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PE3YJIBTATBI UCCIIEJOBAHUA HECTAIHUOHAPHBIX IPOLHECCOB
HA 2JIEKTPHUYECKOM MOJIEJIA B 3ABUCUMOCTH OT CIIOCOBA
NCIIOJTHEHUA THAPOCUCTEM

@. A. Kopcyn, k. m. H.

Knioueswie cnosa: nepexoonoil npoyecc, CUMMEMPUYHASL MOOelb, HECUMMEMPUUHAS MOOEb,
eudpopacnpedenumeins, 2uopagiudeckuti yoap (I'Y)

IIpodaema. Cucrema KOHAMLIHMOHMpOBaHHMA pyaHH4dHOro Bo3ayxa (CKPB) rmy6okux miaxt
Honbacca mMmeeT ABa KOHTypa: BBICOKOTO [JaBIICHHS — BEPTUKAIBHBIA M HU3KOTO [ABICHUS —
ropuzoHTa’ bHEIA. [lpu mepemaue xonmoma Ha TIyOOKMH TOPH3OHT PEKyNEPaTHBHBIM MYyTEM NPHU
MOMOIIM TeruiooOMeHHHKa BbIcokoro namineHus (TBJl) BosHukaioT Oompiime motepu xonoxa. Ilpu
3ameHe TBJl Ha rtuapopacmnpenenutrens (I'P) »>Tu moTepu ycTpaHSIOTCS, HO BO3HHKAIOT
ruapasinydeckue yaapsl (I'Y) B I'P.

Jns sToro Hy)XHO TpoBecTH HuccienoBaHuss 'Y Ha 3JIEKTpUYECKOM MOJAEIM TPU IMOMOIIU
MonenupoBaHusa. lccnenoBaHus TPOBOIMIMCH pasHBIMU crocobamu. B 310l cratbe OynmyT
paccMOTpPEHBl HCCIENOBAaHUS T'MAPABIMYECKHX YAApPOB B 3aBUCHUMOCTH OT croco0a HCIOJHEHUS
THUAPABINYECKUX CUCTEM.

AHanu3 ny0aukanuid. ['mapaBIuueckuMu yapaMy B BEPTUKAIBHBIX TPYOONpPOBOAAaX HUKTO HE
3anumancs. /[I. K. CmupnoB u JI. b. 3y0oB 3aHuManuch rugpaBindeckuM yaapoM B OCTaHKHHCKOMN
Oamue r. MockBbl. Ho OHM ocTaHaBnMBamM Hacoc, a 3/eCh OMUCHIBAIOTCA 'Y mpu mepekphITUH
noroka. IIpu ocraHOBKe Hacoca mepBas aMIUIUTyJa UAET BHU3 (pa3psDKEHKE, IIOHKCHNE NaBICHU), a
IIPU NIEPEKPHITUM NTOTOKA KJIAIAaHOM IepBasi aMIIJINTYa — IOBHIIIEHNE AaBJIEHUS U IlepBas rapMOHMKaA
UJET BBEPX.

Henb. N3yyeHne rufpaBIndecKiuX yAapoB B CHCTEME KOHIUIUOHUPOBAHUS PYAHHYHOIO BO3IyXa
IpU TEPeKII0YeHUH IOTOKOB J>KUIKOCTH B THApPOpAcIpeneNuTeNie B 3aBUCHMOCTH OT crocoba
UCIOJIB30BaHMSI THAPOCUCTEM.

OcHoBHO# MaTepHaJl. PaccMOTpeHBI ClieMyIonTie BapuaHThl UCIIOJHEHHUS TPYOOIpoBOaa:

1. Tlo criocoOy 3amuThl Hacoca:

a) HacoC 3alIMIICH AeMIpepoM;
0) Hacoc 3aMMIIeH OOpaTHBIM KJIallaHOM.
2. Tlo dhopme TpybompoBoaa:
a) TpyOOIPOBO HECUMMETPHUUEH OTHOCUTEIIBHO 33/IBHKKH;
0) TpyOOIIPOBOJ CUMMETPHUUICH OTHOCUTEIBHO 3aABIKKH;
3. Ilo ucnonap30BaHUIO KMHETHYECKOH SHEPIHHU KUAKOCTH IIPU MEPEKPHITUH TPyOONIpoBoia:
a) SHEPrHs KUAKOCTH paccenBaeTcs B TpyOOIpoBo/IE;
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0) oHeprus  JKUAKOCTH  YAaCTHUYHO  TOIJIOMIACTCS  TMOJKIIOYEHHOW — mapajuielbHO
TUAPOPACTIPEACIIUTENI0 TOJE3HON HAarpy3koid, BEIMYMHA KOTOPOM corjacoBaHa € HapaMeTpaMu
TpyOOIIpoBOa.

