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BUOJIOTHYECKHN AKTUBHBIE ®TOPOPI'AHUYECKHUE
COEJUHEHUA

10 B.K.}, Typa6aesa JI.2, MaxaroBa A.?, Axmecaabik 0.2, Maamakosa A.E.},
Ten A.10., Ipanues K. /1.1
Y40 «Huemumym xumuueckux nayx um.A.5. Bexmyposay
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Ob630p noceawen xumuu @mopcodepxcawux OUOIOSUYECKU aKMUBHBIX OPSAHUYECKUX Beuecms.
Tlokasano, ymo npoMblULIEHHAS OOCMYNHOCMb (DMOPCOOEPHCAWUX CUHMOHOB BbI36AT PE3KULl BCNIecK
pazsumus  Xumuyu  PmopopeaHuteckux — aeKapcmeenHvlx — cpeocme. Ha — npumepe  uszgecmmvix
aHmMubaKmepuaIbHolX, NPOMUBOSUPYCHBIX NPENapamos nPoOeMOHCMPUPOBAHA YelecO0OPAZHOCHb 3aMeHbl
amoma 6000poda Ha amom ¢mopa unu neppmoparkuivHuli gpaemenm. Hatioeno, umo kpome ycuieHus
AKMUBHOCMU, CHUNICEHUS MOKCUYHOCMU 3a4acmylo HaOI00aemcs pacuiupenue cnekmpa OUuoI02udecKoll
akmusnocmu. Ha npumepe psoa nexkapcmeenuvlx npenapamog O07s JedeHus NCUXUHEeCKUX 3a001e6aHull
nokasa «ponvy ¢pmopa. Paccmompenvl nymu u nooxoobl NOIYYeHUs PA3TUYHbIX PMOPXUHONIOH08. Beedenue
6 MOJNEeKYIbl Op2AHUYecKUX COeOUHeHUll dmopcooepHcUUx 3amecmumenell obecneuugaem Hogvle
B03MOICHOCU OISl YENEHANPABTIEHHO20 CUHME3d IPHEKMUBHBIX 1eKAPCMS.

Kniouesvie cnoea: @mopcodepoicawue  Ouonocuuecku — aKmueHvle — OpeaHudecKue — 8ewecmad,
@mopxunononvl,  Memoovl  Ccunmesd  (PMOPXUHONOHO8.  AHMUOAKMEPUATbHAS, — NCUXOMPONHAS,
nPOMUBOPAK08as AKMUSHOCMb

Llony ¢mopavt Ouonocusnvly 0enceHOi OpeaHUKATbIK 3ammap XUMUACHIHA apHaiean. Dmopiavi
CUHMOHOAPObIY OHEPKICINMIK KOJIHCeMIMOLniel (Bmopopeanukaivl OdpiliK 3ammap XUMUSCHIHA eneyii
eseepic akenzendici kopcemineen. beneini baxmepusea, supycka Kapcobi Npenapammap MulCaiblHOA cymezi
AMOMbBIHLIY (PMOP AMOMBIHA HeMece NepPMOpaAnKundi (pazsmenmine MaKcammosl mypoe ayvlCmblpbliybl
Kepcemineen. bencendinixmiy xyweroi, yolmmoliblKmoly memeHoeyimen Oipee OuoI02UsIbIK OelceHOiniK
aimazbinbly Kenerol dicui bauxkaiamolHol mabwvliean. Omopovly «poniy NCUXUKATLIK aypyaapobl eMOetmin
0apiniK npenapammap Kamapvl Mvlcaiblnoa kopcemineen. Typai pmopxunonunoep anyoviy H#oadapvl men
macinoepi Kapacmulpuli2aH.

Tipex co30ep: ¢mopnvl  OuonocusnblK,  OENCEeHOI  OP2AHUKANLIK — 3ammap,  QMOPXUHOIOHOAp,
mopxunonondap cunmesoey adicmepi, daxkmepusiaa Kapcvl, NCUXOMPONMbL, ICIKKe Kapcbl 0enceHOLNIK,
VoIMMbLIbIEbL, HMOPIbL 0aPi-0apmermep.

The review is devoted to the chemistry of fluorine-containing biologically active organic substances. It
had been foundthat the industrial availability of fluorine-containing synthons caused a sharp surge in the
organofluorine drugs chemistry development. On the example of known antibacterial, antiviral drugs, the
expediency of replacing a hydrogen atom by a fluorine atom or a perfluoroalkyl moiety has been
demonstrated. It had been found that in addition to intensifying activity, reducing toxicity, an expansion of
the spectrum of biological activity is often observed. On the example of a number of drugs for the treatment
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of mental illnesses, the "role" of fluorine has been shown. The ways and approaches of obtaining various
fluoroquinolones are described. The introduction of fluorine-containing substituents into molecules of
organic compounds provides new opportunities for the target synthesis of effective drugs.

Keywords: fluorine-containing biologically active organic substances, fluoroquinolones, methods for the
synthesis of fluoroquinolones, antibacterial, psychotropic, anticancer activity, toxicity, fluorine-containing
drugs.

dTopcoaepxkaliye JeKapcTBEHHbIE CPEACTBA CTalM NMpUMEHAThCs 60 JeT Ha3ad, B YaCTHOCTH
cunresupoBanubiii raotan (CF3CHCIBY) okazancst HeTOKCHYHBIM aHecTeTUKOM. OOHAPYIKEHO, UTO
BBeJleHHE (hTOpa B MOJIEKYJy CTEPOHIHBIX TOPMOHOB PE3KO YCHJIMBAET €€ aKTMBHOCTh. JTO JAJO0
TOMYOK POCTYy YHCIA TNPUMEHSAIOIMXCS B MEOUIMHCKOH MpPaKTUKE (PTOpCoaepKaiux
JICKApCTBEHHBIX TIPENapaToB. YCHEXHd CHHTCTUYECKOH XUMHH (TOPOPraHMYECKHX COCIMHEHHN
JeNaloT MHOTHE (TOPUPOBAHHBIE CHHTOHBI JOCTYIHBIMH, HMPOH3BOIMMBIMH B TPOMBIIIJICHHBIX
macmTabax. 3To, B CBOIO OuYepelb, CIOCOOCTBYET WHTCHCUBHOMY pPa3BUTHIO XHUMHHU
(bTopcoepKalix JeKapCTB.

B Hacrosiiiee BpeMsi BBISIBIICHO BIIMSHUE Ha OMOJIOTMYECKYI0 aKTUBHOCTH 3aMEHBI BOJIOPO/a Ha
¢dbTOop B MOJEKyJax OpraHUYecKUx coenuHeHuil. Ho, HecMOTps Ha 3HAUMUTEIbHBIC YCIEXU, XUMUS
OMOJIOTMYECKH aKTHUBHBIX COEIWHEHUN (TOpa HAXOJUTCS TOJBKO B Hadajie CBOEro MyTH.
KonngectBo myOnukanwii v, B IEpBYIO O4epelib, TATEHTOB B 3TOM 00JIACTH OBICTPO YBEIHMYUBAETCH,
0COOEHHO 3HAYUTEIBHOE YHCIO HUX OTHOCHUTCA K apOMAaTHYECKHUM W TeTePOLUKIMYECKIM
COEMHEHUSM C (PTOPCOACPIKAIMMHU 3aMECTHTEIISIMH.

WHTepecHble MCCIe0BaHUS TPOBEICHBI MO OIMPECICHHI0 MECTa BBEIEHHUS aTOMOB (Topa B
o0afarony0 OHOJIOrHUECKOH aKTUBHOCTBIO MOJIEKYITY, MAJIO CKa3bIBAIOLIEMYCsl HAa €€ KUCIOTHO-
OCHOBHBIX M JIPyTHX CBOMCTBax, BCJIEJCTBHE YEro OPraHU3M HE MOI Obl OTIMYHUTH CoOJeprKallee
aToM (propa coelMHEHHE OT €ro aHajora M ycpampathk ero. Ha npuniune «3¢p¢pexra MacCKupOBKI»
OCHOBaHO CO3JlaHHe BEIIIECTB aHTUMETa0O0JUTOB — n-propdenunnananrna
(n-FCeHsCH2CH(NH2)COOH),  5,5-tpudropneiiniuna  —  CF3CH(CH3)CH2CH(NH2)COOH,
KOMITOHEHTOB HYKJIEMHOBBIX KHCIIOT, B YaCTHOCTH, S-(TOpypannia, yCIenHO KOHKYPUPYIOIIHE C
€CTeCTBEHHBIMH MeTaboiuTaMu. OKa3anoch, 4TO 3aMEHa IMOCIEAHUX B OMOJOTHYECKUX CHCTEMax
ux (Top-aHaTOraMM Ha OJHOW M3 CTaauil MeTabOJIM3Ma MPUBOJUT K MHTHOMPOBAHUIO MPOIIECCOB
KHU3HEIEATSIILHOCTH MaTOJIOTHYECKIX KJIETOK, MIPUOCTAHABINBAET UX  pa3BUTHE.
a-Terparuapodypun-5-gpropypauun — mpemnapat  ¢gropadyp, MUPOKO MPHUMEHSETCS B
MPOTHBOPAKOBO# Tepanuwu [1].

W3BecTHO, 4TO BBEAeHHE (PTOpA B MOJIEKYJY U3BECTHBIX JEKAPCTBEHHBIX MPENapaToB MPUBOJUT
K 3HAUMUTEIIbHOMY YCHJICHMIO WX JeHcTBHs. Jloka3zaHO, YTO NpHUMHON JeueOHOro sddexra
SIBJIIETCS YBEJINYEHHUE )KUPOPACTBOPUMOCTH (JTUNO(UIBLHOCTH) aKTUBHOTO CyOCTpaTa, B pe3yJjbTare
Yero OH JIeT4Ye MPOHUKAET Yepe3 KPOBSIHOW 0aphep MO3Ta U JIETKO JIOCTUTAET EHTPAIbHON HEPBHOU
cucteMbl. s JIeUeHWs] «IYIIEBHBIX OOJIE3HEH» WCMOIB3yeTcsl OONBIIOe  KOJIHYECTBO
JICKApCTBEHHBIX TIpEnapaToB, KOTOpBIE cojepxkar arombl (ropa. Okaszaaoch, 4TO HaIWYHE
nepdropankuiabHbeIX Tpynm, B ocobeHHoctn CF3 rpymmbl, obecrieunBaer Oojiee CHIIBHOE U
MPOJOIDKUTENIBHOE AEUCTBHE MpenapaToB. B HacTosee BpeMs /Uil yCIIOKOSHUSI HEPBHOM CHCTEMBbI
UCMOJB3YIOTCS MpenapaTsl Ha OcHOBe (eHoTHa3uHa. Tak, Tpu(TOPMETUIMPOBAHHOE TPOU3BOTHOE
coy poMasuHa 5 pas oosiee 3PPEKTHBHO, YEM caM ITPOMasHH [2].

[IpousBonubie 2-TpudTopMeTiiihPeHTHa3nHA, COJAEpKAIIME y aroMa a30Ta O-TUHaJIKHIaMHUHO-
WU  TUNEpa3suHWIbHBIE OCTaTku — TpudrasuH, dropdenasun, QropdheHasnH-aeKaHoaT
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UCTIOJNB3YIOTCS VISl JICUSHHSI IU30(PPEHUH U IPYTUX 3a00JIeBaHUI IIEHTPaJIbHOW HEPBHOI CHCTEMBI

2.

S

N CF,
CH,CH,Y

Hekortopble  HecTepouiaHble  (TOpCOJACpIKAIIME  IPOTUBOBOCIAIUTEIBHBIC  Iperaparhl
CYIIECTBEHHO MPEBOCXOAAT AaCHHMPHHIIO TMPOTHBOBOCHAIMTEIBHOW aKTUBHOCTU. Hampuwmep,
¢durymuzon BaBoe npeBocxoauT (eHmnOyrazon [2]. modeHamuHOBas U HUGIIyMOBAsT KUCIIOTHI,
UMerolHe TPU(GTOPMETHIIBHBIN (parMeHT, OTHOCATCS K MPOTUBOBOCIIAIUTEIBHBIM HECTEPOUIHBIM
npernapaTam.

| u | = \’—CHzPh
X N N
N Ny _NH

S
H,NO,S Y
¢dmrodenamuHOBas KUCIOTA HUGITyMOBAs KHCITOTA g \\O

OeHIpodIyMETHAZHT

K  MommbIM  OuypeTMKaM  MOXHO  OTHECTH  TPHU(PTOPMETWIBHBIE  IPOU3BOJHBIC
1,2,4-6eH30THanna3nHa, HampuMep, MAJOTOKCUYHBIM OeHapodiayMeTHasua, HOPMaIU3yHOIIUil
COJIEBOM OanaHc opraHusma.

0 CH,OH

NH CF (CHOH);

| CH,
@) R N N o
CH,OH 1057
0 HYKJICO3U]T ’

5-TpuTOpMETIITY paLHII R 15\1 7 NH

(0]
Ol R = CF; CH; CI; R'=CF; CI

M30QJUTOKCA3HHBI

3aMeHa METUJIBbHOM TpYIIbl Ha (TOPMETWIBHYIO B MOJIEKYJIETUMUHA WM B OJHOW MIM 000MX
nByx CHs-rpynn pubodrnaBmHa mnpuBena K TpenaparaM, o0OJaJaloUIMX MPOTHBOBUPYCHON
akTUBHOCTHIO [3, 4]. Hykmeo3un S-tpudropmermmyparmia ¢ (parMeHTOM 2-Ie30KCHPHOO03BI
YCBAaMBAETCs OPraHu3MOM M 00pa3zyeT JIOKHYI JI€30KCUPUOOHYKIEHMHOBYIO KHCIOTY, AITHM
OOBSICHAETCS ~ €r0  BBICOKASKAHIIEPOJIWTHYECKass W TMPOTUBOBHPYCHAsT  aKTHBHOCTE.
«TpudTopmeTHibHBII» pubO(hIaBUH ABISETCS aHTAarOHUCTOM BUTaMuHa B2, nHrubupyromuii poct
MOJIOUHOKUCTBIX OakTepuit [5]. Hambompmuii sddekr oOHapykeH y aHalora, CoJepKallero
rpynny CFs B momoxenun 8. CHIBHBIMH aHTaroHMcTamMu pubodiraBuHA  SABISAIOTCA
10-puOUTHANIPON3BOIHBIE XJIOPTPUPTOPMETUI- U TUTPUPTOPMETUI-U30AJUIOKCA3UHOB, CpEIU
KOTOPBIX 00HAPYKEHO MPOU3BOIHOE C 3HAUYUTEIBHBIM IPOTUBOBUPYCHBIM JCHCTBUEM.

IIpy HampaBIEHHOM CHHTETHYECKOM JH3ailHE JIEKapCTBEHHBIX IIPENapaToB, CBS3aHOM C
BBEJICHUEM B MOJIEKYJTy (QTOpcoAepKalluX 3aMeCcTUTeNe HEeOoOXOQMMO CTpOro cieIuTh 3a
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CTENCHBIO YBEIMYCHHS JUMOPHILHOCTA COCIMHEHHS, HE JOIMYCKas MPEBBIIICHUS ONTHMATbHOU
BCJIMYMHBL. SIPKUM TNpUMEpOM SIBJISIETCS CHUHTE3 NPOM3BOJAHBIX (ropadypa, coluepKalux B
TeTparuipodypanoBom Koublie B nooxxkeHuu 2 rpynmbl CFs u C(CFa3)a.

0
}—NH
RON 0
o) _
R=H, CF; C(CF;); F

MPOM3BOJIHBIC hTOpadypa

Oxasanoch, 4TO 3TH COCOUHEHHS HE O0JIaTaidi HU MPOTUBOPAKOBOH, HH IMPOTUBOBUPYCHOM
AKTUBHOCTBIO. DTO CBS3aHO C UX YPE3BBIYAMHO BBHICOKOW TUMOPHIBHOCTHIO, paBHOM anst CFz — 2.8,
a mis C(CF3)z — 3.7. OnTuMaibHbIM Ui TPOTHBOOIYXOJCBBIX BEIIECTB 3TOr0 THIA CYUTACTCS
kod(urmenT, 6m3Kui K 1.

AnTHOAKTEpUATEHON AKTUBHOCTHIO o0aarT TPU(PTOPMETHIITIPOU3BOTHBIC
5-hbennnmzorrazonmi-4-GpopmMamMuI0 ) ICHUIINIUIAHOBOW  KUCIIOTHL.  Psii  THA30JIMHIIMPUMUINH-5-
OHOB, UMCIOIIHE TPUPTOPMETUIHLHBIA 3aMECTUTEIIb, 3aIIATCHTOBAHBI KaK aHAJBT € TUKH.

HefiponenTukuranonepumaon, JIpONepHaoi, MEINepOH UMEIOT B COCTaBE  MOJICKYIIBI
¢bTOopOEeH30MITBHBIH(PATMEHT.

l'anonepudon — aHTUICUXOTHUK, SIBISETCS MPOU3BOAHBIM OyTupodeHoHa. OH pazpaboTaH u
ucneiTad B 1957 r. B Genbruiickoii kommanuu Janssen Pharmaceutica [6]. Ero mpumensror mpu
mU30pPEeHNH, MaHUAKaJbHBIX COCTOSHUSAX, OpENOBBIX pacCTPOMCTBAaX, MPH AXUTUPOBAHHBIX
JETPecCcusik, OTUrohPEeHUYECKUX, UHBOIIOIUOHHBIX, SMUIECOTH(OPMHBIX, AIKOTOIBHBIX MCUX03aX
U JApyrux  3a00NeBaHUSX,  COMPOBOXKIAIOMIMXCA  TAUTIONUWHAIUSAMHU,  TICUXOMOTOPHBIM
BO30YKIeHHEM. B ciydae aaKOTONBHOTO JACIUPHS CO 3PHUTEIBHBIMUA TAJUTFOI[MHAIMSIME 10T
BIIUSTHUEM TaJIONepU0Ia ObICTPO HACTYIAeT MOTOPHOE YCIIOKOSHUE M MCUE3AI0T TaUTIOIIMHAIIHH.
CymrecTByeT IpOJIOHTHpOBaHHAs (hopMa IMpemnaparta rajonepuoia — ACKaHOAT, C BO3MOXXHOCTBIO
OJTHOKPATHON MHBEKIIMU OJIMH Pa3 B 4 HEJICTH.

O
HO

raJIonepuaon

/lponepudon — HENUPONENTUYECKOE JIEKApCTBEHHOE CPEICTBO M3 TPyINIbl OyTHPO(EHOHOB,
OKa3bIBaeT OBICTPOE, CHIIbHOE, HO HEMPOJOJDKUTENbHOE AelcTBHE. DPQPEKT MpU BHYTPUBEHHOM
BBEJICHUU MpOsBIsieTcs depe3 2—5 MuH, Jocturaer makcumyma uepe3 20-30 mun. [leiictBue B
3aBUCUMOCTH OT J03bl Ipojaoipkaercs Jo 2-3 4. Ilpemapat mnoreHuumpyer paeicTBue
aHAJbIeTUUYECKUX W  CHOTBOPHBIX cpelcTB. JlpomepuaonobiagaeT MPOTUBOLIOKOBBIM U
NPOTHBOPBOTHBIM ~ CBOWCTBAaMHM, OKa3blBaeT  (-aJpCHOJIMTHUYECKOE JICHCTBHE, OJIOKHpYET
LIEHTpaJIbHbIEe 10(aMUHOBBIE PELENTOPhI U HE 00J1a1aeT XOIMHOIUTHYECKON aKTHBHOCTBIO.
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H
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F
APONEPUION

Mennepon [7] sBIMETCS ATUNUYHBIM AHTUIICUXOTUYECKHMM MPENapaTtoM XHUMHYECKOrO
KiaccabyTupodeHOHa, YTO JeNlaeT €ro CTPYKTypy IOXOKeH Ha aHTUIICUXOTHYECKUH mpernapar
rajonepuaos. BriepBbie Bolen B KIMHUYECKYIO TPakTUKY B 1960-X romax.

@M \
F

MeJIepoH

O¢upsr  3-(propapmin)-3-KETOMPONUOHOBBIX KHCIOT CIYXKAaT CHHTOHAMH MpPH XHUMHUYECKOM
CHHTE3€ aHTUOAKTEepHAJIbHBIX IPENapaToB Ipynibl GTOPXUHOJOHOB, @ TAKXKE LIEIO0r0o psAaa APYrux
OMOJIOTMYECKNX aKTUBHBIX COCTMHCHUH [8].

I'pynna uccnenoBarenei 1Byx benopycckux rocyJapcTBEHHOTO TEXHUYECKOI'O U METULIMHCKOTO
YHHUBEPCUTETOB 3aHUMAETCS UCCIIEJOBAHUSAMU 10 CUHTE3Y (hTOpCOJepKALIMX BEIIECTB (PUCYHOK 1)
C MHUKOOAKTEPUIIUJTHOW AaKTHBHOCTBIO. Y HEKOTOPBIX M3 CHHTE3MPOBAHHBIX MPOMEKYTOUHBIX
MPOAYKTOB psina 3-PpTopapui-3-KeTOXPUPOB HEOKUJAaHHO OOHApyKeHa JOCTAaTOYHO BBICOKAs
MUKOOAKTEPHIIUIHAS aKTHBHOCTD.

R' Rn . Rll O O Rl
R
o) 0O O
R 0 /U\/I\OEt R
— R _— OEt
OH cl

@]
aR=F, R =H; R"=H. R R"
bR=H;R' =H;R"=F. 0O 0 1
cR=0OMe;R'=F;R"=H. R OEt
a-c

Pucynox 1 — CunTe3 mponsBoaHbIX 3-hropapmi-3-keTodhupos

Oxka3anock, 4To Ketoddup b, comepxkamuii atom Gropa B opmo-mOI0KEHUN K KapOOKCHILHON
rpymnne, o0yiajaeT BbICOKOM aHTUMUKOOAKTEpUAIbHOW aKTUBHOCTBIO, CYIIECTBEHHO 00Jiee BHICOKOM
YeM Yy aHaJlOrM4yHoro coenuHeHus a. Dropcogepkamiye KeTod(hHUpPbl  CHHTE3UPOBAHBI
aIlUIMPOBAHMEM  alleTOYKCYCHOTO »dupa XJopaHTuapuaamMu (GTopOEeH30HHBIX KHCIOT B
MPUCYTCTBUU  TNHUPUAMHA W XJOpUAA  MarHus W TOCIEAYIOIUM  pacilerieHueM
apOWIIALIETOYKCYCHBIX 3(QUpoB  3-((hTopapii)-3-KETOMPONMHUOHOBBIX KHUCJIOT, TOJIYYCHHBIX W3
COOTBETCTBYIOIIUX XeaaToB ¢ arerarom meau (11) [9].
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dropconepxamue KeTod(pUpbl CUHTE3UPOBAHBI JJIs MPEBPALICHUS WX B 3aMEILICHHbIC a30Jbl,
OTIU4YHBIE OT XWHOJOHOB [10], n xematHeie komruiekchl menu (I1). Ha ocHoBe keroadupor a-c
MOJY4YEHbl COOTBETCTBYIOLIME MHUPA30JOHbl a-C (pUCYHOK 2) B3auMoOJeHCTBHEM a-C ¢
(beHUNTUAPAasUHOM WM THAPAa3uH TUAPATOM, COOTBETCTBEHHO. IIpm peakmum ketosdupa c
THIpa3MHaMU CHayala oOpa3ylTCs COOTBETCTBYIOIIMETUIPA30HBI, KOTOPhIE B pe3yJbTare
BHYTPUMOJICKYJISIPHOW IIMKJIM3AIIUK B YCIOBUSX PEAKIIMU TPEBPALIAIOTCS B IIEJICBBIC MUPA30JIOHBL.
[Tuposanonsl @, b 00magal0T aHTUMHUKOOAKTEPHATIBHOW aKTHBHOCTBHIO, KOTOpPAas COMOCTABHMA C
AKTUBHOCTBIO JITAJOHHBIX IPENapaToB — M30HHA3WAa W NHpPa3WHAMHJA, KOTOPBIC UCIIOIB3YIOTCS
IUIS JIedeHus TyOypKyJesa.

R" RV R"
0O O N

R R / \NRHI

Rl

O

a-c (R" =Ph)
a (R" =H)

OFt
R \ R aR=F:R'=H:R"=H.
Rm bR=H; R'=H; R" =F.
cR=0OMe; R'=F; R"=H.
0
a-c

Pucynok 2 — CuHTE3 MPOU3BOHBIX 3-(DTOPApHIT-TUPO3ATIOHOB

B pa3BuTHE 3THX UCCIEIOBAaHHIA IO MOJYUYEHHIO HOBBIX OWOJIOTUYECKH aKTUBHBIX COEIMHEHHM
Ha OcHOBe 3-(propapmi-3-keTodpUpoOB IMONYYeHB KOMIUIEKCH ¢ Mmenpto (), mockombky
XeNnaTooO0pa3oBaHWE MOXET CYLIECTBEHHO HW3MEHUTh OMOJIOTMYECKyl0 aKTUBHOCTH 1,3-
M YHKIMOHANBHBIX coeauHenuit. IleneBbie ¢ropcomepkamue [-keroaduparsr meau (1) ¢
CHHTE3UPOBaHbI PeaKilieil COOTBETCTBYIONIHMX [-KeTod(hHupoB ¢ MoHorHaparoM arerara meau (I1)
(pucyHok 3).

X Y
EtO | AN R
R' R"
o0 O (@) O
R E—— /Cu
OEt o |
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aR=F;R'=H;R"=H.
bR=H;R'=H;R"=F.
cR=0OMge; R'=F;R"=H.

Pucynoxk 3 — Cunres ¢propcoaepxamux B-kerodduparos meau (I1)

Oxkazanoch, 4YTO AHTUMHUKOOAKTEpHalbHas aAKTUBHOCTh MEIHOTO KOMILUICKCA BBIIIC, YEM
ucxoaHoro jurannaa a [11].
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[To3nHee 3TUMHM aBTOpaMH OMKMCAaH CHHTE3 HOBBIX (TOpcoAepKalux 3-apuii-3-KeTo3(upoB Ha
OCHOBE napa-3amernieHHoro ¢enona [12]:

F
HO =
OEt \ / o ot
a-g
a Ar= 4-F-C6H4;
b Ar:3-F-C6H4;

¢ Ar=3,4-F F-C¢H;;

d Ar=3,5-F,F-C¢Hj;

e Ar=4-OMe-3-F-C¢Hj;

f Ar=4-OMe-2-F-C¢Hj;;

g Ar =4-OMe-2,3-F,F-C¢Hj.

Pucynok 4 — Cunre3 Gpropcoaepxaimux 3-apui-3-KeTo3(pupoB Ha OCHOBE
napa-3amMeneHHoro Gpenosa

Jns  cuHTe3a LeneBbIX (PTopOeH30aTOB a-§ ATepUpHKALM #-3aMEIleHHOro  (QeHosa
(GTOpOEH30MHBIMM KHCIOTaMH TNpOTEKaja B NPUCYTCTBUM JAULUKIOIeKCUIKApOOIUUMHULA U
auMeTuIaMuHonupuanHa. Cpeay CUHTE3UPOBAHHBIX COSAMHEHUN HAalIEHbI BEILIECTBA, AaKTUBHOCTh
KOTOPBIX BBIIIIC, YeM aHTUMHKOOAKTepUaibHasi akTHBHOCTh 110 OTHOILICHUIO K Mycobacteriumterrae
15755 »sTanoHHBIX NPOTHUBOTYOEpKYJIE3HBIX MpPENaparoB — LHUKJIOCEPUHA, NUpasMHAMUIA U
u3zonnasuna [13]. Haubonee aktuBHBIM oOkaszancs keroddup f, comepkammii arom ¢rTopa B
0pmMo-TIOJI0KEHUN K KapOOKCHIIbHOM Tpyme. OOHapyKeHO, YTO Ha aKTUBHOCTH (hTOpCcoiepKamux
KeT03(hUpoB a-J BIUSAET HE TOJIBKO KOJIMYECTBO aTOMOB (TOpa B OEH30aTHOM (pparMeHTe, HO U MX
OTHOCHUTEJIBHOE DACIIONIOKEHHEe B apomartuueckoMm Kojble. Tak, 4- u 3-dropbenzoars a,b
o0J1aZjaloT OJMHAKOBOW aKTUBHOCTBIO, COMOCTABHMMON C aKTHBHOCTBIO MPOTHBOTYOEPKYJIE3HOTO
npenapara nukiocepuHa. B to ke Bpems 3,4-mudTopOen3zoar C He 00JagaeT CyIIeCTBEHHBIMHU
aHTUMHKOOAKTEpUAIbHBIMU CBOWCTBAMU.

B pa6ote [14] Uucturyra Maiicop, Kapuartaka, Uuaust, Obliv ucciieoBanbl (HTOpP-O€H30aThI
OKCHMa MUIEPUANH-4-0Ha, MOJIy4YeHHOTO U3 BAaHWJIMHOBOTO aJIbJIETHU/Ia.

HO OMe
O Rr=
Me—N N—O/U\R
HO OMe

ABTOpbI  pabOThl  MpecieloBajdM 1Ledb CHUHTE3UPOBATh  CJIOXHBIE J(PUPHl  OKCHMOB
MUNEpUINH-4-0Ha, TOJNYYEeHHOTO W3 BaHWIMHOBOIO  aibAeruja, Kak MOTEHIMAIbHBIX
AHTHUOKCHJIAHTOB W TPOTUBOMHUKPOOHBIX CpEACTB, C BapHAIMSIMHU 3aMecTUTeNe (EeHUIBHOrO
(dbparMeHTa KUCIOTHOrO ocTaTka. LleneBoil mpoaykT mosydeH ¢ BeixoaoM 77 %, Te CoKHbIN 2Qup
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apWIBHOTO (pparMeHTa COAEPKUT GTOp B napa-nonoxeHuu. [TokazaHo, 4To OH MPOSABIAET cedst KaK
AKTUBHBIN TMPOTUBOTPUOKOBBIA areHT NpoTuB A.flavus B cpaBHeHuu ¢ (iykoHazomoMm. bbeuio
CHIEaHO BAXXHOE 3aKJII0YEHHUE, YTO JUIsl MPOSBICHUS MPOTHUBOMHKPOOHOTO JEHCTBUS HMEET
HAJINYHE JICKTPOHOAKIEITOPHBIX 3aMECTUTENEH, B 4aCTHOCTH (PTOpa, B napa-nonoKeHnu (penmna
apOWJIbHOM TPYTIIIHI.

K onmHOll M3 BaxHEHIIMX Tpynn aHTUOAKTEpHUAIbHBIX IPENapaToOB OTHOCATCS XHUHOJIOHBI.
Hctopusi XMHOJIOHOB Hayaiach ¢ BHEAPEHUS B MEAMIIMHCKYIO MPAKTUKY B 1962 r. HAIUIMKCOBOM
kuciaotel (1-atmi-1,4-quruapo-7-metuin-4-oxco-1,8-nadtupuaun-3-kapOoOHOBask KUCIIOTa), 10 CHX
HOp MPUMEHSIEMOU JUTS JICYCHUSI MHPEKIIMHA MOUEBBIBOSAINUX TTyTei [15-17].

O
COOH

/

HaJIUAUKCOBAsA KHUCJIOTA

OCHOBHBIM HAIIPaBJICHUEM pa3BUTUS XMMHUU XHHOJIOHOB KakK Kjacca aHTHOaKTepUalIbHBIX
npenaparoB ObLUIO pacIIMpEHUE CIEKTPa M MOBBIIICHUE YPOBHS aHTHOAKTEPHAIHHONH aKTHBHOCTH.
OnHuM W3 TEpBBIX BAXKHBIX IIAroB B OSTOM HANpaBJIEHUH CTall CHHTE3 (TOPHPOBAHHBIX
MPOU3BOIHBIX ((PTOPXHMHONOHOB). Moaudukanus sapa XUHOJIOHOBOH CTPYKTYpBI, CBSI3aHHAs C
BBEJICHHEM B MOJIEKYJy (TOpa, MpHUBeEJia K 3HAYUTEITLHOMY YIYYIICHHIO aHTUMHUKPOOHBIX CBOMCTB.
ITo akKTMBHOCTH M CHEKTPY aHTHOAKTEPHAIBLHOTO JNeHCTBUS (PTOPXMHOJIOHBI MPEBOCXOIAT MHOTHE
aHTUOMOTHKH, B TOM  4YHciae  HeQaJOCIOPUHBI  TPEThero  MOKOJEHUs, U  JIpyrue
XMMHUOTEpaneBTH4Yeckue cpeactBa. KpaiiHe BakHO, YTO MeXaHU3M JEHCTBHsS (PTOPXMHOIOHOB
OTJIMYEH OT MEXaHU3MOB JIeHCTBHA JApPYruxX TpYNI aHTUOAKTEpHAJbHBIX  IPENaparoB
(1edanocnopuHOB, aAMUHOTJIMKO3UIOB U JIP.), UYTO MO3BOJIIET 3((PEKTUBHO UCIOJIB30BATh UX JJIS
nedeHusl WHQEKIMOHHBIX 3a00JIeBaHUIl, BBI3BAHHBIX PE3UCTCHTHBIMH K OJTHM IIperaparam
IITaMMaMH.

JIeiCTBUTENTFHO, COBPEMEHHBIN MEPEYeHb TEPAIeBTUUYECKUX CPECTB JICUCHHS OaKTEepHaIbHBIX
MHOEKIMI yXe TpyJIHO NpeACcTaBUTh 0e3 ceMelicTBa (PTOPXMHOJIIOHOBBIX NpenapaToB. HanbGosee
M3BECTHBIMU MPEJCTABUTENAMU (TOPXUHOJIOHOB SBIAIOTCSA JIEBO(IOKCALMH, MPYIUQIIOKCAIINH,
MOKCH(]IOKCAallMH, Ma3y(IOKCallMH, LUNPO(IOKCAUH, crnap@OKCalliH, TeMHU(IIOKCAIHH,
ratu(IOKCaIyH.

K ceromusmiHeMy JHIO TIPEIIOKEHO HECKOJIBKO KIIACCH(HKAIMKA XWHOJOHOB, OCHOBAaHHBIX Ha
0COOCHHOCTSIX (PAPMOKUHETHKHU, MEXaHU3Ma JEHCTBUS U KIMHUYECKON 3P PEKTUBHOCTU OTAETBHBIX
MpernapaToB, OJHAKO HH OJIHA M3 HUX HE cTana oOmenpu3HaHHOi. TeM He MeHee, MOXKHO BBIJICIIUTh
TPYIITBI COETUHEHNH, OTHOCSIIUXCS K OTHOMY M TOMY e ITOKOJICHHIO BO BCEX TPEX CXeMax.

@DTOPXUHOJIOHBI IEPBOTO MOKOJIEHUS, K KOTOPOMY OTHECIIN HAJTMAUKCOBYIO KHCIIOTY, IPOSBIISLITN
aKTMBHOCTh K TpaMoTpuLaTeldbHbIM Enterobacteria. HanuaukcoByr0 KHCIOTY NPHMEHSIH He
TOJNBKO ISl JieueHUs MH(EKUUH MOYEBBIBOJAIIMX IyTe, HO MO Mepe MOIUPHUIMPOBAHUS
XMUMHAYECKOH CTPYKTYpbl XHHOJOHOB O0OJAacTH KJIMHUYECKOTO TNPUMEHEHUS MX CYIIECTBEHHO
pacmpwinck. B psay (TOpXMHONIOHOB BTOPOTO MOKOJEHHUS pa3inyaloT TPYHIy Ipernaparos,
aKTHBHBIX B OTHOIIECHWHM T'PaMOTPHUIATEIbHBIX MHKpoopranu3moB — Escherischia Coli u
Pseudomonasaeruginosa, a Take TpyHIly IpenapaToB C IIMPOKHM CIHEKTPOM aKTHBHOCTU
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(HopnokcanuH, mnedIOKCallMH, >HOKCAIMH, (QIIEPOKCAIMH, JIOME(IOKCAUH, UUMPOQIAKINH,
odokcaruH, pydnokcanuH, HaaudmokcanuH). Hopdmokcanun, odaokcanwa u unpodIoKcauH
UMEIOT OTPOMHOE 3HAYEHUE [UIA JICUCHHs] YpPOJIOTMYECKUX HH(MEKIMOHHBIX 3a00JIeBaHUM,
MHQEKIUA JKeITy0YHO-KHIIEYHOTO TpaKTa, a Takxke 3a00JIeBaHUi, MepeJaroIluXcs IOJIOBBIM
nyTeM. OTOPXUHOJIOHBI TPETHETO MOKOJEHUsI (JIEBOQUIOKCALMH, Ma3y(IOKCAlMH, capIOKCalH,
KIMHAQIIOKCaH,  cuTaduiokcanuH, TpoBadIOKCAllMH, TOCy(UIOKCAIlMH, TeMadIOKCaIliH,
rpemaduiokcanud, OamodiokcanuH, MOKCH(IIOKCAMH, TraTU(IOKCAllMH) TMPOSBIAIOT Ooee
BBICOKYI0 ~ aKTMBHOCTb 110 OTHOLIEHMIO K TIPaMIOJOXKHUTEIbHBIM KOKKaM (0COOEHHO
kiuHadokyauH, cutadaokcaiiud, TpoBadUIoOKCallMH B OTHOMIeHHH Streptococcuspneumaniae).
Kpome Toro, Ttperbe moOKOJeHHE (HTOPXMHOIOHOB TMOJABIAECT POCT TI'PAMOTPHUIATEIBHBIX
Haemopailusinfluerazae u Legionellapneumophila, akTuBHBIX B OTHOIIECHHHM aHAa’POOHBIX U
aTUIUYHBIX BO30OyauTenei. JleBodmokcanny, MOKI(IOKCAMH U TaTH()IOKCAIWH HAILIA MIHPOKOE
IpPUMEHEHHE Ui JIeYeHMs WHQEKUUH BEpXHUX M HW)KHUX [bIXaTelIbHbIX HyTeH, TaKUX Kak
[THEBMOHUS, (APUHTUT, CUHYCUT, HUHQPEKIUH KOXM M MATKMX TKaHeW, BBI3BaHHBIX
IpaMIOIOKUTEIbHBIMM ~ IITAMMaMH  CTa(MIOKOKKOB,  ITHEBMOKOKKOB,  CTPENTOKOKKOB,
aHJICHTEPOKOKKOB. B mociennue rojapl (TOpXMHOJIAHBl BCE IIUPE MPUMEHSIOTCS IS JICYEHUs
TyOepKyIesa.

