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CONCERNING THE ORIGIN OF THE ONION DOME IN UCRAINIAN BAROQUE

Konomieuv A.B.

Hayionanvua axademis obpazomeopuozo
MUcmeymea ma apximexmypu,

Kuis, Yxpaina

PO MOXO)KEHHS BAHI IIABYJISICTOI'O TUITY B YKPATHCBKOMY BAPOKO

AHoTtanis. [IutanHA MOXOMKEHHS IHMOYACTUX OaHh B YKpaiHCBKOMY OapoOKO Ta IXHE IMOIIMPEHHS Y
MYPOBaHOMY Ta JA€PEB’IHOMY XPaMOBOMY 30/14€CTBI € BOJKJIIMBUM, [TPOTE MPAKTUYHO HE OCIIPKCHUM MTUTAHHSM.
ABTODp BHUCYBa€ Ta apryMeTye BEpCilo 1010 JUKepeia IXHBOTO MOX0KeHHsI. JlaHa Bepcist BUCYBa€ThCs BIEPIIE.

Abstract. The issue of the origin of onion dome in Ukrainian baroque and its distribution in stone and wooden
temple architecture is an important, but practically unexplored, issue. The author puts forward and argues the
version as to the source of their origin. This version is being put forward for the first time.

Knrouosi cnosa: baporo, mazenuncvke 6apoxo, Anmoniti Tapacesuu, Johann Wilhelms «Architecture civilisy,

oani.

Keywords: Baroque, Mazepa Baroque, Antoni Tarasevich, Johann Wilhelms «Architecture civilisy», dome.

[ocTranoBka mpodiaemu. IcTopiss pO3BHUTKY
(hopMu KymoITiB B YKpaiHCBHKil caKpalbHINA apXiTEeKTypi
XVII-XVIIL cr. € moOpe MOCTIIKCHO HHU3KOIO
ABTOPUTETHHX aBTOpiB. IIpoTe muTaHHAM SK came
tunoBa g XVII-XVIIL cr. mubymsicra Gaus 3
BUpa3HUM KOBHIpOM 3’siBWJacsi B YKpaiHi, 10 IbOTO
yacy He 3aiiMaBcsl KOJEH 13 BiJJOMHX aBTOpOBI
JMOCIITHUKIB. 3HAWTH, MOKA3aTH SKHM YHHOM BOHA
3sBHJIACA Ta ITIOCLNA OMIHYIOUE MiCIle B apXiTeKTypi
YKpPaTHCHKOTO 0apoKO € aKTyalbHHUM 3aBJaHHAM IS
icTopii apXiTekTypu YKpaiHu.

AHaJli3 OCTaHHIX AOCJiI:KeHb Ta MmyOJikauii.
Brnacue B VYkpaiHi Tema, mopyiieHa aBTOpOM, IIe He
JOCHKYBaJlaCh 1 Il CTAaTTS € IIepIIo0 MO0
MOXO/PKeHHss ~ 0aHi 3 BHPa3HUM  KOBHIpOM,
«uuOyssicroi», xapakTepHol s XpamiB 100U
yKpaiHchKoro 6apoxo. 'anHo-Banstep Kpydt (Hanno-
Walter Kruft) y cBoiii kuusi «A history of architectural
theory: from Vitruvius to the present» mpucestHB
HEBeNMUKMIl TekcT KHm3i Moramma Binsrensma
«Architecture civilis» [5], a mociigHUK BIacHe icTopii
moysactux G6anb y €Bpomi ['anc Hlimmep Hans
Schindler [3] y cBoiii cTarti «Concerning the Origin of
the Onion Dome and Onion Spires in Central European

Architecture» TpPOBOAWTH TONIYK HaWZaBHININX
MPUKIAAiB 3aCTOCYBaHHA IIMX OaHb Yy €Bpori.
Kuuro36ipui  AntoHist TapaceBuua INpHCBSYEHO

crartio ['. Ulycrinoi «HoBe )HUTTSI KHUTI' KYHIITOBHX)
[1]. HocnimpkeHHsT B 1bOMY K HampsiMi Hapa3si Beje
TaK0X pecTaBparop Ta XynoxkHUK Bagum IlleBuyk.

BunijieHHsi HeBUpilleHMX paHille 4YacTHH
npodaemu. OCHOBHOIO MPOOJIEMOIO, sKa HIiSIK HeE
JOCHIKyBaNacsi JOCi, € MUTaHHS 3BIIKU IOXOAUTH
HalimonyssipHima ¢opma OaHb B YKpaiHCBKOMY
0apoko. ABTOp TPOIIOHYE BiIOBIIh Ha II€ TUTAHHS.

Meta cTaTTi: BKa3zaTH DKEPEJIO ITOXOKEHHS
nuOyIsICTHX O0aHb B YKpaiHCEKOMY 0apoKo.

Buknan ocHoBHOro martepiaixy. bapokosi OaHi,
HaJATO J10OM yKpaiHCBKOTo abo T. 3B. Ma3eMMHCHKOTO
6apoKo, HaOyJIM BEJIMKOTI0 MOUIMPEHHS 110 TEPUTOPIi He
TiBKK YKpaiHu, ane i BiggaaeHux paioHiB Pociiicbkol
imniepii. Ixus hopma € cBOEpiHOIO BU3ITIBKOIO CTUITIO,
HOro 4y He HANBHPA3HIIIOK PHCOI0 UM O3HAKOIO.
[Ipote icTopii moxo/keHHS Takoi OaHi, momrykam ii
BUTOKIB He OyIiio mpuaiieHo Haiexol yard. [lonryku
aBTOPOM HayKOBHX PO3BIJIOK 3 I[i€i TEMHU y BITUM3HSHIH
icropiorpadii He naau pe3yIbTaTiB.
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Manonox Ne 16

Mix TiM, y KHUT0301pHI AHTOHIs TapaceBnua Mu
3HAXOJMMO TIAPYYHUK 3  apXiTekTypu Johann
Wilhelms «Architecture civilis» (1649 p., 1668p.) [10].
IIpuponno, mo TapaceBudy, NpoOHILIOBIIM HaBYAHHS Y
Himeuunni, maiicrepni OpariB A. i ®. Kinmisgniz B

AyrcOyp3i, o0paB camMe HIMEIBKHH MiAPYYHHK
(1OBiTHMK) 3  apXiTeKTypH. 3arajloM  KHIDKKH
kepiBHMKa JlaBpChKOi ApyKapHi Ta  BHIATHOTO

xynaoxxkHuka — AHToHis — TapaceBumua  ciyryBanu
MiAPyYHUKAMHK [T Y4HIB JIJaBpChKOT MaJIspHi, sIKa, Ha
OYMKy aBTopa, Oylla CBOEPIIHUM «OOpa3TBOPYUM
¢axynpreToMm» MormnsiHcbKoi akagemil. HasBHicTh
BOTO TiAPYyYHWKa Ta IHIIOTO IMAPYYHUKA 3
apXiTEeKTypHOI MIEPCIICKTUBH JI03BOJISIOTh
CTBEp/UKYBaTH, MmO B JlaBpi BHKIamamacs TaKoX 1
apxiTeKTypa.

Manronox Nel7

Kuamxka Woranna Binerensma [10] mpucesiueHa
TOJIOBHE JIepeB’sSIHUM KOHCTPYKISIM B apxXiTEKTypi,

3HAYHA YaCTUHA € 300paKCHHSIM KOHCTPYKIIN Pi3HOTO
TUIy OaHb Ta IIMHIIB.
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Jlerko mepekonarucs, mo ¢opmMu OaHb Ha
Mamonkax 16 ta 17 [10] € mpakTUYHO TOTOXKHIMH

¢dopmam  Masenuncekoro  Oapoxo.  IlpakTtuka
Oe3rmocepelHLOr0  BUKOPUCTAHHS B apXIiTEKTypi
MaJIOHKIB ~Ta CXeM 3  MiIPY4YHUKIB  Oyna

3araJbHONPHUHHATOLO, a 30/141, OYEBUIHO, BIIOA00ABIIN
came Ii BapiaHTH, BTUTHIM 3aIpOIIOHOBAHI y KHH31
(hopMu y HH31I 3HAKOBHX CIIOPYA JOOH.

Hocmigauk icTopil apxiTekTypHoi ocit Hanno-
Walter Kruft y cBoiif kam3i «A history of architectural
theory: from Vitruvius to the present» [4] 3ayBaxye
normysipHicTh  «Architecture civilisy, mo, Ha iforo
OyMKy, Oyna cHOpu4MHEHa 30KpeMa BUXOJO0M

migpyynuka y 1649 pomi, ojpasy mo 3akiHYCHHI
Tpunusrupiynoi BiifHM 1 mepeBunanuM y 1668 poi.
OueBHIHO, 110 NMOBOEHHA BinOyA0Ba 1Mo Bcild €Bpori
Ha BHCOKONPAKTUYHHH TBIp
VYkpaini

3yMOBHIJIA MOMHT 1

Horanna Binberensma. B BJAcHa

TPULSITUPIYHA BiHA-pyiHAa TPUBATUME CBOI TPHILUSATH
pokiB ax 10 1687 — poky rmoyarky rerbMaHcTBa [Bana
Ma3zenu, konu B YKpaiHi BiJHOBIIOETHCS aKTHBHE
OyniBHMITBO. AHTOHIM TapaceBuu mnepei3nuTh 0
KueBa y 1688 poui i MM MOXEMO INPHITYCTHTH, IO
«Architecture civilis» [10] Bxe Tomi Oyma 3 HUM i,
OYEBHIHO, CTaJa YM HE KIIOYOBUM YHHHHKOM Y
BIIPOBaKeHHI OapokoBoi OaHi came Takoi (opmu 3
XapaKTepHIMH aOpricaMy 1 BUPa3HUM KOBHIPOM.

Hocnimank anc inanep [3], BuB4arouu BracHe
MOXO/KEHHS OaHb TaKOro «IMOYyISACTOrO» THIY,
HaBOAAYM HU3KY MPUKIAAIB, 3ayBaXkye, IO Ha
naroBaHiii 1562 poxom Bemyti Ilparm Bke BHIHO
KyHOJM TaKOro TUIYy Ha 3BeaeHoMy y 1560 pomi
Bownidaniem Bombmyrom Tonimusomy Cobopi CB. Bira.
Cam aBTOp NOSICHIOE HasBHICTh ITOMIOHMX 3aBEpIICHb
Ha TOTUYHUX BeXaX co0OpY MOEAHAHHAM ITaTiHCHKUX
BIUIMBIB 3 ITiBHIYHUMHU.

Brim, Oysio © HecnpaBeIUIMBUM 3aJMIIMTH 11032
YBarol CTaH BJIACHE  YKPAalHCbKOI  XpaMoOBOIL
apxiTekrypu Tiei mo0u, ii Tpamuiliif, mIXomiB Ta
CHOCO0IB BHpILIEHHsI 00’€MHO-TIPOCTOPOBHX 3a/1ad.
Jus Hac € IiKaBUM TaKOX IIJ/PYHTS BIAcHe
YKpPaiHCHKOTO LIEPKOBHOTO 304ECTBa, K€ OPTaHiuHO
abcopOysano mo Gopmy kymnosa. B icropii xpamoBoi

apxiTekTypu YKpaiHM BiIOMUMH € TIpHKJIaIu
3amo3W4eHb KOMIIO3ULIHHUX TpuiHoMiB 1  (opm
JiepeB’stHOro  OyNiBHMLTBA TP CIOPY/DKEHHI
MypoBaHux  xpamiB. «Came B  JepeB’sITHOMY
OyIiBHMIITBI MaiCcTpu 30epirayii KOMMO3WINi Ta
apxiTektypHi  ¢opMu,  3amoBimaHi  TpexKaMu.

Bognouac ne Oynma poOiTHA HOBUX (oOpM IS BCi€i
HAIlOHAJIFHOI apXiTEeKTYPH — y TOMY YHCIIi MypOBaHOT
Ta eniTapHoi. [IoTy)XHHIT 31eT MHCTEITBa MyPOBaHUX
XpamiB 100M yKpaiHCBKOTO BifpOMKEHHS U Oapoko
XVII-XVIII  cr. OyB ©Om HemoxuMBHUM  0Oe3

apXIiTEeKTypHOTO  JOCBioy, HArpoMa/pKCHOTO  3a
HonepeaHi CTONITTS B JIEPEB’SIHOMY LEPKOBHOMY
OyniBHHLTBI» [2].

Kuura  Moramma  Bimerenasma, sk Bxe
3a3Hayanocs, 3’sBwiacs y 1649 pomi. Brim, 1e He
O3Hayae, MO Kynon Takoi ¢opMu OyB BHHAaxX0IOM
Bracie  loramHa  BimerensMa  um  3’sBUBCS
OesrocepeIHbO Tepesl BUXOJOM KHHrH. KHura € 1o
CyTi apXiTeKTypHO-OyIiBeIIbHUM JOBIIHUKOM, SKHH
MIPOTIOHY€E BXE BHM3HAHI OYyIIBHHYMMH TOTO Yacy
pitmenns. Ile migTBepmKye 1 HaBeNcHA BHIIE CTATTS
lanca Illuannepa, skuii, BiIJar04W HaJEKHE PO
kaurn Moroana Binerensma, Beme BimK icTopii
«mOyssacTuX» Oanb mpuHaiimMHI Big 1562 p. [3]. Hac
MIKaBUTh Yac TOSBH TakuX OaHb y JepeB’sHIN Ta
MypOBaHil CakpaibHiil apXiTeKTypi YKpaiHu.
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Muxonaescokuii cooop 6 Hiscuni, 1655 pik.

Ha Ttepenax VYkpaiHn ogHMM i3 HaiJaBHIIINX
MYPOBaHHUX XPaMOM-HOCIIB TaKHX KYIIOJIB €, 3BEICHUI
y 1655 pomi, Muxkonaescekuii cobop B HixuHi.
Onekcaunap MoposzoB [9], uuryroun AHATOMIsS
MaxkpoBa [6], 3ayBaxye, 10 HeH XpaMm € (HaKTHIHO
NPOTOTUIIOM  BCIX  «KO3albkux» cobopiB. Lle
Tpoiupkuii cobop I'yCTMHCBKOro MOHACTHPS Mif
Ipunyxamu (1672-1674p.), KarepuanHcbka nepksa y
UYepnirosi (1690-ti pokm), YcreHcekuit cobop y
Hogropon-Cisepcekomy (kiHenp XVII — mou. XVIII
CcT.), uepkBa Bcix cBarux y Kueso-Ileuepchkiit maBpi
(1696-1698 p.), I'eopriicekuit co6op Buaybuubkoro
monactups y Kuesi (1696-1701 p.) ta 6araro iHmmx
[3].

JatoBanmii 1655  pokxom
Mopo3oBuM  MukosiaeBCbKUMt

Ornexcanapom
HWMOBIpHO,

cobop,

OTpPHMaB CBOI «KoO3aIpKi» OaHi mpm moOymoBi. Brim
TTiCIIsl CHajieHHs. MicTa BIIChKOM MOCKOBCBHKOTO KHSI3sI
PomonanoBcekoro 'y 1668  p., cobop OyB
MIOPEMOHTOBAHUH, SKUX caMe BTpaT BiH 3a3HaB BiJ
MOCKOBCKHX BapBapiB 1 4 1ie TOPKHYJIOCS HOro OaHb,
MH He 3HaeMO. OTKe, HAMITI3HIIIO MOYKIIMBOIO AaTOI0
HaOyTTsI cOOOpOoM TakuxX OaHb € 1669 pik.

Y nepes’sHOMYy 30m4ecTBi IHOyJACcTi OaHi 3
BUPA3HUMHU KOBHIpaMu 3 SBISIOTBCA Ha Mexi 1650-
1660 poxis. ITerpo FOpuenko [7, c. 72] 3a3Hauae, 110
TOII 3’SBIAETHCS IPUHLHUIIOBO HOBE TPAaKTYBaHHS
6aHi, 0 3yMOBIIIOE OLIBITY TUTACTHYHICTH opm». Lle
30kpema mepksa CB. FOpa y JIporooudi (1657 p.) ta
nepksay c. Icai (1663 p.).

g TR

Lepxea Cs. IOpa, /[pocoouu,
Bani 000X XpamiB MarOTh BUPa3HUH KOBHIP 1 SIBHO

HacJIilyloTh HOBI, ajie, BOUEBH/Ib, )K€ HOIYJSpHI Ha
TOM yac uOyIscTi hopMmu.

@42,

1657 p. Llepxea y c. Icai, 1663 p.

Orxe, came cepenuna X VII cT., mexa 50-x ta 60-
X POKIB CTa€ 4acoM IOSIBU Ha TepeHax YKpaiHu OaHb
UOyJISICTOTO TUIy 3 BHPAa3HUM KOBHIPOM. Y3Ke 10
kingt XVII cr. us ¢opma crae Haa3BHYaiHO
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nomyisipHoro 1 Ha 1wiaHi  KueBa, cknaneHomy
VYmakoBuM y 1695 pori, Mu 6a4uMO BEIHKY KiJIbKICTh
caMe TaKHX 3aBepllieHb KHUIBCbKHMX xpamiB [8]. Sk
3a3Ha4ayNocss BHIIE, aBTOPY BIAJIOCS IPOCIIIKYBAaTH
06CTaBMHM Ta JaTy 0SB KHUrH Moranna Binsrensma
y Kuesi, AnTtoniii TapaceBuy HMOBipHO, NpHBI3 ii 3
Ayrcbypry y ckmani cBoei 6ibmioTexn y 1688 pori.
Brim, e He o3Hadae, M0 Ie¥ BEIbMHU NOMYJSPHUN ¥
€BPONECHUCHKUX OyNIBHUYHX JOBIAHUK HE OyB BiIOMUIA
B YKpaiHi i paHimie, ajpke BHWIIOB BiH BIIEpIIE IIE
1649 pomi i mepeBumaBaBcs 30kpeMa y 1668 pori.
BenmuesHna KimbKicTh XpaMiB YKpaiHCBKOTO 0apoko
MaroTh (GopMH OaHb, SKi TOYHO HOBTOPIOIOTH abo
HACIIAYIOTh HaBeICHI Ha MamtoHkax 16 Ta 17 [10]
¢opmu. Toxk aBTOp CTBEpPIKYE, IO caMe MiIPyYHHK
Woranna BinbrensMa npuBHic Ha HaIIi TEPEHH BiToMy
HHUHI XpecTomariiiHy ¢opMy ©OaHb yKpaiHCHKOTO
Oapoxo.
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OCHOBHI ®AKTOPA ®OPMYBAHHS APXITEKTYPHO-IIJIAHYBAJIbHOI OPT AHI3AIIIT
BOK3AJIIB B OBJIACHUX HEHTPAX

AHoOTamiss. Y cTaTTi NIpOaHANi30BaHO OCHOBHI (pakTopu (OpMyBaHHS apXiTEeKTYPHO-TUIAHYBaJIbHOT
opraHizalii BOK3aJiB B 001acHUX 1eHTpax. OnrcaHi KOMOIHATOPHI €IEMEHTH, SKi € JOIOMIXXHUMH JJIsI TOOYTOBH

3JTI3HUYHOTO BOK3aITy.

Knouogi cnosa: 3anisHudnull 60K3a, apximexmypd, axmopu (hopmyeanHs, apximexmypHo-niaHy8aibHa
opeanizayis, 0o6aacHull yeump, elemenmu KOMOIHAmMopuKu.

Beryn Bok3an — OyaiBis Ha 3alli3HHYHIN CTaHIIIT,
NpHU3HA4YeHe IS OOCIYrOBYBaHHS MacaxupiB. Sk
NpPaBWJIO, BOK3AJIM 3YCTPIYAIOTBCS HA  BEJIMKHX
3aJI3HUYHUX CTaHILIAX; B OyJiBIIi BOK3aly 3a3BHYail
pPO3MIIIYIOTh  KacH, Kamepu 30epiranHHs, 3ai
OUiKyBaHHS, PeCTOpaHH i T. A. 3aranbHe [losokeHHs
PO 3aJIi3HUYHY CTAHIIIO 3aTBEP/PKCHE Ta BBE/ICHE B
nito Haka3oM JlepxaBHOI agmiHiCTpalii 3ami3HIIHOTO
TpaHcnopty Ykpaiuu Bix 30 rpymas 2004 p. Ne 1041-
103 [3].

Pi3ni acmektn QYHKIIOHYBAaHHS 1 PO3BUTKY
3TI3HUYHUX BOK3aJbHUX KOMIUIEKCIB SIK BY3IIiB

30BHIIIHBO{ TPAHCIIOPTHOI MepeXi B CTPYKTYypi MicTa
JOCHIJKeHI TaKUMH HayKoBIIMH. K B.M. batupes,
I'.€. T'ony6eB, K. Xepuer, O.11I. Tep-Bockansn, LT
SIBeiiH Ta iH.

Tunosorivxi 0co0JMBOCTI BOK3aJbHHUX
KOMIUIEKCIB  OyJaM HEOJHOPa30BO PO3IIISHYTI B
6araTtbOX HayKOBHX ITpaLsiX TAKUX aBTOPIB 5K [0iry6eB
I'.€., Pycako €.C., Batupo B.M. Bacunbe €.B.,
l'emeponn A.JI., bokoB A.B., KanynnikoB M. H.,
Sseiin L.I., Xeprer K., Kupnuenko €.1. Ta inmux. Y
JAHUX JOCII/PKEHHSX MPOBEICHUH TOCUTh JETabHHUN
aHaJi3 BITYM3HSIHOTO Ta 3apyODKHOTO JIOCBiIy


http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9670668
http://uk.wikipedia.org/wiki/%D0%94%D0%B5%D1%80%D0%B6%D0%B0%D0%B2%D0%BD%D0%B0_%D0%B0%D0%B4%D0%BC%D1%96%D0%BD%D1%96%D1%81%D1%82%D1%80%D0%B0%D1%86%D1%96%D1%8F_%D0%B7%D0%B0%D0%BB%D1%96%D0%B7%D0%BD%D0%B8%D1%87%D0%BD%D0%BE%D0%B3%D0%BE_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82%D1%83_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8
http://uk.wikipedia.org/wiki/%D0%94%D0%B5%D1%80%D0%B6%D0%B0%D0%B2%D0%BD%D0%B0_%D0%B0%D0%B4%D0%BC%D1%96%D0%BD%D1%96%D1%81%D1%82%D1%80%D0%B0%D1%86%D1%96%D1%8F_%D0%B7%D0%B0%D0%BB%D1%96%D0%B7%D0%BD%D0%B8%D1%87%D0%BD%D0%BE%D0%B3%D0%BE_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82%D1%83_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8
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opraHizanii BOK3ampbHHX KoMIUIekciB XIX - XX cr.
[IpencraBneni sickpaBi NPUKIAAW  MPOCKTYyBaHHS
KJIaCUYHUX (YHKLIOHAIBHO - IUIAHYBaJbHUX CXEM,
apXiTEKTYpHHUX pilleHb, OCOOJMBOCTI CTPYKTYpHOI

opraHizauii  MpoLECiB  ycepeauHi  BOK3aJIbHHX
KOMIUIEKCIB, TOB'S3aHUX 3 TPaHCIIOPTHUMHU Ta
TPAHCHOPTHO-TTACAKUPCHKUMHU KOMYHIKAIisIMHA 1 foro
30BHIMIHIX 3B'SI3KiB, BHSIBJICHI HOpPMAaTHBHI
ocobmmBocTi [2].

Cporomai Ha BayKJIMBOCTI BUBYEHHS

3aKOHOMIPHOCTEH PO3BUTKY 3aTi3HUYHUX BOK3AJIBHUX
KOMIUIEKCiB HarosiomeHo B pobortax €.I'omyOesa,
I.IpeBains, M.KanyHHikoBa B.MupoHeHKa,
[.PycanoBoi Ta iH. B cyuacHiii Haymi icCHye 3Ha4HUI
00’ €M JI0CITIPKEHB, 1110 BUCBITIIIOIOTH YUHHUKH BILIUBY
Ha (hOpMyBaHHS 3aJI3HUYHUX BOK3aJbHUX KOMIUIEKCIB
13 MO3HMIIIH PI3HUX MPEIMETHHX IIOIKH. TexHomoruHi
YMHHUKA pO3MIsIHYTO B poborax M.IlpaBnina,
JL.Ps6yxu, B.JIykamesa, I.CaBuenko, C.3emOmiHOBa.
Taki acmextn, sk Mictodpopmyoua pons 3BK,
0ocobmMBOCTI X (yHKIIOHANBEHOI 1 apXiTEKTYpPHO-
MIPOCTOPOBOi OpraHizalii, MPUHIUIHN apXiTeKTYPHOI
MOJICpHI3allil BHCBITIICHO B HAYKOBHX IIPAIsX
€.Bacunbesa, [.PycanoBoi, €.Bnagumuposna,
P .MyxuroBa, A.MypyHoBa. Ajle YHHHHUKH BIIUBY Ha
dbopMyBaHHS 3aTi3HHYHUX BOK3aJIbHUX KOMILICKCIB
pPO3TISIIAIOTECS  BIJOKPEMIICHO,  BIAMOBIIHO 0
By3bKMX 3aBJaHb, a iX IHTerpoBaHa OLHKa —
PO3IIIsIHYTa, aje He I0CTaTHBO.

MeTa nmOCHiIKEHHS: TPOaHANI3yBaTH OCHOBHI
(akTopu (popMyBaHHSA apXiTEKTypHO-TUIaHYBaJIbHOI
oprasizarii BOK3aJiB B 00JJACHHX LIEHTpaX.

Pe3yabTaTn Ta 0OroBOpeHHSI HOCJiIKEHHS:
Hdus  ¢dopMyBaHHS  apXiTeKTypHOi  Oprasizamii
3aJI3HUYHUX KOMIUIEKCIB HEOOXiJIHO BU3HAYUTH
(hakTopH, sKi BIUTMBAIOTh HA KOXXEH 3 €JIeMeHTiB. B
apxXiTEeKTypHOMY O0O0JMY4i 00’€KTa 3aJIeKHO Bif
00CTaBHH, MOXKYTh II€pPEBAXKATH MITY4YHI 200 MPUPOIHI

¢daxropu. Ha OCHOBI yNOCKOHAJIE€HHA CHUCTEMHU
NPOEKTYBaHHS, THUIIOJIOTIYHOTO 1 (yHKIIOHAIEHOTO
aHamizy  BUsBJIEHO, 1m0  Ha  (opMyBaHHS

apXiTeKTYpHOTO O00’€KTy BIUIMBAE psAn ymoB. s
BUBYCHHS OcoOnmBocTell Takoro QopMmyBaHHA i
BU3HAYCHHS NPUHIMUIIIB CTBOPEHHS HOBHUX THIIIB
aApXITEeKTYpHUX 00’€KTIB HEOOXITHUN aHAJI3 IK CaMHUX
YMOB, TaK 1 XapakTepy iX BIUIMBY, a TAKOX CTYIEHS
yuacti B mpoueci  ¢opmyBanHa.  [5].  dus
CHUCTeMaTH3allil X MOHATH 1 IXHROTO MOPIBHIOBAHHS i
BBOJOUTHCS  CHCTeMa B3aeMmofii  (akTtopiB, 110
BHU3HAYAIOTh NPUHOWIHN (popMmyBaHHA 00’ekTiB. Lli
(hakTOpH MO’KHA MIAPO3AUTUTH Ha JIBI TPYIIH:

. (akTopH, AKi BIUIMBAIOTH Ha (OPMYBaHHI
OyniBenb (00’ €KTHBHI IIEPETYMOBN);

. ¢dakTopu, mo Oe3mocepenHbO (GOPMYIOTH
OyniBii (eeMEHTH BUPILLICHHS).

I'pyny ¢axropiB «00’€KTHBHI T€peayMOBH»,
TOTOXHY BHMXIIHUM J[@HUM JUIS IIPOEKTYBaHHS,
CKJIaal0Th:

-IIPUPOTHO-KITIMATHYHI 1 €KOJOTiYHI yMOBH, II0
BH3HAUYAIOTh 30HY poO3MimeHHs o00’e¢kta Ta ii
€KOJIOTIUHHH CTaH;

-aJIMiHICTPAaTUBHO-TOCIIOJIaPChKE 3HAYCHHS
MiCTa, KUIBKICTh HaceJleHHs 1 Horo nemorpadiuHi
0COOJIMBOCTI, SIKi BCTaHOBIIOIOTH HASBHICTH Yy 30HI
KOHTHHI'CHTY CIIOKUBAYiB, IXHill KUJIbKICHUH 1 BIKOBUI
CKJIQJ;

-CcoliaIbHO-€KOHOMIYHI YMOBH, SIK1
OOYMOBIIOIOTh PO3BHTOK CHCTEMH TIPOMaJCHKOTO
oOcCITyroBYBaHHS, oOpraHizamii I Mepexi, a TaKox
MOJKJIMBOCTI iHBECTYBaHHS LIUX MPOIIECIB;

-MicToOymiBHI ~ cWTyarii, 10 BH3HAYAIOTh
cnenn(idHi YMOBH KOHKPETHOTO apXiTE€KTYPHO-
KOMIO3HIIIHOTO 1 IJIaHyBaJIbHOTO BUPILICHHS;

-MaTepiaJbHO-TEXHIYHI YMOBH 3BEJICHHA
OyaiBeIb 1 CIIOPY/I, IO BHUSIBIISE MOXKIHMBOCTI MiCIIEBOT
IHIyCTpiaJIbHO-OyAiBeIbHOT 0a3u, a TaKoXK peHoBallii
icTOpUYHMX OyAiBeNb (MaM’ITOK apXiTEeKTypH) TOLLO.

I'pyna ¢axkTopiB — «EJIEMEHTH BUPIICHHS
BiTHECEHA /IO €TalliB MIPOCKTYBaHH 1 MOAICHA HA TPH
MATPYIIH:

Ho nepwioi nidepynu wHanexatb (QaKTopH, SKi
BIUIMBAIOTh Ha BUOiIp TWIy OyAiBIi, BHU3HAYCHHS
CKIagy 1 mapaMmeTpiB TpUMIMIeHb Ta (OPMYyBaHHS
apXITeKTypHO-TUIAaHYBaJIbHOI OpraHizalii 00’€KTa, 10
HPOEKTYETHCSI.

Ho Opyeoi nidepynu wHanexarb QakTopu, sKi
BIUIMBAIOTh HAa KOMIUIEKCHE 00’€MHO-KOMIIO3HUIIIHHE
BupieHHs. Ha BiqMiHy BiJ BIUIMBY (hakTOpiB IpyIu
«00’€KTUBHI TIEpeyMOBW», NaHa miarpyna (akropis
Mae cy0’ekTuBHE 3HaucHHS. J[0 HEi MOXKHA BiHECTH:
THIIOJIOT1IO, 110 BCTAHOBIIIOE MPUHINIIOBE
(YHKIIOHATTPHO-TEXHOJNIOTIYHE ~ BUPIMICHHSA,  SIKE

BpaxoBye cremuiky tumy OymiBmi (cmopyan);
KOHCTPYKIIIIO, 110 BU3HAYaE NPUHIUIIOBE
apXITEeKTYPHO-KOHCTPYKTHBHE BUPIIICHHS;

KOMIIO3HUIit0, sika 3a0e3reuye CTBOPEHHS 00paHoi
00’ €eMHO-IIPOCTOPOBOT cXxeMu Oy i (Criopyau).

Lo mpemwvoi nioepynu MoxHa BiJHeCTH (aKTopH,
110 OepyTh y4acTh y CTBOPEHHI 00’ €KTa sIK 3aC00Y, 110
(bopmye iioro apxiTektypHe cepenoBuiue. Lls miarpyna
CKNIQJAEThCsl 3 Takux  (akTopiB:  cneuudiuHi
IUTAaHyBallbHI ~ €JeMeHTH OymiBimi  (cropymu) —
BHPIIICHHS TOJIOBHUX BXOJiB, KOMYHIKAI[IfHAX BY3IIiB,
HABYAJHHHUX 1 POOOYHX MPHUMIMICHb, PI3HUX 3aJbHHUX
MPOCTOPIB, IOMOMDKHHX TPHUMIIICHb TOMIO; BHOIp
MaTepialiB — 3aCTOCYBaHHS HOBITHiX OyHIiBEeIbHHX Ta
03/100TF0BATEHUX MaTepiaiB; IH)KEeHEpHO-
TEXHOJIOTIuHEe  3a0e3leueHHss —  3aCTOCYBaHHS
€HEepro30epirarounx BITYM3HIHUX Ta 3aKOPJIOHHUX
cucTeM; oOJagHaHHS 1 yMeOIoBaHHSI — po3poOka abo
BHOIp Cy4YacHMX 3pa3kiB MeOmiB 1 oOnamHaHHS;
BH3HAYEHHS Ta po3poOKa CBITIIOBOTO i KOJIEOPOBOTO
BUpIIICHHS 00’€KTa, a TaKOX 3aCTOCYBaHHS CHUHTE3Y
apXiTEeKTypu 1 pi3HUX BUJAIB MHCTENTBA. Y Ipoueci
MIPOEKTYBaHHA (AKTOpU 3HAXOAATbCI B  TICHIH
B3aeMOAii 1 HE TUIBKM BH3HA4YalOTh (HOPMYBaHHS
00’€eKTa, aje i B3a€EMHO BILIMBAIOTH OJIH Ha OJHOTO.

1. Crpyktypy  B3a€MO3aJIeXHUX  (DaKTOpiB
TIPOTIOHYETHCS PO3TISAAATU K THCTPYMEHT PO3POOKH
apXITeKTypHO-IIPOEKTHOTO BUPIMICHHA 00’ €KTa, TOOTO
SIK METOAOJIOTIUHY cxemy [6], [4].

[lepeTBopeHHsT  3aMi3HMYHOTO  BOK3aly  Ha
OaraToQyHKIIIOHATBHUA KOMIUIEKC BiTOYyBa€ThCS IMif
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BIUIMBOM [JIBOX OCHOBHHX (akrTopiB. 3 omHoro OOKy,

HeoOximHO ~ 3abe3neynTH  KOMGOPTHI  YMOBH
nepeOyBaHHA ~ MMacaXHpiB  HUIAXOM  HaJIaHHS
PO3IIUPEHOTO ACOPTUMEHTY IOCTYyr. Po3mimieHHs

JIOZIATKOBUX TMOCIYT B CTPYKTYpi KOMIUIEKCY HAJa€e
yuManuid npuOyToK 3amizHumi. Tun craHnii Gararo B
4oMy 00YMOBIIIO€ SIKiCHI (CIIeHapil JKUTTEAISUTBHOCTI) 1
KUTbKICHI (00’€MH) XapaKTEePHUCTHKH IMACaKUPCHKHUX
MOTOKIB, 1m0 Jokamizylotecs Ha 3BK, i Bu3Hauae

OCHOBHI ~BHMOTH [0 YyTWITapHOI  CKJIag0BOI
apXITEeKTypHO-MICTOOYAIBHOT oprasizarii:
(hyHKIIOHATTLHOTO HAIIOBHEHHS, TIPOCTOPOBO-
IUIaHyBaJIbHOI 1 KOMYHIKaIiffHOT  CTpyKTypH.

Bsaemonis (koomepailis) 3aJdi3HUYHOTO 3 IHIIMMHU
BUJAMH  MDKMICBKOTO  TPAHCHOPTY  3YMOBIIOE
PO3BUTOK OCOOJIMBHX CLEHApiiB KHUTTEMISIIBHOCTI
nacaxupiB Ha 00'€JHaHUX BOK3aJIBHUX KOMILIEKCaX
3aIi3HUYHO-aBTOOYCHUX, aepO-3aTi3HHIHHUX TOIIO).

BaxnuBuM TakoX € Micme pO3TallyBaHHS
KOHKPETHOTO BOK3JIBHOTO KOMIUIEKCY. Toxmi Ha
(hopMyBaHHS BOK3aITy OyIyTh BIUIMBATH: MicTOOyIiBHA
KaTeropiss MicTa (3a YHCENbHICTIO HAaCEleHHA 1
TOCIIOAPCHKUM TIpodiiieM); 0COOTMBOCTI IPOCTOPOBOT
Oprasizaiii 30BHIIIHBOTO TPAHCIIOPTHOTO By3JIa MiCTa;
XapaKTePUCTUKU MIiChKOI TPaHCIIOPTHOI IMiJCUCTEMU;
0cOOJNMBOCTI ~ opraHizamii CHUCTEMH TPOMAJICHKHX
LIEHTPIB; KOMITO3MILiiHI XapaKTEPUCTUKHU MicTa; MicIe
PO3MIIlIEHHSI BOK3aJBbHOTO KOMIUIEKCY B 30HaJIbHIN
CTpykTypi  wmicta. CyKymHICTh  BHIICHA3BaHHUX
YNHHUKIB BH3Ha4ae Taki xapakrepuctuku 3BK, sk:
POCTOPOBO-TIAaHYBaJbHA OpraHizamis (KOMITaKTHa,
JiHiHA, 0JIOKOBa, 3MillIaHa); CTPYKTypHA OpraHi3allis
KOMYHIKAaI[iifHOT ~ ImiacuCcTeMHU (omHOpiBHEBA i
OaraTopiBHeBa); (YHKIIOHANEHUI CcKIax 1 Mipa
(dyHKIIOHABHOT 1 MPOCTOPOBOI IHTErpOBAHOCTI 3
MPUJICTJIOID MIChKOIO 3a0yM0BOIO0 (BHUCOKA, HU3BKA,
cepeIHs); CTUIICTUYHI 0c0o0MHMBOCTi [7].

Koxen 3 Bu3HaueHMX (akTOpiB BIUIMBAE Ha
OpraHi3alilo 3aJi3HUYHUX KOMIUIEKCIB, II0 B CBOIO
4Yepry CTBOPIOE YMOBH JUIsl TIPOEKTYBaHHS Ta
PEKOHCTPYKIii, e OyayTh BpaxoBaHI BCi moTpedu
JTAaHOTO MicTa 4u perioHy. Ha ocHOBiI KOMOiHaTOpHOTO
miaxoay Oyio BU3HAYEHO CKIIAJIOBI, IO TaKOX OYIyTh
(opMyBaTH BOK3aJ BINMOBIMHO [0 MPOOJIEM, IO
BUHUKAIOTH Ta Oa)kaHHI X BUPIIICHHS.

APpXITeKTYpHO-IUTaHyBaJIbHA opraHizartis
BOK3QJIIB y BEJHMKHX MicTax 0a3yeTbCsl Ha Iepeniky
OCHOBHHMX TPyl MpPHMIIIEHb, $Ki Yy OiIbIIOCTI
TPOMAJICHKUX OYIiBeNb CX0Xi. AJie CBOS crierudika y
OyaiBenh BOK3aJIiB BUMAarae JIESKHUX OCOOJIMBOCTEH y
IUIAHYBaHHI Ta pPO3TallyBaHHI OCHOBHUX TpPYI
MPUMIIIEeHB 3TiTHO (QYHKIIOHATBHAM IMOTpedaM TOro
Yy IHIIOTO TUNY CHOpyaM (KOO I cucTeMa 3
JIEKUTBKOX TEPMiHAJliB) YW LEHTPATi30BaHO B OAHIH
OyniBiIi BOK3aIy.

Bokzan  BrIIOWaE  MmacaxHpchbKy — OyaiBIIO
(OyniBmo BOK3aJly) 1 TABUIBHOHM; ITaca’kMPCHKi
aTdopmi (3 HaBicamu abo 0e3 HUX); IepexoIu Yepe3
3UTI3HUYHI KOJIiT (BOK3aJIbHI MIEPEX0/I1) Ha OJTHOMY 200
Ha pI3HUX pIBHAX; MaJli apxiTekTypHi Qopmu Ta
Bi3yaslbHY iH(OpMAaIIifo.

OxkpeMuii BOK3aJl, y 3aJI€KHOCTI B MiCIEBUX
YMOB, MOXKE MaTH HE BCi MEpeiiueHi BUIIE CKIAIOBI
eJIeMeHTH. J[)1s KO’)KHOTO BHY TpOMaJIChKHX Oy/IiBelb
XapaKkTepHUH CBifl (QyHKIIOHAIEHO-TEXHOJIOTTYHUI
MpoLIeC, Ha OCHOBI SIKOI'O  BHCYBAIOTBCS 10
MIPOEKTYBaHH MeBHI BUMOTH. CaMi kK (yHKIIOHAIBHO-
TEXHOJIOTIYHI TPOIECH, BHMOTH [0 IPOEKTYBaHHSI
BIUIMBAIOTE Ha (OPMYBaHHS HOPMAaTHUBHO-TIPaBOBHX

JOKYMEHTIB, IO pErylIOI0Th IPOSKTYBaHHSA Ta
OyIiBHHUIITBO BiITIOBi THUX THITiB CHopya.
OyHKIIOHATEHO-TEXHOJIOTI9Hi TIPOIIECH, 1110

MPOTIKAIOTh B TPOMAACHKHX TOZINSIOTHCS Ha [BI
rpymu: 3araneHi i cmenmdivni. Jlo 3arambHHX
MpoleciB  BiH  BIJIHOCHB  IIPOLIECH,  IIOB’s3aHi
PI3HOMAHITHOIO  I'POMAJChKOI0  ab0  TPYAOBOIO
JUSUTEHICTIO JIFOJICH, PI3HOMAHITHI BUIU TPOMaJICEKOTO
obcimyroByBanHs. CrnenngiuHi mnpouecw BIACTUBI
TUTBKH OJHOMY TIIEBHOMY pOXY IisUTBHOCTI IIFOICH,
HalpuKiIal, JIKyBaJIbHO-037I0POBUOi, HaBYAJIbHO-
BHXOBHOI H iH.

Sk 1 B iHmWWX OyHIBIAX TpPOMaICBKOTO
MIPU3HAYCHHS BCi NMPUMIMICHHS MOXKHA PO3IUINTH Ha
I’ SITh TPYI: OCHOBHOTO IPH3HAYCHHS — IPUMIILCHHS, B
SKAX TPOTIKAIOTh OCHOBHI (DYHKIIOHANBHI IIpOIEcH
00CITyrOBYBaHHS; MACaKUPIB; JIOTIOMI>KHOT'O
OpU3HAYEeHHS — J0 Mi€l TpPynd BiTHOCATH Ti
NPUMILICHHS, B SKUX NPOTIKAIOTh (YHKIIOHANBHI
NpOLECH JPYTOPSITHOTO 3HAYCHHS, CIPSIMOBaHI Ha
CTBOPEHHsI Ta 3a0e3NEeYeHHsS SKICHOTO Ta LIBHIKOTO
o0CITyTOBYBaHHsI, OpraHi3amii OCHOBHHX IIPOIICCIB;
OOCIyrOBYIOWOTO  TNpHU3HAYeHHA —  O0'€IHYIOTH
MPUMIIICHHS BXIHWX BY3IiB, MEANYHKTH, Kade,
Oy¢eTn Ta iHMI1, TOOTO BCi Ti MiAPO3ALTH, O€3 SIKHUX € He
MOJKJIMBHM TOBHOIIIHHE (YHKIIOHYBaHHA OYIb-sIKOi
CIIOpYJIM TPOMAJCHKOTO IPHU3HAYEHHS; TEXHIYHOTO
NpU3Ha4YeHHs — mepeabaueHi Uil 1HXKEHEPHOTo
obyanHaHHs OyniBii, [0 3a0e3nedyyloTh podoTy
TEXHIYHOTO oOnanHaHHs. Jl0 HHX BIZHOCATHCS
NPUMILIEHHS CepBEPHHUX, €JIEKTPOLIUTOBUX,
MOXESKHUX TMOCTIB, BEHTWIALIAHKX Kamep 1 T. 1.,
KOMYHIKaI[I{HOTO MpU3HAYEHHS — KOPHJOPH, CXOJJOBO-
miproBi  By3nmu. DyHkiioHameHAa W 00'eMHO-
IUTaHyBaJlbHA OpTaHi3aIlil TPOMAICHKUX OYIMHKIB
BU3HAYae TUTOIMHHUH abo IIPOCTOPOBHH
B3a€MO3B'I30K iX mpumimenb. lLleli B3aeMo3B's130K
3a0e3meuyeTscsl KOMYHIKAIIHHUMU — PO3IOAUTPHIMHA
By3JIaMH, MPHUMIILEHHIMH U TPUCTPOSIMH, OCHOBHUM
(YHKIIOHATIFHUM TIPH3HAYCHHSAM SKHX € PyX JIEOJACH.
Jis 3mificHeHHS 3B'A3Ky MDK PI3SHUMH TpynamMu
MPUMIIIEHh B MeXax OJHOTO TIOBEpXy OYIWHKY
BUKOPHUCTAOTHCS TOPH30HTAJIBHI KOMYHIKaIIii:
KOpHIOpH, Tajepei, pekpearii, macaxi, MPOXOAH,
CIIOJIy4YHI Tepexojau. 3BSI3KY MDK IOBEpXaMu i
piBHAMH 3a0e3neuyrThCs BEPTUKAILHUMHU
KOMYHIKaIiTHUMH HPUCTPOSIMH: CXO0JIaMH,
na"gycamu, midpramu, eckamaropamu. CroiydHOIO
(YHKI[IOHAJIBHOIO JIAHKOIO MK TOPHU3OHTAJBLHUMH H
BEPTUKAJHPHUMHU KOMYHIKALliIMH Ha IIOBEpXax €
CX0/I0Bi # JTihTOBI MO TOBEPXOB1 XOJIH, [0 BUKOHYIOTh
posmoainehi Gynkmii [1], [8].
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Jns nomomikHUX (YHKIIOHABHUX EJIEMCHTIB

BOK3ally Oynm oOpaHi HacTymHi KOMOiIHATOPHI
CJIEMCHTH.
KombinaTopHi enemenTn
Puc.1. Enemenmu xombinamopuxu.
CaMe 1i  eJEMEHTH  MOXYTh  CTBOPHUTH - HoBuii  Bok3an  mOOMW3y ~ pUHKY — —

ONTHMAJIbHY TPAHCHOPTHY cucTeMy Micta JXutomup
Ta 3ano0irTM MoXIMBUM mpoOmemam. Jlins 1poro
HEOOXiTHO PO3TIISIHYTH Pi3HI BapiaHTH iX MMOE€JHAHHS
Ta B3a€MO3B’SI3KY.

IMomwyk akTyaJbHUX pIlICHb BU3HAYAETHCA Y
TpbOX BapiaHTax. Bapiant | po3mrigae MoXIHUBICTH
MOETHAHHS TaKUX (QYHKLIH, SIK TPAHCHOPT Ta PO3Baru.
[Ipobnema, 1m0 PO3MIIAAAETHCS Y AAHOMY BUMAIKY -
MicTy HEOOXiJJHO OOHOBJICHHSI 3arajlbHOTO BHIJISLY
BOK3aJ1iB 000X TPAHCIIOPTIB, & TAKOXK MICIIe pO3Bar st

nacaxupis. Ha ocHoBi mporo obOpaHo  Taki
KOMOIHATOPHI €JIEMEHTH:

- PekoHCTpykuisi 3aJi3HUYHOTO BOK3aIy —
PEKOHCTPYKIis 30BHIMIHBOTO BHIJBILY ICHYIOUOTO
3aJI3HUYHOTO BOK3aJIy;

- Pexoncrpykmis ABTOBOK3aJLy -
PEKOHCTPYKIis 30BHIIIHBOIO BHIJBILY ICHYIOUOTO
aBTOBOK3aIly;

- Toproso-po3BakanbHuit LIEHTP -
NPOEKTYBaHHA  HOBOTO  TOPrOBO-PO3Ba)KaIbHOTO

LEHTPY.

PekOHCTpYKIlisl BOK3aJdy Ta aBTOBOK3aly i3
BJIAIITYBaHHSM PO3BAXAIBHOTO IMEHTPY — TaKUM
pe3ynapTaToM € | BapiaHT moegHaHHS KOMOIHaTOPHHUX
€JIEMEHTIB.

Y Bapianti Il posrismaeTscs  MOETHAHHS
TpaHcropTHOi ¢yHKIiI Ta TopriBmi. s maHoro
BUMAJIKy TPOOJIEMOI0 € HEOOXiTHICTh OOHOBIICHHS
3araJlbHOrO BHTJISY FOJOBHOTO BOK3aJy, HE BHCTAYaE
TOCIYT CTaHIIi OIS pUHKY, HEMAaE MICISI JUIS CKIIaJIiB
Ha puHKY. TyT Oy1yTh BUKOPHCTaHI TaKi €JIEMEHTH:

- PekoHCTpykuis 3aJi3HUYHOTO BOK3aly —
PEKOHCTPYKIlis 30BHIIIHBOIO BHIJBILY ICHYHOUYOTO
3aJIi3HUYHOTO BOK3aIy;

MIPOEKTYBaHHS HOBOTO BOK3aJly MOOJIU3Y PUHKY;

- JloricTuuHMi LEHTp — NPOEKTYBaHHS HOBOT'O
JIOTICTHYHOTO LEHTPY MOOIHN3Y PUHKY.

Takum uynmHOM Oyne 3poOieHa pPEeKOHCTPYKIS
CTaporo Ta IpPOEKTYBAaHHS HOBOTO BOK3alliB, HOBHIl
JIOTICTUYHMH IIEHTP, IO pPO3MHUPHUTH TPAHCIOPTHI
¢yHKIil, a TakoX 3poOuTh OBl KOM(OPTHOIO
JISUTBHICTh PHHKY.

