 10, and it is allowed to estimate the importance of the
indicator by fractional values, as well as the same indicators can be assigned the same points. The level of
competence of the experts of the working group (M) must meet the following condition:

0,67 <M <1,00 (D

Moreover, the value of M is calculated by the following formula:

- ZK #)

where K — is the j-th expert’s level of competence,

m — is the number of experts in the working group.

In order to evaluate the level of competence (K) of each j-th expert (j = 1, m) by the authors [6], it
is proposed to use the following equation:

K; :’ZKij 3)

Expression (3) includes five generalized Kij indicators taken into account in assessing the level of
competence of the j — expert, while (0< Kij <1).
Klj — takes into account professional qualifications, seniority and experience;

K2J — takes into account the level of awareness in the field of scientific publications;

K - takes into account, on the basis of self-esteem, the desire for professional growth, the ability to
work in the team, as well as discipline and organization;

K 5= takes into account the personal qualities of the expert given to him by colleagues experts;

K5 takes into account the level of coordination of the expert’s actions with the members of the
formed worklng group when performing the test assignment.

To determine the weight coefficients of odorivectors in developing the integral indicator of olfactory
sensitivity, the expert opinion of nine experts on the degree of importance of each odorous substance during
the conduct of an olfactometry study was taken into account. The level of competence of the experts of the
working group is M = 0,88, which satisfies condition (1), hence the formed group is competent.

Experts in the field of otorhinolaryngology were offered questionnaires, where it was proposed
to put points from 1 to 10 in terms of the importance of using odorivectors (1 - tincture of valerian, 2 -
acetic acid, 3 - ammonia) to detect olfactory disturbances. Where 1 point is not important, 5 is of average
importance, 10 is very important. Then we measured the weight of each indicator counted by each expert.

According to the method of attributing points [7]:

T

Zh @)

where r, — the Welght of the j-th indicator, determlned by the i-th expert, h/ — the score of the i-th
expert, exhibited to the j j-th indicator, m — the number of indicators. Finally, the weight coefficients of the
indicators are determined by the formula:

i > (5)

where n — the number of experts.
Calculation of weight coefficients by the method of assigning points is given in table 1.
The weights take the following values:

5,927

w, =0,659

2 603_0 729
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Wy =#=0,052

Table 1 — Determination of weight coefficients by the method of attributing points

Score points Weights of indicators
Experts n n n Sum
il i2 i3 T 7y s

1 10 10 5 25 0,400 0,400 0,200
2 10 8 0 18 0,556 0,444 0,000
3 10 5 0 15 0,667 0,333 0,000
4 9 3 1 13 0,692 0,231 0,077
5 10 2 0 12 0,833 0,167 0,000
6 10 3 1 14 0,714 0,214 0,071
7 10 1 0 11 0,909 0,091 0,000
8 9 5 1 15 0,600 0,333 0,067
9 10 7 1 18 0,556 0,389 0,056

Sum 5,927 2,603 0,471

The small value of odorivector weighting factor 3 (ammonia) does not mean that this indicator
should not participate in the integral assessment of olfactory sensitivity. Ammonia alcohol is informative
only when there are no indices when testing for tincture of valerian and acetic acid, that is, with anosmia,
but the olfactory-taste sensitivity remains functioning.

Conclusions. Thus, the level of competence of the experts of the working group was assessed, the
weighting factors (by the method of attributing scores), the sensations of three odorivectors were determined
by the method of increasing the objectivity of olfactometric studies to determine the integral index of
olfactory sensitivity with the support of decision-making in olfactometric diagnosis.
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Beenenue. Pazsutne FOro-Boctounoro pernona YKpauHbl, XapakTepU3yeMOe B HACTOSIIEE BPEeMs
KPU3WCHBIMU SIBIICHUSIMH, N3MEHEHHEM YCTOSBIIMXCS CBSI3€H M TPy30MOTOKOB, CHIKEHHEM HHBECTHLINI
¥ yMEHbBIIEHHEM OOBEMOB arpapHO-TPOMBIIIJICHHBIX MPOW3BOJCTB M JIOXOOB B PErHOHE, BO MHOTOM
OTIpE/IETISIETCS] COCTOSIHMEM M Pa3BUTHEM TPAHCIIOPTHBIX Y3JI0B, K OCHOBHBIM M3 KOTOPBIX OTHOCHTCS
MOPCKOH TOPT, OOCITYKWBAIOIIUK B JKCHOPTHO-MMIIOPTHOM U TEPEBAIOYHOM OTHOIIEHHWH HE TOJIBKO
paccMaTpuBaeMbIii PETHOH, HO U IPYTHE PaiioHbl YKPAWHBI, B TOM YHCIIE U MEKIYHAaPOIHbIE TEPEBO3KH.

B cBoto o4epens pazBuTHE OPTA BO MHOTOM 3aBHCUT OT BHYTPEHHHUX ()aKTOPOB, K UUCITY KOTOPBIX
MOXET OBITh OTHECEHA OPTaHU3aIHs paOOThI TPAHCIIOPTHOM HHPPACTPYKTYPBI MOPCKOTO ITOPTA B YCIOBHUSX
JIEPETYIALMN TPY30MOTOKOB. B CBA3M C 3THM I1eIeCO00pa3HO PacCMOTPETh METOAMKY OIpPEIesIeHUs
W OLEHKH HMHTErpajbHOTO IOKa3zartelnsi (MHAeKca) paboThl TPAHCIOPTHOHW HWH(PACTPYKTYphl MOPCKOTO
MopTa, OTpakalolled MOTeHIHal €ro Pa3BUTHA, OCOOCHHO JUISI CO3[aHHS KOHKYPEHTOCIIOCOOHOCTH U
WHBECTUIIMOHHOW MPUBJIEKATEIHbHOCTH IOPTA U PErHoHA.

Cocrosinne paccMoTpeHMsl MPoodJaeMbl. /{1 KOTMYeCTBEHHOH OIEHKH TeXHUKO-IKOHOMHYECKOTO,
WHBECTUIIMOHHOTO U COITUAIEHOTO Pa3BUTHS TPAHCTIOPTHOM CHCTEMBI MOPCKOTO MTOPTA MIMPOKO UCTIONB3YIOTCS
pa3iyHbIe MO 3HAYMMOCTH WCXOJIHBbIC JaHHbIC U MX IMOKa3aTeld, K YHCITY KOTOPBIX OTHOCST IPy30000pOT
[OPTa, MPOBO3HYIO U IPOITYCKHYIO CIIOCOOHOCTh, CKOPOCTh U CPOKH JOCTABKH, KOA(D(UIIMEHT HCTIO/Ib30BAHUS
TPAHCHOPTHBIX CPEACTB, MPOU3BOAUTENFHOCTh TPY/Q, 3AIIUTY OKPY>KaIoIIei cpeasl 1 MHOTHE ipyTHe [5].
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Bonpockl KomMYecTBEeHHOW W Ka4deCTBEHHOH OIEHKH Pa0OTHI CIIOXKHBIX TPAHCIIOPTHBIX Y3JIOB
B cBOMX paborax paccmarpuBanu ['ynme S.D. [5], [opeB A.D. [6], AkynuandyeB B.M. [7], Peoxenko JL.U.
[8] m mpyrue. Aranu3 THX paboT MOKA3bIBAET, YTO B CIIOKHBIIUXCS YCIOBUSAX TPAAUIIMOHHBIE CITIOCOOBI U
MeTOIBI A (HEKTHUBHOTO TUTAHUPOBAHUS PAOOTHI U Pa3BUTH HHPPACTPYKTYPHI CIIOKHBIX TPAHCTIOPTHBIX Y3JI0B
HenmocTtaTtouHbl. HeoOxommma pa3paboTka KOMIUIEKCHBIX MHTETPATBHBIX TMOKaszaTesel, YYUTBHIBAIONINX KaK
WCXOJTHYIO CUTYAITHIO, TAK M IEPCIIEKTUBY PAa3BUTHI HA OCHOBE MHOTOKPHTEPHUATBHON OLIEHKH WX BO3/IEHCTBHSI.

Pesyabrarsl nccaenoBanus. [lokaszarenu, xapakrepusyromme padoTy U pa3BUTHE TPAHCIIOPTHOU
MH(PPACTPYKTYPBI MOPCKOTO MTOPTa MOTYT OBITh OOBETMHEHBI B OJIOKU: MHPPACTPYKTYPHOIH 00eCTIEYeHHOCTH
U WHPPACTPYKTYPHOH IOCTaTOYHOCTH. Torma WHTETpalbHBIA WHIEKC pa3BUTHS TPAHCIOPTHON
WH(PPACTPYKTYPBI MOPCKOTO TOpTa OyIeT COCTaBJIeH M3 CyMMapHBIX IoKa3areieil MH(PPaCTpyKTYpHOH
obecrieueHHOCTH U HH(PPACTPYKTYPHOH TOCTATOYHOCTH.

Ha puc. 1 npexncraBiena KpyroBas quarpamMma COCTABIISTIONIUX TPAHCIIOPTHOW MH(PACTPYKTYPHI
MOPCKOTO TIOpTa, COCTaBJIEHHAs IO JaHHBIM [9].

CymmapHbIi mokasaresb HHPPaCTPYKTYPHON 00€CTIEYUeHHOCTH [ MOKET OBITh IIPEJICTABIIEH B BUIE
roKaszaresiei (OIeHOYHBIX KPUTEPHEB) JIOTHCTUIECKUX ITOTOKOB, TAKAX KaK MaTepUalbHbIN, (MHAHCOBBIH,
TEePPUTOPHATBLHBINA, HH(POPMAITMOHHBIH, YHEPTeTUIECKHH, CKIIAJICKON, TPYAOBBIX PECYPCOB H JAPYTHX.

CymMmapHbIi 1OKa3aTeNlb MH(QPACTPyKTYpPHOM JOCTAaTOMHOCTH [, TaKKe MOXKET OBITh ONMHMCaH
MOKA3aTesIMU CIIEAYIONINX JIOTUCTUYECKUX TMOTOKOB: DKOJIOTWYECKWH, WHBECTUIIMOHHBIN, COIHMAIbHBIN,
HaBUTallMOHHBIN, HAZC)KHOCTU U KAUE€CTBEHHbIN, BpEMEHHOU U APYTHX.

0,01_ 0,00

WMox. 1
W Mox
® Nox.
W Nox

= Nox.
0,01 o

0,01 M Nox.

® Nox.

0 N Vv s wN

M Nox.

Puc. I — Ilpumep kpyeosotl duazpammol cocmasisrouux
MPAHCNOPMHOU UHDPACMPYKMYPbI MOPCKO20 NOPMA

IIpn BBIOOpEe TOKa3zarenel IS OmperesieHHs WHTETPajbHOTO HWHJAEKCAa pPa3BUTHS BO3HHUKAET
HEOOXOAMMOCTh WX M3MEPEHUS W CpaBHEHHs MEXTy coOoi. Bce oHM MMEIOT pa3nuyHylo pa3MepHOCTH,
MTO3TOMY JIOJKHBI OBITh TIPUBEACHBI K COMMOCTABUMBIM M3MEPHUTENISM, /ISl YeTO MOKET OBITh MCITONBE30BaH
nHAaeKkCcHBIH MeTton [1, 4]. OO0macTh BO3MOXKHBIX 3HAYCHHH KaXKIOTO PACCUHUTHIBAEMOTO TIOKa3aTells
ompenensieTcst orpe3koM ot 0 110 1, Ipu 3TOM HylleBOe 3HaYeHHE TIOKa3aTelsi MOYKET 03HauaTh HAaUMEHbIIee
(min) BMUSHYWE HA MEPCIEKTUBY Pa3BHUTHA, a €IMHUYHOE 3HadeHHWe — HamOomblnee (max). Kpome Toro,
BCE€ JTH IMMOKA3aTeNd MOTYT OBITh Pa3BUTHI HA JIBE TPyHIbl: «C» — TpyIINa moka3aremneil, CTUMYIUPYIOIINX
pazButHe, U «Dy» — TpyIma 1ecTadMIM3HPYIONIX MOKa3aTele.

I'pynmy «C» cocTaBisIOT MOKa3aTeind, 3HAYeHNsT KOTOPHIX OKa3bIBAIOT TO3UTHBHOE BO3/EHCTBHE
U CBA3aHbI C KOJIMYECTBEHHOH OLIEHKOH KauecTBa PacueTHOM XapakTepUCTHKHU. [pynmy «D» cocTaBistoT
MOKA3aTeIH, NMEIOIINE TOPMO3SIIEe BIUSHHIE.

Hopmuposanue moka3zareneit rpynmsl «C» MOXeT OBITh onpenenieHo 1o dhopmyie [4]:

Ci = Zij = Zmin (1)
Zmax — Zmin

rIe Cy. — HOPMHPOBAaHHBIA 1i-THI TOKa3aTreidb pPa3BUTHS [UIS j-TOTO OOBEKTATPAHCIIOPTHOU
MHPPACTPYKTYPHI MOPCKOTO TIOPTA, CTAOMIH3UPYIOIIN;

z,; — (akTHUeCcKOoe 3HAYCHHE i-TOTO TOKa3aTells Pa3BUTHS U j-TOTO OOBEKTa TPaHCIOPTHON
MH(PPACTPYKTYPHI MOPCKOTO TIOPTA;

Z .z — COOTBETCTBEHHO MHUHMUMAaJIbHOE U MAaKCUMAIIbHOE 3HAYEHHS 1-TOTO TIOKA3aTeNs pa3BUTHS

min® ~ max

B IIpefeniax 001acT MpUMEHEeHHS.
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Jus HOpMHpOBaHMS TMOKazareneil rpynmbl «D», pocT KOTOPBIX CIOCOOCTBYET yMEHBIICHHIO
WHTETPAIbHOTO WH/IEKCa, MOXKET OBITh HCITONb30BaHa hopmymna [4]:

Dy = e @)
Zmax — Zmin

rIe Dij — HOPMHPOBAHHBINA i-THIH IOKa3aTeNlb Pa3BUTHA I j-TOTO OOBEKTa TPAHCIIOPTHOU
WH(PPACTPYKTYPBI MOPCKOTO TIOPTA, I€CTA0MIN3UPYIOITHHA.

g ompeieneHnst 3HAYMMOCTH (Beca) KaXKIOTO MoKa3aTessi, OKa3bIBAIOIIETO BIMSHUE HA Pa3BUTHE
TPAHCTIOPTHOW WH(PPACTPYKTYPHl MOPCKOTO TOpPTa HEOOXOIMMO YCTAaHOBHTH BECOBBIE KOA(P(PHUIIMEHTHI,
KOTOpBIE BBOASATCS ISl ydeTa WX YYacTHsl MPH pacdyeTe CyMMapHOTO HH(PACTPYyKTYPHOTO HHIIEKCA.
Wnest onpeneneHns 3HAYMMOCTH (Beca) 3aKIIFOYAeTCs B ONPENCTICHUH BKIaga Kakaoro (akTopa B ooOmiei
nucnepcun, pasHor 100% (vmm enuHUTEE).

I'maBHOE OrpaHMYeHuUe TSt BECOB 3aKITFOYAETCS B TOM, UTO UX CyMMa JIOJDKHA OBITh paBHA eIMHUIIE
[2]. CymiecTBYIOT pa3In9IHbIE CIIOCOOBI pacdyeTa 3HauNMOCTel (BECOB) MoKa3areneil. PacdeTsl BBITOMHSAIOTCS
M0 3JE€MEHTaM MAaTpHIlBl MAPHBIX KOPPENAIuil, Mo (aKTHIeCKMM Harpy3kaM, MO pe3yibraTaM ITapHBIX
CpaBHEHUM AKCIEPTHHIX OLIEHOK U T. 1. [2, 3].