BonbmuHCTBO  (GTOPXMHOJOHOB, BOLICAIIMX B MEAMIUHCKYIO TPAKTUKY, OTHOCATCS K
MIPOU3BOIHBIM OHMIMKIMYECKOW CUCTEMBI 4-0Kc0-1,4-muruapoxuHoINH-3-KapOOHOBOW KHCIOTHI
[20-35]. AHHenupoBaHue Kap0O- M TETEPOIMKIOB K XHHOJIOHOBOMY OCTOBY HPHUBOIHUT B psijie
CIly4aeB HE TOJBKO K YBEIMUYCHHIO aHTHOAKTEpUATbHOW aKTUBHOCTH, HO U K TOSBJICHUIO TPYTUX
BUJIOB aKTUBHOCTH, TAKUX KaK POTUBOBUPYCHOW U MPOTUBOOIYXJIEBOI. B psiny nmonumukinnyeckux
(TOPXMHOJIOHOB  HamboJiee W3BECTHBIMU  TNPEACTABUTENSIMH  SABJISAIOTCA  O(JIOKCAalMH U
7eBO(IOKCAIUH.

Jlis CUHTE3a XHHOJIMH-4-OH-3-KapOOHOBBIX KHCIOT pa3paboTaHbl JiBa NPUHIUIHAIBHBIX
MOJIX0/a:

- nepevlil 3aKIIOYaeTCss B KOHJACHcanuu ¢ropupoBaHHBIX aHwimHOB (A=CH, CF) wm
2-amuHOTIMPUANHOB (A=N) Kak KadecTBE MCXOJHBIX COCTUHEHHH C ATOKCHMETHJICHMAJOHATOM,
[IMAHOAIETaTOM HJIM aleTaToM ¢ 00pa30BaHHWEM €HAMHWHOB. BHYTpHMONEKYISpHas UKITH3ALUs
eHaMuHa moJ JeiictBueM mnosupocdopHoil kucnotsl (peakuus [oynna-/[xekobca) mpuBOAMT K
00pa3oBaHUIO COOTBETCTBYIOLINX (TOPXUHOJIOHOB WIN Ha(TUPHUIOHOB.
AnxunnpoBanne@TopxruHonoHoB (R = H) oObIYHO HpPOBOIAT aNKUIOPOMHUAOM B NPUCYTCTBUH
K2COsu TpuaTHIaMUHAB THIIALETaTe (PUCYHOK 5).

0
F A
F Y
L, o 17 e Y
J—— _—
AN
X N NH XN X S ON
R R R

A=CH,CX,N; Y,Z=CO,R, CN, COMeg; R = Alk, nukiaonponusn

Pucynok 5 — Cunte3 GTOpXMHOIOHOB MK HaQTUpHUIOHOB (1-i moaxom)

- BO 8mMoOpoMm TOIXOJE HCIONB3YITC (Propconepxamue O6eH3ounbHbie pousBoaabie (A=CF,
CH) wmu ux HukotuHOWIbHBIE aHAOTH (A=N) B KayecTBE CTPOUTENIBHBIX OJIOKOB, KIFOYEBBIMU
MHTEpMEIuaTaMH SIBJSIIOTCS OCH30WJI- WIM NHPUAMHOWIAKpUiaThl (pucyHOK 6). Luxnmzanus
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€HAMUHOHOB oOcyIecTBisercss HarpeBanueM B JIM®A B npucyrcTBuM KapOoHaTa Kajius, B
JTUJIALETATE B IPUCYTCTBUM T'MAPHUIA HATPUS UIH IPYTUX OCHOBHBIX YCIIOBUSX.

Y O Y O Y O o
KL= KX e Y
X, F
X A OEt
Y o O
= ‘ ‘ OFt
X N N
R,

A=CF,CH,N; X=F,ClBr; Y =F, H.
Pucynok 6 — Cunre3 PTOpXHUHOIOHOB WM HAQTUPUAOHOB (2-1 MOAX0[)

B nHacrosmee BpeMs NpoOAOJIKAIOTCS HMCCIECAO0BAaHUS, HAIIPABICHHBIE HA YCOBEPIICHCTBOBAHUE
METOJIOB CHHTE3a OUIUKINYECCKHX (DTOPXUHOJIOHOB, IOBBINICHUE BBIXOJA PEAKIHUU, KauecTBa
MPOJIYKTa, YMEHBIICHHE KOJUYECTBA CTaaui. Psij uccrmenoBaHuil MOCBSIIEH pa3pabOTKe HOBBIX
METOJIOB MOCTPOEHUSI (PTOPXHUHOJIOHOBOTO OCTOBA JJISl TMOJYYEHHUS OPUTMHAIBHBIX COCIMHEHUH C

aHTHOAKTEepUaIbHON aKTUBHOCTHIO [18].
Kongencanus 3-xnop-4-propaHuianHa ¢ STOKCHMETUICHMAIIOHOBBIM 3(UpPOM TpOBEACHA B

YCIIOBUSIX MUKPOBOJIHOBOTO M3J1y4eHHus[19].

EtOOC COOEt
EtOCH= C(CogEt)z

/ Ry
O OH
A
=

Ry

R, COOEt Ry N CO00H
1) NaOH
2) HCI =
R
R; N N

R,

R,=F,R,=R;=R,=H (a);
R,=F,R; =R;=R,=H (b);
Ry;=F,R; =R, =R, =H (¢);
R,=R;=F,R,=R,=H (d);
R,=R,=F,R,=R;=H (e).

Pucynoxk 7 — Konnencanus 3-xyop-4-QpTopaHuinHa ¢ STOKCUMETHIICHMAJIOHOBBIM 3(hupomM

Panee mis mukau3anuu 3,4-aurajoreHaHUInHOMeTHIeHMaoHoBoi kuciaotel (A=CH, X=ClI, F
R=H, Y=Z=COOEt) B coorBercTBytomuii 3THIOBbI >pup 6-Pprop-1,4,-muruapo-4-oxco-3-
XUHOJIMHKApOOHOBOM KHUCIOTHI 9aCcTO MCIOJIb30BAIH JayTepM WK TU()EHMIOBBIN AhUp, MOCISTHII
OTHOCHUTCS K OIMACHBIM JUIsl OKPY’KAIOIIEH Cpellbl PACTBOPUTENIEM H3-3a BBICOKOW TOKCHYHOCTH. B
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pabote [20] cragus UMKIU3ALUH [IPOBEACHA B PACTBOPE XJIOPCYIH(POHOBON KUCIOTHI UM OJIeyMa
npu temrneparype 70-90°C B teuenue 0,5-3,0 u. B pesynbTare ¢ Beixogom 99 % nosnyyena cmech 1-
3TIII-1,4- nurunpo-4-okco-5-xaop-6-hrop-3-XMHOMHHKAPOOHOBOHM KUCIOTH U 1-3THn-1,4-auruapo-
4-0kc0-6-pTop-7-hTop-3-XHHOTMHKAPOOHOBOH KHCIOTH (cooTHomeHue 60/40). Okaszanock, 4To 5-
XJIOp-H30Mep He o0JagaeT aHTHOAKTEPHATbHONW aKTUBHOCTBIO M 3arps3HSET IIEJICBOM MPOIYKT, a
MIPOIIECC Pa3JIeICHUs] H30MEPOB OKA3aJICS CIIOXKHBIM.

Onucana uukimzamus 3-prop(xiop)-4-GTopaHUIMHOMETHIICHMAIOHATA B CpPele BBICIIUX
ankaHoB (C12-Ci18) WM JemeBBIX BBICOKOKHUILAIUX (Gpakiuid MPOAYKTOB HEPTEIEPETOHKH,
COJZIepKalINX B CBOEM COCTAaBE apOMaTHUYECKHE, HEMpPEeIeNbHbIE U Pa3BETBICHHbIC YIIIEBOJOPOIHI,
KOTOPBIE B YCIOBUSX IUKJIU3ALUU OBICTPO OCMOJISIOTCS, CUIBHO OCIJIOKHSS TPOLIECC BBIJICICHUS U
OYHCTKH L[EJIEBOTO MPOAYKTA.

Jist mosrydeHus: TUIpoQIIoKCaiHaB KaueCTBE KIFOUEBBIX CHHTOHOBIIPEITIOKEHO HUCIOIb30BATh
3-xnop-4-propanunuH U 1-3TOKCH-1-(TPUMETHICUIMIOKCH )IIUKIONPONaH. Y A0O0HBIH  crmoco0
MOJydeHHUsT  |-3THIPTOPXUHOJIOHOB OCHOBAaH Ha  B3auMojaeWcTBUM  N-3TWIaHWIMHA ¢
JMATHIITOKCUMETHIICHMAJIOHATOM, MPEUIOKeH B padote [21].

3-benzokcazon-2-min-4-propdhenmnamua (X=0) wu  3-0e3otnazon-2-un-4-propdeHunaMuH
(X=S), monydeHHble MKIOKOHICHCAIIHEN S-aMHHO-2-GTOPOCH30MHOM KHCIOTHI ¢ 2-aMUHO(DEO0I0M
wim  2-aMuHOTHO(EHOJIOM B TOAU(OCHOPHONH  KHUCIOTE, HCIOJIB30BAaHBl IS CHHTE3a
7-0eH30KCA30JIHII- B 7-0€H3THA30IMII-3aMEIIICHHBIX (PTOPXHHOJIOHOB B YCJIOBHSX peakiuu [ oymma-
Jlxexo0ca (prcyHOK 8).

D F F COOH
H,N COOH 1y
“oon N N
PPA
. N NH, \ N
|
X X gl

Pucynox 8 — Cunte3 7-0eH30KCa30a1I- U 7-0€H3THA30JINI-3aMEIIEHHBIX (PTOPXMHOJIIOHOB B
ycnoBusx peakiuu ['oynaa-Jlxekobca

1,4-Turunpo-4-0KCOXUHOIMH-3-KapOOHOBbIE KHCIOTHI 0e3 aTomMa (Topa B MOJIOKEHUH 6, a
coJZiepyKalie B TIONOXEHUU 7 4-METHINMHIIEPUIMHUIBHBIN OCTaTOK, TOJYYCHBI B aHAJIOTHYHBIX
YCITOBHSIX.

HoBrlii moaxon k cuHTe3y HOopdIoKcaluHa mpeioxeH B natente [22] (pucyHok 9). CHauana Ha
MEePBOM CTauM OCYIIECTBISIOT B3auMojieiicTBue 3-xjop-4-prop-anwmHaa ¢ 2,2-TUMETHII-5-
STOKUMeTHIIeH-1,3-tnokcan-4,6-1MOHOM, TIOC/Ie UUKIM3allMd HHTepMeauaTa IOCle0BaTeIbHO
MPOBOJIAT TUAPOKCUMETIIINpoBanue, N-ankuinpoBanue, okucienue rpynnsl CH20OH u 3amemenne
aroma Cl Ha ocTaTok nmunepasuHa.

N-OeHWITMOKCONUPPOIMH ~ CHHTE3MPOBAH  KOHJAEHCAllMed  €HaMHMHA,  TOJY4YEHHOTO
npucoequHeHneM 3.4-muTOpaHWINHA K JAAMETHICHIUKAPOOKCHIIATY, C OKCATHIXJIOPHIIOM.
6,7-Indrop-xuHOIOHKapOOHOBAS KHCJIOTa obOpazyercs B pe3yabpTare MAPOJIH3a

N-deHnIIMoKCOMUpPpoIuHa C MOCIASAYIOMHUM THAPOIN30M M JIeKapOOKCHUIUPOBAHUEM (PUCYHOK
10).
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Pucynok 9 — Cunre3 HopdokcanuHa

. COOMe

@ MeOOC-—==-COOMe /E (COCl)y,

—. —_—
F NH, COOMe
(99%)
. 0
Ph,0 F COOMe

FQN 0 — NaOH
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COOMe 1) 180°C COOH
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N COOH H
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Pucynok 10 — CunTtes 6,7-mudTop-XHHOIOHKApOOHOBOM KHCIIOTHI

Bonbmoe  KonmM4ecTBO HMICCIECMOBAHWN IMOCBSIIIEHO MOIUGUKAIMA METOJIOB TIOCTPOCHUS
GTOPXMHOJIOHOB W3 (TOpcoaepkamux OeH3oiHbIX kuciaor [21, 23-34]. Tak, B cuHTE3e
1-muxnonponui-1,4-muruapo-4-okco-6-¢prop-7-xnop-1,8-nadTrpuann-4-kapOoHOBOH KHCIIOTBI
NPENpUHATA ylayHasl MOMBITKA OCYIIECTBUTh YEThIpE CTaAMU O€3 BBIACICHHUS MPOMEKYTOUHBIX

npoaykToB. PacTBop stuinoBoro sgupa (2,6-1uxiop-5-propnupuann-3-mi) yKCyCHOM KUCIIOTHI B
15
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tonyone obpabareiBator (MeO),CHNMe, u ykcycHoii kucioroir B TedeHue 50 MuH, 3arem
J00aBJISIOT IUKJIOMPOIMIAMUH U TIEPEMEIINBAIOT PeakMoHHyt0 Maccy mpu 25-35 °C emte 50 MuH.
3areM MOoCIe0BATENbHO ClIEAYeT 00paboTKa PEaKIIMOHHON CMECH PacTBOPOM JTUMOHHOW KHUCIIOTHI,
BOJIOM, TerpaOyrunammonuii OpomuaoM u 25 %-meiM pactBopom NaOH, mepememmBanue B
TeueHue 2 4, 8 4 kunsyenue ¢ 35 %-upiv pactBopom HCI; 3aTtem ¢uibTpoBaHHe M MPOMBIBKA
BOJIO M M30IPONAHOJIIOM W TMOJYYarOT C BBICOKMM BBIXOJIOM IeJeByto | -mukiionpornui-1,4-
TUTHAPO-4-0KCc0-6-dTop-7-x1m0p-1,8-nad Trpuann-4-kapOOHOBYIO KHCIIOTY.

Omnwcan cunte3 nunpoduokcanuta [30] Ha ocHOBE 3-IHKIONPONHIAMHHO-2-XJI0p-5-hTOp-4-(4-
ATOKCUKAapOOHMII-1-UIIepa3suHIIT)0CH30MIIITHIIAKPUIIaTa, B KOTOPOM KJIFOUYEBOM CTauel B CUHTE3e
mudrokcanuHa ©u - TeMmaduioKcaliHa SBISeTCA peakuus 2,4-muxiop-5-gropameropeHona ¢
audTHiIokconatoM.  1-Iuxmonponmi-6-GTopXuHOMTOHKApOOHOBEIE  KUCIOTBI ~ MOTYT  OBITh
CHHTE3MPOBAaHBI 4Yepe3 MPOMEXYTOYHOEe oOpasoBaHue 2,4-auxiiop-5-GTopOeH30MIaeTOHUTHIIA
(pucynok 11).

o
F. F.
Cl HC=CH CH=CH-Cl H,N-OH, HCI
> -
AlCl,, CICH,CH,C1
cl cl » S cl cl
N\ O
N F CN
F. O/
HC(OEt),
[ — B ——
Cl Cl Cl Cl ACZO
o]
F CN F COOH
R . ‘
Cl Cl OEt Cl N

/

Pucynok 11— Cunre3 munpodiokcaiia Ha OCHOBE 3-IIUKJIONPOITHIAMHUHO-2-XJ10p-5-prop-4-(4-
ATOKCUKapOOHWII-1-unepa3nHui)0eH30MIdTUIIaKpHIIaTa

CunTe3 TOPXMHOIIOHOB OCYIIECTBIISIIOT TaK)Ke M HA OCHOBE (propcoaepx amux aneTopeHoHOB.
Hampuwmep, OKCaTMJIMPOBAHUEM 2,4-nuxiop-5-dropanerodheHona c MTOCJIETYFOIIIAM
TOKCUMETHIICHUPOBAHUEM, aMUHUPOBAHUEM, LUKIU3AMEH, THAPOIU3OM, JAeKapOOHMIUPOBAaHHEM
Y 3aMeIlEHHEM XJIOpa Ha MUIEePa3HH NOTy4YeH UNPO(IOKCALIUH.

JUist MUKIM3aluy HHTepMenaTa B XHHOJIOH UCTIONIb30BaH CUJIMIIUPYIOMUI areHT. B pesynbrare
peakimu THna KueBenarens 2,4-mudTop-3-MeTOKCHAETO(QEHOHA C YKCYCHBIM aHTHAPHIOM
obpasyercs cmech 3¢upoB (R = F) u (R = OEt), koropas npespariena B cmech (R = F) u (R = OE).
[Mocre B3aMMOEHCTBHSI € IUKJIONpONHIaMuHoMIeTepormkin3amus cmecu (R = F) u (R = OEt)
ocymiectBieHa ¢ npuMeHenuem MesSi-N=C(Me)-OSiMes (pucynok 12).

Takum obOpazom, B psany ¢GTopOeH30aTOB OOHAPYKEHBI COCIUHEHHS C IIUPOKUM CIEKTPOM
(bapMakoIIOTHYECKOTO JCHCTBHUS,, B YACTHOCTH HEHPOJIENTHKH TaJONEepUAON, APOTEPHIOI,
menmnepoH. PrTopOeH30aTHBIH (parMEeHT BXOJUT B COCTaB HEKOTOPBIX AHTHCENTUYECKUX U
AQHTUTICUXOTHYECKHX cpeacTB [25, 29].
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CHj
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Pucynok 12— Cunte3 nunpodaokcannta ¢ UCIOIb30BaHUEM CUIIIIIMPYIOIIErO areHTa

BBeneHre B MOJICKYJTbI OPIraHUYECKUX COSTUHEHHI (PTOPCOCPKALIMX 3aMECTUTEIICH, 3HAHUE MX
AEKTPOHHON MPUPOABI U TUTOPHIEHOCTH CO3/IAI0T HOBBIC BO3MOXKHOCTH JIJIS IIEJICHAIIPABICHHOTO
CHUHTE3a JIeKapCTBEHHBIX TmpemapaToB. OJHAKO, AN HAXO0XACHUS MPAKTUYECKH IOJIE3HOTO
mpernapara HeoOXOIWMO JalbHEHIIee TIHIaTeNbHOE (apMaKOJIOTHUYECKOE WCCICIOBAHUE ATON
IPYIIIbI COSTUHCHUH.
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TEXHUYECKHWE HAYKH

MPHTH 38.53
YAK 721.011.1

OCOBEHHOCTH CEMCMOYCHJIEHUS KAPKACA
CYHIECTBYIOIIUX 3JAHUN

AKMOJJaKbI3bI Y.
Kaszaxckuii hayuonanvHwill ucciedosamensCkuii mexHUYecKull yHueepcumem
um. K.U. Camnaesa, Aimamui, Pecnyoniuxa Kazaxcman
e-mail: uldarkhan_94@mail.ru

B cmamve paccmampusaromcsi cnocodvl  ycunienusi KapKacog Cyujecmeyiowux 30anull. Yxazanol
0CODEHHOCMYU  YCUNeHUs KapKacoe 6 celcmuueckux pationax. Iloogepeaemvle ycunenuio Kapracel
cywecmeyloumux 30aHutl umelom O0Ibulol CPoK IKChIyamayuu. Buumanue yoeneno ycunenuro 30anuii u3
grcene3obemonnoco kapxaca. Cmapvle 30aHus 803600UNUCL 8 OCHOBHOM U3 COOPHO20 JHCene300emoHH020
Kapkaca, a makoice Obll ONblM CMPOUMenbCcmed U3 cOOPHO-MOHOAUMHO20 Kapkaca. Paccmampusaemvie 6
OaHHOU CIMambe Kapkacvl OMHOCAMC K 2PAANCOAHCKUM 30 AHUSIM.

Knrouesvle cnosa: ycunenue, kapkac, 30aunue, 3KCHayamayusi, cOOPHuLL dHcene300emoH, CeucMudecKull
PAOH, epadcoancKue 30anus.

Makanaoa  Oypvinnan — MYpevbi3vLIeaH — UMApPAMmMapovly — KAHKALApulH  Kyuelumyepexuienikmepi
Kapacmuipvliadel. Kaykanapoel cevicmuxanvly aumaxmapoa Kywietimy epexuienikmepi KenmipiieeH.
Bypvinuan canvinzan sumapammapoviy Kywetmiiemin Kayxaiapuvl Y3ax stcvlaoap 6otivl myp. Temipbemon
KAHKACbIHAH MYPAmblH  eUMapammapovl Kyuwieumyine Hazap ayoapvlizan. OumikeHi, 0apivlk ecKi
euUMapammap HeziziHeH KYpamanvl memipbemon KaykaiapviHan mypevizviiean. COHbIMEH Kamap KYpulivlc
maoicipubecinde Kypama-Kyumansl memipbemon Kawxanapvl 0Oa 0Oonean. Kapacmulpvliamuli  0Cbl
MaAKanadasvl KAHKALap a3amMammsix SUMApammapea 1Heamaobi.

Tipex ce30ep: Kywelumy, Kawka, eumapam, azamammoslk KYPoLIblC, KYpamanbl memipbemoH,
CellCMUKATILIK, AYMAK, A3dMAmMmblK SUMApammap.

The article discusses the strengthening of the frames of existing buildings. Are the features enhance the
frames in seismic areas. Subject to strengthen the frames of the existing buildings have a long service life.
Attention is paid to the reinforcement of buildings of reinforced concrete frame. Old buildings were
constructed mainly of precast concrete frame. And was also experience in construction of precast-monolithic
frame. Discussed in this article frames are civil buildings.

Keywords: reinforcement, framework, building, service life, precast reinforced concrete, seismic region,
civil buildings.

B ceiicmuueckux paiioHax OCOOCHHOCTBIO YCWIJICHHS KapKaca 3/IaHMH SBJSICTCS TIOBBIIICHUE
MIPOYHOCTH M HAJIEKHOCTU TPU 3EMJIICTPACEHUAX. 3eMIIETPSCEHHS SIBISIIOTCS 0c000i Harpys3Kkoi, u
MPOEKTUPOBAHUE 3aHUI B CEICMUYECKUX paliOHaX SIBJISIETCS CII0KHOM U OTBETCTBEHHOM 3a1aueH.
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JI0 BO3HHUKHOBEHUS 3€MIICTPSICEHMs 3[1aHUsl, DKCIUIyaTHPyeMble B CEHCMHUYECKMX paloHax,
HaxXOJATCSI B TaKOM K€ HAIpPSDKEHHOM COCTOSIHMM, KaKk M B HECEHCMMUYECKHUX paioHax.
CrnenoBarenbHO, OHU JOJDKHBI OTBEYATh BCEM SKCILTyaTallMOHHBIM TPEOOBAHHUSIM B COOTBETCTBHUH C
OOIIECTPOUTENbHBIME HOpPMaMH. M TONBKO B MOMEHT 3EMIICTPACEHHs, KOTJa 3TU 3HaHUs
UCIBITHIBAIOT JONOJIHUTENIbHBIE BHEIIHNWE BO3/AEHCTBHS, JODKEH BCTyHaTh B paboOTy TOT pe3epB
IIPOYHOCTHU CUCTEMBI, KOTOPBIN ObUI 3apaHee MPelyCMOTPEH MPOEKTHPOBIIUKOM.

Otcroia BUIHO, YTO Hecyllas CHOCOOHOCTh 3[aHMs JOJDKHA ObITh oOecriedyeHa IpU yCIOBUHU
OJTHOBPEMEHHOTO JIEHUCTBUS JKCILTYyaTallMOHHBIX U CEMCMHYECKHMX Harpys3ok. Pacuer koHCTpykuui
Ha TaKOE COYCTAHUE BHEIIHMX HArPY30K HA3bIBACTCS PACYETOM Ha 0CcOObIe Bo3aencTBus [1].

[Ipu cocraBieHMH TPOCKTHBIX JOKYMEHTOB Ui HMPOBEACHUS PabdOT MO YCHJIICHHIO KapKaca
3/IaHUM B CEVICMOOITACHBIX pallOHax CIEAYeT YUUThIBATh:

a) THTCHCUBHOCThH CEHCMUYECKOT0 BO3JICUCTBUS B Oauiax (CEHCMUYHOCTD)

0) OBTOPSAEMOCTh CEHCMHUYECKOTO BO3ICHCTBUS;

B) BO3MOXXHbIE 00JIaCTH 3eMJICTPSICCHU;

I') KMHEMaTHKy HalpspKeHUH B SIUIEHTpaxX 3eMJIETPSCEHUH, MOKa3aHHbIX Ha KapTe-Bpe3Ke
aKTUBHBIX Pa3JIOMOB U COBPEMEHHOHN I'€0IMHAMUKH.

YcuneHnue ceiicMOCTOMKOCTH 3/1aHUM J0JKHA 00ecreynBaThes KOMIJIEKCOM MEPOIPUSITUH,

HaIpPaBJICHHBIX:

1) Ha CHM)KEHUE CECMUUYECKUX HArpy3o0K;

2) Ha NOBBILIEHUE CONPOTUBIIIEMOCTH CEHCMUYECKUM BO3ACHCTBUAM.

Jns CHU)KEeHUsT CECMUYECKUX HAarpy30K CIEAYET:

— TIPUMEHATh KOHCTPYKTUBHBIE CXE€Mbl, OOECleUYMBAIOIME HAUMEHbIINE 3HAYEHUS
CeliCMMUECKUX HAarpy30K B 3aBUCHUMOCTH OT CIIEKTPAJIbHO-BPEMEHHBIX XapaKTEPUCTUK
BO3MOXKHBIX 3€MJIETPSICEHHUI;

— CHWXAaTh BO3MOXXHOCTb BO3HMKHOBEHHS! KPYTHUJIBHBIX KOJIEOaHUIl 3a CUeT yMEHBIIECHUs
SKCLEHTPUCUTETOB MEXKIY LIEHTPAMU Macc M KECTKOCTEH;

— TPUMEHATH MaTepUajbl U KOHCTPYKIUH, 00J1aatoe MUHUMaIbHBIM BECOM;

— pacmoyiaraTh TsDKeloe 00OpyJoBaHHE HAa MHUHMMAJIbHO BO3MOXXHOM YPOBHE IO BBICOTE
COOPYKECHHSL.

JU1s OBBIIEHUS CONTPOTUBIISIEMOCTH CECMUUECKUM BO3JIEHCTBUAM CIIEAYET:

— TPUMEHATh MaTepuaibl U KOHCTPYKIMH, O0JaJaroUIMe BBICOKOW COMPOTHUBISIEMOCTHIO
ceiicMMueckUM Harpyskam (MeTal, JAepeBO, >KelIe300€TOH, YCHJIEHHas KaMeHHas
KJIa/IKa);

— obecrnednBaTh nepegady ceHCMMUYECKUX HAarpy30K Ha BCE HECYIIME 3JIEMEHTBI, CO3/1aBast
yCIIOBUS 1)1 pabOThl COOPYKEHHS KaK €AMHON MPOCTPAHCTBEHHOW CUCTEMBI;

— pacroyiarath CTHIKM COOPHBIX 3JIEMEHTOB BHE 30H MaKCUMAJIbHBIX YCHIINH, 00ecieunBaTh
MOHOJHMTHOCTh ¥ OJJHOPOJHOCTh BCEH CHCTEMBI;

— OTHaBaTh MNPEANOYTEHHE MHOTOKPATHO CTAaTUYECKU HEOIpPEeNeIMMbIM KOHCTPYKIUSM,
o0ecreynBaOIUM  TepepacipeieieHue yCUIMM MeXAy »JJIEMEHTaMH, CO3/aBaTb
BO3MOXXHOCTh Pa3BUTUS B OMNPEIEICHHBIX D3JEMEHTaX KOHCTPYKLIMH JOIYCTHUMBIX
Heynpyrux nedopmanuii [2].

OCHOBHOW KOHCTPYKTMBHOM CHCTEMOH, WCIIONB3yeMOH I BO3BEIEHUS OOBEKTOB B
ceficMMuecKUX pailoHax, sIBIseTCS KapKacHas, Kak HanOoliee THOKas U yHU(PUIIMPOBaHHAS.
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KapkacHas cuctema mpemnoaraetT mpuMeHEHHE €€ B Pa3IMYHBIX BAPHAHTAX — KOHCTPYKTHUBHBIX
cXeMax, TaKMX KaK paMHasi, paMHO-CBSI3€Basi M CBS3eBast, OC3pHUreIbHAsL.

[TpudeM kapkac MOXeET OBbITH BBITIOJHEH KaK B COOpPHOM, TaK U B MOHOJHMTHOM HCIIOJHCHHHU.
KOHCTpYKTHBHBIE 3JIEMEHTBI B ITHX CXeMaX I0-pa3HOMY pabOTalOT Ha BOCIPHUATHE BHEUTHUX
HArpy30K H, COOTBETCTBEHHO, B HUX BO3HUKAIOT pa3inyHble ycuius. CIeCTBUEM ITOTO SIBIISIOTCS
W pa3MyYHBIC 3aTPaThl HA BO3BEJCHNUE OOBEKTOB.

B cBs3u ¢ 3THM, akTyanbHOHM sBIISETCS 3amada BbIOOpa Hambosee 3¢hdexkTuBHOro crocoba
YCHJICHHSI KapKaca 37aHusl JUIsl CEHCMUYECKUX PaliOHOB CTPOUTENILCTBA. Y CTAHOBHUTH, KAKOH XKe U3
criocoboB HamOoJee I1enecoo0pa3eH € TOYKH 3PEHHS PEeCypcoCOEpeKCHHs MOXKHO TOJBKO B
pe3yJIbTaTe BIMOJHEHHBIX pacueTa U TEXHHKO-YKOHOMHUYECKOTO CpaBHEHHUS BapHaHTOB [3].

Jis  celicMOyCWIICHHsT KapKacHBIX MHOTOATAXXHBIX 3JIaHUH MOTYT OBITh HCIIOJB30BAHbI
JIOTIOJTHUTEIIBHBIC HKECTKHE OIOPHI, METaUIMYECKUE TOJKOCHI C OMOpod Ha 000iMy KOJOHH,

MIpe/IBApUTENIbHO HaIpsbKeHHbIe moaBecku [4]. [IpuMepsl mogoOHBIX pelIeHui MpeaCcTaBiIeHbl Ha
HUKEIIPUBECHHBIX pUCYHKax 1, 2 u 3.
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A:1 — ycunuBaemasi KOHCTPYKIIUS, 2 — OTACTbHBIA (QYHAAMEHT MO AOMOIHUTENBHYIO OTIOPY,
3 — MeTaJuIn4YecKasi CTOMKa, 4 — AIeMEHThI KPEIUICHHUS,
b:1 — ycunuBaemasi KOHCTPYKIMS, 2 — MMOABEICHHBIN METAJUTMYECKHH MmopTal,
3 — OXBATHIBAIOIINI METALTUICCKUNA XOMYT, 4 — IPOKITAJIKH;
B: 1 — ycunuBaemslii puresnb, 2 — METAJUIMYECKHE TIOJIKOCHI, 3 — 3aTsDKKa Ha YPOBHE 1M0J1a,
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4 — KJIMHOBUIHBIE MPOKIIA/IKH, 5 — ONOPHBIH yroyok, 6 — pukcupyromue 00aThl

Pucynok 1 — Ycunenue q0noHUTENBHOM )KECTKOM OIOPOM MOJBEACHHON METANINYECKOU
CTOMKOM (A), moaBeAeHHBIM MeTaunueckiuM noprainom (b) u: merammueckumu noakocamu (B) [4]

(‘ 1
" | !
b o

o

1 — ycunuBaeMslii purensp, 2 — METaNIMYECKUE MTOJKOCHI, 3 —3aTSKKa,
4 — merayumueckas 000iiMa KOJIOHHBI, 5 — MPOKJIATKA

Pucynok 2 — YcuneHnue purenis METaNTMYECKUMU MOJKOCAMH C OTIOPOH HA 000KWMY KOJIOHHBI [4]
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1 — ycunuBaeMslil purensp, 2 — peABapUTEIbHO HAPSYKEHHBIN TSAK,
3 — MeTayuMyeckast 006oiima, 4 — HaTsDKHas Taiika, 5 — cBapHBbIE IIBbI, 6 — OTBEPCTHS,
3ajienbIBaeMble acaabToM, 7 — HaTsKHAs MypTa

Pucynok 3 — CelicMoycHIIeHME KapKACHOTO 3JJaHUSI
C TIOMOIIBIO MPEIBAPUTEIIBHO HAMIPSHKEHHBIX MOBECOK [4]
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OueHp YyacTo NpU CEHCMOYCHIICHUH KapKACHBIX 3[aHHI BO3HHMKAET HEOOXOAMMOCTb YCHIICHUS
KOJIOHH [4]. [IpuMepbl TAKUX KOHCTPYKTUBHBIX PELLIEHUH MPEACTAaBIECHbI HA PUCYHKAxX 4 1 5.

i
1
N

a — B MIEPUOJ MOHTaXa, O — B HAMPSHKEHHOM COCTOSIHUM, | — ycHiinBaeMasi KOJIOHHa,
2 — YTOJIKU PAcIoOpKH, 3 — COEAUHUTEINbHBIC IIJIAaHKHU, 4 — YIOPHBIE YTOJIKH, 5 — TUIAHKH-YIOPBI,
6 — KpereXHbIIi MOHTKHBIA OONT, 7 — HATSHKHOW MOHTaXHBIA OONT; 8 — TAHKH JUTS HATSKCHHS
601TOB B MecTe neperuda, 9 — kpenexHsie yrojaku, 10 — KpenexHbie CTEPHKHU
Pucynok 4 — YcuneHnue KoJIOHHBI TPeIBAPUTENILHO HANPSKEHHON OJTHOCTOPOHHEN
METaJUTMYECKON pacropkoii [4]

o R vy
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X

a — B IEpUOJ MOHTa)ka, O — B HANPSHYKEHHOM COCTOSIHUM, | — ycuiinBaeMasi KOJIOHHa,

2 — YTOJIKU PAcIopoK, 3 — COeAMHUTETbHBIC TUTAHKH, 4 — YIIOPHBIE YTOIKHU, 5 — MIIAaHKU-YTIOPHI,
6 — KpereXHbI MOHTKHBIA 0ONT, 7 — HATSHKHOW MOHTaXHBINA 00T, 8 — TUIAHKH TSI HATSKCHUS
00JTOB B MecTe meperuda
Pucynok 5 — Ycuienre KoJIOHHBI ITPeIBAPUTENIHHO HANIPSKEHHBIMU IBYXCTOPOHHUMU
METaJLIMYECKUMU pacriopkamu [4]
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W3 npuBeneHHBIX [aHHBIX CJEIYET, YTO HIPUMEHSIEMBIE B COBPEMEHHOM CTPOMUTENIbCTBE
Kene300eTOHHBIE KapKachl MOJAPA3/IeNAIOTCA Ha KapKachl TPAAULIMOHHON (PaMHOM) KOHCTPYKIIHH,
IIpY KOTOPOI HAa FOPU30HTAJIBHBIE AIEMEHTHI Kapkaca (pUreiin) onuparoTcs U MEPEeAaroT Harpy3Ky
IUIUTBl TEPEKPBITUN, U OE3pUTelIbHBIE KapKachl, B KOTOPBIX IUIUTHI INEPEKPBITUN ONUPAIOTCS
HEMOCPEJCTBEHHO HA KOJIOHHBI.

PaccMoTpeHnsl cucTeMbl O€3pUIeiIbHOrO THIA, MOJYYHMBIIME B IIOCIEAHEE BpeMs LIMPOKOE
pacrpocTpaHeHHe. YKa3aHbl UX JIOCTOMHCTBA U HEKOTOpbIE OCOOEHHOCTH, HEOJIaromnpHsTHBHIE C
TOUKM 3PEHUS HAJECKHOCTH KOHCTPYKTUBHOM cXeMbl U ee celicMocroiikoct. K ux uymcmy
OTHOCATCSI OclabJeHHe Cce4eHUsi COOPHOM Kene300€TOHHOW KOJOHHBI B CAMOM OTBETCTBEHHOM
MECTE — 30HE COUJICHEHMs KOJOHHBI C IUIUTOM MEPEKPBITUS; a TAKXKE HEJOCTATOYHAs YKECTKOCTb
y3J10B COEAMHEHUS IUTUT NEPEKPBITUS MEXKITY COOOiA.

OTmeueHo, 4TO MHHMAasi NPOCTOTa U BBICOKAs MPOU3BOJUTENBHOCTh KOCBEHHBIX METOJIOB
HEepa3pylIalolero  KOHTPOJII  TepseTcs IpU  BBIIOJHEHUHM  TpeOOBaHMH  IMOCTPOEHHUS
IpajlyUpOBOYHON 3aBUCUMOCTH M YydeTe (yCTpaHEHUH) BIMAHUSA (PAKTOPOB, HCKAKAIOLIMX
pe3yabTar. Pe3ynbTaThl M3MEpeHUH NPOYHOCTH 0a30BBIM METOJOM Ppa3pyLIArOIEro KOHTPOJIS
IyTeM C)KaTHsl OTOMpaeMbIX OOpa3LOB TaKXe MOTYT CONPOBOXKIATHCS OOJBIIMM pa3dpocoM,
BbI3BaHHBIM KaK HEOJHOPOJIHOCTBIO OETOHA, TaK U APYTUMHU (DakTOpamH.

VYuuTbiBas MNOBBILIEHHYIO TPYJOEMKOCTb pa3pylIalONIer0o METoAa M IMOATBEPKACHHYIO
JIOCTOBEPHOCTb PE3YJIbTATOB, MOJYYaEMbIX MPSAMBIMU METOJAaMH HEPA3pPYyIIAIOIIEr0 KOHTPOJIS, IpU
00CIIeIOBaHNH PEKOMEHAYETCS MPUMEHSATH rnociienne. Cpeau mpsSiMbIX METOJIOB HEPa3pyIIAIOIIEro
KOHTPOJISI ONTUMAJIBHBIM 110 OOJIBIIMHCTBY MAPAMETPOB SIBISETCSI METO/ OTPhIBA CO CKaIbIBAHUEM.
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AHAJIN3 PE3YJIBTATOB SKCIIEPUMEHTAJIbHBIX UCIIBITAHUM
O CEUCMOYCWJIEHUIO KAPKACA U3 CBOPHOTI'O )KEJIE30OBETOHA

AxMoagakbi3bl Y., Kamkunoaes 1.3.

Ka3zaxckuu nayuonanvhwiil ucciedosamenbcKuil mexHu4yecKutl YHusepcumem
um. K.U. Camnaesa, Anmamui, Pecnyonruxa Kazaxcman
e-mail: uldarkhan_94@mail.ru, i_kashkinbayev@mail.ru

B cmamve npusooumcs ananuz pe3yibmamos IKCNepUMeHmMaibHbIX UCNbIMAHUL N0 YCUTICHUIO KapKacd.
Kaprac cocmoum u3z cbopnozo ocenezobemona. Ilposedena oyenka GIUSAHUSL HCECMKOCMU V3108020
COeOUHEeHUsT KOJIOHHbL ¢ HAOKOAOHHOU naumoi. Paccmampusaemcanaokonionnas nauma mexcoydImaricno2o
nepekpolmus.  Yuumoi8aemcs — HANPANCEHHO-0eQOPMUPOSAHHOE — COCMOAHUE — NAUMbL  NePEeKPbIMUL.
Ilpuseoenvl  hakmopel,  sausiowue Ha  npocmpancmeennylo  pabomy  kaprkaca. C  nomouio
sviyucaumenvrhozo  komnaekcaSCAD.  Hccnedosana paboma cmeika Ha coémecmuoe — Oelicmeue
pacms2usaioue2o u Cpe3arueco YCuiui.