Bapianr III Bximouae JBa  (yHKUIiOHANBHI
KOMIIOHEHTH - TPAaHCHOPT Ta KYJIbTYPHUH LEHTp. Y
Micti JKuTOMHpI HEMae BHCTaBKOBOT'O KOMILIEKCY, a
TAKOXK 32 PaXYHOK BEJIUKOT KUTBKOCTI MPHUDKIPKAIOTHX
Ha PUHOK HE BUCTAa4Ya€ TaM BOK3aJIbHOTO IPUMIIICHHS.
Tomy ckilaoBUMH JaHOTO KOMOIHATOPHOTO BapiaHTy
€:

- PexoHCTpykmis 3alli3HUYHOTO BOK3AIy —
PEKOHCTPYKIisl 30BHIMIHBOTO BHIJLLY ICHYIOUOTO
3aJII3HUYHOTO BOK3AJTy BiAMIOBIAHO 10 TIOTpEOwH;

- KynberypHO-BUCTaBKOBUIT LIEHTP -
MIPOEKTYBaHHA  HOBOTO  KyJbTypHO-BHCTaBKOBOTO
LEHTPY y BOK3aJi;

- Hoswuii Bok3an no6nu3y puHKY — IEpEHECEHHS
(GyHKIIIHA BOK3aTy 10 HOBOTO IOOJIM3Y PUHKY.

Y  nmaHOMy BHUNAiKy pe3yibTaroM  Oyne
PEKOHCTPYKIIis BOK3aJy 13 BIAIITYBaHHAM KyJIbTYPHO-
BHCTaBKOBOTO LIEHTDY.

V cBoto uepry BapianT [V 00’eaHye TpaHCIOpTHY
Ta pekpeauiiiny ¢yskuii. Tyt npobiema mnomsrae y
TOMY, IO MICTY HEOOXiHO OOHOBJICHHS 3arajJbHOTO
BUTJISITy TOJIOBHOTO BOK3ajly, a TaKO)X HE BUCTAYa€e
cydacHuX (yHKUiH Bok3any. CKBep 3HaXOJUTBCS Yy
NOKUHYTOMY cTaHi. OTxke, CKJIaJlOBUMU €JIEeMEHTaMH
KOMOIHATOPHKH Yy TaHOMY BHIIQJIKy OYAyTb:
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- PexoHcTpykumis 3aJi3HMYHOrO BOK3AIy —
PEKOHCTPYKIisS 30BHIIIHBOIO BHIJBILY ICHYIOYOTO
3aJI3HUYHOTO BOK3aJYy;

- Posmmpenss QyHKIiIH BOK3aly — 10JaTOK
HOBUX IUIAaHYBaJbHHX pillleHb (100y0Ba, HanOyaoOBa
TOIIO);

- PexoHcTpykmis ckBepy —
CKBEpY MOOJIHM3Yy BOK3AIy.

PesynpTaToM BIPOBAaPKCHHS NAHHUX CJIEMEHTIB
Oyne peKOHCTPYKIIiSl CKBEpy Ta CTaporo BOK3aily,
PO3MIUpEeHHS HOTo (YyHKIIIH.

Jani koMOiHaTOpHI BapiaHTH MOXXYTb OPMYBaTH
OKpeMy TiIKy y iHdpactpykrypi micra. Temep cuin
PO3IIISIHYTH iX MOZETIOBAHHS 3 PI3HUX PIBHIB MICBKOTO
CepeIoBHUILA.

MopentoBaHHS ~ HOBOTO  00’€KTy  BOK3aly
0azyeTbcst Ha MICTOOYIIBHOMY IOIEpETHBOMY aHai31

PEKOHCTPYKITist

MIPOIIOHOBAHOTO MIcCIsI OyIiBHHLTBA, 3 MOXIIUBICTIO
MOJaJbIIOr0 PO3BUTKY Ta TpaHchopmamii OyxiBii
BOK3aJIy 3TiJIHO JI0 TIOCTaBJICHHX 3a1a4 [1].

Y npaHOMy JOCH/KEHHI JOLIBHO IPOBECTH
MOJIETIFOBaHHS Ha TPhOX piBHsAX. [lepmmii 3 HUX — 1e
MO/IeIIIOBaHHS Ha (pyHKLIOHAIBHOMY piBHI (puc. 2.).

BapianT I, mo BKiIIOYae TpaHCHOPT Ta PO3Bard,
BHPAXKAETHCSA y TMEpIIiii Mozemi, IO BKIOYAe IBi
PEKOHCTPYKIi -  3aJi3HUYHOTO  BOK3ally  Ta
AaBTOBOK3aIy 3 O0'€mHAHHAIM iX (QYHKOIA. A Takox
NPOCKTYBaHHA  HOBOTO  TOPTOBO-PO3BAXKAIBHOTO
LEHTPY MOOJIN3Y OCHOBHUX TPAH3MTIB.

Y Bapiantr Il (Tpancmopr Ta  TOprIBIS)
PO3TIIAAETHCS PEKOHCTPYKIIis iCHyI04O0TO
3aJI3HHYHOTO  BOK3aJly, TIPOEKTYBaHHA  HOBOTO
3aJI3HUYHOTO BOK3ally O1JIs1 pUHKY Ha OCHOBI CTaHII, 1
BJIALITYBAHHS JIOTICTHYHOTO IIEHTPY TOPSA 3 PUHKOM.

MopentoBaHHA Ha YHKLIOHaNbHOMY piBHI

no2ICMusHUU
uesmp

P - Pexoncmpyxuyin

HG - Hose Gydiesuumeo H6 - Hose 6ydianuumeo ynuia
Bapianr | BapiaHr Il
TpaHcnopr Ta possaru TpaHcnopr Ta Topriens

P - Pexoncmpykyis P - PoswupenHs

JaMIHa

Gyl
P - Pexoxompykyin P - Poawupenn
H6 - Hoee Gydienuymeo P - Pexowcmpysyin ~ @ynruil
Bapianr lll Bapiant IV
TpaxcnopT Ta KyneTypa TpaHcnopt Ta pekpeawis

Puc. 2.2 Mooenrweanns na ¢pynxyionanoHomy pigui

VY mBapianTi I, mo o0’egHye TpaHCIOpPT Ta
KyJbTYpY, BiIOYBa€TbCsi MEPEHECEHHS 3aJIi3HUYHOTO
BOK3ally Io03a MicTo, a Ha #oro TepuTopil
IMPOTIOHYETHCA BJIaITYBaHHA KYyJIbTYPHO-
BUCTaBKOBOTO LIEHTPY Y MPHUMIIIIEHH]I CTAPOT0 BOK3AJYy.

Bapianr IV, a came TpaHCHOPT Ta peKpeartis,
nepeadavyae PEKOHCTPYKIHIO 30BHINIHBOTO BHUTJISTY

ICHYIOUOTrO 3alli3HMYHOTO BOK3aly, I0JAaTOK HOBHX
IUTaHyBaJBHUX pilleHb (qo0ya0Ba, HAIOYIOBa TOIIO)
Ta MPOEKTYBAaHHs HOBOTO CKBEPY MOOJIN3y BOK3AIy.
[Hmuit piBeHb MOJEIIOBAHHS — MICTOOYIIBHUA,
IO PO3IJIsiae MOEAHAHHS €JIEMEHTIB y CHCTEMI MicTa

(puc 3).

MopgenwBaHHA Ha micTtobyaiBHOMY piBHI

ToricThka
Pexpeauin

Tpancnopr

Kynetypa Pekpeauin

Tpatcnopt Tpancnopr

BapianT |

BapianT 11

BapianT Il BapianTt IV

Puc.3. Mooenrosanus na micmo6yoignomy pieHi

Ha ocHoBi nmaHux Monesneil MoXHa 3poOHTH
BHCHOBOK, 10 Yy BapiaHTi | mocmyru Tpancnopry Ta
po3Bar HaJaAlOThCS OJIM3BKO J0 IIEHTPY MicTta
HeToJIaJliK peKpeaniiHol 30H1 003y piuKu. Y CBOIO
yepry y Bapianti Il TpocTexyeTbcs TOJBiHHICT

aKTMBHUX TOYOK: TPAHCIOPT Ta peKpeamnis OIM3bKO
LEHTPY MICTa, a TakKOX JIOTICTHKAa Ta TPaHCIOPT
nobmusy  puHkKy. Bapiant III  Bim3Hauaerscs
ICHyBaHHSM aKTHUBHHX TOYOK, IIPOTE€ TPAHCIOPT
MIEPEHOCUTRCS Ha TIepHudepito, a modImu3y HeHTPpy MicTa
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3’SBISETBCS.  KYJIBTYpHO-BUCTaBKoBa (QyHkmis. VY
Bapiauti IV no TpancnoprHOi ¢yHKUIT HOmaeThes
TAKOXK pEKpeallis, 3BaXKAIOYM HAa PO3MIIICHHS OiIs
LEHTPY MICTa, a TAKOXK HEMOANIK PIUKH.

HactynHuM piBHEM € MOJICITIOBAHHSI 3B ‘SI3KIB MiX
KOMOIHATOPHHUMHU elieMeHTaMu (puc.4).

MogentoBaHHA 3BA3KIB MiXK KOMGIHATOPHUMU eneMeHTaMK1

sok3an

B80K3an aemoeokzan

A &

po3eaxans-
Hull uenmp

cmaHyin
30 ax

eoK3an

nozicmuynull
ueHmp
ToricTuka

Pozgaru Pexpeaujn

TpaHcnopt TpaHcnopt

TpaHcnopT Ta po3Baru TpaHcnopT Ta Topriensa

KynemypHul
yeHmp

dodamkoel

ghyHKuil

eoKzan
eox3an

Kynerypa Perpeauin
Tpaucnopr Tpaucnopt

TpaHcnopT Ta KynkTypa TpaHcnopT Ta pekpeauin

Puc.4. Mooentosanns 36 a3Kié Midic KOMOIHAMOPHUMU eleMeHMAMU

Y BapianTi [ po3rmsmaeThcs  3B'SI30K MK
TPaHCIIOPTHOIO (PYHKII€10 —pEKOHCTPYKIIisl iICHYOYOTO
3aII3HUYHOTO BOK3QJIy, PEKOHCTPYKIIS ICHYIOYOTO
aBTOBOK3ay, Ta pO3BAXKAJIbHOIO — IIPOCKTYBAaHHSI
HOBOT'O TOPTOBO-PO3BAXKAIBHOTO IIEHTPY.

Bapiaar II gemoHCTpye 3B'S30K TpPaHCIOPTHOL
(hyHKIIT, 10 BUPAXKAETHCS Y PEKOHCTPYKII ICHYIOYOTO
3aI3HUYHOTO  BOK3aldy, 3  TOPTIBEIBHOIO  —
MPOEKTYBaHHS HOBOTO 3aJi3HUYHOTO BOK3aly Oiss
PHHKY, @ TAaKOK HOBOTO JIOTICTHYHOTO LEHTPY MOPSII 3
PHHKOM.

VY BapianaTti Il po3ryistHyTO B3a€EMO3B’SA3KH MiX
TPaHCIIOPTOM Ta KyJbTYpOIO — MPOEKTYBaHHS HOBOTO
3aJTI3HUYHOTO BOK3aJy 11032 MICTOM Ta BIIAIITyBAaHHS
KyJIbTypHO-BHCTaBKOBOTO IIEHTPY Yy HpPUMIIIEHH]
CTaporo BOK3ally.

Bapianr v BKJIIOYAE TPaHCIIOPTHY
(peKOHCTPYKIIiS ICHYIOWOTO 3aJII3HUYHOTO BOK3aIy Ta
JOAATOK  HOBUX  IUIAHYBAIbHUX  pilleHb) Ta

pekpealliiiHy ckiiasioBi (IPOEKTyBaHHS HOBOTO CKBEPY
mo0OaM3y BOK3aIIy).

BucnoBkn. Omxe KOXEH 3  BapiaHTIB
XapaKTepU3y€eThCsi CBOIMU OCOOIMBOCTSIMH Ta POJLIIO Y
(dopmyBanHi iHOpACTPYKTYpH MicTa Ta MOXe OyTH
3aCTOCOBAHMH BIANOBITHO JIO MOTPEO, 1[0 BUHUKAIOThH
y maHmii nepiox yacy. KoxkeH 3 moegHaHnX eJIeMeHTIB
MOXe OyTH HOTMOBHEHWH Ta NOJNAHUH y OyIb-sKOMY
MOPSIIKY, BIATIOBITHO O HEOOXITHOCTI, 0 BUHHKIIA.
TakuM 4YMHOM, MOXJIMBUM € BU3HAYE€HHS OCHOBHHX
apXiTEeKTYPHO-TUIaHyBaJIbHUX XapaKTEPHCTHK.
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Ilono3wk Cepein IOpiiiosuy
Mmaeicmpanm 2 Kypcy, kageopu apximexmypu

Daxynvmem apximexmypu, 6yodisnuymea ma ousatiny HAY,

M. Kuis, Yxpaina
Mapmunoe Bauecnae Jleonioosuu
0.m.H., npo., npoghecop Kagedpu apximexmypu

Daxkynvmem apximexmypu, 0yoignuymea ma ouzauny HAY,

M. Kuis, Yxpaina

PO3BUTOK TA NPUHIUIIN TPOEKTYBAHHSI EHEPTOE®EKTUBHUX
KUTJIOBUX BYAIBEJIb-KOMIIJIEKCIB

AHOTaIig. Y CcTaTTi aHANI3yeThCs ICTOPUYHHMKA 1 CydaCHHMU JOCBIJl MPOCKTYBaHHS CHEProe(EKTHBHOTO
JKUTIIA, BA3HAUCHO aKTYaJIbHICTh MPOCKTYBAHHS CHEPrOC()CKTHBHUX KUTIOBUX Oy/1iBEJIb Ta KOMIUICKCIB, 8 TAKOXK
po poJib Takoi 3a0ymou. ONKMCAaHO OCHOBHI MPHUHITUIH MPOCKTYBAHHS CHEPrOC(ECKTUBHUX KUTIOBUX OY/IiBEIIb.

Kmouosi
MexHoN02Il.

cnosa: apximexmypa,

Beryn. Y Ham wac € BENHKI MOMJIHMBOCTI
3MEHILIECHHS €HEPrOCIIOKIBAHb Oy iBEb Ta 3HIKCHHS
BUTpAaT Ha iX yTpUMaHHS, 30€peXeHHs eKOJIoTil 3a
paxyHOK BHKOPHCTAHHS EKOJIOTIYHOi 9MCTOi eHepril
oTouyrodoro cepenopuina. L{i 3HMKEHHS € OCHOBHOIO
METOI0 MDKHapOIHOIO EHEePreTH4YHOr0 areHTCTBa
(MEA), sika mosnisirac B 3MEHILICHHI BUKHJIIB BYTJICLIIO B
cBiTi Ha 77% mpOTH MPOrHo30BaHuX NaHux Ha 2050 pik
I1A  jJocArHeHHs — crabimizoBaHoro pisaa  CO?,
nependaueHoro MiKypsiOBOIO I'PYIIOI0 €KCIIEpTiB 3i
smian kmiMaty (MI'E3K). BaxknmmBoro ckiamoBoio y
BUpPIIIEHHI IIbOTO 3aBJAHHS, BBAXKAIOTh CKCIIEPTH
MEA, mnoBWHEH CTaTWd Tmepexia Bin OyIiBHHUITBA
3BUYANHUX OyAHHKIB bi (o) OyIiBHHIITBA
eHeproe()eKTUBHUX XUTIOBUX OYy/iBEIb Ta KHUTIOBUX
koMIutekiB. Haiibinblry yBary eKcnepTiB NpHIiIEHO
NPOEKTYBaHHIO Ta OYyIIBHHUITBY €HEpProe(eKTHBHHX
JKUTIOBUX Oy/IiBEIb Ta KOMILIEKIB [0 BCbOMY CBITY.

EneproedextuBHa kuTIIOBa OyAiBis - Lie
OYyIMHOK, SIKWH 3HAYHOIO 3a0e3reuye cebe eHepriero,
MaJl0 He 3aJie)KUTh BiJl 30BHILIHIX KOMYHIKalii, i,
4acTo, caM MOJKE CIIyTyBaTH OCTaYaIbHUKOM €HEprii.
Ile crae MOMNJIMBMM 3aBISKH pPalliOHATLHOMY
BUKOPHUCTAHHIO JDKEpell TeIia i eHeprii camoi OymiBii
Ta KOMIUIEKCY 1 Tepuropii HaBkoio Hboro [l].
IIpoekTyBaHHs eHeproeeKTUBHOI KUTIOBOI OYMiBII,
abo KOMIUIEKCY - IIeé KOMIUIEKCHA po0OTa, BPaXxOBYE
pi3HOMaHITHHI miaxiz, palioHaIbHUHA BUOIp
TEIUIO3aXUCTY OTOPOKYBAIBHUX KOHCTPYKIIiH, BUOIp
IH)KEHEpHOTO o0agHaHHA i e(eKTHBHICTh
BUKOPHCTAHHSI IOHOBJIFOBAHUX JKEPEJ eHepril.

OnHa 3 HaWBaXKJIMBILIHX CKJIJIOBHX
MPOEKTyBaHHS TaKkoi Oy niBii 3a0e3meueHHs
€KOJIOTIYHOr0 Ta e(EeKTHBHOTO S>KHTTEBOTO IMKIY
Oyniii (puc. 1),

TO0TO Taka OyaiBisl, 800 KOMIUIEKC CIIOYATKy Mae
OyTH po3paxoBaHW Ha MEBHUH TEPMiH eKCIuTyaTarii,
OyTH HalOIIBII €HepreTHYHO e(PEeKTHBHUM IPOTATOM
JAHHOTO TepMiHy, i OyTm Oe3meyHO 3HEeCeHWi, He
3aBJIAI0YN CBOIM pyHHYBaHHAM K0!
HaBKOJIMIIHBOMY ~ CEpElOBHILY. TakuM  YHHOM,
KUTTEBUHA TMKJI OYIiBIl CMOYATKy BU3HAYCHHH,

enepeoeghekmueHi

0yoieni, eHepao30epedcents, eHepeoedeKmusHI

po3paxoBaHWii, 1 TOBHHEH OyTH 3a0e3McUcHHIA
YMOBaMH eKCIUTyaTauii.
[TpoBeneHo aHai3 TEOPETHIHOT 6a3un

JOCII/DKCHHb 3 MPOEKTYBAaHHS CHEProe(EeKTUBHHUX
OydiBenb, BH3HAYCHO  Mpali  JOCHIJHHUKIB  3a
HACTYITHUMU HaNpsIMKaMu:

-3 BUBUCHHSM apXiTEeKTypH >KUTJA 3aiiMaliCh:
JL.T. baunnceka, T.M. 3acnasens, B.I1. Kopons, O.O.
Koctiok, K.C. YHeuensuunpka, I'.JI. S6nonceka, J[.H.
SI6mOHCHK NI,

- TmpobleMH apXiTeKTypu OaraTOKBapTHPHOTO
KUTIa Ta KOMIDICKCIB BHCBITICHI B poOoTax
HaykoBmiB: LII. T'mecs, JL.M. Kosanbcekoro, B.I
Kuumwa, B.B. Kyuesuua, B.II. Muponenka, I.I.
HoBocap Ta in.;

- mpoOyieMH eHepro30epeXeHHs B apXiTeKTypi
VYkpainu PO3IIIANANINACE JIOCJTI THUKaMH: Cr
BypaBuenkom, O.M. Ileuenukom, I'.B. KazakoBum,
T.0. Kamenko, I''H. XaBxyn, JI.O. Ulyngan, B.M.
CHUMOHEHKO Ta iH.;

- NUTaHHs eHepro30epekeHHs B OYMiBHULTBI —
B.®. TlepuikoBuuem, B.JI. Maprunosum, O.B.
Cepreituykom, I'.I'. ®@apentokom, €.I'. DapeHIOKOM,
P.A. ®eprom, JLII. Xoxmosoto, I'.d. YepHux Ta iH.;

- XapakTep BIUIMBY KJIIMaTy Ha IPOEKTYBaHHS
OyaiBeNb Ta MUTAHHS 1HCOJSIIT )KATIIOBUX TPUMIIICHb
nocmimkyBanma: B.C. BypaBuenko, O.b. Bacwuienko,
0O.B. Cepreituyx, I.H. Cxkpuns, ILI. Ckpuis,
LI1.Ko3stHuk, I.I. Ycrinosa, O.I'. TIuBoBapos, B.M.
CumoHeHKo. Ta iH. AHaji3 MOmepenHiX MOCIiIKeHb
CBIIYUTH TIPO HEIOCTATHICTH PO3MNIAAY MHTAaHHS
PO3BUTKY TNPHHIMIIIB EHEProe(eKTUBHUX IKHUTIOBHX
OynaiBesb Ta KOMIUICKCIB.

MeTa qoc/izkeHHS IPOaHaTi3yBaTH ICTOPHYHUN
1 CyYacHHI JI0CBiJ] MPOEKTYBAaHHS €HEProeeKTUBHUX
XKHUTJIOBUX OyJiBeNb, BU3HAYUTH OCHOBHI NPHHIMITN
MIPOEKTYBaHHS eHeproe(eKTUBHUX JKUTIIOBUX
OymiBeNb Ta KOMITJICKCIB.

Pe3yabTaTH Ta OOrOBOPEHHSI IOCJTiIKEHHS
CepenHiil XUTTEBUI IMKI I eHeproeeKTHBHUX
OyaiBens Ta KOMITIEKCiB cTaHOBUTH 30-40 pokiB.
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Puc. 1. Epexmusne enepzocnosicusants npu exchiyamayii 6yo0ieni - 3anopyka ycniutho2o
3abe3neyuenns 11020 acummegozo yukny (3a mamepiaramu BCITVP (WBCSD))

CydJacHUI IOCBiZ TPOEKTyBaHHS 1 OyIiBHHUIITBA
OyxiBens Takoro THIry 6epe modatok B 70-80-x pokax
XX cromitTs, Koau Oynu moOymoBaHi 1Bi BCECBITHBO
BimoMi  OyHmiBIi, IO BBAXAIOTHCA  IEPIIAMHU
eHeproe(eKTUBHUMH OyNIBISIMH CY4acHOTO THITY.
Omna 3 Hux - me OyxmiBmi «ECONO-HOUSEy,
nobynoBana B 1973-1979 pokax B micti OtaHiewmi,
Oinngupis. Y OyaiBmi KpiM  CKIAAHOTO 00'€éeMHO
TUIaHYBaJILHOT'O PIIIEHHS, L0 BPaxoBY€e OCOOJIMBOCTI
po3TalyBaHHs 1 KiimMaty, Oysia 3acTocoBaHa 0co0JMBa
crcTeMa BEHTHJISILI, MpH sIKiil MOBITPsl HarpiBaBcs 3a

paxyHOK  COHAYHOI  pamiamii,  Temwlo  SAKOi
aKyMYJIIOBaJIOCh  CIICHiaJbHUMH  CKIIOTIAKETaMH i
kamo3i.  [lismime  poktop Bombpdranr  ®aiicr,

3aCHOBHHK «lHCTHTYTy TacuBHOrO OYyIOWHKY» B
Hapmmraari (Himeuunna), i mpodecop bo Amamcon 3
Jlyapacekoro yaiBepcurety (IlIBemist) 3ampomoHyBamu
KOHIICTIIIII0 «MAaCWBHOTO OYyIWHKY», sika HaOyma
MIOIIUPEHHsT y 0araTboX IPOEKTaX, B TOMY YHCII Y
BioOMOMY macwBHOro OymwHKY B M. [lapmmranri,
mobymoBanomy B 1990 pomi. Haiibinbm 1rikasi
MIPUKJIaAN CY4YacHHX eHeproe)eKTHBHUX OyIiBelb
moxna 3Haiitm B Kamanmi, Himeuuwmni, ®iHmsHmii,
CIIA, Kurai Ta OAE. Sk mpukiax MOXHA MPUBECTH
3a0ynoBy paitony EKo-WiikkKi ¥V I'enbcinki, @innsumisn
(puc. 2a) ta mpoekt HOBOro OymuHKY The Beaver
Barracks Community Housing B Kanani (puc. 2b).

Puc. 2a JKumnosuii 6younox Ixo-Buxku (EKOWIikKki).

Puc. 2b. JKumnosuii 6younox The Beaver Barracks Community Housing.

[t ymoB KuieBa Ta iHIIKMX BEJMKHUX MIiCT YKpaiHu
eHeproe(eKTUBHE OYAIBHHUIITBO >XUTJIOBUX Oy/iBelb
Ta XXHUTIIOBHUX KOMHHGKCiB TaKOTO0 TUITY Ma€ BEJIMKE
3HAYEHHS, Ta HAJAa€ MOXKJIMBOCTI  IMJABUIIATH
eHeprosoepexxeHHs 3a0ymoBu ymiomy. [lepmr 3a Bee,
1€ MOB'SI3aHO 3 KOMIIAKTHICTIO ITUIAHYBaHb KBapTUPTa
KOMIUIEKIB 1 BAKOPUCTAHHSM IPOMaJICHKUX IPOCTOPIB
(U1 MOXJIMBOTO PO3TAIllyBaHHS B HMX 3UMOBHX CajliB
abo TemnMmb), a TakoX 3  BHKOPHCTaHHAM
npuOyIMHKOBOI  TepuTopii.  Bapro  ocobGmmBo
BiJ3HAYUTH, M0 B OYAIBIIX TAaKOrO THUIy MOXKHA
MaKCHMaJIbHO €()eKTHBHO BUKOPUCTOBYBATH 3aMKHYTY
TepMiuHy (TEIUIOi30JISIIiiHY) 000JOHKY, IO OXOILTIOE
koMmpopTHi 30HK[2]. Taka 0000HKA BKIIOYAa€E B cebe
MOJIMIIEHY TETUIOI30JSIIiI0 CTiH, yTEIUICHHSIMIIBATY,
MOKPIBJAI Ta  IHON  3aXOAW 10  CTBOPEHHIO
6e3nepepBHOTo TEIIOBOrO KOHTYpY OymiBii. Y Takux
OymiBIAX Ta KOKUTIOBUX KOMIUIEKCAX 3a PaxyHOK
NPaBWJILHOTO CHIBBIJHOIIECHHS KiJBKOCTI i PO3MipiB,

0COOJIMBOCTEH  KOHCTPYKLII CBITIIOBUX IpOPI3iB,
OpIEHTOBaHMX Ha MIBJCHHY, IiBJICHHO-3aXiJHY
TOPOHY, MOXKHa JOMOTTHCSI IACHBHOTO COHSYHOTO
o0irpisy mpumimens. Takox eHeproeeKTHBHUM €
BUKOPUCTAHHS BIKOH 3 TOJBIHHUM CKJIiHHAM abo 3
3allOBHEHHSM  iHEpTHMM  Tra3oM. Pasom i3
3aCTOCYBaHHSIM CHCTEMH NPHUPOIHOT BEHTWIALIT 1
KOHJHMILIOHYBaHHs TakKi )KUTIOBI OyaiBii, 200 KUTIOBI
KOMIUIEKCH CTaloTh JIHCHO eHeproeeKTHBHUMH.

[punaiun  OnokyBaHHS HaHWUX OyIiBeNb  TaKOXK
JO3BOJISIE  30epiraTd  Temuo, aile  BXKe  HA
MicTOOYIiBHOMY DPiBHI.

[Mogo imkeHepHHWX  pillleHb, SKi  MOXKHA

e(eKTHBHO 3aCTOCOBYBATH B XHTJIOBHX OYHIBISIX Ta
KUTIIOBHX KOMIUIEKCAX: 3aCTOCYBAaHHS TEIUIOBHX
HacoCiB B CHCTEMi Tapsdoro BOJONOCTAaYaHHS,
3aCTOCYBaHHS pEKyIepaTopiB Temia B CHCTEMI
HEHTPAILHOI MEXaHIYHOI BEHTHJIALII, a TaKoX
3aCTOCYBaHHS COHSIUHUX (hOTOCTIEeKTPUIHUX
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YCTAHOBOK JIJIsi BUPOOJICHHSI €JIEKTpUYHOI eHeprii, i
COHSIYHMX KOJICKTOPIB, IO MiAIrpiBaOTh BOXY IS
noTped omaneHHs.

KomrnekcHudd  minxig B TNPOEKTyBaHHI 1 B
JOCIIJDKEHH] €HEePreTHMYHUX ITOKa3HUKIB JKUTIOBUX
OyniBeNb Ta KOMIUIEKCIB, @ TAKOX TOIIYK MTPaBUIIbHUX
pimeHsr  omTmMizamii X  eHeproeeKTHBHOCTI

BU3HAYAIOTh PIIICHHS CKIAJHAX B3a€MOIIOB'I3aHUX
3aBJIaHb, SKi OXOIUTIOIOTH TPU OCHOBHI Hampsimu [3]:
MIPUMIIICHB

- opraHizamis ~ MIKpPOKIIiMaTy
OyauHKY;

- MiHIMIi3aIlisl eHePTeTHIHUX BUTPAT;

- GKOHOMIiuHicTH  OyniBii,  palioHAJIbHE
BUTpayaHHs MaTepiallbHUX PECypCiB.

Bubip ontumaneHoi ¢dopmm OyaiBii, Horo
opieHTalil 1 poO3TallyBaHHS, IPU3HAYECHHS ILIOL]
CBITJIOBUX TIPOpIi3iB, YNpPaBIiHHS MIKPOKIIMaTOM
MPUMIIICHB

JO3BOJSIIOTH  3MCHIUMTH HETaTHBHHUN  BIUIUB
KJTiMaTy Ha TEIUIOBHM OamaHc >KUTIOBOI OymiBimi.[3].
B3aeMO03B'I30K  OCHOBHHX  apXIiTeKTypHHX  Ta
IFKEHEpHUX pillleHb, IKi IIOBUHHI BPaXOBYBATHUCS TIPH
MIPOEKTYBaHHI eHeproeeKTHBHOI KUTIOBOI OyIiBIi Ta
JKHTIIOBOTO KOMILIEKCY, TIOKa3aHa Ha pHC. 3.

Puc. 3. B3aemo36's130x apximexmypHux ma iHj#ceHepHux piuieHb 8 npoyeci npoeKmysants eHepeoepexmugnol
JACUMA060I OY0i6NI Ma JHCUMN0E8020 KOMNIEKCY

B Ykpainiy 2017 poui OyB npuiiHsTHii 3aKOH PO

eHeproe(eKTUBHICT,  OyJiBeNb, SKHA  BH3HAYaE
NPaBOBi, COLIAILHO-EKOHOMIUHI Ta oOpraHizauiiHi
OCHOBM  misibHOCTI y  cdepi  3abe3neyeHHs
EHEepPreTUIHOL e(eKTUBHOCTI OyniBens Ta

CHpSIMOBaHWI Ha 3MCHIICHHS CIOXXMBaHHS EHEprii B
OymiBisix. Lleil 3akoH BH3HAaYa€ OCHOBHI MPHHIIUIIH
JIepKaBHOT TOMITUKA YKpaiHW y miil cdepi, a came:
3a0e3NeUeHHs]  HAJeKHOTO  piBHA  €HEPreTHYHOI
e(PeKTHBHOCTI JKUTIOBHX OyniBedb (KOMILUICKCIB)
BIJITIOBIZIHO IO TEXHIYHUX PETJIAMEHTIB, HAIIOHAIbHHUX
CTaH/JapTiB, HOPM 1 TpaBWI, CTHUMYJIOBaHHS
3MEHILEHHS! CHOXMBaHHsS eHeprii B  OymiBIsX;
3a0e3reueHHs CKOPOUYCHHS BUKHUJIIB TAPHUKOBHX ra3iB
B arMmocdepy; CTBOPEHHS YMOB JUId 3aJIy4eHH:
IHBECTHIIIH 3 METOK 3OIHCHEHHS 3ax0IiB IIOI0
3abe3neueHHsl (MiABMUINEHHS PIBHSA) €HEPreTHYHOI

e(eKTUBHOCTI OyaiBenb; 3a0e3neueHHs
TEepMOMO/IepHi3aLil OyniBens, CTUMYJIIOBAHHS
BUKOPDHCTAaHHS  IIOHOBJIOBAHUX JUKEPEN  eHeprii;

po3poOka 1 peamizamis HaI[iOHATBHOTO IUIAHY II0
30UTBIICHHIO KUTBKOCTI OyaiBens 3 OMU3BKUM JI0
HYJIBOBOTO PiBHEM CHOXXHBAaHHS €HEPTii.

Ha ocHoBi HaBemeHoro BHIIE CHOPMYIBBAHO
OCHOBHI MTPHUHITUIIH POCKTYBAHHS €HEProe()eKTUBHUX
XKHUTIOBUX OYIiBENb Ta )KUTIOBUX KOMILJIEKCIB, a caMe:

1) pamioHaneHuii BUGIp eHeprosbdepiraroyoi
dopmu OymiBimi i WOro mpaBWIBHA OpIEHTAILlS IO
BiJTHOIICHHIO JTO COHIIS;

2) BHCOKa eHeproe(eKTUBHICTE  OOOJIOHKH
OyniBii, TOOTO B3a€MO3B'SI30K MiXK KOHCTPYKTHUBHHUMH
pIIICHHSAMH JIOMY Ta IH)KEHEPHHUMH CHUCTEMaMH st
JIOCSITHEHHSI BUCOKOTO PiBHS €HEpro30epeKeHHs;

3) edexktuBHa  TemIOI3OILALISL  OYIHUHKY,
KOHCTPYIOBaHHS 0€3 «MOCTiB XOJIOLY»;
4) 3aCTOCYBaHHS eHeproe()eKTUBHUX

KOHCTPYKTUBHUX €IIEMCHTIB 1 IH)KCHEPHHX CHCTEM
(cTiHM, AKI ~ yTPUMYIOTh  TEIUIO,  IPYHTOBHH
TEINIOOOMIHHHUK, CHCTEMA OIAJCHHS, BEHTHIISI,
KOHIUIIOHYBAHHS, IMO1a4i XOJOAHOT 1 raps4oi BOIH i
T.1.);

5) 3acTOoCyBaHHS  MEXaHIYHOI  MPHUILIUBHO-
BUTSDKHOT BEHTHJIAIIT [Is 3a0€3MeYCHHST HOPMAaJIbHOTO
NOBITPOOOMIHY  NPU  YCTAHOBII  T'EPMETHYHHX
eHeproeeKTHBHUX BiKOH (TOABIHHE 3acKIeHHA abo
BIKHA 3 3aIIOBHEHHSIM IHEPTHUM T'a30M);

6) IacMBHE BHUKOPHCTAHHS COHSYHOI eHeprii
(cucreMH  COHSYHOTO  OMANEHHS, 3aCTOCYBaHHS
TEpMIYHOI MacH, BHKODHCTaHHS «IIAPHUKOBOTO»
e(eKTy 3MMOBOTO CaJly JUIsl OTIaJICHHs! Oy TUHKY );

7) edexTMBHA cHcTeMa  KOHTPOIIO
IKEHEepPHUMH CHCTEMaMH (TeTUIOBi

JYAITBHAKA i TEPMOCTaTHYH]
JYAIBHAKA Tapsaoi BOAX 1 T.11.);

8) KoMI'oTepHa cHcTeMa YNpaBIiHHA 1 00Ky
TEIUIO- 1 EHeprorocTadyaHHs OyIwHKY, po0OoTa sKoi
3acCHOBaHa Ha  MaTeMaTH4YHOMY  MOJIEIIIOBAaHHI
TEIJIOBOTO OajaHCy 3 ypaxyBaHHAM (aKTHYHOTO

Hazx

BEHTHIII,
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SHEpPreTUYHOro BIUIMBY 30BHIIIHBOTO KIMary i
BHYTPIIIHIX TEIUIOBUIIICHB;

9) 3aCTOCYBaHHS IHXKEHEPHUX CUCTEM
BUKOPHCTAHHSI 1 HIEPETBOPEHHS €HEPril HOHOBIIOBAHUX
Jokepest  (TemyIoBI HAacCOCH, COHAYHI KOJEKTOPH,
(oTOENEeKTPUYHI YCTAaHOBKH, BITPOBI TI'eHEPATOpH,
npwusHi [EC Ta iH.)

10) mpaBwiIbHE TUTAHYBAHHS NULTHKH OYIHHKY 13
3aCTOCYBaHHAM

eHeproeeKTUBHUX pimeHs (mpaBmITEHE
BUKOPHUCTAHHS penbedy AULTHKH U1 300py TOMIOBHX
BOJ, e(eKTUBHE 30HYBaHHS MJUITHKH, OpraHi3alist
JUISTHKY B TApPMOHIT 3 TPUPOJIHUM MICLEBICTIO 1 iH.).

OcoOnuBy yBary npu IPOEKTYBaHHI JKHUTJIOBHX
MPOCTOPiB CHEProe(HEeKTUBHUX OyIiBEJb Ta KUTIOBUX
KOMIUIEKCIB TPHIIICHO TPHUPOAHOMY OCBITJICHHIO.
lupoTHa opieHTaliss eHProe(eKTHBHUX IKHUTIOBHX
OyzmiBems Ta KOMIDICKCIB, BEJHMKA IUIOINA CKIIIHHS
miBICHHOTO (pacany, JiXTapi BEpXHBOTO CBITIA
MO3BOJSIFOTH ~ TPH  HEOOXIAHOCTI  MaKCHUMAaJIbHO
e(eKTUBHO «IIPOITyCKATH» COHSIYHE CBITIIO BCEPEIUHY
OymiBIi. CremiansHi «COHAYHI ITaCTKI» 3
BUKOPUCTAHHSAM MaTepialiB 3 BHCOKOIO BiJOWBHOIO
3ATHICTIO pO3paxoBaHi HAa TPAHCHOPTYBaHHI B
JKUTIIOBI MIPUMILIIEHHS €HEePTii 3MMOBOTO COHIIS.

3 TOUYKM 30py MICTOOYAYBaHHS - Ba)JIMBUM
METOJIOM MiJIBUIIICHHS €HEProe)EeKTUBHOCTI KHUTIOBOT
OyiBJIi Ta KOMIUIEKCIB I POEKTYBaHHI € 3MiHA HOTO
¢dopmu nuixoM (GOpMyBaHHS OJHOrO o00'ekTa 3
KUTbKOX OJIOKIB. BiOKyBaHHS [03BOJISIE€ 3MEHINIIATH
TEIUIOCTIOKMBAHHS Oy[IiBIl BHACTIOK 3MCHIICHHS
TUTOIII 30BHINTHIX OTOPOKYBAaTBHUX KOHCTPYKIIN 10
50%, marepianomicTkocTi OynmiBHUITBa - Ha 8-10%,
IO TepHUTOpii, mo 3a0ymoByeTbes - Ha 30-40%,
CKOPOYEHHS JOBXXWHHM KOMYHIKalii, Mia'i3HUX HUISIXIB
i t.a [7]. Y mnpaktumi npoeKTyBaHHS OJOKYBaHH:
eHeproe(peKTUBHUX OYIiBEIIb Ta KOMILJICKCIB MOXKITHBO
SIK 110 TOPU30HTAI, TaK 1 1o BepTHkani. Haibinbioro
eeKTy MO)KHa JOCSIITH NpU 30iJbLICHHI YHcia
OCBITJICHMX BHYTPINIHIX TpaHed MI0J0 KIIBKOCTI
30710k0BaHMX 00'ekTiB. Illel BHUCHOBOK HAOYHO
JNEMOHCTPY€E TpHKIAA OJoOKyBaHHS OyniBenb 3i
CTBOPEHHSIM BHYTpILIHBOTO ABOpY. IIpu Bigkpuromy
JIBOpi 3a0e3MmedyeThesl 3MCHIICHHS TUTOIII 30BHIITHIX
MIOBEPXOHb OJIOKOBAHOTO OYJMHKY IO BiJHOLIEHHIO 10
CyMapHOI IuIoIi oKpeMux 00'ektiB B 1,5 pasu. OqHak
SKIIO BHYTPILIHIA JBOPHUK IIEPETBOPUTH B aTpiyM,
3aCKJIMBINA  HOTO  3BEpPXy, TO  e(eKTHUBHICTH
OJIoKyBaHHS MOXe Iie OibIe 3pocTH, 70 1,6 OCKITbKH
301IBIIY€ETHCS YHCIO0 BHYTPINIHIX Tpanei [8].

ImwxeHepHe pimeHHS Takux OyIiBenb Ta Mae
KIIFOYOBE 3HA4eHHS. Y eHeproeeKTHUBHil >KHUTIOBii
OymiBii Ta KOMIDIEKCI 3 BEIHKOI KUIBKICTIO
OPUMIIIeHb, 10 MAaKTh  PIi3HY  OpIi€HTAIIo,
BPAaXOBYETHCS HEPIBHOMIPHICTh BIUIMBY COHSYHOTO
BUIIPOMIHIOBAHHS, a TaKOX MPOTWJICKHUH BIUIUB
(wBHOKICTE 1 HampsM  BITPY)  3O0BHIIIHBOTO
cepenoBuia. ToMmy omnagoBajibHA CHCTEMa IBOTO
OyIuHKY po3IijieHa Ha CaMOCTiiHI 30HH BiTIOBITHO 70
Opi€HTAaIi] 0 CTOpOHAX CBITY (0cO0IMBO Ha MiBHIUHY
i miBOeHHy). [307BOBaHMII  TEIUIOBHI  KOHTYp
eHeProe(PeKTUBHUHN KUTIOBHUX OYIIBIb Ta KOMIUICKCIB

Hacamrepe] 3abe3nedye MiHIMajbHI TEIJIOBI BTpaTh
OynmiBiai Ta KOMIUIEKCIB 33 pPaxyHOK e(eKTUBHOI
i30J1sii Ta eHEProe()eKTUBHUX BIKOH.

bydepni 30HM (MOOUTBHI JKMTIOBI 30HM Ha
MiBAEHHIH CTOPOHI, TEIUIUI) 32 PaXyHOK MeXaHi3My
HarpiBy-TeIIOBI1a4i-0X 00 KEHHS JI03BOJISIIOTH
B3MMKY €KOHOMHUTH €JEKTPOCHEPTil0 Ha OINAJCHHSA 3a
paxyHOK BIJACHOI TEIUIOBOI Binmadi B JKATIOBI
MIPUMIIIeHHS Oe3MocepeHpO (TeIoBianaga cTin) abo
yepe3 CHCTEMY BEHTWILAMII MiX TNPUMIIICHHAMH, a
TaKOX Yepe3 CXOIOBHIl MPOIIIT BCepeArHi Oy miBIIi.

BaxumBy pons B MacHBHOMY OMajeHHI OymiBii
rpaloTh  BIKOHHHII-Kam03i  (TaKOXX  MOXKJIHMBE
BUKOPHCTaHHS paduuTop), sSKi 3HWKYIOTh TEIIOBI
BTpaTH uepe3 BikHa Ha 70%.

[TpupoHa BEHTUIIALIS 31IHCHIOETHCS 32 PaXyHOK
OXOJIOJKEHHS Oy(epHHX 30H (MOOIIBHI )KUTIIOBI 30HU
HAa TIBACHHIN CTOpPOHI, TEIUMIi) SKi BIITKY
HarpiBaloTbcsi BIEHb, OXOJOKYIOThCA BHOYI, HE
JTAIOYN HATpiBaTUCS BHYTPIIIHIM IPUMIIICHHS.

BeprukanpHa BeHTWIALIS, 3IiMiCHIOBaHa dYepes
CHeliaibHi PEeryIbOBaHi OTBOPH B KOHCTPYKIISIX CTiH 1
MIEPEKPUTTIB,  JIO3BOJIIE  TOBITPSHHUM  ITOTOKaM
nepeMimiaTucss 1o Bcid  OynmiBmi, 3a0e3mnedyroun
OXOJIOJDKEHHS 1 BEHTHJISILIIIO BHYTPIIIHIX MPUMIILIEHb.

TakoX BHUKOPHUCTOBYETHCSI CUCTEMa MeXaHIYHOI
BEHTWJIAIII, 110 CKJIAQJa€ThCs 3 JIBOX CHCTEM
npositproBaHHs. [lepiia 3acHoBaHa Ha 3aCTOCYBaHHI
NPUCTPOIB, SKi BIIKPHUBAIOTH 1 3aKPUBAIOTH CTYJKH
BiKHa MEXaHIYHO (32 JOMOMOTOIO EIEKTPOIPUBOLY).
Hpyra cucreMa nependavae 3aCTOCYBaHHS
MIPUIUIMBHUAX ~TIPHUCTPOiB-KJIANaHiB, BOYJOBaHHX B
BIKOHHY KOHCTPYKIIIO i 3a0€31edytoTh Oe3nepepBHUN
MPUIUIMB ~ CBDKOTO  MOBITPS -  TaKk  3BaHe
MikpomnpoBiTpioBanHs.  Llg  cucrema  nmo3Bossie
NOCTa4yaTH MPUMIIIEHHS MOBITPSIM 3 BYJIMI HABITh PU
3akputoMy BikHI. OCHOBa MPHHIMIY il NPUCTPOIB
i€l rpyny - pi3HULS PYXy MOBITPSHOTO MOTOKY 30BHI 1
BCepelIuHI OyaiBii, L0 BHHUKAE dYepe3 Birep abo
BHACJIIJJOK POOOTH NMPUPOIHOI BUTSIKHOI BEHTHIISLLI.
[pu HOpManpHO (YHKIIIOHYOWOi B  KBapTHpI
BEHTHIJIAII] KJTaraH He Ja€ MOBITPIO 3aCTOIOBATHCS 1
MTO3UTHBHO JIi€ Ha MIKPOKJIIMAT B IPUMIIICHHI.

KonguiitoBaHHs TO€AHaHE 3  IMPUILTUBHOIO
BeHTWIAIE0.  [IOBITpS  KOHIOUIIIOHYE  MUIIXOM
OUUINEHHS B CHUCTEMi (UIBTPIB Pi3HUX KOHCTPYKIIH,
HiAIrpiBaeThess a00 OXOJIOMKYETHCS, 3BOJIOKYETHCS
a00 OCYNIYETHCS 1 IOJAETHCSI TTO CUCTEMI MOBITPOBOJIIB

B  IpuMimeHHS.  3aCTOCOBYIOTBCS  LIEHTPAJIbHI
KOHJIUITIOHEPH.
Bin meHTpalbHUX ~ KOHAMIIOHEPIB  TOBITPS

MTOJIA€THCS B IpuMinieHHA. EHepreTnuHa e(eKTHBHICTH
TaKuX KOH/JJMIIIOHEPiB - OJIM3BKO 70%.
EneproedexTrBHa KHTIOBA OYAIBII Ta IKHUTJIOBI
KOMJIEKCH 3a0e3ledyeThesl peKyleparopaMu Teruia -
CHCHIaTbHOTO  KIIMAaTHYHOTO  OONAIHAHHA,  SIKE
JIO3BOJISIE HATPIBaTH MPUIUIMBHE XOJOJHE TOBITPS 3a
pPaxyHOK TeIlIa BillIPaibOBaHOTO MOBITPS MPUMIIIIECHb.
Pexymepariiiini  TernmooOMiHHUKA —~ BOYAOBYIOTHCS
6e3mocepeTHBO B BEHTWIALIIHY CHUCTEMY.
Eneprernyuna e(eKTHBHICTH TETIIOOOMIHHHKIB JOCSTAE

60%.
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Ha puc. 4 rpadiyno ymoBHO mokazana pobora
CHCTEM ONAJICHHS, BEHTWIALI] Ta KOHJIULIOHYBaHHS B
pizHi mopu poxy[4].

[pu MIPOEKTYBaHHI
JKUTIIOBUX OyniBens,

eHeproe()eKTUBHUX
KOMILIEKIB MOXITUBO

BUKOPHCTOBYBAaTH €HEPTril0 IMOHOBIIOBAHHUX JIKEpEes
LUISIXOM 3aCTOCYBAaHHS COHSYHHMX KOJIEKTOPIB ISt
MiAirpiBy BOAM Ta TEOTEPMAIBHOTO IPYHTOBOTO
TEIIOBOrO Hacoca JUIL MOTpeOd CUCTEMU OIaJICHHS.

C) 61imKy 6 OeHb
Puc. 4 Poboma inoiceneprux cucmem i apximekmypHux piuileHs, CApAMOBAHUX
Ha eHepeo3bepedicenHs 8 6YOUHKY NPOMA2OM POKY.

[IpoekTyBaHHS eHEProe()eKTUBHUX IKUTIOBHX
OyniBenb - 1€ CKJIaJiHAa KOMIUIEKCHa poOoTa 6aratbox
(axiBiiB, poboTa SKHX 3aCHOBaHA Ha MPHUHIUITAX
MaKCHMaJIbHOTO 3a0e3leueHHs] eHeproe(eKkTHBHOCTI,
€KOJIOTTYHOCTI Ta eKOHOMIYHOT e()EeKTUBHOCTI OYiBIIi.
Y  eneproedekTHBHIH KUTIOBIM  OyxmiBni  abo
JKUTIOBOMY KOMIUIEKCI 3a0e3mednTH Taki KpuTepil
MPEJCTABISIETECS 9acoM OUTBII MOXKIIMBHM, HIK B
MAJIOTIOBEPXOBid OynmiBmi. 3 ormsimy Ha Te, IO
BIaCHUKH  C€HEpProe()eKTHBHOTO JKUTIA  CIUIBHO
YIPaBIAIOTh OyAnHKOM, MO>KJIMBHI OibIm
pamioHaTbHUHA 1 BUTIMHUHA U BCIX MIOXiJ IO BHTPAT
eHeprii, Boau i T.H. [7].

