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FEATURES OF THE SECTION «MOLECULAR PHYSICS» IN PHYSICS
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OCOBEHHOCTH PA3JEJA «<MOJIEKYJIAPHAS ®U3UKA» B ®PUBUKE

Taiimypartosa JL.Y.
K.¢h.-M.H., doyenm,

Kacnuiickuil cocyoapcmeennulil yuugepcumem mexHoL02Uull U UHICUHUPUHEA

um. Il Ecenosa, 2. Axkmay
Hcembaii I'.C.
Myxurtosa A. A.
Cmyoenmut 4-kypca,

Kacnuiickuii 2ocydapcmeenublityHusepcument mexHoaio2ull U UHICUHUPUHEA

Abstract

um. LIl .Ecenosa, 2. Axkmay

The article deals with the features of the section «Molecular physics» in physics. Molecular physics is a
branch of physics that studies the physical properties of substances in various aggregate States based on their

molecular (microscopic) structure.
Annomauyus

B cmamve paccmompensi ocobennocmu pazoena «moaekyaspras usuxay 6 uzuxe. Monexynapnas guzuxa
— pazoen uzuxu, uzyarowull uzuyeckie Ce0lCmea 6ewecme 8 pA3IUYHbIX d2PecamHblX COCIOSHUAX HA OCHOGE
PACCMOMPEHUSL UX MOJIEKYAAPHO2O (MUKPOCKONUYECKO20) CIPOEHUS.

Keywords: Molecular physics, thermal movements, molecules, atoms.
Knroueesvie cnosa: MO]leKy/Z}ZpHaﬂ d)ua’uka, menJjioeble ()GMDfCQHu}Z, MOJIEKYIblL, AMOMbl.

B pazmene «Momnekymsipaas (U3UKay ydarinaecs
U3y4yaloT KaueCTBEHHO HOBBIE MaTepHajbHbIE 00b-
eKTBL: CHCTEMBI, COCTOSIINE U3 OOJIBILIOTO KOJIMYECTBA
yacTUIl (MOJIEKYJI U aTOMOB), THUI JBIDKEHHS, Xapak-
TEpHBIH I JaHHOTO HOBOTO 00BEKTa (TEIIOBOE JIBH-
JKCHHE) U COOTBETCTBYIOIIMNA €My BHJ] SJHEPTUH (BHYT-
penHsist sHeprus). [Ipu aTOM yuamuecs: BiepBbie 3Ha-
KOMSATCA CO CTaTHCTUYECKHMHU 3aKOHOMEPHOCTSIMH,
MPUMEHSEMbIMH JUIS OTIMCAHUS TTOPSIIKA YaCTUI O0JIb-
moro konudectsa. DOpMHpPOBAaHHME CTATUCTHUECKHUX
MPEICTaBICHUH MO3BOJIET MOHITH 3HAYEHHE HEoOpa-
TUMOCTH TEIUIOBBIX IpoueccoB. IIpu 3Tom, 310 HEOO-
paTUMOE CBOMCTBO TETIOBBIX MPOIIECCOB M TO3BOJISIET
TOBOPHUTH O TEMIIEpaType, TEIUIOBOM PaBHOBECHH, IO-
HUMAaTh MPUHIUI Pa0OTHI TETJIOBBIX MAIIIHH.

3agaya yunurens - 00beAUHUTD JIBa METO/ja OIUCA-
HUS CTATUCTUUYECKUX TEIUIOBBIX SBJICHUN U MPOLIECCOB,
OCHOBAHHBIX Ha TEPMOJAMHAMUYECKUX U MOJIEKYJIIPHO
- KHHETUYECKHX MPEJICTABICHUSX O CTPYKType Bellle-
CTBa, OCHOBaHHBIX Ha MOHATHAX 3Hepruu. Ilpm pac-
CMOTPEHUU CTATUCTUYECKUX M TEPMOJUHAMHUYECKHX
METOJIOB HEOOXOANMO Pa3INYaTh IOIyUCHHBIC SMIIH-
pHUYecKre 3HaHUS U 3HAHMUS, TIOJTyYCHHBIE B pE3yJIbTaTe
BHYTPEHHETO CTPOEHMS BEIECTBAa U MOJACINPOBAHUS
MPOUCXOIAIINX B HUX SIBICHUH U POIIECCOB.

OTH [1Ba TOAX0/a XapaKTepH3YIOT pa3HbIe CTO-
POHBI COCTOSTHHSI OJTHOTO OOBEKTa, MOITOMY JOMOJ-
HSIOT IpyT Apyra. B cBsi3u ¢ aTum, npu popmupoBanum
MIOHATHUI TEMIIEPATypbl, BHYTPEHHEN SHEPIUH, U1€ANb-
HOTO ra3a U T. JI. Y4UTeJIb JOJIKEH PACKPBITh UX 3Hade-
HUE KaK C TePMOJNHAMHYECKON TOUKH 3pCHUS, TaK U C
MOJIEKYJIIPHO-KMHETUYECKON TOUKH 3pEHHUS.

B paznene «MounekymsipHas Qu3HKa» H3ydaeTcs
MOJIEKYJISIPHO - KHHETHUYECKasi TEOPHs CTPOEHUS Belle-
CTBa, KOTOpas MpeAyCcMaTpUBaeT OCHOBHBIE IMOJOXKE-
HUs B 7 kiacce. B xone m3yduenns ¢pusuku B 7, 8 Kiac-
cax ydJamuecs HAaydMJINCh OOBSCHHUTH CBOWCTBA Be-
IIECTB C TOYKH 3PEHHS BHYTPEHHETO CTPOCHUS
BelecTBa (CBOWCTBA KUAKOCTEH W Ta30B, JaBJICHHE,
TEIUIOBBIC SIBIICHUS), psij Gusuyeckux siBneHud. On-
HAKO MOHSTHSA, COCTABJIAIOLINE CONEPKAHUE COOTBET-
CTBYIOIIMX TeM, ObIJIM YETKO ONHUCAHBI Ha YPOBHE IO-
HATHH, a Bce sIBJIEHUs KauecTBEHHO. [loaToMy npu usy-
YeHUH MosekylsipHoH ¢usukm B 10  kmacce
HEOOXOAMMO YIIIyOJISITh W PacIIUpSTh 3HAHMS yd4a-
LIUXCSl, TOBOJUTH O YPOBHS MOHSTUH, IPUBOJUTH K
KOJIMYECTBEHHOMY OMNMCAHUIO SIBICHUI. B OCHOBHOM,
Kypc ¢usuku 10 knacca u3yvaeT OCHOBHbBIE YPaBHEHUS
MOJIEKYJISIPHO - MHETUYECKOM TEOPUH I'a30B, CBOMCTBA
ra30B M KUJIKOCTEH, TBEpIbIX Teu [1].
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JanpHeliee pa3BUTHE DHEPreTUYECKUX IOHS-
TAW, TPOUCXOAUT OOOOIIEHNE 3aKOHA COXPaHEHHS
SHEPrMHM Ha TEIUIOBBIC MPOIECCHI, BBOIUT (HOpMYITy
MEPBOr0 3aKOHA TEPMOIMHAMHKH, MPEAyCMaTPUBAET
MPUMEHEHNE HACTOSIIETO 3aKOHA K KOHKPETHBIM MPO-
ueccaMm. M3ydyeHne 0JHOT0 M3 OCHOBHBIX MPHUHIIMIIOB
TEPMOJVHAMUKH JJISl YYAIIUXCsI UMEET IMO3HABATEIb-
HOE U MHUPOBO33PEHUYECKOE 3HAUCHUE.

Paznen «MonekynspHas Qpu3uka» IO3BOJSIET MPO-
JIOJDKUATH AKCHEPUMEHTANBHBIA METOJ] UCCIICTOBAHMS,
oTpakaromuil (yHJaMEHTAIFHBIC U Ta30BBIC 3aKOHHI,
Takue Kak OpoyHHOE B KeHue, onsIT Ll TepHa, mposiB-
Jsroluiics B npaktuke boiins, Hlapms.

TpyaHO nepeolieHuTh MUPOBO33PEHYECKOE 3HAYE-
HUe pasaena «MonekyisipHas husukay. [Ipu u3ydeHun
ero yriyoiseT MOHMMaHue Martepud. MOJEeKyJbl U
ATOMBI SIBIISTEFOTCS BEIIECTBEHHOM (hOpMOI MaTepuu B
OKpyXKarouleil cpene. Y HUX €CTh Macca, UMITYJIbC U
SHEPTHSL. SBISACH TUIIOM MaTCPHH, JUISI MOJICKYJI M aTO-
MOB XapaKTepHBI CBOICTBAa MaTEPUH, OJTUH U3 KOTOPHIX
— IBIKEHHE. MOJIEKYIIbI U aTOMBI y4acTBYIOT B He-
0OBIYHOM JBIKEHHH, TaK HA3BIBAEMOM TEIIOM, OTJIH-
YAIOMKMCSI OT MPOCTOTO MEXAHWYECKOTO JBIKCHUS
MHOYKECTBOM YaCTHIl M XaoCOM. TerioBoe IBUKEHUE
XapaKTEPU3yeTCsl CTAaTUCTUYECKUMHU 3aKOHaMu. B aToit
CBA3HU YyYallUMCsA HGOGXO}II/IMO MIpOsABUTL PA3TINYUC
CTaTUCTUYCCKUX U JUHAMHUYCCKHUX 3aKOHOMepHOCTeﬁ,
MEXIy HUMH U OOpaTUTh BHMMaHHE Ha HEOOXOIH-
MOCTb U CIY4YalHOCTh, MPOSBISIONIYIOCS B 3TUX 3aKO-
Hax. Takum 00pazom, uzydeHue paszaena «MoJeKysp-
Hasl (PU3UKa» CIIOCOOCTBYET (POPMHUPOBAHUIO HAYIHOTO
MHUPOBO33PCHUS YIAIIIXCS.

MoneKynspHO - KHHETHYSCKUE TOHSATHS: B pa3BU-
THUHU HayKW OOJBIIIOE BOCTIMTATEIFHOE 3HAUCHIE UMEET
o0pa3oBaHHE OT HErPaAaMOTHOCTH UEJIOBEUECTBA, B
0opb0e ¢ uIesMI U TUCKYCCUSIME KaK JOCTIKCHHE HC-
THUHHBIX 3HAHUU.

Paznmen «MouekyisipHas (pu3HKay MO3BONISIET JIe-
MOHCTPHUPOBATh jleﬂyKTHBHBIﬁ MECTOO U3YUCHHSA SABJIC-
HU# npupoibl. Mcrons30BaHue ASIYKIUU B 00YICHUU

BHOCHT CBOI1 BKJIaJ B Pa3BUTHE aOCTPAKTHOTO MBIIIIJIE-
HUS yqammxcs [2].

Kypc dusuku umeer 6ombinoe 3HaueHue. Joctu-
YKEHUsI MOJICKYJISIPHOW (DM3HUKHU SIBIISIOTCS Hay4HOH OC-
HOBOM TaKMX OTpaciieil IPOMBIIUICHHOCTH, KaK MaTe-
puanoBeeHHe. 3HAHUE BHYTPEHHEH CTPYKTYpbl Tesa
MIO3BOJISIET CO3/1aBaTh MaTepHaiIbl, 00JIaIal0IINE OIIpe-
JICJICHHBIMU CBOWCTBaMHM, MOBBIIATh TEIIONPOBOJ-
HOCTb, TEMJIOCTOMKOCTb, TBEPAOCTh METAIJIOB H MPH-
Mece.

M3ydeHne TeNnOBLIX SBICHUN O3BOIHT O3HAKO-
MUTh yYaIllUXCA C OCHOBAMM TETUIODHEPTETUKHU, CTOS-
IIMMH Ha [IEPBOM Psily B HaIlleil cTpaHe B SHEproodec-
TIEYSHUU MTPOMBINUICHHOCTH U B ObITy. [Ipumenenune
3aKOHOB TEPMOAMHAMHUKHU IPHU PACCMOTPEHHMH IIPHH-
1umna paboThl TEIUIOBBIX ABUTaTeIeH, KOTOPBIE UTPAIOT
BaXXHYIO POJb B HapOAHOM XO3SICTBE, MOJKHO OCY-
LIECTBIIATH IIyTeM YBA3BIBAHUSI TEOPETUUECKUX 3HAHUI
C UX IPaKTUYECKOH IKCILTyaTaIuen

Paznen «MounekymsipHas ¢(u3uka» H3ydaeTcs B
CTapIIMX Kiaccax mocie pasnena «MexaHukay. [laH-
HOE pacIoIOKEHNe MaTepuala, ¢ OIHON CTOPOHBI, CO-
OTBETCTBYET METOAMYECKOMY IPUHIUILY PACCMOTpE-
HUS QU3NIECKUX SBICHUH, C JPYTOH CTOPOHBI, TO3BO-
JseT paccMaTpHBaTh MHUKPOCKOIIBI Ha
KOJINYECTBEHHOM YPOBHE M UCIOJIB30BATh B Kypce Me-
XaHHUKU OIIpeJIeNIeHHbIE BEJIMUMHBI: Macca, CKOPOCTb,
CHJIa, UMITYJIBC, SHEPT U U T. [I.

Mertoponornyeckue MOAXOAbl K MHTEPIpETaIiU
TEPMOJMHAMHMKN W MOJIEKYJISIPHOH (DU3UKH, B CBSI3U C
4eM, paCCMOTPHM OJHY U3 HUX, UMEIOIIYIO Pa3InIHYyI0
CTPYKTYpY T'JaBbI.

CIIMCOK JIMTEPATYPbI:

1. byxapona I'.]l. MonexymspHas pusuka u Tep-
MOJIWHAMHKa. MeTonKa penoaaBanus: YdebHoe mo-
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IOpaiir, 2017. - 221 c.
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3MKa M TepMoanHaMuka: YueOHuk. - M.: KHOPYC,
2012.-951 c.



International independent scientific journal Ne13/2020 5

TECHNICAL SCIENCES

INFLUENCE OF THE LEVEL OF THERMAL PROTECTION OF THE BUILDING ENVELOPE ON
ENERGY CONSUMPTION PARAMETERS

Aubakirova F.,
Zhumagali N.
M.Auezov South Kazakhstan state University, Kazakhstan

BJUSHUE YPOBHS TEILIOBOM 3AIIIMTHI OBOJIOUKH 3JAHU HA ITIAPAMETPBI

SHEPI'ONNIOTPEBJIEHUS
Aybakuposa ®.X.,
Kymaramm H.
FOorcno-Kaszaxcmanckuii 2ocyoapcmeennulil yHugepcumem um.M.Ays308a,
Kaszaxcman

Abstract

The article considers the influence of thermal-protective properties of the building envelope on the loss of
heat energy. It is shown that increasing the thermal protection of building envelope structures has limitations and
is not always economically unprofitable. The calculation of thermalloss through the envelope of a residential
building according to the regulatory requirements for the level of thermal insulationof external fences of the two
countries Kazakhstan and Finland was carried out

AnHomauyusn

B cmamuve paAccMompero 6ausAnue menio3aujunmHblx ceolcme 060N0UKU 30aHUSA HA nomepu meniosou OHep-
cUuu. HomsaHo, umo yeeiuderue meniozaujumaol oepa:)fcéaiomux KOHcmpyKL;MI:l 30aHUs UMeem O2paHU4YeHUsl U He
6ce20a IKOHOMUYECKU Hesblc0OHO. IIposeden pacuem mennionomeps uepes 000NOUKY HCUN020 00MA HO HOPMA-
MUBHBIM MPeDbOBAHUAM K YPOSHIO MENJIOUZO0ISAYUU HAPYICHBIX 02padicoenuti 08yx cmpan Kazaxcmana u Qunisn-

ouu

Keywords: Energy saving, thermal protection of building, thermal energy losses of building, requirements

for thermal insulation of building envelope structures

Knroueswvie cnosa: 3Hepzoc6epe9fceHue, menjiozauiuma 3()aHuﬂ, nomepu mennosotl oHepeuu 3()aHueM, mpe-

008aHUsL K MENTOUONAYUU 02PAACOAIOUWUX KOHCIMPYKYULL.

Bomnpocam co3manus 3HEprodpeKTUBHBIX 37a-
HUI ocBAIeHb paboTel ABeprsiHoBa B.K., borocnos-
ckoro B.II, borycnasckoro JI.[., byrockoro M.H.,
Bacuneesa I'.I1., Matpocora }0.A., TaOyHinukoBa
I0.A., ToTionaukoBa A.U., ®okuna K.®., Yuctopuua
C.A., a Takxe TPyl IpyTUX YYCHBIX U HHXEHEpoB. 13
YHCJIa COBPEMEHHBIX MyONMKaIMi, MOCBSIIEHHBIX pe-
HICHUIO JaHHOH Mpo0eMbl 32 pyOekoM, MOXKHO OTMe-
TUTH PaboThHI cieayrommx asropoB: Moreno-Munoz
A., Pallarés-Lopez V., Real-Calvo R.J., Kennedy S.D.,
Lawrence T., Laverge J., Van Den Bossche N., Serra
V.

B Hactosmee Bpems »HEproddpdekTuBHOCTH U
9HEProcOEpeKEHHE OTHOCATCS K  IMPHUOPHTETHBIM
HaNpaBJICHUSM Pa3BUTHS HAYKH, TEXHUKH M TEXHOJO-
ruil. JlaHHbIe 1Ba MOKa3aTesst MOTYT OBITh JOCTUTHYTHI
MPUMEHEHUEM HAPYKHBIX OrPaXXJAOIHNX KOHCTPYK-
IUH C HEOOXOAUMBIM YPOBHEM TETUIO3ALUTHI, BHEAPE-
HHEeM 3 QEeKTUBHBIX HH)KEHEPHBIX CHCTEM AJIs obecre-
YEeHUsI MHMKPOKJIMMAaTa, COBEpPIICHCTBOBAHHEM apXH-
TEKTYPHO-TUIAHUPOBOYHBIX PELICHUH, MOBBIIIEHHEM
Ka4yecTBa IIPOEKTHPOBAHMS 3/1aHWH, NPUMEHEHHEM
BO300HOBIISIEMBIX HCTOYHHKOB SHEPTHH.

B mpaxTnke NMpOEKTUPOBAaHUS M CTPOHUTEIILCTBA
9HEProd(pGEKTHBHBIX 3MaHUN MPEIIOKEHO MHOTO Ba-
PHAHTOB PA3IMYHBIX YHEProCcOEPEraromnX MEPOTIPHS-
THH, KOTOPbIE MOXHO Pa3JeNUTh HA IBE TPYIIbI:

1) cHmKarmme pacxoll DHEPropecypcoB IpH
BBINIOJIHEHUM TEXHOJOTMYECKUX IPOLIECCOB CTPOU-
TENbCTBA OOBEKTA, B TOM UHCIIE MEPOTIPHUATHS T10 TIepe-
XOJly Ha dHeprocOeperaronue TeXHOIOTHIECKHE MPO-
1ecchl U 00opyaoBanue, nossienue KI1/I TexHomoru-
YEeCKMX TMPOLECCOB WM O0OpYHOBaHUS TMpU HX
COBEPILIEHCTBOBAHNH;

2) 9SKOHOMSIINE DHEPrOPECYPChI, PACXOyeMbIE
B OKWIMIIHO-KOMMYHAJIbHOM XO3MWCTBE 3/JaHUf, a
TakKe I OOCCIICUCHUH YCIIOBHHA JJIS BBHITONHCHHS
3TUX MPOLIECCOB.

Ko BTOpoii rpynme 3HEprocOeperarmx Mepo-
NPUATHI OTHOCATCA ONTHMM3AlMs YPOBHS TEIIO3a-
LIUTHl 3aHUI, CHUKEHHUE MIOTEPh TEIUIA U30JIMPOBAH-
HBIMM TeII0npoBoaaMy, noseiieHue KI1/[ korenbHbIxX
YCTaHOBOK, YCTPOWCTBO TMPEPBHIBUCTOTO OTOILICHUS,
MPUBA3aHHOT'O K ITOI'OJIHBIM YCJIOBUAM, CHHXKCHUE pac-
X0Jla TeIJla Ha HarpeB Hapy>XKHOTO BO3/yXa, MOCTyMa-
IOILIETO B 3/]aHK€, UCIIOJIb30BAHUE BTOPUUHBIX dHEPTO-
PEeCypCoB /il HarpeBa MPUTOYHOTO BO3/yXa U BOJbBI B
CHUCTEMaX TOPS/YeT0 BOJOCHAOKEHUS U T.II.

PaccmorpuM o1HO M3 HamboIee pacpoCTpaHEH-
HBIX MEPOIPUAITHUM, HAIIPABJICHHBIX HA CHI)KEHUE MO-
TEphb TEIJIOBOW 3HEPIUM Yepe3 HapyKHbIE Orpa)kaaro-
LIMe KOHCTPYKLMH, - TOBBILIEHHE TEIJIO3aILUThl 3/a-
Hus. s BOCHOJIHEHUS MOTEPh TEIUIOBOW 3HEPIUU
31aHHUEM B XOJIOJHOE BpPEMsI Irofia K HEMY IIOJBOJUTCS
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TEIUIO, T.€. 3/laHHE MOAKIIIOYAETCS K CHUCTEME TEILIO-
cHaOxeHHs. YeMm BBIIIE YPOBEHb TEIUIOU3OISIINU
Hapy>KHBIX OrPaXKIalOIIHUX KOHCTPYKIUM, TEM MEHb-
IIMMH OKa3bIBAIOTCSA MOTEPH TEIUIOBOM SHEPIHU 37a-
HHEM uepe3 ero 000s104Ky. COOTBETCTBEHHO, MEHbIIIE
SHEpruu NoTpedyeTcst HOABECTH K 3/1aHHIO, U TUIATEXH
3a OTOIJIEHUE OKaxkyTcsa MeHble [1]. Oanako, yBemnu-
YeHHE TEIUIO3AILUTHBIX CBOMCTB Orpa){aloIIUX KOH-
CTPYKLHMH M, KaK CIEICTBHE, MOBBIIICHHE 3HEProdd-
(heKTHBHOCTH MIMEET CBOM OTPAaHMYCHUS U MHOT/Ia OKa-
3bIBaeTCAd HEd((HEKTUBHBIM ¢ HKOHOMHUYECKOH TOUYKH

Q

?_T sl

M:

] 2 3

3penus. IIpudnHa Kpoercst B TOM, YTO NOTEPH TeIlia
uepe3 1M? orpakuaromeil KOHCTPYKIMK B 3aBHCHMO-
CTH OT IPUBEJCHHOTO CONPOTHUBIICHUsI TEIIoNepeiaue
M3MEHSIETCS 10 TUIepOoInyeckor 3aBucuMoctd. Ha
pucyHke 1 mpencraBiieH rpaduk 3aBHCUMOCTH Tell-
JIonoTeph vepe3 1M? orpakaaromeil KOHCTPYKIUH OT
MIPUBE/IEHHOTO CONPOTHUBIICHHS TeIUIONepeaade s
kiuMaTtrdeckux ycnouit T.1lemvkent (I'COII=2660°
C-cyt/ron).

.C

— ™M

A By

Pucynox 1 I'papux 3asucumocmu menionomeps om npueeoeHH020 CONPOMUBIEHUs. Menionepeoaye

AHanmm3upys 3TOT TpaduK MOKHO OTMETHTb, YTO
C YBEIMYECHUEM IIPUBEJCHHOTO COITPOTUBIICHHS TEILIO-
mepenade Ro™ temmomotepn Q BHawame OBICTPO
YMEHBIIAIOTCS, OIHAKO 3aTEM yMEHBIICHUE 3aMeIs-
ercs. [Ipu Ro™ > 4 M%-°C/Bt HabM01aeTCS HE3HAYM-
TenpHOE yOBIBaHME TEIUIONOTEPE. [lanpHeiimee yBemn-
YCHHUC COINPOTHUBJICHUA TCIUIONIEPEAAUC TIPUBOAUT
JIMIIb K YBEJIMYCHUTIO CC6CCTOI/IMOCTI/I BO3BCACHMUA 1 M2
CTEHOBOW KOHCTPYKIIMH, KOTOpasl MOJy4aeTcs: OOJIbIie
9KOHOMHUH TEIUIOBOW JHEPTUH, JOCTUTaeMOW 3a CHET
YBEJIMYEHUS] CONPOTUBIICHHs Teryionepenaye. Cremno-
BaTeJbHO, JAJIbHEHIee yBEIWYEHHE COMPOTHBICHUS
TeIUIonepeaue CHU3UT PacXojAbl HAa OTOIUICHHE, HO
YBEIIMYHT KaUTAJIbHBIE 3aTPaThl HA BO3BE/ICHHUE CTEHBI
WM APYTOM OrpakIaromel KOHCTPYKIMN U OKaXETCsl
9KOHOMUYECKH HEBBITOTHBIM.

o pacueTam 5KOHOMHUYECKH LIEIECO00pa3HOE CO-
MPOTUBJICHHUE Teruionepenade R.q, cOOTBETCTBYyOIIEE
MHUHUMYMY IIPUBEAECHHBIX 3aTPaT Ha BO3BEACHHUE KBA/JI-
paTHOro METpa CTEHLI C YYE€TOM IJKCILUTyaTallMOHHBIX
pacxo/I0B Ha OTOIJICHUE, HAXOUTCS B quana3oHe 2...4
M2-°C/BT 1pu G€3pEMOHTHOM CpOKE BKCIUTyaTaluH
3nanus 30...50 ner.

B kaxnoil cTpaHe cymecTBYIOT HOpPMaTHBHBIC
TpeOOBaHNS K YPOBHIO TEIIOM3O0JIALMKN HapyKHBIX
OTPAKIAIONIMX KOHCTPYKIMH, KOTOPBIE OTIMYAIOTCS B
3aBUCHMOCTH OT TOCYJapCTBEHHOW MOJUTHKU CTPAHBI
B 00J1aCTH SHEProcOEpeKEHHUS U KIIMMATHIECKIX YCII0-
BUW. B CBSI3U ¢ NOCTOSTHHBIM POCTOM LIEH HA SHEPTETH-
YECKHE PECYPCHI, @ TAK)XKE M3-3a COKPAILCHHsI HEBO300-
HOBIISIEMBIX TIPUPOAHBIX pecypcoB (HedTh, ra3 u ap.),
B OOJIBIIIMHCTBE Pa3BUTHIX CTPAH MUPA HOPMATHUBHI I10-

TpeOJICHUST SHEPTUH 3AaHUSAME TOCTOSHHO YMEHbIIA-
I0TCS, 2 TPeOOBaHUS K YPOBHIO TETDIOM3OJISIIIH OTPaXK-
JTAIOMIUX KOHCTPYKIIUH TIOBBIIIAIOTCS.

PaccmoTpuM, Kak BIHSET Ha CTPYKTYpPY IMOTEPH
TEIUIOBOW DHEPTHUU uYepe3 00O0II0YKY 3/TaHUS CTENCHb
YTEIICHHUSI €0 HapYKHBIX OTPAKIAIONINX KOHCTPYK-
nuid. C 3TOH ENbI0 MPOBEAEM pacueT MoTeph TEIIo-
BOM 3HEPTUH 7151 HEOOJIBIIOTO YACTHOTO JIOMa MOCTPO-
eHHoro B T.IIIBIMKEeHT, HUCTIONB3YS CAEAYIONUE UCXO-
HbIE TAHHBIC:

- pacyeTHas TeMIepaTypa Hapy»KHOro BO3JyXa B
XOJIOJTHBIN MepHoJ rojia

ty =-17°C,

- CpeHsis TeMIepaTypa Hapy>KHOT'O BO3yXa B Te-
YEeHHE OTOMUTENBHOIO nepuoaa tor= 1,4°C

- 3HAYEHHUE TPALyCcO-CYyTOK OTOMUTEIHHOTO TIepH-
ona I'COIT = 2660 (°C-cyT) /rog,

- TPONOJDKUTENBHOCTH OTOIHTEIBHOTO TepHoaa
Zor = 143cyT1/TO.

OCHOBHBIM  TTOKa3aTelleM, XapaKTEePHU3YIOLIHM
YPOBEHb TEIIOBOM 3alIUThl OTPaKJAIONINX KOHCTPYK-
IUH, SIBJISIETCS CONMPOTHUBIICHHUE TeILIonepeaaye, Ro, ko-
TOPOE JIOJDKHO COOTBETCTBOBATH TPEOYeMBIM 3Haue-
HUSIM CTPOMUTENBHBIX HOpM. Hopmupyemoe conpotus-
neHue Temnomepemade Ro/”  ompemenserca B
3aBHCHMOCTH OT THUMA OTPaKIAFOIINX KOHCTPYKIIHH,
KJINMaTU4ECKOTO paliloHa U Ha3HayeHus 34aHus. T.K. B
HOPMATHBHOM JOKyMeHTE [2] TOTOBBIX TpeOyeMbIxX
3HAYCHUH MPUBEICHHOTO COMPOTHBICHHS TEILIONEpe-
Jlade OTPa)KAAIOUINX KOHCTPYKIUH [UIS KIMMaTH4e-
ckux ycnoBuil I.IIIBIMKEHT HET, paccuMTaeM HX IO
bopmyne

R¥ =a-I'COIT+b
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rne ['COIl — 3HaueHWE TpPagyco-CyTOK OTOIHU-

TEJIBHOTO NIEPUOJA IS palilOHA IIOCTPOMKY;

a,b - kosdhdumMeHTH TS COOTBETCTBYIOLIHMX
rpyIn 34aHui

CreHsr:

Ro"=0,00035-2660+1,4=2,33 m?-°C/Br;
ITokpbITHSA, NEPEKPHITUS HaJ IPOE3IaMU:
Ro""=0,0005-2660+2,2=3,53 m*°C/Br;

HeperLITI/Iﬂ YCpAavHbIC, HAA HEOTAIIJINBACMbIMU
ImoaBaJIaMH:

Ro"=0,00045+2660+1,9=3,1 mM?-°C/Br;
OxkHa ¥ OaJIKOHHBIC JBEPH:
Ro’"=0,000075+2660+0,15=0,35 m?-°C/Br;

Paccunrannbie TpeOyeMble 3HAYCHHS TPUBEICH-
HOTO COIPOTHUBIIEHUS TEIUIONepeaue OrpakIaroluxX
KOHCTPYKIHHU cBeneM B Tabmuiy 1. s HarmsmHOCTH
B OTYy ¢ TaONUIly BHECEM 3HAYCHUS MUHHMAIbHBIX
TpeOOBaHUI K YPOBHIO TEIUIOBOH 3aIUTHI HAPYKHBIX
OTPaKAAIONINX KOHCTPYKIWH 1t OuristHanw [3].

