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NMpepucnoBune

CucteMa BOIOCHA0XeHUsT MPEACTABISET CO00H KOMIUIEKC COOpY-
XKEeHUH, obecreynBaloux 100bp1BaHNe, KOHAULMOHUPOBAHKE U T10-
Ja4yy BOIBI ITOTPEOUTENSIM B HEOOXOJUMBIX KOJIMUECTBAX U COOTBET-
CTBYIOLLETO Ka4YeCTBa C coOMoaeHeM TpeOOBaHUI HaLEKHOCTH.

KoHanumoHUpoBaHHe BOOBI MPEeACTaBIsieT CO00M KOMILIEKC (U~
3WYECKUX, XUMHUYECKUX U OMOJIOTUYECKUX METOIOB UIMEHEHHUS ee
MepBOHAYAJIBHOTO cocTaBa. I1og KOHAMUIMOHUPOBAHUEM BOJAbBI MO-
HUMAIOT HE TOJIbKO €€ OYMCTKY OT psiia HEXENIATebHBIX U BPEIHBIX
TpUMECEH, HO M YJIYYIICHUE MPUPOIHBIX CBOMCTB MyTeEM oborauie-
HUS €€ HEIOCTAIIUMHU UHTPeIUEHTaMH.

AKTyanbHOCTb M3IaHUS HAHHOTO YYeOHMKA MOATBEPXKIAETCS
pa3BUTHUCM HAYYHO-TEXHUUYECKOro OOEeCIeYeHUs MO peaau3aliuu
IIporpammel «PedopMupoBaHre 1 MOIEPHU3AIUS KUJIUIIHO-KOM-
MYHaJIBbHOTO KoMIuiekca P®d», yTBepXIeHHOI MOCTaHOBIEHUEM
IIpaButensctBa PO,

B yyeOHMKe M3J10KEHBI COBpEMEHHBIE METOIBI TOOBIBAHUS, KOH-
JMTUIIMOHUPOBAHUS U TPAHCITOPTHPOBAHUS BOIBI, NpeaHa3HAUYEHHON
IS LUEJIEH XO3STMCTBEHHO-TTUTHEBOTO BOAOCHAOXEHUST KPYITHBIX 1 Ma-
JIBIX HACEJICHHBIX MYHKTOB, BKJTIOYAsT CETCKOXO03sIiicTBeHHBIE. O11-
pelneseHHOe BHUMAaHUE yIeJeHO 3KOJOTUYECKUM MpobiieMaM CHC-
TeM BOJOCHaOXEeHUs, pallMOHAJIBHOMY MCITOJIb30BAHUIO MUTHEBOM
BOJIbl, MEPOTIPUSATUSAM MO OXpaHe BOAHBIX UCTOYHUKOB. OCOOEHHO-
CTH CHCTEM MPOMBIIIIIEHHOTO BOJOCHAOXEHHST B ydeOHMKE He pac-
CMAaTpHUBAIOTCS, TAK KaK OHU OTHECEHBI K CAMOCTOSTEIbBHOMY KypCy.

Bce MHoroo6pasme BompocoB MPU BBICOKOM YPOBHE Pa3BUTHS
TEXHUKY BOJIOCHAOXEHUST HEBO3MOXHO M3JIOXUThH B YYeOHUKE C XKe-
JIaeMOii CTETIEHbIO AeTANN3ALNU. YKa3aHHBIA HEIOCTaTOK KOMIIEH-
CUPYETCST UMEIOIIUMUCST YUYEOHBIMA MOCOOUAMU U HEOOXOAUMOM
CIpaBOYHOI uTepaTtypoii. C rnpuemMaeMoii MOJHOTONH pacCMOTPEHBI
TIPUHUUTTHATIBHBIE BOITPOCHI BOJOCHAOXEHHUS U TIPUBEIEHBI CBelle-
HUS, OTBEYAIOIIME MO COAEPXKAHUIO U 0OBEMY MMpOrpaMMe AUCIIUT -
JIuHBI «BomocHabxeHue» mis crernagbHocTH 2912 «BomocHabxe-
HUE U BOJOOTBEACHUEY.

ABTOpPBI CYUTAIOT CBOUM JOJITOM BBIPA3UTh MPU3HATEIbHOCTh
3amecTtuTenio aupekropa CorossonokaHanmnpoekra E.H. JKupoy
u 3aBenylouiei Kadenpoit «KoMMyHasibHOE MU NMPOMBIILIEHHOE
BOJIOCHAOXeHHE» MOCKOBCKOTO HHCTUTYTa KOMMYHaJIbHOTO XO-
3siicTBa U ctpoutenbeTBa M. Y. [TaBnuHOBO# 3a LIEHHBIE COBETHI
¥ 3aMeYaHusl, CAEJaHHbBIE TTPU MOATOTOBKE PYKOTIUCH K U3IAHUIO.
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BeepeHue

Bcsa xu3HenesTeIbHOCTh YEJIOBEKA CBSI3aHA C UCIIOJb30BaAHUEM
BOZBI, TOTPe6GHOCTb B KOTOPOil Bce Bo3pacTtaer. OxHOI U3 OCHOB-
HBIX 3a1a4 BOLOCHAGKeHUS SIBIsIeTCS obecreyeHHe HaceleHUs BO-
JIOii, OTBEYAIOLIEH OMpeneIeHHbIM CAHUTAPHO-TUTHEHUYECKHUM Tpe-
GOBaHUSAM.

B coBpeMEHHBIX YCJIOBUSX MHOTOYUCIEHHBIM MOTPEOUTENSIM
HeobxoauMa BOAa pasjMyHoro kavectBa. Poct BomomoTpebneHus
MPUBEJT BO BCEM MHpPE K €€ KOJTUYECTBEHHOMY M KaueCTBEHHOMY
neduuunty. ITo3TOMY K pelIeHUIO 3a/1au BOIOCHa0XeHUs1 TpebyeT-
Cs1 KOMIUTIEKCHBIH ITOAXOM, TIPeayCMaTPUBAIOIINN UHTEPECH pa3-
JIMYHBIX PYIIT MOTpeOUTENEH BOABI, pAlIMOHATIBEHOE €€ UCIOIb30-
BaHHE C YYETOM 3KOJIOTMYECKHUX aCTIEKTOB U T. [I.

IlepBble CBeneHUS O TPUMEHEHWH BOIBI IS Liejei BomocHabxXe-
HMS TIOJTyYeHBI U3 apXeOJIOTMYECKUX JaHHBIX, 0OHApyXeHHBIX B Me-
cororamuu, Erunre, Muauu, Kurtae. OHn yKa3bIBalOT Ha TO, YTO
yXe B IITyOOKO# IpeBHOCTH YeJIOBEYECTBO CO31aBaJI0 CUCTEMBI BOJIO-
CHaOXeHUs, XOTa U 6e3 I0CTaTOYHBIX Ha TO 3HaHUi. [lepBrie Bomo-
TIPOBOJTHBIE CUCTEMBI OBUTH TIOCTPOEHBI B YpapTy (Ha TEpPUTOPUH
coBpeMeHHoI ApMeHun) B VIII—-VII BB. no H.3. [lanbHeiiee pa3Bu-
THE CHUCTEMBI BOIOCHAOXKEHUS TTOJYYHJIM B TIEPUOM TPEKO-PUMCKOM
uuswiuzauuu (ot 100 et o H.3. 1o KoHua II B. H.3.), Koraa 6bUTH
3JI0KEHBI TIPUHLIMITBI CO3AaHUS LIEHTPAIM30BaHHBIX CUCTEM BOMO-
cHabOxeHus. Hauayio cTpOUTeNbCTBa LIEHTPAIM30BaHHBIX TOPOACKHMX
cucteM BonocHabxeHust orHocurcst K XII—XIII BB. Hekoropsie u3
HHUX coXxpaHWIUCh Ha Teppuropun ObiBiiero CCCP (Cpennsist A3us,
Kpwim, HoBropon u np.). OngHako Hamo UMETh B BULY, UTO OHU SIB-
JISTIOTCST JIMIIB TTIPO0OPa30oM COBPEMEHHBIX LIEHTPATM30BaHHBIX BOIO-
MPOBOJIOB.

OOBIYHBIM CTOCOOOM BOAOCHAOXEHMST POCCUMCKUX TOPOIOB SIB-
JIIIOCH TTOJTydeHUE BOABI U3 MTOBEPXHOCTHBIX HCTOYHUKOB, BOJU3U
KOTOPBIX CTPOWJIUCH TOpOJa, WU U3 KOJOALEB U MPYAOB, BBIPHI-
TBIX B MeCTaxX ¢ OOMJIbLHBIMM MOA3eMHBIMU BogaMu. IIpu u3sicKa-
HUM UCTOYHMKOB HapsOy C XO3IHCTBEHHBIMU LENSIMU YUUTHIBA-
Jlach MOTPeOHOCTh TOJIiyueHUsT BOABI MpH obopoHe ropona. Ilep-
BBIif CAaMOTEUYHEBI BOIOIMPOBOI OB MOCTPOEH 1T MOCKOBCKOTO
Kpemnasa B 1492 r. ['oOBHBIM COOpPYXEHHEM €T0 ClIyXuna Apce-
HanbHas (paHee CobakuHa) GalrHs, rae HaxXOIWICS POIHHUK.

B npoMBIIIIEHHBIX LIEHTpaIn30BaHHbIX Bogonposomax XVIII B.
BHEPBbIE CTaJIM MPUMEHSITHCS CITEIMAIbHBIE BOJI03a00OPHBIE U BOJO-
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pacrpeeUTeNbHbIE CoopyxxeHUsl. OCHOBOMOJIIOXHNKAMHU BOAOIPO-
BOJHOTO Jiesia ObLTH 3HaMeHuTbIi pyccKuil TetiotexHuk M.H. TTon-
3yHOB M OJWH U3 TepBeix ruaporexHukoB Poccun K.J. @pornos.
BorpocaMu BoIOCHa0XeHus1 ropHOro aesa 3aHumaincs M.B. Jlomo-
HOCOB.

B xonue XVIII B. Havyanoch CTpOUTENBCTBO MBITHHIMHCKOTO
POIHUKOBOTO BOJOTIPOBOMAA [JIsT CHAOXEHWUS BOLOH TI. MOCKBHI.
B nanbHeiilieM 3TOT BONOMPOBOJ, HECKOJIBKO pa3 pEKOHCTPYHUPOBaJI-
¢ U OKOHYaTeJbHO Obu1 mocTtpoeH B 1858 1. mo mnpoexrty
A.W. JenpBura. Bo Bropoit nososuHe XIX B. BomonpoBoabl GBUTH
noctpoeHbl B CaHkT-Ilerep6ypre, Kazanu, HoBouepkaccke, Spo-
cnasne u apyrux ropompax. K konuy XIX B. B Poccuu yxxe 6bu1 Ha-
KOTUTEH OOJIBIIIOM OMBIT HE TOJIBKO CTPOUTENBCTBA, HO U 3KCILTyaTa-
LIMU TIPOMBIIIJIEHHBIX BOJOIPOBOIOB.

Crneuuduka KIMMaTUUECKUX YCI0BUIt Poccun 1MKTOoBaia HEOD-
XOIUMOCTh TIOMCKA OTEYECTBEHHBIX MHXXEHEPHBIX PEeIIeHUH, OTINY-
HBIX OT MONOOHBIX pelneHuit ctpaH EBpomnbl. brmaromapst aToMy
BCJIEN 3a BOAOIPOBOAAMHU B CpelHei Imojioce Poccuu mosBHINCH
HaJiexXHble cucTeMbl BonocHabxeHust Ha KpaiiHem CeBepe, B Cubu-
pu u Ha JansHeM BocTtoke.

K 1917 r. B Poccuu nuiup yeTBepTast 4acTh TOPOIOB MMeEJia BO-
npornpoBonabl. CpenHee BomornoTpebaeHue coctabisiyio 18—24 n/4gen
B CYTKH, U Juiib B MockBe u CaHkT-IleTepOypre oHO OBIJIO 3HAYM-
TEJILHO BBIIIE. BOJBIIMHCTBO HaceJIeHUs MOJIb30BaJIOCh BOIOH M3
YJIUYHBIX BOIOPa300pHBIX KOJIOHOK U (poHTaHOB. BoccTaHoBNIEeHUE
HapOIHOTO X03siicTBa nocie I'paxXnaHCKOW BOWHBI M MOCIENYIOast
WHAYCTPpUAIN3AlMsA CTPAaHbl BBI3BAIM OYPHBIN POCT TOPOIOB M TO-
CEeJIKOB, @ ¢ HUMM M pa3BUTHE BOJOIPOBOAHOTO X03stiicTBa. Molil-
HOCTb LIEHTPAJIM30BAHHOIO BOJOCHAOXEHMS 332 CYET PaCHIMPEHUS
¥ HOBOTO CTPOMTEILCTBA BOAOMPOBOMOB K 1940 r. Bo3pocna Gonee
yeMm B 10 pa3 no cpaBHeHuto ¢ 1917 r. B atot mepuon 6wi1 paspa-
00TaH M IPUHSAT PSA BaXHEUITUX HOPMATUBHBIX TOKYMEHTOB, Ha-
TIpaBJICHHBIX HA YJIyYlIEHUE CAHUTAPHOI'O COCTOSIHUSI UCTOYHUKOB,
YCTAHOBJIEHBI TPEOOBaHUS K 30HAM UX caHUTAapHOM oxpaHbl. [Tocne
Benukoit OteyecTBeHHOM BOWHHEI B 1946—1960 rr. BogonpoBoabl
OBLTM BOCCTAaHOBJIEHBI U MocTpoeHb! B 580 ropomax ¥ MHOTHX TO-
ceJIKax.

B roponax Poccuu nepBbie BOAOMTPOBOABLI OOBIYHO CTPOUIIUCH Ha
0a3e Moa3eMHBIX HCTOYHUKOB, YTO O0YCJIOBIMBAJIOCH CTPEMJICHUEM
K HCIIOJIb30BaHUIO TOOPOKAaYeCTBEHHON BOJBl M HAJEXHOW 3allu-
LIEHHOCTH €€ OT BHEILTHETO 3arpsi3HeHus1. B mpoiecce nanpHeine-

5



ro pa3BUTHUS TOPOJOB M COOTBETCTBYIOLLETO pocTa Bopornorpebie-
HUA B GOJILIIMHCTBE CIyyaeB GblT OCYILECTBIIEH nepexo]] K MMOBEpX-
HOCTHBIM MCTOYHHKAM, YeMy CITOCOOCTBOBano Takxe BHEIPEHHE
0oJsiee COBEPLICHHBIX TEXHOJOTUIH OYUCTKH BOJBI,

Ha py6exe 60—70-x rr. XX B. BHOBb NMoOsIBUiach TCHAEHLUS
K LLIMPOKOMY MCITOJIb30BAHUIO TTOA3EMHBIX UCTOUYHUKOB IJIS X035 -
CTBEHHO-TIUTBEBOIO BOAOCHAOXEHUS. DTO OBUIO BBIZBAHO KAK YXYI-
IIEHWEeM KayecTBa BOJbl B TOBEPXHOCTHBIX UCTOYHHUKAX, TAK U pac-
HIUPEHNEM TUAPOTEONOTUYECKMX MCCIIEAOBAHUIT 3amacoB NMOA3EM-
HbIX BOA. HOBBIM KaueCTBEHHBIM pe3yJbTaTOM CjlefyeT CUMUTATh
cO3IaHHWe BOAOTPOBOAOB C PAa3HOTUITHBIMU MCTOYHHMKAMH, Oojee
HaJeXHBIX KaK B TEXHUYECKOM, TaK U B CAHUTAPHO-3MHUIEMHUOJIOTH~-
YeCKOM OTHOIIECHHUM.

B cBs3M ¢ 3arpsa3HeHMeM U UCTOLIEHHEM MHOTMX UCTOYHUKOB
BOJOCHA0OXeHUST B HACTOSILEE BPEeMS yBeJIMUeHHE MOLIHOCTU BO-
JIOTIPOBO/IOB 3a CYET HOBOTO CTPOUTENLCTBA TPEOYET GONIBILINX Ka-
MUTaAJIbHBIX 3aTpar. [To3ToMy 0cob0e BHUMaHHWe JOMXKHO OBITh
yIaeJIeHO ONITUMU3ALWU BOAONOJB30BAHUS U COKPAIIEHWIO NIOTEPH
BOJBI.

Pa3zBuTHE MTPOMBIIIUIEHHOCTH U CEJTLCKOX03IHUCTBEHHOTO MPOMU3-
BOJACTBa, KOMMYHAaJILHOTO XO3SIICTBA FOPOIOB U TMOCEIKOB, POCT BO-
JIOTIOTPEeOIEHUST, UCTIOIb30BaHUE TIPUOPENKHBIX BOOJOOXPAHHBIX MO~
JIoC, pacnaluka ImoiM, NpuMeHeHUe SIIOXMMUKATOB U HapylleHHe
MpaBUJ UX XPaHEHUS, OTCYTCTBUE HEOOXOAMMOTO TIPaBOBOrO M KO-
HOMMYECKOTO MEXaHU3MOB YITPaBJICHUSI BOTHBIMU pecypcaMu Mo
bacceitHOBOMY MPUHLIMITY U Ip. IPUBOIST K PE3KOMY 00OCTPEHUIO
9KOJIOTMYECKOI 0OCTAHOBKM U YXYAIICHHUIO YCIOBUI XXM3HU Hace-
JICHUSI.

PewreHue rmpo6iieM OYMCTKY MMPUPOAHBIX U CTOYHBIX BOJL 3aKJTIO-
yaeTcsi B pa3paboTKe M IIMPOKOM BHEAPEHUM B MPAKTUKY HOBBIX
HaJIeXHBIX, 3(HEKTUBHBIX U BBICOKOIKOHOMUYHBIX TEXHOJIOTUYEC-
KHUX TMPOLIECCOB, KOHCTPYKIIUI COOPYXEeHHUI, YCTAHOBOK U ariapa-
ToB. IlIupokoe BHeapeHUEe BBIYUCITUTEILHON TEXHUKH TO3BOJISIET
peuraTh 3alauv MPOEKTUPOBAHHUS U DKCIUTyaTAllMM Ha KAYECTBEHHO
HOBOM YpOBHE, obecrieyuBaloiieM TpeGOBaHUS 3KOHOMHYHOCTH
M HaJIeKHOCTH CUCTEM BOIOCHAGXEHHUS.

CrnenyetT OTMETHTDb, UYTO JUJIST PELIEHUsT HAayYHBIX U WHXEeHep-
HBIX 3aJa4y BOJOIIPOBOAHON TEXHUKU MHOTO Clejlajid TakKue pyc-
cxue yuyeHble M MHXeHephl, kak H.TT. 3umun, H.E. XyKkoBckuit,
K.I1. Kapensckux, B.B. Onbnen6oprep u ap. MHorue 3agauu Te-
OpPUU U TIPAKTUKU BOJOCHAOXEHUS PEIIMIU COBETCKUE YUEHBIE
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H.H. A6pamoB, C.X. Azepbep, M.M. Aunpusumen, U.D. Anenb-
uuH, ®.M. boueBep, H.H. I'eunes, B.A. Knauko, B.T'. JloGaues,
H.T. ManumeBckuit, JI.®. MowruuH, I''MN. Hukonanse u ap.
Bonbiioit BKJIag B pa3BUTHE TEOPUU M TTPAKTUKH BOJOCHADXEHUS
BHocsiT MIYII «MocsomokaHan», HHWHWU BOJITI'EO, HUHU
KBOB, AKX uM. K.JI. TTamduioBa 1 MHOrHe Apyrue orpacie-
Bble ¥ yueOHbIe UHCTUTYTHI.



Paspnen 1. UcTtouyHukn BoaocHabXeHusa

1.1. Mpupoaxblie BoaHbIE pecypCbl U UX
Ucnonb30BaHue Ang uenei BoaocHabxeHus

BonocHa6xxeHue 6a3upyeTcs Ha MCIOJIb30BAaHUU MPUPOTHOTO
CBIpbSI — BOIBI.

OueHKa U TTPOTHO3 MOIIHOCTA M KayecTBa UCTOYHUKOB BOJO-
CHaOXeHUs SBJISIOTCS OTBETCTBEHHOM 3anaueii. [IpaBuibHOe ee pe-
IIeHWe TapaHTUPYET TMOJIyYeHHEe HEOOXOOWMBIX KOJMYECTB BOJIBI
B TECYEHHUE pacCMaTpPUBAEeMOro TMepHuoaa IKCIUTyaTallUu C Yy4ETOM
MPEAIoJIaraeMoro pocTa BOAOMOTPeOIeHUS NTPU COOIIONEHUN Tpe-
0OBaHUI TEXHOJIOTUYECKOM U CAHUTAPHON HAIEXKHOCTH.

TpeGoBaHUs, peabsABIsiEMble K TTUThEBOI BOME, peTJIaMeHTH-
poBaHbl CaHIIuH 2.1.4.559-96. TpeGoBaHMsI K KauyeCcTBY BOMIBI,
Uayleil Ha TEeXHOJOTUYECKHNe HYXIbI, Ype3BblUaitHO pa3HOOOpa3-
Hbl. IIpy oLieHKe KayecTBa BOJABl B UCTOUHUKE BOJOCHAGXKEHUS
HCIOJIb3yeTCs rocyIapCcTBEHHBIN cTtaHaapT «ACcTOYHUKH LieHTpa-
JIM30BAHHOTO X031 CTBEHHO-ITUTheBOTO BogocHabxeHusi» (TOCT
2761-84).

Ot KayecTBa BOABI B UICTOYHUKE BO MHOTOM 3aBMCST YCJIOBUS
9KCIUTyaTallUM KaK OYMCTHBIX COOPYXEHHH, TaK U CUCTEM TMOJaYU
Y TPAHCIIOPTHPOBaHMS BOAbi. KauecTBO BOMBI JOJIKHO COOTBETCTBO-
BaThb TPeOOBAHUAM TOTPEOUTENISI M JOCTUTATbCS MHAYCTPUANBHBIMU
METONaMHU TeXHOJIOTUM €€ TIOJTOTOBKH.

IIpn BBIGOpE MCTOYHHMKA HEOOXOMMMa OlLIEHKa KOMIUJIEKCHOTO
HUCITOJIb30BaHUS BOMHBIX PECYPCOB BCEX BUJIOB, UMEIOIIIUXCS B PETH-
oHe. M3 HECKOJNIBKUX aJIbTEPHATUBHBIX IPEAMTOYTEHHE OTIACTCS
TOMY MCTOYHUKY, KOTOPBIi obecrieunBaeT becriepeboifHoe cHabxe-
HUE BOAOI MoTpedbuTesieit mpu MUHUMAJIBHBIX 3aTpaTax Ha €€ OYr-
CTKY U TpaHcnopTupoBaHue. [Ipy 3TOM yUMTHIBaeTCS COXpaHEHHUE
CJIOXUBILIEICS SKOJIOTUYECKON CUCTEMBI ITPU OTOOPE BOJIBI.

BriOpaHHBIM UCTOYHHMK BOJOCHAOXeHUS HEOOXOIMMO COTJIaco-
BaTh C OPraHaMM rocyIapCTBEHHOrO CAHMUTApPHOTO HaA30pa.

TpynHocty B obecrieyeHUH motpebuTteneilt Bogoit BO MHOroM
BO3HHUKAIOT U3-32 HEPABHOMEPHOCTH pacIipeie/IeHHs KaK BOJHBIX
pecypcoB IO TEPPUTOPUM CTPaHBI, TAK U CaMHX NMOTpeduTenei
M TToJTb30BaTesielt Boasl. KpoMe Toro, cyllecTBEHHBI KOieOaHUs BO
BpeMeHH 00bEMOB BOTHBIX PECYPCOB, TIPUTOIHBIX IJISI UCITONB30-
BaHMUSL.



3abop BOABI IS lLieJieif BoMOCHAOXEHUS BO3MOXEH U3 TTOBEPX-
HOCTHBIX M MOA3€MHBIX UCTOYHHKOB.

Ins X031 CTBEHHO-NMUTHEBOTO BOAOCHA0XEHHUS LieJiecooOpa3Ho
TPUMEHSTh TTOA3eMHBIE (0COBEHHO apTe3uaHCKNWe U PONHUKOBBLIE)
BOZBI, KOTOPHIE, KaK MpaBuiIo, UMEIOT 60JIe€ BEICOKHE TTOKa3aTeln
KauecTBa, YeM BOABI MOBepXHOCTHHIE. ECIM MOLIHOCTH BOIOHOC-
HOTO TJIacTa TMOA3EMHBIX BOJ HEJOCTATOYHA UJIM OHU HETIPUTOIHBI
IUIS 1ejieid BOMOCHA0XEeHWs, TO UCITONB3YIOT MOBEPXHOCTHBIE UC-
TOYHUKHU. Mcnosb3oBaHWe MOA3EMHBIX BOI IJIS TIPOU3BOACTBEH-
HBIX HYXI HelleJaecoobpa3Ho, eCii HET COOTBETCTBYIOLIETO 000-
CHOBaHMS.

ITon3emMHBIe BOABI OOBIYHO He TPeOYIOT OCBETIEHUS U obecliBe-
YUBAHMS, XapaKTePU3YIOTCS ITOCTOSTHCTBOM TEMIIEPATYphl, CAHUTAP-
HOI HaleXHOCThIO, HEGOIBIINM COMEPXaHUEM OpPTaHUYECKHUX Be-
IIECTB ¥ 3HAYUTELHBIM KOJTMYECTBOM MUHEPAJIBHBIX COJIEiA.

Hab6momaeTcs npsiMast 3aBUCHUMOCTh MeXIy TJTyOMHOM 3ajera-
HUS TTOA3EMHBIX BOA U CTENEHBIO MX MUHepanu3auuu. I1pu Hanmm-
YUU TUIOPABINYECKOU CBSI3M MEXIY MOBEPXHOCTHBIMHM M ITOA3EeM-
HBIMU BOJaMH TIOCJIEIHHE MOTYT OTJIMYAThCS MOBBIIIEHHO OKHC-
JISIEMOCTBIO.

XMWMHYECKHI COCTaB MO3eMHEIX BOJ OTVIMYAETCS pa3HOOOpa3ueM.
OH ormpenensieTcsi B OCHOBHOM YCIOBUSIMU X (DOPMUPOBaAHUS, KO-
TOpBIE 3aBUCSAT OT B3aMMOIEHCTBUS ¢ aTMOC(epoif U 3eMHOI ITo-
BepxHocThlo. Cltaboe mpoTeKaHWe GUOJTOrMYeCKHX MPOLECCOB, OT-
CYTCTBHE CBETa U CBOOOAHOIO pacCTBOPEHHOr0 KMCIOpOAa TMpernsT-
CTBYIOT Pa3BUTHIO PAaCTUTENBHOCTH U XHU3HEIESITEIbHOCTH BOTHBIX
OpraHM3MoOB B TNTOA3eMHBIX Bomax. Ho omHOBpeMEHHO C 3TUM CO31a-
10TCS OJTAarONPUATHBIE YCIIOBUS Pa3BUTHS aHA3POOHBIX MPOLIECCOB,

ITon3eMHBIe BOABI YAaCTO XapaKTEPU3YIOTCS 3HAYUTETBHOM XKeCT-
KOCThIO, TIOBBIIIIEHHBIM COIEpXaHWEM XeJjie3a, MapraHiia, ¢gropa,
pactBopeHHBIX ra3oB (H,S, CO,).

ITon3eMHBIe BOOEI MOTYT OBITH HAITOPHBIMU M O€3HANTOPHBIMMU.
Be3nanopHble BOOb UMEIOT CBOOOIHYIO MOBEPXHOCTh, Ha3BIBAEMYIO
3epKaJoM MOA3eMHEBIX BOMA. ECIM MOMHOCTBIO HACHIIIEHHBIE BOJO-
HOCHBIE TIJTACTHl TIEPEKPBITHI BOAOHETPOHMIIAEMBIMM TPYHTAMM
1 UMEIOT TIbe30METPUYECKHUIT HATlOp, TO OHM Ha3BIBAIOTCS HaMop-
HbeIMU. [laBleHne, co3maBaeMoe HANTOPHBIMU BOJaMH, OoOJbIle aT-
mocpepHoro. Eciau noa3zeMHble BOOBI MMEIOT BHIXOI Ha TOBEpPX-
HOCTh, TO 00Pa3yIOTCsSI POIHUKH.

ITon3eMHbIe BOIBI MOTYT 3ajleraTh B BHUIE I'PYHTOBOTO MOTOKA
C HETNpEePBHIBHBIM ABUXXKEHWEM BOIBI, UMEIOIIETO YKJIOH B HallpaBJjie-



HUM IBUXKEHUS, a TAKXKE B BUIE TPyHTOBOTO HacceiiHa ¢ HEMOABUXK-
HOt BOIOI1 U TOPU3OHTANILHOI CBOGOIHON MOBEPXHOCTHIO.

IToa3zeMHBIE BOJAbl UMEIOT CTaTUYECKUA U TMHAMUYECKUHA YPOB-
Hy. CTtaTUYEeCKUH YPOBEHb — 3TO YpPOBEHb BOIBI B KOJIOALE TIPU OT-
cytcTBUM Bogootbopa. Ilpu or6ope BoIBI U3 KOJIOALIA TTPOUCXOIUT
MajieHue YypoBHS. DTOT ypoBeHb Ha3bIBaeTCst AMHAMUUYeCKUM. [lo-
HUXEHUE IMHAMWYECKOTO YpOBHS TPOMOPLUOHAILHO KOJIUYECTBY
oTKayMBaeMoif Boabl. KonuyecTBo BOJABI, KOTOPOE MOXET OBITh OT-
KauyaHo TpU MOHUXEHUHU TNHAMHWYECKOTO YPOBHS Ha 1 M, Ha3bIBa-
eTcs yIeJbHBIM J1e0UTOM. YpoBeHb BOABI U ME30METPUUYECKHUE TTH-
HUU, YCTAHOBUBLIMECS BOKPYT KOJIOALEB MPHU OTKAyKe BOJIbI, obpa-
3YIOT KPUBBIE JUCTIEPCUU.

B kayecTBe MOBEPXHOCTHBIX UCTOUHUKOB HCTIONB3YIOTCA PEKM,
BOJOXpaHWINIIA, 03epa U Mops. s pek xapakTepHbl CE30HHBIE
KoyiebaHUsT pacxoda U KadecTBa Boabl. CocTaB mMpuMeceil peuHBIX
BOJ OIpeNeNisseTCa XapaKTepoM MMUTaHUs peK. Paznmuyalor mosepx-
HOCTHOE U To3eMHoe NTutaHue. IToBepXHOCTHOe NTUTaHUe obecrie-
YUBAETCS BhIMTaeHUEM AOXIEH, TasHUEM CHera, JISAHUKOB U T. I1.,
a moA3eMHOe — IJIAaBHBIM 00pa3oM TPYHTOBBIMHU BOJaMH (pPOIHUKH,
KJTIOUH).

XapakTepHbIMU OCOOEHHOCTSIMU KayecTBa peyHOU BOIBI SIBJISI-
IOTCSI €€ OTHOCUTEJIbHO 00JIbllIast MYTHOCTh (OCOOEHHO B MEPHUOL
ITAaBOJIKOB), BBICOKOE COJiepXaHWe OpraHM4YeCcKUX BellecTB U OaKTe-
pHii, 4acTO — 3HAYMUTEbHASI LIBETHOCTh BOIbl. PeuHast Boja obna-
J1aeT OOBIYHO OTHOCHUTEIBLHO MaJIBIM COJIECOIEepXaHUEM U, B YacT-
HOCTH, HEOONBIIION XEeCTKOCTBIO.

HabGmomaetcst onpeneneHHast 3aKOHOMEPHOCTD: Boabl pek CeBe-
pa XapakTepu3YIOTCSI MaJioil MU CpellHeid MYTHOCTBIO, BBICOKOM
LIBETHOCTBIO M MAJIBIM cojiecolepXaHueM, a peku KOra — BeICOKOM
MYTHOCTBIO U MUHEpaTU3allueil, HU3KOH 1IBETHOCTHIO.

CocTaB NMpUPOAHBIX BOI MOCTOSSHHO M3MEHSIETCSI B PE3YyJIbTATe
MMPOTEKAIOUIUX B HUX IMPOLIECCOB OKCHAALIMM U BOCCTAHOBJIEHUS,
CeAUMEHTAllMU OUCIIEPTUPOBAHHBIX M KOJUIOUIHBIX NpUMeCEM
W COJIe¥; NOHOOOMeHa MeXay BONOW W JOHHBIMU OTJIOXEHUSAMHU,
oboraiieHusT BOJ MUKPO3JIEMEHTAMH BCIEACTBIE OMOXUMHYECKUX
MPOLIECCOB; CMEIEHUST BOJ Pa3TUYHOrO MUTAHUA. B moBepxHOCT-
HBIX BOJIOTOKAX HAOMIOJAETCS CAMOOUMILIEHHE BOIBI 32 cUeT pusm-
YECKHUX, XHMHUYECKUX U OUOJIOrMYECKUX TIPOLIECCOB, YEMY CITOCOO-
CTBYIOT aspalusi, iepeMeliMBaHue, JeKaHTalWs B3BeCei, pa3daB-
JIeHHUe 3arpsisHeHuit B bosplroit Macce Bonawl. Ilom neitcTBueM
MPOCTEUIIUX BOAHBIX OPTaHU3MOB, MUKPOOOB — aHTAarOHMUCTOB,
OakTepuodaroB ¥ aHTUOMOTUKOB OMOJOTMYECKOI0 NMPOUCXOXKIE-
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HUs, TOJ BJIUSTHUEM OMOXMMHUYECKHX U OKCUAALIMOHHBIX TTPOLiec-
COB MOryubalT NaToreHHble 6aKTepUU U BUPYChl. CaMOOYHLIIEHHE
BOMBI, KakK MpaBUio, He obecrieynBaeT HEOOXOAUMOTO €€ KayecTBa
JIJIST TPOU3BOJACTBEHHBIX U XO3SINCTBEHHO-MTUThEBBIX 1eleit. [1o-
3TOMY TMpPAKTUYECKU Bceraa MOBEPXHOCTHAsA BOMA HYXHAETCS
B KOHIMIIMOHUPOBAHUHU €€ CBOMCTB C UX JOBeAEHUEM 10 TpeOoBa-
HUl noTpebutenei.

Xo3stiicTBEHHAsT NESITEJILHOCTD YeJIOBEKa CYIIECTBEHHO BIIUSIET
Ha COCTOSTHUE BOJIOUCTOUYHMKOB KaK B KAYECTBEHHOM, TaK U B KO-
JINYeCTBEHHOM OTHoOIueHNU. OnHuM u3 ee GakTOpOB SIBIASAETCS
CMBIB C CEJIbCKOXO3SIUCTBEHHBIX YTOOAUN XUMUUYECKUX YAOOpEeHUH U
cbpoc B BOJOEMBI HEAOCTATOYHO OYUIIEHHBIX CTOYHBIX BOJ U BOJ
TETIJIOBBIX U ATOMHBIX 3JI€KTpOCTaHILIUI. BeencTBue 3Toro MHTEH-
CHBHO pa3BUBAIOTCA MJIAHKTOH U MakKpodUTHI, BI3BIBAIOILIME 3apa-
CTaHUE BOJOEMOB, MOBBILIEHWE LIBETHOCTH BOAbI, BOBHUKHOBEHHE
MPUBKYCOB M 3aIaxoB, YTO YXyIILIAeT CAHUTAPHOE COCTOSSTHHUE BOMAO-
UCTOYHUKOB.

Bona o3ep ¥ BOOOXpaHUIMILL OTJIMYAETCSI BEChbMa MaJIbIM CONep-
’KaHWUEM B3BELIEHHBIX BEIIECTB, 3HAYUTEIBLHON L[BETHOCTHIO, OOJIb-
IIOM OKMCJISIEMOCTBIO, HUTMYUEM TIJTAHKTOHA B JieTHee Bpemst. Cre-
TeHb MUHEpPAIN3alluM 03€pPHOM BOJBI BEChbMa pa3jiuyHa.

Mopckast Bona, coaepxalilias, Kak M3BeCTHO, OOJIbIIOE KOJIM-
YeCTBO MUHEpPaJbHBIX COJieit, 001ajlaeT OTHOCUTENBbHO HEBBICO-
Koit kecTKocThi0. Ee MpUMEHSIOT B MPOU3BOJACTBEHHOM BOJO-
CHaOXEeHMHU A5l OXJIAXKIEHUSI, a TPHU OTCYTCTBUU NMPECHBIX BOI —
WU JJIST LHeJeil X03sIiMCTBEHHO-MUTHhEBOr0 BOJOCHAOXEeHUs Tioche
OTPECHEHMUSI.

1.2. U3bickauna ong NpoeKTUpoBaHUA CUCTEM
BOAOCHabxeHnsa

3agaya BOmOCHabGXeHUsT — 3To OecrnepeboiiHoe cHabXeHUe
BOJOW TOTpebuTeaeii TNMpu ycaoBUM Haubosbliero yaoOCTBa
MOJIb30BAHMSA €10, IIPU HAUMEHbIIEH €¢ CTOUMOCTH, HauboblIEH
MPOCTOTE U 3aAaHHOM HaleXHOCTHU 3KCIUTyaTallUX CUCTEMBI BO-
JIOCHAOXEHUSL.

CucreMa BOIOCHAOXEHUSI — 3TO KOMIUTEKC B3aMMOCBS3aHHBIX
COOpYXeHHUi1, obecreunBaoIMX MOTpedbuTeNneit Bomoil B TpebyeMoM
KOJIMYECTBE U 3aJaHHOTO KayecTsa.

ITpoekT BOXOCHAOXEHUS HACETIEHHOTO MYHKTA WJIM MPOMBILU-
JICHHOTO TPEANPUSATHS COCTABIISIETCS TIOCTIE TIIATEIEHOTO O3HAKOM-
JIEHUS C MPOEKTHPYEMbIM OOBEKTOM U MECTHBIMH yCJIOBUSIMU. JLJtst
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cbopa HEOOXONMMBIX CBeleHMit MPOBOAATCS M3bicKaHMs. Heobxo-
OUM CUTYaUMOHHBIH TUIAaH MeCTHOCTU B DaHOHE€ paCITOJIOXEHUS
MIPOEKTUPYEMOTO OOBEKTa ¢ HaHECEHHBIMU Ha HETO MPOMBILUIEH-
HBIMU O0OBEKTAMM U UCTOYHHMKAMU BOJOCHAOXEHUS.

[1s onpesiesieHNs MOTPeGHOCTH B BoAE IMPENOCTaBIAIOTCSI OCHOB-
HbIE TaHHBIE O HACEJIEHHOM NYHKTE (MJIOTHOCTh HAaCENEeHUs, ITaX-
HOCTB 3aCTpOIKHU, BIaroycTpoificTBO 3MaHUIT) U TIPOMBIIILIEHHBIX
MPEenNpPUATUAX (TEXHOJIOTHUYECKHEe PacXoibl BOAbl, KO3GHULIMEHTH
CYTOYHOI HEpaBHOMEDPHOCTH, TpebyeMble HAallOphl, YACJIO CMEH Ha
NpeaANpUATHUSAX, KOJIUYECTBO paboTaIOIINX B XOJOOHBIX U TOPSYUX
[IeXax B KAXIYI0 CMEHY, KOJTMYECTBO MOJB3YIOWMXCS OYIIEM U 1Ip.).
YKa3bpIBalOTCSI KAYECTBO BOIBI IS TPOU3BOJACTBEHHBIX HYXI, BO3-
MOXHOCTh 000pOTa ¥ MOBTOPHOTO MCIMOJb30BAHUS BOIBI, PacXol
BOJBI IS IPOTUBOTOXAPHBIX 1ieJieil MPOMBILITICHHBIX TIPEANPUSI-
Thi. Takke MPUBOAUTCS TUIOILANE 3€JeHBIX HACAXACHWIT U TTOJINBa-
€MBbIX TEpPUTOPHH.

HeoGxonuMsl TeosiorndecKre HJaHHBIE I TEPPUTOPUM TOpoaa
U IPOMILIOIAnKU (YPOBEHDb IPYHTOBBIX BOM, CTEIIEHb arpeCCUBHO-
CTH BOIBI MO OTHOIIEHWIO K OETOHY) M KIMMaTUYECKHE MaHHBIE
(rnybuHa npoMep3aHHUsl TPYHTOB, MaKCUMaJibHasi ¥ MUHUMaJIbHas
TeMreparypa BO31yXa, KOJJUYECTBO OCAAKOB, BHIMABIIUX B TCUEHHE
roja, Harpasje€HHEe TOCTIOACTBYIOUINX BETPOB). '

CaeneHnss 06 HICTOYHUKAX BOJOCHAOXKEHUS TMONYYAlOT B PE3YJb-
TaTe TUAPOTEOJOTUYECKHUX, THAPOIOTUUECKUX M Tomorpauyeckux
U3bICKaHUit. [IaHHBIE O MOBEPXHOCTHBIX UCTOYHHKAX — 3TO MUHU-
MaJIbHBII 1 MAaKCUMAaJIbHBIN pacxol BOAB B peKe; YPOBHU BOJHI;
CKOPOCTH IBUXXEHUS BOABI; TOJMIIMHA JIbaa. [Ipunaraerca nmomnepey-
HBIA TIPOdUIb PEKH C TEOJIOTUUECKUMHU pa3pe3aMU B CTBOpE BOAO-
npueMHUKa. JlaHHBIE 0 MOA3€MHBIX HCTOYHUKAX — 3TO HX pacXoX
BOJABI, TPYHTBI, OTMETKA CTATUYECKOTO YPOBHS MOJA3EMHON BOJIBI,
nopoja BODOHOCHOTO CJI0$1, yIeAbHBIN NeOuT.

st MpoeKTUPOBAHUSI OYMCTHBIX COOPYKEHUI MpPEACTaBISIIOT
CBEJEHHUS NTI0 OCHOBHBIM IOKA3aTesIsIM KauyecTBa BOALI B MCTOYHMKAX
BOJIOCHAOXEHMSI.

KpoMe nepeyucieHHOro clieAyeT NMpeaycMOTpeTh MEPCIEKTH-
By pocCTa ropoja, yBeJU4eHHe B HEM KOJIMUEeCTBA XUTEJIEH, pa3-
BUTHUE MPOMBILIJIEHHOCTH, a TAKXE PaCCMOTPETh BOIIPOCHI, CBSI-
3aHHbIE C BJIEKTPOCHaOXeHueM (yKa3aTb CTOMMOCTB 3JIEKTPO-
9HEPIrUH).

B npoekTe NOMKHEBI OBITH PACCMOTPEHBI BApHAHThI BOLOCHA0Xe-
HUSA, TEXHOJOTMYECKHUX U MHXEHEPHBIX pelieHnit. Heobxonumeim
3TanoM SIBJISIETCS TEXHUKO-I9KOHOMHUUYECKasl OlleHKa MEPOIPUATHI
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M CpaBHEHHE Pas3UYHBIX CXeM TPU UCTIONL30BaHUU MOBEPXHOCTHBIX
M TTON3EMHBIX BOJ U JPYTUX BO3MOXHBIX BAPUAHTOB PEIIEHUST BOJIO-
cHabOXeHHus.

1.3. 30HbI cCaHUTaApHOW OXpaHbl UCTOYHUKOB
BOAOCHaOXeHUusa U COOpYXeHUu cucrtem
BOAOCHA0XeHUa XO39ACTBEHHO-NMUTbLEBOro
Ha3HaYeHud

B uenax obecrieyeHusT CAaHUTAPHO-3MUIEMUOJIOTUYECKOM HaleXK-
HOCTH MPOEKTUPYEMBIX U PEKOHCTPYHPYEMBIX BOXOMPOBOIOB XO-
351iCTBEHHO-IIMTHEBOIO BOJOCHAOXEHMSI B MECTaX PacIOJIOXEHUS
BOI03a00PHBIX COOPYXEHUI U OKPYXAIOUINX UX TEPPUTOPHUI yCTpa-
MBAIOT 30HHBI caHUTapHO oxpaHbl (3CO).

Co3naHue caHMTapHBIX 30H HEOOXOIMUMO ST TIPeTOTBpaLleHUS
3arpsI3HEHUS UCTOYHUKOB XO3SHCTBEHHO-ITUTHEBOTO BOAOCHA6XKE -
HUs. OHUM OXBaTBIBAIOT SKCIUTyaTUPYeMBlif BOJOEM M YacTh Hacceil-
Ha ero NMUTaHMUS.

OcHOBHbIE TPeOGOBaHMS K MIPOEKTUPOBAHUIO 30H CAHUTAPHOM OX-
pansl onpenensiiorcss CHull 2.04.02-84*.30Ha caHMTapHOM OXpaHbI
HMCTOYHUKA BONOCHAOXEHHUS B MeCTe 3a60pa BOJBI COCTOMT M3 TPex
MOSICOB, B KaXJ/IOM U3 KOTOPBIX YCTaHABJIMBAIOT OCOOBIN PeXUM, ca-
HUTApHBIA HaI30p U KOHTPOJIb 33 KaYeCTBOM BOIBI B UCTOYHHKE.
IlepBbIit MOSIC — 30HA CTPOTOTrO PeXHMa, BTOPOil M TpeTHUit — pe-
SKUMOB OTpaHUYEeHMSI.

IIpoekT ykasaHHBIX 30H pa3pabaTbiBaeTCsl HA OCHOBE HaHHBIX
CaHUTapHO-Tomorpaduyeckoro oO0Caea0BaHUS TEPPUTOPHUIA,
a TaKXe TUAPOTEOJOTHYECKHUX, TUAPOTOTHYECKUX, NHXEHEPHO-
reoJIOTUYECKUX U Tororpaduyeckux Matepuano. OmnpenenasioTcs
TpaHULIBI TTOSICOB 30H, MepeyeHb MEPOTNIPUITHI TTO UX OpPraHU3a-
LI U CAHUTApHHIM peXuM B HUX. OH COTJIacOBBIBAETCS C Opra-
HaMM ¥ yYpeXIeHUSIMU CAaHUTAPHO-3MUIEMHUOJIOTHYECKON CITyX-
OB, OpraHaMH MO PEeTryJIMPOBaHUIO MCIOJH30BAaHUS U OXPaHBI
BOJI, 3aMHTEPECOBAHHBEIMM OPTaHU3alMSIMU M MECTHBIMH OpraHa-
MU BJIACTH.

I'paHULIBI TEPBOTO MOsICA 30HBI CAHUTAPHOI OXpaHBl MOBEPX-
HOCTHOTO MCTOYHHMKA OTPAaHMYMBAIOT UCTOYHUK B MecCTe 3abopa
BOABI M IUIOINANKY, 3aHMMaeMylo BoJno3abopaMM, HaCOCHBIMHU
CTaHLMSIMM, OYUCTHBIMM COOPYXEHHUSIMU U pe3epByapaMM YHCTOM
Bonbl. I'paHMIIa MEpPBOTO MOsica yCTaHABIWBAETCS B 1IEJISIX YCTpa-
HEHUST BO3MOXHOCTH CJIy4ailHOTO WJIM YMBILIJIEHHOTO 3arps3He-
HHSA Boabl B HeM. OH OXBaThIBaeT aKBaTOPHUIO PEK U MOABOMSIIIHUX
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KaHaj1oB He MeHee yeM Ha 200 M oT Boao3abopa BBEPX IO Teve-
Huo ¥ 100 M BHU3 110 Teyenwuto. [To mpuneraiouiemy 6epery rpa-
HUIIA 1Osica TIPOXOAUT Ha pacCTOSTHUM He MeHee yem 100 M ot
JUHUM ype3a BOABI NMPU MakcuMaibHOM ypoBHe. IIpu mmpuHe
peku u KaHana 10 100 M B mepBbii MOSAC 30HBI BXOAUT YacTh
MMPOTHBOTOJIOXKHOTO Oepera (1o OTHOIIEHHIO K Bogo3adopy) 1Iu-
puHoit 50 M OT ype3a BOIbI, npy GOJIbIIEH LIMPUHE — aKBaTOPHUS
mupuHoOit He MeHee 100 M.

30Ha CaHUTApPHOIH OXpaHbI MEpBOro MOsICa Ui BOAOXPaHWJINIL
Y 03ep OXBaThIBAaeTCs TpaHMUlIeil, mpoxoasiei Ha pacctosiHuu 100 M
OT BOA03abopa MO aKBaTOPUM MCTOYHMKA BO BCEX HATPaBJICHHUSIX,
a rmo TpuJeraroueMy K Boro3abopy 6epery — Ha pacCTOSIHUM He
meHee 100 M ot ypesa Boasl. Eciu Bogo3abop KOBUIOBOTO THUMA, TO
B TPAHUIIBI BXOMAST BCSI TUTOIIAAb KOBUIA U TEPPUTOPHS BOKPYT HETO
rmosiocot He MeHee 100 M.

s moa3eMHBIX MCTOYHUKOB FpaHU1Ia TIPOXOAUT B paguyce 30 M
OT BOA03abopa, eCM UCTOUHUK HANEeXHO 3allUIIeH; TPU OTCYT-
CTBUU rapaHTHUH HaJAeXXHOH 3allMTHI IPaHULA 10osIca TTPOXOANT B pa-
nunyce 50 M. Tepputopusi nepBoro rnosica I0JKHA ObITH CTUTAHUPOBA-
Ha, O3eJIEHEHa U OTOpPOXeHa, a Ha aKBATOPUM IMOBEPXHOCTHBIX UC-
TOYHUKOB TIOCTaBJIEHBbl TIpeaynpeauTeSbHble 3HakKu. B 3THX
rpaHUliax 3ampelleHbl BCe BUIBI CTPOUTENBCTBA, HE CBA3AHHBIE
C OCHOBHBIM MPOM3BOACTBOM, NMPOXUBAHUE JIIOAEeH, KylaHHe, BONO-
MOW U BBIMTAC CKOTa, JIOBAS PHIOBI, CTUpKa Oesibsi, IPUMEHEHUE
yao0peHU U I10XMMHUKATOB, pyOKa Jieca.

Bropoit nosic caHMTapHOI1 30HBI OXBAaTBIBAET TEPPUTOPHUIO IO
o6euM cTtopoHaM peku Ha pacctosHuu 500—1000 M ot ypesa
BOoNIbl. BOKOBBIE TpaHULIBI 3aBUCAT OT penbeda MecTHOCTH. I'pa-
HHLA BTOPOTO MOSICA BHU3 IO TEYEHUIO PEKH MPUHUMAETCS Ha
paccTtossHUM He MeHee 250 M oT MecTa Bomo3abopa. Beepx mo Te-
YEHUIO PEKU €€ Ha3HayaloT UCXOAs1 U3 npobera BOABl OT HEE N0
Bo03abopa B Te4eHHe 3—5 cyT B 3aBUCUMOCTH OT KJIWMaTHYeC-
KHUX YCIOBUI NMpU CpeNHEMECSIYHOM pacxoie BoIbl 95 %-Hoit
obecrieueHHOCTU. Ha CyZ0XOMHBIX peKax M KaHajax B rpaHULbI
BTOPOTO MOsiCa BKJIIOYAIOT aKBaTOPUIO, MIPUJIEraollyo K Bogo3a-
6opy B npenenax dapBaTepa.

7151 BomoeMoB rpaHulia BTOPOTO TOsica Ha3HAYaeTCs B paguyce
3—5 KM 1mo Bceit MX aKBaTOPUU, YTO 3aBUCUT OT HAJTMUUSI BETPOB.
BokoBasi rpaHuIIa Ha3HAYaeTCsA TaK Xe, KaK U Ha peKax.

I'paHu1Bl BTOPOTO MOSica 30HBI CAHUTAPHON OXpaHBI TTOA3EMHO-
TO UCTOYHMKA yCTAHABJIMBAIOTCSA JJIST 3alLUUTHl BOMOHOCHOTO TOpU-
30HTa OT MUKPOOHBIX 3arpsi3HeHHI. OCHOBHBIM MMapaMeTpoM, oripe-
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JIEJISIONIMM PacCTOSTHHE OT BOA03abopa A0 TpaHMLEbI, SBJISIETCS Bpe-
Msl TIEpeIBUKEHHUSI MUKPOGHOTO 3arpsi3HEHUS C TTOTOKOM TTOA3eM-
HBIX BOJ K BoA03a60opy. OHO IOJIKHO OBITH JOCTATOYHBIM ISl THOE-
JIU MUKPOOPTaHU3MOB. ['paHuIly OnpenaensiioT THApoIMHAMUYEeCKH-
MM pacyeTaMM MCXOHSl U3 YCJIOBUSI, YTO €CJIM MUKPOOBI MOMAagaloT
B BOIOHOCHBIM TOPU3OHT 3a €€ MpeaeyiaMyu, TO OHM He JOCTUTHYT
Bon03abopa. PacueTHoe BpeMst it 060CHOBaHMS TPaHUIl BTOPOTO
nosica ipuHuMaeTtcsl B nipenenax 100—400 cyT, 4To 3aBMCHUT OT BHAA
MOA3eMHBIX BOI (HamopHble, 6€3HANOpPHbIC), HAJIUYUS THUAPABIU-
YeCKHX CBSI3EH 3TUX BOM C OTKPBITBIM BOIOEMOM M KJIMMaTHYECKHUX
YCIOBUH.

Ha Tepputopun BTOpOro rosica 30HsI CaHUTapHOU OXpaHbI pa3-
pelaeTcst OTBOAUTH 3€MJIH IIJIST CTPOUTENLCTBA M OJ1aroycTpoiicTaa
HaCeJICHHBIX MTyHKTOB, IIPOMBIILIEHHBIX U CETbCKOXO3SMCTBEHHBIX
00BEKTOB, 03MOPOBUTEIBHEIX YUpexKaeHUil. [Ipyn 3TOM OHU HOJIKHBI
OBITH 000PYIOBaHBI CHCTEMOM BOJOCHAOXKEHUS U KaHAIM3alMH, OT-
BOJIa 3arpsI3HEHHBIX MOBEPXHOCTHHBIX BOI U T. . OJMHOBPEMEHHO
C 3TUM BO BTOPOM ITOsICE 3arpeliaeTcs 3arps3HeHUE TEPPUTOPHIA,
pa3MelIeHNE CKIIaJoB ropioyecMa3ouyHbIX MaTepuasoB, SI0XUMHKa-
TOB, YIOOpeHM i, HAKOMTUTENEH U IPYTMX 0OBEKTOB, KOTOPbIE MOTYT
TIPUBECTH K XMMUUYECKOMY 3arpsI3HEHMIO BOZOEMOB. Takxe He 10-
IyCKaeTCs1 YCTPOICTBO MoJieit (pUabTpaliiy, OpollIeHUE CEJIbX03yTO-
WM ¥ T. T1., YTO MOXKET BBI3BaTh MUKPOOHOE 3arpsi3HEHNE UCTOYHU-
KOB BomocHabxeHMs1. Ha Teppuropuu BTOpOro mosica MOA3€MHBIX
HWCTOYHUKOB, KPOME TOTO, HEOOXOOUMO MTPOBOIUTH TAMIIOHAX 0e3-
JEUCTBYIOIINUX, He(MEKTHBIX M HEMPABWJIBHO IKCIUIYaTUPYEMBIX
CKBaXHWH M KOJIOALEB. 3alpeaTcsl 3aKauyka 0TpaboTaHHBIX BOJ
B ITOI3EMHBIE TUIACTHI, ITOA3eMHOE CKJIAIUPOBaHHE TBEPABIX OTXOIOB
1 pa3paboTKa HEAp 3EMJTH.

I'paHUIIBI TPETHETO TTOSICA 30HBI TOBEPXHOCTHOTO UCTOYHUKA BO-
JMOCHAGXEeHUS MOJKHBI OBITH BBEPX Y BHM3 IO TEYEHUIO PEKU WIIH
BO BCE CTOPOHBI ITO aKBaTOPUM BOJOEMAa TaKUMHM XK€, KaK JJIST BTO-
poro rosica, a 60KOBbIE TPAHMIIBI ITPOXOIST IO BOAOpAa3eay, HO HeE
6osiee 3—5 KM OT BOIOTOKA WJIM BOAOEMA.

TpeTtuit mosic 30HBI CAHUTAPHOM OXPaHBl CIYXUT I 3aLUUTHI
MOA3EMHBIX BOI OT XMMUYECKHUX 3arpsi3HeHUil. Ero rpaHUIIbI TaKKe
OTIpEENITIOTCSI THAPOAUHAMUYECKUMHU pacyeTaMM UCXONST U3 YCJIO-
BMS, UTO €CJTK 3a €€ TpenejaMy B BOOOHOCHBIM TOPU30HT MONangyT
XUMUYECKHUE 3aTPSI3HEHUS, TO OHU JIMOO He TOCTUTHYT Bomo3abopa,
MO0 JOCTUTHYT HE paHee pacueTHOTO BpeMEHU. DTO BpeMsl JOJIXK-
HO GBbITb 0OJIbIlIE TTPOEKTHOTO CPOKa B3KCILIyaTallMM Boao3abopa
(2530 ner).
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Ha Tepputopun Tpetbero nosica 30Hbl TOBEPXHOCTHOTO UCTOY-
HHMKa BOJOCHAOXKEHUS NpenycMaTpuBalOT CAHUTApHBIE MEPOIPUS-
THSI, IPOBOJUMBIE BO BTOPOM mosice. OHaKo B OTJIMYUE OT BTOPO-
ro Ha TEPPUTOPHUU TPETHETO IMOsica NOMYCKAIOTCS JIECO3arOTOBUTENb-
Hble paboThl. Ha KaHanax u BomoxpaHWIULIAX B IPAHULIAX TPETHETO
rmosica JOJDKHBI NTPOBOIUTHCS pabGoThl 1O OYMCTKE JHA OT OTIIOXKE-
HUIT U pacTUTENBHOCTU. B aTOM ciyyae mpw UCIIONB30BAHUH XUMH-
YeCKMX METOOOB OOpBOBI AOMycKaeTcs NMpUMEHEHUE TeX Iperapa-
TOB, KOTOpbIE pa3pellieHbl OPraHaMM CAaHUTapHO-3MUIAECMHOJIOTH -
YeCKO# CIyXOHl.

CaHuTapHble MEPOTIPUSITUSI B paCCMaTpHBaeMOM TIOSICE TTOA3EM-
HBIX UCTOYHUKOB B OCHOBHOM COBMAJaioT ¢ MEPOTIPUSATHSAMU IS
MOBEPXHOCTHBIX HCTOUYHHKOB.



Paszpen 2. O0Owue ceegeHus
0 BOAOCHabGXeHun

2.1. LleHTpanu3oBaHHble CUCTEMbI U CXEeMbl
BOOOCHAOXeHNsa

TTox cucteMoit BOIOCHAOXEHHS MTOIPa3yMeBaETCA KOMILIEKC CO-
OpYyXeHUM, HEOOXOMUMBIX [UIsi CHaOXeHUsI Bomoil moTpebuTeseit
B HEOOXOOMMOM KOIUYecTBe, TpebyeMoro KavectBa W moj Tpeby-
€MBIM HaIlmopoM Mpu 00ecrieueHUH HaaeXXHOCTH UX PaboTHI.

CocraB cOOpyXeHMit BRIOMPAIOT B 3aBUCUMOCTH OT TpeGOBaHMIA,
TIpEIBSIBIIIEMBIX MOTPEOUTEIEM, M KAYECTBA BOMBI B ITPUPOJHEIX UC-
TOYHHUKaX BogocHabxeHusi. [Tox cxeMoit BomocHabXeHUs IMOHUMa-
10T TTOCJIeIOBATEbHOE PaCIoIOXEeHHE COOPYXKEHUM OT MCTOYHHKA
IO TIOTpeOUTEINSsT, B3BAUMHOE PaCIONIOXKEHNE UX OTHOCUTENLHO APYT
apyra.

LleHTpanu3oBaHHasg CUCTEMa — 3TO CHCTEMa BOIOCHAOXEHMS,
TIpY KOTOPOH BOJA M3 OMHOTO WIM HECKOJIbKUX UCTOYHHUKOB ITOCTY-
MaeT B OOLIYI0 BOOOpACIpeAeIUTENbHYIO CETh WIM CHayajla B ONWH
WJIM HECKOJIBKO pe3epByapoB, a U3 HUX — B OOLIYIO CETb, IMHUTA-
IOIIIYI0 BOMOH BeCh OOBEKT MaHHOI crcTeMbl. BogocHabXeHue Bcex
MoTpeduTesieit B 3TOM cliydyae OCYIIECTBISIOT U3 eAUHOM BOJOMNPO-
BogHOU cucteMbl. [Ipy 3TOM BOM03aGOpHBIEC, BOJOMOAHEMHBIC
M OYHCTHBIE COOPYXEHMSI PACCUYUTHIBAIOTCSA Ha IMOJaavyy BOJBI BCEM
MOTPEOUTENSIM, HAXOASAUIMMCS B 30HE NEUCTBUS CUCTEMBI, U pabo-
TaloT T10 COTJIaCOBAaHHOMY TpaduKy.

CucTteMbl BOIOCHAOXEHUSI MOXKHO pa3NeIuTh Ha XO3STHCTBEHHO-
IMUTBEBBIE, IIPOU3BOJACTBEHHBIE U MIPOTUBOTIOXAapHbIe. [ToMuMoO 3TO-
ro BOJa MCMONBb3YeTCA IS MOWKHU YIULl, MpOe3n0B, IIOWAACH,
a TakXke TTOJIMBKM 3eJIEeHbIX HacaXIeHU U npyrux ueneit. CTeneHs
o0beAMHEeHUST QYHKLMH, BBHITTOJHIEMBIX BOOOIIPOBOAAMHU, OMpELE-
JISIETCS. UCXOMSl U3 TEXHUKO-3KOHOMUYECKUX coobpakeHuit. Cucre-
MBI BOIIOCHAGXeHUS MOTYT OBITh OObeAMHEHHBIMU (EIUHBIMH), pa3-
JIeTbHBIMU U HETIOJTHO pa3feIbHBIMH.

B 3aBucumocTtu oT BUaa o6beKTa, CHabXaeMoro BOIOWH, CUCTEMBI
OBIBAIOT FOPOJACKHMHU, ITOCEJIKOBBIMU, MPOMBIIIJIEHHBIMHA U T. II.
IIpu 3TOM OHM MOTYT obecreuyrBaTh BOAON KakK OOWH OOBEKT, TaK
M TPYNNY OAHOPOAHBIX U Pa3HOPOAHBIX IMOTPeOUTENE HA TEPPUTO-
pUM paiioHa.

Ha npoMpItineHHBIX NPEeanpusTUIX B 3aBUCUMOCTU OT CXEMBI
HMCIIOJIb30BaHMST BOMIBI CUCTEMBI KJIACCUMDUIIMPYIOTCS HA MPSIMOTOY-
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HblE, C NMOCJeNOBAaTeIbHBIM HMCMOJIb30BAHUEM BOJbI, OOOPOTHBIE
U 3aMKHYTBIE.

B 3aBUCHMMOCTH OT MCTOYHUKA TUTAHUS BOAOI 0OBEKTA OHU
MOAPA3NeNsIOTCS HA CUCTEMBI, 3a0upalollie BOLY U3 TTOBEPXHOCT-
HBIX UCTOYHUKOB M M3 NMoA3eMHbIX. [1o crocoby mogauu BOABI 110-
TpeOUTeNIM cUCTEMBl OBIBAIOT HAMOPHBIMU U GE3HAOPHBIMU.
Bo3MoxHa KOMOWHALIUS 3TUX CUCTEM TTomauu Boabl. CHCTEMA BO-
IOCHAOXEeHHWST COCTOUT U3 COOPYXKEHUI mist 3a6opa BOAB U3 UC-
TOYHWKA, €€ TPAHCIIOPTUPOBAHHNS, 0OpabOTKHU, XpaHEHUS U pery-
JIMpOBaHUS TTOJAYM.

CxeMbl pacroJioXeHHUs BOJIONPOBOMHEIX COOPYKCHUM Pa3IMIHBI
M 3aBUCAT OT MPUHSATOTO UCTOYHUKA BOJOCHAOXEHHUSI: €r0 XapaKTe-
pa, MOILIHOCTH, KauecTBa BOIbI B HeM, pefibeha MECTHOCTU M peXH-
Ma BOJONOTpeOIeHUS.

I1pu 3a6ope BOOBI M3 MOBEPXHOCTHOTO UCTOYHMKA (peKa, BOIOXpa-
HWIMIIE, KAHAT, MOPE U JIp.) CXeMa BOAOCHAOXEHUS TTpeIycMaTpHBa-
eT: 3a00p BOIBI; MOXBEM M TIEPEKAYKY €€ HACOCHBIMU CTaHLUSIMU,
KOHIWILIMOHUPOBAHWE; TPAHCIIOPTUPOBAHUE K 00BEKTaM BOJIOCHAGXKe-
HMS U pacnipefiesieHre MeXIy TTOTPeOHTEISIMU; PETYIMPOBAHNE PacXo-
J1a BOABI IJISI CIJIAXKMBAHUS HEPaBHOMEPHOCTH BOJOMOTPEDJIEHUS C TIO-
MOIIBIO aKKYMYJTUPYIOIINX pe3epByapoB (puc. 2.1, a).

aj 6) J o

1N

1 4 ;
1
Puc. 2.1. O6mas cxeMa CHCTeM BOJAOCHAOKEHHS H3 MOBEPXHOCTHOrO (a)
H M0A3eMHOr0 (6) MCTOYHHKOB:
1 — coopyxeHust Bono3abopHbIe; 2, 5 — COOpYXEHUS Ul MoabeMa U Tepe-
KayKU BOAbI; 3 — COOPYXEHUs [UIst OYMCTKU BOMbl; 4 — cOOpHBbIE pe3epBy-
apbl; 6 — BOIOBOIbI; 7 — BoIOHANopHas OauiHs; & — BOIONPOBOAHAS CETh

3abop BOIBI OCYHIECTBISIETCS GEPETOBBIMU HIIH PYCJIOBBIMU BO-
1o3abopaMM pa3TUYHBIX KOHCTPYKIMA. Ha OUMCTHBIE COOPYXEHMUS
Bojla TiepeKauyuBaeTcsl HacocHo# craHuueit I nonsema. ITocne mpo-
XOXIEHUS Tpoliecca KOHAWIIMOHUPOBAHUSI OHA NMOJaeTcs MoTpedu-
Teto HacocHoi ctanumeit I1 mogsema. Bo3aMoOXXHO yCTpOICTBO He-
CKOJIbKUX MOCJIEIOBAaTEIbHO WK TTapaJuieibHO paboTaroIUX CTaH-
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LM, YTO ONpenessieTcss TEXHHYECKUMH U 9KOHOMHUYECKUMU YCJI0-
BUSIMU.

CoopyxXeHHUs I KOHOIUIMOHUPOBAHUS BOIBI HEOOXOIUMBI TS
JIOBEeJIEHUSI ee KadyecTBa A0 TpeOGOBaHU, MpeIbSIBASeMbIX K Heil
aboHeHTaMu. Pe3epByapbl UMCTOIl BOAB (COOpPHBIE pe3epByaphl)
CHyXaT ISl CIJIaXXUBaHUsI HEPAaRHOMEPHOCTHU peXuMa paGoTHl Ha-
cocHbIx craHumit I u Il mogbeMoB U xpaHeHUsT aBapUWHBIX U TIPO-
TUBOMOXapHbIX 0OBEMOB BOJHI.

BomornpoBoasl ciemyeT paccMaTpuBaTh KaK COOPYXEHUS IS
TPaHCMIOPTUPOBAHUS BOABI K MeCTaM ee pacripeaeneHusi. OHU npen-
CTaBJISIOT CO0O0i cUcTEMY TPyD, TTO KOTOPHIM BOJA MOCTYNAET K ro-
pony, TIOCEJIKY WIHM TIPOMBIIINIEHHOMY OOBEKTY.

st pacripeneneHyst BOABI TI0 TEPPUTOPUU OOBEKTA U pasfadll ee
MOTpeOUTENIM ycTpauBaeTCsl BOAOTIPOBOAHAS ceTh. OHa MpeacTas-
JisieT coboif cucTeMy TpyOOIIPOBOIOB, YJIOXKEHHBIX IO YIUIIAM, IPO-
€3aM | T. A., 000pyIOBaHHBIX HEOOXOMUMOIT apMaTypoii i pery-
JIUpOBaHUsI, peMOHTa, 0TOOpa BOABI Ha LIEJIM MOXAPOTYIIEHU, MO-
JUBKM U T. A. CoopyxXeHUe Il XpaHEeHUS U aKKYMYJIUPOBaHUS
BOZIBI (BOIOHAMNOpHAsT OalllHS) BBIMIOJHSAET TY Xe POJib, UTO U pe3ep-
Byap 4ucTOi Boabl. OHO CTJIaXXHBaeT HECOBMAAeHUs pexXruMa pabo-
THI HacOCHOM cTaHuuu Il mogbeMa 1 pexMa BOIONOTPEOICHUS.

MecTo pacnosioxxeHUsI BOMOHANOPHOW GallHU B 3HAYMTEIbHOI
Mepe omnpenensiercst peabepom MectHocTH. Kak mpaBuio, ee ycra-
HaBIWBAIOT HAa BO3BBIIIEHHBIX OTMETKAX C ILEJbI0O YMEHBIIECHMUS
CTpPOUTENbHON cTOMMOCTH. OIHAKO B OOILIEM CITyyae MeCTO ee ycTa-
HOBKH JOJKHO OTPENENSATLCSA TMAPABINIECKMMHU U TEXHUKO-IKOHO-
MUYECKHMU pacueTaMM CHCTEM TMOJayd U paclpenesieHUsT BOIBI.
Ecnu GarirHs Ha MECTHOCTH pacriojlaraeTcst MEXIy HaCOCHOM CTaH-
uueit I mogpema u roponom (puc. 2.1, @), To Takast cucTeMa BOAO-
cHaOXeHUs Ha3bIBaeTCsT ¢ OalrHel B Hayaje CETH; €C/IU MO CXeMe,
MOKa3aHHOH Ha puc. 2.1, 6, — To CUCTeMOIT BOMOCHaGXeHUs ¢ Oall-
Hell B KOHIIe ceTH. BMecTo BOMOHAaNOpHO#t GalllHM MOXET OBITh yC-
TaHOBJIEH HAa3eMHBIH WMAW TOA3EMHBII HAMOPHBIA pe3epByap,
ecny BOJIM3U Topojia UMEIOTCS JOCTaTOUYHO BHICOKHE OTMETKH 3€M-
. EMKOCTH MOTYT OBITh YCTAHOBJIEHBI U B TIPOMEXYTOYHOE M0JIO-
XEHWEe TPH HAJIMYMU BO3BBIIICHHBIX OTMETOK B UepTE HACEJIEHHO-
ro MyHKTa.

3abop BoABI U3 MOA3eMHOTO UCTOYHHKA OCYIIECTBISETCS BOAO-
3a00pHBIMU CKBaXWHAMH, IIaXTHBIMU KOJIOALAMU, TOPU3OHTAIb-
HBIMHU U JIYYeBBIMU BOH03a00paMu, COOPYKEHUSIMU IS KamnTaxa
MOA3E¢MHBIX BoJ. CxeMa CHUCTeMBbl BOJOCHAOXEHHUS U3 MOA3EMHOIO
WCTOYHUWKA 1okKa3aHa Ha puc. 2.1, 6. IIpu oTKJIOHEHUN KayecTBa
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noazeMHol Boasl ot TpeGosanuit CanlluH 2.1.4.559-96 «ITutheBas
BOJa» B CUCTEME BOOOCHAGXKEHUS MPEAYCMATPUBAIOT COOPYKEHHS
JUIS YAydIIEHUs €€ KayecTBa (COOPY>XEHMS Io 00e3xXele3uBaHuIo,
yMArdeHuto, obechToOpUBaHUIO, OTIPECHEHUIO U Ap.). CxeMa BOJO-
cHaOXeHust OyIeT yIpolleHa B CJIydae COOTBETCTBUS KaueCTBa BOIBI
B UCTOYHHUKE TpebyeMoMy. Torga O4MCTHBIE COOPYXKEHHSI, a 4aCTO
M CBA3aHHBIE C HUMU pe3epByapbl M HacocHas crtaHuus 11 mombema
MOTYT OTCYTCTBOBaTh. Takasi cxeMa BO3MOXHa, HallpuMmep, NMpHu Uc-
M0JIb30BAaHWU apTEe3NaHCKUX BOJ, He TpeOyloluuX KOHIAUIIMOHUPO-
BaHUS.

Eciyu MCcTOYHMK BOJOCHAOXEHUS pacIIOJOXEH BBIIIE OTMETOK
cHabxxaeMoit BOIOUW TeppUTOPUHU, TO MOSIBJSTIOTCS TIPEATIOCHIIKA IS
noaayu BOABI MOTpeOUTENIO caMOTeKOM. K TakUM UCTOUYHUKAM OT-
HOCSITCSI TOPHBbIE BOOOXPAaHWINILA U KJTIOYM, a TAKXXE HAIMOpHbIE ap-
Te3ruaHcKkue Boawl. [1pu aTOM oTnamaeT HeOOGXOOUMOCTh YCTpOICTBa
HACOCHBIX CTAHLIMH, MepeKauyuBaloUIMX BOAY OT UCTOYHMUKA IMUTa-
HuA 1o notpedurens. I1pu 3HaUMTEeNBHON yIaJIeHHOCTH NOTpebuTeE -
JIST OT UCTOYHUKA MOXET BO3HUKHYTb HEOOXOAUMOCTh YCTPOMCTBA
MTOCJIeIOBAaTEIbHO PAa0OTAIOUINX HACOCHBIX CTAHILIMM, MepekaynuBa-
IOIIMX BOMY IO BomoBomaM. Eciy ropod UMeeT pa3BUTYIO TEPPHUTO-
PHIO U CIIOXHBIN TIepeceYeHHbIN pesibed MECTHOCTH, TO IS cO3Ma-
HUS y a0OHEHTOB TpeOyeMOro NaBJieHUs YCTPauBalOT HECKOJIBKO Ha-
COCHBIX CTAaHLIMH.

ITpu coBmageHnn pexxrumMa paGoThl HACOCHBIX CTAHLIMIM U peXHU-
Ma BOJOMNOTPeOIeHUsT HE0OXOOUMOCTh YCTpOiiCTBAa pe3epByapoB
U GallieH IJs peryJaupoBaHUsT PeXHMOB OTIIaaeT.

Takum ob6pa3omM, 06sSI3aTETbHBIMHU JIEMEHTAMU CHUCTEMBI BOIO-
CHabXeHUsI SIBJISIIOTCST BOJ03a00pHBIE COOPYKEHMS, BOIOBOILI U BO-
JIOTIPOBO/IHAS CETh.

nsa nmotrpebureneii, pacmolioXeHHHX Ha 3HAYUTEJIBHOM pac-
CTOSTHUM ZIpYT OT ApPYra B YCIOBHSAX ne(UIIUTA UCTOYHHKOB BOIO-
CHaOXEHHUS, TPUMEHSIOT IPYINOBLIe (palfOHHBIE) CUCTEMBI BOIO-
cHabxeHuss. OHU CTPOSITCS IJISI TPYII OTAEIbHBIX MPOMBIIIJIEH-
HBIX MPEATPUATHIA, TPy KYPOPTHBIX MOCEIKOB U MPEANPUITUI
psiia paitlOHOB CEJBbCKOXO03SIMCTBEHHOTO NMpou3BoacTea. C Lenbio
CHUXEHMS BBICOKUX NABJIEHUI B BOAOBOJAX BCJIEACTBHE OOJIBIION
WX TMIPOTSIKEHHOCTU B OTAECJIBHBIX y3J1aX CETH YCTaHaBJIMBAIOT pe-
3epByaphl, B KOTOpble cOpachiBaloT Boay. Boma u3 3Tux pesepBya-
poB 3abupaeTcss HACOCHBIMU CTAaHLIUSIMH M MOJAETCS B MOCIENY-
IOLIUMA yYyacTOK BOJAOBOJAA, a TaKXe K OJIM3Nexalnum noTtpebuTe-
nsam (puc. 2.2).
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Puc. 2.2. Cxema rpynnoBoii (paiioHHOI{) cMCTeMbl BOAOCHAGKEHHUS:
1 — npeanpusiTHe, NMOCEJNOK U T. M.; 2 — BOAOBOA; 3 — pe3epByap; 4 —
HacoCHas CTaHLUA

N3noxeHHbIe COOOpakeHUST OTHOCSTCSA K CHCTEMaM BOAOCHAab-
KEHMS KaK HACEJIEHHBIX ITYHKTOB, TaK Y IIPOMBIIUIEHHBIX ITPEATPH-
situit. CylecTBYIOT, OTHAKO, CUCTEMBI, CITELIMaJIbHO YCTpauBaeMbie
IUIS 11eJIe TIPOMBIIIIEHHOTO BOJOCHA0XEeHHUS (MPSIMOTOYHAs, C MO~
BTOPHBIM MCIIOJIb30BaHUEM BOIBI, 0OOPOTHAS M Jp.).

IIpamorouHas cuctema (puc. 2.3, a) npeaycMaTpuBaeT cOpocC
BOIBI B BOIOEM C NPEIBAPUTEIBLHOM €€ OYMCTKOM IOCJIE MCITOIb30-
BaHUS B TEXHOJOTMYECKOM IIMKJIE. DTa CUCTEMA BOJOCHAOXKEHMUS
5KOHOMMYECKH IIeJIeco0Opa3Ha MpH MaJIbIX PACCTOSTHUSIX OT UCTOY-
HHMKa BOIOCHAOXeHHU 0 3aBOAa U MTPHU HE3HAYNUTEILHOM Pa3sHOCTH
OTMETOK YPOBHS BOIBI B HCTOYHHUKE BOIOCHAOXEHMS U TIIOLIATKH
3aBofia.

Puc. 2.3. CxemMa npon3BoACTBEHHOro BOAOCHAOKEHHS:
a — TIpsSIMOTOYHasl; 6 — obopoTHast; I — Bom03aGopHOE COOpYXeHHe; 2 —
CTAHLMA OYMUCTKH M MEPEKAYKH BOMbl; 3 — MPOMBILLIEHHOE MIPEATNIPUITHE;
4 — oxnamuTeNb;, 5 — HAaCOCHasl CTaHLUS ropsyeil BOObl; 6 — HACOCHast
CTaHLMA OXJIaXIeHHO! BOIBI
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Jlns cokpaiueHUst 3abopa cBexXel BOAbI U3 UCTOUYHUKOB BOOO-
CHaAGXeHUST U OXpaHBbl UX OT 3aTPSI3HEHUS IIMPOKO IPUMEHSIOTCS
cucTeMbl 000pOTHOro BogocHabxeHus (puc. 2.3, 6). OHU HeobXxo-
OUMBI B CJIyyae MaJOMOIMHOCTH MCTOYHUKA BOLOCHAGXEHHUS.
B sT0it cucTeMe Bola, y4acTBYIOIIAsl B TEXHOJIOMMUYECKOM ITpoliecce,
He cOpachIBaeTCsl B BOLOEM, a nocje o6paboTkn BHOBb BO3Bpallia-
eTCs B MPOM3BOICTBEHHBIN LUK, [TloTepu, UMelolIne MECTO B TIPO-
usBonctee (3—5 %), BocTIoNHSIOTCS M3 MCTOYHHKA. Kak mpaBuio,
OTJINYHUEM OOMBIIMHCTBA OOOPOTHBIX CUCTEM SIBJISIIOTCSI YCTPOMCTBA
IUIS OXJTAXIEHUST BONBI (TPafupHU, TIPYABI-OXJIaAUTen ¥ ap.). [1pu
HEOOXOIUMOCTH MOTYT OBITh MTPETYCMOTPEHBI TAKXKE OYMCTHBIE CO-
OpYXEHUS.

Ecnu xadyecTBO BOIBI, COpachbiBaeMON OJHUM TMOTpeOUTENIEM,
JNIOMYCKAET €€ UCMOJAb30BaHUE APYTUMHU MOTPEOUTENSIMHU, TO TIPH-
MEHSIOT CHUCTEMY TOBTOPHOrO MCIOJIb30BAHUSI BOOBI, KOTOpas
CHMXXaeT pacxon, 3abupaeMblil U3 UICTOYHUKA. DTa cXeMa 3aHHWMa-
€T TTPOMEXYTOYHOE TTOJIOKEHNUE MEXIY PACCMOTPEHHBIMM CXeMaMM
U CTAHOBHUTCA ueJiecooOpa3HoOi TNMpPHU HEOOJBUINX PACCTOSTHMSIX
MeXay LuexaMu, cOpachiBalOIIMMM U MCITOJIB3YIONIMMHU OTpaboTaB-
1IYI0 BOOY.

Ta unu nHas cxeMa BOJOCHAOXEHHSI BHIOMpAETCS Ha OCHOBE
TEXHUKO-9KOHOMHYECKHUX CPaBHEHHWII BapUaHTOB M COONIONEHUS
YCJI0BHUI OXpaHbl BODOEMOB OT 3arpsi3HEHUIA.

B nanpHeiilieM MpOMBILLIEHHOCTb OYAET MEpPEeXonuTh Ha Gec-
CTOYHYIO CXeMY BOIOCHAOXEeHMSI, KOTOpas MO3BOJIUT: UCIOJB30BATh
B MTPOM3BOJCTBEHHOM BOJIOCHA0XEHHU BCE CTOKM, cOpachIBaeMble
C TEPPUTOPHUIA 3aBOJIOB, COKPaTUB 10 MUHUMYMa 3a00p BOOBI M3 UC-
TOYHHUKA BOJOCHAOXEHHSI; WCKIIOUUTH 3arpsi3HEHHE BOJOEMOB
BpeOHBIMU MIPUMECSIMHU; U3BJIEKATDb MOJIE3HBIE BEIIECTBA U3 CTOYHBIX
BOJl NPEANPUSATHIA.

2.2. Hopmbl BOpgonoTpebnenus

OnpenejieHWEe KOJIMYECTBA BOIbI, HEOOXOOUMOM MOTPEeOUTEINIO, —
repBooYepeHas 3agaya npu MPOeKTUPOBAHUU CUCTEM BOIOCHA0-
KEHUS.

st TOrO0 HEOO6XOAMMO 3HATh MEPEeYEeHb U KOJUYECTBO BCEX IO-
TpebuTeieil, Moay4yaluuxX BOAYy OT pacCUUTBHIBAEMOI CUCTEMBI BO-
NOocHaOXeHUsi, U HOPMBI BONOMOTPeOseHUST st HUX. B ropomax
Y ocesikax, Kak TpaBUIIO, YCTpanBaeTCs OObeaWHEHHAs! XO3sii-
CTBEHHO-TIPOTUBOIIOXAapHasi CUCTEMAa BOAOCHAOXEHUS. DTOM Xe
CHCTEMOI ToIaeTcs BoNa Ha X03AHCTBEHHO-TTUTBEBBIE HYXIBI TTPO-
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MBILIJIEHHBIX TIPEATIPUATHIA, DPACTIONIOXEHHBIX B 4YepTe ropoja,
a TaKKe Ha MPOM3BOACTBEHHBIE HYXIBI NMPENTNPUSITHI, TOTPeOIIsI-
IOLUMX BOMYy ITUTHEBOTO KAYeCTBa B CHJTy TEXHOJIOTHYECKOH HEOOXO-
JIMMOCTH WJTM 3KOHOMMUECKOH 11eJ1ecO00pa3HOCTH.

ITpM OTCYTCTBUM CaAaMOCTOSITEJTbHOM CUCTEMBI TTOJITUBHOTO BOIO-
rmpoBoaa (BCJIEACTBHE HEBO3MOXHOCTH €€ YCTPONCTBA UJIM 3KOHO-
MHUYECKOI Hea(peKTHUBHOCTH) BOMA IS MOUKM YIUIL U MOJIUBA 3¢-
JIEHBIX HacaXIeHUM MoJaeTcsl TakKe 00beIMHEHHON CUCTEMOT.

IIpy NMpoeKTUPOBAHNH CUCTEMbI BOIOCHAOXKEHUSI TIPOMBILIJIEH -
HOW 30HBI WY OTAEJBHOTO 00bEeKTa, He UMEIOLIHX CBSI3H C TOPOI-
CKHM BOZOTIPOBOIOM, HEOOXOIUMO YYECTh BCE BUABI MTOTPEGIEHUS
BOJIBI, CYIIECTBYIOIIME HA UX TEPPUTOPUN. DTH CUCTEMBI PACCUMUTHI-
BaloTCs camocTosTebHO. Llesecoobpa3sHOCTh YCTpOMCTBA TAKUX CH-
CTEM OTIPENENISIETCST U3 YCIOBUS TEXHOJIOTHYECKO, 9KOHOMHUYECKOIH
M 9KOJIOTMYECKOH 11eJIecO0Opa3HOCTH, a TakKe TpeOOBaHUIM palno-
HaJIbHOTO UCIOJIb30BAHUST BOIHBIX PECYPCOB.

PacyeTHBII pacxon BOABI KaXI0ro U3 NMOTpeOUTeNeil onpenesis-
€TCSI Ha OCHOBE HOPM, TIOJTy4aeMBbIX ITyTeM 00pPabOTKMU CTaTUCTUYEC-
KHX JaHHBIX 0 (aKTUIECKOM TOTPEOJIEHUN WIN TEXHOJOTHYECKUM
pacyeToM.

OO6muit pacxox BoAbI HA HYXKAbI HACEJIEHUSI NPOTMOPIUOHANIEH
YUCITY XUTeNeH B HaCeJIEHHOM MYHKTE, JUIs KOTOPOTO CTPOUTCS CH-
cTeMa BOHOCHAOXEeHHUS, a TaKXKe pacXony BOIbI Ha XO3SHCTBEHHO-
ITUThEBBIE HYXIbI, TPUXOASALIEMYCS Ha OJHOTO XUTEJIS, T. €. HOpME
BOJIOTIOTPEOICHUS.

HopMma BomomnoTpeGneHUs1, UAU yOeabHOE BoJOMOTpebJieHUE,
YYUTBHIBAET KOJIMYECTBO BOABI, MOTPeOIsieMOe ONHUM YEJTOBEKOM
B CYTKM Ha XO3SCTBEHHO-IIUThEBBIE HYXIBI HE TOJBKO AOMa, HO
Y B OOIIECTBEHHBIX 3NaHUSIX, 32 UCKJTIOYEHUEM PacXoa BOIBI B 10-
Max OTIbIXa, CAHATOPHSX, JETCKUX Jlarepsix U T. . Takxke oHa 3a-
BUCHUT OT CTETNIEHU BJIarOyCTpOMCTBA 3MaHUH U MECTHBIX KJIMMaTH-
YECKUX YCJIOBHUIA.

B Hacrostiiee Bpemsa neicteyiominmM CHull 2.04.02-84* npemy-
CMOTpEHBI CHEAYIONINE PAacUETHBIE CPENIHECYTOUHBIE PacXOlbl Ha
XO3AMCTBEHHO-TTUTBEBBIC HYXIB Ha OMHOTO XuTes (tatu. 2.1).

Jist palioHOB, Te BOIOIIONb30BAHUE TTPEIYCMOTPEHO U3 BONO3a-
OOpHBIX KOJIOHOK, CpeqHECyToYHas (3a ro) HopMa BOJIOTOTpebIe-
HUA Ha OJHOTO XuTeas npuHumaetcsa 30—50 n/cyr.

Br160p HOpMEBI BOIOIOTPEOIEHUS B YKa3aHHBIX IUarnia3oHax mnpo-
HU3BOIUTCS C YYETOM TIPUPOIHO-KIMMATHYECKUX YCIOBUMA, MOLIHOC-
TH UCTOYHUKA BOJOCHAGXEHMS, YKJIaa XXU3HU HACEJICHUST U APYTUX
MECTHBIX YCJIOBHUIA.
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Tadbauuma 2.1
HopMmbl X0351iicTBEHHO-NUTHEBOTO NOTPEOJIEHHS BOAbI

CmeneHb bnazoycmpolicmea Hopmbi 80docHabxeHus HaceneHHbIX MyHKMoe

patioHoe xusiol 3acmpoliku Ha 00HO20 Xumens cpedHeCymouHsle (3a 200),
n/cym
3acTpoiika 3gaHusmu, obopygo- 125-160

BaHHbIMU BHYTPEHHUM BOAOMPO-
BOZOM ¥ KaHanusauuewn, 6es3 BaHH

To xe, C BaHHaMU U MECTHbIMU 160-230
BogoHarpesaTensmu
To xe, C UeHTPan1M30BaHHbIM ro- 230-350

payYnMm BOAOCHabXeHWEM

Beibupast HopMy BogomoTpe6aeHUsI, HEOOXOAUMO TTpeLyCMaTpH-
BaTb MEPOTIPUATHS 110 COKPAIIEHUIO yTeYeK B CUCTEME U Hepallho-
HAJIBHOTO MCTOJIb30BaHUS BOABI B 3afilaHUsAX. K HUM clieqyeT OTHe-
CTU OpPraHMU3alUI0 30HUPOBAHUS CUCTEMBI, YIYYIICHHE €€ 3KCILTY-
aTalvu, peryJIupoBaHUE NaBIEHUS U T. II.

Pacxons! Boabl HA MpeANPUATHAX BKJIIOYAIOT IIPOU3BOACTBEHHEIE,
X03511ICTBEHHO-OBITOBBIE M IYIIIEBHIE.

Pacxonpl Bobl Ha MPOU3BOACTBEHHBIE (TEXHOTOTHYECKHE) HYX-
Il 3aBUCSIT OT BUIA MPOU3BOACTBA, IMPUHSITOTO TEXHOJOTHYECKOTO
npolecca, BUIa CUCTEMBI BOOOCHA0XEHHsI, Ka4eCTBa BOABI U T. [I.

OHU onpenensiorcs Mo yaeJbHBIM HOPMaM BOAOIIOTPeGIeHU Ha
€OVHMLY NIPOAYKIIMM, KOTOPHIE 3aal0TCS Ha OCHOBE TEXHOJIOTHYEC-
KHMX pacyeToB pabOTHUKaMM TOW UM UHO# 06acTH MPOMBILIJIEH -
HOCTH, a TaKXe€ M3 YCJIOBUM NMpUMEHEHUs] HanboJiee NporpeccuB-
HBIX TEXHOJIOTHi, MpeayCMaTPUBAIOIINX MaJIOBOAHEIE MPOLIECCHI,
YCTPOMCTBO OOOPOTHBIX M 3aMKHYTHIX CHCTEM BONOCHAOXEHMHS.
B cooTBETCTBUM C CYyIIECTBYIOIIMMH HOPMaMM pacxo/ BOAbl Ha XO-
3HCTBEHHO-NIUThEBBIE HYXXIbl paboYMX BO BpeMs UX IPeOBIBAHUS
Ha TPOM3BOJICTBE YUUTHIBAECTCS HOTOJIHUTEBHO K TEM XO3SIICTBEHHO-
IMUTLEBLIM PacxollaM, KOTOpPhIE pacCMaTPUBAJIMCh BhILIE. B 11exax co
3HAYUTEJILHBIM TETUIOBBIAEIEHUEM OH MIPUHUMAETCSI PaBHBIM 45 J1,
a B OCTAJIbHBIX LieXax — 25 J1 Ha KaxXIoro paboTamuUIero B CMEHY.
IToMHMMO 3TOTO Ha MTPOM3BOACTBAX, CBI3AHHBIX C HEOOXOAMMOCTBIO
MPUHATUA Ty1a, TOKeH OBITh MPeayCMOTPEH pacXod BOABI U3 pac-
yeta 500 1/9 Ha OHY AYIIEBYIO CETKY B TeUeHME 45 MUH.

Pacxoa Boabl HAa MOAMBKY M MOMKY YJMII M IUIOIHAJE, a TaKXKe
Ha NOJIMBKY 3eJIeHbIX HACAXKAEHWH 3aBUCHUT OT pa3MepOB MOJIUBaA-
E€MBIX TUIolNaneil, cmocoba MOJMBKM, THUIIA MOKPHITUH U T. TI.
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B CHull 2.04.02-84* npenycMOTpPEHBI CHeAyIOUIUE YAEJNbHBIE
HOPMBI pacxoza BOIBI, Ji/M2 HAa OQHY MOMKY WJIM Ha OAHY MOJIUB-

Ky (tabma. 2.2).

Taonuuma 2.2
Hopmbl pacxofoBaHusi BOAbI HA MOAKY M MOJIMB T€PPHTOPHH

Has+naverue 800bi Nsmepumens | Hopma pacxo-

da, n/m?

MexaHu3anpoBaHHas MOMKa yCOBEPLUIEHCTBOBAHHbIX 1 monka 1,2-1,5

NOKPbLITWIA NPOE3A0B 1 Nnowlaaen

MexaHu3anpoBaHHast NoNMBKa YCOBEPLUEHCTBOBaH- 1 nonueka 0,3-0,4

HbIX NOKPbLITUIA NPOE3A0B ¥ Nnowagen

Monueka Bpy4Hylo (13 WNaHra) ycoBEpPLUEHCTBO- To xe 0,4-0,5

BaHHbIX MOKPLITWIA TPOTYapoB U NPoe3fos

[Monueka ropoackux 3eneHbix HacaxaeHun » 34

Monueka rasaoHOB ¥ LIBETHUKOB » 4-6

IIpn oTCyTCTBMM HaHHBIX O IUIONUIANSAX 1O BUIAM 0JIaroycTpoii-
CTBa yIEeJIbHOE CPeIHECYTOYHOE 3a IOJIMBOYHBINM CE30H TMoTpediie-
HHWe BOAbI MpUHUMaeTcs paBHbIM 50—90 51/cyT B pacueTe Ha OJHO-
ro xurens. IIpy HasHaYeHWH HOPMBI TIOJIUBKY YUYUTHIBAIOTCS KJTH-
MaTUYECKHE YCJIOBUA, MOIIHOCTh MCTOYHHKA BOAOCHAOXEHUS,
CTeTeHb 61aroycTpoiicTBa HaceJeHHBIX MYHKTOB U APYTHE MECTHBIE
ycnoBus. Yucio MoNIMBOK B 3aBUCUMOCTH OT KJIMMara MpUHUMAaEeT-
cq 1—2 B CyTKM.

Pacxoapl BOABI i TYImieHUsi OXKapa OTNpPENEsIOTCS TI0 HOpMa-
TuBHBEIM JoKyMeHtaMm (CHuII 2.04.02-84*). OHuM cocTaBieHbl Ha
OCHOBAaHMM OGPabOTKM CTAaTUCTHUUYECKUX HAHHBIX O (haKTUUYECKUX
pacxolax BOIBI MPU TYLIEHWU TIOXAapOB Ha Pa3jMYHBIX OOBEKTax.
Hopmbl pacxomoBaHUsl BOABI Ha ITOXApPOTYILIEHHE 3aBUCST OT YMC-
JIEHHOCTH HaceJieHUs U XapaKTepa 3acTpoiiku (Tabi. 2.3).

TIpomoMXUTENLHOCTD TYIIEHUS IoXapa MPUHUMAETCsl paBHOM
34, Pacxon BoObl AT HAPYKHOTO ITOXAapOTYIIEHUS B MIPOU3BOI-
CTBEHHBIX 3[IaHUSX ¢ (JOHAPSMU U B 3MaHUSIX MIMPUHON 10 60 M Oe3
coHapeit 3aBUCHUT OT 06bEMA 30aHUST, CTETIEHU OTHECTOMKOCTH €T0
CTPOMUTEJIbHBIX KOHCTPYKLIMI, a TaKKe KaTeropyu MoxapHoit onac-
HOCTH NPOU3BOJCTBA, pa3MellleHHOro B 3gaHuu (t1abs. 2.4). Hopma
pacxofa BOIBI IUIST HAPYXXHOTO IOXapOTYUIeHUS B TPOU3BOACTBEH-
HBIX 3JaHUAX Oe3 doHapeil mupuHoit 60 M U Gojlee HECKOJIBKO
uHas (tabmn. 2.5).
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Ta6nuuma 2.3

HOprl pacxoa0BaHHsA BOAbI HA MOXKAPOTYyHIeHHE B HACEJEHHBIX

MYHKTax
Yucno xume- | Pac4emHoe | Pacxod 800sl, ni/c, Ha 00uH noxap He3aeucumMo om
neli 8 Hace- quceno ozHecmolikocmu 3daHull, npu ebIcome 3acmpouKu
e, | wowon | Solemomarer [ mpuamera
meic. ven. noxapoe
5 1 10 10
10 1 10 15
25 2 10 15
50 2 20 25
100 2 25 35
200 3 — 40
300 3 — 55
400 3 — 70
500 3 - 80
600 3 - 85
700 3 — 90
800 3 — 95
1000 3 — 100
2000 4 — 100

PacyeTHOE YMCIIO OMHOBPEMEHHEIX MOXapOB IS 00be IMHEHHOTO
MPOTHBOITOXAPHOTO BOJONPOBOJA HACEJIEHHOTO MyHKTa U MTPOMBIIII-
JIEHHOTO TPENNPUSTUS WU CEeJIbCKOXO3SIMCTBEHHOTO ITPOU3BOMI-
CTBEHHOTO KOMTLJIEKCA, PACITOJIOKEHHBIX BHE HACEJIEHHOTO TTyHKTA,
MPUHUMAETCS B 3aBUCUMOCTH OT IUTOIIAAN, 3aHUMaeMOi Ipearpusi-
THEM, Y YHCJIA XXUTEJEH B HACEIEHHOM ITyHKTe (Tabm. 2.6).

ITpu HeCKONbKUX MPOMBIIIUIEHHBIX MPEANPUSITHSIX U OTHOM Ha-
CEJIEHHOM ITyHKT€ pPacYeTHOE YMCJIO OJHOBPEMEHHBIX TOXapoB
MPUHUMAETCS TI0 COIIaCOBaHMI0 ¢ opraHaMu I'ocynapcTBEHHOTO
MoXapHOTO Haa3opa.

PacueTHBI pacxol Ha MOXAapOTYIIEHUE NOJXeH ObITH obecre-
YeH NpU HauOOoJIbIIIEM pacXoe Ha APYTUe HYXIbI.

MaxkcuMabHBIE CPOK BOCCTAaHOBJIEHUS] HENPUKOCHOBEHHOTO
TPOTHUBOIIOXAPHOTO pacxolia, XpaHsIIerocs B pe3epByapax, COCTaB-
Jsiet 1—3 cyT B 3aBUCHMOCTH OT KaTeropuu 00beKTa 10 MOXapHOMH
OMAaCHOCTH.
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NpH MHPHHE NPOM3BOACTBEHHBIX 3MaHHIi 10 60 M

Taobnuuwa 2.4
HopMmbl pacxogoBaHHsl BOIbI HA MOXKAPOTYIIEHHE MpenPUSATHIA

CmeneHb | Kamezaopusi | Pacxod 800bl, 1/c, Ha HapyXXHOe noxapomyweHue
oz2Hecmou- | npou3good- (Ha 0BuH noxap npu obveme 30aHud, Mbic. M)
soami | nowaproa | 003 | 3-5 | 5-20 | 20-50| 50~ | 200- | 6onee
onacHocmu 200 400 400

lull r.a 10 10 10 10 15 20 25

A B, B 10 10 15 20 30 35 40

ra 10 10 15 25 — — —

m B 10 15 20 30 — — —

r.a 10 15 20 30 — — —

Vuv B 15 20 25 40 — — —

Taobnuwma 2.5

HopMmsl pacxonoBaHusi BOIbI HA NMOXKAPOTYIIEHHE MpeaMPUsATHIA
NpH IMPHHE MPOM3BOJACTBEHHBIX 3AaHMIi oT 60 M u Oosee

CmeneHb | Kamezopus Pacx00 eo0ki, n/c, Ha HapyXHOE NoXapomyweHue
ozHecmol- | npou3sgod- (Ha 00uH noxap npu o6beme 30aruil, meic. M)
Kocmu cmea no
30aKull noxapHou do | 50— | 100- | 200- | 300— | 400- | 500- | 600~ | 700—
onacrocmu | 80 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800
Inll A, BbuB [20)] 30| 40 | 50 | 60 | 70 | 80 | 90 | 100
rauwE 1015 20 | 25 | 30 | 35 | 40 | 45 | 50
Ta6anuwma 2.6
PacyeTHoe uncio OJHOBPEMEHHBLIX NOXKAapoB
lMnowade npednpu- | Yucno xumenel 8 HaceneHHoM | Hucno o0HOBPEeMEHHbIX
amus, 2a nyHKmMe, mbic. 4Yen. noxapos
1 1*
Metee 150 fo 10
OT1 10 po 25 2
Bonee 150 Menee 25 2*

* Ha npeanpusaTMu unv 8 HaceneHHoM nyHKTe — no HauBonbLwemy pacxogy.
** OAvH Ha NPeanPUATAN U OOWUH B HACENEHHOM NyHKTe.
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2.3. OnpeneneHne pac4yeTHbIX pacxoa0B BOAbI

PexuM notpelyieHUST BOABI HA XO3SICTBEHHO-TTUTHEBBIC HYXIIBI
HaceJeHUEM SIBJISETCS B 3HAYUTEJILHON Mepe ciAydyaitHbIM U Majio
TMOAJAIOUINMCS YIIpaBAeHUIO TIpolieccoM. [ToaToMy sl TTONyYEeHUST
JIOCTAaTOYHO TOYHOTO YU 9KOHOMUYHOTO MPOEKTHOTO PEILIEHUS CH-
cTeMBI BOAOCHA0OXeHUsT HEOOXOAUMO 3HATh pacyeTHbIE rpacukKu
norpebieHus Boabl HaceaeHUeM. [loTpebaeHUe BOABI HA XO3sii-
CTBEHHO-TIUThEBbIC HYXIbl HEPABHOMEPHO KaK B TEYEHHUE Troja,
TaKk ¥ B TedeHUe cyToK. HabmiomaloTcss M3MeHEeHUsT pacxola: ce-
30HHEIE, BBI3BAaHHBbIE MU3MEHEHUEM TEeMIEpaTypbl U BIAXHOCTH
BO3/yXa; HeAebHBIE, 00YCIOBJIEHHBIE OCOOEHHOCTSIMU XU3HeOdes -
TEJIBHOCTH JIIOAEH B pa3JIMYHble THU HEOEeIU, a TAKXKE CYyTOYHBHIE,
ITocnenHue xapakTepU3ylOTCSI HEPABHOMEPHOCTBIO MOTpebIeHUs
BOJBI B OTAEJbHBIE Yachl CYTOK, YTO B 3HAYUTEIBHON Mepe 3aBU-
CHUT OT CTeIeHH 6JaroycTpoiicTBa U U3MEHEHUS 1aBJIEHUSI B BOJO-
HarnopHoit cetu. U3MeHeHHe YacOBBIX PACXOJ0B MOXET BhI3HIBATh-
CS M TaKUMH ClydyailHbIMHM (pakTOpaMH, KakK IMOKa3 TMOMYISIPHBIX
TeJIeNpOTrpaMM, CIIOPTUBHBIX MEPOTIPUSTHUI U T. 1. 3HAYUTEITBHOE
BJIUSTHUE Ha peXUM BoAomnoTpebiieHus] OKa3bIBaeT COLMATIbHBIN
" neMorpapuiecKuit CocTaB HaCEJIECHHUS.

Jns nonydyeHUs: yKa3aHHBIX TpaduKOB HEOOXOAUM psf Hab0-
JICHUH 3a noTpebaeHeM BOAbI B HaCceJIEHHBIX MYHKTaX, OJU3KUX T10
YUCJIEHHOCTH HACeeHUs, KIMMaTUYECKHUM YCIIOBUSIM, CAHUTAPHO-
TEXHUUYECKOMY OJ1aroycTpoiCTBY palOHOB XWUJIOW 3aCTpPOWKHU, Je-
MorpadU4YeCcKOMY COCTaBy.

IIporHo3 pexuma BogoONoOTpeOAeHUS TpebyeTcst IS omnpeaese-
HUS TaKWX BEJIWYMH, KaK BOJOTOTpebIeHHe, peryiupylolme
00BbEMBI BOJIBI B €eMKOCTSIX, 3aTpaThl SHEPTUU HA TPAHCIOPTUPO-
BaHUE BOIBI U Ap. OH JONXEH CIYXUTb OCHOBOW IJS1 peLIeHUS
3aJa4y yTpaBjieHUs: ONMTUMAaJbHOTO pacrpeleleHUs HAarpy3ok
MeXIy UCTOYHMKAMHU TMUTaHUS, BbIOOpa paboTalolUX arperaTon
A T. I.

Pa3paboTtath rpacuKH, afeKBaTHO OTpaxalollde BoIoNoTpesie-
HHE paccMaTpuBaeMoro o6beKTa, BECbMa CJIOXHO U TpynoeMKo. Ha
TIPaKTHUKE 3TO NMPUBOAUT K HEOOXOAUMOCTH TOJIb30BATHCS MPUDITH-
K€HHBIMH TpacUKaMH, CTENeHb YIPOUIEHUS] KOTOPBIX 3aBUCHUT OT
XapaKTepHBIX OCOOEHHOCTEN M TPpeOOBAaHUI ITPOEKTUPOBAHUS M DKC-
TU1yaTaluH.

Ha ocHOBaHUM JaHHBIX O HOpMaXx BOAOMOTPeOJIeHHUSI, CBENEHUIA
O pacyeTHOM YHCJIe XUTeNEH U MTOTpeOHOCTH B BOAE MPOMBILIIEH-
HBIX TIPEATIPUSATHH, 3a0UPaOLIMX BOAY U3 TOPOACKOr0 BOAOTIPOBO-
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4, MOXET OBITh OIMpeJesieHO MOJHOE CPEHEE pacYeTHOE Koauye-
CTBO BOIIbI, KOTOPOE JOJIKHO OBITh MOAAHO TOPOAY B TEUEHUE CYTOK.

Ha XO0351CTBEHHO-TIUTheBbIE U OBITOBBIE HYXKIbl HACEEHUS
cpelHUe CyTOUHbBIE pacxoasl Boabl O, M3/CyT, paBHBI:

0 = q.,N,

TI€ ., — CPEIHWII 3a TON pacyeTHBIN PACXOX BOIBI HA OIHOTO XH-
TeNS B CYTKM, MPUHUMAaeMBbIil B COOTBETCTBUU C NEUCTBYIOIIUMU
CHull; N — pacueTHOe 4uCJIO KUTEJEH.

PacueTHble 06BEMBI BOAOTIOTPEOIEHUS IPOMBIIIIIEHHBIX 00BEK-
TOB OTPEAEISIIOTCS Ha OCHOBAaHUM TEXHOJOTUYECKUX PACUETOB.

OrnpeneneHHBIE CPEAHECYTOUYHBIE PACXOAbl BONOMOTPEOIEHUS
MOTYT CJIYXXUTh TOJIbKO B KaueCTBE OOLUEro Mmokasaresst moTpedHo-
CTHU B Boje. B NeMCTBUTEILHOCTH CYTOYHBIE PACXOIbl BOJBI B 3HAYU-
TEJbHON Mepe 3aBUCAT OT Ce30HAa rofa, KIMMaTHYeCKUX U3MeHe-
HUI, THel Henenn. Takum oOpa3oM, notpebieHUe BOABI KUTENAMU
B Te€YeHME T0Jla HEPAaBHOMEPHO U 3a7a4ya CUCTEMbl BOJOCHAOXEHMUS
B TOM, YTOOBI YIOBJIETBOPATDH NMOTPEOHOCTU HAceJIEeHUS B BoIE IO~
CTOSIHHO, B TOM YHCJI€ B CYTKU HanOosbllero (MakCHMMaJIbHOro) BO-
JIOTNIOTPEOeHUS.

CyToyHas HEpaBHOMEPHOCTb MOTPeOJEHUS BOIBI XapaKTepHU3y-
eTcst KoaQPULIMEHTaMU CYTOYHOW HepaBHOMEPHOCTH Ko M K .
MaxkcuMasibHbI KOI(PGULIMEHT CYyTOYHOI HEPABHOMEPHOCTH Kt
MpeJACTaBIeT CO00i OTHOLIEHHWE CYTOYHOTO pacxoia B AHHU Hau-
6omb1IErO BOAOMIOTPEOIEHUA QY K CpEIHEMY CYTOYHOMY pacxony
3a rox O:

Kke = Qe / ©-

MUHUMANBHBIN KO3 (PULMEHT CYyTOYHON HEpaBHOMEPHOCTU
K& — 3TO OTHOLIEHHE CYTOYHOTO pacxoia B JHW HaWMEHBIIEro

MHH

BOJOMNOTPeDIeHUS Q% K CpeHEMy CYTOYHOMY pacxoiy 3a Fof:

MHH
Ko =00 /0

OTU K03 PULUEHTEI, YYUTHIBAIOLINUE VKA XKU3HU HACEJICHUS,

pexuM paboTel NMpeanpUsITHA, cTeneHb OJaroycTpoicTBa 3MaHUIA,
. YT . —

NMpUHUMAKOTCS paBHBIMU: K =11—13; K =0,7—0,9. OHu no-
JIy4eHBI B pe3yJIbTaTe aHAIM3a HEPaBHOMEPHOCTH BOJOITOTPEOIeHUS
B ICMCTBYIOLIMX BOJOIIPOBOIAX.

MaxkcuManbHBlii cyTOUHBIN pacxon QO =K -Q aBasieTcst oc-
HOBHBIM pacXxoioM, Ha KOTOPBIH JOJKHA OBITH pacCUMTaHa CHUCTE-
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Ma BomocHaGxeHust. OIHAKO clenyeT MTOMHUTD, YTo noTpebieHne
BOABI B TeUeHHUE CYTOK Takxke HepaBHOMepHo. CrerneHb HEPaBHO-
MEPHOCTH PacXONOBaHUsI BOABI 3aBUCHT OT Yuciia XUTeEJel B Hace-
JIEHHOM MYHKTE, a TAaKXKe OT 6JIaroycTpoiicTBa 3maHuii, yCI0BUI pa-
OOTBI MPEATTPUATANA N IPYTUX MECTHBIX YCIOBUIA.

PexuM BogonoTpebicHUs B TCUEHUE CYTOK OTIpENesieTcs 110 pe-
3yJbTaTaM HAOMIOAEHUH 3a NEUCTBYIOIIMMHU CUCTEMaMU BOIOCHa0-
keHust. OHU MOTYT OBITh NMPEACTABIEHBI B TAOTUIHONH, UHTETPATb-
HOM, aHATUTHYeCKON Min rpadpudeckoir popme. Ha puc. 2.4 npu-
BelleH TIpUMep CTyrneHyaroro rpaduka sogonorpedienus. [lo ocu
OpAWHAT 3TOro rpaduka OTHOXEHBl 3HAYEHUS 4acOBOTO pacxola
BOJBI B MPOLIEHTAX CYyTOYHOTO pacxoa.

acym’ % / q'/-max a"y’” <24

; 1\
-\

g 72 16 20 24
Yacs! cymon

a(l. min

Puc. 2.4. I'papHK B3auMOCBSI3H PEXKHMOB PabOThl CHCTEMbl BONOCHAGKEHUS
H BOJONOTpEOHTENEI:
1, 2 — nns HacocHBIX craHumil 1, I nombeMa; 3 — pexum Boaonorpeblie-
HUA

YacoBasi HepaBHOMEPHOCTb MOTPeOIeHUST BOABI XapaKTepu3yeT-
¢Sl MaKCUMaNbHBIMU KO3 drireHTaMH 4aCOBOH HEpPaBHOMEPHOC-
™ K. ¥ K, , PABHbIMMU:

Makc
anc _ f)uac /Qqac_ anc _ {}Hac / 4ac
- cp 9 “hMUH T XMuH cp *

Makc MakKc

MaxkcuMasbHBIA YacoBO# pacxol VISl CYTOK HauboibILIEro BOJIO-
rnotpedieHns

Qqac =anc . ;Z’LC/24‘

Makc Makc

MuHUMaTBLHBIA YaCOBO# pacxoj sl CYTOK HauMEHbUIEro BONO-
notpebaeHns

Op = Ko - Qo / 24
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ITo naHHBIM pabOTHI KCIUTYaTUPYEMBIX TOPOACKHX BOAOTIPOBO-
noB B CHull gansl pekoMeHIauUu ISl TPUOIUXKEHHOTO orpeeie-
HUS K™ u K™ no dopmynam:

Makc MHH

yac .
Kmaxc =a Machmaxc ’

K‘(ac =

MHH MUH I MMH *

KoapduuneHT o yUUTHIBAET CTENCHb 6J1aroycTpoicTBa 3naHui,
peXUM paboTbl NPEANIPUATUI U ApYyTHE MECTHBIE yCaoBUsA. OH Npu-
HWUMAETCSl PaBHbIM:

Oyae = 1,2— 1,45

Makc

Oy = 0,4—0,6.
KoadduuneHT B yIUTHIBAET BAUSTHUE YNCIIEHHOCTH HacelleHUs
obbexTa (Tabn. 2.7). C pocToM HaceJaeHUsI HEpaBHOMEPHOCTh BOJIO-
rmoTpeOIeHUsT yMeHblaeTcs. Huxke mpuBoaaTcs 3HadeHUsT Koadpdu-
HUEHTOB B, ¥ B, B 3aBUCUMOCTH OT YUCJIA XUTeNeH V.

Taonwuma 2.7

3uavenus Kodpduuuentos B . 1 B,

N, Tbic. yen. Buaxc Buawn N, TbIC. yen. Buare Buawn
[o 0,1 45 0,01 2,5 1,6 0,1
0,15 4 0,01 4 1,5 0,2

0,2 3.5 0,02 6 1.4 0,25

0,3 3 0,03 10 1,3 04

0,5 2,5 0,05 20 1,2 0,5
0,75 2,2 0,07 50 1,15 0,6

1 2 0,1 100 1,1 0,7

1,5 1,8 0,1 300 1,05 0,85

1000 n Gonee 1 1

I'pacduku pexxuma pacxoJoBaHHS BOOBI, MMOJYYEHHBIE IO AaH-
. HBIM XO3SIICTBEHHO-TIUTHEBOTO BOJIOMOTPEOIEHUSI, HE OTPAXaAIOT
B [TIOJIHOM Mepe PeXUM MOTpeOIeHUA BOABl HACETEHHBIM MTYHKTOM.
BTO BBI3BAHO TE€M, UTO U3 FOPOACKON CUCTEMbI BOIOCHAGKEHHUS IO~
MUMO XO3STNCTBEHHO-TTUTHEBBIX PACXOJOB OTOMpAETCsl BOJA HAa HYX-
bl TIPOMBILIIEHHBIX MPEATIPUSATUIM, MOJUBKY U Ap. O00OLIeHHBIH
rpauK pacxona BOIBI 1O YacaM CYTOK HEOOXOAMMO CTPOUTH C yue-
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TOM BCEX 3TUX PacXOIOB U BEPOSITHON CTENEHU UX KOjeOaHUs B Te-
yeHHe cyTok. IToTpebieHne BOABI U3MEHSETCSI TaKXe B TIpeneiax
Kaxmoro yaca. OqHako s yIpolEeHUs pacyeToB 3TUM (aKTOpOM
npeHebperaioT. KpoMe Toro, pasBuTHE CUCTEMBI NTOJAYU U pacrpe-
JIeJIEHUs BOJBI ITO OYepeAsiM JaeT BO3MOXHOCTb UMETb HEKOTOPBII
pe3epB MOLIHOCTH CHUCTEMBI, TTO3BOJISIIONINN 00ecTieYMBaTh YBEIU-
YEHHYIO MTOayy BOIBI B CITyyae HEOOXOAUMOCTH. YUUTHIBAsl CKa3aH-
HO€, pacyeTHBIN CEeKYHIHBIH pacxon (Ji/c) B yac MaKCHUMaJbHOTO
Bononorpebnenus gq,,,. =0 /3,6.

CyTtouHoe noTpebieHre BOIBl B Pa3jIMYHbIC NTEPUOABI Toja Ha
TMPOMBINIJIEHHBIX O0BEKTAX B 3HAUUTEJIBHOU Mepe OorpenessieTcs
TpeOOBaHUSIMU TEXHOJIOTHUYECKOTO Mpouecca. Ha HekoTophIX 1po-
M3BOJICTBAX OHO MEHsETCS HE3HAUUTEIbHO (HalmpuMep, Ha Mpou3-
BOJCTBAaX, UCIOJB3YIOUINX BONY I OTMBIBKY MPOAYKTA), Ha IPYTUX
OHO BeChbMa CYIIECTBEHHO (HampuMep, B CUCTEMax KOHINLIMOHUPO-
BaHMSI BO31yxa, KOHACHCALIMY Tapa U T. I.).

HM3MeHeHHUe pacXomoBaHUSI BOABl B TeYEHHE CYTOK 3aBUCHUT OT
4yucyia CMEH, KOJIWYecTBa paboTalluX B KaXIYI0 CMEHY, pexuma
0TOOpa BOABI B T€UEHUE KAXIOW CMEHBI, HAJIUUUS TOPSUUX U XO-
JIODHBIX LIEXOB M ApYyrux akTopoB. OMHaAKO HEPAaBHOMEPHOCTb ITO-
TpeOieHWsT BOABI MTPOMBIIIJIEHHBIMU TIPEATIPUSATUSIMUA B OTJIMYUE OT
HEPaBHOMEPHOCTH XO3SIHCTBEHHO-ITUTHEBOTO BOAONOTPEOIEHUS Ha-
CEJICHUEM MOXET ObITh MOCTaBJIEHA MOA ONpeAeICeHHbI KOHTPOJIb
C MMOMOIIIBI0 TEXHUUYECKUX pelleHuit. B psme ciiyuyaeB Boma U3 ro-
POICKOM CUCTEMBI BOIOCHAOXEHMST Ha HYXXIBI ITPOM3BOJCTBA MOXET
MOCTYNAaTh B PETYJIUPYIOLIME U 3aMTaCHBIE eMKOCTH, PACITONIOXKEHHBIE
Ha TEePPUTOPUU MNPEANPUSATHUS, OTKYIa TTOAABATHCS MECTHBIMU Ha-
COCHBIMU CTAHIMSIMU. BO3MOXHO OpraHM30BaTh MOAaYy BOIBI
MPEATNIPUSITHUSIM B YaChl HAUMEHBILIEro NMOTPeOIeHUST BOBI TOPOIOM.
DTO cNnocoOGCTBYET YMOPSAOYEHUIO CYMMapHOTo rpacduka BOAOMO-
TpeOIeHUsI ¥ MOBBILUEHUI0O SKOHOMUYHOCTH pabOThl TOPOACKOTO BO-
JIOTIPOBOJIA B LIEJIOM.

Pacxonpl Ha TTPOU3BOJACTBEHHBIE HYXIbI OTNpEAE/SIOT MO AaH-
HBIM TEXHOJIOTUYECKHX PACUETOB WJIM YIEJIbHBIM HOPMaM Pacxoio-
BaHUS BOABI Ha €AUHULY NMPONYKLMHU, BBIITYCKAEMON 3a CYyTKM WIN
CMEHY.

Pacxonsl BOIIbI, OTOMpPaeMOi U3 CUCTEMBI Ha TTOJIMBKY YJIUI U 3€-
JIEHBIX HaCaXAEHUI, HE TOIKHBI MOMAaxaTh B YaCkl MAKCUMyMa pac-
XOIOBaHUS BOJIBI Ha XO3SMCTBEHHO-TTUTHEBBIE HYXIBl B HanboJjee
Harpy>k€HHbIE CYTKH.

s Kaxmoit KaTeropuu morpeduTeseit JOKHBI ObITh COCTaBIE-
HBI TparKM TOTpeOIeHHUST BOIBI B TeU€HUE CYTOK. LIS TTOnydeHus
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cyMMapHoro rpa¢uka HeOOXOIMMO CIIOXHUTh OPAMHATHEI COCTaBJIs-
jouux ero rpacdukos. Mcronb3ys maHHble cyMMapHoro rpaduka
* BONOTIOTPEGIIEHHS, IIPOBOIAT pacyeThl CUCTEMBI Ha Pa3jINUHbIE MO-
MEHTHI BpEMEHH.

2.4. Pexum paboTbl BOgONpoBsoaa u ero
3N1eMEeHTOB

2.4.1. Pexum paboTbl OTAENbHbLIX COOPYXEHUN U Ux
¢YHKLUMOHANIbHAA B3aNMOCBSA3b

YcTaHOBUB pacyeTHBIA rpadUK BOAOMOTPEOIECHUSI, CYTOUYHBIE
pacxoasl BOABI M B3aUMHOE PACMOJIOXKEHUE 3JIEMEHTOB CHUCTEMEI BO-
IOCHAOXEeHUS, HA3HAYAI0T PEXUM paboThl OTAEIBHBIX €€ COOpYyXKe-
Huit. OH JoyixeH obecrieynBaTh peXXUM BOIOTIOTpeOIeH .

B3anMocBsi3b pexkruma paboThl CUCTEMBI BOTZOCHAOXEHUS (CM.
puc. 2.1, a), nogaroieif BOoy B pacrpeleuTeIbHYIO CeTh, C pac-
YeTHBIM IpacdUKOM BOOOMOTPeONeHUs MoKa3aHa Ha puc. 2.4. B pa-
60Te COOpYKEHUI CUCTEMBI IOJIKHA OBITh OpraHW30BaHa TaKasl B3a-
HUMOCBS3b, UTOOBI OBUTH 00eCTIeYeHbl 3aaHHble TpeOOBaHMSI B OTHO-
1IeHUn  BomooOecrmeyeHUss  morpedbutens.  BomompueMHbie
COOpYXXEeHUs, HacOoCHasi CTaHLIUS | rmogbeMa U OUMCTHBIE COOpYXKe-
HUS 00ecreynBaloT 3a60p, Moaayy ¥ OYUCTKY BOIBI B 0OBEME Cy-
TOYHOTO BOHOMOTpeOeHUs. PexkuM paboThI 3THX COOPYXEHUH IS
CpeIHUX U KPYITHBIX OOBEKTOB, KaK MpaBUJiO, Ha3HA4YaeTCsl paBHO-
MepHBIM. [Tpu aTom pexkxume (TuHus 1 Ha puc. 2.4) obecriednBaloT-
Csl HAMMEHBbIIINE PaCUeTHbIE HATPY3KHU YKa3aHHBIX COOPYKEHUH U UX
HaWMEeHbIIasi CTPOUTENbHAsT CTOMMOCTh. B BOMOMPOBOAHYIO CETh
BOJIa MOmaeTcs U3 pe3epByapoB HacocHo# craHuuei Il mompema.
Ilpu coBnagneHuu rpacduka pexnMa paboTbl HaCOCHOU CTaHUMHU
Il nmonbeMa ¢ rpadpmkoM BomomnoTpebaeHust (IMHUS 3 Ha puc. 2.4)
BOJIOHATIOpHAs OalllHA IJSl LeNiei peryJlupoBaHUS B CUCTEME HE
TpebyeTcsl.

Hcnonb30oBaHHE TAaKOTO pexXruMa paboThl HACOCHOW CTAHLMU TIPU
3HAYUTEILHOM HEPaBHOMEPHOCTH BOIOIMOTPEOIECHUST YCIOXHSIET
M YAOPOXAET 3KCIUTyaTallll0 U CTPOUTEBCTBO cucTeMbl. Kak mpa-
BUJIO, UCTIOJIB3YETCSI CTYIIEHYATHI peXuM paboThl HACOCHOM CTaH-
uuu II nogbema (muuug 2 Ha puc. 2.4). Ilpu 3TOM pexXnMe B 4achl
MaKCUMAaJIbLHOI'O0 BOAOTIOTPeOIEHUSI HACOCHASI CTAHIIUS TTOJaeT He-
CKOJIBKO MEHbIIIee KOJTMYECTBO BOABI MO CPAaBHEHHIO C TPEOYEMBIM.
B yacel MUHMMaJIbHOrO NMOTPEOJIEHUSA BOIBI NTogaya HacOCOB TIpe-
BBILIAET MOTPeGIEHHE BOIBI.
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B nepBoM ciydae HEIOCTATOK BOIBI KOMMEHCUPYETCS U3 BOAO-
HarmopHOM GamrHu, BO BTOPOM — U30BITOK HAKAIJIMBAETCS B pe3ep-
Byape OairHu. MTak, B CUCTeMe CYIIECTBYIOT PETYIMPYIOLINE pe3ep-
Byaphl ABYX TUIOB. K MepBOMYy OTHOCHTCSI pe3epByap YMCTON BOJBI,
HaXOAALIMICA Ha TpaHMLE OBYX 30H CUCTEMBI. PexXxuM paboThl Ha-
CcOoCcHoOM cTaHuuM I mombeMa onpenessieT paboTy cOOpyXeHHUit Tiep-
BOI1 30HBI; paboTa COOpY:KeHUH BTOPOI1 30HBI OMPEAENSIETCS PEXH-
MOM paboThl HacocHO# craHuuu 11 mogpema.

BTOpBIM THITOM DETYJIHPYIOLIMX pe3epByapoB (EMKOCTEi) SIBJISI-
eTCS BOJOHAIMoOpHas OalrHs, HaXOAsIIasIcsa Ha rpaHUlle 30H, pabo-
Ta COOPYXEHUIN KOTOPHIX OTIpeeNIieTCsI peXXUMOM TOJayUh BOIBI
HacocHoit ctaHuueit Il mogpema u rpacuKoM BOIOTIOTpeOIEHUS.
O6beM peryupyroiei eMKOCTH BOOOHAITOPHOM OalIHU OyneT TeM
MeHblle, yeM Gimxke rpacduk paboTsl HacocHO# craHumu 11 momb-
eMa K rpaduKy BOIOIMOTpeOaeHUS. DTO JOCTUTAETCS YBEIUYEHUEM
cTyneHeilt rpadpuka paboThl HACOCHOM CTaHIIUM U, CJEI0BATENbHO,
YCTaHOBKO# OoJiblllero yucna HacocoB. B moboM cnyyae o6beM pe-
TYJIMPYIOLIAX EMKOCTEN JOIKEH ObITh JOCTAaTOYHBIM TS obecreye-
HUSI CyTOYHOTO BOAOMOTPEOIIEHHUSI TIPY UX COBMECTHOI paboTe ¢ Ha-
COCHBIMU CTaHUHUSIMMU.

PexxuM paGoTsl TpyOGONPOBOIOB, MTOAAIOIIMX BOAY OT BoHg03abop-
HBIX COOPY>XEHUH Ha OYMCTHBIE COOPYXEHHUS U B pe3epByaphl YHUC-
TOW BOZABI, ONMpPEAESETCS PEXUMOM paboOThl HACOCHOW CTaHUMU
I nogpema, a pexxuM paboThl BOIOBOIOB, TPAHCITOPTUPYIOUINX BOIY
OT pe3epByapoOB YHUCTOI BOIBI JO BOJAOHANIOPHO#N GauTHU, — Hacoc-
Hoii ctaHuuH 11 noarema. Ha yyactke oT BomoHamopHo# GaurHu 1o
ropona pexXyUM paboTHl BOIOBOAOB 3aBUCHUT OT peXUMa BOIONOTPeD-
JeHusi. YcnoBus paboThl BOMOHAMOPHOM GalllHU TaKXKe 3aBUCSIT OT
rpaduka BoionoTpebiaeHus ropoja, a ee 00beM ompenensercs Imy-
TeM COBMeIUIEHUS T'padUKOB BOMONOTPeOIeHUS TOpoa U paboTh
HacocHo# ctaHuuu II mognema.

K cucreme BonocHabxeHUS TIPeqbABIAIOTCA TpeGOBaHMSA, Kaca-
IolMecd He TOJIBKO MOoJayd BOIBI TTIOTPEOUTENSIM B HEOOXOIUMBIX
KOJIMYECTBAX, HO U HAMOPOB, KOTOPBIE HOJIXXHBI OBITH 00eCTIeYeHbI
B TOYKax otdbopa. Hamop, pa3BuBaeMbIif HACOCHOM CTaHIIUE, U BbI-
COTa BOAOHATIOPHOM GalIHM JOJIXHBI OBITH JOCTATOYHBIMHU IS TIpe-
OZIOJIEHWS TOTEPDb HANopa NMPU ABMXKEHUN BOIbI IO TPYOOTIpOBOIAM,
a Takxe Ui MoAbeMa BOJBI 10 HaMBBICHIEH TOUKH €€ 0TOOpa U U3-
JIVBA.

