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MpepnucnoBue

CucteMa BOIOCHA0XeH s MPeACTABISET CO00H KOMIUIEKC COOpY-
XKEeHUH, obecreynBaloux 100p1BaHNe, KOHAULMOHUPOBAHKE U T10-
Jayy BOIBI ITOTPEOUTENSIM B HEOOXOUMBIX KOJIMUECTBAX U COOTBET-
CTBYIOLLETO KA4YeCTBa C coOMoaeHeM TPpeOOBaHUI HALEKHOCTH.

KoHanumMoHUpoBaHHe BOOBI MPEeACTaBIsieT CO00M KOMILIEKC PU-
3UYECKUX, XUMHUYECKUX U OMOJIOTUYECKUX METOIOB UIMEHEHHUS ee
MepBOHAYAJILHOTO cocTaBa. I1og KOHAMIMOHUPOBAHUEM BOJbBI MO-
HUMAIOT HE TOJIbKO €€ OYMCTKY OT Psiia HEXENATebHBIX U BPEIHBIX
TpUMECEH, HO U YJIYYIICHUE MPUPOIHBIX CBOMCTB MyTeEM oborauie-
HUS €€ HEIOCTAIIUMHU UHTPeIUEHTaMH.

AKTyalnbHOCTb M3IaHUS HAHHOTO YYeOHHMKA MOATBEPXKIAETCSA
pa3BUTHUCM HAYYHO-TEXHUUYECKOro OOeCIeYeHUs MO peaau3aliuu
IIporpammsel «PedopMupoBaHre M MOIEPHU3AIUS XUJIUIIHO-KOM-
MYHaJIbHOTO KoMmIuiekca P®d», yTBepXIeHHOI MOCTaHOBIEHUEM
IIpaButensctBa PO,

B yyeOHMKe M3/10KEHBI COBpEMEHHBIE METOIBI TOOBIBAHUS, KOH-
MUIIMOHUPOBAHUS U TPAHCITOPTHPOBAHUS BOIBI, NpeaHa3HAUYEHHON
IS LUEJIEH XO3STUCTBEHHO-TTUThEBOTO BOAOCHAOXEHUST KPYITHBIX 1 Ma-
JIBIX HACEJICHHBIX MYHKTOB, BKJTIOYAsT CETbCKOXO03sIiicTBeHHBIE. O1-
pelneseHHOe BHUMAaHUE yIEJeHO 3KOJOTMYECKUM MpobiieMaM CHC-
TeM BOJOCHAOXEHUs, pallMOHAJIBHOMY MCITOJIb30BAHUIO MUTHEBOM
BOJIbl, MEPOTIPUSATUSAM MO OXpaHe BOAHBIX UICTOUHUKOB. OCOOEHHO-
CTH CHCTEM TMPOMBIIIIEHHOTO BOJOCHAOXEHHST B YdeOHMKE He pac-
CMAaTpHUBAIOTCS, TAK KaK OHU OTHECEHBI K CAMOCTOSTEIbBHOMY KypCy.

Bce MHoroo6pasue BOompocoB MPU BBICOKOM YPOBHE Pa3BUTHS
TEXHUKY BOJIOCHAOXEHUST HEBO3MOXHO M3JIOXUTh B YYeOHUKE C XKe-
JIaeMO# CTETIEHbIO ACTAIN3ALNU. YKa3aHHBIA HEIOCTaTOK KOMIIEH-
CUPYETCST UMEIOIUMUCST YUYEOHBIMU MOCOOUSAMU U HEOOXOAUMOM
CIpaBOYHOI auTepaTtypoii. C rpuemMaeMoii MOJHOTONH pacCMOTPEHBI
TIPUHLUTTHATIBHBIE BOITPOCHI BOJOCHAOXEHHUS U TIPUBEIEHBI CBelle-
HUS, OTBEYAIOIMUE MO COAEPXKAHUIO U 0OBEMY MTpOrpaMMe AUCIUT -
JIuHBI «BomocHabxeHue» mis crrernagbHocTH 2912 «BomocHabxe-
HUE U BOJOOTBEACHUE>.

ABTOpPBI CYUTAIOT CBOUM JOJITOM BBIPA3UTh MPU3HATEIbHOCTh
3amecTtuTeno aupekropa CorossonokaHanmnpoekra E.H. JKupoy
U 3aBenylouiei Kadenpoit «KoMMyHasbHOE MU NMPOMBIILIEHHOE
BOJIOCHAOXeHHE» MOCKOBCKOTO HHCTUTYTa KOMMYHaJIbHOTO XO-
3siicTBa U ctpoutenbeTBa M. Y. [TaBnuHOBO# 3a LIEHHBIE COBETHI
¥ 3aMeYaHUsl, CAEJAHHbBIE TTPU MOATOTOBKE PYKOTUCH K U3IAHUIO.
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BeepneHue

Bcsa xu3HenesTeIbHOCTh YEJIOBEKA CBSI3aHA C UCIOJb30BAHUEM
BOZBI, TOTPe6GHOCTb B KOTOPOil Bce Bo3pacTtaer. OnHOI U3 OCHOB-
HBIX 3a1a4 BOLOCHAGXKeHUS SIBIsIeTCS obecreyeHHe HaceleHUs BO-
JIOiA, OTBEYAIOLIEH OMpeneIeHHbIM CAHUTAPHO-TUTHEHUYECKHUM Tpe-
GOBaHUSAM.

B coBpeMEHHBIX YCJIOBUSX MHOTOYUCIEHHBIM MOTPEOUTENSIM
HeobxoayMMa BOAa pa3iMyHoro kavectBa. Poct BomomoTpebneHus
MPUBEJT BO BCEM MHpPE K €€ KOJTUYECTBEHHOMY M KaueCTBEHHOMY
neduuunty. ITo3TOMY K pelIeHUIO 3a/1ay BOIOCHa0XeHUsI TpebyeT-
Cs1 KOMIUTIEKCHBII ITOAXOM, TIPeAyCMaTPUBAIOIINN UHTEPECH! pa3-
JIMYHBIX PYIIT MOTpeOUTENEH BOAbI, pAllUOHATIBEHOE €€ UCIOIb30-
BaHHE C YYETOM 3KOJIOTMYECKHUX aCTIEKTOB M T. [I.

IlepBble CBeneHUS O TPUMEHEHWH BOIBI IS Liejiei BomocHabxXe-
HMS TIOJTyYeHBl 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 6€3 J0CTaTOYHBIX Ha TO 3HaHUi. [lepBrie Bomo-
TIPOBOJIHBIE CUCTEMBI OBUTH TIOCTPOEHBI B YpapTy (Ha TEpPUTOPUH
coBpeMeHHoI ApMeHun) B VIII—-VII BB. no H.3. [lanbHeiiee pa3Bu-
THE CUCTEMBI BOIOCHAOXKEHUS TOJYYHJIM B TIEPUOM TPEKO-PUMCKOM
uuswiuzauuu (ot 100 et o H.3. 1o KoHua II B. H.3.), Koraa 6bUTH
3JI0KEHBI TIPUHLIMITBI CO3MaHUS LIEHTPAIM30BaHHBIX CUCTEM BOMO-
cHabOxeHus. Hauayio cTpoOUTeNbCTBA LIEHTPAIM30BaHHBIX TOPOACKHMX
cucteM BonocHabxeHust orHocurcst K XII—XIII BB. Hekoropsie u3
HHUX coXpaHWIUCh Ha Teppuropun ObiBiiero CCCP (Cpennsist A3us,
KpwiM, HoBropon u ap.). OngHako Hamo UMETh B BULY, UTO OHU SIB-
JISTIOTCST JIMIIB TTPO0OPa3oM COBPEMEHHBIX LIEHTPAJTM30BaHHBIX BOIO-
MPOBOJIOB.

OOBIYHBIM CTOCOOOM BOAOCHAOXEHMST POCCUMCKUX TOPOJOB SIB-
JIIIOCH TTOJTydeHUEe BOABI U3 MOBEPXHOCTHBIX HCTOYHUKOB, BOJTU3U
KOTOPBIX CTPOWJIUCH TOpOJa, WU U3 KOJOALEB U MPYAOB, BBIPHI-
TBIX B MeCTaxX ¢ OOMJIBHBIMM MOA3eMHBIMU BogaMu. IIpu u3bicKa-
HUM UCTOYHMKOB HapsOy C XO3IHCTBEHHBIMU LEJNSIMU YUUTHIBA-
Jlach MOTPeOHOCTh TOJIiyueHUsT BOABI Mpu o0opoHe ropona. Ilep-
BBIIl CAaMOTEUYHEBI BOIOIMPOBOI OB MOCTPOEH 1T MOCKOBCKOTO
Kpemasa B 1492 r. ['oOBHBIM COOpPYXEHHEM €To ClIyXuna Apce-
HanbHas (paHee CobakuHa) GalrHs, rae HaXOOWICS POIHHUK.

B npoMBIIIIEHHBIX LIEHTpaIn30BaHHbIX Bogonposomax XVIII B.
BIEPBbIE CTaJIM MPUMEHSITHCS CITEIMAIbHBIE BOJI03a00OPHBIE U BOJO-
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pacIpeeuTeNbHbIE CoopyxxeHUsI. OCHOBOMOJIIOXHNKAMHU BOAOMNPO-
BOJHOTO Jiesia ObLTH 3HaMeHuTbIi pycckuil TeriotexHuk U.H. TTon-
3YHOB W OIWH U3 TepBeix ruaporexHukosB Poccun K.J. @pornos.
BorpocaMu BogocHabXeHus1 ropHOro zaesa 3aHumaincs M.B. Jlomo-
HOCOB.

B xonue XVIII B. Havyanoch CTpOUTENBCTBO MBITHHIMHCKOTO
POIHUKOBOTO BOJOTIPOBOMAA [JIsT CHAOXEHHUS BOXOH TI. MOCKBHI.
B nanbHeiilieM 3TOT BONONPOBOJ, HECKOJIBKO pa3 pEKOHCTPYHUPOBaI-
¢ U OKOHYaTeJbHO Obu1 mocTpoeH B 1858 1. mo mnpoexrty
A.U. enpBura. Bo Bropoit nososuHe XIX B. BOmOnpoBoAbl OBUTH
noctpoeHbl B CaHkr-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 TIPOMBIIIIJIEHHBIX BOAOIPOBOIOB.

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

K 1917 r. B Poccuu nuiup 4eTBepTast 4acTh TOPOIOB MMeEJia BO-
npornpoBonabl. CpenHee BomornoTpebaeHue coctabisiyio 18—24 n/4gen
B CYTKH, U Juilb B MockBe u CaHkT-IleTepOypre oHO OBIJIO 3HAYM-
TEJILHO BBIIIE. BOJBIIMHCTBO HaceJIeHUs MOJIb30BAJIOCh BOIOM M3
YJIUYHBIX BOIOPa300pHBIX KOJIOHOK U (poHTaHOB. BoccTaHoBNIeHUE
HapOIHOTO X03siicTBa nocie I'paxXnaHCKOW BOMHBI U MOCIeNyIOast
WHAYCTPpUAIN3AlMs CTPAaHBl BBI3BAIA OYPHBIH POCT TOPOIOB U TO-
CEeJIKOB, a ¢ HUMM M pa3BUTHE BOJOIPOBOAHOTO X03stiicTBa. Mori-
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 TPEOOBAaHUS K 30HAM UX caHUTAapHOM oxpaHbl. [Tocne
Benukoit OteyecTBeHHOM BOWHBEI B 1946—1960 rr. BogonpoBoabl
OBLTM BOCCTAHOBJIEHBI U MocTpoeHb! B 580 ropomax ¥ MHOTHX TO-
ceJIKax.

B roponax Poccuu nepBbie BOAOMPOBOABLI OOBIYHO CTPOUIIUCH HA
0a3e MoJa3eMHBIX HCTOYHUKOB, YTO O0YCJIOBIMBAJIOCh CTPEMJICHUEM
K HCIIOJIb30BaHUIO TOOPOKAaYeCTBEHHON BOJBl M HANEXHOW 3alliu-
LIEHHOCTH €€ OT BHEILTHETO 3arpsi3HeHus1. B mpoiecce nanpHeie-
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ro pa3BUTHUSI TOPOJOB M COOTBETCTBYIOLLETO pocta Bopornorpebie-
HUA B GOJILIIMHCTBE CIyyaeB GblT OCYILECTBIIEH nepexo]] K MMOBEpX-
HOCTHBIM MCTOYHHUKAM, YeMy COCOOCTBOBano Takxe BHEIPEHHE
0oJsiee COBEPLICHHBIX TEXHOJOTUI OUUCTKH BOJBI,

Ha py6exe 60—70-x rr. XX B. BHOBb NosIBUiach TCHAEHLUS
K LLIMPOKOMY MCITOJIb30BAHUIO MTOA3EMHBIX UCTOYHUKOB IJIS X035 -
CTBEHHO-TIUTBEBOIO BOAOCHAGXEHUS. DTO OBUIO BBIZBAHO KAK YXYI-
IIEHWEM KayecTBa BOJbI B TOBEPXHOCTHBIX UCTOYHMKAX, TAK U pac-
IUPEHNEM TUAPOTEONOTUYECKMX MCCIIENOBAHUIT 3amacoB NMOA3EM-
HbIX BOA. HOBBIM KaueCTBEHHBIM Pe3yJNbTaTOM CjlelyeT CUMUTATh
cOo3maHHWe BOAOTPOBOAOB C PAa3HOTUITHBIMU MCTOYHHMKAMH, OoJee
HaJeXHBIX KaK B TEXHUYECKOM, TaK U B CAHUTAPHO-3THUIEMHUOJIOTH~-
YeCKOM OTHOIIECHHUM.