BucnoBok IIpoBeneHo icTtopuuHHMid — aHai3
PO3BUTKY CyYacCHHX €HEpProe()eKTUBHHX IKUTIOBUX
OyxaiBens Ta komiwiekciB. CPopMOBaHO Ta OMMCAHO
OCHOBHI ITPUHIIMITK NPOEKTYBAaHHS eHEProe(eKTUBHUX
JKUTJIOBUX OyaiBeNb Ta KOMIUIEKCiB. Bu3HaueHo, 1o
MPOEKTYBaHHS eHeproe(eKTUBHUX JKUTJIOBUX
OyzaiBenb Ta KOMIUICKCIB Ha CBHOTOJHIIIHIA NICHb €
OHMM 3 HaWOUIbII MPIOPUTETHHX Y CydacHid
apXiTeKTypi.
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MATHEMATICAL MODEL OF ADJUSTMENT OF CONTROL PARAMETERS FOR DRONE
FLIGHT ALONG THE PLANNED FLIGHT PATH

Caob3ues Invxan Hapuman oznot

KaHouoam Qu3uko-mamemamuieckux Hayx,
8€0YWULl HAYYHBIN COMPYOHUK,

Hncmumym Cucmem Ynpaenenus AHAH
Asepbatioxcan, baxy - AZ1141 yn. F.Baxausaoe, 9

MATEMATHYECKASA MOJEJIb KOPPEKTUPOBKH YIIPABJIAIOIIUX ITAPAMETPOB JJIs1
MOJIETA JPOHA IO HAMEYEHHOM TPAEKTOPUU

Summary. In the paper, the modeling method has been offered and investigated for an adjusting the
movement of an unmanned aerial vehicle (drone) based on navigation data. The constructed mathematical model
is described in terms of distributed forces and is universal in nature. It allows determining the distributed control
force, which within a short time offsets the deviation from the planned path. The proposed model is applied to
solution of the problem of adjusting control parameters for quadcopter type drones. It is assumed that the design
of a quadcopter is absolutely rigid, its propulsion systems (four identical motors that rotate propellers) are
symmetrically located and rigidly fixed relative to its central part. The variation of the propeller rotation speed
needed to control the quadcopter is calculated on the basis of data from navigation devices (gyroscopes and an
accelerometer) that specify the Krylov angles. The numerical experiments allowed to estimate the values of
suitable matching factors between the components of the angular velocity vector of the propellers and the rate of
variation of pitch and roll angles.

AHHOTaI[l/Iﬂ. B pa60Te HCCIIEAYETCA METO MOJACIUPOBAHUA KOPPEKTHUPOBKU ABUKCHHUA JICTATCIILHOTO
armapara (Jj[pOHa) Ha OCHOBAHHWHU HABUTAITMOHHBIX JaHHBIX. HOCTpOGHHaH MaTeMaTH4YCCKasg MOACIIb ONMCHIBACTCA
B TCPMHUHAX paclpeACIICHHbIX CUJI U HOCUT YHHBCpcaHLHBIP'I XapakTep. OnHa 1mo3BoJIsIeT OIPEACIIUTD YIIPABJIAIOMIICE
pacopeacjaeHHOC yCUIINe, KOTOPOE B MPCJCiiaX KOPOTKOTIO0 BPEMEHHU KOMIICHCUPYET OTKIIOHCHUE OT HaMe4eHHOM
TPACKTOPHHU. HpezmoxceHHa;{ MOJCJIb IPUMCHCHA K 3a1a4€ KOPPCKTUPOBKU MApaMETPOB YIIPABJICHUS 111 APOHOB
TUIIAa KBaJApOKoHTepa. C‘{I/ITaeTCiI, YTO KOHCTPYKIHSA KBaJApPOKOIITCPaA a0COJIFOTHO KECTKas, €ro CHIIOBBIC
YCTaHOBKH (‘ICTBIpe UICHTUYHBbIC MOTOPBI, Bpamaroniye Hponennepbl) ABJIAOTCA CUMMCTPHUYIHO
PacioJIOKCHHBIMU U JKCCTKO YKPCIJICHBI OTHOCUTEIBHO €T0 LIGHTpaJ'IBHOﬁ qacCTHu. H€O6XO,I[I/IM06 JUI yIIpaBJICHUA
KBaJAPOKOITEPOM U3MEHCHUEC YaCTOT BpallICHUA TPOIMCIUICPOB BHIYHUCIIAIOTCA Ha OCHOBC JJaAHHBIX HABUTAITUOHHBIX
mprOOPOB (TMPOCKOIIOB M aKCEIepOMETpa), 3aAal0NINX YIasl opueHTannu Kpeinosa. [IpoBeneHHbIe YnCIIeHHBIE
OKCICPUMEHTBI TO3BOJIMJIM  OLHCHUTH 3HAYCHUA MOAXOIAAIINX KOB(I)@)I/IL[I/ICHTOB COTJIaCOBaHUsA  MEXKIY
KOMIIOHCHTAMU BECKTOpa er‘IOBOﬁ CKOPOCTHU IPOICIITICPOB U CKOPOCTbIO U3BMCHCHUS YIJIOB TaAHI'dXKa U KPCHA.

Key words: mathematical model, coordinate system, Krylov angles, flight path, control, drone

Knioueswie cnosa: KOHMpPOJIbHAAl o6ﬂacmb, peﬁmuHeogaﬂ OYEHKA, qbopMupoeaHue wKajuvl OYyeHKuU.

Introduction

The widespread use of drones has led to numerous
publications devoted to various aspects of controlling
individual drones or a group of drones. The starting
point of all these models is obviously the classical laws
of mechanics, and one or another approach is used,
depending on the design, control principles and the
task, see e.g. [1-4].

The fulfillment of tasks by a drone naturally
involves flying along a certain trajectory, which can be
drawn by an operator or an automatic planning system
relative to the earth.

A simplified model of drone movement results in
its deviation from the planned trajectory under the
influence of random external factors (wind, poor
balance of the drone, etc.). It becomes necessary to
adjust the flight movement to minimize the deviation
along the entire flight path. Similar problems were
considered, for instance, in [5-8]. In these studies, the
orientation of the drone is set by Euler angles, and they
are convenient to use in the computer simulation of a
drone flight. However, currently widely used
navigation devices installed on board drones calculate
Krylov angles.
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In this paper, the universal modeling method has
been developed and investigated for drone movement
adjustment based on processed sensor data, orientation
and propeller speed of the propulsion systems. The
coordinates of the location and current speed of the
drone are determined on the basis of data from the
gyroscopes and the accelerometer.

Problem statement

Suppose that a drone flies in such limited
boundaries that in calculating its flight path, the
curvature of the Earth can be neglected and a Cartesian
coordinate system can be used to describe its position
in space. Let us introduce the “earth-fixed” right-
handed coordinate system O, x,y,z,, placing its origin
at some point on the earth’s surface, directing the axes
0Og4x4 and Oyy,, respectively, say, to the north and the
west, and the axis 0Oyzz, upward vertically
(perpendicular to the plane Oyx4y,). Itis known that at
each time instant t considered, the position of a solid in
space can be determined by six parameters: the spatial
coordinates of the center of gravity x,(t), y,(t), z4(t)
and the angles that specify its orientation relative to the
Earth's fixed coordinate system Oyx,y,2,.

Typically, operators set the planned flight path,
which can be implemented in different ways, within the
technical capabilities of the drone [9]. Depending on
the flight mission, such a line can be parameterized in
time in various ways. In this paper, we will assume that
the flight path is plausibly parameterized and
represented by the known functions x,, (t), y, (t), z, (t)
set in the coordinate system Oy x,y,2,.

When modeling the process of controlling the
flight path adjustment, the following conditions are
accepted:

The elements of the drone have a negligibly small
impact on its flight qualities, and the design of the drone
is considered absolutely rigid;

At each instant t,, the current coordinates
x(ty), ¥(to), z(ty) and the flight  speed
x'(ty),y'(ty), 2" (t,) can be determined based on
sensor data;

Within a limited time, the impact of external
factors is systematic, and the drone mass m remains
unchanged.

Problem: Given the planned flight path £, =
{x, (), ¥,(6),2,(0)}, the mass of the drone m, the
current location {x(ty),v(to),z(ty)} and the flight
speed {x'(ty),y'(ty),z'(ty)} at moment t,. Find the
distributed control force AF, which within a short time
At compensates for the cumulative deviation from the
planned path.

A quadcopter of symmetrical shape will be
considered as a specific type of drone. Since the air
flow created by the propulsion systems is directed
downward and the lifting force is directed
perpendicularly upward, when implementing the
compensation AF, it is necessary to tilt the drone during
the maneuver, adjusting the angular rotation velocities
of the propellers.

When solving the problem of adjusting the drone’s
flight, it will be necessary to know the drone’s

orientation in space. The yaw angle ¢(t), the pitch
angle 9(t), and the roll angle y(t) are taken as the
angles of current orientation [10]. The setting of these
six functions completely determines the trajectory and
orientation of the aerial vehicle.

Analysis of the impact of the forces acting on the
drone

Let us introduce the drone-fixed coordinate
system Oxyz. The origin is located at some arbitrary
point, usually the center of gravity of the drone. The
axes Ox, Oy and Oz are directed so that at the starting
moment of flight they are parallel to the axes O,x,,
04yy and Oyz,.

Suppose {F,, F,, ...} denotes the set of all forces
that act on the drone. These include the drone’s gravity,
the lift generated by the drone’s propulsion systems,
aerodynamic drag, gyroscopic forces, Coriolis force
[8], etc. As is known [11, P.234], all forces acting on a
solid can be reduced to one resultant force F and the
resulting moment M applied to its center of gravity.

Each force F,, creates torque relative to the drone's
center of gravity. The moment of force will change
depending on the drone specific design features (for
instance, tricopter drones with a propulsion system
rotating around an axis located at an angle to the
direction of thrust), on the orientation of the drone in
space during flight (the gravity of the drone is always
directed along the earth vertical axis).

Suppose {a,gl),aff),...} denotes the parameters

determining the arm of force F,, relative to the center
0. For instance, the coordinates of the points of force
application and the Krylov angles [10, P.9] of its
orientation in space can act as these parameters.
Obviously, the formula for calculating the arm of force,
depending on its nature, can be described analytically.
Let us denote this arm by Rk(a,gl), a,(f), ...). Then the
resulting force and torque created by the forces
Fy,F,, .. are calculated, respectively, from the
formulas:

F =31 Fy,
1 2
M = Ysq FkRk(a](( ),0(,(( S T6))

It should be noted that when the resulting force is
different, due to the specific design features of the
drones, the resulting moment M, in the general case,
can depend nonlinearly on F,,F,,.. . Since the
problem of adjusting deviations occurring over a short
period of time in the following paragraphs has been
considered, the nonlinearity of dependence (1) can be
neglected and it can be assumed that during this period
the values of R, (", ', ...) remain constant.

Determining the resulting control vector

In accordance with the statement of the problem,
it is need to determine a distributed control force AF
such that the deviation from the flight path is
compensated for over a sufficiently small At time
period. Since At is a fairly short time, the adjusting

force can be realized as a vector AF = (AF,, AF,, AF,)
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with constant components AF,, AF,, AF,. Denote Ax = (AFx = % (xp (ty) — x(to)),
x(t) —x, (), Ay = y () — ¥, (8), Az = z(t) — 2, (D).

Then the system of equations for the compensating
term of the flight path is written in the form:

mAx" (t) = AF,,
mAy'" (t) = AF, )
mAz' (t) = AF,.

Here, initial condition (3) will represent the
detected deviation at t,, and condition (4) — the fact of
compensation for this deviation over time t, + At:

Ax(to) = x,(to) — x(to),
Ay(ty) = Yp(to) = y(to), 3)
Az(ty) = z,(to) — 2(to),

Ax(t + At) = 0,
Ay(ty +At) =0, 4
AZ(tO + At) = 0.

System (2) - (4) can be supplemented with the
condition that the deviation compensation rate be equal
to zero:

Ax'(ty + AL) = 0,
Ay'(to + At) = 0, (3
AZ,(tO + At) = 0.

Solving problem (2)-(5), the values of the
components of the control vector AF has been obtained:

AE, =Z%(yp(to)—y(to)). (6)

BF, = 22 (7,(t0) — 2(t0)) .

As mentioned above, the propulsion systems of
the drone are located in different points of the drone,
depending on the technological solution and specific
design features. Therefore, if, on the one hand, a change
in the forces of the propulsion systems creates excess
torque (e.g. drones with fixed propulsion systems),
then, on the other hand, a change in the torque and
redistribution of the components of the resulting force
relative to the earth can be the result of a rotation of the
axes of the propulsion systems (e.g. tricopter type
drones [1]). It will be reflected in the variation of the

corresponding angles {a,((l),a,(f),...}. Thus, for the

drone to offset its deviation along the planned
trajectory, it is necessary that the propulsion systems of
the drone, within the limits of their capabilities, change
the generated forces F}, so that the following condition
is satisfied:

Y1 (Fi = Fi) = (AF,, AFy,AFZ).

Ensuring a quadcopter’s stable flight mode

The description and mathematical model of the
movement of a typical quadcopter have been studied in
various sources [2, 3, 12, 13]. The propulsion systems
of quadcopters are four identical propeller-rotating
motors symmetrically and rigidly fixed relative to the
central hardware component of the drone. For clarity,
we number them from 1 to 4 in the counterclockwise
direction around the center of the drone (Figure 1).

Figure 1. Quadcopter schematic

Let us introduce the bound right-handed Cartesian
coordinate system Oxyz with the origin in the center of
the quadcopter. Suppose the propulsion systems are
located in the points

(,0,0),(0,1,0), (—=L1,0,0), (0,-1,0). )

Let us number them in the order indicated in (7)
and assume that propellers 1 and 3 create a moment in
the clockwise direction, and 2 and 4 in the opposite
direction. If it is assumed that the mass of the

quadcopter is concentrated only on the segments
connecting the center of the drone and the point (7),
then its inertia matrix will be diagonal, with elements
Jxxr Jyy: Jzz [14, P.18].

Suppose w; (t) denotes the rotation speed of the i-
th propeller at the instant t. The task of controlling the
flight of the drone along the planned path involves
determining new values of w; (t), which contribute to
the variation of the components of the generated force
by values (6). The input information for solving this
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problem is at the time t, the rotation velocities of all
propellers w;(t,), (i = 1,2,3,4), the current yaw angle
@(t,), the pitch angle 9(t,) and the roll angle y(t,)
and the components of force (6). Let the pitch and roll
angles vary within the interval (— /2, + 1 /2).

Due to the smallness of the angular acceleration of
the drone during maneuvering and the smallness of
gyroscopic forces and Coriolis force arising during
rotation, they can be neglected. According, for
instance, to [13, P.3], the i-th propeller creates thrust
and torque relative to its rotation axis

fi = kw}, 3; = b},

where k and b are the known coefficients
determined experimentally for a particular type of

1 0 0
A =|0
0

where C; = Cos§, Sg = Siné are denoted for
brevity. Since force F generated by the propellers is
always directed along the axis Oz, then the following
representation can be written for it in the coordinate
system 0,x,y,z,: F = F(—=Sy,—S,Cy,C,Cy). Let us
denote

F = (AF, — SyF,AF, — S,CyF,AF, + C,CyF).(12)

In order for the quadcopter to offset its deviation
from the planned trajectory, the propulsion systems
must change the rotation speed of the propellers by
some values w; (t), (i = 1,2,3,4) to:

[

propulsion system. Total force F and torques M,,,
Mo, My, generated by the propellers relative to the
axes Ox, Oy and Oz, respectively, will be [11, P.138,
§117:

F= Z?:lfi = k2?=1 wiz’ )
Mox = fol = ful = kl(w} — w}), (9)
My, = f3l = fil = kl(w} — w?), (10)

Mo, =31 =3, +33 -3, =
b(w? — w3 + w? — w?), (11)

Transformation matrices corresponding to the
rotation by the set {¢, 9, y} are the matrices [10, P.42]

Co 0 =S,
y =Sy ,A(19)E<0 1 o),

C
S G

Ap) E(

Ss 0 Cq
~S, 0
Sy C, 0.
0 1

(A) create a force equal in modulus to ||, on the
one hand, and

(B) tilt it in the direction of the vector F relative
to the coordinate system Oy x,y,2,.

It is easy to calculate the necessary angles
{p*,9%,y*} providing an inclination of direction of the
axis 0z along F. It is clear that the yaw angle ¢ is not
involved in representation (12), therefore, it can be
considered unchanged during the adjustment
maneuver. Thus, next formulas have been written
below:

F, —S,CoF
~ AF,+C,CyF’
AF, — SgF

~ (AF, —S,CoF)C,.

P =0.

These angles, over a short period of time At can
be implemented by changing angles {¢, 9, y} at the rate
of {vq, =0,vy = Ky 19;_;19%/ =K, %} where the
coefficients ko and «k, can be determined
experimentally. Then the angular velocity vector v,
relative to the coordinate system Ogx;y,z,,
accordingly [14, P.164], is

Vgx
Vg = (VgY> =

Vgz
Successively applying the transformations A(¢),
A(9) and A(y) to (13), the representation for the

vqu)Cﬁ + V195¢
VySeCo —v9Cy |(13)
V},Sg

angular velocity vector in the coordinates of the bound
coordinate system Oxyz has been obtained below:

Vy Vgx
(VY> =AAWD)A(p) (ng> :

VZ ng

Further, taking into account the above
assumptions and following [14, P.167], next formulas
for calculating the torques have been obtained

Moy = JxxVx »
Moy = Jyyvy
MOz :]szZ.



.|
[EESY] |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #10(62), 2020 23

Now, based on (8) - (11), conditions (A) and (B)
will be rewritten as follows:
(@1)? + (@3)? + (03)? + (@3)? = £ |7,
(@3)? = (@3)? = vy,
; (14)
(@3)? — ()2 = 22v,

(@12 = (@) + (3)? = (W3)? = Zv,

-05

The main determinant of the system (14) A= 8,
therefore all w;(t), (i =1,2,3,4) are determined
uniquely.

Figure 2. Diagram of deviation compensation at x,, = 6.2 for different values of

A software module has been developed for
estimating the coefficients x4 and «,,. Our experiments
conducted for the case k=15x10"5 and b =
0.5 X 1076 have demonstrated that the coefficients
and k, can be taken within the interval (5, 7). Fig. 2
shows the plots of deviation compensation for different
values of ky, at x,, = 6.2. The horizontal axis shows
time, in 100 milliseconds, the vertical — deviation from
the flight path, in meters. Similar plots are obtained for
different values of k,, at kg € (5, 7).

Results

A mathematical model has been developed and
proposed for determining the distributed control force,
which compensates for the deviation from the planned
flight path within a short time. The proposed model is
applied to the problem of adjusting control parameters
for quadcopter type drones, which are calculated based
on feedback from sensors that specify orientation
angles in Krylov angles. Numerical experiments have
been carried out, and the values of the suitable
matching factors between the components of the
angular velocity vector and the rate of variation of pitch
and roll angles have been estimated.
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OPTAHI3AIIISA I TEXHOJIOT IS ABTOMATH3AIIL BAPOBHUIITBA
AC®AJBTOBETOHY,TEHJIEHIII TA MTEPCNIEKTUBHU PO3BUTKY

AHHOTanusi. B crarTTi Big3HaueHo, 110 /Ui OyIiBHULTBA AOPIr i OIaroycTporo TepuTopii y BCbOMY CBITI
3aCTOCOBYIOTh ac(aibTOOETOH, W0 JA€ SIKICHE 1 JIOBrOBIYHE IMOKPUTTSA. Ac(aibToOETOH € Haa3BHYaHO
MOITYJIIPHAM MaTepialoM KW BUKOPHCTOBYETHCS B CydacHIW OymiBeNbHiH ramysi. BigsHauHo, oo Moxe OyTH
OTpPUMaHUIl JONATKOBHH e(eKT BiJ OTPUMaHHS HOBHX 3HaHb NPO MpoLeC BHUPOOHMITBA achanbTOOETOHHOT
cymimri. Tak, SKII0 IPUCYTHI 1 JesiKi MOKa3HUKH KOMITOHEHTIB ac(aibToOSTOHHOI CyMili, i TIOKa3HUKHU SIKOCTI
TOTOBOI MPOJYKIii, TO 3a JOMOMOIOI0 pPO3pO0JIEHOT MaTeMaTHYHOI MOZENl € MOMKIIHMBICTH JIOCHIIKYBaTH
CTaTHCTHYHI TEXHOJIOTIYHI 3aJIeKHOCTI BHAY W, — @(V;) 1 OTpUMaTd MOAENI TEXHOJOIIYHOro IPOIECy
BUPOOHMITBA ac(hasbTOOETOHHOI CyMmimli, sIKi MOXYTh OyTH BHMKOPHCTaHi B TOMY YHCIHI 1 JUIs IiJBUIICHHS
e(peKTUBHOCTI YIPaBIiHHSI BUPOOHHUIITBOM.

B crarti peamizoBaHO Ta 3ampoNOHOBAHO MiAXiJ HAa CaMOMY BEPXHHOMY PiBHI NMPOMOHOBAHOI CHCTEMHU
ynpaBimiHHA. B maEMi 9ac 3akiHUyeThCS pO3poOKa aBTOMATH30BAaHOI CHCTEMH YIPABIIHHSA BHPOOHHIITBOM
achanpTOOETOHY, B SKiH peanizyeThCsl BUKIAJACHUNA B JaHiM CTATTi MiIXid, 3aCHOBAaHUN HA PO3MIUPEHHI TIOHATTS
o0'exta ympaBmiHHA 3a Mexi AB3 1 BKmIOYeHHI B KOHTYp YNpPaBIiHHS TPAHCIOPT, YKIAaTaHHA 1 HaBiTh
EKCIUTyaTallito FOTOBOTr0 ac(halbTOOETOHHOTO TOKPUTTS.

Kniouosi cnosa: asmomamusayis, acganrbmobemon, YNpaguiHHs MpPAHCROPMY, NOKPUMMS, YNPAGIIHHSA
BUPOOHUYMBOM, NIOBUWJEHHSL YNPABTIHHSL.

Jnst OyAiBHUIITBA JIOPIT 1 6I1aroycTporo Tepuropii
Yy BCBOMY CBITI 3aCTOCOBYIOTh ac(hajbTOOETOH, 110 A€
AKiCHE 1 JOBroBidHe MOKPHUTTI. AcampTobeToH €
Ha/[3BUYAMHO  MOMyJIIPHUM  MaTepiaioM  SKUi
BUKOPUCTOBYETHCSI B CyYacHid OyZIiBenpHiN ramysi.
Moro BizHOCHA HemOpOra BapTiCTh MaTepiay MOpSII 3
ONTHUMAIbHUMH  XapaKTEPUCTUKAMH  JI03BOJISIOTH

BHKOPHCTOBYBATH ac(habTOOETOH SIK BEPXHE JIOPOXKHE
MOKPUTTSL. Ac(hanbTOOETOH NOCUTH MILTHUH 1 HA I THUI
MaTepial,TOMy BUTOTOBJICHHS ac(aibTy, OyJiBHUIITBO
3aBO/IiB 3 BUPOOHUIITBA acPabTHUX CyMilllel - OJIMH 3
MEPCIEKTUBHUX HAMpSIMKiB OizHecy. BupoOHHITBO
achanpTy B YKpaiHi me J0Bro OyJe 3ajumiaTHCS
OJTHIM 3 HaHIpHOYTKOBIMMX BUAIB Oi3Hecy. ChOroaHi


https://www.aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/Toms.pdf
https://www.aviationsystemsdivision.arc.nasa.gov/publications/hitl/rtsim/Toms.pdf
https://sal.aalto.fi/publications/pdf-files/eluu11_public.pdf
https://sal.aalto.fi/publications/pdf-files/eluu11_public.pdf
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Oy/MiBHULTBO Ta NMPOEKTYBaHHS ac(aJbTOBUX 3aBOJIB
TUIbKK HaOupae xin. Po3Burok ramysi acanbToBOro
BUPOOHMIITBA € OJHUM i3 MPIOPUTETHUX 3aBAaHb
TpaHcropTHOi  cepu  OyAiBeNbHOTO  cekropa 1
€KOHOMIKH KpaiHU B LILIIOMY.

JlokanbHi CHCTEMH YNPaBIiHHS TEXHOJIOTIYHUM
MpoIlecOM BHPOOHMITBA acharpTOOETOHHOI CyMimTi
3HAXOIATBhCA Ha HAWHIKYOMY piBHI iepapxii i
3abe3neuyeyHKITIOHYBaHHS TEXHOJIOTI9HOTO
oOmamHaHHsA. Y OUIBIIOCTI BHIIAAKIB Ha 0OaraTbox
3aBOZIaxX mIraTHi €JIeKTPOMEXaHIIHi CUCTEMH
JIO3YBaHHS Ta YIPaBIiHHS BXKe HETparie31aTHi.

Bei mi cuctemu ympaBiiHHS peanizoBaHi Ha
Cy4acHOMY piBHI 3 BAKOPUCTAHHSM MiKPOKOHTPOJIEPIB
i 3a0e3meuyroTh (QYHKI[IOHYBaHHS TEXHOJIOTIYHOTO
oOnagHaHHs acdanbToOeToHHOTO 3aBoay (AB3). Aune
BOHM He 3a0e3NeyyloTh OIEPAaTUBHOIO YIPABIiHHSI
BUPOOHHIITBOM 3 METOK  CTa0imizamii  SKOCTi
npoxaykmii. Lle moB's3aHO 31 ckmamHICTIO 00'ekTa
YOpaBITiHHS.

BupobaunrBo achanbToOeTOHHOI cyMmimi  sK
00'eKT YUpaBIiHHA XapaKkTepH- 3y€TbCS PAIAOM

0COOIIMBOCTEH:
BiH siBise c000I0 CyMilll MPUPOJHUX MIHEPATIB i
JIOPO’KHBOTO oiTyMmy. Harypanbhi CKJIaJIOBI

3a0e3MeuyroTh MillHICTh HOKPHUTTSL, a OiTYM MOB'sA3ye TX
B €IMHY KOHCHCTEHLII0. TexXHOIOoris HOro yKiaaaHHs
NPaKTHYHO HE BIiAPI3HIETHCS B PI3HUX KpaiHax, aie
SKICTh JOPO’KHBOTO MOKPHUTTS 3AJICKUTD Bijl Cy4acHUX
KOMITOHEHTIB, Kl J0JaroTh ab0 He IO0Jal0Th B
acdaneToBy cymim. [IpuroryBanas acdaisTo 6€TOHY
BUPOOISIETECA 3 BHCOKOSKICHHX MartepiaiiB, IIo
BIIMOBINAFOTh JIEp)KaBHUM CTaHIapTaM. Buxomsdu 3
nepeabadyBaHUX HaBaHTA)KCHb, KIIMaTy Ta IHIIAX
YMOB  eKkciuryarauii — acdaibroOeTOHHOI  cymin,
HEOOXIHO JOTPUMYBATUCS HEOOXIIHHX IMOKA3HHKIB

MIIHOCTi, MIJIBHOCTI, CTIfiKOCTI 10 BOAM 1 IO
MOJKJIUBUX 3PYIICHb.

acdanpTo0eTOH € 06araToKOMMOHEHTHOL
CTPYKTYPOIO, Ha KiHIICBIBIACTHBOCTI SIKOTO

BIUIUBAIOTH: SIKICTh NPOEKTY MOKPUTTS aBTOMOOUIBHOT
JIOPOTH;, BIACTUBOCTI KOMIIOHEHTIB ac(abTOOCTOHHOT
CYMIIIi; pemenTypa i CTPYKTypa CYMIIIi; TEXHOJOTisd
BUPOOHHUIITBA, TEXHOJIOTiS TPAHCIIOPTYBaHHS CYMIiIIi
Bim AB3 mo o0'ekra, TEXHONOTIA YKIAZaHHA 1
VIIITBbHEHHS CYMIIIi;

He ICHy€ CTPOrOro MaTeMaTHYHOTO OTHCY 3B'SI3KIB
MK BHMIpSHUMH (Pi3SMUHUMH TapaMeTpaMy CyMimn i
eKCIUTyaTalifHUMK BIaCTHBOCTAMHE. [lJIs1 HUX MOXKHA
MIPOBECTHU e SKiCHE OIIIHFOBaHHS Ta
MPOTHO3yBaHHS;

BHKOPUCTAHHS KOMITOHEHTIB ac(aibToOETOHY 3
HecTaOUIbHIMU ITapaMeTpaMu MPU3BOIUTE /10 Bapiarii
BJIaCTHBOCTeH cymimi. binbmiicts  po3pobieHnx
METOJIUK  BHU3HAYEHHS  MapaMeTpiB  cymimi i
TEXHOJIOTIYHOTO TIPOIeCy 3aCHOBAHI Ha 00YMC- JICHHI
CepelHiX 3HAa4YeHb, LI0 HE MOXE TIapaHTyBaTH
BUpOOHMITBa acanpTo- OeToHy 3i CTabiIBPHUMHU
3HAYCHHSAMH ITapaMeTpiB;

NPaKTUYHO BIJCYTHS MpUAaTHA
YOpaBITiHHS TEOopisIMyBaHHS

I 1enel
BJIACTUBOCTEN

acanbroberonHoi  cymimi Ak QyHKOi  Bifg
BJIACTHBOCTEH KOTPi HEHTOB, PELENTYPH 1 ITApaMeTPiB.

Ha AB3 € maboparopii, ame ix mnpuiagose i
METOJIOJIOTIYHEe 3a0C3MEUYCHHS HE OpIEHTOBAaHE Ha
OIlepaTHBHE YIPABIIHHS TEXHOJOTTYHHUMIIPOLIECOM, a
TUIBKM 3a0e3nedye arecTamiro BHPOOJeHOI cyMmimri
Oimpmicte AB3 € mpuTpacoBi i po3TamoBaHi B
MOJIEOBUXYMOBAX.

HesBaxxaroun Ha 3a3HadeHi TPYIHOILI B OCTaHHI
POKH 3'SBIITUCS Pe3yNBTaTH OCITIKEHB, YCIIIIIHO
PO3BHBAIOTH yTpaBiiHHA BUpoOHUITBOM s AB3.
BaxnmmBuM KpoKoM y TMOOYAOBI CHCTEM YHpaBIiHHSA
skicTio  achanbToOeTOHY € pobora, B  AKiH
3alpONOHOBAHA i/iesl TOIIYKY EKCTpeMyMy 3B'SI3KYy
MIITHOCTI ac(hanbToOeTOHY 3 BUTpaToro OiTymy. OnmHak
B HiI HE JOCNI/PKEHI METOJM IOIIYKY EKCTPEMyMY
(yHKIIT, HE IPOBEACHO OILIHKY 00JacTi 3aCTOCYBaHHS
i e(peKTHBHOCTI 3amporoHOBaHOTO cmocoly. Lleit
MiIXiZ OTpUMAaB IEBHUH PO3BHTOK 3a pPaxyHOK
3aIPOIIOHOBAHOTO  METOAY IIOIIYKY EKCTPEMyMy
3BSI3Ky “‘MIIHICTH - BHTpaTa Oitymy”. BincyTHicTs
KOHTYpY YIpAaBIiHHS 3 OOYPEHHIO 3HMXKYE 3arajbHy
e(pEKTHBHICTh TAKOTO YIIPaBIiHHS.

Mera pobit mossirana B po3poOLli TEOPETUUHHX
OCHOB yIMpPaBJIiHHSI BUPOOHHUIITBOM ac(ambTOOCTOHHOT
cymimmi. byno moka3aHo, 1m0 aBTOMaTU3OBaHE
YIPaBJIiHHS KOMIIEHCY€E OOypEeHHS, 110 BILUTMBAIOTh HA
TEXHOJIOTIYHUI mpouec. B pesyibrari AociigkeHb
CTBOpEHa aBTOMAaTH30BaHa CHUCTEMa OINTHMAJIBLHOTO
yIpaBIeHis, gKa 3a0e3medye MakKCUMallbHiI MIilIHICHI Ta
IHIII  eKCIDTyaTamidHI  XapaKTepUCTUKHA  ac(anbTo
OCTOHHOT CyMiIi.

VY mux poboTax po3rIsSHYTI MUTaHHS MOOYIOBH
CHCTEMH YTIPaBIiHHA SK MO OOYPEHHIO (3 TPSMHUM
3B'A3KOM), TaK 1 10 BIAXWJICHHIO (31 3BOPOTHHUM

3B'A3KOM). AHaJNITUYHOIO OCHOBOIO  YNpPAaBJIiHHS
3€PHOBUM CKJIAJOM € pernamMeHToBaHi
XapaKTepUCTUKK  PO3NOALIIB  PO3MIpIB  3epeH

MiHEpaIbHOI CKJIaJ0BOT, IKi BUPaXKalOThCs Yepe3 MOBHI
3aJIMIIKM  Ha CHTax. 3a pe3yiapTaTaMH poO3CiBY
MiHEpaTbHOTO TOPOMIKY, ICKYy 1 IIeOeHI0 pPIi3HUX
(¢pakmiii BH3HAYAIOTBCA TakKi [O3M MiHEPaTbHHUX
KOMIIOHEHTIB, NIPH SIKMX KBaJIpaT BiIXUJICHHS MOBHUX
3aIMINKIB ~ HA  CHTaX  BiJl  perllaMEHTOBaHUX
3Ha4eHBOyAe MiHIMampHUM. LliMbOBOIO (YHKIIEIO
orrruMizarii B IBEOMY BUTIAJIKY Oyne
CepEAHBOKBAJAPATUYHE  BIAXWICHHS  (DAaKTUUHOTO
posmonity po3mipiB  3epeHF;(D) B MiHepanbHOI
CKJIJIOBOI BiJl periiameHToBaHoro posnoainyF,. (D) no

m curam
/ T (FE(D)-(F{(D))?
o(M,S,G) =

m

JeM — BUTpaTa MiHEPaIEHOTO TOPOLIKY;

S — BuTpaTa micky;

G — BuTpara miebeHro.

Toni  onTumanbHi  YacTKM  MiHEpalbHUX
KOMIIOHEHTIB O0YHCITIOIOTHCS 3 CUCTEMH PiBHSIHB!

ki Z;nzl{Fi(Dj)Fl(Dl)} = YL {E-(D)F(D)}.
2)
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VYnpapiniHHs 110 00ypeHHIO J03BOJISIE 3BECTH JI0
MIiHIMyMy  BiZXWIEHHS  (AaKTUYHOTO  PO3MOALLY
MiHEpaJbHOI CKJIaJI0BOI ac(anbToOeTOHHOI CyMilli 3a
po3mipamu Bix pernmamenToBanux JJCTY 3HaueHs npu
JMOBUTPHO  33aJaHUX  PO3MOJUIAX  MIHEPaJbHOTO
MOPOIIKY, MICKY 1 meOeHr0. BUMiproBaHHS MOKa3HUKIB
SAKOCTI y BHpPOOHHNTBI achanbToOETOHHOI cyMmimi
MPOBOOUTHCA SIK IS aTecTamii MPOMYyKINi, 1o

BUIMYCKAa€ThCA, TaKk 1 gud  iH(opMarmiiiHoTO
3a0e3medeHHss  mpolecy — ympaBimiHHA.  [leprmmid
HaNpsIMOK ~ ()OPMAJI30BaHO ICHYIOYWOIO CHCTEMOIO

craggapris (JICTY b B.2.7-75-98, ICTY b B.2.7-
232:2010, ACTY 5 B.2.7-319:2016, ACTY 8772:2018,
JACTY B B.2.7-89-99, ACTY b B.2.7-129:2013).
Jpyruii HampsiMOK BUKOpHUCTaHHsS iH(opMmawii s
3a0e3reveHHs 3aBAaHb OIEPAaTUBHOTO YIPABIiHHSI

HOPMAaTHBHUMHM JIOKyMEHTaMH (32 BUHATKOM 3aBJaHb
IIPOCKTYBaHHS CKJIaay ac(aibToOeTOHHOT CyMili).

v poboTax BUPINIyBaIHCs MUTAHHS
aBToMaTm3aii madopatopii AB3. OnHUM 3 OCHOBHUX
HAyKOBHX De3yJbTaTiB Li€l poOOTH € aHali3 BIUIMBY
YaCTOTH KOHTPOJIO 1 TOYHOCTI BHMIpIOBaHb Ha
e(EeKTHBHICTh BiJHOBJICHHS pEANBHUX IHHAMIYHUX
XapaKTepUCTHK MapaMeTpiB i, 0Txe, Ha e(eKTHBHICTh
YIpaBITiHHS.

SIk TOKa3amM OCITIMKEHHS, 4acTOTa KOHTPOIIO
HaJac ICTOTHO OlIbIN CHIBHHHA BIUIMB Ha TOYHICTH
BITHOBJICHHS THMYacOBOTO PsAy MIIHOCTI, HIX
TOYHICTh OJIHOPA30BOro BHMiproBaHHs. Hampukman,
MOKa3aHo, 10 30IJbLIEHHS YacTOTH KOHTPOIIO
B'SI3KOCTI OiTyMy 1 3MICTY ITICKy B CyMIIli JI0 TPhOX
pasiB Ha 3MiHY 3HWXKY€E TOXMOKY BU3HAYECHHS MIIJHOCTI

BUPOOHHMIITBOM  NpaKkTHYHO  He  3abesneueHo  acdanbroderony Ha 30%, mio migBuinye epeKTUBHICTD
YIpaBIiHHSA BUPOOHUIITBOM.
Inrepdeiicu kopucTyBaya .
pd preTy HporpaMHi
aHi 1Ipo iHTepdeiicu
A PO PesynbraT . . pq_) .
MaTepiaim 1 BHIDOG VYnpaBmiHHsS TTomryx Craructny- CepsicHi 30oBHIIIHI
MOCTaYaITh- B:HI) Y CKJIAJIOM MOpYIIEHb HUI aHaTI3 GbyHKIi MOy JaHHUX
HUK]B N N N N
Kepyrouwnit Mmozmyis
ITinoip OriHKa CTaTuCTHYHHIT ExcrieptHa Moaynb
CKIIa Ty JIOCTOBIPHOCTI aHaTi3 aHati3 HaBYAHHSI
i pilicHb i i i
BJ1
. b, bJ14 PesynbTratu
Marepiamm e B/13 IIpaBuna A 4
BUMOTH CTaTUCTUYHUX b/I5Snpenenentu
MOCTAYaIIbHUKH Mepexa .
JACTY JIOCHIJPKEHb
CKJIaJ

Man.1 Cmpyxkmypui MoOyai cucmemu YnpagninHs 3 GUKOPUCIAHHAM MemOo0i6 WMyyHO20 iHmMeneKmy

VY po6oTax BUKOPUCTOBYIOTh METOIU EKCIIEPTHUX
CHCTEM JULst aBTOMAaTHU3AIlii BUPOOHHIITBA
acanpTOO0ETOHY, 1[I0  JO3BOJMJIO  BpaxyBaTu
MO3UTHUBHUI JOCBI 1 3HAHHS, HAKOITMYEHI eKCIIEPTaMu

B ofOmacti TexHoyoril 1 YNOpaBmiHHS  SIKICTIO
acanpTobeToHy. Main.l mnpencraBisie CTPYKTYpY
NPOTPaMHOTO KOMIUIEKCY Ha OCHOBI EKCIIepTHOI
CHCTEMHU.

Bci  po3misiHyTI BHIIE CHUCTEMH  YNPaBIiHHS
MalTh NOAIOHYy  crpykrypy (MmMan. 2). Borm

3a0e3nevuyoTh TOMH uYM iHmMMH crmocid 1 3 pi3HOI0
e(eKHICTIO CcTadlmi3alilo Ha 3aJaHOMy PpiBHI SKOCTI
acanpTo0eTOHHOT cymimni Ha Buxomai AB3.

Pipenp 1.Cucrema JOKaNnbHOTO YIPaBIiHHA
(JICAY) BrmacHe TEXHOJIOTIYHUM  OOJaJHAHHSIM
arperataMy i MexaHi3mMamu. TyT BHpIIIyIOTBCS [Ba
OCHOBHUX Tuly 3aBAaHb:

3aBraHHs JOTIKOMPOrpaMMHOTo ympasminHS. Lli
3aBIAHHS TIOB'S3aHI 3 yNOpaB- JIHHAM OKPEMHMH

MeXaHi3MaMH MOTOYHOTPAHCIIOPTHUX cucTeM

MATPUEMCTBA T IHITUMH aHAJIOTIYHUMH 00'€KTaMH.
3apnanus 1udpoBoro ynpasiinas. 1li 3aBaaHHs

XapakTepHi AUl MiJCHCTEM YIPaBIiHHS TEIUIOBUMHU

npouecamMy,  J03yBaHHAM  KOMOOHEHTiB. Tyt
BUKOPHUCTO- BYIOTbCS alTOPUTMH  ONTHMAJILHOTO
yIpaBJIiHHS, ¢inpTpanii i MIPOTHO3YBaHHS,
CTaTHCTHYHOT 0OpPOOKH aHMX.
PiBenp  2.Y3romkeHHss ~ poOOTH  OKpEeMHX
€JIEMEHTIB TEXHOJIOTIYHOTO ITPOIIECY.
PiBenn3.3a0e3neuyeTnes pileHHs 3ajaqi

crabimizanii skocTi acganbToOETOH- HOI cyMmimn Ha
Buxoni AB3. YmpaBninas 0a3zyerbcs Ha iHpopmarii,
110 MTOCTAaB- JISIEThCS J1ab0PaTOPi€r0 3aBOY:

IHdopmamis mnpo mapamMeTpm  KOMIIOHEHTIB
acdampTOOETOHHOT CyMmimIi.

[Hdopmariss mpo mapamMeTpd TEXHOJOTIYHOTO
TIpo1eCy.

IHdopmaris mpo AKiCTs TOTOBOT MPOAYKILI.
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KOMIIOHEHT Texnomoriv- Bigeanta Tparcmop | | Yenagamsai
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MiACHCTEMA KorTtpons
CcTadimizamii MOEPEITHA
Man .2 Hosa cmpykmypa KOMNAEKCHOI cucmemu YnpasiiHs
PiBen»  4.AHamizyerscs  iHdopmaiist  mpo  3acobom. besniu 3HaueHb | BIOPSIAKOBAHO MO MOMEHTY

TpaHcropTyBaHHs acanbTodeToHHOT cyMminn Big AB3
JI0 MICIIsI 11 yKJIagaHHsI.

PiBenb  5.AHamizyeTbcs  iHpoOpMmalis — 1Ipo
pe3ynbTaTH YKJIaAaHHs i YUIUIBHEHHS
acdampToOeTOHHOT cymimi. TyT my)ke BaXIUBO

3a0e3neunTr ePeKTUBHHUI Ta ONEpaTHBHUN KOHTPOJIb
OCHOBHHX NTapaMeTpiB.

Ha sxicte roTtoBOro  acdambTOOETOHHOTO
MOKPHTTS BILUINBA€E HE TUIBKH SKICTh
acdampToOeTOHHOT cyMmimi Ha Buxoni AB3, ame i
TEXHOJIOTIYHUI MPOIeC TPaHCIIOPTYBAaHHS CyMilll 10
Micist i ykiaganas. [Ipy 1bOMYy Ha BJIaCTHBOCTI
cyMminni B MOMEHT i yKJIaQZaHHA BIUIUBAIOTH
XapaKTEepPUCTUKU TPaHCIIOPTHOIO 3acoly:4, yMOBH
30BHIIIHBOTO  cepenoBuima  (temmeparypa  -t°
BoJioricth -W, IIBUIKICTH - VIepeBakHe HampsIMKy
BiTpy - Dimonio nepeminieHHst TpaHCIIOPTHOTO 3aco0y)
i yac TpaHcropryBaHHs -{. Buxoxmsum 3 mporo, s
KO>KHOTO TPAHCIIOPTHOTO 3ac00y MOYKHA 3arucaTH:

Azl (t) = @[Ak, t7 (), W (1), Vie(t), Dy (t), 1] (3)

ne Azl'(t)— BigXWieHHA i-TO  BJIACTHBOCTI
acanpTO0ETOHHOI CyMili BiJ HOro piBHS Ha BHXOZI
AB3 j1s MoMenTy wacy | juts n-ro mMaiiganumka.

TyT B SIKOCTI NIOKa3HUKA Yacy BUKOPUCTOBYETHCS
JIICKpeTHa BEJIMUNHA—IIOCTABKA nopuii
acanpTO0CTOHHOT CyMilli JaHWM TPAaHCHIOPTHUM

gacy JTOCTaBKH 1O N-TO Miclsl yKiIagaHHS;A,—Habip
XapaKTEPUCTHK k-ro TPAHCIIOPTHOTO
3aco0y;tp (), Wi (t), Vi (t), Dy (£)— cepenHi
TeMIlepaTypa, BOJIOTiCTh, IIBUKICTD 1 HATIPSIMOK BITPY
B MOMEHT JOCTaBKH ac(hambTo0eTOHHOI cymimmi K-m
TPAHCTIOPTHUM 3ac000M B 1-ii mocTayanHs;

n — MalgaH4uK, Ha SKIH MOPOBOJUTHCS
ykinaganHas achanerodeTonHoi cywmimi. Omua AB3
MOXe OOCIyroByBaTH Kijibka MaiimaHunkiB. Tomi
MOXKHa OTPHUMATH OIlIHKY BiIXWJICHHS IIOKa3HUKa

SKOCTI  acambTOOCTOHHOI  cymimi g N-TO
MaiilaH4rKa JUisl iHTepBany 4acy t, — t, BUay:
0 S8zl
Azj = ——— €
t2—t1

ITpn ycepenHeHHI XapakTEpUCTHK CyMill He
TUIBKH 110 Yacy, aje i 1o MaiiJaHYMKax OTPUMAaEMO:

N ZZ a7ty
n=1 —
Mz =T ®)

Maroun B CBOEMY PO3NOPSKEHHI 3HAYEHHSIMHU
Bimxmienb Az'(t) i ix ouinkamu (4) i (5), MoxHa
BBECTH  BIINOBIAHY KOPEKWil0 B  aJrOPUTMHU
YOpaBIiHHS TUTS MOJICUCTEMH crabum3anii
BJIACTHBOCTEH ac(hanbToOETOHHOI CyMilli Ha BUXOML
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AB3 (piBenp 3). Opranizawisi Takoro yIpaBJIiHHS
(piBeHb 4) yCcKIIaIHIOEThCS HU3KOI0 (PaKTOPiB:

- 3ami3HEeHHS B OTPUMaHHI XapaKTEPUCTHK.
Cywill, sika B MOTOYHUIT MOMEHT Oy/ie BiJBaHTa)KCHA
i3 3aBOAy, BK€ HE MOXE OyTH «BHIIpaBJIECHO». ToMy
HEOoOX1THO MMPOTHO3YBAaTH OIHKH AZ.

- Crpareris ympaBiiHHS iCTOTHO 3aJIe)KHThH BilX
KUTbKOCTI MalTaHIHKIB 1 pO3NOILTY MK HUMHU 00CATiB
nocTtaBok, [Ipu mpoMy ciix a6o MiHIMI3yBaTH cyMapHi
BIIXWJICHHS 3 YpaxyBaHHSIM OOCSTIB IOCTaBOK, abo,
MOJKJIMBO, BpPaxXxOBYBATH TPIOPUTETH I PI3HUX
00'eKTiB.

Hi 36ip indopmarii, Hi if 00poOka Ge3nocepeHbO
Ha MicCIl yKnafaHHsS ac(aabToOeTOHHOW CyMilI HisK
HE OpraHi3oBaHa, TOMY HEOOXIZHO pPO3POOUTH SK
KOMIUIEKC TEXHIYHHX 1 MpOTpaMHHUX 3aco0iB s
BUPIIICHHS I[OTO 3aBIAHHs, TaK 1 BHUPINIATH MEBHI
OpraHizamiifHi mpooIeMH.

B mporeci  yKIamaHHS 1 yIIUTbHEHHS
ac(ampTOOCTOHHOT cymimi Moxke OyTH OTpuMaHa
iH(OpMaIisg PO BIACTHBOCTI CYMIIlli IT0 BHHUKHCHHIO
pi3HUX BHIIB nedekTiB. BUHUKHEHHS IuX NeeKTiB
MOB'I3aHE B TOMY UHCII 1 3 BJIaCTHBOCTAMH
acambTOOCTOHHOT Cymili: CKJIaa 1 CTPYKTypa
MiHEepaJbHOI YAaCTHHU CyMimi, dYacTka OiTymMy B
cyMilli, TeMneparypa cymiti i i TeMnepatypHa HeoJliT
HapOJHOCTEH, 1 cerperarfisi. OrnepatuBHe
MOCTYTIJICHHSA iHpopmarii po
BUSBJICHIIC(PEKTUCIIPHUAIOTE BBEICHHIO HEOOXiTHOT
KOPEKLIl B yIpaBIIiHHSA TEXHOJIOTTYHUM IPOLECOM Ha
piBHI 3 iepapXii cucTeM ympaBiiHHA.

Kpim Toro, Ge3nmocepenHpo micias YKIaTaHHA i
VIIITPHEHHS CYMIITi, a TaKOX B MPOIIeCi eKCILTyaTarii
MOKPUTHS TPOBOIATHECS BIAMOBINHI BHUIPOOYBAaHHS
roToBOro  acaibTOOETOHY 13  3aCTOCYBaHHSIM
HOPMOBAaHUX  IHCTPYMEHTaJIbHUX  MeToxmiB.  Lls
iHpopMmauis Moxe OyTH e(eKTUBHO BHKOpUCTaHA
JULSTYTIpaBJIiHHS IIPOLIECOM BUPOOHHUIITBA.

