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CBIPTKbI )KAPBIKTAH/IBIPY ) KXYUEJIEPIH CAJIBICTBIPMAJIBI TAJIJIAY

TUJIEYKEEB )KAMBbIJI ABIPAXUMOBHUY
«bakpITTHI OoNamak» oKyubuIiap capaiibl, PoOoToTexHMKa 00ibIHIIA KOChIMILIA O11IM Oepy
nexaarori. Maructp. XasslKapaliblK AKIapaTTaHAbIpy aKaJAeMHUIChIHbIH aKaJeMHTI1

AJIEKEEBA APAWJIBIM JJKYMATAJIMEBHA
«bakpITTHI OoNanIaKy» OKyIIbUIAp CapalbIHBIH TUPEKTOPHI

AIIIMBAEBA ACEM ECEHXOJIOBHA
«baxbITTHI O0NaIaky OKYIIbUIAP capalbl, TUPEKTOPABIH OeHiHIIK iCl )KOHIHAETI OpbIHOACaAPHI

Annomauusn: byn makanaoa Al xkraceinoazvl sHcapblKOUOOMbl HCOAObL HCAPLIKMAHOIPYObIH
oHepeuss muimoiniei 6oazananaovi. Tanoay ywin Odacmypai HID wamoapvl dcane 3amaunayu
AHCAPLIKOUOOMBL  HCAPBIK  KO30epi  CUAKMbL  HCAPLIKMAHOLIPYObIY €Ki MYpi  CATbICMbIPLLIOb.
A6momodunb Hondapsii  AHCApLIKMAHOLIPY2A KOULLIAMbIH XAILIKAPAILIK MALAnmap Hezizinoe
DNaT-400 wamoapwr scaone onapoviy stHcapvix OUoOmsvl AHANLOSMAPHL HCAPBIK KAPKLIHOBLIbIZbIHbIH
Kucwizol (LCU) botivinuwa manoanovt. Canvicmuipy opHul peminde baz0apuiamubly «bede mapizoiy
JHCON AUBIPBIZLL MAHOAIObI.

Tyiiinoi ce3oep: capvlKOUOOMbL HCAPLIKMAHOBIPY, 3Hepeuss muimoiniei; oanama xKyam
Ke30epi; KyH nanenvoepi, Kouieaiepoi JHcapblKMmaHoblpy

Kazakcranma >kapbIKTaHIBIPYIABIH OapiIbIK TYpPJIepl >KalIbl ajfaHga JKbUIbIHA OHIIPUICTIH
anexTp sHeprusichiHbIH 13—15% tyThiHazgs! [ 10]. Kasipri yakpiTTa Kanazapsl, €111 MeKEHACPAl KoHe
Tac JKOJAAPIBI CBHIPTKBI KAPBIKTAHABIPY YIIIH KOFapbhl KBICHIMIBI Ta3 pa3psATHl Iamaapsl Oap
JOCTYPIIL MamMaap KoiaaHbiIaabl. JKapelKTaHIBIPYIBIH OV TYPiHIH KEMIIUTIKTEpl OammacTTapabiH
KQXKETTLIIr, YJIKeH eJIeMaepi, 3JEKTp KyaThIHBIH Y3UTyiHE JKOHE KEpHEYHIiH >KOFaphliayblHa
KOFapbI Ce3IMTANJIBIK, TOKTHIH K€3 KeJITeH TYPiHE KYMBIC iCTEH anMay ®oHe KYMBIC PeKUMIHE Y3aK
IbIFy [S].

FruipIMHBIH JaMybl JKapbIK KO3ACPiHiH KaHa OYbIHBIH — YKapBIKAMOATHI IIaMIapabl JKacayra
okenmi. JKapbIKTaHIBIPYABIH OYJI TYPiHIH apTHIKIIBUIBIFBI - a3 KyaT TYTBIHY, Y3aK KBI3MET €Ty
Mep3iMi, TOJIBIK FKOJIOTHSUIBIK KayiNCi3/IiK )KOHE KOFapbl MEXaHUKAJIBIK OepiKTiK [5].

Kara3 «ryiiMenak» TUOTIK KOJI TOPAObIHBIH KapbIKTaHABIPYBIH KapacTbIpaJbl. Byrinri kyHi
MYHJail aiipipbactaynap aye, KaOenbIiK IEKTp JKeJiJIepiH Naianana OTbIPbII, Oip YHEPreTHKANIBIK
KENIICH KyaT ajajbl.

Byn snexktp KyatbiHblH koranybl (10-15% peifiH), TOMEHOETETIH SJEKTP CTAHIUSCHIHBIH
KaKbIH OpPHAJACYbIHbIH KaXETTUIIll >KOHE MOHTa)X/ay >KYMBICTApPbIHBIH KOl OOJybl CHUSKTbHI
XKarpIMChI3 (pakTopaapasl Tyabipaas! [11]. Tex cTaHmapTThl eMec TipeK KOHCTPYKLHUSCHIH KaKeT
€TETIH aBTOHOMJIBI KyaT Ke3/IepiH Naianany karJaibIiHaa jKaFaai skakcheipak [8].

3eprrey 00BekTici — Al KIacTel aBTOMOOWIL >KOJIBIHBIH (2BTOMOOWIIB KOJBI) THIITIK
KOJIANPBIFBIH JKapbIKTaHABIPY. OpTaibIKTaHIBIPBUIFAH 3JIEKTPMEH >KaOAbIKTayAbl KaHAPThUIATHIH
KO3/IepJIeH — KapbIK SHEPTUACHIHAH AJIBIHATBIH aBTOHOM/IBIFA ayBICTBIPY YCHIHBUIABI.

Tannanran «TyliMenak» TYPIHIETI aXXbIpaTy Ke31He OPTaHFBI JKOJIAK YIIIH AJICKTPKYKTeMeCl
400 Bt Kyatbl 6ap AocTypii ra3 pa3psAThIK HIaMbl YIIiH 5KbUI iminae ecentenai [14, 7]:
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1 cypet-bipaocTyprimaMHBIHIIEKTPKYKTEMECIHIHKECTEC.

I'padukren sxazga Oip KapbIKKe3iHIH €H a3 TYTbIHYbl Toyiirine 2,6 kBT, an Kpicta ey
KOFapbIChl Tayiirine 6,8 kBt Gonateinbl mibiFanel. benriienren skapsikranaelpy yumin ['OCT P
54305-2011 aBTOMOOWIJIb >KOJAAPBIH >KapBIKTAHIBIPY TajanTapblHa COMKeC KeJETiH KapbIKKap
KBIHIBUTBIFBIHBIH, KHCHIK CHI3BIKTAphl OOMBIHINA KaHA JKaphIK TUOITHI aHAJIOThl TaHAAIAbL. [4, 5 0.;
12] 2-cypetTe exi CanbICTBIPBUIFaH JIAMIIAHBIH KapBIK KAPKBIHIBUIBIFBIHBIH KHCHIFBI KOPCETUITeH[2].

a)

@

2 cypeT-KapbIK KapKbIHIBUTBIFBIHBIH KHCHIFBIL: @ — IOCTYPJI Pa3psIAThI maM; b — 5KapbIK JHOATHI
I1aMm.

Kapblk KapKbIHIBUIBIFBIHBIH KUCBHIKTAPBIH Talfay HOTHIXKECIHAE KApPBIK aFbIHBIHBIH TYCY
OyphILITaphl AEpIiK Oipeil, Oipak TaHAAIFaH KapbIK IUOATHI IIAMHBIH KyaThl a3 pa3psAATHIK IaMFa
KaparaHaa 2 ece a3 ekeHAiri mbiFanasl [6]. Exi kapbhlKk Ke3iHIH Oip TOYMIKTeri KyaT TYThIHYBIH
cansicTeipy Cypet- 3.
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Kon-o sHepruw KBT*oyT
ey

3 cyper - DIeKTp KYKTEeMeECi: a - JOCTYpIiliam; b - >KapbIKIUOITHL.

JKymbicTa )apbIKTaHABIPY YIIIH KYH OaTapesapblH naiiaaaHaThlH aBTOHOM/IBI KyaT KO3/epiH
nainanany ycbiabuianbl [13]. Xacamran omic OoibIHIIA OPTAHFBI XKOJIAK YIIH KbUI ME3TUIAEP]
OOMBIHIIIA KAPBIK aFBIHBIHBIH TAPATYBIH €CKEPE OTBIPHII, 4-CYPETTE AJICKTPIHEPTUACHIH OHIIPY JKOHE
TYThIHY Tpaduri canbiHas [3; 1].
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4 —cyper KyH OaTapesmapbl eHIIpETIH SHEPTUSHBI Oaranay >KOHE KapblK JHOITHI MAMHBIH
TYTBIHYBIK BT.car
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4- cypeTTeH Keyeci IIBIFAIBI: JKa3[ga OJJICKTPIHEPTHACH apTHIK, all KhICTa JKOHE KY3JE,
KepiciHme, TammubUIbIK Oonaabl [9]. bynm macenenepai menryain exi ojisl Oap. bipinmici —
KyaTThlpaKk KyHOarapessapblH OpHaTy, OCbLIaima 013 TEeK 3JEKTp KyaTbIHbIH TAalllIbUIbIFbIHA
OaiiJIaHbICTBI MAOCEJICH] IIEHIeMi3, apThIFbI XKa3/1a Kanaabl. ExiHmi memiM — 6ip 3JeKTp *kKelici MeH
aBTOHOMJIbI KAapBIKTAaHABIPY Ke3AepiH OipikTipy. KpICKbI Ke3eHIepne 3JIeKTp KyaTbl JKeNieH, al
’kKas3/la, KepiciHIIe, OpTANBIKTAaHABIPBUIFAH JKelife eHaipineTiH Oonaapl. byn  aybicmanbl
KAPBIKTAHABIPYIBIH dHEepTrus THIMALTITIH 1,5-2,0 ecere apTThIpabI.

Ocpnaiimia, cypeTreri rpaduke COlKec 3JIeKTp KYKTEMECIHIH Ty AT, 3, 0/1aH IIBIFAThIHBI,
€H a3 TYThIHY TOyJiriHe 2,6 kBT/car jkoHe Ta3 pa3psAThl IaM YIIiH TOYIiriHe eH ke01 6,8 kBTt/car,
KAPBIKIUO/THI IIaM YIIiH — KYHiHe keminae 1,2 kBt/car xoHe eH kobi 3,5 kBr*car. kyHi.

JocTypii &KapblK K631 MEH apbIKIUOATHI IIaMJIbl CAJIBICTBIPA OTBIPBIN, XKAPBIK aFbIHBIHBIH
TYCy OyphIIITaphl Aepiik Oipiei, Oipak TaHAadFaH >KapbIKIHOATHI IAMHBIH KyaThl T'a3 pa3psIbIMEeH
CaJbICThIpFaH/Ia 2 ece as.

Kyn Garapesnapsl HETi3iHAET1 AJIEKTP SHEPTUSACHIHBIH ABTOHOMJIBI KO3/I€PIMEH YCHIHBUIBII
OTBIPFaH JKAPBIKTAHABIPY JKYHeCl Ka3Fbl KE3€HAE OpTAJIbIKTAHIBIPBUIFAH JKEJre apThIK
AJIEKTPIHEPTUSICHIH OHJIIPY €CeOIHEeH aybICTalbl JKapBIKTAHIBIPYIBIH dHeprus ThiMautiria 1,5-2,0
€ce apTThIpyFa MYMKIHJIIK Oepe/i.

OJIEBUETTEP TI3IMI:
1. GALAD CrangapT LED-160-1115/K50 /! GALAD URL:
http://galad.ru/catalog/outdoor/street/standart/galad-standart-led-160-shb-k50/ (mara

obparmenus: 06.12.17).

Light-in-Night Road URL: http://www.l-i-n.ru/ (narao6pamenus: 03.12.17).

3. Bocxon u 3axon comHIla, TPOAOKUTEIHHOCTh CBETOBOro MHS B MockBe // Dateandtime.info
URL: http://dateandtime.info/ru/citysunrisesunset.php?id=524901 (mata oopamenwus: 05.12.17).

4. TOCT P 54305-2011 // Hoporu aBTOMOOWJBHBIE OOILIET0 MONb30BaHUS [ opu3oHTaNbHAs
OCBEILIEHHOCTh ~OT HCKYCCTBEHHOIO  OCBelleHusa. TexHuueckue TpeOoBanuss URL:
http://docs.cntd.ru/document/gost-r-54305-2011 (nara oopamenus: 02.12.17).

5. JlocToWHCTBAa M HEIOCTATKU pa3in4dHbIXx ucTouHMKOB cBeta / POCOJIEKTPOCBET URL:

http://rsvet.org/info/dostoinstva i nedostatki razlichnyh_istochnikov_sveta (mara oOpamieHus:
27.11.17).
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INOCTPOEHHUE TMHAMHNYECKOU MOJEJIX POBOTOB-KJIETOK

T'YCEMHOBA AMT'IOH HA3UM K., ACTAHOB OCMAH KACBIM O.
AzepbaiiiykaHCKUN TOCYIapCTBEHHBIN YHUBEPCUTET HEPTH U IPOMBILUIEHHOCTH

Abcmpaxkm. B smoti pabome mbl ucciedyem pazpabomky nooXoosuje2o JUHeH020 npusood
011 pobomos ¢ MmscKou Kiemxou. HMoeanvuulii npusod 011 poboma c msaeKkou xiemkou (i)
coomeemcmeyem mpeOO8AHUAM, NOIMOMY OH MOdCcem Nno2ioujams 3Hepeuro, (ii) Xopouwio
pacmsacueaemcs, 4mo no380Jisem no00epiHCUsams pesKue usmeHeHus gopmul, u (iii) ycmouyus K
uzeuby, noI3MoMy NOJLOMHO ABIAEMCS OCHOBHLIM CMPYKMYPHbIM dIEMEHMOoM poboma cmpyKkmypad.
ITnesmamuueckue nuHeliHble NPUBOOLL WUPOKO UCHONL3VIOMCS 6 pobomomexHuke 01a200aps.
HEeCKONbKUM — JHCeNIAMENbHbIM  XAPAKMEPUCTNUKAM, MAKUM KAK COBMECMUMOCb, GHYMPEHHs
be30nacnocms, 8bICOKAs CKOPOCMb, 8bICOKOE COOMHOULeHUE MOWHOCTU K 8€CY U HU3KAS CTOUMOCHTb.
B npunyune, pobOMU3UPOBAHHbIE — CUCMEMbL,  UCNOAb3YVIOWUE  AOANMUEHbIE — NPUBOOb,
npeonoumumeinvHee O 3a0a4, mpedylowux 6e30NacH020 83aUMO0elUcmsus ¢ 1o0bMu, pabomol 8
HeonpeoenenHol Uil HeCmpyKmypupoS8aHHoU cpeoe, HAKONIEHUs MeXAHU4ecKou 3Hepeuu u
8bICOKOOUHAMUYHO20 OBUNHCEHUSL.

Knroueewle cnosa: poboma ¢ MacKol Kiemiotl, OUHAMUYECKOU MOOe, DHeP2Usl.

[TpoBepka YToOBI MPOBEPUTH HAIlY THHAMUYECKYIO MOJIENb HA HKCIIEPUMEHTAIbHBIX TaHHBIX,
MBI OLICHMBAaEM JJIMHY IIPUBO/IA C TEYEHHEM BPEMEHM BO BPEMS HATyBaHUS U CIyBaHMs HA OCHOBE
CTYIEHYAThIX U3MEHEHUH aBICHHS UICTOUHHKA U CPAaBHUBAEM €€ C IKCIIEPUMEHTATbHBIMU JAHHBIMH.
B xone sxcneprMeHTa IbHBIX UCIIBITAHUM MBI OTCIIEKUBAEM BHYTPEHHEE JaBJICHNE, BHEIIHIOKO CUITY,
JUIMHY TIPUBOJAQ, YrOJd CKOJBKEHHUS M TEMIEpaTypy OKPYXKAIOLIETO BO3AyXa. MBI HCIONb3yeM
CJICAYIOIIYIO METPHKY /ISl pacdeTa MpHOIM3UTEIbHON JITHHBI TPAHCMHUCCUH C TEYCHUEM BPEMEHH:

OnnHa Bo sBpemsa HHPNAUMKM

—_— Momctarme 1
Gl Wonwraiane 2

T— fcosvanee 3

Dnuna [em]

Bpems [c]

Pucynoxk 1. Tpu oTAEeNBbHBIX UCTIBITAHUS, B XOJI€ KOTOPBIX LIECTEpHS ObliIa HaKayaHa 10
cBapouHoro aasieHus 138 kIla. Moaens nokazaHa CIUTONTHOMN JIMHUEN, & SMIIMPUYECKHUE TaHHbIE —
MaJIEHbKUMH TOYKaMU.
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Paccunraiite qaBneHne M BHEIIHIOI CUITY, KaK MIOKAa3aHO Ha BXOAHBIX JIaHHBIX, U pacCUUTANTE
JUIMHY TPUBOJAa M €€ IPOM3BOAHBIE HAa OCHOBE Mozeiau. IlokaszaHel Tpu HCIBITaHMS AAHHBIX,
¢bukcupyrouye JIMHY TPUBO/a BO BpeMsi MHGUIALMU, U COOTBETCTBYIOIIME MPOTHO3bI Mozaenu. B
9TUX UCTIBITAHUSX JJIMHY IPUBOJA YBEJINYUBAIOT 0 TEX MOP, IIOKA OH HE IOCTUTHET XKECTKUX YIIOPOB
UCIIBITATEIBHOTO yCTpoiicTBa. MBI BHUIUM, 4YTO MOJENb JOCTAaTOYHO XOPOIIO MpeacKa3bIBaeT
UCTOPHUIO JUIMHBI BO BpeMs MH(IAIMM — CpeAHEKBagpaTHyecKas oumMOKa I TpeX HCIBITaHWH,
MOKa3aHHBIX Ha pucyHke 3.5, coctasisieT 2,2 cM (1,0% oT MmakcumanbHOM JIHHBI). MBI MOYXKEM TOYHO
IpeJcKa3arh JUHAMHKY BO BpEMs JBIM)KEHHUS, HO HE MOJEIMpPYEM IEpPeXOd M3 KHHETUYECKOIO
COCTOSIHMSI B CTaTM4Y€CKOE, 4YTO YCIOXKHWIO Obl Momenb TpeHus. Kosdduimentsl TpeHus,
UCTIOJIb3YEeMbIE B MOJIEIIH, OTIPENIENIAIOTCS SMITuprudecky; [1on6op MeTo0M HAUMEHBIINX KBaIPATOB
PAcCUUTHIBAJICSA C MCMOIb30BAHUEM JaHHBIX Ka)KJIOTO WCIBITAHMSA, a 3aTe€M YCPETHSJICS MO BCEM
UCTIBITAaHUSAM. DTO HCTIBITAHUE HATyBaHUEM OBLJIO MOBTOPEHO MPH Pa3IUYHBIX JaBJICHHUAX cBapku. Ha
pUC. 2 TMOKa3aHO W3MEHEHHWE AJUHBI MPHUBOAA BO BpeMs HAJIyBaHUS [UIsl YEThIPEX Pa3IUYHBIX
JaBJIEHUH UCTOYHUKA. [1o Mepe yBennueHus: CBapOvHOTIO 1aBJIEHUS CKOPOCTh BBIIBUKEHMSI IPUBOJA
TaK)Ke yBEITUUUBAETCS.

Tabmuna 1: KoadduumenTs! TpeHus Bo Bpemsi HHOIAINN

CBapOYHOE JIaBJICHHE cp[ MH / kIla -] ¢, v [H 9/muH]

[KIIa -] CcpeJHee CTaHapTHOE | CPelHee CTaHAapTHOe
69 288 69 -486 49,3
103 517 60 -320 21,6
138 724 200 | -192 51,2

DKCIIEpUMEHT MOBTOPSUICS TPYIKIBI U1 KaX10ro napiaeHus. Ha atom rpaduke Mbl BUAUM, 4TO
COIJIACHBI C MOJIENIBI0 B OOJNBIIMHCTBE TecTOB. CpeqHekBaapaTudeckas OIIMOKa BO BCEX TECTax
cocraBmia 3,6 cM (1,7% ot mMakcumanabHOM nHBI). Koauiuents! TpeHus, ucronb3yeMble s
3THX MPOTHO30B, OBUIM PACCYMTAHBI METOJOM HAWMEHBIIUX KBAaJIPaTOB BCEX JIaHHBIX, COOpPaHHBIX
IpU KKIOM JaBlIeHUM HCTOYHMKA. B Tabmuuel moka3aHbl cpeiHHMe 3HAUYEHUS M CTaHIApTHHIC
OTKJIOHEHHS HCIIOIb3yEeMBIX KOA(PPHUIMEHTOB TPEHUs. MOJENbHBIE U AMIUPHUYECKUE PE3yIbTaThI
MOKa3bIBatOT Kosebanue okosio 1 I'm. D10 konebaHue sBIsSeTCS PE3yIbTATOM AMHAMUKH JaBICHUS
BO3/yXa M3-3a WMHQISUUN W JWHAMHUKH W3MEHEHHs o0beMa H3-3a JUIMHBI TPAaHCMHUCCHOHHOTO
MexaHu3Ma. [Ipu mepBoM OTKpBHITHM KIlalaHa JaBieHHe OyaeT ObICTPO yBEITUYMBATHCS, MOCKOJIBKY
TOpleBas 3aniylika 3adukcupoBaHa. Takoe YBEIWYCHHWE [ABICHUS YCKOPSET 3aKYIOpPKY
HAKOHEYHHKA U yBEIMYUBAaeT 00beM npuBoja. [lockonbky 00beM OBICTPO YBEIUYMBACTCS, IaBJICHHE
B IIPUBOJIE YMEHBIIAETCSI BMECTE C YCKOpPEHHMEM KOHLeBOHM 3amiymku. Korga konuesast mpoOka
MEJICHHO YCKOpseTCs, JaBjeHHEe HauWHAeT BOCCTAaHABIMBAThCS, W LMK HAYMHAETCS CHOBA.
JluHaMu4eckass MOJENb TakKe OLEHHBajlach BO Bpems aedusimuu nepenaun. Ha pucynke 3.5
MoKa3aHa [UJIMHA TepefaTyika C TEYeHHEeM BpPEMEHH, KOTJa TNepeldaTdyhK BBIKIIOUEH. OTOT
SKCIEPUMEHT NPOBOAWJICS C JMAla30HOM HaudajbHBIX JaBleHU B TpaHcmuccuu. llpuBon He
MEPEMEILAETCS 10 TEX IOp, MOKA JABICHHME HE YNaJeT HAaCTOJIBKO HU3KO, YTO CHIIA, CO3/laBacMast
MpY>)KMHAMH, HAYHET CcxUMarth npuBo. Ilocie Toro, kak mecTepHsl HAYMHAET COKUMAThCS, 3T TPU
KpPUBBIE UMEIOT OYEHb IOXO)KUH HAKIJIOH, ITOCKOJIBKY BCE€ IIECTEPHH MOABEPraroTCs OAMHAKOBOMY
arMoc(epHOMY JABICHMIO. OKCIEPUMEHT MOBTOPSUICS TPWXKABL JJS KaXJIOro JaBJICHUS.
CpennekBaaparuueckas omuOka a7 Bcex TecToB coctaBmia 4,6 cMm (2,2% oT MakcUMalbHOMN
muHbl). Koadduumentsl TpeHus, ucnonb3dyemble Uil UX KOHTPOJs, ObUIM PAacCUMTAHBI MYTEM
anmpoOKCUMAIIMM BCEX JIAaHHBIX, COOpPAHHBIX MPHU KaXKIAOM JaBICHHH HCTOYHUKA, METOAOM
HaMMEHBIINX KBaJpaToB. B Tabnuie 1 nmoka3zaHsl cpeiHUE U CTAHJAPTHBIE 3HAYCHHUS.
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Pucynok 2. /lnuHa npuBoaa ¢ TeYEHUEM BPEMEHU BO BpPEMsI HaJyBaHUs IIPU YETHIPEX
Pa3JIMYHBIX JaBICHUAX UCTOYHMKA. MoOzelb oKa3aHa CIUIOLIHON JIMHUEH, a SMIIUPUYECKUE JaHHBIC
— MaJICHbKHMH TOYKAMH.

KecTtkocTs mpuBoaa. 3aMeHa MPYXHUH DJIEKTPOMEXaHUYECKUMHU JBUTATENSIMU I103BOJISET
OT/EINThH ABIKYILIYIO CHILy OT JUIMHBI mpuBoja. Mcnons3ys asurarens Ampflow E30-400-12, mbl
MIPOBENU SMIIMPUYECKHE HCCIEIOBaHMsI, 4YTOOBI MPOJEMOHCTPUPOBATh JUANa30H MOIIHOCTH,
JOCTHXKUMBIN C MOMOILBIO 00OPY0BaHUs, KOTOPOE Mbl HHTETPUPOBAIIM B 3Ty padotry. Ha pucynke
3.6 moka3aHa B3aMMOCBS3b MEX]1y IJTMHON IPUBOJIA U CUIIAMH, BOSHUKAIOIIMMU [P TPEX PA3TUYHBIX
TOKax JIBUraTeisl M, CIEN0BATENIbHO, NMPU TPEX Pa3HbIX KPYTIIIMX MOMEHTax ABurarens . B atux
AKCIIEPUMEHTAaX MPUBOJ] HATyBAJICA A0 33JaHHOM JIMHBI 1101 AECTBUEM ONPEIENECHHOTO KPYTAIIEro
MoMmeHTa. Ilocne Toro, kKak MpUBOX AOCTUI COOTBETCTBYIOLIEH MJIMHBI, MEPENYCKHBIE KilalaHbl
3aKpHIBAIMCh U W3MEPSUIMCHh BHEIIHWE CUJIbl NMPU U3MEHEHHMU JJIUHBI NMpuBoJa. B 3TOT MOMeEHT
JIaBJICHHUE ITPUBOAA BBIIIIE.

DOnwia Bo Bpema Bunona
BO Fessngres

60

Arvma [eam)

20

Pucynok 3. /lnvHa nepenaun BO BpEMEHU BO BPEMS 3aKaJIKU C YETHIPbMs pa3IMuHbIMU
Ha4aJbHBIMU JAaBJICHUAMA. Moesb I0Ka3aHa CIUIONIHOM JIMHUEH, a SMIIMPUYECKHUE JaHHbIE —
MaJICHBKUMU TOYKaMHU.

Ora pa3HUIlAa B HAYaJIbHOM JIaBIICHUU SBISCTCS OJHUM U3 CIIOCOOOB TIOHATH Pa3HUILy B
xecTkocTH. CormacHo 3akoHy boisis 1y1st uaeanbHBIX ra30B, €Clii 00beM IPUBO/IA YBEIIMUUTh BABOE,
MBI OXKHJIA€M, YTO JABJICHHE YMEHBIIUTCS BIBOC. boIblliee TaBIeHHE MPHUBEIET K OOJbIIEH
a0CoIIOTHOM pa3HuIle naBieHuid. [Ipy BRIIBI)KEHNH IECTEPHU JIABJICHUE BO3/1yXa CHIDKAETCS 32 CUET
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BBITATUBAaHUS JTAIITHEN pr651 13 KaTylIKH. HOCKOJ'IBKy JaBJICHHUEC aCUMIITOTUYCCKH HpI/I6J'II/I)KaeTC$I K
arMoc(epHOMY JJaBICHUIO, OHO Pa3BUBAET CHITY COTIPOTUBIICHHS, B TO BpEMsI KaK CHJIa, OKa3bIBacMast
CKAaThIM BO3JyXOM, aCHMIITOTHYECKH HpuOmmkaercs K Hymo. [lo Mepe yMmMeHbIIEHUS JIMHBI
IICCTCPHU AABJICHUC YBCIMYHUBACTCA U CO3AACTCA COKUMAroIasa Cujia. Ilo MCPC YMCHBUICHUSA JJIMHBI
BOKPYI' TPYOKM HauMHAIOT 00pa30BbIBaThCSI MOPIIMHBL. Korna 3Tu MOPIIMHBI pacpOCTpaHsITCs 10
BCEMY MEPUMETPY, Oalika IPOTHETCS U €€ )KECTKOCTh PE3KO YMEHbIIUTCS. KpyueHue MOXHO yBUIIETh
MpY TE€CTE C TOKOM JBuraresns 10 ammep.

Tab6muna 2. KoaddunueHTs! TpeHus npu nedismmun

CBapOYHOE JIABIICHUE cp[MH/ kIla -] ¢, v [H 9/muH]

[KIla -] CpeJHee CTaHIapTHOE CpeziHee CTaHAapTHOES
69 974 108 -182 32,1
103 1050 102 -155 31

138 1410 79,5 -157 16.2

JloGaBneHue nBUrarenss K IIKMBY Jae€T HaM HOBBIM MEXaHW3M pPETyIUPOBKH JUHAMUKU
Tpancmuccud. Ha puc. 3 mokazaHO M3MEHEHUE UIMHBI MOTOPU30BAaHHOTO IIPUBOJA BO BpeMs
HaJyBaHUA C TpeMsl PA3IUYHBIMU TOKaMHU JBUTaTess. Mbl 0OHapyXHIIU, YTO JUIMHA YBEJIIMYUBACTCS
ObICTpee, Koraa TOK ABHraresst Maj. bonbiimii Tok yepe3 ABHrareib cO3AaeT OONBIINN KPYTSALIHMA
MOMEHT, KOTOPbII INPOTHBOAEHCTBYET IaBICHUIO M 3aMeUIsieT BbIABMKEHHE mpuBoja. Eciu
MIPOBOJAHMK OTKJIIOYEH, KaK TMOKa3aHO Ha pUCYHKE 4, OONbIIM TOK MPUBOAMT K Oosee ObICTpOMY
3aMBIKAHUIO IPOBOAHMKA. BO3MOKHOCTH KOHTPOJUPOBATH KPYTALIMH MOMEHT, HMPHUJIOKEHHBIH K
IIKUBY, OOECIeUMBaeT JY4YIIyl0 MPOU3BOIUTENBHOCTh. Hampumep, Korga NpUBOA BBIIBUHYT,
KPYTAIIMHA MOMEHT MOXHO YCTAaHOBUTb HA HU3KMH MJIM Ja)Xe OTpULATeIbHbI YpPOBEHb, UTOOBI
OBICTPO OMOPOKHUTH IIIAHT. [locine yammHeHus! KPYTALIM MOMEHT U BHYTPEHHEE JIaBICHUE MOTYT
OBbITb YBEJIMYEHBI JJIS1 BbIICPKUBAHUS TSDKENBIX Harpy3ok. Bo BpeMs 3akallku KpyTSIIUH MOMEHT
MOYKHO CHOBA YBEJIMYUTH, YTOOBI OBICTPO BBITSHYTH TPYOY.

CooOpaxenusi auszaiiHa. [IpeacTaBiieHHbIC BBIIIE YpPaBHEHUS MOXHO MCIOJIb30BaTh JJIs
IIPOEKTUPOBAHUS  TEOMETPUU  TPAHCMUCCHUU  JUIsl  JOCTHMIKEHHS  KOHKPETHBIX  Ileyieid
IIPOU3BOJUTEIBHOCTH B PA3JIMYHBIX MaciuTabax. IIpuBoabl, mpeacTaBieHHbIe B 3TOH paboTe, UMEIOT
MUHUMaJbHYIO JUIiHY 21 cM u MakcuMaibHyro amuHy 210 cm; D10 maetr uMm Kod(pUIMEHT
pacumpenus 10:1. Ouu Moryt coznaBars cuiny Oonee 290 H u Becuts g0 3,3 kr; DTo naet um
COOTHOIIIEHHE MOIIHOCTHU K Becy 9:1. OgHako 3T nupsl HE OTPAKAIOT HU3NIECKUE OTPaHUICHUS
KOHLEMNINK, a SBISIOTCS pe3ylbTaToM COYeTaHus psajna ¢u3nmdeckux mnapamerpoB. Ilapamerpsl,
BJIMSIONINE HAa CTENEHb YIJIMHEHHs,, — O3TO JUaMETp IUMYIH, 00beM O00JIacTH BOKPYI IINYIU U
MaKCHMaJIbHasl IPYKUHA.
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Pucynok 4. CBs3bp MeX1y IIMHON HIECTEPHU U CUIIOW, BOZHUKAIOLIEH TIPU PA3IMUHBIX
KpYTALIMX MOMEHTax JBHUraresns. Monesb mokazaHa CIUIONIHOM JIMHUEH, a SMIUPUYECKHUE TaHHbIE
— MaJIeHbKUMH TOYKaMH.

Jlapnenue, TONIIMHA CTEHKM U paguyc TpyObl SBISIOTCS OCHOBHBIMHM (DaKTOpamH,
OTIPE/ICIISAIONMMHI BBIXOJIHYIO CHIIY, U3THOHYIO KECTKOCTh OajkKi M M3rHMOHYIO JKECTKOCTb OajKu.
Paguyc TpyObl UrpaeT 0COOEHHO BasKHYIO POJIb, IOCKOJIbKY HAIlpsKEHUE BHYTPU MEMOpaHBbI IPSIMO
MIPOMOPLUOHAJIBHO PAJINYCY, & BBIXOAHAs MOIIHOCTb, KpUTHUECKHUE Pa3pyILAIONINE CUIIBI © MOMEHTHI
CBsI3aHbl C KBaJApaToOM WM KyOoM paauyca. Takum oOpa3oM, HeOOJbIIOE HM3MEHEHHE pajuyca
YMEpPEHHO YBEJIMUYMBAET HATSHKEHHE MEMOpaHbl, HO OKa3bIBae€T OOJBIIOE BIHSHHUE HA BBIXOAHYIO
MOIIIHOCTh M JKE€CTKOCTb. lIpMBOA Takke HMMEET HEKOTOpBhIE OIPAaHUYEHMs, KOTOPBIE CIELYET
oOcynuth. Kak M mHeBMaTHUECKHI NMPUBOJ, OH 3aBUCUT OT MCTOYHUKA BBICOKOTO JABICHUS IS
cpabareiBaHusl. DJTO TpeOOBaHHWE MMEET CYLIECTBEHHbIE OrPAHWYEHUS C TOYKH 3pEHHA
3¢ (HEeKTUBHOCTH U MOJIE3HOCTH MOOUIIBHBIX POOOTU3UPOBaHHBIX MIaTGopM. B oTinuune ot MHOrMX
JAPYTUX THEBMAaTUYECKUX IPHUBOAOB, ITHEBMAaTHUYECKUHM POJMKOBBIM IPUBOZ ONUpAETCs Ha
JBUKYIIUECS YacTH, TIO9TOMY TPEHHE SIBISETCS HEOThEeMJIEMBbIM OrpaHHyYeHHeM mpusonaa. Kpome
TOr0, THEBMATUYECKUI NTPUBOJ] 30JI0THUKA HE UIMEET TAKOT'0 K€ COOTHOLLIEHUS MOIIIHOCTH K BECY, KaK
HEKOTOpbIE JpYyrue NHeBMarudeckue NnpuBozbl. OJHAKO ATO CYIIECTBEHHO YBEJIMYMBACT PAUYC
TPYOBIL.
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Pucynok 5. JInvHa TpaHCMUCCUU BO BpeMsI HAKAYMBAHUS C TPEMSI pa3IMYHBIMU TOKaMHU
JBUTATENIS ¥ TAaBJICHUEM NTUTaHUs 3 (yHTa Ha KBaJPATHBINA JFOHM.

VBenuuupass MOITHOCTb M KECTKOCTh HaHYTOfI 6aJ'IKI/I, OHAa HCCKOJIBKO YBCIMYMBACT €€ BCC.
Takum O6p&30M, 0oJIbIIIEE COOTHOIICHHE MOIIIHOCTU K BECY BO3MOKHO IIPU UCIIOJIb30BAHUUN Tp}I60K
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OOJBIIIETO JAMAMETPa, HO TPOIOPIIMH MHEBMATHYECKUX HCKYCCTBEHHBIX MBI HE MOTYT OBITH
TOCTUTHYTHL. ECTh HECKOJIBKO CIIOCOOOB MOAYMaTh O MOATOHKE MIMH. ABTOMaTHYECKUN POIMKOBBIH
npuBoz (puc. 6). Eciau BHemHAs cuia OyeT NpuioKeHa B 0CEBOM HalpaBiIeHHUH, JJIMHA MEXaHU3Ma
nepenadyd M3MEHHUTCS, YTO BBI3OBET M3MEHEHHUE AaBlieHus, 3QpPEeKTHBHOrO paauyca 30JI0THHKA W
CWJIBI IIPYKUHBL. DTO CO3JAa€T BOCCTAHABIMBAIOIIYIO CHIIY, KOTOPasi MPOTUBOCTOUT BHEIIHEW CHIIE.
[lon nelicTBMEM OCTAaTOYHO OONBIION OCEBOM CXKUMAIOMICH CHIIBI 0ajika MOMKET H3THOaThCA.
bnaronapst nocanke HagyToi TpyOKH neperud He MPUBOIUT K HEOOpAaTUMbIM MOBpexAeHUsIM. Eciu
CWJIa 3a)KMMa YMEHBIIWTCS WM JAaBICHWE BHYTPU TMPHBOAA YBEIHUUTCS, OAJKy MOXHO OyIeT
MePEOPUCHTUPOBATH. DTO CBOMCTBO M3THOa MOKHO MCIIOIB30BaTh C MOIBK30H. OHO paboTaeT MMEHHO
32 CYET MEXaHHYECKOrOo OTpaHMYECHHs HArpy3KH, KOTOpasi MOXET OBITh HpPUIOKEHAa B OCEBOM
HanpasineHuu. [lonepeyHass Harpy3ka MOXKeT NPHUBECTH K H3rulOy Oajku. DTO HampaBlieHUE, B
KOTOpPOM Iiepefaya camasi Msrkasi, ocoOeHHO korna mepenada JummHHas. lllectepHs Taxke MMeeT
OTKJIOHEHHE B 3TOM HAIIPABJICHUHU.

100 [nuHa Bo Bpems Boixnona

[——
e

80

60

40 ¢

Onuua [em]

20

0 5 10 15 20 25 30 35
Bpewms [c]

Pucynoxk 6. /InvHa nprBoAa B 3aBUCMMOCTH OT BPEMEHHU BO BPEMSI OCTAHOBA C TPEMS
pa3IMYHBIMU TOKaMU JIBUTaTeNIsl U HAYaJIbHBIM JIaBlIeHUuEeM 3 (yHTa Ha KBaJIPaTHBIN JIOMM.

DTO COXMET MPUBOJ B pajiMajJIbHOM HAIIPABIECHUU U BBIJIBUHET €r0 B OCEBOM HAIIPABIICHUHU.
[IpoBepsiss MHY Kakaoro mpuBojaa. JKecTKOCTh KOHCTPYKLIMU BapbUPYETCS B 3aBHCHMOCTH OT
pacronoxkeHus: KOHIEeBoro 3(dexkropa 1 BHyTPEHHETO JIaBICHUS UCIIOTHUTEIbHBIX MeXaHU3MOB. Ha
pUCYHKE 7 MBI MOKa3blBA€M TPEXMEPHOIO peHIeTyaToro podora, MMeromero ¢Gopmy TeTpalapa.
[IlecTs MHEBMATHYECKUX POJIIMKOBBIX MPUBOAOB TUaMeTpoM 1,6 cM coOpaHbl B THOKMX CHITMKOHOBBIX
BTYNKax. HaropHble TMHUYM MOAKIIIOYAIOTCS K TpeM U3 4eThipex y3ioB. [Ipu Bece Bcero 2,2 HpIOTOHA
3TOT NPOTOTUI UMEET MUHUMAJIBbHYIO JUIMHY CTOPOHBI 11 ¢M M MakCUMalbHYIO JJIMHY CTOpPOHBI 60
CM, COOTHOIIIEHUE YJUTMHEHUS CTOPOH 5,5:1 u cootHomenne oobemoB 160:1. B monHoCTRIO HAAyTOM
COCTOSIHUM pOOOT MOMKET HECTH Harpysky, mnpesblimnaroniyio 4 HploTOHa, Ha BEpXHEM Yy3ie, He
pazpy1iast py 3TOM KOHCTPYKIIHIO.

Pucynok 7. IIHeBMaTnuecKuii IpUBOJI NIKUBA, UCIIONb3YEMbIN JJIsI IIOAHATHUS JOKTS 34 CUET

MIPUIOKEHUS CUJIBI CO CTOPOHBI Oesipa. AanTupoBaHo u3 [5].
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Msrkue npuBOIbI ObUIM TOMYISPHBIM BBIOOPOM [UIl OPTONEIUYECKUX YCTPOWCTB M3-3a MX
COBMECTHMMOCTH M BBICOKOW IUIOTHOCTH cuibl. OHa M3 OCHOBHBIX MpoOJeM B 3TOH 00JacTH
3aKJIFOYAETCS B TOM, YTO pa3MELIEHHUE MepelaTunKa JOJKHO COOTBETCTBOBATh T€OMETPUH TelIa; DTO
gacTo TpeOyeT, YTOObI MepelaTuuK UMEeJ BBICOKYIO CKOPOCTh, YTOOBI MOJHOCTHIO BBIPA3UTh CBSI3b.
Msorue 001acTi Tela MOTYT MOJIYYUTh HOJIb3Y OT NMPHBOAA, CIIOCOOHOTO BBIICPKHUBATH HATPY3KU
nasneHus. HarmpuMep, BHEIIHAS MBIIIIA M BHEIIHAS MaHXeTa MPeACTaBISII0T cOO0M ycTpolcTBa
MOYEBOTO ITy3BIpsi, KOTOPBIE MOT'YT MPHUKJIAIbIBATh Pa3rudaTesbHbIe CHIIBI K BEPXHEH 4acTH Tea.
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BHEJIPEHUE TEXHOJIOI'MM TPOTOTUIIMPOBAHUSA HA BA3E HAYYHO-
MMPOU3BOJICTBEHHOM JIABOPATOPUY YHUBEPCUTETA

JIOI'BUHEHKO ITABEJI AIEKCAHAPOBHNY
MarucTp TEXHUKH U TEXHOJIOTUH, CTapUINii penogaBaTenb kadenpsl «[InlTy,
WMuuoBannoHHsblii EBpasuliickuii yHusepcurer, r. [IaBiogap

Annomayus. Paccmompenul npeumyujecmea UCNOJIb3068AHUSA MexXHOI02UU
npomomunupoganus 6 ycroeusax Hunosayuonnozo Espasuiickoeo ynusepcumema. Llens - no
cozoanHou unu omckaunuposannou mpexmeproti CAD-mooeru nocnotino evipacmums mooensb
(npomomun). Pezynemam - pacnpocmpanenue 3HAHUN U UHDOPMAYUU O BO3ZMONCHOCMAX
ungopmayuonnvix mexronozui, CAD/ICAM cucmenm.

Kniouesvle cnosa: mexnonozus npomomunuposanus, yCKOpeHHas no020mosKa npou3eo0cmsad,
Mooenb

B HacTosimuii MOMEHT BHEApPEHHE HOBBIX TEXHOJOTHH SBISETCS aKTyadbHOW MPOOIeMOi
JT000r0 MpeanpusITHs U opraHu3anuu. ExxeqHeBHO J1I00OMY 4YellOBEKY, KHUBYIIEMY B COLUYME,
MIPUXOJUTCS CTATKUBATHCS C MHHOBALIMOHHBIMHU TEXHOJOTUAMHU. [Ipu 3TOM TO, 4TO €llle HaKaHyHE
OBLIO Ha MEepPEeOBbIX MO3UIUAX NHHOBAIUI, CErOHS yKE€ MOXKET CTaTh «BUEPALIHUM JTHEM». PhIHOK
JTUKTyeT TpaBuUiia Pa3BUTUS TPOU3BOACTBA. /Il TOBBIICHHS KOHKYPEHTOCIIOCOOHOCTH W ISt
3aBOCBAHUS BEAYIIMX MO3UIIMA HAa PhIHKE TPEOYETCsT BEICOKAs CKOPOCTh pearupoBanus [3, c. 15].

Monepuu3zanus chepbl 00pa3oBaHMs HalpaBlieHa Ha aKTHBHOE ydacTue paboronmarteneil B
MOATOTOBKE KaJpOB AJIA CBOETO peruoHa. B cucreme onieHKH KauecTBa MOJArOTOBKH CHEIUATNCTOB B
0053aTEILHOM ~TIOPSJIKE TIPEIyCMaTPUBAETCS y4dacTHE TMPEICTABUTEICH IMPOMU3BOICTBEHHBIX
NPEANpPUITHI: TOCYJapCTBEHHAs ATTECTAlMOHHAs KOMHUCCHS BO3IJIABISETCS MpEACcelaTeNIeM W3
yycia paboTojaTesel; MpU COCTABIEHUM KaTajOroB 3JEKTUBHBIX JUCIUIUIMH YYHUTHIBAETCS
MpaKTHUYeCcKasi IEHHOCTh U BOCTPEOOBAHHOCTb, MPU MPOBEJCHUH SIPMAPOK BHIMTYCKHUKOB, B COCTaBE
BHEIIIHUX HKCIIEPTOB MPUBJICKAIOTCS ONBITHBIC KaJAPOBHUKH.

[ToM¥MO TOATOTOBKM  KOHKYPEHTOCHOCOOHBIX M BOCTPEOOBAaHHBIX  CHEIMATUCTOB,
pErHOHAJIBHBIE YHUBEPCHUTETHl JIOJDKHBI 3aHMMAThCS HAyYHBIMH pa3paboTKaMu ©  OBITH
WHULIMATOPaMU BBEJICHHUS WHHOBALMOHHBIX TEXHOJIOTMI Ha MPOU3BOACTBEHHBIX NPEANPUATHSIX.
Hay4no-uccneqoBaTenbCKuil CEKTOP BBICIIETO y4eOHOTO 3aBEACHUS JOKEH MMETh M Pa3BUBATH
MPUKJIAJIHBIE U HAYYHO-UCCIIE0BATENbCKUE MOAPA3/ICIICHHUS.

VYkazom Ilpesunenta PecriyOnuku Kazaxcran ot 4 uronst 2013 roma Ne 579 yrBepxkieHa
Konnenmus uHHOBAIMOHHOTO pa3BuTUsi PecmyOnuku KaszaxctaH, B KOTOpOH OTMeEYaeTcs, 4TO
MMEETCsI HEIOCTATOYHOE TTIOHUMAaHHUE COCTABIISIOMNUX MHHOBAITUH M TOTO, KaK pa3BUBAaTh MHHOBAIIUU
B YHHBEpCUTETaX. B JOKyMEHTEe BBIJEICHO, YTO CcHCTeMa OOpa3oBaHHUs HE TOTOBAa K BbI30BaM
YCKOPEHHOM HMHIYCTPHUAINM3alUMU W BBITOJIHEHUIO 33/1a4 MO0 PAa3BUTUI0 BBICOKOTEXHOJIOTMYECKHX
CEKTOPOB SKOHOMUKH. MccnenoBanus IpoI0JBKAIOT JEPKAThCsl HA CTapOM KaJpOBOM MOTEHIIUATIE,
CO3JIaHHOM B TIPOIIUIYIO 3MOXY. [2, . 2]

B Oynyimem npegycMaTpuBaeTcs BBEICHUE PEHTHHIOBOM CUCTEMBI OLIEHKA NHHOBAIIMOHHOCTHU
BBICIIMX y4eOHBIX 3aBelleHUd. PacueT pelTuHra OyAeT OCHOBBIBATHCS HA CPaBHEHHM OTHOILICHUS
JI0XOJIOB, TMOJYYCHHBIX OT MPEAOCTaBICHHS OOpa30BaTENbHBIX YCIYT, K AOXO0JaM OT MPOJaXH U
BHEJPEHUS HAyYHBIX pa3pabOTOK.

[MaBnogapckasi 00JIaCTh SBISETCS MHOTOOTPACIIEBBHIM HHIYCTPUATBHBIM KOMILIEKCOM.
[IpoMBIIIIEHHBIA  MOTEHIMAT PErMOHA ONPENENIOT KPYIHBIE SKCIOPTOOPHUEHTHUPOBAHHBIC
MIPOMBINIICHHBIE KOMITAHWH, B IIEJIOM, Ha JIOJI0 001aCTH MPUXOAUTCS OKOJIO 7 % MPOMBIIUICHHOTO
npousBoacTBa PecryOnmuku. st ycrnemHoro pa3BuTusi 3KOHOMHUKH perroHa TpedyeTcst 0oJbIioe
KOJIMYECTBO CIICIUATICTOB B 00JACTH TEXHUKH U TEXHOJIOTHH [5].
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B Hacrosimuit MOMEHT B cucTeMy MpodeccroHaIbHOro 00pa3oBaHus MO Mopy4yeHuto ['aBbl
rocyJapcTBa BHEIPSETCS JyanbHas cucTeMa o0yueHus (yueOHbIH MpoLece III0C MPOU3BOICTBEHHBIE
HaBbIKH). [Ipy 5TOM CIIEKTp CHEIUaIbHOCTEH C qyallbHON CHUCTEMOW O0yUYeHHUs, B TIEPBYIO OUepe/Ib,
OXBAaTbhIBACT MAIUIMHOCTPOEHUE, HHKEHEPHOE JEJI0, CTPOUTENBCTBO M JIPYrM€ TEXHUYECKUE
HampaBlieHus. Ecnu mpeanpuatvus HE MOTYT MPEeAOCTaBUTh MPOU3BOACTBEHHBbIE IUIOMAAN U
COBPEMEHHOE O00OpyIOBaHHE, TO OOpa30BaTENbHBIC YUYEPEKIEHHUS CTPEMSATCS OCHAIATh |
MOJICPHU3UPOBATh COOCTBEHBIE MACTEPCKUE U JTAOOPATOPUH.

WunoBanmonusii EBpasuiickuii yHUBEPCUTET — MHOTONPOQMIBHBINA By3 U 32 TOJBI CBOETO
pa3BUTHSA BBIPOC B JOCTATOYHO KPYMHOE YyueOHOE 3aBelIeHHE C BBICOKOKBATH(PHUIIMPOBAHHBIM
npodeccopcKko-penoaaBaTeI-bCKUM COCTABOM M MOIIHOW MaTepuaIbHO-TEXHUYECKou Oazoi. s
peanuzaiiii MUCCHH By3a IO MOATO0TOBKE KOHKYPEHTOCTIOCOOHBIX CIIEIIMATUCTOB B 00JIACTH TEXHUKH
1 TexHoJoruu Ha 6a3e MTHEY uMmeroTcst Bce BO3MOXKHOCTH TSI CO3/IaHUS HAYYHO-ITPOU3BO/ICTBEHHOM
1a60paTOpPUH KOJUIEKTUBHOTO MOJIb30BaHUS.

B kauecTBe HampaBleHHH JEATEIFHOCTH HAYYHO-TIPOU3BOJICTBEHHOH J1a00OpaTopuu MOKHO
ONpPEJIETUTH!

NpOBE/ICHUE HayYHO-HCCIIeI0BATEIbCKUX padoT;

JEMOHCTpAIH COBPEMEHHBIX TEXHOJIOTHI TP MPOBEICHUN YUEOHBIX 3aHATHIA;

NpUBJICYEHHE MOJOABIX MpernoaaBaTeield, MaruCTpaHTOB U CTYJEHTOB K Hay4HOH paboTe u
MIPOM3BOJICTBEHHON JESTENILHOCTH Jab0paTopuu;

BBITTOJIHEHHUE OTIBITHO-KOHCTPYKTOPCKUX Pa3pabOToOK;

MPOBEJICHUE HAYYHBIX U 00y4YaIOUIX CEMUHAPOB;

MOBBINICHHE KBATU(PUKAIIHN;

U3TOTOBJICHHE OMBITHBIX 0OPA3I[0B HOBBIX U3/IEIHIA;

peTUCTpaIys HHTEIICKTYaIbHOH COOCTBEHHOCTH.

B mepeune coBpeMeHHOro 000pymOBaHUs MaTepuanbHO-TexHUYeckoi 0a3pl MHEY nmeercs
MIPUHTEP TPEXMEPHOH 1evyaT, paboTAIOIINI M0 TEXHOJIOTUHU MPOTOTUITHPOBAHHS.

TexHonorus MOJIy4eHUs MPOTOTHUIIOB Ha CIIEUATBHBIX MAIIMHAX MPOTOTHIHPOBaHus wiu 3D

MPUHTEPAX — 3TO CHOCOO OBICTPOrO M TOYHOIO IOJIyYEHHS HOBBIX AeTaned u usnenuil. Ilo
CO3/IaHHOM MM OTcKaHMpoBaHHOU TpexmepHoil CAD-mozenu mocioiiHO BBIpALIMBAETCS MOAEIb
(mpotoTum).

3-X MEPHOE KOMMbIOTEPHOE NPoeKTUpoBaHue 3-X MepHasa onTuyeckaa oundpoeka

S f
g CAD-mopenb
L (3-x MepHaa matemaTuyeckas Mojenb)
@ [ &5 - l S B

YcTaHoBka ObICTPOro NPOTOTUNUPOBAHUA
(RP-mawwuHa, 3D-npuHTEp)
(Texronorun:SLA, SLS, FDM, MIT, PolyJet , 3DP ..)

Moaensb (npotoTun)
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Pucynok 1 - Texnosiorusi 6ictporo npororunuposanus (Rapid Prototyping)

Texuomnorust Rapid Prototyping (RP) u3BecTHa 1 1aBHO IIMPOKO pacmpocTpaHeHa u B EBporre,
n B CIOA, u B SnoHun. MammuHbl NOPOTOTUIMPOBAHUS YXKE BBIIYCKAIOTCA KUTAaHCKUMU
MIPOU3BOIUTEINISIMU M ITUPOKO PEKIAMHUPYIOTCS B COITUATBHBIX CETSX.

Beinensiror Hanbosee pacnpocTpaHEHHbIE Ha CETOAHSIIHUMN JI€Hb TEXHOJIOTUH TPEXMEPHOTO
MO/IETUPOBAHUSA:

PolyJet — mocnoiiHOe pacrlbUIEHHE CBETOUYBCTBUTEIBHOTO MaTtepuana (¢poromonumMepa) ¢
MOCIIEYIOIUM OTBEP)KIEHUEM KaXI0T0 CJIOS C MOMOIIBIO OCBEILEHHUS YIbTPadruoIeTOBOM JaMIIONH;

MIT — nmocrnoiiHoe CkJIeMBaHKUE YaCTHII TOPOLIKOOOPA3HBIX MaTEPUAJIOB;

3DP — mocnoitHOE CcKiIeMBaHWE KOMIIO3UTHOTO TIOPOINKAa HAa OCHOBE THIICA CBS3YIOIIUM
BEIIIECTBOM;

FDM — nocioiiHoe BBIJIaBIIMBAaHUE PACTUIABIICHHON TIJIACTUKOBOM JIECKU;

MJM — nocnoitHoe pacnbuleHNE Kallelb HarpeToro BOCKa;

SLA — oTepkaiienrne (poTonogIuMepHO CMOJIBI YIbTPa(hHOIETOBOM JIAMIION WJTH JTa3€POM.

EcTb BO3MOXHOCTD YCKOPUTH HE CaMO MPOU3BOJICTBO, @ COKPATUTH MEPUO]T TIOATOTOBKH HOBBIX
u3nenuii. Kak u3BecTHO, MepuoJi KOHCTPYKTOPCKO-TEXHOJIOTUYECKOM MOATOTOBKU MPOU3BOJICTBA
3anumaer Oosiee 70 % BpeMenu. HoBble WM MOJIEpHU3HPOBAHHBIE W3ACIUS HEOOXOIUMO
MPE3eHTOBATh, OA00PUTD, 3aTEM U3TOTOBUTH HOBYIO OCHACTKY, allpOOMPOBATh OMBITHBINA 00pasel] u
TOJIBKO TIOCJIE TIOJIOKUTENIbHBIX PE3yJbTaTOB HayaTh IPOU3BOACTBO. YCKOPEHHE MOJTrOTOBKU
MIPOM3BO/ICTBA HOBBIX M3/I€THI BO3MOXHO C BHEAPEHHUEM TEXHOJIOTUU POTOTUITUPOBAHHUS.

[IpenmymiecTBa TEXHOIOTHH MTPOTOTHUITUPOBAHUS:

BU3YaIM3allysl Mpu KOHCTPYUPOBAHUH,

OTIpeNieIeHNe OIMMOOK Ha HAYalbHBIX ATalax IMOJTOTOBKH IMPOU3BOJCTBA, YTO ITO3BOJISET
n30exaTh JOPOTOCTOSINX MEPEILIIOK;

YMEHBIIIEHHE CPOKOB TIOJTOTOBKH IIPOM3BOJICTBA;

BBIMYCK M TPE3EHTAIMs OMBITHBIX 00pa3loB HM3AENui, 0€3 M3TOTOBICHHUS JTOPOTOCTOAIICH
OCHACTKH;

3¢ heKTUBHBIA MapKETHHT;

MaKCUMAaJIbHOE CHIDKEHHE CeOECTOMMOCTH TSI MEJIKHX CEPHIA;

OTCYTCTBHE JOTIOJTHUTEIHHBIX HHCTPYMEHTOB JIJIs1 00pabOTKY;

JIOBOJIEHO BBICOKHH KOA()(UITHEHT MCIIOIB30BaHUS MaTEPHAJIOB;

IMIMPOKUN CIEKTP NMpPUMEHEHHs (aBTOMOOWJIECTPOCHHE, W3TOTOBJIEHHUE TOBApPOB HAPOJHOTO
noTpeOIeHNs, IPOTE3UPOBAHNE B MEIUIIMHE, CO3IaHNE YICOHBIX MAKETOB, CYBEHUPHAS TIPOTYKIIHS
U T. IL.).

BosmoxuocTH, kotopsle naet 3D neuats:

OKa3aHHe yCIYT HE TOJIbKO KPYIHBIM, HO U CPETHUM U MEJIKUM MpEeANPUHUMATENSM PEeroHa;

pacmpocTpaHeHue 3HaHUH U HHQOPMAIMH O BO3MOXXHOCTIX MH(POPMAIMOHHBIX TEXHOJIOTHH,
CAD/CAM cuctem u nipouero.
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PucyHnok 2 - YueOHas moge/ib o Jucuuiinie «OCHOBbI KOHCTPYHMPOBAHMSA M 1eTAIU
MAallMH», co3aHHas Ha 3D-npuHTepe

Heo6xomumo o0patuTh BHMMaHHME Ha MporpamMmHoe obecmeueHune 3D mpuHTEpOB. ITOT
BOIIPOC MOKET CTaTh MPOOJEMHBIM Ui peruoHOB. CBSI3aHHO 3TO C OO0IIe 0Opa3oBaTENbHON U
MOATOTOBKOM IO HMHPOPMAIMOHHBIM TexHosuorusM. OOyueHue B LIKOJIAX, B KOJUIEIKAX U
npoecCHOHANbHO-TEXHUUECKUX JIUIEesX TMpeanojiaraeT HCIOJNb30BaHUE JIUIEH3UPOBAHHOTO
nporpaMmMHOIO obecrieueHns B paMKax CTaHAJAPTHBIX IMAaKETOB IIPOTrpaMM. JIJ'IH BHCOPCHUA
TEXHOJIOTUHU MPOTOTUIIMPOBAHUS HEOOXOIMMO BIIAJETh TEXHOJIOTHUECKUMHU 3HAHUSIMH U HAaBBIKAMU
HAYyaJIbHOTO YepUEHUS U TPeXMEPHOro MozaenupoBanus. [Ipobesnbl B 3TOM HanpaBiIeHUH MOTYT OBITh
KOMIIEHCUPOBAHBI 3aHATHSIMH B HAYYHO-TIPAKTUYECKOM TaOopaTOpHH BYy3a.