B cBs3M ¢ 3arpsg3HeHMeM U UCTOLIEHHEM MHOTMX UCTOYHUKOB
BOJOCHA0OXEeHUST B HACTOSILEE BPEMS YBeJIMUeHHE MOLIHOCTH BO-
JIOTIPOBO/IOB 3a CYET HOBOTO CTPOUTENLCTBA TPEOYET OONIBILINX Ka-
MUTaAJIbHBIX 3aTpar. [To3ToMy 0cob0e BHUMaHHWE JOMXKHO OBITh
yIaeJIeHO ONITUMU3ALWU BOAONOJB30BAHUS U COKPAIIEHWIO NIOTEPD
BOIBI.

Pa3zBuTHE MTPOMBIIIUIEHHOCTH U CEJTbCKOXO3IHUCTBEHHOTO MPOU3-
BOJCTBa, KOMMYHAaJILHOTO XO3sSIICTBA FOPOIOB U TMOCEIKOB, POCT BO-
JIOTIOTPEeOIEHUST, UCTIOIb30BaHUE TIPUOPENKHBIX BOOJOOXPAHHBIX MO~
JIoC, pacnalika MmoiM, NpuMeHeHUe SIIOXMMUKATOB U HapylleHHe
MpaBUJ UX XPaHEHUS, OTCYTCTBUE HEOOXOAMMOTO TIPaBOBOrO M KO-
HOMMYECKOTO MEXaHU3MOB YITPaBJICHUSI BOTHBIMU pecypcaMy Mo
bacceitHOBOMY MPUHLIMITY U Ip. IPUBOIST K PE3KOMY 00OCTPEHUIO
9KOJIOTMYECKOIN 0OCTAHOBKU W YXYAIICHHUIO YCJIOBUI XXMU3HU Hace-
JICHUSI.

PewreHue rmpo6iieM OUYMCTKU MPUPOAHBIX U CTOYHBIX BOJL 3aKJTIO-
yaeTcsi B pa3paboTKe M IIMPOKOM BHEAPEHUM B MPAKTUKY HOBBIX
HaJIeXHBIX, 3(PHEKTUBHBIX U BBICOKOIKOHOMUYHBIX TEXHOJIOTHYEC-
KHUX TMPOLIECCOB, KOHCTPYKIIUI COOPYXEeHUI, YCTAHOBOK U ariapa-
ToB. IlIupokoe BHeapeHUEe BBIYUCIUTEIBLHON TEXHUKH TO3BOJISIET
peuraTh 3alauu MPOEKTUPOBAHUS U DKCIUTyaTAllMM Ha KAYECTBEHHO
HOBOM YpOBHE, obecrieyuBaloiieM TpeGOBaHUS 3KOHOMHYHOCTH
M HaJIeKHOCTH CUCTEM BOIOCHAGXEHHUS.

CrnenyetT OTMETHTb, YTO JUJIST PELIEHUsT HAayYHBIX U WHXeHep-
HBIX 3aJa4y BOJOIIPOBOMAHON TEXHUKU MHOTO Clelajdd TaKHe 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 PEIIUIU COBETCKUE YUEHBIE
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H.H. A6pamoB, C.X. Azeprep, M.M. Aunpusmen, U.D. Anenb-
uuH, ®.M. boueBep, H.H. I'eunes, B.A. Knauko, B.T'. JloGaues,
H.T. Manumesckuit, JI.®. MomwruuH, I''MN. Hukonanse u ap.
Bonbiioii BKJIag B pa3BUTHE TEOPUU M TTPAKTUKH BOJOCHADXEHUS
BHocsiT MIVYII «MocsonokaHan», HHWHWU BOJITI'EO, HHUHU
KBOB, AKX uM. K.JI. TTamduioBa 1 MHOTrHEe Apyrue orpacie-
Bble ¥ yueOHBIe UHCTUTYTHI.



Paspnen 1. UcTtouyHukn BoaocHabXeHusa

1.1. Mpupoaxbie BoaHbIE pecypCbl U UX
Ucnonb3oBaHue Ang uenei BoaocHabxeHus

BonocHa6xeHue 6a3upyeTcs Ha MCIOJIb30BAaHUU MPUPOTHOTO
CBIpbSI — BOIBI.

OueHKa U TTPOTHO3 MOIIHOCTA M KayecTBa UCTOYHWKOB BOJO-
CHaOXeHUs SBJISIOTCSI OTBETCTBEHHOM 3anaueii. [IpaBuibHOe ee pe-
IIeHWe TapaHTUPYET TMOJIyYeHHEe HEOOXOOWMBIX KOJMYECTB BOJIBI
B TECYEHHUE pacCMaTpPUBAEeMOro TMepUoaa IKCIUTyaTallUu C Yy4ETOM
MPEAIoIaraeMoro pocTa BOJAOMOTPeOIeHUS NTPU COOIIONEHUN Tpe-
0OBaHUI TEXHOJOTUYECKOU U CAHUTAPHON HAIEXKHOCTH.

TpeGoBaHus, peabsBsieMble K TTUThEBOI BOMIE, peTJIaMeHTH-
poBaHbl CaHIIuH 2.1.4.559-96. TpeGoBaHMsI K KauyeCcTBY BOMIBI,
Uaymeil Ha TEeXHOJIOTUYECKNE HYXIbI, Ype3BblUaitHO pa3zHOOOpa3-
Hbl. IIpy oLleHKe KayecTBa BOJABl B UCTOUHHUKE BOJOCHAGXKEHUS
HCIOJIb3YeTCs rocyIapCcTBEHHBIN cTtaHmapT «McTOYHUKH LieHTpa-
JIM30BAHHOTO X039 CTBEHHO-ITUTheBOTO BogocHabxeHusi» (FTOCT
2761-84).

Ot KayecTBa BOABI B UCTOYHUKE BO MHOTOM 3aBMCST YCJIOBUS
9KCIUTyaTallUM KaK OYMCTHBIX COOPYXEHHH, TaK U CUCTEM IMOJaYU
Y TPAHCIIOPTHPOBaHMS BOAbi. KauecTBO BOMBI JOJIKHO COOTBETCTBO-
BaThb TPeOOBAHUAM TOTPEOUTENISI M JOCTUTAThCS MHAYCTPUABHBIMU
MEeTONaMHU TeXHOJOTUM €€ TTOJTOTOBKH.

IIpn BBIGOpE MCTOYHHMKA HEeOOXOMMMa OlLlEHKA KOMILJIEKCHOTO
HUCITOJIb30BaHUS BOMHBIX PECYPCOB BCEX BUJIOB, UMEIOIIIUXCS B PETH-
oHe. M3 HECKOJNIBKUX aJIbTEPHATUBHEIX IPEANTOYTEHHE OTIACTCS
TOMY MCTOYHUKY, KOTOPBIi obecrieunBaeT becriepeboifHoe cHabxe-
HUE BOAOI MoTpedbuTesieit mpu MUHUMAJIBHBIX 3aTpaTax Ha €€ OYr-
CTKY U TpaHcnopTupoBaHue. I[Ipy 3TOM yUMTHIBaeTCS COXpaHEHUE
CJIOXUBILIEICS SKOJIOTUUECKON CUCTEMBI ITPU OTOOPE BOJIBL.

BriOpaHHBIM MCTOYHHMK BOJOCHAOXeHUS HEOOXOIMMO COTJIAco-
BaTh C OPraHaMM roCcyIapCTBEHHOrO CAHMUTApPHOTO HaA30pa.

TpynHoctu B obecrieyeHUH norpebuteneit Bogoit BO MHOroM
BO3HUKAIOT U3-32 HEPABHOMEPHOCTH pacIipeieIeHHs KaK BOJHBIX
pecCypcoB IO TEPPUTOPUM CTPaHBI, TAK U CaMHX NMOTpeduTenei
M TToJTb30BaTesieil Boasl. KpoMe Toro, cyllecTBEHHBI KOJIeOaHUs BO
BpeMeHH 00bEMOB BOTHBIX PECYPCOB, TIPUTOIHBIX IS UCITONB30-
BaHMUS.



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

Ins Xx0351CTBEHHO-TUTHEBOTO BOJOCHA0XEHHUS LieJiecooOpa3Ho
TMPUMEHSTh TTOA3eMHBIE (0COBEHHO apTe3uaHCKHWe U POOHUKOBHIE)
BOZBI, KOTOPHIE, KaK MpaBuiIo, UMEIOT 60JIe€ BEICOKHE TTOKa3aTelu
KayecTBa, YeM BOABI NMOBepXHOCTHHIE. ECIM MOLIHOCTH BOIOHOC-
HOTO TJIacTa MOA3EMHBIX BOJ HEJOCTATOYHA UJIM OHU HETIPUTOIHBI
IUIs 1ejieid BOMOCHA0XEeHWs, TO UCIIOJB3YIOT MOBEPXHOCTHBIE UC-
TOYHUKHU. Mcnonb3oBaHWe MOA3eMHBIX BOI IJIS TTIPOU3BOACTBEH-
HBIX HYXI HelleJecoobpa3Ho, eCii HET COOTBETCTBYIOLIETO 000-
CHOBaHMS.

ITon3eMHBIe BOABI OOBIYHO He TPeOYIOT OCBETIEHUST U obeciiBe-
YUBAHMS, XapaKTePU3YIOTCS ITOCTOSTHCTBOM TEMIIEPATyphl, CAHUTAP-
HOI HaleXHOCThIO, HEGOIBIINM COMEPXaHUEM OpPTaHUYECKHUX Be-
IIECTB ¥ 3HAYUTEILHBIM KOJIMYECTBOM MUHEPAJIBHBIX COJIEiA.

Hab6momaeTcs npsiMast 3aBUCHUMOCTh MeXIY TJTyOMHOM 3ajera-
HUS TTOA3EMHBIX BOA U CTENEHBIO MX MUHepanu3auuu. I1pu Hanmm-
YUU TUIPABINYECKOU CBSI3M MEXIY MOBEPXHOCTHBIMHM M ITOA3EeM-
HBIMU BOJaMH TIOCJIEHHE MOTYT OTJIMYAThCS NMOBBIIIEHHOI OKHC-
JISIEMOCTBIO.

XMMHYECKHI COCTaB MO3eMHEIX BOJ OTJIMYAETCS pa3HOOOpa3ueM.
OH ormpenensieTcsi B OCHOBHOM YCIOBUSIMU X (DOPMUPOBAHUS, KO-
TOpBIE 3aBUCSAT OT B3aMMOIEHCTBUS ¢ aTMOC(epoif U 3eMHOI ITo-
BepxHocThIo. Cltaboe mpoTeKaHne GUOJTOrMYeCKUX MPOLIECCOB, OT-
CYTCTBHE CBETa U CBOOOAHOIO paCTBOPEHHOr0 KMCJIOpOAa TMpernsT-
CTBYIOT Pa3BUTHIO PAaCTUTENBHOCTH U XHU3HEIESITEIbHOCTH BOTHBIX
OpraHM3MoOB B TMTOA3eMHBIX Bogax. Ho oMHOBpeMEHHO C 3TUM CO31a-
10TCSt OJTAarONPUATHBIE YCJIOBUS Pa3BUTHS aHA3POOHBIX MPOLIECCOB,

ITon3eMHBIe BOABI YAaCTO XapaKTEPU3YIOTCS 3HAYUTETLHOM XKeCT-
KOCThIO, TIOBBIILIEHHBIM COIEpXaHWEM XeJjie3a, MapraHia, ¢gropa,
pacTtBopeHHBIX ra3oB (H,S, CO,).

ITon3eMHBIe BOOEI MOTYT OBITH HAITOPHBIMU M O€3HANTOPHBIMMU.
Be3HanopHble BOOb UMEIOT CBOOOIHYIO MOBEPXHOCTh, Ha3BIBAEMYIO
3epKaJoM MOA3eMHEBIX BOIA. ECIM MOMHOCTBIO HACHIIIEHHBIE BOJO-
HOCHBIE TIJTACTHl TIEPEKPBITHI BOAOHETPOHMIIAEMBIMU TPYHTAMM
1 UMEIOT TIbe30METPUYECKHUIT HATlOp, TO OHU Ha3BIBAIOTCS HaAMop-
HbeIMU. [laBleHune, co3maBaeMoe HANTOPHBIMU BOJaMH, OoJbIle aT-
mocpepHoro. Eciayu noa3zeMHble BOOBI MMEIOT BHIXOHI Ha TOBEpPX-
HOCTh, TO 00Pa3yIOTCsSl POTHUKH.

ITon3eMHbIe BOIBI MOTYT 3ajleraTh B BHUIE I'PYHTOBOTO MOTOKa
C HEMpePBHIBHBIM ABUXXEHWEM BOIBI, UMEIOIIETO YKJIOH B HallpaBJjie-



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

IToa3zeMHBIE BOJAbl UMEIOT CTaTHYECKUA U TMHAMUYECKUHA YPOB-
Hy. CtaTUYEeCKUA YPOBEHb — 3TO YpPOBEHb BOIBI B KOJIOALIE TIPU OT-
cytcTBUM Bogootbopa. Ilpu or6ope BoIbI U3 KOJIOALA TTPOUCXOIUT
MajeHue ypoBHS. DTOT ypoBeHb Ha3bIBaeTCst AMHaAMUUYecKUM. [lo-
HUXEHUE IMHAMWYECKOTO YpOBHS TPOMOPLUOHAILHO KOJTUYECTBY
oTKayMBaeMoif Boabl. KonuyecTBo BOJABI, KOTOPOE MOXET OBITh OT-
KayaHo TP MOHUXEHUHU TNHAMHWYECKOTO YPOBHS Ha 1 M, Ha3bIBa-
eTcs yIeJbHBIM J1e0UTOM. YpoBeHb BOABI U ME30METPUUYECKHUE TTH-
HUU, YCTAHOBUBIIMECS BOKPYT KOJIOALEB MPHU OTKAyKe BOJbI, oOpa-
3YIOT KPUBBIE JUCTIEPCUU.

