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OBIIASA XAPAKTEPUCTHUKA PABOTHBI

AKTyanbHOCTh padoThl. [IpakTHuecku Bce NMPUPOAHBIE MOBEPXHOCTHBIE HC-
TouHNKN BonmocHaOxeHmst TOC HewepHoszembss m CeBepa Poccum cymiecTBEeHHO
3arps3HEHbl KOJUIOMIHBIMU JKeJIe300pTraHNYeCKUMHU COeAUHEeHUsIMU. B mocnenHue
TOJIbl 3aMETHO NPOIPECCUPYIOT 3arpsi3HEHUS MOJ3EMHBIX BOJ, KOTOPhIE IPOHUKAIOT
CO CTOYHBIMH W NPOU3BOACTBECHHBIMHU BOJAMHU B BOJOHOCHBIC TOPHU3OHTHI M M3 HAX
B IIOBEPXHOCTHBIE BOJAOTOKH.

OCHOBHBIM TE€XHOJIOTHYECKIM NPHEMOM YIAJICHHS U3 BOABI IPYOOANCIIEPCHBIX
IpHUMecel, HaXOAALINXCS BO B3BEIICHHOM COCTOSIHUH, M KOJUIOUAHBIX OpraHude-
CKHX 3arpA3HCHUH, IPUCYTCTBYIOMINX B BOJE B PACTBOPEHHOM BHJE, SIBISIETCS KOa-
TYJIALUs, IPOTEKaroIas Ipy BBEICHUH B BOJLy KOAaryIsHTA.

CrpountenbcTBo mapora3oBsix TOC, HCHONB30BaHUE I MOMydeHUS 100aBOY-
HBIX BOJ NPOTHBOTOYHBIX MOHUTHBIX (DUIBTPOB U MEMOpPAHHBIX alIapaToB yiKe-
CTOYAIOT TPEeOOBAaHMS K CHCTEMaM IPEIBAPUTEIBHOM OYMCTKU BOJ. M3MeHseTcs
TEeMIEPATYPHBIA PEKUM BOIOMOATOTOBUTENBHBIX ycTaHOBOK (BITY). YMenbImaer-
Csl CKPBITBI pe3epB MX NPOM3BOAWUTEIBHOCTH. B 3THX YCIOBHSAX TpaaWIIMOHHO
NPUMEHSIEMbIE TEXHOJIOTHU U PEXUMBI 00paOOTKH BOABI SBISIOTCS B OOJIBLIIMHCTBE
Cily4aeB HEJOCTaTOYHO 3G QeKTUBHBIMH. Yalie Bcero pacmosiaraemas IpOU3BOJIHU-
TenabHOCTh anmnaparos BIIY, B epByro ouepenb, OCBETIIMTENIECH OKa3bIBACTC HENO-
cratoyHoid. HopmansHOII paboTe BOJONOATOTOBUTENBHBIX YCTAHOBOK IIPEIIST-
CTBYIOT YYaCTHBIIMECS B IOCJIEAHUE TOMABI CIy4ayd HENpeIBUICHHOTO YyXyIIICHUS
Ka4yecTBa BOJABI BCIICACTBHE aBAPUIHBIX CUTyallMid M cOpoca B BOJOEMBI JKHAKO-
CTeH, COMepAalINX MOBHIINICHHBIC KOHLEHTPAIMH 3arpsS3HEHUI M BEIIECTB, Ipe-
MSTCTBYIOIINX TPOIECCY KOATYIISIIHH.

JeiicTByromniue BOIOMOATOTOBUTENBHBIE YCTAHOBKH B 3THUX YCIOBHUSX HE MOTYT
o0ecreunTh HaUIeKAIIEeTo yAaJeHUs U3 BOJbl XUMUYECKUX 3arpsI3HEeHHH.

OCHOBHBIMH TPHYMHAMHM TEXHOJOTHYECKUX 3aTPyIHEHHA Ha OOJIBIIMHCTBE
CYIIECTBYIOIIMX U HOBBIX BOJOMOATOTOBUTENBHBIX YCTaHOBOK TOC, momMumo 1mpo-
JIOJDKAIOMIETOCs 3arPsI3HEHNUS BOJIOMCTOYHHKOB, SIBISIOTCS CIIEAYIOIINE.

1. IIpuHsTas cxemMa OYMCTKM HE BCErJa COOTBETCTBYET KauecTBY BOJBI BOJIO-
MCTOYHHUKA. Tak A 0OpaboTKHM KOAryJIsHTOM BOJ C YBETHYEHHBIM COJEpKaHHEM
JKENe300praHUYECKUX COEJTUHEHUN 4acTO MPUMEHSIOT OTCTOMHHMKH WM OCBETIU-
TEJH C B3BEIIEHHBIM OCAIKOM, B KOTOPBIX OTCTAMBAHUS BOABI HE IMPOUCXOIUT, a
B3BEIICHHBIH CJI0M He oOpasyeTcs, HampuMep, u3-3a ¢uioTanuu nuiama. B takmx
Cily4asXx TOJIKO 3a CUET COBEPIICHCTBOBAHMSI peareéHTHOW 0OpabOTKHM BOABI HE
BCET/Ia YAaeTCs HCIPAaBUTh CUTYAITHIO.

2. BIIY c GonpmnM CpOKOM BKCIUTyaTallud padOTaloOT HEJ0CTaTOuyHO d(dex-
THUBHO BCJIEJICTBHE M3HOCA UX ammapaToB U HecoepineHcTBa ACY TIL

3. TexHonornueckue NpoLEecchl KOAryJsIUK BOJ C YBEJIMUCHHBIM COJIEPKaHU-
€M JKelIe300praHMYeCKIX COSINHEHUH M3Y4YEeHBl HeJI0CTaTOYHO, YTO 00yCllaBIMBa-
eT puck Hea(p(HeKTUBHBIX JICHCTBHH MepcoHala Npu BO3SHUKHOBEHHH JKCILTyaTalu-
OHHBIX 3aTPYAHEHUH.

Heabio padoThl sBisieTcss NOBBILCHHE 3((PEKTUBHOCTH KOAryIsHUOHHOM
OUHCTKH BOJ C YBEIWICHHBIM COJIEPKaHUEM >KEJIE300PTaHMUECKUX COSTUHEHUN Ha
BOJIONIOATOTOBUTEIBHBIX YcTaHOBKaX TOC ¢ TOPH30HTAIBHBIMU M BEPTUKAILHBIMA
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OCBETIIUTEISIMH ITyTEM MPEAOTBPALICHUS THAPABINIECKOTO U (DIOTAMOHHOTO BBI-
HOCa IIJIaMa MPH UCIOIb30BaHNH (PIIOKYJISTHTOB U Jiera3aliuy BOJIBL.

Jlnst mocTHrKeHNs TTOCTABIEHHOM 1iesu B pabote chopMyIMpOBaHbI CIEIYIOIINE
3aJa4M Ja0OPATOPHBIX U ONBITHO-TIPOMBIIIIIEHHBIX HCCIICIOBAHUH.

1. HccnenoBath 3aKOHOMEPHOCTH KOAryJISALIUH CyJIb(haTOM alfOMHUHHS C HC-
MOJIb30BaHNEM (IOKYJISIHTOB C Pa3IMUHBIMHM 3HAKOM U IJIOTHOCTBIO 3apsijia C Iie-
JBIO OmpereneHns 00JacTi MX dPPEKTHBHOTO MPHUMEHEHHS UL BOJ C yBEJMUYCH-
HBIM COJIEp)KaHHEM XKEJIe300PTaHUIECKIX COCIMHEHNH.

2. MccnenoBats BAMSHHUE XapaKTEPHBIX MpHU3HaKoB Box HeuepHozembs n Cese-
pa Poccun (tuna ncxoaueix Bog TOC ¢ yBenmMUeHHBIM COJIEp)KaHUEM JKeJIe300pra-
HUYECKUX COeNWHEeHHH 1o Kinaccudpukanmn MOW) u (I0KyISIHTOB HA BEIHOC IIIa-
Ma. OI_IeHI/ITI:- COp6L[I/IOHHI)Ie CBOMCTBA IIJIaMa B OTHOIIICHUU OpPTraHUYCCKOIo BEIIC-
CTBa M COEAMHECHUH Kene3a.

3. UccnenoBath 3 PEKTUBHOCTD adpaIliK BOJbI K THIIOBOTO BO3IyXOOT/ICIIATE-
JIsT 711 TIOJIaBJICHUS! (PIIOTAlMOHHOTO BRIHOCA [IJTAMa M3 OCBETIIUTEIEH.

4. TTomy4uTh OLIEHKH MaKCUMAJIBbHBIX JTOIYCTUMBIX CKOPOCTEH MOABEMHOIO
JBIDKCHUS BOJBI B TOPU30HTAIBHBIX M BEPTHUKAIBHBIX OCBETJINTEISIX B 3aBUCHMO-
CTH OT UX KOHCTPYKTUBHBIX OCO6€HHOCTCI>1, TUIla UCXOJAHBIX BOJ, MTPUMEHACMOI'O
(hroKkyIAHTA.

CooTBeTCTBHE THCCEPTALUM NMACIOPTY CeNHANIBLHOCTH. [{yiccepTanus cooT-
BETCTBYeT macropTty crermansHocTH 05.14.14 — «TermoBbie 3NMeKTpUIecKrue CTaH-
U, UX SHEPTCTUYCCKUEC CUCTEMBI U arperaTbi»:

B 4acTu (opmyJibl crenuagbHocTH — «HaydyHas crienuanbHOCTh, 00beANHS-
I0IIasl. . .POOJIEeMbl COBEPILICHCTBOBAHUS JICHCTBYIOMIMX M OOOCHOBaHHs HOBBIX
TEXHOJIOTUH IPON3BOJICTBA. .. BOJOTIOATOTOBKH.

B pamkax cnenuagbHOCTH NMPOBOAATCS PaOOTHI 1O COBEPIICHCTBOBAHMIO JIEH-
CTBYIOIIIMX ¥ 0OOCHOBAHHIO HOBBIX THIIOB M KOHCTPYKIIMH OCHOBHOTO M BCIIOMOTa-
TEJILHOTO 000PY/I0BAHUS TEIJIOBBIX AJIEKTPHUECKUX CTAHIHH.

Benercst mouck mprueMoOB M METOJIOB ONTUMH3AIMU pabOUNX PEXKUMOB 000pY-
JIOBaHMs, pa3pabaThIBalOTCSI BOIIPOCHI BOJOKUCIIONB30BAHMUS U BOJAHBIX PEKHUMOB. . .;

B YacTH 006J1acTH ucciaenoBanus — 1. 2: «VccnenoBanue. .. IpoLeccoB, Npore-
KaloIMX B arperaTrax, CUCTeMax...TeIUIOBBIX 3JIEKTPOCTaHIMI; 1. 3: «Pa3paborTka,
UCCIIe/IOBaHNE, COBEPILICHCTBOBAHNE ACHCTBYIOIIMX U OCBOCHHE HOBBIX TEXHOJIO-
THH...BOAHBIX U XUMHYECKHX PEKHMOB...»; 11.6: «Pa3paboTka BONpPOCOB 3KCILTya-
Talluu CUCTEM U O60pyl]OBaHI/IH TCIIOBBIX 3HeKTpOCTaHHHﬁ)>.