Kpome TOro, aHann3 COBpPEMEHHOIO COCTOSIHMSI SKOHOMHUKHU TOBOPUT O TOM, YTO Majoe U
CpelHee TpeaINPUHUMATEIHCTBO BHOCUT HEMAIlblid BKJIAJ B pErHOHANbHOE pa3BuTHE. [Ipu 3TOM,
MPEICTaBUTEIM MaJloT0 W CpeaHero Ou3Heca, Kak TMpaBWiIO, HE NPUHHUMAIOT YYacTUs B
(hOpMUPOBAaHUM KOMIIETEHIIUI BBIMYCKHUKOB BY30B. Y MENKHUX OPEINPHUITHA HET JOCTaTOYHO
MacIITa0HBIX MaTePHATBHO-TEXHHUYECKUX PECYpCcOoB, HO OHU MOOWIbHEE H OBICTpEE MOTYT
OTKIIMKAThCA Ha BHeJApeHne WHHoBammid. C momombeio RP-TexHOMOTrHMii BO3MOXKHO TONyYeHHUE
JIOBOJIBHO TMPOYHBIX O0paslioB, UTO SABISETCS HICATbHBIM M ISl MPEANPUSTHI, BBITYCKAIOIMINUX
MaJoCepuiiHyl0 mnponaykiuio. Hamuume coBpeMeHHoro obopymoBanuss Ha 06aze WHEY nmaer
BO3MOYXHOCTh COTPYAHHUYECTBA By3a C MaJIbIM OU3HECOM.

Bce, uto yke nenmaeTcs B HANpaBICHUW CIUSHUS HAyKH W TIPOU3BOJACTBA SBISETCS
MPABWJIBHBIM, U MOKET IOKa HET KPYMHBIX 3KOHOMHUYECKHUX 3((HEKTOB OT COTPYIHUYECTBA, YETKUX
pEaNBHBIX PE3yJIBTaTOB, HO CaMOE IJIaBHOE, €CTh MOHUMaHUEe HEOOXOTUMOCTH. B mpormuiom roay
[IpaButensctBOoM PecnyOnuku KazaxctanObuin BbIOpaHbl BOCEMb MPUOPUTETHBIX HANpaBICHUMN
MIpeI0CTaBJICHNS] HHHOBALIMOHHBIX TPAHTOB, CPEIU HUX OJIHO U3 HamlpaBieHUI chOpMyIupOBaHO KaK
- IPOTPECCUBHBIC TEXHOJIOTUU MAIITMHOCTPOEHUS, BKIIF0UYAs UCIIOJIb30BAHNE HOBBIX MaTEpUAIOB. DTO
0O3Ha4YacT, 4YTO BHCAPCHUC TCXHOJIOIUU IMPOTOTUIIMPOBAHUA UMCCT BO3SMOXHOCTH U B )IﬂJ'IBHGﬁIHGM
HAWTH TOCYAapCTBEHHYIO MOJACPKKY.
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MHOI'OBAPUAHTHBIE YEPTE KN B AUTOCAD: KAK YIIPOCTUTDb
ITPOEKTUPOBAHME U U3BETI'ATbh OLIMBOK

KHUIITYBAEBA AJITBIHAHM TYJIHAPOBHA
Crapuuii npenojasatesns kadeapbl CHCTEMHOTO aHaJu3a U YIpaBIeHus,
EBpasuiickuii HanmoHanpHblld yHuBepeuTeT uM. JI.LH. I'ymuneBa, Acrana, Kazaxcran

TAHATOB CAHXAP, MYPATVYJIbI AIMM’KAH, TOYIII BAJIF BIHBEK,
OPBIHBACAPOBA ACHUA
CTyIeHTbl 1 MarucTpaHThl paKynbreTa HHPOPMAIIMOHHBIX TEXHOJIOrHH, EBpasuiickuit
HanuoHanbHbIM yHUBepcuteT uM. JI.H. I'ymunesa, Acrana, Kazaxcran

Annomauun. Mmnocosapuanmuvie uepmedcu 6 AutoCAD npedocmasnsirom — eubkue
B03MONCHOCMU 011 NPOEKMUPOBAHUs, NO360/1 IPHEKMUSHO YNpasIamb USMEHEHUAMU Yepes
UCNONL308AHUE CN0EE U BUOOBLIX IKPAHOE. DMO 3HAYUMENIbHO COKpaujaem 00vbeMm 3aHUMAeMOll
namsamu no CPAGHEeHUr0 ¢ NPOEKMamu, 20e MHO208APUAHMHbIE YepmedCU He NpumeHsiomcs. B
NpPoeKmax, 20e usMeHeHusi BHOCAMCsL 6e3 UCTONb3068ANUSL HMOU MEXHOLO2UU, CO30AIOMCS OYOIUKAMbL
INeMEeHMO8, YUMo NPUBOOUmM K YBeludyeHuro o00vema OaHHbIX U VCIOHCHEHUI0 pabombi.
Mnozosapuanmuule uepmedsicu obecneuusaom asmomamuieckoe pacnpocmpaneHue UsMeHeHull Ha
8ce CBA3AHHbIE YACMU NPOEKMA, YUMo IKOHOMUM 8peMs, NO8bluaen MOYHOCHb U CHUMCAEM PUCK
owuboK. Omu  UHCMPYMEHmbl OCOOEHHO NOAE3HbL 8  APXUMEKMYPHLIX, UHICEHEPHbIX U
NPOMBIULTIEHHBIX NPOEKMAxX, 20€ 6aAXNCHO NO00EPAHCUBAMb KOHMPOLb HAO OONLWUMU 00beMamu
OaHHBIX U 0becneuusams QHeKmusHoe YnpasieHue npoeKmublMu USMEHEHUSIMU.

Knwouesvie cnosa: AutoCAD, mHnozoeapuanmmuvle uepmediCcu, Caou, 6U008vlie IKPAHbI,
aHHOMAyuuy, NPOEKMUPOBAHUE, APXUMEKMYPA, UHJICEHEPUsl, CPABHEHUe uepmedcell, BapUuaHmol
NPOEKMuUpoBaHUsl, YNPasieHue NPoeKmoMm.

BBenenue. MmuoroBapuantaele ueprexku B AutoCAD mpenctaBisitoT €000  BaKHBIN
WHCTPYMEHT ISl IPOCKTUPOBAHUS, KOTOPBIM MOMOTaeT YIPOCTUTh pabOTy C MOAEISAMHU U CHU3UTh
BEPOSTHOCTh OMMOOK. OHH MO3BOJISIOT CTPYKTYPHPOBATH YEPTEKU C MCIIONL30BAHUEM CIIOEB, TIIE
pa3HbIe AIEMEHTHI POEKTAa MOTYT OTOOPaXKAaThCs MM CKPHIBATHCS B 3aBUCHMOCTH OT TEKYIIIHMX 3a/1a4.
Hampumep, apXuUTEKTOp MOXET HCIONB30BaTh KOH(PHUTYpalnMu CIIOEB IS TOKa3a TOJNBKO TeX
3JIEMEHTOB, KOTOPBIE BayKHBI JJI1 KOHKPETHOTO ATara MpOeKTUPOBAHUS, YTO 3HAYUTEIBHO 00Jeryaer
MpoLecC pelaKTHPOBAHUS.

OnHMM U3 KITIOYEBBIX MPEUMYIIECTB UCTIOIb30BaHUS MHOTOBAPHAHTHBIX YEPTEIKEH SBISICTCS
BO3MOYKHOCTb M30€XkKaTh OIHUOOK, CBSI3aHHBIX C yenoBedeckuM (akropom. Hactpolika orobOpaxeHus
TOJBKO HY>KHBIX CJIO€B CHIKAET PUCK CIYYaHBIX U3MEHEHHUU WM YJAJCHHs BaKHBIX JJIEMEHTOB.
OT10 nenaet paboTy ¢ yepTeamMu 00j1ee TOYHONH U KOHTPOIIUPYEMOM.

Kpome Toro, MHOrOBapHaHTHBIE YEPTEKHU TTOMOTAIOT YMEHBIIUTh 00HEM BUIUMBIX JIaHHBIX B
CJIO)KHBIX MOJENSIX, YTO YCKOPSIET MpolecC paboThl U JesaeT MPOEKTUpoBaHUE Oojiee YIOOHBIM.
Hcnonw3ys BUIOBBIC dKpaHBI U YIPaBIsAsl KOHOUTYPALUSIMU CJIOEB, CHEIHAIUCTHI MOTYT OBICTPO
MEPEKITI0UaThCSl MEXKIY PA3IMYHBIMU [IPEICTABICHUSIMHU MOJIEIU, TIOATOTAaBINBAs €€ K IeyaTH Uid K
00CYXICHHUIO C KOMaHIOM.

HimeHnoBaHHbBIE KOHGUTYpAITUU CJIOEB TAKXKE MPEAOCTABIISIOT BO3MOXKHOCTH Ooiiee 3 (heKTHBHO
OpPraHu30BaTh YEPTEXM, YTO OOJerdaer MX MOCIEAYIOIIee PEAaKTUPOBaHHE U OOHOBJIICHHUE.
Hanpumep, MOXHO co3narh OTHEibHBbIE KOH(PUTypaluu AJis pa3HbIX 4YacTell MpoeKTa U JIErKo
MEPEKITIoYaThCcsd MEXIy HUMU 0e3 HeOOXOAMMOCTH M3MEHSTh MCXOAHBIC CIOH BPYYHYIO, IPUMEP
WCIIOJIb30BaHMEM MHOTOBAapHAHTHBIX YepTeKel MOKa3aHO HA PUCYHKeE 1.
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PI/IcyHOK 1 MMpUMCEP UCITOJIB30BAHUEM MHOI'OBApPHUAHTHBIX qepTe>Kel71

be3 ucnonp3oBaHus MHOT! OBApHUAHTHBIX qepTexceI‘/’I BUHO HA PUCYHKC 2.

Pucynok 2 be3 ncnonp30BaHus MHOTOBAPUAHTHBIX YEPTEKEH

B wurtore MHoroBapuaHTHble udepTeku B AutoCAD SBISIOTCSA MOIIHBIM HHCTPYMEHTOM,
MO3BOJISIFOIIMM ONITUMHM3HPOBATH MPOLECC TPOSKTUPOBAHUS, U30eraTh OMIMOOK U YCKOPATH paboune
MIPOLIECChI, Jenas ux 0osiee THOKMMHU U TOUHBIMH.

MpmuoroBapuanTHbsle 4epTexxu B AutoCAD (unu ansTepHATUBHBIE NPEACTABICHUS, TAKUE KaK
«CJIOW» U «BUJIOBBIE DKPAHBI») UIPAIOT BaXHYIO POJIb HE TOJBKO B apXUTEKType, HO U B IPYTUX
WHXCHEPHBIX TUCIUIUIMHAX, BKIIOYAsi MAIHHOCTPOCHHE, SJECKTPOTEXHUIECKOE TTPOCKTUPOBAHKIE U
cTpouTesbcTBO. OHU MO3BOJSIOT 3(PPEKTUBHO YNPaABIATh CIOKHBIMU MPOEKTaMU, riue Tpedyercs
MHOXECTBO JIeTaJllell U acleKTOB, KOTOPbIE MOTYT OBITh IPEICTABICHBI OTIEIBHO HIM BMECTE B
3aBUCHUMOCTHU OT KOHTEKCTA.
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[Ipeumy1iecTBa MHOTOBapUAHTHBIX YEPTEKEM:

¢ ['MOKOCTP MpH penakTHpoBaHUM: brarogapst ToMy, 4TO AIEMEHTBI MOKHO Pa3OUTh Ha pa3HbIE
CJIOM, UX MOXKHO PEAAaKTUPOBAaTh OTJEJIBHO OT OCTaJbHBIX YacTel depTexka. ITo0 0COOEHHO MOJIE3HO
pu paboTe ¢ KPYNHBIMU NIPOEKTaMHU, I7I€ U3MEHEHHS B OTHOM YacTH HE JTOJIKHBI BIIUATH HA JIpYyTHeE.

e PaboTa ¢ pa3HbIMU ClielUaIUCTaMu: B KpyIMHBIX MPOEKTax paboTaroT CHEIMAINCThI PA3HBIX
HanpasieHuil. Hanpumep, nH>XeHEpHI 110 37€KTPOCHAOKEHUIO MOTYT BUJIETh TOJIBKO 3JIEKTPUUYECKYIO
CeTh 3/aHHA, B TO BPEMs KaK ApXUTEKTOPHl BUAAT ApXUTEKTYPHBIE AJIEMEHTBHL. JTO YIPOILIAET
COBMECTHYIO pa0OTy U MUHUMHU3HUPYET PUCK ITyTaHUIIBI.

e Apromaru3anus npoieccoB: B AutoCAD M0XHO HacTpOUTh aBTOMATUYECKOE YIPABICHHE
CJIOSIMU TIPU TIEPEKITIOUEHUN MEXKIY PA3NHUYHBIMU KOH(MUTYpAIMsIMHU, YTO YIPOINAET BBHITOIHEHUE
MOBTOPSIOMIUXCS 3afad. Takke OSTO TIOMOraeT Ha JTale IedyaTd 4YepTexed, TIIe Kaxaoe
MIPE/ICTABICHHE MOXKET OBITh MMOATOTOBICHO 3apaHee, YTO SKOHOMUT Bpems [ 1, 147].

e VpouieHre JOKyMEHTaluu: B CIOXKHBIX NpOEKTax JIETKO 3alyTaThCsl B Pa3IUYHBIX
AIIEMEHTAX, TOATOMY HCIIOIB30BaHUE KOH(UTYpaunuii CIOeB i JOKYMEHTHPOBAHMS OTIEIBHBIX
9TAllOB IPOEKTa MOXET YIYYIIUTh SCHOCTh IOCJIEN0BaTE€IbHOCTb. JTO TAKXKE IIOJE3HO IS
MOJrOTOBKH OTYETOB WJIM NMPE3EHTALNM.

Yckopenue paboueit cpes:

- CxopocTh paboThel: MHOrOBapHaHTHbIE YEPTEKH MO3BOJISIOT OTKIHOYATh JUIIHUE 3JIEMEHTHI
MOJIEIU, TEM CaAMbIM YCKOPSIS pEHIEPHUHT U paboTy ¢ O0JIBIIMMHU 00BEMaMU JAHHBIX. DTO MOXKET OBbITh
O0COOEHHO Ba)KHO JJIi MH)KEHEPOB U MPOEKTHUPOBIIMKOB, pabOTAIONIMX C MOLIHBIMU MallMHAMH U
CHOXHBIMU 3D-Monensamu.

- MacmrabupoBanue npoekroB: Korna mpoekt paspacraercs, UCHOIb30BAHUE MHOXKECTBA
CIOEB U WX KOMOWHAIUMK TOMOraeT MPOEKTUPOBIIMKAM YIPABIATH AETaMU3alMed U YIydIilaTh
0030pHOCTB, YTO OCOOEHHO TOJIE3HO TMPH CO3MAHUH OONBIINX OOBEKTOB, TAKUX KaK 3aBOJBI WM
HEOOCKPEOHI.

[Tpumenenue B BIM u 3D monenupoBaHuu:

B coBpemeHHbIX pabouyMx mpoleccax, OCOOCHHO B KOHTEKCTe HH(OPMALMOHHOTO
MonenupoBanus 3nanuil (BIM), ncnonb3oBaHrne MHOrOBapHaHTHBIX YEPTEKEW U CIOEB UTpaeT ellle
Oosee BaxHyl0 ponb. B pamkax uHTerpaumu c 3D-momenupoBanueM, AutoCAD mozBonser
MEPEKITIUaThCsl MEXKIY ABYXMEPHBIMU YEPTEKaMU U TPEXMEPHBIMHU MOJIETISIMU, COXPaHss IPU 3TOM
rMOKOCTh YIPABJICHUS CIOSIMH. JTO OCOOEHHO Ba)KHO JUI MH)KEHEPOB, KOTOPBHIM HY)KHO BHJIETb
MIPOEKT B Pa3HBIX MPEICTABICHUSAX.

B utore mHoroBapuantHble 4yepTeku B AutoCAD nomoraroT He TOJBKO ONTUMHU3MPOBATH
pabouune mporecchl, HO U 00€CTICUNBAIOT BBICOKYIO TOYHOCTh, MUHUMHU3AIUIO OMIMOOK M THOKOCTh
pU pa3pabOTKe CIOKHBIX MHKEHEPHBIX MPOEKTOB.

JlononHUTENbHBIE BOBMOKHOCTH MHOTOBapUAHTHBIX yepTexeil B AutoCAD

B AutoCAD mMHOroBapuaHTHbIE YEPTEXKH HE OIPAHUUHUBAIOTCS TOJIBKO UCIIOJIb30BAHUEM CIIOEB.
Baxxnyio ponp HUrparoT MHCTPYMEHTHI AJIi CO3JIaHUS BUAOBBIX AIKPAHOB, BHEIIHHUX CCHUIOK U
yIpaBIeHUS AMHAMUYECKUMU OJIOKaMH. DTH (QYHKIIH Iat0T BO3MOYKHOCTh 3HAYUTEIILHO PACIIUPHUTH
BO3MOKHOCTH IIPOEKTUPOBAHUS U YIIPOCTUTH pabouue rpoiiecchl. Bugossie a3kpanbl (MK viewports)
MO3BOJISIIOT Pa3ZIeNIUTh MPOCTPAHCTBO MOJIENIM HA HECKOJIBKO OKOH C Pa3sHbIMHU KOH(pUTyparusmu. B
Ka)KIOM JKpaHe MOXKHO 3a7aTh COOCTBEHHBIE HACTPOWKH OTOOpaKeHHMsI, BKJIIOYasi aKTUBHBIE CJIOH,
CTHJIb BU3YaJIN3alMU (HapuMep, IPOBOJIOYHAS MOJENb UM peaICTUYHAs BU3yaln3alus), a TAKKe
MacmTad. DTo0 0OCOOEHHO TMONEe3HO NpU paboTe ¢ MHOTOKOMIIOHEHTHBIMH MPOEKTaMH, KOTaa
HEOOXOIMMO MapajlieIbHO KOHTPOJIMPOBATh Pa3HBIC ACTIEKTHI OAHOM U TOH K€ MOJIEIH.

[IperMy1iecTBa BUOBBIX KPAHOB:

- Bo3MOXXxHOCTH paboTaTh OJHOBPEMEHHO C PAa3IMYHBIMU YYaCTKaMHU MPOEKTa, He mpuoeras K
MOCTOSTHHOMY YBEJIMUEHUIO U TIEPEMEIICHHIO.

- BeicTpblil 1OCTYN K pa3HbIM YPOBHSM J€TalU3al[MK WU YaCTsIM YepTeka.
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- Co3naHue uepTexeil A pa3IuuHbIX HYXK] (HanpuMmep, TEXHUUECKHE CXEMbl, BU3yalln3alus
WJIM MOHT)XHBIC TUIaHbI) B OTHOM (haiine.

Junamuueckue OJIOKM — 3TO HMHCTPYMEHT, IO3BOJISIOLIUI CO3/aBaThb YMHbBIE OOBEKTHI,
KOTOPBIE MOT'YT U3MEHAThH CBOIO (hOpMY, pa3sMephl U ApyTre napaMeTpbl B 3aBUCUMOCTH OT YCJIOBHM
HCIIOJIB30BaHUS.

Hanpumep, MOXHO co3aTh IBEpHOM OJIOK, KOTOPBIi OyJIeT aBTOMaTH4eCKH MEHSTh pa3Mephbl 1
OPHEHTALUIO B 3aBUCHMOCTH OT YCJIIOBUN BCTABKH B YEPTEXK.

[IpeumymiecTBa TUHAMUYECKUX OJIOKOB:

- CHI)KEHNE KOIMYECTBA MOBTOPSIOIMIMXCS NEHCTBUN IIPH CO3MAHUHA OJIMHAKOBBIX 2JIEMEHTOB C
HEOOJIBIIIMMU U3MEHEHUSIMHU.

- beicTpoe penakTipoBaHue GJIOKOB B 3aBUCMMOCTH OT U3MEHEHHUs TapaMEeTPOB NPOEKTA.

- YnydiieHue ynpasieHUs pecypcaMy U CTaHJapTU3allks YEPTEKHBIX AIEMEHTOB [2, 125].

K mpumepy, nuHamMu4ecKuUX OJIOKOB MOXKHO OTHECTH PO3ETKH HUCHOJIb3YEMbIX B IPOEKTE

(pucyHox 3).

. FEE R

Pucynok 3 Cnoii po3eTok OT/IeleHHBIH OT OCTaJIbHBIX CIIOEB

[IpumeHeHne B peabHbIX IPOEKTAX

® ApXUTEKTYypHbIE MPOEKThI: [ 3MaHUN C MHOXECTBOM JTaX€W WM 30H MPUMEHEHUS
MHOTOBAapHUAHTHBIX YEpTEKel OCOOCHHO MMOoJe3HO. Pa3nuyHple 30HBI MOKHO CTPYKTYpHpPOBATH IO
JTa)kaM, UHKEHEPHBIM CUCTEMaM (JIEKTPUKA, BOJOCHAOKEHNE, BEHTUIISILMS U T.]11.), YTO MO3BOJISIET
n30exarh MyTaHUIbl U TOBBICUTH KAU€CTBO KOHTPOJIA.

e[IpombllieHHble  OOBEKTHI: B MalIMHOCTPOGHMHM U CTPOUTENBCTBE  3aBOJIOB
MHOTOBapUaHTHBIE YEPTEKH MO3BOJISIIOT pa3/ieisTh MPOEKT Ha ATalbl U KOMIIOHEHTHI, I71€ KayKaas
JeTalnb Ui cOOpKa MOXKET OBITh M30JIMPOBAaHA JJIS aHAJIM3a WM PEJaKTUPOBAHMS, HE BIMSS Ha
Apyrue 4acTu MPOEKTa.

e ['paocTpouTENbHBIE TPOEKTHI: IPU MPOEKTUPOBAHUU JJOPOT, NAPKOB MJIU LIEIBIX TOPOACKUX
pailoHOB MHOTOBAapHAHTHBIE YEPTEKH MMO3BOJSAIOT YUUTHIBATh KaKIbIH 3JIEMEHT MH(PACTPYKTYPHI,
M30JIUPOBATh €ro JUIsl aHajlu3a WIM PelaKTUPOBaHUS, M IMPU HEOOXOIMMOCTH IOKa3blBaTh BCHO
KapTHHY LIEJTUKOM.

MmuoroBapuanTHble uepTrexku B AutoCAD obecrnieunBatoT ruOKOCTh, HaJIE)KHOCTh U y10OCTBO
paboThl ¢ MpoeKTaMu J1I000H CI0KHOCTH. ITU (HYHKIIUH TO3BOJISIOT HE TOJIBKO SKOHOMUTB BpeMs U
n30erarb OMIMOOK, HO U MHTErpUPOBaTh pas3linyHble pabodue MPOLECChl, Aenas MPOeKTUPOBAHUE
Oosiee ynpaBiseMbIM U 3P PEKTUBHBIM.
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OTO MOMOTraeT TEeM, YTO IO3BOJSET JIETKO MEPEeKIIUaThCsl MEXKIY MOJEISIMU M BHOCHUTD
U3MEHEHHUs B OAHY U3 HMX, IIPY 3TOM 3TH U3MEHEHUS aBTOMAaTHUYECKH PACIPOCTPAHSIIOTCS Ha BCE
CBSI3aHHBIC NPOCKTHL. Hampumep, €ciM M3MEHHUTH DPACIIOJIOKEHUE IPOXOAA B ONHOM KOMHATE B
IIPOEKTE ‘YHUK]’, 3TO M3MEHEHHUE Cpa3y OTPA3UTCS BO BCEX JPYTHX YACTAX IIPOEKTA.

Takolt moaxoA 3HAYUTENHHO 3KOHOMHUT BpEMSI M MOBBIIIAET TOYHOCTh, TAK KaK HCKIIIOYAET
HEOOXOIMMOCTh BPYYHOT'O PEAAKTUPOBAHMSI KaXKI0TO OTJECIBHOIO YepTexKa.

B Coonoma punn X

CCum®  Sescnicwocte MogpoBee  Mpageue sepoo

|4
prre)
V-
Tun damra Dadin "DWG" ( awg)
Newncmnne A AueCAD Applcston Masemarte

Facnosoxson  Clswry et Onelrow Desiop

Fasep 1,08 MB {1 135 247 Saitr)

Ha ancre 106 MG (1 T30 680 Canr)

Coame« 9 omurnipn 2004 r 1348230

Mavenen 11 cantalps 2024 r, 16 4545

Omepwr Joaralpn 024 r 17499

ArpndyTae | Tomeo sTeswe Copuren Opyrae
oK Orvons

Pucynok 4 naHHBIE 3aHMMaeMble IPOEKTOM ‘YHHK]’

B mpoekre ‘yHukl’, rae He ObUIM MCHONB30BaHBl MHOTOBAPUAHTHBIE YEPTEXH (PUCYHOK 4),
00BbeM MaMATH, 3aHUMAEMBbIN YEPTEIKOM, OKa3aJICcs 3HAYUTENbHO OOJIbIIE 110 CPABHEHUIO C POEKTOM
‘YHUK2’, B KOTOPOM OBl J1a MPUMEHEHA MHOTOBApUAHTHAS CTPYKTYpa (PUCYHOK 5).

B CuoRcmaa yeane x

COuvm  EgaonacwocTe Morolne  TDAAMIAING DEPCRM

R -

£ .

Tun Sanrm Samn "DIWG" |Swg)

Mpwsaxsnne A AucCAD Apphcsan Massmsnri

Facronowosso:  CiUsaryanatCnolrive/ Deshicp

Faxvep 1,58 ME (1 660 €5 i)

Ha s 1,58 ME |1 662 975 Gaar)

Ceagan T omvrrlpe 2026 r 213648

Pouorsn 20 conTalipn 2024 - W8T

Crpur Foxredpe 2024 r 174509

Arpubyra | Tanwo vresis Coputun Opyrue
oK Orvera

PucyHok 5 pnaHHBIE 3aHUMaeMbI€ IPOEKTOM ‘YHHK’
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DTO CBSI3aHO C TE€M, YTO B MEPBOM cCiydae I Ka)JI0ro M3MEHEHUS CO3JAI0TCS OTIEIbHbIE
KOIIMU DJIEMEHTOB, YTO YBEJIMYUBAeT 0OBEM JaHHBIX. B TO BpeMs Kak B NpoeKkTe ‘YHHK2’
MHOTI'OBapUAHTHBIE YEPTEXKH MO3BOJISAIOT YIPABIATh U3MEHEHUSIMHU Yepe3 CJIoH, u30eras Co3gaHus
JUIIHUX AYOIHMKATOB, YTO SKOHOMHT HaMsITh U YIPOILAET paboTy ¢ UePTEKOM.

Kak co3narb uMeHOBaHHbIE KOH(PUIYpalMU CIOEB. Hns sddextuBHON paboTel €
MHOTOBAapUAHTHBIMH YEPTEXKAaMHU BaXKHO TNPABMIIBHO CO3/1aBaTh M YIPaBISATh HWMEHOBAaHHBIMHU
KOH(pUrypauusmMu ciao€s. BoT HeCKoIbKO 11aroB, KOTOpPbIE IOMOT'YT BaM B 3TOM:

Coznanue cio€B: ONpeAeNnTe, KaK1e CJIIOM HYXKHBI /17151 Balero nmpoekra. Hanpumep, a1 riana
Jl0Ma 3TO MOTYT OBITh CJOM s (PyHIAMEHTa, IUIAHUPOBKU 3Ta)a, BEPEH M OKOH, PO3ETOK ,
BHYTPEHHUX CTEH .

Hactpoiika Buaumoctu cno€s: B manenu "Crnou" B AutoCAD HacTpoiiTe BUIMMOCTD KaXX10TO
CJIOSl B 3aBUCHUMOCTH OT 3aJaui. Bbl MOKeTe BKJIIOYaTh WM BBIKIIIOYATH CJIOH, a TAKXKE U3MEHSTh UX
CBOMCTBA, TAKUE KaK IIBET W TUI JUHUU [3, 412].

Co3naHne MMEHOBaHHBIX KOHGUrypamuii cioés: B mento "Ynpapienue koHpurypauusmu'
co3/1aiiTe HOBBbIC KOH(UTYpaUU CIIOEB TSl Pa3HbIX yacTel mpoekTa (pucyHok 6). HazoBute ux Taxk,
9T00BI OBLIIO TIOHSATHO, KaKKe 00BEKTHI OHH COJEPKAT U JUIS YEeTO TpeIHA3HAUYCHBI.

£Z ©ed Mo -
L7 £Z LT 7 0,
= £z
) = =
CeolicTBa
L7 £ £LF L £Z
cnos =@ =» = =
OCHOBA v
OCHOBA
po3eTKka 1%

TerJble Noabl

|yeprex c Mebenbro

i

HoBasn kKoHpuUrypauus cioes...

YnpaeneHune KoOHGUrypaLmamMu cnoee

Pucynox 6 Kondurypanuu cioes

Hcnonb3oBaHue BUIOBBIX DKPAHOB: HA KaXKIOM JIUCTE CO34aBalTEe BUIOBBIC DKPaHbI, KOTOPBIC
OynyT MOKa3bIBaTb MOJAENIb C YUYETOM TEKYIIMX KOH(QUIrypauuid cio€B. DTO IMOMOXKET JIErKOo
MIEPEKIIIOYAThCS MEXKIY Pa3IMYHBIMU IIPEACTABICHUIMU MOIEIIH U YIIPOCTUT IIOATOTOBKY YEPTEKEN
K I1€YaTH.

Opranuzanus yeprexeii: CIou MO3BOJISIIOT CTPYKTYpUPOBATh YEPTEKH, PA3AEIsisi pa3IndHbIe
3JIEMEHTHI (HalpuMep, CTEHbI, OKHA, MeOesb) Ha OTHENIbHBIE CIOU. DTO YNPOLIAET YIpPABICHUE U
pENaKTUPOBAHUE YEPTEXKA.
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Pucynok 7 Cnou ucnonb3yemble B KOH(pUTypanuu “po3eTKu’

JlaeT BO3MOXKHOCTH yIIpaBlI€HHE BHIUMOCTBIO CIIOEB: BBl MOXKeTe BKIIIOUaTh W OTKJIIOYATh
BU/INMOCThH CIIOEB, YTO IIOMOTAeT COCPENOTOYMTHCS HAa OIPEACTCHHBIX YacTAX YepTexka, He
OTBJICKASICh HA JIPYTUE JIEMEHTHI (PUCYHOK 7).

3akaouenue. [lomoms B ynpasieHue cBoiicTBamu. CIIOM MO3BOJISIOT 331aBaTh Pa3IMUHBIC
CBOWCTBA /Uil OOBEKTOB, TAaKWe Kak I[BET, THUIl JIMHUM W TOJIIMHA JMHUHA. OTO TOMOTaeT
CTaHAAapPTU3UPOBATh BHEITHUI BHJ] YepTeka U 00JeryaeT ero 4TeHue.

Crou mo3BONSIOT OBICTPO HAXOAUTh M SKOHOMUS BpEMEHH, YCKOpEHHUE padoThl, peAaKTUPOBATh
HY)KHBIC 3JIEMEHTBI, YTO 3HAYHUTEIIFHO YCKOPSET IPOIecC NMPOEKTUPOBaHHS. MHOrOBapHaHTHBIC
YEePTEKH MMO3BOJISIOT BHOCUTH U3MEHEHHSI B YEPTEK HITH TUIaH 0e3 OTKIIFOUEHHS CII0€B, 00ecTieunBast
IIPY 3TOM Oo0J1ee BHICOKYIO TOYHOCTb MO CPAaBHEHHUIO C U3MEHEHHUSIMH, BHECCHHBIMU B KOIIMH TIIaHA.

CIIMCOK UCITIOJIB3OBAHHbBIX HCTOYHUKOB:

1. Jmutpuii .3. Auto-CAD-Lessons. Jlunamuueckue 610ku B AutoCAD. URL: https://[ autocad-
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2.  Jmutpuii .3 Auto-CAD-Lessons. Ciou B AutoCAD. URL: https://[ autocad-lessons.com/sloi-
autocad/]

3. MepkynoB A. WmmoctpupoBaHHblii camoyuutens. Cozganue mnpoekra B AutoCAD. [
Camoyuutens_AutoCAD 2014 (A. MepkynoB).pdf - Google Jluck ]
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Abstract: It has been determined that the amount of radionuclides in the sands taken from the
Caspian Sea coast is 3-4 times lower than in the surrounding soils, and the level of background
radiation is 3-4 times below the maximum permissible directive value (0.12 uSv/hour). It has been
established that in soils contaminated with oil waste, the amount of radionuclides is 2-3 times higher
compared with clean land areas, and the levels of background radiation exceed the permissible
directive values by 2 times. It is observed that in soils contaminated with oil waste the concentration
of natural radionuclides and heavy metals increases due to accumulation, over time, and there is also
a lack of green vegetation in these areas.

Keywords: oil waste, radionuclides, heavy metals, radioactive background, green vegetation.

INTRODUCTION

There is a redistribution and often an increase in the concentration of heavy metals in
environmental objects as a result of the development of enterprises of mining and processing
complexes, metallurgical, chemical, petrochemical, energy industries, intensive economic activity
and intensification of the transport sector in many countries of the world [1, 2].

Heavy metals enter the atmosphere through technogenic emissions in the form of aerosols, settle
on the upper part of land, pollute the soil and humus layer, enter large reservoirs with wastewater,
pollute water and bottom sediments. Some goods (metal and enameled utensils produced for use in
the household and food industry, polymer and plastic materials, products and toys, numerous
synthetic dyes, etc.) contain certain amounts of heavy metals. Heavy metals that have entered living
organisms, in addition to their toxic effect, can also lead to a decrease in the concentration of useful
trace elements necessary for life due to participation in ion exchange processes. The negative effects
of heavy metals on living organisms are described in detail in the scientific literature [3-5].

Depending on the magnitude of their concentration in the body, microelements can have a
“threatening, deficient, physiological, toxic and lethal” effect on the body.

The presence of radionuclides with a long half-life in uranium and thorium production wastes,
the release of radioactive radon from these wastes, the occurrence of solid and liquid wastes during
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the mining and processing of uranium-ores creates local contaminated areas with a high equivalent
dose rate (more than 0.1 mSv/h) in the surrounding areas. Under the influence of atmospheric
precipitation, waste leaching occurs. Radioactive mine water, industrial water effluents from
chemical plants for the production of weapons-grade plutonium, reprocessing of nuclear fuel spent at
nuclear power plants, production of phosphate fertilizer (traces of uranium in phosphorite and apatite)
lead to contamination of groundwater and bottom sediments of water sources.

The listed negative impacts of technological processes and their waste have led to a widespread
violation of the ecological balance, impoverishment of biodiversity, varieties of vegetation and an
increase in the number of occupational diseases [5, 6].

EXPERIMENTAL PART

Radiometric measurements were carried out using the InSpector-1000 and Radiagem-2000
radiometers (manufactured by Canberra and equipped with alpha, beta and gamma detectors) and the
“IdentiFinder” radiometer identifier (manufactured by Thermo Scientific) [7, 8].

The soil samples taken were treated with distilled water, weak solutions of acid and alkali with
periodic mixing and filtration, isolation of sparingly soluble particles in a centrifuge with further
evaporation to obtain minerals, heavy metals and radionuclides. After radiometric measurements, the
obtained dry mineral was analyzed by analytical chemistry, X-ray fluorescence, gamma and atomic
absorption spectroscopies and electron microscopy. In the process of physical-chemical analysis of
minerals obtained by evaporation of aqueous, weakly acid and weakly alkaline extracts of soil
samples, by treatment of plant samples by nitric acid’s solution and heat treatment, and by evaporation
of filtered and centrifuged water samples were use the “GFL-2304” distiller, centrifuge “ TDL-5M ”,
gamma spectrometer with HP-Ge detector manufactured by Canberra, Electronic Microscope “SEM
”(manufactured by Carl-Zeiss with an electron tube), atomic absorption AA-6800 spectrometer
(manufactured by Shimadzu), Expert-3L X-ray fluorescence spectrometers, STA-2900 thermal
analyzer [8, 9].

RESULTS AND DISCUSSION

Samples of crude oil have been taken from various fields of the country, as well as samples of
newly formed soils contaminated with oil refining wastes with low humus content, fertile soils with
rich humus, as well as samples of similar soils uncontaminated with oil refining wastes. A detailed
inspection of the studied land plots before taking soil samples was carried out.

As a result of the observations, it was found that in areas uncontaminated by oil refining waste,
newly formed soils with a low humus content and consisting mainly of a dark brown color had rare,
underdeveloped weed herbaceous vegetation, and in similar areas of land contaminated by oil refining
waste there was practically no vegetation of any kind [7, 10].

The relative content of elements in percentage in inorganic residues of oil samples (samples
numbered 1 to 3) and oil refining waste (samples numbered 4 to 6) are given in Table 1.

Table 1. Relative content of elements in inorganic residues of oil and oil refining waste.

Ne Content of elements in inorganic residues of oil samples (from 1 to 3) and waste oil refining (from 4 to 6),%
C [8] Na| Mg Al Si 5 P K Cr Ca Ti| Mn Sr| Fe Pb

1. 542 145 18| 04 124 98] 09 05] 15 - 1.7 05 01|07 | 77 -
2. 525 11.8) 21| 12| 75| 36| 07 02| 09| 03 34 01| 02105 | 48 1.2
3.0 557 144 15| 18| 34| 71| 03] 02| 20| 03 29 04 04|06 | 37 1.9
4. 457 120 39| 23| 26| 52| 18| 02| 05 - 2.8 03] 01 - 34 1.7
5.1 46.0] 125 40| 25 18] 80| 1.7] 03] 0.7] 01 20| 02] 01 - 34 1.6
6.

449 122) 41| 26| 19| 72 22 01] 04)] 02 33 03] 01]03 3.1 1.5

The determined mineral components in the soil samples taken from the different regions of the
country are shown in table 2.
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Table 2. Concentrations of components in the composition of soil samples taken from
country's regions.

Components, mg/kg
Regions K ] Sr NOs | Fe;Mn | Zn
Sulphates
Goranboy | 380 7240 1.8 48 65 54; 29 1.8
Ordubad 600 9800 3,0 110 313 220; 30 2,2
Sumgayit & | 300 5100 1,5 30 45 85; 10 1,5
Baku cities

On land plots contaminated with oil refinery waste, with fully formed fertile soil and low humus
content, few and underdeveloped species of weeds were observed.

The results of radiometric measurements and the activity of radionuclides in soil samples taken
from the green plains of regions of the country are shown in table 3.

Table 3. The results of radiometric measurements and the activity of radionuclides in soil
samples taken from green plains and territory of regions, polluted with oil refining waste.

Regions Isotopes, Bq / kg

(background | 11Na | 10K* | 26Fe®® | 27C0°" | 30Zn | 38Sr® | 50Sn'%, 6 gsRa% | 9oTh?
_ 22 65 1 50SanES 3EU154 6 8
uzZv / h;

alpha ray

Bq /sm?)

Goranboy 1.5 24 0.7 0.8 02 | 05 ]01,02| 06 0.8 0.05
(0,04; 0)

Sumgayit 1.0 1.7 0.5 0.5 02 | 04 |01;02] 03 0.4 | 0.05
(0,08; 0,01)

Soil sample 1.6 1.2 1.2 0.7 02 | 0.7 | 06,06 | 0.6 0.9 0.12
from an area
covered with
oil waste in
the village of
Bail

(0.15; 0.03)
Soil 1.5 1.8 1.1 0.5 02 | 06 | 06,05 0.6 0.7 0.08
contaminated
with oil
waste in the
area adjacent
to the
highway in
the village of
Bibiheybat
(0.11, 0.02)
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Sand 1.0 0.8 0.3 0.4 0.2 | 0.3 0.1, 0.3 0.4 0.05
contaminated 0.32
with oil
waste in the
area adjacent
to the
highway in
the village of
Bibiheybat
(0.03, 0.01)
Soil 1.2 1.4 1.3 0.8 02 | 06 | 0505 0.6 0.8 0.08
contaminated
with oil
waste around
treatment
facilities in
the Surakhani
region
(0.08, 0.01)
Soil 14 1.6 1.1 0.6 02 | 06 | 0505 05 0.8 0.06
contaminated
with oil
waste from
local areas
around oil
refineries
(0.09, 0.01)

In areas uncontaminated by oil refinery waste, fully formed fertile soils with a high humus
content are observed as green, well-developed herbaceous vegetation, as well as green shrubs and
trees. At the same time, in different areas and in different areas of the soil on the territory of the
studied lands of the country, there is a significant difference in the degree of development of green
vegetation.

It can be seen from Table 1 that relative common content of elements in inorganic residues of
different samples of crude oil and oil refining waste is 26-47% and 26-41%, respectively. The results
obtained and a comparison of the relative content of metals in inorganic residues of crude oil and oil
refinery wastes extracted from soil samples contaminated with oil wastes clearly indicate the
accumulation of metals, including “heavy metals” in soil, when it is contaminated with oil refinery
wastes.

Soil samples were taken in summer and autumn from green grass meadows, pastures or forest
edges at a distance of at least 10 kilometers from residential areas or industrial enterprises. Soil
samples were also taken from these areas by digging the soil to a depth of 10-20 cm. If one site had
sandy and fertile soil, samples were taken from both sites. When taking soil samples, areas were
selected that were not contaminated with volleys of foreign emissions, remains of dead organisms,
rotten and oxidized plant matter.

Determination of mineral components and natural radionuclides was carried out in order to
explain the serious difference observed in the degree of development of green vegetation in different
soil areas in the regions of the country.

It can be seen from Table 2 that common concentrations of components in the composition of
soil samples taken from country's regions are 5-10 g/kg.
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It can be seen from Table 3 that the value of the radioactive background in country's areas is
0.03-0.15 pSv/hour and the intensity of alpha radiation is 0-0.03 Bg/cm2. The common activity of all
natural radionuclides in soil samples taken from country's areas is 5.3-10 Bg/kg.

A comparative analysis of the concentrations of mineral components and natural radionuclides
(Tables 2 and 3) shows that fertile soils in regions of country are characterized with different
concentrations of the studied components.

CONCLUSIONS

1. It was determined that the amount (activity) of radionuclides in coastal sands is relatively
small.

2. In the soil samples covered with oil waste, there are approximately 1.5-2 times larger amounts
of radionuclides and a relatively large total radioactive background.

3. There is no green vegetation cover on the lands covered with oil waste and the value of
radioactive radiation background from their surfaces is 1.5-2 times greater than the permissible
directive indicator.

4. In addition to oil waste, accumulation of radionuclides is also observed in those areas to a
certain extent.

5. In areas where the amount of natural radionuclides (K*°, Na??, etc.) is relatively large (in the
established range of concentrations of microelements in the soil's cover remedied by transporting and
adding clean soil or by other methods) on the contrary it is observed that the green vegetation is
relatively more developed.
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AMMUPOB ABAMAT KAHBYJIATOBHUY
Jlupekrop nenapTaMeHTa onepaTuBHON TpaHchopmaryn, 1okrop PhD HAO
«KaparananHckuii TeXHUUECKU yHUBEpCUTET MeHU AObuikaca CarnHoBa»

CEMCEKEHOB APJAK HYPIT'ASUHOBHUY
[TonkoBHUK, penoaBaTeb Kadeapbl PaaruodIeKTPOHHON pa3BEIKU U PaIMO3IEKTPOHHON
60pb0b1 HantmonansHoTO YHUBEpCUTETa 000pOoHbI Pecrybnuku Kazaxcran

MYXAMETXAHOB ’)KAHUBEK ’)KYMABEKOBHUY
IpenonoBarens BoerHoi kadenpsr HAO «KaparanauHCKuii TEXHUUECKUN YHUBEPCUTET
uMenu AObuikaca CaruHoBa

Annomayun. B smoii cmambu paccmompen u coopan mamepuan no paouomexHuyecKum
cpedcmeam pazeeoku U ux NpuMeHeHus 8 CneyuanvbHol nocpanuynou onepayuu. OOOCHOBAHYL
npeumywecmea U OOCHMOUHCIBA MEXHONO2UU PAOUOMEXHUUECKUX CPeOCm8 pa36edKu ¢
npuMeHeHuem OecnUuIOmMHbIX JemameibHblX annapamos U UCKYCCMBEHHO20 UHMeNIeKma npu
BbINOIHEHUU DOEBbIX 3a0aY ABMOMAMUIUPOBAHHBIMU KOMIJIEKCAMU PAOUOIIEKMPOHHBIX CPEOCME
PAa36e0KU NO BbIAGIEHUIO CUCTEM YNPAGIeHUs GOUCKAMU (CUNAMU) U OpYHCUeM NPOMUBHUKA U
KOMNIEKCHO20 MEXHUYECK020 KOHMPOIS 3PheKmusHocmu Meponpusmuii  paouodieKmporHoll
sawumol. A maxaice npuedensbl CHOCoObI peanu3ayul aleoPUmmos u 3a0ay.

Knioueswie cnosa: Paouosniekmponuas pazeeoka, UCKyCCmEeHHbll UHMeNleKm, 0ecnuiomHulil
JlemamenvHulll annapam, CMpyKmypa u pyHKYuu KOMIIEKCHO20 MOOYJIsl ABMOMAMUYLECKO20 Npoyeca
Oecnmaommbix ememenbHblX annapamos, MexHoai02uu UCKYCCMEEHHO20 UHMENNeKmd, CUcmemd
N000ePHCKU NPUHAMUSL peUdeHUll, PAOUOITIeKMPOHHAS 60PbOa, 800PYICEHUe, BOCHHAS U CHeYUAIbHAS
MEXHUKA, KOSHUMUBHbIEe 3a0ayu, PAOUOINIEKMPOHHbIE O00BEKMbl, UCTOYHUKU PAOUOU3TYYEHUI,
Yes08eK-onepamop.

Benenue panmosnekTpoHHOM pa3BeAKH B paMKax CIEHUAIBHOW IMOrpaHUYHOM Olnepaluu
MPEJCTABISACT COOOHM CIOXHBIA Ipolece, TPeOYIOUIHii BBICOKON CTENEHW KOOPAMHALMHM CpEenu
Pa3IUYHBIX CIIELUAJIMCTOB M IPUMEHEHHUS COBPEMEHHBIX TeXHOJOrui. OCHOBHas LENb JAaHHOTO
HaNpaBJICHUsl 3aKIo4aeTcss B cOope, o0pabOTKe M aHAIM3€ PAaJUOCUTHAIOB, KOTOPBIE MOTYT
IIPEJOCTaBUTh LEHHYIO MH()OPMAIUIO O IEUCTBUAX IPOTUBHUKA U €r0 HAMEPEHUSIX.

CoBpeMeHHbBIE CUCTEMBI PAJMOAJICKTPOHHON Pa3BEAKH HCHOJIB3YIOT OOIIMpPHBIE IHAra30HbI
9acTOT W BBICOKOYYBCTBHUTEIbHBIC AHTEHHBI, UYTO MO3BOJSAET 3(G(EKTUBHO OOHAPYXKHUBATH U
UACHTU(UIMPOBATH UCTOYHUKU CUTHAJIOB. JIJIl YCIEIIHOTO MPOTHO3MPOBAHUS BO3MOKHBIX YIpo3
HEOOXOAMMBI HE TOJBKO TEXHUYECKHE CPEJICTBA, HO U INIyOOKHE 3HAaHUS B 00JACTU CUTHAIBHON
pa3BellKH, a TaKXkKe TIOHMMaHHe ONIEpPaTUBHON 0OCTAHOBKM Ha I'PaHUIIE.

D¢ dexTuBHOCTD crieUaNbHbIX ONEPaLUil HAIPSIMYIO 3aBUCUT OT CBOEBPEMEHHOTO MOJTY4YEHUS
uHpopmanuu. BzanmonencTBie ¢ IpyruMu CiIy>k0amMH, aHaJTUTUKaMU U KOMaHIOBAaHUEM SIBIISIETCS
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KITFOYEBBIM 3JICMEHTOM YCIIEITHOT'O BBITIOJNIHEHUS 3a7adv. VICToah30BaHUE HOBEHIIMX arOPUTMOB
00paboOTKM MJaHHBIX M HCKYCCTBEHHOI'O WHTEJUIEKTa OTKPHIBAET HOBBIE BO3MOXKHOCTH JIJISI
MOBBILIICHUSI KAauecTBa pa3Be/bIBaTEeNIbHOM paboThl, IMO3BOJIsAA OBICTPO pearupoBaTh Ha
M3MEHSIIOIINECS YCIOBHS HA MOJie 004,

OfHUM U3 BaXHBIX ACMEKTOB PAAMOICKTPOHHON pa3BelIKH SABISETCS MPUMEHEHHE JIPOHOB U
JIpYTux OCCHUIOTHBIX JIETATENbHBIX anmnapatoB. OHU 00ecreYnBarOT BO3MOKHOCTh MOHUTOPUHTA B
peanbHOM BpPEMEHH, MO3BOJISISI HE TOJIBKO COOMpPATh JaHHBIE, HO M ONEpaTHUBHO MepeaaBaTh UX B
KOMaHHbIE TIEHTPHI. VCcroNb30BaHNe TaKUX TEXHOJOTUN pAacIIUpPSIET paglyC OXBaTa W TOBBIIIACT
TOYHOCTh OOHAPYKEHUS PaIMOCUTHAJIOB, YTO CIIOCOOCTBYIOT CBOEBPEMEHHOMY BBISIBICHUIO YTPO3.

CoBpeMeHHBIE METOABI 00pabOTKM JNaHHBIX, BKIIIOUAs MAIIMHHOE OOy4YeHHE, 3HAYUTEIHHO
YCKOPSAIOT aHAJIM3 CUTHAJIOB. DTO HE TOJIBKO MOBBIIIAET CKOPOCTh PEarnpoBaHUs Ha MOTEHIIHAIbHbIE
yrpo3bl, HO M yIy4IIaeT KaueCTBO MPOTHO3UPOBAHUS HA OCHOBE HCTOPUYECKUX JaHHBIX. [ TyOoKuit
aHaJIU3 paJIMOCUTHAJIOB MTO3BOJISIET BBISBIIATH MATTEPHBI M aHOMAJIUU, CKPBITHIE B OOJIBIINX 00beMax
uHpOpMaInU, TAKUM 00pa3oM, Jenasi pa3BeKy 0osee 3¢ (HEeKTUBHON U HAJICKHOM.

Opnum u3 Oosee 3((HEeKTUBHBIX U BHEIPEHHBIX, a TAK)KE HUCIBITAHHBIX METOJOB SIBIISETCS
ucnosb3oBanue FPT kxonTepos.

Hcnonp3oBaHue IPOHOB B PauO03JIEKTPOHHOM pa3Be/IKe MPEIOCTABIAET Psii TPEUMYIIECTB.

Bo-miepBbIX, OeCHMWIOTHBIE JIeTaTeNbHBIC ammapaTel MOTYT JIETKO TPOHHKATh B
TPYOHOJOCTYIHBIC WJIM OMACHBIE 30HBI, € YEJIOBEKY OBbLIO OBl CIIOKHO WJIM OMAacHO JIEHCTBOBATH.
DTO MO3BOJSET OCYIISCTBIATH Pa3BEJKy B TIIYOOKOM ThUTY NMPOTHBHHUKA WJIM HAa TEPPUTOPHH,
KOHTPOJIMPYEMOH BPaKICOHBIMU CHIIAMU, MUHUMU3HUPYSI PUCKU U1 COOCTBEHHOT'O TIepcoHalIa.

Bo-BTOpBIX, IPOHBI 001a1aI0T BO3MOKHOCTBIO JUTUTEILHOTO TOJIETa U MOTYT OCTaBaThCS B
BO3JlyX€ Ha MPOTSKEHUH [JIUTEIHHOTO BPEMEHM, YTO IO3BOJISIET OCYIIECTBISITH HEMpPEephIBHOE
HaOmoeHue U coop mHboOpMaIMu. ITO OCOOCHHO BaXKHO NPH MOHUTOPHHIE PagMOYaCTOTHOM
00CTaHOBKM W OOHApPYKEHUH PaTUOCUTHAIIOB, KOTOPhIE MOTYT CBUACTEIHCTBOBATH O JEUCTBUAX
MIPOTUBHUKA.

B TpeThux mpeumyIiecTBo NpUMEHEHHUs IPOHOB B PAIHOIIEKTPOHHON Pa3BEAKE 3aKITI0YaeTCs
B UX MOOMJILHOCTH M CKPBITHOCTH. BeCIMIOTHBIC JIeTaTeIIBHBIC almapaThl MOTYT OBICTPO H3MEHSTh
MECTOIONOXKEeHHE U n30eraTb OOHApYKEHUs, 4TO JAenaeT ux d(hGEKTUBHBIM CPEACTBOM g cOopa
“H(pOpMALIUU O PaTUOdIIEKTPOHHON 00CTaHOBKE 0€3 MpUBIICYEHUSI BHUMaHUs TpoTHBHUKA. OIHAKO,
HECMOTpSI Ha BCE MPEUMYIIECTBA, MPUMEHEHUE IPOHOB B PAIUOAIEKTPOHHON pa3BelIKe TaKKe
COTIPSIKEHO C OIPEICICHHBIMU BBI30BAMH W OTPAaHHUYCHUSMHU.

K HUM OTHOCSTCS BO3MOXKHOCTh TIEpeXBaTa U MOJABICHUS CUTHAIOB YIIPABJICHUS APOHOM, a
TaK)Xe PHUCK IMOTEPH ammapara u3-3a BO3AYITHOW 000pOHBI MPOTUBHUKA. B 1e51oM, ucmonp3oBaHue
JIPOHOB U JAPYruX OCCHHUIOTHBIX JIETATENbHBIX AallapaToB CTal0 HEOThEMJIEMOW YacCThIO
COBPEMEHHOM Paaruod’ICKTPOHHON Pa3BEAKH. DTH TEXHOJIOTHH TO3BOJISIOT 3(PGEKTUBHO COOMpPATh
uH(pOpMALIMI0O O PaAJAMOYACTOTHOW OOCTaHOBKE, OOHapyXHBaTh MOTCHIMAIBHBIE YIrPO3bl U
obecrreunBaTh OE30MACHOCTH TocyaapcTBa. B OymymeM pa3BuTHe O0CCIMIOTHBIX CUCTEM H JIPOHOB
OyIeT MpOoJOIIKATECS, Yaydlias BO3MOXHOCTH PaIMO3IEKTPOHHON pa3BeaKu U obecrieunBas 0onee
a¢dexTuBHOE TpOTHBOJIEHCTBHE yrpo3am. Ha pucynke 1 mpencraBiieHa cxeMa NMPUMEHEHUS U
ynpasienust BITIA.
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Pucynok 1. Cxema npumenenust u ynpasjaenus BIIJIA pazsenkn.

CpenctBa paguopa3Be/lki, YCTAHOBJICHHBIE Ha JPOHAX, MOTYT BBIMOJIHATH HECKOJIBKO KITFOYEBBIX

MOHNTOPHHT M aHAJIM3 PAIN0ITEKTPOHHOI 00cTaHOBKHU: /[pOHBI MOTYT COOMpPATh JaHHBIC O

3a7a4:
padoTe pa3NUYHBIX PaTUOIICKTPOHHBIX CHCTEM, TAKUX KaK pagapbl, CHCTEMBI CBSI3U M YIIPABJICHUS, a
TaK)Ke JAPYrue UCTOYHHUKH DJICKTPOMAarHUTHOTO WM3TYYEHHUS. JTO TMOMOTaeT BBISIBUTH PACIIOIOKEHHUE U

AKTHBHOCTH BPaKECKUX OOBEKTOB.
PacnosnaBanue u mejeHramusi cMurHanoB. COBpEMEHHBIE IPOHBI OCHAIIEHBI CIEIMATbHBIMU
JaTYUKaMH, KOTOPbIE CIIOCOOHBI PACMIO3HABATH U AHATIM3UPOBATH PA3IMYHbIC TUIIHI PAAXOCUTHANIOB. OHI

MOTYT HICHTH()UIIUPOBATHh YaCTOTHI, ICTOYHUKU CHTHAJIA U X MECTOIIOJIOKEHHE.
IlepexBar aanubIX: HekoTopble IpOHBI O0OPYIOBaHBI CHCTEMAaMH IepexBaTa IaHHBIX, YTO
MO3BOJISIET UM TIONy4aTh MH(OpPMALIMIO, MEPEeAaBaeMyl0 IO pajuoKaHaJaM. IJTO MOXET BKIIIOYATh

NIepexBaT COOOIIECHU, KOOPANHAT, MAapoJiel U IPYruX TaHHBIX.
roMoraTh B cOOpe Ba)KHOM cTpaTernieckoil mH(opmaimum, KoTopasi MOXKET ObITh HMCIOJBb30BaHA IS

Coop pa3BeabiBaTesibHOI HHGoOpManuu: Vcrnons3ys cpeacTBa paauopa3BeikH, APOHbI MOTYT
IUTAHAPOBAHMsI BOCHHBIX ONEpalivid ¥ MIPUHATHS TAKTUYECKUX PEIICHUM.
3ammuTa or moMex M riymeHusi: Hammuue coOCTBEHHBIX CPEACTB PajMOpa3BEIKU MO3BOJISAET

APOHaM 3alIuIaTbCsa OT IOMNBITOK INTYHICHHS U IIOMEX CO CTOPOHBI IIPOTHUBHUKA.
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Bbigaia UeneykazaHiit

N0 MOBUNLHBIM, KpUTUHHBIM
10 BPEMEHI ¥ BHOBb BbIABNEHHLIM
uenam Ha K, camonettl, kopaGni,
a TakKe Ha CPecTEa NOPaxeHiA,

OCHALLEHHBIE BNNapaTypoit

nepeHauenvisaHing B nonete

(KPBB, KPMB)

PaguoanekTpoHHoe nofaenexve
PEAM03NEKTPOHHbIX CPEACTE
MPOTUBHIKA W PETPEHCIRLMA

CHrHanos

[ofkbiaHue B Xope BeaeHNA GoeBbIX AencTBuil [Nk 3abnaroBpeMeHHo) B peansHoM MaciuTaie
BpEMEHY pa3BeaLIBaTENLHOMN MHOPMaLINM O MPOTUBHUKE

|

Pucynok 2. 3anaun pemaemsie pa3eabiBarejibHbIM BITJIA

[Ipumepsr npumenenue BIIIA kak HAaTOBCKMX Takd POCCHHCKHX IPOHOB C BO3MOXKHOCTSIMU
pamuopassenku BkroyaroT "Opnan-10" u "®opnoct"”. TH IpOHBI HCHIONB3YIOTCS KaK JUIi MOHUTOPHHTA
TEPPUTOPUH, TaK U JUIs cOOpa pa3BeIaHHbIX.