[t maHHOTO METOIa BRIOpaHa METOIMKA OTIPE/ICTICHHS 3HAYMMOCTH (Beca) 1o (paKTOpHOI Harpy3Ke,
MIpH KOTOPOW OTpeneisercs BKIA KaKIOro (axTopa B OOIIel Aucrepcud. AJITOPUTM TaKOTO pacyeTa
BBINOJHSIETCS B TpH dTana [1, 4]:

1) paccunTbiBarorcst mpousseneHus (akropron Harpysku fk u nonm B oOmel mucnepenn d,
KOTOPYI0 OH 00benuuseT (g, = f, *d,);

2) paccUMTHIBAIOTCS CYMMBI TIOJTYYEHHBIX IPOM3BEAEHUH 10 BeeM (akTopam (2 g,);

3) paccunThIBaeTCS BKJIAI KaXKIOTO (DaKTopa B CyMMY, T. €. COOCTBEHHOM 3HAYMMOCTH (Beca) i-Toro
daxropa B obwei monenu (W, = q,/3.q,).

BaxxHO OTMETHTB, YTO 3HAYMMOCTH (Beca) PACCUMTHIBAIOTCS OAWH pa3 M NPHUMEHSIOTCS B
TEYEHWU BCETrO MEPHOoJla MCIOIh30BAHNS METOANKHU. l3MeHeHHne 3HaumMocTeil (BECOB) BO3MOXKHO TIPH
M3MEHEHMX NIEPEYHs MoKa3aTesel Wik YCIOBUI UX MCIIOIb30BaHUS IS pacueTa pa3BUTHS TPAHCIIOPTHON
MH(PPACTPYKTYPHI MOPCKOTO TIOPTA.

3arem ompenenstoTcs 0000maroImye MoKa3aTelld OTIACNbHBIX O0BEKTOB Pa3BUTHSI TPAHCIIOPTHOU
WH(PPACTPYKTYPHI, KaK COCTABIIAIONINE BCEH TPAHCTIOPTHOM CHCTEMBI MOPCKOTO TIOPTa: OOIIWI HHIEKC
MH(PACTPyKTYPHOM NOCTYNHOCTH [, ¥ 0OMIMH MHACKC MHMPACTPYKTYPHON 00eCIedeHHOCTH [ , a TaKKe
WHTETPATbHBIA WHAEKC TPAHCIIOPTHON HHPPACTPYKTYPBI MOPCKOTO TTOPTA.

PacueTsr 00oOmIaromMX IMOKa3zaresei Ij, XapaKTepU3YIOMIUX OTIEIbHbIE OOBEKTHI PA3BUTHS
TPaHCTIOPTHOW WHPPACTPYKTYPBI, MOTYT OBITh PACCUUTAHEI 110 Gopmyrie [4]:

n
lej = Z(Cij + Dij) - Wi 3)
i=1

rIe ij — HOPMHUPOBAHHBIN i-TBII TOKa3arenb k-Toro cakropa pa3BUTHS OIS j-TOTO OOBEKTa
TPaHCIIOPTHOU WH(PPACTPYKTYPHI;

W, —3Ha4uMOCTB (BEC), C KOTOPBIM i-ThIH OOBEKT YUMTHIBAETCS IIPU PACYETE CYMMAPHOTO ITOKA3aTEe s
k-toro (hakropa pa3BuTHS TpaHCIIOPTHON MHPPACTPYKTYPHI;

1 — KOITMIECTBO TTOKAa3aTeNeH, HCITOIb3yEeMBbIX JIJISl OLEHKH j-TOTO 00BEKTa Pa3BUTHSI TPAHCIIOPTHOU
WH(PPACTPYKTYPHI.

Ilocne sToro, comiacHO HalMOHAIBHOW MeToauke [l], ompenensercss MHTETpalbHBIA HHIEKC
pa3BUTHUS TPAHCIIOPTHOH HH(PPACTPYKTYPHI MOPCKOTO IOpTa IT, xak cymma 0000MIaArOIMUX HHIUKATOPOB,
YMHO)KEHHBIX Ha COOTBETCTBYIOIIYIO 3HAYMMOCTE (BEC), KOTOPBIN OTpakaeT NX 3HAYUMOCTH B JOPMHUPOBAHUHT
YPOBHS Pa3BUTHS TPAHCIIOPTHON MHPPACTPYKTYPHI MOPCKOTO TTOPTA!

CpaBHHTENbHAS OIlEHKA HMHTETPAlbHBIX  IOKazarelell Bcex OOBEKTOB  TPAHCIOPTHOU
WH(PPACTPYKTYPHI MOPCKOTO TOPTa Ja€T BO3ZMOXXHOCTPH BBISIBIICHHS HauOosiee BIMSTEIHHBIX HA Pa3BUTHE
00BEKTOB, a TAKKE BBEIIBUT HarOoJee ciabopa3BUTHIE U TPEOYIOIIHE 0CO00T0 BHUMAHUS IPU MOJIEPHU3AIINH
00BEKTHI TPAHCTIOPTHOH HH(PACTPYKTYPHI MOPCKOTO TIOPTA.

BoiBoabl. [IprBeieHHBIN METO/T OTIPEACIICHUS] HHTETPaJIbHOTO MOKa3aTessi pa3BUTHS TPAHCIIOPTHOM
MH(PPACTPYKTYPHI MOPCKOTO TIOPTa MOXKET OBITH HCIIONB30BaH IS OIEHKH W aHajn3a padoThbl, CTETIeHU
BIHMSIHAST OOBEKTOB MH(PPACTPYKTYPHI Ha TEPCIEKTHBHOE Pa3BUTHE MOPCKOTO MOpPTa B IIEJIOM, a TaKKe
BEISIBIICHUS IECTPYKTUBHOTO XapaKTepa OTACITHHBIX 00BEKTOB, TOPMO3SIIIHNX €T0 Pa3BUTHE.
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B cBs13u ¢ pazBuTHEM OHIIAMH MTPOAaX 1 MH(POBHIX KaHAJTIOB O(IIaifH Mara3nHbI HYKIAIOTCSI B HOBOM
MOJX07Ie K TIPEOCTaBICHHUIO yCIyT. PacTymmas momyaspHOCTh OHJIAHH-TIIONIMHTA U OTTOK TOKyTaTeNel u3
TPaJINIINOHHBIX MarasMHOB OKa3bIBA€T BIHSHHME HA TO, KaK TPaHC(HOPMUPYIOTCS TOYKH Mpoaax odaifH.
MHormue oTpacieBble IKCIEPTH MOJaraioT, 9To B OymylneM Mara3wHbl CTaHyT 3aHHMAaTh BCE MEHbBIINE
rotomau. He Hy)XKHBI OyIyT HE TPOMO3/KHE TOPTOBBIE 3aJbl, HU BUTPUHBI, HU CKIIQJCKHE TUTOIIA M, TaK KaK
PUTEHIEPhI U X TIOCTABIUKH C KayKBIM TOI0M OyIyT BCe JTydIlIe IPOTHO3MUPOBATh MOKYNKH. «Hecmy4aitno
OJTHOW M3 CaMbIX BXKHBIX BAaKAHCHUHW TOCJIETHUX JIET B PUTEHIE ABISAETCS AUPEKTOP MO WHHOBAIIUSAMY, —
nammeT Anekceit MenH B xypHaie «Forbesy [1].

OpmHAM W3 OCHOBHBIX TPEHNIOB BO BCEM MHpE SBISETCS OMHHKAHAJHHOCTH, KOTOpPAas TO3BOJSIET
CKIIa/IbIBaTh JAaHHBIE W3 Pa3pO3HEHHBIX KAHAJIOB B €AMHYIO KapTHHY. DTOT TPEHI HaYMHAET aKTHBHO
pa3BHUBaThCS B TOM 4Hciie W B Poccuu, JOTOHSAS MHUPOBBIE MPAKTHKH. TpeHn Hadanm HaOUpaTh 000POTHI
Mo JBYM IpHYnHaM. PO3HWYHBIE pHUTEHIEpHl CTaJKHUBAIOTCSH C MPOOIEMON HEMOHWMAaHHS TOTO, Kak
MOBE/IEHYECKHE JaHHbIE, TOCTYIAONINe U3 HHTEPHETa, CBA3aHbI ¢ HH(OpMaIueil o 3amacax u mpopaxax,
C KOTOPO# OHHU TPUBBIKIA UMETH JIENI0 Ha MPOTSHKEHUN fecaTmieTuil. Kpome Toro, MHOTHE TpaauIIMOHHBIE
pUTEHIepBI BHSIPUIIH YCITYTH TOCTABKH H CXEMY «3aKa3a OHIIaifH — 3a0epu odnaitay. OaHaKo B 04epeTHOM
pa3 CTONKHYIUCH C MPOOJIeMON HETIOHMMAaHWs BCEX BBITOJ W HEIOCTaTKOB Takoro pemenus. C apyroi
CTOPOHBI, B TEXHOJIIOTHYECKUX PEIICHHUAX, CO3MAONINXCS JUIS PUTEIIa, CTaal aKTUBHO HCIIONIB30BaThCS
KOTHUTHBHBIE BBIYHCICHNS (COUETaHNE MCKYCCTBEHHOTO MHTEIJIEKTa, 00pa0OTKHA €CTECTBEHHOTO S3bIKa U
caM000yJaromuxcs ceTei). DTu 1Ba GakTopa CIyX,aT MPUINHONW PacTyIIEro MOTeHIINAala OMHIKaHATBHON

https://ws-conference.com/ 7(25), Vol. 1, July 2018 27



International Academy Journal. Web of Scholar. ISSN 2518-167X

aHamutukd. OHHMKaHaIbHAs aHAJIWTHKA TO3BOJSET pemiaTh ONHMCAHHBIC BHINIE MPOOIEMBI W TIOMOTAEeT
BBICTPOWTH B3aMMOOTHOIIICHHS MEX/Ty OHJIalH- U O(IIaiiH-MarasnHaMu.

Od4eBHIHO, YTO JUIS JOCTIDKEHHS Haumbombinero 3hdekra HeoOXOAMMO HAyYHTHCSA Jydlle
WHTEPIPETUPOBaTh U MOHUMATh CKPBITHIE CBS3M MEXIy MaHHBIMH. [[03TOMY IpYyrHM OIpeaessronium
TPEHIIOM SIBIISIIOTCS «OOJBIIME JaHHBIE» W CHUCTEMbI NMPEAWKTUBHOW aHaNMTHKH. KOHEYHO, Ha TaHHBIN
MOMEHT HET YeTKOTO MMOHUMAaHUS 0 MOHETH3AINH «OOJBIINX JTAHHBIX», HO Pa3BUTHE B ATOM HaIlpaBICHUU
npuHeceT OM3HeCy BHYIIWTENbHBIE Pe3yJabTaThl. AHAJIN3 JaHHBIX BCerna OyneT Ba)XKHOW COCTaBIIAIONISH
st UT B puteiine. Te koMIaHuM, KOTOPbIE CMOTYT aHAJIU3UPOBATh JaHHBIE B Pa3IMUHbBIX Pa3pe3ax CMOryT
MOJTyYUTHh KOHKYPEHTHOE MPEUMYIIIECTRBO.

KauectBennast pabora ¢ JaHHBIMH, B CBOIO OYEPE]Ib, TO3BOJIHT C/IENATh aKIIEHT Ha IIEPCOHATM3UPOBAHHBIX
KOMMYHHUKAIIMSX ¥ PEKOMEH/IAIIHSX, 9TO ITPUBE/IET K YBEIMUESHHUIO JIOSUTHHOCTH ITOKYTIaTeNeH U TOTTOTHUTETEHBIM
npomaxaM. Ho ciemyer ynomsiHyTh, 9TO HEIOCTATOYHO MPOCTO TIOHWMATh MTOBE/IeHHE ToKymareneid. HyxxHo
YYUTHCS TOHUMAaTh KOHTEKCT.

Js 6o1ee TOUHOTO TOHMMAHUS KOHTEKCTA 1 yIaBIMBAHUS CKPBITHIX CBS3€H HEOOXOANMO O CO3/1aBaTh
«YMHBIE€ CHCTEMBI», K KOTOPBIM MOYXHO OTHECTH TIOIYYaroIllHe PaclpOCTPaHEHHE «yMHBIE» TPHIIABKI,
ucnonp3yromue TexHoiorun RFID, iBeacon, snexkTpoHHBIE IIEHHUKH M Kacchl camooOcmyxuBanus. OHU
MTO3BOJISIOT OTCIICKHMBATH TEpEMeIeHre MMOKYIIaTeNiel Mo Mara3uHy M CO3/7aBaTh «KapThl HarpeBay». Ha
OCHOBE JTHX JIaHHBIX MOXHO cienarh 3(pQeKTHBHON BBHIKIAIKy TOBapa, MIAHWPOBAaTh MapKETHHTOBBIE
aKIMW ¥ ONTHMH3UPOBATH TTOKYAaTEIhCKUE TOTOKH.

PazBuTHe cucTeM IJIOSIIFHOCTH SIBISIETCS OOHMM W3 HanOoJjee MOIMYISpHBIX TpeHAoB. CI0XKHO
MIPEICTaBUTh Mara3wH, KOTOPHIM He paboTaeT ¢ JAWCKOHTHOW WM OOHyCHOW cucremoil. HamGoipmmit
WHTEpeC Ha JaHHBIH MOMEHT TNPEACTaBISET OTIAECIBHOE OTBETBICHHE ATOTO TPEeHIAa — MOOWIIHHBIE
MIPUJIOKEHNS Mara3wHoOB. Purtelinepsl paOOTalOT Ha/ MOBBIMIEHHUEM JIOSUTBHOCTH M JAPYTHMH CIIOCOOaMHu.
Hanpumep, nist yckopeHus: 00CTyKUBaHUsI KITHEHTOB MOTYT UCTIOIh30BaThCS CIEIMATbHBIC TIPUIIOKEHUS, C
MTOMOIIIBI0 KOTOPOTO COTPYAHUK CIIOCOOEH 00ONTH MOKyTaTresiei B o4epeIu U MPOCKAaHUPOBATh TOBAPHI B UX
KOp3UHaX. DTH IaHHbBIE MOTYT CHHXPOHHU3UPOBAThCS € KacCOBOM nporpaMmMoit. [lonoiins k kacce, KIMEHTY
JIUIIIb HEOOXOIMMO OTUTATUTh TTOKYTIKY, HE BRIKJIA/IBIBAs TOBAP HA JICHTY. DTO TIO3BOJIHT OYEPEISIM IBUTATHCS
ObICTpee, a puTeliepaM yBEIHIUBaTh JOSIIBHOCTH KIIMEHTOB.

Camoo0ciTy>)knBaHNEe — HE HOBBIN TpeH 1. MHOTHE Mara3uHbI TPUXOIAT K OCO3HAHHIO HEOOXOTUMOCTH
BHEJPEHUS CHCTEM CaMOOOCTYKUBAHHS, YTO TIO3BOJIUT COKOHOMHUTH TOPTOBYIO TUIOIAb, & TAKYKE COKPATUTh
3arparsl Ha mepcoHat. OIHAKO, KaK TTOKa3bIBAET MPAKTHKA, yCTPOUCTBA CAMOOOCITY)KHBAaHUS CYIIIECTBYFOIIINE
Ha CErOoIHSIIHAN JIeHb B poccuiickoMm pureiiie (self-checkout) He mpuHECTN 0XKUITaeMbIX Pe3yIbTaTOB U3-
3a HeyoOCTBa B NCIIOIB30BAHNH, a TAKKE OOJIBIIIOM MTEPHO/IEe OKYITaeMOCTH BIIOYKEHHBIX WHBECTHUIIHH, YTO
MOXKET ce0e MO3BOIUTH He KaXKIblii OM3HEC.