BonbMHCTBO MOTPeOUTENEH MOTYyYAIOT BOAY HAa HEKOTOPOIA BbI-
COTE HaZ MOBEPXHOCTBIO 3eMJIH (pHcC. 2.5). D10 TpebyeT co3naHus
B CETH B MeCTe NMPUCOENNHEHHS BBOJA HArlopa, TOCTaTOYHOTrO ISt
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MOIbEMA BOIBI HA 33IaHHYIO BBICOTY, HOCSILIETO Ha3BaHUe CBOOOJI-
Horo Hamopa H_,:

HCB = ‘H[‘ + hnOT + HOCT’

rae H, — reoMeTpuyeckas BHICOTA MOABEMA BOJABI OT MTOBEPXHOCTH
3eMJIM IO CaMOM BBICOKOM BOJ03a0OpHO# TOYKH, M; A, . — TIOTEPU
Haropa BO BHYTPEHHEN CETH, BOIOMEPHOM Y3Jie U BBOAE, M; H . —
OCTAaTOYHBINA HAMop Y AUKTYIOLIETO Npubopa, M.

—%hnom

P
HOCT

Puc. 2.5. CxemMa nmogauu Boabl B 37aHHE

I'eoMeTpHueckas BbICOTa TIogbEMa BoAbl H, M, OnpeaensieTcs o
bopmyre .
[{r = Hn.n +(n— Df[ar + an’

rae H,, — mpeBbllIeHHe OTMETKY T10J1a MEPBOTO 3Taxa Hajl MOBEPX-
HOCTBIO 3eMJIU (TJTAHUPOBOYHASI BBICOTA); 7 — YUCJIO 3TaXeil B 31a-
HuM; H, — BbICOTa 3Taxa 31aHusl; H , — BBICOTA pacTONOXEHHUA
OUKTYIOETO IIpubopa Hall MOJIOM.

st npeBapUTENbHBIX pACYeTOB CBOOOMHBIN HATMOpP NMpPHA ORXHO-
9TaXHOM 3acTpoiike MpUHUMAIOT paBHBIM 10 M, a npu GosblIel
3TaXHOCTH MPUOABJISIOT MO 4 M Ha KaXIBIM 3TaX:

H, =4(n—1)+ 10,

Ilie # — BTaXHOCTh 3aCTPOMKH.
B yacel MUHMMAaJIBHOTO BOAOMOTPEOJIEHNST HAIOp Ha KaXXIbIi
3Tax (KpoMe MepBOro) A0MycKaeTcs IpuHuMath 3 M. Ha nmpomsIn-
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JIEeHHBIX MPEATIPUSATHSX CBOOOAHBII HAIIOP OMPENEISIETCS TEXHOO-
TMYECKHUM TIPOLIECCOM.

CBsi3b MEXIY HarmopaMu LISl CXeMbl BOIOCHa0OXeHUsI ¢ OallHeih
B Havyayie ceTu (puc. 2.1, @) Ha MOMEHT MaKCUMaJbHOTO BOAOTO-
TpeGJIeHUs TIpeicTaBieHa Ha puc. 2.6. OHa onpenensieTcs ojioxe-
HHEM MTbE30METPUUYECKUX JIMHUM, KOTOpBIE OTpaxaioT NajgeHue Ha-
1opa B CETHU MPU ABUXEHUU BOABI OT UCTOYHUKA BOLOCHAOXEHUS
0 TO4eK CeTH, HauboJsiee HeGIarornpusTHO PacroJIOXXEHHBIX B OT-
HOILUEHUH 00ecTieUeHUsI CBOOOIHBIX HANOPOB. DTH TOYKHU HOCAT Ha-
3BaHUS IUKTYIOUINX» WA «KPUTHIECKUX». OOBIYHO JUKTYIOUIUMH
TOYKaMH SIBJIIOTCS HanboJiee yaajeHHbIe OT OallHU TOYKU 0TOOpa,
UMelole HanbonbllIne Teofe3nuecKue OTMETKH 3eMIu. B Hux Oy-
IyT camMble HU3KHE TNbE3OMETPUYECKHE HAMOPHl M CaMble MaJbie
CBOOONHBIE HATIOPHI.

3
)
® x* A
e —_
g R
<
X ] Wla,
O o >z
=~ HC ‘E N N

Puc. 2.6. CxeMa B3aHMOCBSI3H MeXIY HamopaMH B CHCTEME
BOJIOCHA0KeHHUs ¢ OamiHeil B Havane ceTH

ITre3oMeTpuyecknil Hamop npeacTapiseT codboi CyMMy reojie-
3UYECKOUN OTMETKHM paccMaTpuBaeMoOit TOUKM U CBOOOIHOTO Hamo-
pa B Hell. Ecnu 3a XpuTnueckylo (Cpeau yaaJeHHBIX OT OalIHM)
MPUHSATDH TOYKY @, UMEIOLIYI0 HAaUOOJBIIYIO TeoIe3UIECKYI0 OTMET-
Ky Z, TO TpeOyeMbIi TbE€30METPUUYECKHUI Hamop B Hei OyaeT paBeH
z+ H,, rne H, — TpebyeMblit cBo6oaHbIi Harmop. CBOGOAHEIH
Harop B 3TOH TOYKE B 10001 MOMEHT JOJIKEH OBLITh HE HUXE Tpe-
Oyemoro. IIbe3oMeTpHyeCcKast TUHUSA a,6, XapaKTepU3YeT MaJeHUe
Haropa B CeTU B MOMEHT MaKCHUMaJiIbHOTO BonoToTpeOieHus. Boi-
cora BOJOHANOpHOW 6aiHu Hg 1omKHa OBIT TAKOM, YTOOH B Yac
MaKCUMAaJIbHOTO BOAOIOTPEOEHUST B TOYKE a oDecrneyruBascs Ha-
nop H,.
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CBs3b MeXJIy HallopaMU B TOYKaX 6 U a OTNIPeNeseTCs ypaBHe-
HHUEM

%+ Hy=2z+ H, + 2h,

€ Z; — OTMETKA 3eMJIM B MecTe pacrojioXeHus GaliHu; Th — mo-
Teps Haropa Ha yyacTKax CETH OT OalllHU 10 KPUTHUYECKOUN TOUYKHM a.

IMonp3ysich 3TUM YpaBHEHUEM, MOXHO OTPEACIUTh BHICOTY BO-
JIOHANOpHOH balIHu

Hy=H, + sh— (z — 2).

Ona 6ynet TeM MeHblle, YeM Oosbliiee 3HAaYEHUE UMEET BETUYM-
Ha Z;. IToaToMy pacriojioXeHHe BOIOHAMOPHOM OallHM Ha BO3BBI-
ILIEHHBIX OTMETKAX OyleT MPUBOAMTD K YMEHBIIECHUIO €€ CTPOUTENb-
Ho crouMocTu. Ecnm B pesynbrare pacueta Hy = 0, To 3TO yKa3bi-
BaeT Ha TO, YTO YCTPOWCTBO BONOHAMOPHOW OaltHU He TpeOyeTcs.
B 3ToM cnydae BMecTo GalIHM YCTaHABIMBAaETCA HAMIOPHBIN pesep-
Byap, KOTOPBIif MOXeT OBITh PAcIONOXKEeH Ha MOBEPXHOCTHU 3eMJIH
WK OBITh 3army0aeHHbIM. CTOMMOCTD HallOPHBIX pe3epByapoB Bce-
rJja MeHbIIE CTOUMOCTH BOMIOHAITOPHBIX HallleH TOTro Xe oGbeMa.

ITonoxeHue nbe3oMeTPUYECKON TMHUU MEHSIETCSI C U3MEHEHU-
€M BOAOMOTpeOsieHUSI M CTenmeHU 3amnojHeHusa Oaka. ITo mepe
YMEHbILEHUs BONONOTPEeOIEHNsI MOTEpU HAmopa B JTUHUAX CETH
¥ BOIOBOJAX TaKKe YMEHBIIAIOTCS U, CIENOBATEIbHO, MbE30METPU-
yeckast TMHUS OyIeT UMeTh MEHbILIUI YKJIOH. OHa OyneT moBopavyu-
BaTbCA BOKPYT TOYEK 6; U 6, NIIK UX TIPOMEXYTOYHBIX ITOJIOXEHUIA.
ITse3oMeTpuyeckass JUHUS 3aHMET TOPU3OHTATBHOE TOJIOXEHUE
B C/lyyae mpekpallieHusi oTbopa BOIbl U3 CETH, KOTa MOTEpU HaIo-
pa B €€ JIMHUSAX PaBHBI HYJTIO.

MakcumanbHo gomycTuMbiii Hamop B cetd CHulI orpannumnsa-
10T 60 M.

Tpebyemsiit Harop y HacocHo# ctaHuuM 11 moxbema onpenens-
€TCSI U3 YCJIOBMSI BO3MOXHOCTH TIOIaYM BOABI HA OTMETKY MaKCH-
MaJTBHOTO YPOBHS BOIBI B 6aKe BOJIOHATIOPHON GalIHU:

H, = (zg—z,) + (Hs— Hp) + h,,

Izl z, — OTMETKa yPOBHS BOIbI B pe3epByape; H — pacyeTHast BbI-
cora 6aka 6alIHU; A, — TOTEpU Haropa B HalOPHBIX U BCACbIBa-
IOLIUX TPYOONPOBOIAX CTAHIIUM, BKITIOYAST TOTEPU B KOMMYHHUKALIUSIX.

C n3MeHeHHEeM ypOBHS BOIbI B Oake GallHM paboyast TouKa Ha
KpuBoit O—H HacocoB GyneT MEHSITh cBoe TosoxeHue. OnHoOBpe-
MEHHO OyIeT M3MEHATHhCA U TMofavya BOIBI HACOCHOM CTaHIIMEH.
B pesynsrate NMpUHATHIA TpadvK paboThl HACOCHOW CTaHLIMM Xapak-
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TepU3yeT KapTHHY €€ paboThl JIUIIb C HEKOTOPBIM MPUOINKEHHUEM.
PeanbHy10 KapTUHY MOXHO TOJIYYUTh B PE3YJbTaTe THAPABINYECKMX
pacyeToB CHUCTEMBI TTIOJAYH M pacTipeleeHUsT BOABI B LIEJIOM.

TpebyeMblit HamoOp HAacOCOB cTaHUMU | MoaBeMa onpenensieTcs
aHAJIOTUYHBIM 00pa3oM.

Ha mpakTHke BO3BBIIIEHHBIE OTMETKM CHabXaeMoil BOIOi TeppH-
TOPHU MOTYT HaXOAUTHCS B MPOTHUBOIIONOXHONW OT HACOCHOM CTaH-
uuK ctopoHe. CrcreMa BogoCHaOXeHHUs ¢ OalrHel, yCTaHOBIIEHHOM
Ha OTHX OTMETKax, Ha3bIBae€TCSl CUCTEMOW C KOHTppE3EpByapoM
(puc. 2.7). PexxuuM paboThI 3TOI CUCTEMBI UMEET OTIIMYUSA OT PEXH-
Ma paboTbl CUCTEMBI ¢ OalllHeit B Havyasie ceTh. I1pu MakcUMabHOM
BOJIOTIOTPEOJIEHUM ITUTAaHUE NOTPEOUTENEH BOMONU OCYIIECTBISETCS
C IBYX MPOTHBOMOJIOXKHBIX CTOPOH: OT HACOCHOH CTaHUMU — Q, U OT
BOIOHANOpHOH 6amHn — Q. s cucteMbl BOIOCHa6XeHus ¢ bar-
Hell B HayaJie CETH OHO OCYILECTBJISIETCS B HAYaJIbHOM TOYKE CETH,

T.¢. 0= 0, + O

Puc. 2.7. Cxema cucTeM BOJOCHAOKEHHS1 ¢ KOHTPpPE3epBYapoM:
1, 2 — pailoHBI MUTAHHSI COOTBETCTBEHHO OT HACOCOB M GalHu 3

IMpubnuxenHo pacxonsl O, U ¥y ONIPENeNsoTCs MO0 COBMEILEH-
HOMY rpaMKy pexumMa paboTbl HACOCHON CTAaHLIMU U peXHMa BO-
nonotpebieHus. B cucreMe ¢ KOHTppe3epByapoM MOTOKU BOIBI OT
HAaCOCHOM CTaHUMMU U BOJOHAMOPHOU OaliHM OyAayT HaIpaBieHBI
HaBCTpevy ApYT Apyry. JINHMA, MpoBedeHHas Yepe3 y3/bl, B KOTO-
PBIX MIPOM30LILIA BCTPEYA MOTOKOB, HAa3bIBAETCSl TPAHMLEH 30H MHU-
TaHUsA (JIMHUSA aa Ha puc. 2.7). Kputnueckoit U3 pacrnoyioXeHHBIX
Ha 3TOM JIMHUM TOYEK OYIeT Ta, KOTOpast UMEET HauDOJIBLIYIO reo-
Ne3UYECKYIO OTMETKY.

Takoii Toukoit Ha pucC. 2.8 ABIAETCA y3€N @, C TEONE3UIECKOI OT-
MeTKO# z. TpeGyeMblii CBOGOMHBIN Hamop B 9To# Touke paBeH H .
3Hast reofie3M4ECK1e OTMETKM PaCYETHOTO yPOBHS BOIKI B PE3EPBYya-
pe YMCTOM BOIBI Z,,, 3EMJIM B MECTE PACTIONIOKEHHU OallIHM Z5, @ TaK-
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e MoTepu Haropa LA, Mpy ABMXEHUM BOIBI OT HACOCHO# CTaHLIMU
JI0 TOYKH @; ¥ TIOTEPU Haropa Zhg Mo MyTH OT OalIHU A0 3TOH TOY-
KW, MOXHO IMOCTPOUTDH IME30METPUUECKHE JIMHUHU IUIST 9aca MakCH-
MaJIbHOTO BogornoTpebneHust (muuus I Ha puc. 2.8). OHU OymyT
MMETD YKJIOHBI ITPOTHBOITOJIOXKHBIX 3HAKOB M OOLUYIO TOYKY B Y3JIE 4.
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Puc. 2.8. Cxema B3aUMOCBA3H MeXIy HANOPAMH B CHCTEMeE
BOOCHAOXeHHs1 ¢ OamHeil B KOHIE CeTH

Tpebyemast BbICOTa BOMOHAMOPHOM GaHu Hy 1 HeOOGXOAMMBIi
Harop HacocoB H,, ONpenesoTCst MO BHIPAXEHHUSIM:

Hg = H, + Zhs — (35— 2);
HH = H6 + (ZhH + h6— Zhs) + (ZG -2z,

rae hy — MoTepyu Hamopa B BOLOBOJAAX, COCAMUHSIOIIMX HACOCHYIO
CTaHUHIO C CETHIO.

B uackl, Korzaa rmomaya HaCOCOB B MAKCUMAJbHOM CTETeHU Tpe-
BBIILIAET BOAONOTpeOIeHNE, U3OBITOK BOALl TPAH3UTOM ITPOXOIUT
Yyepe3 BCIO CCTEMY TPYOOITPOBOJIOB M TTOCTYTIAET B pe3epByap BOMIO-
HaropHoO! GalllHU. DTOT MOMEHT Ha3bIBAIOT MOMEHTOM MaKCHMaJlb-
HOTO TpaH3uTa. B 3TOM cityyae nbe3oMeTpudecKast JTUHUSI Tpuodpe-
TaeT YKJIOH OJHOTO 3Haka (JuHus 2 Ha puc. 2.8). Harop Ha Hacoc-
HOW CTaHUWU B 3TOT MOMEHT OOJbLIE HATIOPA B YaC MaKCHUMAaJIbHOTO
BOIOIIOTPeGIEHUS. DTO BHI3BIBAETCS BO3pacTaHUEM TOTEPh Hamopa
B CETU U3-3a YBEJIMUEHUS MTYyTH TPAHCTIOPTUPOBAHUS BOIBI, 2 TAKXKE
€€ KOJTMYECTBa B paifoHe rpaHMLBl 30H MUTAHUS.

IIpuBeneHHBIE CXEMBI BONOCHAOXEHWS HE OrpaHUYMBAIOT HX
MHOroo6pasusi. OHU onpenensiioTcs psiaoM (HakTopoB: YHCIIOM MC-
TOYHUKOB NUTAHHUS, MECTOM MX PACIOJIOXKEHHSI, KOH(PUTrypauuei
TEPPUTOPHUH, €€ pebedoM U T. I.
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2.4.2. Pabora cucTtemMbl BOAOCHaGXeHUs npm
BO3HUKHOBEHMM NOXapa

JIna co3naHus 6onee XeCTKUX YCIOBUM B OTHOLIEHUH HArpy3ok
Ha CHUCTEMY BOJOCHAGXEHMWsS HOpMaMU MPOEKTUPOBAHUS TIpEay-
CMaTpHUBAeTCs] BO3MOXHOCTh BOBHUKHOBEHHUSI MTOXKapa B Yachl Mak-
CUMaJTBHOrO BojonorpedyieHusi. B pe3ynbraTe Takoro npeamnoioxXeHust
oTbupaeMble pacxolibl BOIBI U3 CETH BO3pacTaloT. DTO MPUBOAUT
K POCTY MOTepb Haropa B JUHUSIX CETU U PACXOIOB, NMOAAaBaEMBIX
HAaCOCHOM CTaHILIUEM.

Yuco moxapoB U 00bEMOB BOIBI JUIS TTOXaPOTYILIEHUST OTpele-
JigeTcsl B cOOTBETCTBUMU ¢ TpeboBaHusiMu CHuII 2.04.02-84*. B xa-
YyeCTBE MECT IoXapa BeIOMparoTCcs y3/bl CETH, HauboJee yaajleHHbIE
OT UCTOYHHUKA TTUTAHUSI CUCTEMBI, C MAKCUMAaJIbLHBIMH reojie3ude-
CKUMHU OoTMeTKaMM. EciM OgqHO3HAYHO BEIOPATh 3T Y31l HENb3d,
TO TIPOBOJSAT TMAPABINYECKHE pacUeThl C aJIbTepHATUBHBIMU BapH-
aHTaMU. AHaJIN3 UX pe3yJIbTATOB MO3BOJISIET BHIOPATh BAPUAHT, KO-
TOPBIH SABNASETCS AUKTYIOLIHAM.

ITo crtoco6y TyieHUs moXapa CUCTEMBbI Pa3aessiOT Ha CUCTEMBI
TOXapOoTYIIEHUST BLICOKOTO W HU3KOTO naBieHUs1. B cucreMax mep-
BOTO BMa BOAOIIPOBOA B MOMEHT ToOXapa HOJIXEH 00ecrieynBaTh
Moiayy BOMABI TIPU JABJAEHUSIX, NOCTATOUYHBIX JJIS CO3JAaHUS CTPYM
HEIOCPEACTBEHHO OT TMIPAHTOB. DTH CHUCTEMBI MCITOJIB3YIOTCS Ha
TIPOMBIIIIEHHBIX MPEONPUSITUSIX C BBICOKOI MOXapHOH ornacHoc-
Th10. B cucTeMax BogocHaOXeHNsI TOPOAOB M HACENIEHHBIX ITYHKTOB,
KakK TpPaBUJIO, MPUMEHSIOTCS CUCTEMBI IMOXAapOTYIIEHUSI HU3KOTO
nasyeHus. I1pu ux ycrpoiicTse TpedbyeTcs, YTOGH B MOMEHT IOXa-
pa cBOGOIHBIE HATIOPHI BO BCEX Y3JIaX CETH OBLTH He Huke 10 M.

M3BeCTHBI pa3TUUHbIE CXEMBI XpaHEHHUSI IPOTUBOIIOXAPHOTO 3a-
rnaca BOJBI.

IIpn xpaHeHWM BOJBI B pe3epByapax YMCTON BOIBI HacOCHas
cranuus Il mombeMma moymxHa obecrneymBaTh MoAgavyy, paBHYIO CyM-
Me XO3SIHCTBEHHO-TIMTHEBOM M MPOTUBOIOXAPHOU MOTPpeOHOCTH.
Ecnu cxemoit BomocHaGXeHHUs MpeIyCMOTPEHO YCTPOCTBO Harop-
HBIX PETYJIMPYIONINX Pe3ePByapoB, MPOTUBOITOXAPHEIHN 3arac MOXeT
XPAaHUTBCS B HUX. Torma MpoOTUBOMOXAPHBIN pacxoi MOAaeTcs U3
HaTIOpHBIX pe3epBYapoB, a Ha XO3IHCTBEHHO-TTUTLEBbIE HYXABI BOJA
TOCTYTIaeT OT HacocoB craHuum 11 mombeMa. BosMoxHa cxema, rpu
KOTOpOI1 YacTh MPOTHUBOIIOXAPHOIO 3araca XpaHUTCSI B pe3epByapax
YUCTON BOABI BOJIM3M HacocHoM craHuuu Il mombema, a yactp —
B HAlTOPHO-PETYJUPYIOIIHUX €MKOCTSIX.
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PaccMOTpUM peXuMBbI ToXkapHoit paboTsl Bogomnposoaa (puc. 2.9)
B CUCTEMax BBICOKOTO M HU3KOro gaBieHus. I1peanonoxmum, 94To ceTh
JIOJDKHA OBITh pacCYWTaHa Ha TToXap MY HAJIMYKMU CUCTEMBI BEICOKO-
ro nasienust. Tloxap npoucxoauT B HauboJee BO3BBILLICHHOM U3 yla-
JIEHHBIX ToYeK ceTd N B MOMEHT MaKCHMAaJIbHOTO XO3S#CTBEHHO-TTH-
TheBOTO Bomo3abopa. Ilpu 3ToM B y3ne N monxkeH ObITh obecrieyeH
CBOOOIHBIN Harop H{,', KOTOpBIN TpeBHIIAET CBOOOMHBIN HAToOp
NIpY peXHMe XO3HCTBEHHO-MTUThEBOTO BonocHabxenuss HX". Tlo-
TEpPU Haropa B ceTH A'° M B BOROBOAax A, B MOMEHT roxapa npHu
TexX Xe AMamerpax Tpyo Oynyt Oonblue morepb Hamopa A" u A"
MPH XO35AUCTBEHHO-ITUTEEBOM pexXuMe paboThl. CiieioBaTeNIbHO, TIhe-
30MeTpHYECKast IMHUS [, COOTBETCTBYIOIIASE MOMEHTY TToXapa, OymeT
MPOXOIUNTE BHILLIE IMHUM 2 MOMEHTA XO3SIICTBEHHO-TTUTLEBOTO BOMIO-
norpedsieHust. IToaroMy TpebGyemblit Harrop Ha HACOCHOM CTaHUWH
npy noxape H,® Gonbie Hanopa H)™".
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Puc. 2.9. Cxema B3aHMOCBA3M MEXKIy HAODaMH MPH NoXape B CHCTeMe
BOJOCHA0KEHHS BLICOKOTO H HH3KOrO JaBJICHHs

OOBIYHO TIPU CUCTEME BBICOKOTO JaBJICHUST HATIOP, TTOMy4YaroLHii-
cq B 9TOM cJiyyae y OallrHU, TTPEBOCXOIUT €€ BBICOTY M OalllHs Ha
BpeMST TToXapa J0JKHA OBITh BRIKJIIOYeHa. MHaue HeBO3MOXHO OyneT
TIOOHATE JaBJeHWe B ceTH 3a OallHell 1o HeoOXOAMMOI MpH noxape
BeIMUMHBI. B camoil GalliHe, ecjiM OHA He BLIKJIIOYEHA NIPH yBEIUYE-
HHMM Haropa y HacocoB, OyneT HabII0maThCsl YCUIICHHOE TIOCTYTUIEHUE
BOABI B 0aK, KOTOpOEe MOXET TTOBJIEYb IeperoHeHne Haka.
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B cucteMe HM3KOTO AaBAEHUS MPU Moxape B y3jie N ycTaHaB-
JauBaeTcs cBOOOAHKIH Hanop H[" = 10 M, KOTOpBI HUXe H)."
WJIM paBeH eMy. B pe3ynbTaTe BO3pOCIIMX PACXOAOB BOABI MIPU MO-
Xape Mo CpaBHEHUIO C PEXMMOM HOPMAJTBHOTO XO3SHCTBEHHO-TTU-
THEBOTO BOAONOTpe6IeHHs MOTEpU Hanopa B Bogosonax A > A"
U AN > h" M, cnenoBaTebHO, YKJIOH MbE30METPUYECKONH TMHUU
(3u 3') npu noxape GoJibliie YKJIOHA NTbE30METPUUECKON TNHUM 2.
CoOTHOLIEHUE MEXIY YKa3aHHBIMU MOTEPSIMH Hammopa, a TakxXe
mexay HX" m H[' BIUsET Ha MOJIOXEHHUE MbE30METPUYECKOMH
auHuu (3 u 3') otHocuTenbHO 6aka 6amwHu. Eciv oHa mpoiinert
BbIlIe GalllHU, TO TpebyeMblii cBo6oaHbI Hamop (H' = 10 M)
B y3Jie OyaeT obecrieyeH, Koraa O6alnrHsa OTKJII0YeHa OT BOAOBOJIOB.
B npoTUBHOM ciyyae, Kak M IMPU CUCTEME BBICOKOTO NaBJIEHUS,
B y3j7e N HEBO3MOXHO obecriedyuTh TpeOyeMblii CBOOOMHEII HATTOP.
Ecnu nbe3oMeTpuueckas JUHUS nipoiineT HUXe 6aka OallHU, TO
TTOCJIENHSST MOXET MPOJIOIXKaTh paboTy.

OTanyme pacyera rmoxapa IpU cXeMe C KOHTppe3epByapoM OT
paccMaTpuUBaeMOi Bbille GYAeT 3aKMIOYaThCst B TOM, YTO OTMETKA
KOHTppe3epByapa, onpele/ieHHas B pe3yJbTaTe X03sIMCTBEHHO-TTH-
TBEBOrO pacyera CeTH, OOBIUHO OYIET MpEBBIIIATh HAMOP OKOJIO
GalHu, MOJyYeHHBIH Npu pabore Ha moxape. [ToaToMy B yKa3aH-
HbIX cxeMax OalrHs BO BpeMs Ioxapa OoJiblleil 4acTbl0O MOXET HE
BBIKJTIOYaThCsA. OMHAKO MTOCKOJBKY B TOPOICKHMX BOIOIPOBOJIAX 3a-
rnac BOABI Ha TYILIIEHME TTokKapa 0OBIYHO XpaHAT He B bGaliHe, a B pe-
3epByapax YMCTOM BONBI Y HacocHO# ctanumu 11 mogbeMa, To pabo-
Ta CETH TIPU TIOXKape HE OTpaKaeTcs Ha BbIcOTe OalrHu. TpebyeMblit
Harop MPOTHUBOIOXAPHBIX HACOCOB OMNpENEsIeTCsl 0 paHee NpUBe-
JIEeHHBIM (HOpMyIaM.

B cucreMax xo3si#CTBEHHO-ITPOTUBOIIOXAPHOTO BOAOCHAOXEHUS
3arnac BOABI Ha TOXApOTYILEHHE XPAHUTCS B pe3epByape YHUCTOit
Boabl. M3pacXxoqoBaHHBII 3a BpeMsI ITOXapa ITOXapHbBIH 3arrac BOIbI
HeoO0X0ooUMO BOCCTaHOBUTL. Ero BocrosiHeHUe TPOU3BOANTCS TPH
MHTEHCHUUKALMK paGOThl BOZONPHUEMHHKA, HACOCHON CTaHLHUM
I monbeMa ¥ OYMCTHBIX COOPYKEHUI CTAaHLINU.

2.4.3. BbiGOp pac4eTHbIX peXXumMoB paboTbl CUCTEMDI
BOAOCHabXxeHus

PacuyeTHBIMM CYMTAIOTCS CIIydau, TIPU KOTOPBIX MMEIOT MECTO
MaKCUMaJIbHblE HArpy3KH 1O PacXOLy BOABI M HAMOPY UIS OTAEIbHBIX
3JIEMEHTOB CUCTEMBI BOIOCHAOXeHUA. B mpenenax paccMatpuBaeMoit
oyepeay pPa3BUTHUA BOAOIMPOBOAA PACYETHBIM SIBJSECTCS ITOCIEIHUIA
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TOI, JUISt KOTOPOTO MPUHUMAIOT CpeAHNE HOPMEI BOIONOTPeOIeHUS,
pacyeTHOE YHUCIIO )Kmeneﬁ W HaxomSIT CPeIHUI 3a roJ pacuyeTHBII

CYTOUHBIN pacxox Bombl Q, KOTOprI/I NO3BOJISIET, 3Hast KOAhdULHN-
€HTbl HEPaBHOMEPHOCTH I%T waxe 1 Koyr s HAATH MAKCUMAaNBHBIH
Ocyr vaxe 1 MUHAMATBHBIHA Oy e cyTquble pacxonsl. ITpu mpoek-

TUPOBAHUM CUCTEMBI BOOOCHAOXEHUS TIPUXOIUTCS TTPOBOIUTH TH-
PaBIMYECKKWE PAaCUEThI MTPU PA3JIMUYHBIX HArpy3Kax BOAONOTPEOICHUSI.
Bce coopyxeHUsT cHCTEMBbl BOIOCHA0XEHUST PaCCUYUTHIBAIOT TTPH
Harpy3kax, COOTBETCTBYIOUIMX CYTKaM MaKCHMaJIbLHOTO BOIOIO-
TpeOIeHUST B COOTBETCTBUU C rpachKOM BOIOITOTPEOIEHHS.
BononpoBoaHbIE CETHU HEOOXOOWMO PACCUUTHIBATH Ha paboTy
B Yac MaKCHMaJIbHOTO BOIOIOTPeOAeHMS, a CETU C KOHTPpE3epBya-
pOM, KpOME TOTO, TIOJKHBI OBITh pACCYUTAHBI HA pabOTy B Yac Mak-
CHMAJIBHOTO TPAH3UTa B HAMOPHO-PETYJIUPYIOUIYIO EMKOCTbD.
Hapsiny ¢ aTMM BOIOBOIBI, pacripeneiuTeNIbHYIO CETh U HaCOChI
craniuu II nogbeMa HYXHO NMPOBEPUTH HAa OMHOBPEMEHHYIO TToaa-
qy MaKCMMAaJIbHOTO YaCOBOTO Y MPOTHUBOIIOXApPHOTO PaCXOI0B BOMIbBI
B CYTKM MaKCHUMaJILHOTO BOIOIMOTpebNeHus. PekoMeHmyeTcst poBe-
CTH pacyeTbl CUCTEMBI TOJIa4Yl U pacrpeneyieHus BoIbl HA MUHU-
MaJIbHBIM YacOBOIt pacxon B AHU MUHUMAJIBHOTO BOIOTIOTPEOICHMS,
MpU KOTOPOM BO3MOXHBI HauboJbilIMe AaBjaeHUs1 B ceTH. Lleneco-
00pa3HO BBIMOJHUTH PACUYET HA CPEAHUI YACOBOW pacxol B CYTKH
CpeaHero BOJOMOTPeOIeHUS, YTO MO3BOJISIET OPUEHTUPOBOYHO OM-
peIesUTDb 3a pacUeTHBIN CPOK JJist JAHHOTO Tara pa3BUTUSI CUCTE-
MBI 3aTpaThl SHEPTUU HA TTOoabeM Boabl. IToMHUMO 3TOrO HEOOXOAM-
MO BBHITIOJIHUTH PacyeThl, 000CHOBBIBAIOIIIUE MEPOTIPUSTHS TIO 0Oec-
TEeYeHUI0 BOMOW TIOTpeOUTENEe B 3alaHHBIX TIpeaesiax B ciyyae
BO3HMKHOBEHUS aBapuil.
Psn mpoBeAeHHBIX pacyeToB MO3BOJISIET BBIOpaTh 000pyaOBaHUE
CHCTEMBI, obecrieynBaroliiee Kak ee paborocrmocobHOCTb, TaK U 3KO-
HOMWYHOCTb.

2.5. BopoHanopHbie 6alHn n nHeBMaTUu4Yeckme
yCTaHOBKM

BononaropHbie 6allrHH HEOOXOAUMBI TSI PETYJIMPOBAHUS PEXU-
Ma paboTHl HacocHO# ctaHuuK Il mogbeMa B COOTBETCTBUU C PEXU-
MOM BogonorpebneHus. [1py 3HaYUTENHPHONH HEPABHOMEPHOCTH BO-
JOTIOTPEOJCHHST TPAKTHYECKU TPYAHO (IMOO HEBBITOAHO) JOCTHT-
HYTb COBMaZicHUS NMOTpeOIeHUS U MOAAYU BOILI.

Perynupytomnit o0beM BOLOHAMOPHON OAUIHU OMNpPEAESIOT 1o
COBMEIIIEHHBIM CTYIEHYATHIM MJIW MHTErpajasHBIM rpacukaM pabo-
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TBI HAacoOCOB U BogomnotpebseHus. JonomHUTeasHO 06beM Gaka
GalllHU JOJIXEH COIepXaTh MPOTUBOIMOXAPHBIN 3arac, pacCYMTaH-
HBIH JUIST HAaCceJIeHHBIX MYHKTOB Ha TYIIEHWE OAHOrO BHYTPEHHEro
M OIHOTO HapyXXHOTo roxapa B TeueHue 10 MUH, a I MpOMBILI-
JIEHHBIX TIPEANPUATHI — Ha TYILIEHUE TOJHKO OTHOTI'O BHYTPEHHErO
noxapa. Horaa B BOAOHAMOPHOI GalllHe COmepXXUTCS U aBapuii-
HBIU 3ar1ac BOMBI.

Perynupymooimuit 06beM 6aka onpenessiorT Mo MakCUMaJbHOMY
ocTtatky B HeM Boabpl. Kak BumaHo M3 Taba. 2.8, perynupymouiuii
o0BeM baka MpHU CTyNeHYaToi paboTe HAaCOCOB paBeH 5,2 %, a nipu
paBHOMepHOU pabore — 19,16 %, 1. e. pu cTyneH4yaToil paGoTe
HAacCOCOB MOXHO 3HAaYUTEJIbHO COKPATUTh 00BbeM Gaka.

I'pacuueckuit pacyeT BHITIONHSIOT ITyTEM MOCTPOEHUS MHTErPasib-
HOIf KpUBOI BonornorpeGieHust ¥ rpacdvKa moaaYM BOABI HACOCAMU
(puic. 2.10). Perynupytoumit o6beM 6aka paBeH CyMMe HanOONBLINX
pasHOCTE opaAUHAT MeXny KpuBbIMU I u 2. TIpu paBHOMepHOU pa-
0ote HacocoB 3Ta cyMMa coctasisieT 13,02 + 6,14 = 19,16 % cyrtou-
HOTO pacxona.
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Puc. 2.10. Hurerpansustii rpadmk somonorpednenus (1) u moaauu soasl
Hacocamu (2)

+*

BogonanopHnasi GalrHsi COCTOUT U3 pe3epByapa wiu 6aka u 1oj-
JEPXUBaolleil KOHCTPYKUMHU (cTBOJA). B palioHax ¢ CypoBbIM KJIU-
MaToOM BOKpYT 0aka ycTpauBatoT marep. CyllecTBYIOT HECKOJBKO
CXeM TOJAIoIIMX U OTBOISIINX TPYO BOLOHATIOPHOI OallIHH.
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Taonwuma 2.8

Onpenenenne TpedyeMoro peryaupyiomero oobema 6aka
BOJIOHATIOPHOIi OAlTHM I PABHOMEPHOTO H CTYNEHYATOTO PEXHMOB
paboThI HACOCOB B TeYeHHe CYTOK, %

Yacei | lModava Haco- | Bodo- | lMpumok e 6ak | Pacxod u3 6a- Ocmamok
CymoK | camu npu pa- no- npu pabome | ka npu pabome | e 6ake npu pa-
6ome mpe6- 6ome

pasHo-| cmy- fietue pasHo-| cmy- |pagHo-| cmy- |pasHo-| cmy-

mep- | neH-- Mep- | neH- | Mep- | neH- | Mep- | neH-

Hol | yamoli HoU |yamol| Hol |yvamol| HolU |yamod
0-1 4,17 — 1,5 2,67 — — 1,5 8,83 | 2,20
1-2 | 417 — 1,5 2,67 — — 15 (11,50 | 0,70
2-3 | 416 | 0,80 1,5 2,67 — —_ 0,7 | 14,16 | 0,00
34 | 417 | 2,80 1,5 2,67 | 1,30 — — 16,83 | 1,30
4-5 | 417 | 2,80 25 1,67 | 0,30 — — 18,50 | 1,60
5-6 | 416 | 5,50 3,5 0,66 | 2,00 — — 19,16 | 3,60
6-7 | 417 | 550 4,5 — 1,00 | 0,33 — 18,83 | 4,60
7-8 | 4,17 | 5,50 55 — — 1,33 — 17,50 | 4,60
89 | 416 | 550 | 6,25 — — 2,09 | 0,75 | 1541 | 3,85
9-10 | 417 | 550 | 6,25 — — 2,08 | 0,75 | 13,33 | 3,10
10-11| 4,17 | 550 | 6,25 — — 2,08 | 0,75 | 11,25 | 2,35
11-12| 4,16 | 550 | 6,25 — — 2,09 | 0,75 | 9,61 1,60
12-13 | 4,17 | 550 | 5,00 — 0,5 0,83 — 8,33 | 2,10
13-14 | 4,17 | 550 | 5,00 — 0,5 0,83 — 7,50 | 2,60
14-15| 4,16 | 550 | 5,50 — — 1,34 — 6,16 | 2,60
15-16 | 4,17 | 550 | 6,00 — — 1,83 0,5 433 | 2,10
16-17 | 4,17 | 550 | 6,00 — — 1,83 0,5 2,50 | 1,60
17-18 | 4,16 | 550 | 5,50 — — 1,34 — 1,16 | 1,60
18-19| 4,17 | 550 | 5,00 — 0,5 0,83 — 0,33 | 2,10
19-20 | 4,17 | 550 | 4,50 — 1,0 0,33 — 0,00 | 3,10
20-21| 4,16 | 550 | 4,00 | 0,16 1,5 — — 0,16 | 4,60
21-22 | 417 | 2,80 300 1,17 — — 0,2 1,33 | 4,40
22-23 | 417 | 2,80 | 2,00 | 2,17 | 0,80 — — 3,50 | 5,20
23-24 | 4,16 — 1,5 2,66 — — 1,5 6,16 | 3,70

Wroro | 100,0 | 100,0 | 100,0 | 19,16 | 9,4 [ 19,16 | 9,4 - -
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Bogna B 6ak nmogaetcst mo Tpyoe / Ha OTMETKY, COOTBETCTBYIOIIYIO
HauboJbHIeMy HarnojHeHUIo (puc. 2.11). Ha xoHue TpyOBl yCTaHOB-
JIeH TTOTJIaBKOBBIM KJ1amaH S Ui aBTOMAaTHYECKOTO 3aKPBITHUSI Moja-
folleit TpyGbl IpH HarnoJHeHUM G6aka. M3 6aka Boma OTBOAUTCS IO
Tpybam I n 2. Tpy6a 2 oGopynoBaHa oOpaTHBIM KjIamaHoOM J3, mpe-
MATCTBYIOIIMM TOCTYIUIEHUIO TIO Hel Boabl B 6ak. KoHew TpyOsr 2
C CETKO#M 4 pacrmojioXeH Ha HeKOTOpOiM BBICOTE HAll MTHOM C TEM,
4yTOOLI HE MPOMCXOIUJIO 3acachiBaHMSA 0OCajgKa, KOTODPBIM MOXET
cKarIuBaThes Ha aHe 6Gaxka. 3agBukka 10 mpemHa3HadyeHa i OT-
KJIIOYEeHUs BOJOHATIOpHOM 6aliHu oT cetu. K nepenusHoit Tpybe 9
C BOPOHKOM 6 NMpHcOeINHeHa TpsideBast Tpyoa 7 ¢ 3aIBUXKON &,
npelHa3HavYeHHas IS yoajieHUsl CKaruIMBaollerocss Ha mHe 0aka
ocaJika M OTBOJia BOIHI TpU ero npoMsuiBke. I1py XecTkoi 3amenke
TpyO B JHHUIIIE pe3epByapa Ha CTOsIKax TpyoomnpoBonoB I u 9 yctpa-
MBAIOT CAJIBHUKOBBIE KOMIIEHCATOPHI.

Ilpu Takoit cxeMe oGOpynOBaHUST BOJOHAMOPHON GalmHU obec-
TeYrBaeTCsl TTIOCTOSTHHOE TIepeMelllnBaHue BOAbI B 6ake, 4TO CIO-
cobcTByeT ee Hezamep3aHuio. st obopynoBaHust GalrH! TIPUMEHST -
10T cTaiibHBble TpYyObl. C 1LIeNbl0 OCMOTpa 6aka CHapyXu W BHYTPH
yCTaHABJIMBAIOT JICCTHULIBI.

PesepByapbsl BOIOHAMIOPHBIX OallleH, KaK MPaBUJIo, YCTaHABIWBa-
10T Kpyryioit ¢popMsl B maHe. IIpeanouTuTebHO, YTOOBI OTHOIIE-
HUE BLICOTHI O6akKa OalllHu K ee AuaMmeTpy Obl1o HeGomblIuM. B aToM
cilydyae UCKITIOYAroTCS 3HAYNTEIbHBIE KOJeOaHUsT HallOpOB B CHUCTe-
Me€ TIpU pa3IMYHBIX peXUMax U obecrieynBaroTca 6osee 6raronpu-
SITHBIE YCJTOBUS pabOTHI HACOCOB.

Pe3epByaphbl BOTOHANMOPHBIX GalIeH OBIBAIOT XeJ1e3006 TOHHBIMU
M cTajgbHBIMU. Hanbosiee IIMpoOKO pacnpocTpaHEeHHI XKejle300eTOH-
HbI€ pe3epByaphbl, 3alIUTa KOTOPBIX OT KOPPO3UH IpOlle U AOJTO-
BeYHee 3alllMThI CTAJIbHBIX. Bce Gosiee MIMpoKoe pacrpoCcTpaHeHHE
MoJIyJyaeT MpeABapUTEIbHO HATIPSKEHHBIN XeJe300€TOH, MOBHIIIA-
IOINiIT BOOOHETIPOHU1IaeMOCTh 6akoB. CTalibHEIE 6aKW XapaKTepH-
3YIOTCS MEHBIIEH Maccoif, WHAYCTPHUAJIbHOCTHIO M3TOTOBJECHUS
M MOHTaXxa, MOJTHOH repMEeTUYHOCTBI0. OHU HIMPOKO MTPUMEHSTIOTCS
B 3apyOeXHBIX CTpaHax.

PesepByapbl MOTYT UMETh TIJIOCKOE MJIM BOTHYyTOE AHMIIE. [Tpu-
JlaHWe BOTHYTBIM AHUIIAM mosychepUuecKoil, SJITUICOUIATbHON
Y paauanbHO-KOHUYECKOH (hOPM IMO3BOJIAET YBEIUUUBATH IUAMETD
pe3epByapa (IIpy OIHOM M TOM € 00beMe) IO CPaBHEHUIO C aHa-
METPOM pe3epByapa C INIOCKUM JHUIeM. Biaromapst atoMy Kojeba-
HHS Harmopa MoTyT ObITh COKpallleHbl 10 MUHUMYMa. OIHaKo pesep-
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Byaphbl C BOTHYTBIMU JHUIIIAMH CJIOXHEE B U3TOTOBJIEHNH. B Hamei
cTpaHe HaubGojiee IIMPOKO TPUMEHSIOT pe3epByaphl C IJIOCKUM
M nonychepudecKUM BOTHYTHIM JHHUIIAMMU.
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Puc. 2.11. Cxema 00opynoBaHHs BOLOHANOPHO# OalHM
TpyOONpoBoJaMH

ITpy HamMUYMU OMacHOCTH 3aMeP3aHUS BOIBI B pe3epByape BOK-
PYT HEero ycTpaMBalOT IIATeP, KOTOPHI B 3aBUCUMOCTH OT KOHCT-
PYKLIMU BOAOHATIOPHOM OalllHU BBITIOTHSIETCS U3 XKenae300eToHa,
KUpITMYa WK Aepesa. s IpedOTBpalleHUS 3aMep3aHUST BO3MOX-
HO IMPpUMEHEHHE 3JIEKTPOooborpeBa.

B GamrHsax 60bIION BMECTUMOCTH MPU HATUYMU OOMEHA BOIBI
C OTHOCHUTEJIBHO BBICOKOI TEMIEPATYPOI IIATPBI MOTYT OTCYTCTBO-
BaTh JaXe B CYPOBBIX KJIMMaTHUYECKHUX YCIIOBUSAX. BeciiaTrpoBele Me-
TaJUTMYECKUE GAalTHU OBIBAIOT KaK C TeIUIOM30JIsIIMeid, Tak U 0e3
Hee.
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Csepxy pe3epByap OanrHu niepekpbiBaeTcsl. [lepekpoiTiie (Kpbi-
111a) 06eCrneYnBaeT ero XECTKOCTb U CIYXUT JJISl 3aUIUTHI OT TeMIIe-
paTypHBIX KojebaHuit v 3arpss3HeHuit. [loanepxuBatomme KOHCT-
PYKLIMY BOJAOHAMOPHBIX OanieH BHITTOMHSIOT U3 Xene300eToHa, Me-
Taljia M KUpNuya B BUAE CIUIOIIHOW CTEHKHM WIM KOJIOHH,
MMEIOLINX pa3TnyHOe apxuTekTypHoe odopmieHue. Hanbonee pac-
MPOCTPaHEHbl KOHCTPYKINU U3 Xejne306eToHa. BHyTpeHHee npo-
CTPAHCTBO, 00pa3yeMoe MOANCPXUBAIOIIUMUA KOHCTPYKUUSMHA, MO~
KET MCIONB30BAThCA TSI TEXHUYECKMX U OOLLIECTBEHHBIX LieNel, HO
TP YCIIOBUY UCKITIOYEHUS KaKOro-aubo BO3ACHCTBUS Ha KaueCTBO
BOJIIbI, HaXOAsIIEHCS B pe3epByape.

BonoHamnopHble 6allTHU MOTYT OBITh BBITTOJTHEHBI TAKXE U3 KUD-
nmuya v aepesa. JepeBsHHbIE BOMOHATIOPHBIE OalllHU MPUMEHSIOT
B OCHOBHOM Ha BPeMEHHBIX BOJOIPOBOAAX.

BamiHu oGopyayloT CUTHaIUW3auMe, nepeaarouieid mokasaHus
YPOBHSI BOABI HA HACOCHYIO CTAHLIMIO WIN AUCTETUYEPCKUIt TTYHKT
BOJOIMPOBOJAHOIO XO3SIMCTBA.

B cucremax BogocHabxeHUST HEOONBIINX 00BEKTOB MHOTAA TIpH-
MEHEHSIOT rHAPONHEBMATHYECKHEe YCTAHOBKH. OHY BHIMOJHSIOT POJTb
BoJloHanopHoi 6amHu. TpeOyeMblil Harmop B HUX CO3AaeTCs naBJie-
HHEM CXATOTO BO3ayXa.

DTU YCTAaHOBKM OBIBAIOT MEPEMEHHOrO U MOCTOSTHHOTO JIaBlie-
HUsA. CxeMa YCTaHOBKM TNEPEMEHHOro [aBJIEHUS TOKa3aHa Ha
puc. 2.12. B yacsl MMHUMAaJILHOTO BOIOMOTPEOIeHUS, KOTOa Mmoja-
4ya BOABI HacocaMM 2, 3a0upaloliuMK BOIy U3 pe3epByapa I, peBbI-
1IaeT Bomo3abop, U30BITOK BOABI MOCTYMAET B BOAOBO3AYIIHBIN 6ak
5. Ilpu 3TOM MOBBIIIAETCS YPOBEHD BOIBI U YBEIMUUBAETCS NaBiie-
HHE BO3AyXa BCJIEACTBUE ero cxaTus. IIpy JOCTMXEHUM MakCu-
MaJIbHOTO YPOBHA B 6aKe, COOTBETCTBYIOIIETO OTMETKE Z,, PEsie 1aB-
NeHUsT 4 pa3MBIKaeT UeMNb MUTAHUS KaTyIIKA MarHUTHOTO TycKare-
JIT 3 M 3JIeKTPOIBUTATENIb HAcOCa OTKITIOYAETCST OT MUTAOLIeH ero
anexktpocetr. C 3TOr0 MOMEHTA TIofavya BOALI B BOAOBO, 7 OCYIIe-
CTBJISIETCS OT TMOPOIHEBMATUYECKOTO 0aKa 1Moj AaBIEHUEM CXKaTo-
ro BO3/yXa p,,,. B Npouecce cpaboTKM YPOBHSA BOABI NaBJIEHUE
B 6ake cHmxaetcs. IIpu DJOCTUXEHUU YPOBHSI, COOTBETCTBYIOUIETO
OTMETKE Z,, JaBJieHUE B 6aKe CHU3UTCA 10 p... B 3TOT MOMEHT pete
BKJTIOYAET SJIEKTPOABUTaTENM HACOCOB. Paboumii 1{UKI YCTaHOBKH
nopropsieTcss. MUHUMAaNbHOE JaBlEHHUE p, ;. Ha3HAUaeTcs U3 ycio-
BUSI obecrieyeHUsa TpebyeMoro cBoOOOIHOro Hamopa B IUKTyooUEeH
TOYKe Bogopazbopa. Bo Bce ocTanbHble MOMEHTHI, KOTIA p > p. .,
CBOOOJHBIN HAMoOp B 3TOW TOUKe OyAeT BhIlIe TPeOyeMOTo.
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Puc. 2.12. Cxema ruaponHeBMATHYECKOH YCTAHOBKH

Perysmpyiloumii 06beM BoIOBO3AYIIHOTO 6aKa 5, 3aKJIIOYEHHBII
MEXIy YPOBHAMM Z; U Z,, ONpeNessieTcsl MyTeM COBMELIEHHUS rpa-
¢ukoB nogaun u norpediaeHus Boasl. CyliecTByeT cxeMa TaKMXx yc-
TAHOBOK C JIByMsI 6aKaMu, OIMH U3 KOTOPBIX TNpeaHa3HayeH s
BOIBI, a APyToit — IUISt cXaToro Bo3ayxa. OHU COEIMHEHBI IPYT C
JIPYyroM TpyOonpoBOIOM. DTH YCTAHOBKH PACCYNTAHBI Ha OOJBIIYIO
TTPOU3BONUTENBHOCTD.

B rugponHeBMaTHYECKMX YCTAHOBKAX MEPEMEHHOTO NaBJIEHUS
HAacoCHl IOKHBI paboTaTh B INUPOKOM AMATIa30HE XapaKTEPUCTUKHU
QO—H. B npoiiecce 3KCIUTyaTallMiy OTpenesieHHast YacTh BO3MyXa,
Haxojsuerocsl B 6ake, pacTBOpsIETCS B BOJIE, BHITEKAET Yepe3 He-
MJIOTHOCTH. [l monmepXaHus NaBJieHUS BO3Myxa B 6aKke YCTaHOB-
Ka obopyayercss KOMITIpECCOPOM 6.

YcTaHOBKM MOCTOSTHHOTO JaBJIEHUS TTO3BOJISIIOT € TTOMOLIBIO pe-
TYJISITOpA NaBJIEHUSI TTOIIEePXKUBATh IMOCTOSTHHOE HaBJIeHUs BO3IyXa
B TMIPOITHEBMAaTUYECKOM Gake M TeM CaMbIM 00ecreYnBaTh MOCTO-
STHCTBO pacxolla U NaBJicHUS y MOTpeOUTeNsl. DT YCTAHOBKU He-
CKOJIBKO CJIOXHEE ONMUCAHHBIX Bbilie. OHW MOTYT NPUMEHSITHCS
B CHCTEMaXx IOXapOTYIIEHUS] ¥ IIPOMBIIIJIEHHOTO BOTOCHA0XEeHUS,
€CJIN U3MEHEHHEe Haropa NMPUBOIUT K HEJIOMYCTUMBIM KoJieGaHUSIM
pPacxoioB BOIHI.

2.6. PesepByapbl YncToin Boabl

Pe3epByapr B CCTeMaX BOJOCHaOXeHUs HCTTIONB3YIOTCA KakK pe-
TyJaupyrouiue €MKOCTH. OOHOBPEMEHHO B HHUX MOTYT XPaHUTBHCHA
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MPOTHUBOMOXAapHble M aBapuUiiHble 3amackl Boabl. Ecnu penbed
MECTHOCTH IT03BOJISIET pacrionaraTh pe3epByapbl Ha JOCTaTOYHO BbI-
COKMX OTMETKAaX, OHM MOTYT CJIIYXXWUTb HAallOPHBIMM €MKOCTSIMMU;
ecJ BOIy M3 pe3epByapoB HEOOXOAMMO MepeKauuBaTh K NMOTpeOu-
TeJI0, TO OHY Ha3bIBaIOTCS Ge3HanmopHbIMU. OObEeM pe3epByapoB 3a-
BUCHUT KaK OT MUX Ha3HAUYeHUSs, TAK U OT NTPOU3BOAUTEIBHOCTH CH-
cTeMbl BogocHabxeHusi. O6beM pe3epByapoB, YCTaHABJIMBaEMBIX
BMECTO OallleH, OMpenessIeTcs] Mo TeM Xe MPUHIIMITAM, YTO U pery-
JIMpYyIolIe 00beMbl BOIOHATIOPHBIX OalleH.

Perynupyomuit o6seM Wp pe3epByapoOB YMCTOM BOABI, HAXOIS -
IIIMXCS Ha TEPPUTOPUU OYUCTHBIX COOPYXEHMIA, OMTPENENSIIOT 110 CO-
BMelIeHHBIM TpadukaM paboTel HacocHbIX ctaHuuit [ u 11 moms-
eMOB. DTOT 00beM HEOOXOMMM JJIsI COTJIaCOBaHUs pabOTHl B PaBHO-
MEpDHOM pEXHUME HACOCHON cTaHuUMM | mombema M OYMCTHBIX
COOpYXEHUU ¢ paboToif B HEpaBHOMEPHOM pPEXHME HaCOCHOM
craHuuu 11 moanrema.

B pesepByape uucToit Boasl (puc. 2.13) XxpaHUTCS TakXe 3arac
BOABI, HEOOXOMUMBIN 11T COOCTBEHHBIX, TEXHOJOTHYECKUX HYXI
OYUCTHOM cTaHUMU W, , ¥ 3amac BOABI IS LieJiel TOXapoTylle-
Hust W,. Torna cymmapHblii 06beM pe3epByapa YMCTO BOIBI COCTa-
sut W= W, + W, + W,
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Puc. 2.13. Pe3epByap 4uCTOi#i BOIbI:
1 — nopatoiuast Tpy6a; 2 — MoruIaBKOBHIN KianaH; 3 — nassl; 4, 5, 6 — BeH-
TWISILUOHHAS, TIEPEJIMBHASI U CITYCKHasl TPYObI; 7 — MpPUsMOK; &, 9 — Bcachl-
BatoLast Tpyba IMOXapHOTO U XO3SMCTBEHHOro HacocoB; /(0 — OTBEPCTHE IS
CcpbIBa BaKkyyma

Benuuuna W, ,, onpenensieMast TEXHOJOTUYECKMMU PacueTaMHu,
00BIYHO cocTaBJsieT 2—8 % cyTouyHO# nmpoussoauTeabHocTU. IIpo-
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THUBOTIOXapHBIA 06beM W, HazHayYalOT U3 YCIOBHMSA UTUTEJIBHOCTH
rnmoxapa B TeyeHUe 3 4. B 3TOoT nmepuon Hacockl OynyT 3a6UpaTh U3
pe3epByapoB MOXapHBI pacxod ¢, U MaKCUMaJIbHbIH XO3HCTBEH-
HO-TIUTHEBOW PacXon ¢, .

OnHOBpPEMEHHO C 3TUM B pe3epByap OyeT MocTynarb BOAa OT
OYHMCTHBIX COOPYXEHMI B KOJMYECTBE ¢, TOTAA ITPOTUBOINOXAPHBIA
o6beM nipu 3-yacoBoM 3anace W, = 3q, + q,_, — 3 q, roe q,_, —
CYMMapHbIA pacxol B MepHoa HaubOJIbHIEro BOAOTOTPEOIECHUS
B TeueHHUe 3 4 (B COOTBETCTBUH C TpahuKOM BOJIONIOTPEOIJICHUS).

Ilpu ompeaeneHun mosHOro obreMa pe3epByapa YYUTHIBAIOT
TakXXe aBapuifHbIN 3amac, MpeaycMaTpUBaeMblii B cilyyae Iogadyu
BOJIBI 110 OAHOMY BOJOBOZY.

B coBpeMeHHBIX YCIIOBUSIX B OCHOBHOM MPUMEHSIIOT pe3epByaphl
U3 xene3o6etoHa. OHM OBIBAIOT PAa3TUYHBIX KOHCTPYKLIMM, KPYTJIOi
W NPSAMOYTOJIbHOM (POPM M MOHTHUPYIOTCS Pa3IMYHBIMH CITIOCOOaMM.
B HekoTOpBIX CTpaHaX MPUMEHSIOT CTAIbHBIE pe3epByaphl. OqHaKo
u3-32 OONBIIONH METAUIOEMKOCTH, TPYOAHOCTH 3aLIUTH OT KOPPO3UH
1 HEOOXOAMMOCTH YCTPOMCTBA TEPMOU3OJISIIIMM OHHM HE HAIIW [IH-
POKOTO pacripoCTpaHEHUS.

B 3aBuCHMMOCTH OT 3arjyoJieHUsT pe3epByaphl MOApa3AesIioT Ha
TIOA3€MHBIE U TONyTIoA3eMHbIe. OHM OBIBAIOT OOBEMOM OT HECKOJb-
KHX COT A0 JECATKOB THICSY KyOMUYECKUX METPOB M BBIMOJHSIIOTCS
10 TUMOBBLIM ITPOEKTAM.

Ha Tepputopumn, cHaGxaeMoil BOAOH M3 pe3epByapoOB OJHOTrO
Ha3HaYeHWs, UX IOJDKHO GBITh He MeHee AByX. Mexay HUMHU pacrio-
JIaratoT creuuatbHble KaMephl (KOJIOALIBI), B KOTOPBIX pa3MelIaloT
3aABUXKKU IS OCYIIECTBJIEHUS PA3IMYHBIX MEPEKITIOUEHUN MEXKIY
pe3epByapamMu U BojoBojaMu. Eciu B pesepByapax He HaXOAMUTCS
TIPOTUBOIIOXAPHBIN ¥ aBapUIHLBINA 3amac, TO BO3MOXHO YCTPONCTBO
OJTHOTO pe3epByapa. ‘

PesepByaprs! 060pyayIOTCSI MTOABOASIIIIMMH ¥ OTBOASIIIIMMU TPYOO-
MPOBOJAMH, TMIEPETUBHBIMU U CITYCKHBIMH yCTPOIICTBAMHU, CUCTEMOM
BEHTWISIIUHU, JIIOKaMU T TIPOXOAa 0OCIyKMBAIOLLEro IepcoHana U
TPaHCIIOPTUPOBAaHHUS 000PYNOBaHUS, KOHTPOJIbHO-U3MEPUTETLHOI
anmaparypoi. B uensix npeioTBpallleHUs 3aCTauBaHWs BOABI U U3-
MEHEHMd ee KauecTBa B pe3epByapax X03sMCTBEHHO-MTUTHEBOTO Ha-
3HAYEeHUA JOJIXeH OBITH OOMEH IMOXAapHOTO M aBapHUitHOTO 06GBHEMOB
B TEUEHME 2 CYTOK.

T'apaHTHS HETTPUKOCHOBEHHOCTH MOXAPHOTO 3araca OCyIIeCTBIIs-
€TCs MyTEM YCTPOMCTBA KOJjieHa Ha XO3SCTBEHHO-TTUTEEBOM TPyOO-
MPOBOJIE, B BEPXHEN 4acTH KOTOPOTO UMEIOTCSI OTBEPCTHUSI, Pacioio-
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JKeHHBIE Ha OTMETKE BEpXa MPOTHUBOIOXAapHOro ypoBHs. KoseHo pa-
0oTaet Kak cu(OH, B KOTOPOM MTPOUCXOANUT CPBIB BaKyyMma MpHu CHH-
JKEHUU YPOBHS BOIBI IO YKa3aHHOII OTMETKMU.

Ha puc. 2.14 npuBeaeHa cxeMa obopynoBaHUsI pe3epByapa YUC-
TOM BOABI, TJIE COXPAHHOCTH MPOTHBOTIOXAPHOTO 3amnaca obecrieun-
BaeTCs MyTEM YCTPOMCTBa KOJIoALA.
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Puc. 2.14. Cxema o0opynoBaHHsi TPyOONpPOBOJAMH pe3epByapa YHCTOM
BOJbI

Perynupyromuit 06beM HaXOOUTCS MEXIY YPOBHSIMU XX U hn,
a 3aMmacHOM — OT YPOBHS nn N0 AHA pe3epByapa. OT OYUCTHBIX
COOPYXEHHUH BOMA TOCTYITAET MO TPYyOOIMPOBOAY @ B BEPXHIOIO
JacTh pe3epByapa. BcackiBaloime TpyoorIpoBoaAbl X034HCTBEHHO-
MUTHEBBIX HACOCOB O, . PacMlONOXeHbl B OTKPHITOM KOJOALE K
(Bepx KOTOPOTO HaXOAHUTCS HAa YPOBHE ni) U HE MOTYT 3abupaTh
BOIYy, MpeaHa3HauYeHHYIO IJig nmoxapotymeHus. [loxapHsle Haco-
Cbl MMEIOT CAMOCTOATEJILHBIE BCACHIBAIOLINE TPYOONPOBOAH 6, ,
OKaHUYMBalIIUeCsT Ha OTMETKE IHA pe3epByapa. PesepByap o6o-
pyayeTcsl TakKXe MepeJauBHO# TpyOoit ¢, MpUCOeAMHEHHOH K BO-
IOCTOKY, a TaKXe CIYCKHOU (rpsizeBoii) TpyOoil e, naymeil ot
HM3a IpUSIMKa K TepeiMBHOM Tpyoe.

I'apaHTHUsi HETPUKOCHOBEHHOCTH TIOXAPHOTO 3araca B pe3epBy-
apax Takke MOXeT ITpelyCMaTpUBaThCS 32 CUET OTOOpaA XO3SHCTBEH-
HO-TIMTBEBBIX U MTPOTHUBOIMOXAPHBIX PACXOJIOB C pa3HbIX OTMETOK.

IMpu Gonbuiux o6BEMax TIPUMEHSIIOT pe3epByaphl MPSIMOYTONb-
HOI (POPMBI C TNIOCKUMH OaNOYHBIMU WK 0e30aJI0YHBIMU Mepe-
KPBITUSIMU. B HacTosililee BpeMsT IIPH CTPOMTEIBCTBE PE3ePBYapoB
IIUPOKO MCIIOJIb3YeTCsl MpeABapUTENIbHO HANPAKEHHBIN Xeie300e-
TOH, 4TO 00ECIeYMBAET UX ITOBHILIEHHYIO ITPOYHOCTh U TEPMETHY~

HOCTB.
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PesepByap nunauHapudeckoit ¢GopMbI C MJIOCKUM TTEPEKPHITUEM
o6bemMoM 110 2000 M3 mokasaH Ha puc. 2.15.
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Zx 3800

Puc. 2.15. KoHcTpykuus pe3epsyapa nMaMHApu4eckoii dopmsi:
1 — rpsasenast Tpyba; 2 — npusIMoK; 3 — sa3; 4 — BEeHTUIALIMOHHbIE
Tpy6OTIPOBOALI



Paspen 3. BoaonpoBoaHble CEeTHU,
BOAOBOAbI U COOPY)XEHUSI HA HUX

3.1. Knaccudukaumsa n tpaccupoBka BOAONPOBOAHbIX
ceTei U BOAOBOAOB

TpaHCIIOPTHPOBaHHUE BOABI K TTOTPEOUTENISIM OCYILIECTBIISIETCS TTO
BOIOBOIAM, COEIMHSIIONINM OTAENbHbIE 3JIEMEHTBI CUCTEMBI BOJO-
CHabGXeHMsI, U BOAOIPOBOJHBIM CETSIM, PacCIpeaessTIOUMM BOLY IO
TEPPUTOPHUH JAHHOTO OOBEKTA.

BomoBoasl H BOOOTIPOBOAHBIE CETH JOJIKHBI OTBEYaTh OTIpEe-
JIEHHBIM TPeGOBaHUSIM HAIeXHOCTH U 3KOHOMHUYHOCTH. DTO JOCTH-
raercs NpaBUILHBIM BHIGOPOM TPacChl BONOBOIOB M KOH(MUTYpaIlUU
CETH, MaTepHajia U IMaMeTpPOB TPyD, pexuMa ux pabotsl. I1py BbI-
O0ope, OTBOAE M MCMOJIb30BAHUM 3€MeJIb IMOA TPacChl BOJOBOIOB
JOJIXHBI cobyionatbcsi OCHOBBI 3€MeJIBHOTO 3aKOHOIATeNIbCTBA
M pSiil HOPMAaTUBHBIX aKTOB. B COOTBETCTBMM ¢ 3TUMH JOKYMEHTaMHU
BOIOBO/IBI, KaK IMPaBWJIO, MPOKJIAABIBAIOTCS BOIM3U JOPOT C YYETOM
rpaHHMIl 3€MJIENONIb30BAHUS M ceBoobopoToB. Ecin 310 nmpuBoauT
K 3HaYUTEJILHOMY YIJTMHEHUIO TPAacChl, HEOOXOMUMO TEXHUKO-3KO-
HOMMYECKHUMM pacueTaMu 060CHOBATh e€ HayepTaHHUE C YIETOM JIO-
MTOJTHUTEJILHBIX PACXOI0B Ha BpEMEHHOE MCTOJIb30BaHNE IMTOCEBHBIX
TUTolanei ¥ TIOTPaBy MOCEBOB B Cilyyae JTMKBUIALIUN aBapyiA.

BonoBoasl MpokianeiBalOT B OQHY, ABe M Gosee HUTOK. Ux 1e-
JIecooOpa3Ho MPOKIABIBATE Ha OTHOCHUTENBHO BO3BBIIIEHHBIX OT-
METKaX MECTHOCTH C MUHMMAJIbHBIM YHMCJIOM MCKYCCTBEHHBIX CO-
OpYXeHHWi, B MecTaX, TOCTYITHBIX JUISl KCTUTyaTallik U IPON3BOI-
CTBa pPeMOHTHBIX pa6or. JInsg obGecrieyeHUsT 3aJaHHOTO YPOBHSA
CHaOXeHMST BOION MOTpeOuTeNei MeXIy NapauieJibHO YIOXeHHbI-
MU BOJOBOJAMH YCTPaWBAIOT NMePEKIIOYEHHS, a BIOJb TPacCh U Ha
TEPPUTOPUU OOBEKTA MOTYT YCTAHABIUBAThCS EMKOCTH.

BomgoBoas! 1o croco0y TpaHCTIOPTUPOBaHHUS BOIBI MOIPA3IeIs-
I0TCSI HA HAMOPHbIe U Oe3HanopHbie. [lepekauka BOIBI 10 HAIOPHBIM
BOJIOBOJAM MOXET OCYLIECTBJISITHCS HACOCAMU WJIM B Pe3yJbTaTe
Pa3HUIIBI The30METPUYECKOI OTMETKH YPOBHS BOABI B UICTOYHHKE U
PacyeTHOM MTbe30METPUYECKOI OTMETKH B MecTe BogooT6opa. Ilep-
Bble BOJIOBOJIbI Ha3bIBAIOTCSI HATHETATEJIbHBIMHU, BTOPble — TDaBUTa-
IIMOHHBIMU HANlOPHBIMHM WJIM CAMOTEYHO-HANTOPHBIMH.

BesHaropHbie BOAOBOIBI (TpaBUTALIMOHHBIE CAMOTEYHBIE) pabo-
TalOT HETOJIHBIM ceuyeHHeM. O6IacTh UX MIPUMEHEHUST HE CTOJIh IIIH-
pOKa Mo CpaBHEHMIO C HaNOPHBIMHM BogOBoAaMu. VIX npuMeHeHUe
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3aBUCHUT OT Pa3HOCTH OTMETOK Ha4YaJIbHOM M KOHEYHOIl TOYEK ITyTH
TnoAayy BOIBI, penabea MECTHOCTH, PACCTOSTHUS MEXIY Y3JlaMH IO~
Jladyu U oT6opa Boaswl. Mcnonb3oBaHue Ge3HANMOPHBIX TPYO MPHUBO-
JUT K YMEHBIIEHUIO eAUHUYHONW CTOMMOCTH TaKMX BOJOBOIOB ITO
CpaBHEHMIO ¢ HanopHbIMUA. OQHAKO yBeJMYEeHUE TIPOTSIKEHHOCTH
Tpacchl M3-3a HEOOXOOAUMOCTH obecrieueHUs TpeOyeMBbIX YKIOHOB
MOXET ITPUBECTU K BO3PACTAHUIO UX OOIIEN CTPOUTEIBHOU CTOU-
MOCTH.

BonomnpoBsogHasa ceTh yCTpauBaeTcs IS TPAHCITOPTUPOBAHUS
M OTIIa4M BOABI TTOTPEOUTEINISIM 1O BCeii TeppUTOpUH 06bekTa. KoH-
durypaumst ceTv 3aBUCHUT OT TJIAHUPOBKH 00beKTa, (POPMEI €TI0 IO~
BEPXHOCTHU, HAIUYUSA €CTECTBEHHBIX MU MCKYCCTBEHHBIX TNPENAT-
CcTBUH, peabeda MECTHOCTH, PACTIONIOXEHUS KPYITHBIX MOTPEOUTE -
Jiei BOIBI, MECTa pacIiOJIOXKEHHUsI UCTOYHHKA BOIOCHAGXEHHS U T. 1.
ITo xoHduUrypaunu cetT OBIBAIOT KOJIbLHEBbBIMH, Pa3BeTBIEHHBIMH
WM TYNHKOBBIMH H CMeEIIaHHbIMH.

KonblieBbie CETH rapaHTUPYIOT HaIeXHYI0 U GecrepeboifHyIo
nojavyy BOIbI, CMSATYAIOT AeHCTBUE TUAPABIMYECKUX YIApPOB, UMEIOT
MEHBIIIME TUAMETPHI TPYO U obecreynBaloT LIMPKYIALUio Boabl. He-
JIOCTaTKOM KOJIbIIEBOI CETH ABJSETCS OONbLIAS MPOTSIKEHHOCTb,
a cJie0BaTeNIbHO, BHICOKAsl CTOUMOCTb.

JIuHUM ceTH, TPAaHCIIOPTUPYIOIINE OCHOBHBIE TTOTOKH BOJIBI, Ha-
3bIBAIOTCSI MATHCTPAJIbHBIMH. BHE 3aBMCUMOCTH OT THUTIA CETU Maru-
CTpaJIN NOJIXHBI TIPOKJIAibIBAThCSI B HAIPaBJIEHUH OCHOBHBIX TTOTO-
KOB BOJBI M OXBAaThIBaTh BCIO TEPPUTOPHUIO HACEJIEHHOTO NMYHKTA,
PazsimuHble THTIBI KOJIBLIEBBIX CETEi MPUBEIEHBI Ha puc. 3.1.

Puc. 3.1. Tunsl KOJbLEBBIX ceTell
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PacroyiocxxeHHe y3ia MUTaHUs U (OpMa TEPPUTOPHM, TIOKa3aHHBIE
Ha puc. 3.1, a, TO3BOJISIOT OTPAHUYUTECS HECKOJTBKUMU MarucTpais-
MM B BHUIE My4yKa JIMHUI BOOJb ropoia, UIYLUIMX U3 y3j1a MTUTAHUS.
ITpu TeppUTOPHH HACEIEHHOTO ITyHKTa, UMEIOLLIETO paclIMpeHHe 1o
Mepe yaajJeHUsT OT UCTOYHMKA, PACTIONOXEHNE MarucTpajiei MoXeT
UMeTb BUJ, TIpUBENCHHBIN Ha puc. 3.1, 6. Ecau Tepputopus ropona
pacTAHyTa B HaTipaBeHWH, MEPHIEHANKYJISIPHOM HaIlpaBJIeHHIO MoJa-
4y BOLBI, TO HaYepTaHWE OCHOBHBIX JIMHUIT CETH UMEET BUI, TPHBE-
neHHbIit Ha puc. 3.1, 6. Ha puc. 3.1, e mokazana cucreMa OCHOBHBIX
JIUHUI B BUE KOHLUEHTPUYECKH PACITOIOKEHHBIX KOJIel], TUTaeMBIX
CHCTEMOI BOIOBOJOB U PAIMAIbHBIX MarucTpaeil.

Hanmnyue HeCKONbKUX UCTOYHUKOB MUTAHUS UM HECKOJBKHUX
PETYIUPYIOIIHX €MKOCTEH MOJKHO YUUTHIBATHCS KOHQUTypaluei
MarucTpaabHOMi CETH.

B KOJIBIIEBBIX CETSAX TIOMUMO MaruCTpaJicif UMEIOTCS MepeMbIy-
KM, TIpeIHa3HaYeHHBIE B OCHOBHOM JUIS TIepepacipeae/IeHUsT BOABI
MeXIy MarucTpasiMU TIpH aBapuu Ha oqHOH W3 HUX. [lepeMBIYKH
Ha puc. 3.1, a—6 MoKa3aHbl B BUAE MYHKTUPHBIX JIMHUHA.

Boma oT MarucTpanbHOM CETH K TOMOBBIM OTBETBJIEHUAM U TO-
KapHBIM THJIpaHTaM TIpY ToXape TMOoJaeTcs 1o pacnpeaeuTebHoi
CETH, TIPOKJIAABIBAEMON TIO yJWIIaM W Tipoe3naM. JuameTpsl 31O
CETH B OTJIMYME OT MAarUCTPAJIbHOM, KaK MpaBUJIO, HE PACCUUTHIBA-
I0TCSI, a TIPUHUMAIOTCSI B COOTBETCTBUM C MPOITYCKAaeMbIM TIOXap-
HBIM pacxoJioM. PacripenenutenbHast ceTh OKa3bIBAET CYIIECTBEH-
HYIO TTOMOIIb CHUCTEME MArMCTPAIBHBIX JUHUH BO BpeMs aBapuu
Tipu NiepebpoCcKe pacxomoB BOJBI C OMHUX MAarucTpaieil Ha Apyrue.

OTGOp BOABI MOXET MPOUCXOIUTh W OT TMHWUM MarucTpajbHO
CETH, €CJIM UX TUaMeTphl HeBeMMKU. I1pu OOJBIINX TMaMeTpax Ma-
rUcTpajeil 9KOHOMHYECKHU OTpaBIaHO NMPUMEHEHHWe TaK Ha3blBa-
€MBIX COIMMPOBOXIAIOIINX JIMHUI, MTPOKJIaAbIBAEMBIX MEXIY Y3JIaMU
NapajuiesIbHO y4acTKy Maructpaiu. K 3TUM JTUHMSAM TIpUCOenVHS-
I0TCSI JOMOBBIE OTBETBJIEHMSI.

B BomorpoBonmax MajibIX HaCeJeHHBIX MYHKTOB WJIM B KOHLEBHIX
ydacTKax rOpOJICKOI CETH HET pasIMdMsT MEXIY MaruCTPaJIbHBIMHU
U pacTnpeeUTeJIbHBIMU JIMHUSIMU, TaK KaK BCE OHU YYacCTBYIOT
¥ B TPAHCIIOPTUPOBAHWM, W B OTAAa4e BOABI MoTpeburensam. Takas
BOJIOTIPOBOJIHAST CETh HAa3bIBAETCS 00€3JIMUEHHOI, U TUAMETPHl BCeX
JIMHUI CETH IOJIKHBI OTIPENEATBCA PACUETOM.

OOGBIYHO TUIIPABIUYECKOMY M TEXHUKO-3KOHOMHYECKOMY pacye-
TaM TOABEPraloTCsl MaruCTPIbHBIE CETH, YTO 3HAYUTEIBHO 0bJIer-
YaeT MPOoLECC UX MPOBEACHHUS, aHAJIM3 PE3YJIbTaTOR M MPUHATHE pe-
LIEHUH.
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CucreMa MarucTpajbHBIX JUHUIL U TIepeMBIYeK 00pa3yeT KOJb-
11a, KaK IIPaBUJIO UMEIOILINE YILTHHEHHYIO (hOpMY, BBITSIHYTYIO B Ha-
MpaBJIeHUU OCHOBHOIO IOTOKa BOAbl. PacrmpenenutenbHast CEThb,
NpUMBIKaoLIasl K MaruCTpajJibHOU, OyZIET B OCHOBHOM TaKXe Tpefi-
CTaBJATh CUCTEMY B3aMMHO MEPEKPEIIUBAIOIIUXCS TUHUHA.

Ilpu ycTpoiicTBe pa3BeTBIEHHOU ceTH (puc. 3.2) momaya BOJBI
MOTPeOUTENI0 BO3MOXHA 110 eAUHCTBEHHOMY HarmpaBiieHHI0. Pa3-
BETBJICHHAs CETh JeIIeBjie, YeM KOJblieBasi, HO OHAa MEHee HalexX-
Ha: aBapus Ha JIOOOM ydyacTKe 3TOi CETH MPUBOAUT K TEPEPHIBY
TI0O1a4y¥ BOABI MOTPEOUTENSIM, HAXOASIIMMCS 32 MECTOM €€ BO3HHUK-
HoBeHMs1. [IpyMeHeHne pa3BeTBIeHHON CETH BO3MOXHO Ha 00bEK-
Tax, JOMYCKAIOLINX MEePEPhIB B NOJaye BOJbI HA MEPUO JMKBUIA-
iy aBapun. ObecrnedeHue HaeKHOCTH pabOTHI 3TUX CETEH JOCTH-
raeTcsi yCTPORCTBOM aBaADUWHBIX PE3EPBYapoOB.

Puc. 3.2. PazserBieHnas BOXONMPOBOAHASA CETh

st 60NBIIMHCTBA 06 BEKTOB BOJOCHAOXEHHUS CETH MTPOEKTUDPY-
10T KOJIBLIEBBIMU, OCOOEHHO MPH 00BbeANHEHNN XO3TUCTBEHHO-TIH -
ThEBOH CUCTEMBI BOJOCHAGXEHNS C MPOTUBOIOXApHOW. YCTpOii-
CTBO CMEHIAHHBIX CETEeH, MPEACTaBISIOMUX co00il KOMOMHAUMIO
KOJIBIEBBIX M Pa3BETBJIIEHHBIX CETei, MOXHO paccMaTpuBaTh B 60JIb-
ITUHCTBE CJIyyaeB KaK BPEMEHHYIO Mepy CHaOXeHUs BOIOil 0 mpe-
BpallleHUsI ceTeil B KOJIbLIEBbIE TIPU NajibHElllIeM pa3BUTUU BOJO-
TIPOBOJA.

IlepBoouepeaHoOM 3amadyeit MpyU MPOEKTUPOBAHUU U pacyeTe BO-
JOBOIOB M BOJIOITPOBONHBIX CETEU sIBIIsieTcst 0O0CHOBaHUE BhIOODA
JIMHMI Tpacc Ha 1maHe. TpacCUpPOBKY MPOU3BOASIT UCXOIS U3 YCIIO-
BUs o0ecrie4yeHUST HaAeXHOCTH pabOThl BOZOBOAOB U CETEH U HaU-
MEHBIIIE CTPOUTENIBHON CTOMMOCTH. TpaccpoBKa 3aBUCUT OT TIjia-
HUPOBKH HACEJIEHHOTO MyHKTa, Pa3MelIeHUs OTAEIbHBIX KPYITHBIX
notpebureieit, HAMNUYMA €CTECTBEHHBIX 1 UCKYCCTBEHHBIX TIPETISAT-
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CTBUI NIpHU TIpoKJaaKe Tpyd (pek, KaHajoOB, OBPAroB, Xejie3HOA0-
POXHBIX MyTeil U T. 1.), pesibeha MECTHOCTH.

XKenarenbHO NMPOKIaAbIBATE MATUCTPAJIN TI0 MOBBIIIEHHBIM OT-
MeTKaM i CO3aHMsI Haropa B pacIpeneanuTeibHoi cet. Kpome
TOTO, BHIOOpP TPAacChl 3aBUCUT OT MECTa PACIONIOKEHUST PETYINDY-
IOIIAX EMKOCTEH.

IIpu BEIGOpPE TpacChl BOJOBOMOB CTPEMSATCS MPOJOXHUTE UX TIO
KpaTyaillieMy pacCTOSTHUIO OT BOAOMUTATENSI IO CETH; N0 TEPPUTO-
pUM C MUHUMAJBHBIM YUCJIOM MPOMBIUIJIEHHBIX MPEANPUSITHIH;
BOJIM3HM aBTOLOPOT I yI0OCTBA OOCIYXKMBAHUS; B FeOJIOTMYECKHX
YyCNOBUAX, ODECITeUMBAIOIINX MUHUMAJIbHBIC 3aTpaThl Ha CTPOU-
TEJIbCTBO.

MarucTtpanbHble JWHUY NTPOKJIAAbIBAIOT B HANPABICHUU IBUXE-
HUs 0 KpaTyaiillleMy NMyTH OCHOBHOI Macchl BOIbl K Haubosee
KPYITHBIM MMOTPEOUTENSIM U PETYJIUPYIOIIUM eMKOCTIM. st Hamex-
HOCTH JIeJIal0T HEe MEHeE IBYX MapasuleIbHBIX MaruCTpajibHbIX JIA-
Huit Ha pacctossHuM 400—800 M. Marucrpanu CoeIuHSIIOTCS Tepe-
Mbrykamu yepe3 600—1000 M.

3.2. PacuyeTHaa cxema oT6opa BoAb!

ITocne ycTaHOBIEHUSI TEOMETPUYECKHMX TTapaMeTPOB CETH HaMe-
YaloT MeCTa M 3HA4YeHUsI 1moja4y U oTOopoB Boasl. Ha ocHoBaHUM
rpaduka BogomnoTpeOIeHUST ¥ peXXrMa paboThl BOAOIMTATEIEH YyC-
TAHAaBIWBAIOT PACXOJbl BOJIBI, NTOCTYMAIONINE B CeTh. JeCTBUTEND-
Has KapTHMHa OTOOpa BOABI M3 CETH MOXET OBITh MpeacTaBjeHA
IV 111 0OBEKTOB C HEOOMbIIMM YUCIIOM MoTpebuTeneit. Benmen-
CTBHE TOTO YTO YMCJIO TOYEK OTOOpa BOIBI U3 CETH TOPOJACKOTO BO-
JIOTIpOBOAA (YUCJIO JOMOBBIX OTBETBJICHUIT) OUEHBb BEJIMKO U PEXUM
oTOOpa BOJBI B HUX pa3HOOOpa3eH, yyecTh MPHU pacueTe CETH Acii-
CTBUTEJILHYIO KapTHHY Bogopa3bopa NMpaKTHYECKH HEBO3MOXHO.
IToaTOMy NpU TMAPABIMYECKOM pacyeTe CETH NMPUMEHSETCS YIIpO-
LIeHHAas yCJIOBHas cxeMa oTbopa Boabl, Haubosee 6JU3KO COOTBET-
CTBYIOIIas BEPOSITHOM KapTHUHE BOAOpPa3bopa M3 CETH.

PaccmoTpuM oaviH M3 Yy4YacTKOB paclpeae/MTEbHOU ceTH
(puc. 3.3). ITox yyacTKOM ceTH MojpasyMeBaeTcs JIUHUSI, OTpaHU-
YeHHast AByMs y3JaMu ceTh. Mexuay ToukamMu I u II B OTHeNBHBIX
MecTax oTbopa HabJIIONAIOTCS pa3TUYHbIE MO BETMYMHE PACXOAHI g;.
DTO Xe XapaKTepHO M IJIT BCEX OCTAJbHBIX YYaCTKOB pacIpeaesu-
TeJbHOM ceTn A—b. JIuHuss A—b MoXeT NMUTaTh BOHOIl HE TOJILKO
BBOJBI, HO ¥ TIPUCOEIUHSEMBIE K HEH pacTipeleIUTEIbHbIEC IMHUM.
YnpoieHHas cxeMa MpeIyCMaTpyuBaeT, YTo rojilaBaeMast B CETh BOja
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pacxonyeTcsi paBHOMEPHO Tio ee JuinHe. Pacxon, npuxonsiuuiics Ha
eAVHULY JJIMHBI CETH, Ha3biBaeTcst YAEIbHBIM pacxogoM. B cymmy
pPaBHOMEPHO paclpeleIeHHbIX PAaCXOMOB HE BKIIIOYAIOTCA GoNbLINe
COCPENOTOUEHHBIE PACXOABI, K KOTOPBIM OTHOCSITCS PACXOIBI BOJBI
OTIENBHBIX KPYITHBIX MIPEANIPUATUI U TIPOTUBOIOXAPHBIE PACXOIBI.

I

e
<

Aéz Iflz M 4{,/”4 ’
00

Puc. 3.3. Cxema orGopa Boabl M3 CeTH M pacnpejejieHusi pacxoaoB 1o
IUTHHE YYACTKOB CETH

YnenbHbli pacxon gy, ONpPENEsIoT Mo Gpopmyie

_0-O
qyn - zl )

rae Q — obumii pacxon BOABI, OTIaBaeMblii CETHIO, JI/C; QCOCp —
COCPEJOTOYEHHBIE pacXo/ibl Ha NMPOU3BOACTBEHHBIE HYXABI KPYII-
HBIX TIPEOINIPUATHH, IIPOTUBOTIOXAPHEIE PACXObl, J/c; T/ — cym-
MapHas JiuHa IMHHUH, pa3BOISIIUX BOLY, M.

B cymMMy miuH £/ He BXOAAT JUIMHBI IMHUH BOAOBOJAOB U CETEH,
MPOXOIAIIUX 110 HE3aCTPOEHHON TEPPUTOPUHU, KOTOPbIE HE OTHAIOT
BOIY NMOTPEOUTENAM IO ITYyTH. YAEIBHBIN pacXof MEHSETCS C U3Me-
HEHMEM PEXMMa BONOTIOTPeOEHUS U INIOTHOCTH HAaCEICHHS.

OIHUM M3 HELOCTAaTKOB pa30MBKHU pacxoda NpOMOPLHOHAIBHO
JUTHHAM JIMHUN ABJSIeTC TO, YTO UIMHA JIMHUHU €llEe HE OTpenesi-
€T YMCJIO CHAaOXXaeMBbIX BONOW XWUTEJIEH U, ClefoBaTeNbHO, KOINYe-
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CTBO OTHaBaeMOIf Boabl. I[Ipu omHO# M TOIt Xe AIUHE JTUHUU MOTYT
CHa0XaTh BONOH pa3IMYHYIO IUIOINAAb U Pa3inyHOE YHCIIO XHUTe-
Jteit. YrouHeHHe pacyeTa MOXeET OBITh JOCTUTHYTO, €CJTU YAETbHBIA
pacxon OMNpeneNsiTh He Ha €IWHUIYy IJIMHBI CETH, a Ha eAUHULY
TUTOLIAAU TEPPUTOPHUN KBapTaJoOB HACEJEHHOTO MyHKTa, CHabXa-
€MBIX BOJIOM.

Ecnu BCIO BOIOMPOBOIHYIO CETh pa3bUTh HA YYaCTKHU, TO CYM-
MapHBI paBHOMEPHO pacrpeiesieHHbIi pacxon 6yaeT paBeH CyMMe
pacxXolloB MO BCEM ydyacTKaM. Pacxonm Bombl, OTA@BaeMBblil KaXIbIM
y4acTKOM, Ha3bIBaeTCst MyTeBBIM pacxonoM. OH paBeH:

0, = gy,

CyMMa BCex TyTeBBIX M COCPEIOTOYEHHBIX PaCXOJ0B paBHa MOJI-
HOMY pacxony Q B pacUeTHBII MOMEHT BPEMEHH.

ITo KaxmoMy y4acTKy CEeTH, KpOMe MyTeBoro pacxona Q,, mpo-
MYyCKAaeTCs TPAH3UTHBIN pacxox O, HEO6XOAUMBIN Ul MUTaHHUS
NocJenylourx yyactkoB. [Ipy 3ToM pacxoa B Hayajle y4acTKa CO-
crapasier Q, + QTp, a B KOHIIE — QTp. TpaH3uTHBIN pacXond MOCTO-
SHEH U1 paccCMaTpHUBaeMoro yyactka. I'padudeckoe U306paxeHHE
3THX PacXOOB Ha yYacTKe CeTH JUIMHOM / moka3aHo Ha puc. 3.3.

T1pu ruApaBIMIEeCKOM pacyeTe HCITONb3YIOTCsI pacYeTHhIE SKBHBa-
JIEHTHBIE PACXObI, 3aMEHSIONINE TIepEMEHHBIE ITYTEBBIE U TTOCTOSH-
HBle TPaH3UTHBIE pacxoxbl. IIpy 3Toi 3aMeHe MOTEPH Haropa B JIM-
HUSIX CETH, OTpelieNIeHHBIE 10 pacuyeTHbIM pacxoiaM, paBHEI IMOTe-
PSIM, BBIYMCJICHHBIM T10 ITYTEBBIM ¥ TPAH3UTHBIM pacXoiaM.

PacyeTHbIif pacxon @, y4acTka, MMeIOIero nmyTeBoi pacxon O,
M TPaH3UTHBIA O, MOXET GBITH BEIYUCIIEH 110 opmye Hrormion

0,= 0, + a0,

rae o — K03 GHUIUEHT, 3aBUCIIIHI OT COOTHOILIEHUST TPAH3UTHO-
ro ¥ MYTEBOTO PACXOM0OB yYyacTKa M U3MeHsomuiics or 0,5 mo 0,58.

B npakTuke pacyera KoO3pDULUMEHT oo MPUHUMAIOT paBHBIM 0,5,
Torma

0,= 0, + 0,50,

ITyTeBble pacxomnl Mt yI0OCTBA PacUeTOB 3aMEHSIOT Y3JIOBEIMU
pacxogamu. ITycTh HeKoTOpPHI yyacToK (puc. 3.4) uMeer rnyreBoit
pacxon (Q,),. Tpan3uTHbIA pacxon Ha nmpenpiayimemM (n — 1)-M yya-
CTKE paBeH CyMMe ITyTEBOTO M TPAH3UTHOTO PacXOHOB JaHHOTO H-TO
yyactka: (@), = (@), + (Qp),

Te Xe pacyeTHBIE pacXomabl OYAYT MOJYJYEHBI, €CJTM pa3OouThL Imy-
TeBoi pacxon (Q,), momonam U orHectH 0,5(Q,), B HayalbHyIO
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M KOHEUHYIO TOYKH pacCMaTpMBaeMOro yyactka. I1pu Takoit cxeme
OTHa4M PacyeTHBI pacxon O, TAHHOTO y4acTKa GYAET TaKUM XKe:

(0, = () + 0,5(0),

05( an)n ' 05(4n)s
L (CJT'_,),7 +0,5(Qp ),
—

(@rplns= (i 0,;5‘” *(Qn)n (@rp)n
Puc. 3.4. B3aumMocBA3b MeXIy TPAH3HTHbIM, MYTEBbIM H Y3JIOBbIMH
pacxoaamu

OT6op BoIBI B JIOOOM y371€ CETU MOXET OBITH OMpenesieH Io

. dopmyne g = 0,5£Q,, T. €. COCPENOTOYEHHBII OTOODP B y3/ie ceTH

paBeH TIOJlyCYMMeE NMYTEBBIX PACXOMOB BCEX YYaCTKOB, NMPUMbBIKa-

OIMX K AaHHOMY y3ny. [Ipy 3TOM pacueTHble pacXoibl y4YacTKOB

paBHBI X TPAH3UTHBIM pacxonam. [TocneaHue onpenensior B COOT-

BETCTBUU C INMpEABAPUTENLHBIM TIOTOKOpacHpeaeaeHUEM BOJbI IO
JIVHUSIM CETH.

Crenyommm yrpouieHHeM CXeMbl 0TO0pa BOIBI SIBJISIETCSI OTCYT-
CTBUE yuyeTa BIMSIHUS Ha OTOOp AaBJICHUS B CeTH. B peanbHOCTH
BCSIKO€ U3MEHEHHE JIaBJICHHUS B pa3JIMYHBIX TOYKaX CUCTEMBI IIPUBO-
JUT K UBMEHEHUIO OTOOpa, a U3MEHEHUE pacxoja, B CBOIO Oye-

' pelb, — K U3MEHEHMIO JIaBieHus. IIpu pacyeTax BOZONPOBOAHBIX

¢ ceTeil 3Ty 3aBUCUMOCTD [UIs1 OOJBIIMHCTBA MOTPEOUTENIEH HE YUNUTHI-
BalOT, T. €. IPUHUMAIOT OTOOPHI B BUIE GUKCHUPOBAHHBIX 3HAYCHUI,
B 3HayuTENbHON Mepe HaHHOE IPEITIONIOXEHUE OIMpPAaBIbIBACTCS
KOPPEKTHPOBKOI pacxoja U NaBjleHUS caMuM notpedureneM. Eciu
B CUCTEME MMOBBIIIACTCS JABJIEHKE, TO ¥ M3 BOJOMPOBOAHBIX KPAHOB
WIET Ype3BbIYaifHO CUiIbHAS CcTpysd. B 3TOM ciiyyae aODOHEHT TNpH-
KpbIBaeT KpaH. [Ipy cHUXeHUM naBfaeHMs], KOrJa yMEHBIIaeTcs pac-
XOII, OH OTKDPBIBAaET KpaH B OOJblLIEi Mepe.

B HeKOTOpBIX CyyasiX HEAb3sl HE YUUTHIBATH BIMSHUE NaBICHUS
B CHMCTeMe BOJOCHabxeHUsT Ha oTOop Boasl. HanmpuMep, Hexena-
TENIbHO IIpeHeOperaTh ero BAUSIHUEM Ha OTOOPHI, KOTOPBIE OCYILE-
CTBJISIIOTCS TIpU CBOOOTHOM (HEPETYJIMPYEMOM aBTOMATHYECKH) U3-
JIMBE BOABI B PETYIMPYIOLIHE U 3allaCHble EMKOCTH TOPOICKOTO BO-
JIONTPOBO/Ia M TNPOMBILLUTIEHHBIX MpeanpusThii. OT6opsl BOIBI U3
CETU CTAaHLIMSMM IMOAKAYKH, MOXKapPHBIMU HACOCAMHU TaKKe M3MEHSI-
I0TCS TPYU U3MEHEHUM JABJICHUSA B CETHU.

OT6opbl BOOBI, IS KOTOPBIX IIPU pacyeTe CeTH HEOOXOAUMO
YUUTHIBATh BIUSIHUE U3MEHEHU JABJICHUSI B CUCTEME BOJOTIOAAYHU
W pacrpeieJieHus, Ha3bIBaloTCs HePUKCUPOBAaHHBIMU. JIJIst HUX MpH
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pacueTe CUCTEMBbI MOJAYU U pacnpeneseHUsT JOJIKHA OBITh YYTeHa
¢yHKIMOHaMbHAas CBSI3b pacxoda U AABJIEHUS.

Heob6xonumo nmoguepKHYTh OCOOEHHOCTH OTAAa4YM BOABI, CBSI3aH-
Hble ¢ yreykaMHu. OHM HabGJI0AaI0TCST B CUCTEMaxX BHYTPEHHETO BO-
JOCHAOXEHUS U3-3a HEYIOBJIIETBOPUTENIBHOM paboThl Bogopa3bop-
HOIt apMaTypbl. YTeuKd BO3pacTaloT HOYbIO, KOT/Ia NaBJIEHHE B CETH
MMOBBIIIAETCS M3-3a CHUXEHUS oOluero BomomnorpebaeHusi. OHM
CUJIBHO BIIMSTIOT Ha K02 dULIMEHT HEpaBHOMEPHOCTUA BOIOTIOTPEO-
JIEHUsI B TEUEHHE CYTOK B CTOPOHY €0 CHMXEHUS.

3.3. OnpepneneHue guamMeTpoB 1 NoTepb Hanopa
B C€TU M BOAOBOAAX

3Has pacxon BOIBI, MMPOTEKaloILEeH 110 TpybornpoBoay, BEIOUPAIOT
ero xuamMeTp. PellleHune 3TOi 3a1ayu CBSI3aHO C OTBICKAHUEM MHHH-
MyMa NpUBEIEHHBIX 3aTpatr P, Ha CTpOUTENbCTBO P, M 3KCIUTyaTa-
umto P, 3a pacuetHblit cpok 7,. IIpuBeneHHbIe 3aTpaThl

Pnp=PCT/7:)K+P3K‘

BenmunHa P, onpesensieTcsi CTOMMOCTBIO TPYO, UX TPAHCTIOPTH-
POBKH, pa3pabOTKH TpaHILeH, YKIAIKU U T. I. DKCIUTyaTallMOHHBIE
3atpathl P, — cyMMa JABYX COCTaBJISIOLIMX: CTOMMOCTH 3JIEKTPO-
SHepruu P, , 3aTpauuBaeMoil Ha TpPEONOJIEHHE TNOTEPh Hamopa
B TpyOOTIpOBOAE M MOABEM BOJBI HA 33JaHHYIO OTMETKY, a TaKxXe
3aTpaT P,, NpencTaBisIONX CYMMapHYI0 CTOMMOCTb paboT mo pe-
MOHTY U OTYUCJIEHUI Ha aMopTh3auuio. BennunHa P, npuHUMaeT-
A Kak npoueHt R or croumoctu P, 1. e. RP_/100 = P,.

B aTOM ciyyae
P = Po/To + PoR/100 + P, = P (1/T, + R/100) + P, .

Bripaxenue Q = ov = nd?v/4, (roe ©® — IIowmans MornepeyHoro
ceueHUst Tpyobl; d — muaMeTp TPYOBI, Vv — CKOpPOCTb IABHXEHHUS
BOJIBI) OTpEAEISIET B3aUMOCBSI3b MEXIY IMaMeTpoM TpyOorposona d
¥ pacxonoM Bonsl Q.

N3 aroit dopmynsl cnenyer, YTO BO3pacTaHWE CKOPOCTH ITPUBO-
IUT K YMEHBIIIEHUIO IMaMeTpa TpyOoOorpoBoIa U, Ha060pOT, YBETH~-
yeHHe JUaMeTpa MPUBEIET K YMEHbIIEHUIO CKOPOCTH IBUXEHUS
Boabl. TO U Ipyroe OKa3bIBaeT BIAUSTHUE HA MPUBEACHHBIE 3aTPATBI.

ITotepu Hamopa B HAMOPHBIX TPYOOTIPOBOAAX ONPENENSAIOT IO
(opMysiaM rMAPaBINKHU:

h = a2/ (2gd); h = KQBl/dm,
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rae A U K — koapduumeHTsr noteps Hanopa (K = 8A/gn?); | —
[JWHA TpyborpoBoaa; B U m — rokKasaTesb CTETIEHH TIPU Pacxojie
Y IMaMeETpe; g — YCKOPEHME CBOOOMIHOTO MafieHMSE.

C BO3pacTaHWEM CKOPOCTH IBUXEHUS BOObI B TPYOOITPOBOJIE MO-
TepU Hamopa pacTyT. DTO MPUBOAUT K YBEJIMYEHUIO TpebyeMoit
MOIIIHOCTH HACOCHBIX arperaTton, MOAalOIMX BOIY:

N= Q(H, + h)/(102 n),

rae H, — reomeTpuyeckas BbIcOTa nmoabema Boabl; n — KIIJ Ha-
COCHBIX arperaTos.

B pesysnbTaTe pacTyT 3aTpaThl SHEPTMM Ha MoxbeM Boabl P, . Ox-
HOBPEMEHHO C YBEIMUYEHHEM CKOPOCTH V MPOUCXOIUT YMEHBIIIEHUE
TpeGyeMoro auaMeTtpa d TpyO IUIsi TpaHCIIOPTUPOBaHUS pacxona O,
a CNeIoBaTeNIbHO, YMEHBLIAETCSl CTPOUTENbHAS CTOUMOCTD TPYOOTIpO-
Bona P. [IpuBeneHHass CTOMMOCTb MOXET ObITh MpeACTaBleHa Kak
B PYHKIMM CKOPOCTH Vv, TaK U B HYHKUMU nuameTpa d. XapakTep U3-
MeHEeHUsT BeTNYnHbL P, 1 ee cocrasnstomx P (1/T,, + R/100)
n P, B QyHKIMHU yKa3aHHBIX BEJIMYMH MPUBeNeH Ha puc. 3.5. Cko-
POCTh M TUAMETp, OTBeYalOlIMe MUHUMYMY TIPUBEICHHBIX 3aTPaT,
OTIPEESIOTCS. HANMEHBIINMHU OPAMHATAMU KPHUBBIX P .

a) 0/
‘p”p' ) PrrsPox) Pnp +f( ’}7» P;,()‘

0 — ()
Ysx v dyw

Puc. 3.5. Xapakrep n3mMeHeHHSI NPHBEIEHHBIX 3aTPAT B (PYHKLUUH CKOPOCTH
(a) v auametpa (0)

DKOHOMMYECKHU HaWBHITOAHEHIIIME NMaMeTphl BOAOMPOBOJHOM
CeTH MOTYT OBbITh HaltIeHbl aHATUTHUECKH IS JTIOOBIX KOHDUTYypa-
1IMH CETU U YCJIOBUIt MUTAHUS.

PaccMoTpuM cxeMy BOOOCHAOXEHHMSI, TPENCTAaBJIEHHYI0 Ha
puc. 3.6. Ot HacocHOI cTaHUMHK / BomoBoA 2 MTOAaeT BOAY B pe3ep-
Byap 3, pacrloJIOXEHHBIM Ha BO3BBIIIEHHOCTH. U3 pe3epByapa 3
BOZIa IO BOJOBOAY 4 IMOCTYMHAaeT B pe3epByap S, pacIioIOXEeHHBIN B
KoH1le MarucTpaii. CylecTBYIOT pa3jiMyus B paboTe JieBoit U npa-
BOit BeTBeit BomoBoja. I1pu mogadye BOAbl HacOCaMHM, HAIMoOp KOTO-
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pPBIX HEU3BECTEH, pAcyeT CBOJUTCS K OMpEAENeHHI0 TUAMETPOB
TpyO, NPU KOTOPBIX 3aTPaThl Ha CTPOMUTEIBCTBO M SKCILTYaTallHIO
BOAOITPOBOIHLIX IUHUNA U HACOCHOI CTaHIIMU OyayT MUHUMAJIbHBI-
MM 3a pacyeTHBIN CpoK. [Ijis rnpaBoii BeTBH BONOBOA, MPENCTABIIS-
JOLIEH IpaBUTALIMOHHYIO (CAMOTEYHYIO) HAIIOPHYIO CUCTEMY, PacIio-
JlaraeMblif Harop 3anaH. g 3Toro ciayyas 3aiavya TEXHUKO-3KOHO-
MHUYECKOTO pacuera CBOHUTCS K OTBICKAHUIO TaKUX MHAMETPOB
TpyOOTIpOBOAA, PU KOTOPBIX CTPOUTENIbHAS CTOMMOCTDh CUCTEMBI
OyneT MUHUMAaJbHA MPHU YCIOBUH MOJHOTO PACXOAOBAHHUSA 3TOTO Ha-
ropa Ha NpPeoNOJIEHHE TMAPABIUYECKUX COITPOTUBIEHUI BOIOBOA.

heZhy

H=Zhy

21 ‘”p[

Zye
4

/g

Puc. 3.6. Cxema cucTembl BOAOCHAOKEHUS

PeriuM 3azavy 1Mo OTHICKaHHWIO IMAMETPOB YYACTKOB JIEBOIA, Ha-
THETATeNbHOM BeTBU BogoBona. ITpu ABHXEHUU BOABI ITPOUCXOIUT
YaCTUYHBINA ee oTOOp B PSAAE MPOMEXYTOYHBIX To4YeK. JInsg Haxox-
JEHUSI 9KOHOMUYECKHU BBITOAHBIX AUAMETPOB HEOOXOIUMO COCTaB-
Jsomue GyHKUUY TPUBEEHHBIX 3aTPaT BHIPA3UTh Yepe3 rMIpaB-
JINYECKUE U IKOHOMHUYECKHE 3aBUCUMOCTH. Torma mig yKazaHHOM
CUCTEMBI NpHUBENCHHBIC 3aTpathl P, GyayT umeTs creayommii
BMI:

P, = (1/T, + R/100)Z(a + bdy2)ly + P (Hy + Tkq,pb/d,"l,) Q,

rae R — eXeroaHble OTYMUCIIEHUS HA aMOPTU3ALIMIO U PEMOHT B MPO-
LIEHTAaX CTPOUTENILHON CTOMMOCTH BONOBONA; £ — 3HAK, OTIPEAEIIs-
IOLMH MMOJIHYIO CTOMMOCTD CTPOUTENBCTBA BOAOBOAA; @ + bd,* = ¢ —
SMITUPUYECKAsT 3aBUCHMOCTb JUISI ONPECICHUST ETUHUYHOM CTOUMO-
CTH CTPOWTENLCTBA BOAONPOBOXHON NMHUM; d;, U [, — KuameTp
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¥ JUIMHA OTIENBHBIX y4acTKOB BOIOBOAA; £kq,P/d, ", — cymma mo-
TEpb Hamopa Ha y4acTKax BOJ0BoOaa; ¢, — pacxol BOAbI y4acTKa BO-
noBoza; O — IOJHBIA pacxo, MOCTYNaloWUii B BOLOBOI.

Bennuuny P Haxondrt no ¢popmysne

P~ 365 - 240v/(1021),

rae ¢ — CTOUMOCThb 1 KBT - 4 ajieKTpO3Hepruu, noTpediasieMoit Ha-
COCHBIMU arperataMi Iisl To’beéMa Bolbl; ¥ — KO3 DUIMEHT He-
PaBHOMEPHOCTH PAacXOHOBAHUS SHEPTMU Ha MOXbEM BOILI B Teue-
HHUE pacyeTHOTro nepuonaa; n — obumit KI1J] HacocHoil ctaHIIuM.

TlepBbiit WieH B BBIpaXX€HWUU MPUBEAECHHBIX 3aTPaT OTpeAeasieT
€XErogHble OTYMCIEHUSI OT CTPOMTEIBHOW CTOMMOCTH BOJIOBO.A;
BTOPOU — 3aTpaTsl Ha 3KCILUTYaTalMIo, CBA3aHHYIO C PACXOJ0BaHM-
€M BJIEKTPOSHEPTHUH.

st oTBICKaHUSI ONTUMANIBHBIX 3HAYEHUH d;, KaXAOro yyacTka
BoZIOBoia HEOOXOINMO GYHKLHMIO MPUBEACHHBIX 3aTpaT P, npo-
avddepeHINPoBaTh MO d;, U IPUPABHATHL HyJ0. B pe3ynbrarte no-
Jy4uM

dy = 3 /@+m QUtctm g b/a+m

3mech 95KOHOMUYECKUI haKTop

_ 8760cykm
102nab(1/T,, + R /100)

XapaKTepu3yeT YCJIOBUSI CTPOUTENBCTBA U IKCIUTyaTallUM CUCTEMBI
BomocHabGXeHus. 1 BomoBoAa ¢ OQHUM Y3JIOBBIM OTGOPOM B KOJIb-
1LIeBOIt TOYKeE:

gy = Q; dy = DVt m QU+ P/t m,

B nipaBoit BetBM (cM. puc. 3.6) Boaa 1o TpyGoIpoBOLy TPaHCIIOP-
TUPYETCSI B Pe3yJIbTaTe pa3HULIbI TbE30METPUYECKUX OTMETOK YPOB-
HsI BOABI pe3epByapa 3 1, = H,)) v pesepsyapa 5 (I, = z + H_).
Pacrronaraemslif Hartop H, KOTOpPBIH OJKEH ObITh U3pAacCXOAOBaH Ha
MpeooIeHHe TUAPABINYECKHX 110TePD I A, paBEH:

H=H, — (H, +z,) = hy.

IIpy HATMYMKM HECKOJBKUX Y3JIOBBIX OTOOPOB, PACTONIOXEHHBIX
110 JUTHHE BOAOBOAA, COOJIOAEHUE TIPUBEIEHHOrO PaBEHCTBA BO3-
MOXHO TIpU COYETAaHHMM Ha y4yacTKax TpyGONpOBONOB Pa3IMUYHBIX
IraMeTpoB. TOJIEKO OMHO M3 3TUX COYETAHWH OTBEYaeT MUHUMYMY
CTPOMUTEIBHON CTOUMOCTH.
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DKOHOMHYECKHN HAWBBITOAHEUIINI TUaMeTp I'PaBUTALIMOHHOTrO
BOJIOBOJIa MOXET OBITh HaiteH o (hopMmyJie

k
— B/(a+m)y N1/m B /(c+m)
‘111.' _(qulz * [ik) ik * ¢

CreayeT OTMETUTD, YTO IPHU MaJbIX Pa3HOCTSIX TThE30METPUYEC-
KHX OTMETOK B HauaJbHOW M KOHEYHOW TOYKaxX BOIOBONA TepeKay-
Ka TT0 HEMY 3aJaHHOTO PacXo/a MOXET MPUBECTU K 3HAYUTETTBHOMY
YBEJIMYEHUIO THaMeTpa U, CleJOBaTeIbHO, K YBEJIUMYEHUIO CTPOU-
TEIBHOW CTOUMOCTHM CHCTEMBI. B 3TOM ciyyae MOXeT OKa3aTbCsi
peHTabeNbHBIM OTHOBPEMEHHOE MCITOJIb30BaHUE MOAKAYKU BOIBI
HacocaMH.

BbryucieHHbIE DKOHOMUYECKU HAWUBBITOAHEUIINE OUAMETPHI,
KaK TMpaBWJIO, HE COOTBETCTBYIOT OJIMXailIMM CTaHIAPTHBIM IUa-
MeTpaM TpyO, BBITTyCKAaeMbIX MPOMBILINIEHHOCTHIO. [Ipn mpumeHe-
HUU TpYO CTaHAAPTHBIX OUAMETPOB TIPUBEIECHHBIE 3aTPaThl TEM
Gonpllle, YeM 3HAYUTENIbHEE OTKJIIOHEHHE TIPUHATOTO COPTAMEHTHO-
ro IMaMeTpa OT ONTUMAJIBHOTO.

111 BO3MOXHOCTH BbIGOpa HAUBBITOMHEHIIIMX CTAHAAPTHBIX IHa-
METPOB HEOOXOIUMO HAaMTH 3HAYEHUS <«IIPEHCJIbHBIX» PAaCXOMIOB,
MPU KOTOPBIX TIPUBEJEHHBIE 3aTPAThl I TpyO GMXaNIIMX copra-
MEHTOB OYyAyT paBHOLIEHHBI. MIX HaXxomAT MyTeM COTOCTaBJIEHUS
eJMHUYHBIX TIPUBEACHHBIX 3aTPaT JJIST IBYX TPYO CMEXHBIX MO COp-
TaMEHTY TMaMeTpOB.

I'paduk pnst onpeneneHs pedebHBIX PAacXOIOB NMPUBEICH Ha
puc. 3.7. ITo ocu OpAUHAT OTJIOXEHBI OTHOIIEHUS TPUBEIEHHBIX
satpatr P, 1nst Tpy6 CTaHZApTHOTO AMaMeTpa K MPUBEACHHbBIM 3a-
Tpatam Py, o, ISL TPYO ONTHMAIBHOTO AMaMeTpa; Mo OCH abeumce —
3HauyeHus pacxona Q. KaxnoMy copraMeHTHOMY AuaMeTpy d,, d,
U T. 1. COOTBETCTBYET ONTUMasibHOE 3HayeHue Q2 ., O3 [ W T. 1.

L
Gy ""qi/c(a/ar)l'fB =9/,

TI€ g, — PacXo BOIBI, TPOTEKAIOUIEH MO yYacTKy; J — 3KOHOMH-
yeCcKUH (aKTop, ONpeneseHHBIN IJIsT KOHKPETHBIX YCJIOBUI CTpOU-
TEJLCTBA U OKCIUTyaTalluK; J, — 3KOHOMUYECKUI (HaKTop, MPUHS-
TBII TIPU COCTABJIEHUHU TaONULIBI TIPEETBHBIX PACXOIOB.

[nsa onpeneneHust mapaMeTpoB pabOTHI CUCTEMEI ITOJAYH U pac-
MpeaeseHus Boabl HEOOXOAUMO 3HATh pacXOIbl BOABI, TPAHCIIOP-
TUPpYEMOU Mo TpyOONpOBOJaM, U COOTBETCTBYIOIIME UM ITOTEPU
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Haropa. OCHOBHOH popMysnoit, oXxBaThIBaIOLIEH CIIydan HAroOpHO-
ro 1 6e3HaNmOPHOro IBUXXEHUS B KaHajlaX M TpyOax, sIBJISIETCS clie-
Iylomas:

v=C\/—R_i,

rne C — koadpoduumeHt lle3u; R — rugpaBiuyeckuit paguyc; i —
TUIPABINYECKUNA YKIIOH.

a‘ﬂ /'D/rp enr

” \ \

! T\ " /
1,0 d | /] : d :

d
G 7 " v !
Qonr ar/peﬂ Bpnr Qnned 00,, 1 a

"

2 /
| \/
N

-

Puc. 3.7. I'padux onpenenenns npeaeibHbIX pacxoaoB

YacTHBIM cliy4aeM 3To# (HOPMYJIBI TIPU HATTOPHOM ABUKEHUU
sasisercs Gopmyna dapcu—Beiicbaxa, mMpoko mpuMeHsieMas
B MHXEHEPHOW IMIpaBJIMKe:

2
A Livic

ik d,'k 2g ’
rae hy — ToTepH Hamopa yyacTka Tpybonposona; A — Koahduim-
€HT TUIPaBINYECKOr0 COMPOTUBIEHUS 3TOTO yyacTka; [ W d —
AVHA U JUaMeTp TpybBl yyacTka; v; — CKOPOCTb IBHXEHUS BOIbI
B TpyOe; g — ycKOpeHHue CBODOIHOTO MaJeHUsI.
IIpu pacyeTe BOIOIPOBOAHBIX CHCTEM yHOOHEe UCIOJIb30BaTh
dbopmMyity, B KOTOPOif CKOPOCTh 3aMEHEHa PacXoJ0M:

h =kq13clik
i d"l:‘ ’

rae k — K03(pPHLHUENT; g, — PACXOI BOABI HA y4acCTKe; m — I0Ka-
3aTesb CTETIEHH.
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Koadpduumenrsr A, C 1 k, UMeOIIUE OOUHAKOBYIO NPUPOLY,
CBSI3aHBbI COOTHOLIEHUEM

A = g n?k/8 = 8g/C2.

Ilpu naMUHApHOM U TYPOYJIEHTHOM TE€YEHUM B INIAAKUX TpyOax
M B TJIAIKOCTEHHOU 061aCTH TypOYyJIEHTHOTO TEUYEHHUS B 1IEPOXOBaA-
TeIX Tpy6ax A (kK m C) 3aBUCUT TOJBKO OT uucia PeifHonbica,
T. €. OT CKOPOCTH, TUAMETPA U BI3KOCTH; B IEPEXONHON 06JIacTH
TypOyJIEHTHOTO TeYeHUsT — OT yucia PeitHonpaca, mepoxoBaToc-
TH U IMAMeTpa; B KBa[paTHYHOU 00JIaCTH — OT HHaMeTpa U IIepo-
XOBAaTOCTH.

Bunpl GyHKIIMOHANBHOU 3aBUCUMOCTH KO3 dULIMeHTa THAPAB-
JIMYECKOTO COIMPOTUBJIEHUST A OT yKcyia PeiftHonbaCa, 1IEpOX0OBaTO-
CTM W IWaMeTpa B pa3jIMYHBIX 00JacTIX TypOyJ€HTHOTO TeUYEHUS
BOJIBbI ONPENEIISTIOTCS Pa3TMYHBIM COOTHOLIEHHEM TOJIIWHEI JJAMH-
HapHOTO CJIOST M BEJINYUHBI BBICTYITOB 1IEPOXOBATOCTH CTEHOK TPYO.

BrnusiHMe 111€pOXOBAaTOCTH BHYTPEHHEN MOBEPXHOCTU TPYO Ha
HX TUAPABIUYECKOE COIMPOTHUBIIEHUE YUUTHIBAETCA Pa3IMIHBIMU
aMIUpUYEeCKUMHU ¢opmysramu. Ux gyucio BecbMa Benuko. Ilpu
pacyeTe CUCTEM BOJOCHAGXEHUS HIMPOKO HUCIOJB3YIOTCST (hOopMYy-
bl @A, LllesesieBa, nojyueHHbIE HA MHOTOYHUCJIEHHBIX 3KCITEPU-
MeHTax, npoBeneHHbIXx Bo BHUU BOATEO.

YyuThIBast, YTO MOTEPH Haropa A MPONMOPUHOHATbHBI IJIHHE BO-
JOMPOBOAHOM JIMHUM, MOXHO MOTEPU HAaropa Ha €IUHHIY JJTMHBI
OTpeNesIATh 6e3pa3MepPHON BEIMYMHON — TMAPABIMYECKHM YKIIO-
HOM iy = hy /1.

®.A. IlleBeneBbIM TIPEIIOXEHBI CleAyIone GOpMybl IS OI-
peneneHus eTMHUYHBIX MTOTeph HAIopa B Tpybax:

HEHOBBIX CTAJbHBIX U YYTYHHBIX, pabOTAIOMINX B KBaAPATUIHOMN
obactu ipu v > 1,2 M/c,

i = (0,001735/d,53) g,

HEHOBBIX CTaJbHBIX U YYTYHHBIX, Pa0OTalOIINX B MEPEXOTHOIM
o6nactu nipu v < 1,2 M/c,

b = 0,00148/d;>>(1 + 0,867/v;)" g
acOecTOLIeMEHTHBIX
i = 0,00091/dy (1 + 3,51/v,)% g,
IJTaCTMACCOBBIX
iy = 0,0001052¢,4774/d, 774,
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JInsl HOBBIX METAITMYECKHUX Tpy6, paboTalomuX TONBKO B Tiepe-
XOQHO# 001acTH, CYLIECTBYIOT ClieHMaJIbHBIE pacyeTHBIE (DOPMYITHL.
Hx ncrnonb3oBaHWe BO3MOXHO JIMLIB IIPH YBEPEHHOCTH, YTO B MPO-
Liecce IKCIIyaTallud He OyayT oO6pa3oBBIBATECS OTJIOXEHUS U Ha-
61100aThCA BHYTPEHHSISI KOPPO3UA.

B cBA3M ¢ yXyauieHHEM KayecTBa BOJBI B MCTOYHHKAX BOLO-
CHaOXeHUS U MPUMEHEHUEM KOATyJISHTOB B A€HCTBYIOIUX CUCTE-
Max BOHOCHAa6XeHUsI, BBINIOJIHEHHBIX U3 METAINIMYECKUX TPYD, Ha-
GJI01aeTC MHTEHCUBHOE 3apacTaHue WX BHYTPEHHENH MOBEpXHOC-
TH. DTO MPUBOIUT K POCTY THAPABINYECKOTO COMNPOTUBIEHUSA
B HECKOJIBKO pa3. [ToaToMy B mpoliecce 3KCIUTyaTallUu TaKUX TPY-
GONpOBOIOB HEOOXOAUMO IPEAYCMATPUBATh MEPOTIPUATUS 1O CO-
XpaHEHUIO U BOCCTAHOBJIEHUIO TTPOMYCKHOM CITOCOOHOCTH Tpy6o-
nposoaoB. IIpn sKOHOMHUYECKO# Helleaecoo0pa3HOCTH WU OTCYT-
CTBUM TEXHUYECKON BO3MOXHOCTH TPOBEAEHUSA YKa3aHHBIX
MEPONPUATUI JOMYCKAETCHd YYUTHIBATH BO3MOXHOE BO3pacTaHUE
COTIPOTHUBIIEHUS.

IIpyu onpeneneHUN TMAPABINYECKOTO YKIOHA XKeJ1e300€TOH-
HBIX TPYOG MOXHO II0JIb30BaThCs 3aBUCUMOCTAMMU, TTOJyYEHHBIMU
B JIMNXTe nox pykosoactBoMm B.C. IukapeBCKOro:

IUIS1 BUOPOTUIIPOIIPECCOBAHHBIX TPYO

i = 0,001078v,,1-85/d,1.19;
JUIs LEHTPU(DYTUPOBAHHBIX TPYO
iy, = 0,00095v,1:85/d, 1,19,

B npakTukKe pacyeToB IIMPOKO MPUMEHSIOT TabJINIIbI, TpauKH
U HOMOTpaMMBbl, KOTOpbIE COCTABJIEHBI IO MPUBEACHHBIM BBIIIIE
¢opmynam. OxHako psd 3aaad JejlaeT OY4eHb HEYAOOHBIM MCTOJb30-
BaHME 3THX POPMYJN B IBHOM Bule. Hanmpumep, MMpu BBIMOJTHEHUU
pacyeToB IO YBsI3Ke BOAOTIPOBOAHOM ceTH obiasi hopMysna NnoTepb
Haropa MOXeT OBbITh TIPEACTaBIEHa B BUIE

hy = Soludu?,

tae Sy = ky/dy”"

BennunHa S, Ha3bIBaeTCsl YAEIBHBIM TMAPaBIMYECKUM CONPO-
TUBNIeHUeM. [ MapaBIMyecKkoe CONPOTUBIEHNE YYacTKa TPyOOIpOBO-
na Sy = Syl Ecau Tpy6bl paboTaloT B HEKBaApaTUYHOI 06/1aCTH,
TO pacxon (WM CKOPOCTb) B (POPMYJie OTePb HAllOpa UMEET HEKO-
TOPYIO IPOOHYIO CTETEHb, T. €.

by = Sugu® = (koly/dm)q,P.

69



CreneHb B HaxomnutTcst B npeaenax 1,75—2. Ecnu dopmyny mno-
Tepb Harnopa HeBO3MOXHO NMPUBECTH K YKa3aHHOMY BBIILIE BUIY, TO
OHH BBIYUCISIOTCS TIO KBagpaTUYHOW 3aBUCUMOCTH, MOCJE YETO
B 3HaYeHHE MOTEPh HAIopa BBOMST IMONPABOYHBIN KO3 dHUILIMEHT §,
3aBUCSIILIHI OT CKOPOCTH:

hiye = Soludu”® = Suddu’-
Ps10M aBTOPOB GBUTH MPEUTOKEHBI OHOWICHHbIE (OPMYITBI BHIA
iy = kqub/dym,
arMmpoOKCUMHUPYIOLLME NPUBEICHHBIE BBIIIE ABYWIeHHble. UX mpH-

MeHeHUue obseryaer TIPOBCACHUE TUAPABINYECKNX U TEXHUKO-3KO-
HOMHWYECKHUX PACYETOB.

Tabnuma 3.1
3Havenus k03¢ UIMEHTOB 1EPOXOBATOCTH TPYO

Mamepuan mpybei Koagppuyuenm
BeToH u xene3obeToH 0,014
AcbecTouemMeHT 0,012
HyryH 0,013
Cranb 0,012
Mnactmacca 0,009
[epeso 0,010

Tak, 1151 HEHOBBIX MeTAJNTMYECKUX TPYD MpU CKOPOCTSIX ABHXKE-
HUS BOIBI 10 3 M/C, MIMEIOIIMX MECTO Ha TpakTuke, M.M. AHapu-
SIIIEBBIM TpeaioxXeHa hopMyia

Iy = 0,00179¢,19/d,> .
Hnst acbectouemMeHTHBIX Tpy6 H.H. AGpamMoBEIM monyyeHa (op-
MyJia
o= 1,85/, 4,89
iy = 0,001184;1-%/d,*®.
st BRIUMCAEHUST TTOTEph HATopa NMpu 6e3HarOpHOM IBUXEHHHU

HeoOXoAMUMO omnpenenuTh 3HadyeHue koagpouimenra lllesu (C). Ou
MOXeT OBITh BeIuMcIieH 1o dopmyie H.H. I1aBnoBckoro

C=1/n PR,

rae » — Ko3(PPUILMEHT LIEPOXOBATOCTH TPYO, MPUHUMAEMBIl 11O
1ab. 3.1; R = @w/ae — TUApaBIMYECKU paagnyc, COOTBETCTBYIOUINIA
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pacyeTHOMY HaroJHEHUIO (3nechk ae = nda,/360 — CMOYEHHBIIT epu-
METp MIPU PaCUETHOM HAINONHEHMH; oo — LIEHTPAJIbHBII YToJ B TpyOeE,
COOTBETCTBYIOIIMI pacYeTHOMY HaIMoOJHEHUIO; o = d/8(na/180 —
— sina) — mIOWAAb XHUBOTO CeYeHMUS MOTOKa, COOTBETCTBYIOLIAS
pacyeTHOMY HAlOJHEHUIO; ¥ — TOKa3aTesb CTENEHU, ONpeaAensi-

eMblit o dopmyne y = 2,5Vn — 0,13 — 0,75VR (\n — 0,1).

3.4. N'mpapaBnuyecknin pacuyeT ceTn

3.4.1. 3apaum rnapaBnny4eCcKoro pacyerta BoOAonNpoBOAHbIX
cetei

Henblo pacuera BODONPOBOAHON CETU SABISIETCS OTpeaesieHue
NIUAMETPOB JIMHUI CETH M MOTEpPh Haropa B HUX. B ToM cnyyae,
€CJIM M3BECTHBI JUaMETPHI, XapaKTepUCTUKH HACOCHBIX CTAHLUH,
pPETYJINPYIOUIUX eMKOCTEH U JIp., TO B pe3yJbTaTe pacyeTa ornpe-
JeJITIOTCA UCTUHHBIE PacXoabl B JUHHUAX CETH, AEHCTBUTENbHEIE
TMOJa4Yy BOABI BCEMU BOAOTIIUTATENSIMM U CO3TaBacMble UMU HaTo-
PBI, a TAKXXE JaBJIEHHS BO BCEX Y3J1aX CETH U HE(PUKCUPOBAHHBIE
OTOOPHI.

Hnst cetd, KoTopasi MOMUICKUT pacyeTy, BCETNa 3alaHbl €€ KOH-
durypauyst, IIMHBL Y4aCTKOB W y3JI0Bble OTOOPHI BOABI. B oCHOBe
TUIPaBINYECKOrO pacyeTa BOJOIPOBOIHBIX CeTel HaXOOATCs MOJIO-
KEHMST O TOM, YUTO paclipesiesieHue BOIBI 110 JIMHUSIM CeTU TTPOUCX0-
JUT B COOTBETCTBUM ¢ 3akoHamu Kupxroda. B coorBercTBum ¢ I 3a-
xoHoM Kupxroda B kaxom y3ie 10mKeH codbmoaaThCsi MaTeprUalb-
HBIl ©ajlaHC, OTBevyaloUIUit MPUHIIUITY CIUJIONTHOCTH ToTtoka. Ilo
yCJIOBHSIM pabOTHI BOMOTIPOBOAHOW CETH 3TO O3HAYAET, YTO aireod-
paudyeckast CyMmMa pacxofioB B JIIOGOM y3ji€ ceTu

2q — 0;= 0. (3.1)

ITo II 3akoHy Kupxroga tpedyercs BBIIIOJIHEHUE YCIOBUS CYyM-
MapHOTo HYJEBOTro U3MEHEHUS TepenanoB AasieHus (pa3HOCTH I0-
TEHUMAJIOB) B JIIOOOM KOHTYpe CHCTEMBI. I/ KOJIBLEBOW CETU 3TO
O3HayaeT, 4YTo ajredpanyeckasi cyMMa IOTepb Hamopa B JiioO0OM
KoHTtype I ceTn

(ZS,.kq,.kf’)I =0, (3.2)
Tae qik — pacxon mo yyactkam BO]IOHpOBOJIHOﬁ CETH, Q,- — Y3JIOBBIC
OTGOPBI; S}, — THAPABINYECKOE COMPOTUBICHUE JIMHUML.

Ecnn MMeloTcs HalmopHO-pPacXOAHbIe XapaKTePUCTUKH BOIOTH-
tateneit F(Q), n HeUKCUPOBaHHBIX 0T60POB F( Q) g, PACIIOIOXEH-
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HBIX B y3J1aX cucTeMbl M 1 K, TO B IOTIOJTHEHUE K ypaBHEHUIO (3.2)
UMEIOTCS YpaBHEHUS BUA:

KOy — Q)= (ZSikqik)BM/(- (3.3)

BsaumopeitcTBHe MeXIy BOOOMUTATENSIMU U HE(PUKCHPOBAHHBI-
MM OTOOpaMH OCYIECTBIsIETCS Yepe3 notepy Hamopa (£8,4,P) yx
B JIMHUSAX CETH, X COEAMHSIOIIMX.