Knrouesvie cnosa: skcnepumenm, uUcCnvlmanue, CcelcMoycuiieHue, Kapxac, cOOpHwliil dcene3006emon,
HCECMKOCb, V31080€ COCOUHEHUE, KOLOHHA, NAUMA NEPeKPbIMUSL

Maxanaoa 2umapammuly KayKacvii Kyweumy OOUbIHWA MAXCipube dHCYy3inoe dHCYpi3iieer CblHAKMblY
Homudicenepine manoay okcacanvinean. Kanxa xypamanvr memipbemonnan mypaovi. ¥cmwin ycminoeei
NAUMACHIMEH YCTbIHHBIY MYUICYy KammulIbleblHbIY bIKnanivina 6aza Oepineen. Kabamapanvix scabvindazel
ycmuln yecminoeel nauma Kapacmuipbinaosl. Kabvin naumaceinviy kepHeynik-0eopmMayuanvly sHcaz0aiivl
eckepineen. Kayxanviy keyicmix sicymvicoina acep ememin gpakmopnap xkeamipineen. SCAD ecenmey xeuteni
KOMe2iMeH CO3bIAbIUL JICIHE KeCKIW Kyuimepoiy Kamap acep emyine KapacmulpbllamblH MYUIHHIK JCYMbICb
3epmmenzeH.

Tipex co30ep: maoicipube CbIHAKMAH 6MKI3Y, CEUCMOKYwelumy, Kaykd, Kypamanibl memipbemon,
KammuliblK, MyUin 6aiiansic, YCMult, KAOAMAapanslk HcaObIH Nauma.

The article analyses the results of experimental tests on strengthening of the frame. The frame consists of
precast concrete. The influence of stiffness of the joints of the column oven. Seen stove the floor. Takes into
account the stress-strain state of slab. The factors influencing the spatial frame work. With the help of the
computer complex SCAD studied the work of the joint on the joint action of tensile and shear efforts.

Keywords: experiment, stages, seismic strengthen, theoretical research, framework, reinforced concrete,
building frame, influence, hard connection, column, slab floor.

s aHanm3a pe3ylbTaTOB HCIBITAHHS B KauyecTBe OOBEKTa BBHIOpaHA KOHCTPYKTHUBHAs CETKa
KOJIOHH 6X6 M Ha BBICOTE BTOPOTO ATaka TPEXATAXHOTO OJIoka cpemHel mkojabl Nel20 B T.
AnMatbl, 3alpOEKTUPOBAHHOTO B CBOE BpeMs B KOHCTPYKLIMSX Kapkaca U3 COOpHOro
&Kele300eToHa.
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C nenplo yCTaHOBEHMS BIMSHUS JKECTKOCTH Y3JIOBOI'O COEIMHEHUS KOJIOHHBI C HAJKOJIOHHOMN
IUINTOW TEPEKPBITUSI Ha TPOCTPAHCTBEHHYIO pPAa0OTy M YCHJICHHS MOHTAXKHBIX IIBOB MEXKIY
TUTUTAMH TIEPEKPBITUSL OBUIO BBITIOJIHEHO TEOPETHUYECKOE MCCIIEIOBAaHUE IKCIIEPUMEHTAIBHBIX PadoT
IUISL TUCKA TIEPEKPBITHS ¢ U3yUEHHEM €T0 HaPSHKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHHSL.

CelicMOycHJIEHHE CTBIKOB MEXIY >KEI€300€TOHHBIMM IUIMTAMM BBIIOJHEHO [0 HPUHIUILY
BHEIIIHEr0 apMHUPOBAHHUS C IOMOIIbIO KOMIIO3UTHOIO MaTepHralia — CTEKJIOBOJIOKHA (PUCYHOK 1).

Pucynoxk 1 — Ucxonubiii kommo3utHbiii MaTepuai (TOO «CeitcmoCrpoitlIpoekT»)

KoHCTpyKIMS YCHIIMBAIOIIMX HAKJIAIO0K MPEACTaBIsAET co00# crexioTkanb mMapku D3-200 [1]
mupuHot 500 MM, HakieeHHas MHorocioiHo. KomnuecTBo cioeB M IIMpUHA HaKJIEHKU
MPUHATHl HAa OCHOBaHMU pacuera [2]. PacueTsl BBINOJIHEHBI B MPEANONIONKEHHHM, YTO CHCTEMA
YCWIEHHS Ha OCHOBE IIOBEPXHOCTHO-OKJIEEYHOW  CTEKJIOTKAaHM JIOJDKHA  BOCIPUHUMATH
pacTIArMBaoIMe YCUIMS C y4e€TOM COBMECTHOCTH nedopmanuii BHemHed apmartypbl 93-200 u
0eToHa KOHCTPYKIIHUH.

CBs3p OeTOHA M BHEUIHEH NMOBEPXHOCTHO-OKJICEUHON CTEKJIOTKAaHU MPUHUMAETCS KECTKOH, T.€.
IIOCJIE YCWJIEHHs KOHCTPYKLUHM BIUIOTH A0 HACTYIUIEHUS INPEACIBHOIO COCTOSHUS COXPaHSIOTCS
YCIIOBHSI COBMECTHOCTH J1e(hOpMarHid.

Jns  ompeneneHus YCUIMM, JEHCTBYIOIIMX B CThIKE, OOOCHOBAaHHOIO BbIOOpa MapKH,
KOJIMYECTBA M IIMPHUHBI MPUKJIEUBAEMBIX CJIOEB CTEKJIOTKAaHU ObUIa pazpaboTaHa KOMIIbIOTEpHAs
Mmojenb uccrneayemoro oowsekta B BK SCAD (pucynok 2). Pacuersl mpoOBOAMINCH C YYETOM
JNEUCTBHS Ha KapKac MOCTOSHHOW, BPEMEHHOW M CEMCMMYECKOW Harpy3Kd WHTEHCHUBHOCTBIO 9
0asIoB.

IIpu pacuere HMCXOAMIM U3 CIEAYIOIIUX MPEANOCHUIOK: AEUCTBYIOUINE PACTATMBAIOLINE YCUITUS
B CTBIKE IMOBEPXHOCTHO-OKJIEEYHOM CTEKJIOTKAaHH JOJDKHBI oOeclednBaTh Iepefady YCWIHH ¢
OJIHOTO JJIEMEHTAa Ha JApPYroi, a paBHONPOYHOCTb IOBEPXHOCTHO-OKJIEEYHON CTEKJIOTKaHU U
apMaTypbl MaHEeJIX WIN CThIKA Oy1eT COOII0AATHCS MPH YCIOBUH:

rae:

Pt — mpo4HOCTB Ha pacTshkeHHe 1 CM CTEKJIOIUIACTHKA, KI/CM;
Nf — KOJIMYECTBO CJIOEB CTEKJIOTKAHU;

| — ;uMHa cTBIKa, CM.
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RS — PpaCUYCTHOC COMMPOTUBIICHUC apMATYPbI TIAHCIIN UJINU CThIKA, Kr/ CMZ;
AS — IJIoIagb CCUYCHUA apMaTyphbl CThIKA UJIW MMAHCIA B HAIIPABJICHUA I[CﬁCTBPIH ycuius, CM2.

B el

A — pacuerHas cxema Oioka; b — ¢pparment 610ka

PI/ICYHOK 2 — KoHeuyHo-31eMEeHTHAS MOZCIIb KapKaca CpCI[HCﬁ IIKOJIBI

[Tocne npeobpazoBanus NpUBEIEHHON (HOPMYIIBI UMEEM BBIpaKEHUE:

AgRg
nf ' Pf = 2 (2)

JlanHoe 3HayeHHe NiPf HEOOXOIUMO Ui OTNpeNeNIeHUs] MapKH CTEKIIOTKAaHW M KOJHYECTBA €€
CJI0eB, KOTOpBIE omnpenensieM mo Tabmuue [1.4.1 [2].

HeoOxoauMasi mmpuHa TpUKIEHBaHUS Dompeaensercs W3 YCIOBHs pabOThl OeTOHA IUTUT
MIEPEKPBITHS HA CPe3:

p > (3)

Rpsh
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rie Rb sh— IPOYHOCTH GETOHA HA Cpe3, KI/CM2, ONpeIeNseTcs 110 BHIPAKEHHUIO:
Rbsh = (1,5...2)Ro[3]

Hecymiass crnocoOHOCTB CTBIKOBOTO COCIMHEHHS, YCHJICHHOTO IOBEPXHOCTHO-OKJICCYHOM
CTEKJIOTKaHbIO, TIPH JICHCTBHHM CIBUTAIOIUMX YCHIWH oOecreynBaeTcsi paboroil OeToHa
COMpSITaeMbIX AJIECMEHTOB Ha Cpe3 NpHU CABHIe W KPYUYCHHHU, a TaKke pabOTOil CTEKIOTKaHW Ha
pacTspDKeHHe, HO MPU ATOM HEOO0X0IMMO COOI01aTh ABa yciioBus (4) u (5):

_ Ngp Ngp
Rb,Sh - 2b-1 + Zﬁ.bZ (4)

Bropoe ycnoBue — 310 Tpedyemasi Hecylasi ciocoOOHOCTh | CM CTEKIIOTKaHH, UCXOIS U3 €€
paboThI Ha pacTsHKEHHE MPU U3rHOe COTNIacHO cleayolleit popmye:

1,5Ngpb
Ng - Pf = Yz (5)

rae:

Nsh— ycuine cABUTaB CThIKE, KT

f — xoaddureHT, MpuHUMAeTCs B 3aBUCUMOCTH OT BelnuuHsI | / brio Tabmunam [2].

[To ananoruu, ucromb3yst 3HaueHue NiPs 1 Tabnuipl [2] MoJ00paHbl MapKa M KOJIUYECTBO CIIOCB
CTEKJIOTKaHH.

HeoOxoaumas muprHa NpUKICHBAHUS CTEKIOTKAaHU (6):

Nsh + Nsh Nsh

h=
4‘Rb,sh -1 4'Rb,sh -1 2Rb,sh ’ .3

C YU€TOM COBMCCTHOT'O JIEHCTBUSA B CTHIKE YCI/IHI/Iﬁ pacTsAKEHUA U CABUTA, paCdC€T MPOU3BOJUTCA
IO IPUHOUITY HE3aBUCUMOCTH JIeNCTBUSA CHul1, C HpOBCpKOﬁ BBITIOJIHCHUA YCIIOBHUA (7)

Nt g Nsh Nsh 2
<
(Zb : l> (Zb WRTE b2> = Rosn

rie Ni— ycuiue pacTshKeHHS B CTBIKE, KT.

[To pe3ynapTaTaM pacyeTOB HAa PACTATHBAIONIME W CABUTAIOIINE YCWIIMS B CTBHIKE BBIOpAHBI
HauOoIbIIHe 3HaYeHus NP u b..

HNamee ¢ mnomompio BK SCAD wuccienoBana pabota CThIKA Ha COBMECTHOE JICHCTBHE
PaCTITHUBAOIIETO YCHIHS BIOIb OCH X M CPE3alollero yCHIWs BAOJL OcH Y. MakcumalbHbIe
yeunust B cTbike coctaBwin: Ha caBur Ny=Nsh=13,2kH; na pactskxenne Nx=Ni=6,82xH. Knacc
0eToHAa TUIMT TMEPEeKPHITUS W IIBOB 3aMOHOJMYMBAHUS MO Pe3ylibTaTaM OOCIEIOBaHHUS COCTaBUI
B20.

AHanu3 pe3yibTaToOB ITOKAa3aj, 4YTO JUIS BOCHPHUATHS JIEHCTBYIOIIMX B CTBIKE YCHIIAN
pacTsDKEHUS M CABUTA TIOTPEOYyeTCs TpH CJIos cTeKioTkaHu Mapku I3-200 TommuHoi 1o 0,19 MM ¢
IIMPUHOW HAKJIEMBAaHUs BIOJb Ba HE MeHee S00 mm.
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Kpome Toro, BBIMIOJIHEH pacyeT MO MPOYHOCTH HAa W3TUO HOPMAJIBLHOTO K TMPOJOJBHOW OCH
CEUCHUS JKEJIE300€TOHHOTO NIEPEKPHITHSI, YCUICHHOTO TOBEPXHOCTHO-OKIICEUHON CTEKIOTKAHBIO 110
MeToquke [4].

YcnoBrue MPOYHOCTH CEYCHHsSI M3rHOaeMOro 3JIeMEHTa, YCHUJIICHHOTO BHEUTHEH KOMIIO3WTHOMN
apMaTypoil - MOBEPXHOCTHO-OKJICCUHON CTEKIIOTKAHBIO, BHIPAXKACTCS:

M < Mult (8)

rjae:

M — pac4eTHbI BHEIIIHUIM MOMEHT;

Muit — mpeenbHBIA BHYTPEHHUN U3rH0AIOUi MOMEHT.

Ilocne cpaBHeHUs1 BHEMIHMX M W BHYTPEHHUX MOMEHTOB Myjt Ci€JIaH BBIBOJ, YTO IPOYHOCTH
IIIBOB IEPEKPBITHS MOCIE UX YCHJIEHHUsS CTEKIOTKaHbIO oOeclieyeHa Kak B IONEPEeYHOM, TaK U B
IIPOJOJILHOM HAIIPaBJICHUH; 3a11ac IPOYHOCTH cOCTaBUT 4,3%.

17 kHm <23,3 kHm;23 kHm <23,3 kH'm

Ycunenne MOHTaXHBIX — IIBOB  OCYLIECTBIEHO  HAKJIEWKOM  IOBEPXHOCTHO-OKJICCYHOU
CTEKJIOTKAaHU Ha HWKHIOK MOBEPXHOCTh C HAlpPaBJICHHEM BOJIOKOH BJOJIb OCH YCHJIMBAEMOU
KOHCTPYKUHMHU (T.€. BAOJb IIBA) B TPHU CJIOS 32 CYET NPOMNUTKU CHEHHATbHBIMU MOIUMEPHBIMU
pacTBOpaMH Ha 3MOKCUIHONW OCHOBE.

PaGoTbl Mo HakjIeWBaHHIO CTEKJIOTKAaHW MPOBOAUIUCH HEMOCPEACTBEHHO Ha OOBEKTE CpenHei
mronsl Nel20 B r. Anmarel. OONIIMH BHUI COCTOSHHMS MOHTA)KHBIX IIBOB IIOCJIE HAaKJIEHKH
MMOBEPXHOCTHO-OKJICEUHON CTEKIIOTKAHU MOKa3aH Ha PUCYHKE 3.

Pucynok 3 — OOmuii BUJT MOHTaXKHBIX IIIBOB,
OKJIEEHHBIX CTeKJIOTKaHbIo B TpH ciiost (TOO «CeitcmoCtpoitlIpoekT»)
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[IpoBeieHHOE TEOPETUYECKOE MCCIEA0BAHNE ISl KOHCTPYKTUBHOM SIMEHKH MEpEKphITU 6X6 M
Ha BTOPOM 3Take TpeXdTakHOro Ojoka cpenHeil mkoisl Nel20 B r. Anmmarbl Ha BO3JeHCTBUE
BEPTUKAJIBHONH HAarpy3kd, MOATBEpIWIN 3S(P(PEKTUBHOCTh NPEAJIOKEHHOTO Crocoda yCHUICHUs
KapKaca 3a CUeT YCTPOHCTBA BHEIIHETO apMUPOBAHUS IIyT€M HAKJIEWKH CTEKJIOTKAaHU Ha HUKHIOK
MOBEPXHOCTh COOPHBIX IUIUT B 30HAX MOHTAKHBIX LIIBOB MEX/y HUMH.

HcnplTaHnsa NOATBEpIWIM JaHHBIE, IOJYYEHHBIE C IIOMOIIBK) KOHEYHO-3JIEMEHTHOW MOJIENIH
NEPEeKPBITUS, M TOKa3ajaM, YTO paclpeseleHue MporudoB B IpezesiaX KOHCTPYKTHUBHOM sSYEHKH
NEPEeKPBITUS OBLIIO HEPAaBHOMEPHBIM, OCOOEHHO B 30HAX CONPSIKEHUS HAJKOJOHHBIX IUIUT
IIEPEKPHITUS C KOJJOHHaMU KapKaca, 4To, B CBOIO OY€pe/lb, IPUBENIO K HAPYIIEHUIO PETYJIIPHOCTU
MOJIH HAPSHKEHUH M OTHOCUTEIIBHBIX JIMHEHHBIX Ae(opMaIuil MiInThl MepeKphITHS.

PesynbraTsl pacyera mporuOOB jKeIe300€TOHHOM TUIUTHI MEPEKPHITHS COOTBETCTBYIOT JAHHBIM,
MOJyYCHHBIM C TIOMOINBI0 KOHEYHO-DJIEMEHTHOW MOJETH NEPEKPHITHS, B KOTOPOW OBLIO
IIPESYCMOTPEHO JKECTKOE COeIMHEHHE MEXAY COOPHBIMHU IIJIMTaMU I10 JMHUAM MOHTAaKHBIX LIBOB.
B neiicTBUTENIBHOCTH NOJJOOHOE CONpPSKEHHE COOPHBIX IUIMT SIBISETCS MAeaau3aluell pacueTHOH
MOJIEJIM B CHJIy ITPOM3BOICTBEHHBIX JE(PEKTOB, JAOMYIIEHHBIX MPU 3aMOHOJIMYMBAHUM MOHTAXHbIX
IIBOB, BBIIIOJHEHHBIX B HATYPE C OTCTYIUIEHUEM OT IIPOEKTA.
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OLEHKA COBPEMEHHOI'O COCTOAHUSA MPOBJIEMbI OYUCTKH
CTOYHBIX BOJ HA OYUCTHBIX COOPYKEHUAX BOJOOTBEJAEHUSA
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Hapubaes C.A., llunubdaen A./l.
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um. K.U. Camnaesa, Aimamui, Pecnyoniuxa Kazaxcman
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B cmamve paccmampusaromest coepemennoe cocmosnue npooiemMbl OYUCMKU CMOYHBIX 800 HA
OUUCTIHBIX COOpYIHCEHUAX 60000meedenusi 2opoda Lllvivmkenma. Ouucmuvie coOpyicenHusi 60000MBEeOeHUs.
OUONO2UYECKOU  OYUCMKU CMOYHBIX 800 nOCmpoenvl no npoekmy 80-x 20008 NpouLiozo Cmojemusi.
Omoenvhvle d1eMeHmbl U Y3Abl OUUCHHBIX COOPYICEHUN UBHOCUTUCH, YCMapenu, He o0becnequsarom
bezonacHocmv mpyoa, IHEPLOeMKU, MEXHUUECKU He HAOCNHCHbL. 3aspsisHenue oKpyscarouell cpedbl 0COOEHHO
CUILHO Ompax;caemcsi Ha COCMOSIHUU 8000UCTOYHUKOS. Pexomendyemces nposecmu ycosepuiencmeogamue
OUUCTIHBIX COOPYICEHUT 60000MBEOCHUSL C YETIbI0 00ECneHeHUs. MEXHUYECKOU HAOCHCHOCMU, IKOHOMUYECKOTL
appexmusnocmu, bezonacnocmu mpyoa u oxkpyscaioweii cpeovl. Cucmemol, cxemul, MEXHOIOSUU U MEXHUKA
68000CHAOIICEHUSL U B0000MEEOCHUSL OO0NIHCHBL ObIMb OPUECHMUPOBAHbL HA PECypPCo-dHep2ochepezaiuue,
9KOMO2UHeCKUe — uucmole, 9KOHOMUYECKU  IPDekmusnble,  MEXHUHECKU  HAOENHCHbIe — MEXHOIO2UU.
PexoncmpyKkyuro ouucmuvix coopysceHuti HeoOXo00UMo 0CyWeCmeisims Ha OCHO8e ONbIMA KCHIYAmayuu 6
COOMBEMCMEUU C HOBCTUUMU OOCIUNCCHUAMU HAYKU U MEXHUKU 3aPYOEHCHBIX U OMEUECMBEEHHBIX YYECHBLX.

Knrouesvle cnosa: ouucmmuvle COOpysCceHus, CMOUHbIE 600bl, OUUCHMIKA, 3ASPS3HEHUe 600,
6000CHADICEHIUE, UHIICEHEPHBIE CUCMEMDbl, BOOHbIE PECYPCHI.

Byn makanada [leivkenm Kanacvinoagvl cy mazapmy KYpuLIbICMApblH — A2blHObL CYIapObl MA3apmy
npobnemacvln  Kazipei dcau-Kyui Macenenepi MAiKuliaHaovl. buonosusnvl aseinovl cy mazapmy
KOHO®Ip2bLIapbl  omKeH  2acblpoviy — 80-dicolnoapeivoa  canviHean.  AeblHObL  Cyiapovl  maszapmy
KOHOBIP2LLIAPLIHLIY OOJIeK dNleMeHmmepi MeH KOHObIPEbLIAPLL eCKipeeH, eHOeK Kayincizoiein Kammamacol3
emnetioi, dHepeusi KON Kyammbvl, MeXHUKAIbIK MYpvliapsl ceHimwinikciz. Kopwiagan opma nacmanysl
acipece cy KyOvipbl Kyline batnianvimol. Tazapmy KYpblivlCmapbl MeXHUKAIbIK, CeHIMOLTi2iH, IKOHOMUKATLIK
MUIMOiniei, Kayincizoiein Jicone Kopuiazan Opmansbl KAMMAMAChl3 emy MAKCaAmulHOd JiCemindipy YuliH,
JIcyzece  acvblpybiHa Yebiubliadvl. CymeH 2icabO0blKmay JicoHe CAHUMAPUSAHbIY JiCyliesiepl, cxemanapul,
MEeXHON02UANAPbL MeH 20iCmepi pecypCmblK-9HepeUsl YHeMOCUMIH, IKOIOUALbIK MA3d, YHeMOI, MeXHUKAIbIK
MYPELIOAH CeHIMOI MeXHON02UAIAp2a 0agblmmanysl Kepek. Tazapmy sumapammapvlih Kauma HiCayapmy
VWIH COHRbL &bLIbIM JHCIHE TMEXHUKAHbIY Jfcemicmikmepimer, uemendik dHcoHe pecnyOIuKambi30biH
EANBIMOAPMEH CIUKEC, HCYMBIC Madicipubecimen nezizoeneen Domybl Kepek.

Tipex ce30ep: Cy mazapmy KYpbliblcmapbl, CaApKbIHObL CY, Mazapmy, cyouly JAACMAHYbl, Cy KYObipbl,
UHOICEHEPIIIK JiCYlienep, cy pecypcmapul.

The article deals with the current state of the problem of wastewater treatment at sewage treatment plants
in Shymkent. Sewage treatment facilities for wastewater biological wastewater treatment according to the
project of the 80s of the last century. Separate elements and units of sewage treatment plants have worn out,
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become obsolete, do not provide labor safety, are energy-intensive, technically not reliable. The pollution of
the environment is particularly affected by the condition of water sources. Protection and protection of the
environment. The systems, schemes, technologies and techniques of water supply and sanitation should be
oriented towards resource-energy-saving, environmentally friendly, economically efficient, technically
reliable technologies. Reconstruction of treatment facilities should be carried out on the basis of operational
experience in accordance with the latest achievements of science and technology of foreign and our
scientists in our republics.

Keywords: treatment facilities, wastewater, clearing, water pollution, water supply, engineering systems,
water resources.

Ha coBpeMeHHOM 3Tane 01HOHM M3 OCHOBHBIX 33/1a4 SKOHOMHYECKOI0 U COLMAIBLHOIO Pa3BUTUSA
Halel pecmyOJuKy sSBiIsieTcs pa3paboTKa U OCYILECTBICHHE B KaX/10i O0Tpaciiu, B 00beAMHEHUSIX U
Ha MPEeIIpUATUSAX KOMIUIEKCHBIX HPOTrpaMM TEXHHUYECKOTO IEePEeBOOPYKEHUS U PEKOHCTPYKLUHU
IIPOM3BOJICTBA, €r0 HENPEPHIBHOIO OOHOBJIEHUS Ha OCHOBE COBPEMEHHOH TEXHHUKU U IEpeloBOM
TEXHOJIOTUM OTMedaeTcss B crparermu pa3Butus «Kazaxcran-2050» [1]. ITlpm »ToM Ha
MPENNPUATHIX BOJOIPOBOAHO-KAHAIM3AMOHHOIO XO03siicTBa 0c000€ BHUMaHUE HEOOXOAMMO
o0paTuTh Ha OoJiee PalMOHAIBHOE HCIIONB30BaHUE M OXPaHy BOIHBIX PECYPCOB U TMOBBIIICHUS
3G GEeKTUBHOCTH pabOTHl OUYMCTHBIX COOPYKEHHH M YCTAaHOBOK BO HCIHOJHEHHE 3akoHa «OxpaHa
okpyxatorieii cpenst PK» [2].

3arpsi3HEHUE  OKpY’Kalolled cpeapl OCOOEHHO CHJIBHO  OTpa)KaeTcsi Ha  COCTOSHUHU
BOJIOMCTOYHUKOB. AHTPOIOI€HHOE 3arpsi3HEHHE MOJXKET IPHBECTH K Pa3BUTHUIO B BOJOEMax
HEOOpaTUMBIX IPOLECCOB, CHOCOOCTBYIOIIMX HUX IPOrPECCUBHOMY MHCTOILeHHI0. Peskoe
BO3pacTaHHe BOAONOTPEOICHUS U BOJOOTBEACHUS CO3/1aeT CEPhe3HYI0 YIpo3y BOJHBIM pecypcam B
OCOOCHHOCTH B TYCTOHACEJIECHHBIX W SKOHOMHYECKHM pa3BUThIX pernoHax. C KaxXIbIM Tr0/10M
BO3pacTalOT CaHUTapHble TPeOOBaHUS K KauyeCTBY OYMILIEHHBIX CTOYHBIX BOJA. B cBsi3u c 3TUM
00JIbIIOE 3HAYEHHE MUMEET OXpaHa, PAlMOHAJIBHOE MCIIONb30BaHHE M BOCHPOM3BOACTBO BOJHBIX
pECYpCOB, MpeayCMaTpPUBAIOLINE 3aIUTY MX OT 3arpsA3HEHHs U HCTOLICHHUS, IIyOoKas O4MCTKa
CTOYHBIX BOJ HAa OYMCTHBIX COOPYKEHMSX, YTUJIM3ALUs CTOYHBIX BOJ, BCEMEPHOE COKpAIllEHUE U
Jake TpekpanieHne cOpoca CTOYHBIX B BOJOeMbl. OCOOCHHO Ba)KHBI BBILIETIEPEUUCIICHHBIE
Bonpockl A T. IIpIMKeHTa — GOJIBIIOrO MEramoJuca, pacroj0KEeHHOro B FOXKHOW 4yacTW Hallen
CTpaHbI.

OuncTHBIE COOPYKEHUSI BOJIOOTBEICHUSI OMOJIOTMYECKONH OYMCTKH CTOYHBIX BOA I. llIbiMKeHTa
nocTpoeHsl 1mo mnpoekty 80-x ropoB mpomwioro crojetus. C 1992 r. cysepennas Pecrybnuka
Kaszaxcran Bcrama Ha MyTh PHIHOYHOW SKOHOMHKHU, T€ ONPEACNSIONIMM SBISETCS CHUXKEHHE
cebectoumocTtu mnponykuuu. Kpome Toro, 3a 35-36 ser sKcrulyaTallud OYHCTHBIE COOPY>KEHUS
ycTapeiar MOpajbHO U (PU3MYECKH, MOBBICHIIUCH HKOJOTHYECKUE TPEeOOBAHUS K OUMCTKE CTOYHBIX
BOJ M TMPUILIO BpeMs MpOBeACHUs pabOT MO PEKOHCTPYKUUH U MOJIEPHU3ALUN OYHMCTHBIX
coopykeHHi BomooTBefeHHs T. IlIbIMKEHTa ¢ 1eNbl0 MOBBIIICHUS HAJEKHOCTH SKCIUTyaTalluu
cTaHIuu a’panui [3].

[ToaToMy BOMpOCH H3Y4YEHHSI YCOBEPILIEHCTBOBAHHUS TEXHOJOIMH OYHCTKH CTOYHBIX BOJ,
pa3zpaboTKka MepONpUATUH 10 COBEPIICHCTBOBAHUIO JKCIUTyaTallud M yCTOWYMBOW palote
TEXHOJIOTHYECKHX MPOIECCOB coopykeHui T. IlIpIMKeHTa MMEIOT Ba)KHOE HAay4HO-TIPAKTUYECKOE
3HAa4EeHUE U OTJINYAIOTCS AKTYaJIbHOCTBIO.

HopmaTtuBHO-ipaBoBOii 0a30i1 MPOEKTUPOBAHMS, CTPOUTEIHCTBA, SKCIUTyaTallud CeTeH u
COOpY>KEHHI BOJIOCHA0KEeHUS 1 BO0OoTBeZieHUs B Pecniybmmke Kazaxcran 10 HacTosIero BpeMeHu
ciayxxar CHuller, TY, TOCTel. B mepuos miuaHOBOH 3KOHOMUKH HauOOJNbIIEE pacIpOCTpaHEHUE

33



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2017, Ne 4 (59)

MOJTYYHITU [IEHTPATM30BaHHBIE CUCTEMBI BOJJOCHA0KEHHS U BOJIOOTBEICHUS, OPUCHTHPOBAHHEIE Ha
MUHMMYM TNpPHUBEACHHBIX 3aTpar. B ycCJIOBUSX pPBIHOYHOW 3KOHOMHKH, TIE€ OMNPEIEISIOIIUM
ABIISICTCA TOJMyYCHHE MaKCUMyMa TpUOBUIM, CIEAyeT CO3/1aBaTh NPOCTbIe, HAJIEXKHbIE U
SKOHOMUYHBIE CHCTEMbl BOJOCHAOXXEHUSI W BOJOOTBEACHUS, YUYHUTHIBAIOUIUE IPUPOJIHO-
KJIMMaTH4eCKHe M peruoHaibHble ocodeHHoctu Pecrybnuku Kazaxcran. Hampumep, B ropoaax c
POBHBIM penbeOM MECTHOCTH, JUISl YMEHBIICHUS YHCIAa KaHAIU3AIIMOHHBIX HACOCHBIX CTAHIIMM,
CJIeIyeT CO3/1aBaTh JEIECHTPaIN30BaHHbIC CUCTEMbI BOJJOOTBEICHUSI.

B ycnoBusix nepummra M JIOpPOrOBHU3HBI DHEPrOPECYpPCOB, C YUETOM HAIMYUS OTPOMHBIX
3eMeTbHBIX pecypcoB, B PecniybOmmike Kazaxcran sxoHoMu4eckr 3(pPEKTUBHBIMH SBJISTFOTCSI METO/IBI
€CTECTBEHHOH OMOJIOTHMYECKON OYHCTKH.

Pecny6nuka Kasaxcran, BcTaBmIasi Ha MyTh PHIHOYHOW SKOHOMHKH, Ha JaHHOM JTare UMEeT
ceou CHuller, TY, 'OCTsl 110 BOJAOCHA0XKEHUIO M BOJOOTBEACHUIO, YUHTHIBAIOIINE MHUPOBOM
OTIBIT, COBPEMEHHbIC TEHICHIIMM DPAa3BUTUS HAYKH W TEXHUKH, COCTOSIHHE OKPY KAIOLIeH cpenbl
(armocdepsl, ruapocdepbl U JTUTOCHEPHI), HOBBIE COIMATBHO-I)KOHOMUYECKHE YCIOBUS U Jp. [4].

Kpome TOro, cucrembl, cXeMbl, TEXHOJOTUM U TEXHUKA BOJOCHA0XXEHHS M BOJOOTBEICHUS
JOJKHBI  OBITh OPUEHTHUPOBAaHBI HA PECypCcO-3HEprocOeperaronue, HSKOJIOTMUYECKUe YHCTHIE,
SKOHOMUYECKHU 3P (PEKTUBHBIE, TEXHUUECKU HAJCKHbIE TEXHOJIOTHH [5].

Ocy1ecTBiIeHHE PEKOHCTPYKIMM U TEXHUYECKOTO NEPEBOOPYKEHUS COOPYKEHUH 10 OYUCTKE
TOPOJICKHUX CTOYHBIX BOJ| — OJIHA U3 HaumOOJee CIOXKHBIX MH)KEHEPHBIX 3a/1ay, HallpaBJICHHas Ha
yIIy4IIIEHUE KOJIOTHUECKON 0OCTAHOBKH U OXpaHy BOJOEMOB OT 3arpsi3HEHHsI U ucTorieHus [6—9].

OTAM4UTEeIbHOW OCOOEHHOCTBIO TOPOACKHMX CTOYHBIX BOJ SIBIISIETCA MHOrooOpasue u
M3MEHUYUBOCTb X COCTaBa, HEPABHOMEPHOCTh MPUTOKA MO BPEMEHH KaK B TEUEHUE CYTOK, TaK U 110
MecAllaM U Ce30HaM rojia, BCIEACTBUE YEro HapyILIAIOTCS TEXHOJOTHUECKUE PEXKUMBI M CHUIKAETCS
Ka4eCTBO OYHUCTKH CTOYHBIX BOJ M YXY/IIIAETCS KOJIOTHYECKast 00CTaHOBKa B 11es10M [ 10-12].

Ananu3 paboThl KaHATU3ALUMOHHBIX OYHCTHBIX COOPYKEHHI TOpPOJOB U SKWJIBIX TOCEIKOB
MOKa3aJl, 4TO MPUYMHBI HU3KOM 3(P(HEKTUBHOCTH OYHMCTKH CTOYHBIX BOJI BEChbMa Pa3HOOOpPA3HBI.
Nmu MoryT ObITH OMIMOKH MPU MPOEKTUPOBAHUU U CTPOUTEIHCTBE, MCIOJb30BAHUE YCTAPEBIIUX
Hed(DPEKTUBHBIX TEXHUKH U TEXHOJOTHHU; HAPYIIEHHWE pPErjaMeHTa JKCIUTyaTallud COOPYKEHHH,
M3MEHEHHE M0 CPAaBHEHUIO C MPOEKTHBIM COCTaBa M KOJIMYECTBA CTOUYHBIX BOJI B CBSI3U C Pa3BUTHEM
MIPOMBILIJIEHHOCTH U CTPOUTENILCTBOM HOBBIX JKMJIBIX PailOHOB.

B psge ciayuyaeB TeMITbl KUIUIIHOTO CTPOUTEIBCTBA CAEPKUBAIOTCS U3-3a OTCYTCTBUS PE3EPBOB
CUCTEM U COOPY>KEHUI BOJOOTBEICHUS U OUUCTKU CTOYHBIX BOA. [lonokeHne MOXeT yCyryOasIThCs
eme W TakuM OOCTOSTENbCTBOM, KaK OTCYTCTBHE CBOOOJHBIX IUIOMIAACH JUIS pacIIUpPEHUS
KOMIUJIEKCa OYHCTHBIX COOpykeHmil. Kpome Toro, moBwilmieHne TpeOOBaHWW K CTEMEHU OYUCTKU
CTOYHBIX BOJ| BBI3BIBAET HEOOXOJAMMOCTh CTPOUTEIHCTBA COOPYKEHHUM TIIyOOKOW J0OYMCTKU. Bce
9TO BMECTE B3ATO€ TpeOyeT CBOEBPEMEHHOTO © d3(PGEKTUBHOTO pEIICHHs BOIpoca O
PEKOHCTPYKITUH, PACIIMPEHUH U MOJIEPHHU3AINN OYMCTHBIX coopyxenuii [13—15].

Hacrosmas paGota nocssiieHa pemeHno BOIPOCOB PEKOHCTPYKIIMM U MOJAEPHU3ALUU PaOOThHI
OUHCTHBIX COOPYKEHUH CTaHIMU a’panuu T. llIbIMKeHTa ¢ y4eToM HOBEHIIMX JOCTHKEHHM HayKH
U TEXHUKH B O00JIACTH OYHCTKH CTOYHBIX BOJI, JHEPro-pecypcocOeperaronmx TEXHOIOTHH,
SKOHOMHYECKH D(PPEKTUBHBIX M IKOJIOTUYECKH O€30MaCHBIX. PEKOHCTPYKIMIO MPUXOIUIOCH
MPOBOANTHh B HOBBIX COIMATbHO-dKOHOMHUYECKUX YCIOBHSIX Pa3BUTHS He3aBUCUMON PecrmyOnuku
Kazaxcran, rae omnpeaensioluMU CTajld  XO3SIMICTBEHHAas CaMOCTOSATEIbHOCTb, PBIHOYHBIE
OTHOIICHHUS B DKOHOMHUKE, CJIOXHOCTU U TPYIHOCTH COLMAIBbHO-3KOHOMHYECKHX MpoOieM
MEepPEexXoTHOTO Tepuoaa W Ap. TeM He MeHee, PEKOHCTPYKIUS M MOJIEPHU3ALMS OYHMCTHBIX
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coopykeHuit Obla HeoOXoauMa Jisi 00ecreYeHns HaJIe)KHOCTH U 6€301acHOCTH PaboOThl OUUCTHBIX
COOPYKEHHI.

[IpumeHnsiemble B HACTOsIEE BpEMsl TEXHOJIOTMM M TE€XHUKA JJII OYMCTKUA CTOYHBIX BOJ BEChbMa
pa3HooOpa3Hbl. B cucTemMax OYMCTKH TOPOJACKMX CTOYHBIX BOJ HAaWOOJbIIEE PaclpOCTpaHEHHE
MTOJTYYHJTH METObI MEXaHUYECKON U OMOJIOTMYECKOW OYMCTKHM CTOYHBIX BOJ [16,17]. B mocnexnue
roJpl, B CBSI3U C BO3pacTaHWEM TPeOOBaHUN K OYHMCTKE CTOYHBIX BOJ HAaYMHAIM MPUMEHSTbH
JOOYHCTKY CTOYHBIX BOJI.

