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“Hypothetics: everlasting stories”

— If we don’t increase the engine efficiency we won’t be able to increase its power and, thereby, to create something essentially
new in machinery! — Rudolf Diesel exclaimed with disappointment. He quickly picked up a stone from the ground and in a fit of
temper threw it to the lake the coastline of which was three meters from the inventor’s feet. — How many devices have already been
ruined because of the overpressure in the cylinder?

— One basic model and two experimental designs... — the young man in a greasy apron with the face dirty of soot answered to
Diesel. — Perhaps we will try to pick up the admissible pressure upon the gas mixture not in the assembled device, but inside the
separate cylinder with the freely moving piston? As far as I remember, Henry offered such option earlier. But it was rejected for
some reason...

— Indeed, Rudolf, perhaps, it is worth experimenting on details before bringing the finished engines to the risky maximum load!
— The prudish representative of the Friedrich Krupp company who financed the works addressed the inventor. — We are actually
already significantly beyond the coordinated estimate!

— It’s not the case! The problem is not in particulars, but in the main principle of the mechanism operation! That’s where the
solution is! — With irritation Diesel exclaimed and again threw the nearest stone afar. This time the improvised missile fell upon
the sandy track and lifted the whole cloud of dust in the air.

— Looks like an explosion... — thoughtfully said Diesel keeping on staring at the stone landing site shrouded in a dust haze. — Like
an explosion, but not the one. Effect of free energy without catastrophic consequences...

— What are you mumbling? — One of the engineers assisting Rudolf hardly able to hold a big pack of blueprints addressed Rudolf.
— It seems like you need to have some rest.

— Some rest... — Diesel slowly muttered again and suddenly shuddered because of the unexpected thought. — Friends, we want
higher engine capacity. For this purpose it is necessary to create considerable pressure in the piston. We can’t compress the
gas mixture too much — it will ignite... It needs “some rest” from pressure! It means that it is necessary to squeeze something
else: we should create energy by increasing pressure in the safe gas!

— In what gas? — Friedrich Krupp’s representative was surprised. — And how can all this be done?

— We will compress clean air. And only at the critical phase of such compression under high pressure we will inject liquid fuel into
the cylinder! We must try it! I believe it will work! Get down to work!

Thomas Morgan
Head of the IASHE International Projects Department
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DEPARTURE FROM TRADITIONS IN THE
ARCHITECTURE OF THE CATHEDRAL
MOSQUE IN ASTANA CITY
(unrealized project status)

G. Kissamedin, Candidate of Architecture, Full Professor
Kazakh Leading Academy of Architecture and Civil Engineering,
Kazakhstan

The article is devoted to modern Kazakhstan mosques of with the
unrealized concept status. Their comparative analysis with architecture
of unrealized mosques of the Muslim countries is made.

Keywords: mosque, traditions, innovation, effect of a crescent
moon with a star in the center, Saturn ringimage, ETFE.
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VJIK 728
OTCTYIUIEHUE OT TPAJINIUHI
B APXUTEKTYPE COSOPHOI
MEYETHU B r. ACTAHA
(cTaTyc Hepeann30BaHHBIM MPOCKT)

Kucamenun I'M., kaua. apxutekTypsl, npod.
Kazaxckas ['onoBras ApxurexkrypHo-CrpoutensHas AkageMus,
Kaszaxcran

CraThs MOCBAIICHA COBPEMEHHBIM MedeTsiM Kasaxcrana craryca
HepeaN30BaHHBIX KOHIEIINH, U MX CPAaBHUTENBHBIN aHAIIN3 C apXH-
TEKTypOi Hepealn30BaHHBIX MEUCTEH MyCyIbMaHCKUX CTPaH.

KaroueBble cioBa: MedeTb, TPaJHIMH, HOBATOPCTBO, 3(QeKT
JIYHHOTO CepIia co 3Be3/10i B LIeHTpe, 00pa3 koibla Carypaa, ETOE.

YyacTHUK KOH(pEPEHIIHH,
HarroHanpHOTO IIepBEHCTBA 110 HAyYHOH aHAIUTHKE,
OrtkpsiToro EBponeiicko-A3uarckoro nepBeHCTBa 10 Hay4YHO! aHaJIMTHKE
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B ApXUTEKType KOHKYPCHOTO
mpoekta CoOOpHO MedyeTH B
r. Acrana (qumiaoMm I crenenn MACA —
CTaTyCc Hepeaau30BaHHBIN MPOEKT buiib-
nebaes H.M. — oren, bunsnedbaes M.H.
— CBIH) TOCHOJCTBYET T€OMETPHs aHO-
HUMHBIX (OpM, a TOYHEe HIapa B KOJb-
ne HamopoOue miaHetsl CaTypH, OXBa-
YEHHOTO KoiblioM. O0pa3 KOCMHYECKOi
TUTAHETHI COJTHEYHOH CUCTEMBI CO3IaeTCsl
YCEYEHHBIM KOHYCOM Auamerpa B 108 M.
C BHYTPEHHHUM JBOPOM JHAMETPOM B
64 M., B IIGHTPE KOTOPOH pPacIOJIOKEH
MOJIUTBEHHBIH 3al B BHAE OTIEIHHO
CTOSIIIETO 3JaHus CO CEepUIecKHM
kynosioM B 42m. bnaromapst Tomy, uto
3puTenbHO Ha (acajge He BUAHO Oapa-
0aHa KyroJja, Ha KOTOPBIH OH OIHpaeT-
Csl, TO KyNOJ BOCIPUHMMAETCS JIETKOW
MOJBIDKHOM (opMoil OynTo «ImiaBaeT»
B KOJIBIIE, YTO JeJaeT YMECTHBIM CpaB-
HEHHUe KOMITO3UIMU MedeTu ¢ CaTypHoM
0COOCHHO B HOYHOM OCBEIICHUH, TN
KYTION ¥ KOJIBIIO MIPH JTFOOOM OCBELICHUN
BOCIPHUHUMAIOTCS YEIOBEKOM OT/IEINIBHO,
CaMOCTOSITENIbHBIMH, HO B3aUMOJEHC-
TBytomuMH  opmamu. Ilonblii KoHyc
yCeueH Ioj] HeOOJBIINM YIJIOM TaK, YTO
Ha TJIaBHOM (hacajie ¢ JaJeKoro paccTo-
SIHUSI TIPOYUTHIBACTCS KaK Pa3OpBaHHOE
KOJIBIIO BOKPYT LIapa, 4TO aCCOLUATHBHO
HalOMHMHAET U3TIO0IEHHBIH MyCYyJIbMaH-
CKHH 00pa3 JIyHHOTO cepIa CO 3Be3/10oi
B LIEHTPE, TOJIBKO JIyHAa B HEOOBIYHOM
pakypce, a B LleHTpe OoJblias roiybast
3Be3/1a WJIM CKOIUICHUE MHOYKECTBA 3BE3]1
— 00pa3 caMoro Kymoia.

APpXHTEKTypa BO BCE BpeMeHa co3/1a-
BaJIach C Y4€TOM BIEYATICHUI U YyBCTB
YeJI0BeKa, BOCIHPUHHMABILIETO €ro, Io-
9TOMY YpPE3BBIYAIIHO Ba)KHBI MOWCKH B
CO3JaHMM HOBBIX 00pa3oB, KOIAa 3TO
KacaeTcsl apXUTEKTYPbl MEUETH, OKa3aB-
mIeiicss Ha IOJrHe BeKa 3aJI0KHULEH ap-
XanuHBIX (OPM, YEMY CBUACTEIBCTBYIOT
MedeTH, rnoctpoeHHble B Kasaxcrane n
B JIpyrux cTpaHax B koHue 20, B Hayaje
21 BexoB.

B nmaHHOM ciydae aBTOp NPEAIOKIII
KyIlol, HO 0e3 TpaJuIMOHHOH KyOuuec-
KOi ()OpMBI €ro OCHOBAaHHS, 3PUTEIHLHO
OCHOBaHHEM CO0Opa SBISIETCS TOJBINA
LUJIMHAPUYECKUH KOHYCOBUIHBIH Yyce-
YEeHHBIH M0 HEOONBIIUM YITIOM 00beM,

B ﬂeﬁCTBHTeﬂLHOCTH KOHCTPYKTHBHas

EEe——

CBI3b KYIIOJIa M KOHMYECKOTO OCHOBaHMS
co0opa OTCYTCTBYET, KYIIOJI U KOHHYEC-
Kasi (hopMa — CaMOCTOSITENbHBIE 00bEMBI.
MunapeTsl cobopa 1o ob6pasy Onmxe kK
COBPEMEHHBIM BBICOKOMAUTOBBIM ~OIIO-
paM, 3TO CKOpee BCEro IMpOXKeKTOpPHbIE
MauThl, MOTOMY YTO BBINIAJAT OYEHb
TEXHOJOTUYHO, HECMOTPS Ha KyIOJIbHbIE
3aBepILEeHUs, KOTOpbIE HE MPHOIMKAIOT
UX K TPaJULMOHHBIM XYJ0)KECTBEHHBIM
oOpasmam.

MonuTBeHHBIH 3a1 cobopa HMeeT
BHYIIUTENBHBIE pa3Mepbl, OH JHaMeT-
poM B 42 M., noutH kak y IlaHTeoHa B
Pume, mepekphIT ceT4aThIM KYIOJIOM.
Ecnu Obl He apouHBIH 7-MHU NPOJETHBIH
MOpTaa BXOMHOW W MHXPAOHOU 30HBI
U JIBa MUHAapeTa HEperuoHaIbHOIO ap-

Puc. 1-4. O6uiunii B Me4eTH B HOYHOM M THEBHOM OCBEIlEHHH.
Pa3pe3 MeuyeTH 0 MOJIMTBEHHOMY 3aJ1y BbICOTO# B 31,5 m.
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XUTEKTYPHOTO 53bIKa, MOXHO OBLIO
Obl MPHUHATH MEYETh 3a 00CEPBATOPHIO,
CIIOPTUBHBINA LEHTP, OU3HEC-LIEHTP HIIN
mo0oe apyroe OOLICCTBEHHOE 3JaHWE,
HO 4eM OOJIbIIIC BbI €r0 pacCMaTpUBACTE,
TeM 0OJIbIe OH MPUONMKACTCI K 00pasy
MEUETH.

MonutBennslii 3an Ha 1500 mect
MPEACTABIACT COOOM CaMOCTOATEIbHBIM
00beM B (opMe HeaTbHOTO Kpyra Jua-
MeTpoM B 42M., BXOJ B KOTOpBIA opra-
HU30BaH C YPOBHS OTKPBITOH TEPPachl
gyepe3 TamOyp. BricoTa MOTHTBEHHOTO
3ana 31,5 M. 9TO MeHbIlIEe, YeM B PUMC-
koM [TaHTeOHEe, HO BCEe PABHO OUCHb BbI-
COKOE, MPETCHYIoIIee Ha OCCKOHCYHBIIH
HEOCCHBII CBOJI, €CTECTBEHHOE OCBEIIle-
HUE TMOAACTCS MOCPEICTBOM paBHOMEp-
HO PACIOJIOKECHHBIX MO BCEMY KYIOIY
HEOCOJBIIUMI  TOYEUHBIMH  [TPOEMAMHU.
MoNUTBEHHBIN 3a)1 0 KHOIEC OKpYKCH
3MaHKueM B (hOpMeE TIOTYKOJIbIIa, KOTOPBIi
M0 OCH MHXpaba Ha HYJIEBOW OTMETKE
pasmenieH BecTHOrONieM Ha 2 Onoka Ha
IPYIITy [OMENIEHHI PUTyasa BEeHYaHHs
W Ha MOMENIEHHs MMaMa, a HA BEPXHUX
JTakaX PACIHOJIOKCHBbI y4eOHO-IPOCBE-
TUTEIbHBIC KJacChl Meapece. Bxoa op-
TaHW30BaH MO KHOJE, mepea MUXpabom,
YTO SIBJISIETCS CIIOPHBIM PEIICHUEM, TaK
Kak KHOlia YMO3PHUTEIFHO, KaK MOpalib-
HO-/IyXOBHasI [ICHHOCTh HE JIOJDKHA OBITh
neperopokeHa HuueM. OpHEHTaLUI0 Ha
Kaaly ykassiBacT MuXpab — mpocTas He
YKpalleHHa HUYeM HUIIA — 3HAK YKa3bl-
BalOIUil KNOJTy MOJIMTB, HO B CO3HAHHUH
Yy MyCyJbMaHHHA KHOJIa aCCOLMUPYETCS
MIPOIIBETAIOILETO
ONaroficHCBHsS, PANHCKOTO Caja, YHUCTHIX

BHJICHBEM CBCTIIOIO,

BoA. 3a HuIeH Muxpaba pPacIOJIOKEeH
BECTUOIONIb, B KOTOPOM IPOUCXOST HE
NPOTHBOPEYAILYe PEUTHO3HOH Mopa-
1M feiicTBus — cBaseOHbIe 00psiIbl, HO-
MELIeHHs UMaMa ¥ Ha BEPXHUX dTaxax
yueOHbIe KJIaCChl. 3[aHue «ITOTYKOIbLIO»
HE NPUMBIKAeT K MUXpaly, UX paszeiner
[IPOCTPAHCTBO MIMPUHON B 12 M. B BUJE
KpyroBoro ob0xozxa, obecreunBaromen
JOCTYII B JKCHCKHE MOJHMTBEHHbIC 3aJIBI.
JKeHckue 3aJ1bl pacIooKeHbl Ha BTOPOM
staxe Ha otMetke 4.800 B hopme kpyro-
BOro OallkoHa IMUPUHON B 6 M. 31aHue
MOJYKOJIBIIO CO CTOPOHBI FOro-3amaja
uMeeT 4-X STaXHYI0 4acThb BBICOTOH B
25 M., OHMXKAIOIIYIOCS K CEBEpO-BOC-
TOKY C JABYX CTOPOH M IIPEBpaIlaroLIy-
10CSL B OIHO3Ta)KHOE 3[]aHue, I1ie C IBYX
CTOPOH PpACIIONOXKEHA aAMUHUCTpALHS

4

MCUCTH. KOMHO3I/IL[I/IH 3JdaHus  1OJIy-

KOJbLla 3aBepllacTCs IOMELICHUSIMU
JUIs BXOJ]a Ha JIBa MUHApeTa BBICOTOM B
45 m. IInockocTh HaKJIOHA KPOBIM 31a-
HUS NOJIyKOJIbLia OOBEIUHSETCS eUHON
IUIOCKOCTBIO  KPOBIIM, BBIIOJIHEHHOU
B METAJUIMYECKOH IPOCTPaHCTBEHHOU
KOHCTPYKLIUH.

[InanupoBka mepBOro 3Taxka Meue-
TH HAallOMHHAeT NaBWJIBOHHBIH THI C
CaMOCTOSITEIbHBIMU BXOJIaMH, OpIaHU-
30BaHHBIC BOKPYT KOJBIIEBOW COOOPHOIA
yJIMILBI, KOTOpas B LIEHTPaJIbHON BXOJ-
HOM 30HE pacuIMpseTcs 10 HeOONbIIOoN
cobopHoii mroniaayu. OgHAKo Takoe pe-
LIEHHE NPUIUIO OB B HMPOTHBOPEYHE C
KJIMMaTHYECKUMH YCJIOBUSIMUA ACTaHBI,
[I09TOMY aBTOp OpPraHU30Bal KPyroBoe
OCTEKJICHUE C IepenasoM BbICOTHI Haj
BHYTPEHHEH KONBLEBOM yauued wuiu
BHYTPEHHUM JBOPOM LIMPUHON B 12 M.
U cobopHOl Twiomansio B 920 KB.M. H
TE€M CaMbIM 3aKpbUI 3[JaHUE, CO3JaB He-
OOBIYHYIO KOMIIO3HLUIO. DTO HEOOBId-
HOE HPOCTPAHCTBO COOOPHOW ILTOLIAAN
C YXOISIIMMH KPYIJIOBBIMU TaJlepesiMu —
raccaxaMu HaIllOMHHAaeT rajieped Iac-
caxxa Butropno Ommanuyma II B Muna-
He, I7ie LWWINHAPUYECKHE OCTEKJICHHbIE
(oHapH TNEepeKPHIBAIOT OTHAEIBHO CTOS-
LIMe 3JaHUs B €JUHOE NIPOCTPAHCTBO HA
ypoBHe KpoBiu. IIpo3pauHoe HakIOHHOE
MOKPBITHE € IIEperaoM BICOTHI ¢ 20 M.
110 4.2 M. BBICOTOM IIPEKPACHO JOIONHSA-
eT Hejocraromee AcraHe OIaromnpusT-
HOE€ MHKPOKJIMMATHUYECKOE OKpYXKEHHE
4eJIOBEKY, a apXUTEKType cobopa co3za-
€T BO3MOXKHOCTb DPACIIUPEHHS] MOJIUT-
BEHHOIO 3aJ1a B epuoj npaszaHects. Ha
BTOPOM, TPETBEM M YETBEPTBIX ITaXax
pacnooKeHb! KJIacchl MeJipece.

[Mo MycynbMaHCKHUM TpeOOBaHUSIM
IIPU BXOZIE B MEYETb MY>KYMHBI U KEH-
LIMHBI JI0JDKHBI CHUMaTh 00yBb, IOTOMY
YTO OHU CaJATCS Ha I0JI, HA KOBPBI JUIs
COBEpPILICHUS HaMma3a — MOJIUTBBI, I03-
TOMY HEOOXOIMMO HPOBEICHHUE OMOBeE-
Hue pyk u Hor. JKenckue (420 xB.M.) 1
myxckue (1300 KB.M) OMOBEHHBIC 3aJIbI
pacnooXXeHbl B LIOKOJIBHOM 3TaXe U UX
BXOJbl PAa3[eNICHbl, MY>KYUHbBI IONaja-
I0T C CEBEPO-BOCTOYHOI, a >KEHIIUHBI C
I0r0-BOCTOYHOH CcTOpoHBI 31aHus. [Ipu
OMOBEHHBIX MMEIOTCSI BECTUOIONH, I10-
MeLIeHus JUIsl XpaHeHus 00yBu. Opranu-
3aIysl XpaHeHUst 00yBH B KPYITHBIX Me-
4eTsIX U 00CIy)XUBaHHE BEPYIOIINX MPU
HCIIOJIHCHUU TNIPOLEYpbl OMOBEHUS PYK

U HOI Iepel]] HaMa3oM, C Y4eTOM elu-
HOBPEMEHHOTO MPEIOCTABICHUS YCIYT,
SIBISIETCS. JOCTAaTOYHO CJIOXKHOM 3amaueit
0COOCHHO B KPYIHBIX W KPYHMHEHIIUX
Me4YeTsIX, I1ie COOMpaeTcst MHOTO Hapoza.
B mpexacraBieHHOM MPOEKTE KPYITHOM
COOOpHOH MEYeTH YHEeJICHO JOJDKHOE
BHUMaHHE OMOBCHHBIM 3ajiaM, TJE I0-
CETUTENISIM TPEAOCTABIISIIOTCS  CIIELU-
albHO O00OpYNOBaHHBIC TOMCUICHUS B
9150 kB.M.

TToBepXHOCTh KOHYCOBHIHOTO 00B-
eMa Oro-3amajHoil OpHUeHTAlMH MOK-
pBITa PEryIspHBIMH TOsICAMU HEOOIb-
IIMX OKOHHBIX MPOCMOB, 3PHUTEIILHO HE
pa3pyLIaoUX LEeIbHOCTh 3arajouHoro
o0beMa. ApOYHBIC MPOEMBI YPOBHS TIEp-
BOT0 3TaXa EAUHCTBEHHOE €CTECTBEHHOE
OCBCLICHUE B TPAJMIHOHHBIX MACIITa-
0ax, BCE OCTalbHBIC MPOEMBI BOCIPH-
HUMAIOTCSl KaK COJIHLE3alIUTa WM Kak
CIeLUAJIbHOE TEXHUYECKOE OCBEIlEeHHE
HE XapaKkTepHOe JJIs Y4eOHBIX KJIacCOB
Mellpece M CEBEpPHBIX YCIOBUH CTpOM-
TenbecTBa. IIIIOCKOCTE OCHOBHOTO 00B-
eMa MeYeTH MPEACTaBIsIeTCs] COOpaHHON
U3 TEXHOJOTMYHBIX MaHEJeH 3alluTHbI-
MU CHCTEMaMH OT BHEUIHEW cpenpbl. W3-
BECTHBIC HMHOCTPAHHBIC CTPOUTEIIBHBIC
KOMITaHUH, pabOTaBIIKE TI0 BCEMY MHUDY,
MPU3HABAJH, YTO B ACTaHE CaMbIe Cypo-
BbIC KIIMMAaTHYCCKHUEC YCIOBUS HA IUIaHEe-
T€, C KOTOPHIMU UM TPHXOIUIOCH CTal-
KUBAaTbCs. 3aMKHYTBIM apXUTEKTYpPHBIH
00pa3 BHENIHEH 000JIOYKH MEUETH TIepe-
JlaeT CYpOBBIH, arpecCUBHBIM XapakTep
OKpY>Kalolleil cpepl, KOTOPhIH B coue-
TaHHH C MOTOTHBIMH YCIOBUSMH 3UMHC-
ro mnepuoja IpPeACTaBIIOT CEepbe3HbIE
WCTIBITAHUS IS JTFOACH U [T CTPOCHHUIA,
IJe 3aliTa CTAHOBUTCS HEOOXOTUMBIM
YCIIOBHEM BBDKHUBAHUSL.

C IByX CTOpOH IO KHOJIE Y KOHYCO-
BUJIHOTO 00bEMa OPraHM30BaHbI [JIABHBIC
BXO/IbI, HA KOTOPBIX YCTAHOBIICHBI apOy-
HBIC IMOPTajbl — CHMBOJIBI MEIITAKA, Y
IJIaBHOIO TOP>KECTBEHHOI'O BXOJa Ioce-

Puc. 5. Maxker. O61muii Buj codopHoii
Me4yeTH B AcTaHe
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THUTEJICH BCTPEYalOT MUHAPETHI U IapTe-
PpBI BOIHBIX majeit 6acceitHoB. JJoMuHu-
PYIOIIYIO BXOJIHYIO OCh IIepeceKaeT 0Ch
JOTIOJTHUTEIIBHBIX JIByX BXOJOB, Opra-
HHU30BaHHBIX JUIS [IONaJaHusl B )KCHCKHE
MOJINTBEHHBIE 3aJIbl, B aIMHHUCTPALIUIO,
MOMEIIeHNsT UMaMa, B O(UCHYIO0 4acTh
W JUIS CIIyCKa B 3aJIbl OMOBeHUs. Brons
YJIMIBI YCTaHOBJICHBI TAPKOBOYHEIE Kap-
MaHBI, UMEEeTCsl BO3MOXKHOCTb MObE3/1a
Ha aBToOyce, COO0pHast MeYeTh PacIono-
JKeHa B IIGHTPE yJacTKe, OKpY)KeHHas ca-
JIoM, Onarozapsi KOTOpOMY MMEETCsl Kpy-
TOBOI 0030p M JOCTYIl CO BCEX CTOPOH.
ApPXHTEKTYpa MEUETH SIBISIETCS MOJHBIM
OTCTYIUICHHEM OT TPAJULUOHHBIX Meue-
teit Ka3axcTaHa u SBIsieTCSl CMEIBIM T0-
HCKOM HOBOTO XyIOXKECTBEHHOro 00pasa
KYJIETOBOTO 37IaHHSI.

OtcrymieHne oT TpaJuLUi B CTPO-
UTENBCTBE MEYeTell He IPHBETCTBYET-
Cs PEIUTHO3HO-HACTPOCHHOM YacThIO
o0IIecTBa, KOTOPBIE CTPEMSITCS COXpa-
HHUTh PEJIUTHO3HBIE TPAIULUK HCIamMa
U apXUTEKTypy MEYeTH B HEH3MEHHOM
BUJIC U B OTOM OHH BUJAT IPEJaHHOCTH
Bepe. ABTOpHI poekTa Meuet «Mosque
Proposal» cramOyibCcKOi apXUTEKTyp-
«StudiOZy,
Hol mamsith Mumapa Cunana (Mimar

HOM cTynun MIOCBSILCH-
Sinan), caMOro 3HaMEHHUTOTO M3 Typell-
KHX apXUTEKTOPOB U HHXKEHEPOB OCMaH-
CKOTO IIepUOJia, CUUTAIOT, YTO MEUETh HEe
JOJDKHA CTOSITH BIAJEKe OT Iporpecca
W pPa3BUTHs, OHA JIOJDKHA CIEIOBaTh U
OTBEYaTh J[yXOBHBIM IIOTPEOHOCTSIM COB-
peMeHHoro 4enoBeka. KommbroTepHbIi
ICKHM3 MEYETH CTaMOYyIbCKOW apXUTeK-
TypHO# ctyauu «StudiOZ» npexcrasieH
QXypHOU KyOuueckoir ¢(opMoH, IOK-
pbITOH OEnbIM MAaTOBBIM MaTepUaioM
tuna EFTE noBepx cTepsxkHeBOl cerya-
Toi KoHcTpykuuu. Ilomympo3spauHocTh
o0beMa 31aHHs BBIACT CTOSLIME IO
yIlaM BepTHKaIbHbIE (hOPMBI, HAIIOMU-
HaIOIINEe MUHAPEThI, HO BO3MOXKHO JIU(]-
TOBBIC IIAXTHI UTPAIOT POJIb MUHAPETOB,
c;1a00, HO BBICBEUMBACTCS ChepuuecKui
KYTIOJ M MOTYKPYIJIbIE KOJIbLIa 00XOAHBIX
rajepei.

Tlonynpo3spa4nslii 06beM 00nanaer
BHYILUTEJIBHBIMU pa3MepaMy, HOTOMY
YTO BHYTPU HETO BHUPTYAJIBHO MOXHO
pacIONIOKUTh TPAAULMOHHBIA MYCYIIb-
MaHCKui cobop tuna Cyneiimanue, rie
MOJIMTBEHHBIH 3aJ1 pacIionoxeH B Gpopme
uneanbHoro mapa. Kpome MonuTBeH-
HOT'O 3ajJa BHYTpH Kyba IpemycMmarpu-

BAalOTCS MMOMELICHHS JJIsi OMOJIMOTEKH U
NPOCTOPHBIE BBICTABOYHbIE 3ajbl. Ap-
XUTEKTYpa 31aHusi Medetd «Mosque
Proposal» morna 661 ObITE THOOBIM 00-
IIECTBEHHBIM ~ COOPY)KEHHUEM, HAIpH-
Mep, My3eeM, ONEPHBIM TEATPOM, CIIOp-
TUBHBIM  KOMIUIEKCOM, OHOIMOTEKOM,
apXUBOM, KHHOTEATpoM, HO TOJBKO HE
MEYEThI0. APXUTEKTYpPa MEYETH MPEKIIE
JOMUHMpPYIOLIasi B HPOCTPAHCTBE My-
CYJIbMaHCKUX TOPOJIOB, 3/1€Ch CKpBITA,
OHa HAMEKAMH BBIJAET €ro Ha3HAYEHMUS.
B apXUTEKTypHO-XYI0KECTBEHHOM 00-
pase MyCyJabMaHCKas MEYCTh OpraHu-
30BaHa B KOMILIEKCE C OHMOIMOTEKOH,
BLICTABOYHBIMU 3aJ1aMH, TIOMELIEHUSIMU
¢ 00pa3oBareabHbIMU (YHKIUSIMH, KO-
TOpbIE BMECTE IMPHU3BaHbl BHECTH CBOM
MHOTOIPaHHbIN BKJIa] B ()OPMHUPOBAHHE
OOIIIECTBEHHOTO CO3HAHUSI COBPEMEHHO-
TO YeJIOBEKa.

Bosspamiasch K KOHKypCHOMY IpO-
exty CobopHoii Meyetn B AcTaHe (oTHa
U chiHa BuibneOaeBbix), HE BO3MOXKHO
He mpocieauTs aHanoruu ¢ uupeer Ca-
TypHa - IIapa B KOJbIIC, HO B JPyromMm
KOHLIENTYAJIbHOM — u3jiokeHun. Yamra
ampurearpa U3 OOXOJHBIX KOJIEI BOK-
pyr miapa Ha KOMIIBIOTEPHOM 3CKH3€
BHYTPEHHEr0 HHTEphepa Kyba OueHb
3¢ dekTa, OHa 3aBOpaKUBACT Kak (aH-
TacTHYeCKas

KOCMHYECCKass KapTHHA,

e (bOpMLI B IIPOCTPAHCTBE HE BECOMBI

U BBISIIAT COBEPIICHHO HE 3EMHBIMU.
D10 HEOOBIKHOBEHHOE YYBCTBO BHUICHbS
THT'AaHTCKOTO KOCMUYECKOro Macuirtada u
OLIYILEHHUS TOTO, YTO HEBO3MOXKHO YBH-
JIETh BOOYHIO.

PaccmarpuBasi KOHKYpCHBIE —IPO-
€KTBl apXUTEKTOPOB IIPOCKTHOTO HHC-
TUTYTa «Anmarsirunporop» (bubie-
6aes H.M.-oren, bunnnebaes M.H —
CbIH) U cTaMOynbckol ¢pupmel «StudiOZy»
10 MOCTABJICHHBIM 3ajayaM B apXHUTEK-
Type MEYETH, SIBCTBYET, YTO TPaJHUIHU
JIOJDKHBI OTCTYIHTh. 3aCTOi B apXUTEK-
Type Me4YeTH Hayajl CMEHSAThCSl aBaHrap-
JIHBIMH PEIICHUSMH, HOBBIMH CTaHIap-
TaMHd M TOOXOAaMH B (HOPMHPOBAHHH
Moziesu 1 06pasa, Iae KyJbTOBOe 3JaHue
HE MOXET OBbITh TAKUM KaK COTHH JIET
Ha3ajJ, OHO 00f3aTeJIbHO JOJDKHO WITH
B HOTY C COBPEMCHHBIM YEJIOBEKOM H
HayYHO-TEXHHYECKUM HPOrpeccoM 00-
LIECTBA.

Kymon Bo Bce BpemeHa BHYTPH U
oOIIMM BHIOM B apXHTEKType cobopa
CHMBOJIM3UpOBasia HeO0CBO, OECKOHEeY-
HOCTb, BCEJICHHYIO, KOCMOC U 3TO CTaJlo
Tpaguueil y Bcex HaponoB. Kymon B 3a-
BHCHMOCTH OT MCHOJIB3YeMBIX MaTepua-
JIOB U TEXHOJIOTUH CTPOMTEIHCTBA UMET
pervoHaNbHBIC ¥ HAlMOHAJIbHBIE TEKTO-
HUYECKHE TPAKTOBKH WM PETHOHAIBHBIH
XyJOKECTBEHHBIH 00pa3. 3amMelieHue pe-
THOHAJIBHOTO XYJO)KECTBEHHOTO 00pa3a

Puc. 6-7. IIpoexT MmeueTrn Mosque Proposal apxutextops! rpynnsl «StudiOZ».
OO0uuii BU1 M HHTEpPbep BXOIHOI0 BeCTHOIOIA

Puc. 8-9. IIpoexTt Mmeuetu Mosque Proposal apxutexkrops! rpynnsl «StudiOZ.
KomnbioTepusrii 3ckn3 3D Bua untepbep MedeTn B opMe apa B KOJIbNAX,
CIOPSATAHHOTO B Ky0e U pa3pe3 MOJIMTBEHHOIO 3aJ1a ¢ 00X0HBIMH KOJbIAMHU

BOKPYT cdepsl 3a71a
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KyIloJIa Ha YUCTO reoMeTpuieckue ¢op-
MBI Tonycdepy U chepy, cosmaer abc-
TpPaKTHBIA 00pa3 Medetd, Oe3 Tpaau-
LMOHHBIX KOpHEW. AOCTparupoBaHHBIN
o0pa3 meuereil, BOCIPUHUMAEMbIH CKO-
pell  yMO3pHUTENBHO, 4YeM YyBCTBEHHO,
BBIZIEJISICT apXUTEKTYPY JIBYX COOOPHBIX
MedeTel, TIe TeOMETPHs M B3auMOoJeic-
TBUSI T€OMETPUYECKHX (OPM HIpaOT
Ba)KHEHIIYIO pOJIb B GOPMUPOBAHUH Xy-
JIO)KECTBEHHOT'O 00pa30B MevyeTeH.
PaccMOTpeHHbBIE TPOEKTHBIE Ipe-
JIOKEHUsI CTalk BO3MOXHBI B 21 Beke,
Onaromapsi HayYHO-TEXHHYECKOMY IIpO-

rpeccy,
CBEPX JICTKUX CTPOUTECIbHBIX Mar€pua-

OTKPBITUIO CBEPXINPOYHBIX U

JIOB U KOHCTPYKIMH, IepeKphIBarolue

0oJIbIINE pOCTpaHCTBA, YTO O3BOJIMIIO
ApXUTCKTOpaM B CBOIO OYEpPE€Ab pa3sBH-
BaTh HEOOBIYHBIC KOMITO3UIIMH B apxu-
TEKTYpE, U MJId Mequeﬁ, B YaCTHOCTH.
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The author considers the aesthetic-philosophical questions of the architecture theory, associated with the development of the cultural
paradigm of architectural creativity, studying the problems of architectural environment in the context of human life activity. Practical
aesthetics involves the analysisof the man’s living space as an aesthetic object, identifying the role of beauty, harmony and order in the
process of perception and human exploration of the environment.
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Modiﬁcations of the modemn
architecture and design in terms
of informatization society actualize the
use of an interdisciplinary methodology,
based on new ways of perceiving
the surrounding area. Information
technology increases the possibilities
of the creative process, changes the set
target of design, which is increasingly
oriented not only on the creation of
the surrounding reality, but also on
changing the social-cultural context,
on the search for new properties and
characteristics of the environment. At the
same time, the evolution of the modern
architecture language is associated with
an increasing role of «related» industries
of design, increasing differentiation of
the architect’s activities. New challenges
of architectural creativity arising in this
regard require updating the content and
methods of training of future architects,
development and application of specific
methods of instructional design. Its
basis is the formation of not only
compositional thinking, feeling of the
form, material, space and its light-color
characteristics, but also the ability of
imaginative empathy of the reality which
is impossible without referring to the
aesthetic basics of architectural design.
In recent years «environment» has
been put forward as a key concept in the
science of architecture and ideology of
architectural creativity. The prevalence
of the subdivision processes of the single
art flow into independent tendencies in
the modern world culture split the idea of
the place of architecture, design, applied
and fine arts, which resulted in the fact
that art has ceased to be the unifying,
integrating basis. Understanding
harmony as the principle of the system
organization allowed us to consider the

category of «environmenty as a system,
where the optimal matching of all
elements to each other and every one to
the whole are implemented.