Tyt Moxe OyTu OTpHUMaHHH OJATKOBHU e(deKT
BiJI OTpPUMaHHS HOBUX 3HaHb IIPO MPOLIEC BUPOOHHIITBA
acganpToOeTOHHOT cyMmimi. Tak, sSKImO TpUCyTHI i1
JIesiKi  TIOKa3HUKH KOMITOHEHTIB ac(hanbToOeTOHHOT
CYMIIlIi, 1 TIOKa3HUKH SKOCTi TOTOBOT MPOAYKIIii, TO 3a
JOTIOMOT00  PO3pO0JIeHOT MaTeMaTH4HOI MOJemi €
MOJKJIABICTH TOCTIKYBAaTH CTATHCTUYHI TEXHOJIOTIYHI
3aJIKHOCTI BUAY W, — @(V;) 1 OTpUMAaTH MoAemi
TEXHOJIOTIYHOT'O npotuecy BUPOOHHIITBA
acanpTOOCTOHHOT  CyMimmi, $Ki MOXYTb OyTH

BUKOPUCTaHI B TOMY YHCII 1 JUIS ITi{BUIICHHS
e()eKTUBHOCTI YIPaBIIiHHI BUPOOHHUIITBOM.

Januii  migxin  peanidyeThbcs Ha - caMoOMy
BEPXHBOMY DiBHI IIPOITIOHOBAHOI CUCTEMH YIIPaBIiHHS
(piBerp 5). B nmanmii yac 3akiHYyeThCS pO3poOKa
ABTOMAaTH30BaHOT CHCTEMHU YIpaBJIiHHS
BHPOOHHIITBOM ac(haabTOOETOHY, B SIKIH peanizyeTbes
BUKJIAZIEHNH B OaHIA CTATTl IIOXIA, 3aCHOBAaHUN Ha
PO3IINpPEHH] TOHATTS 00'€KTa yrpaBiiHHs 3a Mexi AB3
1 BKIIOYCHHI B KOHTYp YHPAaBIiHHA TPaHCIIOPT,
VKIaJaHHA 1 HaBiTh EKCIUIyaTallild TOTOBOTO
ac(arbTOOETOHHOTO MTOKPUTTSL.
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THE ROLE AND PLACE OF NUCLEAR POWER IN THE POOR GLOBAL ENERGY BALANCE

AHHOTaHl/Iﬁ. HpI/IBeILeHLI ABa OCHOBHBIX OTJIUYUTCIBHBIX IMPCUMYIICCTBA ﬂ}lepHOﬁ OHEPICTUKU TEPEO
HUCKOIIaEMbIM TOIIJIMBOM. VKa3aHo, YTO B HACTOAWICC BPEMA MbI Ha IOPOT€ TaK Ha3bIBACMOT'O «Benukoro
nepexona». KopoTtko ommcana mporpamma «['apmonms», neiictByromas 1o 2050 roma, u mpuBeneHB! TpH eé
OCHOBHBIC 11eyii. OMUCaHbI TPH aJIbTCPHATHBHBIC TTI00abHbBIC CIICHAPUH PA3BUTHS MUPOBOI SHEpreTHKH 10 2060
1 yKa3aHa 10Jisd ﬂﬂepHOﬁ OHEPIreTUKU B MUPOBOM 3Hepro6anche IIpH KAKXJAOM M3 3TUX CHHCHAPUCB. HOKaSaHO, qTo
AACpHass SHEPrust 3aiMET CBOE MeECTO B MUPOBOM DJOHEPIreTUYCCKOM OajaHce H 6yz[eT CI10co0CTBOBATH
YCTOWYMBOMY Pa3BUTHIO.

Abstarct. Two main distinctive advantages of nuclear power over fossil fuels are given. It is indicated that
we are currently on the threshold of the so-called “Great Transition”. The program "Harmony", operating until
2050, is briefly described, and its three main goals are given. Three alternative global scenarios for the
development of world energy up to 2060 are described and the share of nuclear energy in the world energy balance
is indicated for each of these scenarios. It is shown that nuclear energy will take its place in the global energy
balance and will contribute to sustainable development.

Knrouesvie cnosa: amomnas dHepeemuKka, amomHas IJ1eKmpocmanyus, }l()eprllZ peaxkmop, MMpOSOIZ
oHepeobananc

Key words: nuclear energy, nuclear power plant, nuclear reactor, world energy balance

B Hacrosmiee Bpemst Bce Oouibliie NpU3HAETCS TOT
(axT, 4TO ANEepHAs SHEpPrus 3aiMeT CBOE MECTO B
OyaymieM TI00aTPHOM JHEPreTHYeCKOM OallaHce U
OyzeT BHOCHTH BKJIaJ B ycToiunBOE pazButre. OqHaKoO
Ha pa3BUTHE SACPHOW SHEPreTHKU U BO3pacTaHue ef
poinn B paMkax OOIIEMHPOBOrO Mepexoia K
0e3yraepoaucTOil dHEepreTHKe OyneT BIHATH PN
(daxropoB. SnepHas sHepreTHkKa, 0€3yCIOBHO, MMEET
paa MpEUMYyHICCTB nepen TCIIJIOBBIMH
ANEKTPOCTAHIMAMH. [10 CpaBHEHHIO C HCKOIAEeMbIM
TOIUIMBOM, SIepHast SHeprusi oOyagaer  JIBYMs
OTJIMYUTENBHBIMU TIPeUMyIIecTBaMu. Bo-niepBbIX, oHa
SBJISIETCS HU3KOYTJICPOJUCTON MCTOYHHKOM SHEPTHH.
Bo-BToppIX, OHa sBIAETCS TpEJACKasyeMbIM U
OTHOCHTEIIFHO HEJIOPOTUM HNCTOYHHKOM
QJICKTPOOHEPTUH: CTOUMOCTH TOIUIMBA Ha CAWHUIY
MOUIHOCTH SIBJSIETCSI MPEJICIbHOM U He KOoebIeTcs 1o
[[EHEe TaK CHJIbHO, KaK McKomaemMoe ToriBo. OHako,
OOIEM3BECTHBI ~ CIy4ad aBapuil Ha  aTOMHBIX
anektpocTannmsx [1, 2]. Takxe cymiecTByeT npobiema

obpamenus ¢ OAT [3]. [TosToMy Bemymrie KOMIIAHUH,
IpoQHIbHBIE Hay4HBIC YUPEXKICHHS u
MEXIyHAapOAHBIE OpPraHH3allMM MO BCEMY MHpPY
paboratoT  Haj ~ TOBBIIIEHHEM  OE€30IIaCHOCTH,
HAQJIEKHOCTH M  OJKOJIOTH4eckoil 3 dexTuBHOCTH
SJIEPHON SHEPIETUKHU.

IToBcemecTHO HaOII0HArOTCS OBICTpBIE,
(¢yHIaMeHTabHBIe TpaHC(HOPMAIIMH YHEPTeTHIECKUX
CHCTEM 3a CYeT HOBBIX TEXHOJIOTHH, KOTOpPBIE
pa3BUBAIOTCS YCKOPEHHBIMH TeMIlaMH, Ha (OHE Bce
OoJIBIIMX  M3MEHEHHWH B  COLMaIbHOH  cdepe,
TeONOIUTUKE U OKPYKaIOLIEH cpefe.

SnepHas dHepreTuka SBISE€TCA OJHUM U3
Hanboiee peHTa0eNbHBIX CIIOCOOOB IPOM3BOCTBA
9JIEKTPOIHEPTUU BO MHOTHMX CTpaHAaX, U yNpaBJICHUE
MIPOEKTaMH B JIaHHOH OTpaciu AaKTUBHO
COBEPILIEHCTBYETCS, KaK 3TO IPOHMCXOAWT B paMKax
MMOTOYHBIX mporpamMMm B Asum, Poccum u apyrumx
permonax [4, 5]. Ycmexu 3TUX HPOEKTOB HATJISAIHO
JEMOHCTPHPYIOT BO3MOXKHOCTH YCKOPEHHBIX TEMIIOB
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BHEJ[PEHHE WHHOBALIMH u UCIIONIb30BaHHE
NPEUMYIIECTB LM(PPOBU3AIMU U CTAHIAPTH3ALUH IS
o0ecrieyeHusT  KOHKYPEHTOCIOCOOHOCTH  SIICPHOM
SHEpPreTUKU B 1IeJIOM. Bricokast yaenbHas MOIIHOCTE U
HaJIeKHOCTh SAAEPHBIX HHEPreTHUECKUX YCTaHOBOK
JIeTIaloT MX MPUTOMHBIMH JAJs obecrieueHns: 0a30BBIX
Harpy30K 3HEPreTHYECKUX CHCTEM.

B mactosmmee Bpemst HaOyfomaeTcs MPOIECC Tak
HaspiBacMoro  «Bemmkoro — mepexoma»  (Grand
Transition), KOTOPBIi MpeIyCMaTPHBACT
(yHRaMEeHTaIbHBIE COIMATBHO-9)KOHOMHYECKHE
CABUTHM B CBeTe Tpsaymed 3psl 1mudpoBoil u
aKosioruueckoit 3ddexkruBHocTH. B Gosee mmpokom
KOHTEKCTE MEPCIEKTHBBI aTOMHOHW M JApyrux Qopm
MPOU3BOJCTBA JHEPTHM ONPEACISAIOTCS CIOXHOH U
HeIpeacKa3yeMbIM B3aUMOJCHCTBUEM  TI00AJIBHBIX
(axTOpOB, TaKHUX Kak JIelIeHTpaIn3aLusl,
nekapOoHm3anusA, HU(POBU3aINS M T'CONONUTHKA.
[ToABIAIOTCSI MHOTOYMCIICHHBIC Pa3BHIKH Ha MyTH K
yCIICITHOMY 00111eMHPOBOTO nepexona K
HU3KOYTIIepoaucToit sHepretuke [4]. Bce Oompme
IpU3HAETCS TOT (DaKT, YTO siAEpHAs PHEPrHs 3aiiMeT
CBOE MecTO B OyaymieM riio0albHOM 3HEPreTHIECKOM
Oamance u OyJeT BHOCUTH BECOMBIM BKJIag B
YCTOWYMBOE Pa3BUTUE.

Bcemuproii  siaeproit  accormarmeri  (World
Nuclear  Association, WNA) paspaborana #u
KoopauHHpyeTcss mnporpamma «lapmonus» [6]. B
YKa3aHHOW MporpaMme H3JI0)KEeHO BHICHHUE OyIyliero
3JIEKTPOIHEPTUH C y4eTOM meiu odecriedeHus k 2050
rozly OJIM siAEPHOM reHepauuu He MeHee 25 % oT ee
00IIeMHUPOBOTO o0BeMma. Oto 00yCIOBIICHO
CTpEMJICHHEM K CO3JaHHIO YHCTOTO M HaJIEXKHOTO
HHU3KOYTJIEPOJMCTOTO ~ MHPOBOTO  3HeprodaiaHca.
[Mporpamma  «"apmonusi»  paboraer co  BceM
SHEPTEeTHUECKUM COOOIIECTBOM, YTOOBI 3apydHTHCS
HNONJEPKKOM  KIIOUEBBIX  CTEMKXOJIEPOB M
obecrieyeHnss HU3KOYTJIEPOIUCTOro OyIymiero, mnpu
MaKCHUMAaJIbHOM BKIAJE SepHON IHEPTETHKH.

IIporpamma «['apMOHMSA» IpeciIenyeT TpU LEIU
[6]:

Co3nanne paBHBIX KOHKYPEHTHBIX YCIOBHH Ha
9HEPIreTHYECKUX PBIHKAX, KOTOpBIE Oynyt
CTHMYJIMPOBATh WHBECTHIIH B Oynmyuryio
9KOJIOTMYECKH YHCTYIO0 SHEPIreTHKy, TIJEe aTOMHas
SHEprust Oy/IeT paccMaTpuBaThCsl HapaBHE C JPYTHMH
crioco0amu TeHepanuu ¢ HU3KUM YPOBHEM BBIOPOCOB
yriaepoja, u rae OyaeT IpU3HaBaThCs €€ EHHOCTD IS
HAJIe)KHOTO U YyCTOWYMBOTO MHPOBOTO SHEeprobaianca.

ObecnieueHne yHU(PHUIMPOBAHHBIX IIPOIECCOB
peryaupoBaHus Ui obecrieueHns Gonee
COTJIACOBAHHOTO, 3((EKTHBHOTO M IIPENCKa3yeMOro
peXMMa JIMIEH3UPOBAHUS JESITEILHOCTH B 00JIaCTH
MCIIOJIb30BAaHMSI aTOMHOM SHEPTHHU. DTO JOIDKHO TaKKe
CIIOCOOCTBOBAaTh 3HAYUTEIBHOMY PpOCTY aTOMHBIX
SHEProMOIIHOCTEN u CBOEBPEMEHHOMY
JIMLICH3UPOBAHUIO HOBBIX IIPOEKTOB PEAKTOPOB.

Coznanue 3¢ dexTruBHOMI TapajurMbl
0€30MacHOCTH, OPUECHTHUPOBAHHON Ha OJIATOCOCTOSIHUE
HaCEeJICHHS, T MPEUMYIIEeCTBA aTOMHOM SHEPTHH IO
6e30macHOCTH IS 37I0POBbS U OKPY’KAIOIMIEeH Cpebl
OIICHUBAIOTCS HapaBHE C APYTHMHU THIIAMH T'€HEPALNH.

ESYl
B Hacrosmiee Bpems Oynymiee  sepHOU
SHEPreTUKW  pPacCMaTpUBAeTCsl  CKBO3b  MPHU3MY

CIIEHapHMeB Pa3BUTUS MHUPOBOIl sHepreruku 1o 2060,
BEpOSITHBIE TPH QJIBTCPHATHBHBIX IyTH Pa3BUTHUS
MupoBoii sHepretuku [4]: «/xa3z moxmepn» (Jazz
modern), «Heokonuenunass cumbponus» (Unfinished
symphony), «Xapx pok »(Hard rock).

CoriacHO TpeM CLEHApHsM sIJIepHast YHEpPreTHKa
OyZer dYacTbl0 MHPOBOTO SHeprodajsaHca, OIHAKO
KOKIOBIH  CLEHapuil  IpeanoyiaraeT  JOCTaTOYHO
OTJIIMYHBIE IPYT OT ApPyTa IyTH Pa3BUTHA [4]:

Cuenapuit  «J/[>ka3  MoIepH» TpPEACTaBIACT
WHHOBALMOHHBIH, OPUEHTUPOBAHHBII Ha TI00aNbHBII
PBIHOK MHp, KOPEHHBIM 00pa3oM IpeoOpa3oBaHHbII 3a
cuer 1uQpoBbIX TexHomoruid. CorjaacHo 3TOMy
CIIEHApHIO, siJIepHasi SHEPreTHKa MMEeT IMOTEHIHA K
MOJICpHM3AIIMM, HAa4yMHAs C COOPYKEHHS HOBBIX
pEakTOpoB M 3aKaHYMBAas ~ IPEJOCTABICHHEM
pasnuuHBIX  yciyr. B KpynHeHmmMX — saepHbIX
rocyZapcTBax HM  CTpaHaxX, C pPa3BHUBAOLICHCS
9KOHOMHKOH, KOTOPBIE YBEITHMIUBAIOT CBOM MOIITHOCTH

SIICPHOMA reHepaluy, siepHast 9HEPreTHKa
XapaKTepU3yeTcss MOTEHIMAIOM K  COXPaHEHHUIO
craTyca JIydmiero sHepropecypca. Ilpu  Takom

creHapuu k 2060 rogy Ha JOMIO SIAEPHOM 3HEPTreTHKH
Oyner npuxoauthcs 8,5 % OT o0mero oobema
MPOU3BOJUMOIN  3JIEKTPOSHEPTHH. Y CTAHOBJICHHAA
MmotHocTh ADC yBennuutcst Ha 52 % ¢ 407 I'Bt B 2015
roxy no 620 I'Bt B 2060 rony.

DOTO  OpHEHTHPOBAHHBIH Ha  TOTpPEOHTENS,
TPaHCHAPCHTHBIA, TUHAMUYHBIA 1H(poBoOil  Mup,
XapaKTepU3YIOMUICS  YHEProdPeKTHBHOCTEI0O U
OBICTpOM MOHETH3WAlMeH WHBECTUIMA. BrIcokuit
TEMIT HTHHOBAIIU{ CIIOCOOCTBYET HEPAaBHOMEPHOMY, HO
YCKOPEHHOMY POCTY IPOU3BOJUTEIHHOCTH U CO3AAET
MOTeHUMAN Uil KapJAUHAJIbHBIX U3MEHEHUH. B 3ToM
MUpE MPOIBETAET YHCTasl YHEPTHS, a dICKTpUPUKAITHIS
KOHEYHBIX MOTpeduTeneil mpoucxoauT ObIcTpee, ueM

OXUJAIOCh. OJTO  HMCTOpUSA  OKCIOHEHIIMAIbHBIX
BO3MOKHOCTEHN pocra, CO3JTaHHBIX
WHPOPMHUPOBAHHBIMU  TIOTPEOHUTENAMH, a TaKKe
CHIDKCHHEM IICH Ha YHEPTOHOCHUTEIIH.

B MHpe «/xa3-MomepHa» WHHOBAaITUN

TIPOMUCXOIAT OBICTPEE KaK B YaCTH NPEIIOKEHHUS, TaK 1
cupoca Ha sHepruro. B 2020-x rogax CTOMMOCTb
MPOU3BOJCTBA 3NEeKTpodHeprun BHWD 3HaunrtensHO
YMEHBIIAETCsl, YTO  NPUBOAMT K  IEPEBOAY
SHEPrOCHAOKEHHUSI «C MOJIEKY] Ha JJIEKTPOHBD).
JlarnHOE 0OCTOSITENBCTBO, B COYETAaHUH C pa3pabOTKOit
pemeHnH I XpaHeHNsI YHEPTHU U POCTOM CIpoca Ha
SHEPreTHIECKUe YCIIyTH, IPUBIIEKAET HHBECTHIINHU KaK
B LEHTPAIIN30BAaHHYIO, TaK U B JACLEHTPAIN3OBAHHYIO

ruOpuHyl0  MHQPACTPYKTYpy.  ABTOMaTH3alus,
mudpoBu3anMs M MCKYCCTBEHHBIH  MHTEIUICKT
00ecreunBalOT  «IIPOCBIOMEPU3M» Ha  Pa3BUTHIX

PBIHKaxX, KOrjja MHOTHE MOTPEOUTEIH SHEPTHH TaKKe
CTaHOBSITCS NPOM3BOAMUTEINSIMH, MOCTABISIOT 00paTHO
B CETh INEKTPOIHEPTHUIO, MOTyUYEHHYIO, HalpUMep, OT
COJTHEYHBIX OaTapei WM HaXOMSIIIyIOCs B pe3epBe.

B o3TuX ycnoBHAX HOBOH, OCHOBaHHOM Ha
MOTPeOICHNH U yCIyTrax YKOHOMHKH, aTOMHAs 0TPacib
pacTér MeaJIeHHee, YeM B JBYX IPYTHX CLEHapHUsiX.
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Temnsl ctpoutenscTBa HOBBIX ADC B cTpanax EBpomnsl
n CesepHoil Amepuku 3amemnsitorcsa. Ha mMHorux
PBIHKaX HE OIEHEH IO JOCTOMHCTBY BKJIAJ sSJEpHOU
SHEPreTUKU B KaueCTBE KOHTPOJIUPYEMOT0 UCTOUHUKA
3JEKTPOIHEPTUU 3a CUET KPYIHBIX «YMHBIX» ceTeil,
JICLICHTPaIN30BaHHON TeHepaluy, BapUaTUBHOCTU
MOIITHOCTH U 3()(heKTUBHOTO XpaHEHHUS SHEPTHH.

HecmoTps Ha TO, 4TO MpoATICHHE CPOKa CITY KOBI
CYIIECTBYIOIINX PEAaKTOPOB SBISETCI OTHOW W3
JMy4YIIUX WHBECTUIMA Ha pPBIHKE IIPOMU3BOJACTBA
SJEKTPO’HEPTUH C TOYKH 3pEHUS CHIDKEHHS o€
croumoctH, CIA u psan crpan EC okaspIBaroT Jwib
OTPaHUYEHHYI0 MOJAEPXKKY sAepHON sHepruu. B
MEepeoBbIX  CTpaHax  CTaOMJIBHOCT  MOCTaBOK
HACTOJIBKO 3aBUCHT OT THOKOCTH CO CTOPOHBI CIIpOca U
ONTUMH3ALMA CO CTOPOHBI MPEAJOKEHHUS, UTO
«MOIITHOCTH CTaporo MHpa» OoJbllle HE KaXyTCs
HEOOXOUMBIMU.

BoNBIMHCTBO PEakTOPOB CTAPIIETO MTOKOJICHUS B
CIIA u EC 3annaHupoBaHO [Js1 OKOHYATEJIHLHOTO
OCTAaHOBA U BBIBOJIA U3 HKCILTyaTanuu, uto k 2040 roxy
CHI3UT O0BEM MOIIHOCTEH UIA YIOBJICTBOPCHUS
0a30BO# Harpy3Kw A Bcel aHeprocucteMbl. Cpemu
MHOT'HX CTpaH, KOTOpBIE PEUIMIIN He NPOJIeBaTh CPOK
ciyxk0bl cBoero mapka ADC, HEKOTOpBIE C TPYIOM
NBITAIOTCS  JOCTHYh  IIOCTAaBJICHHBIX  Ilefieil B
JleKapOOHHU3alINY.

PacTymuif cnpoc Ha ycCIyrum IO BBIBOAY U3
SKCIUTyaTallid M, B TOpa3lo MEHbIIEH CTeleHH,
MPOAJICHAE CpOKa CIyXObI mpeoOpa3yroT maHgmadT
aTOMHOW OTpaciii B Pa3BUBAIOLINXCS CTpaHax, IIe
HEOOJBIINE ¥ WHHOBAIIMOHHBIC WH)KCHEPHBIE (DHUPMEI
IIHPOKO TPUMEHSIOT NHU(POBBIE TEXHOJIOTHH IS
pa3paboTKH | 3aITycKa IPOEKTOB B OOJIACTH BBIBOJIA U3
SKCIUTyaTaui. KpynHble MIPOKHM aTOMHOM OTpaciu
OyayT KOHKYpUPOBaTh C OJTHMH JUHAMHUYHBIMU
HOBHYKaMH Ha CEPBUC-OPHEHTHPOBAHHOM PBIHKE.

B Mupe «/lxxa3-MonepHa» CTPOUTEILCTBO HOBBIX
ADC B 2020-2030 romax B 3HAUYUTEIHHOU CTETICHH
obecneunBaercss Kwuraem, MWumuerr u  Poccuei,
pa3BUBAIOIIMMUCS  OKOHOMHKAMH Ha  bimkaeMm
Bocroxe, Takumu kak Upan, Typuus, Eruner, a Taxxe
Banrmagmemr m Hunonesmeir B 2030-2040 ropax.
ITomoOHOE CTPOUTENTHCTBO YETKO ONPENEIUT OyayIiee
aToMa B KadyecTBE MCTOYHMKA SHEPTUH IS CTpaH C
pa3BUBarOLIEHCS SKOHOMUKOMN.

OCHOBHOH TEXHOJIOTHEH AJIS LEHTPAIN30BaHHBIX
DHEPrOCUCTEM OYyIyT SBISATHCS PEAKTOPHI OOIBIION
MomHocTH TokoneHuit Il m I+, mpemmaraemsre,
npexxae Bcero, Poccmeit m Kurtaem. OGe crpanbl
MOCTETICHHO COBEPIICHCTBYIOT PEAKTOPHI HMOKOJICHHS
I+, akTHBHO HWCMONB3ysT HH(POBBIE TEXHOJIOTHH HA
Bcex aTamax xu3HeHHoro mukina ADC. CyuiecTByeT
TaKXkKe IeNbld psag  (UHAHCOBBEIX HHCTPYMEHTOB,
MEXTOCYTapCTBEHHBIX ~KPEIUTOB W (DPUHAHCOBOM
HOJJIEPKKA CO CTOPOHBI CTPaH-BEHJOPOB. JlaHHBIE
MEpbl COYETAlTCsl C COTJAIlEHUSAMU O TOKYyIKe
3JIEKTPOIHEPTUHM W MOJEJSIMH  «CTpOHM, BIajei,
SKCILTyaTUPYI».

dakTopom, CITOCOOCTBYIOIIUM Pa3BHUTHIO
BOJIATWJIFHOTO, WHHOBAI[MOHHOTO Mupa  «Jlxa3-
MOJIEpHa»,  SABIIOTCA  IH(POBBIE  TEXHOJOTHH,

KOTOpbIe KOPEHHBIM 00pa3oM IPeoOpakaroT Bech
sHepreTuueckuii cekrop. Takxke Oyner HabOmronaThCs
POCT TNPOM3BOAUTEIBHOCTH 3a CYET HU(PPOBHU3ALMH:
IU(pOBbIE TEXHOJOTMH HOMOTYT IOCTaBIIMKAM U
omeparopaM  3HAuUUTEIbHO  YCOBEPIIEHCTBOBAThH
yIpaBleHUe >KM3HEHHBIM IukiIoM ADC, BKIIOYas UX
COOpPYXEHHE M OJKCIUTyaTallulo, a TaKXe MH3BICUb
TI0JIE3HBIE YPOKH JUIS IPOCKTOB MO MPOATICHUIO CPOKOB
JKCIUIyaTaluu. Bce 3TO OKaXeT CymecTBEHHOE
BIMSHHE Ha OOWMH YPOBEHb NPOU3BOIAMTEIHLHOCTH
MHPOBOH aTOMHOM SHEPreTUUeCcKon
MIPOMBIIIICHHOCTH, CHIKEHHE cebecTromMocTH €&
npoaykuuy, uyro Kk 2035 romy mpuBenér K
0€30r0BOPOYHOMY JIOBEPHIO KIIMEHTOB B CTpaHax C
pa3BHBalolIeiicd YKOHOMUKOU. B 3T0 Bpems snepHas
SHEprus  CTAaHOBUTCS ~ OCHOBHBIM  CPEICTBOM
JekapOOHU3aIMU Al Pa3BUBAIOLIMXCS — PBIHKOB,
TIOCTETICHHO BBITECHSS YTOIIb.

B 3TOM MHpe 3JIEKTPOIHEPTeTHIECKAS
MIPOMBIIIICHHOCTb IIpeTepIIeBacT IyOOKyTO
TpaHc()OpMALMIO B CTOPOHY HHU3KOYTJIEPOIUCTHIX
sHepropecypcoB. Koaddumment snekrpuduxanun
(xonm4ecTBO 3JIEKTPOIHEPTUH B KOHEYHOM
noTpebJIeHUH SHEPTUHN) yBearnunBaeTcs BaBoe ¢ 18% B
2015 rony mo 37% k 2060 roxy. M3-3a KOHKypeHUHH
CO CTOPOHBI IPYTUX HU3KOYTJIEPOIUCTHIX HCTOUHHKOB
JI0JIs1 aTOMHOM SHEPTeTHKH B MUPOBOM dHeprodanance
k 2060 romy cocraBiseT Bcero 8,5% Mo CpaBHEHHUIO €
11% B 2015 romy. YcrtanoBneHHas MomHOcTh ADC
yBENU4HBaeTcs npuMepHo Ha 52% c¢ 407 I'Bt B 2015
roxy 1o 620 I'Bt B 2060 rony.

Cuenapuit «HeoxoHnueHHast CUM(OHUI»
TIPEACTABISET coboif MHUp, B KOTOPOM
CKOODAMHHWPOBAaHHBIE W  YCTOWYMBBIE  MOJIEIH

SKOHOMHUYECKOTO POCTa COYETAIOTCS C OpUEHTAINEeH Ha
NPUMEHEHHE  HHM3KOYTJEPOJUCTHIX  HCTOYHHUKOB
DHEPIUM. Jannblii cUeHapui MIPEII0JIaraeT
MIOBCEMECTHOE HCIIONB30BAaHUE SIEPHONW JHEPrUM B
KayecTBE OJHOTO W3 HAaAEXKHBIX M JOCTYHHBIX Mep
pearupoBaHMs Ha H3MeHeHue knumata. Ilpu Taxom
CLEHApUU J0Js SACPHON dHepreTuku nocturuer 13,5
% ot obmiero 00bEMa MPOU3BOICTBA IEKTPOIHEPTUU
k 2060 roay, a yCTaHOBJIEHHAsI MOILIHOCTh YBEJIMUHUTCS
noutu B Tpu pasza - go 1003 I'Bt. B nononnenue k
NPOEKTaM IO CTPOUTENbCTBY HOBBIX ADC u
NPOAJICHHE CpPOKa JKCIIyaTallUd CYIIECTBYIOLIUX,
3HAUUTENIBHBI BKJIAJ B MMPOBOM IapK SAEPHBIX
PEaKTOpOB BHOCAT HOBBIC S/ICPHBIE TEXHOJIOTHU
(Marsle MOTyJIBHBIE PEaKTOPEI, INIAByYHe YCTAHOBKH U
peakTtops! 1V okoneHus ).

JlaHHbI  cueHapuil  pa3sBUTHS  IPEICTABIISET
co00¥ MUp, MOBECTKA JHS KOTOPOTO BEIXOINT 32 PAMKH
W3MEHEHMs KuMmara 1 obpamiaer Oosee MpUCTaIbHOE
BHuMaHue Kk neasiM OOH o ycToiiunBoMy pa3BHUTHIO,
BOJIOIIOJIb30BaHUI0, COCTOSIHUIO OKPY>KaIOLIEeH Cpe/Ibl U
SKOHOMHUYECKOMY pa3BUTHIO. L[e10CTHOCTH MOAX0M0B
CTUMYJIUPYET pa3BUTHE MEKJyHapOJHOTO
COTPYAHUYECTBA, co3/1aHue ri100aTbHOM
HWHCTHTYIMOHAIBHOM CTPYKTYPHI ¥ HaJHAIIMOHAIBHBIX
mouTHK. OTpaciieBoe peryIupoBaHNE W MOJIUTHKA, B
KOHEYHOM HTOT€, CHHXPOHHU3HUPYIOTCS Ha TII00aTEHOM
YpOBHE JUTS IIPOAYMAHHOTO yIpaBICHUS
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SHEPreTU4eCKUM  IEepexXoioM ¢ MHHHUMAJIbHBIMU
3aTparamu, y4ETOM BHEIIHUX (haKTOPOB U MOJIb3BI IS
obmectBa. HecMoTps Ha TO, 4TO IPUCYTCTBYET oO1Iee
corjlaceé OTHOCHTEIbHO TOrO, Kakue JeHcTBUsS
HEOOXOAUMBI Ul JIOCTIDKEHUSI HYJIEBOTO YpPOBHS
BBIOPOCOB, Da3jM4HBIE PErHOHBI CIIEAYIOT CBOUM
COOCTBEHHBIM ITyTEM M Pa3pabaThIBalOT COOCTBEHHBIH
KOMIUIEKC ~ JHEPreTHYECKHX  MEpPONPHSATHH I
JIOCTUKEHUS 3TUX 1enel. [lpu 3ToM nmpusHaeTcs, uyTo
JOCTHKEHHE OJIaronoaydusi U yCTOHYHMBOE pPa3BUTHE
TpeOYIOT MCIIONB30BaHMs MIPHHINNA CyOCHINApPHOCTH
¥ MEXOTPACJIEBOTO B3aMMOJEHCTBHSI.

«HezakoHueHHast cUMQOHUS» SABISETCS MUPOM C
UHTETPUPOBAHHOI cTpaTeruei pa3sBUTHs, Ha TIOBECTKE
KOTOPOH HaXOAATCS KIIMMAaTUYECKHE IIeITH, SKOJIOT U U
6nmaromonyure. braromapss rocygapcTBeHHOM U
OOIIECTBEHHON MOJAEpP)KKE B TIOUCKE JOCTYIHBIX
myTed TiyOoKoH AeKkapOOHH3alMH, TOCYAapCTBEHHO-
YaCTHbIC HHBECTHILIUH B IIHPOKUI CIIEKTP TEXHOJIOTHI
YHCTOH HEPIHH MO3BOJISIOT OTACIUTh POCT BBIOPOCHI
CO; OT ’KOHOMHYECKOTO Pa3BHUTHSI.

[locne Ttoro, kak B 2010-x romax mnepBble
HECKOJIbKO 3alaJHbIX IPOEKTOB IO CTPOHUTENILCTBY
HOBBIX ADC mpeBbIcHIN IpauK U OOJKET, aTOMHAs
oTpacib U3y4yuiia U T03auMCTBOBANA MEPEAOBOH OIBIT
HOBBIX IIPOEKTOB CTPOUTENBCTBA B A3HMH, UYTOOBI
CYLIECTBEHHO MEpPEOCMBICIUTh CBOM MOJAXOA K
MPOEKTUPOBAHUIO CTAHIUI U yIPABICHUIO IIPOEKTaMU
0 HX COOPYXEHHI0. OTO CTaJo0 BO3MOXHBIM
Onmaromapst mepenade Begymed poiaM IHU(POBBIM
TEXHOJIOTHSIM, KOTOpBIE TIOMOTTIH OTpaciu
MIOCJICIOBATENILHO PEATN30BBIBATH IMPOCKTHI 10 BCEMY
MHpY C LENbI0 BEPHYTh YTPAUCHHOE JI0BEPHE PBHIHKA.

Bonee  cxoopamHMpOBaHHAs — KIMMaTHYECKas
MOJIUTHKA, HoJiAepKUBaeMast HOBBIMH
SHEPTeTHUECKUMH TpaBWIaMH U (UHAHCOBBIMH
uHCTUTYTamu, mobyaut  EBpomeiickuit  Coro3
MEPEeCMOTPETh CBOIO MO3MIHMI0 B OTHOLICHWH POJIH
SEPHOW  DSHEPreTHKH B  PpEIIEHHH TPOOJIEMBI
n3MeHeHus knuMmaTa HauuHas ¢ 2020-x roxoB. BonHa
CTPOUTENBCTBA HOBBIX SIIEPHBIX OOBEKTOB € TIOMOIILIO
OUPPOBBIX  TEeXHONOTHH mpokatmwinack 1o EC,
ocobeHHO Ha priHKaxX bonrapun, Yexun, Ounnsuany,
Benrpuu, CnoBakuu u BenmkoOpuTaHud, MPUBBIKITAM
K SIIEPHBIM TEXHOJIOTHSIM n niealIbHO
BINCBHIBAIOIINMCA B Pa3BUBAIONIMHCS  PBIHOK
anekTpocereid u snextposHeprun EC. B 2030 roxy
IOxnas Kopes mepecmaTtpuBaer cBOE perieHue o0
OTKa3e OT AaTOMHON DSHEpPrUM ¥ BO30OHOBIIIET
MPOTPaMMy CTPOUTEIhCTBA HOBRIX ADC.

B 2020-2030 rr. ocHOBHAs 10JI1 HOBBIX aTOMHBIX
MOIITHOCTEH  COOpY)KaeTcsi C  HCHOJB30BAHUEM
uaeosoruu co3ganus «mapka A9C» B Kurae, Unaun,
Poccun u na brmxaem Bocroke. B Adpuke ocHOBHBIE

NpOTPpaMMbI  CTPOUTENILCTBA  aTOMHBIX ~ OOBEKTOB
samyckarorcsi  MOxHoMt  Adpukoit,  Hwurepuei,
TanzanueitiT W JApyrMMH  CTpaHaMH,  4YTOOBI

YJIOBIETBOPHUTH PACTYILHUII CIIPOC HA 3JIEKTPOIHEPTUIO
B pesynbrate ObICTpOl ypOanumzammu. CTaHIUU
CTPOSITCS BOBpEeMsI M B paMkax OrokeTa Omaromaps
YCWJICHHIO MHPOBOH aTOMHOW OTpacid, a TaKKe
[IMPOKOMY HCIOJB30BAaHUIO ITHU(PPOBBIX TEXHOJIOTHIT

Ha OJTamax [POEKTUPOBAHUS, IUIAHUPOBAHUS U
crpoutenscTa. L{npposble NBOHHUKN 00eCTIEYHBAIOT
Oe3omacHyto, Hau&xHY0 M 3(QPEeKTHBHYIO padoTy
ADC.

IIpoanenue cpoka IKCILTyaTaI[1 OCTAETCsI OHUM
W3 TJaBHBIX BONPOCOB AaTOMHOM 3HepreTHdecKoi
nosectkd B 2020-2030 rr. kak B EC, Tak u B CIIIA.
HudpoBeie HHCTPYMEHTHl TNPHOOPETAIOT Ba)KHOE
3HAUeHWE [UI1 AaHalW3a W TPUHATHSA PELICHHUM.
BonbmIMHCTBO ~ PEAKTOPOB  «IPOLLIOH  3MOXU»
BKIIOUYEHB B  INPOTPaMMBl  HPOUICHHS  CpOKa
9KCIITyaTallHy, 9TO MO3BOJISET IPOIIUTh UX B paboTy
emé Ha 20 unu Gonee JeT.

B Slmomuu Bce peakTOpel MOABEPraroTCs
MOJIEpPHU3AIlMM U IMOBTOpHOMY 3amycky. K 2035 r.
SInoHMs Takxke BO3BpalllaeTCs Ha MUPOBOH PHIHOK
aTOMHBIX  TEXHOJOTHH B  KauecTBe KpPYHMHOTO
9KCTIOPTEPA ATOMHBIX JHEPTreTUYECKUX TEXHOJIOTHH,
coopyxas aromuble snekTpoctaHiu B EC, CIIA u Ha
bmmxaem BocToke.

C 2040 r. skcnaHcusi aTOMHOM POMBIIIJIEHHOCTH
IOxxno#1 Kopen pacnpocTpaHstoTCs Ha TEPPUTOPUIO OT
Bmmwxaero Bocroka mo EC u Adpuku. Pactér
I00aNbHBIH CHIPOC Ha AaTOMHYIO OJHEPIreTHKY U
KOHKYPEHTOCHOCOOHBIE rio0ajbHbIe LENOYKHU
MIOCTaBOK CO CTOPOHBI OCHOBHBIX BEHJI0pOB B Poccum,
O®pannuy, Anonnn, Kopee u Kutae.

B «He3akoHueHHOHI cuMbOHUI»
anekTpudukanus M IPPEKTUBHOCTh HAXOIATCS B
aBaHrapJe Ha IyTH K DJIyOOKOM ¥ JOCTYNHOMH
nexapOonmsanuu. Mim comyTcTByroT Gosiee pa3BHUTas
MEXCHCTEMHasl ~ MHTETPAIWs,  WHTEJUICKTyaIbHbIC
sHeprocucteMbl 1 3(dexTHBHOE  yIpaBIeHHEM
cereBoil Harpy3koi. K 2060 r. ypoBeHb mOTpeOIIeHUS
3JIEKTPOIHEPTUHU B KOHEUHOM TOTPEOJICHUH JOCTUTHET
41%. Ha aromHuyto sHepruro oyzaet npuxoaurcs 13,5%
0T 0OImero MpOU3BOJICTBA DJEKTPOSHEPTHH, a
YCTaHOBJICHHAS MOIHOCTh YBEIIMUUTCS IPAKTHYECKH B
Tpu paza ¢ 407 I'Br B 2015 r. mo 1003 I'Bt B 2060 .

ITo cuenapmio «Xapa pok» paccMaTpUBAIOTCA
TIOCIIEACTBHSA ISl C1a00T0 M HEYCTOHYMBOTO MUPOBOTO
SKOHOMHYECKOTO POCTa B YCIOBHSX OPUEHTAIINH CTPaH
Ha pa3BUTHE HALMOHAJIBHBIX AKOHOMUK. [Ipm Takom
CIIEHapHH JO0JIS SIIEPHOM SHEPTETHKN B OOLIEMHPOBOM
MIPOU3BOJCTBE 3IEKTPOIHEPIHU AOCTHrHET 12,5 % k
2060 romy, mpu 3TOM YyCTaHOBJIEHHAs MOLIHOCTb B
2060 roay Beipactet Ha 70 % - 10 696 I'BT. Muposas
aToMHast oTpacub OyneT (QokycupoBaThcs Ha
CTPOMTEIIECTBO HOBBIX PEAKTOPOB B PAa3BHBAIOIIMXCS
CTpaHax W TMPOJUIEHWH cpoka skcruryatanmuu ADC B
CTpaHax C pa3BUTON 3KOHOMHUKOM.

JlaHHBI ~ CcIieHapudl  mpeAcTaBiseT  COOOM
pa3oOWIeHHBII  MUp € HU3KUMH  TEeMIIaMHU
SKOHOMHUECKOTO POCTa, PacTyled reonoIuTU4ecKoi
HaIpsDKEHHOCTHIO u HEPa3BUTHIM YpOBHEM
MEXTOCy1apCTBEHHOTO COTPYAHUYECTBA. [J1aBHBIMU
3aJlauaMy CTPaH SABJISIETCS YKpPEIUIEHHE HAIllMOHAIbHOU

0e30MacHOCTH, CO3/JaHMe HOBBIX paboYMX MecT,
pa3BUTHE  KaJIpoB M  peHIeHHe  JIOKAJIbHBIX
JKOJIOTHYECKHUX pooIeM. HoctynHast

JeKkapOOHU3AIHA SBIIETCSI HOPMOH BO BCEM MUPE, T. K.
CTpaHbl HE TOTOBBI JKEPTBOBATH HKOHOMUYECKUM
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pOCTOM  paaud  KIMMAaTH4eCKUX  COOOpaKEeHH.
OHepreTnueckuil JaHamadT SBISETCS OTPAKECHHEM
perHoHaNu3Ma,  JABM)KUMOIO  T'€ONOJUTUYECKHUMU
(axTopamu u Qaxkropamu 6e3onacHocTH. OTpacieBoe
peryjMpoBaHue  ocraercs  ciabblM, Iio0ajbHas

CUHXPOHM3ALUS IPAKTUUECKU OTCYTCTBYET.

C pocToM TeomoIUTHYECKON HANpsSKEHHOCTH H
OTPaHUIECHHOCTHIO MEXIyHApPOIHOTO
COTPYIHUYECTBA, oOMeH nHpOpManueH,
TEXHOJIOTHSIMA M MUPOBBIM KaIlUTaJIOM YCIIOXHSETCH.
Jus  obecriedeHUs] HSHEPTETHUECKOW 0e30macHOCTH
MPaBUTEIBCTBA BBIHYKICHbI ONUPaTHCS Ha
COOCTBEHHBIC CHIIBI, BKJIIOYas NPUPOJHBIE PECYPCHI,
CYLIECTBYIOIME AaKTUBBI U CHCTEMBI, a TaKke
OPUMEHATh  Mepbl 10  CTUMYJSILIMM  CIIpoca.
locynapcrBa yzaenstor Oosnbliiee BHUMaHHE CO3JIaHUIO
pabo4yMx MecT, BONpOCaM 3]PaBOOXPAHEHHS U
JIOKJIBHBIM SKOJIOTHYECKUM BOIPOCaM, B MEHbLICH
CTEIICHHU, YeM MHPOBBIM ITpoOIeMaM.

B 2020-2030 rr. HOBBIE aTOMHBIE MOIIHOCTH
OymyT BBeIeHBI B CTpOH TJIaBHBIM 00pa3oM C
HCTIONIb30BaHUEM KOMILIEKCHOTO ITO/IX0/1a K Pa3BUTHIO
napka ADC B Kurae, Unauu, Poccun - crpanax,
KOTOpbIE CHeNajd CTpaTerMyecKylo CTaBKy Ha
aTOMHYIO DJHEpPreTHKy KaK OCHOBHOM MCTOYHMK
SHEpIHUu.

3arem B 2030-2040 rr. HalMOHANBHbBIE
mporpaMMbl 1o coopyxeHuto  ADC  OyayT
peanu3oBbiBaThCA Ha bimkHem BocToke, B TOM uncie
B Caynosckoit ApaBum, OObeanHEHHBIX ApabCKux
Omupartax, Upane, Typuuu, Erunre u npyrux crpanax.

B JTHUX CTpaHax OCHOBHBIMU ATOMHBIMU
TEXHOJIOTHSIMA ~ OCTAlOTCS  PEAKTOPbl  OOJBIION
MOII[HOCTH MOKOJIEHUH 11 u i+ IS
HEHTPATU30BAHHBIX SHEPTrOCHCTEM.
YcoBepiieHCTBOBaHHS B KOHCTPYKI[UH u
MCIOJIb30BaHUEe MU(QPOBBIX TEXHOJOTHHA  JENAI0T

peaktopbl mokojenus |11+ ecrecTBeHHBIM BBHIOOPOM
JUISl BCEX CTPaH-HOBHYKOB, IIOCKOJIbKY OHH SIBJISIFOTCS
HaJIeKHBIM, XOPOIIO HW3Y4YEHHBIM, CEPUIHBIM U
SKOHOMHUYECKH I(PPEKTHBHBIM pEIICHHEM B 00IacTd
ATOMHOM 3HEPTeTHKH.

IMo cnenapuro «Xapa-pok» SHeEpreTHUecKas
0e30MmacHOCTh crtocoOcTBYET AP EKTHBHOCTH, OJTHAKO
pa3o0LIEeHHOCTh MHpAa W TOProBbIE  Oapbepbl
NPENATCTBYIOT HWHTEHCHBHOMY TEXHUYECKOMY
nporpeccy. B To Bpems kak peaktopsl nmokosieHu#t |11 u
11+ cocTaBIsFOT OCHOBY aTOMHBIX HYHEPTETHYECKUX
NporpaMM Ha pa3BHBAIOIIMXCSl PBIHKAX, a TaKKe B

HEKOTOPBIX ~ PAa3BUTBIX  CTpaHaXx,  HMHHOBAIMU
BHEJPSIOTCA OTHOCHTENBHO MENIEHHO M crnabo
MHTETPUPYIOTCS.

Poccus u Kwurail ocraroTcsi JOMUHHUPYHOIUMH
UTPOKaMH Ha PHIHKE aTOMHBIX TEXHOJIOTHH, a O0JbInas
4acTb CPEJCTB HA HOBOE CTPOUTENBCTBO MOCTYNAET OT
TrOCyJlapCTBEHHBIX ~ MHCTUTYTOB.  CTpPOUTENBCTBY
HOBBIX ADC CHOCOOCTBYIOT (rHAHCOBBIC
MHCTPYMEHTBI, TaKHe KaK MEXIoCyJapCTBEHHbIC
LIeJIEBbIE KPEJIUTHI, @ TaKXKe MOJENH «CTPOil, Biajaei,
AKCIUTYyaTUPYD», COTJIAIICHUS 0 3aKyIIKe
QJIEKTPO’HEPTUM W TapaHTHH  CO  CTOPOHBI

HalMOHAJIBHBIX TPaBUTENILCTB WM apHHUIMPOBAHHBIX
C HUMU OpraHu3anuil.

B 2030 r. Poccus u Kutail ycnemHo BBenyT B
CTPOM TNpPOMBIIUICHHbIE aTOMHBIE peakTopel |V
nokoigeHnus u MMP. K 2045 r. poccuiickue u
kutaiickue peaktopbl IV mokonenus u MMP Taxoke
OyZyT pasMelIeHBl Ha OPYTHX IUIOMIaJKax IO BCEMY
mupy. Ipm stom, ¥ 2060 1. HEH peakTopsr |V
nokosieHuss, HU MMP He OKaXyT CyIIECTBEHHOIO
BIMSHUS HA 00IIEMHUPOBYIO SHEPTETHIECKYIO CHCTEMY.

3aMBIKaHWE SAIEPHOTO TOIUIMBHOTO IUKJIA U

pa3BUTHE MOMYJIBHOTO TIPHHIMIA CTPOHUTEIHCTBA
OCTar0TCs TJIaBHBIMU WHHOBAI[HIOHHBIMHU
NIPUOPHUTETAMH, T[JIABHBIM  00pa3oM, Omaronaps

rocynapctBeHHbIM nporpammamM HUOKP B Poccuun u
Kurae, kotopsle OyayT peaau30BBIBaThECS  Ha
MIPOTSDKEHUU JECATUIICTHI.

Hecmotps Ha  TO, 4YTO0  OBYCTOpPOHHEE
COTPYJHHYECTBO B pPEHICHHH TNPOOJIEM SIEpPHOTO
Hacieaus OyleT COXpaHAThCS, MHOTHE CTPaHBI OyIyT
MPUIEPKUBATECS ~ MO3ULHH, COTNIACHO  KOTOPOH
oOpamieHne C  SOCPHBIMH  OTXOAAaMH  JIOJDKHO
OCYILECTBIIATHCS B CTPAHE UX IMTPOUCXOKACHUSL.

B 2020 rr. EC u CHIA B menoMm mnoaaepxaiu
NOJUTUKY, KOTOpass TI03BOJNIMJIA TPOIUIUTH CPOK
CITy’)KOBI CYIIECTBYIOIIUX PEAKTOPOB, UYTO C TOYKHU
3peHHs HOPMATHUBHONH CTOMMOCTH 3JEKTPOIHEPTUU
ABJISICTCS OJHOW M3 JIyYIIMX JOCTYIHBIX Ha PBIHKE
MHBECTHIIUI B IPOU3BOACTBO YUCTOU 3JIEKTPOIHEPTUH.
B 2020-2030 rr. y OONBIIMHCTBAa YCTapeBIINX
peaktopoB B CIHIA m EC cpok cmyx0b1 Oyzmer
yBenmuueH Ha 20 JeT, 4YTO MO3BOJIUT UM
¢yHKIHOHUPOBaTH B repuo mocie 2040-2050 rr.