B kayecTBe NMOBEPXHOCTHBIX UCTOUHUKOB HCTIONB3YIOTCA PEKM,
BOJOXpaHWINIIA, 03epa U Mops. s pek xapakTepHbl CE30HHBIE
KoyiebaHUsT pacxoda U KadecTBa Boabl. CocTaB mpuMeceil peuHBIX
BOJ OTpeNeNIseTCa XapaKTepoM MMUTaHUs peK. Paznmuyalor mosepx-
HOCTHOE U To3eMHoe nTutaHue. IToBepXHOCTHOe NMUTaHUe obecrie-
YUBAETCS BhIMTaleHUEM JAOXIEH, TasHUEM CHera, JISAHUKOB U T. I1.,
a moA3eMHOe — IVIAaBHBIM 00pa3oM TPYHTOBBIMH BOJaMH (pOIXHUKH,
KJTIOUH).

XapakTepHbBIMU OCOOEHHOCTSIMM KayecTBa peyHOM BOIBI SIBJISI-
IOTCSI €€ OTHOCUTEJIbHO 00JIbllIast MYTHOCTb (OCOOEHHO B MEPUOL,
ITAaBOJIKOB), BBICOKOE COJiepXaHUe OpraHM4YeCcKuX BellecTB U OaKTe-
pMIii, 4acTO — 3HAYMUTEbHASI LIBETHOCTb BOIbl. PeuHast Boja obna-
J1aeT OOBIYHO OTHOCHUTEIBLHO MaJIBIM COJIECOIepXaHUEeM U, B YacT-
HOCTH, HEOONBIIION XEeCTKOCTHIO.

HabGmomaetcst onpeneneHHast 3aKOHOMEPHOCTb: Boabl pek CeBe-
pa XapakTepu3YIOTCSI MaJioif MU CpellHeid MYTHOCTBIO, BEICOKOM
LIBETHOCTBIO M MAJIBIM cojiecolepXaHueM, a peku KOra — BeICOKOH
MYTHOCTBIO U MUHEpaTU3allueil, HU3KOH 1IBETHOCTHIO.

CocTaB NpUPOAHBIX BOI MOCTOSSHHO M3MEHSIETCSI B PE3YyJIbTATe
MMPOTEKAIOUIUX B HUX IMPOLIECCOB OKCHAALIMM U BOCCTAHOBJIEHUS,
CeAUMEHTAllMU OMCIIEPTUPOBAHHBIX M KOJUIOUIHBIX NpUMeCEM
M COJIe¥; NOHOOOMeHa MeXay BONOW M JOHHBIMU OTJIOXECHUSAMHU,
oboraieHust BOJ MUKPO3JIEMEHTAMH BCIEACTBHE OMOXUMHYECKUX
MPOLIECCOB; CMEIIEHUST BOJl Pa3TUYHOrO MUTAHUA. B moBepxHOCT-
HBIX BOJIOTOKAX HAOMIOJAETCSI CAMOOUMILIEHHE BOIBI 32 cUeT (pusm-
YECKHUX, XHMHUYECKUX U OUOJIOrMYECKHUX TIPOLIECCOB, YEMY CITOCOO-
CTBYIOT aspalusi, iepeMeliiBaHue, JeKaHTalWs B3Becei, pa3daB-
JIeHUe 3arpsisHeHuit B bosplroit Macce Bonmwl. Ilom neitcTBueM
NMPOCTEUILIUX BOAHBIX OPTaHU3MOB, MUKPOOOB — aHTArOHUCTOB,
OakTepuodaroB 1 aHTUOMOTUKOB OMOJOTMUYECKOI0 MPOUCXOXKIE-
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HUs, TOJ BJUSTHUEM OMOXMMHUYECKUX U OKCUAALIMOHHBIX TTPOLieC-
COB MoOryubalT NaToreHHble 6aKTepUU U BUPYChl. CaMOOYHILIIEHHE
BOMBI, KakK MpaBUio, He obecrieynBaeT HEOOXOAUMOTO €€ KayecTBa
IIJIST IPOU3BOJACTBEHHBIX U XO3SINCTBEHHO-MIUTHEBBIX 1elneit. [1o-
3TOMY TMpPAKTUYECKM Bceraa MOBEPXHOCTHAsA BOMA HYXHAETCS
B KOHIMIIMOHUPOBAHUU €€ CBOMCTB C UX JOBeAEHUEM 10 TpeOoBa-
HU noTpebutenei.

Xo3stiicTBEHHAsT AESITEJILHOCTD YeJIOBEKa CYIIECTBEHHO BIIUSIET
Ha COCTOSTHUE BOJIOUCTOYHMKOB KaK B KAYECTBEHHOM, TaK U B KO-
JINYeCTBEHHOM OTHoIueHNU. OnHuM u3 ee GakTOpoOB SIBIASAETCS
CMBIB C CEJIbCKOXO3SIUCTBEHHBIX YTOAUN XUMUUYECKUX YAOOpEeHUH U
cbpoc B BOAOEMBI HEAOCTATOYHO OYUIIEHHBIX CTOYHBIX BOJ U BOJ
TETIJIOBBIX U ATOMHBIX 3JI€KTpOCTaHLUI. BeencTBue 3Toro MHTEH-
CHBHO Pa3BMUBAIOTCA MIAHKTOH U MakpodUTHI, BBI3BIBAIOILIME 3apa-
CTaHUE BOJOEMOB, MOBBILIEHUE LIBETHOCTH BOAbI, BOBHUKHOBEHHE
MPUBKYCOB M 3aIaxoB, YTO YXyIILIAeT CAHUTAPHOE COCTOSTHHUE BOMAO-
WCTOYHUKOB.

Bona o3ep 1 BOHOXpaHUIMII OTJIMYAETCSI BEChbMa MaJIbIM COlep-
’)KaHWUEM B3BELIEHHBIX BEIIECTB, 3HAUUTEIBHON LBETHOCTHIO, OOJIb-
IIOM OKMCJISIEMOCTBIO, HUTMYUEM TIJTAHKTOHA B JieTHee Bpemsi. Cre-
TeHb MUHEpPAIN3alluM 03€pPHOH BOJBI BEChbMA pa3jiuyHa.

Mopckast Bona, coaepxalilias, Kak M3BeCTHO, OOJIbIIOE KOJIM-
YeCTBO MUHEpPaJbHBIX COJieit, 00J1ajlaeT OTHOCUTEIBbHO HEBBICO-
Koit kecTKocThi0. Ee MpUMEHSIOT B MPOU3BOJACTBEHHOM BOJO-
CHaOXEeHMHU IJIs1 OXJIAXKIEHUSI, a IPHU OTCYTCTBUU MPECHBIX BOI —
U JJIST Ledeil X03sIMCTBEHHO-MUThEBOr0 BOJOCHAOXEeHWs Tioce
OTPECHEHMUSI.

1.2. U3bickauna ong NnpoeKTUpoBaHUA CUCTEM
BOOOCHabXxeHns

3agaya BOmOCHabOXeHUsT — 3TO OecrnepeboiiHoe cHabXeHUe
BOJOW TOTpebuTEeNaeii TNMpU ycaoBUM Haubosbliero yaoOCTBa
MOJIb30BAHUA €10, IIPU HAUMEHbIIEH €€ CTOUMOCTH, HauboblIEH
MPOCTOTE W 3adaHHOM HaleXHOCTHU 3KCIUTyaTallUh CUCTEMBI BO-
JIOCHAOXEHUSL.

CucreMa BOIOCHAOXEHUSI — 3TO KOMIUIEKC B3aMMOCBS3aHHBIX
COOpYXeHHUi1, obecreunBaoIMX MOTpedbuTeNneit Bomoil B TpedbyeMoM
KOJIMYECTBE U 3aJaHHOTO KayecTBa.

ITpoekT BOXOCHAOXEHUS HACETEHHOTO MYHKTA WJIM MPOMBILI-
JICHHOTO TPEANPUATHS COCTABIISIETCS TIOCTIE TIIATEILHOTO O3HAKOM-
JIEHUS C IMPOEKTHPYEMbIM OOBEKTOM U MECTHBIMH yCJIOBUSIMU. JLJtst
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c6bopa HEOOXONMMBIX CBeleHMit MPOBOAATCS M3bicKaHus. Heobxo-
JOUM CUTYaUMOHHBIH TUIAaH MeCTHOCTU B DaHOHE€ PacCITOJIOXEHUS
MIPOEKTUPYEMOTO O0OBEKTa ¢ HaHECEHHBIMU Ha HETO IMPOMBILUIEH-
HBIMU O0OBEKTAMM U UICTOYHMKAMU BOJOCHAOXEHUS.

[1s onpesiesieHNUs MOTPeGHOCTH B BoAE IMPENOCTaBIAIOTCSI OCHOB-
HbIE TaHHBIE O HACEJIEHHOM NYHKTE (MJIOTHOCTh HAaCENEeHUs, ITaX-
HOCTB 3aCTPOIKHU, BIaroycTpoificTBO 3MaHUI) U MPOMBIIIIEHHBIX
MPEeNNPUATUAX (TEXHOJIOTNUYECKHE PacXoibl BOAbI, KO3GMULIMEHTHI
CYTOYHOI HEpaBHOMEDPHOCTH, TpebyeMble HAallOPhl, YACJIO CMEH Ha
NpeaANpUATUSAX, KOJIUYECTBO paboTaIOIIMX B XOJOOHBIX U TOPSAYUX
[IeXax B KAXIYI0 CMEHY, KOJTUYECTBO MOJB3YIOWMXCS OYIIeEM U 1Ip.).
YKa3bpIBalOTCSI KAYECTBO BOIBI IUIST MPOU3BOJACTBEHHBIX HYXI, BO3-
MOXHOCTh 000pOTa ¥ MOBTOPHOTO MCIMOJb30BAHUS BOIBI, PacXo.
BOJBI IS IPOTUBOMOXAPHBIX 1ieJieil MPOMBILIICHHBIX TIPEANPUSI-
Thi. Takke MPUBOAUTCS TUIOILAND 3€JeHBIX HACAXACHUIT U TTOJINBa-
€MBIX TEpPUTOPHH.

HeoGxonuMsl TeosiorndecKre JaHHBIE I TEPPUTOPUM TOpoaa
M IPOMITIOIAnKU (YPOBEHDb IPYHTOBBIX BOM, CTEINIEHb arpeCCUBHO-
CTH BOIBI MO OTHOIIEHWIO K OETOHY) U KIMMAaTUYECKHE MaHHBIE
(rnybuHa npoMep3aHHUsl TPYHTOB, MaKCUMaJibHasi ¥ MUHUMaJIbHas
TeMreparypa BO31yXa, KOJJUYECTBO OCAAKOB, BHIMABIINX B TCUEHHE
roja, Harpasj€HHEe TOCTIOACTBYIOUINX BETPOB). '

CaeneHuss 00 UICTOYHUKAX BOJOCHAOXKEHUS MONYYAIOT B PE3YJb-
TaTe TUAPOTEOJIOTUYECKHUX, THAPOTOTUYECKUX U TomorpauyeckKux
U3bICKaHUit. [IaHHbBIE 0 MOBEPXHOCTHBIX UCTOYHHKAX — 3TO MUHU-
MaJIbHBII 1 MAaKCUMAaJIbHBIN pacxol BOAB B peKe; YPOBHU BOJHI;
CKOPOCTH IBUXEHUS BOABI; TOJMIINHA JIbAa. [IpunaraeTcsa nmomnepey-
HBIA TIpOdUIb PEKH C TEOJIOTUUECKUMHU pa3pe3aMU B CTBOpPE BOAO-
npueMHUKa. JlaHHBIE 0 MOA3€MHBIX HCTOYHUKAX — 3TO HX pacXoX
BOJABI, TPYHTBI, OTMETKA CTATUYECKOTO YPOBHS MOJA3EMHON BOJHI,
nopoja BODOHOCHOTO CJI0$1, YAEAbHBIN NeOuT.

st MTpoeKTUPOBAHUSI OYMCTHBIX COOPYKEHUI MpPEACTABISIIOT
CBEIEHHUS NTO0 OCHOBHBIM IOKA3aTesIsIM KauyecTBa BOABI B MCTOYHMKAX
BOJIOCHAOXEHMSI.

Kpome nepeyucieHHOro clieayeT MpeaycMOTpeTh MePCIeKTH-
By pocCTa ropoja, yBeJU4eHHe B HEM KOJIMUeCTBa XUTENeH, pa3-
BUTUE MPOMBILIJIEHHOCTH, a TAKXE PaCCMOTPETh BOIIPOCHI, CBS-
3aHHbIE C 2JIEKTpOCHaOXeHueM (yKa3aTb CTOMMOCTB 3JIEKTpPO-
9HEPIrUH).

B npoekTe NOMKHEBI OBITH PACCMOTPEHBI BApHAHThl BOLOCHA0Xe-
HUSA, TEXHOJOTMYECKHUX U MHXEHEPHBIX pelieHnit. Heobxonnmuim
3TanoM SIBJISIETCS TEXHUKO-I9KOHOMHUUYECKasl OlleHKa MEPOIPUATHI
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M CpaBHEHHE Pas3TUYHBIX cXeM TMPU UCTIONB30BaHUU MOBEPXHOCTHBIX
M TTON3EMHBIX BOJI U JPYTUX BO3MOXHBIX BAPUAHTOB PEIIEHUST BOJIO-
cHabOXeHHUs.