Hay4ynasi HoBM3HA paGoThl COCTOUT B CIEAYIOIIEM:

1. Onpenenensl 3aBUCUMOCTH d(P(GEKTUBHOCTH yIAJCHHS 3arps3HSIONINX Be-
IIECTB M3 BOJBI C YBEIMUYEHHBIM COJIEP)KaHUEM KEJIE300pTaHMYECKUX COeTMHEHUN
IpH e€ KOAryJIIUHN B OCBETINTENSIX CyIb()aToM aOMUHUS ¢ (QIOKYJISHTAMH OT UX
IUIOTHOCTH | 3HaKa 3apsija.

2. Wzyueno BinusiHue 0apOOTa)KHOW a’paiMy Ha JACKapOOHHU3AIMIO IPH KOAary-
JSIIMY BOJIBI CYJIL(ATOM aIFOMHHUS B OCBETIIUTEIISX.

3. Onpenenena ynenbHas COpOLMOHHAs EMKOCTh IIAMOB NPH KOATYJSLUH
Cynb(haToOM aITIOMHUHUS 110 OPraHUYECKUM COEIMHEHUSIM U COeTMHEHHSM JKee3a.

IIpakTH4eckass 3HAYMMOCTBH PadoThl 3aKiodacTcs B ciexyromeM. Ilpu nc-
MOJIb30BaHUY PE3YJIbTaTOB PAOOTHI:
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e JIO0CTHrarTcs:1l) yMeHbIICHHEe MOCTYIUICHHS C KOAryJIMpOBaHHON BOIOM 3a-
TPA3HSIONINX BELIECTB Ha IMOCIEAYIOIINE CTaJud BOJOOOPaOOTKH M YBEIHYCHHUE
pacmonaraeMoil IPOM3BOAUTEIIBHOCTH OCBETIIUTENCH; 2) IPOICHHE CPOKA CIIYIKOBI
pacxoHbIX MaTepuanoB BIIY (HOHHTOB, MeMOPaHHO-OCMOTHYECKHX MOIYJICH);

® T[IOJYYEHBI OLEHKH MAaKCHMAaJbHBIX IIOMYCTHMBIX CKOPOCTEH MOABEMHOTO
JIBIDKCHUS BOJABI B TOPU30OHTAIIBHBIX M BEPTUKAIBHBIX OCBETIMTEINSIX B 3aBHCHMO-
CTH OT UX KOHCTPYKTHBHBIX OCOOEHHOCTEH, THIIa BOJ| C YBEIMICHHBIM COJICPIKaHH-
€M KeJIe300pPTraHNYECKHX COCMHEHUH , TPUMEHSIEMOro (GJIOKYJIISHTA.

JlocTOBepHOCT H 000CHOBAHHOCTH Pe3yJbTaTOB pPadoThl obecreumBaeTcs
UCIIOJIb30BaHHEM TIOBEPEHHBIX NPHOOPOB U CTaHIAPTH30BaHHBIX METOJOB U3Mepe-
HUH ¥ 00pabOTKH WX Pe3yNIbTaTOB; OOIBIINM 0OBEMOM OIBITHBIX JaHHBIX Jabopa-
TOPHBIX M MPOMBIIUICHHBIX UCIBITAHUN M CXOJAUMOCTBIO UX PE3YJIbTAaTOB; COBIIA-
JICHUEM OTAECNBHBIX Pe3yJIbTAaTOB C JAHHBIMHU JIPYTHUX aBTOPOB.

ABTOp 3alIU1IaeT:

1. 3aBucumocTh 3(h(HEKTUBHOCTH YIAJICHUS KEIE300PTaHNIECKIX COCTUHEHHUN
U3 BOJABI C HUX YBEIMYEHHBIM COJAEp)KaHUEM IpPH KOAryJsAlUH B OCBETIUTEISIX
cynb(haToM aTOMHHHUS C IPUMEHEHHEM (IOKYJISHTOB OT WX IUIOTHOCTH M 3HaKa
3apsa.

2. 3aBUCHMOCTD OCTaTOYHOH KOHIIGHTpPAIlMH CBOOOIHOHM YIJIEKHCIOTHI B KOa-
I'YJIMPOBaHHO BOJIE OT MHTEHCUBHOCTH M JUTMUTEILHOCTH 0apOOTaXKHOM adpaluH.

3. PesynbTaThl OLIEHKH COPOIIMOHHON EMKOCTH IUIAMOB IIPU KOATYISALUH CYJIb-
(haTom amoMHHUSI.

Peanu3anus pe3yiabpTaToB padoThl. PesympTathl pabotel BHeapeHs! Ha TOII-
IMIBC YepMK OAO «CeBepcranby mnpu pa3paboTke MEPOIPHUSITHIL 110 YBEIUUSHUIO
pacronaraeMoi IpONU3BOIUTEIEHOCTH TOPU3OHTANBHBIX ocBeTnTenei SK 3a cuér
Jiera3anuy BoJbl U Mcnonb3oBaHus (iokyisata 1 TOO uX PEeKOHCTPYKLHMH; Ha
T3LI-2 Weanosckoro ¢rmmmana TTK-6 s npennpoekTHO# npopaboTKu BapHaHTOB
PEKOHCTPYKIIMU CUCTEMBI MPEABAPUTEIBHON OYMCTKH BOJBI JUISl TOJIUTKU TETI0-
cetu. Pe3ynbraTsl paboThI HCHIONB3YIOTCS TaKXKe B yueOHOM nponecce BaHoBcko-
T'O TOCYJapCTBEHHOTO SHEPTeTHYECKOT0 YHUBEPCUTETa Ha Kadeape «XuMHSI U XH-
MHYECKHE TEXHOJIOTHH B YHEPIreTHKE» B JIAOOPATOPHOM NPAKTHKyME€ U JIEKIMOH-
HOM Kypce «Hamanka u skcruryaTanusi BOJONOATOTOBUTEIBHBIX YCTAHOBOK M BOJI-
HO-XHMHUYECKOTO PEKUMAY.

JIn4HbIi BKJIaJ ABTOPA 3aKIHOYAETCA:

e B OpraHM3aINM JaOOPATOPHBIX W OMBITHO-TIPOMBIIIUIEHHBIX HCCIIEOBAHUH
KOAryJsILUH CYIb(aToM TIOMHUHNS;

e B 00pabOTKe ONBITHBIX JAHHBIX M MOJYYECHHH HAayYHO-3HAUUMBIX PE3yJib-
TaTOB HCCIIEJOBAHHH;

e B YYacTHH B peaH3aluy pe3ynpTaToB paboTs! Ha TOC.

Anpodanust padoTsl. OCHOBHBIE ITOJI0XKEHHS U PE3YJILTATHl Pa0OTHI NPECTAB-
JSUTMCH Ha clenyronmx KoHpepeHuusax: UerBepras MeXIyHapOIHAs MOJOACKHAS
koH(pepeHunst «TuH4lopuHCKHME 4TeHHs» T. Kazanb: «lI3MeHEHHE TEXHOJIOTHU
npenBapuTenbHON 00padoTku Bonbl Gummana OAO «uatep PAO EDC» MBaHOB-
ckue [1I'Y»; [laTas pernoHanbHas Hay4HO-TEXHHUYECKast KOH(EPEHIUS CTYJCHTOB
u acrmpaHToB: «VccnenoBaHue Koaryiasinud U (pIOKyJSIIMM Ha MOJETBHBIX pac-
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TBOPAaxX C TOBBIMICHHBIM COAEP)KAHUEM JKEIC300PTaHUYIECCKUX BEINECTBY»; IIATast
MEXKAyHapoIHasi MOJIO/Ie)KHAsI Hay4yHasi KoH(pepeHIUs «THHUYpHHCKUE UYTEHHS»:
«HccnenoBanue ycimoBuid M 1mon0op 3¢ (GEKTHBHBIX PEAareHTOB IS KOAryJISIHH
Bozbl Ha TOLI-IIBC OAO «Cesepcranb»y; lllecTHaanaTas MexXayHapoaHas Hay4-
HO-TeXHMYECKasi KOH(pEPEeHIHs CTYICHTOB U acIupaHToB: «Br10op ycmoBuii u 3¢-
(hexTUBHBIX peareHToB i Koaryssiiuu Bobsl Ha TOI[-IIBC OAO «CeBepcranb»y;

My6aunkanuu. OCHOBHOE cofepkaHue paboTHl OTpakeHo B 18 myOnmkamsix, B
TOM 4HCIe, B 3 HAyYHBIX CTaThsX, 4 Mokiagax u 11 Te3ucax JOKIaIOB.

Conep:xxanue u 00béM padoThl. J(uccepTanys COCTOWT M3 BBEIOCHHSA, IIATH
IJIaB, XapaKTEPUCTUKU OCHOBHBIX pE3YyJIbTaToOB pabOThl M CHHCKa JINTEPATYPBHI,
Bkiogaroniero 105 HammenoBanuii m 5 mpmokeHuid. Pabora m3nokena na 212
CTpaHMLIAX.

COAEPKAHUE PABOTbI

Bo BBegeHHMH 00OOCHOBaHA aKTyaJbHOCTh TEMBI JANCCEPTALMOHHON paboTBHI,
copMyIHpOBaHBl LieJIb M 3aJaddl JuccepTanuyd, 0oO0OCHOBaHA MNPUHAIJICKHOCTD
JICCepTALMK 3asBICHHOM HAy4YHOW CIICIMAIbHOCTH, pPEaln3alys MOTYy4eHHBIX
pe3ynbTaToB, UX Hay4yHass HOBM3HA, IIPAKTHYECKas 3HAYUMOCTh M, OCHOBHBIE IIO-
JI0KEHMS, BEIHOCUMBIE Ha 3aIIUTY, JOCTOBEPHOCTh PE3yIbTATOB U JaHa OOIIast Xa-
PaKTepUCTHKA CTPYKTYPHI pabOTHI.

B nepBoii riiaBe Ha OCHOBE aHAIUTHYECKOTO 0030pa JNTEPATypHBIX AAHHBIX
BbIOpaHa (hyHKLIMOHAIbHO-OPHEHTHPOBaHHas Kiaccupukanus Boj HeuepHozembst
n Cesepa Poccuu, npeanoxxennas MOU. OCHOBHBIMU NMpU3HAKAMH THUIA BOJBI C
YBEJIMYEHHBIM COJICP’KaHHEM >KEIe300pTaHHueCKUX MpUMeceid B 3TOH Kiaccudu-
Kaluu SBISTIOTCs €€ ménouHocTs, pH u oxucisieMocTs (1iBeTHOCTB). B kadectse
JIOTIOTHUTEIBHOTO MIPU3HAKA THIIA BOABI aBTOPOM HCIIOJIB30BAHO €€ coyecojiepxa-
HHE, BIUSIONIEE HAa KOAryJIMpyeMOCTh puMeceii Boabl. K uncity KOHTpoIupyemMbIx
XMMHYECKHX MapaMeTpoB B JIAHHOW KJIACCU(HMKALMK OTHOCATCS TaKKe OKHUCIIsie-
MOCTb, IENOYHOCTh ¥ MACCOBAsi KOHIIEHTPALMSI COEANHEHUH XKeTe3a.