MexaHnyeckasi OYUCTKa CTOYHBIX BOJ MpEeAyCcMaTpUBAaeT MPOLEKHUBAHHE W OTCTAaUBAHUE, MPHU
KOTOPBIX W3 CTOYHON BOJBI YIAISIFOTCS KPYIHBIC 3arps3HEHHs (TpSANKH, Oymaru, miactmacca,
necok, wi u Ap.). OOopyaoBaHHE COOPYKEHUH MEXaHUYECKOM OYUCTKU CTOYHBIX BOJI
MPEACTABIISIIOT  CIOKHBIE MEXAaHU3MbI, KOTOpbIE SHEPrOEMKH, UMEIOT Bpalllaloluecs U
UCTUPAIOIINECS AETAIH.

buoxumuueckas OYHMCTKa CTOYHBIX BOJ — O3TO OO0J€e CIOKHBIM MPOLECC, COCTOSIIMKA U3
OMOOKUCIUTENS AN ACCTPYKIMH OPraHUYECKHX 3arps3HEHUIl M BTOPUYHOTO OTCTaMBAHHS IS
CeMMEHTAIIMK 3arpsi3HeHui [21]. AHaJOTHYHBIC TEXHOJIOTHM M TEXHHKA MPUMCHSIOTCA U 32
pyOexoM B pa3BUTHIX cTpaHax 3amnaaHoil EBponsl, AMepuku u SnoHuu.

Kak mokaspiBaeT ombIT pabOThl KaHATU3AlMOHHBIX OYHMCTHBIX COOPY)KEHHH OHH CO BpEMEHEM
yCTapeBaloT Kak (Qu3ndecku (M3HOC), TaK U MOPAIBbHO (HE OTBEYAIOT HOBBIM TPEOOBAaHUSIM) H
TPeOYIOT PEKOHCTPYKIMH M MojepHU3anuu. OJHAKO MPH TPOBEACHHH ITUX PadOT HEOOXOIMMO
YVYHUTHIBAThH CHEUPUICCKUE 0OCOOCHHOCTH 00BEKTa U MECTHBIC YCIIOBHS. B 4acTHOCTH, KOJTHMYECTBO
M COCTaB CTOYHBIX BOJI, TEXHOJIOTHYECKHE MOKA3aTEIN U PEKUMBI, YCIOBUS U ONBIT KCILTyaTallHH,
MPUPOJAHO-KIMMATUYECKUE YCIOBUS, YIKOJIOTHYECKHE TPUPOIOOXPAaHHbIE TPEOOBAHUS U JIp.

DKCIuTyaTanusi OYUCTHBIX COOPY’KEHHUM OCYILIECTBIISIETCS B COOTBETCTBHUM C OTPACIEBBIMU
MpaBUjJaMd M HOpPMaMu IO HKCIUTyaTallid BOJONPOBOJHO-KAHAIM3ALMOHHBIX COOPYXEHUH H
TEXHOJOTUYECKOTO perjaMeHTa paboThl OUUCTHBIX COOpyxkeHuit [18].

3a paboTO OYUCTHBIX COOPYKEHUI BEIETCS MOCTOSIHHBINA TEXHOJIOTUYECKUI KOHTPOJIb.

PexoHCTpyKIIMSI OYMCTHBIX COOPY)KCHHH OCYIIECTBJISETCS Ha OCHOBE aHaln3a OIbITa
JKCIUTyaTallud M HUMeEeT LEeJbl0 O0ecreueHue TEXHUYECKOW HaleKHOCTH, 3KOHOMHYECKON
3¢ (eKTUBHOCTH, 0€30IIaCHOCTH TPYAa U )KU3HEAEATEIbHOCTH, OXPaHbl OKPYKaIOLIeH cpeibl.

Kak npaBuiio, peKOHCTPYKIIMH MOABEPrarOTCs KOHCTPYKIMUHU, OTACIbHBIE Y3Jbl M AJIEMEHTHI
OUHCTHBIX COOPYKEHUH.

B cBoeii paboTe MBI OTMETHIIH, YTO COBEPIICHCTBOBAHUE (PEKOHCTPYKIIMIO M MOJECPHHU3AIINIO)
OUYUCTHBIX coopyxeHui T. [lIpIMKeHTa HEOOXOIMMO OCYIIECTBUTh HA OCHOBE TIyOOKOTO aHalu3a
OTBITA DKCIUTyaTalliH, MEPEJOBOTO MHUPOBOTO ONBITA W HAYYHBIX JOCTHKCHUN OTEYECTBEHHBIX U
3apyOeKHBIX YUEHBIX B JAaHHOW 00JIacTH.

Buisooui:

1. TlpoBeneHHBIN JUTEPATYPHBIA aHAINA3 TOKa3ad, 4yTo 3a 36 JEeT SKCIUTyaTallid OTIEJIbHbIC
AJIEMEHTHI M Y3JIbI OYMCTHBIX COOpYKeHUH T. [IIbIMKeHTa H3HOCUITUCH, YCTapein, He 00eCIIeYBaIOT
0€301MacHOCTh TPY/Ia, JHEPTOEMKH, TEXHUUECKH HE HAIC)KHBI.

2. TpeOyeTcsi cCOBEpILIEHCTBOBAaHNE TEXHOJIOTUH OYMCTKU CTOYHBIX BOJ T. [lIpIMKeHTa, KoTOpas
obecnieunyia ObI TEXHUYECKYIO HAJIEKHOCTh, IKOHOMUYECKYI0 3D (PeKTUBHOCTE, 6€30MacHOCTh TPYa
Y OKPYKaloIIeH Cpeabl.

3. PEeKOHCTPYKIMIO OYHUCTHBIX COOPYKEHHH HEOOXOIUMO OCYIIECTBJISITH HAa OCHOBE OIIBITa
JKCIUTyaTallud B COOTBETCTBMM C HOBEHUIIMMH JOCTHMKEHUSMHM HAyKH M TEXHHUKU HAIIMX YYEHBIX
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Hallei pecrmyONUKH, a Takke YYeHbIX cTpaH bmmwkaero m JlanbHero 3apyOexbss Ha OCHOBE
umeromuecs: “HGopMaIuu B 001aCTH OYUCTKU CTOYHBIX BOJ CUCTEM BOJOOTBECHHUS.
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PA3BPABOTKA TEXHOJIOTUU NOJYYEHUS DKOJOT'NMUYECKHA
YHUCTOI'O IIJIMTHOI'O MATEPHAJIA U3 OTXOJIOB
CEJBCKOXO3SMCTBEHHOU NIEPEPABOTKHA

Hopaanuau I'.K.}, Typcynos T.B.2, Xen B. A.l, Uopaes H.H. !, Omup:kanos K.3.1
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Paspabomana u onucana mexnonocus noryueHus JIUSHUHCOOEPICAue20 CeA3YIouje20 KOMNOHeHma,
cooeporcaujeco bonee 60 % sKon02o02utecku 4ucmozo aueHuna. 1lpogedensl uccie0o8anus no onpeoeieHuo
ONMUMANILHBIX COOMHOUIEHULl KOMNOHEHMO8 pabouell cmecu Ol (POPMUPOBAHUS NAUMHO20 MAMepuand
(IIM). Onucan mexnonocuueckuil npoyecc NOAYHeHUs NAUMHO20 MAMepuanld u3 ColOMbl 3ePHOBbIX HA
beckneesoll ocnose. Paspabomana u uzeomosiena mMooepHusuposanHas npecc-gpopma oas nonyuenus IIM.
Onpedenenvi onmumanvHsie QuU3UKO-Mexanuieckue napamempsl npecco8anus npu GoOpMuposaHuy NIUMHO20
mamepuana. IIpogedensvl ucciedo8ans HeKOMOPLIX XUMUYECKUX U UBUKO-MeXaHUUecKue XapaKmepucmux
NONYHUeHHo20 Mamepuana 6 cepmupurayuonuvix rabopamopusx na coomsemcmeue I OCTam. Paspabomana
UHHOBAYUOHHASL MEXHONO02US NOTYHYEeHUsl IKONO2UYECKU Yucmozo naumnoz2o mamepuana (IIM) uz omxo0oe
pacmenueso0Ccmed (NUeHUYHOU CONOMbL), 20e 8 Kauecmeae C8A3VIUle20 UCHONb3YEMCs IKON0ULECKU YUCHIbITL
JIUSHUHCOOEPHCAUUTL MAmepual.

Kniouesvie cnoea: unnosayuoHHAs MeXHONO2UA, NUEHUYHAS COAOMA, NAUMHbIL MAMepuan, JIUuSHUH,
napos3pwisHOU 2udpoau3, pabouas macca, npecc-gopma.

Kypamwinoa 60 % acmam sxonoeusnvly masa aueHun oap JuSHUH Kypamovl 0auidacmolpeblii KOMNOHEHM
any mexHono2UACsl asipaeHzen Jcane cypemmenzet. Taxmanvix mamepuan (TM) kaneinmacmoipy2a apranean
HCYMBIC KOCHACHINbIY KOMNOHEHMMePIHil OHMaiiivl apakamulHacmapbli anblkmay OolblHwa 3epmmeynep
ocypeizineen. Kenimciz Hecizde 0aHOI  0aKbLIOAPObLIY CAOAHBIHAH MAKMANLIK MAMepuanl anyobly
mexHono2uAnbIK npoyeci cypemmenzen. TM any yuwiin MOOepHUSAYUANAHEAH NPECC-KATLIN d3IPNEHSEH JICIOHE
acacanzan. Takmanvlx mamepuanobl KMay Ke3iHoe npecmeyoOiy OHMAUNbl QUIUKATbIK-MEXAHUKANBIK
napamempiepi aHbIKMAaneaH. AnviHzan mamepuanovly OipKamap XUMUsIblK HCoHe QUIUKATBIK-MEXAHUKATbIK
cunammamanapoin ~ MemCT  catikecmixke — 3epmmeynep  Jcypeisineen.  Ocimoik — wapyauibiivlaol
Kanovikmapvinan (6udail cabanvl) oHOa OAUIACMBIPLIWL PemiHOe IKONOSUSILIK MA3A JTUSHUH KYPamobl
Mamepuan nanuoalaHblIAMbIH  IKONOSUANBLIK  MA3ad  MAKMAAblK, MAamepuan anyovly UHHOGAYUAIbIK
MEXHONO2UACDL d3IPNICH2EH.

Tipex co30ep: UHHOBAYUANBLIK MEXHOAO2UA, Ouoal cabaHvl, MAKMATLIK MAMepPudn, JAueHuH, o0y-
HCAPBITLICIBIK 2UOPOTIU3, HCYMBIC MACCACH, NPECC-KATbIA.

Technology for production of lignine containing binding material containing more than 60 % of
environmentally friendly lignine has been developed and described. Research has been carried out to
determine an optimum ratio of components of a working mass for formation of a slap material (SM).
Production process has been described to obtain slab material from straw of grain crops on no stick basis.
An upgraded press mold was developed and produced to manufacture SM. Optimal physical and mechanical

37



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2017, Ne 4 (59)

pressing parameters have been determined within molding of slab material. Research has been carried out
covering chemical and physical and mechanical characteristics of the obtained material in certification
laboratories in terms of compliance with GOSTs. Innovative technology has been developed to obtain
environmentally friendly slab material from wastes of crop growing (wheat straw), where environmentally
friendly lignine containing material is used as a bindingagent.

Keywords: innovative technology, wheat straw, slabmaterial, lignine, vapor explosion hydrolysis, working
mass, press mold.

Beeoenue. Bricokne MarepualbHble M SHEPreTHYECKHE 3aTpaThl MpU T00bUE U MepepaboTke
JPEBECHOTO CBHIPbS U JUITUTEIBHBIA CPOK BO3OOHOBJIICHHS ATOIO MPUPOIAHOIO pecypca 00yCIoBHIN
HE0OXOUMOCTh Pa3pabOTKH HOBBIX TEXHOJOTHYECKH IPOTPECCUBHBIXM HKOJIOTMYECKH YHCTBIX
pelieHuii B IpOU3BOACTBE U3JIEIUIN U3 IPEBECUHBI.

B nocneanue roabl B CBSI3M CO 3HAUUTENbHBIM HCTOILEHHUEM JIECHBIX PECYPCOB IIMPOKUM
(GpOHTOM TPOBOIATCS UCCIENOBAHHS 1O IMOWCKY AIbTEPHATHUBHBIX JPEBECHHE BUIOB CHIPHEBBIX
pecypcoB, B  YAacCTHOCTM,  MCIOJb30BAaHUI  NPOAYKIMHM  pPAcCTEHMEBOJCTBA,  OTXOJOB
CEJIbCKOXO3SIICTBEHHOIO IIPOM3BOJCTBA, KOTOpBIE OYAYyT SBJISATHCS IOCTABIIMKOM HMCXOJHBIX
KOMIIOHEHTOB JUIsl IPOM3BOJICTBA IJIMTHOTO MaTepHalia, MOJIyYeHUsI aKTUBUPOBAHHBIX YIJI€H U T.1.

Hacepimienne pplHKa NPOMBIIIEHHBIX CTPOUTEIbHBIX MAaTEPUAIOB OTEUECTBEHHOW MPOLYKLUEH
SBIIAETCS OHOM U3 3a/1a4, koTopas Obuia mocrasieHa [Iporpammoit ®UNP Pecny6nuku Kazaxcran
[1,2]. B Hacrosimee Bpemst 6onee 80% muiiomaTepuanoB U APEBECHBIX IUIAT AJISi CTPOUTENHCTBA U
MeOeNbHOI TPOMBIIUIEHHOCTH TOCTaBIsETCs M3 OMMKHEro W JanbHero 3apyoexbs. CosmaHue
OTEYECTBEHHOI'O IMPOM3BOACTBA IO IPOU3BOJCTBY COBPEMEHHOIO JELIEBOTO U 3KOJOTMYECKU
YUCTOrO IIJIMTHOIO MaTrepHaja IOJIHOCTbIO OTBEYaeT TpeOOBaHUS COBPEMEHHON HKOHOMUKH
Ka3zaxcrana.

OpuuM u3 HauOosiee MEPCIEKTUBHBIX HAIPABIEHUN pelIeHHus MpoOieMbl 3aMelleHUs
JPEBECHUHBI SBIIAECTCA HCIOJIB30BAaHUE OTXOJOB CEIbCKOXO3AMCTBEHHOIO IPOM3BOJACTBA, B
YaCTHOCTH COJIOMBI 3€PHOBBIX KyJIbTyp. B 3TOM ciyuae, moMuMO pelIeHUs BOIpOca CO3IaHMS
OTEYECTBEHHBIX CTPOMTENIBHBIX MaT€pUaAJIOB, NapajlIeIbHO PEIIAIOTCA BOMPOCH KOMILIEKCHOTO
MCMOJIb30BAHUS CHIPbS M YIYUIIEHHs SKOJIOTHYECKOM 0OCTaHOBKHM. AKTHBHBIE MCCIIEJOBAHUS IO
IIPUMEHEHUIO PACTUTENILHOTO CBIpbS B KadyeCTBE MCXOJHOTO MaTepuana Jjs IpPOU3BOJICTBA
CTPOUTEJIBHBIX MATEPHAJIOB MPOBOJIATCS B CTPaHAX MOCTCOBETCKOTO MpocTpancTea [3-5].

B sToM mnane Hama cTpaHa o0yiajaeT OrpOMHONM BO30OHOBIISIEMON PAacTUTEIBHOW CHIPbEBOM
6a3zoif, moaromy mia Kaszaxcrana oco0o axkTyanpHO pelieHue Bompoca Ooinee 3(pGeKTHBHOTIO
WCIIOJIb30BAaHUs ATOTO ChIPhSl B HAPOJAHOM XO3SIHCTBE.

Lenbto paboThl SBIsIACH pa3pabOoTKa SKOHOMHUYECKH BBITOAHOM M DKOJOTMYECKH YHUCTOU
TEXHOJIOTUU H3TOTOBIEHUS IUTHBIX MarepuanoB (tuma JICII) crpourenbHOro HazHa4deHHs C
BBICOKUMH  (DU3MKO-MEXaHMYECKMMHM  CBOWMCTBAMM M3  OTXOJOB  CEIbCKOXO3SHCTBEHHOTO
MIPOM3BOJICTBA (C AKIIEHTOM Ha MIIEHUYHYIO COJIOMY) 0€3 MCIOIb30BaHUS 3KOJOTUYECKH BPETHBIX
CBSI3YIOLIMX KOMIIOHEHTOB (KJIesl, CMOJI | T.1.) J[jIsl JOCTHKEHUs MOCTaBIEHHOM 1€/ HE0OX0AUMO
ObLIO PELIUTH CIEAYIOIME OCHOBHBIE 3aJauH:

—  TOJYYUTh SKOJOTUYECKH YUCTHINA CBA3YIOMMN KOMIIOHEHT U3 OTXO/I0B PaCTEHUEBO/ICTBA;

—  U3y4UTh(PU3NUECKO-MEXaHUYECKHE MapaMeTPhIJaHHOTO KOMIOHEHT B pabouell macce U
HKCHEPUMEHTAIBHO ONPEICTUTh ErOONTUMANIBHOE COJiepKaHue B paboueit macce;

—  OompeAenuTh (puznyYecKre mapaMeTphIporecca IPeccoBaHus (TeMIepaTypa 1 1aBjieHue)

— [pHA NOJTYUYCHUHUIIJIMTHOI'O MaTCpHraia Ha OCHOBC ITOJIYYCHHOI'O CBA3YIOIICTO,
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— OomIpeaAcinTb TCXHUYCCKUC U 3KOJIOTMYCCKUC CBOMCTBaA MOJIYUCHHOT O IIM n CpaBHHUTH HUX
C AaHAJIOTUYHBIM MAaTCpUaJioM U3 JPCBCCUHEI.

Paspabomrxa memoouxu u nonyuenue dKOLOSUYECKU YUCMO20 CEA3VI0Uiec0 KOMNOHEeHmMA
(nuenuna) uz nuwenuunou coromwvl. ConomMa Kak ChIpbe MMEET ONpeieiieHHbIE OCOOCHHOCTH 10
CPAaBHEHHMIO C JIPEBECHHOM, 3TO OTHOCHTEIBHO HU3KOE COJICP)KAHHE IICJUTFOJIO3bI, JIMTHUHA W,
COOTBETCTBCHHO, ITOBBIIICHHBIC KOHIICHTPAIIMM TE€MHUIEIUIION03, 30JbI W BOCKa B CHIPBE.
[Tmennynas conoma coxepxkut 32 % wnemmtonossl, 18 % nurauna, 23 % mnenrtozanos, 14 %
TeKCO3HBIX TeMHIICIUTIONO03, 5,9 % pacTBOpUMBIX B ciupTo-OeH30i1e 1 8,2 % 30161, JIMTHUH BMECTe
C TeMHILIEIUTION03aMU OIPEEIeT MEXaHUYECKYIO IPOYHOCTh CTBOJIOB M CTEOJIEH.

B pabore [4] mnpoBeneHBI WCCIEAOBAHUS MOATBEPKIAIONINE, YTO BBICOKHE (U3HKO-
MEXaHUYECKHE CBOWCTBA TUIMTHOIO MaTepralia MOTYT OBITh MOJYYECHBI IIPU MIPECCOBAHUU MacChl U3
PacTUTENILHOTO ChIpbs, €CJIM COJep)KaHWe JUTHUHA B Hel Ooznee 25 %. M3 BbILIEU3I0KEHHOTO
CIIEZIOBAJIO, YTO HEOOXOAMMO, MHCIOJb3Yysl IMPOLECC MAapPOB3PHIBHOIO TUAPOIU3a, MOIYYUTh U3
COJIOMBI 3KOJIOTMYECKH YUCTBIH MaTepHall ¢ BBICOKUM COJEp’KaHMEM JIMTHUHA. ABTOpaMH 3TOH
crateu B 2014 romy Obut paspaboTaH cnoco0 H3TOTOBJICHHUS JIMTHUHCOJEPKAIIETO MaTepuana U
1oJIaHa 3asiBKa Ha nateHT [6]. YciioBUs AJs MPOBEACHUS MaPOB3PBIBHOTO IHIPOJIK3a (MOBBIIICHHOES
naBieHue, temmneparypa Oomee 100 °C, yrompHas KHCIOTa B KadecTBE KaTalM3aropa,
JieKkoMnpeccusi) co3aaBayiichk Hamu B rpanyisitope SKJI2-200A. TloapoOHBI mporece MoTyYeHHs
NeJyieT W3 MIICHWYHOH COJIOMBI C BBICOKMM COJIEp)KaHHUEM O3KOJOTMYECKH YWCTOrO JIMTHHHA
onucanB padotax [7, 8]. [TonydyeHHBIE 110 ATOM TEXHOJIOTUH MEJUICTHI MPEACTABICHbI Ha PUCYHKE 1,
coJiep>KaHue IMTHUHA B HUX Ooiee 60 %.

T

Pucynox 1 — IlemneTsl U3 NIIEHUYHON COJIOMBI C COJIEPHKAHUEM
nurauHa 6omnee 60 %

DKOJOTUYECKH YUCTHIN JIMTHUH, TIOMYyUYEHHBIH B MPOIECCE CKOPOCTHOTO THAPONN3a, 00NamaeT
CBOMCTBOM, KOTOpOE HE HAOIIOJAeTCsl y OOBIYHOTO THIPOJIU3HOTO JIUTHUHA, & UMEHHO — 3TO €ro
CIIOCOOHOCTh CMEIIMBATHCS C BOJIOM M aKTUBHO MPOSBIATH IMPH 3TOM CBOM IUIACTH(DHUKAITMOHHBIC
CBOICTBA.
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Onpedenenue @u3UKO-MeXAHUUECKUX napamempos KOMHOHeHmM 6 pabouel macce U Ux
ONMUMANILHO20 COOMHOWEHUSL NPU NOO020MOoGKe paboueli maccvl. B pe3ynpTate NpOBEACHUS
00JBIIOT0 00BbEeMa JTA0OPATOPHBIX HMCCIEAOBAaHWN ObLIa OIpenesieHa TEXHOJOTHYECKas IerovKa
MOJITOTOBKH BCEX KOMIIOHEHTOB paboveld MacChl.

Buauane ucxonHoe coipbe (cosioma) uMmenbuanoch 10 ¢pakuuu 0,1+5MM B HU3MenbuuTene
6uomaccel C1-YPC 1800 ¢ uukinonom, 3areMm u3 25 % M3MENbYeHHON COJOMBI MMOIy4ald BTOPYIO
KOMIIOHEHTY paloueil Macchl (C BBICOKMM COJEpXaHHEM YHCTOr0 JIMTHUHA) IO TEXHOJOTHUHU
ONMCaHHOM B [7].

[TonmyyeHHbIE TeEIUIETBI C BBICOKMM COJIEP)KAHHEM JIMTHWHA HW3MENbYAINCh 10 (Qpakuuu
0,01+0,Imm B maGopaTopHOM Je3uHTErparope MosioTkoBoro tumna «Buxps» MKB-2. OnbiTHRIM
nyTeM OBUIO YCTAHOBJICHO, YTO ONTHUMAJIBbHOE COOTHOIICHHE CyXHMX KOMIIOHEHT B paboueil macce
cocraiseT 1:3 (mo macce), riae ojHa 4acTh — JUTHUHCOJEpIKalas KOMIOHEHTa (C coJaep:KaHUuEM
murauHa 6onee 60 %) ¢pakuus 0,01-0,10 MM, a Tpu yacTH — U3METbUYECHHAs COJOMa (PpaKiuei
0,1+5mmMm.

3areM MpPOBOJIMIIOCH MPEABAPUTEIHHOE CMEIIUBAHUE JIBYX CYXHX KOMIIOHEHT paboueil macchl,
OpUYeMUIA TONy4YeHHs Ooliee OJHOPOAHOM CyXoi cMecH (ABYX TEpBBIX KOMIIOHEHTOB)
HEOOXOAMMO OBIJI0O TPOBECTH HX JONMOJHHUTENIBbHOE wu3MenbueHue (mo dpakuuu 0,01+0,1mm),
KOTOpOE MPOBOJIMIIOCH Ha JlabopatopHoM m3menbuutene LFP-750A. Orot u3mensunrtens padoTaer
Ha MPUHLUIE Pa30MBaHUS MAacChl OOBIYHBIM BHHTOBBIM HOXKOM, HO Ha OY€HBb OOJIBIIMX CKOPOCTSIX
(cBoime 20 000 06/muH). [Ipu 3TOM Mporecce MPOUCXOAUT TEPMHUUYECKAs TOMOTEHU3AIUs paboueit
CMECH, KOTOpas COMNPOBOXAACTCS BBIJCIICHUEM CMOJIMCTBIX BEIIECTB U3 COJIOMBI, YTOB
MOCIIEACTBHUH MOJIOKHUTEIHHO BIUSAET Ha KQUeCTBO MOTYYaeMOro INIMTHOTO MaTepHaia.

TpeTbeill KOMIIOHEHTOM B MCXOJHON paboueil Macce sBiseTcs Boja. ONTUMaIbHOE MPOILIEHTHOE
COOTHOILIEHHE BCEX TpeX KOMIIOHEHT B TOTOBOM paboueif Macce OBUIO ONpPEIEIeHO
HKCHEPUMEHTAIbHBIM IIyTEM, U OHO OKa3anoch cieayrommm: 20 % —murHuHcoaepxkamias Gpakuus;
58 % — mmenmnuHas conoma u 28 % — Boxa. [Iporecc moaAroToBKM paboveid Macchl K PECCOBAHUIO
oIpoOHO ormwcaH B [7].

Onpeoenenue usuyeckux napamempos npecco8anus npu U320mMosieHuu NIUMHO20 Mamepuaid
Ha OCHOBe MNONYYeHHO20 c@A3yiujeco. VI3 nuTepaTypHbIX UCTOYHMKOB HM3BECTHO, YTO JUTHUH
MPOSBIISIET CBOM IMJIACTU(PHUIMPYIOMIME U CBS3YIOUIME CBOWMCTBA BO BJIAXXHOM COCTOSHUU TIpU
MOBBIIIICHHOM JaBJICHUU U BBICOKOH Temriieparype. i molydeHus: ONMBITHBIX 00pa3loB MIMTHOTO
MaTepuana Oblla pa3paboTaHa W HW3TOTOBIEHA MOAOrpeBaeMas IMpecc-Ppopma, TEXHUYECKHE HU
paboune XapakTepUCTHKH KOTOpO#l mpezacTaBieHsl B [7]. B Xome 3SKcmeprMMeHTaIbHBIX
uccleIoBaHUM Hamu Oblla ompejesieHa ONTHMajibHas pabouas TemIepaTypa HarpeBa Ipecc-
dbopMBI, TIpU KOTOpOM HEOOXOAMMO MPOBOAWTH MpeccoBanme. OHa cocraBmwia OkKoio 165°C,
MaKCUMaJbHOE JIaBJIEHHE HCIIOIB3yeMOTO TpeccoBoro obopymoBanus Obuto 50 mlla. Anamus
pe3yabTATOB HWCCIAEAOBAHUS TMONy4YeHHBIX oOpa3noB [IM mokaszam, 49Tto 1o CBOMM (DU3UKO-
MEXaHMYECKUM XapaKTepUCTUKaM OHM He ycrynainu cymectBytomumM aHainoram JCII, Ho, k
COXKAJICHUIO, MMENTM Henpe3eHTa0enbHbI BHEUTHUI BUJ. B 4YacTHOCTH, €Clii LIEHTpalibHas 30Ha
TUTUTKH UMeNa OYeHb TTAJKYI0 MOBEPXHOCTh, TO MO KpasiM o0pa3ibl ObUIM MIEPOXOBATHI U JETKO
HISTYIIHIUCH TPH MEXaHUIECKOM BO3JICHCTBUU (PUCYHOK 2).

Bce 310 ykaszpiBano Ha TO, 4TO B IEHTpE Mpecc-(hOopMBbl CO3/IaBAUCH Oojiee OJIarompUsITHBIC
ycioBusi (pOpMHUpPOBaHUS TUIMTHOIO MaTepuaja Kak Mo TemIepaType, Tak U MO JaBICHHUI0. JTO
03HAy4ajo0, 4TO MPU CO3JAHHBIX YCIOBHUSX CTPYKTypa IJIUTHOIO MaTepuaja Ha MEepBOHAYaJIbHO
pa3paboTaHHON HamMH npecc-(popme MOTUMEPU3YETCS HE MTOJIHOCTHIO.
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Pucynox 2 — O6pasen IIMTHOTO MaTepuana

JInsi  ycTpaHeHHs — BBISBJICHHBIX  HEJOCTATKOB  Oblla  pa3paboTaHa ©  H3rOTOBJICHA
MOJICpHU3HPOBaHHas npecc-popma (pucynok 3) [7].

Pucynok 3 — MoaepausupoBanHas mpecc-gpopma B coope

Pacnonoxxenne HarpeBaTenbHBIX 3eMeHTOB — TOHOB B HOBOM mnpecc-hopMe MO3BOISIET
OCYUIECTBIISATH O0Jiee paBHOMEPHBII ee Harpes.
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Ha panHOll MonmepHM3UpOBaHHOW mpecc-opMe OBLTM MPOBEACHBI AKCHEPUMEHTHI IO
[IOJIyYEHUIO IIJIMTHOIO MaTepuana. W3 MOIydeHHBIX pe3yjbTaTOB OMNbBITHBIX HCIBITAHUM
(pucyHok 4) BHIHO, YTO MpPOrpeB 0Oeux yactel mpecc-(HopMbl UAECT MPAKTUYECKH PABHOMEPHO,
HeoOxoauMoro 3HadeHus B 178 °C oHHM JOCTUTAIOT IPUMEPHO Yepe3 TPH Jaca.
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Pucynok 4 — I'paduk u3meHeHus TeMIepaTypbl HarpeBa MaTPHUIIbl U ITyaHCOHA
C yTeIIeHHeM Tpecc-(hopMBI

ITpu 3aknanke paboueit Maccel, mpecc-popma oxiaxaanack 10 160 °C u npu 3Toi Temneparype
MPOU3BO/IMIIOCH NPECCOBaHME U (UKcalMs IUIMTHOrO Marepuaina. JlaBieHHe MpH MPEecCOBAHUU
6but0 120 T, YTO COOTBETCTBOBAJIO YJEIBHOMY JaBJIEHUIO Ui HOBOW Ipecc-(popMBl OKOJIO
135-140 xr/cm? [9]. TlonmydeHHbIe 06pa3IBl TMTHOTO MaTephana Ha MOJAEPHH3MPOBAHHON mpecc-
¢dbopMe npu ATHX (PU3NKO-MEXaHMUECKHX MapaMeTpax Mpolecca UMEIU OTINYHbIE XapaKTePUCTUKU
(ynembHas motHOCTh [IM cooTBeTcTBOBana 1,1 r/ems).

Ha pucynke 5 mnpezacraBieH o0pasen HKOJIOTMYECKHM YHUCTOTO IJIMTHOIO Marepuana U3
MIIIEHUIHOW COJIOMBI Ha OECKJIEEBOI OCHOBE, MTOIYYEHHBIN Ha MOJIEPHU3UPOBAHHOM TIpecc-popme.

boun mpoBeneHbl UCClIeOBaHMS 10 OTACIbHBIM MO3UIUSAM MOJYyYEHHBIX 00pa3lioB IUIMTHOTO
MaTepHuaja B CHEIHMAIM3UPOBAHHBIX CEPTH(PHUIMPOBAHHBIX J1abopaTopusx TaMOKEHHOro cor3a Ha
COOTBETCTBHE CYLIECTBYIOIIMM HOPMAaTHBaM JJIsl IaHHOT'O THIIa CTPOUTENIbHBIX MaTepUaioB (TUma
JCII).

B wactHOCTH, TPOBE/ICH aHANU3 Ha:

— OmpejaesieHHe TPYMIbl TPYAHOTOPIOYMX U TOPIOYUX MAaTEepUaOB W HU3JAEIUN 1O
I'OCT 12.1.044-89 n.4.3;

— ompezeneHue napamerpa Bocruiamensiemoctu marepuaia no 'OCT 30402-96;

— onpezaeneHue Kod(pUIMEeHTa AbIMOOOPA30BaHUS TBEPABIX BELIECTB M MaTE€pPHUaOB IO
I'OCT 12.1.044-89;

— siaxsocts o ['OCT 10634-88;
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— Boxonornomienue mo 'OCT 4598-86;

— pas0yxanue o ToamuHe 1o 'OCT 10634-88;

— 1mepoxoBarocth 1o [OCT 15612-85;

— murpamuio popmansaeruna B armochepy mo 'OCT 30255-95.

N

Pucynok 5 — O6pa3er IMTHOTO MaTepuana, MoJxy4eHHOro
Ha MOJIEpPHU3MPOBAHHOM mpecc-(popme

H3yuenue mexnuueckux u 3K0102udeckux ceoucms, nonyuenno2o IIM u3 nwenuunoti conomvl, u
CPABHEHUeUuxc aHano2amu, NOTYYEeHHbIMU U3 OpesecuHbvl. AHaIU3 Pe3yIbTATOB MCCIEIOBAHUS
MOJIyYEHHOTO IJIUTHOI'O MaTepuayia MoKa3bIBaeT, YTO 110 CBOMM XapaKTEpPUCTUKAM OH HE YCTYIaeT
CYLIECTBYIOIIMM aHAJIOTaM M3 JPEBECHUHBbI, a B 3KOJOTMYECKOM acrlekTe (NP TOPEHHUH) HMEET
Jy4Illue XapaKTepPUCTUKH, TaK KaK HE BBIJENsAET BPEIHbIEC BEIIECTRA.
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BUOI'A3 KAK UICTOYHHUK DHEPI'YH JIUISI HOTPEBUTEJIEN B
CEJBbCKOU MECTHOCTH

Kamunoanuna A.T., AnumoBa K.K.
Ka3zaxckuu nayuonanbuwiil ucciedosamenbcKuil mexHuyecKull yHugepcumem
um. K.U. Camnaesa, Aimamui, Pecnyonruka Kazaxcman
e-mail: aiumgul_94@mai.ru

B cmamve paccmompeno ucnonvzosanue pecypcos mpaouyuoHHOU SHepemuKku U pazeumue HayyHo-
MEeXHUYeCKUX pabom no Ucnoab308aHuI0 HeMpPAOUYUOHHBIX U 60300HOBIAEMbIX UCTNIOUHUKOS dHepeuu. OOHUM
U3 MAaKux HempaouyUOHHbIX UCHOYHUKOS JHepeuu AGIAemcs 0uoeas, KOMOpblld umeem 02pOMHbI
NOMeHYyuan 6 pacuupeHuu npou3eoocmea menia U 9aeKmposnepeemuku. B cmamve maxoice
AHATUBUPYIOMCA MemOoObl NONYYeHUs OU02a3a BbICOKO20 Kawdecmea U nojaesuvie 3pghekmovr om e2o
ucnonwv3zosanus. Takoice 603MOJCHO npumenenue O6UO2A3A 8 CENbCKOM XO03AUCMmeEe, U MOJMCHO BblOeumbs
cucmemy CyuwecmeeHnvix 6vie00. Illpugeden mexHoIo2U4ecKull npoyecc YCMAaHOo8KU 6blpabOmKU U
OanvHelue20 UCNONb308aHUS OU02A3d. YMUIUZAYUS CeNbCKOXO3AUCMBEHHbIX 0MX0008 cnocobcmeyem bonee
NONHOMY Y0081emeopenulo nompebrocmeti 8 snepeuu. /[na nepepabomxu 0mxo008 ceibCKOX03AUCMBEHHO20
npou3600cmea akmyanies aHaspooHblil npoyecc.

Knioueswie cnosa: 6uocas, cenvckoe xo3aicmeo, 6u02azosas ycmawoeka, buomacca, buosnepeemuxa,
buopeaxmop, ana’pobHuvlll npoyecc, GUOOMX00bl, MEMAHMEHK.

Maxkanaoa Oacmypni 9Hepeus Ko30epin NAlOANAHY JHCoHEe OICMYPIL eMeC IHCIHe IHCAHAPNBLIANbIH
SHepeus Ko30epin Naudaiany OOUbIHUUA SbLILIMU-TNEXHUKATLIK JHCYMbICMAPObl 0AMbIMY Kapacmulpblidob.
Mynoaui dacmypni emec dnepeusi ko30epiniy 0ipi b6uoeas 6onbln MAOBLIAOLL, Ol JHCOLLY MEH IJNeKmp
oHepeuscell OHOIpyOe yiakeH aneyemie ue. CoHOal-ax, Maxanada xiozapsl cananvl 6uozaz any adicmepi
JiCOHe OHbl  NatoananyObly naudansl acepiepi MandaHaovl. Ayviil  wapyaublivleblHoa  6uoea3ovl
nanoanlany0a MyMKiH JcaHe eneyili apmulKbLIbIKmap Jcyuecin bonin anyza 6oaadwl. Conoatl-ax 6uoeazovi
OpHAmMyObly, OHOeyOiy JicaHe api Kapai NnaudaiaHyovly MeXHOLO2USAIbLIK Npoyeci Kapacmulpbli2aH.
Ayvlnuapyauvlavly  KAIObIKMAPLIH — Kadeee — Jcapamy — dHEPSUsHbIY — KAJNCeMMIIIKMEPIH — MOJbIK
KaHagammanowvlpyea MyMKiHOIK bepedi. Anaspobmsl npoyecc ayvil wapyaulvliviebl KALObIKMAPLIH KAUma
6HOEY YUliH MAHBI30bl NPOYeCC.

Tipex co30ep: 6Ouocasz, ayvll WAPYAWbLIbIZEL, 0OU02A3 KOHOBIPSLICHI, Ouomacca, OuoIHepeemuKa,
buopeaxmop, ana’pobmei npoyecc, OUOKAIObIKMAP, MEMAHMEHK.

The article considers the use of traditional energy resources and the development of scientific and
technical works on the use of non-traditional and renewable energy sources. One such non-traditional
energy source is biogas, which has a huge potential in expanding heat and power generation. The article
also analyzes methods for obtaining high quality biogas and useful effects from its use. The use of biogas in
agriculture is also possible and it is possible to single out a system of significant benefits. The technological
process of installation, development and further use of biogas is also given. The utilization of agricultural
waste contributes to a more complete satisfaction of energy needs. Anaerobic process is relevant for the
processing of agricultural waste.
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Keywords: biogas, agriculture, biogas plant, biomass, bioenergetics, bioreactor, anaerobic process,
biowaste, methanthenic.

Beeoenue. Orpuniarenbible TEHACHUUU Pa3BUTHs TPAJAULMOHHOW SHEPreTUKH OOYCJIOBIEHBI B
OCHOBHOM Halu4MeM JBYX (DaKTOpOB — OBICTPHIM HCTOILEHHEM HPUPOJIHBIX PECYPCOB U
3arpsi3HEHUEM OKPY KaIOIIEH CPebl.