Tem He menee, mexay 2035 u 2040 rr., xorna
MIPOJIEHNE CPOKa CIY>KOBbI OOJIbIIIe HE TMOIXOIUT JJIS
Oonpieid yactu cymiectyromiero napka A9C B EC u
CIIOA, OymyT uATH >XapKHe CIOpPBl O TOM, Kak
3aMEHUTH 3TOT 3HAYUTEIbHBINA 00BeM
HU3KOYTJIIEPOAMCTEIX MouLiHOcTed. Hekoropele, paHee
3aHMMAIOIME  TACCHBHYI0  TO3UIMIO  CTPaHbI
MOCTENEHHO TPUCTYNAIOT K COOPY’KEHHIO HOBBIX
aTOMHBIX CTaHIMH, Y€MY CIIOCOOCTBYET OYEBHIHBIIN
yCIleX aTOMHOI SHEPreTUKH B Pa3BUTBIX CTPaHAX, HE
OCTaHOBUBIIMX CBOHM IpOorpaMmbl. TeM He MeHee,
OCTaHETCs psJ CTPaH, KOTOPBIE PEIIAI0T OTKA3aThCs OT
HCIOJb30BaHUSI aTOMHOM YHEPIHU.

IIpu Ttakom crenapmu CIIIA u GOJBIIMHCTBO
ctpad EC HEOXOTHO NPUCTYHarOT K CTPOHUTEIHCTBY
HOBBIX aTOMHBIX 3nekTpocTannuii B 2020-2030 rr., B
HEKOTOPBIX CIIydasx BCIIEACTBHE HHU3KOTO YPOBHSA
OOIIIECTBEHHON NPUEMIIEMOCTH, a B JPYrHX -
BCJIE[ICTBHE HESICHOM SKOHOMMUECKOI
s¢pdextuBHOCTH. TeM He MeHee, HEKOTOpBIE CTPaHbI
UAYT B IPOTHUBONOJIOXKHOM HaIlpaBlIeHHU. Yemickas
PecriyOmmka, Benrpus, CnoBakuss wu  bonrapus
MPUHUMAIOT PEIHIEHUE MPOJUIUTH CBOM IPOTPaMMBI
pa3BuTHs aToMHOM dHepreruku Ha 2030-2040 rr. Oto

obecrieunBaeT HX HE TOJIBKO OHEPIreTUICCKUM
pemeHueEM, HO U BO3MOXHOCTBIO npoaBUTaTh
OKOJIOTUYECKYIO TOBECTKY, OAACPIKNBATH

SKOHOMMUYECKUHN POCT U Pa3BUTHUS KaIPOBBIX PECYPCOB.
Hekoropble U3 3THUX IPOEKTOB IO3BOJIWIA BCEM
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U3BIEYb TSDKENbIE YPOKHU: IEpepacxo]l CPeAcTB U
HapylieHHe rpaduka 3aCTaBWIN Y4aCTHUKOB OTPACIH
U JIUI, IPUHIMAIOLINX peIIeHHs], IepeCMOTPETh CBOU
noaxoasl K mpoekTupoBaHuio ADC U ymnpaBiIeHHIO
MPOEKTAMU II0 UX COOPYKEHHUIO.

Bo Bcem mupe k 2060 r. HEeKOTOpBIE CTPaHbI Oy IyT
3HAUUTEITPHO MCHEE  YIJIEPOJOCTOEMKHMH, YeM
Ipyrue. BozgeiicTBuE  MOTOAHBIX — KaTaKJIM3MOB,
HEXBaTKA BOJBl M WM3MEHEHHsS KIMMaTa BCE dYalle
OIIYIIAIOTCS B Pa3IMYHBIX OOCTOSATEIhCTBAX. JTO
BBIHYX/Ia€T CTpaHBI COTPYIHHYATh Ha
CyOpernoHaIbHOM ypOBHE UL CO3JaHUs
TEXHOJIOTHUECKUX U HKOHOMHUYECKUX PpeIleHHH A
YCKOPEHHS alaNTallii K U3MEHEHHIO KJIuMara.

ITo cuenaputo «Xapa-pok» B 2060 r. Ha CEKTOp
MPOM3BOJICTBA JJIEKTPOIHEPTUH OYyJET NPUXOIUTHCS
23 % OT KOHEUHOTo NOTPeOIeHHs SHEPTUH, TOTa KaKk
B CTPYKType 3HepronorpediaeHus OyayT npeodiaanats
UCKOIIaeMble BHABI TOIUIMBA, XOTS W B MEHBIICH
crerrenn, yeM cerogHsa. K 2060 1. mois aToMHOH
SHEPTeTUKM B TPOHM3BOACTBE  3JIEKTPO3HEPTUHU
nocturher 12,5% mno cpaBHenuto ¢ 11% B 2015 1.
YcranoBieHHass MOIIHOCTE ADC yBEIUYHUTCS Ha TpU
gyerBeptu ¢ 407 I'BT B 2015 1. 10 696 I'BT B 2060 T

Vcropuuecku CIIOXKHIOCH TaK, YTO MacliTaOHbIe
U3MEHEHHUS B AJIEpHON dHEPreTHKe 3aHMMAaJIH CPOK OT
JIECATHIICTUS U OOJIee; ITO OTpaKaeT PeallbHbIA (aKT,
YTO HAa [POCKTUPOBaHHE, (HUHAHCUPOBaHHE U
COOpY)XEHHE aTOMHBIX CTaHIMN TpeOyroTCs TOJBI.
OnHako TPH HCHOJIB30BAHUM METOJWKH CIECHAapUEB
BHIMaHHE TV, TIPUHIMAIOIINX pemeHus,
MIEPEOPUCHTUPYETCd HAa HW3MEHEHHS 3a IpeAciIaMu
cdepsl SHEPTeTHKH, a TAaK)Ke€ Ha HOBBIC TEXHOJIOTHH,
HaxoJsIIMecsl Ha HayalbHBIX CTaJUsIX CBOETo
pa3BUTHA. Jannblit porecc OTCJIE)KUBAHUSA
HHQOPMALMK W3 Pa3IMYHBIX HCTOYHUKOB IIPU3BaH
MPEVIOKUTh  allbTEPHATUBHBIE TOYKM 3pEHHUA Ha
KJIFOUEBbIC JpaiiBeppl H3MEHEHHUI, KOTOpble OyayT
(hopMupoBath OyayIee siIepHOIl SHEPTeTUKH.

DnekTposHeprus, BeipadateiBaemass ADC, MOKET
001aaTh KOHKYPEHTOCIIOCOOHO! IIEHOM, CO 3HAYMMO
4acThl0  NMpHOBUIM 32 CU€T  CTPOMTENILCTBA
CTaH/IAPTU3MUPOBAHHBIX ITIPOEKTOB, MAaKCHMaJIbHBIM
BHEJPEHHEM  MOJIYJbHBIX  KOMIIOHEHTOB  HpPH
CTPOUTENBCTBE " peanuzanuu IIporpamMmm
KOMIUIEKCHOrO coopykeHusi mnapka ADC. Takoi
KOMIUIEKCHBIN MOAXO0/ UM CEPUIHHOE CTPOUTENIHCTBO —
Hawnbonee 3¢ hexTUBHBIN METO]T pa3BUTHSA
HallMOHAJIbHOM aTOMHOW 3HEPIeTUKH, IIOCKOJIBKY OH
CHIDKAeT CTOMMOCTH TEXHOJIOTHH 10 X0y €€ OCBOCHUS
n obecrmeumBaeT »SKOHOMHIO 3a c4€r d¢dekra
MaciiTada Ha Bcel IPOM3BOACTBEHHO-COBITOBOH IIETIH.
OOblYHO OH BeIeT K COKpPAaIIEHHIO CPOKOB
CTPOMUTENBCTBA U 3HAYUTEIBHOMY  CHI)KEHUIO
CTOMMOCTH 3HeproOnokoB. HenaBHue mporpaMmsl 1o
coopyxkenuto ADC B Takux cTpaHax, kak Poccus,
Kuraii, FOxnas Kopes, SAAnonus u MuHnus, nokazanu
penMyIiecTBa poTpaMM KOMIUIEKCHOTO
cTpoutenbeTBa. K IpyruM cTpaHam, MOLIEIIIAM IO
MyTH KOMIUIEKCHOTO TIOAXOJa WIH BBIPA3HBIINM
KEJIaHWe BCTaTh HA HET0, OTHOCSTCA TOCyIapcTBa
bmmxnero Boctoka (mampumep, OObenumHEHHBIE

Apabckune Owmmpatbl, CaynoBckas Apasus, Hpan,
Typuust u Eruner), a IOxnas Adpuka, Hurepus u
Bpasunus Tarke BKIIOYMIN TaKyl0 BO3MOXKHOCTb B
cBou Oyayinue riausl. [4, 5].

B pe3ynbraTe pocTa HaceneHus, 5KOHOMHUYECKOTO
pa3BUTHsI U CIpoca Ha 3JIEKTPOIHEPTHIO  PsIX

Pa3BUBAIOIINXCS CTpaH paccMaTpuBaeT
HCIIOJIb30BaHNE STEPHBIX SHEPIreTHYECKUX
TEXHOJIOTUH. Ilo JAHHBIM MexnyHapoaHOro

areHTCTBa 1O aTOMHOM »Heprum, 28 CTpaH, MHOTIA
Ha3bIBAEMBIX «HOBUYKaMI», BIIEPBBIC pACCMAaTPHUBAIOT,
IUITAHUPYIOT WX PEaln3yl0 HalMOHAJIbHBIE aTOMHBIE
SHEepreTUYecKue NMporpamMmsl, B TO BpeMs Kak eme 20
CTpaH BBIPA3UIM MHTEpEC K aTOMHOIl SHepreTuke u B

TOW WIM HHOM Mepe Pa3BUBAIOT  SEPHYIO
nH}pacTpyKTypy. OTH TpOLECCH yKa3bIBAlOT Ha
MPOAOIDKAIOIEECs]  PacIpOCTPaHEHUs MHUPHOTO

WCTIONB30BaHUS aTOMHOH SHEPrHH B BOCTOYHOM U
FO’)KHOM HAaITPaBIICHHAX.

BruiBoabl

1.B MHPOBOM CcOo00IIIeCTBE MOCIIEIHUE
JECSATUICTHS BEIyTCs TUCKYCCHU 0 OyIymieM saepHon
sHepreTuku. be3yclioBHO, snepHas SHepreTUKa UMeeT
pAN TpPEeUMYIIECTB, B TO >K€ BpeMs OOIIEHU3BECTHBI
HOCJNIeICTBHSL aBapuii Ha YepHOOBUILCKOW aTOMHOI
anekTpoctaHuu u Dykycume. Takxke CyLIeCTBYET
npobiiema obpamenuss ¢ OST. [lostomy Benymume
KOMITaHUH, MPOQGUIbHBIC HAYYHBIC YUPSKIACHUS WU

MEXIYHapOJHBIE OpraHU3alMd [0 BCEMY MHUPY
paboTaroT  Hajg  NOBBINIEHHMEM  OC30MACHOCTH,
Hag&KHOCTH M 3Koylormdeckoil  addexTuBHOCTH

SIIEPHOI SHEPTeTHKH.

2. IlpuBeneHnil aHaIM3 COBPEMEHHBIX MHPOBBIX
TeHJCHINH pa3BUTHUS AEpHON 3HepreTHkH. [lokaszaHno,
YTO B HACTOAIIEEe BpeMs HAOIIOAAIOTCS OBICTpHIE,
(byHnameHTanbHbIe TpaHCHOPMAIHM DHEPTeTHUECKHX
CUCTEM 3a CUET HOBBIX TE€XHOJIOIHI, Pa3BUBAIOIIUXCS
YCKOPEHHBIMHU TeMITaMH, Ha GoHe Bce DoJiee KPYITHBIX
U3MEHEHHH B COLMAIBHOW cdepe, TeoNONUTHKE U
OKpyxaromiei cpene. OOIIEeCTBO CTOUT Ha MOPOTe TaK
HasbiBaeMoro  «bombmioro  mepexonma»,  KOTOPBIi
npeaycMaTpuBaeT  (yHIAMEHTAIBHBIE  COIMAIBHO-
SKOHOMHYECKHE CJIIBUTH B CBETE TpPSIyIIEH 3pbl
IU(PPOBON M IKOJIOTUIECKOH 3() () eKTHUBHOCTH.

3. [NokazaHo, 4TO siAEpHAs HEPreTHKA SIBISICTCS
omHMM W3 Hauboiee peHTaOeNbHBIX CIIOCOOOB
NPOU3BOJICTBA JJIEKTPOIHEPIHMHA BO MHOTHMX CTpaHax.
Bericokast yienbHast MOIITHOCTh U HaJIEKHOCTD SIJICPHBIX
9HEPreTUYECKUX YCTAHOBOK JENAIOT MX MPHUIOAHBIMU
Ut obecriedeHus 6a30BBIX HATPY30K SHEPTOCHCTEMBI.
IMo cpaBHEHHIO C MCKONAE€MBbIM TOIUIMBOM, sIEpHAs
SHEPrusi MMEeT Ompe/esi€HHbIe NpeuMyliecTBa. Bo-
MEepBBIX,  OHAa  SIBISIETCS.  HHU3KOYTJIEPOJIMCTON
HUCTOYHUKOM OJHepruu. Bo-BTOpBIX, OHa sBIIsIETCS
MPEACKa3yeMbIM M OTHOCHTEIBHO  HEIOPOTHM
HCTOYHHUKOM 3JICKTPOIHEPTUH.

4. IlpuBenéH  BapuaHT  pa3BUTUS  SJIEPHOM
SHEPreTUKH, KOTOpBI pa3paboTaH W KypHPYeTcs
BceemupHoil  anepHoil acconuanue M OTpaxEéH B
nporpamme «['apmonusi». B mporpamme u3i103keHO
BUJIEHHE OyIylIero 3JeKTPOIHEPIUU C YUETOM Lesn
obecnieuenns k 2050 roxy momu sIepHOM FreHepanuy He
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menee 25 % ot obmeMupoBoro 00bEMa IMPOU3BOJCTBA
JJIEKTPOIHEPTHH B paMKax CTPEMJICHHI K CO3JaHUIo
YHCTOTO ¥ HaJAEKHOTO HU3KOYTJIEPOAUCTOTO MUPOBOTO

sHeprobanaHca.
5. PaccmoTpeHnsr TpH TII00aTIbHBIX
QIBTEPHATHBHBIX ~ CIEHAPUU  pa3BUTUS  MHUPOBOM

sHepretukn a0 2060, pa3paboTaHHBIX BcemupHBIN
sHepretnaeckum Cosetom: «J/xa3z mozepn» (Jazz
modern), «Heoxonuennast cumbonus» (Unfinished
symphony), «Xapa pok» (Hard rock). Ilo »tmm
CICHApWsIM SIepHasl JHEpreTuka OyAET YacThio
MHPOBOTO Heprodaianca, 0HAKO KaXIbId clieHapHit
IpeAroaraeT pa3IniHyIo 00 SASPHONU IHEPTreTUKU
B MHPOBOM 3HeprodanaHce W JOBOJBHO OTJIMYHBIE
JpYT OT ApYra MyTH Pa3BUTHSI.

6. Temnbl 1 HanpaByieHKs TIIO0ABHOTO MEpexoaa
K 0E3yIJIepoANCTOi SHEPTeTHKE SBISIOTCS YacThiO
ropaszgo 0oiee MUPOKOTO KOMIUIEKCA OOIIEMHPOBBIX
n3MeHeHHH. B Hacrosiee Bpems MAET mporecc Tak
HazpiBaeMoro  «bospmoro  mepexoma»  (Grand
Transition), KOTOPBIi npeanoaaraet
(yHIaMEHTaIbHBIH CONNATLHO-3KOHOMUYECKHH CIBHUT
B CBETE TPSIyHIeH 3pbl MU(PPOBOH M IKOIOTHICCKOMH
spdekTrBHOCTH. B  0Oojiee IMIMPOKOM KOHTEKCTE
MepPCIIEKTHBBI aTOMHOI U APYruX (opM MpoU3BOACTBA
SHEPrHU OTIPEICIISIIOTCS CJIOYKHBIM u
HETPEICKAa3yeMbIM  B3aUMOJICHCTBHEM TJI00AIbHBIX
(axTopoB, TaKUX Kak JIeLIEHTpaIn3aLusl,
JnekapOoHu3anusi, UU(pOBU3aLKS M TEONOJIHUTHKA.
[ToABIAIOTCSI MHOTOYMCIICHHBIC Pa3BHIKH Ha IyTH K
yCIICITHOMY 001eMHPOBOMY Hepexomny K
HHU3KOYTJICPOIUCTON SHEPTETHKE.

7.Bcé Oompmie mpusHaércs TOT (pakt, dUTO
AnepHasi SHeprust 3aiMET cBoé MecTto B Oynymiem
MHpPOBOM JHeprodaisaHce M OyJer crnocoOCTBOBATH
YCTOWYUBOMY Pa3BUTHIO.
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Summary. This article discusses indicators of the quality of electricity and their impact on the operation of
the main types of electrical equipment, issues of monitoring and improving the quality of electricity. In turn, the
normal operation of electrical equipment depends on the quality of electricity. The mutual influence of electrical
equipment and supply networks is called electromagnetic compatibility. The solution to the problem of
electromagnetic compatibility is associated with the determination and maintenance of optimal indicators of the
quality of electricity, at which the technical requirements are met with minimal cost.

AHHOTal.ll/lﬂ. B I(aHHOI\/'I CTaTbE€ pacCMaTpPUBAIOTCA MMOKA3aTCIIN Ka4€CTBA DJICKTPOOHEPTUHN U UX BIIMAHUEC HaA
paboTy OCHOBHBIX BHIOB AJIEKTPOOOOPYIOBAHUS, BOIIPOCH KOHTPOIIS U YIIyUIICHHS Ka4eCTBa AIEKTPOdHepruu. B
CBOIO Ouepenh HOpMalbHas padoTa 3IeKTpooOOpYyIOBAHUS 3aBHCHT OT KadecTBA SJIEKTPOIHEPTHH. BiammHOe
BIIMSTHHE DJIEKTPOOOOPYIOBAHIS M IIUTAIOIINX CETEi Ha3bIBaeTCs 3JICKTPOMAarHUTHOW COBMECTUMOCTBIO. Pemenne
HpO6J’I€MBI 3H6KTp0MaFHHTHOﬁ COBMECTUMOCTH CBA3aHO C ONPEACICHUEM U IOANCPKAHHUEM OITHMAJIBHBIX

HoKa3aTelell KadecTBa DJICKTPOIHEPIHHU,
MHHHMAJIbHBIMH 3aTPaTaMH.

TP KOTOPBIX BBIIIOJIHAKOTCSA TEXHUYECKHUE TpeGOBaHI/IH C

Key words: electricity, frequency, voltage, technical, electrical network, loss, quality.
Kniouesvie cnosa: IJIEKMpOIHepcUuU, uacmoma, HanpANCeHus, mexHuueCKuﬁ, dJIEKmMpUu4ecKux cems, nomepu,

Kauecmed.

Electromagnetic  interference in  electrical
networks of industrial enterprises, caused by powerful
nonlinear, asymmetric and shock loads, degrade the
operation of power electrical installations, automation
systems, communications and relay protection, which
can lead to a decrease in the reliability of power supply,
an increase in power losses, a deterioration in quality
and a decrease in the number of products. In this regard,
the problem of the quality of electricity arises, the study
of which is given much attention in industrialized
countries.

Electricity is a special type of product and has
certain characteristics that make it possible to judge its
suitability. The set of characteristics at which power
receivers are able to perform their functions are united
by the general concept of power quality, which is
assessed by indicators of power quality.

Power quality affects power consumption,
reliability of power supply systems, and the
technological process. Low-quality electricity causes
damage caused by damage to materials, disruption of
the technological process, deterioration in product
quality, reduced productivity, etc. - technological
damage. In addition, there is electromagnetic damage
from low-quality electricity, which is characterized by
an increase in electricity losses, failure of electrical
equipment, disruption of automation, telemechanics,
communications, etc. Ensuring the proper quality of
electricity leads to an increase in production efficiency.
Solving this problem, one should proceed from a
comparison of the expected effect of improving the
quality of electricity and the inevitable additional costs.

Modern production is characterized by the use
of such consumers of electrical energy, which affect the
quality of electricity supply networks. These include:
high-power rectifiers, electric arc steel-making
furnaces, welding machines, etc.

Electricity quality indicators: GOST 13109-97
"Standards for the quality of electrical energy in
general-purpose power supply systems" establishes the
following power quality indicators (PQE):

1) steady-state voltage deviation; §U,,;

2) the range of voltage change; §U;;

3) the dose of flicker; P;;

4) the distortion factor of the sinusoidal voltage
curve; Ky;

5) voltage harmonic coefficient; Ki,;

6) coefficient of voltage unbalance in the reverse
sequence;

7) zero-sequence voltage unbalance factor; K, y;

8) frequency deviation; Af;

9) the duration of the voltage dip; 4t,,;

10) impulse voltage; U, n;

11) temporary overvoltage factor. K.

When determining the PQE values, the
following auxiliary parameters of electricity are used:

- frequency of repetition of voltage changes; Fsy, ;

- the interval between voltage changes; 4t; ;1;

- the depth of the voltage dip; §U,,;

- the frequency of voltage dips; E,;

- pulse duration at the level of 0.5, its amplitude;
tl/IMHO.S;

- the duration of temporary overvoltage. 4ty

The value of the PQE in the normal operation of
the electrical network should not go beyond the
maximum permissible values and, at the same time, for
at least 95% of the time of each day, it should remain
within the normally permissible values specified in
GOST 13109-97.

Control over the observance of the requirements
of the standard by power supply organizations and
consumers of electric energy is carried out by
supervisory bodies and test laboratories for the quality
of electric power accredited in the prescribed manner.

Electricity quality control (CE) at the points of
general connection of electricity consumers to general-
purpose power supply systems is carried out by power
supply organizations.

Control points are selected in accordance with
regulatory documents.

The frequency of PQE measurements is set as
follows. For steady-state voltage deviation - at least
twice a year, and in the presence of automatic counter
voltage regulation in the power center - at least once a
year. For other indicators - at least once every two years
with the unchanged network layout and a slight change
in the load that affects the quality of electricity.
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Frequency deviation: The frequency deviation
in hertz is the difference between the average f,and
nominal f,,,, frequency values: Af = f,-foy-

The averaged value of the frequency is calculated
as a result of averaging Nobservations f; over a time
interval of 20 s using the formula

N
f, =22l 1)

where is f; the actual value of the frequency for
the th i observation.

The number of observations must be at least 15.

Normally permissible and maximum permissible
values of frequency deviation are equal to +0,2and
+0,4Hz, respectively.

All frequency deviation values measured within
24 hours should not exceed the maximum permissible
value, and 95% of all measured values should not
exceed the normally permissible value.

The electromagnetic component of the damage is
caused by an increase in active power losses and an
increase in active and reactive power consumption.
Reducing the frequency by 1% increases network
losses by 2%. For an induction motor, the expression
[5] is valid:

U= EI = 4:44f1W1k061cDMa1(cv (2)

where is U, E; the supply voltage and the EMF
of the stator winding; f;- power supply frequency; W;-
the number of turns of the stator winding; k-
winding ratio of the stator winding; @,,,..- IS the flow
amplitude.

With constant voltage, lowering the frequency will
increase the flow. As a result, saturation increases, no-
load current increases, and losses in steel increase.

An increase in frequency leads to a decrease in
flow. This means that at a constant load torque, the
currents of the rotor and stator will increase. Active
power losses increase and motor heating increases. For
an asynchronous motor, permissible frequency change
Af = +2,5%. The above formula is also valid for the
transformer (k.s;=1).

A decrease in frequency leads to an increase in the
transformer flux, an increase in no-load current and
losses in steel.

The technological component of the damage is
mainly caused by under-production by the enterprise
and the cost of additional work time to fulfill the plan.
The value of technological damage is an order of
magnitude higher than the electromagnetic one. The
main reason for the damage is a decrease in the
productivity of technological lines and mechanisms due
to a decrease in the speed of drive electric motors,
mainly asynchronous ones. To determine the damage,
it is necessary to know the dependence of the change in
the rotational speed of the asynchronous motor on the
change in the network frequency and the dependence of
the performance of the technological lines on the
rotational speed of the induction motor.

Annual economic damage from frequency
reduction (in rubles) [2]:

y=Cc, /ﬁ(T—Tl) [ dt / 3)

where are C, the planned unit costs per unit of
production when operating at the nominal frequency,
rubles; P - productivity of technological lines per hour
at rated frequency; T- duration of work per year, h; T; -
duration of operation per year at nominal frequency; k
- the number of frequency changes per year; T;-
duration of frequency change, h; Pn- the dependence of
the performance of the lines on the frequency of
rotation of the asynchronous motor.

The rotational speed of an induction motor with a
fan torque of the load can be determined by the formula

214 2 2
VkgS k5-k;
n=n, (1_ f 2 HOM 3 10> (4)

akl 1-kZ)

where is n, the synchronous rotation frequency at
f = fuom: ¥, @ - coOrrection factors taking into account
saturation of the magnetic circuit (1.05 - 1.15);
Ki =T/ fi07 Suow; - rated slip; ky = U/Upon;

ks = I/, - load factor; - k;o = I /11,0, Multiplicity
of no-load current.

21,2 2 1,2
Y kaHOM k3-kiy
n=ng (1- TN e 5)

2
1-kf,

At constant moment of resistance

Determination of damage, knowledge of its
structure makes it possible to develop scientific and
technical measures to reduce the negative
consequences of frequency changes. Maintaining a
normal frequency is a purely technical challenge. The
main way to solve it is to create power reserves in the
power system.

Voltage deviation: Voltage deviation is a
measure of the steady-state voltage deviation. This is
the difference between the actual and rated voltage, the
first being the average value of the positive sequence
voltage of the fundamental frequency over a set period
of time.

The normally permissible and maximum
permissible values of this PQE are 5 and 10%,
respectively. It is defined as follows.

For each i th observation over a period of time
equal to 24 hours, the effective value of the linear
(phase) voltage of the positive sequence of the

fundamental frequency is determined Ul(l)i- It is
allowed to use the formula

1
Uryi = 5 Wasyi + Upcyi + Ucaqy)  (6)

where are the Usp1yi, Upcyir Ucaqryi effective
values of the line voltages of the fundamental
frequency in the I -th observation, V, kV.
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Calculate the value of the averaged voltage U,

value as a result of averaging Nobservations U(l)i or

Ul(l)i for a time interval of 1 min:

U — ?’=1Ui2 (7)
y N

where is U;the voltage value U(qy;0rU;qy; in the i
-th observation, V, kV.

The number of observations for 1 min must be at
least 18.

Next, the steady-state voltage deviationdUy in
percent is calculated:

U -UHOM
SUy = JL’]HT -100 (8)

The quality of electrical energy for the steady-state
voltage deviation at the point of common connection to
the electrical network is considered to be in compliance
with the requirements of the standard if all the steady-
state voltage deviation values measured for each
minute within 24 hours are within the range limited by
the maximum permissible value, and not less than 95%
of the values are within an interval limited by a
normally permissible value.

The main reason for the voltage deviation is the
change in the load in the networks. Large deviations
(and fluctuations) in the voltage in the supply network
occur when powerful (in relation to the short-circuit
power) power consumers operate, the load of which is
of a sharply variable nature (electric arc steel-making
furnaces, welding machines and powerful valve
converters).

When the voltage deviates, the performance of the
electrical equipment deteriorates. Let's consider some
of its types.

Lighting installations: When the voltage drops
by 10%, the luminous flux of incandescent lamps is
reduced by 30%, and when the voltage is increased by
10%, the lamp life is reduced by 5 times. The electrical
network must be designed so that in the event of an
emergency shutdown of a network element, the voltage
on the lighting lamps does not decrease by more than
12%.

Asynchronous motors: Let's analyze expression
(14). Let's assume that the load torque is constant and
the mains frequency is constant. Then a change in
voltage leads to a proportional change in flux. A
decrease in flux causes an increase in current, which in
turn leads to an overload of the motor, an increase in
losses in power lines and transformers. A 10%
reduction in voltage causes a 19% reduction in torque.
An increase in flux leads to an increase in no-load
current and an increase in losses in steel. In
asynchronous motors, when the supply voltage
changes, the rotor speed and the consumption of
reactive and active power change. Because of this, the
reduced costs of work change in comparison with the
working conditions at rated voltage by the value [2]

A3, = kAQ + B(AP + APyyp) +Van Y, 9)

Where AQ and AP increment of consumed
reactive and active power; - AP, -increment of active
power losses; Ya,- damage from changes in engine
speed; B - the cost of 1 kWh of electricity; Y-
additional costs associated with a change in the life of
the engine; k - unit cost of 1 kvar of reactive power.

Synchronous motors: With voltage deviation,
reactive power changes and, accordingly, active power
losses:

2py =1 (;2) + L (%) (0

QHGM
where Jl;and/l, are constant loss factors; Q and
Q..on- CUrrent and rated reactive power.

When the mains voltage rises, the reactive power
supplied to the mains by the synchronous motor
decreases, and when the voltage decreases, it increases.

Valve converters: When the voltage rises, the
automatic control system increases the control angle,
which leads to a deterioration in the power factor. Thus,
an increase in voltage by 1% leads to an increase in the
consumption of reactive power by the converter by (1
+ 1.4)%. Other indicators improve with increasing
voltage. It is beneficial to increase the voltage within
the permissible range.

Electric furnaces: Lowering the voltage by 7%
leads to a 1.5-fold deterioration in the melting process.
Increasing the voltage above 1.05 U,,leads to
excessive consumption of electricity.

With a decrease in voltage, losses in the networks
increase due to an increase in current, and the service
life of the insulation decreases.

For more details on the influence of voltage
deviation on electrical networks and electrical
equipment, see [4].

Voltage fluctuations

General provisions: Voltage fluctuations mean
rapid changes in its effective value, occurring at a rate
of at least 1% per second.

Voltage fluctuations are characterized by the
voltage swing and the flicker dose. In addition, when
evaluating these PQEs, such auxiliary parameters as the
frequency of voltage changes and the interval between
voltage changes are used.

The voltage range - the difference between the
following one after another extrema of the envelope of
the effective voltage values - in percentage is calculated
by the formula

s, =l 100

HOM

a1y

where U;, U;,,are the values of the following
extrema or extremum and the horizontal section of the
envelope of the effective values of the voltage of the
fundamental frequency, determined at each half-period
(Fig. 1).

It is allowed with a voltage distortion factor of
sinusoidality not exceeding 5%, to be determined as a
percentage by the formula
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one after the other extrema or extremum and the
horizontal section of the envelope of the amplitude
values of the voltage, determined at each half-period of
the fundamental frequency, V, kV.

The repetition rate of voltage changes during
periodic oscillations is calculated by the formula

At

i,i+1

time T; T - measurement time interval, taken equal to
10 min.

The interval between voltage changes in seconds
or minutes

(14

where are the initial moments of the following
changes 4t; ;.4 one after another, s, min.

Atyiq = tiys b
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Figure 1. Voltage fluctuations of arbitrary shape (a) and having the shape of a meander (b)

If the interval between the end of one change and
the beginning of the next, occurring in the same
direction, is less than 30 ms, these changes are
considered as one.

If the envelope of the voltage swing has a meander
shape (rectangular), the maximum permissible values
are determined §U.depending on the frequency of

repetition of voltage changes Fsy, or the interval
between voltage changes 4t; ;4 [1] along curve 1, and
for electricity consumers with incandescent lamps in
rooms where significant visual voltage - along curve 2,
shown in Fig. 2.
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Figure 2. Maximum permissible range of voltage changes

The measured peak-to-peak value must not exceed
the values determined from the curves.

The maximum permissible value of the sum of the
steady-state voltage deviation §U,and the voltage
swing for networks sU,with a voltage of 0.38 kV is
equal to 10% of the rated voltage.

The flicker dose is a measure of a person's
susceptibility to the effects of fluctuations in the
luminous flux (flicker) of artificial light sources caused
by voltage fluctuations over a set period of time.

It characterizes the power of voltage fluctuations
taking into account human perception of fluctuations in
the luminous flux of incandescent lamps and is
determined by the integral [4].

P =2 odt [° g7 (NG(f, t)df
(15)

Where g(f) are the values of the amplitude-
frequency characteristic (AFC) of the visual analyzer;
G(f,t) - frequency spectrum of the process of voltage
change at time t; 6 - averaging interval, taking into
account the effect of memory of perception, 6 = 300
ms; k - the coefficient is chosen in such a way that the
value corresponds to P, = 1the visual sensitivity
threshold.

The short-term dose of flicker is normalized Pg;,
determined at an observation time Tgyinterval of 10
minutes, and a long-term dose of flickerP,;, determined

at a time interval T, of 2 hours. When the voltage
waveform is different from the meander, the maximum
permissible value of the short-term dose of flicker is
1.38, and long-term dose of flicker - 1.0. At the points
of general connection of consumers with incandescent
lamps in rooms where significant visual stress is
required, the maximum permissible values of the short-
term and long-term dose of flicker are 1.0 and 0.74,
respectively.

The flicker dose (short-term and long-term) for
voltage fluctuations of any form is determined as
follows:

1. Measure with a flickermeter for a time interval
Tgpequal to 10 minutes flicker levels (%) 2,
corresponding to the integral probability of 0.1; 0.7,
1.0; 1.5; 2.2; 3.0; 4.0; 6.0; 8.0; 10.0; 13.0; 17.0; 30.0;
50.0; 80.0%.

2. Determine with a flicker meter or calculate
smoothed flicker levels P;:

7

P = Py,7+P1,0+P15 P = P2 2+P30+P40
1S — 3 s 138 — 3

p __ P3o+Pso+Pgo
108 —

Pg+Pg+P1g+P13+P17 p
< s F505 = 3 ”

(16)

where are  Pig, Pss, Pios, PsosSmoothed
flicker levels at integral probabilities of 1, 3, 10, and
50%, respectively.

3. Determine using a flickermeter or calculate the
short-term dose of flicker Ps;, p.u., at a time interval of
10 minutes:

P, = /0,0314 - Py, + 0,0525 - Prg + 0,0657 - P35 + 0,28 - Pyos + 0,08 - Psgs

a7
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4. Determine using a flickermeter or calculate the
long-term dose of flicker P, p.u., over a time interval

T, of 2 hours:
311
P = ’521112:1 PSBtn

where is P, the short-term dose of flicker at the
n-th time interval during Tsj,the observation period T;.

The quality of electrical energy in terms of the
flicker dose is considered to comply with the
requirements of the standard if each short-term and
long-term dose of flicker, determined by measuring
within 24 hours or by calculation, does not exceed the
maximum permissible values.

Analytical methods for assessing the quality of
electricity with periodic and non-periodic voltage
fluctuations are described in [1].

The influence of voltage fluctuations on electrical
equipment: Voltage fluctuations in networks occur as a
result of the operation of powerful abruptly variable
loads: electric arc steel-making furnaces, welding units,
valve converters, etc. They adversely affect the
operation of electrical consumers.

Blinking of lighting lamps (flicker) causes an
unpleasant psychological effect, eye and body fatigue
and, as a result, a decrease in labor productivity. The
most powerful effect is the blinking of light with a
frequency of 3-10 Hz. With the same voltage
fluctuations, incandescent lamps have a greater effect
on a person than gas-discharge lamps.

The voltage swing 6U, = 10% can lead to
extinguishing of gas discharge lamps.

If U, > 15% the magnetic systems of the starters
may fall off.

If §U, = 10 + 15%capacitors and rectifier units
can fail.

Voltage fluctuations in the mains supply to the
electric arc furnace will increase the melting time.

(18)

The operation of continuous rolling mills is
disrupted due to the impossibility of maintaining the
ratio of the mill stands' speeds unchanged. The quality
of rolling is deteriorating. The misalignment of the mill
drive speeds occurs at §U,> 5%. Possible marriage,
under-production. The same effects cause voltage
fluctuations in the paper and textile industry.

Voltage fluctuations affect small induction motors
(torque fluctuations).

Oscillation of the turbine generators can occur,
resulting in effects on the turbine blades and regulators.
This affects the efficiency of the station. Voltage
fluctuations can cause erratic performance.

Voltage fluctuations lead to increased electrode
wear and reduced service life of electrolysis plants.

Voltage fluctuations have an effect on resistance
welding. At §U.> 3 + 5%, the quality of welding and
the reliability of equipment operation (welding control
schemes) decrease. The duration of permissible voltage
fluctuations (3 + 5)% is limited to no more than 0.2 s in
order to avoid false operation of the control equipment.

Voltage fluctuations can cause radio interference,
disrupt the operation and shorten the life of radios, and
distort images on TV screens.

Voltage fluctuations at §U,= 1 + 1.5% can cause
malfunction of the computer.

The question of the influence of voltage
fluctuations on individual electrical installations is
poorly understood. There is only accumulated
statistical material. Therefore, when designing
networks with abruptly varying loads, technical and
economic analysis is difficult.

Calculation of voltage fluctuations: Let us
consider the occurrence of voltage deviations and
fluctuations using the example of load operation with a
powerful valve converter. The equivalent resistance of
the supply network contains inductive X.and active
R.components. Ratio X./R. = 10 + 30. The vector
diagram of the network is shown in Fig. 3.
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Figure 3. Vector diagram of the power supply network

When the valve converter is off, the bus voltage is
equal to the open circuit voltage, and assuming there is
no other load, it is equal to the system voltage. When
the load is switched on, the load current creates a

voltage drop across the system resistances, which leads
to a change in the voltage on the buses both in phase
and in amplitude.
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The voltage change is represented by
vectorsi,R,, jl,X., I,R. ji,X., and the voltage
decrease is mainly determined by the vectors IR, and
jI'pXc (6 < 10°). With a sufficient degree of accuracy,
the voltage deviation §U and range of change §U,can
be determined (in relative units) by the formula

LRc+IpXc

§U = 8U, ~ (19)

UHOM
The difference between deflection and voltage
fluctuations is only in the rate of voltage change.
The numerator and denominator are multiplied by
3Upou/Xc

3Unomla Rc
Waomlap 13y, PaE4Q
X c womlp X
SU = 6U, ~ —Xe ¢ = X
3UZom Sk
Xc
(20)

Where P and Q - active and reactive power of the
load; S, - short-circuit power on power buses.

A change in load also leads to a change in voltage.
Therefore, for Q = AQ and P = AP we get

Rc
APY +AQ  Ap(0,03+0,1)+AQ
Sk Sk

6U=6Ut =~

&y

For approximate calculations, you can take,%,

8U = §U, ~ 1002 22)

When determining the permissibility of voltage
fluctuations at the design point of the network, the
initial data are load graphs. If the load fluctuations are
different in value, then the equivalent voltage
fluctuation is determined. The range of the equivalent
voltage fluctuation,%, [2]

where 6Q; the value of the i --th range of reactive
power, determined according to the schedule; n - the
total number of swings during the calculation cycle. To
check the permissible &6U,,, the average vibration
frequency is calculated by the formula

fcp = ; 24

where T - is the cycle time of the load according
to the graph of changes in the consumed reactive
power.

Reducing voltage fluctuations in electrical
networks: Voltage fluctuations that occur during
abruptly alternating loads are practically proportional
to fluctuations in reactive power. Therefore, to
eliminate voltage fluctuations, it is necessary to use
compensating devices that meet the following
conditions:

a) have a speed corresponding to a change in the
reactive power graph;

b) have sufficient reactive power to compensate
for the alternating component (voltage fluctuations)
and the direct component (improving the power factor);

c) in case of a sharp voltage asymmetry, for
example, during the operation of electric arc furnaces,
it is necessary to control compensating devices in
phases.

Longitudinal  capacitive = compensation  of
parameters allows to reduce the inductive X, and
impedance Z, of the line. It is carried out by including
capacitors in the line cut. The use of longitudinal
compensation units (UPK) is most effective at a large
ratio X,/R,, as well as at low values of the power factor.
UPK are used for power supply of welding installations
and ore-thermal furnaces.

Load sharing helps to reduce voltage fluctuations.
The simplest is the scheme with a double reactor: quiet
and fast-changing loads are connected to different
sections of the reactor (Fig. 4). The voltage drop across
each of the sections is reduced due to the mutual
inductive coupling.

100 |2, 807
60U, = e ; 23)
—
1 N v . 2
oS
~__

Figure 4. Loads supply circuit using a dual reactor: 1 - quiet loads; 2 - shock loads

We assume that the load currents of the sections
I, u Lare equal, the inductive resistance of the reactor
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section X;, and the coefficient of mutual inductive
coupling k, = M/L =0,5+0,6. Then the voltage
drop across the sections

AU = XL(il - kmiz) = XL(jZ - kMil) = XLil(Z)(l — k)

decreases by about half, which leads to a decrease
in voltage fluctuations on the buses of a quiet load.
Split-winding transformers are also used for load
sharing. The relationship between the voltage drops on
the low side AU, and AU, can be represented as [2]:
4k,

AUZ = AU3 Tkp

(25)

where is k, = Uy(,-3)/ U the splitting coefficient,
on average equal to 3.5; U,,_3) - short-circuit voltage
between the split secondary windings of the
transformer; - U,voltage of the through short-circuit
transformer.
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THEORETICAL AND PRACTICAL MEHTODES FOR DETERMINING THE OPTIMAL CUTTING
CONDITIONS FOR METALS AND ALLOYS USING UNIFIED CUTTERS

Paxynoe IOpuii Ilasnosuu

Kano. mexm. HayK, Ooyenm

Aobpamoe Banepuit Bacunvesuu

0-p mexH. HayK, npogheccop

Paxynoe Anexcanop FOpvesuu

unorcenep; Hayuonanvnulii uccnedosamenvckuti

Mockoeckuii 2ocyoapcmeenHblii cmpoumenvHulil yHugepcumem, Poccus.

TEOPETUYECKHUE U TIPAKTUYECKHUE METOAbI OITPEAEJEHUS PEXKUMOB
OIITUMAJIBHOTI'O PE3AHUSA METAJIUIOB 1 CIINTABOB YHU®UILINPOBAHHBIMU PE3IIAMUA

Summary. The article considers the scientific and technical approaches to the problem of determining the
cutting speed during the machining of the working surfaces of machine parts with a unified tool on CNC machines.
A comparison was made of the optimum cutting temperatures obtained during steel turning with the temperatures
of their structural-phase a—y transformations. Methodological errors of researchers on the purpose of tool life and
cutting speed, based on Taylor's formulas, are analyzed. Accelerated methods for determining the optimal cutting
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conditions are classified. It is shown that the law of constancy of the optimum cutting temperature provides the
maximum tool life, the highest machining accuracy at the optimum cutting speed for both structural and hard-to-

machine materials.

AHHOTalIl/ISI. B cratbe PACCMOTPECHBI HAYYHO-TEXHUYCCKHUC MTOAXObI K npoGHeMe OIpEACIICHUA CKOPOCTU
pe3aHuss TpU MeXaHM4YeCKOoW o00paboTke padouynMx MOBEpXHOCTEH JeTanedl MalluH YHU(PUIMPOBAHHBIM
HHCTPYMEHTOM Ha CTaHKax C qIry. HpomBeaeHo COMOCTAaBJICHUE ONTHUMAJbHBIX TEMIICPATYp pPC3aHusd,
MOJYYCHHBIX TIPH TOYCHUH CTaJleH, C TeMIepaTypaMu HX CTPYKTYPHO-(a30BBIX ¢—Y MpeBpameHnid. PazoopaHsl
METOAMYECKIE OIMOKH HCCIeloBaTele MO Ha3HAUYCHHWIO CTOWKOCTH HWHCTPYMEHTa W CKOPOCTH PE3aHws,
OCHOBaHHOTO Ha ¢opmyinax Teitmopa. KiaccmpummpoBaHBl yCKOpEHHBIE CHOCOOBI OMpEICTCHUS pPEKUMOB
ONTUMAJIFHOTO pe3aHus. [lokazaHo, 9TO 3aKOH ITOCTOSHCTBA ONTUMAIILHOM TeMIepaTyphl pe3aHus 00ecreunBacT
MaKCHUMAaJbHYI0 CTOWKOCTh HHCTPYMEHTA, HAWBBICIIYI0 TOYHOCTH OOpaOOTKHM INPH ONTHUMAIBHOH CKOPOCTH
pe3aHus, Kak Il KOHCTPYKIIMOHHBIX, TaK U TPYIHOOOpadaThIBaeMBIX MaTepPHAJIOB.

Key words: optimal cutting efficiency, optimal cutting speed, economic tool life, methodological errors,
cutting conditions, optimum cutting temperature, temperature of structural and phase transformations, wear rate,

maximum tool life.
K/ZIO’ieGble ciosa.

apexmusnocms  ONMUMATILHO20 — pe3anus,

OnmumMaibHasl CKOpoCcmb pe3aHus,

IKOHOMUYECKASL CMOUKOCb uHcmpymenma, MemoouyecKue OWM6KM, pescumvbl  pe3aHus, OnmumaibHas

memnepamypa pesanus, memnepamypa CmpykKmypHo-Qazosvix npespauyenull,

MAKCUMANbHASL CMOUKOCMb uncmpymernma.

Beenenue. [loctanHoBKa npo0JeMbl.

Baxneiinieit 3agaueil HayKu 0 pe3aHUH METAJUIOB
SBIISIETCS yCTaHOBJICHHE JEWCTBUTEIBHBIX
3aKOHOMEpHOCTEH OCHOBHBIX XapaKTepUCTHUK
mporiecca B 3aBHCHMOCTH OT H3MEHEHMs CBOMNCTB
obpabatriBaemMoro wmarepuaia (OM), mnapamerpoB
pexxumoB peszanus (PP), maTtepmana u reomerpuu
pexymero uHcTpyMeHTa (PU) m apyrux BHEIIHHX
YCIOBUHA C HENbI0 ONTHMM3AallMM IIpoliecca IO
BBIOpaHHBIM KPHUTEPHUSIM ONTHUMH3AIMH. [ OmeHKH
mporuecca pe3aHust HanOoJbIlee 3HAYCHUE HMEIOT:
pa3sMEepHBI M3HOC M CTOHKOCTh YHH(HUIMPOBAHHOTO
PN (YPU), npou3BOAUTENFHOCTE U CEOECTOMMOCTH
00paboTKN M TIOKa3aTeJId KadecTBa JAeTallei: HX
HKCIUTyaTaI[HOHHAsS Ha/Ie’KHOCTh M JOJITOBEYHOCTH [1-
3]. Haunbonsmme pe3epBbl TIOBBIIICHHS
3¢ (HEeKTUBHOCTH M KadecTBa OOpAOOTKU, CHIDKEHUS
pacxojla HMHCTPYMEHTaIbHBIX MatepuaioB (M)
COJZIEpXKATCS B IPABHIILHOM BBIOOPE CKOPOCTH Pe3aHUs
V, Tak KaK OHa ONpe/esIeT TeIIOBYI0 HAIPSKEHHOCTh
nporecca pe3aHusi, MPOM3BOAUTEIBHOCTh U Ka4eCTBO
00paboTKH. Omnpenencaue ONITUMATTLHOH \
NPE/ICTAaBIsIET  HAWOONBIIYI0  TPYAHOCTh,  T.K.
3aBHCUMOCTh HHTCHCUBHOCTH m3HOca YPU ot V HOCcAT
XapakTep  CIOXHBIX KPHBBIX C OJHOW  WIH
HECKOJIbKUMH TOYKaMH MHHUMyMa. B psine Hay4qHBIX
koiektuBoB CCCP u  P® Opumn  mpoBeneHbI
WCCIIEIOBAaHUA  YKa3aHHBIX  BOIPOCOB, KOTOPHIE
3aJI0KMJIN  OCHOBBI TEOPWUH pE3aHUs METaIIOB C
HalpaBI€HHEM  ONTHMH3AIMH  MPOIECCOB IO
(u3MYecKUM TapaMeTpaM — HMHTEHCHBHOCTH H3HOCA
ho» P 1 mapameTpaM KadecTBa IOBEPXHOCTHOTO CIIOS
[1-6].

OcHOBOW M CTUMYIOM A Pa3BUTUA
UCCIEeIOBaHUM  mociykuia  BblABUHYTass — A.Jl.
MaxkapoBbIM TUNOTE3a O MOCTOSHCTBE TEMIIEPATYyphl
pesanust 0o, Tpy KOTOPOH HAOJIIOIAFOTCSI MUHUMAJIbHAS
WHTEHCUBHOCTH M3HOCa yHUHUIHMpoBaHHoro PU 1 ero
MaKCHUMaJIbHas pa3MepHas CTOMKOCTH [2, ¢.67-73]. Ota
TUIOTE3a HaIllIa SKCIIEPUMEHTAIEHOE TIOATBEPIKICHHIE
JUII  TPOJOJIBHOTO TOYECHHS, 3aTeéM  OKasajach
CIpaBeIMBOH ¥ JUII MHOTHX BHIOB 00paboOTKH

UHMEHCUBHOCNb U3HOCA,

MeTaioB Je3BuilHbIMU PU: TopuoBoro TtoueHus,

pacrauyuBaHusl, TOPIIOBOTO (bpesepoBanus,
(bpe3epoBaHuss KOHIIEBBIMH (pe3amu, CBEpICHUS,
Hape3aHust pe3bObI, 3ybodpe3epoBanus,

NPOTATUBAHMUS, 3CHKEPOBAHHUS U Pa3BEPTHIBAHHS, B TOM
yucne JUIA  TPYJHOOOpabaThlBaeMbIX MaTepHajIoB
(TOM), TakuxX Kak >KapOIpOYHBIX, BHICOKOIIPOUYHBIX U
TUTAHOBBIX CIUIaBOB. . M3 yka3aHHOro 3akoHa
BBIBEJICHO CBBIIIE JIECSATKA CIEACTBUM, 3HAUMTENbHO
pACIIUPUBININX W YIIyOWBIIMX ero nueicteue [2].
VIHBapuaHTHOCTh ONTHMAaNbHOM TemrepaTypel 6o K
W3MECHEHHMIO OOJIBIIOrO 4HClIa BHEIIHUX YCJIOBHH
npotecca pe3anus [2-6] no3Bossier:

- 3HAQUUTENBHO TOBBICUTH Pa3MEPHYIO CTOMKOCTB
YPU u CHU3HUTH €ro pacxoll, 4TO0 0COOEHHO BaXKHO MpPHU
006paboTke TpyAHOOOpabaThIBAEMBIX MAaTEPHAIOB;

- TPOM3BOAWTH  AaJalTHBHOE  YIIPaBICHHE
nporieccom pesanuss 1o 0o (Bemmumae TIAC) u
ABTOMATHYECKH MOIJIEP>KUBATh MPOLECC Pe3aHUs Ha
ONTUMAJILHOM YPOBHE.