Pacnipenenenue MoTOKOB B KOJIBLUEBON CETH, TTPU KOTOPOM CO-
ON101al0TCSl YKa3aHHBIE 3aKOHBI, COOTBETCTBYET MUHUMYMY 3HEp-
TMU, pPacXolyeMoi Ha NPEeoNoJIEHHE TIOTEP Haropa B TpyGax.

[Mpexne yem ycraHOBUTH 4uciao ypaBHenuit I u Il 3akoHoB
Kupxroda, xapakTepu3yoLUHuxX MOTOKOPACIPENETIEHUE B CUCTEME,
pPaccMOTpUM CBOWCTBa BOJAOTNPOBOAHOW ceTH. PaccmarpuBas reo-
METPUYECKHUE CBOMUCTBA KOJIBLIEBOW CETH, MOXHO YCTAHOBUTH OTIpE-
JENEHHYIO CBA3b MEXY YUCJIOM €€ 3JIEMEHTOB, T. €. YUCIIOM KOJIEL,
y3J710B ¥ yyacTKoB. OG03HauyMB YUCJIO KOJIEL YEPE3 1, YUCIIO Y3JIOB
yepes m, YUCJIO YYACTKOB Yepe3 p U YHCJIO BOJOMMTATENEN U He-
(MKCUPOBaHHBIX OTOOPOB YeEPE3 e, MOXKHO YCTAHOBUTH CJIEAYIOUIYIO
3aBUCUMOCTb!

p=m+nt+e—1.

DTO NMOJIOXEHUE SBJISIETCS] CNIENCTBUEM TeOpeMBbl Ditjiepa 0 COoT-
HOUICHUU MEXIY UUCIOM rpaHei, BepUIMH U pebep BHITYKJIOTO
MHororpaHHuKa. OHO TMO3BOJISIET YCTAHOBUTH COOTHONIEHUE MEXIY
yucnoM ypoBHeit I u II 3akoHoB Kupxroda npu pacuete Bogomnpo-
BOIHBIX CETe! U YMCIIOM HEMU3BECTHBIX.

B cnyyae eciu quaMeTphl JIMHUM CETU U3BECTHHI, MOXHO OIHO-
3HAYHO OTPEAC/IUTh pacXodsl B TUHUAX ceTH. McKOMBIe pacxoabl
Gy (4uCiIo p) HAXOHATCS U3 COBMECTHOTO DELIEHUS CUCTEMBI
p=m+n+ e— 1 ypasueumnii I u Il 3akonoB Kupxroca, u3 koro-
pbIX n + e — HelMHeWHbIX ypaBHeHuit Tuna (3.2) M 3.3) um—1—
JUHeHbIx ypaBHeHu it Tuna (3.1). Ecau xapakTepucTHK BOIOMUTA-
TeJeit 1 HePUKCUPOBAHHBIX OTOOPOB HET, TO ypaBHeHue (3.3) oT-
CYTCTBYET, a 00lliee YHCJIO YPaBHEHUH OTIPENesIsieTCs COOTHOUIEHU-
eMp=m-+n-—1.

st pa3BeTBIEHHBIX CeTe, HE UMCIOLINX KOJIELl, YUCJIO YpaBHE-
HUIT OTIpeNeNIsieTCs] COOTHOLIEHUEeM p = m + e — 1. IIpu oTcyTCcTBUM
XapakTepUCTUK BOJOTIUTATENIE U HE(PUKCUPOBAHHBIX OTOOPOB UX
YUCJIO YMEHbIIaeTcst 10 m — 1.

[1pu OTBICKAHMY MTOTOKOPACTIPEIeICHUS COONMIOICHIE JIMHEHHBIX
ypaBHeHHUI (3.1) nocTUraercst Ha CTaguM MPEeABAPUTEIIBHOTO MOTO-
KopacnpenencHusi. Obecneyenne TpeboBaHuit ypaBHeHMi (3.2)
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u (3.3) nocTrraeTcsl MOMCKOM COOTBETCTBYIOLIEr0 UM pacrpeene-
HUS paCXOAOB MO JIMHUAM CETH. DTOT NMONUCK HOCUT Ha3BaHUe TUI-
paBiuueckoi yBsi3KM. Eciu B mpouecce YBI3KU XapaKTepUCTUKHU
BofomnuTareaei 1 HeUKCHUPOBAaHHBIX OTOOPOB HE YUYUTHIBAIOTCS, TO
OHa Ha3bIBAEeTCs BHYTPEHHEM, €CJIM YYUTBIBAIOTCS — BHELITHEH.

B o61ieM ciyuae, paccMarpuBas ypaBHeHHs 11 3akoHa Kupxrodoa,
CTaHOBUTCH ICHO, YTO TIOMUMO HEU3BECTHBIX g, TOMJIEXKAILNX OTBIC-
KaHUIO, B HUX BXOAAT TaKXK€ HEU3BECTHBIE IMAMETPLI TMHUIA djy. DTO
BBI3BAaHO TEM, UTO 3HaYeHUs Sy, BXOAAIINE B (POPMYJTy ITOTEPD HAIO-
pa, BeIpaxaoTcsa B (YyHKUUU auaMeTpoB. Takum obpa3om, moboe
M3MEHEHWE TUaMETPOB JIMHMIT ceTH OyaeT MPUBOAUTE K Nepepacrpe-
JIEJICHUIO PacXolloB, MPOTeKaoMX Mo HUM. C Ipyroit CTOpOHEI, ne-
pepacripefiejieHUe pacXoioB MPUBOAUT K HOBBIM AHAMETPAM.

B 3T0it cuTyauuu crajikupaeMmcs (Kak yXe YKa3bIBaJoOCh BBILIE)
¢ 3amadeit TEXHMKO-3KOHOMHUYECKOTO pacyeTa. B pe3ynbraTte 3Toro
pacyeTta OTBICKAHMIO TIOMJIEXAT 2p HEU3BECTHBIX: p 3HAYEHUH g,
Y CTOJILKO X€ 3Ha4eHWi dj. I ONHOBPEMEHHOTO HaXOXIEHHUS
BCEX 2p HEM3BEeCTHBIX ypaBHeHM# (3.2) u (3.3) HemocTaToyHoO.

He obGpatnasice Ha JaHHOM 3Tane K METOJaM TTOJTHOTO TeXHUKO-
3KOHOMUYECKOTO pacyeTa, MOXHO CIEaTh BHIBOM, YTO TMApPABIINYEC-
KWl pacueT ceTeit CeAyeT BECTH, 3a1aBasich n1uamerpamu. Kak 6n110
BHMIIHO BBIIIIE, BIOOp AUAMETPOB OTAEIBHBIX YYACTKOB CETH HE MOXET
OBITh TIPOM3BEIEH COBEPIIEHHO MPOU3BOJIBHO, TaK KaK AUAMETpP B 13-
BECTHO cTerneHH ecTh (GYHKLHS TTPOBOAMMOro Tpy6oit pacxona. Ilo-
3TOMY IS CKOJIbKO-HUOYIL TOUHOTO BhiOOpa AMaMETPOB HeoOXoam-
MO Ha3HauyaThb MPeABAPUTEILHOE MMOTOKOpACIpeneiCHUE.

3.4.2. NepBoHa4YanbHOE NOoTOKOpacnpeneneHme Boabl
B KOJIbLIEBbIX CETaX

B otnuuue OT pa3BeTBJIEHHBIX CE€Tei, rie BO3MOXHO €IWH-
CTBEHHOE MOTOKOpacnpeaeieHue, oTeevaloinee 1 3akoHy Kupxro-
(a, B KOJIBLIEBBIX CETSIX BO3MOXHBIX BAPMAHTOB — OECUMCIEHHOE
MHOXecTBO. [TombITKa peliuTh 3agayy Mo OTHICKAHWIO HAWBBITO-
HEWILIero MoToKopacnpeaeJeHusi, UCIOJb3YSI JIULIb KDUTEPUNA 3KO-
HOMUYHOCTH, IPUBOIUT K MPEBPAIEHUIO KOJBIIEBOIA CETH B pas-
BeTBJIeHHYI0. ONHAKO MepBOHayYaJbHOE Ha3HAYE€HHE MOTOKOpac-
npeneyicHUs B KOJIbLEBON CETU SBJASIETCS OAHUM U3 OCHOBHBIX
3TarnoB ee pacyeTa, Tak Kak 6€3 3HaHUs pacxoAOB MO JUHUSAM CETH
HEBO3MOXHO Ha3HaYUTh UX THAMETPHI.

M3 Bcero MHOTro06pasisa BO3MOXHBIX BAPUAHTOB pacrpeae/ieHUs
pacxoioB OOJIXEH OBbITh BLIOpaH TOT, KOTOPBII MO3BOJISIET obecre-
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YUTH NOHAvy 3aJaHHBIX KOJWYECTB BOABI KO BCEM TMOTPEOUTEIISIM,
a Takxe TpebyeMble HOPMBI CHaOXeHUS BOAOW NMOTpeduTesei Tpu
BO3MOXHBIX aBapusix Ha ceTu. [IpuHsITOE pellieHre o MoToKopacrpe-
JleJI]eHUM BecbMa BaXKHO, TaK KaK pacXoJibl, COOTBETCTBYIOLIUE EMY,
MPUHHUMAIOTCST KaK UCXOAHBIE JAHHBIE TTPU TEXHUKO-3KOHOMHUYECKOM
pacueTe KOHOMHUYECKH BBITOIHBIX AMaMeTpoB. [1pu nanbHeHImx
pacyeTax M rMApPaBIWYECKON YBSI3KE CETU NMPOUCXOOUT KOPPEKTUPOB-
Ka B JOCTaTOYHO Y3KOM Auana3oHe pacxoloB. B cuiy ykazaHHBIX
MPUYHH pellieHHe O TIepBOHAYaAIbHOM MOTOKOPACTIPEACICHUH SIBJISI-
eTCHa OTBETCTBEHHOM 3amavyeil. HauambHoe moTokopacrpenejieHue
JIOJIKHO OBITH HAMEYEHO OJHOBPEMEHHO JUISI OCHOBHBIX PACYETHBIX
c/rydyaeB paboOThl CETH JUIST BBISIBJIEHUS POJIA OTHEJIbHBIX €€ YYaCTKOB
M TIpEIEJIOB HAaTPy30K B HUX.

Kak ykaspIiBajoch BbIllI€, BOMIPOC HAXOXIAECHUST HaWBBITOAHEH-
e ¢ 9KOHOMHYECKON TOYKH 3peHUsT TPACCUPOBKHU CETH 151 CUC-
TEM T'OPOJICKOTO M MPOMBILIUIEHHOIO BOAOCHAOXEHUS HE SIBJISIETCS
Ype3MepHO aKTyaJIbHBIM. DTO BHI3BAHO TE€M, UTO B 3HAUUTENbHOM
Mepe ¢opMa M Tpacca CETH ONpeaeasitioTcsl NMIaHupPOBKOK ropoaa,
ToceJiKa, TTPOMBINIIEHHOTO MpeaAnpUsTUs. V3BECTHBI pa3IMuHEBIC
MpelIOKEHNS 110 HA3HAUYEHUIO «HAWJIYUIIero» roToKopacnpeaese-
Hus1. OHaKo OONBIIMHCTBO U3 HUX HEJIb3S TPU3HATh YIAOBJIETBOPH-
TEJIbHBIMU.

C npakTU4YeCKOit TOUKHM 3peHus Hanbosiee TIpOCTOi MyTh Ha3Haye-
HUS MepPBOHAYATIbHOTO MOTOKOPACTIPEACIEHUSI — 3TO HaXOXIeHUE
TaKOTO U3 HUX, KOTOPOE YAOBJIETBOPUT HOPMAaTUBHBIM TpeOOBaHHUSIM
HAJIEeXXKHOCTH, YUYUTBIBAIOIMMCS MPU HavyajbHOM MTOTOKOpacmpeaeie-
HuU. OIHAKO UX YYeT Ha CTaJuy Ha3HauyeHHUs MTOTOKopacIpeaesieHUs
MOXeT ObITh MPOBEJACH MPUOINXKEHHO U TpeOyeT YyTOUHEHUSsI, KOraa
JUAMETPHI YK€ Ha3HAYEHHBI.

OOGBIYHO TPUHUMAIOT CIEAYIOIIMIT TTOPSIOK Ha3HAYEHUST HaYallb-
HOTO MOTOKOpacnpeaeneHus B ceTu. Ha nepBoM aTane npubIvxeH-
HO Ha3HAyalT AUKTYIOLIME TOYKU CETHU, KOTOPbIE pacrojiararoTcs
B KOHIIE CETU HAa HauboJee yoaJeHHBIX U BBICOKMX OTMETKAX C Hau-
OONBIIMMHU Y3JIOBBIMU OTOOpaMM. 3aTeM HaMe4aloT OCHOBHEBIE Mapa-
JIEJIbHBIE TTyTH CHAOXEHUS OT UCTOYHWKA TUTAHUS 0 AUKTYIOIIUX
TOYEK. DTU HaIpaBJE€HUs MOXHO Ha3BaTh TPAH3UTHBIMU. OHU, KaK
NMPaBUJIO, UMEIOT 6oJiee KOPOTKOE HampaBjieHNEe, YeM KOHKYPEHTHBIE
M. Ilocsie 3TOro HaMevaroT pacxoabl BOABI O OCHOBHBIM myTsM. ITo
BO3MOXHOCTHU OCHOBHBIE MYTH CHaOXeHWs BOAOH ToTpebuTteneit
JOJXHBI UMETh OAUHAKOBYIO ITPOBOANMOCTD. M3 rMIpaBiIvKu U3BECT-
HO, YTO MPOBOAUMOCTL /1 UMeeT CIIenyIolylo CBSI3b C COMPOTHUBIIE-
HueM suHun: S — IT=1/NS . TIpu 3ToM coboIeHne MaTepUATBHO-
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ro GajiaHca B y3J1aX MOXET OBITH MTPUOIIMKEHHBIM. JInaMeTpHI Tepe-
MBIUEK, COCINHSIOUINX TPAH3UTHBIE (MATUCTPAJIbHBIE) TUHUU MEXIY
co00i, Ha3HA4yaloT UCXOAS U3 TpeanoyiaraeMoi Harpy3ku, KOTOpyo
OHU MOTYT UMETH B Cllyyae aBapuM Ha HEKOTOPBIX MaTUCTPaJIbHBIX
JuHUsX. B obieM BUIE Ha3HayaTh MOTOKOpacMpenesicHUe CileayeT
C YYETOM HAJIEeXKHOCTHBIX XapaKTEPUCTUK OTHAEIbHBIX YYAaCTKOB CETH,
KOTOpbIE 3aBUCAT OT OoJibllIoro yucia paxkropo. COOp 3THUX TTOKa3a-
TeJIeH TIPEeaCTaBsAET BeChbMa CIOXHYIO 3amayvy.

ITocne npoBeneHUs BCeX MEPEYUCIIEHHBIX OTepalnii orpenens-
JOT IMaMETPHl Y4aCTKOB CETU HA OCHOBE TEXHUKO-3KOHOMMNYECKUX
pacyeToB, KOTOPHIE C HEKOTOPOM CTEMEHbIO TIPUOIUXKEHUS MOXHO
NPUHSATH YIOOBJIETBOPSIOIIMMU TpeOOBAHUSIM HamexXHOCTH. s
MIPOBEPKU BBIMOTHEHUS YCIOBUI HaleKHOCTU HEOOXOIUMO MpOBe-
JIEHUE TOBEPOYHBIX TMAPABIUYECKUX U HAJEXKHOCTHBIX PaCYETOB
TP yXXe U3BECTHBIX JUAMeETpax.

3.4.3. TeopeTnueckmne OCHOBbI U NpaKTUYecKue MeToabl
BHYTPEHHei YBA3KU KOSMbLEeBbIX ceTeit

HasznauuB nmoTokopacripeaeieHue B JIMHUSIX CETU U BBIOpaB 1Ha-
METPBI 3TUX JIMHUH, MPUCTYMAIOT K TMAPaBINYecKoi yBsi3ke. O6bIu-
HO C TIepBOH IMOMBITKW HANTH UCTUHHOE paclipefejeHUe pacXomaoB
U ToTepb Hanopa, coorBeTcTByollee I u Il 3akonam Kupxroda, He
TpeCTaBISETCA BO3MOXHBIM. [IJIsT ero HaxoXmeHUst He06X0TUMO
peurnuTh cuctemy (m — 1) nuHeHbIX ypaBHeHMi 1 3akona Kupxro-
da (ypaBHeHMit OayaHca pacxoioB B y3j1ax) U # HETUHENHBIX ypaB-
HeHuit I 3akona Kupxroda (ypaBHeHMIT, ONpeaesTioINX paBeH-
CTBO HYJIIO MIOTEPh HAIopa IT0 HE3aBUCHUMBIM KOHTYpaM).

VBSI3KY KOJIBLIEBBIX CETEH MOXHO OCYILECTBIISITh IO IBYM MPUH-
LIMIIaM B 3aBUCMMOCTH OT TOTO, YTO TPUMHUMATh 32 OCHOBHbIE HEU3-
BECTHBIE — pacxodbl WM Hamopsl (rmotepu Hamopa). IIpu 3ToM Ha-
XOXIEHUE OTHOW TPYNIBI HEU3BECTHBIX MMO3BOJISIET €IUHCTBEHHO
BO3MOXHBIM 00pa3oM HalTH APYTYIO TPYMNIy HEM3BECTHBIX.

MeTon, ¢ MOMOILIBIO KOTOPOTO 3a INIaBHBIE HEM3BECTHBIE TIPUHU-
MaloTcsl Harmops! (MoTepy Hamopa), U3BECTEH KaK METOJ «ypaBHUBa-
HUS pacxoI0B». Bo BTOpOM METOIE WIIYTCA HEU3BECTHBIE PACXOIbI
Y4YacTKOB ¢;.. ITpy MCTUHHBIX 3HAYEHHSX PACXONOB YIOBJIETBOPSIOT-
ca ypasHeHus Il 3akona Kupxroda. BToT MeTon HOCUT Ha3BaHHUE
METOMIa «ypaBHUBAHUS HATTOPOB».

s ICToNIb30BaHUA 0GOMX METONOB YBSI3KM HEOGXOIMMO ITPU-
HUMaTh HayaJIbHbIE 3HaYeHUs] HEU3BECTHBIX. [1pu Mmosb3oBaHUM Me-
TOIOM YpaBHUBAaHHsI HAIOpOB HEOOXOMMMO 3a1aBaThCST HEKOTOPBI-
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MM HayaJbHbIMU 3HAYEHHUSIMM PAcCXOMIOB BOJIBI B y4acTKax CETHU. DTO
B Haubonbilleit cTeneHu COOTBETCTBYET OOBIYHOW TMPAKTUUYECKOW
MOCTAHOBKE pacyeTra. DTa W Apyrue MpUUMHBI IPUBOAST K Oojee
IMHUPOKOMY MCIIOJIb30BAHUIO B OTEUECTBEHHOW MPAKTUKE METONA
ypaBHMBaHUsI HarmopoB. OH U OyneT paccMaTpuBaThes Aajiee.

Ecnu B KOJIBLIEBOW CETU UMEETCH 1 HE3aBUCHUMBIX KOHTYPOB, TO
CcUCTeMa HEJMHEMHBIX YpaBHEHUN 11 HUX MOXET ObITh MpelCcTaB-

JICHAa B BUIEC:

F(4,,9,:%35---4,)
F,(9,9,,955---,9,)

F,(4,9,:9:5--,9,)

Bce pynkuuu F umeroT onuHakoBbiit Bun: XS, q,P. Cucrema
3TUX YPaBHEHMIi B LIEJIOM OXBaThIBAET BCE YYacTKM ceTH. OnHaKo
YHCIJIO YPaBHEHUH 3TOH CUCTEMBI # MEHBLIE YHUCIIa HCKOMBIX PAacXo-
JI0B y4acTKOB p. I1oaToMy cHucTeMy 3THX ypaBHEHMIi ciielyeT pac-
CMaTpHBaTbh COBMECTHO C CUCTEMOM m — 1 TMHEHHBIX ypaBHEHHI

gy + Q;= 0.

s penteHUsT CUCTeMbl HEIMHEHHBIX YpaBHEHUH IIMPOKO MC-
nonb3yoT Meton HeloToHa u ero Monudukauuu. IlyTs pereHuit
HEJIMHEWHBIX YPABHEHUN CJICIYIOLINM:

1. ITpenBapuUTEeNbHO IMPUHUMAIOT HEKOTOPHIE 3HAYEHHUS HEU3BE-
CTHBIX PacXomoB g;’, KOTOpBIE MPEAIONaraloT JOCTaTOYHO OIN3KH-
MU K UCTUHHBIM,

2. B xavecTBe pacxonos ¢, MPUHMUMAIOT PACXOAbI, TIOTYYEHHbIE
TpU TIpEIBAPUTEILHOM paclipefieSieHUU ¢ cobmoneHueM [ 3aKkoHa
Kupxroda.

3. K npenBapuTepHO HaMEYEeHHBIM pacxolaM Ha ydacTkax g,°
NpHGaBIISIOT (HEM3BECTHBIE) MOTIPAaBKHU A g, Tonarasi, 4to ¢,° + Ag,
TOJDKHBI PABHATHCS UCKOMBIM (MCTUHHBIM) 3HAYE€HUSIM PACXOIOB ¢,
YAOBJIETBOPSIIOIIMM HEJIMHEHHOU crucTeMe ypaBHeHMit. Torma cucre-
Ma HEJIMHEHHBIX ypaBHEHUN TIPUMET BUI:

Fi(g°+ Ag;; g%+ Agy; ¢.0+ Ag) =0;
F(q°+ 8g; ¢+ Agye5 90+ Ag) =0;
F(q°+ Aq; ¢+ Agy..5 90+ Ag,) =0.

76



31ech HEM3BECTHBIMU OYAYT YX€ HE PACXOnBbl G, a TIOTIPaBKH
K pacxomaMm A g.

4. Pa3noxuB JIEBYIO YacTh ypaBHeHM# B psa Teitnopa B okpecT-
HOCTH TOYKH ¢, U OTPAHMYMBIINCH JTMHCHHBIMU YWIEHAMU pa3jioxe-
HUS, TIONTyYUM:

F(9,%9°....q,0) + (0F,/8q, A g, + 0F/0g,A g, + ... + OF,/3p,Aq,) = 0;
F(4,%8°,-,g0), + (0F,/09, A, + 0F,/06,A gy + ... + 8F,/0p,A q,) = 0;
F(9,%0%..a0), + (0F,/09, A g, + OF,/0g,A Gy + ... + OF,/0p,Aq,) = 0;

ITpu 3TOM Moapa3yMeBaoT, YTO B MOJyYeHHBIE BHIPaXXeHUS TIPO-
U3BOJIHBIX TMOACTABJSIOTCS TEPBOHAYAIBHO TMPUHSTHIE 3HAYEHUS
HeusBecTHbIX ¢,0. [lonydyeHHas cHCTeMa SIBIAECTCA CHCTEMOIA JTH-
HEeWHBIX ypaBHEHUIT OTHOCHUTENIBHO MOMpaBoK A g,° K mpexBapu-
TEJIBHO TIPUHATHIM 3HAYEHUSIM PacXomoB g, 0.

B 3THX ypaBHEHMSIX OTOPOLIEHBI BCE WIECHBI Pa3IOXeHUs, KpoMe
JUHERHBIX. [ToaToMy I HaXOXAEHMA 3HAYeHHUH g, Tpebyercs
NpoBefeHUEe psina MoAoOHBIX pacueToB. I1pu NMpoBeaAeHUM KaxXIOro
M3 HUX B KAYECTBE NMPEABAPUTEIbHBIX TPUHUMAIOTCS paCXOMbl, IO~
JIyYEHHBIE M3 MIPEIbIAYIIEro pacyeTa. TakuM oOpa3oM, MosrydeHHas
cHUCTeMa JIMHEMHBIX YPaBHEHUH pelaeTcsi METOIOM MoCeqoBaTeNb-
HOTO IIPUOJIMKEHUS.

Hau6Gosee mmpoko nMpuMeHSIeTCSI B IIPpaKTUKE aHAJTUTHYECKHU I
MeTton, npeayioxeHHblil B.I'. Jlo6aueBbIM M HE3aBUCUMO OT HETO —
X. KpoccoMm. OH mpegycMaTpuBaeT BeIpakeHHE MOMPABOK K pac-
X0ZJaM Ha y4yacTKaXx CETU 4epe3 KOHTYDHBIEC NTONPAaBOYHbBIE PACXONBL
Ag, B OTIEJNBHBIX KosbUax. ITpy 3TOM B mpolecce yBA3KH CETH aB-
TOMaTHU4YeCKH obecrieunBaeTcs cobmoneHue 1 3akoHa Kupxroda.
CyHIHOCTE 3TOTO METOAa 3aKitovaeTcs B cienytoieM. I1ycts B He-
KOTOpoii cetu (puc. 3.8) mocJjie NpeaBapUTEILHOTO pacnpeeeHus
pacxofioB g, IO €€ y4acTKaM, ONpelesieH!sI AMaMETPOB U TMAPaB-
JIMYECKUX COTIPOTHBIICHHI BBIYMCIIEHBI TIOTEpH Haropa A, = S;q;?
IIJIST BCEX YYAaCTKOB CeTH. YCJIOBHO NMPUHUMAETCS KBaApaTUYHBIN
3aKOH COTpPOTHUBJIeHUA. MCTMHHOE pacIipelleIeHUE pacXodoB Xa-
PaKTepU3yeTCsi PaBEHCTBOM (Zh,), = 0 AN KaXIOro U3 KOJeLl
cetu. [Ipy 3TOM MOTEPSIM HATlOpa Ha y4yacTKax ¢ IBUXXEHUEM pac-
XOMIOB TIO0 YacOBO# cTpeyike (OTHOCHTEJbHO paccMaTpHBaeMOro
KOJIblia) TIPUCBAMBAETCS 3HAK TUIIOC, ¢ IBUXEHUEM MPOTUB Yaco-
BOI#f CTpPEJIKM — 3HAK MUHYC.

JonycTuM, 4TO MOCJie MepBOHAYAJIBHOTO pacIipeaeieHUs pacxo-
IOB BeNWYNHA(Zh;,); B OTIENBHBIX KOJNBLAX HE PaBHA HYJIO; MpPe-
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MOJIOXKHM, YTO BO BCEX KOJIbLIAX UX BEPXHHME M NpPABHIE YYaCTKH
(c TONIOXUTENBHBIMY h;;) OKa3aJuCh TIEPETPYXKEHHBIMM, A JIEBHIE
M HUXKHUE — HenorpyxeHHbIMU. Torna anre6panyeckast cyMMa Io-
Tepb Haropa B KOJIbLAxX OyIeT paBHa He HYJIO, a HEKOTOPOIi Besu-
yuHe Ahy, T. €. (Zhy); = Ah,.

Om Bodonumamenrs

-
Puc. 3.8. Pacuernas cxemMa KoJiblIeBO# CeTH

s cetn, cxema KOTOpoi#t npeacTaBieHa Ha puc. 3.8, Mmoayunm
CJIEYIONLYI0 CUCTEMY YPABHEHUIA:

S12q2212 + 52502225 - 558‘12253 - 51802213 = Ahy
S23% »n T 534‘5 34— 5454245 - 525‘1225 = Ahy;
Sssq°ss T Ssed’s6 — Se7 9%67 — S189%78 = Ahyyp.

BennunHa Ah; npenctabasieT co6oil HEBSI3KY MOTepb Hamopa
B KoJiblle I; 3Ta BeaMUMHA M ee 3HAK XapaKTEepPU3YIOT CTEMEHb OT-
KJIOHEHUSI TIPUHSITOTO B KOJIbLIE pACIpefe/IeHUsI pacXoaoB OT UC-
TUHHOTO (MCKOMOTO).

st CHYDKeHUST HEBSI3KM HEOOXOAMMO YMEHBIIUTh PAacXOmbl Ha Tie-
PErpY>XE€HHBIX BETBSIX KaXIOTO KOJbLA M YBEJIMYUTh UX HA HEJOTpy-
XEHHBIX, COO/TIOfast MPY 3TOM OanaHC pacxozioB B y3nax g, + O, = 0.
BT0 MOXET ObITH JOCTUTHYTO MYTEM TMepeOPOCKU HEKOTOPBIX KOHTYP-
HBIX PaCX0I0B Ag, MO BCEM KOJIbLIAM B HAIpaBJIeHUH, OOPaTHOM 3Ha-
Ky HeBsi3ku. [locie nepedpocku Takux pacxofoB (ITOKAa HEU3BECTHBIX)

TTOJTYYUM CJIEIYIONIYIO CHCTEMY YpaBHEHMIA:
78



S12(q1, — Ag)? + Sys(qys — Aq; + Agy)? — Sse(gsg + Aqp— Aqy)? —
— Si5(q15 + Ag)? = 0;

S$23(@y3 — Aqp)? — S3y(qzy — AqpD? — Sus(qus + Aq)? —
= 8555(q25 — Ag; + Agy)* = 0;

Sss(@sg + Mgy — Agy)? + Sse(qss — Aqp)? — Se1(qs7 + Agy)* —
— 878(q75 — Aqy)* = 0.

PackpbiB CKOGKM M BBIMTOJTHUB HEKOTOPbIE NPEeo6pa3oBaHus,
HMMeeM [IJIs TIEPBOTO KOJIbla YPaBHEHUE

[S128%17 + SysPss — Sss’ss — SigqPis) — 2151291, + Sysdys +
+ Ssgdss T S13915189, + 255505589, + 25558q,,, = 0.

ITepBriit WieH 3TOTO ypaBHEHUS, 3aKJIIOUEHHBII B KBagpaTHbIE
CKOOKHM, MpeAcTaBisieT co60i HEBSI3KY B KoJiblie / MpU MepBOHA-
YaJIbHO NMPHUHATHIX pacxoaax, T. €. Ah,. KoadduuneHt npu HensBe-
CTHOM pacxole Ag; BO BTOPOM 4JIEHE PaBeH 22Sq B Kousblie [; To-
cJeHUE B Yi€HA TMPEACTABISIOT CO00I HEM3BECTHBIE MONPaBOY-
HBIE PACXOIBI CMEXHBIX KOJEl Ag; U Agy ¢ KO3pdULUEHTAMU,
PaBHBIMU 25, OOLINX YYaCTKOB KOJIbL@ / CO CMEXHBIMH KOJIBLIAMH.

IIpuBeneHHbBIE BBILIIE YPABHEHUST MOTYT OBITh NPENCTaBJICHBI Clle-
IyIoUmMM obpasoM:

Ahy —22(89) ;; Agy + 2 (Sq),5 Ag, = 0;
Ahyyp— 22(59) 11 Aqr + 2 (S9)sg Ag; = 0.

TTosnyyuM cucteMy JIMHEHNHBIX YpaBHEHUH OTHOCUTENIBHO HEU3-
BECTHBIX Aq;, Aq; 1 Aqyy,. BennuuHel Ay — CBOGONHBIE YIEHDI, U3~
BECTHBIE TOCJIE TTEPBOTO pacmpenesieH!sT pacXofoB. DTy CUCTEMY
JIMHEWHBIX YpaBHEHUI MOXHO peliaTh JIIOObIM U3 CYILLECTBYIOIINX
cnocob6oB. Metop JlobaueBa — Kpocca npenycMarpuBaeT npeieiib-
HOE YINpolIeHWe PUBEICHHONW CUCTEMBbI YpPaBHEHUN MyTeM MCKIIIO-
YEeHMsI U3 KaXJIOro ypaBHEHUS YJIEHOB, COAEPXAIINX Ag; CMEXHBIX
kosiet. Torna st Bcex KoJiell OIy4aroTCsl OMHOTUITHBIE PABEHCTBA
Buna Z(Syq,) Aq; = Ah,. Otciona BeiTekaeT obuas ¢popmyna s
MPUOGIVIKEHHOTO OTIpeieeHNUSI ICKOMBIX HEM3BECTHBIX MOIMPaBOY-
HBIX pacXol0B

Ag; = A/ 2E(S3q:)

IIpu ucnonb3oBaHUK 3TOM (HGOPMYIBI YIPOLIAETCST ONEePaIins BbI-
YHCJIEHUS Ag; B KaXIOM NMPUOIMXKEHUH, HO TpeOyeTCs yBeTMUEHUE
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|
YHCIa MOoCea0BaTeNbHBIX MPUOIUXEHUNH (UTepalnii) q‘,rm Haxoxue-
HHsI 3HAYEHUH Agj, NOCTATOYHO GJIM3KUX K MCTUHHHIM (Har0luM
YBSI3KY CETH). ’

ITpu pabote Tpy® B HEKBaApaTUYHOMN 0OMACTU IS OTIpEne/IeHUS
TTOTIPaBOYHBIX PACXONOB MOKET UCTIONB30BaThCs Ta Xe (popMyna, Ho
TIpY YCJIOBUH, YTO B BEJIMYMHBI S}, YYACTKOB BBENEHBI KO3 PULM-
eHTHl 6. [lonpaBoyHble pacXxoabl MOTYT OMpeNeNsThes Mo hbopmysie

Ag, = Ah, /BES, g8,

€CJIV TIOTEPU Hamopa OTpenesisijii HEIMMOCPEACTBEHHO M0 HEKBaIpa-
THYHOM opMye BUaA

hy = Si/cqgc'

CyumecTByIOT pa3nuyHble Moaupukaumu merona JlobaueBa —
Kpocca. Meton IIMPOKO MCMOJIB3YETCS TPU COCTaBJIeHWM TpO-
rpaMM pacyeTa BOIOTIPOBOAHBIX CETEH.
3agaya yBsSI3KM CETH MOXET OBbITh pellieHa ¥ APYTUMU METOAaMH
rocienoBaTesibHOro npubaxeHus. IIIupoko pacnpocTpaHeH Me-
TOH, MpeaoxXeHHbIH M.M. AHOpusilieBBIM. ABTOp METOAA PeKo-
MEHYET MOCJie MePBOTO ONpeae/eHUs HEBA30K OCYIIECTBJISITh BbI-
60p cHUCcTeMbl KOHTYPOB (OXBaTBIBAIOWINX OXHO KOJIBLIO WJIM TPYTIITY
3JIEeMEHTapHBIX KOJiell), 0 KOTOPBIM MOXHO TIPOBECTH ITONMPABOY-
Hble PaCXOAbl IS TOMYYEHUS 3HAUUTENbHOTO CHUXEHMUST HEBS30K
B ceTu. [Ton aneMeHTapHBIM KOJIbLIOM TTOHUMAETCS KOJIbIIO, B KOTO-
pOM He MMeeTCsl yYyacTKOB, TIEpeceKarlIuX ero Mmiolaab, U KOTo-
pO€ He NeJUuTCs Ha foJsiee MeJIKHe KOblia. DTH PacXoIbl MOTYT Mpo-
BOIWTHLCSI KaK OTHOBPEMEHHO 110 HECKOJIBKUM BBIOpAHHBIM KOHTY-
paM, TaK W MOCIENOBATEIbHO C YUETOM Pe3YyIbTaTOB MpPelbIIyINX
omepalinit. Pe3ynbraTel Bcex BBIYMCIEHUH 3alTUCHIBAIOT HETTOCPEI-
CTBEHHO Ha cxeMax ceTu. [locne Kaxmoro 1yMKia NpoBeIeHUS TO0-
MPaBOYHBIX PACXOJOB aHATM3UPYIOT MOJTYYEHHBIE PE3YIbTATHI (3HA-
YEHUS M 3HAK HEBSI30K), HAMEYAIOT CJIENYIONIYIO TPYIITY KOHTYpPOB
YBA3KU U OTpENESIOT HOBBbIE TONPaBOYHbIE pacxonsl. Jlis 6ornee
YCIIEUIHOM U OBICTPOIi YBSI3KHU aBTOP METOA PEKOMEHIYET:
® 00beaMHEHUE CMEXHBIX KOJel[ C HeBSI3KaMU OIMHaKOBOTO
3HaKa B YKPYMHEHHBbIE KOHTYPHI, IO KOTOPBIM Hamgo NpOBO-
JIUTH TIOTIPABOYHBIE PACXO/IHI;

® [I0CJIEA0BAaTE/NbHYIO YBSI3KY KOJIEll UJIM TPYTIIBI KoJell (C He-
BSI3KaMHU TIOTIEPEMEHHO TO OJHOTO, TO IPYTOTO 3HaKa) IUK-
Jlamuy;
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® yBS3KY B KaXIOM LIMKJIE KOJIbLIA WIW TPYIINBI KOJEL ¢ HEBSI3-
KaM¥ HauOOJIbIIIEro 3HaYeHUH.
ITonnpaBoyHbBIE pacxoabl MO BEIODpAHHOMY KOHTYpY I MoXHO or-
penenATh 1o popmyse BUaa

Aq; = Ah/E(Syq)

HUcnonv3oBaHue 3T0it GOpMYINIBI CBA3aHO C GOJNBIIUM YHUCIIOM
BBIYMCIIEHUIA. Tak Kak B mpoliecce yBA3KM BenuuuHa X(S,4q,),; no
KOHTYpaM MEHSETCA OTHOCUTENBHO Majio, aBTOp METOJa CUWTAET,
YTO TONPAaBOYHBIE PACXOABI TIPU TMOCJIEA0BATEIBHO NPOBOAUMBIX
yBsSI3KaxX U3MEHSIOTCS MTPONIOPLMOHAIBHO HeBsI3KaM. Ecii MpUHSITD,
4TO BEJMYMHA Z(S;q;); TOCTOSHHA U 0003HAYUTDL MONPABOYHBII
pacxol TpoOHOM YBA3KHU Yepes3 Ag,, @ COOTBETCTRYIOLICE H3MEHEHHE
HEBSI3KU — 4Yepe3 Ak, TO MONTYyYUM

Ag/Ah; = 1/2 £(8,9,); = const = Aqy/Ahy;
Ag; = AhAgy/Ah,.

[ns KOHTYpOB, UMEIOLIHNX Majiopa3uyaloliiecs JTMHbl U THa-
METPBI OTOENbHBIX Y4acTKoB, M. M. AHIpusilIeB NpeajaraeT onpe-
JIEJISITh MOTIPaBOYHBIE PAacXOabl MO TIPUOIMKEHHOM (hopmyrte

Agr= e AN/ 2(Zhy)

A€ Gy — CpeIHUM pacxol ISl BCEX BXOASIUMX B KOHTYD YYacCTKOB;
Ah; — HEBA3KM B KOHTYpE; (Zh;); — cyMMa abGCOTIOTHBIX 3HaYEHUH
MOTEPb HAamopa B KOHTYPE.

IlpuMeHeHUe TIpUeMOB YBS3KU CeTH, peKoMeHAoBaHHbIX B.T. Jlo-
6aueBsIM 1 M.M. AHApHAIIEBEIM, MOXHO OCBOUThL Ha IIpUMepe pac-
YyeTa CeTH TOPOJCKOro BOHOIPOBOMA IPU BHIMOJHEHHU KypCOBOTO
TpOEKTa.

Kak yka3seIBajioch BEINIE, BCe JIEMEHTHI CUCTEM T0JIa4d U pac-
TpeneeHUsT BOABI MPEACTABIISIIOT €INHYIO TUAPABINYECKYIO CUCTEMY.
IToatoMy mociie Ha3HAYeHUS TTapaMeTPOB HACOCHBIX CTAHLIMH, pery-
JIMPYIOIINX eMKOCTe, HeUKCUPOBAHHBIX OTOOPOB U AMAMETPOB JIU-
HHUH ceTH HEOOXOAMMO MPOBECTU NMOBEPOYHBIE PACUYETHI MIPU pa3Iny-
HBIX peXuMax BOHOMNOTpeOIeHUsI U paboTbl 3JIEMEHTOB CUCTEMBI.
OHU TTO3BOJIAIOT Y3HATh, KaK OyneT paboTaTh cCUCTEMA, T. €. ONpele-
JINTH (paKTUYECKHE TTOAAYM M HATIOp HACOCHBIX CTaHUHUI, MOTIOJIHE-
HME U cpaboTKy peryJMpylolnX eMKoCcTel, (haKTHYECKHUE OTOOPHI H
HAaTopEkI B y3J1aX CETH U T. . DTH NMOBEPOYHBIE pacyeThl HOCST Ha3Ba-
HUe BHelIHeH yBs3ku. Mx npoBedeHUe 6€3 MCMOIb30BAHUS BBIYHC-
JINTEJIbHOW TEXHUKU HepeasTbHO.
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3.5. Hanopsbl B cuctemax BoaocHabxeHus

Pe3ynbraThl pacyeta BOAOTIPOBOMHBIX CETEM IS pa3TUMHBIX PEXH-~
MOB BOHOMOTPeGIeHNUS UCITOIB3YIOT WISl MapaMeTpOB BOJOHATTOPHOI
OalllHM M HACOCHBIX arperaroB, ob6ecrneuynBaromx paboTocrmocoOHOCTh
CHUCTEMBI, a TAKXKE CBOOOMHBIX HATTIOPOB BO BCEX Y3/IaX CETH.

s ornpenesieHUsT Hamopa B TOYKax MUTAHUS (Y BOIOHATNIOPHOM
GallrH{, Ha HACOCHOM CTaHUMH) HEOOXOIMMO 3HATh TpeOyeMble Ha-
Topbl ToTpebuTeneit Boabl. MUHUMaNBHBIN CBOOOAHBII HATop B ce-
TH BOIOTIPOBOAA HACEJIEHHOr0 MYHKTAa MPW MaKCUMAJIBHOM XO3s1ii-
CTBEHHO-TIMTHLEBOM BOAOPa300pe Ha BBOJIE B 3MaHUE HaJ MOBEPXHO-
CTBIO 3EMJIM TIPH OJHOASTAXHOM 3aCTpOiKe MOIKEeH ObITh HE MEHee
10 M, TIpu GOJNBIIEN ITAXKHOCTHA Ha KaXIbIH 3TaxX HEOOXOAUMO 10-
6aBagaTh 4 M. B yacel HaUMEHBLIETO BOAOIOTPEOJIEHUS HATIop JJIst
KaxJIoro 3Taxa, HauWHask CO BTOPOTO, JOMYCKAETCS TPUHUMATh 3 M.
Jis oTAEIbHBIX MHOTO3TaXXHBIX 3MaHUMN, a TakKXe TPYI 3TaHUIA,
PACTIOJIOKEHHBIX B MOBBIIIEHHBIX MECTax, NMpeayCMaTpUBaIOT MECT-
Hble YCTaHOBKM Noakayku. CBOOOIHEIN HAamop y Bogopa30OpHBIX
KOJIOHOK JOJIKE€H OBITh He MeHee 10 M.

B HapyXHOI1 ceTM MPOU3BOACTBEHHBIX BOJOTIPOBOJIOB CBOOOIHBIH
Hariop TIPUHUMAIOT IO TEXHUYECKUM XapaKTepUCTUKaM 000pynoBa-
Hust. CBOOOIHBIN HATIOP B CETU XO3AIICTBEHHO-TIMTHLEBOTO BOIOIIPOBO-
Jla y TTIOTpeGUTENTST He JOJKEH TpeBbIIaTh 60 M, B IPOTUBHOM CJTydyae
IUIST OTAEIBHBIX paifOHOB WIM 3MaHUI MpPEeIyCMaTpUBAIOT YCTAHOBKY
PETYJASATOPOB NaBJICHUST WJIM 30HUPOBAHWE CUCTEMBI BOZOCHAOXKEHMSI.

ITpu paboTe BomonpoBoAa BO BCEX TOYKAX CETHU MOJIKEH OBITh
obecrnieyeH cBOOOAHbBII HArMnop He MEHee HOPMAaTUBHOTO.

CB0OOIHBIE HATIOPH! B JIIOOOH TOYKE CETH OMpPEENsIOT KaK pas-
HOCTb OTMETOK MbE30METPUYECKUX JIMHUH U MOBEPXHOCTH 3€MIJIH.
ITee30oMeTpUUECKHE OTMETKH LTSI BCEX PACUETHBIX ClIydaeB (MpU XO-
39HCTBEHHO-TIMTbEBOM BOAOITOTPEOJCHUM, TIPU TTOXape U Ip.) BhI-
YUCASIOT UCXOIS U3 obecrneyeHUsT HOpMaTHUBHOTO CBOGOAHOTO Ha-
rnopa B JUKTYIOLIE TOUKeE.

I1pu omnpeneseHNU NMbe30METPUYECKUX OTMETOK 3aJaloTCA Mo~
JIOXXEHUEM OUKTYIOLIEl TOUKM, T. €. TOYKH, UMEIoLIeil MUHUMAaJTb-
HBIIt CBOOONHBIN Harmop. OOBIYHO AUKTYIOIIAs TOYKA pacrioyioxe-
Ha B Haubojiee HeOIArONMPUATHBIX YCIOBUSX KaK B OTHOUICHWH
reole3u4eCcKuX OTMETOK (BBICOKHME Teoae3nyecKrue OTMETKH), TaK
W B OTHOLUEHUM YHAIEHHOCTU OT UCTOYHHUKA MUTAHUS (T. €. CyM-
Ma TMoTepb Harmopa OT UCTOYHUKA MUTAHUS 10 TUKTYIOIIEH TOYKU
Oynetr Haubonbiias). B nukryouleit Touke 3aJaloTCs HAllOpOM,
pPaBHLIM HOPMATHBHOMY.
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Ecnu B kako#-11M00 TOYKE CeTH HArop OKaXeTCst MEHblle HOpMa-
TUBHOTO, TO TIOJIOXXEHUE AUKTYIOLIENH TOYKM 3alaHO HeBepHO. B aTOM
cilyyae HaxoAsiT TOYKY, UMEIOIIYI0 HAUMEHBIIWI CBOOOMHBIN Hamop,
1 €€ MPUHMMAIOT 3a JUKTYIONIYIO, a pacyeT HaropoB B CETU TTIOBTOPSTIOT.

Pacuer cucteMbl BonocHaOXeHUsT Ha paboOTy BO BpeMs Moxapa
MPOU3BOMAT B IMPENNONOXKEHUH €r0 BOSHUKHOBEHHUST B Haubosee
BBICOKMX U YOIEHHBIX OT UCTOUHUKOB MUTAHUS TOYKAX TEPPUTO-
puu, ob6cayxuBaemMoii BononpoBoaoM. 1o criocoOy TylieHus mnoxa-
pa BOIOMPOBO/IBI OBIBAIOT BEICOKOTO M HU3KOTO AABJECHUS.

Kak npaBuno, pu MpoeKTUPOBAHUMU CUCTEM BOIOCHAOXEHUSA
cJieyeT MPUHUMATD MTPOTUBOMOXAPHBIN BOZOMPOBOJ HU3KOTO AaB-
JIEHUS, 32 UCKJTIOUEHHUEM HEeOOJIbIIIMX HACEJIEHHBIX TYHKTOB (MeHee
5 ThIC. YeJIoBeK). YCTPOMCTBO TPOTUBONOXAPHOTO BOAOIMpPOBOAA
BBICOKOTO JIaBJIEHUS TOJKHO OBITh 9KOHOMHYECKHU 000CHOBAHO.

B BODOIIpOBOIAX HU3KOTO JARIEHUS TTOBBIIIIEHUE HAOPa NMPOU3BO-
JIWTCS JIUUIL HA BpeMs TyllleHUs 1toxapa. HeobxommMoe moBbIlIeHNe
Haropa Co3[aeTcs MePeIBUKHBIMU TTOXapHBIMU HAcOCaMH, KOTOPHIE
MOABO3SITCS K MECTY MoXapa U 3a6MpaioT BOAY U3 BOIOIPOBOJHOM
ceTH yepe3 yauaHble THapaHThl. CormacHo CHwuIT 2.04.02-84* narnop
B J1I000# TOYKE CETH TTPOTHUBOIOXAPHOTO BOAOIPOBOJIa HU3KOTO JIaB-
JIEHUSI Ha YPOBHE MOBEPXHOCTU 3€MJIU TIPH TTOXAPOTYIIEHUHU JOJIKEH
66ITh He MeHee 10 M. Takoit Harmop HeoOXOmUM VTS TIPeOTBpaIeHUS
BO3MOXHOCTU 00pa30BaHUS B CETU MPU OTOOPE BOJIbI MOKAPHBIMU Ha-
cocaM¥ BaKyyMa, 4To, B CBOIO Ouepellb, MOXET BbI3bIBATb MPOHUKHO-
BEHME B CETh Uepe3 HETJIOTHOCTH CTHIKOB MOYBEHHOI Bobl. Kpome
TOTO, HEKOTOPBIH 3arac JaBiIeHUs B CETH TpeOyeTcst Wit paboThl Mo-
XapHBIX aBTOHACOCOB C LIETbIO TIPEOI0JIeHNs 3HAYUTENBHBIX COTIPO-
THUBJIEHUIT BO BCACBHIBAIOIIVIX JIMHUSIX HACOCOB.

CucTteMa noxapoTylieHUs] BBICOKOTO AaBiIeHUs (0ObIYHO MPUHU-
MaeTcsl Ha TIPOMBILIIEHHBIX 00BEKTax) TpeycCMaTpUBAET Noaavy
K MECTY ToXapa YCTaHOBJIEHHOTO HOPMaMU IOXAapHOTro pacxona
BOIBI Y TIOBBIIICHUE TaBJICHUS B BOJOTIPOBOMAHOMN CETH 10 BEIHUYHU-
HbI, JOCTATOYHOI JIJIS CO3MaHUS TTOXAPHBIX CTPYI HEMOCPEACTBEH-
HO OT ruapaHToB. CBOOOMHKIN HAMOpP B 3TOM cjiydyae JOJIXKeH obec-
MeYUBaTh BBICOTY KOMITAKTHOM CTpyu He MeHee 10 M npH MOJTHOM
TOXapHOM pacXojie BOIbl M PACTIONIOXEHUH CTBOJIAa OpaHaCIoiNTa Ha
YpPOBHE HauBBICHIEHt TOYKM CAMOTO BBICOKOTO 3JaHUS U Mojaye
BOJBI IO TTOXAaPHBIM pyKaBaM JuiMHo# 120 M:

Homox = H_+10 + Zh~ H, + 28 (M),

rae H,, — BbICOTa 31aHus; h — TOTEPU Haropa B pyKaBe U CTBOJIE
OpaHacIoitTa.
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B BOIOIPOBO/IE BEICOKOTO OaBJIEHUSI CTallMOHAPHBIE TTOXapHbIE
HacoChl 000PYAYIOT aBTOMaTUKOM, obecreyuBalonieid myck HacoCoB
He TIo3IHee YeM uepe3 5 MMH TI0CJie Moauyl CUTHala O BO3HUKHO-
BEHMU TToxXapa. TpyObl CETH JOJKHBI OBITH BLIOPAHBI C YUETOM TTO-
BBILLIEHUS JaBJICHUS TIpU TIOXape.

MakcuManbHbIf CBOOOAHBII HAMOP B CETH OOBEAMHEHHOTO BO-
IOMPOBOA HE JHOJIKEH MPEBBIIATEL 60 M.

BbICOTY BOOOHANOPHOU OallHM M HAarop HacOCOB ISl pa3jiny-
HBIX PEXMMOB BOAONOTPEOIeHUS ONpenesiioT no dopMyaaM, Mpu-
BeIEHHBIM B pa3a. 2.4.

3.6. YcTpoiicTBo u 060pynoBaHne BOOONPOBOAHbBIX
ceTen

3.6.1. O6wue TpeGoBaHUa Kk MaTepuany Tpy6.
Tunsl Tpy6 u nx BuiGop

Bri6op Matepuasna TpyO MpencTaBisieT OTBETCTBEHHYIO 3amauy,
TaK KaK UX CTOUMOCTh B OTPOMHOI Mepe ONpe/esieT 3aTpaThl 1Mo
Bcelt cUCTeMe BOIOCHAOXEHUS B 1IEJIOM.

K Tpy6omnpoBonaM npeabsBasioT psin TpedboBaHuil. CTposiimecs
B HACTOSILIEE BpeMsl CETH M BOHNOBOABI XapaKTePHU3YIOTCS 3HAYM-
TENIbHBIMHU 00bEMaMU U TPYAOEMKOCTBIO CTPOUTEBHBIX B MOHTAX-
HBIX paboT, a TAKKE CJIO0XHOCTbIO MHXKEHEPHBIX peureHuii. [Toato-
My HeoOxomMMa HajibHeHIIass WHIYCTPUATU3alUS CTPOUTETBHBIX
¥ MOHTaXHBIX paboT, MpeaycMaTpuBaolas UCIoJIb30BaHNE COOp-
HBIX KOHCTPYKUMI, U3TOTaBJIMBaEeMbIX Ha 3aBO/IaX U MOHTHPYEMBIX
Ha CTPOUTENBHBIX TUIOMAAKaX. B HanbosblIeit Mepe 3TUM TpeboBa-
HUSM OTBEYaloT TPyObl 3aBOACKOTO M3TOTOBJIEHMS, 0becreunBao-
I[H€ JETKOCTb, OBICTPOTY U HaNEXXHOCTh MOHTaXa CTHIKOBBIX CO-
€IUHEHHUI 1 Y3JI0B.

B cucremax BomocHaOXeHUS JOJIKHBI MPUMEHSITBCS TPYObI, Ma-
TepUuasibl KOTOPBIX O€3BPEIHBI IS 3M0POBbS UeoBeKa. TpyObl H0-
KHBI 0071a71aTh BBICOKUMU aHTUKOPPO3UOHHBIMM CBOMCTBAMU IO
OTHOILIEHMIO K BO3JENCTBUIO TPAHCTIOPTUPYEMOI BOIBI, MTOA3EMHBIX
BOJI, TPYHTa, OYXXAAIOWIMX TOKOB U T. M. [IpaBUIbHBIN BBIGOP Ma-
Tepuaga U MOKPBITHUS TPYO MPUMEHUTEIBbHO K KOHKPETHBIM YCJIOBU-
SIM CTPOMTEILCTBA U SKCITyaTaUUH MO3BOJISIET 3HAYUTEIBHO YBEJIH-
YUTb CPOK MX CJYXObI U CHU3UTh 3KCITJTyaTAUMOHHBIE PAaCXOMbI.

[ITepoxoBaToCTh BHYTPEHHE MOBEPXHOCTH TPYO BJIMSIET Ha 3a-
TpaThl 9HEPTUHU T10 TPAHCIIOPTUPOBAHHIO BOIBI. [103TOMY BHYTpEH-
HSIsI TTOBEPXHOCTDh JOJI)KHA OBITh TJIAAKOi U HE M3MEHSITLCS B TPO-
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1ecce IKCIuTyaTaudyu. DTO 3aBUCUT OT NPUMEHSIEMOro Marepuana,
TEXHOJOTUU M3TOTOBJIEHUS, KauyeCcTBa TPAHCTMOPTUPYEMOIl BOMBI,
BUIa BHYTPEHHETO TTOKPBITHSI.

HanexHocts paGoThl TpyOOTIpOBOa BO MHOTOM OTIpeIeIsieTCs
MPaBUJILHBIM BBIOOPOM TTPOYHOCTHBIX XapaKTEPUCTUK U UX COOTBET-
CTBHEM BHEUTHUM U BHYTPEHHUM Harpy3Kam, BO3NeHCTBYIOIIMM Ha
tpyborpoBon. KpoMe Toro, TpyOobl ¥ MX COEMMHEHMS TOJKHBI OCTa-
BaThCSI TEPMETUYHBIMH B TTPOLIECCE BCETO MepHoia IKcIutyatauuu. Ot
3TOTO 3aBUCAT KOHOMUYHOCTh W HAOEXHOCTh CHCTEMBI TMOmAYU
M pacnpeesieHUsT BOIBI, a TAKXKE €€ CAHUTAPHOE COCTOSTHHE.

s cTpOUTEBCTBA HATIOPHBIX BOAOBONOB U CeTeit TPUMEHSIOT
cTajJbHbBlE, YYTYHHBIE, acOeCTOIIEeMEHTHBIE, TIJIACTMACCOBBIE, XeJe-
300€TOHHBIE U ApYTHe TPYOHI, M1 Oe3HAMOPHBIX — OETOHHBIE TPY-
OB, a TAKCKE OTKPBIThIE KaHa/Ibl U3 OETOHA, XeIe300eTOHa U 3eM-
JISTHBIE C OJEXIOM JHA U OTKOCOB pa3IMYHOTrO THUIIA.

YyryHusle TPYOBl [UIsi HATIOPHEBIX BOJOBOMOB U CeTeM TIPUMEHSIOT
JIByX TUTIOB. TPYOBI, M3rOTaBJIMBAEMBbIE M3 CEPOro YyryHa MeTOHaMH
LIEHTPOOEXHOTO ¥ MONYHENPEPLIBHOTO JIUTHST AMaMeTpoM 65—1000 Mmm
C pacTpyOHBIMHM CTBIKOBBIMU COETMHEHUSIMU, U TPYOBI, H3rOTAaBJINBA-
eMble auametpaMu 100—300 MM CO CTBIKOBBIMH COEIWHEHUSAMHU TIOM
pe3nHoBble MaHXeThl. TpyOnl nuameTpoM 65—300 MM BBITIYCKAIOT
IUTMHON 2—6 M, a muametrpoM 400 MM u Gonee — JUTMHOM 5—10 M.
T'OCTwl npenycMaTpuBaloT BBITYCK TPYO Tpex KiaccoB — JIA, Au b,
OTJIMYAIOLIUXCS APYT OT JApyra TOJIIUHON CTEHOK M, C/le0oBaTeNIbHO,
BBbLIEPXUBAIONIMX pa3TMyHOE JaB/IeHHUE.

st coemHeHUsT TpyO B NEPBOM CJTy4yae MCIOJIb3YIOT CMeCh ache-
CTa, IEMeHTa ¥ Bonbl. B KauecTBe HAOMBKH MTPUMEHSIIOT TIPOCMOJIEH-
HYIO WIH OUTYMWHUW3MPOBAHHYIO NMEHBKOBYIO Mpsiib. KOHCTpyKIUs
CoeIMHEeHUM 3TUX TpyO Moka3aHa Ha puc. 3.9. Ilpu coemuHeHUM K-
JIMHIPUYECKHH KoHell TpyO I BBOAAT B pacTpyb 2 yOXXeHHON TpyOsl
TaK, 4TOOBI 3a30p MEXIy TAaIKUM KOHLIOM M YIOPHOM MOBEPXHOC-
ThIO pacTpyba coctaBisn 5—10 MM B 3aBUCHUMOCTH OT AMaMeTpa Tpyo.
o Hayajna 3ameJ Ky CTHIKOB TPYOBI LIEHTPYIOT. 3aTeM pacTpyOHYIO
1e/Tb YTUTOTHSAIOT MEHBbKOBOI NpsiAbio 3 A obecrieyeHUs BOJOHe-
TIPOHULIAEMOCTH CTBIKOBOTO COEIMHEHUSI.

Jing ynepXaHus psaAK OT BBIAABIWBAHUS TUAPABIUYECKUM [1aB-
JIEHWEM YCTpauBaloT acbecToleMeHTHBIH 3aMoK 4. IIpu Heobxomu-
MOCTH 3alIUThl acOecTOoLieMEHTa OT arpecCHMBHOTO BO3AEMCTBUS
TPYHTA U MOA3€MHBIX BOA pacTPyOHYIO 1IeNib HA NIYOUHY 2—3 MM
3aMOTHAIOT U30JISLUUEl 5, COCTOALIEN U3 TPYHTOBOM Kpacku U Ma-
cTUKM. BHyTpeHHee ucnbITaTeNibHOE U paboyee qaBleHUEe CMOHTHU-
pOBaHHOTO TpPyOONpOBOAAa HA3HAYalOT B 3aBUCHMOCTH OT KJjacca
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TpyO6 ¥ BHEITHUX Harpy3oK. OHU He MOJXHBI OBITh BBIlIE COOTBET-
ctBeHHO 1,5 n 1 MIla. IIpu riay6uHe 3a10XeHUs 10 4 M M JUaMET-
pe TpybomnpoBoma no 300 MM, Kak TMpaBWIO, YKJIaabIBAlOT TPYOBI
knacca JIA. I1pu BHITIOJJHEHUHM COEIMHEHUST TPYO YKa3aHHBIM CIO-
co00M, HECMOTPST Ha €T0 MPOCTOTY U IJTUTEIBHOCTb NTPUMEHEHUS,
He o6GecrneynBaeTCsl paBHOTIPOYHOCTb CTHIKOBOTO COEAUHEHUSI C OC-
HOBHBIM MaTepHanioM Tpy6, TpeOyIoTCsS 60JIbIINE 3aTPATHl BDEMEHH,
He TTOJTHOCTBhIO MCTIOJB3YIOTCS TTPOYHOCTHBIE XapaKTepUCTUKH ca-
MHX TPYO; KpOMe TOTO, 3TOT CITOCOO HE MEXaHU3HPOBAaH.

Puc. 3.9. PactpyOHoe coennHen#e YYTYHHBIX TPYD C yMIOTHEHHAMH
NeHbKOBO# NpAAbIO

CTBIKOBBIE COEAMHEHUST HA PE3WHOBBIX YIJIOTHUTENSIX TUOKHeE,
00ecreynBaloT PaBHOIIPOYHOCTh C TPYOOH, TepMETUYHOCTh TPyOO-
MPOBOJA NMPU OCEBOM CMELIEHNH 10 15 MM U yryioBo# nedopMalinu
no 3—4 rpan. MOHTaxX CTBIKOBBIX COEIWHEHMH MeXaHM3MPOBaH,
BCJIEICTBUE YETO COKPANIAETCs TPYIOEMKOCTb M TaPAHTUPYETCSI BbI-
COKO€ KauyecTBO paGoT.

BBuny paBHOIMPOYHOCTH CTHIKOBOTO COEIMHEHHUS C TPYOOIl MaK-
CUMaJIbHbIE 3HAYEHUS MCTIBITATEIbHBIX M pab0OYUX NaBICHUN MOTYT
OBbITh OOJIE€ BHICOKUMU TI0 CPABHEHMIO C MX 3HAUYCHUSIMU IS TPYO
CO CTBIKOBBIMU COEIUHEHMSIMU TIOJ 3a4eKaHKy. DTH HaBJIEHUS CO-
OTBETCTBEHHO paBHBI 1,75—2,8 u 0,95—2 MIIa B 3aBUCUMOCTH OT
kiacca Tpyd. KOHCTPYKIIMS 3TOTO CTHIKOBOTO COEOUHEHUS TIPUBE-
neHa Ha puc. 3.10. B pactpy6e TpyObl 2 UMeeTcsi BHYTPEHHHUN KOMb-
LIEBOW Ma3, B KOTOPBIH 3aKJaabIiBaeTcsl rpedeHb Pe3MHOBOM MaHXe-
ThI 3. [epMeTH3aIns CThIKA 00eCcTieYnBaeTCs 3a CUET OOXKaTUS Cpel-
Hell YaCTH MaHXeThl IPU MOHTaXe M CAMOYIUIOTHEHHS MaHXETHI
TPY TUAPABIUYECKOM AaBJIeHUH. MaHXeThl H3roTaBJINBaIOT U3 pe-
3UHBI, HE colepxalleit BpeIHBIX BEIIECTB, BIMUAIOIIMX Ha BKYC,
LIBET U 3amax BOAbl. MOHTaX TpyO MPOU3BOAAT CJEAYIOLIUM 0bpa-
30M. B kospieBoit ma3 pactpyba BKJIAOBIBAIOT YITJIOTHUTEILHYIO
MaHXxeTy. HapyXHbIif KOHel UMJIMHIPUYIECKOM JacTH I MOHTUPY-
eMOM TpyOBl CMa3bIBalOT rpaUTHO-TJIMLIEPUHOBOM cMa3koil. 3aTteM
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KOHeLl MOHTHPYEMO#t TPYOBI C MOMOILBIO CTIELMAIBHOTO MOHTAaXHO-
ro yCTpOWCTBA BBOIAT B PacTpyb yIOXeHHOM TpYOHI.

Puc. 3.10. PacTpyOHOe coennHeHHE YYTYHHbIX TPYO Ha PE3HHOBBIX
YIUIOTHHTEASX

BononpoBomHbie CETH U3 YYTYHHBIX TPYO MOHTUDPYIOT C UCIIONb-
30BaHMEM YYTYHHBIX ¢hacoHHBIX yacteit (mo 'OCT 5525-88) pas-
JMYHOH hopMBbI ¢ pacTpybamMu u dstaHuaMu. OHU MO3BOJISIIOT U3Me-
HATb HamnpaBjieHWe JIMHUIM KaK B TOPU3OHTAIILHOM, TaK U B BEPTHU-
KaJbHOW TJIOCKOCTU. C MX MOMOILbIO Ha BOMOITPOBOIHBIX JIMHMUSIX
yCTaHABJIUBAIOT HEOOXOAMMYIO apMaTypy U YCTPauBalOT OTBETBIIE-
Hus. TIpy OTCYTCTBUM YYTYHHBIX (PACOHHBIX YacTeil IPUMEHSIOT He-
CTaHAApPTHBIC CTAJIbHBIE CBapHbIe (DACOHHBIE YACTH.

HenocratkoMm Tpy0, BBITTyCKaeMBIX M3 CEPOTO YYTyHA, SIBJISIETCS
OTHOCUTEJILHO TIJIOXO€ CONMPOTUBJICHUE UX IMHAMUYECKUM Harpys-
KaM. 3HaYUTEeNbHO OO0JIBIIYIO 00J1aCTh TPUMEHEHNS UMEIOT BHICOKO-
MpOYHBIe TPYOBl U3 YyryHa ¢ apOBUAHBIM TpadutoMm (TY 14-3-
154-23-90), BbinepxuBatonIre GONMbIINE HATPY3KU U UMEIOLIINE JTyU-
1IMe MIacTUYeCKHUe cBoicTBa. Pa3pyireHue 4yryHHBIX TpyO MOXET
MPUBOANTE K OCJIOXHEHUSM MPU JIMKBUAALUWU aBapyuil U 60JTbUIUM
norepsaM Boabl. KpoMe Toro, o6acts MpUMEHEHUST 3TUX TPYO orpa-
HUYMBAETCSA HOMYCTUMBIMH BHYTPEHHUMMU AaBIEeHUSIMU. YyTyHHBIE
TPYyOHl BeCbMa METAJUIOEMKH M0 CPABHEHUIO CO CTAJIbHBIMH.

Craabhbie TpyObI BBIITYCKAIOT B IIMPOKOM OUaria3oHe AUaMeET-
POB, TOJIIIIUH CTEHOK, MAapOK CTaJIM U PA3JTUYHBIX KJIACCOB TOYHOC-
TH. OHU 00J1a1a10T BLICOKOH MPOYHOCTHIO, OTHOCHUTEILHO HEOOb-
1Io# MaccoM, TJIaCTUYHOCTBIO M TIPUMEHSIOTCSI TTPU MHAYCTPUAJb-
HOM MoOHTaxe. HemocTtaTkaMu CTalbHBIX TpYyO SIBISIIOTCS
TIOABEPKEHHOCTh KOPPO3HH U 3apACTAHUI0, MEHBIINI CPOK CITYXKObI
TIO CPaBHEHHIO CO CPOKOM CITYXOBI HEMETAITUYECKUX TPYD, BO3pa-
CTaHWe THIPABIUYECKOTO COMPOTHUBIIEHUS B TpoOLiECce dKCIUTyaTa-
LIMH, €CJTU HE MPEIYCMaTPHUBAIOTCSI COOTBETCTBYIOIINE MEPBI.

M3-3a HEOOXOOMMOCTH 3KOHOMUM MeTaljla IPUMEHEHHUE CTalThb-
HBIX TPYO CTPOTro OrpaHU4MBacTCs. s CTANBHBIX HAPYXHBIX TPY-
GOTIPOBOJIOB CHUCTEM BOAOCHAOXEHMS TTPUMEHSIOT CBApHBIE TPYOH!
JrameTpoM ao 1400 MM cnemyroliuX BUAOB:
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npssmowoBHbie o F'OCT 10704-91*, TOCT 10706-76* u TOCT
10705-80;

crimpabHO-110BHBIE 110 TOCT 8696-74%;

CIIUPATbHO-1IOBHBIE TOHKOCTeHHBIE o TY 102-39-84;

BonorasornposoaHbie mo F'OCT 3262-75*.

ITpuMeHeHMe BGECHIOBHBIX CTATLHBIX TPYD 11€71eCO0Opa3HO B CITy-
yae, €CJIM pacyeToOM Ha TMPOYHOCTh YCTAHOBJIEHA HEBO3MOXHOCTD
HCTIOJIb30BAaHUST CBAPHBIX TPYO.

CaapHble TpYOBI U3TOTABIUBAIOT U3 PA3TUUHBIX CTaje, OTIUN-
YaoUIMXCA XMMHUUYECKUM COCTABOM U MEXaHUYECKMMHU CBOMCTBa-
MH. DTH KadyecTBa CTaJIM PETJIAMEHTUPYIOTCS CIENYIOIMMHU CTaH-
napTaMu;

T'OCT 380-88* — Ha yriaepoAMCTyIO CTajlb OOBIKHOBEHHOTO Ka-
4YeCcTBa, NTPUMEHSIEMYIO IJISI U3TOTOBJIEHUS IPSIMOIIOBHBIX, CITH-
PaJIbHO-IIOBHBIX M BOIOTA30IPOBOIHBIX TPYO;

T'OCT 19281-89 — Ha HU3KOJIETUPOBAHHYIO BHICOKOKaYeCTBEH-
HYIO TOJICTOJIMCTOBYIO U LIMPOKOIOJIOCHYIO CTajlb, MPUMEHSIEMYIO
st usroropieHust npsmoioBHelx (IT'OCT 10706-76*) u cimpans-
Ho-1oBHBIX (TOCT 8696-74*) Tpy®.

HauGonee miMpoKo NMpUMEHSIIOTCS TPYOB! U3 YIJIEPOIUCTHIX CTa-
Jieit 0OBIKHOBEHHOTO KauecTBa Kak Haubosiee AelieBbie M MeHee Ae-
¢duumuTHbIe. TpyOBHI U3 HU3KOJIETUPOBAHHBIX BEICOKOKAYECTBEHHBIX
CTaJIei IPUMEHSTIOT IPU CTPOUTENIBCTBE U 3KCIUTyaTallMy TpyGOIIpo-
BOJIOB B YCJIOBMSIX HU3KHUX TeMIlepaTyp, npubausurenbHo 20 °C
M HUXE, a TAKXKe ITpH Oojiee BRICOKUX TeMIlepaTypax, ecjii obecre-
YUBAETCSI 3KOHOMHS CTAIM B Pe3YJbTaTe€ MCIIOJB30BAHUA TPYyO
C MEHBIIMMHU TOJIIIMHAMU CTEHOK, YeM y TpyO M3 YrJIepOaUCTHIX
cTasieif OOBIKHOBEHHOTO KayecTBa.

B cooTBeTCTBMU C MPOYHOCTHBIMU pacyeTaMu AUAMETPHI TPYO
d,, B CICTeMax BOLOCHAGXEeHMSI 3aBUCST OT TOJILUMHBI CTEHKH

Sy MM eerrennnnnnnnnnne 2,8—4 4-10 6—16
d_, MM..oovevreennnns 400 500—1000 >1000

TpyOb! BBIITYCKAOT Pa3IMYHBIX IPYIII C TapaHTHEN KaK BCEX, TaK
U OTAEJIbHBIX XapaKTePUCTHUK: MEXaHUYECKHUX CBOMCTB, XUMHUYECKO-
ro cocTaBa, UCTIBITATENILHOTO naBieHUs. KpoMe Toro, TpyOs!, uMe-
IOL[A€ OAWHAKOBBbIE rapaHTUPOBAaHHbIE MEXaHUYECKHE XapaKTEpUC-
TUKH, MOTYT OBITb U3TOTOBJIEHBI U3 CTAJICit, IMOMYYEHHBIX pa3anuy-
HBIMU criocobaMm.

Bri60p Mapku cTaju MpoOU3BOAAT IO HOPMUPYEMBIM CTaHIApTa-
MM N0KAa3aTeNisIM CTaJIM U MEXaHUYECKUM CBOICTBaM, a IpH UX OT-
CYTCTBUU — IO 3HAYEHUIO rapaHTUPYEMOIO MCITBITATEIBHOTO THA-
pPaBIMYECKOro JaBJeHUS TPYOHI.

88



TpyObl U3 YIrIEepOAUCTONH OOBIKHOBEHHOTO KayecTBa KUMALIEH
cranu (KIT) xapakTepu3yroTcs: xJ1agHOJIOMKOCTBIO, B CBSI3U C YEM MX
HE CJIeAyeT NMTPUMEHSTD IIPU CTPOUTEBCTBE U BKCIUTyaTalluK Tpyoo-
TPOBOJIOB B YCJIOBUSIX HU3KUX TeMItepaTyp (MuHyc 10—20 °C).

Tpy6s! U3 nonycnokoiiHoii (I1C) u criokoitHoit (CIT) cranu 06-
JIaNaloT MEHBLIEH CKJIIOHHOCTBIO K XJIAMHOJOMKOCTH, MO3TOMY HX
MPUMEHSIOT TIPU CTPOUTETBCTBE U IKCILTyaTaALlUHM B YCIOBUSIX DOJice
HU3KHUX TeMITepaTyp.

TpyObl U3 HU3KOJIETUPOBAaHHBIX CTaJIEN 11e1eco00pa3HO MpUMe-
HATb, KOTAA B NIEPUO CTPOUTEILCTBA U IKCILTyaTallMu CTEHKH TpyO
MOTYT OXJIAIUTBLCSI 1O BeCcbMa HU3KMX TeMmepaTtyp (MuHyc 20 °C
U HUXE).

TpyOBl 13 HepxXaBelolllel CTaau UCIIONB3YIOT B pEareHTHOM XO-
3MCTBE ISl TPAHCTIOPTUPOBAHMSI aTPECCUBHBIX pacTBOPOB. st BO-
J03abopa NMOA3eMHBIX BOJ MPUTOJHBI GeclIoBHBIE 06canHBIe U OY-
pUJIbHEIE TPYOHI.

BBuay Toro 4To OCHOBHBIM CIIOCOOOM COCAWHEHMUSI CTaJIbHBIX
Tpyb SABNAETCS CBapKa, HEOOXOMIMMO YUYUTBHIBATh UX CBAPUBAEMOCTD,
KOTOpast yXyIlIaeTcsl ¢ MOBBILIEHUEM colepXaHUs yraepona. Ilpu
. MOHTaXe Y3JIOB TpyOOITPOBOAOB yMOTPEOJSAIOT THYTHIE, IITaMITO-
CBapHbIC M CBapHBIE CTAJbHBIE (pAaCOHHBIE YaCTH, TIPUBaApUBaEMEIE
K TpyOam.

Cpok cHyXObl MeTaLIMYEeCKUX TPyOONpOBOAOB, HAIEXHOCTBb
¥ 3 PEKTUBHOCTD MX 3KCITyaTallUU OTPEIeNISIIOTCSI B OCHOBHOM
CTETEHbIO 3aIIMTHl METajula OT KOPPO3UU. BHYTpEHHSISI KOppO3Us
BCJIEICTBHE POCTA BEICTYIOB IIEPOXOBATOCTH IMPUBOIUT K PE3KOMY
CHUXEHHIO TIPOITYCKHOM CMTOCOOHOCTH TPYOOIPOBOAOB, UTO, B CBOIO
oyepeab, IPUBOIUT K COKPAIEHHIO CpOKa CIYKObl, 3HAYUTETHHBIM
3aTpaTaM Ha PEMOHT, MepeKIaaKy U MPOKIAaKy JOMOJHUTEIbHBIX
JIMHU, TIepepacxoy 3JIEKTPOIHEPTHUH.

CylIecTBYIOT IBa METOMA 3allIMTHl METAJUTMYECKUX TPYO OT KOp-
PO3WH: MAaCCUBHEINH M aKTUBHBIN. K 1MTacCHBHOMY METOAY OTHOCHUT-
Cs M30JISILMS HapyXHOM WJIM BHYTPEHHEH MOBEPXHOCTH TPYO MM
MOKpPBHITHE TPYO CHeUUaNIbHBIMA 000JIOYKaMH, K aKTUBHOMY —
9JIEKTpUYECKas 3alInTa.

YyryHHbIe TPYOBI Ha 3aBOJIaX MOKPHIBAIOT CIIELIMATbHBIMU aHTH -
KOPPO3UOHHBEIMU MacTUKaMHU, KOTOphIE B TeUeHHE HEKOTOPOTO Bpe-
MEHH 00eCIIeYnBaIOT 3aILUTY OT KOPPO3UH.

AHTHKOPPO3HOHHYIO 3alIUTy CTATbHBIX TPYO BEHITIOJNHSIOT NEpeN
WJIU B IIpoliecce MX YKJIanKu. st HapyXHON U30JSIUUU UCTIONb3Y-
10T OUTYMHO-MHHEpaAJIbHbBIE, OUTYMHO-TIOJIMMEPHEIE, TTOJTUMEPHBIE,
STHJIEHOBBIE U IPYTHE TTOKPBITHS.
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B MHMpOBOIl IMPaKTHKE CTPOUTEIBCTBA METAJUTMYECKUX BOIOTIPOBO-
JIOB TMOJIYYWJIM PacIipoCTpaHeHUE BHYTPEHHUE TTOKPBITHSI HA OCHOBE
emeHTa. OHU MOTYyT HAHOCUTBCS KaK Ha HOBbIE TPYOBI, TaK M Ha
TPyOBI, HAXOISIIMECA B IUIMTEIbHOMN dKcTuTyataliiy. CyliecTByeT He-
CKOJIBKO CITOCOOOB HaHeCEHUs TOKPBITUI Ha HOBBIE TpyObl. Hau-
GoJibliiee pacrpoCcTpaHeHUEe UMEET METO/ LIeHTPUDYTHPOBAHUS.

CpencTBOM 3alLUTHI ACHCTBYIOMIMX TPYOOTIPOBOIOB OT KOPPO3UU
ABJIIETCA OYMCTKA BHYTPEHHE! MOBEPXHOCTU M HAHECEHUE aHTHU-
KOPPO3WOHHBIX TOKPBLITHIA. [TporyckHas crnocobHOCTh TpyOOTTPOBO-
JIOB TOCJTIE TIPOYUCTKHU cocTaBisieT 95—~97 % mnepBoHauanbHOW. s
HaHECEHUST TIOKPBITUI TaKXe CYILIECTBYET HECKOJBKO CIIOCOOOB
B 3aBUCHMOCTH OT AMaMeTpa TpyOOIpOBOIOBR.

HOns co3gaHvisi HA BHYTPEHHEHN MOBEPXHOCTU TPYO MOJIMMEPHBIX
TIOKPBLITUH TTPU BBIMOJIHEHUN PEMOHTHO-BOCCTAaHOBUTENIBHBIX paboT
MPUMEHSIETCST METOJ TMPOTACKWBAHWS BHYTPU IKCIUTYaTHPYEMBIX
TpyOGOTIPOBONORB TUIETEN M3 TTOJIMMEPHBIX TPYO.

HInpoko UCTosb3yIOTCs JTJaKOKPaCOYHbBIE TIOKPHITHS, obecreun-
BalOILIME MPOCTOTY TEXHOJOTMUECKOTO TIpoilecca, BHICOKYIO UHIYC-
TPUATN3AIUIO ¥ CPABHUTENBHO HU3KYIO CTOMMOCTb.

3auuTa BHyTPEHHENW MMOBEPXHOCTH TPYO MOXET OBITh OOecneye-
Ha ¥ METoJlaM¥ CTa0WJIN3alIMOHHONW 00pabOTKM BOIHI.

K akTuBHBIM MeTOIaM 3alUTH METAITMYECKUX TPYOOIIPOBOIOB
OT KOPPO3UM OTHOCHUTCSI KaTOMHAsl 3allMTa, KOTOopasi OCHOBaHa Ha
3IEKTPOXUMUUECKON TeOpUM Koppo3uu. M3-3a He3HAUUTETbHBIX
3aTpar 3JEKTPOIHEPruU 3TOT BUJ 3aLUIUTHI LieJiecooOpa3eH Kak JI0-
MOJIHUTENIbHAS Mepa. K ToMoMHUTEIbHBIM METOIaM OTHOCUTCS TaK-
€ CIoco0 HaHEeCEHHUS] LIMHKOBOTO MOKPHBITHS.

TpyGornpoBoakl, yIOXKEHHBIE BIOAb 3JIEKTPUGDUIIUPOBAHHBIX JI0-
por, MoABEPralTCs AeNCTBUIO OYXKIAIOUIMX TOKOB. [Tox ux Biug-
HUEM MPOUCXOIUT pa3pyllieHHe MOBEPXHOCTH TPyD. 3amura Tpyo oT
WX [IEMCTBUSI COCTOUT B NMPENOTBPAILIEHUN 00pa30BaHUS 3THX TOKOB
MyTeM ClelragIbHOro 000pYAOBaHUS PEJIbCOBBIX MYTEW INMEKTPO-
TpaHCIIopTa.

XKeneszo0eTonnsie TPyObl 001a1aI0T KOPPO3UOHHOMN YCTOHYNBOC-
ThIO, SIBJISTIOTCST IUBJIEKTPUKAMHU, CTIOCOOHBI COXPAHATh B YCIOBHSIX
9KCIUTyaTallMu TNAAdKyl0 MOBEPXHOCTh, UMEIOT MalTyI0 METaJTIOEM-
KOCTb U OOJIBIIIYIO NOJATOBeYHOCTh. HemocTaTkoM MX SIBJISIETCS 60JIb-
1ras Macca.

HarnopHbie xeje306eToHHBIE TPYOBI, U3rOTaBIMBaeMble METOA-
Mu BuGporuapornpeccoBanust (FTOCT 12586.0-83 u T'OCT 12586.1-
83) u uenrpudyruposaruust (F'OCT 16953-78), umelor rubkoe pac-
TpyOHOE CTBIKOBOE coenuHeHue. ITociemHue B HacTosIee BpeMst
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CHSITBHI C TIPOU3BOACTBA. ['€pMETUYHOCTD CTBIKOBOTO COEIUHEHMUS
obecrneynBaeTcss TNMPUMEHEHUEM DPE3NHOBOTO YIUIOTHUTEIBHOIO
KOJIbLIa KpyTaioro ceyeHust. KoOHCTpyKuMst pacTpyOHOTO COemMMHEHUST
BUOPOTHAPONIPECCOBAHHBIX TPYO MpeacTapieHa Ha puc. 3.11, a ueH-
TpUGDYTUPOBAaHHBIX — Ha pUc. 3.12. KOHCTPpYKIIMM CTBIKOBBIX CO-
eIUHEHWI pacCUMTaHbl HA BO3MOXHBIE YIJIOBBIE AedopMauuu Tpy6
B coemrHeHUM okojio 0,75—1 rpan.

RIS
TN N
O

:

T2

¢

Puc. 3.11. CTpikoBOE COeIHHEHHE KeJ1e300eTOHHBIX NpeIBAPHTEIbHO
HanpsiKeHHbIX TPYO, M3rOTOBJIEHHBIX METOAOM BHOPOrHIPONPECCOBAHMS:
1 — pactpy0; 2 — HanpsiXeHHas CIIUpajibHasi apMaTtypa; 3 — pe3uHOBOE

KOJIBLIO; 4 — BTYJIOUHBIA KOHEL[ TPYObl

|
5 v J 2

Puc. 3.12. CTpikOBOE coeauHeHHEe PACTPYOHBIX KeJie300eTOHHbIX
NpeiIBApUTE/IbHO HANPSAKEHHbIX TPYO, H3rOTOBJEHHbIX METOIOM
HEeHTPUDYTrHPOBAHHS:

1 — pactpy6; 2 — BTYJIOUYHBIN KOHEL[ TPYObl; 3 — pe3UHOBOE KOJIbLO; 4 —
YIIOPHBINA OYypPTHK; 5 — 3alIMTHBIN ciioii GeToHa

MoHTax TpyObl HAUMHAIOT C TOTO, YTO Ha €€ BTYJOYHBIH KOHEL[
HaZIeBalOT pe3UHOBOE KOJIblIO. 3aTeM 3TY TpyOy KpaHOM WU TpyGo-
YKJIaAYMKOM OMYCKAaIOT B TPAHILIEIO U LIEHTPUPYIOT OTHOCHUTEJIBLHO
pacrpy6a ysnoxeHHOH TpyObl. JanbHeHIIMii MOHTaX 3aKJII04aeTCs
BO BBEJICHUM BTYJIOYHOTO KOHILIA YKJIaibIBaeMOii TpyOBl B pacTpy0b
YJIOKEHHOW C OTHOBPEMEHHBIM 3aKaTbIBAHUEM PE3MHOBOTO KOJIbLIA
B pacTpyOHy10 1IeJib. MOHTaX OCYILIECTB/ASIETCS C ITOMOLIbIO pa3-
JIMYHBIX MEXaHN3MOB ¥ NTPUCITOCOOJIEHUH.

CopraMeHTOM TpeyCMOTPEHO MU3rOTOBJICHUE TpYyD THMaMeTpOM
ot 500 ;o 1600 MM. B 3aBHCHMMOCTH OT pacYe€THOTO BHYTPEHHETO
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JaBJieHusi B TpyOOTNpOBoAe TpyOHB! MmonpasnensioTcs Ha TpU Kilacca
npoyHocTu. TpyOs 1 xnacca npegHazHaueHs! ISt TIPOKIIAAKYU TPY-
GOTIPOBOJOB C paCYeTHBIM BHYTpeHHUM daBineHueM 1,5 MIla, IT —
1,0 MITa u III xmacca — 0,5 MIla. Ha 3aBone TpyObl NMoaBepraior
UCTIBITAHUAM Ha BOJOHENpPOHUUaeMocTh aapieHueM 0,6—1,8 MTIla
B 3aBUCUMOCTH OT KJjiacca.

TpyOGonpoBoOABI BCEX KJIACCOB B COOTBETCTBUM C TPEOOBAHUSMM
T'OCToB JOXHBI YKIIAABIBATHCS Ha TYOUHY 2—4 M 1O Bepxa Tpy-
Obl B 3aBUCUMOCTH OT TIPYHTOBBIX YCJIOBUI, BpEMEHHOW Harpysku
Ha MOBEPXHOCTD 3eMJIH, criocoba OnmupaHHst Ha OCHOBaHHE U CTerle-
HU YIUIOTHEHUS 3aCBINKHU.

Kak moka3pIBaloT pacyeThl, Xejie306eTOHHbIE TPYyObl Bcex Aua-
METPOB MOXHO YKJIaIblBaTh Ha TIyOMHY OO 5 M 10 Bepxa TpyObl Ha
TJIOCKOE OCHOBAaHHE M3 MEJIKMX INMeCYaHbIX TPYHTOB MPU HOpMaJlb-
HOU CTENEHU YIIJIOTHEHUS Ta3yX U pacyeTHOM BHYTPEHHEM JaBie-
uuu po 1,0 MIla. Inst ykinagku Tpyb ¢ 60jiee BBICOKMM BHYTPEH-
HHUM JaBieHUueM TpeOyercst CripoUIMpOBaHHOE TPYHTOBOE OCHOBA-
HHUE MOJ BBIKPYXKY ¢ yrjioM oxsata 90—120 rpax nubo 6eToHHOE
WU XKeJiIe300eTOHHOE OCHOBaHUE.

Cy1iecTByeT JOKYMEHTAUMS Ha W3TOTOBJIEHUE XKeJIe300€TOHHBIX
HaroOpHBIX TPYO CO CTAJIbHBIM LIMJIMHAPOM Ha AasieHue no 1,0 MIla.
XKenezobeToHHbIE TPYOBI MOTYT ITOABEPTraThCs KOPPO3IUU, €CIH OHU
VJIOXEHbl B arpECCUBHBIX TPYHTAaX, Ilie BO3MOXHO BIHSTHUE TIPOU3-
BOACTBEHHBIX CTOYHBIX BOX M CHJIbHOMHUHEPATU30BAHHBIX arpecCUB-
HBIX MOA3€MHBIX BOJ. B aTOM ciIyyae HapyXHYIO TTOBEPXHOCTb TPYO
TTOKPBIBAIOT OMTYMOM MM Ky30acc-JIaKoM.

s coeqUHEHMsT XKeJle300eTOHHBIX TpYO ¢ TpyOdaMu M3 APYTUX
MaTepuaioB IPUMEHSIIOT CTaJIbHbIE CBapHbIE BCTABKHU.

AcbecTonemeHTHbIE TPYObl UMEIOT MaJible MAcCy U TEIIONPOBO/I-
HOCTb, NJOCTaTOYHYI0 KOPPO3HWOHHYIO CTONKOCTb U SIBJISIIOTCS TH-
SJIEKTPUKaMHU. Y HUAX HeGOJIbIIOE TMIPABIMYECKOE COTIPOTUBIIEHHUE,
KOTOpO€ He3HAYUTEJIbHO MEHSIETCA B TIpoliecce 3KcIutyaTaiuu. He-
00X0IMMO YYUTHIBATh BO3MOXHOCTh BHEIIHEH KOPPO3UM 3TUX TPYO
MOJ BO3AEHCTBUEM BEIECTB, pa3pyHIAIONIUX COCAUHEHMSI, BXOMS-
LIA€E B COCTaB acbecTolieMeHTa (TuapaT OKMCH KaJiblius, KapOoHaT
KaJIbLYsl, CUJIMKAT KaJIblIUs, KapOboHAT Maruust u np.). Ilpu npo-
KJ1anke TpyOONpOBOAOB B IPYHTaX, arpeCCUBHBIX TI0 OTHOLIEHUIO
k acbecrouementy (pH rpyHTa Huxe 6), cienyeT ycTpauBaTh Mpo-
TUBOKOPPO3UOHHYIO 3alTUTY.

AcbGecTolileMeHTHBIE TpyOBI xpynku. IIpu ygapax B MaTepHale
TpyO TIOSIBASIIOTCST HATIPSIKEHUSI, KOTOPBIE MOTYT TPEBBIIATD AOIY-
CTUMBIE, U B CTEHKE IMOSABJISIOTCS TPEUIMHBI, OOHAPYXUBAOUIHECS
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JIUIIB TIPH TUAPABIMYECKUX UCITBITAHUSAX. ACOECTOLIEMEHTHBIE TPY-
661 HEOOXOAUMO YKJIaAbIBATh B HEHAPYIIEHHBIA FPYHT, YTOOBI HUC-
KJTIOYUTH TIPOCAIKY.

AcbecTouieMeHTHBIe TPYOBI BhITTycKatoTes o 'OCT 539-80. Tpy-
651 MTOApa3meNsAIoTCa Ha 4eThipe Kaacca: BT 6 (paGodyee maBneHue
0,6 MIla); BT 9 (0,9 MIla); BT 12 (1,2 MIla) u BT 15 (1,5 MTITa).
Pa6boyuM naBieHUEM SIBIISIETCS MAaKCUMAaIbHOE THAPABINYECKOE [aB-
JIEHWe, TIPU KOTOPOM MOXET OBITh UCIOJb30BaHa Tpyba JTaHHOTO
KJ1acca MpHu OTCYTCTBMM BHELIHeW Harpy3ku. Kiacc Tpy6 omnpenens-
10T pacyeToM, B KOTOPOM YYUTHIBAIOT YCJIOBHS 3KCILTyaTalluu. Tpy-
GBI KaXIOro Kjiacca B 3aBUCUMOCTH OT BHEIIHETO AUaMETpa U T~
HBI TTOAPA3NeNAIOTCA Ha TpU TUMa. TpyObl MEpBOTO THUIA BBIITYCKAIOT
anametrpoMm 100—500 MM, mnuHON 3—4 M; BTOPOro — AMaMeTPOM
200—500 MM, muHOM 5 M; Tpetbero — nuaMerpoM 200 u 300 MM,
IUTMHOI 6 M.

Tpy6BI CTHIKYIOT ¢ MOMOLIBIO acoecTolieMeHTHBIX MydT CAM 1o
T'OCT 539-80 (puc. 3.13) win uyryHHBIX MydT o TOCT 17584-72*
(puc. 3.14). Ins yIuIOTHEHUS TPUMEHSIIOT Pe3WHOBBIE KOJIblIA.
MomnTax TpybornpoBoaa ¢ npuMmeHeHueM MydT Tina CAM mnpous-
BOAUTCA CleAYIOUIMM ob6pa3oM. B nmassl My(dThl BCTaBASIOT YILIOT-
HUTEJIbHbIE Pe3HOBBIE KOJbLIa. 3aTeM My(TY HaABUTalOT Ha BCIO
IUTUHY Ha KOHell TIPUCOeIUHSIEMOil TpyOhl, TIOCTIe Yero ee OmnmycKa-
0T B TPaHIIEI0 W LEHTPUPYIOT C paHee YJIOXeHHOU Tpy6oit. dns
HaJBUTaHUS My(dTHI UCTIONB3YIOT BUHTOBOW JOMKPAT, KOTOPHIi yC-
TAHABJIMBAIOT U 3aKPETLISIOT Ha paHee YJIOXEHHOM Tpybe.

/2
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- T g
A NN A

Puc. 3.13. Crbik ¢ ac6ecroueMeHTHOH MydTOii:
1 — acGectoueMeHTHas Tpyba; 2 — Mydra; 3 — pe3uHOBOE KOJblO; 4 —
nepopauus

MoHTax TpyGOIIpOBOAOB HAa UYTYHHBIX (DIaHLIEBBIX MydTax mpo-
U3BOJUTCA B TaKoM ropsaaxke. Ha xoHel paHee yloXeHHOU TPyOB!
HaneBaloT (aHell, pe3NHOBOE KOJBLO U BTYJIKY MydThl, a Ha KO-
Hell NMpUCOeNNHsIEMON TPyObl — BTOpOM (iaHell W pe3WHOBOE
KonbLo. [Tocne eHTPOBKHU (IaHLIBI CTATUBAIOT C TIOMOIIBIO OOJITOB
¢ mwaiibamu. YyryHusle My@GThl YIOOHBI IPH PEMOHTE WJIM 3aMEHE
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yacTu TpybornpoBoaa. OnHAKO CTSKHBIE OOJTHI MOTYT pa3pyIluaTbCst
Koppo3ueii. B acbecToueMeHTHBIX TpyOOIpoBoaax B OOJbUIMHCTBE
cJIy4aeB MCIONIB3YIOT UYYTyHHBIEe (DacOHHBIE JeTaiu. B rocienHee
BpeMS TTOSTBUJIMCH JaHHBIE O TOM, YTO 3TH TPYObl COAEpXKAaT Belle-
cTBa, HeDe3oMmacHbIE JUIST 3MOPOBhS YeloBeKa.

Puc. 3.14. Ctbik ¢ uyrynHoii ¢aanuesoii mydroii:
1 — acbecrouemeHTHast Tpyba; 2 — pe3uHOBbIe KoJbLa; 3 — BTYJIKa; 4 —
CTSEXHOM 60T; 5 — (haHLbI

ITnacTmaccoBbie TpyObI 00JIaNaloOT PSIIOM CBOMCTB, BHITOZHO OT-
JIMYAIOLIUX UX OT TpyO U3 TpaadULIMOHHBIX MaTepuaioB. IloTtepu Ha-
nmopa Ha TpcHHEe B HUX NMpubausutenbHo Ha 30 % MeHblie, 4eM
B METANIMYECKUX TpyOax. OHU HE MOABEPXEHBI JIEKTPOXUMUYEC-
KO KOppo3uHu. B HUX HE MPOUCXOJUT yBEIUUEHUE COMTPOTUBIICHUS
BO BPEMEHM.

I'mapaBnuyeckuil ynap, BO3HHKAaWOIIMA B TpyOOompoBoaax H3
TJIACTMACCOBBIX TPYO, 3HAUYUTENbHO ciabee M3-3a Oojee HU3KOTO
Monynst ynpyroctu Matepuana. OHU UMEIOT MEHBIIYIO Maccy Io
CPaBHEHMIO C IPYTUMH TpyObaMu. BeposATHOCTE pa3pylieHUsT ITUX
TpybONpOBOJAOB NMPU 3aMep3aHMU B HUX BOJBI MaJa.

ITnactMaccoBbie TpyObl IPUMEHSIIOT IJIST HAPYXKHBIX CETEH BO-
NOCHA0XEeHHUS MOCENIKOB, NACTOUIIIHOTO, JIOKAJIBHOIO U rPYNIIOBOTO
CEJIbCKOXO3STCTBEHHOTO BOJIOCHAOXeHUsA. OHM MEePCIEKTUBHBI ITPU
ITPOKJIaJIKE CETENW B arpeCCUBHBIX TPYHTaxX, B CEHCMUYECKMUX paifo-
Hax, B TOPUCTOI U OONOTUCTON MECTHOCTH, TAE MPUMEHEHME IpY-
rux TpyO CBSI3aHO C AOMOJHUTEIbHBIMU 3aTpaTaMu. OnHAKO TLIacT-
MaccoBble TPYOBI HE 001a1al0T BEICOKOW COMPOTUBIISIEMOCTBIO pa3-
JABJIUBAHUIO U UMEIOT O00JblIOH KO03DODUUUEHT JIUHEHHOTro
pacwmpeHus. B cucremax BogocHabXeHUsT pa3pelaercs npuMme-
HSATB JIMUWB Te TPYOBl U3 MOJMMEPHBIX MaTepHaIoB, KOTOpbIe obec-
MEeYUBaAIOT COXpaHEeHUEe KauyecTBa BOAHI. [I/isT HapyXHBIX U BHYTPEH-
HUX CETCi BONOCHAOXEHUSI MPUMEHSIOT TJIACTMAaCCOBBIE HaNOpHLIE
TpyObl U3 NMoAu3TUIeHA HU3KOM mnoTHocTH (ITHIT) m monuatune-
Ha Bbicokoit muotHoct (ITBIT) mo 'OCT 18599-83*. Haubonee
MOJHBLIN psiA HapyXXHBIX AuaMeTpoB (10—1200 MM) mpencraBieH
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3TuM 'OCToM Ha TpyObl M3 TIOJIMITUIIEHA BBICOKON TJIOTHOCTH
(TTOJTU3TUIEH HU3KOTO AaBjieHus). Beimyck Tpy® U3 moauaTuieHa
HU3KOU TJIOTHOCTH (MOJIM3THUJIEH BBICOKOTO NABJICHMS) TIpelycMar-
puBaloOT B quarna3oHe nuaMmerpos 10—160 MM. Yka3aHHBle TpyOBI
narorasnuBaoT yeTbipex BUAOB — JI, YJI, U u T Ha paGouyee nas-
neHune coorsercrseHHo 0,25; 0,4; 0,6 v 1,0 MIla. DTn nasneHus
MPUHUMAIOT U3 YCJIOBUS MPEATIOJIaraeMoro Cpoka CJIy>KObl He MEHEE
50 et nipu Temmeparype Boasl 20°C.

TpyObl HanoOpHBIE U3 HEMIACTU(OUIUPOBAHHOTO MOJUBUHHUIIXIIO-
puaa (T1BX) seimyckaior mo TY 6-19-231-83. Mx usroraBinsaior
yeThipex KiaccoB — CJI, C, T u OT Ha maBieHHE COOTBETCTBEHHO
0,4; 0,6; 1,0 u 1,5 MIla B nnana3oHe auametrpoB 10—315 mmM.

Iyis cucTeM BOMOCHAOXEHUSI MOTYT TaKXe MPUMEHSTHCS HaIop-
HbIE TIONIMTIPOITUIIEHOBBIE TPYOBI, BhITTycKaeMbie o TY 38-102-100-89
mamerpamu 32—200 MM Ha pabouee masieHue mo 1,0 MITa.

C rMoHMXeHHeM TeMIlepaTyphl TJIACTUYECKHE CBOMCTBA IUIACT-
MAacCCOBBIX TPYO YXyIIIAIOTCS, TO3TOMY JOJIXKHBI COOTIONAThCS Tpe-
GOBaHMA 10 X TPAHCIIOPTUPOBKE, Pa3rpy3kKe, XpaHEHUI0, MOHTAXY
u cBapke. IIpy HU3KHUX TeMIlepaTypax Hapy>XKHOro BO3[ayXa LeJeco-
o0pa3Ho MPUMEHSTH TPYOBI U3 MOJUITUIEHA BBICOKOW M HU3KOI
TUTOTHOCTH.

Tun coenrHeHUH TpyO BHIOUPAIOT B 3aBUCMMOCTH OT KOHKPETHBIX
YCIIOBUM paGoOTHI M MPOKJIANKHA TPyOONIPOBOIOB, a TAaKKe MaTepHasia
Tpy® M dacoHHBIX YacTei. HepazbeMHbIe COeMUHEHUST U3 TTOTUITH-
JIeHa BBICOKOI M HU3KOM TUIOTHOCTH BBIMOJHSIIOT ¢ MOMOLUBIO CBap-
KW KOHTAKTHBIM HarpeBoM, a u3 [1BX — ckieuBaHHeM WJIM ra3oBoi
MpyTKOBO# cBapkoii. CoeIMHEHHUs TIJIaCTMAaCCOBBIX TPYO ¢ TpyGaMu
W3 IPYTUX MaTepHaJIOB BBITIOJHSIOT Ha (JiaHIIax.

Jnst yknaasIBaeMbIX B TPYHT HarOPHBIX IJIaCTMAcCOBBIX TPyOO-
MPOBOJIOB CO CBAapHBIMU U KJICEBBIMU COCIMHEHUSIMU JIMHEIHas
KOMTIEHCAIIMSI TEMITIEpaTYPHBIX HaTIpsSDKEHUH, KaK ITpaBUIo, He Tipe-
nycMatpuBaercs. st CHUXKEHUS 3TUX HATIPSIKEHUM MTPU NPOKJIak-
K€ B JIETHEE BPEMSI YKJIa[Ky TPyOOIPOBOAOB B TPAHIIIEIO OCYIIIECTB-
JISIIOT «3MEIKOM».

C uenbio 3aMeUTIEHUST CTApEHUS TPYOBI M3 MIACTMACCHI JIOIKHBI
OBITh 3aLUIIEHBI OT MOMAAaHUS COTHEYHBIX JIYYEH.

B HeKOTOpHBIX Clyyasx AJiss TPAHCIIOPTUPOBAHUS BOIBI MOXHO
MPUMEHSATL CTEKJISIHHBIE U (baHEPHBIE TPYOBI, BBIMMYCKAeMBble IpPO-
MBIILIJIEHHOCTHIO.

AHanu3 JOCTOMHCTB U HEJOCTATKOB TpyO pa3NWYHEIX TUITOB IO-
3BOJISIET NIPABWJIBHO MPOU3BOINUTD UX BBHIOOP [UISI IPUMEHEHHUS B KOH-
KPETHBIX YCJIOBMSIX.
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Insa cucteM BoaocHabXeHUsI, KaK MPaBHUJIO, HOJIKHBI TIPUMe-
HATBCS HEMeTa/UTMUecKue Tpyobl. CTPOUTENIBCTBO HAIOPHBIX TPy6O-
TPOBOMOB M3 YYTYHHBIX TPYO B COOTBETCTBUM C TPeOOBaHWSIMU
CHull paspeluaercsl B npeaesax HaceJEeHHBIX MYHKTOB, TEPPUTO-
PHIi TPOMBIILIJIEHHBIX U CEJIbCKOXO3SIHCTBEHHBIX 00beKTOB. [1pH pa-
6ouux nmaBnmeHHsx cBbimre 1,5 MIla momyckaercsi mpuMeHeHUE
CTaNbHBIX TpyD. OHM TaKXKe MOTrYT MCIOJIb30BaThCs UISI TIEPEXOJIOB
MOJ >KeJe3HbIMU U aBTOMOOMJIBHBIMU JOpOTaMH, 4Yepe3 OBparu
M BOIHBIE TMIperpaabl, B MeCTax MepeceyeHust X03siiCTBEHHO-TTUThE -
BOr'0 BOJOTIPOBO/IA C CeTSIMU KaHaJIM3alluu, NpU NMpokiaake Tpybo-
MPOBOMOB MO OIMOpaM 3CTakal U B TyHHensiX. B BeduHOMep3ibix
Y TIPOCAIOYHBIX TPYHTAaX JOIMyCKaeTcsl TpUMEHEHUE KaK CTaldbHBIX,
TaK U IJIaCTMAacCCOBBIX TPYO.

3.6.2. Tpy6bonpoBoaHas apMmatypa cCUcCTemM
BOAOCHabXeHns

st oGecreyeHUs1 HOPMaJIBHOM 3KCIUTyaTallMu BOAOIIPOBOMHAS
CeTh IOJIKHA OBITh 000pymoBaHa apMaTypoil. TpybonpoBoaHas ap-
Marypa IpeacTaBiisieT co00i KOMIUIEKT YCTPOICTB IS pPeryvupoBa-
HUSI, OOCy:XUBaHUSI, pEMOHTA U O0ecrieyeHUs1 HaJexXHOH paboThl
cucreM BogocHaoxeHust. I1lo HazHayeHU1O TpyOorpoBOAHAsT apMa-
Typa ObIBaeT C/eAyIOUIMX BUAOB; aspallMoOHHas1, Bonopa3dopHas, 3a-
MMOpHasi, 3aOPHO-TNIPeNOXPaHUTeNIbHAS, TIPEAOXPAHUTENIbHAS, Pery-
supytouast. OHa JOJIKHA OTBeYaTh psy TpeOOBaHUIA: COOTBETCTBO-
BaTh BHEUIHUM W BHYTPEHHUM Harpy3kaM Ha TpyOOIpoOBO/I,
obecrneynBaTh TepMETUYHOCTh, HMETh HEOOXOIUMBIE THAPABINYEC-
KHe, KaBUTALIMOHHbIE ¥ MPOTUBOKOPPO3UOHHBIE CBOMCTBA, OTBE-
4yaTh TPEOOBAHUSIM HAlEXXHOCTH.

OCHOBHEBIEC MapaMeTPBl apMaTyphbl XapaKTePHU3YIOTCS IHaAMETPOM
ycsioBHoro npoxoxa Dy, 3HaueHust Kotoporo ycraHosneHsr [OCTowm,
U YCJIOBHBIM HaBJICHUEM Py — HauOONBIIUM U30BITOYHBIM paboYUM
JlaBjieHueM Tipu teMmrieparype cpensl 20 °C. B xaTtajiorax Tpyoonpo-
BOJHOM apMaTyphl B JOTIOJTHEHHWE OOBIYHO YKa3bIBAalOT €€ pabouee
U IpoOHOE aBJICHUE.

AspanmoHHas apmMaTypa CJIYXUT JUIst BITyCKa B BOOOIPOBOI M BbI-
Mycka U3 Hero Bo3nyxa. OHa HeoOXxomauMa JUTsl yIaJeHHUsI BO3IyXa,
CKaTJIMBAIONIETOCS B TMOBBILIEHHBIX TOYKaX TpyOOMpoBOIa B MpPo-
Lecce 3KCIUTyaTalMu U U3 YYaCTKOB BOIOBOIOB MPH MX 3aMOJTHEHUH
BOJIOiA, a TakxKe IJIST BITyCKa B MECTa pa3pblBOB CIUJIOLIHOCTH MOTO-
Ka, BO3HUKAKOUIMX TIPU TMEPEXOAHBIX pexXuMax, U B TpyOONpoBOa
MpU TJIAHOBOM WJIM aBapuHHOM omopoxHeHUH ero. K aspanuoH-
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HOM apMaType OTHOCSITCSI BAHTY3bl M KJIaTllaHbl JUTS BITyCKa, BBIITYC-
Ka ¥ 3aUIEMJIEHUST BO3/yXa.
BaHTy3bl MOAPA3NENAIOTCS Ha IAPOBhIe, PhlUaKHbIE U MeMOpaH-

. Hple. B mapoBbix BaHTy3ax (puc. 3.15) nmpu OTCYTCTBMHM BO3Ayxa

3 BTp}’60ﬂp0BO}IC BOJa NMOAHUMACTCA MU TIPUXUMACT MOJUITHIICHO-

i

BBII 1Iap K OTBEPCTUIO BTYIKU. [IpH CKOTIeHUM BO31yXa B BEPXHEA
YacTH BaHTY3a IIap OMYCKAaeTcsi BMECTE C BOMOMH, OTBEPCTUE BTYJIKH
OTKPBIBAETCSI M BO3AYX BHIXONUT HapyxXy. IIpuHUUIT neificTBUS pbI-
YaXXHOTO BaHTy3a aHaJdOTWYeH IPUHIUMITY AeHCTBUS LIAPOBOTO.
MeMOpaHHble BAHTY3bl TMpeAHA3HAYEHBI KaK IS yAaneHUs, Tak
¥ JUIST BITyCKa BO3JlyXa B TPyOOTpOBOJ MpHU 0O6pa3oBaHUM B HEM Ba-
KyyMa. BaHTy3bl BBITTYCKAIOTCS C TUAMETPOM TIPUCOEIUHUTETLHOTO
matpy6ka 50 MM M IMaMETPOM BBIITYCKHOTO OTBEPCTHUST 3—8 MM.
OHU paccUMUTaHBl Ha HEOOJNBIIYIO MPOU3BOIUTENHLHOCTh U CIIOCO6-
HBI BBINTYCKATh BO3AYX TIPH JaBJIEHUM HUXE, YEM B CUCTEMAX BOLO-
CHaOXeHMSI. DTO CyXaeT 00NacTh UX NIPUMEHEHUS.
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Puc. 3.15. Ilaposoii Bantys D, = 50 MM (a) ¥ cXeMa YCTAHOBKH €ro Ha
Bonosoze D, = 1000 mm (0):
1 — xopryc; 2 — BepxHUit qmaHeu, 3 — otBepcTHe; 4 — 30HT-KpBILIKA; 5 —
BTYJIKa; 6 — IOJIU3THIEHOBBII LWap; 7 — HWXHUI daHelr

Jl1st Briycka W BBITTycKa GOJNBIIMX OOGBEMOB BO3IyXa MCITONb3YIOT-
cs aBTOMAaTHMYeCcKWe KJalmaHbl [UIs BMycKa W BBIIIYCKA BO3AyXa
(KBBB), paspa6oranubie BOATEO. DTu xjianmaHel BHITTyCKaOTCS
D, = 400—-500 mm.

Knaman mnsa Bnycka u 3ameMaeHus Bosnyxa (KB3B) npennasna-
YeH JUISl aBTOMAaTUYeCKOro BITyCKa BO3yXa B BOAOBOJ MpH 06pa3oBa-
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HUU B HeM Bakyyma. OH NIPUMEHSIETCS VTS TIPENOTBPALLIEHUS TUIPaB-
JIMYECKUX YAApOB, HAYMHAIOUINXCS C BOJTHBI MMOHVXXEHUS NaBIICHUS,
JUTST 3alIUTHI TOHKOCTEHHBIX TPYO OT fAehopMaliii B MOMEHT BO3HUK-
HOBEHMUS BaKyyMma TIpHM TIEpEXOJIHBIX peXuMax, IS BIyCKa BO3ayXxa
mpu omopoxHeHuu BomoBonoB. KB3B Beimyckawtca D,=50 u
150 MM Ha MakcUMaJIbHYIO TTofady Bo3ayxa 0,04—0,045 m3/c. KBBB
n KB3B paccyuransl Ha gaBnenve 1,6 MITa. Marepuan KiarnaHoB —
cTajb, YyTYH. MecTa UX yCTAaHOBKM OTIPENEISIIOT pacyeTaMu Mepexo-
HBIX TIPOLIECCOB B TPyOOITPOBOAAX.

C UeJbIo OIOPOXHEHUST TpyOONPOBOAOB B MOHUXEHHBIX TOUKAX
KaXJIOTO PeMOHTHOTO Y4YacTKa, a TaKXe B MECTax, TPUHSTHIX IJIs
MIPOMBIBKM TPYOOTIPOBOAOB TMeEped cAayeil B ODKCIUIyaTalUio Mo
OKOHYAHUU CTPOUTEJIbCTBA WJIM TIOCJIE PEMOHTA, YCTAHABIUBAIOT
BBIMYCKH. BBIMycK npencrasisieT co60i KOPOTKYIO TPYOY € 3adBHXK-
KOW, TPUMBIKAIOUIYIO B HUXHEN YacTu ceueHus BogoBoaa. Ha uy-
TYHHBIX BOJOBONAX MPUMEHSIOT CTAHAAPTHBIE BBIMYCKU, HA CTallb-
HBIX — BBITIYyCK ITPUBapUBalOT K TpyOe.

Yepes BbINYCK BoIa yAISIETCSI B BOJOCTOK, OBpar WM KaHaBy,
a eCJIM 3TO HEBO3MOXHO, TO B MECTE PACIIOJIOXEHUS BBIITYCKOB Tpe-
JIyCMaTPUBAIOT KOJOALbI, M3 KOTOPBIX BONY OTKAYUBAIOT HACOCOM.
JunaMeTp BBINTYCKOB HA3HAYalOT U3 YCJIOBUSI OTIOPOXKHEHUST 0OCy-
XKVMBae€MbIX UMU YYacCTKOB BONOBOJOB UJIU CETel B TeueHUe He 6o-
Jiee IBYX 4acos.

Apmarypa Bonopa30opHas npenHaszHauyeHa Uit oT60opa BOABI U3
cucteMsl BomocHabxeHust. K Helt OTHOCATCS KpaHbI, MOTJIaBKOBBIE
KJ1aMaHbl, YTUYHbIE KOJIOHKHU, MOXapHbIE TUAPAHTEL. ApMaTypa mnep-
BBIX JBYX BUAOB MCIOJIb3YeTCS B CUCTEMax CAHUTAPHO-TEXHUYECKO-
ro o0OpymOBaHUS XWJIBIX U OOLIECTBEHHBIX 3MaHUI MpU OTOOpe
BOJIbI Ha XO3SIUCTBEHHO-TIUThEBBIE HYXXABI W JUTS 3aTTOJTHEHUS pas-
JIMYHBIX eMKocTel. I1o npuHUMIy paboThl 3aMOPHBIX OPTaHOB OHa
ObIBaeT BEHTUJILHOTO, 30JIOTHUKOBOTO, IaitGOBOro W KJIalaHHOTO
TUMOB. Ee KOHCTPYKIIMU OTJIMYAIOTCS OOJIBIIUM pa3HOOOpasneM.

OT60p BOABI HA XO3SIMCTBEHHO-OBITOBBIE HYXKIBI MOXET OCYIIIE-
CTBJIATBCSI U3 YIMYHBIX BOJ03a00PHBIX KOJIOHOK, YCTaHABIMBAaEMbIX
Ha Hapy>XHOW BomomnpoBoxHOM ceTn. OHM 06eCneUuuBaIOT MOJTHYIO
repMeTU3aurio TpyoonpoBOIOB, TPAHCTIOPTUPYIOIIMX BOIY, OT MOTa-
JaHUN 3arpsi3HeHUit u3BHe. JI1s1 el MUThEBOrO BOAOCHAOXEHUS
TaKXe CIyXaT KOJOHKM — (POHTAaHYMKH, YCTaHaBJIMBaeMble B Iap-
Kax, cagax v Jpyrux Mecrax OTabixa.

IToxxapHble THOPAHTHI UCTIOJL3YIOTCS M LieJiei 0TOopa BOABI Ha
noxapotyuieHue. X ycraHaBIMBalOT B CMOTPOBBIX KOJIONLIAX Yyepes
150 M. Takxe nmoxapHble TUAPAHTHI TIPUMEHSIOT IJIsI 3aIIOJIHEHUS
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aBTOIMCTEPH MPU TMOJUBE 3€JeHBIX HACaXACHWIN U MBIThE TIIOMIA-
et v ynuu. IToxapHsle TMApaHTHI OGBIBAIOT Ha3e MHBIMU Y TTON3EM-
HeIMU. HazeMHBIe ruapaHTBl 6€CKOJIONE3HOTO THIIA TIPUMEHSIOTCS
B CEJIbCKOM MECTHOCTU U MPUTOpPOIAHOI 30HE, Tl OTnagaeT Haaob-
HOCTb B TTOA3EMHBIX TUIPAHTaX.

CylLIeCTBYIOT KOHCTPYKIIUY TMIPAHTOB, COBMELIEHHBIX C BOAOPA3-
B6opHoIt KosoHKoM. TToxxapHble mon3eMHbIC TMIPAHTHI YCTaHABIMBA-
IOT B BOIONPOBOAHBIX KOJIOALIAX, YTO YIOPOXAET CTPOUTETLCTBO.

3anopHas apMaTypa TipenHa3HayaeTcs I/l TIEPEKPHITHS TTOTOKA
B TpybomnpoBoze. K Heit OTHOCATCSI 3aABUXKH, TUCKOBBIE TIOBOPOT-
HBIE 3aTBOPBI, BEHTUJIH, KpaHbl. 3aABUXKH 110 KOHCTPYKIIUH 3aIop-
HOTO OpraHa MNOoApa3feHsIoTCs Ha MapajuleJbHble M KJIWHOBBIE
(puc. 3.16). B mapasnienbHBIX 3aABHXKaX MPOXON KOpIyca repe-
KphIBaeTCcsl IBYMS TapayiieIbHBIMM, MOIBUXHO COEIMHEHHBIMU
MeXay coboit [ucKamMu, KOTOPbIe Pa3IBUTAIOTCSI OMHUM WU ABYMS
pacIoJ0XEHHBIMU MEXIY HUMHM KITHHBSIMH; B KIMHOBBIX — OOHUM
KJIMHOOOPA3HBIM KPYTJIBIM TUCKOM, TTOMEIIEHHBIM B THE31a MEXAY
HaKJIOHHBIMH YIUTOTHSIIOLIUMM KOJIbLIaMU Koprmyca. ITpeumyiiectso
TapajuIeNIbHBIX 33JIBUXEK Tepel KIIMHOBEIMH COCTOUT B MeHBIIE
TPYAOEMKOCTH 00pabOTKHU YIUIOTHSIIOLIUX KOJIELl U MX M3HALIMBa-
€MOCTH, a TaKXe B MEHBIIIUX YCUJTUSX TPU OTKPBIBAHUH TTOCTIE UTH-
TEJILHOTO HAXOXIEHUS B TTOJIOXEHUU «3aKPBITO». 3aJBUXKH U3TO-
TaBJIMBAIOT C BHIABMXKHBIMU M HEBBIIBUKHBIMU LITTHHAETSIMH. BbI-
JIBUXHOM IITUHAETb TIPHU BpallleHUH COBEpUIAET ITOCTYITATEIbHOE
IBUXEHWE, a HEeBBIIBUXKHOW — TOJIbKO BpaliateabHoe. [lepBrie
MUMEIOT GOBUIYIO BBICOTY B MOJIOXKEHUU «OTKPBITO» HA BEJIMYMHY
Xo4a IIMUHIENSE. 3aABWXKH ObIBAIOT MJIOCKUMHU, OBATHLHBIMU, KPYT-
JILIMU COOTBETCTBEHHO Ha HM3KOE, CpEIHEE M BBICOKOE JaBJIEHUE.
Onu BoINTyckatorcs Ha gasieHue 0,25—6,4 MIla B nnana3oHe aua-
MeTpoB 50—800 MmM. Kopryc 3aaBuXeK M3roTaBJIMBAIOT U3 UyTyHa
npu Py 1o 1 MIa unu cranu npu 60IbLINX JaBICHUSX. 3apyOex-
HBIMH (PUpMaMM IJIs U3TOTOBJIEHUSI OOLICTTPOMBILLIEHHOM apMaTy-
PBI LTUPOKO MCITOJIB3YeTCSI KOBKUIT YYTyH, KOTOPHIH BbIIEPXKUBAET
0oJTbllIvie HATPY3KU U 3JIaCTUYEH, KaK CTalb.

3aIBHXKHU BBITTYCKAIOTCS C PYYHBIM, 3JICKTPHYECKUM U T'MApaB-
JINYECKUM TpUBoJaMH. [TepBble UCITOIB3YIOTCS MPU OTCYTCTBUHU He-
00XOIMMOCTH YaCThIX NMEPEKPBITHIT TPYOONMPOBOIOB; BTOPBIE — IPU
HaJIMYUM TTOTPEGHOCTU B CUCTEMATUYECKUX OTKPBIBAHMSIX W 3aKPbl-
BaHMAX, a TAKXe aBTOMaTU3alluu pabotsl 3aaBuxek. [Ipu omacHo-
CTH TIOCJIEACTBUIM OTKIIIOUEHUSI DJIEKTPONTUTAHUS BOJOITPOBOIHBIX
COOpPYXEHUI aBTOMaTUYeCKOE OTKIIIOYEHHE 3aIBUXEK OCYIIECTBIISI-
€TCSI THIPABINYECKUM ITPUBOJIOM.
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Puc. 3.16. CxeMbl 3a1BHKeK:
a, 6 — napajieJbHbIe C PYYHBIM ITPUBOIOM C BBIIBMXHBIM ILTHHAEIEM; 6 —
KJIMHOBAs1 C PYYHBIM MPUBOJAOM M HEBBIIBIKHBIM LUTNMHLIEM; &, 0 — Tapa-
JIeJIbHBIE € 3JIEKTPUYECKUM W TMAPABIMYECKUM MpUBOAaMH; I — 3alOpHBIi
JIUCK; 2 — KOpITyC; 3 — KpblllIKa; 4 — LIMWHAENb; 5 — CAIBHUK; 6 — IUTyp-
BajI; 7 — 3JIEKTPONPHUBOA;, & — MaXOBMK PYYHOro MpHUBOAa; 9 — LIWIMHID;
10 — nopuieHs



3anBHXKH GONBIINX IHAMETPOB 060PYAYIOT O6BOAHBIMU THHUSA-
MU, Ha KOTOPBIX YCTAHABIMBAIOT 3aJBUXKW MEHBIIHUX IUAMETPOB
JUUIS1 BBIPaBHUBAHUA JaBJEHUS 10 M TI0CJIe 3alIOPHOTO OpraHa ¢ 1ie-
JibIO 00Jsier4yeHust OTKpbIBaHUsI. CoeAMHEHUE 3aIBUXEK C TPYOOIIpo-
BolIoM — raH1eBoe. JJOCTOMHCTBO 3aIBUXEK — XOpolas repMe-
THUYHOCTB; HEIOCTaTKA — 3HAYUTE/IbHAsT Macca, TabapuTHBIE pa3Mme-
pbl, CTOUMOCTh U HEPABHOMEPHOE BO3pacTaHWEe THAPaBIMYECKOTO
COTIPOTUBJIEHUS B TIpoliecce 3aKphIBaHUS. 3aIBUXKHU HEIeeco06-
pa3HO UCIOJB30BATh AJIs1 PETYJIUPOBAHUS MOAAYU, TaK KaK OHU He
paccuuTaHbl Ha paboTy YaCTUYHO OTKPHITHIMU. B coBpeMeHHO#
MPAaKTUKE OTAAETCS MPEATNIOYTEHNUE 3aIBUXKaM C YVIIJIOTHEHUEM U3
3JJaCTOMEPOB — MAaTepUaJioB BBICOKOMOJEKYISIPHBIX CTPYKTYp. MX
IMpUMEHEHUE B 3HAUYUTEJIBHON Mepe pelnaeTt MmpobiieMbl obecrieye-
HUS1 B TEUEHHWE BCETO CPOKa IKCIUTyaTalluu TepMETUYHOCTH, KOPPO-
3MOHHOM CTOMKOCTH, HE3aCOPSIEMOCTH, MAJIOTO THAPABINYECKOTO
COTIPOTHBIIEHUSI, CAHUTapHOM TTpurogHocTH. CoBpeMeHHOe HaIlpaB-
JIeHUE COBEPLICHCTBOBAHUS 3aJBUXKEK CBSI3aHO C cO3maHUeM Dec-
¢naH1IeBBIX 3aBUXEK, UCKITIOYAIOIINX TPYAHOCTH 3KCIUTyaTalluU
¢aaHUEBBIX COEAUHEHUI Ha 6oaTax. MOHTaX 3aIBHUXeK Ha TpyOo-
MPOBOAAX B 3aBUCUMOCTH OT KOHCTPYKILIMU MOXKET OCYLIECTBIISITECS
IO KaMEPHOMY U OECKOJIOAE3HOMY THUITY.

K MHoOro11e/1eBOMy THITy OTHOCSTCSI KOJIbLIEBBIE 3aIBUXKKHU. B 3a-
BUCHUMOCTH OT BapUaHTa MUCITOJTHEHUS YIIPABJISIIOLIETO OPraHa KoJib-
LeBast 3aIBUXKKa MOXET paboTaTrh B KAUECTBE 3alIOPHOTO YCTPONCTBA,
obpaTHOro KJalmaHa, JPOCCEIUPYIOLIEro yCTpoHCTBa, pETyasitopa
JIaBJIEHUs, COPOCHOTO YCTPOWCTBA, peryasropa ypoBHs. OHHM XOpOIIO
ce0s1 3apeKOMEHIOBAIM TIPU CO3[ITaHWUU CPEACTB 3alIUTBl HACOCHBIX
CTaHUMH ¥ BOIOBOJOB OT TMApaBiIvyecKoro yaapa. O0uuii BUL KOJb-
LIEBOM 3aABUXXKU C TUIPABINYECKUM TPUBOIOM IpEIACTAaBIEH Ha
puc. 3.17. OTKpbIBaHWE U 3aKpBIBAHWE KOJBLUEBON 3aJBUXKU OCY-
HIECTBIISIIOTCST BOJO, TPAHCITOPTUPYEMOIf TT0 TpyOOTIpoBOAY, Ha KO-
TOPOM 3Ta 3alIBHXKa ycTaHoBjieHa. Eciu maBneHue TpybornpoBoaa
repenarh B MPOCTPAHCTBO A, a MpOCTPaHCTBO b COeNUHUTD C aTMO-
cepoit, To 3aABUXKKA OTKpoeTcs. 3aBUXKa 3aKpOeTCs, €CIIU JaBJie-
HMe U3 TpyOOIIPOBOAA TiepeaaTh B MPOCTPAHCTBO B, a TPOCTPaHCTBO
A coobnTs ¢ atMocdepoii. Hemoctatkamy 3THX 3aABUXEK SBIISIOT-
CSI CJIOXKHOCTh U3TOTOBJIEHUST M BBICOKAsI CTOMMOCTb.

JnckoBble mMoBopoTHBIE 3aTBOpsl (I13) mMeloT psin mpeuMy-
IIECTB Nepe 3aABKKaMU: MEHbBIIasi Macca, rabapuTbl U CTOUMOCTD,
BBICOKME TTOKA3aTeNIM HaJeXHOCTH, OoJiee TIaBHOE U3MEHEHUE TH/I-
PaBJIMYECKOTO COMPOTUBJIEHHUS TIPU 3aKPBIBAHUH, BOZBMOXHOCTb Pa-
OGOTBHI 3aTBOPOB HEKOTOPBIX KOHCTPYKIUIMUHM B IPOMEXYTOYHOM T10J10-
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xeHun. X HemocTaTku — GoJjiee BBICOKOE THAPABTHUECKOE COTIPOTHB-
JIEHWE U HEeyI00CTBa, KOTOPbIE MOI'YT BO3HUKHYTh MPU MPOYUCTKE TPY-
GoripoBona. B MUpOBOit MpakTHKe CYIIECTBYET MHOXKECTBO PAITUYHBIX
koHcTpykumit JI13, Beimyckaemsix B auanazoHe 60—2800 MM Ha
P,= 0,25—1,2 MIla. Ha puc. 3.18 npuBeneH nMCKOBBIif TOBOPOTHBIM
3aTBOD C YIUIOTHEHUEM Ha IMCKE, HAXOASILUICS B 3aKPBITOM TMOJIOXKE-
HUM, Ha ycoBHoe naBienne P, = 1 MIla.

¢ 5

21 6
Puc. 3.17. Koabuesas 3aaBuxKKa:
1 — xoprnyc; 2 — ruapouMIMHAp; 3 — 3aMOpHBINA KianaH; 4 — MopuieHb;
5 — yKazaTenb MOJIOXKEHUS KlaraHa; 6 — CIMBHast mpobka

O6wuM tst Bcex KoHCTpykuuit [AI13 siBasieTcst MIMPOKOE HC-
MOJIb30BaHUE CUHTETUYECKUX MATEPUaIOB U HUKEINS C LEJbI0 CO-
3NaHUST TEPMETUYHOCTH 3aTBOpPA M 0GEeCTeUeHUsT XOPOLIUX THIpaB-
JIMYECKUX, KABUTALIUOHHBIX U ITPOTHBOKOPPO3UOHHBIX CBOMCTB.