B cBsa3u ¢ 3TUM BO3HHMKaeT HEOOXOAMMOCTH BBISBICHHUS BO3MOXKHOCTEH pallMOHAIBHOTO
WCIIOJIb30BAHUSI PECYPCOB TPAIUIIMOHHBIA YHEPTeTUKH C OJHON CTOPOHBI U Pa3BUTHE HAYYHO-
TEXHUYECKHX pPa0OT M0 WCIOIH30BAHUIO HETPATUIIMOHHBIX W BO300OHOBISIEMBIX HMCTOYHUKOB
SHEPTUU — ¢ Apyroi. OJHUM U3 TAKUX UCTOYHUKOB SABJISIETCS OMomacca.

buomacca — o0mias Macca pacTeHWi, MUKPOOPTaHW3MOB W JKMBOTHBIX, MPUXOMSINAsACS Ha
SIMHUITY TUIOMAJAN WIH 00beMa UX oOuTaHUs. UHCICHHO OHA BBIPAKAETCS B MAacce ChIPOTO HITU
cyxoro BemiecTBa (Kr/m2; kr/ra; xr/mM3 u T. na.). buomaccy pactenuii Ha3bIBalOT (PUTOMACCOH,
KUBOTHBIX OPraHU3MOB — 300Maccoil. Mcmonb3oBanue (QUTOMACCH, KOMMYHAJIbHBIX OTXOOB,
OTXOJIOB PAaCTEHUEBOJICTBA, MOJy4YeHHUs OMorasa, TOIIMBHOTO ATalOHA U OMOINU3ENbHOTO TOILINBA B
KauecTBE BO30OOHOBIISIEMBIX TEIJIO-IHEPreTHUECKUX pecypcoB — TOP — Bce 3TO BOMpoCkl, KOTOPHIM
yIenseTcs cepbe3noe BHuManue [1].

B macrosimiee Bpems Omomacca SIBJISICTCS OJHUM W3 KPYIMHEUIINX MHPOBBIX HCTOYHHUKOB
BO300OHOBIISIEMOM JHEPTHM W HMMEET 3HAYMTCIBHBIA TOTEHIMA JJIsS PACIIMPEHUS MPOHU3BOJICTBA
TeIIa, J3JCKTPOIHEPTrUM M TOIUIMBA I TpaHcmopra. OgHAKO, HA CETOMHSANIHUN JCHb JOJIA
BO300OHOBIISIEMBIX UCTOYHUKOB dHepruu (BMD) B MupoBoM sHepreTuueckoM OanaHce HEBEITUKa —
nopsanka 14,0 %, a Bkmag Ouomaccel — okono 1,8 %. Ho, kak mokaspiBaeT MpakTHKa, Haxke
HE3HAYUTENbHbIe KOJIe0aHHs B MPEAJIOKEHWU Ha PBIHKAX SHEPreTHYECKHX PECYPCOB BBI3BIBAIOT
CIWJIbHBIE M3MEHEHHsI IIeH. DTO TOBOPUT O TOM, YTO pOJIb aJIbTEPHATUBHOM HSHEPTreTHUKU B
VKPEIUICHUH CTaOWIBHOCTH HA PBHIHKAX YHEPTeTUYECCKHX PECYypCOB B MEPCHEKTHBE OYIET TOJIBKO
pacTu.

OcHosHnas yacms. CucTeMbl OMOMACChl PUHECYT CYIIECTBEHHBIEC BBHITOJBI B 00JIACTH Pa3BUTH
CEeNIbCKOro X03siicTB. s mepepaboTKU OTXOJ0B CEIbCKOXO3UCTBEHHOTO IPOU3BOJCTBA W,
IIPEX/Ie BCEro, HaB03a U HAaBO3HBIX CTOKOB KHBOTHOBOTYECKUX HMPEANPHUATHNA, OCOOEHHO aKTyaleH
aHa’pOOHBII Mporecc.

ITpu aHa’pOOHOM METaHOBOM COpaKMBAHWU HABO3a PEIIAIOTCS TPU BayKHBIE 331a4H.

IlepBast COCTOUT B TOM, YTO IPOU3BOIUTCS XOPOLIUNA SIHEPTOHOCUTEh — OMOra3, KOTOPBIN Jaxe
0e3 ouMCTKM OT mpumMmecedl umeer sHeproconepxkanue ot 20 mo 25 MJIx/M3 (B cpenHem
npuHumaercs 23 MJx/m3).

Bropoit mone3nwiii apdexkt — sKomormdyeckuii. B cOpokeHHOW Macce OKa3bIBAOTCS
MPAaKTUYECKH OOE3BPEKEHHBIMH CEMEHAa COPHSKOB M B 3HAYMUTEIBHOW CTENCHH JMKBUAHPYIOTCS
00JIe3HETBOPHBIE MUKPOOPTaHU3MBI.

Tpetuii BBIMTPBIII 3aKIIOYAaETCs B TOM, YTO IIOCIE aHa’pOOHOM OOpabOTKM MOIydyaroT
BbICOK03()(peKTHBHOE OpraHnveckoe ya00peHHe MOBBIIIEHHONH OMoJornyeckoi akTUBHOCTH. [Ipu
3TOM ero ynoOpuTenbHas LIEHHOCTh MO CPaBHEHUIO C TPAJUIMOHHBIMU (hopMaMH MepepaboTKU
(oTCTamBaHME ¥ ECTECTBEHHAs adpanus, KOMIIOCTHPOBAHWE) JaXe YIydllaeTcs, T.K. IMOTEepPH
ocHOBHBIX nuTaTenbHbIX BemecTs (N, P, K) nesenukwu [2].
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Kunkue 6MOOTXO/ABI MEPEKAYNBAIOTCA Ha OMOTra30BYIO YCTaHOBKY (DakeIbHBIMH HAacoCaMH IO
OapaonpoBoay WK TpyOoonpoBoay HaBozoynaieHus. Kananu3amumonnas HacocHas cranius (KHC)
HAXOJUTCS B CHEIHATIBHOM TEXHOJIOTUYECKOM ITOMEIICHHH.

TBepable 0TX0bI (HANpUMEp, HABO3, MOMET) JOCTABIIAIOTCS MO TPAHCIOPTEPHOM JIEHTE, a C
XpaHWIHILA TTOMEeTa UM HaBO3a TpakTopoM. JKuKue OTXO/bl MOMaJaloT He IPSIMO B PEaKTop, a B
MIPE/IBAPUTENIbHYI0 €MKOCThb. B 3TOH €MKOCTH MpPOMCXOAUT TOMOTEHHU3allUs MacChl U MOJOTPEB
(MHOTIA OXJIAXKICHHE) 0 HEOOX0UMOH TemmepaTrypbl. OOBIYHO 00BbEM TaKOW €MKOCTH Ha 2—3 JTHS.
TBepapie OTXOABI MOTYT CIPYKaThCS B eMKOCTD C JKUIKUMHU OTXOJaMHU U NEPEMEIIUBAThCS C HUMHU.
JIn0o TBepIbIe OTXOBI 3aTPYKAOTCA B CIICHUATBHBIN ITHEKOBBIH 3arpy34HK.

W3 eMKOCTH TOMOT€HM3allMU W 3arpy3dyMKa TBEpABIX OTXOJ0B OMoMacca (HaBO3, MOMET WM
0apaa) mocTynaeT B peakTop (Ipyroe Ha3BaHue — OMOPEAKTOpP, METAHTECHK, PEepPMEHTATOD) SBIISICTCS
ra30HENPOHULIAEMBIM,  TOJHOCTBIO  TE€PMETHYHBIM  pPE3EpByapoM U3  KHUCIOTOCTOMKOIO
Kele300eToHa. JTO KOHCTPYKIIHS TEIIOM30JIUpPYETCs clloeM yTerumrtens. TonmuHa yTernauTens
paccuuThIBaeTCA TOJ KOHKPETHBIE KIMMAaTUYECKUE yclIoBUS. BHyTpu peakTopa (METaHTEHKAa,
dbepmenTaropa) moJAepKHUBAeTCS (PUKCUPOBAHHAs JUIS  MHUKPOOPTaHHU3MOB  TeMIIeparypa.
Temnepatypa B peaktope Mme3opunpHas (30-41 °C). B oTaenpHBIX choydasx HOPUMEHSIOTCS
PeaKkTophbl ¢ TEPMOGHILHBIM pexxuMoM (0koiio 55 °C).

[TogorpeB peakTopa Bemercs Terio Bojmoi. Temmeparypa Bonbl Ha BXxoae B peaktop 60 °C.
Temmepatypa Boasl mocie peaktopa okono 40 °C. Cucrema momorpeBa — 3TO CeTh TPyOOK
HAXOJALINXCS BHYTPU CTEHKH peakTopa, 00 Ha ee BHYTpEHHEH moBepxHocTd. Ecnm GuorazoBas
YCTaHOBKAa KOMIUJIEKTYETCS KOT€HEpallMOHHOW yCTaHOBKOM (TEIUIOAIEKTPOreHEPAaToOpoM), TO BOJA
OT OXJIXKICHHsI TeHepaTopa MCIOJIb3yeTCs sl moorpesa peakropa [3].

[TepepaboTka HaBo3a ocyuiecTBiseTcss B Onora3zoBeix ycraHoBkax (BI'Y). Ilpunnumel, nexarue
B OCHOBE pabOThI OMOTa30BBIX YCTAaHOBOK, OY€Hb MPOCThl. OpraHryuecKre OTXOMbI pa3jiararoTcs B
3aKpPBITHIX pEaKTOpax Mo BO3JAeHCTBUEM METAHOTCHHBIX OaKTepHii, 00pa3ys MeTaH, UCIIOIb3yEMBbIN
JUIS. TIPUTOTOBJICHHUS THUIIU W OCBemIeHHs. [Ipu 3TOM B KayecTBEe IEHHOTO MOOOYHOTO MPOAYKTa
MOJTy4aroT yA00peHHeE.

CymectByer Tpu pexkuma OposkeHuss — ncuxpopunsHbeiii (T = 15...25°C), me3zo¢punbHbIN
(T =30...40 °C) u repmoduibnbiii (T = 45...55 °C). B npornecce aHa poOHOTO OPOKEHHS CTETICHD
pas3loKeHUs: OPraHMYeCcKOro BEIIeCTBA HaBO3a He npeBbiaeT 47 %. Y aenabHbIi pacxol YHEpruu Ha
nonydenne 1m° Guorasa s TepMOMHIBHOTO peXUMa paBeH 5,5 kBT-4, uto B 1,5 pa3a mpesbimaeT
SHEpro3aTpatsl it Me3odunsHoro pexkuma (3,7 kBru/m3).

VYnpomennas cxema BI'Y npuBeznena Ha pucyHke 2.

[Tpu ucronp30BaHUM TETUIOOOMEHHHKA ¢ KOY(D(DUIIMEHTOM yTHIIM3alUK TEIUIOTHI B TIpeIeiax OT
0,3 nmo 0,5 sHeprozaTpaThl Ajsi TEPMOPHUIBHOTO pPEXKHUMa MOXHO YMEHBIIUTh 1O YPOBHS
Me3o¢uibHOoro. Ilpu 3ToM Bpems o0pabOTKHM HaBO3HBIX CTOKOB NPU TEPMO(PHUIBHOM PEXKUME —
5...8 cyTOK, a ipu Me30puiIbHOM — 10 20 CYTOK, TaK KaK METAaHTECHK Il pa0OTHl B TEPMOPUIHLHOM
peXuMe uMeeT MeHbIIUN o0beM. OH MeHee MaTepHuaJo€MKHil, ero mpolle TEIUIOU30JIUPOBaTh U
MEXaHHU3UPOBATh.

Jlnst BBIpaOOTKM BBICOKOTO KadecTBa Ouorasza NMPUMEHSIOT OMOPHEPreTHMYECKHe YCTAaHOBKH C
JIOTIOJTHEHHBIMU 3JIEMEHTaMHU OYMCTKU MOJIydaeMoro Ouorasa OT YIJIEKMCIIOTO ra3a U COeIMHeHHUN
Cephl 0 COCTOSHUS MPAKTHUECKU YUCTOIO METaHa.

buorasz ¢ ycmexom MOXXHO mMojydaTh B MeTaHTeHKe BI'Y myrem aHa’poOHOTO pasyioxKeHUs
¢duTomaccel. B kauecTBe UCXOAHOTO CHIPhS 3/1€Ch MOXET MCIOJIB30BAThCS JIBHOKOCTPA, IPEBECHbBIE
ONUJIKH, COJIOMEHHAsl pe3ka W JApYyrue OTXOJbl PAacTEeHHEBOJCTBA, a TaKXkKe Macca CIEHUalIbHO
BBIPALICHHBIX pPACTEHUW WM Bojopocieid. OCHOBHasg MNpUYMHA, CIACPKUBAIOIIAS IMIHPOKOE
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BHeapeHne BI'Y Ha >KMBOTHOBOIYECKHMX (pepMax M KOMIUIEKCaX — 3TO OOJbIINE KaluTaJbHBIC
3aTparbl HA CTPOUTENILCTBO, UTO OOYyCIJIaBIUBaeT O0NbIIONW Cpok okyrnaemoctu bI'Y (4...8 ner) u
BBICOKYIO ce0eCTOMMOCTh OHOTasa.

HcxogHoe

CBIpBE

Buoras

6

= |

Brixon

Faza

7
gl

1 — cOOpHUK CBIPBS; 2 — MEIIAJIKa-TOMOTEHHU3ATOp; 3 — TEIUIOOOMEHHUK-YTHIIH3aTOP;
4 — MeTaHTEHK; 5 — MelIajKa; 6 — TermI000MEHHUK-TIOA0IpeBaTeb; 7 — Ia3rojbaep;
8 — BogorpeitHbIil KoTen; 9 — HaBO30XpaHMIIHIIE

Pucynok 2 — YmporuieHnas cxema 0uorazoBoii yctaHoBku (BI'Y)

B mHacrosimee Bpemsi BEOYTCS MCCIEIOBAaHUS IO TMOBBIIICHUIO TEXHOJIOTMYHOCTH Ipoliecca
METAaHOBOTO OpOKEHWsI, a TaKKe€ B HAIPABICHHHM TOJYYCHHS W WCIIOJNB30BaHUS HOBBIX, Oosee
3¢(EeKTUBHBIX IITAMMOB MHMKPOOPraHU3MOB, oOecneduBaromux ObicTpoe U 3 (deKTUBHOE
pasioKeHue OpraHMYeCcKUX COEAMHEHHUH B 3TOM IpoLecce.

Tepmoxumudeckre crnocoObl MpelycMaTpPUBAalOT IMPUMEHEHHE IPOLECCOB MHpOIU3a U
ra3uuKanmuyd, a TaKKe MOpAMOTro CxXKUTraHus. O(POEKTHBHBIM MPOIECCOM HHEPTETHUECKOTO
MCIOJIb30BAHUS PACTCHUM, SBISETCS MUPOJIN3, TP KOTOPOM OPraHMYECKOE BEIIECTBO HArPEBAIOT
10 500 °C u B Ka4yecTBE KOHEYHOTO MPOJYKTa IMOIYYalOT JKHUJKOE WJIM Ta3000pa3HOe TOIUIMBO.
[TpoxyKThl TUpONIN3a, KaK YHEPTOHOCHUTENH, 00JIee YHUBEPCATHHBI H SKOJOTHYHBI, YeM HCXOIHBIN
matepuai. [Ipu arpoXxuMuuecKoM crioco0e MPOUCXOAUT IKCTPAKITUS TOTUTHBA.

Mexay TepeduciieHHBIMH TpoIleccaMi  CYIIECTBYIOT MHOTOYHCIICHHBIE B3aUMHBIE CBSI3H.
HoBplii mOAX0a B pa3BUTHH CEIHCKOTO XO3SHCTBA XapaKTepU3YeTCs MHUHHMAIbHBIM YPOBHEM
MOTEePh JHEPTeTUYECKUX M MHUHEPAIBHBIX PECYpPCOB, COKpAICHHEM MOTPEOICHUS XUMHUYECKHX
ynoOpeHud ¥ TMEeCTUIUAOB, TOpa3fAo OOJBIIMM pPa3HOOOpa3HeM BBIPALNIUBAEMBIX KYJIBTYD,
UCIOJIb30BaHUEM aKBaKyJbTYphl U, CaMOE€ BaKHOE, MPUMEHEHHEM OHMOTEXHOJOTHMH B MacliTadax
JOMAIITHETO XO35HCTBA, IEPEBHU U 1EJIOH OTPACITH MPOMBIIIICHHOCTH.

Takum oOpa3om, yTHIM3aLUSA CEIbCKOXO3SUCTBEHHBIX OTXOJOB C IIOMOIIBIO MPOLIECCOB
dbepMeHTaUU WK OWOJOTHYECKOTO MpeoOpa3oBaHus, HE TPEOYIOIMX HCIOIb30BaHMs TOILIMBA,
MOJKET CII0COOCTBOBATH OOJIEE TIOJTHOMY YI0OBICTBOPCHUIO MOTPeOHOCTEH B sHEepruu [4].
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3axnouenue. I TaBHBIMU IPEUMYIIIECTBAMU OMOTA3a SIBISIFOTCS €0 BO30OHOBIISIEMOCTh, HAJTMIHE
MECTHBIX HMCTOYHHKOB CBIPhS JJIsS TOJYYCHUS TOIUIMBA, CHUKCHHE IMAPHUKOBOTO 3PdeKkra u
IKOJIOTHYECKOTO yIepOa OT CHUCTeM cOopa OPraHMYECKUX OTXOIOB, 00OECIICUCHHE SKOIOTHYCCKH
3aMKHYTOM 3HEPT€TUYECKON CUCTEMBI.

Cucrembl OMOMAacChl TIPUHECYT CYIIECTBEHHBIC BBITOJBI B 00OJIACTH Pa3BUTUSA CEIIBCKOTO
x03s1cTB. {1 mepepaboTKM OTXOJ0B CEIIbCKOXO3SIMCTBEHHOTO MPOM3BOJCTBA M, MPEXKIE BCETO,
HaBO3a M HABO3HBIX CTOKOB YKMBOTHOBOAYECKHUX MPEANPUITHH, OCOOCHHO aKTyaJIeH aHa’dpPOOHBIN
mporiecc.

OTxompl cenbCKOTo Xo3siicTBa MoryT obecneunth oT 50 mo 150 DJ[x/rox, B TO Bpems Kak
ocTajbHas YacTh OHMOPHEPTMH MOXET OBbITh CreHepUpPOBaHA B pe3yJIbTaTe WCIOIb30BAHUSL
JHEPreTHYECKUX KYJIbTYp, YBEIMYEHUE NPOAYKTUBHOCTH CEILCKOTO Xo3siiicTBa. Pazmuunbie
CIICHAPUU PA3BHTUS HHU3KOYTJIICPOJUCTOM JHEPTeTHKH IOKA3bIBAIOT, YTO OyAyIIMid CHpoCc Ha
OnosHepruro MoxkeT coctaBuTh A0 1000 D/[x/ron. MoXKHO MPEANONIOKUTh, YTO OHOMAacca MOXKET
BHectd oT 1/4 no 1/3 B OyayiieM MHpPOBOM 3SHEpPreTHYeckoM Oanance. be3ycioBHO, 4To B
JNEHCTBUTENFHOCTH MHOTO€ Oy/AeT 3aBUCETh OT LIEHOBOM KOHKYPEHTOCIIOCOOHOCTH OMORHEPTHH U
OyIylux ri1o0anbHbIX PEUICHHH, TAKUX, KaK IeJIeBbIe TO0Ka3aTeIu BEIOPOCOB MAPHUKOBBIX T'a30B.
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RADIATION ECOLOGICAL ENVIRONMENT IN JAPAN 5 YEARS
AFTER THE ACCIDENT AT NPP «FUKUSHIMA-1»

Kim D.S.}, Zhumagulova R.Ye.?, Tazhigulova B.K .2, Zharaspayeva G.Zh.?, Azhiyeva G.I.3
Lnstitute of Nuclear Physics
2 International Educational Corporation
$K.1. Satpayev Kazakh National Research Technical University
Almaty, Republic of Kazakhstan
e-mail: kimds@gmx.com

There are represented the results of studies of the environment, being conducted in 16 prefectures of
Japan since March till April 2016. There’re also sum up the impact of the accidental releases from the
reactors of BWR-3 and BWR-4 on the environment in the neighboring settlements of the plant «Fukushima-
1». There’re made the conclusions of the mid-term (5 years) consequences of the nuclear accident at NPP
«Fukushima-1».

The environmental monitoring program consisted of the following operations.

1. Measurement of gamma-radiation background on areas.

2. Determination of concentration of long-lived and short-lived radioactive aerosols in air samples.

3. Determination of the residual level of contamination in the sediments and settling dust, sea and ocean
water, soil, vegetation and agricultural production.

Keywords: NPP «Fukushima-1», consequences of nuclear assault, ecological safety of reactors,
radioactive wastes, radiation background, level of withdrawal, equivalent dose rate.

Maxanada 2016 ocwinoviy Haypwisvinan bacman cayip aibina Oetiinei Kezeyoe Kanowusauely 16
npeghekmypacvlHoa OMKIZIIeeH IKONOSUSIBIK  00beKmMinepOiy  Heau-Kyuin 3epmmeyoiy  Hamudcenepi
cunammanzan. «Pykycuma-1» ASCnen wexapanac endi mexendepoe kopuwiazan opmaza BWR-3 oicone
BWR-4 peaxmopnapvinan memenuie uwleapbinoviiapoviy acepi kepcemineeH. « Qykycuma-1» amom snexkmp
CMAHYUACHIHOA SOPOJIbIK anam CaidapblHbly apaiblk 3apoanmapsvl mypauvl (5 Jicbliea) KOpblmblHObLIAD
aHcacanobl.

DKon02us bl MOHUMOPUHE 6A20APAAMACHL MLIHAOAU Kbl3Men MYPobl.

1. XKepoezi paduayusanviy camma-epicmepin onuiey.

2. Aya yneinepinoe Y3vlH JCaHe Y3aK OMIp CYPemin a3po301b0epoiy KOHYEHMPAYUsICbIH AHbIKMAY.

3. Ammocghepanvix sicayvln-uaubliHblY KAIObIK OCH2eliH AHbIKMAY JHCIHE WAHOblL, MeHi30e JHcoHe
MYXUmMmMbIK Cynapoda, monvlpaKkma, OCiMOIK WAPyaulbLibleblHOA HCIHE AYbLIUAPYAUbLIbIK OHIMOEpIHOe
AHbIKMAY.

Tipex co3oep: «D@yxycuma-1» AICol, s0ponvix anammoly canrdap, peaxmopaapovl KOJIOSUALbIK
Kayincizoix, paouoakmuemi Kaiovlkmap, paouayusivlk QOoH, MUHUMALObL Dencendinik, baramansl 003d
HCHLIOAMOBIEDL.

B cmamve onucamvr pesyromamer uccnedoganuii COCmMoAHUA 00BEKMO8 OKpycaioueli cpeovl,
npogedénuvie 6 16 npeppexmypax Anonmuu 6 nepuod ¢ mapma no anpenv 2016 e. Ilokasaumo erusnue
asaputinvix eviopocos uz peakmopoé BWR-3 u BWR-4 na oxpyscaiowyio cpedy 6 nacenénmvix nynkmax,
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epanunawux ¢ ASC «Dyxycuma-1». Coenanvt 6bl8600bl 0 NPOMENCYMOUHBIX (3a 5 jAem) nociedcmeusix
a0epnot asapuu Ha AIC «@ykycuma-1».

Tpoepamma monumopunea okpysicaroueti cpeobl COCMOosIA U3 CLedyiouux MeponpusmuLL.

1. H3mepenue paouayuoHHvix 2amma-noael Ha MecmHoCmu.

2. Onpedenenue KOHYEHMPAyUuu 00A20NCUBYUUX U KOPOMKOICUBYWUX AdPO30Iell 8 NpoOax 8030yxd.

3. Onpeodenenue ocmamoyroco YPoeHs 3aePsA3HeHUs 8 AMMOCEHEPHBIX 0cadKkax u 6 oceoarouell noliu, 6
MOPCKOU U OKeaHuueckoll 800e, 8 noYge, pACMUMeIbHOCMU U CEIbCKOX03AUCMBEHHOU NPOOYKYUU.

Knwuesvie cnosa: ASC « @ykycuma-1», nocredcmaus ss0epHol agapuu, IK0I02UYecKas 6e30nacHoCmy
peaxmopos, paouoaxmueHvle Omxoobl, PAOUAYUOHHBIL QOH, MUHUMALLHO 3HAYUMAS AKIMUGHOCMD,
MOWHOCb IKBUBANEHIMHOU 003bL.

Radiation monitoring in the area of NPP «Fukushima-1», 5 years after the accident was
conducted to evaluate the radioecological well-being in the prefectures, over which the radioactive
plumes of clouds spread, as well as the residual levels of radioactive contamination of the
environment and agricultural products.

The environmental monitoring program consisted of the following operations.

1. Measurement of gamma-radiation background on areas. Gamma survey was carried the torch
on the windward (Aomori and Miyagi) and leeward (Niigata, Ishikawa, Ibaraki, Kanagawa,
Shizuoka, Osaka, Kyoto, Okayama, Tottori, Shimane, Kagoshima, Nagasaki and Ehime) side of
NPP «Fukushima-1»with using the portable dosimeters ICS-331B and ICS-323C (manufactured by
«Hitachi Aloka Medical, Ltd. »), capable of recording the equivalent dose of X-ray, beta- and
gamma-radiation in the range from 0.03 mSv/h to 10 mSv/h.

2. Determination of concentration of long-lived and short-lived radioactive aerosols in air
samples collected in the prefectures on the windward (Aomori and Miyagi) and leeward (Niigata,
Ishikawa, Ibaraki, Kanagawa, Shizuoka, Osaka, Kyoto, Okayama, Tottori, Shimane, Kagoshima,
Nagasaki Ehime) side of NPP «Fukushima-1». For sampling there was used a portable suction
device RADeCO, Model H-810-2, produced by «Radiation Detection Company».

3. Determination of the residual level of contamination in the sediments and settling dust, sea
and ocean water, soil, vegetation and agricultural production. The samples were selected in the
same prefectures of Japan, where made measurements of gamma-background level and the air
intake as well.

During the monitoring of radioactive pollution in the prefectures of Aomori, Miyagi, Fukushima,
Niigata, Ishikawa, lbaraki, Kanagawa, Shizuoka, Osaka, Kyoto, Okayama, Tottori, Shimane,
Kagoshima, Nagasaki and Ehime there was used a technique consisting of sampling, preparation of
countable samples, its’ spectrometric analysis and processing of the results. Radiological studies
were conducted in the above prefectures of Japan, as the spread of radioactive clouds as the result of
the accident at NPP «Fukushima-1» occurred over its’ territories [2].

To determine the presence of radionuclides in agricultural products there was held the
spectrometric analysis of rice and spinach which have been collected in the areas over which the
radioactive cloud spread from the epicenter of the accident at NPP «Fukushima-1.

Walking gamma-shooting in cities and prefectures located in the direction of the spread of
radioactive clouds, was carried out with help of the industrial instruments ICS-331B and ICS-323C,
working on the basis of discharge ionization chambers. Average values of measurements of gamma
background in the area of 16 prefectures by the direction of the spread of radioactive clouds after 5
years after the accident at NPP «Fukushima-1» is 0.14 mSv/h. Measurements of gamma-
background in Fukushima were made throughout the prefecture, except for the area of the
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20-kilometer zone surrounding the damaged reactors BWR-3 and BWR-4. The dose rate in the
reference point control #83 on the border of the 20-kilometer zone was about 16-18 mSv/h.

Air intake in Fukushima was also promoted at the distance of 20 km from the damaged reactors
BWR-3 and BWR-4; air sampling directly at the site of NPP «Fukushima-1» was not produced. Air
samples were collected within 2 hours: air was passed at a rate of 35 CFM (0.98 m® per minute)
through the filter HD-2061 with a diameter of 0.025 m. Filters HD-2061, through which air has
passed, were incinerated, the ash was subjected to the spectrometric analysis. Volumetric activity of
air is determined by the results of filters’ spectrometry. By means of the cup anemometer there was
measured the velocity of air sampler suction or pumping rate through the filter. Multiplying the time
and the rate of pumping one can determine the volume of air passed through the filter. Dividing the
spectrometric analysis result over the amount of air pumped, it’s possible to obtain the volumetric
activity. Results of spectrometric analysis of filters HD-2061 of the sampler RADeCO, Model H-
810-2, by means of which air sampling have been conducted, showed that the air volumetric
activity in the prefectures of Japan by the direction of radioactive clouds’ spread after the accident
at NPP «Fukushima-1», does not exceed 5x10~3 Bg/m3. The major man-made radioisotope that
determines the volumetric activity of counting air samples is cesium-137.

Samples of dust and atmospheric precipitation were collected into a vinyl plastic cell with
dimensions of 0.5 x 0.5 m and 10 cm height of sides. The cells were installed on the height of
1.5... 2 m above the ground. Dimensions of ditches provide the samples’ necessary countability at a
low level of radioactive fallout. Cells with accumulated settling dust samples have been treated with
an alcohol soaked cotton swab, which was then incinerated at temperature 450 °C and subjected to
spectrometric analysis. Liquid precipitations were emptied from ditches into quartz plates and
evaporated on a hot plate; plates’ walls were wiped with a cotton swab dipped in a 10-percentage
solution of sulfuric or nitric acid, that was also measured by means of spectrometer after ashing.
The ash remains of cotton swab in which the dust samples were taken from the bottoms of vinyl
plastic cuvettes, as well as in the air, was revealed the presence of mainly cesium-137. The levels of
surface contamination of bottoms of vinyl plastic cuvettes, which were installed in various
prefectures, fluctuate ranging from 0.08x107° to 2x107° Bg/km?.

Soil samples were collected in the same prefectures, where the air sampling, walking survey of
areas and the accumulation of dust settling into vinyl plastic cuvettes were made. Soil sampling
have been carried out by quartering soil at a depth of 50 ... 100 mm, then the samples were dried
and sieved through a sieve with a mesh size of 1-1,5 mm?. Grass samples weighing 1-2 kg were
taken together with the soil from the surface of the open terrain at a distance of 50-100 m from the
nearest buildings and roads. After sampling, the grass was dried and ashed in a muffle furnace at a
temperature 400 °C. Measuring the activity of both the soil in dry air condition and ashed grass was
carried out 3-15 days after its” sampling. The research results of counting samples of soil and grass
show that soil and grass vegetation in Fukushima prefecture at 10-12 km from NPP «Fukushima-1»
are mainly contaminated by cesium-137 and cesium-134. The maximum specific activity of cesium-
137 detected in samples of soil and grass near NPP «Fukushima-1», is slightly higher than the
minimum meaningful value (MZUA) equal to 10,000 Bqg/kg [3].

Well known, that man-made radionuclides, deposited on the ground surface, are concentrated in
the upper soil layer (about 5 cm), so deep plowing in the prefectures of Japan that have been
realized for a year after the accident at NPP «Fukushima-1», allowed transfer of cesium-137 and
cesium-134 into lower layers of soil, which are not reachable for the root systems of plants [4].

Samples of sea and ocean water were studied to determine the degree of dilution activity thrown
in the waters washing the islands of Honshu, Kyushu and Shikoku. As known, in the result of the
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accident at NPP "Fukushima-1" the radioactive substances of the total activity of about 5 PBq
(5x10% Bq) [5] came into the Pacific Ocean, the Japanese and the East China Sea as well. The
Pacific Ocean water was sampled alongside the coast of prefectures of Miyagi, Fukushima, Ibaraki,
Yokohama, Shizuoka, Osaka, Okayama and Ehime; samples of the East China Sea water were
selected 500 m from Kagoshima and Nagasaki; for the Japanese Sea water sampling ones boat out
the harbors of Shimane, Tottori, Ishikawa, Niigata and Aomori. Volumes of sea and ocean water
samples are 2-6 liters, which evaporated in quartz plates to form a dry residue on the walls. The dry
residue was shot with a cotton swab, dipped with either alcohol or nitric acid solution, and ashed at
450 °C. Then the spectrometric analysis of countable samples was held. The contamination level of
the Japanese waters by cesium-137 5 years after the accident at NPP «Fukushima-1» is less than
0.4 Bg/l, while the level of intervention on the above radioisotope is 11 Bg/kg [3]. The sum of ratios
of activities of radionuclides containing in marine and ocean water, over the appropriate
intervention level, was found less than 1, which satisfies the requirements for drinking water [3].

Fish of different varieties (halibut, yellowtail lakedra, golden mackerel) was caught in the same
waters where the water samples were taken. The caught fish was delivered to the laboratory where
ones prepared the countable samples of fish with gills heads and torsos with ridges and liver. Fish
ashing also occurred at 450 °C, and the ash was subjected to spectrometric analysis. Samples of fish
contain the artificial radionuclides in amounts below the spectrometer sensitivity, i.e. close to 0.

As a result of the accident at NPP «Fukushima-1», the specific activities of certain agricultural
products, being contaminated with 31, 3*Cs, 13’Cs and other radionuclides, have exceeded the
maximum permissible values. Rice and spinach are the most common and accessible agricultural
products growing in the prefectures of Japan, so the samples of rice and spinach were subjected to
the spectrometric studies to determine the residual level of radioactive contamination of foodstuffs.
The research results, as in the case of fish, showed no concentration of the manmade radioactive
isotopes in spectrometer identifiable amounts, and indicated the biological purity of samples of rice
and spinach, selected in the prefectures of Japan by the direction of the spread of radioactive clouds
in the result of the accident at NPP «Fukushima-1», that occurred 5 years after the emergency.

According to the results of the survey one can make the following conclusions.

1. The maximum radiation level 16-18 mSv/h, which is observed 20 km from NPP «Fukushima-
1» in the point #83, would not result to a human exposure doses in the excess of allowable limits, if
to limit peoples’ time in the reference point up to 10 minutes per day (based on the allowable
radiation dose to the public [3]).

2. The highest activity concentration in the air (5x10° Bag/m°) and the level of surface
contamination by dust and precipitation (2x10° Bg/km?), containing mainly cesium-137, were
registered in Fukushima, so during the individual monitoring of people in Japan, it’s needed to
consider the internal exposure traces of cesium present in the air and settling dust after the accident
at NPP «Fukushima-1».

3. In general, the specific activity of radionuclides in the soil of Japan, being used for the
cultivation of agricultural products and its’ livestock grazing, does not exceed the global pollution
levels. The maximum specific activity of cesium-137 was detected in samples of soil and grass near
the NPP «Fukushima-1», that practically does not exceed MZUA [3].

4. The concentration of cesium-137 in the Japanese waters is about 2 % of the radiation factor,
beyond which intervention is necessary. One can reasonably assume that the consequences of the
accident at NPP «Fukushima-1» does not affect the biological purity of the Pacific Ocean, the
Japanese and the East China Sea.
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6. Technological radionuclides were not detected in samples of fish, rice and spinach, which
have been selected by the direction of the spread of radioactive clouds after the accident at NPP
«Fukushima-1», consequently, one can determine the biological purity of food, edible for residents
in Japan and being exported to foreign countries.

Thus, thanks to an organized liquidation and localization of the accident at NPP «Fukushima-1»,
the ecological situation in Japan today is quite well, except for the territory of the 20-kilometer
exclusion zone, where intensive works on reclamation are being continued.
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OIIPEJIEJIEHUE OCHOBHBIX TAPAMETPOB BAJIKOBOM JPOBUJIKA
C OMKJIONJAJIBHBIM IBUKEHUEM PABOUYUX OPI'TAHOB
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B cmamve npusedenvt 0cHO8bL pacuema OCHOGHBIX NAPAMEMPOE OPOOUNKU C YUKIOUOATbHBIM
dgudiceHueM 6anIK08. B amux Opobumkax ucnoinv3oéan npuHyun YUKIOUOAILHO20 O8udicenus. Mcnonv3ys
CBOUCMBA YUKTLOUOANBHBIX KPUBLIX U Mel HOCMOSHHOU UWUPUHBL, 4 MAKI’CE YUKIOUOATLHOE OBUICEHUE
pabouux opeanos (PO), 6 Kazaxckoil asmomobunvro-0opoxcupii akademuu (KazA[H) um. JL.B. 'onuaposa
p aspabomanvl HoO8ble UHHOBAYUOHHBIe KoHcmpykyuu PO ¢ yukioudanvhoii gopmoi. Taxue mawiunbl
npesvluam nokasamenu Opy2ux 0a3068blX MAWUH NO NPOU3BOOUMETbHOCMU U YOETbHOU IHEP2OEMKOCHIU.
Onu umerom 3HAYUMENTbHO MeHbluue 2a0apumvl U MACCy 6 CUNLY YUKIOUOATIbHO20 O8UJICEHUs paboyux
opeanos.  Pabouuii opean 6anko6oii OpoOUIKU COOCHO C6A3aH C CAMENIUMOM U CO8epuiaen C HUM
nianemapuoe oOsudicenue. Bepuunvl paboueco opeana onucvigaiom my ULU UHYIO  2UROMPOXOUOY.
Kunemamuuecxas cxema npueoda pabouezo opeana peaiu3yemcs ¢ HOMOUbIO HAAHEMAPHO20 MEXAHUMA
[ocetimca.

Kntouesvle cnoea: eanxosas Opobunka, npousso0UmMenrbHOCMb, YUKIOUOAIbHOe O8UdceHue, pabouuil
Opeam, OCHOGHbLE NAPAMEmpbl, 2UNOMPOXOUOd, CAMELTUM, POMOP.

Maxanada yununOpaixk yukiouomi K032anvblcmsly He2izel napamempiepin ecenmeyoiy He2iz0epi bepineeH.
Byn  ycakmasgvnumapoa yuxnouomulx Kozeanvic npunyuni Koadauviiaovl. KazADI-0e yuxiouomoix
KUcvolkmap MeH mypakmul Keicmikmepoiy Kacuemmepit, COHOQU-AK JCYMbIC OPeaHOAPbIHbIY YUKIOUOMI
Koszanvicoid (PO) Konoamy apxwviisi yukiouomi mypoezi PO sicana unnogayusiwiy scodanapvl 23ipieHoi.
Mynoati mawuna OHIMOLNIZI MeH HAKMbL  HEPeUsl CoLULIMObLIbIELL MYPEbICBIHAH 0acKa  Heei3el
MAWUHATAPOBIH  HCYMBICHIH — HCOAPLIIAMAobl.  JKymulc  OpeanHOapbimbly YUKIOUOMBIK — KO32AIbICHIHA
batinanvicmsl aumapavikmat az menuepoe dicate maccacol bap. Ponnepoi ycaxmasviuimoly HCYMulC Opeamsl
CRYMHUKMI KOAKCUALO0bl Mypoe OaulaubiCmbIpadbl HCaHe NIAHEeMANblK KO3AIbICIbl KAMMAMACH3 emedi.
JKymvic opeanbiHbly WbIHOAPHL OCbl Hemece OCbl 2UNOMPOXUObl cunammaiovl. JKymvic opeaubitbiy
KO32a/IbICbIHbIY KUHEMAMUKAIbIK cXxemacsl JloceliMc niaHemanvly MeXaHUusMiHiy KemeziMeH oicyseze
acvipviiadsl.