Tunst iporoB HATO ¢ BO3MOXXHOCTSIMM PaiOpa3Be/IKU BKIIIOYAIOT B ce0s1 MHOXKECTBO Mojieneit
OT Pa3HbIX MPOU3BOJUTEINIEH U CTPaH. BOT HEKOTOPBIE U3 HUX:

MQ-9 Reaper (CHIA): DOtor apoH wucnons3yercsi Boenno-ozmymmeiMu cuiamu CIIHA u
Ipe/IHa3HaueH /I BBIIIOJIHEHUS IMPOKOro CIIEKTPa MUCCHM, BKIIIOYAs pa3BeKy, HAOIIOIeHHE, aTaKy U
pekorHocuupoBKy. OH OCHAIEH pa3jIMUHBIMM JaTYMKaMH, BKJIFOYasl CHUCTEMBI PaJUO3JIEKTPOHHOIO
HaOIIONeHNS.

Euro Hawk (I'epmanmsi): PaspaGorannbiii coBmectHo ['epmanmeit u CILA, stoT npoH
IpeIHa3HaueH JUIs JOJITOCPOUHBIX Pa3Be/IbIBATEIBHBIX MUCCUHA U CIIOCOOEH BECTH PaJI03JIEKTPOHHYIO
pa3BesKy Ha OOJBLIMX PACCTOSIHUSIX.

IAl Heron (M3pamas). IlpousBemennsii kommanueit Israel Aerospace Industries, stor
OecTMIIOTHUK 00J1a/1aeT BBICOKOH IPy30M0TbEMHOCTBIO U JUTUTEIbHBIM BPEMEHEM II0JIETa, UTO JICNACT €T0
HOAXOAAIINM ISl CIIOKHBIX pa3BeAbIBATEIbHBIX 33/1a4, BKIIFOUasl PaJMO3JIEKTPOHHYIO PAa3BEJIKY.
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Sky Sabre (BenmmkoOpuranmsi): ITO MHOTOICICBON OECHMIOTHBIN JIETATEIbHBIN armapar,
KOTOpPBIA MOXET HCIIOIB30BAThCS U BBIIOJHEHHUS] PA3HOOOPA3HBIX 3aJad, B TOM YHCIE IS
PaAMOAIEKTPOHHOMN Pa3BEIKU U MOIJIEPKKH BOKCK.

Yabhon United 40 (OAD): Bemymennsiii xommanuedn Adcom — Systems, srtor
MHOTO(DYHKIIHOHAJIGHBIA JIPOH MOJKET HECTH IIUPOKUN CHEKTP CEHCOPOB W CHCTEM, BKIFOYas

000pyIOBaHUE /IS paopa3BeAbIBATEIbHOM A TEIbHOCTH.
AeroVironment RQ-11B Raven (CIHA): KommakTHbIi W JETKHH JPOH, KOTOPBIA MIHPOKO
ucnonszyerca apmueil CIIA u npyrumu ctpaHamu. OH CHOcOOEH TMPOBOAWTH PATMOIEKTPOHHOE
HaOMIo/IeHre Ha HEOOMBILINX PACCTOSHUSAX U B OTPAHUYEHHOM IPOCTPAHCTBE.
Kaxnplii n3 3THX JPOHOB MMEET CBOM YHUKAJIbHBIE XapaKTEPUCTHKUA U BO3MOXKHOCTH, KOTOPbIE
JIeTIal0T MX TOJIE3HBIMM JJIsl MPOBEJICHUS Paauo pa3BelbIBaTeIbHONM AesTenbHOCTH. Ha pucynke 3
MpeJcTaBiIeHa TakTuyeckas cxema aeiictust BITIA Poccuiickoit rpynmupoBku B Cupuiickoit Apadckoit
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Pucynok 3. Cxema paeiicreust BIIJIA Poccuiickoii rpynnuposku B CAP.

Lenbto 1aHHOM CTaTbU S BUXKY MOMBITKY CTPYKTYpU3allMM M3BECTHOW MHE HH(OpMaIUU B
00J1aCTH MEKCUCTEMHBIX MHTETPALUii, UX IPOEKTUPOBAHMS, COMPOBOXKICHHSI, TOIX0/I0B B 00JIACTH
PaAMOAIEKTPOHHBIX CPEACTB pa3BeIKU. S mocTaparoch U30KUTH CBOE BUJEHUE JIAaHHOTO MpoIiecca.
ITo BO3MOXKHOCTH s OyAy cChUIAThCs Ha APYrHe CTaThU U KHHUTH IO JaHHOW TeMe. B KoHIle cTaTtbu
IpUBeay HaboOp CChUIOK Ha paboThl JPYrMX aBTOPOB, KOTOPbIE, Ha MOW B3IV, JOIOJHSIOT
coJepxaHue cTaTbu. TekcT 1o OoJibllIe YacTH OPUEHTUPOBAH Ha CIIeHUaINCTOB padoTatomm B [T-
chepe u B 00JacTH CO3/aHUS PATUODIEKTPOHHBIX CPEICTB PaAHOPa3BEIKH, MOXKET OKa3aThCs
nojie3HsIM. B 3Toif crathe OyAyT paccMOTpeHBI BONPOCH MO pabore mpuémMa U mepesadu
napopmanuu Ha BIUIA myrem wHTErpanmmu u apXuTeKTyphl |T TEeXHOJOTHil ¢ NMPUMEHEHHEM

HUCKYCTBCHHOI'O MHTCJIJICKTA.
s nepeqaun u npuema uH@popmanuu ¢ BIUIA paawopasBeKkud HCIIONB3YIOTCS Pa3JIMYHbIC

METObl M TEXHOJIOTHH, KOTOphIE OOECIeUMBAIOT O€30MaCHOCTh, HAJEKHOCTh U I(H(HEKTHBHOCTH
KoMMmyHUKaIu. Ha prucynke 4 nipeactaBieHbl CriocoObI niepenaun v mpuemMa uadopmarmu bITJTA
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Pucynok 4. Cniocodb1 npuema u nepegauu ungopmanuu BILIA paziumuasiMu ciocadbamu.

PaccMoTprM OCHOBHBIE aCTIEKTHI:

Ilepenaua nundgopmauun

Pammoxkananel: OnuH U3 Hauboliee pPacHpOCTPAHEHHBIX CIOCOOOB TMepeladyd JaHHBIX —
UCTIONIb30BaHMe  paauoBoiH. WHpopmaims nmgpyercs M nepegaercss 4epe3  ClieUabHbIe
paguonepenaTiMku Ha OOpTy JpoHOB. YacToTa M mapaMeTpbl CUTHaja BBIOMPAIOTCS TaKUM 00pa3oM,
9T00BI MUHUMI3HPOBATH PUCK MIEpeXBaTa U YIyUIIUTh KAYeCTBO CBSI3H.

JlazepHasi cBs3b. B HEKOTOpBIX Ciydasx AJIsl meperayd oco00 YyBCTBUTEIbHOW HH(OpMALUH
MIPUMEHSETCS Jia3epHasi CBA3b. JlasepHble Jiyun MOTYT mepefaBaTh JaHHBIC Ha OOIBIINE PACCTOSHHUS C
BBICOKOH CKOpPOCTBIO M TOYHOCTBIO. OHAKO TakWe CHUCTEMBbI TPEOYIOT MPSMON BHIMMOCTH MEXIY
JPOHOM U1 IPUEMHHUKOM.

MuxkpoBosHOBbIe KaHAIBI: VICT10/1b30BaHIe MUKPOBOJIHOBOI'O IMaria30Ha [03BOJISIET IIEPEAaBaTh
Oombiie OOBEMBI JaHHBIX HA 3HAYUTENBHBIE PACCTOSHHSA. MUKPOBOJIHOBOE 00OPYIOBaHHUE
yCTaHaBJIMBAETCS HA IPOHE U HA3€MHOM CTaHIMHU JUIsl 00eCTieueHs CTAaOMITbHOM CBSI3H.

IIpnem ungpopmanmuu

Hazemuble cranuum: CrienanbHble IPUEMHUKH HA 3€MJIE€ NPUHUMAIOT CUTHAjIbl OT JIPOHOB.
OOBIYHO OHM OCHAIIECHBI MOIIHBIMU AaHTEHHAMH U COBPEMEHHBIM 000pYyJIOBaHHMEM JIsl ICIIU(PPOBKH U
00pabOTKU TaHHBIX.

Hentpsl ynpasiaenus: [locie npuema nHGpOpMAaIys HAPaBISIeTCs B ICHTPHI YIIPABIICHUS, TI€ OHA
00pabaThIBaeTCS U aHATM3UPYETCS CTICIMANIMCTaMU. 37IeCh IPOUCXOUT ACKOAUPOBaHUE, GUIbTPALIUS U
OLICHKA MOJIy4YEHHBIX JAHHBIX.
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ABTOMATH3MPOBAHHbIE CcHCTeMbl. MHOIME COBpEMEHHbBIE JPOHBI OCHAILEHbl CHCTEMaMH
aBTOMAaTUYECKOM Iepesiaul JaHHBIX, KOTOPhIE MOT'YT CaMOCTOSITENIHO OTIPABIATH MH(pOpMaIuio 6e3
HEOOXOAMMOCTH PYYHOTO BMEIIATEIbCTBA OIlepaTopa.

Pe3epBHble KaHAIbI CBA3U: JlJIs1 OBBIIEHUS] HAJICKHOCTU CHUCTEMBI MEpe/laud JaHHBIX MOTYT
HCTOJIb30BaTh PE3EPBHBIE KAHAIIbI, TAKUE KaK CITyTHUKOBBIE CETH WM MOOWIIbHBIE CETH.

Ha pucynke 5 npencraBnena npumep cucteMsl nepenaun gaHHbix BIUIA HATO paznuunbivu
criocobamu Mo pe3epBHBIM KaHAJIAM.

KomanpoBsanue
KOanuuuoHHoOW
e rpynnNUpoBKN
Ha ynaneHHom TB[

KomanpoBsanus
(wTabwl),
NYHKTbI
ynpaenexus

Pucynok 5. Cucrema nepenaun uapopmanuu BIIVIA HATO «I'nnodan Xou».

ABTOMaTH3aIWs TPOIIECCOB TMEpeaavll JaHHBIX C JPOHOB PAAMOPA3BEIKU SIBISCTCS BAKHBIM
aCTieKTOM COBPEMEHHBIX TeXHOJOrmid. PaccMoTpum monapoOHee, Kak 3TO paboTaeT U Kakue
MIPEUMYIIECTBA JTaeT:

I[aT‘-II/IKI/I U CCHCOPBKI. Ha 60pTy APOHOB YCTAHOBJICHBI PA3JIMYHBIC JATYUKU U CCHCOPbI, KOTOPHIC
cobuparoT HH()OPMAITHIO O PaJMO3TICKTPOHHOW aKTHBHOCTH, T€OITPOCTPAHCTBEHHBIX JAHHBIX U JAPYTHX
napameTpax.

Hudposas obpadotka manHbix: CoOpaHHBIC JaHHBIE MpeoOpa3yroTcss B IudpoBol Gopmar u
AHATIN3UPYIOTCSA 60pTOBBIM KOMITBIOTCPOM.

KOMMVHI/IKaIH/IOHHBIe MOAVJIN: I[J'If{ nepeaavy OaHHbIX HCIIOJB3YIOTCA CHCHUAIIM3UPOBAHHLIC
KOMMYHHUKAalTUOHHBIC MOAYJIH, KOTOPBIC MOAKIIIOYAIOTCA K paguoIiCpeaaTinkKaM WKW JPYrUM KaHajlaM
CBA3U.

[porpammuoe obGecneuenue: [IporpamMHOoe oOecniedeHHe YIpaBiIseT BCEMH MPOLECCAMHU
nepeaavu JaHHbIX, HA9YWHasg OT c6opa I/IH(i)OpMaI_II/II/I J0 €€ OTIIPABKH Ha HA3E€MHBIC CTAHIINH UJIU B LICHTPLI
YIPaBJICHHUSI.

ABToHOMHOCTE: Bce IMPOUECChI TMPOUCXOAAT aBTOMATHUYCCKH, 0e3 ydqacCTusa 4YCJIOBCKa, YTO
MOBBIITACT CKOPOCTH PCAKINU U CHHUKACT BEPOATHOCTD OHII/I6OK, CBs3aHHBIX C YECJIOBCUCCKNM (baKTOPOM.

I[IpenmyiiecTBa aBTOMaTH3AI UK

BeicTpoTa pearwpoBaHus: ABTOMATH3MPOBAHHBIE CHUCTEMBI ITO3BOJITIOT OBICTPO TIepeaaBaTh
AAaHHBIC B PpCaJIbHOM BpPEMCHU, YTO KPUTHUYCCKU BaXHO I OINCPATUBHOIO pPCArMpOBaHUA Ha
M3MEHSIONTYIOCS CUTYaITHIO.
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To4YHOCTh ¥ HAZEKHOCTB: YMEHBIIEHHE YeJIOBEYECKOrO (aKTopa yaydllaeT TOYHOCTh Mepeaayn
JAHHBIX U YMEHBIIIAECT KOJIMIECTBO OIIHOOK.

YBenuueHue JaNbHOCTH JICWCTBUS: brarogaps onTUMM3alMM MPOIECCOB IEperadyd |
UcTob30BaHus Ooee A3 PEeKTUBHBIX METOIOB CBS3H, YBEIIMUMBACTCS AATBHOCTh JCUCTBUS JPOHOB.

OKoHOMUS pecypcoB: CHIKEHHE TTOTPEOHOCTH B TIOCTOSTHHOM KOHTPOJIE CO CTOPOHBI OIIEPATOPOB
HKOHOMHT PECYpPCHI U MO3BOJISIET COCPEIOTOYUTRLCS Ha 00Jiee BAYKHBIX 32/1a4aX.

Macmtabupyemocts:  CHUCTeMBbl  aBTOMATH3allMM  JIETKO — MAacIITaOUpPYIOTCS,  TO3BOJISS
WHTErPUPOBATh HOBBIE TEXHOJIOTUH U YBEIIMYMBATH 00HEM 00padaThIBAEMbIX TaHHBIX.

ABTOMaTH3aIMs WIpaeT KIIOYEBYIO pOJb B COBPEMEHHOM HCIOJIb30BAHUM JPOHOB IS
pamuopasBeiku, Jemnast mporece oosee dPPEKTUBHBIM, HACKHBIM U THOKUM. Ha prucyHke 6 mokasana
cxeMa 00K cxeMa peasm3aliiy aBToMaTrdeckoro nporiecca bITTA.
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Pucynok 6. Biiok cxema peajimzanun apromaTuieckoro npouecca BILIA

KoMMyHHKAITMOHHBIE MOIYJIM Ha OOpTy OecHMIOTHBIX JeTarenbHbIX amnmapatoB (BITJTA)
UTPAIOT KIIIOYEBYIO POJb B Mepefade AaHHbIX. WX cTpykTypa ¥ (QyHKIMH 3aBHCST OT THMNA U
HazHaueHUs: KOHKpeTHOro BIIJIA, HO 00BIYHO BKITIOUAIOT CJIEIYIOIINE JIEMEHTHI:

1. Moayab nmepeaayu JaHHBIX. DTOT KOMIIOHEHT OTBEYAeT 3a mpeoOpa3zoBaHue HU(PPOBBIX
JTaHHBIX B aHAJIOTOBBIN CUTHAJI JIJIS1 [Iepelauy 1o paarokaHainy. OH BKIIOYAeT YCUIUTENN MOIIIHOCTH,
MOZYJSITOPHl U AHTEHHY.

2. PecuBep: DTOT MOIynh MpHeMa JAaHHBIX MPUHUMAET CUTHAJBI C 3€MJIM MM OT JPYIHX
BILUTA u mpeobpa3zyet ux o6patHo B ¢ poBoit popmaTt. OH COCTOUT U3 aHTCHHBI, IEMOIYISITOpA U
YCHJINTEISI HU3KOM YaCTOTHI.

3. KonTpoJsuiep. D10 3neKTpoHHAs IU1aTa, KOTOpas yInpaBiseT paboToi BCEX KOMIIOHEHTOB
MOJYJIsl M 00€CIIeunBaeT MX B3aUMOCHCTBUE ¢ OOPTOBOM crcTemoit ynpasienus bITJTA.

4. MamsaTh. DTO BCTPOCHHAS MaMSTh JUIsl XPAHCHHS JAHHBIX TIepe]] UX Nepeaadyeil Win rmocie
UX TIpreMa. ITO MOXKET OBITh (DIAII-TaMSITh WJIM ONIEpaTUBHAS ITaMSITh.

5. IIpomeccop. LleHTpalbHBI AJIEMEHT MOJYJS, KOTOPBIA BBHIMOIHIET BCE HEOOXOAMMBIE
BBIYHMCIICHHS M 00paOOTKY JaHHBIX.

6. CeteBble uHTepdeiichl. Bce mOPTHI 11si MOAKIIOUEHUS K APYTUM YCTPOHUCTBAM UITH CETSIM,
nanpumep, Ethernet wiu Wi-Fi.

7. Aurtennspl. CrnenuanbHble aHTEHHBI JJIsi PaOOTHl B Pa3IUYHBIX JUANa30HaX 4YacToT,
srrouas UHF, VHF u Ku-nuana3oHel.

8. HIudposanbHoe/nemmndpoBanbHoe 060pyaoBanue. O00pyI0BaHUE IPEIHAZHAUEHO JIJIS
3alMThl JAHHBIX IpU Tepenade, 4yToObl MPEeNIOTBPATUTh MX IMEepeXBaT M HECAHKIMOHUPOBAHHOE
WCIIO0JIb30BaHUE.
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9. Cucrema mnuTaHus. DTO WCTOYHHKH TIHTaHUSA IS oOOecredeHus padoThl BCexX
KOMIIOHEHTOB, BKJItOUasi 0aTapeu Wil FeHepaTophbl.

10. TensoBasi 3amuTa. [laHas cucreMa OXJIQXKIEHHsI MTpeIHa3HAUCHA IS IPEAOTBPAIICHHUS
neperpeBa KOMIIOHEHTOB.

DOYHKIIUM KOMMYHUKAITHOHHOTO MOYJIf

OyHKIMS TpUeMa W Tepeqavya JIaHHBIX SIBISIETCS OCHOBHOW (YHKIMEW mpuema U mepeaadd
u(poBBIX U aHATOTOBBIX curHaIoB Mexay bIIJIA u nazemuoit cranmueit wim npyrumu BITJTA.

Oyukims mudbpoBaHue U aemudpoBaHue oOecrieuuBaeT 0€30MaCHOCTh JAHHBIX MYTEM HX
mudpoBaHus Nepe nepenadeii u aemudpoBaHus Mocje mprema.

OYHKIMSA XpaHEHUE JIAHHBIX BBIMOJHSAET BO3MOXKHOCTh BPEMEHHOTO XPaHEHMs JAaHHBIX Ha
6opty BITJIA nepen ux oTpaBKOM WK TTOCIIE MPUEMA.

MOHMTOPHUHT COCTOSIHMSI OCYLIECTBIJIIET KOHTPOJIb 3a COCTOSIHUEM MOJAYJISA, AUArHOCTHKA W
yBEJOMJICHHE O BO3MOKHBIX HEMOJIaIKax.

Hntepdeiicsl ynpaBieHUs NPOU3BOAAT MOJAKIIOUYEHHE K OOPTOBOM CHCTEME YIpaBIICHUS
BIUTA mist oOMeHa TaHHBIMH U KOMaHIaMU.

Bce 3Ti pyHKIIMM KOMMYHUKALMOHHOIO MOIYJIsl KAK IPABUJIO PA00TAIOT B (PMKCHPOBAHHOM
pe:kuMe padoT U YIIPABJISIKOTCS BPYUYHYIO He 0e3 IOMOIIM 01epATOPOB.

Uro TpedyeT AOMOIHUTENBHOIO BPEMEHH U 3aTparT, YTO HE AOIYCTUMO JUIsl IpHeMa U Iepejaun
JTaHHBIX. TeM caMbIM CHI)Kasi ONEPATUBHOCTD MPUHSITUS PEIICHUS B aBTOMATHYECKOM PEXKHIME.

B Hacrosimue Bpemsi BeayIIMMU TPOU3BOAUTEISIMU MO BBIMYCKY W Tpou3BojacTBy BITJTA
BeqyTCs pabOThl M BHEIPSIIOTCS EJNbI U PACIIUPEHHBIN CHEKTP UCIOJIb30BAHUS UCKYCCTBEHHOTO
MHTEJUIEKTA MPH paboTe HE TOIBKO KOHTPOJIEpa YIPABICHHUS HO U TI0 KOMMYHUKAITHOHHOMY MOTYJTIO
BILUTA u pa3BenbiBaTenbHbBIX ApoHOB. Ha prcyHke 7 moka3aHa cxema MpUMEHEHUs] HCKYCCTBEHHOTO
MHTEJJIEKTA B paIn03JIEKTPOHHOI pa3Benke u cpenactrax POb.

TexHONorma UCKYCCTBEHHOro MHTEJIJIeKTa

Pucynok 7. O6jacTb NpuMeHeHHs1 HCKYCCTBEHHOT0 MHTe/IJIEKTa B Cpe/IcTBaX
PaiM03JICeKTPOHHOI pa3BeIKH.
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HckyccTBEHHBIN MHTENIEKT CTaHOBUTCSA BCE Oosiee BaXHBIM HMHCTPYMEHTOM B COBPEMEHHOM
TEXHUKE, BKJIIOYasi OECIMIIOTHBIC JICTATeNIbHbIE anmnaparhl. B KOHTEKCTe KOMMYHHUKAIIMOHHOTO MOJIYJIS
BIUIA uckycCTBEeHHbBIN MHTEUIEKT MOKET MPUMEHSTHCS IS PEIICHUS CICAYIOIIUX 3a1a4:

ABTOMaTH4YecKoe yNpaBjieHne. AJrOpUTMbI HCKYCCTBEHHOTO MHTEIUIEKTa MOTYT B3ATh Ha ce0s
4yacTh (PYHKUMI MO YNPaBICHUIO KOMMYHHKAIIMOHHBIM MOJYJIEM, YTO IMO3BOJUT COKPAaTUTh ydacTue
YeJIoBeKa U MOBBICUTH 3(exTrBHOCTH paboThl. Harpumep, alropuTMbl MOTYT aBTOMAaTHYECKH BEIOMPATh
HaWwIydlllie apamMeTphl Iepeadu JaHHBIX B 3aBUCUMOCTH OT YCIIOBUI OKPY’KAIOLIEH Cpebl U HArpy3KU
Ha CETb.

O0padoTKka TaHHBIX: AJITOPUTMBI MAIIIMHHOTO OOYUEHHSI MOT'YT MCIIOJIb30BaThCS [T aHAIN3a U
00pabOTKH JIaHHBIX, MOTYYaeMBIX OT PA3IMYHBIX ceHCOpoB U cucteM BIUJIA. DT0 moMOXeT yCKOpUTH
MIPUHATHE PELICHUI U MOBBICUTH TOYHOCTh aHAJIM3a PAIOIEKTPOHHON 00CTaHOBKH.

O0Hapyxenue M Kiaaccupukauusi cMraanoB. HeipoHHble ceTd MOryT OBITH OOYYEHBI IS
pacrio3HaBaHusl W KiIacCU(UKAIMK PA3IMYHBIX THUIOB PAJMOCUTHAJIOB, YTO OOJIErYMT 3a7ady
UICHTU(PUKAIMY BPXKICOHBIX WM TTOI03PUTETBHBIX HCTOUHUKOB.

AHaJIM3 ¥ NPOrHO3MPOBAHUE MOBeICHMA. AHAIM3UPYs WCTOPUYECKHE IAHHbBIE M TEKYIIUE
YCJIOBHSL, CACTEMBI HICKYCCTBEHHOI'O MHTEJUIEKTAa MOTYT IIPEICKA3bIBATH IOBE/ICHNE U IJIaHbI IPOTUBHHUKA,
4TO crocoOcTBYeT Oonee AP PekTHBHOMY TITaHUPOBAHHIO U BHITIOTHEHUIO MUCCHIA.

MudpoBanue u 3amura JaHHbIX: COBpEMEHHBIE METO/bI KpUNTOrpaMy HCKYCCTBEHHOTO
UHTEJJIEKTa MOTYT CO3/[aBaTh CIOKHBIE M YCTOMUMBBIE K B3JIOMY QJITOpPUTMbI MIH(pPOBaHMUS,
o0ecrieunBaroIe BBICOKUN YPOBEHb O€30IIaCHOCTH MEPEAABAEMBbIX JTJAHHBIX.

MoHMTOPMHT M AuArHocTHKAa: CHCTEMbl MCKYCCTBEHHOTO WHTEJUIEKTA CMOTYT OTCJIEKUBAThH
COCTOSIHME 00OPYIOBaHUS, BBISBISITH BO3MOYKHBIE HEHCIIPABHOCTH U MPEJIaraTh IyTH UX YCTPaHEHWS,
YTO MOBBICUT HAJISKHOCTD U JOJITOBEYHOCTh 000PYIOBAHHSI.

Yupasiienne pecypcamu: B yclioBHAX OrpaHMYEHHBIX PECYpCOB, TaKMX KaK JHEPIrus WIH
MIPOITYyCKHAsi CIOCOOHOCTH KaHala CBSI3U, aCCUCTEHTHI UCKYCCTBEHHOTO MHTEIIEKTa MOTYT 3(h(heKTHBHO
pacnpenensTh pecypehl, MUHIMHU3HUPYSI IOTEPU 1 00eCTIeUrBasi ONTHMAITBHYIO TIPOM3BOIUTEIIEHOCTb.

[IpuMeHeHne UCKYCCTBEHHOIO MHTEIIEKTa B KOMMYHUKAIMOHHOM Mojyie BIUIA 3naunrtensHO
pacmmpsier ero (pyHKIIMOHAIBHBIE BO3MOYKHOCTH M TIOBBIIIAET OOMIYIO0 3(PPEKTUBHOCTh OSCIMIOTHON
CUCTEMBI.

UckycctBennbiii  unTemekr (MMM) B KOMMYHHMKallMOHHOM MOJIYJE€ Pa3BeIbIBATEIILHOIO
OECIIJIOTHOTO JIETAaTENBHOIO ammnapaTa WrpaeT KIIOYEeBYIO pOiib B yydlleHHH 3()(EKTHBHOCTH H
0€30IaCHOCTH TIepeIaur TaHHBIX.

[Tpunuun aevicteust UM ocHOBBIBaeTCs HA UCIIOJIB30BAHMU IPOIBUHYTHIX AJITOPUTMOB MAILIMHHOTO
00y4eHUsl ¥ NTyOOKOro 00yueHHs 171l aHaIM3a U ONITUMU3ALIMH [TPOLIECCOB Nepeiaun HH(OPMALIUHL.

PaccmoTtpuM 3TOT mporiece 6osiee ToAPOOHO.

Coop maHHbIX: VICKyCCTBEHHBIN HMHTEJIEKT COOMpAeT AaHHbIE O TEKYILEH paauodJIeKTPOHHOM
00CTaHOBKE, COCTOSIHMM KaHajla CBsI3H, 3arpY’KCHHOCTH CETH W JPYruxX MHapaMerpax. JTH JaHHbIE
MOCTYNAIOT OT Pa3IMYHbIX CEHCOPOB U cucteM BIIA.

Anamm3 nansbIX. [loxydeHHsle naHHble mpoxomdT uepe3 cucremy MI, koropas ucnons3yer
QJITOPUTMbI MAIIMHHOTO U TMITyOOKOro 00y4eHust i ux aHanu3a. MU yuurces Ha uCTOprYeCcKUX JaHHBIX
Y TEKYILMX YCIOBUSX, YTOOBI JTydIlle TOHUMATh KOHTEKCT U JielaTh 000CHOBAHHBIE IPOTHOZBL.

Onpenenenne onTUMAJBHBIX nmapamerpoB. Ha ocHoBe ananmuza manueix MW mpemiaraer
ONTUMAJIbHBIE MapaMeTpbl Ul MEepefavd JaHHbIX, TaKhe KaK 4YacToTa, MOIIHOCTb CUTHANA, THUII
MOJYJIALUU U Apyryue. TH MapaMeTpbl MOTYT ObITh BHIOpaHbI sl MUHUMH3ALIUN PUCKOB IepexBaTa 1
ONTUMU3AINY TIEpEeIaun IAHHbBIX.

ABTOMATHYECKAsi HACTpoOiika mapaMetrpoB. lcrnonb3ys mnoiydeHHble pekoMenaamu, MU
AaBTOMAaTHUUYECKH KOPPEKTUPYET HACTPOMKM KOMMYHMKALIMOHHOTO MOAYJS JUIl  JOCTHKCHUS
MakcuMalIbHOU 3(h(PeKTHUBHOCTH 1 6€30ITaCHOCTH.

Monurtopunr u aapantammsa. B npouecce nepenaun gaHHbix MM HenpepbpIBHO OTCIEXKMBAET
COCTOSIHUE CHCTEMBI M OKpYXAlOIIEW Cpelpl, alanTHpys IapaMeTpbl B PEAJIbHOM BPEMEHU IS
TIOJ/IEPKAHNUS BBICOKOTO YPOBHSI ITPOM3BOAUTEIBHOCTH.
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OTt4yeTHOCTH M AUAarHocTuka: [Tomumo MmonuTopunra, MM npeaocTaBiseT OTYETHI O COCTOSIHUA
CHCTEMBI M IPEIYTPEXkKIACT O MOTCHIUATIBHBIX MPO0OIeMax, 4To MO3BOJIIET ONIEPATUBHO pearupoBaTh Ha
YIpO3bI U COOM.

Yiyduenue ajaropurTmon. [Io Mepe HaKOIUIEHMS HOBBIX JAHHBIX M OIbITa, ajroputmsl 1N
MIPOJIOJKAIOT 00Y4aThCsl M COBEPILIEHCTBOBATHCS, YTO BEJET K YITYUIIEHUIO OOIIeH MPOU3BOAUTEILHOCTH
CUCTEMBI.

IIpumepsbI Henob30BaHNe HCKYCCTBEHHOT0 HHTEJLJIEKTA

3amuTa oT nepexsara; AHAIU3UPYS PaIHOdIEKTPOHHYIO0 00cTaHOBKY, I MOXXeT TMHaMUYeCKH
MEHATh YaCTOThI ¥ TUIIbI MOAYJISILIMY JUISl YCIIOKHEHNUS MepexXBaTa JaHHbIX TPOTUBHUKOM.

JKoHOMMs 3Hepruu: lcnons3ys nporrosupyemslie moaend, W moxer onrtumusupoBath
HCIIOJIb30BAaHUE YHEPIUHY, AaBTOMATHUECKHU PETYIUPYS MOIIHOCTh CUTHAIA B 3aBUCIMOCTHU OT PACCTOSIHUS
710 HA3€MHOM CTaHIIMU U YPOBHS TIOMEX.

JAunnamuyeckoe mmdppoBanue: Anropur™sl M MoryT aBToMaTHUECKHA FEeHEPUPOBATH U UBMEHSATh
KITFOUH MU(POBAHUS I OBBILIEHHUS 0€30MIaCHOCTH TMepeaun TaHHBIX.

Ipenckazanue c60eB. AHATU3UPYS TaHHBIE O COCTOSTHUMA 000PY0BAHHUS M OKPYXKAFOIIEH cpeie,
WU mosxeT 3apanee npesicka3aTh BO3MOKHbIE COOHM U TIPEINPHHATD MEPHI JUTS UX TPEIOTBPAIIICHHSI.

Takum obpazom, M B KOMMyHHKaITMOHHOM MOjyJie pa3BeabiBareibHoro BIUIA cymiecTBeHHO
yIydIliaeT Ka4ecTBO U OE30MaCHOCTh Iepe/iavr JaHHBIX Onaromapsi CBOeH CriocOOHOCTH K aJlanTaluy U
CaMOOOYUICHHUIO.

Co3nanue mporpaMMel MCKyccTBeHHOro uHremekra (M) i KOMMyHMKallMOHHOTO MOAYJIS
6ecrisioTHoro JsetarensHoro ammapata (BITJIA) TpeOyeT KOMIUIEKCHOTO MOAXO/a, BKIFOYAIOIIETO
pa3paboTKy aNroOpuTMOB MAIIMHHOTO OOy4YeHHs, OOpPaOOTKY JaHHBIX W WHTETPALMIO C aIapaTHBIM
obecrieueHreM. Hinke mpuBeeH oO1Iuii MaH pa3paboTKK TaKOM POrpaMMBI:

JTansl pa3padoTKku

AHamm3 TpedoBaHuii: OnpeneneHre KOHKPETHBIX 3a1au U TpeboBaHmii k mporpamme MU, Takux
Kak 00pa0O0TKa JaHHBIX, IPUHATHE PEIICHUH, B3aUMOICHCTBUE C 000OPYIOBAHUEM U T.[.

Coop nannbix: Hakorenue Oomnbiioro o0beMa JAaHHBIX, OTHOCSAIIMXCA K 3a/ladyaM, KOTOpbIe
JoImKHA pemats nporpamma M. 31o MoryT OBITh TaHHBIE O PAJMOAIEKTPOHHON 0OCTAaHOBKE, CETEBBIX
napameTpax, COCTOSSHUM 000pYAOBaHUS U T.11.

Co3nanne Moaesn AaHHBIX: DopMUpOBaHHE CTPYKTYpPHI JaHHBIX U (OPMATOB, KOTOPBIE OYIyT
HCIIOJIB30BaThCs nporpammon M.

Pa3padorka apxutexktypbl MU [IpoekTupoBaHue apXUTEKTYpbl POrPaMMHOIO 0OECIEUEHUs,
BKJIIOYask BBIOOP (DpeMBOPKOB 1 OMOIMOTEK JJIs1 MALLIMHHOTO O0y4YEHHMS.

TpennpoBka mopenun HMU: TpeHupoBka HEHPOHHBIX CETEM WIM JAPYIHX alrOPUTMOB Ha
COOpaHHBIX JaHHBIX. JTOT ATall BKJIIOYAET HACTPOMKY TMIeprapaMeTpoB, ONTUMM3ALUIO MOJENEeH U
BaJIW/IALIMIO PE3YIHTATOB.

HNuTepakTBHOE TecTupoBanue: [IpoBepka pabotel mporpammbl UM B peanbHBIX YCIOBHSX,
BKJIFOYasi TECTUPOBAHNE Ha CUMYJISLIMSAX U TIOJIEBBIX UCTIBITAHUSAX.

JlokymMeHTHpOBaHMe M nodep:xkka: Co3anue TOKyMEHTalUK I Y100CTBa UCIIONb30BaHUS U
MOJIEPKKH rporpamMmbl M.

OO0HoBJ1eHHe U yJay4leHue: Perynsapaoe oOHOBIeHHE U onTuME3aius nporpammsl MW Ha ocHoBe
00paTHOM CBSI3U M HOBBIX JAHHBIX.

KiroueBble TeXHOI0THM U HHCTPYMEHThI

o SI3piku mporpammupoBanus: Python, Java, C++

o bub6anorexkn mammuuoro odoyvenust: TensorFlow, PyTorch, Scikit-learn

o ®peiimBopku MU Keras, H20.ai, MXNet

o ba3bl 1aHHBIX M Xpanumma 1aHHbIx: PostgreSQL, MongoDB, Hadoop

o MucTpymenTsl Bu3yaau3amun aanabix; Matplotlib, Seaborn, Plotly

o Cucrem

o bl JorupoBanust 1 MouuTopunra: ELK Stack, Prometheus, Grafana
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OTOT IJIaH MOKET OBITh aalITUPOBAH B 3aBUCHMOCTH OT clieln(pUUecKiX TpeOOBaHUI MPOEKTa U
HCIIOJIB3YEMBIX TEXHOJIOTHH.

ABTOMAaTHYeCKOe oOOHapy:keHHMe W KJaccupukauusi curnagoB. WU  cnocoben
aHAIM3UPOBATH OTPOMHBIE 0ObEMBI JAHHBIX B peabHOM BPEMEHH, YTO MO3BOJISIET OBICTPEE U TOUHEE
oOHapyXHBaTh, U KJIACCU(ULIUPOBATH PAAUOCUTHAIIBL. DTO MOKET BKIIIOYATh paclio3HaBaHUE TUIIOB
CUTHAJIOB, ONPEIeTICHUE UX UCTOYHUKOB U aHAIIU3 COJEPKUMOTO COOOIICHUI.

IlpenuxkTHBHAs aHATUTHKA. MamuHHOe 00y4deHue u TiyObokoe oOyueHue mo3Bossitor U
M3y4aTh HCTOPUYECKUE JJAaHHBIE U JIEJaTh MPOTHO3BI 0 OyIyIINX JEHCTBUAX MPOTUBHUKA HA OCHOBE
€ro MpeabIAYyIEro MoBeAeHUs. DTO MOMOTaeT IUIAaHUPOBATh W aJanTUpoBaTh crtparerun POP B
peanbHOM BPEMEHH.

IIudposanue u nemudpoanue. CopeMeHnnbie anroputmbl UM moryr paspabatpiBaTh
CJIO’KHBIE M YCTOWYMBBIE K B3JIOMY aITOPUTMBI IIU(POBAHUS, a TaKkKe IPPEKTHBHO JemU(pHUpoBaTh
nepexBayeHHbIE COOOIIEHUSI.

AHaaun3 00JbUX JaHHBIX: O0paboTKa OrPOMHBIX 00HEMOB JTAHHBIX, TEHEPUPYEMBIX B XOJI€
POP, TpebyeTt 3HaUNTETBHBIX BEIYUCIUTEIBHBIX pecypcoB. MU cripaBnsieTcs ¢ 3To# 3a1a4eit ropasio
ovicTpee 1 d3pdeKTUBHEE, YeM TPAIUIIMOHHBIC TTOAXO/IbI.

Ynpasienue nponamu u BIIJIA: Po6otusupoBanusie miardopmel, ocHaieHasie MU, Mmoryr
aBTOHOMHO BBINIOJIHATH 3a7a4u POP, 4To 0cBOOOX1aeT onepaTopoB OT pyTHHHBIX 33124 ¥ TO3BOJISIET
UM COCPEIOTOUYUTHCS Ha 00Jiee CIOKHBIX U KPUTHUHBIX MOMEHTAX.

Pacno3naBanmne 00pa3oB u 00bekTOB: KOMIBbIOTEPHOE 3p€HUE U PACIIO3HABAHUE JIMI] MOTYT
UCIIOJIb30BATHCS I UACHTU(PHUKAIIUH 1IeNiei 1 00bEeKTOB, UTO YIpoIiaet 3ajaauu POP.

OnTumu3anus ucnoJib3oBanus pecypcon: 1 nomoraer 6onee 3¢ppekTnBHO pactpenemnsTb
OTpaHUYEHHBIE PECYPCHI, TAKUE KaK 3JIEKTPOIHEPT U, BpEeMsI MOJIETa U JOCTYII K KaHalaM CBSI3H, UYTO
MOBBIIIAET OOIIYI0 MPOAYKTUBHOCTE U AP PEKTUBHOCTH oneparmii POP.

JluarHocTuka M MOHUTOPUHI oOopyaoBaHusi. Cucrembl MM cnocoOHBI HENpepbIBHO
OTCJIC)KUBATh COCTOSIHME OOOPYAOBAaHMS M IpPEACKA3bIBaTh BO3MOJKHBIE COOHM, UTO CIIOCOOCTBYET
MPEIOTBPAILECHUIO TTOJIOMOK U YBETMYCHHUIO CPOKa CITY>KOBI YCTPOMCTB.

NN npencraBnsger co00il MOIIHBIM MHCTPYMEHT, KOTOPBIH MOXET PEBOJIOLMOHU3UPOBATH
PaANOANIEKTPOHHYIO Pa3BEKY, MOBKIMIAs €€ 3PHEKTUBHOCTD, CKOPOCTh M TOUHOCTD.

UckycctBennsiit unTemnexkr (MU) yxke celiuac oOka3blBaeT 3HAYMTENIBHOE BIMSIHHUE Ha
paanosnekTpoHHyto pa3Benky (POP), u ero moreHmuman s JajdbHEMIEro paclIUpeHUs STOTO
BIIMSTHHSI OTPOMEH.

Takum o6pazom MM MoOXeT 3aMEHUTh WU JOMOJHHUTH TPAAUIMOHHBIE MeToAsl POP mpu
MIpOBEICHUU O0EBbIX ACHCTBUIN a TaKXkKe B CIIELUAIbHBIX TOIPAHUYHBIX ONEPaLIUsiX.

HUCITIOJIB3YEMAS IUTEPATYPA

1. Teopurmueckue OCHOBBI panuodneKkTpoHHoi passenku. A.M.Kympusnos, ILb. Ilerpenko,
M.IL.CprueB. M3narensctBo MI'TY nm. baymana. Mocksa 2010 r.

2. PammonnextponHas 0oprba M paguodJIEKTpOHHAs pa3BeAKa W paguonpoTuBojaeiicTeue. B. B.

LBetkoB, B. I1. [lemun, A. 1. Kynpusnos. U3ngareasctBo MI'TY um. baymana. Mocksa 2013 r.

https://www.dji.com/downloads/products/matrice-200-series-v2

4. https://support.pix4d.com/hc/en-us/categories/200300675-Pix4Dcapture

w

0 “MexayHapo/HbI Hay4YHO-UccaefoBaTebCKUH LeHTp “Endless Light in Science”



TEXHUYECKHE HAYKH
Impact Factor: SJIF 2021 - 5.81 TECHNICAL SCIENCES
2022 - 5.94

DOI 10.24412/3007-8946-2024-20-44-46
YK 551.521.3,551.583
OCOBEHHOCTHU METOJAUKU! INPEIIOJJIABAHUA
CIIEHUAJIBHBIX JTUCHUIIVINH

KPYY EJIEHA CEPI'EEBHA
IIpenoraBaTeins crienUAIBHBIX THCIMILIAH
KI'KII «Bpicmmii cTpoUTENbHO-9KOHOMUYECKUN Kosutepk» r.IleTponaBioBck

Annomayun: 6 cmamve paccmompeHrsl 0COOeHHOCMU NPEnoO0ABaAHUs CNeYUATbHBIX OUCYUNTUH
8 YCNI0BUAX MEXHUYECKO20 U NPOGHecCUOHANbHO20 00pA308aHUs HA OCHOBE UCNONIb308ANUSA 8 YUEOHOM
npoyecce CO8PEMEHHbIX UHGOPMAYUOHHBIX MEXHOIOUU U Ne0a202U4ecKo20 Macmepcmed.

Kniwouesvle cnosa: memoouxa, OucCyuniuna, Macmepcmeo, nedazo2ukd, cucmema, obyuenue,
Memoo, Keanuguxayusi.

Baxueiinieii yacTpio 00pa3oBaHUS ABISIETCS O0YUCHHE CTYICHTOB CAMOCTOSITEIIBHO MBICIIHT,
MPUHUMATh U YCBaWBATh M3JI0KEHHBIN MaTepuall. byayiiee noTeHIIMaNbHBIX CIEUATUCTOB Halllen
CTpaHbl B OCHOBHOM 3aBHUCHT OT CaMOCTOSTEIbHBIX 3aHATUN CTYJEHTOB M KOMIIETEHTHOCTH
MpernojiaBaTenei.

[IpenogaBanue CHEUANBHBIX IUCHUIUIMH BKJIIOYAeT B ce0s HM3ydyeHHE BO3MOXKHOCTEH U
CrocOOOB  W3YYCHHS BBIOPAHHBIX JUCIHUIUIMH Ha MpodeCcCHOHATBPHOM YPOBHE, H3y4YeHHE
COBPEMEHHBIX METOJUK OOyUeHHST U BO3MOXKHOCTHh IOJYYCHHS JOCTYIHBIX HAaBBIKOB HX
MIPUMEHEHHUS, a TaK ke, BRIpabOTKa METOJ0B UTOTOBBIX KOHTPOJIEH 3HAHUMN CTY/IEHTOB, CIIEUATbHBIX
muctmuiaH. [Ipomece oOydeHuUst HOKEH CTUMYITHPOBATH CTYACHTOB HCIOJIB30BAThH MOTYICHHBIC
3HAHMA Ha MPAKTHKE U B PEIICHUU MOCTaBICHHBIX Mepe] HUMU 3a7ad. Tak ke, BaXKHO TPaMOTHOE
M3JI0KEHHUE MPETo/IaBaTeIeM, TeMbI ero JUCIUILINH. [legaror MomKeH yUuThIBaTh HHIANBUYaTbHBIC
0COOCHHOCTH CTYICHTOB, UX BO3PACT, U CTEIIEHb HArpy3Ku. [1]

CrerneHb 00pa30BaHHOCTH BBITYCKHUKOB CPETHUX YICOHBIX 3aBEJCHUI BO MHOT'OM 3aBHUCHUT OT
METOJIMKH TPENoJaBaHus Te€X WIM HHBIX TUCHUIUIMH. [IpemopaBaHue cHelUalbHBIX IUCIHUILTAH
BMECTE C JUCHUIUIMHAMHU O00IIe00pa30BaTEIBHOTO IIMKIIA, 0Opa3yloT psia AUCIMIUIMH, 3a7ade
KOTOPBIX SBJSIETCS] JOPMUPOBAHUE Y O0YyUAIOIINXCSI CUCTEMBI PO eCcCHOHANBHBIX 3HAHUH, a TAKKe
pa3BUTHE YMECHU U HABBIKOB ITE€JarOTMYECKOM IS TeITLHOCTH.

[Ipu npenonaBaHuM CHEUUATBHBIX AUCHUIUIMH BaXXHO YIETUTh BHUMAaHHUE CHCTEMHOMY
MOJIXOTy K OpraHU3aluy y4eOHO-BOCITMTATEILHOTO MTPoIiecca Mo JUCIUILTHHE.

KitoueBbIM BOMPOCOM B MIPETOaBaHUU SBISETCS METOJUKA CAMOOTBEPKEHHOT'O BOCITUTAHUS
o0ydJaronmxcs B mporecce 00ydeHusl.

B mHactosmiee BpeMs HYXKHO paccMaTpuUBaTh METOJbl AKTUBAMU y4eOHOW padoThI
oOydaromuxcsi, Pa3BUTHUS Yy HHUX TEXHUYCCKOTO MBIIUICHUS W TBOPYECKUX CIIOCOOHOCTEH,
OCYIIECTBIICHUE KOTOPHIX B 3HAYUTEIHHOW CTETIEHH OCHOBBIBACTCS HAa METOAMUKH MPOOJIEMHOTO
oOy4eHMs.

B noBceqHeBHON MPAaKTHUECKOH IEATEILHOCTH MPEINO0/1aBaTelb YCTAHABIUBACT 1SN U 33]]a4H
Ka)XIOro 3aHATHS, ompenensieT (opMy €ro OpraHu3allH, MPOJYyMBIBAET CTPYKTYpPY 3aHSTHS,
0TOMpaeT yueOHBI MaTepual, yCTAaHABIUBACT €T0 CBSA3b C paHee H3yYCHHBIM MAaTEPHaiOM, HAMEUYAET
BOCIIUTATEIbHBIC BO3JEHCTBUsI, MOJOMPAECT HEOOXOAUMBIE CpPEJCTBa OOY4YEHUS, BEIET Y4YCOHYIO
nokyMeHTaruio. [lepeunciiennbie 0053aHHOCTH MMOBTOPSIIOTCS W30 JHS B JIEHb U SBISIOTCSA OOIUMU
Ui mo0oro mpenojaBarenss. TakuM oOpa3oM, MpernojaBaHue HEOOXOAMMO BECTH MO OOIUM
3aKOHaM, KOTOpbIE YCTaHABIIUBAET METOJIMKA MPENOAaBaHUs U JUCHUTUINHBL[2 ]

MeTtoauka npenoaaBaHusl UCXOAUT U3 3ajay, MOCTaBICHHBIX Nepe]] yueOHbIMU 3aBEICHUSIMU
IO MOATOTOBKE BHICOKOKBATM()UIIMPOBAHHBIX CIEIIMAIMCTOB. B 3amaun coBpeMeHHOro 00pa3oBaHus
KpOM€ BOCIIMTAHUSI BXOJUT TAK)K€ Pa3BUTUE MHTEIJIEKTa 00yUYarolUXCsl, TEXHUYECKOT'O MBIIIIICHUS
U MX TBOPYECKUX CIOCOOHOCTEH. MeToauka mpernojaBanus AUCIHUILINHBI JOJDKHA 1aTh HAYYHOE
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000CHOBaHUE LIEJIEH, CONepKaHusl U MPUHLIUIOB OOY4YEHHs, a TakXKe ONpeAenuTh 3PQPeKTUBHbIE
(bopMBI, METOJIBI U CPEACTBA OOYUEHUS, BOCIUTAHUS U PA3BUTHSI 00YyJaIOIIUXCS.

Meroauka npenojaBaHus ClIENHUAIbHBIX JUCHUIINH — 3TO NEAarornyeckas Hayka O MeTo1ax,
OpPraHu3allMOHHBIX (OpMax W CpeICTBaX OOy4YeHHMsS 3TUM AMCLUUIUIMHAM, a TaKXKe O METOJax
BOCIUTAHMS U Pa3BUTHUS 00yUaIOUINXCA B Ipoliecce 00yueHusl.

MeToauka mpernoiaBaHus 10JKHA 00BSACHUTH OyIyIIeMy MIPETo1aBaTeNto, YeMy U KaK YUUTh,
B KAKOH IOCJENI0BATEIBHOCTH U MTOYEMY UMEHHO TakK, a He mHade. OHa OXBAaTBIBAET HE TOJBKO
METO/IbI, HO U COJIepKaHue 00y4YEeHHUs B 3aBUCIMOCTH OT KOHTUHTEHTa 00YyJatOLIHXCSl.

W3ydeHrne METOOUKM TpenoAaBaHUs co3qaeT (PyHAaMEHT MNeAarornyeckoro MacTepcTBa y
OyIyIIMX mpernoaaBaTeei.

[lenarornyeckoe MacTepcTBO — 3TO CUCTEMa MPO(ECCHOHANBHBIX MPHUEMOB, HCIOIb3YEMbIX
MperoiaBaTesieM sl iepeaadu 00yJaromuMcs 3HaHUH 10 JaHHOM JAUCIUIUTMHE B 3aBUCUMOCTH OT
€ro JIMYHBIX KayecTB, CMOCOOHON M XapakTepa. DTO MacTepcTBO (GOpMHUpPYETCS B Ipoliecce
NeJarornueckoil AesITEIbHOCTH, B X0/1€ HACTOMYMBBIX U LIEJIEYCTPEMIIEHHBIX YCUIIMM IIpenoaaBaTess
[3].

Y CII0BHO MOXHO BBIIETIUTH MSITh YPOBHEHN I€1arorn4eckoro MacTepcTBa.

[lepBbIil ypOBEHB — pENPOIYKTUBHBIN, TPOCTOE MEPECKA3BIBAHUE CBOEH TUCIMIUIMHBI TAK, KaK
OHa M3JI0’KEHA B yueOHHKe, 0€3 yueTa CcocTaBa 00y4aromIuXCs.

Bropoii ypoBeHb — aJanTUBHBIM, MpENoAaBaTeIb H3JIaraeT MaTepual MPUMEHHUTEIBHO K
COCTaBy OOYYarOIIUXCs, YyBCTBYET HACTPOCHUE ayIUTOPHUU, HMEET C HEl KOHTAKT U OH CIIOCOOEH
peanu30BaTh CBOU 3HAHUS.

Tpetnii ypoBeHb — JIOKAJILHO ()OPMHUPYIOLINI 3HAHHS, TPETIOABATEb MOXKET C(HOPMHUPOBATH
y oOy4aromuxcs 3HaHUsl, yMEHUSI U HaBBIKU 110 OTJEIbHBIM TEMaM, IPOSBISIETCS OMBIT TBOPUYECKOM
nearornyeckoi padboThl.

YeTBepThIi YPOBEHb — CHUCTEMHO (DOPMHPYIOMIMK 3HAHUS, YMEHHS W HaBBIKM MO JaHHOM
JTVCHIUTUIMHE, TIPETIOAaBaTelb UMEET JIMYHYI0 YOeXKIEHHOCTh YYHTh, CIIOCOOCH cHOpMUpPOBATH Y
oOyyaromuxcsi CUCTEMY 3HAHUHN MO CBOEW JUCIMIUIMHE, MEJaror HCIBITHIBAET YYBCTBO BBICOKOM
OTBETCTBEHHOCTH 3a PE3YJbTaThl CBOETO TPYJa U BUAUT CBOIO AUCLUILINHY IEIUKOM.

[IaTeIil ypOBEHb — CHCTEMHO (DOPMHUPYIOMIMNA ACSITETLHOCTh M TMOBEACHHE OOYYaIOUTUXCA.
Takoe MacTepcTBO SBISIETCS pe3yJbTaTOM INIYOOKOrO 3HaHHS IIpernojaBaTesieM IeIaroruKy,
METOAUKHU U CBOETO MPEAMETA.

[IpenomaBaTens BBICOKOW KBaJIM(PUKAMK TIPOBOAUT 3aHATHS Ha BBICOKOM HJICHHO-
TEOPETUYECKOM YPOBHE € OOJIBIINM BOCIIUTATEIbHBIM BO3/IEHCTBHEM Ha 00YUYaIOIIUXCS, YIPaBISET
uX paboToM, MPUMEHSISI IPU 3TOM dPPEKTUBHBIE AJI1 JAHHOU I'PYIIIIbl METO/BI.

C. B. T'oHuapeHKO Tak OIpeaenseT NEeAarorndeckoe MacTepcTBO: «ITO XapaKTEpPUCTHUKA
BBICOKOT'O YPOBHSI IEJaroruuyeckoil nesTesbHOCTH. KpuTepusMu meaarornyeckoro MacTepcTBa
Iefarora BBICTYNAIOT TaKWe IPU3HAKA €ro JAEATEIbHOCTHM KakK: TyMaHHOCTb, HAay4YHOCTD,
nejaroruyeckas 1e1ecoo0pa3HoOCTb, ONTUMAaJIbHBIN Xapakrep, PE3yJIbTaTUBHOCTb,
JEMOKPAaTUYHOCTh, TBOPUECTBO, OPUTMHAIBHOCTH.

I[lo wmuenuto WM. II. Ilmmmacoro, macTepcTBO Iemarora MPOSIBIAECTCS B YMEHUSX
OpPraHu30BBIBATh YUEOHBII MPOLECC, aKTUBU3UPOBATh 00yUalOIIMXCs, pa3BUBaTh UX CIIOCOOHOCTH,
CaMOCTOSITEIIBHOCTh, JII0O003HATEIBHOCTh, A(()EKTUBHO MPOBOJUTH BOCHHUTATEIBHYIO padoTYy,
¢dbopmupoBaTh y 00y4aromuxcs BbICOKYIO HPaBCTBEHHOCTb, YyBCTBO MATPUOTHU3MA, TPYHOIrOOUE.
«CyIIHOCTH MearorndecKoro MacTepCTBa — 3TO CBOCOOPA3HBIN CIUIAB JIMYHON KYJIbTYPhI, 3HAHUH U
Kpyro3opa Ieaarora, €ro BCECTOPOHHEH TEOPETHUECKON MOArOTOBKU C COBEPIIEHHBIM BIIAJIEHUEM
npueMaMu 00y4YeHUSI U BOCITUTAHUS, TIEJarOTHYECKON TEXHUKON U TIEPEIOBBIM OIBITOMY.[4]

@dopmupoBaHuE |y IpenogaBaTesied  CHELUAIbHBIX JAWCHMILIMH  BBICOKOIO  YPOBHS
[€JarOrMYeCKOro MacTepCcTBa MPOLECC JUIMTENIbHBIA U KPOIIOTJIMBBIN. 37€Ch pellarllee 3HaUeHHe
UMEIOT JIMYHBIE YCHIUS mefarora. J[ins toro, 4ToObl 1O0CTUYH BBICOKUH YPOBEHB IE€1arOorHyecKoro
MactepcTBa Oynymuii MpemnojaBaTelb CO CTyJAEHYECTBa JOJDKEH BbIpaOaThiBaTh B cebe
MEIarOTMUYECKYI0 HaOJIIOJaTeIbHOCTh M yYMEHHE OpraHU30BHIBaTh Y4eOHO-BOCHHUTATEIbHBIN
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npouecc. Toapko Tak, ceroAHsmHue OOydarolluecsi, MOTYT CTaTh KOHKYPEHTHO CIOCOOHBIMU H
IIEPBOKJIACCHBIMM I1€JJarOTaMHU.
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3. Meroauku mJig aHanM3a COOCTBEHHOM IMEJarormueckoi JAesiTebHOCTH: YIeOHO-METOIUIECKOe
nocobue g npenonasareneii [Tekct] / 8 E. A. Jlebenesa, H. . JIsiruna, I'. b. Ckok, E. 1O.
Yepnosa. — HoBocubupck: U3x-so HI'TY, 2006. — 42 c.

4. EcenGekoBa, A. 3. Meroauka mpenojaBaHusl CHCIUATBHBIX TUCIUTIINH ISl TEXHHYECKUX

cnermansHocteir / A. D. EcenbekoBa, C. M. [lycranueBa. — TeKcT: HEMOCPEICTBEHHBIN //

OO6pa3oBaHue: MPOINUIOE, HACTOAIMIEe M Oymymiee: Marepuansl V. MexayHap. Hayd. KOHQ.

0 “MexayHapo/HbI Hay4YHO-UccaefoBaTebCKUH LeHTp “Endless Light in Science”


https://scienceforum.ru/2017/article/2017031077

TEXHUYECKHE HAYKH
Impact Factor: SJIF 2021 - 5.81 TECHNICAL SCIENCES
2022 - 5.94

DOI 10.24412/3007-8946-2024-20-47-51
YK 622.276.053
PA3PABOTKA TEXHOJIOTUU MEXAHU3UPOBAHHOM HACOCHOM
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Maructpant 2 Kypca, 3anaaHo-Ka3axcTaHCKuil FHHOBAallMOHHO-TEXHOJOTNYECKUI
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Annomayusn. B cmamve paccmampusaromes npooiemvl IKCnyamayuu 068600HEHHbIX 2A306b1X
CKBAMCUH HA NO30HUX CMAOUAX paspabomku mecmopodxcoenuti. Onucana mexHoni02us
MexaHu3upoearHoll Hacocuou sxcnayamayuu (MH3), nanpasniennas na s¢hghexkmusnoe yoanenue
acuokocmu U nosvluseHue Oebuma 2aza. Ilposeden ananuz NpUMEHEHUs]  NOSPYIHCHBIX
anekmpoyenmpobedcHvlx Hacocoe (OL[H) u wmaneosvix emyounusix Hacocoé (LUI'H) Ha
00B0OHEHHBIX CKBAMCUHAX, NPEOCMABIEHbl Pe3YIbMamyl NOLEbIX UCCIe008AHULL U MOOEIUPOBAHUSL
npouseodcmeennoco npoyecca. Moodenuposanue nokasano, ymo DL[H obecneuusarom 6viCOKYIO
npPOU3800UMENbHOCMb NPU YPOosHe 00800HenHocmu cavlue 50%, moeda kax LLIT'H >¢hpexmuervt npu
ymepennoii 0b66oonennocmu (30-50%). Ilpusedenvt kirouegvle napamempvl 01 ONMUMUIAYUU
Pabomvl HACOCHBIX CUCeEM, BKII0YAs 0aslleHue Ha YCmbe U yposeHb 06600HeHHocmu. Tlonyuennvle
Ppe3yabmamvl OeMOHCMPUPYION B03MONCHOCMb VEEIUUEHUS CPOKA CILYHCObL CKBANCUH U CHUINCEHUS
IKCHIYAMAYUOHHBIX 3AMPam npu UCNoib308aHuu mexuonozuu MHD.