BrImonHeH aHanu3 CpaBOYHBIX JAHHBIX O TIOKA3aTeNIX Ka4ecTBa YKa3aHHBIX
BOJI, OKA3aBIINII HATMYHE B3aUMOCBSI3el MEX/ly 3HAUCHUSIMH TIApaMETPOB HX
KauecTBa, ONpPeIeIISIONMMU THIT BOJBI (B KayecTBe npumepa cM. puc. 1, 2). Cyme-
CTBOBAaHHUE ITHX B3aUMOCBSI3€ I03BOJIMIIO HCIIOJIB30BATh THII BOJIBI B KAYECTBE
napameTpa, OIpeeNIIONero ycaoBus 3PPEeKTUBHON KOATYISAINN U TPEANOI0KUTH
CHUMOATHOCTb 3aBUCUMOCTEH 3HaUeHHI KpuTepHueB 3(h(HEeKTUBHOCTH OT IapaMeTpoB
KOAryJIsILH B OTHOLIICHUH THX MOKa3aTeJeld KauecTBa BOJI.

s 35 “5 1800
3 p i, .
T 3 S T 1600
S 3 ]
? - S = 1400
525 Crad E g hd >
: R . . I 8 1200 * .
g 2 g 2 £ 1000 PRI -
=3 I g Y
& 15 b hd S X g & = : .
B 3 M =0,01x-0,14 ) > y=95.01C%
8 1 - Y= 2z .* R?=0,53
z / R?=0,87 32 400 - :
205 - S E
s . S g 200
3 o 8 o : : : : : : \
0 5 100 150 200 250 300 350 400 450 0 5 10 15 20 25 30 35
. s
Cyxoit ocTaTok, Mriam OKkucnAemMocTs, MrO,/am’

Puc. 1 B3aumocBsizb cyXoro ocratka u méaou- Puc. 2 B3aumocBsi3b OKHCJISEMOCTH H KOH-
HOCTH NpupoaHbIX Boa HedepHosembsi u CeBepa  HeHTpALMU COeJIHHEHMIi Kejle3a NPHUPOTHBIX
Poccunu Boj Heuepnosembsi u Cesepa Poccun
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PaccMoTpeHBI Ha3HAYEHHE M TEXHOJIOTUYECKAs CXEMA CHCTEMBI IPEIBAPHTENb-
HOW OYMCTKHU BOJBI, FeHE3UC M KOIJIOUAHO-XUMHUYECKHE CBOWCTBA MPUPOIHBIX Op-
raHuueckux npumeceil Bog. IlokazaHo, 4To cocTaB MMUHEPAIbHBIX IPUMECEH BOJBI
U, CJIEJOBaTeNIbHO, €€ COJIeCOJepkKAaHUEe CYILIECTBEHHO BIUSET Ha Koaryiupye-
MOCTh €€ opranmdeckux npumeceil. [Ipn 3Tom Hanbosiee BENUKO MOJOXKUTEIBHOE
BO3JIeHiCTBHE TPEX- U IBYX3apsIHBIX HOHOB, B YACTHOCTH CYyJb(aT-HOHOB U KaTHO-
HOB amoMuHUA. C 3THM CBsI3aHA IJI0Xasl KOaryJaupyeMOCTh MaJOMHHEPAIN30BaH-
HBIX BOJ. KoJMuecTBEHHbIE OLIEHKH BIJIMSIHUSI COJIEBOI'O COCTaBa BOJBI Ha d(dex-
TUBHOCTb KOATyJILIUU B TUTEPATYpPE HE IPUBOIATCS.

3aKOHOMEPHOCTH 00pa30BaHMs NPH KOATYJISIMHA OKCUTHIPATOB aTIOMUHHMS, UX
CBOHCTBA M XapaKTEPUCTUKHU N3HAYAIBHO HCCIICIOBAIIICH 3apyOCKHBIMU YICHBIMH:
Akitt J. W., Greenwood N. N., Lester G. D., Fripiat J. J., Van Gauwelaert F.,
Bosmans H., Grunwald E., Fong Dodd-Wing, Hsu Pa Ho, Bates T. F., Thomas A.
W., Tai A. P., Frink C. R., Peech M. Pohl K., Meissner D., Steinert W. B Poccun
JOCTaTOYHO IOJPOOHBIM M3YyUEHHUEM ATHUX COeANHEHUH 3annMannch Kanapixus FO.
M., EropoB [O. B. 3HaunMo M JODKHO YYMTBIBATHCS B ONHCAHUHM KOATYJIIIMU
HaOJIOZIEHNE YYEHBIX O TOM, YTO TMAPOJIH3 Cynb(haTa adfOMUHHA HIET Yyepe3 Mpo-
mexyrounsie dopmsr AI(OH)?*, Alg(OH),*". B oGmacti 4<pH<7 oGpasyiorcs
KPYIHBIC MOTHUMEPHI Allo(OH)228+, A|24(OH)6012+ " A|54(OH)14418+, a B oOiacTu
8<pH<11 00pa3yroTcs ycTOHUNBBIC KpUCTAIUINYECKUE GOPMBI. 3aMeTHBIN BKIaa B
U3y4YEeHNE U COBEPLICHCTBOBAHNE KOATYJISILIMU AJIS SJHEPTETUKY BHECIN MapThIHOBa
0.1. (MD1N) u Kesarkosckuit B.M., baynuna A.11.(BTN).

B texHmdeckoil mureparype MHOrO MeCTa OTBENEHO ONHCAHMIO CTaauid Mpo-
Iecca KOaryJisIlM{, yKa3aHbl OONACTH 3HAYEHHH XMUMHWYECKHX IOKa3aTeleil s
ONTHMAJIFHOTO TPUMEHEHUs KOaryJsiiuu cynbgparoMm amoMuausi. Ocoboe BHUMA-
HHUE yJenseTcsl MPUKIAJHOMY OINHCAHUIO CTAAWM THAPOJHN3a COJICH amOMHUHUS U
JKelle3a U ero MpoAyKTOB - OKCUTHUAPATOB. B uacTHOCTH, paccMOTpEHBI CBOMCTBA
OKCHUTHAPATOB AIIOMHUHUS, 00pa3yroNIMXcs NP THIPOJIH3E ero cyibdara, 1, B TOH
CBSI3U, BO3MOXKHOCTh KOHTPOJIA 103 KOAryJsHTa IO HW3MEHEHHIO MIENIOYHOCTH U
(nnm) MaccoBOW KOHLEHTpAIMK Cylb(haToB B Boie. TeM caMbiM yd4TEH MCTOYHUK
CHCTEMAaTHYECKOW MOrpelHoCTH, 3Ha4eHHe KOTOpoil 3aBUCUT oT pH koarynupo-
BaHHOI BOJBI.

IIpu o6cyxaeann 3¢h(heKToB KOATyISIIMKA TOBOPUTCS O OOJBIION COPOIMOHHON
AKTUBHOCTH CBEXKEr0 OKCUTHJPATHOIO LulaMa. DTy aKTUBHOCTb MOXHO OXapakTe-
pHU30BaTh 3HAYEHUEM YAEIHHON «COPOIMOHHOI» EMKOCTH IIJIaMa, OTpeesIsIeMOn
AQHAIMTHYECKUM U Pacu€THBIM ITyTEM. JIJIsl CONOCTaBIEHHs JTaHHBIX O COPOIMOH-
HOW €MKOCTH ITaMa 0 OPTaHMYECKUM BemiecTBaM U 00 3((eKTUBHOCTH YMEHb-
IIEHUs OKHCJIIEMOCTH BOJIBI NPH KOAryJssMM C MCHOJIB30BAHUEM OITyOJIMKOBAH-
HBIX MaTepUaJIOB 0TOOpaHa 3MIupruIeckas hopMyia I pacy€THOTO ONpeACICHUS
MacCcOBOM KOHUEHTpalMU FyMaToB MO OKHcIsseMOocTH BoAsl (Copr=2,15 Ok). Un-
dopmars 0 COpOIMOHHOH EMKOCTH «CBEXHX» OKCHUTHAPATOB, O0pPa3yIOIINXCS
NP KOAryJisiiuy B OCBETIMTENSIX B 00aacTi 4<pH<7, He oOHapykeHa.

TIpobnemoli Koarymsiuu cyib(paToM aJlOMUHHUS B CHCTEME INPEIBAPUTEIBHON
OYMCTKH BOABI MPUMEHNTENbHO K BITY ¢ NpOTHBOTOYHBIMU MOHUTHBIMU (UIILTPA-
MH ¥ YCTaHOBKaMH 00pAaTHOTO OCMOCA SIBJISICTCS] HEIOCTATOYHAST TEXHOIOTHYECKAs
3¢ peKTUBHOCTh Koaryiauuu. He3zaBepIEHHOCTh KOAryJIsiliMM, BBIHOC €€ IPOIYK-
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TOB M3 OCBETJIUTENA (THAPABINYECKHHA U ()IOTAIOHHBIN BBIHOCHI IIJJaMa) IPHBO-
JAT K TOMY, YTO KOaryJHMpPOBAHHYIO BOJY HaAJEKalllero KauecTBa MOXHO IOJY-
YHTH JIUIIb TP YMEHBIICHHOW PONU3BOJUTEIEHOCTH OCBETIIUTENS.

Ji1st olleHKH KoaryJsinuy cyiab(paTroM aJloMUHHS B OCBETIHUTENSIX W30paHa CH-
crema kputepueB sddexrusHoctn BTU (CTO 70238424.27.100.013-2009), mo-
MOJIHEHHAs! YJENbHBIM IIOKa3aTelneM — MAaKCHMAalbHOM JONMYyCTUMON CKOPOCTBIO
HNOABEMHOTO JIBIDKCHHS BOABL. OTa paclIMpeHHas CHCTEMa YYUTHIBAET B3aUMO-
CBSI3b TMJPABIMUECKON HATPY3KH OCBETIMTENS U KaueCcTBa KOAryJIMPOBaHHON BOJBI
Y TTO3BOJISIET MOJIYYUTh Oosice 00BEKTHBHYIO XapaKTEPUCTUKY KOATYIISIHN.