1.3. 30HbI CaHUTaApHOW OXpaHbl NCTOYHUKOB
BOAOCHaOXeHUsa U COOpYXeHUu cucrtem
BOAOCHA0XeHNa XO039ACTBEHHO-NMUTbLEBOro
Ha3HaYeHud

B uenax obecrieyeHusT CAaHUTAPHO-3MUIEMUOJIOTHYECKOM HaleXK-
HOCTHM MPOEKTUPYEMBIX U PEKOHCTPYHPYEMBIX BOXOMPOBOIOB XO-
351iCTBEHHO-IIMTHEBOIO BOJOCHAOXEHMSI B MECTaX PacIOJIOXEHUS
BOI03200PHBIX COOPYXEHUM U OKPYXAIOUINX UX TEPPUTOPHUI yCTpa-
MBAIOT 30HHBI caHUTapHOI oxpaHbl (3CO).

Co3naHue cCaHMTapHBIX 30H HEOOXOIMMO JISI TIPeNOTBpalleHUS
3arpsA3HEHUS UCTOYHUKOB XO3SHCTBEHHO-ITUTHEBOTO BOAOCHA6XKE -
HUs. OHM OXBaTBIBAIOT SKCIUTyaTUPYeMBlif BOJOEM M YacTh Hacceil-
Ha ero NMUTaHMUS.

OcCHOBHbIE TPeOGOBaHMS K MIPOEKTUPOBAHUIO 30H CAHUTAPHOM OX-
pansl onpenensiiorcss CHull 2.04.02-84*.30Ha caHMTapHOM OXpaHbI
HMCTOYHUKA BOAOCHAOXEHHUS B MeCTe 3a60pa BOJBI COCTOMT M3 TPex
MOSICOB, B KaX/IOM U3 KOTOPBIX YCTaHABJIMBAIOT OCOOBIN PeXUM, ca-
HUTapHBIA HAI30p U KOHTPOJIb 33 Ka4eCTBOM BOIBI B UCTOYHHKE.
ITepBbIit MOSIC — 30HA CTPOTOTrO PeXHMa, BTOPOil M TpeTHit — pe-
SKUMOB OTpaHUYeHMSI.

IIpoekT ykasaHHBIX 30H pa3pabaTbiBaeTCsl HA OCHOBE HaHHBIX
CaHUTapHO-Tomorpauyeckoro oO6CAea0BAHUS TEPPUTOPHUIA,
a TaKXe TUAPOTEOJOTHYECKHUX, TUAPOTOTHYECKUX, NHXEHEPHO-
reoJIOTUYECKUX U Tororpaduyeckux Matepuano. OmnpenenasioTcs
TpaHUILIBI TTOSICOB 30H, MepeyeHb MEPOIIPUSITHI TTO UX OpPraHU3a-
LI U CAHUTApHHIM peXuM B HUX. OH COTJIacOBBIBAETCS C Opra-
HaMM ¥ yYpeXIeHUSIMU CAaHUTAPHO-3MUIAEMHUOJIOTHYECKON CITyX-
OB, OpraHaMH MO PEeTryJIMPOBaHUIO MCIOJH30BaHUS 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 Bono3abopaMM, HaCOCHBIMHU
CTaHLMSIMM, OYUCTHBIMM COOPYXEHHUSIMU U pe3epByapaMM YHCTOM
Bonbl. I'paHMIIa EPBOTO MOsica yCTaHABIMWBAETCS B 1IEJISIX YCTpa-
HEHUST BO3MOXHOCTH CJIy4ailHOTO WJIM YMBILIJIEHHOTO 3arps3He-
HHSA Boabl B HeM. OH OXBaThIBaeT aKBaTOPHIO PEK U MOABOMSIIHUX
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KaHajaoB He MeHee yeM Ha 200 M oT Boao3abopa BBEPX IO Teve-
Huo ¥ 100 M BHU3 110 Teyenwuto. [To mpunerampuiemMy 6epery rpa-
HUIIA TTOSIca TIPOXOAUT Ha pacCTOSTHUM He MeHee yem 100 M ot
JUHUM ype3a BOABI NMPU MakcuMaibHOM ypoBHe. IIpu mupuHe
peku u KaHana 10 100 M B mepBbii MOSAC 30HBI BXOAUT YacTh
MTPOTHBOTOJIOXKHOTO Oepera (1o OTHOIIEHHIO K Bogo3abopy) 1Iu-
puHoit 50 M OT ype3a BoIbI, npy GOJIbIIEH LIMPUHE — aKBaTOPHS
mupuHoit He MeHee 100 M.

30Ha CaHUTAPHOMH OXpaHbI MEPBOro MOoscCa I BOAOXPaHWJINIL
Y 03ep OXBaThIBAaeTCs TpaHMUlIei, Mpoxoasiei Ha pacctosiHuu 100 M
OT BOA03abopa 1O aKBaTOPUM MCTOYHMKA BO BCEX HATPaBIICHUSIX,
a nmo TpuJeraroueMy K Boro3abopy 6epery — Ha pacCTOSSHUM He
meHee 100 M oT ypesa Boasl. Eciu Bogo3abop KOBUIOBOTO THUMA, TO
B TPaAHULIBI BXOMSIT BCSI TUTOIIAAb KOBIIA U TEPPUTOPHUS BOKPYT HETO
rmosiocoit He MeHee 100 M.

s moa3eMHBIX MCTOYHUKOB rpaHU1Ia TIPOXOAUT B paguyce 30 M
OT BOA03abopa, eCIM UCTOUHUK HANEeXHO 3allUIIEeH; TPU OTCYT-
CTBUU rapaHTUH HaJAeXXHOH 3allMThI IPaHULA 10sICa TIPOXOANT B pa-
nunyce 50 M. Tepputopusi nepBoro rnosica I0JKHA ObITH CTUTAHUPOBA-
Ha, O3eJIEHEHa U OTOpPOXeHa, 2 Ha aKBATOPUM IMOBEPXHOCTHBIX UC-
TOYHHUKOB TIOCTaBJIEHBbl TIpeaynpeauTeSbHble 3HakKu. B 3THX
rpaHUliax 3ampelleHbl BCe BUIBI CTPOUTENBCTBA, HE CBA3AHHBIE
C OCHOBHBIM MPOM3BOACTBOM, IMPOXUBAHUE JIIOAEeH, KyllaHUe, BONO-
MOW U BBIMIAC CKOTa, JIOBAS PHIOBI, CTUpKa Oesibsi, IpUMEHEHWE
yao0peHU U 110XMMHUKATOB, pyOKa Jeca.

Bropoit nosic caHMTapHOI 30HBI OXBAaTBIBAET TEPPUTOPHUIO IO
o6euM cTtopoHaM peku Ha pacctosHuu 500—1000 M ot ypesa
BoNIbl. BOKOBBIE TpaHULBI 3aBUCAT OT penbeda MecTHOCTH. I'pa-
HHLAa BTOPOTO MOSICA BHU3 IO TEYEHUIO PEKH MPUHUMAETCS Ha
paccTtossHUM He MeHee 250 M oT MecTa Bomo3abopa. Beepx mo Te-
YEHUIO PEKU €€ Ha3HayaloT UCXOoAsl U3 npobera BOABl OT HEE N0
Bo03abopa B TeUeHHe 3—5 cyT B 3aBUCUMOCTH OT KJIWMaTHYeC-
KHUX YCIOBUI NMpU CpeNHEMECSIYHOM pacxoie Bombl 95 %-Hoit
obecrieueHHOCTU. Ha CyZ0XOMHBIX peKax M KaHajax B rpPaHULIbI
BTOPOTO MOsiCa BKJIIOYAIOT aKBaTOPUIO, TIPUJIEraollyio K Bojgo3a-
6opy B npenenax dapBaTepa.

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

I'paHu1Bl BTOPOTO MOSica 30HBI CAHUTAPHON OXpaHBI TTOA3EMHO-
TO UCTOYHMKA yCTAHABJIMBAIOTCS JJIST 3alLUTHl BOIOHOCHOTO TOpU-
30HTa OT MUKPOOHBIX 3arpsi3HeHHi. OCHOBHBIM MapaMeTpoM, orIpe-
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JIEJISIONIMM PacCTOSTHHE OT BOA03abopa A0 TpaHMLEbI, SBJISIETCS Bpe-
Msl TIEpeIBUKEHHUSI MUKPOGHOTO 3arpsiI3HEHUS C TTOTOKOM TTOA3eM-
HBIX BOJ K Bog03a6opy. OHO IOJIKHO OBITH JOCTATOYHBIM IIJISI THOE-
JIU MUKPOOPTaHU3MOB. ['paHMIly onpeaensiioT THApoOIMHAMUYECKH-
MM pacyeTaMM MCXOHSl U3 YCJIOBUSI, YTO €CJIM MUKPOOBI MOMAagaloT
B BOIOHOCHBIMf TOPU3OHT 3a €€ TpeaeyiaMyu, TO OHM He JOCTUTHYT
Bon03abopa. PacueTHoe BpeMst it 060CHOBaHMS TpaHUIl BTOPOTO
rosica ipuHuMaeTtcs B nipeaenax 100—400 cyT, 4To 3aBUCUT OT BHUAA
MOA3eMHBIX BOI (HamopHble, 6€3HANOpPHbIE), HAJIUYUS THUAPABIU-
YeCKHX CBSI3EH 3TUX BOM C OTKPBITHIM BOIOEMOM M KJIMMaTHUYECKHUX
YCIOBUH.

Ha Tepputopun BTOpOro rosica 30HsI CAaHUTapHOU OXpaHbI pa3-
pelaeTcst OTBOAUTH 3€MJIH JIJIST CTPOUTEILCTBA M BJ1aroycTpoiicTaa
HaCeJICHHBIX MTyHKTOB, IIPOMBIILIEHHBIX U CETbCKOXO3SICTBEHHBIX
00BEKTOB, 03MOPOBUTEIBHEIX YUpexKaeHUil. [Ipyn 3TOM OHM HOJIKHBI
OBITH 000OPYIOBaHBI CHCTEMOM BOJOCHAOXKEHUS U KaHAIM3aluH, OT-
BOJIa 3arpsI3HEHHBIX MOBEPXHOCTHBIX BOI U T. M. OMHOBPEMEHHO
C 3TUM BO BTOPOM ITOsICE 3arpeliaeTcs 3arps3HeHUE TEPPUTOPHIA,
pa3MelIeHNE CKIIaJ0B ropioyecMa3ouyHbIX MaTepuasoB, SI0XUMHUKa-
TOB, YIOOpeHM i, HAKOMTUTENEH U IPYTHX 0OBEKTOB, KOTOPbIE MOTYT
TIPUBECTH K XMMUYECKOMY 3arpsI3HEHMIO BOZOEMOB. Takxe He 10-
IyCKaeTCs1 YCTPOICTBO MoJieit (pUabTpaliiv, OpollieHUE CEJIbX03yTO-
WM ¥ T. T1., YTO MOXKET BBI3BaTh MUKPOOHOE 3arpsi3HEHNE UCTOUHU-
KOB BomocHabxeHMs1. Ha Teppuropuu BTOpOro mosica MOA3€MHBIX
HWCTOYHUKOB, KPOME TOTO, HEOOXOIUMO MTPOBOIUTH TAMIIOHAX 0e3-
JEUCTBYIOIIUX, He(MEKTHBIX M HEMPABUJIBHO IKCIUIYaTUPYEMBIX
CKBaXHWH M KOJIOAUEB. 3alpeaTcsl 3aKauyka 0TpaboTaHHBIX BOJ
B ITOI3EMHBIE TUIACTHI, ITOA3eMHOE CKJIaAUPOBaHHE TBEPABIX OTXOIOB
1 pa3paboTKa HEAp 3EMJTH.

I'paHUIIBI TPETHETO TTOSICA 30HBI TOBEPXHOCTHOTO UCTOYHUKA BO-
JMOCHAGXEeHUS MOJKHBI OBITH BBEPX Y BHMU3 IO TEYEHUIO PEKU WIIH
BO BCE CTOPOHBI ITO aKBaTOPUM BOJOEMAa TaKUMHM XK€, KaK JJIST BTO-
poro 1osica, a 60KOBbIE TPAHMIIBI ITPOXOIST IO BOAOpA3eay, HO HeE
6osiee 3—5 KM OT BOIOTOKA WJIM BOAOEMA.

TpeTtuit mosic 30HBI CAHUTAPHOM OXPaHBl CIYXUT I 3aLUUTHI
MOA3EMHBIX BOI OT XMMUYECKHUX 3arpsi3HeHUit. Ero rpaHUIIbI TakKe
OTIPENENITIOTCST THAPOAUHAMUYECKUMHU pacyeTaMM UCXONST U3 YCJIO-
BMS, UTO €CJTK 3a €€ TpenejaaMM B BOOOHOCHBIM TOPU30HT MONangyT
XMMUYECKHUE 3aTPSI3HEHUS, TO OHU JIMOO He TOCTUTHYT Bomo3abopa,
MO0 JOCTUTHYT HE paHee pacueTHOTO BpeMEHU. DTO BpeMsl IOJIXK-
HO GBbITb 0OJIbIlIE TTPOEKTHOTO CPOKa 3KCILIyaTallMM Boao3abopa
(2530 ner).
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Ha Tepputopun Tpetbero nosica 30Hbl TOBEPXHOCTHOTO UCTOY-
HHMKa BOJOCHAOXKEHUS NMpenycMaTpuBalOT CAHUTApHBIE MEPOIPUS-
THSI, IPOBOJUMBIE BO BTOPOM mosice. OHaKo B OTJIMYUE OT BTOPO-
ro Ha TEPPUTOPHUU TPETHETO IMOsica NOMYCKAIOTCS JIECO3arOTOBUTENb-
Hble paboThl. Ha xaHanax u BomoxpaHWIULIAX B IPAHULIAX TPETHETO
rmosica JODKHBI TTPOBOAUTECS paboThI 10 OYMCTKE JHA OT OTIIOXKE-
HUIT U pacTUTENBHOCTH. B aTOM ciyyae mpw UCIIONB30BAHUU XUMH-
YeCKMX METOOOB OOpBOBI AOMycKaeTcss NMpUMEHEHUe TeX Iperapa-
TOB, KOTOpbIE pa3pellieHbl OPraHaMM CAaHUTapHO-3MUIAECMHUOJIOTH -
YeCKO# CIyXOhl.