After
independent project activities in the

receiving the status of
middle of the last century, environmental
design immediately began to claim
a special role in this area, as its key
definition forms the semantic core of
the post-modern culture. At the present
stage, the range of environmental
design has expanded and is able now
to include many integral forms, so it
can be called a culture-forming factor.
Thus, environmental design is defined
as a project activity that has cultural
and communicative function and that
combines professional and scientific
knowledge on the basis of understanding
of human problems [2, p. 10]. The revival
of interest to the environmental approach
in the late twentieth century is generated
by the movement from disunity to the
integrity, the consequence of which was
a reorientation of contemporary design
culture to the environmental design [10,
p- 71

With all the
theoretical concepts and compromising

contradictions of

of practical implementations, environmental
approach has changed the structure and
appearance of many cities for the better.
By pressing technocratic tendencies,
it caused drastic changes in the
professional ideology. Environmental
approach was found to be associated
with the current values for the modern
mass consciousness. For the same time
the active involvement of a broad arsenal
of artistic and decorative techniques,
color and graphic and plastic objects
into the urban environment defines the

living environment itself as a form of the

existence of design and art forms, their
synthesis, where the aesthetic sense is
revealed not only by the work itself, but
also through the environment, behavior
and communication. Therefore the sign
function of modern monumental and
decorative forms and means of forming
of the emotional and artistic potential
Environment

consistently  increases.

becomes an object of aesthetic
perception, the space of the «aesthetic
communication». Hence the criteria of
artistic quality of the environment are
being updated. Among them one can
see first of all originality, scale, tectonic
organization, harmony, emotional
orientation [9].

However, while fruitfulness is
undoubted,

has

environmental —approach

many limitations. Its concepts
are based on the relationships of the
subject and object, considered as if
from within the system. The content
behind the term «environment» is not
only comprehensive, but also mobile,
ambiguous. It is difficult to use it in
the search for those invariants that are
necessary as support for building the
specificarchitecturallanguage. Therefore,
some researchers, such A. Ikonnikov,
consider it to be appropriate to use the
key concept of «space», which has
played a decisive role in the formation
of the concepts of modern architecture
in the XX century [6]. Obviously, the
qualities of architecture, considered as
special education-architectural space,
created and producing as a special
human space, human world, are related
to its main substantive aspect. Therefore,
the most important criterion for its
assessment is aesthetic criterion.

Architecture refers to the reasonably

explored areas of human activity. A lot
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of attention has been paid to the issues
related to the study of aesthetic problems
of architecture, not only in the theory of
architecture. Among the scientists, who
adverted to the problems of architecture
and its phenomena from the perspective
of  aesthetic and  philosophical
perspective, we can highlight the works
of L. Vygotsky, A. Losev, P.Florensky
and V. Bychkov, O. Genisaretsky,
M. Kagan, D. Lihachev, F. Martynov.
Understanding of artistic and aesthetic
forms of architectonic arts is studied
in works of the following scientists:
E. Vorobeva, N. Voronov, V. Glazychev,
A. Efimov, A.Yermolaev, E.Zherdev,
A. Ikonnikov, K. Kantor, G. Minervin,
A. Rappaport and others. Problems
related to understanding of artistic
creativity in the field of architecture are
the most theoretically developed on the
aesthetic level. However, despite the large
number of studies, there is not enough
attention paid to the architectural space
on the aesthetic and philosophical level.

The fact

not only art, but also a special kind

is that architecture is

of perception of the world, the main
content of which is a person (not only the
material and common, but also the social,
cultural and spiritual being). Architecture
as such, as an object of study, should be
seen as reality that has arisen as a result
of construction activities and which
includes the process, the product and
the result of human activity aimed at
building facilities of material and real,
and artificial
This formation, regarded as some of the

material environment.
architectural integrity in which diverse
architectural objects act as a single space
of the human existence, is denoted by
the term «architectural space».

Aesthetic
coordinates

architectural space
are essential to human
self-knowledge, as through architectural
space and its forms we hear the voice of
not only natural, utilitarian, everyday,
social face of humanity, but also its
spiritual appearance pertaining to the
spiritual life. Questions of spiritual self-
determination and human existence by
means of expressive forms ofarchitectural
space are regarded as elements of the
aesthetic and philosophical area [3].
Aesthetics is a  philosophical
discipline, studying the area of expressive
forms of any sphere of reality, given

as an independent data and sensually
perceived value. Scientific views on
aesthetics as the embodiment of the
search for harmony with the universe of
human are basics for the identification
of the essence of the aesthetic in the
architectural space [4, p. 527].

Noting the presence of the aesthetic
phenomenon in architecture, E. Biryukova
concludes the existence of a range of
issues in the architectural space that enter
the field of aesthetic and philosophical
problems. These questions are in the
topic of the general problem regarding
the consideration of the aesthetic qualities
(heterogeneous in origin) purpose and
extent, of architectural objects within a
single architectural space, which has an
aesthetic expression. Explorer defines
the aesthetic and philosophical study of
architectural space as one of forms of the
worldview manifestations, spiritual self-
determination, social and cultural self-
identification by means of architectural
forms, which find their expression in the
spiritual pleasure from man’s relations
with the architectural space as an aesthetic
object.

Solving the problem is an object
of scientific interest for the theory of
architecture and architectural practice.
It allows identifying the underlying
processes that have led to the birth
of a particular architectural form, the
appearance of which is important precisely
in the aesthetic-expressive existence
perspective of an architectural object of
the defined architectural space. It allows
avoiding the forced external imitation,
stylization, staying based on the internal
structure and logic of the architectural
especially
nowadays, when the urgent question

form. This is important
about saving not individual works of art
in the field of architecture, but the entire
architectural landscape is raised [3].

Aesthetic environment organization
is «a system of human impact on the
nature, as well as material and objective
environment created by people, which
determines the level of development
of a society culture, reflects social and
aesthetic ideals and tastes of people»
[11, p.351]. Such a system is formed
in the process of social and cultural
continuum, and includes artistic and
applied methods of organization of
living space of a single person and the

society as a whole. These methods are:
architectural  buildings, landscaping,
decorative and applied arts, industrial
design, etc. In considering questions of
aesthetic evaluation of the architectural
practice, we come to the problems of
practical aesthetics — a specific area
of knowledge, aimed at establishing a
harmonious objective environment of
human activity. It is primarily concerned
with the organization of the living space
of the person based on the principles of
beauty, harmony and order, connecting
herewith the aesthetic and utilitarian
functions of the organized environment.

Some issues of practical aesthetics
associated with the space planning,
construction of architectural forms, the
influence of color, sound, rhythm, and
dynamics on the perception of the person,
his performance, health and mood, have
been the subject for discussions for
centuries. However, practical aesthetics
has been in a hidden, implicit form for
a long time. Philosophers, art historians
and architects turned to the development
of some of its guidelines related to
the applied techniques in the field of
architecture, decorative arts, painting,
etc. Only today, practical aesthetics and
its practical application area are subject
to comprehensive understanding.

A distinctive feature of practical
aesthetics is its functionality. The
practical human activity creates the
world of things that are not works of art,
but serve to meet the necessities of life,
building a world of material culture with
its emotional expressiveness. However,
the utility,
and processes does not prevent them

functionality of objects

from having artistic and imaginative
features. Practical aesthetics involves
the analysis of personal living space as
an aesthetic object, identifying the role
of beauty, harmony and order in the
process of perception and mastering of
human environment. But just like living
space is not limited to characteristics
of the environment, so as the practical
aesthetics is not self-contained to
environmental design, and is a way
to include the individual to the world
perceived as a space of action. In this
context, the practical aesthetics is the
organic complement to the theoretical
aesthetics, identifying and implementing

its principles in real life, offering specific
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space organization methods [8].

The living space is built under the
influence of certain values that guide a
person in choosing between styles and
lifestyles, goals and ways of achieving
them, as well as the correlation of value-
of different
social groups and representatives of

orientations individuals,
different cultural traditions, that can be
diametrically opposite. A person builds
and improves his or her living space in
accordance with the concept and cultural
traditions, obtained in the course of
education and training. Not only taste
(as a selection criterion) serves as the
guideline for such a design, but also a
value system — material, social, cultural.
Values we are protecting and aspiring to.

Rulesand forms of practical aesthetics
are historically inconstant and follow the
typical trends for the culture and society
in general. In this case, the scientific
position of K. Kantor is determining
that the aesthetics, unlike other scientific
knowledge, is always being revised
again in each new era [7]. Type of the
worldview and way of thinking are
directly reflected in the perception of
beauty, order and harmony, which leads
to the emergence of traditional, as well as
modern trends in the world of practical
aesthetics. Orientational aesthetic senses
(a sense of space, time, color, light,
rhythm, line and symmetry) are aimed
at organization of the material world.
Its formed system of images becomes
the basis for all human relationships.
A sense of proportion combines all
of these senses and reveals them to
complement each other. Aesthetic senses
lead to the cognition of the essential
content of a cultural phenomenon,
coupled with the world of values [8].

The artistic design of object-spatial
environment today cannot be considered
outside of'the triad of «man — environment
— culture» anymore. The culture creative
architect’s activity most clearly reflects the
essence of architecture and design as kinds
of human activity, which result in certain
changes in the human environment, and
in particular in its objective environment.
Introduction to the design of semantic
definitions of the «way of life», «value
of lifen, «behavioral situation» brings
together the environmental issues with
the cultural philosophy. Today it is
solved on the level of interdisciplinary

communication of theories of architecture
and design, cultural studies, sociology
and psychology. In turn, the axiological
approach to the design theory outputs
the understanding of environmental
design as a «complete, social and cultural
phenomenon that solves global problems
with a humanitarian orientation» [1,
p- 22].

Direction of the architecture for
culture building is determined as the
design object of material environment,
including the man not as a passive
consumer, but considering all personal
emotional, aesthetic, cultural activity
and value orientations. The result is
justified as the «new view angle on the
design object, which is considered not
as a separate, isolated in space thing
or environmental complex, but as an
integral piece of reality - of the world»
[2, p. 40], taking into account the active
role of people in the environment. The
response to changes in the environment is
reflected in the perception of architectural
objects and design components of the
environment, in their emotional and
the
the behavioral response, the spiritual

artistic assimilation, impact on
orientation and cultural characteristics
of the person. Digging deep into social
problems of the environmental design
requires understanding of the social
and cultural basis of the synthesis of
certain types of design and art work:
architecture, urban planning, design,
monumental and decorative art in the
urban environment.

Thus, the stage  of
understanding of the aesthetic and

current

philosophical aspects of the theory
of architecture is associated with
the the
paradigm of architectural creativity. It

development  of cultural
is also connected with the priority of
consideration of architectural issues in the
context of human life, paying attention
to the spiritual and semantic aspects of
the architecture space, development of
the architecture humaneness improving
concepts. Aesthetic and philosophical
study of architectural space is particularly
relevant in the world of today, as new
territories are being constantly involved
into the field of architectural space in the
context of growing urbanization. There is
acomplex multi-level change in progress,
which can be called «humanization»

of the area appearance of constantly
increasing earth’s surfaces. Hence the
study of'issues related to the current stage
of architecture development focuses
attention on the aesthetic phenomenon of
one of the most extensive areas of human
activity. We believe this requires greater
attention to the development of the
general cultural level of the professional
architects’ creative potential. Therefore,
further research complex approach to
the acquisition of professional skills
and personal qualities of students of
architectural specialties in the system of
higher education is required.
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SJIEMEHTBI MTHOOPMAIIMOHHBIX
TEXHOJIOI'MI KAK CPEJICTBA
JIM3AMIHA B UTHTEPBEPAX
ITPOMBIIIEHHBIX [IPEITPUATUN

[Moanecunas O.B., npenoxasaresnnb, couckaresnb
Tpery6 H.E., xany. apxutekrypsl, npod.
XapbKOBCKasi TOCYAapCTBEHHAS aKaleMHs AM3aifHa M HCKYCCTB,

Vkpaunxa

B crarbe paccMaTpuBarOTCSIBONPOCH! Y4acTUs TU3aiHEPOB B MPO-
eKTUPOBAHHU HHTEPHEPOB INPOMBIIIICHHBIX MOMEICHHH, DJIEMEHThI
HH(OPMAIMOHHBIX TEXHOJIOTHH, KaK JH3aiH-CpeNCTBa CO3NaHMs KOM-
(hopTHOI HPOM3BOACTBEHHON Cpelbl U IOUCKHM COBPEMEHHBIX pelle-

KuioueBble ci10Ba: IpOU3BOACTBEHHbIN HHTEPhEP, AU3aHH-Cpe/c-
TBa, BU3YaJIbHBIC XapaKTePUCTUKN, HHPOPMALIOHHBIE TEXHOIOTHH.

Y4uacTHUKH KOH(EpEeHIHH,
HaunoHansHOro nepBeHcTBa M0 HAyYHOH aHAIUTHKE

| &os¥e! Digital Object Identification: http:/dx.doi.org/10.18007/gisap:tsca.v0i5.1024 |

HH(bopMauI/IOHHLIe texHonoruu (IT)

B IIOCJIEAHEEe BpeMs CTalHl HEoO-
XOZMMBIM DJIEMEHTOM Pa3BUTHS JIFO0O#
chepst
OT mporpamm Ajisi HepCOHAIBHOIO KOM-

YEJIOBCUECKON  JIeITEILHOCTH.

HBIOTEpPa 710 HACTOJBHBIX M3aTeIbCKUX
CHCTEM, JJIEKTPOHHBIX TaONUI, CHCTEM
yIpaBieHus1 0a3aMU TaHHBIX, IEKTPOH-
HBIX 3alUCHBIX KHIKEK, JJICKTPOHHBIX
KajieHaapen, HHHOPMAIOHHBIX CHCTEM
(DYHKIIMOHAILHOTO HA3HAYCHUS, KOHT-
PONUPYIOIUX CaMble Pa3IMyHbIC Napa-
METPBI MPOM3BOJACTBA M BIMSIONIMX Ha
3CTETUUECKYIO COCTABIIAIOIIYIO YCIOBUIL
Tpyna, Bce ocHoBaHo Ha IT. Ceituac un-
(hopMaIMOHHBIC TEXHOJIOTUH BHEIPSIOT-
Csl Ha MHOTHX TIPEIPUATHSAX, B OPraHu-
3alUsAX W Pa3IMYHBIX OpraHax BIACTH.
Pazpaboransl koHnenuuyu BHeapenus [T
B HayYHBIC YUPEKICHUS, HaOpPHUKH U T.1I.

WudopMalimoHHBIE TEXHOJIOTHH B
JTU3aifHe TIPUMEHSIIOTCS TaBHO — OT JIU-
TUTAJIBHOTO MPOTPAMMHUPOBAHUS CIIOXK-
HBIX MOBEPXHOCTEH B 3PrOHOMHYECKOM
MPOMBILIIEHHOM Ju3aiiHe 10 3-D npoexk-
TUPOBAHUS W TIOJHOW aBTOMAaTH3allUH
U KOHTPOJISI BCEX CHCTEM JKHJIOTO M 00-
LIECTBEHHOI0 UHTepbepa. Opranuzanus
MPOU3BOJICTBEHHON CpEJIbl TAKKE BKITIO-
yaeT B ce0s deMeHTHl WH(opMannoH-
HBIX TEXHOJIOTHH, 00eCIIeynBaroNye om-
TUMAJTbHBIC TEXHOJIOTUIECKHUE MPOIECChHI
U BIMSIOIINE HAa 9CTETHYECKHE KauecTBa
MPOMBIIICHHBIX TOMEIICHHH.

JIroboe TPOMBINUICHHOE TPEeIIpH-
ATHE CJEAYeT CYUTATh KOMIUIEKCHBIM
CPEIOBBIM OOBEKTOM, KOTOPBIN OXBAaThI-

BAaeT LIMPOKUH KPYT CBSI3aHHBIX C XKH3-
HEAeSTENBHOCTRI0 npocTpancTB. Crona
BXOJISIT ¥ HETTOCPEICTBEHHO IIPOU3BOJICT-
BEHHbIE [IOMEIICHHUS - 1[eXa, TPOU3BOIC-
TBEHHBIC YYaCTKH, U BCIIOMOTaTElIbHBIC
- CKJIaJIbl, XpaHHJIHILA U OBITOBBIC TOMeE-
IIICHUSI, 30HBI OT/IbIXA M PEaKCAIMH ISt
pabounx. B COBpEeMEHHBIX YCIOBHSX
XO035/ICTBOBaHUS BCe OOJblIIee 3HAUCHUE
npuobperaer npobdiemMa yIyqnIeHHus yc-
JIOBHII Tpy/Ja He 3a CYeT KOMIICHCAIlHOH-
HBIX BBIIUIAT, a [IyTEeM BHEAPEHHUsI HOBOIT
TEXHUKH, TEXHOJOTHH, O30POBICHHUS
MPOM3BOACTBEHHOM Cpe/ibl, y4eTa Tpe-
GOBaHMUIT ICTETUKH TPY/IA.

OpHako mpobnema 3akiodaercs B
TOM, YTO YKpawWHa, Haxomsch B TIpel-
[ICCTBYOIIUIA TEPHO B KPU3UCHOM CH-
Tyalyd, OTCTalla B 3TOM HANpaBJICHUH
OT TEpeIoBBIX ToCyaapcTB EBporibl,
Awmepuku u paxe Asum. U xors Ha ce-
FOAHS YKpaWHCKas IPOMBIIUICHHOCTb
HAXOIUTCsI Ha IOIbEME, Pa3BUBAsCH B
COOTBETCTBHUHM C HBIHCIIHUMH CBOMMH
nOTPeOHOCTAMH, OTCTaBaHHE B 00JACTH
JM3aiiHa MPOMBIIIICHHBIX TPEANPHATHIT
OYEBHAHO W HYXKIAaeTCsi B DEIICHHH.
VMest OrpOMHYIO MaTepHaIbHO-TEXHHU-
YecKyro 0a3y, oOecredeHHas CBOUMH
KagpaMid H pecypcamH, YKpauHCKas
MPOMBIIUICHHOCTh, TEM HE MEHee, BCE
elle TepsieT OANH MPOMBIILICHHBIH KOM-
IUICKC 3a JIPYTHM, B pe3yJbTare pactop-
JKEHHUsI OBIBIIMX BHYTPHCOIO3HBIX CBSl-
3eif, TOTepH MEXIYHAPOIHBIX 3aKa30B.
B T0 K€ BpeMs, rocyapcTBeHHast MOJIH-
THKa COPUCHTUPOBAHA Ha TOAJCPXKKY H

pa3BUTUE OTEUECTBEHHOIO IPOM3BOAU-
Tens. VIMeHHO celfuac peaHUMHUPYIOTCS
yCTapeBLIME IPOMBIIUICHHbIE HHTEPh-
epbl, CTapble IieXa NEePEeOPHEHTHPYIOT-
Csl Ha HOBBIE 3aIPOCHI M MOTPEOHOCTH.
B »to0ii cuTyanuu Bo3pacTaeTr poib BU-
3yaJIbHbIX KOMMYHHUKaLUH, BIUSHUE HUH-
(OpMaIIOHHBIX TEXHOJIOTHI Ha AW3aiH
uHTepbepoB. IT craHoBATCA OOHUM U3
3JIEMEHTOB LIEJIOCTHOro Ipouecca (hop-
MUPOBAHUS NPOU3BOJCTBEHHON Cpeabl.
YKkparHa MMeeT pecypchl ISl UX BHE[-
peHUs B INPOMBIIUIEHHOM CTPOMTEJNbC-
TBE M PEKOHCTpyKuuH. «B uyacTHOCTH,
no oOHapomoBaHHBIM B ampene 2011
roja JaHHBIM 3KcIeproB BcemupHoro
sKoHOMHYeckoro ¢opyma (BO®D), mo
PEHTHHTY pa3BUTOCTH HH(OPMAIIMOHHO-
KOMMYHHUKATHBHBIX TEXHOJIOIMH Ykpau-
Ha Ccpeau OlieHeHHBIX 138 cTpaH 3aHsna
sy 90-MecTo, 3HAUUTENBHO YCTYIUB
TakuM cocensm o CHI kak P® (77 mo-
summst) n Kaszaxcran (67-s1). A Bo3nIaB-
qstoT cnucok BO® Ilsenus, Cunramyp
u OunnaHaus. J{aHHBI pedTUHT BakeH
MMEHHO IIOTOMY, YTO OH COBNAJaeT C
peiituarom «CeTeBoil rOTOBHOCTH», TO
€CTb YKa3bIBaeT Ha TO, HACKOJIBKO Ta WU
KHasl CTpaHa MHUpa FOTOBA UCIIOJIL30BATh
B pEaNbHOH JXHM3HH HMH(OpPMAIMOHHEIE
TexHonorum»[1]. boaee onTUMUCTUYHBI-
MH B CBOMX OIIGHKax OBUIM YYaCTHHKH
II-ro Ykpaunckoro ®opyma YpasneHus
Wnrepuerom (Kues, centsops 2011 1),
110 MHeHUIo KoTopbix IT-peiHOK B Ykpa-
VHE HaXOAUTCS Ha IIOPOre PeBOIOLUOH-
HOTO CKadkKa, II0CiIe KOTOPOro HayHEeTCs.
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ero OypHBIH IKCTEHCHBHBIH pocT. [Ipn
9TOM YK€ CErofiHs, IO JAHHBIM H3Me-
penmii kommanun Pando Networks,
VKpauHa BXOIMT B HEPBYIO JAECITKY
cTpaH c Haubomnbliell ckopocteio VH-
tepHer-Tpaduka (1190 K6/c npu cpen-
HemupoBoll ckopoctu 580 Ko/c). Pe-
aNbHBIE JOCTIKEHHs YKpauHa MMeeT
Ha PBIHKE MPOTrPAaMMHOI0 ayTCOPCHHTIA.
55-60% oTeuecTBEHHOI0 ayTCOPCUHIa -
9TO HPOAYKIMS HA IKCHOPT. B MupoBoM
peiiTuHre NPOU3BOAUTENCH Iporpam-
MHOTro ofecriedeHus YKpanHa 3aHUMaeT
15 mecto. HacuutsiBaeTcst OKOJIO ThICS-
YM KOMIIAaHMH, 3aHHMAIOIIUXCS pas3pa-
0OTKOIl TPOrpaMMHOrO OOecIeueHusl.
ITo odunmaneHBIM JaHHBIM, 31€Ch 3a-
HATO OKOJIO 25-30 ThICSY YKpaMHCKUX
CIIE[MAJINCTOB, XOTS, HECOMHEHHO, Ha
caMoM JieJie X ropasno Oomnbrue [2].
Urak, ceromHs pasnuuHble HMHPOP-
MAalVOHHBIC TEXHOJOIWH IIPeIararoT
OonbIIOE  KOJMMYECTBO  HEOOXOIMMBIX
BBIPA3UTENBHBIX CPEICTB, C IIOMOIIBIO
KOTOPBIX MOXKHO CO371aTh YIOOHYIO M
komdopTHyto pabouyio cpexy. B mpen-
LIECTBYIOIIUX CTaThax [3,4] Mbl yxe
paccMarpuBainy Hauboyiee MpOrpeccuB-
HbIE MaTepUalibl U TEXHOJIOTHH, KOTOPbIE
AKTHBHO NOBIMSJIM Ha JH3aifHEepCKHe
pelLIeHHs] HHTEPLEPOB MOCIIEIHES BPEeMsL.
Peub 1nu1a 0 HOBBIX OTHETIOYHBIX U 00-
JIMLOBOYHBIX MaTepuajiax, OCBEIICHUH
U aBTOMaTH3UPOBAHHBIX YyCTaHOBKaX
CO3/aHMsl MUKPOKJIMMAaTa B IPOU3BOJIC-
TBEeHHOM cpene. Onnako, IT Taxke BKITto-
YalOT UIMEHHO CHCTEMHYIO OpTaHH3aIHI0
nepenadd nHGOPMAIIMH, YTO OUCHB BaX-
HO JUIsi COBPEMEHHOTO POOOTH3HMPOBaH-
HOTO HPOUW3BOACTBA. Tak, Hampumep, B
[[eXaX O'POMHOTO BCEMHPHO U3BECTHOIO
AMEPUKAHCKOTO MPEANPUITHUS 1O TIPOH3-
BOZCTBY KapTO(eNbHBIX M KyKypy3HBIX
yuncoB «Frito Lay» TexHomornueckui
HPOLECC MONTHOCTBIO aBTOMAaTH3MPOBaH.
Pabouas omexna ocHalleHa HayIIHHKa-
MH, T.K. BKJIIOYaeT Ka)XI0ro paboTarone-
ro B OOIIYI0 CHCTEMY BHYTPEHHEH CBsI-
31. DTO co3/1aeT ollyIieHne kompopra u
3aIIMIICHHOCTH, IOCTOSHHOW CBSI3H CO
BCEMH YYaCTHHKaMH TEXHOJOTHYECKO-
ro mporecca. BHelHe 3To nposBiseTcs
KaK CTaHIAPTHBIA OOBCIUHSIONIMN dIie-
MEHT YHU(OPMBI, IPUIAET BU3YaTIbHOMY
BOCHPHSTHIO COBPEMEHHOE HH(pOpMAILH-
OHHO-TEXHHYECKoe 3ByuaHue (puc. 1).
Hammaue poGoToB-yKiIaguukoB Ha CKiianax
Mera-pasMepoB WM POOOTH3HPOBaHHbIE
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KOHBEHEpHbIE JIMHUM IIPOM3BOJCTBA B
LeXax ATOro MpeIpUsTHs caMu 1o cebe
YK€ CO3/al0T OIpEACICHHBIA Jau3aiiH
MIPOU3BOACTBEHHOM Cpe/ibl — HACBHIIICH-
HBI 000pYIOBaHHEM WHTEPhEP HMEET
YKPYITHEHHBIE 10 MacmTaly 3JIEMEeHTBHI,
YJIeHeHHE NPOCTPAHCTBA HE MOJYMHEHO
pa3MepaM 4ellOBeKa, HO COOTBETCTBY-
€T BO3MOXKHOCTSM M CKOPOCTSIM PO0O-
TEeXHUKH. B TO ke Bpems, sipkue LBeTa
TIOJIBIYKHOTO  OOOPYJIOBAaHMS  SIBIISIFOTCS
CHTHQJIBHBIMH,  IIPEAYyHPEeXKIAIOIIIMH,
aKIEHTHPYIOT BHUMaHKe pabOoTAIOIKX B
Lexy Jrofeid Ha BO3MOXKHOW OIaCHOCTH
(puc. 3, 4, 7). MoHuTOpBI, 0OECIIEUNBaTO-
LK€ MOCTOSHHBIA KOHTPOJIb IPOH3BOJIC-
TBEHHOTO IIpOLiecca, a TaK JKe yIpasJie-

HHE UM, BHOCAT B HHTEPHEP )KUBOCTH W
aKICHTHBIC CBETOBBIC ISTHA, TPUBJICKA-
0T BHUMaHHE paboyMxX K TOYKAM KOH-
tposst. Ilpu 3TOM (yHKIHOHAJIBEHOCTS,
YeTKas KOMIIO3MIIHOHHAs OpraHW30BaH-
HOCTb MO3BOJISIFOT CBECTH K MUHHUMYMY
BH3YaJIbHOE OILYIICHHE IeperpyKeHHOC-
TH HHTEpbEpa TEXHOIOTHYCCKUM 000py-
JIOBaHHEM, BBIJICIIHTH MECTa YIIPABICHHUS
U KOHTPOJISI B HEKHE CaMOCTOSITEIIBHBIC
30HBI, HHOTJIA OT/ICJICHHbIC CTCKIISTHHBIMH
MEPEropofkaMu, IJe BCE 3PrOHOMUYHO
U comacitabro pabdoraronmM. C TOUKH
3peHHs Au3aiiHa CO3IA0TCs (GyTypHCTH-
YECKHUE, TOYTH «KOCMHUYECKHE» HHTEPhe-
PBI B LieXax abCONIOTHO «3eMHOro» (Iv-
IEBOr0) Ha3HaueHus (puc. 2, 5, 6, 8).
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Pucynok 1. HaymHuku BHyTpeHHEH
CBSI3M KaK 3JIeMEHT YHH(OPMBI. 3aBOX
Frito Lay, CILIA

Pucynox 2. CencopHasl maHens ym-
paBieHMs IJIaBHBIM KOHBeHepoM. 3aBof
Frito Lay, CILIA; Pucynku 3,4. Po6oThI-
ABTONOTPY3YMKH HA CKJIagax TOTOBOW
HPOIYKIMKU C OOJBIIMMH, HECOOTBETCT-
BYIOIIMMH  4YeJIOBEKy,  MaciuTabamu
npoctpanctBa. 3aBon Frito Lay, CIHIA;
5,6.
Texmpolecc Ha 3aBofe Kommanuu llly

Pucynxu ABTOMaTH3UPOBAHHBIN
Mo Tpou3BoaCcTBY Kode, Mramus. Kont-
POJIbHBIE MOHUTOPBI, CEHCOPHBIE IIaHEIN!,
BbIJIJIEHHE 30H KOHTposs; PucyHok 7.
Pobor-ykinamguuk cosnaer pyTypuctidec-
Kyto arMocdepy Ha ckiaze Frito, CHIA;
Pucynox 8. I{udpoeie manenu u Tadno
— yIOOHBIH U IOCTYITHBIH KOHTPOIb

VYuactue auzaiiHepoB B Ipolecce
NPOEKTHPOBAaHMsI  INIPONU3BOACTBEHHOU
Cpenbl 3aKJII0YAeTCsl B YMEHHHU BBISIBUTH
KOHCTPYKTHBHBIE ~OCOOCHHOCTH ATOU
Cpenbl U TBOPYECKOM IOMCKE XYIOXKEC-
TBEHHBIX pEIICHUH B H30paHHOH 00-
nactd. CerofHsi K NPUBBIYHBIM KOMIIO-
3MIHOHHBIM JIM3aIHEPCKUM CPEACTBaM,
TaKUM KakK IBET, METPOPHUTMHYECKHUE
3aKOHOMEPHOCTH, U T.J., T0OABISIOTCS
2JIeMEHTHl UH()OPMALMOHHBIX TEXHOJIO-
THUi, obnervaromye 1 ynryoJsonue Xy-
JIO)KECTBEHHO-00pa3HOe pelIeHHe.

Ha daxynerere «/lusaiin cpenbi»
CTY/EHTBI, NPEXAE BCEro, OBJIAJCBAIOT
nepBbIMU HaBbIKaMHu 3-D mpoextuposa-
HHS IPOCTPAHCTBA HHTEPhEPa, YTO CaMO
no cebe sBisiercss npuMenenuem IT B
cpenoBoM au3aiine. iMeHHO B pa3paboT-
K€ MPOMBIIIICHHOTO OOBEKTa CTYAEHTHI
CTaJIKMBAIOTCSI C HEOOXOMMOCTBIO BHEI-
peHuss MHQOPMAIMOHHBIX TEXHOJOTHM
B IIPOM3BOACTBEHHYIO CPEAy C Y4eTOM
KOMITO3UIIMOHHO-XY/IO)KECTBEHHBIX Tpe-
6oBanuii. Ono3HaBaTeNbHAST U HPEIyI-
penuTenbHas OKpacka 00OpyIOBaHUS
JOIOJIHSETCS HAJIMYUEM DSJICKTPOHHBIX
MOHHTOPOB, OTPAXKAIOIIMX HPOLECCHI
KOHTPOJISI OCHOBHBIX [TApaMeTPOB IIPOH3-
BozcTBa. H(popMannoHHsle Tablo, ceH-
COpHBIE TaOHIBI U yKa3aTelld, CUCTEMa
0eCIpOBOIHOI CBS3M pPa3HBIX IOJpa3-
JIEJICHUH HEe TOJIBKO YCKOPSIIOT M YIIPO-
IAIOT TEXHOJIOTMYECKUE IPOIEeCChl, HO
U 00ecrneuuBarT (QYHKIHOHAIBHOCTH,
JenalT padodee BPEMSIIPOBOXKICHUE
KOM(OPTHBIM, 3CTETHYECKU INPUSTHBIM.
IIpumeHenne B 30HAaX penakcalud |
KOMHATaX OTIbIXa JIEKTPOHHBIX MOHH-

Puc. 11

TOPOB, BOJSIHBIX CTEHOK U DKPaHOB, CBe-
TOJIMOTHBIX MHOT'OLIEJICBBIX CHCTEM, BHU-
JIe0 U ayauoarnmnaparypbl 00eCreunBaT
MOJIHOLIGHHBIN OT/IBIX 1 BOCCTAHOBJICHHE
pabounx. Bce 3TH 251eMeHThI BHEIPSIIOT-
Csl B MPOCKTHl HHTEPHEPOB CTYACHTAMU
crienuanu3anun «VHTepsep u odopymo-
BaHHUE» IPH pa3paboTKe MPOU3BOACTBEH-
HBIX [OMEIICHHI 1 KOMHAT OTIbIXa pa3-
JIMYHBIX TPOMBIIUICHHBIX MPEAPUSITHI
(puc. 9-12).

