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CONCERNING THE ORIGIN OF THE ONION DOME IN UCRAINIAN BAROQUE

Konomieuv A.B.

Hayionanvua axademis obpazomeopuoco
MUcmeymea ma apximexmypu,

Kuis, Yxpaina

PO MOXOKEHHS BAHI IIABYJISICTOI'O TUITY B YKPATHCBKOMY BAPOKO

AHoTtanis. [IlutanHs MOXOMKEeHHS IUOYACTUX OaHh B YKpaiHCBKOMY OapoOKO Ta IXHE IOIIMPEHHS Y
MYPOBaHOMY Ta I€PEB’IHOMY XPaMOBOMY 30/14€CTBI € BAYKJIIMBUM, [TPOTE MIPAKTHYHO HE TOCIIPKSHUM TUTAHHSM.
ABTODp BHUCYBa€ Ta apryMeTye Bepcilo 1010 JHKepea IXHBOT0 MOX0/KeHHs. J[aHa Bepcis BUCYBa€eThCs BIEpILE.

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.

Kniouosi crnosa: bapoxo, mazenuncoke 6apoko, Anmoniti Tapacesuu, Johann Wilhelms «Architecture civilisy,

oani.

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

[ocTranoBka mpodiaemu. IcTopiss pPO3BHUTKY
(hopMu KyTOITiB B YKpaiHCHKil caKkpabHINA apXiTEeKTypi
XVII-XVIII cr. € mobOpe MOCTIIKCHOK HH3KOKO
ABTOPUTETHHX aBTOpiB. IlpoTe mMUTaHHAM SIK came
tunoBa g XVII-XVIID cr. mubymsicra OGaus 3
BUpa3HUM KOBHIpOM 3’siBWJacsi B YKpaiHi, 10 IbOTO
yacy He 3aiiMaBcsl KOJAEH 13 BiJJOMHX aBTOpOBI
JMOCIITHUKIB. 3HAWTH, MOKA3aTH SKHM YHHOM BOHA
3sBHJIACA Ta IIOCiNIa OMIHYIOUE MiCIle B apXiTeKTypi
YKpPaTHCHKOTO 0apoKO € aKTyaJbHHUM 3aBJaHHAM IS
icTopii apXiTekTypu YKpaiHu.

AHaJli3 OCTaHHIX AOCJiI:KeHb Ta MyOJikauii.
Brnacue B YkpaiHi Tema, mopyuieHa aBTOpOM, IIe He
JOCHKYBaJlaCh 1 L CTAaTTS € IIepIHIOI0  I0J0
MOXO/PKeHHss  0aHi 3 BHPa3HUM  KOBHIpOM,
«uuOyJsicToi», xapakTepHoi g XpamiB 100U
yKpaiHchKoro 6apoxo. 'anHo-Banstep Kpydt (Hanno-
Walter Kruft) y cBoiii kHusi «A history of architectural
theory: from Vitruvius to the present» mpuCBITUB
HeBeIMuUKHil TekcT KHm3i MoramHa Binsrensma
«Architecture civilis» [5], a qocmigHUK BIacHe icTOpil
muoymsictux Oawp y €Bpomi [anc Illimmrep Hans
Schindler [3] y cBoiii cTarti «Concerning the Origin of
the Onion Dome and Onion Spires in Central European

Architecture» TpPOBOAWTH TONIYK HAaWTABHIIINX
MPUKIAAIB 3aCTOCYBaHHA IMX OaHbp Yy €Bpori.
Kuuro36ipui  AHnToHist TapaceBuua INpHCBSIYEHO

crartio ['. UlycTinoi «HoBe )HTTSI KHUTI' KYHIITOBUX)
[1]. JocnimkeHHs B 1bOMY K HampsiMi Hapa3si Bene
TaK0X pecTaBparTop Ta XynoxHUK Baaum IlleBuyk.

Bupgisiennsi HeBUpilleHHX paHille 4YacTHH
npodaemu. OCHOBHOIO MPOOJIEMOIO, sIKa HIiSIK HE
JOCIIKyBaJIacsl JOCi, € TMUTaHHS 3BIIKU ITOXOAUTH
HalimomyssipHima ¢opma OaHb B  YKpaiHCBKOMY
0apoko. ABTOp TPOIIOHYE BiIOBIIbh Ha 1€ TUTAHHS.

Meta cTaTTi: BKa3zaTH DKEPEJIO IOXOKEHHS
nuOyIsICTHX 0aHb B YKPaiHCBKOMY 0apoKo.

Buknaan ocHoBHOro mMartepiaixy. bapokosi OaHi,
HaJITO JT0OM yKpaiHCBKOro abo T. 3B. Ma3eMMHCHKOTO
6apoKo, HaOyJIM BEJIMKOTO MOMINPEHHS 10 TEPUTOPIi He
TiBKK YKpaiHy, ane i BigganeHux paionis Pociiicbkol
imniepii. Ixus hopma € cBOEpiIHOIO BU3ITIBKOIO CTUITIO,
Horo 4M He HaWBHPA3HILIO PHCOI0 YU O3HAKOM.
IIpote icTopii mMoXomKeHHs Takoi OaHi, mOIIyKam ii
BHTOKIB He OyJIO PUALICHO HaNexoi yBard. [lonryku
ABTOPOM HAYKOBHUX PO3BIJIOK 3 ITi€1 TEMU Y BITYU3HAHIN
icTopiorpadii He 1aiu pe3yibTaTiB.
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Manonox Ne 16

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

AyrcOyp3i, o0paB camMe HIMEIBKHH MiAPYYHHUK
(mOBIZHMK) 3  apXITEKTypu. 3arajloM  KHIDKKH
kepiBHMKa JlaBpChKOi ApyKapHi Ta BHIATHOTO

xy#aoxxHuka  AHToHis — TapaceBumua  ciyryBanu
MiAPYyYHUKAMHK [T Y4HIB JIJaBPChKOT MaJIsApHI, SIKa, Ha
IyMKYy aBTOpa, OyJia CBOEPIIHUM «OOpPa3TBOPUUM
¢axkynpreToMm» MormstacsKoi akaaemii. HasBHicTb
BOTO TMiAPYyYHWKA Ta IHIIOTO IAPYYHUKA 3
apXiTeKTypHOI MEPCIICKTUBH JI03BOJIAIOTh
CTBEp/UKYBaTH, Mo B JlaBpi BUKIamamacs TakoX 1
apxiTekTypa.

Manronox Nel7

Kuamxka Woranna Binmerensma [10] mpucesueHa
TOJIOBHE JIepeB’sSIHUM KOHCTPYKISIM B apXiTeKTypi,

3HAaYHA YaCTUHA € 300paKCHHSIM KOHCTPYKIIN Pi3HOTO
TUIly OaHb Ta IIMHIIB.
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Jlerko mepekonarucs, mo ¢opmMu OaHb Ha
MamoHkax 16 ta 17 [10] € mpakTHYHO TOTOXHIMH

¢dopmam  Masenuncekoro  Oapoxo.  IIpakTuka
Oe3rocepelHLOr0  BUKOPUCTAHHS B apXIiTEKTypi
MaJIOHKIB ~Ta CXeM 3  MiIPYy4YHUKIB  Oyia

3araJbHONPHUHHATOLO, a 30/141, OYEBUIHO, BIIOZ00ABIIN
caMme Ii BapiaHTH, BTUTMIM 3alpOIIOHOBAaHI y KHH3I
(hopMu y HHA3II 3HAKOBHX CIIOPY JOOH.

Hocmigauk icTopil apxiTekTypHOoi ocBitr Hanno-
Walter Kruft y cBoiif kam3i «A history of architectural
theory: from Vitruvius to the present» [4] 3ayBaxye
normysipHicTh  «Architecture civilisy, mo, Ha ¥oro
IyMKy, Oyna cHOpuYMHEHa 30KpeMa BUXOJOM

migpyynuka y 1649 pory, onapasy mo 3akiHUCHHI
Tpunusrupiyaoi BiiiHM 1 mepeBunanuMm y 1668 pori.
OueBHHO, 110 MMOBOEHHA BiNOYyM0Ba MO BCilk €Bpomi
Ha BHCOKONPAKTUYHHH TBIp
VYkpaini

3yMOBHWJIA TMOMHT 1

Uoranna Binerensma. B BJIaCHA

TPULSITUPIYHA BiHA-pyiHAa TPUBATUME CBOI TPHILUSATH
pokiB ax 10 1687 — poky mo4arky rerbMaHcTBa IBana
Ma3zenyu, konu B YKpaiHi BiJHOBIIOETHCS AKTHBHE
OyniBHUITBO. AHTOHIM TapaceBud mepei3muTh 0
KueBa y 1688 poui i MM MOXEMO NpPHITYCTHTH, IO
«Architecture civilisy [10] Bxe Tonmi Oyna 3 HHUM i,
OYEBHUAHO, CTaJa YM HE KIIOUYOBUM YHHHHKOM Yy
BIIPOBaKEHHI OapokoBoi OaHi came Takoi (opmu 3
XapaKTepHIMH aOpricaMy 1 BUpa3HUM KOBHIPOM.

Hocnimank anc inanep [3], BuB4aroun BracHe
MOXO/MKEHHS OaHb TaKOro «UMOYISACTOTO» THIY,
HaBOAAYM HU3KY NpPUKIAAIB, 3ayBaXkye, IO Ha
naroBaHiii 1562 poxom Benmyti Ilparm Bxke BHIHO
KyIIOJIU Takoro TUIy Ha 3BeneHomy y 1560 pomi
Bownidaniem Bonbmyrom Tonimusomy Cobopi Cs. Bira.
Cam aBTOp NOSICHIOE HasBHICTh ITOMIOHMX 3aBEpIICHb
Ha TOTUYHUX BeXaxX coOOpY MOETHAHHAM ITaTiHCHKUX
BIUIMBIB 3 MiBHIYHIMHU.

Brim, Oysio © HecnpaBeUIMBUM 3aJIMILUTH 11032
YBarol CTaH BJIACHE  YKPAalHCbKOI ~ XpaMoOBOIL
apxiTektypu Tiei mo0u, ii Tpamuiliif, MIXOMIB Ta
CIOCO0IB BHpILIEHHsSI 00’€MHO-TIPOCTOPOBHX 3a/1ad.
Jns Hac € UikaBUM TaKoX IAIPYHTS BIIacHE
YKpPaTHCHKOTO LIEPKOBHOTO 304ECTBa, K€ OPTaHiuHO
abcopOyBaino 1o Gopmy Kymouna. B icropii xpamoBoi

apxiTekTypu YKpaiHM BIiIOMHMH € TIpHKJIaIu
3alo3M4YeHh KOMIIO3UIIIHAX TpUHOMIB 1 QopMm
JiepeB’sstHOro  OyHNiBHMLTBA TP CIIOPY/DKEHHI
MypoBaHux  xpamiB. «Came B  JaepeB’sITHOMY
OyIiBHMIITBI MalcTpu 30epirayii KOMMO3WINi Ta
apxiTektypHi  ¢opMmu,  3amoBiaHi  TpexKamu.

Bomnouac ne Oyma poOiTHA HOBUX (GoOpM IS BCi€i
HaIlOHAJIBFHOI apXITEeKTYPH — y TOMY YHCIIi MypOBaHOT
Ta eniTapHoi. [IoTy)XHHIT 3/eT MECTEITBa MyPOBaHUX
XpamiB 100M yKpaiHCBKOTO BiApOKEHHS W Oapoko
XVII-XVIII  cr. OyB ©Om HemoxuMBHUM  0Oe3

apXiTEeKTypHOTO  JOCBiAy, HArpoMaJKEHOro  3a
MoTIepeIHl  CTONITTS. B JAEPEB’SIHOMY LIEPKOBHOMY
OyniBHHLTBI» [2].

Kuura  Moramma  Bimerensma, sk Bxe
3a3Hayvasiocs, 3’sBuiacs y 1649 poui. Brim, ne He
O3Hayae, MO Kynon Takoi ¢opMu OyB BHHAaxoIoM
Bracie  lMoranma  BimerensMa  um  3’sBHBCA
OesrocepelHbO TIepe]l BUXOJOM KHHUTrH. KHura € mo
CYTi apXiTeKTypHO-OyHiBETHHUM JIOBiTHUKOM, SKUI
NIPOTIOHY€E BX€ BHM3HAHI OyIIBHHYMMH TOTO Yacy
pitmenns. Ile miaTBepmKye 1 HaBeNcHA BHIIE CTATTA
lanca Illwannepa, skuid, BiIJar04W HaJeKHE PO
kuuru Moroana Binerensma, Beme BimTik icTopii
«unbynsctux» OaHp npuHaiMHI Bix 1562 p. [3]. Hac
MIKaBUTh Yac TOSBU TakuX OaHb y JepeB’sHill Ta
MypOBaHil CakpabHii apXiTeKTypi YKpaiHu.
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Muxonaescokuii cobop 6 Hiswcuni, 1655 pik.

Ha Ttepenax VYkpaiHn ogHMM i3 HaiJaBHIIINX
MYPOBaHUX XpPaMOM-HOCIIB TaKHX KYIIOJIB €, 3BEICHUI
y 1655 pomi, Muxkonaescekuii cobop B Hixumi.
Onekcanap Mopo3zos [9], uuryrounm AHATOMIS
MakpoBa [6], 3ayBaxye, 10 1el Xpam € (PaKTHIHO
NPOTOTUIIOM ~ BCIX  «KO3albkux» cobopiB. Lle
Tpoiupkuii co6op ['yCTHMHCHKOrO MOHACTHpS MiJ
Ipmnykamu (1672-1674p.), KarepuHuHCEKa TIepKBa Y
Uepnirosi (1690-ti pokm), YCIeHCHKHA co00p Y
Hogropon-Cisepcekomy (kinenp XVII — mou. XVIII
CT.), uepkBa Bcix cBarux y KueBo-Ileuepchkiit maBpi
(1696-1698 p.), I'eopriicbkuit co6op BuayOuubkoro
monactups y Kuesi (1696-1701 p.) ta Gararo iHImmx
[3].

JatoBanmii 1655  pokom
Mopo3oBuM  MukosiaeBCbKUM

Ornexcanapom
HMOBIpHO,

cobop,

OTPUMAaB CBOI «KO3albpKi» OaHi mpu moOyzoBi. Brim
MicyIsl CTIaeHHs MiCTa BiHCbKOM MOCKOBCBHKOTO KHS3SI
PomonanoBcekoro y 1668  p., cobop OyB
MOPEMOHTOBAHHIA, SKHUX CaMe BTpAaT BiH 3a3HaB Bij
MOCKOBCKHX BapBapiB 1 UM 1ie TOPKHYJIOCS HOro OaHb,
MH He 3HaeMO. OTKe, HAMIMI3HIIIO MOXKJIMBOIO AaTOIO
HaOyTTsI coOOpoM Takux O6aHb € 1669 pik.

Y nmepes’sHOMYy 30m4ecTBi IUOyJACTI OaHi 3
BHpa3HUMH KOBHIpaMHd 3’SBISIOTBCS Ha Mexi 1650-
1660 pokis. ITerpo FOpuenxo [7, c. 72] 3a3Hauae, 1o
TOJi 3’SIBISETHCS «IPUHLMIIOBO HOBE TPaKTyBaHHS
6aHi, 10 3yMOBIIIOE OLIBITY TUIACTHYHICTH hopm». Lle
30kpema repksa CB. FOpa y JIporooudi (1657 p.) ta
nepkBay c. Icai (1663 p.).

g TR

Lepxea Cs. IOpa, /[pocoouu,
Bani 000X XpamiB MarOTh BUPa3HUM KOBHIp 1 IBHO

HaCJIlyl0Th HOBI, ajie, BOUEBH/Ib, YK€ IOIYJISIPHI Ha
TOM yac uOyIscTi hopMmu.

@42,

1657 p. Llepxsa 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
IUOyYJSICTOTO TUIY 3 BHPa3HUM KOBHIPOM. YXKe 10
kingt XVII cr. ns ¢opma crae Haa3BHYaiHO
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nomyisipHoro 1 Ha 1wiaHi  KueBa, ckianeHomy
VYmakoBuMm y 1695 pori, Mu 6a4uMO BEJNHKY KiJIbKICTh
caMe TaKHX 3aBepllieHb KHUIBCbKHMX xpamiB [8]. Sk
3a3Ha4aocs BHIIE, aBTOPY BIAJIOCS IMPOCIIIKYBaTH
06CTaBMHM Ta JaTy 0SB KHUrH Moranna Binsrensma
y Kuesi, Anroniit TapaceBuu iMOBipHO, TIpHBI3 ii 3
Ayrcbypry y ckmani cBoei 6ibmioTexn y 1688 pori.
BrimM, me He o3Hadae, M0 1€ BEIbMHU HOIMYJSPHUH ¥
€BPONEHUCHKUX OyNIBHUYMX JOBITHUK HE OyB BiIOMUIA
B YKpaiHi i paHimie, ajpke BHUIIOB BiH BIIEpIIE IIe
1649 poui i mepeBmmaBaBcs 30kpema y 1668 pori.
BenmuesHna KimbKicTh XpaMiB YKpaiHCBKOTO 0apoko
MaroTh (GopMH OaHb, SKi TOYHO MOBTOPIOIOTH abo
HACIIAYIOTh HaBelCHI Ha MamtoHkax 16 Ta 17 [10]
¢opmu. Toxk aBTOp CTBEPKYE, IO CaMe MiAPYyYHHK
Woranna BinbrensMa npuBHic Ha HAIIi TEPEHH BiToMy
HUHI XpecTomariiiHy ¢opMmy OaHb YKpaiHCBKOTO
6apoxo.
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OCHOBHI ®AKTOPA ®OPMYBAHHS APXITEKTYPHO-IIJIAHYBAJIbHOI OPT AHI3AIIIT
BOK3AJIIB B OBJIACHUX HEHTPAX

AHoTamiss. Y cTaTTi NpOaHANi30BaHO OCHOBHI (hakTopu (OpMyBaHHS apXiTEeKTYPHO-TUIAHYBaJIbHOT
opraHizarlii BOK3aJiB B 001acHUX 1eHTpax. OnrcaHi KoMOIHATOPHI €NEMEHTH, SKi € JOTIOMIXKHUMH IS TIOO0YIOBU

3JTI3HUYHOTO BOK3aIy.

Knrouosi crosa: saniznuunuti 6ox3zan, apximexmypa, haxmopu @opmyeanhs, apximexmypHo-niaHy8aibHa
opeaizayis, obaacHUll yeHmp, enemeHmu KOMOiHamopuxu.

Beryn Bok3an — OyaiBiis Ha 3aTi3HUYHIN CTAHIIIT,
NpHU3HA4YeHe IS OOCIYrOBYBaHHS MacaxupiB. Sk
NpPaBWJIO, BOK3AJIM 3YCTPIYAIOTBCS HA  BEJMKHX
3aJI3HUYHUX CTaHILIAX; B Oy/iBIIi BOK3ally 3a3BHYail
pO3MIIIYIOTh  KacH, Kamepu 30epiranHHs, 3ai
OUiKyBaHHS, PECTOpaHH i T. A. 3aranbHe [lososkeHHs
PO 3aJII3HUYHY CTAHIIIO 3aTBEP/PKCHE Ta BBEJCHE B
nito Haka3oM JleprxaBHOI ajMiHiCTpallii 3a1i3HHIHOTO
TpaHcnopty Ykpaiuu Bin 30 rpymas 2004 p. Ne 1041-
103 [3].

Pi3ni acmektn (YHKLIIOHYBAaHHS 1 PO3BUTKY
3TI3HUYHUX BOK3aJbHUX KOMIUIEKCIB SIK BY3IIiB

30BHIIIHBOI TPAHCIIOPTHOT MEPEXKi B CTPYKTYpi MicTa
JOCIIJKeHI TaKUMH HayKoBIIMH. sk B.M. batupes,
I'.€. T'ony6eB, K. Xepuer, O.11I. Tep-Bockansn, LT
SIBeiiH Ta iH.

Tunosoriuxi 0co0JMBOCTI BOK3aJIbHUX
KOMIUIEKCIB  OyJaM HEOJHOPa30BO PO3IIISHYTI B
0araThboX HayKOBHX ITpalsiX TAKUX aBTOPIB sk ['0iry6eB
I'.€., Pycako €.C., Batupo B.M. Bacunbe €.B.,
l'emeonn A.JI., boxkoB A.B., KamynuikoB M. H.,
SAgeitn LT., Xeprer K., Kupruenko €.1. ta immmx. Y
JAHUX JOCII/DKEHHSIX MPOBEICHNI JOCHTh JACTabHUN
aHaJi3 BITYM3HSIHOTO Ta 3apyODKHOTO JIOCBixy


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  NPOCKTYBaHHS
KJIaCUYHUX (DYHKLIOHAJIBHO - IUIAHYBaJbHUX CXEM,
apXITEKTYpHHUX pillleHb, OCOOIMBOCTI CTPYKTYPHOI

opraHizauii  MpoLECiB  ycepeauHi  BOK3aJIbHHX
KOMIUIEKCIB, TOB'I3aHUX 3 TPaHCIIOPTHUMHU Ta
TPAHCHOPTHO-TTACAKUPCHKUMHU KOMYHIKAIisIMHU 1 fioro
30BHIMIHIX 3B'SI3KiB, BUSIBJICHI HOpPMAaTHBHI
ocobmmBocTi [2].

Cporoai Ha BayKJIMBOCTI BUBYEHHS

3aKOHOMIPHOCTEH PO3BUTKY 3aTi3HHYHHUX BOK3aJIBHIX
KOMIUIEKCiB HarosiomeHo B pobortax €.I'omybesa,
I.IpeBains, M.KanyHHikoBa B.MupoHeHKa,
[.PycanoBoi Ta iH. B cyuacHiii Hayli icCHye 3HaYHUI
00’ €M J10CITIPKEHB, 1110 BUCBITIIIOIOTh YHUHHUKH BIUTHBY
Ha (hOpMyBaHHS 3aJI3HUYHUX BOK3aJbHUX KOMIUIEKCIB
13 MO3HMIIIH PI3HUX MPEIMETHHX IUIOIUH. TexHoMoruHi
YUHHUKA pPO3TIIsiHyTo B poborax M.IlpaBmina,
JL.Ps6yxu, B.JIykamesa, I.CaBuenko, C.3emOmiHOBa.
Taki acmexktn, sk Mictodpopmyoua poas 3BK,
ocobmmBOCTI X (yHKIIOHANEHOI 1 apXiTeKTypHO-
MPOCTOPOBOI OpraHizallii, MPUHIUIHN apXITeKTYPHOI
MOJICpHI3allil BHCBITIICHO B HAYKOBHX IIPAIsX
€.Bacunnesa, [.PycanoBof, €.Bnagumuposa,
P .MyxuroBa, A.MypyHoBa. Ajle YNHHHUKH BIIUBY Ha
dhopMyBaHHS 3ali3HHYHUX BOK3aJIbHUX KOMILICKCIB
pPO3TISIIAIOTECS  BIJOKPEMIICHO,  BIAMOBIAHO 10
By3bKHX 3aBJaHb, a iX IHTerpoBaHa OI[IHKa —
PO3IIIsIHYTa, aje He I0CTaTHBO.

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

Pe3yabTaTn Ta 0OOroBOpeHHSI JOCJiZKEHHS:
Hdus  ¢dopMyBaHHS  apXiTeKTypHOi  OpraHizarmii
3aJI3HUYHUX KOMIUIEKCIB HEOOXiJIHO BU3HAYUTH
(hakTopH, sKi BIUTMBAIOTh HAa KOXKEH 3 €JIeMEHTiB. B
apXiTEeKTypHOMY OO0JMY4i 00’€KTa 3aJIekKHO Bif
00CTaBHH, MOXXYTh II€PEBAXKATH LITY4YHI 200 MPUPOJIHI

(dakropu. Ha OCHOBI yJIOCKOHAJCHHS CHCTEMH
MPOEKTYBaHHs, THUIIOJOTIYHOrO i (yHKIIOHAIBHOTO
aHamizy ~ BUsBJIEHO, 1m0 Ha  (opMyBaHHS

apXiTeKTYpHOTO O00’€KTy BIUIMBAE psAx ymoB. s
BUBYCHHS OcoOnmBOocTell Takoro QopMmyBaHHA i
BU3HAYCHHS NPUHIMUIIIB CTBOPEHHS HOBHUX THIIIB
aApXITEeKTYpHUX 00’€KTIB HEOOXITHUN aHAII3 SIK CAaMHUX
YMOB, TaK 1 XapakTepy iX BIUIMBY, a TaKOX CTYIEHS
yuacti B mpoueci  ¢opmyBanHa. [5].  dus
cHCTeMaTH3alil IMX MOHATH 1 IXHHOTO MOPIBHIOBAHHS 1
BBOJAUTBHCS  CHCTeMa  B3aeMofil  (akropiB, 10
BHU3HAYaIOTh NPUHOMIHN (popMmyBaHHA 00’ekTiB. Lli
(hakTOpM MOKHA MIIPO3/AIIUTH HA B IPYIIH:

. (akTopH, AKi BIUIMBAIOTH Ha (OPMYBaHHA
OyniBenb (00’ €KTHBHI IIEPEYMOBN);

. ¢dakTopu, mo Oe3mocepenHbO (GOPMYIOTH
OyniBii (e7IeMEHTH BUPILLICHHS).

I'pyny ¢axropiB «00’€KTHBHI T€peayMOBH»,
TOTOXHY BHMXIIHUM J@HUM JUIA [POEKTYBaHHS,
CKJIAJJAl0Th:

-IIPUPOTHO-KITIMATHYHI 1 €KONOTiYHI yMOBH, IO
BH3HAUYAIOTh 30HY po3MimeHHs o00’e¢kta Ta ii
€KOJIOTIUHMH CTaH,

-aIMIHICTPaTUBHO-TOCIIOIaPChKE 3HAYCHHS
MiCTa, KUIBKICTh HaceJleHHS 1 Horo jaemorpadiuHi
0COOJIMBOCTI, SIKi BCTaHOBIIOIOTH HAsBHICTH Y 30HI
KOHTUHI'CHTY CIIOKUBAYiB, IXHill KUIbKICHUI 1 BIKOBUI
CKJIQJL;

-COIliaTbHO-eKOHOMI4HI YMOBH, SIK1
OOYMOBIIIOIOTh  PO3BHTOK CHCTEMH T'POMAICBKOTO
oOcCITyroByBaHHs, oOpraHizamii I Mepexi, a TaKox
MOJKJIMBOCTI IHBECTYBaHHS LIUX IMIPOIIECIB;

-MicTOOynmiBHI ~ cHWTyamii, 10 BH3HAYAIOTh
cnenn(idHi YMOBH KOHKPETHOTO apXiTE€KTYPHO-
KOMIO3HUIIIHOTO 1 IJTaHyBaJIFHOTO BUPIIIICHHS;

-MaTepiabHO-TEXHIUH1 YMOBH 3BEJICHHA
OyaiBeIb 1 CIIOPY/I, 10 BHUSIBIISE MOXKIMBOCTI MiCIIEBOT
IHIyCTpiaIbHO-OyAiBeIbHOT 0a3u, a TakoXK peHoBalii
icTOpUYHHX OyAiBeNb (1am’ITOK apXiTEeKTypH) TOLIO.

I'pyna ¢axkTopiB — «EJIEMEHTH BUPIICHHS)
BiTHECEHA /IO €TalliB MIPOSKTYBaHHS 1 MOAIICHa HA TPU
MATPYTIH:

Ho nepwioi nidepynu Hanexatb (QaKTopH, SKi
BIUIMBAIOTh Ha BUOIp TWmy OyAiBI, BHU3HAYCHHS
CKIaqy 1 mapaMmeTpiB TpUMIMICHb Ta (OPMYyBaHHI
apXITeKTypHO-TUIAaHYBaJIbHOI OpraHizalii 00’€KTa, 10
MIPOEKTYETHCS.

Lo Opyeoi nidepynu wHanexatrb (HaxkTopH, SKi
BIUIMBAIOTh HAa KOMIUIEKCHE 00 €MHO-KOMIIO3MIIiiHE
BupinieHHs. Ha BinMiHy Bix BIumBy (akTopiB rpynu
«00’€KTUBHI TIEpeyMOBU», NaHa miarpyna (akropis
Mae cy0’ekTHBHE 3HaucHHs. /[0 Hei MOXKHA BiHECTH:
THIIOJIOTIIO, 110 BCTAHOBITIOE NPUHIHAIIOBE
(YHKIIOHATTFHO-TEXHOJNIOTIYHE ~ BHPIMICHHSA,  SIKE

BpaxoBye cremupiky Ttumy OyxiBmi (cmopyan);
KOHCTPYKIIIIO, 110 BU3HAYaE NPUHIHAIIOBE
apXITeKTYPHO-KOHCTPYKTHBHE BUPIIICHHS;

KOMITO3HMIIiI0, sKa 3a0e3nedye CTBOPEHHS 00paHoi
00’ €eMHO-IIPOCTOPOBOT cxeMu Oy i (criopyan).

Lo mpemvoi nioepynu moxHa BinHecTH (akTopu,
110 OEpyTh y4acTh y CTBOPEHHI 00’ €KTa SIK 3aC00Y, 110
(bopmye iioro apxiTekrypHe cepepoBuuie. Ll miarpymna
CKJIQIAEThCsl 3 Takux  (akTopiB:  cneuudivHi
IUTaHyBallbHI ~ €JeMeHTH OymiBmi  (cropymw) —
BHPIIICHHS TOJIOBHUX BXOJiB, KOMYHIKAIiiHHUX BY3IiB,
HaBYAJIHHHUX 1 POOOYHX MPHUMIMICHb, PI3HUX 3aJbHHUX
MPOCTOPIB, IOMOMDKHHX TPHUMIIICHb TOMIO; BHOIp
MaTepialiB — 3aCTOCYBaHHS HOBITHiX OyHIiBEeIbHHX Ta
03/100TFOBAITEHUX MaTepialis; IH)KEHEPHO-
TEXHOJIOTIYHE  3a0e3leuyeHHss —  3aCTOCYBaHHS
€HEepro30epiraloynx BITYU3HIHUX Ta 3aKOPJAOHHUX
cucTeM; 00aHaHHS 1 yMeOIIOBaHHS — po3poOka abo
BUOIp cCydYacHMX 3pa3kiB MeOJiB 1 oOJagHaHHS,
BU3HAYEHHS Ta pO3pOOKa CBITJIOBOrO i KOJIHOPOBOTO
BHpIIICHHS 00’€KTa, a TaKOX 3aCTOCYBaHHS CUHTE3Y
apXiTEeKTypu 1 pi3HMX BUJAIB MHUCTeNTBa. Y mpoleci
NIPOEKTYBaHHA (AKTOpPU 3HAXOAAThCI B  TICHIN
B3aeMOAii 1 HE TUIBKM BH3HA4YalOTh (HOPMYBaHHS
00’€eKTa, aje i B3a€EMHO BIUIMBAIOTH OJIMH Ha OJHOTO.

1. Crpyktypy  B3a€MO3aJIEeXKHUX  (DaKTOpiB
MIPOTIOHYETHCS PO3TISAATH K THCTPYMEHT PO3pPOOKH
apXITeKTypHO-IIPOEKTHOTO BUPILICHHSA 00’ €KTa, TOOTO
SIK METOOJIOTIUHY cxemy [6], [4].

[lepeTBopeHHsT  3aMi3HMYHOTO  BOK3aJly  Ha
OaraToyHKIIOHATHHUA KOMIUIEKC BiOYBa€ThCS IIif
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BIUIMBOM [JIBOX OCHOBHHX (akrTopiB. 3 omHoro OOKy,

HeoOximHO ~ 3a0be3neyntH  KOMGOPTHI  YMOBH
nepeOyBaHHA ~ MMAcaXHpiB  IUIIXOM  HaJaHHS
PO3IIUPEHOTO ACOPTUMEHTY TOCTyr. Po3mimieHHs

JIOZATKOBUX TMOCIYT B CTPYKTYpi KOMIUIEKCY HAJa€e
yuManuid npuOyToK 3amizHumi. Tun craHnoii Gararo B
4oMy 00YMOBIIIO€ SIKiCHI (CIIeHapil JKUTTEAISUTBHOCTI) 1
KUTbKICHI (00’€MH) XapaKTEePUCTHKH IMACaKUPCHKUX
MOTOKIB, 1m0 JokamizyloTecsi Ha 3BK, i Bu3Hauae

OCHOBHI BHMOTH [0 yTHWITapHOI  CKJIaJ0BOI
apXITEeKTypHO-MICTOOYAIBHOT oprasizarmii:
(hyHKIIOHATTEHOTO HAIIOBHEHHS, TIPOCTOPOBO-
IUIAHYBaJNbHOI 1  KOMYHIKALIHHOI  CTPYKTYpH.

Bsaemonis (koomepailis) 3adi3HUYHOTO 3 IHIIMMHU
BUJAMH  MDKMICBKOTO  TPAaHCIOPTY  3YMOBIIOE
PO3BUTOK OCOOJIMBHX CLEHApiiB IKHUTTEMISIIBHOCTI
nacakxupiB Ha 00'€JHAHMX BOK3aJIbHUX KOMILIEKCaX
3aJi3HUYIHO-aBTOOYCHUX, aepO-3aTi3HHIHHUX TOIIO).

BaxnuBuM Takok € Micme pO3TallyBaHHS
KOHKPETHOTO BOK3aJBbHOTO KOMIUIEKCY. Toxmi Ha
(hopMyBaHHS BOK3aITy OyAyTh BIUIMBATH: MicTOOyIiBHA
KaTeropiss MicTa (3a YHCENBbHICTIO HACENeHHA 1
TOCIIOAPCHKUM TIpodiiieM); 0COOTMBOCTI IPOCTOPOBOT
Oprasizaiii 30BHIIIHBOTO TPAHCIIOPTHOTO By3JIa MiCTa;
XapaKTEePUCTUKU MIiChKOI TPaHCIOPTHOI MiJCUCTEMH;
0cOOJNMBOCTI ~ opraHizamii CHUCTEMH TPOMAJICHKHX
LIEHTPIB; KOMITO3MILiITHI XapaKTEpPUCTHKHU MicTa; Micle
PO3MIIlIEHHSI BOK3aJBHOTO KOMIUIEKCY B 30HaJIbHIN
CTpykTypi  wmicta. CyKymHICTh  BHIICHA3BaHHUX
YNHHUKIB BH3Ha4ae Taki xapakrepuctuku 3BK, sx:
POCTOPOBO-TUIAHYBaJbHA OpraHizamis (KOMITaKTHa,
JiHiHA, OJIOKOBA, 3MillIaHa); CTPYKTypHA OpraHizallis
KOMYHIKaIliifHOT  ImiacucTeMu (omHOpiBHEBA i
OaraTtopiBHeBa); (YHKIIOHANBHUI CcKIax 1 Mipa
(yHKIIOHABHOT 1 MPOCTOPOBOI IHTErpOBAHOCTI 3
MPUJICTJIOI MIChKOIO 3a0yM0BOIO (BHCOKA, HHU3bKA,
cepeiHs); CTUIICTUYHI 0c00IHMBOCTI [7].

Koxen 3 Bu3HaueHMX (akTOpiB BIUIMBaE Ha
OpraHi3alilo 3aJi3HUYHUX KOMIUIEKCIB, II0 B CBOIO
4Yepry CTBOPIOE YMOBM JUIsl TIPOEKTYBaHHS Ta
PEKOHCTPYKIii, ne OyayTh BpaxoBaHI BCi moTpedu
JTAHOTO MicTa 49M perioHy. Ha ocHOBiI KOMOIHATOPHOTO
miaxoay Oyio BU3HAYEHO CKIIAJIOBI, IO TaKOXK OYAyTh
(opMyBaTH BOK3aJ BINMOBIAHO [0 TPOOJEM, IO
BUHUKAIOTH Ta Oa)kaHHI X BUPIMICHHS.

APpXITeKTYpHO-IUTaHyBaJIbHA opraHizartis
BOK3QJIIB y BEJHMKHX MicTax 0a3yeTbCsl Ha Iepeiky
OCHOBHHMX Tpyll MpHUMIlEHb, SKI Yy OUIbIIOCTI
rpoMaJIChbKHUX OyniBesb cxoxi. Ane cBost crierudika y
OyniBenb BOK3aJliB BUMarae JeSKHX OCOOJMBOCTEH y
IUIAaHYBaHHI Ta pO3TallyBaHHI OCHOBHHUX TPyl
MPUMIIIEHB 3TiTHO (QYHKI[IOHATBHAM IMOTpedaM TOTro
Yy IHIIOTO TUNY CcHopyad (KOO Iie cucTeMa 3
JIEKUTBKOX TEPMIHANIIB) YM LIEHTPATI30BaHO B OMIHIN
OyniBiIi BOK3aIy.

Bokzan  BrIIO4WaE  macaxwpchbKy — OyaiBIIO
(OyniBmo BOK3asly) 1 TABUIBHOHM; ITaca’kMPCHKi
aTdopMi (3 HaBicamu abo 0e3 HUX); IepexoIu Yepe3
3UTI3HUYHI KOJIiT (BOK3aJIbHI IIEPEX0/I1) Ha OJTHOMY 200
Ha pI3HUX pIBHAX; MaJjli apxiTekTypHi Qopmu Ta
Bi3yaslbHY iH(OpMaIIifo.

OxkpeMuii BOK3aJI, y 3aJI€KHOCTI Bl MICHEBHX
YMOB, MOJK€ MaTh HE BCi IepeiideHi BUILE CKIAT0BI
eJIeMEHTH. J[11 KO’)KHOTO BHY I'POMaJICBKHX Oy/IiBesb
XapakTepHUH CBifl (QyHKIIOHAIEHO-TEXHOJIOTTYHUI
MpoLIeC, Ha OCHOBI SIKOTO  BHCYBAIOTBCS 1O
MIPOEKTYBaHH MeBHI BUMOTH. CaMi X QyHKIIOHAIbHO-
TEXHOJIOTIYHI TPOIECH, BUMOTH JO IIPOCKTYBaHHA
BIUIMBAIOTE Ha (POPMYBaHHS HOPMAaTHUBHO-TIPABOBHX

JOKYMEHTIB, IO pEryjiolTh MPOSKTYBaHHI Ta
OyAiBHHIITBO BIAITOBITHUX THIIIB CHopya.
OyHKIIIOHATEHO-TEXHOJIOT19H1 TPOIIECH, 110

MPOTIKAIOTh B TPOMAACHKHX TOMIUISIOTHCS Ha [IBI
rpymu: 3aranbHi i cmenmdivuni. Jlo 3aranbpHUX
NpoleciB  BiH  BIIHOCHB  IIPOLIECH,  IIOB’s3aHi
PI3HOMaHITHOIO  TPOMAJChKOI0  ab0  TPYAOBOIO
JUSUTEHICTIO JIFOJICH, PI3HOMAHITHI BHIU TPOMAJICEKOTO
obcimyroByBanHs. CrneungiuHi npolecH BIacTHBI
TIIBKH OJHOMY II€BHOMY pOXY [iSUTBHOCTI JIFOJCH,
HampuKJIaL, JKyBaJIbHO-03J0POBYOI, HAaBYAILHO-
BUXOBHOI H iH.

Ak 1 B iHmmWX OyOiBISIX TPOMAACHEKOTO
MIPU3HAYCHHS BCi NMPUMIMICHHS MOXKHA PO3IUINTH Ha
I’ ITh TPYIl: OCHOBHOTO NPH3HAYCHHS — IPUMIILCHHS, B
SIKMX TPOTIKAIOTh OCHOBHI (DYHKIIIOHAJBHI IpOIEcH
00CITyrOBYBaHHS MacaKUpiB; JTOTIOMI>KHOT'O
NMpU3HAYCHHS — [0 IIi€i Tpymd BIZHOCATH Ti
NPUMILICHHS, B SIKUX IPOTIKAOTh (PYHKIIOHANBHI
MPOLIECH JIPYyTOPSITHOTO 3HAUYEHHS, CIPSIMOBaHI Ha
CTBOpPEHHSI Ta 3a0e3MEeYCHHS SKICHOTO Ta IIBUAKOTO
o0OCITyTOBYBaHHsI, OpraHi3amii OCHOBHHX IIPOIIECIB;
00CITyrOBYIOUOr0  NpPU3HAYEHHA —  O0'€qHYIOThH
MPUMIIICHHS BXIHWX BY3IiB, MEANYHKTH, Kade,
Oy¢eTu Ta iHIIi, TOOTO BCI T MiAPO3aLIH, O3 IKHX € HE
MOJKJIMBHM TOBHOIIIHHE (YHKIIOHYBaHHA OYIb-SIKOi
CIIOPYIY TPOMAJCHKOTO IPU3HAYCHHS; TEXHIYHOTO

NpU3Ha4YeHHs — mepeabaueHi Uil 1HXKEHEPHOTo
obiamHaHHs OyJiBii, mio 3a0e3nedyroTh podoTy
TEXHIYHOTO oOnanHaHHs. Jl0 HHX BIZHOCATHCS
HPUMILIEHHS CepBEPHHUX, €JIEKTPOLIUTOBUX,

MOXEKHUX TMOCTIB, BEHTWIALIAHUX Kamep 1 T. 1.,
KOMYHIKaI[I{HOTO MpU3HAYEHHS — KOPUJOPH, CXOJJOBO-
mipToBi  By3mm.  ODyHKIioHanpHa H  00'eMHO-
IUTaHyBallbHA OpTaHi3aIlisl TPOMAICHKUX OyIUHKIB
BU3HAYae TUTOIIMHHUH abo MIPOCTOPOBHH
B3a€MO3B'SI30K iX mpumimenb. lLleli B3aeMo3B's130K
3a0e3meuyeThcs KOMYHIKAIIHHUMHU — PO3IOALTPHIMU
By3JIaMH, MPUMIIEHHAMH W TPHCTPOSIMH, OCHOBHUM
(YHKIIOHAJIBHUM TIPU3HAYEHHSM SIKUX € PyX JIIOJCH.
Jnst 3pilicHeHHS 3B'I3Ky MIK PI3HUMH TpynaMu
NpUMILIEHh B MeXaxX OJHOTO MOBEpXy OyIUHKY
BUKOPHUCTAIOTHCS TOPU30HTAJIbHI KOMYHIKaIlil:
KOpHIOpH, Tajepei, pekpearii, macaxi, MPOXOH,
CIIOJIly4HI Tepexonu. 3B'I3KYy MDK MOBEpXaMH W
piBHAMH 3a0e3neuyroThCs BEPTHKAJIbHUMHU
KOMYHIKaIiTHUMH TIPUCTPOSIMH: CXO0JIaMH,
nma"gycamu, gidramu, eckaimaropamu. CroiydHOIO
(YHKI[IOHAJIBHOIO JIAHKOIO MK TOPH30HTAJIBHUMH H
BEPTUKAJbHAMHU KOMYHIKALliIMH Ha IIOBEpXax €
CXO0/I0BI # JIi(h)TOBI IO IOBEPXOB1 XOJIH, 1[0 BUKOHYIOTh
posnoxineHi pynkmii [1], [8].
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Jns nomoMi>KHUX (YHKIIIOHAIEHUX CIEMEHTIB

BOK3ally Oynu oOpaHi HAacTymHi KOMOiIHATOpPHI
€JIEMEHTH.
Puc.1. Enemenmu xombinamopuxu.
CaMe 1i  eJEMEHTH MOXYTh  CTBOPHUTH - HoBuii  Bok3an  mOOIU3Y

ONTHMAJIbHY TPAaHCIOPTHY cHcTeMy Micta JKutomup
Ta 3ano0irTM MOXJIMBUM mpoOiemaM. [l 1poro
HEOOXiTHO PO3TIISIHYTH Pi3HI BapiaHTH iX MMOE€JHAHHS
Ta B3a€MO3B SI3KY.