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



Paszpen 2. O0Owue ceegeHus
O BOAOCHabGXeHun

2.1. LleHTpanu3oBaHHble CUCTEMbI U CXEeMbl
BOOOCHAOXeHNs

TTox cucteMoit BOIOCHA0XEHHS MTOIPa3yMeBaETCA KOMILIEKC CO-
OpyXeHUM, HEOOXOMUMBIX [UIsi CHaOXeHUsI Bomoil moTpebuTesneit
B HEOOXOOMMOM KOIMYecTBe, 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 BogocHabxeHust. [Tox cxeMoit BomocHabXeHUs IMTOHUMa-
10T TTOCJIeIOBATEbHOE PaCIONIOXKEeHNE COOPYXKEHUM OT MCTOYHHKA
IO TIOTpeOUTEINSs, B3BAUMHOE PaCIONIOKEHNE UX OTHOCUTENBHO APYT
Apyra.

LleHTpanu3oBaHHasg cUCTEMa — 3TO CHCTEMa BOIOCHAOXEHMS,
TIpY KOTOPO¥ BOJa M3 OMHOTO WJIM HECKOJIbKUX UCTOYHHKOB ITOCTY-
MaeT B OOLIYIO BOOOpACIpeAeIUTENbHYIO CETh WM CHayajla B ONWH
WJIN HECKOJIBKO pe3epByapoB, a U3 HUX — B OOLIYIO CETb, MHUTA-
IOIIYI0 BOMOH BeCh OOBEKT MaHHOI crcTeMbl. BogocHabXeHue Bcex
ToTpeduTesieit B 9TOM cliydyae OCYIIECTBISIOT U3 eAUHOM BOIOMNPO-
BogHOU cucteMsbl. [Ipy 3TOM BOM03aGOpHBIEC, BOJNOMOAHEMHBIC
Y OYHUCTHBIE COOPYXEHMSI PACCUUTHIBAIOTCSA HA IMOJayy BOJBI BCEM
TMOTPEOUTENSIM, HAXOOAIIMMCS B 30HE NEUCTBUS CUCTEMBI, U pabo-
TaloT T10 COTJIaCOBaHHOMY TpaduKy.

CucteMbl BOTOCHAOXEHUSI MOXKHO pa3NeIuTh Ha XO3SIHCTBEHHO-
IMUTBEBBIE, IIPOU3BOJACTBEHHBIE U MIPOTHUBOTIOXapHbIe. [ToMuMO 3TO-
ro BOJa MCMONB3YeTCA IS MOWKHU VUL, MPOe3n0B, IUIOWAACH,
a TakXke TOJIMBKM 3eJIeHbIX HacCaXIeHU U npyrux ueneit. CTeneHs
o0beAMHEHUST QYHKLMH, BBHITTOJTHIEMBIX BOOOIIPOBOAAMHU, OMpELE-
JISIETCSI UCXOMSl U3 TEXHUKO-3KOHOMUYECKUX coobpakeHuit. Cucre-
MBI BOIIOCHA0XeHHUS MOTYT OBITh OObeAMHEHHBIMU (€IUHBIMH), pa3-
JIeTbHBIMU U HETIOJTHO pa3feIbHBIMH.

B 3aBucumocTtu oT BUaa o6BbeKTa, CHabXaeMoTo BOIOWH, CUCTEMBI
OBIBAIOT TOPOJACKHMHU, ITOCEJIKOBBIMU, MPOMBIIIJIEHHBIMHA U T. II.
IIpu aTOM OHM MOTYT obecreuyrBaTh BOAON KakK OOWH OOBEKT, TaK
M TPYNNY OAHOPOAHBIX U Pa3HOPOAHBIX IMOTPeOUTENEI HA TEPPUTO-
pUM paitoHa.

Ha npoMpItineHHBIX NPeanpusTUIX B 3aBUCUMOCTU OT CXEMBI
HMCIOJIb30BAaHMST BOMIBI CUCTEMBI KJIACCUDUIIMPYIOTCS HA MPSIMOTOY-
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HBIE, C MOCJEeAOBaTEbHbIM HMCIOJIb30BAHUEM BOJBI, OOOPOTHBIE
U 3aMKHYTBIE.

B 3aBUCHMMOCTH OT MCTOYHUKA TTUTAHUS BOAOI 0OBEKTA OHU
MMOApa3neIsIIoTCS Ha CUCTEMBI, 3a0Mpalolire Boay U3 NMOBEPXHOCT-
HBIX UCTOYHHUKOB U U3 MOA3eMHBIX. TI0 criocoGy nmogauu BOABI MMO-
TpeOUTEeNIM CcUCTEMBI OBIBAIOT HAMOPHBIMU U GE3HANOPHBIMU.
Bo3MoxHa KOMOMHALUS 3TUX CUCTEM TTomauu Boabl. CHCTEMA BO-
IOCHAOXEeHHWST COCTOUT U3 COOPYXKEHUI It 3a6opa BOAB U3 UC-
TOYHWKA, €€ TPAHCIIOPTUPOBAHHNS, 0OpabOTKHU, XpAHEHUS U pery-
JIMPOBAHUS TOJAYM.

CxeMbl pacroioXXeHHUsT BOJIONPOBOIHEIX COOPYKCHUH Pa3IMIHBI
M 3aBUCAT OT MPUHSATOTO UCTOYHUKA BOJOCHAOXEHHUSI: €r0 XapaKTe-
pa, MOIIIHOCTH, KauecTBa BOIBI B HeM, pefibeha MECTHOCTU M PeXH-
Ma BOJONOTpeOIeHUS.

ITpu 3a6ope BOOBI M3 MOBEPXHOCTHOTO UCTOYHMKA (peKa, BOOOXpa-
HWIKIIE, KaHAJT, MOpE U ZIp.) CXeMa BOJOCHAOXEHUS rpeaycMaTpuBa-
eT: 3a00p BOIBI; MOABEM M TIEPEKAYKY €€ HACOCHBIMHU CTAHLVSIMU;
KOHIMIMOHUPOBAHME; TPAHCTIOPTUPOBAHUE K 00BEKTAM BOIOCHAGXKE-
HHS ¥ pacnpeiesieHue MexXy TTOTpeOUTeNsIMU; PETYIMpOBaHUE Pacxo-
J1a BOIBI IJISI CIJIAXKMBAHUS HEPaBHOMEPHOCTH BOJOMOTPEDJIEHUS C TIO-
MOIIBIO aKKYMYJTUPYIOIINX pe3epByapoB (puc. 2.1, a).

a) 6) J o

1N

1 4 ;
1
Puc. 2.1. O6mas cxeMa CHCTeM BOJAOCHAOKEHHSA H3 MOBEPXHOCTHOrO (a)
H M0A3eMHOr0 (6) MCTOYHHKOB:
1 — coopyxeHust Bono3abopHble; 2, 5 — COOpYXEHUS Ul MoabeMa U Tepe-
KayKU BOAbI; 3 — COOPYXEHUS [IIst OYMCTKH BOMIbl; 4 — cOOpHBbIE pe3epBy-
apbl; 6 — BOIOBOIbI; 7 — BoIOHANopHas OauiHs; & — BOIONPOBOAHAS CETh

3abop BOIBI OCYIIECTBISIETCS GEPETOBBIMU HIIH PYCJIOBBIMU BO-
Jlo3abopaMHU pas3jIMYHBIX KOHCTPYKIWH. Ha OYHCTHBIE COOPYXKEHUS
BOJ/Ia TiepeKayuBaeTcst HacocHoU craHnuelt [ moagrema. Ilocie npo-
XOXIEHUS Tpoliecca KOHAWIIMOHUPOBAHUSI OHA NMOJaeTcs MoTpedu-
TeJII0 HacocHoi craHineit 11 mogbeMa. Bo3MoXHO yCTPOICTBO He-
CKOJIbKUX MOCJIEIOBAaTEIbHO WK TTapajuieibHO paboTaroIUX CTaH-

18



LM, YTO ONpenessieTcsl TEXHHYECKUMH U 9KOHOMHUYECKUMU YCJI0-
BUSIMU.

CoopyxeHHUs I KOHOIUIMOHUPOBAHUS BOIBI HEOOXOIUMBI TS
JIOBeIEHUSI ee KadyecTBa A0 TpeOGOBaHU, MpeabsIBASEeMbIX K Heil
aboHeHTaMHu. Pe3epByapbl UMCTOIl BOAB (COOpPHBIE pe3epByaphl)
CIyXaT ISl CIJIaXXWBaHUs HEPAaRHOMEPHOCTH peXuMa paGoTHl Ha-
cocHbix cranumit I u Il mogbeMoB U xpaHeHUsT aBapUWHBIX U TIPO-
TUBOMOXapHbIX 0ObEMOB BOJHI.

BomonpoBoasl ciemyeT paccMaTpuBaTh KaK COOPYXEHUS IS
TPaHCTIOPTUPOBAHUS BOABI K MeCTaM ee pacripeaeneHusi. OHU npen-
CTaBJISIOT CO0O0i cucTeMY TpyD, TTO KOTOPHIM BOJA MOCTYNAET K ro-
pony, TIOCEJIKY WIM TIPOMBIIINIEHHOMY OOBEKTY.

st pacripeneneHust BOABI TIO TEPPUTOPUU OOBEKTA U pasfadll ee
MOTpPeOUTENSIM yCTpauBaeTCsl BOAOTIPOBOAHAS ceTh. OHa MpeacTas-
JisteT coboif cucTeMy TpyOOIIpOBOIOB, YJIOXKEHHBIX 1O YIULIAM, IPO-
€3aM | T. A., 000pyIOBaHHBIX HEOOXOMUMOIT apMaTypoii i pery-
JIUpOBaHUsI, peMOHTa, 0TOOpA BOABI Ha LIEJIM TOXAPOTYIIEHU, MO-
JUBKM U T. A. CoopyxXeHUe IUIsi XpaHEeHUS U aKKYMYJIUPOBaHUS
BOZIBI (BOIOHAMOpHAsT OallHS) BBIMOJHAET TY Xe POJib, UTO U pe3ep-
Byap yucToi Boabl. OHO CTJIaXXWBaeT HECOBMAAEHUs pexXruMa pado-
THI HacOCHOM ctaHuuu Il mogbeMa u pexMa BOIONOTPEOICHUS.

MecTo pacnosioxXxeHUs1 BOMOHANOPHOW GallHU B 3HAYMTEIbHOI
Mepe ompenensiercst peabepom MectHocTH. Kak mpaBuio, ee ycra-
HaBMBAIOT HAa BO3BBIIIEHHBIX OTMETKAX C IEJbI0O YMEHBIIECHMUS
CTpPOUTENbHON cTOMMOCTH. OIHAKO B OOILIEM CITyyae MeCTO ee ycTa-
HOBKH JOJKHO OTPENENSATHCS TMAPABINIECKMMHU U TEXHUKO-IKOHO-
MUWYECKHMU pacueTaMM CHCTEM TMOJayd U paclpelnesieHUsT BOIBI.
Ecnu GarirHss Ha MECTHOCTH pacriojlaraeTcst MEXIy HaCOCHOM CTaH-
uueit 11 mogpema u roponom (puc. 2.1, a), To Takast cuCTeMa BOAO-
cHaOXeHUWs Ha3bIBaeTCsT ¢ OalrHel B Hayaje CETH; €CJU MO CXeMe,
MOKa3aHHOI Ha puc. 2.1, 6, — To CUCTeMOIT BOMOCHa0XeHUs ¢ Oall-
Hell B KOHIIe ceTH. BMecTo BOMOHaNOpHO#t GalllHM MOXET OBITh yC-
TaHOBJIEH HAa3eMHBIH WMAW TOA3EMHBI HAMOPHBIA pe3epByap,
ecny BOJIM3U Topo/ia UMEIOTCS JOCTaTOUYHO BHICOKHE OTMETKH 3€M-
. EMKOCTH MOTYT OBITh YCTAHOBJIEHBI U B TIPOMEXYTOYHOE M0JIO-
XEHWE TPH HAJIMYMU BO3BBIIICHHBIX OTMETOK B UepTe€ HACEJIEHHO-
ro MyHKTa.