Tipex co30ep:ponuxmi YHMaKmayuivl, OHiMOLNicl, YUKIOUOAT KO32AbIC HCeMmeiHiy, Heel3el napamempiep
2UNOMPOXOUOD, CRYMHUKMIK, POMOPObIH.

The article presents the basics for calculating the main parameters of a crusher with cycloidal movement
of rollers. In these crushers the principle of cycloidal motion is used. Using the properties of cycloidal
curves and bodies of constant width, as well as cycloidal movement of working organs (RO), new innovative
designs of RO with a cycloidal form have been developed in KazADI. Such machines exceed the performance
of other basic machines in terms of productivity and specific energy intensity. They have considerably
smaller dimensions and mass due to the cycloidal movement of the working organs. The working organ of
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the roller crusher is coaxially connected with the satellite and makes planetary motion with it. The vertices
of the working organ describe this or that hypotrochoid. The kinematic scheme of the drive of the working
organ is realized with the aid of the planetary mechanism of James.

Keywords: roller crusher, productivity, cycloidal motion, working element, basic parameters,
hypotrochoid, satellite, rotor.

PaGouee ob6opynoBaHue BaJIKOBOM APOOUIIKU C HUKJIOUAAIBHBIM JIBUKEHHEM pabOYMX OpraHoB
— PO mnpenna3znadueHo Aisi BBINOJHEHUS OMNpelesieHHbIX omepanuii. OHO cocTouT U3 pabouero
opraHa, HEMOCPEJICTBEHHO  B3aMMOJCHCTBYIOLIETO C  pa3padaThIBAaEMBIM  MaTEpUAIOM;
HUCIIOJTHUTCIBHBIX MCXAaHU3MOB, O6CCH€‘II/IBaIOH_[I/IX 3aJaHHBbIC JIBHXCHUA pa60qero opraHa Hu
HECYIUX KOHCTPYKIIMI, BOCHPHHUMAIOIIUX HArpy3Kd OT pabo4yero opraHa v MepenarolmX UX Ha
pamy 0a3oBoii MamwHBL. B pabounx opraHax C IJIaHETAPHBIM JIBIDKEHUEM JBHKYIICEC YCUIHE OT
MpUBOJIa K COOTBETCTBYIOIIMM JJIeMeHTaM pabodero oOOpyAOBaHUSA TiepelaeTcs 4epes
HKCLEHTPUKOBBIN Bal—BOJIUIIO Ha CAaTEJUTUTHI U COOTBETCTBYIOLIUN POTOp (OOBIYHO IIaHETAPHBIN
PEIYKTOP BBIMOJIHACTCS BCTPOCHHBIM B KOpITyC pabouero oprana) [1].

Kpome Tpaekropun ABMKEHHUS M Pa3MEpOB 3BEHBEB paboyero 00OpyAOBaHMS, OMpPEAeSIONINX
KOH(UTypaIMio U pa3Mepbl 30HBI €ro ACWCTBUS, KMHEMaTHKa paboduX OpPraHOB ONpeAeIsIeTCs
TaK)K€ CKOPOCTSIMU M YCKOPEHHUSIMH €r0 OT/ACJbHBIX 3BEHBEB (POTOpA M IKCIEHTPUKOBOI'O Bajia).
O4eBHIHO, YTO €CJIM HET KaKUX-JIMOO OTpaHUYCHUMN, HAJIaTaeMbIX Ha CKOPOCTH pabOYMX OPraHOB,
00YCJIOBJICHHBIX MX CHEUU(UKON B3aMMOJCHCTBHS CO CPENIOH, TO YBEIUYEHUE CKOPOCTH, C TOUKH
3peHus MOBBIIICHUS TPOU3BOIUTEIBHOCTH MAIITUHBI, SIBISETCS] BECbMa 3HAUNUTEIbHbBIM.

Kunematnueckas cxema mnpuBona PO peanusyercs ¢ NMOMOIIBIO IJIAHETAPHOTO MEXaHU3Ma
Jl>xeliMca, KOTOPBIN COAEPIKUT LIEHTpallbHOE 3y0uaToe KOJeco BHYTPEHHErO 3alleTIeH s, BOJUIO U
caTteluTiT (TUTaHEeTapHBIN) BHEIIHETO 3alleTIeHus, 00KAaThIBAIOIIHMIICS BHYTPH KOPOHHOTO 3y04aToro
Koseca. Boauio nomyvaer BpalieHrue OT IPUBOJHOTO JIBUTATENs.

PabGounii opran BamkoBOW IpOOWUIIKM COOCHO CBSI3aH C CATEJUIMTOM U COBEPIIAET C HUM
INTAHETAPHOC ABMIKCHUC, IIPU 3TOM BCPIIMHBI OIMMUCBIBAIOT Ty, WX UHYIO TUIIOTPOXOUITY. B 06HIGM
cllydae MpH 4Kciie BEpIINH pabodyero opraia paBHBIX Z, OTKJIOHEHHUE PaJInyCcOB Kojeca U caTeuInTa

[2]:

HepenaTquoe OTHOIICHHE INIAHCTAPHOTO MEXaHHU3Ma OT BOJAUJIA K CATCIINTY

- __ 1)
r-R ze -e(z+1)

MPONOPIIMOHATIFHO YKHCIY BEpIIWH pabodero opraHa Z. [Ipu yBeNIWYEHUH TEpEAaTOYHOrO YHCia |
IUTAHETApPHOTO MEXaHM3Ma YMEHBINAeTCsl YacTOTa BpAIIEHUs caTeJIuTa pabodero opraHa u
YBEJIIMYMBACTCS KPYTAIMA MOMEHT Ha HEM MPU HEU3MEHHON MOJABOJAMMON MOIIHOCTH. B wacTHOM
ciydyae mpu Z = 3 W € = 3 mepenaTodyHOe OTHOIIEHWE IUIAHETApPHOTO MEXaHW3Ma pPaBHO
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i=3e/-e=-3, @ BEPIIMHBI paboOYero opraHa ONMCHIBAIOT THIIOTPOXOUIY — KBaapaT ¢
MPSMOJIMHEHHBIMU CTOPOHAMH.

BaxxubIM napameTpom, 0T KOTOPOTO 3aBUCUT MPOU3BOIUTEILHOCTh MAIIMHBI, SIBJISIETCS CKOPOCTh
IBUKEHHs pabovyero opraHa.

CKOpoCTH TOYKH, OMHUCHIBAIOLIEH THUIIOTPOXOUAY MOKHO OIPENEIUTh, npoaudhepeHIpoBaB mo
BPEMEHH YPaBHEHHE TMIIOTPOXOU/IBI:

Vx= — w1l (sinzew + csinw)
(2)

Vy = wir (-coszw + ¢ cosm)

CrnenoBarensHO,

V=1 1+c% - 2¢ cos (z+1) w, (3)

TIE o, = dy /dt — YIJIOBas CKOPOCTh TOYKH.
AHanu3 BEIpaKEHHUS (3) MOKa3bIBAET, YTO CKOPOCTb = f(y ) HEPHOJMYECKH M3MEHSACTCS OT
MHMHMMAJIbHOIO 3HAYEHHUS: v . = o,r(c — 1) 10 MAaKCMMAJIbHOIO 3HAYEHUA v _ = w,r(c+1).

CpenHss CKOPOCTh TOUKH PabOYEro opraHa

2

%4 =
P

E]v(n//)dz//:Ea)lr}\/1+cz—2ccos(z+1)y/dz//. (4)

T

[Ipome m ¢ 1OCTaTOYHOM IJIi MHXKEHEPHBIX PACUE€TOB TOYHOCTHIO CPEIIHIOK CKOPOCTh TOUYKH
pabouero opraHa MOXHO OTMPEENATh KaK CpeIHEee KBaJIPaTUYHOE WM CpellHee apuPpMeTHIECKOe
3HAYEHNE MAKCUMaJIbHOM U MUHUMAJIbHOW CKOPOCTH.

BrIpaxxenue 11 cpegHel KBapaTUYHOW CKOPOCTH:

1/2

|— z2 ‘I
Y o :|3I'92(‘//)dl// | =orVl+c’ (5)

L 7o ]
Bripaxkenue 1t cpeiHeil apupmMeTnueckoil CKOpOCTH:

14 + Vv

v cp.ap. = = 2 " = w 1 e . (6)

Hcnonmb3ys moJTydeHHbIC BRIPAKEHUS, MOYKHO ONPEICITUTh HA CTaINU TPOSKTUPOBAHUS CKOPOCTh
000# TOUKH pabodero opraHa BaJIKOBOM JIPOOUITKH.

[TosrydeHHBIE 3aBUCHMOCTH ITO3BOJISTIOT OMPEICIITh HA CTAJAWH TPOCKTUPOBAHUS MAITHHBI
OCHOBHBIC KHHEMAaTHUYECKHE TapaMeTpbl pabouero opraHa W IDIAHETapHOrO MexaHw3Mma. M3
BeIpakenns (3) BumHo, uto Tpu y = 45° 1350 2250 3150, T.e. korma mpomsBomsmas Touka
HAaXOAUTCSA B CEPelIMHE BETBU THUIOTPOXOUMbIcos (z +1)y = —1 U CKOPOCTb IPOMU3BOJIAIIEH TOUKU

57



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2017, Ne 4 (59)

paBHA Vmax. [lpu = 0% 90°; 180% 270°, T.e. xorma MIPOM3BOIAIIAS] TOYKA HAXOIUTCS B BEPIIUHE
TUIIOTPOXOHIBICOS (Z + 1)y = 11 CKOPOCTh B 3TOM TOYKE PaBHA Viin.

Takum oOpa3om, MpH MEepeMEIIeHUH OT BEpPUIMHBI J0 CEpeIUHbl BETBU MPOU3BOJSAIIAS TOYKA
JIBUTAETCSl C YCKOPEHHEM, a OT CEPEIMHbl BETBU JO CIEAYIOLIEH BEPIIMHBI TOYKA JABUKETCS C
3aMEIJICHUEM.

Hcnonb3ys mojydeHHbIE BBIPAYKEHUS, MOYKHO OIPEJEIIUTh HA CTaIUU IPOEKTUPOBAHUS CKOPOCTh
0001 TOUKH paboyero oprana APOOUIIKH.

Y ckopeHue TOYKH, ONMUCHIBAIOIIECH THIIOTPOXOUIY:

szlzze\/ZZ+CZ—ZZC~COS(Z+1)l//, (7)

YCKOpeHl/Ie W U3MCHACTCA B IIpeaciIax:

W :colzze(c—z), (8)

min

W, =oze(c+z). 9)

[IpencraBneHHbple BhIIIE YNPOUICHHBIE (GOpMynbl (2—9) BIOMHE NPUTOAHBI Ui MHKCHEPHBIX
METOIOB OIPEeJIEJIEHUs] CKOPOCTEH U YCKOPEHUH ToueKk pabodyero opraHa MaluHbl.

Hamu paspabortan anroputm pacueta Ha [IOBM Tpaektopuii, CKOpOCTEe U YyCKOpPEHUH TOYEK
LIUKIOUAATIBHBIX paOouyuX OpraHoB JApOOMJIKM, KOTOPBIH IO3BOJISIET pAacCUUTaTh BHauaye
TPAEKTOPUU JIBUKEHUS TOUEK IPH Pa3IMYHbIX 3HAUEHUSX Z, € U ¢, U TOClIe UX aHaju3a U BeIOOpa
HauboJiee palMoOHAIBLHOIO BapUaHTa MPUCTYHNUTh K PacyeTy CKOpOCTed M YCKOPEHHUH TOoueK st
aTOro Bapuanra [3].

I'eomeTpus pabouero opraHa BaJKOBOW APOOUIIKK C HMKJIOUAAIBHBIM JBH)KEHHUEM IOJHOCTBIO
omnpejenseTcss TpeMs BEeIMYMHAMM: YHCIOM BepIIMH pabodero opraHa (portopa) Z,
OKCLEHTPUCHTETOM € [MJIM PaJuyCOM OJHOM M3 INECTEPHH R =e(z +1) WU r = z¢ W IApaMETPOM

(bopMBI ¢ (WK TIPOU3BOIAIINM PATHYCOM ).

B nmepByro odepear ocTaHOBMMCS Ha BbIOOpe TMapamerpa ¢, OT KOTOPOTO 3aBUCAT
reoMeTpUYeCKHe M KHHEMaTHUeCKHe COOTHOIIEHHUs pabdodero opraHa (poTropa) U KOTOPHIA B
3HAYUTENBHON CTEeNEeHH OmpeNeNsieT padualbHblii radapuT poropa.. Haumensblee 3HaueHUE
rmapameTpa ¢ 0Ka3bIBaeTCs OOJIbIIE TEOPETUIECKOTO MUHUMYMA 1,67 U TIpeBbIIIaeT 2.

CpenHsisi CKOpOCTh BEPILIMHBI pOTOpa onpeensercs GopMyIio:

Fd

1
z+1 o

v = wlrf\/l+cz—20cos(z+1)wdw (10)

p
T

0

Y OHA He 3aBUCHUT OT Z (TIocie mpeoOpa3oBaHmii):

P
c +

3

v = iwlr(c + l)E(Z\/E} = o, If (C) ' (11)

BennuuHa 5KCLEHTPUCHTETA e BHIOMpAETCsl TakK, YTOOBI JUAMETPhI IIECTEPEH COOTBETCTBOBAIN
CTaHJAPTHOMY psy MonyJiell. BennunHa sKCIEHTPUCHTETa J0JDKHA 00eCleYnBaTh JOCTATOYHYIO
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KECTKOCTb IIepeJHEN IIEMKH DKCUEHTPUKOBOIO Bajla, IIPOXOMSILNEH Yepe3 HENOJIBUKHYIO
LIECTEPHIO.

OcHoBHBIE TTapaMeTpbl padOYUX OPraHOB BAIKOBOW JPOOMIIKU C IHUKJIOUAATBHBIM JBHKCHUEM
IpU W3BECTHON (hOpME MONEPEHHOr0 CEYCHHUs POTOpa (TPeyrojbHHK, KBAJApaT, MATHYTOJBHUK U
T.J.) OIPENEIIAIOTCS YePE3 BEIUUMHY IKCLIEHTPUCUTETA e = R — r . 3aJaBUIMCh BEJIMUUHON € MOKHO
OIPENIeJINTh BEIMYUHY pajnyca IMPOU3BOJAIIEH OKpPYKHOCTH (CaTeIuTa) r = ze ; BEIMYUHY
pazuyca HanpaBJsAIOLIEl OKPYKHOCTH (LIEHTPAJbHOIO 3y0uaToro Kojeca) R = e(z+1); BEIMYHHY

IIPOU3BOJISIIEr0 PAIMyca a = ¢z = z e . 3aTeM, UCHOJIb3ys HOdydeHHbIe BhIpakeHus (2-9), MOKHO
OTIPENICNIUTh HA CTAJUU MPOEKTUPOBAHUSA CKOPOCTh M YCKOpEHHE Jr000i TOuku pabouero opraxa

(potopa).
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AHAJIN3 OCOBEHHOCTEM PA3BUTHUS TEXHOJOI'MA CXKUT AHUA
YIUIA B KHITAIIEM CJIOE KOTEJIBHBIX AT'PEI'ATOB

YmoberoBa .M., CaTbiéanaanl A.C.
Ka3zaxckuu nayuonanbmuwiil ucciedosamenbcKuil mexHuyecKull yHugepcumem
um. K.U. Camnaesa, Armamui, Pecnyonruxa Kazaxcman
e-mail: aitosha-8 95@mail.ru

B oannou cmamve paccmampugsaemcs pazgumue MEXHONOSUL COICULAHUA Yelsl 8 Kunaujem cioe
KomenbHblX azpecamos. HenpueoOoHocms 00bluHBIX MONOK K 3¢hdhekmusnol padbome npu cocueanuu
HUZKOCOPMHbBIX Yelell nompebdo8ana cOo30anus HOBbIX MEXHONO2UL Cocueanus yens. B ceasu ¢ smum
NepCneKmusHoOU AGNIAEMC HUSKOMEMNEePamypHdas Monka ¢ Kunawum cioem. Pazeumue mexnonozuu
KUnsawe2o Clnosi HAnpaeieHo Ha obecneuenue IQPDeKMuUBHO20  CoHCUSAHUL — HUBKOKAYECMBEHHO20
BbICOKO30IbHO20 MONAUBA, d MAKIICE HA MAKCUMATbHOE COKpalyeHue 8blOPoCco8 OKCUO08 cepul, a3oma U
nemyueti 3016l. Cnocob coicueanusi monauea 8 Kunsaujem (NCesO00NCUNCEHHOM Cloe) XapaKmepusyemcs
2opeHuemM meepoo20 MeNKO3ePHUCINO020 MONIUBA, B36CULCHHO20 OBUNCYWUMCS CHU3Y 68EPX B030YXOM.
Tlcesdoooicusicenuvitl Cr0ll cyujecmeyem 6 cpaHuyax, OnpeoensemvlX GeIUYUHOU CKOPOCMU 8030yXd Om
nepeoll Kpumu4eckou 00 6mMOpOoU KpUMUYecKol ckopocmu. s coicueanus Mocym UCNONb308AMbCs
pasauunble monauea. 1lpu 3mom 3HayumenbHo COKpAuWaOmcs pacxoobl JIeKMpoOIHePUL HA NPULOMOGIeHUE
monauea.

Kntouesvle cnosa: cymvgumuszayus, «Komiaoazpezamvl, MEXHONO2UA, KUNAWUL CAOU, MONIUBO,

YUpKyupyowu, pecypc.

byn makanaoa xazanOwlx KOHOBIPLLIAPLIHLIY KAUHAY KAOAMBIHOA KOMIPOIH JHCAHY MEXHOI0SUSLCLIHbIH
damyel Kapacmuipuliean. Kadimei newmepoe momen canaivl Kemipaepoi dxcazy KesiHoe muiMOi JHCYMbIC
icmey Kabinemcizdiei keMipoi oicagy ywiin dcaya mexuoao2usnap odcacayovt manan emmi. Ocviean
batilianvicmyl, KauHay xabamvl 6ap momen memnepamypaivl news muimoi 6oavin mabwiiadvl. Kaiinay
Kabamul MEXHONOLUACBIHBIY OAMYbl HCOAPBI CANAbL KYA0T OMbIHObL MUIMOI Hca2y0bl KaMmMamacsl3 emyee,
COHOAU-aK, KYKipm, a3om neH Yuna Kyl ubledpblHObLIApbIH Oapeinwia azaimyza baseimmanean. Kauuay
Kabamvinoa OmbIHObL A2y MACili MyOIHeH JHco2apvlza Kapau ayameH HCbUINHCUMbIH Kammbl HCoHe
MAUOANaHzan OMbIHHBIY JCAHYbIMeH cunammanaosl. byn kabamma om dicagy ywin ap mypiai omulHOap
NAUOANAHBLIYbL MYMKIH JiICOHE OHbIY MUIMOINiZl OMbIHObL  OAUbIHOAYOA OHEPIUAHbL  AUmMAapabiKmatl
asaumaovl.

Tipex co30ep: cynvhumuzayus, Ka3aHObIKMAp, MeEXHOIOSUANAD, KAUHAY Kabamvl, OMbIH, AUHAIMATLbI,

pecypc.

In this article, the development of coal combustion technologies in the boiling layer of boiler units is
considered. The inability of conventional furnaces to work efficiently when burning low-grade coals required
the creation of new technologies for burning coal. In this connection, a low-temperature furnace with a
fluidized bed is promising. The development of fluidized bed technology is aimed at ensuring the effective
combustion of low-quality high-ash fuel, as well as for the maximum reduction of sulfur, nitrogen and fly ash
emissions. A method for burning a fuel in a fluidized bed is characterized by the combustion of a solid fine-
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grained fuel suspended by air moving from bottom to top. The fluidized bed exists within the limits

determined by the air velocities from the first critical to the second critical velocity. Various fuels can be

used for combustion. At the same time, energy consumption for fuel preparation is significantly reduced.
Keywords: sulfitization, boilers, technology, fluidized bed, fuel, circulating, resource.

Bseoenue. KazaxcTaH umeer 3amachl IIMPOKO HCIOJIB3YEMBIX B COBPEMEHHOH 3HEpreTHKe
peCypcoB: TBEPIOTrO, KUAKOIO M ra3000pa3HOro TOIUIMBA, TMAPABINYECKON 3Hepruu. OCHOBHBIM
JHEPreTUYecKUM pecypcoM Kaszaxcrana sBisieTcs TBEpPAOE TOIUIMBO, IIPOMBIIIICHHBIE 3aIachl
KOTOPOTO COCTaBJSIIOT OCHOBHYIO YacTh TOIUIMBHO-PHEPreTHUECKUX pecypcoB. Haumbonee
KPYITHBIMA HWCTOYHUKaMHU yrisg sBisitorcss Typraiickmii, Kaparannuackuii, MaiikioOeHCKHH,
Hwxuaennuiickuii 1 Jxkubacty3ckuit 6acceiinsl [1]. [To o0bemMam noOwrum yrist Kazaxcran 3anuMaet
BOCBMOE MECTO B MHUpe U TpeTbe — cpeau ctpan CHI'. banancoBeie 3amacel MUHEpaIbHOTO TOTUIMBA
pecryOauKu cocTaBisAOT 45,4 MIPA.T YCIOBHOTO TOIUIMBA, U3 HUX Ha JONIO YIUIA HMPUXOIAUTCA
okono 80 %, nedtu — 13 % u raza — 7 %.

B TemnosHepreTuke mpennosaracTcs B OCHOBHOM HCIIOJb30BaTh JIMIIb T€ JEUIEBBIE YIUIM,
KOTOPbIE MOXHO IOJYYUTh NPH pa3pabOTKe KPYMHBIX MECTOPOXKIEHUH OTKPBITBIM CIOCOOOM.
[lepcrieKTUBHBIM HMCTOYHHUKOM SHEPreTHYecKuX yriaeu smisercs Typraiickuii OypoyrojbHbIN
Oacceifn. [Ipennono)uTeapbHO HA pa3BeJaHHBIX MECTOPOXIEHUsX Typraickoro 6acceifHa MOXXHO
MOJYYUTh OTKPBITBIM criocobom 117 muH.T yras B rox [1] m obecnieduTs BHIPAOOTKY SHEPTHH
110 mupa. kBru/rog. OcoOCHHOCTBIO OOJBIIMHCTBA MECTOpOXAeHMU Typraiickoro OacceiiHa
ABIISICTCA CUIbHas OOBOAHEHHOCTh. B MuHepanpHOW wacTu psjga yried »3toro OacceifHa
HaOJI0aeTCs MOBBILIEHHOE COJIepKaHMe IIeI04Yel. YTIIH ¢ BBICOKMM UX COJIEPKaHMEM OTHOCATCS K
«coneHbiM». B Kaszaxcrane m B CHI' orcyrcTByeT ombIT CkUraHus Takux yriaed. OmnbsIT
3apyOeKHBIX CTPaH CBUAETENBCTBYET O TOM, UYTO MPU CKHUTAaHUM B TPATULMOHHBIX TOIKAX YIJeH ¢
MOBBIIEHHBIM COJIEPKAHUEM IIEN0YeH MPOUCXOAUT UX BO3TOHKA C MOCIEAYIONIeH KOHAEHcaluen
Ha MOBEPXHOCTHU HarpeBa, 4TO MPHUBOJAUT K UX 3arps3HEHUIO U NuTakoBaHHio. KoTnoarperarsl Ha
«COJIGHBIX» YIVISIX JOJDKHBI HMMETh CIEHUalIbHbIE MPUCIIOCOONEHUS JUIS  BCTPSXMBAHUS
ITIOBEPXHOCTEN HAarpeBa v TOIOYHBIE YCTPONUCTBA C TIOHWKEHHON TEMIIEPATYPOH.

Hanuuue B Typraifickux yriasix 00JbIIOro KOJWYECTBA CEPbl OTPUILIATEIBHO CKaXXeTCa Ha padboTe
KOHBEKTHBHBIX MOBepxHOcTel HarpeBa. CynbgaTuzanus OTIOKEHUH COEJUHEHUH MIENOYHBIX U
LIEJIOYHO3EMENBHBIX METAJZIOB MOXET INPUBECTH K YIUIOTHEHHIO OTJIOXKEHMM [2] M 3aHOCaM
KOHBEKTHBHBIX IOBEpXHOCTeH HarpeBa. HeOmarompusTHbIM KOMIOHEHTOM 30jbl Typraiickoro
MECTOPOXKJCHUS sBIsieTCsl OKUCh (ochopa. Haxe npu HeGombiux komauuectax (0,01-0,9 %) na
MTOBEPXHOCTSAX HarpeBa HaOJFOIaeTCs OTIOKEHUs ¢ conepkanneM P2Os 1o 45 % [2], BeI3bIBarOIIHE
TPYJIHOCTHU B HKCIUTyaTallH.

Takum o0pa3oM, aHanM3 MCTOYHHUKOB yried KaszaxcTtaHa moka3pIBaeT, 4YTO TMpPH HUX
UCIIOJIb30BAaHUN  HEW30€XHO  BCTPEYAIOTCS  TPYJHOCTH  BCJEICTBUE  OOJBLIMX  3aMacoB
HU3KOCOPTHBIX yTJIEH.

OcHosnas yacms. CXUTraHWE HU3KOCOPTHBIX YIJIEM B TPAJAMIIMOHHBIX MBLIECYTOJbHBIX TOMKAX
BO3MO’KHO JIMIIIb TP peain3alui JOPOTOCTOSIINUX MEPONPUITU (TTOJICBETKAa Ma3yTOM H JIp.), HO B
ATOM CiTy4ae Tporiecc cxuranus HeaddextuBeH. HempuromHOCTh OOBIYHBIX TOMOK K () PEeKTUBHON
paboTe npu CKUTAHUN HU3KOCOPTHBIX yTiieil moTpeOoBaio Co3AaHNe HOBBIX TEXHOJIOTHI CKUTaHUS
yras.  AHanuM3  JUTepaTypHBIX — JAaHHBIX  [OKa3all, 4YTO  MEepPCHEKTUBHON  SIBJSETCA
HU3KOTEMIIEpaTypHas TONKa C KHUMSAIMKM ciaoeM. [lepcrnieKTUBHOCTh CXKUTAHMS B KUIIAILEM CIIO€
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00yCIIOBIMBAETCS CIEIYIONINMHE €r0 CBONCTBaAMHU:

1. VHTeHCUBHBIA TEIJIOOOMEH MEXIy 4YacTULAaMU YIS W 30JIbl B CJIOE€ H XOpollee
NepeMenInBaHue MPUBOJAUT K OYEHb BBICOKOM TEIUIOMPOBOJHOCTH CJIOSl, YTO MPEAOIpeaeIisaeT
IIOCTOSIHHYIO TEMIIEPATYpPY 110 BCEMY CJIOIO.

2. Boicokuil KO3 (GUIUEHT TEIUIOOTIa4d K TMOTPY>KEHHBIM B CJIOM IOBEPXHOCTAM Harpena
o0OecrnieunBaeT OTBOJ TEIUIa 32 CYET WHTEHCHUBHOTO TEIUIOBBIIEICHHSI B OTPAHUYEHHOM OO0BbEME U
nojiep>kanus B cioe Temreparypsl 750-950 °C. B pesynbrare okoi0 50 % Bcero Temiia CHUMaeTcs
MIOBEPXHOCTSAMM HArpeBa, pacIOJIOKEHHBIMU HEMOCPEACTBEHHO B CJO€. DTO MO3BOJISET PE3KO
YMEHBIIUTH rabapuThl KoTioarperatoB. [lonoxkurensHbIME (DaKTOpaAMH TAKKE SBIISIOTCS:

— OTCYTCTBHE IIJIJAKOBAHUSI BCJICICTBHE HU3KOWU TEMITepaTyphbl TOPEHUS TOILINBA,

— He0OJIBIINXE BEIOPOCH OKCHUJIOB a30Ta BCIIECTBHE HU3KOTEMIIEPATypHOTO CKUTAHUS TOIUIMBA,

— BO3MOXXHOCTb I10JIa4M B CJIOM TOIIMBAa COPOEHTOB (M3BECTHSIKA, J0JIOMUTA) JUISl CBSA3bIBAHUS
coJiepKallleiicsi B TOILIUBE CEpHI,

— BO3MOXXHOCTb M 1€I€COO0Pa3HOCTh CXKUTAHMSI B KHIISIIEM CJIO€ TOIUIMB C BBICOKUM
30JI0COJIEPKAHUEM,

— YMEHBIIEHHE BHIOPOCOB B aTMOc(epy TOHKOAMCIIEPCHBIX adp030Jieil, 00pa3yIonmxcs 3a cyeT
BO3TOHKH IIPH BBICOKUX TEMIIEPATYpPaX MUKPOIIEMEHTOB IIPUCYTCTBYIOIINX B MUHEPAJIbHON YaCcTH
TOIINBA.

CrnenyeT OTMETUTb, UTO JUIsl KOTJIOB MaJIO M CpeHEN MOIIIHOCTH Hauboliee pacpocTpaHEeHbIMU
OyIyT TONKH C HHU3KOTEMIEPATypHBIM KHISIAM ciioeM. IS KOTJIOB OOJNBIIONW MOITHOCTH
MpEeANOYTUTEIbHA TeXHONOTUs uupKyaupyromero kumsimero cios (HKC). Jlannas TexHomorus
npenmnosiaraer 0ojiee BBHICOKYIO CTENEHb BBHITOPAHMS TOIUIMBA, MEHbIIUN KOA(PGUIIUEHT H30BITKA
Bo3zayxa. Cucrema momaun TomnuBa y komwioB L[KC mpomre, KOTibl MeHee TpeOoBaTembHBI K
KaueCTBY TOTIMBA U JIy4YIlle TPUCIIOCOOICHBI ISl CTYNIEHYAaTOT0 COKUTaHUS TOTUIMBA, YTO MO3BOJISIET
CHU3UTH BHIOPOCHI OKCHUIOB a30Ta MO CPABHEHHIO C TEXHOJIOTHEH KHUIISIIETO CIIOs.

Pa3BuTHE TEXHOJOTHMU KUITSIIETO CJIOS HAMPaBIIEHO Ha oOecrnieueHne PGHEKTUBHOTO CKUTAHUS
HU3KOKAUYe€CTBEHHOTO BBICOKO30JIbHOTO TOIUIMBA B IIMPOKOM JIMANa30HE W3MEHEHMsI Harpy3ok
KOTJIOB 0€3 HCIOJIb30BaHUA JUIsl TMOJCBETKH Ia3000pa3HOro WM KUIKOTO TOIUIMBA, a TAaKKe Ha
MaKCHMaJIbHOE COKpaIlleHHe BEIOPOCOB OKCHUIOB CEPBI, a30Ta U JieTyuel 307bl. CKUraHue TOIIMBa
MOJKET TPOUCXOIUTh B PEXKUME CcTalMoHapHOro (my3bIppkoBoro) kumsiiero cios (KC) u
uupkynupytomero  kumsimero  cios  (HUKC).  TlpeumymiectBa  yKa3aHHBIX — TEXHOJOTHH:
9KOJIOTUYECKAsl YUCTOTA; BO3MOKHOCTh MCIIOJIb30BAHUS TOIIMBA C BHICOKOM 30JbHOCTBIO M HU3KOM
TETJIOTOM CTOpaHMUsl.

Cxuranue TBEpAOTo TOIIMBA B KUIISIIEM CJIO€ Pa3BUBAIOCH 10 ABYM HAMPABIICHUSIM:

1. B BeicokoTemiieparypaoM kurrstieM citoe (BTKC) — mpu remmieparype ciost 1100-1200 °C.

2. B am3kotemmnepatyproM kurisiieM ciioe (HTKC) — npu Temnieparype ciiost 750-900 °C.

[To cpaBuenuto c¢ LIKC BuHenpenue TtexHomorun HTKC TpebGyer cyliecTBEHHO MeEHbIE
kanuTanbHBIX 3arpaT. Texuonoruss HTKC nambonee amantupoBaHa K TOIUIMBAM yXYIIICHHOTO
KauecTBa, MO3BOJISET YCTAHABIMBATH BO3AyXOPACIPEACTUTENBHYIO PEIIETKY HEOOIBIINX Pa3MepoB,
non koropyito momaerca 40-50 % Bozayxa, ywacTByromero B ropeHuH. OcTaabHOW BO3AyX
MOCTYMAeT Yepe3 COIMia BTOPUYHOTO AYThs U 3TO FapaHTUPYET XOpolllee BbDKUTAHKE TOIIIMBA Oe3
MIPUMEHEHHUSI IOPOrOCTOALIUX CETNePAIMOHHBIX YCTPOUCTB C BO3BPAaTOM YHOCA.

HccnenoBanus Mo CKUTaHUIO TBEPAOTO TOIIMBA B BEICOKOTEMIIEPATYPHOM KHUIISIIIEM c10€ ObLIN
Hayatbl B YpanbckoM llonmurexnnueckom MHCTUTYTE B KOHIE 40-X rogoB. 3aTeM B MOCKOBCKOM
SHEPreTHYECKOM WHCTUTYTE OBLI MPOBEIEH LUK paboT, MOCBSIIEHHBIX TOMKE KHIISIIEro CIOS.
JanpHeiilee pa3BUTHE 3TOT METOJ CXKUTaHHS Moiaydrs Bo @panunu n YexocnaBakuu. B Hauane
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60-x rogoB B AHINIMM CXKUTAHUE TOIUIMBA B KHUIISIIEM CJIO€ IMOJYYHMIO HOBOE HAlpaBICHUE —
CKUTaHUE CTaM OCYHIECTBIATH mpu Temreparype 750-900°C B 3atopmoskeHHOM cioe. Takue
HU3KHE TEMIIEpaTypbl JOCTUTAIOTCA pa3MEIleHHEM IOBEPXHOCTEH HarpeBa B 00BbEME KHIISIIETO
Cllosl. DTH TIOBEPXHOCTH HUMEIOT BBICOKMI K03(duumeHT Temnoornaun Onarofapsi HAIAYHIO
TypOyJIN30BaHHOTO IByX(a3HOTO MOTOKA.

[lepBbIM NPOMBIIUIEHHBIM KOTJIOM C TOINKOW KHIISIIEr0 CJOS CTall PEKOHCTPYHPOBAHHBIN
BOJOTPYOHBIN IMapoBoil koTel 3aBoaa Perdpro (Aurmus) . Koten ¢ mpon3BoauTeasHOCTIO 18 /4, ¢
naBienueM mapa 2,8 MIla u Temneparypoit 294 °C 10 peKOHCTPYKIIMH MMEI CIIOCBYIO TOIKY C
3a0bpaceiBatesieM. CaMblii MOIIHBIA TapoOreHepaTop ¢ TONMKOW Kursmiero ciost cozmaH B CIIA
¢dupmoii II9P coBmectHo ¢ «Doctep-Yuuiep» B 1977 r. [3]. KoTen umeer nmpon3BOAUTEIBHOCTD
136 1/4, mapamerpsl apa: P =9,5 MIla, tu, = 495°C.

Haubonpiiee pacnpocTpaHeHue TONKH CO CTAIMOHAPHBIM KHIALIIMM cioeM (Oomee 2500 miT.)
nonyuunu B Kutae Ans cKuranus HU3KOCOPTHOrO MecTHOro yris. Ilpu 3ToM Oomnbliyro A0II0
COCTaBJISIOT KOTJIBI MapONpPOU3BOIUTENBHOCTHIO OT 4 10 10 T/9 U HECKONIbKO KOTIOB — 136 T/4.
Tonku c KUMNALUM CJIO0EM HIMPOKO pacnpocTtpaHeHbl B PuuinsaHauu, Hopseruw, ['epmanuu,
[Tonpie, ABcTpuu, SAnoHumu.

B Poccuu mepBblit koTen ¢ Tomkoi kumsmero cios Obut mymeH Ha TOL[ HKTU (Cankr-
[TetepOypr) Ha ocHoBe cepuiinoro JIKBP — 2,5-14,0 BUKC. HaubomnbIiee pacupocTpaHeHue cpean
crpad CHI (6onee 100 mT.) HOTYYHIN PEKOHCTPYUPOBAHHBIE KOTIIBI ¢ KUATSIMM ciioeM (10 1/49) Ha
Vkpaune. Cambiii Mouablii B Poccun koten (bK3-75-39 ®CJI) ¢ pekoHCTpyHMpOBaHHOW TOINKOMN
KUIISAIIEro ¢aos ObL1 BeaeH Ha TOLl AxTMme.

OkcnepuMeHTanbHblil koTen JIE-25-19 IIC ycraHoBieH Ha KOTeIbHOM buiickoro koreiabHOro
3aBoja [3]. Tomka, cHaOXeHHas KOJIMAauKOBOM peleTKoMn, pa3/ie/ieHa Ha TPU CEKI[UH: IBE€ OCHOBHBIE
U OJHY JAoXuraHus. [l OYMCTKM JBIMOBBIX Ta3oB Iepea BbIOpocoM B artMocdepy mocie
TeIUIO(pUKAIIMOHHOTO SKOHOMali3epa yCTaHOBJICHBI JBE CTYIEHH LIMKIOHOB. JlanbHeiee pa3BuTHe
TEXHOJOTUU KHUIISIIET0 CJ0S HAlUl0 B KOTIAX C LUPKYJIUPYIOIIMM KHIAIIUM  CIIOEM.
Hupkynupyromuit kunsmuid cinoit (LIKC) siBnsieTcss pa3HOBUAHOCTBIO MY3bIPHKOBOTO KHIISILETO
CI10s1.

[ToBeimennslit uHTEpec K kotiaM ¢ tomnkoi [[KC, kak oTmedanoch BbINIE, BBI3BaH TEM, YTO
JlaHHAsl TEXHOJIOTUSI 00ecrieynBaeT paBHOMEPHOE TEMIIEPATypHOE T10JI€ BO BCEM TOIIOYHOM 00beMe
KOTJIa, yBEJIMYEHUE BPEMEHM KOHTAaKTa ra3a C TBEpJbIMH YacTHLIAMHU YIS U COpOeHTa, YTO
IPUBOANT K YBEIHUEHHIO 3¢ (eKTuBHOCTU ropeHus (10 99 %) u Gojee MOJTHOMY HUCIOIb30BAHUIO
cepornoriomaonmx copoenton. Texuonorus LIKC mo3Bonsier Mcmnonb30BaTh MUPOKUN THANAa30H
MPUMEHSIEMOr0 TOIUIMBa OOECHEeYHTh JIyYIlle peryJMpOBOYHBIE XapaKTEPUCTHUKH, OOJbIIYIO
IJIOTHOCTh MOIIIHOCTH U BO3MOKHOCTB Iepexoa K 0osiee KpyIHbIM CHCTEMaM.