ITomwyk axTyadbHUX pIlICHP BU3HAYAETHCA Y
TphOX BapiaHTax. Bapiant [ posrisamae MoXIHBicTH
MO€THAHHSA TaKUX (QYHKIIH, K TPAaHCIIOPT Ta PO3Bary.
[Ipobnema, 1m0 PO3MIIAAAETHCS Y AAHOMY BUIAIKY -
MicTy HEOOXiJJHO OOHOBJIEHHSI 3arajlbHOTO BHIJISLY
BOK3aJ1iB 000X TPAHCIIOPTIB, & TAKOXK MICIIe pO3Bar st

nacaxupis. Ha ocHoBi mporo oOpaHo  Taki
KOMOIHATOPHI EJIEMEHTH:

- PekoHCTpykuisi 3aJi3HUYHOTO BOK3alIy —
PEKOHCTPYKIis 30BHIIIHBOTO BHUIJSLY I1CHYIOYOTO
3aJI3HUYHOTO BOK3aJy;

- Pexoncrpykmis ABTOBOK3aJLy -
PEKOHCTPYKIis 30BHIIIHBOTO BHIJBILY ICHYIOUOTO
aBTOBOK3aIy;

- ToproBo-po3BaxanbHuil LIEHTP -
NPOEKTYBaHHS  HOBOTO  TOPrOBO-PO3Ba)KaIBHOTO

HEHTPY.

PekoHCTpyKIliT BOK3aly Ta AaBTOBOK3aIy I3
BIAIITYBAHHSIM pO3BaXaJbHOTO LEHTPY — TaKUM
pe3ynpTaToM € | BapiaHT moegHaHHS KOMOIHATOPHHUX
€JIEMEHTIB.

Y Bapianti 1l posrismaeTscs  IMOETHAHHS
TpaHcropTHOi ¢yHKIiT Ta TOpriBmi. s maHoro
BUIIAJKy MpOOJIEeMOI0 € HEOOXiJHICTh OOHOBIEHHS
3araJlbHOrO BHTJISY TOJOBHOTO BOK3aly, HE BUCTAa4Yae
MOCIYT CTaHIIi OIS PUHKY, HEMA€E MICIS IS CKIIaJIiB
Ha puHKY. TyT OyIyTh BUKOPHCTaHI TaKi €JIEMEHTH:

- PekoHCTpykuisi 3aJi3HUYHOTO BOK3aly —
PEKOHCTPYKIliS 30BHIIIHBOIO BHIJBILY ICHYHOUYOTO
3JTI3HUYHOTO BOK3aIy;

pHHKY — —
MIPOEKTYBaHHS HOBOTO BOK3aJly NMOOJIU3Y PUHKY;

- JloricTuuHMi LEHTp — NPOEKTYBaHHSI HOBOT'O
JIOTICTHYHOTO LIEHTPY MOOIN3Y PHUHKY.

Takum uynHOM Oyme 3poOiieHa pPEeKOHCTPYKIIiS
CTaporo Ta IMPOEKTYyBaHHS HOBOTO BOK3alliB, HOBHUIl
JOTICTHYHUN [EHTP, IO pO3MHPHUTE TPAHCHOPTHI
¢yHKIil, a TakoX 3poOuTH OidbII KOMQOPTHOIO
JISUTBHICTh PHHKY.

Bapiant [II Brmowae 1Ba QyHKUIIOHANBHI
KOMIIOHEHTH - TPAHCHOPT Ta KYJIbTYPHUH LEHTp. Y
Micti JKuTOMHpI HEMae BHCTaBKOBOTO KOMILIEKCY, a
TaKOXX 3a PaXyHOK BEJIHMKOI KIIBKOCTI MPUDKIHKAIOYHX
Ha PMHOK HE BHCTAa4Ya€ TaM BOK3aJIBbHOI'O IPUMIIIECHHS.
Tomy ckilaloBUMH JaHOTO KOMOIHATOPHOTO BapiaHTy
€

- PexoHCTpykmis 3ali3HUYHOTO BOK3AIy —
PEKOHCTpPYKIisl 30BHIMIHBOTO BHIJLY ICHYIOUYOTO
3aJII3HUYHOTO BOK3AJy BiAMIOBIIHO 10 OTPEOH;

- KynberypHO-BUCTaBKOBUIT LIEHTP -
MPOCKTYBaHHS  HOBOTO  KYJbTYpHO-BHCTaBKOBOTO
LEHTPY y BOK3aJi;

- Hogwuii Bok3as no6u3y puHKY — EpEHECEHHS
(YHKIIH BOK3aJIy 10 HOBOTO IOOJIN3Y PUHKY.

Y  nmaHOMy BHUMAJKy pe3yibTaroM Oyne
PEKOHCTPYKIIisl BOK3aJy 13 BIAIITYBaHHAM KyJIBTYPHO-
BHCTaBKOBOTO LIEHTPY.

¥ cBoro yepry BapiaHT IV 00’eqHy€e TpaHCHOPTHY
Ta pekpeauiiiny QyHkuii. Tyt npoOiema mossirae y
TOMY, IO MICTYy HEOOXiJTHO OOHOBICHHS 3arajlbHOTrO
BUTJISITy TOJIOBHOTO BOK3ajy, a TaKOXX HE BUCTAYa€e
cyyacHux (yHkuid Bok3amy. CKBep 3HaXOJUTBCS Yy
HNOKUHYTOMY cTaHi. OTxke, CKJIaJOBUMHU €IeMEHTaMU
KOMOIHATOPHKH Yy TaHOMY BHIIQJIKy OYayTh:
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- PexoHcTpykumis 3aJi3HMYHOrO BOK3AIy —
PEKOHCTPYKIis 30BHIIIHBOIO BHIJBILY ICHYHOYOTO
3aJI3HUYHOTO BOK3aJYy;

- Posmmpenss QyHKIiIH BOK3aldy — 10JaTOK
HOBUX IUIAaHYBaJIbHHX pillleHb (100y0Ba, HanO0yaOBa
TOIIO);

- Pexoncrpykmis ckBepy —
CKBEpY MOOIHN3Yy BOK3AIy.

PesynpTaToM BHIPOBAaPKCHHS NAHHUX CJIEMCHTIB
Oyne peKOHCTPYKIIiS CKBEpy Ta CTaporo BOK3aily,
PO3MHpEeHHs HOTo (YyHKIIIH.

Jani koMOiHaTOpHI BapiaHTH MOXKYTh OPMYBaTH
OKpeMy TiUIKy y iH(pacTpykrypi Micra. Temep cuifg
PO3IIISIHYTH iX MOZETIOBAHHS 3 PI3HUX PIBHIB MICHKOTO
CepeIoBHUILA.

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

PEKOHCTPYKITist

MIPOIIOHOBAHOTO MiIcCI OyIiBHHLITBA, 3 MOJMIIMBICTIO
MOJAJbIIOr0 PO3BUTKY Ta TpaHchopmamii Oymisii
BOK3aJIy 3TiJTHO JI0 MOCTAaBICHUX 3ama4 [1].

Y ngaHOMy JOCHKEHHI JOLUIBHO IPOBECTH
MOJIETIFOBaHHS Ha TPhOX piBHsAX. [lepmmii 3 HUX — 1e
MOJICITIOBaHHS Ha (YHKIIIOHATLHOMY piBHI (puc. 2.).

Bapianr I, mo BKIIIOWae TpaHCIOPT Ta PO3Bar,
BHPAXKAETHCSA y TMEpIIiii Mozemi, IO BKIOYA€e IBi
PEKOHCTPYKIII -  3aJi3HUYHOTO  BOK3ally  Ta
aBTOBOK3aIy 3 O0'€MHAHHSIM X (QYHKOIA. A Takox
MIPOCGKTYBaHHA  HOBOTO  TOPTOBO-PO3BaXKAITBHOTO
LEHTPY MOOJIN3Yy OCHOBHUX TPAH3MTIB.

Y Bapiantr Il (Tpancmopr Ta  TOpriBIS)
PO3TIIAAETHCS PEKOHCTPYKIIS iCHyI04OTO
3aJI3HMYHOTO  BOK3aly, HPOEKTYBaHHS  HOBOTO
3aJI3HUYHOTO BOK3aJTy OiJIsl pUHKY Ha OCHOBI CTaHIT, 1
BJIALITYBaHHS JIOTICTUYHOTO IIEHTPY TOPSA 3 PUHKOM.

MopentoBaHHs Ha QYHKUIOHANbHOMY PiBHI

NORICMUYHU
uexmp

P - Pexowempykyia

H6 - Hose bydienuymeo Hb - Hoee bydieHuymeo Pyueyid
Bapianr | Bapianr Il
TpaHcnopT Ta posBaru Tpacnopt Ta TOprienAa

P - Pexoxcmpykyis Pdp - Poswupenna| P - Pexonempyxyis

3aMiHa
yHKyil

P - Poswupenns

Ho - Hoee bydiesuymeo hyHkyil

P - Pexowampykyis

Bapianr lll
TpaHcnopT Ta KyneTypa

Bapiant IV
TpaHcnopT Ta pekpeauin

Puc. 2.2 Mooenrweannsa na ¢pynxyionanoHomy pigui

VY BapianTi III, mo o6’egHye TpaHCIOpPT Ta
KyJbTYpY, BiIOYBaeThCs MEPEHECEHHS 3aJII3HUYHOTO
BOK3ally Io3a MicTo, a Ha #oro TepuTopil
IMPOTIOHYETHCA BJIalITYBaHH KYyJIbTYPHO-
BUCTaBKOBOTO LIEHTPY Y MPUMIIIIEHHI CTAPOT0 BOK3AJYy.

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

ICHYIOUOr'0 3aJli3HHYHOTO BOK3ally, JIOJATOK HOBHX
IUTaHyBaJIbHUX pilleHb (qo0yaoBa, HANOYIOBa TOIIO)
Ta MPOEKTYBAHHS HOBOTO CKBEPY MOOJIM3Y BOK3AIY.
[Hmu# piBeHb MOJCIIOBAHHS — MiCTOOYIBHUIA,
IO PO3IJIsiJAe MOEHAHHS €JIEMEHTIB y CUCTEMI 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 Moneseil MOXXHAa 3pOOHTH
BHCHOBOK, 10 Yy BapiaHTi | mocimyru Tpancnopry Ta
po3Bar HaiaAlOThCS OIM3BKO A0 IIEHTPY MicTta
HEeToJaJliK peKpealiiiHol 30H1 00In3y piuku. Y CBOIO
yepry y Bapianti Il TpocTexyeTbcs TOJBiHHICT

aKTMBHUX TOYOK: TPAHCIOPT Ta pekpeamis OIM3bKO
LEHTPY MICTa, a TaKOX JIOTICTMKAa Ta TPAHCIIOPT
nobmusy  puHky. Bapiant III  Bij3HauaeTbcs
ICHyBaHHSM aKTHUBHHX TOYOK, IIPOTE TPAHCIIOPT
MIEPEHOCUTRCS Ha TIepHudepito, a modIn3y HeHTPY MicTa
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3’SBISETBCSL  KYJIBTYpHO-BUCTaBKoBa (yHkmis. VY
Bapiauti IV no TpancnoprHOi ¢yHKUIT nomaeThCs
TAKOXK pEKpeallis, 3BaXKAlOYM HA PO3MINICHHS OuIs
LEHTPY MICTa, a TAKOXK HEMOJANIK PIUKH.

HacTymHuM piBHEM € MOJICITIOBAHHS 3B SI3KIB MiXkK
KOMOIHATOPHHUMHU eJieMeHTaMu (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. Mooenosanns 36 s13ki6 Miok KOMOIHAMOPHUMU eleMEHMAMU

Y Bapianti [ po3rimsmaeTbes  3B'SI30K  MiK
TPaHCIIOPTHOO (PYHKII€I0 —pEKOHCTPYKIIisl iICHYI0YOTO
3aI3HUYHOTO BOK3AJIy, PEKOHCTPYKINS ICHYIOYOTO
aBTOBOK3aJy, Ta pO3BAXKAJIbHOIO — IIPOCKTYBAaHHSI
HOBOT'O TOPTOBO-PO3BAXKAIBHOTO IIEHTPY.

Bapiaar II gemoHCTpye 3B'S30K TpPaHCIOPTHOL
(hyHKIIT, 110 BUPAXKaEThCA Y PEKOHCTPYKII ICHYIOUOTO
3aI3HUYHOTO  BOK3aldy, 3  TOPTIBEJIBHOIO  —
MPOEKTYBaHHS HOBOTO 3aJi3HUYHOTO BOK3aly Oiss
PHHKY, @ TAaKOK HOBOTO JIOTICTHYHOTO LEHTPY MOPSII 3
PHHKOM.

VY BapianTti Il po3ristHyTO B3a€MO3B’SA3KH MiX
TPaHCIIOPTOM Ta KyJbTYpOIO — MPOEKTYBaHHS HOBOTO
3aTI3HUYHOTO BOK3aIy 110332 MICTOM Ta BJIAIUTYBaHHS
KyJIbTypHO-BHCTaBKOBOTO IIEHTPY Yy HPHUMIIICHH]
CTaporo BOK3ally.

Bapianr v BKJIIOYAE TPaHCIIOPTHY
(pPeKOHCTPYKIIiS ICHYIOWOTO 3aJII3HUYHOTO BOK3aIy Ta
JOAATOK  HOBUX  IUIAHYBAIbHUX  pilIeHb) Ta

pekpealliiiHy ckyiasoBi (IPOEKTYBaHHSI HOBOTO CKBEPY
moOaM3y BOK3aIIy).

BucnoBkn. Omxe KOXEH 3  BapiaHTIB
XapaKTepU3y€eThCsi CBOIMU 0COOIMBOCTSIMU Ta POJLIIO Y
(dopmyBanHi iHOpACTPYKTYpH MicTa Ta MOXe OyTH
3aCTOCOBAHMH BIANOBITHO JIO MOTPeO, 1[0 BUHUKAIOThH
y maHuii nepiof gacy. KoxeH 3 rmoesiHaHNX €JIEeMEHTIB
MOXe OyTH HOTMOBHEHWH Ta NONAHUH y OyIb-sKOMY
MOPSIZIKY, BIATIOBITHO O HEOOXITHOCTI, IO BUHUKIIA.
TakuM YMHOM, MOXJIMBHUM € BU3HAYEHHS OCHOBHHX
apXiTEeKTYPHO-TIaHyBaJIbHNUX XapaKTEPHCTHK.
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Ilono3wk Cepein IOpiiiosuy
Mmaeicmpanm 2 Kypcy, kagedpu apximexmypu

Daxynvmem apximexkmypu, 6yodisnuymea ma ousatiny HAY,

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

Daxynvmem apximexkmypu, 6yodignuymea ma ousatiny HAY,

M. Kuis, Yxpaina

PO3BUTOK TA NPUHIUIIN TIPOEKTYBAHHSI EHEPTOE®EKTUBHUX
KUTJIOBUX BYAIBEJIb-KOMIIJIEKCIB

AHOTAIig. Y CcTaTTi aHANI3yeThCs ICTOPUYHHMKA 1 CydaCHHMU JOCBIJ MPOCKTYBaHHS CHEPrOCEKTUBHOTO
JKUTIIA, BA3HAUCHO aKTYallbHICTh IPOCKTYBaHHS CHEPTOC()EKTUBHUX YKUTIOBUX Oy iBEJIb Ta KOMILICKCIB, @ TAKOK
po poJib Takoi 3a0ymoBu. OMMCAaHO OCHOBHI MPUHIUITHA MPOCKTYBAHHS CHEPrOC(hCKTHBHUX KUTIOBUX OY/IiBEIb.

Kmouosi
MEexXHON02Ii.

cnosa: apximexmypad,

Beryn. Y Ham wac € BENHKI MOMJIHMBOCTI
3MEHILICHHS CHEPTOCTIOKIBAHb Oy 1iBENb Ta 3HIKCHHS
BUTpaT Ha iX yTpUMaHHSA, 30€pexeHHs eKOoJIoTii 3a
paxyHOK BHKOPHCTaHHS EKOJIOTIYHOi 9MCTOi eHepril
0TOYYIO4OTo cepenoBuia. L{i 3HIKEHHS € OCHOBHOIO
METOI0 MIDKHApOJHOTO EHEPreTHYHOro areHTCTBa
(MEA), sika mosnisirac B 3MEHIICHHI BUKHJIIB BYTJICLIIO B
CBIiTi Ha 77% NMPOTH MPOrHO30BaHUX AaHuX Ha 2050 pik
I7A  jJocArHeHHs — crabimizoBamoro pisaa CO?,
nependaueHoro MiKypsIOBOIO I'PYIIOI0 €KCIIEpTiB 3i
3mian kimiMaty (MI'E3K). BaximBoro ckiamoBoio y
BUPIIIEHHI IIOTO 3aBJAHHS, BBAXAIOTh EKCIIEPTH
MEA, mnoBWHEH CTaTH Tmepexix Bing OyIiBHHUIITBA
3BHYAHNX OyAMHKIB bi (o) OymiBHHIITBA
eHeproe()eKTUBHUX XXUTIOBUX OyIiBEIb Ta KHUTIOBHX
KoMIuteKkiB. Haiibinblry yBary eKCHepTiB NMpHIIEHO
NPOEKTYBaHHIO Ta OYyIIBHUITBY €HEProe(eKTHBHHX
JKUTIOBUX Oy/IiBENIb Ta KOMILIEKIB [0 BCbOMY CBITY.

EneproedextuBHa kuTiiOBa OynmiBis - Lie
OyIMHOK, SIKWH 3HAYHOIO 3abe3reuye cebe CHepriero,
MaJl0 He 3aJe)KUTh BiJl 30BHILIHIX KOMYHIKalii, i,
4acTo, caM MOJKE CIIyTyBaTH OCTa4aIbHUKOM €HEprii.
Ile crae MOMNUIMBMM 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
pI3HOMaHITHMH  WiOXiJ,  palioHanbHUA  BHOIp
TEIJIO3aXUCTy OrOPOJIKYBaJIbHUX KOHCTPYKIIH, BUOIp
IH)KEHEPHOTO o0agHaHHA i e(eKTUBHICTh
BUKOPHCTAHHSI IOHOBJIFOBAHUX JKEPEJ eHepril.

OpnHa 3 HaWBaXKJIMBILIHMX CKJIaJOBUX
MPOEKTyBaHHS TaKkoi Oy niBii 3a0e3neueHHs
€KOJIOTIYHOrOo Ta e(EeKTHBHOIO J>KHTTEBOTO LUKy
Oynisii (puc. 1),

TOOTO Taka OyaiBisl, 800 KOMIUIEKC CIIOYATKy Ma€e
OyTH po3paxoBaHW Ha MEBHUH TEPMiH eKCIuTyaTauii,
OyTH HaWOIIBII €HePreTHYHO e(PEeKTHBHUM INPOTATOM
JAHHOTO TepMiHy, i OyTm Oe3meyHO 3HEeCeHWi, He
3aBJAI0YN CBOIM pyHHYBaHHAM LIKOJU
HAaBKOJIMIIHBOMY ~ CEpeAoBHILy. TakuM  YHHOM,
KUTTEBUHA TMKJI OYIiBII CIOYATKy BU3HAYCHHH,

enepeoehexmueni

6y0isni, eHep2o30epedcents, eHepeoemeKmuUBHI

po3paxoBaHHil, 1 TOBHHEH OyTH 3a0e3MCUCHHIA
YMOBaMH €KCILTyaTalii.
[TpoBeneHo aHai3 TEOPETUIHOT 6asun

JOCII/KCHHb 3 MPOEKTYBAaHHA CHEProe(EeKTUBHHUX
OyniBenb, BH3HAUCHO TMpali JOCHIIHUKIB 32
HACTYITHUMU HaNpsIMKaMU:

-3 BUBUCHHSIM apXITEKTYpU JXHTIA 3aHMaJIHCh:
JL.T. baunnceka, T.M. 3acnasens, B.I1. Koposb, O.O.
Koctiok, K.C. Yeuenbuunpka, I'.JI. SI6monceka, JI.H.
SI6I0HCHKH;

- mpoOieMu apxXiTeKTypu OaraToKBapTHPHOTO
KUTIa Ta KOMIDICKCIB BHCBITICHI B poOOTax
HaykoBiiB: LII. T'mecs, JL.M. Kosambcpkoro, B.I
Kuumwa, B.B. Kyuesuua, B.II. Muponenka, LI
Hosocan Ta iH.;

- mpoOieMHu eHepro30epeXeHHs B apXiTEeKTypi
VYkpainu PO3IIIANANINACE JIOCJTI THUKaMH: Cr
BbypaBuenkom, O.M. Ileuenukom, I'.B. KazakoBum,
T.0. Kamenko, I'"H. Xasxyn, JI.O. Ulyngan, B.M.
CHUMOHEHKO Ta iH.;

- TIUTAaHHS EHepro30epexeHHs B OYyAiBHULTBI —
B.®. TlepuikoBuuem, B.JI. Maprunosum, O.B.
Cepreiiuykom, I'.I'. @apentokom, €.I'. DapeHIokoM,
P.A. ®eprom, JLII. XoxmoBoto, I'.®D. YepHux Ta iH.;

- XapakTep BIUIMBY KJIIMaTy Ha IPOEKTYBAaHHS
OyaiBeNb Ta MUTAHHS 1HCOJAIIT )KATIOBUX MPUMIIICHB
nocmimkyBam: B.C. Bypaeuenko, O.b. Bacwuienko,
O.B. Cepreituyx, [H. Cxkpums, ILI. Cxkpums,
LIT.Ko3stauk, L.I. Yerinosa, O.I'. TTuBoBapos, B.M.
CuMoOHeHKo. Ta 1H. AHaii3 HONepeaHiX J0CHiHKEeHb
CBIIYUTH MPO HENOCTATHICTh PO3MNISAY TNHUTAHHS
PO3BUTKY MPHUHIIHIIB €HEProe(heKTUBHUX HKUTIOBUX
OyniBesnb Ta KOMIIJIEKCIB.

Meta goc/TizkeHHsI IPOaHaTi3yBaTH iICTOPUYHNI
1 CyyacHMI JI0CBiJ] MPOEKTYBAaHHS €HEProePEKTUBHUX
XKHUTJIIOBUX OyJIiBeNb, BU3HAYUTH OCHOBHI NPHHIMITH
MIPOEKTYBaHHS eHeproe()eKTHBHUX JKUTIIOBHX
OyaiBeNb Ta KOMITJICKCIB.

Pe3yabTaTH Ta OOrOBOPEHHSI [OCJTiIKEHHS
Cepenuiil XUTTEBUI IMKI I eHEproeeKTHBHUX
OyxiBens Ta KOMITIEKCiB cTaHOBUTH 30-40 pokiB.
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Puc. 1. Epexmugne enepeocnodicusants npu excnayamayii 6yoieni - 3anopyka ycniutHo2o
3a6e3nevents 1020 JHcummeso2o yuxiy (3a mamepiaramu BCIIYP (WBCSD))

CydJacHUI JOCBi TPOEKTyBaHHS 1 OyIiBHHUIITBA
OyniBenb Takoro tumy Oepe mouatok B 70-80-x pokax
XX cromitTs, Ko Oynu moOymoBaHi IBi BCECBITHBO
BimoMi  OyHmiBIi, IO BBAXAIOTHCA  IEPIIUMHU
eHeproe(eKTUBHUMHI OyNIBISIMH CYy9acHOTO THITY.
Omna 3 Hux - me OyxmiBmi «ECONO-HOUSEy,
nobynoBana B 1973-1979 pokax B micti OtaHiewmi,
Oinngupis. Y OyniBmi KpiM  CKIaaHOTO 00'€éeMHO
TUIAaHYBaJIbHOT'O PIIIEHHS, L0 BPaxoBY€e OCOOJIMBOCTI
po3TannyBaHHs 1 KJIiMary, Oyia 3acTocoBaHa 0co0MBa
crcTeMa BEHTHJLSILIT, TpU sIKiil MOBITPsl HarpiBaBcs 3a

paxyHOK  COHAYHOI  pamiamii, Temwlo KOl
aKyMYJIIOBAJIOCh  CICHiaJbHAMH  CKJIOTIAKeTaMH 1
kamo3i.  [lisaime  moktop Bombdranr  ®aiicr,

3aCHOBHHK «IHCTHUTYyTy macuBHOrO OyOHHKY» B
Hapmmranri (Himeuunna), i mpodecop bo Anamcos 3
Jlyancekoro yaiBepcurety (LlIBeris) 3ampomonyBamu
KOHIICTIIIII0 «MAaCWBHOTO OYIHWHKY», sika HaOyna
TIOMIMPEHHsT y 0araTboX NPOEKTaX, B TOMY YHCII Y
BiOMOMY macwBHOro OymwHKY B M. [lapmmranri,
mobymoBanomy B 1990 pomi. Haiibinbm 1rikaBi
NPUKJIaAN Cy4acHHX eHeproeekTHBHUX OyIiBelb
moxkHa 3Haiitm B Kamami, Himeuuwmni, ®iHmsHmii,
CIIA, Kurai Ta OAE. Sk mpukiax MOXHa IMPUBECTH
3a0ynoBy paitony EKo-WiikkKi ¥V I'enbcinki, @innsumisn
(puc. 2a) ta mpoekt HOBOro OymuHKY The Beaver
Barracks Community Housing 8 Kanazi (puc. 2b).

Puc. 2a Kumnosuii 6younox Sxo-Buxku (EkoWiikki).

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

Jis ymoB KuieBa Ta iHIIKMX BEJMKHUX MIiCT YKpaiHu
eHeproe(eKTUBHE OYAIBHHUITBO >XUTJIOBUX Oy/iBelb
Ta JKUTJIOBUX KOMIUIEKCIB TAKOT'O THITy MAa€ BEJIUKE
3HAYEHHS, Ta HAJac MOXIMBOCTI  IiABUIIUTH
eHeprosoepexkeHHs 3a0ymou yiiomy. [lepmr 3a Bee,
e MOB'SI3aHO 3 KOMIIAKTHICTIO IUIAHYyBaHb KBapTHPTa
KOMIUICKIB i BHKOPHCTAHHAM IPOMAJICBKUX MPOCTOPIB
(U1 MOXJIMBOTO PO3TAIlyBaHHS B HMX 3UMOBHX CajliB
abo TemnMmb), a TakoX 3  BHKOPHCTaHHAM
npuOyTMHKOBOI  Tepuropii.  Bapro  ocobmmBo
BiJ3HAYUTH, M0 B OYAIBIIX TAaKOrO THUIy MOXKHA
MaKCHMaJIbHO €()eKTHBHO BUKOPHCTOBYBATH 3aMKHYTY
TEepPMiYHy (TEeIUIOi30/IAMiHHY) 000I0HKY, III0 OXOILTIOE
koMmbopTHi 30HK[2]. Taka 0000HKA BKIIOYAaE B cebe
MOJIMNIIEHY TETUIOI30JSIIiI0 CTiH, yTeIUICHHSIIIIIBATY,
MOKPIBAI Ta  IHON  3aX0A¥W 10  CTBOPEHHIO
6e3nepepBHOTo TEIIOBOrO KOHTYpY OyniBii. Y Takux
OymiBIAX Ta KOKUTIOBUX KOMIUIEKCAX 3a PaxyHOK
NPaBHJILHOTO CHIBBIJHOIIEHHS KiJIBKOCTI i PO3MipiB,

0CcOOIMBOCTE  KOHCTPYKLII CBITJIOBHX IPOpI3iB,
OpIEHTOBAHMX HAa MIBIACHHY, MiBACHHO-3aXiIHY
TOPOHY, MOXHA IOMOITHCS TACHBHOIO COHSYHOIO
00irpiBy mnpuMinieHb. TakoX eHeProeceKTHBHUM €
BUKOPHCTAHHS BIKOH 3 MOABIMHMM CKIIHHAM a0o 3
3allOBHEHHSIM  iHEpTHMM  Tra3oM. Pasom i3
3aCTOCYBaHHSAM CHCTEMH NPUPOIHOT BEHTWIALIT 1
KOHJMIIIOHYBaHHS TaKi )KUTIOBI OyaiBii, 200 KUTIOBI
KOMIUIEKCH CTalOTh JIIHCHO eHeproe(eKTHBHUMH.

[puniun  OnoxkyBaHHS HaHUX OyIiBeNb  TaKOXK
JO3BOJISIE  30epiraTé  Temuo, aile  BXE  Ha
MicTOOYIiBHOMY DPiBHI.

[Mogo imKXeHEepHHWX  pillleHb, SKi  MOXKHA

e(eKTHUBHO 3aCTOCOBYBATH B KUTJIOBUX OYHIBISX Ta
JKUTJIOBUX KOMIUIEKCax: 3aCTOCYBaHHS TEIUIOBUX
HACOCIB B CHCTEMI Tapsdoro BOJOIOCTAYaHHS,
3aCTOCYBaHHS pEKyIepaTtopiB Temia B CHCTEMI
LHEHTPAIILHOI ~MEXaHIYHOI BEHTHWJIALII, a TaKoXK
3aCTOCYBaHHS COHSIYHHX (hOTOCTEeKTPUIHUX
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YCTAHOBOK JUI BUPOOJICHHS €JIEKTPUYHOI eHeprii, i
COHSIYHMX KOJICKTOPIB, LI0 MiAirpiBarOTh BOAY IS
noTped omaneHHs.

KomrnekcHud  minxiJ B TPOEKTyBaHHI 1 B
JOCIIJDKEHH] EHEePreTHMYHUX ITOKAa3HUKIB JKUTIOBUX
OyniBeNb Ta KOMIUIEKCIB, @ TAKOXK TOIIYK MTPaBUILHUX
pimeHsr  omTmMizamii X  eHeproeeKTHBHOCTI

BU3HAYAIOTh PIIICHHS CKIAJHAX B3a€MOIIOB'SI3aHIX
3aBlaHb, SKi OXOIUTIOIOTH TPU OCHOBHI Hampsimu [3]:
MIPUMIIICHB

- opranizamis
OyauHKY;
- MiHIMIi3aIlisl eHePTeTHIHHUX BUTPAT;

MIKpOKITIiMaTy

- €KOHOMIYHICTh OymiBi,
BUTpayaHHs MaTepiallbHUX PECYpCiB.

Bubip ontumanbnHoi ¢dopmm OyniBm, iforo
opieHTalil 1 poO3TallyBaHHS, IPU3HAYECHHS ILIOL]
CBITJIOBUX TIPOpIi3iB, YNpPaBIiHHSI MIKPOKIIMaTOM
MIPUMIIICHB

JNO3BOJSIIOTE  3MCHIIMTH HETaTHBHHUM  BIUIUB
KJIiMaTy Ha TEIUIOBH OamaHc >KUTIoBOi OymiBimi.[3].
B3aeMO3B'I30K  OCHOBHHX  apXIiTEKTypHHX  Ta
IFKEHEPHUX pillleHb, AKi IOBUHHI BPaXOBYBATUCS IPH
MIPOEKTYBaHHI eHeproeeKTHBHOI KUTIOBOI OyIiBIIi Ta
KUTIIOBOTO KOMILIEKCY, TIOKa3aHa Ha pHC. 3.

parioHanbHe

Puc. 3. B3aemo3e's130x apximexmypHux ma iHj#ceHepHUX piuieHb 8 npoyeci npoeKmysants eHepeoepexmugnol
JACUMA060I OY0i6NII Ma AHCUMN0E020 KOMNLEKCY

B Ykpainiy 2017 poui OyB npuiiHsTHIT 3aKOH PO

eHeproe(eKTUBHICT,  Oy/iBeNb, SKHA  BH3HAYaE
NpaBOBi, COLIAJILHO-EKOHOMIUHI Ta oOpraHizauiiHi
OCHOBM  misibHOCTI y  cdepi  3abe3neyeHHs
EHEepPreTUIHOL e(eKTUBHOCTI OyniBens Ta

CIIPSIMOBAHUI Ha 3MCHIICHHS CIOXXHBaHHS eHeprii B
OymiBisix. Lleil 3akoH BH3HAaYa€ OCHOBHI MPHHIIUIH
JIepKaBHOT TONITUKKA YKpaiHu y Uil cdepi, a came:
3a0€3MeUCHHs]  HAJIGKHOTO  PIBHA  CHEPreTHYHOI
e(PeKTHBHOCTI JKUTIOBHX OyniBednb (KOMILUICKCIB)
BIJITIOBIZIHO [T0 TEXHIYHUX PETJIAMEHTIB, HAIlIOHAIbHHUX
CTaH/IapTiB, HOPM 1 TpaBWI, CTHUMYJIOBaHHS
3MEHILIEHHS! CHOXMBaHHsS eHeprii B  OymiBIsX;
3a0e3re4yeHHs CKOPOUYCHHsI BUKU/IIB NAPHUKOBHX ra3iB
B arMmocdepy; CTBOPEHHS YMOB JUIl 3aJIy4eHH:
IHBECTHIIIH 3 METOH 3JIHCHEHHS 3aXO/iB LI0J0
3a0e3necueHHs (IABHIICHHS pPIiBHA) €HEPreTHIHOI

e(eKTUBHOCTI OymiBens; 3a0e3neueHHs
TEepPMOMOJIEpHi3amii OymiBels, CTUMYJTFOBaHHS
BUKOPDHCTAaHHS  IIOHOBJIOBAHMX JDKEPEN  EHeprii;

po3poOka 1 peamizamis HaiOHATBHOTO IUIAHY II0
30UTBIIEHHIO KUTBKOCTI OyaiBens 3 OMU3BKUM JI0
HYJIBOBOTO PiBHEM CIOXXHBAHHS €HEPTii.

Ha ocHoBi HaBemeHoro BHIIE CHOPMYIBBAHO
OCHOBHI ITPHUHITUIIH POCKTYBAHHS €HEProe()eKTUBHUX
XKHUTIOBUX OYIiBENb Ta )KUTIOBUX KOMILJICKCIB, a came:

1) pamioHanpHuMii BUGIp eHeprosbdepiraroyoi
dopmu OymiBimi i HOro mpaBWIBHA OpIEHTAIlS IO
BiJTHOIIIEHHIO JI0 COHIIS;

2) BHCOKa €HEProe(peKTUBHICTE  OOOJIOHKH
OyniBii, TOOTO B3a€MO3B'SI30K MiK KOHCTPYKTHUBHHMH
PIIICHHSAMH JIOMY Ta IH)KCHEPHHUMH CHUCTEMaMH IS
JIOCSITHEHHSI BUCOKOTO PiBHS €HEpro30epekeHHs;

3) edextuBHa  Temmo3oNAWIL  OyIWHKY,
KOHCTPYFOBaHHS 0€3 «MOCTIB XOJIOIY;
4) 3aCTOCYBaHHS eHeproe()eKTUBHUX

KOHCTPYKTUBHUX €JICMEHTIB 1 IH)KCHEPHHX CHCTEM
(cTiHM, AKI ~ yTPUMYIOTH  TEIUIO,  TPYHTOBHH
TEIUIOOOMIHHUK, CHCTEMa OIaJeHHS, BEHTUJIALIT,
KOHJIMI[IOHYBAHHs, IOa4i XOJOIHOI 1 rapssyoi Boau i
T.1.);

5) 3acTOCyBaHHS  MEXaHIYHOI  MPHUIUIUBHO-
BUTSDKHOT BEHTHJISIIIT JTs 3a0€3MeYCHHST HOPMAaJIbHOTO
MOBITPOOOMIHY  HpPHU  YCTAHOBI[I  T'EPMETHYHHX
eHeproe()eKTUBHUX BIKOH (IOABil{HE 3ackieHHs abo
BiKHA 3 3a[TOBHEHHSIM iHEPTHUM Ta30M);

6) macuBHE BHKOPHCTaHHS COHSYHOI EHeprii
(cucreMH  COHSYHOTO  OMAJEHHS, 3aCTOCYBaHHS
TEepMIYHOI MacH, BHKOPHCTaHHS «IapHUKOBOTO»
e(eKTy 3MMOBOI0O Cajly JUlsl OTIaJICHHs! OyTUHKY );

7) edexTMBHA  cHCTeMa  KOHTPOIIO
IFPKEHEPHUMH CUCTEMaMH (TeTIOBi

JYAIBHAKA i TEPMOCTaTHYH]
JYAIBHAKA Tapsiaoi BOAX 1 T.11.);

8) KoMI'IoTepHa cHcTeMa YNPaBNiHHA 1 OOINIKY
TEIUIO- 1 EHepromocTadyaHHs OyAawHKy, poboTa sKOi
3aCHOBaHa HAa  MaTreMaTHYHOMY  MOJIEIIIOBAaHHI
TEeMJIOBOrO 0OajaHCy 3 ypaxyBaHHAM (aKTHYHOTO

Hazx

BEHTHIII,
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SHEpPreTUYHOr0 BIUIMBY 30BHIIIHBOTO KIMary i
BHYTPIIIHIX TEIUIOBUIJICHB;

9) 3aCTOCYBaHHS IHKEHEPHUX CUCTEM
BUKOPHCTAHHSI 1 IEPETBOPEHHS €HEPTil HOHOBIIOBAHUX
Jokepest  (TemyIoBI  HAacOCH, COHSYHI  KOJEKTOPH,
(oTOENEeKTPUYHI YCTAaHOBKH, BITPOBI TI'eHEPATOpH,
npwinBHI [EC Ta iH.)

10) mpaBwiIbHE TUTAHYBAHHS NULTHKH OYIUHKY 13
3aCTOCYBaHHAM

eHeproeeKTUBHUX pimeHs (mpaBmIIEHE
BUKOPUCTAHHS penbedy AUITHKH UL 300py TOMOBHX
BOJ, e(eKTHBHE 30HYBaHHA MAUISHKH, OpraHi3aris
JUISTHKY B TApMOHIT 3 MPUPOJIHUM MICLEBICTIO 1 iH.).

OcoOnuBy yBary npu IPOEKTYBaHHI JKHUTJIOBHX
MPOCTOPiB CHEProeHEeKTUBHUX OYyIiBEIb Ta KUTIOBHX
KOMIUIEKCIB TPHJIIICHO TPHUPOAHOMY OCBITJICHHIO.
lupoTHa opieHTamiss eHProe(eKTHBHUX IKHUTIOBHX
OymiBems Ta KOMIDICKCIB, BEJHMKa IUIOINA CKIIIHHS
miBICHHOTO (pacany, JiXTapi BEPXHBOTO CBITIA
MO3BOJSIFOTh ~ TPH  HEOOXIAHOCTI  MaKCHUMAaJIbHO
e(eKTUBHO «IIPOITyCKATH» COHSIYHE CBITIIO BCEPEIUHY
OymiBIi. CremianesHi «COHAYHI MMaCTK» 3
BUKOPUCTAHHSIM MaTepialliB 3 BHCOKOK BiIOWBHOIO
3ATHICTIO pO3paxoBaHi Ha TPAHCHOPTYBaHHI B
JKUTIIOBI IIPUMIILIIEHHS €HEePTii 3MMOBOTIO COHILIS.