B xauecTBe MaTtepuana Koprnyca NpUMEHSIOTCS CTaTd Pa3THIHBIX
MapoK Y 4yryH. st 3ailIMThl OT KOPPO3UH, BhI3bIBAEMOI1 JeHCTBH-
€M BOJBI U 3eMJIU, KOPITYC TTOKPBIBAIOT CMOJIOi UJTM OCYILECTBISIOT
SMaJIMPOBaHUE, INEKTPOCTATUUYECKOE HAHECEHWE TIACTMACCHI.

[OT13 o6opynyoTcs MeXaHUYECKUM, JIEKTPUUECKUM WM TUI-
paBIMYECKUM NpUBOAOM. IIpUBOIOM MOXET 00ecrieunuBaThCs TUO60
MOCTOSAHHBIN KPYTALIMU MOMEHT, JUOO MpOrpaMMUPOBAHHBI —
COOTBETCTBYIOIIMH TpeObyeMoMy THIpaBIndYecKoMy pexumy. Hanbo-
Jiee OJIarONpUSITHBIM PEXHUMOM 3aKPBITUS SBJISIETCS ITPOrpaMMHpPO-
BaHHBII — OBICTPBII B HAYAJILHOI CTagWUM W 3aMeIJICHHBII B KOH-
11e. DTO 0OecTieYnBaeT paBHOMEPHOE U3MeHEHHWE THIPaBINYECKOTO
comnrpotuBnenust AI13, a cnemoBaTesibHO, YMEHbBIIAET OMACHOCTH TMO-
BBIIIEHUS JaBJICHUS CBEPX HOMYCTHMOTO.
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Puc. 3.18. IuckoBblii NOBOPOTHBIH 3aTBOP:
1 — nuck; 2 — cemno; 3 — Ban;, 4 — pbiuar; 5 — NMPHUAXUMHOE KOJIbLO;
6 — pEe3UHOBOE KONbIO; 7 — PyYHOU WITypBan, & — 3JeKTPONPUBON;
9 — KOHIEBO# BbIKIIOYaTeNb;, /0 — OyrenbHblit y3en; /1 — mwnuHae b

B xauecTBe 3amopHoii apMaTypel Ha TpyGOIIPOBOAaX HEOOJBIINX
JIUAMETPOB MOTYT MCTIONB30BATHCS KPaHbl BEPTHKAITBHOTO U 30J10T-
HHKOBOTO TUITOB, TIPUMEHSICMBIE B CAHUTAPHO-TEXHUUYECKHX CUCTE-
Max. OnHaKo OHU UMEIOT OOJBILIOE THAPABIMYECKOE COIMPOTHBIIEHHE
Y TIpH OBICTPOM 3aKpbIBAHHH MOTYT BBI3BIBATh TUAPABINYECKU yaap.

ApMaTtypa 3anopHo-npeaoXpaHuTeNbHas MpeTHa3HaueHa sl OT-
KJIIOUeHUST TPyOOIIPOBOIOB MPHU BOZHUKHOBEHUM OOpPAaTHOTO TOKa
Boabl. K Heil oTHOcATCST KnanaHbl oOpaTHbIE, BBITIyCKaeMble pa3-
JIMYHBIX KOHCTPYKLIUII Ha YCIIOBHOE JaBJIcHUE Py = 0,25—4,0 MIla,
¢ perynmupyeMbiM (puc. 3.19) M HeperynupyeMbIM 3aKpbIBAHUEM
(puc. 3.20). IlepBble BBIMYyCKAalOTCS B JMama3oHe JUaMETpPOB
200—1000 mM. OHM npenHa3HaYeHbI I 6e3y1apHOTO OTKIIOYEHUS
TPYOONPOBOIOB M TSI YCTAHOBKM Ha aBTOMAaTH3WPOBAHHBIX HACOC-
HBIX CTAHUMSIX, TIPEAYCMAaTPUBAIOIINX TTYCK U OCTAHOBKY arperaTtos
Ha OTKPHITYIO 3aMOpHYy0 apMmaTypy. Ilon gelicTBMEM ITOTOKa BOJIbI
JIUCK C PbIYaroM MTOBOPAYMBAeTCS BOKPYT Bajia Ha 85 rpan v KianaH
oTKphIBaeTcs. [Ipy BBEIKIIOYEHUM HACOCHOTO arperaTta 3aKpbITHE
KJIaraHa Ha TepBBIX MOBOPOTax Ha 57—63 rpal MPOUCXOIUT ObICT-
po, a ITpU MOCJIEAYIOIINX MOBOPOTax Ha 22—28 rpax — 3aMeJIeHHO.
TopMoxXeHure OuUcKa ocyulecTBiIsieTcs aemMrigepoM, B KOTOPOM Mac-
JIO TIOJ IaBJIEHUEM OT ITOPIIHS MPOTEKaeT Yepe3 JAPOCCebHBIE OT-
BEPCTHUS U3 OHOM MOJIOCTH B APYIyI0. DTH KJIalaHbl LIMPOKO MC-
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MOJIB3YIOTCSI B YCTPOMCTBAX 3alIUTHl OT TMAPaBIMYECKUX YIapOB.
Knamanb! o6paTHBIE C ONHOCTOPOHHEH MOABECKOM, 3aKPbITHE KO-
TOPBIX HEPETYAUPYEMO, BBLITTYCKAIOTCS B OMANa3oHe AUaMETPOB
50—150 mM. X MecTOTIONIOKEHUE 3aBUCUT OT KOMIIOHOBKH 000DY-
JIOBaHUsI HACOCHBIX CTaHIIUM.

Puc. 3.19. Knanan obpaTHbiii ¢ peryaupyeMbiM 3aKpbITHEM:
a — obummit Bun; 6 — paspes; I — kopiyc; 2 — aucK; 3 — Bajl; 4 — pblyar
IHNCKA; 5 — ruapoumnuHap-neMndep; 6 — KpOHWITEHH; 7 — MPOTUBOBEC

B

N 2y,
190

Puc. 3.20. Knanaun oGpaTHblii ¢ HeperyJiupyeMbiM 3aKpbITHEM:
a — TWIa «3axjionka»; 6 — Ge3ymapHslit, 1 — xoprnyc; 2 — TapeJib Kjarna-
Ha; 3 — KpblIlIKa Kopnyca; 4 — pblyar

I1pu ycTraHOBKe 0GpaTHBIX KJIalaHOB 110 JUTMHE BOJOBO/AA B Ka-
YeCTBE MPOTUBOYIAPHOM 3aUIUTHI UX MECTOIONOXEHNE OMPENEAIOT
pacueTamMu TepeXOMHbBIX TTPOLIECCOB.

ApMaTtypa npenoXpaHHTeJbHAsd — YCTPOMCTBO JJIT aBTOMaTHYeC-
KOTO OTpaHWYEeHHs IapaMeTpoB JaBJIeHHUS U pacxona rmoroka. Hau-
6oJIplIIee pacripoCTpaHeHWe HAaXOMUT apMaTypa, OrpaHUYHBaloLIast
JaBJIeHUEe B TPyOOINpPOBOAAX IIPH IEPEXOIHBIX MPOLIECCaX B CUCTE-
Max Bogonogayu. K Heil OTHOCATCS BO3NYIIHO-THAPABIMYECKUE
KOJITIaKH, BOIOHAIOPHBIE KOJIOHHBI U COPOCHBIE YCTPOICTBA.
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BosnyirHo-runpaBiInyeckne KoJMmaku — CTATbHBIE COCYIBI, YCTa-
HOBJICHHBIE Ha TPyGOTIpOBO/E M 3alIOJTHEHHBIE B BepXHEil 4acTu
BO3/lyXOM NpUMEPHO Ha 2/; o6beMa NMpH CTATUYECKOM AaBICHUH.
Ilpu rUApaBIMYECKOM yaape, COTIPOBOXAAIONIEMCS MOBBIIEHNEM
JIABJIEHWsI, YaCTh BOMbI U3 TPYGOMPOBOAA BHITEKAET B KOJIMAK U CXKH-
MaeT HaXOJSIIUIfCa TaM BO3MyX, HaBJeHWe CHUXAeTCS BCJIeICTBUE
aMOPTHU3UPYIOLIUX CBOMCTB BO3MyXa.

I1py MOHUXEHUU JaBJIeHUS B MPOLECCE yaapa BO3AyX B KOJTa-
K€ paclImpsieTcsa M 4acTh BOABI M3 KOJIMaKa BBITEKAET B TPYHOITpO-
BOJI, 3aTOJTHSAET Pa3pbIBBI CIUIOUTHOCTH TTOTOKA, He JOTyCcKas B TPY-
0ax oO6pa3oBaHUs BaKyyMa M TIOCJIEMyIOLIETO MOBBIIIEHUS TaBICHUS.
K moctoMHCTBaM BO3AYIIHO-THIPABINYECKUX KOJMAKOB OTHOCATCS
MPOCTOTa YCTPOMCTBA, OTCYTCTBHE COpOCa BOJBI M3 TPYGOTIPOBOA,
BLICOKAS CTENeHb TallleHUS TUAPaBINYECKUX YAapOB; K HEIOCTAT-
KaM — OBICTPOE YMEHBIIIEHME B HUX 3araca BO3/yXa B pe3yjbTare
pPacCTBOpPEHMS €ro B BoAE, TPOMO3AKOCTb. OHM OOBIYHO YCTAHABIIH-
BaIOTCA CTAHIAPTHHIX 0GBHEMOB.

BMecTo KOJIMaKoB AJIs1 TalIeHUST TUIPABIMYECKUX YIapOB B psjie
cJy4aeB MOTYT MCIIOJIb30BaThCS BOAOHAMOPHBIE KOJOHHBI, UMe-
I0IHE OTKPHITYIO MOBePXHOCTh. MX BBICOTAa TpeBBIMIAET paboymnit
Harop B TPYOOMPOBOJE B MeCTe YCTaHOBKH. IIpy Bo3pacTaHMU JaB-
JIEHWSI YPOBEHb BOJBI B KOJIOHHE TOBBILIAETCS U THAPABINYECKUI
ynap 3atyxaeT. OHU MPUMEHSIIOTCS B CUCTEMaxX MPOMBILIJIEHHOTO
BOJIOCHA0XEHUS] U OPOIIEHUSI.

K c6pocHoit apMaType OTHOCATCS CTeLMaNbHble KJaMaHbl U yC-
TPOMCTBA PA3JIMYHBIX KOHCTPYKLMIT. OHM HEJISITCST Ha JIBE TPYIIIBI:
cpabaTeiBaloOlMe TIPU TUAPABIMYECKUX yaapaxX, HauMHAIOUIHUXCS
C BOJIHBI TTOBBILIEHUS JaBAeHUs; cpabaThiBaouIne Mpyu yaapax, Ha-
YUHAIOIMXCSA C BOJHBI MOHUXEHMST naBieHus. K mepBoii rpymre
OTHOCATCSA TPeNOoXpaHUTENIbHBIE Pa3pbIBHBIE MEMOpaHBI, ITpenoxpa-
HUTEeNbHBIE TIPYKUHHBIE KJIaNaHbl U YCTPOHCTBA, KO BTOPOi — ra-
CUTEJIM TUAPABINYECKHUX yaapoB, padpaboranHeie YkpBOATEO.

IIpenoxpaHUTENbHBIE Pa3pbIBHbIE MEMOpPaHbl — 3TO JUCKH,
W3rOTOBJIEHHBIE U3 CTAJIH, YYTYHA, TUTAHA U JPYTUX MaTepUaJIOB,
paspylialommecs Mpyu IaBJieHUW BOIBI, TIPEBHILIAIOIIEM pacyeT-
HOE; TIPH 3TOM 4YacTh XHIKOCTH cOpachiBaeTCd U AaBJIeHUE B TPY-
fonpoBoie magaet. VIx ycTaHaBIMBAOT Ha OTBOAHOM TpyGoripo-
BOJIE 332 MTOCTOSTHHO OTKPBITOM 3aaBUXKo#. I[Tocie paspyuieHUs
MeMOpaHBI 3aJBUXKY 3aKpHIBAIOT TOJBKO Ha BpeMs 3aMEHBI MEM-
OpaHBbI.

KnamaHbl NpyXWHHBIE MTpeaoXpaHuTeNnbHble (puc. 3.21) ycra-
HaBJIUBAKOTCA B MecCTax, I'le CYIIECTBYET OMAaCHOCTD MOBBIIIE-
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HUs naBieHusA. I1pu gaBjieHUM B BOAOBOIE, MPEBBHIIAIOUIEM A0-
MycTUMOE, KjanaH cpabarteiBaeT. ITIOCKOJIBKY OHU WHEPLMOHHHI,
T. €. OTKPBITHE MPOUCXOIUT C HEKOTOPHIM 3arma3gbiBaHUEM, TO UX
LeNecoobpa3Ho MPUMEHSTh B COYETAHUM C IPYTUMHU CpelCcTBa-
MU 3aIlIUThl (HanmpuMep, KjianaHaMM IS BITyCKa M 3alleMJICHUS
Bo3ayxa). ITpoMBIIIEHHOCTh BBIMTYCKAET KJIaMmaHbl JHAMETPOM
25—200 mm. OHM ycTaHaBAMBAIOTCS Ha TPYyGOMpPOBOAAX AMAMET-
pom 1o 800 MM.

23
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Puc. 3.21. Knanan npyXuHHHbIA npe10oXpaHATEIbHbI;
1 — ianaH; 2 — wWrok; 3 — npyxuHa; 4 — cbpocHoii narpy6ok; 5 —
COeIMHUTENIbHBIN (aHel

Knanan 3amutHbiit ruapasnudecknit K3I'-120 (puc. 3.22)
creuajabHO TIpeiHa3HauYeH JISl 3alIUTHl TPYGOITPOBOLOB OPOCH-
TEJIbHBIX CUCTEM OT TMAPABJIMYECKOTO ynapa U HEIOTyCTUMOTO
CTaTUYECKOTO TOBBIIICHUS JaBiaeHUs. M30bITOUHOE naBlieHUe
CHUXaeTcs BCJIEACTBUE BHIOPOCA YaCTHU BOMABI ITPU THAPABINYEC-
KOM ynape u3 TpybornpoBoaa M pa3OpBI3TUBAHUA €€ paguyCoM
12—15 M BOKpYT KJjamaHa B BUAe HOXAsA. I[ToaToMy ycTaHaBiIM-
BaTh €ro B 3aHUU HAaCOCHOU cTaHUMU HemomyctuMo. OH ycTa-
HaBJIWBAeTCS HA CTOSIKE MOJIMBOYHOTO TPYOOITPOBOAA MOCHE 3a-
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aBuxku D, = 100 MM y HeNnoaBUXHOM OMOPBI TIpH paboyeM naB-
neHuu He Bole 1,2 MIla u pacxone Boawsl B TpyOOIpoBOaEe 1O
120 n/c. CymecTBYIOT KjlallaHbl MHBIX THUTIOB JUJIST JAHHBIX YCJIO-
BUi pabOTHI CUCTEMHBI.

4
3\1
§
2
! 5
17 | 7
1/8,

Puc. 3.22. Knanan 3amiMTHbA rHAPABIHYECKHIA:
1 — xoprmyc; 2 — KpbllliKa; 3 — 3nacTMYHas quadparma; 4 — BO3IYLIHbIA
OaJlJIoOH; 5 — WINMUIBKYU; 6 — TpyOKa; 7 — OTCEYHOEe YCTPOHCTBO, & — KOp-
MyC OTCEYHOro YCTpOicTBa; 9 — KJanaH oTceyHoii; 10 — npyxuHa; 1] —
TapupoOBOYHas raiika; /12 — BaHTy3; 13 — oTpaxaTenbHas Tapesjka

Ko BTOpOI#1 Tpynne cOPOCHBIX YCTPOWCTB OTHOCUTCSI TACUTEND
rugpaBianieckux ynapos KoHcTpyKimn YkKkpBOITI'EO. Ero ycraHaBs-
JIMBAIOT B 3[IaHUU HACOCHOM CTaHLIMM Ha marpyOke rocjie 06paTHO-
ro xsamnaHa. [acuTenu 3TOW KOHCTPYKIMU PEKOMEHAYIOTCS MJIA
TPYOONpPOBOAOB GONBIINX AruaMeTpoB. OHM He pearupyloT Ha TMI-
paBIMYECKHU yIap, BOBHUKAIOIIUI MpHU MyCcKe Hacoca, T. €. YAap,
HAYMHAIOIIMUICA ¢ BOJIHBI TOBBIIIEHUS naBneHus. HemocTtaTku
3TOTO YCTPOMCTBA 3aKJIIOYAIOTCS B CJIOKHOCTU KOHCTPYKIIMU U OK-
cryaTaniuu. MX He ycTaHABAMBAIOT B MTPOMEXYTOYHBIX TOYKAX BO-
JIOBOJIA.

Perynupyiomas apmMatypa IIpUMEHSIETCS TP HEO6XOAUMOCTH TTOJI-
JepXaHUST B HAIOPHBIX CHCTeMaxX BOJOCHAOXeHUs Ha TpeOyeMoM
ypOBHE pacxoma wiu gaBieHust. HeobxonmMocTs apocceTupoBaHust
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BO3HHUKAET NMpPY OrpaHMUEeHUH TTOAaYM BOIBI HACOCAMU, Nepepacrnpe-
IEJIEHUN HATPY3KU MEXIY COBMECTHO PabOTAIOIIMMHU HACOCAMH, TIPH
yCTaHOBJIEHUH TPeOYeEMOTo pexuMa BomoBoaa u aAp. PerynmupoBanue
JaBJIeHUsT HEOOXOAUMO B TeX CJIydasix, KOTAa B pacrpeaeTMTeTbHBIX
U MarucTpajgbHBIX TPYOOIIPOBOJAX OHO 3HAYMTENHHO OTINYAETCS OT
TpeGyemoro. JlapneHue BOIbI MOXHO PEryJIUpOBaTh C TTIOMOLIBIO CITe~
LMATBHBIX KJIAMIAHOB, a TAKXKE PEryJsiTOPOB daBjeHUs Ha 6a3e mMuc-
KOBBIX ITOBOPOTHBIX 3aTBOPOB M KOJIBIIEBbIX 33ABUXEK. OHU B 3aBU-
CHMOCTH OT KOHCTPYKLIMM MOTYT aBTOMaTUYeCKH NMONAEPXXNBATh JaB-
JIEHUE «IT0CTIe ceOsI» WM «I0 celsi».

KitamaHbl M3roTaBAMBAIOT PBLIYAXHBIMM MWW TIPYXWHHBIMHA
(GraHUeBBIMHM YYTYHHBIMU Ha NaBieHne P, = 1,6 MTIla, nnamerpom
60—300 MM. BO3MOXHOCTb UCITOJIB30BAHUS YKa3aHHBIX KIalaHOB
orpaHNYeHa M3-3a X UHEPLUMOHHOCTH B MOMEHTHI PE3KOTO U3MEHE-
HUS JaBIeHUS. DTO MOXET NMTPUBOAUTE K 3HAUYUTEIbHOMY TOBEHIIIIE -
HUIO TaBJIEHUS B TPYOOIIPOBOJE.

PerynsaTopsl 1aBieHUs Ha 6a3e JUCKOBBIX TTOBOPOTHBIX 3aTBO-
POB C YIUIOTHEHHWEM B KOpITyCe C ITPOTPpaMMHUPOBAHHBIM 3aKPHITH -
€M, KakK MpaBuJIO, BLI3LIBAIOT MOBHIIIEHHNE JaBJIeHUsT He Goslee yeM
Ha 0,2 MIla cBepx pabouero.

JIVCKOBBIIT TIOBOPOTHBIN 3aTBOpP 00OPYIYETCS] TUIPOIIPUBOJIOM,
YIPAaBJISIOUIUM YCTPONWCTBOM C SJIEKTPUUECKUM peJie U peryiampy-
JOLIMM KJIaITaHOM, KOTOPBIN HACTpauBaeTCs Ha MOAAepXaHUe Tpe-
OyeMoro naBieHMs 3a WIM Tepel 3aTBOpoM. [1oBEIIIIeHHE WIH TTO-
HUXEHUE HaBJIEHUS B KOHTPOJIUPYEMOI TOUKe TpyOOmpoBoaa o
CpaBHEHUIO C TpeOYeMBIM TepelaeTCs B peryJMpyoIuii oprad, Ko-
TOpPBIN 3acTaBisieT paboTaTh TMAPOIIPUBOJL B HAIIpaBIeHUU OTKPHI-
BaHUS WAW 3aKpbIBAHUWS 3aTBOpA, YTOOBI MOAAEepXaTh NaBlieHHE
B 3alaHHOM Iuamnas3oHe. Perynsrop nasnennst D, = 150—-300 mm
paccyuTaH Ha NMoaAepxKaHHue TpeGyeMOoro JaBJIEeHHUS 3a 3aTBOPOM
B nuamna3oHe 0,3—1,2 MITIa. BMecTo AMCKOBOro ITOBOPOTHOTO 3a-
TBOpa MOXET UCITOJIb30BaThCA KOJIbLIEBAs 3aIBUXKKA.

3.7. CoopyxeHuns Ha BOAONPOBOAHON CeTn
Mn BOAOBOAAX

HopmanbsHas paGoTta cucTeMBbl MMofaYv M pacripenesieHUs] BOIbI
MOXeT ObITh OOecreueHa, eCIM Co3daHbl YCIIOBUS It GECIIPErsiT-
CTBEHHOTO JIOCTYIa K OCHOBHBIM €€ y3naM. TakKuMU y3jliaMu SIBJISI-
IOTCST MECTa YCTAHOBKM apMaTypbl U (haCOHHBIX YacTeit ¢ aHIe-
BBIMH COCIMHEHUSAMU. B aTHX MecTax ycTpauBaoT BOIOMPOBOIHBIE
KOJIOALBI M KaMePHI.
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Hdnsa ompeneneHust rabapuToB BOAOTIPOBOAHBIX KOJOALEB U UX
yHucaa HeoOXOAUMO 3HATh JUAMETP TpYO, pasMmepbl (paCOHHBIX Yac-
Teii, 3aIBUXKeEK, 3aTBOPOB, MOXAapPHBIX TMAPAHTOB U T. HI., a TaKXe
MeCTa MX yCTaHOBKHU. [103TOMY NMpU MPOEKTUPOBAHUHU TIOCJIE OTIpe-
JIeJleHWsT JMaMeTpOB U BeIOOpa Marepuasa TpyG NMpOU3BOISIT AeTa-
JIMPOBKY BCEX Y3JIOB ceTH. [IpaBUJIbHOE KOHCTPYHPOBAHHUE Y3JIOB
Y pallMOHAJILHOE UCITOJIb30BAaHHE CYIIECTBYIOUIETO COPTAMEHTA ap-
MaTypbl U (hacOHHBIX YacTeil MO3BOJISIOT CHU3UTH CTPOUTENLHYIO
CTOUMOCTB CETH U YMEHBIINThL pa3Mephl KoyoaieB U Kamep. [Ipex-
Jie BCEro HaMeyaroT MeCTa YCTAHOBKH TMIPAHTOB M pa3IMYyHOM ap-
MaTtyphbl, a 3aTeM OCYHLIECTRBISIOT TTOA00p HEOOXOAMMBIX PacOHHBIX
yacTell 11 MOHTaxa OTIEBHBIX Y3JIOB.

I1pu onpenenieHUH pa3MeEPOB KOJIOALIEB MUHUMAJIbHbBIE PACCTOSI-
HMSI 10 BHYTPEHHMX TTOBEPXHOCTEH KOJIOALIEB CIEAYeT BHIOMPATh,
pykoBoacTBysich TpeboBaHusiMu CHuIl. Konoaus! mupuHOM IO
2,5 M, Kak TMpaBWJIO, YCTPAUBAIOT KPYTJIBIMU, CBBILIE 2,5 M — TIpsi-
MOYTOJIbHBIMH,

Ha puc. 3.23 nmoka3aH Kpyrielif B IUTaHe KOJIOAEL U3 COOPHOTO
Xene300eToHa, MpeaHa3HaYeHHbIN UISI OCHOBHBIX Y3JI0B TPYOOIIpO-
BonoB auameTpoM 100—600 mM. Kosomen cocTouT U3 OoCHOBaHMA,
paboueit KaMepbl M TOPJIOBMHBI, KOTOPasi 3aKaHYWBAETCA YYTYHHBIM
JIIOKOM ¢ Kpbiikoit. Ha puc. 3.24 mokasaHa kaMepa U3 cOopHOTro
Xxene3o0eToHa (pa3zpaboTaHHash MHCTUTYTOM «MOCHMHXITPOEKT»),
ycTpavBaeMasi Ha BOJOBOIAX Y BOAOTIPOBOIHBIX MarkuCTpaisixX.

BoicoTta paboueit yacTH KOMOALEB MOKHA OBITh HE MeHee 1,5 M.
[nst ciycka B KOJOJEIl Ha €T0 TOPJIOBUHE U CTEHKAaX HaIIEXHT yC-
TaHaBJINBaTh PU(QIICHBIE CTAIbHBIE MW YYTYHHBIE CKOOBI; JOTTyCcKa-
€TCsI TPUMEeHEeHNe TIEPEeHOCHBIX METAJUTMUECKUX JIECTHULL. Boxkpyr
JIIOKOB M KOJIOAIIEB, pa3MeIllaeMbIX Ha 3aCTPOEHHBIX TEPPUTOPHUSIX
6e3 JOPOXHBIX MOKPBITHH, CIIeNyeT MpeaycMaTpuBaTh OTMOCTKHU
wpuHoMt 0,5 M C YKIIOHOM OT JIIOKOB.

Ha npoe3xeit yacTH KPBIIIKH JIIOKOB JOJXKHBI OBITh HA OTHOM
YpOBHE C ee MoBepxHOCThI0. [1pu 3amenke Tpyb B CTeHKax KOJOMA-
1IeB HeoOXoAUMO obGecreunBaTh MJAOTHOCTh COEAUHEHU, BOIO-
HEMPOHUIIAEMOCTb B MOKPBIX TPYHTax, a TakKXe BO3MOXHOCTH
OCaJKu CTEHOK.

IMpu npokiiagKe 3HAYUTENBHBIX U CJTOXHBIX Y3JI0B TPYOOITPOBO-
JI0OB GOJNBIIMX AUAMETPOB A/ Pa3MellleHUsT KOMMYHHMKAlLMi ycTa-
HaBJMBAIOT KaMepy repekiouyeHnid. IIpu pa3MelIeHUH 3aJIBUXEK
B KaMepax IpedycMaTpUBaeTCs BO3MOXHOCTb YIMpaBICHUS UMM
C TTOBEPXHOCTH 3eMJTH Yepe3 HeOOJIbIINE JIIOKU C TIOMOILBIO CIEeLH-
AJILHBIX YCTPOWUCTB.
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Puc. 3.23. Bononposoaublii Konogen:
I — KonblLIO U3 XeJe300eToHa; 2 — IUIUTA NEPeKpPBITHsT; 3 — OTMOCTKA; 4 —
CKOOBI; 5 — TpyObl BONONPOBOMHOM CETH; 6 — AHMUILE
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Puc. 3.24. Kamepa u3 coopHoro xene3oeroHa:

1 — BopoHanopHas JIMHUS; 2 — rOpJOBMHA KaMepbl, 3 — NecTHULA;, 4 —
MOXapHBI THOPAHT; 5 — XeJle300eTOHHOE JHMILIE



ITpu ucnonb3oBaHUM 11T BOAZOBOAOB X€JIE300€ TOHHBIX HATop-
HBIX TPYO C LEJIbIO YMEHBIIEHUST TaGapruTOB KaMep yYaCTKU BOJOBO-
J1a, HETMOCPEIACTBEHHO MPUMBIKAOIIHe K KaMepe, BBITIOJHSIOT U3
CcTaJIbHBIX TPYO. [Tpu HATUYUM TTOA3EMHBIX BOJI JHUILIE U CTEHKH
KOJIOALEB U KaMep THIAPOU3OJHUPYIOT OUTYMOM WITM LIEMEHTHBIM pa-
cTBOpoM. Bony M3 Kamep yoayisitoT C MOMOIBIO HACOCOB, UCITOJTB3YS
JUIST 3TOTO MpUSIMKU. T1pH BO3MOXHOCTH cOpoca BOI M3 KaMep B Cy-
LIECTBYIOMIMIM BOMOTOK WJIM IpeHaX ClienyeT MpeayCMaTpUBaTh OT-
BOJ, BOJ M3 NMPUSIMKOB IO YYTYHHBIM TpyOaM B BOIOCTOUHBIA MJIN
JPEHAXXHBIN KOJIOAEL.

IMon me¥icTBMEM BHYTPEHHMX CHWJI HaBJIEHUSI BOAbI B HATTOPHBIX
BOIOTIPOBOIHEIX TPyOaxX BO3HUKAIOT PaCTSITHBAIOLLINE HAMPSIXKEHUS,
KOTOpbI€ HE MOTYT GBITh BOCTIPUHSITHI CTBIKAMH TpyO. OHU MOSIBIIS-
I0TCSI B MECTaX MOBOPOTa JUHUM, Ha OTBETBJIECHHBIX, TYITHKOBBIX
y4yacTkax, Ha y3jax ceTu. s UCKITIOUeHUs] CMELIEHMUST U TTOBPEX-
JIeHUsT TpyOOTIPOBONIOB B BOAOTPOBOAHBIX KOJOAIIAX U KaMepax MU
B TPYHTE YCTPauWBalOT YITOPHI B BUAE OCTOHHBIX MJIM KMUPIUYHBIX
MAacCHBOB.

ITepexon BOmONMpOBOMHON JIMHUM MO XENE3HON WJIM aBTOMO-
OMJIIbHOM MTOpOTOif — JOCTATOYHO OTBETCTBEHHOE COOpPYXKEHHUE, TaK
KakK pa3pblB WIHM MOBPEXIEHUE UX MOXET MPUBECTU K CO3TAHUIO
aBapuifHOM CUTyallMU. DTH MEPEXoNbl OCYIIECTBISIOT, KaK MpaBU-
Jio, B CITELIMATbHBIX KOXyXaX (¢ymasipax). Koxyx nepexona CiayKuT
IUIST TIpeloXpaHeHUsT paboyero TpyOoorpoBoa OT Harpy3oK, BO3HU-
KawlIUX OT MOABUXHOTO COCTaBa, M IJIs1 3allUThl €ro OT BO3meii-
CTBUSI arpECCUBHBIX TPYHTOB U GyXmalolux TokoB. Dytisp BbI-
TIOJTHSIETCSI U3 CTATBHEIX TPYO.

Ilepexomsl TOKXHBI 06ecTiednBaTh 0€30MacHOe ABUXEHUE TPAHC-
TopTa B MepHoJ TMTPOU3BOACTBA paboT IO MPOKIIaAKe TPyOOIpOBO-
JIOB, MpeIoXpaHEHUE 3eMJISTHOTO ITOJIOTHA M ITOKPBITUSL HOPOT OT
pa3MbIBa TIpY BO3MOXHOW aBapuud Ha TpyOOmpoBOAax, a TaKXe
TpefnoxpaHeHue TpyOOIIPOBOIOB Mepexona oT paspymreHusi. Ilepe-
XOIBI TOJKHBI YCTPAauBaTbhCS Ha MPSIMOJIMHEHHBIX yYacTKax Tpy6o-
TPOBOIOB C TepeceyeHrneM MOJIOTHA XKeJIE3HOW UM aBTOMOOUIIBHON
JIOPOTH TTOA TIPSIMBIM yIjIoM. Ilepexomsl 0OBIYHO pacriosaratoT Mosn
MTOJIOTHOM XeJIe3HOM NOpOord B MECTaX ¢ MUHUMAJIbHBIM YMCIIOM
nyTeit, KaK MpaBUJIO, BHE MECT PaCTOJIOXEHUS CTPEJIOYHBIX TTepeBO-
IIOB U Cbe3l0oB, He Gimxke 10 M OT OIMOp KOHTaKTHOM ceTU U dyH-
JIAMEHTOB UCKYCCTBEHHBIX COOpYXeHUit. TUITOBBIE ITPOEKTHI MEepe-
XOJIOB BOJOIPOBOAHBIX JUHUI TTOJ XeJIe3HONOPOXKHBIMU MYTAMHU
pa3paboTaHbl MHCTUTYTOM «MocCTUIIpoTpaHc» (puc. 3.25).
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= HE MEHEE MWHUMANBHOA
FNYBHHbLI SANONEHWA TPYE
NO YCNOBWIO NPOMEPIAHUR
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Puc. 3.25. Tlepexox BomonpoBOAHOM JHHHH MOI XKeJle3HOAOPOKHBIMH
nyTAMH:

1 — BO#ONPOBOAHBII Kononel; 2 — PEMOHTHBIH yyacTok; 3 — KOXyx; 4 —
paGoyasi Tpyba; 5 — BuINycK; 6 — 3aaBUXKA; 7 — XeJNe3HOIOPOXHOE
NOJIOTHO

KoncTpykumeit nepexona npemycMaTpyBaeTcsi BO3MOXHOCTD Ha-
GJI0IeHNS 3a €r0 PagoToil, OTKITIOUEHHUST ¥ onopoxHeHus. O6as
JUIMHA TIepexolla CkjiafblBaeTcsl M3 JJIMHBI KOXyXa W UJIMHBI
PEMOHTHOTO y4yacTKa., KoXyX MpUHUMAETCS TaKOM IJIUHBI, YTOOBI
KOHLIBI €0 ObUTH BbIBeI€HBI HA PACCTOSTHUE HE MEHee 5 M OT Moo~
LIBBI OTKOCA HACBINK 1 3 M OT 6POBKM OTKOCA BhieMKH. [MHa pe-
MOHTHOTO y4acTKa IMpuHuUMaeTcst He MeHee 10 M.

Ha tpy6onpoBone ¢ o6enx cTopoH nepexoaa ycTpauBaloT KOJIOJ-
bl C 3aMTOPHOI apMaTypoii, yCTAHOBJIEHHOI B LIEJSIX OTKJIIOYEHUS U
OIOPOXHEHUS TMepexonos. [Anamerp paboyeit TpyObl Iepexonaa npm-
HUMAIOT, KaK MPaBUIo, paBHBIM AUaMeTpy paboyero TpyoonpoBoaa;
AXaMeTp KOXyXa OIMpeessiiOT B 3aBUCUMOCTH OT IMaMeTpa U Marte-
puana paboyeit TpyGol M OT crocob6a MPOU3BOACTBA PabOT B CO-
otseTcTBMM co CHUIT 2.04.02-84*. PaGounii HarmopHslit TpyGoIIpo-
BOJI, YKJIaIBIBAEMBII B KOXYyXe, IPUHUMAETCS U3 CTaJbHBIX TPYO,
TaK Kak TpHU UX YKiianke obecrieumBaeTcsl UeJOCTHOCTh CTHIKOB TPU
3aTaCKUBAHUU TPYO B KOXKYX.

YcTpoiicTBO TepexonoB Mox XKeae3HOMOPOXHLIMU M aBTOMO-
OMJIBHBIMU 1OPOTAMUW MOXET TIPOU3BOAUTHCS OECTPAHLIEHHBIM WITH
OTKPBITHIM CITOCOO0M. CxeMbl MePeXoaoB MO aBTOMOOHJIBHBIMH
OporaMM aHaJOTMYHBI CXeMaM MePEXOA0B MO XeJIe3HOTOPOXHBI-
MU TIYTSIMU.

Tlepexon BOIOMPOBOAHBIX TPYO Yepe3 peKH MOXET OBITh OCYILE-
CTBJICH MO MOCTY, a TakxXe 1o AHY peku. Ilpu mepexome mo IHY
PEKM BOIONPOBOJAHBIEC TPYOH! YKIAABIBAIOTCA B BUje miokepa. Yuc-
JIO JIMHWH TpYO NI0Kepa MOJXHO ObITh HE MeHee IBYX, MPU 3TOM
MPH BBIKITIOYEHUU OMHOM U3 JMHUI MO OCTATBHBIM JIOJI)KHA obecrie-
yuBathes nogaya 100 % pacuetHoro pacxona Bonbl. Jiokepsl yKia-
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JIBIBAIOT U3 CTAJIbHBIX TPYO MOBHIIEHHON MPOYHOCTH C YCUJIEHHOM
aHTUKOPPO3UOHHOM 3aliuTOl. ['NTyOMHA yKiaaKy MOJBOAHOM YyacTh
Tpybornposoza (1o Bepxa TpyObl) 10OMKHA OBITh HUXKE JTHA BOJOEMa
He MeHee yeM Ha 0,5 M, a B mpenenax ¢dapBatepa Ha CyJOXOJIHBIX
BOJOTOKaX — He MeHee 4eM Ha | M. PaccrosiHue MexXmy JUHUSIMU
JIOKEpa B CBETY NMpuUHUMaeTcsd He MeHee 1,5 M. ITo 06e cTopoHsl
JIOKepa yCTpauBaloT CrielHaibHble KOJOAUBI ¢ YCTAHOBKON B HUX
¢ TTIOMOILIBIO 3aABMXXEK HEOOXOAUMBIX MEPEKIIOUeHHIA. JJoKephl co-
6MpaloT U CBapUBAIOT Ha MOBepXHOCTH. OCHOBHBIMHU cIiocobamMu
YKJIAIKU TPYOOTIPOBOMIOB TOJ BOXOI SIBJISIIOTCSI: METOMI CBOOOIHOTO
TOTPYXEeHHS; ONYyCKaHUe TPyOONpOBOJa € TJIaByUYUX WUJIM CTALIMO-
HapHBIX OMOp; OMYCKAHUE CO JIba U C TUJIaBYyYUX CPEICTB TIPH 1O~
CTENEeHHOM HapalluBaHUU TUICTEH; NMpOoTaCKUBaHUE TLieTel TpyOo-
TIpoOBOJIA TIO IHY TIOABOJHOM TpaHIIEH.

Llenecoobpa3HOCTh MUCMONB30BAHUSA TOTO MJIM MHOTO CIoco6a
OTIpENIEIAIOT Ha OCHOBE TEXHUKO-3KOHOMHYECKOTO CpPaBHEHMS Ba-
PHUAHTOB MCXOASl UX MECTHBIX YCIOBUH.

8. Comon



Pa3znen 4. BoposabopHble coopyXeHuns

4.1. CoopyxeHus ana 3abopa noa3emMHbIX Boa

4.1.1. YcnoBus 3aneraHva noaseMHbiX BOf,
UX UCNONb3OBaHME

M3yyeHneM noa3eMHBIX BOJI 3aHUMAETCS HayKa THAPOTEOJOTHS.
OTMeTUM JWIIb BaxHeHIlIMe THAPOTEOJOTMYECKHE ITOKa3aTesn
W YCJIOBUS 3ajieTaHUs TTOA3EMHBIX BOM, OMpeaessiiouine UCIoab30-
BaHHeE UX BoO03abopaMM 1Jisi BOOOCHAOXEHUS.

ITo ycnoBusM 3aneranust (puc. 4.1) pasnmudaroT ABa OCHOBHBIX
THMa TIOA3EMHBIX BoA — Ge3HATTOpHbIe ¥ HamopHsle. FOpU30OHTHI 6e3-
HAITOPHBIX BOJI HE UMEIOT CIUJIOIIHOTO HEITPOHULIAEMOTO TTOKPBITHUS.
B Takux ropM3oHTax yCTaHABIMBAETCS CBOOOMHBIN YPOBEHDb BOMBI,
TJTyOMHA KOTOPOTO COOTBETCTBYET MTOBEPXHOCTH BOJOHOCHBIX ITOPOI.

R
(/41

[ﬂ]’

Puc. 4.1 CxeMa ycjIoBHil 3ajleranus NoA3eMHbIX BOA:
A — BepxoBoAka; b — rpyHTOBbIE BOIbI; B — Ge3HAIIOPHbIE MEXTUIACTOBbIE
BOJIbl; [ — HAamopHbie BOAbI; / — MPOHULIAEMBIE [TOPO/BI; 2 — BOMOYIIOPHBIE
nopoast; 3 — 6ypoBasi CKBaxXHWHa; 4 — ypoBeHb BOIbI (¢ — CBOGOAHBINA, 6 —
MbEe30METPUUYECKUIT); 5 — MCTOUHUK

'--\.\
'—\

Bozapl nepBOro ot MoBEpXHOCTH CIUIOMIHOTO BOAOHOCHOTO TOpPH-
30HTA Ha3bIBAIOTCS TPYHTOBBIMU. JIMH3000pa3Hble CKOTIIIEHUS BOIBI
Ha BOAOYTIOpax WU CIaGONMPOHUIIAEMBIX CJIOSIX, UMEIOIINE JIOKATb-
HOE pacnpocTpaHeHHue, 0O6pa3yloT BepXOBOAKY, KOTOpasi pacroJio-
X€Ha HajJ TPYHTOBBIMHU BOIAMU.

I'pyHTOBBIE BOAB — 3TO, KaK TMPaBUIIO, BOALl Ge3HAMOpPHbIE,
XOTSI Ha OTAEJBHBIX YYaCTKaxX MOTYT IPHOGPETAaTh MECTHBIM HATMOP;
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3aJ1eTal0T OHU OOBIYHO HA HEGOBIION TIYOUHE W TIO3TOMY TOABED-
raloTcsl BO3MENCTBUIO THAPOMETEOPOIOTHUECKHUX (bakTOpOB. B 3a-
BUCHMOCTH OT C€30Ha, KOJIMYECTBA OCAIKOB U TEMITepaTyphl U3Me-
HAOTCS KaK ypOBEHb TPYHTOBBIX BOJ, TaK U UX XMMHWYECKHI CO-
CTaB.

IuTaHue rpyHTOBBIX BOM ITPOUCXOIUT MOCPEICTBOM HH(UIBTPA-
LMK aTMOCHEPHBIX OCATKOB M PEYHBIX BOJ, a B HEKOTOPBIX Clyya-
SIX 32 CYET IMOCTYIUICHUSI HAIMTOPHBIX BOI U3 HUXEJEXalnX ropH-
30HTOB. BceenmcrBre Hernmy60oKoOro 3ajeraHus U OTCYTCTBUS BOIO-
YTIOPHBIX TIOKPBITHI TPYHTOBBIE BOIBI MOTYT JIETKO MOABEPraThCs
3arpsi3HEHUI0. YCIIOBUS 3aJIeraHUs 9TUX BOM OYeHb Pa3HOOOPA3HHI.

HamopHsie BOIBl 3aKJIIOYEHBI MEXIY BOIOHEIIPOHMI[AEMBIMU
cnosMu. B OypoBoit CKBaXXMHE, BCKPBIBHIEH HAMOPHBIA BOJOHOC-
HBIt TOPU30HT, BOZa MOJAHUMAETCS BbIllIe KPOBJIM 3TOTO TOPU3OHTA.
Ecnu HanmopHBI (MTbe30METPUYECKUIT) YPOBEHB PACITONOXEH Hal
MOBEPXHOCTHIO 38MJIM, TO CKBaXuHa ¢oHTaHupyeT. [TosToMy s
TIOJYYEeHHUS] CAMOU3UBAIONIENHCS BOIbI CKBAXXMHBI HEOOXOIUMO OY-
PUTh Ha y4acTKaxX C TIOHWXEHHBIM pebedoM.

IIpoHuLIaeMBbIt TIACT, OTpaHUYEHHBIN ABYMST BOIOYTIOPaMH, MO-
XeT He OBITh 3aroHeH Bogoit. [1pu aToM 00pasytoTcs nmosyHanop-
HBlE WM Oe3HANOPHBIE MEXIITACTOBEIE BoALl. HamopHsle BoabI 3a-
YacTylo Ha3bIBAIOT apTE3UAHCKMMM HE3aBUCUMO OT TOTO, U3JIMBAIOT-
Csl TH BOJBI Ha TTOBEPXHOCTH WUJIU HET.

BomgoHOCHBIN TOPU3OHT SBISIETCS HAMOPHBIM, €CJIM OH UMEET
o6acTh MUTAHUS, PACIIOIOKEHHYIO Ha 60Jiee BHICOKMX OTMETKaX,
YyeM BOAOYTIOpHAasi KPOBJISI 3TOTO TOPU3OHTA.

IIpu oTxauke BOABI M3 CKBAXWHEI BOKPYT Hee obpasyeTcs ne-
TIpeCCUOHHAs BOPOHKA. B Ge3HamopHBIX BoJax 3Ta BOPOHKa OTpa-
>KaeT MOHMXEHHWE YPOBHS BOALI BOKPYT CKBaXXUHBI M OCYIIIEHUE Ya-
CTH BOJOHOCHOTO TOPU30HTa. B HammopHOM Topu30HTE oOpasyeTrcs
JIeTpeccHst Mbe30MEeTPUYECKOH TTOBEPXHOCTH — CHUXXEHME JaBjie-
HMS B OTTpeiesIeHHO# 30He BOKPYT CKBaXXWHBI.

ApTe3uaHcKHe BOJBI 3ajieTaloT OOBIUHO Ha Oojiee WJIM MEHeEe
3HAYUTENBHOM TmyouHe. OT MOBEPXHOCTH OHU M30JIMPOBAHBI BOIO-
VIIOPHBIMU CJIOSIMU M TIO3TOMY MeHee MOIBEPKEHBI 3aTPSI3HEHUIO,
yeM TpyHTOBBIe BoAbl. OleHUBasT BO3MOXHOCTbL MCITOJIb30BaHUS
MOA3eMHBIX BOM, OTIPEIENSTIOT UX €CTECTBEHHBIE M DKCIJIyaTallMOH-
Hble 3amachl. [Toa ecTeCTBeHHBIMU 3amlacaM¥ MOA3EMHBIX BOM MO~
pa3yMeBaeTcs KOJIMYECTBO MOA3EMHBIX BOM, HAXOASILIMXCS B BOIO-
HOCHBIX ITOpOAaX, He HapyLIEHHBIX 9KCITIyaTalluei Bog03ab0pHBIX
COOPYKEHUI; MO IKCIIYaTALLMOHHBIMU — HX pacXol, KOTODBIi
MOXET OBITb TTOJIy4eH Ha MECTOPOXIEHUHU C NMOMOILBIO pPallMOHA/b-
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HBIX B TeXHUKO-3KOHOMWUYECKOM OTHOIIIEHUY BO03aGOPHBIX COOPY-
XEHUIl NpHM 3aJaHHOM peXHMe 3KCIUTyaTalluM U TIPU KayecTBe
BOJBI, YIOBJIETBOPAIONIEM TpeGOBaHUAM TNOTpeGUTENell B TeueHHe
pPacyeTHOTO CpoKa BoaonoTpedaeHuss. OHM COCTaBJISIOT YacTh ecTe-
CTBEHHBIX 3aITacoB.

DKCIUTyaTallHOHHbBIE 3aMachl MOA3€MHBIX BOJ MPU MPOEKTHUPO-
BaHWUM BOA03a0OPHBIX COOPYXEHUN MOACUMUTHIBAIOT MO pe3ysbTa-
TaM MPOBEIEHHBIX Ha MECTOPOXIEHUHU AeTaJbHbBIX THIPOTE€OJIOTH-
yeckux pabort. [Ipu aKcrulyaTalluu BOIOHOCHOTO TOPU30HTA Hapy-
IIAIOTCS €CTECTBEHHBI peXuM U 0OanaHCc MNOA3eMHBIX BOI,
BCJIEICTBUE Yero B 00siacTH OTOGOpa BOABI BO3HMKAET 30HA MOHU-
KEHHOTO JaBJIeHMsI, U TAKUM 0Opa3oM cO31aloTcst 6JaronpHusTHbIE
YCJIOBUS IJIST BOBJIEYEHHUST B JaHHBIIH 3KCTITyaTUPYEMBIii BOTOHOC-
HbIii TOPU3OHT IOTMOJHHUTEIbHBIX PECYpPCOB: TMEPETOK BOABI M3
CMEXHBIX BOOOHOCHBIX ITIJIACTOB, pa3feieHHBIX CIaboNMpoHMIIa-
€MBIMU CJIOSIMU; UHOWIBTPALUS aTMOCHEPHBIX 0CanKoB; UIIBT-
pauMs U3 TTOBEPXHOCTHBIX BOOJOTOKOB U BOIOEMOB; UCKYCCTBEHHOE
peryJMpoBaHUe pexXuma IMoA3eMHBIX BOI U Ap. B 3aBucuMocTH OT
CTETMEeHU pa3BeJaHHOCTH IKCIUTYaTallMOHHBIX 3aI1aCOB, CIIOXHOCTH
TMIPOTEOJIOTMUECKUX M THIPOXMMHUYECKHUX YCIOBHU I, OMHOPOIHOC-
TH GWIBTPAIMOHHBIX CBOMCTB BOJOBMEIIAIONIUX TTOPOJ YCTaHAB-
JIUBAIOT KaTeropuio MOA3eMHBIX BO/I.

4.1.2. Tunbl BOA03abopoB NoA3eMHbIX BOA, YCNOBUS
UX NPUMEHeHna

BBIGOD THMA COOPYXEHUM U CXEMBI UX pa3MEIEHHUS 3aBUCUT OT
TTyOMHBI 3aJIeTaHUS] BOMOHOCHOTIO TIJIACTa, €ro MOIIHOCTH M BOJO-
OOWIBHOCTH, YCJTOBUH 3aJIeTaHMsI, T€OJIOTMIECKMX U THUAPOJIOTHYeC-
KuX ycmoBuit. CoopyxeHHUsl, TIpUMeHsIeMble ISl 3aXBaTa MTOA3eMHBIX
BOJI, MOJAPA3IENSAIOTCS HA CJEAYIOUME TPYIIbl: CKBAXHWHBI, LIAXT-
HbI€ KOJIOALIbI, TOPU30OHTATBHBIE BOO03a00phI, JIydeBble BOX03a00-
PBI, KanTaxX UCTOYHUKOB.

Bomno3abopHsle CKBaXXMHBI ¥ LIAXTHbIE KOJOILE! IIKPOKO MPH-
MEHSIIOT TIPU 3KCIUTyaTaUUu Kak Ge3HAIOPHBIX, TaK M HATIOPHBIX
noa3eMHbIX BoA. IllaxTHble KOJOMLBI MCIONB3YIOT Yalle MpH He-
6onpIINX 06beMax MoTpebieHUs U TIIyOHHe 3ajieTaHUs TTOA3EMHBIX
Bon 10 20—30 M. DddeKTUBHOE WCIOIb30BaHNUE BOAO3a0OPHBIX
CKBaXHH BO3MOXHO IPHU INTyGHHE MOAOLIBEI BOIOHOCHOTO CJ10sT 60-
nee 8—10 M ¥ IpU MUHUMAJIBHOM €ro MOWIHOCTH 1—2 M. Drpdek-
THUBHOCTH MX TTPUMEHEHMS BO3pACTAET ¢ IJIyOMHOI 3ajieraHusi BOA:
MPU 3TaXHOM 3ajleraHUM BOJOHOCHBIX TOPHU3OHTOB, KOTAA OAWH
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WM HECKOJIBKO U3 HUX SIBJSTIOTCS MCTOUYHUKAMM BOJOCHAOXEHMUS,
CKBaXXVMHbI CTAHOBSITCSI HE3aMEHUMBIMH.

T'opusoHTanbHBIE BOAO3a6OpHEI MOTYT MIPUMEHSITBCS TTPU HETTYy-
GOKOM 3aJleTaHUM BOJOHOCHOTO TIJIacTa HEOOBIION MOIITHOCTH. 3a-
YacTyl0 UX MCIOJIb30BaHUE TO3BOJISIET NOOUTHCST Goee BBHICOKOTO
addekTa B 3a60pe BOIBI, YEM HUCITOJIb30BAHUE BEPTUKAJIBHBIX BOIO-
3a00poB. ['opu3oHTATBHBIE BOJ03a00PHI B BUIE APEHAXHBIX TPYO
U rajiepeif, MpUMEeHsIeMble IS 3aXBaTa TPYHTOBBIX BOM, YKJIadkBa-
10T B BBIPHITBIE KaHABHI M PACIoiaraloT Ha niyOuHe He Gosee 5—8 M.
I'opy30oHTaIBbHEIE JTYYeBble BOA03a00pEI MPOOYPUBAIOT U3 LIEHTPAIb-
HO¥ 1IaxXThl — KaMephl ¥ Yallle TPUMEHSIOT IJISI 3aXBaTa TPYHTOBBIX
BOI, a B MOCJeAHEE BpeMsI — M JIJTS 3aXBaTa HAIOPHBIX BOI Ha TJTy-
6nHe 20—30 M. KantaxHble coopyXeHUs NpeJHa3HAuYEHBI I TTPH-
eMa BOJABI M3 BOCXOISIINX U HUCXOASIIIIMX UCTOUHUKOB (KITIOUYEit,
POIHUKOB). B 3aBUCHMOCTH OT YCJIOBHIi BBIXOIA Ha MOBEPXHOCTH
3eMJIM U3 BOIOHOCHOTO TOPU30HTA KanTaXXyu MOTYT UMETh pa3jnu-
HYIO KOHCTPYKLHIO: B BHIE APEHAXHBIX TPYO CO COOPHBIM KOJOI-
1IeM U KaMepoit, OMHOM KamnTaXHOH KaMephl, a MHOTAA B BHJIE 1IaX-
THI C OTBOJHO# TpybOoii. Takue coopyxeHHsT Ha TeppuTopun Poccun
BCTPEYAIOTCSI CPAaBHUTEIBHO PENKO.

4.1.3. 3abop noa3eMHbIX BOA4 C NOMOLLbIO 6YpPOBbIX
CKBaXXWH

3abop 1mom3eMHBIX BOJ C ITOMOIIBIO OYPOBBIX CKBaXXWH — Han6o-
Jiee pacIpOCTPaHEHHBIN CITOcoO B MPaKTHKE BOJOCHAOXEHMS, TaK
KaK OT/IMYAeTCs] YHUBEPCAIBLHOCTBIO U TEXHUYECKHUM COBEpIIEH-
ctBoM. OH UCITOJTb3YETCS B IMMPOKOM AMAIa3oHe TIyOWH 3ajleraHus
MOJA3eMHBIX BOJI.

CKBaxXUHBI, yCTpanBaeMbIe ITyTeM OypeHMs, peTHa3sHaYeHbl s
TpYeMa KakK HarnopHBIX, TaK U G€3HATTOPHBIX MOA3EMHBIX BOJ, 3ajie-
ralommx Ha rmy6ouHe 6osee 30 M. CKBaXXMHBI pacIioiaraioT MeprieH-
JUKYISIPHO HAIIpaBJIEHUIO TTOTOKA MOA3eMHBIX Boa. I1pu camMmousnu-
BAIOIIMXCSI CKBaXHWHAX BOAA OTBOOUTCS CAMOTEKOM B COOpHBIi pe-
3epByap, a 3aTeM IepeKaynBaeTcs MO0 Ha OUMCTHBIE COOPYXKEHUS,
60 notpebutenaM. Ilpu riy6bokom 3ameraHMu AUHAMHYECKOTO
YPOBHSI CKBaXWHB 060pYIYIOT apTe3MaHCKUMU HacocaMH WJIH 3p-
audramu.

CxeMa TpaHCIIOPTHPOBAHUS BOABI OT CKBaXXWH 3aBUCHUT OT CIIO-
coba ee monyyeHust. Hanbosbliee pacnpocTpaHeHUE TTOJYIUIN Ha-
MOpHBIEe COOPHBIE BOJOBOABI, YTO BBI3BAHO UCIIOJB30BAHMEM CKBa-
KUHHBIX CUCTEM, 000pYIOBaHHBIX NMOTPYXKHBIMU HacocaMu. CaMo-
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TeYHBIe CHUCTEMBI COOPHBIX BOJOBOMOB MPUMEHSIOTCSI MPU 3abope
BOJBI M3 KamTaXei, CaMOM3JIMBAIOILIUXCS CKBaXHH, a TaKXKe U3
CKBaXWH, 000pynOBaHHBIX HACOCHBIMU YCTaHOBKaMU WX 3paudra-
MH. [IpeUMyIIECTBO 3TUX CUCTEM 3aKITIOYAETCSI B BOBMOXHOCTH UC-
MOJIb30BaHUS O6e3HanopHBIX TpyO. I1pyu nomaye Boabl U3 BOOOCOOp-
HBIX COOpPYXEHHWI B caMOTeYHYyl0 ceTh paboTa KaxXI0il HaCOCHOU
CTAHILIMM He 3aBUCHUT OT pabOThI IPYTUX U MOXET ObITH OTPETYIUPO-
BaHa 0e3 yueTa U3 B3aUMOMEICTBHUS.

Bono3abopHast CKBaXHHa B COOTBETCTBUU C TPeOOBaHUSIMU Oype-
HUS U TeoJIoTUN (puc. 4.2) UMeeT TeIeCKOMUYECKYI0 KOHCTPYKIIMIO.
CaMas HUXHAS YacThb CKBaXHWHBI CIYXKHUT OTCTOMHMKOM. Ham ort-
CTOMHMKOM HaXOAUTCSI BOAOTIPUEMHAST YaCTh CKBaXXUHbI — DWIBTD,
yepe3 KOTOPhIif BOJIa U3 BOMOHOCHOTO TJIacTa MOMagaeT B ee paboyyio
30HY. Tun ¢puabTpa 1 ero KOHCTPYKIMIO BEIOMPAIOT B 3aBUCUMOCTH
OT BOJIOHOCHOIT mopoabl. Bellle BOMONMPHUEMHON YaCTU CKBaXXUHBI
pacItoiaratoT KOJOHHBI SKCIUTYyaTaAlIMOHHBIX U 00CaAHBIX TPYO, KOTO-
pble, C OTHOU CTOPOHBI, YAEPXKUBAIOT CTEHKU CKBaXXUHBI OT 0Opy1lie-
HUS, a C JIPYTOif — CJTyKaT JIUIST pa3MellleHUs] B HUX BOJIOTIONbEMHBIX
Tpyd ¥ HacocoB. Ham sKCIIyaTallMOHHOM KOJTOHHOM HaXOAUTCST KOH-
JIYKTOpP, KOTOPBIN 3amaeT HampaBjeHHe TIPOXOsILE yepe3 Hero Tpy-
©e ripu OypeHuu. BoKpyr KOHIYKTOpa yCTpauBaeTCsl 1IEMEHTHBIN WITH
TJIMHSIHBIN 3aMOK, 3alllUINAIINIT BOTOHOCHBIH TOPU3OHT OT 3arpsi3-
HEHUH, MOMaAaoUIMX C TOBEPXHOCTHU Yepe3 3aTpyOHOE MPOCTPAHCTBO
0o0canHbIX TpyO. BepxHssa 4acTb CKBaXKUH Ha3bIBAETCS YCTbEM WU
oroyioBkoM. OTOJIOBOK B 3aBUCUMOCTH OT 3arTyOJieHUST MOXET pacrio-
JlaraThCsl Kak B NaBWIbOHE, TaK U B KOJIOJLIE, TJie HAXOJIUTCSI MeXa-
HUYECKOE U 3JIEKTpUYEcKoe 000py/IOoBaHUE,

Opranu3saius 6ypoBbIX CKBaXWH 3aBUCHUT OT BHJIa BOJOHOCHBIX
TOPU3OHTOB, MIYOMHBI UX 3ajleTaHMsl, BUaa NpoOypHBaeMbIX TI0-
pon, UX arPeCCUBHOCTH, IMaMeTpa CKBaXXUHBI U criocoba OypeHws.
B npakTuke COOpyXeHUS CKBaXXWH Ha BOAY IOJYYUJIU pacipo-
CTpaHEHHUE Cleaylouue criocobbsl OypeHUs: BpallaTeJIbHBINA ¢ TIpsi-
MOU TIpOMBIBKOH, BpalllaTeJIbHBIM ¢ 0OpaTHOI MPOMBIBKOI, Bpa-
aTeNbHBIA C MPOAYBKOM BO3AYXOM, yIapHO-KaHATHBIN, peaKTHUB-
HO-TYPOUHHBIN U KOMOMHUPOBAHHBIN.

YnapHo-KaHaTHBIH CITOCOO MMPUMEHSIOT TIpH OYPEeHUM CKBaXXHH
Ha 1yOuHy 10 150 M B PBIXJIBIX M CKAJIBHBIX TTOPOAAX Y HAYaJIbHOM
nvameTpe ckBaxXuHBI 6osiee 500 MM. CTEHKH CKBaXXWH KpETT Tpy-
0aMu HeTIpepBIBHO 1O Mepe yrirybaeHus 3a604.

BpauiatensHoe GypeHue 1Mo XxapakTepy yriyoJeHUs Topasiesi-
ercs Ha OypeHHe KOJIbLIEBBIMU U CITJIONTHBIMM 3a00aMHU. BypeHue
KOJBLIEBBIM 3a60€M Ha3bIBA€TCS KOJIOHKOBBIM, CITJIOIIHBIM — PO-
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TOpHBIM. KOJIOHKOBBII CrToco6 npuMeEHSeTCsl B CKaJbHBIX MMOpOaax
MpYU IMaMeTpe CKBaXWH 10 150—200 MM, nipu riiyouHe OypeHHUS 1O
150 m. Inist OypeHUsT CKBaXWH OOJIBIIMX TUAaMETPOB U TIYOUHOM 60-
nee 500—1000 M pekoMeHIyeTcs peaKTUBHO-TYPOUHHEIN CIIoco0.
KoMOMHMPOBaHHBIN crmocob (ynapHO-KaHaTHBIM U POTOPHBINA) UC-
MoJb3yeTcs i OypeHHsI CKBaXXUH TTyouHoit 6osiee 150 M nipu 6e3-
HaTTOpHBIX U CJIA00HATIOPHBIX BOJOHOCHBIX TOPU30OHTAX, MPENCTaB-
JIEHHBIX PBIXJIBIMU OTJIOXEeHUSIMH. Crioco6 TMPOMEIBKY 3aBUCHUT OT
BUJIa TTPOXOAMMBIX TPYHTOB. B KauecTBe MPOMBIBHBIX PACTBOPOB MC-
MOJIB3YIOTCH BOJIA U TITMHUCTHIE PACTBOPBHI.

Puc. 4.2. Bogo3aGopHuasi CKBaKUHA:
1 — GubTp CKBaXHWHBI; 2 — 3KCIUTyaTallMOHHAsI KOJIOHHA; 3 — KOJIOHHA
ob6cagHbIX TpY6; 4 — KOHAYKTODP; 5 — YCThe CKBaXXMHbBI (OTOJIOBOK); 6 —
MaBUJIbOH; 7 — LIEMEHTHbIN MJIM TJIMHSHBIA 3aMOK; § — HacocHble (BOO-
MoabeMHBIE) TPYOBI; 9 — Hacoc ¢ MOrpyXHbIM 2jeKTpoaBurareseM; 10 —
OTCTOWHMK; /] — cTaTMYEeCKU YPOBEHb BOIbI

IIpu BEIOGOPE crToco6a GypeHHsT YYUTBIBAIOTCS HE TOJBKO TEXHOJO-
TMYHOCTh METOIA M CKOPOCTh MPOXOAKH, HO M obGecrieueHHe ycJio-
BMI1, rapaHTUPYIOIIMX MUHUMATBHYIO HeopMallvio TOpos B IPHU-
3a00i1HOI1 30HE.

g moabemMa BOIBI U3 CKBaXWH MCIOJNB3YIOT BOAOMOIBEMHOE
obopynoBaHue pasnuuHbix TUITOB. HacocHrle yctaHoBkM THTa DIIB
TIPUMEHSIOT I 000pyAoBaHMS CKBaXWH riyouHoit 10—700 M u 60-
nee. OHU MoryT paboTaTh B UCKPUBJIEHHBIX CKBaXHHaxX TpU pa3HO-
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00pa3HBIX THIPOTEOJIOTMYECKUX YCJIOBHUsIX. HacocHble yCTaHOBKHU
¢ TPAHCMUCCHUOHHBIM BaJIOM NMPUMEHSIIOT IS CKBaXXUH TIIYOMHOMH 10
120 M, oHU MOTYT paboTaTh TOJBKO B BEPTHUKAIbHBIX CKBaXKMHax.
Boxy npu pacyeTHOM IMHAMMYECKOM YPOBHe He 6ojiee 5—6 M OT mo-
BEPXHOCTH 3eMJIM MOXHO 3a0MpaThb rOPU3OHTAJBHBIMM HACOCAMM.
Hdna mogbeMa BOOBI M3 CKBaXXUH HMCIONB3YIOT 3PJIUGTHI, TO3BOJS-
JOlINE MTOTHMUMATh BOY M3 UCKPUBJIEHHBIX CKBAXKWH, a TAKXe BOAY,
colepXallylo MexaHUJYeCcKue MpUMecH B KOJMWYECTBAX, MpEBHIIIA-
IOILIMX TIpeNesIbl, YCTAHOBJIEHHBIE JUTSI HACOCOB IPYTHUX TUIIOB.

Han ycTeeM Bo03a60PHBIX CKBaXKHMH CTPOST MaBHJIbOHBI TS pas-
MEIIEHUST OTOJIOBKA CKBaXXUHbBI, SJIEKTPOABUTATENISI, TOPU3OHTAIBHO-
TO 1eHTpoOBeXXHOTo Hacoca, MPUOOPOB MTYCKOBOH U KOHTPOJIBbHO-U3-
MEpHTENTbHOM anmapaTtypsl M MpUOOpPOB aBTOMaTUKU. Kpome Toro,
B HUX pacriojlaraioT 4acTu HaropHoro TpybornpoBoaa, o00pyJa0BaH-
HOTO 3aTBOpaMu, OOpaTHBIM KJIaaHOM, BaHTY30M, TPOGOOTOOPHBIM
kpaHoM. Kaxnyio cKBaxuHY 000pYIYyIOT pacCXOIOMEDPOM.

OTBEeTCTBEHHOM 4YaCThIO CKBaXXWHBI sBasercs: puiabTp. OT mipa-
BWJIBHO M HAIEXXHO YCTPOEHHOTO (UIbTPa B 3HAUUTEIBHOM CTEITEHH
3aBHCHUT KayecTBO paboThl BOA03aBOPHOTO coOpyXeHUs. DUIBTPEI
TPeyCMaTPUBAIOT B PBIXJIBIX, HEYCTOWYMBBIX, CKAJIBHBIX U TTOJY-
CKaJbHBIX Moponax. B 3aBUCHMOCTH OT xapakTepa BOJOBMEIIAIOMINX
TIOPOJI ¥ ITyOWMHBI CKBAXMHBI HAN0OJIee YacTo TIPUMEHSTIOT (PYUTBTPHI:
TIOPUCTHIE, LIEJIEBbIE, MPOBOJIOYHBIE, CETUYAThIE, KAPKACHO-CTEPXKHE-
BbI€, IITAMITOBAaHHbLIE, TPaBUMHbBIE.

DuUnbTp COCTOUT U3 paboyeit (BOAOTIPUEMHOI) YaCcTH, HAN(DUIb-
TPOBBIX TPYO U OoTCcTOWHUKA. JTMHA HAT(PUIBTPOBBIX TPYO 3aBUCUT
OT KOHCTPYKUMM CKBaXUWHBI. Eciu GuiabTp pacrnojaraercss Ha Ko-
JIOHHE, TO Haa(pUJIBTPOBBIE TPYOBI SABJISIOTCS €€ MPOMOJIKEHNEM.
[Ipu MeHblIEM nTUaMeTpe HaA(MUIBTPOBBIE TPYOBI BXOASAT BHYTPh
SKCTJIyaTallMOHHOM KOJIOHHBI HE MeHee YeM Ha 3 M Tpu IiyouHe
CKBaXXWHBI 10 50 M M He MeHee 4eM Ha 5 M npu Oosblueit ry6uHe.
B 3a30p, obpazoBaBiIMiics MeXITy HUMM, YCTAaHABIUBAETCSI CATBHUK
W3 pEe3VHBI, NTIEHbKU, LleMeHTa U Op. [Ipu onpeneneHHBIX YCIOBUSAX
pOJIb CaJTbHUKA BBITIOTHSET CJI0¥ IpaBusi, 3aCHITAHHOTO MEXIy 3KC-
TUTyaTallMOHHOW KOJOHHOW U duabTpoM. BricoTa OTCTOHUKOB
B GUIBTPaX, Kak MpaBujio, npuHumaetcs 0,5—2 M.

Haubonbuiee pacnpocTpaHeHWE HAULIM 4YaCTHUIIE3adepXKUBa-
fotiie (hUIBTPHI, KOTOPBIE BKITIOYAIOT (OUIIBTPhI-KApKAChl ¥ (PHIIBT-
pBl C JOTIOJIHUTENBHON BOJONPUEMHON MTOBEPXHOCTHIO. B 3THX KOH-
CTPYKUUIX 3@ deKT nmpeaoTBpalleHUsT NMECKOBAHUS JOCTUTAeTCs
noa6opoM paszMepa OTBEPCTHS B Kopryce huibTpa OTHOCUTEITBHO
pa3Mepa yacTHl BOJOHOCHBIX MTOPOJ UJIW rpaBUHON OOCHITIKH.
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DuUnbTPHI C OTKJIOHUTEJIEM TpaBUSl XapaKTEPU3YIOTCS HATUYHUEM
TaKHWX 3JIEMEHTOB BOJOTIPUEMHOMN MTOBEPXHOCTH, TIPU KOTOPBIX UC-
KJTIOYaeTCs MpsSIMOe HaJIOXEeHHEe BOJOHOCHBIX IMOPOJ WIM IpaBHii-
HBIX YaCTHULl Ha (UITBTD.

B rpaBUTalIMOHHBIX (UIBTPAX YCTPAUBAIOT IIMPOKHE BOJIOTIPU-
€MHBIE OTBEPCTUSI, B KOTOPBIX IPYHT YIEPXKHBAETCST OT BEIHOCA IO
IEeHACTBUEM CUJIBI TSIKECTH.

OCHOBHBIMH 3JIeMEHTaMU (DWIBTpa SIBJISIOTCS OMOPHBINH KapKac
M BOIOTIpUEMHast MoBepxHOCTh. Kapkac obecreunBaeT HEOOXOAUMYIO
MEXaHWYECKYIO TIPOYHOCTh U CIIYXXUT TIOAAEPXKUBAIOLIEH KOHCTPYKIIU-
et st prnetpytonieit mopepxHoctd. CHull 2.04.02-84* pekoMeHy-
10T CJICAYIOIINE THITHI KapKacOB: CTEPXHEBBIC, TPYOUAThIE C KPYIIIOi
M IeJIeBON nepcopaliveif, IraMIToBaHHBIE U3 CTATbHOTO JIUCTa. B Ka-
yecTBe (GMIBTPYIOLIEH MOBEPXHOCTH MPUMEHSIIOT IIPOBOJIOYHYIO 06-
MOTKY, IITAMITIOBAHHBIN JIUCT, IITAMITOBAaHHBIN JIUCT C OMHOM- MU
JIByXCJIOWHOMW TeCUaHO-TPaBUITHOIN OOCHITIKOI, CETKU KBaApaTHOTO
M TaJlyHHOTO TUteTeHust. I1pu 3a60ope HEOOMBIINX KOJTUYECTB BOIABI MO-
TYT IPUMEHSTHCS (PUIBTPHI U3 TIOPUCTOTO DEeTOHA.

KoHcTpyKumu ¢pUIbTpOB MpuBeneHbI Ha puc. 4.3. JInamerp pwib-
TPOB OTPEJEISIOT UCXOST U3 JebuTa CKBaXXMHBI, TTapaMeTPOB BOAO-
TTOIBLEMHOTO 000PYIOBAaHUSI U CKOPOCTU OBVKCHHUS BOJIbI B BOIOTIONb-
€MHBIX TpyDax, KoTopasi mpuHuMaeTcs He 6onee 1,5—2,0 M/c. MuHn-
MaNbHBIN auaMeTp ¢uiabTpa TNpoHMMAalT paBHBIM 100—150 MM
C YY4ETOM BO3MOXHOCTH TIPOBeIeHUS peMoHTa. PUIBTp YCTaHABIMBA-
10T Ha PacCTOSTHUM He MeHee 0,5—1 M OT KpOBJIM MOIOIIBHI TIIACTA.

BomnosabopHble CKBaxXXUHBI MCTIONB3YIOT ISt 3a00pa KakK Harnop-
HBIX (puc. 4.4), Tak 1 6e3HAMOPHBIX TTOA3eMHBIX Bol. Pasnuyator
CKBaXHMHBI JBYX THITOB: COBEPIIEHHEBIE M HecoBepleHHbIe. [Ton co-
BEpIIEHHOI MMOHUMAETCS TaKasi CKBaXXMHa, KOTOpasi BCKPBIBAET BO-
MIOHOCHBIM TOPU3OHT 10 TOJCTWIAIOIIETO BOAOYMOPHOIO IJIACTA.
Ecnm ckBaxXMHa 3aKaHYMBAETCS B TOJIIIE BOJIOHOCHOTO TiacTa, TO
OHa Ha3bIBAETCS HECOBEPIIEHHOM.

OcHoBHas 3amadya MPOEKTUPOBAHUSI COCTOMT B BBHIOOpE paLMoO-
HaJTbHOTO THITA M CXEMBI CKBaXXMHHOM CUCTEMBI, T. €. B OTIPENCICHUU
OTITUMAJTLHOTO YHCJIa CKBAXWH, PACCTOSTHUI MeXIy HUMM, UX B3a-
MMHOTO pacrojIoXXeHUS] Ha MECTHOCTH, KOHCTPYKLIHiA dubTpa, Ana-
METPOB ¥ TPAaCCUPOBKHU TPYOONPOBOAOB, XapaKTEPUCTUK HACOCHOTO
000pyI0BaHUSA C Y4ETOM BO3MOXHOTO MOHMXEHUS YPOBHSI BOIBI
B CKBaXXMHaX. YKa3aHHBIC 3a[la4y PEIIaloT Ha OCHOBE TUIPOTreOsIOTH -
YeCKHX pacyeToB IO OMpeAe/ICHUIO 1e0UTa CKBaXXUH M TTOHMXKEHUS
YPOBHSI BOIBI B MPOLIECCE SKCIUTyaTaLlMU, a TAKXKe OLEHKU B3aMMHO-
ro BIUSTHUSA OTAENTBHBIX CKBAXXWH MPU COBMECTHOM MX pabore.
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Puc. 4.3. OcHoBHble cXeMbl KOHCTPYKIMil (HILTPOB BOJ03200OPHBIX
CKBAXKHH:
a, 6, 6 — Ha OCHOBE CTEPXKHEBBIX KapKacoB, TPYOUYAThIX KAPKACOB CO ILIEJIEBOM
niepdopaimeii ¥ TpyGUATHIX KapKacoB ¢ Kpyrioit nepdopaliueil; e — rpapuii-
Hble; ] — cTepXHEeBOH KapKac Ha OMOPHBIX KOJjibliax; 2 — LiesieBoil Tpyoya-
THII KapKac; 3 — TpyOuaThiii KapkKac ¢ Kpyrioit nepdopauuneit; 4 — npoBo-
JIoyHast 06MOTKa M3 HepXKaBelollei CTau; 5 — pbIxias o0ChINKa; 6 — orop-
Hble NPOBOJIOYHbIE CTEPXHM MOJ IPOBOJOYHYIO OOMOTKY W JIMCT;, 7 —
rpaBUitHast oGChHINKA B KOXYXe; & — JIUCT, IUTAMIIOBAaHHBIN U3 HepXaBelowei
crany; 9 — ornopHast MPOBOJIOYHAsI CUpaib; 10 — rpaBuitHblit Giok; 11 —
ceTKa M3 HepXaBelolleil CTajMu WiM JaTyHu; [2 — ceTKa NoAKJagHas
CHHTETHYECKAS



Puc. 4.4 Cxema NPHTOKA BOJbI K CKBaXKHHE:
a — COBepllieHHast CKBaXWHa; 6 — HecoBeplIeHHas! CKBaXWHa; | — (GUbTp;
2 — Kkonojell; 3 — BOAOHEMPOHMLUAEMBIi TUTACT (KPOBJst); 4 — HarmopHas
TUIOCKOCTb; 5 — BOHOHOCHBIN IUIAaCT; 6 — BOAOYNOp; 7 — AeNpeCcCUOHHAas
KpuBasi; 8§ — CTaTUYECKUIt YPOBEHb BOABI, 9 — ypOBeHb BOIBI IIPU OTKAYKeE

OnHOBPEMEHHO C pelIeHHEM 3THX BOMPOCOB YTOYHSIOT CXEMBI
pPacroJyioKeHUsT BOA03a0OpHBIX CKBaXXWH, UX YUCIO U Tull. Ilpu
TPOBEJIEHUU TUJIPOTEOJIOTUYECKHX PACUETOB B KaYECTBE UCXOJHOMN
BEJTMYMHBI TIPUHUMAIOT eOUT, COOTBETCTBYIOIIHI 3a0aHHOMY BOHO-
MoTpebIeHNIO, WIN MaKCUMAaJIbHBIN 1eOUT, KOTOPBI MOXET OBIThH
rojyyeH. B ob6oux ciyyasix pacyeTaMy YCTaHaBJIWUBAIOT pa3Mepbl
BOJ03a0OPHBIX COOPYXKEHMIT (TIyOMHY, AMaMeTp), YUCIIO, Pacroo-
XKEHHUE U IeOUT CKBAaXHWH NPU 3aTaHHOMN IUIMTEIBHOCTH 3KCIUTyaTa-
LIMU ¥ MAaKCUMAJIbHO JOITYCTUMBIX TTOHUXEHUSIX YPOBHS Boabl. Ha
OCHOBAaHMHW BapHAHTHBIX THAPOTEOJIOTHUYECKMX PACUYETOB paccMar-
PUBaEMBIX CXeM BBIOMPAIOT ONTUMAJIBHYIO.

I'unporeosiornyeckue pacyeTsl BOO03a00OPHBIX COOPYXKEHUI TTpO-
BOMSIT Ha OCHOBE 3aKOHOB ¢uspTpaumu. Paccmorpum obiume pac-
YeTHBIE 3aBUCUMOCTH JJIST OTIPE/ICJIEHUS pacxoja BoJbl Bogo3abop-
HOTO cOOpyXKeHUs. JeOUT CKBaXXUH B BOMOHOCHBIX MIACTaX MOXET
OBITh HAWHEH MO CACAYIOUIUM 3aBUCHUMOCTSIM:

HamopHeIX — Q = 2 n kmS, /R,

Oe3HamopHeIX — Q=2 n k on (2he — Sion)/R,
rae km —BOIOMPOBOJAMMOCTD SKCIUTYaTUPYEMOTO TuiacTa (3)1e05 k—
KO3(hGUUMEHT DUIBTPALMH; m — MOIUHOCTD TUIacTa); S, — MaK-
CHUMAJIBHOE JOITYCTUMOE TOHVIKEHHE YPOBHS MOJA3EMHBIX BOX; h, —
€CTECTBEHHAs1 MOILHOCTb TPYHTOBOTO 1MoToka; R = R, + B¢ — dub-
TpallMOHHOE COTIPOTUBJIEHUE, 3aBUCSIIEE OT TUAPOTEOJIOTUYECKUX
YCJIOBHii ¥ THITa BOL03a0OPHOIO COOPYXKEHUS (30eCh R — ruapasin-
YeCKO€ COTPOTUBJIEHHE R B TOUKE PACIIOJIOXKEHHUSI CKBAXXKUHBI; & —
JIOTIOJTHUTEJIBHOE COTIPOTHBIIEHUE, YUIUTHIBAOLIEe MUILTPALIMOHHOE
HECOBEPILLIEHCTBO CKBaXUHHBI; B = (,/Q — OTHOLIEHHE pacXofia pac-
cMaTpuBaeMoii ckBaxuHbl (, K 001ieMy pacxony Bogosabopa Q).

Benmumnbl R, R, ¥ £ MOryT OBITb OMpenesieHbl TONBKO MPU TOM
WY MHOM CTEMEHN JeTATU3aLUU THIPOTe0JOrMYeCKOil 00CTAHOBKH.
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JlonycTuMoe MOHMXEHUE YPOBHSA BOMbI B CKBaXHHE S, ONpele-
JISIETCSI 110 JaHHBIM OTBITHBIX OTKa4eK. [1pubIMKeHHO OTyCTUMOE
MOHWXEHUE YPOBHSI BOIBI MOXHO OTPENCTUTD CIESAYIOLIMM 00pa3oM:

6e3nanopubix — S, = (0,5—-0,7) h,—Ah,,.—Ahy;

Harnopuelx — S, ~ H,—([(0,3—0,5) m + AH,,. + AH,],
rae h, u H, — COOTBETCTBEHHO NMEpBOHaYalbHast [JyOMHa BOIBI 10
Bogoyrnopa (B Oe3HAImOpHBIX TOPU30HTax) U HATIOp Hal MOMOIIBOMN
ropu30HTa (B HAMOPHBIX IUTacTax); Ah,,. u AH, , — MakcuMajbHas
ry6MHa MOTPYXKEHUSI HACOCOB (HMKHEN €ro KPOMKHU Mo TUHAMU-~
YECKMI ypOBEHb B CKBaXuHe); Ahy, U AH, — moTepu Haropa Ha
BXOJI€ B CKBaXXHHY; M — MOIIIHOCTb HaITOPHOTO TIJIaCTa.

4.1.4. WaxTHblie konoaubl

IllaxTHBIe KOMOAOLBI (pUC. 4.5) MPEACTABISIOT COO0M BEPTHKAIb-
HYI0 BBEIpabOTKYy, MOMepeyHOe CeueHUe KOTOpPOi MMeeT OoJblIne
pasMepbl MO0 CPaBHEHUIO CO CKBaXXWHaMU. [IpUMeHeHHUe MaxTHHIX
KOJIOAIIEB OrpaHUYEHO 3KCIJTyaTaleit BOIOHOCHBIX TOPU30HTOB,
3aJIeralouux Ha HeOOMbIINX TIyOUHAX — 06bIYHO 20—30 M.

! 2

Puc. 4.5. Cxema maxTHOro KoJjoaua:
1 — oTMOCTKa; 2 — OroJIoBoK; 3 — 3aMOK; 4 — CTBOJ IIAXThl; 5 —
BOIOIPOBOAHAA 4acTh; 6 — 3yMnd

Konoamsl UCTIonb3yI0TC st 3a60pa BOIBI M3 Ge3HAMOPHBIX UITH
MaJIOHATIOPHBIX BOJOHOCHBIX IJIACTOB B CUCTEMAaX BOAOCHAOXEHUS
HEOOJNBILIMX MPOMBILLIEHHBIX MPEANPUSTAI U HACEJEHHBIX MyHK-
TOB. OHM COCTOSIT U3 CACAYIOUIUX KOHCTPYKTHMBHBIX 3JIEMECHTOB:
OroJIoBKa, CTBOJIa, BOJAOTOABEMHOMN YacTH U BOJOCOOPHOM YyacTu —
3ymricha. OTOI0OBOK CITYKUT [JIS 3aLUTHl KOJIOALA OT IMOMNajaHMs
B HETO 3arps3HEHHBIX BOA U MO3TOMY JOJIKEH BO3BBIIIATHCS HAl
MMOBEPXHOCTBHIO HE MeHee yeM Ha 0,8 M. CBepxy OH MepeKphIBaeTCs
KPBILIKOI, a BOKPYT KOJIOAILA YCTPAMBAIOT TJIMHSHBIN 3aMOK Ha IJTy-
6uHy 1,5 M ¥ OTMOCTKY JUISI OTBOAA BOIHI.

124



ITo ycnosusiM 3a00pa BOzbl U3 BOJIOHOCHOTO I1J1aCTa KOJIOALBI MO~
pasNesAoT Ha paboTarolnue THOM, CTEHKAMHU M OIIHOBPEMEHHO ITHOM
u creHkamu. Crioco6 npuemMa Bobl, a TakKe BU M COCTaB TTOPOJ BO-
IOHOCHOTO TUIacTa OMpPEAesIIoT TO WIM UHOE YCTPOUCTBO BOAOIPOHU-~
paeMoilt dunpTpyoulell MOBepXHOCTH Konoaua. JJHo kosoaua npu
MpUeMe BOIbl Yepe3 Hero o0OpynyloT rpaBUMHBIM (QUIBTPOM WITU
TTUTON U3 TToprcToro OeToHa. B cTeHKax Kojoaua Tpy npyueMe BOIbI
yepe3 HUX JOJKHBI OBITh YCTPOEHBI CITELIMAIBHBIE OKHA, 3aTOJTHEH-
HBI€ TPAaBUMHBIM (DUJIBTPOM UM TTOPUCTBIM OETOHOM.

3ymrnd nipenycMatpuBaeTcsl pyu HEOOXOAUMOCTH CO3IaHUS B KO-
JIOALIE HEKOTOPOTO 3araca BOJBI.

Ilo Buay Matepuana 1axTHbIE KOJIOALBI ObIBAIOT IEPEBSIHHBIMU,
N3 KaMEHHON ¥ KMPITUYHOM KJIaAKU, a TaKXKe OETOHHBIMU U XeJje-
300eToHHBIMU. [locnenHue jyytire BceX IPYruxX COOTBETCTBYIOT Ca-
HUTApHBIM TPeOOBaHUSAM U 0oJiee NOATOBEYHBI, TO3TOMY B MPaKTH-
K€ BOIIOCHA0XEHHUS B HACTOSIILEE BPEMS IPUMEHSIIOTCSI B OCHOBHOM
KOJIOALIBI U3 XeJe300eTOHHBIX KoJiell (puc. 4.6).
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Puc. 4.6. KoHCTpyKuusi mMAXTHOrO Ko0JoaHa H3 cOOPHBIX Kese300eTOHHbIX
KoJIeI;
a — TUIaH U pa3pes; 6 — JeTajib BONONPUEMHO YacTH; ¢ — TeJleCKOMuuecKasl
KOHCTpPYKLMA Kooaua; I — ¢bunbrp; 2 — Kosblia; 3 — BEHTHISLUMOHHAS TPY~
6a; 4 — 1eOGeHOUHOE KperuleH!e; 5 — IIMHAHBIM 3aMOK; 6 — IOHHas IUIUTa
U3 nopucToro GeToHa; 7 — BKJIAABIIIHN U3 MOPHUCTOro 6eToHa; 8§ — rpaBuiiHas
MOACKINKA;, 9 — METALTUYECKOEe KOJbLO OMYCKHOro npucrnocobneHus; 10 —
TaMnioH H3 OetoHa; [/I — webeHb;, 12 — rpaBuii; 13 — mecok
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TTpu HeoOXOAWUMOCTHU MOJYUCHUS 3HAYUTENbHBIX KOJTUYECTR
BOIBl YCTPAaMBAIOT HECKOJIBKO KOJIOALEB, pacIlOJOXEHHBIX B psi
MepNeHANKYISIPHO MOA3EMHOMY MOTOKY BOALl. Bona M3 KaXIOTo
KOJIO[ILIA TTOCTYMAeT MO TPYyOONpPOBOAaM B COOPHBIIH KOJIOEL, OTKY-
Jla TIepeKauynBaeTCsl B BOAOHATMOPHYIO GalIH0 UM Ha OYMCTHBIE CO-
OpYKEHHUSI.

4.1.5. Flopn3oHTanbHble BOA03a60pbI

T'opu3oHTaNbHBIE BONO3ab0pHh! (puc. 4.7) NMpeACTaBIsSIOT coboit
BOJIOCOOPHYIO TPaHIIEIO WX BOOOCOOPHYIO Tajiepero, 060pynoBaH-
HYIO JJ1s MpyMeMa BOIbl M3 BOJOHOCHOTO IIacTa U OTBOAA BOIbI
B MECTO PACIOJIOXKEHMST BOI03a00PHBIX ycTpoicTB. OHU MO3BOMSIOT
3KCIUIyaTUpOBaTh MAJIOMOIUHbIE BOJOHOCHBIE TIacThl. ['OpU30H-
TaJIbHbIE BOI103a00Opbl 0COOEHHO 3((EKTUBHBI IIPU PACTIONOXEHUU
BOJIM3U peK, 03ep U BogoxpaHUauiL. OHU MOSIBIJIMCE 3HAYUTEIBHO
paHblile BEpTUKAJIbHBIX BOJI03a00POB B CTpaHaX C 3aCYIUTUBBIM K-
MaToM.
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Puc. 4.7. TopuzonTanbHbiii Bogo3adop:
1 — ropuzoHTaILHBIE BOAOCOOPDI; 2 — cOOpPHBII Konofew; 3 — BOAOHOC-
HBIA nact; 4 — BOmOyTop

I'opuzoHTanbHBIE BON03a0OPHI YCTPAUBAIOT NIPU TJIYyOMHE 3ajiera-
HUSI BOIOHOCHBIX mopof a0 8§ M. ITpu 3HauuTebHOM JJIMHE BONO-
3abopoB 4yepe3 Kaxable 50 M ycTpauBalOT CMOTPOBBIE KOJIOMLIEI,
MpefaHa3HauYeHHBIE JJISI OCMOTpPAa, OYUCTKU, BEHTUJISIIMU, PEMOHTA
U B3SITUSI TIPOO BOJIBI.

Bonoc6opHblie Konoalbl, Kyla nocTynaetr coopaHHasi Boaa, oc-
HaUIalOTCsI HACOCHBIMU YCTAHOBKaMHU. B HUX MPOM3BOASAT 3aMep Je-
oura, oTbop NMpob, ocaxAaloT B3BELIEHHBIC YACTHULIBI.

Bun yctpoiicTB s 3axBaTta BOJABI 3aBUCHUT OT THAPOTEOJIOTHYEC-
KWX Y UHXEHEPHBIX yCJIoBUi. IIpocTeliIMM THIIOM TOPU30HTANIb-
HOro Bomo3abopa SIBASIETCS OTKPBITHIA IPEHAXHBIN KaHaJl — BOJO-
c6opHUK. OH MPUMEHSIETCST IS TIPOMBIIIJIEHHOTO BOJIOCHA0XEHUS
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-} CTPOMUTCS B BUIE OTKPBITON TpaHLIEHHOI BBIPAGOTKH, OTKOCHI KO-
TOpO¥ 060PYNOBaHBI NECYAHO-TPABUITHBIM (DUIIBTPOM.

ITpu 3a60pe HeGONMBIINX KOJIMUECTB BOABI [UTST MEJIKUX MTOTpeOHUTe-
Jieil U BpeMEHHOTO BOIOCHA0XeH s, a TAKXKe MPH TIIyOUHE 3aJeraHuns
TION3EMHBIX BOJ 2—3 M OT MOBEPXHOCTH 3€MJTH TIPUMEHSTIOT TPaHIIIeH-
Hble Bomo3abopbl. KamMeHHO-111e6eHOUHBIN Bomo3abop (puc. 4.8, a)
BBITIOJTHSIOT B TpaHIIIee, YKIaAbBasi (GUNBTPYIOIIME MaTepHaibl, pa3-
Mep KOTOPBIX YBEJTMYMBAETCSI K cepellMHe TpaHilen. CBepXy ero Ino-
KPBIBAIOT CJIOEM TJIMHBI, a8 3aTEM BBIHYTBIM U3 TPAHIIEH FPYHTOM.

aq 8

o) \n) =
Fel=

<
Ez(. ~ o

9
bl

Puc. 4.8. Tpanmeiinpie Bo103abopsi:
a — KaMeHHO-1UeOeHOUHBIH; 6 — TpyOuaThlif TOPU3OHTANIBHBIA; | — 06-
paTHasi 3achilKa TpaHIUeW MECTHBIM TPYHTOM; 2 — DIMHA; 3 — KpYIHbIE
Necku; 4 — rpaBuii; 5 — pBaHblit KAMEHb, 6 — IpeHaxHas Tpyba

TpyOuaTble TOpU3OHTaTbHBIE BOA03a0ophl (puc. 4.8, 6) ycrpau-
BalOT MPH MyOWHE 3aJieraHusl MOA3eMHBIX BoJ 10 4—5 M. B oTiin-
yye OT KaMeHHO-11eOeHOYHOTo Bofo3abopa BOMONPUEMHYIO YacTh
BBIMOJIHSIIOT U3 KEPAMUYECKHUX, aCOECTOLIEMEHTHBIX, XKeJie300eTOH-
HbIX, OETOHHBIX Y IJIACTMACCOBBIX TPYD, KOTOpbIe OOCHINAIOT DUIb-
TPYIOIIMM MaTepuajioM. B BomompueMHBIX TpybGax yCTpauBaloT
KpYIJible W IIEJEBbIE€ OTBEPCTUSI, PACIIMPSIOLIMECS BHYTPb TPYOHI,
a B Tpyb6ax OONbIUINX TUaMETPOB — OKHa-HHIIW. B ocTajbHOM YCT-
POMCTBO 3TOr0 BOm03abopa aHAJOTUYHO YCTPONCTBY BOJ03aOOpPOB
npeawlayiuero Buaa. I1pu ucrnoab3oBaHUU TPYO M3 MOPUCTOTO OETO-
Ha ¥ nojuMepbeToHa He HYXXHa (GUIIbTpyIolas 0OChITKAa WK AOC-
TaTOYHO YCTPOWCTBA OJTHOTO €€ CJIOS.

Bono3abopHsie rajepen (puc. 4.9) cTposT Npu IIyOMHaxX 3ajiera-
HHUS TIOA3EMHBIX BOI 10 6—8 M OT MOBEPXHOCTH IPH JIIOGBIX Te0JI0-
TMYECKUX U THIPOTCOIOTHUECKUX YCIOBUSIX IS KPYITHBIX TIOTPEOH-
Tesiel B OTBETCTBEHHBIX CUCTEMax BonocHaoxeHust. ['anepeto Bogo3a-
0opa BBIMOJTHSIOT U3 COOPHBIX OBAJOBUIHBIX WJIM TNPSIMOYTOJBbHBIX
XKeJIe300€TOHHBIX 3BEHBEB, UMEIOIINX WHPUHY 0,8—1 M M BBICOTY
1,2—2 M, ¢ y4eToM BO3MOXHOCTH ITpOXofia To rajepee. JIOTOK B HUX-
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Heit yacTu pu riyouHe He 6onee 0,5 M u mmpuHe 0,2—0,4 M obGec-
MeYMBAET CTOK COOPAHHOI BOJBI K MECTY €€ cOopa Mpu CKOPOCTSIX,
MCKJTIOYAIOLMX BHITIaJIeHNe B3BElIEHHBIX YacTHil. B Hacrosiiee Bpe-
MsT pa3paboTaHbl BOIOCOOPHBIE rajieper ¢ BOIOTIPHEMHBIMU SIEMEH~
TaMM U3 ITOPUCTOTO OETOHA.
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Puc. 4.9. Bono3abopnas rajiepesi 0BajJoOBHIHON (@) U NPAMOYroibHO# (0)
dbopm:
] — Xesnie306eToHHblE COOpHBIE 3BeHbsS Tajiepeu; 2 — NecyaHO-TpaBUIHBIN
00paTHbIi GuabTp; 3 — BOOONPHUEMHBIE OTBEPCTHUSI; 4 — JIOTKOBasl YacThb
rajepen; 5 — recyaHO-rpaBHiiHasl MOArOTOBKAa OCHOBaHUS rajepeu; 6 —
MOCTHUK [JISl TIPOXOAa 3KCIUIyaTaMOHHOrO MepcoHasa; 7 — CMOTPOBOIA
(BEHTHJISILIUOHHBIN) KoJoael]

LI L &L L

. I
Puc. 4.10. Bonoc6opHas mTosibHA NpAMOYrosibHoi ¢GopMbl ¢ BHYTPEHHUM
necyaHo-rpaBHiiHbLIM 00paTHBIM GUALTPOM (a) M Kpyrioi (0OBaIbHOI)
¢bopMbI ¢ paaHaANbHBIMH CKBAXKHHAMH-YCHIIHTENAMU (6):
1 — xene3zobeToHHasA oblenKa WTOJNbHHU; 2 — TMECYaHO-TPaBUIHBII 00-
paTHBIM GUABbTP; 3 — BOJOMPUEMHbBIE OKHa; 4 — ylIepXHBalollasi CTEHa
(peuieTka) ¢ CeTKOM; 5 — LUMypPbl MU CKBAXHUHBI C GUILTPOM
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Ipu rnybuHax Gonee 8 M BO3MOXHO NMPHUMEHEHUE TOPHU3OH-
TalbHOro Boxo3abopa B Buie¢ BOAOCOOPHON IITOJNBHU MPSIMO-
YrOJILHOM MM KpyTyiolt KoHpurypauuu (puc. 4.10). B otnuune
OT Trajiepeif ITOJbHU CTPOSIT MOA3EMHBIM (TOHHEJIBHBIM) CITOCO-
6oM mnpoxoaku. O6opynoBaHWe IITOJbHU aHAJTOTMYHO 06Opymo-
BaHUIO Taniepen. [1pu HEOOGXOOUMOCTHU TOBBILLIEHUS] BOAOIPUTOKA B
CTeHax WITOJBHU OypAT paauaNibHble WYp(Gbl UJIM CKBAXWHBI
¢ GUIBTPOM.

4.1.6. JlyueBble BOA03abopbl

JlyyeBble BOI03a0Opbl — 3TO CUCTEMA FOPU3OHTABHBIX MJIM Ha-
KJIOHHBIX CKBaXWH, KOTOpbIe COOMPAIOT BOAY U3 BOJCHOCHOTO [1J1a-
CTa U OTBOJAT €€ B LIEHTPATbHYIO BOJOCOOPHYIO KaMepy (IaxTy),
OTKYyZa BeleTcs OTKauka. Bomo3abop 3Toro TuIa ycTpauBalOT KakK
B MaJIOMOIIIHBIX TUIacTax (10 5 M), TaK M B IJIacTaX MOUIHOCTBIO 1O
20 M, KpOBJISI KOTOPBIX HAaXOOUTCS Ha TnyouHe mo 15—20 M oT mo-
BEPXHOCTH 3EMJTH.

B 3aBucHMMOCTH OT yC/IOBM pacTiosioXeHUs JydeBble Bomo3abo-
pbI OBIBAIOT Pa3IMYHBIX TUTOB (puc. 4.11):

MOAPYCJIOBOM — TOM HHOM peKM (C IIaXTOW Ha Oepery Wiau
B pyciie);

OeperoBoit — TpH PacroJIOXEHUH JIy4eBOTro Bogo3abopa Ha Oe-
pETy HelaJleKO OT PEKH;

KOMOWHUPOBAaHHBIM — KOraa Bom03abop HaXoAMTCA Ha Oepery
peKH, a JydyeBble GUIBTPH — KaK B O€peroBoi 30HE, TaK U MO
pyciioMm;

BOIOpPAa3AEJCHHbBIN — MPU PACTIOJIOXEHUU JIydeBOro Bono3abopa
BIAJIM OT UCTOYHUKOB ITUTAHUSI.
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Puc. 4.11. Cxembl ayyeBbiX BoA03a00poB B miaHe:
a, 6 — MoApYycCJIoBOi ¢ BOI03abOPHOM 1I1axToit COOTBETCTBEHHO Ha Gepery
U B pycCJie peKH; 8 — OeperoBoii; ¢ — KOMOMHUPOBaHHbII; 0 — BOAOpa3-
JENbHbINA; | — ropu3oHTaJbHbIE PaAHaAJIbHBIE CKBAXXHWHBI; 2 — BoAocGop-
HBIi1 Kosiozel (1waxra)
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B 3aBHcuUMOCTH OT criocoba ycTpoicTBa COOPHOTO KOJIOALIA U pac-
MTOJIOKEHUS Jydeil B BOJOHOCHOM IUIACTE OHM TOAPA3NEJISIIOTCS Ha
BOJI03a0OPBI C TOPU3OHTATBLHBIMM, HAKJIOHHBIMM BOCXOASILIMMU
1 HUCXOASLUMMHU, a TAKXKE MHOTOSIPYCHBIMU CKBaXMHaMH. OHU MO-
TYT OBITb KOMOMHUPOBAHHBIMM, €CJIH MpPeIycMaTPUBAETCST YCTPOii-
CTBO KaK HAKJIOHHBIX JTyyeil — CKBaXXWH, TaK U TOPU3OHTAIbHBIX.

IIpueMHBIH KOJioHell, pacloJIOKEHHBIN B IeHTPaJbHOU YacTH
BoJo3abopa, NMpegHa3HayeH He TOJBKO IS TIpUeMa BOABI U ycTa-
HOBKM COOTBETCTBYIOLLIEIO HACOCHOTO 000OpYNOBaHUSI, HO U IJIsI
MpoBeneHUsT paboT MO YyCTPOUCTBY Jydeit ckBaxXuH. OOBIYHO KO-
Jlofel YCTPauBalOT OMYCKHBIM CIMOCOO0M, B 0CO0O0 TSIKEJbIX yC-
JIOBUSIX — KECCOHHBIM crtocoboM. Ero BbicOTa 3aBUCHUT OT INTyOU-
HBI 3aJIeTaHUsI BOJIOYITOPHOTIO TUIACTA, a TAKXE OT TJIYOUHBI 3aJ10-
XeHUST Jydeil. BHyTpeHHMII AUaMeTp KOJoAlla NMPUHUMAETCS
B npenenax 1,5—6 M B 3aBUCUMOCTH OT 0DOpYIOOBaHUS IJISI yCT-
poiicTBa nyyeil M ycioBui akcriyaTaunuu. Konoaus! BEIMOJHSIOT
U3 c60PHOTrO U MOHOJIUTHOTO Xene300eToHa, a AJisl KOJOJALIEB Ma-
JIBIX IUaMETPOB MOXHO MCMOJIb30BaTh CTAJIbHBIE TPYOHI.

Yucio nydeBbIX CKBaXWH, UX JJIMHA, HaMpaBJieHUe U IIyOuHa
pPacroJioKeHUsI Ha3HA4YaloTCs B 3aBUCMMOCTH OT THIPOTEOJIOTHYeC-
KHX, CTPOUTEJIbHBIX, MHXEHEPHBIX U 9KCTUTYaTalIMOHHBIX YCJIOBUIA.

Cyl1eCTBYIOT pa3MUYHbIE CITIOCOOBI YCTPOICTBA TOPU3OHTATBHBIX
Jydeit-ckBaxXuH. i GONBUIMHCTBA 3THX CITOCOOOB ITPUMEHSIETCS
METO[l TPOIaBIIUBAHUST OTHEIbHBIX 3BEHbEB TPYO C MOMOILBIO IOM-
KpaToB, YCTAaHABJIMBA€MBbIX B IlIaxTe. YUYMTHIBas METOM MPOM3BOJ-
cTBa paboT MO NMPOKJIagKe APEH, HE PEKOMEHIYETCs YCTPOUCTBO JIy-
YeBBIX BOA03a00pOB B BOJOHOCHBIX TPYHTaX U3 KPYITHOTO TajleYHH-
Ka, C BKpalUIEHUSIMU BAJIYHOB WIHW TOABEPXCHHBIX CHJIbHOMN
KOJIbMaTallnH.

JvMHy BOaBIvMBaeMBbIX 3BEHbEB, OINPeeNIsieMyl0 pa3MepaMH IIax-
Thl, TPUHUMAIOT paBHO¥ 1—2,5 M. JluaMeTp BOaBIMBaeMBIX TPYO
cocrapysier 50—300 MM, a monHasa minHa gydya — 5—80 M. [Toxsem
BOJIBI M3 KOJIOALEB (IIAXT) JYYEBBIX BOA03a00OpPOB OCYIIECTBISIIOT
FOPU3OHTAJIbHBIMU WJIM BEPTUKAJIbHBIMA HACOCaMU, KPOME TOTO,
BO3MOXHO HCIOJb30BaHUE BAKYYMHBIX CUCTEM C TOAKIIOYEHHEM
BaKyyM-HacOCOB K YCTbIO TOPU30OHTaIbHBIX CKBaXUH. IlocienHee
0CO0EHHO BaXXHO ISl BOJI03aDO0OpOB, pabOTAIOUIMX B TPYHTAX C HU3-
KOl BoIoOTHavYel U B MATOBOAOOOMIIBHBIX TIJIacTaXx.

Ha puc. 4.12 npuBeneHa cxeMa JIydeBOro Bomo3abopa, pacrioyio-
>KeHHOro Ha Gepery peku. OH COCTOMT U3 GETOHHOTO ILAXTHOTO KO-
JIOAA U CUCTEMBI TOPU3OHTANBHBIX CKBaXHH. ONTUMaIbHOE YHCIIO
Jiyyeii MpUHUMAIOT paBHBIM 3—7. ITpH BEIOOpE OCHOBHBIX ITapaMETPOB
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JIy4€BOTO BOJI03a00pa HEOOXOAUMO YUUTBHIBATD, YTO €70 JEOUT HE TIpO-
TIOPUMOHAJIEH YBEJIMYEHUIO UTHHEI JIyyeil. YBeJlIMueHUe TIPUBOIMUT
K POCTY TUIPAaBJIMYECKUX COTIPOTUBJIEHUI, YMEHBIIAIOIIUX AeOUT BO-
no3abopa. OnHaKO B3aWUMOBJIMSTHUE JTydelt ¢ pOCTOM MX JUTMHBI YMEHb~
maercst. U3MeHeHUe IuaMeTpa JIydeBbIX IpeH U HApYXKHOTO IMaMeTpa
BOIOCOOPHOTO KOJIO1IA OKa3bIBAET MEHbIIIEE BIIMSTHUE HA NEOUT BOJIO-
3abopa, yeM U3MEHEHHE IUTMHBI, YUCJIA U 3arTy0JIeHUs] APEH.

2 5-6

78

Puc. 4.12. JIyueBoit Bogo3abop Ha Gepery peku:
a — TuIaH U pa3pes; 6 — obuias cxeMa; 1 — riyxas Tpyba; 2 — KOHell Tpy-
OBl ¢ OypoBOii ToJIOBKOIt; 3 — mepdopupoBaHHast ctajibHas Tpyba; 4 —
3aKJIAAHON naTpybok; 5 — obcagHag Tpyba; 6 — 6eToHHas Tpobka; 7 —
nutak; & — nokpeitde (acanst 3 cM, mecok 10 cm, rpaBuit 10 cM); 9 —
O6eToHHas oropa IMojx BOIOBOX

4.1.7. Kantax noa3emMHbIX BOA,

KiTioun ¥ pOIHUKM SIBJISIFOTCSL BBIXOIaMU TION3EMHBIX BOJ Ha IM0-
BEPXHOCTB 3eMJTH. YCIIOBHS BBIXOAa HCTOYHUKOB BECHMa pasHoOOpas-
HbI. 11 MCIIONBb30BaHUsl pOJHUKOBOM (KJII0UEBOi) BOMBI, OT/IMYa-
JolIeiicss BLICOKMMH TI0Ka3aTeIIMHM KayecTBa, IIPUMEHSTIOT KalTaXXKHbIE
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coopyxeHus. THUTIBI U KOHCTPYKLIMU MX 3aBUCSIT OT TMIPOreosoruyec-
KWX YCIIOBUT BBIXOAA POOHUKOB, MOIITHOCTH MCTOYHUKA, TONOrpahum
n apyrux dakropos. IIpu paccpelOTOYEHHOM BBIXOAE BOIBI BIOJIb
¢poHTa TIOTOKA KamTaX OCYLIECTBIISIETCSI C TIOMOLUbBIO TOPU3OHTAITb-
HBIX BOJ03a00pPOB KAMEHHO-11IE0EHOYHOIO WIM TajJiepeifHOro Tvma,
MPHU COCPEAOTOYEHHOM — C IMOMOLLBIO BOLOCOOPHBIX KaMep.

B 3aBMCHMMOCTHM OT YCJIOBMIf BbIXOJa HA MOBEPXHOCTb POTHUKU
GBIBAIOT IBYX THUIIOB — BOCXOAALIME W HUcxomsue. Hucxonsimme
HCTOYHHUKHU 00pa3yioTcs B MeCTax BbIXOJA Ha MOBEPXHOCTh BOHO-
HOCHBIX IJIACTOB, JIEXAIIUX HAa BOJOHEMPOHULIAEMBIX MTOPOJAxX; 3TO
MPOUCXOJUT Ha CKJIOHAX TOPHEBIX BO3BBHIIIEHHOCTE! W JOJHUH peEK,
OBparoB U 0ajnok.

Bocxonsiie poolHUKM 00pa3yloTcsi TPU BbIXONE HAIIOPHBIX BOJ
B MECTaX HApYIIEHUS LIEJIOCTHOCTH NMEPEKPHIBAIOIIMX UX BOOOHEIPO-
HHULIaeMbIX 1acToB. [Ipn HUCXOMAIMX POXHUKAX KATITaXXHOE COOPY-
JKEeHHUE pacroiaraeTcsi mepes MeCTOM UX MHTEHCUBHOTO Bbixona. I1pu
KarTaxe BOCXOISIIIIMX POIHUKOB BOM03a00OPHOE COOpYKEHHE pacrio-
JlaraeTcs HaJ BIXOJOM McTOYHUKA. KarnraxHble COOPYKEHUs pacro-
JlaraloTcsl Haj BBIXOIOM MCTOYHHMKA, OHU MOJIKHBI CTPOUTBLCS B MeC-
Tax, TI€ HET OMAaCHOCTH BOZHUKHOBEHUST OOBAIOB, TTPOBAJIOB, pa3Mbl-
Ba Y OMOJI3HEN BO U30exXaHHeE IMOTMAaNaHus B KanTax 3arpsi3HeHUI,
3aTOTJIEHUS MECTA €ro PacIoIOXKEHUs, a TaKkKe TTPOMep3aHHs.

TumnoBoit nipoekT, paspaboraHHblit [1O «MAHTEepBOMY», [UTS KanTa-
Ka HUCXOISIUUX PONHUKOB U3 BOIOHOCHBIX TIJTACTOB, TIPEACTABJICH-
HBIX IPaBUHHO-TAIEYHUKOBBIMH U TPELIMHOBAaTBIMUA MOPOAAMHU, TIPU-
BeleH Ha puc. 4.13, a. CoopyxeHHe BBHINOTHSIOT B BHAE KaMephl,
HUMEIOLIEH XeTe3006TOHHOE TIePeKPHITHE U JHUIIE, CTEHbI — U3 XKe-
JIe300€eTOHHBIX Kojiel. Boma B BOOONPUEMHYIO KaMepy MOCTYITaeT Yye-
pe3 BOOONpPHUEMHBIE OTBEPCTHS, OOCHINIAaHHbIE I'PAaBUITHBIM (UIIBTPOM.
C obeux CTOpOH KaMephl yCTPauBalOT BOMOYJIABJTMBAIOIINE CTEHKH U3
IUIOTHO YTpaMOOBAaHHOTIO INTMHUCTOTO TpyHTa. IIpocTpaHcTBO, 0Opa-
30BaHHOE CTEHKaMH, Tlepell BXOMHBIMA OKHAMH 3aTlOJTHSIOT MIECKOM.
Kamepy o60pyayioT pacxomgHo#, MepeJMBHON W BEHTHIALIMOHHBIMU
Tpybamu. B Tex cirydasix, Korma MOIIHOCTb BOMOHOCHOTO IjiacTa He-
3HAYUTEJIbHA, & BOAOYIIOPHBIN IUIACT PacIOJIOXKEH OJIM3KO K TOBEPX-
HOCTH, JHHUILE KanTaxa 3arjayosiioT B MOMOIIBY Iutacta. BesnmauHy
3arTyOJIeHUST ONPENESIIOT NCXOST U3 PACTIONOXEHHUS PACXOTHOM TpY-
OBl B BEPTUKAJIBHOM TJIOCKOCTH; Hall Tpyboit oOpasyeTcs CJIOH BOIBI,
obecrieynBaloLINif HAMOP, MOCTATOYHEBIM ISt JATBHEUIIIETO ee TPaHC-
MOpTUPOBaHUs. IS MaKCUMaJIbHOTO UCIIOJIb30BaHHST BOIOHOCHOTO
fy1acTa He0OOXOAMMO, YTOOB! YPOBEHb BOIBI B KalTaXXHOM KaMepe He
MpeBbILIAT OTMETKH MOJONIBBI IUIACTA.
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Puc. 4.13. Kantax uucxoasmux (a) u Bocxoasauux (6) pOAHHKOB:
1, 2 — nepenuBHas U pacxoaHast TpyObl; 3 — rpaBuifHas Npurpyska; 4 — Bo-
JOHOCHBIH MJacT; 5 — BONOMPHEMHBIE OTBEPCTHA; 6 — BEHTWIAUWOHHAS
Tpy6a; 7 — mecyaHas 3achilka; § — IPaBUifHasg OTCHINKA; 9 — TUIOTHO YT-
paM60OBaHHbBIN [TIMHUCTBIN IPYHT; 10 — BOIOHOCHBIH TutacT; /1 — BOXOYTop



Karrrax BoJabl M3 BOCXOASIUINX POAHUKOB MPOU3BOAUTCA Yepes
JTHO KamnTaXXHOTO COOpyXeHUs. TUTIOBOII MPOEKT TaKOro yCTpoicTBa
rnpuBeneH Ha puc. 4.13, 6. OHO TakXe BBITIOTHEHO U3 COOPHBIX Xe-
JIe300€TOHHBIX 3JIEMEHTOB. B OCHOBaHMH KaMepbl JICXKUT QUIbTPY-
OWUil MaTepran U3 rpaBus, raabku, mweoHs. [TonGop ¢unpTpy-
IOIIETO MaTepuasia POU3BOISIT U3 YCIOBUM, UCKITIOYAIOLIUX BBIHOC
MEJKUX YacTHLl B IPHEMHYIO KaMepy. B ToM ciydyae, ecnu Boia U3
KaTTaXXHBIX KaMep He MOXET ObITh MOJlaHa MoTpebuTesio caMmoTe-
KOM, NIPUMEHSTIOT HAaCOCHBbIE YCTAaHOBKH. JeOuUT KanTaxei onpene-
JISIETCSI Ha OCHOBE HaOJIIOEHU 32 PEXKMMOM TOJ3EMHBIX BO/L.

4.2. Coopyxenua ana 3abopa NOBEpPXHOCTHbLIX BOA,

4.2.1. OcHoOBHbIe onpeneneHus n knaccupukauusa
COOPYXEHUIA

Bono3abopHbIM coopyKeHUeM (MM BOL03a0OpOM) Ha3bIBAIOT
KOMTUIEKC TMAPOTEXHUUECKHUX COOPYXKEHUH, ClyKalIuX U 3ab6opa
BOJIBI U3 UCTOYHHMKA BOOOCHAOXEHMS, €€ TIPeIBApUTETIbHON OUUCT-
K# (0OBIYHO TpOLIEXXUBAHUEM BOMABI YePE3 CETKH) U MOJa4YH MO He-
006X0IUMBIM HAMOPOM B BOJOBOJBI (K MOTPEOUTEIIO UM HA OUMCT-
HBIE COOPYKEHUSI CUCTEMbI BOJOCHAOXEHHUS).

BopomnpueMHNKOM Ha3bIBalOT COOPYXKEeHNE, KOTOpOe MpeJHa3Ha-
YEeHO IS TIpUeMa BOIbl U HEMOCPEACTBEHHO B3aHMOJCUCTBYET
C PEYHBIM TIOTOKOM WJIN BOJOEMOM.

BonosabopHble coOOpy>K€HUST — OIHHU U3 OTBETCTBEHHBIX U JI0pPO-~
TUX COOPYXXEHUI CUCTEMBI BOJOCHaOXeHus1. CHaOXeHWe BONOM Io-
TpeduTeseil B 3HAUYUTEbHOU CTENEHU 3aBUCUT OT GecriepeOGoHOro
(GYyHKIIMOHUPOBAHUS BOJI03a0OPHBIX COOPYXEHUI COOTBETCTBY-
folIef MOITHOCTH, YTO BO3MOXHO TOJIBKO TIPH OCYIECTBIEHUH BO-
[103a00pa C yYETOM BCEX TIPUPOIHBIX YCTOBUM BOJOMCTOYHUKA.

Bono3zabopHble COOPYKEHUS KITACCUDULIUPYIOT: HO HA3HAHEHUN) —
XO3SUCTBEHHO-ITUTHLEBOTO WIH NMPOU3BOACTBEHHOIO BOIOCHAOXEHHS; 10
OOy 6000uUCMOYHUKA — PEYHBIE, MOPCKHE, BOTOXPAHIIMILHLIE; HO Me-
cmy pacnoaoxcenus eodonpuemrHuxa — OEperoBble U PYCJIOBLIE; nO npo-
uzeodumensiocmu — Maioit (Q, < 1 M3/c), cpenneit (Q, = 1-6 M3/c)
1 Gonbitoit (Q, > 6 M3/c) mpousBoanTensHOCTH (Q, — MPOU3BOIUTEb-
HOCTb BONI03a0opa); no cmenenu obecnewennocmu hodauu eodet — 1, 11
u IIl xateropuu; no komnonoexe ocHosHbIX coOOpyHceHuis 60003abopa —
COBMEILEHHBIE (KOMITIOHYIOTCS B OTHOM COODPYXEHWUHU) U pas3fesbHbIC
(KOMILIEKC COOpYKEHMI); no cmenenu cmayuoHapHocmu — CTallMOHap-
Hble U HeCTailMOHapHbIe (TU1aByque, QYHUKYIEPHBIE, MEPEIBIDKHBIC).
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Bonoza6opsr uist X03s1HCTBEHHO-TTUTEEBOTO W TTPOU3BOJACTBEHHO-
ro BOIOCHAOXeHUSs NEUCTBYIOT B TE€YEHHME BCETO rofa U, KakK MpaBh-
JI0, HE JOIyCKAIOT NMEPEPhIBOB B nojavye Bolbl. [1o xapakrepy Bomgo-
notpebaeHuss U Tpebyemoii obGecreYeHHOCTH FOJIayU BOJIBI BOXO3a-
OOpHEBIE COOPYKEHUS pa3nesioT Ha TpU Kareropuu (Tabi. 4.1).

Taonumga 4.1
Karteropun Bo1032a00pHEIX COOPYKEHHIA

Ka- Xapakmepucmuka o6ecre4eHHo- O6ecnedeHHocmb, %
meeo- cmu nodaqu 60dbl
pus pacyem- pacyemHo2o ypoeHst
8000~ HO20 pac- | 800kl 8 B0OOUCMOYHUKE
3a- xo00a e00b/
6op- 8 sodouc- makcu- MUHU-
HbIX MOYHUKe | ManbHo20 | ManbHO20
coopy-
KeHul
| [HonyckaeTcsi cHWkeHne noaayy Bo- 95 1 97

bl HA XO35UCTBEHHO-MUTLEBLIE HY-
xabl He 6onee 30 % pacuyeTHOro
pacxoaa BoAbl U H2 NPOU3BOACT-
BEHHble HyXabl A0 Npepena, ycra-
HaBNMBaEMOro aBapuiiHbimM rpadu-
KOM paboTbl NpeanpuATUA; Anu-
TENLHOCTb CHKEeHUS MoJ4Aa4U He
AomkHa npes.blwaTe 3 cyT. Mepe-
pbIB B Noaaye BOAb! UNW CHUXEHUe
NoAa"n HUXE ykasaHHOro npeaena
aonyckaetcsi He 6onee YeM Ha

10 My

Il [HonyckaeMoe cHUxeHue nogauu 90 3 95
BOAb! — TO Xe, 4To npu | kaTeropuu;
LNUTENBHOCTbL CHWKEHUA nojayuv —
He Bonee 10 cyT. MepepbiB B noaa-
Ye BOAb! UNWN CHWKEHNE HNXeE YKa-
3aHHoro npeaena — [0 6 4

Il | Nonyckaemoe CHuxeHne nogadu 85 5 90
BOAbI — TO Xe, 4To npu | kaTeropuu;
ANUTENBHOCTb CHUXEHUS Nogauu
BOAbI HE AOMXHa NpeBbiWaTh

15 cyT. Mepepbis B nogaye oAb
MNU CHUXEHWE NOAAYMN HUXKE YKa-
3aHHoro npepena — 0o 24 4

Mpumeyanne. O6GbegUHEHHBIE XO3AWCTBEHHO-NUTLEBLIE U NPOU3BOACTBEHHbIE CUC-
TeMbl BOOOCHAGXeHNst HaceneHHbiX fYHKTOB Mpu uyucne xwutened B Hux bBonee
50 TbIC. Yen. cnepyeT OTHOCKUTL K | kaTeropum; oT 5 o 50 Thic. yen. — ko |l kaTero-
puu; MeHee 5 Tbic. Yen. — k 1l kateropum.
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4.2.2. Tpe6oBanusa, npeabsBnsemMsie K Bogo3zabopam cucrem
BOAOCHabXeHus

Bono3abopHble COOpyKeHUST TOMXKHBI OOECTIEYUBATh MOJAYY BOIBI
MOTPeOUTENIO B HEOOXONUMOM 00beMe M TpedyeMOro KayecTea Npu
BCEX pacxojax U YpPOBHSIX BOABI B PEKE, HE MEHbLINX MUHUMAJIbHO-
ro pacyeTHOro.

Becriepe0oitHOCTb TTOAAYUM BOABI MPH BHIOPAHHON 0OecreyeHHO-
CTU JOJIXKHa OBITh FapaHTUPOBaHa TIPYU CaMbIX HEOJAronpusTHbIX
BO3MOXHBIX COUETAHUSIX TUAPOJIOTUYECKUX, TEXHOJIOTUYECKUX, LIy~
TOJICIOBBIX U APYTHUX YCA0BUiA. Bono3abopHEIE COOPYXEHUS NOXK-
Hbl: 00ecneunBaTh 3a00p M3 BOLOUCTOYHUKA MOTPEOHOTO pacxona
BOIbI U MOAAYy €€ TOTPeOUTENIO; 3alMIIATh CUCTEMY BOJOCHA0Xe-
HHS OT TIOMalaHusi B HEE COpa, BOAOPOCei, MIaHKTOHA, OMOoIoTHU-
4YyeCKUX oOpacraresieif, HAHOCOB, Jibla U T. M.; 3allMLIATh MOJIOIb
pPbIO OT MPOHUKHOBEHUST B BOLO3a00OPHbBIE COOPYXKEHUS.

HanexHocTb AeiicTBUS BOOONTPUEMHHUKA B 3HAYUTEIILHOM CTENeHU
ofnpeensieT HaAeXXHOCTh (PYHKIIMOHMPOBAHUS BCero Bomo3abopa
B LIEJIOM, TTO3TOMY BOJONPUEMHMUK HOJXKEH obecreynBaTh MpueM
BOJIbI M B OCJTOXKHEHHBIX YCJIOBUSIX: YMEHbIIEHUE TJIyOUH WM pacxo-
JIOB BOJIIbI B pycJie peKH; 0Opa3oBaHHUe BHYTPUBOIHOTO Jibla U UIYTH;
TPaHCMOPTUPOBaHWE MOTOKOM ILIYTH, COpa, HAHOCOB U T. I.; CYAOXOM-
CTBO; JiecOCIIaB; rrepehopMrpoOBaHUE pycila WM 1oGepexbs BOJIO-
eMa; HajleleoOpa3oBaHue, 3aTOPHI JAbAa U Ap.

BonoszabopHbie COOpyKEHHST X035ICTBEHHO-TTUThEBOTO Ha3Haye-
HUS JOJIXHBI YIOBJIETBOPSATh CAHUTAPHBIM TpeGoBaHUsIM. B MecTax
pPacroyoXeHUsT ITUX COOPYXEHUNA OPraHU30BbIBAIOT 30HBI CAHUTAp-
HOM oxpaHbl. Bono3abopHble COOPYXKEHUsT JOJKHBI OBITH TPOYHEI-
MU, ODOJTOBEYHBIMU, YCTOUYUBBIMU, MTPOCTHIMU B CTPOUTEIBCTBE,
YOOOHBIMU B 3KCITJIyaTaUMU U 3KOHOMUYHBIMU. UIX HEoGXommMmMo
MPOEKTUPOBaTh TaK, 4YTOOBI pacrnoyioxxeHue, dopMa U pasMepsl
obecrieynBany MaaBHOe OOTeKaHWE PeYHBIM ITOTOKOM, HaWMEHbIlIee
CTECHEHME pycjia U He BBI3BIBAJIU Obl ero rnepechopMUPOBAHUSI.

4.2.3. BbiGOp MecTa pacnonoxeHus U TeXHONOrn4yeckomn
cxeMbl BOgo3abopoB

Ipu npoekTHpPOBaHUM BOA03a0OPOB MPOBOMSAT: BEIOOP MecTa 3a-
6opa BOMBI, TEXHOJOTHYECKOI CXeMBI, THIIA BOJ03abopa U 06opyIo-
BAHUS; TMAPABJIUYECKUI pacueT BOA03aOOPHBIX COOPYKEHHU.

Ilpu BeIGOpE MecTa YYUTHIBAIOT THAPOJOTHYECKHE, TOTOrpadu-
yecKue, CAaHUTapHblE U SKOHOMHUYECKHE YCIOBUSA. BriOpaHHoe Me-
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CTO pacroJioXeHUs BoAo3abopa JAOKHO OBITh KaK MOXHO OIuxXe
K notpebutenio U obecrneynBaTh TpeOyeMbIif pacuyeTHBIN pacxon
BOIBI, HanbOJICce MPOCTON U elIeBhIi CITocob ee 3abopa.

Ucxonst U3 TMaAPOIOTHYECKHUX YCIOBUI BOIOTIPUEMHBIE COOPY-
KE€HUST pacrosiaratloT B TaKUX MeCTax, TI¢ He 0CaXXAaloTCs HaHOCHI
U TIyOMHa peku OoJibllie, T. €. Yy BOTHYTHIX OeperoB. IIpu saTom
HalO YYMUTHIBATh, YTO BOTHYThIE Oepera peKH MOABEPKEHBI pa3Mbl-
BY M pa3pylIeHHIO, a TIPSIMblEe YYaCTKW HEHaJeXHbI U3-3a 006pa3o-
BaHUs Ha HUX mepekaToB. Bomo3abopHbie COOPYXKEHHS HENb3sl
pacmojlaraTh y BBITIYKJIOTrO Oepera, riie NMpOUCXOJUT OCaKIeHUe
¥ IBMKEHUE HAHOCOB, B MECTaX BO3MOXHOTO 00pa3oBaHUS 1IYTH
Y TIOABOJHOTO JibJla, B aKBaTOPUH IBUXEHUS CYIOB, IJIOTOB, B 30-
HaxX 3UMOBbBS PbIO U T. 1.

Hcxonst u3 ronorpaguueckux ycaoBHil Bono3abopsl HeJlb3s pac-
T10J1araTh B 30HE 3aTOTUIEHUSI HA3eMHBIX COOPYXKEHU I MTaBOJKOBBIMHU
BOJIaMH (32 UCKJIIOUeHHEM KPUOOB), B CEICMUYECKUX U IPYTUX paii-
OHax, IIc BO3MOXHBI OTOJI3HEBBIE SIBJICHUS, B PE3YyJIbTaTe KOTOPHIX
MPOUCXOAMUT pa3pylLIEHUE COOPYXKEHUIA.

BaxHoe 3HaueHue Mpu BEIOOpE MecTa Bog03abopa UMEIOT CaHU~
TapHbIe ycaoBUs. MecTo 3a60pa BOJbI 1JIsT BOAONPOBOIA IMUTHEBO-
rO Ha3HaAYEeHUST JOJKHO HAXOAUTHCS BBILIE IO TEUEHUIO PEKU OT Ha-
CEJIEHHBIX MTYHKTOB, BBILIE BHITTYCKOB CTOYHBIX BOJ, BbIIIE CTOSTHOK
cynoB, 6apx. 3amnpelnaercs pasMellieHHe Bogo3abopa B aKBaTOPUU
TopTa, HUXKE MECT BITaJeHUs peK, PyYbeB, OBpParos, T. €. BoJ103abop
JIOJIXEH OBITh pasMEllEH BBILIE MECT BO3MOXHOTO 3arpsi3HeHUS
peKH. 3arnpeluaercst yCTpoilcTBO BOI03ab0pOB BOJIM3U KJIaIOUIILI.

Bono3zabop nomkeH UMeTh 30HY CAHMTAPHOI OXpaHbl, a TIPOEKT ee
W CAaHUTApHBIE MEPOTIPUSITHSI, TIPOBOAUMBIE B 30HE, JOJIKHBI OBITH CO-
IJIaCOBaHbl C OpraHaMu CAHUTAPHO-3MUACMHUOJIOTHYECKOM CITyXKOBI.