Pucynku 9, 10. CetonuonHsle ma-
HEJIM CTEH U IEePeropoioK ¢ 3aJaHHBIMU
W3MEHSEMBIMU T1apaMeTpaMHd B IIOMe-
IIEHUH peJlaKCaluK IeXa 110 OOKHTY
CTEHOBBIX JIETKOOCTOHHBIX OJIOKOB U B
KOMHATe OT/bIXa IIBEHHOro KoMOWHAaTa
(cTyaeHYeCKHe IPOEKTHI).

Pucynku 11, 12. IIpumenenue uadop-
MAILMOHHBIX TEXHOJIOTUH B MPOEKTAaX MH-
TEPbEPOB MPOMBIIUICHHBIX MPEAIPUSITHIA:
MOHHTOPBI KOHTPOJISl XUMUYECKOTO COCTa-
Ba BHHA B Pa3MBOYHOM Iiexy KpbiMckoro
BHH3aBOJ; JJIEKTPOHHOE Ta0JIo MoKa3are-
Jeil MHKpOKJIMMAaTra M SHEeproyCTaHOBOK
1exa 1o cOOpKe aBTOMOOWJIBHBIX IIACCH
(cTyneH4yeckue poeKThI).

Takum oOpasoMm, B HHTEpbepax
MPOU3BOJACTBEHHBIX 3[aHUW JAu3aiiHe-
PBl UCIIONB3YIOT PA3JIMYHbIC 3JIEMEHTBHI
MH(OPMALIMOHHBIX ~ TEXHOJOTHH, 4TO
MO3BOJISIET UM JOCTHYb MaKCHMalbHOU
BBIPA3UTENBHOCTH U YIYULIUTh BH3Y-
aNbHBIE XapaKTEPUCTHKU MOMELICHHUI,
obecrieurBaTh OJArONMPUSTHYIO aTMOC-
¢depy Ha pabodyeM MecTe AJIsl COTPYAHH-
KOB ITPOMBIIUICHHBIX IPEANPUATHH.

Puc. 10

Puc. 12
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VICCJIEZJOBAHME KEJIE3OBETOHHbBIX
[UINT [EPEKPBITUI OT BO3JENCTBUS
HA HUX VIAPHBIX HATPY3OK I1PU
[TIPOT'PECCHPYIOILEM OBPYIIIEHUN

Kyzmepnn M K., o-p TexH. Hayk, npog.
Kayxanos @.b., marucrpant
[TaBnogapcxuit rocynapcreHHbli yHuBepcutet uM. C. Topaiireiposa,
Kaszaxcran

B cratbe paccMaTpuBaloTCs HpoONEMBl pacyera >Kelae300eTOH-
HBIX KOHCTPYKIMH Ha aBapHHHbBIE yIapHbIC BO3IEHCTBHS pa3iIHIHOMN
HMHTCHCHBHOCTH, KOTOPBIE B IIOCICAHHE TOIBI Bce Oojiee 0CTPO BCTaeT
nepes MEKCHepaMH, 3aHHMAIOIIMMHUCS NPOSKTUPOBAHHEM OOBEKTOB
Pa3IMYHOTO Ha3HAYEHHUS.

KaroueBble ciioBa: »kene300eTOHHBIE KOHCTPYKIHH, YIapHBIE
BO37I€HCTBUSI, MTHOBEHHBII HMITYIIbC, IPOrpeccupyloliee oopymeHue,
CTPOHMTENBCTBO, COOPYIKEHHS.

YyacTHUKH KOH(epeHInH,
HaunoHanbHOro nepBeHCTBa 10 HayYHOW aHAIUTHKE,
Ortkpeitoro EBporneiicko-A31aTcKoro nepBeHCTBa 10 HAyYHOU aHAJIUTHKE
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pobnema pacuera xKenae300€TOH-

HBIX KOHCTPYKIIMH Ha aBapHiiHble
yIapHble BO3IEHCTBUS Pa3lUYHONM MH-
TEHCHUBHOCTH B TIOCIIEZIHUE TOIBI BCe 60-
jiee OCTPO BCTaeT Mepe] WHKEHEepaMH,
3aHUMAIOMUMHUCS  TIPOEKTHPOBAHUEM
00BEKTOB Pa3IMYHOrO Ha3HaueHwus [1,2].
Takne BO3ACHCTBUSA, B OOJBIITHHCTBE
CllyqaeB, OTHOCATCS K HHU3KOCKOPOC-
THEIM [3..5]. OnauM U3 Hambonee pac-
MPOCTPAaHEHHBIX THUIIOB  TEPEKPHITHH
30aHUM U MHXEHEPHBIX COOPYKEHHUH
ABIAIOTCS TIEPEKPBITHSA M3 HKene300e-
TOHHBIX IUINT, ONEPTHIX MO KOHTYPY Ha
JKeJIe300eTOHHBIE PUTEH U JIPYTHE OIO0-
PBI, KOHCTPYKITHH, Yalle BCEr0 BOCIIPH-
HUMAIOIINe YIOMSHYTBIE BO3JEHCTBUSL.
Tlo aToMy THITy HEpeIKo BBIMONHSIIOT-
Csl TIEPEKPBITUST YOSKUII] TPa)KJaHCKON
00OpOHBI, COOPYKEHHH XHMHUYECKOH,
HedTera3oBoil NMPOMBIIUIEHHOCTH U
psina Opyrux oOBEKTOB, KOTOPHIE MOTYT
UCTIBITBIBATh ~ BO3JCHCTBUSI  KPAaTKOB-
PEMEHHBIX JHHAMHUYECKHX Harpy3oK
pa3IMYHOM MHTEHCUBHOCTH. PasBurtue
CTPOHUTENILCTBA MTPOMBIILICHHBIX 3MaHUN
C B3PBIBOOTIACHBIMHU TEXHOJIOTHIECKUMU
mpolieccaMy, MOSBICHHE B3PBIBUATHIX
BEIECTB, AJECPHOTO OPYXKUS H.T.I. MpPH-
BEJI0O K HEOOXOAMMOCTH pacyera CTpo-
UTENbHBIX KOHCTPYKLUMH Ha JeHCTBHE
B3PBIBHBIX BO3JEHCTBHM, IMOCIENCTBUS
KOTOPBIX BBI3BIBACT OOpyIIEHHE U IMpH-
BOANT K MHOTOKDAaTHBIM YAAapHBIM Ha-
Tpy3KaM M JOKaJbHBIM ITOBPEXKICHUSIM

B BHUJIE IIEMTHOM PEeaKkmuu OT dIeMEHTa K

snemeHTy. Kotopoe, B KoHEUHOM cuere,
MPUBOJUT K OOPYIIEHHIO BCETO COOpY-
xeHHs. Jmg OOBIYHBIX TIpaskAaHCKUX
U TIPOMBIIUICHHBIX COOpYXKEHHUH, crie-
[UaTbHO HE MPEeJHA3HAYCHHBIX AT UX
BOCHPUSTHS, 3TH HArPy3KH SBIAIOTCS
CIy4alHbIMM aBapUMHBIMHM BO3AEHCTBU-
SIMH, OJHOKDATHO JEHCTBYIOIIMMU Ha
KoHCTpyKuuio [6]. Ilpu neifctBum 3THX
Harpy30K K KOHCTPYKIHSM TaKHX CO-
OpYKEHHUH MPEeIbABIACTCS TOIBKO OIHO
TpeboBaHMe: KOHCTPYKIIHN JO/DKHBI BBI-
JiepkaTh Harpys3Ky, HE BBI3BaB 0OpyIIle-
HHe coopyxkeHus. [ToaTomy, B 3THX CiIy-
qasX B TAKUX COOPY>KEHHUAX MOTYT OBITh
JIOMYIIEHbl 3HAYUTENbHBIE OCTaTOYHBIE
nedopMavi HECYIIUX KOHCTPYKIUH H
Jake JOKaJbHBIE pa3pyIICHHUS OFHOTO
WM HECKOJIBKO M3 HHX, HO HE IPHBO-
JIAe K OOpYIICHUIO COOPY>KEeHUH HITH
JaCTH €ro.

Paspyienue oqHOM UM HECKOIBKUX
JNIEMEHTOB HECYIIEH CHCTEMBI MOXKET
MPUBECTH K Meperpyske APYTHX OCTaB-
MIUXCS 3NIEMEHTOB 3TON CHCTEMBI. OJTO
MOXKET CTaTh MPUINHON OOpyIIeHHS Iie-
JIOTO COOpYXKeHHUs. B Takux cimyuasx amis
obecriedeHnss COXPAHHOCTH 3MaHHS OT
oOpymenns: TpedyeTcs o0ecrednTh He-
CYIIyI0 CIIOCOOHOCTh OCTAaBIIHXCS 3IIe-
MEHTOB HECYIIEH CHCTEMBI U COXPaHUTh
€ro OoOUIyI0 yCTOMYMBOCTH Haxe IpH
BBIKITFOYE€HHBIX OT/ENBHBIX IIEMEHTAX.

B cBA3M C BBIIIEU3NIOKEHHBIM, B
MOCNIeHAE TOIBI, MHTEPEC TPaXkKIaHC-
KHX HHXEHEpOB oOpaieH K mpolieme

COIPOTHBIICHHUS KEJI€300ETOHHBIX KOHC-
TPYKIUH K KpPaTKOBPEMEHHBIM JMHa-
MHYECKUM BO3JEHCTBUSIM OT IIpOTpec-
CHPYIOIMX OOpyIIeHHH, KOTAa 3aIuTa
3/1aHUI B aBapUIHBIX CUTyallUsX, B Iep-
BYIO OUepeb, JJOMKHA OBITh OPUEHTHPO-
BaHa HE Ha JIOMyLIEHUE pa3pylIeHHH, a
Ha obecredeHne OE30MacHOCTH JIOfEH
1 BO3MOXXHOCTH HX 3BaKyalldH, Ha pe-
aIN3alUI0 HEOOXOMMMOTO Uit 3TOTO
3amaca BpeMenu [6]. [Tox mporpeccupy-
IOMUM OOpYIICHHEM ITOHUMAETCsl pac-
MIPOCTPaHEHHE HAYaTbHOTO JIOKAIBHOTO
TIOBPEXICHHUA B BUJE IEMTHOW pEaKIuu
OT JMEeMEeHTa K JJIEMEHTY, KOTOpoe, B
KOHEYHOM cueTe, MPHBOIUT K 0OpyIe-
HHUIO BCETO COOPYKEHHUSI WM HETpo-
MOPIHOHATBHO OOJBIION €ro 4YacTu.
[IpuunHOl paspymieHHs MOXET OBITh
mo0asi U3 MHOXKECTBA ITE€PEUNCIEHHBIX
aBapUUHBIX CUTyallui, KOTOpbIE HE pac-
CMaTPHBAIOTCSI B OOBIYHOM MPOEKTHPO-
BaHMU. B TO e Bpems 3emieTpsceHus,
TOKapbl, CUIbHBIE BETPHI, HA KOTOPHIE
MPOU3BOAATCA PACUYETHI 3/1aHUN B CO-
OTBETCTBUU CO CTPOUTEIBHBIMH HOp-
MaMH, TaKXe He JOJKHBI NPHUBOAUTH
K TIPOTPecCHpyIOmeMy OOpYIICHHUIO.
BonpmmHCTBO 3apyOeXHBIX CTAHIApPTOB
CTPOHUTENFHOTO MPOEKTHPOBAHUSA YUH-
TBHIBAIOT BO3MOJKHOCTh BO3HUKHOBEHHS 1
TIOTEHIMAIbHBIE MOCIEICTBHUS IIPOrpec-
CHPYIOIIEr0 OOpYIIEHHsS OT aBapHHHBIX
BO3/ICHCTBUIL.

UpesBblyaliHble CUTYyallld, BbI3BaH-
HBIE 3alPOCKTHBIMH HCTOYHHUKAMH, B
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obuieM cirydae, HepeACKa3yeMbl U CBO-
JATCSL K JIOKQJIbHBIM aBapUMHBIM BO3-
JIeHCTBUSM Ha KOHCTPYKLMM 3[aHusi, B
OOJNIBIIMHCTBE CIIy4aeB, HAa HEPEKPBITHUSL.
Pacuer Takux nepekphITHi Ha aelicTBHe
Harpy3ox
pa3feNbHO I IUIUT U OaJlOK, MCIIONb-

YKa3aHHBIX IIPOU3BOAUIICH

3ysl METOIBI, YYUTHIBAKOIIME pPadboTy
KOHCTPYKIHI B yNpyroi W IjacTHYec-
koit cragusax [1,2]. IIpu TakoM Tpaguuu-
OHHOM TPOCKTHPOBAHUU BBIMOIHACTCS
MOAJIEMEHTHBI pacyeT, T.e. obOecreun-
BaeTcs TpedyeMast HaJJeXXHOCTh Ka)XKI0ro
oraenbHOro asnemenra. Ilpu stom Ha-
JEKHOCTh IOHMMAETCs, KaK CBOWCTBO
COOPYXXCHUSI BBINOJHATh CBOC (PYHK-
[MOHAJIIFHOE Ha3HA4YeHHE C HEeoOXOomu-
MBIM KaQueCTBOM B TCUCHHUE MPEIyCMOT-
PEHHOIO CpoKa 3KCIUlyaTauuu. Takas
MODJIEMEHTHAsI IIPOBEPKa Ha3bIBACTCS
METOJOM Haucialeilero ajneMeHra U
MPUCBAMBACT BCEH KOHCTPYKIUH TOIO-
JIOTHIO TOCJIEI0BATENILHOTO COCIUHEHUS
JJIEMEHTOB, 4YTO B JEHCTBHTEIBHOCTH
HE BCErJa TaKk U MOXKET CBHUACTEIbCTBO-
BaTh 00 MMEIOLIMXCS 3amacax Hecymien
criocooHocTH. ITocKonbKy oOmnpeneuTs
HAJC)KHOCTh BCCH KOHCTPYKIMH HE
MPEACTABIACTCS BO3MOXKHBIM B BHIY
3HAYUTEIILHOH TPYAOEMKOCTH, TO Ha-
JIKHOCTh BCETO COOPYXKEHHS TPAKTY-
eTCsl Yepe3 HaJeKHOCTb €€ OTJEJIbHBIX
3JIeMeHTOB.  KOHCTPYKIIMH  JIOJKHBI
OBITH pa3paboTaHbI TaK, YTOOBI OrpaHy-
yuBaTh 3()(GEKT MECTHOTO pa3pyIlleHHS
W TPEeIOTBpaIlaTh WIH MHUHHUMHU3UPO-
BaTh Iporpeccupylomee OoOpyIIeHHUE.
CoopyKeHHUsI JTOJKHBI MPOCKTUPOBATH-
Csl, BO3BOAMTHCSI M OKCIUTYyaTHPOBATHCS
TaK, 4TOOBI yIepO, BOZHHUKAIOIIUN Kak

CJICZICTBUC aBAPHIHBIX COOBITHH, HE J0-
CTHTaJ pa3MepoB, HECOU3MEPUMO OOIIb-
IIMX, YeM MOCJIEICTBUSI H3HAYaIbHOTO
JIOKQJILHOTO MOBpEXKIeHUS. [6]

ABTOpamMu OBUIM IIPOBEJECHBI IKC-
NEpUMEHTANIBHBIE  MCCIICAOBAHUS I10-
BEJICHUS JKEJIe300€TOHHBIX IUIMT IpH
HU3KOCKOPOCTHBIX ynapax. Harpyxenue
OCYLIECTBIUIOCH HA CHEUAIBHO CKOHC-
TPYMPOBAaHHOW YCTAaHOBKE NaJaloIIuM
IPY30M-UHJCHTEPOM, MPEACTABISIONIIM
CIUIOIIHOM CTaJIbHOW LMJIMHAP C BMOH-
THUPOBaHHBIM JAMHAMOMETPOM ISl OIIpe-
JIeNIeHUsT CUIIBl yaapa. B mpoBeneHHBIX
HCCIIEI0BAaHMAX OIPEETHINCH CIEIyIO-
IIYe OCHOBHBIC HANpaBJICHHS: KJIACCH-
¢uKanys cxeM pa3pylIeHHUs, XapakTe-
PUCTHKH CITyYaiHBIX YIAPHBIX HAMPY30K,
uX Kiaccupukanus, u3yueHHe 0COOeH-
HOCTEH mOBeJeHUs OeToHa, apMarypsl
U Kene300eTOHa, MECTHOE MOBEICHHE
Kene300eToHa B 30He KOHTAKTa C ynapsi-
IOIIUM TeJIoM, oOllee MOBeCHUE KOHC-
TPYKIUI IPU YIAPHBIX BO3JCHCTBHSIX.

1. Knaccudukarms cxem paspy-
meHus. Ha OCHOBaHMM OJKCIIEpUMEH-
TaNbHBIX  WCCIICNOBAaHUI  ITOJyYeHBI
YeThIpe CXeMbl pa3pyLICHHs jkele300e-
TOHHBIX TUIMT TPU JCHCTBUU yOapHOM
Harpy3KH.

IMponukanue (X) MOXHO onpene-
JIUTh, KaK BXOJ Teia (ylapHHUKa) B MU-
meHp (Imry) 6e3 CKBO3HOTO IPOHHKA-
HUS NIOCIICTHEH.

Ortkon (f;) — 3T0 paspylleHUe Moj
JICHCTBUEM PACTATUBAIONINX HAMpsIKe-
HUH, BO3HUKAIOIIUX MPH OTPAKCHUH
BOJIHBI CXKaTHs OT THUIBHOIM HOBEPXHOC-
TH wmThl. [locne MosBICHUs OTKoia

o0pasell TPaKTHYECKH pPa3pyIICH, TaK

KaKk IpH 3TOM OOHaXkaeTcs apmarypa
(pucynku 2, 3). Jla u cama OTKOJIbHas
npobka sBiseTcss “‘CHapsioM”, KOTO-
pBIii B CBOIO OYepelb MOXET HAHECTH
HOBPEXACHHS, TO €CThb SIBIATBCS BTO-
PUYHBIM y#apHUKOM. JljIsi ymZapHHKOB
0OJIBIIOTO TMaMeTpa OTKOJI BBI3BIBACTCS
MEHBIIUM IPOHUKAHUEM. DTO OOBSICHS-
eTCsl TeM, YTO YJApHUK CPaBHUTEIBHO
0OJIBIIIOTO IMaMeTpa, ¢ MajIbIM OTHOIIIe-
HUeM d/h, co3maér pacrpocTpaHeHHBIH
10 3HAYMTEIbHOM IUIOMAIU B IUIAHE
yAap, BBI3BIBAIOLINIT OTKOJI BCJIC/ICTBHE
YAApHBIX BOJIH CXKAaTHs OT HIKHEH II0-
BEpXHOCTH IUIMTH. B TO e Bpems
NPOHMKaHHE B CHIy OOJIBIIOH ILIOIIA-
mu HeBenuko. Ilo Mepe ymeHbLICHHS
JUaMeTpa yJapHHKa, ylap CTaHOBHUTCS
Oonee KOHLICHTPUPOBAHHBIM M MOXKET
BBI3BaTh OTKOJ 32 CUET JBVIKCHUSI KOHU-
YecKoit poOKH, 00yCIIOBICHHON Cpe30M
OeToHa, KOTOpasi BEIOMBAETCS U3 ILIUTHI
(pucyHoK 206).

B npoTHBOINONOKHOCTH IPOHHUKA-
Huro (X) mpu npobuBanuM (¢,) ynapHUK
HACKBO3b MPOXOJHT ILUIHTY (PHCYHKH 3a).
3T0 MMeeT MeCTO JINIIb B CIIy4ae OYeHb
OONBIIMX CKOPOCTEH WMITYJIbCA HJIH
Ype3BBIYAHHO TOHKUX IUIAT.

Ha pucynkax 2 u 3 noxazaHsl BUj
OTKOJIGHOW TPOOKM IpU HArpyXeHHH
WIMTHl ynapHukoMm d = 50 mM. Pazpy-
IICHHUE MPOUCXOAMIO OT cpe3a Mo OOoKo-
BOIl MOBEPXHOCTH YCEYEHHOI'0 KOHYcCa,
JMaMeTp BEpXHEr0 OCHOBaHMS KOTOPO-
TO paBHsUICS IUaMeTpy ynapHuka. IIpu
9TOM MEXIy HOPMaJbIO0 K MOBEPXHOCTH
u oOpasyroieii 00KOBOW MOBEPXHOCTH
KOHyCa B 30HE IPWJIOKEHHSI Harpy3Ku
cocraBisul < 45.

d d
a) ] 6) ____
|
Lx h A\ h
L\
Mponukanue (x) Otxoa ++++++
d d
6) 2 ]

| S\

=

[poéuBanne
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Bepxmm MOBEPXHOCTD IVIMTHI
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53

Huxnss nopepxuocts mantel 3111-5-3

Puc. 3. Cxembl 00pa3oBaHus Je()eKTOB NPHU yaape Mo IJIUTAM

Ha ocHoBanMM mnpoBenEHHBIX HC-
MBITAHUHA MOXKHO CJIeNIaTh CIICTYFOIIHE
BBIBOJIEI.

1. IlpoBeneHHbIE HCHBITAHUS TUIUT
MOKa3ajM, YTO TMapaMeTp WX paspylie-
HUSI 3aBHCHT, TIaBHBIM 00pa3oM, OT Ha-
4abHON CKOPOCTH yaapa V) u cOOTHO-
wenus d/h.

2. B omimiume oT BEICOKOCKOPOCTHBIX
yIapoB, MPH HU3KOCKOPOCTHBIX BHIOHMBA-

ercst OeToHHAs MPoOKa, uMmeronias hop-
My YCEUEHHOIO KOHycCa.

3. VYBenuueHue JUaMeTpa ylapHHKA
d npu Tex xe V, Myﬂ, h TiepeBOIUT Xa-
pakTep pa3pyueHuUs U3 pazpsa npoou-
BaHUS B paspsij OTKOJA.

JlanbHeiinee yBelMUeHUE THaMeTpa
YAapHUKa HEPEeBOAUT XapakTep paspy-
LIEHHS] U3 MECTHOTO B OOIIHIA.

4. YBenuuenue V| Ipu HEU3MEHHBIX

OCTaJIbHBIX MapamMeTpax MOXKET MPUBEC-
TH K W3MEHEHHIO XapakTepa paspylle-
HYSI, HAIIpUMeEp, OT OOILIEro K MECTHOMY
(oTkoITY).

5. TporuObl 3ameMiaEHHBIX ILTAT
OKa3aJIUCh MEHbIIEC, YeM B IIAPHHPHO-
OTEPTHIX IJIUTAX.

CxeMbl pa3pylicHUs KBAJIPATHBIX W
MPSIMOYTOJIGHBIX IUTHT OKA3aJKCh WJICH-
TUYHBIMH B 30HE yaapa, HO MpPOTHUObI
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MPSIMOYTOJILHBIX IUTUT B CiTydae 00IIero,
BBIIIIC, YEM pa3pyLICHUS KBaIPATHBIX.

6. B xauecTBe npenenbHOro cocTosi-
HUSI 110 MPOYHOCTH MPH MECTHOM JeHC-
TBUH yapa pacCMaTPUBAETCS OTKOI.

7. Pe3koe Bo3pacTaHue 3HAYCHMI
nedopMarii HabIIoIaeTCss OKOJIO ILIO0-
IIaJIK KOHTAKTa, MPUYEM BEITUUMHBI -
(hopmaium B KOJIBIICBOM HAIPABICHUU B
2-3 pa3a MeHbIlIe 3HaueHUI pajiualIbHbIX
JnehopMariuii.

30Ha pacnpoCTPaHCHUS MaKCUMAITb-
HBIX gAedopmanuit cocraBmser 2-2,5
JUaMeTpa yIapHHUKa.

8. Ilpu obuiem nehopMUpOBaHUH
IUIMT Pas3pyllIeHHE HACTymaao Jubo

C21)

BCJIEACTBUE 00pa3oBaHUS “‘BeepHOM
CXeMbI, JH0O0 OOBIYHOIrO OOIIEro Mexa-
HHM3Ma, B KOTOPOM paJiHajbHbIC [UIACTH-
YECKHE LIAPHHUPBI PACXOSITCS OT TOYKH
HPHIIOKEHHUS 10 KPa€B ILUTUTHI.

9. Havano BbIkpammBaHusi OeTOoHa
IpU yIape He 3aBUCUT OT KOJIMYeCTBa
apMaTypbl M HE CIECp)KUBACTCS €10, HO
3HAYCHUE apMaTypbl CYIICCTBEHHO BIIH-
SICT Ha 3aBEpPIIAIOLIEM ATale BBIKPAIIU-

BaHMS.
References:
1. Popov N.N., Rastorguev B.S.,

Voprosy
special’nyh

rascheta 1 Kkonstruirovanija
[Matters of

calculation and designing of specific

sooruzhenij

constructions]. — Moscow., Strojizdat.,
1980., p. 190.

2. Popov N.N., Rastorguev B.S.,
Zabegaev A.B. Raschet konstrukcii na
special’nye
[Calculations of the construct for specific

dinamicheskie nagruzki
dynamic loads]. - Moscow, Vysshaja
shkola, 1992. - 319 p.

3. Popov N.N., Rastorguev B.S.,
Dinamicheskij raschet zhelezobetonnyh
konstrukcij [Dynamic calculation of
ferroconcrete  designs].—
Strojizdat., 1974., p.206.

4. SNiP  P-1 1-77*.
sooruzhenija  grazhdanskoj

Moscow.,

Zashhitnye
oborony
[Protective civil defense constructions].,
Gosstroj SSSR [The USSRState
Committee of Construction]. - Moscow,
CITP Gosstroja SSSR, 1985. — 60 p.
5. MDS  20-2.2008.
rekomendacii po

Vremennye
obespecheniju
bezopasnosti bol’sheproletnyh sooruzhenij
ot lavinoobraznogo
[Temporary

obrushenija
recommendations on

theprotection of wide-span constructions
from the avalanche crushing]. FGUP «NIC
«Stroitel’stvo». - Moscow., OAO «CPPy,
2008. - 16 p.

6. SP52-103-2007.Zhelezobetonnye
monolitnye konstrukcii zdanij
[Ferroconcrete monolithic constructs of
buildings]. — Moscow., 2007.

7. A.V. Perel’muter, Je.Z. Kriksunov,
N.V.  Mosina.

monolitnyh

Realizacija rascheta
zhilyh

progressirujushhee

zdanij na
(lavinoobraznoe)
obrushenie v srede vychislitel’'nogo
kompleksa SCAD Office [Realization
of calculations of monolithic residential
buildings in relation to the progressing
(avalanche) crushingin the environment
of the SCAD Office
complex]. Inzhenerno-stroitel’nyj zhurnal
[Construction journal], No. 2, 2009.

8. ASCE 7-02. Minimum Design
Loads for Buildings and Other Structures,

computer

2002 edition. American Society of Civil
Engineers, Reston. — VA., 2002.

9. SNiP  21-01-97*.
bezopasnost’ zdanij i sooruzhenij [Fire

Pozharnaja

safety of buildings and constructions]. -
Moscow, 1999.

10. Kuderin M K., Zhauhanov F.B.
Issledovanie zhelezobetonnyh konstrukcij
pri dejstvii udarnyh nagruzok [Research
on the ferroconcrete designs in terms
of shock loads]., Access mode: http:/
www.rusnauka.com/17_AVSN 2012/
Stroitelstvo/3 _112144.doc.htm

11. Kuderin M.K.
zhelezobetonnyh  plit,

Dinamika
opertyh  po
konturu, pri dejstvii udarnyh nagruzok
[Two-way ferroconcrete plate dynamics
in case of shock load influence]., Access
mode: http://www.rusnauka.com/9
KPSN 2011/Tecnic/2_83811.doc.htm

AV.
obrushenie i

12. Perel’'muter
Progressirujushhee
metodologija proektirovanija konstrukeij
(sovershenstvovanie normativnyh
dokumentov) [The progressing crushing
and methodology of structural designing
(improvement of normative documents].,
No. 6.,

Bezopasnost’ sooruzhenij» [Anti-seismic

«Sejsmostojkoe  stroitel’stvo.

construction.Safety of constructs]. 2004.

13. Rabinovich M. K
dinamicheskomu raschetu sooruzhenij
za predelom uprugosti [On the dynamic
analysis of constructions beyond the
elastic limit]., Issledovanija po dinamike

sooruzhenij[Researches on structural

dynamics].— Moscow., Strojizdat, 1947.,
pp.100-132.

14. Rabinovich .M., Sinicyn A.P.,
Luzhin O.V., Terenin V.M. Raschet
sooruzhenij na impul’snye vozdejstvija
[Calculation of constructs on impulse
excitation]. — Moskow., Strojizdat 1970.,
p. 304.

15. Luzhin O.V, Issledovanie raboty
kupol’nyh zashhitnyh konstrukcij na
dejstvie dinamicheskih nagruzok, kak v
predelah uprugosti deformacii, tak i za
ih predelami [Examination of work of
the dome-shapedprotective constructs
in relation to the influence of dynamic
loads both within the elastic limit and
beyond it]. — Moscow., VIA, 1962.

16. Popov N.N., Zabegaev A.V.
O primenimosti zhestko-plasticheskogo
metoda pri raschete zhelezobetonnyh
konstrukcij na dejstvie dinamicheskih
nagruzok. [About applicability of a rigid
and plastic analysismethod at calculating
ferroconcrete constructs in case of
load
Stroitel’stvo i

dynamic
VUZOv:
[News of Universities: Construction and
Architecture], 1975., No. 12., pp. 33-38.

17. Luzhin O.V,, Popov N.N,,
Rastorguev B.S. Raschet konstrukcij

influence]. Izvestija

arhitektura

sooruzhenij na dejstvie vzryvnyh voln
[Construction analysis in case of blast
wave action]. Dinamicheskij raschet
sooruzhenij na special’nye vozdejstvija
[Dynamicconstructionanalysisinrelation
to specific influences]. Spravochnik
proektirovshhika [Designer’s handbook].

- Moscow.,Strojizdat., 1981, pp. 5-28.

18. Rastorguev  B.S.  Dinamika
zhelezobetonnyh plit pri  vzryvnyh
nagruzkah [Ferroconcrete plate

dynamics in terms of the blast load].
Avarii 1 Katastrofy. Preduprezhdenie
i likvidacija posledstvii[Crashes

and disasters. Prevention and
elimination of consequences]., Vol. 6.
Izdatel’stvo  Associacii
VUzov

Universities ~ Association
House], 2003, pp. 343-365.
B.S.

dinamicheskie nagruzki dlja karkasnyh

- Moscow.,
stroitel’nyh [Construction

Publishing
19. Rastorguev Predel’nye
proizvodstvennyh zdanij pri vneshnih
vzryvah[Ultimate dynamic loads for
framed manufacturing buildings in
conditions of external explosions].,
Trudy MISI - Dinamika zhelezobetonnyh
konstrukeij i sooruzhenij pri intensivnyh




GISAP

kratkovremennyh vozdejstvijah
[Ferroconcrete constructs and buildings
dynamics under the intensive short-time
influences]. — Moscow.,MISI, 1992.,

pp- 18-37.
Jluteparypa:

1. Ilomos H.H., Pacropryes b.C.
Bompocsl pacuera M KOHCTpyHpOBa-
HUSl CHEIHUAIIBHBIX COOpPYXKeHHH. — M.:
Crpotinzaar 1980. ¢. 190.

2. Moo H.H., Pactropryes b.C.,
3aberace A.b. Pacuer koHCTpykumu Ha
JMHAMUYECKHE CIeUaIbHbIC Harpy3Ku.
- M.: Beicias mkoina, 1992. - 319 c.

3. Moo H.H., Pactopryes b.C.,
JluHaMuueckuil pacdeTr Kele300eTOH-
HBIX KOHCTPYKIMH. - MockBa: Ctpoiius-
nat 1974. ¢.206.

4. CHull TII-1 1-77*.
COOPY)KEHHS TPaKJaHCKOH OOOpOHEI.
/Tocctpoit CCCP. - M.: HUTTI T'ocerpost
CCCP, 1985. - 60 c.

5. MAC 20-2.2008.
pekoMeHzanuyu 1o obecredeHuro 6e30-

3amuTHLIE

Bpemennsie

HAacHOCTH OOJIBLICHIPOIETHBIX COOPYIKe-
HUI OT JaBUHOOOPA3HOTO OOpYyIICHHUS. /
OI'VIT «HUIL «CrpoutensctBo». — M.:
OAO «II1IT», 2008. — 16 c.

6. CII 52-103-2007. Xene3o6eToH-
HbIE MOHOJINTHBIE KOHCTPYKLIMH 31aHUIL.
M., 2007.

7. A.B. Ilepenbmytep, 2.3. Kpuk-
cyHos, H.B. Mocuna. Peanuzanus pac-
YyeTa MOHOJMTHBIX JKWIBIX 3IaHUH Ha
Hporpeccupylomnee
00pyIIeHHEe B Cpele BBIYMCIUTEILHOTO
kommiekca SCAD Office. UnxenepHo-

(maBrHOOOpa3HOE)

cTpouTelbHbIH xKypHai, Ne2, 2009.

8. ASCE 7-02. Minimum Design
Loads for Buildings and Other Structures,
2002 edition. American Society of Civil
Engineers, Reston, VA, 2002.

9. CHull 21-01-97*.
0€30MacHOCTh 3/1aHUIl M COOpPYIKEHHIA.
- M., 1999.

10. Kynepun M.K., XKayxanos ®.b.
HccnenoBanne xeyne300€TOHHBIX KOHC-

[oxapnas

TPYKUUI IpY IeHCTBUH YIapPHBIX HAarpy-
30K.