3 TOYKM 30py MICTOOYAYBaHHS - Ba)KJIMBUM
METOJIOM MiJIBUIICHHS €HEProe)EeKTUBHOCTI KHUTIOBOT
OyiBJIi Ta KOMIUIEKCIB P IIPOEKTYBaHHI € 3MiHa HOTO
¢dopmu nnixoM (GopMyBaHHS OJHOrO o00'ekTa 3
KUTbKOX OJIOKIB. BioKyBaHHS 103BOJISE 3MEHIIIIATH
TEIUIOCTIOKUBAHHS Oy[IiBII BHACTIOK 3MCHIICHHS
TUTOIII 30BHINTHIX OTOPOKYBAaTBHUX KOHCTPYKIIN 10
50%, marepianomicTkocTi OyniBHUITBa - Ha 8-10%,
IUIOIII TEepHUTOpii, mo 3a0ymoByeTbes - Ha 30-40%,
CKOPOYEHHS JOBXXWHHU KOMYHIKalii, Mia'i3HUX NUIIXIB
i t.a [7]. Y mnpaktumi npoeKTyBaHHS OJOKYBaHH:
eHeproepeKTUBHUX OYIiBEIIb Ta KOMILJICKCIB MOXKIIHBO
SIK 110 TOPU30HTAI, TaK 1 1Mo BepTHkani. Haibinbioro
eeKTy MOXKHA JIOCSATTH IIpH 301IbIIEHHI YHcia
OCBITJICHMX BHYTPINIHIX TpaHed MO0 KUIBKOCTI
3070k0BaHMX 00'ekTiB. I[leli BHCHOBOK HAOYHO
JNEMOHCTPY€E TpPHKIAA OJNIOKyBaHHS OyniBems 3i
CTBOPEHHSIM BHYTpILIHBOTO ABOpY. IIpu Bigkpuromy
JBOpi 3a0e3MmevyeThesl 3MCHIICHHS TUTOIII 30BHIITHIX
MOBEPXOHb OJIOKOBAHOTO OYJMHKY IO BiJHOIIECHHIO /10
CyMapHOI IUIoIIi OKpeMuXx 00'ekTiB B 1,5 pasu. OqHak
SKIIO BHYTPILIHIA JBOPHUK IIEPETBOPUTH B aTpiyM,
3aCKJIMBIIM  HWOTO  3BepXy, TO  e(eKTHBHICTh
0JIOKYBaHHS MOJKe I1[e O1JTbIIe 3pOCTH, 10 1,6 OCKUTBKH
30UIBIIY€ETHCS YMUCIIO BHYTPIIIHIX rpaHei [8].

[mKeHepHe pilleHHS Takux OyaAiBedb Ta Mae
KIIFOYOBE 3HA4eHHS. Y eHeproedeKTHUBHill >KHTIOBii
OymiBii Ta KOMIDIEKCI 3 BEIHKOK KUIBKICTIO
OpUMIIIeHb, 10 MAaKTh  PIi3HY  OpIi€HTAIIIO,
BPAaXOBYETHCS HEPIBHOMIPHICTh BIUIMBY COHSYHOTO
BUIIPOMIHIOBAHHS, a TaKOX IPOTWICKHUH BIUIUB
(WwBHAKICTE 1 HampsM  BITPY)  3O0BHIIIHBOTO
cepenoBuia. ToMmy omnajgoBajbHA CHCTEMa IBOTO
OyIuHKY po3ijieHa Ha CaMOCTilHI 30HH BiTIOBiTHO J0
Opi€HTAaIi] 0 CTOpOHAX CBITY (0cO0IMBO Ha MiBHIUHY
i miBOeHHy). [307BOBaHMII  TEIUNIOBHI  KOHTYp
eHeproeeKTUBHUHN KUTIOBHUX OYIiBJIb Ta KOMIUIEKCIB

Hacamrepe]| 3a0e3rnedye MiHIMaJbHI TEIUIOBI BTpAaTH
OynmiBii Ta KOMIUIEKCIB 33 pPaxyHOK e(eKTUBHOI
i30J1s1ii Ta eHEProe()eKTUBHUX BIKOH.

bydepni 30HM (MOOUTBHI JKHMTIOBI 30HM Ha
MBACGHHIH CTOPOHI, TEIUIUI) 32 PaXyHOK MeXaHi3My
HarpiBy-TeII0B11a4i-0X 00 KEHHS JIO3BOJISIIOTh
B3MMKY €KOHOMHUTH €JIEKTPOCHEPTil0 Ha OMAJICHHS 3a
paxyHOK BIIACHOI TEIUIOBOi BiAgadi B IKHUTIOBI
MIPUMIIICHHS Oe3MocepeHpO (TeIoBianaga cTin) abo
Yyepe3 CHCTEMY BEHTWILIMII MiX TNPHUMIIICHHAMH, a
TaKOXX Yepe3 CXOJOBHH MPOJIT BCepeIuHi Oy IiBImi.

BaxnmBy posie B MaCHBHOMY OMajieHHI OyZiBIi
TpaloTh  BIKOHHHII-Kam03i  (TaKOXX  MOXKJIMBE
BUKOPHCTaHHS paduuTop), sKi 3HWKYIOTh TEIIOBI
BTpaTH uepe3 BikHa Ha 70%.

[TpupoHa BeHTUIIALIS 311HCHIOETHCS 32 paXyHOK
OXOJIOJUKEHHS Oy(epHUX 30H (MOOLIbHI )KUTIIOBI 30HU
Ha TiBAEHHIN CTOpOHI, TeIHIi) SKi BIITKY
HarpiBaloTbcsl BICHB, OXOJOKYIOThCSA BHOYI, HE
JTAFOYN HATrpiBaTUCS BHYTPIIIHIM IPUMIIICHHS.

BepTukanbHa BEHTHWIALIS, 3AIHCHIOBAaHAa dYepes
CIeiaNbHI PEeryIboBaHi OTBOPH B KOHCTPYKIIISIX CTiH i
MIEPEKPUTTIB,  JIO3BOJIIE  TOBITPSHHM  ITOTOKaM
nepeminiatucs 1O Bcid  OyxiBmi, 3abe3nedyroun
OXOJIOJUKEHHS 1 BEHTHJIALIIO BHYTPILIHIX TPUMIILCHB.

TakoX BHKOPHUCTOBYETHCS CHUCTEMa MEXaHIYHOI
BEHTWIALI], M0 CKJIANAEThCS 3 JIBOX CHCTEM
npoBiTproBaHHs. [lepiia 3acHOBaHa Ha 3aCTOCYBaHHI
MIPUCTPOIB, sIKI BIAKPHBAIOTH 1 3aKPUBAIOTH CTYJKH
BiKHa MEXaHIYHO (3a JOMOMOTOIO EIEKTPOIPUBOLY).
Hpyra cucrema nependavae 3aCTOCYBaHHS
NIPUIUIMBHUX TNIPUCTPOiB-KJIANaHiB, BOYJOBaHHX B
BIKOHHY KOHCTPYKIIfO 1 3a0€31edytoTh Oe3nepepBHUN
NPUIUIMB ~ CBDKOTO  MOBITPA -  TaKk  3BaHe
MikponpoBiTpioBanHs. Llg  cucrema  nmo3Bossie
NOCTa4yaTH MPUMIIIEHHS TOBITPSIM 3 BYJIUI[ HAaBITh IIPH
3akputoMy BikHI. OCHOBa MPHHIMIY il NPUCTPOIB
i€l rpynu - pi3HULS PYXy MOBITPSHOTO MOTOKY 30BHI 1
BCepelHI OyaiBii, II0 BHHUKAE dYepe3 Bitep abdo
BHACJIJJOK POOOTH NMPUPOIHOI BUTSKHOI BEHTHIIALLI.
[pu HOpManpHO (YHKIIOHYOYOi B  KBapTHPI
BEHTIJIAMI] KJTalaH HE Ja€ TOBITPIO 3aCTOIOBATHUCS 1
MTO3UTHBHO JIi€ HAa MiKPOKJIIMAT B MMPUMIIICHHI.

KoHauiitoBaHHs T1O€AHaHE 3  IPUILTHBHOIO
BeHTWIANE0.  [IOBITpS  KOHOUIIIOHYE  [UIIXOM
OUHINEHHS B CUCTEMi (UIBTPIB Pi3HUX KOHCTPYKIIH,
HiirpiBaeThcss a00 OXOJIOMKYETHCS, 3BOJIOKYETHCS
a00 OCYIIYETHCS 1 OAETHCS IO CHCTEMI MOBITPOBO/IIB

B NpUMINICHHS.  3aCTOCOBYIOThCS  ICHTPAJbHI
KOH/IMIIIOHEPH.
Big 1eHTpajdbHUX  KOHAMIIOHEPIB  MOBITPS

MTOJIA€THCS B IpUMinIeHHA. EHepreTnuHa e(eKTHBHICTH
TaKuX KOHJIMIIIOHEPiB - O1M3pKO 70%.
EneproedexTnBHa JkuTIIOBa OymiBII Ta SKATIIOBI
KOMJIEKCH 3a0e3MeuyeThCcsl PeKylepaTopaMu Teria -
CHCHIATBHOTO  KIIMATHYHOTO  OONamHAHHSA,  SKE
JIO3BOJISIE HATPIBaTH MPUIUIMBHE XOJOJIHE TOBITPS 3a
PaxyHOK TeIlia BiAmpaIbOBaHOTO MOBITPSI IPUMIIIIEHb.
PexymepariiiiHi  TernmooOMiHHUKH — BOYAOBYIOTHCS
6e3mocepeTHBO B BEHTWIALIIHY CHUCTEMY.
Eneprernuna eeKTHBHICTE 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

BUKOPHCTOBYBATH €HEPIil0 IOHOBJIIOBAHUX JKEPEN
LUISIXOM 3aCTOCYBAaHHS COHSYHHMX KOJIEKTOPIB ISt
MmiAirpiBy BOAM Ta TEOTEPMAIBHOTO IPYHTOBOTO
TEMJIOBOI0 Hacoca JUIi MOTped CUCTEMU OIAICHHS.

¢) 81iMKy 6 OeHb
Puc. 4 Poboma inoiceneprux cucmem i apximexkmypHux piteHs, CApAMOBAHUX
Ha eHepeo30epedicenHs 8 OYOUHKY NPOMSA2OM POKY.

[IpoekTyBaHHS eHEProe()eKTUBHUX IKUTIOBHX
OyniBelnp - 1€ CKJIaJiHA KOMIUIEKCHa poOoTa 6aratbox
(axiBiiB, poboTa SKHX 3aCHOBaHA HAa MPUHIIHMIAX
MaKCHMaJIbHOTO 3a0e3lNeueHHs] eHeproeeKTHBHOCTI,
€KOJIOTIYHOCTI Ta eKOHOMIYHOT e()eKTUBHOCTI OYiBIIi.
Y  eHeproedekTHBHIH  KUTIOBIH  OyxmiBni  abo
JKUTIIOBOMY KOMIUTEKCI 3a0€3NeYUTH TakKi KpuTepii
MPEJCTABISIETECS YacoM OUTBII MOXKJIMBHM, HIK B
MAJIOTIOBEPXOBid OyxiBmi. 3 oriasimy Ha Te, IO
BIIaCHUKH  C€HEpProe()eKTHBHOTO JKUTIA  CIHUIBHO
YIPaBIAIOTh OyAnMHKOM, MO>KJIMBHI OibI
pamioHaTbHUHA 1 BUTITHUHA U BCIX MiOXiJ IO BHTPAT
eHeprii, Boau i T.H. [7].

BucnoBok IIpoBeneHo icTtopuuHMii — aHai3
PO3BUTKY CyYaCHHX €HEProe()eKTUBHHX IKHTIOBHX
OyxaiBens Ta KomiviekciB. CopMoOBaHO Ta OIMKCAHO
OCHOBHI ITPUHIIMITK NPOEKTYBAaHHS eHEProe(eKTUBHUX
JKUTIOBUX OyaiBeNb Ta KOMIUIEKCiB. Bu3HaueHo, 1o

MPOEKTYBaHHS eHeproe(eKTUBHUX JKUTIIOBUX
OymiBemb Ta KOMIUICKCIB Ha CHOTOJHIIIHIA NICHb €
OIHMM 3 HaWOUIBII TIPIOPUTETHUX Y CydacHii
apXITEeKTYpi.
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MATHEMATICAL MODEL OF ADJUSTMENT OF CONTROL PARAMETERS FOR DRONE
FLIGHT ALONG THE PLANNED FLIGHT PATH

Caob3ues Invxan Hapuman oznot

KaHouoam usuxo-mamemamuieckux Hayx,
6€0YUWULL HAYYHBIN COMPYOHUK,

Hucmumym Cucmem Ynpasnenus AHAH
Asepbatioscan, baxy - AZ1141 ya. F.Baxauzaoe, 9

MATEMATHYECKASA MOJEJIb KOPPEKTUPOBKMU YIIPABJIAIOINUX TAPAMETPOB JIJIA
MOJIETA JPOHA IO HAMEYEHHOM TPAEKTOPUM

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.

AHHOTalIl/Iﬁ. B pa60Te HCCIICAYETCA METOH MOJACIUPOBAHUA KOPPEKTHUPOBKU ABUKCHHUA JICTATCIBHOTO
armapara (leOHa) Ha OCHOBAHHU HABUT'AITMOHHBIX JaHHBIX. HOCTpoeHHaﬂ MaTeMaTHU4YCCKasg MOACIb ONMCHIBACTCA
B TCPMHUHAX paclpeACIICHHbIX CUJI 1 HOCUT YHI/IBepcaJ'ILHHﬁ XapaKTep. Ona 1mo3BoJIsIeT OINPCACIINTD YIIPABJIAIONIICE
pacopeacjaIeHHOC YCUIINE, KOTOPOE B MPCACiIaX KOPOTKOI0 BPpEMEHU KOMIICHCHUPYET OTKIIOHCHUE OT HaMe4YeHHOM
TPACKTOPHHU. Hpez[noxceHHa;{ MOJACJIb IPUMCHCHA K 3a1a4€ KOPPCKTUPOBKU MApaMETPOB YIIPABJICHUS 1JI1 IPOHOB
TUIIAa KBaJApoOKoHTepa. C‘II/ITaCTCﬂ, YTO KOHCTPYKHIHSA KBaJApPOKOIITEPaA a0COJIFOTHO KECTKasd, €ro CHIIOBBIC
YCTaHOBKH (‘ICTBIpe UJICHTUYHBbIC MOTOPBI, Bpamaroniye HpOHeJ‘IJ‘IGpLI) ABJIAKOTCA CUMMCTPHUIHO
PacioJIOKCHHBIMU 1 JKECTKO YKPCIJICHBI OTHOCUTEIBHO €TI0 I.IeHTpaJ'IBHOﬁ qacCTHu. H€O6XOI[I/IMOC JUT yIIpaBJICHUA
KBaJAPOKOITEPOM U3MCHECHUE YaCTOT BpalICHUA MTPONEJJIEPOB BEIYUCIAIOTCA Ha OCHOBE JJaHHBIX HABUT'alTUOHHBIX
mprOOPOB (TMPOCKOIIOB M aKCEIepOMETpa), 3aAA0NINX YIIbl opueHTannu Kpeinosa. [IpoBeneHHbIe YnCIIEHHBIE
OKCIICPUMEHTBI TO3BOJIMJIM  OUHCHUTH 3HAYCHUA TOAXOOAIINX KO3(1)(I)I/IHI/ICHTOB corjlaCoBaHusA  MCEKAY
KOMIIOHCHTAMHU BECKTOpa er‘IOBOfI CKOPOCTH MPONECIIIEPOB U CKOPOCTHIO U3BMEHCHU YIJIOB TaHT'a’Ka U KPCHA.

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

Knrouesvie cnosa: KOHMPOJbHAA 05Jl(ZCI’nb, peﬁmuHeoeaﬂ OYEeHKa, qbopMupoeaHue uiKavl OYEeHKU.

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 0,z, upward vertically
(perpendicular to the plane Oy x,y,). 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,(¢), z4(t)
and the angles that specify its orientation relative to the
Earth's fixed coordinate system Oyx,y,z,.

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 Ogx,y,2g.

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,(©), ¥, (), z,(t)}, the mass of the drone m, the
current location {x(ty),v(to),z(ty)} and the flight
speed {x'(ty), vy’ (to),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,,
04y4 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,(cl), a,(f), ...). Then the
resulting force and torque created by the forces
Fy,F,, .. are calculated, respectively, from the
formulas:

F =Y Fp,
1 2
M = Y1 FeRi @V, 0, ), (D

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 Ry (", ', ...) 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 =

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(ty + 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, )
AZ,(tO + At) = 0.

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

At?

(AFX =m (xp(to) - x(to)),
8, = 2 () —¥),  (@®

BF, = 22 (2,(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:

Yike1(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(=Sg,—S,Cy,C,Cy). Let us
denote

F = (AF, — SyF,AF, — S,CgF,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,,,
Moy, My, generated by the propellers relative to the
axes Ox, Oy and Oz, respectively, will be [11, P.138,
§117:

F= Z?:lfi = kz:}=1 wiz’ )
Moy = fol = fal = kl(w} — ), (9)
My, = f3l = fil = kl(wi — 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(ﬁ)E(O 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 Oyx,y,2,.

It is easy to calculate the necessary angles
{¢*,9%,y*} providing an inclination of direction of the
axis Oz 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,.

T =0.

These angles, over a short period of time At can

be implemented by changing angles {¢, 9, y} at the rate

_ _ 9 =9 _ Y-y
of {V(p = O,Vg =Ky A—t,vy =Ky A_t}’ where the

coefficients ko and «k, can be determined
experimentally. Then the angular velocity vector v,
relative to the coordinate system Ogx;y,z4,
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.
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Now, based on (8) - (11), conditions (A) and (B)
will be rewritten as follows:
(@1)? + (@3)% + (03)? + (@3)? = £ |7,
(@3)? = (@3)? = vy,
J (a4
(@3) = (]2 = 22w, ,

(@7 = (@3)? + (W3)? — (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 10™% 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.

References

1. Tikhonov N.O., Lepikhin T.A., Zhabko N.A.
Mathematical Modelling of Tricopter // Proceedings of
the Il International scientific conference "Convergent
cognitive information technologies"
(Convergent’2017), Moscow, Russia, November 24-
26, 2017, P. 335-340.

2. I'yppsnoB A.E. MonenupoBaHue ynpaBleHHs
KBaJIpOKONTEPOM / ONeKTPOHHBIN Hay4YHO-

TeXHUYeCKui kypHan "MHxeHepHBIH BeCTHHK",
Wznarens ®T'BOY BIIO "MI'TY um.H.3.baymana ".
On Ne ®C77-51036, 2014, C.522-534. [Guryanov
A.Y. Quadrocopter control modeling // Inzhenerniy
Vestnik Electronic Scientific and Technical Journal,
FGBOU VPO N.E. Bauman MSTU. E-No FS77-
51036, 2014, P. 522-534]. (in Russian)

3. Casuukuii A.B., Ilasnosckuit B.E. Monens
KBaJIpOKOIITEPA " HelpoceTeBoi AIITOPUTM
ynpasnenust // Ipenpuntsr UTIM um.M.B.Kengpima.
2017, Ne 77, 20C. doi:10.20948/prepr-2017-77.
[Savitskiy A.V., Pavlovskiy V.Y. Quadrocopter model
and neural network control algorithm // KIAM
Preprints. 2017, Ne 77, 20 P. doi:10.20948/prepr-2017-
77]. (in Russian)

4. Pashayev A.B., Sabziev E.N., Alizada T.A.
Mathematical modeling of the performance of
aerobatic figures by a group of drones during joint
flight // Informatics and Control Problems, Vol.39,
Issue 1 (2019), P. 64-70.

5. Mellinger D., Michael N., Kumar V. Trajectory
generation and control for precise aggressive
maneuvers with quadrotors // Experimental Robotics. —
Springer Berlin Heidelberg, 2014. P. 361-373.

6. I'ou K., Uynua H.A. Anroputmsl cTabnu3anuu
JUIS aBTOMATHYE€CKOTO YIpPaBJICHMS TPACKTOPHBIM
JBIKEHUEM KBajpokonrepa // Hayka u OGpaszoBanue.
MITY wum.H.D.baymana. OneKTpOHHBIM >KypHal.
2015, Ne 05, C.218-235. [Gen K., Chulin N.A.
Stabilization algorithms for automatic control of the
quadcopter  trajectory movement // Nauka i
Obrazovaniye. N.E. Bauman MSTU. Electronic
journal. 2015, Ne 05, P. 218-235]. (in Russian)



24 East European Scientific Journal #10(62), 2020

[ |
EESY| |

7. Jloraues B.I'., Muuun W.B. Meton
CTa6I/IJII/I3aHI/II/I IIOJIOKCHUA u YyIpaBJICHU
KBaJAPOKOIITECPOM B MPOCTPAHCTBE C UCIOJIL30BAHUEM
JaHHBIX HWHEPUHUAJIBbHBIX W BU3YaJIbHBIX CCEHCOPOB //
dyHnamenTanbHbie uccaenoBanus. 2015. Ne 11 (gactpb
1) C. 85-91. [Logachev V.G., Minin I.V. A method of
stabilizing the position and controlling a quadcopter in
space using data from inertial and visual sensors //
Fundamentalnie Issledovaniya. 2015. Ne 11 (Part 1)
P. 85-91]. (in Russian)

8. Marcelo De Lellis Costa de Oliveira. Modeling,
Identification and Control of a Quadrotor Aircraft.
Master's Thesis. Czech Technical University, Prague.
2011. 75 P.

9. sxoenes K.C., Makapos [I.A., Backun E.C.
MeTO)I ABTOMATUYCCKOT'0 IJIAHUPOBAHUA TPACKTOPUU
OECIIJIOTHOI'O JIETATEILHOTO armaparta B YCJIOBHUAX
OoTpaHMYCHUH Ha TUHAMUKY ToneTta // IcKyccTBEeHHBIH
WHTEJUICKT U npuHsTHe pemenuii. Ne 4, 2014, C. 3-17.
[Yakovlev K.S., Makarov D.A., Baskin Y.S. A method
of automatic planning of the flight path of an unmanned
aerial vehicle under conditions of restrictions on flight
dynamics // Iskusstvenniy Intellekt i Prinyatie
Resheniy. Ne 4, 2014, P. 3-17]. (in Russian)

10. JluHamuika JIeTATCIBHBIX amapaToB B
atmochepe. TepMuHBbI, OnpeneicHUs] ¥ 0003HAUCHUS.

I'OCT 20058-80. Mocksa, 1980, 52 C. [Dynamics of
aerial vehicles in the atmosphere. Terms, definitions
and designations. GOST 20058-80. Moscow, 1980, -
52 P]. (in Russian)

11.  Byxromepry H.H.  OcHoBHO#l  KypcC
TeOpeTI/I‘IeCKOﬁ MCXaHUKH. KI/IHeMaTI/IKa, CTaTHKa,
IUHaMuKa MatepuainbHOM Toukm. Y.1. M.: Hayka,
1965, 468 C. [Buchholz N.N. The basic course
theoretical mechanics. Kinematics, statics, dynamics of
a material point. Part 1. M.: Nauka, 1965, 468 P]. (in
Russian)

12. Alderete T.S. "Simulator Aero Model
Implementation” NASA Ames Research Center,
Moffett Field, California. P. 21.

https://www.aviationsystemsdivision.arc.nasa.gov/pub
lications/hitl/rtsim/Toms.pdf

13. Luukkonen T. Modelling and Control of
Quadcopter. School of Science, Espoo, August 22,
2011. P.26. https://sal.aalto.fi/publications/pdf-
files/eluull_public.pdf

14,  byxromemmr H.H.  OcHoBHO#W  Kypc
TeopeaneCKoﬁ MCXaHHUKH. I[I/IHaMI/IKa CHUCTEMBI
MarepuanpHbeIX Touek. Y.2. M.: Hayka, 1966, 332 C.
[Buchholz N.N. The basic course theoretical
mechanics. Dynamics of a system of material points.
Part 2. M.: Nauka, 1966, 332 P]. (in Russian)

Byii Bau Tyen (Bui Van Tuyen)

Master, faculty of civil construction

Van Lang University - Ho Chi Minh city — Vietnam
Yy [onz Croans (Tu Dong Xuan)

Doctor, faculty of civil construction

Van Lang University

Ho Chi Minh city - Vietnam

OPT'AHI3AIIISA I TEXHOJIOT IS ABTOMATHU3AIIL BAPOBHUIITBA
AC®AJBTOBETOHY,TEHJIEHIII TA MTEPCIEKTUBHU PO3BUTKY

AHHOTanusi. B craTTTi Big3HaueHo, 110 /Ui OyIiBHULTBA AOPIr i OIaroycTporo TepuTopii y BCbOMY CBITI
3aCTOCOBYIOTh ac(ainbTOOETOH, W0 Ja€ SIKICHE 1 JOBroBiYHE MOKPUTTS. AcdanbToOeTOH € Haa3BUYaiiHO
MOITYJIIPHAM MaTepialioM sSIKHi BUKOPHCTOBYEThCS B CyYacHiW OyAiBeNbHIN ramysi. BimzHauHo, o Moxke OyTH
OTpPUMaHUIl MONATKOBHH e(eKT BiJ OTPUMaHHS HOBHX 3HaHb PO MpOLEC BUPOOHMITBA achalbTOOETOHHOI
cymimri. Tak, KO0 TPUCYTHI 1 AedKi MOKa3HUKH KOMIIOHEHTIB ac(arbTOOCTOHHOI CyMillli, i TOKa3HUKH SKOCTI
TOTOBOI MPOJYKIii, TO 3a JONOMOIOI0 pPO3pOOJEHOI MAaTEeMAaTHYHOI MOJENi € MOXKIMBICTB JIOCITIJDKYBAaTH
CTaTHCTHYHI TEXHOJIOTIYHI 3aJIeKHOCTI BHAY W, — @(V;) 1 OTpUMAaTH MOAENI TEXHOJOTIYHOrO MPOLECY
BUPOOHMITBA ac(hasbTOOETOHHOI CyMillli, SIKi MOXXYThb OyTH BHUKOPHCTaHI B TOMY 4YHCII 1 JUISi IiJBUILEHHS
e(eKTUBHOCTI YIPaBIiHHSI BUPOOHHUIITBOM.

B craTTi peanizoBaHO Ta 3alpOMOHOBAHO MiIXiJ Ha CaMOMYy BEPXHbOMY PIiBHI MPOIMOHOBAHOI CHCTEMH
ynpapiiHHs. B nmaHuii dac 3akiHYy€eThCs po3poOKa aBTOMATH30BAHOI CHUCTEMH YIMPABIIHHS BUPOOHUITBOM
achanbTO0CTOHY, B SKii peai3yeThCsl BUKIAICHHH B AaHIi CTATTI MiAXi, 3aCHOBAHUN HA PO3UIUPEHHI OHSITTS
o0'ekta ympapiiHHs 3a Mexi AB3 i BKIIOYEHHI B KOHTYp YINpaBJiHHS TPAHCHOPT, YKJIQJaHHA 1 HaBITh
EKCIUTyaTallito roTOBOTro ac(halbTOOETOHHOTO TOKPUTTS.

Kniouosi cnosa: asmomamusayis, acganbmobemon, YnpagiiHHs MpPAHCROpmMY, NOKPUMMSA, YIPAGIIHHSI
BUPOOHUYMBOM, NIOBUUEHHSL YNPABTIHHSL.

Janst OyAiBHUIITBA JIOPIT 1 6I1aroycTporo Tepuropii
Yy BCBOMY CBITi 3aCTOCOBYIOTh ac(hajbTOOETOH, 110 A€
AKiCHE 1 JOBroBidHe MOKPHUTTI. AcanpTobeToH €
HQ/[3BUYANHO  MOMyJNAPHUM  MaTepiaioM  SKUi
BUKOPUCTOBYETHCSI B CydYacHid OyZIiBenbHiN ramysi.
Moro BizHOCHA HemOpOra BapTiCTh MaTepiay MOpSII 3
ONTHUMAIbHUMH  XapaKTEPUCTUKAMH  JIO3BOJIAIOTH

BHUKOPHCTOBYBATH ac(halbTOOETOH SIK BEPXHE JIOPOXKHE
MOKPUTTS. Ac(hanbTOOETOH TOCHTH MILTHUH 1 Ha i THUT
MaTepia,TOMy BUTOTOBJICHHS ac(aibTy, OyIiBHHITBO
3aBO/IiB 3 BUPOOHUIITBA ac(paTbTHUX CyMilllel - OJIMH 3
MEPCIEKTUBHUX HAMpPAMKIiB Oi3Hecy. BupoOHHITBO
achanpTy B YKpaiHi me J0Bro OyJe 3ajMimaTHCS
OJTHIM 3 HaHIpHOyTKOBImMX BUAIB Oi3Hecy. CroroaHi


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 actajibToBOro
BUPOOHMITBA € OJHUM i3 IPIOPUTETHUX 3aBAaHb
TpaHCcropTHOi  cepu  OyniBeNbHOTO  cekropa i
€KOHOMIKH KpaiHU B LILIIOMY.

JlokanbHi CHCTEMH YNPaBIiHHS TEXHOJIOTIYHUM
MpoIlecOM BHPOOHHMITBA achaapTOOETOHHOI CcymimTi
3HAXOIAThCA Ha HAWHIKIOMY piBHI iepapxii i
3a0e3neuyeyHKITIOHYBaHHS TEXHOJIOTI9HOTO
oOmamHaHHA. Y OUIBIIOCTI BHIAAKIB Ha Oaratbox
3aBOJIaxX mIraTHi €JIeKTPOMEXaHIIHi CUCTEMH
JTO3YBaHHS Ta YIPAaBIiHHS BXKe HETparie3 aTHi.

Bei mi cuctemu ympaBiiHHS peanizoBaHi Ha
Cy4acHOMY piBHI 3 BAKOPUCTAHHSM MIKPOKOHTPOJIEPiB
i 3a0e3meuyroTh (QYHKI[IOHYBaHHS TEXHOJIOTIYHOTO
oOnagHaHHs acgansToOeToHHOTO 3aBoay (AB3). Ane
BOHM He 3a0e3Ne4yloTh OIEPAaTHBHOIO YIPaBIiHHSI
BUPOOHHIITBOM 3 METOIO  cra0imizamii  SKOCTI
npoxaykmii. Lle moB's3aHO 31 ckimamHICTIO 00'ekTa
YOpaBITiHHS.

BupobaunTBo achanbToOETOHHOI cywmimn 5K
00'eKT YUpaBIiHHA XapaKkTepH- 3y€TbCS PAIOM

0COOIIMBOCTEH:
BiH siBise c00010 CyMilll MPUPOIHUX MiHEPATiB i
JIOPO’KHBOTO oiTymy. Harypanbhi CKJIaJIOBI

3a0e3MeuyroTh Mil[HICTh HOKPHUTTSL, a OITYM MOB's3ye TX
B €IMHY KOHCUCTEHLI0. TeXHOOorisl HOoro yKiIaaaHHs
MPaKTHYHO HE BiAPI3HIETHCS B PI3HUX KpaiHax, aie
SKICTh JOPO’KHBOTO MOKPHUTTS 3AJISKUTH Bijl Cy4aCHHX
KOMITOHEHTIB, Kl J0JaroTh a00 He I0Jal0Th B
acdaneToBy cymim. [IpuroryBannsa acgaisTo OETOHY
BUPOOISIETECA 3 BHCOKOSKICHHX MarepiaiiB, IIo
BIIMOBINAFOTh NIep)KaBHUM CTaHIapTaM. Buxopmsum 3
nepeabadyBaHUX HAaBaHTA)KCHBb, KIIMaTy Ta IHIIAX
YMOB  eKkcIuryarauii  acdaiabToOeTOHHOI — cymini,
HEOOXIHO JOTPUMYBATHUCS HEOOXIIHHX IMOKA3HHKIB

MIIHOCTi, MHIJIBHOCTI, CTIHKOCTI 10 BOAM 1 [0
MOJKJIUBUX 3PYIICHb.

acanpTo0eTOH € 06araToKOMMOHEHTHOL
CTPYKTYPOIO, Ha KIiHIICBIBIaCTHBOCTI SIKOTO

BIUIUBAIOTH: SIKICTh NIPOEKTY TOKPUTTS aBTOMOOIIBHOL
JIOPOTH;, BIACTHBOCTI KOMIIOHEHTIB ac(abTOOCTOHHOT
CYMIIIi; pemenTypa i CTPYKTypa CYMIIlli; TEXHOJOTiI
BUPOOHHUIITBA, TEXHOJIOTiS TPAHCIIOPTYBaHHS CYMIilli
Bim AB3 mo o0'ekra, TeXHONOTISA YKIAJaHHSI 1
VIIITBbHEHHS CYMIIIi;

HE ICHY€ CTPOrOro MaTeMaTHYHOTO OIIUCY 3B'S3KIB
MDK BUMIpSHUMH (QI3MYHMMH TapaMeTpaMu cymimi i
eKCIUTyaTaliiHIMU BIACTUBOCTAMU. J[JIsI HUX MOXKHA
MPOBECTH JUIe SIKICHE OLIIHIOBAHHSI Ta
MPOTHO3YBaHHS;

BHKOPUCTaHHS KOMITOHEHTIB ac(aibToOETOHY 3
HecTaOUIbHIMU ITapaMeTpaMy MPU3BOIUTE /10 Bapiarii
BJIacCTHBOCTeH cymimi. bimbmicte  po3pobieHux
METOJIMK  BHU3HAYEHHS  MapaMeTpiB  cymimi i
TEXHOJIOTIYHOTO TPOIECy 3aCHOBaHI Ha 00YMC- JICHH]
CepelHiX 3Ha4yeHb, LI0 HE MOXE TIapaHTyBaTH
BUpOOHHUITBa acanpro- OeToHy 31 CcTaOLIBHUMH
3HAYCHHSAMH ITapaMeTpiB;

NPaKkTUYHO BIJCYTHS MpUAaTHA
YOpaBITiHHS TeopisIMyBaHH:

o 1enel
BJIACTHUBOCTEM

acanproberonHoi  cymimi Ak QyHKUOii  Bif
BJIACTHBOCTEH KOTPi HEHTOB, PELENTYPH 1 ITapaMeTpiB.

Ha AB3 € maboparopii, ame ix mnpuiazose i
METOJIOJIOTIYHEe 3a0C3MEUYCHHS HE OpIEHTOBAaHE Ha
OIlEpaTHBHE YIPABIIHHS TEXHOJIOTTYHUMIIPOLIECOM, a
TUIBKM 3a0e3nedye arecTaimilo BHPOOJeHOl cyMmimri
oimpmiicte  AB3 € mpuTpacoBi i po3TamioBaHi B
MOJILOBUXYMOBAX.

HesBaxxaroun Ha 3a3HadeHi TPYAHOILII B OCTaHHI
POKH 3'IBIIINCS PE3YNBTaTH IOCIIIKEHb, YCITITHO
PO3BHUBAIOTH YIpaBIiHHA BUPOOHMITBOM s AB3.
BaxmmBuM KpPOKOM y TOOYZOBI CHCTEM YIIPaBIIiHHS
skicTio  achanbToOeTOHYy € pobora, B  AKid
3alpONOHOBaHA i/iesl TOIIYKY EKCTpeMyMy 3B'SI3KY
MIITHOCTI achanbToOeTOHyY 3 BUTpaToro OiTymMy. OmHak
B HIl HE JOCHI/PKeHI METOJM IOLIYKY EKCTPEMyMy
(yHKIII1, HE IPOBEACHO OILIHKY 00JIacTi 3aCTOCYBaHHS
i e(eKTHBHOCTI 3amporoHOBaHOTO crocoly. Llei
HiIXiZ OTpUMAaB TMEBHUH PO3BHTOK 3a PaxXyHOK
3aIIPOIIOHOBAHOTO  METOAY IIOIIYKY EKCTpEMyMy
3BSI3Ky “‘MIIHICTH - BHTpaTa Oitymy”. BigcyTHicTs
KOHTYpY YIPABIIHHS 3 OOYPEHHIO 3HMXKYE 3arajbHy
e(pEKTHBHICTh TAKOTO YIPABITiHHS.

Mera poOiT mossirana B po3poOLli TEOpEeTHYHHX
OCHOB yIpPaBJIiHHSI BUPOOHHUIITBOM ac(aabTOOCTOHHOT
cymimmi. byno moka3aHo, 1m0 aBTOMaTW3OBaHE
YIPaBIiHHS KOMIIEHCY€E OOypEeHHSI, 110 BIUIMBAIOTh HA
TEXHOJIOTIUHMIA mpouec. B pesynprari mociigxkeHb
CTBOpEHa aBTOMATH30BaHA CHUCTEMa ONTHMAJIHOTO
yIpaBJeHis, sKa 3a0e3reuye MakCUMallbHI MIIHICHI Ta
IHIII  eKCIDTyaTamidHI  XapaKTepUCTUKHA ac(aibTo
OETOHHOI CyMmiITi.

VY mux poboTax po3risSHYTI MUTaHHS MOOYIOBH
CHCTEMH YTIPaBIiHHA SK MO OOYPEHHIO (3 TIPSMHIM
3B'A3KOM), Tak 1 MO BIAXWICHHIO (31 3BOPOTHHUM

3B'A3KOM). AHaJNITUYHOIO OCHOBOIO  YIPAaBJIiHHS
3€PHOBUM CKJIAJIOM € periamMeHToBaHi
XapaKTepUCTUKK  PO3NOALIIB  PO3MIpIB  3epeH

MiHEpaIbHOI CKJIaJOBO, sIKi BUPaXKalOThCs Yepe3 MOBHI
3aJMIIKM  Ha CHTax. 3a pe3ylbTaTaMH pO3CIBY
MiHEPaTbHOTO TOPOIIKY, ICKYy 1 IIEOCHI0 pi3HUX
(¢pakmiii BH3HAYAIOTHECA TakKi JO3M MiHEPaIbHHUX
KOMIIOHEHTIB, NIPH SIKMX KBaJgpaT BiIXUJICHHS ITOBHUX
3aIMINKIB ~ HA  CHTaX  BiJ  perilaMeHTOBaHUX
3HaYeHBOyZe MiHIMampHUM. LliTbOBOIO (YHKIIEIO
orrruMizanii B IBOMY BHITAJIKY E
CepelHbOKBAIpaTUYHE  BIIXWIEHHS  (DaKTHYHOTO
posmoxminy po3MmipiB 3eperF;(D) B MiHepaibHOI
CKJIaJI0BOI BiJl perJIaMeHTOBaHOTo posmoniutyF,.(D) mo

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

m

JeM — BUTpaTa MiHEPaIBEHOTO TOPOLIKY;

S — BuTpara micky;

G — BuTparta niebeHro.

Toni  onTuManpHI  YacTKHM  MiHEpaJbHUX
KOMIIOHEHTIB O0YHCITIOIOTHCS 3 CUCTEMH PiBHSIHb!

e ki Z;nzl{Fi(Dj)Fl(Dl)} =YL {E-(D)F(D)}.
2)
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VYnpapiniHHs 110 00ypeHHIO J103BOJISIE 3BECTH JIO
MiHIMyMy  BiZXWIEHHS  (AKTHYHOTO  PO3MOALTY
MiHEpaJbHOI CKJIaJI0BOI ac(asbToOETOHHOI CyMili 3a
po3mipamu Bix periamentoBanux JJCTY 3HaueHb npu
JMOBUTPHO  33aJaHUX  PO3MOJUIAX  MIHEPaJbHOTO
MOPOIIKY, MICKY 1 meOeHr0. BUMiproBaHHS MOKa3HUKIB
SAKOCTI y BHpPOOHHITBI achanbToOETOHHOI cyMmimi
MPOBOOUTHCA SIK JUIA  aTecTamii MPONYyKIi, 1o

BUIMYCKA€ThCA, Tak 1 and  iHQOpMAIfHOTO
3a0e3nedeHHss  mporecy  ympaBimiHHA.  [leprmmid
HaNpsIMOK ~ ()OPMAJIi30BaHO 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 BHUKOpUCTaHHS iH(opMmaii s
3a0e3MeuyeHHs 3aBIaHb OINEPaTUBHOTO YIPaBIIHHS

HOPMAaTHBHUMHM JIOKyMEHTaMH (32 BUHATKOM 3aBJaHb
MIPOEKTYBaHHS CKJIaay ac(aabToOETOHHOI CyMmimli).

v poboTtax BHPIIITYBaJHCS MIUTaHHS
aBToMaTH3aiii nmadopatopii AB3. OmHUM 3 OCHOBHHX
HAyKOBHX De3yJbTaTiB Li€i poOOTH € aHaii3 BILIMBY
YaCTOTH KOHTPOJIO 1 TOYHOCTI BHMIpIOBaHb Ha
e(EeKTUBHICTh BIJHOBICHHS pEANbHUX IHHAMIYHHX
XapaKTepUCTHK MapaMeTpiB i, 0Txe, Ha ePeKTUBHICTh
YIpaBITiHHS.