[IpuBeneHa xapakTepucTUKa BepTHKAIBHBIX (Ha npumepe ocernurens [IHUU-
2 u peKoHCTpyHpoBaHHOTO ocBeTiuTens BTH) n ropu30HTANBHEIX OCBETIHTENCH
BojbI (Ha mpumepe ocsermureneir SK u Actiflo ). Tlokasano, uTo coBepIeHCTBO-
BaHME OCBETIMTENCH HANpPaBICHO HA OJHOBPEMEHHOE YJIydIICHUE KauyecTBa Koary-
JIMPOBAHHON BOJIBI M YBEIMYECHUE MX PACIoaraeMoi Mpou3BOIUTEIbHOCTH.

OmnpeneneHsl Handosee paclpocTpaHEHHbIE MPUYNHBI OTPAaHUYEHHH TEXHOJO-
ruyeckor 3 (heKTUBHOCTH OCBETIUTEINEH

e Hea((eKkTHBHOCTH ra300TAENEHHS (OTCYTCTBHE BO3IYXOOTACIUTEIS WA
ero HeaddextuBHOCTh). ['oOpH30oHTANBHBIE OCBeTIMTENH SK HE MMEIOT KOHCTPYK-
THUBHOTO 3JIeMEHTa ¢ (yHKIHMEH nerasanuu. BosmyxooraennTenu OONBIIMHCTBA
BEPTHKAJIBHBIX OCBETJIMTENEH HENOCTaTOYHO S(PPEKTUBHBI W IOJBEPraroTCs pe-
KOHCTPYKIIUH;

e  HeyuyTéHHOE yXyJIIEHHE IoKa3aTeled KadecTBa HCXOAHOHM BOABI, 00y-
CJIOBJICHHOE JTN0O PUPOJHBIMY SIBICHUSIMH, HJTH AHTPOIIOT€HHBIM BO3/ICHCTBHEM H
TpeOyrolee onepaTHBHON KOPPEKINU peXUMa KOaryJsalny;

®  HCIIOJIb30BAaHUE PEAreHTOB (KOATYJSIHTOB M (DIOKYJISHTOB) B HEONITUMAIb-
HBIX YCIIOBUSX, HAPUMEP, HEYUET CYIIECTBEHHOTO BIMSHUS BOJOPOJHOTO MOKa3a-
Tens Ha A QEKTUBHOCTh KOArymsuu (3TOT (hakTop MOKET MPUBECTH K 0Opa3oBa-
HHUIO MEJIKOTO [IIaMa M €r0 THAPaBIMYECKOMY BBIHOCY); BBOJ KOAr'yJIsIHTa B OCBET-
JIMTEIb TT0CTe BO3LYXOOT/ACIUTENS, BBI3bIBAIOIINI (DIOTALMIO ITaMa.

Jns yBenmuueHns1 TeXHOJIOrn4eckoi 3(h(heKTHBHOCTH OCBETIUTENEH PH OJIHO-
BPEMEHHOM Y>KECTOUEHHH TPpeOOBaHUI K KauecTBY 00pabOOTaHHOM BOABI IPaKTH-
KYIOTCSI TIDUMEHEHHE HOBBIX KOaryJsiHTOB M (PJIOKYJISIHTOB, COBEPIIEHCTBOBAHHE
KOHCTPYKLIMM OCBETJINTENICH, B YaCTHOCTH, MX BO3MYXOOTIENHUTENCH, yCTaHOBKa
TOHKOCJIOMHBIX cenapaTopoB Iutama. CeneHust 00 3((GEKTHBHOCTH IOCIEIHUX
MIPOTHBOPEUHBEI.

B xauecTBe HOBBIX KOAryjisiHTOB B IPOLECCAX BOJOMOJATOTOBKH BHEIPSIOTCS
HEOpPTraHWYECKUE ITONUMEpPHBIE COCTUHEHHUS, CPeAM KOTOPBIX 0CO00 IMOMyspeH
nosokcuxiopuy amroMuaus (IIOXA) Al,(OH),Clsm . Ilo cpaBHEeHHIO ¢ cepHO-
kucibiM amoMuHueM, [IOXA nMeeT CyIiecTBEHHBIE NMPEUMYIIECTBA: B MEHBIIEH
CTENeHN yMEHbIIaeT MIEI0YHOCTh ¥ PH BOJIBI, UTO MO3BOJISIET NPUMEHSTH €T0 MPH
00paboTke BOA ¢ Majol MIENIOYHOCTHIO 0€3 MpeBApUTEIHLHOTO UX TOIIeaurBa-
HUS U, YCKOpsisi 00pa30BaHMsl KPYIHBIX (DIOKKYJI, YBEIMYMBAET CKOPOCTh UX OCa-
KaeHus. BpigeneHne CBOOOTHOW YIIIEKUCIOTH B ciiydae mnpuMmeHeHue [TOXA
MEHBIIIE, YeM IIPH HCHOJIB30BaHUM CYNIb(aTOB ATIOMUHUSA U kese3a. OTMeueHHbIe
npeumymniectBa [IOXA He MOryT OBITH peann30BaHbl AJISI KOATyJSIIUH BOJ THIIOB

8



1, 2 ¢ NOBBIIECHHO MENOYHOCTBIO, TAK KaK IIPH ITOM IOTPeOyeTCs WM yBelde-
HHE €ro JI03bl, WM MOAKHUCICHUE BOJbI CEPHOM KUCIOTOMN, a 3TO YBEIUYIHT 3aTPAThI
Ha BojomnpurorosiaeHue. Cynb(ar amroMUHHSA OCTAa&TCs KOAryJITHTOM MacCOBOTO
NPUMEHEHUSI.

Jis ymydimeHusl KOaryJIsanuOHHOW 00paOOTKH BOABI CYJIb(PAaTOM aTFOMHHUS
(CA) ucnons3yrorcst opranudeckux ¢GuokynsHTel. B Poccun Hanbonee yacto npu-
MeHsn nonuakpuitamMu [TAA, xotopeii He Bcerma okaspiBaiics 3¢ ¢exTuBeH. B
HacTosiIIee BpeMsl MPOU3BOJAT MHOXKECTBO (DIOKYJISIHTOB, OTIMYAIOLIMXCS CBOM-
cTBaMH (MOJIEKYJIIpHAsl Macca, 3HaK M IUIOTHOCTH 3apsina, AuamnazoH pHys mis ag-
(exTHBHOTO NMpUMEHEHUs, ToBapHas (opma). BiusHue 3Tux xapakTepucTuk (uio-
KYIITHTOB Ha 3 (EKTHBHOCTh KOATYJSAIIMOHHONW 00pabOTKH BOA M3YyYCHO HEIOCTa-
TOYHO. B OCHOBHOM, HOBBIE THIBI (PJIOKYJISHTOB UCIIOJB3YIOTCSI HA OYUCTHBIX CO-
opyxeamax MVYII «Bomokanam». Kak npuMep MOXKHO IPUBECTH UCTBITaHUS (IIo-
kynaHTa @ennomon A-321 ¢ KoaryasHTaMH THIPOKCUXJIOPHJOM AaJIOMHHHUSA U
cynb(haToM aTIOMHMHHS Ha BOJOIPOBOAHOW cTaHimu I. HoBouepkaccka (p. [loH);
Ha PyGneBckoit BomonpoBoaHO# cranimu «MocBogokaHana» (p. MocCKBa) UCIbI-
TaHMS MIJIOTHOM YCTAaHOBKM KOMITAaHHH «JlerpeMOH» Ul OYMCTKH BOJBI C IIPHMe-
HEHHWEeM OMHapHBIX peareHToB — cyibdara m okcuxyopuga amomunus (OXA) c
aHNOHHBIM (okyistHTOM ASP 25; ncnbitanus aHnoHHOTO (utokynsHTa [Ipaecton
2515 B coueranuu ¢ CA npu ouncTKe BoAbI p. Bosira Ha BoJONpOBOIHON CTaHIUU
KVII «Bogokanan» r. Kazanu u ap. OTaenbHbIe UCHBITAHUS HEKOTOPBIX THUIIOB
¢nokynsaaToB Ha TOC mokasamum Hemmoxue pe3ynsTatsl (Iledopckas I'POC,
FLOPAM™ FO 4240 SSH npoussoactsa ¢pupmsr SNF).

st nopasienus ¢uortanuy nuiama Haudosee 3¢ exTuBHa nerasanus Bojsl. C
3TOH LeENIBI0 MCIONB3YIOTCS METOJbI aTMOC()EpHONH M BaKyyMHOMW, IUIEHOYHOH H
CTPYMHOM, KaleJIbHOM Aerazauuud. Mo>KeT oKa3aTbCsl YCIEIIHOM [erasauus Ipu
0apOoTaXKHOHN adpanuu.

Ha ocHoBanmM aHann3a JUTEpaTYPHBIX AAHHBIX OMPEAETCHBI LEIH U 3aJa4H
paboTEI.

Bo BTOpOIi r1aBe omucaHbl YCIOBHS M METOAMKA JaOOPATOPHBIX M OIBITHO-
MIPOMBIIIJICHHBIX 3KCIIEPUMEHTAIBHBIX UCCIIETOBAaHUH.

Jns n3ydyeHnst 3aKOHOMEPHOCTEH KOAryJsUM HCIIOJb30BaH OOIIECNPUHSATHIN
METOJ WCCIEJIOBaHMA — MeToa TpoOHOW Koarymsuuu. [IpoOHas Koarymsmus
MPOBO/MIIACH B JTaOOPATOPHBIX YCIIOBUAX B BYX BapHaHTaX: IIPH BBOJIE PEarcHTOB
B mpo0y BOABI W TPH WCHOJB30BAHWM BOIBI M3 TpyOOmpoBoma mepen
ocBeTinTeNeM, 00paboTaHHOM peareHTaMu. OCHOBHBIE PE3YJIBTATHI J1Ta00PATOPHBIX
OTIBITOB TIO/IBEPTAINCH OIBITHO-TIPOMBIIIJICHHOW MPOBEPKE MPH HCIBITAHUIX
OCBETJIUTEJIEH 110 YTBEPKAEHHBIM ITPOTPaAMMaM.

B kauecTBe MCXOIHBIX BOJ MCIOJb30BaHbl BOJbI TPEX THUIIOB: BOJA THUma 1 —
BoJa p. YBoap (r. IBaHOBO); Boxa Tnuna 2 — Boabl pek lllekcHs! (. Uepenosen) u
Bouru (. Bonropeuenck); Boga tuna 3 — Hurosepo (r. Konmonora).

OnBITHO-IPOMBILUIEHHBIE ~ UCCNIEAOBAaHUS MPOBEAEHBI HA  OCBETJIUTEINSAX
AJIEKTPOCTAHIMI: HAa TOpH30HTAIbHBIX ocBeTauTeasx SK (I'epmanust) 10 W mocie
MX PEKOHCTPYKIHMH M Ha BEPTUKAJIBHBIX ocBeTnTesix [ITHU-3.