Hupkynupyromuil Kunsmuii ciaoi oOpa3yercs 3a c4eT OOJBLIMX CKOPOCTEH ra3oBOro MmoToka
4-12 m/c B Tomke KotTia. [lpum 3TOM BHIMMAas TOBEPXHOCTh KHIISIIETO CJIOS MCUYE3aeT, U BBIHOC
TBEPABIX YacTUIl yBeluuyuBaercs. Jlyig momnepkaHus M coXpaHeHHs oObeMa cliosi B TOMOYHOU
KaMepe Ha BBIXOJE JABYX(a3HOro MOTOKAa M3 TONKM YCTAHABIMBAIOT IIUKJIOHBI IS OTAEICHHUS OT
JBIMOBBIX T'a30B 3aXBAYECHHBIX YACTHIL 30JIbI M HECTOPEBILETO YIUIS U BO3BPAILEHUS UX B HI)KHIOKO
YacTh TONKU. 3a CYET TaKOM LHUPKYJISAIMM B TOMOYHOM o0OBeME KOTJIa TMOAJEP>KUBACTCS
OTHOCHUTEJIBHO BBICOKAas KOHIIEHTpalMsl YacTHUIl yIias M 30Jbl, MEHbIIAs II0 CPABHEHHUIO CO
CTallMOHAPHBIM. DTO TMO3BOJSET PE3KO YMEHBIIUTh KOJUYECTBO BBOJOB TOILIMBA B TONKY, TaK Kak
TBEpAbIE YACTULIBI TPEKPACHO MEPEMELINBAIOTCS B KUIIAIIEM CJIO€ C HU3KOM MIIOTHOCTBIO. Tak, s
kotiaa momHocTeio 100 MBT HeoOxommmo Bcero 4 BBoma yrms. [lporecc ropeHust 0OBIYHO
MPOUCXOJUT B JByXcTymneHuaToM pexume. IlepBuunsiii Bozmyx 40-60 % mnonmaercs dyepes
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ra3opacrpeaesuTeNIbHYI0 PEETKY, a OCTaJIbHON — Ha 00Jiee BHICOKOM YPOBHE OT PELIETKH B TOTIKY.

Takast cxema COKUTaHUS MO3BOJISICT 3HAYUTEIBHO CHU3UTH 3MHUCCHIO OKCHIOB a30Ta. XOpPOIIUi
maccooomer B LIKC mo3Bomsier 3¢)(heKTUBHO CXKHUraTh pa3ivyHble BUABI TOIUIMBA NPU U30BITKE
Bo3zayxa 1,1. IloBblueHHbI uHTEpec, nposBieHHbI k TexHonoruu LIKC, mpuBen k co3naHuio
HECKOJIbKUX MOAM(UKALMKM KOTJIOB C TONKAMU LHUPKYJIUpYIOIIEro Kumsmiero ciuos [4].
ComnocraBineHue IoOKazaTelledl  NPOEKTHPYEMbIX KOTJIOB C  TOINKAMH  Iy3BIPbKOBOIO U
LIUPKYJIUPYIOLIET0 CJI0s C MbUICYTOJbHBIMU TONKAMM II0Ka3bIBA€T MEHbIIME TIabapuThl H
METAJUIOEMKOCTh 3THUX KOTJOB. AHAIM3 MMEIOUIMXCS JUTEPaTypHbIX JaHHBIX IO OIBITHO-
KOHCTPYKTOPCKHUM HPOpabOTKaM MMOKA3bIBAET, YTO ONTUMAIILHBIN THIT KOTJIAa HE BBIOpaH.

B nacrosmee Bpemsi B Mupe 3Kcrutyatupyercsa Oonee yem 700 sHEpPreTHUecKuX YCTaHOBOK CO
CTallMOHAPHBIM KHILAIIMM CII0eM, o0mei TermnoBoit MomHocThio Oonee 30 000 MBt. Cxxuranue
apobienHoro yrist 6 =0-35MM OCyIIECTBISIETCS B KHUIISIIEM CJIO€ TPU HHU3KHX TEeMIIeparypax
800-900°C, uro B OosblIel Mepe MPEIONPEaLIIIeT HU3KHE YICIbHBIC BHIOPOCHI OKHMCIIOB a30Ta JI0
50-60 %.

OnHUM M3 OCHOBHBIX IHPEUMYLIECTB CXKUTAHUS B KUISIIEM CJO€ SBISETCS BBICOKAs
3¢ (}HeKTUBHOCTh CBs3bIBaHUS AMoKcHuaa cepbl SOz myTreM Bo3MokHOM momauu B cioi CaCOsa.
ITonaBaemblil B ci10i U3BECTHSK pasnaraercs ¢ BoiienenuemM COz:

CaCO3 — CaO + CO

Y CTAaHOBUTCS TIOPUCTHIM C PE3KUM YBEIIMUYEHUEM IMOBEPXHOCTH. [IpoHuKas B OPHI, ABYOKUCH CEPBI
coenunsercs ¢ CaO:

CaO + SO, + 2 0, — CaS0q

B nenom, npu otaomenuu Ca/S > 1,8-3 obGecneunBaercs >3ppekTuBHOCTH CBs3biBaHusT SO2 Ha
yposHe 90 % .

3axniouenue. Takum 00pa3oM, BBIIOJHEHHBIE ONBITHO-KOHCTPYKTOPCKUE U IPOEKTHBIE
pa3pabOTKU TOKA3bIBAIOT MPEUMYIIECTBO KOTJIOB C TEXHOJOTHMeW Kumsmero cios. OmHako uis
peanu3aly 3THX NPEUMYILIECTB HEOOXOIMMO peluTh psa BOHNpocoB. B mepByro ouepens
HE0O0XO/MMO YIpaBJIECHUE MPOLECCaMM, MPOTEKAIOIUMHU B CJIO€, OCOOEHHO SKOHOMHYHOCTBIO
TOpEHUsl TBEPAOTO TOILIUBA, IPOIleCCaMH TEINIO0OMEHa MEXAY CJIO0EM M MOBEpXHOCTSIMHU HArpena,
TUIPOIMHAMUKOM IByX(a3HOTo MOTOKAa U 00pa30BaHUs BPEIHBIX I'a30BbIX BHIOPOCOB.

Ha ocHOBaHMM mNpOBEJCHHOIO aHajaM3a JUIsl HaIIero YrojibHOIO pEruoHa Haubosee
MEPCTIEKTUBHBIM U MaJI03aTPATHBIM PEIICHUEM ATON CIIOKHON HapOJAHOXO3SMCTBEHHOI MpoOIeMbl
clleyeT MPU3HATh pPa3pabOTKy U BHEAPEHUE HOBBIX IMPOTPECCHUBHBIX, KOJOTHYECKHX UMCTBIX
TEXHOJIOTMM CKWTaHWsS UIIMPOKOW TaMMbl TOIUIMB B TOINKAaxX KOTJIOB CO CTAallMOHAPHBIM M
LUPKYIUPYIOIIUM KUIISALIUM CIIOEM.
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KOMILIEKCHBII AHAJIN3 BPEJTHOI'O BO3JIEMCTBUSA TOII
HA OKPYXKAIOMYIO CPEAY U IIYTU EI'O CHUKEHU A
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Ilpoananusuposano epednoe osdeiicmseue TOL Ha okpyscarowyo cpedy. Boiiu  paccmompensi
0CObeHHOCmU  8030€UCMBUsL HA NPUPoOdy OCHOBHLIX 3azpsisHumenel (OUOKcUuo cepuvl, OKCUObL A30Mda).
Buidenenvr ghakmopwr u npednosicenvi Mmemoovl no ux cHudicenuio. HMccnedoeanvt mexHono2uu ¢ 6blCOKUMU
MEXHUKO-IKOHOMUYECKUMU NnoKasamenamu. Buvisgerena neobxooumocms eHeOpeHus paspabomanno2o 6
Poccuu nosozo euoa swcuokoeco monauea u3 yais — 8000y20nvHo2o monausa (BYT). Buinu eviachenvl
oocmouncmea Huskomemnepamypnoi euxpesoti (HTB) mexnonocuu coicueanuss monaus. Ilpedocmasinenvl
KpynHeuiuie UuHOCMpanHble npouseo0Umei KOmio8, UChoIb3YIouux NOOOOHYIO MEXHONIOUIO.

Knwuesvie cnosa. xomivl, OUOKCUO cepbl, OKCUO aA30MA, HUSKOMEMNEPAMYPHbIU, B000Y20NbHOE
MONIUBO, KUNAWULL CIOLL, OKPYIHCAroOwds cpeod.

JKDO-nviy xopwazan opmasea 3uanobl acepi manoanzan. Heeizei nacmaywwl 3ammapowiy (KyKipm
OuoKkcuoiniy, azom okcuoi) mabuzamka acepi Kapacmuipwliovl. Paxmopnap men onapovl azaumy dicmepi
ycvinoiiean. TexHuxkanviy JiCoHe SKOHOMUKANLIK KOPCEMKIUMepT JHCO2apbl MEXHOA0SUANAD 3EPMMENSEH.
Pecetioe komip—cynvlr omviHHaH 6HOIpiNeeH CYUbIK OMBIHHLIY JCAHA MYPIH  eH2i3y Kajcemminiel
Kapacmuipvinean.  Conoaii-aK, — momeHn — memMnepamypaibl — KYUblHObl — HCAHY — MEXHONO02UACHIHbIH
apmuIKUbLILIKMAapsl anblkmanovl. CoHvlMeHn Kamap OcblHOAl MeXHONOSUAHbL KOAOAHAMbIN Wemendix ipi
Ka3aHObIKMAapObly OHOIPYWILED] YCbIHbLIEAH.

Tipex co30ep: Ka3anObIK, KYKipm OUOKCUOI, A30m OKCUOi, KOMIpCymeK OmbulH, KauHazaw xabam,
Kopuiagan opma.

Harmful effects of combined heat and power plant on the environment were analysed. Features of
impact on the nature of the main pollutants have considered (dioxides sulfur, nitrogen oxides).
Factors allocated and methods on their decrease offered. Technologies with high technical and
economic parameters are studied. The need to introduce a new type of liquid fuel developed in Russia
from coal - water coal fuel is developed. The advantages of low-temperature vortex fuel combustion
technology were clarified. The largest foreign producers of boilers using this technology are
provided.

Keywords: Coppers, dioxides sulfur, nitrogen oxides, low-temperature, water coal fuel, the boiling
layer, environment.

Beeoenue. Ha coBpemMeHHOM 3Tarne mpodsiemMa BO3IeHCTBHS JHEPTETUKH Ha OKPYIKAIOIIYIO CPeIy
CBSI3aHAa C PACHpPOCTPAHEHHUEM HTOrO BO3JEUCTBUS Ha OTPOMHBIE TEPPUTOPHH, HE3ABUCUMO OT
roCy/IapCTBeHHBIX rpaHull. Bo3HUKaeT quieMma: SHepreTuka, IBJsSIoasics OCHOBOW TEXHUYECKOTO
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mporpecca, CTaHOBHUTCA (PAKTOPOM, TNPEACTABIIONIUM Yrpo3y s CYIIECTBOBAHUS CaMOMU
YeJI0BEYECKON IMUBWIM3AUHU. BBIXOA U3 3TOW CUTyalluy MOXKET OBbITh HAWJEH NMPH BCECTOPOHHEM
pPaccMOTpPEHUH IMPOOJIEMBbI B3aUMOJICHCTBUS YEJIOBEKAa M OKPYXKAlOLIEH cpelibl, Ha4ajJ0 KOTOPOMY
6bu10 nonoxkeHo B.W. BepHanckum.

Pa3BuTHe SHEpreTHKM HeNb3sl pacCMaTPUBATh B OTPHIBE OT BCErO TOIUIMBHO-3HEPreTHYECKOrO
KoMIUlekca. B  TommuBHO-3Hepretuueckuii komiuieke (TOK) BxomsaT crnenmyromuye OTpaciu:
AJIEKTPOIHEPIeTHKa, YToNbHas, ra3oBas, HedreqoObIBaromias, HedTenepepadaTbBatonias.

Ha nomo TOC npuxoautcs npumepHo 50 % o6mux BeIOPOCcoB B aTMOCchepy BPEAHbBIX BEIIECTB,
70 % mapHUKOBBIX Ta30B, 30 % 3arps3HeHHbIX CTOYHBIX BOJ ¥ 30 % TBEpABIX OTXOOB.

B cBoto ouepenn 60 % ot o0miero KoiamyecTBa BPEAHBIX BEUIECTB, MOCTYNAIONINX B aTMOChEpPY
or mnpennpusaruii  TOK, co3gator npeanpusATus  3ieKTpo’HepreTuku. I[lo  gaHHBIM
l'ocynapctBenHoro BogHOro kamactpa, 18% Bcex cOpocoB cosmaer 3HepreTuka; mo 18% —
XUMHUYECKas U JepeBo-oOpabarbiBaromias oTpaciud U octaibHble (okomo 50% Bcex cOpocoB) —
KIIUITHO-KOMMYHAIIbHBIEC X035ICTBA.

HepaspbiBHast oprannyeckasi CBsi3b yCIOBHI 0OecredeHus] SHEPronoTpeOIeHHs U OKpYy KaroIen
Cpelbl KaK BaXKHEUIINX (aKTOPOB >KU3HEAEATEIHLHOCTH YEJIOBeKa M Pa3BUTHS MPOU3BOAUTEIHHBIX
CHWJI TIPUBJIEKAET [TOCTOSSHHOE BHUMAaHKE K MPo0JIeMe B3aUMOJICHCTBUS SHEPIeTUKU U OKPY KaroILen
cpensr [1].

Ocnoenas uacmo. C poOCTOM €IMHUYHBIX MOIIHOCTEM OJIOKOB, 3JEKTPUUECKHUX CTAHUUN U
SHEPTEeTUYECKUX CUCTEM, YACIbHBIX U CYMMapHBIX YPOBHEH dHEPronoTpeOIeHHs] BOSHUKIIA 3a7a4a
OTpaHUYEHUS BBHIOPOCOB B BO3AYIIHBIA U BOJHBIM OacceliHbl, a TaKke Oojee MOIHOTO
UCIONB30BAaHUsI WX  paccewBaroniel cmocoOHocTH. B Hacrosiee BpeMs Ha  JOJIO
ANEKTPOIHEPTeTUKH HaIlel CTpaHbl MPUXOTUTCS OKOJO 1/3 BceX MPOMBIIIIEHHBIX BBIOPOCOB
BPEIHBIX BEIIECTB B aTMoc(epy, COCTOSIINX B OCHOBHOM M3 JIETyuei 30IIbl, APYTUX a’pO30JICH,
OKCHJIOB CEphbl M a30Ta, yIJIepoaHbIX coequHeHuid. Cpenn BpenHbIX BBIOPOCOB B aTMocdepy mnpu
paboTe TEIJIOBBIX AIEKTPOCTAHIIMKN HanboIee OMaCHBIMU SIBIISIFOTCS] OKCUBI CEPBI U a3oTa [2].

Bxutag TOL ceronnst coctaBmser okono 2,2 MiH.T. (42 %) mo SOz u 1,2 miH.T. (23,5 %) mo NOx
OT UX BBIOpOCA BCEH MPOMBIIIUICHHOCTHIO ¥ TPAHCTIOPTOM CTPAHBI.

Conepixkaiuecs B IBIMOBBIX ra3axX OKCHJIbI a30Ta U CEPBI SBISAIOTCS TOKCUYHBIMU BEIIECTBAMHU, a
B Ccllyyae WX CMEIICHUS C BJIAaroi Bo3ayxa OHM 00pa3ylOT KUCIOTHI, KOTOpPhIE, MOMajas Ha 3eMITI0 B
BUJIE TaK HA3bIBAEMBIX KHUCIIOTHBIX TOXKIEH, HAHOCAT YIIEpO CENbCKOXO3SUCTBEHHBIM YTOIbBSM,
pa3pylIaloT MHXEHEPHBbIE COOPYKEHUSI, HAHOCSAT Bpel 3J0POBbIO JIOJEH M BCEMYy XUBOMY Ha
3emie [3].

Ecmm cpemgneromoBasi KOHIIEHTpAIUsl JMOKCHIA CEPbl B aTMOC(PEPHOM BO3JIyXE COCTABIISET
0,08-0,10 mr/M®, To BO3HUKaET JTIUCKOMQOPT, MOSBIISIOTCS CHMITTOMBI YXYAIMICHUS JIBIXaHUS; SCIIN
KOHIIHTpanus jocturaetT ypoBHa 0,25-0,50 wmr/m®, To yXymmaercss COCTOSHHE JIOAEH C
JIETOYHBIMM 3200/IEBAaHUAMHM, BO3PACTAeT CMepPTHOCTH. IIpu KoHIeHTpauun Gonbme 400 mr/me,
MOJKET HACTYMHUTh CMEPTEIbHBIM UCXO MPU UX BO3JACHCTBHH Ha 4YelloBeKa Ooubiie yaca. Jlnokcus
cepbl MOJET JCHCTBOBAaTh KAaK BOCCTAHOBHUTENIb, TaK W KaK OKHUCIUTEIb, BCTYNaTh B
(OTOXMMHYECKHE WU KAaTATUTUYECKHE PEaKIUu C APYTMMHU BEIIECTBAMH, HAXOMAAIIUMUCS B
Bo3ayxe. MccrnenoBanus mokKa3aiu, 4TO JHUOKCH]I CEPhl MOCTOSHHO OKHUCIAETCS B aTMochepe moj
BO3JICHICTBUEM COJHEYHOTO CBETa M MeNbYalIlIMX YacTHI] IbUIM B TpUOKcu] cepbl. Hanbomnee
akTUBHO mporuecc npespamieHus SO2 B SOz wAET NpU HAIWYUU HU3JTYYEHUS C JJIMHOW BOJIHBI
220-250 wM. CoriacHO HEKOTOPBIM HWCCIICIOBAHUSIM, KOHEYHBIE NPOIYKTHI JTHOKCHIA CEPHI
pacnpenensorcs ciaeayomuM o0pa3oM: Ha TOBEPXHOCTh JUTocdepbl Bbimagaer 43 %, Ha
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noBepxHocTh Tuapochepsr — 32 %, mornomaercs pacteHusMu — 12 %, a TOBEPXHOCTHIO
runpocdepsr — 13 % .

HaubGonee pacnpoctpaneHHsiMu BeiOpocamu TOC sBIsIFOTCS OKCcuIbl a3ota. OHU 00pasyroTcs
MpU CXKUTAHUU JIFOOOT0 BUJA TOIUIMBA, TaK KAK MPHU IMOBBIMICHHBIX TEMIIEPATypax aTMOCQEpHBII
a30T OKHUCIISAETCS KHUCIOPOIOM.

Oxcunbl azota (NOx) — onnHa u3 Hambosiee 3HAYMMBIX COCTABIISIONIMX B IEPEYHE BPEIHBIX
BBIOPOCOB, COJIEPXKAIIUXCA B JBIMOBBIX Ta3aX OJHEPreTHYECKUX KOTJIOB, BBIXJIONMHBIX Ta3ax
JBUTATEICH pPa3HbIX THUIOB W BO3HUKAIONIMX B pPE3ylbTaTe HEKOTOPHIX TEXHOJOTHUYECKHUX
MIPOLIECCOB B MPOMBINUICHHOCTH. CYIIECTBYIOT TaK)K€ €CTECCTBCHHBIE HCTOYHHKU OKCHJIOB a30Ta —
OakTepuanbHasi aAKTHBHOCTh B TIOYBE, TPO3bI, U3BEPIKCHHUSI BYJIKAHOB.

Baxneiimmmu 13 NOx sBisitoress NO u NO2, mockonbky octanbabie (N20, N2O3, N2Os, N2Os u
napel  HNOg3), KOTOpble MOTYyT TPUCYTCTBOBAaTH B BO3JyXe, HE SBISIOTCS OWOJIOTHYECKU
3HAYMMBIMH.

DOHOBBIC KOHIIEHTPALIMH OKCUJIOB a30Ta B aTMocdepe n3MeHstores B npenenax 0,4-9,4 Mxr/m°.
Tunu4HOE COAepKaHMe JMOKCHAA a30Ta B BO3yXe ropooB — 20-90 Mkr/m® (CpeaHerooBble
KOHIIEHTPAIlMK); YacoBbIe KOHIIEHTpAMu MOryT aocturats 240-850 Mkr/Me. B6iusu 3aBOJIOB,
MPOM3BOJAIIMX  a30THYKO  KHUCIOTY WM  B3pbIBYAaThIE BEIIECTBA, a Takke BOIU3H
TEIUIOAICKTPOCTAHIIMIA OTMEUYAIOTCSI OUYEHBb BBICOKHME KOHIICHTPAIUH.

Oxcuapl a30Ta MOTYT OTPUIIATENBHO BIHUATH Ha 3JI0POBbE Kak camMH 10 cede, Tak W B
KOMOHWHAIIMK C APYTHMHU 3arps3HSIONMMH BellecTBaMu. [IMKOBBIC KOHIEHTPALUU JACHCTBYIOT
CHIbHEE, YeM MHTETpHpoBaHHas 103a. KparkoBpemenHoe BozzeiictBue 3000-9400 MKr/m°
JMOKCHJIa a30Ta BBI3BIBACT M3MEHEHHs B JICTKHX. [IOMHMO TOBBIIICEHHONW BOCIPUUMYHUBOCTH K
pecnupaTOpHbIM HHQEKIUAM, BO3JIEHCTBHE AMOKCHIA a30Ta MOKET MPHUBECTH K MOBBIIICHHON
YyBCTBUTEJILHOCTH K OPOHXOCTEHO3Y (CyKEHHE MpPOCBETa OPOHXOB) y YYBCTBUTEIBHBIX JIOACH.
HccnenoBanus moka3and, 4To Juist OOJICIONINX aCTMON U aHAJIOTUYHBIX OOJIBHBIX MOBBIIIAETCS PUCK
OTPHUIATEILHBIX JIETOYHBIX A(P(EKTOB TPH MEHbBIICH KOHIEHTPAIMU JWOKCHIA a30Ta, 4eM Y
3JI0POBBIX JIFOJICH.

CHmKeHHe cojepKaHusI OKCHUIOB a30Ta B JBIMOBBIX T'a3aX MOXKET JOCTUTATHCS HECKOJIBKUMHU
MeToiaMu. [TpoMBINIIICHHBIE METO Il CHIDKEHUS BBIOPOCOB OKCHJIOB a30Ta JIENSATCS Ha TICPBUYHBIC,
HampaBlieHHbIe Ha mojaBieHue odOpaszoBanuss NO B mporecce ropeHuss (MX TakkKe Ha3bIBAIOT
«TEXHOJIOTUYECKHUMI», TaK KaK B 9TOM CIIydae UMEEeT MECTO M3MEHEHHE TEXHOJOTHU M CKUTaHUs
TOTUINMBA), M BTOPHYHBIEC — MPEAYCMaTPUBAIOIINE CUCTEMBI Ta3004UCTKH [3].

TexHomornueckrue MeToIbl HauboJIee pacPOCTPAHEHEI B HAIlIEH CTpaHe, Tak Kak He TPeOYIoT, B
OCHOBHOM, 3HAUUTEJIBHBIX HAYAJIbHBIX KalUTAIOBIOXKEHUH. WX, B CBOIO ouepelb, MOXKHO
KJIACCHU(UITUPOBATH, MOPA3/ICIHB HA TPH OCHOBHBIC TPYIIITHI.

B mepByro odepenb 3TO TEXHOJIOTHMYECKHE MEPOINPHUATHS, HANpPaBICHHBIC Ha CHIDKCHUE
MaKCHMaJIbHOW TeMItepatypbl B Tonke. K HUM cleyeT OTHECTH PEHUPKYJISAIHIO JTBIMOBBIX Ta30B,
BIIPBICK BJIATM, CHIDKEHUE TEMIIEpaTypbl TOPSYEro BO3JIyXa, CEKIMOHHUPOBAHHE TOIKH
JIByXCBETHBIMH JKpaHaMH, PaBHOMEpHOE pacrmpejeneHue (akena mo BeICOTe Tomku. Ko BTOpoi
rpymIe clieyeT OTHECTH METO/IbI, HAPABJICHHbIE HA CHUYKCHHE KOHIIEHTPAIIUHA OKUCTUTENs, TAaKHue
KaK HECTEeXMOMETPHYECKOe C)KHTaHUe, CTYNEHYaTOe CXKUTAaHHWE, WCIOJIb30BaHUE TOPENIOK C
3aTAHYTBIM cMeceo0pa3oBaHUEM, TOPETIOK C PETYIUPYEMOil T0JIei MepBUYHOTO BO3/AyXa, CKUTAHUE
B TPEITONKE C HEIOCTATKOM OKHCIHTENsd. V, HakoHel, i CHWXEHHUS BPEIHBIX BBIOPOCOB
SHEPTeTUYECKUX KOTJIOB HCIOJB3YIOTCS CIEIUAIbHbIE METOJBl CXKUTAHHUS, OTO C)KHTaHHUE B
KUISIIIIEM ~ CJI0€, TpeIBapuTelbHas TepMHuYeckas o00pa0oTKa TOIIMBA WJIM  METOJBI,
npeanodnaratonue BocctaHoiernrne NO B Tomke.
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JIpyruM TIpUMEpOM CHIDKEHHUSI BpPEIHBIX BBIOPOCOB siBIsieTcs pabora [4], rme mokaszaHa
Hu3KoTemneparypHas BuxpeBas (HTB) TexHonorus cxxuranusi TBEpJI0ro OpraHUu4eCcKoro TOIINBA.

K rnaBusiM goctomHctBam HTB  TeXHONOrMM CKHUraHusi OTHOCSTCS €€  YJIy4IlICHHBbIE
JKOJIOTHYECKHE TIOKA3aTelld, TapaHTUPOBAHHOE OOECIEYCHHE YCTOMYMBOTO BOCIIAMCHCHHS U
TOPEHHUs TBEPJABIX TOIUIMB O€3 IOJCBETKHM Ta30M W Ma3yTOM, ycTpaHeHue muiakoBanus. HTB
TEXHOJIOTHSl COKUTAHHUSI MOXKET OBbITh peaju30BaHa B TPAIUIIMOHHOW KaMEpPHOM TOIKE, MyTeM €€
MOJICPHHM3AIIMH B TIEPHOJ] KaUTAIBHOTO peMOHTa KoTia. Ho 0COOEHHO BaKHBIM JOCTOMHCTBOM
HTB texHomoruu CoXKuraHus SBJSICTCS HU3Kash YyBCTBHTEIBHOCTh K KOJICOAHUSM XapaKTEPUCTHK
TOIUIUB. DTO YHU(MUIUPYET TOMKY IO TOIUIUBY W JAeT BO3MOXXHOCTh CXKUTAaTh B OJHOM KOTJE
HECKOJIbKO BUJOB TBEPJIOTO TOILJIMBA.

3apyOeKHbIe KOMITAHUU TAK)KE aKTHMBHO BHEAPSIIOT TEXHOJOTHH, MO3BOJISIONINEC CHUXXKATH OKCHJIBI
a30Ta TEXHOJIOTHYECKUMU MeToaamu. OIMH U3 MPUMEPOB — MOJpa3[ejeHUE IO IPOU3BOJCTBY

sHepreTudeckux KotrioB wuTanbsHckod komrmanuu ANSALDO-ANSALDO CALDAIE. Ora
KOMIIaHHUS IIPeJIaraeT cpa3y HEeCKOJIbKO PEIICHUH JUIsl CHIKEHUS BPEIHBIX BRIOPOCOB. 3TO CHELUATBHO
pa3zpaboTaHHble FOPEJIKU ¢ HU3KMM ypoBHEM 00pa3oBaHus okcuioB azota TEA-C (s cxxuranus yrist u
mazyta) U rasomasytHeie ropeakd TEA-BA (LOW NOx BURNERS (LNB)); ycrpoiictBa u
TEXHOJIOTHIO MHOTOCTYIIEHUATOr0 CKUTaHHS C pas/ielieHHeM Mojaul Boayxa Ha e cryneHu (OFA -
over fire air), B Tom umcie OJIM3KOpacHoioKeHHbIe HeoOcmy:kuBaeMbie OFA  MHKEKTOPBI;
YCTPOICTBA M TEXHOJIOIMIO MHOTOCTYNEHYATOI'O CXKUIaHUS C pas3/iefieHUeM IOJayd U JIOKUTaHUs
TOILUIMBA HA TPU CTYIICHH; & TAKKE TEXHOJIOTHIO PELMPKYIISIIUK ra30B [5].

lupokoe BHenpeHue pazpadboTaHHOro B Poccuu HOBOro BuAa >KMJIKOIO TOIUIMBA M3 YIJIs —
BojtoyrosibHoro tomiausa (BYT) moxer ciykuth ocHOBOH 3((eKTUBHON 3aMEHBbI JTOPOTrOCTOSIIMX
NeUILUTHBIX SKOJOTMYECKH YMCTBIX MPUPOJHBIX SHEProHOCUTENeH (IMPUPOTHOrO ra3a W HedTH) Ha
maorux TOIl u ['POC ¢ MUHUMAIBHBIMU KaMTATbHBIMU 3aTpaTaMd U C COXPaHEHHEM Ha TpeOyeMoM
YPOBHE BPEIHBIX BEIOPOCOB B armMocepy [6].

BonoyronbHoe TOIIMBO — CTaOMIIbHOE, SKOJIOIMUECKH YHCTOE Ha BCEX CTAAMSIX MPOU3BOACTBA U
HCIIONIb30BaHUS, MOXKapo- M B3PbIBOOE30NACHOE TOIUIMBO M3 YTOJIBHBIX LUIAMOB C KOHIIEHTpalueu
TBepAbIX BelecTB He MeHee 60 %, Bonbl — 39 % u opranndeckoro miaactudukaropa — 1 %.

CyliiecTBeHHOE CHIKEHHUE BEIOPOCOB OKCHIIOB a30Ta ripu ckurannu BYT o0ycioBrneHo 6oree HU3KOiM
TeMIeparypoil B 30He ropenus, He npesbimatomieii 1000-1250 °C. [IpuMeHeHHe HU3KOCEPHHCTOrO
yris (conepxkanue cepbl He Oonee 0,5 %) mna npurotosneHus BYT oOecneunBaeT ymeHbIleHUE
00pa30BaHUsI CEPHHUCTOTO aHTHWAPHAA B JBIMOBBIX razax. Kpome Toro, MCIoOib30BaHUE BOJIOYTOJIBIFOTO
TOIUTMBA MO3BOJISET € OOJIbILeH P (PEKTUBHOCTBIO YIIABIMBATh OKCHIBI CEpPhI

OcoOeHHOCTH TOpeHHs TOHKOPACHBUICHHBIX Kallelb BOJOYTOJBHOTO TOIUIMBA IPUBOIAT K
00pa30BaHMIO BBHICOKOTIOPUCTHIX 307IOBBIX YACTHII, IUIOTHOCTH KOTOPHIX He TpeBhImaeT 350 kr/m’.
O¢ddexTuBHOCTL pabOTHl CYMIECTBYIOIMIMX CHCTEM IbUICYJIaBIMBaHuS Tpu Cxkuranun BYT
TIOBBIIIAETCS TIO CPABHEHHUIO C MBLICYTOJILHBIM CKUTAHUEM.

TBepnas ¢pakuus NPOIYKTOB CrOpaHHUS — MEIKOAMUCIEPCHas 30J1a IOJIb3YeTCsl CIpPOCOM B
MPOU3BOJICTBE CTPOUTENBHBIX MAaTepUalioB, KaK CBA3YIOIIEE IpU HW3TOTOBJICHMH OETOHOB JUIS
HEOTBETCTBEHHBIX KOHCTPYKLIMI, OTAEIOUHBIX U UHBIX CTpOMMAaTepuaioB. Tak kak npu cxxuranuu BYT
MIPOUCXOIUT OoJiee MoJHOe cropanue, 10 95-98 % ncxoaHoro TommBa, 00beMBbI TBEP/IBIX MPOLYKTOB
CrOpaHUsl MHOTOKPAaTHO HIJKE, YEM IIPU CXKUTAaHUU TpaauluoHHbIX yriel. [Ipu stom KIIJl xoTioB
Bo3pactaeT 10 80 % M Malio 3aBUCUT OT MX (PU3UYECKOTO COCTOSHHUS, OOecreumBas TeM CaMbIM
BBICOKYIO 5KOHOMUYHOCTb Pa0OThI KOTJIOB.

Hakownen, BecbMa NMEpPCIEKTUBHBIM METOIOM CHMXKEHHs BBIOPOCOB OKCHIOB a30Ta Ul KOTJIOB Ha
TBEPJIOM TOIUIMBE SBIIACTCS TEXHOJIOTUS CXKUTAHUS TOIUIMBA B HU3KOTEMIIEPATYPHOM KHUIISIIEM CIIOE
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(fluidized-bed combustion). OcoGeHHOCTBIO Tpoliecca CKUTaHUS TOIIMBA B KHIISIIEM CJIOC SIBJISICTCS
HaMuMe JByX(a3HOM cpedpl, OONagaroIieil CBOWCTBAMH IICEBIOXKUAKOCTH. | OpeHue TormBa
OCYIIECTBIISICTCS B CIIO€ MEJIKOMCIIEPCHOTO MaTepraiia, HaXOISIIErocs B COCTOSTHUH TICEBI00KIKEHHN
3a CcYeT MOoJAayYu 4epe3 3TOT CJIOM BO3Iyxa CHHU3Y B BBepX. CHKUTaHWE TOIUTMBA OCYIIECTBIISICTCS TIPH
CPaBHHTEIILHO HMBKHX Temmeparypax cpenbl paBHbIX 850-900°C m maccoBo#l o€ TOIIMBa B
kurseM ciaoe 1— 3 %.

BHenpenue qaHHOW TEXHOJIOTUH B OTEYECTBEHHYIO SHEPIeTHKY TO3BOJIUT CKUTATh OOJIBIIYIO TAMMY
HHU3KOCOPTHBIX TOILUIMB M CYIIECTBEHHO, 0€3 COOPYKEHHSI CIICIUAIBHBIX JJOPOTOCTOSIINX Ta300YMCTHBIX
YCTAaHOBOK, CHU3HUTh BEIOPOCHI OKHICIIOB CEpPBI M a30Ta B aTMOcdepy.

B HacTosimee Bpems 3a pyOexxoMm 3KCILTyaTHpyroTcs 6osee yem 700 KOTIIOB CO CTalMOHAPHBIM
KursiiuM  ctoeM. Hanbosee MoliHbie KOTIBI paboTatoT Ha sektpoctaniuu «Shawnee» (CIHIA) -
naporpoun3BoauTesibHOCThI0 500 1/ u 1000 1/u Ha TOC «Takehara» (SAmonums), «Zhuhai» (700
MBT — KHP) u ap. B Poccun noka He 0CBOGHO HH OJHOTO MOIIIHOTO SHEPreTHYECKOro KOTjIa C ITON
TEXHOJIOTHEH, HECMOTpSi Ha TO, YTO TEXHOJOIHMS CKWUTaHWsS TOIUIMBA B KHILIIIEM CIIOE Crajia
pa3BUBATBCS OMHOBPEMEHHO C padoramu, npor3BogumbiMd B CILIA u ['epmanum,. [loatomy ocoboe
MECTO B pa3pabOTKe M OCBOCHHUHM SKOJIOTMYECKH YKMCTOM TEXHOJOIMH CKUIAHWS TOIUIMBA 3aHUMACT
nepBbiid  poccuiickuii koten BbK3 420-140-7 ¢ kumsimum cnoem (A=420 T1/4; P=13,8 Mlla;
t = 540°C) [7].

B orimume oT cepHiiHBIX MBUICYTONBHBIX KOTJIOB MapONpOH3BOIUTENHLHOCTRIO 420 T/4 KOTEN C
KHUIBIIIIM CJIOEM MMEET CIISYIONIHE MPEUMYIIECTBA: YMEHBIICHHE BBICOTHI KOTIIa Ha 12M M COKpamieHue
MeTaymioeMKocTd Ha 25 %, 3(h(peKTUBHOCTH CBSA3BIBAaHUS TUOKCUIOB cepbl coctaBisieT 80—90 %,
cokpaienue Ha 20—-30 % BBIOPOCOB OKCHJIOB a30Ta, BO3MOXKHOCTh SKOHOMHYHOTO CKUTAHHS ITUPOKOH
rammbl yried. Kak yxe ObLI0 cka3aHO, TEXHOJOTHUS MOJy4HJia IMIMPOKOE MPHUMEHEHHE U Pa3BUTHE HA
ANIEKTPOCTAHIIMAX 3apyOeKHBIX cTpaH. KpymHeHmmMu npor3BOAMTENSIMU KOTIIOB, UCTIONB3YIOIIMX TOJJO0HYIO
TEXHOJIOTHIO, SIBIISFOTCS, HANpUMep, Takue kommanuu kak Babcock-Hitachi K.K., ABB, Taishan Group
Co., Ltd. (Kurait), Babcock & Wilcox u ap.

3axnouenue. Takum oOpa3oMm, JUIsl JOCTUKEHHSI CHMDKEHUS BPEIHOTO BO3ACHCTBUS MPOAYKTOB
CropaHusl TOIUIMBA HAa OKPYXKAIOIIYIO Cpeay, HEOOXOAMMO OOECIEeYUTh ONTUMAIBHOE COYETAHHE
PEKUMHO-TEXHOJIOTMYECKUX METO/IOB CXKHMIaHHWs TOIUIMBA, OOECIEYMBAIONIMX MHHUMAJIbHOE
KOJINYECTBO BCEX BPEIHBIX BEIIECTB, OOPa3yIOLIMXCS NPU CXKHUraHUM TOIIUB. OJHOBPEMEHHO
HeoO0XxonuMo obecrieunth paboTy 00OpyNOBaHHA C BBICOKMMU TEXHHMKO-?KOHOMHMYECKHUMHU
MIOKAa3aTeIsAMHU.
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BO3PACTHASI IMHAMHUKA ®U3NOMETPUYECKHNX TOKA3ATEJIEA
Y JIETEH IOT'A KABAXCTAHA
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Yposens puzuueckoeo pazsumus sensemcs nokazamenem, OMpaxtcaroum He mojbKo KpamKko8peMeHHbIE
aghpexmol  usMeHeHUull 6 NONYIAYUU, HO U INOXATbHbIE CO8USU OUONOSUYECKOU NpUpOObl Yeno8eKd.
Dusuomempuueckue NOKA3AMENU NPAMO XAPAKMEPUIVIOM @DYHKYUOHATbHOE COCMOAHUe — OpP2aHUu3Ma U
ABNAMCA HEOMBEMLEMOL COCIMABHOU NPU U3YHeHUU PUULECKO20 pa38Uumus 0emell.