TexHoyornyeckass cxeMa BoJI03a0OPHBIX COOPYXKEeHUit, 0OBIYHO
BKJIIOYAIOLIAasi BOJAOIPUEMHUK, BOJOOYUCTHONU CETOYHBIN Koyiomell
M HACOCHYIO CTaHLIMWIO, BHIOMpAeTCd COOTBETCTBEHHO TpebyeMoMy
pacxony BOJIbl, KaTerOpUU BOA03a00pa, TMAPOJIOTUYECKUM XapaKTe-
PUCTHKAM BOOOMCTOYHUKA, ToMOrpapuueckKuM U reoorMyecKuM
YCIOBUSM, TPEOOBAHUSIM CAHUTAPHOW MHCIIEKUUU, OPraHU3aLUA
pBIOOOXpaHBI U BOOHOTO TpaHcrnopTa. [1pu BeIOOpe cxeMbl BOAO3a-
OOPHBIX COOPYXEHWI Hago YYHUTHIBAaTh U BO3MOXHOE YBEJTUYECHUE
Jnebuta Bogo3abopa B MEPCHEKTUBE.

st MOBBIIIEHUS CTETIEHW HALEeXHOCTH IMOauyy BOAbI B TEXHOJIO-
FUYEeCKOM cxeMe MpeaycMaTpUBalOT: CEKLIMOHUPOBAHHWE OTAETbHBIX
9JIEMEHTOB BOH03abopa; MpUMEHEHUE BOJOTIPUEMHUKOB CIel[MAJIb-
HBIX KOHCTPYKLIMI Y X IybIMpOBaHUE; ylydllieHUEe YCI0BUi 3a60-
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pa BOIBI M3 MCTOYHHWKA TMyTEM YCTPOWCTBA TJOTUH, MOABOASIINX
KaHaJIOB, KOBIIICH; MTPYMEHEHNE TOHKOCIOMHBIX MOAYJIEH U T. 1.

Bono3abopsl MaJioit U cpenHeit MomHocTH (1o 1—2 M3/c) obbiu-
HO ycTpauBatoT AByxceKIIMOHHBIMU (rmo CHull 2.04.02-84* yucno
CceKUMit, paboTaloIUX HEe3aBUCUMO, MPUHHUMAIOT HE MEHEEe IBYX).
B Bono3abopax 6oJibliIeii MOUIHOCTH YMCIIO CEKLIMHA MOXET OBbITh
MIPUHSITO MO YMCTy HacocoB. CeKIIMOHMPOBaHUE 00SI3aTeNbHO TSI
BOJONMPUEMHHUKOB, CAMOTEUHBIX BOIOBONOB, CETOYHBIX KOJIOAIIEB
¥ BOJOTIPUEMHO-CETOYHBIX OTHEJIEHWI HaCOCHBIX CTaHIINMA.

C yyeToM 0COGEHHOCTEH MCTOYHUMKA U YCIIOBHIT 3a00pa BOMBI BO-
03a60PHBIE COOPYXEHHUS MOTYT OBbITh MoApa3iaesieHbl Ha Gepero-
Bbl€, PYCJIOBBIE U CITellUAIbHBIE.

ITo oTHOUIEHMIO K pa3MELIEHMIO HACOCHOM cTaHUWU | mombema
pa3TUyaloT ABa BUAAa KOMITOHOBOK: pa3ie/ibHYIO U COBMEIIEHHYIO.

Br160op TOro miim MHOTO THUIA Bogo3abopa 3aBUCUT OT XapaKrepa
GeperoB (rojiorve WJIKU KpyThie), TJYOMH y Oepera BomoeMa, Kade-
CTBa BOABI B UCTOUHMKE, KOJIeOAaHUIT ypOBHEIl BOMABI 1O CE30HAM
rojia, BUIa U KaTeropuu rpyHTOB B MeCTe pa3MelIeHHUsT Bomo3abop-
HBIX COOPYKEHU.

st 60pbOBI C JOHHBIM JIBIOM U IIYTOM, a TaKXKe JJIST CHUXEHMS
coliep>XaHMs B3BECH B OTOMpaeMoit Bolie COOPYXaloT MCKYCCTBEH-
Hble 3aJMBbl — KOBLIKM. Ha pekax ¢ GOJbIIMM collepXXaHUEM B3Be-
CH PEKOMEHYETCS YCTpauBaThb BOJOTIPUEMHUKHU (PUIBTPALIMIOHHOTO
THUIAa, KOTOpBIE 3a0MpaloT Boay, Mpo¢UIbTPOBAHHYIO Uepe3 mnecya-
HO-TpaBUITHbIE MOPOJBI, caratouiMe 6eper v IHO BOIOUCTOYHHUKA.

B oTnenbHBIX clydasix CTPOUTEBCTBO OEperoBoro Bogo3abopa
COBMEIIIEHHOTO TUIa BEAYT B KOTJIOBAaHE Ha HEKOTOPOM pacCTOSTHUU
ot Oepera, a BOAY K COOPYXXEHUIO MOABOIST MO KaHay.

Ilp1 BpeMEeHHOM BOAOCHAOXEHUHU U IJISI OPOLIEHUST MOTYT TIpH-
MEHSIThCS TIJIaByYHE WJIM TEepeABUXHbBIE BOJI03a6OpHBIE COOpYXe-
HHS, COBMEILIEHHbIE C HAaCOCHOM cTaHuMei. OTMeTKa pacrojioxe-
HUS NMOHOOHBIX BOI03a60POB COOTBETCTBYET U3MEHEHUIO YPOBHS
BOJBI B UCTOUYHUKE, UTO TapaHTHUPYET BO3MOXHOCTbH 3a00pa BOJIBI
MPU MAJION Y MOCTOSSHHOM BBICOTE BCAaChIBAHUSI.

4.2.4. Bono3abopHble coopyxeHua 6eperosoro Tuna

Bomo3abopbl 6eperoBoro THMa MPUMEHSIOT MIPU OTHOCUTEIBLHO
KpyTOM Oepere, HAJTMYUM TIYOUH, 00eCeYnBaoNINX YCIOBUS 3a00-
pa Bonbl. X pacrnonaralot Ha ckyioHe Gepera ¢ IpueMOM Herocpen-
CTBEHHO W3 pycyia peku (puc. 4.14).
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Puc. 4.14. BonozaGopHsie coopykeHus 0eperoBoro Tuma:
a — COBMEILEHHbIN; 6 — pa3neNbHbIi

BonoszabopHoe coopyxeHue 6eperooro Tuna (puc. 4.14, 6) co-
CTOUT W3 BOAOTIPUEMHOTO Kojioaua / ¢ BXOAHBIMU OKHaMM 2, 060-
PYLOBaHHBIMU pELUETKAMU JJIA 33€PXUBAHUS OTHOCUTENIBHO KPYT-
JIBIX IpeAMETOB. BoronpueMHoe OTAENIEHUE pa3ieieHO CTEHKOM Ha
JIBe KaMephl: TIPUEMHYIO 3 M BCACHIBAOIIYIO 4, MEXIY KOTOPBIMH
HaxomsTcst ceTKU & CeTKHU MOTyT OBITH IJIOCKUE (MOIBEMHBIE)
Y Bpallaoluuecs (JICHTOYHBIE); BpalllalolIMecsl CETKH MTPUMEHSIOT
TIpY TIPOU3BOJAMTENBLHOCTH Bogo3abopa Gonee 1 m3/c. CeTku ciyxar
ISl 3afiepXXaHUs TUIAHKTOHA, BOAOpOcCeit, MeJIKoro copa u T. TI.
IIpoxonst yepe3 pelIeTKU U CETKHU, BOAA TIOABEPraeTcss MexaHuyec-
Koit ourcTke. HM3 BOJOTIPMEMHBIX OKOH pacriojiaraloT MUHUMYM Ha
0,5 M BhIllIe THA BoJoeMa, a Bepx He MeHee 0,2 M OT HUXHEIt KpoM-
KM JIbJIa U He MeHee yeM Ha 0,3 M HMXe YPOBHSI CaMbIX HU3KHUX BOJI
HcToyHWKa. Boma, mpourenias yepe3 ceTKH, 3abMpaeTcsl HacocaMu
5, YCTaHOBJIEHHBIMU B HACOCHOM 3aJie 6, Yepe3 BcacbIBaIOIINE TPY-
OBl 7 ¥ MOMAETCSI HA OYUCTKY WJIA K TTIOTPEeOUTEIO.

Hnsa obecrieyeHns GecriepedoitHOit pabOTHI COOPYKEHUS, a TaK-
K€ BO3MOXHOCTH TPOBEAEHUS €T0 OCMOTpPA, OUMCTKU U PEMOHTA
6e3 TnpekpallleHUs MoJayy BOAbI BOAJOTIPUEMHMK JEJISAT Ha CEKLIUM.

CoBMenieHMe HACOCHOI cTaHUMM | mogbeMa ¥ BOIOTTPUEMHOTO
COOpPYXEHUS TIpeIyCMaTPUBAETCS B 3aBUCUMOCTH OT aMIUJIUTYIbI
KoJie6aHHs BOIBI B HCTOUYHUKE, BCACHIBAIOILIEH CTOCOOHOCTH yCTa-
HaBJIMBAEMBIX HACOCOB, F€OJIOTUYECKUX M THIPOTEOJIOTUYECKUX YC-
JIOBUIA.

Ecv HacoChl UMEIOT 3HAYNUTEbHYIO BAKYYMMETPHUUECKYIO BBICO-
Ty BCaChIBaHMUs, TO MPEANMOYTUTENIbHEN pa3mebHBII TUTT BOIO3a-
GOpHOTO COOpyXeHUs (cM. puc. 4.14, 6). B aToM ciayyae yMeHbIa-
eTcs 3arybjaeHHe HAaCOCHOI CTaHLMH.
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Takast cxeMa KOMIIOHOBKHM BOJONPHUEMHUKA XU HACOCHOI CTaH-
uuu I moagbemMa peKOMeHIYETCs JUIST BOINO3aOOPHBIX COOPYXEHUH
HeBOJIBLION U CpeqHE TTPOU3BOIUTENLHOCTH — 110 1,5—3 M/c. Tlpu
COBMEIIEHHOM THUIIE aMILIUTYNa KojieOaHU ypOBHEN BOIBI MOXET
OBITH JTI00ast, MOUTHOCTb BOO3abopa — TaKxXe Jiiobast.

Ha BO3MOXHOCTb COBMEIICHHS BOHOTPUEMHHKA U HAaCOCHOM
CTaHILIMW OKa3bIBaeT BIMSHUE M BUI TPYHTa B OCHOBAHUU BOJ03a-
6opHoTrO coopyxeHus. [IpH HATMYUK CKATbHOTO TPYHTA, KOTJa UC-
KJTI0YAEeTCS BOBMOXKHOCTD Pa3HBIX MPOCagoK B OCHOBAHUH BOJOTIPH-
€MHHKa U HACOCHOM CTAHILIMU, UX MOXHO COBMECTHTH IT0 CTyIIeHYa-
Toit cxeme (puc. 4.14, a). Eciiu ke Geper COCTOUT M3 OCAIOYHBIX
TPYHTOB (MeCOK, CYTIMHOK, TJIMHA U T. T1.), TO BONOTIPUEMHHK U Ha-
COCHYIO CTaHIMUIO TIPU UX COBMELEHUU YCTAHABIMBAIOT Ha OMHOM
oTMeTke. B aToM ciyyae Hacocwl paboTtaioT noj 3aauBoM. [lon 3a-
JINB, KaK TpaBWIO, YCTAHABIWBAIOT HACOCHI Ha BOMO3abOPHBIX CO-
OpYXEHUSX BBICOKOM KaTeropuu 00eCTieYeHHOCTH MOJaY BOMBI.

IToMuMO pellIeTOK U ceTOK BOm03abop 000pyayeTcst 3KeKTOpaMu
WJIM HacocaMu ISl YAAJIeHUsI HAHOCOB, OCEBIIMX Ha JHE BOXOTIPU-~
€MHMKa, YCTPOUCTBOM [UISI BSMyYUBAHUS OCAIKa, TIPOMBIBHBIM yC-
TPONWCTBOM CETOK, MOABEMHO-TPAHCTIOPTHBIMM MEXaHU3MaMHU.

Hax BogonpueMHUKOM YCTpPauBalOT MaBUIIBOH I pa3MeEIeHUS
MEXaHU3MOB M BBINIOJHEHUS orepalinii, HEOOXOANMBIX TIPH KCIUTY-
aTauuu.

[aGapuTsl BOZONIPHEMHOTO KOJIOAIA, Pa3MEpHl €r0 OCHOBHBIX
3JIEMEHTOB U 000PYIOBaHUS OMpPENEISIIOT THAPABINYECKUM pacue-
TOM HJIM KOHCTPYKTUBHBIMHM U 3KCIUTyaTallHOHHBIMM COOOpaXKeHH-
ssMU. BoponpueMHUK HEOOXOAMMO TIPOBEPUTH Ha BCIUIBITHE, OIPO-
KUIBIBAaHWE M TIPOYHOCTD MPU JeUCTBUM 3aJaHHBIX PACUETHBIX Ha-
rpy3ok. 1o pacueTHOH MPOW3BOAUTENBHOCTH U PEKOMEHAYEMBIM
CKODOCTAM BTEKaHHMsl BOABI V,, PaCCUMTBIBAIOT pa3Mepbl BXOOHBIX
OKOH, TUIOILIaU CETOK, IMOTEPH HArlopa B peLIeTKaxX M CETKax, a Tak-
K€ IUaMeTphl BCACBhIBAIOIIMNX TPYO.

CyMMapHas TUIomanh oKOH (OpyTTo), CHaOXEeHHBIX pellIeTKaMH,
U TUJIOLIAAb CETOK U ONHOM CEKIIMU BOMOINPUEMHHKA, PACCUUTAH-
HOI Ha pacxonx BoJibl 0, MOTYT GHITH OTpeesIeHsI 110 (hopMyJIaMm:

miouanp peumerok A, = 1,25K ., - O/ V,;

rurowans cetok 4, = 1,5K . - O/V,,,
rae K, — xKo3hdULUNEeHT, YIUTHIBAIOUINIA CTECHEHHUE TPUEMHOTO
OTBEPCTUSI CTEPXKHSIMU PEIIETOK HIM CETOK M MPUHHUMAaeMBbIH
K..=(a + ¢)/a nna pewerok u K = [(a + ¢)/a]? ans ceToK (a —
pacCTOSTHUE MEXIY CTEPXHSIMHU B CBETY, CM; ¢ — TOJIIIMHA CTEPXK-
Heil, cM); V,, — CKOpOCTb BTEKaHHs BOAbI B BOZONIPUEMHBIE OTBEP-
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CTUS IS PELIETOK, OTHECEHHBIE K CXXAaTOMY CEYEeHUIO, IPUHUMA-
eMas 6€3 yyeTa TpeOOBaHHIT PbIOO3AIIUTH IS CPEAHUX U TAXKEITBIX
ycioBuil 3abopa Bonbl B Geperosble BOOOTIPUEMHUKM: B HE3ATOTUIS -
emeie V,, = 0,2—0,6 m/c; B 3atoruisiemeie V,, = 0,1-0,3 m/c. C yue-
TOM TpeboBaHu#i pbIbo3amuTHl NpuHUMalnT V, = 0,25 M/c Ha Bo-
JIOTOKax CO CKOpPOCTSIMM TeyeHus: He MeHee 0,4 M/c u 0,1 M/c Ha
BOJIOEMAax M B BOIOTOKAX CO CKOpOCTSIMU TeueHus mno 0,4 m/c. s
TSIKEJIBIX 1IYTOJIEAOBBIX YCIOBHUI CKOPOCTb BTEKAHUS BOABI B BOJO-
MpUEMHBIE OTBEPCTHUS cienyeT cHuxkath Ao 0,05 M/c. PacuetHyio
CKOpOCTb ITPOXOXIEHUS BOIbI Yepe3 OTBEPCTHUS CEeTOK TIPUHUMAIOT
0,2—0,4 M/c mnst mnockux cetok v 0,8—1,0 M/c mist Bpamaiommxcs.

PemeTkd ycTaHaBMMBAIOT B BOAOIIPUEMHBIX OTBEPCTUSIX BOJAOTIPH-
eMHHKOB. Perierka cocToUT U3 CBApHOM paMbl, U3TOTOBJIEHHON M3
LUBEJIJIEPOB MJIM YTJIOBOU CTamM, U CTEPXHEH U3 TOJIOCOBOM CTalnu
mpuHoit 40—80 MM M TommmHON 6—10 MM, pacnolOXeHHBIX Bep-
TUKAIBHO C pacCTOSTHUEM MeXay cTepxHamu 50—60 MM (puc. 4.15).
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Puc. 4.15. PemeTkH copoyaepKuBaiouue Ajis BOAOMPHEMHBIX OTBEPCTHI
pa3mepom 400 x 600, 600 x 800 u 800 x 1000 mMm

PelreTky 4acTo pacrnoiaraioT B BePTUKAIBHOM MIOCKOCTH B 60O-
KOBBIX CTE€HKax BojonpueMHuKa. IIpn pacrojioxXeHUU cTepXHel
peLIeTKM ITOA HEKOTOPBIM YIVIOM K HalpaBJIC¢HUIO TEYEHUS BOIbI
B peke, HanipuMep 135 rpam, cop U CKOMIECHUS IIYTH MPU He6GOTb-
IIUX CKOPOCTSIX BTEKAHUS BOABI MAJIO 3aCOPSAIOT PEIIETKY.

OyKCTKa pelreTok OT copa NMPOU3BOAMUTCS BPYYHYIO NMOCJE HX
ToabeMa U3 BoAbl. Bo3aMOXHA MX OYMCTKA IpaGiisiMHU C TTaBCPEACTB
WU co Jbaa. st npoMbIBa peIleTOK MpeaycMaTpUBalOT HEOOXOIHU-
Moe 000pynoOBaHHUE.
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Jl1s1 yCTaHOBKHM PELIETOK B OTBEPCTHUSIX BOMOTIPUEMHUKOB Hanb0-
Jiee 4acTO MCIIOJBb3YIOT HAMpaBJIsSiolNe U3 IBEJJIEPOB.

TexHUueCcKHe MEPONIPUATHUS TIO 3alIUTE OT 0OMEp3aHUs pelieTOK
BKJTIOYAIOT: 3a060p BOIBI C MAJILIMU CKOPOCTSIMU BTEKaHHS; TTOKPHI-
THEe peleToK THAPOhOOHBIMU 00Ma3KaMH, pEe3UHOI; 000rpeB pe-
1IeTOK (C TIOCTYIIJIECHUEM TIYTH B BOIONIPUEMHUK U B O€pEroBbIE CO-
OpyXeHHsI, 000pYIOBaHHBIE BPAILAIOIIUMMCST CETKaMH); KO3BIPHKH
M IUIaBy4YME 3aMaJHU Y BOMOIPUEMHUKA; BO3IYIIHO-MY3BIPbKOBbIE
3aBeChl; (PUITBTPYIOLINE BOAOTIPUEMHHUKH; COPOC TETJION BOIBI B pe-
KY Y BOIOTIpUEMHHUKA.

IIpy 3HAYUTETbHBIX KOJIEOAHUSIX YPOBHSI BOIBI B MCTOYHHKE
BXOIHBIE OKHA BOAOTIPHEMHMKOB pAcIoiaraioT B JIBa sipyca IUIs o~
JIyYEHUS YUCTON BOJBI.

B uiessix mpemoTBpaliieHUsT ToTaJaHus peid B BOI03abOpHBIE CO-
OPY>KE€HHSI BOAOTIPUEMHBIE OTBEPCTUSI OOOPYAYIOTCS PHIOO3AIIMTHBI-
MU YCTPOWCTBAMU.

CeTKH BOJOOYHCTHBIE CJIYXKAT JUIS 3allepXaHUS MEJIKOro copa,
rpouieauiero yepes pemeTku. CeTKH MIOCKHE ChbeMHBIE TTPUMEHSI-
10T TIPU MaJIO TIPOMYCKHOM CITOCOOHOCTH BOIO3a00PHBIX COOPYXKe-
Huit (mo 1 mM3/c).

CeTka COCTOUT U3 METAJUTMYECKOIN paMbl, U3TOTOBJIEHHOM U3 YToJj-
KOBOM CTaJI, K KOTOPOil KPEIUTCSI CETOYHOE MOoJIOTHO (pHc. 4.16).
PaGouee nosoTHO ceTkH ¢ stuenkamu (2 x 2)—(5 x 5) MM OT BeINy-
YHUBaHUS TONIEPXUBAETCS TTOJOTHOM CETKH C siueiiKaMM pa3Me-
pom 20 x 20 MM u Gonee. PaGouee MOJTOTHO CETKH BBIMTOJHAIOT U3
TOHKOM CTalbHOM HepXaBewliei MTPOBOJIOKH MJIU APYTOro KOppo-
3UOHHO-CTOMKOro Marepuaina (6poH3a, JIaTyHb), a TOAHEPKHUBaA-
J0lllee — U3 CTAJIBHOI OIIMHKOBAHHOW MPOBOJIOKU d = 3 MM.

s mpoMbIBa CeTKHM MOAHMMAIOT U3 BOABI, YCTAaHABJIWBAIOT
B BAHHY C 3KPaHOM M TIPOMBIBAIOT BPYYHYIO CTpyell BOABI M3
opanncnoiita. Ilepen mogreMoM paGoueil CeTKH Ha IPOMBIB B TTIpO-
eMe HUXHEI 4acTu MomnepevyHoi CTeHKH 6eperoBoro KoJjioaua, pas-
JeJISIIole MpUEMHOE M BcachIBalolliee OTAEIEHMS, JOJXKHA yCTa-
HaBIWBAThCA 3allacHasi CeTkKa.

HenocraTkoM MIOCKMX CETOK SIBISIETCS CJIOXKHOCTh MeXaHM3a-
UMY TIpOMBIBA. {11 MCKITIOUEHUST UX YaCTOI MPOMEIBKH B ITOJIOBO-
JIbe LeJIeCO0Opa3HO NTPUMEHSATh CETKY OOMblIIeit BBICOTHI, a P He-
0oJIBIION aMIUTUTYIEe KoJieGaHUS YPOBHS B peKe — Jaxke CeTKY Ha
BCIO BBICOTY CETOYHOTO MTOMEILICHMUSI.

CeTKHM JICHTOYHBIE BpAIAIONINECs TPUMEHSIOT JUIS TTPOLIeXHBa-
HUS BOABI ITPU MIPOTMYCKHOM CITOCOGHOCTH BOI03a0OPHBIX COOPYXe-
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HU# Gosee 1 M3/c, a TakKe MPpU CPENHUX TSIKENBIX U OYEHD TXE-
JIBIX TPAPOIHBIX YCIOBUSIX 3aCOPEHHOCTH BOJBI B UCTOUHHKE.
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Puc. 4.16. BogoouucTHas miockas ceTka /IS OTBEPCTHiH pa3MepoM
or0,4 x 0,6 10 1 x 1,25 m

Bpaiatonyecst CETKM COCTOAT U3 OTAEIBHBIX CEKIUM (paMOK BbI-
coToit oKoso 600 MM C CETOYHBIM TIOJIOTHOM), COEAMHEHHBIX LIap-
HUPHO MeXIy coboit ¥ 3aKpeIUIEHHBIX Ha IBYX 3aMKHYTHIX TPaHC-
TIOPTEPHBIX POJIMKO-BTYJIOYHBIX IIEsIX. Bo n3bexXaHue mpoTeKaHUs
HEOUMILIEHHOM BOIBI Yepe3 3a30phl MEXIY CEKLIUSIMU ITpEeayCMaTpU-
BalOT THOKOE MEXCEKLIMOHHOE YTUTOTHEHWE WU KO3BIPEK, KOTOPBIi
obecreynBaeT 3a30p C OChIO CEKLMU He O6osiee 3 MM. BpanieHue cet-
KU CO CKOpOCThio 3,5—10 MM/C OCyHIECTBISIETCS ¢ TTIOMOMUIBIO DJIEKT-
ponsurarens. [lepeman Ha ceTKe He JOJKeH IpeBbiate 0,15 M.

KauecTBO oUMCTKYM BOOBI OT COPA U 3arpsI3HEHUM, a TAKKe KOM-
IMOHOBKA CETOYHOTO IMOMEIEHUS B 3HAYUTEILHOM CTENEHH Orpeie-
JIAIOTCS CXeMOW IMOABOJa HEOUMILEHHON BOIBI K CETKE U OTBOAA OT
Hee npouexeHHoi. I1o criocoby moaBoaa v oTBOJa BOABI pa3ivya-
0T BpallaloUIMECS CETKHM TpeX OCHOBHBIX TUITOB (puc. 4.17).
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Puc. 4.17. Bpamaltommecs ceTku ¢ J000BbIM (@), BHemHUM (0),
BHYTpeHHHUM (6) H JIOOOBBIM BHEMIHUM (2) MOABOJOM BOJBI



IIperMyliiecTBO BpalialoOMIMXcsi CETOK B TOM, YTO TIOMBEM U TIPO-
MBIB CETOK MEXaHU3WPOBAHBI, a BKIIOYEHHE UX Ha MPOMBIB JIETKO
aBTOMAaTU3UPOBATh.

TTpoMbIBOUHOE YCTPOMCTBO, KOTOPHIM OOOPYNOBAHBI CETKH, CO-
CTOUT M3 TPYOBI C pacCeUBAIOIIMMK HacaaKamMu. Boay /st mpoMbIB-
K nopatot nox aasieHueM 0,3--0,4 MIla, pacxon nMpoMbIBHON BOIBI
cocrasnseT 520 /(¢ - M2).

4.2.5. Boao3abopHbie COOPY)XeHUS PYCAOBOro Tuna

Bono3abops! pyciioBoro THIa NMPUMEHSTIOT MIPY TIOJIOTOM Gepere,
Korma TpebyeMble mJist 3a00pa BOABI ITyOMHBI HAXOASITCS Ha 0OJb-
1IOM PacCTOSIHUHU OT Oepera.

Pycnoseie Bogo3abopsl (puc. 4.18) uMeOoT BOOONIPUEMHUKH 3,
pAacIToJIOXKEHHBIE B BOJJOMCTOYHUKE HA HEKOTOPOM PACCTOSIHUU OT
Oepera. BogornprueMHUKN COETUHSIIOTCS C GEpETOBBIM CETOYHBIM KO-
JjonueM 5, 000pYIOBAHHBIM CETKAMM JUIST TIPOLIEXXVBAHUSI BOMBI, Ca-
MOTEYHBIMU JIMHUSIMU 4 UM CUDOHHBIMU JIMHUSIMHA, KOTOPBIE MO-
TYT TIPUMEHSIThCSI BMECTO CAMOTEYHBIX IUISl YMEHbIIEHUS 3arybJie-
HUs TpyGonposonoB. M3 GeperoBoro Kojoaua BOAa HACOCAMH,
paCITOJIOXKEHHBIMU B HACOCHOM CTAHLIMU 7, TIO HATIOPHBIM BOJIOBO-
naM & omaeTtcsl K MecTy AajibHeiiiero ee norpebnenusi. Bogosabop-
HBIE COOPYXEHMST 000PYIYIOTCS KAMEPOI NepekodyeHust 9 1 Hamop-
HBIMU TpybornpoBonaMu 10 u 11 st BO3MOXHOCTH 110Aa4YH BOIBI Ha
TIPOMBIBKY PEIIETOK, PacMoOJIOXKEHHBIX Ha BOMOIPUEMHHUKAX, U ca-
MOTEYHBIX JIMHUIT 0OPaTHBIM TOKOM BOIIBI.

CudoHHbIe BOTOBOIBI AOMYCKAETCS MPUMEHATH B Bomo3abopax 11
u III kareropwuii, a mpuMeHeHHe UX B Bomgo3abopax I kareropuu
JTOJIKHO OBITH 060CHOBAHO.

Ha Bomo3a6opax I u Il xateropuii Morytr mpemycMaTpuBaTbCa CHU-
CTeMBI ITOIaY¥ TOPSTYE BOJBI, BO3MyXa, XJIOpa UJIK MEAHOTO KYITOpoO-
ca i IpeAoTBpalleHUsT 00pacTaHUs M 3aKYIOPKU PElIeTOK BOMAO-
NpUeMHHMKA Iyroil. Bo u3bexxaHue odbpacTaHuii peKOMEHIYeTCst 103a
XJopa Ha 2 Mr/n GoJiee XJIOPMOMIONIAEMOCTH BO/Ibl, HO HE MEHEE
5 Mr/n, a mo3a MenHoro Kyrmopoca 1—1,5 mr/n (cuurast mo Meau).
[TpomomXUTENBHOCTb U TIEPUOIUIHOCTD XJIOPUPOBAHUS TIPUHUMAIOT
TIPY XJIOPIIOTJIOIIAEMOCTH BOIBL: 10 3 MI/ — OCEHBIO M BECHOI1 B Te-
yeHue 7—10 nHeit; cBbiie 3 MT/J1 — ¢ Mast 10 OKTSIOPh B Te AHU, KOT-
Jla CpeHeCyTOYHas TeMrepatypa Bo3dayxa Beire + 10 °C. ITeproguy-
HOCTh 1 TIPOIOJDKUTEIBHOCTL KyTOPOCOBaHUS HA3HAYAIOT Yepe3 Kax-
Jible 2 CYTOK Mo 1 4acy.
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Bono3abopHble pycJIOBbIE COOPYXEHHUSI, KaK M OeperoBble BOI03a-
GOpBI, MOTYT OBITH pazaensHoro (cM. puc. 4.18) U COBMEIIEHHOTO
(puc. 4.19) Tunos.

PycnoBele Bogo3abopsl pa3lieIbHOTO THITA BCTPEYaloTCs yallie,
Tak KakK pa3jiMB BOABI B MaBOJOK IPU ITOJOTUX Geperax AOCTUTaeT
3HAYUTEbHBIX Pa3MEPOB, TTIO3TOMY HACOCHYIO cTaHlMo [ moanema
pa3MelIaloT BHE 30HBI 3aTOTUIEHUS, OTHECS €€ Ha HEKOTOPOE paccTo-
siHUe oT bepera.

CxeMa Bo103ab00PHBIX COOPYKEHHI YITPOIIAETCsI TIPU COBMEILICHUN
GeperoBOTo KOJIOAIIA M HACOCHON CTaHIIMM B OMHOM 3HaHUU. Takoe
COBMeLLEHHEe HEOOXOOAUMO TIPH TTPUMEHEHUHM HACOCOB C MaJIOi BBICO-
TOW BCACBIBaHUWS W aMIUTUTYIe KoJieGaHMsSI YPOBHSI BOOBI B peKe 00Jb-
e 6—8 M, a Takke, KaK IpaBHIIO, TIpH 060pyIOBaHUN BOI03a00PHEIX
COOPYXEHMH BpallaloIIMMHUCA ceTKaMM (CM. puc. 4.19).

OIHUM U3 OTBETCTBEHHBIX 3JIEMEHTOB PYCJIOBHIX BOI03a60OpOB
SIBJISIETCS BOJOTIPUEMHHUK, O0OeCIieuMBaOIIUI HaleXHBIN TpHeM
BOJBI, a TAKXeE 3alUTYy CAMOTEYHBIX, CU(POHHBIX U BCACBHIBAIOIINX
BOJIOBOAOB. PyciioBble BOMONIPUEMHUKH B 3aBUCHUMOCTH OT KaTero-
pUM BoJOMOAAYH U YCJIOBUI 3a60pa BOIBI MOAPA3IESIOTCS Ha 3a-
TOTJIEHHBIE, 3aTarIMBaeMble BBICOKMMM BOJaMM M He3aTaruiMBa-
eMBbIe.

B cucremax xo3g9i#CTBEHHO-ITUTBLEBOTO U TIPOU3BOACTBEHHOTO BO-
nocHabxeHUsT HanboJiee IMMPOKO MPUMEHSIIOT 3aTOIIEHHBIE BOJIO-
TIPUEMHUKH, UMEIOIINE HEBBICOKYIO CTOMMOCTh. OTHAKO HEBO3MOX-
HOCTb OCMOTpPa M OYMCTKH COPOYAEPKHUBAIOIIMNX PELIETOK BOMOTIPU-
€MHBIX OTBEPCTHIT TIPU BBICOKOM YPOBHE BOJIBI, LIYTO- U JIEAOXO/E
JleJIaloT UX HEOOCTATOYHO HameXXHBIMU IS obecrieueHUs becrniepe-
OoitHoro cHaGXeHUs Bo#oi norpedureneit. Ux HeobxonuMo obopy-
JIOBaTh CpeACTBaMM ISl HabJomeHui 3a paboToOi, ISt TIPOMBIBKHU
COpPOYAEPXKUBAIOIINX PelIeTOK, OOpEOLI ¢ 00eneHeHUEM M obpacra-
HUEM, a TaKXKe CPEACTBAMU 3allUTHI PbIO OT TPaBMUPOBAHUS U TO-
NajaHusl B BOOIONPUEMHUK.

ITo KOHCTPYKLIMHU 3aTOIUIEHHBIE BOIOMIPUEMHHUKU JEJATCS Ha He-
3alUIlIeHHbIE (IepeBSIHHBIE, CTalbHbIE, TOHKOCTEHHEIE, Xeje300e-
TOHHbIE) U 3alUIIEHHBIE, BBITIONHsIEMBIE U3 OeToHa U XeJie306eTo-
Ha. BomonmpueMHHUKHM pacriofaraloT, Kak MpaBWJIO, HUXE MHUHHU-
MaJIBHOTO PacyeTHOTO YPOBHSI BOABI He MeHee YeM Ha 0,3 M M HUXe
HUXHE KpOoMKHM j1baa Ha 0,2 M.

BononpueMHUK O0MXeH UMETh oOTeKaeMmyo ¢opMy M B Hau-
MEHBIIEH CTENEHN CTECHSTh CeUeHME TTOTOKA peKH BO M3bexaHue
BO3MOXHOT0 nepecOpMHUPOBAHUS PYyCiia peKu y BOT03ab0pHBIX CO-
OpPYXEHUH.
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KoHcTpykiust 3aTOnIeHHOTO BOAONIPUEMHUKA OTpeaeIsieTcss MHO-
MMM (HaKTOpaMH, TJIaBHBIE U3 KOTOPBIX: pacXod BoAbl (MTPOITyCKHast
CIOCOOHOCTh BO/I03a00pa); IITyOMHA BOIObI (MUHUMAJIbHAsT) B BEIOpaH-
HOM JUTS PacIioJIOXKEHHs BOOOIIPUEMHHMKA MECTE U YCTONYHUBOCTD pycC-
J1a; TEOJIOTUYECKHE U TUAPOTEpMHYECKHE (IIYTOJIe0BbIE) YCIOBHUS,
HaTHYHE B PEYHOM TIOTOKE COpa, XBOPOCTa, TOTLISIKOB, Kap4eil U T. I.;
XapaKTepHCTHUKA BOJIOXO3SIIICTBEHHOTO UCIIOJb30BAHUST pEKU — CYIO-
XOJICTBO, JIECOCILIaB U T. 1. KOHCTPYKIINIO BONOTIpUEMHHKA B 3HAYH -
TEJILHOU CTETIEHU OTIPEACIISIET ¥ IIPUHSITHINA CITOCOD €ro CTpOUTENIBCTRA.

HesammieHnsle BomornpueMHUKH (puc. 4.20, @) MpUMEHSIOT TIpH
JIOCTaTOYHO TITyOWHE U JIETKUX YCJIOBHUSIX 3a00pa BOIBI, T. €. TIPH 3a-
0ope BOIBI U3 HECYIOXOMHBIX U HEJIECOCIUIaBHBIX peK. s yMeHbliie-
HMST 3aCOPEHUST BXOAHBIE OTBEPCTHS 3aKPBIBAIOT pelIeTKaAMH U TTOBO-
pavYMBaIOT MO TEYEHUIO BOJEI.

ITpu 3ab0ope BoAbI U3 CYAOXOMHBIX U JIECOCIUIABHBIX PEK M TIPU
3HAYUTEIBHOM KOJIMYECTBE HAHOCOB, T. €. IIPH CPEIHMNX M TAXKEIBIX
yCNOBUSIX 3a060pa BOObI, TPUMEHSIIOT BOIONPUEMHHUKH 3allIMILIEHHO-
ro tumna (puc. 4.20, 6, ¢). OHU MOTYT OBITH QUIBTPYIOLIUMH (CM.
puc. 4.20, ). B aToM citydae He TpeOYyIOTCS TOMOJTHUTEBHBIE MEPHI
1o pbIOO3alINTe U 3aIIUTE OT BHYTPUBOIHOTO JIblIa, IIIYTH.

Hns npuema Gonbinx Kojaudects Boasl (1—1,5 m3/c u Gonee)
TIPUMEHSIIOT BOINONIPUEMHUKU C BUXpEBOil Kamepoit (puc. 4.21)
U mesneBble. OHM 00ecneuMBalOT paBHOMEDPHBIH 3a60p BOIBI B OT-
JleJIbHBIE TTaHEeJU BOAONPUEMHBIX OTBEPCTHI, a TaKXke paBHOMEP-
HBIH TIPOMBIB BCei TTOBEPXHOCTH COPOYAEPXKUBAIOIINX PEIIETOK.

BuxpeBsle BoAONIpHUeMHHUKHU OBIBAIOT ABYX TUIIOB — C 3aKPBITOM
U OTKPBITOM KaMepoif. 3akpbiTasi BUXpeBasi Kamepa (cM. puc. 4.21)
TIpeICTaBISIET COO0i BUXPEBOM KOJIJIEKTOP, PACTIONIOXKEHHBIN 3a BOAO-
TIPUEMHBIMU OTBEPCTUSIMU | ¥ UMEIOIIUI BXOIHYIO HIEJTb TTEPEMEHHO-
o ceueHUs mno uimHe. BuxpeBass KaMepa pacrmojilaraeTcsl B Xe-
Jie306eToHHOM Koprryce 3. KosiekTop uMeeT nepeMeHHOE CEYeHHeE o
JUTMHE U OOCTY:KMBAET HECKOJIBKO TaHeJIei BOIONPHEMHBIX OTBEPCTHIA.

B 3aTamimBaeMbIX BBICOKUMHM BOIaMU BOXOTIPUEMHHMKAX B OTJIU-
YHe OT ONMUCAHHEIX paHee NP MUHUMAJIBHBIX U MEXEHHBIX YpOB-
HSIX UMeeTCsl JOCTYIT K COPOYIEPXKHUBAIOLIUM pellleTKaM U phibo3a-
IIUTHBIM ycTpoiicTBaM. OIHAKO OHM 3aTPYIHSIOT UCITOJb30BaHUE
pEKU IS CYNOXOHACTBA M JIECOCIJIaBa U MOTYT NMPUBOAMTH K Tepe-
bopMHPOBaHUIO THIPABINYECKOTO PEXUMa PEKH.

He3saramnmBaeMele pyciioBble BOIOTIPUEMHHMKH (pHcC. 4.22) mprme-
HSIIOT B BOJ03abopax cpemaHeil U 6OJIbLIOH TPOU3BOAUTEILHOCTH ISt
obecrieyeHUs] BBICOKOI HaleXXHOCTU MOJAa4YM BOIBI B TSXKEJBIX MPH-
POMHBIX ycnoBUsAX. OHM yIOOHBI B 9KCIUTyaTallud, HO OYEeHb JIOPOTH.
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Puc. 4.20. Tunsl 0rojoBKos:
a — He3auMINeHHOro TUMAa; 6 — 3aL[UILEHHOrO THIA; 8, 2 — (QUIBTPYIOLLHE;
I — pewetka; 2 — pacTpy6; 3 — cTOsIK; 4 — Xeje306eTOHHas TUTUTA, Ka-
Mepa; 5 — caMOTe4YHBIit BOAOBON, 6 — OGCHIIIKA KPYIHBIM KaMHeM; 7 —
3arpyska (KaMeHb, TrpaBuif, 11eGeHb); & — noapUIbTPOBast KaMepa;
9 — crpyeHanpasagiomas Kamepa
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Puc. 4.21. 3aTonneHHplii BOXONPUEMHHK C BUXPEBOi KaMepoii:
1 — BonmonpueMHbIe OTBEpCTHS; 2 — BUXpeBast Kamepa (BOIOCOGOPHBIi KOJI-
JIEKTOp); 3 — KOPITYC XeJe306eTOHHEBIN; 4 — OTBETBIIEHWE HAa CAMOTEYHOM
BOJOBOJIE HA CJIy4aif ero OYMCTKHU

Camoreunbie B cudoHHBIE JIHHHH PYCJIOBBIX BOJ03a00OpPOB COEIM-
HSIIOT BOJOMIPHUEMHUKH ¢ GeperoBeIMU Kosonuamu. s o6ecrneye-
HUS HaIeXKHOU paboThl BOJ03a00OPHOTO COOPYXXEHUSI UX YUCIIO TTPU-
HUMAIOT paBHBIM YUCJY CEKLHI BOAONMpPHEMHHKA, HO HE MeHee
nByx. CaMOTeYHBIE JIMHUHM UMEIOT OTMETKM HUXE OTMETOK MUHM-
MaJIbHOTO YPOBHS BOJBI B UCTOYHHKE. X mpokmaneiBaoT 6e3 pe3-
KHMX TTOBOPOTOB U C MOCTOSIHHBIM YKJIOHOM He MeHee 0,001 B cTo-

POHY ABUXCHHUA BOABI ITPHU ITPOMBIBKE.
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Puc. 4.22. He3aTonsisiemslii pycioBoit BOZONPHEMHHK, pa3pe3 M IUIAH:
1 — camoteyHas ranepesi; 2 — BOAOIPHEMHEIE OTBEPCTHS; 3 — KpPaH MOC-
TOBO#; 4 — KOILIKa C Talblo; 5, 6 — MaKCUMaJIbHBIi 1 MUHUMAJILHBIA ypOB-
HM Jiefoxona; 7 — 3arojiHeHHe OETOHOM ITOAAOHHOrO IIPOCTPAaHCTBA
MOCJie OMYCKAHMS KECCOHA

BonmoBonbl NMpoKiIagbBalOT B TpaHIllee Ha TNIyOMHE HE MeHee
0,5M mo Bepxa ¢ TeM, YTOOBI OHM He OBUIM TTOAMBITHl TTOTOKOM
BOABI M TTOBPEXACHBI IKOPSIMU CYIOB U TUIOTOB. CBEpXY TpaHILEH,
B KOTOpBIE YJIOXEHBI TPYOOIPOBOABI, 3aCHINAIOT KaMEHHOM Ha-
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OpOCKOI1 MJIU YKPBIBAIOT XeJe300eTOHHBIMU TuTaMu. Kak npaBu-
JIO, CAaMOTEYHbIE€ JIUHUU BBHIMIOJHSAIOT U3 cTajlbHBIX Tpys. CHuMII
2.04.02-84* pmomyckaloT Takxke MPUMEHEHUE XKeae300€TOHHBIX
M TJIACTMACCOBEIX TPYO.

JuaMeTpbl caMOTEYHBIX U CU(OHHBIX BOJOBOMIOB OIpPEAEISIOT
10 Pacxoly B OAHOW CEKIIMM BOAONPUEMHMUKA TIPU HOPMAJIIbLHOM
9KCTUTyaTallMOHHOM pexume. CKOpPOCTh NBUXKEHUS BOIABI B HUX
npuunMaercst 0,7—1,5 M/c, HO He MeHee CKOPOCTH BOIBI B peKe.
KpoMe Toro, mpoBepsitoT NponyCcKHYI CIIOCOOHOCTD MPU aBapHii-
HOM peXuMme.

B mpouecce akcrutyaTauuM caMOTeYHbIe U CU(DOHHBIE JIMHUH,
a TaKX€ COPOYNEPXKUBAIOIIME PEIIETKU 3aTOTJIEHHBIX BOJOMPHEM-
HUKOB 3acopsiforcsi. IIpoMBIBKa peureTok OT copa M INTyOMHHOI
IIYTH OCYIIECTBJISIETCS, KaK MpPaBUIo, OOpaTHBIM TOKOM BOABL. JIns
3TOTO Ha BoA03abopax MperycMaTpyUBarOT MPUCOEIUHEHHE CAMOTEY-
HBIX U CU(OHHBIX BOIOBOAOB K HATOPHBIM JIMHUSIM HACOCHOIA
craHuM I mombeMa ¥ BO3MOXHOCTH BKJIIOYEHHS B paboTy pe3eps-
HBIX HACOCOB Ha TIEPUOJ TPOMBIBKH (CM. puc. 4.18) Mpu HEKOTOPOM
CHUXEHWH TOJaYH BOIBI MOTpeduTeNIo. ISl MPOMBIBKM PEIIETOK
M CETOK OOBIYHO TPeOYIOTCSI MEHBIITHE PACXObl BOIBI, YEM IS IIPO-
MBIBKM BOJIOBOIOB OT HAaCOCOB.

L1st TPOMBIBKY COPOYIEPKUBAIOHIUX PELIETOK, (PUIABTPOB U PhI-
003aIIUTHBIX KaCCET BOTONMPUEMHHKOB HEOOXOIUM Pacxoj BOIHI,
pasHblit (0,5-2)Q,, rne Q, — pacxon BoAbl, 3a0MpaeMBbIil Yepe3 BO-
JNIOTIPUEMHUK TIPU HOPMAJIBHOM pexXuMe BopomnoTpetieHus. I1pu
CHUJILHOM 3aCOPEHMH CETOK U PEIIETOK 1IeJIecO00pa3HO UCIOIb30Ba-
HHE UMIYJIbCHOTO MPOMBIBa, NpeioxeHHoro A.C. O6pa3oBCKUM.

HWmnynbcHBIN npoMbelB (puc. 4.23) nipenmosaraeT, 4yTo Koseba-
HUS1 MAacchl BOZIbI, HaXOASIIENHCs B CAaMOTEYHON TpyOe U B YCTAHOB-
JICHHOU Ha Hel mepel 3alBUXKOI KOJIOHHE, BBI3BIBAIOTCS € ITOMO-
LIBIO CPBIBA BaKyyMa, KOTOPHII paHee OBUT cO3/1aH B KOJIOHHE BaKy-
yM-HacocaMH. BOJTHOBOI MMITyJIbC OEHMCTBYET ¢ paBHOI CHUJIOH Ha
BCIO ILIOIIAAb BOJOMPHMEMHOTO OTBEPCTUS U OCBOOOXIAET €ro OT
IIYTH U COpa HE3aBUCHUMO OT CTETIEHH 3arpsi3HeHUS.

Hns obecnieyenus 3¢pHeKTUBHOCTH UMITYJILCHON MIPOMBIBKY Tpe-
OyeTcsl MPAaKTHYECKHU COBEPIIEHHAs! TePMETHYHOCTb BCETO BOJOIPO-
BOJSIIIETO TPAKTa, PACIIOIOXEHHOTO MeXIY KOJIOHHOUW U BONOIPU-
€MHBIMH OTBEPCTUSIMH. DTOT BMJA NIPOMBIBKM HEAOCTATOYHO 3hex-
TUBEH JUIS TTIPOMBIBA TOPU3OHTAJIBHBIX OTBEPCTUM, TIPUHUMAIOUINX
BOLY CBEPXY. B 5TOM cityyae MCTONb3yeTcs THAPOITHEBMATHYECKUIMA
CIoco6 MPOMBIBKM C ITOMOUIBIO MOJAYM B BOAHBIN MOTOK CXaTOTO
BO3yxa B KoiuyecTse 15—25 si/(c - M2),
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ITpoMBIB CAMOTEYHBIX BOTOBOAOB OT OTJOXUBIINXCS B HUX Ha-
HOCOB B OCHOBHOM OCYIIECTBASAETCS MPSAMBIM TOKOM BOIBI MyTEM
yBEJUYEHUST CKOpOCTEeil ee IBUXXEHUST B Tpybax B pesynbrare dhop-
CHPOBaHHOTO peXHUMa pabOThl HACOCOB U TTOOYEPENHOTO OTKITIOUE-
HUS OJTHOTO BOAOBOIA (B ABYXCEKIMOHHOM Bomo3abope) U Mpo-
IycKa BCEro NMoTpeGHOro pacxoma BOABI MO BropoMy. Takoit xe
peXUM XeJlaTeJIeH B NTaBOAKH U IT0JIOBOJbE TIPH BHICOKOH MYTHO-
CTH BOJIBI.

a)

|

JANEIDNS
\/V

t

Puc. 4.23. Cxema umny/ibCHO# NPOMBIBKH COPOYAEPKHUBAIOUIMX PEIIETOK
(a) n rpaduK u3MeHeHMs YPOBHA BOAbI B KojioHHe (6):
1 — KoJloHHa Ha caMOTeYHOM BOAOBOAE; 2 — MaTpybOK C 3aTBOPOM s
BMYCKa BO31yXa; 3 — BaKyyM-Hacoc; 4 — TpyOOINpoBOA JUTsi MPOMBIBKH pe-
LIETOK OOpPaTHbIM TOKOM BOAbI; 5 — caMOTe4HbIii BOmoBOL; Z; — CTONO
BOZbBI, MOAHATBIA BAKYYMOM

B03MOXHO npuMeHEHHEe THAPOIMHEBMAaTUYECKOTO TIPOMBIBA, KO-
TOPBIA OCYILECTBIAECTCS ToAayeil CXaToro BO3lyXa B IHOTOK BOJIBI
U 3¢¢deKTUBEH NPH HAIMYUH CHJIBHOTO 3arpsI3HEHHSI H KOPPO3HUOH-
HBIX OTITOXEHUH.

B oTHenbHBIX CIyYyasX BOJOBOABI MOXHO OYMIIATh MTPOTACKMBA-
HUEM 4Yepe3 HUX COBKOB H PLIXJIUTEJEH.

BeperoBbie ceTo4YHbIe KOJOAIBI YCTPAaWUBalOT BO BCEX BOIO3a-
OOPHBIX COOPYXEHHUSIX, €CJH CYIHEeCTBYeT HEOOXOIUMOCTh yCTa-
HOBKHM CETOK JUISL TIPOLIEXKMBAHHUS BOIBI C 1IEJIbIO 3ALIUTHl HACOCOB
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OT 3aKYINOPKH COPOM U obecrieyeHUsI OYUCTKU Bonbl. [ToaTomy
MpUMEHEeHWe GeperoBoro KoJofiia, 000pya0BaHHOTO BOAOOYMCT-
HBIMU CETKaMH, B cOCTaBe Bomo3abopHbix coopyxkeHuit I u Il ka-
Teropuu 06s13aTesibHO. st GeperoBBIX KOMOMIIEB HAUOOJIEE YaCcTO
MPUMEHSIOT TUIOCKHUE CheMHBIE BOJIOOYHCTHBIE CeTKU. HemomycTu-
Ma 3aM€Ha Ch€MHBIX CETOK IMMPUEMHBIMU CETKAMU WIU TTPUEMHBI-
MM KJIalTaHAMM Ha KOHIaX BCAaChIBAIOIINX BOJIOBOAOB, TaK KaK M3-
3a CJIOXXHOCTU MX OYMCTKHU BO3MOXHBI TIEPEPHIBBI B MTOAAYe BOIBI
norpeduresnio. B BogonpueMHble KaMepbl BoJa MOCTYMAET IO ca-
MOTEYHBIM UK CUGOHHBIM TpyborpoBoaaM. [Jist 3TOro Bomomnpu-
€MHBIe KaMephl YCTpauBaloT 3ariayoiaeHHBIMU. Hacochl ¢ ceToYHBI-
MH KOJIOALIAMU COEIMHSIOTCSI BCAaChIBAIOIIIUMHU TPYOONPOBOIAMH.
Hanuuue B cxeMe Bomo3abopa KoJIoALA C CETKOW IMO3BOJIIET CO-
KpPaTUTh JJIUHY BCAChIBAIOUIUX TPYOOTIPOBOJOB HACOCOB, BCJEM-
CTBHE Yero yJyyinaercsl paboTa HacCOCOB B MEPHOJ MycKa U OCTa-
HoBkHU. Komozen, Kak npaBuiio, pacrnojaraloT Tak, YToObl nepen-
HSISI CTEHKA pa3Melllajlach Ha He3aTaruiuBaeMoii orMeTke. Bokpyr
KOJIOZILIAa YCTPAauBalOT OOCHINIKY IIUPUHON 4—6 M.

Pa3MmepsI KoJs1o1a onpenesnisiorT U3 yCIoBUsS KOMITOHOBKH 000pyI0-
BaHUS, TIPU 3TOM 00BEM KaXI0i CEKLIMM KOJIOALA TOJKEH OBITh H0C-
TaTOYEH IS ITycKa HacocoB. OH nmpuHUMaeTcst He MeHee 30--35-kpart-
HOTO CEKYH/IHOTO pacxofla BO/IbI, 3a0MpaeMoil U3 CEKIIMW OTHUM Ha-
COCOM TP MUHUMAJIBHOM PacyeTHOM YPOBHE.

MUHUMAJBHBIH YPOBEHDb BOABI B 6€PEroBOM KOJIOLIE OIpeaesisi-
10T TUAPABIUYECKUM pAcCYeTOM NMPU MUHWUMAJbLHOM YPOBHE BOIbI
B BOIOMCTOYHHUKE, BHIKIIIOYEHUHN OIHOM U3 CEKIIUI BOMOTIPUEMHU-
Ka M JIpYTUX BO3MOXHBIX HEOJIATOTIPUSITHBIX YCJIOBUSX (3aCOpEHME
peleToK, obpactaHue BOJOBOIOB U JIp.).

OTMETKY IHUIIA GepeEroBOro KOJIo/1la OMpPenesioT U3 yCIOBUS
pacTIONIOKEHUS MOl MUHUMAaJTbHBIM PacyeTHBIM YPOBHEM BOJBI B KO-
JIO/ILIE BOJIOOYMCTHBIX CETOK HEOOXOMMMOit TUIoLaau. Bmecre ¢ Tem
BBICOTA CJIOST BOIBI B GEPEroBOM KOJIOMLE NOJDKHA OBbITh JOCTATOYHOMN
IJIST pacITOJIOXEHUS 10 MUHUMAJIBHBIM PACUeTHBIM YPOBHEM BOIO-
TIPUEMHBIX BOPOHOK BCACHIBAIOIIMX BOOOBOIOB. BepTHKanbHbIe BCca-
CBHIBAIOIIME BOIOBOABI AUAMETPOM d C TIpUEMHBIMU BODOHKaMH Ua-
MetpoM D = (1,3—2)d n mmuHoit L = (1,3—1,8)(D—d) monmxHbI
HMMETD 3ar1y0jieHHe BXOTHOTO OTBepcTUst He MeHee (1,5—2)D ¢ pac-
CTOSTHMEM OT OTBepcTHs 110 nHa He MeHee 0,8 D (puc. 4.24).

Bepx BOOJOOYMCTHBIX CETOK 1I€JIECOOOpa3HO pacrnojiarath B KO-
JIOAlIe 3HAYUTEILHO Bbllleé MUHUMAJIBLHOTO YPOBHS BOMABI, HATNlpH-
Mep Ha YpOBHE BBICOKOW MEXEHH, I TOrO 4YTOOBI GONBLIYIO
YacTh roja TpOLEXHWBAaHWE BOABI Yepe3 CEeTKY NPOUCXOIUJIO
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C MEHBIIMMHU CKOPOCTSIMH TEUECHUS BOIBI B suelikax ceTkd. Takoe
pellleHUEe MO3BOJISIET 06eCEeYUTh He TOJIBKO 00Jiee BBICOKOE Kaye-
CTBO OYMCTKH BOJBI Ha CETKaX, HO U TMOBBILIAET HANEXHOCTD Aei-
CTBHS CETOK B CJIy4yae IMOCTYIUIEHUS IIYTH Yyepe3 BOAONPUEMHUK U
BOIOBOJBI B 6eperoBoit Kosoneu. Han KononueM ycTpanBaloT rna-
BWJIBOH, CO3AIOLINI HOpMaJbHBIE TeMIIEpaTypHbIE YCJIOBUSI pabo-
TBI 060pyIOBaHUA.
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Puc. 4.24. 3arny0neHue BcachiBaIOMUX BOJOBOIOB, 000PYI0BaHHBIX
BOpOHKaMH (a), NpueMHbIMH ceTKaMHu (6) U BOPOHKO# ¢ auadparmoii (6)

IIpy 3HAYUTENBHBIX KOJIEOAHUSX BOABI B UCTOYHUKE U JOCTATOY-
HO ToJIoroM Gepere BO3MOXHO MCIOJIb30BaHWE KOMOMHUPOBaHHO-
ro Boio3abopa, B COCTaB KOTOPOTO BXOIST PYCIOBOM 3aTOTUIEHHBIIA
BOIIONTPHEMHUK U BOAOIPHUEMHBIE OKHA, pa3MelllaeMble Ha Tepel-
Hell cTeHKe GeperoBoro KoJIoaLa.

PycnoBoii BODONIpMEMHMK KCIIOJIB3YIOT B Te€YEHHE BCETO Toja,
a 6eperoBoif — TMPHU BBICOKMX YPOBHAX BOIBI B PeKe, Koraa o0ciy-
XHBaHUE PYCIOBOTO BOAOINPHEMHHKA 3aTPYIHEHO, a B HanboJjee
r1y0OKOM YacTH pyclia MepeaBUraeTcs OCHOBHAsi Macca NOHHBIX
Y KPYITHBIX B3BEIIEHHBIX HAHOCOB.

K crnenaqbHBIM BOI0O3aB6OPHBIM COOPYKEHUSIM MOTYT GBITH OT-
HeCeHbI BOJOTIPUEMHBIE KOBIIH, MEPeABUXHBIC U TUTaByYHE BOIO3a-
0OpBI, @ TAKXKE COOPYXEHUS Mo 3a60py BOABI M3 BOAOXPAHWIIHIIL,
TOPHBIX pEK U MOpEH.
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Bononpuemublii KoBml TIpefcTaBiaseT COOOH UCKYCCTBEHHBIN 3a-
JUB, 06pa3oBaHHBIN aMboi. [TpuMeHSIOT ero Wist 60pbObI € LIYTO
U JIS1 YACTUYHOTO OCBETJIEHHUS BOIBI.

IInaByune Bono3aGopHbie coopyKeHUs: TIPUMEHSIOT TSI BDEMEH -
HOTO BOJOCHA0XEHHUSI B YCIOBUSIX 3HAYUTENbHBIX KOJeOaHUI ypOB-
HST BOAbI B UCTOYHHUKE.

Y4yuThIBasi 0COOEHHOCTH PEXUMa TEUYEHUS TOPHBIX peK, TpeOyeT-
Csl TIPUMEHSITh CITELIAAIBHBIE KOHCTPYKIIMM BOOOMPUEMHUKOB. T1pu
3a00pe BOABI U3 BOAOXPAHUIUIL U MOpPEil HEOOXOAUMO YUUTHIBATH
BO3/IECIICTBHME BETPOBBIX BOJIH, SIBJIEHUSI CTOHA W HaroHa BoJbl, Oepe-
TOBblE TEYEHMUS, JICTOBBIC SIBJICHUS U T. [I.



Paspen 5. BooonoaroroBka

5.1. TpeboBauua, npeanvaBngseMbie K NPUPOAHLIM
BOAAM pa3siIndHbIMU BoaonoTpedurenamm

ITpuponHast Boga — CJIOXHasi, HETIPEPBIBHO U3MEHSIOMIASACS CH-
creMa. B cocTaB BOIBI BXOJSIT: COJIM, MPEUMYIIECTBEHHO B BUIE
MOHOB, MOJIEKYJI U KOMILJIEKCOB, OpraHUYeCKHe BEIECTBA — B MO-
JNEeKYIAPHBIX COEAUHEHUAX U KOJJIOMAHOM COCTOSIHUM; Ta3bl —
B BUJE€ MOJIEKYJI U THIPATUPOBAHHBIX COETUHEHU; TUCTIEPTUPOBAH-
HbIE€ IPUMECH; TMAPOOUOHTHI (IJIAHKTOH, OEHTOC, HEMCTOH, NTarOH);
GakTepuu ¥ BUpYyChbl. Bo B3BELIIEHHOM COCTOSTHUM B NPUPOJIHBIX BO-
Jax COIEepXaTcs MIMHUCTHIE, NecyaHble, THIICOBBIE M U3BECTKOBBIE
YaCTUIBI; B KOJJIOUTHOM — pa3jIMYHBIE BEIIECTBA OPraHUYECKOTO
TIPONCXOXIEHUS, KpeMHEKUCoTa, ruapokcun xenesa (I11), ¢ynb-
BOKWCJIOTBI, TYMaThl; B UCTUHHO PacTBOPEHHOM COCTOSTHUM Haxo-
JISITCSI B OCHOBHOM MMHEpaJIbHBIE COJIH, oboralaionme Boay HoHa-
mu. KauecTBO MpUpPOIHEIX BOA BeChbMa pa3HOOOPA3HO.

C TOYKM 3peHMST BOIOIOArOTOBKM HauboJjiee OOIMMHU U XapaK-
TepHBIMU TIPU3HAKAMU 3arpsSI3HSIOUIMX BOAY BEILECTB SIBJISIIOTCS -
¢dopMbl HaxoXIeHUsT X B Bome. Mcxong u3 sroro, JI.A. Kynbckum
TpeToXeHa KiraccuduKaums rpuMeceil Boabl, OCHOBaHHAsI Ha UX
¢$a30BOM COCTOSIHUM U AUCTIEPCHOCTH. DTa KIacCU(pUKALIUSA UMeEEeT
IMPOKOE MPAKTHYECKOE NTPUMEHEHHE, TaK KaK JaeT MpHUEMIIEMOe
000CHOBaHHE TEXHOJIOTHYECKUM TpHeMaM BogooOpaboTKH M Ipe-
clieayeT 1esb YIOPSIOYNUTh BEIOOP COCTaBa OYUCTHBIX COOPYXKEHMIA.
Bce npumMecu pasnesieHbl Ha YETHIPE TPYIIITHL.

ITpuMecH mepBoii rpynmbl — 3TO HEPACTBOPUMBIE B BOAE CYCHEH-
3UM ¥ 3MYJBCUM (@ TaKXKe IUTAHKTOH M GaKTepHH), KHHETHYECKH
HEYCTOIYMBLIE U HAXOJSIMECsT BO B3BELLIEHHOM COCTOSTHUU 6J1aro-
napst TMIpOAMHAMMYEeCKOMY BO3/IeICTBUIO BOAHOTO IOTOKA. B co-
CTOSTHUHM TIOKOST 3T B3BELICHHBIE BEIIECTBA BBINANalOT B OCAlIOK.

IIpuMecu BTOpOIi Tpynnbl — 3TO TUAPOGOOHEIE M THAPO(DUILHEIE
OopraHM4YecKWe W MUHepasbHble KOJJIOUIAHBIE YaCTHULIBI, 4 TAKXKE He-
pacTBOpUMBIE M HEAUCCOUUUPOBAHHBIE (DOPMBI TYMYCOBBIX Be-
IIECTB, ACTEPTreHTHI M BUPYCHI, KOTOpbIE TI0 CBOMM pa3Mepam OJn3-
KU K KOJUTOUAHBIM MPUMECSM.

IIpumecH TpeTbeil TPyNNbI — 3TO MOJIEKYJISIPHO PACTBOPMMEIE Be-
mecTBa (OpraHuyecKrue CoeaMHEHHS, PACTBOPUMBIE Ta3bl U T. I1.).

IIpuMecH 4eTBepTOil TPynmbl — 3TO BEIIECTBA, JMCCOLUMMPOBAH-
Hble Ha MOHBI.
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KoHUeHTpauusi OTAEAbHBIX NTpUMecel B BOJE OMpENessieT ee
CBOICTBA, T. €. KAYeCTBO BOAbl. Pa3nmMyaloT 1MoKa3aTesin KayecTBa
BONbI ¢pu3NYecKUe (TeMIieparypa, B3BellIEeHHbIE BElECTBa, 1{BET-
HOCTb, 3amnax, BKYC U Jp.), XUMHUYeCKHE (KECTKOCTb, IET0UYHOCTb,
aKTUBHasl peaklus, OKUCISIEMOCTb, CYXOi OCTaTOK U Ap.), MUKPO-
OGHOJIOTMYECKHE M TTapa3UTOJIOrMYECKHE.

Ina onpeneneHUS KauyecTBa BOJABI MTPOU3BOIAT pU3UUECKUE, XU~
MHWYECKHE, MUKPOOUOIOrMYeCcKUE, TTapa3uTOIOTUYECKNE M TEXHO-
JIOTMYECKHE aHau3bl B HanboJiee XxapaKTepHble ISt JaHHOTO BOJO-
HMCTOYHUKA NEPUOIBI TOa.

IMopsimok or6opa npob u3 ucroyHuka pernameHTuposan F'OCT
18963-73. BuiGop M olleHKa KayecTBa UCTOYHUKOB LIEHTPATU3UPO-
BaHHOIO XO3SICTBEHHO-TTUThEBOTO BOJOCHAOXEHUS TPOU3BOASATCS
B cooTBeTCTBUHU ¢ TpeboBaHuamu 'OCT 17.1.3.03-87.

Bri60p UCTOYHMKA TPOU3BOACTBEHHOI'O BOIOCHAOXEHUS [IEAET-
Csl C yY4eTOM TpeOOBaHUI, NTPEIBABISIEMBIX TTOTPEOUTEISIMU K Kaue-
CTBY BO/IBI.

Huxxe npuBoIsiTCSl psii OCHOBHBIX TTOKa3aTejleil KayecTna IMpU-
POIHBIX BOI U 3HAYEHUS UX JUIST HEKOTOPBIX TTOTpeOUTEEiA.

Temnepamypa TTIOBEPXHOCTHBIX BOJA MOJBEPXKEHA 3HAYUTENbHBIM
ce30HHbIM KosebauuaM (ot 0,1 mo 30 °C). Iloa3eMHbIE BOABI NME-
10T 6osee crabunbHylo Temnepatypy (8—12 °C). HaubGonee npuem-
JieMa JUIsl MUTBEBBIX HYXI Boaa ¢ Temrieparypoit 7—11 °C.

IIpospaunocms, MymHnocms u @3geuieHHble geujecmea XapakTepusy-
10T HAJIMYKE B BOJIE CYCNIEH3UPOBAHHBIX YaCTULL IeCKa, INIMHBI, UJIa,
TJTAHKTOHA, BOJOPOCJEil, KOTOphIe MONaaaloT B HEe B pe3yJibTare
9po3un 6eperoB, B3AMyUYMBaHHUS OCaaKa CO JHA C JOXIEBLIMU U Ta-
JILIMUA BOJAMHU U T. II.

IIpu GonbIIOM KOHLUEHTPALIMKU B3BEIIEHHBIX BEHIECTB B BOJIE
UX KOJUUYECTBO OTIPENENIIeTCS BECOBBIM METOJIOM, ITPU OTHOCH-
TEJIbHO HEOOJBIIOM COAEPXaHUMW B3BEIIEHHBIX BEIIECTB MPUME-
HSIIOT KOCBEHHBIN METOJ — ONpEeNesIioT MyTHOCTh Ha MyTHOMET-
pe, ¢oroanekrpokomopuMeTpe (OPDK) unu onpenensior npo-
3pavyHOCTb.

MYTHOCTh — XapaKTepHCTHKa, oOpaTHas Tnpo3payHocTy. IIpo-
3payHOCTb BOJIBI — 3TO MpeAesibHasi BLICOTA CTOJI0A BOABI (CM), ye-
pe3 KOTOpbI MOXHO YUTaThb TE€KCT, HAOpaHHBIA CTaHAAPTHBIM
mpugToM (Beicota OykB 3,5 mM). IIpo3pauHocTh MUTHEBOM BOIBI
JIOJXHA OBITE HEe MeHee 30 cM.

KonnyecTBO B3BELIEHHBIX BELIECTB B BOJE BHIPAXAETCS B MUJI-
JiMrpaMmax Ha JIUTp 0 KaOoJUHY (MT/J) WIM eQUHMUIIAX MYTHOCTH
o opmasuny (EM®D).
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B coorsercreun ¢ CanlInH 2.1.4.559-96 «ITuTheBast Boma» KOJIH-
YeCTBO B3BEUICHHBIX BEIIECTB B MMUTHLEBOM BOJE HE JIOJXHO MpPEBbI-
math 1,5 Mr/n. KoindecTBo B3BELIEHHBIX BEIECTB, KOTOPOE AOMYC-
KaeTCsT B BOZE, UCIOJIL3YeMOI [UIsl TIPOU3BOJICTBEHHbIX 1I€JIel, 3aBu-
CHT OT XapakTepa npou3ssoacTsa. Ha MHOTHX NMPOU3BOACTBAX MOXHO
HCITOJIb30BaTh BOIY C ropas3no OOJbLINM COIepXKaHUEM B3BEILIEHHBIX
BelecTB. B TO e BpeMs AJist HEKOTOPBIX TTPOU3BOIACTB XMMHUYECKOI,
TUIIEBOM, JIEKTPOHHON M APYTyX OTpacieit MPOMBILLTEHHOCTH Tpe-
OyeTcsl BoJla TaKOTO XXe WK 00jiee BHICOKOTO KayecTBna.

Llgemnocms 600b1, T. €. ee okpacka, obyc/oBieHa TIPUCYTCTBUEM
B BOJE T'YMYCOBBIX U NYyOWJIBHBIX BEUIECTB, XHUPOB, OPraHUYECKUX
KHUCJIOT W APYIvX OpraHu4yeckux coeqvHeHuil. Hapsiny ¢ aTum ok-
packa BOIbI MOXET ObITh BbI3BaHA IMPUCYTCTBUEM COCIMHEHUM Xe-
Jie3a, MapraHiia, CTOYHbIX BOJ HEKOTOPBIX MPOU3BOACTB UJH «IIBE-
TEHUEM» BOIOEMOB.

1LIBeTHOCTH NMTPUPOAHBIX BOI OOBIYHO OOYCIOBIEHA TYMYCOBBIMU
BelllecTBaMU. ['yMyCOBbIE BELIECTBA MOYBBI B TIPUPOIHBIX BOAAX Ha-
XOISITCSI BO B3BEIIICHHOM COCTOSIHUU, (hyJIbBO- U TYMUHOBBIE KUCJIO-
Thl — B KOJUJTOUTHOM U UCTUHHO PACTBOPUMOM COCTOSTHHUM.

LIBeTHOCTH BOA M3MepsieTCA B rpaaycax IIaTMHO-KOOaNbTOBOM
Kauel. s MUTHEBOIT BOABI OHa He JOJKHa mpeBbiinaTh 20 rpa.
LIBETHOCTD OTIPENEIISIIOT KOJTIOPUMETPUUECKH, CPaBHUBASK 1IBET TTPOOHI
C ITAJIOHAMU IIKAJIbl LIBETHOCTH, WIU TIPUMEHSIIOT (POTOIJIEKTPOKO-
JIOPUMETPHI U1 U3MEPEHUS ONTHYECKON TIOTHOCTH. OTaeabHbIe
BUIBI MPOU3BOJCTB MPEABSIBISIOT pa3inyHble TPeOOBaHUS K LIBET-
HOCTH UCITOJIb3yEMOI BOIBI.

ITlpuskycer u 3anaxu, BcTpevyaooumecs B IpUPOAHBIX BOJaX, MOTYT
OBITh €CTECTBEHHOrO WJIM UCKYCCTBEHHOrO MpoucxoxmaeHus. OHu
3aBUCAT OT XUMHYECKOTO COCTaBa MpUMeCe M TeMIIEpaTyphl.

3amnaxy ¥ MPUBKYCHI TPUOAIOT BOJE CEPOBOIOPO, COJIM XKeJe3a,
cynbdatsl KanblUUs (BSXKYIUUIA) U MarHUsl (TOpbKUIt), XJAOpUA Ha-
Tpust (CONEHBIN), OopraHu4YecKre BelecTBa (IPOMYKTHI KU3HEIesI-
TE€JIbHOCTU MUKPOOPTraHU3MOB U BOJHAS PAaCTUTENIbHOCTD), a TAKXe
cOpacbiBaeMble CTOYHBIE BOJABI OTHEIBHBIX TTPEATTPUATHMA.

K 3amaxaM ecTeCTBEHHOTO MPOMUCXOXIEHUS OTHOCSAT apOMaTH-
yeCcKUH (OTypeuHbli, [IBETOYHBIIT); OOJOTHBIN (MJIMCTBIN, TUHUC-
TBIi1); THUIOCTHBIN ((heKambHBIH, CTOYHBIN); APEBECHBIN, 3eMJTHC-
TBIH, TJIECHEBBI, PBIOHBIN, CEpOBOAOPOAHBIN, TPABTHUCTHIN U AD.

K 3amaxaM MCKYCCTBEHHOTO MPOUCXOXIEHUS OTHOCAT (PEHONb-
HBII, XJIOp(PEeHOTbHBIH, KaMpOPHBIH, OEH3WHOBBIH, XJIOPHBIA U JIp.

Paznuyalor yeTbipe OCHOBHBIX BKYCa: COJICHBINM, TOPbKHA, Ccllaa-
KUt M KUCbIHA. OcTanbHble 0COBEHHOCTH OTHOCSIT K TIPUBKYCaM.

160



VHTEHCUBHOCTD 3a11axoB U IIPUBKYCOB OMPENENSIIOT OPraHOJe -
THUYECKM U BBIPAXAIOT MO NATUOALILHON 1IKane. s MUTheBOM
Bonbl o HopmaM CaHITuH 3amaxu ¥ NpUBKYCHl HE HOJKHBI MPEBbI-
math aByx 6asuios npu 20°C.

Obwasn munepanruzayusa (cyxoit ocmamok) — 00I1Iee KOJUYECTBO
BeILECTB (KpOMe ra3oB), COAepXalIuXcs B BOJAE B PACTBOPEHHOM
cocTtostHUM. Cyxoil OCTaTOK IMONYYAlOT B Pe3yJIbTaTe BbITTApUBAHUS
MpodMIBTPOBAHHOM BOIBI M BHICYILIMBAHUS 3a€PXKaHHOTO OCTaTKa
J1o noctostHHO#M Macchl nipu 7= 110 °C. B Boae, MCTIONB3yeMOi ist
XO3SIHCTBEHHO-TMTUTLEBBIX LIENIEN, CYXOM OCTAaTOK HE NOIKEH MpPEeBbI-
matb 1000 Mr/n, B ocobbix ciyuasx — 1500 mr/n. Cyxoit ocraTok
JIMMUTHUPYETCS] TAKXKE B BOZIE, TIOCTYTIAIONIEH JUIS TIMTAHUS TTAPOBBIX
KOTJIOB, U B BOJ€, UCIOJIb3yeMOI B NMPON3BOACTBE KMHOTLIEHKH,
CUHTETMYECKOTO KayuyyKa | JIp.

Xnopudst u cyasghamer 6naronaps CBoei BBHICOKOH pacTBOpHU-
MOCTH TMIPUCYTCTBYIOT BO BCEX MPUPOAHBIX BOJaX OOBIUHO B BHIE
HATPHUEBBIX, KAIBIIMEBBIX U MarHUeBbIX coJieif. [Ipu 3HauuTENh-
HOM MX COAEPXaHUHU BOJAa CTAHOBHUTCS arPECCUBHOM MO OTHOlIEe-
HUI0 K OeTOHY. JINs1 XO351iiICTBEHHO-NTUTBEBOI BOABI ITpEeACILHO
nonyctuMoe coaepxauue xiaopuaoB Cl- — 350 mr/n, cynbdaToB
SO, — 500 mr/m.

Illenounocms 60061 onipeieNsieTCSi CYMMOI COZIEpXKAIUXCS B BOZE
TUAPOKCWIBHBIX MOHOB U @HMOHOB CJa0bIX KUCJIOT — YTOJILHOMA,
OpPraHUYECKMX, a TakKXe OMKapOOHATHBIX M KapOOHATHBIX WOHOB;
U3MEPSETCS B MT-3KB/II.

XKecmkocmos 600sr 0GYCIOBTUBAETCSA CO/EpXaHHEM B Hell coseit
KaJbUMst U MarHus. PaznnualoT KapOOHATHYIO XECTKOCTh (Kapbo-
HaTHble ¥ OMKApOOHATHBIE COIM KaJblIMS U MarHusl) U HekapO6o-
HaTHYI0 (HeKapOOHaTHbIE COJIM KaJIbLIUs U MarHusl — cyJabdatshl,
XJIOpUABI, HUTpaThl U Ap.). CymMa kapOboHaTHOW U HeKapOOHAaTHOMN
XECTKOCTU OMPENESIET OOIYI0 KECTKOCTD.

CoJi XXEeCTKOCTH He BPEIHBI TS 3[0POBbsS, HO MPUCYTCTBUE UX
3aTpYOHSIET MCIOJB30BaHWE BOABI IUIS XO3SIMCTBEHHO-OBITOBBIX
HYXI (IOTIONHUTEIbHBIN pacxoll MbUIa NMpPU CTUPKE, OTJIOXEHUE
0Ca/IkoB B Tpybax BOIOIMPOBO/IA).

OO6miast XeCcTKOCTh X035ICTBEHHO-TTUTHLEBOM BOABI HE AOJIXKHA
TIpEBBIIATL 7 MI-3KB/11, a B 0CODOBIX cityyasix — 10 Mr-skB/m.

KecTkasi Bojia HEMPUTOAHA IS TUTaHUS KOTJIOB, IMapOCUIIOBBIX
YCTAaHOBOK TETUIOBBIX 3JIEKTPOCTAHIIUI U TETUIOJIEKTPOLIEHTpaJIE.
KecTKoCTh BOIBI IMMUTHUPYETCS JUIST IPEATTPUATHIT OyMaXKHOM, TeK-
CTUJIBHOI MPOMBILIJIEHHOCTH, TIPYU TTPOU3BOACTBE UCKYCCTBEHHOTO
BOJIOKHA U Op.
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Kenezo u mapearney IPUCYTCTBYIOT B IMTPUPOAHBIX BoAax B ¢op-
Max, 3aBUCSIIIMX OT BeJIMUMHBI pH, OKUCISEMOCTH U comepXXaHus
Kucaopona. XKene3o MOXET HaxoqUThcs B (popMe IBYX- U TpEXBa-
JIEHTHBIX WOHOB, OPTraHWYECKMX U HEOPTaHWYECKHX KOJJIOUIIOB,
KOMIUIEKCHBIX COEIWHEHUN, B BUOE TOHKOMMCMEPCHOM B3BECH,
cynbduaa xenesa, rugpokcuna xenesa (II). B nonzemMHbIx Bogax
MPU OTCYTCTBUM KMCJIOpPOAA Xeje30 M MapraHel] BCTpevyaloTcs
OOBIYHO B (hOpME ABYXBAJIECHTHBIX COJici, B MOBEPXHOCTHBIX BO-
Jlax — B BHIIE OPTaHUYECKHUX KOMIUIEKCHBIX COCIMHEHH, KOJUTOU-
JIOB WJIM TOHKOJUCITEPCHBIX B3BECEH.

Bona, conepxalliasi TIOBBIIIEHHYIO KOHIEHTpALIMIO Xejie3a, He-
TIPUSITHA Ha BKYC, IPUUMHSIET HeyloOCTBa B OBITY, OKa3bIBaET BN~
SIHYA€E Ha TleYeHb, YBEIMUMBAET pUCK WHGApKTOB. M36HITOK MapraH-
11a BBI3BIBAET OKPACKY M BSIXKYILLIHI MPUBKYC, 3a00eBaHue KOCTHON
cucteMbl. [ToaToMy comepxaHue Xejle3a B IMTheBOM BOIE HE JIOJI-
XHO mipeBbIliath 0,3 Mr/m, a mapraHua — 0,1 mr/a. Comepxanue
XeJjie3a M MapraHila OrpaHUYMBAIOT B BOJE, UCIOB3YeMOH TIpH
NTPOM3BOJICTBE TIACTMACC, KUHO- M (HOTOMJIeHKH, OyMaru, B TeK-
CTUJILHOM, MUILEBOW MPOMBILLIEHHOCTH M IIp.

Axmuenas peaxyus 800bl SIBJISICTCS TIOKa3aTesieM ee IIeJJOYHOCTH
WU KUCJIOTHOCTH UM XapaKTepU3yeTcsi KOHIIEHTpalMeil BOTOPOIHEBIX
HOHOB.

Bona, mogaBaeMasi s XO3SHCTBEHHO-TTUTBEBBIX HYXI, JOIXHA
umeTb pH B npenenax 6—9. [Iyist Box 60JBIIMHCTBA TIPHPOMHBIX UC-
TOYHUKOB 3HaYeHUe pH He OTKIIOHSAETCS OT yKa3aHHBIX TIPEIeJIOB.

Oxucasemocms 600s: OOYCTOBIMBAECTCSI TIPUCYTCTBUEM OpPTaHH-
YEeCKUX U HEKOTOPBIX HEOPTaHUYEeCKUX MPUMECEH, TaKUX, KaK Xe-
ne3o (I1), cyabpuTsl, CEpOBOAOPOI U Ap.

Paznuyalor mepMaHraHaTHYI0 U OMXPOMATHYIO OKHUCIISIEMOCTbD.
T'OCTomMm 2874-82 «Bona mutheBasi» OKMCISIEMOCTb HE JIMMHUTHPO-
BaJIach. B CBSI3W ¢ BO3POCIIMM aHTPOINIOT€HHBIM 3arpsi3HEHHEM BO-
JIOEMOB U TIOBBIIIEHUEM OKHUCJISIEMOCTU MPHUPOAHBIX BOJ, CBSI3aH-
HOIf C IPUCYTCTBUEM XJIOPOPTAHUKH, MECTUIMIOB, repOUIIHIOB,
HedTenponykToB, 6eH3ona u ap., CaulluH 2.1.4.559-96 orpaHuun-
BalOT OKUCJIIEMOCTb MUTBEBOH Boabl 10 5 Mr O,/1. XapakTepHo,
YTO OKHCJSIEMOCTh BOJBI MOCJIE KOAaryJUpOBaHHUs, OTCTAUBaHUS
U QWIBTPOBAHUSI CHUXAETCS MEHBILE, YEM LIBETHOCTD.

OxuCAsieMOCTb TUMUTUPYETCS IJIS ITUTATENIbHOM BOJBI KOTJIOB
(13-3a BCTIEHUBaHUs), LIS OXJIaXNao1ed BOAbl (M3-3a BO3MOXHO-
ro 6uoobpactaHus TpyO W anmapatypsl), a TaKXe I BOABI, UC-
MOJIB3YeMOIA I U3TOTOBJIEHUSI CHHTETUYECKHX BOJIOKOH U HEKOTO-
PBIX TTaCTMAacC.
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Azomcodepicaujue coedurerus B TIPUPONHBIX BOJAX MOTYT GBITh
OpraHM4ecKHe U HeopraHuyeckue B Buae HuTpatoB NO,;~, HUTpU-
toB NO,~ 1 aMMoHUitHBIX coneit NH,*.

IToBbINIIEHHOE KOJIMYECTBO a30Ta B MPUPOIHOM BOIE B OpraHu-
YeCKHUX COeIUHEHMSIX WU B aMMOHHUITHOU (DOpMe CBUAETENILCTBYET
0 3arpsi3HEHWU BOJOMCTOYHUKA CTOUHBIMHM BONAaMM, KaK OBITOBBIMH,
TaK ¥ MPOU3BOACTBEHHBIMU. [103TOMY B MUTHEBOIT BOMIE HE AOMYC-
KaeTcs MIPUCYTCTBHE OPraHNMYECKOro U aMMOHUITHOTO a30Ta U HUT-
putoB. B cootBeTcTBUM ¢ yKkazaHHBIMU CaHIIuH B nmutheBoit Boae
cozepxanue HUTPaToB (1o NO;~) He DOIXKHO NpeBBIIATh 45 Mr/J1.

Dmop ABNSETCA AKTUBHBIM B OMOJIOTHYECKOM OTHOIIIEHUU MUK-
pO3JIEMEHTOM, COIepXKaHUE KOTOPOTO B MUTHEBOI BOJE MOJIXXHO
TIofaepXuBaThbes B nipenenax 0,7—1,5 Mr/n (B 3aBUCUMOCTH OT KJIH-
MaTU4eCKUX YCIIOBUIR).

Pacmeopennbie 6 600e 2azbt — KUCOPOM, YITIEKUCIBIN a3, CEpo-
BOAOPOM, METaH, a3o0T.

Yriexuciora, KMCJIOPOJ U CEPOBOAOPO IMTPUIAIOT BOAE TIPU OIl-
pelneNIeHHBIX YCJIOBUSIX KOPPO3UOHHBIE CBOMCTBA MO OTHOIIEHUIO
K OETOHaM M MeTaJljlaM.

YrnekucnoTa conepXXUTCS BO BceX MPUPOMHBIX Bolax. B 3aBucu-
Moctu oT pH oHa MoxXeT OBITH B BHIle PaCTBOPEHHOTO B BOJIE Ta3a
CO,, 6ukapbonar-nonos HCO;~, kap6oHar-1oHos CO,2~.

Kucnopon nmonamaer B BoAy IpU €€ KOHTAKTe ¢ BO3AyXoM. Pes-
KO€ CHHXEHHE COAEepXaHUS KHUCJIOpOJa B BOAE YKa3bIBaeT Ha e€e
3arpsi3HeHHe. PacTBOpeHHBIH B BoJle KHUCJIOPOI UHTEHCU(DULIUPYET
KOPpPO3MIO METaJIa, ITO3TOMY B ITUTATEIBbHOI BOJIE TETIJIO9HEPreTH-
YeCKHX YCTAHOBOK €ro KOHUEHTPALIVS CTPOro OrpaHUYUBAETCS.

CepoBonopos NpUIaeT BOIE HeNIPUATHBIN 3amnax, BbI3bIBa€T KO-
posuro Metasia. [lpucyrcreue H,S B x034iCTBEHHO-TIUTHEBOW BOJIE
He JOoMycKaeTcsl.

A30T B TIpMPOIHBIE BOMBI TOCTYIAaeT M3 BO3[yXa, a Takke MpHU
Pa3IOXECHUHM OPraHUYECKUX OCTATKOB U BOCCTAHOBJIEHUH a30Ta Jie-
HUTPUDULUPYIOIIUMHN OaKTEPUSIMU.

MertaH OOBIYHO NMPUCYTCTBYET B OOJIOTHHIX BoJax. B MpUpPOIHBIX
BOIAX, UCIOJIb3YEMBIX UISI BOIOCHAOXEHMSI, OH MOXET MPUCYTCTBO-
BaTh B HE3HAYUTEIBHBIX KOJIMUECTBAX.

Bakmepuu u eupycst MOTYT MHTCHCHBHO pPa3BUBAThCSI B BOJIE.
B coorBetctBum ¢ CaulluH 2.1.4.559-96 GesonmacHOCTh MUTHEBOI
BOJBI B SMUIEMUUYECKOM OTHOIIEHUM OMNpENEHsieTCsI €€ COOTBET-
CTBHEM HOPMaTHUBAaM MO MUKPOOUOJIOTMYECKHUM W MapasuTOJIOTH-
YyeCKHUM rnokaszateyasiM. st TMTbeBOI BOJbI ONPEAESIOTCS MUKPO-
Ouonoruyeckue rnokasaresm: odiee Mukpo6Hoe yucio OMY (xo-
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JIMYECTBO KOJIOHUI1 GakTepHii B 1 Mir) — He Gonee 50; obiume v Tep-
MOTOJIEpAHTHBIE KOIMIOPMHEIE BaKTepUH — OTCyTCcTBUE B 100 M
konugaru — orcyrcTBuue Onsimkooopasyromux eauHuil (BOE)
B 100 mn. TIpu oGHapykeHHUM B TOBTOPHOI1 pobe BOAbI BhILIETIEpE-
YUCJIEHHBIX 3arpA3HeHUi MPOBOMOSITCS UCCAEIOBAHUS HAa HaJMYue
MMaTOreHHBIX OaKTepHUil U BUPYCOB ONpenesieHueM LUCT JIAMOauit
(B MUTBEBOI Bome — OTCYTCTBUE B 50 J1 BOABI) U CIIOp CYIb(PUTpE-
IYLIMPYIOIMX KJIIOCTpUIUH (B MUTHEBOI Bole — OTCyTCTBHE B 20 MiT).

Ha GonbiuvHCTBE MPOU3BOACTB OaKTepHUaIbHOE 3arpsi3HEHUE
BOJBI HE MPENSATCTBYET €€ UCIOJIb30BAHUIO ISl TEXHUUECKHUX LIeNie.
HckmoueHe COCTABNSIOT NIPEANPUATHUSA, IUIST KOTOPBIX TpedyeTcs
BOJa TTUTBEBOTO KAa4yecTBa.

3aech MepeyrciieHbl JIMIIIL OCHOBHBIE CBOICTBA ITPUPOTHBIX BO.
B npakTuKe MPUXOAUTCS BCTPEUYAThCS €lIe C LETbIM PSIOM CITELIU -
(bryeckux cBONCTB NMPUPOAHBIX BoA. Hanpumep, nuTheBas Boaa He
JIOIXHa comepxats 6osee 0,05 Mr/m Mblbsika, 1 Mr/in Meau, 5 mr/n
uuHka, 0,03 mr/n cBuHua u 0,5 Mr/n amoMHHHUS.

B 3aBHMCHMOCTH OT Li€JIEBOTO Ha3HAYE€HUS K BOJE TPEIbSBISIOT
pa3HooOpa3Hbie TPeOOBAHUS, COMTACHO KOTOPHIM €€ MOXHO KJIacCH-
¢GULMPOBaTh KaK UCIONb3YEMYIO: ISl XO3AHCTBEHHO-TTUThEBHIX 1€~
Jieit, KOMMYHaJIbHBIX TIPEANPHUATHIH, HYXKI MUIIEBOM M HEKOTOPBIX
JIPYTHX oTpacieit MpOMBILLIEHHOCTH; IJIST OXJIaXIEHHS (TeXHOJIOTH-
4ecKoro 000pyAOBaHUS, Mapa, XUIKUX U ra3000pa3HbIX MPONYKTOB,
JIOMEHHBIX U MapTEHOBCKHX TeYeii, KOHIEHCATOPOB TYpOMH U Mapo-
BBIX MallIMH, BarpaHOK, Ky3HEUHbIX MOJIOTOB M JIp.); [UISl HYKII T1apo-
CHUJIOBOTO XO03s1HcTBa (NMTUTaHKue napoBbelX KOT/0B 'POC u TOL); s
TEXHOJIOTUYECKHUX HYXI MPOMBIIIUIEHHOCTH, TJI€ BOJA MOXET BXOAUTH
B COCTaB MPOAYKLUMH WK KOHTAKTUPOBATh C HEMl; IJi 3aBOIHEHUS
HeTSIHBIX TIJIACTOB; IJISI HYXII CEJTCKOTO XO3SHCTBA.

Xo31iicTBEHHO-NUTbEBas BOJAA NOJIXHA OLITh Ge3BpeaHa I 310-
POBBSI YEJIOBEKA, UMETh XOPOIIINE OPraHOJIENTHYECKHE TTOKA3aTeIn
U OBbITh TPUTOAHOM IS UCTTOIb30BaHUsS B ObITYy. KauecTBo x03sii-
CTBEHHO-TINTbeBOM BOABI perinameHTHpoBaHo CaHIInH 2.1.4.559-96
«[TurbeBas Boma. I'mrueHnyeckue TpeGOBAHUS K KA4eCTBY BOIBI
LIEHTPaJIU3UPOBAHHBIX CUCTEM TIMTHEBOTO BOOOCHaOXeHHUsI. KOHT-
poJib KauecTBa». BolnmonmHeHWe TpeGOBaHWI CAHUTAPHBIX NTPAaBUII ra-
PaHTUPYET SMUAEMHUUYECKYIO U paaHallMOHHYIO 6€30MacHOCTh, 6e3-
BPEAHOCTH 110 XMMUYECKOMY COCTaBY U OJIarOTIPUSITHBIE OPraHoJIET-
THUYECKHE CBOICTBA MUTHEBOI BOMBI.

Onuaemuyeckas 0€30NMacHOCTb IMUTbEBOI BOJB HOPMHUPYETCH IO
MUKPOOHOJIOTUYECKUM U Mapa3uTOJIOTHYECKHMM TToKa3aTeasM (ob1iee
MUKPOOHOE YMCJI0, 001Me KonndopMHBIE OaKTeprH, Koamdard 1 ap.).
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Paamaunonnas 6e30nacHoCTh TTUTHEBOIM BOIBI HOPMHUPYETCSI ITOKa-
3aTeNISIMU OO1EH o- ¥ B-aKTUBHOCTH.

Be3BpenHocTh BOIBI 110 XUMUYECKOMY COCTaBY HOPMHUPYETCS 10
0000uIeHHBIM TIOKa3aTensiM (pH, obuias MuHepainsanust, ooIas
JKECTKOCTh U Ip.); XAMUUYECKUM BellleCTBaM, HauboJjiee 4acTo BCTpe-
YaIIMMCS B MIPUPOAHBIX BOJAAX: HeopraHudyeckum (Al¥*; Ba3*;
Fe?*; Fe3* u np.) v opranmueckum (JIT; 2,4-D wu ap.); BeumecTBam
AHTPOTIOTEHHOTO MPOUCXOXKACHMS, TTOJIYYUBIINM TJ106aTbHOE pac-
TIPOCTpPaHeHUE; peareHTaM W BPEIHBIM XMMUYECKUM BelleCTBaM,
MOCTYTAIOUIMM U 06pa3yloliMMcs B BoJie B Ipoliecce ee 00paboTKu
B cCHCTEMe BOIOCHAOXeHUSI (XJ10p, 030H, xJopodopM U T. 1.); Bpel-
HBIM XUMWYECKHUM BELIECTBAM, MOCTYMAIOIIUM B UCTOYHUKH BOJIO-
CHaGXEeHMS B pe3yJIbTaTe XO3IHCTBEHHOM MEATEIBHOCTH YeJIOBEKa.

OpranonentTuyeckne CBOHCTBA MUTHEBOH BOABI HOPMUPYIOTCS 110
3anaxy, NMpUBKYCY, LIBETHOCTU M MYTHOCTHM: 3alaxu M MPHUBKYCHI
pn 20 °C — no 2 6amioB, UBETHOCTh — a0 20 rpan, MyTHOCTb —
o 1,5 mr/n.

Psn oTpacneit muileBoit TPOMBILUIEHHOCTH MTOMUMO JIMMUTOB
CanlTuH 2.1.4.559-96 npenbsaBASIOT K BOJE AOTMOJTHUTEbHBIE TPEOO-
BaHus. Tak, B Bojie, UCIIONB3YyeMOI B MTMBOBAPEHUH, NOJIKHBI OTCYT-
CTBOBaTh CyabdaThl, CoIepXKaHUE XKejie3a He IOJXKHO TpEeBBIIATh
0,1 Mr/n1; B BoAe 1t BWHOKYPEHHOTO TTPOM3BOJCTBA HE HOKHO CO-
JIEPXAThCSI XJIOPUCTBIX MarHUS M KabLIKS; B BOJE IJIsS TPOU3BOICTBA
caxapa IOJKHO ObITh MUHUMAJIBHOE COJIECOAEpXKaHUE U T. II.

KauecTBo oxnaxnarooleif Boabl He HOPMUPYETCSI, TaK KaK OHO
3aBUCUT OT YCJIOBUU MPUMEHEHUSI, HO OYEBMIHO, UTO OXJaXAa-
folast Boa He JOJIXXHA JAaBaTh OTJIOXEHMSI B TpyOax M amraparax,
10 KOTOPBIM OHa MOMAAETCs, TaK KaK B 3TOM Cly4yae 3aTPYyAHSETCS
Terionepenaya U COKpallaeTcsl XXKuBoe ceuyeHHe, CHUXAIOTCS MH-
TEHCUBHOCTb LUMPKYJISIUUU U 3(pdeKT oxnaxneHus. Boga, ncrosb-
3yeMast ISl Lesiell OXJIaXXIeHUsI, He MOJIKHA ColepXaTh KPYMHBIX
MHMHEPATBHBIX B3BEIIEHHBIX BEIIECTB, OOJIBIIOTO KOJUYECTBA XeJie-
32 U OPTAHNYECKUX TPUMeECEH.

Bona ais TeXHONOrHYeCKHX HYXKI NPOMBIIIJIEHHOCTH B 3aBUCHMO-
CTH OT €€ 1IeJIEBOr0 MCITOJb30BAHUS HOJIXXHA OTBEYATh CAMBIM pa3-
HOOGOpa3HbIM TpeboBaHUAM. Tak, B BOIe, UCTOJb3yeMO B TOPHO-
IOOBIBAIOLIEN MPOMBILIIEHHOCTH TIPU JOGBIYE, OTMBIBKE, THIPO-
TpaHCMOPTe, OGOTAIlEHWU U COPTUPOBKE IMOJIE3HBIX MCKOTIAEMBIX,
IOJIKHBI OTCYTCTBOBAaTh I'pyObI€ B3BElllEHHBIE YaCTULIBI. BechbMa
crienuduyecke TpeboBaHUS NPEXBIBISIOT K BOJE, TPUMEHIEMO
UIE 06paboTKY TOTOBOI NMPOLYKLIMH, a TaKXe K BOAE, BXOASIIEH
B COCTaB TPOJYKTa.
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Psan poMBIIIEHHBIX TIPEANTPUITHI NPEABSIBISET K BoAE TpeOOBa-
HUS, 3HAaYUTEJIBHO TIpeBbItaomue JuMuTel CanlluH 2.1.4.559-96,
Taxk, B Boie, UAyLIEH Ha U3rOTOBJIEHWE KWHO- U (POTOTUIEHKH, (o-
TOOYMAaru, He MOJIKHO COAEPXAaThCSA MapraHila, Xejie3a, KpeMHe-
KHUCJIOTHI, OTPAHUYHUBAIOTCS OKUCJISEMOCTh BOABI U COIEPXaHUE
xJopunoB. B Bojge, NpUMeHsIEMOM JJIST U3TOTOBJIEHUSI PACTBOPOB
KMCJIOT M LIeJIoYei, KpacuTenei U MbIia, XXECTKOCTh JOXKHA OBITH
He 6onee 0,35 Mr-axB/71.

Boma nnst HyXI ceJIbCKOro Xo3stiicTBa (NTULE- M 300epM, ISt
OPOILIEHUS, MEJTMOPALIMKM U Ip.) TI0 CBOEMY KayeCTBY JOJIKHA COOT-
BETCTBOBATH 11€JIEBOMY Ha3HayeHM10. I BOJOMOsSI MTHLI, 3BEpeEit
M XUBOTHBIX Ha ¢epMax cJieayeT MoJaBaTh BOAY MUTHEBOTO KayecTBa.
IIpu HEBO3MOXHOCTH COOJIOAEHUS] 3TOrO TPeGOBAaHUS OMYCKAETCS
KpPaTKOBPEMEHHO TTPOU3BOANUTE BOIOMOM XHUBOTHBIX BOIOH C IMOBBI-
IIEHHBIM MUHEPAJIBHBIM COCTABOM, @ UMEHHO: CYXOi OCTATOK — JI0
5- 103, xnopuast — 1o 2 - 103, cynedaret — 10 2,4 - 103 mr/a, obwas
KECTKOCTb — 10 45 Mr-akB/i. JJonmyckaeTrcsi HCITOIb30BaHUE BOIBI
C TTOBBILLIEHHOM 1IBETHOCTBIO, C TIPUBKYCOM U 3aTIaXxOM TIpU ee TeMITe-
patype 8—15°C.

5.2. Cnoco6bl yny4yweHus Ka4ecTea BOAbl.
OCHOBHbIE TEXHONIOrNMYECKNE CXEMbI

MHorouyucseHHbie CrocoObl 00pabOTKM BOAB MOXHO KJIAaCCH-
dbuMpoBaTh Ha ClienyolLIMe OCHOBHBIE TPYIIBL: YIyJdIllIeHWEe opra-
HOJIETITUYECKUX CBOMCTB BOABI (OCBETIEHUE, 00eCLIBEUUBAHUE, e~
300palMs U Op.); obecrieyeHue SMUIeMUOIOrMYecKoil 6e30TacHo-
CTH (XJIOpUPOBaHHUE, 030HUPOBAHUE, YABTPaA(HOIETOBOE O0TyYeHUE
U [Ip.); yIy4dIIeHUe MUHEPaTBHOTO cocTaBa ((pTopupoBaHUe U obec-
¢dTopuBaHue, obe3xeNe3uBaHUe U eMaHTaHALUS, YMATYECHUE WU
obeccosiMBaHue U Op.).

B npoiuiecce ouncTkt 1 06pabOTKM BOAa MOABEPTAETCS OCBETIIE-
HUIO (0CcBOOOXIEHHME OT B3BEUIEHHBIX BEIIECTB), 0OeCIBEeYHBa-
HUIO, o00e33apaxXuBaHUIO (YHUUTOXEHHE HaXOmAIIMXCA B HeEWH
00J1e3HETBOPHBIX OaKTEpUIT), YMSATUYEHUIO (CHUXEHHE WIM MOYTH
yCTpaHEHHE colepXalluxcsa B Hel cojeit xecTkocTH). Kpome
TOTO, MPU MUCMOJb30BAHUU BOABl HEKOTOPHIX UCTOYHHUKOB U IS
OTIENbHBIX NMOTpeOUTEeil TpebyeTcsl ynalsiTh BCE PaCTBOPEHHEBIE
B Helt conu (o6eccoiMBaHKe) WX TOJBKO HEKOTOpPHIE OTpeesiIeH-
HBIE€ COJIM, HAalIpUMep COJIM Xeye3a (obe3xkeae3nBaHUeE), PacTBO-
peHHbIEe B Heill ra3bl (nerasauus), MHOrAA IMPUXOAUTCS YCTPAHATh
MPUBKYCHI U 3alaxu, NMpeaoTBpallaTh KOPPO3UOHHOE NeHCTBUE

166



BOZABI HA TPYOBI, yAAISITH U3 BoAsl hTop (obecdToprBaHMue) M T. M.
Te wiIu MHbIE KOMOMHALIMY YKA3aHHBIX MPOLIECCOB MPUMEHSIOT
B 3aBHUCHMOCTHM OT KaTeropuit morpebureneil M KayecTBa BOIBI
B UCTOUYHUKAX.

Jnst nosiyyeHUs: BOABI MUTHEBOTO KayeCcTBa NPU UCIOJIb30BaHUN
ITOBEPXHOCTHBIX UCTOYHHUKOB, KaK MTPaBUJIO, HEOOXOOUMO IIPOU3BO-
JIUTb OCBETJICHHE, 00ecliBeUHBaHUE U 0be33apakuBaHue Boabl. I1pu
3TOM B 3aBUCHMMOCTH OT KadyecTBa MCXOAHOU BOIBI B HEKOTOPBIX
CIy4asix HOTIOTHUTENIbHO HEOOXOAUMO MPUMEHSTh U CIleLHaANIbHbIE
BUIBI BOIOTIOATOTOBKU — (TOpUPOBaHUE, 0GechTOpUBaHUE, YMST-
yeHue U T. 1. (Taba. 5.1).

COBOKYNTHOCTh HEOOXOIWMBIX TEXHOJOTHYECKHX TTPOLECCOB
Y COOPYXEHUI COCTaBJSIET TEXHOJOTUUECKYIO CXEMY YJIyUdllIeHUS
KauecTBa BOABI. [IpuMeHsieMble B BOJAOIOATrOTOBKE TEXHOJIOTHYEC-
KY€ CXeMbl MOXHO KiaccudUUMpoBaTh: 1) Ha peareHTHbIe U Oe3pe-
areHTHbIe; 2) no 3¢dexkTy 06paboTKu; 3) mo Yucy cTyneHei; 4) Ha
HanopHbIe U Oe3HATIOPHBIE.

1. PeareHTHble U Ge3peareHTHbIE TEXHOJIOTMUECKHE CXEMBI OTJIH -
4aloTCA pa3MepaMd BOOOOUYMCTHBIX COOPYXEHHII U YCIOBUEM MX
akcruryatauuu (puc. 5.1 u 5.2).

[Ipu mpuMEHEHNHU peareHTOB NMpoLecchl 00paboTKH BOABI NTPOTE-
KaloT UHTeHCHBHee U Gostee 3¢ dekTHBHO. Tak, M1 ocaxkIeHUs OC-
HOBHOM MaccChl B3BEIIEHHBIX BEIIECTB B NIEPBOM cllyyae TpebyeTcs
2—4 4y, BO BTOPOM — HECKOJBKO CyTOK. C UCTIOJIb30OBAHUEM peareH-
TOB (UIBTPOBAHWE OCYLIECTBISAETCS CO CKOPOCThIO 5—12 M/4 U 6o-
Jiee, a 6e3 peareHToB (MemyieHHoe ¢unprpoBanue) — 0,1—0,3 M/4.

IIpu o6paboTKe BOABI C MIPUMEHEHUEM PEAreHTOB BOJOOUYNCTHBIC
COOPYXEHHUST MEHBIIIE 110 00bEMY, KOMITAKTHEE, JeIUEBNIe B CTPOU-~
TeJIbCTBE, HO CJIOXHEe B IKCILTyaTalluM, YEM COOpPYXeHHs Oe3pe-
areHTHOM ouMCTKU. [ToaToMy Oe3peareHTHBbIE TEXHOJOTHYECKHE
cxeMbl (cM. puc. 5.1) ¢ TMAPOUMKIOHAMHU, aKyCTUYECKUMU, HAMBIB-
HBIMM ¥ MEUIEHHBIMH (DUJIbTPaAMHM, KaK MPaBUJIO, TIPUMEHSIOT IJIS
BOJOCHA0XEHUSI HEOONBIINX BOAONOTPEOUTENEH MPU LIBETHOCTU
ucxonHoi Bonbl A0 50 rpan. be3peareHTHBIE TEXHOJIOTUU UIMPOKO
HCIIOJIB3YIOT JUISI HENTYOOKOTO OCBETJIEHMST BOIBI MTPU BOJOCHAbXe-
HHMU MTPOMBIIJIEHHBIX 00heKTOB. B psme ciydaeB st 3TUX Leneit
MPUMEHSIOT OHO OTCTAUBAHUE WJIK OJHO (DMIIBTPOBAHHUE HA KPYII-
HO3EPHUCTBIX (PUIBTPAX WIIM MUKPODUNBTpaX.

2. ITo addexTy 06paboTKu pa3inuyaoT TEXHONOTHUECKHUE CXEMBI
JUTSL TIOJTHOW WJIM TIyDOKOUW OYMCTKHM BOABI U IS HEMOJHOW WU
Hery6okoit. Hanmpumep, B mepBOM BapuaHTe OuMIlieHHas Boaa CO-
OTBETCTBYET TpeOOBaHUSAM THUTHEBONH BOAB, BO BTOPOM —
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Tao6auua 5.1

OcHoBHbIe CIOCOObI 00paOOTKH BOJIBI

lMokazamens Criocob obpabomku PekomeHdyemble peaceHmb!
Kkayecmea 800b!
MyTHoCTb KoarynuposaHuve KoarynsHTbl (CepHOKUCNIbINA

antoMUHWUI, XIOPHOE Xeneso,
OKCUXSIOpUA, anNoOMUHKUA, anio-
MUHaT HaTpusa 1 ap.)

O6pabotka cnokynsH- dnoKynAHTLI (nonuakpunamua,

Tamu aKTWBHas KpeMHUEeBas KucnoTta

v ap.)

LIBeTHOCTb, NOBLILIEH-
HOE coepXaHue op-
raHM4ecKuUx BeLLecTs
M NNaHKTOHa

MNpepsapuTtensHoe xno-
pupoBaHue, Koarynmpo-
BaHue

Xnop, KoarynsHTbl

O6pabotka hnokynsiH- DnoKynsaHTLI
Tamu
O30HUpOBaHUe O30H
Hu3kas wenoyHocts, | MoawenaynsaHve WaBecTb, copna
3aTpyaHsioLas koary-
nuposaHve
MpuBKycbl 1 3anaxu Yrnesanue AKTUBHLIN yronb

MNpeasapuTensHoe xno-
pupoBaHue

XKuakui xnop

MpeasaputensHoe xno-
pupoBaHue ¢ npeammo-
HU3auuen

XKuakui xnop, ammuak

O6paboTka nepMaHraHa-
TOM Kanus

MepmaHraHat kanus

O3oHupoBaHue O30H
HecrabunbHas Boga Moawenaunsaxune WaBecTb, coga
C OTpUUATENbHLIM UH-
[eKCOM HaChILEHS docthatuposaHue ekcameTtadocdar unu Tpuno-
(koppo3uoHHas) nudocdar HaTpus
Hecrabunbhas Boga | Mogkucnenune Kucnotbl (cepHas, consHas)
C NONOXMTENbHLIM UH-
[eKCOM HaCbILeHMs dochaTuposaHue ekcameTadboccar unu Tpuno-

nudocar HaTpus

BakrepvanbHoe 3a- XnopuposaHue Xnop, rMnoxnopuTbl, AUoKcUA
rpasHeHne xnopa

O30HMpOBaHue O30H

Yo-usnyyenve
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Oxonuanue maba. 5.1

lokasamens Cnioco6 o6pabomku Pekomendyemble peazeHmb!
Kavecmea 80o0b!
Hepocrartok dptopa dTopupoBaHue ®TopUCTLIN MNK kKpeMHedTOpU-
(menee 0,5 mr/n) CTbll HATpUiA, KpeMHedTopU-
CTblt aMMOHUW, KpeMHeh TopU-
CTOBOAOPOAHAS KUcnoTa
WN36biTok dTopa (60- | O6ecthTopusanune CepHOKUCTbIV anioMUHNIA
nee 1,5 mr/n)
N36bITOK xenes3a Aapauus —
Xnopuposaxue Xnop
MNopwenaunsaHve WNsBecTb, coga
Koarynuposanue KoarynaHtbl

O6paboTtka nepmaHraHa-
TOM Kanus

nepmauraHaT Kanusa

N36bITOK conen xecT-
KOCTH

KaTtuonuposatue

Hexap6oxusauun

M3BecTkoBO-COA0BOE
ymardeHve

U3secTb, copa

O6uwee conecogepxa-
HWE Bblillie HOPMbI

WNoHHbI 0BmeH

AnekTpoananus

LOuctunnsuus

MunepdunsTpauus n ap.

Koarynuposanue

KoarynsaHTbl

CopepxaHue Kpem-
HWEBOW KUCMNOTbI Bbllwe
HOPMbl

MarHeanansHoe obec-
KpeMHusaHune

Kayctuueckuin marHesur, us-
BECTb

NoHHbI 06MeH

Hanwnuue ceposoao-
pona

Mopkucnexue Kucnota
Aspauums —_
XnopuposaHue Xnop
O30HupoBaHWe O30H

Wcnonb3osaxue rugpo-
okucwy xenesa Il

Fe(OH)s, nonyyaemas anek-
TPONWUTUHECKUM PACTBOPEHUEM
MeTannuyeckoro xenesa

M36bITOuHbI pacTBo-
PEeHHbIA Kucnopoa

Cas3biBaHue kmcnopoaa
BOCCTaHOBUTENAMU

CynbduT nim TMocynbdart Ha-
TpUA, CEPHUCTLIN ra3, rmapasvuH
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Puc. 5.1. De3peareHTHble TeXHOJOTHYECKHE CXeMbl BOIOMOATOTOBKH

¢ MeJJIeHHbIMH (@) U aKyCTHYeCKHM (6) QUIbTPaMH, C THAPOUMKIOHOM (6):

1, 4 — nojgaya McxoaHO# BoIbl M OTBOI 0OpaboTtaHHON, 2, 7 — MeIEeH-

HBIM M aKyCTHYECKMH (UIBTPHI; 3 — pe3epByap YHCTOI BOIbI; S — Hacoc;

6 — coopyxeHHsi o6opoTta NMpombiBHOI Boubl; 8, 10 — ckopslit duietp 1
u Il ctynenu; 9 — pacnpeaenurtesbHblil 6aK; /1 — ruIpoOLUUKIOH

310 rpybo ocBeTeHHas Boaa (5S—80 Mr/i), KoTopast MOXET UCTIONb-
30BaThCSA IS LieJieil oXJaxXaeHUs TIPOU3BOJICTBEHHOTO 000pynoBa-
HUS U 1p.

3. JIByXCTymneHYaThle CXEMBbl OCBETJECHHUS M 00eCLBEYHBAHMS
BOJbI, MTOJIaBAEMOM IJIst XO3TMCTBEHHO-TIMTHEBBIX 1IeJIC, MTOKa3aHbI
Ha puc. 5.2, a, 6, ¢. 3meCh TIpOLIECCHI OCBETICHUS M 00eCIBEYMBa-
HHUS OCYLIECTBJISIIOTCS B IBE CTYTIEHHU: Ha OTCTOMHMKAX M (PUIBTpaXx;
Ha OCBETJIMTENSIX CO CJIOEM B3BEIICHHOTO Ocamka U (MIBTpax; BO
¢noratopax u Ha punpTpax. CxeMa ¢ KOHTAKTHBIMHM OCBETIIUTENS-
MW — OIHOCTYyTeH4aTas (puc. 5.2, ).

4. Tlo xapakTepy OBUXEHMSI 06pabaThiBaeMOi BOIBI TEXHOJIO-
TUYECKHE CXEMBI MOApa3AesIsIloTCI Ha caMOTeuHbIe (6e3Hamop-
Hble) W HamopHble., Ha KpPymHBIX BOJOOYMUCTHBIX KOMILIEKCAX
JIBUXeHNEe oOpabaTbiBaeMOif BOIBI IO COOPYKEHHSAM OCYLIECTB-
JISIETCS caMOTeKOM. B 3ToM ciyyae cieayeT HaubGosiee paluo-
HaJIbHO MCIOJIb30BaTh peabed MECTHOCTH IJIST YMEHBIIEHUS 3ar-
Jy6JIeHUST OTAENbHBIX COOPYXEHMIN, CHUXEHHUST 00beMa 3€MITSTHBIX
paboT u crouMocTH byHAAMEeHTOB U T. . [ToaToMy B3anmopac-
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TOJIOKEHHE OTIEIBbHBIX OUMCTHBIX COOPYXEHUI TEXHOJOrnyec-
KOI CXEMHBI, T. €. BBICOTHAsI CXeMa, UMEET TNepBOCTeNTeHHOE 3Ha-
JeHHe.

ITpu HAIMOPHOI CXeM€e OYUCTHBIC COOPYKEHHUST MOXKHO Pacroio-
XWUTb Ha OnHOIT oTMeTKe. TIpu UCITOIB30BAaHMU TaKHUX CXEM pe3ep-
Byapsl YHCTOM BOABI M HacocHbIe cTaHuuu Il mogreMa wHoraa Mo-
TYT He yCTpauBaThCsl, a 00paGoTaHHast BOZa IO HaITOpOM HAaCOCOB
I noppeMa momaeTcst TOTPEOUTETIO.

ITpMeHeHHe HAMOPHBIX TEXHOJOTMYECKUX CXEM COTIPSIKEHO CO
3HAYUTEIbHOM METaJNIOEMKOCTBIO MCITOJIB3YeMBIX BOJOOYHMCTHBIX
COOPYXECHHIA.

TeXHONMOrNYeCcKyIo CXeMy OYUCTKH BOJBI BEIOMPAIOT B 3aBUCHUMO-
CTU OT KayecTBa BOABI B UCTOYHUKE BONOCHAOXEHHUS, HAa3HAUCHUS
BOZIOTIPOBOJA, ITPOU3BOAUTEIBHOCTH CTAHIIMM U MECTHBIX YCIIOBU,
a TakXke Ha OCHOBAaHWM JAHHBIX TEXHOJIOTUYECKHX MCCIeNOBaHWUIL
M 3KCIUTYaTalluu COOPYXeHU, paboTaonX B aHATOTHUYHBIX yCJIO-
BUsiX. OpUEHTUPOBOYHBII BHIOOP TEXHOJOTMYECKOI CXEMBI TSI OC-
BETJIECHUST M 00eCHBEYUBAHMS BOIBI 1O MUThEBOM KOHANIIMKA MOXET
OBITH OCYILIECTBJIEH COMIacHO Tab. 5.2,

Tak, mn1s 06paboTKM HEGONMBIIMX PACXOAOB LIBETHOU M MYTHOI
BOIBI BMECTO TOPHU3OHTAIBHBIX OTCTONHHUKOB CJIEAYET UCTIONB30BaTh
BEPTUKAIBHBIE (CM. PHC. 5.2), BMECTO CMECHUTEJIE MOXHO MCIIOJTb30-
BaTh coryia BeHTypu unu waitosl. ITpu ouncTke MaJIOMYTHBIX 1IBET-
HBIX BOA OOBIYHO MPUMEHSETCS OAHOCTYIMEH4YaTass cxema ¢ QWiIbT-
paMM WIM KOHTaKTHBIMM OCBETJIUTE/ISIMU 0e3 KaMmep XJIomnmbeobpaszo-
BaHMS U OTCTOWHHMKOB,

Br160p BOIOOYUCTHBIX COOPYKEHUI ¥ ONTUMAIILHOTO COCTaBa
peareHTOB MPOU3BOAUTCS Ha OCHOBAaHUM NAHHBIX XMMUYECKOTO U
TeXHOJIOTMYECKOTO aHaJIM30B 06pabaTeiBaeMoii Boabl. HekoTopeie
pelIeHUs MOTYT OBITh TIPUHSATHI allPUOPHO HA OCHOBAHUHU OIBITA
9KCIUTYaTallid BOAOOYMCTHBIX KOMIUIEKCOB B @HAJIOTUYHBIX YCIO-
BUSX.

Hcnonp3oBaHME cosieit Xeje3a B KayeCcTBe KOAryJIsTHTOB MpeEn-
MOYTUTEIbHEE TIPU JJTUTEJIBHOM BECEHHEM TaBOIKE, COMPOBOXIA-
JoleMcs 3HAYUTEIbHBIM CHUXXKEHHUEM TeMIlepaTypbl obpabaTsiBa-
emoit Boabl. I[IpyMeHeHe aKTUBUPOBAHHOM KPEMHEKUCIIOTHI B Ka-
yecTBe (DJIOKYISTHTA pEKOMEHIYEeTCsT ITpU 00paboTKe IIBETHBIX BOJ,
a JUIsI MyTHBIX MCIOJIb3YIOTCS TToMakpunamun, K-4 u ap.

BepTukanbHBle CMECUTENH PEKOMEHIyeTCs NpPeaycMaTpUBaTh
B CXEMAax C OCBETJIMTEJIIMU CO CJIOEM B3BEIIEHHOTO OCaaKa U KOH-
TAKTHBIMU OCBETJIUTENSIMH, TaK KaK MTOMMUMO CMEIIIEHHSI OHU obec-
MEeYNBAIOT U BO3AYXOOTHAEEHHUE.
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Taonuua 5.2

BbiOOp COOpYXKeHHii CTAHIAM OYHCTKH BOJbI,
NpeIHA3HAYEHHOM 1151 XO35iiCTBEHHO-NMTHEBbIX Henei
(pekomenmanmun CHuIl 2.04.02-84%)

OcHOBHbIE COOPYXEHUSA

Mymuocms
ucxodHou
80061, M2/n

L{sem+ocms
ucxodHoll
800sb!, 2pad

lMpou3zsodu-
menbHoCMb
cmanyuu,
m¥cym

O6pabomka 800b! C NPUMEHEHUEM KOa2yrnaHmos U G rioKynsaHmos

1.Ckopbie hrnbTpbl (OQHOCTYMNEH-
yaTtoe unLTpoBaHue):

NOPHBLIA OUNLTP 3aBOACKOrO U3ro-
Tosnexus (tuna «CTpysan»)

a) HanopHble [o 30 [o 50 Lo 5000
6) oTKpbITbIE » 20 » 50 » 50 000
2. BepTukanbHble OTCTONHUKU — » 1500 » 120 » 5000
cKopble PUNbTPbI

3.Mopn3oHTanbHbLIE OTCTONHUKK — » 1500 » 120 Ce. 30 000
ckopble huUnbTPbI

4. KoHTakTHbIE NnpecdunbTpbl — » 300 » 120 Jio6asn
cKopbie UNbTPLI (ABYXCTyNeHYa-

Toe hunbTpoBaHuE)

5. OcBeTnuTenu co B3BeLIEHHbLIM He meHee 50, » 120 Cs. 5000
0CagKoM — cKopble hunbTpbl no 1500

6. [1Be CTyneHu OTCTOWHUKOB — Bonee 1500 » 120 TNiobasn
cKopble UNbTPLI

7. KoHTakTHblE OCBETNUTENU [o 120 » 120 To xe
8. Mopu3oHTanbHbIE OTCTOWHUKK » 1500 » 120 »

1 OCBETNUTENU CO B3BELIEHHbIM

0CafkoM ANA YaCTUYHOIO OCBET-

neHus Boabl

9. KpynHo3epHucTble UnbTpbl ANS » 80 » 120 »
YaCTUYHOrO OCBETNEHUS BOAbI

10. PagnanbHble OTCTOMHUKM ANs Cs. 1500 » 120 »
npeaBapuTenbHOrO OCBETNEHNA

BbICOKOMYTHbIX BOA

11. TpyGuaTbiit OTCTOMHUK U Ha- [o 1000 » 120 [lo 800

O6pabomka 6006l 6€3 NMpuUMEHEHUS KOA2yIsiHMoe U (hrioKynsHMo8

HUYECKOW UNW rMapaBnUYecKon pe-
reHepauuein necka

12. KpynHo3epHucTtoie ounbTpo! [o 150 o 120 Jlio6as
ANS YaCTUYHOTO OCBETNEHUs BOAbI

13. PaguanbHbie oTcToitHuku Boabl | Bonee 1500 » 120 To xe
ANS YaCTUYHOrO OCBETNEHUS BOAb!

14. MepneHHble hunbTPLE C Mexa- Lo 1500 » 50 »
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IIpn ocBeTieHUM BBICOKOMYTHBIX BOI Ui [ cTyrieHU ocBeTIeHUs
MOTYT ObITb PEKOMEHIOBaHBI TOHKOCJOWHBIE U pagualbHbIE OT-
CTOWHUKH, TUAPO- U MYJbTULMKIOHBI, aKyCTUYeCKUE (DUIBTPHI
u ap. [ns u3BnedeHus U3 BOABI JIAHKTOHA WJIW TIJIaBAlOIIMX TTPU-
Meceit UCTIob3YIOT GJI0TaTOPBI, MUKPODUIBETPBI UJTH 6apabaHHBIE
CeTKU. B MpSIMOTOYHBIX peareHTHBIX CXeMaX CO CKOPBIMU (UIIbTpa-
MU PEKOMEHIYETCSI UCTIOJIb30BaTh KOHTaKTHbIe MUAbTPHI. 1151 Bon
MOBBIIIEHHOTO aHTPOITOIN€HHOTO BO3ACHCTBUS MOTYT PUMEHSTHCS
030HUPOBaHUE, OUOPEAKTOPbI, COPOIIMOHHBIE YTOJNbHbIE (PUIIBTPHI,
6uocopbepsl, 6HOGUNBTPHI (CM. pHC. 5.2, e).

5.3. KoarynupoBaHue npumecei BoAbl.
PeareHTHOE X0391CTBO

IpumecH, Haxonsivecs B BoJe, MMEIOT BeCbMa MaJjible pa3Mme-
pHI, ¥ OCaXIEHUE UX TTPOUCXONUT KpaiiHe MEJIEHHO, TaK KaK CHUJIbI
I hY3UM MpeBaTMPYIOT Hall CUJIaMU TSXKECTH.

s yckopeHUs mpoliecca ocaxaeHwst, GHIBTPOBAHUS U TIOBBI-
meHus 3¢pPEeKTUBHOCTH OCBETIIEHUST M 00€CIIBEeYUBAHUS BOJIBI TIPH-
feraioT K KoarynupoBanuio. KoarynmpoBaHue — 3T0 Mpolecc yK-
PYTITHEeHUsI KOJUIOMIHBIX M B3BEIIEHHBIX YACTUL] BCJAEACTBUE UX CITU-
SIHWUSL TION HOEeHCTBUEM CHJIBI MOJIEKYJSIDHOTO TIPUTSXKEHMS.
VKpymHEeHHBIe arperatsl CIIMIIINXCS YaCTUIl OTACJSIOTCS OT XHII-
KO (ha3sl ocaxaeHUEM.

B xauecTBe KOaryJssHTOB, A00aBJISIEMBIX B BOLY, OOBIYHO MC-
MOJB3YIOTCA COJW aJTIOMMHHS U Xeje3a: cyiabdaT aJTlioMUHUS
Al (SO,), - 18H,0, cynsdar xenesa (II) FeSO,-7H,0, cynpdar
xenesa (IIT) Fe,(SO,), - 9H,0, xsopun xenesa (I1I) FeCl;, a Takxe
ajuniomMuHat Hatpus NaAlO,, okcuxnopun amomuHus Al,(OH)Cl
U Ip.

Jloza koarynstHTa (MJ1/11; T/M3) JUTt BOZL pa3HOTO COCTaBa He OMHAa-
KOBa W YCTaHABJIMBAETCS MYTEM OMBITHOTO (TPOGHOTO) KOAryIMpoBa-
HUS 00pabaThIiBaeMoit Bogbl. ISt OpUeHTUPOBOYHBIX TTOIACYETOB O03Y
KoaryJistHTa MoxHo orpenenutb 1o CHull 2.04.02-84*. Tak, B nepe-
cyete Ha 6e3onHbie FeSO,, Al,(SO,);, FeCl; no3y cnenyer npuHu-
MaTh NpH 006paboTKe MYTHBIX BOA (B 3aBHCHMOCTH OT CO/EPXKaHUS
ripuMecei) paBHoit 25—125 mr/n. Tlpy KoaryampoBaHUU BOJIBI C TO-
BBILIEHHO LIBETHOCTHIO OPMEHTHPOBOYHAS 1033 KOAryJIsiHTa HaXO[MT-
cs o dopmyne 1, = 4TI, rme 1] — uBeTHOCTD BOMBI, Ipaf.

KonnouaHeie ¥ B3BELIEHHBIE YACTHIBI TTIPUMECEH MTPUPOIHBIX
BOJ B DOJIBLIMHCTBE CYy4aeB MMEIOT OOMHAKOBBIE 3aPSAbl, YTO MPH-
BOIUT K BO3HUKHOBEHUIO MEXMOJIEKYIIAPHBIX CHJI OTTAIKHMBAHUS
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U K arperaTuBHOM ycTOWYMBOCTH. [IpyU OUMCTKE arperaTuBHyIo yc-
TOWYMBOCTb CTPEMSATCSA HAPYIIUTh, a 3apsill YaCTUL, CHU3UTh.

ITpu moGaBjieHWU KOAryJsTHTOB HapyIIaeTCsl arperaTUBHAs yc-
TOMYUBOCTH CUCTEMBI, CHUXKAETCS 3aps YaCTUL, 4O HYJIS WA Ma-
JIBIX 3HaueHuit. [TapannenbHo, BCAEOCTBUE THIPOJIN3A, 00pa3yloTCs
KOJUTOUJIBI, KOTOPBblE COPOUPYIOT YaCTULIBI MPUMeCEN:

AL(SO,),+6H,0 <> 2AI(OH),+6H*+3S02;
FeCl,+3H,0=Fe(OH),+3H*+3Cl ",

Heo6xonuMBIM YCJIOBUEM TIOJTHOTO TTPOTEKAHUSI THUIPOJIN3a SIB-
nseTca ynajeHue u3 cdepsl peakiumu noHos H*. Monwl Bogopona
aCCOLMUPYIOT ¢ OMKapOOHATHBIMU MOHAMH, TIPUCYTCTBYIOIINMH,
Kak MpaBUJIO, B IPUPOJHBIX BOAAX U ONpPENESIONMMHU €€ 1IeI0Y-
HOCTb:

H*+HCO; «» H,CO, «>CO, T+H,0.

IMonnora runponusa uMeet GOJBIIIOE 3HAYEHWE VTSI KOATYJISILIMHU
M KayecTBa OYMIIEHHOW BOMBI, TAK KaK KOHIIEHTpAIMsT HOHOB Al3
B ITUTLEBOW BOJZIE CTPOTO periaMeHTupoBaHa (Al** < 0,3 mr/xn).

Ipy HenocraTKe UIETOYHOCTH MCXOIHAst BOMA TOMILEIa4nBaETCS.
C 3T0ii 11e/IbI0 MOXET GBITH MCHOJIB30BaHa M3BecTh CaO WM Kaslbiy-
HupoBaHHas coaa Na,CO;. [ MHTeHCHUKALIMK MTPOLIECCOB KOary-
JASIUMU UHOTJA TPUMEHSIOT CIIEUUATIBHBIE XUMUYECKHE PEareHThl —
(brokynstHTHl (aKTWUBHAsE KpPEeMHUWEBask KWCJIOTa, TOJUAKPWIAMUI
U [Ip.), CNIOCOOCTBYIOIINE 00pa3oBaHMIO 6OJiee KPYITHBIX XJIOITHEB.