B kauecTtBe kputepueB 3()(HhEeKTUBHOCTH KOATYJISIHN HCHOIb30BAaHBl KPUTEPUU
sbdextusnoctu BTU  (CTO  70238424.27.100.013-2009):  moxkasarenu
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3} HEeKTUBHOCTH yHaICHUS U3 BOIBI OPTaHUKH, COCANHEHHH XKene3a U AIIOMUHMS;
npesieNbHbIe JIOMYCTUMBIE 3HAYEHHWsS II0Ka3arelleil KadecTBa KoaryJIMpOBaHHOW
BOJBI, YCIOBHS KOAaryJsiUu (TeMIlepaTypa ¥ OTHOCHTENBHBIH pacxol BOIbI
HENpephIBHOM  NPOAYBKH),  JONOJHEHHbIE  YAEJIbHBIM  [OKa3zaTeleM  —
MaKCHMaJIbHOW TOIYCTUMON CKOPOCTBIO NOABEMHOTO JIBHKCHHS BOJIBL.

XUMHYECKUE aHaIM3bl BBINIOJHEHBI C HCIIOJb30BAaHHEM CTaHIapTH30BaHHBIX
METOHOB. X METpOJIOrHYecKHe XapaKTepUCTUKH IPHBEICHBI B NPHIOKCHUH K
riaBe 2 auccepranuu. Pacxonsl Bonbl, TeMIepaTypsl, 3HaueHHs1 pH, onruueckas
IUIOTHOCTB P00 BOJBI M3MEPEHBI IIOBEPEHHBIMH IIPHOOPaMH.

B uccnenoBaHusxX aist onpeneseHus CTaJul U Ka4YeCTBEHHON OIEHKH XJIOIbe-
00pa30BaHMs HCHOJB30BAH U METOJ BU3yaJIbHOTO KOHTPOJIS 63 MPUMEHEHHs Ol-
THUYECKHX MPHUOOpOoB. ONpenesioch HallMYie BUANMBIX HEBOOPY)KEHHBIM TJ1a30M
YaCTHI[ U y3HABaE€MbIX CTaJHil Mmpolecca, MPOBOANIACE NIPHOIM3NUTENbHAS OLICHKA
JMHEHHBIX Pa3MepOB YacTHUI] LITaMa, IpoLecca XI0NbeoOpa3oBaHus.

3agayaMu TpeTbeill I1aBbl SBISUIOCH Ja0OpPaTOPHOS M3YYCHHE BIMSHHSA Ha
3 PEeKTUBHOCTh KOATyJSIIMOHHONH 0OpaOOTKH MPUPOIHBIX BOJ C YBEJIWYEHHBIM
COZICPIKAHUEM IKEJIEe300pTaHNUECKUX NMpUMeceil THIa, 3HaKa M IUIOTHOCTH 3apsaa
(IOKYISIHTOB, 03Bl KOAryJisiHTa, pHos kKoarynmpoBaHHO# BOJIBI.

Ha ocHOBaHMH pe3yNbTaTOB JTa0OPATOPHBIX HCCICIOBAHMN YTOUHEHBI 3HAYCHUS
yKa3aHHBIX MapaMeTpoB Juisl 3()(EKTUBHON KOaryJsiiui NPUPOJHBIX BOJI C YBEIIH-
YEHHBIM COJICPIKAHUEM XKEIEe300PTaHNUCCKUX IPUMECEH.

PesysbraThl Mccne0BaHus BIMSHUS THIIA, 3HAKA U IUIOTHOCTHU 3apsija (Ioky-
JSHTOB Ha 3()(HEKTUBHOCTD YAAICHUS JKeNe300praHMYeCKIX COSMHEHUI U3 BOIPI,
BBIIIOJIHEHHOTO € UCIIOIB30BaHUEM MOJEIBHOIO PACTBOPA, Ka4eCTBO KOTOPOTO CO-
OTBETCTBYET KaueCTBY BOJ| THIIA 2, IPUBEICHBI HA PHC. 3.

y=-0,01x"-0,66x+ 82,41 400 -
R?=0,64 y=-0,00x" +0,28x + 85,24
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. /-\
/ A \ / ° \
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AHNOHOAKTUBHbIE (hNOKYNAHTEI  HeuoHOreHHbIN hnokynaHT KaTuoHoakTUBHbIe (hnoKynaHTbI
& Oprannyeckue coeanHernss B OparHuyeckue coeanHernst A CoeauHeHus xenesa @ CoeauHeHvsi xeresa

Puc. 3 3aBucumoctb 3(pPeKTUBHOCTH yAaTeHHs U3 BOJbI IPH KOATYJISIIIUH CYJIb(ATOM ATIOMUHHUS
OPraHM4ecKHX coeJMHEeHMii (onpe/esIeHa 0 OKUCJISIeMOCTH) U COeIMHEeHMI Jkesie3a 0T 3HaKa U
nI0THOCTH 3apsiia durokyisintoB mapok AP u CP (npeacrasiaenst pupmoii GE). Boza tumna 2:
coneconepxkanue 160 MF/}JMa, mEN0YHOCTS 2,4 MF-3KB/£[M3, Ox=23,2 mr/m’, Fe = 1,8 mr/mm3, mosa

koaryistaTa 1,9 Mr-ske/nv®, 1o3a drokymsata 0,2 Mr/av®, Temneparypa 30 °C, IHTENBHOCTD OTCTAH-
BaHUA 1 4, 0TOOp MPOOBI M3 MEPHOTO MIIHHPA BMECTUMOCTEIO 1 iM” cudoHOM ¢ TiTyOuHEL 5 cM, 0e3
¢uIbTpayH.
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B ycioBusix onbIToB 0€3 IpUMEHEHNS (IOKYJISHTA TOIyYESHBI CIEAYIONINE 3Ha-
yeHHs d(GEeKTUBHOCTEH yIaJeHus 3arpsA3HSIOIINX BEIIECTB; OPraHUKH 110 OKUCIIS-
emoct 70 %, coenmuenwmii xemneza 50 %. /lanapie puc. 3 MOKa3BIBAIOT IMOJIOXKH-
TENIbHOE BJIMSHHE KaTHOHAKTHUBHBIX M aHWOHAKTHBHBIX (IOKYJISHTOB Ha 3ddek-
THUBHOCTh KOAryJISiIMM, HAJIMYHE MAaKCHUMYMOB Yy IIOJyYCHHBIX 3aBHCHMOCTEH M
HanOonpIIy0 3()(HEKTUBHOCTh KaTHOHOAKTHUBHBIX M aHUOHOAKTHBHBIX (IIOKYIISH-
TOB €O cpefHel I0THOCTEIO 3apsiaa (30-50 %). [IpuunHOI yMEHBIIEHHS MTOJI0XKH-
TENBHOTO (P (PeKTa MOXKET SABJISITHCS IPU MANBIX INIOTHOCTAX 3apsja — UX HeJocTa-
TOK, a MpU OOJIBIINX IUIOTHOCTSIX 3apsiia — N30BITOK ITHX 3aps/I0B, IPUBOISIINE K
M3MEHEHHIO pajguyca M TOTeHIMana Muleisl. MeHee 3ddexkTHBHBIM oOKa3ajcs
HEHOHOTCHHBIN (QIIOKYISHT. {751 MPaKTHYECKOTO MPUMEHEHHS MTOJXOIST KaK KaTH-
OHHBIE, TaK U aHUOHHBIC (DJIOKYJISHTHI.

HccnenoBanue BiustHUS 03B (GIOKyJIstHTAa HA 3((EKTHBHOCTH KOATYIALUH
Box THIOB 1, 2, 3 mOKa3ajno, YyTo JUIs MPAKTHYECKUX IeJIeH BIIOJIHE MOCTATOYHA
J103a, paBHas 0,2 MF/,I[MS.

Crenyromue J1abopaTopHbIC UCCICTOBAHUS OBUIH MOCBSIICHBI U3YUCHHIO BIIHS-
HUs 7103 cynbbara amomunus; pH Box; ¢uokymsaros [Ipaecron (Ashland, An-
riusi), SNF (Opanrws), - Ha 3GPEeKTHBHOCT Koarysiimu Boj Tuma 2 pek lllekcuna
(r. YUepemnoserr), Boara (r. Bonropeuenck), Boas! Trmna 1 peku YBoab (r. IBaHOBO).
ITo ux pe3ynbraTaM yCTaHOBJICHO CIIeIyIOIIee:

e  naboparopHas koarymsinus 6onee 3pQeKkTHBHA IPH MEHBIINX 3HAYCHHUIX
pHos KoaryaMpoBaHHOW BOJIBI: OTHOCUTEIBHOE YMEHBUIEHHUE OKUCISIEMOCTH BOJIbI
npu Koarynsiuuu ¢ pHys Bozbl, paBHOM 5,5, B cpenneM Ha 25 % Ooree, yeM Ipu
pHas, paBHOM 6,9;

e  Ka4eCTBO HEPHMIHTPOBAHHON KOAryJIMPOBAHHOH B J1a0OPAaTOPHBIX YCIIOBH-
X BOJIBI XyKe, UeM (DHIbTPOBAHHOW. DTOT (haKT CBUAETEIBCTBYET O HE3aBEPIIEH-
HOCTH TIpoliecca (UIOKYJISIIMH U OTCTauBaHUs (OCAXKJICHUS) 1 HEOOXOIUMOCTH €T0
NPUHYIUTEIBHOIO YCKOPEHHs, HAlpHMep, 32 CYET JNONOJHUTENbHOH 00paboTKH
BOJBI (uokyysiHTOM. Hcronp3oBanne (IOKyISHTOB U YKPYIMHEHHS MEIKHX
(hioKKyI1, 00pa3yrOmMXCsl IPU YBEINYEHHBIX 3HaueHHUAX pHys KoaryianpoBaHHBIX
BOJ Oosiee 6,0, 1eecOo00pa3HO MPU OTHOCHUTEIBHO MANbIX J03aX KOAryJisiHTa W
OTHOCHTEJILHO OOJIBIION MIETOYHOCTH MCXOAHON BOIBI;

®  qpakTHyecKas CUMOATHOCTh 3aBUCHMOCTEH OT 103 KOaryJsiHTa, OTHOCH-
TENBHOW IUIOTHOCTH 3apsAfoB (UIOKYISTHTOB 3()()EKTHBHOCTH KOATYJISALUU BOJBI,
ONpENENEHHON MO YMEHBIIEHHIO OKHCISIEMOCTH M KOHLEHTpalMU COEIUHEHHUN
’Kene3a, yKa3blBaeT Ha MpeoOJa/iaroiee NpUCYTCTBHE MOCIEAHUX B BHUIE KEJIE30-