Ha ceromusimramii 1eHb yrKe CYIIeCTBYIOT TPUMEPHI TOTO, KaK OyAyT BBITVISIETh Mara3uHbI ONTMKaHIIIero
Oymymiero ¢ TOTambHOM aBTOMarm3anuei. OOMH M3 TakMX TPOEKTOB — MarasuH kommanuu Hointer,
CHETMAN3APYIOMNICS Ha MYXCKOW Ofiexie. MarasuH WMHTEpeceH TeM, YTO HHTETPHPOBAT MOOMIBHOE
MIPUIOKEHUH B CTaHAAPTHBINA IMPOIECC TOKYIKH, TMOJTHOCTBIO TIEPEOCMBICIIUB OIBIT PO3HHYHON TOPTOBIIH.
KimmeHT nomydgaet BO3MOKHOCTh CKAaHUPOBAHHS STHKETKY TTOHPABUBIIICHCS BETIH C IIOMOIIBIO IPHIIOXKEHUS. A
BEIIIX, B CBOIO OYEPE]Ib, TOCTABISIOTCS B IPUMEPOYHYIO, HOMEP KOTOPOH KIIMEHT MONTydaeT Yepe3 MOOIbHOE
npuiokeHne. Haxozsick B IpuMepOYHOMA, TIOKYTIaTeh MEEeT BO3MOXKHOCTh 3aKa3aTh BEIIb APYTOTo pa3Mepa,
1 oHa OyJeT J0ocTaBiIeHa POOOTOM Hepe3 CIeNHallbHOEe OTBEPCTHE B CTEHE. TaKoil MpOIecC OpTraHH3aiyu
MOKYTIOK ITO3BOJIIET MarasuHy COKOHOMHWTh Ha TOPTOBOM IDIOIMIanu. B 3ame He HYKHO OCYIIECTBISATH
BBIKJIAJIKyY MHOYKECTBA OIMHAKOBBIX TOBAPOB PA3HOTO pazMepa, TaK Kak MH(OPMAITUS O TOCTYITHBIX pa3Mepax
0TOOpakaeTcs B IPUIIOKEHNH, & Hy>KHBIE BEIIH JJOCTABIISIOTCS Cpaszy B IPUMEPOUHYIO [2].

IToxymarenssm cTOUT OBITh TOTOBBIM, YTO B ONFDKaiIIeM OyayIleM MarasuHbl OyIyT 3HATh KaXI0TO
B JIUII0. biraromaps TEXHONIOTHAM KOMITBIOTEPHOTO 3PEHHS TIOKyTarejIe MOKHO Oy/IeT HIeHTH(HUIIMPOBATh
psIMO Ha BXoie B Mara3uH. B npoexkre Amazon Go HeT HU Kacc, HU ouepeneid. [lokynaTrenu npocTo 3axonsr
BHYTPB 1 J00ABIISIOT TPOYKTHI B CIMCOK TOKYTIOK, HABOSI HA HAX TeJIe(OH CO CIIeITHabHBIM MPUIIOKESHNEM.
[Ipu BBIXOZIE M3 Mara3uHa CyMMa ITOKYTIOK CHUMAeTCs ¢ MX cY€Ta. JTO MO3BOJSET SKOHOMHUTH He TOJBKO Ha
3apIuiaTe, HO ¥ Ha MHKaCCAIlMX HATMYHBIX, Ha pab0Te KACCOBBIX allaparoB U IIIaTEXHBIX TEPMUHAIOB. Bcé
9TO TIO3BOJIHT B MEPCIIEKTHBE YMEHBIIUTH HAKIIAHbIE PACXO/bl M CHU3UTh CTOMMOCTh TOBAPOB B Mara3nHe
M0 CPaBHEHHIO C Mara3puHaMH CTaporo TUIMa, TJe padoTaroT KHUBBIE KaccHphl. boiee Toro, ymporieHue
MPOIEAYPHI pacuéTa B MarasuHe yBeITMYUBACT pa3Mep CPeIHETo Yeka. YeM MpoIle paccTarbes ¢ IeHbIaMH,
TeM OOJbIlleé TOBApOB YEIOBEK KYNUT B Mara3uHe. Kak MOKa3bpIBalOT WCCIIENOBAaHUS, TIPU TOKYIIKE II0
KpPEIUTHOW KapTe MOTPeOUTENIN OCTABISIOT B Mara3uHe OOJbIIE CYMMBI, €M IPY TIOKYIIKE 32 HAJTMIHBIE.

C xaxapIM To10M oriaiftH OyzieT Bce TeCHee «cpacTarhesy ¢ oHnaitHoM. ToT ke Amazon paboTaer
HaJl HOBOW KOHIIETIIIUEH MPOAYKTOBOTO Mara3uHa, IJie TIOJIh30BaTelld MOTIN Obl 3aKa3bIBaTh €Iy OHJIAH,
BBIOMpATh YIOOHBIN UM MATHAAIATHMHHYTHBIN TPOMEXXYTOK BPEMEHH JIJIsl TOTO, 9TOOBI 3a0parsh ee, a 3aTeM
MOJTy4YaTh MAKeThl C MOKyIKaMH Ha BRIOPAHHOM MECTEe TApKOBKH, HE BHIXO/AS W3 MAIIMHBI WU MPOUISICH
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3a TOBapaMmH IEUIKOM K ONIKadIIeMy OKOIIKY BBIIAYH, TJ€ 3a0HO MOXHO OyIeT HEMHOTO MOOONTaTh C
MIPO/IaBIIOM, YTO MOKET CTaTh NMPEHMYIIECTBOM, BElb BOZMOXXHOCTEH U HE BHPTYaIBHOTO OOIIEHUS y
JONIel CTAaHOBUTCS BCe MeHbIIe. B ameprukanckoM Starbucks yike MOXKHO 3aKa3aTh M OTUIATHTh KOQe 3apaHee
yepes npuiiokeHue. [puas B kodeitHro, Hy»KHO TOIBKO 3a0paTh TOTOBBIM HAMUTOK. | parb Mex Iy odmaliH- 1
OHJIATH-KOMMYHUKAIFEeW ¢ OTPEOUTENIMA CTAaHOBUTCSI BCE MEHEE 3aMETHOMW: Tereph BbIOWPATh TOBAPHI
MOKYTIATeNIhb MOXKET B MPHUJIOKEHWW Ha dKpaHe TUIaHIIeTa, HaXOsAIIerocsi B MarasnHe. Bee 9To 3actaBisieT
PUTEHIEPOB HE TOIBKO JeNaTh (PYHKIIMOHAJIbHEE U yI0OHEe CaMU MOOMIIbHBIC MTPIJIOKESHHS U CANTHI, HO U
MEHSTh YCTPONCTBO (PU3NIECKUX MATra3HMHOB.

ITo muenmio JIxeka Ma, ocHoBatens Alibaba Group, co BpeMeHEeM O3JIEKTPOHHAs TOPTOBIIS
CTaHeT OCHOBHBIM BHIOM pHTeina: «Mbl 0XHIaeM TOSBICHHS ITOJHOCTHIO TIepefeNIaHHON WHIYCTPUHU
puTeina, KoTopas CTaHeT BO3MOXKHOHM OJjlaromapsi MHTETpaluy OHJIaiHa, odiaifHa, JTJOTUCTUKH M JTaHHBIX
B paMKax OAHOW CTOMMOCTHOW 1enu» [3]. KiroueByro posib B 3TOM IPOLECCE CHIFPAIOTCS U3MEHEHUS B
JIOTUCTHKE, KOTOPHIE CTAHOBSITCS BOZMOXKHBIMH C Pa3BUTHEM TEXHOJOTHI. DTO CTAHOBUTCS PEabHOCTHIO C
MOSIBIIEHNEM HOBBIX, YCKOPEHHBIX TPAHCIOPTHBIX CPEJICTB, C BOZMOKHOCTBIO JJOCTABKH IOCHUTOK JIPOHAMHU
WJIH UCTIOH30BaHUEM JIETAIOIINX U JABIDKYIINXCS pOOOTOB HA CKIIA/IaX, YTO ITO3BOJIUT COKOHOMHTH BPEeMs U
pecypcbl. CKIIafpl TAKKe MOTYT HCUE3HYTh, YTOOBI COKPATUTh IETIOUKY JOCTABKH TOBapa OT POU3BOIUTEIS
K TOTPEOUTENI0. DTO JOIDKHO MMO3BOJIUTH YMEHBIIUTH BPEMsI MEXKAY 3aKa30M TOBapa W €ro MOIy4YeHHuEM
cenaTh OHJIAWH-TIIONUHT MMPAKTHYECKH TAKUM K€ ObICTPBIM, KaK TPaIUIIOHHBIA. Bo MHOTOM 3TOT mporiecc
MTO3BOJIUT YCKOPHTH TOSBIICHHE OECIMIIOTHBIX TPY30BUKOB, KOTOPBIH CTAaHET KOMMEPUYECKUM B OrKaiime
HEeCKoJIbKO JieT. Ho TpaHcmopTHpoBKa ToBapa ApoHaMH B Onrpkaiiliee BpeMs IMOKa HE TPEABUANTCS H3-3a
TEXHOJIOTUYECKUX M 3aKOHOJATENBbHBIX MpodsieM. C OTHOW CTOPOHBI, JIETAIOIIHe OSCIMIIOTHUKA CTPAIaloT
OT MaJIOH JUTNTENBHOCTH PabOTHl aKKYMYJISITOpa, KOTOpPbIE MTOKa HE MMEIOT JIOCTAaTOYHON MOIITHOCTH, YTOOBI
MTOJTHIMATh TSKEITbIE TPY3bI U YIEPKUBATh UX B BO3YX€ IUINTENbHOE BpeMsi. C IpyTroii CTOPOHBI, PETYASTOPHI
MOKa HE pa3pelaloT aBTOHOMHOE HCIIONIb30BaHKE IPOHOB B OTCYTCTBHE ITPABOBOM 0a3bl U yTBEPIKIEHHBIX
HOpM 0€30MmacHOCTH. «MBI MEHSEeMCsI HacTOJBKO OBICTPO, UTO HAIlla CIIOCOOHOCTh M300peTaTh HOBOE
MPEBOCXOUT HAITy BO3MOXKHOCTH aJaNTHPOBATh W HWCIOJIB30BaTh ITH H300pereHus. CeromHs mocie
MOSIBJICHUS] HOBOM TEXHOJIOTHY y HAC YXOIUT JIECATH JIET HA JOCTH)KEHHE B OOIIECTBE €IUHOTO MHEHHS 110
MTOBO/IY TOTO, YTO OHA O3HAYAET, M (POPMYIIMPOBKH OIPEIEICHHBIX MTPABHUJII €€ UCTIOIh30BAHUS, — TTHIIET
Kesun Kemnmm B kaure «Henzoexxuo» [4].

Ilepexon Ha OECTTMIIOTHUKY W BHEIPEHUE JPYTUX TEXHOJOTHIA 3aiMYT €IlIe KaKoe-TO BpeMsi, HO yiKe
SICHO, YTO B HTOT€ BECh MPOIIECC IIOTTMHTa U3MEHHTCS JI0 HEY3HABAEMOCTH: C OJJTHOIM CTOPOHBI, OH MIPAKTHUECKH
WCUE3HET B KAUECTBE CAaMOCTOSTEIIHbHON aKTUBHOCTH, C JIPYTOH — YIIPOCTHTCS HACTOIBKO, YTO MBI IOCTOSTHHO
Oymem coBepIarh MOKYITKA, TPAKTUIECKN HE OTBIEKAsICh OT APYruX 3aHATHH. OHIaWH-TPaH3aKINU CTaHyT
MOJTHOCTBIO aBTOMaTHYECKUMH M He OyayT TpeOoBaTh BBOIA HOMEpa KapThl, TEM CaMBIM Jieias MpOIecc
IIONIMHTA BCe O0JIee «ITPO3PadHbIMY M JISTKHM JUTSI KITHEHTA. DTO MOXKET YBEITMYHUTh PUCKH M B3JIOMa aKKayHTa
MOJIH30BATENSA, W TaK HA3bIBAEMOTO YTOHA JIMYHOCTH, HO W 3[€Ch Ha IIOMOIIb TPHIET ABTOMATHU3AITUS:
KOMTBIOTEP, B YaCTHOCTH, Oy[eT NMPHUHAMAThH PElleHre Ha OCHOBE IENIOTO psijia JAHHBIX O TMOKyTarelne, B
TOM YHCJIE C TIOMOIIBIO OTIIEYaTKOB MAJIBIIEB M PACTIO3HABAHMS JIHII. PHUTeHepsl CMOTYT OTAaBaTh BOIPOCHI
HeToOPOCOBECTHRIX TIOKYTIOK M BO3BpaTa IUIATeXel Ha ayTCOPCHHT TEXHOJOTMYECKHM KOMITaHHUSIM, a CaMHu
OymyT (hOKyCHpOBATHCS HAa YBEIWICHUH MTPOJIAK U YAYUIICHUN B3aMMOIEHCTBUS C KIIMEHTaMH.

«Bneuarnenus Ui HUX HAMHOTO Ba)KHEE, YeM TOBAphI, KOTOPhIE OHH MpHOoOpeTatoT. [lokonenne
7Z KMBET B COIMAJBHBIX CETAX, U WX COIMAIBHBIA KallUTal IMOCTPOSH Ha BIIEYATICHUSX, a TOBAPHI
MOTy4aroT OOHYCOM», — THIIIET O COBPEMEHHOM TIoKoJieHnn Mapcu MeppruMaH, yIpaBIsIoNid JTUPEKTOP
EY, 3aHumaromiascs pocToM MHHOBallMi B putTensie [S]. DTo 3acTaBisieT TPaJUIMOHHBIX PUTEHIIEPOB
TpaHC(OPMHUPOBATH CBOM Mara3WHbI M MECTa, TJIe MOYKHO MOJY4YHUTh BriedatiieHus. Ho 1 camu conmaabHbie
CETH BBIHYXKJEHBI KOHKYPHPOBATh 3a TMOJB30BATENel HE TOIBKO MEXIY COOOH, HO U C MECCEH/KepaMHu.
AynuTopus 4eThIpex KpymHeHmmx cepBucoB coobmenuii (WhatsApp, Facebook Messenger, WeChat u
Viber) B 1 xBaprane 2015-ro BepBbie IpeBHICHIIA ayTUTOPHIO YETHIPEX KpymHenux corcereii (Facebook,
Twitter, LinkedIn u Instagram), u ¢ Tex mop pa3psiB yBenmuuBaetcs. Kpuc Meccuna, 3aHIMaBIINHA BeLyne
mocThl B pa3padbotke Uber u Google, B kontie 2015-ro roga Hammcat, 9To OirKaime Tosl OyyT ronaMu
«pasroBopHOU KoMMepum» (conversational commerce). Kommanuu OymyT oOmiaTecs ¢ KJIMEHTaMHU depe3
94aThl ¥ MECCEH/DKEPHI, IPUYEeM dTO OYyIyT JelaTh HE TOJIBKO XKUBBIE COTPYIHUKH, HO U 00THI. «Ciyxba
MOJIEPKKH, TEPCOHABHBIE PEKOMEH/TAINH, 0030pbl HOBUHOK, HAKOHEII, CaM ITPOIECC TIOKYIIKH, B TOM YHCIIE
MTOJTBEPK/ICHNE 3aKa30B U YBEJOMJIEHHE O JIOCTABKe, — BCE 3TO OyIET MPOUCXOIUTH B MECCEHIKEPAX», —
nporno3upyet Kpuc Meccuna [5].