Jist 3THX BapWaHTOB Ha PUCYHKE | MPEACTaBICHBI OCIMIIIOTPAMMBI HANPSOKEHUS B THE3ZE
BO3MYIIEHHUS TepexogHoro mnpomecca ['H-8, cooTBeTcTByomeM CEYeHHIO TpPyOONpoBOAa mepen
3anBWKKOW. M3 HHX clemyeT, 4TO HalW4YHe COTJIACOBAaHHOW HArpy3KH MO3BOJSET yMEHBIIUTH
aMIUIUTYTy TIepBOM BOJHBI MaBieHUs B 1,4 paza. [Ipu 3ToM MakcHMaIbHBIA OPOCOK MaBIICHUS KaK TS
CUMMETPUYHOTO, TaK M JJIi HECHMMETPHYHOTO TPYOOIPOBOAA MPHU JIFOOOM CIIOCO0€ 3alIUThI HAacoca
cocraBister okono 2,0 MIla (n* = 200 m). DT0 OoTHOCHTENBHO OOINBINAS BETHMYWHA. DTOT BapUAHT
COOTBETCTBYET HECUMMETPHYHOMY (OTHOCHUTENHFHO TOYKH BO3MYIICHHSA) TPYOONPOBOAY; HAcOC

3amuIEH AeMrpepoM —

[MoaToMy BO3HHKAJla MBICIIb BBIOJHUTH YIPABJSIFONIMNA OpPraH Tak, YTOObI OH HE MPOMYCKal
MOCTOSTHHYIO COCTaBJISIFOIIYIO TOKA, HO MIPOIYCKall IIEpEMEHHYIO (B HATYype — HE MPOITYCKa KUAKOCTB,
HO TIpOmyCKad OBl BONHY JaBJICHHUSA, TO €CThb racui Obl KojeOanms). Ha momennm 3T0 MOXKHO
peayiu3oBaTh C TOMOIIBIO KOHJACHCATOpa JOCTAaTOYHO OOJBIIONH EMKOCTH, MapalIeIbHOTO
ANIEKTPOHHOMY Kirody. B HaTtype — ¢ mnoMmompo Jaemmdepa, MapauIeTbHOTO —3aJBHXKKE,
MPUHIMTIHAFHAS CXeéMa KOTOPOTO IMOTHOCTHIO aHAJIOTHYHA cXeMe JieMIidepa, mapaielbHOTO Hacocy.

9ToT BapuaHT OBLIT IMPOBCICH HAa MOJCIIN. OCHI/IHHOFpaMMI)I HaIlpsKEHUA B THE3JaX BOSMYLICHUA
nepexoaHbIx nporeccoB ['H-8 u 'H-9 npencrasnensr Ha pucyHke 3. M3 HUX BUIHO, YTO KOJICOAHHS
HAPSDKEHMS] B 9TUX CEUEHHUSX MOJTHOCTHIO YCTPAHEHBI, MPUYEM Takas )K€ KapTHHA COXPaHSIETCS BO
BCEX THE3/1aX MOJIETH.