Tabmuma 1

MuHuManbpHbIEe TPEOOBAHMS K YPOBHIO TEIUIOBOI 3aIlIUTHI HAPYKHBIX OrPaskKAAI0IINX KOHCTPYKIIMH COTIACHO
HOpPMAaTHBHBIM TpeOoBaHMAM cTaHaapToB Kazaxcrana n QUHISHINH

Tun Hapy>XHOH orpa)zaaro-
IEN KOHCTPYKLIMH

MuHuMaNbHO-10IyCTUMBbIE 3HAUE€HUSI COPOTUBIICHUH TEIJIONEpeaaue HapyxK-
HBIX OrpaXKJaroINX KOHCTPYKIUM R,™, M%-°C/BT, paccYuTaHHBIE 110 CTaHAAP-

Tam:
CH PK 2.04-04-2011 National Building Code of Finland, Part D3,
RCH PK, MZ'OC/BT RD3TP, MZ'OC/BT

Hapy»Hbie cTeHbl 2,33 5,88
OxHa 0,35 1,0

BxopHble HapyKHbIE 1BEPH 1,2 1,0

CoOBMeIIEHHOE MTOKPBITHE 3,53 11,11
[Tosm! o rpyHTY 3,1 6,25

I[J'ISI pacyeTa TCIUVIONOTEPh 3aHUA HaM 6y[[yT HeO6XOHI/IMLI IJI0IaA HAPYIKHBIX OTpaKAar0NX KOHCTPYK-
HI/IfI OTaIlJIMBaEMOro 00beMa paccMaTpruBacMOro KWioro 10Ma, KOTOpbli€ IPpEACTABJICHBI B Ta6nnue 2.

Tabnuma 2
[Troma i Hapy»KHBIX OTPaXKIAFONINX KOHCTPYKIMH XKHUJIOTO JoMa

Tun Hapy>KHOH Oorpaxaaronied KOHCTPYKIUN [Inomans KOHCTPYKLIKU

Ai, M?
HapyxHbie cTeHbl - Aoy 90,75
OkHa, BKJII0Yas MaHCAp/AHBIE - Aok 21,4
BxotHBIe HapyKHBIE IBEpH - Ajg 2,1
CoBMemeHHOE MTOKPHITHE (0€3 yueTa IIomaan CBECOB) - Auowp 61
[ToJibl 10 TPYHTY - Anos 55,29
CyMMapHast TI0IaaAb Hapy KHBIX OTPAXIAIOIINX KOHCTPYKIMH OTAITMBAEMOTO
oObema 31anus — A, 230,54

Ha ocHOBaHMM MOJTyYEHHBIX HCXOJHBIX JaHHBIX
NpOBEJEM pacyeT TeIlJIONoTePb, HCIIONb3YsS MHHH-
MallbHble TPeOOBaHHS K YPOBHIO TEIJIOU3OJISILIUK Pa3-
HBIX CTaH/IapTOB (aHHbIE TAOIHIBI 1).

Pacuer Temonoreps Ha oTomiaeHHE Qorp',
kBT-4/rox, paccMaTpuBaeMOro JKUIOro 10Ma 33 OTOIH-
TEJILHBIA MEPHOJ, TTOICUNTHIBACTCS IO opMyIIe:

n
ro_ A
Qo =0,024-1°COIT- Y -
i=1 1Y
rae 0,024 — nepeBomHOl K03(PHUIIMEHT MOTEPH
TEIJIOBOW JHEPTUH 4Yepe3 HapyKHbIE OrpakIaroliye
KOHCTpyKuuu u3 (Br-cyt) B (KBTu);

Q.. =0,024- 2660-

90,75 214 21
+
233 035 12 353

I'"COII —rpanyco-CyTKH OTONIUTEIFHOTO MTEPHUOIa,
°C-cyt/rom;

Ai — Iomans i-ro THIA HAPYXXHBIX OTPaXKIaro-
IIMX KOHCTPYKIMH (CTEH, OKOH, MOKPBITHS U T.1.), IPH-
HUMaeMasi JIjIsl pacCMaTpUBAEMOTr0 JIOMa;

Ri — npuBeneHHOE CONPOTHBIIEHUE TEIUIONEpe-
Jade i-ro THIAa HapyKHOW Orpakaarolell KOHCTPYK-
UM, TPUHAMAaeMOe pPaBHBIM MHUHHMMAJIbHO-JOMYCTH-
Momy R,™.

Paccunraem mo BeIIETIpEBECHHON (opmyde (2)
MOTEPH TETIIOBON SHEPTUH Yepe3 Hapy KHbIE OTpakaa-
OIIMe KOHCTPYKIIUH JUIS pACCMaTPUBAEMOT0 3/JaHNUS 32
oTonuTeNnbHbIN nepuo. Iomyuum:

- no CH PK 2.04-04-2011:

61 55,29
+ PR —

=8743,27xBm - ul 200
31
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- mo crarmapty National Building Code of Finland, Part D3:

90,75 214 21
_|_

C ., =0,024-2660| —— +
QOFP ( 588

W3 npencraBiieHHBIX BBIIIE PACYETOB BHIHO, YTO
MOTEPH TEIIOBOM SHEPTUH Yepe3 000JIOUKY JOMa, Mo-
CTPOGHHOTO II0 MHHHUMAaIBHBIM TpeOOBaHMAM K
YPOBHIO TEIUIOU3OJSIIMU HAPYKHBIX OTPAXIAFOIINX
KOHCTpyKIui mo ¢uHCKOMY cranaapty National
Building Code, okaxytcs 6omnee ueM B 2,5 pa3 MeHbIIe
MO0 CPABHEHUIO CO 3AaHUEM, 3alIPOCKTUPOBAHHBIM CO-
TJIACHO MUHMMAJIBHBIM TPEOOBAaHUSIM Ka3aXCTaHCKOTO
cranaapTa [2].

Ecnu u3BecTHAa CTOMMOCTD TETIIIOBOW SHEPTHH IS
KOHKPETHOTO pPETHOHAa WM HAaceIeHHOTO ITyHKTa
MOJKHO TIOJICYUTATh CTOMMOCTH SKCIUTyaTallMOHHBIX
3aTpaT 3JaHUsl HA OTOIUIEHHE B TEUCHHUE OTONHUTEIb-
HOTO Nepuoja, a ¢ yIeToM pocTa Tapu(oB Ha TeIo-

10 10 1111 6,25

61 + 55’29) = 3400,76xBm -u/ 200

BYIO DHEPTHIO, MOXKHO TaKXe CIIPOrHO3MPOBATh 3a-
TPAaThI Ha HKCIUTyaTaIHIo ATOTO 3JaHus B TedeHue 5, 10
U T.J. JI€T IKCIUTyaTaIliH.
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THE FORMATION OF MICRORELIEF OF THIN FILM DIAMOND COATING BRITTLE
DESTRUCTION OF THE PEAKS OF THE ASPERITIES

Okhlupin D.
Tekhnoterm, OOO-Saratov"

Saratov, Avenue of 50 years of October, d. 110, building 6

Korolev A.

Saratov state technical University named after Gagarin Y. A,,

Saratov, Politekhnicheskaya, 77
Sinev I.

Saratov state University named after N. G. Chernyshevsky,

Saratov, Astrakhanskaya 83 korp. 5

O®OPMUPOBAHUE MUKPOPEJBE®A TOHKOIIVIEHOYHOI'O AJIMA3HOI'O TIOKPBITHUA
XPYIIKHUM PA3PYIIEHUEM BEPIIMH MUKPOHEPOBHOCTEN

Oxuynun J.H.
00O TexnoTepm-Capamosy,

2. Capamos, IIpocnexm um 50 nem Oxmsbps, 0. 110 A, kopnyc 6

KopoJes A.B.

Capamosckuii 2ocyoapcmeeHHblil mexHuyeckuil ynueepcumem umenu I acapuna FO.A.,

2. Capamos, Ilonumexnuueckas, 77
Cunes U.B.

Capamosckuii cocyoapcmeennuiil ynugepcumem umenu H.I'. Yepnviuesckoeo,

Abstract

2. Capamos, Acmpaxanckasi, 83 xopn. 5

The influence of the dynamic impact of a steel brush on the formation of the surface microrelief of the diamond
coating. It is shown that under the action of the bristles microdrop steel brush chipping is the most exposed peaks
of the asperities, and under the action occurring in the friction zone of high temperature in the presence of the
transition material of the brush is graphitization scolopsis microversion. It provides in a short time the formation

of a polished surface of a diamond thin film coating.
AnHomayusn

H3yueno enuanue pexcuma OUHAMULECKO20 8030€liCMBUs CIAbHOU WemKU Ha opmMuposanie MUKpopeiv-
eha nosepxnocmu armasnozo noxpvimus. Iokaszano, ymo nod delicmeuem MUKpoyoapos wemuHoK CmanbHou
wemxKu 0Cyuwecmsisiemcs CKaibleanie Hauboaee 8bICIMynarouux 8epuiul MUKpoHeposHocmell, a noo delicmauem
B03HUKAIOWell 8 30He MpeHUs BbICOKOU memMnepamypsl 8 NPUCYMCMEUU NepexooOH020 Mamepuana wemku ocy-
wecmensiemcst 2papumusayusi CKOI0SUUXCSL MUKPOGEPULUH. DMo obecneyusaem 8 KOpOmKoe 8pemst (hopmuposa-
HUe NOIUPOBAHHOU NOBEPXHOCMU MOHKONIEHOYHO20 AIMA3HO20 NOKPBIMUSL.

Key words: polishing, diamond coating, surface roughness, steel brush
Knroueswie cnosa: noaupoearue, AjimMasnoe noKpvlmue, wepoxoeanocnib NOGEPXHOCMuU, CmaibHas wemxka
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M3BecTHO, YTO TPaAULUOHHBIE METOABI IOJIH-
pOBaHUs aliIMa3HbIX TMOKPBHITUH alMa3HOW MacTou
OTJUYAIOTCSI YPE3BBIYANMHO HU3KOM IPOU3BOJU-
TenbHOCTHI0. [l0PTOMY HACTOSIIIUM MPOPHIBOM B
9TOH 00J1aCTH ABUIOCH CO3JJaHHE XUMUKO-TEpMUYE-
CKOT'0 METOJla MOJUPOBAHUS aJIMa3HOTO MOKPBITHUS
METaJIMYECKUM JUCKOM, U3TOTOBJIEHHBIM U3 Iepe-
XOJHOTO MeTajllla TUIa Xeje3a, HUKEeIs, TUTaHa,
kobanpTa [1-6]. DTOT METOI MCHONB3YeT OJHO U3
«cmabBIX» CBOWCTB anMasa — CIIOCOOHOCTH B IIPH-
CYTCTBHM BOJOPOJAa M IpPHU TEMIEpaType BBIIIE

600°C pacTBOpsATCS B MeTajie, HIPAIOIIUM POJIb
Karaan3aTopa, ¢ MOCIeAYIOIUM IIePEeXoIoM yriie-
pona B ra3oByto ¢a3y. Ho 3ToT MeTon uMeeT OAMH
CYLICCTBCHHBI HEAOCTAaTOK — OH HE II03BOJSET
MPOU3BOJUTH 00PAOOTKY TOHKOIUICHOYHBIX ajMas3-
HBIX NOKPBITHH, TaK KaK IPH €ro OCYLIeCTBICHUH
CHUMaeTCs 3HAYUTEIbHBIH IIPHUITYCK.

Jusd TUKBUZAUMH 3TOTO HENOCTaTKa W M
YCKOpEeHHS Ipolecca NOINPOBaHMs aIMa3HOro IOo-
KPBITHS TPEIII0KEHO 00pabOTKy OCYIIECTBIISTH Me-
TOZOM, KOTOPBIH HCIOJIB3yeT OJHOBPEMEHHO JBa
«cl1abbIX» CBOHCTBA anMa3a — CHOCOOHOCTh pacTBO-
PATBCS. B IIEPEXOJTHOM METajule M BBICOKYIO XpyI-
KOCTb. JlaHHBIN METOJ OCYIIECTBISETCS C MOMO-
b0 METAJUIMYECKO# IIeTkH B JBa mpoxona. Ha
MEPBOM MPOXOJe NPEUMYIECTBEHHO OCYIIEeCTBIIS-
eTCsl XpYyIKOoe paspylieHHe HanOoJiee BBICTYIAro-
IIUX MUKPOHEPOBHOCTEH OT yAapOB MO HUM ILETH-
HOK, 2 Ha BTOPOM IIPOXOJIe MOJ AeHCTBUEM TeMIIe-
paTypsl, BO3HUKaIOUIEH B 30He 00pabOTKH OT CHI
TPCHUA, NPEUMYIIECCTBCHHO OCYIICCTBIIACTCA XHU-
MHUKO-TCPMHUYCCKOC MMOJIUPOBAHUE OCTABIIMXCA I10-
cle CKalblBaHUS MHKpoHepoHepoBHocTel. IIpo-
necc 00paboOTKU MPOTEKAaeT HACTOJIBKO OBICTPO, UTO

OH c1a00 BIMSET HA TONIUHY MOKPBITUSA, YTO U
MO3BOJISIET OCYHIECTBIATH 00pabOTKy TOHKOILIE-
HOYHBIX aJIMAa3HBIX HOKpblTI/Iﬁ.

Jns obocHoBaHMS 3(PPEKTUBHOCTH MPEIIIO-
KCHHOTO cnoco6a BBIINTOJIHEHBI JKCIIEPUMCEHTAJIb-
HBIE UCClleloBaHNs. B kauecTBe 00beKTa MccienoBa-
HUH MCIOJIb30BAJIaCh TEXHOJOTMYECKas ONeparys 10-
BOJIKM MOBEPXHOCTH JieTain «[Ipu3ma» nmpousBoacTBa
AO «AnTaiickuii 3aBOJl NPEUU3UOHHBIX U3JIEIHID» IO0-
cie omnepanud (HOPMHPOBAHUS TBEPIOTO aIMa3zHOTO
mOKphITHA THIA «ta-Cy»" Ha Tpex pabounx rpaHsx dTOU
nerany. M3HOCOCTOMKOE anMa3HOE IOKpPBITHE OCY-
mectBisier OO0 «TexnoTepm-CapatoB Ha BBICOKO-
TexHosnornyHo ycranoBke DREVA 600 LAM rep-
MaHCKOTro Npou3BoJicTBa. [llepoxoBaToCTh MOBEPXHO-
CTH TIOCITe TIOKPBITHS cocTapisma Ra 0,16 Miwm.

OKCneprUMEHTAIbHBIE HCCIIE0BAHUS OCYILECTB-
JSUTUCh Ha (pe3epHOM cTaHke. [IponsBomunack obpa-
0oTka mapTuu 3arotoBok «IIpuzma» B kommuectse 10
mTyk. B kauecTBe ycTaHOBOYHO-3KUMHOTO TIPHCIIO-
COOJIEHHSI HCHOJb30BaJlaCh MHOTOMECTHas NpHU3Ma.
[lepen oxoHYaTENHHBIM 3aKUMOM J€TalaH 00pabaThl-
BaeMas IIOBEPXHOCTb YCTaHAaBIMBAJIACh TOPH30H-
TAJIFHO C IOMOIIBIO YPOBHS. [orpemHoCTh yCTaHOBKH
3arotoBok He npesbimana 0,03 Mmm. Pa3HOBBICOTHOCTH
00pabaThIBaeMBIX ITOBEPXHOCTEH 3arOTOBOK COCTaB-
msita 0,05 M.

OO0paboTKa OCYIIECTBISUIACH  METaUTHYECKOM
H_[CTKOI‘/II B IBYX IMMIPOTUBOIIOJIOKHBIX HAIIPABJICHUAX ITPU
pEeKMMaX, YCTAaHOBJICHHBIX Ha OCHOBE IpeBapUTENb-
HBIX MCCIIEZIOBAHUI: YacTOTa BpalIeHUs] HHCTPYMEHTa

—33¢ ;mpomosbHas mogada — 6,7 MM/C; orepeyHast
monada — 0,5 mM. [llepoxoBaTOCTh MOBEPXHOCTH 3aMe-
pstiace ipubopom MarSurf PS1. Pesynbratsl uzmepe-
HUSI IPE/ICTaBIICHBI HA PUCYHKE.

0,05

0,045

0,04 A

0,035 A

Ra, pm

0,03 A

0,025 A

0,02 A
1 2 3 4

Sequence number of the workpiece

6 7 8 9 10

Pucynox ®@opmuposanue muxpopenveda moHKonieHOUHO20 AIMAZHO20 NOKPLIMUS XPYNKUM PA3PYUEHUEM 8ep-
WUH MUKPOHEPOGHOCHEU

Ha ocHOBe BBIIIOJIHEHHOTO HCCIECIOBAHUS yCTa-
HOBJICHO CpeHEe 3Ha4YCHHE IIEPOXOBATOCTH IOBEPX-
HOCTH B JIaHHOW maprtuu, paBaoe Ra 0,038 um, u ee
cpenHee  KBaJpaTH4YeCKOE€ OTKJIOHEHHE, paBHOE
o =0,0059 MKM. DTO COOTBETCTBYET TEXHHUYECCKUM

YCJIOBUAM Ha U3TOTOBJICHUE TaHHBIX JeTayei.

C wespro onpeneneHus TOJIIMHBI TOKPBITHS Ha
npubope Calotest usrorasnusasncs Mukpouumd, a Ha
mukpockore Olympus BX51 ocymectisiiiocs u3me-
penue napameTpoB Mukpouutuda. [1pu co3nanuu Muk-
pouutnda npuMeHsIcs mapuk auamerpom 20 mM. Ha
LIapUK HAHOCWJIACh aJIMa3Hasl MacTa.
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AHanu3 MuKponuudoB 00pabOTaHHBIX MOBEPX-
HOCTEH 3aroTOBOK MOKa3asl, YTO IMPHU HCXOJHON TOJ-
IIMHE aJIMa3HOT'0 MMOKPKITHs, paBHOH 2,4-2,8 MKM, TOJI-
IIMHA MMOKPBITHS TOCJE TOJIMPOBAHUS COCTABIIICT HE
MeHee 1,8 M, 9To HaXOAUTCS B OITyCTUMOM IIpeiee.

CtpyKTypa HOBEpXHOCTH MOKPBITHS H3y4aach Ha
CKaHUPYIOIIEM dJIEKTPOHHOM MHKPOCKOIIE CBEPXBBICO-
Koro pasperienus Tescan Vira 2 LM. Ananus cTpyk-
TypBI TOBEPXHOCTH MOKPHITHS TTOCIIE 00PAOOTKH MMOKa-
3aJ, YTO IOBEPXHOCTHh IOJUPOBAHHON IOBEPXHOCTH
MMeeT PaBHOMEPHYIO CTPYKTYPY, Ha TIOBEPXHOCTH OT-
CYTCTBYIOT HapOCTBHl MeTalUla W JPYTHe HHOPOIHBIC
3JIEMEHTHI.

Takum o6pa3om, mporecc MOTUPOBAHUS MOITH-
KPHUCTAJUIMYECKOTO aIMa3HOTO MOKPHITUS METAIIIN-
9YEeCKOM METKOM 3a cYeT AeHCTBUS ABYX (DAKTOPOB —
MEXaHHYECKOTO U XMMHKO-TEPMHUYECKOTr0, obecrie-
YUBACT JOCTUKCHUE HHU3KOTO 3HAYCHHS IIEPOXOBa-
TOCTH TOBEPXHOCTHU aIMa3HOTO MOKPHITUSA HEOOIb-
IIOW TOJIIWHBI U BBEICOKYIO MPOU3BOJUTEIHHOCTH
00paboTKu. PeKOMEHIyeMbIM PEKHUMOM 00PabOTKHU
ABJISETCS: YacTOTa BpalIeHHUS METATTHYCCKOM

metkn 3000-4000 mun _l, nonepeyHas Mojada
0,5-1 MM/XO/, MPOAOJIbHAS mojava
300-400mm/MuH. OOpaboOTKy ciemyeT OCyIIecTB-
JATH B 2 IPOX0JAa — B MPSIMOM B 0OpaTHOM HaImpas-
neHusx. OcoOEHHOCTBIO TpoIecca MOTUPOBAHUS
METAJUINYECKON HIETKOW SABIAETCS TaKiKe TO, 4TO

00paboTKy meTaneil MOXHO OCYIIECTBISATH B MHO-
TOMECTHOM IIPUCHOCOOJCHHH HAIPOXOA, YTO J0-

IIOJIHUTECJIIBHO IIOBBIIIIACT MMpOU3BOAUTCIBHOCTDH
npoiecca 00paboTKH.
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THERMODYNAMIC OF THE TRANSITION FROM THE AMORPHOUS TO THE
NANOCRYSTALLINE STATE

Abstract

Polents I.

Ural State University of Railway Transport, Russia
Avksentieva E.

Ural State University of Railway Transport, Russia
Rusinova E.

Ural State University of Railway Transport, Russia

The thermodynamic process of an amorphous-to-nanocrystalline transformation in a Ni-P alloy system was

investigated calorimetrically. It was found that its thermodynamic properties (AH, AS, and AG) are much different
from those of the usual amorphous-to-crystal transformation, which may be attributed to the formation of inter-
faces in the products. The entropy change was positive rather than negative (as in usual crystallization), and its
value increases with an increase of temperature. Structural investigations and the comparison of the properties of
the two different solid states, as well as the transformation thermodynamics results show that the interfaces in the
nanocrystalline material are more disordered and more defective, and consequently exhibit a larger entropy than

the amorphous phase.
Keywords: nanocrystalline material, polycrystals.

Introduction

Nanocrystalline (NC) materials are polycrystals
with crystallite size in nanometer scale (1-50 nm) [1].
Due to a large amount of atoms at the interfaces in these
materials, some properties are appreciably changed
compared with those of the usual crystalline materials
and of the amorphous solids as well. NC materials pro-
vide an opportunity to study the interfaces experimen-
tally because of their large volume fraction.

Recently, a method for synthesizing NC materials
was developed by means of crystallizing the amor-
phous solid [2]. This method makes it possible to com-
pare the properties of the NC, the amorphous, and the
usual crystalline materials with the same chemical
compositions; also it enables one to study the interface
formation process. Experimental evidence has shown
that some properties of the NC materials, such as the
heat capacity, the thermal expansion, the magnetic and
mechanical properties, are considerably enhanced with
respect glasses of the same composition [3,4]. Such a
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property enhancement after the amorphous-to-NC
transformation reflects a significant structural revolu-
tion. In this work, the amorphous-to-NC transition is
investigated from a thermodynamical point of view.
Thermodynamic parameters of the process are meas-
ured and compared with those of the crystallization pro-
cess to normal crystals.

Theoretical analysis

The usual crystallization process of amorphous
solids, or an amorphous-to-crystal transformation, is
treated as a solid state phase transformation following
the classical thermodynamic theory of crystallization
from the supercooled liquid. The thermodynamic pa-
rameters of the enthalpy change, AH, the entropy
change, AS, and the Gibbs free energy change, AG, are
given in the following equations:

AH3(T) = —AHp, + [ ™(C3 — C5)AT (1)
ASC™3(T) = —AHp /Ty + [ ™(C3 = CS)/T AT (2)
AGE=3(T) = AHS3(T) — TASS3(T)  (3)

Where AH,, is the enthalpy difference at the melt-
ing temperature T,; C5 and Cg are molar heat capaci-
ties for the amorphous and the crystal, respectively.

For an amorphous-to-NC transformation, which
can be regarded as a similar process, these thermody-
namic parameters can also be obtained from

AHP3(T) = AHP™3(T,) + [ (CB — C3)dT ~ (4)

AS"A(T) = AS™% + [[™(Ch —C5)/TdT  (5)
AG"3(T) = AH"3(T) — TAS™3(T)  (6)

Where AH"73(T,) is the enthalpy difference be-
tween the amorphous and the NC state at the crystalli-
zation temperature T, , AH"72(Ty) can be measured
calorimetrically for a given T,.. ASj~? is the entropy dif-
ference between the NC and the amorphous state at 0
K. ¢y is molar heat capacity of the NC material.

The entropy difference between the amorphous
and the NC state at 0 K, AS§~2, may be approximated
by their absolute configuration entropy difference
(omitting the thermal vibration entropy term). The en-
tropy of the NC material can be considered as consist-
ing of two parts: (i) the interfacial term, Si* , and (ii)
the crystalline term, S§; this consideration results ap-
proximately in S = (1 — F;,,)S§ + F;,S&*, where F,
is the molar fraction of interfaces in the NC sample and
of the amorphous state may be approximately estimated
from their free volume concentrations by using the
equation

S =—kg(Xix; Inx;) O

Where x; , is the concentration of i-type associa-
tion (atoms, clusters of vacancies), and kg is Boltz-
mann’s constant. The free volume concentrations can
be determined from their relative densities with respect
to ideal densities, which are deduced from the closely
packed structures.

With the above analyses, the thermodynamic pa-
rameters for the transformation processes can be de-
duces providing the data of c,, for the different states
and the enthalpy change during the amorphous-to-NC
process are available, which are resulting from our ex-
periments below.

Experiments

A Nig, p,o (at.%) matrix alloy was prepared by
melting pure nickel (99.99%) and phosphorous in an
argon atmosphere. A single roller rapidly quenching
equipment was used to spin the alloy melt into an amor-
phous ribbon, which is 20 pm tick and 2.1 mm wide.
The nanocrystalline material of Ni-P alloy sample was
prepared by using crystallization method [2], the pro-
cedure of which is as follows: rapid heating of the
amorphous sample to 598 K, annealing isothermally in
an argon atmosphere for 10 min and cooling to room
temperature. A differential scanning calorimeter (DSC-
2, Perkin-Elmer) was used to follow the treatment pro-
cess. Both the DSC measurement and the X-ray diffrac-
tion experiments showed that the amorphous sample
had crystallized completely. Composition analyses
have shown that the overall compositions of the sam-
ples before (the amorphous) and after (the NC sample)
the transformation are exactly the same, and no oxida-
tion was detected.

Structural analysis on the as-crystallized NC Ni-P
sample have confirmed that there are two crystalline
phases in the sample: Ni austenite(ffc) and Ni; P phase
is about 12 nm, and that of the Ni phase about 6 nm.

Molar heat capacities, C, , of the samples were
measured in the DSC-2 with aluminum pans using the
step-wise heating technique with a heating rate of 10
K/min. The temperature was calibrated by pure In and
Zn standard sapphire disk of 8.35 mg, while the Ni-P
samples are about 10 mg. Relative errors in the C,
measurements in the present work are <1.0%

Results

An isothermal annealing process of the
asquenched amorphous Ni-P alloy at 598 K exhibits a
single exothermal peak in the DSC measurement curve,
indicating the exothermal transformation from the
amorphous phase to NC phases. The heat energy re-
leased during the transformation, found by calculating
the area of exothermal peak, is about 3.5kJ/mol. Heat
capacities of the as-quenched amorphous, the as-crys-
tallized nanocrystalline, and the as-casted normal crys-
talline samples(with an average grain size >1 mm in
which the interface effect can be neglected) were meas-
ured in the DSC. Before and after the C,, measurements,
no composition change has been found in the samples.

The measurement of C, in the temperature range
310-400 K for the three different Ni-P samples were re-
ported previously [3]; a summary of the results is
shown in fig. 1. Itis clear that the C,, values of the NC
Ni—P sample are greater than those of both the crystal-
line and the amorphous sample or, in other words, after
the transformation from the amorphous state to the NC
phases, C,, is increased rather than decreased as in the
case of the normal crystallization from the amorphous
to normal crystals. In the measuring temperature
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range,C, differences among the three samples vs. tem-
perature can be modelled by simple linear relations, be-
ing Cj — Cf = 3.3x1073T (J/mol K),and Cf — C§ =
5.1 X 1073T (J/mol K). This simple linear relationship
of AC,, with temperature, T, has also been obtained by
Korn et al. [8] for 6 nm-Pd from 0 to 300 K. It was also
found that, when the grains in theas-crystallized NC
sample are coarser (annealed at a higher temperature),
the C,, enhancement of the NC sample with respect to
the amorphous one becomes smaller, and even nega-
tive, as in the case of normal crystals.

The densities of the as-quenched amorphous Ni—

of the normal crystal were measured experimentally
[5]. The measured average density of the amorphous
sample is 7.85+ 0.02g/cm3, the density of the ideal
crystalline structure is 8.037g/cm?2, the measured den-
sity of interfaces in the NC sample is 8.11+ 0.02
g/cm3, and density of the close packed interfaces is
8.36 g/cm3. So we can obtain the results that S§ =
0.13kp and SE* = 0.64 kg which is close to the value
deduced from experimental measurements in NC Cu
[6]. The molar fraction of the interfaces in the NC Ni-P
sample was calculated to be about 14.4% [5]. Neglect-
ing the entropy of the crystallites, we obtained

P alloy and the as-crystallized NC samples, as well as ASg™" = —0.04 kp.
Cp10~ 44
/’/ N
42 /
0/
/ ./ A
40 _ ® * .~
~ / / g
38 _ / ./o/
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a / .
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Fig.1 Measured molar heat capacity, C, ,vs. temperature, T, for the nanocrystalline (N),
the amorphous (A), and the normal crystalline (C) Ni — P alloy samples.