TpeHaceTTepoM pPOCCHHCKOTO pHTEIa MO TIpaBy MOXKHO CUUTaTh ceTh «A30yka Bxycay.
«A30yka Bkyca» Tparur 3HaYMTEIbHOE KOIUYECTBO pecypcoB Ha WT-crpareruro, jgenas akleHT Ha
OMHUKaHaJIbHOCTU. «Jle710 B TOM, YTO y Hac MPOJAAIOTCA HE MPOAYKTHbI MUTAHUS, & B NEPBYIO OYEPEb
CepBUCHL. MBI — MApKETHHTOBAsI KOMITAHUSI, IPO/IAIOIIAsI CEPBHUCHI, a €]1a — 3TO He Ooliee ueM npopuIIb Hate
NeATEeTLHOCTH», — TOBOPHUT [ 'eopruii MuxaiinoB, THPEKTOp 1O WHHOBAITMAM ceTh «A30yka Bkyca» [6]. B
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2016 romy OONBIINM IIATOM BIIEPE]] CTAIO0 U3MEHEHHE MPOTPAMMBI JIOSUTBHOCTH CETH: TUCKOHTHBIE KapThl
CMEHWIIUCH Ha OOHYCHBIC, H TIPOTpaMMa CTalla MOJHOCThI0 nudpoBoii. Kapra mokynaremnst akkyMymnmupyeT
B ceOe OOHYCBI, MapKH, CIEIMAIbHBIC MPEIUIOKEHNSI U TONAPKH, MOJACPKUBAEMBIC MPHIOKEHUEM, I7e
MePCOHANBHBIC MPEAJIOKEHHs MOCTYAloT B BUJAE JICHTHl M JOCTYIHA CTaTUCTHKA MOKyMoK. M uTto He
MeHee BaXKHO, «3a KyJIHCaMH» 3TOTO PEIIeHHUs y CETH MOSBMIOCH OIPOMHOE KOJIWYECTBO JAHHBIX: YEKH,
MIPEANOYTEHNS KIIMEHTOB, YTO ITO3BOJISET MPENCKa3hIBaTh OyAyIre NOKynKy. CIeayIonuM 1Mo 3HAaYMMOCTH
MIPOEKTOM MOYKHO CUHTATh CHCTEMY aBTO3aKa3a, IIO3BOJIAIONIYIO TIPE/ICKa3aTh, Kakoe KOJMUECTBO TOBapa, B
KaKoi CyrepMapKeT 1 KOTJa Hajlo JOCTaBUTh. TakuM o0pazom «A30yka Bkyca» 6opercs co cniucanusMu U
paboTaeT HaJl TpeACcTaBIeHHOCThIO TOBapoB. CHucTeMa aBTo3aKas3a OamaHCupyeT MEX Iy TEM, YTO HEOOXOAMMO
MoKa3arhb MOKYTaTelto, U TeM, YTO peasibHO npojaercd. Eile o1uH MHTepecHBbIN MPOEKT — MOJAEpHU3AIUL
uHTepHeT-MarazuHa Ha 0aze SAP Hybris. OH r000nbITeH TeM, YTO peaju30BaH CUIAMH BHYTPCHHEH
KOMaHIBI «A30yku Bkycay. Puteitnep paboTtaeT Takke W HaIl «UMHIKEBBIMI» MPOCKTaMH, TAKUMH KaK
3aITyCK MPOMO-POOOTOB M COBMECTHBIN MUIIOTHBIA MPOeKT co COepOaHKOM — OCYIIECTBICHHE TUTaTeKeH
M0 OTIEUaTKy maiblia. «A30yka Bkyca» paccyuThIBaeT MOMYYHTh OTKJIHMKH, COOpaTh WU OT KIUEHTOB
W aJanTUpoBaTh JaHHBIC CEPBUCHL. JTO HE TOJBKO UMUK, HO U CKOPOCTh, U yao0cTBo. HoBOE pemienue
JUTSL OITUMU3AIUY 1IeH, SBJIsiFolIeecs 4acThio nmoprdonuo IBM Omni-channel Merchandising, nmo3sosnuio
«A30yke Bkyca» 3aMEHUTHh HEAaBTOMaTH3WPOBAHHBIC HHCTPYMEHTHI TPOTHO3MPOBAHUSI U IIEHOOOPa30BaHHMs
Ha €IWHYI0 OOJaYHyI0 aHaIWTHYecKyio Iuitatdopmy. llomydaembie IeHHBIE aHATUTHYECKHE BBIBOIBI
MTO3BOJISIOT ONTHMU3HPOBATH PETHOHAIFHYIO 1 MHOTOKaHAIbHYFO CTPATETHUH, YTO, B CBOIO 0UEPElh, TOMOTAET
JaTh 0oJiee TOYHBIN MPOTHO3 MPOJAK, PACIIMPSET apCeHall CPEICTB B3aUMOACUCTBUS C IMOKYIATEISIMUA U
YCKOPSIET ITPOLIECC BBIX0/1a HA HOBBIE PHIHKH. LIEHHOCTB 3TOr0 MHCTPpyMEHTa — B BO3MOKHOCTH OIIEPATHBHO
pearupoBaTh Ha OBICTPO MEHSIOIIEECS MOKYIATENbCKOe TOBEIECHHE U KOHKYPEHTHYIO Cpely B KaKIOM
peruoHe WM OTACTBHO B3SATOM MarasuHe. B nampHeiimem «A3Oyka Bxycay» TuiaHHpyeT 3aHUMAThCS
ONTUMH3ANNCH JIOTUCTUYSCKUX IPOIECCOB, KOTOPBHIM MPHHECET OOIBIION SKOHOMHUYCCKHHA dPPEeKT u
MTO3BOJIUT TIOBBICHTH KAa4€CTBO IMPEIOCTABISIEMOTO TOBapa, a TAaK)Ke Pa3BUTHUS PAIMYHBIX KIMEHTCKUAX
cepBucoB. Hanpumep, nepeHoc B cMapTdoH Kacchl oOciyxuBanus. OcoOSEHHO 3TO OyaeT BOCTpeOOBaHO
TEMH, KTO JieJIaeT HeOoubIIKe MOKYnKU. CIeayIomyM aroM B pa3BUTHA MOOUIIBHOTO MPHUIIOKEHHSI CTAHET
nocraBka chororpadupoBaHHBIX MPOAYKTOB Ha OM, PEKOMEHALUS PELENTOB 1 COMYTCTBYIOIUX TOBAPOB.
Takast MIEONOTHS JIeJIaeT BO3MOXKHBIMH W MHOXECTBO JPYTHMX CEPBHCOB — HAIlPUMEpP, MPHIOKECHHS
JIOTIOJTHEHHOW pEeaNbHOCTH, TOKa3bIBAIOIINE B TOPTOBOM 3alie CIIEIUAIbHBIE Tpemioxkenns. Bce 3To
MIPUBHECET AIIEMEHT WT'PHI BO B3aMMOJICHCTBHUE C MOKYIATENSIMH, JieNnast ero Ooliee yBJIeKaTelIbHBIM, BEIb
HE BCErJIa UMEeT CMBICI Hamuparh Ha (YHKIIMOHAIGHBIE BOZMOXXHOCTH, MHOTA BaYKHO, YTOOBI pelIeHue
Y BBI3bIBAJIO IO3UTUBHBIC MOIIMH, a TIOKYIIKa IPUHOCHIIA YAOBOJILCTBUE. Kpome Toro, B mtaHax KOMaHIbl
«A30yku Bkyca» pazpaboTars ycTpoicTBO, KOTOPOE B 3aBHCUMOCTH OT 00pa3a >Ku3HH OyJieT peKOMEH/10BaTh
KIIMEHTY nporpamMmy nuTanus. [1omoOHbIe cepBUCH MOTYT CIIOCOOCTBOBAaTh U PACIIUPEHHUIO KOP3UHBI, U
YBEJIMYECHHIO YHCIIa BU3UTOB B MarasuH, M MOBBIIICHUIO KaYeCTBA JKU3HU KIIMEHTA. «S1 He BM)KY HUKAKHX
MPETATCTBUH K TOMY, Y4TOOBI TOAyMarh HaJ (pMHAHCOBBHIMU cepBUcamu. [l pereiiiepa MOXKET OBITh
WHTEPECHBIM PEJIOKUTH CBOEMY KIIMEHTY HOBBIE OTHOIIIECHHSI BPOJIE (IICHI-KPETUTOBAHNS FITH Pa3MEIIeHUs
JIeno3uTa B OOMEH Ha MPHUBHIIETMU NPU OIUIaTe. DTH MOJIEIM MOTYT PACIIUPUTh TOPU30HTHI OOBIYHOMN
[IPOrpaMMBbl JIOSJILHOCTHY», — FOBOPUT B CBOEM MHTEPBBIO ['eopruit Muxainos, JUPEKTOP 110 HHHOBALUSAM
cetn «A30yka Bxycay [6]. IHTepecHOI uaei sIBIsieTCsl MPUI0KEHUE TSI aBTOMOOWIIS. B CBS3M ¢ TeM, 94To
YKUTEIb METAIoJrca IMPOBOAUT MHOTO BPEMEHH B aBTOMOOMIIE, TTIOJIE3HO UMETh COOCTBEHHOE TIPUIIOKEHNE
B KOHCOJIH, KOTOpoe 00maano 01 PyHKIIMOHATIOM 3aKa3a MPOILYyKTOB B TOIOCOBOM PEKUME, BO3SMOKHOCTHIO
MIPUHSATH CIIHCOK MOKYIIOK OT POJHBIX U 0(DOPMHUTH CAaMOBBIBO3, a TAK)KE UMEIIO Pa3BICKATEIbHBIN KOHTEHT.

Henast BbIBOABI O OyaylieM pHUTEHIa CTOMT CKa3aTb, YTO OCHOBOIIOJArarollei TeHACHIHEH
SBJISIETCS TO, UTO Y JIIOJIEH CTAaHOBHUTCSI OY€Hb MaJIO BPEMEHH, B CBSI3U C ITUM BCE CTAHOBUTCS YyTh MEHbIIE
Mo pasmMepy, Ho Ommxe k momy. LlumdpoBoit Ou3HEC MOMDKEH CYIIECTBOBATh B pamMKax ATOW KOHIICTIIIHH,
CTaHOBSICh YaCTHhIO TIOBCEMHEBHON KU3HU TpaxkaaH. OdeHb O0IBIION 00heM phIHKA B ONMDKaiIIee Bpems
Oyzner 3aHAT (hopMaToM «Mara3uH y oMa». Hemb3s He COrIacuThCs C TEM, 9TO MBI CTAIH JKUTh MTO-IPYyTOMY.
CwmaptdoH 3aBiajien 3HaYUTEIHHON YacThI0 BpeMeHH. U, kak 1ro0oMy OM3HECY, PEICTaBUTENSM PUTEHIa
HEOOXOMMO ITPUCYTCTBOBATH B 3TOM POCTPAHCTBE, KOTOPOE CTAIIO YIOOHBIM JIFOJISM U B KOTOPOM OHH BUISIT
yacTh cBOeH ku3HU. C OJJHOI CTOPOHBI, U(pOBask TpaHCHOPMAIHsl — 3TO HANWYHE OpeHsa B HUPPOBBIX
KaHaiax. Bropoii B3 Ha TpaHchOpMAIHIO 3aKJIF0YAaeTCs B COBMEIIEHUH PO3HUYHOTO o(iaifH-013Heca
¢ mudpossiMu KaHamamu. [lomanas B (u3nyeckyro TOProByIO0 TOYKY, KIMEHT JOJDKEH IOJydaTh BCE TO
e, 9TO OH OOBIYHO WIIET B IIU(PPOBOM IMPOCTPAHCTBE: PEKOMEHIATEIbHBIE CEPBUCHI, PELIENTHI, TOCTABKY,
CrieIalbHbIC TIPEUIOKEHUSI U TTofapku. [1pr aToM pedus uaeT He 0 TEXHOIOTHSAX, a 00 ourymeHus x. CTOuT
OTMETHTH, YTO HA PBIHKE MPHCYTCTBYET MHOXXECTBO CTAPTAIOB, MPEAJararoinx a0COIOTHO ChIPbIC HJICH.
[Tpn 5TOM KaracTpopUueCKH He XBaTaeT 3aKOHUYCHHOCTH, CIIOCOOHOCTH IMpPEBpaTUTh HIEK B Ou3HEC-
1eHHocTh. C TOYKM 3peHHs NMPUMEHEHHs B Ou3Hece OHM TpeOyloT OOJBIINX PEeCypCHBIX HHBECTHULIMH.
OTtmada oT HUX TMOSBUTCS depe3 3-5 net, korga OyneT BO3MOXKHOCTh PEaTM30BBIBATh TAKNE MHUIIMATHBEI
CYIIIECTBEHHO JielieBne. BaxkHee peann3oBaTh T0, 4TO OBICTPO BHEApsETCS U aeT d(hheKT.

30 7(25), Vol. 1, July 2018 https://ws-conference.com/



International Academy Journal. Web of Scholar. ISSN 2518-167X

JIUTEPATYPA

1. Forbes. [1aTh TpeHIOB /Ui UHHOBAIMI B puTeiiie. [ DnekTpoHHsIi pecypc| — Pexum mocrtyma: http://www.forbes.
ru/tehnologii/338743-pyat-trendov-dlya-innovaciy-v-riteyle (nara oopamenus 16.04.2018).

2. Retail Loyalty. Hointer: mara3uH, rjie JoKHHCHI IPOAaeT poOoT. [ DIEKTPOHHBIH pecypc| — Pexwm moctyma: https:/
www.retail-loyalty.org/journal retail loyalty/read online/art173745/ (mara oopamenus 20.04.2018).

3. Kaspersky Lab. Mara3un 6e3 kacc u nmpoaaBLoB [DnekTpoHHbIH pecypc] — Pexxum poctymna: http://kaspersky.
vedomosti.ru/zhizn/magazin (nara ooparmenus 05.05.2018).

4. Hewus0exHO. 12 TEXHOIOTHYECKUX TPCHIIOB, KOTOPBIC OmpeneistoT Hame Oymymiee/ Kesun Kemmu; mep. ¢ aHD.
HOnuu Koncrantunosoii u Tauper Mamenosoit. — M.: Mann, HBanos, ®epbdep, 2017. — 352 c.

5. Kaspersky Lab. XXu3np ornaita [DnekTpoHHEIH pecypc] — Pexxum nocryma: http://kaspersky.vedomosti.ru/zhizn/
magazin (mara ooparenus 20.04.2018).

6. BectHuk uudposoii Tpanchopmanmu. «A30yka Bkyca»: cepBUCHI C MO3UTHBHBIMH 3MOLUSIMHU [ DIIEKTPOHHbIH
pecypc] — Pexum gmoctyma:  https://www.cio.ru/articles/180417-Azbuka-Vkusa-Servisy-s-pozitivnymi-
emotsiyami (nara oopamenns 10.05.2018).

7. Investor presentation. Azbuka Vkusa — the undisputed leader in Russian high-quality food retail/ Azbuka

Vkusa, 2017 — 15 c.

Poccus onnaitn? Jlornats Henmb3s orctats/ BCG, 2017 — 52 c.