SIk ToKkasanM IOCIIDKEHHS, 4acToTa KOHTPOJIIO
Hajac ICTOTHO OIIBIN CHIBHWM BIUIMB Ha TOYHICTH
BITHOBJICHHS THMYAacOBOTO POy MIIHOCTI, HIX
TOYHICTh OJJHOPA30BOro BHMiproBaHHA. Hampukman,
MOKa3aHo, 10 30iJbLIEHHS YacTOTH KOHTPOIIO
B'SI3KOCTI OiTyMy 1 3MICTY ITICKy B CyMIIli JI0 TPhOX
pasiB Ha 3MiHY 3HW)KY€E TOXUOKY BU3HAYECHHS MIIIHOCTI

BUPOOHHMIITBOM  NpaKkTHYHO  He  3abesneueHo  acdanbroderony Ha 30%, mio migBuILye epeKTUBHICTD
YIIPaBJIiHHS BUPOOHHUIITBOM.
Inrepdeiicu kopucTyBaya .
pd prety HporpaMHi
aHi 1Ipo iHTepdeiicu
A PO PesynbraT . . pq_) .
MaTepiaim 1 BHIDOG VYnpaBmiHHsS TTomryx Craructuy- CepsicHi 30oBHIIIHI
MOCTa4aITh- B:HI) Y CKJIAJIOM MOpYIIEHb HUI aHaTI3 GbyHKIi MOy JaHHUX
HUK]B N N N N
Kepyrouwnit Mmozyis
ITinoip OriHKa CTaTuCTHYHHI ExcrieptHa Moaynb
CKIIa Ty JIOCTOBIPHOCTI aHaTI3 aHati3 HaBYAHHS
i pilicHb i i i
BJ1
. b, bJ14 Pesynpratu
Marepiam 2 B/13 IIpaBuna A 4
BUMOTH CTaTUCTUYHUX B/1Snpeuenentu
MOCTAYaIIbHUKH Mepexa .
JACTY JIOCHIPKEHb
CKJIaJ

Man.1 Cmpyxkmypui MoOyai cucmemu YnpagiHHa 3 GUKOPUCIAHHAM MemMOo0i6 WMYYHO20 iHmeneKmy

VY po6oTax BUKOPUCTOBYIOTh METOIU EKCIIEPTHUX
CHCTEM JULst aBTOMATHU3AIIi] BUPOOHHIITBA
acanpTO0CTOHY, [0  JO3BOJIMJIO  BpaxyBaTH
MO3UTHUBHUI JOCBI 1 3HAHHS, HAKOITUYEHI eKCIIEpTaMu

B ofOmacti TexHoyoril 1 YIpaBliHHS  SIKICTIO
acanpTobeToHy. Main.l mnpencraBiusie CTPYKTYpY
NPOTPaMHOTO KOMIUIEKCY Ha OCHOBI €KCIIepTHOI
CHCTEMH.

Bei posrisiHYTI  BUIIE CHCTEMH  YIIPaBIiHHA
MalTh NOHiOHYy cTpykTypy (Man. 2). Bonnm

3a0e3MeuyroTh TOW YW IHMHKH cHocid 1 3 pi3HOI0
e(eKHICTI0O CcTadlmi3alilo Ha 3aJaHOMYy piBHI SKOCTI
acanpTo0eTOHHOI cymimri Ha Buxomai AB3.

Pienp 1.Cucrema JOKaNnbHOTO YIPaBIiHHA
(JICAY) BrmacHe TEXHOJIOTIYHHUM  OOJaJHAHHSIM
arperatamMy i MexaHi3mMamu. TyT BHpIIIyIOTbCA IBa
OCHOBHUX Tuly 3aBAaHb:

3aBraHHS JOTIKOMPOTpaMMHOTO ympaBmiHHA. Lli
3aBIAHHS TIOB'S3aHI 3 yNOpaB- JIHHAM OKPEMHMH

MeXaHi3MaMH MOTOYHOTPAHCIIOPTHUX cucTeM

MiATPUEMCTBA Ta IHITUMH aHAIOTIYHUMH 00'€KTaMHU.
3apmanus 1udpoBoro ynpasiinas. 1li 3aBaaHHs

XapakTepHi Uil MiJCHCTEM YIPAaBIiHHS TEIUIOBUMH

npoluecamy,  J03yBaHHAM  KOMHOHEHTIB. Tyt
BUKOPHUCTO- BYIOTbCS ~alrOPUTMH  ONTHMAIILHOTO
yIpaBJiHHS, ¢inpTpanii i MPOTHO3YBaHHS,
CTaTUCTHYHOI 0OPOOKH JaHUX.
PiBenp  2.Y3romkeHHS  poOOTH  OKpeMHUX
€JIEMEHTIB TEXHOJIOT'IYHOTO IIPOIIECY.
PiBenn3.3a0e3meuyeThes piteHHs 3amadi

crabimizanii skocTi acganbToOeTOH- HOI cyMmimn Ha
Buxoni AB3. Ympasninus 06a3yerbcs Ha iH(opmaii,
10 MTOCTAaB- JISIETHCS J1a00PaTOPi€r0 3aBOY:

Indopmaris mpo mapamerpm  KOMIIOHEHTIB
acdampTOOETOHHOT CyMmimTi.

[Hdopmariis mpo mapamMeTpu TEXHOJOTIYHOTO
TIpoLECy.

IHdopmariis mpo AKiCTh TOTOBOI MPOIYKIII.
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KOMIIOHEHT Texnomoriv- Bigeanta Tparcmop | | Yenagamsai
H HHI npomec - EHHA -TVEaHHT VIMITEHEHHA
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MigcHCTEMA EOHIpOIE Pipens 4
cTa0iTizamii mapaMeTpl
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! Pisern5
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MiACHCTEMA KorTtpons
CcTadimizamii MOEPEITHA
Man .2 Hosa cmpykmypa KOMNAEKCHOI cucmemu ynpaseuinHs
PiBen»  4.Ananisyetbcss  iHdopmaris mpo  3aco6om. Besmiu 3HaueHb | BIOPSAKOBAHO 1O MOMEHTY

TpaHcropTyBaHHs achanbTodeToHHOT cyMiri Big AB3
JI0 MICIIsI i1 yKJIagaHHsI.

PiBenb  5.AHamizyeTbcs  iHpoOpMalis — Tpo
pe3ynbTaTH YKJIaIaHHs i YIIUIBHEHHS
acampToOeTOHHOT cymimi. TyT 1y)ke BaXIUBO

3a0e3neunTr ePeKTUBHHUI Ta ONEpaTHBHUN KOHTPOJIb
OCHOBHHX NTapaMeTpiB.

Ha sxicte rotoBoro  acdampToOETOHHOTO
MOKPHTTS BIUIMBAE HE TLTBKA SAKICTh
acgampToOeTOHHOT cyMmimi Ha Buxomi AB3, ame i
TEXHOJIOTIYHUI MPOIeC TPaHCIIOPTYBAaHHS CyMilIl 10
Micist i ykiagadas. [Ipy 1bOMYy Ha BJIaCTHBOCTI
cyMilli B MOMEHT ii yKJIaJaHHS BIUIMBAIOTh
XapaKTEepPUCTHKH TPAaHCIOPTHOTO 3aco0y:A, YMOBH
30BHIIIHBOTO  cepenoBuima  (temmeparypa  -t°
BooricTh -W, mBHIKICTH - ViepeBakHE HANPIMKY
BiTpy - DIomo nmepemimeHHs TpaHCIIOPTHOTO 3ac00y)
i yac TpaHcroptyBaHHs -t. Buxoxmsum 3 mporo, s
KO>KHOTO TPAHCIIOPTHOTO 3ac00y MOXKHA 3aITHCATH:

Az](t) = @A, t (), Wi (t), Vi (t), D (1), 1] (3)

ne Azl'(t)— BigxwieHHs i-TO  BJIACTHBOCTI
ac¢arpTO0ETOHHOI CyMili BiJ HOro piBHS Ha BHXOZI
AB3 j1st MoMenTy wacy | juts n-ro maiiganamka.

TyT B SIKOCTI IIOKa3HUKA Yacy BUKOPUCTOBYETHCS
JIICKpeTHa BEJIMUNHA—IIOCTABKA nopuii
acarpTOOCTOHHOI CyMilli JaHWM TPAaHCIOPTHUM

gacy JOCTaBKH 1O N-TO Miclsl yKiIagaHHS;A,—Habip
XapaKTEPUCTHK k-ro TPAHCIIOPTHOTO
3aco0y;tp (), Wi (t), Vi (t), Dy (£)— cepenHi
TeMIlepaTypa, BOJIOTICTbh, IIBUJIKICTD 1 HAIPSIMOK BIiTPY
B MOMEHT JIOCTaBKH ac(haabToO0eTOHHOI cymilmi K-m
TPaHCTIOPTHUM 3ac000M B 1-ii mocTayanHs;

n — MalgaH4uK, Ha SKIH NOPOBOJUTHCS
ykinaganHs achanbrodeTonHoi cywmimi. Omun AB3
MOXe OOCIyroByBaTH KiibKa MaimaHuukis. Tomi
MOXHa OTPHUMATH OIlIHKY BiJXWJICHHS ITIOKa3HUKA
SIKOCTI

acampTOOCTOHHOI ~ CyMimni  Amsd  N-TO
MailaH4nKa JUisl iHTepBany 4acy t, — tq, BUay:
0 DAz
Az = —L—— 1))
ta—ty

[lpu ycepenHeHHI XapaKTEpPUCTHK CyMIlli He
TUIBKH 110 4acy, aje i 10 MaiJaHYuKax OTpUMaEMO:

. ZZ 2740
n=1 —
Az = 2T ®)

Maroun B CBOEMY PO3HOPSKEHHI 3HAYEHHSIMH
Bimxunenb Az['(t) i ix owinkamu (4) i (5), MoxHa
BBECTH  BIJNOBIAHY KOPEKIil0 B  alrOPUTMHU
YIpaBIiHHS IS [MOJICUCTEMH crabim3arii
BJIACTHBOCTEH ac(aibToOEeTOHHOI CyMimli Ha BUXOI1
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AB3 (piBenp 3). Oprasizamiss Takoro yHpaBIiHHS
(piBeHsb 4) yCcKIIaIHIOETbCS HU3KOI0 (hakTOpiB:

- 3ami3HEeHHS B OTPUMaHHI XapaKTEPUCTHK.
Cywill, sika B MOTOYHUIT MOMEHT OyJie BiJIBaHTa)keHA
i3 3aBOoAy, BXKE HE MOXe OyTH «BHIIpaBIeHO». Tomy
HEOoOXi1THO MPOTHO3YBATH OLIHKU AZ.

- Crpareris ympaBiiHHS iCTOTHO 3aJIS)KHUTh BiJ
KUTbKOCTI MalTaHIHKIB 1 pO3NOILTY MK HUMHU 00CATIB
nocTtaBok, [Ipu mpoMy ciix abo MiHIMI3yBaTH cyMapHi
BIIXWJICHHS 3 YpaxyBaHHSAM OOCSTIB IIOCTaBOK, abo,
MOJKJINBO, BpPaxXxOBYBAaTH TPIOPUTETH IS Pi3HHUX
00'eKTiB.

Hi 36ip indopmarii, Hi if 00poOka Ge3nocepeHbO
Ha MicIi yKnanaHHs ac(aabToOSTOHHON CyMilIl HisiK
HE OpraHi3oBaHa, TOMY HEOOXIZHO pPO3POOUTH SK
KOMIUIEKC TEXHIYHHX 1 MPOTrpaMHHUX 3aco0iB s
BUPIIICHHS IIbOTO 3aBIAHHS, TaK 1 BHUPIIIUTH TCBHI
opraHizariifHi mpooIemMu.

B mporeci  yKIamaHHS 1 YIIUTbHEHHS
ac(ampTOOCTOHHOT Ccymimi Moxke OyTH OTpuMaHa
iH(OpMAaIlig IIPO BIACTUBOCTI CYMIIlli IT0 BHHUKHEHHIO
pi3HUX BHIIB Ne(eKTiB. BUHUKHEHHS HUX IeeKTiB
MOB'I3aHE B TOMY UHCII 1 3 BJIaCTUBOCTAMH
acambTOOCTOHHOT CyMilni: CKIaax 1 CTPyKTypa
MiHEepaJbHOI YAaCTHHU CyMill, 4YacTka OiTymy B
cyMilli, TeMneparypa cymiti i i TeMnepatypHa HeoJliT
HapOJHOCTEH, 1 cerperarfisi. OrnepatuBHe
MOCTYIIJICHHSA iHpopmarii po
BUSBJICHIIC(PEKTHCIIPHUSAIOTE BBEICHHIO HEOOXiTHOT
KOPEKLIl B yNpaBJiHHSI TEXHOJIOTTYHUM IPOLECOM Ha
piBHI 3 iepapxii cucTeM yImpaBIiHHA.

Kpim Toro, Ge3nocepeqHbo micis YKIamaHHA i
VIIITBbHEHHS CYMIITi, a TAKOX B MPOIIeCi eKCIUTyaTarii
TIOKPUTHA TIPOBOIATHCSA BIAMOBINHI BHUIPOOYBaHHS
rOTOBOr0  acaibTOOCTOHY 13  3aCTOCYBaHHSIM
HOPMOBAaHUX  IHCTPYMEHTAJIBHHX  MeToxiB.  Lls
iHpopMmauis Moxxe OyTH e(eKTHBHO BHKOpUCTaHA
JULSTYTIpaBJIiHHS IIPOLIECOM BUPOOHHUIITBA.

Tyt Moxe Oyt OTpHUMaHHMH JOJATKOBHH edekT
BiJI OTpUMaHHS HOBUX 3HaHb IIPO MPOLIEC BUPOOHHIITBA
acgampToOeTOHHOT cyMmimi. Tak, SKIO TpUCYTHI i1
JIesIKi  TIOKa3HUKH KOMITOHEHTIB  ac(airbToOeTOHHOI
CYMIIlIi, 1 IOKa3HUKH SKOCTi TOTOBOI MPOAYKIIil, TO 3a
JOTIOMOT0K0  PO3pO0JIeHOT MaTeMaTH4HOI MOJeNi €
MOJKJIABICTH TOCTIKYBAaTH CTATHCTUYHI TEXHOJIOTIYHI
3aJIKHOCTI BUAY W, — @(V;) 1 OTpUMAaTH MoOAemi
TEXHOJIOTIYHOTO mporecy BUPOOHHUIITBA
acdaibroOETOHHOT  cyMimln, sKi MOXYyTb OyTH

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

Januii  migxim peanmizyeTbcs Ha  caMoOMy
BEPXHBOMY DIBHI IIPOIIOHOBAHOI CHCTEMH YIPaBIiHHS
(piBerp 5). B nanmii yac 3akiHYyeThCS pPO3pOOKa
ABTOMAaTH30BaHOT CHCTEMH YIIPaBJIiHHS
BHPOOHHIITBOM ac(hanbToOETOHY, B KA pealizyeThes
BUKJIAJIEHNH B JaHIA CTAaTTI IOXIA, 3aCHOBAHUN Ha
po3IMpeHH] NOHATTS 00'€KTa ynpaBmiHHA 32 Mexi AB3
i BKIIOYCHHI B KOHTYp YIPABIiHHA TPAHCIIOPT,
YKIagaHHS 1 HaBiTh CKCIUTyaTallilo TOTOBOTO
acQarbTOOETOHHOTO MTOKPUTTSL.
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THE ROLE AND PLACE OF NUCLEAR POWER IN THE POOR GLOBAL ENERGY BALANCE

AHHOTalIl/Iﬁ. HpI/IBeZLCHLI JIBa OCHOBHBLIX OTJIMYHUTCIIBHBIX ITPECUMYIICCTBA }I,Z[epHOI‘/’I OHEPIrCTUKU MEPCa
HUCKOIIaEMbIM TOIIJIMBOM. YKaSaHO, YTO B HACTOALWICC BPEMA MbI Ha IOPOT€ TaK Ha3bIBACMOT'O «Benukoro
nepexona». Kopotko omucana nporpamma «I'apmonus», nedictByromas 1o 2050 roma, U npuBeAEHBI TpU €€
OCHOBHBIC 11e)1i. OMUCAHBI TPU alTbTCPHATUBHBIC TII00aIbHBIC CIICHAPHH PA3BUTHS MUPOBO dHEPreTHKH 710 2060
1 yKa3aHa I0Jisd ﬂﬂepHOﬁ OHEPIreTUKU B MUPOBOM 3Hepro6anche IIpH KAXAOM U3 9TUX CLHCHAPUCB. HOKaSaHO, qTO0
AACpHass SHEPrust 3aiMET CBOE MeECTO B MUPOBOM 3SHCPICTUYCCKOM OamaHce H 6y2[6T CII0co0CTBOBATH
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: amommnas IOHepeemuka, amomHas IJNeKmpocmaHyus, }ZaeprllZ peakmop, Mupoeozi
oHepeobananc

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

B Hacrosmiee Bpemst Bce Oouibliie NpU3HAETCS TOT
(akT, 4TO sAOEpHas PHEPrHs 3alfMET CBOE MECTO B
OyaymieM TI00aTPHOM JHEPreTHYeCKOM OanaHce M
OyzieT BHOCHTH BKIJIaJ B yCTOiunBOE pazsutre. OqHaKo
Ha pa3BUTHE SICPHOW HSHEPreTHKU W Bo3pacTaHue eé
poinm B paMkax OOIIEMHPOBOrO Mepexoia K
0e3yraepoaucToil dHepreTHKe OyAeT BIHATH P
(baxropoB. SnepHas sHepreTuka, 0€3yCIOBHO, UMEET
paa MpEeuMyIeCTB nepea TCIIJIOBBIMU
ANEKTPOCTAHIMAMH. [10 CpaBHEHHIO C HCKOIAEeMbIM
TOIUIMBOM, siiepHas SHeprust oOylafaeT  JIBYMS
OTJIMYUTENHHBIMU TIPeUMyIIecTBaMu. Bo-nepBbIX, oHa
SBJISIETCS HU3KOYTJICPOJUCTON MCTOYHMUKOM SHEPTHH.
Bo-BToppIX, OHa sBISETCA IIPEJACKasyeMbIM U
OTHOCHTEIIEHO HEJIOPOTUM HNCTOYHHKOM
QJICKTPOOHEPTUU: CTOUMOCTH TOIUIMBA Ha CAWHUIY
MOIIHOCTH SIBJISIETCSI TIPEICIbHOM U HE KOJIeOIeTCs 1Mo
[[EHEe TaK CHJIbHO, KaKk McKomaemMoe ToriBo. OHako,
OOIEM3BECTHBI ~ CIy4ad aBapuil Ha  aTOMHBIX
anektpocTannmsx [1, 2]. Takxe cymiecTByeT npobiema

obpamenus ¢ OAT [3]. [TosToMy Bemymrie KOMIIAHUH,
poUIEHBIC Hay4HBIE YApEeKACHUSL u
MEXIyHApPOJHBIE OpraHW3allUM 10 BCEMY MHpPY
paboTaror HaI [MOBBIIIIEHUEM 0Ee30I1aCHOCTH,
HAIEKHOCTH U IKOJOTHYECKON 3 (heKTHBHOCTH
AJIEPHOM SHEPIETUKU.

IToBcemecTHO HabmromaroTCes OBICTpHIE,
(dbyHIaMeHTaIbHbIe TpaHC(HOPMAIUH SHEPIeTHUCSCKUX
CHUCTEM 3a CYEeT HOBBIX TEXHOJOTHH, KOTOpbIE
pa3BHBAIOTCS YCKOPEHHBIMH TeMIlaMH, Ha (oHe Bce

OoNpIIMX  W3MCHEHWI B  comMalbHOU  cdepe,
TeOTOJIUTUKE U OKpPYKAIOLIeH cpere.
SlnepHas oHepreTMka SBISCTCA OJHUM U3

HanOoyiee pEHTA0CIBHBIX CIOCOOOB TPOW3BOJCTBA
9JIEKTPO’HEPTMH BO MHOTMX CTpaHax, U YIpaBlIeHUE
MIPOEKTaMHU B JTAHHOU oTpaciu aKTUBHO
COBEPIIEHCTBYETCS, KaK 3TO MPOUCXOJUT B pamMKax
MOTOYHBIX mporpamMm B Asuu, Poccum u mpyrux
peruonax [4, 5]. Ycmexu 3TUX NPOEKTOB HATJISIHO
JEMOHCTPHUPYIOT BO3MOXHOCTH YCKOPEHHBIX TEMIIOB
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BHEJ[pEHHE WHHOBALIMH u UCIIONIb30BaHHE
NPEUMYIIECTB IN(PPOBU3ALMY U CTAHIAPTH3ALUH IS
obecrieueHns:  KOHKYPEHTOCIIOCOOHOCTH  sIIEpHOM
SHEpPreTUKU B 1IeJIOM. Bricokast yaenbHas MOLTHOCTb U
HaJIeKHOCTb SAEPHBIX HHEPIeTHUECKUX YCTaHOBOK
JIeNaloT MX MPUTOMHBIMH JAJs obecrieueHus: 0a30BBIX
Harpy30K 3HEPreTHUECKUX CHCTEM.

B Hactosimee Bpemst HaOJIIOAAeTCsl MPOILECC TaK
Ha3eiBaeMoro  «Bemmkoro  mepexoma»  (Grand
Transition), KOTOPBIi MIpeIyCMaTpUBaCT
(yHRaMeHTaIbHBIE COIMATBHO-9)KOHOMHYECKHE
CABUTHM B CBeTe Tpsaymed 5psl 1mudpoBoil u
3Koyioruueckoit 3ddexkruBHocTH. B Gonee mmpoxkom
KOHTEKCTE MNEPCIEKTHBBI aTOMHOHW M JApyrux (opm
MPOU3BOJCTBA JHEPTHM ONPEACIAIOTCA CIOXHON U
HENpeACKa3yeMbIM B3auMOJeIiCTBUEM TIJI00aNbHBIX
(axTOpOB, TaKHUX Kak JIelIeHTpaJIn3aLusl,
JIeKapOOHU3aIysg, IU(PPOBU3ANNA M TEOMOJIUTHKA.
[ToABIAIOTCSI MHOTOYMCIICHHBIC Pa3BHIKH Ha MyTH K
yCIICITHOMY 0011eMHpOBOTO nepexoja K
HU3KOYTIIepoaucToit sHepretuke [4]. Bce Oonpmie
NpU3HAETCA TOT (KT, YTO sIEpHAs SHEPTHs 3aiiMeT
CBOE MECTO B OyaymieM riio0albHOM SHEPreTHIECKOM
Oamance u OyJgeT BHOCHUTH BECOMBIM BKJIag B
YCTOWYUBOE Pa3BUTUE.

Bceemuphoii  simeproit  accorpanueit  (World
Nuclear  Association, WNA) pazpaborana u
KoopauHHpyeTcss mnporpamma «lapmonus» [6]. B
yKa3aHHOW MporpamMMme M3JI0KEHO BHAEHHE OyIyIiero
SJIEKTPOIHEPTUH C yUETOM Ienu obecriedeHus k 2050
rozly IIOJIM sIAEPHOM reHepauuu He MeHee 25 % oT ee
00IIeMHUPOBOTO o0BeMma. Oto 00yCIIOBIICHO
CTPEMJICHHEM K CO3JaHHI0 YHCTOTO W HAaJEKHOTO
HHU3KOYTJIEPOJUCTOTO  MHPOBOTO  3HeprodanaHca.
[Mporpamma  «"apmoHms»  paboTaeT co  BceM
OHEPreTUUECKHM COOOIIECTBOM, YTOOBI 3apyuUTHCS
HNONJEPKKOM  KIIOUEBBIX  CTEMKXOJIEPOB  JJIA
o0ecreyeHnss HU3KOYTJIEPOIUCTOro OyIyliero, MNpH
MaKCHUMAaJIbHOM BKIAJE SIEPHON IHEPTEeTHKH.

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

Co3nanne paBHBIX KOHKYPEHTHBIX YCIOBHH Ha
9HEPreTHYECKUX PBIHKAX, KOTOpBIE OynyT
CTHMYJIMPOBATh WHBECTHIIH B Oymyuryio
9KOJIOTHMYECKH YHCTYIO SHEPIeTHKy, TIJe aTOMHAs
SHEprust Oy/IeT paccMaTpUBaThCs HapaBHE C APYTHMHU
crioco0amu TeHepalnun ¢ HU3KUM YPOBHEM BBIOPOCOB
yriaepoja, u rae OyaeT nIpu3HaBaThes ee EHHOCTh IS
HaJIe)KHOTO U YyCTOWYMBOTO MUPOBOTO dHEprodasanca.

OoOecrieueHne YHUPHUIUPOBAHHBIX IPOLECCOB
peryaupoBaHus Ui obecrieyeHus 6onee
COTJIACOBAHHOTO, 3((EKTHBHOTO M TPEICKa3yeMOTo
peXMMa JIMIEH3UPOBAHUS JESTEILHOCTH B 00JIaCTH
UCIIOJIb30BAaHMSI ATOMHOM SHEPTHHU. DTO JJOIDKHO TaKKe
CIOCOOCTBOBAaTh 3HAYNTEIBHOMY PpOCTY aTOMHBIX

9HEPrOMOIIHOCTEH u CBOCBPEMCHHOMY
JIUIIEH3UPOBAHUIO HOBBIX ITPOEKTOB PEAKTOPOB.
Coznanue 3¢ dexTruBHOMI TapajurMbl

0€30MacHOCTH, OPUEHTUPOBAHHON Ha OJIATOCOCTOSHUE
HACEJICHHUS, T MPEUMYIIECTBA aTOMHOM SHEPIHH 110
0e301macHOCTH IS 3[J0POBbsl U OKPYIKaloIIeil cpesbl
OIICHUBAIOTCA HApaBHE C IPYTUMH TUIIAMHU T'CHEPAIIUH.

B Hacrosimiee Bpems Oyxaymiee  siiepHOM
SHEPreTUKH  paccMaTpuBaeTCs  CKBO3b  NPH3MY
CIICHapHUeB Pa3BUTUS MUPOBOH sHepreruku 1o 2060,
BEPOSITHBIE TPHU QIBTEPHATHBHBIX IyTH Pa3BUTHUS
MupoBoi sHepretuku [4]: «Jlxaz MoxepH» (Jazz
modern), «Heoxonuennast cumdonus» (Unfinished
symphony), «Xapx pok »(Hard rock).

CoryacHO TpeM CLEHApHsAM sJIepHas YHEPreTHKA
OyZeT dYacTbl0 MHPOBOTO SHeprodajsaHca, OIHAKO
KOKIObIH  CLEHapuil  IpenmnoJsiaraeT  JAOCTaTOYHO
OTIMYHBIE IPYT OT ApYTa ITyTH pa3BUTHUA [4]:

Cuenapuit  «/[>ka3  MozepH»  TpPEACTaBIACT
WHHOBALMOHHBIA, OPUEHTUPOBAHHBIM Ha TI00aBHBII
PBIHOK MHp, KOPEHHBIM 00pa3oM npeoOpa3oBaHHbIH 32
cuer 1UQpoBbIX TexHoNoruid. CorjgacHo 3TOMy
CIIEHAapHIO, sepHasi SHEPreTHKa MMeeT MOTEHIUANl K
MOJICpHH3AIIMM, Ha4yMHAs C COOPYXKEHUS HOBBIX
pEakTOpoB M 3aKaHYMBAas ~ INPEJOCTABICHHEM
pasnMuHBIX  ycuyr. B KpynHeHmmMX — saepHbBIX
TroCyAapcTBax M CTpaHaX, C pa3BUBAfOLICHCS
9KOHOMHKOH, KOTOPbIE YBEIMYNBAIOT CBOM MOIITHOCTH

SIICPHOMA reHepaluy, s iepHast JHEepreTHKa
XapaKkTepu3yeTcss MOTEHIMAIOM K  COXPaHEHHUIO
craTyca Iydmiero sHepropecypca. Ilpu Takom

creHapuu k 2060 rogy Ha JOMIO SIAEPHOM 3HEPTreTHKU
Oyner npuxoauthcs 8,5 % oOT o00mero oodobema
MIPOU3BOJUMON  IJIEKTPOIHEPTUHU. Y CTAaHOBJICHHAs
morHocTh ADC yBenuuutces Ha 52 % ¢ 407 BTB 2015
roxy no 620 I'Bt B 2060 roxy.

OTO  OpHEHTHPOBAaHHBIH HA  TOTpeOHTEINS,
TPaHCMAPEHTHBIA, IWHAMHYHBIN IUPPOBOH  MHUD,
XapaKTepU3YIOIUICT  YHEProdPPEeKTUBHOCTHIO U
OBICTpOH MOHETH3MalWel WHBECTUIMHA. Bricokuit
TEMI MUHHOBAIIMHA CIIOCOOCTBYET HEPAaBHOMEPHOMY, HO
YCKOPEHHOMY POCTY IPOU3BOJUTEIHHOCTH U CO3AAET
NOTEHLUAN JJI1 KapJUHAJIbHBIX U3MEHeHuil. B arom
MHpE IPOLBETAeT YHCTasi SHEPTHS, a IEKTPUPUKAIHS
KOHEYHBIX NOTpeOHTenel MpOUCXOAUT ObICTpee, YeM

OXUJAIOCh. OTO  HCTOPUS  OKCIIOHEHIIMAIbHBIX
BO3MOYKHOCTEHN pocra, CO3/ITaHHBIX
WHPOPMHUPOBAHHBIMU  TIOTPEOHUTENIMH, a TaKKe
CHIDKCHHEM IIeH Ha YHEPTOHOCUTEIIH.

B MHUpe «/Ixa3-MomepHa» WHHOBAITUHN

MIPOMUCXOJIAT OBICTPEE KaK B YaCTH NPEIIOKEHHUS, TaK U
cnpoca Ha sHepruto. B 2020-x romax CTOMMOCTb
MPOU3BOJCTBA ANEKTpodHeprun BUD 3HaunrtenbHO
YMEHBIIAETCSl, YTO  NPUBOAUT K  TEPEBOAIY
JHEPrOCHAOKEHHUSI «C MOJIEKY] Ha DIJIEKTPOHBI.
JlanHOe 00CTOSATENHCTBO, B COYETAHUU C Pa3pabOTKOM
peIIeHuH I XpaHeHHUs SHEPTHH U POCTOM CIpoca Ha
SHEPreTUYECKUE YCIIyTH, IPUBICKAET HHBECTUIIUH KaK
B LEHTPAIN30BAaHHYIO, TaK U B JACLEHTPAIN3OBAHHYIO

ruOpuHYI0  MHOPACTPYKTYpy.  ABTOMAaTH3alus,
mudpoBu3anysl M HCKYCCTBEHHBIH  MHTEIUICKT
00ecreunBalOT ~ «IIPOCBIOMEPU3M» Ha  Pa3BHUTBIX

PBIHKaxX, KOIrJja MHOTHE MOTPEOUTENN YHEPTHH TaKKe
CTaHOBSITCS NTPOM3BOANUTEISIMU, TIOCTABIAIOT OOPaTHO
B CETh INEKTPOIHEPTHUIO, MOTyUYEHHYIO, HallpUMep, OT
COJTHEYHBIX OaTapei WM HaX OISy OCs B pe3epBe.

B »3TuX ycnoBHAX HOBOH, OCHOBAaHHOW Ha
MOTPeOICHNH U yCIyTrax YKOHOMHKH, aTOMHAs 0TPacib
pacTé€r MejUIeHHee, YeM B JBYX JPYTUX CLIEHapHUSX.
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Temnsl crpoutenscTBa HOBBIX ADC B cTpanax EBpomnsl
n CesepHoii Amepuku 3amemnsitorca. Ha mHorux
pPBIHKaX HE OIEHEH M0 JOCTOMHCTBY BKJIajA SAACPHOMN
SHEPreTUKU B KauecTBE KOHTPOJIUPYEMOI0 UCTOUHUKA
3JEKTPOIHEPTUU 3a CUET KPYIHBIX «YMHBIX» CETeH,
JICLICHTPaIN30BaHHONH TEeHepaluy, BapUaTUBHOCTU
MOIITHOCTH 1 3()(heKTUBHOTO XpaHEHUS SHEPTHH.

HecMoTps Ha TO, YTO MPOJUIEHHE CPOKA CITY>KOBI
CYIIECTBYIOIIMX PEAaKTOPOB SABISIETCS OIHOW 13
JOy4IINX WHBECTHIMH HAa pPBIHKE IPOU3BOICTBA
3MEKTPOIHEPTUM C TOYKHM 3PEHHS CHIDKCHHSA e&
croumocth, CIIA u psan crpan EC oka3piBaroT JHIIb
OTPaHUYEHHYI0 MOJAEPXKKY sAepHONl sHepruu. B
MEepeNoBbIX  CTpaHax  CTa0MJIBHOCTh  IHOCTaBOK
HACTOJIBKO 3aBUCHUT OT THOKOCTH CO CTOPOHEI CIIpoca 1
ONTUMH3ALlMA CO CTOPOHBI MPEAJOKEHHUS, UTO
«MOIITHOCTH CTaporo MHpa» OoJbIlle HE KaKyTCs
HEOOXOUMBIMH.

BonbIIMHCTBO peakTOpOB CTAPIIETO OKOJICHUS B
CIIA u EC 3annaHupoBaHO [Js1 OKOHYATEJIHLHOTO
OCTAaHOBA U BBIBOJIA U3 HKCILTyaTanuu, 4ro k 2040 rogy
CHM3UT O0BEM MOIIHOCTEH Uil yIOBJIECTBOPEHUS
0a30BO# HArpy3KH A Bcel sHeprocucteMbl. Cpemu
MHOT'HX CTpaH, KOTOPBIE PELIMIN HE NMPOJJIeBaTh CPOK
ciyxk0bl cBoero mapka ADC, HEKOTOpBIE C TPYJIOM
MBITAIOTCS ~ JOCTHYh  IIOCTAaBICHHBIX  Ieslell B
JleKapOOHHU3alINY.

PacTymuif cnmpoc Ha yCIyrm IO BBIBOIY U3
9KCIUTyaTallid M, B TOpa3lo MEHbIIEH CTeleHH,
MPOJJICHAE CPOKa CIyXOBI MpeoOpa3yroT JaHAmadT
aTOMHOW OTpacid B Pa3BHBAIOIIMXCS CTpaHaX, IIe
HeOOJbIINE U WHHOBALIMOHHBIE MHXECHEPHBIE (HPMBbI
MIMPOKO TPHUMEHSIOT LU(PPOBBIE TEXHOJOTHH IS
pa3paboTKy U 3aITycKa IPOEKTOB B 00JIACTH BBIBOJA U3
SKCIUTyaTarui. KpynHble MIPDOKHM aTOMHOM oTpaciu
OyayT KOHKYpHpPOBaTh C OJTUMH JIWHAMHYHBIMHU
HOBHYKaMH Ha CEPBUC-OPUEHTHPOBAHHOM PHIHKE.

B Mupe «/la3-MoiepHa» CTPOUTEILCTBO HOBBIX
ADC B 2020-2030 romax B 3HAYMTENILHOH CTENEHH
obecneunBaercss Kwuraem, MWumuerr u  Poccuei,
pa3BHBAIOIIMMHCS  SKOHOMHMKaMH Ha  bmmkHem
Bocroxe, Takumu kak Upan, Typuus, Eruner, a taxxe
baurmagemr n Wuponesuein B 2030-2040 ropmax.
[Tono6HOE cTponTENHCTBO YETKO ONpeAenuT Oyrymiee
aToMa B KauyeCTBE MCTOYHHMKA JHEPTHH JUIS CTPaH C
pa3BUBarOLIEHCS SKOHOMHUKOM.

OCHOBHOH TEXHOJIOTHEH AJIS LEHTPAIN30BaHHBIX
DHEProcUCTEM OYyIyT SIBISATHCSA PEAKTOPHI OOIBIION
MomHocTr mokoneHuit Il u I+, mpemmaraemsie,
npexxae Bcero, Poccueit m Kuraem. OO0e crpaHbl
MOCTETIEHHO COBEPIICHCTBYIOT PEAKTOPHI MOKOJICHUS
I+, akTHBHO WCMONB3ysT NH(POBBIE TEXHOJOTHH Ha
Bcex aTamax xu3HeHHoro mukina ADC. CyulectByeT
TaKKke UENblii psAax  (QUHAHCOBBIX HHCTPYMEHTOB,
MEKIOCy/IapCTBEHHBIX ~KpPEAUTOB M (MHAHCOBOM
HOJJIEPKKA CO CTOPOHBI CTPaH-BEHJOPOB. JlaHHBIE
MEpbl COYETAlOTCSl C COTJAIl€HUSAMU O TOKYyIKe
3JIEKTPOIHEPTUH W MOJCISIMH  «CTpOH, Biajei,
SKCILTyaTUPYI».

dakTopom, CITOCOOCTBYIOIIUM Pa3BHUTHIO
BOJIATWJIFHOTO, WHHOBAI[MOHHOTO MHpa  «Jlxka3-
MOJIEpHa»,  SABIIOTCA  OH(POBBIE  TEXHOJIOTHUH,

KOTOpBbIE KOPEHHBIM 00pa3oM MpeoOpakaroT BecCh
sHepreTudeckuii cekrop. Takxke Oyner HabmronaTHCS
POCT TMPOM3BOAUTEIBHOCTH 3a CYET HU(PPOBU3ALMH:
IU(pOBBIE TEXHOJOIMH IOMOTYT IOCTaBIIMKAM |
omeparopaM  3HAUUTEIbHO  YCOBEPIIEHCTBOBAThH
yIpaBlIeHUE >KU3HEHHBIM IuKkiIoM ADC, BKIOYas MX
COOpPYXEHHE WU OJKCIUTyaTallHlo, a TaKXe H3BICUb
TI0JIE3HBIE YPOKH JUIS MPOCKTOB IO MPOATIEHUIO CPOKOB
JKCITyaTanuu. Bce 3TO OKaXeT CymecTBEHHOE
BIMSHHE Ha OOWIMH YPOBEHb NPOU3BOAMTEIHLHOCTH
MHPOBOH aTOMHOH SHEPreTUYECKON
MIPOMBIIIUICHHOCTH, CHIDKEHHE cebecTomMocTH €&
npoaykuuy, uyro Kk 2035 romy mpuBeér K
0€30r0BOPOYHOMY JIOBEPHIO KIIMEHTOB B CTpaHaxX C
pa3BuBarolIelicd PKOHOMUKOU. B 3T0 Bpems sanepHas
SHEpPrus  CTAaHOBUTCS ~ OCHOBHBIM CpPEeICTBOM
JekapOOHM3alMU Al Pa3BUBAIOLIMXCS — PHIHKOB,
MIOCTETICHHO BBITECHSS YTOIIb.

B 3TOM MHpe 3JIEKTPOIHEPTeTUIECKAS
TIPOMBIIIICHHOCTb IIpeTepIIeBacT rIIyOOKyFO
TpaHcopManuio B CTOPOHY HH3KOYITIEPOAHUCTHIX
sHepropecypcoB. Koaddumment snekrpuduxannn
(xomn4ecTBO JJIEKTPOIHEPTUH B KOHEYHOM
MOTpeOJIeHNU SHEPTUH) YBeNnuunBaeTcs Basoe ¢ 18% B
2015 roxy no 37% k 2060 rony. M3-3a KOHKypeHINH
CO CTOPOHBI JIPYTUX HU3KOYTJIEPOIUCTHIX UCTOUHUKOB
JIOJIs1 aTOMHOM YHEPTeTHKU B MUPOBOM dHeprodanaHce
k 2060 romy cocrtaBiseT Bcero §,5% 1o CpaBHEHHIO C
11% B 2015 romy. YcranosneHHas MoutHocTh ADC
yBenuuuBaeTcs npuMepHo Ha 52% c¢ 407 I'Br B 2015
roxy o 620 I'Bt B 2060 rony.

Cuenapuit «HeokoHnueHHast cuMQOHUD)
TIPEACTABISIET coboif MHp, B KOTOpOM
CKOODAWHHWPOBAaHHBIE W  YCTOWYMBBIE  MOJEIH

SKOHOMHUYECKOT'0 pOCTa COYETAIOTCS C OpHEHTAIMe! Ha
NPUMEHEHHE  HHM3KOYTJIEPOJUCTBIX  HCTOYHHKOB
DHEPIUH. Jannblit cLeHapui MIPEATOJIaracT
MIOBCEMECTHOE HCIIONB30BAaHUE SICPHONW SHEPTrHUH B
Ka4yecTBE OJHOTO W3 HAAEXKHBIX M JOCTYHHBIX Mep
pearupoBaHMd Ha H3MeHeHHe knumata. Ilpu Takom
CLUEHApUU J0Js SACPHOM 3HEpreTuku JocturHer 13,5
% ot obmiero 06bEMa MPONU3BOJICTBA IMEKTPOSHEPTUH
k 2060 roany, a yCTaHOBJIEHHAs MOIIHOCTb YBEIHUUUTCS
noutu B Tpu pasza - go 1003 I'Bt. B nononnenue k
MPOEKTaM IO CTpOMUTENbCTBY HOBBIX ADC wu
MPOAJIEHHE CpPOKa OKCIIyaTallud CYyIIECTBYIOLIUX,
3HAUUTENIBHBIM BKJIAJ B MHPOBOM MAapK SIAEPHBIX
pEaKTOpOB BHOCAT HOBBIC SAEPHBIE TEXHOJOTHU
(MarBle MOTyTIBHBIC PEAKTOPBI, INIaByYHe YCTAHOBKU H
peaktopsl [V mokoneHus).