Knwoueevie cnosa: mexaHusupo8anHas HACOCHASA IKCHAYAmMayus, 00800HEeHHble 2a308ble
CKBANCUHBL, NOSPYICHBLE dNleKmpoyenmpobedcHvle Hacocvl (DL[H), wimarneogvle enybunHble HACOCDL
(LLITH), oOebum eaza, 00800HEHHOCMb, MOOEIUPOBAHUE NPOU3BOOCEEHHO20 — Npoyeccd,
Koaghhuyuenm ussneuenus 2aza, 0asieHue Ha ycmoe.

BBenenue. OOBOJHEHHE Ta30BbIX CKBWKHUH SIBISCTCS OJHOM W3 KIIOYEBBIX MPOOJieM Ha
MO3/IHUX CTaausAX pa3pabOTKH Ta30BbIX MecTOpoxaeHuil. OOBOJHEHHE NPUBOAUT K CHHKEHHIO
nebura rasa, yBeJIMUYCHUIO SKCIITyaTallHOHHBIX 3aTPaT U B KOHEYHOM UTOTe COKPAIAET CPOK CITYKObI
CKBaXMHBL. HaxorjieHue >XHUIKOCTH B CTBOJIE CKBAXHHBI CHHXKAET 3(PQPEKTHUBHOCTH pPAOOTHI
ra3onpoBOJAIIUX CUCTEM, YTO TpeOyeT pa3pabOTKM METOAOB IS yCTpaHEHHs >KuAKOCTH. [l
obecrieueHHUs CTAOMIBHOM JOOBIYM ra3za W MOJJIEP)KaHUS YPOBHS IPOJYKTUBHOCTU CKBAXKHH
pa3paboTaHbl pa3IMYHbIE TEXHOJIIOTUU yaajdeHUs XKuAKocTh. OAHUM U3 Haubojee MepcrneKTUBHBIX
METOJIOB SIBJIIETCS MEXaHW3MPOBAHHAsI HacocHas 3kcruryaranus (MHD) [1]. MHD npennonaraer
HCIOJIb30BaHNE HACOCHOTO O0OpYIOBAaHUS JJISl YAaJeHUSI CKOMUBILIEHCS JKUIKOCTH, YTO MO3BOJISET
MOJJICPKMUBATH ONTUMANIBHBIC YCIOBUS JJIsl TIPUTOKA ra3a U CHUKATh THIPOCTATUYECKOE JaBIICHUE
Ha 1uiacT. OOBOJJHEHHNE ra30BbIX CKBaYKUH BOSHUKAET 110 HECKOJIBKUM IMPUYUHAM

o [Inacmosas 6o0a: Ha mo3gHUX cTagusx pa3pabOTKU MECTOPOKIACHHUHN IJIACTOBOE JIaBJIICHHUE
MOJKET CHU3UTHCS IO TAKOW CTETIeHH, YTO BOJIa HAYMHAET MPOHUKATh B TA30HOCHYIO 30HY, CO3/1aBast
YCIIOBUS I OOBOTHEHHUSI.
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o [Ipobnemvl ¢ yemenmHuuiM Kobyom: HapyiieHre repMeTHIHOCTH IEMEHTHOTO KOJTBIIA MOYKET
MIPUBECTH K IMEPETOKAM BObI B MPOYKTHBHYIO 30HY CKBaXKHHBI.

e [Ipouzeoocmeennuvle gpakmopwl. HakorieHne KoHAEH caTa U IPUMECEil B ra3e TakkKe MOXeT
CIOCOOCTBOBATH 00BOIHEHHUIO [2].

[MocnencTBust 0OBOHEHHS BKIIOYAIOT CHIDKEHHE JIeOUTa Ta3a, OCTAHOBKY paOOThl CKBAKHUHBI,
MOBBIIIEHUE YaCTOTHI PEMOHTOB M POCT JKCIUTyaTallMOHHBIX 3arpar. OOBOIHEHWE MPUBOIUT K
NaJICHAI0 TPOM3BOIUTEIBHOCTH CKBaXXHMHBI, YTO JeNlaeT HEOOXOIUMBIM NPUMEHEHHE METOJI0B
O0pBOBI C JKUIAKOCTHIO B CTBOJIE CKBAKHHBI.

Obocnosanue gvibopa memooa MHD. MexaHU3UpOBaHHAsI HACOCHAS HKCIUTyaTaIHs TTO3BOJISIET
pemaTh MpooJIeMbl, CBSI3aHHBIE C 0OBOTHEHHEM Ta30BBIX CKBAXHUH, 32 CUeT 3(PPEKTHBHOTO YIICHHS
KHUJIKOCTH W3 CTBOJIA CKBAXXHUHBI. TpaJMIMOHHBICE METOJbl YIAJICHUS JKHUJIKOCTH, TaKHUE Kak
Jenpeccuss Ha TIUIACT WM HWCIOJh30BAHWE XWUMHUYECKHX PEareHTOB, YacTO OKAa3bIBAIOTCS
HET0CTaTOuHO 3(h(heKTUBHBIMU, 0COOEHHO Ha MO3HUX CTAUAX pa3padoTKu MecTopoxaeHuit. MHO,
HAIPOTHB, O0ECIIEYMBACT HETPEPHIBHOE YAaJCHHE KUIKOCTH C MHHUMAIbHBIMU 3aTpaTaMH Ha
obciyxuBaHue obopynoanus. OCHOBHBIC TpeOOBaHUS K pa3paboTke TexHoimoruu MHD:

1. Hanexxnocts 06opynoBanus: Hacockl JOMKHBI ObITh YCTOWYMBBIMU K arpeCCUBHBIM
cpellaM M BBICOKUM TeMIIepaTypam.

2. OHeproahdekTHBHOCTh: MUHUMU3ALMS 3aTPAT SHEPTHH HA OTKAUKY JKUKOCTH.

3. Ananranysg K pasindyHbIM YPOBHSIM OOBOJAHEHHOCTH: BO3MOXXHOCTH NPUMEHEHMS

HACOCOB TIPH PA3TUYHBIX YPOBHIX BOAOHACKHIIICHHOCTH ILIACTA.

B paMKax HCCICOOBAHUA OBLTH MMpoaHAJIM3UPOBAHLI JAHHBIC 10 3KCIUIyaTalluu Pa3JIMYHBIX
THIIOB HAaCOCOB: MOTPYXHBIX JJIEKTPOLUEHTPOOEKHBIX HacocoB (DIIH), mrTaHroBBIX TITyOWHHBIX
Hacocos (ILII'H) u ra3nu¢THBIX cucTeM.

MeTonoaorusi uccjienoBanusi. lccienoBanue nmpoBOAWIOCH HAa 0a3ze MECTOPOXKIEHHA X,
pacronoxeHHoro B 3anangHo-KazaxcranckoM obmacti. MecToposkieHHe XapaKTepH3yeTcsl BHICOKUM
YPOBHEM OOBOJHEHHOCTH, TPH 3TOM JeOUT raza Ha Ha4aJbHOM 3Talle SKCIUTyaTallud COCTABIIIT 10
180 ThIC. M*/CyT, @ HA MOMEHT Havasia uccieqoBanuid CHU3mIICS 110 50-60 Thic. M3/CyT.

Jlns uccnenoBaHust ObLIH BEIOPAHBI YETHIPE CKBAYKUHBI, IBE U3 KOTOPBIX OBLIH 000pYJ0BaHBI

MOTPY>KHBIMU 3JIEKTPOIeHTpoOeKHbIMU Hacocamu (DI[H), a 1Be — mITAHrOBBIMU TIIYOMHHBIMH
Hacocamu (ILIT'H). IMTapameTpsl ckBaXMH [0 M TOCJE€ BHEIPEHUS TEXHOJOTHH TPEJCTABICHHI B
Tabmuue 1.

PesyabTaTsl 1 00cyxKIeHMe.

1. Ananuz sgpgpexmugrnocmu noepyrHcHuIX d1eKkmpoyenmpobedcrvlx Hacocos (JL[H)

[lorpyxHble AEKTPOIIEHTPOOEKHBIE HAcOChl ObUTM BHEApPeHbl Ha cKBakuHaxX Nel m No2.
OreHKa MPOBOIMIIACH HA OCHOBE CJIEIYIOIIUX JaHHBIX:

Tabmmme 1

IMapameTp CkBaxknna Nel | CkBaxkuna Nel | CkBaxuna Ne2 | CkBaxuHa Ne2
(mo IH) (mocsie D1H) (mo DIH) (mocJie I1H)

JleOuT rasa, ThIC. 55 120 50 115
M3/cyT
OOBOJIHEHHOCTb, 65% 20% 70% 25%
%
OO0BEM KHIKOCTH, 18 2 22 3
M*/cyT
JlaBneHue Ha 6,8 9,2 6,5 8,8
ycthe, MIla
3aTpatbl Ha 40 25 42 27
o0cy>)KMBaHUE,
MJIH TE€HIe/TO.I
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OIIH obecneurmn AByKpaTHOE YBEIUYCHHE 1e0MTa Ta3a, yMEHbIIIEHHE 00BOHEHHOCTH 110 20-
25% u 3HaYMTENbHOE CHIKEHHE 00BbeMa N3BICKAEMON KHUJIKOCTU. YBEJIIMUCHHUE IaBJICHUS HA YCThe
MO3BOJIUJIO YJIYYIIUTh YCJIOBHSI JUJIsl pabOThI Ta30BOr0 MOTOKA, YTO CHU3WIO OOLIMe 3aTpaThl Ha
obcnyxuBaHue ckBaxuHbl Ha 30-40%.

2. Ananu3s s¢ppexmusrocmu wiman2osvix enyounnvlx Hacocos (LLITH)

INI'H npumensnuce Ha ckBaxkuHax Ne3 u Ne4. X npou3BOIMTENBHOCTH IPEJCTaBICHA B

Tabmuie 2.
Mavamer CkBa:xknna Ne3 | CkBaskuna Ne3 | CkBaxkuHa Ned | CkBaxxkuna Ned
pametp (10 LIITH) (noczie IITH) | (no IUTH) (nocie IIITH)
I[3e6I/IT rasa, Thic. | oo 85 58 80
M*/cyT
g OMHEHHOCTE, | 6o 35% 65% 40%
Obwem 15 7 20 8
KHUJIKOCTH, M>/CYyT
JaBnenue Ha
yerbe, MITa 6,0 7,5 6,1 7,3
3aTpaTbl Ha
o0OcyXUBaHUE, 38 30 40 32
MJIH TE€HTe/TO.I

II'H oGecneunnu npupocT Aebuta raza Ha 30-40%, mpu 3TOM CHIKEHHE OOBOJHEHHOCTH
OBUTIO MEHEe 3HAYUTENNBHBIM 10 cpaBHeHHIO ¢ DL[H, uTo 00BsicHsIeTCS 0COOEHHOCTSIMUA KOHCTPYKIHH
HacocoB. Tem He menee, III'H mpomeMOHCTpUpOBanu XOpOLIME pE3YJIbTaThl A CKBAaXHH C
YMEpEHHOI 0OBOIHEHHOCTHIO M 00ECTICUIIIH CHIKEHUE IKCILUTYaTallMOHHBIX 3aTpat Ha 20-25%.

Mooenuposanue npousgoocmeennozo npoyecca. Jns 0o1ee TOYHOW OIEHKH BIIUSHUS
HACOCHBIX CHCTEM Ha IMPOU3BOJUTENILHOCTh CKBa)XUH OBLIO MPOBEACHO MOJETUPOBAaHUE PabOThHI
HAacCOCOB B YCJIOBHUSIX pa3IMYHBIX YpOBHEH OOBOJHEHHOCTH. Mojenu MOKa3blBalOT, 4TO IPHU
ob6BoaHeHHocTH Bbilie 70% 3ddextuBHocTh IIII'H cHmkaercs, u pekoMeHIyeTcsl UCHOIb30BaTh
SOIH, koTopble 00ecieunBaOT CTaOUIBHYIO pabOTy IIPU BBHICOKUX Harpyskax. [Ipu oOBogHEHHOCTH
Huxe 40% HII'H neMoHCTpUpYIOT ONTUMAaNbHbBIE pe3y/IbTaThl IPU MEHBILINX 3aTpaTax Ha SHEPTHUIO.
MozenupoBaHHe TaKkKe MO3BOJIMIIO PACCUUTATh 0’KUAAEMBIH CPOK CITYKObI HACOCOB M ONITUMAJIbHBIE
MHTEPBaJIbI U1 IPOBEACHUS NPOPUIAKTHUECKUX PabOT.

Ocnognule ypaenenus mooenu. 1Ipon3BOICTBEHHBINH Mpoliece ObUT CMOJIEIMPOBAH HA OCHOBE
YpaBHEHMH NPUTOKA U (QUIBTPALMM >KUJKOCTH U raza B IOPUCTOM ILIACTE€ C YYETOM BIIMSHUS
HACOCHBIX CUCTEM Ha U3MEHEHHE JABJICHUS B CTBOJIE CKBAKMHBI U B OKPY’KaIOILIEM ILIACTE.

OcHOBHOE ypaBHEHHME MOJENW Ul pacueTa aebura raza Qg depe3 HaCOCHYIO CHUCTEMY B
OOBOJIHEHHOH CKBa)KMHE MPEJICTABICHO B BUJIE:

Qq =kh—(PTu_g;M£/2 ) qwor)

MyH1afblI:

 Kh— ropu3oHTaIbHAs TIPOHUIIAEMOCTh IIaCTa, M
e P.-miacToBOE JaBieHue, I1a;

* P, - 3a00iinoe nasnenue, Ila;

2.

® {14~ BA3KOCTb Tasa, [la*c;
o Z- KO3 PUIHUEHT CKIMAEMOCTH Ta3a;
e | - 1IMHA TPEHUPYEMOTo yJacTKa IJ1acTa, M;

e /{WOR)- ko3 unrieHT 00BOTHEHHOCTH, 3aBUCSIIHIA OT OTHOILIEHUS BObI K ra3zy (Water Oil
Ratio)
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Kospuuuent odoBoanennoctu AWOR) Obul ompeneneH SMIMPUYECKH HA OCHOBE
MIPOM3BOJICTBEHHBIX JaHHBIX, U 3aBUCUMOCTb MEXIy OOBOJHEHHOCThIO M JeOMTOM ra3a ObLia

BBIpa)KE€HA Yepe3 COOTHOLICHHE:
WOR

R)=1———
/WOR) WOR ax

rae WOR,, 4 — MaKCUMaJIbHOE BO3MOKHOE 3HaYE€HUE OTHOLIEHUS BOJBI K ra3y IPH TEKYIINX
YCIIOBUSIX IIJIacTa.

MonenupoBaHue MoOKa3ajlo, 4YTO TpU YpPOBHE OOBOAHEHHOCTH Bbimie 60% nebut rasza
cHikaetcs Ha 50% 1o cpaBHEHUIO C YCIOBHSMH, KOT1a 00BOITHEHHOCTH cocTaBisieT menee 30%. Ha
OCHOBE IOJIyUEHHOH MOJeNU OBUIM pPacCUUTaHbl ONTHMAJbHbIE NMapaMeTpbl pabOThl HACOCHBIX
cucreM (OIIH u HII'H) nns mommepskanust neburta raza Ha ypoBHe 100-120 thIC. MP/CcyT mpu
W3MEHEHUH JaBJieHus Ha ycThe oT 6,0 10 9,0 MIla.

B Tabnuue 3 HiKke NpHUBENEHBI Pe3yabTaThl MOJEIMPOBAHUS ISl PAa3IMYHBIX CIICHAPHEB
HKCIUTyaTallil HACOCHBIX CUCTEM IIPH PAa3HBIX YPOBHAX OOBOJHEHHOCTH:

Tabmuma 3

OO0BoguenHocTh, | Tum Hacoca ebut rasa, Teic. | JlaBiacHue ma | WOR
% M3/cyT ycThe, MIla

30% OIH 150 9,5 0,2
50% DIH 110 8,5 0,4
70% DIH 85 7,5 0,7
30% IITH 130 9,0 0,3
50% IITH 95 8,0 0,5
70% ITH 75 7,0 0,8

Kak BunHo u3 Tabmuimpl, mpu ypoBHe o0BogHeHHOCTH Bbimie 50% OIH mnokxazamu Gonee
BBICOKYIO d(pdexTuBHOCTS 10 cpaBHeHHIo ¢ LIII'H, yTo moaTBepx)maeTcs yBennueHueM aebura rasa
Y CTaOMIBHOCTHIO pabOTHI CHCTEMBI TTPH 00JIee BRICOKOM JIaBJICHUU HA YCThHE.

Bui6oowvl no pesynvmamam mooenuposanus. MonienupoBaHue MpoU3BOACTBEHHOIO Mpoliecca
noATBepaAwIo ddexkTuBHOCTh TexHOJorMHd MHD nms o0BOgHEHHBIX Ta30BBIX CKBakuH. DI[H
MoKasanu 0oJee BEICOKYIO IPOU3BOAUTENLHOCTD P 00BoIHEHHOCTH CBbIe 50%, Toraa kak [IIT'H
MOTYT MPUMEHSTHCS AJIsl CKBaAKUH C YMEPEHHON OOBOJAHEHHOCTHIO. MOJENUpOBaHUE MO3BOIHIIO
ONTHUMHU3UPOBATh MapaMeTpbl 3KCIUTyaTalliM HAacOCOB, BKJIOYas JaBJIEHWE HA YCTh€ U YPOBEHb
OTKAUKH >KUAKOCTH, YTO YBEIWYHBAET CPOK CIIYKObl CKBRXMH W CHHUXKAET SKCIUTyaTal[MOHHBIE
3aTparhl. DKOHOMHYECKas 3(h(eKTUBHOCTH TexHomorun MHD Obuta mpoaHanu3upoBaHa Ha OCHOBE
CpaBHEHHUS 3aTpaT /10 W TMOCJe BHEAPEeHUs HacocoB. CpemHHM MPUPOCT TOOBIYM Ta3a COCTaBUI 65
TBIC. M*/CYT Ha KKAYIO0 CKBOXHHY. DKOHOMUS SKCIUTyaTallMOHHBIX 3aTpar cocTaBmia okoso 30%.
BHenpeHue TeXHOIOTUHU MPUBENIO K CHIXKEHUIO 3aTpaT Ha 00CTyKuBaHUE CKBaKUH ¢ 40 MIIH TeHTre
710 27 MIIH T€HT€ B T'OJl HA OJIHY CKBAJKUHY.

PesynpraTel ucciaegoBaHUs IOKa3ald, YTO TEXHOJIOTHUS MEXaHW3UPOBAHHOW HACOCHOMN
IKCIUTyaTalli OOBOJIHEHHBIX TAa30BBIX CKBAXKWH SIBISETCS BBICOKOI((PEKTUBHBIM METOJIOM
YBEJIMYEHUS MPOU3BOJAUTEIHLHOCTH Ha MO3JHUX CTAAMUSIX Pa3pabOTKH MecTopokIeHuil. Buenpenue
OIH u HII'H mo3Boiwio 3HAYMUTENHHO MOBBICHTH JEOWUT ra3za, COKpaTHTh O00BhEM H3BIEKaeMOI
KHUJKOCTH M CHU3HUTh JKCITyaTallMOHHBIE 3aTpatrhl. [IprMeHeHne HacocoB, alaNTHUPOBAHHBIX K
Pa3TUYHBIM YPOBHSM OOBOJHEHHOCTH, TIO3BOJISIET ONTUMHU3UPOBATH PAaOOTy CKBAXKUH U YBEIUIHUTH
CPOK HX 3KCIUTyaTaluu.
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Annotation. This article presents an effective method of bakery production technology with the
addition of natural improvers. It has been established that the inclusion of components in the bread
formulation that give it therapeutic and preventive properties makes it possible to solve the problem
of prevention and treatment of various diseases associated with a deficiency of certain substances.
The study of malt extract, a natural improver, shows that it is very useful for bakery and confectionery
products from different sides. Malt extracts have been found to enrich the product with valuable
nutrients. All this suggests that malt extracts are multi-purpose healthy, natural, delicious food
ingredients. They can naturally enhance the taste, biological value and pleasure of eating
confectionery.

Keywords: bread, flour, grain, dough, confectionery, yeast, malt.

The nutritional value of bread and bakery products is determined by many factors. The content
of nutrients in bread (proteins, carbohydrates, fats, vitamins, etc.) depends on the type, grade of flour
and additives used. The amount of carbohydrates in the most common varieties of bread is 40.1—
50.1% (80% is starch), protein — 4.7—8.3, fat — 0.6—1.3, water — 47.5%. When various fortifiers
(fat, sugar, milk, etc.) are added to bread, the content of the above substances increases depending on
the type of additive. There are more proteins in wheat flour products than in rye flour products. One
part of the proteins in bread accounts for about eight parts of carbohydrates, which is clearly
insufficient in terms of the quantitative content of protein substances. The most rational ratio of
proteins, fats and carbohydrates in food is considered to be 1:1:5 [1. pp. 14-19].

Due to bread, the human body satisfies the need for 50% B vitamins: thiamine (B1), riboflavin
(B2) and nicotinic acid (PP). The presence of vitamins in bread is mainly due to the flour variety.
When grinding grain into flour, up to 65% of vitamins are lost, and the more the higher the grade of
flour. Bread made from wallpaper flour is characterized by a higher content of vitamins. Products,
lamb, breadcrumbs, as well as pies, pies, donuts [2. pp. 384-390].

The introduction of components into the bread formulation that give it therapeutic and
preventive properties allows us to solve the problem of prevention and treatment of various diseases
associated with a deficiency of certain substances.

Dietary products include foods with modified chemical composition and physical properties,
specially created for use in therapeutic and preventive nutrition, recommended for this purpose by
the Ministry of Health of the Republic of Kazakhstan [3. pp. 289-293].
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Due to the directed change in the chemical composition of bakery products, medicinal types of
bread of various groups are formed:

- salt-free - for people with kidney diseases, cardiovascular system, patients with hypertension;

- with low acidity for people with gastritis and peptic ulcer disease;

- low carb for diabetics and those who struggle with excess weight;

- protein-free products for patients with phenylketonuria, celiac disease and dozens of others.

When taking into account the nutritional value of any product, especially a product of such
paramount importance as bread, it is necessary to take into account not only the total protein content
in it, but also its qualitative composition, i.e. the content of essential amino acids in protein [4. pp.
110-113].

Below is Tablel showing the content of essential amino acids in wheat bread from flour of
different yields.

Table 1. — The content of essential amino acids in wheat bread

Amino Acid 100% yield | Premium Amino Acid | 100% yield | Premium

flour flour flour flour
Lysine 0,24 0,21 Valin 0,41 0,35
Leucine 1,08 1,24 Arginine 0,28 0,39
Isoleucine 0,41 0,38 Histidine 0,17 0,22
Threonine 0,29 0,28 Methionine 0,41 0,50

+ Cystine

Tryptophan 0,08 0,09

The vitamin content in bread depends primarily on its content in flour. Wheat and rye grains,
and therefore the flour obtained from them, are actually devoid of vitamins A, C and D, and the poorer
the flour is in bran and germ particles, the poorer it is in B vitamins and tocopherols. Therefore, it is
natural that white bread obtained from low-yield flour is extremely poor in vitamins, while bread
made from wallpaper flour or 100% yield flour contains much more of them [5. pp. 142-149].

Table 2 - Average vitamin content in bread made from flour of various grades (in mg per 100
g of product)

Bread B1 B2 PP

Rye from wallpaper flour 0,15 0,13 0,45
Wheat flour 100% yield 0,26 0,12 3,10
Wheat flour 85% yield 0,20 0,08 1,60
Loaves of wheat flour 72% yield 0,10 0,07 0,67
Urban rolls made of flour 72% yield 0,12 0,10 0,70

Malt is a sprouted grain. The changes in matter that occur during the germination of grain are
generally quite well known; we have already referred to them several times. In order to use insoluble,
high-molecular-weight endosperm spare substances in the form of nutrition, the embryo awakening
to life must process them into soluble and easily perceived forms. To do this, it has at its disposal
various enzymes and, above all, the ability to form such enzymes in large quantities. During
germination, the number of enzymes increases markedly. It is firmly established that the number of
both carbohydrate-decomposing amylase, or diastase, and protein-dissolving enzymes (proteases)
increases with the duration of germination. The action of these enzymes is manifested in the formation
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of soluble substances. Starch is broken down into dextrins and malt sugar, and partly into grape sugar,
protein substances pass into various, even less characteristic intermediate stages, into albumoses,
peptones and amides [6. pp. 1797-1804].

The most perfect use of malt for baking purposes is, undoubtedly, in the preparation of extracts
from malt. The solutions obtained in this way contain all active substances from all grain layers
without admixture of shells and films. Such malt solutions are preserved only when, by appropriate
thickening, they are so heavily enriched with dry matter that the development of microorganisms is
impossible. Therefore, they are evaporated into thick extracts and put on sale. Naturally, an
indispensable condition for this concentration is that the temperature used to evaporate excess water
does not exceed a certain limit, otherwise the effect of enzymes decreases. Water extracts of malt are
evaporated in a room with rarefied air, in which, depending on the degree of dilution, water, already
at lower temperatures of 40-45 ° C, turns into steam. This is how, in general terms, the formation of
diamalt occurs. The details of the preparation and processing of malt are unknown, and all the
originality of the factories is based on them [7].

Over the past decades, a number of malts extracts have been created for baking purposes, which
serves as proof of how the use of malt preparations has taken root.

Regarding the effect of malt on the dough, the following should be said: if the gluten of flour
is strong and capable of resistance, but not stretchable enough, then the protein-dissolving effect of
malt manifests itself in softening gluten and increasing its extensibility. If we are dealing with soft-
gluten flour, the gluten of which is more easily susceptible to the effects of protein enzymes, then the
increased proteolytic power of malt can soften it too much. The dough will spread out, the bread will
not have a sufficiently elastic, uniform and loose crumb, but the latter will be coarse and with irregular
pores (Fig.1).

Fig. 1 Too strong effect of malt on flour with soft gluten (also an example of the action of
sprouted grain), a — without admixture, b — with malt flour, c-with maltsextract.

In extreme cases — this is most clearly seen in large loaves — disadvantages appear that
completely coincide with those obtained with the admixture of a large number of sprouted grains.
Weak, highly hydrated gluten does not have sufficient resistance strength to retain carbon dioxide,
the crumb settles, the gas forms large spaces under the upper crust; or the coherence of the dough
becomes insufficient and the crumb breaks under pressure.
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Fig. 2— Increase in volume with fine porosity, due to malt 2 — increase in volume, with coarse
porosity, due to malt.

Fig. 2 shows similar phenomena caused by the addition of malt; similarly, they could occur
when using flour made from sprouted grain. Bread "a", without admixture, with a coarse ugly crumb,
clearly indicates a weak gluten. Bread "b" received malt flour, bread "c" malts-extract; the crumb
becomes soft and loses coherence.

The main reason for this deficiency is flour, which does not tolerate malt. This action is very
similar to the action of malt, which dissolves proteins too actively. These damages can occur in flour
grades with stronger gluten, which by themselves, although they tolerate malt, but they do not tolerate
its too strong effect on gluten. In the first stages of too strong malt action, this causes only rough
porosity of the crumb (Fig.2). As for the amount in which malt or its preparations are best used, hard
flour tolerates more than soft flour. First of all, the impurity is determined by the content of malt
enzymes. With a normal diastatic strength (150 according to Lintner) of malt flour and 66-70, both
1.5 — 2%, in terms of flour, or 1.0-1.5%, in terms of dough, are used for malts extracts. Malt is an
improver, therefore it is directly related to baking. It acts too vigorously to be added to flour in mills,
which has sometimes been recommended and even carried out. This is not true. By storing and
preparing grain, they try to ensure the stability of flour, and on the other hand, they are not afraid of
such impurities that naturally weaken this stability of flour (Adding malt during short storage does
not harm if sufficient dryness of flour is provided (14%); but the flour mill cannot know how long
and how this flour will be stored. If we consider the effect of malt as an improver, then its effect is
observed in three main directions: 1) the ability of starch and gluten to absorb water increases, 2)
soluble substances are formed, which increases fermentation, 3) caramelization increases. This
applies to all stages of bread making; if we imagine the reasons for these actions, it becomes clear
that we are dealing with nothing other than the acceleration and revitalization of those processes on
which the baking process is based. This explains the positive effect of this improver.

Malt extracts are made from the salted whole grain of barley, sometimes with the addition of
other cereals, by mashing with water and extraction to the consistency of a thick syrup. This substance
has increased stability due to the minimum amount of water and high sugar content, which makes it
possible to dispense with the use of preservatives. No additives are used in the production, and malt
extract retains all the beneficial properties of the sprouted grain.
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The analysis of malt extract using the example of Finnish Maltax extracts (Table 3) shows that,
along with characteristic flavoring substances, it also contains a number of different carbohydrates,

which are very interesting for confectionery production from various points of view.

Table 3 - Maltax malt extracts indicators (Finland)

Appearance A thick viscous liquid with a pronounced
malt flavor
Name of the variety Standard Rye Dark
Dry matter content, not 80% 71-73% 73-76%
less than
Chromaticity 5-15 EBC 160-220 EBC 1000-1100 EBC
(in 10% solution)
pH (in 10% solution) 5,2-6,2 4,2-5,2 3,7-4,5
Physico-chemical Squirrels 5.0-8.0%/abs.
parameters
Fats less than 0.12%
Free amine nitrogen
(in 10% solution) 180-200 mg/kg
Reducing sugars, 65%/abs.
at least

A unique property of malt extract is its participation in the formation of flavor and toasty surface
of products. As is known, the bread flavor and color of the crust are formed in the process of

melanoidin formation — caramelization of residual sugars in interaction with protein breakdown
products. Malt extract contains a rich set of substances necessary for this reaction, so products with
malt extracts invariably have a ruddy surface and crunchily. The aromatic substances formed during
melanoidin formation penetrate into the crumb, giving a pronounced bread aroma and taste. Special
varieties of malt extracts (golden, rye, dark) are used in baking original products to obtain

characteristic natural shades (from golden to chocolate), complement the taste and aroma. Due to this
ability, malt extracts have found wide application in confectionery production

Table 4 - The use of malt extracts in confectionery production

Industry / Products

Purpose / Properties

Flour confectionery products: long-lasting
biscuits, biscuits and dry biscuits (cracker)

« Giving a toasty color and a ruddy crust.”
* Obtaining an elastic dough.
* Increase the shelf life of products.

Gingerbread, biscuits, cupcakes

* Improved taste, color and airy qualities.
* Increase the shelf life of products.

Breakfast cereals, corn sticks, cereals

* Adding flavor and aroma.
* The golden color of the products.
* Increase the shelf life of products.

Fudge, caramel, chocolate bars

* Prevents crystallization in the manufacture of
invert syrup.

* Giving malt flavor and aroma.

« It is often used instead of molasses.

* * Giving caramel flavor and color.
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Baking: * Imparting and enhancing malt flavor and aroma
bread, crackers (in varieties traditionally using fermented rye
malt).

* Giving a toasty color and a ruddy crust."

* Increase the shelf life of products.

* * Improvement of dough properties due to
amylase enzymes and diastatic active extracts
Yeast production Providing an ideal stable environment for yeast
reproduction

In addition to the beneficial effect on color and aroma, malt extracts have a number of useful
properties. So, they increase the gas-forming ability of the yeast dough. The result is a delicate, even
crumb of bread, sponge cake and buns, and the volume increases. Maltodextrins contained in malt
extract increase the moisture retention capacity, which has a beneficial effect on shelf life. This ability
is also used in the production of fillings, sweets and caramels.

Malt extracts enrich the product with valuable nutrients — they contain potassium, magnesium,
phosphorus, copper, iron, and B vitamins. It is known that barley and its processed products reduce
cholesterol levels. Due to its composition, malt extract is included in the formulations of many
products for children and athletes.

All this indicates that malt extracts are healthy, natural, pleasant-tasting multi-purpose food
ingredients. They are able to naturally enhance the taste, biological value and pleasure of consuming
confectionery products.
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NHHOBAIIMOHHASA TEXHOJIOT'UA U TUAPABJINYECKAS YCTAHOBKA JJIA
MMPOU3BOJICTBA JEKTPHUECKOM U TEILIOBOM SHEPTUH

JIBICEHKO BUKTOP CTEITIAHOBUY
PykoBoauTens 1abopatopuu MHHOBAIMN U HAHOTeXHOJIOTHH «Ka3zaxckuil HallMOHAIBHBIN
negarornyeckuii yausepcuret uM. Abas» ( KasHITY um.Abas), r. Anmartsl, Kazaxcran

Annomayuna. B cmamve coobwaemca o HO80M cnocobe npeobpaz0eaHuss SHepeuu U
KOHCMPYKYUU 2UOPABIULECKOU YCMAHOBKU Ol NPOU3BOOCMEA INEKMPUYECKOU U/UTU Meniosoll
9Hepeuu. B kauecmee npusooda 3mux yCmaHO8OK MO2YM UCHONb308AMbCS INEKMPOOSUaAmenu Uil
UCMOYHUKU 80300HOBIAEMOl dHepaUU (6000COPOCO8, PeK, 6empa, MPAHCNOPMHBIX CPEOCME U OPYIUX
8pawamenbHbix npueooos). TexHonozus OCHO8AHA HA UHMESPAYUU BUXPEBO20, PE30OHAHCHO20 U
UHEPYUOHHO20 — usuyecKux 3¢gexmos, a maxoice A61eHUs UHMEPPePEeHYUOHHOU BOKYCUPOBKU
KkoHyenmpuyeckux euopayuu. Coobwaemcsi 00 0COOeHHOCMU KOHCMPYKYUU U MEXHOIO02UU
U320MOBAEHUSL OCHOBHBIX Y3108 IHEPSEMUYECKUX YCIMAHOBOK, PEanu3yiouux HO8blll CNocoo.

Knrwueewie cnoea: Snepeus nomoka sHcuoKocmu, KUHeMuyueckas sHepeus, suxpesou s¢gpgexm,
Pe30Hanc, uHepyus, UHmeppepeHyuoHHast hoKyCUpoBKad.

Pemenue npo6sieMbl 6€3 TOTTUBHBIX SKOJIOTHYECKH YUCThIX SHEPTeTUYECKUX TEXHOJIOTUM JIJIs
npeoOpa3zoBaHusl BO30OHOBIISIEMOM SHEPTHHU ABISIETCS BCce 00Jiee aKTyalbHBIM.

B »o10ii cBsa3m mabopatopuedt umHHOBamuwi W HaHoTexHojorui KasHITY wumenm Aobas
pa3paboTaHa HOBasi TEXHOJOTHs TPEOOpa3OBaHHS SHEPrHH W THIPABIMYECKAs SHEPreTHUecKas
ycTaHoBKa [1].

AnamoroM Uil pa3pabOTOK TIOCIYXKHIIM HCCIEOBAaHUS W pa3pabdOTaHHBIE KOHIEIIIHA
HKOJIOTHYECKH YHCTOTO M 3()PPEKTUBHOTO HCIIONB30BAHMUS SHEPTrUU TOTOKA >KUAKOCTH BukTopa
[Taybeprepa [2], koTopbie Oa3uPyIOTCS HA BUXPEBOM 3 deKTe.

[Ipennaraemas TEXHOJOTHsI MPEOOPAa30BaHMUS SHEPTUM BO30OHOBISAEMBIX HCTOYHUKOB
(Bo10cOpOCOB, peK, BETpa, TPAHCIOPTHBIX CPEJICTB U IPYrHX BpallaTeNIbHbIX IPUBOIOB) B TEILIO U
ANEKTPUYECTBO OCHOBAH HA MHTETPALlMU BUXPEBOT'0, PE30HAHCHOTO M MHEPIIMOHHOTO (PU3NYECKUX
3¢ (}eKTOoB, a TaKKe sABIEeHUS UHTep(HEePEHLINOHHON (POKYCUPOBKU KOHIIEHTPUUYECKUX BUOPALIUHA.

TeopernueckuM 00OCHOBaHMEM MOCTYXHJa pa3paboTaHHas aBTOpPaMU MaTeMaTHYecKas
MO/IEJIb U aHAJIMTUYECKOE OMMCAaHUE MEXaHU3Ma KOHIEHTPALUU KHHETUYECKON SHEPIrUHU B BUXPEBBIX
dbopMHpOBaHUAX, KOTOpble mpeacTaBieHsl B pabore [3]. CyTh MexaHHM3Ma KOHLIEHTpAIUH
KMHETUYECKOM 3HEpruM CBOAUTCA K cieayiouiemy. Eciau mOTOKy »XKUAKOCTU NpUIaTh BUXPEBOE
BOPOHKOOOpa3HOE JBUKEHHE, TO B X000TE€ BOPOHKHM B COOTBETCTBUU C 3aKOHOM COXpaHEHMs
MOMEHTa KOJMYECTBa JABM)KEHHUA OyJIeT BO3pacTaTh CKOpPOCTb BpAll€HHUS W COOTBETCTBEHHO
KMHETUYECKask PHEPrUsi. JTO MO3BOJIUT ONTUMU3UPOBATh KOHCTPYKTOPCKUE MApaMeTpbl BUXPEBBIX
KaHaJIOB W (DOPCYHOK IpeIaraéMoi YHEPreTUYECKON YCTAaHOBKH.

Kunernueckue »Heprum BpalleHUsl >KUIKOCTH B KOHYCHOM TpyOe ¢ MEXaHWYeCKHMHU
3JIEeMEHTaMU 3aKpy4YMBaHUs MOTOKA B HAUaJIbHOM CJIO€ 3aKpy4uBaHUs 11 M B KOHEUHOM ciioe 12, 0e3
y4yeTa CHJI CONIPOTHUBIICHUS, aHAIIOTUYHO [3] OynyT paBHbI

1

1 1
T, = Eﬁ)%fdmiRiz = Ew%M R? :;]100%1 1)

T, = ;03 [dmir? = ZwiMr? = ~],0}, )

rac dmi — JJICMCHTAPHBIC MACCHI BPpAIlatoIMUXCA YaCTHUL, Ri ulri— pacCTOAHUA DJICMCHTAPHBIX

MacC 10 OCH Bpall€HHAd B COOTBCTCTBYIOIIHX CJIOAX, M — CyMMapHasa MacCa BOBJICUCHHLIX BO

BpalICHUC YaCTULI, Rur— NMPUBCACHHBIC PAAWYCEI BpallICHUSA CYMMApPHBIX MaCC B COOTBETCTBYIOIINUX

CJIOAX, J1 158 J2 — MOMCHTBI I/IHepIII/II/I Bpama}omnxcsl CYMMapHI)IX MacCC OTHOCUTECIBbHO OCHU BpaHleHI/ISI
B COOTBCTCTBYIOIIUX CIIOAX.
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B cooTBeTCTBHMM C 3aKOHOM COXpPaHEHMsS MOMEHTA KOJWYECTBA JIBM)KCHHS B Pa3HBIX CIIOSAX
BpALEHUS C yY4ETOM JIOIYIIECHHS IIOCTOSHCTBA CYMMAapHOM Macchl M BpallaroUXCsl YaCTUL] MOXKHO
3aIucaTh CIEeIyIoLIee

Jiw1 = Jow, umn i R? = w,r?. 3)
W3 BeIpakeHus (3) ompezaensercs CTENEHb BO3pACTaHUS YIVIOBOM CKOPOCTH 2 B Ipoliecce
BUXpEOOpa30BaHUs
2
R
Wy = (;) Wq. (4)
IoncraBus Beipaxenue (4) B (2) u, yuutsiBas (1), momyuanm
2
R
T; = (;) Ty . (5)

Takum oOpa3oM, B KOHYCHOM TpyOe ¢ HIealbHO OpPraHW30BAHHOM BHUXPEBOM JIBI)KCHUU
MPOUCXOAUT BO3pPACTAaHUE CKOPOCTH BpAIIEHHS M COOTBETCTBEHHO KHWHETUYECKOW SHEPIrUH
BpaMIAIONINXCSl MAaCC B KBaJIPATUYHOW 3aBUCUMOCTH OT OTHOIICHHS panyca Ha4YaJIbHOTO pajnyca
TpyOBl K KOHEUHOMY panuycy. [lonyduB MMITylbC BpallleHHss MacC KUAKOCTH Ha paauyce, K
npumepy, 0,05 MeTpoB Ha BBIXOJIe U3 KOHYCHOH TpyOBl paguycoM 0,01M, KHHETHUYECKash YHEPTUs
BpALIAIOLIUXCS KUAKOCTH TEOPETUUECKU BO3PACTET B 25 pas.

B peanbHocTH 3TO 3HaUeHHE OYET HECKOIBKO HUKE U3-3a TUAPABINYECKOTO TPEHHS O CTEHKU
TpyOBl U TYypOYJIEHTHBIX CONPOTUBICHUS. 3aqadyeil SBISACTCS ONTHMH3AIUS KOHCTPYKTOPCKHE
napaMeTpbl BUXPEBBIX KaHAJIOB TPY/Ibl U (POPCYHOK MpeiaraeMoi SHEPreTHUECKO yCTaHOBKHU.

Ha pucynke 1 mnpenacraBieHa cxemMa YCTAaHOBKM C  MEXaHU3MOM ISl CO3JIaHMS
KOHUEHTPUYECKUX BUOpaLlii IIpU MOMOIIHM 3JIEKTPUUECKUX pa3psanoB B Boje. Ha pucynke 2 - cxema
YCTaHOBKH C MEXaHU3MOM JIsl CO3aHMs KOHIICHTPUYECKUX BUOpALUi B BOAC M IKCIICHTPHUUECKIX
BHOpaIU.

-
/7
3R

Pucynok 1. Cxema yCTaHOBKH ¢ MEXaHU3MOM JUIS CO3/IaHUsI KOHIICHTPHUECKUX BUOpaIiii
IIPY TIOMOIIY 3JIEKTPUUECKUX Pa3psAI0B B BOAC

['unpaBnuyeckas sHepreTHUecKas yctaHoBKa (puc. 1) coctout u3 mpuBoaa 1, KOTOPbIH MOXKET
OBITh BBINIOJIHEH B BHUJAE DJIEKTPOABHUTATENs, TUIAPOTYPOHMHBI, BETPOJABUTATENS WIHA JPYTUX
MIPUBOJHBIX MEXAaHU3MOB, T€HEpaTopa 2, 3aMOJIHEHHOTO B HIDKHEW 4YacTW BOJOW Kopmyca 3, B
KOTOPOM pa3MelieHbl o0pyd 4 ¢ 3a3yOpuHamu 1o nepudepun Kopryca, KilarmaH-OTPaHUIHTENb 3,
paauanbHbIe MEPErOPOAKU 6 ¥ pOTOP 7 € LIEHTPAIBbHOM MOJOCTHIO 8, COOOIIAIOMIEHCS ¢ HECKOIBKUMU
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paauagbHO PACIIOIOKEHHBIMH KOHHMYECKMMHM 3aKpydeHHBIMU TpyOkamu 9 ¢ ¢opcyHkamu 10 Ha
KOHI[aX ¥ C MOTPYKEHHOW B BOJy OCEBOW BcachiBaromiei Tpyooit 11 u mexaHusma ais co3gaHust
KOHIICHTPUYECKUX BUOpAIMii B BOJIC B BHJI€ HECKOJBKHUX Tap 3JIEKTpoaoB 12 ¢ oTpaxkarensmu 13.
IIpuBon 1 yepe3 KMHEMATUYECKYIO CBS3b 14 NPUBOAMT BO BpalleHUE POTOpP 7, YCTAHOBJICHHBIN B
MOAIIMITHUKOBRIX oropax 15. Porop 7 uepes ynpasnsemyio MmypTy 16 cBsizaH ¢ TeHEpaTOpoM 2 TOKa
WU TEIUIA. OnekTpuueckuil paspan B 3JekTpogax 12 obecrnedyuMBaeTcsi T€HEPATOPOM

BBICOKOBOJIBTHBIX Pa3psiioB € 33JJaHHON 4acTOTON M MHTEHCUBHOCTHIO (Ha pUCYHKE | He moka3aH).
1

Pucynok 2. CxeMa ycTaHOBKH ¢ MEXaHU3MOM JUIsI CO3JJaHMsI KOHLIEHTPUUECKUX BUOpaIuil B
BOJIE M SKCLIEHTPUUECKUX BUOpAIHii.

I'mapaBnuueckas sHepreTuyeckas ycTaHoBKa (pucC. 2) COCTOMT U3 MpHUBOAA 1, aHAJIOTMYHOTO
ONMCAaHHOMY BHIINIE, KOpIyca 3, B KOTOPOM pa3MeUIeHbl 00pyd 4 ¢ 3a3yOpuHamMu 1o nepudepun
KOpIIyca, KJallaH-OIPaHUYMTENb 5, paAualbHbIe IEPErOPOAKU 6 U POTOP 7 € LEHTPAIbHOM I1OJIOCTHIO
8, cooOmiaronieiics ¢ HECKOJIbKUMHU PaJAMAIBbHO PACIIONOKEHHBIMH KOHUYECKUMU 3aKPYUYE€HHBIMU
TpyOkamu 9 ¢ popcynkamu 10 Ha KOHIIAX U C IOTPY>KEHHON B BOAY OCEBOM BcachIBaroIei Tpyooi
11 u MexaHu3Ma JUIsl CO3/IaHUS KOHIIEHTPUIECKUX BHOpAIIUiA B BOJIE ¥ SKCIICHTPUUECKUX BUOPALIHA,
BBINOJIHEHHOTO B BHUJE AU(D()EepeHIHaIBHOrO MIAHETAPHOTO MEXaHW3Ma C OJHUM IIEHTPAJIbHBIM
KojecoM 17 HapyXHOTro 3aleIUICHHs, HECKOJIbKHUMH MapaMu CaTeUIMTOB 18 ¢ CUMMETpUYHBIMU
SKCHEHTpUKaMHu 19 U moanpyXuHeHHbIM BojawioMm 20, Ipu 3TOM pajauanbHas BUOpaunus ocei
CaTeJIMTOB IepesaeTcs yepe3 Kynuchl 21 u anacTuyHble 000iMBbI 22 BOjE, a KpyroBasi BUOpaIus
BOJIMJIA Yepe3 o0roHHble My(ThI 23 1 24 reHepaTopy ToKa 25 U TerjaoreHepaTopy 26.

Cnoco6 mpeoOpa3oBaHusl HSHEPIHMM PEATM30BAHHBIA B YCTAaHOBKE, CXEMa KOTOPOM
IpeJCTaBleHa Ha pUC.1, OCYIIECTBISAETCS CIETYIOUIMM 00pa3oM.

[locpenctBam mpuBoma 1 mpuBomMTCS BO BpamieHue poTop 7 ¢ TpyOkamm 9. 3a cuer
LEHTPOOESKHBIX CHJI B LIGHTPAIbHOM MOJIOCTH § poTOpa BO3HUKAET paspsukeHue. Bopa u3 HukHEH
€MKOCTH KOpIlyca 3 MOJ ACUCTBHEM Pa3psOKCHMs W KOHLIEHTPUYECKHUX HMMITYJIbCOB, CO34aBaCMBbIX
NEKTPOAAMHU 12 3IEKTPUUYECKUMH pa3psaaMU B BOJE, IOCTYNAET B LIEHTPAJIBHYIO 10JI0CTh 8. Jlanee
BOJ1a LIEHTPOOEKHBIMU CUJIAMH PacIIpesieNaeTcs 10 TpyOKaM 9, pa3roHseTcsl U 3aBUXPAETCS B HUX U
¢ 60JIBIION CKOPOCTHIO BhIOpackiBaeTcs uepe3 popcynku 10 Ha 3a3y0puHbl 00pyya 4 U 1ajee CTeKaeT
B HIKHIOIO eMKOCTh Kopmyca 3. Takum oOpa3oM, BoJa LUPKYJIUPYET MO 3aMKHYTOMY KOHTYpY:
€MKOCTh - BcachiBatomasi Tpyda 11 - momocts 8 - Tpyoku 9 - popcynku 10 — emrocTs. B mponecce
IUPKYJSIITAN TIPH BBIX0J1e U3 popcyHOK 10 BoIa co3/1aeT PEaKTUBHBIN KPYTSAIIUA MOMEHT Ha POTOPE
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7 ¥ TEM caMbIM pa3rpy’kaeT OCHOBHOU MpHUBOJ 1. DT0 cHIXKAET MOTpeOIsieMyt0 MOIIIHOCTh MPUBOAA
U T€M CaMbIM HOBBIIIAET 3PPEKTUBHOCTh PabOTHI IHEPreTHUecKoi ycTaHoBKuU. [locie Toro, xak
poTop 7 BOMIET B YCTAHOBUBIIMMKCS PEXKUM BpalICHHUs, BKJIIOYAETCS MPU MOMOIIM YIPABISIEMOM
My(dThI 16 TeHepaTop IEKTPUUECKOT0 TOKa 2 MU TEIUIOreHepaTop (Ha pucyHke 1 He mokasaH).

Cnoco0 mnpeoOpa3oBaHMsl DJHEPrMM pealM30BaHHBIH B YCTaHOBKE, CXeMa KOTOpOil
MPEJCTaBICHA HA PUC. 2, OCYILECTBISAETCS CIETYIOUM 00pa3oM.

PaGota poTopa 7 aHajoru4Ha ONMMCaHHOMY BBIIIIE, TOJIHKO KOHIIEHTPUYECKUE BUOpAIIMH B BOJIE
CO3JIAI0TCSl MeXaHHUecKuM criocoOoM. [Ipu 3ToM crmoco® MOmoNHEeH omeparyel WCHoIb30BaHUS
WHEPLHMOHHOW HHEPruu MpHU TOMOIIM HKCHUEHTPUYECKUX Macc. JTa omepanus MOXeT ObITh
OCYILIECTBIICHA MPH MOMOIIM MEXaHH3Ma SKCLIEHTPUUYECKUX BHOpanuil. DTOT MEeXaHU3M padoTaeT
ciemyromuM obpaszom. [Ipu Bpamenun potopa 7 3a0JHO C HUM BpalaeTcs [eHTpabHOe Kojeco 17,
KOTOpO€ IPUBOJUT BO BpalieHue caTesuiuThl 18 u saxcuentpuku 19. Ilocnennue, Bpamascs, HonapHO
CO3/IalI0T 3HAKONEPEMEHHBIN KPYTSIIMIA MOMEHT OT CWJI MHEPIIMU Ha MOANPYXUHEHHOM Boawmie 20
BOKpYT ocH BaJsia poropa 7. Takum obpa3zom, Boauio 20 BUOpUpYET Ha MOJALIMITHUKAX Basia poTopa
7 M mepenaeT BpallaTeNIbHbIE KPYTALIME MOMEHTHI CHJI MHEPUUU OJHOTO HAIPAaBJIECHUS Yepe3
o0rouHyro MypTy 23 reHeparopy Toka 25, a Apyroro - uepe3 oOrounywo mydpry 24 poropHOoMy
TerioreHeparopy 26.  PanmaneHas BuOpanus oceld careuutoB 18 W 3kcieHTpukoB 19
obecreunBaeTcs 3a cueT noi3yHoB 27. Ilepenava 3Toil BUOpanuu BOAE OCYIIECTBISIETCS 4epe3
TOJNKaTenu 28 M Kayvawoluecs Kyaucbl 21, KOTOpble OJHMM KOHIIOM B3aUMOJEHUCTBYET C
TOJIKATEJISIMHU, a BTOPBIM IEpejaloT BUOPAIUIO YepE3 AMACTUUHbIE 000MMBI 22 BOJE.

CyTb siBneHus caMo(OKyCHPOBKH KOHIIEHTPUYECKUX BUOPALIUN CBOJUTCS K CIEIYIOIIEMY.

SBnenue wWHTEPPEPEHIMOHHONW (OKYCHPOBKH, Ui peaju3alMd KOTOPOTO HWMITYJIbCHBIC
BUOpalMu B 00beMe KHUJIKOCTU B HUKHEH 4acTh KopItyca 3 cO3Aar0TCs KOJIBIIEBBIM BO30yAUTETIEM
KOHLEHTPUYECKH IO €ro JWaMeTpy M HallpaBlIeHbl K LEHTpY oObema kuakocTu. llpum 3tom
oOecrneynBaeTcs HHTEphEpeHIIMOHHAs (OKYCUPOBKA BOJH B IEHTPE MOTOKA. DTO MPUBOAUT TPHU
ONTUMAJIbHBIX YCIOBHIX K BO3PACTAHUIO aMIUIUTY/Ibl ¥ YACTOThI KOJIBLIEBBIX KOHIIEHTPUYECKUX BOJIH
B LIEHTPE NOTOKA JKUJKOCTH.

Bonna Bo30yxaeHust 6e3 ydera CONPOTHUBIIEHUS CPEIbl U CTEHEHM 3aTyXaHus KosieOaHuil
OyzeT cBsa3aHa ¢ (POKyCUPOBAHHON BOJHOM B 00IIEM BUJE Yepe3 00beM aKTUBHON MacChl MITH Yepe3
rormanu [4]:

ApSo = A154, (6)
rae Ay, A — aMIUIMTY]bl, COOTBETCTBEHHO BO30YX1€HUS U (POKYCHPOBAHHON BOJIHBI;

So, S; - oAk BO3OYAUTENS U TUIOMIAIb, Te ObUTa 3aduKkcrpoBaHa (POKYCHPOBAaHHAS BOJTHA
C aMIUIUTYI0M A .

N3 coorHowEeHUS (6) B mepBOM MNPUONMKEHHH MOXHO OIPEICIUTh AMIUTUTYIY
(hoKyCHpPOBaHHOM BOJTHBI

Ay =4Ag So/S1 - (7)

[puHIun 1edcTBUS KOHLIEHTPUYECKUX BOJIH HOBOTO clI0c00a aHAJIOTMYEH MEXaHU3MY pabOThI
IUIETKH, KOTOpasi U3TOTAaBIMBAETCA TaKUM 00pa3oM, 4TO y PYKOSTKU IUIETKa MMEET HauOOJBIIMMA
JMaMeTp, KOTOPBI CyXkaeTcs K KOHIy TuieTku. Koria Ha pykosiTke co3aaercsi HeOOIbIIONH UMITYIIbC,
TO BOJIHA HAa KOHLE IUIETKH 32 CUET IMOCTEHNEHHOrO0 yMEHbUIeHHs auameTpa Oyzaer Oosblieit
aAMIUIMTYZIbI U YaCTOTHI. DTUM CBOWCTBOM II0JIb3YIOTCS IIACTYXH, 3aKPEIIUB HA KOHLIE IIJIETKU TalKYy.
MasieHbKHM UMITYJIbCOM PYKOSITKH JOCTUTAIOT CYIIECTBEHHOTO yapa ralKou.

W3 Beipaxkenus (7) BUAHO, YTO €CIIM, HATIPUMEP, Y IUICTKH AUAMETP y PYKOSTKH Oy/eT paBeH
20 MM, a Ha KOHIIE TJICTKU JUaMeTp Oy/IeT paBeH 5 MM, TO aMILIUTY/a KOHIIA TUIETKU OyneT B 4 pasa
O0JIbIIIe aMIUTUTY bl BO3OYIUTEIS.

Takum  00pa3oM, MeXaHHW3M OKCLEHTPHUYECKMX BHUOpanMid  IO3BOJISIET  MOBBICUTH
3¢ GEeKTUBHOCTH NMPe0Opa3oBaHMsI SHEPTHU 32 CUET HCIIOJIb30BAHMS CHUJI MHEPLUU M 00ecreunBaTh
MEXaHHUYeCKHe KOHIEHTPpUYECKHUEe BUOpAIIH B BOJIE.
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TeopeTnueckre 3aBUCHUMOCTH, OIMCBHIBAIOIIME JAWHAMHUKY MEXaHU3Ma HpeoOpa3oBaHUs
SHEpPruM LEHTPOOEKHBIX CHUJ WHEPLUH, NpeaAcTaBieHbl B pabore [5]. 3aBHCHMOCTH IMO3BOJSIOT
ONPENIEIUTh YIHEPreTUYECKHUE ITAPAMETPhl MEXaHU3Ma B 3aBUCHMOCTH OT T€OMETPUUECKUX Pa3MEPOB
U CXEMbl MEXaHHM3Ma. A TEXHOJOTrHs NpPeoOpa3OBaHUs PHEPIrUU IEHTPOOEKHBIX CHUJ HHEPLUU
3amaTeHToBaHa [6].

CaMbIM TOPOTOCTOSIIMM Y3JIOM JIFOOBIX SHEPreTHUECKUX YCTAaHOBOK SIBIISIOTCS TYpOMHBI. Mx
MIPOU3BOJCTBO CBA3AHO C LENBIM PAIOM TPYAOEMKHUX TEXHOJOTMUECKUX ONEpalui U MOCIeAyoIen
0amaHCHPOBKOIA.

KoHcTpykiust poTopa-TypOUHBI pejiaraeMoi THAPABINYECKON YHEPTrEeTHIECKON YCTaHOBKH
TAKOBA, 4YTO MEXAaHWYECKUM IIyTeM €€ HU3rOTOBUTh  OYEHb CJIOKHO. OJHAKO KMMEHHO »3Ta
npuOMKEeHHas M0 KOHQUTYpallud KaHaJlOB U W3TOTOBJIEHHAs M3 KOMOHMHAIIMU OMNpEeeIeHHBIX
CIUIaBOB TYpOMHA JOJDKHA OOECIEeYUTh TEYEHHE BOJABI AHAJIOTMYHOE IPUPOJHBIM BHXPEBHIM
o0Opa3oBaHus, KOTOpble Hanboyiee PHEPreTUYECKHU BBITOAHBI UII MUHHUMU3AIMUA THAPABIMYECKHUX
COIIPOTHBIICHUH U PECTPYKTYPHU3AIMK BOJIBI JJIsl IpeoOpa3oBaHus e€ BHYTpPEHHEH YHEpPruu 3a cueT
OTPULIATEIBHOTO TEMIIEPATYPHOT'O TPAIUEHTA B KHHETUYECKYIO SHEPTUIO JIBH)KCHHUSL.

CrnoxHass KOHCTPYKIHS pOTOpa-TYpOMHBI OOYyCIAaBIMBAET BBICOKYID CTOMMOCTH €€
W3TOTOBJIEHHUS. DTO OBUIO CIEPKUBAIOIIUM (PAKTOPOM MPAKTUYECKOHN peanu3alii pa3padOTKH.
CoBpeMeHHbIE TEXHOJOTUU TO3BOJWIM COTPYAHUKAM JabopaTopuu  pa3pabdoTaTth Crocod
W3TOTOBJICHUS POTOPA-TYPOUHBI IO aHAJIIOTHH C TEXHOJIOTHEeH N3rOTOBICHUS TNIACTUKOBBIX OYTHUIOK,
TO €CTh IpH IOMOIIM 3KCTpyaepoB. Kpome Toro, xopmyc M Apyrue JeTaid SHEpPreTH4ecKou
YCTAHOBKHM MOTYT M3TOTOBIJISITBCS MO 3TOM € TEeXHOJIOrMH. IIpn Takol TEXHOJIOrMM CepUiHOIO
MIPOM3BOJICTBA CEOECTOMMOCTh M3TOTOBJICHUS POTOPAa-TypOMHBI W CaMHX YCTAaHOBOK Oyzer
HACTOJIbKO HHU3Kas, 4TO C JIUXBOU oKynuT Bce 3aTparhl Ha HUOKP u n3roroieHuu npecc-GpopM mo
TpeXMepHbIM dyepTexaM Ha ctaHkax ¢ UITY wnum 3 /] npunTepe.