9. TechMedia. YMHbBIC Mara3uHbl, OMHUKaHAJIbHAS aHAJUTHKA W OCCKOHEUYHAs JIOSIIBHOCTH: 6 TPEHIOB pUTEia B
2017 romy [Onexrponnblii pecypc] — Pexum goctyma: https://habr.com/company/pilot/blog/335174/ (nara
obpamenus 15.05.2017).

10. TechMedia. Amazon Go — mara3uH 6e3 kacc u ouepeneid. https://habr.com/post/399725/ (nara oopamenus 17.05.2018).

11. Cymepmapker Amazon GO — xoraa Takoe Oymymiee mpuaeT K HaM? [DIeKTpoHHBIH pecypc] — Pexxum moctyma:
https://keddr.com/2016/12/supermarket-amazon-go-kogda-takoe-budushhee-pridet-k-nam/ (mara oOpamenus
25.05.2018).

®

https://ws-conference.com/ 7(25), Vol. 1, July 2018 31



International Academy Journal. Web of Scholar. ISSN 2518-167X

MO/IEJINPOBAHUE BETPOBOU 2PO3U U HA
OBPABATBIBAEMbIX SEMJIAX

Kypoanoe K. A.
Aszepbationcanckuii [ ocyoapcmeennulil Aepapmusiii Yuueepcumem

DOI: https://doi.org/10.31435/rsglobal_wos/12072018/5976

ARTICLE INFO ABSTRACT
Received: 15 May 2018 Wind erosion causes great harm to agriculture. The biggest evil is the loss of
Accepted: 30 June 2018 soil fertility due to blow-ing out of the upper, most fertile humus layer of fine
Published: 12 July 2018 earth, containing the largest amount of nutrients. The task of modeling the
process of separation and transfer of particles, soil by air flow, which will help
KEYWORDS to develop measures to combat wind erosion. The problem is solved by creating
a mathematical model based on systems of differential equations using the basic
wind erosion, soil, arable layer, principles of classical acrodynamics. The analysis of the obtained model of the
aerodynamics, wind speed, air dynamics of soil particles on the cultivated land allows to find ways to slow down
flow, soil particle. the transfer of soil by wind, one of the most practical can be the formation of the

surface contra during the processing of the upper layer.

Citation: Kyp6anos K. 5. (2018) Modelirovanie Vetrovoj Ehrozii na Obrabatyvaemyh Zemlyah. International
Academy Journal. Web of Scholar. 7(25), Vol. 1. doi: 10.31435/rsglobal wos/12072018/5976

Copyright: © 2018 Kyp6anos K. 5. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

BBenenue. BetpoBas spo3us — OHO W3 HamOoiee 3HAYUMBIX (DAaKTOPOB, OTPHUIIATEIHHO BIH-
SIOIMUX Ha KadecTBO moneld. CaMbIMH HE3al[UINEHHBIMHA B ATOM TUIAHE SBISIOTCS TJIaJKHe, PBIXJIBIE C
METKUMH TpaHylTaMH TOYBBI. Betep, myrommuit Ha BeicoTe 30 CM CKOPOCTHIO 6 M/4ac, 3acCTaBISICT TOYBY
nBurarecs. [loTepn 1mIomoponus TOYBBI MPOUCXOMUT BCJIEICTBHE BBIAYBAaHHUS W3 BEpXHEro, Hamboee
TUIOIOPOTHOTO TYMYCOBOTO CJIOSi MENKO3eMa, COMEPIKAaIlero HauOOJbIlee KOJWYECTBO MH-TAaTEIbHBIX
BEIIECTB NP CHCTEMATHYECKOM BBITyBAHWU IIOYBBI €€ TUIOJOPOJHE CHIBLHO YOBIBAET M YPOXKAHMHOCTH
CeITLCKOX03SIMCTBEHHBIX KYJIBTYP CHIKACTCS B HECKOIBKO pa3 [1.2]. [Ipu aTom mo0sie Mephl HalpaBIcHHBIC
Ha CHIDKEHHE CKOPOCTH BETpa HaJ| MOBEPXHOCTHIO MOYBHI, TIO3UTHBHO CKa3bIBA-€TCA HAa €€ COCTOSHWH.
CurnpHBIN BeTEp MOJKET CHECTH C TTOJICH BEC MMaXOTHBIH CIIOM BMECTE C CeMeHa-MH W MOJIOJIBIMH PAaCTEHHUSIMH,
KOTOpBIE €Ille He CIIeM B JTOCTaTOYHOW MEepe pa3BHUBaThCs WM 3aKpenuTh co0o0i mouBy. MccmenoBanusamu
YCTaHOBJIEHO CYIIECTBOBAaHWE KpPUTHYECKOM CKOPOCTH BETpa, IPH KOTOPOH HAYMHAETCS OTPBIB U
CKauKo0Opa3zHOe MepeMeIeHre MOYBEHHBIX YacTull. [Ipu orpeienneH-HpIX YCIOBHAX 3TO CIYKUT TPUIHHON
JTABUHHOTO TIpOIlecca M TPAHCIIOPTHPOBAHUS OONBIIOTO KOJHM-4eCTBa MOUBHL. llocTaBieHHas B JaHHON
paboTe 1eib mpecieayeT perieHne 3aadi MEXaHUKH OTPhIBA U MIEPEHOCa TAKUX YaCTHI] TOPH30OHTATHHBIM
BO3AYIIHBIM ITOTOKOM, KOTOPOE TIOMOXKET pa3paboTarh MpaKTUIeCKHUEe MepPhI OOPHOBI ¢ BETPOBOM IpO3nei.

O0BeKT U MeToAbI HccaenoBanuA. OOBEKTOM MCCIIETOBAHUS SBISIETCS a9POINHAMIKA TOYBEHHBIX
gacTHIl 00pabaThIBAEMBIX CEITHCKOXO3SIMCTBEHHBIX YTOIUH.

CnoXHOCTB 331391 3aKITI0YAETCS B TOM, YTO B pAaCCMaTPUBAEMOH JMHAMUYECKO CXeMe OT-CYTCTBYET
SIBHO BBIP&KEHHAS B3BEIIMBAIOMIAs CHJIA, KOTOpAs MOXKET OBITh HaleHa TOJIBKO MPU pac-CMaTPUBAHUHU
0COOCHHOCTEH TEUCHUS BO3MYIITHOTO TMOTOKA BOJM3W TOPHU30HTAIHHON IIEPOXOBATOM TIIOCKOCTH. [ 1aBHas
Ha HUX — TOPMOXKEHHE CIIO€B MOTOKA IO Mepe MPUOMMKEeHUs K HETOABIKHOW moBepxHOCTH. CorlacHO
TTOJIOKEHUSIM COBPEMEHHOM THAPOAdPOANHAMHKH, TIOTOK “TPHUIUTIAET K 00-TeKaeMOH IIOCKOCTH, TO €CTh
CKOpPOCTH €T0 Ha TpaHuIle pas/erna paBHa Hyio [3.4].
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s onucaHus pacnpeleneHus CKOPOCTH BeTpa BOCHOJIb3yEeMCsl MPUHATOM B METposioruu [5]
MIPOCTOM U JAIOIIEH TOCTATOYHOE TIPUOIIKEHUE CTENEHHON (OPMYITOi:

yU,
U = 8,719g <T> (1)

rme U — cKkopocTh BeTpa, M/c;

U, — IMHAMIYeCKas CKOPOCTb, BEMYMHA, YINTHIBAIOLIAs INIOTHOCTb BO3YXa 1 HAIPSKCHIS TPEHHSI
Ha TTIOBEPXHOCTH OOTEKaHUs, M/C;

¥ — kxuHEeMaTH4YeCKuil KO3 PUITHEHT BA3KOCTH Bo3ayxa, ¥ = 15-10° m*/c;

11 5
n—7...10 2)

BOmm3u cTeHKH CKOPOCTH B 3aBUCHMOCTH OT PACCTOSTHHA M3MEHsieTCs TiHelKa. ClieoBaTeIbHO, ITOTHAS
(hopmyna IS oTIpeieNIieHrs] CKOPOCTH JIOJDKHA COCTOSITh U3 JIBYX YacTel, OMMICHIBAIONINX €€ TIPSMOIUHEHHOEe
W3MEHEHHUE B TypOYyJIEHTHOM sizipe oToKa. [IocKombKy B HacTosIIee BpeMsi BEIBECTH TaKyI0 eUHYI0 (popMyiry
HE TIPEJICTABISIETCS] BOZMOKHBIM, TIOMBITAEMCSl PEIINTh 3a/lady B TEPBOM IPHOIMKEHHH, PACIIPOCTPaHUB
(dbopMyny IS siTpa MOTOKA W Ha MMPUCTEHOYHYIO 00macTh. Henz0exHple pu TaKkoM JTOTTYIIEHHH HCKAKESHHS
MOTYT OBITh OTIPaBIaHBI TEM, UTO JEWCTBUTEIBHBIE CKOPOCTH BO3IAYIITHOTO ITOTOKA HAJT IIOBEPXHOCTHIO ITOYBHI,
3aBUCSINNE OT MUKpOpeTbeda, BCera OTIAMYA0TCS OT TEOPETHIECKHX. JJ0CTOBEpHBIM MOYXHO CUUTATh JIUIITH
o0mmii XapakTep W3MEHEHHS paccMaTphBaeMON CKOPOCTH MO BBICOTE HaJ OOTEKaeMOH IMOBEPXHOCTHIO,
00CITYyKUBAFOIITI MEXaHU3M BO3/ISHCTBHUS BETPa Ha MOYBEHHYIO YACTHILY: €CITM OHA HAXOUTCS Ha TUIOCKOCTH U
nepemMerniaeTcsi BOJIM3M Hee, CKOPOCTh BO3YIITHOTO TIOTOKA, 00TEKAIOIIIETO BEPXHETO ITOITy TOBEPXHOCTh, BCET/Ia
OoIbIIIe CKOPOCTH TTOTOKA, OOTEKAOIIEr0 HMYKHIOKO TIONTy TTOBEPXHOCTh. [lomydeHHBIM 3KCIIepUMEHTATBHO
JTAaHHBIM COOTBETCTBYeT (popmyrna (1) ¢ mokazarenem n = 0,1.

Pesyabrarel u ux o0cyxaeHue. PasHuia ckopocTel MOTOKA, OMBIBAIOIIETO BEPXHIO M HUKHIOO
TPaHMIIBI KOHTYpa OOTEKaHWsI YaCTHUIIBI, 3aBUCHT OT TpajeHTa cKopocTH (i,1/c) B BepTUKaIbHOM (TI0 OCH )
HaITpaBJICHAN:

du 9 1
: gN1/10
l dy 0’8 199(19) y9/10 (3)
[IpuHSB 1715 OTIpeIeIeHHOCTH 3a/1a49 | MOYBEHHYIO YaCTHILY MIapO00Pa3HOH, pACCMOTPHUM OOTEKaHHEe
KpyTOBOI'0 KOHTYpPa, PacIlOIOKEHHOTO B BEPTUKAIBHOMN MJIOCKOCTH, IPOXOIALIEH Yepe3 LIEHTP miapa BAOJb
HanpaBJIeHNs TedeHHs Bo3ayxa. CKOpOCTh 00TeKaHNUs JTFO00H ero TOUKH:

rae U, i, — COOTBETCTBEHHO CKOPOCTh M IPAJIMEHT CKOPOCTH MOTOKA Ha BBICOTE LIEHTPA KOHTYpa
obrekanus, M/c; 1/c;

7 — PaJIyC YacTHIIbI, M;

0 — yIIIOBasi KOOPIMHATA TOYKU KPYTOBOI'O KOHTYpa 00TeKaHus, FPaayc.

V3BecTHOE B a’pOAMHAMHKE MOHSITHE IHUPKYJSIUH CKOPOCTH (B M%*/C) 1O KOHTYPY OOTCKaHUsI
BEIpaxkaetcs hopmynoit [6].

B
= f ude cos (u,dl) 4)
A
rae [ — KpuBas MUPKYISAIUS CKOPOCTH 110 HEKOTOpoit A B.

[ToncraBuB B popmyiry (4) 3HaueHNE CKOPOCTH U3 BbIpaxeHus (3 ), mociie mpeoOpa3oBaHN OTYIHM:

B B

r=U, rj sina da iorzj sinfada (5)
A A

a pemwmB ypaBHeHHE (5)

['=nU,r? (6)

CrnenoBarenbHO, MUPKYISIIAS CKOPOCTA TIO KOHTPY OOTEKaHWsI HE 3aBUCHUT OT aOCOJIOTHOH Be-
JITIUHBI TTOCIETHEH, a ONIPENeAETCS TOTBKO BETHIMHON IPpalieHTa CKOPOCTH IS KaXKIOW JaCTHITHL.
IToncraBuB u3 ypaBHeHHd (2) 3HaYSHHE TPAJAMEHTA CKOPOCTH, MOTYydUM (POPMYITY HUPKYISALIUN H
(YHKIIMY PAacCTOSHUS YaCTHIIBI OT TIOBEPXHOCTH:
r2

9
_ 9 Vg
I'=0,87my (7)1/10 y,2/10 )
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Hcnonb3oBas 3akoH H.E.XKykoBckoro [7.8.9], MOXXHO 3anucaTh BhIpaXEHUE YAEIbHONU NOb-EMHOM
cuiel (B H/M), OTHECEHHOM K eIMHAIIE JITUHBI KOHTYpa 00TeKaHus, B BHJIE:

Fy = pUOG (8)
rje: p — IIOTHOCTH Bo3ayxa He?/m®.

IToncraBuB B popmyiry (8) 3HaueHUs BeW4IuH U3 cooTHomennu (1) u (7), momyanm:
r?
yo/® ©)

ITepeiinst OT KOHTYpa OOTEKaHHs K TeJy MapoBoit Gpopmbl U moactaBus p = 1,29 He?/m* |, Haiinem
noapeMHyto crty (B H):

9
F, =238 p95(—)"°

Y, r?
T = 61,592 (7)1/5 o (10)

U3 dhopmymst (10) BUIHO, 9TO MOHEMHAS CHJIA CYIIECTBEHHO 3aBUCUT OT JHHAMUYECKON CKOPOCTH
(rﬂg). s onpezienieHNs ee paccMaTpUBAEM ITOJIOKEHHIE YACTHIIBI TIOYBBI HA TOPU30HTAIBHON MTOBEPXHOCTH
Ha KOTOPYIO OKa3bIBAIOT BO3/IEHCTBHIE CHIIBI (PHC.) — MOoxbeMHast F, conmpotuBieHne R u Tshkects mg. [lpu
9TOM OHA MOXKET OKa3aThCsl B COCTOSIHUH JIBFKEHHSI C a0COIFOTHOM CKOPOCTH ¢ I CKOPOCTHIO OTHOCHUTEITHHO
noroka Bosayxa d

J;F

ann

mo Y
©

Puc. 1 Cxema oeticmeyrowux cuit u ckopocmeti O8UNCEHUs YACMUYbL
npu 0omexanuu ee 8030YUHbIM NOMOKOM.