JlaHHblld  cueHapuil  Pa3sBUTHS  IPEACTABIIAET
co00# MHUp, TOBECTKA JHS KOTOPOTO BEIXOANT 332 PAaMKH
W3MEHEHMs KnMara u obpamiaer 6osiee MpUCTAIEHOE
BHuMaHue K nernsiM OOH no ycToiiunBoMy pa3BUTHIO,
BOJIONOJIb30BaHUIO, COCTOSTHUIO OKPYIKaIOIIEH Cpebl U
SKOHOMHUYECKOMY pa3BUTHIO. L[e10CTHOCTh MOIX0A0B
CTUMYJIUPYET pa3BuUTHE MEXTyHapOAHOrO
COTPYAHUYECTBA, cO3/1aHue ri100anbHOM
WHCTHTYIMOHAIBHON CTPYKTYPHI ¥ HaJHAIIMOHAIBHBIX
monuTUK. OTpaciieBoe peryaupoBaHUe W MOJIWTHKA, B
KOHEYHOM HTOT€, CHHXPOHU3UPYIOTCS Ha II100aJI6HOM
YpOBHE JUTs MIPOAYMAHHOTO yHOpaBICHUSA
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SHEPreTUYeCKUM  IEepexXojoM € MHHHMMAJIbHBIMU
3aTparamu, y4ETOM BHEIIHUX (h)aKTOPOB U IOJIb3BI IS
obmectBa. HecMoTps Ha TO, 4TO IPUCYTCTBYET o0IIee
corjlaceé OTHOCHTEIbHO TOrO, Kakue JAeHCTBUS
HEOOXOAUMBI Ul JIOCTIDKEHUS! HYJIEBOTO yPOBHS
BBIOPOCOB, pa3iM4HbIE DErHOHBI CIEAYIOT CBOUM
COOCTBEHHBIM ITyTEM U pa3pabaTHIBalOT COOCTBEHHBIH
KOMIUIEKC ~ 3HEPIeTHYECKHX  MEpPONPHSATHH I
JocTukeHus 3Tux uenei. [lpu aToM nmpusHaercs, 4To
JOCTHKEHHUE OJaronoiaydnsi ¥ yCTOWYNBOE Pa3BUTHE
TpeOYIOT UCIIONB30BaHMs MIPUHIIUIA CyOCHINapHOCTH
¥ MEXOTPACJIEBOTO B3aMMOJEHCTBHSI.

«HezakoHueHHast cuMQOHUS SABISETCS MUPOM C
UHTETPUPOBAHHOI cTpaTerueil pa3BUTHs, Ha IIOBECTKE
KOTOPOH HaXOAATCS KIMMAaTUYECKUE LIEeTIH, SKOJIO0TUs 1
Onmaromonyure. bnaromaps rocygapcTBEHHOM U
OOIIECTBEHHOW TMOJAEP)KKE B IOHMCKE JOCTYIHBIX
myTeil TyOoKoil mekapOOHM3AaNH, TOCYAapCTBEHHO-
YaCTHbIC HHBECTHILIUH B IMPOKUH CHEKTP TEXHOJIOTUH
YHCTOH HEPIHH MO3BOJISIOT OTACIUTh POCT BBIOPOCHI
CO; OT ’KOHOMHYECKOTO Pa3BUTHSI.

[Mocne Ttoro, kak B 2010-x romax mnepBble
HECKOJIbKO 3alaJHbIX IPOEKTOB IO CTPOHUTENIBCTBY
HOBBIX ADC mpeBbIcHIN IpaduK U OOJKET, aTOMHAs
oTpacib U3y4yuiia U II03aUMCTBOBAJIA IEPEAOBON OMBIT
HOBBIX IIPOEKTOB CTPOUTENBCTBA B A3HMH, UYTOOBI
CYLIECTBEHHO MEPEOCMBICIUTh CBOM MOAXOA K
MPOEKTUPOBAHUIO CTAHINH U yIPaBJICHHIO IPOEKTaMHU
0 HX COOPYXEHHIO. OTO CTajJO0 BO3MOXHBIM
Onmaromapst mepenade Begymed poiau IH(POBBIM
TEXHOJIOTHSIM, KOTOpBIC TIOMOTJIH oTpacnu
MIOCJICIOBATENILHO PEATN30BBIBATH IMPOCKTHI IT0 BCEMY
MHpY C LEIbI0 BEPHYTh YTPAUCHHOE IOBEPHE PHIHKA.

Bonee  cxoopamHMpOBaHHas — KIMMaTHYeCKas
MOJIUTHKA, HoJAepKUBaeMast HOBBIMHU
SHEPTeTHUECKUMH TpaBWIaMH U (UHAHCOBBIMH
uHcTUTyTamu,  mobyaut  EBpomeiickuit  Coro3
MEePeCMOTPETh CBOIO MO3MIHMI0 B OTHOLICHWH POJIH
SIEpPHOM  JHEPreTHKM B  PpEIIEHHH IMPOOIEMBI
n3MeHeHus knuMmaTa HaduHas ¢ 2020-x roxoB. BonHa
CTPOUTENHCTBA HOBBIX SIIEPHBIX OOBEKTOB C TIOMOIIBIO
IUPPOBBIX  TEeXHONOTWH mpokatmwiack 1o EC,
ocobeHHO Ha peIHKaxX bonrapuun, Yexun, OUHIIHINY,
Benrpuu, CnoBakuu 1 BenmkoOpuTaHud, MPUBBIKITAM
K SIIEPHBIM TEXHOJIOTHSIM n neaIbHO
BINCBHIBAIOIIMMCA B Pa3BUBAIONIMHCS  PBIHOK
anekTpocereid u snektposHeprun EC. B 2030 romy
IOxnas Kopes mepecmarpuBaeT cBOE pemieHHe 00
OTKa3e OT AaTOMHOH DSHEpPrMd M BO30OHOBIIAET
MpOTpaMMy CTpOUTEIbCTBAa HOBBIX ADC.

B 20202030 rr. 0cCHOBHAs A0Sl HOBBIX aTOMHBIX
MOIITHOCTEH  COOpY)KaeTcs C  HMCHOJB30BAHUEM
uaeosorun co3ganus «mapka ADC» B Kurae, Uunuu,
Poccun u Ha brmxaem Bocroke. B Agpuke ocHOBHBIE

NpOTPaMMbI  CTPOUTENBCTBA  aTOMHBIX  OOBEKTOB
samyckarorcsi  FOxHoMt  Adpukoif,  Hwurepuei,
TaHzanueiiT W JApyrMMH  CTpaHaMH,  4YTOOBI

YJIOBIETBOPHUTH PACTYILHUII CIIPOC HA 3JIEKTPOIHEPTUIO
B pesynbrate ObICTpoil ypOaHmsamuu. CraHIUU
CTPOSITCS. BOBpeMsI M B paMkax OrokeTa Omaromaps
YCWJICHHIO MHPOBOH aTOMHOW OTpacid, a TaKKe
IIMPOKOMY HCIOJIB30BAaHUIO IH(PPOBBIX TEXHOJIOTHH

Ha OJTamax IPOCKTUPOBAHUS, IUIAHUPOBaHUS U
crpoutenscTBa. [{npposbie IBOHHNKN 00ecieYnBaIOT
Oe3omacHyto, HajéxkHyr u 3((dekTuBHYy0 paboty
ADC.

IIpoanenue cpoka IKCILTyaTa[i OCTAETCs OTHUM
13 TJIaBHBIX BOINPOCOB AaTOMHOH 3HepreTHdecKoi
nosectku B 2020-2030 rr. kak B EC, Tak u B CIIIA.
HudpoBsile HHCTPYMEHTH TMPHOOPETAIOT BaXKHOE
3HAUEHWE Ui AaHajdW3a W TPUHATUS PEIICHHH.
BonbIIMHCTBO ~ PEAaKTOPOB  IIPOLUIOH  BIOXH»
BKIIOUCHBl B  IIPOTPaMMbl  HPOUICHHS  CPOKa
9KCIITyaTall, YTO MO3BOJIAET HPOIIUTE UX B PaboTy
e Ha 20 uiam Gosee JeT.

B Slmonuu Bce peaxkTOpel  MOABEPraroTCs
MOJIEpHU3alMU W MOBTOpHOMY 3amycky. K 2035 1.
SInoHMs Takxke BO3BpallaeTCd Ha MUPOBOM PHIHOK
aTOMHBIX ~ TEXHOJIOTHII B  KauecTBe  KPYMHOIO
9KCTIOPTEPA ATOMHBIX JHEPTETUYECKUX TEXHOJIOTHH,
coopyxas aromuble 3nekTpoctaniu B EC, CHIA u Ha
Bbimxuem Bocroke.

C 2040 r. sKcraHcust aTOMHOM IPOMBIIITIEHHOCTH
IOxnoi#1 Kopen pacnpocTpaHstoTcss Ha TEPPUTOPHUIO OT
Bmmwxaero Bocroka mo EC u Adpuku. Pactér
I00ANbHBIH CHPOC Ha ATOMHYIO JHEPIreTHKY U
KOHKYPEHTOCIIOCOOHBIC rJI00aTbHbIC HETOYKH
IIOCTAaBOK CO CTOPOHBI OCHOBHBIX BeHI0poB B Poccun,
Opannuu, Anonnu, Kopee u Kurtae.

B «He3akoHueHHOHI cUM(bOHUI»
anekTpudukanus U IPPEKTUBHOCTH HAXOMATCS B
aBaHrapJe Ha IyTH K TJIyOOKOW M JOCTYITHOH
nexapOonmsanuu. VM comyTcTByIOoT Ooniee pa3BHUTas
MEXCHCTEMHasl ~ MHTETPAlys, WHTEJJICKTyalbHbIC
sHeprocucteMbl #  3((deKTHBHOE  yIpaBICHHEM
cereBoil Harpy3koi. K 2060 r. ypoBeHb OTpeOICHHS
AJIEKTPOIHEPTHH B KOHEYHOM MOTPEOJICHUU JOCTUTHET
41%. Ha aromHyr0 sHepruto 6yzaet npuxoaurcs 13,5%
OT O00WIEero TMPOU3BOJCTBA  OJIEKTPOIHEPTUH, a
YCTaHOBJICHHAS! MOIIIHOCTh YBETIMYUTCA MPAKTHYECKH B
Tpu paza ¢ 407 I'Br B 2015 1. mo 1003 I'BT B 2060 1.

[To cuenaputo «Xapa pok» paccMaTpUBarOTCS
TIOCIIEACTBYS JUTS C1a00T0 M HEYCTOHYMBOTO MUPOBOTO
SKOHOMHYECKOTO POCTa B YCIIOBUSX OPUEHTAIINH CTPaH
Ha pa3BUTHE HAMOHAIBHBIX 3KOHOMHK. [Ipm Takom
CIIEHapHH JOJIS SIIEPHOM SHEPTETHKN B OOLIIEMHPOBOM
MIPOU3BOJICTBE JIEKTPOIHEPTHU AOCTUTHET 12,5 % kK
2060 romy, mpu 3TOM YCTaHOBJEHHas MOIIHOCTb B
2060 roxy BeipacteT Ha 70 % - 10 696 I'Bt. Muposas
aToMHast oTpaciub OyaeT (okycupoBaThCs Ha
CTPOMTENIECTBO HOBBIX PEAKTOPOB B Pa3BHUBAIOIIMXCS
CTpaHax W MPOJUIEHWU cpoka skcruryatamuu ADC B
CTpaHax C pa3BUTON 3KOHOMUKOM.

JlaHHBIA ~ CIleHapudl  MpeACTaBIsIeT  CcoOOM
pa3oOWIeHHBII  MUp € HU3KUMH  TEMIaMu
SKOHOMHUYECKOTO POCTa, PacTylled reonoIuTU4ecKoi
HAaIpspKEHHOCTHIO u Hepa3BUTHIM YpOBHEM
MEXTOCyapCTBEHHOTO COTPYAHUYECTBA. [J1aBHBIMU
3aJ[a4aMy CTPaH SBJIAETCS yKpPEIJICHHE HallMOHAILHOM

0e30macHOCTH, CO3/[aHHE HOBBIX paboumx MecT,
pa3BuTHE  KaApoB W pEIIEHHE  JIOKAJbHBIX
9KOJIOTHYECKUX mpobieM. HocrymHas

JeKapOOHU3aIMSA SBISIETCSI HOPMOH BO BCEM MUDE, T. K.
CTpaHbl HE TOTOBBI JKEPTBOBATH HKOHOMUYECKUM
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pOCTOM  paan  KIMMAaTW4eCKHUX  COOOpaKeHMH.  HAalMOHAJIBHBIX MPABUTEILCTB MM aQPUIMPOBAHHBIX
OHepreTrdeckuil JaHAmMA(T SBISETCS OTPAKEHHEM  C HUMHU OpraHU3auui.
peruoHaiu3Ma,  JBHKUMOIO  IE€ONOJUTHYECKUMH B 2030 r. Poccust u Kutail ycnemso BBeIyT B
(akTopamu u dakropamu 6e3onacHocTH. OTpacieBoe  CTpOil NPOMBINUICHHBIE aTOMHBIE peakTopel [V
peryiupoBaHHE  OCTaeTcs  CinabbiM, minoOanpHas  mokoneHus u MMP. K 2045 1. poccuiickue u

CUHXPOHM3ALUS IPAKTUUECKU OTCYTCTBYET.

C pocToM TeoNnoIUTHYECKON HANPSHKEHHOCTH H
OTPaHUIECHHOCTHIO MEXIyHApPOIHOTO
COTPYIHUYECTBA, oOMeH nHpOpManue,
TEXHOJIOTHSIMUA ¥ MHUPOBBIM KaIlUTaJIOM YCIIOXKHSETCS.
Jus  obecriedeHus] HHEPTETHUECKOW 0Oe30macHOCTH
MPaBUTEIBCTBA BBIHYK/ICHBI OIIUPATHCS Ha
COOCTBEHHBIC CHIIBI, BKJIIOYas HNPUPOJHBIE PECYPCHI,
CYLIECTBYIOIME AaKTUBBI U CHCTEMBI, a TakKke
OPUMEHATh  Mepbl 10  CTUMYJSLUH  CIIpoca.
locynapcTBa yaenstor Gosbliee BHUMaHHE CO3JaHUI0
pabo4yMx MecT, BONpOCaM 3/PaBOOXPAHEHHS U
JIOKJIBHBIM 3KOJIOTHIECKUM BOIPOCaM, B MEHBIIEH
CTEIICHHU, YeM MHUPOBBIM ITpoOIeMaM.

B 2020-2030 rr. HOBBIE aTOMHBIE MOIIHOCTH
OymyT BBeIeHBI B CTPOH TJIaBHBIM 00pa3oM C
HCTIONIb30BaHUEM KOMITJIEKCHOTO ITOJIX0/1a K PA3BUTHIO
napka ADC B Kurae, Unnuu, Poccun - crpanax,
KOTOpbIE CHeNajd CTPaTerHyecKylo CTaBKy Ha
aTOMHYIO DJHEpPreTHKy KaK OCHOBHOM MCTOYHMK
SHEpIHUu.

3arem B 2030-2040 rr. HalUOHAJIbHBIE
mporpaMMbl 1o coopyxeHuto  ADC  OyayT
peanu3oBbIBaThCA Ha bimkHem BocToke, B TOM uucie
B Caynosckoit ApaBum, OObeanHEHHBIX ApaOckux
Owmupatax, Upane, Typuuu, Erunre u npyrux crpasax.

B STHX CTpaHax OCHOBHBIMU aTOMHBIMU
TEXHOJIOTHUSIMA ~ OCTAIOTCSI ~ PEaKTOphl  OONBIION
MOILIHOCTH MOKOJIEHUI 11T u I+ hist:d
HEHTPaTN30BaHHBIX SHEPTOCHUCTEM.
YcoBepieHCTBOBAHHMS B KOHCTPYKITUH U
WCIIONIb30BaHNe [U(QPOBBIX TEXHOJOTHH  JENaroT

peaktopbl TokoJenus III+ ecTecTBEHHBIM BBHIOOPOM
JUISl BCEX CTPaH-HOBMYKOB, IIOCKOJIbKY OHH SIBJISIFOTCS
HaJIeKHBIM, XOpPOIIO W3y4YECHHBIM, CEPUIHBIM U
SKOHOMHYECKH I(PPEKTHBHBIM pEIICHHEM B 00JIacTh
ATOMHOM 3HEPTeTHKH.

IMo cnenapuro «Xapa-pok» 3SHeEpreTHdecKas
0e30MmacHOCTh crtoco0cTBYET AP (HEKTUBHOCTH, OTHAKO
pa3oOLIEeHHOCTh MHpa W TOProBbIe  Oapbepbl
MPENATCTBYIOT HWHTEHCHBHOMY TEXHUYECKOMY
nporpeccy. B To Bpems kak peaktopsl nokosieHui 11 u
III+ cocTaBisItOT OCHOBY AaTOMHBIX 3HEPIEeTHYECKHX
NporpaMM Ha pa3BHBAIOIIMXCSl PBIHKAX, a TaKXKe B

HEKOTOPBIX  PAa3BUTBIX  CTpaHaxX,  HMHHOBALUU
BHEAPSIIOTCA OTHOCUTENIBHO MEUIHHO M c1abo
UHTETPUPYIOTCA.

Poccus m Kurail ocraroTcs JOMUHHPYIOUUMHU
UTPOKaMH Ha PHIHKE aTOMHBIX TEXHOJIOTHH, a O0JIbIIas
4acTb CPEJCTB HA HOBOE CTPOUTENIBCTBO MOCTYMAET OT
TrOCyJlapCTBEHHBIX ~ HMHCTUTYTOB.  CTpPOUTENLCTBY
HOBBIX ADC CHOCOOCTBYIOT (uHaHCOBBIC
MHCTPYMEHTBI, TaKHe KaK MEXroCyJapCTBEHHbIC
LIeJIEBbIE KPEJIUTHI, @ TaKKe MOJENIU «CTPOil, Biajaei,
AKCIUTYyaTUPY D, COTJIAIICHUS 0 3aKyIIKe
QNIEKTPO’HEPTUM W TapaHTHUH  CO  CTOPOHBI

KkuTanckue peakropsl IV moxonenuns u MMP Ttakxe
OyZyT pasMelIeHbl Ha OPYTHX IUIOMIaJKax IO BCEMY
mupy. Ipm stom, ¥ 2060 1. HH peakroper IV
nokosieHuss, Hu MMP He OKaXyT CyLIECTBEHHOIO
BIMSHUA HA 00IIEMHUPOBYIO SHEPTETHIECKYIO CUCTEMY.

3aMBIKaHWE SAIEPHOTO TOIUIMBHOTO IMKJIA U

pasBUTHE MOAYJIBHOTO NPHHIMNA CTPOUTEIHCTBA
OCTaI0TCs TJIaBHBIMU WHHOBaLlMOHHBIMU
NIPUOPHUTETAMH, TJIAaBHBIM  o0OpazoM, Oyaromaps

rocynapctBeHHbIM nporpammamM HUOKP B Poccuu u
Kurae, kotopsle OyayT peaau30BBIBaTBECS  Ha
MIPOTSDKEHUU JAECATUIICTHI.

Hecmotps Ha  TO, 4YTO0  ABYCTOpPOHHEE
COTPYJHHYECTBO B PEHICHHH IPOOIEM SIEPHOTO
Hacieaus OyZleT COXpaHAThCA, MHOTHE CTPaHbI OyIoyT
MPUIEPKUBATECS  MO3MLHH, COMNACHO  KOTOPOH
oOpamieHne C  SOCPHBIMH  OTXOJAMH  JJOJDKHO
OCYILECTBIIATHCS B CTPAHE UX MIPOUCXOKACHUSL.

B 2020 rr. EC u CIIA B mnenoMm mojaepxaiu
MOJIUTUKY, KOTOpas IO3BOJMJIA IPOJIUTh CPOK
CITy’KOBI CYIIECTBYIOIIUX PEAKTOPOB, UYTO C TOYKHU
3peHHs HOPMATHUBHOH CTOMMOCTH 3JEKTPOIHEPIHU
SIBIISICTCS OJHOM W3 JIy4IIMX JOCTYIHBIX Ha PBIHKE
WHBECTUIUH B TPOU3BOJCTBO YUCTOU ANEKTPOIHEPTUU.
B 2020-2030 rr. y OONBIIMHCTBA YyCTapeBIINX
peaktopoB B CIHIA uw EC cpok cimyx0b Oyzmer
yBennueH Ha 20 5eT, 4YTO TO3BOJIMT UM
¢yaxurornpoBaTh B repuon nocie 2040-2050 rr.

Tem He menee, mexnay 2035 u 2040 rr., xorga
MPOJICHUE CPOKa CIIYKObI OOJIbIIIC HE MOIXOMNUT IS
Oonbieit yactu cymectBytomero napka A9C B EC u
CHIA, Oyayr wuATH >KapKue CHOpPbl O TOM, Kak
3aMEHUTH 3TOT 3HAYUTEIbHBIH 00BeM
HU3KOYTIEPOAUCTEIX MouiHocTel. HekoTopele, panee
3aHMMAIOIIME  TACCUBHYIO  TIO3UIIO  CTPaHbI
MOCTENEHHO TPHUCTYNAIOT K COOPYKEHHIO HOBBIX
aTOMHBIX CTaHIMH, Y€MYy CIIOCOOCTBYET OYEBHIHBII
ycIlieX aTOMHOH YHEPreTUKH B Pa3BUTBIX CTPaHaX, HE
OCTaHOBHUBIIMX CBOM Iporpammsl. TeM He MeHee,
OCTaHEeTCs psifl CTPaH, KOTOPbIE PEIIAOT OTKA3aThCs OT
HCIONb30BaHUSl aTOMHOM YHEPIHU.

IIpu Takom crenapun CIIA u GOJBIIMHCTBO
ctpad EC HEOXOTHO NHpHCTYyHamT K CTPOHUTENHCTBY
HOBBIX aTOMHBIX AekTpocTanimii B 2020-2030 rr., B
HEKOTOPBIX CIIyyasiX BCJEJICTBHE HU3KOTO YPOBHSI
OOIIIECTBEHHOM NPUEMIIEMOCTH, a B JpPYIHX -
BCJIEJICTBHE HESICHOM SKOHOMMYECKOI
s¢pdextuBHOCTH. TeM He MeHee, HEKOTOpPBIE CTPaHbI
UAyT B IPOTHUBONOJIOKHOM HampaBieHuu. Yemickas
PecriyOmmka, Benrpusi, CnoBakust wu  bonrapus
MPUHUMAIOT PEIIEHUE MPOUIUTh CBOMU IPOrpaMMBbl
pa3BuTHs aToMHOM dHepretuku Ha 2030-2040 rr. Oto

obecrieunBaeT HX HE TOJIBKO OHEPIreTUICCKUM
PEUICHUEM, HO u BO3MOXHOCTBIO IpoJaABUTaTh
OKOJIOTUYECKYIO TOBECTKY, MOAACPKNUBATDH

3KOHOMMUYECKUHN POCT U Pa3BUTHUS KaIPOBBIX PECYPCOB.
Hekoropele u3 3THX IPOEKTOB IIO3BOJIMIM BCEM
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U3BIEYb TSDKENbIE YPOKHU: IEpepacxo]l CPeAcTB U
HapylieHHe rpaduka 3aCTaBWIN YYaCTHUKOB OTPACIIH
U JIUI, IPUHUMAIOLINX peIleHHs], IepeCMOTPETh CBOU
noaxoasl kK mpoektupoBaHuio ADC U ymnpaBiICHHIO
MPOEKTAMU II0 UX COOPYKEHHUIO.

Bo Bcem mupe k 2060 1. HEKOTOpBIE CTpaHbl Oy YT
3HAUUTEIPHO MCHEEC  YIJIEPOJOCTOEMKHMH, HYeM
Ipyrue. BozneicTBue MOrOgHBIX — KaTaKJIM3MOB,
HEXBaTKA BOJBl M M3MEHEHHsS KIMMaTa BCE dYalle
OIIYIIAIOTCS B Pa3IMYHBIX OOCTOSITENBCTBAX. JTO
BBIHYX/Ia€T CTpaHBI COTPYIHUYATh Ha
CyOpernoHaIbHOM ypOBHE TSt CO3JIaHUS
TEXHOJIOTHUECKUX M HKOHOMMYECKHX pEIleHHH At
YCKOPEHHUS alaNTallii K U3MEHEHHIO KJInMara.

ITo cuenaputo «Xapa-pok» B 2060 r. Ha CEKTOp
MPOU3BOJCTBA BJIEKTPOIHEPTHUU OyJIeT MPUXOAUTHCS
23 % OT KOHEUHOTo MOTPeOIeHHs SHEPTUH, TOTa KaKk
B CTPYKType dHepronotpedieHus OyayT mpeodianaTh
UCKOIIaeMble BHABI TOIUIMBA, XOTS W B MEHBIICH
crerrenn, yeM cerogHsa. K 2060 r. moims aToMHOM
SHEPTeTUKM B TPOHM3BOACTBE  3JIEKTPOIHEPTUHU
nocturhetr 12,5% mno cpaBHenuto ¢ 11% B 2015 1.
YcranoBieHHass MOIIHOCTE ADC yBEIUYHUTCS Ha TpU
gerBeptu ¢ 407 I'BT B 2015 . 10 696 I'BT B 2060 T

Hcropuuecku CIIOXKHIOCH TaK, YTO MacliTaOHbIe
U3MEHEHHUS B AJIEpHON PHEPreTHKe 3aHMMAaJIH CPOK OT
JIECATHIICTUS U OOJIee; 3TO OTpaKaeT PeallbHbIA (aKT,
4YTO Ha [POCKTUPOBaHHE, (HUHAHCUPOBAaHHE U
COOpY)KEHHE AaTOMHBIX CTaHIUN TpeOyroTcs TOABI.
OnHaKo TpH HCMOJIB30BAaHMM METOAWKH CIICHapHEB
BHIMaHHE TV, TIPUHIMAIOIINX pemieHus,
MIEPEOPUCHTUPYETCd HAa HW3MEHEHHS 3a IpeAciIaMu
cdepsl SHEPTeTHKH, a TAaK)Ke€ Ha HOBBIC TEXHOJIOTHH,
HaxoJsIIMecs] Ha HayalbHBIX CTagUiX CBOETO
pa3BUTHA. Jannblit rporecc OTCJIE)KUBAHUSA
MHQOPMALIMU W3 Pa3IUYHBIX HMCTOYHHKOB IPHU3BaH
MPEVIOKUTh allbTEPHATUBHBIE TOYKM 3pEHHS Ha
KJIFOUEBbIC JpaiiBeppl H3MEHEHHUI, KOTOpble OyayT
(hopMupoBath OyayIee siIepHOIl SHEPTeTHKH.

DnekTpodsHeprus, BeipadateiBaemass ADC, MOKET
001aaTh KOHKYPEHTOCIIOCOOHO! IIEHOM, CO 3HAYMMO
4acThl0  MpHOBUIM 32  CUET  CTPOMTENHCTBA
CTaH/APTU3MUPOBAHHBIX ITIPOEKTOB, MaKCHMaJIbHBIM
BHEJPEHHEM  MOJYJbHBIX  KOMIIOHEHTOB  IpH
CTPOUTENBCTBE " peanuzaniu IIporpamMmm
KOMIUIEKCHOrO coopykeHust mnapka ADC. Takoi
KOMILJIEKCHBIM MOAXO0/ UIN CEPUIHHOE CTPOUTENIHCTBO —
Haub6onee 3¢ GeKTUBHBIN METO/T pa3BUTHSA
HAllMOHAJbHOW AaTOMHOW JHEPIeTUKH, IIOCKOJIBKY OH
CHIDKAeT CTOMMOCTh TEXHOJIOTHH 110 X0y €€ OCBOCHUS
u obecriednBaeT HKOHOMHIO 3a cuér odddekra
MaciiTada Ha Bcel POM3BOACTBEHHO-COBITOBOH IIETIH.
OOBlYHO OH BeIeT K COKpAaIIEHHI0 CPOKOB
CTPOMUTENBCTBA U 3HAYUTEIBHOMY  CHIDKEHUIO
CTOMMOCTH 3HeproOnokoB. HenaBHue mporpammsl 1o
coopyxkenuto ADC B Takux crpaHax, kak Poccus,
Kuraii, FOxnas Kopes, Anonus u Munus, nokazanu
penMyIIecTBa poTpaMM KOMIUIEKCHOTO
cTpoutenseTBa. K IpyruM cTtpaHam, MOLIEIIIAM IO
MyTH KOMIUIEKCHOTO TIOAXOJa WJIM BBIPA3HBIINM
KEJIaHWe BCTaTh HA HET0, OTHOCSTCA TOCyIapcTBa
bmmxuero Boctoka (manmpumep, OObeauHEHHBIE

Apabckue Owmupatsl, CaynoBckass Apasusi, Mpas,
Typumst u Eruner), a IOxnas Adpuka, Hurepus u
Bpasunus Taxke BKIIOYMIN TaKyl0 BO3MOXKHOCTb B
cBou Oyayinue ransl. [4, 5].

B pe3ynbraTe pocTa HaceneHus, 5KOHOMHUYECKOTO
pa3BUTHsI U CIpoca Ha DJJIEKTPOIHEPTHIO  Psift

Pa3BUBAIOIINXCS CTpaH paccMaTtpuBaeT
HCIIOJIb30BaHE STIEPHBIX SHEPTreTHUECKUX
TEXHOJIOTHI. ITo JAHHBIM MexnyHapoaHOro

areHTCTBa IO aTOMHOM 3Hepruu, 28 cTpaH, MHOrIa
Ha3bIBAEMBIX «HOBUYKAMM», BIIEPBBIE PACCMATPUBAIOT,
IUIAHUPYIOT WIN pPeaau3ylo Hal[OHAJIbHBIC aTOMHBIE
SHEepreTUYecKue MporpamMmsl, B To BpeMs Kak emie 20
CTpaH BBIPA3WIM MHTEpPEC K aTOMHOM SHEepreTuke U B

TOW WIM UWHOM Mepe pa3BUBAIOT  SEPHYIO
nH}pacTpyKTypy. OTH MpOIECCH YKa3bIBAIOT Ha
MPOAOJDKAIOIIEECS]  PACIPOCTPAHEHUS  MHPHOIO

WCTIONB30BaHUSl aTOMHOI SHEPTrHH B BOCTOYHOM H
FO)KHOM HAaITPaBIICHHAX.

BruiBoabl

1.B MHPOBOM coo0miecTBe IOCJETHUE
JECATUICTHS BEIyTCs TUCKYCCHU 0 OyIymeM siaepHon
SHepreTuku. be3yclioBHO, snepHas SHepreTuka MMeeT
pSAI TPEeMMYLIECTB, B TO )K€ BPEMs OOIIECHU3BECTHBI
nocneAcTBUs aBapuii Ha YepHOOBUIbCKOW aTOMHOMN
anexktpoctaHiuu u dykycume. Takxke cyuiecTByeT
mpobnema obpamienus ¢ OST. Ilostomy Bemyiue
KOMIIaHWH, NPO(QUIbHBIC HAy4YHBIC YUYPSKICHUA U
MEXJyHapOAHblE OpraHM3allMM 10 BCEMY MHUPY
paboTaroT  Hax ~ TOBBINIEHHEM  0E30MacHOCTH,
HAA&KHOCTH W  JKoJormdeckod 3¢ddexTuBHOCTH
SIIEPHOM YHEPTETUKH.

2. [IpuBencHnii aHATN3 COBPEMEHHBIX MHPOBBIX
TEH/CHINI Pa3BUTHUA AIepHOM 3HepreTukH. [lokazaHo,
YTO B HACTOsILlEe BpeMs HaOIIONAIOTCs OBICTpHIE,
(byHnaMeHTanbHbIe TpaHC(HOPMAIMH SHEPreTHYECKHX
CHCTEM 3a CYET HOBBIX TEXHOJOTHH, pa3BUBAIOIINXCA
YCKOPEHHBIMU TeMITaMH, Ha (oHe Bce OoJiee KPYIHBIX
U3MEHEHHH B COLMAIBHOW cdepe, TI'eONOIUTHKE U
OKpyxaromieii cpene. OOIEcTBO CTOUT Ha MOPOTEe TaK
Ha3piBaeMoro  «bompmroro  mepexona», KOTOPBIH
mpexycMaTpuBaeT  (yHIAMECHTAIBHBIE — COIHABHO-
SKOHOMHYECKHE CIOBUTH B CBETe TPALYIICH SpPBI
IU(PPOBON M IKOJIOTHIECKOH 3(h(HEeKTUBHOCTH.

3. [TokazaHo, 4TO siAEpHAs YHEPTETHUKA SBIACTCS
omHMM W3 Hamboiee pEHTaOENBHBIX CHOCOOOB
HPOM3BOJCTBA 3JIEKTPOIHEPTHH BO MHOTHX CTpaHax.
Bricokas yeiapHas MOIIHOCTE U HAIEKHOCTD SIIEPHBIX
SHEPreTUYECKUX YCTAHOBOK JIENAI0T WX MPHUTOJIHBIMHU
JuIsi obecrieueHns: 6a30BbIX HAIPY30K SHEPTOCHCTEMBI.
Ilo cpaBHEHHIO C HCKOIIa€MBIM TOIUIMBOM, sJEpHas
SHEpPIrHus MMEeT ONpe/eNEéHHBIE MpeuMymiecTBa. Bo-
MEPBBIX,  OHA  SIBISCTCS  HU3KOYTJICPOIUCTOMN
HUCTOYHHKOM JSHEPrHH. BO-BTOpPBHIX, OHa SBISACTCS
MpeICKa3yeMbIM W  OTHOCHUTEIFHO  HEJIOPOTUM
HUCTOYHHUKOM 3JICKTPOIHEPTHH.

4. TlpuBenéH  BapuaHT  pasBUTHA  SICPHOM
SHEPreTUKH, KOTOPBIH pa3paboTaH M KypHpYyeTcs
BcemupHoil anepHoil acconuanue U OTpaxEéH B
nporpamMme «l'apmonus». B mporpamme u3n0kKeHO
BHJCHHE OyAyIIero 3JeKTPOIHEPTHH C YUETOM LN
obecnieuenns k 2050 roxy nomm sIepHOM reHepanuy He
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MmeHee 25 % oT o01eMnupoBoro 00bEMa IIPOU3BOJICTBA
JJIEKTPOIHEPTUH B paMKax CTPEMJICHHH K CO3JaHHUIO
YHCTOTO ¥ HaAEKHOTO HU3KOYTJIEPOAUCTOTO MUPOBOTO

9HeprobanaHca.
5. PaccmoTpenst TpU TII00aIbHBIX
IBTEPHATHBHBIX ~ CIEHAPUU  pa3BUTUS  MHPOBOM

sHepretukn a0 2060, pa3paboraHHBIX BcemupHBIN
sHepretnaeckum Cosetom: «/[xa3 mozepn» (Jazz
modern), «Heoxonuennas cumdonus» (Unfinished
symphony), «Xapa pok» (Hard rock). Ilo »tmm
CIECHApWsIM SIIEpHAasl DHEPreTHKa OyAET YacThio
MHPOBOTO Heprodaianca, OIHAKO KaXKIbIA ClieHapHit
NpeAroaraeT pa3jiniHylo 0O SAEPHON IHEPTETUKI
B MHUPOBOM 3HeprodanaHce W JOBOJBHO OTJIMYHBIE
JpYT OT Apyra IMyTH Pa3BUTHSI.

6. Temnsl 1 HanpaByieHKs TIIO0ABHOTO MEpexoaa
K 0E3yIJIepoANCTOH HSHEPreTHKE SBISIOTCS YacThO
ropa3mo 0ojee MUPOKOT0 KOMIUIEKCA OOMEMHPOBBIX
n3MeHeHnH. B Hacrtosmiee Bpemst HAET mporecc Tak
HazpiBaeMoro  «boxpmoro  mepexoma»  (Grand
Transition), KOTOPBIi npeanoaaraet
(yHAaMEHTaIbHBIH CONNATLHO-3KOHOMUYECKHH CIBHUT
B CBETE TPSIyHIei 3pbl MU(PPOBOH U IKOIOTHIECKOM
spdekTrBHOCTH. B  0Oojiee MIMPOKOM KOHTEKCTE
MePCIIEKTHBBI aTOMHOI U APYrux GopM MpOU3BOACTBA
SHEPrHU OTIPEICIISIFOTCS CJIOYKHBIM u
HETPEICKa3yeMbIM  B3aUMOJICHCTBUEM TJI00ABHBIX
(axTopoB, TaKUX Kak JIeLIeHTpaIn3aLusl,
JnekapOoHu3auus, UU(pOBU3aLMS M TI'EONOIUTHKA.
[ToABIAIOTCSI MHOTOYMCIICHHBIC Pa3BHIKH Ha MyTH K
yCIICITHOMY 001eMHPOBOMY Hepexony K
HHU3KOYTJICPOIMCTON SHEPTETHKE.

7.Bcé Oompmre mpu3Haércs TOT (akT, dYTO
AfepHas SHeprusi 3aiMEr cBoE MecTo B Oymymiem
MHpPOBOM »HeprodanaHce M OyIeT CHOCOOCTBOBATh
YCTOWYMBOMY 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€ pacCMaTPUBAIOTCA MMOKA3aTCIIN Ka4€CTBA DJICKTPOOHEPTUHN U UX BJINAHUE HA
paboTy OCHOBHBIX BHIOB AJIEKTPOOOOPYIOBAHHUS, BOIIPOCH KOHTPOIIS M YIIyUIISHHS Ka4eCTBa AIEKTPOIHepruu. B
CBOIO Ouepenh HOpMalbHas padoTa 3IeKTpooOOpYyIOBaHHUS 3aBHCHT OT KadecTBa 3JEKTpodHepruu. Bzammuoe
BIIMSTHUE DJIEKTPOOOOPYIOBAHIS M IIUTAIOIINX CETEH Ha3bIBAaETCS SJIEKTPOMArHUTHOH COBMECTIMOCTEIO0. Perrenne
Hp06JIeMBI BHeKTpOMaI‘HI/ITHOI\/‘I COBMECTUMOCTHU CBSA3aHO C ONPEACICHHUEM W TIOAACPKAHHUEM ONTHUMAJIBHBIX

HoKa3aTelell KadecTBa DIICKTPOIHEPIHHU,
MHHHMAJIbHBIMH 3aTPaTaMH.

IIpH  KOTOPBIX  BBIINOJHAKTCA TEXHUYCCKUEC TpeGOBaHI/IH C

Key words: electricity, frequency, voltage, technical, electrical network, loss, quality.
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Kauecmeda.

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; K,

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; 4¢t,,;

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; A¢; ;. 1;

- the depth of the voltage dip; §U,;

- the frequency of voltage dips; E,;

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

- the duration of temporary overvoltage. Aty

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.



East European Scientific Journal #10(62), 2020 37

Frequency deviation: The frequency deviation
in hertz is the difference between the average f,and
nominal f,,,, frequency values: Af = f, — fiou-

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=C, (T = 1y) -Zy [ Nadt 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; P,- 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

_VKfSwon (15K,

n=n (1 azklz,_ 1—ki20 ) (4)

where is n, the synchronous rotation frequency at
f = fuom: ¥, @ - correction factors taking into account
saturation of the magnetic circuit (1.05 - 1.15);

kf = f/fiﬁ Suom; - rated slip; ky = U/Uyou;
ks = 1/l - load factor; - k;o = I /11,0, Multiplicity

of no-load current.
_ Vzk]%SHoM k%—kizo
= <1 a2k A 1-K, (3)

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, Uscyis 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 i or

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

U — ?’=1Ui2 (7)
y N

where is U;the voltage value U ;01U 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 deviation§U,, in
percent is calculated:

Uy=Ugon
6Uy = yj‘ 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 + AP,y,) +Vpn +Yy (9)

Where A4Q and AP increment of consumed
reactive and active power; - AP, increment of active
power losses; ¥,,- 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:

2

8Py =M (o) + A (52) o)

where Jl;and/l, are constant loss factors; Q and
Q.ou- CuUrrent 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

8U, = IUZAH 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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_ |Uai_Uai+1|

\/EUHDM ' 1 O O

(12)

where Uy, Uygiqare the values of the following
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

Fsye = % (13)

where m - is the number of voltage changes over
time T; T - measurement time interval, taken equal to
10 min.

The interval between voltage changes in seconds
or minutes

Atiiq =ty — t; (14)

where are the initial moments of the following
changes At; ;.1 one after another, s, min.
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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; 8 - averaging interval, taking into
account the effect of memory of perception, 8 = 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 Tgginterval 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
Tgeequal 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+Ps
1S — s 138 — 3

P __ P3o+Pso+Pgo
108 —

Pg+Pg+P1g+P13+P17 p
s s F's505 = 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:

Py, = /0,0314 - Py ; + 0,0525 - Prg + 0,0657 - P3g + 0,28 - Pyo5 + 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:
P —3/1212 PR3 (18)
Lt — 12 n=1"Stn

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.

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 wvoltage change is represented by
vectorsi,R,, jl,X., I,R. ji,X., and the voltage
decrease is mainly determined by the vectors I, R, 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
3Unomlap +3U ol J AT
X c romlp X
8U = 8U, ~ —Xe_¢ = X
3U%om 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 = 4Q and P = AP we get

Rc
APx +4Q  Ap(0,03+0,1)+4Q
Sk Sk

SUZSUt ~

&y

For approximate calculations, you can take,%,

8U = 6U, ~ 1005 (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
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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]:

4-k,
44k

25)

where is k,, = Uy(,-3)/ Uy the splitting coefficient,
on average equal to 3.5; Uy(,_3) - short-circuit voltage

between the split secondary windings of the
transformer; - U,voltage of the through short-circuit
transformer.

AUZ = AU3
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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, 0oyenm

Aopamoe Banepuit Bacunvesuu

0-p mexH. HayK, npogheccop

Paxynoe Anexcanop FOpvesuu

unorcenep; Hayuonanvnulii uccnedosamenvcexuil

Mockoeckuii 2ocyoapcmeenHblil cmpoumenvhbill yHugepcumem, Poccus.