Discussion

Figures 2 and 3 show the resultant relationships of
AS(T) ~T, AH(T) ~ T, and AG(T) ~T for both the amor-
phous-to-NC and the amorphous-to-crystal transfor-
mations, derived from the above measurement data.
From these results, it can be seen that, for the usual
crystallization process, the entropy change is negative
and, with an increase of temperature, AS and AH de-
crease and the free energy change, AG, increases,
whereas for the amorphous-to-NC, the entropy change

AS is positive and is increasing with a decrease of tem-
perature. This means that the entropy of the NC Ni—P
material is greater than, that of the amorphous state. AH
and AG of the transformation vary slightly with tem-
perature and the variation tendencies (increasing AH
and decreasing AG) are opposite to those in usual crys-
tallization. The apparent differences in the thermody-
namic properties between the two transformations can
be attributed to microstructures of the transformation
products, the great difference of which lies in the inter-
faces.

30
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200.0 3000

T T 7

4000
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700.0
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Fig. 2 Experimentally derived relationships of entropy changes, AS, for the amorphous-to-nanocrystalline
(a — nc) and for the amorphous-to-crystalline transformation (a — c), with temperature.
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Fig. 3 Experimentally derived relationships of enthalpy change, AH, and Gibbs free energy changes, AG, for the
amorphous-to-nanocrystalline (a — nc) and for the amorphous-to-crystalline transformation (a — c),
with temperature.

The structural investigation of the NC Ni-P sam-
ple crystallized from the amorphous alloy, as reported
in ref. [7], showed that it consists of two crystalline
phases of Ni austenite and the NisP compound, the ori-
entation relationship between which is
(001)bet//(110)fcc and (110)bet//(111)fcc.

HREM observations showed that the interfaces in
the NC Ni-P sample are mainly the phase boundaries
between Ni and NisP. From the above orientation rela-
tionship between the two phases, a configuration of the
Ni/NisP interfaces may be constructed. Compared with
the close packed Ni/NisP interfaces, it was found that
the real interface structure constructed from the orien-
tation relationships measured contains more open
spaces and, therefore, is more defective and disordered
than the ideal one [7]. It can be easily perceived that the
spatial occupation ratio (or density) of the real NC in-
terfaces is much less than that of the amorphous phase.

The study by a positron-lifetime spectroscopy on
the interfacial defects in the NC and the amorphous Ni-
P alloys [9] has shown that in the NC sample two types
of microdefect exist in the interfaces: a type-l defect
characterized by free volumes (the size of which is
smaller than a monovacancy) with a short-positron-life-
time component 11 = 152.341.3 ps, and a type-I1 defect
of microvoids with an intermediate-lifetime component
12 = 350 + 20 ps, the size of which is in the order of a
few vacancies. As a comparison, the only positron life-
time component in the amorphous Ni-P alloy was eval-
uated as 1, = 151.9 + 1.3 ps, which corresponds to its
free volume. These results reveal that the interfaces in
the NC Ni-P sample contain larger and more defects,
i.e., more excess volume than the amorphous phase;
this fact agrees with the results of HREM analysis.
Measurement of the thermal expansion in the same-
compositional NC, the amorphous and the crystalline
Ni-P alloy samples [3] showed that the coefficient of
the linear thermal expansion, o, for the NC sample is
larger by 56% than of the normal crystal, while for the
amorphous sample, this amount is only 3.6%. The
larger enhancement of o in the NC sample than that in
amorphous sample indicates the great difference of the
NC interfaces to the amorphous phase, regarding their
microstructures.

Frim the structural analysis and property measure-
ment results for the interface in the NC material, as pre-
sented above, it can be seen that the interfaces, with re-
spect to its matrix (amorphous) phase, are more disor-
dered and more defective. This evidence is in
agreement with results of thermodynamic measure-
ments presented above. Detailed investigation on the
interface formation mechanism is in progress.

Concluding remarks

The transformation from an amorphous state into
a nanocrystalline one in a Ni-P alloy system was stud-
ied thermodynamically. The following conclusions can
be drawn.

A. The thermodynamic properties of transfor-
mation are apparently different from those of the usual
crystallization process: With increasing temperature,
AS and AH increase, and AG decreases.

B. The entropy change of the transformation is
positive rather than negative, i.e., at the transformation
temperature, the entropy of the NC state is greater than
that of the amorphous one. This result is in agreement
and measurements of physical properties that the inter-
faces in the NC material are more disordered and more
defective than the amorphous phase.
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Abstract

Wind energy is a method of producing various types of energy based on the use of energy generated by the
movement of air masses, i.e. the use of wind energy. Wind energy has been used by mankind for a long time. It is
wind power that century was driven sailing ships, allowing you to cross oceans, wind power was used in mills, it
was used in the irrigation of fields and land drainage. And then, when humanity discovered the use of electricity,
again attention was paid to wind energy: in the nineteenth century, active construction of wind farms for commer-
cial production of electricity. In Russia, the surge of interest in wind power occurred in 20-e years of the twentieth
century. Have developed wind farms for agriculture, which could be manufactured on the spot, and materials for
their production were available. These settings were used for lighting and for household needs (e.g., for mills).
The decline of wind energy in the mid-twentieth century was caused by the advent of cheap transmission and
distribution networks power plants that use traditional fossil fuel and hydroelectric power plants. But it is now
known the time when the oil and gas reserves will come to an end, and this means the end of traditional energy,
based on the use of these fuels. Limited fuel reserves in the world by the end of the twentieth century led to the
revival of interest in wind energy, which is practically infinite. Wind energy potential of Russia several times
exceeds the current needs of the country's electricity, however, the effective application of the proposed market
for power from wind electric generators (or simply bladed "wind turbines") in Russia is impossible due to the
constructional characteristics of these turbines and the low potential winds on the territory of Russia. For the
effective operation of even the most committed modern-bladed wind turbines generating electricity, the necessary
wind speed over six meters per second. This average wind speed Russia can boast except in the far East and
Sakhalin, in the rest area the wind speed rarely reaches 4.5 m/s, which, of course, does not provide the operating
conditions of today's wind turbines. In addition, wind power in Russia has not received widespread use because
the developers of wind turbines from the beginning was chosen hopeless way of creating active wind vane trans-

ducers the air flow based on the aerodynamics of aircraft.

Keywords: wind, wind energy, aerodynamics, wind turbine, utilization of wind energy, the Laval nozzle, jet
turbine, wind turbine, vortex, vortex flow transducer of a continuous medium.

Wind energy has been used by mankind for a long
time. It was wind power that moved the sailing ships,
allowing to cross the oceans, wind energy was used in
the mills, it was also used for irrigation of fields and
drainage of lands. And when humanity discovered the
benefits of electricity, again attention was drawn to
wind energy: in the XIX century, wind power stations
were actively built for industrial electricity produc-
tion. In Russia, a surge in interest in wind power sta-
tions came in the 1920s. Wind power stations for agri-
culture were developed, which could be manufactured
directly on site, and materials for their production were
generally available. These installations were used for
lighting as well as for household needs (for example,
for mills). The decline of wind power in the middle of
the twentieth century was caused by the appearance of
cheap transmission and distribution networks of power
plants using traditional organic fuels, as well as hydro-
electric power stations. But now the time is already
known when the oil and gas reserves will come to an
end, which means the end of the traditional energy
based on the use of hydrocarbon fuel. The limited fuel

reserves in the world by the end of the twentieth century
led to a revival of interest in wind energy, which is al-
most endless. Although Russia's wind energy potential
is several times higher than the country's current elec-
tricity needs, it is very unevenly distributed. Most of the
territory of Russia is 4-6 m / s, with such winds, the
effective application of wind-electric generators of-
fered by the market in Russia (or simply bladed "wind-
mills") is impossible due to the design features of these
wind turbines. For the efficient operation of modern
lobe wind-electric generators with a power factor of in-
stalled capacity (Kium) of more than 30% generating
electricity, an average annual wind speed of more than
seven meters per second is necessary. In Russia, only
the coastal zones of the northern part of the country, the
Caspian coast and the northern part of Sakhalin differ,
as can be seen on the map, by the high intensity of the
wind regime (Fig. 1).Here the average annual wind
speed exceeds 7 m /s, in the rest of the territory the
wind speed rarely reaches 4.5 m / s, which, of course,
does not provide the operating conditions fo wind
farms , to day's.
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Figure 1 Map of wind energy resources of Russia. Numbers denote zones with average annual wind speeds:
1-above 6 m/sec;2-from35to6m/sec;3-upto3,5m/sec.

1. Classification of wind turbines

Modern horizontally-axial wind power plants
(VEU) can be conditionally divided into 2 classes de-
pending on specific wind conditions: these are tradi-
tional wind turbines, which operate at medium-period
velocities of 7-10 m / s and give an acceptable utiliza-
tion factor of the installed capacity, regardless of the
energy utilization factor wind (Kieve), which can range
from 15-50%. The second class includes wind turbines
with the ability to operate at medium-period wind
speeds from 3.5to 7 m /s, giving a Ki from 5-15%, as
a rule, such plants work on processes where the revolu-
tions for the mechanisms are not critical, these are usu-
ally pumps , grinding, etc. At a wind speed of 1 to 3.5
m /s, none of the wind turbines is worll<ing and there is

D ¢ Ll

Figure 2 Modern wind farms. The dimensions of vane wind farms can reach a height of more than 100 m;

practically no development of such wind turbines in the
world. According to the power characteristics, the pro-
duced wind turbines are divided into two groups: large
wind power, where the power is above 100 kW, as a
rule, grid and small wind power from 0.5 to 10 kW
mainly operating in the autonomous mode: a) large
wind power (wind farms or wind farms) with a total
power of several megawatts), which includes trans-
formers, substations, control systems, interfacing sys-
tems with network systems, etc. Install such wind farms
in places with the most favorable wind characteristics,
where the average periodic wind speeds from 7 to 8 m
/' s and above, with an almost ideal underlying surface
(steppe, desert, water surface) (Figure 2).

The range of the blades is 90-120 m.

However, the main difference between large wind
power and not only in the amount of installed capacity,
but also in the fact that these wind parks are part of the
energy system, are constantly included in the network,
which allows you to work without accumulation, and,
if necessary, connect to the network. The main disad-
vantage of large wind energy is the high cost of infra-
structure (extended networks, transformer stations, in-
terfacing systems, relay protection and automation sys-
tems, etc.); b) small wind power - this is a wind turbine
with a capacity of up to 10 kW, sometimes up to 50 kW,
working autonomously on the charge of the battery, or
as part of so-called hybrid complexes with diesel gen-
erators or solar batteries. The place of installation of
small windmills is dictated by the consumer (a rural res-
ident, a private house, a weather station, base stations
of cellular communication, etc.), where usually the av-
erage periodic speed (Vr.per.) Of the wind rarely ex-

ceeds 6-7 m /s, and the underlying surface varies ex-
tremely widely. In the case when Vsp.per. above 7m /s
- the design of the wind turbine is designed using the
technology of large windmills, the production and use
of which has been exhausted and has almost exhausted
the possibilities for improvement, or requires a techno-
logical breakthrough. But, when the wind speed varies
from 3.5 to 6 m/ s, the designs of traditional wind tur-
bines are not effective and are not acceptable, since the
Chium is less than 10%. In order to use wind power at
average periodic wind speeds from 3.5t0 6 m /s, there
are two ways of efficient use of wind energy: - concen-
tration of low-potential wind currents in front of the
wind wheel; - acceleration of the wind flow in the plane
of the wind receiving device.
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2. Converters of low-potential wind currents

2.1. The concentrators of the wind flow [1, 2]

Concentrators of the flow are confuser or diffuser
devices installed in the immediate vicinity of the impel-
ler of the power plant (Fig. 3). However, the task of
concentrating air flows turned out to be technologically

difficult to implement because of the dimensions, as in-
creasing the size of the wind wheel leads to an increase
in the strength of systems and towers, which leads to an
unjustified rise in price. If the ratio of the diameters of
the incoming and outgoing holes is small and is 1.3-1.5,
one can obtain a 20-25% increase in the flow rate [3].

Figure 3 Wind Flow Concentrators

Further increase in the entrance opening of the
confuser does not give any increase in speed, although
it will increase the output (efficiency) of the wind gen-
erator by almost 2 times, but only at an estimated speed,
but at wind speeds below the calculated energy produc-
tion will be 7-10%. There is an option to obtain an in-
crease in energy by doubling the area covered by the
windmill. In this case, the size of the windmill wings
should be increased by a factor of 1.4 (just before the
size of the confusor inlet). Therefore, the use of confu-
sors or increase in the size of wind-wings is inefficient
and unnecessarily expensive for wind turbines. Let's try
to understand why the usual confuser turned out to be
such an inefficient concentrator. In the case of a laminar
flow directed directly along the axis of the confuser, the
flow is divided into two parts. The central part of the
flow, which almost does not meet resistance, flies
through the confusor, slightly accelerating. And the rest
of the stream begins to swirl, remaining from the inlet
side of the confuser, as it encounters great re-
sistance. Work on the form of the confuser allows you
to add to the output speed only a small amount - a few
percent, but the problem does not solve. Therefore now
no large company in the world produces powerful wind
generators with confusers.

2.2. Accelerators of wind flow in the plane of
the wind wheel

Acceleration of the wind flow in the plane of the
wind receiving device (VPU) can be passive or ac-
tive. Passive and active accelerators of low-potential
wind flow are designed for operation in conditions with
Vsp.per. from 3,5 to 6 m / s. with the production of
Kium up to 50%. At the moment, wind turbines with
passive and active accelerators are in the final stage
with a power line of 0.5;1; 2; 3; 5 kW.

2.2.1. Passive accelerators of wind flow

In areas with an average annual wind speed of 4-7
m /s, the duration of winds with a speed of 4to 7 m/
s. will be 3500-5200 hours / year, which is typical for
most of the populated territory of Russia, and the dura-
tion of winds is above 8 m/ s. is only 500-2400 hours
per year (table Pomortseva MM) [4]. The developed
wind turbine with the passive accelerator of the wind
flow is designed for efficient operation in areas with
low wind potential to produce a stable output installed
capacity at wind speeds from 5-14 m / s. This is due to
the increase in the speed of the air flow passing through
the wind receiving device, which creates a vacuum be-
hind the wind receiving device and provides additional
power on the windmill blades (the difference in pres-
sure in front and behind the wind receiving device). In
Fig.4. (a, b) represents the computer and physical mod-
els of the wind receiving device (VLU).



International independent scientific journal Ne13/2020

17

Figure 4 Wind turbine with a passive accelerator of the wind flow: a) computer model; b) physical model

The wind-receiving device [5] contains a wind
wheel and an aerodynamic flow accelerator made in the
form of a Venturi tube and located in the center of the
VPU. In this case, the wind wheel rotates freely on the
bearing, which is mounted on the venturi tube, which is
the axis of the wind wheel. The wind receiver is addi-
tionally provided with special apertures through which
the rapid air flow (ejecting flow) passing through the
Venturi tube entrains the slow external air flow (ejected
flow), creating a vacuum behind the wind wheel, which
in turn creates a vacuum behind the wind wheel and
contributes to an increase in the speed of air flow pass-
ing through the wind wheel.

2.2.2. Active accelerators of wind flow

The active accelerator of the wind flow provides
an increase in the speed of the wind flow on the wind
wheel due to the air dilution behind the wind wheel,
which is created by the forced injection of the external
air flow, and - the placement of a vortex concentrator
inside the nozzle, which allows increasing the wind
power consumption of the wind power plant, and sim-
plify the design of the wind farm [6, 7]. In Fig. 5. and
Fig.6. Wind turbines with wind accelerators are pre-
sented, where: 1 - a wind receiving device; 2 - nozzle
(active ring concentrator-accelerator of air flow); 3 - air
flow swirl, which with minimal losses forms, twists and
increases the speed of the air flow; 4 - a vortex airflow

Vi ”' '_1
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Figure 5

ejector designed to form, with minimal energy losses,
an incoming wind flow into a swirling flow and supply
it to the cavity of an annular concentrator-accelerator 2,
whence through the annular narrow slit 5 this air flow
is fed into the nozzle (for the installation variant on Fig-
ure 6. as an air flow ejector a fan or pneumocompressor
is used 6). In such an installation:

- due to the implementation of the wind receiving
device in the form of an air intake system, the wind re-
sistance of the structure decreases, and the "swept air-
flow area™ and, accordingly, the power taken from this
airflow increases significantly,

- the device is effectively operated on low-poten-
tial and thermally induced flows of a continuous me-
dium,

- due to the implementation of the concentrator-
accelerator in the form of a hollow ring, inside which a
stream of air flows from the eddy ejector and through a
narrow annular gap is injected into the ring, thereby in-
creasing the speed of the air flow passing through the
wind wheel of the installation

- due to the fact that the design of the swirler con-
sists of flow channels for the twisting of streams of con-
tinuous medium flows, the velocity of this flow in-
creases significantly. The possible result of an increase
in KIEA in such an installation is up to = 1.4.

Figure 6
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3. Problems of wind energy

Aerodynamics of aircraft and aerodynamics of
wind turbines are two completely different areas of aer-
odynamics. The first is the aerodynamics of the lift of
the wing, i.e. flow around the working surfaces of the
wings, minimizing the scattering of the incoming air-
flow energy supplied to them. The second is the aero-
dynamics of low velocities of wind-turbine flow with
the maximization of energy extraction from the air
flow. The founder of aircraft aerodynamics N.Zhu-
kovsky did not specifically engage in windmill aerody-
namics and only in one of his articles "The windmill of

the NEZH type" [8], in connection with the extension
of the "vortex theory of the propeller" to windmills,
gave evaluation of the performance of a paddle-
blower. Creating a theory of propeller, propeller and the
theory of an ideal propeller, NE Zhukovsky meant that
the propeller is designed to create tractive power due to
the power of the engine that rotates it.The generalized
theory of the windmill (Theory of the Ideal Windmill)
was published by G.Kh.Sabinin (a disciple of NE Zhu-
kovsky), as early as 1927 [9], and it is still the basic
theory of active vane wind turbines. The essence of this
theory is as follows:
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Figure 7

When the airflow rushes on the blades of the wind-
mill (Fig.7.), The flow rate decreases. In the plane of
the windmill, it is equal to VB-v1, and far behind the
windmill VB-v2. The loss of air speed and the energy
given to the wind wheel consists of two components:
loss of speed to the wind wheel v1 and loss of speed
after the wind wheel v2.Before the wind wheel, the
flow loses a third of its speed and 5/9 of its energy,
which it transmits to the wheel. After the wheel, the
flow loses another third of the speed and 3/9 of the orig-
inal energy. The work done by the wind is equal to the
difference in the kinetic energies of the incoming and
outgoing air, and the slow passage of air through the
plane of the windmill overcoming the resistance of the
blades is caused by work done by the wind and this
slowing down of the wind speed behind the wind wheel
is twice the speed deceleration in the plane of the
wheel. Hence, the maximum coefficient of wind energy
use (CIEV) isreached at vl =1/3 Vvand v2 = 2v1, and
is 0.593.

4. Prospects for the development of wind en-
ergy

To date, wind power in most of Russia is ineffi-
cient and unprofitable. It is necessary to look for new
ways to use the energy of small winds and ascending
thermoinduced flows. Hydropower is one of the ways
and one of the examples of the use of energy of low-

potential continuous-medium flows, where KIEV
reaches 0.9: - a dam is built on a slow river, the energy
of the streams is concentrated and then, for example,
using a reactive high-pressure turbine, the energy of
this stream is converted into electricity . So with the
wind - technologies are needed that allow it to accumu-
late its energy, form into stable concentrated jets
(streams) and with maximum effect transform into
electricity, i.e. create conditions for a sharp increase in
the coefficient of use of the installed capacity of the
wind generator (KIUM): - the main element of any vane
wind farm is a sail, i.e. mechanical device designed to
perceive and transmit the force of the wind, defined as
F=Cxe*p+Se+VB?/2(S-sweptarea, p - mass density
of air, V - wind speed, Cx - aerodynamic drag coeffi-
cient) is essentially a semiempirical formula for the sec-
ond Newton's law (the law of inertia) F = m ¢ a. The
formula is semiempirical due to Cx, which is deter-
mined by calculation after blowing the object in the
wind tunnel. Further, F/ S - Cx ¢ p * V2/2, where F /
(S) = H is the velocity head. The developer always
strives to obtain a maximum for H for any value of wind
speed Vb, but if we take VB = const, then we can see
that for p = const, H = F / S can have a maximum only
at Cx = max. And this is possible from the dependence
Cx =f (Vb), which is shown in Fig.8.
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Figure 8 Graph of Cx = f (VB) The graph marked two regions:
| - laminar flow region of the propeller, Il - region - turbulent wherein Vcr - the speed at which the transition
from laminar to turbulent flow, which is determined Critical points they Reynolds number.

The Reynolds number is a similarity criterion in
which the diameter of the swept area is given as a func-
tion of the flow velocity: Re = (V « D) / v, VB is the
wind speed, D is the diameter of the swept area, and v
is the kinematic viscosity of the air. That is, if the wind-
mill is sensitive to low wind speeds, but with the max-
imum velocity head H = F / S, then it is necessary that
the speed Vcp be shifted to the left in the graph Cx = f
(D), to the region of lower values for speed Vb, i.e.,
so that Cx = f (V) = const or that the wind turbine for
all values of Vb specified as workers will work in re-
gion Il, i.e.in the region of supercritical Reynolds num-
bers (in the region of turbulent flow). For air, Re =
68500 * VB * b .Less is this value - the Cx of the wing
is large, and the wind force is small. Above this value -
Cx - falls several times, and the force of the wind sev-
eral times increases. For windmills, there is not much
point in working at low Reynolds numbers, losing

Cx |

Sy

lim

power at the same time. When operating below Re =
40000 the windmill will be exactly in the subcritical
area. Area Re = 40000 - 100000 - the zone of risky
numbers. There is no sense in making such wind-
mills. The zone of confident and stable operation of the
windmill is guaranteed to start after Re = 200000. A
wind turbine operating at the limit values Cx = f (\VVb)
= max = const, i.e. is equal to the maximum limit, and
is called the limit pressure. Note that modern lobe wind
turbines operate in a laminar mode, i.e. the pressure
head is not [10,11]. - on the graph Cx = f (VVb) (Fig. 9.)
it is shown that if two models with a geometric similar-
ity, for example the shape of a hemisphere placed
against the air flow, are blown in a wind tunnel, then
the critical Reynolds number for S1> S2 is reached
at V1 kp <V2 kr, which follows from the expression for
the Reynolds' similarity criterion [10, 12].

le;w
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\,?. Kp

Figure 9 Graph of the dependence Cx = f (V) on the size of the swept area.
(S1, S2 - dimensions of swept platforms, V1, V2 - critical speeds).

- on the graph Fig.10. models, have the same mid-
ship section, i.e. of the area S1 = S2 = S3, but differ in
different geometric forms: - hemisphere, thin disk and
streamlined symmetrical body. It can be seen that the
critical value of Reynolds numbers is reached earlier in
the hemisphere and then later at the disk and the stream-
lined symmetrical body. This means that the maximum

value of Cx = f (Vb) is reached by a hemisphere placed
against the flow and having a diameter greater than the
critical value with respect to the Reynolds number,
i.e. in this case, in principle, it is possible to use the
maximum wind power from the minimum speeds.
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Figure 10 Graph of the dependence Cx = f (Vb) on the shape of the body
(S1, S2, S3 - dimensions of swept areas, V1, V2, V3 - critical velocities).

The ideal wind power plant should have a rotor
(wind wheel) in the form of a hemisphere, directed per-
pendicular to the flow, having a diameter larger than
Dcr to operate in the mode Cx = f (Vb) = max = Const
[10,11]. We state: - the critical value of the Reynolds
number is reached earlier in the hemisphere, which has
the maximum value Cx = f (V), and then at the thin disk
and then at the streamlined body. This means that with
such a wind turbine it is possible to remove wind en-
ergy with the maximum efficiency, starting with mini-
mum wind speeds, - the use of well-streamlined bodies
in a wind wheel design is completely ineffective, since
here the yield to extreme pressure is reached only at
high wind speeds and based on the criterion of extreme
pressure, in the windmill blades unpromising.

5. Vikhryak (Wind turbine based on the ""Vor-
tex converter of continuous medium flows'")

5.1. A vikhryak is one of the possible options for
creating wind turbines, in which an attempt is made to
approach the conditions of extreme pressure. At the
heart of the work (and design) of the Whirlwind - the
so-called. "Vortex effect". As a result of many years of
research, using the TSAGI wind tunnels, a "reserve" of
theoretical foundations and designs of new class wind
turbines, algorithms and calculation techniques for de-
vices using the "vortex effect", as well as models and

prototypes (Fig.11) [ 12, 13, 14, 15, 16, 17, 18, 19, 20,
21]. The use of wind turbines based on the "Vortex
Flow Transducers of Continuous Media", capable of
using low-potential air currents (small winds), utilized
heat fluxes discharged into the external environment by
industrial enterprises and the possibility of converting
helio and helio-thermal energy in the form of thermally
induced ascending air jets, will allow generating elec-
tricity on air currents moving at a speed of 3-4 m /s [22
+ 32]. The design of the Vortex (Fig. 12) contains: the
input and output devices, the vortex generator (Fig. 13),
the guide devices (Fig.14.), The rotor and the deflector
(Fig.16.) The installation automatically adjusts to the
real speed wind and provides wind power conversion
with high efficiency and wide range of winds. Features
of the Vortex about traditional windmills: - in 1,5-2
times less than the working wind speed and mass-di-
mensional parameters; - "rotor-generator" excludes the
shaft, there is no system "set to the wind"; - the design
assumes its modular execution from identical func-
tional modules (Fig.15.); - stabilization of the rotor
speed is provided by changing the inlet area of the air
intake; - coefficient of wind energy use &=0.3; high
speed Z~1,5-2,0;

Figﬁre 11 Variants of aerodynamic models of the vortex Figure 12 Construction of converter
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Figure 13
Vortex generator Figure 14 Vihary generator channel schematic Figure 15 Vortex circuit in modular design.

The creation of a wind turbine on the basis of Vor-
tex converters of continuous medium flows is based on
the possibility of forming swirling flows formed by
curves of the second order in the vertical plane and
along the Archimedes spiral in the horizontal plane,
similar in their properties to a natural tornado pos-
sessing a significant kinetic energy reserve. The Vortex
stator, which is a generator of a swirling flow (Fig. 13),
is formed by a group of symmetrically arranged cir-
cumferential channels reproducing the trajectory of the
motion of air jets in natural tornadoes that flow into the
central axial zone of the stator. In the axial, central re-
gion of the vortex formed in the device, the pressure is
lowered relative to the external atmospheric pressure,
which contributes to the formation of thrust and thereby
to the tornado column of additional air mass.

The vortex motion occurs in the turbulent flow of
a viscous compressible gas having a static pressure gra-
dient along the normal to the direction of the main mo-
tion. It should be noted that the gradient of static pres-
sure can be caused by gravitational, inertial, electric or
magnetic fields. An important factor that forces the air
to move along given trajectories is the excessive brak-
ing pressure p, which determines the magnitude of the
azimuthal component of the rotational speed of the flow
with the selected form of the stator winding chan-
nel. Since the channels of the vortex generator have a
special profile (Fig.14.) In the horizontal and vertical
planes, varying from section to section, so that jets
"sewn" into a common tornado-like vortex flow should

Figure 16 Details of the design of the vortex air flow converter
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flow into the central zone, the motion in the channel is
considered as uninterrupted, accelerating to the output
slit. The trajectory of air jets providing conditions for
the formation of a quasipotential flow similar to a nat-
ural tornado is described by a system of two equations
that characterizes it in two planes. The projection of the
trajectory to the horizontal plane is described by the

equation:
V. (r) 1 1
P=0 'rcz(z iy

v 7R
, and in the vertical plane of the projection corre-
sponding to the equation:
const
Zi=—,

f

5.2. Construction of the Vikhryak computer
model and experimental studies (the main part of the
work on this section was performed at the Samara State
Aerospace University (SAGAU) by 1. Krasnorutsky
and professor V. Biryuk) [33, 34, 35] Computer simu-
lation and analysis tools [CFJ / CFV / CFT - systems
were used to build the computer model of the Vortex
converter of the Whirlwind.] The software package
KOMPAS-3D was used to develop 3D mod-
els. ANSYS Fluent was chosen as a software package
for gas-aerodynamic calculations. A geometric model
of the stator part of the installation was constructed on
a scale of 1: 100 (Fig.17, 18.)




22

International independent scientific journal Ne13/2020

= . -'Ti\,

Figure 17 The body of the stator part Figure 18 Computer model of the stator installation
of the installation part

Fig.19 and Table 1 presents the results of com-
puter calculations of the fields of the parameters of the
aerodynamic structure of the flows of the working fluid

of the wind power installation in the vortex and periph-
eral zones of the Vortex converter.

Table 1
Mass air flow, kg / s Total pressure, Pa Speed, m/s
At the air inlet 0.0051833163 101325 0.27886328
At the input of the ejector 0.02398211 101773.14 0.2
At the output of the installation 0.029139828 101582.27 18.855532

Figure 19 Fields of flow velocities of the working fluid with a flow velocity at the inlet to the stator part of the
installation 0.2 m/s.

Next, the geometry of the computer model of the
stator part of the installation was corrected in accord-
ance with the forthcoming conducting of full-scale ex-
perimental research at the Laboratory of Laser Diag-
nostics of the Flow Structure of the SGAU and the

model of the stator part of the installation was grown
from the previously constructed 3D model by the rapid
prototyping method (Fig.20)

Figure 20 Model of the stator part of the installation

To confirm or disprove the correctness of the se-
lected assumptions about the nature of the wind power
plant operation and the correctness of the specification
of the boundary conditions during the computer study,
a full-scale experiment was performed on the model of
the stator part of the installation, measuring the veloc-
ity, hydraulic and flow parameters of the inlet and out-
let flow from the stator part of the layoutwind power
plant. Figures 21-24 graphically present the results of
computer calculations of the aerodynamic structure of

the flows of the working fluid of the model of the stator
part of the wind power plant with the influence of vari-
ous values of the wind speed incident on the installation
and full-scale experimental studies of the aerodynamic
and hydraulic characteristics of the streams of the
working part of the stator part of the full-scale model of
the wind- at various operating modes - on an experi-
mental test bench connected to an automated sys-
tem annym parameters collection complex..
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Figure 21 Distribution of the velocities of the working fluid from the inlet to the outlet from the stator part of the
installation.