TIpoeknus ckopocTeit Ha OCH KOOpJIMHAT:

190THX = U_ﬁx (11)

1-90Tﬂy =U— 19}' (12)
me J - wmd , — COOTBETCTBEHHO TOPH3OHTAjIbHAS W BEPTHKANbHAA COCTAaB/IAIOIINC €e

OTHOCHTEIEHON CKOPOCTH YaCTHIIBI, M/C;

U — cKOpOCTh MOTOKA, M/C;
OTHOCHUTENBHAS CKOPOCTH YaCTHITBI

_ 2 2

Doy =V (U —09,)" + 19y (13)

cujia COIPOTUBIICHUA O6TCKaHI/IIO
2 2
(U —8,)% + 02

R =kfp > (14)

rae: k v f— ko3 HUIUEHT adpOoTNHAMIYECKOTO COTTPOTUBIICHHUS M MU/IEJIEBOE CEUCHHUE YaCTHUIIBI.
IIpoeKIust CUITbI COTTPOTHUBIICHUS HA OCH KOOPJIUHAT UMEIOT CJICAYIOIINE 3HAUCHHUS:
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U —-9,)*+9;
2

U —=9)*+9;

R, = Reosq = kfp 5 cosa (16)
C yuetom cootHotenus (13), a Takke 3HaYCHUH Ssino u coso, u cootHomenus (11), mpu n = 1/10

MOJTYYHM:

R, = Rgina = kfp sina (15)

1 2
kfp Vo Y9\T0
R === (873502 |1875(32)" 2| +93 (17)
kf LT
p Yo\10
Re ==, 8,73(7) 2| +92 (18)

VenoBus PaBHOBECH YaCTHULBI B IIOTOKE MOT'YT OBITh 3aITHCaHBI KaK

d2
m—dtf =R, (19)
d?y
mF=F—Ry—mg (20)

IToxcraBuB B Belpakenus 1 (19), u (20) 3nauenus BenwauH u3 cootHomeHui (10), (17), a Takxke
f=1, 8 =dx/dt, J =dy/dt, k= 0,45, p = 1,29 Hc?/m* ocie npeoGpazoBanuil HaxomuM:

d?*x 11 Yoo, \/10  dx yo\/10  dx [P /dy\? 21
el M (T TR
dt? 0 Pay T [879 v dt 87g(v) dt + dt
d? 1 9N 1 5 d 1 1 d
10 Yy 10 X
d—f=1,68—-ﬁg(—g) e 8,73—(0’99) - = |-o021— - -d—y-
t Pay v YoT0 v t Pay T t
2 2
o (YoYo\M/10 dx (dl) 3 (22)
J[8‘7g( v ) a | "\ g

TaxuMm o6pazom, cuctema qudGepeHInaIbHBIX YpaBHEHHH BTOPOTO TOPSIAKA MIPEACTABISIIOT COO0M
MaTeMaTHYeCKyl0 MOJIENb JUHAMUKM YacTUIbl HA IUIOCKOCTH WIIM TMEpeMelacMOoi mapauieib-HbIMU €if
BO3JLyIITHBIM ITOTOKOM.

BeiBoabl. Pemienune mnpencraBieHHONW cHCTEMbl TUPQEPEHINANBHBIX YPaBHEHUH IO3BOJISIET
3aKJIIOYUTh, YTO MPU BETPOBOW 3PO3UH CEIHCKOXO3SHCTBEHHBIX YTOJHMW IO Mepe yNaleHHs IOYBEHHOI
YJaCTHIIBI OT 00TEKaeMOil TOPU30HTAILHOM TOBEPXHOCTH BO3/ICHCTBYIOIIAs HA ATy YaCTHILY MOABEMHAS CHITa
yOBIBAET, BCIIEAICTBHE YETO OHA BOCIIPUHUMAET CO CTOPOHBI IIOTOKA ITEPEMENIeHHE TapaJlIeIbHON TOYBCHHON
MOBEPXHOCTH M OITyCKAETCS C YMEHBIIIEHHEM B3aUMOJICHCTBHS YaCTHIIBI ¢ TOTOKOM. (Clie-70BarebHo, 3TO
HEOOXOMMO YMETh IPH ONepanusix nouBe-00paboTke, GopMHUpyOUHi KOHTYPbI HOBEPXHOCTH TMOJISL.

B 310M OTHOIIIEHNHN KaK OIIMH U3 BApHAHTOB HAXOAUM CBOE OOBSCHEHHE MUHUMAIIbHASI 00pa-00TKa IOYBB,
TIPY KOTOPOH Ha ITOBEPXHOCTH OCTAFOTCS MOYKHUBHBIE OCTATKH, ITPEIOTBPAIIIACT H3Me-HEHHE ITOYBbI JI0 IThLIE00pa3HOTO
coctostHus. CTOSTUME paCTUTENBHBIC OCTATKU 3aMEITIOT CKOPOCTH BETPA TT0 CPABHEHHIO C JIHKAIIIMH.
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BBenenne. PanyoHanbHOTO HCHOJIB30BaHUME KOPMOB MPUOOPETAeT MEPBOCTEICHHOE 3HAUYCHHE.
O¢ddexTuBHOCTs KOpMa OyaeT TeM BBIIIE, YeM OOJbIIE OH COOTBETCTBYET MOTPEOHOCTSIM JKUBOTHBIX IO
(U3UKO-MEXaHMYECKUM CBOMCTBAM M COIEPKAHUIO MHUTATEIbHBIX BEIIECTB. B TEXHOJIOTHYECKUX JTHHUSIX
MIPUTOTOBJICHUSI KOPMOBBIX CMECEH Uil PaBHOMEPHOM 3arpy3kd MalldiH B TeYeHHE pabodell CMEHBI
NPUMEHSIOT HAKOTIUTEIN-TUTATeNN 1 OyHKepa-103aTopsl KOpMoB [1,2].

OHH SBIAIOTCS HEOTHEMJIEMOH YaCThIO KOMIUIEKTOB MAalIMH M 00OPYIOBaHHsS KOMOHWKOPMOBOTO
npennpusitus [3,4].

Ha xoMOMKOpMOBOM IpeANPUSATHH JTI000TO THIIA JIMHUS JO3UPOBAHUS KOMIIOHEHTOB MPEACTABISIET
co0OH cHcTEMY BECOBBIX MM OOBEMHBIX /103aTOPOB € HaJl A03aTOPHBIMH OyHKepaMmu. byHkepa 3amonHsior
KOMIIOHEHTaMH OOBIYHO JBYMsI OCHOBHBIMH CIIOCOOAMHM: MOCJIEIOBATeIbHBIMU M MapaienbHbiM. B
MIEPBOM Cllyyae BCE KOMIIOHEHTBI KOMOMKOpMa, MPEeAyCMOTPEHHBIE PELENTOM, MOJA0T MOCIEI0BATEIbHO
OJHOH MMOTOYHOM JMHHUEH; BO BTOPOM — HECKOJBKUMH MOTOYHBIMU JIMHHUSAMH, CHEIHAATA3UPOBAaHHBIMU Ha
MOATOTOBKE M MO/Iaue OJHOPOAHBIX M0 (PU3NKO-MEXaHUUECKUM CBOMCTBAM KOMIIOHEHTOB.

[IpumensiemMble criocoObl TOATOTOBKY M MOJa4 KOMIIOHEHTOB CYIIECTBEHHO BIMIET Ha pa3Mephbl
Ha/IJJ03aTOPHBIX OYHKEPOB, PEXXHUM padOThl MU NPOU3BOAUTEIBHOCTD JMHUU JTO3UPOBAHUS U HPEANIPUSTHS
B LEJOM. MeXIy TeM Ha MPaKTHUKE PEKUM paboThl M pa3Mepbl HAJI03aTOPHBIX OyHKEPOB BBIOMPAIOT
WHTYUTUBHO, CO3/1aBasi B HUX MAaKCUMAJIbHO BO3MOKHBIC HaYaJIbHBIE 3a/1€JIbI KOMIIOHEHTOB. DTO 3HAYUTEIHHO
YBEJIMUMBACT HavajbHBIH HENPOU3BOAMTEIBHBIA mepuon padoTel mpennpusitua. IlosToMy BO3HHMKaeT
3aja4a HaAWTH HauOoJiee palMOHANIBHBIA PEXUM PaOOThl JTMHUU TO3UPOBAHUS U3 YCIOBUS MUHUMAJIBLHOM
MPOJIOKUTEIBHOCTH NMPEIIIESCTBYIOIIETO JO3UPOBAHUIO MIEPUOAA IPH HEM3MEHHOH MPOU3BOANUTEIHLHOCTH
MOATOTOBJICHHBIX JINHHUH.

O0bekT U MeTo] uccaenoBanus. KomOnkopMoBoe npennpusiTie MOKHO MPEICTABUTH KAK CUCTEMY
U3 «T» TOATOTOBUTENBHBIX JIMHHUHI, 00ECIIEUNBAIOIINX POU3BOJICTBO KOMOMKOPMOB M3 «I1» KOMIOHEHTOB
no «x» peuentam. OO0oO3HaUaeM HHAEKCAMH j-HOMEp JIMHHM (MX YHCIO ONpENeseTCs] MAaKCHMAaJIbHO
BO3MOKHBIM YHCJIOM OJHOBPEMEHHO MOATOTABIMBAEMBIX KOMIIOHEHTOB); i — HOMEpP KOMIIOHEHTa (j = I,
2, ....om; i=1 2 .. n); 1, — 9UCII0 KOMIIOHEHTOB, oOpalaTbIBaeMbIX Ha j-ii IMHUU (nj<n). MunumaiabHOE
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YHCII0 HAJI03aTOPHBIX OYHKEPOB OIKHO OBITH HE MEHBIIIE MAKCHMAIBHOTO YHCIIa KOMIIOHEHTOB, BXOJISIIINX
OTHOBPEMEHHO B KOMOWKOPM, ITPUTOTOBIIEHHBIH 110 OHOMY U3 «K» PEIEITOB.

PanmonansHble pa3Mepsl HaJl J03aTOPHBIX W HAIAPOOWIBHBIX OYHKEPOB OMpEIENSeTCs ITOcie
pelIeHus «K» OJHOTHITHBIX 3aJ1ad (110 YMCITy pelenToB). B pesynsrare pemeHus KakI0i U3 HUX MOITydaeM
MUHUMAIIGHBIE JJIS pacCMaTpPUBAEMOT0 perlenTa pa3Mepbl OYHKEpOB, a 3aTeM U KaXJIoTro OyHKepa H3
MONTyYeHHBIX JIaHHBIX BHIOWpaeM MaKCHMalbHOE 3Ha4YeHHe, KOTopoe W OyneT Hambolee MpHeMIIeMbIM.
Kak BumHO 001mas 3amaya CBOAUTCS K ONTHMHE3AINH ITPOU3BOICTBA KOMOMKOPMOB TIO «K» PEIlenTaM, T.e. K
perreHuto 6oee MPOCTOH 3a1a4K ONITUMHU3AINHY TIPOU3BOZCTBA BCETO JIUIIH IO OTHOMY PEIeTTY.

Pesyabrarhl M MX 00cy:kaeHusi. PenieHye nocraBieHHOM 3a1aud HaYMHAEM C MOJEIUPOBAHUS
paboThl OCHOBHOHM JHMHWW (JIMHWW TIOATOTOBKM 3EPHOBBIX KOMIIOHEHTOB), a WMEHHO C OIpEeIesIeHUs
HadaJIbHBIX TEKYIIUX M KOHEYHBIX OOOPOTHBIX 3aJIeI0OB HAII03aTOPHBIX OYHKEPOB, a TaKKe BPEMEHHBIX
XapakTepucTUK pabounx nukioB. [Ipenmonoxum, 4TO B HadalbHBII MOMEHT BpPEMEHH Bce OYHKEPHI
MyCTHl W KaXbIi MpelHa3HaueH TOJBKO JUIS OJHOTO KoMmmoHeHTa. [Ipekne uem HadaTh MPOHM3BOACTBO
KOMOMKOPMOB, CO37IAf0T OOOPOTHBIN 3ajlell IEPBOTO KOMIIOHEHTA, 3aTeM CIIEAYIOIIero W TakK 10 TeX Mop,
MOKa BCE KOMIIOHEHTHI, KPOME BEIyIIero (MaccoBas JOJs KOTOPOro B KOMOMKOpME HawmOoIbIas), OymyT
MOATOTOBIIEHHI |3, 6, 7].

Jlo3upoBaHne ATHX KOMIIOHEHTOB HAYMHAIOT OJHOBPEMEHHO C TOfadell TOCIEIHEro,
Jlaee TPOIEeCcC MPOMOIDKAETCS HENpPephIBHO BIUIOTH [0 OKOHYaHHWA CMEHBL. [loaroroBka BemyIiero
KOMITOHEHTA B ITOCJIEIHIOI OYepe/lb MMO3BOJISET CYIIECTBEHHO COKPAaTHTh BPEeMs Ha CO3/IaHME Ha9allbHBIX
000OpOTHBIX 3a/enoB (MPEIIIeCTBYIOMUN J03UpOBaHNt0 pabounii 1uki). [Ipu atom moboe m3MeHeHne
MOpsZIKa TIOATOTOBKH JPYTHMX KOMITOHEHTOB HE MEHSET IMPOAOJDKHUTENFHOCTH HAdajJbHOTO (HYJIEBOTO)
pabouero mwmiima. llog TekymmM pa®oYuM IHMKIOM TOHHUMAETCS TEPHOI, MPOIIEAIIHI MEXIY IBYMS
MOCIIEI0BATETLHBIMU BOCCTAHOBJICHUSIMHI 00OPOTHOTO 3a7ielia epBOro KomnoneHTa. Ha koHeuHo# pabounit
UK, 00ECTIEYNBAIOIINI OJJHOBPEMEHHOE OCBOOOXKICHNE BCEX HAII03aTOPHBIX OYHKEPOB, IEPEXOIAT IPH
M3MEHEHHWH perienTa KoMOuKopMa. Takoi mepexos B 3aBUCHMOCTH OT TPEOOBaHMI MPOU3BOICTBA MOYKHO
Cenarh Mocie JJF00To TEKYIIETO KA.

BeoanmM 0603Ha49€HNs MCXOMHBIX U PACUETHBIX MAPaMETPOB: X = — HyJleBOH 00OPOTHBIH 3a1€ i-T0
KomrioHeHTa (i=1,2...,n) T.€. KOMHMYECTBO (B TOHHAX) i-T0O KOMIIOHEHTa, KOTOpPOE HEOOXOIUMO HAKOIUTH B
HaJ J103aTOpHOM OyHKEepe 3a HyJIeBOM paboumii IUKJ, 9TOOBI 00ECIIeYnTh HENMPEPHIBHOCTH J03UPOBAHUS
TPHU TIOATOTOBKE JIPYTHX KOMIIOHEHTOB; X, — TE€KyIIMHA OOOPOTHBIA 3a/I€M i-TO KOMIIOHEHTA, CO3aBaeMbIi
C aHAJIOTMYHON LEJBIO NPH JIO3UPOBAHKH, T.€. B TEKYLIEM paboveM LUKIE; X, - KOHEYHBIH 0OOPOTHBINA
3a/1e]1 [~TO KOMIIOHEHTA, T.€. 33JIe]1, CO3/IaBA€MbIH B KOHEYHOM pabo4eM HUKIIE; /1, — MPOU3BOAUTENBLHOCTh
JIMHWH TIPU TIOATOTOBKE i-I'0 KOMIIOHEHTA (T/4); d, —pacXoj i-ro KOMIIOHEHTA IIPH 103upoBanuu (1/9); 11, — d,
— KOIMHYECTBO (T) i-TO KOMIIOHEHTa, HAKaIUIMBaeMOE B HaJ| 103aTOPHOM OyHKepe 3a 1 9 IpW MOATOTOBKE
KOMIIOHEHTa B Tiepuo aosuposanus; X, / (II,—d) - Bpems (1), HeOOXOAMMOE IS CO3JaHUs TEKYIIETO
000pOTHOTO 3aiel1a [~T0 KOMIIOHEHTA ; £, ., — BPeMsl, HEOOXOAMMOE sl IICPEKIIOYCHHUS! INHAU € 00paboTKH
[~TO KOMIOHEHTa Ha 00paboTKy cnenyromero (i+1)-ro (i=1,2,...,n; t, n+l =t ), Xt — CyMMapHOe BpeMs

n
MEPEKIIOYCHUM B OTHOM uHKﬂe,zf = Zfi,i +1 u ne 3aBucut or Bua pabouero UKIA.

i=1
Hckomble BeTMUNHBL Xm, u X” (i=1, 2, ..., n) MOXXHO OTIPEJIENINTh, PEIINB CUCTEMY M3 2N JTMHEWHBIX
anredpandecKux YpaBHEHHH ¢ 2n HEN3BECTHBIMH, T.€.