Pa6ora BbinosiHeHa B pamkax rpanTta Pexkropa KasHITY umenn Aoas.
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CAJIBIK MUPAC MBIP3AT'YJIYJIbI
Maructpant 2 kypca kadeapst HI'M, 3ananno-KazaxcTanckuii HHHOBallMOHHO-
TEXHOJIOTUYECKNN YHUBEPCUTET,
Pecnybnuka KazaxcraH, r.Ypanbck.

KAJINPAJIMEB ABBLJIAH KABUBYJUIAEBUY
Crapmmit npenogaBarens kadeapsr HI'M, 3anagno-Kazaxcranckuii ”THHOBAIlMOHHO-
TEXHOJIOTUYECKUN YHUBEPCUTET,
Pecniyonmka KazaxcraH, r.Ypaibck.

Annomayusn. Kazaxcman akmuno cmpemumcs cmams 8e0yWuUM SHepemuyecKuM uepokom 8
peeuone. Passedxka mecmopoxcoenus Kawaean coenana e2o KpynHeuwum HOBbIM UCTMOUYHUKOM
onepeuu 6 Kacnuiickom oOacceline, npueiekas 3HAYUMENbHbII UHOCMPAHHLIL — UHmMepec.
Mecmopooicoenue Kawaean npueiekio uHeecmuyuu OKoAO 355 MULIUAPOO8 O0IAPO8, U
npasumenvcmeo Kazaxcmana emecme ¢ 3apyOedCHbIMU NAPMHEPAMU PACCYUMbIBAEN HA €20
yenewnoe o0yoywee. B 2020 200y 0obwiua neghmu u kondencama 6 Kazaxcmane cocmasuna 58,3 man
monH, uz komopwvix 10,4 man moun 6v110 00661Mmo Ha Kawazcane. Oxcudaemcs oanvHeuuul pocm
000bI4U NO Mepe 3a8epuleHlUsl HOBbLX UH(PACMPYKIMYPHLIX NPOEKMOE.

B Oannoii cmamwe paccmampueaemcs 60npoc 0 NEPCHEKMUBHBIX — Hehme2a308blx
Mmecmopodicoenusx ¢ Kazaxcmawne, a umenno paspabomke Kawazcanckoeo mecmoposcoenus. B
Kaszaxcmane 6 ces3u ¢ mecmopooicoenuem Kawaean 603nux psio npobiem npu npoexmupo8aHuu
MPAHCNOPMUPOBKU  Yene8000p0008.  OQOCyiHcoas B03MOJ CHbIE —ATbIMEPHAMUBHbBIE MAPUPYMbL,
oocmynnule Ilpasumenvcmay Kazaxcmana é 0oononnenue K poccuiiCkou cemu Hegpmenpogooos, Mol
paccmompum Hauboiee BepPOSIMHLIL CYEHAPULL MO20, KAKOU mpyoonposood Oyoem ucnoib308amocst
011 docmasku Hegpmu Ha pulHOK. Taxum o0Opaszom, OamHas cmamvs GHecem C80lU 6KIAO 8
00cyJcoeHue 80npoca O MOM, Kakue OSKCNOpmMHble Mapuipymel 0yOoym 6ulOpanvl  0ns
sHepeemuuecko2o passumus Kacnutickozo baccetina.

Kniouesvie cnosa: s3xcnopm, mpancnopmuposka, Heghmo, MecmopojicoeHus, mpyoonposoo.

BBenenue

Mopckoe Mmectopoxaenue Hedtu M raza Kamaran sBisercss OJHUM M3 KpyNHEHIINX U
HauOoJyiee CIIOKHBIX B OKCIUIyaTallid MECTOPOXACHUN B ceBepHOM dactu Kacmuiickoro
MOpsi, pa3Mepbl KOTOPOT'O COCTABIISIOT 75 KM Ha 45 kM, ¢ 3anacamu 36,6 muipa Gappeneit nedptu u 1
TpaH M° mpupomHOro rasa. OH CUMTAaeTCs OJHMM M3 KPYMHEHIIMX MECTOPOXKICHHH B MHPE,
OTKPBITHIX 3a nocieanue 40 jer, a TakKe KPyIMHEHIIUM MOPCKUM HEPTSIHBIM MeCTOpoxIeHueM [1].

Pazpabotka mectopoxnenus Kamaran B cypoBbix Mopckux ycnoBusix CeBepHoro Kacmus
MPEJCTABISACT COOON YHHUKAIBHOE COYETaHUE TEXHOJIOTHYECKUX MTPOOIIEM U MPOOIIeM NOCTABOK. DTH
CJIO)KHOCTH CBf3aHbl ¢ oOecreuyeHreM Oe30MacHOCTH IPOU3BOJACTBA, PELIEHHEM WH)KEHEPHBIX,
JIOTUCTUYECKUX M JKOJIOTMYECKHX MpoOJeM, KOTOpBIE AENAIOT 3TOT MPOEKT OJHUM M3 CaMbIX
KPYIHBIX M CJIOKHBIX IPOMBIIUIEHHBIX IPOEKTOB B MUpe. M3-3a MEIKOBObS M XOJOJHBIX 3UM B
Ceseprom Kacrnuu ucmonb30oBaHUE TPaJAWIMOHHBIX TEXHOJIOTUH OypeHHs M JOOBIYM, TaKUX KaK
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JKeJIe300€TOHHbIC KOHCTPYKIIMU WJIA CaMOIIOAbEMHBIE TUTAT()OPMBI, YCTAHOBICHHBIE HA MOPCKOM
JTHE, HEBO3MOXKHO. /{715 3aIIUThI OT CYpPOBBIX 3UMHUX YCIOBHUU H JIEIOXOJ0B MOPCKUE COOPYKEHUS
YCTaHABIIMBAIOTCS HA MCKYCCTBEHHBIX OCTpoBax. EcTh 1Ba THNA HCKYCCTBEHHBIX OCTPOBOB:
HeOompIMe «OypoBBIE» OCTpoBa 0€3 mepcoHala M OOJNIBIINE «OCTPOBA C TEXHOJIOTHYECKUMHU
KOMILIEKCaAaMU» ¢ 00CITY>KHMBAIOIIIUM ITepCOHAIOM [2].

Martepuanbl M1 MeTOBI HCJIEJOBAHUS

st perynupoBaHus TeXHUYECKHE M (DMHAHCOBBIE TPYAHOCTH, B 1997 r ObUIO MOAMHUCAHO
Cornamenue o paszene npoaykiuu B CeBepHom Kacmuu 1o SKCIuTyaTaiiul MECTOPOKICHHSI MEKIY
CEMBIO TPaHCHAIIMOHAIBHBIME HE(PTSIHBIMH KOMITAaHUSAMH, Takux kak AgQip, British Gas, British
Petroleum, Mobil, Shell, Statoil, Total u KazakhstanCaspiShelf. [9]. C momenTa mnoamucanus
Cornamenus o paznene npoaykiuu no CeepHomy Kacnnro KOHCOpIIMYM MEHsUICS IeCThb pas. [T
kommanuii, a umenHo KazakhstanCaspiShelf (1998 r.), Statoil u BP (2001 r.), BG (2005 r.) u
ConocoPhillips (2013 r.) BemwIM w3 mpoekTa. Ha maHHBIE MOMEHT B KOHCOPIHMYM BXOJIAT
utanbsiackas Eni (16,807%), ka3axcranckas «KasMynaiil'as» (16,877%), ¢panimysckas Total
(16,807%), amepukanckas ExxonMobil (16,807%), aunrmo-romtanackas Shell (16,807%), China
National Petroleum Corporation (CNPC, 8,333%) u smonckas Inpex (7,563%) [1]. Kak BuaHoO,
MecTopokaeHue Kamaran skcrulyaTupyeTcs 3amaJHbIMH KOMIIAHUSIMH, a TakKe IMPU y4acTUHU
KUTAWCKUX U STIOHCKUX KOMIIAHUM.

C napyroil CTOpoHBI, MOJIETb YIIPABICHUSI MPOEKTOM MeHsutach 4eThipe paza. C 1998 roma
Offshore Kazakhstan International Operating Company nmpoBOAHT Te0J0ropa3Be0vHble padOTHI Ha
Kamrarane. B 2001 rogy Agip ctam eIMHCTBEHHBIM OIEPATOPOM MeCTOpoxaeHus. 3atem, B 2009
Ty, OCJIC CEPUHU MIEPETOBOPOB, Yepe3 coBmecTHYIO kommanuto North Caspian Operating Company
(NCOC) 6510 pazpaboTaHO KOMIUIEKCHOE MHOTOYPOBHEBOE VIIPABJIEHHE IMPOEKTOM, B KOTOPOM
KOKIBIA M3 YIaCTHUKOB OTBEYAN TOJBKO 3a CBOIO chepy nesrenbHOCTH [2]. [lociennee geTBepToe
HU3MCHEHHE B YIPABJICHUH IPOEKTOM mpou3oiuio B urone 2014 roza, kormaa ExxonMobil Bo3riasun
koHcopuuyM, 3aMeHHB NCOC, ¢ menpro MHTETpalMy MPOeKTa W YIPaBJICHHUS PUCKaMHU B pyKax
OJTHOTO OIEpaTopa, a He HECKOJbKHX KommaHuil. Beibop B moms3y ExxonMobil, BepositHo, Obu1
00YCIIOBIICH HEOOXOJUMOCTBIO CHATHS JKkecTKOro mpoTtuBoctosiuus mexay Shell u NCOC B pamkax
KOHcopruyma [3].

MectopoxaeHus Kamaran coaepKuT BRICOKYIO JTOJIFO MIPUPOTHOTO Ta3a MOoJ[ OYCHb BBICOKUM
JnaBiIeHHEeM, HE(Th COIEPKUT OONbIIOE KOIUYECTBO CEpPhI, a MOpPCKHE IIaThOpMbl TPeOYIOT
CTPOMTENBCTBA, CIIOCOOHOTO BBIIEPKATh SKCTPEMaJbHbBIC TOTOMHBIC YCIOBHS B CEBEPHOW YacTH
Kacmmiickoro mops. B 2005 rogy mpaBHUTEIbCTBO BBEJIO HOBYHO CTPYKTYPY HAJIOT000JIOKEHUS,
MOSTOMY TpaBa COOCTBEHHOCTH Ha MECTOPOKICHHE OCTABAIMCH HEOINPENCICHHBIMH B TEUYCHUE
MOYTH JIBYX JIET TIOCTEe TOT0, Kak kommanus British Gas (BG) pemmna nponats cBorwo 16,7 %-Hyto
JOJI0 B MECTOPOXKIEHUH. TOJIBKO HEIaBHO TIOCTE JUTUTEIBHBIX IEPETOBOPOB YYACTHUKHU
KOHCOpIIMYMa pEIIMIN Tepepacnpenenuts Aoiato BG, oTnaB monoBuHy cebe, a TOJOBUHY -
"KazMymnaiil a3y "[5].

Ocranbubie akunoHeps! (Eni, Shell, ExxonMobil u Total) cokpatst cBou nonu no 18,52 % u
BBIIUIATAT npaBuTesbcTBY KazaxcTana kommeHcanuio 3a 3afepKku. KoMmanuu BBIILIATIT CTpaHe
eme 2,5-4,5 MwuMapia J0JUIapoB B 3aBUCHUMOCTH OT IeHbl Ha HedTh. Ilocie 3aBeprieHus
neperoBopoB Eni, Shell, ExxonMobil u Total Oynyt Bnaaets no 16,66% axuuii. ¥ ConocoPhillips u
anoHckol Inpex Teneps 1o 8,28%, a "KazsMynaiil a3y" yaganocs yBenuuuTh cBOrO 10410 10 16,81%.
Otkpeite Kamarana u mocieayronie OTKPHITHS B TOM ke orepanuonHoi 30He North Caspian
Operating Company (NCOC) (manpumep, Kanamkac) okazanu 3HaUYUTEIbHOE BIMSHUEC HA OICHKY
peruoHanbHbIX 3anacoB. [1o mporuo3am, goka3aHHbIE 3aMackl YETHIPEX MPUKACITUNHCKUX TOCYIapCTB
- AsepOaiimkana, Kazaxcrana, Poccum (TONmpKO KacmuiicKue 3amackl) W TypKMEHHCTaHA -
coctaBistoT 49,7 mnpna 6appeneit (pucyHuk 1).
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Pucynok 1. OneHka oCTaTOYHBIX 3aM1aCcoOB KUJKUX YIIE€BOOPO10B B KacnuiickoM pernone
(mnpa. Gappeneii B cytku; %) Utoro: 49,7 mupa. 6apperneii B CyTKH).

Ha Kaciuu pomunHupyroT 1iecTh kimroueBblXx mnpoekToB (Kazax-Kamaran, Tenrus,
Kapauaranak, Azepu-Uupar-I'tonenum [ AYI'], [llax-/lanu3 u 6510k "CeBepHbiii" B Poccun), KoTopsie
B COBOKYITHOCTH cojiepaT 26,9 mup Oappeneit, wim 68 % Bcex 3amacoB KUIAKUAX YTIICBOIOPOIOB
peruonHa. Jlns 1eneil JaHHOTO aHaju3a Jake €CIIM MbI OLIEHUM HEMOCPEICTBEHHBbIE M3BJIEKAaeMbIe
3amacel HeTr Kanrarana B koncepBatuBHbIe 10 Miipx Gapperieii, OHU Bce paBHO cocTaBsT Oosee 20
% OT OOIKX pPEerHOHAJIBHBIX 3aMacoB. DTO TUTAHTCKOE OTKPBITHE YKpenuio no3uiuu Kazaxcrana B
peruoHe, u Teneps OH KOHTposmpyeT okoJio 80 % kacrmiickoit HepTH [4].

Hedrsanoe otkpeiTie Kamarana, 3amacel MOIMyTHOTO Ta3a KOTOPOTO OLEHUBAIOTCS IPUMEPHO B
25 1hIC. KYO0. pyTOB, YKpernmio no3unuu KazaxcraHa Kak perHOHAIBHOTO ra30BOTO UTPOKa, COTM3UB
€ro ¢ OrpOMHBIMH 3aracaMmu rasa, mpuHajuiexkammmu TypkMmenuctany. Ha gomto Kazaxcrana u
Typkmenuctana npuxoaurcs 51% u 33%, cOOTBETCTBEHHO, OT OOLIMX OCTaTOYHBIX 3aI1acoOB ra3a Ha
Kacmuu B 06veme 459 Toic. ky0. GyTOB (pUCYHUK 2).

) Russian (Caspian),
iran (Caspian), 11, 0. 0% Azerbaijan, 65,

2% / 14%

Turkmenistan, 230, Kazakhstan, 153,
51% 33%

[ Azerbaijan W Kazakhstan [JTurkmenistan [Jlran (Caspian) [ Russian (Caspian)

PucyHok 2. OlieHKa 0CTaTOYHBIX 3a1acoB rasa B KacrmiickoM peruone (toic. dyts; %) Beero:
459 TrIC. DyTS.

Kapayaranakckoe MeCTOPOXKACHUE OSKCIUTyaTHPYETCS KOHCOPLIMYMOM IOJ] Ha3BaHHEM:
Kapauaranakckas uarerpupoBannas opranusaius KMI'(Kazaxcran) (10%), Eni(Uranus) (29,25%),
Shell (Hupepnaumsi, Bemukooputanus) (29,25%), Chevron(CIIA) (18,00%), Jlykoin(Poccust)
(13,5%). Ilpeamomaraempie 3amachl: 2,3 MIpJ U3BJICKacMbIX Oappencit HedTH U Ta30BOTO
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KoHJleHcaTa; 16 Tc wW3BIEeKaeMBbIX 3amacoB NpUpPOAHOro raza. OOmas CTOMMOCTh ABYX (pa3bl
pa3paboTKu cocTaBUT 4 MUILTHAapAa A0IapoB [7].

Pe3yabTaTsl 1 00cyKIeHNE

Bo3MokHBIE MapHIpyThl HKCHOpTa KallaraHCKOH He(TH M Taza. YCHemrHas SKCILTyaTalus
Kamarana Oyner 3aBHCETh OT CTPOMTENHCTBA HOBBIX TPAHCIOPTHBIX TPYOOIIPOBOJOB, CIIOCOOHBIX
nepeKkaynBarh Ooipinue o0beMbl HepTH, JOOBIBaEMOW B MOpE, HE MMEIOIIEM BBIXOJa K MOPIO.
Hamnpasnenue takoro Tpy0oIrpoBojia ocTaeTcs MoJ BOIIPOCOM, a 3HAYMT, HECET B ceOe MOTEHIHAI
OCTPON KOHKYPEHLIMU MEXy PETHOHAIBHBIMU 1 MUPOBBIMU JiepKaBamH [8].

FPAKISTAN
|

Pucynok 3. Kapra anbTepHaTUBHBIX MapIIpyTOB TPAHCIIOPTUPOBKH YTIEBOAOPOIHBIX
pecypcoB Kamarana.

PaccMoTpuM anbTepHAaTUBHBIE MapLIPYThl, TPAHCIIOPTUPOBKHU YIIIMBOJIOPOAHBIX PECYPCOB
Kamarana (pucyHok 3), CBSi3aHHBIE C KaXKIbIM IIPOEKTOM:

ATtbipay-Capanck-Camapa: (mapwpym [ na xapme). MapuipyT OpOTSIKEHHOCTBIO 691 kM
SBJISICTCSI YaCThIO B3aMMOCBSI3aHHON Ka3aXCTaHCKO-POCCUICKOM TpyOOIIpoBOIHOM crcTeMbl. PaboThI
o pacmmpenuto, Hadatble B 1999 romy, Obutn 3aBepmiensl B 2001 romxy m obonumuce B 37,5
MWIJIHOHOB JoiiiapoB. KazaxcTaH yBeIMUYMJI SKCIOPT HE(PTH MO POCCHUICKOMY MapHIpyTy [0
3,10,000 6appemneit B nens B 2002 roxy ¢ 2,10,000 6apperneti B aers B 2000 romxy. Jlo 3aBepmieHUs
ctpoutenbeTBa Tpyoonposoaa KTK B konre 2001 rona Kazaxctan 3kcnopTupoBall IOYTH BCIO CBOIO
He(Th Uepe3 ATy CUCTEMY.

Kacnwuiickuii TpyoonpoBoansiii koucopiuym (KTK) (mapupym 2 na kapme). KTK 6b11 co3nan
JUISL CTPOUTEIBCTBA TPYOOIIPOBOJHOM CUCTEMBI MPOTSKEHHOCTHIO 1577 KM il TpaHCIIOPTUPOBKU
HedTH u3 Tenrusa (3anaaneiii Kazaxcran) k Yepnomy mopio B HoBopoccuiicke (Poccus) u Hagan
MocTaBisATh He(Th Ha MupoBble pbiHKKM oceHbio 2001 roma. IlpaButensctBa Poccum (uepes
"Tpancuedts" - 24% u "PocuedTh-I1llenn" - 7,5%), Kazaxcrana (19%) u Omana (7%) paspaboranu
npoekT KTK coBMeCTHO ¢ KOHCOPIIMYMOM MEXKIYHApOIHBIX He(PTSIHBIX KoMmanui. OmHaKo 6
Hos10pst 2008 rona poccuiickas komnanus "TpancHedTs" 00bsiBIIA 0 TOKyKe gonu Omana B KTK
npuMepHo 3a 350 MUJUIMOHOB JOJIJIAPOB - BABOE MEHbINE, YeM mpenjiaraau BeHrepckas MOL u
Kaszaxcran. /Ipyrum nokxynarenem noaum Omana ctan Kaszaxcrtan, kotopoMy npuHamiaexur 19 %
akui KTK. Jons Poccun cocrasuser 31%.

[Ipoexr KTK npeagycmaTpuBaeT MOAEpHU3ALMIO CYLIECTBYIOIIEH JUHUM OT TeHrusa uepes
ATBIpay W MPOXOAUT BAOJL moOepexbsi Kacnuiickoro Mopsi, 4ToObl COCIMHHUTBCS Ha CEBEpe C
POCCUICKUM KOHILIOM JIMHUHU. CHUCTeMa TakKe BKIIOYAET B ceOs MOPTOBBIE COOPY)KEHHUS U BHOBb
IIOCTPOCHHYIO JIMHUIO OT CeBepo-3amajnHoro mnodepexbs Kacnuiickoro mops B Poccum no
HoBopoccuiicka. O0masi CTOMMOCTh MPOEKTa COCTABISAET 2,6 MUJUIMAp/A J0JIJIapoB. 3aBeplICHUE
pacmupenus Tpyoonposoaa KTK u Texkynmux padotr Ha TeHruse J0JDKHO YBEJTUYUTH COBOKYITHBIN
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BBII Poccun u Kazaxcrana 6onee yem Ha 150 mumnuapnoB gosapoB. Tpy6omnpoBon KTK rakxe
Oy/eT HMCIONB30BaThCs AJIS TPAHCIOPTHUPOBKH KUIKOTO MPUPOJHOTIO raza ¢ MPOM3BOJICTBEHHOTO
3aB0j1a, KOTOPHIA Oynet moctpoeH Ha Kapayaranake koncopruymom KIO. B mapte 2020 roga KTK
YCTaHOBWJI PEKOPJ MECSUHOM oTrpy3kH HepTH. 13 oTrpykeHHbIX B Mapte 2020 roga 6 450 676 ToHH
Heptn 2831492 TOHH -3TO HedTh MecTopoxaeHus Tenrus, 973 899 ToHHBI - He]TH
MmectopoxxaeHust Kapauaranak, 1 846 332 toun — HedTh Kamaranckoro MecTopoxxaeHus, a TaKkxKe
136 532 ToHHBI HEPTH OT APYTUX Ka3aXCTAHCKUX MMPOU3BOIUTENCH

Axray-baky-Tounucu-/Ixeiixan: (mapwpym 3 Ha kapme). OTKpBITHE MECTOPOXKICHHS
Kamaran cpasy ke BbI3BajIo IUIaHbI 110 COEAMHEHUIO MpeaaraeMoro Tpyoonposoa baky-ToOumucu-
Jxetixan (BT/]) ¢ mapmpyrom u3 mopra AkTay Ha KazaxckoM moOepexbe Kacmuiickoro mopsi.
OO6m1as MpOTsHKEHHOCTh BCET0 MapuipyTa cocTaBUT 0kojio 2300 KM, XOTs mpeaaraeMplii MapipyT
TpyOompoBoaa npoiineT Toasko oT baky no /xelixana. Kazaxcran "monurudecku mozauep:kuBaet”
MapipyT BT/I, u cropornuku Tpydornpooaa bT/] cauraror, 4To OTCYTCTBHE HA/IC)KHBIX MapIIPYTOB
yepe3 Mpan u Kuraii, BeposiTHO, cieiaer 3TOT MapupyT Haubosiee KOMMEPUECKU U MOJTUTHYECKU
AKHU3HECITOCOOHBIM JJIi OTPOMHBIX 3aI1acoB KalllaraHCKO# HeTH.

Kazaxcran-Typkmenucran-Upan: (mapwpym 4 na xapme). OOcyxnaercst NpeasIoKEHUE O
cTpouTenscTBe TpyOompoBoga u3 Kaszaxcrana B HMpan uepes Typkmenucran. MoOMIHOCTh
TpyOomnpoBoa coctaBut | MiH Oappeneii B cyTku, anuHa - 1600 kM, a HHBeCTUIIH TOTPeOYyIOT 1,2
MJIpA JAomapoB. XOTS 3TOT MapHIPyT SBISETCS OJHUM M3 CaMbIX KOPOTKHUX U JCIIEBBIX,
nporuBoaeicteue CIIIA u cankuuu npotus Mpana, ckopee BCero, Ha HEKOTOPOE BpeMs OTJIOKAT
3TOT MpoeKT. Elle omHUM onpenensonmm (GakTopoM SIBISETCS MECTO Ha3HAUEHUS SKCIIOPTUPYEMBIX
He(TH U Ta3a, B 3aBUCUMOCTH OT TOTO, KyJla OHH OyAyT HaIlpaBieHsI - B A3uio win B EBporry.

Kazaxcran-Typkmenucran-Adranucran-lIlakucran (u Unaus): (mapwpym 5 na xapme).
BocTouHbIe 1 F0’KHBIE MAPIIPYTHI U HE(PTH U ra3a, TAKKE KaK YacTO YIIOMHUHAEMBI MapIpyT Yepe3
AdraHucran, paccMaTpuBalOTCA CTOPOHAMH, YYacTBYIOUIMMH B pPa3paboTKe KaCIHUUCKHX
YTIIEBOIOPOIOB, HO MHOTHE 3KCIEPThI COMHEBatOTCs, uTo Adranucran win FOxHas A3us MOTyT
JaTh MHBECTOPAM TrapaHTUU MOJIUTUYECKON CTaOMIBHOCTH [9].

Kazaxcran-Kuraii: (mapupym 6 na kxapme). Ilo TpyOonpoBoy IiuHOM 986 KM, nMamMeTpom
813 MM u momrHOocThi0 2 00 000 Gappeneit B cyTku U3 ATacy Ha ceBepo-3amane Kaszaxcrana B
AnamaHpKOy B CEBEpO-3alaJIHOM KHUTaHCKOM pernoHe CHHBLBSH AKCIOPTUPYETCS KacHuiicKas
He(Th AJIs yIOBJIETBOPEHMS PACTyLIUX dHepreTuyeckux norpednocreit Kuras. Kommanus ChinaOil,
npuHaiexxamas PetroChina, siBiseTcs 3KCKIIO3UBHBIM MOKYMATeIeM ChIpoi He(pTH Ha KUTalCKON
CTOpOHE, a KOMMEPUECKUM OIIepaTopoM TpyOoIpoBoJia sABisieTcst coBMecTHoe npeanpustue CNPC
u "Kazrpancoitna". B nononaenue k mpumepro 85 000 6apperneit kazaxckoit HeTH B IE€Hb, KOTOPHIE
npouud mo Tpybomposony B 2007 roay, I'asmpomuedTs 1 THK-BP momyumnu oxomo 12 000
Oappeneit B ieHb 111 SKcriopTa HedTH B iepBoM kBapTaie 2008 rona.

[lepBrrit aTan npoekra ObL1 3aBepiieH B 2003 roay ¥ MpoXOJUT Ha 3amaj yepes3 3amnaJaHblii
Kazaxctan oT HEQTAHBIX MECTOPOXKICHHA AKTIOOMHCKOW 00JacTé 10 HEPTSHOTO y3iaa AThIpay
BOum3u Kacnuiickoro mops. Ilocne 3aBepiieHHs BceX 3TaloB CTPOMTENbCTBA 3Ta JUHHUS OyaeT
peBepcupoBaHa. CTpOUTENBCTBO BTOPOTO y4yacTka TpyoompoBoaa Kaszaxcran - Kurtaii Hadamochr B
KoH1e cenTsiops 2004 rona u 6su10 3aBepuieHo B 2006 roxy. Hedts qocturia kutaiickoil cTOpoHbI
29 urona 2006 roma, mpUMEPHO HA JBa MecAIa IMO3Ke 3allJIAaHUPOBAHHOTO CPOKA, M 3aTeM Oblia
nepekayana Ha Jlymansunckuii HepTenepepadbaTeiBaronuil 3aBoa. OCHOBHON NPUYMHON 3a/1€PXKKH
cTaiu nmpooJieMsl ¢ IieHooOpa3oBanueM, HO Kutaii u KazaxcTan B UTore mpHimiu K KOMIIPOMHCCY.

O06we3auble MappyThl yepe3 bonraputo u Ykpauny (mapupym 7 na kapme). B auBape 1997
rona bonrapus, ['penmst u Poccust cornmacoBaiu rirad CTpOUTENbCTBA HE(TEIPOBO 1A, COSTUHSIOIIETO
Oonrapckuii yepHoMOpckuii mopT byprac ¢ AekcaHIpONoJHMCOM Ha CpPEeAU3eMHOMOPCKOM
no6epexbe [ 'perun. [IpeaioxeHHbIi oa3eMHBIH HeDTEPOBO MPOTHIKEHHOCTHIO 286 KM MTO3BOJIHIT
661 Poccun skcrioptupoBath He(Th yepe3 UepHoe Mope B 06x0a bocdopa. OgHako mMpoKuil CIEKTp
TEXHUYECKUX M HKOHOMHYECKUX Pa3HOIVIACUI 3aTOPMO3MII MPOEKT CTOUMOCThIO 700 MMIIITMOHOB
noinapoB. B mepByro odepenb, OTCYTCTBYIOT OYEBHMIHBIC MCTOYHHKH (DUHAHCHPOBAHUS TAaKOTO
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TpyOOIlpoBOJa, a TaKKe HET JOCTaTOYHOrOo KOJMYECTBA He(PTH OT CTpaH-NPOU3BOAMUTENEH
Kacnuiickoro 6acceiina, 4To0bl cienaTh TpyOOIPOBO/I OCYILIECTBUMBIM.

Bropoit mapuipyr B 00XO0J TypeUKHX NpOJIUMBOB - HedTenpoBoa AnbaHus-MakenoHHsI-
Bonrapusi, ansrepHatuBHo u3BecTHbI kak AMBO. Ilpoexr AMBO 3aiimer 4 roga v COeIUHUT
oonrapckuit mopT byprac na Uepnom Mope ¢ asibanckuMm nmoptoMm Brope Ha AnpuatndeckoM mope
890-km1oMeTpoBbIM  TPYOONIPOBOAOM CTOMMOCThIO 1,2 Mumapnaa posnapoB. Ilpomycknas
crmocoOHOCTh TpyOompoBoaa coctaBut 7 50 000 Gappeneit B cyrku. HecMoTpst Ha TO, YTO TUIaHBI
3TOrO InpoekTa ObuIM pazpabotansl B 1996 rony, KpynHble aMepUKaHCKHE He(TSHbIE KOMIIAHUH,
Exxon Mobil u Chevron Texaco, orBepriu 3assicaus AMBO o ToM, 4To OHH paccMaTpUBAIOT
BO3MOKHOCTh y4YacCTHsl B 3TOM MPEANPHUSATHH, 3a8BHUB, UYTO Il MPUHATUS TaKOro pelieHus 'ele
CJIMIIKOM paHo'.

DKCIOPTHBIE MOIIHOCTH OrpaHuuyuBaroT HedTsHble amOuinmu Kasaxcrana, Reuters, 13
OKTSIOPSI, KOMMEPYECKHNE TapaHTUN KACTIMMCKON HEPTH, 0COOCHHO B CBETE IMOCIEAHUX COOBITHH,
korga Kazaxcran, oueBuaHO, cornacuics B oomeH Ha pacimupenue KTK ormpaiste HedTh 1o
TpyodomnpoBoay byprac-Anexkcannponynuc u mapmpyram bTJI. AzepOaitmkan OyneT OTHPaBISITH
Oonpiryro 4acte cBoeld Hedtu mo TpyOompoony BTJl. Kpome Ttoro, EBpomeiickuii OaHk
pexoHCcTpykImK U pa3sutusi (EBPP) 3aaBui, 4To ¢ 5K0OHOMUYECKON TOUKHU 3peHus 1eecoodpazHee
MOCTPOUTH TpyOompoBoa aanbiie 10 Bunerensmca-sen (I'epmanusi), 1€ OH HU30EKUT
MePeToIHeHHbIX TpoiuBoB y OeperoB [lanum u lBeunu. Kpome Toro, mpeacraBurenu oTpaciu
nyOJIMYHO 3asiBHJIM, 4YTO Kacmuiickas He(PTh BpsI JIM CMOXKET BBITECHUTH OoJyiee JIEIIEBYIO
poccuiickyto HedTh cmecu Urals Ha nieHTpanbHO-eBponeiickux HedTenepepadaThIBAIONINX 3aBOJIAX.
W, nakonern, 3aBoj B [no1ike mpugercss MOASPHU3UPOBATH, YTOOBI MepepadaThiBaTh 00JICE JIETKYIO
KaCIUHCKYIO0 He(PTh.

BriBoabI

Kazaxcran cTpeMuTenbHO ABMXKETCS K TOMY, UTOOBI CTaTh OCHOBHBIM SHEPreTUYECKUM
urpokom B peruoHe. PasBenka mecropoxnaenus Kamaran npusena k tomy, uto Kazaxcran cran
KpYIHEUIINM HOBBIM MCTOYHHUKOM SHEPruu B OacceliHe U MPUBJICK 3HAUUTENbHBIN MWHOCTPAHHBIN
MHTEpEC K CBOEH He(TIHON MpoMbIIeHHOCTH. Eciin amOuirosHeie mansl KazaxcraHa 1o SKCnopTy
He(TH He OyayT MOAKPETUICHBl PEealbHBIM POCTOM SKCIOPTA U JKU3HECTIOCOOHBIMU MAapIIPyTaMU,
OHHM OKaxyTcsi Oecrnosie3HbIMHM Il cTpaHbl. Kasaxcran He MoxeT xnath. Cpeny BO3MOXKHBIX
MapIIpyToOB 3KcmopTa KamaraHckod HedTu mapuipyT BTJI, KoTopslii MOXeT OBITh HE CaMbIM
JIOTUYHBIM WM SKOHOMHMYECKU dPPEKTUBHBIM, UCXOAS U3 HCIOJIb3YEMOM NMPOrHO3HOM MOJAENU U
oO0BsicHeHU ToOeAMBIICH KOATUIMKM, CKOopee Bcero, OylaeT BbIOpaH B KauecTBe Haumbolee
KHU3HECIIOCOOHOI0 M CHIJIBHO JOTOHSIONIEro ITulaHbl J00buM Ha Kamiarane, a Takke B CHIly CBOEi
reonOJUTUYECKON pUBIIeKaTEeIbHOCTH /11 Ka3zaxcTaHa u 3amaHbIX CTpaH.

CrouT OTMETUTH, YTO B MecTopoxaeHue Kamaran Oblin BIOKEHBI OTPOMHBIE HHBECTUIIUU B
pasmepe OKOJIO 55 MWIIMAapAOB AOJIApOB, U MpaBUTENbCTBO KaszaxcraHa M ero 3apyOesxkHble
MapTHEPHI HA/ICIOTCS HA CBETIIOE Oy/yliee 3Toro Mecropoxaenus. Tak, B ssuBape-asrycre 2020 roga
no6brua HeTH U KoHAeHcaTa B Kazaxcrane cocraBuina 58,3 MilH TOHH, U3 KOTOphIX 10,4 MIIH TOHH
Ob10 M00BITO Ha MecTopoknennn Kamaran [13]. Okumaercsi, 9TO 3TO KOJHMYECTBO TOOBIUU
YBEIIMYUTCS IO MEPE PEIICHHUS BCEX MPOOJIEM U 3aBEPIICHIS] HOBBIX HHPPACTPYKTYPHBIX PadoT.

[Ipoext Kamaran, WHUIIMMPOBAHHBIM TMPaBUTEILCTBOM KazaxcTaHa W ero 3apyOeKHBIMH
napTHepaMu ¢ OOJBLION Ha/EKIIOM U SHTY3Ua3MOM, ObLII OCTAHOBJICH U MPOJOJIKEH HECKOJIBKO Pa3
M3-32 MHOKECTBA MPUYMH U TPYIHOCTEH, YMOMSHYThIX Bbime. [Ipy KakqoM HOBOM 3aIlycke
MPOU3OIIEAIINE HEyAaud KaK MO0 TEXHUYECKUM MPUYMHAM, TaK U 1O BO3AYLUIHO-BOJASIHBIM
XapaKTepUCTHUKAM M HU3MEHEHHME YINPABICHUM IMPOEKTa HECKOJbKO pa3 IPHUBENIO K 3aMeIJICHUIO
peammzaru npoekra. OIHAKO BO BpeMsi BOBHUKHOBEHUS MPoOIeMbl IpaBUTEILCTBO Kazaxcrana u
€ro mapTHEphl HE MpeKpallaid MOMBITKH BEPHYTh MECTOPOXACHHE B JKCIUTyaTallHio, 4TO ObLIO
JIOPOTOCTOSILIIUM U B CJIOKHBIX ycioBUsX. [1o 3T0il mpuynHe ecTh HaJeX/1a, YTO MPOEKT, B KOTOPBIN
OBLTH BJIOKEHBI OOJIBIIINE MHBECTUIIMK U 3aTPAY€Hbl YCHIINSA, IPEOJI0JIEET TPYAHOCTH B OyIyIIeM U
B JJAJIbHEHIIIEM YBEIMUYUT IPOU3BOACTBO J0 KEJIAEMOI MOIITHOCTH.
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Annotation. One of the most urgent problems today is the protection of the local ecosystem.
The negative effects of global climate changes and natural disasters on the environment are
constantly increasing. Against the background of natural and anthropogenic effects on soils formed
in accordance with the law of vertical zonation in altitude zones, the failure to study the ecosystem
impact process on the nature and biological diversity of these areas as a whole has led to
consequences resulting in soil degradation. In addition to spatial surveys, data obtained from satellite
images is also widely used, which is considered one of the main methods for determining
environmental damage.

Key words: digital map, raster image, soil erosion, degradation, remote sensing, cartographic
basis

PE3IOME HA CTATBIO "METOJUKA OBPABOTKH JAHHbIX
CITYTHHUKOBBIX CHUMKOB B ITIPOI'PAMME ARCGIS JJIs1 CO3JIAHUSA
HUPPOBBIX KAPT OPO3UM I10OYB"

Annomayusn. B cmamve paccmampusaiomcsi NPUHYUNGL U MemoOoNocUsi paspabomKu
YughposvIx Kapm HA 0CHOBE OAHHLIX OUCMAHYUOHHO20 30HOUposanus 3emau u mexuvonoeuu ArcGIS
PaspyuieHus u 0ecpadayuu npupoOHbIX 3Kocucmem, cpopmuposasuiuxcs na borvwom Kasxkaze noo
NPUPOOHLIM U AHMPONOLEHHBIM 8030€UCBUEM.

Knrwoueewie cnosa: yugposas kapma, pacmposoe uzoopasicerue, 3po3us nouesl, 0ecpaoayus,
OUCMAHYUOHHOE 30HOUPOBAHUE, KAPMOSPADUYECKdas OCHOBA

Introduction. Climate is one of the active natural factors and plays a driving role in the process
of soil formation. Climate characteristics mainly predetermine the probability of soil erosion and are
considered to be the main natural factors in determining its development as well as the intensity of
soil flow. changes, erosion and degradation processes have caused environmental problems, which
made it necessary to study them, as well as to analyze the changes and create a description on the
maps. The main source of information in the creation of soil-erosion maps is cartographic materials.
These materials mainly include topographical, thematic maps and space images. Satellite images are
widely used in the preparation of soil-erosion maps. Satellite imagery combines multi-channel
spectral zonal imagery. In addition, the information provision of soil erosion maps includes literature
survey and statistical sources.

Research object and methodology. The lands of Kabala and Balakan regions, located in the
Greater Caucasus physical-geographical region, were taken as an example of the research object.
Digital maps were prepared by entering the mathematical data obtained as a result of ground
measurements and decoding of space images during the soil survey into the database using the Arc
GIS software.
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Analysis of the results. Cartographic maps from 1985 were used to compare the land cover of
Kabala and Balakan regions. So, several maps belonging to the research area were first brought to the
coordinates using the tools in the "Georeferencing” menu, and then the map brought to the coordinates
using the "Clip" tool located in the "Data management tools" menu in the "Toolbox" was cut
according to the area of the research area. In the end, the land cover area of Kabala and Balakan
districts was extracted and digitized from these maps through vectorization. The areas of land cover
in Kabala and Balakan regions were calculated using "Open Attribute Table" from the received digital
maps. Soil-erosion maps are drawn up mainly in 2 directions: maps of eroded soil; soil maps protected
from erosion [1].

The multifaceted nature of soil erosion problems requires the application of various methods
and techniques. Cartographic research methods are especially important among these methods [2].
Because with these methods, in addition to the compilation of maps and atlases, the synthesis of
knowledge reflecting the interactions between nature and society is studied. The main stages used in
the preparation of soil-erosion maps are as follows:

- Detection of eroded areas and determination of their contours;

- Landscape ecological decoding of space images and creation of topographic bases;

- Selection of conventional signs to describe the objects on the map where the soil erosion
process is taking place;

- Preparation of the legend and the initial version of the maps;

- Detection of eroded soils based on space images, determination of their classification and
characteristics.

The map was created by applying GIS technologies based on the ArcGIS 10.3 platform
produced by ESRI and using modern map design methods. The appropriate cartographic network of
the map is drawn, the legend, ap iate conventional signs are developed (picture 1.).

Land map of Gebala regica z SRR o e

¥ (Bectroric version of the 241 £500460
= scae map)

Picture 1. Land map of Kabala region
The soil erosion map prepared on the basis of these stages is distinguished by its visibility,
completeness, and abundance of geographical information. On the basis of these maps, it is possible
to determine the characteristic features of soil processes, the results of the relationship between

0 “MexayHapo/HbI Hay4YHO-UccaefoBaTebCKUH LeHTp “Endless Light in Science”



TEXHUYECKHUE HAYKH
Impact Factor: SJIF 2021 - 5.81  HNIEAL SCTENCES
2022 - 5.94

society and nature. In modern times, a new field of thematic cartography, land-ecological
cartography, is being formed. The implementation of soil-ecological monitoring primarily refers to
cartographic and spatial image materials. Because the cartographic and aerospace research methods
and the materials obtained based on them provide extensive, regular and operational information

Picture 2. Land map of Balakan region

Composition elements, that is, additional information, supply elements can be located inside
and outside the map frame. The frame of the map, being the main compositional element, is
considered one of the important mathematical elements and the border of the cartographic image. The
map frame is divided into 3 parts, the main or inner frame, the minute or degree frame, and the outer
frame.

In modern large and medium-scale topographic maps, the geographic image is limited directly
by the inner frame. Sometimes, even on small-scale geography maps, the inner frame corresponds to
the meridian and parallels. This is the case in maps made in straight cylindrical projections, maps of
hemispheres, etc. happens. In some geographic maps, the internal frame lines do not correspond to
meridians and parallel

Two lines are drawn parallel to the degree frame at some distance from the inner frame. The
parts between meridians and parallels on the degree frame are divided into minutes on large-scale
maps, and degrees on small-scale maps. Using the degree frame, you can find the geographic
coordinates of a certain point on the map, or vice versa, move the point on the map according to the
geographic coordinates.

At a certain distance from the degree frame, the outer frame of the map is drawn parallel to it.
The numerical value of the geographic coordinate of the cartographic network is written between the
edge and degree frames. Digital maps are a digital model of the earth's surface, they are prepared as
a result of photogrammetric processing of data obtained as a result of remote sensing, digitization of
cartographic sources, which are compatible with all types of maps both in content and scale. Digital
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maps are created as a result of analyzes and calculations carried out in automated cartographic
systems and geographic information systems. Digital maps are also compatible with other map
classifications. For example, digital soil maps, digital vegetation maps, digital cadastral maps, etc.
Digital maps are prepared in the following order:

- Carrying out certain analyzes using previously prepared topographic maps of a large scale;

- Photogrammetric processing of data obtained as a result of remote sensing (raster data
acquisition);

- Field measurements (for example, geodetic measurements - using electronic tachometer, GPS,
etc. tools);

- Processing of points obtained in the field under camera conditions.

After all these processes are done, the map is prepared. Composition elements for the map are
prepared. The composition elements of the map include the frame and the legend. Conventional signs
used on the map are reflected in the legend. A coordinate grid is drawn depending on the scale. After
creating digital maps, it can be converted to other programs and saved. For example, jpeg, png, tif,
etc. in raster format, dwg, shp, etc. in vector format. The quality of digital maps is determined based
on the following factors:

- Ability to provide information;

- Accuracy;

- Fullness;

- Having the right structure.

The reflection of all factors on a digital map depends on the accuracy of the data used for the
map and the responsible approach to the work of the map engineer. Having the correct structure of
the map means that it has a mathematical and geographical basis, it is drawn up in cartographic
projection and scale, and it is drawn up using conventional symbols accepted in the international
world [3].

A soil erosion map is a cartographic work that carries out an ecological assessment of any area.
A soil map allows you to compactly display the conditions of living organisms, including the
characteristics of the environment that affect the life and health of people. A complex classification
of soil erosion maps includes almost all components of their most important features. According to
the direction, ecological maps are divided into the following types:

- anthropocentric and bio centric;

- according to the scope of relations: specific and complex;

- according to the content: factors or circumstances, processes, situation, problems, situations,
nature protection and organization of nature use;

- according to the nature of information presentation and level of analysis: inventory, estimated,
predicted, recommended;

- by appointment: base and operational,

- by mapping cell: administrative unit, landscape, basin, natural economy or resource area.

Complex soil-erosion maps belong to the group of geoecological maps. Geoecological maps
are compo they allow us to get a general and visual idea of the spatial data and the extent of the
ecological situation as a whole. Examples of geoecological maps are soil-landscape maps reflecting
the ecological situation and ecological problems [4].

The main content of the comprehensive soil erosion map is the evaluation of the modern
landscape structure and environmental features important for human life. The maps created in this
way characterize the spatial-temporal changes of natural conditions and life-important factors in the
most complete way. Soil erosion maps drawn up in different scales and contents should first of all
meet the following requirements:

a) The content of the soil erosion maps, its degree of generalization, the scope of the
methods used to reflect the environmental conditions should clearly reflect the modern soil-ecological
condition of the research object and complete descriptions of all ecological features that affect biota
and the human body
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b) Land plots, their characteristics, erosion rates described in each prepared soil erosion map
must be consistent with the modern and real situation;

¢) Since the same geo-geographical materials are used by specialists of different fields, the
legends drawn up should be accurate, conventional signs should be clear and easy to read.

The most important task in the preparation of soil erosion maps is the creation of a uniform
methodology and conventional signs. On the basis of many soil maps, derivative maps, especially
ecological assessment, ecological forecast, etc., will be developed in the future. it is possible to draw
maps. Soil erosion maps are a cartographic image of great importance in monitoring the environment,
implementing nature protection measures, determining future directions of the country's economic
development, and scientific research.

Conclusion. Thus, in the presented research, based on the data of GIS technologies and satellite
images, as well as spatial data, the soils of Kabala and Balakan regions in the spring and summer of
2013 and the erosion process taking place there were determined using the comparative geographical
analysis method. Topographic map and space as a result of the research conducted with the
application of image data, the application and conceptual issues in the direction of preventing soil
erosion were reflected, and digital maps on a scale of 1/50000 were developed and prepared.
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OHIIPICTIK MAKCATTAFbI APHAWBI KNIMJIEPTE APHAJIFAH
MATA TYPJIEPI

MAKUTOBA JAHA MEJETKbI3bI
Anmatsl TeXHONOTHSUIBIK YHUBEPCUTETIHIH Jln3aliH,
TEKCTUJIb KOHE KMIM TEXHOJIOTUsIaphl (haKkylnbTeTiHIH CTYIEHTI

INAM3BAJIAHOBA I'YJIbHAP CEMTBEKKbBI3bI
Anmatsl TeXHONOTHSIIBIK YHUBEPCUTETIHIH Ju3aliH,
TEKCTHUJIb KOHE KUIM TeXHOJIOTUSIIaphl (PaKyIbTETiHIH OKBITYIIIBICHI
Anmarel, Kazaxkcran

Annomayun: Apuaiiel Kuim-6yn sicexe Kopeauvic Kypanwl. Oubly He2izel (YHKYUAIAPLIHbIY
Oipi-eHbex Kayincizoiciniy Kadcemmi OeHeeliH KAMMAamdacvl3 emy XHCoHe aPmypii 6HOIPICMmIK
nacmanyoan Kopeay. Keizmemkepnepoi cananvl dcone ceHimOi apHaiibl KUIMMeH KAMMAMAChl3 emy
OHOIpicmMIK Kadjicemminix 6016in mabwvliaowl.

Kinm ce30ep: Apuativl kuim, yHughopma, memnepamypa, HCymviCulbl, bli2ail, CUHMEMUKATbIK
ManublK, madbuu maiuvly, nomex mama, /{lonon Komnanuscwl, ypHumypa, popma, scmemuxa,
mama, OaueuH2.

ApHalibl KHiM- apHaiipl yHUOpMa, SIFHH, OHIIPICTIK MaKcaTTapra apHaJFaH KoHEe KopliaraH
OPTaHBIH OPTYPIIi 3USHABI (PAKTOPIAPBIHBIH dCEPiHEH KbI3METKEPIIEpl KOPFay YIIiH KbI3MET €TeTiH
KOPFaHBIII KAIMEPI.

ApHaiibl KHiMZep )KYMBIC MaKcaTbIHA Kapai 5 Typre OemiHei:

1. 2KyMmbIc KUiMIEPi HKYMBICIIBUIAP/IBI JKaJIbl OHIIPICTIK JaCTaHyIaH XKoHE OHAIPICTEr1 JKEeHUT
KapakarrapaaH Kopraiasl. Onmap keOiHIe KalblH MaTa/laH jkKacajraH KypTe MeH majibap Hemece
KOMOMHE30HHAaH Typajabl. MyHaal KyMbIC KHIMAEpl KYHIKTEH, KIpAEH >KOHE IIaHHAH KOpFau[bl,
KyyFa OHal KoHE )KYMBICIIBUTAP/IBIH BIHFAUIIBI )KYMBIC iCTEYiHE MYMKIH/IK Oepeti.

2. XKorapsl Temneparypa >kar1alibIH/Ia )KYMBIC ICTE€yTe€ apHaJIFaH KUIM, BICTBIKKA TO31M/11 O0JIBII
Ta0BLIA B, OHBIH MAaTAChl apHAWBI OTKA TOTEN Oepe aJlaThIH KOCBUTBICTAPMEH OHJIENTeH. OpTKE KapChl
KacueTTepleH 6acka, ol kebiHece 2JIEKTp JOoFajapbl MEH CTaTUKAJBIK JIEKTP TOFbIHAH KOPFay/ibl
KaMTaMachl3 eTyre apHaidraH. MyHJIall KUiMAl epT CeHAIpyuIliep, MyHail-ra3 KelleHiHiH
KYMBICIIBUIAPBI MEH YHEPTEeTHKTEP KHEI.

3. TeMeH Temneparypa >karAaiiblHAa dKYMBIC ICTEYTe apHaJIFaH KYMbIC KUIM1 HEMecCe JKail FaHa
KBICKBI )KYMBIC KHIMI, JKbITY/Ibl CAKTal KaHa KolMail, COHbIMEH KaTap KaTaJl MOJIspIIbIK JKaFnainapaa
J1a TUIMJ1 )KYMBIC 1CT€yre MYMKIH/AIK OepeTiH KOoFapbl TEXHOJIOTUSIIBIK MaTepUaiiap/iaH jKacajFaH.
MyHzail KHiM 5KEH1I, )KbUTBI KOHE KO3FAJIBICTHI IIEKTEMEY KEepeK.

4. Cy oTKI30eHTIH KHIM aJaMIbl bUIFAJJIaH, COHJAi-aKk Kip MEH IaHHAaH KOpFay VIIIiH,
KOJIAaHChI3 aya-pallblHIa XYMBIC iCT€y YLIIH KakeT. MyHAal >KyMBIC KHIMJIEpi, Cy OTKi30eWUTiH
MaTepuajiapiaH  JKacaiFaH. TBIFBI3ABIKTBI  CakTay YLIIH OHJAFbl  TITICTEp  KOCHIMILA
XKaOBICTBIPBUIA/IBI, a1 TYPAKTBUIBIK MEH OEpIKTIK YIIIH MaTaHblH O€Ti MOJMYypeTaHMEH MKOHE
HelmoHMeH xabputFad. Cy oTKI30€HTIH KHIMHIH MIHJIETTI QJIEMEHTI - CIHIPTIIITIK.

5. CurHan kuimi >KaHOBIp MEH TYMaH CHUSKTBI KOJIAWiChI3 aya paiibl >KargailblHAa KYMBIC
icTerenie KonjaaHbuiaJsl. MoceleH, K0 KbI3METKepIIepl, TYPFbIH YH-KOMMYHAJABIK [IapyallbUIbIK
KbI3METKEpJIepl KOHE HaTPYIbJIIK MOJIHIUSA KbI3SMETKEpJepl CUTHAJIBIK KHIMMEH KaOAbIKTaIybl
Kepek.

ApHaiibl kuiM — Ka3ipri eHepkacinTeri kepkeM kepcetkinl (Cypet-1). Bipinmi epekmeniri —
ACTETHKA, TOPTIN, TOpOUE, SFHU KYMBIC 1CTeY OapbIChIHAA XYMBICTa Oip KHIM, ajl )KYMBICTaH YHTe
KalWTKaHaa Oacka KuiMm 00mysl KaxeT. Exinmrici — Oy opuHe Toxipuedeniri, apHaiibl KM YATUIEpiH
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KacaraHa, (PyHKIIMOHANIBIK KaTapbIHBIH EPEKIIeNIKTepl KOpPCETUIeNl: HAKThl aXbIPAThUIFaH
KajnTajap Typiepi, KepKeMIIK Typjepli HeMece HaKThl BIHFAWIbUIBIFBL YIIiHIIICI - omOelan
dbopmansl KoimaHy OapbIChiHAA, (UPMaHBIH TaHOACHI MBIKTHI IICHXOJOTHSUIBIK KYIII Oepei jKoHe
KYMBICKA JIeTCH JKayalKePIIITi >KOFapblIai Ibl.

Cyper 1- ApHnaiisl kuim TypIepi

ApHaiibl kuimzaep — Oepik opi Te3iMal 60mys! mapt. OCBIHBIH OapIIBIFBIH KaMTaMachl3 €Ty YIIiH
KINITEPiHIH KOKETTI aiiKacrachl, MaTaJIbIK HETI13/1H AYPBIC YHIECIMIH jKOHE KaKeTTi (ypHUTYpPaHbBI
TaHaay KepeK. OpuHe, MaiiblH OYHBIMHBIH KOJJIAHBUTYBI KE31HJIE TIry camachl, OapIblK TajanTapra
colikecTiri, OallaHBICTBIPY TOCLT, TaHIadFaH (YPHUTYpa OCHIHBIH OapibIFbl TITIH KINTEpiHE
Toyenni. JlereaMeH, TiricTepi y3ijeTiH Oosca OHBI KalTa Tiryre Ooiajpl, aj erep MaTepHalbIHBIH
OyTinairi OymiHeTiH Ooiica, OHJIA OHBI TY3€Ty KUBIH, 9pl TY3€TKEH arjaiga OyiibiM OacTamkbl
KaJITIBIH JKOFAJITBIN KaHa KOMMaii, COHPIMEH KaTap KOPFAaHBIIITHIK KACHETIH JIe YKOFAITYbl MYMKiH.

Kuimaepai ennipy yuriH naiiganaHbuiaThiH MaTajgapAbl KypaMbl OOWBIHINA jKacaHIbl, TAOUFU
KOHE CHHTETHKAJBIK Jem ym Tomka Oeimemi. JKacaHasl MaramapablH TalIIBIKTapbl TaOWUFU
MaTepHaliap/iaH *KacaH bl )KOJIMEH OHIpiie/i, MbICajbl , aFalllTaH BUCKO3a ajiblHAAbl. AJl TaOUFu
Mara TaOUFU TAJIIIBIKTHI MaTepraiiapiad aJlbIHAIbI, MBICAJIBI, )KYH, 3BIFBIP, MaKTa. CHHTETUKAIIBIK
Maragap ajaM epKEHHETI MEH >KOFapbl TEXHOJOTHUSIApAbIH ©HiMi Oonblll TaObUIaAbl, OJapIbIH
TaJIIBIKTaphl XUMUSUIBIK ©HEPKICINTIH HOTHXKECT OOJIBIN TaObUIAThIH NOJIUMEPIIEPACH aJlbIHA/IbI.

Heri3ri kxyMbIC MaMaHABIKTapbIHBIH KUIMIH TITY YIIIH TOJIBIK TaOUFU JKOHE apayiac Matajap,
COHJIaii-aK OChl MaTaJapJbIH TYPJl yisleciMaepl Koimaanbiaasl. EH anasiMeH, apHaitbl KUIMI1 TITY
YIIiH KOJJaHBUIATBIH OaplblK Marajap MIHIETTI cepTh(dUKaTTayjaH eTell JKOHE COHWKeCTIK
ceptudukarrapsl 0ap.

CHHTETHKAJBIK )KoHEe TaOUFH TaIIIBIKTAPBIHBIH OH XKoHE Tepic KacuerTtepi 6ap ( Cyper 2).

MakTa TajIIBIKTappl TaMalla TUTMEHANbIK KacueTTepre He, ajaija MeXaHUKaJbIK
KOPCETKILITEpl 6T€ TOMEH, COHBIMEH Karap oI 1ipyre O6eiiMm. Al eH MaHbI3/Ibl KeMIIUIIr -00syIbIH
HaIap Te3IMIUTITI.

CHHTETHKAJBIK TAJIIBIKTapAa )KOFapbl/ia aTallFaH KeMILIUTIKTEP JKOK, SFHU OChI TAJIBIKTapAaH
yKacaslFaH Marajap >KaKChl MEXaHHMKaJbIK CUIaTTaMaiapbel 06ap (orapsl Oepiktiri MmeH (opmara
TO3IMLIIT, IIpyre TO3IMILIIr, YCTaMABUIBIFBL, O0syIbIH OepikTiri MeH OepikTiri), 6ipak Oy perte
TUTHEHAJIBIK KOPCETKIIITEP] 6TE HAIIAP KOHE AIICKTPIICHYI1 JKOFapPHI.
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Cypert 2- MaraHblH (U3UKa- MEXaHUKAJIbIK KaCHEeTTepl

Jronion xomnanusicel 30 »xbu1 OypelH HoMeKe TanmbiFbIH OWTal TamnkaH, Kas3ipri TaHaa Oy
TaJIIBIKTAaH MBIHIAFaH OTKA TO3IMII JKOHE TEPMOTYPAaKThl MaTajap MIbIFapeUIyda. |aJlibiK
eIIKAH/al XUMHUSAJIBIK OHJIeY HeMece 0acka KocTaaapAblH dCEPIHEH OHIEITeH TaJIIIbIK eMec.

Nomex- MeTaapOMHATI, MapaaMUATI XXKOHE aHTHCTATTHl TAJIBIKTApAAH TYPATBIH >KOFaphI
TEXHOJIOTHsUIBI Marepuai. Nomex Mara KypaMbIHBIH apKachlHAA KOFapbl MEXaHHUKAJIBIK OEPIKTUIIK
IIEH TEPMUSUIBIK TYPAKTBUIBIKTBI KOpFay KacuerrepiHe ue. EHOeKx Kaylnci3[iri MHCTUTYTHIHBIH
3epTTey HOTHKeCi OOMBIHIIA MaKTa MaTajibl OTKa TO31MJi MaTajapAblH KbI3MET €Ty YaKbIThl OpTa
ecermed 1 JKpuIra TeH.