11. Kynepun M.K. Jlunamuxka sxene-
300€TOHHBIX IUTUT, OIEPTHIX 110 KOHTYPY,
IIPU JEHCTBUM YIapHBIX Harpy30K.

12. Ilepensmytep A.B. Ilporpec-
cupyioniee oOpylnieHHe U MeTOLOJIOTHs
NIPOEKTHPOBAHUST KOHCTPYKLUH (COoBep-
LICHCTBOBAHHE HOPMATUBHBIX JTOKYMEH-
ToB), Ne6 - «CeiicMocTOlKOE CTpOHU-
TEJILCTBO. Be3omacHoCTh coopyKeHuUi».
2004.

13. PabunoBuy U.M. K nunamuyec-
KOMY pacueTy COOpYyXXEHHH 3a Ipe/ieioM
ynpyroctu // icciaenoBaHus 1o JMHAMU-
Ke coopyxeHui. - Mocksa: Ctpoiiuszar,
1947. - C. 100-132.

14. Pabunosuu U.M., Cunurpia A I1.,
JIyxxun O.B., Tepenun B.M. Pacuer co-
OpY’KEHUI Ha UMITYJILCHBIE BO3JICHCTBUSL.
Mockga : Crpoiiuzaar 1970. c. 304.

15. Jlyxun
paboOThl KYMOJBbHBIX 3aLIUTHBIX KOHC-

0.B, Hccnenosanue

TPYKIUI Ha JAEHCTBHE IMHAMUYECKHX
HArpy3oK, Kak B Ipelelax YIpPyrocTu
nedopMarii, Tak U 3a MX IpeaeiiaMu,
- M.: BUA, 1962.

16. ITonos H.H., 3aGeraes A.B.
O IPUMEHUMOCTH HKECTKO-IIACTHYEC-

KOTO METOZA IIPU pacueTe xkene300eToH-
HBIX KOHCTPYKIUH Ha AeHCTBHE IMHAMU-
yeckux Harpysok // W3sectus BY3Os:
CTpouTesIbCTBO U apxurTekrypa, 1975.
—Ne 12. - C. 33-38.

17. Jlyxun O.B., H.H.,
Pactopryes B.C. Pacuer koHCTpyKLuii

ITonos

COOpYKEHHI Ha JCHUCTBHE B3PBIBHBIX
BONH // JIMHAMHUYECKHI pacueT coopy-
JKCHUI Ha CIelHaJbHbIC BO3ICHCTBUS.
CrpaBOYHUK MPOCKTUPOBIIMKA. — M.:
Crpoiinzgar, 1981, - C. 5-28.

18. Pacropryee b.C. dunamuka
JKENe300CTOHHBIX IUIMT MPU B3PBIBHBIX
Harpy3kax,/ ABapuum u Karactpodsl.
IpenynpexacHue W JIUKBHIANUS TOC-
JenCcTBUM ,ToM 6. M: H3aTeNbCTBO
Accounanuu  cTpouTesbHbIX  BY30B,
2003, C. 343-365.

19. Pacropryes b.C. IlpenenbHbie
JMUHAMHYCCKUE HArpy3Kd Ui Kapkac-
HBIX TPOU3BOJCTBCHHBIX 3IaHUN MPH
BHemHuX B3pbiBax // Tpymsr MUCHU -
JluHaMuKa Kele300CTOHHBIX KOHCTPYK-
Ui U COOPYXKEHHI MPU WHTCHCUBHBIX
KpPaTKOBPEMCHHBIX BO3ICHCTBUSAX. — M.:

MHUCH, 1992, c. 18-37.
Information about authors:

1. Marat Kuderin -
Full
University

Doctor of
Sciences,
State
Toraigyrov;
Pavlodar city;

Technical Professor,

Pavlodar named
after S.
Kazakhstan,
marat_kuderin@mail.ru

2. Fazyl Zhaukhanov - Postgraduate
Student, Pavlodar State University named
afterS. Toraigyrov; address: Kazakhstan,

Pavlodar city; e-mail:fazike@mail.ru

address:
e-mail:

Idea by - B.Zhytnigor
lllustrator - Y.Simonov

International Academy
of Science and Higher Education

A body, dipped in the water
does not displace anything,
but many things strive to squeeze
out of the body...

Archimedes

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE




TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE

GISAP

MATHEMATICAL MODEL OF PORTLAND CEMENT KINETICCURING REGIMES

IN SULFUR-LIMY SOLUTION

M. Elesin, Candidate of Technical Sciences, Associate Professor

A. Nizamutdinov, Postgraduate Student
E. Zaytseva, Student

Federal Public Budgetary Educational Institution of Higher Education “Norilsk Industrial Institute”, Russia

The article covers the chemical method of concrete mixes modifying by setting themin sulfur-limy solution. Mathematical models of
concrete curing dynamics are found, depending on concentration of sulfur in the solution, namely:

— steady curing rate is observedinthe solution with low content of chemical additives (concentration of S

=0,5-2,5 g/l);

common

— obviously unsteady curing rate is observed in the solution with sulfur concentration at the range of 3 to 180 g/1;
— steadily high curing rate is observed in the solution of corresponding saturation (up to 220 g/1).
Keywords: mathematical models, modifying, concrete mixes, sulfur-limy solution, curing, durability.
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At the heart of receiving the
quick-hardening Portland cement
characterizedduring hydration by high
thermal emission catalyzing the reaction
as a whole, liesthe high subtlety of
crushing of clinker among the silicates
of which the high-basic aliteprevails.

There is a basis to consider that
braking of spontaneously begun
hydration of the potentially active alite
in ordinary cements is caused by the
kinetic restrictions arising first of all at
a hydrolytic stage of a full cycle of a
mineraldissolutionreaction. These are
caused by overstrain of crystallization
of calciumhydroxide liberatingon the
surfaces of an alitegrain due to the
development of solid-phase nature of
reaction. It is remarkable that the subtlety
of crushing of clinker among the silicates
of which the beliteprevails, isn’t that
effective in regard to the acceleration of
curing of cement, because in comparison
with alite cements it doesn’t provide
the due level of a thermal emission,
which is caused by absence of the gentle
atoms of calcium hydrating with a high
thermal emissionin structure of the
latter. Such distinction in the structure
of ties between molecules of alite and
belite caused high energy of activation
of reaction of protonization at the latter
ties, causing destruction of a molecule
and releasing of atoms of calcium,
mixing up into the liquid phase, the
speed of which substantiallydepends on
the concentration of protons in it.

It seems obvious that the effect of the
majority of known additivesaccelerating
the curing is explained by the
improvement of  solubility of

20

calciumhydroxide,  preventing  the
passivation of a surface of grain at
the stage of its initially spontaneous
liberation [1].

As the properties and practice of
pozzolanic cement testify, the activation
of the majority of the Portlandcements
containing among its the silicates
both high-basic and the
compounds of silicates, at the expense
of the adjustable working pH of a liquid
phase towards the reduction can become
effective only when ensuring the under-
saturation of a liquid phase with calcium
hydroxide. Otherwise at the same time
with belitereaction activation, additional
restrictions to alitehydrolysis caused by
pHdecrease will lead to the reduction of
the workingpH and deceleration of the
wholehydrationreaction.

Calcium polysulfideis particularly
interesting.  Its solutions are
received by the dissolution of powder
sulfur in the water suspension of
hydroxide of calcium [2] heated to
boiling. Such sulfur-limy solution
promotes the increased activity of a
Portland cement. Its components have
small cost, and application of it allows
utilizing sulfur being an industrial
productionwastein some cases. Thus
efficiency of activation is higher in
relation to cements in which the hard
belite prevails. This is explained by the
limited solubility of reagent and the
deficiency of the injected polysulfide
not providing (in case of highly alite
cements) the involvement of all the
calciumhydroxide liberated in the
system into the reaction. This includes
the experimental solution of a problem

low-basic

water

of receiving quick-hardening Portland
cement by activation of the cheapest
belite [3].

In order to

reveal influence

of concentration of sulfur in a
solutemedium-aluminate Portlandcement
of M400, large filler — limy rubble, small
filler — river sand (a ratio between large
and small filler is 4:1) were used. Limy-
received through
the dissolution of powder sulfur in the
suspension of calciumhydroxide heated
to 90-95°C. The weight structure of a
dry mix was accepted in the ratio of
S:Ca(OH), 2:1, corresponding to
stehiometry of the reaction. The mass
of sulfur was accepted at the rate of
220 g/l in a final suspension preparation.
At such a high extent of saturation
of a limy-sulfur solution the ratio of
sulfurpolysulfide (Spoli) and thiosulfate
(S,,) was approximately equal in it 4.
The polysulphidic component of lye
is presented by a mix of calciumtetra-
andpentasulfidewith the prevalence of
the latter.

At tempering of a dry part of a
concrete mix at first the calculated
amount of a preparation was added.
Then additive water it was brought to
a normal density of dough, considering
thus the total volume of mixing liquid
and volumeof water itself in it.

The analysis of the obtained data
shows that nature of dynamics of a
durability acquisition can be various
depending on concentration of sulfur in
a solute, namely: steady course of curing
without the nonrecoverabledumping
of durability observed at small
concentrations of a

sulfuric solutewas

solute  of
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limy-sulfur solute (concentration of

commua = 0>9-2 g/l); obviously non-
steady course of curing observed in
the range of concentrations of sulfur in
a solute from 2,5 g/l of the dissolved
sulfur to rather high concentration of
150-180 g/1. And at last, we allocate area
of the high concentration corresponding
to over-saturated broths (215-220 g/1).

the
kinetic

In order to determine

mathematical ~ model  of
modes of curing of concrete mixes
[4] 3 full factorial experiments were
established. They covered three areas
of durabilityacquisition dynamics. The

following were accepted as factors in

all three cases: X, — concentration of
sulfur in a solute, g/l; X, — consumption
of cement in a concrete mix, %;
X, — time of curing of concrete (taking
into accountthe logarithmic dependence
of curing in time under standard
conditions; for our kinetic modes we
simplified this dependence to the linear
one, intentionally setting the general
described modelas the purpose).

5 samples for each test were made.
Output
table Y, — mean values of the received
the first

experiment, MPa; Y, — mean values of

indicators are presented in

durability  for factorial

the received durability for the second

factorial experiment, MPa; Y, — mean
values of the received durability for the
third factorial experiment, MPa.

The received initial equations of
regressionswere checked for the im-
portance of coefficients and adequacy
of the model. Checking coefficients of
equations for the importance using the
Student’s coefficient it was revealed that
all equations contained non-significant
coefficients, i.e.the received models can
be used for the general description of the
process, but not for specific decision-
making. After discarding non-signifi-
cant coefficients the model checked for
adequacy using the Fischercriterion. As
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Variation of factors for the first complete factorial experiment fab-1
Factors -1 0 +1
X, g/l 0 1,25 2,5
X,, % 9 12 15
X, days 7 18 29
Tab. 2
Variation of factors for the second complete factorial experiment
Factors -1 0 +1
X, gl 20 40 60
X,, % 9 12 15
X, days 7 18 29
Tab. 3
Variation of factors for the third complete factorial experiment
Factors -1 0 +1
X, g/l 200 210 220
X, % 9 12 15
X, days 7 18 29
Tab. 4
Plan of the completed full factorial experiments
Majorfactors Interconnections Durability, MPa
Testnumber
X, X, XX, X, X, XX, | XXX, Y, Y, Y,
1 + + + + + + 30,5 21,0 30,0
2 + + - + - - 30,7 9,9 29,5
3 - + - - + — 11,1 14,7 19,3
4 - + + - — + 10,1 9,4 18,0
5 + — + - - - 24,5 30,0 24,9
6 + - - - + + 25,3 11,9 30,5
7 - - - + - + 8,77 10,2 11,8
8 - - + + + - 6,3 4,2 11,6
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a result of data processing the following
equations (describing all the three kinetic
modes of curing of concrete mixes in the
limy-sulfur solute) were received:

y,= 18,41 +9,34x,+2,19x, -
-0,56x x,+ 0,66%,x;

y,= 13,91 +5,06x, +4,28x, +
+2,23x x, = 2,59%x x, — 0,96x x,;

y,= 21,95 +6,77x, + 2,25%, -
-0,825x x, — 1,23x X, + 0,9x X,.

Analyzing the received models it is
possible to draw a conclusion:

1) Values of a0 testify to the initial
considerable excess of durability of sam-
ples in areas of low (up to 2,5 g/l) and
too high concentrations (220 g/1) of the
solutecaeteris paribus;

2) In the first and in the third equa-
tion concentration of a Portlandcement
(or the concrete brand)has the greatest
influence, in the second equation — con-
centration of sulfur in a solute;

3) Joint influence of concentration
of sulfur with the level of a Portland ce-
ment in the first and in the third modes of
curing slow down the process - this posi-
tively affects the initial stage of forma-
tion of a rigid framework of a material,
while in the second mode they accelerate
the process — which leads to further self-
damage of samples and negative joint in-
fluence of these factors in time, i.e.with

the third factor;

4) Due to the absence of the third
factor and its negative joint influence
with other factors in the second equa-
tion, it is possible to decide for sure that
the kinetic mode of curing of concrete
samples in the middle area of sulfurcon-
centration (from 2,5 to 180 g/l) is non-
stable in time;

5) Additional factor of improvement
of durability in the third mode of cur-
ing is the joint strengthened influence of
high concentrations of sulfur in time, i.e.
the first and third factors.
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WHY WOULD | DO THAT?

BUT HOW DO YOU THINK SUCH CONCEPTS AS "FORCE",
"RESISTANCE", "STRESS" AND "FALL" HAVE APPEARED
IN THE "OHM'S LAW"? AFTER ANOTHER FALL
| WILL IMPROVE MY LAW BY ADDING SUCH

CATEGORY AS "OUT".

Georg Simon Ohm
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MAJIOKJIMHKEPHBIE LIEMEHTHI
HU3KOU BOJOIIOTPEFHOCTH C
HCIIOJIB30BAHUEM TEXHOI'EHHBIX
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HaumonanpHblii yHUBEPCUTET BOAHOTO X0351HCTBA
1 TIPHPOIOTIONB30BAHMS, YKparHa

ITpuBeneHBI pe3yabTaThl SKCIEPUMEHTAIBHBIX HCCIICNOBAHHI 11e-
MEHTOB HU3KO# BOZOIIOTPEOHOCTH C MOBBIIICHHBIM COACP)KAHUEM TeX-
HOTCHHBIX NIPOIYKTOB — 30JIbI-YHOC W JIOMEHHOTO ITaka. [loka3aHHast
BO3MOXHOCTb IOJTy4eHHUs1 OETOHOB ¢ po4HOCThI0 10 80 MIla npu uc-
TIOJIB30BAaHHY TIPEUIaraeMblX IIeMeHTOB. ONpeneseHsl ONTHMAIbHBIE
COCTaBBI BSDKYILETO.

KiaroueBble ciioBa: IIEMEHT HHU3KOH  BOZOIOTPEOHOCTH,
30/1a-YHOC, IIIAKOMOPTIAHALIEMCHT, TEXHOTCHHBIC HPOIYKTHI, CyIep-
IUIacTH(HHUKATOP.
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O,Z[HI/IM u3 KkputepueB 3ddexTus-
HOCTH HCIIOJIb30BAaHUSI LIEMEHTa
B OETOHE MOXET OBITH OTHOIIEHHE pac-
Xoza KIMHKepa — Hauboiee J0pororo
U JHEProeMKOI0 €ro KOMIIOHEHTa, K
npouHoctu Oerona (xr/MIla). [lns Ge-
TOHOB HHU3KOM M CpeIHEHl NpOYHOCTH
STOT KPUTEPHH IIPH UCTIONIB30BAHUH TPa-
JMIMOHHOTO TOPTIAHIIEMEHTa paBeH
15-17 [1], mnst GETOHOB MPOYHOCTHIO
35...40 MIla — 12-14, npu npoyHOCTH
6erona 60...80 MIla, npu ucnonb30Ba-
HMU COBPEMEHHBIX CynepIuiactHduka-
TOPOB U MHUKPOKPEMHE3eMa — HAXOUTCS
B mpenenax 7-10. JlanbHeiee MOBBI-
eHre 3(GEKTHBHOCTH HCIIOTIb30BAHUS
KJIMHKEPAa BO3SMOXKHO IIPU OAHOBPEMEH-
HOM IIOBBIIICHHUU €ro aKTHMBHOCTH, HO
3TOT MyTh CYLIECTBEHHO YCIOXHSET U
YBEJIMYMBAET BHEPrOEMKOCTb  IIPOM3-
BOJCTBA LIEMEHTA. I[loBBIICHHE NpPO-
YHOCTH OETOHA HAa PSJOBBIX LEMEHTAX
BO3MOXHO TakKe IIPU INPUMEHEHUU
JOPOTMX XMMHYECKHX M MHHEpaib-
HBIX 100aBOK. [losTOMy BakHO HalTH
SKOHOMHYECKH IpUEMIIEMbIE CIIOCOOBI
YMEHBILICHUS  COIEPXKAHMUS  KIMHKEpa
B LIEMEHTE 03 CHIIKEHHS aKTHBHOCTH
HOCIIEAHEro, a TaK)Ke MPOYHOCTH OeTOHA
Ha ero OCHOBE.

EBponeiickuil crannapt Ha LEMEHT
EN 197-1

BOJICTBO

MIpEeAyCMaTpUBAET IPOU3-
LITAKONIOPTAAHALEMEHTa ¢

MHUHHMMAJIBHBIM COJICP)KAHUEM KIIMHKe-
pa 5-20%, a Takke IIMPOKOTO CIIEKTpa
KOMIO3MLOHHBIX M IYLIOJIAHOBBIX Iie-
MEHTOB. MaJIOKIMHKEPHBIE 1IEMEHTHI,
HAIOJIHEHHbIE MPOMBIIUICHHBIMH OTXO-
namu (LIUTaK, 30J71a-yHOC), UMEIOT Psf
OHu

IIPUBJIEKAIOT HM3KOH CTOMMOCTBIO, HX

MOJIOKHUTEIBHBIX 0COOEHHOCTEH.

HPOM3BOACTBO MEHEE YHEPrOEMKO, I103-
BOJIIET YTWJIM3MPOBAaTh HAKOIJICHHBIE
OTXO[Ibl, COKPATUTh BPEIHBIC BHIOPOCHI
B armMoc(epy. OIHAKO TaKHE LEMCHTHI
[OKa HE CIMIIKOM MOIYJISPHBI CpeIu
Hpou3BoAUTeNIed OeTOHA, IVIaBHBIM 00-
pa3oM M3-3a OTHOCHTEIBHO HM3KOH aK-
TUBHOCTH (Haubojee paclpoCTpaHEH-
Hast Mapka M400), memienHoro Habopa
HPOYHOCTH WU TIOBBILICHHOW BOJOIOT-
pebHoCTH.

OJHUM M3 NEPCIEKTUBHBIX HAIpaB-
JICHHUI TOBBIICHUS aKTUBHOCTU M JIPY-
I'HX CTPOUTENILHO-TEXHUYECKUX CBOMCTB
MaJIOKJIMHKEPHBIX KOMIIO3ULIIMOHHBIX 11e-
MEHTOB SIBJISICTCS MEXaHO-XHMUYECKast
akTuBanMs [2], qocturaeMasi KOMILICKC-
HBIM NIPUMEHEHUEM TOHKOrO HM3MeJbye-
HUS BSDKYILIMX B COYETAHUH C BBEICHHEM
3 HEeKTUBHBIX XUMHYECKUX 100aBOK.

B wuccnenoBaHusX ObUT HCIIONB30-
BaH KJIMHKEp 370JI0yHOBCKOTO 3aBOJA
“BonblHb-LleMeHT” ciiemyromero MuHe-
panoruyeckoro cocrasa: C,S — 57,10%.
C,S-21.27%, C,A-6,87%, CAF - 12,19%.

B KauecTBe MUHEpaJIBHBIX JI00ABOK IIPH-
HATBl 307a-yHOoC bypmrteiackoit TOC
WU TPaHyJIUMPOBAHHBIM JOMEHHBIM ILIIAK
Kpusoposkckoro MeTaJLTypru4ecKo-
ro KOMOMHATa C MOZYJIEM OCHOBHOCTH
M, = 1,1 u xo>pduimeHTOM KauecTsa
K = 1,44. Kak cynb(aTHblii KOMIOHEHT
U aKTMBH3aTOp TBEPACHHUS LIIAKOBBIX
LEMEHTOB HcIonb30Bany  (ocdorurmc-
Posenckoro IIO  “Asor”.

CITyXKH-

JMruapar
XUMUUECKUMH  J100aBKaMH
JM: MHTEHCH(HKAaToOp IOMOJa — IIpo-
ITMJICHIVIMKONb;  CYIepILIacTU(UKATOP
CII-1(C-3) HoBOMOCKOBCKOrO mpeamnpu-
atus “Tlonaunnact”; runeprutacTuduka-
TOpBI Ha aKkpuiiatHoit — Mapei Dynamon
SP3, u Ha monMKapOOKCUIATHON OCHOBE
- Sika VK 225; no6GaBku — peryistopsl
TBEPACHUS: XJIOPUJIbI KaJbLUs U JKele-
3a, cyab(aTbl HATPUSA U KKelle3a, a TaKKe
¢dTopHua KampUUs U KPEeMHE(DTOPHUCTHIM
HaTpHUl.
ITepcneKTUBHBIMU  KOMIO3HMLMOH-
HBIMH BSDKYIIUMM JUISL COBPEMEHHBIX
OCTOHOB SIBISIIOTCS IPEIUIOKCHHBIC B
cepenuHe 80-X TOIOB MPOIIIOrO CTO-
JeTHs LEMEHThl HM3KOH BOzonoTped-
noctu (LIHB) [3].
kiuukepa 30...50% onu obnanaroT mo-

IIpu conepxanuu

BBIIIEHHON AaKTHBHOCTBIO, MHTEHCHBHO
TBEPJCIOT M HMMEIOT BOAONOTPEOHOCTH
HI' = 16...18%. B kxauecTBe MHHEpalb-
Horo Hanonuutens L{HB nenecoobGpasno
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UCIIONB30BaTh TPOIYKTHl TEXHOTEHHOIO
MPOUCXOXKICHUS 00JIalafolye BHICOKON
Pa3MoII0CIIOCOOHOCTBIO — IITAKH, 30J1BIL.

3051a-yHOC LIMPOKO HCHOJIB3YETCS
KaK KOMIIOHEHT I[EMEHTOB, OCTOHOB M
pacTBopoB. HakomieH 3HaYNTENbHBIHA
HOJIOXKUTENIBHBIA OIBIT €€ HCHOJIb30Ba-
HUs B OETOHAX M pacTBopax [4], a Tak-
JK€ B KOMIIO3MLMOHHBIX LIeMeHTax [5].
TpebGoBaHMs K 301 KaK KOMIIOHEHTY Lie-
MEHTa CBOIATCS K OrPaHUYEHHIO IOTEPh
npu npokanusaHuy (< 5%), copepxanus
cBoboanoro CaO ( < 2,5%) ¥ 1IeT0uHbIX
okeuioB (< 3%). [lepBbie nBa mokasare-
JIsL JUTSL MICTIOJIb30BaHHOM B HAILIMX HCCIIe-
noBaHMsX 3016l BypiteiHckoit TOC Ha-
XOASATCS Ha TPaHU JAOITYyCTHMOTO, OTHAKO
OIIBIT LIEMEHTHOTro 3aBoza B I.Hukonaes
(JIbBoBckast 0011.) CBHAETEIBCTBYET O
BO3MO)XKHOCTH  HCIIOJIB30BAaHMSI  ATOU
30JB1 B KaUueCTBE aKTHBHOI MHHEpallb-
HOH JOOABKH B LIEMEHT.

B xoze uccnenosanuii 3o5oconepxa-
mux [THB usMensnu coneprxkanue 307bl-
yaoc ot 30 no 50%, no6aBok — cymep-
mwiactudukaropos (CII) or 0,4 10 1%
U yaenbHOH moBepxHoctu oT 5000 1o
7000 cm*r. Onpenensiii HOPMAJIbHYIO
rycrory (HI') nemenra, ero mpouHocTs
Ha ckarhe (aKTUBHOCTb) M Ha M3rH0 B
Bo3pacte 2, 7 u 28 cyrok. Kpome 30ib1
U KIMHKEpa IIEMEHT COIepiKall TaKxkKe
10% nomenHoro muaka. I'paduueckue
3aBUCHMOCTH, WUIIOCTPUPYIOIIHE aK-
THUBHOCTb UCCJIEAYEMbIX LIEMEHTOB, IIPU-
BeJICHbI Ha puc. 1.

AHanu3upys UX, IPUXOIAUM K BEIBO-
Iy, 4TO yBEJIMUCHUE YICIbHON HOBEpX-
Hocru S cepime 5000 CM?%/T IPUBOIHUT K
POCTY aKTHBHOCTH LIEMEHTa BO BCE CTPO-
KU TBepzeHus. B wactHoCTH, N3MeHeHHe
S,, or 5000 x 6000 cM*T TPHUBOIHUT K
YBEJIMYEHHIO aKTHBHOCTH LIEMEHTa Ha
10-15%. OmHako mpu NpUOIYKEHUH S
K 7000 cm*/r HabnromaeTcs B OCHOBHOM
YBEJIMYEHHE DaHHEH NPOYHOCTH, a B
BO3pacTe 28 CyT. BO3MOXKHO JjaXKe HEKO-
TOpOE CHIDKCHHE aKTHMBHOCTH LIEMEHTA.
ITosToMy mOBBINIEHHAS JHMCIEPCHOCTH
BSDKYIIETo Iielecoo0pa3Ha TOJNBKO JUIs
obecriedeHHs BBICOKOH paHHEi Ipo-
YHOCTH.

[Ipu

CpaBHUTECIIbHBIX HCCJICa0-

BaHHSAX YCTaHOBJICHO, YTO H3 BCEX
CynepIuIacTH(UKaTOPOB  HAUOOIBIIYIO

AKTUBHOCTh  BSDKYILETO  OOECIIeuMIIo
HnpUMeHeHHe cynepruiactidukaropa mo-

nmkapOokcunataoro tuna Sika VC 225,
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yTO OOBACHSETCI €ro HaubobLIeH
BOJIOPEAYIIUPYIOIICH

OnTUMallbHBIA €ro pacxol B COCTaBe

CITIOCOOHOCTBIO.

HHB cocrasnsier 0,7%, 4to npuBOIUT
K POCTY aKTHMBHOCTHU B 22,2 pa3a BO Bce
CPOKH HpPH IPOYMX DPABHBIX YCIOBUSIX.
CynepmiacTuuKaTopbl  aKpUJIAaTHOTO
u HadranuHpOPMaIbIETHIHOTO THIIOB
MeHee G HEKTUBHEL
Takum o00pa3oM, HCIIONB30BaHHE
30JIbI-yHOC B KadeCTBE MHHEPAIHLHOTO
HAIIOJIHUTENS] IIEMEHTOB HU3KOH BOJO-
NOTPEOHOCTH TO3BOJISICT CHHU3HUTH CO-
Jiep>kaHue KiMHKepa B nemente 10 40%
u 00ecHe4ynTh NMPH ITOM MPOYHOCTH Ha
cxarue 10 60 MIla. Jlyis ymeHblieHUs
9HEpro3arpar INpH IOMOJE B COCTaB
KOMIUIEKCHOTO MOZAU(HUKATOpa TaKoro
LIEeMEHTa HapsiLy ¢ cynepIuiacTu(UKaTo-
POM BBOJMTCSI MFHTEHCU(HKATOP ITOMOJIA,
HaIrpuMep IPOIHICHIIIMKOIIb.
JlanbHeiilee CHIDKEHHE COIepiKa-
HUsS KJIMHKepa B nemeHTe (Hmke 20%)
BO3MO)XHO HPH 3aMeHEe 30JIbI-yHOC J0-

Rex,

MEHHBIM IIJAKOM U BBEJCHUH B COCTaB
KOMIUIEKCHOTO Mojudukaropa nemMeHTa
UHTeHCH(UKATOPOB TBepAeHHus — Qoc-
¢orunca u propraa KaabLusL.

HccnenoBanusi  MaJOKIMHKEPHOTO
nutakonopmianauementa (IITI) Opum
BBIIIOJIHEHBI C HCIIOJIb30BAHUEM Mare-
MaTH4YeCKOTO IUIaHHPOBAHUS OJKCIIEPH-
MeHTa. Peann3oBaH TpexXypOBHEBBIH
mstudakTopublii man Ha-5, ycmoBus
IUTAaHUPOBAHUSI KOTOPOTO IPUBEICHBI B
tad. 1.

ITocne o0paboTKM W cTaTUcTHYEC-
KOT'0 aHaJIn3a 3KCIIEPUMEHTAIbHBIX JaH-
HBIX I10JIy4€HbI MAaTEMaTHYECKHUE MOAEIN
BOJIOLIEMEHTHOTO OTHOLICHUS I JO-
CTH)KCHUS] CTAaHJApPTHOI KOHCHCTEHIIUH,
a TaKk)Ke aKTMBHOCTH IIEMEHTa B BO3pac-
Te 7 1 28 CyT. B BUJIE NOJMHOMHAIILHBIX
ypaBHeHH#l perpeccun. [paduueckue
3aBUCUMOCTH, WIIIOCTPUPYIONIHE BIIU-
SHHE TEXHOJIOTNYeCKHX (aKTOpPOB Ha
aktuBHocth LIIL] B BO3pacre 28 cyrt.,

IIPE/ICTaBIICHBI Ha pHC. 2.

Rex,
MIIa a) it O
65
—A—3=50%
-=0--3=40%
—o—13=30%
45 10
3000 6000 7000 5000 6000 7000
Syz oML Sy €MAT
Rex,
huy Rox,
MTIa iy
65 25
20 b ——
- 0=-3=40% 15 e
—0—13=30%
10
40 5
04 0.7 1 04 0.7 1

Sika, %

Sika, %

Puc. 1. Bausinue TeXHOJOIrH4eCKHX (PAKTOPOB HAa MPOYHOCTH 30JI0COAEPKALINX
IIHB Ha c:xatue B Bo3pacte 28 cyT. (a) u 2 cyT. (9)
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Ta6a. 1
VYenoBus IUIAHUPOBAaHMSI JKCIIEPUMEHTA
No 3HayeHus (paKkTopoB YpoBHU BapbHPOBAHUS Wnrepean
n/n BapbHPOBAHUS
HarypanbsHabie KoaupoBanusie 0 +1

1 ConepxaHue KIMHKepa,% X, 12 19 7

2 Conepsxanue ocdorurca B nepecuere Ha SO, % X, 3,12 4,67 6,23 1,55

3 ViensHast IOBEPXHOCTh, CM2/T X, 3000 4000 5000 1000

4 Conepxanue CaF,, % X, 1 2 1

5 Conepxanue C-3, % X, 0,5 1 0,5
mE2as
o232
02628
w2326
n2023

3235

23235 02932
92032 02629
a9 87126
u7326 2023
n023

Puc. 2. BiusiHue TeXHOJ0rH4ecKuX (PAKTOPOB HA AKTHBHOCTh MaJIoK/InHKepHoro IIITILI

AHanmu3upysi MpeJCTaBlICHHBIE Ha
puc. 2 rpaduKy, IPUXOOUM K BBIBOLY,
YTO TPH YBETUIEHUHU COAEPKAHUS KIIHH-
Kepa B MIPUHATHIX NpeeNnax BapbHpPOBa-
Hus aktuBHOcTh IIIII[ yBenuuuBaercs
Ha 10-15%. Takxe MO3UTHBHO Ha IIPO-
YHOCTH BIIUSIET YBEJIMUCHUE COIEPKAHHS
Jno6aBku (Topuia KajblMs, ONTHMAb-
HOE COJIEp)KaHHUE KOTOPOTO COCTaBIISET
1% or maccel nemeHta. JlanbHeiimee
YBEIMYEHHE €ro COJCp)KaHUS MPHUBO-
JMT K Crajy HPOYHOCTH OOpasloB, YTO

OOBSICHSIETCSI YBEIUYEHHUEM BOJOMOT-
pebroctu. Poct akTUBHOCTH HaOIO-
JaeTcs M TpH yBEIUUEHUH OO OIpe-
JIEIEHHOTO ~ ONTHUMAJIHOTO ~ 3HAYEHHs
YIeIbHOM NOBEPXHOCTH BsDKyILEro. s
BCEX COCTABOB BSDKYINETO YBEIHYCHHE
aKTUBHOCTU JIOCTHTAeTCAd BBEICHUEM
cynepIuiacTuduKaropa, yMeHbLIAIOLIe-
ro BoAONOTpeOHOCTh. ONTUMAIBHBIN
pacxoz cynepruiacTugukaTopa nojimKap-
GOKCHJIaTHOTO THIA B COCTAaBE BSDKYIIE-

ro cocraBmsieT 1%. YBennueHue conep-

xaHus pocdorunca no 7,5% (4,63 % y
nepecyere Ha SO,) MPUBOAMT K POCTY
aKTUBHOCTH BSDKYIIETO, HO JanbHeiIIee
€ro yBeIWYEHHE OTPUIIATENbHO CKa3bl-
BAETCs HA MPOYHOCTH.