C yenvio uzyueHust 803pACMHbIX 3AKOHOMEPHOCIEU, XaPAKMEPUIVIOWUX CUTLY MbIUY Y WUKOTbHUKOS U O7s
PaspabomKu 803paACMHO-NONIOBbIX PESUOHATIbHBIX CMAHOAPMO8 noKazamenel OuHamMomempuu 00c1ed08ano
4566 oemerti 6—17 nem, nposcusarowux Ha FOe2e Kazaxcmana.

Onpedeneno, umo 80 6cex 603pACMAX CUNA MbIUY KUCMU U CHUHBL ObLIA 6blie Y MATbYUKO8 NO
cpasHenuio ¢ oesouxamu (p<0,05). Haubonvuias uHmencusHoCms y8eauyeHuss CUibl Mblidl, KUCMU Y 0e80YeK
npuxoounace Ha eospacm 11 u 12 nem, y manvuuxos — wa 13—15 nem. Manvuuxu x Oegpunumuenomy
6o3pacmy  ygeauuusanu cuiy mvluy 6 0 pas, Oegouku — 6 3,3 pasza. Kosgguyuenmor eapuayuu
CBUOEeMENbCMB08AIU 0 DONLULOU CIENneHU USMEHYUBOCU YPOBHS KUCMEBOU U CIAHO80U OUHAMOMEMPUU 8
Kaxcoou eospacmuou epynne. lIpednodcenvl cpednue cmanoapmsl ROKAsamenel OuHamomMempuu y oemet
6—17 nem FO2a PecnyOnuxu.

Kntouegvle cnosa: wikonbHuKu, Kucmegas OUHAMOMEMPUS, CMAHO8AS OUHAMOMEMPUs, MATbYUKL,
degouxu, 102 Kasaxcmana, cuna mviuly, npupocm, 603pacmHule npubasKu.

llene Oamyvinvly Oeweelli NONyaAYUsOa2vl KblCKA Mep3iMOl 032epic HamudiceciH eana Oindipemin
KOpcemKiul emec JHcoHe 0e A0AMHbIH OUONIO2USIbIK MaOUAmMbIHbIY 0VIpIIK iieepineyiniy 0e KopcemKili.
DuzuoMempUsIbIK, KOPCEMKIiumep OpeaHu3MHIY (YHKYUOHATObIK XHCa20atiblH miKelel CUnammaiiovl HCoHe
bananapoviy 0eHe Oamybin 3epmmeyoil adNCLIPAMAC KYPAMOacvl O0bln madbliaobl.

JKac epexwenikmepine xKapail OKywblIapobly OYIUbIKem KYWiH CUNAMMAaumosli 3aHObUILIKMAPObl
3epmmey  MAKCAMbIHOA ~ JiCOHE  OHIPNIK  HCACMBIK-JICLIHBICIBIK — OUHAMOMEMPUsL  KOPCemKiumepiniy
cmanoapmmapsin a3ipaey ywin Kazaxcmanuoiy oymycmicinoe mypamoin 6—17 dicac apanvizvinoazel 4566
bana mexcepinoi.

bapnvix orcacmazer yn  6ananrapoviy Koa JicoHe apKa OYAubIKemmepiniy Kyuli Kbl3 0aianapmen
CANBICMBIPRAHOA  Jic02apbl  ekeHodiei  anvikmanovt (p<0,05). Kon Oymuvikemmepi KywiHiy HeYpavbIM
KapxulHObL apmybl Kulz banarapoa 11 sicane 12 scac boaca, yn danarapoa 13—15 scac.

Heunumuemi scacxa Kapau yn bananrap oynusikem Kywin 6 eceee, xbiz oananap 3,3 eceze apmmulpobi.
Bapuayus xosgpguyuenmmepi apoip scac wamacvina kapaii monmapoagvl Ko dHcane 6en OUHAMOMEMPUACH
Oeneelliniy o632epeiuimix 0apediceci dcozapul exendicin kepcemmi. Kazaxcmanuoly oymycmicinoezi 6-—17
2HCAC APANBIZLIHOARLL 6ANANAPObIY OUHAMOMEMPUST KOPCEMKIUIHIY OPMAUA CMAHOAPTbL YCHIHBLIObL.

Tipex co30ep:: oxywwlLiap, Kol OUHAMOMEMPUACHL, Dell OUHAMOMEemPUsCyL, Y1 bananap, Kvl3 banaiap,
Kazaxcmanuwviy oymycmiei, Oynuvisem Kyuti, apmybl, HCACbIHa Kapau ocyi.
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The level of physical development is an indicator reflecting not only short-term effects of changes in the
population, but also landmark changes of biological nature of man. Visiometrics metrics directly
characterize the functional status of the body and are integral in the study of physical development of
children.

To study the age patterns characterizing the strength of the muscles in schoolchildren and to develop age
and gender regional standards indicators dynamometry examined 4566 children 6-17 years living in the
South of Kazakhstan.

Defined that in all ages the power of muscles of the hand and back were higher in boys compared to girls
(p<0.05). The greatest intensity increase the strength of the muscles of the hand, the girls were age 11 and
12 years, boys 13-15 years old. Boys to a definitive age has increased muscle strength in 6 times, girls - in
3.3 times. The coefficients of variation evidence of the great degree of variability and level of carpal
dynamometry in each age group. The proposed average standards indicators dynamometry in children 6-17
years in the South.

Key words: schoolchildren, carpal dynamometry, deadlift dynamometry, boys, girls, south of Kazakhstan,
muscle strength, increment, age increments.

OnmHOW W3 NPUOPHUTETHHIX 3a7ad COBPEMEHHOTO LMBHIIM30BAHHOTO TOCYAApCTBA SBIISCTCS
OXpaHa 3/10pOBbs MOIPACTAIOLIETO MTOKOJIEHHS, KOTOPas BO MHOTOM OIIpeessieT Oyaylee CTpaHsl,
€€ COLMAILHO-3KOHOMHYECKOE OJaronoixydne M KyJIbTypHOE pa3BUTHE. XOPOIIO HM3BECTHO, YTO
OJHMM M3 O0OOIIAOIIMX IOKa3aTelieil 30pOBbsl JeTel sBisieTcs (u3uueckoe passutue [1,2].
[TpryeM MIKOTBHBINA BO3PACT, HAPSLYy C APYTUMH BO3PACTHBIMHU XapaKTEPUCTUKAMU, TPEICTABISCT
co001 OIMH M3 CAMBIX CIIOKHBIX ITANlOB B Pa3BUTHU peOEHKA, NOCKOJIbKY MMEHHO B 3TOT MEPUO]
HaOIoAaeTcss MUK ero (PU3MYECKOro COBEPILIEHCTBOBAHHMS M OKOHYATEIBHOTO (hOPMHPOBAHHUS
IpeaenoB  paboTOCIIOCOOHOCTH  OCHOBHBIX OpraHOB M CHCTEM, MpPHUCYIIUX B3pOCIOMY
UHAUBUIYYMY. B cmily uero, KOHTpOJIb 3a pa3BUTHEM peOEHKa B 3TOT MEPUOJL SBISAETCS BaXKHBIM
3BEHOM B CHCTEME OXpaHbl 3JI0pOBbs IIKOJBHUKOB [3,4]. Omnako, miusi Oonee 3(GGEKTHBHOTO
OKa3aHHUA TPOPWIAKTUYECCKAX M JI€YeOHBIX MEpOIPHITHN, aJeKBaTHOM OIEHKH IPOUCXOJISIINX
W3MEHeHHH B (YHKIIMOHUPOBAHMM OpraHM3Ma peOeHKa Ha pa3HBIX JTalmax ero pa3BUTHS
HEOOXO/IMMO HMETh OCHOBHBIE HOPMATHUBHBICE KOHCTAHTBI, MO3BOJISIOMINE CYIUTh, B KaKIOM
KOHKPETHOM Cllydae, O CTENEeHH OTKJIOHEHHs OIpeleNsieMblX  MapaMeTpoB  JAEATeNbHOCTU
OpraHu3Ma OT BO3PACTHBIX XapaKTEPUCTHK HOPMHUPOBAHHBIX 3HAUYEHUI, 0003HAYAIOLINX IPEIEIIbI
UX JIOMYCTUMBIX KOJeOaHUH.

JlutepartypHble  JaHHBIE O COCTOSHUM (U3NYECKOTO pa3BUTUs JeTeil B pecrnyOiuke B
COBPEMEHHBIX YCIIOBHSIX JIOBOJBHO CKYIHBI [4—8], HO U OHM OrpaHMYUBAIOTCA TOJBKO JAHHBIMU
COMaTOMETPHUH, OCTABIISII B CTOPOHE TIOKa3aTenu (HU3MOMETPUHM, TaKHe KaK CTaHOBas CHIIA,
MBIIIIEYHAs CHJIa KUCTEH PYK, )KM3HEHHAs! eMKOCTh JIETKUX, XapaKTePU3YIOIUX CTETICHb Pa3BUTHS U
CHJIy  JbIXaTeNbHBIX  MbIII. DH3HOMETpHYECKHE TIOKa3aTeldd TPSMO  XapaKTEePH3YIOT
(YHKIIMOHATIFHOE COCTOSIHHE OpraHW3Ma ¥, IPW MPOYHX PAaBHBIX YCIOBHUSX, OHU OYJIeT Jiydmie y
TOro pedeHKa, y KOTOpPOTro 3HAa4YeHMs 3TUX BEIMYHMH Bbllle. Henmb3s Taike 3a0bIBaTh O TOM, YTO
CHIDKEHHE CHJIBI MBIII MOXET OBbITh CJIEACTBHEM Kak 3a00JeBaHUM, TaK M CJIEICTBHEM
TMITIOKMHE3UH, YTO TOJUEPKHBAET BXKHOCTh U3YUYEHUS €€ BO3PacTHO-TIOJIOBON AuddepeHunanuu u
B3aUMOCBSI3U C OCHOBHBIMH TOKA3aTENIIMH COMAaTOMETPUH, TAKUMHU KaK Macca U JuinHa tena [4,5,6].

Lenv uccnedosanus: VI3yuenue BO3PACTHBIX 3aKOHOMEPHOCTEH, XapaKTEepU3YIOIINX CHITY
MBIIII Yy JeTed IIKOJIBHOTO BO3pacTa, C pa3paboTKON BO3PAaCTHO-TOJOBBIX PErHOHAIBHBIX
CTaH/IapTOB MTOKa3aTesae TMHAMOMETPHH.
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Mamepuanvt u memoowvl. OObEKTOM UCCIIEAOBAHMS OBUIM IIKOJIBHUKKA 000Ero IMojia B BO3pPAcTe
6-17 ner, npoxwuBaromue B FO>xHOM pernone pecryOiauku (AnmaruHckas, LlpiMkeHTckast obmactu
u r.Anmarel). Ilokasarenn IUHAMOMETPHUHM OIPEACISUINCh 10 YHU(UIIMPOBAHHON METOIUKE C
UCIIOJIB30BAaHUEM PYYHOTO M CTAHOBOTO JMHAMOMETpoB. Kpome Toro y xereil ompenensimch
OCHOBHBIC ITApaMETPbl COMAaTOMETPUH (IJIMHA U Macca Tena). Beero B pa3paboTKy BOILIM JaHHBIC
0 4566 nersax (2302 mambunmka W 2264 neBouku). [lomydeHHble Marepuaibl 00pabaTHIBAIMCH
BapUAIlMOHHO-CTATUCTUYECKIM METO/IOM C BBIYMCICHHEM OCHOBHBIX ITapaMETPOB BapUAIIMOHHOTO
psna: cpenHeit apupmernyeckord (M), ommbku cpenneit apupmernueckoit (M), ko3 UIHEHTOB
Bapuanmu (CV) u xoppesiuu ().

Pezynomamor u o6cyscoenue. Ilepexons K OIEGHKE, NaHHBIX (PU3NOMETPUUYCCKUX BEIUIHH
ClIelyeT, MPEeXJEe BCEro, OCTAHOBHUTCA Ha pe3yjbTaTax IUHAMOMETPHUYECKUX I[IOKazaresei, B
YaCTHOCTH, CHJIC MBIIIIl OOOUX KHUCTEH PYK, ONPEAETSEMBIX C IMOMOIIBI0 PYYHOTO JUHAMOMETpA
(trabmumual). [IpoBeneHHOE MCCEOBaHUE CBUAECTEIHCTBOBAIO O TOM, YTO MPAKTHYECKH, BO BCEX
BO3pacTax 3TH MOoKa3aTesu ObLIN BhIIIEC Y MAIbUMKOB 1O cpaBHEHHIO ¢ AeBoukamu (p<0,05 Bo Bcex
ciydasx). [Ipuyem mokasaTenu KHCTEBOW IMHAMOMETPUM OBLTM BBIIIE HA MPaBOW pyKe, IO
CpaBHEHHUIO C JIeBOM. Takxke cienyeT yka3aThb Ha TO, YTO y JE€Te 00O0ero mojia 3Ta pa3Hulla B
aOCOJTFOTHBIX BEJIMYMHAX YBEIHUYMBAIach ¢ Bo3pactom: ¢ 0,8 kxr B Bo3pacte 6—7 net a0 3,5 kr B 17—
JIETHEM BO3pacTe Y MaJIb4MKOB, COOTBETCTBEHHO y JieBoUeK ¢ 0,7 kr 10 2,0 Kr, HO B IPOLEHTHOM
W3MEPEHHH COOTHOUIEHHWE MEKJy CHJIOM KHMCTH Ha MPaBOM M JIEBOW PyKax BO BCEX BO3pacrax
yaepxkuBanoch B npenenax 9—12 %: y manpuukoB B cpeanem 10,1+0,33%, y geBouek 9,6+0,75%
(p<0,05).

Tabnuma 1 —Pe3ynpTaTsl AMHAMOMETPUYECKUX MOKA3aTeIeH MaTbUUKOB U JEBOUYEK

Manbuvku

[Toxazarens Bospacr | KommuectBo | Min-Max M=+m c CVv
Cuna MBIIIIIBI 6 95 3-15 6,6+0,23 2,24 33,9
KHCTH: Tipaas 7 209 3-15 | 720,15 | 2,20 30,6
8 234 3-20 8,9+0,18 2,68 30,1

9 214 4-20 10,2+0,19 2,85 27,9

10 2378 4-22 11,3£0,20 3,04 20,9

11 238 5-22 13,0+0,22 3,35 25,8

12 210 7-30 15,4+0,28 4,10 26,6

13 235 7-40 19,3+0,42 6,45 33,4

14 223 10-44 27,2+0,49 7,26 26,7

15 185 3-50 32,9+0,55 7,39 22,5

16 127 22-60 37,5+0,58 6,51 17,4

17 94 16-60 38,9+0,81 7,78 20,0
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[Tpomomxenne Tadmuib! 1

[TokazaTenb Bospacr | Konmnyectso | Min—Max M+m c CcVv
Cuiia MBIIIIIBI 6 95 3-10 5,8+0,18 1,75 30,2
(HCTHL: Jesas 7 210 3-14 | 640,13 | 1,90 29,7
8 234 3-31 7,8+0,18 2,68 34,4
9 214 4-22 9,1+0,19 2,76 30,3
10 238 4-20 10,3+0,19 2,87 27,9
11 238 5-20 11,8+0,20 3,15 26,7
12 210 5-30 14,0+0,27 3,85 27,5
13 235 7-40 17,6+0,37 5,67 32
14 223 10-40 24,4+0,45 6,79 2
15 185 12-48 29,4+0,47 6,32 28,3
16 127 16-50 33,9+0,56 6,34 21,5
17 94 10-58 35,5+0,83 7,91 18,7
JleBouku

Cuna MbIIIIs! Bospacr | KommuectBo | Min—Max M=+m c CVv

KHCTH: Hpanad 6 95 312 | 6,1:020 | 1,94 31,8
7 208 3-14 6,6+0,15 2,16 32,7
8 238 3-16 7,6+0,15 2,31 30,4
9 240 4-18 8,6+0,16 2,54 29,5
10 227 4-20 9,6+0,19 2,87 19,9
11 248 4-38 11,4+0,24 3,70 32,5
12 204 4-24 13,9+0,26 3,68 26,5
13 210 5-34 15,7+0,32 4,68 29,8
14 213 7-42 18,4+0,37 5,42 29,5
15 205 6-32 18,7+0,34 4,77 25,5
16 104 1040 20,2+0,61 6,27 31,0
17 72 10-38 20,2+0,66 5,64 27,9
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[Tponomxenne Tadmuib! 1

[TokazaTenb Bospacr | Konmnyectso | Min—Max M+m c CcVv
Cuiia MBIIIIIBI 6 95 3-10 5,4+0,17 1,61 29,8
(e 7 208 3-12 | 59+0,13 | 1,84 31,2
e 8 238 3-14 6,8+0,14 2,15 31,6

9 240 3-30 7,9+0,18 2,78 351

10 227 3-18 8,7+0,18 2,66 30,6

11 248 4-22 10,0+0,18 2,77 27,7

12 204 4-24 12,4+0,26 3,70 29,8

13 210 4-30 14,5+0,28 4,09 28,2

14 213 7-61 16,9+0,39 5,70 33,7

15 205 5-57 17,34£0,38 5,42 31,3

16 104 8-38 18,2+0,56 5,63 30,9

17 72 10-38 19,240,65 5,54 28,9

Jns cyxaeHus o0 MHTEHCHMBHOCTH HM3MEHEHUH CHIIBI MBILII KUCTH PYK B OIpeJesieHHbIE
NEepUOJIbl AETCKOTO BO3pacTa ObLIN BBIYUCICHBI KOA(PGHUIMEHTH! pOCTa, T.€. OTHOIIEHHNE KOHEUHOU
BEJIMYMHBI KAaKOro Ju00 3HAa4YeHMsI IMHAMOMETPUHU B ONPEIECIIEHHOM BO3pacTe K €ro HayalbHON
BEJIMYMHE, BBIPA)KEHHOHN B MPOIIEHTAX.

CrnenyeTr OTMETUTD, UTO KOA(D(PUIIMEHT pOoCTa BHITOJHO OTINYAETCA OT a0COJIOTHBIX 3HAYEHUI
BO3pPACTHBIX MpPHOABOK, MO KOTOPBIM TPYJAHO OPHUEHTHUPOBATHbCS NPU CPABHEHUHM NPUPOCTa
MoKasaresie Kakoi-mu0o BENMYMHBI B pa3iUYHbIX rpynnax HaOmoneHus. [lomydeHHble B xone
pacuera K03((PULMEHTHI pocTa 3HAYCHUH JWHAMOMETPUH IPEJCTABICHBI B TAdIUIE 2.

ConocraBisiss HTHTEHCUBHOCTD YBEIMYEHNUS CHJIBI MBIIII C BO3PACTOM Yy JI€TEN Pa3iIM4HOro I0JIa,
ObUIO YCTaHOBJIEHO, YTO HAaMOOJbIIAasi MHTEHCUBHOCTh YBEJIMUEHHs 3TOTO MOKa3aTess y JAeBOYEK
npuxojuiaachk Ha Bo3pacT 11 u 12 ner (Tabnuua 2). B nanbHelieM ypoBeHb BO3pacTHBIX MPUOABOK
CHIDKAJICSI M K KOHEYHOMY HM3y4aeMOMY BO3pacTy pPErUCTpUPOBAJICS Ha HyJI€BOM ypoBHe. B
OTJIMYME OT JEBOYEK, Y MaJb4YMKOB NUKH HMHTEHCUBHOCTH YBEIMYEHHUS CUJIbl MBI KHUCTH
MIPUXOIUINCH Ha OoJiee mo3aHue Cpoku 13—15 j1eT ¢ mocTeneHHbIM CHUKEHUEM B TabHEUIIIEM 10
3,7 % Ha tipaBoii pyke u 10 4,7 % Ha IeBOU pyKe.

Jlanee, NpPOBENECHHBIN CpPaBHUTENIBHBI AaHANU3 JAHHBIX 110  HMHTEHCUBHOCTH YBEIMYEHUS
JMHAMOMETPUYECKHX IOKa3aTeNeil KUCTH pyK y JeTeil 0boero moja (3a HayaJbHYIO BEIUYHHY
MPUHUMAIIUCH JIaHHBbIE 3HAUYEHUH, 3aperMCTPUPOBAHHBIX B BO3pAcTe B Bo3pacTe 6 JIeT) yKas3bIBaeT
Ha TO, YTO B LEJOM IMpOIleCC HapacTaHUs CHJIBI MBI PyK OBUI TOpa3fo MHTEHCHBHEE Y
MaJIBYMKOB, IO CPAaBHEHMIO C JAE€BOYKAMHU (MaJbUUKU K Je(PUHUTHBHOMY BO3pacTy YBEIUUYHBAIU
CHITY MBIIIII KUCTEH B 6 pa3, IEBOYKH, B CBOIO 04epelib, B 3,3 paza).
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Tabnuua 2 — Bo3pacTHble paBKy 3HaYCHUN TUHAMOMETPUHU KHCTEH pyK y Aerelt rora PecryOnuku
Kazaxcran (kr)

Masburiku JleBouku
ITpubaBka ucxons u3 [TpubaBka ucxozs us3
Bospacr IpuGaska (%) 3HAYCHHIT 6-IETHETO |  [IpuGaska (%) 3HAYEHHUH 6-JIETHErO
(rozsr) Bo3pacTa (%) BospacTa (%)

IIpaBas | JleBas | IlpaBas Jleas | IlpaBaa | JleBas [IpaBas Jlesas
pyka pyka pyka pyka pyka pyka pyka pyka
7 91 10,3 109,0 110,0 8,1 9,2 108,0 109,0
8 23,6 21,9 135,0 122,0 15,2 15,3 125,0 126,0
9 14,6 16,7 155,0 157,0 13,2 16,2 141,0 146,0
10 10,8 13,2 171,0 178,0 11,6 10,1 157,0 161,0
11 15,0 14,6 197,0 203,0 18,8 14,9 187,0 185,0
12 18,5 18,6 233,0 241,0 21,9 24,0 228,0 230,0
13 25,3 25,7 292,0 303,0 12,9 16,9 257,0 269,0
14 20,9 38,6 412,0 421,0 17,2 16,6 302,0 312,0
15 21,0 20,5 499,0 507,0 1,6 2,3 307,0 320,0
16 14,0 15,3 568,0 584,0 8,0 5,2 334,0 332,0
17 3,7 4,7 589,0 612,0 0 5,5 331,0 356,0

B 3akmioueHuum, MOJABOJS MTOTM aHaliM3a BO3PACTHOM  BapuabeNbHOCTH  TOKaszarenen
JMHAMOMETPUM KHCTH y JeTell, cienyeT oOpaTUTh BHHMMaHHE Ha BEIUYMHY Kod((uIreHTta
BApUALMH, KOTOPBIM YKa3blBaJ Ha JIOBOJIbHO BBICOKYIO CTEIEHb M3MEHYMBOCTH HTOr0O IapameTpa
(Gu3MYECKOTO pa3BUTHUSI B KakIOM Bo3pacTe. [IpyueM y MajabuMKOB B KOHEYHBIX H3Y4YaeMbIX
BO3PACTHBIX Tpynmax Kod(p(UUIMEHT BapHallMM HMENl BBIPAKEHHYIO TEHICHIMIO K CHMKEHHIO,
TOTJa KaK y JIEBOUYEK OH BO BCEX BO3PACTHBIX OTPE3KaxX ObLI JOBOJIBHO CTAOUJIEH.

VkazaHHble  OCOOGHHOCTH  KO3((UIMEHTa BapHalud, CKOpee CBUICTEIbCTBYIOT O
Pa3sHOHANPABICHHOCTU CTENEHU (PU3MUECKON MOATOTOBKM YYAIMXCS B MCCIETYyEeMON HOIMYISIUH
JEeTen.

IIepexons K OLICHKE 3HaYEHUN CTAHOBOW CHWJIBI Y JAETEM B KaXXIOM BO3pacre, CIEAyeT yKa3arb,
YTO aHAJOTUYHO BBINIENPUBEAEHHBIM JIAHHBIM 10 KUCTEBOM TMHAMOMETPHUH IOKA3aTeIM CTAaHOBOU
CHJIBI Y MAJIbYMKOB MPEBBINIATN TaKOBBIC Y JIEBOYCK BO BCEX M3y4aeMbIX BO3pacTax (Tabmuiad).
[Iuk1 MHTEHCUBHOCTU HApPACTaHMs BO3PACTHBIX 3HAUEHUH MPUOABOK 3TOro MOKa3zaTessl COBMaAaln
[0 CpOoKaM C JIaHHBIMHM [0 JAMHaMOMeTpuu Kkuctedl pyk. KoadpduuumeHTsl Bapuanuu Tak ke
CBHUJIETEJILCTBOBAIM O OOJBIION CTENEHM HM3MEHYMBOCTH YPOBHS CTAaHOBOM CHJIBI B KaKIOU
BO3pPAaCTHOU IpyIIIIe.
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Kazaxcran (kr)

0 Bo3spacTthHas
Komnu- Min-Max M+m c Ccv npubaBKa
HECTBO % % ot 6 ner
MaJsb4yuKHu
6 95 644 19,4+0,84 8,17 42,1 22,1 122,0
7 209 10-44 23,740,55 7,92 33,4 16,5 142,0
8 234 872 27,6+0,73 11,10 | 40,2 24,3 177,0
9 214 6-136 34,3+£0,95 13,95 | 40,7 19,0 198,0
10 238 10-70 38,4+£0,74 | 11,41 29,7 19,5 236,0
11 238 12-85 45,9+0,84 | 12,93 28,2 19,0 281,0
12 210 20-100 54,6£1,10 | 15,90 29,1 16,5 328,0
13 235 20-140 63,6£1,15 17,53 27,6 25,1 410,0
14 223 28-140 79,6£1,53 | 22,80 28,6 15,7 475,0
15 185 12-160 92,1£1,74 | 23,55 25,5 16,1 551,0
16 127 60-172 107,0+£2,16 | 24,37 22,7 608,0
17 94 52-180 118,0+3,17 | 30,36 25,7 10,2
JleBoukn
6 95 8-34 16,9+0,63 6,10 36,5
7 208 6-42 19,3+0,49 6,97 36,1 14,2 142,0
8 238 8-103 23,1+0,63 9,68 41,9 19,7 127,0
9 240 8-112 26,7+0,68 | 10,49 39,3 15,6 158,0
10 227 10-60 28,8+0,64 9,65 33,5 7,9 170,0
11 248 18-74 37,1£0,67 | 10,51 28,3 28,8 219,0
12 204 12-136 42,741,00 | 14,29 32,5 15,1 252,0
13 210 20-117 47,4+0,98 | 14,10 29,8 11,0 280,0
14 213 15-120 52,9+£1,10 | 16,11 30,5 11,6 313,0
15 205 24-100 54,2+1,03 14,65 27,0 2,5 321,0
16 104 20-119 57,41,67 | 17,06 29,7 5,9 340,0
17 72 30-100 59,9+£2,02 | 17,10 28,6 4,4 354,0
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IIpn m3yueHUM COCTOSIHMM, XapaKTEpU3YIOIIMX CTEHNEHb pPa3BUTUS MYCKYJIaTypbl y IeTed U
HanboJyiee TOYHON €ro OIEHKH, MBI MONBITAINCH YCTAHOBUTH CTEICHb B3aUMOOTHOIICHUH MEXTY
II0KA3aTEJSIMU CTAHOBOM IMHAMOMETPUH, IIOCKOJIBKY IIPH BBIIIOJIHEHUH 3TOIO TECTAa BKJIKOYAKOTCS B
paboTy MOYTH BCE TPYHINBI MBI ¥ OCHOBHBIMU IapaMeTpaMH COMAaTOMETpUM (AJTMHA, Macca
TeJa,uH/IeKC Macchl Tena). /laHHble mpeacTaBiaeHbl B Taduue 4.

Tabmuuna 4 — 3nadenus koddduimeHTa KOPpEemsSIUN MEXAy BO3pacTOM, IOKa3aTelsIMU
comaromerpuu, UMT u cTaHoBo# nuHamoMeTpuel y nerei tora Pecryonuku Kazaxcran

ITokazarenu comaToMeTpun Koadduuuent koppensauuu
Mabunku JeBouku
Bospact 0,60 0,56
JnuHa Tena 0,54 0,44
Macca tena 0,56 0,47
UMT 0,55 0,36

Kak cnenyer u3 tabnuupl 4, cTeNeHb B3aUMOCBSI3U B KaXKJIOM OT/IE€JIbHOM Cllydae yKa3blBaeT Ha
€e YMEpEHHbIIl ypOBEHb Y MalbUMKOB M HECKOJIBKO MEHbIIME MoKa3aTean Kod(pQUIMeHTa
Koppensanuu y aeBoyek. OHaKo clieyeT UMETh B BUY, YTO B TaOJUIIE OTPAXKEHbI JaHHbIE UCXOs
U3 3HAUYEHUIl OCHOBHBIX IOKa3aTeleil comaroMmerpuu Oe3 yuera Bo3pacra JeTed, T.e. M0 CyTH
MPEJCTABISAIONINE MEXBO3PACTHbIE 3HAUeHUs. PacCUMTaHHBIM MpU 3TOM JIuana3oH KojeOaHWH OT
cpenHell BenMuuHBl cocTaBisul modtd 1,0 Kr W, 0COOEHHO, B MIAIIMX BO3PACTHBIX Ipynmax
MpEBBILIANI CPE/IHIOI BEIMYMHY B HECKOJBbKO pa3. B Toxke Bpems mokazareib B3aUMOCBS3H
CTAaHOBON JUHAMOMETPHUM C MOKA3aTeIsIMM COMAaTOMETPUHU B Ka)/I0H BO3PAcCTHO-IIOJIOBOM Tpyrire
Obu1 oueHb HU30K (I<0,30) ¥ MO ero 3HAUYEHHUSM HEJb3sl OPUEHTHPOBATHCS HA COCTABIICHUE
JOCTOBEPHBIX PErpecCHOHHBIX Tabiui. Bce 3To yka3piBaeT Ha TO, YTO NpPH OLIEHKE CTaHOBOMH
JMHAMOMETPUHU CIIEIyeT, MPeKIe BCEro, OpaTh 3a OCHOBY Mpeneibl KOJNeOaHUN ee CUIMajbHbBIX
3HAa4eHUH B Ka)KJ0M BO3PACTHO-TIOJIOBOM TpYIIIE Mpe/ICTaBIeHHbIX B Tabiuie 3.

Bui6oowi:

1. IlokazaTenn MUHAMOMETPHH y JI€T€H YBEIMUYMBAIOTCS C BO3PACTOM, MpPHUUYEM HAMOOJIbINas
WHTEHCUBHOCTh TNPUXOJIUTCA HA Bo3pacT 12—13 ner y neBouek u 13-15 ner y masibunkoB, coBnaaast
CO CPOKaMH MUKOB ITyOepTaTHOMN MEePEeCTPONKH.

2. YpoBeHb CWIBI MBI Y MaJbYUKOB NPHU IMPOBEACHUU HCIIOIB3YEMBIX TECTOB 3HAYHMO
(<0,05) npeBbIIa TaKOBOH Y 1€BOYEK.

3. YcTaHOBIIEHHBIE 3HaYECHUsI BApHaOEIIbHOCTH CBUIETENBCTBYIOT O 00JbION nuddepeHanum
[IOKa3aTeJie JIMHAMOMETPUM BHYTPU BO3PACTHBIX TIPYII CBA3aHHOM, CKOpee BCEro, € He
OJIMHAKOBOH (PU3UUECKON MOATOTOBKOM.

4. PeructpupyeMblil ypOBEHb CHJBl MBIl MaJO 3aBUCEI OT  OCHOBHBIX IIOKa3arenen
COMaTOMETpHUH (JIMHA, Macca TeNa, MHIEKC MAcChl Teia). YUUThIBask 3TO, IPHU €T0 OLEHKE CIeayeT
OpPUEHTHPOBATHCS Ha pa3paboTaHHbIE BO3PACTHBIE HOPMATHUBHI.

5. MbI Hazmeemcs, 4TO MPEACTABICHHbIE OCHOBHBIX IMOKA3aTEJIE CUJIBI MBI KUCTEH pPyK U
CTaHOBOW JMHAMOMETPUHU OyIyT MCIOJB30BAaHBI NPU MPOBEIECHUH MPOPHIAKTUIECKUX OCMOTPOB
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Hou I0yapo Hnnoxenmuvesuu
ooxkmop apxumexmypul Eeponeiickozo
YHUgepcumema, nouemuslii npogeccop
Kazaxckou cocyoapcmeennoi
apxXumeKmypHo-CmpoumeabHoll
akaoemuu, 0OUH U3 OCHogameneil
HAYYHO-MEXHUYECK020 00uiecmea
«Kaxax»

Hoit I0yapo Hnnoxenmuesuu poouncs 29 oexabps 1937 2ooa 6 2. Kopocmetsn.
Oxonuun Mockoeckuii apxumexkmypuwiii uncmumym (1961). Paboman 6 npoekmHwvix
uncmumymax «Kazeunponuwenpomy, «llpomzepronpoexm» u «I unpornuuxummaury,
3AHUMANCS NPOEKMUPOBAHUEM NPOMBIULIEHHbIX npeonpusmuu. B 1967 2. oxonuun
acnupaumypy  Mockosckoeo — apxumekmypHo2co —uHcmumyma u  axyivmem
VCOBEPULEHCINBOBAHUSL. Ilocne  e6o36pawenus 6  Kazaxcman — 3amsics
npenooasamenvbckou pabomoti 6 Kazaxckom noaumexnuueckom uncmumyme UM.
Jlenuna, a makce 6 Kazaxckom uncmumyme apxumeKmypbl U CMpOUmMenisCcmaed, 20e
paboman 0o 2016 2. enauane cmapuium npenooasameinem, samem npogeccopom. 3a
npogheccuoHanu3m uzopar npogheccopom mMescoyHapooHoU akademuu apxumeKmypol
(mockosckoe omoenenue). OOun u3 ocHosameeil KOpetucko20 HayYHO-MEeXHUYeCcKo2o
oowecmsa «Kaxaxy, ooneue 200bl A611C5 8Uye-npe3udeHmom. Aemop namsamuoco
Memopuana Ha Mmecme 2ubenu ujieHos Kocmuueckoeo kopabns «Cows 11» u
namsamuuxka Yanaesy 6 2 ¥Ypanvck, ooun uz aemopos Memopuana ciagvl 6 napke

28 2sapoetiyes-nanguiosyes 6 2. Anmamol.
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3a OoJsiee yeM MOJIyBEKOBOW mepuoja Dayapa MHHOKEHThEBUY BOCHHUTAT JECITKU
YYEHUKOB, MHOTHE U3 KOTOPBIX MOJIYYMUIIM U3BECTHOCTh, Kak B Kazaxcrane, Tak u 3a

pyOex)KOoM.
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npuknaaaeix HAP.
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IpeiaraéMblii METOJ €€ PELeHUs], 3aKJIIOUNTENbHAsl YaCcTh — KpaTKoe 00CYXK/IEHUE MOJIyYEHHbIX
pe3yJabTaTOB M, €CIM BO3MOXKHO, NPUMEp, WILIIOCTPUPYIOMUN UX 3((HEeKTUBHOCT U CHOCOOBI
IPUMEHEHHUS.

5. Bce cratbu npoxoasaT HMEHHOE pelieH3UpOBaHuUE.

6. ABTOPBl MOTYT TPEICTABUTH JJCKTPOHHYIO BEPCHIO CBOEH CTaTbW 10 aJpecy:
izv.ntokaxak@mail.ru

TpedoBanus k opopMiIeHHI0 pyKOonHCei

CTaThbu TPEACTABISIIOTCA B DICKTPOHHOM BHJE B TekcToBoM pemaktope Word 97, dhopmyssl
HaOuparoTes ¢ momoripio peaakropa MS Equation 3.0 (2.0) uimn Chem Draw.

HIpudt Times New Roman 12 pt. Mexctpounslii uHTepBan oauHapusiid. [Tomns: Bepxuaee — 2,0
cM, HmkHee — 2,0 e, eBoe — 2,0 cm, mpaBoe — 2,0 cm. AG3arr — kpacHas ctpoka — 0,5 cwm.

TekcT cTaThy JOJIKEH HAYMHATHCS C YKA3aHUS:

c nesou cmoponsl — uHaekcoB MPHTH u YK, nuowce npusoasarcs:

—  Ha3BaHHE CTaThH (IIPOIMCHBIE OYKBBI, (POPMATUPOBAHHUE T10 LIEHTPY),

—  (damMuIUK 1 HHUIHAJIBI aBTOPOB (TIPOITMCHBIE/CBETIIbIE, POpPMATHPOBAHHE TI0 LIEHTPY),

- Ha3BaHUC OpraHrU3alliy U €€ MCCTOHAXOXKICHUC,
e—mail aBTopoB

—  pestome (KpaTKoe H3JI0KEHHE COIACPKAHWs CTAaThH, [IAOIIee MPEICTABICHHE O TeMe U CTPYKType
TEKCTa, a TAK)Ke OCHOBHBIX pe3ylibTartax, /—10 mpensoxeHmii),

—  KJIIOYEBBIE CIIOBA, 00ECIICUNBAOIIHE TIOJTHOE PACKPHITHE coepxkanusi cTathh (710 cioB),

—  TEKCT CTaThH,

—  CIIMCOK JIUTEPaTyphl,

—  @.M.0. aBTOpOB, Ha3BaHWE CTaThbH, PE3IOME, KIIFOUEBBIC CJIOBA Ha TPEeX s3bIKaxX (HA Ka3aXxCKOM,
AHTTIUICKOM U PYCCKOM).

PucyHku 101KHBI OBITH NTPEICTABICHBI B OTJIEIBHOM (haiiie.

Cratbst ipencrasisiercs B doc wiu docx dopmarte, a Takxke uaeHThuuHas konus B pdf dopmare,
Ha DJJIEKTPOHHBIA ajapec XypHala, B OTIENbHBIX (hailnax IyOMUpYIOTCS PUCYHKH, TaOJIUIBL,
rpaduKy, CXeMbl, a TaKKe MPUBOMAATCSA CBEACHHS 00 aBTOpax (UMs, OTYECTBO, yu€Has CTEIMEHb,
Y4YEHOE 3BaHUE, CITYKEOHBIH aipec, MECTO PabOThI, TOJDKHOCTD U TENE(POHBI IS CBSI3H).

Ccbulk Ha JHTEpaTypHblE HCTOYHHKKM B TEKCTe MPHUBOAATCS B KBAJAPATHBIX CKOOKax.
bubnmuorpaduueckuit cnucok odopmisiercs B cooTBeTcTBUM ¢ TpeboBanmsmu ['OCT 7.1-2003
«bubmuorpaduueckas 3anuch. bubnuorpaduyeckoe omucanue: oOmmue TpeOOBaHUS M IpaBHIIA
COCTABJICHUS.
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