At a wind speed of 1 m/ s in the atmosphere and
a working fluid velocity of 0.2 m /s at the inlet to the
installation (corresponding to a flow of 0.023982 kg /
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Figure 22

s), the current flow pattern will be as shown in Figures
22 and 23.

VLA YAY
Figure 23

When the wind speed in the atmosphere is 10 m / s and the working fluid velocity at the inlet to the plant
ejector is 0.6 m/ s, the pattern of the current lines will be as shown in Fig. 24.

Figure 24

Carried out computer studies of flows in the vortex
zone of the stator part of the wind power plant made it
possible to establish that it forms a peripheral flow that
flows to the output section and has a circumferential
velocity distribution close to the potential flow and an
axial flow rotating in the same direction and having a
radial distribution of the circumferential speed, close to
the law of rotation of a solid. In the peripheral flow,

which is customarily called the free vortex in the theory
of the vortex effect, in an arbitrary cross section the
stopping temperature is practically constant along the
radius, and in the axial flow, called the forced vortex,
the braking temperature decreases sharply with de-
creasing radius. The most intense circular motion is ob-
served in the exit section of the vortex zone, here the
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greatest gradient of pressure and temperature along the
radius takes place.

Thus, when air flows from the atmosphere into the
vortex zone through the tangential guide channels in the
vortex zone, an intense circular flow of a certain radial
extent with a high radial pressure gradient (free vortex)
appears, moving toward the exit section of the stator
part of the installation. As the axial displacement, this
flux, interacting with the airflow from the ejector filling
the near-axis region, loses its circumferential velocity,
which allows its individual elements to move to the
near-axis region and form a high-turbulence axial
flow. Due to the high turbulence and intensive influ-
ence of the external circular flow, the axial flow (forced
vortex) rotates according to the law of rotation of the
solid body and moves toward the exit section under the
action of the axial pressure gradient. As a result of the
interaction of free and forced vortices, intense turbulent
energy transfer occurs from the axis to the periphery
and to a free vortex.

CONCLUSIONS

Thus, following the requirements of the laws of
aerodynamics to the design of the wind turbine, we
draw the conclusion: - lobed wind power plants, which
have been developed in the distant past, from the point
of view of efficiency theory, have practically exhausted
their development limits and their further moderniza-
tion will entail only useless waste material and finan-
cial ansovyh resources, ie, wind power, based on vane
wind turbines, is promising only in limited areas with
high average annual wind speeds; - Wind power based
on reactive extreme-pressure wind turbines is now only
at the beginning of its development, but some technical
solutions are offered now (Alatin Pavel Dmitrievich -
N. Novgorod, Saveliev Vladimir Nikolaevich - Mos-
cow, etc.). le, from the point of view of efficiency, in
the near future we must wait for fundamentally new so-
lutions in the development of wind power; - it is ex-
tremely promising in this light to see the use of vortex
effects in the design of windmills, which will make it
possible not only to start producing power in the winds
at a speed of 3.0-4.0 m/ s, but will also allow work from
rising heat flows, and also because of the ambient envi-
ronment from the low-frequency noise components in-
herent in any lopastny wind-driven installation; - The
wind generator is an ecological device that does not cre-
ate dangerous radiations and any interference to electri-
cal appliances. The use of kinetic energy of the wind
will allow to reduce or completely exclude fuel costs,
the construction of power lines, scheduled equipment
repairs. Wind energy allows you not to depend on tar-
iffs and payments for connection to the network. The
service life of wind farms varies from 20 to 25 years
without significant operating costs. Wind energy is in-
exhaustible.
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Camapckuii 20cy0apcmeeHHbLL A9POKOCMUYECKULL YHUBEPCUMEm

Abstract

umenu axademura C.I1.Koponesa, Camapa
Oobepemro U.H.
Tunoea epynn, Kapnoswr Bapul

Regardless long-time history of research in this field, as well as practical importance of vortex flows,

their general laws have not yet been researched enough. Thus, physical mechanisms of birth, origin, self-
renewal and disruption of vortex flows have not yet been completely revealed, Various approaches developed
within the framework of atmospheric vortices theory, vortex industrial equipment theory and magnetic hy-
drodynamics appear not to be enough for the construction of comprehensive theoretical model allowing to
make quantitative calculations with high accuracy to explain the results of in-situ measurements and to con-
sidering multicomponent character of media, complexity and tridimensionality of processes vital for the birth,
self-renewal and disruption of vortex, and non-linear character of equations describing these processes.
However, even now we have some empiric algorithms of processes occurring in vortex flows and the methods
of calculation of vortex devices and units, which for many decades have been used in various industrial
technologies. Vortex devices are distinguished by their simplicity, lack of moving components, fast response,
low weight and reliability of design. Vortex technologies are the sole case when turbulent energy is used for
performing work, heat generation, absorption and formation of pressure gradients [1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27].
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AnHomayusn

Hecmomps na 0asH010 ucmopuio usyyenus u npaKmuieckylo 6a’cHOCHyb 3aKPY4eHHbIX NOMOKO08, ux ooujue
3AKOHOMEPHOCIU 00 CUX NOP euje HeOOCMAMOYHO uzyuensl. Tax, 00 cux nop OKOHYAMENbHO He GbIACHEHbL (hu3u-
yecKue MexanusMvl 3apOAHCOeHUsl, CAMONO00ePHCAHUA U PACNAOA 3AKPYYEHHbIX NOMOKO8. Pasnuynbie no0xooul,
paspabomantvie 8 Mmeopuu AMmocHepHbIX UXPell, Meopun GUXPESbIX NPOMBIUIEHHBIX ANNApPamos, MAeHUMHOL
2UOPOOUHAMUKY, OKAZBIBAIOMCA HEOOCMAMOYHBIMU OJiA NOCIMPOEHUS NOTHOU MeopemuiecKol Mooenu, no360s-
fowyell 0erams KOAUUECMEEHHble PACUembl ¢ HeOOX00UMOU MOYHOCIMbIO, 00BACHAIOWell Pe3yTbmamyl HANypPHbIX
usMepenull U yyumulearoujeli MHO2OKOMNOHEHMHOCMb CPeo, CIONCHOCHDb, MPEeXMepHOCMb NPoYeccos, cyuje-
CMBEHHBIX OJIA 3APOACOEHUS, PA3CUMUSL, CAMONOO0EPIHCAHUS U PACNAOA BUXPEBLIX 00PA306AHUN, HENUHEUHOCMb
VPaeHeHUll, ONnUCvIBaIowUx dmu npoyeccvl. Tem He MeHee, yoce celiuac Mbl uMeeM HeKOMopbie IMRUPUYECKue
aAn2opuUMMbL NPOYECco8, NPOUCXO0AUWUX 6 3AKPYHUEHHBIX NOMOKAX, U MEeMOOUKU PACYEma GUXPEBbIX YCMPOUCmE U
VCIMAHOBOK, KOMopble yice He 00HO decamunemue UCNOAb3VIOMCA 8 PA3IUYHBIX NPOMBIUUTIEHHBIX MEXHOIOSUSX.
OmnuyumenvHol 0COOEHHOCMbIO GUXPEGIX ANNAPATOS AGNAEMCA UX NPOCMOMA, OMCYMCMEUE OBUNCYWUXCA Ya-
cmeli, 6e3UHEepYUOHHOCIb, MATLILL 8eC U HAOEHCHOCIb KOHCMPYKYull. Buxpesvie mexnonozuu — 3mo, noxcanyi,
€0UHCMEEH b CIyYall, Ko20a SHep2us MypOYIeHMHOCIU UCHONb3YemCs Ol CO8epuleHUs pabomuyl, 8bl0eNeHUs U

noznowjeHus menia, GopmMuposanus 2paouenmos Oa6ieHus.

Keywords: vortex; turbulent energy; cooling systems; hydraulic heat generator; vortex wind power plant;
vortex suction cleaner; vacuum pump; structured water; composite fuel.

Knroueswie cnosa: BUXDb, sUXpesasl SHepcus, cucmema oxﬂaofcdenuﬂ, euxpeeozi eudpaeﬂuuecmn? menjio-
ceHepamop, euxpesasl e6empoInHepcemuecKkasl yCmaHo8Kd, UxXpesble Morwwue cucmembl, euxpeeoﬁ B6AKYYM-
HAcoc, CMPYKMypupo8anHas 600d, KOMHOZUYUOHHOE MONIUBO, BUXPEBOTU 8030 VULHbIU POOHUK.

BuxpeBoit 3¢ dekr upe3BpIHaliHO MIUPOK, a €ro
BO3MOKHOCTH M NEPCIEKTUBBI BIEUYATIAIOMHU. Tak, B
HEKOTOPBIX KOHCTPYKIHAX TEPMOJUHAMUYECKHX dHEP-
romnpeoOpa3oBareniell  (BUXPEBBIX  XOJIOMUIBHUKAX)
TemriepaTypa Ha ocu gocturaet -200°C npu ucxoaHoH
KOMHATHOM TeMIiiepatype. Mcronb3yst HeOObIYHBIE BO3-

MOXXHOCTH BuxpeBoro s¢dekra, yxe ceitgac pabo-
TAIOT BUXPE-DHEPreTHYECKHEe YCTaHOBKHU VIS TIONTyYe-
HUS: «CTPYKTYPHPOBAHHOW BOJBDY, KOMIIO3UIIMOHHOTO
TOILIMBA, XOJIOJJHOTO KPEKUHTa YTIIIEBOAOPOHOTO TOII-
JIMBA, BUXPEBBIE TEILIOTeHEPATOPHI, ONIPECHUTENN MOP-
CKOW BOZBI, BHXPEBbIE BETPOIHEPIrETUYECKUE YCTa-
HOBKH H T.1. (cM. Tabmmry 1).

Tabnuua 1
’ Buxpenuic = Buxpessie Buxpennie JIpYrHe TEXHHHCCKHE
npeobpazosarenn l TEPMO- PKCKTOPHEIE IPHMEHEHHSA
FHEPUHH npeoSpasosarend BaKYyM-HacOCh! "suxpenoro »ppexra” |
Buxpenas 021 posepreTHRS Buxpesse Buxpesoit saxyym-nacoc CHoTeMa TPAHCHOPTNPOBKH K

MUK POXOAONHITRHMKH

Buxpenoit TpancnoprHsit
x0uoannbiux {BBTOMOGHII~
Wi, AanmauoInLi,
#SOPORSIL...)

BHXpesas NuipodHepreTHKR

MOpeckue B peyHbIC
BHXPCBBIC BETPOANMKHTEAN

ABRTOMOMHER CHCTEMR

| ScECHERARYASTOTRICC | FMpoMuuuteHnn b

CreTeMa AMCKTPO- l XONMOAWILHME YCTARHOBXMH
XHMEALIHTE uo¢re— M XONOQMTBHLIC KaMephl

ool ks Buxpepue

Asporypbrinive BOATYXOOXIRANTEAN

g e o AnTomoOunermit suxpenoit
Buxpenme 21eproycranosks XONOAHTBHHK-KORIHIHOHED

C MCTIONBIONAN MEM
OPraHM3OBAHAIBIX NOTOKOR
HHOAKOCTH H raaon

Buxpessic xOHAMUNOHEDH!

MiansrayisHbill Buxpesofl
MHKPOXCHAHRHONED

Buxpesuse rmopastnecckHe
TEOIONeHEPATOPIL

Buxpenne reriooGMes kR
BUXpesbic TEpMOpPEryIRTO PR

NPHPOUHOTO e

BAFKPERLIS HOIAIDIS 110 MAICTIRULL H M

YCTAHOBKM: n A
1 0aTOMOGHAMHER Bixpesan |[ TPYOOTPosOAA I
MORKa, YeExOpHTENAHIE BUXDEBLIC !

|

HACALKM TR CIMMD M
JAMNOAHEH KX EMEXQCTEH
CLIMY MM MM AKWAKHM
NPOAYKTOM

Buxpessie cmecnTenn

« CAMOXOANAR BRXPCHaN
YCTRHOBKA AR MOAKH M
oNHCTRH TPYD,;

- BHXPERON MAMILCOC-MORAXA
(NPOMLULNCHNLIR,

Guronc...): Buxpesas yCTAHOBKA ANK

KOMACHTALMK BARIH
W3 FTMOCHEPHOND BOZAY XU

= MOIOLIIAN [PHCTABKR K
GRITOROMY ITBUISCOCY

= AKONCIHHECKH YHOTAA
MOMKA MIRHEPE caManicTa

Batxpeanie mienmoyGopornue
Arperatid i KoMGanHm

anm censxoapalor
ABTOHOMHAN CHCTEMIUL !
ofecne e nuy TPHYIBEBOI o
| MHKPOKIMMATS

Buxpessic ACIAKTHBATOPS!

Buxpenoft anromMoSsnnmnit
PHEXTOPHLIT HataNOX

Buxpenoit nbyie-
BRI DYI0BH TG b

Buxpenoit astoMoOnanmnil (
FAYLIHTE |

Hwxe mpencrasieHsl HEKOTOpbIe pa3pabOTKU B
00J1aCTH BUXPEBBIX IHEPTETHUECKUX TEXHOJIOTHH.

BuxpeBble cHCTeMbI KOHIMIIMOHHPOBAHUS W
oxsaxaenusi (BCO)

OcHoBHBIM 31eMeHTOM BCO siBIsieTcst BUXpeBas
TpyOa, B KOTOPOW MPOUCXOIMUT pa3feieHHe MOTOKa
ra3a Ha BBICOKO-HM HU3KOTEMIIEPATYPHbIC KOMIIOHEHTEI.
OCOOEHHOCTH CBOWCTB 3aKPYYEHHBIX Ta30KHUIKOCT-
HBIX TOTOKOB ITO3BOJISIIOT HCIOJIb30BATh BHXPEBbIE
TpyOs! (BT) Kak HCTOYHHK OXJTaXKACHUS, KOHIUITHOHH-
poBaHMs M TepMmocraTupoBaHus. [l onpexpeneHus

JIEHCTBUTENBHBIX XapakTepucThk BT u orneHKu Bius-
HUS TEOMETPUICCKUX COOTHOIICHUH, H PEKUMHBIX T1a-
paMeTpoB TPOBOJIATCS JIETaTbHBIC KCIICPUMCHTAIb-
HBIE UCCe0BaHus. [Ipy UCTIBITAHUSX OCHOBHBIX TH-
OB BHUXPEBBIX TpyO (memdmied, oximaxmaemoil u
CaMOBaKyyMHUPYIOIIECHCS) pemIannuch 3aJaddl BBIOOpa
ONTHUMAJBHBIX [€OMETPUYECKIX COOTHOILCHUH, Ompe-
JIeNIeHNs] BIMSHUS TTapaMeTPOB BO3/yXa Ha TeMIepa-
TYpHBIE XapaKTEPUCTHKH M MOJTYYSHUS] HEOOXOIUMBIX
KO3 GHUIMEHTOB IS pacyera HCTOYHHKOB XOJIOA.
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WcnpiTanust MpOBOJWINCH B IIMPOKOM JIHAMAa30HE H3-
MEHEHHSI BXOJJHBIX U BBIXO/IHBIX TAPAMETPOB pabovero
tena: pgasnenue 0,01...0,9 MlIla, Temmneparypa
293...450 K. BuxpeBas TpyOa mpeactaBisieT coOoii
(puc. 1) mIaaKywo MUIHHIPUYCCKYIO (MM KOHHYE-
CKyI0) TpyOy 1, C OJTHOrO KOHIIa KOTOPOW YCTAHOBIICHBI
TaHTeHIMAJbHBIE COIUIA 2, a TOPEL 3aKpbIT auadpar-
MOH 3 ¢ LeHTpalbHBIM OTBepcTUeM. Ha apyrom xoHie
TpyOBI ycTaHOBIEH Apoccens 4. CkaTblii Ta3 mogaeTcs
B TaHTEHOWAJIBHBIE COIUIa M 00pa3yeT B TpyOe MHTEH-
CHBHOE KpyroBoe IBIXeHHE. [Ipu 1ocTaTouHOM NpH-
KpPBITUH JPOCCENs YacTh IOAaBaeMOro B TpyOy raza
BBITEKAET Yepe3 OTBepCTHE TuaparMbl 3aMETHO OXJIa-
JKIEHHOM, a BBITEKAIOIIas Yepe3 Jpocceib — MoAorpe-
TOH. B pesynbrare mpeaBapuUTeNbHBIX UCTIBITAHUH Je-
nsmeii BT Obutn onpeniesieHsl ee reoMeTpHYSCKUe Ta-
paMeTpbl: yroil KOHYCHOCTH Y=3°, OTHOCHTEJbHBII
quametp auadparmbl d3=0,5, OTHOCHTENbHAS JIHHA

Boadyx

A

Puc.1 Jlerswasn suxpesas mpyba

Hcnonp3oBaHne  BUXPEBOTO  XOJOAMIBHHMKA
HaunboJee NpeNoYTUTENBHO ISl CO3JIaHuUs YCTPOICTB
OXJIQXKICHUS 10 TemiiepaTypsl nopsaka —50°C . Bux-
peBoit xomomunbHUK (Puc. 2, 3) , oTiimyasch NCKIIOUH-
TENBbHOM MPOCTOTOW KOHCTPYKIMU U HAJEKHOCTBHIO B
paboTe, MOKeT (PYHKIMOHHPOBATH NIPU OTHOCUTEIILHO
HEeOOIBIIOM pacXoje M JaBJICHUU Tra3a, UIMETh MaJlble
rabapuThl. 3alUTHIBACTCS BUXPEBOW XOJIOJMIBHUK OT

BT I=14. CpaBuuTesnbHble UCTIBITAHUS MIAHIPAYC-
ckoit BT xouctpykumu A.I1. MepkyioBa mokasaiy mo-
BBILIICHUE TEMIIEPaTypHOW 3((PEKTUBHOCTH KOHHYE-
ckoit JIBT Ha 10...15%. YcTaHOBKa KPECTOBUHBI Typ-
Oynu3aTopa B KaMmepe 3HepropaszieieHHs MO3BOJIHIIa
COKpaTuTh JuInHy KoHndeckoi JIBT 1o 9 kannbpos 6e3
YXYJIIICHNS €€ TeMIIepaTypHbIX XapaKTepHCTHK. bbiio
TaKXXe YCTaHOBJIEHO, UTO 3(h(eKT OXIaxaeHUs Cyle-
CTBEHHO 3aBHCHUT OT CTEIICHM PACIIMPEHUs rasa, 0co-
OEHHO B HA4YAJILHOH 001acTH ee M3MEHEeHNs. 3aTeM 3Ta
3aBUCHMOCTH CTAHOBUTCSI MEHEE SIBHOW, 0COOCHHO IIPH
m>4 (puc. 8). Ha s¢dexr oxmaxkaeHus cimabo BIHsIET
JlaBJieHUE BO3yXa Ha Bxoze B /IBT: usmenenue nasie-
HUSI Ha BXOJIe MpH T=CONSt B TpH pa3a u3meHseT Oy Me-
Hee yeM Ha 2 %. C pocToM TemIiepaTypsl Bo3ayXa Ha
Bxojae B JIBT yBenuumBaercs temmneparypHas 3ddek-
TUBHOCTB: NIpH HM3MeHeHUH T ¢ 300 mo 450 K 6
yMeHbiiaercs Ha 4...11 % B 3aBUCUMOCTH OT CTENEHU
pacuIupeHus..

/ [opayuts
Boadyx

I~

MCTOYHMKA C)KATOTO r'a3a WM OT HAaOEeraromero BeTpo-
BOT'0 MOTOKA. BUXpeBble XONOMMIBHUKA MOTYT Tpesi-
CTaBISITH MHTEPEC I (pepMepOB, PHIOOIOBELIKMX Op-
raHu3anui, oBomexpanmwmmn u ap. OcoObIil HHTEpec
BO3/IYIIHOE OXJAXKICHUE MPUBIIEKACT TEM, YTO 37€Ch
MOYKHO YIPAaBJIATh YPOBHEM BIIQKHOCTH BO3[yXa, YTO
MO3BOJISIET CHU3UTh MOTEPU MACCHI U 00ECHIEUHTh JIJTH-
TeJIbHOE XpaHeHHe NpoAykToB. [lomnepixaHue BbICO-
KOM OTHOCHUTENILHO BIaXKHOCTH 0COOCHHO HYKHO TIPH
XpaHEHHH 3€JICHU U JINCTOBBIX OBOLICH.

Puc.2. Buxpesoii mukpoxonoounosruk: Puc. 3 Buxpesoil konouyuounep: -pabouee dasienue ozoyxa, amm 10

- Oasnenue 6030yxa Ha 6xode, amm 00 6 -memn. Xon00Ho20 6030yxa, °C -55 - pacxoo eo30yxa, m3/mun 3,0 -pac-

x00 8030yxa, i/mun 40 - memn. oxnascoenus, °C 3...30 - 2abapumot, mm / macca, ke d18x50/0,15 - xonodonpous-
sooumenvrocmy, kBm 0,4...3,0
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Puc. 4 “Hacaoxu”: - 0ns n1e2koguix - 015
«Hacanok» (Puc. 4.) ycraHaBnuBaeTcsi Ha BbI-
XJIOTTHYIO TpYOY TPaHCHOPTHOTO CPEJICTBa U IpeTHa-
3HAYEHO s yBeIW4YeHUs 3((GEKTHBHONH MOITHOCTH
JBUTATENsl BHYTPEHHETO CTOPAaHMS M IU3EIs, YMEHb-
[IEHUs] yJEeTBHOTO Pacxoia YIJIEBOJOPOIAHOTO TOII-
JIMBAa, a TAK)KE, CHIDKCHNS TOKCHYHOCTH U IITyMa 3aKpy-
YEHHOTO TIOTOKA BBIXJIONMHBIX Ta30B TPAHCIOPTHBIX
cpencts. B ocHOBe ero paboTHI - peanm3anus 0COOCH-
HOCTEHN a3poAMHAMUKH 3aKPY4E€HHOTI'0 TI0TOKA BBIXJIOMN-
HBIX Ta30B B a9POJMHAMUYECKOM KOHIIEHTPATOpE U CO-
BEPLICHCTBOBAHUE adPOJMHAMUKN KOJUIEKTOPHBIX CH-
CTEM aBTOTPAKTOPHBIX CpEACTB. B KOHCTpyKIMM
«HacaJKa» HET HM OJHOW BpallalolIeics IeTalH.
YerpoiicTBo obecnieunBaeT: - yBenandeHue 3(h(HexTus-
HOW MonrHocTH aeuratess Ha (10+12) %, - cHmkeHne
4yacoBoro pacxoza toruusa Ha (10+20) %, - cHKeHHe
npouentHoro coaepxanus CO Ha (10+15) % u CH —
Ha (15+20)%. - cHmKeHMe IyMa BBIXJIONa Ha 5-6 % .
Buxpepoii ruapaB/JIn4YecKuil TemJoreHepaTop
(BI'T)
BI'T — ycrpoiicTBo, BbIpabaThIBaloliee TEILIO
MOCPEICTBOM HM3MEHEHHS (PU3UKO-MEXaHUYECKUX

BuxpeBoii 35keKTOPHBII HACAT0K /ISl aBTOTPAKTOPHBIX CPEJICTB

\ i) = e —
20p00CcK020 asmoobyca, - 0J1s peuHo20 OYKCUpa asmomoduietl,

nmapamMeTpoB )KI/II[KOCTHOﬁ Cpeanbl Ipu e€ TeYyeHHUHU
10 KOMIIJIICKCHBIM BO3}IeﬁCTBHeM 3aKpyY4Y€HHOT O
YCKOPEHHOTO ¥ 3aTOPMOKEHHOTO ABUXKEHHUS. Y CKO-
PEHHUEC OTOKA HOCTUTACTCA ITYTEM CO3aHUA BUXP
B CHUCTEMax 3aKpyTKH IIOTOKa TeIJOoreHepa-Topa ¢
OJIHOBPEMEHHBIM CY)KEHHEM IOTOKa B KOH(Y30pe,
a TOPMOXKEHHE - MOCIEAYIOIIM €0 PaCIIHPEHHEM
B KaBHTALHOHHOI Tpybe TeIuioreHeparopa u pas-
BUXPEHHEM ITOTOKA Ha BBIXOJE U3 €r0 KaBUTAIlMOH-
HOU TpyOsl. Temneparypa ®KUIKOCTH PACTET 3a CUET
TPpCHUA O IMOBCPXHOCTH KOPIIyCa U TPCHUA CIIOCB
JKUAKOCTHU, HAXOAANIMXCA Ha pPAa3JIMYHBIX pagnycax
OT OCH KOpITyca, HO OCHOBHYIO POJIb B IOJOTPEBE
JKAJIKOCTH WTpaeT KaBUTAIMA. 3a CUET KaBUTALHH
YacTh BOABI IEPEXOAUT B YIIOPAAOYCHHOEC, KOJIJIOU-
J0TI0/1I00HOE, OIM3KO0E K KUAKOKPUCTATUINIECKOMY
COCTOSIHHIO M 3TOT MEPEX0J COMPOBOXKIACTCS HH-
TEHCHUBHBIM TCIIJIOBBIACICHUCM. OCHOBHBIM 3JI€-

MEHTOM BHXPEBOTO THAPABIMYECKOTO TEIIO-TEeHe-
patopa (BI'T) sBngeTcss BUXpeBOW THIPOKABUTATOP
(Puc.5.).

Puc.5 Buxpesoti cudpoxagumamop — 8apuanmvl KOHCMPYKYull U KOHCIMPYKIMUBHBIX CXeM

BTI (Puc.6.) cocTouT 13 BUXPEBOW KaBUTAIIMOHHOM TPyOBI 1, Teruonepeaaoniero ycrpoicrsa (Temioo0-
MEHHUK, 6atapeu, Kanopudepsl U T.11.) 2, THAPOHACOCA 3, C ANEKTPOIPHUBOJIOM 4 U MyJIbTa YIPABICHHUS 5.
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Puc 7 Bapuanmul euxpesvix cuopasiuueckux menio2eHepupyrouux yemaHo8ox

3aKOHOMEPHOCTH TEUCHHUS 3aKPYIECHHBIX TOTOKOB
KHUJKOCTEH CYIIECTBEHHO OTJIMYAIOTCA OT XOPOIIO
M3y4YCHHBIX OCEBBIX TOTOKOB. IMEHHO 3TH OTJIM4YMS
00YCIIaBIMBAIOT IEPCIEKTUBBI INPOKOT0 IPUMEHEHUS
3aKpY4YEHHBIX IIOTOKOB JJIsl PELICHUs] HH)KEHEPHBIX 3a-
Jlad, B YaCTHOCTH, ISl CUCTEM TeruiocHatxkeHus. Oco-
OEHHOCTH BUXPEBBIX I'MPABINYECKHIX TEIJIOreHePaTo-
POB: - YCTPOHCTBO YKOJIOTUYECKH YHCTOE, OTCYTCTBYET
HEOOXOMMOCTb CXKHMIaHUsI YTIIEBOJOPOIHBIX TOIUINB
(yromb, HedTb, ra3), OTCYTCTBYIOT 3JEKTpOHArpeBa-
TEJIBHBIE JJIEMEHTHI, DJIEKTPOIHEPTHS HCIIOIb3YeTCs
TONBKO JUI MHUTAHWS NPHBOJA THUAPOHACOCA, OTCYT-
CTBYET HEOOXOOMMOCTh B BOJOIOATOTOBKE, MOTYT
HarpeBaTh XUIKOCTH JI000TO MPOUCXOXKICHUS (BOAa,
HedTh, ra30BbIil KOHJEHCAT), UCKIIIOUYEHO MOSIBICHUE
OTJIOKEHHH HA BHYTPEHHUX MIOBEPXHOCTSX TEIJIOTeHe-
paropa, MOT'YT MOJIKITIOYATHLCS K JIF00O0# crcTeMe 0ToI-
JICHUS, COBMENIAIOT B OJHOM YCTPOWCTBE (YHKIIMH
Harpesa U MepeKkauynBaHus, 00ecreunBarOT aBTOMAaTH-
YecKoe IoiIepKaHne TeMIIepaTyphl TEIUIOHOCHTENS B
3aJJaHHOM JIHara30He TeMIeparyp, OTCYTCTBYIOT JBH-
JKyIIUeCs 3JIEMEHTBI, SKOHOMUYHBI B 3KCIUTyaTallud 1
o0ciTy>)KUBaHUM.

BuxpeBoil ruapaBIMYecKUil  TEMJIOTEHEPATOP
MEPCIEKTUBHO UCIIOI30BaTh B KAUECTBE aBTOHOMHON
CHCTEMBI OTOILJICHUSI U TEIUIOCHA0KEHHSI B Pa3IMYHBIX
00JIaCTSAX >KU3HEJESTENIb-HOCTH: OOBEKTHI CELCKOTr0
XO35HCTBa, KOTTEKHbIE MAaCCHBBI, CKIIQJICKHE TIOMe-
meHus u T.4. BI'T obecrieunBaeT 3KOJIOTHYECKYIO YH-
CTOTY TIpoliecca BEIpa0OTKHU TeIuia, MUHUMaIIBHBIE 110~
TEpH TeIJIa NpH Iepeade ero MoTPeOUTEeN0 H BbICO-
KYI0 9KOHOMUYECKY10 3(ppeKTHBHOCTS.