X :di(ﬂnx%dnﬂ"l);
X _dz(HX_”"dn +i,+ 1 _lldl +1,);
Yo d3(17n :ndn i HIX:QI1 T lzdz *has;
X, =dn(§%+2r); 0
X, _dl(Un jndn +Zj [X“d,. + 0
N L
B .
n = Xan
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PemmB 3Ty cuctemy ypaBHEHHH, MOXKHO OIPENENUATH BpeMs, HEOOXOAMMOE Ui CO3JaHHS
MHUHHMAJIEHBIX 000POTHBIX 3371€10B X o K X ,; 1O K&K/IOMy KOMITOHEHTY:
X, .
T, = 7‘"(1 =12,..,n-1);
: (2)
X

T,=—Y—(i=12,.,n
1i H —dl. ( )

i
CocraBuB pacmucanue pabOThl BCCH MOIETUPYEMON JIMHHU OMPEAEIEM MPOIAOIKUTEIBHOCTh
Ha4YaJIbHOT'O U TEKYUIETO pa60‘II/IX OUKIIOB:
n-1 n-1

T,=)T,+> t,i+];
i 1

oi
i=1 i=

Y
=1
Cremyer OTMETUTB, YTO TIO TAKOMY PACIIHCAHUIO MOXKET PadOTaTh TOJIHKO aBTOMATH3NPOBAHHAS JIMHUSL,
TaK KaK IPH MEHUMAaJIBHBIX 00OPOTHBIX 3a7IefIax JIF000e HapyIIeHHEe PeXIMa N3MEHUT COCTaB KOMOHUKOpMA.
Uncno Tekymmx pabodumx IHMKIOB YCTAHABIMBAIOT B COOTBETCTBHH C IIPOW3BOICTBEHHOM
mporpaMmoi (ITOTpeOHOCTRI0 B KOMOMKOpPMaxX TaHHOTO BHAA) W OpTaHM3amuedl padoT (CMEHHOCTHIO)
Ha TpeanpusTHH. UToObI OCTaHOBHUTH IMPOW3BOACTBO B KOHIIE CMEHBI WM IMPH HM3MEHEHUHW pelenTa
KOMOMKOpMa, HEOOXOAMMO OJHOBPEMEHHO MPEKPATHTh TO3UPOBAHHE M OCBOOOAMTH BCE HAJI03aTOPHBIE
Oynkepa. /{7151 3TOr0 B MociesHeM pabovyeM IHUKIIE CO3/Ial0T TaK Ha3bIBaeMble KOHEUHBIE 00OPOTHBIE 3a]IEIThI.
X, — 3Hadenus X, MO)KHO HAWUTH U3 CIEIYIOIIEH CUCTEMbI YPaBHEHHUI:
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Kak BuiHO 113 (6) IPOIOIDKUTETFHOCTD KOHEYHOTO IMKJIA PaBHA TIEPHO/LY, TIPOIIEIIIEMY MEXKTY TBYMSI
MOCIIeTOBaTeIbHBIMIA BOCCTAHOBIIEHHSIMUA OOOPOTHOTO 3a/1eJ1a BEYIIETO KOMITOHEHTA B TEKYIIIEM ITHUKITE.

OTMeTHM, 9TO C ITOMOIIBIO TIPUBEICHHON METOIMKH MOKHO PacCUYHTaTh HanboIee panoHaIbHBIC
pa3Mepbl HaI03aTOPHBIX OYHKEPOB M OMPEICIUTh PEXXUM pabOThl IMHUHM T03UpOBaHUs. UTOOBI pEeImnTh
TIOCTaHOBJICHHYIO 3aJ1auy, HEOOXOIMMO yCTAHOBHMTH IIPOM3BOAMTENBHOCTL 103aTOPOB . OOBMHO HX
OTIPE/IETISIIOT M3 YCJIOBHUSA, YTO IMPOU3BOAMUTENBHOCTH I-TO J03aTOpa BEAYIIErO KOMIIOHEHTa paBHA €ro
MaKCHMaJIbHO BO3MOKHOMY 3HAYEHHIO d .

Torna

d =% (7)

TJIE O, ¥ 0, — MAacCOBBIE JIOJH [-20 U 1-20 KOMIIOHEHTOB B KOMOMKOpPME, Y0.
MaxkcumalibHO BO3MOYKHAS IPOU3BOAUTEIHHOCTh PAaCCMATPUBAEMOM JIMHUH JTIO3UPOBAHHMS.
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z ds
N_. = ;d,. = 1ooa—n (8)

IIpuBenenHas MeToAMKa TpHUeMIIeMa W JIJII MHOTOJIMHEWHBIX cxeM (puc. 1). B kadectBe mpumepa
OTIpeNIeNTiM ONTHMAJIBHOM PEXHUM DPa0OTHI M COOTBETCTBYIOIIHME IapaMeTphl SJIEMEHTOB arperara Iio
OTIpeIeIeHHOMY PELIENTY TP YCIIOBUH, YTO MyYHHCTOE ChIPbE TOTOBSIT Ha OT/IeNTbHOM THHUH. | [ocKombKy yncio
KOMTIOHEHTOB, 00pabaThIBA€MbIX Ha 3€PHOBOM JIMHUHM YMEHBIIWIOCH (n=3), CIIeMyeT OKUAaTh BO3MOKHOTO
pOCTa NPOU3BOJUTENIBHOCTH [103aTOPA Ha BEIYyIIEM KOMIIOHEHTE, HO BO3MOXHO mpu d =d, cuctema (1)
TIOJIOXKUTENBHBIX peIeHni He umeeT. [locTenenno ymenbmas d,, HAXOIMM TaKO€ €70 3HAYEHHE, IPU KOTOPOM
cucrema (1) umeer peruenne. 3Ha4eHUE d,; ONPENETAET HE TONBKO MPOU3BOIMTENLHOCTD J103aTOPOB Ha BCEX
JIPYTUX KOMITOHEHTAaX, BKITFOUasi © MyYHHUCTBIE, Ha U IPOU3BOANTEIFHOCTE BCETO MPEIIPHUSTHSI.
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Puc. 1 - Cmpyxmypa kombuxopmosgozo azpecama: o0 — 0ozamopwl, HE — HaddozamopHble 6yHKepa
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BsiBoabl. O60cHOBaHKE TaKUM 00pa30M ONITUMANTBHBIE PEXKUMBI F TAPaMETPhI JIMHUN JO3UPOBAHUS
Ha KOMOWKOPMOBOM TIPEANPHUATHH TOATBEPKIAACTCS CIEAYIONIeH CpaBHUTEIHHOW MPOU3BOJICTBEHHON
xapakrepuctukoi, Ha 0aze OKIL[-30 mpwm ABYXJIMHEHHOM IMpOIECCE COOTBETCTBEHHO II0 PACUETHBIM
ONTHMAJIbHBIM M TIACTIOPTHBIM JIAHHBIM: CMEHHAsl MIPOU3BOAUTENLHOCTD — 42,5 T, 30,0 T; MakcUMaJIbHbIE
3aJIeNbl B HaI03aTOpHBIX OyHKepax — 1,20 T, 4,16 T; MakcUMaibHbBIE 33€bl B HAAPOOMIBHBIX OYHKEpax
—0,70 1, 640 T. PacueTs HAa3BIBAIOT, UTO OJIATOAAPS COKPAIIIEHUIO 00OPOTHBIX 32/I€7TI0B KOMIIOHEHTOB PACXO]T
MeTaia Ha OyHKepbl KOMOMKOPMOBOTO arperara Mpou3BOAUTEIBHOCTHIO 4 T/4 COKpaIaeTcst Ha TOPSIOK.
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Introduction. In the General structure of agricultural production of Azerbaijan, it is possible to note
the important places which are occupied by potato growing, which is considered a strategic product after
grain. The annual demand for these products is 124 kg per inhabitant of the country. According to experts,
soil and climatic conditions of Azerbaijan allow to increase the volume of production to the level of full
satisfaction of domestic consumption [1].

The solution to this problem depends on the introduction of modern technology and advanced
agricultural technology. However, it should be noted that at present, in the whole country, the level of potato
production can not be recognized as satisfactory. Potato production is still a labor-intensive process, with
harvesting accounting for 60 per cent of labor costs.

Potato harvesters are represented by diggers and combines. Harvesting by combines is a progressive
method of harvesting potatoes, which consists in the fact that combines dig up the beds, separate the tubers
from the soil, impurities and collect clean tubers into the hopper [2,3,4]. It should be noted that the quality
of cleaning tubers from the soil, as well as the degree of damage to some extent depends on the work of
the harvester on heavy soils with low or high humidity, which are the majority of soils of the main potato—
producing regions of the Republic. The difficulty of the separation process in potato harvesters is caused by
a number of factors, the main of which are the low content of tubers in the excavated soil mass, the extreme
susceptibility of tubers to mechanical effects; unfavorable for separation physics—mechanical properties of
the soil (lumpiness, plasticity, stickiness); sharp variability of soil properties depending on humidity, the
presence of stones in the soil, rhizomes — weeds and other foreign impurities.

The main separating working bodies in existing potato harvesters are bar elevators. However, the
existing methods of analysis and calculation of the main soil parameters of the separating body do not meet
the tasks of improving the quality of their work in different soil climatic conditions. In this work, the aim
was to establish the analytical dependence of the most reliably describing the pattern of soil separation on
the separating working body.
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The object and research method. The objects of research were the main design and operating
parameters of soil-separating Elevator of potato harvester. The calculation of soil-separating working surface
of the separating working body of potato harvesting machine is based on experimental data. The calculation
is based on the experimental value g-absolute value of separation, specific separation, which determines
how many kilograms of soil is sifted through a unit area, for example, through 1m? of the working surface
of the separator (bar Elevator) per unit time. Experience shows that the average value of w = 50 kg/(m2es) is
acceptable for tubers. The value of w depends primarily on the supply of soil, i.e. on the amount of it located
on the considered area of the working surface of the separator. The soil supply for 1s at the beginning of the
separator after the excavation of the potato bed by L was designated by W (kg/s).

Results and discussion. Consider how the soil supply along the length of the separator changes.
The amount of soil that is sifted at an infinitely small length ds, denote dN.

Obviously,

dN =—dWw, (1)

where: dW — changing the soil supply along the length of the separator at an infinitely small length ds.
The amount of soil

dN= dsBw, 2)

where B — the width of the separator, m.
Replacing in (2) dN with dW by (1), we will have

dW = dsBw, 3)

If in (3) to express w using W, we get the differential equation separation of soil along the length
of the separator. As shown by the analysis of experimental data of soil wash ability from the elevators of
potato harvesters, the dependence of w on W is nonlinear. It should be noted that the linear dependence is
incorrectly reflected in the physical nature of the separation in elevators, since in the case of its application,
the length of the separator surface at full screening of the passage fraction is infinitely large [5,6,7]. The
linear dependence of w from W allows you to analyze the final stage of the separation process when the
fullness of the separation 100%, and as is known of the agronomic requirements, potato harvester, should
provide full separation of the soil — 99.75 p.c. which corresponds to a 20 p.c. infestation of tubers in the soil
in the hopper of the combine.

Linear dependence is a special case that describes the separation process insufficiently. The
dependence w = f (W) is sufficiently described by the formula:

w=mh", 4)

moreover: B <1.

The «m» coefficient and the “n” degree index are determined by experimental data of soil sifting
on the separator.

Replacing in (3) the value of w by (4) and converting the expression, we’re obtain:

av._ . Bas. (5)

n
We will find the integral of this equation from the table of integrals (8), after which we’ll have:
I S
(n—-1w"!
Where: s — length of the separator.
The constant of integration «C» is defined under initial conditions (s,= 0, W, =W, ).

max-

=-mBs +c, (6)

n—1
C = 1 1 = Wmax . (7)
(=D 11
After setting the constant integration in (6) and transformations we obtain:
n—1 1-n
N Wmax W . (8)
mB(1—n)
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The formula (8) is a general separation equation for the length s of the separator, which is determined
depending on the initial supply of W (kg/s), the mass W (kg/s) with the separator at a length s from its
beginning, the width of the separator In(m) the coefficient “m” and the exponent “n”. The formula (8) is
expressed in terms of the absolute value of the mass W of the separator. Often, the separation process is
described using a relative index of separation-completeness or

n= Wmax w , 9
w

max
efficiency of separation which determines the complete allocation of the passage fraction along the
length of the separator [9,10]. Then you can write otherwise:

Wn 1[1 _ (1 _ n)l—n]

mB(1— n) (10)

According to the data of soil sifting on the separator of potato harvesters obtained during field
studies, the dependence of the specific separation from the supply of software (4):

w= 1,72, (11)

The values «m» and «n» are calculated by the least squares method according to the experimental
data. Respectively (8) after substitution of values «m», «n» and in = 1,15 m will take the form:

s =1,77(W 220 — w926y, (12)

max
and expressed for complete separation by (11), will be written as:

s = L7TW22501 - (1—n)*201. (13)

According to the equation (13), the length of the separator was determined, at which the entire soil is
sifted through it, for the case when the size of the soil particles entering the separator is less than its working
gaps. For two-row potato harvester can take W =200 kg/s.

Since at the end of the separator all the soil sifted, thens=s W =0. Substltutlng the values of W __
and W in (12), the calculated length of the separator will be more than 7 m, which is not much for a potato
harvester taking into account agricultural requirements. According to agrotechnical requirements, it is allowed
to have up to 20% of soil impurities in the bunker heap. If the yield of tubers from the separator is 2 kg/s, then
the permissible soil yield from the separator W to = 0.5 kg/s, which corresponds to the complete separation.

_(200-0.5) _

According to (12) or (13) corresponding to the length of the separator with an acceptable gathering
of soil from tubers obtained at 1.5 m less than the original estimate. Due to the fact that the potato harvesters
for the second separator placed slides and other separation devices, the total length of the first and second
separation elevators is much smaller.

The formulas (12) and (13) can be checked along the length s1 of the first Elevator of the potato
harvester kku-2A, which is 2.1 m.

It is known that the first Elevator weeds 60 ... 70 p.c.o f the incoming soil, i.e. 130 kg/s at
W =200 kg /s, respectively, the gathering is W1=70 kg/s.

According to the formula (12) the length of the first Elevator is obtained s,=2.0 m. the Obtained
value is very close to valid.

Equations (12) and (13) describe the pattern of soil separation on the elevators of potato harvesters
quite reliably. In further studies of soil separation in potato harvesters, it is advisable to determine in tests
with the refinement of the coefficients “m” and “n” in equation (4) for different soil and climatic conditions.