OTOT BapHaHT COOTBETCTBYET CHMMETPHYHOMY (OTHOCHUTEIHLHO TOYKH BO3MYIICHU)

TpyOONpPOBOLY; HACOC 3aLIMIIEH eMIIpepoM —

Juia HaTYpBl M3 3TOTO CIeAyeT, YTO IpU padoTe THAPOPACIPENSIUTENS C MapauiebHBIM eMy
nemiepoM JaBlieHHE BIOJIb BCETO TPYOONPOBOAA EPEXOIUT OT OJHOTO YCTAHOBHUBILETOCS 3HAYCHUS
K JIpyroMy IaBHO, 0e3 Maneiimiero 6pocka (4* = 0). Ilpu s3ToM He TpeOyeTcss KaKoW-TO CIIEIUATbHOM
3aIUTHl HAcOCa, YIPOINAeTCs] KOHCTPYKIHWS Y3JOB, 3aAIWIIAOIIAX €ro OT CIy4YaiHBIX OpOCKOB
JABJICHHS, MCKIIOYAETCS BO3MOXKHOCTh KAaBUTAIMHW; JHEPTrHs yJapa MEepexXOIuT B IOTCHIHAIBHYIO
9HEPTHUIo JeQOPMUPOBAHHBIX MaTepHAIoOB AeMidepa U, Mo KpaliHel Mepe, YaCTUYHO BO3BpaLIaeTcs B
CUCTEMY TPU OTKPBITUH 3a/IBIKKU.

BosHukaer Bompoc o rabapurax Takoro gemrdepa 1 ero pearn3yeMoCTH.

Pacuet u pa3paboTka ero KOHCTPYKUHMH MPEACTABIAIOT COOOH CaMOCTOSITENbHOE MCCIIEIOBaHUE.
Ho oneHUTh OpHEHTHPOBOYHO €T0 MapaMeTpbl MOXKHO U3 CIEIYIOIINX COOOpaKeHHN.

Hemmdep mpencraBiser co60if HEKOTOPHIH TPYOOIPOBOM UITMHOM , CEYEHUEM Sy, B KOTOPOM
CKOPOCTb PAcHpOCTPaHEHUs] BO3MYIICHUH ., OTPEAETACTCS MaTepHajoM, W3 KOTOPOrO OH
W3TOTOBJICH, 3aMOJHSIOMIEH €r0 JKUAKOCTHIO W PacTBOPEHHBIM B Hel razoM. Ero MoxHO OBLTO OBI
MOJEIUPOBaTh HE KoHIeHcaropoM C2, a mapauIeNbHON KIIIOYYy BETKOH C pachpeneeHHBIMHI

cmor M
AeMn

napaMeTpaMu ‘aeMn 1 KOTOPOH
& g S aemMn _ QS
«gs __ — —
2T~ Q3emn ' Ciom a?Cror (1)
YMHOKast 00¢ YaCTH 3TOr0 BhIPAXKEHUS HAa KOHCTAHTY HOJ00HS
fhem AL,
&_E ==
fHem A&, MOJIyYUM
gs;emnt:e:-m _ QSA!;..
QZemn * Cig:rm § ‘:‘:e:«n a =C“°"Ar"" (2)
Y4uuTeIBas 94TO
2= ngrr:ne:exn (3)
C1 = Crory, 4
[onyunm:
SAIHage:mCZ
S.:le.*tne,:e:-:n = T (5)

W3 KOHCTPYKTHUBHBIX COOOPAXKECHUN MOXKHO MPHHATH, YTO Sy, PABHA YUSTBEPCHHOW IMIIOIIAH
CEYCHHS OCHOBHOTO TPyOOIIPOBOIA.
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B ombiTe, OCIHILIOrpaMMa KOTOPOTo MPeACTaBieHa Ha pucyHKe 3, eMkocth C2 = 10 @. Onmaxo
U3 DHEPreTHYECKUX COOOpaKEHUH 3Ta EMKOCTh JIOJDKHA OBITh MEHbBINE TaKOW, YTOOBI MOTIOTHTH
DHEPTHUI0, 3aHECEHHYIO B KATYIIKaX HWHAYKTUBHOCTH MOJCTH (M JNaKe MEHBINE, €CITH JOMYyCTHMBI
HEKOTOpbIe KojeOaHus HampspkeHus). IlockonbKy mpH pa3MBIKaHUHM KIIIO4Ya OHa 3apshKaercs [0
MOTEHI[UANIa UCTOYHUKA MTUTAHUS MOJICIH, TO:
g Nobu Lzl ixe o 54 x 80 ‘: lf] £(0.2)3 = 7 s 155
Uste 25% (6)

[puanMas a,.,, = 200 m/c, moacTaBiIsIs 3HAYEHUS BCeX apaMeTpoB B hopmyiry (6), HOTydInM

lzem =150 - 160 M, YTO, KOHEYHO, HEMPUEMIIEMO.