Buxpesasi BeTpo3dHepreTuuyeckasi yCTaHOBKA
(BBIY)

BetpoBast sHEprust sIBISETCS 3KOJIOTHYECKH UH-
CTBIM, O€CIITATHBIM U HEHCCSIKAEMBIM HCTOYHUKOM I10-

Jy4eHHs 3JIEKTPUUYECTBA, I03TOMY MBI, B JIIOOOM CITy-
Yae, JOJDKHBI HAyYUTHCSI MaKCUMaJIbHO HCIIOJIb30BATh
9Ty dHEpPruio - u He Ha 59,3%, kak ceituac, a Ha 90% u
Oounee. Ha ceropHsHmii ke IGHb BETPOIHEPreTHKA Ha
Oounpreit yactu Poccun ManosddexTrBHa 1 HEpeHTa-
6enmpHa. HeoO0X01MMO HCKATh HOBBIC ITYTH K HCIIOJIB30-
BaHHIO SHEPTUH MAJIBIX BETPOB M BOCXOSIINX TEPMO-
WHIIyIUPOBaHHBIX IOTOKOB. [ MpOdHEpreTHKa — OANH
U3 MyTed W OAWH M3 IPUMEPOB HCIIOJIB30BAHUS DHEP-
MY HU3KOMIOTEHIMALHBIX TOTOKOB CIIOIIHOM CPE/Ibl,
rae KU3B nocturaer 0,9: - Ha MeJIEHHON peKe CTpo-
UTCS ITUIOTHHA, KOHIIEHTPHPYETCS SHEPTHS TOTOKOB U
3aTeM, HalpUMep, C TOMOIIbI0 PEAKTUBHOM MpPEAEib-
HOHAITOPHOH TypOWMHBI, SHEPTHS ITOTO MTOTOKA MPeod-
pasyeTcsi B 3JIEKTPOdHEprui0. Tak u ¢ BETpOM - HeoO-
XOAUMBI TEXHOJIOTHUH, ITIO3BOJIAOIINC HAKAIIJIIMBATH €0
SHEpruto, GOpMHUPOBATH B yCTOHYMBBIE KOHIICHTPUPO-
BaHHBIE CTPYH (TIOTOKH) ¥ C MAKCUMaITbHBIM 3 hexTom
peoOpa3oBbIBaTh B AJIEKTPOIHEPTHIO, T.€. CO3JaBaTh
YCIIOBUS /ISl PE3KOTO TOBBIICHHsT KO3(hhuimenTa mc-
TIOJIb30BaHMs YCTAaHOBJICHHOW MOITHOCTCH BETPOTEHE-
paropa (KUYM).NneansHast BeTpOyCTaHOBKa JJOJDKHA
HMETh POTOp (BETPOKOIIECO) B opMe MOIychepsl,
HAaIpaBJIeHHBII EPIEHINUKYIAPHO TOTOKY, HIMETh THa-
MeTp Oombie Dkp, utoObr paboraTh B pexnme Cx=
f(VB) = max = Const. Mcnonb3oBanne B KOHCTPYKIUU
BETPOKOJIECa XOPOLIO OOTEKaeMbIX TeNl COBEPIICHHO
He3(PPEKTHBHO, OCKOJIBKY 3/1€Ch BBIXOJ Ha MPEICib-
HOHAITIOPHOCTb JIOCTHTAETCsl TOJILKO Ha OOJBIINX CKO-
POCTSIX BETPa M KCXOJIs1 U3 KPUTEPUS TIPEJIeIIbHOHAIIOP-
HOCTH, HMCIOJIb30BaHUE B BETpPsIKe JomacTeld Oecriep-
CHEKTUBHO. BUXPSK — OJJMH U3 BO3MOKHBIX BAPHAHTOB
CO3/IaHUsl BETPOYCTAaHOBOK, B KOTOPOM CJejlaHa Io-
IIBITKA MPUOIHM3UTECS K YCJIIOBHSM IpEIeIbHOHAIIOP-
HOCTH. B ocHOBe paboTsl (M1 KOHCTpYKINH) Bruxpsika -
T.H. «BUXpeBoi 3 ekT». BuxpeBas BeTposHEpreTHye-
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ckas yctanoBka (BBDY) criocoOHa ncnonp30BaTh HU3-
KOIIOTEHIMAJIbHBIE BO3IYIIHBIEC IIOTOKH, ABMKYIIUECS
B aTMoc(epe 1 aKBaTOpHsIX CO CKOPOCTHIO OT 3-4 m/c,
YTWIN3UPOBAHHbBIE TEIJIOBBIE MTOTOKH, COpachIBaeMbIe
BO BHEIIHIOIO CpPeIy NMPOMBIIUIEHHBIMU MPEANPUSTH-
SIMH, U BO3MOXHOCTH IIPEe0Opa3oBaHMs TeINO-U I'eo-
TEepMaJIbHOM PHEPIHU B BUJIE TEPMOWHIYLIUPOBAHHBIX
BOCXOJIAIINX CTPYH BO3IyXa. ITO YCTPOHCTBO MPeod-
pa3yeT paBHOMEpHBIH ITOTOK BETpa B BHXPEOOpa3HbIC
CTpYH, SIBISIETCSI KOHIIGHTPAaTOPOM BETPOBOW MOIIIHO-
CTH, OpTaHU3yeT W aKKyMYJIHPYeT 3HEPIHIO0 BETpa U
HU3KO-TIOTEHIMAJIbHEIE TEIUIOBBIE IIOTOKH, aHAaJo-
THYHO TOMY, KaK B NPHUPOAHBIX YCIOBUSX KHHETHYE-
CKas SHeprus BeTpa, paclpeeleHHas B 3HAUNTEILHOM
00béMe, KOHIEHTPUPYETCsA 0 OTPOMHBIX BEIMYHH B
KOMIIAKTHOM siipe IPUPOJHOTO cMepya WM TOPHAJIO.
B ocHoBe pabotst BBOY - T.H. «BuUxpeBoii ahhexT».
B pesynbrare MHOTOJIETHHX MCCIIEJOBAaHHH, C UC-
M0JIb30BaHUEM aspoauHamudeckux Tpyo LJAT'U, 6but
CO3/IaH «33/I€» TEOPETHIECKUX OCHOB M KOHCTPYKINI

100l ol

BETPOYCTAHOBOK HOBOTO KJIacca, alTOPUTMBI M METO-
JIUKH pacuyeTa YCTPOMCTB, UCIIOJIB3YIOLIUX «BUXPEBOM
apdekT», a TakkKe MOJIEINM W OIBITHbIE 00pa3lbl
(Puc.8). Koncrpykuus Buxpsika (Puc.9.) conepxur:
BXOJ/IHO€ U BBITSDKHOE YCTPOMCTBO, F€HEPATOp BHUXPS
(Puc.10.), nanpasnsrone anmnapars! (Puc.11.), porop
u netdnexrop (Puc.13.)

YcraHOBKa aBTOMaTHYECKH ITOJCTPAUBACTCS 10T
peasbHyI0 CKOPOCTh BETpa M oOecrednBaeT npeodpa-
30BaHNE YHEPTHH BETPA C BBICOKOH 3(heKTHBHOCTHIO
U IMIAPOKOM anamnazoHe BeTpoB. OcobeHHocTH Bux-
psIKa OTHOCHTEINIBHO TPaIULIHOHHBIX BETPSAKOB: - B 1,5-
2 pa3a MeHbIIIe pabodas CKOPOCTh BETpa U Macco-Tada-
PHUTHBIE ITapaMeTPhl; - «POTOP-TEHEPATOP» HCKII0YaeT
BaJl, HET CUCTEMBI «yCTAaHOBA HA BETEP»; - KOHCTPYK-
Ui OpennonaraeT e€ MOIYJNbHOE HCIIONHEHUE W3
UICHTUYHBIX (DYHKIMOHANBHEIX Moaynei (Puc.12.); -
cTabuiaM3anus 4rcia o0OpOTOB poTopa obecreyrnBa-
eTcs M3MEHEHHEM BXOJHOM IUIOMaAN BO34yX03a0op-
HUKa; - K0O3(OUIUESHT NCIIOIB30BAHMUS YHEPTHH BETpa
£~0,3; 6srcTpoxomHOCTE Z~1,5-2,0;

Puc.8. Bapuanmor aspoounamuieckux Makemos euxpesozo npeoopasosamens (Buxpska)
Puc.9. Koncmpyryus mooyis euxpesozo npeobpasosamens

Puc.10. I'enepamop euxps
Puc.11. Cxema xanana cenepamopa euxsap
Puc.12. Cxema Buxpsaka 6 MOOY1bHOM UCHOTIHEHUU
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Puc.13. Jlemanu koncmpykyuu 8uxpesoz2o npeodopazosamens 8030YuiH020 HOMOoKdA

CoznaHue BeTpOyCTaHOBKM Ha 0aze BuxpeBbIx
npeobpa3oBarenell TOTOKOB CIUIONTHON CpeIbl OCHO-
BaHO Ha BO3MOXXHOCTH (DOPMHUPOBAHUS 3aKPYUEHHBIX
IIOTOKOB, 00pa30BaHHBIX KPHBEIMH BTOPOT'0 HOPSAKA B
BEPTUKAILHON IUIOCKOCTH U IO CIMpanu Apxumena B
TOPU30HTAJILHOW IUIOCKOCTH, IMOAOOHBIX IO CBOUM
CBOIfCTBaM IPUPOAHOMY cMepuy, 00JajatoIeMy 3Ha-
YHUTETBHBIM 3aIIacOM KHHETHYeCcKoi 3Hepruu. Ctatop
Buxpsika, SBISIONIMACS T€HEPATOPOM 3aKPyUYCHHOTO
noroka (Puc.10.), o6pa3oBaH Trpymnoi CHUMMETPUYHO
PacHOIOKEHHBIX 110 OKPY)KHOCTH KaHAJIOB, BOCIIPOU3-
BOJILIMX TPACKTOPHUIO ABH)KSHHUS BO3IYIIHBIX CTPYH B
MIPUPOIHBIX CMEpUax, CTEKAIOIIUXCSA B LEHTPAIBHYIO
0CEeBYIO 30HY cTaTopa. B mproceBoit, eHTpaibHOM 00-
JTacTu cQOPMUPOBAHHOTO B YCTPOICTBE BUXPSI, AaBIIe-
HHUE TMOHIKEHO IO OTHOLIEHHWIO K BHENIHEMY aTMO-
chepHOMY MaBJICHHIO, YTO CIIOCOOCTBYeT 0Opa3oBa-
HHIO TATM ¥ BCAchlBAaHUIO TEM CaMbIM B 3TOT
cMepueoOpa3Hblid CTONO JOMOTHUTENBLHO MacChl BO3-
ayxa.

BuxpeBoe JIBMXCHHE BO3HHKACT B TypOYJICHTHOM
MOTOKE BSA3KOI0 CKMMAEMOr0 Ta3a, IMEIOIEM IPaUCHT
CTaTHYECKOro JaBJICHHUS MO HOPMAIM K HANpPABICHHIO
OCHOBHOTO JIBH)XeHHs. CTOUT OTMETHTb, YTO TPAJHEHT
CTaTHYECKOTO JaBICHHUS MOXKET OBITH 00yCIIOBIICH Tpa-
BUTAlMOHHBIMH, WHEPLHOHHBIM, SJIEKTPUYECKHM HIIH
MarHUTHBIM TTOJSIMH. BakHBIM (hakTOpOM, BBIHYXKIat0-
UM BO3/YX ABUIATHCS 110 3aAaHHBIM TPACKTOPHSIM, 5B~
JseTCst M30BITOYHOE 1aBJICHHE TOPMOKEHHUS P , OIpese-
JIIOIIEE BEJIMYHMHY a3MMYTAIbHON KOMIIOHEHTBI CKOPO-
CTH BpallleHHs TMOTOKAa TpU BHIOpaHHOW (opme

WRAN R anae

= .2
| O 3

3aKpy4MBAIOIIETO KaHala cTaTtopa. Tak Kak KaHaibl re-
HepaTtopa BUXPA MMEIOT CIHEHNHUAIBHBIA Npoduib
(Puc.11.) B TOpU30OHTATBHON W BEPTHKAIBHON ITOCKO-
CTAX, MECHSIOIMICS OT CEYEHUs K CEUCHHIO, TaK, YTO B
LEHTPAJIbHYIO 30HY JIOJDKHBI IOCTYNATh CTPYH, "CIIUBa-
roruecs” B oOIIMi cMepueoOpa3Hblii BUXPEBOM MOTOK,
JBIDKCHUE B KaHaJe PacCMaTPHUBAETCS Kak O€30TphIB-
HOE, YCKOPSIOILEeCs! K BHIXOAHOH IIENH.

OnpecHeHHe M 0YMCTKA MOPCKOIl U 3arpsi3He-
HO BOABI

OmnpecHeHne U OYHCTKA MMPOUCXOANT BCIEICTBUU
THIPOBUXPEBOTO KAaBUTALMOHHOTO BO3JCHCTBHUSA Ha
MOpPCKYIO U 3arpsizHeHylo Bopy. Ilpemmaraemsiii cro-
c00 OYHCTKH M OIPECHEHUSI COJOHOBATOM M COJIEHOU
BOJIBI UMEET DA MPEUMYIIECTB 110 CPABHEHHIO C H3-
BECTHBIMH CITOCOOAMMU:

- HarpeB U pa3JelICHUE 3acCOJICHHON BOIBI OCY-
IIECTBIIACTCS B OHOM OJIOKE,

- CO3/1aHME BBICOKUX JABICHHH B IOTOKE OIpec-
HSIEMOHW BOJIBI OCYILECTBISETCS 3a CYET BpalCHUS
BOJIBI C BEICOKOI CKOPOCTBIO, UTO TIO3BOJISIET MHTEHCH-
¢unmpoBats mMapooOpa3oBaHWE W CHHU3UTH HHEProsa-
TpaThl HAa HCIIAPEHNE BOJIBI,

- IICTIOJIb30BaHNE [IEHTPOOCIKHBIX CHII B BUXPEBOM
MOTOKE MO3BOJIAET OTACIUTH IPUMECH U COJIH C BBITEC-
HEHHEM MX BO BHELIHUE CIIOH PA3JEsIEMOTO ITOTOKA.

B cocraB ycranosku Bxomat (Puc. 14) : 1- 6ak c
coNEHOM BOAOH, 2- THAPOHACOC, 3- THIPOBUXPEBOIL I'e-
HepaTop, 4- BaKyyM- MeTp, 5- cemapaTop, 6- Terooo-
MEHHHK, 7- BIarocOOpHUK, 8 — BAKyyMHAcOC, TaTYNKH
P u T, manometpsl u npeodpazoBarenu D/C.

Puc. 14. Cxema cudposuxpegoii ycmaHo8KU 015 OUUCIKU 3A2PAZHEHHOU U COTOHO8AMOU 8000bL.
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[pennaraemasi TEXHOJIOTUSL OYHCTKH BOJBI — TEX-
HHUYECKH MpocTa, 3(pdeKTHBHa, S3KOHOMHYHA, HE Tpe-
OyeT MCIOJIb30BaHUsl XUMUYECKUX PEAKTUBOB JIJISI 1€3-
nHpekuun U obe33apakuBaHMs BOZABI, 00ECIEUNBAET
pas3iioKeHne BPEJHBIX BEILIECTB U YHUUTOXKECHUE MHK-
poopranu3MoB. TexHHYecKHe XapaKTepHUCTHKH:

- BOJIa OYMILAETCS OT MEXaHUYECKHX IPUMeceH,

- KOHIICHTpAIMsl COJM B BOJE YMEHbBIIAETCS ~ B
300 — 400 pas,

- ce0ecTonMOCTh OYMINEHHOW BOIBI B 2-3 pasa
HIDKE 110 CPaBHEHHIO C OYHCTKON M3BECTHBIMHU CIIOCO-
Gamu,

- CHIDKEHHE DHEPro3aTpaT Ha OUYUCTKY U OIIPEeCHe-
Hue Hike B 1,3...1,5 pasza (mpu onpecHeHUH — Ha To-
JMydeHue | JTUTpa mpecHOW BOJBI 3aTPAYHBACTCS OKOJIO
0,3 kBt anexrposneprun).

Puc. 15 Oneimnas sxcnepumenmanbHas yCmManosKka 0Jis ONpecHerUs MOPCKOLl 6006l

Ilosry4eHue CTPYKTYpHPOBAHHOI BOJBI

M3BecTHO, 4TO B KOHJIEHCUPOBAaHHBIX Cpelax, K
KOTOPBIM OTHOCHUTCA U BOJa, IO )leﬁCTBI/IeM BUXPEBBIX
QJICKTPOMAariuTHBIX BOJIH HWHHUIUHUPYCTCA TIEPEHOC
9JIEKTPOHOB M3 BHEIIHEH CPEeAbl B BOLY U TOSBIISETCS
HaMarHW4E€HHOCTh CpeZbl. DTO HapyllaeT CTaOWiIb-
HOCTb BOJIHOM CHUCTEMBI U B HEil BO3HUKAIOT HETUHEH-
HbIE 3P PEKTHI, 00yCIOBICHHBIE JUHAMHKON HEpaBHO-
BECHBIX KBA3WCTAlMOHAPHBIX COCTOSIHUH I1aKeTOB
9JIEKTPOHOB. XapaKTep peakiy BOJHOM cpeibl Ha Ta-
KO€ BO3MYIIIEHHE OIIPEEIIICTCS MpoIieccaMil B3anuMO-
JICHCTBUS C BHEIIHEW cpenol, B pe3yJbTaTe KOTOPBIX
AJIEKTPOHBI M3 OKPYKAIOIIEH CPe/ibl B BUJIE CBEPXTEKY-
el KOMITOHEHTBI MOI'yT MNOCTYIaTh WKW HOKUAATb
30HY CBOeil KOH/eHcalu. B Bole B KauecTBe TaKUX
30H BBICTYIAIOT MaKpOCKONUYECKHE MOTECHIMAJIbHbIC
SIMBI, HaXOJsIINECS B €€ CBA3aHHBIX COCTOSIHUSIX. B
30HE KOHJICHCAIMH JJICKTPOHBI HAXOSITCS B OoJiee CBs-
3aHHOM COCTOSIHWH, YeM BO BHeEIIHeU cpeae. [loatomy
o0pa3zyronmecs: B BOAE aKTHBHBIC HOH-PAIMKaIbHBIC
COEIMHEHUS TaKNe KaK TMAPOKCHII-, IEPTHIPOKCHI- U
CYTIEPOKCHIHBIA MOH — PaTuKalbl, CIIOCOOHEBIE yIep-
JKUBATh B CBOEM COCTAaBE CBEPXTEKYUHE SJIEKTPOHBL,
MMEIOT BBICOKYIO CTaOMIBHOCTE. JlaHHBIC HOH — pajil-
KaJIbHBbIE COEIMHEHHS COXPAHSIOT CBOM CBOMCTBa 00-
Jiee JUTMTEeNbHOE BPeMsi, YeM aKTUBHbBIC KHUCIOPOIHBIC
COE/IMHEHUSI, TIoJyYaeMble MPH pacnajie 030Ha B MPO-
I[ECCe pearcHTHOM 00paboTKH BoIbI. Takas BoJIa UMEET
BOJIOPO/IHBIN TTOKa3aTelNb BBIIIE, YeM UCXOJHAS BOZA C
OKHCJIUTENILHO — BOCCTAHOBHUTEJIBHBIM ITOTEHIINAJIOM B
o0JiacTn OTpHULIATENbHBIX 3HaYCHUH. VccnenoBanus mo
00e33apakxnBaHUIO BOABI B BUXPEBBIX AJIEKTPOMArHUT-
HBIX TOJISX, MPOBEACHHBIE C UCIIOJB30BAaHIEM TECT —
KYJIBTYp, TOKa3ali, YTO OHOKpaTHas 00pabOoTKa BOJIBI
CO CKOPOCTHIO TOTOKA 60 JI/MHH TI03BOJISIET IIPOBOANUTH

obe33apaxuBanue Bojsl Ha 98...99%, a spdexTus-
HOCTh TpPEXKacKaJHOW  Je3MH(EeKIHH  JTOCTHraeT
99,999%. Takum 00pa3oMm, Boja, MOABEPTHYTas 00pa-
6OTKC B BHUXPEBBLIX OJJICKTPOMArHUTHBLIX II0JAX, HE
TOJIBKO OYHMILAETCS, HO U COXPAHSIOTCS €€ eCTEeCTBEH-
HBIE 3JIEKTPOXUMHUYECKHE CBOWCTBA, KOTOpHIE 00Y-
CJIaBJIMBAIOT KaTAJIUTHYECKYIO U OMOKaTaJIMTHUECKYIO
aKTHBHOCTH NOTpeOsieMoit Boabl. T.e., oOpaboTanHas
B BUXPEBBIX 3JICKTPOMArHUTHBIX MOJISIX BOZA HE TOJIIBKO
COXpaHseT CBOM NPHUPOIHBIC KauecTBa, HO M 00JagaeT
03JI0paBIIUBAIOIIUM JCHCTBHEM.

Ota Boja, MMEIOLIas CTPYKTYpY, CXOXKYIO €O
CTPYKTYpOH BOABI B IJIa3Me KPOBH, JTUM(BI U BHYTPH-
KJIETOYHOI KHUAKOCTU: YUCTAasl, JIETKOYCBOsieMas (CTe-
TNEHb TMOBEPXHOCTHOI'O HATSHKCHUA MEXKIY MOJICKY-
JamMu BOIbl ~43 nmun/cMm), cnabomenoynas (pH>7),
OBII (OKHCIHTENEHO-BOCCTAHOBUTEILHBIA — TOTCH-
uain) Boael ~ oT -100 mo -200 mMB, obnmamaet cBoii-
CTBOM AQHTHOKHCIICHHSI M TIOTOMY HMEET CIIOCOOHOCTh
BBIBOJIUTH CBOOOHBIC PaUKaIbl; YITydIlaeT JeHCTBIE
AHTUTEN; YJIydIIaeT CIIOCOOHOCTh KJIETOK K caMo3a-
JKMBJICHHIO; 00OTaIlaeT KIeTKH OpraHu3Ma KHCIOpO-
JoM; HedTpanu3yer PH- cpemy deloBedecKoro Tena;
MTOBBIMIAET IPOHUIIAEMOCTD OMOJOTHYECKIX MeMOpaH
TKaHEBBIX KJIETOK, YTO CHMXKAET KOJIMYECTBO XOJIeCTe-
pHHA B KPOBU M TEUEHHU, PETYIHMPYET apTepHaIbHOE
JIaBJIEHME, MTOBBIIIAET OOMEH BEIIECTB .

BuxpeBble TI'MAPOKaBUTALMOHHBIE YCTaHOBKH
(Puc. 16, 17) no3BONSIOT NONyYaTh CTPYKTYPUPOBaH-
HYIO0 BOJAY Cpa3y M3 BOJONPOBOJHON BOJIBI, MOMYTHO
ouumas €€ OT TBEPAbIX YaCTHI, XUMHUUECKUX COCANHE-
HUH 1 OMoJIOrHYecKuX cocTapistronmx. Ha atux ycra-
HOBKaX MOKHO TIOJY9aTh BOIy C TpeOyeMbIMH (3aJaH-
HBIMH) TTapaMeTpaMHu.
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Puc. 16 PomopHno-nynscayuonnas ycmanosxka

OI[HI/IM N3 MEPCIICKTUBHBIX HaHpaBJ’[eHI/Iﬁ IIOBBI-
HICHHs YPOKAHHOCTU M Ka4eCTBa CEIbCKOXO035CTBEH-
HBIX KYJBTYp SIBISIETCS TPEANOCeBHas o0paboTKa ce-
MEHHOI'0 Marepuala 3epHOBBIX W OBOIIHBIX CTPYKTY-
pupoBaHHO# Bomol. Kak pesymbrar, nmpu oOpaboTke
CTPYKTYPHPOBaHHOW BOJIOI pa3iMYHBIX BHIIOB pacTe-
HUH IPOUCXOIUT:

- 3HAYNTEIHHOE YCKOPEHNE POCTa PAaCTCHHS,

- yIy4lIeHHe XUMHYECKOTO cocTaBa IUIOJOB (Co-
JIepKaHWe HUTPATOB YMEHBIIAETCS ~ B 2 pasa),

- MTOBBIICHUE MTPOAYKTUBHOCTH pacTeHuit Ha 20-
33%.

IIlpumMeHeHHe CTPYKTYPUPOBAHHOW BOIbI B
CeJIbCKOM X035l CTBe

OI[HI/IM N3 MEPCIICKTUBHBIX HaHpaBJ’[eHI/Iﬁ IIOBBI-
IIEHHs yPOXKaHHOCTU M Ka4eCTBa CEIIbCKOXO035CTBEH-

Puc. 17 Kasumamop

HBIX KYJBTYD SIBJISIETCS MpeAnoceBHas o0paboTka ce-
MCHHOI'O MaT€puajia 3EpHOBbIX 1 OBOIIHBIX. B Teuenue
HECKOJIBKUX JIET LCJIbIM PAAOM CEIbCKOXO03SMCTBEH-
HBIX OpraHu3anyii ObUIM TPOBEIEHBI AKCIIEPUMEHTHI
IO UCIIOJIb30BAaHUIO TEXHOJOTHU NMPENNOCEBHON aKTH-
BallU{ CEMEHHOT0 MaTepHuasa CTpyKTypHUpPOBAHHON BO-
JIoi. Pe3ynbTaTel CBUAETENBCTBYIOT O O0Jiee BRICOKOH
MpoAyKTUBHOCTH KynbTyp (Tabnwmma 2) m ux Kade-
CTBEHHBIM MOKA3aTEJISIM, TOBBIMICHUHN YCTOHIUBOCTH K
HEOIaronpHuATHBIM TEMIIEPaTyPHO-KIMMATHIECKUM U
arpOXUMHYECKUM YCIOBHSM (3acyXe, MOHIKEHHBIM
TeMIepaTypam, BETPOBOH Harpy3ke, 00e AHEHHBIM MTOY-
BaM U T.J.), YCTOIMUMBOCTH K 3a00JIEBaHUAM, a TaKKe
MHUKPOOHOJIOTHYECKOMY B TPHOKOBOMY ITOPaYKEHUIO.

Pe3yabTaThl 00padoTKH I0CEBHOT0 MaTepHaJia
CTPYKTYPUPOBAHHOM BOOM

Tabimma 2
CenbCKOX03siCTBeHHAs KyJIbTypa | Peruos, THI MOYBBI IponyktuBHOCTh  (OTHO- | Bun mpexnoceBHoit obpa-
CUTEJBHO KOHTPOJISI) OOTKH CEMSIH
INogmockoBbe, MOA30-
Sumenp a ? A 117...125% CrpykTyprpoBaHHas BOJa
JIUCTHIE TIOYBBI
[TonmockoBbe, MOA30-
Panc A > A 111...115% CrpyKTypHpoBaHHas BOJa
JIMCTBIC TIOYBBI
[Mmennna (copt «OauTa»), KyKy- Apmenns CTEIHbIE
ua (cop . ), KyKy p i 115...130% CTpyKTypUpOBaHHas BOAA
py3a, caxapHasi CBEKJIA HOYBBI BBICOKOTOPBSI

B psine X035HCTB Ha ONBITHBIX AEISHKAX NPOIYK-
THUBHOCTb 110 HEKOTOPBIM KYJIbTypaM yBEIW4HBaJIach B
HecKkoJbKo pa3. Hampumep, na Puc.18. u Puc.19. npen-
CTaBJICHO COCTOSIHME JICNITHOK C CaXapHOW CBEKJIOHN
OCEHBIO TIepesi YOOpKOH ypoxKas, Ilie Ha OJHON U3 Je-
JSIHOK CEMEHa Tepe]] IMOCcaaKoi 3aMaunBallCh OOBIY-
Hoit Boztoii (Puc.18.), a Ha apyroit (Puc.19.) - cTpykTy-
pupoBanHO# Bogoi. CaxapHas cBEKIIa, ceMeHa KOTO-
poil 3aMayMBaNMCh CTPYKTYpUPOBAHHON BOAOH, B
CIIOKHBIX YCIIOBHSX BBICOKOTophsi Apmenuu (Illupak-
ckast 00acTh), Habupana Bec 10 20 Kr, a KOPHEIUIOABI
BecoM 10 Kr cocTaBmsin OOJNBIIYI0 YacTh ypoKas
(Puc.20, 21, 22), BeicoTa cTebeit KyKypy3bl JOCTHTaIa
3M, movaTku OOJbINKE, ONEpeHUe mbIrHOe. [loacon-
Hyx#u pocturanu 30 cM B AuWaMeTpe, a WX JIUCTHA,

TaKXXe, KaK U JHCTbsI KyKypy3bl, ObUIM TBIIIHBIMU U
couynbiMu (Puc.23). Ha Puc.24 u 25 nokasan npumep
pocta 00pa3IoB CEMsIH 03UMOM MIICHUIIBI 00paboTaH-
HBIX O0OBIYHOI BOJOH, a Ha Puc.26 u 27 — cTpykTypH-
poBanHoi# Bojoii (Tarapcran, 2004 1.).