Nomex MaTachIHbIH apTHIKIIBLUIBIKTAPHI:

o TepMUsIBIK KayINITITIKTEH €H )KaKChl KOPFaHBIC.

e Koraps! xailbuiblKk. Nomex Marachl OTKa Te31MJII MaKTa MaTacblHA KaparaHJa *Orapbl
TeMmIeparypa MeH OT JKaJIbIHbIHaH jKaKChl KOpFaibl. JKeH11 MaTa )KOFaphl *KalIbUIBIKTH KAMTaMachl3
eTei, OWI ocipece BICTHIK aya palbIHAa ©T€ MaHBI3bl. Mara TaJambIKTRIH Oipereil jopMachIHBIH
apKachIHJIa — TUTPOCKOMNHSIIBIK, TUTHEHAJIBIK, aya jkoHe Oy ©TKI3TILITIK KaCUeTTepiHe He;

o Xorapel yHemaumik. Nomex tinTi 200-peT >XyFaHFa J€iiH KOPFAHBIIITHIK KAaCHETIH,
TO3IM/LIIT1H, eJIILIEM TYPaKThUIBIFbI MEH CHIPTKbI TYP1 MEH (DOPMACHIH CaKTai bl ( a1 MaKTa MaTajblK
OTKa Te31M/11 apHaiibl kuimiep 50- peT KyblUIFaHHAH KeiH-aK ©31HIH MEXaHUKAJIbIK OEpIKTLIITH )KOHE
dbopmacein xorantansl). Colikecidmie, Nomex MaTachblHBIH KbI3MET €TYIHIH Y3aKKa TO31MIUIITIHIH
apKachIH/Ia IIBIFBIHBI 12 a3 O0naabl;

¢ XKorapsel ceHiMauiK. J[FOTIOH — @HIpIC KayiICi3iri cajgachlHIa KOmoacibl KOMIAHUs OOJIBII
caHanaapl. HomMekc Maranapsl MeH TaJIIIbIKTaphl Ka3ipri EBponansik xone Peceitnik cranmaprrapra
TOJIBIKTa CoKecTeHAIpureH. Nomex MaTajapblHaH TITUITEH apHaibl KHIMHIH aca >KOFapbl
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TEPMOTYPAKTBUIBIK KaCHETI, )KaMJIBUTBIFBI MEH Y3aKKa TO3IMILTIT1 40 Kb OOMBI callaliblK CTaHAapT
OOJIBII KeJe KaThIp.

Cyper 3- Nomex MaTacbhIHaH acaJFaH apHaiibl KHIM

Nomex MarachlHaH TITUITeH apHaiibl KWUIM — opT OoiFaH >Karmaia agaMm emipi MeH
JICHCAYIBIFBIH CaKTalapl. Marackl — OTKa JKAHFBIINI KOHE OAJKBIFBIII €MeC, KEepICIHIIEe >KOFaphl
TeMmIeparypa Ke3iHae TYTaCTBIFbIH CaKTall, TOKCHH/II Ta3aap MeH TyTiHAepai 6eamenai. by, anamra
OpT alilMarbIHAH TE€3 apaja KeTill KajdyblHa MYMKIHAIK Oepemi. Nomex mMaTachl epeKilne KaCUeTiHIH
apKacblHJIa apHailbl KUIM aJaMJIbl 2-I1i KOHE 3-IIi Ky JepekeciHeH, Oacka MaranapaaH
JaWbIHIAJIFaH apHANBI KHIMIEPIEH KaKchIpak Kopraiabl ( Cypet- 3).

JlaiiBUHT — OacTankpla CHOPTTHIK KUIM TITY YIIIiH )KacaliFaH TPUKOTAX TYpi 00, KeHiHHEH
CyFa TYCYIIH KacueTTepiH Oarajam, OHbI apHaiibl KMIMJED TITY YIIiH KoyjaHa Oactaasl. Marepuan
TETiC, THIFBI3, )KYMCAaK, )KaHaCyFa >KaFbIMJIbI, CEPIIM/Il JKOHE MillliHiH XKaKchl ycTaiasl ( Cypert- 4).

Mara To3yFa Te31Mi, THIFbI3, OepiK, KbICKapMaiiibl, 003apMaiiabl, co3plmMansl. CYHTYip 3aTh
KaHIIIA JKbUIFA CO3BUIFAaHBIHA KapamacTaH, MillliHi, TYCi koHe OeTi »kaHa OOJNBIN Kalaibl - Ti3ede
MMAJUTHHT HEMECE «KOIMPIIIKTEep» 00IMaiIbl. [ MTPOCKOMUSIIBIK - MaTeprall bUIFaJIIbI )KaKChI CIHIpEIl
KOHE OTKi3e[l. Aya OTKI3TIIITITi - TEpiHIH MAPHHUKTIK dCep ’KacaMmail THIHBIC alyblHA MYMKiHIIK
Oepeni. KapamallbiMIblKk - MaTaHbl Kyy OHail, Te3 KkeOell JKOHE YTIKTeyOl KaxkeT
ernieliai. TexHonorusra colikec, MaTaHbIH KypaMbIHIa BHUCKO3a 65% Kypalabl, KajaraH Oeiri
noamadupaeH (30%) sxoHe macTaHHAH HeMece JukpaiaH (5%) Typanbl.
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. CankbiH TEHI3

T leHe KblNYblHbIK Caynenexyi

Cypert 4- JlallBUHT MaTacbIHAH jKacaJFaH apHaibl KHIM TYpi

JaiiBuHT - TOMEH Temneparypana xxybuiaTeid — 30°C kapamaiibiM Mata. Cy BICTBIK OoJica, 3aT
CBIPTKBI TYPIH KOFAJITYbl MYMKiH. JIaBUHITI Kyy OHa, KOJBIHBI30€H Ke3 KEeJIreH >KYFBIII 3aTIeH
a3gan MmaibHb3. AWHANABIPY IHKIIH MaifanaHOaFraH TYpBIC - KENTipy alIblHIA 3aTThIH aFbIIl
KeTyiHe ko7 OepiHi3. KeneHkene KenrTipy *akchl, OUTKEH] TiKeJIeH KyH coyiaeci KYPhLUIBIMABI OY3Ybl
MYMKiH.JKyy Ke3iHIe arapTKpIITap MeH XJIOp Oap 3arTapAbl KOJJaHyFa THIMBIM CaJIbIHAIH,
JIETeHMEH, TIMTi ayblp JaKTapAbl KapamaibiM YHTAKIICH KyyFa 00iabl.

JlaiiBUHT MaTaCcBIHBIH TYpJIEpI:

® MukponaiBUHr

Typni xkuiMaepal Tiry YIIiH KOJJIAaHBUIATBIH JKYKa MaTrepuai: KOJTOTKH, JIETTMHCTEp, JICHE
KOCTIOMZIepi, roOKajap, Keiiekrep, skoHe T.0.. MUKpOmallBUHT MaTaHBIH COHJIK Killli TYpJepiH
KaMTHJIbI: Kpen-TaiBUHT (OkiOekTe#t OeTi 6ap), maiBuHT (OacklaraH epHekneH) . Keimne Oy marepuan
KOPOJBJIIK JIeTl aTaiaibl.

o KarThl maiiBUHT

ApBIKTaTaThIH acepi 0ap ThIFBI3, KaJbIH MaTa. byl cmopTTHIK Kypasl-xKaOapIKTap YIIiH OHTaNHIbI
MaTepual: TMMHACTHKAJBIK KOJITrOTKanap, KOMOMHE30HAAp, KY3yLIlIepre apHalFaH KynajlbHHUKTED,
TUAPOKOCTIOMIEP >koHe T.0. JlalBUHT KyHI (apTKbI KarblHIa Kajaa 0ap) KbICKBI CIIOPT TYPJIEpIHE
apHaJFaH KepeK-)KapaKTapAbl TIry YIIIH KOJJIaHbLIAbl, MYHJa TaMallla PeTKe KeNnTipy FaHa eMmec,
COHBIMEH KaTap >KbUTYJIBIK KaXKeT.

KopeiTa kenarenae, apHaiibl KuiMaep OaplbIK >KYMBICIIBIIAPFA KaXeT OONFaHABIKTaH, OHBI
TaHAap aJbIHIA ICKEPIIK XoHE (YHKIIMOHAABIK KaTapblH €CKe alifaH XoH. ApHalbl KHIMTe
OHJIIPICTEe TAamChIpPhIC Oepep ajlbIHAa Ka3ipri 3aMaHFa cail COHJIl OOMybIMEH KaTap bIHFAMIBLUTBIFBI
MEH KOPFaHBIIITHIFbIHA KOOIPEK KOHLI 061yiMi3 KepeK.
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OBOCHOBAHWE MUHUMAJIbHBIX 3ABOMHBIX IABJIEHUIA
®OHTAHUPOBAHUSA CKBAKHAH

UXCAHOB KAUPBEK AUT)KAHOBUY
acCOIMUPOBAHHBIN TTpodeccop Kadeapsl HedTerazoBoi HHKEHEPHUH, 3araIHO-
Ka3aXCTaHCKHﬁ I/IHHOBaI_[I/IOHHO-TCXHOJ’IOI‘I/ILICCKI/Iﬁ YHUBCPCUTET, YPaJ'IBCK, KaSaXCTaH

HYI'MAHOB ASIIBEPT'EH MAXATOBHUY
CTapIIuid pemnoaaBaTeb Kadeapsl HeTerazoBoil HHKeHepuH, 3anagHo-Kazaxcrtanckmii
WHHOBAIIMOHHO-TEXHOJIOTHYECKU YHUBEPCUTET, Y paibeck, Kazaxcran

AMAHTAJIM JOCAH KYPAJIYJIbI
MarucTpaHT kadeapsl HedrerazoBoil nHxKeHepun 3anagHo-KazaxcTaHCKOro HHHOBALIMOHHO-
TEXHOJIOTMYECKOr0 YHUBEPCUTETA, Y paibck, Kasaxcran

AMAHOB HYPJAVYJIET KYAHAWY.JIbI
MarucTpaHT kadeapsl HedTerazoBoit nHKeHepuHn 3anaaHo-Ka3zaxcTaHCKOro MHHOBAIIMOHHO-
TEXHOJIOTMYECKOTO YHUBEpCUTETA, Y panbCck, KazaxcTan

BEKECOB HAYPBI3I'AJIN PBICKAJINYJIbBI
MarucTpaHT kadeapsl HedrerazoBoil nHxKeHepun 3anagHo-KazaxcTaHCKOro HHHOBAIIMOHHO-
TEXHOJOTUYECKOI0 YHUBEPCUTETA, Y paibCk, Kazaxcran

Annomayuna. B cmamve paccmompena memoouxa onpeoenenus 3HAYeHUs MUHUMATbHBIX
3a00UHbIX 0aBNeHUll (OHMAHUPOBAHUS CKBANCUH NPOOYKMUHo2o obvexma. Ilpu goumannoti
000bIYe NPoUCXO0Um NPUMOK HCUOKOCIU K 3aD010 CKBAMNCUHBL 3a cyem Oenpeccuu - pasHocmu
OaesieHutl nuacmogozo u 3a6otHo20. B ciyuae, koeoa niacmosoe oasienue npesviuiaem OasieHue
cmonba HcuoKoCmu, KOMOPOU 3aNONHeHA CKBANCUMA, OHA OyOoem (OOHMAHUpO8amv, Mo ecmb
AHCUOKOCMB 6Y0em CamoOmeKoM blXOOUMb HA NOBEPXHOCMb. MO NPOUCXOO0Um Noo Oelicmseuem
2UOPOCMAMUYECcK020 HaNOPa U SHepeuu pacuiupsaouje2ocs 2asd.

Knwoueevie cnoea: mecmoposrcoenue, Heghmvb, KoHOeHCam, CKEANCUHA, QOHMAHUPOBAHUE,
oasnenue, 2a308vlil YaxKmop.

B mnacrosimee Bpemss Ha He(TEra3oKOHIEHCATHOM MECTOPOXKIEHHU XX 3KCIulyaTtauus
ra30KOHICHCATHBIX U HE(PTAHBIX CKBAXKUH OCYIIECTBIIAETCS (POHTAHHBIM CIIOCOOOM.

B ycinoBusix Tra3o0KOHAEHCATHBIX MECTOPOXKACHUW NpU OIKCIUTyaTaluu ¢ 3a00MHBIMU
JABICHUSAMM HWIKE JABJICHUS Hadaja KOHIEHCALlMM IPOMCXOAMT BbINAJCHHE KOHAEHCAaTa U
oOpasoBanue ABYyX(})a3HOTO ra30KOHICHCATHOTO TIOTOKA, M, €CJIM MPHU 3TOM rasoBas (aza He maér
JIOCTaTOYHOW HECYIIEH YHEPTHH KUIKOH (ha3e, TO eCTh ra30BbIi MOTOK HE 00JIaaeT HEOOXOANMOMN
CKOPOCTBIO ISl BBIHOCA KOHJEHCaTa, HaYMHAET MPOMCXOJUTh HAKOIUIEHHE KOHJIeHcaTa Ha 3aloe.
Takoe HakomieHue co3gaéT NPOTHUBOAABICHHWE HA IIIACT, NPUBOJAS K 3HAUUTEIBHBIM IOTEPSIM
N00bIUM, a TAK)KE MOKET MPAKTUYECKU 3aKyIOPUTH U 3ariylINTh CKBAXKHUHY.

[lonoOHas cuTyalus sIBISETCS BECbMa aKTYaJbHOW M JUII MECTOPOXKACHUS XX, MOCKOIBKY
CKBa)KMHBI SKCILTyaTUPYIOTCS B HACTOSIIEE BpeMs U B JajibHEHIIEM OyayT SKCILTyaTUPOBATHCA MPU
3a00MHBIX TaBJICHUSAX HIKE JaBJICHHUS KOH/ICHCAIUH.

Haunbonee mpuemiieMbIM CpeiCTBOM OOpPHOBI C 3TOH TMPOOJIEMOM SBISETCS TOIAEPIKAHHE
HEOOXOJMMBIX CKOPOCTEH Ta30BOr0 IMOTOKA JUIS TOJHOTO BBIHOCA KOHJEHCATa W3 CKBa)KUHBI
Kputnueckue ckopoctu ra3a, He0OXOIUMBIE IS
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Vo= 5,73%(45-0,0455P,)\/* *p371/2 D
rae Vo - KpuTH4eckas CKopocTs, M/c, P; - 3a6oiiHoe nasienue, Mlla.

B unTepBane 3a60itHbIX naBneHuid ot 45 mo 35 MIla ckopocTh Ta30BOTO MOTOKA M3MEHSIETCS
ot 0,61 10 0,79 m/cek. [Ipunumas 20-Tu nmpoueHTHbIH pe3epB ckopocTh (Vi=1,2V0) g HanéxuocTn
BBIHOCA JKMJIKOCTH, 3HAYCHHsI HEOOXOIUMOM CKopocTh Vy nexat B mpenenax ot 0,73 mo 0,95 m/cexk.

B cmyuae, korma BO3MOXHOCTH TMOJAJIEPKAHUS HEOOXOIMMON CKOPOCTH Ta30BOTO TOTOKA
OTCYTCTBYET (AeOUTHI ra3a HWYKE MUHIUMAJIBHO TOMTYCTUMBIX TSI CO3/TaHUST HEOOXOIUMBIX CKOPOCTEH
MOTOKA), BO3MOXKHO MMPUMEHEHHE IPYTHX METOJIOB:

- TIEpHOIWYECKasi OCTAaHOBKAa CKBaXKWH JJII BOCCTAHOBJICHHs IIJJAaCTOBOTO JaBJICHHUS W
MOCJIeAYIOIIAsl UX TPOYBKA;

- CITYCK CKOPOCTHBIX KOJIOHH MaJIOTO JUaMETPa;

- BBOJI TOBEPXHOCTHO-aKTUBHBIX BEIIECTB Ha 32001 115t 00pa3oBaHus SMYIbCUH (TIPH HATHIHH
Ha 3a00€ BOJIBI).

Breibop cmocoba ymanmeHuss IS KaXKJIOW CKBKUHBI CBSI3aH C T'eOJIOTO-TIPOMBICTIOBON
XapaKTEPUCTUKOMN, KOHCTPYKIIMEH CKBAXKUHBI, & TAKXKE C KOJIMYECTBOM M COCTABOM CKOITMBIIICHCS Ha
3a00€ KHUIKOCTH, YTO JIOJKHO OMPEIETSATHCS CIIeIIMATIbHBIMU UCCIIEI0BAHUSMU.

DOHTaHNPOBAHWE CKBAXMH Ha JAaHHOM MECTOPOKIECHHUU OOYCIIOBJICHO OOJIBIIUM 3aracoM
IJIACTOBOM SHEPTHU U JIOCTATOYHO OOJBINIMMHU JABICHHUSIMH Ha 3a00€, CITOCOOHBIMHU TPEOJIONETh
THAPOCTATUYECKOE JABJICHNE Ta30)KUIKOCTHOTO CTOI0A B CKBaKHMHE, MPOTHUBO/IABIICHHE HA YCThE U
JaBJICHUE, PACXOAYEMOE Ha TPEHHE, CBSI3aHHOE C IBMKECHUEM ITOU KUIKOCTH.

YuuThiBas BBICOKHE 3HAYCHHS TUIACTOBOTO JIABJICHHS U Ta30BOrO (akTopa, MPOCKTUPYEMOE
YaCTUYHOE TMOJJCp)KAHME TUIACTOBOTO JABJICHHSA, a TAKXKE OXKHMJIAaeMO€ OTCYTCTBHE OOJIBIIOTO
KOJIMUYECTBA BOJIbI B IPOAYKIIMH JOOBIBAIOIINX CKBAXKUH (ITPOrHO3HpYeMast CpeaHsisi 0OBOJHEHHOCTh
CKBaXMH He mnpesblmaer 10-14%), mnpakTHueckM B TEUEHHWE BCETO CpoKa pa3paboTKu
MECTOPOKICHUS, MOABEM JKUAKOCTHU U CMecH (raz+koHAeHcaT) OyaeT MPOUCXOAMTH 3a CUET
IJTACTOBOM JHEPTrUU, TO €CTh CKBWKHUHBI OyayT paboTath B (OHTAaHHOM pexume. [Ipu 3tom
HEOOXOJIMMO OTMETHTb, YTO CKBAXHHBI HEPTSIHOTO OOBEKTa IKCIUTYaTHPYIOTCS MPU CHIKEHUU
YCTBEBBIX M 3a00WHBIX JaBICHHWNA J0 PEHTA0ENBHOTO IMpejaenia M00bIUM, IOCIIe 4Yero OymyT
MepeBE/ICHbI Ha BhIIIEECKAILTHE OOHEKTHI.

[Ipennaraemplii BapuaHT TEXHOJIOTMYECKOW CXEMbl UMEET P OrPAHUYECHUMN, CBS3aHHBIX C
n00bIuel yriieBOAOPOIOB:

- MAKCHMAJIBHO JIOTTYCTHMBIH 16T HedyTH/KOHIeHCaTa ycTaHOBIeH Ha yposHe 800 M3/cyT;

- MaKCHMaJbHO JOMYCTUMBI 1e6uT Tasa orparmdeH 900 Thic. MY/cyT;

- TIPOCKTHBIC JABJICHUS HAa YCThE OSKCIUTYaTAIIHOHHBIX CKBAXKHH OTPAHHYCHBI YPOBHSIMH,
He0oOXOIMMBIMHE ISt cOOpa, MMOATOTOBKU U TepepaboTku 1o0biBaeMoro GuIrouaa Ha pa3HbIX dTamax
pa3pabOTKH MECTOPOKACHUS;

- JIOMYCTUMBIE MAaKCUMAaJbHbIE JCTPECCHUH ONPEACNSAIOTCS TUHAMUKON (CHHYKECHHEM)
IJIACTOBBIX JIABJICHHUH, MPOCKTHBIMH IMOKa3aTEIIMHU IO 00bEMaM T0OBIYM ra3a, KOHJAeHCaTa, HEQTH U
mo ¢GoHIy MOOBIBAIOIIUX CKBAXHH, C OTPAaHUYCHHEM IO CKOPOCTH ToToka jo0 20 m/cex (s
HCKJTFOYCHHS CO3aHUs YCIOBUM CUIIBHBIX OPO3UOHHBIX IIOTOKOB).

MunumanbHble 3a00iHBIC JaBICHHUS (POHTAHUPOBAHUS ONPEICISIOTCS YCIOBHSIMH U
MOKa3aTesIMA BapHaHTa pPa3pabOTKH, TEXHOJIOTHYECKMMH OCOOEHHOCTSIMU CHCTEMBI cOopa
MOATOTOBKH JJOOBIBAEMBIX YTIIEBOIOPOIOB.

[TnactoBas HedTh III 0OBEKT pa3pabOTKM MECTOPOKIAEHHUS TPEACITHHO HACHIIICHA Ta30M.
JaBnenue Hacoimenus usmensiercs ot 58 1o 50 MIla or I'HK no BHK Ha roro-3amagnom yyactke u
cocTaBiisieT B cpenHeM 55,3 Mlla, Ha ceBepOo-BOCTOUHOM yYaCTKE /1aBJICHUE HACBHIIICHUSI HE CUIILHO
U3MEHsIETCA 110 IIyOMHE U cocTaBisieT B cpeHeM — 58, 1MI]a.
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3HavYeHUs] MHUHUMAJIbHBIX 3a00MHBIX JJaBICHUN (POHTAHHUPOBAHUS CKBAXUH HEDTIHOTO
oOnekTa oneHnBaeM 1o meroauke A.Il. KpbutoBa miis ycinoBus, korjaa 3a00iiHOE JaBICHHE MEHbIIE
JaBJICHUs HachIeHus. VicXoaHbie MaHHbIe 11 pacyéTa MpUBeIeHBI B Ta0mIe 1.

Tabnuna 1 - Micxoausie qaHHbIC )1 pacuéTa MUHUMAIbHBIX 3a00WHBIX JaBICHUN

Ne HaumeHnoBanue IIT O0BexT

n/n C-B. yuacTok I0-3. yuacTok
1 CpenHss 1auHa NOIbEMHHKA, M 5050 5050

2 JlaBnenne Haceimenus Heru razom, Mlla 58,1 55,3

3 T"azoconepsKanue, M>/T 625 449

4 I110THOCTB TIIACTOBOM HEe(TH, KI/M° 601 651

5 I110THOCTH iera3upoBaHHOl HedTH, KT/ M° 844 865

6 Copeprxanue a3ota,% 15 1,5

7 ITI0THOCTB BOJBI, KI/ M° 1100 1100

YcnoBus (GhOHTaHUPOBAHHS TSI HE()TSHOW 3alIe)KH OMPEACIISIOTCS COOTHOIICHUEM MEKIY
3¢ GEKTUBHBIM Ta30BbIM (PAKTOPOM CMECH, MOCTYIAIONIEH U3 TUIacTa U YACIbHBIM PacXo0M rasa,
HEOOXOIMMBIM JIIT  pa0OThI Ta30KUIAKOCTHOTO TMOABEMHUKA. st (hOHTAaHMPOBAHHS CKBAKUH
Heo0x01MMO, 4T00bI 3 eKTUBHBIHN ra30BbIil hakTop (I'5¢.) ObLT OobIIIE MK IO KpaliHEel Mepe paBeH
yaensHOMY pacxoay rasza (Ronr) mpu pabote Ha ontumanbHOM pexkume (I'sp>Ronr). Jiis pexuma
T00BIYH TIPU Psa6<Puac ycI0BUE POHTAHUPOBAHUS CIICAYIOIICE:

P

100D +P; . «a 0388L(L'p'g—P,, +P,)
2

)*(L—n, /1000) >

(2)
Pro

4o = (P, —Py)*log(i;“ﬁ)

y

rae, I - ra3oBbIi akTop, Me/T; P, - naBnenue Ha yctbe, MIla; P, - 3a00itHOe naBnenue, Mlla;
O wn - TUIOTHOCTH JerasupoBaHHOM HedTH, kr/m°, L - mmuma xomomser HKT, m; d —

CPEIIHEB3BCIICHHBI  BHYTPEHHHUH auameTp (oHTaHHBIX TpyO, MM; X -kod3dunmeHt

pacTBopuMocTH ra3a, MIIa™l; Py, - naBnenue naceimenus, MITa; O - MIOTHOCTB KUAKOCTH, KI/M .

[lo mporHo3HbIM MoKa3zaTensiM npu paspaborke III oObekra B mpolecce 3KCIUTyaTaluu
CKBaKMHBI OynyT 0OBOAHATHCS. COrjlacHO NMPOTHO3HBIM IOKa3aTeNsIM Ipe/jiaraéMoro BapHaHTa
pa3paboTKH, CpeHssI 00BOIHEHHOCTD IEHCTBYIOIINX CKBAXKHUH JJOCTUTAET B ITPOLIECCE IKCILTyaTalluu
10-14%. VYuuteiBas 3TH YCIIOBUSA JUIsi OOBOAHEHHBIX ckBakmH Ceepo-Boctounoro u IOro-
3anagHOro y4acTKOB OIpe/ielieHbl MUHUMAaJbHbIe 3a00WHbIe aBJICHUS MPHU COACP)KAaHUHM BOJbI B
npoaykiuu 5% u 10% nis Tex e 3HaueHUN yCTHEBOTO J1aBJICHUSI.

Ha cerogusmnem 3tane pa3paOOTKH MPeACTaBIseTCs LEIeco00pa3HbIM HayYHO 00OCHOBATH
IBTEPHATHBHYIO METOJIUKY OIPEIEICHHUS JOOBIYM HEPTH, UCTIONB3YsI XUMUYECKHIA COCTAB KHUIKHX
VB u koHzxeHcaTHbIH (hakTop CKBaxkuH, pabotaromux otaensHo Ha Il, Ha Il u paboraromux
coBmectHO Ha lI+Ill oObekThl. Llenecoobpa3HOCTh cOCTaBIEeHUST TaKOW METOIWKH OYEBUIHA, T.K.
HedTh U3 |1l 06bexTa OyayT 10OBIBATH €1Ie TOJITHE TOAbI.
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NCCIEJOBAHUME DOPEKTUBHOCTU HHI'MBUPOBAHUSA KOPPO3UU U
COJIEOTJIOKEHUA UHI'MBUTOPOM I'IIYII

CMAHOB BAKHUT/KAH AJIKABAEBUY
Munanmmii HaydHbI coTpyAHUK, IHCTUTYT 0011el 1 Heopranndeckoi xumuu AH PVY3,
Tamkent, Y30ekucran

TAHUEBA CAHEPA XYPIIMTOBHA
Crapuuii HayyHbll coTpyaHUK, MHCTUTYT 0011ei u Heoprannyeckoil xumun AH PVY3,
Tamkent, Y30ekucran

AIN30B BOBUPKOH 3AMHUPOBHNY
3aBeayrommii m1aboparopueit «Hedrexumusy, MHCTUTYT 0011Ie# 1 HEOPraHUIECKON XUMUN
AH PVY3, Tamkent, Y30ekucran

CAUJTAXMEJOB IIAMIIUIUHXOIKA MYXTOPOBHUY
['maBHBIN HaydHBIN COTPpYAHUK, UHCTUTYT 001Iel 1 Heopranuvyeckoit xumun AH PY3,
Tamkent, Y30ekucran

XAMHUIOB BOCUT HABUEBUY
['maBHBIN Hay4IHBIN COTPpYAHUK, MHCTUTYT 001Iel u Heopranudeckoit xumun AH PY3,
Tamkent, Y30ekucran

Annomauun: Ha  ocnose  eudponusoeamnoeo  noauakpuronumpuna  (IIAH)  u
2excamemuieHmempamuna (Yypomponuna) Ovil CUHME3UPOBAH HOBbLIL UHSUOUMOpP KOppo3uu u
coneomnoxcenus T'TIVIL]. T'uoponuz [IAH npoeoounu c ucnoavzoeanuem 10%-no2o pacmeopa
wenouu NaOH npu memnepamype 70-80°C 6 monvrom coomnowtenuu 1: 1. 3amem 2uoponuzoeanibiii
IIAH (I'MIIAH) 6 s6o0HoMm pacmeope cmewusaiu ¢ ypomponunom npu memnepamype 30-40°C &
monvHom coomuowenuu 1:1. Ilonyuennwiti uneubumop I'TIVII] cosmecmno c¢ uneubumopamu
koppozuu u coneomnoxcenuss HMOHX-1 u Fineamin-95T 6win uccredoean Ha npeomem
UHSUOUPOBAHUSA KOPPO3UU U CONEOMIONCEHUS HA 6800€ CUCMeEeMbl 000POMHO20 68000CHADIHCEHUS.
byxapckozo neghmenepepabameisaroweco 3a6o0a. Hccnedoeanus npogoounucy ¢ ucnonb3oe8anuem
2pasuUMempuieckKo2o, NeKMmpoXUMU4ecKo2o U mepmMocmamupyrowezo memooos. HMcnvimanusa Ha
KOPPO3UOHHYIO CMOUKOCMb NPOBOOUNUCH C UCHONIb30BAHUEM 2PABUMEMPUYECKO20 Memood 8
oxnascoarueli 8600e cucmemvl 000POMHO20 8000CHAOICEHUsL 3A800a C UCNONL30BAHUEM 00paA3ya
cmanu Cm.3. Ucneimanus 015 onpeodenerus cmeneHu UHSUOUPOBAHUSL CONEOMIONCEHUN NPOBOOUTUCD
Ha npubope “Unouxkamop conegvix omaodcenui MCO-1", 6 oxaadxcoaroweti u KO1NEKMOPHOU 800e.
Hcneimanus ons onpedenenus cmeneHu UHUOUPOBAHUSL CONEOMIONCEHUL NPOBOOUTUCL MEMOOOM
MepMOCmMamupo8anus, Ha 800e MoOelbHo20 pacmeopa. Hcciedosanus nokasanu, 4mo cmeneHs
sawumol uneuoumopa I'TIVII] 6 paznuunvix cpedax cocmaensem, no UHSUOUPOBAHUIO KOPPO3UU
97,5% u coneomnocenus 73,7-95,0%.

Knrouesvie cnoea: uncubumopsvi KoOppo3uu, UHSUOUMOPBI COJEOMIONCEHUU, CKOPOCHIb
KOpPO3UU, OMI0ACEHUS coNeld, 000POMHOe 8000CHADIICEHUE, KOPPO3USL.

BBenenne. B cucremax 0OOpOTHOrO BOJOCHAOKEHUS MPOTEKAIOT MPOLECCH KOPPO3UU
TEITIOOOMEHHOTO0 00OpYy/OBaHUS H OWONOrHYecKux oOpactaHuid. TBepablie MPOMYKTHI 3THUX
MIPOLIECCOB, a TAKXKE TPYOOIUCTIEPCHBIC IPUMECH, BHOCHMBIE B CHCTEMY C BO3JYXOM (B IPpaIUPHSIX)
u c 100aBOYHOW BOJIOW, OTJIATalOTCS HA TEIJIOOOMEHHBIX IMOBEPXHOCTAX OIHOBPEMEHHO C
KapOOHATOM KaJbIusi, 00pa3ysl OTJIOKEHHS, TONIIMHA KOTOPBIX YacTO JOCTUTAET HECKOIBKUX
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MUJUTUMETPOB. DTU OTIOXKEHHS 00J1a/1at0T HU3KON TEIIONPOBOIHOCTHIO U CYIIECTBEHHBIM 00pa3oM
yXyALIAalT Ipolecc Terlonepetaud. BeineacTBue 3TOro CHMXKAETCS IMPOU3BOAUTENBHOCTh
TEXHOJIOTUYECKUX YCTAaHOBOK, YXYAIIAETCS Ka4Y€CTBO IPOAYKTa, YBEINYUBAKOTCS IIOTEPH CHIPHA U T.
n.[1-4].

ConeobpazoBaHre NPEICTABIAIOT COOOH OTJIOXKEHHs, 3aKylOpHUBAIOIINE BHYTPEHHIOKO
MOBEPXHOCTh TEIJIOOOMEHHUKOB, 000pYyJOBaHMs, KaHAJIbI, KIAallaHbl, HACOCHl IPU 3TOM, 3aCOpsisi
TpyObl OHHM MPEMATCTBYIOT Ta30’KUAKOCTHOMY HOTOKY. [l yaaneHus CKOIUIEHHUS COJIEBBIX
00pa30BaHuil 0OBIYHO UCTIOIB3YIOT XUMHUECKUE HITH MEXaHUYECKHE METO/IBI.

HaunbGonee > ¢deKTUBHBIM CpPeaCTBOM OOPHOBI C COJICOTIOKEHHUEM SBISETCS TMPHUMCHECHHE
UHTUOMTOpoB. B  OCHOBe MexaHM3Ma JEWCTBUS HMHTMOMTOPOB  COJICOTIIOKEHHUS  JIeKaT
a/IcCOpOLIMOHHBIE MPOLECCHl. AJICOPOUPYACh Ha 3apOJBIIIEBBIX LEHTPaxX COJIEBOIO COEIMHEHHS,
MHTUOUTOPHI MOAABISIOT POCT KPUCTAJUIA, BUAOM3IMEHSIOT €ro (hopMy U pa3Mmepsbl, MPENnITCTBYIOT
NPWINIAHUIO JpYyr K JApYyry, a TaKke YXYALIAIT aAre3ul0 KpHUCTaula K METaUIMYeCKUM
MOBEpPXHOCTSM [5-8].

[IpenoTBpamienne oOpa30BaHUS MHHEPATIbHBIX COJIEH B BOJHBIX CHUCTEMAax M KOPPO3HUHU
YIIEpOAUCTOM cTanu Tpy0 M ammapaTypbl, SBISIOTCS Ba)XKHBIMH 3aJadaMH  TEIUIO3HEPIEeTUKU
00OpOTHOTO M 3aMKHYTOro BoJocHaOkeHus. IIpoGnema pemraercs nmpUMEHEHHWEM HHTHOMTOPOB
COJICOTJIOKEHUSI, SIBJIAIONINXCSI HOBBIM CITIOCOOOM BOJIOTIOATOTOBKHU. D(PPEKTUBHYIO 3aLIUTY MeTajia
OT HAaKUII00Opa30BaHUs U KOPPO3UH 00ECTICUNBAIOT pEareHThl HA OCHOBE KOMILIEKCOB OPIraHUYECKHX
($ochOHOBBIX KHCIOT C IMHKOM M HEKOTOPBIMH METAJJIaMH, HO TIOTPEOHOCTh MPEANPHUATHIA B HUX
obecrieunBaeTcs 3a CueT UMIIOpTa.

Haubonee mmpoko pacnpoCTpaHEHHBIMM SIBISIOTCS WHIMOUTOpPHI KOPPO3UM Ha OCHOBE
a30TCo/IepKaIUX COeAMHEHUH. 3aUTHBIN 3P PeKT NposaBIsAoT anudaTuiyeckue aMUHbI U UX COJIH,
aMUHOCIIUPTBI, AMUHOKHUCIJIOTHI, a30METUHBI, AHWIMHBI, TUAPA3U]bI, HUMHJbI, AKPUJIOHUTPUIIBI,
HMMUHBI, a30TCOAepIKaIME MATUWICHHbIE (0€H3MMMa30J1bl, IMUA30JIMHbI, O€H30TPUA30JIbl U T.J1.) U
HICCTHYICHHBIC (TMPUAMHBI, XHHOJIUHBI, TUIICPUIUHBI U T.]I.) TETEPOLUKIIbI [9-12].

JKCNepUMEHTAIbHAS YaCTh

CuHTe3upoBaH HHTHOUTOP KOppo3uu u coneotioxenus [ TIYIL] Ha ocHOBe THIPOIM30BaHHOTO
nonuakpuionutpuna (TUIIAH) u rekcamertunenrerpamuna (ypoTpomuHa). [ 3TOro OTXOIBI
BosiokHa «Hutpon» ombunsuin ruzapokcuaoM Hatpus NaOH c momydeHweMm rujpoin30BaHHOIO
nosmakpunonutpuna 'MITAH. 3atem nonyuennoe coenunenune ['MITAH cmemmBanu ¢ BOAHBIM
pPacTBOPOM YPOTpPOIIMHA.

[Honmmakpunonutpun, orxonasl BojokHa «Hutpon» m 10% BoxHBIA pacTBOp TrHIpoKcHIA
Hatpust (NaOH) Opanu B MosibHOM cooTHOIIeHUH 1:1 1 m106aBisiin B K010y, CHAOKEHHYIO MEIIAIKOM
1 00paTHBIM XoJonWIbHUKOM. CMech HarpeBanu 10 temnepaTypbl 70-80 °C u mepemenBaiu B
T€UeHNe 2 4acoB. PeakIMOHHYIO CMeCh OXJIAXKIAIM O KOMHATHOM Temneparypsl. [lomydeHHBIM
npoaykt ['MITAH npeacraBnsier co0Ooif TOMOTEHHBIH BOJHBIH pacTBOp CBETIIO-XKEJITOTO
npo3pauHoro 1seta. pH=14-16.

Monuduxamus I'NITAHa ¢ rekcaMeTUiIeHTETpaMUHOM (YPOTPOITHHOM ).

Bonansrit pactBop 'MITAHa (moaunakpuaoHUTPUI THAPOIM3OBAHHBINA) U YPOTPOIIMHA B BHJIC
MopolIKa B cooTHOomeHHH 1:1 Mo, momemanu B KoiOy, CHaOKEHHYIO MELIAJIKOH M 0OpaTHBIM
xosoauibHUKOM. CMech nepememuBaiu 1 dyac npu temmeparype 30-40 °C. [lonydeHHBIN TPOAYKT
NPEJCTaBIsAET cO00I TOMOTreHHBIN BOJHBIM PAacTBOpP CBETJIO-XKEJITOro Mpo3padHoro nsera. pH=12.
Ha ocHoBe »TOro coemumHeHus ObLT pa3padOTaH WHTHOUTOP KOPPO3WHM M COJICOTIIOKCHHS,
nojyyuBIIuil padbouee HazBanue ['TIVILI.

[lonyyeHHOe coequHEHHWE - WHTHOUTOpP Kopposum u cojeornoxkenus [TIVII[ - Owwio
MCCIIEZIOBAHO HA MTPEIMET HHTHOMPOBAHHSI KOPPO3UH U COJICOTIOXKEHHUS B BOAE CUCTEMbI 00OPOTHOTO
BoslocHa0xeHus: byxapckoro HedrenepepabaTbiBaroliero 3asoa. B kauectBe 00BbEKTOB CpaBHEHUS
OBUIN B3ATHI MHTUOUTOPHI KOPPO3HH U coneoTnoxkennid Fineamin-95T u MOHX-1.

Nuruburop kopposum u coneorioxkeHuid Fineamin-95T mnpenHa3zHaueH it OTKPBITHIX
PELUPKYISIUOHHBIX cUcTeM. He comep UT MeTasioB, a COJIEP)KUT 3KOJOTHYECKH Oe30I1acHbIe
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docharer. Fineamin-95T — koMmMmepueckoe Ha3zBaHHE, HO, TO-BHIUMOMY, 3To 50% pacTBOp
HaTpueBor comu TtonmmnTpuazona (TTA-Na). Tomwntpuazon mnpenctaBiaseT coboit cmech 4-
METUIIOEH30TpHA30JIa U S-METHIOCH30Tpra30JIa.

WNuruburop xopposuu u coneornoxenus MOHX-1 npencrasnser cob60il HIMHKOBBIN KOMIUIEKC
1-runpokcudtununeH-1,1-mudpochonoroit kucaotsl (ODJDK-Zn).

Pe3yabraTsl U 00Cy:KIeHUE

B cucreme obGopotHOoro BomocHaOxeHUsi byxapckoro HedTemepepabaThIBAIOMIEro 3aBOja
00BbeM BOJIbI cocTaBiIseT 4,8 Thic.M°. B JaHHOE KOTUYECTBO BOJIBI HOAETCS XUMUYECKH OUHIEHHAs
Boza. [Ipu ananmu3ze cuctemMbl 000POTHOTO BOJOCHAOKEHHSI 0c000€ BHUMAaHHE YAETSUIOCh UCTOYHUKY
BOJIOCHA0KEHUS: COCTAaBY BOJABI M CE30HHBIM U3MEHEHUSIM, 00beMy NOTpeOJIeHUS, TEMIIEPAaTYPHOMY
PEXUMY, CTETIEHU a3palliH, TEXHOJIOTUU OrOTOBKHM MU TEXHUYECKUM TPEOOBAHUSIM K UCTIOIb3yeMON
BOJI€; MEPUOAMYHOCTh 3aMEHBI U YTUIM3AIMH, METAILIbI, UCTIONb3YeMblE€ B KOHCTPYKLHUSAX CHCTEMBI
BOIoCHAa0OkeHUsA. CpeIHeCTATUCTUYECKUE PE3YyIbTaThl aHAJIN30B XMMHMUYECKH OUMIIEHHOW BOJBI B
cucTeMe 000pPOTHOTO BOJOCHAOKEHHS, TpeOOBaHMS K HUM MPHUBEIEHBI B Ta0nuie 1.

Tabauua 1. Pe3ynbTaThl aHATM30B OXJIAXKIAIOMIEH BOJIbI, UCIIOJIB3YEMOM B CUCTEME

000poTHOTO BOTOCHAOKEHUsT byxapckoro HedrenepepadaThIBAIOIIErO 3aBOJIa
OO0u1. PactBOpéH
OO, oo Hedrenp Kenes P
AHanuzupyemo " KECTKOCT ®docdartsl, HBIN
MIEJTOYHOCT OJTYKTHI, 0,
€ BEILECTBO H b BOJIBI MI/J1 KHUCIIOPO/I,
Th MT-3KB/J mr/n M1/
MI-3KB/II Mmr/i
ObopoTHas
OoXJIAXKIAroIas 04 1,8 6,0 0,50 0,025 0,20 -
BOJA ’

Pe3ynbTaThl CpaBHUTENBHBIX UCCIIEI0BAHUI HHIHOUPYIOIIUX CBOMCTB HHTHOUTOPOB KOPPO3IUU
Y COJICOTJIOKEHUN B OXJIAXKAAIOUIEH BOJE, UCIIOIB3YEMOM B CHCTEME 00OPOTHOTO BOAOCHAOKEHUS
Byxapckoro HedrenepepadaThIBarOIIEro 3aBoja, MO CTENEHH 3allUThl OT KOPPO3UH MPEACTABICHBI B
Tabmume 2.
Ta6aumna 2. Pe3ynbprathl CpaBHUTENIBHBIX UCCIEIOBAHUHN IO MHTHOUPOBAHUIO KOPPO3UU
(koHIeHTpanus nHruouTopa S0 Mr/i1, B OXJiaXJaronen BoJe)

No | Maruburop koppo3uu | Macca fo, Macca AM,r CxopocTs, CreneHb
1/ r rocie, T r/M?-4ac 3aIuThL, %
1. | Ucxonuslii 6e3 20,3227 20,2434 0,0793 0,0583 —
WHTUOUTOpA
2. | Fineamin-95T 24,6421 24,4567 0,1854 0,13625 0
3. | MOHX-1 23,7126 23,6605 0,0521 0,0383 34,3
3. | TVl 23,8652 23,8633 0,0019 0,00146 97,5

HcnpiTanne: CKOpoCTh KOPPO3UU U CTENEHb 3alUThI OT Koppo3uu ctanu Cr.3,
Temneparypa 25°C, Bpems 168 yacos.
ITnomae o6pasma — 0,0081 M2,

Cxopocts kopposur (VK) B T/M?*4  BRMHCISIOT 110 hopMyIie

ml_mz

V, =
Sxr 1)

rmue M1 - Macca o0Opasia 0 UCTIBITaHus, T;
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M2 - Macca o0OpasIiia 1mocie, UCTIBITaHus, T
S - momaae moBepxHOCTU 00Opa3siia, M
T - BpeMsI HCIIBITAHHS, 9.
CreneHnb 3aUTHI (Z) B MPOIEHTAX BRIYUCIISIIOT MO (hopMyIie

Z = Vkv—vk x100%
ko ’ (2)
rme VKO - ckopocTh KOppOo3uH 06pa3IioB B HEHHIHOMPOBAHHO# cpejie, T/M2
VKi - ckopocTh KOppo3uu 06pa3iioB B MHTHOUPOBAHHOI cpese, /M2 .

Kak cBUIETENbCTBYIOT TPOBEJCHHBIE HCCIENOBaHUS  pa3paboTaHHbIE HWHTHOUTOPHI
COJICOTJIOKEHUH Oornee 3(h(HEeKTUBHBI M0 MHTHOUPYIOIIEH CIIOCOOHOCTH KOPPO3UHM OTHOCHTEIHHO
®ennamMub-95T. Haunbomnplryro akTHBHOCTh MO HMHTHOUPYIOIMIEH CHOCOOHOCTH K KOPPO3UH
nposieisietr [ITYI — (97,5%).

CpaBHuTeNbHbIE JA0OpaTOpPHBIE UCHBITAHUS COCTABOB HHTUOMTOPOB  KOPPO3UU U
coneornokenud ['TIYVIL, NOHX-1 u ®ennamun-95T ObutM mpoBeneHBI HA BOAE IMOABOJSIIETO
komnekropa byxapckoro HII3, pe3ynbraThl KOTOpBIX mpeicTaBieHbl B Tabmuie 3. Pesynbrarh
aHAJIM30B BOJABI TMOJBOAALIEIO KoyiekTopa byxapckoro HedTenepepabaThiBaromiero 3aBoja,
MIPUBEICHBI B Ta0IHIIE 4.

Ta6auna 3. CpaBHuTENIbHBIE TAO0OPATOPHBIE UCTIBITAHUS COCTABOB HHTUOUTOPOB
coneornoxkenuid ['TIYII], MIOHX-1 u ®ennamuu-95T Ha Boje MOABOASAIIETO KOIEKTOpa

Bbyxapckoro HII3
Ne | Konmentpa | Fineamin- | MOHX-1 | TTIVII] Fineamin- | MOHX- | TTIVII]
/1 ust 95T 95T 1
UHTHOUTOP Kon-Bo pactBopa S¢dexTuBHOCTS MHTHOUTOPA, Y0
a, MI/1 Tpunona-b (0,025 n),
U3PacX0J1-0ro Ha TUTPOB-€, MII
1. 0 14 14 8 0 0 0
2. 1,0 12,2 12,8 - 12,85 8,57 -
3. 2,0 10,6 11,6 1 24,28 17,14 87,5
4. 4,0 9,8 10,9 - 30,0 22,14 -
5. 6,0 9,2 10,2 - 34,85 27,14 -
6. 8,0 7,6 8,6 - 45,71 38,57 -
7. 10 5,2 6,2 0,6 62,85 55,71 92,5
8. 20 3,8 4,6 04 72,86 67,14 95,0
9. 30 2,9 3,8 - 79,3 72,85 -
10. 40 2,3 3,2 - 83,57 77,14 -
11. 50 1,7 2,8 - 87,85 80,0 -

Tab6auna 4. Pe3ynbrarsl aHanan3a Boibl NOABOAIIET0 KoyiekTopa byxapckoro HIT3

HaumenoB | pH | OGmI. O6m; | Xnopu | Cyned | Cyxoit | Hedpt | Doc | Kene | Pacr
aHue IEeJI0Y | )KECTKO | JIbl, aThl, ocrtar e- datel | 30, B-i1.
aHAJIU3HUPY HOCTb, CTb, MT/T MT/J1 OK, poJ , MI/1 | KACIT
€MOro MT- M| YKTBI, | MI/J opox
nokKasaren 3KB/I | MI3KB/ r/n MI/II ,
s i MT/J1
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TlonBoasn 5
Hit 7,44 41 42,6 1159,4 | 1249,0 644 H/0 0,01 — —
KOJ'IJ'ICKTOp

CpaBHHTEIIbHBIE Ta0OPATOPHBIE UCTIBITAHKS COCTABOB MHTHOUTOPOB cojieoTiioxkeHuit [ TIYIII,
NOHX-1 u ®ennamuu-95T npoBeneHsl Ha OXJIAXAAIOIIEH BOJAE, HMCIOJIb3YyEMON B CHCTEME
obopoTtHoro BopocHaOxkenuss byxapckoro HII3. Pesynbratel 3¢dekTHBHOCTM HMHTUOMPOBAHUS
COJICOTIIOKEHUH Ha 00OPOTHOM OXJIaXKTAIOIICH BO/IC IPUBEICHBI B Ta0MIIe 5. Pe3ynpTaThl aHATH30B
OXJIAKIAIOUICH BOBI, MCIONIb3YyeMO B cUCTeMe 00OpoTHOro BojocHaOxkeHus byxapckoro HII3,
Ipe/icTaBiIeHbl B Tabauue 6.

Tab6auna 5. CpaBHUTENBHBIC TA00PATOPHBIC HCIIBITAHKS COCTABOB HHTUOWTOPOB
coneorinoxenu ['TIYI], MOHX-1 nu ®ennamuu-95T Ha oxnaxaarouie Bojie, UCIONIb3YEMOM B
cucteme 000poTHOro BojgocHadxenus byxapckoro HII3.

Ne | Konmentpa | Fineamin- | MOHX-1 | TTIVI] Fineamin- | MOHX | TTIVII]
/1 U 95T 95T -1
UHTHOUTOP Kon-Bo pactBopa O¢ddexTuBHOCTL HHTHOUTOPA, Y0
a, MI/n Tpunona-b (0,025 n),
U3pacX0J-0r0 Ha TUTPOB-€, MII
1. 0 3,3 3,3 3,3 0 0 0
2. 20 0,45 0,5 0,6 86,36 84,84 81,81

Taduauna 6. Pe3ynbTaThl aHaIM3a OXJIaXIAIONIEH BOJbI, HCIIOJIB3YEMOM B CUCTEME
obopoTtHoro BojocHabxenus: byxapckoro HIT3

Haumenos | pH | OOmr. O6m | Xnop | Cymed | Cyxo | Hedre | Docd | Ken | Pacts-
aHue IIEI0Y | KECTKO | H/IbI, aThl, i - atel, | €30, .
aHAITU3UPY HOCTb, | CTb, MT/TT MI/J | OCTaT | MPOXY | MI/I | MI/I | KHCIO

€MOro M- MT-9KB/ OK, KTBI, pox,
oKasareln 5KB/1I b M/ | MI/a MI/J1

s
O6opotHa
i 9,0
1,8 6,0 — — — 0,50 | 0,025 | 0,20 H/0

OXJIAXKIAK0 4
11as BoJa

Pe3ynbpTaThl CpaBHUTENBHBIX HCIBITAHHA WHTHOWPOBAHUS COJEOTIOKEHUS WHTHOUTOPOB
I'TIVIL, NOHX-1 u ®ennamun-95T MeTO10M TEPMOCTATUPOBAHUS.

CornacHo THpoOBEAEHHBIM HCHBITAaHUAM 10 «MeTonuke onpenejseHusi 3QGeKTHBHOCTH
HHTUOUTOPOB KOPPO3MHU M COJIEOTJIOKEHHMS] TePMOCTATHPOBAHUEM», HAMU OBbLIM MPOBEICHBI
UCTIBITaHUs UHTHOUTOPOB coneotnoxkenuss Gennamun-95T, MOHX-1, T'TIVII] B Boae MoaeabHOTO
pactBopa.

MopenbHbIi pacTBOp mpeactanisi coboit cmech coneit CaCly Kanbuuit xmopuctsiii + MgClo
Marnuii xnopucteiii ¢ NaHCO3 Hatpuii AByyTJIeKUCIBIN, ¢ onpenenéHHon KECTKOCThIO Kosw, — 30
Mr-9KB/J. JlaHHBIA pacTBOp CHOCOOCTBYET OTJIOKEHHMIO KapOOHATOB KalbIMsg W MarHus,
HAKHUI1e0Opa30BaHUIO U COJICOTIOKEHHUIO B TETNIOOOMEHHOMN anmaparype.

Pe3ynbTaThl cpaBHUTENBHBIX UCTBITAHUN HHrHOUTOPOB coneorinoxeruit [ TIVIL, MOHX-1 u
®ennamMuH-95T MeTOAOM TEPMOCTATUPOBAHUS MPECTABICHBI B Ta0nuIIe 7.
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Tabauuna 7. CpaBauTenbHas 3G (HEKTUBHOCTH MHTHOMPOBAHUS COJICOTIIOKEHHS peareHTaMu
I'TIVI, MOHX-1 n ®ennamMus-95T 1o MeToauke TEPMOCTAaTUPOBAHUS

Konuenrtpanus O6bém TuTp- | Konnenrparmus | OddextuBHoC
Uuruéurop MHIHOHTOPA, ro pactopa | Ca?*+Mg?* Th MHTHOHTOpA

MT/JT Tpunon-b (%Koom. ), MT*3KB/I | (Duco), %0

(0,1 =), M

be3 unruoburopa, — 8 30 —
10
TEPMOCTATHPOBAHUS
bes WHTUOUTOpA, — 2,1 15,75 0
nocie
TEPMOCTATHPOBAHUS
dennamuu-95T 50 3 22,5 47.4
NOHX-1 50 3,7 27,75 84,2
I'TIVII 50 3,5 26,25 73,7

Kak cBUIETENbCTBYIOT MOJYYEHHBIE PE3YNbTaThl, HHTUOUTOP KOPPO3UH M COJCOTIONKEHUS
I'TIVIL ¢ dexTuBeH, Ipu ero cCoAepKaHUM B KECTKOM BOJIC MOJICTFHOTO PACTBOPA B KOHIICHTPAIIUU
50 mr/n. DddexTuBHOCT, MHTHOUpOBaHUs nocturaet 73,7 %, U OH MOXET KOHKYpHUpPOBaTh C
UMIIOPTHBIM HHTUOUTOpOM coleoTnoxeHus: dennamua-95T, y KOTOporo mnpu coaepkaHuM B
MOJIETFHOM pacTBOpEe BOABI, TOW ke KoHueHTparuu 50 mr/nm 3¢p¢deKTUBHOCT, MHTUOUPOBAHUS
nocturaet 47,4 %.

BriBoabI

Hauboab1yto 3¢p¢heKTUBHOCTH 10 CIOCOOHOCTH MHIMOUPOBaHUS KOppo3uu cTanu mMapku Ct.3
npu kKoHueHTpauuu 50 mr/n nposiister ['TIVI - 97,5%, ans MOHX-1 u ®uneamun-95T - 34 u 0%
cooTBeTcTBeHHO. CTEmeHb 3alMTHl 10 WHTHOMPOBAHUIO COJICOTIOXKEHHH B 00OpPOTHOM
oxnaxaaromieil Boge B koHneHTpauuu 20 mr/a gt TTIVI coctaBuma 81,81%, anas MOHX-1 u
Ouneamun-95T - 84,84 u 86,36% cooTBeTcTBeHHO. [Ipy 3TOM CTEnEeHb 3aUTHI 10 HHTHOMPOBAHUIO
COJICOTIIOKEHUH Ha BOJIE TIOJIBOISINETO KoyuiekTopa rpu KoHnentparwu [ TIVIL 20 mr/n cocraBuna
95,0%, nnss UOHX-1 u ®uneamun-95T B kounenTparuu 50 mr/in — 80,0 u 87,85%, cOOTBETCTBEHHO.
Crenenb 3¢ heKTUBHOCTH HHTHOMpoBaHus coneotnoxenuit [ TIYII] B Boge MoeIpHOTO pacTBOpa B
koHneHtpanuu 50 mr/n pocturaer 73,7%, mnss MOHX-1 u ®@uneamun-95T - 84,2 u 47,4%,
COOTBETCTBEHHO. Takum oOpa3oMm, O pe3ydbTaTaM HCHBITAHUNH CHHTE3MPOBAHHOTO HOBOTO
uaruouTopa I'TIYII MoxHO caenaTh BBIBOJ, YTO OH O0JaJaeT JyYIIMMH 3al[UTHBIMH CBOWCTBAMHU
M0 KOMIUIEKCHOMY HHTHOMPOBAHUIO KOPPO3UU U COJICOTIIOKEHUN, U MOXKET OBITh HCIIONH30BaH B
Ka4yeCcTBE WHTHOUTOpAa KOPPO3WU M COJICOTIIOKEHUH B CHUCTEME OOOPOTHOTO BOIOCHAOKCHHS
Bbyxapckoro HIT3.
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X KEH OPHBIH/IA TOJIMMEPJII CY AMJIAY: MOCEJE KOHE HIEITM

AXMETOB HYPKEH MAKCYTOBHUY
T.F.Jl., MyHaii-ra3 nHXeHepusicel kadenpacoiHbH podeccopsl, bateic Kazakctan
WHHOBAIMSUTBIK-TEXHOJIOTHSIIAP YHUBEPCUTETI,
Opan, Kazakcran

MAT'AJIUMOB 9CET CAYPAHVYJIbI
2 Kypc MaructpanThl, bateic KazakcTaH MHHOBAIMSITBIK-TEXHOJIOTHSIIAP YHHBEPCHUTETI,
Opan, Kazakcran

Annomayun. X Ken opHuiHOA noaumepui cy auoay dcobacvl — Kasaxcman aymasvinoasvl
MYHatl bepeiumixmi apmmulpy MaKcamviHOa NOauUMep epimiHdiCiH atoay OoUbIHULA ICKe ACbIPbLIRAH
canaynvl dHcobanapoviy 6ipi. Ilorumepai cy atioay mexHON0UACHIH KOIOAHYO0Abl O MaXCipubeni
CYNAHYbL HCO2APDL, U2epyOiH COHbL CAMbICLIHOA MYPEAH, eCKi KeH OPbIHOAPbIHA KOIOAHYea 60.1a0bi.
Texnonocusnvl 6aKbLIAY YUliH KICINMIK 2e0U3UKATbIK 3epmme)iep MeH 3ePMXAHANbIK CoIHAKmap
APKbLILL MOHUMOPUHE JHCYP2i3y0iy MaHnblsvl 30p. [loaumepni cy aiioay mexHoI02UACLIH MOPM JHCbLI
KOJOAHEAHHAH KeUiH, He2i30iK CYeHapuliMeH CaiblCmulpeanoa cyianyovl 3%-z2a azaumyza Kou
Jrcemkizingi. X KeH OpHbIHOA Yul Jicbll Ootbl 2 auoay YHevicblHa (37 acep ememin OHOIPICMIK)
noaumep  epimiHlicin  anoay OoublHWA MANCIPUOENiK-OHOIPICMIK — CLIHAKMAp — HCYpeisinoi,
Hamuoicecinoe dncobanwvl 6 atioay yuavicvina (64 acep ememin 6HOIpicmiK) Oellin KeHeumy mypaivl
wewim Kabwlioanowl.

Tyiiinoi ce30ep: nonumepii cy aoay, MyHau bepeiuumikmi apmmuipy, aioay YHbLMACHL.

[Monmumepii cy aiiiay TEXHONOTHIICHIHBIH TOXKIpHOETiK-0HAIpICTIK chiHaKTapbl 2018 KbIIAbIH
Kapara aibsrHga No7 xone Nel4 alinay yHFBIIaphIHA TOJIMMEP ePITIHAICIH aiinaynan 6actamabl. 2021
KBUIIBIH KbIPKYHEK aifbIHAa k00aHbI KEHEHTY asChIH/AA TaFbl 4 YHFBIFA MOJIMMEp €PITIHIICIH alaay
KOCBUITBII, peakius OepeTiH YHFbUIAP CaHbl 64-Ke KeTTi. AFBIMJIAFbl TEXHOJOTHSUIBIK THIMIIITIKTI
Oaranay yuriH 6a3anblK OHAIpY/l Koca alFaH/aa, MOJIUMEPII Cy aiilay TEXHOJOTHICHIHCHI3 KOChIMIIIA
MyHail eHJipy KepceTkimrTepine O6aranay xypriziaal. 2023 xpuiasiH 1 minaecie el moJuMepi
cy aiimay TexHonoruscbiHat 55 aii imriaae 100 000 ToHHA KOChIMITIAa MYHAl OHIIPiII.