1. OcHoBHOe cojep:kaHHMe U Pe3yJbTaThl
padoTsI

OnTuManbHOE yNpaBieHHE MPOLECCOM PE3aHUs
Ipu 00paboTKe KPYMHOTA0APHUTHBIX JIeTalIeH CI0XKHON
¢bopMBl  (AMCKOB  TYypOMH W  KOMIIPECCOPOB
ra30TypOMHHBIX IBHTaTelei) ObIO BHEIPEHO Ha psisie
HpeanpusIThii ¢ 0OJIBIIMM SKOHOMUYECKUM 3 dhexTom.
BaxxHbiM JIOCTOMHCTBOM ONTHMAJIbHBIX o
MHTEHCUBHOCTU u3Hoca YPH ckopocreil pesanus
ABJISIETCA TO, YTO YyKa3aHHBIE CKOPOCTH SIBIIIOTCS
ONTUMANBHBIMU W ITI0 OCHOBHBIM XapaKTEPHCTHKAM
KayecTBa MOBEPXHOCTHOTO ciosi [6]. PaBeHcTBO mim
COBIIJICHNE YKa3aHHBIX CKOPOCTEH pe3aHus (Kak |
CaMoO CyIIECTBOBAaHHE ONTHUMAJBHBIX TEMIeEparyp

KOHTAaKTHOT'O B3aHMOHCﬁCTBHH npu pe3aHumn
MeTaJ’IJ’IOB) BBITCKACT U3 YCTaHOBHGHHOﬁ n yTO‘IHerMOﬁ
B TEYCHHUE pdAa JIET (bHSH‘lCCKOfI CYIIHOCTH

onTUMaNBHOHM TemnepaTypsl 0. Tak B pabote [7] Obia
BBIIBUHYTa THIIOTE3a O paBeHCTBe Op mpm oOpaboTke
crameit Ttemmeparype Toukn ACs CTPyKTypHO-
¢da3zoBoro o-y mpempamieHus, a B pabore [2, c.73]
OTMEYaIoCh, 4TO 0Op TUTAHOBOTO CIIJIaBa MPUMEPHO
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paBHa  TeMIeparype  ero  peKpUCTAILIM3AIHH.
EcrectBenHo, 4ro coBmajeHue Op ¢ Temmneparypoit
CTPYKTYPHO-()a30BBIX WJIM HWHBIX IPEBpaIlICHUHA B
00pabaThIBaEMBIX Marepuanax SIBIISIETCS
3akoHOMepHbIM. [Ipum TemmepaTypax CTPYKTypHO-
(a3oBBIX  TpeBpalleHWHt B MPUIIOBEPXHOCTHBIX
KOHTAaKTHBIX CJIOSX 00pabaThIBaeMBIX MaTEpHAIOB
MPOUCXOIUT pEe3Koe, CKauyKooOpa3HOe M3MEHEHHUE
(hm3MUIecKuX CBOKMCTB (mapameTrpa KpHUCTAJUIMIECKOM
pemeTky, Ko3((UIIeHTa JNTHHEHHOTO pPACIIMPEHHUS,
YAGNBHBIX TEIIOEMKOCTH U 3JICKTPOCONPOTHBIICHHS,
TEPMOAIIEKTPOABHKYILEH CHIIBI, MOAYJIS yIPYTOCTH U
Ip.), ocialbieHHe MEeXAaTOMHBIX CBs3ed M MOTeps
YCTOWYMBOCTH  pEINETKH  HMCXOJHOM  (a3sl K
CMEIIEHUAM aTOMOB IIpU HarpeBe. llcue3HoBeHHe
(deppomarseTn3Ma TpH Temrmeparypax Touyek Kropum
(mms xemeza —768 C°, Hukenas —365 C°, kobanbTa --
1150 C°) takxke COMPOBOXKIOACTCA CKAYKOOOPa3HBIM
U3MEHCHHEM psina (du3nUecKux CBOHCTB.
OKCHEepUMEHTANbHBIE ~ HCCIEIOBAaHWA  YHUCTOBOTO
(¢puaHUIIHOTO) ToweHU: (t = 0,25 MM, S, = 0,1 MM/00)
craneid TBepaocmiaaBHbiMu YPU u3 T15K6 u T30K4,
mokazanu (cM. puc 1 u Tabm. 1), ato Bo, H3MepeHHBIE
METOZIOM €CTECTBEHHOI TepMoIaphl, Kak
TEeMIepaTypsl, O0CCICUUBAIOIINEG HAMMEHBIIYIO N,y
VYPH, mnpakTudecku COBHNANAOT C TEMIEpAaTypaMu
Touek AC3 CTPYKTypHO-(a30BBIX TPEBpAIICHUI B
yKa3aHHBIX CTaJIAX. YoenutenbpHoe
HKCHEPUMEHTAIIEHOE MOATBEPXKJICHUE TUIOTE3bl O
paBeHcTBe Og TeMIiepaTypam CTPYKTYPHO-(ha30BEIX O~y
MPEBPAIICHHUH TTOJyYSHO TaK)Ke IPH TOYCHUH JKEIIE30-

HUKeNEeBbIX cutaBoB [4]. ToT dakr, uto 0o cBs3bIBacTCS
C TeMmIlepaTypaMH KPUTHYECKHX TOUYEK CTPYKTypHO-
(da3oBbIX WM WHBIX npeBpameHnii OM, sBisercs
OCHOBAHHEM JUIsI THBAPUAHTHOCTH Op TI0 OTHOIEHHIO K
Ppa3IuYHBIM BHaM 00paboTkH. B cuity Toro, 4to u3HOC
YPU mno 3agneit mosepxHoctn h; um oGpasoBanue
MTOBEPXHOCTHOTO CJIOS JETAJH SIBISIOTCS PE3yIbTaTOM
JNEHCTBUS ONHUX M TeX Xe (PH3WYECKHX NPHUINH
(pabota cun TpeHus B KoHTakre YPU-nmerams), mpu
HAIAYHAA IKCMPEeMATbHOI 3aBHCHMOCTH
WHTCHCUBHOCTH  HW3HOca 0T V, 3aBUCHMOCTH
IIEPOXOBATOCTH TIOBEPXHOCTH, TIIyOWHBI U CTEIICHU
HaKJIeNa, IVIOTHOCTH JANUCIIOKALUHA OT V TOJDKHBI UMETh
9KCTPEMANIBHBIM XapakTep ¢ TOYKaMH MHHUMYyMa IIpU
onmumanwvuulx ckopocmsax pesanus — V. Jleranm,
obOpaborannbie Ha V,, Kak TOKa3ajid HCCICIOBAHUS,
uMeroT 0oJiee BBICOKYIO KapOIPOYHOCTb, AIUTEIBHYIO
MIPOYHOCTB, KOPPO3HOHHYIO CTOHKOCTB "
M3HOCOCTOMKOCTP TIO CpPaBHEHUIO C JCTaJAMH,
00paboTaHHEIMH Ha O0Jiee HI3KUX TN 00JIee BRICOKHX
CKOpOCTSIX  pe3aHms.  Paboume  MOBEPXHOCTH,
obOpaborannbie Ha V,, OONagalOT MaKCHMaJIbHOM
KOHTAaKTHOM JKeCTKOCThIO [2,5]. Tak e onTuMalnbHbIe
0  UHTEHCHBHOCTM  u3Hoca PP  saBnatorcs
ONTHUMAJIBHBIME TI0 (QOpMe M XapakTepy cxoja
CTPYKKH U 00BbEMHOH AedopMaIiK CXKATHS CTPYKKH.
Paborta Ha pexxumax onTuManbHOro pesanus (POP)
OPUBOIUT K JIOCTHXKEHHIO Hamboinee BBICOKOI
TOYHOCTH YHCTOBOW M (HUHHUIIHON 00paboTku U
MOBBIIIAET HA/ICKHOCTD ee obecneuenus [3-7].

Tabm. 1

Conocrapjenne oNTUMAJbLHBIX TEMIIEPATYP Pe3aHusl, MOJYYeHHBIX IPH TOUEHHH CTaJIeH, ¢

TeMIlepaTypaMu UX CTPYKTYPHO-(a30BbIX 0—y NpeBpalieH il
OnTruManbHas TeMreparypa _
Mapka cram /ckopocTh pesanust 0o/V,, Er;quéy& 4 Ao=00— 01, A= o /061) 100,
(V60T15K6); (V60T30K4) oC ' oC
°C / m/muH

Crams O 910 /540; (452); (640) 890 20 2,2
10 850 /460; (615); (872) 860 30 3,36
20 870 /390; (436); (618) 840 30 3,44
30 840 /340; (356); (504) 820 20 2,38
40 820 /300; (258); (366) 730 30 3,65

45 790 /280; (249); (353) 775 15 19

45 800 /285; (260); (369) 775 25 3,12

50 790 /270; (211); (299) 760 30 3,80
12X2H4A 800 /240; (230); (325) 780 20 25
20XH 850 /320; (386); (547) 835 15 1,76
20XHM 820 /315; (376); (533) 810 10 1,22
30XT"CA 820 /160; (192); (273) 830 -10 1,22
30XT'CHA 800 /155; (180); (256) 815 -15 1,87
50X 780 /220; (228); (323) 770 10 1,28
50XHC 800 /235; (225); (320) 770 30 3,75

Hpum. Neo T3 Ve T34 — cxopoctu pesanns, naromue croiikoctu T= 60 mun nua T15K6; T30K4

TpyaHO NEPEOLICHUTD NOJIOKUTENBHBIE CBONCTBA
V, IpH U3TOTOBJIEHUH 0CO00 OTBETCTBEHHBIX JleTajel
npubOpoB M MamMH M NpU SKcrutyatanuu Y PU,
CHEeLMANIM3UPOBAaHHOTO M crnenuanbHoro PU B
YCIIOBHSAX aBTOMAaTU3MPOBAHHOIO MPOM3BOACTBA [6].
OnrumanbHele V, IO3BOJISIIOT TaKXe IMPOM3BOANTD
OOBEKTHBHYIO CPAaBHHUTEIBHYIO OLEHKY PEXYIIHX

CBOWCTB  WMHCTPYMEHTANBHBIX  MaTepHaJiOB |
00pabaTbiBaeMOCTH MeETauIoB pe3aHueM [7]. 3HaHUE
V, sBISETCS  COBEpPIIEHHO HEOOXOIUMBIM  JUISt
TE€XHUYECKU IrpaMOTHOM u s PeKkTUBHOM
skciuryataiuu YPH B MHOrooOpa3HBIX yCIOBHSAX €ro
npuMeHeHus1. TakuM o0pa3om, ucroib3oBaHue V,
MO3BOJSIET MCKIIIOYaTh BCE €IIe UMEIOIUEcs Ha
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IMMPpaKTUKC Cllydau HeraBI/IHLHOﬁ (I/IJ'II/I BEICOKOH cTolikocThi0 PU Ha IpOU3BOACTBE B PpAAC
HpeﬂHaMepeHHOﬁ), TEXHUYCCKU HET paMOTHOfI CJIy4acB HMCHOJIb3YIOT 3aHUKCHHBIC CKOPOCTH PE3aHUsA

IKCIUTyaTalldd MHCTPYMEHTa, Koraa B morone 3a  Vr[2,7] (tabm. 1).

D)

LA . / f

2/ 5] ™ R VA

Puc. 1. Yuuguyuposannuiii HapyscHwlll KOHMYPHBIIL pe3ely ¢ MHOZOKPAMHO Nepemayusaembimu
pedicyuwgumu snemernmamu (P3)
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Puc.2. Pexcywuti anemenm YPHU neeo-npaswiil, KOHmMypHUL. prp = 5...10 Mxkm

pp = 3...5 mrm.
K COKaJICHUIO, B TIOTOHE 3a  ycrapeBmied W HecmpaBeanuBon ¢opmyne Teiinopa,
«IPOU3BOJUTEILHOCTEION 4acTo JKEPTBYIOT  TIPOM3BOJBHO BHIOPAaHHOMY MEPHOAY CTOMKOCTH Ts

[1,2,5,8]. IIpu 5TOM MOBBIIIEHHE TIPOU3BOIUTEIHHOCTH

CTOMKOCThIO MHCTpYMEHTa T, Ha3Hauas 3aBBIIICHHYIO
Ha 33...46% npUBOIUT K CHUKESHHUIO CTOMKOCTH B 4...6

CKOPOCTh pe3aHust Vr, COOTBETCTBYIOLIYIO IO JABHO
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pa3 [2,3], 94To HEOMYCTUMO, KaK 110 IPUUYMUHE HU3KOTO
KadyecTBa 00paboTkuy, TaK u BBICOKOM
UHCTPYMEHTOEMKOCTH IPOLECCa, YaCTOThl CMEHBI U
Hananku PU, uto Hapymaer pexum craHkos ¢ YIIY
«HACTPOUKH u KOPpEeKLUN pa3MepoB»
00OpabaThIBaeMBIX TOBEPXHOCTEH JieTalled U IPUBOAUT
K skoHOMHueckuM motepsim [10,11]. . . C sroii Toukn
3peHHS] BEChbMa MOKAa3aTEIbHBIM SBISICTCS Rpumep,
MIPUBEACHHBIN B CTaThe, KOTOPYIO Hanucan [larpuk ne
Boc (Patrick de Vos) — ympasmsrommii 1Mo
KOPHOPaTHBHOMY TEXHHIECKOMY 00y9IEHHIO
komranun Seco Tools [9]. «YmpoieHHbIH TpuMep
HETpeBUCHHOTO BIUsHUS (pakTOpoB 00pabOTKU: IpH
o0paboTke neranu 2 MUH TpeOyeTcsi Ha pe3aHue u 2
MUH — Ha 3arpy3Ky ¥ pas3rpy3Ky 3arotoBku. Ha cmeny
PU yxomut 1 MuH; nepuoj CTOMKOCTH MHCTPYMEHTa
T=10 MuH — 5 3arOTOBOK, TO €CTh BpPeMs MHAEKCALUU
WHCTpYMEHTa (HaCTPOWKH Ha pa3mep) coctaBisieT 0,2
MUH Ha geranb. J{nsd xaxnod meramu Tpedyercs 4,2
MHH BpEMEHH 00paboTkH, CJIEI0BATENHHO,
MPOMU3BOJUTENEHOCTh  HEMHOTO  TpeBbimiaeT 14
3aroToBok B yac. Croumocts PU cocraBnser 15 eBpo,
a ero CTOHKOCTb, PaBHAs 5 3ar0TOBKaM, 03HA4YAET, YTO
Jui mpousBoacTBa 14 3arotoBok Tpebdyercs 2,8 PU
(cToumocTs - 42 eBpo). CTouMocTh ctanka — 50 eBpo B
gac. ITOro cTouMocTh Npou3BoACTBa 14 3aroToBoK 3a
1 gac coctaBnseT 92 eBpo. 3aTeM, NBITasACh YCKOPUTH
BBIPAOOTKY U NMPOU3BOAUTEIILHOCT, IIEX YBEIUUHUBACT
V Ha 10%. D10 cokpamaeT Bpems pe3anust Ha 10% (10
1,8 MHH), HO TpPH OSTOM CHIDKACT CTOWKOCTP
MHCTPYMEHTA IIPIMEPHO BABOE. DTO 3HAYMT, UTO OJHA
pexymas KpoMka 00paboTaeT TOMBKO 2,5 3aroTOBKH
JO TOro, Kak moTpedyercss HHAEKcanms. Bpems
unaexkcauuu PU no-npexxHemy cocrasisieT 1 MUHYTY,
3arpy3ka/pasrpy3ka 3arotoBki — 2 MHH. Bpewms
npousBojcTBa 1 3aroroBku ocraercs 4,2 muH (1,8 Mun
pe3aHus, 2 MUH IepemernieHne 3arotToBku u 0,4 MuH
MHJIEKCAI[M MHCTPYMEHTa) WiN 14 3aroTOBOK B Hac.
Croumocts cranka ¥ PU HeW3MeHHBI, MO3TOMY
TpebyeTcs ucoib30Bath B yac 5,6 PU (croumocts - 84
eBpo). Hecmompsa mHa nonbIMKYy  RHOBbICUMD
npouszeooumenvHocms, BpeMs  oOpabotkm 14
3aTOTOBOK ~ OCTaeTcs  NPEXHHUM, a  3aTpaThl
noBeImaroTes ¢ 92 mo 134 empo. (B 1,45 paza)! B
JaHHOM Cllyyae YyBeiaWdeHHe V He MOBbIIIaeT
MPOMU3BOIUTENBFHOCTh  Iepexona.  ITOT  Kaszyc
MPOMCXOTUT IO NPUYMHE HECOOTBETCTBHS YCIOBHUI
ob6pabotku POP, T.e. B BHIy OTCYTCTBHA y BeAyIIHX

MIPOU3BOUTENEH PU co CMEHHBIMH
HelnepeTayuBacMbIMU [JIaCTUHAMHU (cMI1D)
TEXHOJIOTHYECKUX  pekoMeHjpauuii 1o PP nmus

obecriedeHnss TOYHOCTH 00pabOTKU IIPH HEOOXOTUMO
croiikoctu PU [8,10]. M3meHeHue BpeMeHU pe3aHus
BJIHSIET Ha Jpyrue (akTopbl B CHCTEME 0O0pabOTKH: B
JIAHHOM TIpUMeEpe — Ha CTOUKOCTh U BPeMsl HHAEKCAIUH
PU. [ToaTomy, 1ex JOJKEH TIIATEIbHO YUUTHIBATh BCE
MOCJIECTBUS M3MEHEHHH mporieccay. Jpyras dopma
CKPBITBIX 3arpar BKJIIOYAET BBITNOJIHEHTE
BCIIOMOTaTeNbHBIX TIEPEX0/I0B B Iporecce. Hampumep,
Ha MHOTHX MPEANPHUATHIX KIACCUYECKHM MPUMEPOM
CKPBITBIX 3aTpar SIBISETCS BpEMsl, 3aTpadyeHHOE Ha
naaekcanuio CMIIL. Bpems na umnnekcamuto CMII,

MOKeT cocTaBiATh | MuH. OiHaKo BpeMsi, (PaKTHIECKH
n3MepsieMoe Ha pabodeM MecTe, MOXKeT ObITh Ha 2, 3
wiu 10 MuH O0JbIIe, YTO 03HAYaeT pasHuily ot 1 jo 10
MHUH B 3aBHCHMOCTH OT TOYHOCTH DPa3MEpOB JeTalld
(3aroToBKM), 0COOEHHO, NMpH (PUHHUIIHOW KOHTYpPHOMH
00paboTKe HECKOJBbKMX TOYHBIX ITOBEPXHOCTEH 3a
OIWH YCTaHOB B ofgHOM Imepexone (omamm PU).
3apy0OexHble uccinenosateny emie B 1960...70-x romax
20-ro Beka yOenmiInch B HECIIPABEIITUBOCTH (POPMYIIBI
Teiopa, KOTOpass HE [AAaeT TOYHOI'O BBIPAXKECHUS
sagucumoct T1=f(V) mpu croiikoctsix P MeHbIINX
120 wmma.  CootBercTByrOmEE €l (QopMyIIBI
9KOHOMHYECKHX CTOWKOCTH T3 1 ckopoctu pezanus Vo
— HeBepHbl. X HCHONB30BaHUE JaeT OYECHb Mauble
OKOHOMHYECKHUE CTOMKOCTH. IToaTomy ObL1a
MIpeAJIoKEHa 3aBUCUMOCTD T-V, KOTOpasi BBIPAXKAETCS
dopmynoit V(C+T) = L, rae C — mocTosiHHAs IS
naHHOHM mapel MatepuaioB (OM-MM). Dra ¢opmyna
Oonee ToyHO ompenensieT T B quamazone 10-120 muH
[5,8]. . BaxxHO OTMETUTB, YTO KaK CHIIKCHHE, TaK H
TOBBIIIEHHE V 0 CPaBHEHHIO C ONTHUMANBHBIMH V,

MIPUBOJUT K 3HAYUTENBHOMY MOBBIIIEHHIO
MHTEHCUBHOCTH H3HOCA W CHIXKCHHIO DPa3sMEPHOU
CTOMKOCTH MHCTPYMEHTA. Hampumep,

HOJyTOpaKpaTHOE MOBBIIIEHHE CKOPOCTEH pe3aHus 1o
CpaBHEHHIO ¢ V, NpU UYUCTOBOM TOYECHUH CTalll
12X18H10T yHudunmpoBanusimu pesuamu T30K4 Ha
nogadax 0,1-0,15 mMm/06 mnpuBomuT K Oojee ueMm
JIBaIIIATUKPATHOMY CHIIKEHUIO pa3MepHOi
CTOMKOCTH, a yMEeHbIIIeHHe V B /IBa pa3a M0 CPaBHEHHUIO
C ONITHMAJILHBIMH B PSIZIE CITy4acB BBI3BIBACT CHIDKCHNE
pa3MmepHoil croiikoctu B 6-36 pa3. Mcnoab3zoBaHue
rapaMeTpUYeCKNX YPaBHEHHMH MaKCHMaIbHOH pas-
MEpHOH CTOWKOCTH BO MHOTHX CIy4asX ITO3BOJISIET
HOBBICHTh Pa3MEpPHYI0 CTOWKOCTh HHCTpyMeHTa (B
1,15-3,34 pasa) mpu OJHOBPEMEHHOM MOBBINICHUH
npoM3BOIUTEIbHOCTH 00paboTku (B 1,17-2,57 pasa) u
CHHM3HUTh Ce0eCTOMMOCTh H3TOTOBJIECHHUS JeTayneidl (B
1,19-2,56 pa3a) 1o CpaBHEHHIO C HOPMATHBHBIMH
nanabivu [1,2-4]. . . . [lnst onpeesieHust ONTUMAIbHBIX
V, 0OBIYHO MPOBOJST CTOWKOCTHBIE MCCIIEOBAHMUS Ha
6-8 ckopocTsX pe3aHusi U CKOPOCTb pe3aHus, NpH
KOTOpOH obecrieunBaeTcsi MakcHMalbHasi pa3MepHas
ctoiikocts PU mnu HauMmeHbllasi HHTEHCUBHOCTb €r0
W3HOCA, W MPUHUMAIOT 332 ONTUMAaIbHYIO - V.. OTOT
Meron ompeneneHus Vo, SABISETCS  JIOCTaTOYHO
HaJeKHbIM, HO  OOJIaJlaeT  O4YeHb  BBICOKOM
TPYIIOEMKOCTEIO W TpeOyeT OOoNbIIoTo pacxojaa
HCCIIeNyeMBIX Ha 00pabaThIBaEMOCTh MaTepUasoB.
Hcnonp3oBanue ke ONTHMAIBHON —TeMmIeparypbl
pesanus 0o, sBIAIOmICiicS (M3NYECKOH KOHCTaHTOU
obOpabaTeiBaeMOro MaTepuaa, Mo3BOJISIET ONPEAEIIATh
V, A moOBIX BUIOB O0Opa0OTKU IIUIIE HAa OCHOBE
TeMIIepaTypHBIX HCCIIeI0OBaHNH 0e3 IOCTaHOBKU U
OpraHM3aIi TPYAOEMKIX CTOMKOCTHBIX HUCITBITAHHUI.

2. Yckopenunwie cnocoovt onpedenenus Vo,
noopasdenawm Ha caedyiowue cpynnot. 1. Metosl,
OCHOBaHHbIE Ha COKpAIEHHH MPOAOJIKUTEIHLHOCTH
CTOMKOCTHBIX ~HCIBITAHUH, KOTJAa HMHTEHCHBHOCTD
n3Hoca YPW ompenemastoT nMilb N[O HadaJlbHOMY
YYacTKy IepPHoia HOPMaIbHOTO U3HOCa Oe3 JOBeACHUS
YPU nmo momHoro m3Hoca [2,4]. K aroif rpymme
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OTHOCHUTCSI U METOJ, OCHOBaHHBINA Ha TOM, 4TO 3a OJHO
3aryIieHue (qomyctumbiil u3Hoc) YPU npousBoautcs
ONpe/ielIeHHe MHTEHCHUBHOCTU €ro Hu3HOca He s
OJTHOH, a 7151 HecKoNbKUX (3-5) ckopocTeil pe3anus [4].

2. CriocoObl, OCHOBaHHBIE Ha 3aMEHE TPYAO0EMKHUX
CTOMKOCTHBIX HCIBITAHUN JJIsI MOCTPOEHUS KPHUBOI
OTHOCHTEJIFHOTO TIOBepXHOCTHOTO M3Hoca YPU h,, = f
(V), ombiTaMH IO YCTAHOBICHHIO 3aKOHOMEPHOCTEH
WU3MEHEHHSI OT CKOPOCTH PE3aHUs KaKUX-TO APYIHUX,
JETKO W OBICTPO ONPEACTAEMBIX XapPAKTCPUCTHK
nmpouecca pe3aHus. EcTecTBeHHO, Takas 3aMeHa
IpaBOMEpHa B TOM CIydYae, €CIM 3aMEHSIOIINE
XapaKTEepUCTUKH Tpolecca pe3aHus B TOW WM WHOU
CTETIEHH  pearupyroT Ha TIepexoj VL depes
ONTUMAJIBHYIO. Boobmie roBops, TaKUMHU
XapaKTepPUCTUKAMH MOTYT OBITh: yCaJKa CTPYIKKH,
MUKPOTBEPAOCTb €€ NPUPE3LOBONH CTOPOHBI, MIUPUHA
ISITHA KOHTAKTa CTPYXKKH C TEPEAHEH MOBEPXHOCTHIO
YPU, rinyOuHa TOBTOPHOTO pe3aHUs, MapaMeTphI
KayecTBa 0OpabOTaHHOTO MOBEPXHOCTHOTO CIOS —
IEPOXOBATOCTh, TNIyOMHA W CTENEHb HAaKJEIa.
To4HOCTH 3THX METONOB OyJET 3aBUCETH OT PE3KOCTH
U CTaOMIBHOCTH pEarupoBaHUs TOH WM WHOH
XapaKTepUCTUKU Ha TEPexXo]l L 4epe3 ONTHMAaJIbHOE
3HAa4YeHHE, OT HAJIMUUSA HAJEKHBIX CPEACTB U3MEPEHHUS,
HEOOXOAUMBIX JUI (PUKCALUM KPUTHYECKHX TOYEK Ha
KPHBBIX 3aBHCHUMOCTH OTMEYEHHBIX BBIIIE
3aMEHSIOIMINX XapakTepucTuk oT V. J[is Bcex MeTo10B,
OTMEYEHHBIX BO BTOpPOH TpyIme, IpPOBEACHUE
mporecca pe3aHust Ha 6-8 CKOPOCTAX Pe3aHus TaKkKe
SBIISIETCS 00s13aTENbHBIM. Coxkpamenue
MPOJODKUTEIFHOCTH UCTIBITAHUH 3/1€Ch TAKXKE MOXKET
ObITh BechMa  3HAUMTENBbHBIM, TaK KakK Ui
OTIpEeZIeTICHUs] 3aMEHSIOMNX XapaKTepUCTHK BpeMs
pabotsr YPU Ha xaxxnoit V o6sr4HO He TpeBsimaet 20-
30 cexyna. 3. TpeTbs rpymmna yCKOPEHHBIX CIOCOO0OB
omnpeneneHus V, 0CHOBaHA Ha HAYYHO YCTAaHOBJIEHHBIX
¢dakrax  coBmageHuss g € KPUTHYECKHMH

TeMIlepaTypaMH pPa3iIMYHOrO pPoja MpEeBpalleHuid B
OM: Toukn ACs crTpykTypHO-()a30BBIX 0~y
npespaieHus, Touka Kropu u ap. M3BectHo, uro B
MIPEBpaIIEHUIX Ha0monaercs CKauKkooOpa3Hoe
(mpeBparenue 1 pona) wim peskoe (TpeBparieHue 2
polia) M3MEHEHHS OCHOBHBIX (DPU3MUECKHX CBOMCTB
MeTayuIoB U cruiaBoB [4]. CiienoBaTensHO, ONpeaeIiB
TeMIIEpaTypy KPUTHUECKUX TOUYCK ITO0 TEMIIEPaTyPHBIM
3aBHCHUMOCTSIM (QH3HUECKUX cBocTB OM 1 NpHHSB ee
3a 0o, MOXHO JIETKO onpeaenuTh u Vo, o kpuBbiM 0 = f
(V). Ecii iput TeMIiepaTypax CTPYKTYPHBIX M pa30BbIX
MIPEBpaIleHNH Ha TEMIEPATYypPHBIX 3aBUCHMOCTAX
¢usnKo-MexaHnyeckux cBoiicte OM  (mokaszarenu
IUTACTUYHOCTH, MPOYHOCTH TBEPAOCTH M Ap.) TaKkKe
HaOIONAl0TCSl KPUTHYECKUE TOYKH (B BHJE TOYEK
MaKCHMyMa WJIM MUHUMYMa, TOYEK repernoa u ap.), To
B JTOM Clydyae ONTHMAajbHble TeMIepaTrypsl (a,
CIIEIOBATENIbHO, M  CKOPOCTH) pE3aHUs  MOTYT
OIIPEAEIATHCS O KPUTHIECKUM TOUYKAM Ha YKa3aHHBIX
3aBUCHMOCTSX. . [ oOneryeHnss NpaKkTHYECKOTro
HCTIONB30BAaHMA BO3MOXKHOCTEH ObIcTporo moxdopa
ONTHMAJIBHBIX ~ PEXHMOB B  IIPOM3BOJCTBEHHBIX
YCIOBUSIX pa3paboTaHbl CIIEIUAIbHBIC HOMOTPAMMBI
[2,3], B OCHOBE KOTOPBIX JIeXKaT MapaMeTpUUECKHe
YPAaBHEHHS MAaKCHMalbHOM pPa3MEpPHOH CTOMKOCTH,
JAHHBIE O BBICOTE HEPOBHOCTEH 00paboTaHHOMN
HOBEPXHOCTH IIPH ONTUMAJBHBIX coueTaHusx V u S, a
Tak)Ke YIKOHOMUYECKHe pacu€Thl (puc. 3,4).
OrnrcaHHbIC CIIOCOOBI MOCTYKHIH METOTUUCCKOM
1 TEXHOJIOTHYECKOH 0a30# A7 pa3paboTKU EpBUYHOM
MIOJICHCTEMBI MHOTOYPOBHEBOM 0a30BOIi TEXHOJIOTHH,
tunaxka YPU, tabmum-matpunm  POP  (mytem
MIPOBEJCHUS TIIATEIFHBIX SKCIEPUMEHTAIBHBIX paboT
B TedeHHe 25 JeT) W CHoCOOCTBOBAIM CO3JaHUIO
MOJICHCTEMBI CHHTE3UPOBAHUS MEPEXO0/I0B, MO3UIMN U
YCTAaHOBOB TOKAPHOM TIpPYINIIOBOM TEXHOJIIOTHMH B
YCIIOBUSIX CEepUIHOTO 51 MEJIKOCEPUIHOTO
MHOTOHOMEHKJIaTypHOTo ipou3BozcTsa [3,7,11,12].
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HoMorpamMMbl 1MO3BOJISIIOT 1O 3aJJaHHOH BBICOTE
HEPOBHOCTEH  00pabOTaHHONW  MOBEPXHOCTH U
NPUHATONH BENMYMHE paJnyca CONPSDKEHUS 3alHUX
MOBEPXHOCTEH pe3lia ONpeNeNIuTh MaKCHMallbHO
JONMYCTUMYIO BeJIM4YMHy monaun Sk. Pabora Ha
nogagax S > Sk. He oOecreunt Tpebyemoit
[IepOX0BaTOCTH 00paboTkm, a Ha momayax S < Sk
HepanuoHalbHa, TaK Kak CHIKAET
MPOU3BOIUTENBHOCTh TPYAQ, IIOBBIMAET ceOecTon-
MOCTh O0pabOTKH W MOBEPXHOCTHBIN OTHOCHUTEIHHBIN
W3HOC (T. €. CHIDKaeT TOYHOCTh 0OpabOTKH), a TaKkkKe
yBenmmuuBaeT pacxon YPU. Homorpammsl n30aBusroT
pabodero W  HOPMHUPOBIIMKA,  TEXHOJIOra U
KOHCTPYKTOpa IpH BeIOOpe onTuMansHoro PP ot Bnac-
TH  CIy4allHOro  BbIOOpa, JaloIero  OOBIYHO
Hempenckasyembie pesynbrarel  [1-3].  TlomoGHbie
HOMOTpaMMbl HEOOXOJMMBI TIPH TPOEKTHPOBAHHUU
AaBTOMATHUYECKUX JIMHUH, TJE€ CKOPOCTH pabodImx
JBIDKCHUI yCTaHABIMBAIOTCS HEM3MEHHBIMHU. Taroke
OHM HEOOXOIMMBI AN  YCIEIIHOHW pa3pabOTKH
YOPaBISIOIMX OporpaMM ais craHkoB ¢ YIIY u
aBTOMATOB IIPOJOJBHOTO TO4YeHWs. Homorpammsl
HaJIIHO MOKAa3bIBAalOT, 4YTO IMPU  COOJIONCHHUU
MIOCTOSIHCTBA ONTHUMAaJIbHOW TeMIIepaTypbl U CKOPOCTH
pe3aHud MOBLIIICHUC TIOJa4Yn (B Juarna3zoHax i
YEPHOBOro, IMOJYYHUCTOBOTO, YHUCTOBOTO M TOHKOTO
TO‘IeHI/Iﬂ) BCeraa IIOBBIIIIACT HC TOJIBKO
MPOU3BOUTENBEHOCTh 00pabOTKH, HO M pPa3MEepHYIO
croiitkocth YPUM, a, cinemoBaTeiabHO, TOYHOCTH H
Ka4ecTBO 00pabaThIBacMBIX TIOBEPXHOCTEH
OTBETCTBEHHBIX JETaleH .

3akJrouenue . B 3aKJII0UYEHUE
HEOOXOAMMO OTMETHUTh, 4YTO, OCHOBBIBAsCh Ha
(u3MUeCKUX TPUYMHAX TIOSBICHHUS ONTUMAJIbHBIX
TEMIIEPATYPHBIX 30H MpH pe3annu BCEX
KOHCTPYKLIMOHHBIX CTaJ€il U ’KapOIPOYHBIX CIUIABOB,
croco0ax OmpesesieHHs ONTUMAIBHBIX CKOpOCTEH
pe3aHusi  pa3paboTaHbl  METOJbI  HANpPaBIEHHOI'O
dhopmupoBanusi cBorcTB HOBBIX OM mipu ob6paboTke
pe3anueM. BHenpeHue yKazaHHBIX METOJIOB B
MPOM3BOJICTBO  BBICOKOTEXHOJIOTMYHBIX  W3/ENNH
OKa3pIBaeTca  BecbMa  d(QekTuBHBIM.  [leranm,
obpabotanHble Ha V,, KaK IMOKa3ajal MHOTOYHCIICHHBIE
WCCIIeIOBaHM, UMEIOT Goutee BBICOKYIO
JKapOoIpPOYHOCTb, JUTUTEIBHYIO MIPOYHOCTH,
KOPPO3HOHHYIO CTOWKOCTh M HW3HOCOCTOMKOCTB II0
CpPaBHEHMIO C JeTalsiMu, 00paOoTaHHBIMH Ha Ooliee
HU3KMX WA 0oJiee BBICOKUX CKOPOCTSIX pE3aHusl.
PaboTa Ha pexuMax ONTUMAJIFHOTO PE3aHNS TPUBOAUT
K JOCTHXKCHHUIO HanOoiee BBICOKOM TOYHOCTHU

YUCTOBOW M (PMHUITHON 00pabOTKH KOHCTPYKIIMOHHBIX
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THEORU OF EVOLUTIONARU INTERACTION OF NATURAL AND ARTIFICIAL SYSTEMS

Summary. The process of evolutionary interaction of natural and artificial systems is determined by a number
of factors such as natural selection, timing, chance, and regularity of natural phenomena. At the same time,
artificial systems allow to reduce the time of appearance of a useful sign in the habitat of a person by virtue of its
nature.

In order to understand the process of interaction between the two systems, a mechanism for their
transformation is proposed, which makes it possible to study the nature of their union and to find approaches to
managing the process of creating and fixing useful traits in the human population and the environment of its habitat.
The exchange between energy potentials and creation of an integrated, combined system based on the model of
interaction between natural and artificial systems is considered. In turn, the combined system is a link in their
transition to a new higher level of development. The peculiarity of the proposed model is the use of energy flow
theory and apparatus of differential equations, which describe the stability of systems and changes in their
parameters over time, and the solution of such equations is the phase trajectories that determine the motion of
systems in space and therefore the vector of their development.

AHHOTa].ll/lH. Hpouecc 3BOJIIOIMOHHOI'O BSaPIMO,Z[efICTBPIFI CCTCCTBCHHBIX M MCKYCCTBCHHBIX CHUCTEM
OIIPCALCIIACTCA PAAOM CI)aKTOpOB TaKUX KaK €CTECTBEHHBIN OT60p, BpEMs, CJ'Iy‘IafIHOCTL U 3aKOHOMCPHOCTb
BO3HUKHOBCHUS MTPUPOAHBIX SIBIICHUM. HpI/I 9TOM HUCKYCCTBCHHBIC CUCTCMBI B CUITY CBOCH NprupoaAbl NO3BOJIAIOT
COKPATUTh BPEMs MOABJICHUA IOJIC3HOI'O MIPU3HAKA B CPEC 00HTaHM YETOBEKA.

J1i1st TOro 4ToOBI MOHSATH IPOLECC B3aUMOACHCTBUS ABYX CUCTEM MPEAI0KEH MEXaHW3M UX TpaHCchopMalny,
KOTOPBIH JaeT BO3MOXKHOCTh M3YUUTh MPUPOIY UX OOBEAMHEHHS M HAMTH MOAXOIBI K YIPaBICHHIO MPOIECCOM
CO3JJaHUS M 3aKPETICHUSI MOJIE3HBIX MPU3HAKOB B UEJIOBEYECKOM MOMYJISIIIMU U OKPYKaloIlei cpe/ie ero oOuTaHusl.
Ha ocHoBe MoJien B3aMMOJICUCTBHSI €CTECTBEHHBIX M MCKYCCTBEHHBIX CHCTEM PacCMOTPEH OOMEH MEXIy HUMH
OHCPIrCTUYCCKUMHU MOTCHOHAJIaMU W CO3JaHUIO I/IHTeI‘pI/IPOBaHH0171, KOM6I/IHHp0BaHHOﬁ CHUCTEMBI, KOTOpasd
SIBIISICTCSL 3BCHOM IIPH MX MEPEXO0JC Ha HOBBIN 00Jice BHICOKHI YPOBEHB pa3BuTHs. OCOOCHHOCTH MpeiaraeMoi
MOJCJIN 3aKII0YACTCA B MCIOJb30BAHUN TCOPUU IMOTOKA SHCPIUU U alliapara ZlI/I(b(i)CpeHLII/IaJIbHLIX ypaBHeHHﬁ,
KOTOPBIC OMHMCBIBAOT YCTOﬁqHBOCTL CHUCTEM U UBMCHCHHUC UX MapaMCTPOB B TCUHCHUU BPEMCHHU, a PCIICHUCM TaKUX
ypaBHeHI/II\/'I C€CTh q)aSOBBIe TPACKTOPHH, OMNPCACIIAIOIMNEC ABMIKCHUA CUCTCM B IPOCTPAHCTBE U CJICAOBATCIIBHO

BCKTOP UX PA3BUTHA.

Keywords: evolution, natural systems, artificial systems, integration
Knrouesvie cnosa: 960JII0YUA, eCmeCBEeHHble CUCMEMbl, UCKYCCIMBEHHble CUCMEMbl, UHmezpayus

Target setting. The process of evolution of natural
systems on the Earth is characterized by the
development of human society in accordance with its
needs and challenges to the environment. It is known
that evolution through natural selection is random, with
millions of mutations, of which units are useful, and as
a result, the mechanism of evolution through natural
selection is slow enough - dozens of generations must
change before a useful trait becomes entrenched in a
population. However, humanity requires a reduction in
time to survive on the planet for the emergence of a
useful sign of a natural phenomenon, and artificial
systems must be the solution to such problems [1,2].

In this case, artificial systems are defined as
systems that are created and developed directly by
humans, or can be any material products and
technologies created by humans. But if at least one
element was purposefully altered or created by man,
then the system can be considered as an artificial. And
if we consider the environment surrounding modern
man from the point of view of the stated approach, then
mankind lives in the artificial world that he practically
created.

A certain "cocoon" of artificial systems was
created and developed in the course of the evolution of
civilization, it covers every person, group of people, as

well as the whole of humanity [3]. At the same time,
evolutionary modeling is the basis of the modern theory
of creating artificial systems, which can be defined as
the reproduction of the process of natural evolution
using special computer programs. Factors that
determine the inevitability of evolution include:

- hereditary variability as a prerequisite for
evolution, its material;

- the struggle for existence as a controlling and
directing factor;

- natural selection as a transforming factor.

The modern theory of evolution is based on the
theory of general and population genetics, micro
evolutionary processes occur in populations that lead to
a change in their gene pool and the transformation of
the genetic composition of a population. The main
directions of development of evolutionary modeling at
the present stage include the following [4]:

+ genetic algorithms (GA), designed to optimize
the functions of discrete variables and using analogies
of natural processes of recombination and selection;

« classification systems (CS) created on the basis
of genetic algorithms that are used as trained control
systems;
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* genetic programming (GP), based on the use of
evolutionary methods to optimize the generated
computer programs;

* evolutionary programming (EP), focused on the
optimization of continuous functions without the use of
recombination;

* evolutionary strategies (ES), focused on the
optimization of continuous  functions  using
recombination.

Analysis of recent research and publications.
Scientists from many countries around the world are
concerned with the development of natural and
artificial systems. So the issues of the concept of
“system”, the principles of openness and closeness of
natural and artificial systems, self-organization and
adaptation to the environment are considered in works
[1,2]. Natural and artificial evolutions, evolutionary
analogues in artificial intelligent systems are described
in works [3,4]. New technologies in the development of
society, genetic-morphological selection with a
material point conditionally called a mechanical gene
are given in [5]. And finally, the main approaches to
creating new methods and models for managing the
process of integrating information systems, evaluating
economic efficiency and building a unified enterprise
information system and development projects are given
in the monograph [6].

Highlighting previously unsolved parts of a
common problem. It is advisable to use evolutionary
methods in cases where the applied problem is difficult
to formulate in a form that allows you to find an
analytical solution, or when you need to quickly find an
approximate result. In simple words, it is necessary to
“tighten up” global economic growth for the successful
development of artificial systems, especially for
countries that aspire to leadership in a multipolar world,
and at the same time it is necessary to create a product
that will create demand for many years, make
breakthroughs in those industries that can lead the
whole world economy. In the coming years, a line of
products that fundamentally change the market will be
formed, and artificial intelligence systems that are
being created or 3D systems, bio-, nano-, cryo-, robo-,
eco-technologies that are already used now contribute
to the transformation and development of artificial
systems. All this will lead to the fact that countries
which become carriers of these technologies will be
among the world leaders, and those who delay in the
development of artificial systems will be buyers of
products and lag behind for many years.

The Aim of Research. This study is devoted to the
study of the processes of interaction of natural and
artificial systems, their development and exchange of
energy potentials to discover the mechanism of their
integration and the transition of systems to a higher
level of development.

Also, the important issue of this study is the
simulation of the processes of the interaction of
artificial and natural systems using the theory of energy
flow and the apartment of differential equations to
determine the phase trajectories of systems motion in
space and time.

The statement of basic materials. While studying
the history of technology, we can assume the apparent
randomness of the appearance of a particular invention,
or the process of development of technology in total
[5]. But in fact, there is a rigid connection between
random and regular processes of development.
Scientists from around the world are trying to erase the
line between artificial and living organisms in order to
ultimately create robots capable of independently
producing their own kind. Moreover, the process of
transition from natural to artificial systems can be
conditionally divided into four stages (Fig. 1).

At the first stage, signs from natural systems are
transferred to the field of artificial ones, where artificial
ones are created on the basis of existing characteristics
of natural systems. Until today, this evolutionary
process seemed natural and logical. However,
humanity is looking for opportunities to change the
inartificial nature of things on the basis of the existing
technological arsenal in connection with the
development of scientific and technological progress.
Technologies such as genetic engineering, management
of natural phenomena, and creation of artificial
intelligence gave impetus to a change in the very
foundation of the human environment created by
nature. In this case, we can distinguish the second stage
(reintegration) of the interaction of natural and artificial
systems, when a person directly violates natural laws
by his actions, and in this instance, inartificial (natural)
systems lose their original purpose (their original
functions), turning essentially into artificial ones with
separate elements of natural systems. Leading such a
technological way of life in the environment, the line
between the two systems is lost (obliterated). Mankind
finds itself in a world created by him artificially
depending on his desire (and to a greater extent on his
selfish whims).
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System evolution process

Stage 1
Natural Artificial
; Featurs
Features inherent in natural TeEnr Systems that have natural
systems features at their core
Stage 2
Natural Natural
Changingthe fundamentals of Featurs Systemswith naw features
natural systams. Transfer based on natural
Transition of a system to an
artificial state
Stage 3
MNatural Natural
cchange of signs ) ,
Natural systems with elements Systems sfter interacting
of artificial with natural

Stage 4

Fig. 1. The process of evolution of natural and artificial systems

Thus, we are approaching the third stage of the
interaction of natural (man-modified with the
remaining elements of inartificial and natural systems),
but essentially artificial systems with newly created
technological objects. In this case, the circle of
movement closes and the integrated system reaches a
new higher level of development where the movement
repeats. Believe that this process will occur as long as
the environment remains inartificial (natural) systems
with the original characteristics that are created by
nature. Over time, humanity will almost completely
change its nature, and maybe even the form of
existence, depending on the needs of society or its
selfish ambitions. This process can occur contrary to
human desire, as shown by the practice of spreading the
planet coronavirus infection (COVID-19). That is,
nature creates antagonists of human desires, although
in essence this is an element of the evolution of human
development.

It should also be noted that the described theory is
quite simplified, and it does not take into account the
enormous range of restrictions imposed on the
evolutionary process. However, it is possible to learn
how to control the process of evolution and interaction
of natural and artificial systems by studying the
mechanisms of movement of systems and their
elements, and thereby maintain a rational balance in the
development of mankind while moving to a new level
of its development.

Interaction in (inanimate, living and social) nature
is associated with the transfer of resources and waste
both within the system and between the system and the
environment. The fusion of natural and artificial
systems into a single integrated (complex) system
occupies a particularly important place in their
description. The process of integrating them can be
considered on the basis of the theory of integration
systems described by the author in [6]. It is known that
new opportunities arise for a qualitative change in the
trajectory of the system (changes in the principles of
integration of systems in the process of evolution)
during the evolution and introduction of new
technologies, which are caused by the action of
environmental factors and the ability of elements of the
control system to accumulate information and
independently generate innovations. Therefore, it is
advisable to apply the principle of synergism in the
development of the theory of the evolution of artificial
systems, which is to obtain additional effects from the
strengthening of the connection between the elements
of the system, and to apply the synergistic concept
along with the evolutionary approach to the
development of civilization.

The process of interaction between natural and
artificial systems is presented in Fig. 2. In order to
reveal the process of interaction of research objects, it
is necessary to: 1) investigate the mechanisms of
interaction of systems depending on the characteristics
of their energies; 2) to determine the peculiarities of
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occurrence of common points of bifurcation and
synergistic effect from the interaction of systems.

Natural Great High stability, self- Mostly solar Closed circulation of
salection species organilation.a.nd {natural) substances, from
diversity recovery ability energy simple to complex
Natural systems
A A r'y r'y
Y A4
Combined systems
v \ A Y A4
Artificial systems
Artificial 1-2 Weak stability, | Energies Unclosed  metabolic
selection s:)rg(\:ll‘?lls dependence on created chain, from primitive
preve human activities bv man to excellence

Fig. 2. Scheme of interaction of natural and artificial systems

Consider the issues of integration and exchange of
features of artificial and natural systems in their
development and formation of a single combined
system based on the definition of the scheme of
interaction (Fig. 3).Let's assume that the integration of
systems will be incomplete, and in general systems will
function individually, and will contact only at the
points of their touch. Consider the case where the
energy potential is distributed along the boundary that
determines the parameters of the system, as a result of
the systems moving towards each other with velocities
v, and V,, (Fig. 3a) their interpenetration occurs and an
area is formed x,, where they merge and combine with

Xo

Consider some typical cases (Fig. 3,a), where, as a
result of the interpenetration (diffusion) of energy
flows, the projections of systems with areas S;,S,,S;
(Fig. 3,a) are combined, where energy flows
complement each other and form bifurcation points
based on the principles of synergism. There are also
regions with areas F;and F, where clearly expressed
energy potentials are absent. In this case, there are local
energy cavities that adversely affect the total allowable
area x, and as a result, its area decreases. An alternative
case is when the projections and depressions of the two
systems coincide (Fig. 3,b). In this case, the energy
space is completely filled. Interesting is the case where
the energy potentials are unipolar, then a projection
with a higher potential can destroy the projection with
a lower potential and a local energy potential arise 1,

possible synergistic effects. Under real conditions, the
energy of the systems is unevenly distributed along
their boundaries, and in some cases - chaotic.
Therefore, projections and depressions on the surface
of the systems will be formed depending on the existing
laws of energy distribution. In this case, different
configurations of the region x, can be formed during
the oncoming motion of two systems with velocities V;
and V,, by parameters of which it is possible to draw
conclusions about integration processes and the end
results of their joint activity.