B nmanHHO#t paGoTe ObUT BBIONHEH
PSLIL OTIBITOB 110 UCCIEA0BAHUIO BIUSHUS
yckopuTeneil TBepAeHHs Ha MpPOYHOCT-
HBIE XapaKTEPHCTHKU MITaKOMOPTIaH-
JIEMEHTa C pa3lUYHbBIM 3HAYCeHHEM
YOEIBHOW TOBEpPXHOCTU. Pesynbrarhl
HCCIIeI0OBaHUH PUBECHBI B Ta0I. 2.
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Biansinne yckopureseii TBepieHHs] HA IPOYHOCTh MaToKJIMHKepHoro LTI faon.2
Jlo6asKa Yzlenm;zgé 82]13\;}/):]{00“ YHBHBZ.":I)S(I) On(zli?/):nocn
Ne IIpounocts, Ml1a, IIpounocts, Mlla,
Bitx S:;i[{ig B npu u3rude [P CKATUH B npu u3rude NPH CKATUH
Mac.% 1 0
7 cyt. | 28cyt | 7cyr | 28cyr Teyt 28cyT TeyT 28cyT
1 | be3 nobaBok - 0,33 5,1 0,33 16,3 25,4 0,32 7,4 32,8 10,8 48,3
2 Na,SiF, 1,0 0,35 7,1 9,5 28,4 33,2 0,34 6,5 9,0 26,0 44,1
3 Na, SiF, 2,0 0,38 6,8 9,5 29,6 443 0,37 7.4 9,0 21 45,6
4 Na,SO, 1,0 0,36 5,6 9,6 20,2 40,8 0,34 8,6 10,8 26,6 48,3
5 Na,SO, 2,0 0,36 5,0 8,4 16,2 36,0 0,36 7.4 11,1 26,2 47,5
6 Fe, (SO, 1,0 0,34 5.4 8,9 17,6 40,5 0,34 7,7 10,1 27,6 46,7
7 Fe, (SO,), 2,0 0,36 52 8,8 13,4 21,8 0,36 6,5 11,2 24,2 42,1
8 CaCl, 1,0 0,31 4,0 8,2 15 23,6 0,35 5,1 9.9 16,5 41,8
9 CaCl, 2,0 0,32 4,7 8,6 22 23,4 0,36 5,1 10,0 26,0 41,3
10 FeCl, 1,0 0,34 4,9 8,6 19 23,8 0,34 9,2 10,2 31,4 45,1
11 FeCl, 2,0 0,35 4,7 8,9 19,2 19,7 0,36 8,1 10,7 29,2 47,4

TlomyuenHsle pe3ynsTaTsl yKa3bIBa-
10T Ha TO, NPH YBEIWYECHHU YIESIbHOU
nosepxHoctu HITILT or 3000-3200 cm?/r
10 4000-4500 cM?/T MPOYHOCTH YBEJH-
YUBaeTCS MOYTH B jaBa pasza. OnHaxo,
CYIIECTBEHHO YBEIHYHUTH IIPOYHOCTH
BSDKYIIETO C YAENBHOH MOBEPXHOCTEHIO
3000 cM*T MOXHO HCIIONB3YS YCKOPH-
tenmu TBepAaeHus. Haumbomee sddexrus-
HBIM YCKOPHTEIEM I MaJIOKIHHKEp-
HOT'O IIUIAKOTIOPTIIAHIEMEHTa SIBIISIETCS
kpemue(TopucThiil  Hatpuil (Na,SiF).
TIpodHOCTD BSDKYIIETO IPHU yBEIMYCHUH
ero coiepxkanus mo 2-% pacter Goiee

yeM B 1,5 pasa, HO JanpHelliee yBelu-
YEHUE COACpKAHUA NaZSiFé MIPUBOJIUAT
K CHID)KEHHUIO NPOYHOCTH, YTO CBSI3aHO
¢ yeeimmyeHuem B/Il. C yBenmdeHueM
yaenbHO#M moBepxuHoctr 10 4000 cm*/r
BIIMSIHHE YCKOpUTENeH TBepAcHHUs Ha
MPOYHOCTHBIE XapaKTEPUCTUKU BSIKY-
LIETO CTAHOBUTCS HE3HAYUTEILHBIM.

Ha ontumansHOM cocTaBe BSIKY-
LIET0 MCCIEI0BAIM BO3MOXKHOCTH I10-
Jy4eHUS  BBICOKONPOYHBIX ~ OCTOHOB.
3arnoyHUTENAMA  CIYXKWJIM TPaHUTHBIN
mebeHp ¢Qpakiun 5-20, a Takke KBap-

IIEBBIA TIECOK C MOAYJIEM KpPYIHOCTH

1,9 u conepxanueMm npumeceit 10 2%.
B xome wuccrnenoBaHuili ycTaHOBJIEHBI
ornrruManbHbie B/L v onpeneneHsr pusm-
KO-MEXaHUYECKUE CBOMCTBA MKECTKUX U
JMUTHIX OCTOHHBIX CMecell Ha OCHOBE 30-
nocoxpepxkamux L[[HB. IlpuBenennsie B
Tab1. 3 HEKOTOphIC PE3yJBTaThl CBUJIC-
TEJIbCTBYIOT O TOM, YTO IIPH pPacxoe
nemenTa 500 Kr/m® U conepKaHuH KINH-
kepa B BsKy1eM 40% MOXKHO MOJTyYUTh
TMUThIE OCTOHHBIE CMECH IPOYHOCTHIO
cepime 80 MIlla. VYmensHbllt pacxoxn
KIIMHKEpa B TakKOM OCTOHE COCTaBUT
Bcero 2,5 kr/MITa.

Taou. 3
IIpoyHocTh GeTOHA ¢ McNoOb30BaHUEM 30s10coaep:kamux [ITHB
5 IIpouHocTh OeTOHA Ha CXKaTHe,
Pacxon, kr/m MIT
Bunun TTonBM>XHOCTH 4, B BO3pacTe
B/
conepxanue CIT CcMecH, CM
I[IHB* KJIMHKepa 3 cyt. 7 cyT. 28 CyT.
500 200 0,27 Sika VC225, 1% PK=32 42,8 58,5 80.5
500 200 0,27 C-3,1% OK=3 36,5 49,5 64.8
500 200 0,27 Sika VC225, 0,7% OK=2 46,5 63,7 79,1

26

* — coctaB [IHB — niemenr :

30J1a : OUTaK Mpu cooTHomeHnn 4:3:1.




GISAP

BbiBoabI:

1. BoimonHeHHBIE — HCCIIEOBaHUS
TIO3BOJIMIIN YCTAHOBUTD, YTO TIPH 3aMEHE
60% LeMEHTHOTO KIMHKepa 30J10i-yHOC
U JIOMECHHBIM IINIAKOM B YCIOBHSIX Me-
XaHO-XMMHUYECKOH aKTHBALMH IIEMEHTa
BO3MOXKHO TIOTYyYHTh IIEMEHT HH3KOU
BOZIONIOTPEOHOCTH C AaKTHBHOCTBIO [0
60 MIla. B xagecTBe KOMIUIEKCHOTO MO-
nudukaTopa LEeMeHTa Lenecoodpa3Ho
UCTIONB30BaTh JI00aBKY, BKIFOYAIOILYIO
CynepruiacTu(uKaTop  MOTHKAPOOKCH-
JIATHOTO THIIA W MHTEHCH(UKATOP MOMONIA.

2. Ilpn ymeHbIIEHHH COIAEPIKaHUS
kiauHKepa 10 10...12%, 3amene 307bI-
YHOC JIOMEHHBIM IIJJAKOM ¥ IPUMEHEHUH
WHTCHCH(UKATOPOB TBEPACHUS MOXKHO
MOJyYUTh NITAKOMOPTIAHALIEMEHT C aK-
TUBHOCTHIO cBhime 40 MIla. OnTumans-
HBIMH XHUMHUYECKHMH Moaudukaropamu
— HHTeHCU(UKaTOpaMK TBEPIACHUS Ma-
JIOKJIMHKEPHOTO IILIAKOTIOPTIIaHIEMEH-
Ta, ABISIOTCS (DTOPHUJ KaNbIHA U KPEM-
HE(QTOPUCTHIN HATPHIA.

3. Hcnonb3oBaHKe TPEATONKEHHBIX
BBICOKOHATIOTHEHHBIX I[EMEHTOB II03BO-
JSIeT CHU3WUTH YAENbHBIA PAcXox KIIHH-
kepa B OetoHe no 2,5..3 xr/Mlla, uro
CYIIECTBEHHO HIDKE, YEM ISl HCIIOIb3Y-
€MBIX ceifuac 1IeMEHTOB.
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THE SYSTEM OF MULTIFUNCTIONAL COMMUNICATION KNOTS
IN AN URBAN ENVIRONMENT. THE ROLE OF COMMUNICATIONS
AND THEIR COMPACTNESS IN THE COURSE OF OPTIMIZATION
OF THE SYSTEM’S STRUCTURAL FRAMEWORK'’S FUNCTIONING

A. Liventseva, Postgraduate Student

Voronezh State University of Architecture and Civil Engineering, Russia

The article deals with the influence of the all-system principle of compactness in development of the city’s functional and spatial
structural framework and in particular the system of urban environment’s multifunctional communication knots. The tendency of
transition from monocentric to polycentric placement of town-planning focuses is stated in details. The dependence of the system’s
general purpose’s effective realization — satisfaction of all modern society’s requirements with minimization of expenses — from reduction
of its communication component is stated in the article as well.

Keywords: architectural communications, cityfunctional structural framework, cityspatial structural framework, town-planning
center, town-planning focus, multifunctional communication knot, city planning.
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oday scientists with
frequency  speak
predominating role of the person — an

increasing
about a

individual and the society — as a whole
in the system of scientific knowledge of
absolutely different areas. The similar
tendency is natural for the town planning
theory as well.

Leading town-planning
were one of the first in the scientific
world to indicate the need for creation
of such an environment of activity
that would be capable to satisfy all
modern society’s requirements to which
such lines as “the increased mobility,
information sociability, aspiration to

theorists

more difficult and various types of work,
to more differentiated communications
and to pastime intellectualization” [1,
24p] are natural.

One of the ancestors of the system
methodology’s of town-planning objects
formation G.I. Lavrik introduced the
new object of research in his works

— Demoecosystem, as the system
consisting of such components, as
population,  artificial  environment

(town-planning systems) and natural
environment. Thus “in interaction with
the environment the population defines
the behavior of the demoecosystem,
so the “human” criterion has to be the
leading one instead of technical, being
the criteria of optimality” [2, 24p].

In order to consider the influence
of the modern society characteristics
on a tendency of town-planning objects
formation the system of multifunctional
communication knots of the urban
environment was chosen.

28

The Multifunctional Communication
Knot (MCK) is the comprehensive
territorially localized component of the
demoecosystem’s artificial environment.

All MCKs fulfill production and
communication functions.
Components of any MCK can be

divided into spatially localized (fig. 1)
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Fig. 1. Spatial localized components of MCK of an urban environment
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Fig. 2. Functional localized components of MCK of an urban environment
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and functionally localized (fig. 2).

The similar division of town-planning
object into components makes possible
to see the detailed idea of each separately
taken MCK’s structure. Nevertheless it is
necessary to understand that considering
not any compound territorial fragment of
the city, but an urban environment as a
whole, directed by its functioning to the
population’s requirements satisfaction,
we are compelled to speak not about
the separate nodal space of the city, but
about the system of MCK of an urban
environment.

In 1939 H. Hoyt noticed the
development of polycentric tendency
in the course of formation of the city’s
new functional focuses. He wrote
that the new business centers develop
outside the central business region in a
peripheral zone of the city. Centers are
usually located directly or near suburban
railway stations, stations of underground
transport ways or the subway, in points of
intersection of radially and crossing tram
lines, and also in points of intersection of
the main automobile highways [3].

In Russia scientific works in area
of transition from monocentric to
polycentric development of the structure
of functional focuses were started in 70s
of the XX century. A.E. Gutnov wrote
in his work about “the changes in the
city geography” [4]. Research team led
by Z.N. Yargina in details stated the
principle of an urban environment’s
transition from monocentric structure to
the polycentric structure. So, according
to their researches, a compact kernel
form historically inherent for the city,
in modern town planning takes the form
The latter
specified form is expressed in formation

of “multinukernel lattice”.

of structural framework of nodal spaces
instead of the only city center. It doesn’t
mean the elimination of the city’s
historical center, but its inclusion to “the
system of the city centers” [5].

It is important to note that along
with other compound components of an
urban environment, the intensification of
all their functional processes is natural
for MCKs. This makes the studying of
these town-planning objects’ principles
formation prime in the list of works
specialized in the area of the city’s
functional and spatial development.

According to the designated tendency

of all modern cities, authors of this work
offer to consider the system of MCKs of
an urban environment that consists of
three levels: nodal spaces of the “city”
level (for them the city zone of influence
is peculiar — functional processes satisfy
the needs of the entire city population);
nodal spaces of the “district” level (the
territorial zone of influence covering
the city district); nodal spaces of the
(quarter)” (the
territorial zone of influence of their

“microdistrict level
functional processes is limited by the
space of the city microdistrict or block)
(Fig. 3).

The revealed hierarchical structure
is optimum and sufficient for its further
application in practice of town planning
for formation of functional and spatial
structural framework of an urban
environment MCKs system.

For the system of the city MCKs
which, in turn, is a subsystem of an urban
environment, the same purpose as for the
latter (satisfaction of the population’s
in the shortest
with minimization of expenses (labor,

requirements terms
time, territorial and other resources)) is
inherent.

Considering the main objective
of the MCK system it is necessary to
pay special attention to the condition
designated in it — minimization of time
expenses.

Each MCK and the MCK system as
a whole have to be organized in a way
that transfer of material, informational
and energetic components of the system
would be carried out in the shortest
possible period.

Practice of modern town-planning
design and implementation of the
projects reflects the objectively existing
regularity:

C — min,

where C — communication processes.
Thus the
communication processes

main difference of
from the
normalized is that their qualitative and
quantitative definiteness depends on
the spatial organization of the system
and placement of normalized kinds of
activity. Intensity of transfer of materials,
informational and energetic components
of the MCK system is subordinated to
the spatial organization of the system’s
framework. In this case the all-system

principle of compactness can be applied.
The achievement of compact decision
is possible only in one case, when the
following conditions are realized:

P,—Pg; P, — const; C,— min,

where, P, — the actual (design) indicators
of “1” kind activity of the normalized
(production) processes;

P, — the standard parameters of
“i” kind activity of the normalized
processes;

C, - indicators of

1331}
1

kind activity of
the communication processes.

When “P” design indicators are
closer to normal ones and the costs of
communications are lower, the decision
is more compact.

System placement of MCK in space
of an urban environment allows reducing
time expenses on transfer of materials,
informational and energetic component
of the system.

According to G.A. Zablotskii the
compactness criterion “is the main
exponent of the systems’ functional
objective
nature of any system’s aspiration (city,

perfection, reflecting the
agglomeration or a local system) to
concentration under the influence of
spontaneous tendency to reduce time or
energy expenses for communications...
The thus,
corresponds to the minimum of costs

maximum  potential...,
for communications and defines the
central role of this element in the general
system” [6, 27, 32 pages].

The reasonings stated in this article
allow making a conclusion on prospects
of application of system methods in
formation of town-planning objects,
in particular the system of MCKs of
an urban environment. The use of this
methodology allows reaching the most
effective functioning of separate town-
planning objects and as result an urban
environment as a whole, and to satisfy
requirements of the modern society in
the shortest period.
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MULTIFUNCTIONAL COMMUNICATION KNOT
OF THE «CITY» LEVEL

ETC)

DISTRICT

CARS, ETC.

LEVELS

IMPFORTANCE, ETC,

o

e

-
MICRODISTRICT (QUARTER)

THE NON-FRODUCTION SPHERE'S SPATIALLY LOCALIZED K1

ENOT CAN BE COCINTRATED IN SUCH BUILDINGS AND OS{ECTS AS:
- CONCUMER SERVICE: LOCAL CONSUMER SERVICE'S BUILINNGS AND OSIECTS OF SUICROMNSTRICT (QUARTER) ISMINORTANCE, FTC;

- CULTURE ANT} EDUCATION: LOCAL CULTURAL AND EDUCATRONAL ENSTITUTIONS OF MICRODISTRICT (QUARTER] IMPORTANCE, ETC,

- SPATIALLY LOCALIZED ON THE INTERSECTION OF ONE OR MORE EXTERNAL AND CITY TRANSPORT
COMMUNICATIONS (TRANSPORT TRANSFER POINTS WITH STATIONS OF EXTERNAL AUTOMOBILE, AIR,
WATER, RAILWAY TRANSPORT, INTERSECTIONS OF THE «CITY= LEVEL'S TRANSPORT COMMUNICATIONS,

+ SPATIALLY LOCALIZED ON THE INTERSECTION OF TWO OR MORE CITY TRANSPORT
COMMUNICATIONS (INTERSECTIONS OF THE «CITY = LEVEL'S TRANSPORT COMMUNICATIONS, ETC.).

THE PRODUCTION SPHERE'S SPATIALLY LOCALIZED ELEMENTS OF THE «CITYs LEVEL'S MULTIFUNCTIONAL COMMUNICATION KNOT CAN BE

sumwcmnnnrr RESEARCH CENTERS, ADMINISTRATIVE AND GOVERNMENTAL BUTLDENGE OF RECIONAL AND CITY EMPORTANCE, ETC,;
- ENERGETICS: RECIONAL AND CITY INDUSTRIAL ENTERFRISES IN THE SPHERE OF FOOD PRODUCTION AND PFOWER RAW MATERIAL PRODUCTION FOR
DQUIPMINT ANID CARS, ETC

THE NOK-PRODUCTION SPHERE'S SPATIALLY LOCALIZED ELEMENTS OF THE «CITYs LEVEL'S MULTIFUNCTUONAL COMMUNICATION KNOT CAN BE
CONCENTRATED IN SLUCH BUILINNGS AND OBJECTS AS:
- CONSUMER SERVICE: CONSUMER SERVICE'S COMPLEXES OF BUILIMNGS AND O8] ECTS OF REGIONAL AND CITY IMPOKTANCE, ETC:
- CULTURE AND EDUCATION: CULTURAL AND EDUCATIONAL INSTITUTHONS OF REGIONAL AND CITY IMMORTANCE, ETC.

- RRCREATION: RECREATIONAL COMPLEXES OF BUBLINNGS AND-OBECTS OF REGIONAL AND CITY IMPORTANCE. ETC

MULTIFUNCTIONAL COMMUNICATION KNOT
OF THE «DISTRICT» LEVEL

= SPATIALLY LOCALIZED ON THE INTERSECTION OF ONE OR MORE CITY AND DISTRICT TRANSPORT
COMMUNICATIONS (TRANSPORT TRANSFER POINTS OF INTRACITY TRANSPORT, INTERSECTIONS OF THE
«DISTRICT = LEVEL'S TRANSPORT COMMUNICATIONS, ETC.);
- SPATIALLY LOCALIZED ON THE INTERSECTION OF TWO OR MORE DISTRICT TRANSPORT
COMMUNICATIONS (INTERSECTIONS OF THE «DISTRICT» LEVEL'S TRANSPORT COMMUNICATIONS, ETC.).

THE FRODUCTION SPHERE'S SPATIALLY LOCALIZED ELEMENTS OF THE «DISTRICTs LEVEL'S MULTIFUNCTIONAL COMMUNICATION KNOT CAN BE
CONCENTRATED IN SUCH BUILINNGS AND OBJECTS AS:
- MATERIAL PRODUCTION: INSTRICT INDUSTRIAL DEPARTMENTS WITH PRODUCTION OF EQUIFPMENT, TECHNICS, ¥ ARKNLS OB1ECTS £TC;

- SCIENCE AND GOVERMENT: RISEARCEH CINTERS AND LAIMMATORES, ADMINISTRATIVE AND GOVIRMINTAL BURLINNGS OF INSTRICT INIPORTANCE, ETC,

- ENFRGETICS: INSTRNCT INDUSTRIAL DEPARTMENTS IN THE SPHERE OF FOOT PRODUCTION ANTI POWER RAW MATERIAL FPRODUCTION FOR FOLIPMENT AN

THE NON-FRODUCTION SPHERE'S SPATIALLY LOCALIZED ELEMENTS OF THE «INSTRICT» LEVELS MULTIFUNCTIONAL COMMUNICATION KNOT CAN BE
COCENTRATED IN SUCH BUILDINGS AND OBJECTS AS:
- CONCUMER SERYICE: CONSUMER SERVICES COMPLEXES OF BUILINNGS AND OBECTS OF DETRICT IMPORTANCE. ETC;
- CULTURE AND EDUCATION: CULTURAL AND EDUCATIONAL INSTITUTIONS OF INSTRICT IMINOETANCE, ETC;

- RBCREATION: RECEEATIONAL COMPLEXES OF BUTLINNGS ANTHOBMECTS OF DISTRICT IMPORTANCE. ETC.

MULTIFUNCTIONAL COMMUNICATION KNOT
OF THE «MICRODISTRICT (QUARTER)» LEVEL

OF THE

- SPATIALLY LOCALIZED ON THE INTERSECTION OF ONE OR MORE DISTRICT AND MICRODISTRICT
(QUARTER) TRANSPORT COMMUNICATIONS (TRANSPORT STOPS, INTERSECTIONS OF THE
«MICRODISTRICT (QUARTER)s LEVEL'S TRANSPORT COMMUNICATIONS, ETC.);

- SPATIALLY LOCALIZED ON THE INTERSECTION OF TWO OR MORE MICRODISTRICT (QUARTER)
TRANSPORT COMMUNICATIONS (INTERSECTIONS OF THE «MICRODISTRICT (QUARTER)= LEVEL'S
TRANSPORT COMMUNICATIONS, ETC.).

THE FRODUCTION SPHERE'S SPATIALLY LOCALIZED ELEMENTS OF THE «MICRODESTRICT {QUARTER)s LEVEL'S MULTIFUNCTIONAL COMMUNICATION KNOT
CAN BE CONCENTRATED IN SUCH BUNLINNGS AND ORJECTS AS:
- MATERIAL PRODUCTION: LOCAL MICRODISTRICT ¢QUARTER) INDUSTRIAL DEPARTMENTS AND WORKSHOPS WITH FRODUCTION OF EQUIMMENT, TECHNICS,
VARKWS OBIECTS, ETC

= SCHENCE AND GOVERMENT: LOCAL EESEARCH LABORATORIES, ADMINISTRATIVE AND GOVERMENTAL BUILINNGS OF MICRODHSTIICT {MUARTER)

« ERERGETICS: LDCAL MICROINSTRICT 00U ARTER) INDUSTRIAL DEPARTMENTS IN THE SPHERE OF FOOD FRODUCTION AND POWER RAW MATERIAL PRODUCTION
FOR BQUIPMENT ANI CARS, ETC.

RICT (QUAKTER)s LEVEL'S MULTIFUNCTIONAL COMMUNICATION
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KOJIMCIIEPCHBIX KOMIIO3UTOB. Kitaccupukamus pasnenserT BOIOKHA
Ha NPUPOIHbIE U HCKyCCTBEHHBIC. B cBOIO odepens NMpUpOIHEIE BO-
JIOKHA Pa3eNsAoTCs Ha OPraHW4eCKUe >KUBOTHOTO M PAaCTUTENBHOIO
MIPOUCXOXKICHU U MHHEpalbHble U3 IPUPOAHBIX CHIMKAaTOB. Bomok-
Ha MCKYCCTBEHHBIE MOJpPA3/ENATCS Ha MOIMMEPHbIE CMELIAHHbIE U
MHHepanbHble. [IpuBeneHBl pexoMeHIyeMble O0TacTH MPUMEHEHUs
Pa3NINYHBIX BHIOB apMUPYIOMINX JOOABOK.

HBIC CMECH, MPOYHOCTHBIC ITOKa3aTeIu, I[eCl:)OpMaTI/IBHBIe Xapakrepuc-
THKH, IPUPOAHBIC U MCKYCCTBCHHBIC BOJIOKHA, OPraHUYCCKU U MHUHC-
PpaJIbHBIE BOJIOKHA, ITOJIUMEPHBIE BOJIOKHA.

KJIACCUDUKAIMS IOBABOK JIJIS
APMUPOBAHMS MEJIKOAMCITEPCHBIX
KOMIIO3UTOB

3aropozHiok JI.X., KaH/. TeXH. HayK, JOLEHT
laxapua M., acnupant
[exuna A.O., acnupant
benroponckuii ['ocynapcTsenHslil TexHOTOrHYECKUH yHUBEPCUTET
uM. B.I". IllyxoBa, Poccus

Paspaborana knaccudukanus J0OaBOK Ui apMHPOBAHUS Mell-

KuioueBble cj10Ba: apMUpYIOLINE BOJIOKHA, OETOHHBIC U PAacTBOP-

Y4uacTHUKH KOH(EPEeHIHH,
HauunoHansHOro nepBeHCTBa M0 HAyYHOH aHAIUTHKE

| &os¥®S Digital Object Identification: http://dx.doi.org/10.18007/gisap:tsca.v0i5.1029 |

MHpOBoﬁ OINBIT CBUIETEIbCTBYET,
YTO MNEpPCIEKTUBHBIM Halpasie-
HUEM B COBPEMECHHOM CTPOMTENILCTBE
SBIISETCS. MHKpPOapMHUpOBaHHE OeTo-
HOB M KOMIIO3UIIMOHHBIX MAaTepUaloB.
JlucnepcHoe apMHpOBaHHE WM apMU-
pOBaHME HENPEPHIBHON BOJIOKHUCTOM
apMmatypoil obecneunBaeT TpeXMepHOe
YIpPOUYHEHHE KOMIIO3UTOB M MO3BOJSAET
NPUHIMINAIBHO M3MEHSATh CBOWCTBA
LIEMEHTHOIO KaMHS U JPYIHX BUAOB UC-
KyCCTBEHHBIX KOMIIO3UTOB, 00ecIedn-
Bas UM BBICOKYK TpPEHIMHOCTOHKOCTD,
HOBBIIIAs. CONPOTUBIIEHHE YIApHBIM HU
JUHAMUYECKUM Harpys3kaMm, CO37aBas
HeoOXOUMBII1 3arac MPOYHOCTH, COXpa-
HSSl LIEJIOCTHOCTh KOHCTPYKLIUH, Aaxe
Hocje MOSBICHUS CKBO3HBIX TPEILUH,
HOBBICUTh a0pa3suBHBII HM3HOC, TPEno-
TBPATUTh OTCJIAUBAHUE MOBEPXHOCTU U
T.J4. BblcokoaucnepcHble BOJIOKHUCTBIE
HAIOJHUTEIIU B IEMEHTHBIX KOMIO3UIY-
SIX OKa3bIBAIOT MOJIOXKUTEIBHOE BIUSIHUE
Ha TIPOIIECCHl CTPYKTypooOpa3oBaHus, B
pe3yibTaTe COBMEILEHHS MUKPOapMUpY-
IOLIET0 BOJIOKHA M MaTpUIbl IEMEHTHO-
TO KaMHs 00pa3yeTcs IOIOIHUTENEHBIH
KOMILJICKC CBOMCTB KOMIIO3UTA, KOTOPBI-
MH H30JIMPOBAaHHBIE KOMIIOHEHTHI He 00-
JIaJlako0T; TaK, HAJIM4Ue FPaHUIbl pa3aena
MEXIy apMHPYIOIIUMH 2JIE€MEHTaMH U
LEMEHTHOH Marpuleil CyIiecTBEeHHO
HOBBIIIAET Je(OopMaTHBHBIE CBOMCTBA

Matepuana. Kpome Toro, HCIob30BaHUEe

MHKPOapMHUPYIOIINX BOJIOKOH ITO3BOJIS-
€T TI0JIy4aTh TOHKOCIOWHBIE KOMITO3UTHI
¢ TpeOyeMBIMH TEXHOJIOTHYECKUMH H
9KCIUTyaTaIl[MOHHBIMU CBOHCTBaMHU.
Hcropust WCTONb30BaHUS apMUpy-
IOIINX BOJIOKOH BOCXOAUT M3 ITyOHHBI
BekoB. CaMble JIpeBHHE KHIMIIA (3eM-
JISIHKU, XW)KUHBI) BO3BOIMIINCH U3 TPYH-
Ta C WCHOJIb30BAHUEM PACTHTEIIBHBIX
apMHpPYIOIINX BOJOKOH B 3aBUCHMOCTH
OT reorpau4eckoro HaxOKAEHHsS (Ka-
MBI, TPYTHEB, MAIBMOBBIX JIHCTHEB
1 1.1.). C pa3paboTKO#l CTEKISTHHBIX BO-
JIOKOH TIOSIBHJICST  CTeKIIopuOpoOeToH,
SIBIISIFOINUICS ~ albTepHATUBON  (hUOpo-
Oetony. lcmonp3oBaHHE apMHPYIOMINX
BOJIOKOH B KOMIIO3UTax OOeCIeunBaeT
BBICOKHE (DU3MKO-MEXaHWYECKHe, Jie-
(opMaTHBHBIE M  OKCIUTyaTallMOHHEIE
CBOMCTBA 3JaHUSM U COOPYXEHHSIM.
B 3arBepneBmIMX PacTBOpax HCIIOIB30-
BaHHE apMHPYIOIINX J100aBOK yBEIUIH-
BAaeT INpeAeN HMPOYHOCTH IPH PaCTSDKe-
HUM U Cpe3, yIapHyI0 H yCTaJOCTHYIO
MIPOYHOCTb, CHIYKAET yCamouHbIe nedop-
MaluH, NPeJoTBPaIlaeT TPeIMHOoOpa-
30BaHHE, YBEIMYHMBACT HIIACTHYHOCTH,
CONPOTHBIICHHE yHapy W HCTHPAHUIO,
MOBBIIIAET MOPO30CTOHKOCTh, BOAOINPO-
HunaeMocTs [1]. B Hacrosimee Bpems B
CTPOUTENILCTBE HAXOMUT IpPUMEHEHHE
UIMPOKHUU CHEKTP PAa3JIMYHBIX TPUPOI-
HBIX U HCKYCCTBEHHO CHHTE3UPOBaHHBIX
apMHpPYIOIINX BOJOKOH, OPraHMYEeCKUX

¥ MUHEPAIbHBIX, BBOJUMBIX B COCTaBbI
0CTOHOB W CTPOUTENBHBIX PAcTBOPOB
JUISL JTUCTIEPCHOTO apMHUPOBaHUS CTPO-
WUTENBHBIX KOHCTPYKIHUI WM Pa3IUYHBIX
KOMIO3UIIMOHHBIX CTPOUTEIHHBIX Mare-
pHAJOB Ui YIYYIICHUS UX CTPOUTEIb-
HO-TEXHHYECKHX M DKCIUTyaTallMOHHBIX
cBOMCTB. Bce m3BecTHBIE B HacTosmIee
BpeMsl apMHUPYIOIIHE BOJOKHA MOXHO
KJIaCCU(UIUPOBATH CIEIYIONIMM 00pa-
30M: Ha JIBE€ OCHOBHBIE TPYIIBI — MpPH-
POJIHBIC M UCKYCCTBEHHBIE (pHC. 1).
IIpuponubie 106aBKU B 3aBHCUMOCTH
OT UX IIPOUCXOXKICHUS] MOXKHO IOJIpasie-
JIUTh HA OPTaHUYECCKHE U MUHEPAJbHBIC.
I'pynma opraHn4YecKUX BOJIOKOH, B CBOIO
ouepenb, MOApa3IeNseTcss Ha MOArPyIl-
bl PACTUTEBHOTO M YKHBOTHOTO TPOWUC-
xoxaenust. [loarpyrnma BOIIOKOH pacTu-
TEJILHOTO TPOUCXOKACHUS, COCTOSIINX
WX MOJCKYN IEJUTIONO3bI, MPHUCYTCTBY-
IOIeH B pacTEHUM pa3JelisieTcsl Ha Bbl-
COKOMOJIEKYJISIPHYIO 1I€JUTIONIO3Y, Haxo-
JIIYI0CS B 00OJIOYKE CEMSH(XJIOMOK),
cTeOneil pacTeHuii (JIeH, MeHbKa, JDKYT,
keHagd),
cu3anb, IOKKa, (opMuym),

JUCThEB pacTeHmit (abaxa,
obomouxe
wionoB (koid, kamok). B moarpymmy
BOJIOKOH KHBOTHOTO MPOHCXOXKICHHS,
COCTOSIIIINX M3 MOJIEKYIT Oelika KepaTHHa,
OTHOCSITCS: )KHBOTHAsSI IIEPCTh, KOHCKHUI
BOJIOC; a U3 MOJIeKyn Oenka ¢uOponHa,
TMOJTyYAFOLIMXCSL [IPH BBIJICIICHUH JKelle3
LISNIKOTIPA/IA, MOJMYYaloT HaTypalbHbIC
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Puc. 1. Knaccupukauus apMupyomnx 100aBok
BOJIOKHA IIENKAa M3 TYyTOBOTO MIM Ay0O- KYIO 3IacTHYHOCTh. BOIOKHA MMEIOT Bce BBINICNIEpEYHCIICHHBIE  HEJO-

BOTO LLIEJIKONPSAA.