Opnnako u3 ¢popmyisl H. E. XKykosckoro [1]

425
=
D E
l+3¢ E—p-

\ . (7

HE cJenyeT KaKuX-TH00 OTpaHnYeHUN Ha BEIUIUHY (yeyn., U IPH COOTBETCTBYIOMINX MaTepHaiax
MOKHO TIOJTYIHTD dyeyn = 15 M/C, IPH STOM fren =1y

Bapuant pucyHoka 5 COOTBETCTBYET CHMMETPHYHOMY (OTHOCHUTENIBHO TOYKH BO3MYIICHHSA)
TPyOOIIPOBO/IY; HACOC 3AIUIIECH OOPATHBIM KIIATAaHOM — ;

Bapuantr pucyHOKa 6 COOTBETCTBYET HAIMYHMIO WM OTCYTCTBHIO JeMmmdepa mapaieTbHO
3aJIBUKKE.

[IpuBeneHHBIC OLIEHKH MOKA3bIBAIOT, YTO TIOCICIHUI BapUAHT rallleHUs] KOJeOaHU JaBICHUS PU
paboTe ruxpopacipeaeauTess 3acily)KiBaeT BHUIMAHHUS.

CpaBHeHHE TTapaMeTpOB IEPEXOMHOTO Tporecca (ruapoymapa) B I'HS (mepen 3amBrkkoid) auis
Pa3HBIX BApUAHTOB UCIIOIHEHHS MOJICTH (TPyOOIPOBO/Ia) MOKa3aH Ha PUCYHKax 1 — 6.

-
20B(70,8 M)

Puc. 1.0cyunnoepamma nepexodnozo npoyecca HecuMmempuuHo mooeau. Ucmounux numanust
3auuén KoHoeHcamopom,; 1 — 6e3 coenacosantoll Hazpy3Ku.

-
20B(70,8Mm)

g A

IR

Puc. 2. Ocyunnozpamma nepexoono2o npoyecca cummempuunou mooenu. Mcmounux numanus
3auuer KOHOeHCcamopom, 2 — ¢ CO2NACOBAHHOU HA2PY3KOl
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AR LNEANBLEY L

2013(70;sm)

Puc. 3. Ocyunnoepamma nepexoduvix npoyeccos cummempuyro mooeiu. Mcmounux
NUMAHUSA 3auuneH KOHOeHCamopom, 3 — 6e3 coenaco8auHol Hazpy3Ku

<1

Puc. 4. Ocyunnoepamma nepexoousix npoyeccos cummempuyrou mooeau. McmouHux
RUMAHUA 3auunierH KOHOeHCamopoMm; 4 — ¢ coenacosanHou Hazpy3Kou

vl

i

| |50 Mk (93¢)

Puc. 5. Ocyunnoepamma nepexoonozo npoyecca ¢ I'H8 cummempuunoii mooenu. Ucmounux
numanust 3auumger Ouo0om R,., = 2000 Om
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a)

0)

200MKC(37,26) "

Puc. 6 Ocyunnoepammor nepexoonozo npoyecca 6 I'H8 u 'HY modenu: a — npu omcymemeuu
demnupyoweii evkocmu: 6 — ¢ demngpupyioweti emxocmuio C3 = 107°®,
NOOKIIOYEHHOI NAPATNENbHO KIIOUY

BoiBoawbl. 1. ITIpumenenue R, i HECUMMETPUYHON MOJIENIM MPUBOJUT B MPSIMOM BETBU K
YMEHBIIEHUIO aMIUIUTY/ bl HAIIPsDKEHUS MepBOi rapMOHUKH Ha 42 % B TepBbIi nomynepuoa, Ha 57 %
BO BTOPO# HOIyNepHOA, MOCIEeIyIONe TApMOHUKN OcNnabmsroTes eme Oonbiue. B obpatHoii BeTBU
3TO yMeHblIeHue coctanisieT 31 u 49 % coorBercTBeHHO (KpuBhIe 1, 2 puc. 1; 2).