3abop BoABI U3 MOA3eMHOTO UCTOYHHKA OCYIIECTBISETCS BOAO-
3a00pHBIMU CKBaXXWHAMM, IIaXTHBIMU KOJIOALAMU, TOPU3OHTAIb-
HBIMHU ¥ 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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nonazeMHol Boasl ot TpeGosanuit CanllvuH 2.1.4.559-96 «ITutheBas
BOJa» B CUCTEME BOOOCHAGXKEHUS MPEAYCMATPUBAIOT COOPYKEHHS
JUIS YAyd1IEHUS €€ KayecTBa (COOPY>XEHMS ITo 00e3xXene3uBaHuIo,
yMATrYeHU1o, 0bechTOpUBaHUIO, OTIPECHEHUIO U Ap.). CxeMa BOJIO-
cHaOXeHust OyIeT yIrpolleHa B CJiydae COOTBETCTBUS KAueCTBa BOIBI
B UCTOYHHUKE TpebyeMoMy. Torga O4MCTHEIE COOPYXKEHHSI, a 4aCTO
M CBA3aHHBIE C HUMU pe3epByapbl M HacocHas crtaHuus 11 mombema
MOTYT OTCYTCTBOBaTh. Takasi cxeMa BO3MOXHa, HallpuMmep, MpHu Uc-
M0JIb30BaHUU apTEe3NaHCKUX BOJ, He TpeOyloluX KOHIAULIMOHUPO-
BaHUS.

Ecim MCcTOYHMK BOJOCHAOXEHUS pacCIIOOXEH BBIIIE OTMETOK
cHabxxaeMoit BOIOU TeppUTOPUHU, TO MOSIBJSTIOTCS TIPEATIOCBITIKA IS
noaayu BOABI MOTpeOUTENIO caMOTeKOM. K TakUM UCTOUYHUKAM OT-
HOCSITCSI TOpPHBbIE BOOOXPAaHWINILA U KJTIOYM, a TAKXXE HAIMOpHbIE ap-
Te3uaHckue Boawl. [1pu aTOM oTnamaeT HeOHGXOOUMOCTh YCTPOICTBa
HACOCHBIX CTAaHLIMH’, MepeKauyuBalouIMX BOAY OT UCTOYHUKA IMUTa-
HuA 1o notpedurens. I1pu 3HaUMTeNBHON yIaIeHHOCTH NOTpebuTeE -
JIST OT UCTOYHUKA MOXET BO3HUKHYTb HEOOXOAUMOCTh YCTPOMCTBA
MTOCJIeIOBaTEIbHO PabOTAIOUINX HACOCHBIX CTAHILIMM, MepekayuBa-
IONIIMX BOMY IO BomoBomaM. Eciy ropod uMeeT pa3BUTYIO TEPPHUTO-
PHIO U CJIOXHBIN TIepeceYeHHbIN pesibed MECTHOCTH, TO IS cO3Ma-
HUS y a0OHEHTOB TpeOyeMOro NaBJIeHUS YCTPauBalOT HECKOIBKO Ha-
COCHBIX CTAaHLIMH.

ITpu coBmageHnn pexxumMa paGoThl HACOCHBIX CTAHLIMIM U peXU-
Ma BOJOMNOTPeOIeHUsT HE0OXOOUMOCTh YCTpOiiCTBAa pe3epByapoB
U GallieH IJ1s peryJIupoBaHUsT PEXHUMOB OTIIAaeT.

Takum ob6pa3oM, 06sI3aTETbHBIMHU JIEMEHTAMU CHUCTEMBI BOIO-
CHabXeHUsI SIBJISIIOTCST BOJ03a00pPHBIE COOPYKEHMS, BOIOBOILI U BO-
JIOTIPOBO/IHAS CETh.

nsa nmorpebureneii, pacmolIOXeHHHX Ha 3HAYUTEJIBHOM pac-
CTOSTHUM ZIpYT OT ApPYra B YCIIOBHSAX ne(UIIUTA UICTOYHHKOB BOJIO-
CHaOXEHHUSs, TPUMEHSIOT TPYINOBLIe (palfOHHBIE) CUCTEMBI BOIO-
cHabxeHuss. OHU CTPOSITCS IJIST TPYII OTAEIbHBIX MPOMBIIIJIEH-
HBIX MPEATPUATHIA, TPy KYPOPTHBIX MOCEIKOB U MPEANPUITUI
psia paitOHOB CEJBbCKOXO3SIMCTBEHHOTO NMpou3BoacTea. C Leabio
CHUXXEHMS BBICOKUX INABJIEHUI B BOAOBOJAX BCJIEACTBHE OOJIBIION
WX TMPOTSIKEHHOCTU B OTAECJBHBIX y3J1aX CETU YCTaHaBJIMBAIOT pe-
3epByaphl, B KOTOpble cOpachiBaoT Boay. Boma u3 aTux pesepBya-
poB 3abupaeTcst HACOCHBIMM CTAaHILIUSIMH M MOJAETCS B MOCIENY-
IOLIMA yYyacTOK BOJAOBOJAA, a TaKXe K OJIM3Nexalum noTpebuTe-
Jnsam (puc. 2.2).
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Puc. 2.2. Cxema rpynnoBoii (paiioHHOI{) cMCTeMbl BOAOCHAGKEHHS:
1 — npeanpusiTHe, NMOCEJNOK U T. M.; 2 — BOAOBOA; 3 — pe3epByap; 4 —
HacoCHas CTaHLUA

N3noxeHHbIe COOOpaKeHUST OTHOCSTCSA K CUCTEMaM BOAOCHAab-
KEHMS KaK HACEJIEHHBIX ITYHKTOB, TaK ¥ MIPOMBIIUTIEHHBIX ITPEATPH-
situit. CylecTBYIOT, OTHAKO, CUCTEMBI, CIIELIMaJIbHO YCTpauBaeMbie
IUIS 11eIei TIPOMBIIIIEHHOTO BOJOCHA0XEeHHUS (MPSIMOTOYHAs, C MO~
BTOPHBIM MCIIOJIb30BaHUEM BOIBI, 0OOPOTHAS M Ap.).

IIpamorouHas cuctema (puc. 2.3, a) npeaycMaTpuBaeT cOpoc
BOIBI B BOIOEM C MPEIBAPUTEIBLHOM €€ OYMCTKOM MOCJIE MCITOIb30-
BaHUS B TEXHOJOTMYECKOM IIMKJIE. DTa CUCTEMA BOJOCHAOXEHUS
5KOHOMMYECKH IIeJIecO0Opa3Ha MPH MaJIbIX PACCTOSTHUSX OT UCTOY-
HUKa BOIOCHAOXEHHU 0 3aBOAa U MTPU HE3HAYNUTEILHOM Pa3sHOCTH
OTMETOK YPOBHS BOIBI B HCTOYHHUKE BOIOCHAOXEHMS U TIIOLIATKH
3aBoJia.

Puc. 2.3. CxemMa npon3BoACTBEHHOr0 BOAOCHAOKEHHS:
a — TIpsSIMOTOYHast; 6 — obopoTHast; I — Bom03aGopHOE COOpYXeHHe; 2 —
CTAHLMA OYMCTKH M MEPEKAYKH BOMbl; 3 — MPOMBILLIEHHOE TIPEATIPUITHE;
4 — oxnamuTeNb, 5 — HAaCOCHasl CTaHLUS ropsyeit BOObl; 6 — HACOCHast
CTaHLMA OXJ1aXIeHHO! BOIBI
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Jlnsa cokpaieHUst 3abopa cBexXel BOABI U3 UCTOUYHUKOB BOOO-
CHAGXeHUST U OXpaHBbl UX OT 3aTPSI3HEHUS ILIMPOKO IPUMEHSIOTCS
cucTeMbl 000pOTHOro BogocHabxeHus (puc. 2.3, 6). OHU Heobxo-
OUMBI B CJIyyae MaJOMOIMHOCTH MCTOYHMUKA BOLOCHAGXEHHUS.
B a0l cucTeMe Bola, y4acTBYIOLIAsl B TEXHOJIOMMUYECKOM ITpoliecce,
He cOpachIBaeTCsl B BOLOEM, a nocjie o6paboTky BHOBb BO3Bpallia-
eTCs B MIPOM3BOIACTBEHHBIN HUKI. [ToTepu, UMelolINe MECTO B TIPO-
usBonctee (3—5 %), BocTTONHSIIOTCS M3 MCTOYHHKA. Kak mpaBuio,
OTJINYHUEM OOMBIIMHCTBA OOOPOTHBIX CUCTEM SIBJISIIOTCSI YCTPOMCTBA
IUIS OXJTAXIEHUST BOIBI (TpafupHH, NIPYABI-OXJIaAUTen  ap.). [lpu
HEOOXOIUMOCTH MOTYT OBITh MPEIYCMOTPEHBI TAKXKE OYMCTHBIE CO-
OpYKEHUS.

Ecnu xadyecTBO BOIBI, cOpachbiBaeMON OJHUM TMOTpeOHUTENIEM,
JNIOMYCKAET €€ UCMOJAb30BaHUE APYTUMHU MOTPEOUTENSIMHU, TO TIPH-
MEHSIOT CHUCTEMY TOBTOPHOTrO MCIOJIb30BAHUSI BOOBI, KOTOpas
CHMXXaeT pacxon, 3abupaeMblil U3 UCTOYHUKA. DTa cXeMa 3aHWMa-
€T TTPOMEXYTOYHOE TOJIOKEHNUE MEXIY PACCMOTPEHHBIMM CXeMaMM
U CTAHOBHUTCA uLeJiecooOpasHoOi TNMpPHU HEOOJBUINX PACCTOSTHMSIX
MeXay LexaMu, cOpachiBalOIIMMM U MCITOJIL3YIONIMMHU OTpaboTaB-
IIYI0 BOOY.

Ta unu mHas cxeMa BOJOCHAOXEHHSI BHIOMpAETCS Ha OCHOBE
TEXHUKO-3KOHOMHYECKHUX CpaBHEHHWII BapHaHTOB M COONIONEHUS
YCJIOBHI1 OXpaHbl BODOEMOB OT 3arpsi3HEHUIA.

B nanpHeliieM MpOMBILLIEHHOCTb OYAET MEpexXonuTh Ha Gec-
CTOYHYIO CXeMY BOIIOCHAOXeHMsI, KOTOpas MO3BOJIUT: UCIOJB30BATh
B MTPOM3BOJCTBEHHOM BOJIOCHA0XEHHU BCE CTOKM, cOpachIBaeMble
C TEPPUTOPHUIA 3aBOJIOB, COKPaTHB 10 MUHUMYMa 3a00p BOIBI M3 UC-
TOYHHUKA BOJOCHAOXEHHSI; WCKIIOUUTh 3arpsi3HEHHE BOJOEMOB
BpeIHBIMU MIPUMECSIMHU; U3BJIEKATD MOJIE3HBIE BEIIECTBA U3 CTOYHBIX
BOJl TPEANPUSATHIA.

2.2. Hopmbl BOpgonoTpebnenus

OnpenejieHWEe KOJIMYECTBA BOIbI, HEOOXOOUMOM MOTPEeOUTEINIO, —
repBooUYepenHas 3agaya npu MPOEKTUPOBAHUU CUCTEM BOIOCHA0-
KEHUS.

st aTOrO0 HEOOXOAMMO 3HAThH MEPEYEHDb U KOJIUYECTBO BCEX IO-
TpebuTeieil, Moay4yauX BOAYy OT pacCUUTHIBAEMOIT CUCTEMBI BO-
NOCHaOXeHUsi, U HOPMBI BONOMOTPeOJeHUST sl HUX. B ropomax
Y ocesikax, Kak TMpaBUIIO, YCTpanBaeTCs OObeaWHEeHHAas] XO3sii-
CTBEHHO-TIPOTHUBOIIOXAapHasi CHCTEMa BOAOCHAOXEHUS. DTOM Xe
CHCTEMOI ToaeTcs BoNa Ha XO3AHCTBEHHO-TIUThEBBIE HYXIBI TTPO-
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MBILIJIEHHBIX TIPEATPHUATHI, DPACTIONIOXEHHBIX B 4YepTe Tropoja,
a TaKKe Ha MPOM3BOACTBEHHBIE HYXIBI NMPENTNPUITHI, MTOTPeOIIsI-
IOLUMX BOIY ITUTHEBOTIO KAYeCTBA B CHJTy TEXHOJIOTHYECKOH HEOOXO-
JIMMOCTH WJIM 3KOHOMMUECKOH 11eJ1eCO00pa3HOCTH.

ITpM OTCYTCTBUM CaAaMOCTOSITEJTbHOM CUCTEMBI TTOJIUBHOTO BOIO-
rmpoBoaa (BCJIEACTBHE HEBO3MOXHOCTH €€ YCTPONCTBA UJIM 3KOHO-
MHUYECKOI Hea(hdeKTHBHOCTH) BOMA IS MOUKM YIUIL U MOJIUBA 3¢-
JIEHBIX HacaXIeHUM MoJaeTcsl TaKKe 00beIMHEHHON CUCTEMO.

IIpy MpOeKTUPOBAHNH CUCTEMbI BOIOCHAOKEHUSI TTPOMBILIJIEH -
HOW 30HBI WY OTAEBHOTO O0bEKTa, He UMEIOLIHX CBSI3H C TOPOI-
CKHM BOZOTIPOBOIOM, HEOOXOIUMO YYECTh BCE BUABI MTOTPEGIEHNS
BOJIBI, CYIIECTBYIOIIME HA UX TEPPUTOPUN. DTH CUCTEMBI PACCUUTHI-
BaloTCs camocTosTebHO. Llesecoobpa3sHOCTh YCTpOMCTBA TAKUX CH-
CTEM OTIpENIENISIETCST U3 YCIOBUS TEXHOJIOTHYECKO, 9KOHOMHUYECKOIH
M 9KOJIOTMYECKOH 11eJIeco0Opa3HOCTH, a TakKe TpeOOBaHUIM palno-
HaJIbHOTO UCIOJIb30BAHUST BOIHBIX PECYPCOB.

PacyeTHBII pacxon BOABI KaXI0ro U3 NMOTpeOUTeNeil onpenesis-
€TCS1 Ha OCHOBE HOPM, TTOJTy4aeMBbIX ITyTeM 00pPabOTKU CTaTUCTUYEC-
KUX JaHHBIX 0 (aKTUIECKOM NOTPEOJIEHUN WIN TEXHOJOTHYECKUM
pacyeToM.