ITpupoaHbIE OpraHUYECKHE BOJOK-
Ha JIaJICKO HEe HOBBIA BHJI apMHPOBAHUS
CTPOMTENBHBIX MaTepuasioB. IIpumene-
HHE BOJIOKOH B CTPOMTENIBCTBE H3BECT-
HO JIaBHO C APEBHEHIINX BpEMeEH, mep-
BOHAYaJbHO 3TO OBUIM PACTUTEIbHBIC
BOJIOKHA: IaJbMOBBIC JIMCThs, CH3allb,
JDKYT, HEHbKa, keHad), coigoma, M T.JI.
OTH BOJIOKHA OTHOCATCS K HPHPOIHBIM
OpraHM4ecKuM. I'pymnma MHHEpalIbHBIX
BOJIOKOH BKJIIOYaeT IPUPOAHBIC BOJIOK-
HHCTBIC MHHEPAJIbl: XPH30THI-acOecTo-
BbIC, BOJUIACTOHUTOBBIC, 0a3albTOBBIC,
CEepIICHTHHO-MarHe3UTOBbIe.  BoslokHa
XPHU30THII-acOecTa YCHEIIHO BBINOIHSICT
POJIb apMHUPYIOLIEro 3JIEMEHTa LIEMEHT-
HOTO KaMHs B aCOECTOLIEMEHTHBIX H3/1e-
usx. ITo cTpykType Xpu3oTmi-acbect
— KPUCTAJUIMYECKHH MHHEpall C SPKO
BBIPQKCHHBIM BOJIOKHHUCTBIM CTPOCHH-
eM. Kaxmoe KpUCTallIM4eCKOE BOJIOK-
HO XpH30THII-achecTa COCTOMT, B CBOIO
odepelb, U3 OTPOMHOIO YHCIa Mapal-
JIENIBHO  PACIIOJIOKEHHBIX ~ TOHYAHIIHX
9JIEMEHTapHBIX KPHUCTAJUIOB-BOJIOKOHEI
(pubpmm).
BBICOKYIO IIPOYHOCTh Ha Pa3pbIB IO OCH

Xpuzotuia-acoecT UMeeT

BOJIOKHUCTOCTH H JOCTATOYHO BBICO-

MOBEPXHOCTHBIH CJIOW W3 T'MAPOKCHIIb-
HBIX TPYII, COCANHEHHBIX CO CMEKHBIM
BHYTPEHHHM CJOEM M3 HOHOB MarHus,
YTO MPUJACT IIOBEPXHOCTH BBICOKYIO aJi-
COpPOLIMOHHYIO CIIOCOOHOCTB, a C BOJOIL
JIeTKO 00pasyeT CyCHeH3HIo, 4To obec-
[ICYMBACT BBICOKYIO TEXHOJIOIHYHOCTb
JTAHHOTO apMUPYIOLIETro Marepuana [2].
Oco0blii MHTEpeC B MOCICAHHE TOIbI
nproOpe NPUPOAHBIE MHUHEpPAJIbHBIC
BOJIOKHa Ha OCHOBe Ga3anbroB. basanb-
TBI 110 XMMHYECKOMY U MHUHEpaJIoruyec-
KOMY COCTaBY OTHOCSATCS K DKCTPY3HB-
HBIM MarMaTH4eCKHM OPHBIM TIOPOJaM.

Heo0XomMMo OTMETHTh, YTO HCKYC-
CTBEHHO CHHTE3HPOBaHHAsl MOJHIIPO-
MMWJICHOBas M CTEKIsHHas (uodpa 1o
CBOMM XapaKTEPHCTHKAaM CYIICCTBEHHO
ycrymatoT 6azaneroBoit guOpe. K wmx
OCHOBHBIM  HEJIOCTATKaM  OTHOCSTCSL:
neopMHUPYeMOCTh Jake HpH HeOob-
IIMX Harpy3Kax pacTSDKEHHs; ObICTpOe
CTapeHue, TO €CTb yTpara CBOWCTB C
TEYCHHEM BPEMCHH; MOJBEPKCHHOCTb
TOPEHHUIO TIPU BO3JCHCTBHU OTKPBITOIO
[UIAMEHH; PAa3IUYHOE OTHOCHTEIBbHOE
YAJIMHCHUE TOJUMEPHON M CTEKJISHHOI
(GuOpbl ¥ LIEMEHTHOTO KaMHS; BBICOKAs
CTOUMOCTb.

CTaTKH IIOJIHOCTBIO OTCYTCTBYIOT Y
0azanproBoil  QuOpE.. C mMOsBICHUEM
6a3aJITOBOTO BOJIOKHA HEZIOBEPHE K JIHC-
MIEPCHOMY apMHUpPOBAHHUIO IIOCTEIICHHO
ucyesaer. HeOompiias no0aBka 0as3aiib-
TOBOH (UOPBI 3HAYMTEIBLHO yBEIHMYNBA-
€T CONPOTUBJICHHE LEMEHTHOTO KaMHs
n3rubaroim Harpyskam. IIpu aTom mo-
BBIIIAETCS JIOJTOBEYHOCTh Marepuala,
CHIKAIOTCSL ycalouHble Jedopmarmy,
npefoTBpamiaercs obpasopanue aedop-
MAalOHHBIX ~ TPCIIMH  BO3HUKAIOLIMX
BCIICZICTBUE MEXaHHYECKOro Bo3jeiic-
TBHSL WIM YCaJK{ IIPH 3aJIUBKE IIOJIOB,
YCTPOMCTBA CTSDKKM WM TIPH 3alIMBKE
B OHalTyOKy, 3HAYUTEIBHO BO3pacTacT
ylapHasi BS3KOCTb, yBEIMYHUBACTCS MO-
PO30CTOMKOCTh, OOECIeYrBaeTCsl BbI-
COKasi OrHecToWKocTh. Mcmonb3oBaHUEe
0a3aJIbTOBBIX BOJIOKOH IO3BOJISIET M30e-
KaTh TPYIOEMKHX OINEpalyil 1o apMHu-
pPOBaHHMIO, a TaKke OOCCIICYHUTH BBICO-
Ky YIapolpO4HOCTh ITOBEPXHOCTHOTO
CII0st M3/ienHil. YIIOTHEHHE OBEPXHOC-
THOrO cjos OeToHa, obecreynBaeMoe
IIPY BHECEHUH MHKPOBOJIOKOH, CHHKACT
MIPOHMIIAEMOCTb BEPXHEro ciosi GeToHa
B 8-10 pa3, MPOHUKHOBEHUE BJIArH W Ia-

POB KHUCJIOT IIPU 3TOM OTI'PaHHUYINBAIOTCS
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2-3 mm. CTpouTeibHbIC KOHCTPYKLIUH U3
0cTOHA, apMHUPOBAHHOTO 0a3aJbTOBBIM
BOJIOKHOM, 0COOEHHO 3()(eKTUBHBI JUIS
HCIIONB30BAaHUSl B PETHOHAX C BBICOKOU
celicMuueckoil HecraOmiIbHOCTBIO. Be-
TOH ¢ 0a3anbToBOi GUOPOH HIMPOKO HC-
HOJIB3YETCSl B TUAPOCOOPYKEHHSX, MPU
BO3BE/ICHUH MOCTOB U METPOIOJIUTEHOB,
IIe¢ HeoOXOIMMa IOBBINICHHAS YCTOM-
YHBOCTh K IPOHUKHOBEHHIO aHTHOOIE-
neHsronmx coneil. basamsroBas ¢udpa
yCTOIuMBa K IIENT0YaM M OONBIIUHCTBY
XUMHUYCCKHUX BEIICCTB, MPUMCHICMBIX B
MPOU3BOJICTBEHHBIX IPOIIECCax.

Bce a10 packpeiBaeT nepen qucrep-
CHO apMHUPOBaHHBIMHM MaTepHalaMH U3
0a3anbTOBOM (UOPHI HOBBIC O0ONACTH
NpUMEHEHHs, a TaK)Ke I03BOJSIeT 3Ha-
YUTEIbHO YMEHBUIMTH OOLIyI0 Maccy
CTPOUTENIBHBIX KOHCTPYKLIHH 3a cder
YMEHBIIICHHS CEUCHHSI TIPH HEU3MECHHBIX
HNPOYHOCTHBIX MOKA3aTeIIX. ITO MOXKET
SIBUTHCSI JIOTIOJTHUTEIILHBIM apTyMEHTOM
B I0Jb3y JAUCIEPCHOIO apMHPOBaHHMS
[IEMCHTOB, OETOHOB Pa3JIMYHBIX BUJIOB:
NEHOOETOHOB, MOJUCTHPOJIIOETOHA, Psi-
JIOBLIX OETOHOB, OETOHHBLIX U JKEJIE30-
pacTBopoB
pa3IMYHOrO Ha3HAYEHUs, TeM OoJiee YTo

OETOHHBIX  KOHCTPYKLUH,
OIHOBPEMEHHO PEIIAIOTCS  MPOOIEMBI
CTPOUTENILCTBA Ha ClIAOBIX TpyHTax, a
TaKXe BONPOCHl 3KOHOMHH CBIPbEBBIX,
SHEPreTUYECKUX U TPYIIOBBIX PECYPCOB.

Bosnactonut — npuponuslii cunukar
KaJbLys, MOJK/IAacca LEeNOYeUHbIX CHIIU-
KaTOB, PAaCTeT KaK UI0JIbYaThIi KPUCTAILI
U COXPaHsET ATy UrOJIBYATYI0 CTPYKTYpY
IpuU paclieruieHuy. B HacTosiiee Bpems
B CTPOMTEIBHOH OTPacid JOCTaTOYHO
MIUPOKO  MCIOIB3YeTCS  BOJUIACTOHHT
KaKk MUHEpaJbHOIO IPOUCXOXKACHUS,
TaKk U CUHTeTHuYecKuil [3], pasnuuus ux
CTPYKTYp OTpa)kaloTcsi Ha (DH3MYECKUX
CBOWCTBAaX M COOTBETCTBEHHO Ha obiac-
TSAX IPUMEHEHMUS.

B rpynny uckyccTBEHHBIX BOJIOKOH
BXOJAT: METaJZIMYeCKHe, CTCKJIHHBIE,
OOpHBIE, YIIEPOIHBIE,
CHUHTETHYECKHE BOJUIACTOHUTOBBIC U

IOJIUMEPHBIEC,

cmemannsle. Iloarpynmna merauinyec-
KUX BOJIOKOH IOJpA3/EIIsieTCs Ha CTallb-
Hble U anmoMuHueBble. CTanbHbIe BOJIOK-
Ha IpeACTaBIeHbI IPOBOIOYHON (Hubpoit
HOPMHPOBAHHBIX pa3MepoB, CIELUalIb-
HO BBIIITaMIIOBaHHOH (uOpoii, a Takxe
¢$ubpoii Gppe3epHOi U TOKAPHOIL.
CranbHble BOJIOKHA HMEIOT O4YeHb

CHGHI/I(l)I/I‘-IeCKOC NPUMCHCHUE U, KakK

NIPaBHUJIO, HE MCIIOIB3YIOTCSI B OOBIYHBIX
OETOHHBIX IUIUTAX, TOPOXKHBIX MOKPHITH-
s1x, osiax. CraJibHbIe BOJIOKHA JJ0OaBIIs-
I0TCsl B OETOH B Cllydae, eciid TpedyeTcs
BBICOKasl MPOYHOCTH Ha ynap. CraibHbIe
BOJIOKHA MOMOTYT CHHU3HTH PaCTPECKH-
BaHue OeTOHA NPH ycajKe, TaK XkKe Kak U
CHHTETHYECKUE BOJIOKHA, OHAKO CTallb-
HBIE BOJIOKHa HE YacTO HCIIONB3YIOTCS
JUISL 3aIUTHI OT PAacTPECKHBAHUS IIPH
ycanke. CTanbHbIC BOJOKHA OBIBAIOT
Pa3IMYHBIX pa3MepoB M KOH(pHIypanuii
[4].

JlnuTenbHbIe uccnenoBanus [S] yoe-
JUTENIBHO TOKA3aJlM, YTO JUCIIEPCHOE
apMHpOBaHHE MeTaUIn4ecKord ¢(ubdpon
1 KallpOHOBBIM BOJIOKHOM YITy4IlIaeT Me-
XaHMYECKUE XapaKTEPUCTUKH OETOHOB:
MOBBIIIAET TPEIIMHOCTONKOCTD, YAapoc-
TOWUKOCTB, IPOYHOCTH TIPH PACTSIKECHUH U
n3rube, cnocoOCTBYET CTOMKOCTH OETO-
Ha K BO3JCHCTBUIO arpecCUBHOI Cpenbl,
MIO3BOJIICT COKPATHUTh paboyre CedeHHs
KOHCTPYKLIMH U B psJe ClIydyaeB OTKa-
3aTbCsl OT HMCHOJIB30BAHUS CTEP)KHEBOW
apMaTypsl WIH YMEHBLINTb €€ PacXo.
K HCKycCTBEHHBIM BOJIOKHaM OTHOCSIT-
Csl CTEKJSIHHbIE BOJIOKHA. CTEKJISHHBIC
BOJIOKHa OOBIYHO HMEIOT IUAMETpP II0-
psiiKka HECKOJBKHX JECSTKOB MUKPOMET-
poB u mmHy 20-40 MM, OHE o0namaroT
BBICOKOI NPOYHOCTBIO Ha PACTSIKEHHE,
X MOIyib aedopManuy BEIIIE, YeM Y
LEMEHTHOro0 KaMHs. TeMmneparypHbIH
K03 HULNEHT JUHEHHOrO pacUIMPEeHHs
CTEKJIOBOJIOKHA OJIM30K K TaKOMy KO-
3¢ unmeHty meMmeHTHoro kamus. On-
HaKO CTEKJIO OBICTPO pa3pylIaeTcs poj
JIEWCTBUEM ILEJIOYHOM Cpelibl LIeMEeHTa,
[0ATOMY HEOOXOIVMO IIPEIyCMOTPETh
NPUMEHEHHE BSDKYIMX BEIIECTB WIH
CIELHAIBHBIX MEPONPHATHH, INPEIoX-
paHSIONMX pa3pylIeHHe CTEKJITHHBIX
BOJIOKOH B OeToHe oT kopposuu. Crek-
JISIHHBIE BOJIOKHA O0JamaloT BBICOKUM
MOZyJIEeM YNPYroCTH, OOEeCIeynBaroT
MOBBIIICHHE TIpesiesia IPOYHOCTH OeTo-
Ha Ha PacTsHKEHHE U ero TPEILIMHOCTOI-
KOCTb [4].

B Hacrosimee Bpems pa3paboTaHbI
CIEIHaIbHBIE COCTAaBbl CTEKJIOBOJIOKOH
C BBICOKOH XMMHMYECKOW YCTOHYHMBOC-
TBIO K ILEJIOYHOI Cpesie ¥ BBITYCKArOTCS
B Bujae posuHra PIIP-15-190-2520-9.
PaspsiBHasg Harpyska posusra - 500 H.
IleMeHTOCTONKMI POBUHI IPUMEHSETCS
JUTSL U3TOTOBJICHHSI CTEKI0(UOpoOeTOHA
METO/IOM HaIlbUICHHUSI, KOTJJa MEXaHU3M-

POBaH IPOLECC YKIIAKH CTEKIOBOIOKHA
U LIEMEHTHOM CYCIIEH3HH.

Ilpu BO3BENEHHH CTPOUTENBHBIX
00bekTOoB B ['epMaHuK Hapsoy CO CTEK-
10uOpPOOETOHOM,  MPEACTABIAIOIIAM
c000l OCTOHHYIO MaTpHILy, apMHUPOBaH-
HYIO CTEKJITHHBIM BOJIOKHOM, HAXOIUT
NPUMEHEHNE TEKCTUIIb-0ETOH, TPH W3-
TOTOBJIEHHU KOTOPOIO B KAQ4eCTBE apMa-
TYpbI 1yisi OETOHHON MAaTpHUIlbl HUCIIONb-
3YIOTCSI CETKH, MaThl, TKAHU Pa3IHMIHBIX
BUJIOB, U3TOTOBJIEHHBIX M3 IIEJI0YECTOM-
KOT0 CTEKJISTHHOTO BOJIOKHA. B psizie city-
YaeB I apMUPOBaHUS OETOHA CTEKIIO-
BOJIOKHUCTBIA TEKCTUIILHBIA MaTepua
HCIIONIB3YETCSl BMECTE CO CTEKJIOBOJIOK-
HOM; TaKOW KOMITO3UIIMOHHBIN MaTepua
MONYYHJ Ha3BaHUE CTEKIOPHUOPOOETOH/
TEKCTHIIHOCTOH.

[Inupokoe pacnpocTpaHEeHHE MIPH ap-
MHUPOBaHUM KOMIIO3UI[MOHHBIX MaTepua-
JIOB TOJIYYHMJIH Pa3IMYHbIE OJIUMEPHBIE
BOJIOKHA: MOJIMIIPOIIMICHOBBIC, aKPHIIO-
HUTPUIbHBIE, TOJIHOJIEPUHOBBIE, KAIIPO-
HOBbIE, HEHJIOHOBBIE, IOJIUICTEPOBBIE,
MOJIMAMUIHBIE, TTIOJMATUIICHOBBIE H JIP.

B cyxux cMmecsx MPUMEHSIOTCS I10-
JIMIIPONIUIICHOBBIE, aKPHJIOHUTPHUIIbHBIE,
LICJUTFONIO3HBIC  BOJIOKHA [6], obecre-
YMBAIOLIME TPEXMEPHOE apPMHPOBAHHE
pactBopa. OpraHnuecKue BOJIOKHA JJIH-
Hoit ot 20 no 7500 MKM HpUMEHSIOTCS
B IPOU3BOICTBE CYXHMX CTPOUTENbHBIX
cMeceil B KauecTBE apMHPYIOIIEr0 KOM-
MOHEHTA ISl JOCTHKEHUS CIIEMYIOUINX
LeJnen:
(bpakMOHHOTO
yCajKi, KOTOpas BO3HHMKAeT IIpH 3a-

KOMIICHCAllUH HEOOCTAaTKOB

COCTaBa;  CHIDKCHUS
TBEPJCBAHUK CTPOUTEIHHOTO PacTBOPA;
VAYYLICHUAS. THUIICOTPOIHBIX CBOWCTB H
(ukcHpyroIeil ClIoCOOHOCTH; yBEIHYe-
HUSL TPEHIMHOCTOMKOCTH; YBEIUYCHHS
Je(pOPMAIIMOHHON CIOCOOHOCTH TIOJIHU-
MEPIIEMCHTHOTO KaMHS; YBCIMYCHUC
MOPO30CTOMKOCTH M yIapHOU BSI3KOCTH;
HEOOIBIIOE  YBEIHUCHHE «OTKPBITOTO
BpeMeHW». B omIMYMe OT MOJUMPOIH-
JICHOBBIX Y aKPUJIOHUTPHIIBHBIX, [ISJUTIO-
JIO3HBIC BOJIOKHA HECKOJIBKO MOBBIIIAIOT
BOJIONIOIVIONICHUE M CHIDKAFOT IIPOYHOCTh
CICTUICHUSI TOKPBITHSI C OCHOBAHHEM.
KopoTkue u cpenHue BOJOKHA JUTH-
HOI 10 500 MKM J0CTaTOYHO JIETKO Iie-
PEMEIINBAIOTCS B CMECHUTEISAX JIF0OOro
tuna. Ilpumensas nByxcraguiiHoe cme-
MICHUE MOXHO JOOHTHCS JOCTATOYHO
PaBHOMEPHOTO IEPEMECIIHBAHUS BOJIO-
KOH LEJUTIOJIO3bI HPAKTUYECKH JII000H
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JUTMHBI B CMecUTelIsiX Jroboro tumna. Ca-
MBIE PaclpOCTPAaHEHHBIE U JOCTYIHBIC
CEerofHs IIOJMIIPOIIMIICHOBBIE BOJOKHA
(Fibrin,
Krenit, Crackstop), nmponsBoacta Adfil
(Anrmus), Belgian fibers N. V.(benbrus),
PP EUROFIBER
P.Baumhuter GmbH (I'epmanus), npen-

3anaaHbIX HpOPIBBOZ[PITCHeﬁ

HPOM3BOJICTBA

Ha3HAu€HHbIE JIUIS KCIIOJb30BaHHUS B
OCTOHHBIX M PACTBOPHBIX cMecsx. Hc-
MOJIb30BAaHUE MOHOBOJIOKOH U MYJIBTH-
BojgokoH EUROFIBER B 1nemMeHTHOM
CTSDKKE, CTPOWTEIILHOM pacTBOPE WM
OcTOHE MO3BONIAET U30EKATh yCaIOUHBIX
TPEIIVH HA PaHHEH CTaJnuu, KPOME TOTO,
9TO BOJIOKHO TOBBIIIACT YIAPONPOU-
HOCTh U BOJIOIPOHHUIIAEMOCTh OCTOHA W
pactBopa. [TounponuICHOBBIC BOJIOKHA
HMMCIOT UCKJIFOYHUTEIILHYIO YCTOMYMBOCTD
K IIEeJIo4aM, 4TO 00eCIeurBaeT Haealib-
HBIC YCJIOBHS JIJISl KCIIOJIb30BaHUS B pac-
TBOpax M OeToHaxX. Pacxoj BOMOKHA CO-
crapisier 0,5-2 xr va 1m3. JlucnepcHoe
apMHUpPOBaHHE STYCUCTOTO OCTOHA CHHTE-
THYECKUM (HUOPOBOJOKHOM KOMIIAHHUH
«Cu  Aiipnaiin-BCM»
YMEHBIIIACT WK MOJHOCTHIO UCKITOYACT

3HAYUTCIIBHO

HOSIBJICHHE M PAa3BUTHUE YCaJO0UHBIX Tpe-
LIMH B IIPOLIECCEe U3TOTOBIICHUS, TBEP/IC-
HHA U TIOCIENyIOeN KCIUTyaTalul Ma-
Tepuana. ApMUpPOBaHUE MOIUMEPHBIMU
BOJIOKHAaMH, B OOJIBLIMHCTBE CIIy4acB,
HE JIOJDKHO PacCMaTpUBaThCs KaK allb-
TE€pHATUBa CTAJbHOMY AapMUPOBAHUIO.
ApMUpOBaHUE  BOJIOKHAMM, OJHAKo,
JIOJDKHO PAacCMaTpUBAaThCsl Kak MeEpoll-
pusiTue, KOTOPOE MOXKET CYLIECTBEHHO
CHHM3UTb BO3MOXHOCTb IIJIACTHUYECKO-
ro oOpa3oBaHMs YCaJOUYHBIX TPEIIUH U
MOXXET IOMOYb MHUHHMMH3HMPOBATh 3(-
(eKTBl OT TEPMHYECKOTO PaCTPECKHUBaA-
HUs. TpelnHbl Ha TOBEPXHOCTH OeToHa
CIIOCOOCTBYIOT IPOHUKHOBEHHIO BOABI U
XUMHKaTOB. MHOrue (opMbl XHMHUEC-
KOro ¥ (PM3MYECKOro pa3pyIleHnit MOTyT
HayaTh CBOE HACTYIJIEHHE 4Yepe3 MOoBep-
XHOCTHBIE TPEIIMHBI, YTO OTPA3UTCS Ha
W3HOCOYCTOHYMBOCTH M CPOKE CITY>KOBI
GeroHa. Pasymeercs, Henb3sl yTBEpK-
JlaTh, YTO HOJKMMEpHBIE MaTepHajbl MO-
T'YT MOJHOCTBIO BBITECHUTH CTajb IPU
apMHpoBaHUU OETOHOB . B kaxxiom oT-
JICTIbHOM Clly4ae HeoOXOAMMO IPOM3BO-
JUTh CPaBHHUTEIBHYIO OLIEHKY M BBIOU-
parb Haubojee ONTUMAJIbHOE pELICHUE
C y4ETOM TEXHHYECKHX M (PMHAHCOBBIX
aCIIEKTOB.

B pape crpan (BenuxoGpuranws,
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Janus, ®pannus, [epmanus) mnpous-
BOIMTCS CHUHTCTUYECKHH BOJUIACTOHUT,
KOTOpBIIl XapakTepuzyercs TpeOyemoi
CTaOMIBHOCTBIO CBOWMCTB, MMEET BBICO-
KYIO CTEIleHb JUCHEPCHOCTH U XUMHUYEC-
KOM YHCTOTHI.

Oco0Oblil  uMHTEpec IpeAcTaBisieT
HOBasi Tpynmna J00aBOK - CMEIIaHHBIE.
Ceiiuac  co3maroTcsi KOMOWHHMpPOBaH-
HBIE KOMIIO3UTHI Ha OCHOBe 0a3ajbTa M
NoNMMMepoB — 0a3abTO-NONIMMEpPHBIE,
3alMIIAoNIe

OT BPEIHOIO BO3ACHUCTBUS IIEJIOYHOM

0a3aJILTOBYI0  OCHOBY
cpenpl. OnHUM n3 Hauboiee COBPEMEH-
HBIX BHJIOB (pUOPBI SBISIETCS MOJIUMEp-
Has ¢ubpa, apmupoBaHHas rpaduToM
— rpaduro-nonumepusie. [IpouyHocTs
Takoi (GuOpHI CpaBHUMA CO CTAJbHOM.
Takue KOMIO3MLIMOHHBIE MaTepHaIIbI
HMeeT HU3KYIO IUNIOTHOCTh M HE HOJBEp-
JKEeHbl Koppo3ud. B Hacrosimee Bpems
UCIIONB3YIOTCS  CMEIIaHHbIe BOJIOKHA,
COCTOSIIIME W3 Pa3IMYHBIX COYETAHUH
apMHPYIOLIUX KOMIIOHEHTOB: 0a3ajbTo-
CTaJbHBIE, BOJUIACTOHUTO-CHJIAHOBBIE,
CTEKJIO-TUIaCTHKOBBIE, 6opo-1acTu-
KOBBIC, YIIEPOIO-IUIACTUKOBBIC, MOJIH-
MepO-CTalIbHBIE, YTO OINPEACNAeTCS UX
LIEJICBEIM Ha3HAuYeHUEM U crenuduKon
obnacTell MX UCIIONb30BAHMS.

Takum o00pa3oM, HCIIONB30BaHHE
JIICHIEPCHOTO apMHPOBAHUSI IIPERoIpe-
JieNsieT  TOBBIIIeHHEe  (pr3UKo-MexaHu-
YEeCKUX M OJKCIUTyaTal[HOHHBIX CBOWCTB
CTPOUTENIBHBIX KOMIIO3UTOB Pa3iIMYHO-
ro HazHaueHus. BeiOupas Te wiM uHbIE
BOJIOKHA JUISi apMHPOBAaHHs WIN KOM-
MO3UIIMIO M3 HHX, KOPPEKTUPYS UX CO-
OTHOILCHUE MOXKHO LeJICHANPaBICHHO
peryIupoBaTh CBOMCTBA KOHKPETHOTO
MarepHaa, MOBBIIIAs €r0 TPEILMHOCTO-
KOCTb, KOPPO3HOHHYIO CTOMKOCTB, aT-
MOC(HEpPOCTOHKOCTh ¥ 00ECHEUNTh Tpe-
OyeMble SKCIUTyaTal[HOHHBIE TapaMeTphl
U JIOJITOBEYHOCTH. Mcrnonbp3oBanue auc-
MIEPCHO-apPMUPOBAHHBIX BOJIOKOH I103BO-
JISIeT 3HAYUTENHHO YMEHBIIHUTH OOLIyIO
MacCy CTPOUTENBHBIX KOHCTPYKLHMH 3a
CUET YMEHBLICHHSI CEUCHUs IPH HEH3-
MEHHBIX IPOYHOCTHBIX IOKAa3aTellsiX.
Apmupyolye BOJOKHa 00eCreynBaroT
TPEXMEpHOE YIIPOUYHEHHE KOMITO3UIIMOH-
HBIX MaTepHaJIOB IO CPaBHEHUIO C Tpa-
JUIMOHHON apMaTypoii, KoTopas rapas-
TUPYET JIMIIb IByXMEPHOE YIPOYHEHHE,
YBEJINYUBACT COIPOTHBICHHE IIEMEHT-
HOTO KaMHs M3rHOAIOIUM Harpys3kam.
C npUMEHEHHEM CHHTETHYECKOTO BO-

JIOKHa TOBBIIIACTCS JOJITOBEYHOCTh

Marepuana, IOHWXAeTCs ycaJo4Has
nedopmanusi, 3HAYUTEIBHO BO3pacTa-
€T TPEIIMHOCTOMKOCTh U yaapHas Bsi3-

KOCTb.
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CPABHUTEJIbHBIN YKOHOMUNYECKUI
AHAJIN3 [TIPOM3BOCTBA M3IEINI
13 IOJIMMEPHBIX KOMITIO3MTOB
HA OCHOBE HETKAHBIX MATEPUAJIOB

Tpemanun M.JO.!, n-p TexH. Hayk, npog.
Tpewanuu F0.M.%, unskenep
MOoCKOBCKMI HHCTHTYT TOCYIapPCTBEHHOTO
¥ KOPIIOPAaTHBHOTO yIipasnenus, Poccus'
MockoBckuii rocy1apCTBEHHBINA TEXHONIOTMYECKUI
yHusepcuteT Crankuz, Poccus?

B crarbe naHbl pe3ynbTaThl CPaBHUTEIBHOTO aHANM3a 3aTpar Ha
M3TOTOBJICHHUE M3/ICNUI U3 HOBBIX IOJIMMEPHBIX KOMIIO3MTOB Ha OC-
HOBE HETKaHBIX MOJOTEH M MaTepHaloB, IPHMEHIEMbIX B HACTOSIICE
BpEMSsI B IPOMBIIIUIEHHOCTH U CTPOUTEIIBCTBE.

KiroueBble ci10Ba: KOMIIO3HT, HETKaHasi OCHOBA, Ce0ECTOMMOCTb,
MaHenu, TpyObl.

VYuacTHHKU KOH(EpEeHIUH,
HaunoHnanbHOro nepBeHCcTBa 110 HayYHOW aHAIUTHKE,
Ortkpeitoro EBporneiicko-A31aTckoro nepBeHCTBa 10 HayYHO! aHAJIUTHKE

| &os¥®! Digital Object Identification: http://dx.doi.org/10.18007/gisap:tsca.v0i5.1030 |

HSFOTOBHCHI/IC MTOJTUMEPHBIX KOMIIO-
3uIHOHHBIX MatepraioB (ITIKM) ¢
3aJaHHBIMH CBOWMCTBAMH TIPEIIIONIAraeT
BEIOOD apMHUPYIOLIETO  BOJIOKHHUCTOTO
HAITOJTHUTEIISI, KOTOPBIH OmpenenseTcs
HE TOJNBKO TpeOyeMbIMH TEXHUYECKUMHU
mapameTpaMu u3nenus (hopMmoii, pazme-
paMu ¥ 3aJaHHBIMH (PH3UKO-MEXaHUIeC-
KAMHU CBOWCTBaMH), HO U CTOUMOCTHBI-
MH TIOKa3areixsiMu. [1o3ToMy HeTKaHbIe
MOJIOTHA, B CHJIY BBICOKOH MPOYHOCTH H
CPaBHUTEIBHO HH3KOW ce0eCTOMMOCTH,
SIBJISIFOTCSL OTHUM W3 HamOollee SKOHO-
MHYECKH IeNIeCOO0pa3HBIX BHIOB ap-
MHUPYIOIIAX MaTepHalioB IS OONBIION
HOMeHKJarypsl usnenuit u3 [IKM, xoto-
pBle, YUUTHIBask MPHPOAY APMHUPYIOLIHX
BOJIOKOH ¥ CBSI3YIOIIETO, TOYHEE HAa3bI-
BaTh MOJIHMEP-TIOIMMEPHBIMA KOMITO3H-
nuoHHBIME Matepuanamu ([TITKM).

W3 mmpokoit HOMEHKIATypbl He-
TKaHBIX MAaTepHaioB, BHIPAOATHIBAEMBIX
OTEUECTBEHHBIMH NPEANIPUATHIMH, B
KauecTBe apMHUPYIOIINX  HAIOJHHUTE-
neit [IKM B manHO# pabore ObLIH BBI-
TIOJIOTEH:

OpaHBl CIIEAYIOIINE BHUIBI

UIJIONPOOMBHBIE  TEPMOCKPEIIJICHHBIC
U3 HENPEePHIBHBIX TONUIPOITHICHOBBIX
HUTEH M W3TOTOBJICHHBIC (HIBEPHBIM
crocoOoM (Marepransl criaHOOHI) TMpo-
u3Boactea OO0 «Cubyp-I'eoTeKcTHITE
u OAO «OproH», HIIONPOOHWBHEIE U3
IITAlENbHBIX TOIMI(OUPHBIX M IOJH-
mpormwieHoBbIX BoJOKOH (OAO «Komu-

TEKC») M HEKOTOPBIE APyTHe MaTepUabl.
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C y4eToM MoIMMEpHOH MPUPOABI apMH-
PYIOIIUX BOJOKOH OBUI BEIOpaH BTOPOI
xkomroHeHnT IIIIKM — HeHachbIIIIEHHOE
OIHMTO3(HUPHOE CBS3YIOIIEE XOJIOTHOTO
OTBEPIXKIEHHA, YTOOKI TeMIieparypa hop-
MOBAHUS U3JENUH TapaHTHPOBAHHO HE
MIPEBBIIIANIO TETIIOCTORKOCT MOJIHMEp-
HBIX BOJIOKOH.

B nampHeliem ObIH MOZOOpaHBI
METOABI  COBMEIIEHHS KOMIIOHEHTOB
[IIKM u ¢opMoOBaHUS OMBITHBIX 00-
pa3uoB M3MENUH U3 HUX B BHAE IUIUT H
TpYOOK 1 OTpeieNIeHbl UX OCHOBHBIE (pr-
3UKO-MEXaHWYeCKue CBOMCTBa. B pe3yinb-
TaTe MPOBEICHHBIX YKCIEPHMEHTATBHBIX
uccnenoBanuii obpaszuos [IIIKM 6puto
YCTaHOBJIEHO CIIEAYyIOMIee:

— TpUMEHEHWe HETKAaHOH OCHOBBHI
W3 TOJNHMEPHBIX BOJIOKOH TIO3BOJISIET
3HaYUTETBHO YBEIWYUTH YIPYTO-TIPO-
yHocTHBIe cBoicTBa IIIIKM mo cpas-
HEHHIO C TIOJIMMEPHOI Marpuiei (mmpo-
YHOCTH Ha pacTspkenue — Ha 140-520 %
U TPOYHOCTH Ha m3rud — Ha 120-860 %
B 3aBUCHMOCTH OT THIIA HETKAaHOTO Ma-
Tepuaga W COAEPNKAHHUSA APMHPYIOUIHX
BOJIOKOH);

— PaBHOBECHOE  BOOIOIVIONICHHE
00pa3IoB HCCIIETOBAaHHBIX KOMIIO3UTOB
coctaBmio MeHee 1%, 4TO TO3BONISET
HCTIONB30BaTh M3/IENNS U3 HAX BO BIIAro-
HACBIIIEHHBIX CPeJax;

— YIpPYrO-IPOYHOCTHBIE  CBOMCTBA
HoBeIX [IIIKM B mmpokux mpenenax

PETYIHUPYIOTCSI TTyTeM H3MEHEHHSI 00b-

€MHOTO COfIepKaHHsl apMHUPYIOIIUX BO-
JIOKOH WM BO3pACTaloOT, KaKk U CJIE[0BAJIO
0XKH/IaTh, C YBEIMUYECHUEM COMACP KAHMS
BOJIOKHA (Hanpumep, npu yeenudeHuu
dasnenus popmosanus);

— oms npousBozctsa [1ITKM nHanbo-
jee 1enecoo0pasHo C TEXHHKO-YKOHO-
MHYECKON TOYKH 3pEHHS IPHMEHSTH He-
TKaHbIE TIOJOTHA, MMEIOIINE HCXOIHYIO
TIOPUCTOCTh Ha ypoBHE 75-85 %, BBIpa-
0OTaHHBIC W3 TIOJIHMIPOIIICHOBBIX WIN
omM>(GUPHBIX MOHOHHUTEH (DHUITbEPHBIM
croco0oM (CrtaHOoH).