JlaimH KeH OpHBIHJAFbI MOJUMEPIl Cy aiaayAblH TaxipuOeci OolibIHIIA, KEyeK KeJIEMiHIH
40%-bIH TOATBIPYFA KOJI )KETKI3UITeH Ke3/ie CYIaHy JeHT eiiHiH ailTapIbIKTail TOMeH eyl OaiiKaiabl,
OyJ1 Ke3/le KOChIMILIa MyHail eHJipy yJiecl »anmbl eHaipyaiH mamamed 40%-piH Kypaiasl. Keyek
kenemiHiH 40%-nan 70%-Fa IeHiHT1 TONTHIPBLTY ACHIeHiHAe CyTaHy apTKaHBIMEH, KOCHIMIIIA MYHAM
eHaipy yneci 30%-as1 Kypaiiasl. Oceuiaiina, KOChIMIIIAa MyHal OHIIPY/IIH 6CY KapKbIHBI OastyIanapl,
Oipak OHBIH TOJIBIK JKOFaNybl Oaiikanmaiinel. Temenmae 1-cyperre Keyek KoJeMiHiH TOITHIPbLTYbIHA
OailylaHbICThI OHIMHIH CYJIaHYBIHBIH TOYEJIUIIrT KOPCETUIreH.

0 “MexayHapo/HbI Hay4YHO-UccaefoBaTebCKUH LeHTp “Endless Light in Science”



TEXHUYECKUE HAYKHU

Impact Factor: SJIF 2021 - 5.81 TECHNICAL SCIENCES

2022 - 5.94

100
95
90
85
80
75
70
65
60 +— t i } $

0.0 0.2 0.4 0.6 0.8

Injection PV

Cyper-1. JlanuH KeH OpPHBIH/A KeyeK KeHICTITHiH TOIThIPbLIYbIHA 0ailIaHbICThI
OHIMHIH CyJIaHYbIHBIH TJYyeJAiJIIri.

Water cut (%)

AiiTa keTy Kepek, X KeH OpHBIH/IaFbl TOJIUMEPIII ¢y aiiaay ydackecinae (6 yHrbl) 2023 5Kbl1IbIH
1 mrinyecinaeri noJMMep epiTiHAICIMEH TONTHIPBUIFAH Keyek keaemi 9,7%-1bl Kypaiabl.

Ne7 xone Neld aiinay yHFBUIApBIHBIH YYaCKECIHAET! KEeyeK KeJIeMiHIH TONTHIpbUIybl 2023
XKBUIIBIH | TIiiiecinaeri xarai 0oibiHIa 1-KecTee KopceTuIreH.

Kecre 1
¥Yurel | Keyek kenewmi, m* AjiianfaH nojauMep [TomuMepMeH TONTHIPBUIFAH KEYEK
epitigmici, m* kejieMi, %
7 1574 000 400 206 25.42
14 1 630 900 382192 23.43

Temenne 2-kectene Ne7 sxone Nel4 yHFbUIApBIHBIH KE€YEK KOJIEMiH aiiiay OoibIHIIIA OOKaMIbI
ecenteynep OepinreH. Ecenreynepre coiikec, 2024 xbutel Ne7 sxoHe Nel4 alinay YHFbUIAPBIHBIH
ayMarbIHJaFbl OHIPICTIK YHFBIIAPBIH OHIMIHIH CYTaHYBIHBIH €H KOFapbl TOMEHCYl KYTUIyae.

Kecre 2 - Exi yHFBIHBIH TOXipuOeik-oHaIpicTiK chiHakTap (TOC) yyackecinaeri keyek
KOJIEMiH TOJITBIPY OOMBIHIIIA ecenTeyep.

YHurbL1ap 7 14 7 ’ 14
Kyn AligajraH Keyek KeJemi, me AiiajiFan keyek kejaemi, %0
01.07.2023 407 956 389 942 25.9 23.9
01.08.2023 415 706 397 692 26.4 24.4
01.09.2023 423 206 405 192 26.9 24.8
01.10.2023 430 956 412 942 27.4 25.3
01.11.2023 438 456 420 442 27.9 25.8
01.12.2023 446 206 428 192 28.3 26.3
01.01.2024 453 956 435 942 28.8 26.7
01.02.2024 461 206 443 192 29.3 27.2
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01.03.2024 468 956 450 942 09.8 07.6
01.04.2024 476 456 458 442 30.3 28.1
01.05.2024 484 206 466 192 30.8 28.6
01.06.2024 491 706 473 692 31.2 29.0
01.07.2024 499 456 481 442 31.7 29.5

[Tonumepii cy aiiiay TEXHOJOTHACHIH XKY3€re achlpy OapbIChIHAA Ke3/IeCETIH Macenenepain
O0ipi — IIBIFBIHAAPIABI OHTaMIaHABIPY. MyMKIH OOJaThIH MICMIIMAEPAIH Oipl — XUMHSIIBIK
peareHTTepIiH MOJIIEpiH a3aiTy apKbUIbl MaKCaTThl KOHLEHTpalusHbl ToMeHaeTy. 2014 Kbuibl
KYPTi3UITeH 3epTXaHaNbIK 3epTTeyiepre coikec, Tagaanran FP 5205 momumepiHiH KOHIICHTPAIHSCHI
2000 ppm 6onran ke3ne oHbIH TYTKBIpIbIFG! 20 ¢l Kypaiiasl, Oyt ke3ie KabaT MyHabl TYTKBIPJIBIFbI
20 cIl GonraHma KO3FANFBINTHIK KOdQQuuueHTi 1-re TeH Oonaipl, SIFHU BIFBICTHIPATHIH KOHE
BIFBICTBIPBUIATBIH ar€HTTEP/A1H TYTKbIPJIBIKTAphl TEH,

Erep monmmepiti ¢y aiiiay TEXHOJIOTHSICHIH )KY3€Te achIpyIaFbl IIBIFBIHIAP Bl OHTAMIAHIBIPY
KakeT Oosca, monuMep koHueHTtpanuschiH 1300 ppm-re neitin ToMeHAETy MYMKiHAiri Oap, Oy
Ke3Je epiTinainin TyTKeIpibiFsl 10 cIl-ra feiiin ToMenaeiiai (arbIMIarbIaH 2 €Ce TOMEH).

KoHnienTpanusHel a3aiiTy apKbUIbl MIBIFBIHAApABI 31%-Fa azaiityra Oonajael, Oipak Oy
KOCBIMIIIa MYHAi OHAIPYAIH TOMEHICYiHEe oKellyl MyMKiH. Ecenitey HoTmkenepi OOMbIHIIIA, TOTUMED
KoHIeHTpauusceiH 1300 ppm-Te aeliiH jxoHe ColiKeCiHIe, MOTMMEpP ePITIHAICIHIH TYTKBIPJIBIFBIH €Ki
ece 10 cll-ra ngeitin TeMeHACTKEHE, MOIMMEPIIl Cy aiiayra KeTeTiH mbIFsiHaap 31%-ra azasnbl.
Amnaiifna, MyHaaii opeKeTTep KOChIMIIIa MyHail ©HIipy liH TOMEH/IeYiHEe dKeTyl MyMKiH €KEeHIH eCKepy
Kaxer.

[Nonumepri cy aiigay TEXHOJOTHSICHIH XKY3€re achlpy OapbIChIHAA KONTEreH SKOHOMHUKAIBIK
KOHE TEXHOJIOTHSUIBIK KUBIHJBIKTAp Ke3/ecenl. byl KUbIHABIKTapAbI IIEIly TEXHOJOTUSHBI JKYy3ere
achIpy TACUIIEPIH XKETUIAIpyre skoHe Oonamak xobanap YIIiH KYHIbl TOXIpuOe amyFa MYMKiHIIK
oepeni.
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MHPOBO¥ OMBIT COBMECTHOT'O MPUMEHEHUS KUCJIOTHBIX
OBPABOTOK Y F'MJIPABJIMYECKOT'O PA3PBIBA TIACTA

AXMETOB HYPKEH MAKCYTOBUY
I.T.H., mpodeccop kadeapsl HedhTera3oBor HHKEHEPHUH, 3anaaHo-KazaxcTanckui
WHHOBAIIMOHHO-TEXHOJIOTUYECKHUI YHUBEPCUTET, Y palibek, Kazaxcran

UBPATMMOB KYAHBIII CAU®YJLJIAEBUY
MarwuctpanT 2 kypca, 3anagno-KazaxcraHckuii ”HHOBAITMOHHO-TEXHOJIOTHUECKUI
YHUBEPCUTET, Y paibck, Kazaxcran

IJIIBEKOB ’KYMABEK TAJIFATYJIbI
MarwuctpanT 2 kypca, 3anagno-KazaxcraHckuil ”HHOBAITMOHHO-TEXHOJIOTHUECKUI
YHUBEPCUTET, Y paibck, Kazaxcran

Annomayun. B cmamve paccmampusaemcsi Mupogoll Onwim COBMECmMHO20 NPUMEHEHUs
KUCIOMHBIX 00pabomox u euopasiudeckoco pazpuiea niacma (I'PI1) ons nosviuwenus nepmeomoauu
Ha Hegmanblx Mecmopodicoenusx. [lpueedensl sxcnepumenmanbhbvie 0anHbvle, NOOMEePAHCOaOuUe
aghghexmuernocmsb coemewernuss Smux mMemooos. Onucana memoouka npoeeoeHus 1adopamopHbvix
IKCNEPUMEHMO8 HA KAPOOHAMHBIX U MEPPUSEHHBIX NOpo0ax, 6 Xooe KOMOPbIX NPOBOOULOCD
MOOenuposanue Kuciomuwvix odopabomok neped nposedenuem I'PII. Ilonyuennvie pesyivmamol
NOKA3bI8AIOM, YMO KUCIOMHAA 00pabomka cHudcaem oOasieHue, HeobXooumoe Oisi pa3pviéd, U
VAyuuaem yciogus hopmMuposanus mpeujut, 0cobenHo 6 Kapbonamuuvix nopooax. Ilpoeedénnulii
amanuz noomeepxcoaem, UMoO HPUMEHeHUe IMUX MEeXHOIO0SULl CNOCOOCMBYem Y8eIUyeHUIO
NPOHUYAEMOCU NIACMO8 U NOBLIUEHUIO Hepmeomoauu, umo oenaem ux NepcneKmueHbLMU Ol
OanvbHeuule20 UCHONb308ANHUS HA 3PENbIX U CLONCHBIX MECTNOPOHCOCHUSX.

Knroueswie cnosa: kucniomuas obpabomra, 2udpagiuyeckutl paspule niacma, Hegpmeomoaua,
KapboHamuwle nopoovl, meppuceHHvle Nopoobl, NOSbIULEHUE NPOHUYAEMOCU.

Poct crnoxxHOCTH pa3pabOTKH 3peNbIX HEPTIHBIX MECTOPOXKICHUH U HEOOXOJAMMOCTH
MOBBIILICHUS] HE(PTEOTAAYN 3aCTaBIAIOT He(Tea00bIBAIOIINE KOMIIAHUM aKTUBHO BHEJPATH HOBBIC
TexHojoruu. OJHUM U3 MEPCHEeKTUBHBIX METOJOB SBISIETCS KOMIUIEKCHOE HCIIONIb30BaHHE
KHUCJIOTHBIX 00paboTOK M ruapaBiauyeckoro paspbiBa macta (I'PII), xotopoe mokasano cBOIO
3¢ (HEeKTUBHOCTh B YBEJIMYEHHM MPOHULAEMOCTH MOPOJA U YIYUIIEHUM YCIOBUU ISl U3BJICUEHUS
YTJIEBOIOPOI0B. B 1aHHOM HCClieI0BaHUM MTPUBOAUTCS aHAJIU3 MUPOBOIO OIBITAa IPUMEHEHHS ITHX
TEXHOJOruil B He(TenoObIBAIOUIMX pPETHOHAX C Pa3jIMYHON TeoJOTHYECKOW CTPYKTYypol u
MPOBOJATCS J1a0OpAaTOPHBIE SKCIEPUMEHTHI, JAEMOHCTPUPYIOLIHE HPEUMYIIECTBa COBMECTHOI'O
ucnosb3oBaHus kucaot u I'PIL

TeopeTnyeckne 0CHOBBI KHCJIOTHBIX 00padOTOK M rHAPABINYECKOr0 pa3pbiBa mjacra

Kucnoraeie o6paborku (acidizing) u TPIT (hydraulic fracturing) mnpumenstoTcst s
MOBBIILICHUS] POU3BOJUTENFHOCTH CKBAXXHH, HO MX COBMECTHOE HCIIOJIb30BAaHHE MOXET /1aBaTh
CUHEpreTHIecKuit 23 HeKT.

e Kucjiornble 00padOTKH NPUMEHSIOTCS U1 YIYYIIEHHUs MPOHULIAEMOCTH MOPOJ 3a CYET
pacTBOpeHUs] KapOOHATHBIX WM KPEMHE3EMHBIX KOMIIOHEHTOB MOPO/bl KUCIOTHBIMH PACTBOPAMH.
3TO MO3BOJSAET YBEIUUUTH MPOBOJAUMOCTD MOPOBBIX KAaHAJIOB M YCTPAHUTh MEXAaHHMUECKUE 3aCOPHI
BOJIM3U CKBaXHHBI.

e 'mapaBianyeckuii pa3pbiB IUIACTA HANpPaBJICH Ha CO3/1aHUE HOBBIX TPEIIMH B TOPHOM
IOpOJIE M PAcCKpbITHE cyliecTByroumx. Ilpouecc BkitoyaeT 3akauky >KUIKOCTH IOJl BBICOKUM
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JaBJICHUEM, YTO IPUBOJIUT K 00pa30BaHUIO HOBBIX ITyTEH /IS IBWKEHUS yrieBOA0poA0B. [IponmanT
(MeNKO3epHUCTBIA MaTepHal) BBOJUTCS B TPEIIUHBI JIJIS MX yAEPKaHUS B PACKPBITOM COCTOSTHUU.

CoBMelieHe 3TUX METO/10B MO3BOJISIET, C OAHON CTOPOHBI, PACTBOPUTH WIIH OCIA0UTH IOPO.LY,
a Cc JIpyroit — obecrneynts onTUMaibHble yCioBus ais co3nanus tpemud ['PII. Takum oOpasom,
KHCIIOTHasgs o0paboTKa mepe]] pa3phblBOM CHUYKAET COMPOTHUBIIEHUE IJIACTA, & TPEIIMHBI, CO3JJaHHbIE
I'PI1, obecrieuynBaiOT JOATOCPOYHOE YBEIUUYCHHUE TPOHUIIAEMOCTH.

MupoBoii onbIT NPpUMeHeHHUsI TEXHOJOruii. Pazputre HepTe100bIUM B pa3IMUHBIX PETHOHAX
Mupa, Takux kak CeBepHas Amepuka, bmwknuii Boctok m Poccus, Kasaxcran nemoHcTpupyer
yCIENTHbIC TPUMEPHI UCIIOJIB30BAHUS COBMECTHBIX KHCIOTHBIX 00padotok u I'PI1. Humxke ommcansr
MIPUMEPBI U3 PAa3HBIX PETUOHOB C Pa3HBIMH I'€0JIOTHYECKUMHU YCIIOBUSIMHU.

Cesepnan Amepuka (CIIIA u Kanaoa)

B cnannessix Oacceiinax CIIIA u Kamager Takwme, kak Permian Basin u Eagle Ford,
MPUMEHEHHE KOMIUIEKCHBIX TEXHOJOTMM WrpaeT BaXkKHYIO pOJb B pa3paboTKe CIaHIEBBIX
YTJIEBOI0OPOI0B. B 3THX pernoHax KMCIOTHBIE 00pabOTKH MPUMEHSIOTCS IS IPEOI0JIeHHS TTpo0iIeM
HU3KOW MPOHUIAEMOCTH B IUIOTHBIX KoyuiekTopax. CoBMeIleHHE METOJ0B IomoraeT OoJee
3¢ (GEKTUBHO paCKpPBIBATh MHOTOCIOWHBIE M HEOJHOPOHBIE IJIACTHI, YTO MOATBEPKIACTCS POCTOM
MIPOU3BOAUTENBHOCTH CKBaXUH 10 30% 1Mo cpaBHEHMIO C UCIOJIb30BaHUEM ToJIbKO ['PI1.

Ocobenno ycmemHo mnpuMeHenne Metoma "acid fracturing” — BBemeHHS KHCIOTHBIX
pacTBOPOB HEMOCPEICTBEHHO B 30HY pa3pbiBa. OJTO MO3BOJSIET AKTUBUPOBATH 30HBI C HU3KOHN
IIPOHUIIAEMOCTbHI0, KOTOPBIE TPAJIULIMOHHO CIIOKHO PACKPBITh TOJIBKO C IMOMOIIBIO MEXaHUYECKOIO
BO3JICHICTBUS.

Cayooeckan Apasusn

Ha kpynHbIx kapOoHATHBIX MecTOpoKAeHHUsIX CayToBCKOM ApaBUH COBMEIIEHNE KHUCIOTHBIX
06pabotok u I'PII siBisieTcs KIIFOYEBBIM HHCTPYMEHTOM JUISI YITyYIICHUS U3BJIeUeHUs HepTH. B Takmx
peruoHax, Kak MectopoxjaeHue ['aBap, KUCIOTHBIE pacTBOPHI MOMOTAIOT PACKPHITH KapOOHATHBIE
MOPO/1bl, 00J1a/1a011e BHICOKOW MJIOTHOCTHIO M HU3KOM MPOHUIIAEMOCTBIO0. Pe3ynbTaThl MOKa3bIBaIOT
yBeJIMYeHHE 00IIel MPOU3BOAUTENBHOCTH Ha 25-40% B 3aBUCUMOCTH OT YCIIOBUN MECTOPOKICHHUS.
[IpumeHeHne KHCIOTHBIX pacTBOpoB Iepen mnposeneHueM ['PII Takke CcHuXkaer puck
MPEXKIAEBPEMEHHOT0 3aKPBITUS TPEILIMH 3a CUET YAYUILIECHUS YCIOBHH ISl UX PACIPOCTPAHECHHUS.

Poccus

B Poccuu meToauka KHCIOTHBIX 00paboTok ¢ mocneayrommm ['PIT akTuBHO ncnonb3yeTcs Ha
MecTopoxkaeHusx 3amagHoit Cubupu um Bonro-Ypansckoro OacceiiHa. B 3Tux permonax yacto
BCTpeUaloTCs KapOOHATHBIC U TEPPUTCHHBIE KOJJIEKTOPHI C HU3KON MPOHHUIIAeMOCThI0. KucioTHbie
00pabOTKK Ha TaKMX MECTOPOKACHUIX MO3BOJIIOT 3HAUUTEIBHO CHU3UTh JABJICHUE pa3pbiBa, YTO
BEJIET K CHIKEHUIO CTOMMOCTH OTEpalyii U YIy4IIeHUI0 UX 001men 3¢ (HeKTUBHOCTH.

Kazaxcman

KazaxcraH, o6nagas KpynmHbIMH HEe(DTSHBIMH MECTOPOKICHUSIMU, TAK)KE aKTHBHO BHEAPSET
MepPEeIOBbIE TEXHOJIOTUU JJISl MOBBIMIEHUS 3PQPeKTUBHOCTU A00bIYM HedTu. Ha Takux KpymHBIX
MeCTOpOKIeHUsX, kak Tenru3 u Kapauaranak, mpumeHeHHe KUCIOTHBIX 00padotok u I'PII ctamo
Ba)KHBIM 3JIEMEHTOM CTpaTeruy yBEJIMYEHHUS U3BJIEeKaeMbIX 3amacoB HedTu. Ha mecropoxnenuun
Tenrus, 6oratoM KapOOHATHBIMH IIJIACTaMH, 33 TOCIEAHHME TOABl OBUIM TPOBEJCHBI YCIEIIHBIE
WCIIBITAaHUSI KHUCJIOTHBIX 00paboToxk B codetanuu c ['PII. PesymbTaThl mokazanu yBeIHYCHHE
MIPOHUIIAEMOCTHU MOPOJ ¥ CHIDKCHUE JABICHUS, HEOOXOIMMOTrO ISl Pa3phbiBa, YTO MPHUBEIIO K POCTY
MIPOU3BOIUTEIIEHOCTH CKBaXkMH Ha 20—35%.

Kpome Ttoro, Ha Mecropoxxnenusx Kamaran u JXanakon npoBoAsSTCS KOMIUIEKCHBIE
MIPOrpaMMBbI KUCIOTHBIX 00pabOTOK AJis YIydIlIeHUs pa3pabOTKH CIOKHBIX T€0JIOTMUYECKUX CTPYKTYP
C HU3KOM MPOHUIIAEMOCThIO. B 3THUX MpoeKTax COBMEIICHUE TEXHOJIOTUIN MO3BOJIMIO 3HAYUTEIBHO
CHU3UTH OIEPallMOHHBIE 3aTPAaThl U MOBBICUTH CTAOMJIBHOCTh PaOOTHI CKBAXHH, YTO JI€JaeT ITOT
MOAXO0J] NEPCIEKTUBHBIM JIJISI MACIITAOHOTO BHEIPEHUSI.

JKCNepUMEeHTANIbHAA 4YacTb. (1 oneHku 3(PQPEeKTUBHOCTH COBMECTHOTO NPUMEHEHHUS
KHCIOTHBIX o0Opabotok u I'PII Obutm mpoBeneHBI J1a0OpaTOpHBIC HWCCIENOBAaHUS Ha OOpa3Iax
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KapOOHATHBIX U TEPPUTCHHBIX MOPOJI, XapaKTePHBIX JJIs HE(TAHBIX MecTopoxacHH KazaxcraHa,
Poccun u CeBepHoii Amepuku. J{is onieHku 3¢ (heKTUBHOCTH COBMECTHOTO MPUMEHEHHUST KUCTIOTHBIX
ob6pabotok u I'PIT Obutr TIpoBeneHBI J1TaOOpAaTOPHBIC MCCIIEIOBAaHUS Ha 00pa3iax KapOOHATHBIX U
TEPPUTCHHBIX MTOPOJI.

Onucanue 3KCIEPUMEHTA. DKCICPUMEHT MPOBOJWICA Ha IMIMHAPHYSCKUX 00pasmax
ropubix nopoa auametpom 50 MM u jumHou 100 mm. Ilepen nposenenuem I'PIT Ha kaxsiii o6pasen
HaHOCHJICS KKCIOTHBIN pacTBop (10% HCI), mociie yero mpoBoAMIOCH THAPABINYECKOE BO3ICHCTBUE
npu pgasiaeHun ot 30 mo 70 MIla. KonTpons 3a mporeccoM paspbiBa OCYLIECTBISIJICS C
MCIOJIb30BaHNEM aKyCTUUYECKOI SMUCCUU U JlTa3epHOU HHTep(hepoOMeTpHH.

OcHOBHBIE TApaMEeTPHI IKCIICPUMEHTA!

e JlaBenue 3akauku — 30—70 MIIa.

o Konuenrpanus kucnotsl — 10% consiHast KUcioTa.

e Bpems Bo3aeHCTBUS KMCIOTHI — 2 Haca.

Pe3ynpTaThl MoOKaszanu 3HAYMTENBHOE YIYUIICHHE XapaKTEPUCTUK TPEIMHOOOpa30BaHUS
MOCJIe KUCJIOTHOM 00pabOoTKH, 0COOEHHO Ha KapOOHATHBIX MOPOIaX.

IMapameTpbl be3 kucjioTHO 00padoTKHU C Ifnc'HOTHOﬁ
o0padoTKoi

Jasnenue pazpoiBa (Mlla) 65 50

Jlnuna TpemuHsl (MM) 75 105

ITponunaemocts (%) 5,8 12,4

Tabauua 1 1eMOHCTPUPYET, YTO KHCIOTHAsE 00pabOTKa CHUXKAET JaBJIeHHUE, HEOOXOAUMOE IS
pa3pbiBa muacta, Ha 23%, a jiMHa TpeuuHbl yBennuuBaetrcs Ha 40%. DTo CBUIAETENBCTBYET O
3HAYUTEJILHOM YJIYUIIEHUU YCIOBUM ISl THAPOPA3PhIBA U YBEIMUEHUH POHUIIAEMOCTH 00Pa3IOB.

Bunsinue Ha pa3iudHble mopoabl. /111 kapOoHATHBIX MOPoA 3P (HEKTUBHOCTH YBEIUYUBACTCS
110 45% 1O AJIMHE TPEIINH, TOTJa KaK Ha TEPPUTCHHBIX TOPOAaX HAOJIIOAAECTCS YBETUUCHHE JIUIITH HA
30%. Do cBsI3aHO C Pa3IMYHON PEAKIIMOHHON CTOCOOHOCTHIO MOPOJ] Ha KUCIOTHOE BO3/ICHCTBHUE.

Tun nopoabl Juuna Ttpemmusbl | JiauHa Tpemunbl ¢ | [loBblmenune
0e3 KUCJO0THI (MM) | KHCJIOTOH (MM) MPOHUIIAEMOCTH
(%)
Kapbonartnas 70 105 45
Teppurennas 80 105 30

Pe3ynbTaThl SKCIIEPUMEHTOB i MUPOBOM OTIBIT IMOATBEPKIAIOT, YTO COBMEIICHUE KUCITOTHBIX
0o6pabotok u I'PIT ocobenno 3¢hpexkTHBHO Ha KapOOHATHBIX KOJUIEKTOPAX, 1€ KUCIOTHBIC PACTBOPBI
CIIOCOOHBI PaCTBOPATH TOPOJY, yJydllas YCJIOBUS IS TPEIIMHOOOpa3oBaHUs. B TeppUreHHBIX
nopogax 3G QeKT Takke MPUCYTCTBYET, HO MECHEE BBIPAXXCH W3-3a CJIa0OW PAacCTBOPHUMOCTH ITHX
MOPOJT B KHCIIOTAX.

MupoBasi TIpaKTHKa TOJATBEPXKIAET, YTO MPABHIBHBIN MOJ0OP MapaMeTpOB KHCIOTHOU
obpabotku u napnenusi ['PI1 MoxeT CyIiecTBEeHHO MOBBICUTh HE(TEOTIAUY, CHU3HUThH 3aTPAThl HA
ofepanuy M YBEIMYUTh MPOU3BOAUTENHHOCTh CKBaXHH. OJHAKO BaXKHBIM (PAaKTOPOM OCTaETCS
HE0OXO0IMMOCTh TOYHOTO aHAJIN3a TEOJIOTHUSCKHUX YCIOBUN KaXKIOTO0 MECTOPOKICHHUS.

KowmrnexkcHoe mnpuMeHeHne KUCIOTHBIX 00pabortok u ['PII memoHCTpupyeT BBICOKYIO
3¢ (HEeKTHBHOCTh IS yBEJIMYCHHUS He(TEOTHauyu Ha 3pelbIX M CIOXHBIX MECTOPOKICHUSX.
DKCTepUMEHTANbHbIE JaHHbIE U MHPOBOW OMBIT MOKAa3bIBAIOT, YTO JAHHBIM MOJXOJ] TO3BOJSET
YBEJIMYUTH TPOHUIIAEMOCTh IUIACTA, CHU3WTH JIABJICHUE pa3pblBa W YIYYIIHTH YCIOBHS IS
W3BIIeYEHHs YrieBoaopooB. Haubonee shpexTHBHBIM METO SBIsIETCS 711 KapOOHATHBIX MOPO/I,
9TO 0COOEHHO BaXKHO JISI PETHOHOB C TAaKUMHU THUIIAMHU KOJUIEKTOPOB, Kak CaymoBckasi ApaBus u
Poccus.
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bynymue uccnenoBaHus IOJKHBI ObITh HampaBieHbl Ha ONTHUMM3ALUIO0 COCTaBa KUCIOT U
napameTpoB ['PII nist pasnuyHbIX THUIIOB MOPOJ, a TakXke Ha pa3paboTKy Oojiee 3KOJIOTMYHBIX
METOJIOB BO3ACHCTBHS HA IIACTHI.
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INAM3BAJIAHOBA I'YJIBHAP CEUTBEKKbI3bI
Accuctent-npodeccop kadenps! «/Iuzaitn» AnmatuHckoro TexHOIOrHYecKOro
YHuusepcurera, Anmatel, Kazaxcran

Annomayusn. Tpenu-nanemo — 5mo QYHKYUOHANbHLIL U CHIUILHBIL J1eMeHm 8epXHell
00e24cObl, 3AHUMAIOWULL BANCHOE MECTO 8 MUpe MOObl. M3HauaibHo ucnonv3osasuieecs 0Jis 60CHHbIX
yeneu, OHO CO 6peMeHeM CMAl0 YACMbI0 MNOBCEOHEBHOU 00excObl. B  oamHou cmamove
PACCMAmMpusaomcsi 0COOeHHOCMU KOHCMPYKMUGBHBIX U3MEHEeHUll MpeHy-naibmo, e20 OU3aiH, da
Makaice ucmopuyeckue u cospemennvie mpancgopmayuu. Bonpocwi, komopuie 6y0ym 0ocysicoensi:

* 0630p ucmopuu mpeH4-naibmo

* U3meneHuss KOHCMPYKMUBHBIX I1EMEHMO8

» CogpemenHbvle mpeHobl

Knwoueevie cnosa: mpenu-naibmo, ucmopuuecKull KOHMeKcm, KOHCMPYKMUBHbIU d1eMeHm,
B0EHHbLU MPEHYKOM, 2A0APOUH, POIb 8 MOOE, COBPEMEHHBLU OUALIH.

Tpenu nosiBuics B koHue 19 Beka. Ero nponcxoxaeHue cBs3aHO € UCIIONIb30BaHUEM B [lepBoii
MHUpPOBOHW BOWHE B KadecTBE (POPMEHHOM OJEKIbI JUIsl aHTTTHICKUX oduiiepoB bpuranckoir apMuun
(pucyHok 1). M3HauanbHO TpeHY U3rOTABIMBAJICS U3 BOAOHEIPOHULIAEMBIX TKaHEH, B YaCTHOCTH, U3
rabapauHa. B nu3aiiHe manpTo MPUCYTCTBOBAIM JJMHHBIE PYKaBa, IIMPOKUE BOPOTHUKHU U PEMHH,
obecrnieunBaromye (QyHKIMOHANBHOCTh. Ilocie OKOHuUaHMS BOWMHBI TPEHUY-NAJIBTO  CTAJIO
MIOBCEIHEBHOM OJIEkA0M W 3aHAJO 3HAUYUTEIbHOE MECTO B MHpe Monbl. Ero mpakTu4HOCTH U
KJIACCUYECKUM CTWIb CHENald €ro MOMYJSPHBIM CPEIU PA3JIMYHBIX COLMAIBHBIX TPYIIIL
3namenurocTtd ['omnuByna, Takue kak Xamppu borapt u Oapu XenOepH, HOCUIN TPEHUY-TIAJIBTO B
¢uIbMax, 1 OHO NMPEBPATHIIOCh B CUMBOJ MOJibl. TakuM 006pa3oM, TpeHY CTall CHMBOJIOM BJIACTH U
JJIETaHTHOCTH.
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Pucynok 1 — @opmMenHas ofexaa aHTITUICKUX 0(pHUIIEpOB

Jlu3aiiH TpeHYa CO BpEMEHEM IpeTepIesl HECKOJIBKO U3MEHEHUN:

- CTIpyKTypa: B Ju3ailHe ManbTO M MOJAepKaHus OajlaHca MEXAy CTHIEM U
(GYHKIMOHATBHOCTRIO OBUIM  J100ABIEHBI PEMHH, CHEIHMajJbHbIE KapMaHbl M Pa3JINYHbIC
JI€KOpaTUBHBIE 3JIEMEHThl (PUCYHOK 2). B coBpeMeHHBIX MOJENsAX HaOJII0JAaeTcsl CcodeTaHHue
CIIOPTUBHOT'O CTWJIS U KJIACCUYECKUX JJIEMEHTOB.

- MaTepHuaJibl: KPOME N3HAYAJIbHO UCIOJIb30BaHHBIX rabap/iMHa U XJIONKA, B HACTOSILEE BpEeMs
MIPUMEHSIIOTCS CHUHTETHYECKHE MaTepuabl, TaKue KaK HEWJIOH M IOJIMACTEp. DTU MaTepUallbl
YBEJIMUYUBAIOT JIETKOCTh NAJIBTO U €r0 BOAOHENPOHUIIAEMOCTb.

- BeTa W y30pbl: l[BeTa M y30pBI COBPEMEHHBIX TPEHYEH TaKke M3MEHWINCh. [loMumo
TPaIULMOHHBIX OEKEBOTO U YEPHOTO, CErO/IHs MOMYJISIPHBI Pa3JINYHbIEC IPKUE LIBETA U IrpadudecKkue
IIPUHTHI.

Pucynoxk 2 - Jluzaiin TpeHya

CoBpeMeHHbIE TEHIECHIIUN
B mnocnennue roapl TpEeHUY-MAIBTO BHOBb CTAJIO MOJHBIM M 3KOJOTHYECKH YCTOWYHMBBIM
3JEMEHTOM OJeXxAbl. MHOrue au3ailHepbl NpeasaraloT MOJAEIHU W3 SKOJIOTMYECKH YHCTBIX
marepuanoB. Kpome TOro, ¢ BHEIPEHHEM YMHBIX TEXHOJOTHA MAJIbTO TMOBBIIAET CBOKO
(GYHKIIMOHATBHOCTh. TpeHUY-NaNbTO CYUTACTCS IEMEHTOM YCTOMYMBOTO M BHE BPEMEHM CTHIIS B
uHAycTpuH MOIbl. Kitaccnmueckoe OexeBoe TPEHU-MAIBTO C JBOWHBIMH PSIIAMH ITYTOBHII M TTOSICOM
IIPEKpacHO coueTaercss ¢ 1000 onexnod, Oynp oHa (GOpMalbHOW WM TOBCEIHEBHOM.
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CoBpeMeHHBIE TPEHY-TIAJIBTO MIBIOTCS U3 PA3TMYHBIX MATEPHUAIOB M OTJIMYAOTCS HHHOBAITMOHHBIMHU
IU3alHEPCKUMH peleHussMUA. Hapsiay ¢ TpaguIMOHHBIM XJIOIKOM M rabapAHHOM, UCHOJIB3YIOTCS
TaKhe MaTepHalIbl, KaKk KO)Ka, BUHWI M IIENK, @ TAaKXKe MPUMEHSIOTCS SIPKHE IIBETa B Y30pbl. TpeHd-
MajabTO paccMaTpUBAETCs KaK OJEKIa, HE MMEIoINas TeHICpHBIX orpaHudeHwii. Ero HocAT Kak
MY)KYUHBI, TaK W KCHIIWHBL, a TaK)Ke OH CTaJl IMOMYJISPHBIM CPEeIH CTOPOHHUKOB T'€HICPHO-
HEUTpanbHOUW MOABI. BhIOOp KPYMHBIX MOIHBIX JOMOB: CerojHsi TpeHUY-MAIbTO YAaCTO BXOJIUT B
KOJUIEKIIMH U3BECTHBIX OpeH10B, Takux kak Burberry, Dior u Givenchy. 9To nanbTo MOKHO YBUAETh
Ha Pa3UYHBIX MOJHBIX TOKa3aX, U KaXIbIi CE30H B HETO J0OABISIOTCS HOBBIE 3JIEMEHTHL. B
COBPEMEHHOM MO/Ie Ha0JIFOIaeTCsl POCT TPEH 14 Ha CO3/ITaHUE TPEHY-TIAJTBTO U3 SKOJIOTUIECKH YHCTHIX
MaTepHagoB. JTOT TPEHJ CBS3aH C YBEIUYCHHEM CIpPOCca HA YCTOHYMBYIO MOay. VI3mMeHeHUs B
JM3aifHe TPeHYA ChITPaNId BaXKHYIO POJIb B €T0 UCTOpUH. CeroIHs pa3indHble CTHIIN U TU3aiHBI TOTO
MpeIMeTa OJICKIbI, a TAKXKE UCIIOJIb30BaHNE SKOJIOTUIECKU YUCTHIX MaTepUaIoB (POPMUPYIOT HOBBIE
TPEHIBI B MUpPE MOJBI. TpEeHUY-ATbTO — 3TO HJACATBHOE COYeTaHHe (QYHKIIMOHAIBHOCTH U CTHJIS,
KOTOPOE JTOJIKHO 3aHATH CBOE MECTO B rap/iepo0e Ka)I0Tro 4eJIOBEKa.

Pucynok 3 — CoBpeMeHHBII TPEHY-IAIIBTO

B HacTosiiee BpeMsi COBpeMEHHBIE MOJICNTU TPeHUYEH, a Takke (yHKIIMOHAJIbHBIE KOPOTKUE
TPEHYKOTHI CTAHOBSATCS BCe 0ojiee MOomyIsipHbIMUA. KOpOTKHE TPEHYKOTHI OBICTPO BOILIN B TPEHJIBI
MOJIHOTO Mupa. Takue MOAENIN 4acTO MOKHO BCTPETUTh B KOJUICKIMSIX MHOTHX OpEHJIOB M Macc-
MapkeT marasuHax (pucyHok 4). OcoOeHHO MOMYJSIPHBI KOPOTKHE TPEHUKOTHI B 3TOM IOy B
KOJUIEKIINK OpeHpa «Zaray.
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Pucynox 4 — KopoTkuii TpeHUKOT

Pucynok 5 — ITpumeps! pa3paboTku Mojienel TpPeHYKOTOB

B pesynpraTe aHamm3a, OBUIO BBISIBJIEHO O pPa3BUTHH KOHCTPYKTHUBHBIX W3MEHEHHH B
HECKOJIBKMX HAIIPaBIICHUSAX.

W3HavanbHO 3TOT MpeaMeT OeXk /bl ObUI pa3paboTaH [yl BOCHHBIX HYXJ M IIPeJHA3HAYAICS
i obecrieyeHus: (PyHKIMOHAIBHOCTH U KoMpopTa. B HacTosIee BpeMs, coXpaHsis KIacCHUeCKue
JIEMEHTBI, JOPMaA U CTPYKTYpa TPEHUYKOTA aAANTUPOBAHbI K COBPEMEHHBIM TPEOOBAHUAM U CTHIIIO.
Hampumep, 1nuHHBIE pyKaBa, [10SC U BOPOTHUK COXPAHSAIOT KJIACCHYECKUM CTUIIb, B TO BpeMs Kak
KOHCTPYKIHUS JeNaeT akKUeHT Ha TuOkoctn M JErkocTd. COBpEeMEHHBIC TEHACHIMH TaKXkKe
CHOCOOCTBYIOT TMOSIBICHHIO KOPOTKHUX, [UIMHHBIX, IIUPOKUX WM Y3KUX Mojenedl. OcoOeHHO
MOIMYJISIPHBI KOPOTKUE TPEHYKOTHI.

KcarenpHO 21€MEHTOB TpEHU-NIAIBTO KOTOPBIE LEHAT IOJB30BAaTENM, BBIABIEHO, YTO
MIOJIb30BATENN B IEPBYIO OYepeAb LEHAT KIACCHYECKMH CTWIb TPEHY-NAIbTO. DTO OCOOEHHO
KacaeTcsl TAKUX 3JIEMEHTOB, KaK BOPOTHHK, IOSIC U IBOMHBIE MyTroBUIlbl. Kpome TOro, BaXHYIO POJb
UrparoT KoMQopT ¥ (QyHKIHOHATIBHOCTh: KOJIMYECTBO U pa3Mep KapMaHOB, BOJAOOTTAJIKUBAIOIINE
CBOMCTBA, JIETKOCTb M MHOIOCIIOMHAs KOHCTPYKLHUS HPABATCA JIIOAAM. YHHUBEPCAIbHOCTD
COBPEMEHHOI0 TPEHY-TIAJIBTO TAaKXKE HMMEET 3HA4CHWE JUI1 II0Jb30BATCIIEH — €ro MOXKHO
UCTIOJIB30BATh KaK B MPo(ecCHOHANbHOM, TaK ¥ B IOBCEHEBHOM O/I€kKIE.

Pe3ynbTaThl 0 COBpEMEHHBIX TEXHOJIOTHSIX BHEAPEHHBIX B TPEHU-TIAJIBTO U KX HEOOXOIMMOCTH,
II0KAa3aJI0 CaMbIMU PAacCIPOCTPAHEHHBIMH BOJIO- M BETPO3AIIUTHAS OTACIKH. JTO MO3BOJSET HOCUTD
TPEHY-NIAJITO B JIFOOBIX MOTOJHBIX yciIoBHAX. Kpome Toro, Hayaim MCIOJB30BaTh YTEIUISAIOIINE
CIIOH, YTO OCOOEHHO yHOOHO Il JIOAEH, MPOXKMBAIOIIMX B XOJOAHOM Kiumare. Hexoropsie
COBPEMEHHBIE MOJIEIIN TAK)K€ OCHALICHBI CMApT-TEXHOJIOTHAMM: HAIIPUMED, JJIEMEHTaMH, KOTOPbIE
HarpeBaroTCcs OT COJHEYHON SHEPruu WU OTPa)kaloT CBET. DT MHHOBALMM HE TOJIBKO MOBBIIIAIOT
KOMQOPT, HO U A€TAI0T TPEHU-NIATIBTO 00JIee PYHKIIMOHAIBHBIM U aJalTHPOBAHHBIM K COBPEMEHHBIM
TpeOOBaHUSM.
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Pucynok 6 - KoHCTpyK1MsS COBPEMEHHOTO KOPOTKOTO TPEHUKOTA

3aKIII0YEHNE UCCIIEAOBaHUS:

Taxum 00pazom, MOKHO YETKO YBUI€Th MHEHHS U B3TJISI/IbI CIIEMAIMCTOB HA KOHCTPYKTHUBHBIE
0COOCHHOCTH M M3MEHEHUS B HOBOM JM3aiiHe TpeHY-NajabTo. TpeHY-MaabTo YCHEIIHO COYeTaeT B
ceOe pa3BUTHE MOJTHOW MHIYCTPHUHU C KIIACCHYECKHM CTHJIEM U (YHKIMOHAIBHOCTHIO. B HacTosmee
Bpems popMa U CTPYKTypa TPEHU-MAIBTO aJalTHPOBaHbl K COBPEMEHHBIM TPEOOBAHUSIM U CTHIIIO.
Taxoke OBUIO OTMEUYEHO, YTO MHOTHE TIOTPEOHWTENH YacTO HOCAT KOPOTKHE TPEHYKOTHI B
MOBCEITHEBHOM JKU3HU. B 1enoM, TpPEHUYKOT, COXpaHssl CBOK KJIACCHUYECKYIO CYIIHOCTb,
aJanTUpyeTcss K TpeOOBaHUSM BPEMEHH, 4YTO, OE3YyCIIOBHO, CBUICTEIBCTBYET O €r0 BEYHOH
aKTyallbHOCTU B MUpe MOJbL. TakuM 00pa3oM, TPEHUYKOT MOKHO CUUTATh CTAOUIBHBIM 3JIEMEHTOM
Monabl. Ero ucropuss Hawanach JaBHO, M 3TOT MpeIMET OJAEKIbl HHUKOIAa HE Tepsi CBOEH
akTyanbHOCTU. COBpEMEHHBIE BEAYyILME OU3aiTHEPBl U KOHCTPYKTOPBI KAKIBIM TOJ MPEACTABISIIOT
HOBBIE MOJICTIH TPEHYKOTOB, YTOOBI COXPAHUTH UX aKTYaJIbHOCTb.

CIIMCOK UCITOJb30BAHHBIX NCTOYHUKOB:
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Annomayuna: B Oannoul cmamve paccmampugaemcs npeobpazoeanue CONHEUHOU dHepUuU 8
Menioeylo, CYMMAPHbIU MeNio8oll NOMOK, HOMOK COJNHEYHO20 U3NVYeHUs, Men1oomoadu Ol
8bIHYIHCOCHHOU U C80O0OHOU KOHBEKYUU OM JIy4enpo3padHol NOGEPXHOCMU K OKpydcarowel cpeoe,
NoJae3Hblll MEena1068oU NOMOK nocmynarwuil K menionocumenio, a maxoce KI1/[ eenuoxonnexmopa.

Knroueswvie cnosa: konuuecmeo meniomol, U3006apHas Meni0eMKOCHb, HAYANIbHAS U KOHEYHAs.
memnepamypa, CyMMApHbIl Meniosou NOMOK, NONIOWEHHbIN NOMOK, Menjiosvle nomepu,
onmuueckui  KIIJ[, niomnocmv  CcOIHeyHO20 — NOMOKA,  Ko3pduyuenm  ompasxceHus
menionocnawaowel.  namenu,  KoIQp@uyuenm — NPONYCKAHUA ~ JYYENpO3PAuHOU  NAHellu,
Koaghhuyuenmol menioomoauu.

Beenenue.

[IpeoOpa3oBaHue CONIHEYHOM YHEPTUU B TEIUIOBYIO 00ECIICUUBACTCS CUCTEMAMU CONHEYHO20
omonnenusi. IX XapakTepHbIM OTJIMYMEM OT APYTHUX CHUCTEM OTOIUICHHS SIBJISCTCS MPUMEHEHHE
CIEIHAIEHOTO JJICMCHTAa —TEIMONPUEMHNKA, TPETHA3HAYCHHOTO JJIsl YJIABIIUBAHUS COJHEYHOMN
pazuanuu U nmpeoOpa3oBaHus ee B TEIJIOBYIO dHEpruto. [1o crmoco0y MCIOIb30BaHUSI COTHEUHOTO
M3ITy4eHUs] CUCTEMBI OTOTUICHUS TIOIPA3ACIISIOT Ha TTAaCCHBHBIC M AKTHBHBIC.

IlaccusHbimu HA3BIBAIOTCS CUCTEMBI COJIHEYHOTO OTOIUICHHS, B KOTOPBIX 3JIEMEHTOM,
BOCIIPHHUMAFOIIUM COJTHEYHOE M3TYICHHE, SIBIISIETCS CaMO 3JJaHUE WK €T0 OTACIIbHBIC OTPaXKICHUS
(3maHMe KOJUIEKTOP, CTEHA-KOJUIEKTOP, KPOBISI-KOJUIEKTOP U T. 1. (puc. 1)). [1]

r— .
P e et

Puc. 1. [laccuBHas HU3KOTEMIIEpATypHAsi CHCTEMAa COJTHEYHOT'O OTOIICHHS «CTeHA-
KOJIJICKTOPY:
1 — nydenpo3pauHblii 3KpaH; 2 — YepHast Ty4eBOCTIPUHIUMAIOIIAS
cTeHa (aKKyMYIIATOpP); 3 — BO3AYIIHAS 3aCIOHKA

KOJMYECTBO TEIIIOTHI, aKKYMYJIMPOBAHHOE B JIy4E€BOCIIPHHUMAIOIIEM JIEMEHTE:
Qax = mcy(t; — t) 1)
rae m, Cp, t2, t1 — COOTBETCTBEHHO Macca, M300apHas TEILIOEMKOCTh, HaYalbHas U KOHEUHas
TEMIIEpaTypa JTy4€BOCIIPUHUMAOLIETO DIIEMETA.
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AxmueHbimy Ha3BIBAIOTCS CHUCTEMBI COJHEYHOTO OTOIUICHUS, B KOTOPBIX TEIHONPUEMHHK
(TeTMOKOJUIEKTOp)  SIBJISAETCS  CAMOCTOSITETIBHBIM — OTIENIBHBIM  YCTPOMCTBOM,  3alOJIHEHHBIM
TETJIOHOCUTETIEM.

I'enmokonnexTopa nenarcs Ha Iwiockue U okycupyronme. Hanbonee pacrnpocTpaHeHHBIMU
SIBJISTEOTCS TUTOCKUE TIPUEMHHUKH, TIO3BOJISIONINE COOMPATh KaK MPSIMOE, TaK H PACCESTHHOE H3ITyYeHHE.
[Tockue TeTMOKOIIIEKTOPa AEIATCA Ha MPOCThIE, COJEprKallue BeCh 00BEM KUIKOCTH, KOTOPYIO
HEOOXOJMMO HarpeTh, W MPOTOYHBIC, HATPEBAOIIHE 3a OINpPEAEICHHOE BPEeMs TOJBKO HeOOJbIIoe
KOJIMUYECTBO KUAKOCTH, KOTOpas 3aTeM, KaK IIPaBUJI0, HAKAIIJIMBAETCS B OTAEIBHOM pe3epByape. [1]

[TpoTOYHBIN TeTUOKOJIIIEKTOP MPEACTABISIET COO0N CUCTEMY, B KOTOPOH BOJia MPOTEKAET IO
napasuiebHbIM TpyOKaM, 3aKperyIeHHbIM Ha MOTJIoNIaonei nanenu (puc. 2).

Puc. 2. [1nockuii COJIHEUHBIN KOJUIEKTOP:
1 — ocreksenue; 3 — TEIIOBOCIPUHUMAIOIIAS
MMOBEPXHOCTD; 4 — TETION30JIALIUA

OCHOBHBIMH 3JIEMEHTaMH IJIOCKOTO MPOTOYHOT'O COTHEYHOTO KOJJIEKTOpA SIBJISIOTCS: KOPITYC,
IJIE paclojioKeHa Iorjouamomas naHenb 1 ¢ KaHamaMu Uil TEIUIOHOCHUTENS; IpOo3padHas
TEIUIOM30JISIUS 2, CHIDKAIOIAs MOTEPH B OKPYKAIOILIYIO Cpey Yepe3 BEepXHIOI MOBEPXHOCTh
KOJIJICKTOPA; HEMpo3payuHasi TEIUIOBasi M30JSIMA 3, CHIKAIOIIAS MOTEPU B OKPYXKAIOIIYIO Cpedy
4yepe3 JHUIIE KOJIJICKTOpa U ero OOKOBBIE TpaHu. 2]
MarepuaJjbl 4 METOIBI.
Cymmapsblii TemmoBoid moTok Q, mocTymaromuii K TEIIOHOCUTENIO B TeIMOKOIIIEKTOpE,
ornpezessiercs 6aJraHCcoM
Q:Qnorn - QHOT (2)
1€ Quorn, Quor — TOTJIONMICHHBIN TIOTOK U TEIUIOBBIC TOTEPH MPUEMHUKA COOTBETCTBEHHO.
[ToTOK CONMHEYHOTO W3Iy4YeHHs, MOTJOMAEMONM TMAHENbI0 MPUEMHHKA, COCTABISAET MPSIMOM
MOTOK U MOTOK, OTPAXKCHHBIN M BO3BPAILCHHBIN JIydepO3pavyHOi naHebio (puc. 3, a):
Qnom = UOSnEa (3)
Mo = Tee(1 — pr) (1 + (1 — Tc)pn) 4)
rae Mo — ontuyeckui KIIJ[, yduThIBalOmMi NOTEPH TEIUOKOJJIEKTOpA HAa OTpaKEHUE
COJTHEYHOTO M3JIYYCHHS U €T0 MOTJIONICHHE MPO3PAYHbIM MOKPBITUEM; Sy — IUIOMIAAh OCBEUICHHON
MMOBEPXHOCTH; E —TJIOTHOCTH CONMHEYHOTO TIOTOKA; Ter — KOIDQPHUIMEHT TPOIYCKAHUS
Jy4enpo3pavHoOi MaHeIu; Py — KO3QGHUIIMEHT OTpaskeHUs TEIUIONOTIaIaoel nanesu. [1]
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Puc. 3. PacnipeeneHue CoTHEUHBIX Jyuel (a)
Y TETJIOBOTO MOTOKA (6) B INTIOCKOM T'€IHOKOJIIEKTOPE
B nponecce nornomnienus teMneparypa Mnorjomaroleil oBepxXHocTy t; nosblmaercs (puc. 3,
0). IlpeBbllieHre TeMnepaTypsl MOTJIOUIAIONICH MaHe N HaJl TEMIIePaTypoil OKpysKaroIen cpeasl o
MPUBOJAUT K IMOTCPH TCILJIA OT IPUCMHHKA:

QHOT = kl‘lOT(tH_tO.C)Sl'I ; 1 (5)
Knor = (1/ @yosp + O/ Aer + 1/t0c) (6)
Aposy = (0,145 — 0,0015) Gr281+0.00058 @)

rne Kuor= 1 / R — koadduumeHT TemioBslX morepb; R — TepMuueckoe CONMpPOTUBIICHHE
MTOBEPXHOCTH MMPHUEMHUKA; Oz, Ox — KOA(D(OUIIMEHTHI TETIOOTIAYH OT TEIUIOTIPUEMHHKA OKPY KaIoIen

cpelie M3Iy4EHMEM M KOHBEKUMEH; Oposy — KOIQQUIMEHT TEIUIOOTAAYM OT IOIJIOIIAOIIEH
MIOBEPXHOCTU K JIY4eNpO3pauyHOU; Ocr, Acr — TOJIIMHA W TEIUIONPOBOAHOCTH JIy4EHpPO3payHOU
1/(273+ty03,)gAth®

noBepxHoctu; Gr = — yucno ['pacroda; B — yroa HakJIOHa TeIMONPHEMHUKA K

V}3203,u
rOpU30HTY, rpa. [1-3]

[locne mocTaHOBKM 3aBHCUMOCTEH TeMIO(U3NYECKHX CBOMCTB BO3JyXa OT TEMIIEpaTyphl
dbopmyna st ompenenaeHuss Kod@uIMeHTa TEIIOOTAAYH OT TMOTJIOMIAIOIIEH K JTydernpo3pauHon
MOBEPXHOCTHU YIPOILAETCS:

Qgosz = (0,145 — 0,0018)(6,58 — 0,00925¢ ,,, )AL 281+0,00058 j0,00155-0,157 (8)
rzie At — mepenaj TeMrepaTtyp M1y HOrJIOIIAtoNIeil 1 Tydenpo3padHoii mopepxHocTsamu, °C;
tsosn, N — cpenmHsis Temmeparypa BO3yXa U PacCTOSHHE MEXITy MOTJIONIAIONICH U JIydenpo3pavyHoi
MTOBEPXHOCTSIMHU.

KoaduimenT Temnootaaun 11si BEIHYKI€HHON KOHBEKIIUHU OT JIy4eTpO3pavyHOi TOBEPXHOCTH

K OKpYXKaroleu cpene
ay. = 11,6 + 7\/v 9)

I7Ie U — CKOPOCTh Hapy»KHOTO BO3/lyXa, 00AyBaIOIIEro reInoKOIeKTop. [1]

Koadpdunuent teroornaun 1t cBOOOJHON KOHBEKIIUH OT JIy4ElPO3payHON MOBEPXHOCTH K
OKpYJKalolllel cpene

0,33

Qo = (2,26 —0,00678) (tcr — tooss) (10)

Pe3yabTaTsl 1 00cyKIeHME.
[lone3Hplii TEIUIOBOM MOTOK, IOCTYNAIOIIMHA K TEIUIOHOCUTEI0, ONPENEISIETCA 4epe3

YpaBHEHUE TEIUIONEepeaun

Q=k(t,— t;{()-S:n (11)
raek = (8,/A; + 1/a;)"1~ ko>dduiment Temnomepenaud OT BHELIHEH MOBEPXHOCTH
MOTJIOIIAIOLIECH MTAHEIH K SHEPrOHOCUTENIO; O, A, Oy — TOJIIIMHA, KOAPGHUIIMEHT TEIIONPOBOIHOCTH
1 KO3 (DUIUEHT TETUIOOTA4YH OT MOTJIONIAONICH MaHeNN K TSTUIOHOCUTEINIO; &, = (tyy + ty2)/2 —
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CpelHsAs TeMIeparypa TEIUIOHOCUTEN; tx1 , lx2 — TemmepaTypa BTEKalOUIe B INPUEMHUK U
BBITEKAIOIIEH U3 HETO KUAKOCTH; Sy’ — IIIOLIa1b BHYTPEHHEH MOBEPXHOCTH MOTJIOIAONICH MaHEH.
KoadduuuenT Temioorjaun oT MOraomaroeil naHeau K TeIIOHOCUTENIO ISl JaMHUHAPHOTO
pexuma
A 033 043 (Pry) 25
a, = —0,15Re, " Pr " (== (12)
dsks Pry
TA€ Ax, Vi, Ux — COOTBETCTBEHHO TEILJIONPOBOAHOCTh, KHHEMATUYECKasl BA3KOCTh U CKOPOCTh
TEIJIOHOCUTENS B KaHaye; Oyp — DKBUBAICTHBIM IMaMeTp KaHana; Rey = d,Uy/Vy — 4YUCIO
Peitnonbaca ains teronocurens. [2]
[Tone3Hslil TEMI0BOM MOTOK MOKHO OMPEAEIUTh YEPE3 TEIIO, MOMIOMIEHHOE TEMTOHOCUTEIIEM.
[Ipu HarpeBaHUU CTATUYECKOW MACCHI JKUIKOCTH

Q = me, (13)
IIPY HATPEBAHUM MPOTEKAIOLIECH KUIKOCTH
Q = Gcm(tmz - t)xl) (14)

rae G — pacxo/ NpOTEKAOMIEH KUIKOCTH; Cx — TEIIOEMKOCTD TEIIOHOCUTEIIS.
MakcuManbHasi TEMIEpaTypa tmax TEIUIOHOCHTENS, NOCTUTaeMas B TeJIHOKOJUIEKTOpE,
onpenensgercs u3 ycnoBus Quorn = Quor. Torma

NoSuE = (tmax — to.c)kiior Su (15)
OTkyna HaX0UM MaKCUMAaJbHYIO TEMIIEPATypy TETNIOHOCUTEIS
tmax = TIoE/kﬁ%‘%x tioc (16)
KIIJ] renrokosiekTopa onpeaesercs no hopmyie:
Q At
n= SH_E =MNo— kl‘IOTF (17)

rae At =ty — to.c — pa3HOCTBh TEMIEpaTyp KOJUIEKTOPA U OKPYKAIOIIEH CPE/IbL.

BbiBoabl. Ha ocHOBe pe3ynbTaTOB TEOPETHUYECKOTO pacueTa IOJIE3HBIA TEIJIOBOM MOTOK
MOXKHO ONpENEIUTh Yepe3 TEIUIO, IMOTJIOMEHHOE TEIUIOHOCUTENIEM WM TOCTYMNAIUNl K
TEIUIOHOCUTENIO B T€IMOKOJUIEKTOpE, 0TKy1a HaxoauM KII/I renmoxosiexropa.
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HUPKYJIANUA TEIIVNIOHOCHUTEJIA B 'EJIMOCUCTEMAX

30XHPOBA IAXHO3A MYPOJUJIJTAEBHA
Crapmmii npemnoioBaresb, KapmuHckuii roc. YHuBepcurter, Y30ekuctan

JABPOHOBA JIJMJIHO3A AXMEJIOBHA
Crynent Kapmmnackuii roc. YHUBEpcUTeT, Y30€KHUCTaH

Aunomayuna: B OauHol cmamve paccmampusaemcs OmpajicamenvHdas CnocoOHOCMb
2eUoCmamos, CyMMapHbulil menioeol NOmox, no210WeHHblI NOMOK U Men106ble Nomepu, MaccoGulil
pacxo0 mennoHocumens, KodQuyuenm usnyyeHus, NIOMHOCMb COTHEYHO20 U3YUCHUS d MAKHCe
00CMamouHy10 NIOWAOb NO2IOUJEHUS COTHEUHO20 U3YYEHUS.