2. llpumenenue R ,,, I8 CUMMETPUYHOM MOJENM MPUBOJUT K YMEHBIICHHUIO aMIUIUTYIbI
HanpsKeHUs! IepBoi rapMoHUKH Ha 41 % B mepBbIil momynepuos, Ha 81 % Bo BTOpO# mosynepuos B
npsiMoii BeTBH. B oOpaTHOll BeTBM 3T0 yMmeHbiueHHe cocrtaBisieT 40 % u 77 % COOTBETCTBEHHO
(xpuBsbie 3, 4, 5 Ha puc. 3; 4; 5)

3. BpeMms mepexoiHOTO mpoliecca B HECUMMETPUYHON MO MPH HATUYUHU R, YMEHbIIAETCS B
2,6 paza.

4. BpeMs OCHOBHOT'O IIEPEXOAHOT0 Ipoliecca B CHMMETPUYHON MOJIENIN yMEHbIIaeTcd B 6,8 pasa.

Takum o6pazom, mo oOOMM »JTHM NapaMeTpaM CHMMETpPHYHAas MOJENb sBisgeTcs Ooiee
NPEANOYTHTENBHOW. Y IOBIETBOPUTENBHBIM SIBIISIETCS OOBSICHEHHE, YTO B MOJAEIH IONy4YaeTcs
Oerymias BOJIHA, MEPEHOCAIIAs SHEPIUIO, 3aHECEHHYIO B BETBAX, B HArpy3Ky Rip; AHAJIOIMYHO B
TpyOompoBoAe oOpazyercs Oerymmas BOJHA, IEPEHOCSIIAs DSHEPTUIO OCTAHOBJICHHON >KHIKOCTH
MIOJIE3HYTO HArpy3Ky. bes R, IpH pa3MbIKaHUH 1M B MOJIENH (KaK U B HATYPHOM T'HAPABINYECKOM
cucTeMe) 00pa3yroTCcsl CTOSIYME BOJIHBI, SHEPTH KOTOPBIX PAaCXOLyeTcs Ha TPEHHE.

IIpy mnpuMeHEHMH MpexIaracMoro THAPOPACHPEAEIUTENsT W CHUCTEMBI  pPacIpelesICHUsS
XJIAJIOHOCHUTENSI B CHCTeMaX KOHAWIIMOHHPOBAHMUSA PYAHUYHOTO BO3AyXa IIAXT HKOHOMHS TETUIOTHI
Oynet coctaBnsTh mpumepHo 30 — 40 %.

[Ipu ucrionb3oBanuy npenaraemoro rugapopacmnpenenutens B CKPB maxT texanuecknit agpdexr
3aKJII0YaeTcs B TOM, YTO THApaBIWYecKue yaapsl ycTpaustotcs, cuctema CKPB cranoButcs nporie u
HaJIe’KHee.
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SUMMARY

Problem. Investigations of mine air conditioning systems situated in deep mines of Donbas by
electric model were performed. Hydraulic impact values depending on the hydrosystems completion
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method were illustrated in the pictures.

Literature review. No scientific research has been done in the field of hydraulic impacts in
vertical pipelines before. D. K. Smirnov and L. B. Zubov were engaged with the problem of hydraulic
impact in Ostankino television tower, Moscow. However, they had to stop the pump, whereas therein
HI with flow overlapping is described. In case the pump is stopped, the first amplitude goes down
(discharging, pressure reduction), whereas in case the flow is lapped with the valve — the first
amplitude — pressure increase takes place and the first harmonic goes up.

Aim. Investigation of HI depending on the hydrosystem completion method and in the vertical
pipeline.

The following variants of the pipeline have been considered:

1. According to the type of pump protection:

a) The pump is protected with the damper;

b) The pump is protected with a return valve.

2. According to the pipeline design:

a) The pipeline location is asymmetrical comparing to the valve;

b) The pipeline location is asymmetrical comparing to the valve.

3. According to the use of kinetic energy of fluid during pipeline closure:

a) Fluid energy is dissipated in the pipeline;

b) Fluid energy is partially absorbed by the working load acting simultaneously with the
hydraulic distributor. Its value corresponds to the pipeline parameters.