OpraHUYEeCKUX KOMILICKCOB,

e  koaryminuio Boabl p. lllekcHa memecooOpa3sHO NPOBOIUTH Cyib(aTom
amoMuHMsA ¢ o306 1,0-1,2 MF-3KB/}1M3 C WCIOJIb30BAaHUEM aHWOHAKTUBHBIX (ito-
kynsHToB [Ipaecron 2520 TR mim AN 910 PWG. Ipu sTom xauectBO 0OpaboTaH-
HOW BOJIBI COOTBETCTBYET TPEOOBAHUAM KpHUTEPHEB 3PPEKTHUBHOCTH;

e  [IpM KOaryJsiuuu BoJsl p. Bonra Hammyuinne naGopaTopHble pe3yJbTaThl
MOJIY9IEHBI TIPH 03¢ CyibhaTta amoMuaust oT 1,1 10 1,2 Mr-ske/aM” ¥ MPUMEHECHUH
droxynsuTos AN 910 u FO 4240 ¢ gosamu 0,2 mr/am’. D1 GIOKYISHTHL B CpaB-
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HEHUM C ucnoib3oBaBmuMcs Ha Koctpomckoit TPOC HermoHOTeHHBIM (IIOKYIISTH-
ToM [TAA MO3BOJNAT yMEHBIIUTH I'MPABINYECKHIA BEIHOC IUIAMa M MOJIYYHUTh KOa-
TYINPOBAHHYIO BOXy JYYIIEro KadecTBa NpPH OOJbIICH IPOM3BOANUTEIHHOCTH
OCBETJIUTEIIEH;

® U3 BOXBI p. YBOAD YAAJIOCH MOJIYIHUTH O3 MOIKUCIICHISI CEPHOI KUCIOTO
BOJy TpeOyeMoro KadecTBa Mpy KoaryJsiiiy cyab(paToM aJroMHUHHSA ¢ 1030# oT 1,2
10 1,6 Mr-3KB/IM” ¥ HCTIOTB30BAHUN KaTHOHAKTHBHOTO (prokynsaTa [Ipaectom 853
BC ¢ 1030it 0,2 mr/am®. Dtu 10381 KOAryJisHTa 3HAYUTEIHHO 0OJee OpUEHTHUPO-
BOYHO peKoMeHayeMoii 10351 0,07 Ok, paBHOit B ycioBusx ombsros 0,6 Mr Oy/mm’,
[lpuunHOM  ABISIIOTCS ~ yBEJNMYECHHBbIE  3HAueHWs  INENOYHOCTH  (OKOJIO
3,0 MF-3KB/,IIM3) u pHys (oxono 8,0) mcxomHo#t Bombl. M3-3a OONBIINX 3HAYCHUI
pHas Koarynmupyemoii BoJbl IPpH YMEPEHHBIX 703aX KOaryJsHTa MpoLecC KoaryJs-
K Manod3(QeKkTHBEH M KoarylIupyromas CIOCOOHOCTh Ccynb(ara aqfOMUHHS Ma-
na. E€ MOKHO yBENMYUTH, UCIOJIB3Ys IIOJKUCICHUE BOABL CEPHOU KucuoTou. ITpu
3TOM CJIeyeT YMEHBIIUTh 03y Cynb(aTa aJIOMUHHUSA U BBOAUTH CEPHYIO KHUCIIOTY
C 1030, KOMIICHCHUPYIOIIEH YMeHbIIIeHHE NoJauu KoarynsHTa (puc. 4). Xopouuie
pe3ysbTaThl MONYYCHBI NMPH KOATYISILHHM BOABI P. YBOIb C /030 KoaryisHTa
0,8 MF-3KB/JIM3 u 1030 kucnotel 0,4 MI‘-3KB/I[M3.

I'naBa 4. [Ipu koarynsamnuoHHOH 00paboTke Boxel p. YBoAb (Tum 1) B mabopa-
TOPHBIX YCJIOBUAX MPOUCXOJUT BBIACICHUC CBO6OHHOI71 YTJIEKUCIOTEL U B IUJIUH-
Ipax HaOmonaercs (oTamus nuiama. Jta e (GaoTanus TPOUCXOANT U3-3a OTCYT-
CTBHS YCIOBHH 3(p(heKTHBHOTO BBIAETICHUS U3 BOJ THIIOB 1, 2 cCBOOOIHOI yriekuc-
JIOTHI B OCBETIMTEIISIX, HE MMEIONIMX KOHCTPYKTHUBHO BBIIEIEHHBIX BO3/LyXOOTHAE-
JIUTENEH, U IIPY BBOJE KOATyNIsIHTa B ITOTOK BOJBI IOCKIE BO3AyXooTaenurers. Tpe-
Oyercst pa3paboTKa MEpONPHUATHH UIsl TPEeOTBpAIIeHHs (IOTAMOHHOTO BBIHOCA
[IJIaM.
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[lo3a KoarynsHTa, Mr-ake/am°
# Koarynsiuusi cynbhatom anoMuHis W Koarynaums cynbhaToM anoMUHIs ¢ NOAKUCTIEHEM

A Koarynsuus cyrnbgaTom anoMUHIs ¢ NoaKUCeHnem 1 6apGoTaxem

Puc. 4 Bausinne 10361 cyb(aTa aJIOMHHUS , IOAKHCIEHHS BOJbI CEPHOIi KHCJI0TOI 1 6apdo-
TAKHOI 23PalMU BOAbI HA KOATY/IMPYIOIIYI0 CIOCOOHOCTD B Nepecuére Ha KOAryJIsIHT

JlabopaTopHOE HCCef0BaHUE KOATYIISINA CYIb()AaTOM aTIOMHUHUS IIPH BO3-
IymHOW 6apOoTaKHOM Jierazaluy BoAbl BeoaHeHo B ycinosusix TOL-IIBC OAO
«CeBepcTaiby.

HcxomHoi BOMIOM B ombITax sBisutack Boja p. LllekcHa (Tum 2):
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e  mocie BBOJA Cyib(haTa alOMHUHUS, OTOOpaHHAs HA BXOJE B OCBETIIHTEIh
SK. lo3a cynbdara amtoMHHUS PaBHSIACH €0 HKCILTyaTallHOHHOW «IKOHOMHOMW)
nmoze 0,85+0,10 MF-BKB/,IIMS;

e [ocie BBOJA cyib(ara alIOMHMHHUS U (IIOKYJISTHTOB: KaTHOHAaKTHBHOTO
IIpaecron 853 BC i armonaktusHoro Ilpaecton 2530 TR, orobpanHas Ha BXoze
B ocBemuTeNb (0 moadope ¢uIoKynsHTOB cM. riaBy 3. Jlosa ¢uokynsata 0,2
Mr/zIM3);

e  u3 TpyOONPOBOAA MCXOJHOM BOABI C JO3MPOBKOW B LWJIMHIAP (MMHTATOp
OCBEeTIIMTENSA) Cynbdara amoMuHHA u QIokyIssHTOB [Ipaecton 853 BC wmm
IIpaecron 2530 TR.

[Ipn naGopaTopHOM HCCIIEIOBaHNN YCTAaHOBJICHO CIEYIOIIEE.

e  Ilpu BBOzE KOaryJsiHTa OJJHOBPEMEHHO C Ha4yajoM BO3IyIIHOro Oapborta-
xKa:

- OTHOCHTENBHOE (110 OTHOILIEHUIO K MCXOMHON KOHIIEHTpAIMK) 3HaueHue 3¢-
(exTa ymameHUst CBOOOAHOW YITIEKHCIOTHI M3 BOJBI YMCHBIIAETCS HMPUMEPHO Ha
20 %. D10 00YCIOBICHO HE3aBEPIIEHHOCTHIO MPOIlECca TUAPOJIU3a KOArYJISIHTA U
Ta30BBIICICHUS CBOOOAHON YTIIEKHUCIIOTHL;

- JIOCTUTAETCs TO3/IHEE OCAXKICHUE IIIaMa, YTO MOXKET OBbITh OOBSICHEHO Mpe-
o0J1alaHIeM CKOPOCTH 3apOsKACHUS (IOKKYJ HaJl CKOPOCTBIO HX POCTa.

e  Ilpu xoarymsuuu BOJBI B OTCYTCTBHE (IIOKYJsSHTa (pHC. 5) M BpeMeHU
OapboTaxxHoH asparmu (10 90 cek.) He obecneunBaeTcs ) PEeKTUBHOE OCBETICHHE
BOJIbI: B 00bEME BO/IBI HAJl OCEBIIMM IIIAMOM COAEPIKUTCSI MHOTO MEJIKHX YaCTHI
HEOCEeBIIETo [UIaMa; 00bEM OCEBILETO MIJTaMa MaJl.

e Ilpu KoaryjsiuMu BOJbl B NPUCYTCTBHM (IIOKYyJsiHTA (pHC. 5, BepXHHE
KPHUBbIC) U TIPH YBEIWYCHHOM BpeMeHH 0apOoTaxHoi aspauun (He MeHee 30 cek.)
obecrnieunBaercst 3P PpEeKTHBHOE OCBETIICHUE BOJIBI: B 0CAJIOK IIEPEXOAUT BECH HIJIAM;
B 00BbEME BOJBI Ha/l OCEBIIMM IIJIAMOM OTCYTCTBYIOT BUANMMBIE (UIOKKYIBI. [Ipu
YBEIMYCHUH JUTUTEIBHOCTH a’pauuu 10 90 cek. MPOUCXOAUT YBEIHUSHUE TTOTHOTHI
ocaxkaeHust GpIoKKyn n 00béMa ocaaka. OnTHuecKas INIOTHOCTh KOaryJIMpOBaHHON
BOJIbl B BEPXHEH 4acTH LWIMHIAPA TPH JJIMTENBHOCTH OTCTauBaHus Ooniee 45 MUH
cranoBurcs meHee 0,04.

120 -

105
90 +

75 +
60 +
45 -
30 4
15 -

O6bem wnama, oM

0

0 2 4 6 8 10 12 14 16
Bpems oTcTanBaHus, MUH
=X=CA+15M —l~ CA+90B+K®J1+15M =~ CA+456+K®J1+15 —@— CA+606+K®1+15M

Puc. 5 Biusinue BpeMeHH OTCTAaUBaHUS, JVIMTEJbHOCTH 0ap0oTaKHOI a3panuu U QJIOKYIsTH-
Ta Ha 00BbEM oceBlIero mJIamMa
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e  OOBEMHas HONA MIJAMOBOTO OCaIKa B IMJIMHIPE C BOJOH MPH KOATyIISIIUH
¢ MpUMEHEHHEeM (IIOKYJISHTa, cocTaBisieT oT 7,5 10 10 % or HayampHOrO 00BEMa
BOJIBI B IMIIMH/IPE U HE 3aBUCUT OT JUIUTEIFHOCTH 0apOOTaKHOM a’parivy.

e  bapOortaxHas adpallMOHHasH Jlera3anys BOJbI IIPU YIEIBHOM PacxoJe BO3-
nIyxa He MeHee 1,5 MM (mmutensHOCTE OapOoTaxka He MeHee 45 cek.) obecredn-
BaeT mojaBieHue Quoranny nuiaMa. s npakTHYeCKUX YCIOBHH PEKOMEHTyeTCs
MPHHATh YBEJIMYICHHBIC B 3aIac HaJEKHOCTH JUIMTENFHOCTE OapboTaxa 60 cex. u
yAeIbHBIM pacxof Bo3ayxa Ha OapOoTax 2,25 M,

e  Bcenencreue nekapOoHHM3anWU MpH 0apOOTa)KHOW a’panuy MajlOMHUHEpa-
nu3oBaHHOM Boabl p. lllekcHa mpoucxoauT 3ameTHoe yBenundeHue e€ pHys (Hampu-
Mep, TIpH 03¢ Koarymsata 1,3 Mr-3ks/am° ot 6,0 10 6,7), crocoGeTByoIIee 06pa-
30BaHUI0 MeNKuX (GokKys. [IpumeHeHue (IOKYJISIHTA MO3BOJISET MOAABUTH 3TOT
COITYTCTBYIOIINI HETaTUBHBIHN 3P PeKT gexapOoHm3anuu.