(b)
Fig. 3. Scheme of integration systems: (a)-interpenetration of two systems; (b)- filling of energy spaces

and energy will be dissipated in some region xp,
supplementing adjacent energy zones. As a result of the
collision of a large number of microscopic elements,
the movement of the elements of the system contributes
to an organized redistribution of energy flows, which is
based on fundamental system principles inherent in
complex objects of any nature. The mathematical
model of flow theory can be represented by equations
of balance for state variables. The integral balance
equation for any studied time interval (¢, t,)) will be:
for statistical systems:

U=UA +Y,

for dynamic systems:
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X(tN) = X(to) + U(to' tN) - Y(to: tN) t K(tov tN).

where U - is the energy entering the system; Y -
energy exiting the system; A - is the coefficient matrix;
to, t - are the studied intervals; X - is the variable state
of the system; U - input parameters; K - is the
coefficient that appeared as a result of system activity.

The apparatus of differential equations is most
appropriate for the study of systems theory, which
describes changes in the system over time in the
form of:

ay

E=f(X!B!t)) (])
where X = {X;,X;, .....,X,} is the vector of
dependent variables that describe the state of the

system;%- is the speed of change of system factors;

f(X,B,t) - is the nonlinear vector function; B =
{by, by, by, ...., b, } —is the vector of system parameters,
generally time dependent. The solutions of the
equations of the form (1) are usually represented by
phase trajectories in the state space of the system

(Fig. 4).
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Fig. 4. Phase trajectories in the state space (A - is a center attractor): (a)phase trajectories;
(b)dynamic distribution of stability of states; (c) to interaction; (d) after interaction

The analysis of phase trajectories allows us to
draw conclusions about the development of systems in
time, to determine the areas of deterministic behavior
and the area of bifurcations (areas of uncertainty and
region of unstable states of the system), as well as
attractors of the system (areas of stable states, for
example, type "center").As a rule, the transition from
steady state to unstable (and vice versa) occurs when
changing the b; parameter of system (1), which can be
called "order parameters”. The problem of state
analysis can be formulated as follows: determination of
such parameters by which the behavior of the system
and its states or order parameters that determine
resistance to external influences is possible. It is
possible to speak about the presence of a set of
bifurcation points A = {44, A,, ...., A, Jconsidering the
behavior of the system in the set of states. This means
that the system behavior function (Fig. 4,c.d) is
described in the state space as a general trajectory with

bifurcation points distributed over time or attractors
and intersection areas of S; .....Sy (Fig. 4) [6].

The control parameters or “order parameters”
defined at such points form a matrix B = {B; ...., B, },
by which it is possible to evaluate the stability
(instability) of the system.

And at the end of the article | want to say about the
structure of human civilization, its basis, its chemical
composition and elemental base. Famous fiction writer
Isaac Azimov described the waning culture of
civilization as C/Fe in his novel, Steel Caves, 1953 [7].
Where carbon is the basis of man (about 21%), and iron
isan element of the robot. Therefore, the C/Fe ratio
symbolizes the connection between wild and inanimate
nature, artificial and natural systems, a culture that
combines the best qualities of both on an equal but
parallel basis. Adapting this theory to the conditions of
development of society, | want to recognize its rational
basis for the existence of human civilization. However,
considering this theory at the current stage of evolution,
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I think it is right to add to it a class of polymeric easily
formed materials from which rigid, durable, corrosion-
resistant products can be made. These substances
consist mainly of carbon C, hydrogen H, oxygen O, and

nitrogen N. It is safe to say that high molecular weight
compounds have conquered mankind, so modern
human culture can be described by the following basic
chemical elements (Fig. 5).

MFe NC BH

‘ ’ EN NO W?

Fig. 5.The chémlcal structure of human civilization

In this diagram, the question mark is specifically
placed in the empty sector as a symbol of future
chemical elements (already existing or newly created)
and which will complement or replace the existing
culture of civilization. Thus, the theory of the
relationship between natural and artificial systems,
living and inanimate nature will continue its evolution
and movement towards the development of human
society.

Conclusions and perspectives.

The researches made it possible to substantiate the
theory of evolutionary and interaction of natural and
artificial systems, in which four main stages due to a
number of factors, such as natural selection, time
random and regular processes of the development of
civilization, were identified. The presented model of
interaction of the two systems allows to reveal the
mechanism of their interaction in the transition to a
higher level of functioning. The mathematical
description of the proposed model is based on the
principles of energy flow theory and the system of
differential equations, which allow us to describe the
stability of systems under the influence of external
factors and when their phase trajectories change over
time. Also the chemical structure of human civilization
is presented, and it proposes to add high molecular
weight compounds to its basic elements - iron and
carbon, which have confidently conquered human
culture.
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DEVELOPMENT OF WEB-APPLICATIONS USING DJANGO

Summary. Development of web-applications using Django is considered. Explains the core standards of the
modern web framework Django, which has changed the definition of web development in the Python world. The
Electronic Syllabus web application is considered as an example.

AuHoranusi. PaccmarpuBaroTes paspabotka Web-npunoxenwuii ¢ ucnons3oBannem Django. IMoscHsrorest
OCHOBHbIE CTaH/IAPThI COBPEeMEHHOT0 BeO-(peiiMBopka Django, KOTOpbIi M3MEHIIT Onpe/iesieHre BeO-pa3padoTKu
B mupe Python. B kadecTBe nmpumMepa paccMaTpUBaeTCs CO3AaHIEe BeO-NPHIOKEHHE « DIEKTPOHHBIN CHILTa0yC .
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Beenenue.  CrocoObl  paspabotkn  web-
MPWIIOKEHUH MOTYT OBITh pa3JelIeHbl Ha TPH OOJIbIINe
KaTEeTOpHH: HIOJIX OB, OCHOBaHHBIE Ha
NPOTPaMMHPOBAHUM WM  CKPHIITaX:  BHEIIHHUE
HPOrpaMMBbl WM CKPHITHL; paciupenus: Web-cepsepa;
MOAXOIbI, OCHOBAaHHBIC Ha WCIIOJIb30BAHUH IIa0JIOHOB
web-cTpaHuIl, BKIIOYAIONIHNX BCTABKH KOJIAa CKPUIITOB
U CHELUUAbHBIX CEPBEPHBIX TIrOB; OOBEKTHBIE CPEbI
(dpeitmBOpKH).

DpeiiMBOpKH MIPEJCTABISIOT coboi
COBEPIIICHCTBOBAHUS pa3paboTKu Web-mpumoxenuii
BMECTO OOBEIMHEHHS] Pa3METKH U JIOTUKH B €IMHBIN
Moaynb. DpelMBOPKH IOAAEPKUBAIOT  MPUHINI
OTIEJICHUSI COAEPKaHUs OT npeacTasieHus [1].

Django - sto Beb-dpeitmBopk Python Beicokoro
YPOBHS,  KOTOpPBIH  TOJAEPKUBAET  OBICTPYIO
pa3paboTKy H AJIeTaHTHBIH am3aiH. [loMHOIEHHBIH
MOAXOM, TparMaTHYHBIH JU3aliH W IPEBOCXOAHAs
JIOKyMEHTallsi - BOT HEKOTOpbIE W3 MPHYMH €ro
ycrexa. Django paGoraeT s aBTOMaTH3alMU
MPOM3BOJICTBA OOIIMX BEO-pa3pabOTOK 3a/a4u, YTOOBI
pa3paboTINK MOT BMECTO 3TOTO COCPENOTOUYNTHCA Ha
npobieMax MpHUIIOXKEHHs Ooyiee BBICOKOTO YPOBHS
HU3KOYPOBHEBOW 00pabOTKH TaHHBIX.

Django mopzepkuBaeT MOAENb-IIPEACTABICHUE-
kouTpoiuiep (MVC)- paszeneHue 3agad  TakuM
obpa3zoM, 4YTOoOBI czaenaTh pa3pabOTKy Mpole |
npoaykruBHee. Paspaborurku Django HaswBaroT 31O
«BeO-(hpeiMBOpPKOM 11T NEepPEKIUOHUCTOB  C
YCTaHOBJICHHBIMH CPOKaMID. KOTOPOE O3HA4YaeT, 4To

YUCTBIH  JOW3aliH W COONIIOJICHWE  HEKOTOPBIX
cTaHmapTHeIX mpaktuk. B Django, kak u B
OonpmIMHCTBE  (PEHMBOPKOB, MOXHO  CIIEJI0BaTh

MOJIeNTb TOTO, KaK pa3padaThIBaTh U CTPYKTYPHUPOBATh

KOJl ¥ TI0JIb30BAThCS NPEUMYIIECTBaMU (peiiMBOpKa,
WIA BBl MOXeTe OOpOTBCI C (pPEHMBOPKOM H
puckoBath. Ero (yHKIMHM OXBaTBIBAIOT BCE, OT CBS3H
mo 0Oa3 mamHBIX, OT oOpabotkm URL-ampecoB u
co3maHMsi [IabJOHOB BeO-cTpaHun. CymIeCTBYIOT
TIOJTHBIE KHHTH, B KOTOPBIX 1oApoOHO
paccmatpuBaercs Django [2].

[Tabmoun MVC - 370 apXWTEKTYpHBIH I1a0JIOH,
u3Ha4YaapHO paspabotanubiii it Smalltalk, s3eix
00BEKTHO-OPUEHTHUPOBAHHOTO  MPOTPaMMHUPOBAHUS,
KOTOpOE  TI03BOJSIET YETKO  PasleiHuTh  JIOTHKY
NPE/CTAaBICHUs, JIOTMKY YIIpaBieHus | OusHec-
OOBEKTHL ApXUTEKTYpBI " (bpeiiMBOpKHY,
BKJIIOUaromue acnekthl Kounemnmuu MVC, umeroT
MHOXXECTBO ~TPHJIOKCHUH Ul pelleHus 3ajad,
TpeOyIOIKUX  JII0OOr0  HETPUBHAIBLHOIO  YPOBHS
NpeNICTaBICHUS. HaGops! HHCTPYMEHTOB u
(bpeiMBOPKH, KOTOPBIE UCHIONIB3YIOTCS TS Pa3pabOTKH
OOJIBIIMHCTBA TOJHO(GYHKIMOHAIBHBIX KIMEHTCKHX
npunoxennit as Windows, TTnatrdgopmer Mac, Linux
n UNIX xaknm-To 00pa3oM BKIIFOYAIOT KOHIIETIIHIO
MVC. MHOXeCTBO pacripoCTPaHEHHBIX BapHaIMi
KOHLEMIMK ObUIM ONpENeNieHbl, M MOJAXOIbl K
npumenernto MVC i MHOKecTBa 1podJieM.

labmon MVC onpenpenser Tpu OCHOBHBIX
KOMITOHEHTA CJIEeYIOINM 00pa3oMm:

e [IpocMoTp: ynpaBiseT BEIBOJIOM Ha AMCILIEH
(rpadmueckM WM TEKCTOBBIM). OJTO COCTOUT W3
HEOOXOAMMOHN JIOTMKH JUISl CO3/1aHHMS KOMIIOHEHTOB
M0JIb30BATENILCKOT0 MHTepdeiica U HCHOIb30BAHUS
MOJIEITH JJIsl 3arpY3KH JaHHBIX B KOMITOHEHTBI.

e KoHTposuiep: ymnpaBisieT BBOJIOM JaHHBIX C
KJIaBHATypbl M MBIIIM OT MoJb3oBaTels. KoHTpoIb
OCMaTpPHMBAeT W HMHTEPIPETUPYET MPENOCTABICHHBIE
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BXOJIHbIE JaHHble. Ha OCHOBE BXOIHBIX JTaHHBIX OH
3aTeM MEePeChUTAET KOMAaH bl MOJIEIH HIIH IPOCMOTP.

e Mojenb: ynpaBiseT AaHHBIMU JOMEHA U UX
00paboTkoil. DTO0 BKIOYaET B ceOS CO3/aHUC
MOCTOSIHHOTO TMPEJCTABICHUS JUIs JaHHBIX JIOMEHa U

omepanuii, KOTOphIE MOTYT OBITh BBITOJHCHBI C
JIAHHBIMU.

[labmon  Takxke  OMNpeneNsieT  CICAYIOIIUe
OTPaHUYCHHBIC OTHOUICHUS MEXKIYy KaKAbIM U3
00BEKTOB:

e Bun u KoHTpo/UIEp AOJDKHBI UMETh IPSIMOE
OJIHO3HA4HOE coOTBeTcTBHE. Kakaslii BuA JOIDKEH
MMETh CCBUIKY Ha KOHTPOJIIEp U HA000POT.

e OrTHOmEHUs MeXAy MNpeACTaBICHUEM U
MOJIEJNIBIO, @ TAKXKe MEXKIY KOHTPOJUIEPOM U MOAEIBIO
MEHBIIIE HEMOCPEICTBEHHBIH.

CnenoBarenbHo, ciexyer UCTOJb30BaTh
MPOTOKOJI  YBEIOMJIEHUS, IIOCPEACTBOM KOTOPOTO
perHcTpUpyeTCs NPEACTABICHIE WM KOHTPOJUIEP Kak

MEHSET CBOE BHYTPEHHEE COCTOSHHE, OHa JOJDKHA
YBEJOMHTh HabOp 000 BCEX €ro 3aMHTEPECOBAHHBIX
KOHTpOJUIEpaxX W MpeJcTaBiIeHHsX. Mojeiab HUKOTa
HE JIOJDKHa HamlpsIMyl0  B3aMMOJICHCTBOBATh  C
KOHTPOJUIEPOM WJIM TpeacTaBieHneM. Hano oOpaTuth
BHUMaHHE, YTO Korja ajmantupyeMm madion MVC x
BEO-TIPUIIOKEHUIO, OTHOILCHUS MEXIy NPEICTaBICHHE
1 MOJIETb, A TAKXKE MEXKIY KOHTPOJIJIEPOM M MOJEIBIO
OOBIYHO HE TOANCPKHUBAIOTCA. DTO HE MPAKTHIHBIN
MOJXO0J, YYWTHIBAs OTKIIOUCHHBIH XapakTep BeO-
TpUIIOXKeHUH [2].

OcHOBHas1 4aCTh.

OcHoBHBIE CTpaHUIIbI TIPUIIOKEHUS
"DIEKTPOHHBIN cHTA0yc" cOCTOSAT U3 4 CTpaHMIl. DTO:
CTpaHUIa aJIMHHA, CTPAaHUIA AaBTOPU3ALNH, CTPAHHULA
BBIOOpA M TOTOBAs CTPaHUIIA cHiLIadyca.

[lepBast cTpaHuna - cTpaHuIa aBTOpH3auuu. To
€CTh TPETIoIaBaTeNN JOJDKHBI HalMCATh CBOM JIOTHH U
nmaponb. CTpaHWDA aBTOPU3AIMH BEO-TIPUIIOKCHUS

o o " ~ "
uHTEepecytomuiicss Habop wmopeneir. Korma momens ONeKTPOHHBIH cuiabyc NpCACTaBICHA
Ha pucyHke 1.
B 9| asupacicnovousw  Tite X [V - X
O @ 12700 ® = Log

Norus:

Napons:

ABTOPH3ALIVS HA CAITE

Pucynox 1. Cmpanuya asmopusayuu éed-npunodicenus “Inexmponnsiil cunnadyc’”

Crpanuma BEIOOpa BEO-TIPHIIOKCHIUS
«DIeKTpOHHBI crmtadyc» TMOKa3aHO Ha PHCYHKE 2.
OyYHKIINH, UCTIONb3yEMbIe Ha TTIAaBHOHM CTpaHUIE:

- €O3JaTh CTOI

- BBIOOD MpeTnoaBaTelIs

- YUUTENb NPaKTHKA

- YUHUTENh JIA0OpaTOPUHN

- BEIOOp YPOKOB

- 00aBHUTH YPOK

- BBIOOP TIOCTPEKBHU3HUTOB

- BBIOOP TPEATIOCHUTIOK

- BBIOEpPHUTE CITUCOK JIUTEPATYPBI
- JI00aBHUTH IUTEPATYPY

- coxpaHuTh B popmare PDF
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Nexrop
Aappee

MpasTina caBareikak BepeTis Myranin
Hayner

NafapaTopus casarsikan GEpeTiH Myranim

Dayner

Cagay

NpepeKEHIHT

java

palhon

crack

CeTEsiE TEONCTHA NPOTpaWNDOBEHA
MOMpaMUHPaSaHIE HA ke Java
TEXHCAHITHM G533 LaHHb PLYSOL

-

KecTe mypy

Pucynox 2. Cmpanuya evibopa eeb6-npunoxcenus “Onekmpornusitl cuniadyc”

Ha 3aknmagke Kaxayr HeEIEnr0 OToOpaxaeTcs
MPOEKT CeMeCTpa C HCIOJIb30BAHHEM OIEpPaIUU
BBIOOpPa TEMBI W OIEpalMHd BhIOOpa J1a0OpPATOPHBIX
pabot. Ha 3ol cTpaHuIle KaXayto HEACIO BU3YaIbHO
oToOpakaeTcss HeOonbInas TaOJMIa, KOTAa BEI
Ha)XAMAeTe KHOIMKY BBIOOpa TEMbI W JIAOOPaTOPHOMH
pabotel. Ilo mpomiecTBuM Bcex 15 HeAenb HYKHO

Ama Nenpea Tasontu

Ha)kKaTh KHOTIKY BO3BpaTa. Korma BEI HaKMMaere 3Ty
KHOTIKY, OH BO3BpAaIllaeTcs Ha TJIABHYIO CTPAaHUILY.
BusyanpHbIii TpauK TakKe BKIIOYACT HEICIH,
JIeKIIMA ¥ J1abopaTopHble paboThl. Ha pucynke 3
MOKa3aHa CTpPaHWIa CO3JaHHsT TaONUIBl  BeO-
MIPUIIOKEHUST « DIIEKTPOHHBIH CHILITa0yCy.

F TRETRAING MyMCua Tapul

SOL Deveiopes Dpsamy »ane MU sinapuen Ticy

) —
‘ POURTYPA MpOLARY Pt NADINETINER
A

Pucynox 3. Cmpanuya cozoanue madbauyvl 8ed-npunodcenus ““Inekmpounsviil cuirabyc”

CrpaHulla agMHHACTPATOPa IOJDKHA IO3BOJISTH
CYIEpPIIOJIb30BATE/SIM ~ PEAAKTUPOBATh, YyIAIATh H
co3/laBaTh JaHHBIC. UTOOBI MEpPEeWTH HA CTPaAHUILY
aJMUHUCTPATOpa, BaM HYXXHO I00aBUTH CCHUIKY /
admin B url. Ha crpanune "Mogens" B 0a3ze JaHHBIX
co3zaeTcs TabiuIa myTeM co3laHus Kiacca. M 3mech
ClelyeT yKa3aTh B3auMMOCBs3b Tabmuim. [locne Toro,
KaK BBI CO3/IaJId KJIACC HA CTPAHHIIC MOJCITUPOBAHUS,

BaM HYXXHO OyJeT 3apericTpupoBaTh ATH KIAcChl Ha
Admin.py.

TonpKo TOCIIE 3TOTO 3TaNa, HAIIH TA0IUIBI Oy Iy T
oTOOpaXkaThCsl HA CTpaHMIE aAMUHUCTparopa. M Bam
HY)KHO TIPOM3BECTH HEOOXOIUMBIC HACTPOWKH Ha
crpanune settings.py. Crpanuna models.py BeO-
MIPUJIOKCHUS « DICKTPOHHBIN CHILTA0yCy» IMOKa3aHO Ha
pucyHke 4.
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B Project = € = | B 1| & models.py  forms.py @ viewspy | g biinwibethtml # cataloglurls.py | g, invoice.html & sillabushurls.py @ settings.py ~E1
v M sillabus C:\Python36-32\kuanysh\Scriptstsillabus S 1]
v ctalog takyryp_aty = models.CharField (max_length=100)
X opisanie = models.TextField(blank=True, null=True) 1]
> L migrations zert_jumys = models.Foreign¥ey('Zert jumys’, on_delete=models.SET NULL, mull=True) -4
v L static fi
» 55
) s def get_absolute_url(se
> kar " =
> L templates .
_init_py return reverse('subject-detail’, args=[str(self.id}])
admin.py
apps.py Ul def _ str_ (szlf): |
forms.py return '#s' % (seli.takyryp_aty)
& models.py
testspy class Subject (models.Model): _
urls.py user = models. ForeignKey (settings.AUTH USER MODEL, on_delete=models.SET_NULL, null=True)
utils.py subject_name = models.CharField (max_length=100)
views.py credit = models.CharField(max_length=100)
v sillabus description = models.TextField(blank=True, null=True)
) outcome = models.TextField(blank=True, null=True)
—Init_py takyryp = models.ManyToManyField(Takyryp, help text="Select a genre for this book")
settings.py literature = models.ManyToManyField (Literature, help text="Select a genre for this book") =
urls.py
wEgLpy
y static def display takyryp(self):

i

Pucynox 4. Cmpanuya models.py eeb6-npunoxcenus “Onexkmponnsiti curiadyc”

Ha ctpanune View cosmaercs wuHbopmamms, Ects aBa tuma cmpoca GET m POST. Crpannna
KOTOpast HeoOXxoquMa IOJIE30BATENIO Ui Views.py BeO-TIpHIOKEHHs « DICKTPOHHBIN CHILIIA0yC»
OoTOOpakeHHsT  HA  CTPaHMIC  MPOCMOTpa W  MOKA3aHO HA PHCYHKE 5.

OOHapy)XMBaeT, OTBEYAaeT Ha 3ampoc HHPOPMAIHH.

B Project #- 1+ | [A models.py  forms.py views.py w1 birinwibet. htrml # catalog\urls.py W invoicehtml # sillabus\urls.py # settings.py =2 1
v B sillabus C/\Python36-32\kuanyshis
~ 4 catalog @1ogin_required(login_url='/')
> BN migrations def zapol (zequest): r;n
teacherss = Teacher.objects.all() ocul
v [static user = zuth.get_user (request) .username four
> e kestes = Keste.objects.all()
> Bijs teachers = Teacher.objects.filter (user_ussrname=user)
> Eikar subjects = Susject.cbizcts.filter(user_ussrname-ussr)
> B templates zertiunyas = Zert_junys.objects. filter (user_username=user)
int_oy takyryps = Takyryp.objects.filter (user_us =user)
- literaturas = Literature.objects.filter (user_ usernane=user)
admin.py rek = Subject.cbjects.all()
apps.py if request.method = 'POST' and zequest.POST.gst('sub name') !-None:
formspy sub_tak = request.BOST.getliat( sub_tak')
models.py Sub_lit = request.POST.getlist('sub 1it')
testspy Sub_name = request.POST.get('sub_name')
sub_cred= request.POST.get('sub_cred')
urlspy sub_desc = request.BOST.get('sub_desk')
utils.py sub_out = request.POST.get('sub_out')
 viewspy sub_post = request.20ST.get('sub post’)
v I sillabus supjectt = Susject.objects.create ()
_init_py #2103 quest. POST. get ('uss ||
ttingsy subjectt.user = auth.get_user (request)
subjectt. subject_nane = sub_name
urtspy subjectt.credit = sub_cred
wgipy supjectt.description = sub_desc
> b static subjectr.outcons = sub_out
dbsillabus subjectt. postrekvisit = sub_post
dbsillabus22 for 1 in sub_rak
— subjectt. takyryp.create (cakyryp_sty=i)

Pucynox 5. Cmpanuya VIeWS.py ee6-npunoscenust “Onexmpounslil cuniabyc”

CrpaHulla KOHTpOJUIepa OTBeYaeT Ha cchulku BO  CrpaHuma urls.py BeO-TPHIIOKEHHST 3JICKTPOHHBIH
BCEX HAIMX TMPWIOKEHUAX. DyHKIUS MPOCMOTpa  CHiLIa0yC MOKa3aHO Ha PUCYHKE 6.
CTPaHHUIIBI OTOOpaXkaeTcs Uil KaKAOH  CCBUIKH.

B silebus (C\ \ |- \catelog\urls.py [sillabuiz] - PyCharem RS
Fle Edit View Navigate Code Befactor Run Tooks VES Window Help
slisbus ) £ catalog ) (& urlspy - v bQ
7 Project - @ 4 | 48 b | (4 modelepy -« | (4 formapy © | 8 viewspy © | o birinwibet htmi catalog\urispy | ulinvoicehtml | (4 sillbuslurls.py | (4 settingspy =
I silabus CPythen \Scripts\sillabu T v
~ [ catalog
rio
1 araent urlpacrerna = [ o
> Bmos Path('", views.index, nemes'index’),
> = path('zapol/ ', views. zapol, name='zapol'),
> Baker p
> Entemplotes
_init_py
admin.py
appspy
forms.py
models.py
testspy
5 urspy
utitspy
views.py 1
e
_init_py
settings.py
urls py
wagipy
> P static
db.sillabus
db.sillabus22

Pucynox 5. Cmpanuya urls.py eeo-npunosicenusn “Onexmponnwlii cuniabyc”

Juzaiin ~ BeO-TIPHIIOKEHNUS «ONeKTpOHHBIH  Mcnosb3oBanueM TexHonoruit CSS n Bootstrap. s
criutadyc» paspaboTaH Juisi MOOWIBHBIX TeJIe()OHOB C  YHHUBEPCHUTETA MCHOJIB30BAJINCH IPOCTHIE Oenble |
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roimyOble 1Beta. bas3oBblil an3aiiH BeO-IIpUIIOKEHUS
«DNEeKTPOHHBIN CHIIIa0yC» TIOKa3aHO Ha PUCYHKE 7.

B G|E|canmamlﬁspage Title EIE S

&« = 0 & @ 127000

Nextop
Arepre

NpakTiea cabareiHad G2peTiH MyFaniv
[ayneT

NaBapatopmA caBarsiHan BepeTin MyFanim
Naynet

Cagak

oracle

NpepexenanT

java

python

oracke

CETEBME TEXHONONHIA MPOTPAMMAPDEaNKA
TIPOFPAMMWPDBAHIE Ha F3bKE Java
TexHonoiva 6as AanHs: PLISOL

KecTe Kypy

Kecre

Canax kocy

Pucynox 7. Ocnosnoti ouzaiin éed-npunodicenus ““Inexmponnsiii cuinadyc’”

3akiaiouenune. Bce monynsipHele 1uatdopmbl,
UCIIONIb3YEMbIE ISl CO3JaHMsl  BeO-NPHIIOKEHHH,
paborator B madiaone MVC. OcHoBHas ujes naTTepHa
MVC - Mopnens, IlpencraBnenue, Koutposiep.
OpeitmBopk Django, moanep kuBarouii 3TOT madiIoH,
peanu3yeT €ro OCHOBHBIE HIeH. BeO-mpuoskeHne
JNIEKTPOHHOTO  cwutadyca  ObUIO  CO3JaHO €
ucrnone3oBaHueM  Python-¢perimBopka  Django,
KOTOPOE MOJIHOCTBIO pacKpbiBaet madmor MVC.

Cnucok JuTepaTypsbl:

1. Jlob6oma IO.I'., Opnosa O.FO. TexHonoruu
paspaboTku Web-mpunokenuii. Haydnbpie Tpyas!
Opeccko  HAIMOHAIBLHON  aKageMHH  ITHILEBBIX
texHosoruit. Oxecca , 2014. Boimyck 46. Tom 1. c1p.
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2. Juneau J., Baker J., Ng V., Soto L., Wierzbicki
F. Web Applications With Django. In: Anglin S. et al.
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THE CRITERIA FOR THE HEAT LOAD OF THE DRIVER’S CABIN OF
THE MAZ-206 BUS DURING THE SUMMER OPERATION

Yyiiko Cepzeit Ilemposuu

acnupaum kagheopvl agmomoouneti U mpaHCROPMHBIX MEXHON0ULL
Tocyoapcmeennozo yHusepcumema « KumomupcKas ROTUMEXHUKAY
Kpasuenxo Anexcanop Ilemposuu

O0OKMOp MexHu4ecKux Hayx, npogheccop, 3a6edyiouuil Kageopvl
aemomobunell U Mpancnopmubix MexHoL02uil

Tocyoapcmeennozo ynueepcumema « Kumomupckas ROIUMEXHUKA»

KPUTEPUHU TEILIOBON HATPY3KH KABUHBI BOJUTEJISI ABTOBYCA MA3-206
B JJETHUM MMEPUO/I IKCILTY ATAIIUM

Abstract. The maintenance of the necessary microclimate in the passenger compartment of the bus during
the summer operation should be ensured by the ventilation and the air conditioning systems, which are successfully
used in the modern public transport buses. The analysis of the overall heat balance of the passenger compartment
is conducted and the criteria of the heat supply to the driver’s cabin during the transport operation are determined
on the example of the MAZ-206 bus. The microclimate compliance factors in the driver’s cabin of the public
transport bus and a passenger compartment are analyzed. The parameters of heat input in the passenger
compartment of the bus and the driver’s workplace are evaluated. A method for calculating a heat load in the
driver’s cabin that takes into account the factors of the heat effects taking into consideration additional structural
components of the driver’s workplace is proposed. The dependence of the change in temperature condition at
measurable points during the movement of the bus was experimentally obtained.

AHHOTa].[l/Iﬂ. HOI[J:[Cp)KaHI/Ie H606XOZ[I/IMOFO MUKPOKJIMMarTa B CaJIOHE aBT06yca npu JIeTHEH OKCIUTyaTaluu,
JOJI’)KHBI 06eCHeHI/IBaTI> CUCTEMbI BCHTWIAIIUN W KOHAWIHOHUPOBAHUA, KOTOPHIC YCHEIIHO HCIIOJIB3YIOTCSA B
COBpPEMEHHBIX TOpoACKHX aBToOycax. Ha mpumepe aBTOoOyca MA3-206 BBINONHEH aHAIU3 OOIIEr0 TEIUIOBOTO
OamaHca cajioHa, ONPEAETCHHBl KPUTEPHHM TEIUIONOCTYIUICHMH B KaOWHY BOAWTENS NpPU BBIIOJHEHUU
TpaHCHOPTHOrO mpouecca. [IpoaHanm3upoBaHbl (GaKTOpbl COOMIOACHUS MHUKPOKIMMaTa B KaOWHE BOIUTENS
TOpPOJICKOTO aBToOyca W canoHa. [IpoBeiaeHa olleHKa MapaMeTpoB TEIUIONOCTYIUIGHUH B CAJIOH aBTOOyca M
paboueii 30He BoguTens. [IpennoskeHa METOAMKa pacdeTa TEMJIOBBIX HAarpy30K Ha KaOMHY BOAMTEIIS, B KOTOPOH
YUTCHBIL (I)aI(TopLI TCIIJIOBOI'O BOBHCﬁCTBHﬂ C YYCTOM HOOIMNOJHUTCIBbHBIX KOHCTPYKTHBHBIX COCTABJISIOIINUX
pa60qer0 MECTa BOAUTCIIA. 3KCH€pI/IM€HTaJILHO MOJIy4ucHa 3aBUCUMOCTb UBMCHCHUS TEMIICPATYPHOTO COCTOAHUA
B UBMCPUMBIX TOYKAX BO BPEMS JABUIKCHU A aBT06yca.

Key words: public transport bus, driver’s cabin, microclimate, heat load.

Knrouesvie cnosa: asmodyc, kabuna 6o0umeinsi, MUKPOKIUMAM, MENI0BVIO HACPY3KY.

BBenenne. B VYkpauHe aKTUBHO BBOJATCS B
OKCIUTyaTallii0 HW  yCHeHmHO  (YHKIHOHHUPYIOT
COBpPEMEHHBIE TOPOJICKHE aBTOOYCHI c
KOHIUITHOHEPOM. DTO CBHIETEIBCTBYET, YTO TETIOBOM
KoM$OpT, B caJoHax OOIIECTBEHHOTO TPAHCIOPTA,
nproOperaeT Bce OoJbIee 3HAYCHNE IS TTOBBIICHUS
€ro MpUBIEKATEIbHOCTH MOJb30BaTensMu ycayr. K
TaKUM aBTOOYCOB MOXHO OoTHecTH aBTo0yc MA3-206.

Mukpokiaumar B KaOMHE BoauTessi aBTroOyca
oInpenensercs COBOKYITHOCTBIO (usnueckux
MapaMeTPOB: TeMIepaTypoii, CKOPOCTBIO u
BJIQ)KHOCTBIO BO3/lyXa, paAUallMOHHON TeMIIepaTypou,
TEMIIEPAaTypOldl  BHYTPEHHHUX  IIOBEPXHOCTEH U
TEIUIOBBIACTICHUH OT 3JIEKTPOOOOPYIOBaHHS, KOTOPHIE
MMEIOT JIOKaIbHOE BO3JAelicTBUE Ha Boautens [1].
Kpowme Toro, k TpeboBaHIAMH KOM(DOPTHOCTH OTHOCAT

Croco0 yIpaBJieHUs KIMMAaTHYECKOW CHCTEMOM, MpH
KOTOPOH OT BOJHUTENS MOTPeOOBANOCh OB MUHHUMYM
BHHUMAaHHS.

MHOT04HCIIeHHBIMU HCCIIeIOBaHISIMU
YCTaHOBJICHO HETaTUBHOE BIUSHIE HEOIArONpUATHOTO
MUKPOKJIMMaTa B KaOWHE BOJUTEISI TPAHCIOPTHOTO
CPE/ICTBA: CHMXKAETCSl PabOTOCIIOCOOHOCTH BOJMTEIIS,
CBOMCTBEHHa OBICTpas YTOMIISIEMOCTb M CO3/alOTCs
YCIIOBHS, KOTOpPBIE CHHUXKAIOT MPOU3BOAUTENBHOCTh U
BHUMAaTEJIbHOCT, B  paboTe M yBEIMYMBAIOT
BEPOATHOCTb AaBApUIHBIX CUTyaluid. AKTyalbHOU
3amadeil sABISETCA OOecredeHHe MHKPOKINMaTa B
TEIUI0e BpeMs rojia B KaOMHAX TOPOJICKUX aBTOOYCOB,
000pyIOBaHHBIX KOHIUIITOHEPOM.

3amaya COBEPIIEHCTBOBAHMS CHUCTEMBI
BEHTHIJIAINH ¥ KOHAWIIMOHUPOBAHMS KaOMHBI BOIUTEIS
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U caJOHa TOPOJCKOro aBTOOyca JOJDKHO peraThes
METOJIJaMU CHUCTEMHOT0 W TEXHUKO-DKOHOMHYECKOTO
aHalmM3a C Y4YeTOM BCEX OKCIUTyaTallMOHHBIX U
KOHCTPYKTHUBHBIX OCOOEHHOCTEH.

AHanu3 HcclIeloBaHMH W myOauKanuii.
HccnenoBanusiMu MHKpPOKJIMMaTa U TpeOOBaHUI K
KIIMMAaTHIEeCKAM CHCTEMaM KOJECHBIX TPaHCHIOPTHBIX
cpenctB 3anumanuch JKykoBckuit C.C., Kpaitauk JI.,
Xoxpsikos B.I1., Muxaiinosckuii E.B., Kymukos 10.A.,
I'pubmamaenko M.B., T'yxorr B.I'., Tammu W.B.,
Muxaitnos M.B., [Tanytun 10.1., Jlykesaenko B.M. u
IpyTHe.

B pab6ote [2] oueHmBaeTcs TEIIOBONH KOMQOPT
YelioBe€Ka B JBYX BO3IYIIHBIX 30HaX JETKOBOTO
ABTOMOOWIIS: TACCaKUPOB U BoauTels. Jloka3zaHo, 4To
KJIMMaT B CaJIOHE aBTOMOOWIS OYEHb HEOIHOPO/ICH.
Paznuuynble  u3nydeHHs, BIMSHHE  TEPEMEHHOM
TEMIepaTypbl M CKOPOCTH BO3QyXa OT CHCTEMBI
BeHTW MM WIA KOHIUIIMOHUPOBAHUS CO3JAIOT

KIMMAaT, KOTOPBI 3HAYHWTENFHO OTJIMYACTCA B
MIPOCTPAHCTBE M BPEMEHHU.
VYuensie [3] YTBEPXKAAIOT, 4TO

MPOJIODKUTELHOCTD ITOE3IKH B aBTOMOOMIIE U (hakTop
MACCaXXUPCKOW HAarpy3KH CYLIECTBEHHO BIMAIOT Ha
BOCTIPHSATHE BOAMTENEM M IACCAXXUPAMU YPOBHS
koMopTa.

UccaenoBanusimu Kyneko A.IL [4] ompexneneHo,
9YTO TOAJEpXKAHWE HaIJIeKaIlero MHUKPOKIMMaTa B
kabuHe aBToOyca «BomkanuH - 5270» BO3MOXHO C
MOMOIIBI0  BUXPEBOW TpyOBI, KOTOpas JOJDKHA
MOaBaTh CXKATHIN BO3yX OT aBTOHOMHOT'O HICTOYHHUKA.

ABtopamm [5] nmokazaHo, 49TO 3(hHEKTUBHBIN
KOHTPOJIb MHKPOKJIMMAaTa B TPaHCIIOPTHOM CPEJCTBE
XOTSI TPaJUIMOHHO CUNUTACTCS BAXHBIM U1t KOM(OpTa,
HO IpH oTpHuaTe]bHbIX 3ddekrax TemmnepaTypHOro
peXuMa OKa3blBaeT CYIIECTBEHHOE BIMSHHE Ha
MPOM3BOUTEIHHOCTh BOIUTENS M PacCMaTPHBACTCS
Kak (akTop 0€30MmacHOCTH JIOPOKHOTO JIBHXKEHHUSI.
YcTaHOBIEHO 3HAYUTEIbHOE BIIHSTHUE Ha
OuTeNnbHOCTh BoauTeNsl pu Temneparype 27°C 1o
cpaBHeHHIO ¢ Temmeparypoil 21°C B TpaHCIIOPTHOM
CpeAcTBe: BOAWTENH mpomyckaroT Ha 50% Oombine
CHTHAJIOB TPE/ICTABICHHBIX B INEPBBIH 4ac, a BpeMs

peakuun Ha 22% MeyieHHEEe NpPHU MOBBILLIEHHOM
YPOBHE TEMIIEPATYPHI.

Amnanus TEIUIOBBIX 0anmaHcoB CaJIOHOB
COBPEMCHHBIX aBTOMOOWICH IS JICTHEro Nepuoaa
rojia MOKa3bIBaeT, YTO MOJBOJ] TEIUIOTHI OT COTHEYHOMN
panuamyu coctasister 30 - 50% obmero xoiaudyecTna
TEIUIOTHI, TEIIOBBIAEIeHHe OT BoguTeas 15 - 20% u
maccaxupo 12 - 40%, or paboraromero
2IeKTPOOOOPYIOBAaHUS W arperatoB  CHJIOBOTO
otaenenus asromooms 5 - 15% [6, 7].

Ucxons u3 BEIIIICYKAa3aHHOTO, MOJKHO
YTBEp)KIOaTh, YTO B JUTEPATYPHBIX HCTOYHHKAX HE
OCBEIIICHBI HCCIICIOBaHHUS JTUHAMUYIECKOTO
B3aMMOJICHCTBHS MHKPOKIMMAaTa padouero Mecra
BOJAWTENII C CaJOHOM aBTOOyca uepe3 OTICIIbHBIC
IKCIUTyaTalMOHHBIE (PAKTOPBI M KOHCTPYKTHUBHOE
PACTIOJIOKEHUE KaHAJIOB MOJAaYHM XOJOJHOTO BO3AyXa
OT KOHJTUIOHEpa.

PesyabtaTtel  uccaenoBanusi.  Komdopt
BOAWTENI W TACCAKUPOB, B CallOHE TOPOICKOTO
aBTOOYyCa, SBISICTCS BaKHBIM ITOKa3aTeJieM KadecTBa
MPEOCTABICHUS TPAHCIIOPTHBIX YCIYT M PEIIAOIINM
(haxTOpOM B BEIOOpE PEIKUMA TIEPEBO3KH MMACCAKUPOB.
OmryiieHre TeroBoro komdopra obecmednBacTcs
(haxkTOpaMu, KOTOPBIC 3aBUCAT OT TEIULIOOOMEHA MEX Ty
TEJIOM YelIOBEKa U OKpy»Karolei cpenoii [1, 8, 9].

KonndecTBO CBEXEro Bo3ayxa, IMOCTYIAIOIIETO B
CaJIOH aBTO0yca, MOXET H3MEHATHCS B JOCTATOYHO
HIMPOKUX MPEICIax B 3aBUCUMOCTH OT PEKHUMa pabOThI
BEHTIJIATOPA, CKOPOCTH JABIDKCHHS aBTOMOOMIIS,
TIOJIOKEHHUE OTKPHIBAHHS OKOH U [IP.

CucrteMa BEHTWISAIMH aBTOMOOHWIISA  JIOJDKHA
obecrieunBaTh MPUTOK CBEXKEro BO3MyXa B CaJOH
JISTKOBOTO aBTOMOOWMIISI He MeHee 150 M3 / 4. a B leTHee
BpeMs, C IEJIbI0 yIAJICHHUS M3 CaJIOHA TEIION30BITKOB,
pacxoj Bo3ayxa B CHCTEME HEOOXOAMMO MOBBIIIATH 10
250-300 M3 / wgac. [4], 4TO mocTHraeTcs myTeM
UCIIOJIb30BaHHsI HAOETAOIIEro MOTOKA.

CaHUTapHO-TEXHUYCCKHE CPEACTBA aBTOMOOMIIS,
K KOTOPBIM OTHOCHUTCSI KOHIUIIMOHUPOBAHUSI, TOJIKHBI
obecrieunBaTh TOANEPKKY B KaOWHE aBTOMOOWISA
ONTHMaJibHbIE MapameTpbl Mukpokiumara [10, 11]
(tabm.1). Ilepenan TemmepaTryphbl BO3AyXa IO BBICOTE
KaOWHBI He JOJDKeH mpeBbimaTh 3°C.

Tabmmma 1

OnrumMajibHble HOPMbI TEMIIEPATYPbI, OTHOCHTEJILHOI BJIAXKHOCTH H CKOPOCTH JIBHKEHHUsI BO3TyXa
B KaOMHAaX aBTOMOOM.JIEei

CKOpOCTh JIBIKESHUS
Temmnepatypa OTHocHTENbHAS
Ilepwon rona A o BO3/yXa, M/C,
Bo3ayXa, ‘C BJIQXKHOCTB, %0
He 0OJIbIIe

Terusii 20-25 60 —40 0,2

21-23 60 - 40 0,3

XOHO}IHI)II/I nu nepexonHBIe 18 _ 20 60 _ 40 0’ 2
YCIIOBUS

K MUKPOKJIUMATY BO3,HyIHHOﬁ Cpeabl CajJloHa
aBT06yca, BMECTE C TEM, OTHOCATCA COOTBETCTBYIOIIUEC
CAaHUTAPHO-TUTUCHUYICCKUEC TpCGOBaHI/IH,
3aKIrovaronmimecds B HNOAACPIKAHUU  HAJJICKAIIUX
JAOIMYCTUMBIX KOHHCHTpaIII/Iﬁ T'a30BBIX HW IIBIJICBBIX
Bpe[lHOCTGfI, KOJIMYCCTBA YTJICKUCJIOTHI, BbI,HCHHeMOﬁ

YCJIIOBCKOM IIPH JbIXaHUH, YCTPAHCHUC 6aKTCpHaﬂLHOﬁ
3arpsA3HEHHOCTU IMOCTOPOHHUX 3aIlaXO0B.

Bcee BUIbI HOCTyHJ’IeHI/Iﬁ TCILJIa B CaJIOH aBTo6yca
0COOCHHO YCUIIUBAIOTCA B JICTHUH nepuoa BPEMCHHU.
TeMnepaTypa OKpYXXarmiero BO3JAyXa W BpEMs
NMOCAaAKU-BBICAAKHU MACCAKUPOB NPEAOCTABIIACT MPAMO
ITPONOPIHNOHAIBHOEC BJIMAHHUC Ha U3MCHCHHC
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JKECTKOCTH (TsxecTH) yCIOBHI TEIUIOBOM
oKcIulyatanuu. [Ipy  MOBBIIEHUU  TeMIEpPaTyphl
BO3AyXa M YBEIMYEHHH BPEMEHH MPOCTOS Ha
OCTAaHOBKaxX, JJS IOCAJKU-BBICAJKU IACCaKUPOB,
pacTeT KOJUYECTBO TEIUIOTHI, MOCTYMAOUIeH B CaloH
MIPU OTKPBITHIX JABepsx [12].

ITpouecc HarpeBa Bo3myxa B CaJOHE TOPOJICKOTO
aBTOOyca BO3MOXXKHO MPEACTABUTH C IIOMOILBIO
ypaBHEHHS TeTuIoBoTo Oamanca [15]

QT = r;!=1 in=_11 QS + Z?:_ll QKonw (1)

rae Q; - TemioTa, KOTopas MOCTYMACT B CallOH
aBToOyca, [Ix;

Qs — TemnoTa, KOTOpas MOCTyHaeT B CAJIOH 4Yepes
COCTaBJIAIONIME Ky30Ba aBTOOyca Ha j-My IE€pEroHe
Mapupyra, Jx;

Qxony — TEITOTA, KOTOPAst HOCTYIACT B PE3yJIbTATE
OTKPBITHS JIBEpel calloHa (KOHBEKIIMH) aBTOOyca I
IMOCaIKH-BBICAIKA MaccaxHupoB Ha -
TEXHOJIOTHISCKOI ocTaHOBKe, JIK;

M — KOJIWYECTBO MEPEroHOB (YyYacTKOB MEKIY
TEXHOJOTHICCKIMH OCTAaHOBKAMH).

KOHBCKTI/IBH])IC TCIIJIOBBIC IIOTOKH MCKIY
BHYTPECHHUM BO3yXOM u TIOBEPXHOCTAMU
COCTaBJIAOMINX Ky30Ba paCCUATHIBAKOTCA

QT]‘[ = QA + Qn + Q61 (2)

rae Qq— KOHBEKTHBHOE TEILIO € KphIiy, BT;
Qr— KOHBEKTHBHOE TEILIO C ToJa, BT;
Q6 — KOHBEKTHBHOE TEIUIO ¢ OOKOBUH Ky30Ba, BT.

Qs =K, F, (Ta - Ti); €
Qn = Kl‘l Fl‘l (Tsn - Ti); (4)
Q, = Kg Fg (T — Tj), %)

rae K, Ky, Ks — ko3 dummenTs! Termonepenayn
KPBIIIH, T0J1a 1 OOKOBUH;

F«, Fu, Fs — mromamm xpeImu, moja 1 60KOBUH,M

Tan, Ti, Ty — TemmepaTypa Hapy>KHOTO BO3/yXa,
TeMIiepaTypa B cajloHe, TeMmineparypa Kpbiiu, "C.

TernoBoit pacueT OKOH KaOWHBI COCTOUT U3
MepeaaBaeMoro Teria OT MePeJHEro BETPOBOTO CTEKIIa
1 OOKOBBIX CTEKOJI, KOTOPBIE PACCUUTHIBAIOTCS

2.

QOK = Qf + Qbf' (6)
Qf = Kgp Fgr (Ton — Ti); )
Qb = Kgb ng (T3n - Ti )l (8)

rae Qf — KOHBEKTHBHOE TEIUIO BOT BETPOBOIO
okita, Br;

Q6 — KOHBEKTHBHOE TEIJI0 OT OOKOBOTO OKHA, BT.

K¢ , Kg — KoadduimenTsl Ttemnonepenadu
BETPOBOTO U OOKOBOTO OKOH;

Fgf, Fgb — momaau BeTpoBOro cTekiaa U OOKOBBIX
OKOH, M?.

Jns omnpeneneHuss JIOMOJHUTENbHON TEIJIOBOM
HArpy3KH caJioHa aBTo0yca B 30HC KaOWHBI BOJIUTEII,

B pacyeT NPHUHUMAIOTCS II0Kas3aTesid Iepeadn Teria
Yyepe3 BETPOBOE CTeKII0. Temno BiusiHuE 0T OOKOBOTO
OKHa KaOMHBI BOAMUTEIS OTHOCUM K ILIOIIAIU OOIIEro
pacyera TernjIoHarpy>KeHHbIE Ha CajloH OT IPO3PayHbIX
COCTaBJIAIOINX.

Jns  ompeneneHust TemrepaTypbl B - KaOHHE
BOJUTENS aBTOOYCa IPUMEHSETCS BhIpaKCHHUE

Tho =t + St - (tv - tn), 9)

rJie tk— TeMIeparypa Bo3iyxa B KaOMHE BOAUTEIS
Ha MOMEHT HadaJa JABWXCHHUS 1o MapmpyTy, “C;

St — KOPpEKTHPYIOINi I0Ka3aTeNb OIIyIICHHE
N3MCHEHUSA TEMIIEPaTyPHOTO BO3/EHCTBUS
okpyxatommeit cpenst, “C/°C;

tv — TemmepaTtypa okpy:xaromiero Bo3ayxa, ‘C;

I — HOPMHUPOBaHHBIH TEMIEPATYPHBIM PEXUM
TpaHCHOPTHOTO mporecca, C.