Knrouesvie cnosa: rosgpguyuenm memnepamypnozo pacuupenus H#UuOKocmu, nepenao
0aBNeHUs, MOWHOCMb, MACCO8bIll PACX00 MENIOHOCUMEN, CYMMAPHLIL MEenio8ol NOMOK,
NO2NIOUWeHHbIL NOMOK U meniogvle nomepu, Kodg@uyuenm uziydenus, NIOMHOCMb COIHEYHO20
UBNYYUeHUs, OMPadNCamenbHas CHOCOOHOCMb 2eUOCMAMmOo8.

Beenenne.

AKTHBHBIE T€JIMOCUCTEMBI IO BUY UCTIOJIB3YEMOTO TEIUIOHOCUTEIS IETISATCS Ha HCUOKOCTIHbIE
(Boma, antudpus) u gozoyuinsle.

[Mupkynsuust TEMJIOHOCUTENSE MOXET OCYIIECTBISTHCS  €CTeCTBEHHO (€CTECTBEHHOM
KOHBEKIIMEW) WIN IPUHYAUTEIBHO (HACOCOM).

[Ipu ecTecTBeHHON IMPKYISIMM HArpeBaTeNb JOJDKEH HAXOAWTHCS HIDKE HAKOMHUTENs
HarpeTo BOAbI (puc. 1), T. K. MUPKYJSIIUS OCYIIECTBISACTCS BCJICACTBUE PA3IHUUs IIOTHOCTEH
XO0JIOHOM (TUTOTHOMN) U ropsiueii (MeHee mIoTHOU BobI).[1-3]

ropasas
Boan

3
XOTOTHaN
FOIN

Puc. 1. OnHOKOHTYpHasl reJIMOCUCTEMA C €CTECTBEHHON IIUPKYIISIIIUEH:
1 — rennonpueMHUK; 2 — TETJIOBOM aKKyMYJISTOP

[lepenan naBieHuss MEXAY CTOJIOOM TOpAYEH U OXJIaXKIEHHOW BOJBI MOKHO ONPEAETUTDH IO

dbopmyne
Ap=g f Apdz
rac Ap — U3MCHCHUC INIOTHOCTH IPpHU UBSMCHCHUU TCMIICPATYPhI 1JIA I‘COMCTpI/I‘-ICCKOI\/'I BBICOTHI
Z.
3aBUCUMOCTb U3MEHEHMS IIJIOTHOCTH Ap OT U3MEHEHMS TeMIlepaTrypbl At UMeeT ciieqyromui
BUJI:

Ap/At = —Pp
rae B — K03pPUIUCHT TEMIIEPaTypHOTO PACIIUPEHUS KUIAKOCTH, KOTOPBIA ISl BOJBI MPHU
temnepatypax ot 0 10 100°C mpakTHYecKu IOCTOsTHEH | paBeH 3,5-107% 1/K [2]
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Torga nepenan gaBieHUsS MOXKHO OIPEAEIUTD MO popmyie

Ap = pg,b’jAtdz

[Tpu ycnoBuu, 4To TEMIepaTypa B TpyOOTPOBOIax MOCTOSTHHA U PaBHA COOTBETCTBEHHO I 1 15,

nMeeM
Ap = pgB(z3 — 2, + 24—25) (t, — t;)/2

TJ€ Z3, Z4 — BEPXHSAS M HIDKHSS T€OJe3UUecKasl TOUKa pe3epByapa COOTBETCTBEHHO; Z2, Z1 —
BEPXHSISI U HUKHSIS T€0/Ie3MUecKast TOUKa MPUEMHUKA COOTBETCTBEHHO.

Marepuajibl 1 METOBI.

CucreMbl ¢ IPUHYIUTENBHON TUPKYISIUEH BBITOJHBI, TIOCKOJBKY ISl UX CO3/IaHUS MOXKHO
WCIIOJIb30BaTh CYMICCTBYIOIINE BOJOHATPEBATEIBHBIC CHCTEMBI NMPU BBEJICHUHM B HUX MPUEMHUKA
CONTHEYHOTO W3IydyeHUus W Hacoca. Kpome TOro, B HHX HET HEOOXOAMMOCTH paclojiaraTh
HAaKOMUTEIIbHYI0 €MKOCTh BBIIIC TPUEMHHKA. MOIIHOCTh, TOTpedseMas HAacOCOM TIpH
MPUHYAUTEIFHON IUPKYIISALNUN, MOXKHO OTIPEEIHUTD 10 Gopmyrie:

N =GAp/p

rae G — MaccoBBIi pacxoj TeIIOHOCUTENs; AP — moTeps AaBJIeHUs B KOHTYpe Ha TpeHHe Mpu
MIPOKAYKE TEIUIOHOCHUTEIIS; P — CPEAHSIS TUNIOTHOCTH TETIJIOHOCUTEIIS.

Jly1s TOro 4TOOBI TEIUIOHOCUTENb B TEIMOKOJIJIEKTOPE YCIIeBall HATPeBaThCs O HEOOXOIUMOM
temrieparypbl (mpumepHo Ha 4°C), CKOpPOCTh TPOKAYKd OO0ECTICUMBAIOT HEOONBIIYIO (PEeKUM
namuHapHbIi). Toraa nmoteps AaBiieHus B cucteme onpenensercs no popmyne [lyazens:

A 128Gvl
P =g

rae | v d — cooTBETCTBEHHO /UIMHA M JUAMETP KaHalla; V — KHHEMaTH4ecKast BA3KOCTh. [ 1]

MHorue BO3MOXHBIE MPHIOKEHUs TPeOYIoT 0osiee BBICOKUX TEMIIEPATyp, YeM Te€, KOTOPhIE
MOXKHO MOJIYYHUTh Ja)Ke ¢ MOMONIbIO JTyYIIMX IUIOCKUX HarpeBareneil. J{ns pemieHus 3Tux 3aaad
WCIIOJIL3YIOTCSI KOHIICHTPUPYIOIIUE KOJIICKTOpA.

KoHueHTpupyronmii - reIMOKOJJIEKTOp — BKJIIOYaeT B ce0s  KOHIIGHTPATOp, KOTOPBIi
MPEICTaBIseT COO0M ONMTUYECKYIO CUCTEMY, COOMPAIOIIYI0 COJHEYHOE H3IydeHUEe ¢ OOJBIIOH
MOBEPXHOCTU U HAMPABJISAIOUIYIO €r0 Ha MPUEMHUK, TOTJIOUIAIONINA H3TydeHHE.

Yame Bcero KOHIIGHTPATOp  MPEJACTaBIseT CcoO0OM  mMapaboiIMYecKhe  BOTHYTHIE
(mapabonouunuHapsl) (puc 2, @) uiu napadbonmdeckue oobeMHble (Tapadosons BparieHus ) (puc. 2,
0) 3epKalia, BBIIIOJIHCHHBIC M3 MOJMPOBAHHOTO METallIa, B OKYC KOTOPBIX MOMEMIAIOT MPUEMHUK
u3NMy4YeHus: (COJIHEYHBIH KOTeln). B KauecTBe KOHIIEHTPATOPOB COJNHEYHON SHEPTHHU MOTYT TaKkKe
WCIIOJIb30BATHCS ONTHYECKHE JIMH3BI, KOTOPBIE KOHIIEHTPUPYIOT MPOXO/ISINee Yepe3 HU3 U3ITyICHHE
(puc. 2, ).

a L&) a

Puc. 2. KoHneHntpupyrouiye reamonpueMHIKHA

B omimume OT TUIOCKMX HarpeBaTeliel, KOHIEHTPATOPbl B OCHOBHOM IIOTJIONIAIOT TPSMOE
coiHeyHoe m3imydeHue. J{is obecriedeHus: BBHICOKOH 3()()EKTHBHOCTH IpoLEcca YIaBIWBAaHUS H
npeoOpa3oBaHUsl COJIHEYHOUN paaualiii KOHICHTPUPYIOIIUH TeIMONPUEMHUK CHA0XKa0T CHCTEMON
cnexenus 3a ComaueM.[2]
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Pe3yabTaTsl 1 00cy:KIeHME.

CymMapHbiii TermaoBoil moTok Q, MOCTyHaromuii K TEIUIOHOCUTENO B TEIMONPHEMHHUKE,
ompeenseTcs OaTaHcoM

Q = Quorn — Quor
r71€ Quorn , Quor — MOTJIOMIEHHBIH TIOTOK U TETUIOBBIE MMOTEPH MPUEMHUKA COOTBETCTBEHHO.
Jis mapabonndyeckoro KOHIEHTPATOpa SHEPTUsl MOTJIOMEHHUS TPUEMHON TPYOKOi
Qnom =p aSE

rie p — KOIPOHUIMEHT OTpaXeHHs KOHIEHTpAaTopa; o — KOA(PQUIMEHT MOIJIOIEHUS
npuemHrKa; S = |D — mromnia e MpoeKIMK KOHIIEHTpaTopa; £ — CpeaHsis INIOTHOCTh H3ITy4eHus (pucC.
3).[1]

[Ipn 5TOM OCHOBHBIE MOTEpPU NMPUEMHHKA SIBISIIOTCA PAJWALMOHHBIE, a W3JIydaeMOe TEIUIO
MO>KHO OTIPENIeINTh 0 popMyIie

D
Qnor = e(aT?) Frl

rae € — KOd(pQUIMEHT H3Iy4eHUsT NOBEPXHOCTH TPYOKH; G — moctosiHHas Credana —
Bbonbimana; 7— temnepaTypa NpUeMHHKA; I — paguyc TpYOKH.
Paguyc TpyOku BbIOMparOT TakuM, 4To0 0OecrneyuTh MUHHMAJIbHYIO ILJIOLIAJb TEIIOBOTO
U3IY4YEHUs, HO IOCTaTOYHYIO TUIOLIA/1b MOTJIOIEHHUS COJTHEYHOTO U3ITy4eHHS :
r = 05D ~ 0,0046D
rzie 0S — yroi cX0KACHUs COTHEUHBIX JTydeH.

Puc. 3. TTapaGonmnueckuii KOHIIEHTPATOP

Wcnonb3ys 3TH ypaBHEHMS, IIOJYYMM BBIDKEHHE JUI ONPENEIEHUs MaKCHMaIbHOM
Temreparypbl pueMHuKa PU Quorn =Qror:

_ (apED>1/4 N ( apE )1/4
reo 0,0046&c0
Jist cpeprdeckoro KoHIEHTpaTopa (TTapadbosuion1a BpaIieHus )
_ <apEl')25in21/}>1/4 N ( apEsin®y >1/4
4r2g0 8,46 -103¢0

25
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A.]'H)TepHaTI/IBHI)IM BAapHaHTOM KOHHCHTPHUPYIOHIUM I'CJIMOKOJIJICKTOPAM SABJISIFOTCSA COJTHCYHBIC
OalHu, KOr/aa MHOXKECTBO cleAsmux 3a CONHIEM MIOCKUX 3epKaj (TeTHOCTAaTOB) OTPAXKAIOT Ty4u
Ha HaXOJAIINICS B IEHTPE MPUEMHHUK B Bujie Oamtau (puc. 4).[2-3]

LW

Puc. 4. OcHoBHBIEC COOpYKEHUS OAIIEHHON COJIHEUHOM JIEKTPOCTAHIIUN:
1 — 6amHs; 2 — KOTEN-TEIUIONPUEMHUK
COJTHEYHOTO U3JTyYeHUs; 3 — TeITUOCTATHI

[Tomygaemast MOIITHOCTH COTTHEYHOM OanTHeH MOXKET ObITh HaiieHa 1Mo Gopmyrsie
N = ESpa

rzie E — mI0THOCTH COMHEYHOr0 M3IydeHHs, TaalolIero Ha TeluocTaT KBT/M2; S — mnomans
reJNOCTaTOB, M2, p — OTpakaTebHAs CIOCOOHOCTh TEIHOCTATOB; 0. — KOA(MHUIMEHT MOTTIOIICHHS
COJTHEYHOT'O U3ITYICHHSI TeTTIONPUESMHUKOM.

[IpenmyIiecTBOM cCHCTEM C KOHIIEHTPUPYIOIIUMU MeTHOKOJIIEKTOPAMH SBISIETCSI CIOCOOHOCTh
MOJTYYeHUS TETJIOHOCUTENISI ¢ OTHOCHUTENIBHO BhICOKOM Temmepatypoit (1o 100°C) u maxe mapa. K
HEJ0CTaTKaM CJIeIyeT OTHECTU paboTy TOJNBKO B CBETIIOEC BPEMs CYTOK C MPSIMBIM U3TydeHHEM, a
CJIeIOBATEIILHO, MMOTPEOHOCTh B aKKyMYJIATOPax OOJBIIOT0 00heMa; HEe0OXOIUMOCTh MTOCTOSTHHOM
OYHCTKM OTPAKAIOIIUX TMOBEPXHOCTEH OT TMBUIM; BBICOKYIO CTOMMOCTb KOHCTPYKIIUH,
00YCITOBJICHHYIO HATMIMEM MPUBOJIa CUCTEMBI CIIeKeHUs 3a XoaoM Coama.[1]

BoiBoabl. Ha ocHOBe pe3ynbTaTOB TEOPETHUECKOTO pacueTa TeIIOBOM MOTOK, MOCTYMAIOIIUI
K TCIINIOHOCHUTECIIIO B I'CJIIMOIIPUCMHHUKE U3HAYAJIbHO OIIPCACIACTCA HOFJ’IOHIGHHI)Iﬁ IIOTOK U TCIIJIOBBIC
MOTepU MPUEMHHKA, COOTBETCTBEHHO MaKCHMajbHas TemrepaTrypa npueMHUKa Mpu Quorn =Quor U
st cepruecKoro KOHIGHTpaTtopa (mapabosuionja BpalIeHHs), OTKyAa HaXOJUM CYMMAapHBIA
TEIJIOBOM MOTOK B T€TUONPUEMHHUKE.
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B MupoBoii npakTuke BOonpoc oOecreyeHus] HaIeKHOCTH JIBUTaTeIeld BHYTPEHHETO CrOpPaHus
SIBJISIETCSL aKTyaJIbHOW KOMILIEKCHOW 3a/iadel, pelmaeMor N0 pa3HbIM HalpaBieHUSAM. BaxHbiMH,
CpElll HUX ABIIAIOTCA YCJIOBUS 3KCIUTyaTalluM, BUJ IIPUMEHSIEMOIO TOIUIMBA, KOHTPOJb COCTOSHUS
MOTOPHBIX Macell, a TAKKe 00OCHOBAaHUE CPOKOB CITYKObI TOCIEAHUX.

1. [Ipu paGote aBuUraTenss Macjio BMECTE C HAXOAAIIUMHCA B HEM MPOAYKTaMH
3arpsiI3HEHUS MTOCTYNACT B KOJIBLIEBbIE KAHABKU IOPIIHA. JTa CMECh, HAXOAACHh B KAHABKaX IOPIIHS
B BH/JIE TOHKOM IIJIEHKH, IPU BBICOKUX TEMIIEpATypax, B pE3yJIbTaTe MOCIEAYIOIMX OKUCIUTEIbHBIX
poreccoB o0pa3yeT Bsi3KHe ac(albTO-CMOJIMCTBIE OTJIOKEHHS, KOTOPbIE YMEHBIIAIOT 3a30pbl B
KaHaBKax M, JACUCTBYS NOJOOHO IIEJEBBHIM (PHUIbTpaM, HAUMHAIOT 33/1€P)KUBATh 3arps3HSAIONINE
npumecu [1,2,3].

[Ipu sToM acanbToBBIC U ac(haTbTOT€HOBBIE KUCIOTHI, TPOSIBIISIOT CBA3YIOUIEE ICHCTBHE TI0
OTHOLIEHUIO K JPYTUM MPOAYKTaM 3arps3HEHUI U CIOCOOCTBYIOT UX MPWIMIAHUIO K TTOBEPXHOCTH
KoJIell W KaHaBOK mopmHs. [Ipu pabGore aBuraTtens Ha NMOHM)KEHHOM TEIUIOBOM DPEXHME, KOT/a
pacTBOpsIOLIas CIIOCOOHOCTh Maciia 10 OTHOIIEHUIO K OPraHMYECKUM 3arpsi3HEHUSM yXYyALIaeTcs,
KOJIbIIa MOTYT 3allleMJISThCS (IPUKINEBAThCS) B KAHABKAX, a JPEHaXKHbIE OTBEPCTHS MaCJIOChEMHBIX
KOJIEI] ¥ TIOPIITHS 3a0MBAIOTCS YTIAEPOAUCTHIMU OTIOKESHHUSIMH [2,3, 4].

B ycnoBusix X03sSMCTBEHHON JKCIUTyaTallMM TPAKTOPAa CKOPOCTh M3HAIMBAHUSA €€ JeTaledl U
COMPSKEHUM 3aBUCUT TECHO CBSA3aHA C KAU€CTBOM MOTOPHBIX Macel MCIOJIb3yEMOM B JIBUTATEIIE.
N3MeHenune sKCITyaTallMOHHBIX CBOMCTB X, MOKET BIIMATH HA CKOPOCTh M3HAIIMBAHUS JACTAICH. A
CPOK CITy’ObI Maces TECHO CBsi3aHa ¢ HapaOOTKON MalluH.

KadecTBO MOTOpHBIX Macesl MMEET BIHSHHME HA BEJIMYMHY M3HOCA CONPSIKEHWU M JeTajneil
JBUTaTeIell BHYTPEHHETO CrOpaHUsl.

[ToaTomMy npupOCT BETUYMHBI U3HOCA HA €JUHUILY HapabOTKH, a, CJIeI0BATENIbHO, U CKOPOCTh
W3HAIIMBAHUSA 1€TaIU B IEPUOBI IKCIUTyaTallud B 3aBUCUMOCTH KOHLIEHTPALIMU 3arps3HEHUI Macel
OyAyT pa3inyHbl.

B oOmiem ciydae 3aBUCMMOCTh BEJIMYMHBI M3HOCA JeTainu oT e€ HapaboTku H HocuT BUA
crerneHHon Gyukuuu [4]:

1 (H) = KHy 1)

rae K — ko3¢ dunmeHT npornopruoHaIbHOCTH

Y - CTEIIEHHOM I10Ka3aTellb, ONPEACIIAIOIUN XapaKTep U3MEHEHH CKOPOCTH U3HAIIMBAHUS B
pa3JInuHbIE IEPUOABI IKCILTYATALIMU TPAKTOPA.

Ha Tex ywacTkax KpUBOM M3HOCA, Il€ CKOPOCTb WM3HAIIMBAHMS IIOCTOSHHA, CTEIICHHOU
MoKa3aTesib Y paBeH eauHuile. Ha tex ydacTkax KpuBOW M3HOca, rae Y < 1 wiam y > 1, CKOpOCTh
M3HAIIMBAHUS UMEET COOTBETCTBEHHO YOBIBAIOIINII MIIM BO3pacTaroluii xapakrep [4].

[Ipu pacuere pecypcoB AeTaneil U CONPSKEHNH N3MEPEHHYIO BEJIMYHMHY U3HOCA U CKOPOCTh
W3HAIIMBAHUS CJIEIyeT OTHOCUTh K KaTeropuil CilIy4alHbIX BEJIMYMH U IPUMEHATbH K HUM
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BEPOSITHOCTHBIE METO/IbI 00pabOTKH C OMpeNeseHUeM CpPEJHET0 3HAueHUs XapaKTepUCTHK
paccerBaHusl, OIIMOKHM IEpPEeHOCa W JOBEPUTENIbHBIX T'PAaHUI] MPOrHO3upyemoro pecypca. Ilpu
pacudere pecypca OIpelessioT CPEIHIO CKOPOCTh M3HALIMBAHMS JETajcd Ha IEPBOM ydacTKe €€
paboThI IO ypaBHEHUIO [4].

[ToBpIIEHNE S5KOHOMUYHOCTH MPUMEHEHUS ABUTaTeNIe BHYTPEHHETO CrOpaHMs, YMEHbILIEHUE
TPYAOEMKOCTH TEXHMUYECKOI'O yX0J1a 332 HUMHU UMEET BaJKHOE 3HAUCHHUE.

Otka3 aBurateneil B OOJBITUHCTBE CIydaeB MPOUCXOINUT U3 3a W3HOCcA Jeraned mamwuH. [lo
JUTEPAaTypHBIM JIaHHBIM M3BECTHO YTO HM3HOC JeTaleld MalluH UMeeT MecTo mpumepHo 75-80 %
MpY OTKa3€ JIBUTaTEJCH.

MortopHble Macia sIBISE€TCS OCHOBHBIM 3JIEMEHTOM YMEHBILIEHHs M3HOca aeraneil. [Ipu atom
MacJieHas JIeHKa JTOJKHA 00eCTIeUUT HaIeKHYHO 3allUTy [TOBEPXHOCTHU AeTanel oT u3Hoca. Masie
CPOKH CMEHBI MacJja MPUBOJIUT K 3HAUUTEILHOMY IIEPEPACXONY.

VYBenudyeHne cpoka ciaykObl Macila CHWXKAET 3KCIUTYyaTallMOHHYI0 HaJeXKHOCTb JABHUraTes.
OKcITyaTalluOHHAs HaJIe)KHOCTh JIBUTaTENIel CHIKAETCS 1O CIIEAYIOIIUM IPUUNHAM:

- YXYIUIAeTCd CMa304HOE JIEHMCTBUE B CBSA3H C IOBBIIIEHUEM B Maclle IPOAYKTOB OKHUCIICHMS,
pPa3IUYHBIX IMPUMECEN OpPraHu4ecKoro IMPOUCXOXKACHMS, NMPOAYKTOB H3HAILIMBAaHUS JAETalel U
BHEIIHETO 3arpsA3HECHMUS;

- B MacJie HaKaIuIMBaIOTCs MTPOAYKTHI, 00pa3yrolire BEICOKUE U HU3KOTEMIIEpaTYPHBIE OCAIIKH;

- BO3pacTaeT KOPPO3UOHHASI arPECCUBHOCTh CMA304YHBIX MAcCell.

Bce 31u oTpuniaTenbHbIe IBIEHUS MOT'YTh OBIT 00YCIOBIEHBI YXYAIIEHUEM HCXOIHBIX CBOMCTB
MaceJl, BO3paCTaHMEM HaKOIUIEHHs ITPOLYKTOB U3HOCA JIETaJeH.

[Ipu pabGote aBurareneil Ha MOHMKEHHBIX TEIUIOBBIX peXUMaxX M Ha Maciax C HHU3KON
CHOCOOHOCTBIO TMPOTUBOCTOATH OCAJKOOOPAa30BAaHUIO OTMEYAETCs MHTEHCHBHOE HAKOILICHHE
HU3KOTEMIIEpaTypHbIX OTJIO)KEHUI B KapTepe IBUraTelis, Ha CETKE MaclONpUEMHUKa, Ha QUIIbTpax,
B KaHaBKaX CHCTEMbl CMa3KH, Ha KpBIIIKE KJIallaHHONW KOPOOKM W JOPYTruX JAETansx IBUIaTels.
OT1noKeHHs, OTKJIAAbIBAsCh B arperarax MacjiOO4YMCTKH, PE3KO YXY/IIAI0T OYUCTKY Macia, a pu
3acopeHur (PUIBTPOB BO3MOXEH MEPENyCK HE OYMIIEHHOTO Macjia B TJAaBHYI0 MarucTpajib. ITO
CIIOCOOCTBYET MOBBILIEHHOMY HM3HOCY Je€Tajei IBUraTesis W, B NEPBYIO OYepelb, BKJIAJbIIICH
MOAIIMITHUKOB U IIEEK KOJIEHYaTOro BaJla, a TAK)Ke M'MJIb3 LIMJIMHIPOB U MOPIIHEBBIX Koyel. Kpome
TOT0, COKPAIIAETCS CPOK CITY>KOBI (DPUIBTPYIOIINX 3JIEMEHTOB, a P HEHTPOOSIKHOM OUNCTKE Macia
HeoOxoauMa Oosiee yacTas pa3dopka HEHTpU(DYTU A yJaJleHUs] OTJIOKEHUH, B pe3ybTaTe uyero
MOBBILIAIOTCS 3aTPaThl HA TEXHUYECKOE 00CITy)KMUBaHUE JIBUTATENICH.

OmiiokeHMs B KaHallaX CUCTEMbl CMa3KH, Ha CETKE MAaCJIONPUEMHHUKOB, B IPYIMX IMOJIOCTAX
HapyILIal0T HOPMAaJIbHBINM MMOABOJ] Macjia K TPYLIUMCS JE€TalsIM JIBUraTels, 4YTO MOXET MPUBECTH K
MOCJIEAYIOLIEMY BBIXOJA €T0 U3 CTPOS.

JlnurenbHast paboTa Ha MOHMKEHHBIX TEIUIOBBIX PEKHMMax HPUBOAUT K HHTEHCUBHOMY
3arpsI3HEHUIO MOPLIHEN U KOJEl YIJIEPOJUCTBIMU OTIOKEHUAMU. {1 3TUX pEeKUMOB XapaKTEPHO
CWJIBHOE 3arpsA3HEHHE JIPEHAKHbIX OTBEPCTUN MAaCIOCHEMHBIX KOJIEL[ M IMOPLIHS, YTO BEAET K
3HAYUTEIbHOMY TOBBILICHUIO pacxoja Macia Ha yrap. OTHOCUTENbHBIH (B NMPOLEHTaX) pacxon
Macja B 3aBUCHMOCTH OT COCTOSIHUSI MaCJIOChEMHBIX KOJIEI M U3HOIICHHOCTHU ABUTaTENsl IIPUBEIECH

Hmxe [1]:
JIBUTATEIb HOBBIH (II0CIe 00KATKH) 100
JIBUTATEJIb HOBBIH C 3a0MTHIMU TIPOPE3IMHU MACIOChEMHBIX
KoJel 460
JBUTaTEIIb U3HOIIIEHHBIN 722
JIBUTATEJIb U3HOIICHHBIN, C 30U THIMH IPOPE3IMHU
MacJIOCHEMHBIX KOJIEI] 4400

Ob6paszyromecss Tpu  paboTe JABUTATENss Ha HU3KOTEMIIEPAaTYpHOM PEXHME BOJO-
MAacCJIOTOILUIMBHBIE 3MYJIbCUU PA3PYLIUTENBHO AEHUCTBYIOT Ha IPOKIAJOYHBIC, YIUIOTHAIOLIUE H
CaJIbHUKOBBIC MaTCpHajibl U JTAKOKPACOYHBIC IMOKPBITHUA. B PE3YIBTATC YEro MPOHUCXOIUT IOTEPA
pabounx XapaKTePUCTHUK.
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VXyameHue SKCIUTyaTalldOHHBIX CBOMCTB MOTOPHBIX Macej OTPHUIATENIbHO BIHAET Ha
WHTEHCUBHOCTb W3HAIIMBAHUS J€Talei MallliH.

Pa3BuTHe Haykd U TEXHHKHU JaeT BO3MOXKHOCTHU pa3paboTaTh MEPOIPHUITHE MO YIy4LICHUIO
SKCIUTyaTallMOHHBIX CBOMCTB MOTOPHBIX Macell C LENbI0 CHUKEHHUS H3HOCAa JeTajeil MalllMH.
N3BecTHb MHOTHE Hay4dHble PAOOTHI MO YAYYIICHHUIO HKCIUTYaTAl[AOHHBIX CBOWCTB C IIEJBIO
YMEHBIIECHUS! U3HOCA JIeTajleil MalllkH.

OpHolt M3  KIIIOYEBBIX MpOOJeM  HAay4dHO-TEXHHYECKOro Tporpecca B  00JacTu
JIBUTATEJIECTPOEHHUSL SIBJIIETCS TOBBIIICHUE KAayecTBa OYMCTKH MOTOPHOTO Maclia, MpHYeM
aKTyaJIbHOCTb 3TOI MpOOJIeMbl, KaK OKUIAaeTcs, B AajibHElIIeM OyaeT Tolbko Bo3pacTaTh. Kaxnas
MUHYTa paboThl JIOOOr0 JBUraTellss BHYTPEHHETO CrOopaHHs, OCOOCHHO IpPH IYCKE XOJOJHOTO
arperata W IpOrpeBe, NPHBOJWUT K IONAJaHUIO B MOTOPHOE MAacjiO HEKOTOPOro KOJWYECTBa
METAJUTMYECKUX MU JPYTHX 3arpsi3HSIONIMX YacTHUIl, KOTOpPblE OOpa3yrioTCs B pe3ysibTaTe TPEHUs
JeTajaei u B poIecce CropaHus TOTuTHBa (caxka, Harap) [2].

W3BecTeH HaydHas HCCIEJOBaHMsS IO BIMSHHUIO KadyecTBa MOTOPHOIO Macjla Ha H3HOC
JBUTATENs. ABTOPBI JI€JIAI0T BBIBOJIBI O TOM, YTO U3HOC JIBUTATENS, B OCHOBHOM - 75%, MPOUCXOAUT
TIPY 3aITyCKe JIBUTATENIS U B TiepBble 10 MUHYT ero paOboThl, IMesl B BUY BIIMSIHAE KauecTBa Maclia Ha
u3Hoc [2]. OgHako He TOJIBKO Ka4eCTBO MOTOPHOTO Macija BIMSET Ha MPOIOJKUTEIIBHOCTh pabOThI
JIBUTATENs] BHYTPEHHEro cropaHusi. BiusHue oka3bpiBaroT aOpa3uBHBIC MaTepHalibl, TMOIMABIIME B
MOTOPHOE MAacJIO - 3TO YaCTUYKH IbUIH, TPS3H, 3aHECEHHOU IPU HEOPEKHON IKCILTyaTalluY, a TAKKe
YaCcTHILIbI METaJUIa, 00pa3yroluecs B IPOLEcce TPEHUS AeTalel JBuraress.

W3BecTHBI MacisiHble (QUIBTPHI, YACTUYHO DEIIAIOLINE TOCTaBICHHYIO 3ajady, Hampumep
¢unpTp-akTUBaTOp «Yparan M.  OTH GUIBTPEl AKTUBHPYIOT MAacCIO MArHUTHBIM IIOJIEM,
YBEJIUYUBAET IPOYHOCTh MACIISIHOM IJICHKHU.

N3Becten MoaudukaTop- MarHUTHON 00pabOTKH MOTOPHBIX Macell. TpyOompoBo BHITOIHEH
B BHUJE CIHUpalM, a MarHUT BBINOJHEH B BUAE JBYX KOJIBLIEBBIX IJIJACTUH, HaMarHUYEHHBIX
MEePIEHIUKYIISIPHO MarHUTHOMY a3umyTy. Kaxawlii U3 HHUX JISKUT B TUIOCKOCTH, MapayiieabHOM
IIJIOCKOCTH CIIMPAJIH, PUYEM OJIHA U3 IJIACTUH PACIIONIOKEHA C OJJHOM CTOPOHBI CIIMPAH, a Apyras -
C MIPOTUBOIOJIOKHOM.

Bce »ti pa®oThl MOCBAIIEHBI 00ECIIEYSHUIO HAIEKHON pabOThl ABUTATENEeH BHYTPEHHETO
CrOpaHMs.

[Ipennaraemerii crmoco6 00paOOTKM MOTOPHBIX Maced MAaeT BO3MOXKHOCTU YIIYy4YIICHHS
9KCILTyaTallMOHHBIX CBOMCTB MOTOPHBIX Macesl. MaruuTHast 00paboTka MOTOPHBIX Macell yiay4lllaeT
AKCIUTyaTallMOHHbIE CBOMCTBA MOTOPHBIX Maces a TakKe, YMEHbLIAET M3HOC JIeTalell U CIYXKUTh
TTOBBIIICHUIO HAJCKHOCTU JIBUTATEIICH.

[locTaBnenHas 3agava pemiaeTcsi TeM, YTO KOHCTPYKIUS B BUAE METAUIMYECKOr0 KopIlyca C
bunbTpyromuM 351eMeHTOM. OCHOBHOM J€Taib KOHCTPYKIMH — (QUIBTPYIOLIUN 3JIEMEHT, KOTOPBIH
W3TOTABIIMBACTCS U3 CIICIIUANTBHON Oymaru. OUIBTPYIONIUI 2IEMEHT PACIONOKEeH BHYTPU KOpITyca,
HMMEETCsI BXOJIHBIE OTBEPCTHUE, MTPEAYCMOTPEH 3alIUTHBIC KJIAMaHbl PACTIONOKEHHBIC BEPXHEH 4acTH
MOPUCTOTO TPYOUATOTO DJIEMEHTa M BXOAHON udacTu ¢uibTpa. OuinbTp CHAOXKEH MOCTOSHHBIMU
MarHuTaMH.

CHabxeHHe KOHCTPYKLHUH C IMOCTOSTHHBIMH MarHWTamMH IO3BOJISIET OOpabOTKy Maceln IoJ
BO3JIEMICTBUEM MATHUTHOI'O MOJIS KOTOPBIA YIy4lIaeT OYUCTKY Macia, CIYKUT K YMEHBIIECHUIO CUJ
MMOBEPXHOCTHOI'O HATSDKEHHS, aKTUBHOMY MEPEMEIIMBAHUIO MOTOKA, YTO CIYKHUT K YJIYUIIECHUIO
MPOHUKAIOIIMX CIIOCOOHOCTEH Maciia, K JIydylleMy yJIep:KMBaHHIO Macja Ha TPYIIUXCS
MOBEPXHOCTSAX, YAYULIAET CMa3bIBAIOLIME U MOIOIINE CBOMCTBA Macia, yMEHbIIAET U3HOC JAeTalIeH.

O6paboTka MOTOPHBIX MaceJl ¢ MarHUTaMH CIOCOOCTBYET YMEHBIICHHIO M3HOCA JETaJICH.
Cmaszka nerajed MallMH MacliaMH, MOJBEPrIIMMUCS BO3JIEUCTBUI0 MAarHUTHOTO IOJISl, CHUXKAET
n3Hoc gneraned 10-25 % mno cpaBHEHMIO CO CMa3KOM MacjlaMH HE IOABEPTIIMMHUCS TAKOMY
BO3JICUCTBUIO.

Kak Ham U3BECTHO MO PE3yIbTATOM MCCIICIOBAaHUN U3HOC JIETAJIEN U CONPSKEHUI 3aBUCUTDH OT
KayecTBa CMAasbIBAIOIIETO Macia. B ycloBUSAX SKCIUIyaTallMd IO HAapOOOTKE IMOCTENEHHO
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yXyAILIaeTcsl KauecTBa Macia M 3Ha4eHHe MoKa3aTeNiell Macia MOT'YT HaXOAUTCS HIKE MPeIeNbHbIX
3HayeHUud. UTO 1Mo TeXHUYECKUM TpeOOBaHNEM HE PEKOMEHAYETCsl K IPUMEHEHHUIO. J{JIsl yiydiieHus
CBOWCTB MOTOPHBIX Macell PEKOMEH IyeTCsl pa3paboTKa MEPONPHUATHI, CHOCOOCTBYIOLIMX O AEPKAT
nokasaTesieil Macia B TpeOyeMOM YpOBHE B ONpEAEIUICHBIH CPOKU HAPOOOTKH.
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Asbstract: In this paper, we present a detailed study of a real-time parking space detection
system using neural networks. We address the problem of optimizing urban mobility through smart
infrastructure, focusing on real-time object detection. The study emphasizes the importance of
automating tasks requiring speed and accuracy, such as traffic and parking management. The
purpose of the research is to develop an automated parking meter based on object detection
algorithms, particularly the YOLO algorithm.

Relevance of the study lies in the advanced object detection algorithms like YOLO, crucial for
applications such as smart cities and surveillance systems. By comparing various methods like R-
CNN and YOLO, this research offers insights into balancing accuracy, speed, and computational
efficiency.

Keywords: YOLO,Object Detection, Neural Networks, Parking Space Counter, Real-Time Data
Processing, Modern Device Optimization, Smart Cities

Annomauyun. B smoti cmamve Mmbl npedcmasiiem NOOpOOHOe UCCIe008AHUE CUCTHEMbL
O0OHAPYIHCEHUS NAPKOBOUHBIX MECH 8 PedHCUME PedsibHO20 8PEeMEHU C UCNOb308AHUEM HEUPOHHLIX
cemetl. Mvl paccmampueaem npobiemy OnMuMU3AYUU 20POOCKOU MOOUNBHOCMU C HOMOWDBIO
UHMENIeKMYANbHOU UHDPACMPYKMYpbl, YOeusisi 0coboe SHUMAHUE OOHAPYICEHUr0 00beKmos 8
pedicume peanbHo20 epemenu. B ucciedosanuu noouepKusaemcs 8alcHOCHs asmMomMamu3ayuy 3a0ad,
mpebyowux cKopocmu U mo4HOCMU, MAKUX KaK YNpagieHue 00POICHbIM O8UNCEHUEM U NAPKOBKOLL.
L]envio uccnedosanus aeiaemcs paspabomrka AMOMaAmu3UPOBAHHO20 NAPKOBOUHO20 CHEMYUKA HA
0CHOBe aANOpUMMO8 0OHapyIcenus: 0ovekmos, 6 uacmuocmu areopumma YOLO.

AxmyanvHocmeb UCCIe008aHUs 3AKNIOYAEMCs 6 UCHONIb308AHUU NEPeO08blX ANOPUMMOB
obnapyoicenus oovexkmos, makux kak YOLO, komopwie umeiom pewarowee 3navwenue Onisi maKux
npunodxcenuil, Kak "ymuvie 2opooa” u cucmemsl gudeornabnodenus. CpasHusas paziuinsvie Memoosl,
maxue kax R-CNN u YOLO, smo uccredosanue oaem npeocmasnenue o 6anance mouHOCMU,
CKOpOCMU U 8bIYUCTUMENbHOU d¢hhekmusHocmu.

Knrwoueevie cnosa: YOLO, Obuapyscenue ob6vexkmos, Hetipounvie cemu, Cuemuux
napkogounvix mecm, Obpabomka OaHHbIX 6 peanvHOM epemenu, Onmumuzayus coepemMeHHbIX
ycmpoticma, Ymuvie copooa

Annomayun: Byn sicymvicma 613 HelpoHObIK dceninepoi KOIOAHa OMmulpbli, HAKMbl YAKbIM
pedcumMinoe mYpax OpblHOAPbIH AHBLIKMAY AHCYUeCiH e2diceli-mezdicellni 3epmmeyoi ycviHamols. biz
HAKmol yaKolm pexcuminoe o0OvexminepOoi amvlkmay2a 6aca Hazap ayoapa omwvlpbiN, aKblLIObl
UHDPAKYPLLILIM apKbLIbL KALANbIK YMKbIPALIKMbL OHMALAHObIPY MAceNecin wewemiz. 3epmmey
KO38AbIC NeH a8Momypaxmsl 0AcKapy CUsKmbl JHCbLIOAMObIK NeH O020IKmi Kaxcem ememin
Manculpmanapovl a8mMoMammaHoblpyobly MAaHbl30bLIbLIZLIH Kepcemedi. 3epmmeyoiy MaxKcamoi-
00vexkminepoi auvlkmay ancopummoepine, aman aumxanoa YOLO aneopummine Hezizoencen
aA8mMoMammaHObIpblI2AH MYPAK ecenmeiuin Hcacay.

3epmmeyoin e3exminiei "axwinovl Kanarap" sxcone daxvliay sncylienepi cusKkmol Koi0anoaiap
ywin oeme manwizovl YOLO cusxmul dcemindipineer HuvlcaHOapobl aHLIKMAY aneopummoepinoe
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arcamovip. R-CNN owcone YOLO cuskmol apmypai adicmepoi canvicmvipa omulpuin, Oy 3epmmey
02/10IKMI, AHCHLIOAMOBIKMbL HCIHE ecenmey MUiMOiLlicin meyecmipy mypaisl myciHix oepedi.

Tyuiinoi ce3oep: YOLO, Obvexkminepoi Amwvikmay, Hetiponovix Xeninep, Asmomypax
Ecenmeciwi, Haxmul Yaxwimmazol [{epexmepdi Onoey, 3amanayu Kypwiieviiapost Oymaiinanovipy,
Axwinovl Kananap

Object recognition is a key technology in the field of computer vision that allows machines to
identify and classify objects in images or videos. The ability to perceive the visual world in the same
way as a person's vision is of great importance for various industries, including health care,
autonomous vehicles, video surveillance and intelligent infrastructure. The history of object
recognition can be traced back to the first attempts at pattern recognition, when basic algorithms were
used to identify simple shapes. However, these methods were complex and limited in the possibilities
of processing various visual data. The emergence of machine learning and, more recently, Deep
Learning has marked a significant turning point in this area. Neural networks based on the structure
and functions of the human brain have proven to be particularly effective in learning and recognizing
patterns from large amounts of data.

Neural networks, the basic concept of artificial intelligence, have revolutionized various areas
of computer vision, especially object recognition. These networks are based on the structure of the
human brain and consist of interconnected nodes or “neurons” that simulate how the human brain
processes information. A neural network architecture usually includes an input level, several hidden
levels, and an output level. Each level transforms inputs into a more abstract representation, allowing
the network to explore complex patterns and relationships within the data.

The concept of neural networks originated in the 1940s, when McCulloch-Pitts ' first artificial
neuron model was introduced. However, it was not until the 1980s and 1990s that neural networks
became popular, mainly due to advances in computing power and the development of a reverse
propagation algorithm by Rumelhart, Hinton and Williams in 1986. Reverse propagation allowed
neural networks to iteratively adjust their weights to reduce the error in their predictions, making
them more effective in data-based learning[1].

An important milestone in the evolution of neural networks was the development of
convolutional neural networks (CNNS) by Jan LeCun and his colleagues in the late 1980s and early
1990s. Introduced in 1998, LeCun's LeNet-5 system was one of the first CNN systems to be
successfully used for number recognition, an important step in solving complex image processing
problems. CNN's are well suited for graphic data processing due to their ability to automatically and
adaptively explore the spatial hierarchies of objects, such as borders, textures, and shapes. CNN
consists of several types of layers, including convolutional layers that combine layers, and fully
connected layers. Convolutional layers apply filters to the input image to identify local patterns,
combined layers reduce image size while retaining important characteristics, and fully linked layers
combine these characteristics to obtain a final prediction. This architecture has become the basis of
modern algorithms for recognizing objects[2].

The development of object recognition algorithms has been marked by continuous innovations
due to the increasing complexity of visual data and the increasing demand for more accurate and
efficient models. The first attempts to recognize objects in the 1960s and 1970s were based on manual
methods of identifying signs, when engineers developed algorithms for identifying simple shapes and
patterns in images. However, these approaches were limited by the ability to process the diversity and
complexity of visual data in the real world[3]. In the 1990s, object recognition methods based on
machine learning appeared, which made it possible to automatically extract symbols from data. The
methods of support vectors (SVM) and k-near neighbors (k-NN) were one of the popular algorithms
of that era. Although these methods represented a significant improvement in comparison to manual
object extraction, they still required significant pretreatment and were not very suitable for processing
complex graphical data. A real breakthrough in object recognition came in the 2000s with the advent
of deep learning, especially thanks to the success of CNNs. The turning point in the study of in-depth
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computer vision was the Imagenet Large Scale Visual Recognition Challenge (ILSVRC) in 2012,
where AlexNet, a deep pattern recognition system developed by Alex Krizhevsky, llya Sutskever and
Jeffrey Hinton, significantly surpassed all other models. The AlexNet architecture, which includes
many convolu levels, ReLU activation, and drop-down levels, has set a new standard for object
recognition and demonstrated deep learning potential in this area. After the success of Alexnet, many
object recognition algorithms have been developed, each of which expands the boundaries of what is
possible in terms of speed, accuracy, and efficiency. These include the group of regional
convolutional neural networks (R-CNN), the single Shot multibox detector (SSD), and (YOLO). Each
of these algorithms has new technologies to improve the efficiency of object recognition, which
allows systems to be used in real-time applications[4].

With the development of object recognition technology, several algorithms have become
leaders in this area, each of which has its own methodology and field of application. The following
is a detailed description of some of these basic algorithms:

- R-CNN (regions with convolutional neural networks) : developed by Ross Girschik in 2014,
R-CNN was the main algorithm that combined regional recommendations with CNN to identify
objects in images. The R-CNN approach involves creating approximately 2,000 regional
recommendations for each image, and then running CNN for each region to classify the object.
Despite the high accuracy, R — CNN's computational costs and low processing speed—due to the
need to run CNN for each regional proposal-limited its practical application.

- Fast R-CNN : The Fast R-CNN program introduced by Girshick in 2015 eliminated the
shortcomings of R-CNN by simplifying the detection process. In Fast R-CNN, the entire image is
transmitted by CNN to create an object Map, and then the region recommendations are applied to this
object Map. The layer that combines the area of interest (Rol) produces fixed-sized object vectors for
each region proposal, which are then classified. This approach significantly reduces calculation costs
and increases speed while maintaining high accuracy.

- Faster R-CNN: in 2015, the Faster R-CNN program, presented by Shaoging Ren, Kaimin Hye,
Ross Girshik and Jiang Sun, further optimized the target detection process by implementing the
regional recommendation network (RPN). RPN shares convolutional levels with the object detection
network, which allows it to generate region-wide recommendations faster than previous methods.
This discovery made Faster R-CNN one of the most accurate and effective object detection algorithms
at the time.

- SSD (Single Shot MultiBox Detector) : introduced in 2016 by Wei Liu and its authors, the
SSD takes a different approach, completely eliminating the need for region offerings. Instead, the
SSD directly predicts boundaries and class estimates for multiple objects of different scales based on
object maps created by CNN. The SSD architecture is completely convolutional, which allows fast
detection while maintaining high accuracy. This made the SSD ideal for real-time object detection
tasks.

- YOLO: created in 2016 by Joseph Redmon and his co-authors, YOLO revolutionized the
discovery of objects, presenting it as a single regression problem. YOLO divides the input image into
a grid, each cell of which predicts the boundaries and probabilities of classes in a single pass through
the network. This approach allows YOLO to process images very quickly, making it one of the fastest
object detection algorithms, albeit with lower accuracy compared to regional methods such as the
Faster R-CNNJ5].

You only Look once (YOLO) is a modern real - time object detection algorithm proposed in
2015 by Joseph Redmon, Santosh Divvala, Ross Girshik and Ali Farhadi in their famous research
work "you only Look once: unified detection of real-time objects". The authors formulate the problem
of object detection as a regression problem, and not a classification problem, separating the limiting
circles in space and correlating probabilities with each of the images identified by a single
convolutional neural network (CNN) [6].

YOLO is a popular algorithm for detecting real-time objects. YOLO once combined a multi-
stage process and uses a single neural network to classify and predict the boundaries of defined
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objects. Thus, it is significantly optimized to increase detection performance and can work much
faster than two separate neural networks to identify and classify objects individually. This is
accomplished by changing the purpose of the traditional image classifiers used for the regression task
to determine the constraint framework for objects. In this article, we will consider only yolovl, the
first of many iterations that this architecture has passed. Although there were many improvements in
later iterations, the basic idea of the architecture remained the same. Simply called YOLO, YOLOv1
can perform object detection at 45fps faster than real-time, making it a great choice for applications
that need real-time detection. It looks at the entire image at once and only once — hence the name
"you only look once"-allowing it to capture the context of defined objects. This halves the number of
false positives compared to R-CNN, which deals with different parts of the picture individually. In
addition, YOLO can generalize the views of different objects, which allows it to be applied to
different new environments[7].

The architecture of the YOLO model consists of three main components: head, neck and spine.
The spine is part of a network consisting of convolutional layers designed to identify and process the
main features of the image. The basis is first taught in a classification data set and is usually taught at
a lower resolution than the final definition model, as detection requires smaller details than
classification[8].

Neck uses objects of convolution layers in a trunk with fully connected layers to make
predictions about the probabilities and coordinates of the limiting rectangle. The head layer is the last
output layer of the network, which can be replaced with other layers with the same input form to teach
transportation. As discussed earlier, the head S x S x (C+ B 5 5) is a tensor and in YOLO's original
research work has a size of 7 X 7 x 30, a split s size of 7, A Class of 20 C, and 2 predicted limiting
circles. These three parts of the model work together first extract the main visual elements from the
picture, then classify and tie them.

The article titled" Evolution of the YOLO family of neural networks: from Variant 1 to variant
7 " provides a comprehensive overview of the development and improvement of the YOLO object
detection framework. In the table below (table 1) analysis of the research work and the stages of
evolution of yolo:

Table 1.
The evolution of YOLO from V1 to V7.
Version H Key Features H Advancements H Applications \
Unified detection, Real-time

First significant speed-

YOLOv1| single convolutional up in object detection

detection, basic object

network tasks
Introduced multi- Increased number of Enhanced obiect
YOLOV2 | scale detection, anchor || detectable objects, improved detection tasksJ
boxes, YOLO9000 accuracy

Improved performance

Deeper network, Autonomous

YOLOV3 better feature extraction | ' small objects and complex driving, security
scenes

CSPNet, PANEet, . Industrial

YOLOvV4 advanced data Achieved state-of-the-art automation, complex
. performance .
augmentation detection

Enhanced training, 3 Iicatroonzu(;ireft(z) rs;sec'[cl)ﬁse Widely adopted
YOLOV5 inference efficiency, PP in real-time systems

and speed
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Version || Key Features | Advancements | Applications |
developed by a different
team
Focused on
reducing complexity Optimized for real-time Autonomous
YOLOvV6 while maintaining applications systems, edge devices
performance
o Increased accuracy and
Self-distillation - . . .
) ’ efficiency, pushing the Latest in cutting-
YOLOv7 furf[her architectural boundaries of real-time edge applications
Improvements detection

The article provides a detailed overview of how Yolo has evolved over time, highlighting the
main improvements and innovations in each version. It shows the progress of the platform from its
initial release to the latest version of YOLOv7, showing how these continuous improvements have
increased its performance, performance, and usability in real-time object detection scenarios[9].

Comparison with other algorithms: Anand John, Divyakant Mawan's research work "a
comparative study of various object detection algorithms and performance analysis" deals with the
evolution of recognition algorithms. We will focus on the ereshkels in labor :

1.R-CNN (2014) : relies on regional recommendations, but suffers from slow detection and
high computational costs.

2.Faster R-CNN (2015) : increases efficiency by reducing object Map sharing and processing
time.

3.Faster R-CNN (2015) : introduces regional recommendation networks (RPN) to further
increase the speed.

4.YOLO (2016) : an innovative approach is to process the entire image as a single task,
providing real-time performance with some compasses related to precision.

Each algorithm provides a different balance between detection speed, accuracy, and calculation
requirements. R-CNN-based approaches are characterized by high accuracy, but can be slower, while
YOLO allows faster detection in real time. Fast R-CNN increases efficiency and performance
compared to R-CNN, but there may still be problems with real-time applications compared to YOLO.
The article provides a comprehensive comparison showing the benefits of different uses, such as real-
time applications (in favor of YOLO) compared to more specific but slower systems (for R-CNN and
its variants) [10].

The use of YOLO in the parking meter project. In the context of the parking meter project,
YOLO's ability to quickly and accurately identify objects is an important advantage. The project
provides for the identification and classification of parking spaces as empty or empty, based on data
from cameras installed in the parking lot. The high speed of YOLO data processing ensures that the
system can provide users with updates in real time, showing free parking spaces without significant
delays.

Implementation involves training the YOLO model based on a data set of parking images
marked with the location of parking spaces and their working status. At the output, the model
processes each frame of the camera, determines the parking spaces and classifies them. The results
then show which locations are present in the user interface (for example, "empty: A5, C6™). One of
the tasks in this project is to accurately determine parking spaces in different lighting conditions, at
different angles and in situations where other vehicles or objects cover them. The reliability of YOLO
and its ability to generalize in various situations make it suitable for solving this problem. In addition,
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it is possible to further improve the accuracy of the system by fine-tuning the model and using data
augmentation techniques, which will allow reliable operation in the real world.

The main performance indicators of object detection models are average accuracy (mAP),
merge intersection (loU), and output time. These indicators will help you determine how well
YOLOV8 detects and classifies parking spaces in real time.

1.Average accuracy (mAP): this indicator assesses the accuracy and responsiveness of the
model within different reliability limits. In my tests, YOLOV8 received a high mAP score, which
indicates its ability to accurately determine parking spaces in different situations. The mAP value of
the model remained above 0.90, indicating that the system can reliably distinguish between empty
and empty spaces in many scenarios.

2.Cross-communication ( debt receipt): the debt receipt measures the overlap between the
estimated limit circle and the actual object. When evaluating, | tried to ensure that the amount of the
debt receipt is at least 0.5, which is the industry standard for identifying objects. YOLOvV8 was
constantly reaching this threshold, especially when well-defined parking lots were found. However,
in cases where parking lots are busy or vehicles are parked at unusual corners, the number of debt
receipts has decreased slightly.

3.Ejection time: the ejection time is an important factor for real-time parking detection. In my
deployment tests, YOLOv8 showed good results in processing each video frame in 15-30
milliseconds on a standard GPU. This makes it suitable for real-time applications where low latency
is important. In peripheral devices, optimizations such as model quantization further reduce the output
time, which allows continuous operation without significant delays[11].

Yolo in different environments. One of the main tasks in the implementation of any object
detection model is to ensure its application to new conditions. In parking lots, environmental factors
such as weather, lighting, and camera viewing angles can significantly affect detection efficiency.
The YOLOV8 design, which includes reliable methods for reproducing data during reading, helps to
improve its generalization capabilities.

1.Light conditions: as part of the evaluation, | tested the system in a variety of light scenarios,
including bright sunlight, cloudy weather and nighttime with artificial light. The model maintained a
high accuracy of detection during daylight hours, but faced some difficulties in conditions of
insufficient lighting. Fine tuning of the model based on additional night data has improved its
performance in low light conditions.

2.Different shooting angles: parking lots often use cameras with different locations, from top
to beveled. During testing, | noticed that the YOLOV8 works well with different angles, especially
when shooting from above, where the parking lots are clearly visible. To achieve more complex
results, | experimented with fine-tuning a data-based model from different points of view, which
helped improve detection efficiency.Studying neural networks and object recognition algorithms, |
focused my project on the use of YOLO to determine the parking location in real time. After carefully
analyzing various algorithms, YOLO stood out due to the combination of speed and accuracy. |
created a parking meter system using YOLO by writing code in Python in the Visual Studio code
environment and implemented a real-time detection camera.

The system works by displaying all parking spaces in real time, showing which are free and
which are free. This will allow security personnel to quickly direct drivers to empty spaces. The main
goal is to optimize the parking process, save customers ' time and eliminate the need to look for free
places in their absence. In the figure below (Figure 1.), we can see the software design stage.
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Figure 1. Initial design stage

Let's do a technical review. The project involves installing a camera to capture video from a
parking lot in real time, which is then processed by the YOLO algorithm. Using convulsive neural
networks (CNNS), the system detects objects (cars) in certain parking spaces[12].

Yolo's one-time online detection feature provides fast processing, making it ideal for real-time
applications. The system determines whether parking spaces are empty or not, and visually presents
information to the security service. One of the main tasks of the project was to optimize the model
for a specific task of identifying parked cars, since YOLO is primarily intended for general detection
of objects. To solve this problem, I adjusted the model parameters and training data, paying special
attention to parking lots. This required the collection of various data sets on parking images with
different lighting conditions and angles to increase the reliability of the model.

If we want to estimate the percentage of busy parking spaces, then the formula is as follows:
n
P, = (—) * 100%

ne
(1)
P,- percentage of busy parking lots
ny-number of busy parking lots
n;- number of all parking lots

To ensure the correct coverage of the entire parking area, you can use the following camera
field of view (FOV) formula:

d
ov X arctan 2F
(2)
FOV- Field of view angle
d- Invisible area width

f- Camera focal length

Currently, the system successfully tracks all parking spaces in real time, updating the status of
each place when cars arrive or leave. For example, if a driver enters a parking lot and takes a parking
space, the system will immediately update the visual display, indicating that the space is currently
busy. Security officers no longer have to manually monitor the parking lot; instead, they may simply
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stare at the screen to inform drivers of vacancies. This not only saves time, but also increases the
overall quality of customer service.

Sample scenario: the client approaches the guard to ask if there are any vacancies. Instead of
looking for a parking space, a security guard checks the system and can immediately direct the client
to a free space. If there are no vacancies, the client will be immediately notified of this, which will
avoid unnecessary searches. As can be seen in the following figure (Figure 2.), empty and non-empty
positions were highlighted in green and red, respectively. This informs us that when a car arrives
inside the frame, it changes its color to red and is busy.

—l ue

TETY b 1 20—

N8 VBV

Figure 2. Highlighting spaces.

The plan ahead, | will say that my main focus is to increase the scalability of the system. It
currently works effectively in small parking lots, but I plan to expand its capabilities for large level
garages. To achieve this goal, | will consider implementing additional features, such as cloud storage
and the use of multiple cameras in large areas. In addition, the integration of the system with mobile
applications allows customers to check free parking spaces before their arrival. Another potential
breakthrough is the use of predictive analytics to predict the availability of parking spaces based on
historical data and current trends. This project combines advanced object recognition algorithms with
practical applications used in the real world, offering a valuable solution for modern parking control
systems. Continuing to improve the algorithm and explore new features, this project will be able to
significantly affect the infrastructure of the "Smart City" and increase the convenience of use in urban
conditions.

We can safely say that there is a huge potential in the future of Yolo and neural networks.
YOLO's real-time capabilities will continue to evolve as efficiency, accuracy, and adaptability to
complex environments improve. The integration of neural networks with Advanced Computing, 5G
and 1oT will further expand the possibility of using YOLO in "smart cities", autonomous vehicles
and robotics.

Future neural networks may use self-learning, reinforcement learning, and neuromorphic
computing, expanding the boundaries of intelligence, scaling, and real-time interaction in the virtual
and physical worlds. YOLQO's adaptation to new architectures and its application to dynamic tasks
such as 3D object detection, predictive modeling and even cross-modal recognition (combining vision
with other senses such as sound or touch) will play a key role in shaping future technological
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advances. In addition, sharing transformers with cnns can lead to hybrid models that combine the
capabilities of Yolo and transformer models, resulting in improved performance. Researchers focus
on optimizing models to facilitate deployment to advanced devices while maintaining high accuracy,
making target detection ubiquitous in a variety of fields, from health to safety. Thus, the future of
YOLO and neural networks is inextricably linked with innovations in hardware, network architecture
and interdisciplinary learning, which opens a new era of automation, intelligence and adaptation
based on artificial intelligence.

In conclusion, the parking meter project, which uses the Yolo object detection model,
demonstrates a strong synergy between neural networks and real-time computer vision for practical
applications. The project not only provided real-time parking spot detection, but also demonstrated
the importance of model optimization, scalability, and system integration for real-world
implementation. The speed, accuracy and versatility of Yolo make it an ideal solution for parking
control systems, and its widespread use in areas such as "Smart Cities", Security and autonomous
vehicles underlines its importance in the world of computer vision. As we move towards an
increasingly interconnected and automated future, the role of neural networks and object detection
models such as YOLO will only increase. The achievements achieved through this project will pave
the way for future innovations in which artificial intelligence-controlled systems will play a crucial
role in solving complex problems and improving our daily lives.
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