TEOPETUYECKHUE U TIPAKTUYECKHUE METO/bI ONTPEJAEJEHUSA PEXKUMOB
OIITUMAJIBHOTI'O PESAHUSA METAJIVIOB 1 CIINTABOB YHUOUIINPOBAHHBIMHU PE3LIAMU

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 OIMpCACICHUA CKOPOCTU
pe3aHusi TpU MeXaHW4YecKo o00paboTke pabo4YMX MOBEpXHOCTEH JeTajeld MalluH yHU(PHUIUPOBAHHBIM
HHCTPYMEHTOM Ha CTaHKax C qIry. HpomBeaeHo COMOCTABJICHUC OINTUMAJIBHBIX TEMICPATYp pE3aHusd,
MOJYYCHHBIX TIPH TOYCHUH CTaJleH, C TeMIepaTypaMu HX CTPYKTYPHO-(a30BBIX 0—Y MpeBpameHnid. PazoOopaHsl
METOAMYECKHE OMMOKM HCCleroBaTeled Mo Ha3HAYCHHWIO CTOWKOCTH HMHCTPYMEHTAa M CKOPOCTH pe3aHus,
OCHOBaHHOTO Ha ¢opmyrnax Teitmopa. KiaccmpuuupoBaHbsl YCKOPEHHBIE CIIOCOOBI OMPEACICHUS PEKUMOB
ONTUMANIFHOTO pe3aHus. [loka3zaHo, 9TO 3aKOH IMOCTOSHCTBA ONITUMANIFHON TEMITEpaTyphl Pe3aHus 00ecIeunBaeT
MaKCHUMAaJbHYI0 CTOMKOCTh HHCTPYMEHTA, HAWBBICIIYI0 TOYHOCTh OOPaOOTKM MpPH ONTHMAIBHON CKOPOCTH
pe3aHus, Kak s KOHCTPYKIIMOHHBIX, TaK U TPYJHOOOpabaThIBAEMBIX MaTEPHAIIOB.

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 cilosa.

apexmusHocms  ONMUMATLHOZO — pe3anus,

OnmumMalbHasl CKOpocmbvb pe3arusl,

IKOHOMUYECKASL CMOUKOCb uHcmpymenma, MemoouyecKue 0u4u61<u, pescumvbl  pe3aHus, OnmumailbHdasl

memnepamypa pe3amus,
MAKCUMANbHAA CMOUKOCMb UHCIPYMEHmA.

Beenenue. [loctaHoBKa npo0JeMbl.

Baxneiinieit 3agaueii HayKu 0 pe3aHUH METAJUIOB
SBIISIETCS yCTaHOBJICHHE JEHCTBUTEIBHBIX
3aKOHOMEpHOCTEH OCHOBHBIX XapaKTepUCTHUK
mpolriecca B 3aBUCUMOCTH OT H3MEHEHHs CBOMCTB
obpabatpiBaemMoro Marepuana (OM), mapamerpoB
pexxumoB peszanus (PP), matepmana u reomerpuu
pexymero uHcTpyMeHTa (PY) m apyrux BHEUIIHHX
YCIOBUH C MENbI0 ONTHUMM3ALMM TIpoliecca IO
BBIOpaHHBIM KPHUTEPHUSIM ONTHUMHU3ALMHU. [ OLeHKH
mporuecca pe3aHuss HanOoJbIlee 3HAYCHUE HMMEIOT:
pa3MEepHBIi U3HOC M CTOMKOCTh YHH(HUIHNPOBAHHOTO
PN (YPU), npon3BOAUTENFHOCTE U CEOECTOMMOCTH
00paboTKM W TIOKa3aTenu KadecTBa JAeTallei: HX
SKCIUTyaTaIl[MOHHAsl Ha/Ie)KHOCTh U JIOJITOBEYHOCTS [1-
3]. Haunbonsmme pe3epBbl TOBBIIICHHS
3G GEKTUBHOCTH M KadecTBa 00pabOTKH, CHUKEHHS
pacxolla HMHCTPYMEHTaIbHBIX MatepuaioB (MM)
COJIEpXKATCS B IPABIIILHOM BBIOOPE CKOPOCTH Pe3aHUs
V, Tak KaK OHa OMpeesIeT TeIMIOBYI0 HAIPSKEHHOCTh
nporecca pe3aHus, MPOU3BOANTEIBHOCTh U KauecTBO
00paboTKH. Omnpenencaue ONTUMAITEHON \
NPE/ACTAaBIsIET  HAaWOOJBIIYID  TPYAHOCTh,  T.K.
3aBHCHUMOCTh HHTCHCHBHOCTH m3HOca YPU ot V HOCAT
XapakTep CIOXHBIX KPHBBIX C  OJHOW  WIH
HECKOJIbKUMH TOYKaMH MHHUMyMa. B psine Hay4qHBIX
koiektuBoB CCCP um  P® Opumn  mpoBeneHsl
HCCIICIOBaHUA  YKa3aHHBIX  BOIIPOCOB,  KOTOPBIE
3aJIOKMJIM  OCHOBBI TEOPUH PpE3aHUs METaIOB C
HalpaBlI€HHEM  ONTHMH3AIMM  MPOIECCOB IO
(u3nYeckuM mapaMeTpaM — HHTEHCHBHOCTH H3HOCA
ho» P 1 mapameTpam KadecTBa MOBEPXHOCTHOTO CIIOS
[1-6].

OcHOBOW M CTUMYJNIOM AN Pa3BUTUA
WCCIEeIOBaHUM  mociyxkuia  BblABUHYyTas AL/l
MaxkapoBbIM TUNOTE3a O MOCTOSHCTBE TEMIIEPATYyphl
pesanust 0o, Tpy KOTOPOH HAOIIOIAIOTCS MUHUMAaJIbHAS
WHTEHCUBHOCTH M3HOCa yHUHUImMpoBanHoro PU u ero
MaKCUMaJIbHas pa3MepHas CTOMKOCTE [2, ¢.67-73]. Ota
TUIOTE3a HaIlIa HKCIIEPUMEHTAIEHOE TIOATBEPKICHNE
JUIA  TPOJOJBHOTO TOYEHMSA, 3aTeéM OKa3anach
CIpaBeIMBOH M JUII MHOTHX BHIOB 00paboOTKH

memnepamypa CmMpyKmypHo-(a3o8bix npespaujeHul,

UHMEHCUBHOCMb U3HOCA,

MeTalioB Jie3BuiiHbIMU PU: TopuoBoro TtoueHus,

pacTaunBaHus, TOPIIOBOTO (bpesepoBanms,
(bpesepoBaHs KOHIEBBIMH (pe3aMH, CBepIIeHHS,
Hape3aHus pe3b0Bl, 3y0odpe3epoBanus,

MIPOTATMBAHMs, 36HKEPOBAHHMS U Pa3BEPTHIBAHUS, B TOM
ypciae JUIs  TPyAHOOOpabaThIBa@MBIX MAaTEpUaNOB
(TOM), Takux Kak >KapOIpPOYHBIX, BBICOKOIPOUHBIX U
TUTAHOBBIX CIUIaBOB. . M3 yka3aHHOro 3akoHa
BBIBE/ICHO CBBIIIE JAECATKA CJIEACTBHUH, 3HAYMTEIHHO
PACIIUPUBIINX H YIIIyOWBIIMX ero neicrtue [2].
VHBapuaHTHOCTh ONTHMAaNbHOM TemrepaTtypsl 0o K
W3MEHEHHMIO OOJIBIIOrO 4HClla BHEIIHUX YCJIOBHH
npouecca pe3anus [2-6] mo3Bosier:

- 3HAYNTEIHHO MOBBICUTH PAa3MEPHYIO CTOHKOCTb
YPU u cHU3UTB €ro pacxo, YTO OCOOEHHO BaXKHO MPHU
006paboTke TpyAHOOOpabaThIBAEMBIX MATEPHAIIOB;

- TNpOW3BOAUTH  aJaNTHBHOE  YIIpaBIICHHE
nporieccom pesanuss 1o 0o (Benmmumne TIAC) u
ABTOMATHYECKH MOJIEPKUBATh INPOLECC pe3aHus Ha
ONITUMAJIFHOM YPOBHE.

1. OcHoBHOe coaep:kaHHMe U Pe3yJbTaThl
padoTsI

OnTuManbHOE YNpaBIeHUE MPOLECCOM PE3aHUS
Ipu 00paboTKe KPYMHOTrabapUTHBIX JeTaNei CI0KHOM
¢bopMBl  (DMCKOB  TypOMH W  KOMIIPECCOPOB
ra30TypOMHHBIX ABUTATENeH) ObIIO BHEIPEHO Ha psizie
HpeanpusThii ¢ 60JIBLUIMM SKOHOMUYECKHM 3D DeKToM.
Baxknsim JIOCTOMHCTBOM ONTHMAJIbHBIX o
UHTEHCUBHOCTHM M3HOca YPU ckopocrel pe3aHus
ABJISIETCS TO, YTO YKa3aHHBIE CKOPOCTH SIBJISIOTCS
ONTUMAJILHBIMM M TI0 OCHOBHBIM XapaKTepUCTHUKaM
Ka4yecTBa MOBEPXHOCTHOTO cios [6]. PaBeHcTBO mMin
COBIIAJICHNE YKa3aHHBIX CKOPOCTEH pe3aHus (Kak |
CaMoO CYyIIECTBOBAaHHE ONTHUMAIBHBIX TEMIIEPATyp

KOHTaKTHOTO  B3aMMOJEHCTBHMS  IpPU  pE3aHUU
METaJIJIOB) BHITEKACT U3 YCTAaHOBJICHHOW U yTOYHSIEMOM
B TeUeHHMEe psAna JeT (UIMYECKOH CyIIHOCTH

ONTUMANIEHOH TemnepaTypsl 0o. Tak B pabore [7] Obia
BBIIBUHYTa THIIOTE3a O paBeHCTBe Op mpm oOpaboTke
crameit Ttemmeparype Toukn ACs CTPyKTypHO-
(dazoBoro o-y mpeBpaimieHusi, a B pabore [2, c¢.73]
O0TMeYalioch, 4To g TUTAHOBOTO CIUIaBa MPUMEPHO
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paBHa  TeMIeparype  ero  peKpUCTAILIM3ALHH.
EcrectBenno, 4ro coBmnajeHue 0o ¢ Temmneparypoit
CTPYKTYPHO-()a30BBIX WJIM HWHBIX IPEBpaIlICHUH B
00pabaThIBaEMBIX Marepuanax SIBIISIETCSL
3akoHOMepHbIM. [Ipum TemmepaTypax CTPyKTypHO-
(a3oBBIX  TpeBpalleHWHt B IPUIIOBEPXHOCTHBIX
KOHTAaKTHBIX CJIOSAX 00pabaThIBaeMBIX MaTEpHAIOB
MPOUCXOIUT pEe3Koe, CKauyKooOpa3HOe M3MEHEHHUE
(hm3nUIecKuX CBOKMCTB (mapameTrpa KPHUCTAJUIMIECKOI
pemeTky, Ko3(pQUIMEeHTa JIHHEHHOTO pacIIUpeHus,
YAGNBHBIX TEIIOEMKOCTH U 3JIEKTPOCOIIPOTUBIICHHS,
TEPMOAIIEKTPOABIKYILEH CHIIBI, MOAYJIS yIPYTOCTH U
Ip.), ociabieHHe MEXaTOMHBIX CBsI3ed M moTeps
YCTOWYMBOCTH  pEIETKH  HMCXOMHOM  (assl K
CMEUIeHHsIM aTOMOB Npu HarpeBe. lcuesHoBeHue
(eppomaraeTn3Ma TpH TemIeparypax Touek Kropum
(mms xemeza —768 C°, Hukenas —365 C°, kobanbTa --
1150 C°) taxxke COMPOBOXKIACTCSA CKAYKOOOPa3HBIM
U3MEHCHHEM psina (du3mIecKuX CBOMCTB.
OKCHEepUMEHTANbHBIE ~ HCCIEIOBAaHWA  YHUCTOBOTO
(¢puaHUIIHOTO) ToweHHU: (1 = 0,25 MM, So = 0,1 MM/00)
craneid TBepaocmiaBHeiMu YPU u3 T15K6 u T30K4,
mokazanu (cM. puc 1 u Tabm. 1), uto B9, U3MepeHHBIE
METOIOM €CTECTBEHHOM TepMoIapHhl, Kak
TEeMIepaTypsl, OOCCICUUBAIOIINEG HAUMEHBINYIO N,y
VYPH, mnpakTudecku COBHNANAOT C TEMIEPAaTypaMu
Touek AC3 CTPYKTypHO-(a30BBIX TPEBpAIICHUI B
YKa3aHHBIX CTaJIsIX. YoenutenbpHOE
OKCIIEPUMEHTAJIbHOE TOATBEPXKJICHUE THIOTE3Bl O
paBeHcTBe O TeMIiepaTypam CTPYKTYPHO-(ha30BEIX O~y
MPEBPAIICHHH TTOJyYeHO TaK)Ke IPH TOUCHNH JKEIIe30-

HUKeNEBbIX cruiaBoB [4]. ToT dakr, uto 0o cBs3bIBacTCS
C TeMIlepaTypaMH KPUTHYECKHX TOUYEK CTPYKTypHO-
(ha3oBbIX WM WHBIX nOpeBpameHnii OM, sBisercs
OCHOBAHHEM JUIsI THBApUAHTHOCTHU Bg IO OTHOIICHHIO K
pa3IMuHBIM BHaM 00paboTku. B cuity Toro, 4to n3Hoc
YPU mno 3agueit mosepxHoctu hz; u oGpasoBanue
MTOBEPXHOCTHOTO CJIOS JETAH SIBIISIOTCS PE3YIbTaTOM
JNEHCTBUS OOHUX M TeX Xe (PU3WYeCKHX NPUINH
(pabota cun TpeHus B KoHTakre YPU-nmerams), mpu
HAIAYAA IKCMPeMANbHOl 3aBHCHMOCTH
WHTCHCHBHOCTH  HW3HOcCa oOT V, 3aBUCHMOCTH
IIEPOXOBATOCTH TIOBEPXHOCTH, TIIyOWHBI W CTEIICHU
HaKJIeNa, IVIOTHOCTH JANUCIIOKALNHA OT V TOJDKHBI UMETh
9KCTPEMANIBHBIM XapakTep ¢ TOYKaMU MHHUMYyMa IpHU
onmumanvuulx ckopocmax pesanus — V. Jleranu,
obpaboranHbie Ha V,, Kak TOKa3ajid HCCICIOBAHUS,
umeroT 0oJiee BBICOKYIO )KapOIPOYHOCTb, AIUTEIBHYIO
MIPOYHOCTB, KOPPO3HOHHYIO CTOHKOCTB "
M3HOCOCTOMKOCTP TIO CpPaBHEHHIO C JETaJsIMH,
00paboTaHHEIMH Ha 00Jiee HI3KUX TN 00JIee BRICOKHX
CKOpOCTSIX  pe3aHms.  Paboume  TOBEpPXHOCTH,
obpaborannble Ha V,, OONagalOT MaKCHMaJIbHOM
KOHTaKTHOM >KeCTKOCThIO [2,5]. Tak ke onTuMalnbHbIe
II0  UHTEHCUBHOCTH m3Hoca PP sBnarorcs
ONTHUMAJIBHBIME TI0 (QOpME M XapakTepy cxoja
CTPYXKU U 00bEeMHOH AeopMaly CXKATHS CTPYIKKH.
Paborta Ha pexxumax onTuManbHOro pesanus (POP)
NPUBOAUT K JOCTIDKCHHMIO Haubojee BBICOKOH
TOYHOCTH YHCTOBOW M (HUHUIIHOH O0OpabOTKH U
MOBBIIIAET HA/IEKHOCTD ee obecneueHus [3-7].

Tabm. 1

ConocrapjieHne ONTHMAJbHBIX TEMIIEPATYpP pe3aHusl, MOJYYeHHBIX P TOYEHHH CTaJIeH, ¢

TeMIlepaTypaMu UX CTPYKTYPHO-(a30BbIX 0—y NpeBpaleHuil
OnTrManbHas TeMreparypa _
Mapia cram /ckopocTh pe3anust 0o/V,, Er;lq:léygl 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

pum. Neo 36 Ve T34 — cxopoctu pesanns, naromue croiikoctu T= 60 mun nua T15K6; T30K4

TpyaHO NEPEOLIEHUTD NOJIOKUTENBHbBIE CBONCTBA
V, IpH M3rOTOBJIEHUH 0CO0O0 OTBETCTBEHHBIX JieTaNeH
npuOOpoB M MamMH M NpH IKCIuryatanuu Y PU,
CHEeLMANIM3UPOBAaHHOTO M crnenuanbHoro PU B
YCIIOBHUAX aBTOMAaTU3MPOBAHHOIO MPOM3BOACTBA [6].
OnrumanbHele V, IO3BOJIIIOT TaKXe INPOU3BOIHUTH
OOBEKTHBHYIO CPAaBHHUTEIBHYIO OLEHKY PEeXYIIHX

CBOWCTB  WHCTPYMEHTANBHBIX  MAaTE€PHAJOB W
00pabaTbIBAEMOCTH METAJUIOB pe3aHueM [7]. 3HaHUe
V, sBISETCS  COBEpPIIEHHO HEOOXOIUMBIM  IUISt
TE€XHUYECKU IrpaMOTHOM u s deKkTUBHOM
skciuryataiuu YPH B MHOrooOpa3HBIX yCIOBHSAX €ro
npuMeHeHus1. TakuM o0pa3om, Hucroib3oBaHue V,
MO3BOJSIET MCKIIOYaTh BCE €IIE HUMEMIUecs Ha
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MIPaKTHUKE cily4yau HETIpaBUJIbHON (unu  BbIcOKOM cTOMKOCThIO PU Ha mpou3BOACTBE B psine
MpeHAMEPEHHOM), TEXHUYECKHU HErpaMOTHOM  CJIy4aeB MCIOJB3YIOT 3aHM)KEHHbIE CKOPOCTH pPEe3aHus

JKCIUTyaTalldl WHCTPYMEHTa, Korma B moroHe 3a  Vr[2,7] (tabm. 1).

D)

LA . / f

2/ 5] ™ R VA

Puc. 1. Yuuguyuposannwiii HapyscHblil KOHMYPHBIIL pe3ey ¢ MHO2OKPAMHO Nepemaiusaemblmu
pedcyuwgumu snemernmamu (P3)
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Puc.2. Pexcywuti anemenm YPHU neeo-npaswiil, KoHmypHwlii. ppp = 5...10 mxm

pp = 3...5 mrm.
K COXKaJICHUIO, B TIOrOHE 3a  ycrapeBmied W HecmpaBeanuBon Qopmyne Teitnopa,
«IPOU3BOJUTEIEHOCTBIO 4acTo KEPTBYIOT  IPOM3BOJBHO BBIOPAaHHOMY MEpPHOAY CTOMKOCTH Ts

CTOHKOCTBIO MHCTpyMeHTa T, Ha3Hauas 3aBelmeHHy0  [1,2,5,8]. IIpu 3TOM NOBBIIICHHE TPON3BOAUTEIIEHOCTH
CKOpOCTh pe3aHust Vr, COOTBETCTBYIOIIYIO MO JaBHO  Ha 33...46% NpUBOAMT K CHIXKEHUIO CTOUKOCTH B 4...6



L m
EESY

East European Scientific Journal #10(62), 2020 47

pas3 [2,3], 94To HeAOMYCTHMO, KaK 110 PHUYUHE HUZKOTO
KadyecTBa 00paboTkuy, TaK u BBICOKOM
UHCTPYMEHTOEMKOCTH IPOLECCa, YaCTOThl CMEHBI U
Hananku PU, uto Hapymaer pexum craHkos ¢ UIIY
«HACTPOUKH u KOppEeKLUn pa3MepoBy
00pabaThIBaeMBbIX TOBEPXHOCTEH JieTalled U IIPUBOIUT
K skoHOMm4eckuM motepsM [10,11]. . . C 3Toif Toukn
3peHHS] BEChbMa MOKAa3aTEIbHBIM SBISICTCS Hpumep,
MIPUBEACHHBIN B CTaThe, KOTOPYIO Hanucan [larpuk ne
Boc (Patrick de Vos) — ympasmsrommii 1o
KOPHOPaTHBHOMY TEXHHUIECKOMY 00y9eHHIO
koMranun Seco Tools [9]. «YmpoieHHbIH TpuMep
HETIPEIBUICHHOTO BIUSHUS (PaKTOpPOB 00pabOTKH: IpH
o0paboTke neranu 2 MUH TpeOyeTcsi Ha pe3aHue u 2
MUH — Ha 3arpy3Ky ¥ pas3rpy3Ky 3arotoBku. Ha cmeny
PU yxoaut 1 MuH; nepuoj CTOMKOCTH MHCTPYMEHTa
T=10 MuH — 5 3arOTOBOK, TO €CTb BpPeMs HHAEKCALUU
WHCTpYMeHTa (HacTpOWKH Ha pa3Mmep) coctapiser 0,2
MUH Ha jgeranb. J{nsd xaxnod meramu Tpedyercs 4,2
MHH BpPEMEHH 00paboTkH, CJIeI0BATENBHO,
MPOU3BOJUTENEHOCT  HEMHOTO  TIpeBblmaeT 14
3aroToBok B yac. Ctoumocts PU cocraBnser 15 eBpo,
a ero CTOHKOCTb, PaBHAs 5 3ar0TOBKaM, 03HAYAET, YTO
Juid mpousBoacTBa 14 3arotoBok Tpebyercs 2,8 PU
(cToumocTs - 42 eBpo). CTouMocTh ctanka — 50 eBpo B
gac. ITOro cTouMocTh Npou3BOACTBa 14 3aroToBoK 3a
1 gac coctaBnser 92 eBpo. 3aTeM, MBITAACh YCKOPUTH
BBIpPAOOTKY U NMPOU3BOAUTENIBHOCT, IIEX YBEIUUHUBACT
V Ha 10%. D10 coxpamaeT BpeMs pe3anus Ha 10% (10
1,8 MHH), HO TpPH OSTOM CHIDKAeT CTOWKOCTb
MHCTPYMEHTA IIPIMEPHO BABOE. JTO 3HAYMT, UTO OHA
pexymmas KpoMKa 00paboTaeT TOJIBKO 2,5 3aroTOBKH
JO TOro, Kak moTpedyercss HHAeKcamusi. Bpems
unaekcauuu PU no-npexxHemy cocrasisieT 1 MUHYTY,
3arpyska/pasrpy3ka 3aroToBki — 2 MHH. Bpewms
mpousBojcTBa 1 3aroroBku ocraercs 4,2 muH (1,8 MuH
pe3aHus, 2 MUH IepeMelieHne 3aroToBku u 0,4 MuH
MHJIEKCAI[NM MHCTPYMEHTa) Wi 14 3aroTOBOK B Hac.
Croumocts craHka ¥ PU HeEW3MeHHBI, MO3TOMY
TpebyeTcs ucnoib3oBarh B uac 5,6 PU (croumocts - 84
eBpo). Hecmompsa mna nonRLIMKY  RHOBbICUMD
npouszeooumenvHocms, BpeMs  obOpaborkm 14
3aTOTOBOK  OCTaeTcs  NPEXHHUM, a  3aTpaThl
noBeImaroTest ¢ 92 mo 134 empo. (B 1,45 pasa)! B
JaHHOM cllydae YyBeiaWdeHHe V He MOBbIIIAaeT
MPOMU3BOIUTENBHOCTh  Tepexoja.  JTOT  Kasyc
MPOMCXOIUT IO NPUYMHE HECOOTBETCTBHS YCIOBHIl
o0pabotku POP, T.e. B BUIy OTCYTCTBHSA Yy BEIYIIHX

MIPOU3BOUTENEH PU co CMEHHBIMU
HeNepeTayuBacMbIMU IJIaCTUHAMHU (CMID)
TEXHOJIOTHYECKUX peKkoMeHjpauud 1o PP s

obecriedeHnss TOYHOCTH 00PaOOTKH IPH HEOOXOAMMOM
ctoiikoctu PU [8,10]. M3meHeHue BpeMeHU pe3aHus
BIIMSICT Ha Jpyrue (aKTopsl B cUCTEME 00pabOTKH: B
JJAHHOM IIpUMepe — Ha CTOMKOCTh U BpeMsI HHJIEKCAllUH
PU. [ToaTomy, 1ex JOJHKEH TIIATEIbHO YUYUTHIBATh BCE
TOCJIC/ICTBHSL U3MEHEeHUH mponecca». pyras ¢opma
CKPBITBIX 3arpar BKJIIOYaeT BBITTOJTHEHHE
BCIIOMOTATEIHHBIX IEPEX0/I0B B Iporecce. Hampumep,
Ha MHOTHX NPEANPHUATHAX KJIACCHYECKUM IIPUMEPOM
CKPBITBIX 3aTpaT fABISETCA BpeMs, 3aTpaueHHOE Ha
naaekcanuio CMIIL. Bpems na umnanekcamuio CMII,

MOXeT cocTaBiATh | MUH. OiHaKo BpeMsi, PaKTHIECKH
n3MmepsieMoe Ha pabodeM MecTe, MOXKeT ObITh Ha 2, 3
win 10 MuH 60JbIIIe, YTO O3HAYAeT pasHuIly oT 1 o 10
MHUH B 3aBUCHMOCTH OT TOYHOCTH DPa3MepOB JeTallld
(3aroToBKM), 0COOEHHO, NMpH (PUHHUIITHOW KOHTYpPHOM
00paboTKe HECKOJBbKHX TOYHBIX IIOBEPXHOCTEH 3a
OIWH YCTaHOB B ongHOM mepexone (omamm PU).
3apyOexxHsIe rccaenoparenu eme B 1960...70-x romax
20-ro Beka yOenMIHACh B HECIIPABEINTUBOCTH (POPMYIIBI
Teinopa, KoTopas HE HaeT TOYHOIO BBIPAXKEHHUS
sagucumoct T=f(V) mpu cro#ikoctsx P MeHbImnX
120 wmur.  CootBercTByromue ei  QopMyIIBl
9KOHOMHUYECKHX cTOWKocTH T5 1 ckopoctu pezanus Vs
— HeBepHbl. X HCHONIb30BaHWE /JaeT OYECHb Malble
OKOHOMHYECKHUE CTOMKOCTH. IloaTomy ObL1a
MIpeAIoKEeHa 3aBUCUMOCTD T-V, KOTOpasi BBIpaXKaeTcst
dopmynoit V(C+T) = L, rae C — mocTosiHHAs IS
naHHOM mapel MatepuanoB (OM-NM). Dra dopmymna
Ooee ToyHO ompenesieT T B quamazone 10-120 muH
[5,8]. . BaxxHO OTMETHTH, UTO KaK CHIIKCHHE, TaK U
MOBBITIICHHE V TIO CPaBHEHUIO C ONTHMAaJIbHBIMH V,

MIPUBOJAUT K 3HAYUTEITBHOMY MOBBIIIEHUIO
MHTEHCUBHOCTH H3HOCA W CHIXKEHHIO DPa3MEpHOU
CTOMKOCTH MHCTPYMEHTA. Hanpuwmep,

MIOJIyTOPaKpaTHOE MOBBIIIEHHE CKOPOCTEH pe3aHus 1o
cpaBHeHHIO ¢ V, NpU YUCTOBOM TOYECHUH CTalll
12X18H10T ynudunmpoBanusimu pesuamu T30K4 Ha
momavax 0,1-0,15 Mm/00 mpuBOoAMT K Ooyice dYeM
JIBaIIIaTHKPATHOMY CHIKEHUIO pa3MepHoii
CTOMKOCTH, a yMEHbIIIeHHE V B /1Ba pa3a Mo CPaBHEHHUIO
C ONITHMAJILHBIMH B PSIZIE CITy4JacB BBI3BIBACT CHIDKCHHUE
pa3MmepHoil croiikoctu B 6-36 pa3. Vcnoab3zoBaHue
MapaMeTPUYECKUX YPaBHEHHMH MaKCHMAaIbHON pa3-
MEpHOH CTOHKOCTH BO MHOTHX CIy4asX ITO3BOJISIET
MIOBBICUTh Pa3MEpPHYI0 CTOMKOCTh WHCTpyMeHTa (B
1,15-3,34 pasa) mpu OJHOBPEMEHHOM IOBBIIICHUU
MPOU3BOUTENBHOCTH 00paboTku (B 1,17-2,57 paza) u
CHM3HUTh C€0EeCTOMMOCTh H3TOTOBJIEHUS JeTayneil (B
1,19-2,56 pa3a) mo cpaBHEHHIO C HOPMATHBHBIMH
JnaHHbIMU [1,2-4]. . .. [Ins onpeeneHust OonTUMANIbHBIX
V, 0OBIYHO MPOBOSAT CTOWKOCTHBIE MCCIICOBAHUS Ha
6-8 ckopocTsSX pe3aHUsl M CKOPOCTb PE3aHus, INpH
KOTOpOH oOecrieunBaeTcsi MakcHMalbHasi pa3MepHas
cToiikocTs PU mnu HauMeHbllasi HHTEHCUBHOCTb €r0
N3HOCA, U NMPUHUMAIOT 3a ONTUMalbHYyIO0 - V.. OTOT
Meron ompeneneHust V, SABISETCS  IOCTATOYHO
HaJeXHBIM, HO  oOlagaeT  O4YeHb  BHICOKOU
TPYJIOEMKOCTBEIO M TpeldyeT OoNpIIoro pacxojna
UCCIIeIyeMbIX Ha 00pabaThIBAEMOCTh MAaTEpPHUAIIOB.
Hcnonp3oBanue ke ONTHMAJIBHON TeMIeparypbl
pe3anust 0o, siBIsIOIIEiCS (pU3MUEeCKOW KOHCTAHTOW
obOpabaTeiBaeMOro MaTepualia, Mmo3BOJSIET ONPENSATh
V, ans moObIX BUIOB OOpa0OTKU IUIE HAa OCHOBE
TeMIIepaTypHBIX HCCIIeI0OBaHMH 0e3 IOCTAaHOBKH U
OpraHM3aIN TPYAOEMKIX CTOMKOCTHBIX HUCITBITAHUI.

2. Yckopenunwie cnocoovt onpedenenus Vo,
noopasoenawom Ha cnedyowue cpynnot. 1. Metosl,
OCHOBAHHBIE HAa COKPAIICHUH TPOJOIDKUTEILHOCTH
CTOMKOCTHBIX HCHBITAHUH, KOTJAa HMHTEHCHBHOCTD
n3Hoca YPUM ompenemsroT aMilb N0 HAa4YalbHOMY
YYacTKy IepHoia HOpMaIbHOTO H3HOCa 6€3 JOBEACHUS
YPU nmo momHoro wm3Hoca [2,4]. K aroif rpymme
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OTHOCHUTCSI U METOJ, OCHOBAHHBIN Ha TOM, 4TO 3a OJHO
3aryrieHue (qomyctumblii u3Hoc) YPU npousBoautcs
onpesieleHHe MHTEHCUBHOCTU €ro H3HOca He s
OJTHOH, a 7151 HecKoNbKUX (3-5) ckopocTeil pe3anus [4].

2. CriocoObl, OCHOBaHHbIE Ha 3aMEHE TPYJOEMKHX
CTOMKOCTHBIX HCIIBITAHUIM AJISI TIOCTPOSHHST KPUBOM
OTHOCHTEJIFHOTO TIOBepXHOCTHOTO M3Hoca YPU h,, = f
(V), ombiTaMH IO YCTAHOBICHHIO 3aKOHOMEPHOCTEH
W3MEHEHHSI OT CKOPOCTH PE3aHUs KaKUX-TO APYIHUX,
JETKO W OBICTPO OMPEACTAEMBIX XapPAKTCPUCTHK
mpouecca pe3aHus. EcTecTBeHHO, Takas 3aMeHa
IpaBOMEpHa B TOM CIydae, €CIM 3aMEHSIOIINE
XapaKTepUCTUKH TIpoliecca pe3aHus B TOW WIM UHOMN
CTETIEHH  pearupyoT Ha Tepexoj VL  depes
ONTUMAJIBHYIO. Boobmie roBops, TaKUMHU
XapaKTepPUCTUKAMH MOTYT OBITh: yCaJKa CTPYIKKH,
MUKPOTBEPAOCTb €€ NPUPE3L0BONH CTOPOHBI, MIUPUHA
ISITHA KOHTaKTa CTPYXKKH C MEPEAHEH MOBEPXHOCTHIO
YPU, rinyOuHa TOBTOPHOTO pe3aHUs, MHMapaMeTphl
KayecTBa 0OpabOTaHHOTO MOBEPXHOCTHOTO CIOS —
IEPOXOBAaTOCTh, TNIyOMHA W CTENEHb HAaKJEIa.
To4HOCTB 3THX METONOB OyIET 3aBHCETH OT PE3KOCTH
U CTaOWIBHOCTH pEarupoBaHUsl TOM WM WHOH
XapaKTepUCTUKHU Ha TEpPexXo]l V 4epe3 ONTHMAIbHOE
3HAa4YeHHE, OT HAJIMUUSA HAJAEKHBIX CPEACTB U3MEPECHHUS,
HEOOXOAUMBIX sl (PUKCALMK KPUTHYECKHX TOYEK Ha
KPHBBIX 3aBUCHMOCTH OTMEYEHHBIX BBIIIIE
3aMEHSIOIMINX XapakTepucTuk oT V. J[7s Bcex MeTo0B,
OTMEYEHHBIX BO BTOpPOH TIpymme, IpOBEACHUE
nporecca pe3aHust Ha 6-8 CKOPOCTAX Pe3aHus TaKKe
SBIISIETCS 00s13aTENbHBIM. Coxpamenue
MPOJODKUTEILHOCTH HCTIBITAHUN 3/1€Ch TAKXKE MOXKET
ObITh BechbMa  3HAUMTENBbHBIM, TaK KakK I
OTNIpEZICTICHUsI 3aMEHSIOIINX XapaKTEPUCTHK BPeMs
pabotsl YPU Ha kaxnoit V o0bryHO He npeBbliaet 20-
30 cexyna. 3. TpeTbs rpymnmna yCKOPEHHBIX CIOCOO0B
omnpeneneHus V, 0CHOBaHa Ha HAYYHO YCTAHOBJIEHHBIX
¢dakrax  coBmageHuss 0 € KPUTHYECKHMH

TeMIlepaTypaMH pPa3iIM4HOrO poja MpeBpalleHuid B
OM: Toukm AC3 cTpyKTypHO-(ba30BBIX O~y
npeBpatieHus, Touka Kropu u ap. M3sectHo, 4To B
TIPEBpaIIEHHUIX Habmonaercs CKaukooOpa3Hoe
(nmpeBparienue 1 pona) win peskoe (mpeBparieHue 2
pola) M3MEHEHHS OCHOBHBIX (DU3UUECKHX CBOMCTB
METaJUIOB U cIuiaBoB [4]. CieqoBaTens-HO, ONpEeIeIIHB
TeMIepaTypy KpUTHIECKHAX TOUEK MO TEMIIePaTypHBIM
3aBHCHUMOCTSIM QH3HUeCKuX cBoiicTB OM u pHHSB ee
3a 0o, MOXHO JIETKO OmnpeaenuTh u Vo, o KpuBbiM 0 = f
(V). Ecii ipu TeMmiepaTypax CTPYKTYPHBIX U (Pa30BBIX
MpeBpalleHNii Ha TEMIIEPAaTypHBIX 3aBUCHUMOCTSIX
¢dusnKo-MexaHnyeckux cBoiictB OM  (mokazatenu
IUIACTUYHOCTH, MPOYHOCTH TBEPAOCTH U JP.) TAKKE
HaOJIIOAI0TCSl KPUTHYECKHE TOYKH (B BHIE TOYEK
MaKCHMyMa WM MUHUMYMa, TOYEK Iepernda u ap.), To
B OTOM Cllyyae ONTHUMalbHbIE TeMIepaTyphsl (a,
CIIEZIOBATENIFHO, H  CKOPOCTH) pE3aHHsA  MOTYT
OTIPENIENATHCS M0 KPUTHICCKIM TOYKaM Ha YKa3aHHBIX
3aBHCUMOCTSX. . [l oOinerdeHuss MpakTHYECKOTO
WCTIONB30BaHUS BO3MOXKHOCTEH OBICTporo momdopa
ONTUMANBHBIX ~ PEXHMOB B  IPOHM3BOICTBEHHBIX
YCIIOBHUSIX Pa3pabOTaHBl CIIEUATBHBIE HOMOTPaMMBI
[2,3], B OCHOBE KOTOPBIX JieKAaT MapaMeTpUUECKHe
YPAaBHEHHS MAaKCHUMaJbHOW pPa3sMEPHOU CTOMKOCTH,
JAHHbIC O BBICOTC HEPOBHOCTEH 00paboTaHHON
MOBEPXHOCTH TPH ONTUMAaJIbHBIX couyeTanusx V u S, a
Tak)Ke YIKOHOMUYECKHe pacu€Thl (puc. 3,4).
OnrcaHHbIE CIIOCOOBI TOCTY KM METOIHYECKOM
1 TEXHOJIOTHUECKON 0a30# T pa3pabOTKU MEpBUIHOMN
MTOJICICTEMBI MHOTOYPOBHEBOW 0a30BOM TEXHOJOTHH,
tunaxka YPU, rtabmum-marpury POP  (myTtem
MPOBEACHUS TIIATENBHBIX AKCIEPHUMEHTAIBHBIX PadoT
B TEUCHHE 25 JIeT) W CIIOCOOCTBOBAIM CO3MaHUIO
MIOJICUCTEMBl CHHTE3UPOBaHUS TIEPEXOI0B, TTO3ULNI U
YCTAaHOBOB TOKAPHOM TIpPYINIIOBOM TEXHOJOTUU B
YCIIOBUSIX CEepUUHOTO 51 MEJIKOCEPUIHOTO
MHOTOHOMEHKJIaTypHOT0 ipou3BozcTaa [3,7,11,12].
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HoMmorpamMMbl MO3BOJISIIOT 1O 3a/laHHOW BBICOTE
HEPOBHOCTEH  00pabOTaHHONW  MOBEPXHOCTH U
NPUHATONH BEJIMYUHE DaAnyca CONPSDKEHUS 3aIHUX
MOBEPXHOCTEH pe3lia ONpeNeNuTh  MaKCHMallbHO
JONMYCTUMYIO BeJIM4YMHy Tonaun Sk. Pabora Ha
nogagax S > Sk. He oOecreunt Tpebyemoit
[IepOXOBaTOCTH 00paboTkm, a Ha momayax S < Sk
HepanuoHalbHa, TaK Kak CHIXKAET
MPOU3BOIUTENBHOCTh TPYAQ, IIOBBIMAET CceOecTOn-
MOCTh O0pabOTKH W MOBEPXHOCTHBIN OTHOCHUTEIHHBII
n3HOC (T. €. CHIDKaeT TOYHOCTh 00paboTKM), a TakxKe
yBenmmuuBaeT pacxon YPU. Homorpammer n30aBusroT
pabodero W  HOPMHUPOBIIMKA,  TEXHOJIOra U
KOHCTPYKTOpa IpH BeIOOpe onTuMansHoro PP ot Biac-

TH  CIy4allHOro  BbIOOpa, JalOIEro  OOBIYHO
Herpeackazyemble  pesynbsTatsl  [1-3].  ITomoOHble
HOMOTpaMMbl HEOOXOJMMBI TIPH TNPOSKTHPOBAHUH

ABTOMATHYECKUX JIMHUHM, TOE CKOPOCTH pabodmx
IBIDKCHUH yCTaHABIMBAIOTCS HEM3MEHHBIMH. Taxke
OHH HEOOXOOMMBI I YCICUIHOH pa3paboTKH
YOPaBISIOIMX OporpaMM ais craHkoB ¢ YIIY u
aBTOMATOB TIPOJOJBHOTO TOouYeHHsA. Homorpammel
HAIJBIHO TIIOKAa3BIBAlOT, YTO TIPH  COOJIOICHUHU
MOCTOSTHCTBA ONTUMAJILHON TEMIEpaTyphl U CKOPOCTH
pe3aHusi TOBBINIEHHE TMOJauu (B Juama3oHax s
YEepHOBOTO, IOJYYHCTOBOIO, YHUCTOBOTO M TOHKOTO
TOYEHUS) BCera MOBBIIIIAET He TOJIBKO
MPOU3BOUTENBEHOCTh 00pabOTKH, HO M pa3MepHYIo
croiitkocth YPUM, a, ciemoBaTeiabHO, TOYHOCTH H
Ka4eCTBO 00pabaTbIBacMBIX MTOBEPXHOCTEH
OTBETCTBCHHBIX JICTAJICH .

3akJrouenue . B 3aKJIIOUEHUE
HEOOXOIMMO OTMETHUTh, YTO, OCHOBHIBasCh Ha
(DU3MYeCKUX TPUYMHAX TMOSBIICHUS ONTHMAIIbHBIX
TeMIIEPaTyPHBIX 30H npu pe3aHuun BCEX
KOHCTPYKIMOHHBIX CTajlell M >KapolpOYHBIX CILIABOB,
crioco0ax OIpeaeNeHuss ONTUMAIBHBIX CKOpOCTeit
pe3aHus  pa3pabOTaHBl METOJIbl  HANpPaBJIEHHOTO
dhopmupoBanusi cBorcTB HOBBIX OM mipu obOpaboTke
pe3sanueM. Breapenme yKkazaHHBIX METOIOB B
MPOM3BOJICTBO  BBICOKOTEXHOJOTHYHBIX  H3ICIHI
OKka3piBaeTcs  BechMa  d(ddexruBHBIM.  [leTtanw,
oOpaboranHbie Ha V,, KaK TOKa3aJll MHOTOYHCIICHHEIC
HCCIICTIOBaHMA, HUMEIOT Ooxee BBICOKYTO
JKapOTIPOYHOCTb, JUTATEIEHY O MIPOYHOCTB,
KOPPO3HOHHYIO CTOWKOCTH M HW3HOCOCTOHKOCTH IO
CpPaBHEHMIO C JeTalsiMu, 0O0paboTaHHBIMU Ha Oolee
HU3KHX WM 0Oonee BBICOKHX CKOPOCTSX pE3aHusl.
PaboTa Ha pexMMax ONTHMAIBHOTO PE3aHUS TPUBOIMUT
K JOCTIKEHHIO Hamboyiee BBICOKOH TOYHOCTH

YUCTOBOU M (PMHUILTHOM 00pabOTKH KOHCTPYKIIMOHHBIX
U TpyJHOOOpabaThiBaeMbIX MAaTE€PUaliOB U MOBBILIAET
HaJIe)KHOCTh ee 00eceueHNsl Ha aBTOMAaTU3UPOBAHHOM
000pyTOBaHUH.
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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/lﬂ. Hpouecc 3BOJIIOIMOHHOI'O BSaPIMOI[efICTBPIFI CCTCCTBCHHBIX M MCKYCCTBCHHBIX CHUCTEM
OIIPCALCIIACTCA PAAOM q)aKTOPOB TaKUX KaK €CTECTBEHHBIN 0T60p, BpeEM, CHy‘IaﬁHOCTB 1 3aKOHOMCPHOCTDb
BO3HUKHOBCHUS MTPUPOAHBIX SIBIICHHM. HpI/I 9TOM HCKYCCTBCHHBIC CUCTEMbI B CUITY CBOECH IpUpoAbl MO3BOJIAIOT
COKPATUTh BPEMs MOABJICHUSA ITOJIC3HOI'O MIPU3HAKA B CPEC 00HTaHM YETOBEKA.