OMNBITHBI BBICEB OBOIIHBIX KYJBTYp, NPOIIE-
X Ty K€ MPEIIOoCeBHYI0 00paboTKy, B YCIIOBHIX
JUYHOTO XO34KCTBa (OTYpIBI, MOPKOBB, CBEKJIa) Ha
VYpane (r. EkatepunOypr) naer B 2...4 pasa 6oiee BbI-
cokyro npoayktuBHOCTh (Tabnuma 3). Ilpu stom ce-
MEHa BCXOJIAT 3HAYUTENILHO OBICTpEe, YeM B KOHTPOJIE
(3amauuBaHKe B HEOOPAOOTAHHOM BOJE), HA 2 HEICTH
paHbIIIe CO3PEBAIOT M 00J1aJat0T O0JIee BHICOKOMH MHIIe-
BOW IIEHHOCTBIO, CO/IEPKAT MEHBILIE XUMUYECKHUX TPH-
MecCei.
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Puc.22. Caxaprnas ceéexna, svipawennas nocie oopabomxu cemsii CmpyKmypupo8aHHoU 60001
(psi0om menkue KiyOHU ¢ OelIIHKU, 20e CeMeHa 00pabaml8anucs 0ObIYHOU 60001)
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Puc.23. I[looconnyx, Kykypy3a

35

Puc.25.
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. Tabiuna 3
Pacrenne 1 OnbITHEI YHaCTOK | KonTponsheiii y4acTox
Orypug | Yepes neaemo nonmsa npHoOpén TéMRO- | BeIpocno 3 orypua npuMepHo Tex xe
| 3eNEHBINH UBET, AKTHBH3HPOBAICA POCT. pasMepoB, 4TO H Ha ONBITHOM YYaCTKE
| 3a mepron ¢ 25.07.98 no 5.09.98 cobpa-
‘ HO 48 1T, NpeKpacHBIX OTYPUOB UTHHOM
| 12-15 em.
Mopkosb | Cobpano 8,6 kr Cobpaso 7,8 kr.
Ceéxia C yuactxa cxemnt Ne 1 coGpano 10,2 kr, | C yyactka cxems: Ne 1 cobpano 9 xr.
l C yuactka exemnt Ne 2 cobpano 12,8 kr. | C yuactxa cxemst Ne 2 coBpano 5,6 kr

[nagmonycs!

| Conserns cramt Gostee KpymHLIME, 0Kpac 6oee cOTHBI

Knybunxa
| THCTOYKH.

| Yepes Heaiemo NoNHBa MHCTHA NpHoOpens TEMRO3ENEHBIH BET, NOABHIHCEH HOBbIC

61014, MO/ KOTO-
pol pociH orypist

| C cesepioit CTOPOHBI (CO CTOPOHE! BHICAKEHHBIX OTYPLOB) A0JOKH HATHIHCE,

| moAHOCTLIO moxpacHe d, Mx penmunna Osuna noyrn Ha 10 MM Gonbime B auamerpe

ONBITHOTO YYacTKa i 26710k ¢ 10XHO#N cTOPOHKI Jepesa. A610ku ¢ I0XKHON CTOPOHBI HMENH KPaCHBIH
UBET TOJILKO C OJIHOM CTOPOHBI.

Takum o00pa3oMm, CTPyKTypuUpOBaHHas BOJa, B
nporecce €€ MoaydeHus], He TOJIbKO OYUINAETCS, HO U
COXPAaHSIIOTCS €CTECTBEHHBIE CBOWCTBA BOJIbI, KOTOPBIE
00yCIIaBIMBaIOT €€ KaTaludecKylo M OHOoKaTaauye-
CKYI0 aKTUBHOCTH. DTO MPUBOJAUT K YCHJICHHUIO KOAry-
JSIIMOHHBIX CBOMCTB BOJBI IO OTHOILIEHUIO K yIJIEBO-
JIOPOJIHBIM 3arpsI3HUTEINSIM, aKTHBUPYIOTCSI €CTECTBEH-
HBIE ITPOIIECCH CAMOOKHCIICHHST BPEAHBIX XUMUUECKHX
COEIMHEHUH U MX OCAXICHUE B BHIE THIAPO30JIEH, Mo-
JaBIISIETCS] aKTHBHOCTH MaTOreHHOM MuKpodopsl. Kak
pe3ynbTar, mpu 00paboTKe CTPYKTYpHUPOBAHHOI BOION
Pa3NNYHBIX BUIOB PACTCHUH MPOUCXOIHT:

- 3HAYNTEIHHOE YCKOPEHUE POCTA PACTCHHS,

- yydIlleHHe XUMHUYECKOT0 COCTaBa IJIOJ0B (CO-
JiepKaHWe HUTPATOB YMEHBIIAETCS ~ B 2 pasa),

- YBEJIHMYCHHE COJACPXKAHWE MOIBHKHBIX MHUTa-
TEJILHBIX BELIECTB B TPYHTE,

- MOBBIIIEHUE MPOAYKTUBHOCTH pacTeHuit Ha 20-
33%.

IMonyyeHne KOMNO3NIHOHHOTO TOILINBA

[Ipouecc ropenust TpeOyeT 1t CBOEr0 HHUIUUPO-
BaHMSA U TIOJJICPKAHUSI CBOOOIHBIX PAJUKAIOB, IPAK-
taecku 100%-M UCTOYHIKOM KOTOPBIX SIBIISIETCS BOA-
Has (aza, 3adupaeMasi U3 BO3AyXa WIN CoAeprKamiasics
B BHUJE NMPHUMECEH B TOIIMBE. DKCIEPHMEHTAIBHO U
TEOPETHYECKH JIOKa3aHO, YTO MPOLIECC TOPEHHs yrie-
BOJZIOPOJIOB O€3 BOJBI HE MPOMCXOAUT. [ B3ATh CBO-
6oaubie paaukanbl? CyliecTByeT HECKOJIBKO HCTOYHH-
KOB TeHepanuy CBOOOIHBIX PaJMKaJIOB: BOJHO-adpO-
3onbHast (paza, MOH-paUKaibl B BUAE MUKPOIIPUMECEH,
JJIEKTPOHHBIHM TIOTOK OT cUCTeM Nokura u ap. OaHako
WX KOHIIEHTpanus B BO3LyXe M TOIuIMBe Maina. J{ist mo-
BBIIICHUS] KOHLEHTPAMM HMOH-PAAMKAIOB B Halle
BpeMs UCTIONB3YeTCs CrieluanbHas oopaboTka TOIUINB,
Has3pIBaeMas aKTUBaI[UEN.

[Ipy aKTHBaIMK MPOUCXOAUT HE TOJIBKO yBEIHUE-
HHE COZIEPXAHUsS MOH-PAJMKaJIOB, HO U H3MEHSIOTCS
CBOMCTBA J>KUAKOCTH (BSI3KOCTb, TEKy4eCTb, IOBEpPX-
HOCTHOE HaTsDKEHUE U T.1.). B Boge u ymeBogoponax
BO3HUKAIOT HOBBIE (Da3bl BELIECTBA, CTAOMIN3UPYEMbIE
QJICKTPOCTATUYCCKUMU CUJIaMU OT CBSA3aHHBIX 3aps-

1I0B. B 3TOM cirydae KOHIEHTpauus CBOOOIHBIX pa-
IMKaJIOB MOXET BO3pacTarh g0 10° pas, 4To 1mo3Bo-
JISIET peau30BaTh HU3KOTEMIIEpaTypHOe TopeHue, 00-
Jiee MOJIHOE MCIONIb30BaHHEe TOIUINBA, PE3KOTO CHIKE-
HUSI KOHLIEHTPALUK MPOAYKTOB HENOJHOTO CTOPaHHs,
YBEJMYEHUS] CPOKa CITy>kObI 1 K aBuraress. [Ipu pas-
paboTKe TEXHOJOIWH MOJTy4YeHHsT KOMOMHHUPOBAHHOTO
aKTHBHPOBAHHOTO TOIUIMBA (KOMITO3MIIMOHHOTO TOII-
JMBa) Ha OCHOBE BBICOKOMOJEKYJISIPHBIX HE(TSIHBIX
¢paknuii (QU3TOIUIMBA, KEPOCHHA, Ma3yTa WU T.J.) U
BOJIBI, MICIIOJIL30BAJINCh BUXPEBBIC THIPOKABHTALMOH-
HBIE ¥ POTOPHO-ITYJIbCAMOHHBIC YCTaHOBKY. [TpuHIum
paboTHl ATUX aKTHBATOPOB OCHOBAaH Ha MHTEHCHBHOM
NepeMeIIMBaHu PA3IMYHbIX BUIOB YIJIEBOIOPOIOB U
BOJIbl Ha MOJICKYJISSPHOM YpPOBHE 3a CYET BUXPEBOTO
JIBIDKEHUS M KaBUTalMK. Jlo HeJaBHEro BpeMEHH KaBH-
Talys CYMTANACh KpallHe HETaTHBHBIM SIBICHUEM, TaK
KaKk CONpPOBOXK/AANach CPBHIBOM palbOTHl T'HMApaBiIHye-
CKMX CHCTEM U 3PO3HOHHBIM pa3pylIeHHUEM T'UAPaBIIH-
yeckoro obopynoBanus. OQHAKO, MCCIEIOBaHUS II0O-
CJIE/IHUX JICT TTOKA3aJIM, YTO MPH ONPEENEHHBIX YCIIO-
BUSIX ~ MOXXHO  BBI3BIBATH  THIPOJUHAMHYECKYIO
KaBHTALUIO «CPBIBHOTO THIIA, P KOTOPOH KaBHTALIU-
OHHBIE ITy3BIPBKH CXJIOIIBIBAIOTCS B XKMIKOCTH, a HE Ha
CTEHKaX KaHaJIOB, YTO MO3BOJISET UCIIOIB30BATh Pa3py-
HIMTENbHBIA AP (EeKT KaBUTAIMH JJIs1 HTHTEHCUBHON 00-
pabOTKH KHUIKHX COCTABOB 03 paspyLIeHUs] pabouux
opraHoB o0opynoBaHus. [1o cpaBHEHHUIO ¢ KaBUTAIMEH
CO03/]aBaeMoil B yIIBTPa3ByKOBBIX amlmaparax, THIpOIH-
HaMHUYecKas KaBHTAIMs HMEET DA NPEHMYIIECTB:
MEHBIINE yIeNbHBIE 3aTPaThl, 00Jiee HU3Kasi CTOMMOCTh
anrnapaTroB, IPOCTOTa MX KOHCTPYKIMH M DKCIUTyaTa-
IIUH, BO3MOXKHOCTH COUETAaHUsI C JPYTHMMH BO3JICHCTBH-
ssMi KOMITO3HIIIOHHOE TOIUTMBO TIPENCTABISET cO00M
KOMIIO3ULIMIO YIJIEBOAOPOAHOIO TOIUIMBA C BOJOW B
Pa3ITMYHOHN MPONOPIHU. DTO — MPUHIUITAATEHO HOBBIHA
BUJI KHIKOTO TOIUIMBA, OTJIIMYAIOLIMICS OT YIJIEBOAO-
POIHOTO TOIUIMBA OCOOCHHOCTSIMH BBITOPAHHS W Tell-
nooOMeHa. B nporecce coeanHeHHs yIiIeBOAOPOAHOTO
TOIUIMBA M BOJIbI HA MOJIEKYJIIDHOM YpPOBHE, BOJia CTa-
HOBUTCS CBOEOOpPA3HBIM KaTalM3aTOPOM, YJIydIlaro-
LIMM TPOILECC CropaHus ToluinBa. KommosunnoHHoe
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TOIUIUBO, cocTosmiee n3 60% comspku u 40% BOIBI,
oOnamaer Goiee BRICOKOH yAETBHOI TEIUIOTOH cropa-
uusg (11000 kxan/xkr(m®), yem conspkxa (10300
kKkan/kr(mM®) M GOJlee BBHICOKMM ILIUTAHOBBIM YMCIIOM
«53» 1o cpaBHEHUIO C «35» AJIs CONSAPKHU, KPOME TOTO,

Puc. 28 Cl;aBHeHue 8b10p0Co8

i mosydeHuss KOMOMHMPOBAHHOTO aKTHBUPO-
BAaHHOTO TOIUIMBA (KOMIO3MIIMOHHOTO TOIUIMBA) HC-
MOJB3YIOTCA TUAPOKABUTAIIMOHHBIC U POTOPHO-ITYJIb-
canmonHsle ycraHoBku (Puc. 29.). IlpuHumn paGoTst
9THX aKTHBAaTOPOB OCHOBAaH Ha MHTCHCHBHOM IlepeMe-
[IMBAaHUN PA3INYHBIX YTJIEBOJOPOIOB M BOABI HA MO-
JIEKYJIIPHOM YPOBHE 3a CUET BHXPEBOTO IBIDKCHHS U
KaBUTALUH.

BuxpeBble nbLIecoChl 1 MOIOIIHE YCTAHOBKH

Ha 6a3e BUXpEBBIX yCTpOICTB pa3paboTaH IpuH-
OUOUATFHO HOBBIH «BHXPEBOW» CIOCOO0 OYHCTKH H
MOWKH TJIOCKUX M cJ1ab0 HCKPUBJIEHHBIX IOBEPXHO-
cteif. OCHOBHBIM IPUHIUIIOM PabOTHI BUXPEBOH MOIO-
Hleﬁ YCTAHOBKU ABJIACTCA CO3JaHUE KPYTOBOI'O IBUKC-
HHS BO3JyXa Ha y4acTKOM IOBEPXHOCTH, MOKPBITON
BUXPEBOW MOIONICH TOJIOBKOU, UMEIOIIEH OBICTPOBpa-
MIAIONIYIOCS MIETKY-aKTHBATOP. 3a CUET CO3/1aBaeMOro
B MarucTpaji BaKyyMa, BMECTE C MPOJYKTaMH MOWKH
WHTEHCHBHO YJAISIOTCA W JIETYYHE COCTaBIISIOIIHE,
obecrieunBast YHCTOTY aTMOC(hEphl HA YIaCTKE MOWKH.
Bakyywm obecrieunBaeT Taxke He00OX0AUMOE MPIDKATHE
MOIOIIEH TOJIOBKH K 00pabaThIBaeMoOil IMOBEpXHOCTH:
UIE 00paboTKU 000 TOBEPXHOCTH HEOOXOIUMO
TOJILKO MEePEeMeEIaTh MOIOIILYIO FOJIOBKY 0 00padaThi-
BaeMoil MOBEPXHOCTHU, YTO 3HAYUTCIBHO YIPOUIACT

! 2

Puc. 30.

BMI pabotaer crnenyronmm odpazom. [1pu Bitro-
YEeHUH MCTOYHHKA BaKyyMa BHYTPb KOpITyca BCachlBa-
€TCsl BO3[yX uepe3 COoIia U 3aKpy4dMBAETCs MO CIIH-
paJi, IPUBOAS BO BpallCHUE IETKY-aKTHBATOP, YHCIIO
000poToB kKoTopoit mocturaet xo 2000 B munyTy. Onn-
HOBPEMEHHO Yepe3 KOJJIEKTOP B IOJIOCTh KOPITyca I10-
JAETCsI MOIOIIAs KUIKOCTh, KOTOpasi PABHOMEPHO pac-
npenensercs 1o 00pabaThIBa€MOM  ITOBEPXHOCTH

HMMEET B CBOEM COCTaBe B 2 pa3a MEHBIIE CEpPBI, a MPH
CKUTAHUH — YMEHBINAETCS KOJIUIECTBO BPEIHBIX BBI-
o6pocos B atmochepy (caxu Ha 30...50%, CO u NO B
2...3 pa3a) (Puc.28.).

Puc..29 Yemanoska PIIA mazyma u KoMRO3UYUOHHO20 MONIUBA

IIpoLIECC OYMCTKU. BuXpeBoil METO OUUCTKH IOBEPX-
HOCTHU YJIOBJIETBOPAECT BCEM Tpe6OBaHI/ISIM, NpeaAbABIIA-
€MBIM K IPOIIeCCY MOWKH: MOJIavy CBEXEro pacTBopa U
TIOJTHBIN OTBOJI M3 30HBI MOMKH 3arpsi3HEHHBIX IPOIYK-
TOB, OTBO/I TIAPOB JIETY4YEH KUJIKOCTH U3 30HBI MOMKH,
obecrieueHne CTaOWJIBHOCTH TIPHXXATHS  MOIOIIETO
ycTpoiicTBa k 00pabaThIBaeMON TTOBEPXHOCTH, HCKITIO-
YEeHHE MTOBPEXKIECHHUS MOIOIIUM ycTpoiicTBOM. OCHOB-
HOW 4aCThI0 BUXPEBO Moromel yctanoBku (BMY) sB-
nsieTcs BUXpesas Motomiast ronoska (BMI). [puamm
nerictBuss BMIT ocHOBaH Ha MCHOJB30BaHUU SHEPTUHU
BO3/IyLIHOTO MOTOKA, BCACHIBAIOIIETOCS Yepe3 COoIlia B
ee IOJIOCTh 3a CUET pa3peXeHus, CO3/1aBaeMoro 3Hep-
TOy3JIOM IbUIECOCA WJIH C MIOMOIIBIO BUXPEBOI'O BaKy-
ymHoro Hacoca (BBH). BMI™ (pucynok 30) cocrout u3
kopmyca 2 ¢ qtuadparmoii 1 1 narpyOkom 3, mogcoeau-
HEHHBIM K BaKyyMHOMY IntaHTy. Ha ocu kopmyca B
OTI0pe YCTAHOBJICHA IIETKa-aKTHBATOP, COCTOAIIAs M3
ocH 6, KopoMbIcia 7 U ABYX HIETOK 5, UIMEIOIIHUX BO3-
MOYXHOCTB OCEBOTO IIEPEMEIICHUS ISl PETYINPOBAHUS
mpmwKaTuid uX K oOpabareiBaeMoil moBepxHOCTH. Ha
TOpIIE KOpITyca 3aKPEIUICHO 3JIaCTUYHOE YIJIOTHEHHE
8, B KOTOPOM PaBHOMEPHO IO OKPY>KHOCTH BBIITOJI-
HCHBbI TAHI'CHIIUAJIbHBIC COILJIa 4. B UX II0JIOCTH BBIXO-
JISIT OTBEPCTHSI KOJIEKTOpa 9, uepe3 KOTopbie MOAaeTCs
MOIOIIAs )KUJIKOCTB.
5

J

5 4
BMTI”

BHYTpH KopIiryca Moromie rosnosku (Puc. 31). Ounmia-
eMasi OBEPXHOCTh MOJBEPraeTcsi BO3ACHCTBUIO MOIO-
el JKUAKOCTH U MEXaHWYECKOMY TPEHUIO BpAIllaro-
muXcs MeToK. [IpoayK Tl MOMKH yBIIEKAIOTCS BO3LYIII-
HBIM ITOTOKOM M TMOCTYHAIOT B BaKyyMHBIH HIIaHT U
nanee B cOOpHYI0 eMKocThb. Vcxons W3 HasHauCHHS
BMI', a Takxe npupoAbl 3arpsi3HEHUH U XapakTepa 1mo-
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BEPXHOCTH, TPOBEJCH aHAIN3 M IPOBEPEH 3KCIIEPHU-
MEHTAIILHO PsJ MOAM(DUKAIMN MOIOIIUX TOJOBOK, OT-
JUYAIOUIMXCS MEXAY co00i KOHCTpyKuMeH paboueit
nosioctu, auamerpom BMI, pasmepom nuadparmsi,
BEJIMYMHOM U PACIOJI0KEHNUEM COIIeN, KOHCTPYKINEH U
MaTepUaJoM TOPLEBOIO MIACTUYHOIO YIJIOTHEHUS U
wetok. IIpoBegena ontumuzauus BMIT B cooTBert-
CTBHUHM C UX Ha3HAUYEHHUEM, C YIETOM TEXHOJIOTUYHOCTU
W3TOTOBIICHUS W yMOOCTBOM JKCIuTyartarwu. IIpoBe-
JICHHBIC MCCIEIOBAHUS U TIPOW3BOICTBEHHBIC UCIIHITA-
HHUS BBIIBUJIM BO3MOXHOCTh UCNOIBb30BaHus BMY st
CIIEIYIOUINX IIeJiel: 00e3KUPUBAHHUS METAIUITMIECCKUX
JUCTOB HAa METAJUTyPrHYECKUX HPEATPHIATUAX, MOUKH

OCTEKJICHHII TPOMBIIUICHHBIX 3JaHUM W  TEIUIHII,
OUYNCTKM TPAHCHOPTHBIX CPEICTB, a CTalMOHApHAas
BMY ¢ GonblMM BakyyMOM MOET OBITH MCIIOJIB30-
BaHa M YyJAJEHHUs JIAKOKPACOYHBIX TOKPBITHH.
OuncTKa INIOCKUX M KPUBOJIMHEHHBIX TTOBEPXHOCTEH €
paanycoM 2-6 M OCYILECTBIIETCS C IPOU3BOJUTENBHO-
CThIO 3-5 M%/MUH. BUXpEBbIE MOOIIME YCTAHOBKH TIPH-
MEHSIOTCS JUIi MOWKH BEpPTHUKAIBHBIX, TOPHU30HTAIb-
HBIX 1 TIOTOJIOYHBIX OBEPXHOCTEH (TIIAIKNX M BOPCH-
CTBIX), Takke HAa WX 0a3e OBUTM CO31aHBI BHXPEBBIC
JIe3aKTUBUPYIONINE YCTAHOBKH JUIS JIMKBHIALUH T10-
cnenctuii aBapuu Ha YepHOOBIIHCKON ADC.

Puc. 31. Buxpesas morowas 2onoéxka

Ha 0a3e TexHonoruit
“RAINBALL”(puc.32.).

BUXPEBBIX MOIOIIMX YCTaHOBOK pa3paboTaH BUXPEBOHW MOIOMIN

IbICCOC

Puc. 32. Buxpesoii morowuii nvinecoc

TexHUYeCcKnEe XapaKTEPUCTUKU MOIOILIETO IbIIe-
coca:
- MOIIHOCTB 3JIeKTprdeckoro npusojaa—0,8+1.2xBr,
- cosmaBaemblil BakyyMm - 1000+1500 MM BOJH. CT.,
- CeKyHJHBIH pacxoj Bo3ayxa - 50+30 n/c,
- MPOU3BOJMTENLHOCTh MOMKH - 2+4 KB.M/MHH,
- 00BbEM MOIOLIEN KUAKOCTH - 8+25 11,
- pacxox moromie# xuakoctu — 0,01+0,2 1/kB.M,
- Macca yCcTaHoOBKH - 15+30 kr,
- IMaMeTp BUXPEBOM Moroliel rojgoBku-130+165mm,
- rabaput — 600mMm x 400MM X S00MM.

BuxpeBble MOWKH 0COOCHHO yIOOHBI U1l YOOpKH
MIPOM3BO/ICTBEHHBIX TTOMEIICHUH C ITOBBIIICHHBIM XKH-
POBBIM 3arpsi3HEHUEM (MSICOKOMOWHATBI, )KMPO KOMOH-
HaTbl, MOJIOYHBIE 3aBOJIBI H JIp. ), TA€ JUIsl YOOPKH HE00-
XOZMMO HCIIOIb30BaTh CIEIMAIBHBIC MOIOIINE CPE-
CTBA, a TaKXke [JII MOWKH aBHAIlMOHHOW |
aBTOTpaKTOpHOH TexHUKH (Puc. 33).
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Puc. 33 Yempoticmeo ons moiiku nianepa camonema

Buxpepoii BakyyM-Hacoc

Crocobrnocth BT k caMoBakyyMHpOBaHUIO TO3-
BOJIMJIA CO3/aTh Ha €€ OCHOBE BaKyyM — Hacoc WIIH
KekTop. s sToro mpmoceBas 001acTb BUXpPS B
comnoBoMm ceueHun CBT uepe3 neHTpambHOE OTBEp-
cThe B auadparMe COEAMHSETCS C BaKyyMHPYEMBIM
00sémom. Co3zmaBaemsiii CBT Bakyym oGecrieunBaet
WHTEHCHUBHBIN OTCOC Ta3a M3 BAKYyMHPYEMOTro 00bEéMa
II0 BeIpaBHUBaHMA faBieHuil Ha ocu CBT u B oO0Bpeme.

BennunHa Bakyyma B 00beMe 3aBHCHUT OT TPEX OCHOB-
HBIX (DAKTOPOB: aOCONIOTHOTO AaBlicHHUS P, Ha ocu
BHXPs B COIIOBOM CEUYCHUH, OTHOCUTEIHFHOTO pajinyca

I, otBepctus muadparmbl u nonHoro nabneHus P

ra3a nepen coriom CBT. IIpu 3aganHom Py 3HadeHMe
Poc ompenensiercst 3(p(HeKTHBHOCTHIO PACKPYTOYHOTO
mieneBoro auddysopa mpu ero cOBMeCTHOH padoTe ¢
BT. Cxema BuxpeBoro BakyyMm - Hacoca (BBH) npen-
cTaBjieHa Ha puc. 34.

- —

O ENEN
2a;3

—

C

Puc. 34 Cxema eaxyym - nacoca

Hns ouenku paborsl BBH ucnons3yrorest Benu-

YUHBI — CTENEHb MOBBIIICHUS AABJICHUS BaKyyMuUpye-

. a

Moii cpensl 7T, = ——, tae Pa— nasnenne 3a mpdy-

oc

3opom BBH, a P, — naBieHne BakyyMHupyeMOi cpebl.
m6

Koapduuuenr sxexkiun N =—=—, rge m, — pacxon
6X

BaKyyMHUPYEMOH Cpeibl, a My — pacxo]| CKaToro rasa,

nojgaBaemoro B BT. Crenens pacmupenus raza B BT

86X

T = . Ha ocHOBe 3KClepuMEHTANIbHBIX JTaHHBIX
oc

MOXHO HaONI0AaTh 3aBUCHMOCTh MEKAY BEINYNHAMU
7, T, N, Iy 1 noctponts xapakrepuctnky 115 pacyera

BBH. Anuat6arssiii KI1J] BBH, npencrasstomnimii co-
60i1 oTHOIIEHNEe annabaTHOW pabOTHI CXKATHS BaKyy-
MHPYEMOT0 Ta3a K aauabaTHON padoTe pacIIupeHHs
CKaTOro rasa, focturaer sHadeHus 10%.

Bxod 4
|
!
\
k-1
n-T|z* -1
773: E 4
N 1)«
T 11| —
V2

371ech T — TeMIepaTypa BaKyyMHUPYEeMOTO rasa.

HeBbicokue 3Ha4YeHUS] KOMIIEHCUPYIOTCS CIIOCO0-
HocTbio BBH co3naBaTh BeICOKUE pa3psiKeHUs B BaKy-
yMHpyeMbIX oObemax. BakupiM mocromHctBom BBH
SIBJISIETCS €70 BCEPEXKUMHOCTB, OH He TpeOyeT u3MeHe-
HUS TEOMETPUH COIUIA B IIUPOKOM AMANA30HE U3MEHE-
HUS JaBJICHUI C)KaTOrO ¥ BaKyyMHUPYeMOro rasa. Mak-
CHUMaJbHOE 3Ha4deHUs Kod(QQUIMEeHTa MKeKIuu N=4
nocruraercs npu m,=1 u n=1,5. BBH Hanuin npumene-
HUE MIPH CO3/1aHUH BUXPEBBIX OTCACHIBAIOIIUX aMlapa-
TOB ¥ BUXPEBHIX IbUTecocoB. Ha ocaoBe BBH Op1H co-
3/1aHBI BUXPEBBIE MOIOIIUE YCTAHOBKHU.
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B 3TOM yCTpO#CTBE NCIIOIB3YETCS CBOWCTBO BUX-
PEBBIX TPYO — CO3/1aBaTh B MPHOCEBOI O0JIACTH 3aKpy-
YEHHOI'0 IMOTOKAa 30HY IMOHMKCHHOI'O JaBJICHUS.

Ocobennoctu BBH:

- croco0OHOCTh CO3JaBaTh BBICOKHE pa3psike-
HHS B BAKYYMHPOBaHHBIX 00bEMaX, HEJOCTYITHBIE IS
OOBIYHBIX OJHOCTYIEHYATHIX CTPYHHBIX 3KEKTOPOB, -
BCEPEXKUMHOCTB.(B oTiHMume ot cTpyiHOr0O 3KeKTopa,
OH He TpeOyeT N3MEHEHHs TeOMeT- pHIECKOil (HhOpMBI
COIUIa W JPYTHX DJIEMEHTOB IPH padoTe B IIHPOKOM
JIMaIa3oH JIaBJICHUH CXKATOTO Ta3a M CTEHEHEH MOBBI-
IICHUS JaBJICHUS BaKyyMHpPyeMoil cpexabl). TexHude-
ckue xapakrepuctuku BBH (puc.35.):

= TA0APHT ..o D=250mmMm, L=120MMm,
- CO3/1aBaeMOe Pa3psHKEHHE.............. -0,02+0,1 Mma,
- TaBJIGHUE CXKATOTO BO3AyXa Ha BXOJE..... 10 4,0 Mra,
- KOOPQPUIMACHT IKEKIIHH ..o seeeseeenees 0,1+0,3,
- PACcXOJ CKATOTO BOBIYXA .vvvvvenreens 10 2,0 ky6.M/MHH.

B ornuune oT CTpyHHOTO 3KEKTOpa, OH HE Tpe-
OyeT M3MEHEeHHs TIeOMETPUYECKOH (OpPMBI coILla U
JIPYTUX 3JIEMEHTOB IIPH PadoOTe B IIKMPOKOM JIHAIIa30HE
JIABJICHUH CXKATOTO ra3a M CTEIEeHEH MOBBIILICHUS JaB-
JIEHUS] BAKYYMHPYEMOI1 Cpeabl.