C mpaxkTHYecKOH TOUKH 3PEHUs Tep-
CIIEKTHBHBIM NIPEACTABIIAETCS UCTIOTb30-
Banue HoBbIX [IIIKM B ctpourenscrse,
TIPOMBIIUIEHHOCTH,  JKHJIHIIHO-KOMMY-
HabHOU cdepe U OBITOBOM XO3SICTBE,
B TOM 4HCIE€ B BHIEC OOIHIIOBOYHBIX
TIaHeNeH U Hapy»XHOTO IPHMEHEHHS.
Tak, cpaBHUTENbHBIA aHAJIN3 TOKa3al,
YTO CTOMMOCTH TaKMX MaHenen (ot 55 mo
92 py0./M> — B 3aBHCHMOCTH OT IEHBI
KOMITOHEHTOB ~ CBSI3YIOIIETO, ITIOBEPX-
HOCTHOW IUIOTHOCTH M BOJIOKHHCTOTO
COCTaBa HETKAHBIX IMOJIOTEH, a TAKXKE OT
WX KOHKPETHOTO TPOM3BOJAUTENS) OKa-
3anmack B 2—10 pa3 HIKe, 4eM y aJbTep-
HaTHBHBIX JINCTOBBIX MaTepualoB (ape-
BECHOCTPYKEUHBIX, THIICOBOJIOKHHCTBHIX,
LIEMEHTHOCTPYXEUHBIX,  (ubporemeH-
THBIX). Haunbonee OMU3KMM 1O IIEHE K
TITIKM Ha HeTkaHOW OCHOBE SIBIISI€TCS
THIICOKAPTOHHBIN JUCT. IIpu 3TOM Bax-
HBIM UX TEXHHYECKHM INIPEUMYIIECTBOM
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SIBJISICTCS. HU3KOE BJIATOIIOITIONICHUE.

DTO K€ CBOHCTBO SIBISIETCS JIOCTO-
uHcTBoM HOBBIX ITIIKM u nmpu mpowus-
BOJICTBE M3 HHUX Pa3IHMYHOIO poaa Tpyo-
YaThIX U3JICTHNA — BOJOMPOBOIHBIX TPYO
TEXHHUYECKOTO Ha3HAYCHHS, Hampumep,
JPEHAKHBIX, WIA OIOP, MPUMEHICMBIX
[IPU CTPOUTENILCTBE 31aHUN U COOpYKe-
HU, KPEIUICHUH OCBETUTEIBHON apMma-
Typbl Ha YJIHIAX HACCIICHHBIX MYyHKTOB
U T.IL

Jnst onpeneneHus: YKOHOMHUYECKOH
1eNIeCO00Pa3HOCTH HCIONB30BAHUS pa3-
pabOTaHHBIX KOMITO3MTOB MpPH CO3/1a-
HUM TPyOUYaThIX M3JCIHIA MPOHU3BEIACHBI
pacueTsl 3aTpat, B pe3yJbraTe KOTOPBIX
YCTaHOBJICHO, YTO II€HA Hauboee 10po-
rocrosiero obpasia, JUIMHa KOTOPOro
0,205 M, BHyTpenHuil auamerp 0,25 M
u ToianHa cteHku 0,003 M, cocTaBiseT
12,55 py6. [Ipu mune Takoit TpyOsI 1 M,
3arparel cocTaBar 12,55-5 = 62,75 py6.
B kayectBe cpaBHeHus: 1 meTp MeqHOH

TpyOBl, AMaMETPOM 22 MM U TOJNILIMHOM
crenkn 1 MM crout okono 300 pyO, a
MOJUIPONMICHOBOH, ~TaKoro e aua-
MeTpa — okoiio 80 - 90 py6. Takum 06-
pa3oM, IPOBEICHHBIE PAcyYeThl MOKa3bl-
BAIOT 3KOHOMUYECKYIO 3(P(EeKTHBHOCTH
OT BHEIpPEHHs1 TPyO M3 KOMIIO3UTOB Ha
HETKQaHOW OCHOBE [UISI TEXHHYECKUX
Hyx1. Ouu Ha 30% aewesie aHanoruy-
HBIX HOJIMIPOIMICHOBBIX M3JEIHH, a 10
OTHOILICHUIO K METANIMYECKUM Tpybam
3aTparhl Ha pa3paboTaHHBIE MaTepHUalIbI
HUxe B 3—5 pas.

IMomumo TpyOOK MOCTOSHHOTO IIO-
MIEPEYHOTr0 CEYCHHs IPEICTaBIsIeT HH-
Tepec MPOU3BOACTBO MHOTOCEKIIMOHHBIX
orop. B xadecTBe nmprumMepa paccMOTpeH
BapuaHT oOmopsl, BbicoTo 8§ M. Ilpu
9TOM Ka)KIasi CEKLHsl, [IPEe/ICTABIISIONIAsI
c000ii MOJIBI yCEYEeHHBI KOHYC C Ha-
ubonbIMM 1amMeTpoM D 1 HanmeHs-
muM  jguametrpom D, ummeer mHY
L =2 m. Pacuer 3aTpar Ha Ipou3BOACTBO

YETHIPEXCEKIIMOHHONH BOCHBMHMETPOBO#
OMOphI U3 pa3pabOTaHHBIX KOMIIO3UTOB,
npescTaBiieH B Tao. 1.

ComocTaBieHUE pPE3yIbTaToOB pac-
YyeTa MPOBOMUTCS C XapaKTEPUCTUKAMHU
onop (cToabaMu OCBELIEHHs), yCTaHAB-
JMBacMbIX B MockBe M MOCKOBCKOM
obOnactu. be3 yuera NepeBSIHHBIX OIOP
B CBS3M C MX HE JOJTOBEYHOCTHIO,
Mpe/JiaracMblii  BapHAHT YETHIPEXCEK-
LIUOHHON KOHCTPYKIIMU M3 KOMITO3HIIU-
OHHOTO MaTepHajja BBIFOJHEE M0 IICHE
(B 1,5-2,5 pasa mermiesne), Macce, ycio-
BUSM TPaHCIIOPTHPOBAHUSA U TPYHO3ar-
param Mo OTHOIICHHIO K JKeJIe300eTOH-
HBIM.

C 1enbio OMpeesiCHUs BO3MOXKHOC-
TH pealu3aldd W MaTepUalloeMKOCTH
u3leNns, OblUla BBIOJHEHA MOJEIb-
MPOTOTUI YETHIPEXCEKIIMOHHOM OMOPhI
(puc. 1). XapaKTepUCTUKH KOMIIOHEH-
TOB M 3aTPaThl HA U3rOTOBJICHUE MOJCIH
aHsl B Ta0I. 2-4.

Ta6a. 1
3aTpaThl Ha H3TOTOBJIEHHE YeThIPeXCeKIHOHHOI BOCBMHMETPOBOI 0NOPbI
CekuuoHHas onopa C?‘ﬁm C?\‘.I(ggm C}I;I;m Ci\g‘m

D,, mm 150 190 228 266

D _, mm 200 240 278 316

OpUEHTHPOBOYHBIN Pacxo]] CBA3YIOLIETO, KT 5,6 5,8 6 6,2

OpHEHTHPOBOYHEIH [IEHA CEKIUH, PyO 760 770 780 790

OpHUEHTHPOBOYHBIH LIeHa 4-CEeKIIMOHHOM 8-M1 METPOBOIt OMOPEL, pyo 3100-3500

OpueHTHpOBOYHAs Macca 4-CEeKIIMOHHON 8-MH METPOBOI OMOPEHI, KT 23-25

Puc. 1. Moaenpb 4yeTbIpexceKIIMOHHOI 0NOpbI B pa300paHHOM cOCTOSIHUU (@) U B cOope (6)

37

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE




GISAP

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE

Ta6u. 2
XapaKTepHCTHKH OTHOTO KyCKa HETKAHOI OCHOBBI 1JIs1 M3rOTOBJIEHHSI MO/IeJTH OHOH CeKIun
MakcumainpHas 1ieHa
Hmuna, | OIupuna, | Macca, | IDlmomrans, | ToBepxuoctras | Ilena 3a 1 M Marepuana | ©3pacxXoJOBaHHOTO MaTepUaia
MM MM r M2 IUIOTHOCTS, T/M? | py6/m? (¢ yuetom HJIC) u3 pacyera 13 py6/m?
(c yuerom HJIC), py6
500 415 8,575 0,2075 41,3253012 7,5-13 2,70
Ta6a. 3
XapaKTepHCTHKH KOMIIOHEHTOB CBSI3YIOIIETo 1151 H3rOTOBJIEHNSI MOJIETH OHO ceKIun
Pacxox cMolEr KaTaHHIZZ(;);oz; ol Pacxon akceneparopa LleHa M3pacxo0BaHHBIX KongHeHTOB O61as ueHa
(POLYLITE s pac Lf; i 9802 u3 pacuera CBA3YIOILIETO, ! CBA3YIOIIETO,
516-M855) G, r 0,02 G, 1 0,03-G,r CMOIIBI | KaTaJIM3aTopa | aKceneparopa pyo
133,62 2,6724 4,01 18,12 0,87 1,32 20,32
Ta6u. 4
XapakTepuCTHKH M 3aTPAThl HA MPOU3BOICTBO MOJIE/IH ONOPHI Nocsie GHHHIIHON 00padoTKH
Juamerp ocHoBaHms, | JlmameTp BepIIMHBI,
HaumenoBanue Tmna, mm | Macea, . MM MM Tonmuna CroumocThb
U3JICIUs CTEHKH, MM | MaTepuaios, pyo
BHEIITH. BHYTP BHEIIIH. BHYTD
Cexuust 380,9 117,9 44,1 39,9 31,5 27,25 2,1 224
T'oroBast onopa 1225 471,6 441 39,9 31,5 27,25 2,1 89,6
Taxum oOpasom, pacxonsl Ha mpo- | http:/tiu.ru/Netkanye-materialy.html Technical Sciences, Full Professor,

W3BOJCTBO MOJICIU HE TPEBBICHIH
100 py6. nmpu BeIcOTE B cOope 1,225 M.
CrnenoBarenbHO, peanbHas ce0ecTou-
MOCTh 8-METpPOBOW OMOpHI OyneTr co-
craBnATh He Oonee 3500 pyb mpu macce
23-25 k.

VYuuTeiBas HEBBICOKYIO ce0OecTOu-
MOCTh HETKaHBIX MAaTE€pPHAIOB (OTHOCH-
TEJNBHO TKAHEH, TPHUKOTaXKa H TUICTEHBIX
W3AeNuid) W HAIMYAC HEOOXOAUMBIX
MPOYHOCTHBIX CBOWCTB, IPUMCHCHHE
HETKAaHOW OCHOBBI JUIS CO3/IaHHS KOM-
MO3HIMOHHBIX MaTepUalioB BeCchMa (-
(heKTHBHO, OCOOCHHO TNPHUMEHHUTEIBEHO
K HY)XJaM IPOMBIIUICHHOCTH U CTPOU-

TEJILCTBA.
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PROJECT AIMED AT MEASURING
THE ELECTRIC POWER QUALITY
INDICATORSIN THE POWER SUPPLY
SYSTEMOF THE LEBEDINSKY MINING
AND PROCESSING PLANT

A. Vinogradov, Candidate of Technical Sciences, Full Professor
0. Zyabkina, Postgraduate Student
Belgorod Shukhov State Technology University, Russia

The share of electric receivers with non-linear load is gradually
increasing, which leads to undesirable currents and voltages in the lines
of non-sinusoidal power distribution networks of industrial enterprises.
For this reason, the problem of power quality in the electrical system is
urgent.

Keywords: power quality, Lebedinsky Mining and Processing
Plant, nonlinear load, “Energomonitor T1-3.3”, total harmonic voltage
components, coefficients of voltage unbalance on negative and zero
sequence, coefficient of n-th harmonic voltage, negative and positive
deviation of voltage.

Conference participants,
National Research Analytics Championship

HO BO3pacTaeT, YTO MPUBOIUT K IOSBICHHIO HEXENIATeIbHbIX TOKOB 1
HaIPsDKSHUI HECHHYCOUIAIbHOM (OPMBI B JIMHHUSX dJIEKTPOIEpeIauH
pacrpeeNuTeNbHbIX ceTeil MPOMBINUICHHBIX npeanpusatuil. Ilo atoit
NpUYKHE MpodieMa KauecTBa EKTPHUUESCKOH IHEPTUH B dIEKTpHYec-
KOM cHCTeMe aKTyalbHa Ha CETOAHSAIIHUMN 1eHb.

(ITKD), JIebenuHCKMi TOPHO-000TaTUTENIBHBIH KOMOUHAT, HENMHEHHAs
Harpy3ska, «OHeproMoHuTop-3.3 T1», cyMMapHsIi ko3 dHImeHT rap-
MOHHMYECKHX COCTABIIIONIMX HANPSDKCHHSA, KOAQOHUIMEHTH HEeCHM-
METPHUU HANPSDKEHUH 10 0OpaTHOM M HyJEBOM MOCIEN0BATEIbHOCTH,
KO3 UIHMEHT N-if TAPMOHUYECKOI COCTABIISIONIEH HAMpPSKEHUs, OT-
pHLATENBHOE H TT0J0KUTEILHOE OTKIIOHEHHE HAPSKEHUS.

ITPOEKT U3MEPEHNS TTOKA3ATEJIEN
KAUECTBA DJIEKTPUUECKOIM SHEPT MU
B CUCTEME SJIEKTPOCHABXEHNAA
JIEBEJJMHCKOI'O I'OPHO-
OBOI'ATHUTEJIbBHOI'O KOMBMHATA

Bunorpamos A.A., KaHaI. TexH. HayK, mpod.
3s6kuna O.H., marucrpant
benroponckuii rocynapcTBEHHBIH TEXHONOTHIECKUI YHUBEPCHTET
um. B.I'. [llyxosa, Poccus

Jons 31eKTPONPUEMHUKOB C HENMHEHHOH Harpyskol mocTeneH-

KurroueBble ci10Ba: roKa3aresn KauecTBa 3HeKTpI/I‘{eCKOI7[ OHEPrun

Y4aacTHUKH KOH(EpEeHIIHH,
HarmmonansHoro nepBeHcTBa 10 HayYHON aHATUTUKE

| &os¥®S Digital Object Identification: http://dx.doi.org/10.18007/gisap:tsca.v0i5.1031 |

Ha CETOAHSIIHNAIN JEHh B CHUCTEMAX
anekrpocHadkenus Poccuu craHo-
BUTHCS BCce 00JIee aKTya bHOM mpodiaema
obecrieyeHHs KadecTBa AIIEKTPUUECKOM
SHEPruu. DTO CBA3AHO C OBICTPO PaCTy-
ITUM YHCIIOM HeHMHeﬁHle DJICKTPOIIpHU-
€MHHMKOB, CO3Jal0LINX B CECTAX IIPHU CBOCﬁ
paboTe TOKH HECHHYCOUAIBHOM GOopMBI
[1]. Monst 1 MOIIHOCTh TaKHX 3JIEKTPO-
INPUEMHHKOB ITOCTOSAHHO BO3PACTacT KakK
B IIPOMBILIIJICHHOM ITPOU3BOACTBE, TaK U
B KOMMYHaJIbHO-OBITOBOM CEKTOpE.

VYcnosue obecreueHust TpeOyemo-
ro kauectsa anekrposnepruu (KD) 3a-
KJIIO4YaeTCsd B OOCTUXKCHHMW MUHHUMYMa
NPUBCACHHBIX KallUTAJIbHBIX 3aTpaTrT Ha
JOCTKEHHUS TPeOyeMOro KauecTna dJIeK-
TPOSHEPIUU IIPHU BBIIIOJHCHUU OI'PaHHU-
YeHUui, Ipu COOMIONCHUN OTrpaHUYEHHUN
C LIEJIBIO YIIPOLICHHS 1IeIeBOM QYHKINH.
I[Tpu TakoM moaxoze B Hanboee MOTHOM
Mepe yUUTHIBACTCSI IKOHOMHYECKAs CyIIl-
HOCTB 3a1aun ontuMmusaunu KO. ITocra-
HOBKaA 3a1a4y OIITUMHU3ALMHU BO3MO>XXHA B
JBYX OCHOBHBIX BapHaHTaXx:

* onnTUMHU3aLuA 31>160pa U YCTaHOB-
KA TEXHUYCCKUX CPEACTB MU UX IMapaMeT-
poB st obecriedeHus TpeOyeMbIX 3Ha-
yenui [1KD;

» ontumu3auuss [IKD B mpouecce
JNIEKTPOCHA0-

OKCIUTyaTalluu  CUCTEM

xeHus (COC) npennpustuil (perieHue

9TOW 3a/a4u BO3MOXKHO, OYEBH/HO, IIPH
HaJU4UH PETYIUPYEMBIX TEXHUYECKUX
cpenctB). BoamMoxHO coderanue oboux
BapHaHTOB.

B Hacrosimiee BpeMs Ha mpennpu-
ATHAX HPAKTUYECKH OTCYTCTBYIOT pe-
TYJIIUpyEMbIE

TEXHUYECCKUE  CPCACTBa

JJIA  CHMXKEHHSA HCCUHYCOMIAJIbHOCTU
HaNpsDKCHUH, MOATOMY pEUICHHE 3aja-
Y{ [0 BTOPOMY CLICHAPHUIO Ui yCTpa-
HCHHUA HECHUHYCOUOAJIBHBIX PEXKHUMOB B
CCTU OKa3bIBACTCA 3aTPyAHHUTCIbHBIM.
Heob6xonumocts obecrieueHus KauecTBa
HAMPSDKCHUST BO3HUKACT TPH OMpesesc-
HUU ONTHUMAJbHBIX 3aKOHOB pEryiaupo-
BaHUSA CHUMMETPUPYIOLUX YCTPOICTB
(CY), ycraHaBiMBaeMbIX, HAlpuMmep, B
COC npennpusTuid, CBI3aHHBIX C TATO-
BBIMH TIOACTAHLUUAMU KEJIC3HOAOPOK-
HOTO TPAHCIIOpPTa, a TaKXKe MPU BBIOOpE
ONTUMAJIBHOIO 3aKOHA PEryJIHpOBaHUA
HAMPSDKCHUST C HMCIOJIB30BAaHHEM IICH-
TpaJIM30BaHHbBIX W MECTHBIX CpPEACTB
perynupoBanusi. [Ipy 3TOM BO3MOXKHO
pellicHHe 3aJauyd ONTUMH3AIUN KaK IO
otaenbHbIM [IKD, Tak 1 B COBOKYIHOCTH
C NPUMEHCHUEM KOMIUJICKCHBIX CPEIACTB
yayuiieHuss KO v xomneHcauuu peax-
TuBHOI MomHoCcTH (KPM) [2].

B pabote npuBezeH aHaIN3 Ka4ecTBa
a5eKkTpodHeprun Ha JlebenuHckoM rop-
Ho-o0orarutenbHoM kombOunare (JITOK)

B benropozackoit obnactu, SBISIOIIUM-
Csl KPYNHEUIIUM IO JOOBIYE JKEeIe3HOM
pynel B Poccuun. TopHOomoObiBarorine
HpEeApUATHS OTHOCATCA K 1-0#1 Karero-
pHH 0 YCIOBUSIM 00CCIICUCHHS HAaIEK-
HOCTH DJIEKTPOCHAOKECHHUS.

Ha Bcex o6bexrax JI'OKa npucyrer-
ByeT OOJBIIOE KOJIMYECTBO AIIEKTPO-
MPUEMHUKOB C HEJTMHEHHON Harpy3KOu:
EKTPOAYTOBbIE MEYH, 3JICKTPOBO3bI,
HOJIyIIPOBOJHUKOBBIE MPeoOpa3oBaTeIn
JUI peryjavupoOBaHUs YacTOThl BPaLEHUs
ACUMHXPOHHBIX ﬂBMFaTeﬂeﬁ, HUMITYJIbCHBIC
IIyCKOPETyJInpy-
Iolasi anmaparypa sl ra3opaspsiaHbIX

HUCTOYHUKHW IIHTAHUA,

JlaMIT OCBCIICHUA U MHOXECTBO APYIUX
YCTPOMCTB, OKa3bIBAIOIIUX BIUSHUE HA
[IOKa3aTelIM KayecTBa 3JIEKTPUYECKOH
sHepruu (IIKD) B cucreme siexrpo-
cHaOXeHHUs1 KOMOMHATA.

AHanu3 rnokasaresnei kadyecTsa JeK-
tpuueckoii suepruu (ITKD) npoBoaumncs
Ha MOACTAHLUAX KOMOMHATA B TEUCHUE
24 4acoB ¢ MHTEPBAJIOM BpEMEHH 3 ce-
KYH/IBI B COOTBETCTBHE C TpeOOBaHUS-
mu I'OCT P 54149-2010 [3]. 3amepst
BBITNOJIHSAJIUCH  TPUOOPOM  «DHEProMo-
Hutop - 3.3T1». [lonydens! cienyromye
pe3yJsbTaThl.

HomunanpHoe  HampsokeHUs  Ha
TpaHcHOPMaTOPHBIX MOJICTaHLIUAX
JITOK: I'TIII1, I'TIIT 3, TTIIT 5, T'TIT 8
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— 6 xB; IIC 123, TIC 137 — 10 kB; I1C
Jle6enu, I1C Tarosas — 110 xB.

Pabora sneKkTponpréMHIKOB KOMOH-
HaTa OKa3bIBaeT 3HAYMTEIHHOE BIIMSHHE
Ha cienyromue [IKD:

* K03(PUIMEHT HCKAXKEHUS CHHYCO-
UIaTBHOCTH KpUBOH Hanpsokenus, K ;

* K03(GUIHEHT N-i rapMOHUYECKOH
COCTaBJISIOIICH Hal‘[pSDKCHI/IH,KU(n);

* OTPHLATEIBHOE U IIOJIOKUTEILHOE
oy U
HECUMMETPHHU

OTKJIOHeHHe HampspkeHust, dU

* KO3 PHUIUCHTBI
HaNpsDKeHU 1o oOpaTHOW U Hyle-
BOM TOCIENOBATEIBHOCTH, sz KOU.
lapMOHMUYECKHE COCTABISIONINE HAIpPS-
JKeHHsI 00YCIIOBJICHBI HEJIMHEHHBIMU Ha-
Ipy3KaMH I0JIb30BaTeNIC dJIEKTpUUeC-
KHX CeTeH, pa3IM4YHOro HaIpsDKCHUSL.
lapMoHMUYECKHE TOKH, HPOTEKAIONIHE
B JIEKTPUYECKUX CETSIX, CO3IAI0T rap-
MOHHYECKHE TMAJCHUS  HANPSOKCHHMA
B IIOJIHBIX ~ COMPOTHBJICHUSAX DIICKTPH-

yeckux cereil. Hamuume Bbicmux rap-

MOHHUK HEOIAronpusTHO CKa3bIBACTCS HA
paboTe He TOJBKO 3JIEKTPooOOopymOBa-
HUS TIOTPEOUTENCH, HO U BIIEKTPOHHBIX
YCTpPOMCTBaX B SHEProCUCTEMAX.
3naueHre KOI(QGUIMEHTa HCKaKe-
HUSL CHHYCOMAAQJIBHOCTH KPHUBOM Ha-
npsokeHus K; He JIODKHO MpEBBIIATH
B TeueHHe 95% BpeMeHU 3HaueHus yc-
taHoBieHHoro ['OCTom 54149-2010
JUISL HaNpsDKEHUS. AJIGKTPUUECKOW CeTH
6-25 kB cocrasnsier 5%, msa 110-220 kB
N B Teuenne 100%

BPEMCHU 3HA4YCHUA U1 HalPsSIKCHUS

coctaBisier 2%.

AEKTpUYECKOl cetn 6-25 kB cocrapisier
8%, mns 110-220 kB cocrasiser 3%.
Pesynbrarel u3smepenHoro KU Ha
MOZICTAaHIMSX IIPUBEJICHBI Ha pHC. 1.
[peBbimienne cymmapHoro kod3hdu-
LEHTa FapPMOHMYECKUX COCTABJISIOIINX
AB’UBC H UCA
OoJiee ueM B IONTOpa pasa HaOIOaaeTCs
na ['TIIT 5, na I1C 137 Gonee 4em B Tpu
pasa. I[IpeBbilicHHE CyMMapHOTO KO3(-

Mex(a3HbIX HanpshkeHuid U

(1)I/IL[I/IeHTa TapMOHHUYCCKUX COCTaBJIsA-

omnx K, 50)

U, 3aduxcuposano na I1C Jlebenu u co-

CTaBJISIET KU(BC) = 25%, na IIC Tsarosas
— 709,

=Ky = 20%

Haubonpmmii wuHTEpeC mpeacTas-

Me)K(i)aSHOFO HaIpsiKECHUs

JSIIOT TAapMOHUWKHM HEYETHOTO TOpPSIKa
¢ HoMepamu 3, 5, 7, Tak Kak y HHUX Ha-
OyroaroTCsl HauOOJNbIINE aMIUTUTYIIBI B
cnexrpe HanpspkeHui. B T'OCTe 54149-
2010 pernamentupyrorcss HopMmbl KOB
teuenue 95%, Tabi. 1.

IpenensHO [OIMyCTUMOE 3HAYEHHE
KO3 puIeHTa N-0 TrapMOHHYECCKOU
COCTaBIISIIOIIEH JUIST KXKIOW TapMOHHKN
B 1,5 pa3a Gosbilie HOPMAJIBHO JIOTYCTH-
Mmoro B TeueHue 100% BpeMeHHU.

CpaBHeHne Kod(p(UIMEHTOB Tap-

MOHHUYCCKHX COCTaBJIAIOLINX K CK-

U(n) M
AB’UBC u UCA A
rapMOHHUK 3, 5 1 7 cO 3HAYCHUSIMHU KUW
ycraHosieHHbIME ['OCTom 54149-2010

IIPE/CTaBICHO Ha puc. 2-4.

¢a3ubix Hanpspkeruit U
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Puc. 4. Pacnpenesienne Ko3pGuuneHTOB rapMOHUYECKUX cocTaBstiomux K
s rapmonuk 3, 5 u 7 mo 'OCTy 54149-201

HawnGonee BbIpaskeHHast TPEThs rap-
MOHHKA MeX(ha3HbIX HANPSDKCHUH, Ipe-
BBHIIIIAET HOpMY Oosiee yeMm B 3pasa Ha
TIC 137, I1C 123 u B 2 paza [1C Tsrosas;
y IATOH TapMOHUKH MPEBBINICHHE CO-
craBmio Oonee yeM B 3 pasa Ha [IC137,
B aBa pa3z Ha [IC123 u IIC Tsrosas;
ceapbMasi TapMOHUKA IPEBBIIIAET HOPMY
B Tpu pasza Ha [IC 137, u Gonee yeMm B
2 paza Ha [IC Tsaroas, B OCTaJbHBIX
nyHkrax usmepenus K - umeror gonyc-
THMBIE 3HAUCHUS.

OCHOBHBIE OTPEOHUTEIH, HMEIOIINE
HEJMHEWHBIM Xapakrep — 3TO TAroBas
TIOACTAHIMS JKEJIC3HOH JOPOrH. OIeK-
TpUGHUIPOBaHHAS JKENe3Has Jopora

YEeCKUM IOTpeOUTeNIeM 3IEKTPUISCKON
sHeprud. IIoMHMO TOTO, YTO 3MEKTpPO-
TATOBask Harpyska SIBISETCS HECHMMeET-
PHYHBIM HEIMHEHHBIM IOTpeOUTENeM C
[IEPEeMEHHON Harpy3koil, UMeeT MecTo
CYIIECTBEHHOE OTIHYHE OT APYTHX IOT-
pebureneit, KOTOPOE 3aKIIOIALTCS B TOM,
9TO >KeJe3Hasl HOpOora SBISETCS MPOTS-
JKEHHBIM TPHEMHHKOM 3JICKTPHIECKOH
SHEPIHH, W NMUTAHHE €€ TATOBBIX IIOJ-
CTaHIMI HE MOXET OBITH OCYIIECTBICHO
OT OJHOTO y3J1a YHEPIOCUCTEMEL.
OneHka HECHMMETPUH HaTpsDKe-
HHUH BBIIOJHAJIOCH HA OCHOBE PacueTOB
K02 PHULIKEHTa HECUMMETPHH HATIPsIKE-
HUS 110 00paTHOU | HyJIEBOIl MOCIe10Ba-

10

Mesxkpasznoro HanpsikeHusst UAC

Jns ykazaHHBIX moka3zareneir KO
ycraHoBieHsl HOpMBI B [OCTe 54149-
2010.

3Ha4eHns K03 HUIIEHTOB HECUMMET-
pYY HapsHKEHU 10 0OpaTHOW TOCieno-
BaTebHOCTH K, | ¥ HecUMMeTpuH Harpsi-
JKEHUH 110 HyJEBOH IMOCIIEAOBATENHHOCTH
K, sMEXKy 3HAYEHUSMH, YCTAHOBIICHHBI-
vu [OCTom 54149-2010 mpencraBieHo
Ha puc.5.Hanbompmee 3HaueHWe KodG-
¢uIMeHTa HECUMMETPUH  HAIPSHKEHHS
Mo OoOpaTHOH MOCIEI0BaTEIbHOCTH KZU
cocrasmsieT 37%, uto B 9 pa3 mpeBbIIaeT
nopmy Ha I1C 137. K, o HyneBo# moc-
JIEOBATENIBHOCTH Ha 9TOH K& MOJCTAHIUI
HMeeT MEeHbIIMe 3HadeHust 25%, 4To mpe-

HCpeMeHHOFO TOKa SBJISICTCA CHCHI/I(I)I/I- TCIIBHOCTHU. BBIIIIACT HOpMyB 6pa3
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Puc. 5. Kospdpuuuenrsl HecummeTpuu HanpsizkeHuil no o6parHoii nocienosarenbuocru K, u necummerpun
HAIPsSKEHMIl 110 HyJIeBOii nocJenoBarenbHocTu K|
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HecumMmeTpust HanpspkeHMH  Ipo-
HCXOIUT IOJA BO3JCHCTBUEM HEpaBHO-
MEpPHOI0 pacIpesiesieHls Harpy3ok Io
(azam. MicTrouHMKaMK1 HECUMMETPUH Ha-
IPSOKCHUM SBIIAIOTCS: JyroBble CTaJlell-
JIaBUJIbHBIC I1€4H, TATOBbIC MOACTaHLUU
MEPEMEHHOI0 TOKa, 3JIEKTPOCBapOYHBIC
MalluHBI, OXHO(A3HBIE DJIEKTPOTEPMH-
YeCKHE YCTaHOBKU M JpyrHe oxHodas-
Hble, NByX(}a3Hble M HECHMMETpPHYHBIC
Tpéx(a3Hple NOTPEOMTEIH  DIIEKTPO-
SHEpIuu.

IlonoxxutenbHble U OTpULIATEIbHbIE
OTKJIOHCHUS HaNpPsDKEHUS B TOUKE Iepe-
Jla4y 3JIEKTPUUYECKOM 3HEPruu He JIOIK-
HbI nipeBbiath 10% HOMHUHATBHOTO WU
COIVIACOBAaHHOI'O 3HAYEHUS HAIpPSDKEHUS
B TeueHue 100% BpeMeHU UHTepBana B
OIIHY HEZeI0, U 5% HOMUHAJILHOTO WUJIU
COIVIACOBAaHHOI'O 3HAYEHUS HAIpPSDKEHUS
B TeueHue 95% BpeMeHHU.

VKakeM OTKJIOHEHMS HAaIpsKEHUs
SUH u SUW
MepeHui 24 yaca, OKa3bIBaeT PUCYHOK O.

TOJIYYCHHBIC 3a IEPUO/ U3-

CrnenyeT OTMETHTD, YTO OTPHUIIATEIIb-
HOE U IOJOKHUTEIBHOE OTKJIOHEHHUS Ha-
MPSKCHUS SBIISIOTCS TOJIOKUTEIbHBIMU
BEJTMYHNHAMH.

OTKIIOHCHHE HATPSHKCHHUS  SIBHO
Beipaxxeno Ha [TIIIS u TIC137 u IIC
Tsarosas. HanGospliee 3HaueHue 3apuk-
cupoBano Ha [IC 137, koropoe cocras-
jser +11%.