OO6muit pacxox BoAbI HA HYXKAbI HACEJIEHUSI NPOMOPILUOHANIEH
YUCITY XUTENeH B HaCEJIEHHOM MYHKTE, JUIs KOTOPOTO CTPOUTCS CH-
cTeMa BOHOCHAOXeHHUS, a TaKXKe pacXony BOIbI HAa XO3SHCTBEHHO-
MTUThEBBIE HYXIbI, TIPUXOASALIEMYCSI Ha OTHOTO XUTEJIS, T. €. HOpME
BOJIOTIOTPEOIEHUS.

HopMma BonmomnoTpeGneHUs1, UAU yOEAbHOE BOJOMOTpebJIeHUE,
YUIUTBHIBAET KOJIMYECTBO BOABI, MOTpeOIsieMOe ONHUM YEJTOBEKOM
B CYTKM Ha XO3SCTBEHHO-ITUThEBbIE HYXIBI HE TOJBKO AOMa, HO
U B O0IIECTBEHHBIX 3NaHUSX, 32 UCKJITIOYEHUEM Pacxoa BOIBI B 10-
Max OTIbIXa, CAHATOPHSX, JETCKUX Jlarepsix U T. . Takxke oHa 3a-
BUCHUT OT CTETNIEHU BJIarOyCTpOMCTBAa 3MaHWH U MECTHBIX KJIMMaTH-
YECKUX YCJIOBHUIA.

B Hacrostiiee Bpemsa neicteyiominmM CHull 2.04.02-84* npemy-
CMOTpEHHI CHEOYIONINE PAacCYETHBIE CPENIHECYTOUHBIE PacXOlbl Ha
XO3AMCTBEHHO-TTUTBEBBIC HYXIB Ha OMHOTO XuTes (tatu. 2.1).

Jist palioHOB, Tie BOIOIOJb30BAaHUE TIPEIYCMOTPEHO U3 BONO3a-
GOpHBIX KOJIOHOK, CpeqHECyToUHas (3a ro) HopMa BOJIOTNOTpebIe-
HUA Ha OmHOTro XuTeas npuHumaetcsa 30—50 n/cyr.

Br160p HOpMEBI BOIOTOTPEOJIEHUS B YKa3aHHBIX JUaria3oHax npo-
HU3BOIUTCS C YYETOM TIPUPOIHO-KIMMATHYECKUX YCIOBUMA, MOLIHOC-
TH UCTOYHWKA BOJOCHAGXEHMS, YKJIafa 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, 6es BaHH

To xe, C BaHHaMU U MECTHbIMU 160-230
BogoHarpesaTensmu
To xe, C UeHTPanM30BaHHbIM ro- 230-350

payYmm BOAOCHabXeHWEM

Beibupast HopMy BogomoTpebaeHUs, HEOOXOAUMO TTpeLycMaTpH-
BaTb MEPOTIPUATHS T10 COKpPAIIEHUIO yTeYeK B CUCTEME U Hepallho-
HAJIBHOTO MCTOJIb30BaHUS BOABI B 3afilaHUsAX. K HUM clieqyeT OTHe-
CTU OpPraHMU3aUUI0 30HUPOBAHUS CUCTEMBI, YIYYIICHHE €€ KCILTY-
aTalVvu, peryJupoBaHUE NaBIEHUS U T. II.

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

Pacxonpl Bob! Ha MPOU3BOACTBEHHBIE (TEXHOTOTHYECKHE) HYX-
JIBl 3aBUCSIT OT BUIA MPOU3BOACTBA, IMPUHSITOTO TEXHOJOTHYECKOTO
npolecca, BUIa CUCTEMBI BOOOCHA0XeHHsI, KauecTBa BOABI U T. [I.

OHU onpeaensiorcs Mo yaeJbHEIM HOPMaM BOAOIIOTPeGIeHU Ha
€OVHMLY TIPOAYKIIMM, KOTOPHIE 3aal0TCS Ha OCHOBE TEXHOJIOTHYEC-
KHMX pacyeToB pabOTHUKaMM TOW WM UHO#M 06acTH MPOMBILIJIEH -
HOCTH, a TaKX€ U3 YCJIOBUM NMpUMEHEHUs] HanboJsiee NPorpeccuB-
HBIX TEXHOJIOTHi, MpeayCMaTPUBAIOIINX MaJIOBOAHEIE NPOLIECCHI,
YCTPOMCTBO OOOPOTHBIX M 3aMKHYTHIX CHUCTEM BONOCHAOXEHMS.
B cooTBETCTBUM C CYILIECTBYIOIIMMH HOPMaMM pacxo/ BOIALl Ha XO-
3HCTBEHHO-NIUThEBBIE HYXXIbl paboYMX BO BpeMs UX IPeOBIBAHUS
Ha TPOM3BO/ICTBE YUUTHIBAECTCS HOTOJIHUTEIBHO K TEM XO3SICTBEHHO-
IMUTLEBLIM PacxXxollaM, KOTOpPhIE pacCMaTPUBAJIMCh BhILIE. B 11exax co
3HAYUTEJILHBIM TETUIOBBIAEIEHUEM OH MIPUHUMAETCSI PAaBHBIM 45 J1,
a B OCTAJIbHBIX LieXax — 25 J1 Ha KaxXIoro paboTamuUIero B CMEHY.
IToMHMMO 3TOTO Ha MTPOM3BOACTBAX, CB3AHHBIX C HEOOXOAMMOCTBIO
MPUHATUSA Ty1a, TOXKeH OBITh MPeayCMOTPEH pacXod BOOBI U3 pac-
yeta 500 1/9 Ha OHY AYIIEBYIO CETKY B TeUeHME 45 MUH.

Pacxoa Boabl HA MOAMBKY M MOMKY YJIMII M IUIOIHAJeH, a TaKXKe
Ha NOJIMBKY 3eJIeHbIX HACAXKAEHWH 3aBUCUT OT pa3MepOB MOJIUBaA-
E€MBIX TUIOlManeil, cmocoba MOJMMBKM, TUIIA MOKPHITUH U T. TI.
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B CHull 2.04.02-84* npemycMOTpEHBI CHeAyIOUIUE YAEJTbHBIE
HOPMBI pacxoza BOIBI, Ji/M2 HAa ONHY MOMKY WJIM Ha OAHY MOJIUB-

Ky (tabma. 2.2).

Taonuuma 2.2
Hopmbl pacxofoBaHusi BOAbI HA MOAKY M NOJIMB TE€PPHTOPHH

Has+naverue 800bi Nsmepumens | Hopma pacxo-

da, n/m?

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

NOKPbLITWIA NPOE3A0B 1 Nnowlaaen

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

HbIX NOKPbLITUIA NPOE3A0B ¥ Nnowagen

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

BaHHbIX MOKPLITWIA TPOTYapoB U NPoe3fos

[Monueka ropoackux 3eneHbix HacaxaeHun » 34

Monueka rasaoHOB ¥ LIBETHUKOB » 4-6

IIpy oTCYTCTBMM HaHHBIX O IUIONIANSAX 1O BUIAM 0JIaroycTpoii-
CTBa yIEJIbHOE CPeIHECYTOYHOE 3a IMOJMBOYHBINM CE30H MoTpediie-
HHWe BOABI MpUHUMaeTcs paBHbIM 50—90 51/cyT B pacueTe Ha OJHO-
ro xurens. IIpy HasHaYeHWH HOPMBI TIOJIUBKY YIYUTHIBAIOTCS KJTH-
MaTUYECKHE YCJIOBUA, MOIIHOCTh MCTOYHHUKA BOAOCHAOXEHUS,
CTeTeHb 61aroycTpoiicTBa HaceJeHHBIX MYHKTOB U APYTHE MECTHBIE
ycnoBus. Yucso MoNIMBOK B 3aBUCUMOCTH OT KJIMMara MpUHUMAaEeT-
cq 1—2 B CyTKM.

Pacxoapl BOABI /i TYHIeHUsi OXKapa OTNpPEIEIIOTCS TI0 HOpMa-
TuBHBEIM JokyMeHtaMm (CHuII 2.04.02-84*). OHuM cocTaBieHbl Ha
OCHOBAaHMM 06GPabOTKM CTAaTUCTHUYECKUX HAHHBIX O (haKTUUECKUX
pacxolax BOIBI MPU TYUIEHWU TIOXAapOB Ha Pa3jMYHBIX OOBEKTax.
Hopmbl pacxomoBaHus BOABI Ha ITOXApPOTYILIEHHE 3aBUCST OT YUC-
JIEHHOCTH HaceJieHUs U XapaKTepa 3acTpoiku (Tabi. 2.3).

TIponoOMXUTENLHOCTD TYIIEHUS IoXapa MPUHUMAETCsl paBHOM
3 4. Pacxon BoObl OJisI HAPYKHOTO ITOXAapOTYIIEHUS B MIPOU3BOI-
CTBEHHBIX 3[IaHUSX ¢ (JOHAPSIMU U B 3MaHUSIX MIMPUHON 10 60 M Ge3
c¢oHapeit 3aBUCHUT OT 06bEMA 30aHUST, CTETIEHH OTHECTOMKOCTH €T0
CTPOMUTEJIbHBIX KOHCTPYKLIHI, a TaKKe KaTeropuu MoxapHoit onac-
HOCTH NIPOU3BOJCTBA, pa3MellleHHOro B 3gaHuu (T1abs. 2.4). Hopma
pacxofa BOIBI IUIST HAPYXXHOTO IOXapOTYUIeHUS B TPOU3BOACTBEH-
HBIX 3JaHUAX Oe3 doHapeil mwupuHOit 60 M U Gojee HECKOJIBKO
uHas (tabmn. 2.5).
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Ta6nuuma 2.3

HOprl pacxoa0BaHHsA BOAbI HA MOXKAPOTYyHIeHHE B HACEJEHHBIX

MMYHKTax
Yucno xume- | Pac4emHoe | Pacxod 800sl, n/c, Ha 00uH noxap He3aeucumo om
neli 8 Hace- qucno ozHecmolikocmu 3daHull, npu ebicome 3acmpouKu
e, | wowon | Codemomarer [ mpamera
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

PacuyeTHOE YMCIIO OMHOBPEMEHHEIX MOXapOB IS 00be IMHEHHOTO
MPOTHBOIOXAPHOTO BOJONPOBOJA HACEJIEHHOTO MyHKTa U MTPOMBIIII-
JIEHHOTO TPENNpPUSTUS WU CEJIbCKOXO3SIMCTBEHHOTO ITPOU3BOI-
CTBEHHOTO KOMTLJIEKCA, PACITOJIOKEHHBIX BHE HACEJIEHHOTO TTyHKTA,
MPUHUMAETCS B 3aBUCUMOCTH OT IUTOIIAAN, 3aHUMaeMOi Mpearpusi-
THEM, Y YHCJIA XXKUTEJEH B HACEIEHHOM ITyHKTe (Tabm. 2.6).

ITpu HeCKONbKUX MPOMBIIIIEHHBIX MPEATPUSATHSIX U OTHOM Ha-
CEJIECHHOM ITyHKT€ pacYeTHOE YMCJIO OJHOBPEMEHHBIX IOXapOB
MPUHUMAETCS TI0 COIIACOBaHMUI0 ¢ opraHaMu I'ocynapcTBEHHOTO
MoXapHOTO Haa3opa.

PacueTHBI pacxol Ha MOXAapOTYIIEHUE NOJXeH ObITH obecre-
YeH INpU HauOOoJIbIIIEM pacXoJe Ha APYTUe HYXIbI.