J11st TOro 4ToOBI MOHSATH MPOLECC B3aNMOACHCTBUS AIBYX CUCTEM NPEIOKEH MEXaHU3M UX TpaHchopmanu,
KOTOPBIH JaeT BO3MOKHOCTh M3YYUTh NPUPOAY WX OOBEIUHEHHS M HAWTH IOJIXOJbI K YIPABICHUIO IPOLIECCOM
CO3JJaHUS M 3aKPETICHUSI MTOJIE3HBIX MPU3HAKOB B UEJIOBEYESCKOM MOMYJISIIIUY M OKPYIKaIOLIeH Cpeie ero oOnTaHusl.
Ha ocHoBe Mozenu B3aMMOIEHCTBHSA €CTECTBEHHBIX M HCKYCCTBEHHBIX CHCTEM PAaCCMOTPEH OOMEH MEeXay HUMHU
OHCPIrCTUYCCKUMHU MOTCHOHUAJIaMU W CO3JaHUIO HHTGFpHpOBaHHOﬁ, KOM6I/IHHpOBaHHOﬁ CHUCTEMBI, KOTOpasd
SIBIISICTCSL 3BCHOM IIPH MX MIEPEXOJIC Ha HOBBIN 00JIee BRICOKHN ypOBEeHb pa3BuTHsi. OCOOCHHOCTH MpeiaraeMoi
MOJCJIN 3aKJII0YACTCA B MCIOJb30BAHUN TCOPUU IMMOTOKA SHCPIUU U aInapara J:[I/I(I)q)epeHI.II/IaHBHBIX ypaBHeHHﬁ,
KOTOPBIC OMMMCBIBAOT YCTOﬁQHBOCTL CHUCTEM U UBMCHCHHUC UX MapaMCTPOB B TCUHCHUU BPEMCHHU, a PCIICHUCM TaKUX
ypaBHeHI/Iﬁ C€CTh (1)21303516 TPaCcKTOpHH, OMNPCACIIAIOIMNEC ABUKCHUSA CUCTEM B HPOCTPAHCTBC U CJICAOBATCIBHO

BCKTOP UX PA3BUTHA.

Keywords: evolution, natural systems, artificial systems, integration
Knrouesvie cnosa: 260JII0YUS, eCmECMBEHHble CUCMeEMbl, UCKYCCIMBEHHble CUCMEMbl, UHmezpayust

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:

d

Y

E=f(X,B,t), Q)
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, b, ...., 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

!l

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).

M Fe BmC mH
EN mO m?

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.

AuHotanusi. PaccmarpuBaroTes paspabotka Web-npunoxenwuii ¢ ucnons3oBannem Django. IMoscHsrorest
OCHOBHbIE CTaH/IAPThI COBPEeMEHHOT0 BeO-(peiiMBopka Django, KOTOpbIi M3MEHUIT ONpe/iesieHre BeO-pa3padoTKu
B mupe Python. B xadecTBe mprmMepa paccMaTpUBaeTCs CO3JaHNE BeO-TIPIIIOKEHNE « DIMEKTPOHHBIN CHILIA0yC) .
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Beenenme.  CrocoObl  pa3paboTku  web-
MPWIOKEHUH MOTYT OBITh pa3JelIeHbl Ha TPH OOJIbIINE
KaTEerOpHH: HOZXOIBI, OCHOBaHHBIC Ha
NPOTPaMMHPOBAHUM WM  CKPHUIITaX:  BHEIIHHE
MPOTpaMMBbI WII CKPHIITHI;, pacInpeHus web-cepBepa;
MOAXObI, OCHOBaHHBIC Ha WCIIOJIB30BAHUH IIA0JIOHOB
web-cTpaHuIl, BKIIOYAONIHNX BCTABKH KOJA CKPUIITOB
U CIICIHAJIBHBIX CEPBEPHBIX TATOB; OOBEKTHBIE CPEIbI
(dpeitmBOpKH).

DpeiiMBOpKH MIPEJCTABISIOT coboi
COBEPUICHCTBOBAHUS pa3pabOTKu Web-IIpHIIoKeHUI
BMECTO OOBEIMHEHMS Pa3METKH U JIOTHKH B €IUHBII
Moaynb. DpelMBOPKH IOAAEPKUBAIOT  MPUHINI
OTIEJICHUSI COAEPKaHUs OT npeacTasieHus [1].

Django - sto Beb-dpeiimBopk Python BhicOKOTO
YPOBHS,  KOTOPBIH  TOJAEPXKHMBAET  OBICTPYIO
pa3paboTKy H AJIeTaHTHBIH am3aiH. [loMHOIEHHBIH
MOAXOJ, TParMaTHYHBIA JW3aifH M TPEBOCXOIHAs
JOKYMEHTAIlsI - BOT HEKOTOpBIE M3 TPUYUH €ro
ycrexa. Django paboTaeT ansi  aBTOMAaTH3aluu
MIPOM3BOJICTBA 00X BEO-pa3pabOTOK 3a1a4uu, YTOOBI
pa3paboTYUK MOT BMECTO 3TOTO COCPEJOTOUYUTHCA HA
npobieMax MpUIIOXKEeHHs Ooyiee BBICOKOTO YPOBHS
HU3KOYPOBHEBOW 00pabOTKH TaHHBIX.

Django monnepkuBaeT MOAENb-TIPe/ICTaBICHUE-
koHTpoiulep (MVC)- paszmeneHue 3amad  TakuM
obOpa3zoM, 4YTOOBI cpenaTh pa3paboTKy TMpole |
nponykrusHee. Pazpabotumkn Django Has3bIBaroT 3TO
«BeO-(hpeiMBOpPKOM 11T NEepPEKIUOHUCTOB  C
YCTaHOBJICHHBIMH CPOKaMI». KOTOPOE O3HA4aeT, YTo

YUCTBIA  JOu3aliH W COONIIOJIEHHE  HEKOTOPBIX
CTaHOapTHBEIX mpakTuk. B Django, xak u B
OonpmIMHCTBE  (PEHMBOPKOB, MOXHO  CIIEI0BaTh

MOJIeNTb TOTO, KaK pa3padaTbIBaTh M CTPYKTYPHUPOBATH

KOJl U MOJIBb30BaThCsl NperMyIecTBaMu (hpeiMBOpKa,
WA BB MOXeTe OOpoTbcs C (QpelMBOPKOM U
puckoBath. Ero ¢yHKIHH OXBaTBIBAIOT BCE, OT CBS3H
no 0a3 maHHBIX, OT oOpabotku URL-ampecoB u
co3maHms MmabmoHOB BeO-cTpanmil. CymecTBYIOT
TTOJTHBIC KHUTH, B KOTOPBIX mopoOHO
paccmarpuBaetcs Django [2].

[[Tabmon MVC - 3T0 apXHTEKTYPHBIH I1a0JIOH,
W3HAYaIbHO paspaboTanubii s Smalltalk, s3Ik
00BEKTHO-OPUEHTHPOBAHHOTO  [POTPaMMHUPOBAHUS,
KOTOpPOE€ TO3BOJIAET HYETKO Pa3JIeluTh JIOTHKY
NpEACTaBICHUS, JIOTMKY YIpaBJIeHHs M Ou3Hec-
OOBEKTEHI. ApPXUTEKTYPBI u (bperiMBOpKH,
BKJIIOUAIONIe acnekTbl KoHuenimu MVC, nmeror
MHOXKECTBO TIPIJIOKCHHU NS  pelieHHs 3ajad,
TpeOyIOmMX  JIOOOr0  HETPUBHAIHHOTO  YPOBHS
TIPEICTaBIICHUS. HabGopsr WHCTPYMEHTOB u
(peMBOPKH, KOTOPHIC HCIIOIB3YIOTCS IS Pa3padoTKH
OOJIBIIMHCTBA TOJHO(PYHKIIMOHAIBHBIX KITHEHTCKHX
npunoxenuit s Windows, Ilnardopmer Mac, Linux
u UNIX kakuM-To 00pa3oM BKIIOYAIOT KOHIIEMIIHIO
MVC. MHOXeCTBO paclpOCTpaHEHHbIX BapHALUN
KOHIENIUK OBbUIM ONpEIeNeHbl, M MHOAXOABI K
npumeHernto MVC 11t MHOXKecTBa TIPOOIeM.

abmon MVC onpenenser TpH OCHOBHBIX
KOMITOHEHTA CJIEIYIOIUM 00pa3oMm:

e [IpocMoTp: ynpaBiseT BBHIBOJOM Ha AWCILICH
(rpadmueckuM WM TEKCTOBBIM). DTO COCTOHMT W3
HEOOXOAMMOHN JIOTMKM JUISl CO3/IaHHMs KOMIIOHEHTOB
MTOJIb30BATEIBCKOTO HMHTEp(delica M HCHOIB30BAHUS
MOJISITH JJIsl 3arpy3KH JaHHBIX B KOMITOHEHTBI.

e KoHTpomiep: ympaBiseT BBOJOM JaHHBIX C
KJIaBHATypbl M MBIIIM OT MoJb3oBaTens. KoHTpoIb
OCMAaTpUBACT W HHTEPHPETHPYET NPEIOCTABICHHEIC
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BXOJIHbIE JaHHble. Ha OCHOBE BXOIHBIX JaHHBIX OH
3aTeM MePeChUTAET KOMAH (bl MOJIEJIH WIIH POCMOTP.

e Mojenb: ynpaBiseT AaHHBIMU JOMEHA U HX
00paboTkoil. DTo BKIOYaET B ceOS Cco3/aHUC
MOCTOSIHHOTO TMPEJCTABICHUS JUIs JAHHBIX JIOMEHAa U

omepanuii, KOTOPbIE MOTYT OBITh BBIIOJHCHBI C
JIAHHBIMU.

[labmon  Takxke  OMNpeneNsieT  CICAYIOIIUe
OTpaHUYCHHBIC OTHOIICHUS MEXAY KKAbIM U3
00BEKTOB:

e Bun u KoHTpo/UIEp IOKHBI UMETh IIPSIMOE
OJIHO3HA4HOE cOoOTBeTcTBHE. Kakaslii BUA JOIDKEH
MMETh CCBUIKY Ha KOHTPOJIIEp U HA000POT.

e OrTHoOmEHUs MeXAy MNpeACTaBIeHHEM U
MOJIEJIBIO, @ TAaKXKe MEXKIY KOHTPOJUIEPOM U MOAEIBIO
MEHBIIIE HEMOCPEICTBEHHBIH.

CnenoBarenbHo, ciexyer UCTOJb30BaTh
MPOTOKOJI  YBEIOMJIEHUS, IIOCPEICTBOM KOTOPOTO
perucTpUpyeTCs NPEACTaBICHIE WM KOHTPOJUIEP Kak

MEHSET CBOE BHYTPEHHEE COCTOSHHE, OHa JIOJDKHA
YBEJOMHUTh HabOp 000 BCEX €ro 3aMHTEPECOBAHHBIX
KOHTpOJUIEpaX U TpeJcTaBiIeHUsX. MoJenb HUKOrIa
HE JIOJDKHAa HamlpsMyl0 B3aMMOJEHCTBOBAaTh C
KOHTPOJUIEPOM WJIH TpefcTaBieHreM. Hano oOpaTuth
BHUMaHHE, YTO Korja amantupyem madnon MVC k
BEO-TIPUIIOKEHUIO, OTHOILCHUS MEXy NIPEICTaBICHHE
1 MOJIETIb, & TAKKE MEXIy KOHTPOJIJIEPOM M MOJEINBIO
OOBIYHO HE TOANCPKHUBAIOTCA. DTO HE INPAKTHIHBIN
MOJXO0J, YYWTHIBas OTKIIOYCHHBIH XapakTep BeO-
TIpUIIOKEHNUH [2].

OcHoOBHas1 4YaCTh.

OcHoBHBIE CTpaHHMIIBI MIPUIIOKEHUS
"JneKTpOHHBIN criutadyc" cocTosT u3 4 cTpaHull. JTo:
CTpaHUIla aJIMHHA, CTPAHUIA aBTOPU3AIMHU, CTPaHHLA
BBIOOpA ¥ TOTOBas CTpaHuUIla cuiutabyca.

[TepBast cTpaHuIa - CTpaHUIA aBTOpH3aLUH. To
€CTh IPETI0IaBaTeNN AOJDKHBI HANMCATh CBOM JIOTHH U
nmaponb. CTpaHHIA aBTOPU3AIMH BEO-TIPUIIOKCHUS

v v n 5 n
uHTEepecytomuiicss Habop wmopeneir. Korma momens ONeKTPOHHBIH cuiiabyc NIpCACTaBJICHa
Ha pucyHke 1.
B 9| asupacicnovousw  Tite X [V - X
O @ 12700 ® = Log

Norus:

Napons:

ABTOPH3ALIVS HA CAITE

Pucynox 1. Cmpanuya asmopusayuu éed-npunodicenus “Snexmponnsiil cunnadyc”

Crpanuma BEIOOpa BEO-TIPHIIOKCHUS
«DIeKTpOHHBI crmtadyc» TOKa3aHO Ha PHUCYHKE 2.
ODYHKIIUH, UCTIONIb3yEMBbIE Ha TTIaBHOM CTpaHUIE:

- €O3JaTh CTON

- BBIOOp MpernoaaBaTels

- YUUTENb NPaKTHKA

- YUHUTENh JIA0OpaTOPUH

- BEIOOp YPOKOB

- 00aBHUTH YPOK

- BBIOOP NMOCTPEKBU3UTOB

- BBIOOP MPEANOCHUTOK

- BBIOEPHTE CIIMCOK JIUTEPATYPBI
- J00aBUTh TUTEPATYPY

- coxpaHuTh B popmare PDF
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B | 5 can't reach ths page Tithe » + w

D 1270012002

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 seb6-npunoxcenus “Onekmpornusitl cuniabyc”

Ha 3aknmagke Kaxayio HeEIEmr0 OToOpaxkaeTcs
MPOEKT CEMECTpa C HCIOJIb30BAHHEM OIepaluu
BBIOOpPa TEMBI W OIEpalMHd BhIOOpa J1a0OPATOPHBIX
pabot. Ha 3Toii cTpaHuIle KaXayto HEACIO BU3YaIbHO
oToOpakaeTcss HeOobInas TaOJMIa, KOrAa BEI
Ha)XAMAeTe KHOIMKY BBIOOpAa TEMbI W JIaOOpaTOPHOI
pabotel. Ilo mpomiectBuM Bcex 15 Hemenb HYKHO

Ama Nenpea Tasontu

Ha)kKaTh KHOTIKY BO3Bpara. Korza BB Ha)XUMaeTe 3Ty
KHOTIKY, OH BO3BpaIllaeTcs Ha TJIABHYIO CTPaHUILY.
BusyanpHbIii Tpaduk Takke BKIIOYACT HEICIH,
JIEKIIMA ¥ J1abopaTopHble paboThl. Ha pucynke 3
MOKa3aHa CTpPaHWIa CO3JaHHs  TAaONUIBI  BeO-
MPUIIOKECHUS «DICKTPOHHBINA CHILTA0YCH.

F TRETRAING MyMCua Tapul

| caren Bt
| Spoeg Data e

naa 2en

PLSOL Deveioper Dpsamy wome 2Amauarsnapun Ty

) —
‘ MipoUsTyPa MPoYaRYPartin NAPINETINeN
A

| hura _zert
.
| hora_zent

Pucynok 3. Cmpanuya cozoanue mabauysl 6ed-npunodicenus “Inexmponnuiii cuinabyc’”

CrpaHulla aJMHHHACTPATOPa MOJDKHA IO3BOJISTH
CYIEpPIIOJIb30BATE/SIM ~ PEAAKTUPOBATh, YyOAIATh H
co3/aBaTh JaHHBIC. UTOOBI TMEpPEeUTH HA CTPaHHILY
aJIMAHUCTPATOpPa, BaM HYXXHO JOOAaBHTH CCBUIKY /
admin B url. Ha crpanune "Mogens" B 6a3e HaHHBIX
co3zaeTcs TabiuIa myTeM co3faHus kiacca. U 3mech
ClIeZyeT yKa3aTh B3auMMOCBs3b Tabmui. [locne Toro,
KaK BBI CO3JaJId KJIACC HA CTPAHHIIC MOJCITUPOBAHUS,

BaM HY)XXHO OyJeT 3aperdCTpUpOBATh OTH KJIACCHI HA
Admin.py.

TonpKO MOCIIE 3TOrO 3TaNa, Hallk Ta0JIUIBI Oy Iy T
0TOOpakaThCsl HAa CTpaHUIlC agMHUHUCTpaTopa. U Bam
HY)KHO TIPOHM3BECTH HEOOXOIUMBIC HACTPOWKH Ha
cTpanune settings.py. Crpanuna models.py BeO-
MIPUJIOKCHUS « DIEKTPOHHBIN cHiuiadycy» MoKa3aHo Ha
pucyHke 4.
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B Project v FEIEDS models.py # forms.py A views.py - birinwibet. html # cataloglurls.py w invoice.html  sillabus\urls.py A settings.py RERT
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) [T
> L migrations zert_jumys = models.Foreign¥ey('Zert jumys’, on_delete=models.SET NULL, mull=True) =4
v L static i
» 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):

o

Pucynox 4. Cmpanuya models.py eeb-npunodxcenus “Onexkmponnsiti cuniadyc”

Ha ctpanunie View cosmaercs wuHboOpManms,

KOTOpas HGO6XOZ[I/IM3

0T06pa)KeHI/I$[ Ha CTpaHULIEC

IIOJIB30BATCIIIO

IS

mpoCMOTpa |

OOHapy)XMBaeT, OTBEYAeT Ha 3ampoc HH(YOPMAIHH.

Ects gBa tuma cmpoca GET um POST. Crpanwuma
views.py BeO-IpHIoKeH s « DIEKTPOHHBIN CHUILTA0yC»
MOKa3aHO Ha PUCYHKE 5.

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 I sillabus C:\Python36-32\kuanysh\Scripts\sillabus
~ I catelog @login_required(login url='/')
3 migrations def zapol (request): No
teacherss = Teacher.cbjects.all() docu
v static user = auth.get_user (request) .username four]
> ess. kestes = Keste.objects.all()
> Bajs teachers = Teacher.objects. filter (user_ username=user)
5 B kar subjects = Subject.objects. filter (user_username-user)
> N templates zertiunyss = Zert_jumys.objects.filver (user_username=user)
it takyryps = Takyryp.objects.filter (user_us: =user)
—nit_py literaturas = Literature.objects.filter(user_ username=user)
admin.py rek = Subject.cbiscts.all()
2pps-py if request.method == 'POST' and request.POST.get('sub_name')!=None:
forms.py sub_tak = request.POST.getlist('sub_tak')
modelspy sub_lit = request.POST.getlist('sub 1it')
e = sepee 2ot gt s e
Py -
‘ S e s oo e
urspy sub_desc = request.BOST.get('sub_desk')
utils.py sub_out = request.POST.get('sub_out')
 viewspy sub_post = request.20ST.get('sub post’)
o s et = e s seeace |
_init_py #oub] T POST. ge! ||
ttingsy subjectt.user = auth.get_user (request)
subjectt.subject_name = sub_name
urlspy subjectt.credit = sub_cred
wagi.py subjectt.description = sub_desc
> static subjectt.outcome = sub_out
dbsillabus subjectt.postrekvisit = sub_post
dbisillabus22 for 1 in sub_tak
o B
P 5.C i @ “3 i oyc”
ucynok 5. Cmpanuya VIEWS.PY eed-npunodcenus “Inekmponnblil cuinadyc
Crpanuia KOHTpoJuiepa OTBedaeT Ha cchulkd Bo  CrpaHuna urls.py BeO-IIPUIOKEHHSI JIJIEKTPOHHBIH
BCEX HAIMX NPUIOKEHMsIX. DYHKIHUS HpocMoTpa  crintadyc MoKa3aHO HAa PUCYHKE 6.
CTpaHMIBI OTOOpa)kaeTcss IS KaXIOW CCBUIKH.
B silebus (C\ \ |- \catelog\urls.py [sillabuiz] - PyCharem RS
File Edit View Navigate Code Refactor Run Iools VCS Window Help
sillabus catalog ) (4 urls.py v F 5 Q
1 Project @ - 1 | 8 madelspy  farmapy  viewspy -« | W Birinwibet htmi catalog\urls.py * || il invaicehtm B sillabus\urls.py B settings.py - -
2 o mains T docu
. path{'', views.index, name='index'), four|
> = path('zapol/ ', views. zapol, name=' zapol'),
> kear #
_init_py
e
w N "
Pucynox 5. Cmpanuya urls.py eeb-npunosicenusn “Onexkmponnwiii cuinabyc
Ju3aiin BEO-TIPHIIOKEHUS «OnekTpoHHbIl  ucnonb3oBaHueM TexHonoruit CSS u Bootstrap. s

crutadyc» paspaboTaH JUIsi MOOMIIBHBIX TelIe()OHOB C

YHUBEPCUTCTA HCHOJIB30BAJIMCH TIIPOCTHIC Oenple H
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roiyOble 1Beta. ba3oBblil An3aiiH BeO-IIpUIIOKEHUS
«ONEeKTpOHHBIN cHiIadyc» MOKa3aHo 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

Pucynok 7. Ocnosnoti ousaiin 6ed-npunodicenuss “Inekmpounuli cuniadoyc”

3akiiouenune. Bce monynsipHele 1uaTdopmbl,
UCIIONIb3YEMbIE ISl CO3JaHMsl  BeO-NPHIIOKEHHH,
paborator B madiaone MVC. OcHoBHas ujes narTepHa
MVC - Mopnens, IlpencraBnenue, Kontposiep.
OpeiimBopk Django, moanep kuBaroIIuii 3TOT madiIoH,
peanu3yeT €ero OCHOBHBIE HIeH. BeO-mpuinosxkenne
3NEKTPOHHOTO  cwurtadyca  ObUIO  CO3JaHO €
ucrnone3oBaHueM  Python-¢petimBopka  Django,
KOTOpPOE MOJTHOCTBIO pacKkpbiBaet madmor MVC.

Cnucok JuTepaTyphbl:

1. Jlo6oma IO.I'., Opnosa O.FO. Texuomoruu
paspabotku web-npwioxxenuii. HayuHble  Tpy/b
Opeccko  HAIMOHANBLHON  aKageMHM  ITHIIEBBIX
texHojoruit. Onecca , 2014. Boimyck 46. Tom 1. cTp.
239-244.

2. Juneau ., Baker J., Ng V., Soto L., Wierzbicki
F. Web Applications With Django. In: Anglin S. et al.
(eds) The Definitive Guide To Jython. Apress. 2010.
pp.281-325.

3. Psbosa  K.M. OpeiimBopk  Django:
apxuTeKTypa U Bo3MokHOCTH. COopHEK crateid XIII
MEXAYHapOIHOU Hay4HO-TIPAKTUYECKOM
KOH(l)epeH].II/II/IZ COBpeMeHHbIe TEXHOJIOT'UH:
AKTYyaJIbHbIC BONPOCHI, AOCTHIXCHUSA W HWHHOBAllUH
Iensa, 2018 r. ctp. 118-120.

4. https://docs.python- guide.org/scenarios/web.
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docs.readthedocs.io/en/latest/tutorials/Django_and_ng
inx.html.

6. https://developer.mozilla.org/en-
US/docs/Learn/Server-side/Django.
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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 agmomoouLeli U mpaHCROPMHBIX MEXHON0ULL
Tocyoapcmeennozo ynusepcumema « Kumomupckas ROTUMeXHUKA»
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aemomobunell u MpancnopmubIX MexHoL02Ull
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KPUTEPUHU TEILIOBON HATPY3KH KABUHBI BOJUTEJISI ABTOBYCA MA3-206
B JJETHUM MMEPUO/I SKCILTY 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.

AnHoTtanus. [Tonnepxxanne HEOOXOAMMOTO MUKPOKIINMATa B CaJOHE aBTOOyca MpH JETHEH 3KCIUTyaTalny,
JOJI’KHBI O6CCH€‘II/IBaTI) CUCTEMblI BCHTWIAIIMM W KOHAWIUOHUPOBAHUA, KOTOPLIC YCICHIHO HCIOJIB3YIOTCSA B
COBpPEMEHHBIX TOpOACKHX aBToOycax. Ha mpumepe aBTOOyca MA3-206 BBINONHEH aHAIU3 OOIIETO TEIUIOBOTO
OamaHca cajioHa, ONPEAETCHHBl KPUTEPHUM TEIUIONOCTYIUICHMA B KaOWHY BOAWTENS TPH BBIIOIHEHUH
TpaHCHOPTHOrO Tpouecca. [IpoaHanu3upoBaHel (GAaKTOPbI COOMIOACHUS MHUKPOKIMMaTa B KaOWHE BOIUTENS
ropoJIcKoro aBToOyca M canoHa. [IpoBejeHa oOlieHKa NapaMeTpOB TEIUIONOCTYIUIEHHH B CajJloH aBToOyca U
paboueii 30He BoguTens. [IpemnokeHa METOAMKA pacueTa TEIUIOBBIX HArpy30K Ha KaOMHY BOIUTENS, B KOTOPOI
YUYTEeHBI (DaKTOpPBI TEIUIOBOTO BO3JCHCTBHS C YYETOM JONOJHHUTENBHBIX KOHCTPYKTHUBHBIX COCTAaBIISIOIINX
pabodero Mecta BOAMUTENS. DKCIEPHUMEHTAIBHO TT0JTyYeHa 3aBUCUMOCTh M3MEHEHHsI TeMIIepaTy PHOTO COCTOSIHUS
B M3MEPHUMBIX TOUKaX BO BPeMs JIBIDKEHHUS aBTOOYcCa.

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

Kniouegvie cnosa: asmobyc, kabuna 600umenst, MUKpOKIUMAM, MENIOBYIO HASPY3KY.

BBenenne. B VYkpauHe akTUBHO BBOJATCS B
OKCIUTyaTaIllii0 M yCHEHmIHO  (YHKUIHOHUPYIOT
COBpPEMEHHBIE TOPOJICKHE aBTOOYCHI c
KOHJIUITHOHEPOM. DTO CBHIETEIBCTBYET, YTO TETIOBOI
KOM(OpT, B calloHaX OOIECTBEHHOIO TPAHCIIOPTA,
nproOperaer Bce OobIIee 3HAYCHNE IS TTOBBIICHUS
€ro MpUBIEKATEIbHOCTH MOJb30BaTensMu ycayr. K
TaKUM aBTOOYCOB MOXHO OTHecTH aBToO0yc MA3-206.

MukpokiauMar B KaOMHE BOIMTENs aBToOyca
oInpenensercs COBOKYITHOCTBIO (usnueckux
napaMeTpoB: TeMIepaTypoii, CKOpPOCTBIO u
BJIQ)KHOCTBIO BO3/lyXa, paAUallUOHHON TeMIIepaTypou,
TEMIIEPATypOl  BHYTPEHHHUX  IIOBEPXHOCTEH U
TEIUIOBBIACTICHUN OT 3JIEKTPOOOOPYIOBAaHHSA, KOTOPHIE
MMEIOT JIOKaIbHOE BO3JAelcTBUE Ha Bomutens [1].
Kpowme Toro, k TpeboBaHIAMH KOM(OPTHOCTH OTHOCST

Croco0 yIpaBJieHUs KIMMaTHYECKOW CHUCTEMOM, MpH
KOTOPOH OT BOJAMTENS MOTPEOOBaIOCh ObI MHHUMYM
BHUMAaHUS.

MHOr04HCIeHHBIMU HCCIIeIOBaHISIMU
YCTaHOBJICHO HETaTUBHOE BIUSHHUE HEOJIArOIIPUATHOTO
MHUKPOKJIMMaTa B KaOWHE BOJHUTENS TPAHCIIOPTHOTO
CPE/ICTBA: CHIXKAETCSl PabOTOCIIOCOOHOCTD BOAMTEIS,
CBOMCTBEHHA OBICTpas YTOMIISIEMOCTb M CO3JAlOTCS
YCIIOBHSI, KOTOPBIE CHHUXKAIOT MPOU3BOIUTENBHOCTh U
BHUMAaTeJIbHOCTh B  paboTe M yBEIMYHMBAIOT
BEPOATHOCTb ABAPUIHBIX CUTyaluid. AKTyalbHOU
3amadeil ABISAETCS oOOecmedeHHe MHKpPOKINMaTa B
TETUI0e BpeMs rojia B KaOWHaX TOpOJCKUX aBTOOYCOB,
000pyI0BaHHBIX KOHIUITHOHEPOM.

3amaya COBEPIIEHCTBOBAHMS CHUCTEMBI
BEHTIJIAINH M KOHAWITMOHUPOBAHHS KAOMHBI BOTUTEIS
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U CaJIOHa TOPOJCKOr0 aBTOOyca IOJDKHO PeIIaThCs
METOJIJaMU CHUCTEMHOT0 W TEXHUKO-DKOHOMHYECKOTO
aHalmM3a C Y4YeTOM BCEX OKCIUTyaTallHOHHBIX U
KOHCTPYKTHUBHBIX OCOOCHHOCTCIH.

AHanu3 HcclIeioBaHMH W myOauKanuii.
HccnenoBanusiMu MHKpPOKJIMMaTa U TpeOOBaHUI K
KIMMAaTHIEeCKUM CHCTEMaM KOJECHBIX TPaHCIOPTHBIX
cpenctB 3anumannch JKykoBckuit C.C., Kpaiiauk 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
YyeloBeKa B JBYX BO3AYLIHBIX 30HaX JETKOBOTO
ABTOMOOWIIS: TACCAXKUPOB U BoAMTEINA. Jl0Ka3aHO, 4TO
KIMMAaT B CajJOHE aBTOMOOHIIL OUYCHb HEOIHOPOJICH.
Paznuynble  u3nydeHus, BIMSHHE  TMEPEMEHHOM
TEMIepaTypbl M CKOPOCTH BO3AyXa OT CHCTEMBI
BeHTWIAINH WIA KOHIUIIMOHUPOBAHUS CO3JAIOT

KIMMAaT, KOTOPBI 3HAYHWTENFHO OTIMYACTCS B
MIPOCTPAHCTBE ¥ BPEMEHHU.
VYuensie [3] YTBEPXKAAIOT, 4TO

MPOJIODKUTEFHOCTD ITOE3IKH B aBTOMOOMIIE U (hakTop
MaCCaXXUPCKOW HAarpy3KH CYLIECTBEHHO BIMAIOT Ha
BOCTIPHSATHE BOAMTENEM M IACCAXUPAMU YPOBHS
koMopTa.

UccnenoBanusimu Kyneko A.IL [4] onpeneneHo,
9TO TOJJIEpXKAHWE HaIJIekKallero MHKPOKIMMaTa B
kabuHe aBToOyca «BomkanuH - 5270» BO3MOXHO C
MOMOIIBI0  BUXPEBOW TpyOBI, KOTOpas JOJDKHA
MOaBaTh CXKATHIN BO3yX OT aBTOHOMHOT'O ICTOYHHUKA.

ABtopamm [5] nmokazaHo, 49TO 3(hHEKTUBHBIN
KOHTPOJIb MHKPOKJIUMATa B TPaHCHOPTHOM CpPEICTBE
XOTSI TPAJUINOHHO CUNTACTCS BAXHBIM JUIs KoMpopTa,
HO TNpU OTpHLATEIbHBIX 3(dexTax TeMmreparypHOro
pexuMa OKa3blBaeT CYIIECTBEHHOE BIMSHHE Ha
MPOU3BOUTEIHHOCTh BOJUTENS M PacCMaTPHBACTCS
Kak (akTop 0€30macHOCTH JIOPOKHOTO JIBHIXKEHUSI.
YcTaHOBIEHO 3HAYUTEIbHOE BIIMSIHUE Ha
OuTeNnbHOCTh BoauTENs mpu Temmeparype 27°C mo
cpaBHeHHIO ¢ Temmeparypoil 21°C B TpaHCIIOPTHOM
CpeAcTBe: BOAWTENH mpomyckaroT Ha 50% Oombie
CHTHAJIOB TPE/ICTABICHHBIX B IEPBBIH 4ac, a BpeMms

peakuun Ha 22% MeUiIeHHEEe NpPHU MOBBILIEHHOM
YPOBHE TEMIIEPATYPHI.

Amnanus TEIUIOBBIX OaaHCcOB CaJIOHOB
COBPEMCHHBIX aBTOMOOWICH IS JICTHEro Iepuojaa
rojia MOKa3bIBaeT, YTO MOJBO]] TEIUIOTHI OT COJTHEYHOM
panuamuu coctaBister 30 - 50% obmiero xoiaudyecTna
TEIJIOTHI, TEIUIOBBIIEIEHHE OT Bogutens 15 - 20% u
maccaxupo 12 - 40%, or paboraromero
9IEKTPOOOOPYIOBaHUS W arperatoB  CHIIOBOTO
otaenenus asromobmis 5 - 15% [6, 7].

Ucxons u3 BEIIICYKA3aHHOTO, MOJKHO
YTBEpXKIaTh, YTO B JINTEPATYPHBIX HCTOYHHKAX HE
OCBEIIICHBI UCCIICTIOBAHMUS JTUHAMUYECKOTO
B3aMMOJICHCTBHS MHUKPOKIMMATa padouero mecra
BOJUTENII C CaJOHOM aBTOOyca uepe3 OTICNbHbBIC
IKCIUTyaTalUOHHBIE (AKTOPBI M KOHCTPYKTHBHOE
PACTIOJIOKEHIE KAaHAJIOB MOJa4YH XOJIOJHOTO BO3/ayXa
OT KOHJUIOHEpa.

PesyastaTrel  uccaenoBanusi.  Komdopt
BOAWTENI W TMACCAXHPOB, B CallOHE TOPOACKOTO
aBTOOYyCa, SBICTCS BaKHBIM ITOKa3aTeJeM KadecTBa
MIPEOCTABICHUS] TPAHCIIOPTHBIX YCIYT M PEIIAIOIINM
(haxkTOpOM B BBIOOpE PEKUMa IIEPEBO3KH MTACCAKUPOB.
OmymieHre TermioBoro komdopra obecmednBacTcst
(hakTOpaMu, KOTOPBIC 3aBUCAT OT TEIUIOOOMEHA MEX Ty
TEJIOM YeNIOBEeKa U OKpy»Katolei cpenoii [1, 8, 9].

KonunuecTBO CBEKEro BO3/yxa, MOCTYIAIOIIETO B
CaJIOH aBTO0yCa, MOXET H3MCHITHCA B JOCTATOYHO
LIMPOKHX Mpeieiax B 3aBHCUMOCTH OT PeKUMa paOOTHI
BEHTIUIATOPA, CKOPOCTH JABIDKCHHS aBTOMOOWIIS,
TIOJIOKCHHE OTKPHIBAHHS OKOH U [IP.

CrucrteMa BEHTWISAIMH aBTOMOOWIISA JIOJDKHA
obecrieynBaTh MPUTOK CBEXEro0 BO3AyXa B CAIOH
JIETKOBOT'O aBTOMOOMIIA He MeHee 150 M3 / 4. a B leTHee
BpEeMsI, C LIEJIBIO YAAJICHUSA U3 CATIOHA TCIIOU30BITKOB,
pacxoj Bo3ayxa B CHCTEME HEOOXOAMMO MOBBIIIATH 110
250-300 M3 / wgac. [4], uyTO mocTHTaeTCs IyTEM
UCII0JIb30BaHHsI HAOETaroIIEeTo MOTOKA.

CaHUTapHO-TEXHUYCCKHE CPEACTBA aBTOMOOWMIIS,
K KOTOPBIM OTHOCHTCSI KOHHUIIMOHUPOBAHUSI, TOJKHBI
obecrieynBaTh TOANCPKKY B KaOWHE aBTOMOOWIA
ONTHMajbHbIE MapameTpbl Mukpokiumara [10, 11]
(tabm.1). Ilepenan TemmepaTypbl BO3IyXa IO BBICOTE
KaOWHBI He JOJDKeH mpeBbimaTh 3°C.

Ta6mmma 1

OnrumMalibHble HOPMbI TEMIIEPATYPbI, OTHOCHTEILHOM BJI2YKHOCTH U CKOPOCTH JIBUIKEHHS BO3IyXa
B KaOMHAX AaBTOMOOMJIEH

CKOpOCTb JIBHKEHUIS
Temmeparypa OtHocuTenbpHas
Iepuon rona . o BO3/TyXa, M/C,
Bo3ayXa, ‘C BJIQXKHOCTD, %0
He 0oJIbIIe

Terumiii 20-25 60—40 0,2

21-23 60 - 40 0,3

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

K MUKPOKJIUMATY BO3,HyIHHOﬁ Cpeabl cajloHa
aBT06yca, BMECTE C TEM, OTHOCATCA COOTBETCTBYIOIIUEC
CAaHUTAPHO-TUTUCHUYICCKUEC TpCGOBaHI/IH,
3aKIrovaronmuecds B HNOAACPIKAHUMK  HAJJICKAIIUX
JAOIMYCTUMBIX KOHHCHTpaIII/Iﬁ T'a30BBIX HW IIBIJICBBIX
Bpe[lHOCTGfI, KOJIMYCCTBA YTJICKUCJIOTHI, BBIHCHHCMOﬁ

YCJIOBCKOM IIPHU JbIXaHUH, YCTPAHCHUC 6aKTCpHaﬂLHOﬁ
3arpsA3HEHHOCTU IMOCTOPOHHUX 3aIl1aXOB.

Bcee BUIbI HOCTyHJ’IeHI/Iﬁ TCILIa B CaJIOH aBT06yca
0COOCHHO YCUIIUBAIOTCS B JICTHUI nepuoa BPEMCHH.
TeMnepaTypa OKpYXKarmero BO3JAyXa W BpeM:Aa
NMOCaAKU-BBICAAKU MTACCAKUPOB NPEAOCTABIIICT NPIMO
IPONOPINOHAIIBHOEC BIIUSHHUC Ha U3MCHCHHC
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JKECTKOCTH (TsxecTH) yCIOBUI TEIUIOBOM
okcIulyatanuu. [Ipy  MOBBIIEHMH  TeMIEpaTyphl
BO3AyXa M YBEIMYEHHH BPEMEHH MPOCTOS Ha
OCTAaHOBKaxX, M IOCAJIKU-BBICAJIKA IACCAKUPOB,
pacTeT KOJUYECTBO TEIUIOTHI, MOCTYMAOUIeH B CaJoOH
IIPU OTKPBITHIX ABepax [12].

ITpouecc HarpeBa Bo3myxa B CaJOHE TOPOJCKOTO

aBTOOyca BO3MOXKHO MPEACTABUTH C IIOMOIIBIO
ypaBHEHHS TeTuIoBoTo Oamanca [15]
— \'m n-1 n-1

QT T 4 j=14i=1 Qs + Zi=1 QKonw (J)

rae Q; - TemIoTa, KOTopas MOCTYIAeT B CAJOH
aBToOyca, [Ix;

Qs — TemoTa, KOTOpas MOCTyHaeT B CAOH depes
COCTaBJIAIONIME Ky30Ba aBTOOyca Ha j-My IEpEroHe
Mapupyra, Jx;

Qxony — TEIIOTA, KOTOPAst HOCTYIACT B PE3yJIbTAaTE
OTKPBITHUS IBEpEH calloHa (KOHBEKIIMH) aBTOOyca Iis
MOCAJKU-BBICAJKU accaxupoB Ha j-i
TEXHOJIOTHYECKOI ocTaHOBKe, JIK;

M — KOJWYECTBO MEPEroHOB (YYaCTKOB MEXIy
TEXHOJOTHICCKIUMH OCTAaHOBKAMH).

KonBekTuBHbBIE TCIIJIOBBIC IIOTOKH MCKAY
BHYTPCHHUM BO31yXOM u TOBCPXHOCTAMU
COCTABJIOMINX KYy30Ba PACCYUTBIBAIOTCS

Q'rn = Q,u + er + QG/ (2)

riae Qx— KOHBEKTHBHOE TEIUIO C KPbIIIH, BT;
Qr— KOHBEKTHBHOE TEILIO C ToJa, BT;
Q6 — KOHBEKTHBHOE TEIUIO ¢ OOKOBUH Ky30Ba, BT.