0060011ast pe3yabTaThl aHajIKM3a I0-
Ka3zaTejell KadecTBa 3JICKTPOIHEPTHH
s Jlebemuackoro 'OKa, mnomydaem
cleyronee:

1. mpeBbIlICHUE CYMMAapHOTO KO-
(uIeHTa TApMOHUYECKUX COCTABIISIO-

AB’UBC
u U, nabmonaerca ma I'TIIT 5 Gomee

mux MexdasHpix HanpspkeHuid U

4yeM B nonropa pasa, Ha IIC 137 Gonee

JleGenu u cocrasiser KU(BO
— 7209,
I1C Tsarosas — KU(BC) 20%;

2. HauOonee BBIPAKEHHAs TPEThS

= 25%, na

rapMOHHMKa MeX(}a3HOTrO HANPSDKEHUs,
HMeeT NpeBbIlIeHne 0ojee 4eM B pasa Ha
I1C 137, I1C 123 u I1C Tsarosas; y nsroi
TapMOHHKH TIPEBBIIIEHNAE COCTaBUIIO 00-
nee yeM B pa3a Ha [IC137, B a1Ba pa3 Ha
[1C123 u IIC Tarosas; cenpMasi rapmMo-
HHKa UMeeT NPEeBBIILICHNE B TPU pa3a Ha
[IC 137, Ha ocTaJbHBIX NyHKTaX HU3Me-
PEHUs UMEeT JIONYCTUMbIE 3HAUSHUS;

3. OTpHLATEIbHOE U IOJOXKUTEIb-
HOE OTKJIOHEHHE HAINpsDKEHHS B Cpel-
HeM cocrasiser 6%, HaubolblIee 3Ha-
yeHue 11%. OTKIOHEHUS HaNpsKEHHs
OKa3bIBAIOT 3HAYMTENILHOE BIMSHUE Ha
paboTy acuHXpoHHBIX apurareneit (A),
SIBJIAIOIINXCS] HanboJee pacrpocTpaHeH-
HBIMH NIPUEMHHUKAMH 3JIEKTPOIHEPTHH B
MIPOMBIIIUICHHOCTH

4. x03pHUIMEHTHI  HECHMMETPHH
HanpsDKEeHUI 1Mo oOpaTHOW M HyJIeBOW
MIOCIIEIOBATeIbHOCTH B CJIEACTBHU Ha-
IUYMS Ha TIPEANPUSTHN HENTUHEHHBIX
norpeduresnieil B CpegHEM COCTaBIsAET
15%, Hopma 4%. Haubosnbliiee 3HaueHe
BeisBiieHo Ha [IC 137, roe oguH U3 mot-
peouteneii Tsrosas IIC, u cocraBnser
36%, 4t0 B 9 pa3 mpeBbILIAET HOPMY, B
pe3ynpTaTe HepaBHOMEPHOTO pacIpese-
JICHUsI Harpy30K 1o dasam.

CHIDKEHHE  HECHHYCOWJAIBHOCTH
HampsbkeHus: obecnednBaercs JUOO pa-
LMOHAIBHBIM ITIOCTPOCHUEM CHCTEMBI
anekrpocHabkernust (COC) mnpeanpu-
SITHS, IPH KOTOPOW ITapaMeTphbl, XapakTe-
pH3yIoLINe HECHHYCOMaIbHOCTD HaIpsI-
*KeHHs1, OyIyT B JIONYCTHMBIX Hpeesax,
00 MPUMEHEHHEM CIICIUAIIBHBIX CXeM
KOMMYTalli¥ HEJIMHEHHBIX Harpy3oK,
a TaKkKe KOPPEKTHPYIOUIMX YCTPOWCTB

HECUHYCOMJAJIBHOCTY B  HEKOTOPBIX
CllyyasiX BO3MOXHO ILyTEM BBIJICJICHUS
HEJIMHEHHBIX HArpy30K Ha OTIEJIBHYIO
CEeKIMIO IIMH, PAacCpeloTOYEHUE Helu-
HEHHBIX HAarpy30K IO Pa3JIMYHbIM Yy3J1aM
COC ¢ mnoOAKIIOUEHHEM IapaljIesIbHO
STUM Harpy3kaM 3JIEKTpOJBHUraresieil.
CHmwxenue ypoBHed BI' 3a cuer ymyd-
meHnst GpopMBI KPUBOI CETEBOTO TOKa
BII Moxer OBITH JOCTHIHYTO IIyTEM
xomneHcanuu BI' marauTHOro moroxa
Tpanchopmaropa JIMOO HAJIOKEHUEM TO-
KOB HEUETHBIX F'APMOHHUK, KPAaTHBIX TPEM,
Ha TOKM OOMOTOK TpaHCc(OpMaTopos.
yCTpOiic-
TBa SBJSIOTCS alllapaTaMd MHOTroLelle-

OUIBTPO-KOMIICHCUPYIOIIIHE

BOTO HAa3HAYEHUs] U IPUMEHSIOTCA Ul
KOMIIEHCAllUU PEaKTUBHOI MOIIHOCTU U
cHxkeHus ypoBHeil BI. Cucremsl kom-
HEeHCALUH U (QUIBTPALUK C HCIOJIB30Ba-
HHEM aKTUBHBIX (MIBTPOB IT03BOJISIOT
HE TOJIKO 00ECIeYnTh MHUHUMH3ALHIO
BI' u uHTEprapMoHUK, HO U PErYJIHUPO-
BaHUE HANPSDKEHUs! y TIOTPeOUTEIs, THO-
punsse puistpsl (I'®), B kotopeix AD
BKJIIOYAETCSI ITOCIIEA0BATENBHO JINO0 Ma-
paJuIeNIbHO PE30HAHCHBIM (prIIETpam.
Hecummerpuro HampsbkeHui, o0yc-
JIOBJIEHHYI0 HecuMMeTpuuHbiMu Ol
MOXXHO OIPaHHYUTh KakK C IIOMOILBIO
CXEMHBIX pELICHHH, TaK WU IIyTeM IpH-
MEHEHHUSI CHELHUaIbHBIX CHMMETPHPY-
omux ycrpoifcts. CuMMeTpHpoBaHUE
¢ nomompro CY cBOAMTCS K KOMIICH-
callMM IKBHBAJICHTHOTO TOKa OOpaTHON
HOCJIEZIOBATENIBHOCTH  HECUMMETPUYHBIX
Harpy3oK H, CJIE[0BaTeNIbHO, 00YyCJIOB-
JICHHOTO WMH HAaIpsDKEHUs 0OpaTHOM
MOCJIeI0BaTEIbHOCTH [4].
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You, young man, of course want to know
what cybernetics is, but obviously you do not want
to listen to my lecture. The general theory of control
processes and information transmission you can
learn only if | slap you strong.

Norbert Wiener
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UNIFORMPOWER DISTRIBUTION
DEVICES

N. Mazaleva, Candidate of Technical Sciences, Associate Professor
G. Kuvshinov, Doctor of Technical Sciences, Full Professor
Far Eastern Federal University, Russia

This article deals with a device used to uniformly distribute reactive
power between synchronous generators. It has been demonstrated that
due to the use of differentiating measuring current transducers and
parallel operation transformers high precision required to maintain the
preset voltage level in the common buses and distribute reactive currents
between the generators is reached.

Keywords: synchronous generators, reactive power, uniform
distribution, differentiating transducer, experimental results.
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YCTPOMCTBA JJI1 PABHOMEPHOI'O
PACITIPEJIEJIEHWA MOIITHOCTU

Masanesa H., kaHz. TexH. HayK, IOLEHT
Kysumnos I, npodeccop, A-p TexH. Hayk,
JlanpHeBoCTOUHBIH (eiepaibHbIi YHHBEpCHTET, Poccus

OmnuchIBaeTCsl YCTPOHCTBO Ui PAaBHOMEPHOIO PACIpEACICHUs
PEaKTUBHON MOIHOCTH MEXIy CHHXPOHHBIMH TeHeparopamu. Ilo-
Ka3aHo, 4TO OJiaromapsi IPUMEHEHHIO B 9TOM ycTpoiicTBe aubdepen-
UPYIOIUX U3MEPHUTEIbHBIX Mpeobpa3oBarernell Toka u TpaHchopma-
TOPOB IMAapaJLIEIBHOI PabOTHI 00ECTICYUBACTCS BBICOKAsE TOYHOCTh KAk
TIOJIICPKaHNS 3aJaHHOTO HANpPsHKEHUSI Ha OOIINX IIMHAX, TaK H pac-
HPE/ICIICHUS] PEaKTHBHBIX TOKOB MEXy TeHEpaTOpaMH.

KiroueBble cj10Ba: CHHXPOHHBIC TCHEPATOPHI, PEaKTUBHAs MOII-
HOCTb, PABHOMEPHOE pacnpezeieHue, mudpdepeHupyonmi npeodpa-
30BaTelb, Pe3yNIBTaThl IKCIIEPHMEHTA.

YyacTHUKH KOH(EpeHInH,
HaunoHanbHOro nepBeHcTBa 110 HayYHOW aHAIUTHKE,
Ortkpeitoro EBporeiicko-A31aTckoro nepBeHCTBa 110 HAYYHO! aHAJIMTHKE

| &os¥®S Digital Object Identification: http://dx.doi.org/10.18007/gisap:tsca.v0i5.1032 |

B W3MEpUTENbHBIX U depeHIupy-
IOIIMX MHAYKIHMOHHBIX Mpeodpaso-
Barenax Toka ([UIIT), xkak u B TpaHc-
dopmaropax toka (TT), ucmoms3yercs
tpancdopmaropuslit apdext. I/C, Ko-
TOpasi MPOIOPLMOHANIBHA TPOU3BOIHOM
M3MEepPSeMOro TOKa, HAaBOIUTCS B KaTyllI-
ke JUIIT wnu Bropuynoir oomotke TT.
B x03(hGHUIMEHT mpOonopLHyOHaTEHOCTH
B KaueCTBE COMHOXKHUTEIIS] BXOUT B3aUM-
Hasg WHIYKTUBHOCTb MEXIY KaTyIIKOW
(BTOpUUYHOM OOMOTKOI1) U IPOBOAHUKOM,
[0 KOTOPOMY IPOXOAMUT HW3MEpsSeMbIi
TOK.

TT pabotaior B pexxume, OIU3KOM K
KOPOTKOMY 3aMBIKaHUIO, KOIZa Harmpsi-
JKEHHE BTOPUYHOI OOMOTKH BO MHOTIO
pa3 menbine ykazanHoit DJIC. Muuyk-
THUBHOE COINPOTHUBJIICHHE JTOH OOMOTKH
B JICCSATKU-COTHU pa3 OoJblie cymMmap-
HOT'O aKTMBHOTO COIPOTHBIICHUS] OOMOT-
ku u Harpy3ku TT. Ilostomy B ycraHo-
BUBIIKMXCSL PEXUMaX, IPH H3MEPEHHH
TOKOB, HE HWMEIONIUX alepHOINYeCcKOi
COCTaBJISAIONICH, TOK BTOPUYHOH 00-
MOTKH IPaKTHYECKH
unterpainy ot O/1C, u, aApyrumu ciosa-
MH, OH NPAaKTHYECKU IPOIOPLHOHAIICH

HPOIOPLHOHANICH

nu3MepsieMoMy ToKy. HoMuHanbHBIN TOK
BTOPUYHOM OOMOTKHM cocTtaBisieT 1-5 A,
a HOMUHaJIbHast MOIIHOCTb Harpy3ku TT
HE IPEBOCXOAMUT HECKOJIBKUX [ECSITKOB
BarT. OJHaKO U3-3a yKAa3aHHOIO 3Hauu-
TenbHoro npesbiieHus IJC Hax BbIXOI-
HbIM HampsbkeHueM TT ero macca oueHb
Benuka. [Tpu Hanpsoxenuu 700 kB macca
TT npubnmxaercss WIM IPEBOCXOIHUT
onHy ToHHY. Orpomnast Macca TT saBiusi-

44

€TCSl OCHOBHBIM, HO HE€ €IMHCTBEHHBIM
UX HejpoctaTkoM. [[pyroii HepocTarok —
9TO MOHMKEHHAs! TOYHOCTb U3MEpPEHHUs.
[IposiBiieHne 3TOro HemocTarka BO3pac-
TaeT C YBEJIUUECHUEM MIEPUOIUIECKOI CO-
CTaBIISIOIICH U, B 0COOCHHOCTH, arlepHo-
JINYECKON COCTAaBIISIIONICH H3MEPsSEMOro
TOKa HM3-3a HACBIIICHUS (peppOMarHuT-
Horo cepiaeunuka TT. B pesynsrare atu
[OTPEIIHOCTH TPUBOAMIN K HEBEPHOM
paboTe yCTpPOHCTB TOKOBOHM 3alllUTHI,
0COOCHHO TU(PEePCHITUATHHOM 3alHUTHI.

s cHWXXKEHUS TPOSIBICHUS JTUX
HEJOCTaTKOB CTaJld MCIONb30Bath 1T
C Pa3OMKHYTBIM MAarHUTHBIM CepJey-
HukoM (MaruutHbele TT) wim ¢ cepued-
HUKOM, HMMEIOUIMM BO3JYIIHBIE 3a30pbl
(TpaHcpeakTopbl). DTH YCTPOUCTBA SIB-
ssitorest pazHopuHoctTamMu JIUIIT. Oun
paboTarT B pexume, ONHU3KOM K Hje-
anpHOMY XxosiocToMy xony. Ilpu stom
TOK KaTylIKH MaJl, OH HE MPEBOCXOIUT
HECKOJIbKUX  JECSITKOB — MWJLTMAMIIEp,
a BBIXOJHOE HAIpPSHKCHUE IpaKTHYeC-
ki paBHo DJIC, HaBOOMMON B KaTylIKe
u3MepsieMbIM TOKOM. bnaronapst sTum
ocobennoctsam, macca JIUIIT B cotHu u
THICSIUM pa3 MeHblue, yeM y TT ¢ temu
)K€ HOMUHAJIbHBIMU 3HAYEHUSIMU H3Me-
psS€MOro TOKa W BBIXOIHOIO HArpsixe-
Husi. OmUOKY U3MEPEHHs, CBSI3aHHBIE C
HACBILIEHUEM MAarHUTHOTO CepJeYyHHKa
CHW)KCHBI W3-32 HAJU4YUs BO3IYIIHBIX
3a30poB. Hannydime mMeTponornyeckue
cBoiictBa mpucymu JUIIT, y xoropsix
MarHUTHBIA CEPJCYHUK BOOOIIE OTCYTC-
TByeT. OHM U3BECTHBI TAKXKE I10]] Ha3Ba-
HHUEM «KaTylmku PoroBckoroy.

Iupoxomy npumenenuto JIUIIT B
peJIelHOM 3aluTe U aBTOMAaTHKE Mellla-
JIO TO, YTO HMX BBIXOJHOE HAIpsHKEHUE
MPONOPIHOHAIBHO HE CaMUM H3Mepsie-
MBIM TOKaM, a ux npou3BoaHbsiM. JJUIIT,
B 00IIeM cllyyae, HElb3s BBOJWTH B
Kakoe-mibo ycrpoiictBo, Bmecto TT.
IToaTOMY HMX MBITAINUCH OMOJIHUTH WH-
TErpaTopaMu, BKJIIOUABUIMMUCS MEXIY
BbixosioM JIUIIT u BXOAHBIMU 3a)KUMa-
MH TIpeo0pa3oBaTebHOW WIIM  HCIIOJ-
HUTEJILHOW YacTell yCTPOMCTB 3allUTHI.
Takwue pa3paOOTKH MPOBOTUIUCH BSIIO, U
BILJIOTH JI0 Ha4aja 21 Beka He MpUBEIH K
3ameTHOMY pacnpoctpanenuto JUITT.

B cepenune 90-x rogoB 20 Beka cra-
70 OBICTPO pPAa3BHBAThCSA MPUMEHCHUE
Katyuiek PoroBckoro st usMepeHus e-
pemennbix TokoB. @upmel LEM, PEM,
Siemens, ABB u apyrue cramu mipoko
UCIOJIb30BATh ATH KaTYIIKH B COUETAaHUH
C MHTCTPUPYIOIUMHE (PUITBTPAMH MTEPBO-
ro nopsjaka. Tenepb Takue ycTpoHCTBa
MMOBCEMECTHO M B BO3pacCTarolleM Mac-
mrade BeiTecHs 0T TT U3 06acty nsme-
PEHUIA TepEeMEHHBIX TOKOB.

Ui
pacnpesieneHuss peakTUBHOM MOIIHOCTH
(YPPM) cozmepxut nuddepeHmupyto-
M€ WHAYKIUOHHBIE W3MEPUTENIbHbIC

YerpoiicTBo PaBHOMEPHOIO

npeobpasosarenu Toka (JJUIIT) u moxker
OBITH HMCIIOJIB30BAHO IS PABHOMEPHOTO
pacrpezieneHus peaKTUBHOH MOIIHOCTH
MEXJy BKJIIOYCHHBIMH Ha Iapauielib-
HyI0 pabOTy NCTOYHHKAaMH HAIPSDKEHUS,
HanpuMep CHHXPOHHBIMHU reHepaTopamMu
(CT), cHaG)KEHHBIMHU pETYISITOPaMy Ha-
NPSDKEHUS 9TUX NCTOYHHKOB. Pacriperne-
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JICHUE PEaKTUBHON MOILITHOCTH OCYLIECT-
BiIseTcss myteMm peryaupoBanus OJIC
BCeX onHOBpeMeHHO pabotaromux CI' B
(YHKIUY OTKJIIOHEHUSI OTHOCHTEIBHOTO,
10 OTHOUIEHUIO K HOMHHAJIBHBIM TOKaM,
3HA4YEHMs UX PEaKTUBHBIX TOKOB OT CpeJl-
HEro OTHOCHUTENIBHOTO, 10 OTHOIIEHUIO K
CyMM€ HOMHUHAJIBbHBIX TOKOB, 3Hau€HMs
CYMMBI PEaKTUBHBIX TOKOB 3Tux CI.
Uszsectabie YPPM [1, 2] obnanator
PSIIOM HEJOCTaTKOB, KOTOpPbIE B HOBOM
yCTpOICTBe ycTpaHeHbl. Paccmorpum
cxeMy YPPM (cM. puCyHOK) M pe3yib-
TaTbl €ro JKCIEPUMEHTAIBHOIO HCCIle-
noBanus [3]. YPPM cocrout u3 Tpasc-
(dbopmaropoB 1 mapaienbHONW padoThI
W TPYII KaTylIeK (B IPYIITy BXOMAT Ka-
TYIIKH, OTHOCSIIMECS K OHOH (ase yc-
TpoiicTBa), nepBbIX 2 U Bropbix 3 JJUIIT.
Karymku 2 u 3 IUIIT uHayKTUBHO CBSI-
3aHbl C TOKONIPOBOAAMU 4 TOKa Harpy3KH
CI' 5, cHabXXeHHBIX peryisiTopamu 6 Ha-
npsbxeHust. Hagana 7 katyek 2 nepBbIx
JUIIT noaxirodeHsl K Havyajgam 8§ mep-
BUYHBIX 0OMOTOK 9 TpaHcdopmaropos 1.
JUi KaXJ0ro KOMIUICKTa KaTyllek 2 U
3 JUIIT, orHocsimuxcst k ogHomy CI,
koHub! 10 karymex 2 IUIIT coenunenst
¢ o0mMM HyJNeBbIM 3axuMoM 11 3Toro
KOMILIEKTa. B Kaxblii KOMIUIEKT BXOAT
IO CTOJIBKO KaTylleK 2 MEepBbIX U 3 BTO-
poix AUIIT, ckonbko MMeEeTCs BXOIHBIX
3KUMOB 12 y Kaxaoro peryisitopa 6.
Jns xaxnoro Gioka Tpancgopmaropos 1,
otHocsiuxea kK ogomy CI xoHubr 13
HEepPBUYHBIX 0OMOTOK 9 TpaHcdopmaro-
poB | MOKITIOYEHBI K 001IEMY HYJIEBOMY
3aKuUMy 14 Takoro OJIoKa, B KaXIbId U3
KOTOPBIX BXOASAT CTOJBKO TpaHchop-
MaropoB 1, CKOJIBKO MMEETCsI BXOIHBIX
3KUMOB 12 y Kaxzaoro peryisitopa 6.
K BeiBozam 8 1 13 nepBHYHBIX 0OMOTOK
9 TtpanchopmaropoB 1 HpUCOEIMHEHBI
TaKKe BbIBOJBI BhIKIItouatelisi 15. K BbI-
XOJIHBIM 32KHMaM 16 UCTOUHUKOB 5 1O~
KJIFOYEHbI KOHIIBI 17 KaTymek 3 BTOpbIX
JUIIT, nauana 18 KOTOpPBIX COETUHEHBI
¢ Hayaiamu 19 BTOpHYHBIX 00MOTOK 20
tpanchopmaropos 1. Konipsr 21 o6mo-
TOK 20 MOJK/IIOYEHB! K BXOIHBIM 3a)KU-
MaM 12 peryasiTopoB 6 HampsKEHUsL.
Toxomposoas!l 4 CI' uepe3 BbIKIIOUaTe-
M 22 coeavHEHBbI ¢ OOLMMM IIWHAMH
23, OT KOTOPBIX IOJNy4YaeT MUTaHue 00-
uiast Harpyska 24. Beikmouatenu 22 CI0
cHaOXeHbI OJIOK-KOHTakTamu 25, depes
KOTOpble Hauajla 7 KaTylleKk 2 IepBbIX
JIUIIT nonkirodeHsl K ypaBHUTEIbHBIM

coequHeHusaM 26. KonudectBo ypaBHU-
TEJIBHBIX COSIMHEHUH 26 U YHCIIO OJIOK-
KOHTaKTOB 25, NPUXOSLIMXCS HAa OIUH
CI, paBHO 4uCIly BXOJHBIX 3aKUMOB 12
KaX/JIOr0 peryysTopa 6 HapsKeHUs..

Bce Tpancdopmarops! 1 uMerot oau-
HAKOBOE YHCJIO BUTKOB y HMEPBUYHBIX U
BTOPHYHBIX 0OMOTOK. B3auMHbIe HHIYK-
TuBHOCTH Beex karymek 2 u 3 JIUIIT c
TOKOIIPOBOAAMH 4 TOKa Harpy3Ku UMET
3Ha4YEHHs, 0OPaTHO IPOIOPIMOHAIBHEIE
HOMMHAJIGHBIM TOKaM MCTOYHHKOB Ha-
MPSDKCHUS, K KOTOPBIM MOAKIIOUCHBI 3TH
TOKOIIPOBOJIBL.

bnaronapss nepeducieHHBIM OCO-
6eHHOCTSIM cxeMbl YPPM uckiodaroTcs
onepauuu o nepesopy sepymero CIT
B BEIOMBIN H, HaoOopoT, Begomoro CI'
B BEAYyILUii, a onepanuu Mo MOAKIIOUe-
Huto CI' k 00IIUM IIMHAM TPOU3BOIATCS
0e3 KaKUX-TH00 NePEKITFOUCHHHN B IICTIAX
obparHoil cBsi3u 1o Hampspkernio CI.
Buemnss xapakrepuctuka CI, xorna o
HE MOAKJIIOYEH K OOIIUM IINHAM, MOXET
OBITH KaK aCTaTHYECKOMH, TaK ¥ UMEIOIeH
CTaTU3M IO PEaKTUBHOMY TOKY. Taxoi
CTaTH3M HMMEET MECTO IPH 3aMbIKAHHH
BoeIKrouareneit 15. Ilpu sTom obecre-
YHMBAETCSI BO3MOXKHOCTh Oe3aBapHilHOW
napaenbHoit pabotel ¢ CI, koTopbie
He oxBaueHbl YPPM.

[IpoBopunuce IKCIIEPUMEHTAIIb-
HbIE HCCIEJOBaHUSA paccMaTpUBaEMOM
YPPM. Bce JUIIT u cornacyrouue
TpaHcdopMaTopsl
Ha OCHOBE CETEBHIX TpPaHC(HOPMATOPOB

OBUTH  BBINOJHEHEI
TII-220 npoussoactBa [IK® «Dnekr-
POH-KOMIUIEKC», KOTOpbIE UMEIOT OJJUHA-
KOBBIE ceKIuu 00MOTOK 1o 1150 BUTKOB
U OJVHAKOBbIE CEPICYHUKU CTEpIKHE-
poro tuma [1J112,5x25%32. AxTuBHOE
COIIPOTUBIIEHUE OJHOM CEKIUU IPH KOM-
HaTHOH Temneparype paBHO 720 Om.
Cepneunux JUWIIT BeimonneH pas-
OOpHBIM M CTATUBAETCS CHELHATbHBIMU
LINHIbKaMKU ¢ 0apallkoBBIMH TaiKamu
JUIsl yoOCTBa BBECHUSI THOKOTO TIPOBO-
Jla B OKHO CEep/IeYHUKa U MOATOHKH B3a-
MMHOU MHIYKTHBHOCTH HOJ Tpedyemoe
3HavyeHue. Jis kaxnoit gpaser CI' mpoBox
cedyeHreM 25 MM? BKJIA/IbIBACTCS B OKHA
cepreunukoB aByx JIUIIT, orHocsmmx-
cs k 910l haze CI. 3areM OkHA CBepXy
3aKpBIBAIOTCA BEPXHUMH II0JIOBUHAMU

CCPACYHUKOB, KOTOPLIC NPUKXHUMAIOT-
Cd K HHUXXHHUM I10JIOBUHaAM 6apamKaMH.
Me)Kz[y IO0JIOBUHaMHU CEPACHYHUKOB
NOMELICHbI  TIPOKJIaJAKHU U3 6yMaFPI.

KomnnuecTBo MpokIagok — onpenensier
BBIOpAaHHOC 3HAYCHUE B3aUMHON UHIYK-
TUBHOCTH, TOYHAs HACTPOHKA KOTOPOH
MIPOU3BOANTCS C TIOMOLIBIO OapaIIKoB.
Cekuun  oomorok JUIIT Gbutn
BKJTFOYCHBI

napajuiejibHO, a CEKUHUH

NepBUYHOM U  BTOPHUYHOW OOMOTOK
TpaHC(OPMATOPOB — IOCIIEAOBATENBHO.
B3auMHasi MHIYKTHBHOCTH KATYIICK H
MEPBUYHBIX TPOBOJOB C MEPBUYHBIM TO-
koM juist Beex JIUTIT Obuta mpuHsiTa onu-
HAKOBOW M HACTPOCHA TaK, YTO U3Mepsic-
MoMy ToKy 50 A coorBerctBoBana JJIC
JUIIT 5 B. CymmapHbIii BO3IyLIHbIH
3a30p cepaeunuka JJUIIT cocraBui oko-
510 0,75 MM, a MHJIYKTUBHOCTb KaTylIEK
okazasnach paBHo# 0,35 I'n. Takum o6pa-
30M, aKTHBHOE COITPOTUBIICHHE OOMOTKH
JUIIT paBHo 360 OM, UHAYKTHUBHOE -
110 Om, a nonnoe — 376 OM. Yka3aHHbIE
3HAUCHHS BHYTPCHHETO COIPOTUBIICHHS
KaTYILIKU PEHEOPEIKUMO MaJTbI IO CPaB-
HCHHIO C CONPOTHBICHUEM HaMarHUYH-
BAOLIET0 KOHTypa TpaHcdopmaropa 1,
xoropoe mnpesocxorutr 100 xOm. Ilos-
Tomy JJC JUIIT, nogsenenHas x nep-
BUYHOU 0OMoOTKe 9 Tpanchopmaropa 1,
TpaHcHOpMHUPYETCS BO BTOPUYHYIO 00-
MOTKY 20 mpakThdyecku 0e3 W3MCHEHHUs
3HaueHus U $asel 310it DJIC, 9TO M J0-
Ka3bIBa€T HEOOXOIMMOCTh OIHUHAKOBOM
HACTPOWKM B3aUMHON HWHIYKTUBHOCTH
karymek JUIIT 2 u 3.

DKCHEPUMEHT MPOBOAMWICA C JBY-
Msi CI, cHaO)KCHHBIMU YIPABISICMBIMH
CHCTEMaMH MPSIMOTO aMILTHTYIHO-(a-
30BOr0 KOMIAyHAMPOBaHUSA. BxomHbIC
32)KHUMbI 12 KOPPEKTOPOB HAIPSKCHUS,
OCYILECTBIIIOIIUX PErYJIUPOBAaHUE 10
oTkioHeHHto Hanpspkenus CI' ot 3aman-
HOTO 3HAYCHUs, B KA4eCTBE KOTOPOIO
OBUTO MPHUHATO HOMHHAJIBHOE HAmpshKe-
wue CI' — 230 B, moaxrovanucs K ¢a-
3aM A u C xaxxporo CI' uepe3s karyuiku 3
JIATIT u BropruHbie 00MOTKH 20 TpaHC-
(dopmaropoB 1, Kak IOKa3aHO Ha PUCYH-
ke. CHayana BBIMONHSIUCH UCTIBITAHHS
kaxgoro CI' mpu ux oquHO4YHOI paborte.
Harpy3ska co3naBajach ¢ OMOLIBIO 3a-
TOPMOXKCHHOTO aCHHXPOHHOTO JIBUTATE-
15 ¢ (ha3HEIM POTOPOM, y KOTOPOro 00-
MOTKH CTaTOpa BKJIIOYEHBI YepPE3 KOJIbIIa
NIOCIIEI0BATENIBHO C OOMOTKaMH pOTOpA.
V3MeHeHUEe CONMPOTHBIICHUS JIBUTATEIS
MIPOU3BOAUTCS TIOBOPOTOM poTopa. Tok
JBUrareyis OMM30K K WHIYKTUBHOMY,
K03 GUIMEHT MOIIHOCTH M3MEHSIETCS B
HeOonpux npexpenax. CpexHee 3Haue-
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HHE Kod(duUIMEeHTa MOIIHOCTH PaBHO
0,2.

Hanpsoxenuss xonmocroro xoma CIU
passsmch 230 B. M3MmeHenue 3toro Ha-
HPSDKEHUS TIPH NIEPEXOe OT PAa3OMKHY-
TOTO IOJIOKEHUS BBIKIIOUarene 15 k
3aMKHYTOMY U OOpaTHO HE BBIXOAWIIO
3a Mpejelsbl MOrPEHIHOCTH BOJBTMETpa
kiacca 0,5. [Ipu pa3oMKHYTOM MOJIOXKE-
HHU{ OTHX BBIKJIIOYAaTeNIed BHEIIHSS Xa-
paxrepuctrka CI' Obl1a acTaTHyeckoit, a
IIPU 3aMKHYTOM — JIMHEIHOM, cO CHUKe-
HueM HanpsbkeHust CI' npu Toxe 50 A ¢
230 no 222 B.

Bbrita mpoBepeHa W napajuienbHas
pabora CT. Ilocne cunxponuzammu CI'
W BBIPAaBHHBAHMS AKTHBHBIX Harpys3ok
orinune peakTuBHbIX TokoB CI' He mpe-
BOCXOIMJIO 5 A, 4TO COOTBETCTBYET Tpe-
0OBaHMSM K aBTOMAaTHYECKOMY pacipe-
JIETICHUIO PEAKTUBHBIX TOKOB.
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Branch of science Dates Stage Event name

E ics, L M t . . T .
conomics, Law and Managemen The dominant of the humanism principle in modern social concepts and the

! S.O ciology, Political and Military 21-27.04 ! civilized practice of public relations

Sciences

Physics, Mathematics and Chemistry / 212704 I Studying the nature of matter and physical fields in the search for ways of
Earth and Space Sciences ’ the fundamental scientific gnoseology problems solution

JUNE

Technical Sciences, Construction and 18-24.06 I Technical progress of mankind in the context of continuous extension of the
Architecture ' society’s material needs
Functions of upbringing and education in conditions of the accelerated
socialization of the personality in the modern society

JULY

Development of the spoken and written language at the current stage of the

Education and Psychology 18-24.06 11

Philological Sciences 15-27.07 I . o .
intensive information turnover
Culturology, Sports and Art History / The event-based structure, as well as cognitive, moral and aesthetic contents
. . 21-27.07 I L
History and Philosophy of the historical process
Medicine, Pharmaceutics / Biology, 21-27.07 I Life and health of the person through the prism of the development of
Veterinary Medicine and Agriculture ’ medicine, food safety policy and preservation of the biodiversity

AUGUST

Economics, Law and Management . . . . .
> AW & Modern trends in the intensive development of public relations and actual

/ Spciology, Political and Military 05.08-11.08 I methods of their effective regulation

Sciences

Physics, Mathematics and Chemistry /  05.08 — I Material objects and their interactions in the focus of modern theoretical
Earth and Space Sciences 11.08 concepts and experimental data

Technical Sciences, Construction and 26.08 — I Peculiarities of development of public production means and material
Architecture 31.08 recourses ensuring the activity of the person in early XXI century

SEPTEMBER

Pressing problems of interpersonal communications in the educational
process and the social practice

Education and Psychology 15-22.09 111

The role of linguistics and verbal communications in the process of
Philological Sciences 08-13.10 111 informational support of ethnic originality of nations and their progressive
interaction
Culturology, Sports and Art History / 21-27.10 I Factor of ideology and the driving force of human aspirations in the process
History and Philosophy ’ of historical formation of moral and aesthetic culture

NOVEMBER

Medicine, Pharmaceutics / Biology, 04-09.11 o Modern features of development of Biological science as factors of solution
Veterinary Medicine and Agriculture ’ of pressing problems of human survival and the natural environment
Economics, Law and Management . . . .

/ Sociology, Political and Military 19-25.11 o Conditions and aims of development of public processes in the context of

Sciences priority of liberal values and respect to moral and cultural traditions

DECEMBER
Physics, Mathemati'cs and Chemistry / 03-08.12 I Inpovative approaches to the bsolu.tion of systemic pr.oblems .of fundamental
Earth and Space Sciences sciences and matters of practical implementation of innovations
Combination of factors of productivity, efficiency and aesthetics in modern
16-21.12 111 requirements to functions and quality of technical devices and construction
projects

Technical Sciences, Construction and
Architecture
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