JlabopaTopHbIe OMBITHI (PHC.6) MOKa3anu, 4yTo yBenudeHue 10 90 cek. mpomos-
JKUTEIBHOCTH 0apOOTakKHOM a’palMy BOABI ¢ MHTEHCHBHOCTHIO OT 1,5 mo 2,25
JIM3/(‘I*,Z[M3), MpeIBapUTEIILHO 00pabOTaHHOH CyNIb(HAaTOM ATFOMUHHES, U YICIEHOTO
pacxoja BO3AyXa Ha 3Ty adpallfiio MPUBOAHT K JBYX-TPEXKPATHOMY YMCHBIICHHUIO
MacCOBOM KOHIIEHTpAIMU B BOE CBOOOHOM YIIIEKHCIOTHL. B ONBITHBIX YCIOBHSAX
HE OCTUTHYTO YMEHBIIICHHE MAacCOBOH KOHIICHTPALMU B BOJE CBOOOIHOI yTie-
KHCJIOTHI 10 PAaBHOBECHOT'O 3HAUCHMUS.

Ha ocrHoBannmu maboparopHbrx onbITHEIX JaHHBIX TOL-IIBC YepMK mpenmo-
JKEHbl BapHaHTHI Jera3alliil BOABI, 0O0pabOTaHHON KOAryJIsHTOM, IJII TOPHU30H-
TANBHBIX CKOPOCTHBIX OcBeTiIUTeNel SK, He IMEIOMMX KOHCTPYKTUBHOTO AJIEMEH-
Ta ¢ QpyHKIMEH BO3MyX00TAenuTeN s 1)aspamus Bobl; 2) Aera3amnus ¢ IpuMeHeH -
€M MaJorabapuTHOTO Jlea’paTopa, - UCIoNb30BaHHbIe st TOO.

B nsAToii r1aBe MpUBENCHBI YCIOBHUS H PE3YIbTATHl OMBITHO-TIPOMBIIIICHHBIX
WCCIIEIOBAaHUM KOATYJISIIUM B TOPU3OHTAJBHBIX OCBETIHUTENSNX C TOHKOCIOWHBIMU
cemaparopaMu (Ha mpuMepax ocBeTiureneid SK MakcuMabHOW MPOSKTHOH IPOH3-
BoAUTENbHOCTHIO 300 MS/‘{, BITY TOL-TIBC OAO «Cesepcranby, p. Lllekcua, Bo-
nma tuna 2 u TOC OAO «KBK», Huroszepo, Bozna tuma 3), B THIIOBBIX BEPTHUKAJIb-
HBIX OocBeTIHTEISIX (Ha mpuMepe ocBemmtenss [THUN-3, 450 MS/‘{, p. YBoab, Bona
Tuma 1).

OCHOBHOW 3a/1a4eil OMBITHO-IIPOMBIIIICHHBIX WCCIICAOBAaHUKA OBLIO OIpesesie-
HUE YCJIOBHOH COpPONMOHHONW EMKOCTH IUIAMOB M 3aBUCUMOCTH MaKCHMalTbHOU
JIOIYCTUMOW CKOPOCTH MOJBEMHOIO IBUKEHHS BOJBI B 30HAX Celapalyd WId 30-
Hax B3BemeHHOTo nuiama ocseriureneit Ml CII/IB (cnenoBarenbHO, 1 UX pacrio-
JlaraeMoi NpOU3BOAUTENBHOCTH) OT XUMHUKO-TEXHOJIOTMYECKUX U KOHCTPYKTHUBHBIX
(hakTOpOB TpH yCIOBUH COOJIOZCHHS TPeOOBaHWI K KauyeCTBY KOaryJIHMpOBaHHOM
BOJIBI.
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B aTHx Hcciaeq0oBaHUAX YCTAaHOBIICHO CIEAYyIOIIEe.

1. OcHOBHOM NPUYMHON YXyIIICHNS Ka4eCcTBA KOATYITHPOBAHHON BOJBI SBIISCT-
sl BBIHOC IIUIaMa: THJPABIMYECKUH U (IIOTAIIMOHHBIN. DTO MOATBEPKIACTCS CUM-
0aTHOCTHIO 3aBUCHMOCTEH OKHCIISIEMOCTH, KOHIICHTpPAIMH COCAWHEHWH KeJe3a |
IIOMHHUS B KOAryJINPOBaHHOH BoJie OT ()aKTOPOB BBIHOCA HIJIaMa.

0,80 1,00 1,20 1,60 2,00 3,00 4,00 5,00 6,00

MaccoBasi KOHIEHTPAMS CBOGOAHOI
YIIIEKHCJI0TBI, MI /,‘le

|
60 ' 75 90 ' GapGoTaxa B naBopaTopHbIX
yenoawsix, cex

Koaryasinust ¢ 6ap0oTaHoii Kerazanmneii

P: il KOHIeHTpauKH cBOGOHOI YIJIeKHCIOTHI NPH Koaryasiluu ¢ 6apdoTakHoii Aerazanmeii

MaccoBasi KOHIIE HTPAIHsI CBOOOIHON YIJIeKHCIOTHI oc/Ie BBOAA KOATY/ISIHTA NpH 6apboTaske

N
L]
a
A MaccoBasi KOHIIEHTPaIMsi CBODOIHON YIJIEKHCIOTHI IPH paboTe ocBeTIHTE.Is (M0C/]Ie BBOIa KOAryJ/IsSiHTAa)
O HM3MeHeHHe PABHOBECHOI KOHIEHTPAIMH CBOOOIHOIl YI/Ie KHCJIOTHI NPH paboTe 0CBETINTEIs

o

H3menenne MaccoBoii KOHIEHTPAUMH CBOGOIHOH YIIEKHCIOTDI NIPH PafoTe 0CBETANTENs

— B Th il KoHUEeHTpaIUK cBOGOAHOI yriIeKHEI0ThI 0T pH NpH Koaryasuuu ¢ 6apdoTakHol Jerazanuei
— B Th paB i il KOHIEHTPALMH CBOGOIHOIH yrileknca0ThI 0T pH B yc/0BusiX 6apooTaKHOI Jer
—B Th il KOHIeHTpauMK cBoGoaHOIi yriaekucaoTel oT pH npu paéote ocBeTIHTE NS

—B Th paB HOIf KOHIIEHTPAIHH CBOOOHOI yriaeknca0Thl oT pH npu paGore ocBeTaHTE IS

Puc. 6 B3anmMo3aBHCHMOCTD IIETOYHOCTH BO/IbI, MACCOBOIl KOHIIEHTPAIIMU CBOOOIHOM yIIeKHCI10-
Tbl M pHys. BbII€IeHNe CBOOOAHOM YIIeKHCIOThI
npu 6ap00TaKHOI Jera3aluy B J1a00PaTOPHBIX YCI0BHSX U PH padoTe OCBETIUTENsA

2. Tlpu xoaryasiuoHHON 00paboTKe MajTOMHHEPATN30BAHHOW BOIBI THIA 3 B
OTCYTCTBHE (JIOKYJSTHTA, HECMOTPSI Ha OTCYTCTBHE ()IOTALMM LIJIaMa W HaJIMYue
TOHKOCJIOIHOTO CemapaTopa, YBEJIMYEH ero TMAPABINYEeCKHH BBIHOC M3 TOPHU30H-
TAJILHOTO OCBETJINTENSI M3-32 MaJIbIX JIMHEHHBIX pa3MepoB (IIOKKyI aaxe npu pHos
BozbI B mHTEepBaje ot 5,0 1o 6,0. Ilpu stom M/I CITJIB mMoxet ObITh IpUHSTA paB-
HOH 1,6 M/4 (puc. 7). Jns ysemmuenust M/ CIIIB u pacnonaraemoii nponsBou-
TEIBHOCTH OCBETIUTENS TPeOyeTCs HCIONb30BaHNe (IIOKYIISHTA.
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4,5

Tlocne peKoHCTpyKuMM
rokynsTom Mpaecron 2520 TR
]

Mocne pexoHcTpykuMn

3,5

bes

c
Tpaecron 853 BC

2,5

Bea pexoHcTpyKUMA
L

523 PEKOHCTPYKLIMM

CKOpPOCTL NOABLEMHOTO ABWXEHUA BOAbI, M/Y

BepTukanbHbiii ocBeTnunTens LIHAN-3 Topu3oHTanbHble ocBeTrTeny Tna SKc W
6€3 TOHKOCIOWHOro cenapatopa TOHKOCMOWHbBIM cenapaTtopomMm
1 " ]
Tun 1 Tun 2 Tun 3

Twn uccneayembix BoA

Puc. 7 BansiHue THNA BO/IBI, PeKHMHBIX H KOHCTPYKTHBHBIX ()AaKTOPOB HA MAKCHMAJILHYIO J10MY-
CTHMYIO CKOPOCTb NO{bEMHOTO IBHKEHHS BOJbI B TOPU30HTAIBHBIX H BePTHKAIBHbBIX 0CBET/IH-
TeJsix.

3. Ilpu koarymsamuoHHONH 00paboTKe B THIA 2 0e3 MpUMEHEHHs (IOKYISTHTA
PEKOHCTPYKIIMSI OCBETIHUTEIISI C YCTAHOBKOM CUCTEMBI cOOpa BCIUIBIBLIETO IIIjIaMa
€ro peupKyILIUeH Ha BX0 ocBeTNINTeNs yBennauBaeT (puc.7) ero MJ] CIIAB ot
2,3 1o 3,4 m/c (yBenuueHHe pacroiaracMoi Ipou3BOIUTENILHOCTH Ha 48 %).

Hcnons3oBanue ¢GiokyisHTa (prc.7) oOecrednBacT JONONHUTEIFHOE YBEJH-
gerue MJ] CII/IB pexoHCTpyHpoBaHHOTO OCBETIUTENS OT 3,4 10 4 M/4, 9TO COOT-
BETCTBYET JIONOJHUTEIBHOMY YBEIMUYECHHUIO €r0 PacIoyiaraeMoil MpOU3BOANTEb-
HocTd Ha 18 %).