For the mentioned variants, Picture 1 shows strain oscillograms in the perturbation pit of the
transitional process GN.-8, corresponding to the pipeline section prior to the valve. This implies that
the presence of matched load enables to reduce the amplitude of the first pressure wave by 1,4 times.
At the same time, maximum pressure surge for both symmetrical and non-symmetrical pipeline with
any type of pump protection is around 2,0 MPs (n* = 200 m). This value is relatively large. This
variant corresponds to the non-symmetrical pipeline (relative to the perturbation pit); the pump is
protected by the damper z3/ 7, = 1.

That is why there was an idea to perform the control object in such a way that it did not miss a
direct current level but would let the alternating component (in kind it should not let the fluid in but it
would let the pressure wave in, thus quenching oscillations. In the model it can be applied with the
help of large capacity condenser which would be parallel to the electronic key. In kind it is performed
with the help of the damper, parallel to the valve whose principal scheme is fully similar to the damper
scheme that is parallel to the pump.

The present variant was performed with the help of the model. Strain oscillograms in the
perturbation pit of the transitional processes GN-8 and GN-9 are given in picture 3. After their close
examination it can be clearly observed that stain oscillations in these sections are fully eliminated. The
same is true for all pits of the model.

The present variant corresponds to the symmetrical pipeline (relative to the perturbation pit); the
pump is protected with damper; 73/ T, = 1.

Consequently, working with hydraulic distributor with the damper parallel to it the pressure down
the entire pipeline passes from one steady-state value to the other one smoothly, without jumps
(h* = 0). At the same time no special protection of the pump is needed, the design of units that protect
it from accidental pressure jumps can be simpler, the possibility of cavitation is eliminated; impact
energy is transformed into potential energy of deformed damper materials, and can at least partially
return to the system with the opening of the valve.

Conclusion. 1. The application or R, for a non-symmetrical model in a strict branch leads to the
decrease of stress amplitude in the first harmonic component by 42 % during the first one-half period,
by 57% during the second one-half period, further harmonic components are even more decreased. In
the reverse branch such decrease is 31 % and 49 % respectively (curves 1, 2, pic. 1, 2)

2. The application or R, for a symmetrical model leads to the decrease of stress amplitude in the
first harmonic component by 41 % during the first one-half period, by 81 % during the second one-
half period of a strict branch. In the reverse branch such decrease is 40 % and 77 % respectively
(curves 3, 4, 5, pic. 3, 4, 5).

3. The time of transitional process in a non-symmetrical model with the presence of R,. is
decreased by 2,6 times.

4. The time of the main transitional period in a symmetrical model is decreased by 6,8 times.
Thus, according to both parameters symmetrical model is a more favorable one. A satisfactory
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explanation is that there is a progressive wave, transferring energy brought by branches into R, load.
Similarly, in the pipeline, a progressive wave supplying energy of the halted liquid in the pipeline into
effective load. Without R,.. during interruption of the circuit in the model (like in full-scale hydraulic
system) stationary waves are initiated whose energy is used for traction.

With the application of the proposed hydraulic distributor and cold bearer distribution system in
the system of mine air conditioning, heat economy will be approximately 30 — 40 %.

With the application of the proposed hydraulic distributor in the system of mine air conditioning,
technical effect lies in the elimination of hydraulic impacts, mine air conditioning system becomes
more simplified and reliable.
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YJIK 699.86
BBIEOP ONITUMAJIBHOT'O PEWIEHHSI TENLJIOBOI1 H30JISIUH
HAPYKHBIX OTPAKIAFOIINX KOHCTPYKIIWIA

JIL FO. [losuenxo, k. m. H., ooy., /. H. Cepouuenxo™, m. H. c.,
0. C. [Josiuenxo, acc., M. P. Bacunvuenxo, cmyo.
* [[nenponemposeckuii HayuouaivHolill yrusepcumem umenu Onecs I onuapa

Knwouesvie cnosa: suepeonompebienue, snepeocoepedicenue, sHepeemuyecKue NoKa3amenu,
VMeNnIeHue HAPYI’CHbIX CHMEH, HAPYI’CHAS U GHYMPEHHASA Meniou3onayus, 0emon, Kodpguyuenm
MenI0npPo8oOHOCMU, MenIoNnomepu