TMpotecc KoaryJIupoBaHUS MPUMeECE BOABI MOXHO YJIYYIIHUTh
MyTeM ynajeH!s YIIeKUCIOTH U3 30HBI peaKIMH TIPOaYBKOIl BO3-
IyXOM.

I'napokcuabl Xene3a U allOMUHUS B Bofe NMPU OOBIYHBIX 3HaYe-
HUsX pH mouyTn HepacTBOpHMBI. XJIOTIBSI YACTHUIL THIPOKCHIIA OCaX-
naloTcsl, aicopOUpysl M yBiiekasi ¢ coboif HepacTBOPeHHbIE B3BeE-
LIEeHHBbIE YacTULBI WJIa, KJIETOK TJIAHKTOHA, OCTAaTKOB pacTeHMM
WU T. . DTO SIBIEHUE YKPYIHEHUST YaCTUI[ TIPU CTOJKHOBEHUU MX
M OCaXIeHUU HOCHUT Ha3BaHHUe PIOKyasuuu. [Mapokcuabl Xee3a
Y ATIOMUHHUST — Xopolire cop6eHTh. OHM COpOUPYIOT Ha CBOEI MO-
BEPXHOCTH 0aKTepUH, TYMUHOBBIE BEIIECTBA U JaXe HEKOTOPHIE pa-
CTBOPEHHBIE COEAUHEHHS, HaTIpUMep MOHBI TSKeJIBIX MeTajyioB. Ha
TTIOBEPXHOCTH THIPOOKMCEI TAKXKE MOTYT aicOpOMPOBATLCA PACTBO-
pEHHblEe OpraHMYecKre BellecTBa, 0OyCIOBIUBAIOUINE TIPUBKYCHI
Y 3amaxu.
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Ha mpouecc xoaryjasiiiy B CBOOOIHOM 00beMe (KOHBEKTHUBHOIM
KOATYIALMU) OKa3bIBAIOT BIIUSTHWE CleAyIolIie (pakTopbl: KOHIEH-
Tpaluusi BOAOPOAHBIX HOHOB B Bone, pH, aHMOHHBIN COCTaB BOMBI,
TIPaBUJIBHBIM BBIOOP M03bI KOAryasiHTa (YTO BUAHO U3 KOAryJISLMOH-
HO#i KpUBO# Ha pHC. 5.3), NETOYHOCTD, TEMIEpaTypa BOAbI (BJIHSI-
€T Ha TMepBbIN 3Tan KoaryJassuuyu — MepeKUHETHYECKHIT), ObICTpOTA
CMellleHUs KOaryJjisTHTa ¢ BOJOU (BJIUSIET Ha BTOPOM 3Tam KoaryJsi-
UIUU — OPTOKMHETHYECKHUil), collepXaHWe B BOIE €CTECTBEHHBIX
B3Becell. Koarymnsiuysa B CBOOOOIHOM 00BbeMe OCYLIECTBIISIETCSI B Ka-
Mepax XJIomnbeoOpa3oBaHUA.

IV NN

B @
<
’

MYTHOCTb, Mr/n
~

o
X

N,
K

2 \I_L_ >
4 2 40 60 a0
[103a KoarynsHTa, Mr/n

Puc. 5.3. Koaryasunonnas kpuBas:
1 — nopor Koarynsiuu; 2 — onTUMabHas no3a; [ 3ona — 3ddexr ocseT-
JeHUs1 U oGeclIBEYNBAHUSL HE3HAYUTENbHBI; [] 30na — yBennueHHe OO3bI
KOAaryJsTHTa TIPUBOAMT K PE3KOMY TMOBBILIEHUIO 3(P¢eKTa OCBETIECHHS
u obecuBeunBanus; /11 3ona — nanbHelillee yBelMYEHHE A03bl KOAryJsiHTa
HE [PUBOIUT K YJIyJIIEHUIO Pe3y/ibTaTa

KoHTakTHas koarynsiiiust — NpoLecc OCBeTIEHHUST X 00eCliBeYHBa-
HMS BOIBI, 3aKJTIOYAIONIMIACS B aficOpOLIMU TpUMeceil ¢ HapylleHHOM
arperaTUBHON YCTOWYMBOCTBHIO Ha MOBEPXHOCTU 3€PEH KOHTaKTHOM
Macchl, XapaKTepHOt 0COOEHHOCTBIO KOHTAaKTHOW KOaryJsiuyy ABiis-
eTcst 60JIbIlIasi CKOPOCTH MPOLIecca B COYETAHUM C BBICOKUM d(hek-
TOM TIPY MEHBILIMX 3aTparax KoaryiasiHra, THTEeHCMBHOCTDb NMpUIHMNa-
HHST MEJTKVIX ITIPUMECEi K OTHOCUTEIbHO KPYITHBIM 3€pHaM 3arpy3ku
HAMHOTO TIPEBOCXOANT CKOPOCTb arIOMepPaliiy OTAEHBHBIX MEJTKMUX
YacTHUIL B CBOGOOTHOM 00beMe XKUIKOCTH, TAK KaK OHH HECYT HeboJb-
1IMe NMEKTPUYECKHE 3apsifibl U 3HAYUTENIBHO JIETYe TIPUITATIAIOT
K KPYITHBIM 3€pHaM, JIMIIIEHHBIM 3apsIoB, 4eM IPYT K apyry. Jpyru-
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MU 0COBEHHOCTSIMM KOHTAaKTHOI KOAaryJIsSiliuH SIBJISIIOTCSI HE3aBUCH-
MOCTb TpOLIECCa OT LIEJOYHOCTU W TEMIEPATYphl BOIAbI, MEHbLIEE
pnusgHue pH Boast u 1p. KoHTaKTHast KOAryasiius MPOUCXOIUT B OC-
BETUTEJISIX CO CJIOEM B3BELIEHHOTO 0CanKa, Ha KOHTAaKTHBIX (hUIBTPax
M HA KOHTaKTHBIX OCBETHTEJSIX.

JInst ocyleCTBIEHUS TpOLecca KOaryJMpoOBaHUS B BOAY BMECTO
KOAaryJIsSTHTOB MOTYT OBbITh BBEA€HBI MOHBI TSIXKENbIX METAJIOB, MOJTY-
YeHHBIE JIEKTPOXUMUUYECKUM TTyTeM. C 3TOoit Lenbio BOAY MpOITycKa-
IOT 4epe3 3JIEKTPOJIM3EP C OMYIIEHHBIMU B HEro 3JE€KTPOAaMU —
aHo#oM (M3 aJTIOMUHUS U XKene3a) U KatonoM. ITuranne anekTpoiu-
3epa — OT MCTOYHHKA MOCTOSHHOTO MJIM TepeMeHHOoro Toka. Bona
oborauiaeTcs MOHaMHU Xeje3a Unu amoMuuus. Monsr xenesa (II)
OKUCNIAIOTCA B TpeXxBaieHTHYI0 dopMy. TpexBasieHTHBIE UOHBI XKefe-
3a WU aJIlOMUHUSI TUIPOJM3YIOTCS ¢ 00pa3oBaHWEM THIPOKCUIOB,
KOTOpBIE KOaryJMpyloT, obpa3ys xjonest. Ha npotiecc pacTBopeHHs
aHofa BIUSIOT (PU3UKO-XUMHUYECKHE, DNIEKTPUYECKHe U THIPOIUHA-
Muueckue dakropsl: pH, coneBoii coctaB, TeMneparypa, MaTtepuan
3JIEKTPOa, MJIOTHOCTh TOKA, YaCTOTa CMEHBI MOJISIPHOCTH, CKOPOCTh
IIBUXKEHUS BOIBI B MEXDJIEKTPOTHOM IMPOCTPAHCTBE U JIp.

PeareHTbl, TpUMEHSIEMbIE TSI OUUCTKHN BOABI, TOTOBSIT HEMOCPE-
CTBEHHO Ha BOJOOYMCTHOM KoMIuieKce. COCTaB M HAaCBILIEHHOCTD pe-
areHTHOTO XO3SMCTBA 3aBUCAT OT MPUHSITOM TEXHOJOTHH YIyULIeHUS
KauecTBa BoAbl. [ToMrMO 11€X0B KOaryTMpoBaHUsI, XJIOPUPOBAHMSI, U3-
BECTKOBAaHUST MOTYT OBITh LIeXW (TOPUPOBAHUSI, YIJIEBAHUS U IIp.

XpaHsIT peareHTH B CyXOM BHJIE HABAJIOM, B CIIELMATLHOM Tape WIH
B BUJI€ KOHLIEHTPHPOBAHHBIX PACTBOPOB (KOAaryjassHT 17—24 %-Hoi
KOHLEHTPAIUN, CYUTAS M0 YUCTOMY GE3BOMHOMY MPOAYKTY) B Ga-
Kax-XpaHWiuilax 6e3 rnepeMelIMBaHus WJIH MPOAYKTOB, 3aJIUTHIX
Bopoit (CHuII 2.04.02-84*). YtoOb1 n30exaTh NMoTepb KOaryJstHTa
OT CJEXUBAHUSA U YIPOCTUTH MOTPY30YHO-PA3rpy30YHbIEe PaGoOTHI,
MPEANOYTEHUE OTIAIOT BTOPOMY CITOCO0Yy.

Ckiianipl peareHTOB, 3a UCKJIIOYEHHEM XJIopa M aMMHaKa, pa3Mme-
AT BOIM3U 000pYNOBaHUA AJISI TIPUTOTOBJIEHUS UX PacTBOPOB
WJIU CYCTIEH3UH.

Xiop xpaHAT B OajstoHaX BMecTUMOCThIO 10 30 no 100 kr wim
B 60ykax, paccuutaHHbix Ha 700—3000 Kr XuOKOTO XJjIopa, Ha pac-
XOIHBIX CKJIafiaX, pacrosiaraeMbIX B MOHMXKXEHHBIX TOYKAX TUTOLIAI-
KW BOIOOYUCTHBIX COOPYXEHUH, a XJIOPHYIO U3BECTh — B JI€PEBSH-
HBIX 60uKax BMecTUMOCTbiO 100 1 275 T ¥ TTOJIM3TUIEHOBBIX MEIII-
Kax o0beMoM 75 J1 Ha OTHENbHOM CKJIale.

PacTBop (MM cycrneH3Wo) peareHTa TOTOBSIT B PacCTBOPHBIX
U pacXoIHBbIX 6aKax, YUCIO KOTOPbIX MPUHUMAIOT COOTBETCTBEHHO
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He MeHee 3 U 2. Ingd UHTeHCU(UKALIMU PACTBOPECHUSI PEATCHTOB
npeaycMaTpuBaiotT 6ap6oTax, MeXaHUUEeCKoe TepeMEeUIMBAHUE WU
HENPEPBIBHYIO LIUPKYJSALKIO pACTBOPA C MTOMOUIBIO Hacoca.

IIpu NMpOM3BOANTEIBHOCTH BOJAOOUYMCTHBIX COOPYXKEHHIT 10
1000 M3/cyT pacTBOpHBIE U pacXonHble GAKW COBMEILAIOT, a TIpU
Gosbllie — MX YCTaHABJAMBAIOT OTAEJBHO M pa3MellaloT B BEpPX-
Heit yactu 3naHusi. KoHIEHTpauus pacTBopa KoaryJisiHTa, CUUTasT
1Mo 6e3BOAHOMY MPOAYKTY, TIPUHUMAETCSI B pACTBOPHBIX Oakax 10
17 % nns HeounieuHoro, 10 20 % s OYMILEHHOrO KYCKOBOTIO,
1o 24 % nnsg O4YMILEHHOTO TPaHYJUPOBAHHOIO U B PACXOMHBIX —
no 12 %. BHYTpeHHI0I0 TTOBEPXHOCTh 0OAKOB HEOOXOAMMO 00JIH-
LIOBBIBATh KMCJIOTOCTOMKMMU MaTepuajaMu OT arpecCUBHOTO
BO3JcHCTBUS PACTBOPOB KOATYJISIHTOB.

PactBop (mmonmakpunamuaa) ITAA 0,1—1,0 %-Hoit KOHUEHTpaUWK
M3 TejIe00pa3HoOTro UK CYXOTO TEXHUUYECKOTo MPOIYKTa TOTOBAT B Oa-
KaX ¢ MEXaHNYECKUMMU JIOTIACTHBIMU MellIajiKaMu (4acToTa BpalleHUs
pasia 800—1000 Muu-!) win ruapaBanueckoit uMpkyasimeid. [pous-
BOOMTEJLHOCTD arapara MPUHUMAIOT C YYETOM BPEMCHHU TIOJTHOTO
LIMKJIa TIPUTOTOBJIEHUSI PacTBOpa M3 CYXOro WU rejeoOpa3HoOro
ITAA, paBHOTO COOTBETCTBEHHO 2 4 M 25—40 MuH. Yucno mMemanok
1 00bEM PACXOAHBIX GAKOB OTPEACAIOT UCXOAS U3 CpOKa XpaHEeHHUs
3anacoB pactBopa [TAA (10 15 cyT). CxeMbl IPUTOTOBIEHUST PACTBO-
POB KOary/istHTa U (bJIOKYJISIHTA TIpEICTaBAeHbI Ha puc. 5.4.

a)

AD

Puc. 5.4. CxeMbl NPUTOTOB/IEHHSI PACTBOPOB KoaryJjsiHTa (a)
u duokyasura (0):
P1, P2 — tpyGornpoBoisl pacTBopa KoaryisHTa U ¢dnokynsHra; AO — BO3-
pyxorniposod; I, 2 — pacTBopHble 6akM KoarylsHTa U ¢diokynsHra; 3, 4 —
HacOChl MEPEKAYKHU pacTBOPOB KoaryisiHTa U (iokynsaHTa; 5 — 6ak-XpaHH-
nuiue; 6, 7 — pacxoaHble 6aky KoaryasiHta M (oKysiHTa; 8, 9 — Hacocbl-
npo3atopbl; 10 — BO3myXomyBKa
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Puc. 5.5. Cxema aByxkamepHoro carypartopa «Crpys»:
1, 2 — 30HBI HaCBHIIUCHUSA W OCBETICHUS HMXHEH U BepXHEll Kamep caTy-
paTtopa; 3 — BBOJ B caTypaTOp M3BECTKOBOTO MOJiOKa; 4, 5 — TpyObl misi
Tepegayy M3BECTKOBOTO pacTBOpa M3 HUXKHel KaMephl arnapara B Bepx-
HIOI0; 6 — yaajJieHHe BO3lyxa; 7 — KOJIbLEBOI COOpHBII Xen06 roroBoro
pacTBopa; & — monaya BoObl; 9 — Ki1amaH mepenycka U3BeCTKOBOTO MO-
JIOKa M3 BepXHEH B HUXHIOW KaMepy, 10 — Beinyck ocanka; /1 — oTBox
HACBHILIEHHOTO PacTBOpa

TexHonoryst N3BECTKOBAHUSA BOJBI 3aBUCUT OT Ha3HAYEHMSI, Me-
CTa BBOJIa, KOJWYECTBA pearcHTa W BUIA 3aBOJICKOTO INMPOAYKTA.
Tak, npu cyroyHoM pacxone u3pectu 0o S50 kr (rmo CaO) paspema-
€TCSI CXeMa C MCMOJIb30BaHMEM H3BECTKOBOTO pacTBOpa, Mpeay-
cMaTpHUBaloUlasi CKjal MOKPOTO XpaHeHUs, YCTPONCTBO JJi 0TOO-
pa TecTa, BepTUKAJIbHBIH OTCTOMHUK WY THAPOIMKIIOH ISl OCBET-
JIECHUSI M3BECTKOBOTO MOJIOKA, CATypaTop ABOWHOTO HACHILICHUS
(puc. 5.5) v go3atop. Ilpu GosblIEM pacxone U3BECTU MU3BECTKO-
BO€ MOJIOKO WJIM pPACTBOP FOTOBAT B 06aKax, YMCJIO KOTOPBIX MPHU-

180



HUMaIOT He MeHee NBYX. OHM JOJIKHBI UMETh KOHHUYECKHE JHUILA
¢ HaKJIOHOM He MeHee 45 rpax u c6pocHble TPyOBI AUAMETPOM HE
meHee 100 mM. KoHIIeHTpauus U3BECTKOBOTO MOJIOKA B PacXof-
HBIX 0aKax J0oJiXHa OHITh He 60see 5 %, cuuras mo CaO. UsBecrt-
KOBO€ MOJIOKO IePeMEeIINBAIOT UMPKYAALUNOHHBIM HACOCOM WM
MEXaHUYECKON MEIaiKou.

ComoBhIi pacTBOp KOHIEHTpauuei 5—8 % nenaior B crieliMaib-
HBIX 6akKaX. YTOJIbHYIO TIYJBITY IJIS YIJ€BaHUSI TOTOBAT B Hakax
C TUAPABINYECKUM MIIM MEXAHHUYECKUM TepeMelIiBaHUEM TTyTEM
3aMavynBaHMs yIiis B TedeHue 1 yaca. KOHIeHTpauuio MynbITbl TIPH-
HuMaiT 5—-10 %, ckopoCTh ee IBUXEHUSI B TPYOOIIpOBOAAX — HeE
MeHee 1,5 m/c.

Jlo3aTopbl pacTBOPOB KOAaryJsiHTa M APYTHUX peareHTOB OBIBAIOT
TpeX BUIOB: 103aTOPHI MTOCTOSTHHOM J03bI; IIPOMOPIMOHATBHBIE 10~
3aTOPBI, KOTOPhIE aBTOMAaTUYECKH MEHSIOT J03y B COOTBETCTBUU
C U3MEHSIONIUMCS PACXOIOM BOJIbI; HACOCHI-A03aTOPHI.

K aBroMaTHuyecKH AeHCTBYIOLUIUM OTHOCUTCSI 103aTOp, MpeIIo-
xeHHB B.JI. YedmBunu u WU.JI. KpsiMmckum. Ero geiictBue ocHo-
BaHO HAa MCMHOJL30BAHUN PA3HOCTH 3JIEKTPOIIPOBOAHOCTHU €llie He
KOaryJIMpoBaHHOI BOIEI U 3TOI XXe BOHBI ITOCJIE BBEJEHHS B HEe KO-
aryJIstHTa.

K BhIIIIEYyKa3aHHBIM [103aTOPaM OTHOCSTCS TakKXe pa3paboraH-
uete BHUHW BOIATEO posatopsr Tuna JUMBA (mo3aTop u3Bect-
KOBOTO MOJIOKa OYHKEepHBIif aBTOMaTn4yeckuit). OHU peryaupyioT
rogavy peareHTa (MojaepXupast 3ajaHHoe 3HayeHune pH) mpomnop-
LIMOHAJIBHO pacxony Bombl. X MOXHO MCITOJIB30BATh M [UIST JO3UPO-
BaHUA pacTBopa KoaryiasHTa. HIInpoko MpUMEHSIOTCST HaCOCHI-103a-
Topel. X mojgaya MeHSIETCSI B IMPOKUX TIpenesax.

5.4. CmeweHune peareHTOB ¢ o6pabaTbiBaemoi
BOAOI

OCHOBOMOAralOIINM YCJOBUEM KOAryJTMPOBaHUS TIpUMeceit
BOJHI ABJISIETCA PABHOMEPHOE M OBICTpOE pacnpesie/ieHUe peareHTOB
B ee 00beMe IS obecreyeHUs MaKCUMAaJIbHOTO KOHTAKTa YacTHUI]
TpuMeceil ¢ TIPOMEXYTOYHBIMM TIPOAYKTAaMH MMAPON3a, CYIECTBY-
JOUIMMH B Te€UeHHE KOPOTKOTO TTPOMEXYTKa BpEMEHHM, TaK Kak Ipo-
Lecchl THAPOIIN3a, TTOJTMMEPU3alMU U afcopOLMU MTPOTEKAIOT 3a He-
CKOJIBKO ceKyHz. IlepBast ¢paza KOHBEKTUBHOM KOATYJISIUU — TIe-
DEKMHETHYECKasd — 3aKaHYMBAETCS, KOTAa IMEPBUYHBIE XJIOMbS
JIOCTUTAIOT pa3MepoB 1—10 MKM, YTO COBMANaeT ¢ MEPHOIOM OBICT-
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poro pacmpenejeHUsT KoaryJasiHTa B o6pabateiBaeMoii Bone. ITnoxoe
CMellleHre BJIEYET 3a cO0OM TMepepacxol peareHTOB M Majyio CKO-
pPOCTB aryIoMepaluy TIpUMeceit BoIbl TIpU 3anaHHoM no3e. ITosToMmy
HEO6X0IUMO 06ECTIEUNTh ONITUMAJIbHBIEC YCIIOBUS CMEILEHUS pea-
FeHTOB C BOJOM, TIPU KOTOPBIX KOATYJISTHT BCTYNMUJ Obl B KOHTaKT
C MAKCUMAaJIbHBIM YMCJIOM YacTHI] NpUMeceit BOOBI IO TOro, Kak
MPOU30MAYT peaklMy TUAPOIN3a U TTOIUMEPU3AIUH.

MNHTeHCUMBHOCTh CMEILIEHUSI PEareHTOB C BOIOH XapaKTEepHU3YyeT-
cs1 xkpurepueM Koamma GT u rpamueHTOM CKOpocTH G, oTipenensi-
€MBIM U3 BBIpaXKEHMUS

G = [E/(nTV)]°3,

rae E — 3Heprusd, 3aTpaynBaemas Ha cMelueHue, JIx; 1 — nMHaMu-
yeckasi BAI3KOCTb Boibl, I1a - ¢; 7 — MpOmOIXUTENbHOCTb CMellle-
HUA, ¢; ¥V — 00beM BOIOBI B CMECHUTENE, MS.

AdbdextuBHocTy petictBusi koarynsiHta (E.W. AnenbiuHa,
A.M. Mup3aeB) noBBIIIAETCS TNPU YBEJIWYEHUH WHTEHCUBHOCTH
CMeELIEHUS T10 CPAaBHEHUIO ¢ 06BIYHO MpUHATOMH (G = 20—300 c-1).

IIpu 3TOM [O3BI peareHTOB M BpeMsi, HEOOXOMUMEIE IS UX MOJI-
HOTO pacTipeieJICHUS B BOJIE, YMEHBILIAIOTCS C TTOBBIILIEHUEM T'PaIy-
€HTa CKOPOCTH. B BOIOTIOATOTOBKE HaMETHIACh TEHIEHLIUS K TIPU-
MEHEHMIO CMECUTESIE, 00eCTIeYMBAIOIINX Ype3BbIYaiiHO OBICTPOE
pacrnpefesieHHe KoaryasiHTa B ooOpabaTeiBaeMoil Bone. B ocHoBHOM
9TO MeXaHUYeCKHe U TpyOJaTble CMECHTEIH.

st paBHOMEpPHOTO M OBICTPOTO CMEIEHHUS PeareHTOB C BOIOM
HX CJIeAyeT BBOAMTH B TOUKAaX HanOoAbIleil TypOYyJIeHTHOCTH IO~
TOKA.

PeareHThl cMelnBaloT ¢ 06pabaTbiBaeMoit BOIOI B CMECHUTEb-
HBIX ycTpoiicTBax (coruia BeHTypu, nuacdparmsel), TpyodyaTeiX cMe-
CUTEJISTX WIN B CTELMAJIbHBIX COOPYXKEHMSIX — CMECHUTENSIX, KOTO-
pble IOJIKHBI YIOBJIETBOPSATH TPEOOBAHUIO TTOJTHOTO U OBICTPOTO
CMeEIlLeHUS PeareHTOB CO BCeil Maccoil Boabl (BpeMs Mpe6GbIBaHUS
BOZIbI B 3TUX COOPYXEHUAX 1—3 MHUH).

CwMecuTesm KinacCUGUIMPYIOT HA TUAPABIMYECKHE U MEXaHU-
yeckue. K ruipaBinyecKMM CMECHUTENISIM, XOPOIIO 3apeKOMEHJIO-
BaBLIUM cebsl Ha MpakTUKe, CiielyeT OTHECTH: KOPUIOPHOTO THUIA
(c BepTUKaJIbHBIM M TOPU3OHTAJIBHBIM JIBUXEHUEM BOIbI); AbIpYa-
THIH (HAITOpHBIN Y OGe3HAITOPHBIM); MeperopomayaThiii ¢ pasaeneHu-
€M TO0TOKAa; BEePTHUKaIbHBII BUXpeBOil. BbIOOP THMA M KOHCTPYKIIMK
CMECHUTEJISI OTIpEAEIISIETCSI KOMITOHOBKOM BOJIOOYMCTHOTO KOMILIEK-
€a C YYETOM €ro NMponycKHOI CITOCOOHOCTH M METOAOB 00paboTKH
BOJIBI, @ TAKXXE TEXHOJIOTHYECKMMU COOOPaXKEHUSIMHU.
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Pabota cMmecureseit rugpaBINYecKOro TUIA OCHOBaHa Ha HC-
MOJb30BaHUU TYpOYJIEHTHOCTHM IMOTOKAa, CO31aBaeMOW MECTHBIMU
COTTPOTHBJIEHUSAMH TTyTEM YBEJIMYEHUSI B HUX CKOPOCTH IBUXEHUS
BoAbl. ['MApaBiIMYecKue CMECUTENU OTINYAIOTCS KOHCTPYKTUBHOMN
MIPOCTOTON M IKCILTyaTaAllMOHHOW HaleXHOCTBIO, OAHAKO MTPU pac-
xonax obpabaTeiBaeMoii BOAbl MEHBIIIE PACUETHBIX OHU HE obecre-
YUBAIOT Hamiexauero addekra cmelreHus. Yucnio cexkuuii cmMmecu-
TeJieil MPUHUMAETCST He MEHEe IBYX, pe3epBHBIE anmapaThl He mpe-
JIyCMaTpHUBAIOTCH.

OmHUM U3 MPUEMOB UHTEHCUDUKALIMY W YIYYILIEHUS Tpoliecca
KOATYJISIIIUY SIBJIIETCSI MTHOBEHHOE TepeMellInBaHe BOIBI C Koary-
JITHTOM B duagpazmogom cmecumene Tiepell TTIOCTYTUIEHUEM €€ B Ka-
Mepy XJIONbeoOpa3oBaHUsT MW Ha KOHTAKTHBIE OCBETIUTENU WU
¢unprpel. Mcrmosib30BaHUE 3TOTO YCTPOUCTBA HA YCTAHOBKAaX He-
60JIBLIION TTPOITYCKHOI CMOCOGHOCTH MO3BOJISIET CO31aTh Haubosee
GJIATONPUATHBIN PEeXUM IJISI CMELIEHMSs, B PE3YJIbTaTe YEro pacxo
KOATyJITHTa MOXET OBITh CHUXeH Ha ~ 25 %.

IIIupokoe pacnpocTpaHeHUE TIONYIUIIA Hepe2opoduamebte cMecl-
meau c pasmejieHHeM IoTokKa. Takoil cMeCHUTENb MPEACTaBISIET CO-
6ol Xene300eTOHHBIIM JIOTOK ¢ TpeMs (KaK MUHUMYM) 1IeJIEBBIMU
neperopogkamu (puc. 5.6, a), ycTaHOBJIEHHBIMU TEPIIEHANKYIAPHO
ocu coopyxeHust. [Ipu IBUXEHWU B IENSAX CO CKOpPOCThio 1 M/C 3a
HHUMH 00pa3yloTCcs BUXpEBbIE TEYEHUS, YTO CITOCOOCTBYET OBICTPO-
My Y TIOJTHOMY CMEIIIEHHUIO peareHTa ¢ Bomoi. PaccTossHus mexmy
TeperopoaKaMHU TOJIKHBI PaBHATHCS ABOHHON IIMPUHE JIOTKA.

Moipuametii cmecumens (pyuc. 5.6, 6) npeacrTasisieT coboii JIOTOK
C IBIPYATBLIMU TIEPETOPOIKAMHU, YCTAHOBJIEHHBIMU MEPNEHINKYISIP-
HO HamnpaBJICHUIO ABUXEHUs Boabl. Boma, mpoxons yepes OTBEPCTHUS
CO CKOpPOCTBIO 1 M/C, HCTIBITBIBAET 3aBUXPEHUST, UTO CITOCOOCTBYET
€€ XOopollleMy NepeMelIMBaHuIo ¢ peareHTaMu. [{nameTp oTBepCTHiA
npunumalot 20—100 mMm. BepxHuit psim oTBepCTUI JOJIXEH OBITh 3a-
TOTUIEH TTox ypoBeHb Boasl Ha 0,1—0,15 M Bo u3bexaHue nmoacoca
BO31yXa.

s BODIOOYHMCTHBIX KOMIIJIEKCOB C OCBETJIUTENSIMU CO CIIOEM
B3BEILIEHHOTO OCaJKa WM ¢ KOHTAaKTHBIMM OCBETJUTENIIMU PEKO-
MEHIOYIOTCSI gepmuKanbrble (8uxpesvle) cmecumenu B BUIE KPYTJIOTO
(MM KBaIgpaTHOTO) B TIJlaHe pe3epByapa ¢ KOHMYECKOM (MM THpa-
MHUAAJIBLHOM) HUXHeN YacTblo TpH yriie KoHycHoctu 30—45 rpan
(puc. 5.6, 2). B HUXHIOW YacTh KOHyca (MJITM TTMPAMUIIBI) TIONBOIST
00pabaThIBa€MyI0 BOLY CO CKOpocThio 1,2—1,5 M/c u Tyna xe, TONb-
KO C TTPOTHUBOIIOJIOXHONH CTOPOHBI, Yepe3 CIelHaJIbHbIE MaTpyOKu
BBOISIT paCTBOPHI PEareHTOB.
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Puc. 5.6. CMecuTenu ruapaBiM4ecKOro THNa C pa3aejieHHeM noroka (a),
apipyaTelit (6), meperopoayatblii (8), BHXpeBoil (2), HAMOPHBIK ALIPUATHIN
(9):

1, 6 — nomaua u otBon Bombl; 2 — nepenus; 3 — cOpoc U3 6auka Boabl; 4 —
BBOJ peareHTa; S — TMeperopoiku; 7 — BO3AYXOINpPOBOM;, & — a3paTopsl;
9, 10 — BepxHsIS U HUXHSS ObIpYaThIe TIePEropoIKHU
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Puc. 5.7. TpybuaTbie cMecHTe/H:
1 — TpybonpoBox; 2 — pacnpeneauTeNb peareHTa; 3 — noaaya peareHTa; 4
— MECTHOE COMpPOTHBJIEHUE

Bocxonsias CKOpoCTh ABHXEHUA BOABI B HMIIMHIPHUYECKOM Ya-
cTU cMecutens Beicotoi 1—1,5 M momxHa ObiTh 30—40 MM/c, Gna-
rogapsi Y4eMy YaCTHUIBI peareHTa HaxoHsATCS BO B3BEUIEHHOM COCTO-
ssHUU. OTBOJ BOABI U3 CMCCHUTENST TIPOU3BOAMTCS TepUdepUItHBIM
JIOTKOM co0 ckopocTthio 0,6 M/c, MM OBIpYATBIMU TPYOaMHM C 3aTOIT-
JIEHHBIMHM OTBEPCTUSIMHU, WIH LIEHTPAIBHO PACTIOJIOXEHHOI 3aTOT-
JICHHON BOPOHKOIA.

Ha xpyTtHBIX BOZOOYMCTHBIX KOMILJIEKCAX MTPUMEHSIIOT nepecopod-
yamoste cmecumenu Kopudoprozo muna (puc. 5.6, 6) ¢ BepTUKaJIbHBIM
WY TOPU3OHTAJIBHBIM ABMXEHHMEM BOIBI CO cKopocThio 0,6—0,9 M/cC
MPU BpeMEHU NMPeGHIBaHUA B HUX 3—5 MuUH. YUHCI0 MOBOPOTOB Ha
180 rpan nmpuHumMalor paBHbIM 9—10. CrremyeT npeaxycMaTpuBaTh BO3-
MOXHOCTb COKpAllIEHUS YUCIIa TTEPETOPONOK JIJIT YMEHBILIEHUST Bpe-
MEHM NpeObIBaHUS 00pabaThIBAEMOI BOIBI B CMECUTENIE B TIEPHOIBI
MHTEHCHBHOTO XJIOMbe0Opa3oBaHMUSI.
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Ha HeGoabLINX BOAOOYUCTHBIX YCTAHOBKAX MIPUMEHSIIOT mpybua-
moie cmecumenu (pyic. 5.7), KOTOpPblE XapaKTEPU3YIOTCA 3HAYUTENb-
HBIMH TTOTEPSIMHU Hamopa.

Ins cMenIMBaHUs pacTBOPOB pearcHTOB C BOAOM B Halueil cTpa-
HE MPUMEHSIOT B OCHOBHOM CMECHTENIM I'MIPaBIMYECKOro TUTIA,
WHOTIa CMelIMBaHHUE TTPOU3BOASAT B TPy6ax M HEHTPOOGEKHBIX HACO-
cax, MOJAIINX BOOY Ha OYUCTHBIe coopyxenusi. HemocraTtkom
pPacCMOTPEHHBIX CTIOCOG0B CMEIIMBAHUS SBASIETCS HEBO3MOXHOCTh
pPEeryJIMpOBaHUSA CTEMEHN TYpOYJIM3alluu U BpeMeHU INpeGhIBaHUs
B CMECUTENIE B 3aBUCUMOCTHU OT pacxoaa oOpabarsiBaeMOil BOABI
1 €€ KauecTha.

a) 8
7

5 qga

Y D

= o~ / e
A \J
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Puc. 5.8. Mexannyeckue cMecHTead Typounnoro (a), nponeiiepHoro (6)
H JIONACTHOro (6) THINOB:
I, 5 — niogava ¥ OTBOJ BOABI; 2 — BBOJ peareHTa; 3 — OCb MEIDAJKH,
4 — xaMmepa cMmenieHHust; 6 — CTpyeHalpaBiasiowas rneperopogka; 7 —
LEHTPAIBHO PaCcMoNOXeHHHI cTakaH

OnTuManbHbI# 9¢hdeKT Koarysiiui 06ecrneYnBaeT 0YeHb ObIC-
TPBI# TEPEHOC YacCTHLl, KOTOPBI BO3MOXEH TOJBKO B BHICOKOCKO-
POCTHBIX MEXaHWYECKUX CMECHTENSIX ¢ MEUIaJKaMH JIOMAacTHOrO,
TypOMHHOTO W INporesuiepHoro tuna (puc. 5.8), rue npoucxXomsT
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MPaKTHYECKN MTHOBEHHOE paclipeie/IeHUE peareHTa BO BCEM 00be-
Me BOIbI U OBICTpOE TTOIYYeHHE ONTUMAaJIbHOI KOHIeHTpaluu. Ta-
KHW€ CMECHUTENIM MO3BOJSIIOT YMEHBUINTb BPEMST KOAryJSILIUH, CO-
KpaTUTh 03y KOaTyJIsTHTa W TIpu HauboJiee IOJTHOM MCIIOJIb30Ba-
HUM PEarcHTOB YBEJMYUTh TNIOTHOCTE 06Pa3yIOIINXCH XJIOIBEB.

Mexanuueckue cmecumenu TIPENCTABJSIOT COOOM KpYyIJible WIIH
KBaJpaTHbIE B TUIAaHE KaMepbl C COOTHONIEHHEM BBICOTHI K IIHPUHE
(mnameTpy) 2 : 1 ¢ TJIOCKMM MM KOHMYECKUM OHHUIeM. YacToTa ux
BpalleHUS] U3MEHSIETCS M OOBIYHO He TpeBbiinaeT 80 Muu-! mis Typ-
OMHHBIX MELIAJIOK C MAKCUMAJIbHOM JIMHEWHOI CKOPOCThIO HA KOH-
e Jsjonactu 10 5 M/c u go 150 mun-! mna nponennepHsix. Bpems
Mpe6BIBaHUS BOABI cocTaBisieT oT 30 ¢ 10 1 MuH.

HccnemoBaHuss MEXaHUYECKUX cMecuTeNeit, ipoBeieHHble B MT'CY
(I'.U. Huxonanze, A.M. Mup3aeB), rokasaiau, YTO UX MPUMEHEHNE
MTO3BOJISIET CHU3UTh YAEJIbHBIE KAaNUTAJIbHbIE 3aTpaThl, YMEHBUINTH
pacxoll KoaryJisiHTa, COKpaTHUTh BpeMsi TTpeObIBaHMS BOIbI B OTCTOMHU-
KaxX U OCBETIIUTENSIX CO CJIOEM B3BEILIEHHOIO OCaiKa, PETYIMpOBaTh mna-
paMeTphl CMEIIMBAHUST aIeKBaTHO KOJIMYECTBY M KaYeCTBY 0Opabarhl-
BaeMOW BOADI.

5.5. Kamepsi xnonseo6pasoBaHuns

s 3aBepuieHUsT BTOPOM CTagUM KOHBEKTUBHOUW KOATYJISLMU
rnpuMeceil Bobl — OPTOKMHETUYECKON — MCTIONB3YIOT KaMEpPhI
XJIONTbe0Opa3oBaHMUsl, KOTOpbi€ TIpeAHA3HAYEeHBbl IS CO3MaHUS
ONMTUMAJIbHBIX YCIOBUN IS XjonbeoOpasoBaHus. Ha agdekTus-
HOCTb TIpoliecca U pa3Mepsl (OPMUPYIOIIUXCS XJIOTIbEB TIPU Mel-
JICHHOM TepeMelIMBaHu 06pabaThiBaeMoit BOABI BIUSIOT €ro MH-
TEHCUBHOCTH (TpaiM€HT CKOPOCTH) M MPOAOIKUTEIBHOCTD; XapaK-
TEp U IUCTIEPCHOCTh IIPUMECEit; COJIEBOI COCTaB, 1IeTOYHOCTh U pH
BOJIbI; J03a KOaryJissHTa, a TakXe CWIbI aire3uu, yIepXHUBarolue
YacTULbI TIPUMECEi B arJTOMEpPUPOBAHHOM COCTOSIHUU. ATJIoMepa-
IMs 00pa3ylolIMXCst B MPOLIECCE TUAPON3a KOATYJIsiHTa XJIOIbEB
MMPOUCXOIUT TIOCTENTEHHO B TeueHue 6—30 MUH U Goree.

Cy1iecTBeHHOE BIMSHUE Ha MPOLECC XJIONMbeoOpa3oBaHUS OKa-
3bIBAIOT UHTEHCHBHOCTh M TPOAOIKUTENBHOCTb N€pEMELIUBAHUS
00pabaTbIBaeMOM BOIBI B KaMepax xJionbeobpa3oBaHus. Ilpu aTom
OCHOBOIIOJIaralolieit SIBIsIETCS MHTEHCUBHOCTD TEPEMEIIMBAHUS
G = 50—60 c~!; BausiHME MPOMOJIKUTEIBHOCTH MPOLIECCA TIPOSIBIIS-
€TCSI B MEHBIIIE! CTENEHM.
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HNHTEHCHBHOCTD NepeMENIMBAHUS BOABI B KaMepax XJIombseobpa-
30BaHUS He JOJLKHA ObITh 0OJBIIONH, YTOOBI HE paspylIMTh 06pa3o-
BaBlMecs xJjomnbs. Heo6xonuMass UHTEHCUBHOCTD TTepeMEIIUBaAHUS
BOIBI JOCTUTAETCSI UBMEHEHUEM CKOPOCTU €€ IBVKEHUST WIIH YacTo-
THI BpallEHUSI MELIATIKUA BO (DJIOKYJIATOPax, a ONMTUMaJIbHas TIPOAOJI-
KUTEJIBHOCTD TIpolecca obecreynBaeTcs HamJIeXalluM 00beMOM
COOpPYXKEHMSI.

[To npuHLMITY AEUCTBUST KaMePHI XJIoTbeoOpasoBaHUs Kiaccudu-
LMPYIOT Ha 2udpasauyeckue U mexanuyeckue (garokyasmopsl u aspo-
gnoxyaamoper). U3 KaMep ruipaBIM4ecKoOro THITA MPeAroYTeHHE OT-
JIaloT BOOOBOPOTHBIM (puc. 5.9), BuxpeBbiM (puc. 5.10, a), nepero-
ponyaTtelM U 3auurtamyieHHoro tuna (puc. 5.10, 6). Bce kamepsi,
KpPOMe€ TeperopoayaTthiX, BCTpauBaloT B OTCTOMHUKU. I1pu uncie Ka-
Mep xyionbeobpa3oBaHust MeHee 6 cortacHo CHuIT 2.04.02-84* He-
00X0OMMO NIpEeaYCMaTpPUBAaTh OMHY pe3epBHYI0. KOHCTpyKLIMIO KaMme-
PBI XJIONTbeOOPa30BaHUSA CJIeMyeT BRIOUPATh UCXONS M3 KauecTBa HC-
XOIHOM BOIBI U THUIIA OTCTOWHUKA.

a)

)

N

£E

Puc. 5.9. BonosoporHas (@) M KOHTAaKTHas (6) Kamepbi
XJIonbeoOpa3oBaHus, COBMeELIEHHbIE C BEPTHKAJIbHbIM OTCTOMHHKOM:
1, 5 — nomavya MCXOAHOI ¥ OTBOMX OCBETIIEHHOM BOABI; 2 — KOJIbLIEBOM BO-
IOCOOPHBIH JTOTOK; 3 — pagvasbHble JIOTKH, 4, 9 — BOJOBOPOTHAA U KOH-
TaKTHasl KaMepbl XJIONMbeoOpa3oBaHUs; 6 — racuTesb;, 7 — KOHYC-OTpaxa-
Teab, § — cbpoc ocanka; 10, 12 — BepxHAS WU HUXHASA peureTku; [/ —
BCIIEHEHHBIN MoaucTUpo; 13 — cbpoc ocanka
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Puc. 5.10. Buxpesas (a) u 3auuiamaesHoro tuna (6) Kamepsl
XJI0Nbe00Pa30BaHUA, BCTPOECHHbIE B TOPH3OHTAJIbHBINA OTCTONHHMK:
1, 8 — OTBOM OCBETJIEHHON M IMoJaya UCXOAHOM BOAbI; 2 — rOpU30HTAIb-
HBII1 OTCTOMHHUK; 3 — JIOTOK AeLeHTPAIM30BAHHOIO 0TOOPA OCBETIEHHOM
BOIBI, 4 — 30HA OCBETJIEHMUs] BOAbI; 5 — TOHKOCJOHHBIE MOLYIH; 6 —
JIOTKH AJig c6opa M OTBeNEHHUd BOAbl, 7 — BHUXpeBas KaMepa Xjonbeobpa-
30BaHMA; 9 — BoJopacnpeaeauTe/IbHbIE TepdhopHUpoBaHHbIe TpYObl; 10 —
nepdbopupoBaHHbIie TPYOB! cOOpa U ynanieHUs ocanka



K xaMepam xjonbeoGpa3oBaHUs TUAPABINYECKOTO THTA, XO-
pPOLIO 3apEKOMEHIOBABIIMM ceOsl Ha MTPaKTUKE, TOMUMO yKa3aH-
HBIX BBIILIE CJIEJYET OTHECTH KaMephl C MCEeBIOOXUXEHHOMN 3ep-
HUCTOM 3arpy3koil, ¢ HUPKYAslMeil ocamKa, ¢ KOHTAaKTHOW 3a-
Tpy3KOH.

Bodosopomnas kamepa xnonveobpazoeanus COBMEILAETCS C BEPTHU-
KaJbHBIM OTCTOMHUKOM W PAcCITojiaraeTcsl B HUEHTPAJTbHOM CTaKaHe
(puc. 5.9, a). Bona pacrnipenenisiercd B BEpXHEH 4yacTU KaMephbl CO-
TUIOM, PacrnoJIOKEHHBIM Ha paccTossHUU 0,2 nuaMeTpa KaMephl OT
CTEHKU, Ha TnyouHe 0,5 M OT MOBEPXHOCTHU BOABI, WU COMAMMU,
3aKpeTUIEHHBIMU B €€ LIEHTPE B BUIE HEMOABUXHOIO CETHEPOBA KO-
Jleca. BeIXxoast U3 comes Co CKOpoCThio 2—3 M/c, Boma mpuobpeTaeT
BpalllaTejibHOE JBUXEHUWE BIOJIb €€ CTEHOK M JIBUXETCSI CBEPXY
BHU3. [lJ1s raureHus BpalllaTeJIbHOTO IBUXEHHS BOIBI TIPU €€ Tepe-
X0J¢ B OTCTOMHHUK, KOTOPOE MOTJIO OBl YXYIIINTh €ro paboTy, BHU-
3y KaMepbl YCT4HaB/JWMBAIOT TaCUTEJIb B BUAE PEIIETKH BBHICOTOM
0,8 M ¢ aueiikamu 0,5 x 0,5 M. BpeMst npeOGbIBaHUST BOIBI B KaMepe
npuHumatot 15—20 MuH, a ee BoicOTY — 3,5—4 M.

ITepecopoduamasn kamepa xnonveobpazosanus (NPUMBIKAeT K To-
PU3OHTAJILHBIM OTCTOMHMKAM) MPENCTaBisieT co00il NMpSIMOYroJib-
HBII1 XKeJ1e300eTOHHBIH pe3epByap C MeperopoakaMu, obpasyommuMu
9—10 xopunopoB wKMpHUHOI He MeHee 0,7 M, yepe3 KOTopble Tocie-
JIOBaTeJIbHO TIPOXOJAUT Boaa co ckopoctbio 0,2—0,3 M/c B Havale
kamepsl ¥ 0,05—0,1 M/c B KoHIIe. 3a CUET YBETMYEHUS IITUPUHBI KO-
PUIOPOB MOXHO PEryjvpoBaTh TPOAOIKUTEILHOCTh NMPeOBIBAHUS
oOpabaTeiBaeMOit BOJIBI B KaMepe B 3aBUCHMOCTH OT €€ KauecTBa.

JHO KOpUIOpPOB KaMephbl BHITTOJNHSIOT C MPOAOJBHEIM YKJIIOHOM
0,02—0,03 mns ymaneHust ocagka npu uuctke. CpelHIoo MIyOuHY
KaMepbl IPpUHUMAIOT 2—2,5 M, TIPOIOJIXKUTENILHOCTb NMPEOBIBAHNS
BOabl B Kamepe — 20—30 MUH (MUHUMaJIbHOE BPEMS IUISI MYTHBIX
BOJ, MAKCUMAJIbHOE — JUISI 1IBETHBIX BOJ C MOHUXEHHON TeMItepa-
Typoi).

Buxpesas xamepa xaonveobpazosanus (pvc. 5.10, a) BBINOJIHSAET-
Csl B BUJIe TIPSIMOYTOJILHOTO B TUIaHE XeJ1e300€TOHHOTO ¢ KOHUYeC-
KWM WJIW MTAPaMUAQIbHBIM JHUILIEM pe3epByapa (C yIJIoM KOHYCHO-
ctn 50—70 rpan, obpauieHHBIM BHU3). TlepeMeliBaHue BOabI B Ka-
Mepe XJIOTTbeoOpa30BaHUST TIPOUCXOAUT MPU €€ JBUXEHUU CHU3Y
BBEpX BCJEACTBUEC YMEHBLIEHUS CKOpOCcTH ABuXeHus (ot 0,8—1,2
1o 0,004—0,005 M/c) B pe3ynbTaTe pe3KOro yBeJMYEHUS TUIOLIAAN
TornepeyHoro ceyeHus. BpeMst npeOGsIBaHUS BOIBI B KAMEpe COCTaB-
JisteT oT 6 (a1t MyTHBIX Boa) a0 12 MuH (st uBeTHBIX Boa). Ilepe-
Jlayy BOABI M3 KaMepbl B OTCTOMHUKM CJIeNyeT OCYILISCTBIISITb IIPU
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CKOPOCTH ee IBUXEHUSI B COOPHBIX JIOTKAxX WIU Tpybax He Gojee
0,05 M/c mnst uBetHsIX Boa U 0,1 M/c — mina MyTHBIX. 11 UHTEH-
cuduKauy paboThl KaMephl B €€ BEpXHEN YacTH MOTYT pa3MellaThb-
CSl TOHKOCJIOMHBIE MOJTYJTH.

Kamepa xaoneeobpazoeanus 3awnamaennozo muna (puc. 5.10, 6)
C BEPTUKAJIBHBIMU TIEPEeropoKaMu MIPUMEHSIETCS IUTST BOJT C MYTHO-
cteio 1o 1500 mr/n. Ee pa3Mewiaiotr B Hayajie KOpUI0pa OTCTOMHHU-
Ka Y BBITIOJIHSAIOT B BUJIE XeNe300eTOHHOTO ¢ MUPaMUIATbHBIM JHU-
1IeM pe3epByapa (C yrJIoM KOHyCHOCTH 45 rpan). B ocHoBaHUsAX me-
peBEPHYTHIX NMHUPaMUI pa3MelllaloT HanopHbIe MepdoprupoBaHHbIE
BOJOpaCIpene/IMTeIbHBIE TPYOBI, PaCCTOSTHUE MEXIY KOTOPBIMHU
B OCSIX 2 M, OT CTeHKHM Kamepbsl — | M. OTBepcTust TpyObl THMaMeET-
poM He MeHee 25 MM HampaBJIeHbl BHU3 Mo yrioM 45 rpam, ux
cyMMapHas 1owaab coctapisieT 30—40 % rutonianu ceyeHUs pac-
NpeneIUTENbHOM TpyObl. CKOPOCTh IBUXKEHUST BOJBI B pacIpeesin-
TeNbHBIX Tpybax 0,4—0,6 m/c.

Hns cobmoneHnst MOCTOSTHCTBA CKOPOCTU IBUKEHUS BOJBI Nep-
¢opupoBaHHBIE pacTipeleUTETbHbBIE TPYOBI HEOOXOAUMO BBITIOJN -
HSITh TEJIECKOMTUYECKUMHU C KOCBIMU TIEpeXoJlaMH.

Ilpu Bocxomsueit ckopoctu noroka 0,65—1,6 MM/c (s Box
MyTHOCTBIO 50—250 mr/m) u 0,8—2,2 MM/c (s BOO MYTHOCTBIO
250—1500 Mr/n) obpasyeTcs ¥ MOAAEpPXUBAETCS BO B3BEIIEHHOM
COCTOSTHUM CJIOM OcamgKa M3 CKOaryJIMpOBaHHBIX MIPUMeECE BHICOTOM
He MeHee 3 M, YaCTHUIIBl KOTOPOTO SIBJISIIOTCS LIEHTpaMU KOaryJisi-
unu. Bpems npebsiBaHus Boabl B Kamepe He MeHee 20 MuH. ITpu-
MeHeHHe TTogOOHBIX KaMep XJIONbeoOpa3oBaHUS MO3BOJISET YBEJIU-
YUTh PACYETHYIO CKOPOCTb OCaXAECHUS B3BEILIEHHBIX BEUIECTB B OT-
CTOMHMKAX MPU OCBETJIEHUU BOA CpedHeil MyTHocTH Ha 15-20 %
U MyTHBIX Ha 20 %. Ilepemava Boabl U3 KaMepbl B OTCTOMHMK I0JI-
XHA OCYHIECTBIIATLCS MPH CKOPOCTH ee nBvikeHust 1o 0,1 M/c mns
MYTHBIX Boa u 110 0,05 M/c 1UTsl LIBETHBIX.

Hdna yayduieHUsT mipoliecca XJaoTnbeoOpa3oBaHUs MPU KOHBEK-
TUBHOM KOAaryJIvMpoBaHWU TPUMeCEHl MaJIOMYTHBIX U IIBETHBIX BOJ
A.b. Tans6epiurrantoM npeasioxXeHa epasuiinas Kkamepa ¢ TICEBIOOXH-
KEHHOM 3epHUCTOI 3arpy3Koit. OnTuMaibHbIe YCJIOBUS TTPOTEKAHUS
Tipoliecca XJIOTIbeoOpa3oBaHUsI CO3IAIOTCS IPU UCTIOB30BaAHUHU 3€p-
HMCTOI 3aTrpy3KM U3 KPOILIKH KepaM3uTa, Iecka 1 Ap. C 9KBUBAJIEHT-
HBIM JquametrpoM 0,6—0,9 MM U BBICOTOM CJIOS B CTaTUYECKUX YCIIO-
usix 0,3—0,5 M, paGoraroueit mpu pacirupeHuu Ha 10—15 %, yto
COOTBETCTBYET BOCXOJAIIEH CKOPOCTH ToToKa 2,6—4,0 MMm/c. IlepBo-
HayaJbHO KOHTAKTHBIN CJIOH 3arpy3Ku MOKOUTCSA Ha CJIoe TpaBus
KpYMHOCThIO 5—20 MM u BeicoTo# 0,3—0,4 M.
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Jpyrast KOHCTPYKLMSI KOHTAaKTHOW KaMephl XJIOMbeoOpa3oBa-
HUs, HO 0e3 MomAepXUBAOIIEro rpaBUHOrO cjlosi 6bl1a NMpeasio-
xeHa M.T. Xypb6oii. [lna o6pa3zoBaHUsT MCEBIOOXKUKEHHOTO CIIOS
MCITOJIb30BaHbBl BCIIEHEHHBIE TPaHyIbl nojuctuposia mapku INCB
kpymnHocThio 0,5—1,5 MM, ynepxuBaeMble B BEpXHEl 4yacTu KaMe-
pbl ApeHaXHo# ceTkKoii. [TepBoHauanbHasg BBICOTA CJOS TPaHyJ
okono 1 M. Bocxoasiass CKOpOCTb ABUXEHHUS BOIBI B KamMepe
5—-6 mMm/c.

Hcnonb3oBaHWe KOHTAKTHBIX KaMep XJIONMbeOoOpPa30BaHUS T10-
3BOJISIET YBEJIMYNUTh B 3—4 pa3a Harpy3ky Ha eIMHUIly oObeMa Ka-
Mepbl, CHU3UTH Ha 20—25 % pacxon KoaryjsiHTa, YMEHbIIUTD MpH-
MepHO B 1,5 pa3a NMpoaoKHUTENbHOCTh OTCTAUBAHUS BOIbI B OT-
CTOWHHUKAX.

IIpy KOHAUILIMOHUPOBAHUY MAJTOMYTHBIX LIBETHBIX BOJA XOPOILIO
3apeKOMeHIoBaJIa cebs KaMepa XJI0MbeoOpa3oBaHMs 3aMIITIaMJIEH-
HOTO THITA C peUUpKyasuueit ocagka (puc. 5.11). O6pabarsiBa-
eMast Boja, CoIlaMM BBOAMMAsl B HUXXKHHME YacTH CEKI[MI KaMephl
co ckopocThio 1 M/c, TIOCTynaeT B UEHTPaJIbHO PACIOJIOXEHHbIE
3XEKTHPYEMBIE BCTABKH M BCACHIBAE€T BOJAY C OCAaIKOM U3 oObeMa
cexuuii. TakuM o6pa3oM, B KaXIoH CEKIIUN MTPOUCXOIUT HETpe-
pPBIBHOE ABUXEHME B3BEIIEHHOTO OcaaKa, obecriednBalomiee KOH-
TaKTUPOBaHUE arperaTUBHO HEYCTONYUBBIX TIPUMeCeit U UX YKPYII-
HeHue. [TocTerreHHO 0OpabaTsiBaeMasi BoJia TIEPEXOANT U3 KaMephbl
B KaMepy U Jajiee B OTCTOMHUK. BpeMsi mpeObIBaHUS BOIBI B KaMe-
pe 20—30 MuUH.

B mexanuueckux kamepax xnonseobpazosanus (gaoxkyrsmopax), pe-
kKoMmeHayeMbix CHuIT 2.04.02-84* myist 06paboTKH MyTHBIX BOI M TIpH-
MEHSIEMBIX Ha KPYITHBIX BOJOOYMCTHBIX KOMIUIeKcax (puc. 5.12, a),
TUIaBHOE TTepeMEIIMBaHKUe BOMBI IJisl 3aBEPIIEHHUS TTPOLIECCa OPTOKU-
HETUYECKOM KOAaryJsIsiliuM €€ TIpUMecei OCYIIIECTBIISIETCS TIPOTIesuiep-
HBIMM WJIM JIOTIACTHBIMU MelIaJIkaMY, pa3MelllaeMbIMH Ha TOPHU30H-
TaTbHBIX WIM BEPTUKAJIBHBIX OCAX. Memajika UMeeT OIHY WU He-
CKOJIBKO  Jiomacteif. DiokynaTopbl OOBIYHO BCTPaMiBalOT B
TOPU3OHTANIbHBIE OTCTOHUKHY U PAacCUYMUTHIBAIOT HAa BpeMsl TIpeObIBa-
HUS Boabl B HUX 30—40 MuH (10 60 MMH TpH peareHTHOM YMSITYEHUH).
Yucno Memanok nmpuHUMalot 3—5. CKopocTb TeueHHUs BOABI BO (to-
KYJISITOpe CHIDKaeTcsl 1o xomy rotoka ot 0,5 no 0,1 M/c 3a cyer cokpa-
LIEHUS YaCTOThI BpallleHUs MEITAJIOK WJIM YMEHBIIAIOMIEHCS 10 XOIy
JBIDKEHUS BOABI TUTOIANM UX JionacTei. OKpyKHYI0 CKOPOCTb Bpallie-
HUs Memajaok npuHumalor 0,3—0,5 M/c anekBaTHO KayeCTBY MCXOI-
HOM BOIBI.
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5000 ¥

Puc. 5.11. Kamepa xionbeo0pa3zoBaHusa ¢ peuHpKyJIauHeil ocaaka:
1, 2 — orcToifHUK W KaMepa XJonbeoOpa3oBaHus; 3 — peUUPKYIATOPHI;
4 — neperoponku, aeaswye o6beM KaMepbl Ha MOCJEA0BaTeNbHO pabo-
TalOUNE CeKUUU; 5 — Mnmoxaya MCXOAHOM BOABI, 6 — paclpeae/iuTe/bHas
Tpyba ¢ coriamu

DoKyNATOPHl ¢ MEIIAJIKAaMH Ha BEPTHUKAJIBHBIX OCSIX OOBIYHO
000pYIYIOT IBUTaTESIMM C TIEPEMECHHOM YaCTOTOM BpallleHUS; TIpU
pa3MeleHUH MEUIAJIOK Ha TOPU3OHTAIIBHBIX OCSIX OJAWH IBUTATENb
00CTYy>XMBaeT HECKOJIBKO MeIIaloK. Melajky pacroJaraior B Ha-
yajie KOpUaopa OTCTOMHMKA B ABa psiga U Oojiee U pa3messioT Te-
peropoakaMu IS IUPKYASLAU BoAbl. DIIOKYIATOPH UMEIOT pas-
JIMYHYIO (popMy B U1aHe (KBaIpaTHYIO, KPYTJIYIO M MPSMOYTOJIb-
HYI0).

IMpeumyiiecTBamMu (JIOKYISITOPOB MO CPAaBHEHHIO ¢ KaMepaMH
TUAPABIMYECKOTO THUIA SIBJISIOTCS HEOOJBIIIME TIOTEPU HATopa, Mpo-
CTOTa KOHCTPYKIIMU, ONITMMHU3ALIMS ITPOLiecca XJIOMbeoOpa3oBaHUs
aJieKBaTHO Ka4eCcTBY 00pabaThIBaeMOil BOIBI ITyTEM M3MEHEHUS Ya-
CTOTHI BpalllEHUs MEIIAJIOK; HEIOCTaTKaMM — IOIOJHUTEIbHbII
pacxof 3JeKTPOIHEPrMH, BHICOKHE TpeOOBaHUS K MaTepyayiaM JeTa-
Jiel, YTO yOOpOXaeT COOPY:KEHHUE B LIEJIOM.
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Puc. 5.12. ®aokyastop (a) u aspod.okynsarop (6), coBMemEHHbIE
C TOPH3OHTAJIbHBIM OTCTOHHHUKOM:
1, 2 — nopaya BOJABI U peareHTa; 3 — Melanka cMecutens; 4 — ¢Gaoky-
JIITOP; 5 — MEWANKHU Ha TOPU3OHTAILHOM OCH; 6 — Tpsi3eBoil Hacoc; 7 —
TOPU3OHTAJbHBIH OTCTOMHUK; § — Kamepa duokynsaTopa; 9 — nomaya
Bo3nyxa; 10, 11 — BO3ayxo- U BoAoOpacripeacUTeNbHble TpybuaThle
nephOpUPOBAHHbIE CUCTEMBI

77

Aspoghnoxynamopsr — 6apOOTaXKHbBIE KaMepbl XJIONbeoGpa30BaHUs
(puc. 5.12, 6) mony4awT Bce Oojiee MIMPOKOE pacnpocTpaHeHUe
B TEXHOJIOTMM BOAOTIOATOTOBKY Gyiarofapst IelieBU3HE U TOCTYITHO-
CTH BO3[lyXa, HEBBICOKOI CTOMMOCTH 000PYIOBaHUS, BBICOKOMY 3¢-
tdexry xyonbeobpaszoBaHus. [Ipu aToM pabora, coBepiiaeMasi BO3-
I[yXOM, OCYILIECTBIISIETCS] 338 CYET PA3HOCTHU €ro TUIOTHOCTH C BOMIOIA.
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[To A.B. bytko, addekrT x1onbeobpa3oBaHUs B a3podIOKyIsATOpax
JOCTUTAETCA B pe3yJibTaTe YeThbIpeX ONHOBPEMEHHO NMPOTEKAIOIINX
TTPOLIECCOB: BbIACIIEHUS U3 BOABI U30OBITOYHBIX KOJUYECTB JUOKCH-
Jla yTyiepoia; OKHCJIEHHST KUCTIOPOIOM BO3yXa OpTaHUYECKUX TTPU-
Meceil; crieunpUIecKOro MEXaHWIeCKOro nepeMelnBaHus BOIbI
Ny3bIpbKaMHU BO3AYXa U 0O6pa30oBaHUs 3apojblilieil TBepaoi da3bl
MPOAYKTOB THAPOJIM3a HAa TIOBEPXHOCTH Ta30BBIX MY3BIPHKOB.
B aspodnokynsiTopax UCIONB3YIOT ciiaboe IMHeBMaTUYeCKOoe Tepe-
MellMBaHKUe, OOBIYHO ¢ MHTEHCUBHOCTBIO 0,15—0,25 M3/(M2 - MUH),
IpU 3TOM PACXOX BO3AyXa He MpeBbIluaeT 5 % pacxona obpabarsi-
Ba€MOU BOJIBI.

Ad3podIIOKYISTOp NpeAcTaBiIsieT CoOO0M NMPSIMOYTONIbHYIO B TTia-
He KaMepy, 00beM KOTOpoil paccyuTaH Ha 6—12-MUHYTHOe TIpe-
OBIBaHME BOMBI, C XEJTOOYATHIM JHUIIEM, BCTPOEHHYIO B TOPU30H-
TaJIbHBIA OTCTOMHUK. B ocHOBaHue XeJOOOB THUINA YJIOXEHBI
nepopupoBaHHBIE paclIpeleUTeNIbHbIe TPYOB Ha pacCTOSSHUU
20—-30 cM, Hag KOTOPBIMM TIEPIEHAUKYISIPHO UM pacIojiaraioT
B BUJle pelIeTKHU TNephopupoBaHHBIE WM TTOPUCTBIE BOJIOpac-
IpeaeauTeNbHble TPY6sl ¢ marom 1—1,5 M. [luamerp oTBepcTHit
1,5-2,5 MM, mrar 72—150 mm. OnrTUManbHast BHICOTA CJIOST BOMBI
Haja 6ap6oTaxHoi cucteMoit coctasasieT 2—4 M. s aspodioky-
JISTOPOB ONTUMAJIbHOE 3HAYEHHE IPATUECHTA CKOPOCTH HAXOAUTCS
B npepenax 25—45 ¢!, a koapdULHEHT 0OBEMHOTO UCIOIB30BA-
HUS Bo3pacTtaeT B 1,5—2,5 pa3a Mo cpaBHEHHUIO C TAKOBLIM TSI Ka-
Mep TUIpaBJIWYecKoro Tuma. I1pu nmpuMeHeHUU aspodIOKYISITO-
poB st 00paGoOTKN MYTHBIX BOJ MTPOU3BOANTEIBHOCTh TOPU3OH-
TaJBHBIX OTCTOWHWKOB MOBbINIaeTcs B 1,5—2 pasa.

5.6. OTcTanBaHue BoAbl

OcaxneHue B3BEUIEHHBIX YaCTULl TPOUCXOMUT MON AeHCTBUEM
cuibl TaxecTd. CoBpeMeHHbIE KOHCTPYKIIMU OTCTOMHUKOB SIBJISI-
IOTCSl TIPOTOYHBIMHU, T. €. OCaXIeHHe B3BECH B HUX IMMPOUCXOAUT
TIPU HeNPEPHIBHOM JIBMXEHUU BOIBI OT BX0OJa K Beixoxy. [ToaTo-
MY CKOPOCTH JABUXEHHUSI KUIKOCTH B OTCTOMHUKAX MaJbl: 3TO Je-
CATHIE JOTU MM/C B BEPTHKAJbHBIX OTCTOWHHMKAX U HECKOJIBKO
MM/C B TOPU30OHTaJbHBIX, pATHAIbHBIX U TOHKOCJTOWHBIX OTCTOM-
HuKax. [IpM TakMX MajbIX CKOPOCTSAX MOTOK MOJHOCTBIO TEpPSET
CBOIO TPAHCMOPTUPYIOLIYIO CMTOCOOHOCTh, 0OYCIOBNIEHHYIO UH-
TEHCUBHBIM TYPOYJEHTHBIM TepeMelnBaHueM. OcaxneHue B3Be-
CH B TIOTOKE, IBUXYILIEMCS C OYEHb MaJioif CKOPOCThIO (ITOUYTHU
JULIEHHOM TPAaHCIOPTUPYIOLIEH CITOCOOHOCTH), MOAYNHAETCH,
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nmo B.T. TypuuHOBUYY, C U3BECTHBIM NMpPUOIHUXKEHUEM 3aKOHAM
OCaXIEeHUS B HEMOABUXHOM 00BbeMe XUAKOCTU. DTU 3aKOHBI XO-
POIIIO U3YYEHBI JUIST OCaXAEHUS arperaTUBHO YCTOWYMBOM B3BECH,
YaCTUIBI KOTOPO# HEe CIUMAIOTCS, HE U3MCHSIOT (GOpPM U 00b-
€MOB. DTO siBJiIeHWEe UMeeT MPaKTUYeCcKoe 3HAYEHUE AJisl OTCTOM -
HUKOB, MPUMEHSEMBIX B TEXHOJIOTUM OYUCTKHU BoAbl. OcaxaeHue
HEYyCTONYMBOH (CKoaryJiupoBaHHOI) B3BeCH, CITIOCOOHOM arjioMe-
pUPOBAThCA M CJIUNATLCA B TPOLIECCE OCAXIEHUS, HU3YUYEeHO
B MEHBILIEH CTENEHH.

Ha xapakTep ocaxxaeHUsi B3BeCH BJIMSIIOT pa3Mep U dopmMa ee va-
CTHII, PEXUM JIBUXEHUS OCBETISIEMOI BOJBI U €€ BSI3KOCTb, U3ME-
HSTIONIAsICST C TEMITEPATYypOH.

MyTHBIE BOJIBI — 3TO BCEraa MojiMaucIiepcHast cucrema. [Ipu
KOaryJISILUU TIPUXOIUTCH UMETDH [EJI0 C OCaXIEHUEM arperaTuBHO
HEYCTOWYMBOM B3BECH, YACTHUIIBI KOTOPOI B TMpOLIECCE OCAXKIACHUS
MEHSIIOT CBOIO CTPYKTYpY ¥ pa3Mepsl. Bce 3To ocioxHseT MateMa-
THUYECKOE BbIpaXX€HHE 3aKOHOB OCAXIECHUS U MOJYIEHUS] TOUHBIX
METOIOB pacyeTa OTCTOITHUKOB.

CKOpOCTb OCaXACHMST YaCTUI[ MAJIOTO pa3Mepa NPH MaJTbIX CKO-
pocTtax (rpu 3HayeHUM yuciaa PeitHonsaca Re << 1) Moxer OBITH
omnpeneseHa o ¢popmyse

u=wdg2, (5.1)
181
TII€e py U p — TUIOTHOCTB XUIKOCTH U YaCTHULbI COOTBETCTBEHHO; d —
IUaMETP YaCTULBI, ONIPENeSIEHHBII KaK TUaMeTp PaBHOBEIMKOIO MO
00beMy 1Iapa; 1 — BI3KOCTb XUAKOCTH; g — YCKOPEHUE CBOOOIHO-
TO MaJeHUSI.

CkopocTsb BeinaneHus yactul  nipu ¢ = 10 °C HasbIBaeTcs TUi-
paBJIMYECKON KPYMHOCTHIO YacTHUbl. ®opmyny (5.1) HasbIBalOT
dopmyioit Crokca. OHa npuMeHMMa B 00JIaCTH NEHCTBUS JIMHEMN-
HOTO 3aKOHa COTIPOTHUBJIEHUS. DTO BbIpaXX€HUE MOXET OBITh MC-
MOJIb30BAaHO MPaKTUYECKHU IUIi MOHOOUCTEPCHOM B3Becu. Ecim
B3BECh MOJUAUCIIEPCHAS], TO €€ XapaKTePUCTUKHU MOJIy4aloT 3MITH-
PUYECKHM TyTEM B Jlabopatopuu. OnpenensieTcst CKOpoCTb BBITIAzE-
HUS B3BECH U, COOTBETCTBYIONIAS MPOLIEHTY €€ OCAXICHMSI:

M, -M,

P £100%,

HCX

rae M, ., ¥ M; — MyTHOCTB 10 ¥ TIOCJIE OTCTaUBaHUSI COOTBETCTBEH-
Ho. 1151 3TO# 1IeMu ynoOHO CTPOUTH KPUBBIE

196



P=rw-/(%)

TIe 4 — BBICOTA CJIOSI BOJbI; { — BpeMsI OTCTauBaHU4.

[Tpu pa3MYHOM BPEMEHMN OTCTAMBAHMUsI OTIPEAENSIOTCS U, = h/t);
u, = h/t, n 1. 1. u cooTseTcTByOMWKE UM P|, P, u 1. a. Ilo HaiizeH-
HBIM 3HAUEHUSIM CTPOUTCS KPHUBAst ocaxkaeHus B3Becu (puc. 5.13).

P %
160t
o
NA
NI N

20

’*n
ug MM/C

0 02 04 0,6 0,8 1,0 4,2 44

Puc. 5.13. I'paduK 3aBHCHMOCTH KOJHMYECTBA BBHIMABIIMX B 0CAAOK
B3BEIICHHBIX BeUIECTB OT THAPABIHYECKOH KPYMHOCTH B3BeCH

JJis 9acTni JaHHO¥ TMAPaBIMYECKO#H KPYITHOCTH CKOPOCTh BBI-
NajieHUsI B3BECH TOCTOSIHHA: U = h,/t, = h,/t, = ... = h,/t = const.
Torna Bpems ocaxaeHus B3BECH MPOMOPUUOHAIBHO BBICOTE CJIOS
BOIBL: L/t = hy/h,.

Ilpu ocaxneHuM arperaTMBHO HEYCTOMYMBOIN B3BECH TaKXKe
CTPOMUTCH KPUBAsA OCAXAEHUA B3BECH, HO TOJyYaeTcsi GUKTUBHAS
BEJIMYMHA CKOPOCTH BHINMafeHMs B3BecU. Il KoarynupoBaHHOM
B3BECH CNPABETUBO COOTHOIIEHHE

12 hz n
- =(_) )
hooh
rae # = 0,2—0,5 — sMnupuyeckast BeJIMYMHA.
MeTonuka MOAeTUPOBAaHUS TIpoliecca OCaXAeHUS OCHOBaHA Ha

1’IOI[O6HI/I KPHUBBIX BbITaA€HWUA B3BECHU M1 pA3JIUMYHBIX BBICOT CTOJI-
6a ucciienyeMoil BOABI.
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3agayeil 1abopaTOPHBIX UCCIENOBAHUN SBISETCS TMOCTPOEHUE
KPHBOIl OCaXIEeHWS B3BECH C LIEJIbIO OTIPeIeJICHUST pacYeTHOU I'mi-
paBJINYECKOM KPYIMTHOCTH YU BpeMeHU TIpeObIBaHUS BOJBI B OTCTOM-
HHUKe [UIs 3a1aHHOTO 3(eKTa OcCaxaeHust P, .

OTcravBaHHe BOIBI IPOU3BOMST B CNIELIMAJIBHBIX COOPYXEHU-
AX-OTCTOMHHUKAX, KOTOPbIe B 3aBUCUMOCTH OT HATpaBJICHUS IBU-
KEHHST BOABl KJIACCU(PUIUPYIOT HA TPU OCHOBHBIX TUMA: BEPTH-
KanbHbIe (CM. puc. 5.9), ropusoHTanbHBIe (cM. puc. 5.10) u pagu-
anbHble (puc. 5.14).

TopusonmanvHblii omcmoliHuk — TIPSIMOYTOJIBHBIM, BBITSTHYTHIN
B HalpaBJIeHUW ABUXEHUST BOABI pe3epByap, B KOTOPOM OCBETJISI-
eMag BoJia BIOJIb OTCTOWHUKA JBUXETCS B HAIPABJIEHUU, GIN3KOM
K TOPM30HTAJILHOMY.

s paBHOMEPHOCTHU pacripelieieHUsI BOAbI B ITOTIEPEYHOM Ceye-
HUU OTCTOHHHMKA €ro 00BEM JIEJISAT B MPOIOJIbHOM HaTlpaBJIeHUH Tie-
pEropoiKaMu Ha CaMOCTOSITEJIbHO IEHCTBYIOIIUE CEKIIUN ITUPUHOI
3—6 M. Ilpu yKcie OTCTOITHUKOB MEHEE LIECTH CJICAyeT TpeaycMar-
pUBaTh OAWH pe3epBHBIN. JIHO OTCTOITHMKA NOMKHO UMETh TPO-
MONMBHBIN YKIIOH He MeHee (0,005 B HarpaBlieHUH, 0GPAaTHOM JIBUXE-
HUIO BOJIbl, 2 B MOMEPEYHOM HaIpaBJIeHWH OHO MOXET ObITh TUIOC-
KHM WIM TIPU3MaTHYECKUM C YIJIOM HakJioHa rpaHeit 45 rpan. s
yhnajneHus: ocanka 6e3 OTKJIIOYEHHUsI OTCTOMHHMKA M3 paboThi, 1O
npemtoxenuio .M. Mupkuca, nipenycMaTpyuBaloT THIPaBIMUYECKHE
CHCTEMBI B BUIE NepdOPHUPOBAHHBIX KOPOOOB WM TPYO, KOTOpHIE
obecnieunBaroT ero yfaneHue B redeHue 20—30 MuH. IIpu oTKpbITOM
3aABUXKe Ha cOpoce 0camoK Mol JeMCTBUEM THAPOCTAaTHYECKOTO
NaBJieHUs TIOCTYTIAeT B CUCTEMY W B BUJIE TTYJIBITHI YOANSETCS U3 OT-
CTOHMKA.

HeueHTpaa30BaHHbBI COOp OCBETIEHHOI BOIBI, CITOCOOCTBY-
IOIIMI yBeIMYEHUIO KO3 UL HeHTa 00BEMHOTO UCTIONIB30BaHUS
OTCTOWHWKA, OCYIIECTBASIIOT CUCTEMOI FOPU30OHTAJILHO Pacoyio-
>KEHHBIX XKeJI000B C 3aTOTJIEHHBIMH OTBEPCTUSIMUA WJTH TPEYTOTbHBI-
MU BOJIOCIUBaMU 160 nepdopupoBaHHBIMU TpyOaMH, pacIioyio-
XEHHBIMM Ha ydJacTKe 2/; IJIMHBI OTCTOMHMKA, CUMTAst OT 3aJHei
TOPLIOBOM cTeHKU. PaccTosiHMEe B OCSIX MEXIY BOOJOCOOPHBIMH TpPY-
6amMu UK XKeaobamMu HasHavawT 10 3 M. [Ipu ycTtaHOBKe B OTCTOIl-
HUKE TOHKOCJIOMHBIX MOJYJIEH TTONOOHYI0 cUcTeMy cO0Opa BOIBI yC-
TPanWBaIOT Ha BCIO €ro IJINHY.

TopusoHTaNIBHBIE OTCTOITHMKY B OTEUECTBEHHOM MPAKTHKE PEKO-
MEHIYETCS MPUMEHSITh TIPU MYTHOCTH 10 1500 Mr/J, LUBETHOCTH OO
120 rpang o6pabaTbiBaeMOM BOIBI U TIPH TTPOTYCKHON CITOCOOHOCTH
BOJIOOYMCTHOTO KOMTIIJIeKca cBbiitie 30 Thic. M3/CyT.
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Puc. 5.14. PaguanbHblii OTCTOWHUK ¢ penupKyJsauueil ocaaka (a)
H TOHKOCJIOMHBIMH MOIyasaMu (0):
1, 9 — nogaya MCXOOHOM M OTBOI OCBETIEHHOH BOIbI; 2 — CKpebKku; 3 —
Bpauapiasics depma; 4 — cayKebHbIiT MOCTUK; 5 — PELMPKYJISITOP ocal-
Ka; 6 — BOJOOTBOJHBIE OKHA; 7 — 30HAa OCBETJEHUS] BOIbI; & — KOJIblie-
BOi1 BOAOCOOpPHBIN JIOTOK; /0 — TOHKOCHOIHbIe Onoku; 11 — ynaneHue
ocaznka; /2 — ocagkocGopHMK; /3 — KpernjeHue 6JOKOB
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BepmukaabHulii omcmoiinuk — KpPYTJIBIA B JIaHE U B OYEHb pell-
KMX Cily4yasiX KBaJgpaTHBIM pe3epByap 3HAUUTENbHOUN TNyOUHHBI,
B KOTOpOM 00pabaTsiBaeMasi BoJa IBUXETCS CHU3Y BBepx. BepTu-
KaJIbHBIM OTCTOMHMK MMEET BCTPOEHHYIO KaMepy XJIoMmbeoOpa3oBa-
HUS BOAOBOPOTHOTO WJIM BHUXPEBOTO THIAa B LIEHTPAJIbHOU TpyOe
M KOHYCHO€E THUIIE ISl HAKOTUIEHUS Y YIIJIOTHEHHUSI ocaaka. Yron
MeXJy HaKJIOHHBIMHU CT€HKaMH, 00pa3ylolIiuMHu THUILE, CIEAYeT
npuHumMaTh 70—80 rpag. C6op ocBeTIEHHOIT BOABI IMpeaycMaTpH-
BaeTcs nmepudeprHitHBIM U paauaJbHBIMK XeJlo0aMu C 3aTOTUICH-
HBIMH OTBEPCTUSAMMU WJIH C TPEYTroJIbHBIMU BomocauBamMu. OcBeTie-
HHUE BOIBI MTPOUCXOIUT IPU BOCXOSIIIIEM €€ IBUXEHUE CO CKOPO-
creio 0,4—0,6 MMm/c. Ocagok u3 BEpPTHKAJbHBIX OTCTOHHUKOB
BBINTYCKAIOT MO TUAPOCTATUYECKUM HAIlOPOM BOIBI 6e3 BBIKJTIOYE-
HUS COOpYXeHMs1 U3 paboThl. BepTHKaabHbBIE OTCTOMHUKH IIpUMeE-
HSTIOT TTPU YCJIOBUM ITPENBAapUTEBHOTO KOAaryJupOBaHUST BOJHI,
B OCHOBHOM IIpH pacxopaax a0 5000 m3/cyT.

Paduanvnbiii omcmoiinuk — 3TO KPYIJIBIM B IUIAHE XeJe300e-
TOHHBII pe3epByap, BHICOTA KOTOPOTO HEBENUKA MO CPAaBHEHUIO
c ero nuaMmeTpoM. OcBeTsieMast BOJIa MOABOAUTCS CHU3Y B LIEHTP
W MU3UBAETCs 4epe3 BOPOHKY, OOpAaNIEHHYIO ITUPOKUM KOHIIOM
KBepxy. BOKpyr BOpOHKM pacrojiaraeTcst HUJINHIP-YCITOKOUTENb
panuycoMm 1,5—2,5 M ¢ TJIyXxuM JTHOM M C AbIpYaToif cTeHKoi. Ha-
JINYME TAaKOTO I[MWJIMHJpa CIIOCOOCTBYET PaBHOMEPHOMY pacIipe-
NeJIEHUIO BOJIBI IO paboueit BbICcOTE OTCTOMHUKA. Bona MeaneHHO
OBUXETCS OT LEHTpa K nepu¢epun M CIUBAETCA B nepudepuii-
HBII XeJ106 ¢ 3aTOTUICHHBIMM OTBEPCTUSMHU WJIM TPEYTOJbHBIMU
BOJOCJIMBAMH.

CxopocTb OBMXeHMsT BOAbI B Xenobe npuHumaior 0,5—0,6 m/c.
Hnst ynajieHUs ocajgka MCIONb3YIOT MEMJIEHHO BPaMIaloIIyIOCcsa Me-
TAJUIMYECKYIO (DepMy C YKpeTIJIEHHBIMU Ha Hell ckpeGkaMu, crpeba-
IOIIMMH OC3JIOK K LUEHTPY OTCTONHMKA, OTKyIa OH BHITTyCKaeTcs
WJIM OTKAYyuBaeTCs.

PagnanbHble OTCTOMHUKHA PEKOMEHIYETCA MPUMEHATh B CHUCTE-
Max 00OpOTHOTO BONOCHAGXeHUS W ISl OCBETJICHUS BEICOKOMYT-
HBIX BOJ Ha MEpPBOM CTYIEHH.

Cpenut MeTOIOB MHTEHCU(UKALIVIY TIPOLIECCa OCaXACHMUs TIpUMe-
ceif BOABI OMTHUM M3 HauboJiee NepCIEeKTUBHBIX SIBJIIETCS OTCTaWBa-
HHUE B TOHKOM CJIO€ BOIBI, 00pa3yeMOM HAKJIOHHBIMM 3JIEMEHTAMH,
obecreynBaOIMMK OBICTPOE BHITIaZIEHHE B3BECH U €€ CIOJI3aHKe TI0
HaKJIOHHOW NMOBEPXHOCTH 3JIEMEHTOB B 30HY XJIONTbe0Opa30BaHUS
U 0CaKOYIJIOTHEHUST (puc. 5.15). PexxuM TeyeHUsT B OTCTONHMKE
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Puc. 5.15. TonkocJioliHbie OTCTOHHMKH KOHCTPYKIMH
Colo3Boi0KaHaIMpPOEKTA:

1, 10 — nonaya McxoqHOI ¥ OTBOJA OCBETVIEHHOM BOIbI; 2 — rpaBHitHas KaMe-

pa xJonbeobpa3oBaHus; 3 — CJIOi B3BEILIEHHOTO 0CaiKa; 4 — OTBOI OCaAKa U3

0CaIKOYTUIOTHUTEIS; 5 — OKHA [UISt OTBoIA M36BITKA 0canKa B OCAIKOYTUIOTHH-

TeJIb 6 — OTBOJI OCBETJIEHHOM BOMBI U3 OCANKOYIUIOTHUTENS, 7 — TOHKOCJIOR-

Hble MoOOylIM; & — TmonepeuyHblie nepdoprMpoBaHHble BOAOCOOPHBIE
xenoba; 9 — BonocOOpHLBI KaHal

OtaenbHBIE TOHKOCJOWHBIE STYEUCTHIE JIEMEHTbI, OObeANHSA-
eMble B COTODJIOKM, BEHITIONHSIOTCS M3 MSITKUX WIH TIOJYXECTKUX
MTOJIMMEPHBIX TUIEHOK, COEAMHEHHBIX B COOTBETCTBYIOUIYIO KOHCT-
PYKLIMIO, WM W3 XKECTKHX JUCTOBBIX MATEPHAIOB B BUIE OTIETbHBIX
TI0JIOK. BBICOTY TonepeyHoro ce4yeHUs TOHKOCJIIOWHOTO SYEUCTOrO
371EMEHTa peKOMEHAyeTcsA MpuHuMaTh B mpenenax 0,03—0,05 M.
Sueiikyu MOTYT OBITH IPUHATHI J1000# (HOPMBI, UCKITIOUAIOLIEH Ha-
KOIUJIEHHME B HMX OCajKa. YToJl HaKJIOHa 3JIEMEHTOB HEe0OXOAUMO
MpUHUMAaTh B nipegesnax 50—60 rpaa. JIMHY TOHKOCTONHBIX 3Jie-
MEHTOB CJIEAYET ONMPEREIIATH CIELHATBHHIM PacueTOM B TIpenesiax
0,9—-1,5 m.
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5.7. OcBeTneHue BoAbl B CJsioe B3BELUEHHOro
ocapka

MeTton o0pabGoTKM BOABI B o€ paHee 00pa30BaHHOTO B3BE-
LIEHHOT'O OCajKa IIMPOKO MCTIONB3YIOT B TEXHOJIOTUHN €€ OCBETJIe-
HUS, obeclBeUUBAHUS, yMATUEeHUS, nedTopupoBaHUs, obe3xene-
3UBaHUA N 06eckpeMHUBaHUS. OCBETAUTENN CO CJIOEM B3BEIICH-
HOTO ocaJxa MPUMEHSIOT Ha TMepBOi CTYNMeHW BOHAOIMOATOTOBKU
BMECTO OTCTOMHMKOB U KaMep xJionbeoOpazoBaHUsi. OHU MOTYT
yCIeurHo paboTaTh TOJBKO TPU YCJIOBUHU TpEIBapUTEIbHOI 0bpa-
0OTKM TIpUMecei BOIBI KOATYJSTHTOM WIHM (BJIOKYISTHTOM. OTH CO-
OpyXeHUs obecrednBalOT Oosee BHICOKHI 3¢(h(heKT OCBETICHUS
Bozbl (10 5—10 Mr/n) U UMeIoT GOMBIIYI0 TPOU3BOAUTETBHOCTS,
yeM OTCTOMHUKM. OTHAKO KOHCTPYKTHUBHO M B dKCIUTyaTallUM OHU
6oJiee CIOXHHBI.

Cxema pabOoThl OCBETJIUTEJICH CO CJI0€M B3BELIEHHOTO OCaKa Mo-
Ka3aHa Ha IpUMepe KOPUIOPHOIO ocBeTauTeNs Ha puc. 5.16. O6-
pabarpiBaeMasi BOJa, CMellIaHHasi C peareHTaMH, BBOIUTCSI B OCBET-
JIMTEJIb CHU3Y M PaBHOMEPHO pacrpeaenseTcs Mo Iiolany paboymx
KopuaopoB. [ajiee Boga IBUXKETCS CHH3Y BBEpPX M MPOXOIUT Uepes
cJloif paHee 0Opa30BaHHOTO B3BEIIEHHOTO OCAlIKa, COCTOSIIETO M3
MAacCHl B3BELIEHHBIX B BOCXOISIIEM MOTOKE XJIOMbEB, KOTOPHIE He-
MPEepBHIBHO XaOTUYHO ABUXYTCS, HO BECh CJIOI B 1I€JIOM HEMOIBU-
XKeH. OH HaXxomUTCS B COCTOSIHUM IMHAMMUYECKOTO paBHOBECHS,
00YCJIOBJIEHHOTO PaBEHCTBOM CKOPOCTH BOCXOJISIIIIETO TTOTOKA BOIBI
U cpelHeill CKOpOCTH ocaxaeHUs xjornbeB. Heo6xoquMo oTMeTHTD,
YTO CPENHSS CKOPOCTh OCAXIEHHUS XJIOMbEB BO B3BEIIEHHOM CJIOE
OTJINYHA OT UX THIPABIUUYECKOH KPYITHOCTU. DTO OOBSICHSIETCS TaK
Ha3bIBAEMBIM CTECHEHHBIM OCaXXIE€HHWEM YacTHIl, HA KOTOPOM OCHO-
BaHa pabota ocserauTesieit. IIpoxonss yepe3 cioil B3BELIEHHOTO
ocanka, obpabaTsiBaeMast BOfa OCBETJISIETCSI U 00eCLIBEUMBAETCS
B pe3yJIbTaTe KOHTAKTHOM KOaryJsiLiuH.

ITpu nBMXXEHUU BOMBI Yepe3 B3BEUIEHHBIN CII0H U3BJIeKaeMble U3
Hee TTPUMECH OCTAlOTCS B HEM, TMIPU 3TOM OO0BEM CJIOST HOJIKEH He-
MPEPLIBHO YBEJIUYUBATLCS, HO 3TOr0 He MPOUCXOIMT, TaK KakK H3-
OBITOYHBIN OCaZOK U3 B3BEUIEHHOTO CJIOSI HEMPEPBIBHO YAAISETCS
B OCaIKOYIJIOTHUTENh, OTKyNa cOpackiBaeTcsl B cToKk. O6paboraH-
Hast BoJa, Npolueauas yepe3 cjaoil B3BEUIEHHOTO ocanka, cooupaer-
¢S C TOMOILBIO COOPHBIX XeJTOOOB U IbIPYATHIX TPYO W OTBOAMTCS 3a
TIpe/Iesbl amnmnapara, ctabunbHast pabota KOTOPOTro JOCTUTAeTCs PU
MOCTOSTHCTBE PAcXo/la U TeMIlepaTypbl 00pabaTeiBaeMOit BOIbI, He-
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JIOTTYCTUMOCTH MonagaHus Bo3ayxa ¢ Bogoit. CrioHTaHHBIe Koyeba-
HUS pacxojia BOJIbl BBI3BIBAIOT Pa3MbIB B3BELLIEHHOTO CJI0ST ¥ BBIHOC
XJIOTIBEB B 30HY ocBeT/ieHUs1. KoniebaHus TeMIiepaTyphbl BOIbI BIEKYT
3a co00lf BO3HMKHOBEHUE KOHBEKTUBHBIX TOKOB, NMPUBOISIIUX K
HapYIIEHWIO B3BEIIEHHOTO CJIOSI U 3aMYTHEHUIO OCBETJIEHHOIT BOJIBI.
[nsa obecrieyeHUst HOpMaJIbHOI pabOTHl OCBETIUTENS NOTYCKAIOT B
TeYeHHe yaca KojebaHus pacxona 15 % u TeMrnepatypbl o6padbaThi-
BaeMoii Boasl 1°C.

Ipu ocaxmeHUM B3BELIEHHON MacChl XJIONMbEB HAGIIOMAETCS
cTecHeHHoe ocaxneHue. Ero xapakTepHass 0COGEHHOCTh B TOM,
YTO CKOPOCTb OCaXIEHUS, KOTOpasi BCerJa MeHbllIe CKOPOCTH CBO-
0omgHOrO naaeHus, T. €. THAPABJINYECKON KPYIMHOCTH YACTHL, 3a-
BUCHUT HE TOJBKO OT UX Pa3MEPOB U MAcChl, HO U OT KOHLIEHTpa-
uuu. Tak, mpu o6BEeMHOM KOHLIEHTpaluH, paBHoit 10 %, ckopocTh
OCaXIEeHHUST YaCTHULl B 2 pa3a MEHbIIIE MO0 CPaBHEHUIO C UX THIpAB-
JIMYECKON KPYNMHOCTBIO. B3BellIeHHBIH B BOCXOISIIEM MTOTOKE CJIOM
XJIONbEB HAXOAUTCSI B COCTOSIHUM CTECHEHHOTO OCaXIEeHUS, 1Mo-
9TOMY YaCTHLBl HE BBIHOCSITCSI C TIOTOKOM B 30HY OCBETJICHUS U HE
JIEKAaHTUPYIOT.

braromapst ToMy 4T0 CKOPOCTH CTECHEHHOTO OCAXKIEHUST 3aBUCHT
OT KOHLICHTpALIMX B3BELUEHHOTO CJIOSI, OH COXPAHSETCS B LIMPOKOM
Jiiana3oHe U3MEHEHUSI CKOPOCTEil BOocxXoasiliero notoka. Kaxmomy
3HAYEHUIO BOCXOIAICH CKOPOCTH MTOTOKA OTBEYAET OIpEACICHHAs B
JMAaHHBIX YCJIOBUSX KOHIEHTpaUMs yacTull cjioss. CKOpocThk CBOOOI-
HOTO OCAXIEHUS YaCTHUL SIBJISIETCS BEPXHUM TTPENESIOM CYIIECTBOBA-
HHs B3BelIeHHOTO cyiosg. Korna ckopocTh moToKa Nnpuoauxaercs
K 3TOI BeJTMUUHE, CJIOi pa3MbIBaeTcsl. HUKHUMIL Tipenen cyiecTBo-
BaHUSI CNIOSI — MUHUMaJIbHAasi CKOPOCTh TTOTOKA, ITPU KOTOPOH CUJIBI
TUAPOAVHAMUYECKOTO BO3ACHCTBUSI ITOTOKA HA YAaCTULIBI MEHBIIE UX
CUJIBI TSIKECTH. B 3TOM ciTyyae yacTHUIIbl TNIOTHOH MacChl NEKAHTH -
pytoT. CKOpOCTb BOCXOZSIIIETO TTOTOKA B OCBETIIUTENSAX JIEKUT MEX-
Ly 3TUMHU TIpeliesiaMH.

OCBeTAUTEMN CO CJIOEM B3BELIEHHOTO OCanaKa KJIacCU(UUMPYIOT
clenyrouMM o0pa3oM: TI0 HAJTUUMIO KaMep XJIoTIbeoOpa3oBaHUS —
C KaMepaMu peakuuu 1 6e3 Hux; 1o paboyeMy JaBIeHUIO — Ha OT-
KpBITbIE U HArlOpHbIE; MO CIMOCO0y ynaneHUsT U30bITKA Ocajgka —
C €CTECTBEHHBIM OTOOPOM M C TIPUHYIMUTEIbHBIM OTCOCOM; IO
PacroyoXeHUI0 OCANKOYIUIOTHUTENSI — C BEPTUKAJIBHBIM, TMOJ-
JIOHHBIM MJIU BBIHOCHBIM. B 0T€UeCTBEHHOM TMpaKTHKE MTPUMEHSIOT
OCBETIIUTENIU 03 KaMep peaklUMHU C MPUHYAUTEIbHBIM OTCOCOM
ocajka.
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Puc. 5.16. OcBerauTenb KOPHIOPHOTO THNA C PEUMPKYJIAUHENH 0CaaKa
H TOHKOCJIOHHBIMA MOIyAamMu (@), C NOAAOHHBIM (6) M BHIHOCHBIM (6)
0CAJAKOYIIOTHHTEIAMH:

1, 12 — noaaya MCXOOHON M OTBOX OCBETJIEHHOI BOAbI;, 2 — CJION B3Be-
IIEHHOro ocaaka; 3 — peuupkynsTop; 4 — xenoba c60opa OCBETIEHHOM
BOAbl; 5 — nepchopupoBaHHbBIE TPYObl OTBOAA OCBETIEHHOM BOABI U3 OCal-
KOYIUIOTHUTENS; 6, /] — TOHKOC/IONWHbBIE MOAY/IHN; 7 — 3aLUTHBIE KO3bIPb-
KM; & — OKHa OTBOIa M30BITKA OCaaKa U3 paGouyMX KOPUIOPOB B OCAHKO-
YIUIOTHUTEND; 9 — nepdopupoBaHHBIE TPYOBl cOOpa ocanka M3 0CanKOyIl-
JioTHuTeNst; 10 — 60KOoBOI KapMaH cbopa oCBETIIEHHOI Boabl; 13 — coIulo;
14 — Bo3aoyxooTnenutenb; 15 — 0cagKoOTBoAHBIE TPYOb; I6 — moa-
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JOHHBII OCaAKOYTUIOTHUTEND; /7 — BogopacrpeleuTebHble TpyOsl; 18 —

LIEHTPaNbHbIi noaaroumit ctosik; 19 — cbpoc ocamka; 20 — BBIHOCHOM

0CagKOYIMNOTHUTENb; 2] — TpybGOnpoBoa OTBOAA OCBETIEHHOI BOAbLI U3
OCaIKOYTUIOTHUTENSL C PEryJupylolliei 3a1BUXKO



HexkoTopble OCBETIIMTENH CO CJI0EM B3BEIIEHHOTO OCaaKa UMEIOT
MOYTH TJIOCKOE AHO C MAajbIM YTJIOM KOHYCHOCTH U MOCTOSIHHOE
MorepeyHoe ceyeHue pabodeil YacTH 0 XOIy ABMKEHUST OCBETIISI-
eMoil BoAbl. B TakuX OCBETIUTENSIX OOBIYHO YCTPAauBAaIOT BTOPOE
IBIpYATOE AHUILE, Hal KOTOPBIM 0Opa3yercsl cjaoit B3BEILIEHHOTO
ocanka. TpeGyemast BbICOTa CJIOSI JTOCTUTAETCSI TIPUHYAUTEIbHBIM
OTCOCOM OcaakKa U3 paboueit yacTu ocetautens. [1pu ocBeTaeHM
MaJIOMYTHBIX BOJA OCBETJIUTEJIU C ABIPYAThIM IHOM paboTaloT yCTOM-
yuBo, 0e3 3aBajia AHUIIL ocagkoM. IIpu oO6paboTke MYTHBIX BOA
JbIpUaThle JHUILA HE YCTPAUBAIOTCS, @ HUXKHSISL YaCTh OCBET/IUTENEH
BBITIOJIHSIETCSI B BUOE HAKJIOHHBIX, CXOOSIIMXCS KHU3Y CTEHOK
(puc. 5.16, a). Ilpu UCTIONMB30BAHUM KOPHIOPHBIX OCBETIAUTENEH Ha
MaJIOMYTHO# W LIBETHOM BOJE MPOLIECC XJIOMbeoOPa3oBaHHUs TPOTe-
KaeT Mano3¢hGeKTUBHO. s eTo MHTeHCU(DUKALIMY 11e1eco00pa3Ho
TPOU3BECTH MPUTPY3KY BOLOpACIpeaeTUTENIbEHBIX TPYO rpaBueM WITH
e6HeM Ha BbeIcOTY 70 cM. B 3TOM ciyyae Gnaromapst coBepilleH-
CTBOBAHMIO THAPABINYECKOM XapaKTEPUCTUKHM COOPYXEHHUS U yayd-
HIEHUIO TIpolecca GOPMUPOBAHUST B3BECH BO3ZMOXHO YBEJIUUEHUE
TIPOU3BOIUTENBHOCTH Ha 12—20 % u cokpallleHHe pacxona Koary-
naHTa Ha 15-20 %.

Kpyrislit B njiaHe OCBETJIUTENb C TIOMIOHHBIM OCAaZKOYTUIOTHH-
TejleM 3aHUMAeT MEHBIIYIO IUIOLIaAb, YeM KOPUIOPHBIN, HO UMEeT
3HAYUTENIBHYIO BBICOTY (pHc. 5.16, 6).

B cucrteMax TpoM3BOACTBEHHOTO BOMOCHAOXEHUS MONYUUIIN
pacrpocTpaHeHHUEe OCBETJIMTEIU C BEIHOCHBIM OCaIKOYTUIOTHUTEIEM
(puc. 5.16, 6). OHM XapaKTepU3YIOTCS KOMIMAKTHOCThIO U BO3MOX-
HOCTBIO aBTOMAaTHU3allUU UX PabOTHI.

Hns ocBeTJIEHUsI, yMSTYEHUST M1 00ECKPEMHUBAHUS BOIbI XOPOIIIO
3apekoMeHmoBanu cebds ocseturenn HHMUU-3. Ux Gonbiuast BEI-
cota (o 9 M mpu guaMeTpe A0 12 M) NMpu HeOGOJLIIOM 0O0BEME
0Ca/IKOYTUIOTHUTEJISI BHITOTHO OTJIMYAET 3TH COOPYKEHUST OT Moa00-
HBIX, KOTIa HEeOOXOAUM IJINTEJIbHBIN KOHTAaKT oOpabaThiBaeMoit
BOJIbI CO B3BEIIEHHBIM OCaIKOM.

5.8. OcBeTneHue BOAbLI B rMAPOLUKIIOHAX.
dnotaunoHHaa o6paboTka NpuUpoaHbIX BOA,

B npaxkTuke BOZONIOATOTOBKH IS OCBETJIEHHS MTOBEPXHOCTHBIX
MYTHBIX BOJ, COIEPKAIUMX rpyOOAMCIIEPCHBIE TIPUMECH, HAXOAAT
TIpUMeHeHUe eudpoyuraonst (puc. 5.17, a). OHU TIPOCTHI IO KOHCT-
PYKILIMM U B 3KCIUTyaTallMH, AEIIeBbl B U3TOTOBJACHUU, KOMITAKTHBI,
3 dekTUBHBI, 0671anal0T 60IbIONH NMPOU3BOAUTEIBHOCTBIO, Ha-
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nexHbl. VIx neiicTBMe OCHOBAHO HA UCITOJIb30BAHUU TTOJISI LIEHTPO-
OEXHBIX CWJI, T/Ie BblAEJIEHHE MEXaHUYECKUX TTPUMECEN U3 BOJBI
MPOUCXONUT MOJA AENCTBUEM ITUX CHUJI, TPEBOCXOASIIUX B COTHH
U TBICSIYM pa3 CUJIBl TSKECTH, 3a CUET Yero YBEJUUUBAETCS CKO-
pOCThb OTAeNEHUsS YyacTUl. [Ipu 3TOM 3HAYUTEJBHO COKpallaeTcs
MPONOJIXKUTENBHOCTD TIPOLIECCa OCBETJIIEHUSI U YMEHbIIaeTcs ob6beM
LIEHTPOOEXHOro annapara Mo CPaBHEHUIO ¢ 0OBEMOM OTCTOMHHKA.
PexxuM ABMXKEHUST 4acTULl B TOJIE HEHTPOOEXKHBIX CUII — TypOy-
JIEHTHBIH.

OcBeTjieHWe BOABI B TMOJie LeHTPOOEXHBIX CHUJI OCHOBAHO Ha
TepeHoCce B3BEIIEHHBIX YaCTHUL K nepudepru HeHTpoOEeXHOMW cH-
JIoit, paBHOU pa3HOCTH 3HAYEHUN LIEHTPOOEXKHOW CUJIBI AJIST TBEP-
Joit 1 xXuagkoit ¢a3. Dta cuia P, BOZHUKAIONIASK TIPU TaAHTEHLIU~
aJlbHOM BITYCKE BOJIbl B ammapaTr MOJ HEKOTODPBIM [aBJIEHUEM,
paBHa:

P = nd*v3(p;—p,)/6r,

rae d — 3KBUBAJICHTHBIH AMaMETp B3BELUEHHBIX YacCTHUL, CM; P
U p, — TUIOTHOCTb TBEPAOW U XUIKOH (a3 B OCBETIsIEMOM BOIE,
r/cM3; v — CKOpOCTb JABWXEHHUS BOABI Ha BXOJE B arlfapar, cM/c;
F— pacCTOsTHUE OT LIEHTpA armnapaTa 40 OCH TaHTeHLIMAJbHOTO TTH-
TAONIETO NMaTpyoKa, CM.

ITpu GoNbIINX 3HAYEHUAX V U MaJbIX r CWIA, JeiCTBYIONIasd Ha
B3BENICHHYIO YAaCTUILY BO BpalllaiolleMcs TTIOTOKE XUIKOCTH, OyaeT
BO MHOTO pa3 0oJIbllle CUJIBI TSKECTH U CKOPOCTh NBUXKEHUS B3BeE-
HIEHHBIX YaCTHULl OyIeT 3HaYUTEIbHO OOJIbllIE CKOPOCTH UX CBOOOI-
HOTO ocaxmeHus. B pe3ynbrare B moJjie LEHTPOOEKHBIX CHII BBIAE-
JIeHWe B3BENIEHHBIX YaCTHUIL U3 BOIBI ITPOUCXOMUT 3HAYUTEIbHO ObI-
CTpee, YeM B OTCTOMHMKaAX.

I'mapounKIOHBI MOTYT OGBITH HATTOPHBIMU UM OTKPBITBIMU. UeM
MeHbIIle TUAMETp TUIPOLIMKIIOHA, TeM OoJibllie pa3BUBalOLIMECS
B HEM LIEHTPOOEXHbIE CUJIBI U TEM MEHBINIe pa3Mep OTHEJISIeMbIX
B anmapaTe JacTul. MakcuManbHas 3@OeKTUBHOCTDb pa3aesieHUs
JIOCTUTAETCS B TMAPOLUKIIOHE BHITSHYTOM (DOPMBI C BO3MOXHO Ma-
JIBIM YIJIOM KOHYCcHOCTH (cM. puc. 5.17, a). ObpabaTbiBaeMast Boaa
TOCTYMAaeT B BEPXHIOI YacTh TMAPOLIMKIOHA TAaHTEHLMAJNbHO M,
Bpauiasichb, ABUXKETCS K OCHOBHOMY MaTpyOKy, paroJIoXXEHHOMY B
LIEHTpe 0 ocH anmnapata. LleHTpoGexXHOoI cCHIToi AMCIeprupoBaH-
HBbIE TIPUMECH BOJIBI TTEPEMENIAIOTCA K CTEHKAaM THIPOLIMKIIOHA U IO
HUM OTYCKAlOTCS BHM3, B KOHYC, Yepe3 HacaaKy B HUXHEM 4acTu
KOTOPOTO OHU HETIPEPBIBHO YAAISIOTCS B CTOK. JIBUXKEHHE TBEPABIX
JaCTULl K CTEHKaM ammnapara NMpOUCXOIUT CO CKOPOCTBIO, paBHOM
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Pa3sHOCTH MEXIY 3HaYEHUEM CKOPOCTH, BO3HUKAIOLIEH B pe3ysbTa-
Te OeHCTBUS LEHTPOOEXKHBIX CHII, U PaIHalbHOM CKOPOCTH IBUXE-
HUSI, HalpaBJIEHHON K LEHTPY.

a) 5 5
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Puc. 5.17. Tuapouukion (a) 1 MyIbTHUHUKIOH (6);
1 — cMeHHas HacaKa-CTyCTHTENb;, 2 — pa3beMHasi KOHYCHast 4acThb; 3, 6 —
BXOAHOM M BBIXOOHO#M maTpybku; 4 — KaMmepa cbopa OCBETICHHOI BOIBI;
5 — cnuBHOIT naTpyboK ¢ anacparMoii; 7 — LuiaMoBasi KaMepa, § — Tui-
POLMKJIOHBI JUaMeTpoM 15 mMM; 9, 11 — HWXXHSIA U BEPXHSIA Pa3de/IUTEIb-
Hble TuThl; 10 — pacnipenenuTeNbHas Kamepa; /2 — UMJIMHAPUYECKUIA
KOpITyC amnmapara

st 3anepaHusi TOHKOAUCITEPCHBIX B3BEIIEHHBIX BELIECTB MC-
MOJIB3YIOT THIPOLMKIIOHBI MAJIOTO TUAaMETPa, YyCTAHABIMBAs UX Ta-
paJiIeJIbHO B OONBIIOM KojMyecTBe. Takoil ammapar Ha3blBalOT
MYJBTULIMKIIOHOM (cM. puc. 5.17, 6). [LnactMaccoBeie TMIPOLIUKIIO-
Hbl ntuaMetpoM 10, 15 u 20 MM CITOCOGHBI 3aepXKUBATh B3BEIIEH-
HbIE€ YaCTHLIBI TUIPABINYECKON KpYyIMHOCThIO 10 0,17 MM/c nipu mo-
Tepe paBiaeHust okoyio 0,1 MIla. ITonaya ogHOro TMAPOLMKIOHA
naMeTpoM 15 MM TpM Takoit ImoTepe MaBJeHUSI COCTABIISIET OKOJIO
0,07 mM3/u.

T'apouUnKIOHBI HAIJIEXUT HUCIONb30BaTh B CUCTEMAax XO3sii-
CTBEHHO-TTUTHEBOTO U TIPOMBIIIJIEHHOTO BOMOCHAOXEHUS IS Ipei-
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BapHTEIbHOTO OCBETIEHHS BBICOKOMYTHBIX ITOBEPXHOCTHBIX BOJI
(6onee 1500 mr/n). st ocBeT/IeHUS BOOBI CAEAYET MPUMEHATD TUI -
POLIMKJIOHHI JINThIe HeyTepOBaHHBIE KaK HauboJiee AelIeBbie U 10-
CTaTOYHO CTOMKHE TIPOTUB UCTUPAHUS.

HenoctaTkaMy TMAPOLMKIOHOB SIBIAIOTCA: OBICTPBIN M3HOC,
ocobeHHO npu 0O6paboTKe BOM, COMEpPXAIIUX KPYMHbIE MUHE-
panbHBIE TIpUMeCH; KosiebaHus 3¢ deKTa OCBETIEHUSI B 3aBUCH-
MOCTH OT COCTaBa U CONEePXaHUS B3BEUICHHBIX BEIIECTB B HCXOM-
HOM BoOZeE.

st npenBapyTebHOIM 06paboTKM MaTOMYTHBIX (o 150—200 Mr/m)
u uBetHbIX (o 200 rpam) BoI, comepxKalluX IUITAHKTOH U TJIaBaloIIHe
3arps3HeHus (Macna, HedTelpOaYKThI U T. T1.), IPUMEHSIOT ¢griomamo-
pot (puc. 5.18). OcraToyHast MyTHOCTb TOCJie (pJIOTaTOpPOB 3—5 Mr/n

(mo 10 MI‘/JI).
1
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Puc. 5.18. ®norauuoHHas yCTAHOBKA:

1, 2 — nopaya UCXOAHOI BOIABI C peareHTaMH U OTBOMA OCBETJIEHHOM; 3 —
dyoTaumoHHast kaMmepa; 4 — JIOTKM cOopa TMeHbl; 5 — cUcTeMa pacripe-

IeJIeHUsI BONOBO3AYLIHOM cMeCHU; 6 — HamopHHIH 6ak; 7, § — Hacoc
U KOMIIpeccop; 9 — meperopomyartas KaMepa XJ10mbeo0pa3oBaHUs

[

~

G

CymHoCTb Ipoliecca ¢JOTAallMU COCTOUT B CIEUM(PUUYECKOM
MPOSIBIEHUN MOJIEKYJSPHBIX CHJI, CIIOCOOCTBYIOIIMX CIMIIAHUIO
B3BELIEHHBIX TTPUMECE BOABI C My3bIpbKaMHU BLICOKOIUCIIEPTHUPO-
BaHHOTO B BOJE€ Tra3a, BCIUIBIBAHWIO 0O0pPa3yIOUIMXCSI arperaToB
# (pOpMHUPOBAHUIO Ha MIOBEPXHOCTH BOIbI IIEHHOTO CJIOSI, HACHIILIEH-
HOT'O M3BJICYCHHBIMH BelllecTBaMH. DIOTUPYEMOCTD TPUMECEit pas-
JIMYHOM KPYIMHOCTH OIpencssieTcss pa3MepaMy ITy3bIpbKOB Trasa
(15-10-6—30 - 106 M), KOTOpBIE 3aBMCAT OT ITOBEPXHOCTH HATSIXE-
HMS Ha rpaHulle Bojga — ra3. [IpM moHUXeHUH TTOBEPXHOCTHOTO
HatsixeHus 1m0 0,06—0,065 H/M u Huxe 3dexT ouncTKH BOABI
(dbmoTaumei noBbIIAETC.
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TpeaBapuTeNbHOE KOAryJIMpoBaHUe MpUMecei BOIbI MOBBIIIACT
addekT dnoTanmu, Tak Kak NMOHWXAeT MTOBEPXHOCTHOE HATSIKEHUE.
Kak rokaszana npakTHKa, ONTUMAaIbHAST KPYITHOCTh QJIOTUPYEMBIX
npuMeceit HaxoauTtes B nipeaenax 10-3—10-1 cm.

VYayuuieHue npotiecca drotaunu gocturatot ruapododbusaumein
MOBEPXHOCTH TIpUMeceil KoaryastHTaMH ¥ (DJIOKYJIsTHTaMU, KOTOpbIe,
copOMpYsICh HA TTOBEPXHOCTU YAAISICMBIX YACTHYEK, TOHUXKAIOT UX
CMauYMBaeMOCTb, YTO UHTCHCU(UIIMPYET TPUIKNIAHNUE TIpUMeceid
K Ty3bIpbKaM rasa.

Hcnonb3oBaHue KOaryJsiHTOB MO3BOJISET 3HAYUTEIbHO TOBbI-
cuThb 3(pPeKTUBHOCTD (GAOTALIMOHHOM OUHMCTKHU U YIAJSATh 3arpsi3He-
HUSI, HaxoaslMecd B BOAC B BUAE CTOWKWX 3MYJIBCUWA U B3BeceH,
a TakKe B KOJJIOUIHOM cocTosiHuU. Tlocie (potauroHHOro pasne-
JieHus1 TuaApoGhoOHBIN 0canoK OTPAbOTAHHBIX TMIPOKCHUIOB 3aHUMA-
€T 3HAYUTETLHO MEHBIINI 00BEM U BJIAKHOCTbH €TI0 HUXKE BIAXHO-
CTH Ocazika, MOJYYEHHOTO NMpU NEKAaHTUPOBAHUU.

CylecTByeT HeCKOJIbKO BHUIOB (hJIOTALMU, CPEIH KOTOPBIX IO
pa3MepaM My3bIPbKOB ra3a UM BO31yXa MOXHO BBIJIEJIUTD:

e yioTalMIO C BBIACIEHUEM U3 BOABI BO3IyXa — YCTAHOBKH Ba-
KYYMHBIE, 3pIUMTHBIC U HATIOPHBIE;

e (hbjoTalMio ¢ MEXaHUYECKUM AUCIIEPTUPOBAHUEM BO3lyXa —
YCTAaHOBKM Oe3HarnopHble (MEHHbIE), UMIEJIEPHBIE Y TTHEB-
MaTUYECKUE;

® 3eKTpodIOTALHIO,

I1pu o6paboTke NMpUPOSHBIX BoJ Haubosee 3 heKTUBHA Harop-
Hast ¢oTauusi, Npyu KOTOpoil B yacTu Boasl (no 10 %) B HarmopHOM
pe3epByape pacTBOpsieTCs BO3MyX, a B IPYTYIO YacTb oOpabarbiBa-
€MOI1 BOIbI BBOJATCS peareHThl. [1pu BXome BO (QIOTALIMOHHYIO Ka-
Mepy oba moToka cMeurnBaioTcs. [1oaroToBKy BOJOBO3MYITHON cMe-
CH OCYIIECTBJISIOT B abcopbepax (MJIM HAaMOpPHBIX pe3epByapax) Mmoia
napireHuem 0,6—0,8 MTIla, kyma nmomairoT BoAy mocjie (PUILTPOB
¥ BO3AyX B kosnyecTBe 0,9—1,2 % pacxoma ouniaemoit Bomsl. B 30-
HE MEHBILIETO JAaBJI€HUST U3 HACBILIEHHOMN BO3IYyXOM BOMBI BbIAENS-
I0TCS MeTbyaillve Ny3bIpbKU, HEOOXOMUMBIE JUTST (PIIOTALIMY JIETKOM
B3BecH. Cnocob HanmopHoUl (GJIOTALNHU MO3BOJIAET MYTEM PETYIIUPO-
BAHUS JABJICHUS JIETKO MU3MEHSTb KOJIMYECTBO pACTBOPEHHOTO BO3-
lyxa YU pa3Mep My3bIpbKOB, BBOJAUMBIX B 00pabaThiBaeMyio BOY,
B 3aBUCUMOCTH OT COCTaBa B3BECH B MCXOIHOM BOJE.

[MpeumyiectBa HOTaTOPOB MEpen OCBETIUTEIAMU CO B3BEILICH-
HBbIM OCaJIKOM M OTCTOMHMKAMM 3aKITIOYAIOTCH B CICAYIOILEM:

® >bdekTUBHO ynansgeTcs GUTOTUIAHKTOH, UTO MO3BOJISET OT-
Ka3aTbCsl OT MUKPODPHUIILTPOB;
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®  YIajsoTCA U3 BOAbI MIABAIOIIME U [IJIOXO OCEAAIOLLUE TTPUME-

cu;

® yIyyuraeTcss CAHUTAPHOE COCTOSIHUE OUUCTHBIX COOpYyXKe-

HU BCJENCTBHE MOCTOSHHOTO YAaJeHUS BBIACIEHHBIX 3a-
TPSI3HEHUM.

Ilpn HanmopHO# GoTalluK B XUIKOCTU MPOUCXOIUNT psid Mpo-
LIECCOB: pacTBOPEHUE W BHIIEJIIEHWE BO3MyXa, IPUKpErieHUe BO3-
JIYLUIHBIX MYy3BIPbKOB K YaCTHULIAM B3BECH W BCIUIBIBAHHE MX Ha MO-
BEPXHOCTb ¢ 00pa3oBaHUEM TEHBI. YCJIOBUS MPOTEKAHUS 3TUX MPO-
LIECCOB CYIIECTBEHHO BIMSIOT Ha 3(D(HEKT OCBETIACHUS BOIBI.

B cocraB (pnoTalilMOHHBIX YCTAHOBOK BXOAST (hJIOTALIMOHHBIE Ka-
MeEpBI, KaMePBI XJI0Ibe0Opa3oBaHUsl, y3/bl IOATOTOBKHU U pacripe/ie-
JIEHWSI BOJIOBO3IYIIHOM CMeCH, YCTPOUCTBA IS yOaJeHUsT U OTBOJA
neHbl. Hanbosnee yacto npuMeHsI0TCS (GJIOTATOPBI C TOPU3OHTANb-
HBIM IBUXEHWEM Boabl. OHM MOTYT UMETh B TUIaHE KBaApaTHYIO
WU TIpAMOYTONBHYI0 opMy. JlnnHa KaMepbl HazHadaeTcst 3—9 M,
mMprHa — 10 6 M. I'1y6uHa ciiost Boasl BO (hjloTaTope MPUHUMAET-
ca 1,5-2,5 m. TIpamoyronpHbie (paoTaTopsl Yallle BCETO OBIBAIOT
BBITSIHYTHI B TUIaHE 10 X0y ABMXEHUS BoAbl (CM. puc. 5.18).

[ns yaydureHUs MCIIONb30BaHUSI BCcero obbeMa doTaTtopa
B HEKOTOPBIX Cy4yasix YCTaHABJIMBAIOT NMPOJIOJbHBIE NTEPErOPOIKH.
Bo BxomHOW 4acTu NpsSIMOYyroJbHOW (IOTALMOHHON KaMepbl
CTPYEHaTpaBJsIIONIYIO IMEPEeropoaky pa3MellaloT TMoJ YTJIOM
60—70 rpam K TOPU30OHTAAN B CTOPOHY JABMXEHUS BOABI. JIHUIIE
dbroraumonHoit kKaMepsl uMeeT ykioH 0,01 xk TpybomnpoBony mis
OTIOPOXHEHMUS.

CxopocTtb BXos1a 06pabaTeiBaeMoit Boabl BO (hJIOTATOP HE MOJIXK-
Ha TIPEeBBINIATh CKOPOCTH €€ BhIXOAa M3 KaMephl XJI0Tbeobpa3oBa-
HUSI, TIO3TOMY CKOPOCTh IBMXEeHHsI oOpabaTsiBaeMOil BOIBI Hal
CTpyeHarnpasisionei neperopoakoit HasHauaior 0,016—0,02 m/c.
PaBHOMepHOe pacrnipenesieHHe BOJIOBO3AYITHOI cMecH B 00beMe 00-
paGaTbiBaeMoOif BOObl U (pOpMUpPOBAaHUE MEJNKUX BO3NYINHBIX MY-
3BIPBLKOB JIOCTUTAIOTCST YCTPOMCTBOM TephOpUPOBAHHOTO TPYOOTIPO-
BOJa ¥ pa3MelleHHOTO Mo HUM Ha pacctosiHuu 8—10 cM Koxyxa
M3 MaTepuaaa, CTOMKOro K KMCJIOPOAHON Koppo3uu. Pacrmpenenu-
TEJIbHYIO TPYOKY pacrojiaraior Ha paccrosuuu 0,25—0,35 M ot nHa
BO BXOIHOI 4yacTu oraTopa, B OTCEKE, 00pa30BaHHOM TOPLIEBOU
CTEHKOW ammapara W cTpyeHarnpasnswoouieii meperoponkoit. Cko-
POCTBb BBIXO/1a BOJOBO3AYIIHON CMECU U3 OTBEPCTUI pacripeaeauTe-
ng npuHumatot 20—25 M/c, nuamerp oteepctuit 3—5 MM. OTBep-
CTUSA CJIeAyeT pacnojiaraTb paBHOMEpPHO 10 HUXHeil oOpasyiouieit
TpYOBI JIMHENHHO.
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CGop ¥ 0TBOJ OCBETJIEHHOM BOMBI U3 (JioTaTOpa AOJXKHBI IPOU3-
BOAUTBLCS PABHOMEPHO M3 HMXKHEIH YacTH KaMephl C TIOMOIIBIO TTOJI-
BECHOM CTEHKM, HalpaBISIOUIeH MOTOK K OTBOIY BOIBI U3 anrmnapa-
Ta, JIMOO C MOMOIIBIO OTBOASILIE CUCTEMBI U3 TIepOPUPOBAHHBIX
Tpy6. CKOpOCTb OBUXXEHHWSI BOABLI MOI ITOABECHOW CTEHKOW WU
B OTBEpPCTHAX BOAOCOOpHOI cucTeMbl npuHuMarot 0,8—1,2 M/c.

ITpu CTPOUTENBCTBE HOBBIX OYMCTHBIX COOPYXXEHUI TTpeNIoyTe-
HUe cJieAyeT OTnaBaTh (poTaTopaM ¢ TOPU3OHTATBHBIM IBUXEHUEM
BOIbI, IIPSIMOYTOJILHOU ¢(hOpMBI B TIJIaHE, COBMEIIEHHBIM C KaMepa-
MU XJIOTIbeOOpa30BaHUS C LIEJbIO TIPENOTBPAIEHUs pa3pyllIeHHUs
XJI0TbEB, CPOPMUPOBAHHBIX B ITPOLIECCE KOAryJISIlIMU B3BECH B BOJIE.

O6pa3syolnyocsi Bo (oTaTope TeHY BJIAaXHOCTbIO HE MEHEe
94 % ynansoT 1u60 KpaTKOBPEMEHHBIM MOIBbEMOM YPOBHS BOIBI
C OTBOAOM €€ uepe3 MOABECHBIE JJOTKH, PACIOJIOXEHHbBIE pABHOMED-
HO IO TUIOLAaaH KaMephl, JINOO C MOMOIIbI0O CKPEOKOBBIX MEXaHU3-
MOB, TepeMelIalolnX MeHy K cOOpHBIM JIoTKaM. JIHHIIa JJOTKOB
BBIMOJIHAIOT ¢ YKjIoHOM 0,025 B CTOPOHY OTBOJIa TIEHBI.

DIoTaUMOHHYIO0 KaMepy PacCUMTBHIBAIOT HA YAEIbHYIO Harpy3Ky
6—8 M3/u Ha 1 M2 rutowanu. ITpogoMKHUTENBHOCTD TPEeOBIBAHUS
BozAbl B Kamepe 10 40 MuH. BoicoTy (bj1oTallMOHHO# KaMephl U Bpe-
Ms (hJTOTALIMM HAXOIST MO pe3ybTaTaM TeXHOJOTMYECKUX UCCIIEN0-
BaHUi1 Mo ¢opmyJie

/T, = (H,/H)",

rne T, u T, — Bpems ¢uioTallMK B JJaGOpaTOPHOI MOJENHN U B pe-
anbHoI Kamepe; H, n H, — BbiCOTa Cj10s1 BOJABI B MOJENN U Kame-
pe; n — rokasarteJib CTerneHu, nmpuHuMaeMsblit 0,45—0,65 B 3aBucH-
MOCTH OT KauecTBa 00pabaTbIiBaeMOit BOIBI.

5.9. O6paboTka BoAbl GUNbTPOBAHMEM

@OunbTpoBaHHEe — OAUH U3 CIIOCOOOB OCBETJIEHUS BOIBI, ITO3BO-
JISIOUIMI BBIAEIUTb U3 HEE HE TOJIbKO ITUCTIEPrHUPOBAHHBIE, HO
Y KOJIJIOUIHBIE TIPUMECH, KOTOPBIC 3a1eP>XXUBAIOTCS HA TTOBEPXHOC-
TU WU B MEXITOPOBOM NPOCTPAHCTBE (DUIBTPYIOIIEr0 MaTepuaa.
DTOT npoliecc CONpPOBOXIAETCS 3HAUUTEIbHBIMU 3aTpaTaMU SHep-
MU, YTO OMNpenesisieT MeCTO GUIBTPOBATBHBIX COOPYXEHUN B TEX-
HOJIOTMUECKOU cxeMe. B GonbiIMHCTBE ciiyyaeB GHIBTPOBAaHUE —
3aKJTIOYHTENBHBIN 3TAll TIPYU OCBETJIEHUU U 00€CIBEYUBAHUM TTUTh-
€BOW BOJBI.

ITo Buay ¢unpTpylouIeil OCHOBLI (PUIBTPHI AEJATCS Ha MKaHesble
unu cemyamote (MUKpOOUIBTPHI, 6apabaHHbBIE CUTA, aKYCTHUUECKUE
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GWIBTPBI U T. 11.); KAPKACHble UAU HaMbléHble, 3epHucmble (TIecya-
Hble, KEPAM3UTOBBIE U T. T1.). B TEXHONOTHSAX yIydlIeHUST KauyecTBa
BOIIBI PacPOCTPaHEHb! (PUIIBTPHI C 36 PHUCTOM 3arpy3Koii, KOTOpbIe
KJI1acCU(DULUPYIOT MO CIEAYIOUIMM OCHOBHBIM TTPU3HAKAM:
® 110 ckopocTH ¢wibTpoBaHus: MemieHHble (0,1—0,3 M/u4),
ckopsie (5—12 M/4) u cBepxckopble (25—100 m/g);
® 110 AaBJIEHWIO, MOJI KOTOPHIM OHHU paboTaioT: Ge3HAMOpHBIE
(OTKpHITHIE) ¥ HANIOPHBIE,
® 10 HaNpaBJIeHUIO DUIBTPYIOLIETO MOTOKA: OJHOIOTOYHBIE
(0OBIYHBIE CKOpPBIE U MEMJIEHHBIE (DUIBTPHI), ABYXITOTOUHBIE
(duneTpel AKX u IJI®P) 1 MHOTOTIOTOYHBIE;
® 110 YHUCNYy OWIBTPYIOUINX CJIOEB: OMHO-, IBYX-, TPEX- U MHO-
TOCJIONHBIE;

® 10 KPYITHOCTHU 3epeH (QUIbTPYIOIIEro MaTrepuasa: MelKo-,

cpelHe-, KpYITHO3epHUCTHIE.

Ckopote puabmper ¢ Tutomanbio 6onee 30 M2 ycTpauBaloT € LIEH-
TPaJIbHBIM KaHAJIOM, a MIPH MEHBIIEH TUIOIMAaan — ¢ OOKOBBIM Kap-
MaHoM (puc. 5.19). KoarysaupoBaHHas M TIpollieaIast mpeaoYrucT-
Ky BoJia mojaetcsi B GOKOBOM KapMaH, a U3 HEro — B KaMmepy
¢unpTpa. BeicoTa cjios BOABI Hall TTOBEPXHOCTBIO 3aTPYy3KH ITOJIK-
Ha OBITh He MeHee 2 M. B npoliecce ¢hWIbTpoBaHUS BOJA TIPOXOIUT
(uapTpylOMMit U MOAIEPXKHUBAIOUIMI CJIOM, a 3aTeM IOCTYIAeT
B paclpee/IUTeIbHYIO CUCTEMY, U3 Hee — B pe3epByap YHUCTOM
BOJIBI.

Ilpy nmpoMbIBKe DUIBTPOB IMPOMBIBHASA BOJA IOCTYMAET B pac-
TIpeAC/IUTENILHYIO CUCTEMY U najiee B ¢uUAbTpylomeil cioii, KoTo-
pblif OHAa NPOXOOMT CHU3Y BBEpX, pacluupssi (B3BeIIMBas) €ro.
Hoiinst no BepxHelt KpOMKH Xejl000B, TTPOMBIBHASI BOJla BMECTE
C BLIMBITBIMU U3 (PUJIBTPYIOIIETO MaTepyaia 3arpsi3HEHUSIMU TIepe-
JINBaeTCs B Xeyjoba, a U3 HUX B OOKOBOI KapMaH M OTBOJIMTCS
B BOJOCTOK.