The presented method of calculatlon of separation allows to take into account the intensity of
separation not only along the length of the separator, but also on its width and also at different feed of Wmax
on the width of the separator. To do this, in the right part (3) it is necessary to replace the differential of the
separator length multiplied by its width by the differential area (dF), that is, dW = — dFw = dsdBw. Due to
the presence of ridges in the soil field at the beginning of separation is unevenly distributed across the width
of the separator: a large supply is observed when entering from the middle of the ridges and smaller — from
the aisles.

Conclusion. The obtained analytical dependence (8) reliably describes the pattern of separation at
any length of the separator and covers various patterns of separation taking into account the values of “m”
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and “n”. To determine the length of the separating surface of potato harvesters, it is necessary to know the
specific separation w(kg/m2c) and its dependence on the supply for different soil and climatic conditions.

10.
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Introduction. Sub artesian wells, irrigation, water supply to the population and groundwater level,
regulating salinization of the land control (vertical drainage) and used for. At present, the Azerbaijani
Melioration and Water Economy Open Joint stock company for 8713 well, including for irrigation 7042
artesian wells, land reclamation and irrigation, with the purpose 53 of vertical drainage, water supply with
well managed purpose 1618 (tab.). Sub-artesian wells through 181,226 thousand hectares of acreage are
irrigated. 289 sub artesian wells remain in the occupied Upper Karabakh region of Armenia and have no
information about their technical condition.840 artesian wells in the Nakhichevan Autonomous Republic’s
valid [1]. More than 300 sub artesian wells are planned to be drilled.

Sub artesian wells through produced water total flow of 117 m3 / sec and more, it is wells using
3.7 billion m3 of water, can be done. But the amount of water produced by the year of drought irrigation
expiration, seeding rates, area and planting, systems, structures, in short, depending on demand changes.
On average, 400-700 million m3 of water is removed. Wells in different geographical and hydrogeological
conditions (mountain, foothill and flat areas) grubbed for water rise of 10 m to 190 m as varies. Plains
underground water level location, close to the surface, in mountain and foothill areas, and the groundwater
situated water the rise of various prices gets. So, in the mountainous and foothill areas located placed created
high head, which pump device (immersion of pump), on the plains, and head no less immersion pumps used.
Posted dynamic level zones or depending on the 6 m — 100 m changes [2].

Groundwater levels are located in the Shamkir, Shaki, Tartar, Barda, Goranboy, Agdam and other
regions, near the surface area of Beylagan, Imishli, partly Agjabadi and other flat regions. Their capacity varies
from 2.8 kW to 65 kW, due to the depth of underground water, the different levels of diving pumps, depending
on the dynamic level and productivity of the wells. It is mainly used for pump units of 22 — 32 kW.

Sub artesian wells, along with the energy-efficient area, also spend a great deal of money on their
exploitation. It is sufficient to note that in the current sub artesian wells operating in the province, electricity is
consumed from 200 million kW/h to 700 million kilowatt-hours [2,3]. Meanwhile, the amount of electricity
spent on electricity is between 12-49 million manat. On the other hand, experiments show that underground
waters are unexpectedly dumped through wells and their reserves are gradually exhausted, leading to lower
groundwater levels, and ultimately to exploitation costs and environmental degradation.

https://ws-conference.com/ 7(25), Vol. 1, July 2018 45



International Academy Journal. Web of Scholar. ISSN 2518-167X

The analysis shows that one of the factors causing increased exploitation costs and gradual exhaustion
of underground water resources is, in particular, the lack of optimal working regimes of the sub artesian
wells network. Thus, the development of an optimal working regime for the subarticular wells network is
of crucial importance.

Table 1 General information for reclamation and water economy of Azerbaijan on balance of JSC
from artesian wells [1]

The purpose of wells,
Name of area and Total, | Irrigated Reclamation
. . . Water supply, ..
management pieces | area,, ha | Irrigated,pieces . and irrigation,
pieces .
pieces
1 2 3 4 5 6
Aghdam SGIli 1076 30158 1076
Aghchabedi SGii 863 30400 764 99
Barda SGii 881 21225 637 191 53
Beylagan SGili 672 4447 505 167
Goranboy SGii 777 23000 715 62
Sheki SGIi 630 6028 441 189
Shamkir SGII 738 16172 588 150
Ter-ter SGIT 424 9690 388 36
Tovuz SGil 672 11143 643 29
Absheron SST 4 4
Guba SSI 19 19
Gusar SST 12 193 8 4
Samukh SSI 463 22645 463
Shamakhi SSI 1 1
Sheki SSI 24 24
Khachmaz SST 24 24
Goygol SSI 191 4777 191
Goychay SSi 1 1
Imishli SSI 2 2
Tar-tarchay HGIl 1 1
Achi-nohur GOSTSII 11 11
Boz-dagh GOSTSIi 25 25
Mar.-Mughan GOSTSIi 6 6
Pirshaat GOSTSII 66 66
SAK i 1 1
Total by region: 7584 179878 6443 1088 53
By Nakhchivan AR 840 1348 323 517
Upper Karabakh 289 276 13
Total by Republic: 8713 181226 7042 1618 53

Note: SGII-subartesian wells operation and management; SSI-irrigation system management;
HGII-hydraulic engineering facilities operation and management; GOSTSII - winter pastures water supply
systems operation and management; SAKII-Samur-Absheron canal, operation, management.

The aim of this study was artesian wells operation nested to reduce costs and underground water
resources, depletion in order to prevent the group working of artesian wells, the optimal mode of operation,
scientific and practical foundations of the training consists of.

Research, methods. Provided to achieve the purpose of observation, literature, stock and other
sources, materials and information collected, they scientifically analyze attracted existing shortcomings,
identification issued and the measures necessary to prepare the scientific basis has been created.

Feedback and discussion. Sub artesian wells of irrigated massif in different corners are built and
they interact with each other hydraulic on the communication, working in the network, creates. Well mode
of operation under both alone and networks that make up a group of wells, during the year of operation
and service stop, simultaneously operating wells, the number, from the ground, from water, accounting is
understood. The observations show that, either alone or a group of wells (wells, networks) acreage water,
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and providing the vegetation period in agriculture during irrigation entered in the system. Practically wells,
the operation mode of plants in water to meet the needs are used. At first glance, it seems that the demand
for wells by works, that is, plants irrigation business ends. But studies show that in the current situation,
there are no sub artesian wells for a particular mode of operation, for the following reasons, the actual work
is considered acceptable can not be.

First, the actual situation of sub artesian wells, work during water loss occur and this circumstance
is not taken into account. The fact is that the plants of the optimal irrigation norm and continue irrigation
for a period of practically comply. So, in the country of advanced irrigation equipment, that is, economy of
water irrigation machines and installations are very few, irrigation, advanced technologies, application at the
desired level. Wells, caused by water acreage of land furrow irrigation, or strips, is issued. This water toll to
leads [3]. The result reliability of demand for underground water exploitation involved, but also the wells of
the treatment period, an increase of additional costs that creates.

Secondly, wells existing works in the regime of underground water resources from depletion and
their level, the fall is not taken into account. So, sub artesian wells, work while watering, in groundwater
area, level, mode and associated reclamation background changes dramatically. These groundwater reserves
depletion of soil, surface layer and operating costs leads to an increase. For example, Baku, Baku, Baku and
other regions of the last century, 50-60, still operating sub artesian wells, where in areas where the level of
groundwater 5-10 m or more on the decline, their reserves have decreased significantly [2].

Thirdly, in practice it is often sub-artesian wells, hydraulic interaction effect is not considered. So,
in the irrigated areas of the well group working, they each other hydraulic affects, and this impact as a result
of the operation, involved water-bearing layers pressure is sharply reduced and the probability of depletion
occurs. Underground water, reserves restoration of a lot of time and additional measures are not required. At
the same time lush water-bearing layers water fall increases and energy consumption as well as operating
costs leads to an increase.

These shortcomings and remove their structures that make up the network, optimal operation,
making the need to. In this crop irrigation the problem of fear and groundwater depletion of stocks of the
probability of prevention should not be overlooked. It is to be noted that artesian wells, optimum performance,
preparation of existing at literature and normative documents of the particular method and order, would not
happen. Only S.T.H asanov & J.C.Gulmammadov in 2009, published in the article [4] sub artesian wells, the
mode of work, drawing up on the framework, are considered. The authors of the sub artesian wells, the mode
of operation, the total water balance, and put forward. The article analysis shows that, the authors, provided
plants, irrigation, given followed. The issue of groundwater level equalizing aspect considered.

Sub-artesian wells, operating mode, preparation and preparation of the issue two-first, the plant
irrigation in compliance mode, and second, underground water resources reduce aspects to be considered.

Given this, the first irrigation mode, personifying the «hydro module graph» (g=f (m,t), is composed.
This is a graphic crop (planting turnover of plants) irrigation rate (m), and each irrigation continue term (t) is built.

Hydro module graph the procedure for drawing up technical literature widely and are described in
detail in [5,6].

The regulating hydro module graph, mainly wet, and vegetation period irrigation supplied water
volume (quantity) following formula is determined:

Vi=86,4 qitiew ;(i=1,2, ....n), (1)

Here: V. —amount of water at each irrigation, m’; #, — length of water supply, day; 86,4 —1/sec m* / day
transition 1nd1cat0r,a) total irrigation area, ha; g, — the amount of water supplied to a single area (1 hectare),
I/sec.ha; g, — the price is taken from the pre- demgned hydromodule chart for each irrigation.

The amount of water supplied to each irrigation (Vi), the duration of each irrigation (ti) and the
productivity of a subartezian well (Q, m3 / day) is calculated by the following formula:

v
n;, = o (2)

(This formula is based on the equation of nQt = 86.4 q t).

As seen from the formula (2), the number of wells operating in the wells network varies depending on
the amount of water required for an irrigation (Vi), the yield of the well (Qi) and the duration of irrigation (ti).
In other words, not all wells entering the network during the year, but some of them should work. This enables
the use of underground water resources more efficiently and economically, and reducing operational costs.

[N=1(V,Q,t)] of the sub artesian wells according to the predetermined number of wells and duration
of each irrigation. The schedule shows how many wells can be used over the year, and how much water
is extracted from the maintenance department beforehand. The management is working on this schedule.
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But that does not end there. Along with the work schedule of the well, the possibility of underground water
depletion should be checked. For this purpose, the total volume of water supplied to each irrigation can be
summed up in a total volume of water per year (VUM):

V. =Vi+V, 4tV =3V, 3)
i=1

Here V|, V,, V_— the volume of water supplied to each irrigation, m?.

Subsequently, the quantity of nutrients (dynamic reserves) of groundwater is determined in the area
where subarticular wells are located. Dynamic reserve or nutritional value is calculated by using the general
water balance equation or by the «final differences» method [7, 8, 9]. Since the «final differences» method
is complex, it is more appropriate to exclude the «total water balance» equation:

W=[A+B+®+P+ (IT - 0) — (U+T)] ¥ (4)

Here: W — the amount of nutrients in the groundwater (intensity), m?; A — the amount of precipitation
falling during the year, m*ha; B — the total amount of water supply and irrigation during the vegetation
period (water norm), m3/ha; @ — the amount of water drawn from canals and arcs, m3/ha; P— the amount of
water that is injected into the exposed water reservoir or layers, m*ha; IT, O — the amount of water coming
into the area with the bottom of the earth, m*/ha; U — evaporation, m*/ha; T— transpiration by plants, m*/ha;
 — the area where the sub artesian wells are located, ha.

When the wells are operating, depression is formed in the area, and the amount of water coming out
of the earth is about zero. Thus, in equation (4), O = 0 can be accepted. The remaining balance elements are
easily identified by known methods and methods [7, 8, 9].

Hence, the amount of groundwater (W) per year is compared with the total volume of water supplied
to the irrigation (VUM). If V| > W is taken, then it is corrected in irrigation mode. For example, irrigation
norms are differentiated on the development phases of plants, the moisture content of the soil is taken as the
depth of the root system developed by the plants.

Ifit is received, the work mode (schedule) designed for the network is considered optimal and affordable.

It should be noted that in the case of W > W, underground water reserves are gradually exhausted
and require additional cost-effective measures to recover the exhausted stocks. For example, underneath the
surface of the ground, water is injected with special facilities or additional infiltration reservoirs are built.

In the latter case, W <W, there is no danger of exhaustion of groundwater resources, which is of
exceptional importance in terms of protection of the environment and ecological balance.

Conclusion.

1. The lack of optimum operating mode of existing sub artesian wells or the incompleteness of
existing exploitation leads to an increase in operational costs, depletion of groundwater reserves, and
ultimately a violation of the ecological balance.

2. The optimum operating schedule (schedule) of sub artesian wells in accordance with the
irrigation regime of plants should be computed to reduce operating costs and to use them more efficiently
and economically. The total amount of water supplied to the aqueducts on the basis of the compiled work
regime should not be greater than the intake of groundwater.

3. The probability of depletion of groundwater resources or the environmental process that may
occur may need to be determined in advance. Therefore, the level of nutrition of underground water, ie,
the potential for recovery of the recovered resources should be checked. For this purpose, the total water
balance is drawn up and the amount of water entering the groundwater is determined. Then it is compared
with the quantity of water produced by wells during the year. If the amount of water taken by wells exceeds
the amount of groundwater feeding, the irrigation norms are corrected, for example, the irrigation rate
is calculated on the development stages of plants, in other words, the depth of the active layer of soils is
equidistant to the depth developed by the root system of plants and irrigation norms. In this case, the volume
of water supplied to irrigation and the amount of groundwater withdrawn considerably decreased.

REFERENCES

1. Ahmed-zadeh A.S., Hashimov A.C. Encyclopedia. Melioration and water economy. Baku: Radius, 2016, - 632 s.

2. Hasanov S.T. and s. Preparation of scientifically, ecologically-economically justified recommendations on the
application of resources and energy saving technologies and technologies in the field of melioration and water
economy /Scientific and technical report. Baku: AzEther and EIB, 2006, 43 p.

3. Hasanov S.T. Energy losses in the water industry // The collection of scientific publications of EITI and EIB. XXIX
volume, Baku: Science, 2009, pp. 479-487.

4. Hasanov S.T., Gulmammadov Ch.C. Working mode of sub artesian wells // The EIA and the EIB collection of

scientific works. XXIX volume, Baku: Science, 2009, pp. 445-448.

Kostyakov A.N. Basement melioration. M .: Selkhoziz, 1960, - 622 c.

Huseyn-zadeh U.A. Melioration issues. Baku: Azdovtadpedad published. 1962, - 244 p.

Lebedev AV Method of extraction of groundwater. M .: Gosgeolotekhizdat, 1963, - 192 c.

Hasanov S.T. Drainage: report, design and operation. Baku: Science, 2009, - 236 p.

Averjanov S.F. The barber comes with a frozen ground. M .: Kolos, 1978, - 288 p.

O XN n

48 7(25), Vol. 1, July 2018 https://ws-conference.com/



INTERNATIONAL ACADEMY JOURNAL
WEB OF SCHOLAR

DOI: https://doi.org/10.31435/rsglobal_wos
7(25), July 2018
Vol. 1

SCIENTIFIC EDITION
Indexed by:

4 RS Global
&

INDEX { % COPERNICUS

&y Academia.edu
BIBLIOTEKA
NARODOWA

GO\ -gle

HAYYHAR 3AEKTPOHHAR
SHSAHOTEXA

LIBRARY.RU

Passed for printing 05.07.2018. Appearance 12.07.2018.
Typeface Times New Roman.
Circulation 300 copies.

Publisher RS Global Sp. z O.0., Warsaw, Poland, 2018

Numer KRS: 0000672864

REGON: 367026200
NIP: 5213776394
https://ws-conference.com/