Puc. 35. Buxpesoii eakyym-nacoc

Buxpesoii asexTpopaspsaansii CO2-n1a3ep

YHUKaNbHBIE TEPMOJUHAMHIECKHE U TEIIOMac-
COOOMEHHBIE XapaKTEPUCTUKN 0cOO0TO Kitacca BHXpe-
BBIX YCTPOMCTB — CaMOBaKyyMHUPYIOIIMXCSI BUXPEBBIX
Tpy0 (CBT), B KOTOPBIX AOCTHUTAIOTCS MaKCHMaJIbHBIC
apdextor oxnaxaenus (AT = 152 K) u pazpexenuns
rasa B BUXpE, a TaK)Ke PEKOpIHble 3HaueHus: TypOy-
JICHTHOM BS3KOCTH ~ 10Y MO3BOJIMIN CO37aTh HOBBIN
THII JIa3epa [0 CHOCo0y OXJIaXKAEHHS — BUXPEBOH JJ1€K-
Tpopaspsaausiii COz-nazep . [lepsonavansHo B pabote
MPOBO/IMIIOCH YWCIICHHOE MOJEINPOBAHUE PAOOTHI
BHUXPEBOTO TJICIOMIETO pa3psja Ha OCHOBE PACUETHBIX
XapaKTEPUCTUK CaMOBaKyyMHpYIOIIEHCS BUXPEBOM
TpyOBl . UHCIeHHbIE pacueThl KMHETHKH BHXPEBOTO
CO»-nma3epa oCyIIECTBISUTUCH C TOMOIIBIO TIPOTPaMMBI
Mathcad. TlepBoHauambHO TPOM3BOMMICS pacueT

YCpeOHEHHBIX 1O o0jacTé pa3psaa KojeOaTeIhbHBIX
temnepatyp u KIIJ, momHoctu m3nyuenus u K I1JQ
BOJI (puc.36.). U3 puc.36. cienyer, 4ro kKoyiedaTennb-
Has Temreparypa T4 qoctatouHo Beicoka T4 = 1200 —
1500 K gaxe mpu MIOTHOCTSIX BIOKEHHON MOIIIHOCTH
B pazpsa Ws ~ 200 Br/cm?, mpu 3TOM MMENO MECTO Or1-
TUMaJIbHOE 3HAU€HHE MOIIHOCTH Hakauku. PacueTHbie
3HAYEHHs MHTEHCHUBHOCTH, IUIOTHOCTU H3JIYYEHHS M
KIIJ| moaTBepauin MpeAnoyioKeHne, 4YTo Ha OCHOBE
BUXPEBBIX HOHHM3WPOBAHHBIX 3aKPYUYCHHBIX ITOTOKOB
MOXHO c037aTh 3 PEKTUBHBIN MaJI0radapuTHBIH ra3o-
BBl J1a3ep. U3 puc.36 BUOHO, YTO IEKTPOHHBIC TEM-
MepaTypsl AOCTATOYHO BBICOKM M JOCTHUTAIOT CBOETO
MaKCHMyMa Ha OCH paspsja.

T.K

3C00

c=2.4
2000
,,_;—g_\ﬁ ~ Bt
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=35 T 3
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0
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Puc. 36 3asucumocms xonebamenvHol memnepamypsl a30ma om YCpeOHeHHOU nO 001acmu paspsoa niomHo-
cmu snexkmpudeckou mowpocmu: 2az — No; P1* = 0,5 Mna; ©=5; n*=30.
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C 11e71p10 POBEPKH MPOTHO3HBIX XaPaKTEPHUCTHK
BDJI B mabopatopuu roperuss UGX PAH 6v110 npoBe-
JICHO DJKCIIepUMEHTalIbHOEe uccienoBaHue. [lepBbiM
9TallOoM 3KCIEPUMEHTAIb-HOTO HMCCIENOBaHMs OBLIO
H3yueHHe BHXpeBOro tieromero paspsaa (BTP). Ha
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puc. 37. mokazaHa NPHUHIMIINAIBHAS CXEMa CTEHAA
BOJI u BTP. YcranoBka cocrosuia u3 IByx 1uddysop-
Hoii CBT (1), cuctembl BEICOKOTO JiaBiieHus (2), BHICO-
KOBOJIBTHOI'O HCTOYHHKA MUTaHUSA (3) U CUCTEMBI PETrH-
crparui (4).
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Puc. 37 Hpunyunuanvuas cxema cmenoa BOJI u BTP

Crnemyer TakKe OTMETUTH, YTO BAXHOH OTIHYH-
TenpHOU ueptoit BTP 3a cuer cnemmduku opranmsa-
UM TEYEHUs SIBIISIETCS €ro MajorabapuTHOCTh TI0
CPaBHEHHIO C JI03BYKOBBIMH M CBEPX3BYKOBBIMH DJICK-
TpOpa3psAHBIMHU J1azepaMu. TakuM o0OpazoM, IpoBe-
JICHHBIM aHaNIN3 OKa3aj, YTO PACCMOTPEHHAs JIEKTPO-
pa3psiiHas BUXpeBas cUCTeMa 00JaaeT IOBBIILICH-
HBIMH DHEPTETHYCCKIUMH TTOKA3aTEISIMH TP MCHBIITIX
rabapuTax 1o CpaBHEHUIO C U3BECTHBIMU THITAMH JIa3e-
poB. CpaBHeHHe ) ()EKTUBHOCTH TpeX IICKTPOPa3psiI-
HBIX CHCTEM MPOM3BOIWIOCH Ha NPHMEPE CaMOCTOS-
TENBHOTO pa3pana Kak HanOosee nzydeHHoro. OqHako
HETPYIHO YBHIETH, YTO MPOBECTH aHAJIOTHYHBIN aHa-
JU3 JUIST HECAMOCTOSITETIBHOTO pa3psAna He IMpeJCTaB-
JseT Tpyaa. B mproceBoii 001acTH BUXPEBOH KaMephl
BTP, rae peanusyercs TaCOLIMM pa3psil, UMEIOT MECTO
CYILIECTBEHHBIE PEe3epBbl OXJIaXJIeHMs. Taxkue 3Ha4M-
TenbHbIC A((EKThI OXJKACHUSA 00Jiee HEOOXOIUMBI
MU dKCIUTyaTaluu daekTpopaspsanbix CO-nazepos, a
He COj-mazepoB. A Tak Kak HarpeB NMPHOCEBOH 00ia-
CTH BUXPEBOH KaMephl, TaXe B CIIydae 3HAYUTEIBHBIX
JJIEKTPOBKIIAIOB, TIO TAHHBIM HAYYHBIX HCTOYHUKOB H
pe3yipTaTaM HacTosIIedl padoThI, HE3HAUHUTENEH, TO
3/1eCh UMEIOTCS TOTIOTHUTEIBHBIC PE3EPBHI MO YBEIIH-
yenuto momrHoctu BOJI. Kpome Toro, pacmnonoxenue
3epKaj pe3oHaTopa B MPHOCEBOM 00JAaCTH BUXPEBOU
kamepbl BOJI no3BossieT ux 3pPeKTUBHO OXJIaKAATh.

Heo0x0auMo 0TMETHTD, YTO TIICIOIIUHA pa3psn B
B3JI umen MecTO mpy MOBHIIICHHBIX JTABJICHUSIX B 00-
JIacTH pa3psiaa BILIOTh A0 atMocgepHoro. [Toatomy uc-
clleloBaHus B 00JIACTH MOBBIIIEHHBIX AaBiieHu BDOJI
aBTOPY MPEICTaBISIIOTCS BEChbMa IEPCIICKTUBHBIMHU.
JanpHeiinee OTHOCUTENFHOE YMEHBIIICHUE Ta0apuTOB
B3JI cBA3aHO C WUCIONB30BaHHEM MajorabapUTHBIX

M30TPaIUEHTHBIX MIETIeBBIX MU HY30pOB, UCCIEIOBAH-
HBIX B pabotax. Kak cka3aHo B nccnenoBanun Beeze-
HOBa A.A., 3JIeKTpopa3psaIHbIE Ta30BbIe Ja3ephl C Me-
JICHHOM IPOKAayKOH rasa XapaKTepU3YIOTCS OTHOILUE-
HHueM BpemeH 1ud¢dy3un u OOHOBIEHHS CMeCH

Taud)/z-oﬁM <<, re. NpHHAUIEKAT K Auddy3u-

OHHOMY THITy OXJIaKICHHS, OBICTPONPOKAYHBIC 3JICK-

TPOpPa3spsgHbIE JIa3ephl (Tauqb / T ou"" 1), T.€.

OTHOCATCS K KOHBEKTUBHOMY THUIYy OXJIAXICHUS
cmecu. [lpoBeneHHblil aHanu3 nokazan, yto BOJI

(T oud / T o6M l) HENB3sI OTHECTH MOJIHOCTBIO HU

K IIEPBOMY, HU KO BTOPOMY THILYy JJIEKTPOPA3PAIHBIX
J1a3epoB, & TOJNBKO K THIy KOHBEKTUBHO-TU((Y3HOH-
HOMY

Bo3ayuiHblii BUXpeBOii pOIHUK

AnbTepHaTUBHAs aBTOHOMHAs DHEPrOHE3aBUCH-
Masl yCTaHOBKa JJISl TTOJy4Y€HHs PECHOW BOABI U3 at-
MoOC(EpHOTO BO3AyXa - OCYLIECTBISCT dPPEKTUBHYIO
SKCTPAKIHUIO BJIarH U3 aTMOC(EPHOTro BO3ayXa C IIOMO-
mpto «I eHepaTopa BUXpsi», TJaMIHAPU3UPOBAHHOTO 3a-
KPY4YEHHOTO BO3AYIIHOTO MOTOKA U IOAOXJIAXKICHUS
3TOTO BO3AYIIHOTO MTOTOKA JI0 «TOYKH pockh. KoHaeH-
caT BJIard HaKaruImBaeTcs B O10ke BogocOopHuka. s
yBenudeHus 3QGeKTUBHOCTH pabOThI yCTAHOBKH U WH-
TEHCUBHOCTH JKCTPAaKIMU MPECHOI BOJBI, KOHCTPYK-
LUl aKTUBHOT'O 3KCTPAKTOpa B « BO3yIIHOM POTHUKE)»
MOXeT OBITh JJONOJIHEHA TEIIOBOH TPYOKOH MiIn rpyH-
TOBBIM TCIIJIOBBIM HAaCOCOM U aJIbTCPHATUBHBIMH HC-
TOYHHMKAMH 3JIEKTPOIHEPTHH - BUXPEBOH BETPOIHEPTe-
THIecKol ycraHoBkoi (Puc.38.) uim conneuHsM ¢o-
TomMoysieM MomHocTho 0,5 — 1,0 kBT
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Puc.38.

D¢ deKTHBHOCTD padOTHl YCTAHOBKM M MHTEHCUB-  u3ndeckas 3D-monens «['eneparopa Buxps u Buxpe-
HOCTb 9KCTPAKIMH 3aBUCST TOJIBKO OT CKOPOCTH BETPO-  BOTO XOJIOJMJIBHUKA» - OCHOBHBIX 3JEMEHTOB «Bo3-
BOTO IIOTOKA, TEMIIEPATYPbl HAPY>KHOTO BO3/IyXa M KO-  JYIIHOTO BUXPEBOTO POJHUKAY.

JardecTBa Biard B Bozayxe. Ha Puc.39. mpeacrasnena

Puc.39.

Ha Puc.40. npencraBnena cxema «Bo3ayIHOro BUXpEBOro poaHHUKay.

Puc.40. (1- s030ywnblil 3031cekmop; 2 - suxpesoii oxaaoumensv, 3 - Meni00OMeHHUK, 4 - bIX00 OMpabomanHo2o
6030yxa, 5- xoim (Haceins); 6 — 6000ém, 7 — mennosas mpyoxa, 8 — euxpesas 6empoycmaHosKa,
9 — conneunas nanens,; 10—k nompebumernio).
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B Hacrositiee BpeMst OZIMH U3 OIBITHBIX MACIITaOHbIX 00pa3ioB «Bo3ayIIHOro BUXPEBOrO POJAHUKA» pa3me-
meH B Kpemmy (Puc.41.) B SAntuackom boranudeckom caxy. Ero pasmepsrt: - Beicora 1,2 M, iuamerp 1,2 m, maTe-
pHan - miactMacca. B teuenue cyTok oH Beigaet uyTh 6osee (0,5 -0,7) M uHucTOl XOJ0AHON BOIBI.

Puc.

- BuxpeBasi ruapotyponHa

VYcranoBka (Puc.42.) nmpenqHa3zHadeHa uis moryde-
HHS DJIEKTPOIHEPIHU OT HaOEeraromux BOIHBIX IIOTO-
KOB (peKa, MOpPCKHE TeUCHHU ), a TaK K€ MIPH IBHKCHUN
MOPCKOTO (PE4HOro0) CyIHa IO MOPSIM U 03€paM, B TOM
YHciIe W MoJ BOJOW (ISl TTOJBOJHBIX JIOAOK). Mor-

41.

HOCTB BUXpeBor ruapoTypOunsl Nar - ot 0,5 kBT. Pa-
Ooumii IManazoH CKOPOCTEH HaOeraromiero BOIHOTO
noroka VBr > 0,5....10 m/c. Pazmenienune B/ruapoTyp-
OMHBI: - BHYTPHU KOPITyca HOCUTEA, - CHAPYXKH - B TOH-
JI0J1e, - CTallMOHAPHO - B CyYae pa3MelIeHHs B peKe
WM B IOTOKE MOPCKOT'O TEYEHHS.
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 Puc. 47¢ynkuuouaﬂbnaﬂ cxema 8uxpesoti cuopomypOouHsl
(Hanpumep, 01 ROO3APAOKU AKKYMYIAMOPO8 HOOBOOHBIX T00OK).
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Puc.43 3asucumocmo cabapummnuix pazmepos 6/2uopoycmanosku om mpedyemou mowrocmu Nee u ckopocmu
Habezaiowe2o 600no20 nomoxa Ven. (RO~ 5 -rc; HC ~ 6 - re).

BoiBoabI

H.Tecna npu3sbiBan 4ea0BEUECTBO «IOAKIIOUUTH
CBOM MAIlIMHBI K CAMOMY UCTOYHHUKY SHEPIUU OKpYyXKa-
IOIIEeTo MpOoCTpaHcTBa». CErogHs UYeNIOBEYeCTBO yKe
MPaKTUYECKU MOJAOLUIO K pealu3alid HUMEHHO 3TOU
UAeHU.

MHorue 3>HepreTuyeckue MpPOLECChl B MPUPOJE
OTJIMYAIOTCS] YHUKAIBHOW OCOOCHHOCTBIO: IS MX 3a-
mycka HeoOXOoIMMa MHHHMAJIbHAs SHEprHs. A B pe-
3yJbTaTe peaiu3aly WM MPOTEKaHUs CaMoro Mpo-
1ecca BeIpadaThIBacTCs KonoccanbHas 3Heprus. Cie-
JIyeT OCOOCHHO TMOJYCPKHYTh, YTO BCe 0e3
WCKJTIOYEHUS PUPOJHBIE IPOLECCH TOTUMHEHBI KiIac-
CHYECKUM 3aKOHaM TEPMOJIMHAMUKH, 3aKOHAM COXpa-
HEHHS YHEPTUH, (PU3UKH, XUMUH, MEXaHUKH.

Wnen nepcnekTUBHON anbTepHATUBHOW 3HEPIUU
HYKHO HCKaTh B camoil mpupoxe. OkpyKaromas Hac
IIPUPOJA — IJIaBHBIM UCTOYHUK 3HAHUI 4EJI0OBEYECTBA.
3emuis 06na1aeT HeMcUepIaeMbIM UCTOYHIUKOM HU3KO-
MOTEHUHUATBHON 3KOJOTHUYECKH YHCTOW SHEpPTUM - aT-
Moc(hepoii, aKKyMYJTUPYOIIEH TEIUIOBYIO U TOTCHIIH-
aJbHYIO DHEPTHIO Ta30B, HArPEBAEMBIX JTYYUCTON SHEP-
TUEH CONTHIA U CXKATBIX MOJ JACHCTBUEM TpaBUTAIIUH.
HepaBHomepHBIil HarpeB ra3oB, U3MEHSs AABJICHUE B
atMocdepe, HapymaeT e€ pPaBHOBECHOE COCTOSIHHE.
IIpu BoccTaHOBJIEHWH PAaBHOBECHS MOTEHLMAIbHASs U
TEIUTOBAs SHEPTHS BO3MyXa MPeoOpa3yroTcs B KHHETH-
YECKYIO DHEPIHIO BO3AYLIHBIX IOTOKOB.

Y4eHble maBHO OOpaTwWiIM BHUMaHHE HA TO, UTO
TOJIbKO BUXPEBBIC TIOTOKH 00JIaal0T HAaMOOJIBIIIUM I10-
TEHIMAJIbHBIM 3aMaCOM KHHETHYECKOM U TEeIUIOBOH
sHepruu. [Ipu 3TOM 3HepreTMdyecKre BO3MOKHOCTH
BUXPEBBIX MOTOKOB 3aBUCAT OT MHOTHX (DaKTOpPOB, B
TOM 4YHCIIE U OT cocTaBa razoB. [loaTomy He ciydaitHO
CHCIHATHCTHI Bce O0Jiee MPHUCTAEHO O0paIIaloT BHH-
MaH¥E B IIEPCIEKTUBHON BO300OHOBIISICMOM SHEPreTHKE
Ha BUXPEBYIO DHEPrETHUKY.

BuxpeBble 3HEpPreTUYECKUE TEXHOJOIMH OCHO-
BaHbI HA 3aKOHAX KJIACCUYECKOW TEPMOJNHAMUKHU U CO-
xpaHeHus 3Heprun. [lepBoe HampaBieHHe pa3paboOTOK
BUXPEBOW SHEPIE€TUKU CBA3aHO C KONMMPOBAHUEM IIPU-
POHOTO Ipoliecca MMILIO3HH U TpaHchopMalen Ter-

JIOBOW PHEPIMH C HU3KUM NTOTEHINAIOM B KHHETHYE-
CKy10 3Hepruto. Hanbosee HarysAHBIM IPUMEPOM IpH-
POIHOW HWMIUIO3WHM SIBISIFOTCS  CMEPYH, TOPHAJIO.
Habmiomas mx B TeueHHe COTEH JIeT, yueHble yOemu-
JIMCh, 9TO CMEPUYH 00Jalal0T OTPOMHON YCIOBHO He-
YIPABIAEMON SHEPTUEH, UMEIOIIEH 3IIEKTPUUECKYIO
npupony. [IpuueM BepxHsisi cMepya 4acTh 3apshKeHa
TMMOJIOKUTEIIbHO, HWXXHAA - OTPULIATCIIBHO. ITo CyTH,
TOPHA/I0 MPEJCTABIAET COOONW OIPOMHBIN IMPUPOIHBIH
MoTop-reHeparop. B TopHano nuamerpom Gomnee 800
M. COCpEI0TOYEHa SHEPTHsI KPYITHOH aTOMHOH OOMOBI.
@DaKkTUYeCKH TpoLEecC TOPHAAO0 SBISETCS CTPOTO
YIpaBisieMbIM, CIIEIOBATEIIbHO, HMEETCSI BO3MOXK-
HOCTb MCTIONIb30BAaHMS SHEPTHH JIAHHOTO TIpoIiecca.
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Abstract

Environmental protection is one of the most pressing problems among universal human being, since life on
Earth, the health and well being of mankind depend on its solution/ This problem became especially acute in the
20 century, when the intensive development of industry and transport, as well as the imperfection of technological
processes led to increased pollution of the atmosphere, water and soil on our planet. Every year, the world econ-
omy emits only 350 million tons of carbon monoxide, more than 50 million tons of various hydrocarbons, 150
million tons of sulfur dioxide. Carbon dioxide accumulates in the atmosphere, and at the same time the amount of
oxygen decreases [1], and the “contribution” of vehicles to the atmosphere is up to 90% for carbon monoxide and
70% for nitric oxide. The approach to solving the problem of reducing vehicle emissions is reduced to the problem
of fuel economy, solving the problem of alternative fuels, optimizing the desing of the engine and exhaust system.

Annomauyus

Oxpana oxpyacaroueti cpedvl 581emcsi 00HOU U3 Hauboee aKmyaibHblX cpedu 00ujenen08euecKux npo-
6ﬂ€M, HNOCKOJIbKY om eé PeUenUsl 3a6UcCim JHCU3Hb HA 3€M]Z€, 3()0p08b€ u brazococmosHue yenogeyecmed. dma
npobaema ocobenno obocmpunacs 8 XX 6exe, K020a UHMEHCUBHOE PA3GUMUE NPOMBIULIEHHOCHU U MPAHCHOPMA,
a makoice HeCoBePULEeRCnE0 MEXHON0cUYEeCKUX npoyeccos npueseiu K YCUuileHuro 3a2pA3HeHust amMoccpepbz, 68000l
u nougwl Ha Hawell nianeme. Exxceco0no muposoe xossiicmeo vibpacvieaem moavko 6 ammocgepy 350 man. monn
oxucu yenepooa, bonee 50 MaH. MOHH PA3IUUHBIX Y2e8000po0o0s, 150 man. moun 08yoxucu cepovl. B ammocghepe
Hakanjaueaemcs yZJZBKuCJZblﬁ 2as, U 6 mooatce epems ymeHbuiaemcs Koaudecmeo KuCﬂOpOOa []], npuuem «BKIAO»
ABMOMPAHCROPMHBIX cpedcms 6 ammocepy cocmagnsiem 0o 90% no okucu yenepoda u 70% no oxucu azoma.
I00x00 Kk peuwtenuro npobiemvl yMeHbULEHUS 8bIOPOCOE ABMOMPAHCNOPMA CEOOUMCS. K Npobaeme MOniIueHoU
IKOHOMUYHOCMU, pEeUuleHUIO np06ﬂeMbl albmepHamueHrblx monjiaue, onmumuzayuu KOHCmMpyKmueHblx pemenm]
osuzamens u CUCmeMmbl 8bIXJIONd.

Keywords: exhaust gases, toxicity, noise, aerodynamics, ejector, vortex effect, vortex vacuum pump, ejection
coefficient.

Knroueevie cnoea: svixionuvie 2asvi, MOKCUYHOCTD, WYM, A3POOUHAMUKA, DHCEKMOP, BUXPEBOL I¢hdexm,
BUXPEBOUL BAKYYMHACOC, KOIDDUYUEHM IHCEKYUU.

1. O6G30op m aHaNIM3 TEXHHYECKHX PpelIeHHi
IKOJIOTU4YHOI cucTeMbl Bbhixiiona JIBC

IIpo6nemotii yBenuuenus mormHoctr JIBC, cHu-
KEHHSI TOKCUYHOCTH, IITyMa BBIXJIONA - 32 CUET COBEP-
HICHCTBOBAHMS BCACHIBAIONIECH U BBIXJIOITHON CUCTEM B
ABTOMOOWJICCTPOCHUM HA4yalld 3aHUMAThCs CIIE B
Havane XX Beka, HO 0COOBIX yCIIEXOB IOCTUTHYTO HE
ObUTO. YUHTEHIBas, YTO OCHOBHOH 3HEPreTHYCCKOU
YCTaHOBKOM /17151 HA3€MHOT'0, YaCTH BOJJHOTO ¥ BO3AYLI-
HOTO TpojoikaeT octaBaThes JIBC, Ooprba ¢ 3arpss-
HEHHEM aTMOC(Ephl BRIXJIOMHBIMHU Ta3aMU M OTHOBpPE-
MEHHO ITOWCK ITyTer yBenmmdenus momHocta [IBC Be-
JIETCS IO CJIEIYIOIIUM HAIIPABIICHUSM:

- nobimenue MornHoctH JIBC U CHM)KEHHE TOK-
CUYHOCTH BBIXJIONA 33 CYET COBEPIICHCTBOBAHUS CH-
CTEMBI BBIXJIONA, UCIIOJIb3YS SIBJICHHSI pE30HaHCAa,

- pa3paboTKa CHCTEM C YHCTHIM HJIH HYJICBBIM BEI-
XIIOTIOM,

- moBbImenne momtHocty JIBC u cHmkeHne Tok-
CUYHOCTH BBIXJIOIIA 3a CYUCT YJIYYHICHHA adpOoJuHa-
MHUKH KOJUIEKTOPHBIX CHUCTEM U HCIIOJIB30BaHHS OCO-
OCHHOCTEH 3aKpY4YEeHHOT'0 ITOTOKa rasa.

1.1. YBenuyeHue MOIUTHOCTH JBUTATENS MyTEM
HCTIOJIB30BaHUS KOJeOaHHIA BO BCACHIBAIOIICH CHCTEME
- 9TO U €CTh PE30HAHCHBIN WIIN aKyCTUICCKUH HATYB.
Konebanus naBineHust BO BCACHIBAIOIICH M BRIXJIOMTHON
CHCTEMaX OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE Ha Pa-
00Ty ABHTATENS U HA OTAaBaEMyIO M MOIITHOCTB. Teo-
peTHYEeCKMA Tpenmen yBeNW4eHus Koddduiuenrta
HATIOJHEHHUS IWUIMHIPOB, HCIONB3Yys aKyCTUYECKHN
METOJI, OPHEHTHPOBOYHO paBeH 41%, 4To MOXKET AaTh
MOBBINIEHUE MOIMHOCTH B cpemHeM Ha 20-25%. Ho,
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koiekTop JIBC sBisieTcst o4eHb TOHKOH aKycTHYe-
CKOM CHCTEMOH, U TIOKa He yJanoch HaWTH 3¢ dekTns-
HBIX TEXHHYECKHUX CII0OCOOOB pealn3aliy TeopeTHde-
CKHMX HJIeH, mpemnokeHHbx emé B 30-e roapl mpo-
nuioro cronerus [2, 3].

1.2. U3BecTHO, 9TO 0KOJI0 20 €BPOMEHCKIX aBTO-
MOTOPOCTPOUTENBHBIX (PUPM y4acTBOBaIM B IPOEKTE
«®dnute» no pa3paboTke THOPUAHOTO CHIIOBOTO arpe-
rara JUis aBTOTPAHCIIOPTA, SKCIUTYaTHPYEMOTO B TO-
pornckux ycioBusX. I[IpoekT mpemycMaTpuBail He
TOJIFKO M/ICW TaK Ha3hIBAEMOTO YHCTOTO BBIXJIONA, HO H

(bopMyupoBan Hay4YHbIC 1 HHKEHEPHO-TEXHOJIOTHYE-
CKH€ PELISHHUS 110 CO3aHHUIO IBUIATEIbHBIX yCTAHOBOK
C HYJIEBBIM BBIXJIONIOM. [IepBBIM pe3ylbTaTOM 3TOrO
OYEHb JOPOTOCTOSIIETO IPOEKTA SABIIIETCA pa3paboTKa
dupmsr «Saaby (HIeerws) wis tunosoro JIBC Hecran-
JIApTHOM CHCTEMBI YaCTHYHOTO cOOpa, pelUpPKYJISLUN
W HEHTpaJM3aliy BBHIXJIOMHBIX Ia30B, OKa3aTeIH KO-
TOPOH YK€ CeroJHs He TOJIBKO COOTBETCTBYIOT, HO U
3HAYMTENLHO MOKPBIBAIOT TPeOOBaHUA MO obecrede-
HHIO 9KOJIOTHYECKUX MapaMeTpoB CaAMOI'0 JKECTKOTO B
Mupe amepukanckoro cranaapra ULEV (Tabnmma 1.):

Tabmuma 1
CopeprkaHne BpeIHBIX BEIIECTB B BRIXJIONHBIX ra3ax (I/MUI0)
Crpana, caniapt CocTaBusiomye BEIXJIOMHBIX Ta30B
NOXx CO CH

USA - ULEV 0,2 1,7 0,04

Sweden - Saab 0,09 0,5 0,029
1.3. B TeueHne HECKOJIBKUX JIECSATWICTHH yueHble  0a3e  SBICHMH  9KEKUUH,  a’pOJMHAMHUKUA U
WCKaJli BO3MOYKHOCTh HCIIOJIb30BaHUSI KHHETHUECKOH  OCOOCHHOCTEH 3aKpy4yeHHOro TIOTOKa rasza, ObLl

WIA BOJHOBOW DSHEPrMU TMPOJYKTOB CrOpaHus B
CHUCTeMaX BBHIXJIONA JUIA TIOBBEINICHWS  CTCIICHU
3aMOJIHCHUST WM YIIYYIICHUS YIaJCHHUS TPOIYyKTOB
cropanus 0oJiee MPOCTHIM H JCHICBBIM CIIOCOO0M [4],
HO OHH TEPSITH CMBICI IIPH X YKOHOMIYECKON OTICHKE.
U, nakonern, B Hayasie 90-X roj0B MPOLLIOrO CTOJIETHS
Ha aBTOPHIHKAX IIOSBHUICS SIIOHCKHH HAacaIoK Ha
BBIXJIONHYIO TpyOy aBromobmis «SuperAccelPower,
CKOHCTPYHPOBAHHBIA Ha OCHOBE IIMPOKO HW3BECTHOTO
npsMoOCTpyiiHOTO KekTopa (Puc. 1).0H obecneunBain
3KOHOMMIO TOILINBA 10 ~ 10%, MOBBIIIIEHNE MOIIHOCTH
JIBUTATEII U YMEHBIIICHUE IIIyMa BbIXJIomna. B TeucHue
psna et HaJ mogo0HOH mpobaeMoil paboTamuyYeHbIC
HATU, HUNAC u CTAKY: B pe3ynbrate, B 1983 1. Ha

. ——
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Ne2059839 MKHU F 01 N 1/08, F 02 B 27/04). D10
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BaKyyM-HAacoC, CIIOCOOHBIM  cO37aBaTh  BBICOKHE
paspsokeHWsT B BaKyyMHpPOBAaHHBIX  OObeMax,
HEJAOCTYIHBIE M OJHOCTYNCHUYATHIX CTPYHHBIX
MKEeKTopoB. Ha3HaueHwe ycKOpuTens MOTOKa, B
MadbHEWIIEM  HA3bIBAEMOIO -  aBTOMOOWIBHBII
BHUXPEBOM KEKTOpHBIH Hacaok (ABOH): moBwimenne
OKOHOMHWYHOCTH U MOITHOCTHU JABUTIaTEJId BHYTPCHHETO
Cropanus, CHMKXCHUC TOKCHUYHOCTH u myMa
BBIXJIOITHBIX Ta30B (Puc.2).
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Puc. 2 A6momodunvHulil 6UXPesoL ICEKMOPHBILL HACAOOK

2. OCHOBBI TeOpUH BHXPEBOr0 KEKTOPHOI0
HacajKa

2.1. U3 Teopuu ABWratescii BHyTPEHHETO cropa-
HUSA [5] U3BECTHO, YTO HAa MOIIIHOCTHBIE U YKOHOMUYE-
CKHE XapaKTCPUCTUKU OOJBIIOC BIUSHHE OKA3hIBACT
MOJTHOTA HAMONHCHUS IWIUHIPA (KaMephl CTOPaHUs)
hv, 3aBucsIas ot nasiaenus Pr Ha BEIXO/IE U3 CUCTEMEBI
BeIXJIona. Yem HIbke nmaBieHue Pr, Tem Goiblne moJ-
HOTa HamoJHeHus hv, TeM IydIie UComs3yeTcst pabo-
yrii 00beM LUIUHJPA JBUTATENs, OOJIbIIE MOIIHOCTh
JIBUTATENsI M HIXKE YIeTbHbIH 3((GEeKTUBHBIN pacxon
TOTUTHBA (J€, KOTOPHIit 00paTHO MpOIopItHHaIeH hV:

£ ™n Pa Pr 4. _ 1

V=0 T (0 o e 98 = ™ e 1€

€ - CTeTeHb CKaTus B umuHApe, T, AT - Temme-
patypa cMecH Ha BIIyCKe M IPUPOCT TeMIIepaTyphl IIpH
CrOpaHuy, (p — CTENeHb YMeHbIICHHs o0beMa, Pa - at-
MocdepHoe naBieHue, PmM — naBieHue Ha BIIycKe.