Qn= KAFA(TA _Ti); 3)
Qn = Kn Fn (Tsn - Ti ); (4)
Qﬂ, = KG F6 (T3n - Ti )! (5)

rae K, Ky, Ks — ko3 duimenTs! Teronepenayn
KPBIIIH, 1T0JIa ¥ OOKOBUH;

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

Tan, Ti, Ty — TeMOepaTypa Hapy>KHOTO BO3IyXa,
TeMIepaTypa B caJloHe, TemIeparypa Kpoimu, “C.

TemnmoBoit pacdyeT OKOH KaOWHBI COCTOHT U3
MepeiaBaeMoro Teria OT MepeHEer0 BETPOBOTO CTEKIIa
1 OOKOBBIX CTEKOJI, KOTOPhIE PACCUUTHIBAIOTCS

2.

QOK = Qf + le' (6)
Qf=Knggf (Tsn _Ti); )
Qp = Kgp Fgp (Toy — T)), &)

rae Qf — KOHBEKTHBHOE TEIUIO BOT BETPOBOTO
okita, Br;

Q6 — KOHBEKTHBHOE TEIIIO OT OOKOBOrO OKHa, BT.

K¢t , Kg — KoadduimenTsl Temnonepenadn
BETPOBOT'0 M OOKOBOTO OKOH;

Fgf , Fgb — rutomau BeTpoBOro crekia 1 OOKOBBIX
OKOH, M?.

Jns omnpeneneHuss JOMOJHUTENbHON TEIJIOBOM
HArpy3KH cajloHa aBTo0Oyca B 30HC KaOWHBI BOJIUTEI,

B pacueT NMPUHHMAIOTCS MOKA3aTelIH Mepeaadu Teruia
4yepe3 BETPOBOE CTEKIIO. Terio BIMsSHUE OT OOKOBOTO
OKHa KaOWHBI BOJIUTEISI OTHOCHM K IUIOMIAN OOIIETO
pacueTa TeIUIOHATPYKCHHBIC Ha CAJIOH OT TPO3PaYHBIX
COCTABIIAIOIINX.

Jns  ompeneneHus TeMOepaTypel B KaOWHE
BOJIUTEIIS aBTOOYCA MPUMEHSETCS BRIPAKEHHE

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

7 tk— TeMIepaTypa Bo3ayxa B KaOuHe BOJUTEIS
HAa MOMEHT HayaJa JABIXCHHUS 1o MapmpyTy, “C;

St — KOPPEKTUPYIONIMH ITOKa3aTeNb OIIyIICHUE
N3MCHEHUSA TEMIIEPaTyPHOTO BO3/EHCTBUS
okpyxatomeii cpenst, “C/°C;

tv — TemmepaTtypa okpy:katomiero Bo3ayxa, ‘C;

N — HOPMHUPOBaHHBIH TEMIEPATYPHBIM PEXUM
TpaHCHOPTHOTO mporiecca, C.

Ha TemneparypHbIii peXMM KaOHHBI BOAWTEIS
BJIUAIOT KOJHUYCCTBO M MPOAOJLKUTCIBHOCTL IMPOCTOA
Ha OCTAHOBKaxX C OTKPBITBIMU ABECPAMU U1 MOCAAKU-
BBICAJKH I1aCCaXKUPOB, OCOOCHHO KOTAa BOAUTENb
3aJeHCTBYeT K MOCAJKe TOJBKO TEPEeAHHE MABEpH,
PpAacIoI0)KeHHbBIE HAIIPOTUB KaOMHBL.

3aBUCHMOCTH TEMIIEPaTyphl BO3AyXa B KaOMHE OT
TIPOIOIDKUTENBHOCTH TaKOTO IPOCTOSI OMpPENeIsieTCs
BBIpayKCHUEM

TK:tk+5]IB't]IB, (10)
rae t — TemmepaTypa moBiTps B KabiHi aBTOOYCAa,
“C:

Sps — TapameTp KOpPHUTYBaHHA dYacy IIOCaJKH-
BHCAJKH macaxupis, ‘Clyac.;

tie — BpeMs IOCAAKHU-BBICAJKH IacCaXKUPOB Ha
MapuipyTe, MHH.

KouBekTuBHBI TemiooOMeH Ha BHYTPEHHEH
MOBEPXHOCTH CaJIOHA HOCUT CIIOKHBIH XapakTep.
OKOJI0O HArpeThIX WM OXJAXIEHHBIX MOBEPXHOCTEH
BO3HHMKAIOT KOHBEKTHBHBIE TOKH, OIPEACIAIONINE
TEIJIOOOMEH MeXJy IIOBEPXHOCTBIO M BO3TYXOM.
3/1ech UIMEEeT MecTO CBOOOIHAST KOHBEKIIHS.

Benencreue momaum  Bo3myxa, Ipu padore
CHCTEMBl BEHTHJSIIMHM, Ha IIOBEPXHOCTIX caJloHa
MIPOMCXOMUT W  BBIHY)KICHHas KOHBeKIms. Jlis
YIPOIIEHNs pacyeTa CTEHKH cajioHa aBToOyca Oynem
CUHTATh TNIOCKUMHU, TOT1a KpuTepuit Nu npu orubaHus
CTCHOK CaJIOHa aBTOMOOWISI BO3AYXOM B YCIOBHAX
CMEIIaHHOM KOHBEKIIMM  paccMaTpuBaeTcs  IpH
ycnosun [13]

Nugy = Nugy + Nity,, (€29
rae Nu.,— kputepuil HyccembTa B ycnoBusix
CMEIIaHHON KOHBEKIINH,

Nu.,— kpurepuii Hyccenpra s cBoOOJHOM
KOHBEKIUH;

NuBl-l*
KOHBEKI[UH.

YunTeIiBast, 4TO KaOMHA BOIUTENS COBPEMEHHOTO
aBrobyca  MA3-206, KOTOpbIM ~ HOpPUHAT K
9KCIEPUMEHTY, OCHaIIIeHa MHOTHUMH
JOTIOTHUTENbHBIMA NIPUOOpPaMH W yCTPOHCTBAMH,

kputepuil Hyccenbra a1 BbIHYXACHHOH
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BBIMOJIHSIONIME ~ BCIIOMOTaTeNbHBIC ~ (PYHKIUK B Qs =27+ (186 - 1,8T5), (14)
YOpaBJICHUU aBTOOYCOM, BO3HHKACT MOTPEOHOCTH
yueTa BCIIOMOTaTeNNbHBIX TEMIONOCTYIIIEHUH OT HUX. TI€ Zy — YMCJIO YWICHOB SKUIIaXa,

TemonocTynieHus oT nprOOpOB u Tn— Temneparypa Bo3nyxa B kabune, ‘C.
000pyIOBaHUs B KAOWHE OTPEACISICTCS BRIPAKCHUEM Ipu OKCHEPUMECHTATbHOM HCCIICTIOBAaHUH
BenmuuHBl Q, OBUIM TONyYeHBl  CIIEAYIOIIHE
Qun = Qex + Qen + Qeg+ Qeo + Qo (12) pe3ynbTaThl: TEIUIOBBIACICHHE OT BOJWUTENS Ha

rae Qe — TEIUIOBBIJENICHUE KOHTPOJBHBIX JaMII
IIUTKa TPHOOPOB M JIaMII OCBEUICHUsS KaOWHEI
(IpaKTUYECKH YKBUBAJICHTHO UX MOIIHOCTH),

Qcn — TEILTIOBBIIETICHHE OT HJIEKTPONPOBOIKH, BT;

Qcn — TEIUIOBBIIEICHHS OT 3JIEKTPOABUrATElICH,
Br;

Qco - TCIUIOBBIAGICHHE OT JONOJIHUTEIBHOTO
3JIeKTpoo0OpyNOBaHUS ~ KaOMHBI  (paJgMOCTaHIIHIA,
3BYKO- YCHJIMTEIBHBIX IIPHOOPOB | T. 1., BT).

Quo - TCIUIOBBIIEJNICHHE OT HEIEKTPHYECKOTO

obopynmoBanuss  (THOPaBIMYECKOr0O W T.  J),
YCTaHOBJIEHHOTO B KabuHe, BT.
Qes=(1-1) " Nys, (13)

rae M — KIIJ] anektponsurarens;

N — MomHOCTE 25eKTpOoABUTaTENS, BT.

Benuunabl Qe U Qo ONpEAenstoTcs TOIBKO
9KCIEPUMEHTAILHBIM MyTeM JUIs KaKAoro npudopa u
arperata, KOTOpPHIA Haxomutcs B KabuHe. Jlma
OONBIIMHCTBA TTPHOOPOB BETUUNHY TEIUIOBHIICICHUS,
KOTOpPBIC Ype3MEPHO Mabl, HEOOXOIMMO OIIPEIEIIATh
KaJOPUMETPUICCKAM METOJIOM.

Temnora, KoTopast epeaaeTcss OT BOAUTEINS MPH
TeMmeparype Bo3ayxa B kabuwae +18... + 30 ° C
OTIpeJIeNIeTCS BRIpaKeHHEM [ 7]

KOHEYHOU OCTaHOBKE cocTaBisiia 95-120 BT, B mepron
JBIDKEHUH Mo Mapuipyty - 180 Br.

OCHOBHBIM OTIPEEIISIFOLM TETJIOBBIM
(dakTopoM MHKpOKIMMaTa B KabOuHe aBTOOYyCa
sBIseTca TeMmmeparypa Bosayxa [14]. Ilockoabky
kompopT 9T0 CyOBEKTHBHOE TIIOHATHE, TO
3¢ QEKTUBHOCTH TEIJIOBOW HArPY3KH calloHa aBTo0dyca,
KOTOPBIH obopynoBaH KOHIUIIHOHEPOM,
Lenecoobpa3sHo  MPOBOAUTH IO TEMIIEPaTypPHO-
BPEMEHHOMU XapaKTEPUCTUKOM BO3JyXa B
KOHTPOJIBHBIX TOYKAaX, pACIONOXKCHHBIX B 30HE
pasMeIIeHNs IacCa)XMpoB B CaIOHE M B KaOHMHE
BoauTes (puc. 1). @akTop pa3MenieHus TOUeK B 30He
T'OJIOBBI macCaxuposB u BOJUTCIIA SABJIACTCA
JoMHUHUpYonMM. OOBSCHAETCS 3TO OCOOEHHOCTBIO
KOHCTPYKTHUBHOTO PACIIOJIOKEHUS TNIOCKOCTH T0J1a Ha
pa3HBIX YpoBHAX. M3MepeHus MHUKPOKIMMATHYECKUX

mapaMmeTpoB B KaOWHE  MPOU3BOJUIOCH  IIPU
BEITIOTHCHUH aBTOOYyCOM TEXHOJIOTUIECKOTO
mporiecca.

Ha puc.l mokazano pa3menicHHe KOHTPOIBHBIX
TOYEK B MPOIIECCE MPOBEICHUS IKCIIEPHMEHTAIBFHOTO
uccinenoBanus. Touku la - 30Ha roaoBEI BoguTes, 1b-
30Ha HOT Bomurens (Ha BeicoTe 1,5 m 0,5 M ot moua,
COOTBETCTBEHHO); TOYKa 2a - 30HAa TOJOBBI IS
CTOsYero maccaxkupa (Ha BbIcoTe 1,75 M OT moina);
TOYKa 3a - 30Ha TOJIOBHI ISl CUASIIETO Nnaccakupa (Ha
BbicoTe 1,3 M OT mona).

8650

b

3a 2a

£

Puc. 1. Touxu 3amepa noxazameneii MUKPOKIUMAMA 8 CATIOHe asmobyca.

PeSyHBTaTBI OKCIIEPUMECHTAJIIBHOT'O UCCIIEJOBAaHUA
TEeMIIepaTypHbIX MOKa3aTelieil 1 CKOPOCTH BO3IyXa B
aBTOOYyCE MpeCTaBIeHBI B Ta0IHIE 2.

B  pesymbrate  00cneoBaHHS ~ OCHOBHBIX
KIMMATHYECKUX IIOKasaTeae B KaOwHe BOJUTCIIA

aBTO6yC3 C BKIIFOUYEHHBIM KOHANOHUOHEPOM, BHCUIHAA

TemmepaTypa Bo3ayxa cocrasisiia 29,1-29,7°C.
IlonyuyeHHble TeMmepaTypHbIE I10Ka3aTelu

CBUACTCIBCTBYIOT, YTO TCIUIOMOCTYIIJICHUA B KabuHe
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aBToOyca uMmeer Oosipliee  3HAUYCHHE W HE
COOTBETCTBYET ONTHMAIEHBIM HOpMaM (Talum. 1).
ITynxtupom NoKa3aHa 3aKOHOMEPHOCTh
M3MEHEHHS TEIUIOBOH HAarpy3KH B KaOMHE BOIUTENS C
MPOJOJDKUTEIBHOCTRIO  ABIDKCHHS IO  MapupyTy.

[IpencraBneHHOE CBHICTEIBCTBYET, 4YTO CpEIHEE
TEMIIEPaTypHOE 3HAYCHHWE B KaOWHE BHINIC IO
CPaBHCHHIO C HW3MCPUMBIMU 3HAYCHHSIMH TOYKaX
cajoHa - 2a u 3a.

Tabnuma 2

O0001IeHHbIE Pe3yIbTAThI 00C/1eI0BAHUS MOKa3aTe/Iell TeMIepaTypbl H CKOPOCTH BO31yXa B aBTo0yce
COTJIACHO ONpe/ieJIeHHbIX TOUeK KOHTPOJIsI

t,°C V, M/c Orxionenus t,"C Orxnonenus 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 3,1
Touka 3a 26,5 0,3 1,7 2,7
TakuM 00pa3oM, OCHOBHOM XapaKTEPHUCTHKOW  paboThI KOH/IUITHOHEPA, KaK HACTOYHUKA
TEMIEPAaTYpHBIX YCIOBHA B KaOWHE BOAMTENSA  JIOMOJHHUTEIBHOIO  PAcXola TOIUIMBA  CHIIOBBIM
aBroOyca, KOTOpas 3aBHCHT OT psga (aKkTopoB, arperatoM. JITO CIYXKHT HAlpPaBICHHOCTHIO Ha
SIBIIACTCS: CIeyIOTITHE HCCIIEIOBaHM TOILUIMBHOM
- TEMI000MEH BHEIHMX MOBEPXHOCTEH Ky30Ba ¢ 3KOHOMHYHOCTH  aBTOOyca  NPH  BBIMOJHEHUH
OKpYy XKaroliei cpesoi; TPAaHCIIOPTHOTO  Tpoliecca ¢ HCIOJB30BaHHEM
- TemIo00MEH  IOBEPXHOCTEH,  KOTOpble  KOHAWIMOHEPA.
o0paieHbl B KaOWHY M BBIAEISIOT TEIIO;
- TETUIONOCTYIIEHUS oT HArpeToro Cuucok JuTepaTypnl
000opy0BaHus; 1.KpaBuenko O.I1. JlocmimkeHHsS TEIUIOBOrO

- Temlonepenadd INpH OTKPBITHM JBEped I
MacCa’KUPOB U TETIONOTEPH Ha HH(PUIBTPAIIHIO;

- TEIUIONIOCTYTUIEHHS OT COTHEYHOHN paJinalyH.

Meroapl 1o 0OeCIeYeHHI0O MHKPOKINMAara Ha
pabodeM MecTe BOAUTENS YCIOBHO MOXHO Pa3JeiHUTh
Ha aKTHBHBIE U MaccuBHbIE. K mepBoMy OTHOCSTCS BCe
TEXHHUYECKUE CpPEICTBa  CO3MaHMsI  KOMQOPTHBIX
MHUKPOKIMMAaTHYECKUX YCIOBUH B paboueil 30HE
BOAMTENS,, @ KO BTOPOMY - BIHSHHUE CaJOHHBIX
TEIUIONOCTYIUIEHUH C KOHBEKTUBHBIM Harpy3koil Ipu
OTKPBITBIX JIBEPSIX HA OCTAaHOBKaxX IIPU IIOCaJKe-
BBICAJIKE MACCaKUPOB.

CHmwKeHne  BO3AEHCTBHS ~ HEOJIArONpPHUATHOTO
MHUKpOKJIMMaTa Ha pabodeM MecTe  BOIMTENS
TOPOJICKOTO aBToO0yca W YIy4IIEHWE IapaMeTpoB
MHUKpDOKJIIMMATa, TO3BOJSIOT  PEINTh OJHY M3

BOKHEWIIMX 3a7a4 yIyYIICHUs] YCIOBHH Tpylda H
COXPaHCHHIO 3I0POBbs BOAUTEN0. OUEBUIHO, YTO OT
COCTOSTHUSI BOAUTENS aBTOOyCa 3aBUCUT 0€30MacHOCTh
HaCC&)KI/IpOB, KAQ4CCTBO BBIIIOJIHCHUA TpaHCHOpTHOFO

nporiecca u 3¢ GEeKTUBHOCTD YIpaBJICHUS
KJIUMAaTHY€CKO yCTaHOBKOM.

BoiBoabI. OmnpeneneHb KpUTEPHU
TEIUIOTIOCTYIICHH B KaOWHY BOAUTENS aBTOOyca IpU
BBITTOJTHCHUH TPAHCIIOPTHOTO nporuecca.
IIpemnoxkeHHass  METOIWMKAa  pacyera  TEIUIOBBIX
HArpy30K Ha paboyee MECTO BOAWTEIS, KOTOpas
MO3BOJSIET ~ YYECTh  OMNPEICIICHHBIC  MPHOPUTETHI
ob1ero TETJIOBOM Harpy3Kku Ha CaJIoH.
3KCHepHMCHTaHBHO IoJIyuycHa 3aBUCHUMOCTH

W3MEHEHUS TEMIIEPATyPHOT0 COCTOSIHUS B U3MEPUMBIX

TOYKaX CajJioHa BO BpeMsl JABM)KEHUs aBToOyCa.
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L]emkun bopuc Hukonaesuu

O0OKMOPp MEXHUYECKUX HAYK., OOYeHM,

npogheccop Kageopuvl coyuanbHO-2yMaHUMAPHBIX U NPOPECCUOHATLHBIX OUCYUNTUN
Ilepmckoeo uncmumyma @CHUH Poccuu,

614012, 2. Ilepmyw, yn. Kapnunckozo 0.1235,

®OPMUPOBAHUE NHTETPAIIMOHHBIX CTPYKTYP - IYTh ITIOBBIINEHUSL
YCTOMYUBOCTH NPEANPUATUI ATPOITPOMBIIIJIEHHOT'O KOMILIEKCA

B.N.Stchetkin

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

AHHOTaI[l/Iﬂ. OJIHO u3 HaHpaBHeHI/Iﬁ OKOJIOTU3allul DKOHOMHUYECKOI'0 pa3BUTUA — 3TO HIMPOKOC PA3BUTHUC
MaJIOOTXO/IHBIX M pecypcocOeperaroimx TexHouoruil. Pa3paboTaHHbIi aBTOpOM (B COaBTOPCTBE)
TEXHOJOTHYECKUH KOMIUIEKC IO YTUIM3aguu NTUYBETO IMOMETa (yCTaHOBKa HHeBMOTepMquCKOﬁ CYIIUKH —
VIIC-1 u ycTaHOBKAa TePMHYECKOTO KOMIIOCTHPOBAHUs) OBII IMpHUMEHEH Ha mTuiedabpuxax Ilepmckoro xpas.
Homyuennsrit Ha YIIC-1 cymensiit nruamii momet (CIII) u rparymuposannsii (I'CIIII), B cepum moJeBBIX
OIIBITOB BHOCHIJICA, B KAYECTBC y,Z[O6peHI/I$I, Ha 110JId HepMCKOFO Kpas u .HeHPIHFpaJI[CKOfI obnactu. BeisiBiieHo —
JaHHOC yz[06peH1/Ie OKa3bIBa€T BJIHUAHHUC KaK Ha ypO)KaﬁHOCTL CENIbCKOXO03SMCTBEHHBIX KyJbTYyp, TaKk U Ha
QJICMCHTBI TUIOAOPOAUS TIOYB. Hpez[nomeHHasl ABTOPOM MCTOJO0JIOTUA COBCPHICHCTBOBAHHUA KOMIIJIEKCHOI'O
yipaBJeHUA YCTOP'I‘{PIBBIM Pa3BUTHEM Hpe,I[HpI/ISITI/Iﬁ AIIK Ha 0CHOBE TEXHHKO-3KOJIOTO-3KOHOMHYECKOH CUCTEMBI
(T33C) 3aKJII04YacTCd B 3aMKHYTOM IIMKJI€ BOCIIPOM3BOICTBA: KOpMa —> JXHUBOTHBIE —> HaBO3, IIOMCT
(nmepepaboTka) — yHoOpeHrne — 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 xo3}n?cm60, IKOJI02UA, omxodbz, ymuauzayus, ypoofcaﬁuocmb, opeaHu4deckoe u
Op2aHoMuHepaIvbHoe yooopenue, IKOHOMUKA.

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

Veranoeka nHeBMotepmudeckoi cymku (VIIC-1)
-

HCIONb30BaHUEM MOCTYMAIOMIETO ChIPbS U OTXOJOB.
Ilepexon k cucTeMaM 3aKpbeITOrO THUMA C IOJHOU
nepepaboTKOW M yTHIM3alMeld BCeX MOCTYHAaroUIUX
pPecypcoB U OTXOMAOB M IpPEKpalleHUeM 3arps3HeHUs
MOCTIETHUMH OKpPY>Kalolled cpeasl — 3TO M3MEHEHHE
CaMoro TeXHOJOTMYeCKOoro npuHImma (puc. 1).

TlomerHbie 03epa
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Puc.1. Cxemomexnuueckoe peuienue KOMIIEKCHOU MEeXHOI02UU NO nepepadomke 0mx0008 HUBOMHOBOOCHEA
(I = yemanoexa nnesmomepmuuecxoti cywxu u |l — yemanosxa mepmuuecko2o KOMROCMUpOSaHs
(peanuzosanwi, 3awyuwenvt nameumamu P®), |1l —komnrexc memanmenxa) 1 — mpyba cywunxa,

2 — YuKIOHBL U ocaoumenvhas kamepa, 3 — epanynsamop, 4 — Memanmenx, 5 — Ko2epenmublil KOMIIEKC,

6 — cywunvusie npomusomounsie bapadanst, 1T — npecc.

[epBEIii Iar B yMEHBIICHHE IPHPOIOEMKOCTH Ha
JKUBOTHOBOJYECKHUX TPEANPHATHSIX HAMH YK€ OBLI
cneman [1]. Pa3pabortaHHBIf (B  COaBTOPCTBE)
TEXHOJIOTHYECKUI KOMILICKC MO YTHIU3AIHA ITHIbETO
moMeTa (YCTaHOBKA ITHEBMOTEPMHYCCKOH CYIIHMKH —
VIIC-1 u YCTaHOBKa TEPMUUYECKOT O
KOMITOCTHPOBAHUS) OBLT NIPUMEHEH Ha
nrunedabdbpukax Ilepmckoro kpas (m. Popnuku
Conmkamckoro paiona u r. Kyuryp) [2].

Wsyuenne momyuennoro Ha YIIC-1, xak
cymenoro mnrmybero mnomera (CIIII), Ttak wu
TPaHyJIMPOBAaHHOTO CYIIEHOTO NTHYBETO TOMeTa
(CCIIII), m ux BIWsSHUE, B KA4eCTBE YAOOpCHHS, Ha
YPOXKaHOCTb  CEJIbCKOXO3SHCTBEHHBIX KYJIBTYp B
pa3NMyYHBIX  HOYBEHHO-KJIMMATHYECKUX  YCIIOBHMSX,
MPOBOJIMIIOCH B CEPHH MOJIEBHIX OMNBITOB Ha MOJIAX
ITepmckoro kpast u JIeHuHTpaickoit obmactu [3, 4].

Buecenne CIIIT u CI'TIIT oka3zano mpakTHYECKH
OIMHAKOBOE JICHCTBHE Ha YpPOXKAHHOCTh IIICHUIIBI
(trabm. 1). Tak, mo3a CIIII 3,0 T1/ra mo3BoNHIa
TIOJTY4UTh MPUOaBKy ypoxas 54,7% 10 OTHOIIEHHIO K
koHTpoiro. [Ipumenenune ['CIIII (Manbix mo3) ot 0,5 mo
2,0 T/ra MO3BOJIAET MOJYYUTH MPHOABKY ypoxasi OT

1,51 wra pmo 2,75wra (17,9-32,7%) wu TOJBKO
yBeNMYEHHEe 7031 70 2,5-3,0 T/ra TOBBIIIAET
MPOAYKTUBHOCTh MIIEHMIBI Ha 54,5-59,0% mo
OTHOIIICHHIO K KOHTPOJILHOMY  BapuaHty 0e3
yA00peHHIA. [Mpumenenne rPaHyJIUPOBAHHOTO
cymenoro momera  (I'CIIII) Oputo  Oomee

s¢pdexruBubM, yeM CIIII, npu BeIpaniBaHuy OBca U
mureHunpl.  [IpubaBku  ypokas 37ech COCTaBHUIH:
mreHunsl 1,5-5,81/ra, oea - 5,4-9,4 n/ra. O6pamaer
Ha cecOs BHMMAaHHE IOBBIIICHHAS OT3BIBUMBOCTH HA
I'CIIIT oBca, ocHoBHOe BHecenume B jgo3e 0,5 T1/ra
TTO3BOJIMITY TIOTYYHUTh MPUOABKY ypoxas 8,6 1/ra.
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Tabuumna 1
Bimnsnue ocHoBHoro BHecenusi CIIII u I'CIIII Ha yposkaiiHOCTh 3¢pHOBBIX KYJbTYP
(Ilepmckas 00.1., nousa 7)

TIIECHHIA oBec
[loza iomera, T/ra ” npubaBKa W npubaBKa
N wra | % m wra | %
Cymensrii (CIIIT)
Kontposs (6e3
H;Eoﬁp')( 8,33 : : 1058 : .
0,5 9,56 1,23 148 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 15,0
35 12,22 3,89 46,7 13,83 3,25 30,7
4,0 12,11 3,78 454 14,17 3,59 339
5,0 13,22 4,89 58,7 13,90 3,32 314
HCPgs 1,39 0,75
I'panymposannsii (I'CTIIT)

KOH;;’:;)(&’S 8,42 . . 13,87 . .
05 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 9,93 151 179 19,30 5,43 39.1
25 13,39 4,97 59,0 21,65 7,78 56,1
3,0 13,01 4,59 54,5 19,20 5,33 384
3,5 12,72 4,30 51,1 20,87 7,00 50,5
4,0 12,22 3,80 451 21,33 7,46 53,7
50 14,25 5,83 69,2 23,30 9,43 67,9
HCPgs 1,84 2,26
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Puc. 2. Juacpammur ypoorcatinocmu nuenuysl npu enecenuu I CITTT
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Puc. 3. JJuacpammur ypoorcaiinocmu osca npu enecenuu CIHIT u I'CIITT

[IpoBeneHHBIE  OMBITBI  TO3BOJIWJIM  TaKXke
ycTaHoBUTh ToporoBbie a03bl st CIIT u T'CIIII,
BHECEHHE KOTOPBIX MPUBOANT K YTHETCHHIO WIJIH JaXe
rubenu pacreHnd. Pacder 103 mpoBoawics 1O

hopmyre:
y=H-Y,-K
rue:
I[In — 7o3a nHUTaTeNbHOrO BeIIeCTBA HA

TUIAHUPYEMBIN yposkaii, Kr/ra;

H — Hopma 3arpaT NUTaTeNbHOTO BELIECTBAa Ha
nonyuenne 1 T npubaBKy ypoxas, Kr;

VY, — nnanupyemasi npudaBka yposxxasi, 1/Ta;

K — nonpaBo4HbIii K03 GHULMEHT Ha COAEPIKAHUE
MUTATEIHHOTO BELIECTBA B IIOYBE.

IlooToMy npuM  HCHONB30BaHUM  CYIIEHOrO
OTUYBETO IOMETA CJELyeT YYMThIBaTh, 4YTO 3TO
BBICOKOKOHLIEHTPUPOBAHHOE yaoOpeHue c
BBIPQ)KEHHBIMHU  IL[EJIOYHBIMU CBOWCTBAMM, U €O
M30BITOK  MOXET TMpPHUBECTH K OTPHIATENbHBIM
pe3yJibTaTaM. IItranit TIOMET, SABJISIACH
BBICOKOKOHLIEHTPUPOBAHHBIM OpraHUYECKUM u
OpraHOMHUHEPAIBLHBIM ynobpeHuem, O0Ka3bIBaET
BIIUSIHUE HE TOJIBKO Ha YpOXKalHOCTh

CENbCKOXO3SMUCTBEHHBIX KYJbTYP, HO U Ha JJIEMEHTHI
II0A0POUS TI0YB.

Takum o0pazom, OpraHUYECKUe u
OpraHOMHUHEpANbHBIE YI0OPEHUS SBISIOTCS OTHUM H3
OCHOBHBIX (AaKTOPOB HMHTEHCH(UKAIMU 3EPHOBOTO
npousBoJicTBa B Poccuiickoit denepanuu. 3epHOBOE
MPOM3BOJCTBO B HAIIeH CTpaHe TPaIUIMOHHO
ABJISIETCS OCHOBOM MPOIOBONIBCTBEHHOTO KOMILIEKCA U
caMoOM KpYINHOH oTpacibpio celabckoro xossiicrsa. U
Henmb3sl HE YYUTHIBATh TOT (DaKT, YTO HA CHAaigbl U

MOJBEMBI  36pPHOBOTO  MPOM3BOACTBA  OKAa3bIBAIOT
BIMSIHUE HE TOJBKO YCHIUBIIMECS TEHICHLUU
NPUMEHEHHs MPUMUTUBHBIX TEXHOJIOTHH, H3HOC
CENIbCKOXO0351ICTBEHHON TEXHUKU, pactymas
3aBHCUMOCTh arpapHOil  OTpacid OT BHEUIHHX
(axkTopoB, B TOM 4YHCJIE IOTOJAHBIX, HO M pe3Koe
COKpaIlleHHe BHECCHHSA ynobpeHnii, Kak

OpraHHYeCcKuX, TaK ¥ MUHEpaIbHBIX. K ToMy ke pocT
NIPOU3BOJICTBA  CEJIbCKOXO3AWCTBEHHON INPOAYKLIUU
OCYLIECTBIIAETCS. U UHTEHCUBHBIM IIyTEM, T.€. 3a CUET
MOBBIIEHUS.  Iuogopoauss  mouBbl.  IlorepsaTs
IJIOJOPOJAXE IIOYBBI MOKHO 38 HECKOJIBKO JIET, HO Ha
BOCCTaHOBJIEHHE €ro II0 BCEM  IapaMeTpaMm
norpedyrorcst  pecstwinetus.  Iloatomy — ceroaHs
HEMAaJIOBAKHO OCTAHOBUTb IIPOLECCHl HCTOLICHHUSA
IIO04YB, COKpalml€CHUA COACpXKAHUA TymMyca, MPExKIC
BCEro, 3a CYET IIOJHOIO0 HCIOJIb30BaHUSI MECTHBIX
pecypcoB, B TOM YHCJI€ M OPTaHWYECKHUX YIOOpEHHH.
OKOHOMHUYECKas 3¢ GEeKTHBHOCTD 3€pHOBOTO
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MPOM3BOJICTBA OINPEAEISIETCST TAKUMH TOKa3aTessIMU,
KaK CTOMMOCTH BAJIOBOH IMPOJYKLUH, CE0ECTOMMOCTS,
BAJIOBOH /10X0J, TNpPHOBUIL C TeKTapa IIOCeBa,
peHTabenbHOCTh. [lepexon 3epHOBOro X03dHCTBa K
YCTOWYMBOMY DPa3BUTHIO B PHIHOYHBIX YCIOBHUSX HE
MOXeET OBbITh OCYILIECTBJICH 0€3 ONTHMHU3AaIMU BCEX
BIHSIONINX Ha Hero (akTopoB. [Ipobiema moBbIIIeHIS
s¢p¢extuBHOCTH oOTpacneir AIIK, B ocobGeHHOCTH
36pPHOBOTO  NPOM3BOJCTBA, CErOJHS CTaHOBHTCS
MEPBOCTENEHHOM.

OCHOBHBIMH Y€PTaMH, BHIPAXKAIOIINMHI HOHATHE
ycroitunBoi 3pPEeKTHBHON IKOHOMHKH TPEIIPUITHSA,
SBJISIFOTCS:  IOCTHDKCHUE ONTHUMAaJbHOM BEIMYHMHBI
NPUOBIIH, JOCTATOYHOW JUIsl pa3BUTHUS XO3SHCTBEHHO-
(unaHCOBOU JeTeIbHOCTH Ha OCHOBE
caMO(MHAHCUPOBAHUS u (dbopmupoBaHus
COOCTBEHHOI'O OOOpPOTHOTO KamuTaja B pa3Mmepax,
HO3BOJIIIOIIMX O0ECIIeYNBATh BBICOKHE TEMIIBI POCTa
o0BeMa MpoJaXx TOBApOB, MPOLYKIHH, paboT U yCIyT
Ha YpOBHE HE HIDKE KOHKypeHToB. ObecrieueHre
ycTOiYMBOro 3(Q{EeKTHBHOrO pa3BUTHA SKOHOMHKH
NPENPHATHS HAXOIUT CBOE OTPAKECHHE B JOCTHIKCHHU
CHCTeM  IeNeil  (COIMambHBIX, OIKOHOMHYCCKHX,

MOCIE0OBATENBHOTO  OCYIECTBICHHUS  IPUHIMIA
OTBETCTBEHHOCTH Iiepes obuiecTBoM. B aTom ciyuae
NpuOBLIL HE SIBISETCS YK€ KOHEYHOM IeJblo, Ha
KOTOPYIO JIOJDKHA OPUEHTHUPOBAThCS YIpaBlICHUECKas!
JeSITeIbHOCTb. Ona  sBmsercs OIHOH U3
SKOHOMHMUYECKUX Lelned U BBIIONHAET BaXXHYIO
(YHKIMIO — BBICTYIIAET CPEICTBOM JOCTIDKCHHUS BCEH
CHCTEMBI LIETEH.

VYcroitunBoe (crabmmpHOE) s pexTHBHOE
pa3BUTHE HKOHOMHUKH XO3SHCTBYIOLIEH CTPYKTYpPBI
XapaKTepu3yeT KOMIUIEKCHAsl CHCTeMa IIOKa3aTelleH,
OTpaXkaroIasi B JUHAMHUKE YBEIWYEHHE NPHUOBIIM U

obecneuenue ONTUMAJIEHOTO pa3mepa
peHTabeNpHOCTH, MaKCHMAaJIbHO BO3MOXKHBIN
SKOHOMHYECKMH pocT (pocT oObeMa HpoJak),
JOCTH)KEHHE W TOAJep)KaHHe  yCTOHYHUBOTO

(hMHAHCOBOTO COCTOSIHUS Ha OCHOBE I(P(PEKTHBHOTO
HCTIOJB30BaHUS BCEH COBOKYMHOCTH M Ka)XIOTO BHIIA
pPeCypcoB, BBIIONHEHHWE 3a OTYCTHBIA  IEPUOJ
00s3aTenmbCTB  Tmepen  pabOTHUKAMH,  OPYTUMH
MPEIIPUATHAMHA U TOCYTAPCTBOM.

X03sicTBEHHAS JIeSITeIbHOCTD
JKIBOTHOBOMYECKUX MPEANPHATAN TpeacTaBIcHa Ha

TEXHHYECKUX M  JKOJOTMYECKMX) Ha  OCHOBE pHUCYHKe 4 (a,0,B).
Pecypcel
T .
WuBectunumn OTX0MBI ‘ Opr)KaK)IlIaS[\W
Lo cpeta a) XO3AMCTBEHHAs
JACATCIBbHOCTD
IIpounsBoacTBO XKHBOTHOBOJYCCKHUX
[IPOAYKIIMH mpemnpusaTaid  0e3  ydera
l 3KOJIOIT'HYCCKHUX Tpe60BaHPII>i
Toxon o Hna}'e){m 3a
peanusanuy BO3JICHCTBHEC HaA
l [6)
TTpu6sLTH
Mupectunnu B
Pecypchi mpoLecc nepepadoTKH
OTX0JI0B
. o
Texnonornueckuit Texnonornueckuit
HuBectunuu — Otxomp ——
B — i 0) XO03sHCTBECHHAS
JACATCIBbHOCTD
IIpousBoacto IIpousBoacto JKUBOTHOBOJYCCKHUX
TPOAyKIH yAoOpermuit MPEeqUpUATHA € Y4eTOM
l 3KOJIOIT'HYCCKHUX Tpe60BaHPII>i
Joxox oT Jloxon oT
peanuzaunn peanuzaun
TIpu6sLIB
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Pecypont Tpotiecc nepepatoTkn :
OTXOJIOB :
U I u i .
Mvesemmmmn Orxomt Te"“ﬁg‘:;’:zc""“ i B) XO3HCTBEHHAsA
g E OCATCIbHOCTD
. JKUBOTHOBOOUYECCKUX
Il I TIpousBoxacTBo o
[POM3BOJICTBO [POM3BOICTBO HpoayKIH NpeanpuATHi c yueToM
MPOTYKIHH ynobpeHuit
1 1 aCCTEHEBO/ICTBA TEXHUKO-3KOJIOTO-
3KOHOMHYECCKUX Tpe60BaHHI71
Joxoxn ot Joxoxn ot Joxon ot
peanuzanuu peanuzanuu peanuzanun
Ipubsute

Puc. 4 (a, 6, 8). Xozsaticmeennas 0esimenbHOCHb HCUBOMHOBOOHUECKUX NPeONPUsIMULL

11 KOMIUIEKCHOM OLIEHKHM CTPYKTYPHOH CXEMBI
«KuBoTHOBOAUECKOE TPENNPHUITHE — HABO3/TIOMET —
OpPTaHUYECKOEe yI0OpeHHe — MOJe — JOTOIHUTEIbHBIN
ypoaih» B KauecTBe 000OIIEHHOTO KPUTEPHUS IPUHST
JIOXO0[ OT peaau3alyy MPOU3BOICTBEHHON NPOLYKINU

(A p).
Hp = [SPE — Z] - max

rie:
SPE - crouMocTh
MPOIYKIUH, ThIC. pYO.;
Z — 3aTpaThl Ha MPOU3BOJCTBO MPOIYKIIUH, THIC.

peaim3anuu TOTOBOM

pyo.
Z = 33ny + 33uy + O0P

rue:

IIpennpusitue
JKMBOTHOBOJICTBA

HOe Hpe

IIpennpustue
pPacCTEeHEBOACTBA

OTX0/1BI

O3my, O3My — »SKCIUIyaTallUOHHBIE 3aTpParThl,
COOTBETCTBEHHO, HA MPOU3BOJICTBO U UCIONb30BaHUE
OPTaHWYECKOTro YHOOpeHHs., ThIC. pyo.;

OOP - 0OIIEeTIPON3BOICTBCHHEIC u
00IEX03HCTBEHHBIE PACXOIBI, THIC. PYO.

IIpennoxxennas METOJ 00T Hs
COBEPIIECHCTBOBAHHUSA  KOMIIJIEKCHOTO  yNpPaBIICHHS
YCTOHYMBBIM pa3sBUTHEM IpEAIPUATUN
arpoIpOMBIIIJICHHOTO KOMILJIEKCa Ha OCHOBE TEXHUKO-
9KOJIOTO-9)KOHOMMYECKOH CHCTEMBI 3aKIIo4yaeTcs B
3aMKHYTOM LHKJE BOCIIPOM3BOJACTBA: KopmMa —>
JKUBOTHBIC —> HaBo3, moMmeT (mepepaboTka) —>
ynoOpeHne —> TI0O4Ba —> pacTeHHs —> KopMa.
VYceroituusoe pasBuTHe HMHTETPUPOBAHHOTO
MIPEATIPUSATHSL OTOOPaKEHO HAa PUCYHKE 5.

471%

Ynobpenus

IIpennpusitue
10 IPOM3BOJICTBY
OpraHOMHHEpPAJIb
HBIX ynoOpeHuit

Puc.5. Yemortiyusoe passumue unmezpupo8anHo2o npeonpusmus

B  ycnoBusix OOBEKTHBHO  CYIIECTBYIOIICH
HEOIPEICIICHHOCTH u HEYCTOWYHBOCTH
OOIIEIKOHOMHYECKON CHTYallMd WHTETPUPOBAHHEIC
MPEINPUATHS UMEIOT CYIICCTBEHHBIC IPEHUMYIICCTBA

nepen HesaBucuMbiMu npennpuatusMu AIIK, kak c
TOYKH 3pEHHUS] COXpaHEHMsI BXOJSAUIMX B HEro
NPEeANPUATUH, Tak W ¢ MO3ULUHA HOpPMalU3alUU
SKOHOMHYECKOW OOCTaHOBKM B cTpaHe. Takue
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UHTETPUPOBAHHbIE NPEANPHITUS, MPU pealn3aluu
Lened JONrOCPOYHOrO Pa3BUTHUS, MOJKHBI UYETKO
OINpeZIeIATh TJ00aJbHBIE MEpCIEKTHBH Ou3Heca,
OPUEHTUPYSCHh HA HOBBIE TEXHOJIOTHH U MAPTHEPCTBO C
JPYTHMH XO3SHCTBYIOIIMMH CYOBEKTaMH C LEJNBbIO
YBEJIMYEHUS 9KOHOMHUECKOH 3¢ PeKTUBHOCTH,
CHIDKGHHUSI 9KOJOTMYECKMX MpOoOJNeM W  3aIlUTH
OKpYKarolleu cpenpl.
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