PacueTHyio ckopocTh pmibTpoBaHus v (6—10 M/4) M TOJMHMIUHY
cost ogHocCoitHOM dwbTpyroeit 3arpysku A (0,7—2,0 M) B coort-
BETCTBUM C yKasaHHbIMU paHee CHulIl cienyet mpuHUMaTh B 3aBU-
CHMOCTH OT KPYITHOCTH 3€pEH 3arpy3KH.

OuabTpyomuii ¢10i BBIMOJHAIOT U3 OTCOPTUPOBAHHOTO MaTepH-
aja, yaile BCEro peyHoro KBapueBoro rnecka KpynHocTeio oT 0,5 no
2,0 MM. MoryT OBITb TPUMEHEHH U IPYTHE MaTepHaNbl, YIOBIETBO-
pstiollie CAHUTaPHBIM TPEGOBAHUAM M Ob/Majfarole J0CTaTOYHOM
XUMHUECKOI CTOMKOCTBIO U MEXaHUYECKOW MPOYHOCTHIO (npobie-
HBI QHTPAlLUT, KEPaM3WUT, KepaMHUuyecKash KpOUIKa, ApOOJIeHbli
MpaMop, TTOJIMMEDPHI U 1p.).
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Puc. 5.19. Cxopblif OTKPbITBIH (QHABTP:
1, 8 — nogaya McxoaHO 1 oTBOA OWILTPOBaHHOM BoIbl; 2 — GOKOBOIM Kap-
MaH; 3 — xkenoba; 4 — BO3AYIIHUK; 5, 6 — cioit duwibTpylolei (rmecok, Ke-
paM3uT) ¥ NoaaepXXUBaolIeit (rpasuii, e6eHb) 3arpy3kKu; 7 — pacipeneiv-
TeabHasl OpeHaxHasi cucreMa; 9, 10 — mopaya U OTBOI HPOMBIBHO!
BOABI; 11 — omopoxHeHue GUIBTPa

IMoanepxusaomuii cnoii (0,45—0,5 M), Ha KOTOPOM JIEKUT DUITb-
TPYIOIWIUM CNOi, YKJIAABIBAIOT C UEbI0, YTOOBl MENKUN GWILTPY-
IOLIUI MaTepras He BBIMBIBAJICS U3 (DUIIBTPYIOLIETO CJI0ST M HE YHO-
CWICST BMeCTe C (pUITBTpYEeMOit BOMIOI Yepe3 OTBEPCTUS pacTipenesiu-
tebHOU cucTteMbl. [lommepXuBaromuit ciaoif, B CBOIO odepenb,
COCTOUT M3 CJIOEB FpaBUS WIM 1IeOHSI pa3HOiT KPYTTHOCTH, YBEJIUIM-
Batonieiicss cBepxy BHU3 OT 2—5 mo 20—40 Mm. TonumHa Kaxmoro
CJIOsI TaKXXe YBEJIMYMBACTCS CBEpXY BHU3. HenoctaTkoM nmoanepxu-
BAIOILIMX CJIOEB SABJSIETCSI BOBMOXHOCTb UX CMEIIEHHSI TIPU ITPOMBIB-
K€, 9TO HapyuaeT padoty GpunbTpa.
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PacnpenennrensHas WM ApPeHAXKHASA CHCTeMa SIBJISIETCS BaXXHBIM
aneMeHToM GuabTpa. OHa DO/KHA COGUPATh U OTBOAUTE MPOGUITB-
TPOBaHHYIO Boay 0e3 BbIHOCA 3epeH (UABTPYIOIIEro MaTepuana,
a TIpU TIPOMBIBKE — PAaBHOMEPHO paclpenessiTh MTPOMBIBHYIO BOIY
o Tiowmaay Gunbrpa. st cKopbiX (GUIBTPOB MPUMEHSTIOT pacIipe-
JIETUTENbHbIE CUCTEMBI OOJIBLIIOTO COMPOTHBIEHUSI. PaBHOMEPHOCTD
pacrnipefieieHUsI MIPOMBIBHOIM BOIBI MO TJIOUIAAM B TAKUX CUCTEMAX
JIOCTUTAETCSI BCJIEICTBHUE OOJIBIIOTO COMPOTUBJIEHUS IBUXEHHUIO
BOJIBI Uepe3 MPOXOAHBIE OTBEPCTHUSI.

Hanbonee pacnpoctpaHeHbl TpyOUuaThle pacnpeaeTuTeIbHbIe CH-
CTEMbl — YYTYHHbIE, MOJIMMEPHbIE MJIM CTaJIbHBIE TPYOBl C OTBEP-
ctusiMu 10—12 MM, yKnanbiBaeMble MapajuleIbHO Ha PacCTOSTHUU
0,25—0,35 M ApyT OT Apyra Ha HUXHUX CJIOSIX TPaBUS U TIPUCOEIM -
HSIEMBIE K KOJUIEKTOpY (Tpybe GOabUIOro AuaMeTpa) Wid KaHany,
pacrnojioXeHHOMY B cepelliHe MHUINA (HUIbTpa NapaieabHO €Tro
IUTMHHOM cTopoHe (cM. puc. 5.19). OTBepcTHs B Tpybax pacrosara-
I0TCSI BEPTUKAJBHO WJIM B IIAaXMaTHOM IOPSIAKE CHU3Y IO YIJIOM
45 rpan x Beptukanu, OOmias riomanabk OTBEPCTHH JOIKHA COCTaB-
nartb 0,25—0,3 % miowann GuasTpa.

B nocnenHue rompl pa3paboTaHO MHOTO HOBBIX KOHCTPYKIIM
pacripeAeTUTENbHBIX ycTpoiicTB. M3 HUX Haubosblllee pacpocTpa-
HEHUE TIOJYYWJIU IIEJIEBble M KOJIMAYKOBBIE CHUCTEMBI, CUCTEMBI
C TIPUMEHEHNEM TTIOPUCTHIX KEPAMUYECKNX MM OCTOHHBIX ILIMT.
BospiiuM TOCTOMHCTBOM 3THX KOHCTPYKIIMI SIBJIIETCSI TO, YTO OHU
JTAIOT BO3MOXHOCTh OTKAa3aThCsl OT MOANEPXKUBAIOLIUX CJIOEB, OJ1aro-
apst 4eMy YMEHbBIUAETCS BBICOTa M, CJA€IOBaTeJIbHO, CTOMMOCTh
bunpTpa; KpoMe TOro, yCTpaHSIETCSI ONTACHOCTh HEPaBHOMEPHOTO
pacrpeneseHusT BOAbI U3-3a CMEIIeHHUS TOAAePXKUBAIOIINX CIIOEB
TP TIPOMBIBKE.

Illenesoe pacnpedeaumenvroe ycmpoticmeo TIPENCTaBISIET COOOMH
CHCTEMY TPYO CO ILIEJAMU WIHN JIOXHOE 1eneBoe aHo. IlupuHa 1e-
Jei monxHa ObiTh Ha 0,1 MM MeHbIIE pa3Mepa caMOW MeENKOH
dbpakuum 3arpy3ku. nst Tpy64yaToro ieneBoro ApeHaxa cieayeT
MPUMEHSTH TPYObl U3 HepXaBewlneit ctanu aubo MOJUATUIICHA.
Ilenun pacrionaratoTcsi paBHOMEPHO MOTEPEK OCHU MO MEPUMETPY
TpyOBl He MeHee YeM B 2 psifia Ha pacCTOTHUU He MeHee 20 MM ApyT
oT apyra. O6uiast ruiomans meneit cocrapnsiet 1,5—2 % miomanu
dunbTpa.

Koanaukosas pacnpedesumenshas cucmema MOHTUDPYETCS B Ipe-
HaXHOM (JIOXKHOM) THE WJIM Ha pacnpeneUTEbHBIX Tpybax U3 pac-
yeta 35—50 KonmaukoB Ha 1 M2 muomanu ¢GpuasTpa. BeIMycKaoT
KOJIMAyKH IBYX BUIOB: meeBblie mactMaccoBbie (BTU-K) u dap-
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¢oposeie (BTHU) nnn nopucteie. CKOPOCTh ABMXKEHUS BOABI WIU
BOJIOBO3IYIIHON CMECH B LIENSX KOJMAYKOB MMPUHUMAIOT He MEHEe
1,5 M/c. Ob1ast ruromaas MPOXOAHBIX OTBEPCTUI BCEX KOJIMTAYKOB
nomxHa cocrtasnsate 0,8—1,0 % paboueil niouanu buIbTpa.

PacnipeaenutebHast CUCTEMA U3 NOPUCMbIX COOPHBIX Kepamudec-
Kux, noaumepOemoHHbIX Ul 6emoHHbIX naum, ycTpanBaeMasi B BUIE
IMPOMEXYTOYHOTO JHMINA, He TpebyeT MOAIepKHUBAIOUIETO CJIOS.
Kepamuueckue TIUTH BBITycKaloTcst pa3mepoM 40 x 40 x 5 unu
25 x 50 x 5 cm. PazMepsl mop B TJIMTax B [IBa C JUIITHUM pa3a 00J1b-
1II¢ pa3MepOB MYCTOT B (PUIIBTPYIOIIEM CJIO€ TIPU CPeTHEM TUaAMET-
pe 3epeH mecka 0,75 mM. [ToaToMy 3arpsi3HeHHS, TTPOLIECOIINE Yepe3
GuILTpYIOUIMI CII0i, TPOXOAAT U Yyepe3 MOPUCTHIM ApeHax, MpaK-
THYECKU He 3arpsi3Hss ero. [TauThl M3roTaBIMBaOT U3 MOPUCTOTO
6eToHa M MmoauMepObeToHa COOPHBEIMM, peXe MOHOJIUTHBIMU. 3aMe-
HY TUTAT TIPOU3BOANAT Yepe3 7—8 JieT.

MHTEHCUBHOCTL MMPOMBIBKM CKOPHIX (WILTPOB NMPUHUMAETCS
B 3aBUCMMOCTH OT TpeOYyeMOT0 OTHOCUTEILHOTO PaclIMpeHus, TUIIA
3arpy3ku, TeMIepaTypsl Boasl U cocrasnsier 12—18 51/(c - M2). TIpo-
JIOJIKUTEIBHOCTh TTPOMBIBKM 6—10 MUH.

TTomepeyHoe ceyeHMe TIPOMBIBHOTO Xea00a MOXET OBITh C Tpe-
YTOJILHBIM THOM WJIM MOJYKPYTJIBIM. PaccTossHue Mexnmy xejioba-
MU (110 MX OCSIM) TIPUHUMAIOT B Tipeaenax 1,4—2,2 M. JIHy xenoba
npunpaerca ykioH 0,01 mo xony nBuxkeHHUst BoAbl. COOpHBIE XKeJOo-
0a MOXHO M3roTaBIUBaTh U3 XeJie300eToHAa, MeTalyla UM CTEKJIO-
TJIacTHKa.

Bona nonaercst Ha MPOMBIBKY CIIeIMAJIBHBIM TTPOMBIBHBIM HAacO-
COM M3 pe3epByapa YMCTOI BOABI MJIM M3 KaHalla TIpo¢GUJIbTPOBAH-
HOI Boabl. MOXHO ImomaBaTh BOJY M CAMOTEKOM M3 CITELUABHO
YCTaHOBJIEHHOTO Ha TpeOyemoii BLICOTE TPOMBIBHOro 6aka WU
NpoMbIBHO# GamrHu. O6BeM 6aka JOKeH OBITh pacCYMTaH Ha JIBe
TIPOMBIBKM (TTpY TTPOMBIBKE OJHOTO (DMJIBTPA) WM HA TPU MPOMEIB-
KU (TIpU OTHOBPEMEHHOM MPOMBIBKE IBYX (DPUITETPOB).

I1pu peareHTHOM YMSTYEHHH BOIBI WJIM PEareHTHOM 00e3XeNIe3u-
BaHUU Hapsily ¢ OOBIYHOW MPOMBIBKOH 11€J1eCOO0pa3HO MPUMEHSITD
MOBEPXHOCTHYIO C LIE€JIbI0 OTMBIBKH 3arpsi3HEHHWI B BepXHEM CJIOe
3arpy3ku. Ee MOXHO MpPOM3BOAMTEL C MTOMOUIBIO ABIPYATHIX HETO-
JIBMOKHBIX WJIM BPAILAIOIIMXCS TIPOMBIBHBIX TPYO, Yepe3 KOTOpbIe TTOJ,
HanopoMm 0,3—0,4 MIla nonaercst Boma. CKOpOCTb B MOABOASIINX
Tpybax 2,5—3 M/c, CKOpOCTh BbIXOIA BOABI M3 OTBepcTHii 8—10 M/c,
WHTEHCUBHOCTb MTPOMBIBKU 3—4 j1/(C - M2).

TeopeTHyeckre OCHOBBI OYMCTKH BOIBI (DUIBLTPOBAHUEM Yepe3
3epHUCTbIE MaTepHaJbl paccMaTpUBaIUCh MHOTUMM HcClieoBaTeNisI-

216



mu. Haubonbiiee npusHaHue nojayyuna teopust .M. Munuia. Ona
3KCMEePUMEHTAJIBHO MOATBEPXKIEeHA U 0oBeeHa 10 NMPaKTHIECKOTo
WCITOJTb30BaHUSI.

ITpu punbTpOBaHUM BOIBI Yepe3 CJIOM 3epHUCTOTO MaTepuana
B 3aBUCMMOCTH OT 3apsiia U COOTHOUIEHUS] pa3MepoB TMpUMeceit
BOIBI U 3epeH QWIbTPYIOLLEH 3arpy3Ky MOTYT HaO/I0AaThCS Cedy-
IollIMe BUOB QUNIBTPOBAHUS: 3aAepKaHue TpuMeceil Ha TTOBEPXHO-
¢ty punbTpyiolero cios (rieHoyHoe (hUILTPOBaHUE); 3aepKaHue
npuMeceit B mopax ¢puiabTpyrouiero cjaos (o6beMHoe QUIBTPOBaA-
HHE); OMHOBPEMEHHOE OOpa3oBaHWe MPHMECSIMH IIJIEHKU U UX OT-
JIOXKEHHUE B TTOPax 3arpy3KH.

B GOnBIIMHCTBE CTy4aeB Ha COBPEMEHHBIX (DMIIBTPaX IMIEHKA He
0o0pasyeTcst U MpUMecH BMECTE C BOIOW NMPOHUKAIOT B TOJIIY DUIThb-
TPYIOILIETO CJIOSI, TIPY 3TOM IJIyOMHA TPOHUKHOBEHUS 3arps3HEHUI
B TOJIIILY 3arpy3KH TeM 0oJibllie, 4yeM 0oJblie CKOPOCTh (GUIIBTPOBA-
HUs1, KpYITHee 3epHa (GWIBTPYIOIIETO CJIOst U MEHBIIe pa3Mepsl va-
CTHUII B3BECH, U3BJIeKaeMble U3 BOIbl. B 0CHOBE 00bEMHOTO PUITBT-
POBaHMSI JIEKHUT MPEIBAPUTETLHOE KOAryJIMpOBaHUE TTpuMeceil BOIbI
C LEJbI0 YMEHBIICHUS U JMKBUIALUMU UX 3apsaa. Tak Kak Ipu
OOBIYHEBIX 3HaYeHUssX pH HCXOmHOU BOIBI NMOBEPXHOCTh 3€pPEH
unbTpyIONIETO MaTepyUalia M YaCTULIBI IIpUMeceit BOObI HECYT OTPU-
LIaTeJIbHBIA 3apsill, B3BECh B MOpaxX (WILTPYIOUIETO CJIOST 3a€PXKU-
BaeTco IIOXO.

Ha myreHouHOM (pUABTPOBAaHUM OCHOBaHa paboTa MeIJIEHHBIX
GuUIbTPOB. DTO MpOLECC YUCTO MEXAHMYECKOTO0 M3BJICUEHHS M3
BOIBI JUCTIEPTUPOBAHHBIX IIPUMECEH,

B texHomorun 06paboTKU BOABI HApsSily CO CKOPBIMU (UIBTpaA-
MU HIMPOKO NMPUMEHSIOT KOHTaKTHBIE GUIbTphl (KD), nByxmoroy-
Hble AByXciioiiHble GuiabTphl (I ®P) 1 KapKacHO-3aCBhIITHEIE CKOPBIE
buabTpEL. OTO GWIETPHI 6OMNBIION rpsideeMKOCTH. Iloa rpsizeeMKo-
CThIO TIOJPa3yMeBalOT KOJIMYECTBO 3arpsi3HEHUM, 3aJepKaHHBIX
dunpTpytouiei 3arpy3koit B reyeHue GuabTpouukia (T. €. oT mpo-
MBIBKM 10 TIPOMBIBKH), OTHECEHHOE K eIMHULE TUIo1anu GpuabTpo-
BaHUS.

Konmaxkmuoie gpunompuor (puc. 5.20, a), pabora KOTOPBIX OCHOBaHa
Ha KOHTAKTHOW KOoaryJsiliiu, MPUMEHSIIOT B TIPAMOTOYHBIX OTHOCTY-
TIEHYaTBIX CXeMaX OYUCTKHM BOABI MPHU €€ MYTHOCTH g0 60 mr/n
v uBetHoctH 10 150 rpan. 3arpyska K®-5 tpexcioitHasi, BepXHUi
cJIoi — U3 Kepam3uTa (pa3Mep yacTuu 3—5 MM), CpeHUH — U3 aH-
TpaumTta (pasMep 2—3 MM), HUXKHUI — U3 KBaplLEBOTo Tecka (pas-
mep 0,6—1,0 mm). TomuuHa kaxmaoro ciosa 0,5 M. McxonHast Bona,
CMEIIaHHAas ¢ peareHTaMU, MOCTYTIAeT B HAA3arpy304HOe MPOCTpaH-
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CTBO MO clelHaJIbHOM nepdopUpOBaHHON TpyOUaTOi pacripeneu-
TEJIBHOI CUCTEME, PacIoIoXEeHHOM Ha 5—10 cM BblIllle MOBEPXHOCTU
3arpy3kM, 4YTO NpeNoTBpallaeT obpa3oBaHMe xJionbeB. CKOpOCTh
¢unerpoBanus 10 10 M/4. IIpoMeIBKY ocylecTBasioT nopadei 90 %
Boabl B 1TomnoH 1 10 % B pacnpeeTUTEbHYIO CUCTEMY.
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Puc. 5.20. Cxema ycrpoiictsa ¢puabrpa KD-5 (a) u AP (6):
1 — nopnoH; 2 — pacnpelnenuTebHas CUCTEMA B BUE JIOXKHOIO AHA U3
nopucroro 6eToHa; 3, 4, 5 — cnou OUILTPYIOLLEit 3arpy3KH COOTBETCTBEH-
HO M3 KBapleEeBOro rMnecka, OPOOJEHOro aHTpaluTa M KepaM3UTOBOM
KpoIwKHu; 6, 13 — OTBOJ W 1ojaya MpOMbIBHOM BOAbI, 7 — GOKOBOM Kap-
MaH; & — ypoBeHb BOAbI Npu bunbTpoBanuu; 9 — xenod; /0 — Bogopac-
npefenuTeIbHas cucteMa u3 nepdopupoBaHHBIX TPYO; 1/ — BBOI peareH-
TOB; 12 — nogaya vcxonHoit Boasl; 14 — orBox ¢puisTpaTa; 15 — BO3mylI-
HUK; 16 — nepenyck 70 % wMcxomHOW BoAbl Ha (PWILTPOBAHME CHU3Y
BBepx; 17, 18 — cpenHee U HUXHee oTaeseHUsl 6OKOBOro kapMana; 19 —
1ieeBask NOJUITUIIEHOBAS ApeHaXHas CUCTeMa

DQuavmpor JIID (cM. puc. 5.20, 6) UMeIOT ABa €10 HaIApEHAX-
Ho# dbunbrpytomeit 3arpy3ku. CKopocTh GHIBTPOBAHUS 10 25 M/4.

B cxemax TeXHHYECKOTO BOJOCHAOXEHHS PAacIpOCTPaHEHHE T10-
JIYYUIIU KapKacHO-3aCBhIMHbIE (DUIBTPEI M HAIIOPHBIE CBEPXCKOPO-
CTHBIE OCBeTAUTeNbHbIe GUIbTpel cucteMul I'.H. Huxudoposa.
Kapracno-3aceinnoie punomper (pric. 5.21) UMeIOT 3arpy3Ky B BUIE
Kapkaca U3 TpaBUsl WIH LEOHS TOJUIMHOM 2 M M 3aCHITTKH U3 TieC-
Ka (KepaM3uTa, aHTpalluMTa, lIJIaKa) TONIIMHONH 1 M, 3amoJHs-
Iolllel 4acTh MOPOBOro nMpocrpaHcTBa. CKOPOCTh (MIBTPOBAHUS
no 20 Mm/4y. IIpoMbiBKa BomoBo3ayiuHas. Duabmpsl cucmembl
I'H. Hukugopoéa GbunbTpyoT Booy co ckopocThbio no 100 M/4.
@uUabTp NpeAcTaBIsAET CO60H HMIMHAPUYECKHI KOPITYC ¢ KPYTJIOi
KaMmepoi BHYTpU. [IpocTpaHcTBO MeXny 3TUMHU LIMIIMHAPAMU pas-
JIEJIEHO BEPTUKAJIBbHBIMU TIEPETOPOAKAMH Ha BOCEMb OTCEKOB —
(UNbLTPOB € NMecYaHO-TpaBUMHOM 3arpy3koii. B paboTe HaxoasTCs
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ceMb OTCEKOB, 4 OOMH — Ha NPOMEBIBKE. I1pOHOIXNTETLHOCTD
¢punpTpOUMKIIA B KaXIOM OTCEKE HE IMPEBBIIIAET OMHOTO—ABYX Ya-
COB. YUUTBHIBAS, YTO MPOU3BOANTENBHOCTD (PUIBTPA JIMMUTHUPYET-
cs ero pa3mMepaMu U Ipu auameTpe 3 M He npesbimaer 150 m3/4,
I'.H. Huku¢opoB npemtoxut 6aTapeifHbINH THIT CBEPXCKOPOCTHEBIX
HAMmOPHBIX (PUIBTPOB C aBTOMATHYECKOIl CHUCTEMOM ITPOMBIBKH.
Bce ¢dunbTphl, BXonsiue B 610K, CBSI3aHBI €UHBIM THIPABINYEC-
KHM PEXHUMOM.

§
*é 7

Puc. 5.21. Cxema ycTpoiicTBA KapKacHO-3aChIIHOTO CKOPOro ¢puabTpa:
1, 2 — Bomo- U BO3MyXOpaclpeneanuTebHbIE CUCTEMBI;, 3 — IecyaHas 3a-
ChIITKa B MEXTPaBUIHOM NPOCTPAHCTBE; 4 — rpaBUIHBII KapkKac, 5 — TpyO-
yarasi nepopupoBaHHask CCTEMa pacnpeacIeHUsT UICXOOHOM U cbopa mpo-
MBIBHO# BOIbI; 6 — Mojaya Bo3myxa, 7 — GOKOBOit KapmaH; 8, 1] — nona-
4ya MCXOOHOH W oTBOA (UIBTPOBaHHOI Bonbl; 9, 10 — OTBOA W IMomaya

TIPOMBIBHO BOJbL

B BOmONOATOTOBKE TaKKe MPUMEHSIIOTCS HANOPHble CKopble pub-
mput (puc. 5.22). CepHitHO BBIITyCKAaIOTCSI HAaNOPHbIE BEpTUKAJIbHBIC
buABTPE BOCBMM THUITOpPa3MepoB (IuaMeTpoM oT 1 1o 3,4 M). Brico-
Ta GUIBTPYIOLLEH 3arpy3ku B (UIBTpaxX BCeX pa3MepoB MPHUHSTA
1,2 M. ITogaua ocBeTIEHHOM BOIBI U OTBOJ ITPOMBIBHOM OCYILIECTBIISI-
IOTCSI Yepe3 LEHTPAJIbHO PACTOJIOKEHHYIO BOPOHKY, OOpalieHHYIO
IIMPOKUM KOHLIOM KBEDPXY, WJIH KOJNBIIEBO MepchOpUPOBAHHEII TPY-
6omnpoBoa. OuabTp He UMeeT NMOAAEPKUBAIONINX CIOEB, a (PUIBTPY-
IOLIMIT MaTepUasT pacoiaraeTcsi HermoCpeACTBEHHO Ha KOJITAYKOBOM
WJIH 1IeJIeBOM apeHaxe. IIpoMBIBKa 3arpy3Ky ITpeIyCMOTpeHa BOMO-
BO3MYIIHAS, U Yero GUIIBTP CHAGXeH CIeUaTbHOM pacrpenesn-
TeJILHOM CUCTEMOI1 JUIS TToIaYr BO BpeMsI TIPOMBIBKU CXXAaTOTO BO3MY-
xa. DTa pacmpelenuTeNbHas CUCTeMa pacriojiaraercs B (hWibTpy-
folleil 3arpy3ke ¢uabTpa. 3arpy3ka ¢GpuiabTpa MPOU3BOIUTCS Yepe3
BePXHUIA j1a3. 1t TMApaBIM4ecKOil BRITPY3KH (DUITBTPYIONIEi 3arpy3-
KU TIPEyCMOTPEH CHEIMAaIbHBIN pa3rpy304HbINA IUTYIIED.
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HaunGonpuinit nmamerp HanopHoro ¢puwibTpa U3 ycaoBUil yn06-
CTBa NMEPEBO3KU XeJIE3HOAOPOXHBIM TPAHCITOPTOM MPUHAT 3,4 M,
uibTpyIoLIas 1Iomank Takoro ¢uasTpa cocrasiser 7,1 m2. Ilo-
3TOMY NpPU 3HAYUTEJBHOM TPOU3BOIUTEIILHOCTH BOLOOYUCTHOIM
CTAHIUU TIPUXOOUTCSA TNMPUHUMATH OOJIBIIOE YUCIO (PUIBTPOB
W apMaTyphl, B CBSA3M C YeM YIOPOKAETCSI CTPOUTEILCTBO U YCITOX-~
HsIeTCa aKcIulyatauus ¢uibTpoB. YHcio GUIBTPOB MOXET OBITh
COKpalieHO MPUMEPHO B 4 pa3a IMpU YCTaHOBKE TOPU3OHTATbHBIX
HaTNOPHBIX (GWIBTPOB, TUIOMAAb (PUIBTPOBAHUS KOTOPBIX COCTAB-
aser 28—30 M2, WM BEPTUKAIBHBIX ABYX- WJIM TPEXKaMEPHBIX
GUNBTPOB.

Hcnonb3oBaHue GUIBTPOB C MUIaBalollieil MOTUMEPHON 3arpy3-
koit (PI13) (cM. puc. 5.22, 6) apnseTcss OMHUM U3 TTyTei UHTEHCH -
¢ukaluu npouecca GUWIHTPOBAHUS MPUPOAHBIX Boa. Kak nmokaszamm
uccnenopanust M.I'. 2KypObl, Hanbosiee TIepCIIEKTUBHBIMU SIBJISTIOT-
CSl TpaHyJIbl BCIIEHEHHOTO MoJMcTUpoJia. [Ipu 3aMeHe TSKeJbIX
GUIBTPYIOLIMX 3arpy30K IUIABAIOIIUMHU CYIIECTBEHHO U3MEHSETCS
TEXHOJIOTHUS (PUIIBTPOBAHUS BOABI, YBEJIUUUBAIOTCS HOMYCTUMBIE IO
CpPaBHEHUIO C KBaplieBbIMU (UIBTPaMHU KOHIIEHTPALIUS B3BECH B UC-
XOIHOM BOMIE U CKOPOCTh DHJIBTPOBAHUS, 3HAYUTEJILHO YIIPOIIACT-
csl OTMBIBKA 3arpy3Ku, OTNaaaeT HeOOXOAUMOCTh B YCTAHOBKE TPO-
MBIBHBIX HaCOCOB M CIIEUATTLHBIX EMKOCTE! IS TPOMBIBHOM BOIbI.
YcraHOBJIEHO, UTO TpaHyJIbl OJIUCTUPOJIa 001aNaloT 60Jiee BRICOKH -
MM aAre3OHHBIMM U BJIEKTPOKUHETUYECKUMM CBOWCTBAMHU IO
CpPaBHEHMUIO C 3epHaMHU TecKa U UX MPUMEHEHUE UHTEHCUDULUDY-
€T Npolecc (pUIBTPOBAHUS B 1IEJIOM.

Pa3HOBUIHOCTBIO (DUIBTPOBANLHBIX ATIIAPATOB SBJISIOTCS KOH-
makmHsle ocgemaumenu, paboTalOLINE TIO TIPUHIUITY (DUTBTPOBAHUS
BOIBI CHU3Y BBEPX B HAaIpaBJIeHUM YOBIBAIOLLEl KPYMHOCTHU 3€peH
bunbTpyOLIeH 3arpy3KH GOJIBIION TOMIIUHBI (pUcC. 5.23).

ITpu Bomoo6paboTKe Ha KOHTAaKTHBIX ocBeTuTeax (KO) koary-
JISTHT BBOMSIT B BOJY HETOCPENCTBEHHO TEpe] €€ MOCTYIJIEHUEM
B 3arpy3Ky armapaToB, IIPOLIECC KOATY/ISILIUU TTPOUCXOIUT B €€ TOJI-
1e. 3a KOPOTKUH TTPOMEXYTOK BPEMECHU OT MOMEHTA BBEelleHHUSI KO-
aryJsiHTa 10 Hayajia (pUJbTpOBaHMUS B BOJE MOTYT 00pa3oBaThCs
JIMIIb MUKPOArperaThbl KOarylIMpyoumux yactull. JlanbHeiuas arno-
Mepalus MpuMeceit TTPOUCXOIUT He B CBOOOAHOM 00BEME BOIBI,
a Ha 3epHax 3arpy3ku KQO; yacTuibl ancopOrpyloTcsl Ha MOBEPXHO-
CTH 3epeH, 00pa3ys OTIOXECHUS XapaKTepHOM IS TejisT CeTYaToit
CTpYKTYypbl. Takoi npouecc SIBASICTCS KOHMAKmHOU Koazyaayueil,
YTO 0OYCIIOBIMBAETCS KOHTAKTOM BOJBI, COIepXalleif KoaryJaupo-
BaHHEBIE TIPUMECH, C TTOBEPXHOCTBIO 3¢€peH KOHTAaKTHOM MaccCHI.
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Puc. 5.23. Konrakrusie ocseraurean KO-1 (a) u KO-3 (6):
1, 7 — nmonmaya UCXONHOM M NMPOMBIBHOI BOABI U OTBOJ (bunbTpara; 2, & —
HUXHEE M BEpXHee OTHEJNIeHHUs LIeHTPAJIBHOTO KaHaja; 3 — nepdopupo-
BaHHasl pacripeic/iuTesibHasg CHCTeMa C 3allUTHBIMM KO3bIpbKaMu, 4 —
¢unbTpyrouas 3arpyska; 5 — BomnocGoOpHbIe Xejioba; 6 — OTBOI IPOMBIB-
HOH Bonbl; 9 — BO3AYWIHHK; /0 — romaya NMpoMbIBHO# Boabl; 1] — noaa-
4ya BO31yxa MpH NpoMbiBKe; 12, 13 — BO3MyX0- M BomopacnpeneauTebHas
CUCTEMBI; [4 — CTpyeHanpaBJsIOMWIMIA BHINYCK; 15 — MecKoyaBiInBaloLInii
xeno6; /6 — 6G0KOBOI KapMaH

Kak mokaszanu ucciienoBaHMs M NpakTHKa, MPOLECC KOHTAKTHOM
KOaryJsiuMu vaeT ¢ 6oJbllieid MOoJIHOTOI U BO MHOTO pa3 OwIcTpee,
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yeM KOHBEKTHMBHOI Koarymiasiuuu B o0beMe; J03a KoaryJsiHTa, Kak
MpaBUJIO, MEHbILIE, YEM 1033, HEOOXOAMMAsT TS KOAaryJlupoBaHUs
npuMeceil B CBOOOAHOM oObeMe. s rnmpoTeKaHus npouecca KoH-
TaKTHOM KoaryJsiuMM HeobXoaMMO BBECTH B BOOY TaKyIO 103y KOa-
TYJISIHTA, TIPU KOTOPO# YacTHLbI MPUMECEI TepsiIOT CBOIO arpera-
TUBHYIO YCTOMYMBOCTb U MPUJIUNAIOT K MOBEPXHOCTH 3€PEH KOH-
TakTHOI Macchl. Takue no3bl OOBIYHO HEAOCTATOUYHBI AJIST TOTO,
yTtoObl 0OecreynuTh ObICTpoe xJionbeoOpa3zoBaHUe B CBOOOAHOM
o0beMe ¢ MOJTyYeHUEM TSIXKENbIX, XOPOUIO NeKAHTUPYIOUIUX XJIOIb-
eB. KpoMe Toro, npy KOHTaKTHOM KOaryJisiliMi Ha Mpoliecc MouTH
He BJIMSIIOT TeMIlepaTypa BOIbl U €€ aHMOHHBIH COCTaB, Hajqu4He
rpybonycrniepcHbIX B3BeceN U ee 1eslouHoCcTh, OTnanaeT HeooXonu-
MOCTb B NepeMeUIMBaHMU BOJIBI 151 obecrieyeHUsl MpoTeKaHUs op-
TOKMHETUYECKO (ha3bl koarynmupoBaHus npuMeceit. OnHako ObICT-
pOTa ¥ paBHOMEPHOCTb pacnpelefieHUs KoaryJasiHTa B obpabarbiBa-
eMoM BoJle UMEIOT pelliatolliee 3HaYeHHUE.

bnarogapst 3ToMy B yCl10BHSIX 06pabOTKHU MaJIOMYTHbBIX LIBETHBIX
Bojg KO BecbMa ynauyHoO 3aMEHSIIOT OOBIYHYIO ABYXCTYMNEHYATYIO
OYMCTKY BOIBI, 0OecrieynBasi BICOKUI 3¢hGeKT ocBeT/IEHUs U obec-
LIBEYMBAHUS TIPU ONHOBPEMEHHOM CHUXEHUU CTOMMOCTHU CTPOM-
TEeNbCTBA M DKCIUTYyaTallMM OYMCTHBIX coopyXeHui. Ha Bogoouucr-
HbIX KoMIuTeKcax ¢ KO HeoGxonMMo npeaycMaTpuBaTh 6apabaHHbIE
CHUTA UM MUKPODUIBTPHI, a TAKKE BEPTUKAJIBHBIN CMECUTEND IJIST
BO3IYXOOTAEJIEHUSI U CMEILIEHUSI peareHTOB ¢ Boaoi. Mukpogmib-
Tpbl ¥ 6apabaHHBIE CUTA pacroyaraloT OObIYHO Hald CMECHUTENIEM
WM BXOAHOU KaMepoil.

IIpu ucrions30BaHUM KOHTAaKTHBIX OCBETJIUTEJIEH OCHOBHAsI Mac-
ca MpuUMecer BOJBI 3a€PKUBACTCS B HUXHUX KPYMHO3EPHUCTBIX
CJI0SIX, XapaKTepU3YIOLIUXCST OOJIbIIONI TPSI3EEMKOCTbIO, YTO YMEHb-
LIaeT TEMIT TIpUpOCTa MoTepy Hanopa. CHUXEHUE TeMIa MpUpocTa
MOTepU Hamnopa U yBEJUYEHUE TPONOJKUTEIbHOCTHU 3aUIUTHOTO
NEMCTBUS 3arpy3KH BCACACTBUE OOJBLIONA BBICOTHI CJIOST MTO3BOJISIIOT
ouuiath Ha KO Bony ¢ conepxXkaHueM B3BECH, 3HAYUTCIBHO MPEBbI-
HIAIOIIMM OOBIYHO JOMYCTHMOE IJIsT cKOopbix (huibTpoB. CKOpbIe
¢GunbTpHl MOTYT paboTaTh HOPMAaJIbHO, CCJIU COMCPXAaHUC B3BECHU
B IIOCTYTAIONIEH HAa HUX Boae cocTaBisieT 5S—15 mr/n. KoHTakTHbIe
K€ OCBETJMTENM pabOoTaloT HOPMAaJabHO IIpU colepXaHUU B3BECHU
B oyuinaeMoii Bone no 120 mr/n u ee uBetHoctH 120 rpan.

PacnipenenurenbHasi CMCTEMa KOHTAKTHOTO OCBCTUTEISI TpyOUa-
Tasi, OOJIBLLIOTO COMPOTUBJIEHUS], C MOJIECPXKUBAIOLIUMU CIIOSIMU WK
6e3 HuUX.
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KOHTaKTHBIE OCBET/IUTENIN PEKOMEHIYETCS UCTIOIB30BaTh O€3 Mof-
JIEPXKUBAIOLINX CJIOEB NPH MPOMBIBKE BOAOIH U C TOEPKUBAIOLIUMU
CJIOSIMM TIPU BOZOBO3AYIIHOM MPOMBIBKE. Pa3paboTaHsl TpU MOIENU
KO. Ocpernutens KO-1 (puc. 5.23, a) npencrasisier co6oii pe3epBy-
ap, 3arnoJIHEHHBIHN 3arpy3Koi U3 recka u rpaBusi. [lecok He qomKeH
comepxaTh pakiuy KpyrmHee 2 MM 1 Menbue 0,7 Mm. CpenHuit nu-
ametp niecka 0,9—1 mMm, d, . = 1—1,3 MM, TOJIIIIMHA CJIOST TIECKA OKO-
Jio 2 M. I'paBuitHBIe C/IOM pacronaraioT MOoA MecYaHol 3arpy3Koii Ha
JIHEe KOHTAKTHOTO OCBETIMTENSI, OHU UMEIOT 00IIyIo Tommuuuy 0,6—
0,8 M. PekoMeHmyeMast BRICOTa U KPYITHOCTD TTeCYaHbIX U I'PaBUIAHBIX
cinoes npuBeneHbl B CHull 2.04.02-84". PacuyeTHy10 CKOpPOCTb (DUITb-
tpoBaHust st KO-1 npunumaior 4,0—5,5 M/4. OuuizaeMyio Boay
TIpEIBAPUTENBHO CMEILUBAIOT C KOATyJIsTHTOM M BBOJIAT B 3arpysKy C
TIOMOMHIBIO pacHpeneUTeIbHON CUCTEMBI U3 ObIpYaThIX TPYO, yjo-
XKEHHBIX Ha JHE B cjoe meakoro rpaBus (2—10 mMm). Pacrnipenenu-
TeJIbHAs CUCTEMA CJTYKUT U JUTS TT0a4M NTPOMBIBHOI Bomsl. Ee mpo-
MBIBKY C MHTEHCUBHOCTbIO 15—18 j1/cM2 B TeyeHHe 7—8 MUH TIpOU3-
BOIST TaK Xe€, KaK U OOBIYHBIX CKOPBIX (MUIbTPOB. OCBETIEHHAs
BOJZIa, KaK U NMTPOMBIBHASI, OTBOJIUTCS C TIOMOILIBIO XKeJI0O0B, pacroJio-
SKEHHBIX HaJl TIECKOM.

B 6e3rpaBuiineix KO-1, mpoMBIBaeMBIX BOJIOI, YCTpanBaloT Oe3-
TPaBUHHYIO TPYOUaTYIO pacrpeAeSTUTEBHYIO CUCTEMY C NMPUBapeH-
HBIMU BIOJIb ABIPYATHIX TPYO GOKOBBIMM IITOPKAMU, MEXIY KOTO-
PBIMU TIPUBAapUBAIOT MOMEpeYHble TEePeropoaKH, pasaelsiolme
noaTpybHOe mpocTpaHCTBO Ha sueiiku. KO-3 (puc. 5.23, 6) c moxn-
JIEPXKUBAIOIIUMH CJIOSAMU M BOJOBO3AYIIHONH MPOMBIBKOH HMeEET
TpyOUaThle pacipenesMTeIbHble CUCTEMBI TSI TIOAaYM BOIBI U BO3-
JlyXxa U CUCTEMY TOPU3OHTAJILHOTO OTBOJA IPOMBIBHOM BOJEI.

Pabora medaennvix uaompoe (M®D) ocHOBaHa Ha TIPUHIIMIIE
MJIEHOYHOTO (UIbTpOBaHus. B Havane GunbTpoUMKIIA Ha TTOBEPX-
HOCTH QUJIBTPYIOILETO Ciost 06pasyeTcs U3 3aiepXKaHHBIX TIpUMeceit
Bozbl GUIBTPYIOLIAs MJIEHKA, TIPOHMIIAeMas IJig BOAbl U HEITPOHU-
Liaemas Uil €€ IMCNEPrMPOBaHHBIX 3arpsa3HeHuil. B oOpa3oBaBieii-
Csl TUIEHKE MHTEHCUBHO pa3BUBAIOTCS pa3fiMyHble 6akrepun. O6pa-
OaTeiBacMasi BoJa NMPOQUILTPOBLIBAETCA YEPE3 TUIEHKY, IIPH 3TOM
W3 HEe U3BJIEKAIOTCS B3BEIIEHHBIE M YACTUYHO KOJIJIOMIHBIE 3arpsi3-
HeHHUs U 10 99,9 % GakTepmii, T. €. IPOLECC YUCTO MEXAHUIECKUIA.
DTUM OCTUTAETCA BBICOKas CTENEHb OCBETJIEHUS U 06e33apaXuBa-
HUS BOJBI.

MenneHHBIl GUALTD (puc. 5.24) — OTKPHITHIA pe3epByap, Ha
JIIHE KOTOpPOTO HAXOAWTCH npeHax (M3 AbIpYaThiX TPYO, KUPHUYEH,
GETOHHBIX TUIUTOK, YJIOXEHHBIX ¢ po3opaMu). Ham npeHaxeM pas-
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MelleH TOIAepXXUBAIOIIUI CJIoi ToNMHOM 350 MM U3 rpaBust, WU
TaJlbK{, WIN LIEeOHS KpynHocThio 2—40 MM, a Haj noagepXusa-
IOIIUM CJIOeM pacnofoxeH GuiIbTpyolni cJioit TonmuHoi 850 MM
M3 XOpOIIO MPOMBITOTO Mnecka KpymHocThio 0,3—2 mM. Cnoii Boabl
Hal ¢uiabTpylomeit 3arpy3koit cocrasasier 1,2—1,5 M. CKopocTh
¢unsrposanus 0,1-0,3 m/4.
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Puc. 5.24. Cxema mennentoro ¢puabrpa:
1 — Tpyba s mogauyM UCXOMHOM BOJBL; 2 — OCBETIIMTENbHAS IJIEHKA; 3 —
dbwnprpylomas 3arpys3xka; 4 — MOpPUCTHI OETOHHbBINA APeHAX; 5 — MOIIOH;
6 — TUAPABINYECKUIt PBIXJIINTENB; 7 — ToJavya MPOMBIBHOW BOIBI K PhHIX-
nuremo; 8, 9 — otBon GWIBTPOBAHHOM U NTPOMBIBHOI BOabl;, /0 — 60KO-
Bble KapMaHbl ¢uiabTpa; 1/ — BogoHernpoHullaeMas creHa; A U b — ypoB-
HM BOIbI COOTBETCTBEHHO NMPU (HUJIBTPOBAHUU U ITPOMbBIBKE

IInenka cospeBaer B TeueHue 1—2 cyT. OUNBTPOUNKI MOXET
pocturath 1-2 MecaieB. PereHepalus GpUIBTPOB OCYHIECTBIISETCS
CO CHSITHMEM BepxHero cjios necka (1—2 cM) npu HeGOMbIIONR MyT-
Hoctu (M < 50 Mr/n) unu 6oyiee COBEpIIEHHBIM CITOCOOOM C MC-
MMOJIb30BAHUEM THUIPABIUYECKOrO PHIXJEHUST (DUIBTPYIOIHEH 3a-
TPY3KH ¥ CMbIBA 3arpsI3HEHUI B CTOK (ITpu 60Jiee BHICOKON MYTHO-
cru M <700 Mr/m).

Henoctatkamu M® gBasiioTcs UX 3HAYUTENbHAS CTPOUTETBHAS
CTOMMOCTb M GoJIpIIas 3aHUMaeMasi TUTolIalb, YTO THABHBIM 00pa-
30M ¥ CJYXMUT NIPUYMHON OTKa3a OT MPUMEHEHHUS WX Ha KPYTTHBIX
BOIOOYMCTHBIX KOMITJIeKcax. TTpocToTa 3KCIIyaTaluu 00yCIOBIN-
BAEeT 11eJ1IeCO00Pa3HOCTh MX UCITOB30BAHUS NPHU HEOOJBILIONH TPOU3-
BOIUTENBHOCTH.

5.10. O6eszapaxnBaHue BoAbl

Ha 3akniounTebHOM 3Talle OYMCTKU BOJBI ST XO3SICTBEHHO-
NUTBCBBIX HY XX NTPOU3BOAUTCSH €€ 06633apa)KPlBaHI/IC, TaK KakK Mnpu
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OCBETJIEHUUW U 00ecLBeUMBAaHUM MPUPOTHOMU BOIbI B HEH €1l OCTa-
forcs 5—10 % Gakrepuii, cpeay KOTOPBIX MOTYT OKa3aThCsl M MaTo-
reHHble 6aKTepUu M BUPYCHL. Mcrosb30BaHUE MON3EMHOI BOJBI
B GOJILIIMHCTBE CJIy4aeB BO3MOXHO 0e3 obe33apaxuBaHusi. B tex-
HOJIOTMH BOJOMOATOTOBKH M3BECTEH psili METONOB 00e33apakuBa-
HUS: mepmuyeckuii, xumuveckui, oaueoournamus (C TTOMOIIbIO 6J1aro-
PONHBIX METAJUIOB), gusuyeckuii (C TOMOUIBIO YABTPa3ByKa, paguo-
aKTUBHOTO W3JydyeHUs, yabTpaduoaeToBbIX Jydyeit). Haubonee
LIMPOKO UCITONIb3YeTCS XUMHUYECKHIT crtoco0, npenycMaTpuBaloLInii
NMpUMEHEHUE CUJIBHBIX OKHUCIWUTENEH: XJiopa U €ro Mpou3BOAHBIX,
030Ha, TIEpEeKNCH BOIOPOa, MarpaHIleBOKHUCIIOTO Kajus, THTTOXJIO-
pUTa HaTpust U KaiblMsa. Ha nmpakTUKe MpearnoynTaroT UCIOIb30-
BaTh XJIOpP, XJIOPHYIO U3BECThb, TMTTOXJIOPUT HATPHS, O30H.

Bre16op MeTonma 3aBUCHUT OT pacxoja M KayecTBa obpabaThiBaeMOiA
BOIbI, 3(p(PEeKTUBHOCTH €€ OUYUCTKH, YCIOBHUIT NMTOCTaBKU U XpaHEHMS
peareHToB, BO3MOXXHOCTH aBTOMAaTHU3allMM U MeXaHU3alluu TpyHo-
€MKHX paboT.

Xnopupoearue BOIBI SIBJASAETCS HalCXKHBIM CAHUTAPHO-TUTUEHU-
YeCKUM TIPUEMOM MPeAOTBpalIeHUS pacpOCTpaHEHUS STTUIEMUIA,
TaK KakK OOJIbIIMHCTBO MAaTOTeHHBIX 0akTepuit (0aUMIBI OPIOIIHO-
ro tTida, TyoepKyae3a U TU3eHTepUr, BUOPHMOHBI XOJIEPHI, BUPYCHI
MOJIMOMMENIUTA U 3HLedaNnTa U Ap.) BeCbMa HECTOHKH 1O OTHO-
meHuo K xaopy. Cropoobpasyoniux 6akrepuit XJiop He YHUYTO-
’KaeT, UTO SABJASIETCSI OMHUM M3 HEJOCTATKOB 3TOT0 MeToda 00e33a-~
paxXUBaHHUS.

o3y akTUBHOTO xJjiopa IJjisi o6e33apakBaHUsl yCTaAHABIWBAIOT
Ha OCHOBAaHWUM TAHHBIX TEXHOJOTHUYECKUX U3bIcKaHMH. IIpu ux or-
CYTCTBUU IS TIpEABAPUTEIBLHBIX PACYETOB H03Y MPUHUMAIOT IS
TTOBEPXHOCTHBIX BOI TMocie (hUabTpoBaHMST 2—3 MT/N, LISl TIOA3EM-~
HbIX — 0,7—1,0 mr/m.

Xnopconaepxaliue peareHTbl BBOIAT B TPYOOTIpOBOA (UIIBTPO-
BaHHO BOABI, a AJs TTOA3EMHBIX BOM, He TPEOYIOIIMX OYUCTKH, —
nepen pesepByapaMH YUCTOM Bonbl. KOHILIEHTpauMsi OCTATOYHOTO
cBOOOMHOrO xjiopa B BOJe, 3abupaeMoil M3 pe3epByapa YHMCTOM
BOIbl, TOKHA OBITH B npeaenax 0,3—0,5 Mr/n, a cBA3aHHOTO XJIO-
pa — 0,8—1,2 Mr/n npu MUHUMAaJIBHON TIPOAOIKUTETBHOCTH KOH-
TakTa coorBeTcTBeHHO 30 1 60 MUH. [N KauecTBEHHOro XJIOPUPO-
BaHUsI HEOOXOAMMO TakXXe Xopolilee TiepeMeniBaHue.

XnoprpoBaHHUE BOABI OCYIIECTBISIOT XUAKUM (ra3o00pa3HbIM)
xsopoM. Ha BOIOOYHCTHBIX KOMITIEKCAxX ¢ pacxoaoM a0 3000 m3/cyT
JIOTTyCKaeTcs TPpUMEHEHUE XJIOPHON U3BECTH.
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Ipu muTocOBBIX TeMMepaTypax U aTMochepHOM NaBJIEHHH XJIOP
MpeacTaBisieT OO0 ra3 3eJIeHOBATO-XXEATOrO LBETA C YAYIIJIUBBIM
3aMaxoM Y TIOTHOCTBIO, 3HAYUTENBHO GOJTbIIEH, YeM TUIOTHOCTH BO3-
nmyxa. I[1py MOBBIILIEHUN OaBJCHUST XJIOP TIEPEXOIHUT B KUIKOE COCTO-
sIHAEe, B TAKOM BUIIE €ro NMepeBO3SAT U XPAHSAT B CHELIMAIbHBIX CTajlb-
HBIX eMKocTaX (npu gaenenuu 0,6—1,0 MITa). Xnop mocTasnsercs
B 0aJUTOHaxX IBYX TUMOB BMecTHUMOCTBIO 10 25—30 kT 1 100 KT XumKo-
ro xyiopa. Ha xpyrnHble BOHOOYNCTHBIE KOMIUIEKCHI TIPOU3BOJUTE N b-
HocTbI0 Gosiee 100 ThIC. M3/CyT XJIOp JOCTaBASIOT OOGBIYHO B XKeJe3-
HOJOPOXHBIX LIMCTEPHAX BMECTUMOCTBIO 10 48 T XXHMIOKOTro XJiopa,
a XpaHSIT ero B 60YkKax, KOTOpbIe B 3aBUCUMOCTH OT pa3MepoOB BMe-
mwawoT ot 700 1o 3000 Kr xXxuakoro xjjopa. XJ0pHOE XO3SICTBO J0J-
JKHO obecrnieyuBaTh MpUEM, XpaHEeHHE, UCTTapeHHe XHUAKOTO XJiopa,
JIO3UPOBaHUeE ra3000pa3HOro XJIopa ¢ MOJIyYeHUEM XJIOPHOM BOMIBI.

XJIOpHOE XO3ICTBO pacIiofaraioT B OTASJILHOM MTOMENIEeHWH, TIe
CcOJIOKMPOBAHBI PaCXOMHEIN CKITad XjI0pa, UCTIapUTeNbHAsA U XJIOpAO-
3aTopHas. PacxomHblit cKiag xjiopa MOXHO pa3MelllaTh B OTAEJBHBIX
3MAHUSAX WIM BIJIOTHYIO K XJIOPAaTOPHOM, OTHENSS ero IIyXoi cre-
Hoit 6e3 MpoeMOoB.

I'uaponu3 xinopa MPOUCXOIUT 1O pEeaKLIMU

Cl, + H,0-HCI + HOCL.

XJ10pHOBAaTHCTas KHUCJIOTA TUCCOLIMMPYET C 0Opa30BaHUEM TH-
noxaoputHoro noHa (OCI~), npu 3TOM OKCUIMpYIOIee BO3meli-
CTBUE Ha MUKPOOPTraHMU3MBbl OKa3bIBAIOT KaK camMa XJIOPHOBAaTUCTAS
KHCJIOTa, TaK U TJIABHBIM 00pa3oM TMIOXJIOPUTHBIN HOH. CTeneHb
JUCCOLIMALINUN X)IOpHOBaTI/ICTOﬁ KUCJOTHI 3aBUCHUT OT pH:

pH 4 5 6 7 8 9 10 11

OCl- 0,05 0,5 2,5 21,0 750 97,0 99,5 99,9

HOCI 99,95 99,5 97,5 79,0 25,0 3,0 0,5 0,1

I1py Mcnonb30BaHHH BMECTO XJTOpa XJIOPHOM U3BECTH ITPOTEKa-
eT peakuus

2CaOCl, + 2H,0¢CaCl, + Ca (OH) , + 2HOCI.

J1o3a BBOIMMOTO XJIopa MOJIXXHA ObITh GOJTbIIIE BETUYUHBI XJI0OPO-
MOTJIONAEMOCTH Ha BEJIMYMHY OCTATOYHOTO XJIOpa, TMPUCYTCTBUE
KOTOPOTO SIBJISIETCSl TapaHTWUEW TOro, YTO OKCUAalus OakTepuii
W OpPraHNYEeCKMX BELIECTB B BOJIE IMPAKTUYECKU 3aBeplleHa.

Ha mpakTuike B 3aBUCMMOCTH OT KauyeCcTBa UCXOIHOM BOIBI Jeja-
0T TIpeIBApUTENIBHOE XJIOPUPOBAHUE, BBOIS XJIOP Mepea CMecHUTe-
JIIMU 1030 ~5 MT/JI, 4TO CITOCOOCTBYET OKCHAALIMM OpraHU4eCKUX
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3alIUTHBIX KOJUIOUAOB, MPENATCTBYIOIMX KOATYISILMU, a TAKXKE Ty-
MMHOBBIX BELIECTB, 00YCJIOBIMBAIOIIMX LIBETHOCTD. [IpH 3TOM yiTyu-
1LIA€TCST CAHUTAPHOE COCTOSTHUE OYUCTHBIX COOPYXEHUI, CHUXKAeT-
cst o0LIMiA pacxon xjiopa.

Hnsa obecnieueHUs1 6osiee MNIUTENbHOTO OaKTEpULIMIHOTO AEii-
CTBUS XJIOpA Y MPEAOTBpAIIEHUS TIOSBJIEHUST B BoAE XJIO0pGhEHOb-
HBIX 3aMaXOB Y MPUBKYCOB IPUMEHSIOT NTPeIBAPUTEBHYI0 aMMOHM-
3alHIo, T. €. BBOASIT aMMMaK B BOAY paHblie xjopa. [1pu aTom 06-
pa3yloTcsi MOHOXJIOPAMUHBL;

HCIO + NH,;&NH,CI + H,0,
KOTOpbIE, THAPOJIM3YSICh, 0OPA3yIOT TMITOXJIOPUTHBIN UOH:
NH,Cl + H,0-»NH,* + OCI-.

I'maposnu3 XJTOpaMUHOB MPOTEKAET MEJIEHHO, U JTUTEIbHOCTD
OaKTEepULIMAHOTO JACHCTBUS YBEJIUUUBAETCS, XOTS OKUCISTIONIAst CIo-
COOHOCTh XJIOpDAMHUHOB HMXE, YeM XJiopa.

AMMUaK XpaHST Ha pacXOJHOM CKJIafe B OaJUIOHAaX WJIM KOHTeH -
Hepax. BBog aMMuaka npou3BoasiT B GUABTpAT, TIPU HATUYMH (e-
HOJIOB — 3a 2—3 MUH 10 BBOJA XJIOpa.

s BBO#a B BOIY XJiopa, aMMHaKa U CEPHUCTOTO ra3a (IpHu ze-
XJIOpPMPOBAHUU) MPUMEHSIOT BaKYyMHBIE€ I'a307103aTOPBI CUCTEMBI
JJOHUM-100 (puc. 5.25) u cucremsl JI.A. Kynsckoro. U3 ucxon-
HBIX OAJITOHOB XUAKHUI XJIOp TTepeTeKaeT B MPOMEXYTOUHBIN Oan-
JIOH, Tlie TIPOUCXOMUT ero UCIapeHue U OTHeJeHUEe 3arpsI3HeHUiA.
Hanee ra3000pa3Hblii XJIOp MPOXOAUT Yyepe3 (GUIIBTP CO CTEKIIOBATOM
U 3aTeM uyepe3 MOHMXAIoUUit gaBieHue penykTop. CrerneHb MOHU-
XeHMS NaBiaeHUs PUKCUpYyeTCs IByMSI MAaHOMETpPaMU, YCTAHOBJIEH-
HBIMU 0 Y MOCJIEe peAyKIIMOHHOTO KiarnaHa. C nmoMolibio guadpar-
MBI CO3MAETCSl MEpPEINan AaBjeHUsI, KOTOPBIN CIYXUT UMITYJIbCOM
JUIST paboOThl U3MEPUTENST pacxola XJiopa. 3aTeM XJIOp MOCTYITaeT
B CMECUTEJIb, CMEIIMBAETCS C BOJMOINPOBOMHON BOmOIl, 0Opa3syst
XJIOPHYIO BOMY, KOTOpAsl TOACAChIBAETCS 9XKEKTOPOM U TAKUM obpa-
30M A03UpyeTcsl B 00pabaTbIiBaeMyIo BOAdY.

C oIHOrO CTaHAAPTHOTrO GaJUIOHA TTPU KOMHATHOI TeMIlepartype
MOXXHO MoJyduTh He Gosee 0,5—0,7 kr xjoprasa. ist yBeTU4eHUs
CbeMa XJIopa NPUOETatoT K CITeLMaTbHOMY 060rpeBy OaJUIOHOB TEIT-
JIOU BOJIOi WJIM TTOJOTPETEIM BO3IyXoM mpH TeMnepatype 10—30 °C.

HexmopupoBaHUe BOIbBI, T. €. yOaJleHUE NMPU HEOOXOIMMOCTH
M30BITKA OCTATOYHOTO XJIOpa, MOXHO OCYILIECTBJIATH ITPU HEOOJb-
1IOM HM30BITKE — ad3pUPOBAHUEM, NIPH OONBUIOM — XUMHUYECKUMU
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MeTongamu (ob6paboTka BOABI THIOCYJAbDUTOM WIH CYIbDUTOM Ha-
TpUSI, aMMHaKoM), (uabTpallMeil yepe3d aKTUBUPOBAHHBIN WM
CybGOyTOoJib.

—>

Puc. 5.25. Xnoparop JOHUUN-100:
1 — npoMeXyTOUHBI GaJIJIOH ¢ XJIOpOM; 2 — (bUIBTP CO CTEKIOBATON; 3 —
PeOyKLIMOHHBIH KJanaH [Uig CHUXEeHHUs JaBfieHUs Xjopra3a;, 4 — MaHOMeT-
pbl; 5 — poTameTp; 6 — uaMepMTeNabHaa auagparmMa; 7 — CMecUTeNlb; & —
rnojaya BOJONMPOBOAHON BOAbl, 9 — CAUB B KaHATU3ALMIO; /0 — 3XeKTOp,
co3mauIuit pa3pskeHue B xyiopatope; /1 — OTBOIL XJIOPHOI BOIbI

IIpu xJ10pUpPOBaHUM BOABI B pe3yJIbTaTe B3aUMOJIEHCTBUS XJI0-
pa ¢ OpraHMYEeCKMMU BEIIECTBAMM 00pa3yloTCsl KaHIIEPOTeHHBIE
Jleryune xjaopopraHnueckue coeqnHeHus (JIXC), B OCHOBHOM OT-
HocslIMeca K rpynme TpuradoreEMeraHoB (TI'M). OcHoBHEbIE
koHueHTpaunu JIXC obpa3ytoTcs mpu BBEACHUU MEPBUYHOTO XJIO-~
pa B HeouMileHHy0 Boay. IIpouecc o6pasosanust JIXC crnoxHbIiH
Y IPOJOJIXUTEIBHEIH BO BpEMEHM, CYIIECTBEHHOE BIMSHHE Ha
HEro OKa3bslBalOT coAepXaHUE B oOpabaTeiBaeMOl BOJE OpraHuU-
YECKMX IIpUMeECei, BpeMsI KOHTaKTa BOIBI C XJIOPOM, 103a Iociie-
nHero U pH Boapl. JIXC He 3a1epXUBalOTCSI B COOPYXXEHHUSX Tpa-
MTUIIMOHHOTO TUIIA, MAKCUMaJTbHOE MX KOJMYECTBO HabI0/aeTCs
B pe3epByapax YMCTOM BOJBI.
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M3BecTHBI IBa HAMpaBJIeHUS yMeHblIeHUs coaepxkaHusi JIXC
B MUTBHEBOI BOJIE: MpeaoTBpalleHue UX GOPMUPOBAHUS TNIPU BOJO-
MOJITOTOBKE M M3BJIeYEHUE Ha 3aKITIOUYNTEJILHBIX 3Tarnax oopaboTKu
Boabl. Korna JIXC npHUCYTCTBYIOT B MCXOIHOM BOJE, CJIEAYET MpU-
MEHSITh METOABI UX yaaleHUus, TIpu oTcyTcTBUM JIXC B MCXOmHOM
BOJe — METOMBI, MPEJIOTBpallalone UX obpa3oBaHue B Ipoliecce
BOIOTIOATOTOBKH.

B mepBOM ciyyae MPUMEHSIIOTCSA aspalust U COpOLMST HA aKTHB-
HBIX YT/s1X. BO BTOpOM ciydae cTapaioTcsl MpenoTBPaTUTh 3arpsi3He-
HUe BOAOUCTOYHUKOB M BO3MOXHOe obpazoBaHue JIXC u xyopo-
¢opma B npoliecce BoJ00OOPabOTKH.

Boay MoxHO 00e33apaxXuBaTh U C MOMOIIBIO TMIIOXJIOpUTA Ha-
TpUS, TIOJTYYAEMOTO BJIEKTPOJIUTUUECKUM CITOCOOOM (B 2JIEKTPOSTU-
3epax) Ha MecTe NIPUMEHEHHUS TIyTeM pasjioXeHUs pacTBOpa IMoBa-
PEHHOU COJIM TTIOCTOSTHHBIM 3JIEKTPUUYECKHUM TOKOM.

O30Huposarue BOJIBI OCHOBAHO Ha MTPUMEHEHUM 030HA, KOTOPBIN
JIErKO pasjiaraetcst ¢ o6pa3oBaHHEM aTOMapHOTO KMCJIOpOaa, SBJIsi-
IOIIIETOCS ONHUM U3 HauboJsiee CUNBHBIX OKUCAUTeNei. OH YHUUTO-
KaeT 0aKTepuu, CIIophl, BUPYCHI, 00OECIBEYNBAET U AE30A0PUPYET
BOIY, OKMCJISISI OpraHUYeCKHE 3arpsiI3HEHMUSI.

O30H He U3MEHSIET IPUPOIHBIE CBOMCTBA BOIBI, TAK KaK €ro m3-
OBITOK OBICTPO pasyiaraeTcst, TIpeBpaIlasiCh B KUCIOPO/I.

O30H noJyvaloT U3 atMochepHOro BO3AyXa B amnmaparax, Ha3bl-
BaeMbIX o3oHamopamu. I1penBapUTeIbHO OCYUICHHBIN, OYUIIIE HHBII
U OXJIaXXJEHHBIN BO3AYyX IMOCTYMNAeT B 030HATOP, B KOTOPOM TIPOUC-
XOIUT pa3psii KOPOHHOTO TUTIA, B Pe3yJIbTaTe Yyero oopasyeTcsi 030H
(puc. 5.26). [1o3a 030Ha MPUHUMAETCA TIPH BBEIEHHU €T0 B PUIIBT-
POBaHHYIO BONy C lLieJiblo obe33apakuBaHust ~1—3 Mr/mn, a s moma-
3eMHOI BOIBI, He TpeOytoueif ounctku, ~0,75—1 mr/m.

IIpy HeoOXomMMOCTH 00€CLIBEUMBAHUS U NE30A0PALIUU BOJBI
1032 030HAa MOXET HOXOOWUTh OO0 4 Mr/n. BpeMs KoHTakTa BOJIBI
€ 030HOM 6—12 MUH.

O6e33apaxBaHue BOJbl MOXHO ITPOBOAUTDH MyTeM ee 00paboT-
KU yasmpaguonemossimu ayvamu. O6e33apaxxiBaHue BOIbl OaKTepU-
UMOHBIMY JIyYaMHU UMEET MPEeUMYIIeCTBa Mepel XJIOPHPOBAHUEM,
TaK KakK MPUPOIHBbIE BKYCOBBIE KaueCTBa U XMMHUUYECKHE CBOHCTBA
BOJBl HE U3MEHSIOTCS. bakTrepuiiuaHoe AeiicTBUE JIydei poTeKaeT
BO MHOrO pa3 ObICTpee, YeM XJIOpa; Mocje oOJy4eHUs BOOY cpa3y
MOXHO MONaBaTh NOTPeOUTENSIM. bakTepuLMIHbIE JIyIH YHHUTOXA-
10T HE TOJILKO BEreTaTUBHBIE BUIBI OAKTEPHil, HO M CITOpoOOpa3y-
Iolye. DKCIUtyaTalusi yCTaHOBOK Julsi 06e33apakMBaHUsI BOIBI GaK-
TEPULUIHBIMU JIydaMU MPOLIE XJIOPHOTO XO3SMCTBA.

230



9rod MOHHBEOdUHOEO
Y0910 ¥ YOHIOXOU Bherou — ¢ ‘¢ ‘dekadocod WHINEIHON — / ‘doleHO£O — ¢ ‘di9IM(] UIGHIKILULOLIONOIRIE — ¢
‘eMHOHEBLOA BRHIIMTOLUOX KedOHOd(D — p SIMHHOWQOOLLISL YOHEIOE — ¢ ‘eMdATOXAreod — 7 ‘didund UIgHImATEOd — [
‘MMEO0HELIA HOHAOLBHOEO BWIX)) ‘97°C ‘U]

ARR -
Wy

e ey o ¢ ——— .

Q’V‘

~—1



HauGonpimnM 6akrepuuuaHbiM 3¢ dekroM obmananoTt yasTpadu-
0JIETOBBIE JIYYU C UTMHOI BOJIHBI 200—295 MKM. DTy 06/1aCTh yJbT-
pacdHUOJIETOBOrO U3TyYeHUST Ha3bIBAaIOT GakrepuiiuaHoi. McTouHu-
KaMH{ OaKTEepULIMIHOTO M3JIYYEHUS CIYXAT BBINTyCKaeMble OoTeye-
CTBEHHOW TPOMBILIJIEHHOCTBIO apTOHOPTYTHBIC JIAMITBl HU3KOTO
JIaBJIEHUS U PTYTHO-KBaplEBbIC JJaMITbl BHICOKOTO aBJICHHUSI.

MHoTroJIeTHUI ONBIT 3KCILTyaTallUl YCTAHOBOK 00e33apaxxuBa-
HUS1 BOJBI OAKTEPULIMAHBIMU JIy4aMM TIOKa3bIBaeT, UTO 3TOT Me-
ToN oOecreynBaeT HaldeXHYI Ae3UH(pEKIMIO BOABl. DKCIlyaTa-
LIMOHHBIE pacXxolbl Ha 06e33apaxXWBaHWE BOJABI OOJTyYeHUEM HE
MPEBBIIIAIOT SKCIJIyaTaAlIMOHHBIX 3aTpaT Ha XJIOPUPOBAHUE, a Ha
BOAONPOBOAAX, UCIIOJB3YIOIIMNX B KAYECTBE UCTOUHUKOB BOJO-
CHabOXeHUs TOoA3eMHBbIe, POAHUKOBBIE U TMOJAPYCIOBBIE BOIBI,
ob6e33apaxvBaHue o0iydueHUEM JelneBie B 2—3 pa3a Mo cpaBHe-
HMIO C XJIODUPOBaHHUEM. Pacxod a/eKTposHEPrUU Ha obe33apaxu-
BaHWE BOIBI U3 MOA3EMHBIX UCTOUHUKOB BOJAOCHAOXeHUS 00y~
yeHHUeM He mpesbimaet 10—15 Bt - u/mM3. Pacxon a/1eKTpOIHEPTUH
Ha 00nyyeHHe oO6paboTaHHOM BOAB M3 OTKPBHITHIX UCTOYHUKOB
BOJIOCHaGXeHUst cocTapaseT a0 30 Br-u/m3,

HenocratkomM paccMaTpuBaeMOro MeTONa ABISAETCS HEBO3MOX-
HOCTb OTIEPAaTUBHOTO KOHTpPOJs 3a 3¢hdekToM obe33zapauBaHUs
B OTJIUYME OT XJIOPUPOBAHMUS (IO OCTATOUYHOMY XJIODY).

5.11. Qe3onopauuvsa Boabl

OnHoit U3 aKTyanbHBIX TTPO6JIeEM B 06J1aCTH BOAOIMOATOTOBKH SIB-
JiseTCsl HEOOXOAUMOCTD A€30A0PALIMU ITUTHEBOI BOMIBI.

IIpuBKyCHl M 3amaxy BBI3LIBAIOT HEOPTAHUYECKHWE U OpPTaHM-
YeCKMe BELIECTBA €CTECTBEHHOTO U UCKYCCTBEHHOTO MPOUCXOXK-
neHunst. K ecTecTBEHHBIM OTHOCATCHS OPTaHMYECKMHE BEIECTBA
OHOJIOTMYECKOTO MPOUCXOXKAEHUSI, BOSHUKAIOIINE B Pe3ybTaTe
OTMMUPaHUS U Pa3j0OXeHUS BBICIINX BOAHBIX PACT€HHIl, TIIIAHKTO-
Ha, 6eHTOCa, GakTepuii, rpuboB. ITpy 3TOM B BOAY BBHIAEJISIOTCS
HU3KOMOJIEKYJISIDHBIE CTIMPTHI, KAPOOHOBBIE KMCJIOTHI, KETOHHI,
anpaerunbl, geHoscomepxaliie BEIIECTBA C CUJIBHBIM 3aMaxoM.
OpraHuyeckue BelIecTBa CITOCOOCTBYIOT Pa3BUTHIO MHUKpOOpra-
HU3MOB, Bhiaensiomux H,S, NH;, opranudeckue cynbuuisi,
MepKanTaHbl (AypHo mnaxHyuine). MHTeHCcUBHOe oboraiieHue
BOJIbl OPTaHUYECKUMHU BEIIECTBAMU MPOUCXOIUT BO BpeMs «IIBe-
TEHUS» BOIJOEMOB.

IlpucyTcTByOIIIME B CEBEPHBIX BOAAX M B cpeaHei nmoynoce Poc-
CUMW TYMUHOBBIE U (DYTBBOKUCIIOTHI, IMTHUHBI U APYTHUE OpraHuYecC-
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KHE BEIIECTBA €CTECTBEHHOTO TTPOUCXOXICHHUS CIYXXAT OOHUM U3
WCTOYHUKOB 06pa3oBaHusl PEHOIOB.
IIpu xnopupoBaHUM BOIbI ¢ (peHONIAMH 0Opa3yIOTCS TUOKCUHBI
(AMOBUTHIE BELECTBA, N03a KOTOPHIX 3,1-10~% MoJIb/KI cMepTeNbHa;
n03a okosio ~10~17 MoJib/Kr BIUsSIET HA UMMYHHYIO CUCTEMY U pe-
TIPOJAYKTUBHYIO (DYHKLMIO OPraHU3Ma).
HMckyccTBeHHBIE 3amaxy U MPUBKYCHl BOMIBI BOZHUKAIOT B CBS3U
co cOpocoM B BOJOEMBI MPOMBILIJIECHHBIX CTOYHBIX BOJ, HECMOTPS
Ha 3aKOHOJATeJBHBIE MEPhI, 3ampeluianliue ux copoc. Boaa 3arpss-
HSETCS MUHEPATbHBIMU U OPTAaHUYECKUMU COEAUHEHUSIMU: COJITMU
TSIXKEJILIX METAJUTOB, He(ThIO U €€ TPOAYKTaMHU, heHOoIaMHU, KUCITO-
tamu, CITAB u np.
[ToBepXHOCTHBIHT CMBIB C CEJILCKOXO3STMCTBEHHBIX YroAuit 3a-
TPSI3HSIET TIPUPOJIHBIE BOMABI NMECTULIMIAMU, TepOuluaaMu, Hedte-
TPOAYKTAMHU U T. 1.
IIpuBKycHl M 3amaxu BBI3BIBAIOTCS TAaKX€ B MPOILIECCE OYUCTKHU
BOJBI MIPU XJIOPUPOBAHUM, NEPENO3UPOBKE PEATEHTOB UJIU B pe3yJib-
TaTe HEMPaBUJIBHON 3KCIUTyaTalldhd OYUCTHBIX COOPYXEHUIA.
Ha oYMCTHBIX COOPYKEHHUSIX MOTYT 3aeP>XXUBATHCS TOJIBKO TE BE-
IIeCTBA, BHI3BIBAIOIIME 3aMaXyd U MPUBKYCHI, KOTOPbIE HAXOOATCS
B BOJIE B BUJIe B3BECU M KOJJIOUIOB WJIM MEPEXONsiT B HEPaCTBOPU-
My1o ¢opMy B TIPOLIECCE OYUCTKUA M MPEABAPUTEILHON 00paboTKu
XJIOpOM (HampuMep, SMyJbTUpOBaHHbIE MpakiUu HedTH, TIT0XO
pacTBOPUMBIE TTECTUIIUABI, HEKOTOPHIE METAJUIBI).
Je3omopaliust B 3TOM CJiyyae OOCTUTraeTcs KOoaryJupoBaHUEM
1 GIIOKYIMpOBaHUEM MpUMeCE C TTOCaeNyIoIIMM GUIBTPOBaHUEM,
OnHako yacTo A YCTpaHEHHMSI 3a11axoB U MIPUBKYCOB TpebyeTcs
IpUMEHEHWE CIeUUaIbHBIX TEXHOJIOTHIt. XapakTep TpumMeceii (Ux
COCTOSIHME: B3BECH, KOJUJIOUIbI, PACTBOPEHHBIE Ta3bl, UCTUHHBIE pa-
CTBODHI) TMKTYET METOJbl OYHCTKH, KOTOPBIE CBOASITCS K Clley-
OLIVM:
® KOJIJIOWABI U B3BECH YAAISIOTCS KOAryJUpOBaHUEM C TOCIIE-
IYIOIIMM OTCTauBaHUEM U DWIBTPOBAHUEM;

® 3aTTaxy M NMPUBKYCHI, 00YCIOBIEHHbBIE COAEPXKaHWEM Heopra-
HUYECKHUX BELECTB B MOJIEKYJIIPHOM U UOHHOM COCTOSTHUSX,
YIAJSIOTCS KOPPEKTUPOBAaHMEM MUHEPATBLHOTO cocTaBa (or-
pecHeHMeM, 00e3xXee3nBaHueM, Aerasaiueit u ap.). Ilpume-
HSIIOTCS TaKXe TaKue METOAbl OYUCTKHU, KAK OKUCJIEHUE, all-
copO1ust, a3pupoBaHue. B yCIOBUSIX UHTEHCUBHOTO 3arpsi3-
HEHHUS BOJOEMOB N€30JA0PUPOBATH BOAY CJIENYET, COYETast
MeTOABl OKMCJIEHUSI M aJICOPOIIMM, a TAKXKE adpUPOBaAHUEM,
MMpH KOTOPOM YAAJISIIOTCS IETYUMe COeANHEHUS.
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OKMCJIEHUEM XOPOLLO YIAISIOTCS BElIeCTBa C CUJIBHBIMUM BOCCTa-
HOBUTEJBHBIMU CBOMCTBaMU: (beHONbI, IyOUIIbHBIE BEILIECTBA, TyMHU-
HOBBIE KUCJIOTHI U Ip. B HEKOTOPHBIX Ciydasx 3armaxyv U MPUBKYCHI
YCUJIUBAIOTCS TIPY OKUCJIEHUM.

Ancopbuus — 06ojiee YHUBEpPCaAJIbHBI MeTO, HO COPOEHTHI U3-
GupaTeNbHbI IPU U3BJICYEHUH U3 BOABI Pa3IMUYHBIX BelllecTB. XOpo-
1o copoupylorcs ruapocoObHbBIe BelllecTBa M €1abo ruapaTUpPOBaH-
Hble. K HUM OTHOCSITCSI MOJIEKYJISIPHO-PACTBOPUMBIE COCIMHEHMUS
M ciabble 3JIEKTPOJIUTHI (HampuMep, deHosibl). bojee cuibHBIE
W MOJITPHBIE OpraHUYeCKue COeqUHEHUS (CITUPTHI, aJIbAETHUIBI, Ke-
TOHBI U Jp.) copOupytoTcs MeHee 3ddekTrBHO. TpebyeTcsa MoBsi-
IIEHHBIN pacXom yrIJis.

5.12. Oera3zauusa Boabl

Jerazauust BOOBl — KOMIUIEKC MEPOTIPUSITUI, CBSI3AHHBIX C yaa-
JIEHWEM U3 BOOBI PACTBOPEHHBIX B Hell ra3oB. Pasnnyalor ¢pusmndec-
Kue (6e3peareHTHBIE), XUMHUUECKHUE (peareHTHBbIE) U KOMOMHUPO-
BaHHbIe (OMOXUMMUYECKHE, DNIEKTPOXUMUYECKHE, PUIUKO-XUMHUYEC-
KHE) CITOCOOHI.

Dusnyeckue criocobrl Aera3aliy BOABl — 3TO €€ aspalysl, IeH-
Hasl Jeraszaliusi, KUIIsTYeHUe, BAaKyyMUPOBaHHUE.

XUMHUYECKHE CITOCOOBI eTa3allii BOAbBI — 3TO 10OaBIIeHUE B Hee
XUMHMYECKUX pPEarcHTOB, BCTYIAIOUIMX B PEAKIIHIO C PACTBOPEHHBIM
B BOJle ra3oM, B pe3yjbTaTe 4Yero MPOUCXOIAT CBSI3BIBAHHE WIIN
OKHCJIEHHE YHOAJISIEMOTO ra3a U MepeBOI ero B MeHee aKTUBHbBIE CO-
€IUHEHMS C TTOCIEAYIOUIUM YIaIEHUEM U3 BOIHI.

KoMOGuHHMpOBaHHBIE CITOCOOBI Iera3aliid BOIH TTpeaycMaTpuBa-
10T COBMECTHOE HCITOJIb30BaHHE PUIUIECKUX U XMMHUUYECKHUX METO-
OB, MHOTZA C TIpUBJIEYEHHUEM HEKOTOPHIX JOTIOTHUTENBHBIX (PaKTO-
poB (MHUKpPOOPTaHU3MOB, 3JIEKTPHYECKOrO TOKa U Ip.)

®dusnyeckuMu Metogamu obsryHo yransitorest CO,, H,S, a O,
yIOAJISIIOT XUMUYECKUM ITyTEM.

AspupoBaHUe BOAbI MTPOU3BOIUTCS B CHELMATBHBIX YCTAHOBKAX
BaKYyMHO-3X€KIIMOHHOTO, MEHHOTO, TUIEHOYHOTO THIIOB, a TaKXe
UCTIOJNIB3YIOTCST OpBI3rajibHbie OacceiHBbI, a’3paToOphl KacKagHOTO
THTIA.

OaHuM U3 HanboJiee COBEPIIEHHBIX a3PAaTOPOB SBJIAETCS de2a3a-
mop naenovnoz2o muna (puc. 5.27), 3arpy>XeHHBIH KepaMHUYeCKUMH
WJIM TIJIaCTMaCCOBBIMU KOJbLIAMM [IJISI YBEJIMUEHUSI TTOBEPXHOCTH
KOHTAaKTa a3pupyeMoii BoAbl U Bo3ayxa. OO0pabaTsiBaemast Boia CTe-
KaeT TOHKOM TJIEHKOH CBEPXY BHU3, a CHU3Y MOJ KOHTAKTHYIO Mac-
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Cy BEHTUJISITOPOM HaTHeTaeTcs Bo3myx. Harpyska ro Bone Bapbupy-
eTcs B 3aBUCHMMOCTH OT TIOCTaBJIEHHOM 3amayu.
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Puc. 5.27. A3pauHoHHbIA annapar MJieHOYHOro Tuna:
1 — BenTUnsATOP; 2 — OTBOM AEra3UpOBaHHON BOABI; J — MOMAOH; 4 — Ipe-
HaxHag TJMTa; 5 — Hacagka M3 Konblia PamuMra WM riacTMaccoBbIX KO-
Jiel; 6 — OpoCUTENIbHBIE MATPYOKH; 7 — nojaya MCXOXHOM Boabl; 8§ — pac-
mpejenuTenbHas yama; 9 — oTBOMI BbIIEIUBUINXCA ra3oB; /0 — maTpyOku
OTBOJZIa Ta30BOI cMecH

[Tnourane roTnepeYHOro CeUYECHUSI Iera3aTtopa, 3arpy>KeHHOro Konb-
naMu Pammra, mpuHUMaeTCs MCXOAS U3 YIEJBHOFO Pacxoia BOIbI
60 M3/(M2 - 1), YienbHbIi pacxol Bo3ayxa cocTasisieT 15 M3/(M2 - 4).

H,S, O, u CO, ynansioTcsa TakKe XUMUIECKUMHU METONAMU TIPU
BBEJICHUH PEareHTOB WM (PUIBTPOBAHUEM UYEpe3 CIIEIUAIBHBIE 3a-
TPY3KH.

O, Moxer ynansiTecs GUIBTPOBAaHMEM YEPES JIETKO OKUCISAIOLIME-
cqd BelwlecTBa (CTajbHBIC CTPYXKHW), WJIM MNpA B3aUMOACHCTBUM
c cynbutom Hatpust Na,SO;, unm okeungoM cepbt SO,, uau, B pel-
KMX CJTy4asix, Tpy IpUMeHeHUH ruapasuHa N,H,.

Ina ymaneHust cepoBOIOPOAa U3 BOAbI XUMUUYECKUMH METOAMU
€ro OKHUCJISIIOT KUCJIOpOIOM Bo3ayxa, Wi xopoM Cl,, uim AByOKUChIO
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xsopa Cl,0O, wiu nepmanraHatoM kanust KMnO,, i o3oHom Oj.
Taxoke MOXHO UCMOJIB30BaTh B3aumozneicteue H,S ¢ ruapookucsio
xenesa (IIT) Fe(OH);. CepoBonopol MOXET OKUCIATbCA cepobak-
TEPHUSIMU JIO CEPHI.

Yranexucnetit raz3 CO, XUMUYECKUM TyTEM CBSI3BIBAETCSA M3BEC-
TbIO B MPAaKTUYECKU HEPACTBOPUMBII KapboHat Kanbuust CaCOj.

ToT Wiu MHOI crocod M TEXHOJIOTHUIO Iera3allii BOABl BbIOHpa-
10T Ha OCHOBAaHWU TEXHUKO-3KOHOMHYECKHX PACYETOB U C YYETOM
MECTHBIX KOHKPETHBIX YCJIOBHI1 06bEKTa BONOCHAOXEHHS.

5.13. Obe3xene3auBaHue BoAbI

Kene30 B IpUPOAHBIX BOAAX MOXET COJEPXKAThCST B BUIE NBYXBa-
JIEHTHOTO KeJjie3a, HEOPraHMYeCKUX U OpPTaHWYECKUX KOJUIOMIOB, a
TaKkke B (popMe KOMIUTEKCHBIX COEIMHEHHUIN IBYX- U TPEXBAJICHTHO-
o XeJie3a UM TOHKOAUCTIEPCHOI B3BECH TMIpaTa OKUCH XKeJjie3a.

OGe3xene3uBaHUE BOIBI IS XO3SHCTBEHHO-TIMTHEBBIX Liejei
TIPOU3BOIUTCS TIPU COAEepXKaHUMU B Hell Xenesa Goaee 0,3 mr/m.
MHoroo6pa3ue (GopM U KOHLIEHTpALMIl XeJjie3a, BCTPEYAIOIIUXCS
B IPUPOJHBIX BOJAX, BHI3BAIIO HEOOXOOMMOCTh pa3paboOTKH psaa
METOMIOB, TEXHOJIOTUYECKUX CXEM M COOPYXKEHHUI 00e3XeIe3nBaHUs
Bozabl. Bce MeTonbl 06e3Kene3nBaHUSI MOXXHO CBECTH K IBYM OCHOB-
HBIM THUMaM: Oe3peareHTHbIE M peareHTHBIE.

O0e3xesne3nBaHie TOBEPXHOCTHBIX BOJ MOXHO OCYIIECTBUTD JIUIIIh
pEareHTHBIMM METOJIaMH, a [UIsl yOAJIeHUsT XeJie3a U3 TTOI3eMHBIX BOJ
HauOosblIee paclIpOCTpaHEHUE TTOTYIUITH Oe3peareHTHbIE METOIBI.

M3 ucronb3yemMbix 6e3peareHTHbIX METOJ0B 06e3XKeNe3UBaHUS
BOJBI TTEPCTIEKTUBHBIMU SIBJISTIOTCST; BAKYYMHO-9XKEKIIMOHHAS a3pa-
uMs ¥ punpTpoBaHue (puc. 5.28, a); yrpoleHHas a3pauust U Puiib-
TpoBaHUe (puc. 5.28, 6); «cyxas» ¢unpTpauusa (puc. 5.28, 2); ¢puib-
TPOBaHME Ha KapKacHBIX (MIBTPax; GUIBTPOBAHHE B MOI3EMHBIX
YCJIOBUSX C MpeABapUTEIbHON TTofaveit B IIaCT OKCUIUPOBAHHOM
BOABI WM Bo3ayxa (puc. 5.28, e); aspauusa M ABYXCTyIlEHYATOE
¢dunpTpoBaHue (puc. 5.28, 6).

K peareHTHBIM OTHOCSIT CJIENyIOIINE METOIBI: YIPOIIEHHAS
aspauus, okcunauus, GpuabTpoBaHUe; HaropHast ¢GJIoTalus C U3Be-
CTKOBaHHUEM U TMOCEAYIOIMIUM (QUIBTPOBAHUEM;, M3BECTKOBAHMUE,
OTCTauBaHHUE B TOHKOCJIOMHOM OTCTOWHWKE W (WIBTPOBAHHUE
(puc. 5.28, 0); dwipTpoBaHMe Yepe3 MOTUGUIIMPOBAHHYIO 3arpy3Ky;
3JIEKTPOKOATYJISILIUS; KATHOHUPOBaHHE.

Be3peacenmnvie memodul 06e3xcene3ueatnus MOTYT OBITh TIpUMe-
HEHBI, KOTa UCXOMHasl BoJa XxapakTepusyercsi: pH — He MeHee
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6,6; 1ETOYHOCTh — He MeHee 1,5 MT-2KB/JI; conepXaHWe yrie-
KHUcaoTel — a0 80 Mr/a u cepoBomopoma — IO 2 MT/J; TIEpMaH-
raHaTHast OKUCJIAeEMOCTh — He Gonee 9,5 mr O,/n. IIpu cobaione-
HUM 3TUX yclOoBUI nipu comepxXxanuu xene3a (II1) He 6onee 10 %
oburero ¥ KoHueHTpauuu xenesa (II) B 6uxkapOoHAaTHOI MU
KapOoHaTHO# ¢opMe A0 3 MT/1 peKOMeHIyeTCsI MeTod GUIBTPO-
BaHHUS Ha KapKacHBIX GUibTpax 6€3 BCMOMOraTeabHbIX (QUIBTPY-
IOIIUX CPENCTB; A0 5 MT/JM — TIPEATNTOUTUTENBHO MPUMEHSTh Me-
TOJ «CyXoii» ¢viabTpaunu; oT S 1o 10 Mr/n — ciaeayeT UCIoab30-
BaTh METONI YIPOUIEHHOH a’palMud C OJHOCTYIEHYATHhIM
dunsTpoBanueM; ot 10 1o 20 Mr/n — aspauus U IBYXCTyNeHYa-
Toe ¢unprpoBaHue; ot 10 o 30 Mr/a — peKoMeHIyeTcsl BAKYYMHO-
3XKEKLMOHHAS aspalivs ¢ GUIbTPOBAaHUEM Yepe3 3arpy3Ky 00b-
HIOM Tpsi3eeMKOCTHU. [IpH colepxaHUU YTJEKUCIOTO WIN Kapbo-
HaTHoro xejne3za (II) OGonee 20 Mr/n WM 0OpU HaJIUYUU
cepoBogopona 1—5 mr/n u pH He Huxe 6,4 peKOMeHOyeTCSa Me-
TOI BaKyyMHO-3XEKIIMOHHOMW a’3paly ¢ TTOCAEeAYIOUIUM OTCTau-
BaHMEM B TOHKOM CJIO€ BOJBI MU 0OpabOTKOMN B CJIOE B3BEILUEH-
HOTO ocaaka U pUIBTPOBAHHE.

Peacenmnovie memoost obezxceneaueanus 6o0vi TPUMEHSIIOT TIPHU
HU3KHMX 3HaYeHUAX PH, BBICOKOI OKMCIISIEMOCTH, HECTAOMIBHOCTH
Bonbl. IIpM 3TOM NnpH cofepKaHUM CEPHOKHCIIOTO MM KapOOHATHO-
ro XeJjie3a JIM00 KOMIUIEKCHBIX XeJ€300pTaHMYeCKUX COeTMHEHUI
no 10 Mr/n u nepmMaHraHaTHo#i okucisiemMocty a0 15 mr O,/n pe-
KOMEHIYETCA MPUMEHATh QUIBTPOBAaHHUE Yepe3 MOINPULIMPOBAH-
HYIO 3arpy3Ky; A0 15 Mr/m v mepMaHraHaTHON OKMCJISIEMOCTH 10
15 mr O,/n npeanoyTuTeseH METOA, MPeIyCMaTPUBAIOLIMK YIpO-
LIEHHYIO a3paiuio, 06paboTKy CWIBHBIM OKHUCIUTENEM U GUIBTPO-
BaHHWeE Yepe3 3EPHUCTYIO 3arpy3Ky OOJBIION IPSI3eEMKOCTH; CBBILIE
10 Mr/a1 ¥ nepMaHraHaTHo# okucasiemoctu 6osee 15 mr O,/n cie-
IyeT MPUMEHSITh HAITOPHYIO (hJIOTAlUIO C TIPEABapUTENbHBIM U3BE-
CTKOBaHMEM M TTOCIIEAYIONUM PHUIBTPOBAaHUEM WIN METOM, Npeny-
CMaTpUBAIOLINI a3pallvio, U3BECTKOBaHUE, OTCTAUBAHNWE B TOHKOM
cioe U GuIbTpoBaHuMe; cBhIle 10 MT/J1, mepMaHraHaTHOM OKMCISI-
emoctu 6osee 15 mr O,/ pu MPOU3BOAUTELHOCTH YCTAHOBOK 10
200 M3/cyT MOXHO peKOMEHIOBATh JIEKTPOKOATY/ISILHUIO ¢ 6apOOTH-
pOBaHMEM, OTCTAUBaHMEM B TOHKOM cJioe U ¢unbrpoBaHue. Obes-
Xene3uBaHWe BOABI KATHOHUPOBAHUEM 11€J1eCO0OPa3HO JIUIIb B TEX
clyyasiX, KOrma OTHOBPEMEHHO C obe3xesie3uBaHuEeM TpebyeTrcs
yMSITYEHHE BOIBI, TPH 3TOM HOHHBIM OOMEHOM MOTYT OBITh U3BJIE-
YeHBI TOJIBKO MOHKBI Xkene3a (I1). PaccMOTpMM HEKOTOpBIE M3 3THX
METO/IOB.
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Puc. 5.28. Cxemsl ycTaHOBOK 00€3:XKe/1e3HBAHHS NMPHPOIHBIX BOJ METOJAMM:
a — BaKyyMHO-2XeKLHWOHHasa aspauusa ¥ GUILTpOBaHUE, 6 — YIPOILEH-
Hast aspauus (ycraHoBka «dedeppur»); ¢ — yrpolueHHas a3pauus C AByX-
CTyMNeHYaThiM QUILTPOBAHUEM; & — cyxasd HUIbTpaLUa; 0 — U3BECTKOBa-~
Hue (ycraHoBka «CTpys»); e — obe3xese3uBaHue B Tacte; /, 4 — noga-
4a UCXOAHOI U O0TBOA 0O6paboTaHHOM BOJIBI, 2 — BaKyYYMHO-2XEKLUHOHHbII



o 1mn ¢
751
!
h\
d
75\‘_ e
9 =
s il
X 5 , ‘Lw
n ‘ " ¢
I 4 R .
1 ' ===
7
& o]

annapar; 3 — CKOpbIH KapKaCHO-3achIMHON ¢GuibTp; 5 — Gak-a3parop;
6 — peareHTHOE XO3sHCTBO; 7 — Hacoc-go3aTop; & — Hacoc; 9 — pecH-
Bep; /0 — ckopwlit hunbtp; 1/ — BBOA xJjopa (BapuaHT); 12 — GakTepu-
LUMOHast ycTaHoBKa; 13 — komnpeccop; /4 — ckopslit punbtp 11 cTyneHu;
15 — BopoHanopHas 6aiHs; /6 — copoc Bo3ayxa; 17 — TpyGYaThlit cMe-
cutenb; 18 — KaMepa XJionbeoO6pa3oBaHus; /9 — TOHKOCIONHBII OTCTOM-
HUK; 20 — BCcrioMorarteJibHbIi KojioAeu; 2/ — mojaaya BOALI Ha a3palMio;
22 — 30Ha a’pauum; 23 — a’pallMOHHOE YCTPOWCTBO; 24 — KOJbLEBOMH
MHPHUIBTPALMOHHBIH 6acceilH; 25 — aKcryaTalMOHHBIM KoJsioael|



MeTon ynpoileHHoO# aspauuu (puc. 5.28, 6, ) TPUMEHUM KaK
B TpPaBUTalIMOHHOM, TaK M B HAITOPHOM BapuaHTe. [1py 3TOM okuc-
JINTEJILHO-BOCCTAHOBUTEIBHBII MOTEHLIMAJ BOIBI MOCJE a3paluu
nokeH ObITh He MeHee 100 MB 1 MHAEKC cTaOUIBHOCTH BOIBI —
He MeHee 0,05.

MeTon ympollleHHOM a3pallii OCHOBAH Ha CITOCOOHOCTH BOIHI,
conepxaiei xene3o (I1) U pacTBOpeHHBI KMCTOPOA, TIpU HUIIBT-
pPOBaHUM Uepe3 36PHUCTBIN CITOI BBIIENSATDH XKeJIe30 Ha MOBEPXHOC-
TH 3epeH, 00pa3ys KaTaJIuTHUECKYIO TJIEHKY U3 MOHOB M OKCHIIOB
xkene3a (I1) u (111). Dra nieHka MHTEHCUPULIMPYET MPOLIECC OKCH-
JallU¥ U BBIIEJIEHUS XKeJie3a U3 BOMBI.

O06e3xene3nBaHUE BOIBI B 3arpy3Ke, MOKPHITON TIJIEHKOM, IB-
JITETCSI TETEPOTEHHBIM aBTOKATAJIMTHUYECKUM MPOLECCOM, B pe-
3yJbTaTe Yero obecreynBaeTCsl HEMPEPbIBHOE OOHOBJIEHUE TNIEHKU
KakK KaTajiM3aTopa HermocpeACTBEeHHO NMpu pabote ¢puiabTpa. Meron
He TpebyeT okcuaauum Bcero xenesa (II) B TpexBaneHTHOE U Te-
PEBOJMI €r0 B TMAPOKCHUI. YIIPOIIEHHAsT aspalusi OCYIIECTBISIETCS
C MOMOIIIBIO HECJOXHBIX MPUCTTOCOOJIEHU TyTeM M3JIMBA BOIBI
¢ HeOOJIBIIION BBICOTH B KapMaH WJIM LEHTPAIbHBINH KaHall (DUJIBT-
pa 1u6o TyTeM BIyBaHMs Bo3ayxa B obpabarwiBaeMyio Bomy. st
omnpenesieHUsT BBICOTHI ¢JIosl (UIIBTPYIOLEeit 3arpy3Ku L mipu obe3-
JKeJIe3UBAaHUHW MOA3EMHBIX OMKapOOHATHBIX U KApOOHATHBIX BOI MO
METONY YIIPOIIEHHON a’pallMii PeKOMEHIYeTCs 3MIUpUYecKast
dopmyna I''H. Hukomnanze

L=vd, - InA/{K - a(1 — n)A7#(3pH — 18,8)[0,]},

TJie Vv — CKOPOCTh QUIIBTPOBAHUSA, M/4; d, — 3KBUBAJIEHTHBII qH1a-
MeTp ¢uibTpyloleit 3arpysku, mm; A = C,/ Cy (3mecy Cy u Cp —
conepxanue xenesa (1) COOTBETCTBEHHO B UCXOIHOM Boe U (PUIIb-
tpate, Mr/n); K — KoHcTtaHTa okcunanmu xenesa (11), onpenens-
eMasl SMITUPUUECKUM TTYTEM; oL U # — COOTBETCTBEHHO K03 DHLIH-
€HT (HOPMBI 3epeH U MOPUCTOCTb PUIBTPYIOLICIT 3arpy3KH; f — TeM-
nepatypa ucxoaHoit Boael, °C; [0,] — conmepxaHue B Boje
PacTBOPEHHOTO KHUCIOpO/ia, MT/JI.

CywHocmb memoda «cyxoih» guavbmpayuu (puc. 5.28, 2) 3akioda-
eTcsl B (pUIBTPOBAHUM BO3AYIIIHO-BOMSTHOM 3MyNbcuU (3—5 00beMOB
Bo3ayxa Ha 1 06beM BOIBI) Uepe3 «Cyxylo» (He3aTOIUIEHHYI0) 3epHH-
CTYIO 3arpy3Ky IyTeM oOpa30BaHUS B Heit BaKyyMa WJIM HarHETaHUS
OOJIBIIMX KOJIMYECTB BO3yXa C MOCJIEAYIOUIUM OTCOCOM W3 MOMIOH-
HOTO MpocTpaHcTBa. B 060ux ciaydyasx B MOpOBBIX KaHaaX GWIbT-
pywoleil 3arpy3ku obpasyeTcs TypOYyJIeHTHBIH pPeXUM IBUXEHUS
CMECH, XapaKTepHU3YIOLINICS 3aBUXPEHUSIMH U TTPOTHBOTOKAMM, YTO
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CIOCOGCTBYET MOJIEKYJITIPHOMY KOHTAKTY BOIIBI C TTOBEPXHOCTBIO 3€-
peH KOHTaKTHOiIt Macchel. Ilpu 3TOM Ha 3epHax GUIABTpYIOLIEH 3a-
rpy3ku hOpMUpPYETCsT aicOPOLIMOHHO-KATAIMTHYECKas! TNIEHKa U3
coelMHEHUH Xeje3a (MapraHua, eCcJu OH NPUCYTCTBYET B BOIE),
roBbltatoast 3¢HeKTUBHOCThL MPOLIECCOB 00€3XKee3UBaHUA U Jie-
MaHTaHaluu.

XapakTepHoif 0COOEHHOCTBIO TIpoliecca SIBJIieTcsl 06pa3oBaHue
JIeTMIPAaTUPOBAHHOM TUIEHKM Ha 3epHax 3arpy3Ku, COCTOSICH, KaK
MToKa3aJii peHTreHorpaduyecKue ornpeaesicH!Us, U3 MarHeTUTa, CH-
NlepuTa, TeTUTa U reMaTuTa. YKa3aHHbIe COEMMHEHUS] UMEIOT IJI0T-
HYIO CTPYKTYpY, a UX 00beM B 4—5 pa3 MeHbIlle, YeM THMIPOKCHIA
xene3a. [ToaToMy TeMIT mpupocTa MoTeph Haropa B GUIbTpYIOLLEit
3arpy3ke Mpu HarmopHOM (GHMJIBTPOBAHUHU T10 METOAY «CYXOi» PUITb-
TpauM¥ Ype3BBIYANHO MaJl, @ MPOJOIKUTEBHOCTD (hUJIBTPOLIMKIIA
BeJIMKa (OT HECKOJIBKHUX MECSIIEB 110 Tola U 6onee). OTIMYUTENbHBI-
MM OCOOEHHOCTSIMHU TIpoliecca SIBJISIOTCS: MoBbIieHne pH ¥ Heko-
TOpPOE CHUXEHHUE XKECTKOCTH (UIbTpara, BHICOKAS Tpsi3eeMKOCTh
3arpy3kyd 4 OTCYTCTBHUE NMPOMBIBOYHBIX BOJ (3arpy3Ka 3aMeHSIETCsI
Ha HOBYIO WJIM BO3MOXHO ITPOBECTH €€ OTMBIBKY 5—10 %-HBIM
pacTBOpPOM MHTHUOMpPOBAHHOM constHON KUCHOThI). ObOpa3oBaHUe
Ha TIOBEPXHOCTH 3arpy3kKd aKTHUBHOW aICOPOLIMOHHOU IJIEHKH,
T. €. TIepuoJ «3apsiaku», coctasiuser 0,3—2 4.

Hegeppuzayuro memodom guasmposanus Ha KapKkacHvix gursmpax
CJielyeT MPUMEHSTD Ui 00e3XeNle3MBaHUSI BOJIbI HAa YCTaHOBKAax
MpOM3BOaUTENBHOCTHIO 10 1000 M3/cyT. CymHocTh 06€e3Xee31uBa-
HUST BOABI TT0 pacCMaTPUBaeMOMY METOMY 3aKJIIOUYAaeTCsI B TOM, UYTO
xene3o (II) mocye okcumaluMy KHCJIOPOIOM BO3AyXa TMEPEXOAUT
B AekaHTupytoiee xeye3o (I1I). M'mapokcun xenesa (111), bopmu-
pyWOIIMiicsS B HUXHEI yacTH ammapaTta, HaMbIBaeTCsl Ha MaTPOH.
IMpu aToM B HavaJie TIpoliecca peuIalolylo pojib UTpaeT pasinyue
B 3apsiiax KepaMHUYeCcKOro NMaTpoHa, XJIOMbeB TMAPOKCHUIA Xeye3a
u noHoB Xese3a (1I). Hapacrawoluii Ha aTpoHe CJI0i TMAPOKCUAA
Xeye3a CJIYKUT KOHTAaKTHBIM MaTepUaioM JUIST HOBBIX, TTOCTOSIHHO
HaMBbIBa€MBIX arperatoB, IIPH 3TOM IPOUCXOMISAT Kak (puU3nyecKue,
TaK U XUMHUYEeCcKHe Tipouecchl. [1aTpoH CHYXHUT TOJBKO OMOPHBIM
KapKacoM Ui (hbUIBTPYIOIIEro CJIos TUAPOKCUAA xeje3a. IlepBoii
cragueit mpoliecca sBJigeTcst GWIBTPOBAHUE C MOCTETIEHHBIM 3aKy-
TIOpUBaHUEM TOp (DUIBTPYIOLIEH TTeperopoaKu. DTa cTagus 3aKaH-
YUBAETCS MO MOCTUXEHUW ONpPENeNIEHHOTO OTHOLIEHUS oObeMa
TBEPABIX YACTHUL, 3alepXaHHBIX B MOpax, K 00beMy caMuX Top,
TOCJIe Yero HACTYNaeT BTopas cragus — (pUIbTpoBaHHE ¢ 06pas3o-
BaHUEM TIepPBOHAYAJILHOIO CJIosl ocanka. Ha aToM 3akaHynBaeTcs
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Mpouece 3apsiaku GUIsTpa U HaYWHaeTcsl (GUITBTPOBAHUE C LENbIO
obe3:xesie3uBaHUsT BOIBI.

Obesocenesusanue 600bl YNpoujeHHOU aspayueii, X10pupoeanuem
u Qpuasmposanuem 3aKTIOYAETCA B YIAJIEHUU M30BITKA YIJIEKUCIIOTHI
1 o6oralleHUH BOABI KMCJIOPOIOM TIPU a3palliM, YTO CIOCOOCTRY-
€T NMoBbIIeHNI0 pH 1 MEPBUYHOMY OKHUCIIEHHIO XeJle300praHnyec-
KUX coennHeHUit. OKOHYaTeNbHOE pa3pylieHHe KOMIUIEKCHBIX CO-
ennHeHui xene3a (I1) U yacTuyHag ero oKCHAALIMS MTOCTUTAIOTCS
MyTeM BBeleHUsT B 06pabaThiBaeMy10 BOJLY OKMCIUTENS (XJ10pa, 030-
Ha, TTepMaHraHaTa Kaiusa u np.). CoenuHenus xenesa (I1) u (II1)
W3BJIEKAIOTCS U3 BOABI NIpU (GUIBTPOBAHUM €€ Yepe3 3ePHUCTYIO 3a-
TPY3KYy.

XJ10p BBOAUTCS B BOISHYIO TOOYILKY Yepe3 CrelHabHYIO pac-
MpeeTUTENbHYIO0 TPYOUaTyIo CUCTEMY, TIPU 3TOM TpebyeTcs obecrie-
YUTh HEOOXOOUMYIO IKCITO3ULIMI0 OKUCIUTENS ¢ 06pabaThiBaeMoit
BoJoi. B kauecTBe DUIBTPOBAIILHOTO ariapaTa peKOMEHIYIOTCS
KOHTaKTHble unbTpel KMD-5 ¢ MoBbIIIEHHOH rpsi3eeMKOCTBIO, B KO-
TOPBIX (PUIBTPYIOLIAsT 3arpy3Ka COCTOUT U3 TPEX CJIOEB TOJILIMHOMN
no 0,6 M: BepXHHUi1 clnoil — KepaM3WUT WJIU TOJUMEPBI C KPYITHO-
CTBIO 3epeH 2,3—3,3 MM; cpeIHUl CJIOIf — aHTPALMT C KPYITHOCThIO
3epeH 1,25—2,3 MM; HUXXHUI CJIOM — KBapuUEBBIA MECOK ¢ 3epHAMU
kpynHoctbio 0,8—1,25 mMm. CkopocTb punbrpoBanHust 1o 10 m/uq,
MPOMBIBKa BOZOBO3IYIIHAS.

Obesxcenesusanue 600bl hunvmposanuem vepez mMoouphuUUUpPoeaH-
HYH 3aepy3Ky TIDUMEHSIIOT TIPU €€ TIOBBILIEHHOM OKUCJISIEMOCTH.
OHO OCHOBAaHO Ha YBEJIMYEHUU CHJT a[ir€3UU IMyTeM BO3IEHUCTBUS Ha
MOJIEKYJIIPHYIO CTPYKTYPY MOBEPXHOCTU 3epeH (UIBTPYIOLIEH 3a-
rpy3Kku. [l yBeJIMYeHUs CUJT anre3nu Heo6XoMMMO Ha TIOBEPXHOC-
TH 3epeH QWIBTPYIOILIEH 3arpy3Ku 06pa3oBaTh MJICHKY MTyTeM MOIM-
(bukanuu 3arpy3ku, npeaycMaTpUBaOILEH MocaeaoBaTeIbHy0 06-
pabotky 1,5 %-HbBIM pacTBopoM cepHokucioro xene3a (II), a 3atem
0,5 %-HBIM pacTBOpOM NepMaHraHaTa Kanusi. CyMMapHasi pojioi-
kxuTenbHOCTh KOHTakTa 30 MmuH. Cnyctst 20 MUH mocJie HavyaJia pa-
60Tbl (punbTpaT oTBevaeT TpedboBaHuaM CaHITuH Ha nuTheBYyIO
BOLY.

Obe3ixcenesusanue memodom HaAnopHoii ¢aomayuu OCHOBAHO Ha
NeACTBUU MOJEKYJISIDHBIX CHUJI, CITOCOOCTBYIOUIUX CIAUMAHUIO OT-
NMEeJTBHBIX YaCTULl TMAPOKCHUIA XKeJle3a ¢ My3bIpbKaMU TOHKOAMCIIEP-
'MPOBAHHOTO B BOJIE BO3/lyXa M BCIILIBAHWIO 0OPA3yIOMIUXCS TIPH
9TOM arperatoB Ha IMOBEPXHOCTh BOJbI. MeTon (hI0TallHOHHOTO BBI-
JIeJIeHUST IMCIEPCHBIX U KOJUTOMIHBIX MpUMeceil MPUPOAHBIX BOI
BeChMa MEPCNEKTUBEH BCIEACTBHUE PE3KOTO COKpAaLEHUST MPOIOJ-
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KUTEJILHOCTH TIpotiecca (B 3—4 pa3a) 1o cpaBHEHMIO C OCAXIEHUEM
nIu 0o6paboTKOiIl B Cl10€ B3BEUIEHHOTO ocaaka. MOXHO BbIIEIUTH
cienylouiMe cranuu npouecca: okeuaauus xenesa (I1); pacrsopenue
BO31yXa B Bolle U oOpa3oBaHHe My3bIPbKOB; 06pa3oBaHHUEe KOMIUIEK-
COB «ITy3bIPEK BO3/yXa — XJIOIMbsSI TMAPOKCHIA XeJle3a»; MOAbEeM ITHX
KOMTIUTIEKCOB Ha MTOBEPXHOCTH BOIIHI.

Ha 3¢ ¢eKTUBHOCTS Mpoliecca BCIUTBIBAHUS XJIOMbEB MPH (J1oTa-
LIMOHHOM pas3fieJIeHUH OKa3bIBalOT BAUSIHUE KOHILIEHTpAlUsI B3BeE-
LIEHHBIX BEIIECTB (MCXOMHAsh KOHUEHTpAalMs Xejie3a, 10332 U3BeC-
TH), KOJIMYECTBO U pa3Mep Iy3bIpbKOB, MPOIOJIKUTENIBHOCTE (hJIOTa-
LIMH, & TAaKXe TMAPONUHAMUUYECKUE YCIIOBUS.

YnaneHue 6b/ICOKOKOHUEHMPUPOBAHHBIX YCMOUMUBHIX (hopM dHcene3a
u3 600bl aspayueli, U3BeCMKOBAHUEM, OMCMAUBAHUEM 8 MOHKOM CA0€
u guasmposanuem (puc. 5.28, d) nocTUraeTcs rocje MOTHOM OKCH-
nmaumu xenesa (II) u necTpykKunm KOMIUIEKCHBIX XKeJle300praHndec-
Kkux coenuHeHu npu pH He MeHee 7,1. [Ipouecc BelIEeNeHUsS CO-
eIWHEHU XKejle3a MPOU3BOAUTCS B TOHKOCIOWHOM OTCTOMHHUKE.
DddekT ob6e3xene3nBaHUsS BOIBl 3aBUCUT TJIABHBIM 00pa3oM OT
CKOPOCTH ITOTOKa B TOHKOCJIOMHBIX MOIYJISIX, UCXOMHON KOHLIEHT-
palMu Xene3a u 1035l 1EJIOYHOTO peareHTa.

Obe3xncene3usanue nogepxHOCMHbIX 600 OCYILIECTBISIOT TIPU O~
HOBPEMEHHOM OCBETJIEHUU U obecliBeunBaHuU. XKene3o, Haxomsi-
mieecs B BoJe B BUIE KOJUIOWAOB, TOHKOAMUCHEPCHBIX B3Becei U
KOMIUIEKCHBIX COeIMHEHU, ynansercss oopaboTKoit BOABI Koary-
nssHTaMu. s pa3pyiieHusT KOMIUIEKCHBIX OpTaHUYECKHUX COelU-
HEHUM Xejie3a Boay obpabaThIBAlOT XJOPOM, O30HOM WIIU Tiep-
MaHTaHaTtoM Kanus. IIpu MCronb30BaHUM XENEe3HBIX KOAaryJsH-
TOB NIOCTUTAETCsl OoJjiee MOJTHOE yNajeHUE XKejie3a M3 BOJABl B
pe3yJibTaTe UHTEHCUBHOM agcopOUMK MOHOB XeJjie3a Ha XJIOTIbSX
ruapokcuaa. ONTUMYM aficopObUIMK MOHOB XXeJie3a B ciydyae Mnpu-
MEHEHHUS KaK CoJell alloMUHHS, TaK U COJjiell Xejle3a B KaUuecTBe
KOaryJISTHTa JIEXWUT B WHTepBane 3HaueHnuit pH Bonwr 5,7-7,5.
Ho3a KoarynsiHTa ycTaHaBJIWBAaeTCSd 3KCIEepUMEHTaNbHO. TexHOo-
JloTHYecKast cxeMa obe3Xele3uBaHUS BOABI METOIOM KOaryJjupo-
BaHMS BKIIIOYAET peareHTHOE XO3SIHCTBO, CMECUTENTH, OCBETIUTE-
JIM U CKOpble DWIBTPHI.

5.14. YmaryeHue Boabl

YMsAryeHUe BOABI — MPOLIECC TIOHMXEHUS €€ XECTKOCTH, 00Y-
CJIOBJIEHHON HaJIMYMEM COJIEN KaJbLIUS U MarHusl.
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JlormycTumas XXeCcTKOCTh MUThEeBOM BOMBI JOJIKHA OBITH HE OoJiee
7 Mr-3KB/J, B UCKJIIOUHUTENBHBIX caydasix — g0 10 Mr-aks/n, a st
BOJI TEIUTOBBIX CETEI, BOMBI, MIYIleil HA TIPUTOTOBJICHUE TIapa, U JJIst
HEKOTOPBIX APYTUX TTPOU3BOACTB MPUXOIUTCS CHUXATh XECTKOCTD
no 1,0-0,001 Mr-axB/n. B mpakTHkKe BOIOTIOATOTOBKHY MPUMEHSIIOT
clenayouie MeTOIbl YMSITUeHUST BOIbI:

peazenmHbtii, KOTIA MOHBI KaJIbLUUST U MaTHUSI CBSI3bIBAIOTCS XU-
MHWYECKHMH BEILIECTBAMM B MaJIOPACTBOPHUMBIE M JIETKO yHaJIsieMbIe
COeANHEHUS — KapOOHAT KaJbLUsS U THAPOKCHUI MarHus (4acto pe-
areHTHBIN METOJ YMSATYEHUS BOJIBI HA3BIBAIOT METOJOM OCaXIe-
HUs). B 3aBUCMMOCTH OT NPUMEHSIEMOrO peareHTa pas3ianyaloT
M3BECTKOBBII, N3BECTKOBO-COMOBLIN, eMKOHATpUEBEIH, pocdaTHEIN
W APYTHE CITOCODOBI YMSITYEHUST BOIbI;

KamuoHummstit, OCHOBAaHHBII Ha CIIOCOOHOCTM MOHOOOMEHHBIX
MarepuasaoB (B JaHHOM cjlydyae KaTUOHUTOB) OOMEHHUBATh MPUCYT-
CTBYIOIIIME B BOJIE KaTUOHBI KaJIbIIUSI U MarHusi Ha OOMeHHbIe KaTH-
OHBI HATPUS WIM Bojgopoaa (He NMpUIaroliue BoIe CBOWCTBA XeCT-
KOCTH), KOTOPbIMU TIEPABAPUTENIBLHO 3apsikaeTcsi KaTHOHUT., OOMeH
MOHOB HaTpUs Ha3biBaeTcsl Nat-KaTHOHMpOBaHUEM, a MIOHOB BOJO-
pona — H*-kaTuoHnpoBaHUEM,;

duaaus /lonnana, OCylmieCTBAsSIEMbIif HA MEMOpPaHHBIX arrnaparax;
HMCXOMHAasl KeCTKas BoJla IBUXKETCS B KAMepe C OMHOU CTOPOHBI Ka-
THOHUTOBOW MeMOpaHbl, paccon NaCl B kaMepe — 1o APYTYIO CTO-
POHY MeMOpaHbl, HOHBI HATPUS MUTPUPYIOT B MeMOpaHy U najiee
B UCXOIHYIO BOAY, & MOHBI KalbLIUSl — B IPOTHUBOIIOJIOXHOM Ha-
MpaBleHUH, T. €. U3 XKECTKOIl BOIBI B paccoll;

mepmoxumu4eckuli, Ipu KOTOPOM PEareHTHOEe yMSTYEHHUE OCY-
IECTBISIIOT OOBIYHO C WCTOJb30BAHUEM HW3BECTH U COABI WJIH,
pexe, eIKOro HaTpa W COABI NpHU TeMmepaType Boabl 6osee 100 °C
(mo 165 °C). TepMOXUMHUECKUN METOA YMATYCHUS TIPUMEHSCTCS
B OCHOBHOM TIPHU TTIOATOTOBKE BOMBI JJIST TUTAHUST KOTJIOB. TOMBKO
B 3TOM CJiyyae yTUJM3UPYETCS MOYTH BCE TEIJIO, 3aTpayeHHOE Ha
MOAOTPEB BOJIBI.

Br16op Toro MM MHOTO METOMA OTIpEAeNIeTCS KaYeCTBOM HCXOI-
HOM BOAbI, HEOOXOAUMOI TIIYOUHON YMSITYEHUST U TEXHUKO-2KOHO-
MUYECKUMU COOOPaKEHUSIMH.

OOBbIYHO AT YMSITYEHUST TIOA3EMHBIX BOJ PEKOMEHIYETCS MPH-
MEHSITh KATHOHOOOMEHHBIN METOM; IUTS TIOBEPXHOCTHBIX BOM, KOTa
ONHOBPEMEHHO TpeOyeTCs U OCBETIIEHHE BOABI, — HU3BECTKOBBIMH
WV U3BECTKOBO-COMOBHBI MeTox yMsryeHust. I1pakrnyecku riyou-
Ha YMSTUYEHUS] U3BECTKOBBIM WJIM H3BECTKOBO-COMOBBIM CIIOCOGOM
coctasnser 0,5—1 Mr-sks/n.
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Ymsaeuenue 600b uzsecmrxosaruem TIPUMEHSIOT TIPH BBICOKOI Kap0o-
HaTHOM ¥ HU3KO# HeKapOoHaTHOI xkecTKOCTH. CyIIIHOCTh 3TOro METO-
J1a YMSITYEHUST BOABI CBOAUTCS K CJIEOYIOLIMM OCHOBHBIM ITpOlieccam:

1) pacTBop M3BECTH (M3BECTKOBOE MOJIOKO) OOoraimaer BOAY

noHamu OH—u Ca?*:

Ca(OH),«> Ca?* + 2 OH-;

2) ob6oramenue Boasl voHaMu OH~ NMpUBOIUT K CBSI3BIBAHUIO
cBoGoaHo# yraekuciorsl CO,:

CO, + 2 OH--CO,2-+ H,0;

3) 6uxapbonatel HCO;~, Haxoasuecs: B yMsAr4aeMoi Boze, re-
pexonsr B kapooHarsl CO,2-:

HCO,~+ OH-¢> CO,2~ + H,0;

4) mosbinreHne KoHueHTpauuu CO,2~ MOHOB M HATMYME Kaslb-
st CaZt B MCXOMHOM BOIE M BBEAEHHOTO C U3BECTHIO MTPUBO-
JIUT K TTPEBHILICHUIO TTPOM3BEICHUS PaCTBOPUMOCTH KapOoHa-
Ta KabLust [1Pc,cq ¥ ero ocaxaeHumio:

Ca?* + CO,2-— CaCO,l;

5) npu mo6aBieHUH U3GHITKA U3BECTH OCAXIAETCA TAKXKe M Mar-
Huit B Bune Mg(OH),:

Mg2* + 2 OH-< Mg(OH), 4.

st ynydiieHusl ynajeHUs] TOHKOIUCIEPCHBIX M KOJIIOMIHBIX
TIpUMecei U CHIDKEHUS IIEIOYHOCTH BOABI OMHOBPEMEHHO C M3BECT-
KOBaHHUEM ITPOBOJAT KOAryJSIHIO 3TUX TIPUMECEii, UCITOIb3Ys B Ka-
YecTBe KoaryJsiHTa xeje3Hslit Kynopoc FeSO, - 7H,0.

[MToBbIlIEHHOE COAEPXKaHUE OPTaHUYECKHX TTpUMeceii 1 rpeobiia-
JlaHUE MarHUEBOM XeCTKOCTH HaJ KaJbLIMEBOM CHUXAIOT CKOPOCTh
IpolIecca yMsITYeHHsI.

B npakTuke NMpUMEHSIETCS TaKXe U3BECTKOBO-COMOBBIM METOJ
yMsir4eHus. B 3TOM ciryyae MOMUMO peakluii (OIMMCaHHBIX BBILIE),
MOYUIUX TIpU 100aBIeHUN U3BECTH, MTOIOJHUTENBHO yaaIsIeTCsl He-
KapOOHaTHas XeCTKOCTh BOJBI 3a CYET BBEIEHUS KaJIbIIMHUPOBAH-
Hoi coxel Na,CO,.

Ho3a n3Bectu B nepecuyere Ha CaO MoOXeT OBITh OIIpelesieHa 1o

dopmyre

2+
[_Mg_] + A, +0,5), Mr/n,

[CO,]
=28(—2_+ K
R A R Ty
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rne [CO,] m [Mg?*] — koHueHTpaumm coorserctBeHHo CO,
n noHoB Mg?*, mr/n; JI, — mosa koarynasiHTa, mr/m; 28, 22, 12
M e, — 9KBUBaJeHTbl cooTBeTcTBeHHO CaO, CO,, Mg?* u koary-
JIsSTHTa, Mr/mr-3ks; 0,5 — 3anac u3BecTu, Mr-skB/i; XK, — kap6o-
HaTHasl XeCTKOCTb, MI-3KB/JI.

Hosa xanbuuHUpoBaHHoi conbl Na,CO; MOXeT ObITh ornpenesie-
Ha 1o opMyie

A,

A, =530K,, +==+1), mr/n,
e

K

rae X, — HekapbOHaTHas XeCTKOCTb BOABI, MI-9KB/J; [, — no3a
KOaryJsiHTa, MI/JI; 53 ¥ €, — 3KBUBAJIEHTbl COOTBETCTBEHHO KaJlb-
UMHUpOBaHHOM conbl Na,CO; u xoarynsiHTa, Mr/Mr-skBs; 1 — 3amac
COIbl, MT-3KB/J1.

Bosnee rnmy6bokoMy yMsrdeHUIO CIOCOOCTBYIOT TMOAOTPEB BOIHI,
JobaBiaeHHUe W30BITKA peareHTa-ocaauTesIss U co3daHWe KOHTaKTa
yMsiryaeMoi BOJBI C paHee 00pa30BaBIIMMCS OCAAKOM.

Ymazuenue 60061 o Memody uorHoeo obmMena OCHOBaHO Ha CBOM-
CTBE KAaTHOHUTOB OOMEHUBATh KaTUOHBI, KOTOPBIMU TIPENBAPUTENb-
HO «3apsIKeHBI» €r0 aKTUBHbBIE TPYTIIbI, HA COAEPXALIUECS B YMST-
yaeMoil BoJie KaTUOHBI KaJIbLUSl U MarHusi. B pesysbTaTe peakuuvu
KaTUOHUT OTJaeT B BOAY B3aMeH TTOTJIOIEHHBIX OOMEHHBIE KaTHO-
Hbl. B 3aBUCMMOCTH OT TOTO, KAKUM OOMEHHBIM UOHOM «3apsiKeH»
KaTUOHHUT (HaTpvieM, BOIOPOIOM WJIM aMMOHMEM), pa3InyaloT Mmpo-
ueccel Na*-, H*-, NH*,-katnoHnpoBanusi.

Ilpoiiecc o6MeHa MOHOB MEXAY KaTUOHAMHU M PacCTBOPOM, CO-
JNEpXalldM COJU XECTKOCTH, 3aBUCUT OT MHOTHX (DaKTOPOB:
CBOMCTB KAaTHOHMTOB, COCTaBa UCXOOHOM BOJBI, YCIOBUM IMPOXOXK-
JIEHUs TIpoliecca U Jp.

Bce 2T hakTOpBI TECHO CBSI3aHBI MEXIY COOOI U MpeXIIe BCEro
OMpEeNeJISIIOT CKOPOCTb MPOXOXAEHUST MOHOOOMEHHBIX peakimii. Pe-
akuusl oOMeHa MexXAy KaTUOHUTOM M MOHAMU HCXOIHOW BOIBI
obycnosnuBaeTcs auddysueit MOHOB U3 pacTBOpPa BHYTPb KATUOHU-
Ta U U3 KATUOHUTA B UCXOHYIO BOIY.

B kadecTBe KaTUOHUTOB B HACTOSIIIIEE BPEMST IPUMEHSIIOT UCKYC-
CTBEHHO ITOJIyyaeMble Marepuaibl, HalpuMep CyJiboyroyb, KaTHO-
HuThl Mapku KY-1, KY-2-8 u np.

Ocob6eHHOCTbI0O Nat-KaTHOHUPOBAHUS SIBJISIETCH TO, YTO KapOo-
HaTHas XEeCTKOCTb YMSATUYEHHOM BOIbI, OOYCIOBIeHHas1 OMKapOoHa-
TaMW KajbllMsl U MarHus, MepexoguT B OMKapOOHATHYIO 1Ie0Y-
HocTh NaHCO;, T. . KOHUEHTpaLUsl GUKapOOHATHBIX NOHOB HE M3-
MeHsIeTCs.
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HaubGosbliee npakTUYeCKoe NMPUMEHEHME HAULIO COYEeTaHUE
npoueccoB Nat- u H*-kaTHOHMpPOBaHUS, B pe3yJIbTaTE YETO MOXET
OBITh NOCTHTHYTa TpebyeMasi MEeJOYHOCTh MU KUCJIOTHOCTD TIPU
B3aMMHOI HeHTpann3alMy KMCJION U 1LeJIOYHOM BOOHI.

Ipn omMHOCTYIIEHYATOM KaTHOHUPOBAHUM XECTKOCTb MOXET
OBITh cHUXeHa o 0,1 Mr-skB/a, NMPU ABYXCTYMEHYATOM — IO
0,01 mMr-sks/n.

ITocne ncyepnaHuss OOMEHHONH €MKOCTH KaTUOHUTA JIEJAETCS €ro
pereHepauus 6—10 %-HbIM pacTBopoM moBapeHHoM conu NaCl,
ecan KaTHoHUT B Na*-dopme, unu 2—3 %-HBIM pacTBOPOM KHUCJIO-
Tl o H*-katnoHuTa.

IMpoliecc pereHepalMy BKJIIOYAET CJIEIYIOIINE ONEepalMu: B3PBIX-
JIeHWe KaTHOHWTAa MUCXOTHOM BOMOI, MojlaBaeMoi CHU3Y BBEPX C UH-
TEHCUBHOCTBIO 3—4 11/(C - M2); TIPOMYCK pereHepallMOHHOTO pacTBO-
pa cBepXy BHU3 CO CKOPOCTBIO ~ 3—5 M/4 U OTMBIBKY KaTMOHHUTA
HCXOMHOM BOAOM co ckopocThio ~ 10 M/4.

OTMBIBKA 3aKaHYMBAETCH MPU CHUXEHNHU XKECTKOCTH (HIBTpa-
ta 1o 0,1 Mr-sxs/mn, mocie yero ¢WILTP BKJIIOYaeTcd B paboyuit
UKL

OCHOBHO# BEJIMYMHOMN, OMpenesaioueil Harpy3Ky Ha KaTHOHO-
0OMEHHYIO YCTAaHOBKY 3a OIMH LIUKJI, SIBJISETCS KOJUYECTBO yIass-
€MBIX COJIeit )KeCTKOCTH (KaTUOHOB), I-9KB:

E=Q-X/n,

rae Q — KOJINYECTBO yMsiryaeMoi Boabl, M3/cyT; XK, — obmast xe-
CTKOCTh YMATYAEMOIl BOIBI, T-3KB/M3;n — TIpearosaraeMoe 4Yucjio
pereHepanuit B CyTKH.