[ocranoBka mpodyembl. Ha cerogsimHuii JaeHb mpoOiieMa CHUKEHHUS SHEProroTpeOSIeHUs
JKUIIBIX JIOMOB TpHOOpeNa BBICHIYIO CTENeHb AaKTYalbHOCTH, YTO MJaJl0 TOMYOK ISl Pa3BUTHUS
sHeprocOeperaronmx TexHoaoruid. Ha o6orpeB 1o0MOB rocygapcTa TpaTsIT 3HAYUTEIIPHOE KOJTHMIECTBO
BCEX JHEPropecypcoB CTpaHbI, B Pe3yJbTaTe B aTMOC(epy BHIOPACHIBACTCS OTPOMHOE KOJIUYECTBO
YIJIEKUCIIOTO Ta3a, BBICOKAas KOHLEHTpAlUs KOTOPOTrO NPHUBOJUT K PA3BUTUIO «IAPHUKOBOTO
adexray.

B rakux crpanax kak @panuusa, BenuxoOpuranus, CIIA, Kanama m Kwurail sxomorudnoe
CTPOUTENBCTBO YXKE CTaJO PEaNbHOCTHIO. B HEKOTOPHIX CTpaHaX MOBBIIICHUE 3HAUCHUS KPUTEPHUEB
9Heprod(hHEeKTUBHOCTH W IKOJOTUYHOTO CTPOUTENHCTBA B OIEHKE HEABIDKHMOCTH 3aCTaBISIET
WHBECTOPOB YYHUTHCS TPEABUICTh, KaKHE TPEOOBaHUS MOTYT IOSBHUTHCA B OyIylieM, 4TOObI HE
JIOTTYCTHTh OOECIICHUBAHUS CBOETO UMYIIECTBA.

DHeprocOeperaronye TEXHOJOTHH MO3BOJSIOT PEIINTh Cpa3y HECKOJBKO 3a7ad: 3KOHOMHS
SHEPTOPECYPCOB, PEIICHHE MHOTUX IMPOOJIEM KIIHMIIHO-KOMMYHAIFHOTO XO3SIMCTBA, YMEHBIIICHHE
3arpsi3HEHUSI OKPYKAIOIICH CpelIbl, YBEIMUESHUE PEHTA0CIBHOCTH MTPEIPUITHH.

OHepreTUYECKUe MOKa3aTeNH, HalpUMED, KUIbIX 3JaHUN HA CETOAHSIIHUM IEHb SBJIAIOTCS OUYCHb
IICHHOW XapaKTepUCTUKOM, MOXXHO CKazaTh, CaMOH OCHOBHOH. YJIydllIeHHE SHEpPreTUYecKuX
MoKa3aTenen SBJISIETCA LENbI0 YIayHOIO MPOEKTHUPOBAHUS COBPEMEHHOIO 3JaHHs. Tak KakuM ke
JIOJDKHO OBITh 371aHNE C BBICOKUMU 3HEPTETUUYCCKUMU MOKA3aTeIIIMU U HU3KOHM ce0eCTOMMOCThIO? DTO
3IaHue, KOTOPOe MPUHOCUT MUHIUMAIBHBIN yIIepO IKOJIOTHH, KOTOpOoe OyIeT MOCTPOEHO C MOMOIIBO
HOBBIX WJIH TepepaboTaHHBIX MAaTEPHUATIOB M TEXHOJIOTHIA, HE TPEOYIONTNX OOJBITNX 3aTpaT IHEPTHH.

AHaIu3 NocjaeIHUX UccjienoBanuil u nyoaukanuii. [lossusmieecs B koHie XX Beka MOHITHE
sHeprocOepekeHns Ha CETOJHSAIIHUH IeHb OYeHb aKTYaIbHO He TOJBKO B EBpoIle, HO 1 BO BCEM MHpe.
[TonsTHe »HeprocOepekeHns, 3aBUCSIIEe HAIPAMYIO OT AKOHOMHYECKOTO (akTopa, OAHOBPEMEHHO
BKIIIOYaeT B Ce0s COLMANbHBIC BOMIPOCH, a TAKXKE P IKOJIOTHUECKUX AaCIEKTOB, CBS3aHHBIX C
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