4. Ina monaBiieHHs (UIOTAIIMOHHOTO BBIHOCA IUIaMa W3 TOPHU3OHTAIBHBIX
OCBETIIUTENICH HApALy C APYTUM CrocoOoM 3P GEKTUBHON Jera3anuu MOXKET ObITh
MCIIOJIb30BaHAa a’panysi BOAbI B IPUEMHOM KaMepe ¢ HHTEHCHBHOCTHIO MOAAYH BO3-
niyxa B 0apOOTaXHYO 30HY 70 2,25 I[Ma/(‘I*Z[M ) B Teuenne 90 c. Jlerazaiusi BOJbI
obecrieunt e syuriee kauecTBo (puc. 6, 8).

5. Ilpu koarynsaoHHOH 006paboTke BOJ TUMA |1 B BEPTUKAJIBHOM OCBETIHTENIE
6€e3 TOHKOCIIOWHOTO cenaparopa MepeHoc MITylnepa BBOAA KOAryJasHTa B TOYKY Ha
TpyOompoBoe UCXOIHON BOABI 32 50-60 M mepen BO3IyXOOTISIUTENEM MO3BOIUT
CYIIECTBEHHO YMEHBIINTH PUCK (JIOTALMY IIaMa M 0OECIIEUNT TOJTyYeHHE Koary-
JMPOBAHHOW BOJbI HaJJIekKAIEro KadecTa. [IpuMeHeHne (IaokysiHTa MpH ycio-
BUH BBIIIOJIHEHNUS NIEpeHOCa MITYLIEpa BBOJIAa KOATYJISTHTA MTO3BOJIUT YBEIUUUTE M/]
CI1/IB u pacnonaraemyro Impou3BOAMTENLHOCTh ocBeTuTels Ha 30 %.

16



80 y=0,72x 19,08
R2=0,41 .

OpraHU4YecKmx coegmMHeHUn B

*
60 * hd

50

ocseTnuTene, %
»
o
*
*
*
o
3
o
.
*

30 * £ 3
/ .
20

AddekTMBHOCTL YyaaneHus

0 — T T T T T

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0

Fa3oBbigeneHue B cucTeme "Boaa nocrie BBoAA KoarynsHTa-ocBeTNeHHast
Boaa", %

Puc. 8 3aBucnMocTb 3 eKTHBHOCTH y/1aJIeHHSI OPTaHUYeCKHX cOeJUHEeHNUiT 3 BObI OT dddex-
THBHOCTH YAaJIeHHsI U3 Heé CBOGOIHOM YIVIEKUCIO0ThI (JUIsl COSAMHEHHH JKelle3a MoJlydeHa aHaIorny-
Hasl 3aBUCHMOCTb)

6. OnTrManbHBIC 3HAYEHUS 1103 CYNIb(daTa ATFOMHHUS TIPU KOATYIALNH:

. MaJIOMHHEPATIN30BaHHBIX BOJ THIIA 3 MEHee PeKOMEHIYEeMbIX OPUEHTUPO-
BouHO (0,07-Ok), uTo moATBepkHaeTcss OONBIIMM 3HAYCHHWEM YICITBHOW COpOIH-
OHHO# €MKOCTH 1uTaMa 2,24 1/T o0 OpraHuYecKoi Macce;

. Boj TUTOB 2 U 1 Oostee pekoMeHayeMbIX opueHTHpoBoYHO (0,07-0OK). 31O
MOJATBEPIKIAeTCd MEHBIINM 3HauYCHHEM YAETbHOI COpOLMOHHONW EMKOCTH IIIaMa
or 1,3-1,5 10 0,7 — 1,0 r/r mo opranuueckoii macce (puc.8).
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Puc. 9. YciioBHasi copOMOHHAS eMKOCTh IIAMA NPH KOATYJISINH CyJIb(aToM amioMuHus, /'t

VYBenu4yeHue yciIoBHOH y/esIbHOM COpOIMOHHON €MKOCTH IIUIAMOB TIPH Iepe-
xome oT thma 1 k tumy 2 u 3 Bog (cM. puc.1, 2, 9) COOTBETCTBYET yBEINUCHHUIO KO-
arynaupytomeil cnocoOHocTn cynbdarta amomunus. s Boxg tuma 1 KoarysstHT
HCTIONB3yeTCsT MeHee d(D(PEeKTUBHO M3-3a HEOOXOAMMOCTH IOJKHUCICHUS MM IIIe-
nouHoi Bojapl. [loTpeOHOCTH B cyinbdaTte adroMUHMS NpPU KOAryJSIUOHHOW o0pa-
60TKe BOJ THIIOB 2 ¥ 1 MOKHO YMEHBIIUTH IPH HUCTIONBb30BAHIH CEPHOMN KHUCIOTHI.
Jlo3y cepHO# KMCIIOTBI IPUHATH HPUOIU3UTEIBHO PAaBHON Pa3sHOCTH MEXAY ONTH-
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MalbHOM 7030 Cynb(haTa allOMHUHUS I pexnMa 0e3 MOAKHUCICHUS U PEKOMEH-
nyemoit opueHTHpoBo4HO 1030H (0,07-OK) M yTOUHHTH B Ja0OpaTOPHOM M TpO-
MBIIUIEHHOM SKCHEPUMEHTE.

Ha puc. 7 nokazaHo BIUsIHUE THIIA BOABI, (JIOKYJISTHTA, PEKOHCTPYKIMH OCBET-
yutenst (YeTpoiicTBO cOopa (hIOTHPOBAHHOTO MIIaMa M €T0 PEIHUPKYJIISIIHA Ha BXOJ
TOPHU30HTAIILHOTO OcBeTiHTENs SK) Ha MakCUMaJbHBIE JIOMYCTHMBIE CKOPOCTH
MNOJBEMHOTO ABMKEHHS BOJIBI B TOPH30HTAIBHBIX OCBETIIUTENSAX C TOHKOCIOWHBIMU
cemapaTopamMu ¥ BepTHKaabHbIX ocBeTnutensx (IIHWU-3 ¢ rugpasiuueckoii He-
PaBHOMEPHOCTBIO BOCXO/ISIIETO BOJHOTO NOTOKA). ONBITHBIE TaHHBIE CBUICTEIb-
CTBYIOT O HEOOXO/IMMOCTH M BO3MOKHOCTH IOJIaBJICHUs (JIOTALMY LIJIaMa TIPH
KOaryJIsiuy BOJ THIIOB 1, 2 M €ro ruipaBIM4ecKOro BEIHOCA ITPH KOATYJISLMN BOJ
Tumna 3.

OCHOBHBIE PE3YJIBTATHI PABOTbBI

1. B HaGOpaTOpHI)IX 1 ONBITHO-IPOMBIIIJICHHBIX HCCIICAOBAaHUAX KOaryaalnuu
MTOBEPXHOCTHBIX BOJ] OCHOBHBIX THIIOB C YBEJIMYCHHBIM COJCPKAHHEM JKEIIe300p-
raHMYEeCKUX COCAMHEHUI U NPUMEHEHUEM KPUTEPUEB d(PPEKTUBHOCTH KOATYIISIIHH
BTU nonydeHs! cieayomue pe3yabTaThl:

1.1 HccnenoBaHbl 3aBUCUMOCTH OKHCIISIEMOCTH, KOHIIGHTPAIMM COEIUHEHUH
ANFOMUHUS | Kelle3a B KOAaryJIHPOBaHHBIX BOAAX, CTCIICHW OYNCTKH BOJBI W JOJHA
BBIHOCA IIIJJaMa OT /103 CyJb(daTa alOMUHUS M 3HaKa W IUIOTHOCTH 3apsja (JIoKy-
nsHTOB. OTpeeieHo BIUSHUE CKOPOCTH MOJBEMHOTO JBIDKEHUS BOIBI HA BBIHOC
mjiamMa, OomnpeacjaCHbL e€ MaKCUMaJIbHbIE JOITYCTUMBIC 3HAYCHUA U pacnoiara€MbIC
MIPOU3BOTUTEIFHOCTH TOPU3OHTANBEHBIX SK M BEpTHUKAJIBHBIX OCBETIHTENCH IMpH
KOaryJysuy BOJI.

1.2 Omnpenenensl 3aBUCHMOCTH (H(HEKTUBHOCTH yIAICHUS 3aTPS3HSIONINX Be-
IIECTB U3 00pabaThIBaeMOii BOJIbI OT IUIOTHOCTH U 3HaKa 3apsiia (GIoKyJIsHTOB.

1.3 HccnenoBano BiustHUE (DIOKYISTHTOB Ha YMEHBIICHHE BBIHOCA muiama. I1o-
Ka3aHoO, 4TO IPH UX HUCIOJB30BaAHNNU MOXHO YBCJINYNUTH MAKCUMAJIbHYIO JOIIYCTU-
MYIO CKOPOCTh OIBEMHOTO IBIXKCHHUS BOIBI B ocBeTHTe X Ha 30-50 %.

1.4 YCTaHOBJICHO MMOJIOKHUTEIbHOE BIIMSHHE OapOOTaXKHOW a’palliv BOABI Ha
CTagMsX €€ CMEUICHUsI C KOaryJsIHTOM M 3apokAeHHs (UIOKKYN Ha e€ JnekapOoHu-
3a1Mi0 U nojaBieHne Quiotanuu mmama. OnpeneneHsl Uisl YCIOBUH KOarysiuH
3aBUCHMOCTH OCTaTOYHOI KOHIEHTPALMH CBOOOIHOM YIJIEKUCIOTHI OT MHTEHCHB-
HOCTH M JUTUTENHLHOCTH 0apOoTaxxHOH a’3paruu,>PpeKTHBHOCTH OUYNUCTKH BOABI OT
KEJIe300pTaHNIECKUX COeIMHEHNH OT CTENICHN IeKapOOHU3anH.

1.5. Ompenenena 3aBUCHMOCTh YAEIBHON «COPOIMM» OPraHWYECKUX COEIMHE-
HUW W COeMHEHUH jKene3a miaMoM oT Tumna Boj. CHopMyTupoBaHbl peKOMEH 1A~
IIUM 110 BBIOOPY JI03bI KOAryJIiHTa M MecTa €ro BBOJAA C YYETOM THIA MCXOJHON
BOJIBI.

2. C ncnoJib30BaHNeM Pe3yJIbTaTOB PaGoThI:

2.1 OmpenereHs! ONTUMAIBHBIC YCIOBHUS | IIPEIOKEHO 000pYyI0BaHUE TS [1€-
ra3any BOJpbI IIPU KOAryJsinuK Cyib(aToM aJIOMHHUS B OCBeTIMTENsIX. Paspabo-
TaHbl W IEPEHaHbl A peaau3alud psimy npeanpustaii suepreruku (MBTOIII-2,
OAO «Cesepcranby», 3A0 «Pernon-busznec» u 1Ip.) peKOMEHIALNHU 110 UCHIOIB30-
BaHUIO (DJIOKYJISTHTOB.
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2.2 OmpeneneHsl yeaoBus U (QIOKYJISHTBI It 3G (GEKTUBHOIO BEICHHUS KOary-
nsauu Ha MiBanoBckoi TOLI-2.
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