5.15. OnpecHeHue n obecconmsaHme BoAbl

CHuxeHHe conecomepXaHusi Boabl ao TpebosanHuit CaulluH
2.1.4.559-96 Ha MUTHEBYIO BOLY WJIM IO BO3MOXHO HU3KOTO Mpeae-
Ja (mosieit Mr/j1) Ha3BIBAalOT COOTBETCTBEHHO OINPECHEHUEM WU
00ecCcoTMBaHUEM.

CreneHb 06€CCONMBAHUSA OTpEAENAETCS MO0 YAEeAbHOM 2IeKTpU-
yeckoit mposoauMocti (OM~! . cm~!) unm mo oOGpaTHOM BeTUYNHE
— yIeJabHOMY COTMPOTHUBIIEHUIO (OM - CM).

K HacTosiiieMy BpeMeHH B MUPOBOM MpaKTHUKE OTpPEeAeTUINUCH
cJeyIole OCHOBHBIE METOMBI ONMPECHEHUSI BOMABI: QUCMUAASUUSA,
UOHHBIH 0OMeH, 31eKmpoduanus, 8bIMOPAXCUBAHUE, 2eAU00NPeCHeHUEe
u obpamusiii ocmoc (eunepgursmpayus). O6eccoiMBaHUE JOCTUTAET-
Cd B OCHOBHOM IMCTWJUISILUENH, MOHHBIM oOMeHOM. Bo3moxHO
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1 IpUMEHEHUE MHOTOKAMEPHBIX 3JIEKTPOAUAJIN3ATOPOB C KaMepa-
MU, 3aNOJHEHHBIMU CITeUaNIbHEIMU CMECSIMU MOHUTOB.

Bri6op MeToma onpecHeHUsT UJIN 06eCCOIMBAaHUST OOYCIOBIUBA-
€TCS KaYeCTBOM MCXOJAHOW U TpeGoBaHUSIMHU K 0OpaboTaHHOM BojeE,
MMPOU3BOANTENBHOCTBIO YCTAHOBKM M TEXHUKO-3KOHOMUYECKUMU
COOOpaXEHUSIMU.

ATIpMOPHO MOXHO CKa3aTh, UTO MPHU COJIECOHECPKaHWH B BOIE 110
2—3 r/n pekoMeHmyeTcs MIOHOOGMEHHBI MeTox, 6onee 10 T/ — nu-
CTHJUISLINS, 3aMOpaxXUBaHUE WJIM 0OpaTHEI ocMmoc, 2,5—15 r/n —
2JIEKTPOINANIN3 WIN 0OpaTHBIA 0OCMOC.

Jucmunnsyus — Hanboliee U3yYeHHBI W pacrpoOCTpaHEHHBIN
METOJI OTNIPECHEHHS COJIEHBIX, 0COOeHHO MopcKux Boa. Ero neneco-
00pa3HO NMTPUMEHSTD NTPU HAJTUUUM KPYITHOTO UCTOYHHUKA JEHIEBOTO
Tersa ¥ GOJBIIOro KOJWYECTBA UCXOTHOM BOIBI.

ITpUHIMTT OIUCTHIUISILIMM OCHOBAH Ha TOM, YTO TIpU HAarpeBaHUU
COJIEHO! BOIBI JO TEMIIEPATYPHI BBILIEC TEMIIEPATYPhl KMTIEHUS (TTpH
JIAHHOM coJiecoIepXaHUH U JaBJIeHWM) 0Opa30oBaBIIMICS TIap NpHU
nasieHnn MeHee 50 Krc/cM? mpaKTUYEeCKM HE CIOCO6EH PacTBOPATH
coliepKallrecs B ONPecHsIeMON BOJE COJIM, TTO2TOMY IIPH €T0 KOH-
JIeHCallMW TTOJTy4aeTcs npecHasl Bona.

Jlnst BRITTapUBaHUSI UCIOJIB3YIOT TEIIJIOTY, BBIACNSIOMIYIOCS MTPH
CTOpaHWM TOTIJIMBA, TETUIOTY KOHIEHCALIMU napa, SHEPTHIO COTHEY-
HBIX Jy4eit, aTOMHBIX PEaKTOPOB U T. 1.

IIpocreitiast omHOCTyNeHYaTast UCTTApUTENbHAST YCTAHOBKA CO~
CTOMUT U3 KOTJIa, TAae o0pa3yeTcs nmap Npu KUNSYeHWH BOMALI, MCITa-
pHUTENS CO 3MEEBUKOM, KOHIIEHCATOpa Napa U cOOpHUKa 006ecCoieH-
HOI1 Boahl (puc. 5.29).

MHorocTtymneHyaTbie JUCTHIISIIMOHHBIE ONPECHUTENbHBIE yCTa-
HOBKHU NPEJCTaBISIIOT CO00 HECKOILKO TOCIeIoBaTe/IbHO paboTa-
JOIIUX OMHOCTYTIEHYAThIX JUCTUIITIUMOHHBIX ycTaHOBOK. ITo Takoii
CXeMe BTOPHUYHBIH TTap Mpeablaylieit CTYTIeHN UCITONIb3YeTCsT B Kaye-
CTBE Ipellero napa i ucrapeHus BoAbl B nociexytomeit. ITap
MOCJenyIolIeit CTYNeHM MOCTyIaeT B KOHAEHCATop, TIe OXJIaXaaeT-
csl U KOHOeHcupyeTcsl. B HacTosiliee BpeMs TTOJYyYMIT pacrpocTpa-
HEHME ¥ METOJ MTHOBEHHOro ucrapeHus («diemi»), KOTOpBIi oc-
HOBaH Ha $SIBJICHUU CHUXEHHUS TEMIIEpaTypbl KMIIEHUS BOIBI T10
Mepe YMEeHbIIEHHS JaBjieHHs1 B ucnapuresisx. YeMm Bblillie TeMITepa-
Typa BOJBI U IJTy0OXe BaKyyM, TeM OOJIbIlie BOABI MCIapsieTC.

IIpu WCMONB30OBAaHUM UOHOOOMeHHO20 Memoda COJieHas Boja
MOCJIeA0BATEbHO MIPOXOAUT Yepe3 (PUIIBTPHI, 3aTpyKEHHbIE KaTH-
OHHUTOM M aHUOHHUTOM, KOTOpBIE MEPUOANYECKH PETEHEPUPYIOTCS
2—5 %-HBIM pacTBOPOM KUCJIOTHI U IIEJTOYM COOTBETCTBEHHO.
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Puc. 5.29. CxeMa oQHOCTYNeHYATOl HCOAPHTENbHOH YCTAHOBKM:
1 — xoten s HarpeBaHus BOJIbI 10 KMMEHUS, 2 — UCTIApUTENb; 3 —
KOHJeHcaTop; 4 — Hacoc; 5 — cOOpHBIi 0aK 00ecCcoNeHHOM BOABI

ITpumep omHOCTYTIIEHYATOl CXEMBI JUIST ONTPECHEHUST BOIBI, COCTO-
siiiet U3 KaTUOHUTOBBIX (PUIIBTPOB C CHUTBHOKUCIIOTHBIM KaTUOHU-
tom KVY-2-8; nerazatopa mis otnysku CO,, obpasyroerocs nocje
H*-xaTMOHUTOBBIX (PUIIBTPOB; AHUOHUTOBBIX (PUIBTPOB CO CPEIHE-
OCHOBHEIM aHUOHUTOM BJID-10IT u 6ydpepHpiM Nat-KaTMOHHTO-
BBIM (bUABTPOM IS KOPPeKTUPOBKU pH mocne onpecHeHUsI, ToKa-
3aH Ha puc. 5.30.

B cooTBeTcTBUM ¢ HeoOXOAMMO# rnyOMHOIM o6eccoNuBaHUS
BOIBI MIPOEKTUPYIOT OJHO-, JIBYX- U TPEXCTyIEeHYaThie YCTAHOBKHU.
B cxemax rnmybokoro obecconmMBaHus BOABI TPUMEHSIIOT TaK Ha3bl-
BaeMble (PUIBTPBI CMEUIAHHOTO NECHCTBUSA.

Bnexmpoduanuz — Tipoliecc cerapaluyy MOHOB COJIEH, OCYIIEeCTB-
JIseMblii B MHOTOKaMepHOM amnrapare (3JeKTpoauaiu3aTrope) Moja
JEUCTBUEM TTOCTOSTHHOTO 3JIEKTPUYECKOro TOKa, HAIlpaBJIEHHOTO
TEepPIIEHANKYISIPHO K IUTIOCKOCTH MeEMOpaH. B anekTponuann3aTopax
JUIST OTIPECHEHUST ITPUMEHSIIOT KaTHOHUTOBEIE «MK-40» 1 aHMOHUTO-
Bble «MA-40» meMOpaHbl. C MOMOILLIBI0O MIOHOB MeMOpaHa TpOBOINUT
TOK JIMIIIb OHOTO 3HaKa: KATHOHUTOBBIE MEMOPAaHBI IMPOITYCKAIOT MO-
JIOXUTEJILHO 3apsKeHHBbIE MOHBI, 8 aHUOHNUTOBbIE — OTPHUIIATEIbHO
3apsokeHHble. Ha 3ToM cBoiicTBe MeMOpaH, Ha3bIBAEMOM CEJICKTUB-
HOCTBIO, OCHOBAH METO/I 3/IEKTPOANAIIU3HOTO OMPECHEHUS BOIDI.
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Puc. 5.30. Texnonornyeckue cxemMbl HOHMTOBOTO 00ECCONMBAHUSA BOIBI:
a — OJHOCTYIeHYaTas; 6 — ABYXCTyIeH4aras; @ — TpexcryneHyaras; I, 8 —
1101aya MCXOAHOM M OTBOJ 00ECCOJIEHHON BOAbI; 2 — BOAOPOI-KaTUOHUTO-
Bble unbTphl; 3 — AerazaTtop; 4 — MPOMEXYTOUHBI pe3epByap; 5 — Hacoc;
6 — aHuoOHUTOBbIE (GUIbTPbI; 7 — OydepHbIt HATPHIl-KATHOHWTOBBIH
¢unerp; 9 — Bomopoa-kKatuoHUTOBBIE puabTphl 11 cTynenun; 10 — aHMOHU-
ToBble brIbTPhI 11 cTyneHu (¢ CHILHOOCHOBHBIM aHUOHMTOM); 1] — BOJO-
pon-katuoHuToBbie GuabTpel I cTyneHu; 12 — aHMOHUTOBBIE (DUILTPbI

IIT cTyneHu

AnnapaT, B KOTOPOM NPOU3BOJIUTCS OTIEJIEHUE COJIEN OT BOMIHI,
Ha3bIBACTCA MHOTOKAMEPHBIM 3JICKTPOAUATIU3ATOPOM. OH UMeeT 10
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OMHOMY KaToAy U aHoAy (M3 CrieuuasbHOTro rpaduTa WU IIaTHHHA-
poBaHHOTO TUTaHa) M A0 300 kamMep, 06pa30BaHHBIX CTEHKAMU Ka-
TUOHUTOBBIX U AaHUOHUTOBBIX MeMOpaH. CxeMa MHOTOKaMepHOTo
3JIEKTPOINATU3HOIO anrapara npejacrasjieHa Ha puc. 5.31.
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Puc. 5.31. CxeMa MHOroKaMepHOro 3JeKTPOJHAIM3HOTO AMNApATAa:
1, 4 — otBoa 0bGeccoieHHOM M TMojaya UCXOAHOM Bombl, 2, 5 — HOHOCE-
JIEKTUBHBIE KAHHOHMTOBbIE U aHHOHMTOBBIE MeMOpaHbl; 3 — KaToad; 6 —
aHoI; 7 — OTBOJ KOHIEHTpaTa

IIInpoxkoe pacrpocTpaHeHUEe TTOJYUWIT Memod 06pamuo2o ocMoca.
DTo npoliecc pasneaeHNs ICTUHHBIX PaCTBOPOB, 3aKJIIOYalomuics
B GUNBTPOBAHUU XUJIKOCTH Uepe3 NMoJNyNpoHHULaeMble MeEMOpaHBI,
KOTODBIE TMPOMYCKAIOT PACTBOPUTENL (BOAY) W 3aJCPKUBAIOT pa-
CTBOpPEHHbIE BELUECTBA.

HaBieHue, Moa KOTOPBIM OCYHIECTBIIsIETCS PUABTPOBaHUE, N0 -
SKHO NPEBBIIATE OCMOTHYECKOE, OOYCIOBJIEHHOE pa3IMuMeM KOH-
LIEHTpaUuii coyielt B TIpeCHOit U coJieHOW Boje (IJist BOJbI OKeaHa
TPy coJiecoiepXxaHuu 35 r/1 ocMOTHYECKOE JaBJIEHNE COCTaBJISET,
Hanpumep, 2,4 MIla).

Takum obpa3oM, ABUXYILEH CUIOM Tpoliecca 00paTHOTO OCMOCa
oyner nasnenue AP = P—(Il,—IT,), rne P — naBneHue HajJ pacTBO-
poM ornpecHsieMoid Boabl; II} u I, — OCMOTHYECKOE JaBJIEHUE CO-
OTBETCTBEHHO OTpECHseMOIT BOAbI U (hUILTpaTa.

YacTHBIM cayyaeM 00paTHOro ocMoca SIBASETCS yabTpaduibT-
paumsi, ocCHOBaHHas Ha (PUIBTPOBAHUU BOJHBIX KOJUIOUIHBIX pa-
CTBOPOB yepe3 Oosiee KPYmHOTOPUCThLIE TOTYIIPOHHLIAEMbIE MeMO-
paHBI.
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5.16. ®TopupoBaHue u obecpTopmuBaHue Boabl

Copnepxanue ¢propa B muTheBoit Boge cortacHo CanlInH B 3a-
BHUCHUMOCTH OT KJIMMAaTHYECKUX YCJIOBUIT JOJIKHO MOIIEPKUBATHCS
B npenenax 0,7—1,5 mr/n. Hexmocratok ¢Topa B MUTheBO# Bome
MMPUBOJUT K Kapuecy 3y00B y HaceJeHUsI, U3OBITOK — K ¢too-
po3y.

B xadectBe ¢hropcomepKaliux peareHTOB MOXHO HUCTONb30BAaTh:
KpeMHedTopucTelit Hatpuit Na,SiF,, kpeMHe(pTOPHUCTOBOAOPOIHYIO
kucnoty H,SiFg, dropucreiit Hatpuit NaF, xpeMHepTOpUCTHIN am-
moHuit (NH,),SiF,, dTopucrsrit kansumii CaF,, droprcrosonopoa-
Hyto kucinory HF, kpemHedbTopucreiit Kanuii K,SiF,, kpemHedTO-
puctelit amomunuit Al,(SiFg);, dropucterit amomunuii AlF; u np.
B oTevecTBEeHHOH MpPaKTUKE IIMPOKOE NMTPUMEHEHUE TOJTYYHIT KpEM-
HedTOPUCTBIN HATPUIL. DTO MEJIKUI, CBIMYyYHil, HETUTPOCKOITHYEC-
KU KPpUCTAJUIMYECKU T TMTOpOIIoK Genoro 1BeTa, 6e3 3anaxa, ynooeH
B 3KcIutyarauuu. ITnotHocTs ero 2,7 r/cM3, pH HachlleHHOro pa-
ctBopa 3,5—4,0. B Boxe pactBopsieTcs rtoxo. CaMblii AelIeBbIid U3
BCEX TEPEYUCIEHHBIX peareHTOB — (TOPUCTBII KaNbliMii, HO OH
HMeET KpaiitHe HM3KYIo pacTBopuMocTs B Boae (0,0016 r Ha 100 mn
mipu 25 °C).

YcraHOBKM (PTOPUPOBAHUSI O TEXHOJOTUM MTPUTOTOBJIEHUS pa-
CTBOPOB (hTOpCOEpXKAUIUX PEATEHTOB MOXHO KJIACCU(MUILIMPOBATD:
Ha YCTaHOBKH CaTypaTOPHOIO THUIIa; C paCTBOPHBIMU GaKaMH (C Me-
XaHUYEeCKOW MEIIaJKOH WM ¢ 6apOOTHUPOBAHUEM CXAThIM BO3IY-
XOM); C pacTBOPHO-3aTBOPHBIMU 0aKaMH; C MPUMEHEHHEM KpEM-
HedDTOPHUCTOBOIOPOTHON KUCTOTHI.

Ha ycTaHoBKax camypamoproeo muna B Ka4eCTBE peareHTa MmpH-
MEHSIIOT MOPOIIKOOOpa3HbIit KpeMHEDTOPUCTHIN HATPUI, KOTOPHIH
BBOASIT B BOAY Mepel XJIopupoBaHHueM. IIpeaBapuTebHO peareHT
3aMayMBalOT M pasMelINBalOT B €MKOCTH, a 3aT€M BbUIMBAIOT B Ca-
Typarop (nmpumepHo 1 pas B cMeHY). B ocHOBY paboTH caTypaTopa
ITOJIOKEH MPUHIAI 0ObEMHOTO BBITECHEHHS.

Bo ¢mopamopnbix ycmanoexax ¢ pacmeoprbimu bakamu B Kade-
CTBE peareHTa UCIOJb3YIOT KpeMHE(DTOPUCTHI HaTpUil. 3arpy3Kky
B 6aKM peareHTOB OCYIIECTBIISIIOT C ITOMOIIbI0O OYHKEPOB, 000pYI0-
BaHHBIX BUOpaTopaMu U Ho3aTopaMu oObeMHOro tTuna. s sydire-
ro pacTBOpeHMs peareHTa 0akyu CHaOXeHB! MellIaJIKaMH C 4acTOTOM
BpatieHns 50—60 MMH™!, BO3BMOXHO NnepeMeIlMBaHUE CXATBIM BO3-
nyxoM. BpeMs nepeMemimBaHus 2 4, BpeMsl oTcTanBaHus 2 4. KoH-
LIEHTpAaLMs pacTBopa peareHTa B 6akax ocrasisier 0,05 % no ¢ro-
py wiu 0,008 % no yucToit comu.
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DPmopamopHsle YCMAHOBKY ¢ 3aMEOPHO-PACMEOPHbIMU OaKamu CO-
CTOSIT U3 CUCTEMBI 6AKOB: 3aTBOPHOI'O, IBYX PACTBOPHBIX U JO3UPY-
fotero 6aka, cHabXeHHOTO TIOTJIABKOBHIM KJIaMTaHOM. 3aTBOPHBIi
U pacTBOPHEIE GaKW 0GOpPYIOBaHBI 3JIEKTPOCMECUTETAMU. PacTBo-
pstioT (bTOPUCTBIN HAaTpuit B Boae, Harperoi no 75—80 °C.

Tlpu npumenenuu 8 %-noili kpemuedmopucmogodopooHoli Kucaonot
OHa M3 aBTOMOOUJIBHOM MU XeNEe3HOAOPOXHOMI LIUCTEPHBI, B KOTO-
PO TPaHCITOPTHUPYETCS, C TOMOIIIBIO BO3YXOIYBOK TepeaBuBaeT-
Cs B CTAIMOHAPHBIE CKJTAACKHE LIMCTEPHBI, a U3 HUX TIOCTYyNaeT B
0ak-MEepHUK, OTKYZa 3XEKTOPOM J03UPYETCS B BOIY.

B 3apybexHoit mpakThKe (TOPUCTbIE COEAWHEHHUS] BBOASITCS
B BOAY B CYXOM BHUJI€ — HEMOCPEICTBEHHO MOPOIIKOM, CYXUMH J10-
3aTopaMH, 4epe3 pacCTBOPHYIO KaMepy WM B XUIKOM BUJlE — J03a-
TopaMM i pacTBOpoB. [lepBhlit crtocod 0OBIYHO peanu3yloT Ha BO-
JIOOYUCTHBIX KOMILIeKcax OONbUION MPOU3BOAUTENBHOCTH, BTO-
poit — Ha yCTaHOBKax Majioil TPOU3BOAUTEIBHOCTH.

Hns o6echToprBaHUS BOALI MOXET OBITh MCTIOJIB30BAH Psl Me-
TOMOB.

1. Memod copbyuu ¢mopa ocadkom eudpokcuda AAOMUHUA UAU
MaeHus, a makxce gocpama kanvbyus, KOTOPHI 11e71€CO00pa3HO TIPH-
MEeHSATh IMpH 00paboTKe IMTOBEPXHOCTHBIX BOJ, KOTIa KpoMme oGec-
(TopuBaHUsI TpeOyeTCs ellle MX OCBETJIEHUE M obOecliBEeYMBaHUE.
BMecTe ¢ TeM METOI UCIIOIB3YETCsI IS 00pabOTKU MOA3EMHBIX BOJL
MTPpY HEOOXOTUMOCTH OJHOBPEMEHHOTO YMSITYEHMST BOJIBI peareHT-
HBIM MeTonioM (puc. 5.32, a).

Hccnenosanus, BeinonHenHsle B MI'CY (I'.H. Hukonanze u np.),
1oKas3aju, 4To Mpolecc copOounu ¢pTopa cBeXeoOpa3oBaHHBIM THII-
pokcuaoM Maruus rpu pH = 9 nporekaer ObICTPO U UHTEHCUBHO,
MPaKTUYECKHU HE 3aBUCUT OT TEMIIEpaTypbl M 3aKaHYWBaeTCs 3a
8—12 MiH, cCOpOLIMOHHAST CTTOCOOHOCTh TMAPOKCHIA MAarHUSI MOXET
OBITh UCIOJIb30BaHA O0JIee TTOJIHO MPOMyCcKaHUeM oOpabaTeiBacMOi
BO[IBI Yepe3 €ro B3BELIEHHBIN CIIOW.

PexomeHmyeMasi CKOpPOCTb BOCXOASIIETO IBUXKEHUSI BOJLI B OC-
Betaurenax — 0,2—0,3 mMm/c. BeicoTa ciios ocagka MpUHUMAaeTCs
2—2,5 M. BpeMs npeObIBaHKS BOJBI B CJI0€ KOHTAKTHOTO OCaaKa He
meHee 1 4. IIpu 3TOM pacxon MarHusi Ha ynajgeHue 1 mMr ¢ropa —
okoJio 30 Mr.

Ob6echToprBaHue BOIBI COMIIMHU ATIOMUHUS 11€J1€CO00pa3HO Mpo-
BOIWTDb MpH HU3KMUX 3HaYeHusIx pH = 4,3—5. B atoMm cayyae B ocan-
K€ TTPEUMYILIECTBEHHO HaXOOUTCS OCHOBHOM CyabdaT alloMUHUST —
AI(OH)SO, n yMeHblIaeTcd COAEpPXaHHWe TMIPOKCUIA aTIOMUHUS
Al(OH);, xotopsiit copbupyeT (PTOp B MEHbLIEH CTENMEHH, YEM
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AI(OH)SO,. IMpu Takux pH TpebyloTcsa MeHbIINE N03bl Cynbdara
amoMuHus: 25—30 Mr Ha 1 Mr ynansemoro ¢ropa.
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Puc. 5.32. Cxema nedropupoBanusi Boabl copOuHeii Ha
cBexkeobpa3oBaHHOM THAPOKCHAE amioMuHUs (a) W (UIbTPOBaAHHEM Yepe3
3ePHHUCTYIO 3arpy3Ky, 3apszKeHHYI0 cyibdaT-uonamu (6):

1, 7 — nopaya ucxomHoit U oTBoA AehTOPUPOBAHHOM BOIBI, 2 — BBOJ, pa-
cTBOpa M3BeCTH (coabl) U cyibdaTa amioMUHUsA; 3 — cMecuTenb;, 4 — oc-
BETJIMTEJIb CO CJIOEM B3BCLIEHHOIO 0CaJaKa; 5 — BBOA KHMCJOTHI Jisl CTabu-
JIN3alMK BOAbl, 6 — CKOpBIt duabTp; 8, 9 — 3apsanHas M paboyas Kame-
pbl cMmecuTensi; 10 — nonaua cynbdara amoMUHUA; [] — KOHTaKTHBII
oCBeTJINTENDb; 12 — pe3epByap cbopa nepsoro ¢unbrpara; /3 — OTCTORHHUK
NPOMBIBHOI Boabl; 14 — BBOX x/opa; 15 — pesepByap uMCTOM Boabl; 16 —
Hacoc
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Yoanenue pmopa u3 6o0dvt ¢ nomowsbto mpukanvyuiipocgpama ocHo-
BaHO Ha COpOLIMM CBEXeOoOpa3oBaHHBIM TpUKasbLMiiochaTom, Ko-
TOPBIN CBA3BIBAET UMEIOLIHIiCS B Bole (GTOp B MAJTOPACTBOPUMOE CO-
enuHenue — [Cay (PO,)4CalF,, Boimagatowee B ocanok. Pacxon tpu-
Kanbiuiidocharta Ha ynanenve 1 mr ¢ropa cocrapaser 23—30 mr.
Casa3bIBaHWE (hTOpa ONMUCHIBAETCS CEAYIOLIECH peakuneit:

3Ca, (PO,), + NaF + Ca(HCO,), - [Ca, (PO,)Ca]F, + 2NaHCO,,

CKOpOCTh BOCXOISILIETO NMOTOKAa BOJBI B CJ0€ B3BEIUEHHOTO
ocanka mpuaumaiwt 0,6—0,8 MmM/c. Conepxanue propa cCHUXKaETCs
¢ 5 mo 1 mr/n npu pacxonme peareHra 30 Mr Ha | MT ymajseHHOro
¢ropa.

B omucaHHBIX Cyyasix TeXHOJIOTHUYECKasi cxeMa nedTopupoBa-
HUS BOJABI C UCTIOJIb30BAHUEM COOTBETCTBYIOIMX PEAreHTOB BKITIO-
YyaeT BEpPTHKaJIbHbIE BUXPEBBIE CMECUTENIN, OCBETIUTENU CO CJIOEM
B3BEILIEHHOTO 0OCA/Ka M CKOpble (PUIBTPHI.

TexXHUKO-9KOHOMUYECKOE CPaBHEHUE TPEX PACCMOTPEHHBIX
COpPOLMOHHBIX CIMOCOOOB Ae(TOPUPOBAHUS BOABI ITOKA3aJlo, 4YTO
HauboJiee 1eaeco00pa3HO NMPUMEHSTD ISl YKa3aHHOUW LEJH TUAPO-
KCHJl MarHusl.

2. BJI. Oparunuckuit (HUM KBOB) u np. npeanoxunu obec-
dbTopuBaHNE BOIBI MemodomM KOHMAKMHO-COPOUUOHHOU KOazyAsyuu.
KoarynasiHT — cepHOKHUC/IbI aTIOMUHUI BBOAUTCS B BOAY HEMO-
CPENCTBEHHO TIepe]l KOHTaKTHBIMU OCBETJIMTENISIMU. MeToz nmpume-
HUM TIpM KOHUEHTpauuu ¢ropa g0 5 MT/j1, cepoBoigopoja 10
2 Mr/n, wenoyHocty ao 6 Mr-sks/a. Ha 1 Mr ynansiemoro ¢topa
pacxonyetcs ~ 80 Mr cynbdaTa amiOMUHUS.

3. Hepmopuposarue 800bi aKkmueUpOBAHHbIM OKCUOOM AAOMUHUA
(Oeghnroopumom) obecreunBaeT BHICOKUM 3dekT ynaneHust ¢propa
U3 TIOA3EMHBIX BOJ. 3€PHUCTBII aKTUBUPOBAHHBIN OKCHI aTlOMM-
Hus (3AOA) sBisieTcsi HauboJee nelieBbIM COPOEHTOM, MPOCTHIM
B MU3TOTOBJICHUHW ¥ EMKMM IO NomiomeHuo ¢propa. ITpn duiabtpo-
BaHUM 00pabaThIBaeMoi BoIbl CO CKOPOCThIO 5—7 M/4 yepe3 3A0A
MMPOUCXOIUT MOTrJiolleHUe ¢Topa COpOEHTOM B pe3yjibTaTe 0OMEHa
cynbdaT-nOHOB Ha (PTOp-UOHBI. PereHepalvsi cOpOeHTa MPOU3BO-
JIUTCS TIPOIYCKOM 4Yepe3 Hero 1—1,5 %-Horo pacTBopa cyjibdara
amoMuHusi. EMkocts mornomenust 1 r 3AOA cocTasisier 2—2,5 MT
¢TOP-UOHOB.

OrnurcaHHBINA NPOLECC OCYIIECTBISETCA Ha CKOPBIX HAMIOPHBIX WU
OTKPBITBIX (DWJIBTPAX MM KOHTAKTHBIX OCBeTIHTENSX (puc. 5.32, 6),
sarpyxeHHbIX 3AOA. TToMuMO (GUIBTPOB YCTAHOBKA MO YAAJIEHHIO
(Topa U3 BOIBI OJIKHA UMETh PEATeHTHOE XO3STMCTBO MIJIs1 IIPUTOTOB-
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JIEHUSI pereHepallMOHHBIX PACTBOPOB, OAKU JUTS BOMBI, UCTIONB3YEMOit
JUTSI B3PBIXJICHUST U OTMBIBKM COpOEHTA.

O6GecdTOprBaHWE BOABI MO JaHHOMY METONY XapaKTepu3yeTcst
HanObONBUIMM TEXHUKO-3KOHOMHYECKUM 3 (HEKTOM, TaK KaK cebe-
CTOUMOCTB 00pabOTKHY BOIBI 3[eCh MUHUMAJTbHASI TT0 CPAaBHEHUIO CO
BCEMM paHee pacCMOTPEHHBIMU METOJaMMU.

4. 1151 TTON3€MHBIX BOI, HE TpeOYIOIUX OCBETJIEHUS U 00eCLiBe-
YUBaHUSI, BOBMOXHO obecghmopusanue ¢ npumeHeHuem CUnbHOOCHO8-
Hbix aHuonumog. I10 SJKOHOMHUYECKUM COOBpaxXeHUSIM 3TO 11eJieco-
00pa3HO TIpH HEOOXOAUMOCTH OMHOBPEMEHHOIO OIIPECHEHUS
BOIBI.

5.17. O6opoT npombIBHbIX BOog U 06pabotka ocapka

B 1ensx oxpaHbl OKpyXaloilieil cpeabl U palUOHAJIBHOTO WC-
TTOJIb30BaHUSI BOJIBI HA BOJOOYMCTHBIX KOMIUIEKCAX MPUMEHSIOT T10-
BTOPHOE HCIIOJb30BAHUE BOJIBI MTOC/IE TTPOMBIBKY (DUIIBTPOBATEHBIX
COOpYXEeHU M 006paboTKy ocanka oT coopyxeHuit I ctyneHu oun-
CTKH M pEareHTHOTO XO3SMCTBa. DTOT 0CaNOK YTHIN3UPYETCS.

C 41MCTO 5KOHOMMYECKOH TOYKM 3PEHUSI 060POT MPOMBIBHOM
BOJIbI 0COOEHHO 2 dEKTUBEH MPU 3HAYUTEIILHOM YIAJIEHUU BOHO-
OYHCTHBIX KOMIUIEKCOB OT BOJIOMCTOYHWKOB WM NMPU OOMBIION pa3-
HU1IE OTMETOK MEXIY HUMHU. .

Tpu nByXCTymeH4aToil OYHCTKE Ha BOJOOUYUCTHBIX KOMIUIEKCAX
TPOMBIBHBIE BOABI OT (GUIBTPOB, NTPOMISA MECKOJIOBKY, TMOCTYNAIOT
B pe3epByap-yCpeAHUTENb, a U3 Hero 6e3 OTCTaWBaHUs WIH TIOCe
OTCTaMBaHUSI PABHOMEPHO TepeHaloTcsl B TOJIOBHOM y3€JT OYMCTHBIX
coopyxeHuil. IIp1 ouncTKe BOABI TOJIBKO (DMIIETPOBAHUEM TTPOMBIB-
HbI€ BOJBI 4Yepe3 MeCKOJOBKY MOCTYIAOT B OTCTOMHUKHU TTepUOIHU-
YeCKOTO0 ACCTBHS; BpeMsI OTCTauBaHUs 1 4, NO3bI MOJUAKPWIAMH-
na 0,08—0,16 mr/n. IIpu OoTCYyTCTBUM TIpeIBapUTENBLHOTO XJIOPUPO-
BaHUS 060POTHbBIE TPOMBIBHBIEC BOJIbI HEOOXOMIUMO 00€33apaXuBaTh
XJIOPOM 10301 2—4 Mr/I.

B TexHonmoruu o6pabGoOTKM MPOMBIBHBIX BOA U OCAaiKa Tpeay-
CMAaTPUBAIOT CJEAYIONINE OCHOBHBIE COOPYXXEHHUS: pe3epByaphl, OT-
CTOWHUKH, CTYCTUTENIM, HAKOITUTEN WIH TUTOIAAKH 3aMOPaXnBa-
HUS M TIOJCYILMBAHMS ocanka. JJomycKaoTcsa MeXxaHudecKoe 0be3-
BOXXWBaHUE U pereHepalus KoaryJssHTa U3 ocaaka.

Cryctutenu ¢ MeIJIeHHBIM TlepeMeITUBAHNEM UCTIOJb3YIOT IS
YCKOPEHUS YIUTOTHEHHUS OcaiKa U3 coopyXeHmni I cryneHn ouucT-
KW BOJBI M PEareHTHOIO XO35IMCTBa, a TAaKXXe Oocanka U3 OTCTOMHHU-
KOB TPOMBIBHEIX BOJI.
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ITponoaXUTENBHOCTb LIMKJIA CTYLIEHUS Ocaaka Ha paguaibHOM
OTCTONMHUKE-CrycTUTEeN e TpUHUMaloT 5—10 u,

HaxkonuTenmn npenycMaTpuBaOTCs TSI CKJIAAUPOBAHUST U 06€3-
BOXWBaHUST OCAIKa C yIaJeHUEM OCBETJIEHHOUN BOABI U BOABI, BhIIE-
JIMBIIIEMCST TPU YIIJIOTHEHWM ocanka. PacyeTHBIi rmepuon mist HaKo-
nuTest — 5 neT. B KxauecTBe HAKOMMUTENIEH UCTIONB3YIOT OTpaboTaH-
HbIe Kapbepbl, OBparu WM CIUTAHUPOBAHHbBIE TJIOLIAAKHN MTYOUHOMR
He MeHee 2 M. B GOJIBLIMHCTBE CJTydaeB TUTOLIAAKH YCTPAaUBaIOT HA
€CTECTBEHHOM TPYHTOBOM OCHOBAHUM C CUCTEMOU BOJOCITUBOB OT-
CTOEHHO BOABI W ApeHaxamMu u3 Tpyb6. Ha mpakTuke omgHy Kapty
3aTOJIHAIOT A0 TIpefesia, Mocjie 4ero B TeueHue 2—3 JIeT yMeHblla-
eTcs BaxHoCTh ocanka Ha 60—70 %. I1pu Takoi BIaXHOCTH Oca-
JIOK TTOTPYXAaIOT Ha CAMOCBAJIBI U BHIBO3SIT HA 3apaHee BHIOPAHHYIO
TEPPUTOPHIO.

IMnomanku 3aMopaxXuBaHUS 1Jisi 00€3BOXUBAHUS OcangKa yCT-
pauvBaloOT B paiioHaX C MEPUOAOM YCTONYUBOrO MOpPO3a He MeHee
2 MecsIlieB B TONy C TIOCHEAYIOIIMM €ro yIaJeHUEM B MecTa CKJia-
JIVPOBaHUS.

MoxXeT NpUMEHSTBCS U MeXaHWUYecKoe 00e3BOXXMBaHUE OCanKa
Ha GunbTp-Tipeccax Wiu BakyyM-dunbsTpax. s aToro Tpedyercs
TIpeBapyTeNIbHAS MOATOTOBKA 0CafKa, KOTOpasi 3aKJIIOYaeTcs B pa3-
pPYUIEHUM Tefieo0pa3Hoit CTPYKTYPHI TMAPOKCUAA aTIOMUHUS. XOPO-
it 3¢hekT gaetT npuMeHeHue u3pecTu. Mcnonb3osanue GunbTp-
Tpecca CYUTaeTCss SKOHOMUUHBIM JJist OCaIKOB CpefiHeil LIBETHOCTH
1 MYTHOCTH.

Jlng pereHepalluu KoaryiassHTa — cyiabdaTa aJioMUHUS TIPOU3-
BOJSIT 00pabOTKy ocanka CepHOM KucioTtoit. Pacxom KHCIOTHI
B CpenHeM cocTamisieT 3 Kr Ha 1 Kr okcunaa antomunus. [IpumeHe-
HHUe KUCJIOTHON 00paboTKu uMeeT orpaHudeHus. Hetlenecoobpas-
HO €€ OCYIIECTBJISATH JJisT BBICOKOUBETHBIX U BBICOKOMYTHBIX BOJ,
TaK KakK B ITEPBOM CJIyyae BOCCTAHOBJIEHHBIN KOAryJISTHT OyHET 3a-
IpSI3HEH PacCTBOPEHHBIMU OPTraHUUYECKUMM BeUIECTBaMU, 0OYCJIOB-
JIUBAIOIIMMHU 1IBETHOCTh, @ BO BTOPOM — OYJET UMETh HU3KOE CO-
JepxXaHWe TUAPOKCUOA allOMUHUS U OOJNbILIOH abCONIOTHBIN
00beM. TakXe BOZHUKAET ONMAacHOCTb PAaCTBOPEHUSI KMUCITOTOM TOK-
CHYHBIX 3aTPSI3HEHUN M3 ocalKa U mepexon UX B o6pabdaThiBaeMyo
BOJIY.

ITocne MexaHUYeCcKoro 06€3BOXUBAHUS BJAAXHOCTb OCAJIKOB CO-
crapnsger He MeHee 50 %. [To MHEHUIO CMELUAIUCTOB, JYYIIUM
CITOcO0OM OCTaeTCsl pa3MellleHUe 0canKa o TEPPUTOPUU TIPU CO-
OJII0OIEeHUH COOTBETCTBYIOLIMX YCJIOBUM: O€3BpPENIHOCTh COJEpXKa-
LIMXCSI B OCalKe BEIIECTB JUIs MECTHOCTH; BOMAA, IMPOHUKAIOIIast
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B K€K, OOJI2KHA UCTIAPATHCS; TOCIIE JOXIA KEK HE NJOJIXKEH ITpeBpa-
1HIaTbCA B CYCIIEH3UIO.

5.18. Crabunnusaumna soapl

CTabunbHOCT — OJMH M3 OCHOBHBIX TNOKa3zaTeseil KayecTBa
Boabl. Eciy ouMileHHAss BOOOMpPOBOJAHAS BOAA, IMPOXOAS IO CETH,
BBI3BIBAET KOPPO3HIO TpyO MM 06pa3yeT ocanok, TO €€ HeJlb3sT CUU-
TaTh YIOBJIETBOPUTEIbHOI 10 KauecTRy. HapyuieHue cTabuibHOCTH
BOJBI MOXET OBITh BBEI3BAHO HaMYUEM CBOOGOAHON YTJIEKWUCITOTHI
CO,, kucnopona O,, Hu3kum pH, nepeceleHHOCTBIO ee KapOOHa-
TOM KaJIbLUMSI WU THOAPOOKHUCHIO MarHHUsl, MOBBIIIICHHBIMU KOHIIEH-
TpalUsIMU CYJIB(HATOB U XJIOPUAOB.

CTaObuIBHOWM CUMTAaETCs BOIA, KOTOpasi He BBIAENSET U HE pa-
cTBOpsET ocaznka KapooHaTa Kanbuusd CaCO;. D10 CBOWCTBO Xapak-
Tepusyercs nokasarejeM crabunbpHocTH (C).

IToka3atenb CTaOMIBHOCTU BBIpaXkaeTcst

111
2w C=—2,
11, pH,

C=

roe I, u pH, — menoynocre (Mr-sks/n) u pH vcxonHoit Bowl;
I, u pH, — menoyHocts (Mr-sks/n) ¥ pH nocne HacwleHus
Bozansl CaCO;.

Ecnun nokasaTenb cTaBUIBHOCTH paBeH €IWHHIIE, TO BOAA CTa-
OMITbHAst, MEHBIIIE eANHUIIBI — arpecCHBHast, 60JIbIe eAMHULIBI —
CKJIOHHA K oTsioxeHHUIo ocagka CaCO;.

OnpeneneHue CTaOMIBHOCTH TIPOM3BOAUTCS B30AITHIBAHWEM
BoJbI ¢ KapboHaTtoMm Kanbuus CaCO,. Eciim Bona conepXur arpec-
cHBHYyIO yriekucnory, To CaCO; pacTBopsieTCsl M IEpeXOIUT B OU-
kapooHaT kansuusag Ca(HCO,),. B pesynbrare menounocts u pH
noseimarorcsa. Ecim ncxonnas Bona nepeceinieHa CaCO;, To OH OT-
JlaraeTcs Ha 3epHaxX BBEIEHHOTO B BoAy KapOoHara Kaubuusi, pH
Y HIEJIOYHOCTh TIPU 3TOM ITOHMXAIOTCH.

ITpu OTCYTCTBUM JaHHBIX TEXHOJIOTHUECKUX aHAIN30B CTaOWIIb-
HOCTb JIOITYCKAeTCST OIPEesiTh M0 3HAYeHUIO MHIEKCa CTaOUIbHO-
¢t (WM MHIeKca HachllieHus ) .

I=pH,—pH,,

rne pH, n pH,, — pH vcxonnoit Bonsl 1 pH ee mocie HachlleHHs
CaCo;,.
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pH,, paccUMTBIBACTCS HA OCHOBAHNM AAHHBIX aHATM3a BOJbI:
pH, = f(N—/, (Ca?*)—f, (1) + £, (P),

rae f; (9, f, (Ca?*), f; (1), f; (P) — GOYHKUMM COOTBETCTBEHHO
TeMIepaTypsl, coaepxaHus Ca?", LIeJOYHOCTH U cojecomepxKa-
Hud. IIpy X BBIYUCIEHUN MOJB3YyIoTCcS HOMoTpamMamu CHull
2.04.02-84.*

ITpu moxncyere MHAEKCA CTAOMJIBHOCTH IJisl BOIBI Tocie obpa-
0OTKM ee MHHEPAJNbHBIMU KOaryJassHTaMu onpeaensiioT pH Boabl
rocJie koarynsuuu rmo Homorpamme CHwull 2.04.02-84* ucxons u3
3HAYEHUM TeMIepaTyphbl, OOIIEro cojiecoaepXaHus, IEJOYHOCTU
¥ KoHUeHTpauuu B Heit CO,.

[IenoynocTs Boabl ¥ KoHUeHTpauuio CO, mocie Koaryisuuu
MOXHO OMNpeneuTh Mo hopMyiam:

i, =11, —%“—, MTI-3KB/JI;

K

[CO,], =[CO,], +44%"—, Mmr/im,
K
rae I, — menoyHoCTh BOABI A0 Koarynsuuu, Mr-aks/i; [CO,], —
KOHILIEHTpalMsl YIJIEKUCIIOTBI JO Koaryasiuuu, Mr/i; J, — no3a Ko-
aryJsHTa B repecyete Ha 6e3BOIHBIN MPOLYKT, MI/JI; €, — 3KBUBa-
JICHTHas1 Macca 0e3BOJIHOTO KOaryJisHTa, Mr/Mr-3kB; 44 — 3KBUBa-
nenTHas mMacca CO,, Mr/Mr-3kB.

IIpu ongHOBpeMeHHOI 00paGoTKe BOABI KOAryJISTHTOM M XJIO-
pOM B TIPUBEICHHBIX BhllIe ¢GopMysiax HeOOXOAUMO YUUTHIBATh
B3aMMOJENCTBUE XJIopa ¢ TMApoKap6oHataMu Boabl. [Ijig 3Toro
B nepBoif dopMyse U3 HaliIeHHOTO 3HAYEHUS CJielyeT BBIUECTh
xsoprniorsiontaemocts Boawl (XIT), a Bo BTOpoit ¢popmyse moba-
BUTH 44(XII).

CrabmiIM3allMOHHY10 06paboTKy BOABI HEOOXOIMMO ITPOU3BOIUTD
TPY OTPULIATEJIBHOM WHIEKCE CTaOUIBHOCTU Oojiee 8 Mec B rony
M TIPY TIOJTOXUTEIBHOM MHAeKce cTtabunbHocTH (1 > 0,5) B TeueHMne
8—10 mec.

IIpu oTpuLIaTeILHOM MHIEKCE CTaOMJIBHOCTH OHA 3aKJII0YaeT-
cs B TIOAIIEIAYMBAHUM, DUITBTPOBAHUM Yepe3 MPAaMOPHYIO KpOUI-
Ky MM MarHomaccy uiu B ypanenun CO, aspuposaHueM. Ilpu
3TOM MpEeayCMaTPUBAETCS CO3MaHUE YCIIOBUH MJIT 06pa30BaHUsI
3alIUTHON KapOOHATHOM MJIEHKU Ha BHYTPEHHEW IMOBEPXHOCTU

TpyoO.
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B kauecTBe MoJIeayuBalOLIMX PEAreHTOB UCTIONB3YIOT U3BECTD
Ca(OH), unu cony Na,COj:

CaO + 2CO, + H,0 = Ca(HCO,),;
Na,CO, + CO, + H,0 = 2 NaHCO,.

Cony npUMEHSIOT B TOM CJiydae, eCJIM B BOJE COIEPKATCS MOHBI
Ca?* B KOJMYECTBE, JOCTATOYHOM JIsi 0Opa30BaHUS 3aLIUTHOMN
TUTEHKHW KapOoHaTa KaJIbIIUS.

IlleoyHBIE peareHTHI CJIEAyeT MOAaBaTh B OYMILEHHYIO BOMY Ie-
pell BTOpUYHBIM XJIOpUpOBaHHeM. BO3MOXHO UX BBEIEHHUE U B MPO-
Liecce OYUCTKH, €CIIM 3TO HE YXYIILIAeT TEXHOJIOTUYECKOTO Mpolecca
M He CHUXaeT 3(P(HEKTUBHOCTH CTAOWUITU3aLIMOHHOI 00paboOTKK BOJBI.

Crabunu3auunio BOIbI, CoAepXallleil arpeCCUBHYIO YIJIEKUCIIOTY,
TaKXe TIPOU3BOAAT (PMIBTPOBAHUEM Yepe3 MPAMOPHYIO KPOIIKY
CaCOj;, nnn ponomur CaCO;-MgO, nin 060XKEHHBIH MarHe3uT
MgO. IIpu 3TOM CaMOTIPON3BOJIILHO YCTaHABIMBAETCS KApOOHATHOE
paBHOBECHE:

CaCoO, + CO, + H,0 = Ca (HCO,),.

DOubTPhI 3aTPyKalOT KPOLIKOMH MepPeYNCIeHHBIX BhIIIE MaTepH-
ajoB ¢ pa3MmepoM vactuil 0,5—3 MM, BBICOTY CJIOST IPUHUMAIOT IO
2 M, CKOpOCTb (DPUJIBTPOBAHUS Yepe3 MPAMOPHYIO KPOIIKY — IO
10 M/4, yepe3 MmarHoMaccy — 10—20 M/4. OUNBTPBI MEPUOAUYECKU
JOTPYXAaIOT 3epHUCTBIM AKTUBHBIM MaTepPUAIIOM, TOTIOJNHSS €To
pacxon Ha cTaOMIU3aIMOHHYI0 00paboTKy BOIbI. s CBA3BIBAHUS
1 Mr arpeccuBHOrO OoKcHaa yraepona (IV) pacxonyercst 2,3 Mr mMpa-
Mopa, uin 1,1 Mr MarHOMaccHl.

st ocBeTAEHUS U CTAOUTU3aLUU MOTYT OBITh TPUMEHEHBI KOM-
OMHMpOBaHHbBIE (UIBTPHI, 3arpy>XeHHbIe TIECKOM U MPaMOPHOM
KPOILKOA.

Ynanenue usbpitouHoro koauyecrsa CO, MpoOM3BOAUTCA Ha BEH-
TUJATOPHBIX TPAAUPHSX C IEPEBSIHHON XOpAOBOM HACaIKON WIM Ha-
cankoit u3 koJjiel, Paumra. Harpy3ka Ha rpaIvpHIO B TTIEpBOM CITy-
yae coctasiseT 40, Bo BTopoM — 60 M3/(M2 . u), pacxox Bo3myxa
npuHumMalor 20 m3/M3 Boxel. OcratouHoe conepxaHue CO, B Boxe
nocne rpafupHu — 8—10 mr/m.

IIp1 MONOXHUTEIBHOM UHIEKCE CTAOMIBHOCTH BOAY CTAOMIN3U-
PYIOT TOAKHUCIEHUEM, UCITOJb3ysl paCTBOP CEPHON WJIU COJITHOM
KHCJIOT:

Ca(HCO,), + H,S0, = CaSO, + 2CO, + 2H,0;
Ca(HCO,), + 2HCI = CaCl, + 2CO, + 2H,0.
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Taxcke MOryT ucnonbs3oBaThcs dhochaTHbIE peareHThl: TeKcaMeTa-
¢docdar xNa,O - yP,Oy (1 < x/y < 1,7) nnu tpunonudocdar HaTpus
Na,;PO, - 12H,0.

B 3TOM cityyae TIpy UCITOJIb30BAHWU BOMIBI JUISI TTUTHEBBIX LI
OCTaToYyHOe cofepxaHue docdar-noHoB B coorBeTcTBUU ¢ CaHlTuH
He TOJIXHO MpeBbIIaTh 3,5 Mr/I.

I'ekcameradochar unu tpunoaudocdar HaTpUs MPUMEHSIOT
IJ1s1 60pBOBI ¢ KOPPO3UEH CTATBHBIX M YYTYHHBIX Tpy0. OOpaboTKy
BOJbl 3TUMM peareHTaMU cJiefyeT TPOBOAUTD MOCTOSTHHO 10301 10
3,5 mr/n. X meiicTBUe TpOSIBNISIETCS B 0O0pa30BaHWM 3alIHUTHBIX
MJIEHOK Ha MTOBEPXHOCTU METAJIa U TOPMOXEHUU KOPPO3UOHHOTO
npotiecca. I1py BBoAe B 3KCILTyaTallMIO HOBBIX YYaCTKOB TpyOOIIpo-
BOJOB NpeIycMaTpUBAIOT UX 3alojHeHWe Ha 3—4 CyT pacTBOpOM
yKa3aHHBIX peareHTOB ¢ KoHuUeHTpauuei 200—300 Mr/a (B nepecue-
Te Ha P,37) ¢ mocieayowmM cOpocoM 3TOro pacTBOpa U MPOMBbIB-
Ko TpyOOIpoBOIOB BOJOM, coaepxauiei ocdarsl B KOITUYECTBE,
HEe0oO0XOAUMOM [IJisl TOCTOSTHHOM 00paboTKM.

Bo u36exaHue CyleCTBEHHOTO MOBBIMIEHUS KOPPO3UOHHOM aK-
TUBHOCTHU BOABI 11€JIECOO00PA3HO BMECTO CEPHOKHUCJIOTO aTlOMUHUS
HCITOJIb30BaTh OKCUXJIOPUI ATIOMUHUS WIW THAPOAJIIIOMUHAT Ha-

TpUSL.

5.19. KomnakTHOoe BOaoouYucTHOe obopyaoBaHue

B mociienHue roabl, HECMOTPSI Ha OTpeleeHHbIE TPYIHOCTH
B 9KOHOMUKE, MTPOMBILIJIEHHOCTH U KOMMYHQJIbLHOM XO3STMCTBE, Ha-
OsiroaeTCsl 3aMETHOE TIOBBIIIIEHUE MTPAKTUUECKOTO MHTEPECA K KOM-
MaKTHBIM BOJOOYMCTHBIM YCTAaHOBKAaM XO03SIHCTBEHHO-TIUTHEBOTO
Ha3HAYEHMS.

PazpaboTaH psii TEXHOJIOTUYECKUX CXEM U KOHCTPYKTUBHBIX pe-
LIEHU 11 KOMIAKTHBIX CTAHUMIA U YCTAHOBOK 3aBOJICKOIO M3ro-
TOBJIEHMSI, TTIO3BOJISTIOIIMX B KOPOTKHE CPOKU pellaTh 3agayu obec-
TeYyeHUs BOJON pa3HOOOpa3HbIX OOBEKTOB, B TOM YHUCJIE OTAEIbHBIX
3[aHUIA, TIOCEJTKOB CEJTLCKOTO U FOPOACKOTO THMA M T. A., TIPYU ra-
PaHTHUU HaAEXHOCTH, KayeCcTBa OYUCTKU BOABI U MUHUMAJIbHOTO
o0beMa 00CTy>XKUBaHMUSI.

CTpOMTEJIbCTBO MaJIbIX BOJOOYMCTHBIX KOMIIJIEKCOB, COOpYXa-
€MBIX HETOCPEJCTBEHHO Ha MecTe Mo pa3paboTaHHBIM THUIIOBBIM
Y MHAVUBUAYAJIbHBIM MPOEKTaM, COTIPSIKEHO C 00Jiee BHICOKUMHU 3KC-
TJTyaTalMOHHBIMU 3aTpaTaMU, IJIMTEbHBIM CPOKOM U HU3KUM Ka-
YECTBOM CTPOMTEJILCTBA.
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M3 ycTaHOBOK Ge3peareHTHOTO THMa HauOOJIBIINN HHTEPEC TIpe/I-
cTaBisiioT yctaHoBkM «ITnot-punstp», OUCHU, ASHUUBII, «Ctpysi»
(MoxeT paboTaTb U B peareHTHOM pexume), «dedeppurs, «PorHUK-
3M», «30Y-HUUTIM-25 M», HUMMH, a u3 ycTaHOBOK peareHTHO-
ro tuna — Jou¥YI'U, «Bnara», BHUWI'u M, IIHHUHA MIIC. B atux
annaparax NMpUMEHSIOTCS HOBBIE TEXHOJIOTHUYCCKUC TPOLIECCH M HO-
BbI€ KOHCTPYKTHBHbBIE 3JIEMEHTBI, TAKME, KAK OCBETJIEHHE BOAbI B TOH-
KOM CJioe, B TUAPOLMKIIOHAX U aKyCTUUYECKUX (DWiIbTpax, (pUabTphI
(MHOTOC/IO¥iHBIE, MHOTOTIOTOUHBIE) C HOBBIMU (DUIILTPYIOLLIMMHU 3ep-
HUCTBIMM MaTepuaiaMu, 2JeKTPOKOAryJISITOPEI, SJICKTPOIU3EPHI, 3JIeK-
TPOMUATU3ATOPBI, YCTAHOBKH DAKTEPHIIMAHOIO OOIyYeHUs U T. M.

== == 43

Ve, p. L

——

=0 1
1
J/

|
12 A

Puc. 5.33. CxeMbl YCTAHOBOK 3aBOJCKOi roToBHocTH «Biara» (a)
u «Ctpys» (0):
1, 10 — Hacocht Momayu UCXONHOI 1 06paboTaHHOI BOALI; 2, 7 — CETYAThIN
U 3EPHUCTBIN CKOPbIH GUIBTPBL; 3 — BEPTUKANBHBIA CMECUTEb-A€a3PaTop;
4, 5 — 0aku KoaryjastHTa U (JIOKY/ISHTA;, 6 — TOHKOCJIOMHbBIH OTCTOMHHK,
COBMEILLEHHBIH ¢ KOHBEKTHBHOW KaMepoil XxjonpeoObpa3oBaHud; § — arma-
paT o0e33apaxXuBaHUsl BOAbl; 9 — pe3epByap 4MCTO Bombl; // — Hacoc mo-
a4y MPOMBIBHOM BoAbl; /2 — 0aK U3BECTKOBOro pactsopa; /3 — 6ak pa-
CTBOpa NMoBapeHHOM cosu; /4 — BonoHaropHas OalrHs; 15 — OTBOX BOIBI
rnorpeburento; /16 — annapaT «IToToK» LIS MOSyYeHKs TUITOXJIOPUTA HATPHA
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HanopHas ¢unbTpoBanbHas ycraHoBKa «Jledeppur» obecrieym-
BaeT OYMCTKY BOIBI OT KeJie3a (IIPU ero UCXOMHON KOHIIEHTpaLUN
no 15 mr/m), mapranua (mo 0,5 Mr/n), xene300akTepuil U pacTBoO-
peHHbIX ra3oB. ITpoussoautenbHOCTh ycTaHOBKU OoT 100 mo 1600
(Bo3aMoxHO 110 8000) mM3/cyT.

a) 4

1ty

>
<
@ &
3
-«
“: "Iil

17

n b f J IA] e 15
— L/
AN (0 f_ S

1 16 7
Puc. 5.34. Cxema ycranosku A3SHUH BII «Crpys» (e) u BHUWUT'uM (6):
1 — nacoc I nombeMa; 2 — nonaya peareHTos; 3 — Hacoc-go3arop; 4 — pe-
areHTHOE XO3SMCTBO; 5 — TOHKOCJIONHBIN OTCTOMHMK; 6 — BJEKTPOJIU3ED
IUTSL 06€e33apaKMBaHUs BOAbI; 7 — HAMOPHBIA CKOPBIH GUIBTP; § — pesep-
Byap 4YucTOM BOAbl; 9 — mpombiBHON Hacoc; /0 — ruapouukinoH; /71 —
3JIEKTPOKOArynsiTop; 12 — BO3myxooxjanuTenb; 13 — caMONpPOMBIBAIOLLIMI-
¢ ckopelit GunwTp; 14 — nHeBMaTHYeckuit 6ak; 15 — GakTepuuUMIHAs

ycTaHOBKa; 16 — anekrpoHacoc; /7 — oTBon o6paGoTaHHOi BOabI

besHamopHbie ycTaHOBKM THNA «Bnara» (puc. 5.33, @) TexHos10-
TUYECKU aHAJIOTUYHBI ycTaHoBKaM «Ctpysi» (puc. 5.33, 6), HO uMe-
10T 6OJIBIIYIO IIPOU3BOAUTENBHOCTE: 1,6; 3,2; 5,0; 8,0 ThIC. M3/CYT.
OHM MOTYT OBITh UCTIOJIB30BaHBI HE TOJILKO JIJISI OCBETJIEHUS, obec-
LIBEYMBAHUS, A€3010palluM U 00e33apaxXMBaHUSI BOABI, HO U JJs
obe3xeyie3uBaHus, NeHTOPUPOBAHUS U YMITYEHUs. YCTAaHOBKM
«Bnara» IpUMEHUMBI TP MYTHOCTH MCXOAHOI Bombl mo 1,5 r/m;
uBeTHocTH o 300 rpanm; comepxXaHuu xesne3a g0 40 mMr/i, cepoBo-

263



nopoaa no 20 mr/n; okucasemoctu 1o 30 mr O,/n; pH He Huxe 5,8;
colepXaHuu cBoOOAHOro AMoKcuaa yriaepona no 150 mr/m, ¢rtopa
10 5 Mr/n, obleit XecTKocTH A0 15 Mr-akB/Jj, KapboHATHOM XecT-
KOCTH 10 8§ MT-3KB/1.

Hanopnas ycranoska «Ctpysi» HUM KBOB BbITTyckaeTcs rmpo-
u3BoauTteabHocThio 100, 200, 400 u 800 M3/cyT U1 BOI MYTHOCTBIO
1o 5 t/n (a ¢ Bogozabopom ocsetauteneM «Ilnor» — mo 15 r/n),
J060# LIBETHOCTU; C codepxXaHueM ¢ropa A0 S Mr/m; xeje3a 06-
mero a0 S0 Mr/n u obieit XecTKocTbio 10 20 MI-3KB/J.

TexHoJIOrM4ecKre cXeMbl 00eMX YCTAHOBOK BKITIOUYAIOT CETYAThIE
(GUABTPBI, TOHKOCIONHBIE OTCTOMHUKH, COBMENICHHBIE C KaMepaMU
XJIOMbeOOPa30BAHUS TUIPABIUUECKOTO THIIA, CKOPBIE 3€PHUCTHIE
(unbTphI, annaparbl 06e33apaxKUBaHUS BOIbI, HAIJIeXalllee peareHT-
HOE XO3SIHCTBO U HACOCHBIE YCTAHOBKH.

Hanopnast ycranoska A3HUHM BIT «Crpysa» (puc. 5.34, a) Mo-
XKeT MPUMEHSATHCA KaK B peareHTHBIX, TaK U O0e3peareHTHBIX CXeMax.
B Heit mpuMeHeHbl HOBast KOHCTPYKIIUSI KaMephl XJIOMbeoOpa3oBa-
HUS 3aHUTAMJIEHHOTO TUMAa U CKOPBIM (GUAbTP ¢ Oojlee aKTUBHOM
dbunpTpytoueit 3arpy3koit U3 KIIMHOMTUJIONNTA.

~N

Puc. 5.35. Cxema BonoounctHoit yctanosku bBY-1 (a), OUCH (6),
BH®-HUMMHU-3 (s):
1, 8 — Hacocsl 1 v 1l noabeMa; 2 — 3alinTHBIE ceTKU; 3 — BJIOK I'MIPOLIMK-
JIOHOB; 4 — npeduabTp; 5 — cKopble PUIBTPLI; 6 — ycTaHOBKa JUISl 06e3-
3apaxKMBaHUsl BOIBI;, 7 — pe3epByap YMCTOM BOAbI; 9 — MPOMBIBHOW HAcoc;
10 — orson 06paboTaHHO# Boabl, /] — 6aK NPOMBIBHOM BOAbI; 12 — KJa-
NaHbl 0OpaTHbIe NOoaAbEMHbIE; 13 — 3anopHble MOMJIABKOBbIE KilanaHbl, 14—
bunstp BHO-HUMM-3; 15 — perynsitop ckopocTH (HUIBTPOBAHUS
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Puc.5.36. Ilepensukuas Bonooyucruas ycranoska BHUUTuM
npoussoauTeNbHocThiO 0,5 M3/y:
1, 2, 6 — yronbHbIii, MIOHUTOBBIII U OCBETIUTENbHBINH DUABLTPLI; 3 — BO-
NOBO3YyIUHbIH pe3epByap; 4 — anekTpoctaHuusi «Kues-2»; 5 — Buxpe-
Boit Hacoc BCH-1; 7 — snekrpokoarynarop; 8§ — GakTepulMaHas ycra-
HoBka OB-III

B nanopHoit pearentHoii yctaHoBke BHUHWUTuM (puc. 5.34, 6)
HCMOJIB30BaHbl JEKTPOKOATYSITOPBI MTPOTOUHOTO THUIA U CAMOTIPO-
MBIBAIOUIMICST CKOPBIH PUILTP C aHTPALIUTOBOM 3arpyskoii. B kaue-
CTBE NMPEIOYUCTKU NMPUMEHEH THIPOLMKIOH, a 00e33apaxuBaHe
BOZbl IOCTUTAETCS Ha DaKTepuLMIHOM yctaHoBKe OB-1mm.

HanopHsie 6e3peareHTHbie ycTaHOBKUM BBY-1, OUCH u BH®D-
HUMM-3 (puc. 5.35, a—6) OCHOBAHLI HA UCIMOJIB30BAHUU ABYXCTY-
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rnmeHyaroro ¢GuIbTPOBAHUS Ha arraparax ¢ 3€pHUCTOMN 3arpy3Koit
pa3Hoit kpynHocTH. [1pn HEOOGXOAMMOCTH B Ka4eCTBE MPEIOYUCTKU
MpeaycMaTpUBaIOT CeTYaThiec (GUIBTPHI WIU TUIPOIUKIOHBL.

Ocoboro BHUMaHMUSI 3aCy>XKMBaeT HaMmopHast NMepeaBIKHAs ycTa-
HoBka BHUMNTUM c cobGcTtBeHHOU anekTpoctaHuueit «Kues-2»
(puc. 5.36) npousBoautenbHOCThIO 0,5 M3/4. YHUBepcaabHast Tex-
HOJIOrMYecKasi cxeMa yCTaHOBKM TIpeyCMaTpHUBaeT HE TOJNBLKO OC-
BeTJIeHUE, obeclBeUnBaHUe, 00€33apakiBaHNe BOMIBI, HO U ee J1e30-
Iopaluio U onpecHeHue. [TomoOHBIE arperaThl TIOJYYUIU PacIpo-
CTpaHEeHUE B BOJOCHAGXEHUM XKMBOTHOBOMYECKUX KOMITJIEKCOB, Ha
OTTOHHBIX MACTOUILAX U TIP.

5.20. NMpoekTupoBaHue CTaHUU BOAONOArOTOBKU

5.20.1. OcHOBbI BbIGOpa TEXHONMOIrMYECKUX CXEM, OTAENbHbIX
COOPYXEHUI, BXOAALWMNX B HUX, N peareHToB

Hoanwtii pacxod 6o0bt, MocTymnawlIeil Ha KOMITJIEKC BOIOIOATO-
TOBKM (), ONPENENSIOT C YUETOM PacXojia BOAbI Ha ero coOCTBEH-
HBbIE HYXIBI (MTPUTOTOBJICHYE MYJBITBI, PACTBOPOB M CYCITEH3UI pe-
areHTOB, NMPOAYBKA OCBETIUTENEN WIN OTCTOMHWKOB, yIajleHHE
MeHbl U3 (GIoTaTOpPOB, TIPOMBIBKA (PUIBTPOBABHBIX COOPYXEeHMUI
Y pe3epByapoB (UIBTPOBAHHOM BOIBI Y AP.) U JOMOJHUTEIBHOTO
pacxozia BOJIbI Ha BOCMOJIHEHHME MPOTHBOMOXapHOTO 3anaca Q, ..
CnenoBaresibHO, TIOJTHBII PacXoj BOMBI, TOCTYMAMOIIEH Ha BOAOOYH-
CTHOW KOMIUIEKC, OYAeT paBeH:

Qn = 0 Uakc.cyr + Qnon’

rIe o — KO3(p(MHULMEHT, C TOMOLIBIO KOTOPOTO ONPEAEIISIIOT PacXod
BOJBI HA COOCTBEHHBIE HYXIBI KOMILJIEKCa (71T KOMITJIEKCOB OCBET-
JIEHUs U obecLBeYNBaHUS, 00e3XeNe3uBaHusl, COpOLIMOHHOTO 0bec-
¢TopuBaHUsg npu 060poTe MPOMBIBHOM Boabl — 1,03—1,04; 6e3 no-
BTOPHOTO ucnoab3oBaHust — 1,1—1,14; s yCTaHOBOK yMSITYEHUS
Boael — 1,2—1,3).

JOnoNHUTENBbHBINA pacXod BOAbI Ha BOCITOJTHEHHWE MPOTHBOIO-
XapHOTro 3araca

e 7 — YUCIO OOHOBPEMEHHBIX MOXApPOB; g, — HOpMa pacxona
BOZIBI NpyW noxape no ykazanueiMm CHull, n/c; T, , = 3 — pacuer-
Hasl TIPOJOJIKUTENBHOCTD MoXapa, 4; 7T,,. — Nneproa BOCCTaHOBIIE-
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HUA MOXapHOTOo 3araca, 4 (st TOpoJIoB U NPEANPUATHI KaTeropui
A, B, B — 24 u, nnsa npeanpustuit kareropuit I'y I — 36 u, ana
CeNIbCKUX HaCeNEHHBIX MTYHKTOB — 72 4).

Bodoouucmuete komnaexcet ONMXHBL ObITh PACCYUTAHBI HA PaB-
HOMEpHYI0 paboTy B TeyeHHe CYTOK MaKCHUMaJbHOTO BOIOTIO-
TpebJeHUsI, MPU ITOM CIEAYeT MPEAYyCMOTPETH HEOOXOAMMOCTD
OTKJTIOYEHUS OTHEJbHBIX COOPYXEHUN Ha TEKYIIMIl peMOHT, OC-
MOTp M T. TI.

IIpn MpoeKTUPOBAaHUM BOAOOYHUCTHBIX KOMIJIEKCOB UX KOMMY-
HUKalLMK HEeoOXOAUMO pacCYMTHIBAaTh Ha BO3MOXHOCTb ITPOIYycKa
pacxona Bozabl Ha 30 % GoJiblile pacYeTHOTO, PYKOBOJICTBYSICH COO0-
paXkeHUSIMU UHTEHCU(UKALIUU UIIK PEKOHCTPYKIIUM BOTOOYMCTHBIX
COOPYXEHUM.

CocTaB BOJOOYMCTHBIX COOPYKEHUI 3aBUCUT OT Ka4eCTBa BOIbI
B UCTOYHUKE BOAOCHAOXEHUsI, TpeOOBaHUI, MpEaBbSBISIEMbIX K 00-
paboTaHHOI1 Boze, KOTOphIE O0YCIOBIIEHBI perlaMeHTaMH MOTpeOu-
TeJIsI, ¥ OT NMPOU3BOAUTETLHOCTH YCTaHOBKU. I1pM rmoaroroske Boabl
TMUTBEBOTO KaYeCTBA COCTAB BOAOOUYMCTHBIX COOPYKEHHUIT Ha3Hava-
ercst o CHull 2.04.02-84*. JonosHUTENBHO TpeOyeTCsl BKITIOUEHUE
B TEXHOJIOTMYECKYIO CXeMY MUKDPO(MDUIBTPOB, €CTN «1IBETEHHE» BOJBI
IUTUTCs G6osiee | Mec B rony M eCiid CpelHEMECIYHOe COIepKaHHe
mrankToHa 6osee 1000 kieTok B 1 M3 BOIBI.

IIpu BBIGOpPE TEXHOJOTHMUECKOM CXEMBI TaKXKe YUMTHIBAIOTCS
OITBIT 3KCIUTyaTallM¥ CTAHUUN B aHAJTOTUYHBIX YCIIOBUSIX U PE3YJib-
TaThl MPEABAPUTEIbHBIX TEXHOJIOTMYECKHX UCCIEIOBaHU.

Kak nokaszana nmpakruka, KjiaCCU4eCKHUe TeXHOJOTHYeCKHe cxe-
MBI C OTCTOMHWUKAMU M OCBETJIMTENISIMH CO CJOE€M B3BELIEHHOTrO
0ocajKa aloT XOpOIIUE pe3ysibTaTbli B OCHOBHOM TMPU OYMCTKE peu-
HBIX BOJ, B KOTOPBIX COAEPXKATCS TSKEJble TPyOOAMCIIEPCHBIE MTPU-
Mecu. IIpu oyncTKe BOI 03ep M BOAOXPAHUJIUIL, a TaKXKe PEK C Ma-
JIOM CKOPOCTBIO TEUEHUSI BOIBI, TPU OUMCTKE HU3KOTEMIIEPaTyPHBIX
BOJ1 Oonee BhICOKM 3G (PeKT MOXHO MOJYYUTH TpUMeHeHUeM ¢ito-
TallMM U ABYXCTyINeHYaToro ounkTpoBaHusi. C MOBBILIEHUEM LIBET-
HOCTH BOIIBI M OOIIETO CONEepPKAHUSI OPraHUYECKUX BEILIECTB pacTeT
poJIb peareHTHOI 06paboTku Boabl. BeicoKoa(hheKTUBHBIMHU, a Ya-
CTO U HEU30EXKHBIMU MOTYT CTaTh METOIbl OKUCIIEHUSI O30HOM, XJIO-
poM, COpOLIMOHHAS U OUOCOPOIIMOHHAsT TEXHOJIOTHS.

st CHYDXEHMST OKMCIISIEMOCTH BMECTO XJiopa Bo u3bexaHue 00-
pa3oBaHUS XJOPOPraHUYECKUX COEIMHEHUI Ha MPENOYMCTKE MOTYT
HUCTTOJIb30BAThCS OMOPEAKTOPHI.

PaccMOTpeHHBIe paHee TEXHOJIOTMUECKUE CXeMBbI (CM. pasn. 5.2)
COCTaBJICHBI UCXOMSI U3 ONITUMANIBLHEIX PEXWMOB IKCIUTyaTalluu OT-

267



JIeJIbHBIX BOJIOOYMCTHBIX COOPYXKEHUH U C yUETOM TEXHUKO-3KOHO-
MUUYECKHUX ToKaszaTesieit ux paboTel. Tak, coopyxXeHUs TpeaBapu-
TeJIbHOM 06pabOTKY BOMBI (OTCTOMHUKH, OCBETJIIUTEU CO B3BEIICH-
HBIM 0CalKoM, (JIOTATOPBI U JIp.) MOJXKHBI OCBETJISITh BOOY A0 CO-
JIepXaHus B3Beceit 3—12 Mr/m M CHUXATh €€ LIBETHOCTH 10 25—30
rpan. [Tpy 3ToM MUHUMAaIbHAS TTPOAOJIKUTEIBHOCTh PA0OThI BEPTU -
KaJIbHOTO OTCTOMHMKA JOJIXHA OBITh HE MeHee 6 4, TOPU30HTAIbHO-
ro — 12—24 4, ocBeTsinTeNneit co B3BEUIEHHBIM OCagKoM — 3—12 4
MEXIy BBITYyCKaMM OCalKa.

Ecau MytHOoCTh o6pabatsiBaeMoit Boasl Gonbiue 1,5 r/a, To
HeobX0MUMO TpeaycCMaTpUBaTh COOPYXEHUS MpPEaBapPUTEIbHOTO
0e3peareHTHOTO OCBETIIEHUSI, BEHIOOP KOTOPBIX OOYCIOBIEH XapakK-
TEpOM B3BECU U NMPOU3BOIUTEIBHOCTHIO BOJOOYUCTHOTO KOMII-
siekca. OOBIYHO IS 3TOHW II€JIM UCTOJB3YIOT TOPU3OHTAJIbHBIE
WIA paavajibHble OTCTOMHUKH, THUAPOLIMKIOHB U BON03a00pbHI-
OCBETJIUTENH.

ITocne Toro Kak HaMeueHa TEXHOJOTHMYECKasi CXeMa OUYMUCTKH
BOJbI, AEJIAETCS BHIOOP KOHCTPYKUMI OTAEIBHBIX TEXHOJIOTMYECKUX
COOPYXEHUM, YTO ABJISETCS CJIOXHOW M OTBETCTBEHHOM 3amadeid.
HanpuMep, ripy npoeKTUPOBAHUHU YCTAHOBOK C OCBETIIUTENISIMU CO
B3BELIEHHBIM OCaJKOM WJIM C KOHTAKTHBIMU OCBETIUTESMHU TIpe-
MOYTEHUE CJIEAYET OTAABATh BEPTUKAJIBbHBIM CMECUTENSIM, KOTOPHIE
obecrieymBaloT He TOJBKO TpeOyeMoe CMeIllleHUE peareHTOB C BO-
JIOi1, HO U BO3AYXOyHdaJeHUE, YTO HEOOXOAUMO IJIST HAIEXHOM pabo-
THI YKa3aHHBIX anmnapaTtoB. CielyeT npeaycMaTpUBaTh paccpeioTo-
YEHHBIN BBOJ PEareHTOB.

IIpyn ynajeHUn M3 BOJBI TUTAHKTOHA CJIEAYET MpeaycMaTpUBATh
MUKPODUITBTPHI, WIN IPUHUMATD TEXHOJIOTHIO C (DJIOTATOpAMHM, UJITH
Ha MepBOM CTyrneHn GUIBTPOBATh BOJY Yepe3 MJIaBaloUIyIo MOJH-
MEPHYIO 3arpy3Ky.

B cnyyae ne3omopauuiv BOOBI C MCMOJb30BaAHMEM YTOJbHOM
MYJIBIIBI WM CUJIBHOTO OKUCJIUTEJS B HAyaJie TEXHOJOTHYECKOTO
TpakTa cjeayeT MPUHHUMAaTh B KadyeCTBE BXOIHOIO YCTpOMCTBa
KOHTaKTHBIHA pe3epByap, a NMpH AJUTEJBHOM MepHoae Ae3010pa-
LIMU — YTOJIbHbIe (UIBTPBI, pacrojiaraeMble MOCTE OCBETIUTETh-
HBIX.

IIpu KoarynmpoBaHMHU MpPUMECEH BOOBI B YCIIOBUSIX HU3KHX TEM-
nepaTyp, a TaKXe IPU €€ PeareHTHOM YMSTUYEHUM CIIEAYET MUCITONb-
30BaTh coiu Xeye3a. {51 oGecliBeUMBaHMUST BOJIBI PEKOMEHIYIOTCS
B KQUeCTBE KOaryJssHTa COJU aJIlOMUHUS (WM UX CMECh C COJIAMHU
JKeJjie3a), 030H U aKTUBUPOBaHHAs KpeMHHeEBas KUCIIOTA.
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5.20.2. BbicoTHasa cxema y NJ1aHNPOBKA BOJOOUYNCTHDLIX
COOpYXeHui

BBICOTHOE pacnosioxeHre OYUCTHBIX COOPYXKEHUM NOJXKHO obec-
MEeYMBaTh CAMOTEYHOE ABUXXEHUE BOAbl OT HAUBBICILIEH TOUKHU TEX-
HOJIOTMYECKOM CXEMBI 10 pe3epByapa YMCTOU BOIHI.

Haussiciieit TOUKOit 0GBIYHO SBJISIETCSI MAKCUMAJIBHBIN YPOBEHD
BOIIBI B MUKPOGUIBTPaX WU B cMecUTeNsIX. OTMETKH YPOBHST BOABI
B COOPYXXEHHUSIX PACCUMTHIBAIOT UCXOSI U3 MOTEPh HAlOpa B COOpY-
KEHUSX 1 B KOMMYHUKALUUAX NP MaAKCUMabHOM TTPOU3BOIUTEIb-
HOCTM cTaHUMHU. OpUEHTUPOBOYHBIE TTOTEPU HATIOpPa B COOPYXKEHU-
X U KoMMyHUKauusix npuseaeHsl B CHull. 3a HyneBylo OTMETKY
MPUHUMAIOT MAKCUMaJIbHBIM ypOBEHb BOABI B pe3epByape YMCTOM
BOIBI, KOTOpast KonkHa ObITh Ha 0,25—0,5 M BHILIE MOBEPXHOCTH
3eMiad. [Janee myTeM IocaeqoBaTeIbHOTO CYMMHPOBAHUSI TTOTEPh
HaTopa OMNpeHesiioT OTMETKU YPOBHEHN BOABI B OCTAJIBHBIX COOPY-
XeHusx (puc. 5.37).

Ha BBICOTHOIT cXeMe BOZOOYMCTHOTO KOMILJIEKCA ITOMUMO OC-
HOBHBIX TEXHOJIOTHUYECKHUX COOPYXKEHUH NOJIXHBI OBITh TMMOKA3aHBI
peareHTHOE XO3SICTBO, COOPYKEHUS TT0 000POTY NMPOMBIBHOM BOIBI
1 00pabOTKH 0CagKa, OTMETKH OCH MTPOMBIBHBIX HACOCOB WJIM IHU-
1a 6aka NMpPOMBIBHOM OalllHM, OTMETKM BaKyyM-HacOCOB, HACOCOB-
J103aTOPOB, KMCJIOTHBIX HACOCOB, BO3AYXOIYBOK.

HeobxoaMMo onpeaeuTh BHICOTY OTAEIBHBIX COOPYKEHUM U OT-
METKH HX JHA IO OTHOLIEHMIO K ITOBEpXHOCTH 3eMJIH. IIpu npuBs3-
K€ OYHMCTHBIX COOPYXEHUI M MPOEKTUPOBAHUU BBHICOTHOM CXEMBI
YYUTBHIBAIOT peibed ITJIOUIAKU OUYMCTHBIX COOPYXEHUH, TIIyOUHY
3aJIeTaHUsT TPYHTOBBIX BOJ, MAKCUMAJBHEINH YpPOBEHb BOABI B BOJIO-
eMe B MepHuoj MaBoaKa, BO3MOXHOCTbh CAMOTEYHOTO OTBOAA CTOY-
HBIX BOJ M OCAIKOB C OYMCTHBIX COOPYKEHMI, YCIIOBUS MTPOU3BOI-
CTBa CTPOUTEIBHO-MOHTAXHBIX PabOT U UX 00BEM, YCITOBUS pabOThI
HacocoB HacocHo# craHuuu 11 moagpema. OTMETKH AHUIL BOJOOYHU-
CTHBIX COOPYXE€HWH TOJKHBI Ha3HAYAThCS C COOTIOIEHUEM YCIIOBUS
MWHUMAaJIbBHOTO 00beMa 3eMJITHBIX U OETOHHBIX paboT U Haubosee
GIaroNpUsITHBIX YCIOBUH MPOU3BOACTBA paboT.

[ns1 onpeneneHuss pa3MepoB MOTIEPEYHOTO CEYEHUST KOMMYHHUKa-
LM UCXONAT U3 CJEIYIOUINX CKOPOCTEH TEYEHHUsT BOJBI, M/C: OT Ha-
cocHoit cranumu (HC) I mombema k cmecurenmo — 1,0—1,2; ot cMe-
CHUTENS1 K KaMepe XJIOMbeobpa3oBaHus win oceuremo — 0,6—1,0;
OT OTCTOMHMKOB WJIM OCBETJIMTEJIEH CO B3BEUIEHHBIM OCAanKOM
K dwibTpam — 0,8—1,2; oT GMWIBTPOBAIBHBIX allapaToB K pe3epBy-
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apaM uucToi Bombl — 1,2—1,5; B TpyOorpoBogax rnogayu U OTBOIA
MPOMBIBHOIT Boabl — 1,5—2,0.
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Puc. 5.37. BbICOTHO-TEXHOJJOTHYECKAS] CXEMA BOJOOYHCTHOTO KOMILIEKCA:
1 — nongaya npoMBIBHOM BOABI OT PUJILTPOB; 2 — MECKOJIOBKA; 3 — IrMApO-
ajeBarop; 4 — pe3epByap-yCpeIHHTeJb NIPOMBIBHOM BOIBI; 5 — Hacoc re-
peKayKHu MPOMbBIBHOI BOIBI; 6 — BO3BpAT NMPOMBIBHONH BOIBl Ha OYUCTHHIE
COOpYXeHMs; 7 — MMoJaya ocajgka OT OCBET/UTeseil; & — pe3epByap Npu-
eMa ocanka; 9 — ycTaHOBKa MeIJIEHHOro rNepeMelinBaHus ocaaka; 10 —
mioufaaka o6e3BoXUBaHUs ocanka, I/ — KoJjonel Asi Hamycka Ocaika;
12 — Hacoc TepeKaykH CTYLIEHHOro ocanaka; 13 — eMKOCTb CryuieHHOTo
ocajxa; /4 — ocanKOyIUIOTHHTENb, 15 — HACcOChI MepeKayKH ChIPOTO OCAlIKa;
16 — nopaya McxomHoit Boabl, /7 — GallHs NMPOMBIBHOM BOAbl; 18 — BHX-
peBOii cMecuTelb; 19 — OCBETIMTENB CO B3BELIEHHBIM 0canikoM; 20 — CKo-
polit duabTp; 21 — pesepByap uucToit Boabl; 22 — Hacoc 11 nogsema; 23 —
Hacoc MOAKAYKH MPOMBIBHOM BOAbI; 24 — GOYKH C XJIOpOoM; 25 — ucrnapu-
Tesb; 26, 27 — XJIOpaToOpbl MIEPBUYHOTO U BTOPUYHOTO XJIOPUPOBaHUst; 28 —
pacTBOPHO-XpaHWIMILIHBIN 6aK KoaryisHTa; 29 — Hacoc MepeKayku pacTBo-
pa KoarynsHTa; 30 — pacxoQHblit 6ak koaryasiHta; 3/ — Hacoc-103aTop pa-
cTBOpa KoaryjsiHta, 32 — Mewanka noiavakpwiaMuga ITAA; 33 — Hacoc
IUTS UMPKYJISILMKM M rtopayu [TAA B pacxomHblit 6aK; 34 — pacTBOpHbIN Oak
pactBopa [TAA; 35 — Hacoc-go3atop pactBopa ITAA
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MecTo CTPOUTENBCTBA CTAHLIMK AOIKHO 06ECTIeYUTh KOMITaKTHOE
pacriosIoXeHUE BCEX 30aHUNH U cOOpyXEHH, MUHUMAIbHYIO JUIMHY
KOMMYHUWKaLUI U ynobcTBo 3kcryatauni. Heobxogumo 3apesep-
BMPOBATh 3amacHble TUTOLANN [UIsl pacIiMPEHUsT CTAaHLIUU, BOKPYT
CTaHLIUU JOJIXKHA OBITh BO3MOXHOCTb CO3MaHMUS 30H CAHWUTApHOM
OXpPaHBI.

OcHOBONOJIATaloUMMHU MTPU peLIeHUH TeHITJIaHa BOIOOYHUCTHOIO
KOMIIIEKCA MTOMUMO reorpadpuyeckux, Tornorpadu4ecKux U reoso-
TMYECKUX YCJIOBUM SIBJISIIOTCS €T0 MPOU3BOAMTEBHOCTh U COCTAB
BOIOOYUCTHBIX COOPYKEHUH.

Ha renrmiaHe 0603HayaloT BCe CTPOEHUS U COOPYXKEHUS, HAPYX-
Hble KOMMYHHUKALIUH, TOPOTH, O03eJieHeHUe U orpaxnaeHue (puc. 5.38).
ITo BO3MOXHOCTH BCE OYMUCTHBIE COOPYXKEHMS, TPOU3BOJACTBEHHBIE
M BCIIOMOTaTeJIbHbIE TTOMELIEHUSI, peareHTHOE XO3SIMCTBO 11eJ1eC000-
pa3HO CKOHLIEHTPUPOBATh MOMA CAWHOW KpBILIeil WK TPYNINUPOBaTh
B HECKOJILKUX OJIM3KO PacroIOKEHHBIX 3TaHUSIX.
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Puc. 5.38. I'eHepanbHblit NIaH BONOOYHCTHOIO KOMILIEKCA:
1 — 60K OCHOBHBIX COOPYXeHUi; 2 — peareHTHOE X03siicTBO; 3 — KO-
TeNbHast; 4 — ciyxebHbli KOpryc; 5 — GaliHs NMPOMBIBHOM BOabl; 6 —
xJlopaTopHasi; 7 — coopyXeHusi 060poTa NpOMbIBHOI BOIbI; § — COOpyXe-
HUS 00paboTKM ocaaka; 9 — pesepByap uMcToit Bonbl; /0 — HacocHas
cranums Il mognvema; 71 — Bomosoasl ot HC I noasema; 12 — npoxoaHas;
13 — pe3epBHasi TEpPUTOPUSI HAa pacLUMPEHUE KOMIUIEKca
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PacrnonoxeHue BCEX COOPYXKEHHUM M MOMEILIEHUI B OOHOM 31a-
HUM BO3MOXHO, KaK MPaBUJIO, TOJBKO NMPHU HeGONBIION MPOU3BOAU-
TEJILHOCTH CTAHLIMM.

PacxomHble cKITambl XJIOpa M aMMHAaKa, a TaKKe KUCIIOT MPOoeK-
TUPYIOTCST cormacHO «CaHUTAapHBIM TIpaBHJIaM TTPOCKTUPOBAHMS
060OpYIOBAaHUS U COAEPXAHUST CKJIAOB ISl XpaHEHUS CUJIbHOIE -
CTBYIOUIMX SIIOBUTBIX BEIIECTB».

Cxutagsl XJIopa ¥ aMMHaKa pacrofaraloTcs B OTACTBHBIX 3TaHUSX.
PaccrosHue OT HUX 10 BOTOMCTOUHHMKA W TTPOU3BOACTBEHHBIX MTOMeEIe-
HUI ¢ TTOCTOSTHHBIM TTpeObIBAHUEM JTIONEH JOIKHO ObITh He MeHee 30 M.

XJ1opaTOpHY10, COBMELIEHHYIO CO CKJaJ0M XJiopa, pa3MellaiT
B HauboJjiee HU3KOU YacTU TEPPUTOPHN BOJLOOYMCTHOTO KOMTIJIEKCa.

Cknaapl IpYrux peareHTOB HOJXKHBI pacrnoiaraThbCsl BITJIOTHYIO
K peareHTHOMY LI€Xy, TJIe HaXOAATCsl anmnapaThl ISl TPUTOTOBJICHUST
MUX PacTBOPOB M CYCIIEH3UIA.

B cooTBeTCTBMM ¢ BHUIOM peareHTa M NMPOU3BOAUTETBHOCTHIO
KOMTILJIEKca TIpeIyCMaTpUBAIOT €ro CyXOo€ WJIM MOKpOE€ XpaHeHHe
B BUJE KOHUEHTPUPOBAHHBIX PACTBOPOB WM MPOAYKTOB, 3aJUTHIX
BONOt. XpaHEeHNE PEareHTOB B CYXOM BUIE OCYILECTBISIIOT B 3aKPhI-
TBIX CKJIafax HaBaJioM WJIU B Tape.

®dropconepxailve peareHThl U MOJIUAKpUIaMIL XpaHsT B Tape. Ha
KPYITHBIX BOJOOYMCTHBIX KOMIUIEKCAX PaCTBOP KOATYJISTHTa KOHLIEHT-
paireit 15—20 % xpaHAT B 6akax-XpaHWIHIAX 0e3 nepeMellnBaHus.

K rmoMeleHUIO IIST XpaHEHUST aKTUBHOTO YTJIST TPEIbABIAIOT TpE-
OoBaHMSsT MTOXapHO GE30MaCHOCTH, OTHOCS peareHT K Kateropuu B.

Ha KpyrHBIX BOTOOYMCTHBIX KOMITJIEKCAX TIPEAYCMATPHBAIOT Iec-
KOBO€ XO3SINCTBO IJISI XpaHEHUS, COPTUPOBKHM, TIPOMBIBKM M TpaHC-
MOPTUPOBAHUST MAaTEPUAJIOB, HEOOXOOUMBIX [IJIST TIEPUOINUECKOI 10~
TPY3KH U Neperpy3Ku GUIBTPOBAJILHEIX aIllapaToB.

Ha ctanumu momxkeH OBITh aBapHIAHBIN 3amac rmecka U3 pacyera
10 % exerogHoro MomnoJiHeHUs GUIBTPYIOLIEIH 3arPy3KHU U 3arac Ha
Nneperpy3Ky oaHOro GuiabTpa Mpu obieM UX KojindecTBe a0 20.
3arpy3ky GUWIBTPYIOLIMM MaTepHaJioM CJIEAYeT MPOU3BOAUTH C MO~
MOILIBIO NMECKOBBIX UM BOAOCTPYHHBIX HACOCOB IPU CKOPOCTH JBU-~
KEeHMS TynbIbl 1,2—2 m/c.

Ipu 6GnaronpUsITHBIX KIUMATHYECKUX YCIIOBHUSIX YaCTh COOPYXKE-
HUI (OTCTOHHUKHU, OCBETJIUTEU CO B3BEIUEHHBIM OCAIKOM, KaMephI
XJI0TTbe0Opa3oBaHUs, KOHTAKTHbBIE 6acceifHBI xJiopa) Lejiecoobpas-
HO yCTaHaBJIMBaTh BHEe 3aaHus. O6pasyrouuiicss 1easHoi MOKpOB
HE JOJIKEH MPEINSITCTBOBATh HOPMAIBHOM 3KCIUTyaTallMM COOpPYXKe-
HUA. )19 9TOro COOpYKEHUST MOKPBIBAIOT XKeJI€300€ TOHHBIMHU TIIM-
TaMH U YTETUISTIOT CJIOCM 3EMJIH.
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HanexHocTb paboTbl BOL0OYMCTHOTO KOMIUTIEKCa obecrieynBaeT-
ca nyOJIMpOBaHUEM OTACIABHBIX TEXHOJIOTMYECKUX COOPYXEHUH
M YCTPOUCTBOM OOBOLHBIX JUHMIA, MO3BOJISIIOUINX OTKJIIOYATH TO
UM UHOE COOPYXEHHWEe MU 60K, mporyckas Boay B ooxon. [lpu
9TOM JJIS1 BOMOOYMCTHBIX KOMIIEKCOB ¢ noaaucit 1o 10 teic. M3/cyT
BO3MOXHO OTKJIIOUEHUE TIONOBUHBI TEXHOJIOMMYECKUX COOPYXKEHUH,
a Uit KoMIIeKcoB OoJblieii MOIHOCTU — N0 YyeTBepTH. Kpome
TOro, HeobGXOOMMO TIpeaycMaTpuBaTh OOBOAHYIO nuMHHIO o HC
I mombeMa HENOCPEACTBEHHO B pe3epByapbl YHCTOH BOJILI.

Ilpu MpOeKTUPOBAHUM TeHEPaJbHOrC IJIAHA BOJOOYUCTHOTO
KOMIJIEKCa HEOOXOAMMO MpeaycMaTpHUBaTh MUHUMAJIBHYIO MPOTS-
XKEHHOCTb MYTEH MepeMelleHUs pearcHTOB; MAaKCUMalbHO BO3-
MOXHYI0 MEXaHU3aLHIO MOTPYy30YHO-Pa3rpy304HbIX paboT U cMe-
HBI 3arpy3Ky (OUABTPOBATBHBIX anmnapaToB; MAaHEBPEHHOCTb IKCIT-
JlyaTaUMHU KaK OTHEAbHBIX TEXHOJNOrHUECKHX COOpPYXEHUil, Tak
Y LIeJIBIX OIOKOB.

ITpu peureHMM KOMIIOHOBKHM 0J10Ka OCHOBHBIX COOPYKEHUI Mpe-
CIEAYIOT LieJIb JIOTUYECKON MOCAeAOBATENIBHOCTU NMepeaauyu BOIbI OT
COOPYXEHHUSI K COOPYXEHUIO MPU MUHUMANBbHON TMPOTSIXKEHHOCTHU
KOMMYHUKaLHH.

Hcronb3oBaHue TEXHOJOTHU 00paGOTKU BOABI B OCBETIMTE/SIX
CO CJI0OEM B3BEUIEHHOTO OCajKa Ha BOAOOYMCTHBIX KOMIIIEKcax
TTPOU3BOAUTENBHOCTBIO 10 50 ThiCc. M3/CyT MO3BOASIET PAa3MECTUTD
B OJJHOM 3JIaHWM BCE OCHOBHBIE TCXHOJOTHUYECKHUE COOPYXKEHMUS,
peareHTHOe XO03s1iiCTBO, BXOZHbIe ycTpoiicTBa (BapuaHT) U HC
II nonbema (puc. 5.39).

ITpu aTOM CMeCcUTeNH, OCBETIUTENN U (UIIBTPHI BhIIEJIEHBI B OT-
nenbHbli 3a1. [1pu 6051b110# TPOU3BOAUTENIBHOCTH BOJOOYHUCTHOTO
KOMILIEKCa CyKeOHbIe TTOMEIUEHUST BRIHOCST B OT/EJIbHOE 3[1aHHUE,
BXOJTHBIE YCTPONUCTBA CTBHIKYIOT C OCHOBHBIMHU COOPYXEHUSIMU WU
pa3MellaoT B OTAEJBHO CTOSILIEM 3IAHKH PEareHTHOro XO35UCTBa.
Ins ynobcTBa 3KCIUlyaTallMu Cy:KeOHBIH KOPIyC U pearcHTHBIN
LIeX MPOXONHBIMM TaNlepesIMU COEIUHSIOT ¢ BTOKOM OCHOBHBIX CO-
OpYXEHUH.

ITpu pelieHUM KOMIOHOBKHK BOJOOYMUCTHBIX KOMILJIEKCORB TIO
OOHOCTYIIEHYATO CXeMe¢ C KOHTAKTHBIMHU OCBECTIHTENSIMU TIpU
MPOU3BOANTEABHOCTH 10 50 Thic. M3/CyT BXOAHBIC YyCTpOMCTBa
(MUKpPOUIBTPBI, KOHTAKTHBIC KAMEPHI) PA3MCILAIOT B OTAEABHOM
31aHUU, @ peareHTHOE XO3SIMCTBO CTBIKYIOT C OCHOBHBIMHU COOPY-
XKEHUSIMU JIMOO BXOAHBIC YCTPOMCTBA COUETAIOT C PEareHTHBIM XO-
3MCTBOM M pacrojaraloT B OTAeNIbHOM Oyioke. B oboux ciayuasix
HC II nogpema pa3MeliaroT B BJJOKE OCHOBHBIX COOPYXEHUM.
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Puc. 5.39. IlpuMep KOMIOHOBKH BOXOOYHCTHBIX COODYKEHMIi:
1 — ocBeTNUTENN CO B3BEILEHHBIM OCAIKOM; 2 — CMECHTENH; 3 — CKOpbIE
buapTpnl; 4 — pacxonHble 6aKu KOaryjasiHTa; 5 — pacTBOpHbie Gaku-Xpa-
HWIMILA KOaryJsiHTa; 6 — HacoChi-103aTOpbl M BO3OYXOAYBKH; 7 — Ioa-
Yya YUCTOI BOABl MoTpebuTeio; § — MacTepckue; 9 — HAcocHas CTAaHUUSA
Il nogvema; 10 — ObiTOoBBIE NMOMelLeHMs; 11 — BcaceiBalouIMe TpyGoIpo-
BOZbl U3 pe3epBYapoB YUCTON BoAbl; /2 — OTBOA YMCTOM BOABI B pe3epBYy-
apsl; 13 — c6poc ocagka U3 ocBeTiuTeneit; 14 — cOpoc MPOMbIBHOM BOIBI
ot GwiIbTpoB; 15 — mnonavya UCXOOHOM BOMABL



B ToM ciyyae, Korma nomaya BOJOOYMCTHOTO KOMIIJIEKCA COCTaB-
nsiet 50 ThIC. M3/CyT U Gonee, BXOAHBIE YCTPOICTBA pa3MEILAIOT 110
OCH 31aHUSI OCHOBHBIX COOPYXKEHMI, a U1l pEareHTHOTO XO35IMCTBa,
cayxebHbIx oMmeuleHuit 1 HC Il nmogpeMa nmpemycMaTpuBaioT OT-
JleJTbHBIE 3JaHUS.

KOHTakTHBIE OCBETIIMTENM, KaK MPaBUJIO, paclojaraloT B IBa
psila ¥ YCTPAUBAIOT OCTEKJIEHHBIE TIEPETOPOAKHU, OTACISIIOLINE 3€p-
KaJI0 BOABI B HUX OT OCTAJIbHBIX TTOMELIEHUH.

5.20.3. Upeonorua passutua BoaocHabxeHua B XXI seke
(Ha npumepe MockoBCKkoro Bo40NPOBoOAAa)

HoBgoe TeicsuenieTHe TpebyeT onpeaeseHUst roCyaapCTBEHHOM T10-
JIUTKUA B BOJHOM XO3sIiCTBe cTpaHbl. 06 3TOM 1A peub U Ha MeX-
JlyHapoIHOM caMMuTe, Kotopblit mpoxoaun B 2002 r. B MoxaHHec-
Oypre ¥ OBUT OpraHuW3oBaH BceMHMpPHBIM COBETOM MO Bojge. B uro-
TOBOM IIOKyMEHTE CaMMHUTa OBUIO OTMEYEHO, YTO NMEPBOOYEPETHOM
3agayeil Kaxnoro rocygapctsa B XXI B. SBNsieTCS onpeaeyeHue Ha-
LIHOHAJILHOI TIOJIMTUKN B BOIHOM XO3SMCTBE U BOMOCHAGXEHWH.

s MockBel U MOCKOBCKOIT 00JJaCTH OCHOBHEIE HaTlpaBJIeHUS
KOHIETIUY Pa3BUTHS BOIOTMIPOBOIA OTPaXeHHI B I'eHepaibHOI cxe-
Me BomocHabGxeHnsT MOCKBEI, pa3paboTaHHOM B COOTBETCTBUM ¢ [e-
HEpATbHBIM TIIaHOM U OCHOBHBIMH HalpaBJieHUSIMU TPaJIOCTPOU-
TEJILHOTO pa3BUTHS Topoaa M objacty Ha mepuon 1o 2010 r. Ilepc-
TEKTUBBl DPA3BUTHSA BOHOXO3SMCTBEHHOro 06ajlaHca, BOMPOCHI
pPa3BUTHS BOOOMCTOYHUKOB, OPraHU3alUs IEHTPAJIM30BAHHBIX CUC-
TEM BOJOCHAGXeHMS pelleHbl B ['eHepalbHOM cXeMe KOMIUJIEKCHO
C Y4eTOM HHTepecoB 060ux cyobekToB Penepaunuun. CyTh HOBOI
MJICOJIOTUH B TOM, UTO CTapast KOHILIETIMs HENMPEPHIBHOTO Hapalli-
BaHUs MOIIHOCTEH BOMOIMPOBOIHBIX COOPYXEHUH 3aMeHeHa KOH-
LenMUUel 9KOHOMUHU U PallMOHATTBHOTO MCITOJIb30BAHHWS BOIHBIX pe-
CYpCOB, CO3IaHUSI HE3aBUCHMOTO MCTOYHUKA BOJOCHAOXEHUS Ha
0a3e Mom3eMHBIX BOI, BHEAPEHUSI COBPEMEHHBIX TEXHOJIOTMI BONO-
TIOATOTOBKM W MOBHIIIEHUS] YPOBHSI HAJACXHOCTHU BCEil CUCTEMBI.
Bce 310 HeoGxoauMo mist obecrieyeHHsT BBICOKOTO KayecTBa MUThE-
BO BOIBI, UTO SIBJISIETCS 3aJIOTOM 3J0POBBS HAIIUH.

BeccriopHo, B ycmemrHoit pabote MOCKOBCKOTO BOAOIPOBOAA,
B CTaOWJILHOM 3KCIUTyaTallMM, HapalllMBaHWMH MOIIHOCTEH M OCBOE-
HUM HOBBIX TEXHOJIOTHI OOJIbIIIast 3acyyra pyKOBOAUTENS — TeHe-
paJibHOTO nupekropa MocBonokaHaia CraHuciaBa Bnanumuposuya
XpaMeHKOBa, KOTOPHIif BO3MIABJISIET €ro 6oJiee IBYX NECATUIETHIA.
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B 3TOT nepuoa eXeroaHo TTPOBOASITCS MEXIyHapOaHbIe KOHpe-
PEHLNU TI0 OCHOBHBIM Tpo6JieMaM BOAOCHAGXEHUS W KaHaau3a-
LMY, TT0 HOBBIM 3¢((PEKTUBHBIM TEXHOJIOTUSIM. OOMEH OTIBITOM C MX
yyacTHUKaMu — Konneramu u3 @panuun, [epmanum, Kanamer,
CIIA, HunepaaHaoB U APYrMX CTpaH — TIO3BOJISIET OBITH B Kypce
BCETO HOBOTO, YTO TMOSIBJSETCS B OTPAcjy, He OTCTaBaTh OT Tpebo-
BaHWU BpEMEHHU.

Jns cokpallleHUs HETIPOU3BOAMUTENIBHBIX PACXOI0B BOIBI B CHC-
TeMax BOJOCHaOXeHMsI NpeasaraeTcsi KOMITIEKC MEPOTIPUSTUH, B UX
quce:

® BBeleHNE CUCTEM OOOPOTHOTO BOJOCHAGXEHMUS Ha BOMOMPO-

BOJIHBIX CTAHIUSX;

® MOJEpHU3aLMNsI TOPOACKON BOAOTPOBOAHON CETH, yaydlla-

folasg rTuapaBiIMdyeckKye apaMeTpsl ee paboTHI.

OO6GcnemoBaHWe CUCTEM BOIOCHAOXEHWS B XWIMIIHOM ¢oHIE
TTO3BOJIMJIO OMPEAETUTh MPUUUHBI TTOBBIILIEHHOTO Pacxolla BOAHBIX
PECYPCOB:

® 3aBBIIIEHHOE NIaBJI€HWE B CETAX, MpeXAe BCEro Ha BBOAAX

B JKUJIbIE IOMa;

® HecoOJroAeHHE TEMIIEpAaTyPHOTO pexXMuMa B CUCTEME ropsye-

ro BOJOCHAOXeHUS;
® YTEYKM B M3HOLIEHHBIX CETIX U MIPOXYIAUBLINXCS TPYOOTIPOBO-
J1ax, a TakKKe B CAHTEXHUYECKUX YCTPOUCTBAX XKHUITBIX IOMOB;

® HeydYTeHHBbIE BOOOIMOTPEOUTENIM M3-3a OTPOMHON MUTpalLUU
1 OONBUIOTO YMCIIa MPOXUBAIOUIMX B Topoaax 6e3 MPONUCKH
W perucTpalmu.

YuyuThIBasi BAXXHOCTh COKpAIIEHUSI HETTPOU3BOIUTENIBHBIX IIOTEPh
BOJBI, pa3paboTaH KOMILJIEKC BOAOCOEperarommx MeponpUATHiA
B XkundoHmae:

® DEKOHCTPYKLIMSI U Hajlaika CUCTEM XOJIOQHOTO U TOPSYETO

BOJOCHAOXEHUS B XKUJIBIX TOMaX;

® ycTaHOBKa Ipeobpa3oBareseil YacTOThl HA HACOCaX XOJIOMHO-

rO Y TOpsSiYero BOAOCHAOXEHUS

® yCcTaHOBKAa COBPEMEHHOI CAHTEeXHUYECKOM apMaTyphl B KBap-

THUpAaXx;

® yCTaHOBKa BOMOCYETYMKOB HA KAXIOM BBOJE B XXKUJIbIE IOMA.

Peanusauust aTux Mep, HanpuMep B MockBe, nmo3BoJiniia ¢ 1998
o 2003 r. coKpaTuTh B MyHULIMTIAJILHOM XuadoHae Ha 40 11 cyTou-
HBI pacXoi BoIbl Ha YeJIOBEKa.

Co3naHue He3aBUCHUMOTO, 3aUIMIIEHHOTO OT aHTPOTIOreHHOTO
BO3/€CTBUST UCTOYHUKA BONOCHAOXeHMsT Ha Da3e MOA3eMHBIX BOJ
MO3BOJIMT KOMIUJIEKCHO PELIATh BOMPOCH! MOBBIIIEHUST HAICXKHOC-
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TU CUCTEMbl BOAOCHAOXeHUs 1 yaydIIEeHUS KAuecTBa NMUTbEBOM
BOJIHI.

B MockBe CyIlLEeCTByIoOlIast cucteMa BOAOCHAOXeHHS 6a3upyeTcs
Ha IBYX MOBEPXHOCTHBIX UCTOUHMKAX — pekax Bonra u Mocksa 1 ux
nMpuToKax. BogonoaAroToBKy BhIMOMHSIIOT 4 BOAOTIPOBOAHBIE CTaH-
uuu. B gonosHeHWE K 3TOMY, YYUTBIBasl cKazaHHOE, T10 3aKa3y Tipa-
BUTEbCTBA MOCKBBI 1 MOCKOBCKO#1T 06s1acT pa3paboTaHO TEXHUKO-
3KOHOMMYecKoe 06ocHOBaHMe KOXHOI1 CUCTeMbI BOZOCHAOXEHMS Ha
0ase Moa3eMHBIX BOJL MOCKOBCKOTO apTesuaHcKoro 6acceitHa. B Ha-
cToslee BpeMsl OHO TPOIUIO 3KOJIOTMYECKYI0 U TOCYyJapCTBEHHYIO
SKCTIEePTU3bl ¥ YTBEPXXAEeHO npuka3oM I'occtpost Poccun.

YpbaHuCcTUUECKHE HATPY3KW Ha MMOBEPXHOCTHBIE MCTOYHUKHU BCE
OoJiee yBEJIMYMBAIOTCSI TIO Mepe POCTa HaceJIeHWs TOPOJIOB U 3a-
CTpPOMKHU OEperoB pek KoTTemkaMu 0e3 MHXKEHepHOTo 00yCcTpoiicTBa
TEPPUTOPUIA.

3arpsi3HeHHe TMOBEPXHOCTHBIX MCTOYHUKOB TpebyeT Bce Doliee
3¢ PeKTUBHBIX CPEACTB U METOIOB BOIOOUYUCTKU. ECcTecTBEHHO, Be-
JIETCSI TTOUCK HOBBIX TEXHOJIOTMYECKHUX MPOLIECCOB, YAYUYIIAIOIIMNX
Ka4YeCTBO MUTHEBOI BOJIBI.

B uensx coBepiieHCTBOBAaHMS KJIACCUYECKOU TEXHOJIOTUH BOMO-
TIOATOTOBKU (peareHTHasi 06paboTKa BOMbI, OTCTAWBaHUE, DUIBTPO-
BaHMe) Ha BOAOIPOBOIHBIX CTAHIUSAX BHEAPSIOTCS TPUHLIUITHATIEHO
HOBBIE METOMBI 06PabOTKM BOIBI — 3TO IPEXIE BCEr0 030HUPOBA-
HME, 030HOCOpOIHMS, MeMOpaHHOe duabTpoBanue U ap. OcBauBa-
torcs 6osiee 3 dEKTUBHBIE TEXHONIOTUN, HAalIPUMEDP BOIOBO3AYIITHAS
MPOMBIBKA (PUIBTPOB. AKTUBHO BHEAPSIIOTCS HOBBIE PEAreHThI, MO~
3BOJISIIONIIME OTITUMU3UPOBATD MPOLIECC OUYUCTKU B 3aBUCMMOCTH OT
cOoCTaBa 3arpsi3HEHUI UCXOMHOW BOABI: MOJUMEPHBIN (BIOKYASHT
JUTST YIYYILIEHUS TTpoliecca KOaryJupoBaHUS; OKCUXIOPHUI aTIOMU -
HUs, KOTOpHBIt Oonee 3dpeKTUBEH, YeM OOBIYHO TTPUMEHSEMBbIH
cynbdat aJIOMUHMS, 0COOEHHO B 3UMHee BpeMs. [TocTosiHHO npo-
BOASTCSl 1aDOpaTOPHBIE M TMWJIOTHBIE SKCTIEPUMEHTHI MO OLIEHKeE
BO3MOXHOCTU TIPUMEHEHHUS TOTO MWW UHOTO peareHTa U MaTepu-
aja: IBYOKUCH XJIOpA, HECKOJIBKUX JECATKOB KOaryaupylIlnux pea-
T€HTOB, TTOPOIIKOOOPA3HBIX yIJIeit U T.A.

28 okTsa0ps 2004 r. ucnonHunock 200 1eT MOCKOBCKOMY BO-
JIoripoBoay. 3HaYUMBIM COOBITHMEM B I0OMJICHTHOM roay ObLIO Ha-
YaJio CTPOUTEBCTBA KPYIHOrO YHUKaJAbHOTO oO0bekTa — lOro-
3ananHoit BomomnpoBoaHoii craHuuu (FO3BC). HoBasg craHuus
HYXHa He IS YBeJIMUEHUSI MOIIHOCTeH MOJa4Yy BOIBI, a AJs OC-
BOEHUSI CAMBIX COBPEMEHHBIX TEXHOJOTHIT BOTOOYUCTKU U peasiu-
3alMU TIPOEKTa PEKOHCTPYKUMU cocemHelt, 3anagHoU Bomonpo-
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BOJHOM CTaHUMH, a B HaJIbHEHIIIEM — U BCEX NEMCTBYIOIIMX CTaH-
uuit MockoBckoro BogornpoBoaa (Pyonesckoit, BoctouHoit u Ce-
BEpHOIf).

YuuTeiBass COLIMAJIIBHYIO 3HAYMMOCTh NPOEKTAa U TPYAHOCTHU
¢ OI0MKEeTHBIM (hpMHAHCUPOBaHUEM, TIPABUTENBCTBO PD mpuHsio
pemreHue o ctpoutensctse FO3BC ¢ npuBieueHUEM UHOCTPAHHBIX
WHBECTULIMI. TexHosornyeckass cxeMa OYMCTKM BOIBI Ha CTPOSi-
meics cTaHUIMY KpoMe TPaTULIMOHHBIX CTalUit OCBETJIEHUST U 00e3-
3apaXuBaHUs OyleT BKJIOYAaTh O30HOCOPOLMIO U MeMOpaHHOE
¢upTpOBaHME, YTO UCKITIOYUT MONAJaHUE B MTUTHEBYIO BOIY TOK-
CUYHBIX OPTraHUYECKUX COCTUHEHWH U 00ECIIeUynT e€ MOJTHYIO 1e30-
Jopauuio. Hukakue npupoaHslie aHOMaauu He OyayT BIMSITh Ha Ka-
YECTBO TOJYYEHHOW YUCTON M BKYCHOM MUTHLEBOM BOIBI.

Peurast rnaBHyt0 3a1a4y, HEOOXOIUMO TTOMHUTBH 00 3KOJIOTHYEC-
KUX acnekTaxX. 2KUAKWH XJI0p, TTOCTaBsieMbIii Ha BOIOTPOBOIHbIE
CTaHLIMM, — UCTOYHHUK TTOCTOSTHHOM OTacHOCTU. 3aMe€Ha €ro Ha ra-
3000pa3HbIil XJI0p, KOHLIEHTpauust KoToporo B 400 pa3 MeHbliie,
WM Ha TUTOXJIOPUT HATPUSI MO3BOJIMT CHU3UTh BO MHOTO pa3 orac-
HOCTb TPaHCIOPTUPOBKH XJiopa. TakKe C LETbIO YBeJIMYEHUS 6e30-
MacHOCTH paboTbl BMECTO aMMHaKa MCIONb3YEeTCsl €T0 BOAHBIN pa-
CTBOp — aMMHMayHasl Boja.

OcTraeTcsd HauBaXXHEHUIINM JeJIOM JajbHei1Iass aBToOMaTH3aLus
B CUCTEMAX BOJOCHAOXEHUSI. ABTOMaTU3UPYIOTCS BOAOBO3AYIIHAS
MPOMBIBKA (PUJIBTPOB, TO3UPOBAHME XJIOpa, aMMHaKa, KOaryJITHTOB
Y IPYTUX peareHToB, pabora HacocHo craHuuu 11 mogbeMa, a Tak-
Ke BCSI cucTeMa MHGOpMAaUMHK MO TEXHOJOTHYECKUM BOIMpPOCaM.
YTo6bl TPOMJUTIOCTPUPOBATh 3((PeKT aBTOMATH3aLNHU, TPUBEAEM
OIVH MpUMeEp: aBTOMATH3aLMs JO3UpOBaHUs KoaryassHTa Ha CeBep-
HOI1 BOAOTPOBOIHOM CTaHIIMU MOCKBHI cOeperaeT 5 % LIeHHOTO pe-
areHra. 3a rojl 3T0 MUJUIMOHEI py0Jieii!

IIpexne mOCTaTOYHO TPYIOEMKOI omepanueir Obputa TpOMBIBKA
¢unptpoB. Teneps GHUIBTP-ONIEPATOPHI OMPENESIOT COCTOSTHUE
¢bunpTpa M 3arpy304HOro MaTepuaia To npubopaM U MPUHUMAIOT
COOTBETCTBYIOLIIUE TEXHOJIOTHYECKHE PELICHUSI.

OnHUM M3 BaXHEUIITUX 3JIEMEHTOB CHCTEMBI BOIOCHAOXEHMS TO-
pona, BBIMOJHSIOUMX QYHKIHIO TTOHaYu U paciipenesieHUs] BOIHI,
SIBJISIIOTCSI BOAOTMPOBOAHBIE CeTH. be3 HUX BOIa He MPUIET B HALU
KBapTUPBl. DTO, TI0 CYTH, — KPOBEHOCHBIE COCYIbI CUCTEMBI BOIO-
CHabXeHHUsI, UX 3HAYEHUE TPYAHO NMEPEOLIEHUTh. YUUTHIBASI, UTO
B Poccum M3HOC KOMMYHaNIBHBIX ceTeil cocTasister 50—60 %, cie-
IyeT CKa3aTh, YTO CETH — CaMoOe y3KOe M YSI3BUMOE MeCTO BCEM CU-
CTeMBbI BOIOCHAOXEHHUSI.
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Hanpumep, MockoBckuit BOZOMPOBOA HAacCYMUTHIBaeT OoJiee
10 TBIC. KM TPYOOTIPOBONOB, 6OMBINYIO MX YacTh — 71 % cocTaBns-
IOT CTaJIbHBIE TPYOBI, 27 % — 4YyryHHBIE, HA OCTAJIbHBIE — XEJIe30-
GETOHHBIE, TTOJIMATUIICHOBBIE, MOJIMBUHWIXIIOPUAHBIE — TIPUXOAUT-
cst b 2 %. CpenHuit cpok ciryKGbl CTANBHBIX TPYO — 33—35 ner,
yyTyHHbIX — 71 rof. Bosee momoBUHBI Bcex TpyOOITPOBOIOB OTCITY-
KUY aMOPTHU3aLMOHHBINM cpoK. KOHEeYHO, pu TakoM U3HOCE aBa-
pyH Hen3OeXHBbI. [TOBBILIEHHUIO NOJITOBEYHOCTH U CHUXKEHUIO aBa-
PUWHOCTH CeTeil BOTOCHAOXEHMST CITOCODCTBYIOT:

® [puUMeHeHHE TPyO M3 KOPPO3MOHHO-CTONKHNX MaTEpUAIOB;

® JCMOJIb30BaHWE HOBBIX KOHCTPYKUWI 3aMOPHO-PEryIUpY-

I01lIeit apMaTyphl;
® Co3MaHWe MaTeMaTUYeCKOW MOIENM YIpaBI€HUST CUCTEMOM
BOJOCHAOXEHUS.
HeoGxonnmo oGecrieuuTh HE TOJNBKO HaleXHOCTh PyHKIMO-
HUPOBaHUS BOIONPOBOIHON CETHU, HO U HE JOIMYCTUTh BTOPUYHO-
ro 3arps3HEHUS BOIABI, a 3TO TPeOYET MOCTOSHHOTO KOHTPOJISA
BHYTPEHHETO COCTOSTHUS TpyOOoNnpoBoaoB. KoHueniusa MogepHU-
3allM¥ BOJOMPOBOJHOMN CETH MpeNycCMaTpUBaeT OOJIbIION KOMII-
JIeKC Mep:
® TIpUMeHEeHUe TPpYO M3 BHICOKOIIPOYHOTO YyryHa ¢ 3¢p¢ekTuB-
HOI BHYTPEHHE! M Hapy>XHON U3OJISILINE;

® CHUXEHUE M3OBITOYHBIX HAMOPOB B paclpeleUTeTbHON
CeTH;

® obecrieyeHHe HEOOXOAMMOTO BOIOBO3IYLTHOTO pexXUMa pabo-
THI BOAOTIPOBOIHOM CETH;

® BHeIpEeHHE HOBBIX TEXHOJIOTHUI K 060pynoBaHMs 1y Ge3aBa-
PUHAHOTO BOJOCHA0XEHHS;

® TIpUMEHEHHE MEePCIIEKTUBHBIX TEXHOJOTHIH BOCCTAHOBICHUS
BOIOIPOBOAHBIX CETE U MarucTpaeit;

® HCnojb30BaHUE MH(POPMAIIMOHHBIX TEXHOJIOTHIA.

C y4eTOM JOCTHXEHUN HayYHO-TEXHUYECKOTO Iporpecca Tnpei-
JlaraeTcsl UCIMOIb30BaTh TPYOBI M3 BHICOKOTIPOYHOTO YyTyHA C 1Iapo-
BUIOHBIM TpaduToM B KpucTajuindyeckoit pewetke (BUILIT). Btu
TPYOBI OTBEUaIOT MEXAYHAPOOHBIM CTAHIApTaM KayecTBa, COCAUHSAS
B ce0e KOPPO3HMOHHYIO CTOMKOCTb UyTyHa ¢ MEXaHUUYECKUMH CBOM-
CTBaMM CTaJIH.

HanexXHOCTh CUCTEMBI BOJOCHA0XEeHMS TTOBBILIAIOT TAKXKE C MO-
MOIIBIO CETEBBIX PETYISATOPOB NaBleHHsI, KOTOPble CTAOUIU3UDPYIOT
JIaBJIeHWE B 30HaX C HU3KMMU T€0Je3NUYECKMMU OTMETKaMU 3eMITH.

Pan npoGaeM B 3KCIUTyaTalliy TpyOOMPOBOAOB CO3MAET CKOTUIE-
HMe B TMOBBIIIEHHBIX TOYKAX HEPACTBOPEHHOTro Bo3ayxa (mo 4 %),
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cojep:Kallerocss B MUTheBOI Boge. HeraTuBHOE BO3IEHCTBHE 3TOTO
SIBIEHUST CBOIUTCS K CJIEAYIOLIEMY:
® CYILIECTBEHHO YBEIMYWBAETCS TMAPABIMYECKOE COMPOTHUBIIE-
HUe B TpyOOMNpoOBOIaX, YTO MPUBOAUT K JAOTIOJHUTEIbHBIM
3aTpaTaM 3JIEKTPOIHEPTUHU TTPU Nogade BoIbl MOTpeOUTENIO;
® cos3naeTcs NMOTEHLHUATLHAS OMACHOCTh BO3HUKHOBEHUS THUI-
pPaBIMYECKOTO yaapa;
® YCKOPSIETCS TIPOLECC KOPPO3UM BHYTPEHHE! MOBEPXHOCTHU
TpyOOTPOBOJOB K 00OPYIOBaHUS.

B cBs3u ¢ 3TUM 0coOy10 BaXXHOCTh MpUOOpeTaeT obecrieyeHue
OTNITUMAJIBHOTO BOJOBO3JYIIHOTO PEXWMa B BOJOIPOBOIHOI CETH,
YTO CO3AAETCS C TTOMOILIBIO BAHTY30B phlYakHOTO THMA. UX UCIomb-
30BaHME CHUXAET MOTEPH HaAmopa B CETAX U JaeT 3HAYUTEIbHYIO
9KOHOMUIO JIEKTPOIHEPTUH.

ITpyMeHeHe HOBBIX METONOB MPOBEACHHUS aBapHITHO-BOCCTAHO-
BUTEJIBHBIX U TPOUIAKTUYECKHUX pAOOT HA CETAX MO3BOJSIET CYIIE-
CTBEHHO COKpATUTh TPyA03aTpaThl. B yacTHOCTH, 3TOMY CITOCOGCTBY-
10T YCTAHOBKA CepUHO BeITycKaeMbix Myt ITOPK (marpyGok —
¢nanery — pactpy6 koMneHcaropHbiii) U IPK (aBoitHoit pacTpy6
KOMTIEHCATOPHBIH), PEMOHT pacTPYOHBIX COENMHEHUN C TTOMOUIBIO
CTAaHAAPTHBIX PEMKOMIUIEKTOB, a TAKXE BOCCTAHOBJIEHWE TepMETHUY-
HOCTH pacTpyOHBIX COETMHEHUI METOOOM GaHIaXUPOBAHUS U Ap.

BHyTpeHHSssT KOppo3us M oOpacTaHWe OTJOXEHHUSIMU CTEHOK
CTIBHBIX M YYTYHHBIX TPYOOMPOBOJOB CHUXAIOT UX TPOMYCKHYIO
CIIOCOGHOCTD, Hapylliasi peXUM TOJa4Yu M yXy[Allast KaueCTBO BOIBI,
MPU 3TOM CYILECTBEHHO BO3pacTalOT YAEJbHbIE 3aTPaThl 3JIEKTPO-
SHEPTUHU Ha €€ TPAHCIOPTUPOBAHHUE U TTOAAYy MOTPEOUTENSIM.

CylecTBYIOT OpUTHHAJIbHBIE TEXHOJOTHU OecTpaHlieiiHoro pe-
MOHTa TpyOOMpOBOMOB, HALIEAIINE IIMPOKOE PacTpoCTpaHEHHUE
KaK y Hac B CTpaHe, TaK U 3a pyoexxoM. OHM SBISIOTCS ajlbTepHa-
TUBON TPAIMLMOHHBIM PACKOIKaM, KOTOPbIE€ COIMPOBOXIAIOTCSA
BCKPBITUEM IOPOXHOTO TMOJIOTHA, YTO MHOTOKPAaTHO YBEJIUYHUBAET
TPYAOEMKOCTb, a TaKXe CTOMMOCTb paGoT U CPOKU JUKBHUAALIUU
TMIOBPEXICHUM.

HaHeceHHe LIEMEHTHO-ITeCYaHbIX MOKPHITUI, HCIOIb30BaHUE
TMOJIUMEPHBIX PYKABOB, TTPOTAaCKUBAHWE B PEMOHTHBIN TpyOOIIpO-
BOJA TPYyO MEHBbIIEro AuaMerpa — 3TH METOAbl BOCCTAHOBIEHUS
BHYTPEHHEI MOBEPXHOCTHU TPYOONPOBOAOB (CaHALUIO) TPUMEHSIOT
BCE LUMpE.

B nocnegHue roapl MpH HApyUIeHUW TePMETHYHOCTH pacTpyo-
HBIX COEAMHEHU UCMOJIb3yeTCsl MeToA OaHaaxupoBaHus. [Tepeunc-
JIEHHBIE METOABI MO3BOJISIOT BOCCTAHOBUTD YTPAaTUBIIME pabOTOCITO-
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coOHOCTb TpYOOTpOBOAbI, 0GecneyuTh UM cTabuibHyto (Ha 50 set
1 6oJiee) MPOMyCKHYIO CMIOCOOHOCTh MPH COXpPAaHEHUH BBICOKOTO Ka-
YyecTBa TPAHCITOPTHUPYEMOI BOJBI.

CoBpeMeHHbBIE TEXHOJIOTUH MOAEPHHU3ALIMN BOJOTIPOBOIHOM CETH
CYLECTBEHHO CHU3WIM YMCJIO TOBPEXIAEHUN U aBapuii Ha Tpybo-
MpOBOIAX.

AKTHBHOE BHEApeHUEe UH(MOPMALIMOHHBIX TEXHOJIOTHUI B MPaKTHU-
KY 3KCIUTyaTalWU BOJAOIIPOBOAHBIX CETEi TaKXKe CMOCOOCTBYET MO-
BBILIEHUIO HAAEXHOCTU MX pabothl. JInarHocTuueckoe obcienoBa-
HHME TPYOOIIPOBOAOB MO3BOJISIET OOBEKTUBHO OLIEHUTH COCTOSTHUE
BOJIOTIPOBOIHOI ceTH, a (hopMHpoBaHHE 0a3bl JaHHBIX CITOCOOCTRY-
€T BBISICHEHUIO TTPUYMH M XapaKTepa aBapuii, a TaKxke NeCTaOWIU-
3UpyoMnX (aKTOPOB.

Cnenyet y4uThIBaTh, YTO TOBPEXKACHUS TPYOOTIPOBOJAOB UMEIOT
KaK BEpOSITHOCTHBIN, TaK U MPOTHO3UPYEMBIIl XapakTep, B CBSI3U
C YeM MpOBOAMMbBIE pabOTHl MOTYT OBITh IBYX THITOB;

® aBapHUiiHO-BOCCTAHOBUTEJbHBIE (TP BEPOSITHOCTHOM XapakK-

Tepe);

® [IJIJaHOBO-TIPEeNyNpeaUTeNbHBIE (TTPU TPOTHO3ZUPYEMOM).

YaydiieHue KayecTBa NpodUIaKTUUECKHUX paboT U NMepeopueH-
TalUs 3KCITyaTallMOHHBIX CJIYX0 ¢ aBapHitHO-BOCCTAaHOBUTEIbHO-
ro pexXuMa Ha pexXuM NMpodUIaKTUUYECKOTO 0OCITYXKUBAHUS — TaK-
Xe HeoOXOMMMOoe yCcIIOBUE CHUXEHUS aBapUItHOCTU Ha ceTsax. [dns
peanu3aluy 3TON 3agayu TpeOyeTcst co3naTh 6a3y MaHHBIX MO UH-
BEHTApU3aLUHU C 3aKITIOUEHUSIMU WHCTIEKTOPOB TEXHUYECKOTO Hal-
30pa, a TaKXe Mo NMpo¢pUIaKTUYEeCKUM U aBapUitHO-BOCCTAHOBM -
TeJbHBIM paboTtaM. baza maHHBIX CAYXHUT IUIST OTIpENeSICHUST periia-
MeHTa paboT.

B nepcnekTuBe npu Koppensdiuuu WHGOPMALMOHHBIX 0a3 naH-
HBIX TIO 3KCIJIyaTallMM TPyOOTIpOBOAOB TOSIBUTCS BO3MOXHOCTb
JTOJITOCPOYHOTO TIJTAHUPOBAHUS Pa3BUTHS U PEKOHCTPYKIIMH CUCTE-
MBI TIOIaYM Y pacripeneieHUsT BOIBI.

B 3axiioueHre OTMETHUM, UTO pa3BUTHE U JaJibHeillIee CoBep-
LIEHCTBOBAHUE CUCTEMBI BOJOCHAOXEHUS — rapaHTUsI KaueCTBEH-
HOW MUTBbEBOU BOABI, KOTOpasi SIBJISIETCSI COCTABJISIIOLIENH 3A0POBbS
W JOJITOJIETHUST HALLIMX COOTEYECTBEHHUKOB.
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