2.2. CHmxenne naBieHus Pr MoXHO HOCTHYDL B
TOM CJIy4ae, €CJIM BBIXJIOIHBIC T'a3bl MPOITYCTUTH Yepe3
YCTPOWCTBO, B KOTOPOM IPOUCXOJUT OOTCKAHUE YCTY-
TIOB ¥ IOJICOC JIOTIOJTHUTEIBHOIN MacChl BO3AyXa 9KEK-
TOpOM. YCTaHOBKA B IIOTOKE BHIXJIOITHBIX T'a30B TENa B
(hopMe KOHyCa 1 3aKpyTKa 3TOTO IIOTOKA BJIOJh OCH BBI-
XJIOTIa CO3/IaeT Ha €ro TIOHHOW MOBEPXHOCTH, B TIEPBOM
MIPHOIKCHAN, TPAKTHIECKH TaKOe e pa3psDKeHHE.
Cpes anst KOHyca M BBIXJIONMHOW TPyObl HEOOXOIUMO
pa3MecTuTh B »KEKTOpe. Torga 3’KeKTUpYEMBbI U 3a-
KPYYCHHBIH BBIXJIONHBIMH Ta3aMH BO3IYyX H3 aTMO-
cdepbl 3acachIBACTCs C YBEIMYCHHON CKOPOCTBIO B 3a-
JTAHHOM CCUCHHH KOHYCa, YTO MPUBOJUT K CHUIKCHUIO
CTaTUYCCKOTO JIaBJICHUS B COOTBETCTBHH C YpaBHE-

uuem Bepuymmm: Pa = Pi + (pb- V2b) / 2, rae Pi - nas-
JIeHHe B paccMaTpuBaeMoM ceueHuu; pb, Vb— mior-
HOCTh U CKOPOCTH 3aCachlBaéMOTO BO3AyXa M3 aTMO-
ctepsl ¢ naBneHueM Pa.

2.3. BuxpeBble IBIKEHUS! B TEUCHUE MHOTHX JIET
SIBJISIFOTCSL OOBEKTOM TIIATENIFHOTO M3YYeHHs BCIE-
CTBHE HMX PaclpOCTPaHEHHOCTH B MIPHUPOJE, MHOTO-
TPaHHOCTHU CBOMCTB U IPOSIBIICHUM, a TAK:Ke U3-3a TeC-
HOH CBSI3M BUXPEBBIX 00pa30BaHMil CO MHOTHMH CII0X-
HBIMH  TNPUPOJHBIMH  (DU3UYECKUMH  SIBICHHSAMH.
TeopeTuueckoe ONMCaHue BUXPEBBIX TEUEHUH CBSI3aHO
C OIpe/IeNICHHBIMU (PU3MYECKUMHU U MaTeMAaTHIYECKUMHU
TPYJHOCTSMH. JTO 00YCIOBICHO KaK HETMHEHHOCTHIO
U CIIOKHOCTBIO YPaBHEHHH THIPOJUHAMUKH, TaK U OT-
CYTCTBHEM IIOJTHOTO NOHMMAaHHUS M SICHOCTU B CaMUX
mpoleccax IEepeHoca BO  BPAIIAONIMXCA IIOTOKaX.
MHoro pa0oT, aHAIM3UPYIOUIUX OT/ENIBHBIE ITOJIOXKE-
HUSI BUXPEBOTO JIBM)KEHHMSI, ObUIO HAITMCAHO OCHOBOIIO-
JIO’)KHUKOM BUXpeBoi Teopun BuHTa H.E. JKykoBckum.
BriocnenctBum, OonbIION BKJIAA B CO3JaHME OCHOB
Teopun BuxpeBoro addekra suecnu XK. Pank, M.I". Jly-
ounckwuii u B.C.. MapreiHoBcKuit. ['nnoresy o ¢puszude-
ckoil mpupose BuxpeBoro 3ddekra paspaboran
A.Il.MepkynoB [6]. ['umoTe3a B3aMMOAEHCTBHUS BUX-
peii MepkynoBa A.I1. Hanbouee MOTHO OTpaKaeT 0co-
OeHHOCTH pazzerneHus B Buxpe. OHa 00BSCHIET MHO-
rue 3GQeKThl, 00HapYKEHHbIE IKCIEPHUMEHTAIBHO, U
SIBJISIETCSl OCHOBOM TPAKTHYECKH BCEX COBPEMEHHBIX
METOJIOB  pacueTa  XapaKTepHCTHK  BUXPEBBIX
YCTPOUCTB. Y CTPOUCTBO, B KOTOPOM PEATU3YETCS BUX-
peBoil >(dekT, Ha3pIBacTCs BHUXPEBOH TpyOKOH

(Puc.3.).
A A
e 3
Xon. J 7 l
Coxarbiit 4 N /‘ T
BO3AYX
Yy b3 1 5

2 A

Puc.3 Cxema suxpegoil mpyowi: 1 — 2nadkas yurunopuueckas mpyoka, 2 — maneeHYuaIbHoe COno.
3 — 6xoonasn yrumka, 4 — ouagpaema, 5 — opoccens.
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2.4. BuxpeBoii 3KEKTOPHBIH BaKyyM-HaCOCSBIISI-
€TCs1 OCHOBOIIOJIAr AI0IIM JIEMEHTOM aBTOTPaHCIIOPT-
HBIX 2KEKTOPHBIX HacajkoB. IIpu pabore BUXpeBOro
KEKTOpPa, KaK U B 1IEJIOM BUXpeBOil TpyOsl Panka, mc-
HOJIB3YeTCSl HAIUYUE HEOJHOPOJHOCTH TEPMOTa30.u-
HaMHMYECKUX IIapaMeTPOB ITOTOKA 0 PAANYCy CEUCHUS
paboyero NpOCTPaHCTBA, B YAaCTHOCTH, IOHM)KEHHE
CTaTHYECKOTO JIaBJICHHs B HarpaBieHUH ocu. Bo Bpa-
[IAIOIIEMCSI TIOTOKE PA3JIMYArOTCS JBE OONACTH Tede-
HUS: C TIOCTOSHHOHN IUPKYIIAIHCH (CBOOOTHBIN BUXPB)
U C TIOCTOSHHOM YIJIOBOW CKOPOCTBIO BpallleHUs (BbI-
HY’)KICHHBI BUXPH), Pa3eleHHbIC PaIuyCcoOM BHXpe-
BOTO IIHYpa rb, MpUYeM Ta30BBIH MOTOK MII, IBHXKY-
muiics B HanpBiieHnU AU dy30pa, HETMKOM IPOXOAUT
B 00jacTi CBOOOTHOTrO BUXps. JIBHXKEHUE SBISETCS
OCECHMMETPHUYHBIM, paclpeesieHue ra3oJHHaMHuYe-
CKMX TapaMeTpPOB B pAacUYETHBIX CEYCHHUSX COOTBET-
CTBYET U30PHTPOIIE.

CxeMaTH4YHOE W300paKeHHUE MPOTOYHON YaCTH
KEKTOpa, HIIophI oceBhIX (Ca) 1 okpyxHBIX (CH) cKo-
pocTeli, pacnpenesieHHe MOTOKOB ra3a IMOKa3aHO Ha
Puc.4.

3nech U Jlanee MpUHATHL clienyone o0o3Haue-
HUSL:

T = % - IPUBEJECHHBIN paInycC;

- R - cpexnmii pagmyc BXoja MOTOKa CHXKaTOTro

rasa;

m2
-n= e K03 PHUIIUEHT PKEKIINH;
m

- oi , oi-j - K03hOUIHEHT MOTEepPh MOJHOTO
JIABJICHUS B CEUEHHH | WIIM HA yYaCTKe i-j;

2

- \V = 1 -
XapaKTepU3yIOUIUBETHINHY
o0acTu;

- Q - oTHOCHTENIBFHASI TEMIIEPATYPA,

- A - 6e3pa3mepHasi CKOPOCTb;

- § - pacxoaHas ra3oArHaMu4ecKast (GyHKIHS;

- p — IJIOTHOCTB raza.

T

r=32 - nmapamMeTp,

III/IpKyJIHHHOHHOﬁ

Puc.4 Cxemamuunoe uzobpasicenue 331cekmopa u niopsbl CKOPOCmell 8 pabodem npoCmpancmee

Paccmotpum Tpu pacyeTHBIX cedeHus. Pacuer
nepBoro ceuenusi | mo3posseT onpeaenuTs Gopmy Ka-
HaJIOB TaHTE€HIMAIbHO-0CEBOTO BBOJA M, TIPH U3BECT-
HOM ruromau fc n ¢popMe KaHaJIOB, UX KOJMYECTBO, a
TaKKe yroj HaKJIOHa OCH COIUIA K IFIOCKOCTH TTOTIepey-
HOTO ceueHHs KaMepbl 3aBuxpeHns. Bropoe ceuenne 11
pacronaraercst BOJIM3H cpe3a HrU3KOHAIIOPHOTO COIlIa
B KaMepe CMELIHNS BUXPEBOro aKekropa.Pacuer mapa-
METPOB MOTOKAa B 9TOM CEYECHHH IO3BOJISIET OIpesie-
JIUTh BaKyyMHPYIOILYIO CIIOCOOHOCTD 3)KEKTOpa U J1aB-
JICHUE Ha CPEeH3€ COIlia MacCHUBHOrO MoToka. [laccuB-
HBIH TOTOK BBOJUTCS 0€3 3aKPYTKU U TOAMEIINBAETCS
K aKTUBHOMY NIOTOKY. B TpeThbeM pacyeTHOM ceueHHuH

111, HaxoAsIIeMCsI Ha BBIXOJIE U3 KAMEPhI CMEIIECHHS , B
00JacT CBOOOHOTO BUXPSI MPOTEKAET CMECh AKTHB-
HOTO U MMACCHBHOTO TOTOKOB. JIJisl ompeenieHus rpa-
HUIIBI CBOOOMHOTO BUXPSI UCIOJB3YETCS YpaBHEHHE,
MOJY4YEHHOE U3 YCIOBUS MUHUMU3AIIUU CKOPOCTH Ta3a
Ha BHYTPEHHEH rpaHUYHOM TPyOKe TOKa:

k+1l

Ha Puc.5.mpuBenena 3aBucumocTth K03 uiu-
€HTa KEKIIMUNOT MPUBEAESHHOTO MOTOKa Pa.

; ]

9 -

417 af P
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408 ;/ /L/{ -
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3. AJITOPUTMBI
IKEKTOPHOI'0 HAaca KA

B BuxpeBoM 3keKkTOpe - B KPYIOBOM IOTOKE
OKpPY>KHYIO CKOPOCTb ra3a, paclpoCTpaHsIIONIyIoCs Ha
BCE MEHBIINH PaJyC, MOXKHO JIOBECTH JI0 OJIM3KOH K
MaKCUMAaJIbHOM CKOPOCTH U TEOPETUYECKU IOIY4HUTh
KaKoe yroJHO HU3KOE JaBI€HUE HA OCH NOTOKa. Bux-
PEBO# 2KEKTOP, B CYIIHOCTH, MTPECTaBISIET COOO0I ca-
MOBaKyyMHTyIoUytocs TpyOy. Ecim k BuXpeBOomy
KEKTOPY TOJIACTCs CXKATHIN ra3 ¢ aOCONIOTHBIM IaB-
nenuem P01, remneparypoit TO1 u cekyHAHBIM Macco-
BBIM pacxonoM ml, a u3 auddysopa ra3 BEITEKaeT B
OKPYXKAIOLIYI0 Cpely ¢ 6apOMETPUIECKUM JIaBICHUEM
Pa, To cremeHp pacmMpeHHs IMO0AaBaEMOI0 CXKaTOro
(axKTHBHOTO0) Ta3a B BUXPEBOM 9KEKTOPE OMpeaesIeTcs
kak: T = P01/ Pa . Ecin oTBepcTue auadparmsl coequ-
HEHO C BaKyyMHpPYEMOH MarucTpaybio, abCoIOTHOE
JaBneHue kotopoit P02, remnepatypa T02, maccuBHBIH
ra3 U3 MaruCTpaJii 3aCaChIBAETCS B BUXPEBOH MKEKTOD,
cxuMaeTcs B muddy3ope arMocepHOTO NaBICHUS U
BBIOPACHIBACTCSI BMECTE C aKTHBHBIM ra3oM u3 quddy-
30pa B atmMocepy. CTeneHb BaKyyMHPOBAHUS ITACCHB-
HOTO ra3a OMpeessIeTcss CooTHouieHueM: n = Pa /
P02. Bropoii Ba)kKHOM XapaKTePHUCTUKOM SABISIETCS KO-
3G GUIMEHT KEKIMK N, TPEACTABISIONUA cO00H 0T-
HOIIICHHE CEKyHJHOI'O MaccoBOTO pacxoja m2, mac-
CUBHOI'O Ta3a K CeKyHIHOMY MacCOBOMY pacXoqy ak-
TUBHOTO raza ml: n=ml /m2.

PaccMOTpUM ynpoLIeHHBIH pacyeT 3KEKTOPHOrOo
Hacanka s IBC coopeMoM mmmmHApa Q W 4UCIOM
060poToB n npu ckopocth nBwkeHns V. Ecmm IBC B
MHHYTY BbIOpackiBaeT G rasa, a JuaMeTp BBIXJIOITHOM
TpyOBI paBeH dTp, TO CKOPOCTh MCTECUCHUS BBIXJIOI-
Horo ra3a u3 Tpyosl: VBr = Q/Ftp. [IpoBenem omeHKy
OCHOBHOT'O T€OMETPHUYECKOTO MapaMeTpa »KEKTopa o,
PAaBHOIO OTHOLICHMIO IUIOLIAJIEH BBIXOJHBIX CEUCHMM
coren aus »Kektupytomero Flu amkekrupyemoro F2
ra3oB (Puc.4.— ceuenus [ u I1): o= F1/F2, co3maroriero
MaKCUMaJIbHOE pa3psKEeHHEe Ha Cpe3e ITUX COIed, T.e.
Ha BBIXOJI€ B KaMepy cMelleHus. Bennuuna paspsixe-
HUSL BO BXOJHOM CEUYEHHU CMECHUTEJIBHOW KaMepbl

10 3 f?\

pacuera BHUXPEBOT0O

Pt

\ &

3KEKTOPHBIH HAacaloK padoTaeT cieayomumM 00-
pa3oM. BrixionHble ra3sl ABUTaTENsl aBTOMOOMIIS Ue-
pe3 BBIXJIONHYIO TPYyOy 5 ¢ KOHYyCHOH 00Ko# 6 u 11u-
JTUHIPUYECKIH MaTpyOOK Hacagka 4 MomagaroT B Ipo-
TOYHBIE KaHAIHI 7, cPOpMUPOBaHHEIE IEPEXOTHUKOM |
U YCKOpPHUTEJIEM BBIXJIONHBIX ra3oB 2. IIpu Bxome B

onpenensercs u3 cootnomenus: Ap = Pu — POl = (pBr
-V28r) /2 - (a2 n? W?), rae PH - naBieHie HaOETarOIIero
MOTOKA BO3/yXa,

pBr, VBI - IUIOTHOCTh M CKOPOCTH BBIXJIOITHBIX
ra3oB,N - K03QGUITUCHTIKEKIIUHN, PABHBIA OTHOIICHUIO
KOJIM4eCcTBa M2, KEKTHPYEMOTO K KOJIW4YecTBy Ml
PKEKTUPYIOIIEro ra3os, N = m2/ml,w = Vu / VBr -
K03 (UIMEHT  CKOPOCTH, paBHBI  OTHOLIEHHUIO
CKOpOCTH  Ha0eraromero  ImoToka  (CKOpOCTH
aBTOoMOOMIT) VH K CKOPOCTH BBIXJIOITHBIX Ta30B VEBT.

B 10 e Bpems KO3 OUIHEHT IKCSKITHH:

_ y(1+%)\/2a+a2(y2—1)+(1+a2y)w2—1—y2 _

- 1+a?y? » TACY =
F3 (F1 + F2), F3- miomanap BbIXOJa M3 KEKTOPa
(Puc.4. — ceuenue I11). Ucnionb3yst npuBeeHHbIC BbIIIE
3aBUCHMOCTH, OIIPE/ICIIIM:

n = f(aw) u AP=Pu - Per =f(aw).

Bumao, 9rto KOXQOUIMEHT  KEKIHH  C
YBENIMYCHHEM (¢ TaNaeT, a ¢ POCTOM (W BO3PACTaeT.
Hacanmox obecrieunBaeT He00X0AUMOE pa3psDKEHIE Ha
BBIXO/I€ M3 BBIXJIONTHOM TPyOBI JJIsl YKa3aHHBIX BBIIIE
rapamMeTpoB IIBUraTeis U PEeXHMOB ero padoTel, a
MMEHHO: - BIMSHHE JTHA KOHYCa Ha BBIXJIONE TPUMEM
P=(Pb — Pa)/(per-V?er)/2, rne Pa — armocdepHoe
napienue, Pb — naBnenue okono nHa KoHyca. D10
HECKOJIBKO MEHBIIIE pa3psuKEHHS, TOTyJaromIerocs mpu
00TeKaHNH KOHYCOB, YIUTHIBAs TO, YTO BBIXJIOIMHBIMA
ra3aMm KOHyC oOOTekaeTrcss He IO Bceld ero
MOBEpXHOCTU. JlOMyCTHM TpUMEM TeMIepaTypy
BBIXJIONIHBIX T'a30B paBHOM T, Torma U3 ypaBHEHUS
COCTOSIHMSI Ta3a MMeeM IUIOTHOCTh ra3oB per = Pa /
gRTwu Bemuuuny paspspkerus P02 = Pb — Pa = - per
‘V?/2.

Takum o0OpazoMm, JUIs MPHUHSTOTO BBIIE PEXHMA
paboThl  ABWTATeNsl, MCHONB3YS TOJNBKO 3PQEKT
KEKIUH, MOXKHO OKHJIATh BEJIMYMHY Pa3psDKEHUs Ha
BBIXJIONE, paBHYIO PO2.

2. KoHcTpyKIMsi 3:KeKTOPHOT0 Hacajka

KoHCTpyKTHBHAs cxeMa OIHOTO W3 BapHaHTOB
»KEKTOPHOTO HacaJKa IpecTaBiieHa Ha Pic. 6.

Nadezarwuvi
nomox fpsdyxa

Puc.6. Koncmpyxmugnas cxema 95cekmopHo2o Hacaoka

coIUIo 3 OHHM yBIEKArOT 3a cOOOW BO3/1yX 4epe3 BO3-
JlyIIHbIe KaHaJbl Hacazka 9 ¢ comwtom 11 u ganee uepes
ammapaT 3aKpyTKH IOToka 12 - o0pasyst Takum oOpa-
30M BUXpeBOH kekTop. Ilo 3akoHaM a’poIMHAMUKU
Ipy OOTEKaHWH Ta3aMH M KEKTHPYEMBIM BO3ILyXOM
OCHOBaHHS KOPITyca - HA HEM BO3HHUKAET IMOHWKEHHOE
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JaBJIeHHE, KOTOpOE MOAJEP)KHBACTCS IIOTOKOM BBI-
XJIOIHBIX Ta30B ¥ JOTIOJHUTENEHO 3KEKUPYEMBIM BO3-
JYXOM TpH JIBIKeHHU aBToMoOuist. Kpome toro, 1o-
HOJIHUTEIIHOE pa3psDKeHUE K OCHOBAHUIO KOHYca 8 10-
0aBJIsieT 3aKpY4EHHBIH TTOTOK BHXPEBOTO KEKTOpA -
MOHIKEHHOE JaBJIEHHE OH CO3/1aeT B LIEHTPAIbHOM ua-
CTHU 3aKPY4EHHOI'O II0TOKA CMECH ras3a u Bo3myxa. Jlis

9TOH K€ e COoIuIo 3, mepexoasmiee B coruio Jlapans
10, BBIITOTHEHO B BU/I€ YCEYCHHOTO KOHYCa C MajIbIM
YIJIOM CY>KEHHUs 10 XOJy ABMKEHHs IO0ToKa raza. Ha
Puc. 7. npencraieHbl BapuaHThl 3)KEKTOPHBIX Hacal-
KOB.

9)
Puc.7. Docexmoprule nacadku onsi: a — BA3 2106, 6 —Oka, 6 — momoouxks, e — 2opoockou aemobyc «Uxapycy,
0 — peunou bykcup, e — mpakmop «benapyco 2022»

5. HcciaenoBanusa  padoTbl  BHXPEBOIo
IKEKTOPHOT0 Hacaaka. VccrienoBaHus POBOAUIIIICH
B J[Ba dTara:

CTEHJIOBBIC - HA MOTOPHOM CTEH/I¢ KOMIUIEKCHOM
aBTOMaruueckoii ycraHoBku SAK-N670,

HaTypHBIE - Ha aBTOTpaccax.5.1.

IIpu uccnenosanuu JIBC Ha cTeHnax ux xapakre-
PUCTHKH NPHHATO Pa3AeisaTh Ha TPU Kilacca: CKOpOCT-
HBIE, HArPy304HBIE U PETYJIMPOBAYHBIE.

e

IIpn mpoBeneHMM CTEHAOBBIX 3KCIIEPUMEHTAIb-
HBIX MCCIIEJOBAHUSX (PUKCHPOBAINCH: - TOKCMYHOCTD
BEIXJIONHBIX Ta30B (CO, NO), kpyTsii MoMeHT MKp,
pacxop tormBa Gr, TemMIepaTypa roJoBKH 0JIOKa Id-
muuapoB Tu, nasnenue macna PM, o KOTOpeIM pacuu-
ThIBAIUCH Y pekTrBHAs MOLTHOCTH Ne U 4acoBOii pac-
xop tomnuBa GT. OCHOBHBIE MaTepHallbl HCCIeI0Ba-
HUIA BUXPEBOro kekropa s asurarens BA3-2103
npejacTaBieHbIHa pucyHKax &, 9, 10, 11.
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5.2. HatypHble HCIBITaHUS BHXPEBOH 3KEKTOP-
HOM YCTaHOBKU NPOBOJMINCH KaK CPaBHUTEIbHBIC B
IBa sTana. CHavaIanpoBOUIOCh CHATHE 0a30BBIX Xa-
pPaKTepUCTHK nBuraresis. ABTomMoOmwi» BA3 -
2106(Puc. 12.) ¢ 3aBOACKHMHU PEryIHUPOBKAMHU TIPOEC3-
KaJl OTOBOPEHHBIM MapIIpyT CHa4Yaja B OJHOM, a 3aTeM
B JIpyroM HarpasieHud. [Ipu aToM n3mepsiicst ypoBeHb
mryma npudopom BIIIB-3 mo meronuke, yka3zaHHOH B
[pasmrax ESK OOH Ne51 (. 3.1 n 3.2 mpunoxxeHns
3), 9acToTa BpalIeHUs] KOJICHYAaTOrO Baja M3MEpPSIach

npudopom [TMAM--21 ¢ nuranueMm OoT OOPTOBOM ceTn
ABTOMpPOOHIIS, YPOBEHb TOKCHYHOCTH BBIXJIONHBIX Ta-
308 (CO, CH, CO2) npudopom [ MAM—29M--3, a cko-
POCTh JBIXKEHHSA aBTOMOOWIS U IIPOHAEHHBIN MyTh
KOHTPOJIUPOBAIACH IITATHHIM aBTOMOOMIIBHBIM CITHIIO-
MmetpoM. Iocie cHATHA 6a30BOI XapaKTEpUCTUKH, HA
aBTOMOOWIJIb YCTAaHABJIMBAJICS BUXPEBOU KEKTOPHBIN
HacaJoK 1 UCTIBITAaHHS TOBTOPSUTICH B TOM K€ MOPSIIKE
0 TOMY K€ MapHIpyTy. Pe3ynbTaTsl HCOBITaHUN — B
Tabmmnax 2, 3, 4, 5.

* e - s
Puc. 12 Asmomobuns BA3-2106 c suxpegvim 321ceKmMopHbiM HACA0KOM

be3 nacagka
Tabmuna 2

NeNe Ckopoctb, Km/u Pacxon, 1/100 km O060poTHI ABHTaTENsI, 00/MUH

1 60 7,3 1920

2 62 7,3 2000
NeNe Ckopoctb, Km/u Pacxon, 1/100 km O060poTHI ABHTaTENsI, 00/MUH

1 100 9,1 3160

2 100 9,3 3200
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C nacaakom
Tabauma 3
NeNe Ckopocth, Km/u Pacxon, 1/100 km O00poTHI IBUTATENS, 00/MHH
1 80 7,2 2560
2 80 7,3 2560
NeNe Ckopocth, Km/u Pacxopn, 1/100 km OQ00poTHI ABUTATENS, 00/MHH
1 100 8,4 3200
2 100 8,42 3200
HN3mepenus myma
Tabnuna 4
O60poTHI ABHTA- Hanpasseriie ot ocu CpenHee 3HauCHUE
HcnpiTanne 0 45 90
e, 6/vuH Yposens myma, nba | YpoBeHs myma, nba | YpoBess myma, nba YPOBHS LyMa, 153
Bes racaka 800 65,0 66,7 66,8 66,3
2000 77,4 77,6 78,4 77,8
C Hacazkom 800 61,2 62,2 63,1 62,16
2000 74,1 74,5 75,0 74,12
H3mepenne BriopocoB CO
Tabmuma 5
Oxcup yriepona, o0beMHas 10751, %
Bes nacanka 1,8
C HacagkoM 1,35
YMeHblIeHne 25%
BriBoabI BBIXJIOIIBIX T'a30B aBTOMOOWMIIS: MPOIICHTHOE CO/IepIKa-

BuxpeBoil 3KEeKTOpHBIH Hacagok 1mo 3¢hdexTus-
HOCTHU NPEBOCXOAUT aHAJIOTUYHBIC U3BCCTHBIC yCTpOﬁ-
ctBa (ITarent EIIB mo 3asBke Ne 0323039 MKU F 01
N 1/08; ITarentr CCCP Ne1544996 MKU F 01 N 1/08;
[Matrent CCCP MKHU Ne1460375 MKU F 02 B 27/04;
[Marent ®@pannuu Ne2644510 MKU F 02 B 27/04; Ia-
teHT Snonum Nel048378 MKU F 01 N 1/08), T.k.,
KpPOME CHIDKCHHSI TOKCHYHOCTH, YMECHBIIAET YPOBEHb
IIyMa BBIXJIOINA, TTOBBIIIAET MOIIHOCTH JBHTATENs U
9KOHOMHUT TOIUTMBO, HE BBI3BIBACT JIOMOJHHUTEIBHBIX
THIPABINYECKUX MOTEPh B CHCTEME BBIXJIONA M UMEET
MPOCTYI0 KOHCTPYKLHMIO M HHHU3KYIO CEOECTOMMOCTS.
CTeHI0BbIC U XO/IOBBICUCTIBITAHNS HA ABUTATEISIX a/M
BA3 nonrBepannm 3G QekTuBHY0 paboTy Hacajka B
HIMPOKOM JMala3oHe YacTOT BPAIEHUS KOJEHYATOro
BaJIa JIBUTrATeNlsl W yrila OTKPBITUS APOCCEIBHOU 3a-
ciioHKUIO npu 3TOM paboOTOCIIOCOOHOCTD IBUTATENs HE
yXy/IIAeTCsl BO BCEM JIMana3oHe ero padotsl. Mcmbita-
HUS HacaJKa, yCTaHOBJICHHOT'O Ha JBHTarese ¢ pabo-
yuM 00bEMOM ~ 1540 cm?, mokaszanu yBennueHue 3¢-
(hekTHBHON MOIIIHOCTH IBUTATEIS 10 12% 1 CHIKEeHNE
4acoBoro pacxofa TommmBa g0 20% mpu oboporax
2000+4000 06/MuH, COOTBETCTBEHHO. Beaencraue 00-
Jiee KaueCTBEHHOTO0 CrOpaHusi rOproueil CMecH B Ka-
MEPEC CTOpaHud ABUTATEIA, YMCHBIIACTCA TOKCUYHOCTD

uaue CO mpu 3ToM cHmkaetcs 10 10%, a CH - mo 15%.

BuxpeBoii 35)KkeKTOpHBII HacalloK HE UMEET aHaJIo-
T'OB B MHUpE, a TexHoJorus 3amuiieHa [latenrom PO Ne
2548330 MKU F 01 N 1/08, F 02 B 27/04. Tlpu coot-
BETCTBYIOLIEH KOHCTPYKTHBHOW M (YHKIIMOHAILHOMN
JIOpabOTKe, BHUXPEBOIH 2)KEKTOPHBI HacaloK BO3-
MOJKHO HCIOJIB30BaTh BMECTO HEKOTOPBIX JIEMEHTOB
IITaTHOTO aBTOMOOMIIBHOTO TITYIINTEIIS.
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