Ha TemneparypHblii peKMM KaOHHBI BOAWTEIS
BJIUAIOT KOJIMYECTBO U MNPOAOJDKUTECIBHOCTDL IMPOCTOA
Ha OCTaHOBKAaX C OTKPBITBIMU ABCPAMU IJI MMOCAAKU-
BBICAZIKM I1aCCa)KUPOB, OCOOCHHO KOIAa BOAUTENH
3aJCHCTByeT K MOCAJKe TOJBKO TEPEAHHE MABEpH,
PpacIoI0o)KeHHbBIE HAIIPOTUB KaOMHBI.

3aBUCHMOCTH TEMIIEPaTypPhl BO3AyXa B KaOMHE OT
TIPOIOIDKUTEIBHOCTH TAKOTO IPOCTOS OMPENEIsIeTCs
BBIpaKCHUEM

TK:tk+5]IB'tIZB, (10)
rre tx — Temmeparypa moBiTps B KaOiHi aBTOOYCa,
°C:

Sps — Tapamerp KOpPHUTYBaHHA 4Yacy IIOCa/KHU-
BUCAAKK nacaxupis, *Cluac.;

tie — BpeMs IHOCAAKM-BBICAJKH IaCCaXHPOB Ha
MapuipyTe, MHH.

KOHBEKTHBHBIH TEIUIOOOMEH HAa BHYTpEHHEU
MOBEPXHOCTH CaJIOHA HOCUT CIIOKHBIH XapakTep.
OKOJI0O HATPETHIX WIIHM OXJAXIEHHBIX IOBEPXHOCTEH
BO3HUKAIOT KOHBEKTHBHBIE TOKH, ONpEAEISIOIINE
TEIJIOOOMEH MEXJIy IOBEPXHOCTBIO U BO3ILYXOM.
3/1ech UIMEET MeCcTO CBOOOIHASI KOHBEKIIHS.

BenenctBue momaum  Bo3nyxa, nHpu pabore
CHCTEMBl BEHTWIALUHK, HAa IOBEPXHOCTIX CaloHa
MPOUCXOIUT W BBIHYXJAEHHass KoHBekuus. Jlis
YIOPOIIEHNS pacyeTa CTEeHKH cajioHa aBToOyca Oynem
CUHTATh INIOCKUMHU, TOT/1a KpuTepuil Nu nmpu orudanus
CTCHOK CaJIOHa aBTOMOOWIS BO3AYXOM B YCIOBHSAX
CMEIIaHHOM KOHBEKIIMHM  paccMaTpuBaeTcs IpH
ycnosun [13]

N, = N2, + Nit,, (11)
rie Nug,,— kpurepuit Hyccenbra B ycroBusix
CMEIIaHHON KOHBEKIINH,
Nu.,— kpurepuii Hyccenpra s cBoOOJHOM
KOHBEKIIHH;
NuBl-l*
KOHBEKIUH.
VYuuteiBas, YTo KaOWHa BOJUTEINST COBPEMEHHOTO
aBTrobyca  MA3-206, KOTOpbIM ~ OpPUHAT K
9KCIEPUMEHTY, OCHaIIIeHa MHOTHUMH
JOTOJHUTENBHBIME  NIPUOOpaMH U yCTPONCTBaMH,

kputepuili Hyccenbra a1 BBIHYXACHHON
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BBIIOJHAIOIIUE  BCHOMOTaTellbHble  (YHKUUM B Qs =2zn- (186 - 1,8T4), (14)
yIpaBJIeHUH aBTOOYyCOM, BO3HHKAeT IOTPEOHOCTh
ydeTa BCIIOMOTaTENIbHBIX TEIUIONOCTYIUIEHUM OT HUX. TN€ Zy — YMCJIO YICHOB SKUIIAXa,

TemmonocTymieHus oT nprboOpOB u T, — Temneparypa Bo3ayxa B kabumne, “C.
000pyIOBaHUs B KAOWHE OMPEACISICTCS BRIPAKCHUEM I[Tpn SKCIICPUMCHTAIBHOM HCCIICIOBaHUN
BenmuuHBl (Q, OBUIM TONyYeHBl  CIIEAYIOIIHE
Qun = Qex + Qen + Qeg+ Qeo + Qo (12) pe3ynbTaThl: TEIUIOBBINCNCHHE OT BOJWUTENS Ha

rae Qe — TEIUIOBBIJENICHUE KOHTPOJBHBIX JaMII
IIUTKa TPUOOPOB M JIaMII OCBEUICHUs KaOWHEI
(IpaKTUYECKH YKBUBAJIEHTHO UX MOIIHOCTH),

Qecn — TEIUIOBBIIETICHHE OT HJIEKTPOIPOBOIKH, BT;

Qcn — TEIUTOBBIIEICHHS OT DJIEKTPOABUrATElICH,
Br;

Qco - TCIUIOBBIAGICHHE OT IOMOJIHUTEIBHOIO
3JIeKTpoo0OpyIOBaHUS ~ KaOMHBI  (paJgMOCTaHIIHA,
3BYKO- YCHJIMTEIBHBIX IIPHOOPOB | T. 1., BT).

Quo - TCIUIOBBIIENICHHE OT HEJIEKTPHYECKOTO

obopynoBanus  (THIpaBIMYECKOTO W T. M),
YCTaHOBJIEHHOTO B KabuHe, BT.
Qes=(1-1) " Nys, (13)

rae N — KIIJ] anekrponsuratens;

N — MomHOCTE 31eKTpOABUTaTENS, BT.

Benuunabl Qe U Qo OMpEAenstoTcs TOJIBKO
9KCIEPUMEHTAIILHBIM MyTEeM JUI KaKAoro npudopa u
arperata, KOTOpPHIA Haxomutcs B KabuHe. Jlma
OONBIIMHCTBA TTPHOOPOB BETUUMHY TEIUIOBHIICICHUS,
KOTOpPBIE YpEe3MEPHO MaJbl, HEOOXOAMMO OTIPEIEIATh
KaJOPUMETPUICCKAM METOIOM.

Temora, KoTopasi epeAaeTcss OT BOAUTEINS MPH
TeMmeparype Bo3ayxa B kabwHe +18... + 30 ° C
OTIpeJIeNIeTCS BRIpAXKeHHEM [ 7]

KOHEYHOW OCTaHOBKE cocTaBisiia 95-120 BT, B mepuon
JBIDKEHUH 1o MapuipyTy - 180 Br.

OCHOBHBIM OTIPEEISIFOLIIM TEIJIOBBIM
(dakTopoM MHKpOKIMMaTa B KabOuHe aBTOOYyCa
sBiIseTcs TeMmmeparypa Bosayxa [14]. Ilockodbky

KoMpopT — 93TO CyOBEKTUBHOE MOHITHE, TO
3¢ PEKTUBHOCTH TEIJIOBOH HArPY3KH cajloHa aBTo0dyca,
KOTOPBIH obopyznoBaH KOHJUIIHOHEPOM,
1enecoobpasHo  MPOBOJUTH 10 TEMIIEPATypPHO-
BPEMEHHOMU XapaKTEPUCTUKOMN BO31yXa B
KOHTPOJIBHBIX TOYKAaX, PpAacCIOJOXEHHBIX B 30HE

pa3sMelIeHNs IacCa)XMpoB B CalOHE M B KaOHMHE
BouTens (puc. 1). @axrop pa3MelieHus TOYEeK B 30HE
TOJIOBBI  TMACCAXUPOB M BOIUTENS  SIBISICTCS
JoMHUHUpYonMM. OOBSCHAETCS 3TO OCOOEHHOCTBIO
KOHCTPYKTUBHOTO PACIIOJIOKEHHUS TUIOCKOCTH MOJ1a Ha
Pa3HbIX YPOBHsX. M3MepeHHsT MHKPOKIMMATHYECKUX

mapamMeTpoB B KaOWMHE  MPOU3BOJWIOCH  TIpHU
BEITIOTHCHUH aBTOOyCOM TEXHOJIOTUIECKOTO
mporiecca.

Ha pwuc.l mokazaHo pa3MerieHHe KOHTPOJIBHBIX
TOYEK B IIPOLECCE MPOBEICHHS SKCIICPUMEHTAIHHOTO
uccnenoBanus. Touku la - 30Ha roaoBsl BoauTes, 1b-
30Ha HOT Bomutens (Ha BeicoTe 1,5 m 0,5 M oT mouna,
COOTBETCTBCHHO); TOYKa 2a - 30Ha TOJOBBI IS
CTOsYero maccaxkupa (Ha BbIcoTe 1,75 M OT moina);
TOYKa 3a - 30Ha TOJIOBBI JIsl CUSIIEro naccaxupa (Ha
BbIcOTE 1,3 M OT mosna).

8650

Ib

3a 2a

£

Puc. 1. Touxu 3amepa noxazameneil MUKPOKIUMAMA 6 CAJIOHe A8mMoobyca.

PeSyHBTaTBI OKCIIEPUMECHTAJIIBHOT'O UCCIIEJOBAaHUA
TeMIlepaTypHbIX MOKa3aTelieil 1 CKOPOCTH BO3IyXa B
aBTOOYyCE MpeICTaBIeHBI B Ta0IHIE 2.

B  pesymbrate  00cneoBaHHS ~ OCHOBHBIX
KIMMATHYECKHUX IIOKasaTejae B KaOuHE BOOUTECIIA

aBT06yca C BKJIFOUEHHBIM KOHANOHUOHEPOM, BHCUIHIAA

TeMIeparypa Bo3ayxa coctapisuia 29,1-29,7°C.
IlonyuyeHHble TeMmmepaTypHbIE I10Ka3aTelu

CBUACTCIBCTBYIOT, YTO TCIUIOMOCTYIIJIICHUA B KaOuHe
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aBToOyca uMmeer Oosipliee  3HAaUYCHHE W HE
COOTBETCTBYET ONTHMaIEHBIM HOpMaM (Tadu. 1).
[TynkTHpOM MoKa3zaHa 3aKOHOMEPHOCTb
M3MEHEHHMS TEIUIOBOH HArpy3KH B KaOMHE BOIUTENS C
MPOJIOJDKUTENFHOCTBIO  IBIDKEHHSL 110 MapIIpyTy.

HpeﬂCTaBﬂeHHOe CBUACTCIILCTBYCT, HYTO CpCAHCC
TCMIICPATYPHOC 3HAYCHUC B Ka6I/IH€ BBIIIIC 110

CPaBHCHHIO C HW3MCPUMBIMU 3HAYCHHSAMHU TOYKAX
caJioHa - 2a ¥ 3a.

Tabnuma 2

O0001IeHHbIE Pe3yIbTAThI 00C/1eI0BAHUS OKa3aTeell TeMIepaTypbl H CKOPOCTH BO3yXa B aBTo0yce
COTJIACHO ONpe/ieJIeHHbIX TOUeK KOHTPOJIsI

t,°C V, M/c Orxionenus t,"C Orxnonenns V, m/c
Touka la 27,8 03 2,2 2,0
Touka 1b 25,3 0,2 2,0 34
Touka 2a 26,4 04 18 31
Touka 3a 26,5 0,3 1,7 2,7
TakuM 00pa3oM, OCHOBHOM XapaKTEPHUCTHKOW  paboThI KOH/IUITHOHEPA, KaK HCTOYHUKA
TEMIEPAaTypHBIX YCIOBHA B KaOWHE BOAWTENA  JIOMOJHUTENBHOTO  PacxXofa  TOIUIMBA  CHIIOBBIM
aBroOyca, KOTOpas 3aBHCHT OT psga (aKkTopoB, arperatoM. OITO CIYXKHT HAIpPaBICHHOCTBIO Ha
SIBIIACTCS: CIIeTYIOTITHE HCCIIEIOBaHM TOIUIMBHOM
- TEMI000MEH BHEIHHUX MOBEPXHOCTEH Ky30Ba ¢ 3KOHOMHYHOCTH  aBTOOyca  MNpH  BBIMOJHEHHH
OKpYXKaroIlei cpeoii; TPAaHCIIOPTHOIO  Tpolecca ¢ HCIOJB30BaHHEM
- TemIoOo0MEH  IOBEPXHOCTEH,  KOTOpble  KOHAWIMOHEPA.
o0paieHbl B KaOWHY M BBIAEISIOT TEIUIO;
- TETUIONOCTYIIEHUS oT HArpeToro CHuucok JuTepaTypbl
00opy0BaHus; 1.KpaBuenko O.I1. JlocmimkeHHs TEIUIOBOTO

- Temlonepenadd INpH OTKPBITUH JBEped I
MacCa’kKUPOB U TETIONOTEPH Ha HH(UIBTPAIIHIO;

- TEIUIONOCTYTUIEHHS OT COTHEYHOMN paHaliy.

Mertoasl 1o oOecmedeHHI0 MHKpOKIMMara Ha
pabodyeM MecTe BOAUTENS YCIOBHO MOXHO Pa3JelNTh
Ha aKTHBHBIE U MMaccuBHBIE. K mepBoMy OTHOCSTCS BCe
TEXHHUYECKUE CpEICTBa  CO3JaHMsi  KOMQOPTHBIX
MHUKPOKIMMAaTHUECKUX YCIOBUH B paboueil 30HE
BOAMTENS,, @ KO BTOPOMY - BIHSHHUE CaJOHHBIX
TEIUIONOCTYIUIEHUH C KOHBEKTUBHBIM Harpy3koil Ipu
OTKDBITBIX JIBEPSIX HA OCTAaHOBKaxX IIpU IIOCaJKe-
BBICAJIKE MMACCaKUPOB.

CHmKeHne  BO3AEHCTBUS  HEOJIAroNpUsATHOTO
MHUKpOKIMMaTa Ha pabodeM MecTe  BOIMTEIS
TOPOJICKOTO aBToOyca W YIy4IIEHWE IapaMeTpoB
MHUKpPOKJIIMMATa, TMO3BOJISIOT  PEIIUTh OJIHY U3

BOXKHEWIIMX 3a7a4 yIydYIIeHUs] YCIOBHH Tpylda H
COXPaHCHHIO 3I0POBbs BoAUTEN0. OUEBUIHO, YTO OT
COCTOSTHUSI BOAUTENS aBTOOyCa 3aBUCUT 0€30MacCHOCTh
HaCC&)KI/IpOB, KAQ4C€CTBO BBIIIOJIHCHUA TpaHCHOpTHOFO

mporecca u 3¢ dexTuBHOCTD YIIPaBJICHUS
KJIMMaTUYECKON YCTaHOBKOM.

BoiBoabI. OnpeneneHbt KpHUTEpHU
TEIIONOCTYIJICHUH B KaOMHY BOAMTENS aBTOOyCca Npyu
BBITIOJTHEHUU TPaHCIIOPTHOTO nporuecca.
[IpennoxkeHHass  MeTOAMKa  pacueTa  TEIUIOBBIX
Harpy3ok Ha pabodee MeCTO BOJUTEINS, KOTOpas
MO3BOJISIET ~ YYECTb  OIPENENICHHbIE  IPHOPUTETHI
ob1ero TETJIOBOM Harpy3Kku Ha CaJIOH.
3KCHCpI/IMCHTaHBHO IoJIyuycHa 3aBUCHUMOCTH

W3MEHEHUS TEMIIEPATyPHOT0 COCTOSIHUS B U3MEPUMBIX

TOYKaX CajioHa BO BpeMs JBI)KEHUs aBToOyCa.
ITonnepxaHne HOPMUPOBAHHOTO KIMMATUYECKON

cpenbl B aBTOOyce BIMAET HAa TPOAOKUTEIHHOCTH

OanaHCy calloHy aBTOOYCY y TEIUIMH IMepiom poxy /
O.JI. KpaBuenko, C.JII. Uyiiko // Bicauk
CXiTHOYKpaiHCPKOTO HAIIOHAFHOTO YHIBEPCHUTETY
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4. Kympxko AJl. Cucrema HOpMalu3aluu
MHUKpPOKJIMIMaTa Ha OCHOBE BHXpeBoro sddekra
KaOWHBI BOJWTENS TOPOACKOTO W TPHTOPOIHOTO

aBTOOYCOB: ABTOpE(d. 1KC... A-pa TexH. Hayk: 05.22.10
OKcIulyaTalusi  aBTOMOOWJIBHOrO — TpaHcmopra  /
Bomkckuii moauTexHUYEeCKHi WHCTUTYT ((pumua)
Bosrorpazickoro rocyapCcTBEHHOTO TEXHHYECKOTO
yHuBepcuTeTa. — Bosrorpan, 2004. - 19 c.
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L]emkun bopuc Hukonaesuu

O00KMOP MEXHUYECKUX HAYK., OOYeHM,

npogheccop Kagedpvl coyuanbHO-2yMaHUMAPHBIX U NPOPECCUOHATLHBIX OUCYUNTUH
Ilepmckoeo uncmumyma @CHUH Poccuu,

614012, 2. Ilepmv, yn. Kapnunckoeo 0.125,

®OPMUPOBAHUME NHTETPAIIMOHHBIX CTPYKTYP - 1IYTh TIOBBIINEHUS
YCTOMYUBOCTH NPEJANPUATHI ATPOITPOMBINIJIEHHOI'O KOMILIEKCA

B.N.Stchetkin

THE INTEGRATION STRUCTURES FORMATION - THE WAY OF INCREASING THE STABILITY
OF AGRICULTURAL SECTOR ENTERPRISES

AHHOTaHl/Iﬂ. OJIHO us3 HaHpaBHeHI/Iﬁ OKOJIOTM3allui SKOHOMHUYECKOI'0 pa3BUTUA — 3TO HIMPOKOC PA3BUTHC
MaJIOOTXO/IHBIX M pecypcocOeperaroimmx TexHojioruil. PaspaGoraHHblii  aBTOpoM (B COaBTOPCTBE)
TEXHOJOTHYECKUH KOMIUIEKC IO YTUian3daiuuu NTUYBETO IMMOMETa (yCTaHOBKa HHCBMOTepMI/I‘IeCKOﬁ CYIIUKH —
VIIC-1 n ycTaHOBKAa TePMHYECKOTO KOMIIOCTHPOBAHUs) OBII IMpHUMEHEH Ha mTuiedabpuxax IlepMmckoro xpas.
Homyuennsrit Ha YIIC-1 cymensiit nruamii momet (CIII) u rpanymuposannsni (I'CIIII), B cepun moneBBIX
OIIBITOB BHOCHIJICA, B KAYECTBEC y,I[O6peHI/I$[, Ha 110JId HepMCKOFO Kpas u HCHHHFpaZ[CKOﬁ obOnactu. BersiBiieno —
JaHHOC y2[06p€HI/I6 OKa3bIBa€T BJIHUAHHUEC KaK Ha ypO)KaﬁHOCTL CENIbCKOXO03SMCTBEHHBIX KyJbTYyp, TaKk WM Ha
QJICMCHTBI TUIOAOPOAUS TIOYB. Hpez[nomeHHaﬂ ABTOPOM MCETOHOJIOTUS COBCPUICHCTBOBAHUSA KOMIIJIEKCHOT'O
yipaBJeHUA YCTOI>'I‘{HBBIM Pa3BUTUEM HpeZ[HpI/ISITI/Iﬁ AIIK Ha 0CHOBE TEXHHKO-3KOJIOT'0-9KOHOMHUYECKOH CUCTEMBI
(T33C) 3aKJI04YacTCd B 3aMKHYTOM IIMKJI€ BOCIIPOM3BOICTBA. KOpMa —> JXHUBOTHBIE —> HaBO3, IIOMCT
(mepepaboTka) — ynoOpeHrne — IMoYBa — PacTeHUI —> KOpMa.

Annotation. One of the ecological and economic development trends is a broad development of low-waste
and resource-saving technologies. Technological complex the utilization of bird dung developed by the author (in
co-authorship) (a pneumothermal dryer installation — PDI-1 and thermal composting installation) was used in the
poultry farms of the Perm region. Dried bird dung (DBD) and granulated dried bird dung (GDBD) obtained at the
UPS-1in a series of field experiments was introduced as a fertilizer on the fields of Perm and Leningrad region.
As it was found - this fertilizer influences the crop yields and the elements of soil fertility. The methodology of
improvement the integrated management of a sustainable development of agricultural enterprises on the basis of
techno-eco-economic system (TEES) introduced by the author is a closed cycle of reproduction: fodder — animals
—manure, dung (processing) — fertilizer —soil —plants — fodder.

Knroueswie cnosa: cenvckoe X03}ZZZCI’I160, JKOJI02UA, 0mx0()bl, ymuauszayusi, ypoofcaﬁHocmb, opeaHu4deckoe u
Op2aHOMUHEPaIbHoe YOoobpenue, IKOHOMUKA.

Key words: agriculture, ecology, waste, utilization, crop capacity, organic and organic-mineral fertilizers,
economy
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[MMupokoe  pa3BuTHE  MAIOOTXOJHBIX U
pecypcocOeperaronx TEXHOIOTHH — 3TO OJHO U3
HarnpaBJIeHHUH 9KOJIOTU3AIMU HKOHOMHUYECKOTO
passutusi.  llens  pasBUTHS ~— MalOOTXOAHBIX U
pecypcocOeperaronmx —TEXHOJOTHH —  CO3JaHue
3aMKHYTBIX TEXHOJOIMYECKHX I[MKIOB C MOJHBIM

Veranoeka nHeBMotepmudeckoi cymku (VIIC-1)
® E F ¥V _\ :
5 —

g ey 28]

T'azoBas
TOIKa

HCIOJNb30BaHUEM MOCTYMAIOUIETO CBIPbS U OTXOJOB.
Ilepexon k cucTeMaM 3aKpbITOrO THUMA C IOJHOU
nepepaboTKoOl M yTHIM3alMeld BCeX MOCTYHAaroLIUX
PEeCypcoB U OTXOMAOB M TpPEKpalleHUeM 3arps3HEHUs
MOCTIETHUMH OKpPY KaIolled cpeasl — 3TO M3MEHEHHE
CaMoro TeXHOJOTHYeCKOro nmpuHmma (puc. 1).
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Puc. 1. Cxemomexuuueckoe peuwieHue KOMNIEKCHOU MEXHOI02UU NO nepepadbomke omxo008 HCUBOMHOB00CMEA
(I = yemanosxa nuneemomepmuuecxoii cywxu u |l — yemanosxa mepmuuecko2o komnocmuposanus
(peanuzosanvt, 3auuwensvt namenmamu P®), 1l —xomnnexc memanmenxa) 1 — mpyba cywuixa,

2 — YyuKIOHBI U 0OCadumenvHas Kamepa, 3 — 2panyiamop, 4 — Memanmenx, 5 — Ko2epeHmublil KOMNJIEKC,

6 — cywunvuvie npomusomounsie bapabdanvl, 7 — npecc.

[1epBsIii mar B yMeHbIIEHHE IPHPOAOEMKOCTH Ha
JKMBOTHOBOJIYECKUX TPEINPHATHIX HAMH YyXe ObLI
cneman [1]. Pa3spabortaHHBII (B COaBTOPCTBE)
TEXHOJIOTHYECKUH KOMIUIEKC 10 YTHIN3AINH ITHYBETO
nomera (YCTaHOBKAa ITHEBMOTEPMHUYECKON CYIINKH —
VIIC-1 u YCTaHOBKa TEPMUUYECKOT O
KOMITOCTHPOBAHUS) ObLT NIPUMEHEH Ha
nrunedadbpukax I[lepmckoro kpas (m. Pomaumkm
Conmmkamckoro paiiona u r. Kynryp) [2].

W3yuenne momyuenHoro Ha YIIC-1, xak
cymenoro mnrmybero mnomera (CIIII), Ttak wu
TPaHyJIMPOBAaHHOTO CYIIEHOTO NTHYBET0 IOoMeTa
(CCIIII), n ux BAWSHUE, B KA4eCTBE YAOOpCHHS, Ha
YPOXKaHOCTb  CEJIbCKOXO3SMCTBEHHBIX KYJIBTYp B
pa3MUHBIX  HOYBEHHO-KJIMMAaTHYECKUX  YCIIOBHSX,
MPOBO/IMIIOCH B CEPHH MOJIEBHIX OMNBITOB Ha MOJIAX
ITepmckoro kpas u JIeHuHTpaickoit obmactu [3, 4].

Buecenne CIIIT u CI'TIIT oxazano nmpakTHYECKU
OIMHAKOBOE JICHCTBHE Ha YpPOXKAHHOCTh IIICHHIIBI
(trabm. 1). Tak, mo3a CIIII 3,0 T1/ra mo3BommiIa
TIOTY4UTh NMPHOaBKy ypoxas 54,7% IO OTHOLIEHHIO K
koHTpoiro. [Ipumenenune ['CIIII (Manbix m1o3) ot 0,5 mo
2,0 T/ra MO3BOJIAET TOJYYHUTh MPHOABKY ypoxasi OT

1,51 wra pmo 2,75wra (17,9-32,7%) wu TOJBKO
yBenmueHue 103kl 10 2,5-3,0 T/ra moBBIIIaeT
MPOAYKTUBHOCTh MIIeHHWIB Ha 54,5-59,0% mo
OTHOIICHWIO K KOHTPOJIBHOMY BapWaHTy 0e3
yIoOpeHuit. [IpumeneHue rPaHyJIUPOBAHHOTO
cymenoro  momera  (I'CIIII) Oputo  Oomee

s¢pdexruBubM, yeM CIIII, npu BeIpaniuBaHuM OBCa U
mureHunpl.  [IpubaBku  ypokas 37eCh COCTaBIUIH:
mreHunsl 1,5-5,81/ra, oea - 5,4-9,4 n/ra. O6pamaer
Ha ccOs BHUMAaHHE IOBBIIICHHAS OT3BIBYMBOCTH Ha
I'CIIIT oBca, ocuoBHOe BHecenme B jgo3e 0,5 T1/ra
TTO3BOJTHITY TIOYYUTh MPUOABKY ypoxas 8,6 1m/ra.
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Tabuumna 1
Bimsinne ocnoBHoro Buecenusi CIIIT u I'CIIII Ha ypoxkaiiHOCTh 3¢PHOBBIX KYJIbTYP
(Ilepmckas 00.1., nousa 7)
TIIIEeHUIA oBecC
[loza iomera, T/ra npubaBKa npubaBKa
wra wra | % wra wra | %
Cymensrii (CIIIT)

R )(663 8,33 : : 10,58 : .
0,5 9,56 1,23 14,8 14,28 3,70 34,9
10 11,22 2,89 34,7 15,83 5,25 49,6
15 9,98 1,65 19,8 13,44 2,86 27,0
2,0 11,72 3,39 40,7 14,67 4,09 38,7
25 11,89 3,56 42,7 14,17 3,59 33,9
3,0 12,89 4,56 54,7 12,17 1,59 150
3,5 12,22 3,89 46,7 13,83 3,25 30,7
4,0 12,11 3,78 454 14,17 3,59 33,9
50 13,22 4,89 58,7 13,90 3,32 314

HCPqs 1,39 0,75
I'parymaposannsii (I'CIIIT)
Korrmpors (Ges | g 45 . . 13,87 . .
yao6p.)

0,5 11,17 2,75 32,7 22,50 8,63 62,2
10 10,05 1,63 194 21,35 7,48 53,9
15 9,94 1,52 18,1 20,70 6,83 49,2
2,0 9,93 151 17,9 19,30 5,43 39.1
25 13,39 497 59,0 21,65 7,78 56,1
3,0 13,01 4,59 54,5 19,20 533 384
35 12,72 4,30 51,1 20,87 7,00 50,5
4,0 12,22 3,80 45,1 21,33 7,46 53,7
5.0 14.25 5.83 69.2 23.30 9.43 67,9
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Puc. 3. Juazpammor ypoorcavinocmu osca npu enecenuu CIIT u I'CIITT
[IpoBeneHHbIE  OMBITHI  TO3BOJMIM  TaKKe Takum obpazom, OpraHUYEeCcKue u

ycTaHoBUTh ToporoBsie jao3bl st CIIIT w T'CIIII,
BHECEHHE KOTOPBIX MPUBOANT K YTHETCHHIO HIJIH JaXe
rubenu pacreHnd. Pacder 103 mpoBoamica 1O

hopmye:
y=H-Y,-K
rie:
I[In - 7103a nDUTaTeNbHOrO BEIIECTBA HA

TUIAHUPYEMBIH yposKkaii, Kr/ra;

H — HOpMma 3aTpar muTaTelIbHOTO BeIlecTBa Ha
nonydenne 1 T mpubaBKu ypoxas, KT;

VY, — manupyemas npubaBKa ypoxxas, 1/Ta;

K — monpaBouHsIit K03 HUIHEHT Ha coepKaHHue
MUTATEJIBHOTO BEIECTBA B OUBE.

IlooToMy npuM  HCHONB30BaHUM  CYIIEHOrO
OTUYBETO IOMETAa CHENyeT YYMThIBaTb, 4YTO 3TO
BBICOKOKOHLIEHTPUPOBAHHOE ynobpeHue c
BBIPQ)KEHHBIMH  IL[EJIOYHBIMU CBOWCTBAMM, U €O
M30BITOK  MOXET TMpPHUBECTH K OTPHIATENbHBIM
pe3ylibTaTaM. IITnanit TIOMET, SBIISIACH
BBICOKOKOHLIEHTPUPOBAHHBIM OpraHUYECKUM u
OpraHOMHUHEPAILHBIM ynobpeHuem, OKa3bIBaeT
BIIUSIHUE HE TOJIBKO Ha YPOXKaNHOCTh

CENbCKOXO3SMUCTBEHHBIX KYJbTYP, HO U Ha 3JIEMEHTHI
IJI0A0POUS TI0YB.

OpraHOMHUHEpaNbHbIE YI0OPEHUs ABISIOTCS OIHUM M3
OCHOBHBIX (AaKTOPOB HMHTEHCH(UKAIMK 3EPHOBOTO
npou3BojicTBa B Poccuiickoit ®Deaepaiuu. 3epHOBOE
NPOM3BOJACTBO B Hamell CTpaHe TPagUIHMOHHO
ABJISIETCS OCHOBOM MPOJIOBONBCTBEHHOTO KOMILIEKCA U
caMOM KpYNHOH OTpacibio celabcKoro xossiicrsa. U
Henmb3sl He YYUTHIBaTh TOT (DakT, YTO HA cHajgbl U

MOJBbEMBl  3€PHOBOTO  IPOM3BOJICTBA  OKA3bIBAIOT
BIMSHHE HE TOJBKO YCWIMBIIHECS TEHACHIINU
MIPUMEHEHNST TNPUMHTHBHBIX  TEXHOJOIHWH, W3HOC
CEIIbCKOXO03SIMCTBEHHOMN TEXHUKH, pacrymias
3aBHCHMOCTh  arpapHOil  OTpacid OT BHENIHHX
(axkTOpOB, B TOM 4HCJE IOTOAHBIX, HO M pe3Koe
COKpallleHuE BHECEHHUS ynobpeHnii, KaK

OpraHUYECKUX, TaK U MUHEpaJbHbIX. K TOMy e poct
NIPOU3BOJICTBA  CEJIbCKOXO3MCTBEHHON IPOAYKLUU
OCYLIECTBIIIETCS. U UHTEHCUBHBIM IIyTEM, T.€. 33 CUET
MOBBIIEHUS.  Iogopoauss  mouBbl.  IlorepsaTts
IJIOJOPOJAXE IIOYBBI MOKHO 33 HECKOJIBKO JIET, HO Ha
BOCCTaHOBJIEHUE €ro0 II0  BCEM  IapaMeTpaM
norpedyrorcst  pecstmnetus.  [lostomy — ceromss
HEMAaJIOBAXKHO OCTAHOBUTb IIPOLECCHl HCTOLLEHUS
MOYB, COKpalleHUs COAECpKaHUsS TyMyca, IIpexIe
BCEro, 3a CYET IIOJHOIO0 HCIOJb30BAaHUSI MECTHBIX
PecypcoB, B TOM YHCJI€ M OPTraHWYECKHUX YIOOpEHHH.
OKoHOMHUYECKas 3¢ $EeKTHBHOCTH 3€pHOBOTO
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MPOM3BOJICTBA OIPEAEISIETCS] TAKUMH I10Ka3aTeIsIMH,
KaK CTOMMOCTH BAJIOBOH MPOJYKLUH, CE0ECTOMMOCTS,
BAJIOBOI /0X0J, TpPHOBUIL C TeKTapa IIOCEBa,
peHTabenbHOCTh. [lepexon 3epHOBOro X03dHCTBa K
YCTOWYMBOMY DPa3BUTHIO B PBIHOYHBIX YCIOBHUSX HE
MOXeET OBbITh OCYILIECTBIICH 0O€3 ONTHMHU3AIMU BCEX
BIHSIONINX Ha Hero (hakTopoB. [IpoGiema moBBIIEHUS
s¢p¢pextuBHOCTH oOTpacneir AIIK, B ocoOGeHHOCTH
36pHOBOTO  NPOM3BOJCTBA, CErOJHA CTAaHOBHTCS
MEPBOCTENEHHOM.

OCHOBHBIMH Y€PTaMH, BHIPAXKAIOIINMHI HOHATHE
ycroitunBoi 3pPEeKTHBHON IKOHOMHUKH TPEIIPUITHSA,
SBJISIIOTCS:  IOCTHDKCHUE ONTUMAJIBHOW  BEINYMHBI
NPUOBIIH, JOCTATOYHOW JUIsl Pa3BUTHUSI XO3SIHCTBEHHO-
(unaHCOBOH JeSITeIbHOCTH Ha OCHOBE
caMO(MHAHCUPOBAHUS u (dbopmupoBaHus
COOCTBEHHOI'O OOOpPOTHOTO KamuTajga B pa3Mmepax,
HO3BOJIIIOIIUX OOECIICYNBATh BBICOKHE TEMITBI POCTa
o0BeMa MpoJax TOBAPOB, MPOLYKIHH, paboT U yCIyr
Ha YpOBHE HE HIDKE KOHKypeHToB. OOecreueHue
VCTOWAUROTO ’-\{hd’)ﬁK'T‘V[RHﬂT‘O NARRUTUA AKOHOMUKU

Xo3silicTBEeHHAS 1eSITEBHOCTD dKHBOTHOBOTYECKUX NMpenpusiTuii 0e3
ydeTa 3K0J0rH4eCKHX TPedoBaHMii

Pecypcel

MOCIEI0BATENBHOTO  OCYILECTBICHHUS  IPUHIMIA
OTBETCTBEHHOCTH Iepej obuiecTBoM. B aTom ciyuae
NpUOBLIL HE SIBISIETCS YK€ KOHEYHOW LEeblo, Ha
KOTOPYIO JOJDKHA OPUEHTHPOBAThCS YIIpaBlIEHUECKast
JeSITeIbHOCTb. Ona  sAB;sercs  OOHOM W3
SKOHOMHUYECKUX Lelned U BBIIONHAET BaXXHYIO
(YHKIMIO — BBICTYIIAET CPEACTBOM JIOCTHKCHUS BCeil
CHCTEMBI LIETEH.

VYcroitunBoe (crabubHOE) s pexTHBHOE
pa3BUTHE 5SKOHOMHUKU XO3SMCTBYIOLIEH CTPYKTYpPHI
XapaKkTepu3yeT KOMIUIEKCHAsl CHCTEeMa ITOKa3aTeleH,
OTpakaroIias B JUHAMHKE YBEIWYEHHE NPUOBIIH U

obecneuenue ONTHUMAJIBHOTO pa3mepa
peHTabeNpHOCTH, MaKCHUMaJIbHO BO3MOXKHBII
9KOHOMHYECKMH pocT (pocT o0beMa Npoaax),
JOCTIDKEHHEe M MOJAep)KaHue  yCTOMYUBOIO

(bMHAHCOBOTO COCTOSIHUS HAa OCHOBE I(P(PEKTHBHOTO
UCIIONIb30BaHKS BCEH COBOKYMHOCTH M Ka)J[OTO BHIA
peCypcoB,  BBINONHEHHE 33 OTYETHBIA  MEPUO[
00s13aTeNbCTB  Tepe];  pabOTHUKAMHU,  APYTHMH
TTNeTTINUSTUSIMWA W TOCYJAPCTBOM.

NEATEIBLHOCTE
NPEANpPUSITAN TPENCTaBIeHa Ha

TexHOIOrnYecKui

WuBectunumn Otxomsl

‘ Opr)KaK)IlIaS[\W

WA cpejta a) XO3AMCTBEHHAs
JIEATEIILHOCTD
IIpounsBoacTBoO XKHUBOTHOBOJYECKHUX
[IPOAYKIIMI mpeqnpusATHid  0e3  ydera
’_4%—\ 9KOJIOTHYECKUX TPEOOBAHMIMA
Tloxom or IMnarexn 3a

Xo3stiicTBeHHAas1 1eATETbHOCTb JKUBOTHOBOIYECKUX Hpel[IIpI/ISITl/Iﬁ C

Y4Y€TOM IKOJOTrHYeCKUX TpeOoBaHUil

Pecypcsl

MuBectuuuu B
npolece nepepadoTKu
OTXOJIOB

. .
TexHOMOrHYECKHUI Texnomnornueckuit
HuBectunun — OTx01BI ——
B — i 0) XO03sHCTBECHHAS
JACATCIIBHOCTD
IIpousBoacto IIpousBoactBo JKUBOTHOBOJYECKUX
TPOLyKITH pECHE R OpeJIpusATHH € y4eToM
1 9KOJIOTUYECKUX TpeOOBaHMI
Joxon ot Jloxon oT
peanuzauun peanuzanun
TIpuGsuts
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Puc. 4 (a, 6, 8). Xozsiicmeennas 0essmenibHOCHb HCUBOMHOB0OUECKUX NPEONPUSMULL

11 KOMIUIEKCHOM OLIEHKHM CTPYKTYPHOH CXEMBI
«KuBoTHOBOAUECKOE TPENNPHUITHE — HABO3/TIOMET —
OpPTaHUYECKOE yIO0OpeHHe — MOoJe — JOTOIHUTEIbHBII
ypoaih» B KauecTBe 000OIEHHOTO KPUTEPHS IPUHSAT
JIOXO0J OT peaau3alyy MPOU3BOICTBEHHON NPOLYKINU

(A p).
Hp = [SPE — Z] - max

rie:
SPE - croumocTh
MPOIYKIUH, ThIC. pyO.;
Z — 3aTpaThl Ha MPOHU3BOJCTBO MPOIYKIIUH, THIC.

peaim3anu TOTOBOM

py~

O3my, O3uMy — OIKCIUIyaTallUOHHBIE 3aTpPaThl,
COOTBETCTBEHHO, Ha MPOM3BOJACTBO U HCIOJIb30BAHUE
OPTaHWYeCcKOro yIoOpeHwus, ThIC. pyo0.;

OOP - 0OIIEeTIPON3BOICTBCHHEIC u
00IIEX03MCTBEHHBIE PACXOIBI, THIC. PYO.

[Mpennoxennas METO/I0JIOTHS
COBEpIICHCTBOBAHUS  KOMIUIEKCHOTO  yNPABJICHUS
YCTOHYMBBIM pa3sBUTHEM HIpEANPUATUH
arpoIpOMBIIIJICHHOTO KOMILJIEKCa Ha OCHOBE TEXHUKO-
9KOJIOTO-9)KOHOMMYECKONH CHCTEMBI 3aKiIiouaercs B
3aMKHYTOM LK€ BOCIIPOM3BOACTBA: KopmMa —>
JKUBOTHBIE —> HaBo3, momeT (mepepaboTka) —>
ynoOpeHne —> T0O4Ba —> pacTeHHs —> KopMa.

HOTO

JInnamuko-craructuueckoe papuosecue AITK

IIpennpusitue
JKMBOTHOBOJICTBA

HOe Hpe

IIpennpustue
pPacCTEeHEBOACTBA

OTx0/1BI

4?1%

VYnoOpenus

IIpennpustue
TI0 TIPOU3BOJICTBY
OpraHOMHHEpab
HBIX yo00peHnit

Puc.5. Yemortiuugoe passumue unmezpupo8aHHo20 npeonpusmus

B  ycnoBusix OOBEKTMBHO  CYIICCTBYIOLICH
HEOIPEICIICHHOCTH u HEYCTOWIHBOCTH
OOIIEIKOHOMHYECKOW CHTYallMd WHTETPUPOBAHHEBIC
MPEINPUATHS UMEIOT CYIICCTBEHHBIC IPEHUMYIICCTBA

nepen HesaBucuMbiMu npennpuatusmu AlIK, kak c
TOYKM 3pEHHUS] COXpAHEHHs] BXOIAUIMX B HEro
NPEeANpUATHH, Tak W € MO3ULUKA HOpPMalu3aluu
SKOHOMHYECKOW O0OCTaHOBKM B cTpaHe. Takue
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UHTETPUPOBAHHbIE MPEANPHITUS, MPU pealn3aluu
Lened JONrOCPOYHOrO Pa3BUTHUS, JOJKHBI UYETKO
ONpeZIeIATh TJ00aJbHBIE MEpCIEKTHBH Ou3Heca,
OPUEHTUPYSCHh HA HOBBIE TEXHOJIOTUH U MAPTHEPCTBO C
JPYTHMH XO3SHCTBYIOUIMMHU CYOBEKTaMH C LEJBbIO
YBEJIMYEHUS 9KOHOMHUYECKOH 3¢ PeKTUBHOCTH,
CHIDKGHHUSI 9KOJOTMYECKMX NpOoOJNeM W  3aIlUTH
OKpYXKaroleu cpenpl.

Bubdanorpadguyeckuii cnucox

IleTkun B.H. OcHOBHOE BHECCHUE
MOPOIIKOOOPAa3HOTO W TPaHYIMPOBAHHOTO CYIIEHOTO
OTUYBETO IOMEeTa TOJ  CElbCKOXO3sMCTBEHHBIE
KyJIbTypbl. / AKTyanbHble HPOOJIEMBI HHXEHEPHOTO
obecrieueHust AIIK. COopHUK MaTepHualoB
MEXKAyHApOJHOH  Hay4yHOW  KOH(epeHuuH. 4.3;
Spocnasne: SITCXA. — 2004,

Kynpssekuit FO.I1., Hlerknn B.H. u ap. Croco6
MOATOTOBKH IITHYBETO MOMETa K yTHIN3aun. [laTeHT
P® Ne2090540, o 3asBke Ne95117662, 1995 r.

Illerkun b.H., llletkun C.H. VYcranoBka s
00paboTkn opraHudeckux oTxonoB. Ilatenr PO
Ne2045504, no 3asBxe Ne93028665, 1993.

Ilerkun B.H. TexHomorndeckuii KOMILICKC JJIs
YTWIN3alMM NTHYbEro IoMera Ha nrunedadpuke. —
M.: —x-n «TpakTopsl ¥ CeJIBCKOXO35I{CTBEHHBIE
MamuHbe» Ne 7 2003. ¢.10.

Bibliography

1. Shchetkin B.N. The basic introduction of
powdered and granulated dried poultry manure for
agricultural crops. / Actual problems of agricultural
engineering. International scientific conference. Part 3,
Yaroslavl: YSAA. - 2004.

2. Kudryavsky Y.P., Shchetkin B.N. and others.
The method of preparing poultry manure for the
utilization. Patent RF Ne 2090540, by the application
Ne 95117662, 1995

3. Shchetkin B.N., Shchetkin S.N. Installation
for processing organic waste. Patent RF Ne 2045504,
by the application Ne 93028665, 1993.

4. Shchetkin B.N. Technological system for
disposal of poultry manure at a chicken farm. - M.:
"Tractors and agricultural machines»
Ne July 2003. p.10.



#10(62), 2020 yacTb 7

BocTouHo EBponeiicKuii HayuHbIi }KypHan
(CaHKkT-NeTepbypr, Poccun)

XypHan 3apeructpuposaH u usgaerca 8 Poccum B
YKYpHane ny6MKyIOTCA CTaTbU NO BCEM Hay4YHbIM
HanpaB/ieHUaMm.

YypHan usgaetca Ha pycCKOM, aHIIMICKOM U
NOJIbCKOM fi3blKaXx.

Cratbu npuHumatotca ao 30 yncna Kaxkaoro
mecauy,.

NMepuoanyHOCTb: 12 HOMEpPOB B roa.
®dopmar - A4, uBeTHasa nevyatb

Bce cTtaTtbu peueH3upytoTea

becnnaTHbIii 4OCTYN K 3N1EKTPOHHOM Bepcuun

XypHana.

PepakumnoHHas Konnerus

FnaBHbIii peaakTop - Agam bapuyk
Mwukonait BULIHEBCKM

LUnmoH AHAKeeBCKUM

AdomuHuKk MaKoBCKU

MNasen JleBaHA0BCKUN

YyeHbiA coBeT

Apam HoBuuKu (BapiaBckuit yHuBepcuTer)

Muxan Agamuuk (UHCTUTYT mexAYHapPOAHbIX
OTHOLUEHMWiA)

MuTep KoaH (MpUHCTOHCKKIA yHUBepcUTeT)

Mareyw A610HbCcKM (KpaKoBcKuii
TEXHO/IOrMYECKUA YHUBEPCUTET UMEHU
Tapeywa KocTiowko)

MNetp Muxanak (BapwaBckuit yHusepcurer)
ExXu YapHeuKuii (ArennoHckuit yHusepcurer)

Kony6 ®dpeHHeH (TIO6UHreHcKnii
yHuBepcureT)

bapTtow Bbicoukuit (MHCTUTYT
MeXAYHapPOAHbIX OTHOLUEHWIA)

Natpuk O'KoHHenn (Mapuxk IV CopboHHa)

Maueii Kaumapuuk (BapascKuii
yHuBepcureT)

#10(62), 2020 part 7
Eastern European Scientific Journal
(St. Petersburg, Russia)
The journal is registered and published in Russia
The journal publishes articles on all scientific
areas.
The journal is published in Russian, English
and Polish.

Articles are accepted till the 30th day of each
month.

Periodicity: 12 issues per year.

Format - A4, color printing

All articles are reviewed

Free access to the electronic version of journal

Editorial

Editor-in-chief - Adam Barczuk
Mikolaj Wisniewski

Szymon Andrzejewski

Dominik Makowski

Pawel Lewandowski

Scientific council

Adam Nowicki (University of Warsaw)

Michal Adamczyk (Institute of International
Relations)

Peter Cohan (Princeton University)

Mateusz Jablonski (Tadeusz Kosciuszko
Cracow University of Technology)

Piotr Michalak (University of Warsaw)
Jerzy Czarnecki (Jagiellonian University)
Kolub Frennen (University of Tiibingen)

Bartosz Wysocki (Institute of International
Relations)

Patrick O'Connell (Paris IV Sorbonne)

Maciej Kaczmarczyk (University of Warsaw)



Daeunp Kosanuk (Kpakosckuii
TEeXHONOrMYecKuii yHusepcuteT um. Tageylia
KocTiowkKo)

Murtep Knapkeyg, (YHUBepcUuTeTCcKuUi
Konnep:K JIoHAOHA)

Uropb A3ea3unu (MonbcKaa akagemua HayK)

AnekcaHgp Knumek (Monbckana akagemus
HayK)

AnekcaHgp Porosckuit (ArennoHckui
yHUBepcuTer)

KexaH LUpaiiHep (EBpeiickuit yHUBepcuTer)

BapTow MasypKesuu (KpakoBcKuii
TeXHonoruyeckuit ynmsepcutet um.Tageywia
KocTiowkKo)

dHTOHU MaBepukK (YHuBepcutet bap-UnaH)

MuKonaii XykoBscKuii (BapluaBckui
yHuBepcuTeT)

Mateyw Mapwanek (ArennoHcKkumn
yHuBepcuTeT)

WnmoH MartbicaK (MonbcKkaa akagemus
HayK)

Muxan Hesagomckuit (MHcTUTYT
MeK4YHApPOAHbIX OTHOLLUEHWIA)

FnaBHbIN pegakTop - Agam bapuyk

1000 3Kk3emMnnsapos.
OTtneyvartaHo B OO0 «Jloruka+»
198320, CaHkt-lNeTepbypr,

Nopog KpacHoe Cerno,
yn. Feonornyeckas,

a.44, k.1, nutepa A
«BocTo4Ho EBponerickuin HayuHbin XKypHan»
OnekTpoHHas nouTta: info@eesa-journal.com,

https://eesa-journal.com/

Dawid Kowalik (Kracow University of
Technology named Tadeusz Kosciuszko)

Peter Clarkwood (University College London)
Igor Dziedzic (Polish Academy of Sciences)

Alexander Klimek (Polish Academy of
Sciences)

Alexander Rogowski (Jagiellonian University)
Kehan Schreiner (Hebrew University)

Bartosz Mazurkiewicz (Tadeusz Kosciuszko
Cracow University of Technology)

Anthony Maverick (Bar-llan University)
Mikotaj Zukowski (University of Warsaw)
Mateusz Marszatek (Jagiellonian University)

Szymon Matysiak (Polish Academy of
Sciences)

Michat Niewiadomski
International Relations)

(Institute of

Editor in chief - Adam Barczuk

1000 copies.
Printed by Logika + LLC

198320, Region: St. Petershurg,

Locality: Krasnoe Selo Town,

Geologicheskaya 44 Street,

Building 1, Litera A
"East European Scientific Journal"

Email: info@eesa-journal.com,

https://eesa-journal.com/