MaxkcuMasbHBIl CPOK BOCCTAaHOBJIEHUS HENPUKOCHOBEHHOTO
TPOTHUBOIIOXAPHOTO pacxolia, XpaHsIIerocs B pe3epByapax, COCTaB-
Jsiet 1—3 cyT B 3aBUCHMOCTH OT KaTeropuu 00beKTa 10 MOXapHOU
OMAaCHOCTH.
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NpH MHPHHE NMPOM3BOACTBEHHBIX 3MaHHIi 10 60 M

Taonuuwa 2.4
HopMmbl pacxogoBaHHs BOIbI HA MOXKAPOTYIIEHHE MpeNnPUSTHIA

CmeneHb | Kamezaopusi | Pacxod 800bl, 1/c, Ha HapyXXHOe noxapomyuweHue
oz2Hecmou- | npou3good- (Ha 0BuH noxap npu obveme 30aHud, Mbic. M°)
soami | nowapoa | 003 | 3-5 | 5-20 | 20-50| s0- | 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 pacxonoBaHus BOIbI HA MOXKAPOTYIIEHHE MpeIPUATHIA
NpH IMPHHE MPOM3BOJACTBEHHBIX 31aHMIi oT 60 M u Oosee

CmeneHb | Kamezopus Pacx00d eo0ki, n/c, Ha HapyXHOE NoXapomyweHue
ozHecmol- | npou3sgod- (Ha 00uH noxap npu o6beme 30aruil, mbic. M)
Kocmu cmea no
30aKul noxapHou do | 50— | 100- | 200- | 300~ | 400- | 500- | 600~ | 700—
onacrocmu | 50 | 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
Tab6anuwma 2.6
PacyeTHoe uncio OJHOBPEMEHHBLIX NOXKAapoB
lMnowade npednpu- | Yucno xumenel 8 HaceneHHoM | Hucno o0HOBpPeMEHHbIX
amus, 2a nyHKmMe, mbiC. 4Yen. noxapos
1 1*
Metee 150 fo 10
OT1 10 go 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. OnpepneneHne pac4yeTHbIX pacxoa0B BOAbI

PexuM notpelyieHNST BOABI HA XO3SICTBEHHO-TTUTHEBBIC HYXIIBI
HaceJleHUEM SIBJISIETCS B 3HAYUTEJILHON Mepe ciaydyaitHbIM U Majio
TMOAJAIOUINMCS YIIpaBAeHUIO TIpolieccoM. [ToaToMy sl TTONyYeHUsT
JIOCTAaTOYHO TOYHOTO YU 9KOHOMUYHOTO MPOEKTHOTO PEIIEHUS CH-
cTeMBI BOAOCHA0OXeHUsT HEOOXOAUMO 3HATh pacyeTHbIE rpacukKu
norpebyiieHus Boabl HaceaeHUeM. [loTpebaeHue BOABI HA XO3sii-
CTBEHHO-TIUTbEBBIC HYXIbl HEPABHOMEPHO KaK B TEYEHHUE Troja,
TaK ¥ B TedeHUe cyToK. HabmiomaloTcss U3MeHEeHHUs pacxola: ce-
30HHEIE, BBI3BAaHHBbIE HU3MEHEHUEM TEeMIEepaTypbl U BIAXHOCTH
BO3/yXa; HeAebHbIE, 00YCIOBJIEHHbIE OCOOEHHOCTSIMU XU3HeOdes -
TEIbHOCTH JIIOAEH B pa3JIMYHble THU HEIEeIU, a TAKXKE CYyTOYHBHIE,
ITocnenHue xapakTepU3ylOTCSI HEPABHOMEPHOCTBIO MOTpebIeHUs
BOJBI B OTAEJbHBIE Yachl CYTOK, YTO B 3HAYUTEIBHON Mepe 3aBU-
CHUT OT CTeleHH 6JaroycTpoiicTBa U U3MEHEHUS 1aBJIEHUS B BOJO-
HanopHoit cetu. U3MeHeHHe YacOBBIX PACX0J0B MOXET BbI3bIBATh-
CS M TaKUMH CNydyailHbIMHU (pakTOpaMH, KakK IMOKa3 TOMYISIPHBIX
TeJIeNTPOTrpaMM, CITOPTUBHBIX MEPOTIPUSTHUI U T. 1. 3HAYUTETBHOE
BJIUSTHUE Ha peXuM BoaomnorpebiieHus] OKa3blBaeT COLMAIbHBIN
" neMorpapuieckKuit CocTaB HaCEJIEHUS.

Jns nonydyeHUsl yKa3aHHBIX TpaduKOB HEOOXOAUM psf Habo0-
JICHUH 3a MoTpebaeHeM BOAbI B HaCeIEHHBIX MYHKTaX, OJU3KUX T10
YUCJIEHHOCTHU HACeeHUS, KIUMaTUYECKHUM YCIIOBUSIM, CAHUTAPHO-
TEXHUUYECKOMY OJ1aroycTpoiCTBY palOHOB XWUJIOW 3aCTpPOWKHU, He-
MorpadUUYecKOMY COCTaBy.

IIporHo3 pexuma BoIONOTpeOAEHUS TPeOYyeTC st IS OoTnpeaese-
HUS TaKWX BEJIWYMH, KaK BOJOTOTpebieHHe, peryjaupylolme
00BbEMBI BOJIBI B €eMKOCTSIX, 3aTpaThl SHEPTUU HA TPAHCIOPTUPO-
BaHUE BOIBl U Ap. OH JONXEH CIYXUTb OCHOBOW IS peLIeHUS
3aJay yTpaBjieHUs: ONTUMAaJbHOTO pacrpeleleHUs] Harpy3ok
MeXIy UCTOYHMKAMU MUTaHUS, BbIOOpa paboTalolMUX arperaTon
A T. I.

Pa3paboTtath rpacuKH, afeKBaTHO OTpaxalolllde BoIonoTpebie-
HHE paccMaTpUBaeMoro o6beKTa, BECbMa CJIOXHO U TpynoeMKo. Ha
TIPAKTHUKE 3TO NMPUBOIUT K HEOOXOAMMOCTH TOJIb30BAThCS MPUBITH-
K€HHBIMH TrpacUKaMH, CTENeHb YIIPOUIEHUS] KOTOPBIX 3aBUCHUT OT
XapaKTepHBIX OCOOEHHOCTEH M TpeOOBAaHUI IMTPOEKTUPOBAHUS M DKC-
TU1yaTaluH.

Ha ocHOBaHUM JaHHBIX O HOpMax BOAOMOTPeOSIeHHUSI, CBENEHUIA
O pacyeTHOM YHCJIe XUTeNe U MTOTpeOHOCTH B BOAE MPOMBILIIEH-
HBIX TIPEATIPUSATHH, 3a0UPaOLIMX BOIY U3 TOPOACKOr0 BOAOTIPOBO-
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3, MOXET OBITb OIMpeJesieHO MOJHOE CPEHEE pacYeTHOE Kojauye-
CTBO BOIIbI, KOTOPOE JOJIKHO OBITh MOAAHO TOPOAY B T€UEHUE CYTOK.

Ha XxO0351CTBEHHO-TIUTbeBbIE U OBITOBBIE HYXIbl HACEEHUS
cpelHUe CyTOUHbBIE pacxoasl Boabl O, M3/CyT, paBHBI:

0 = q.,N,

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

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

OrnpeneneHHBIE CPEeAHECYTOUYHBIE PACXOAbl BONOMOTPEOIEHUS
MOTYT CJIYXXUTh TOJIbKO B KaueCTBE OOLUEro rmokasaresst moTpedHo-
CTHU B Boje. B neMCTBUTEILHOCTH CYTOYHBIE PACXOIbl BOJBI B 3HAYU-
TEJbHON Mepe 3aBUCAT OT Ce30HAa rofa, KIMMaTHYeCKHUX U3MeHe-
HUI, THel Henenun. Takum oOpa3oM, motpebieHUe BOABI KUTENAMU
B TeYEHME ToJla HEPAaBHOMEPHO U 3a7aya CUCTEMbl BOIOCHAOXEHMUS
B TOM, YTOOBI YIOBJICTBOPSATH NMOTPEOHOCTHU HAceJIeHUS B BoIeE IO~
CTOSIHHO, B TOM YHCJIe B CYTKU HanOosbllero (MakCHMMaJIbHOro) BO-
JIOTIOTPEOeHUS.

CyToyHas HEpaBHOMEPHOCTb MOTPeOJEHUS BOIBI XapaKTepHU3y-
eTcst KoaQPULIMEHTaMU CYTOYHOW HEpaBHOMEPHOCTH K U KF .
MaxkcuMasibHbI KOI(PGULIMEHT CYyTOYHOI HEPABHOMEPHOCTH Kt
MpeACTaBISAET CO00i OTHOLIEHHWE CYTOYHOTO pacxoia B AHHU Hau-
6omb1IErO BOAOMOTPEOIEHUA QY K CpeIHEMY CYTOUHOMY pacxony
3a rox O:

Kke = Qe / ©-

MUHUMANBHBIN KO3 PULMEHT CyTOYHOI HEpaBHOMEPHOCTH
K& — 3TO OTHOLIEHHE CYTOYHOTO pacxoia B JHW HaWMEHBIIEro

MHH

BOJOMNOTPeDIEHUS Q% K CpeHEMY CYTOYHOMY pacxoiy 3a Fof:

MHH
Ko =00 /0

OTH K03 PULUEHTHI, YYUTHIBAIOLINUE YKIIAM XKU3HU HACEJICHUS,

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

NMpUHUMaAIOTCS paBHbIMU: K =11—13; K =0,7—0,9. OHu no-
JIy4eHBI B Pe3yJIbTaTe aHAIM3a HEPaBHOMEPHOCTHU BOJOITOTPeOIeHUS
B JICMCTBYIOLIMX BOJOIIPOBOAAX.

MaxkcuManbpHBlif cyTOUHBIN pacxon QO =K -Q aBasieTcsl oc-
HOBHBIM pacXoJoM, Ha KOTOPBIH JOJKHA OBITh pacCUMTaHa CHUCTE-
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Ma BonocHaGxeHus. OgHaKo ciaenyeT MOMHUTD, YTO MOTPeONEeHUE
BOIBI B TEUEHHUE CYTOK TaKXKe HepaBHOMepHo. CrerneHb HEPABHO-
MEPHOCTH pacXONOBaHUsI BOABI 3aBUCHT OT Yuciia XUTEJel B Hace-
JICHHOM NYHKTE, a TaKXe OT OJiaroyctpoiicTsa 30aHHiA, yCJIOBUH pa-
OOTBI MPEATTPUATANA N IPYTUX MECTHBIX YCIOBUIA.

PexuM BogonoTpebcHUs B TCUEHUE CYTOK OTIPENEsIeTCs 110 pe-
3yJbTaTaM HAOMIOAEHUH 3a NEUCTBYIOIIMMHU CUCTEMaMU BOIOCHa0-
keHust. OHU MOTYT OBITh MIPEACTABIEHBI B TAOTUIHONW, UHTETPATb-
HOM, aHATUTHYeCKOM M rpadpudeckoir popme. Ha puc. 2.4 npu-
BelleH TIpUMep CTyneHyaroro rpaduka sogonorpedienus. [1lo ocu
OpAWHAT 3TOro rpaduka OTAOXEeHBl 3HAYEeHUS 4acOBOTO pacxola
BOIBI B MPOLIEHTAX CYyTOYHOTO pacxoa.

acym’ Y% / qq_max a"y’” <24

; 1\
-\

g 72 16 20 24
Yace! cymox

a(l. min

Puc. 2.4. I'papHk B3auMOCBSI3H PEXKHMOB PaGOThl CHCTEMbl BONOCHAGKEHHUS
H BoJONOTpEOHTENE:
1, 2 — nns HacocHBIX craHumit 1, I nonbeMa; 3 — pexum Boaonorpebiie-
HUA

YacoBasi HepaBHOMEPHOCTb MOTPeOIeHUST BOABI XapaKTepU3yeT-
¢Sl MaKCUMaNbHBIMU KO3 drreHTaMH YaCOBOH HEpaBHOMEPHOC-
™ K. ¥ K, , PABHBIMM:

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

Makc Makc

MakcuManbHBIA 4acOBOM pacxol I CYTOK HauOOJBIIETO BOIO-
notpedieHns

Qqac =anc . ;Z’LC/24‘

Makc Makc

MuHUManbHBIA YaCOBOM pacxol IJisi CyTOK HaUMEeHBIIEro BOO-
notpebraeHns

Opn = Ko - Qo / 24
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ITo naHHBIM paGOTH KCIUTYaTUPYEMBIX TOPOACKHX BOAOTIPOBO-
noB B CHull gansl pekoMeHIauuu IIsi TPUOIUXKEHHOTO ornpeeie-
HUS K™ u K™ no dopmynam:

Makc MHH

yac .
Kmaxc =a Machmaxc ’

K‘(ac =

MHH MUH I MHMH *

KoadppuuneHT o yUUTHIBAET CTENCHb 6JaroycTpoicTBa 3naHui,
peXUM paboTbl NPEANIPUATHI U ApYyTUE MECTHBIE ycaoBUsA. OH Npu-
HMUMAETCSl PaBHbBIM:

Oy = 1,2— 1,45

Makc

Oy = 0,4—0,6.
KoadoduuneHT B yIUTHIBAET BAUSTHUE YUNCIIEHHOCTH HacelleHUs
obbexTa (Tadn. 2.7). C pocToM HaceJaeHHUsI HEpaBHOMEPHOCTh BOJIO-
rmoTpeGieHUsT yMeHblaetcs. Huxke mpuBoasTcs 3HadyeHUsT Koadpdu-
LUEHTOB B, ¥ B, B 3aBUCUMOCTH OT YUCJIA XUTeNeH N:

Taonwuma 2.7

3uavenus KodpduuuenTos B, .. 1 B,

N, Tbic. yen. Buaxc Buwn 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 6onee 1 1

I'paduku pexxuma pacxoJoBaHMS BOOBI, MMOJYYEHHBIE IO AaH-
. HBIM XO3SIICTBEHHO-TIUTHEBOTO BOJIOMOTPEOIEHUSI, HE OTPAXaIOT
B [TOJIHOM Mepe PeXUM MOTpeOJIeHUA BOABl HACETEHHBIM MTYHKTOM.
3TO BBI3BAHO TE€M, UTO U3 FOPOACKON CUCTEMbI BOIOCHAGKEHUS IO~
MHUMO XO3STHCTBEHHO-TIUTHEBBIX PACXOJOB OTOMpPAETCS BOJA HAa HYX-
bl TIPOMBILIICHHBIX MPEATIPUSATUIM, MOJUBKY U Ap. O00OLIeHHBIH
rpauK pacxona BOIBI 1O YacaM CYTOK HEOOXOOMMO CTPOUTH C yue-
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TOM BCEX 3TUX PAacXOIOB U BEPOSITHON CTENEHU UX KOjeOaHUs B Te-
yeHHue cyTok. IToTpebieHne BOABI U3MEHSETCS TaKXe B TIpemeiax
Kaxmoro yaca. OqHako s yInpoleHUs pacyeToB 3TUM (HaKTOpOM
npeHebperaioT. KpoMe Toro, pasBuTHE CUCTEMBI MOJAYU U pacrpe-
JIeJIEHUs BOJBI ITO OYepeAsIM JaeT BO3MOXHOCTb UMETb HEKOTOPBI
pe3epB MOLIHOCTH CHUCTEMBI, TTO3BOJISIIOIINN 00ecTieYuBaTh YBETU-
YEHHYIO MTOayy BOIBI B CITyyae HEOOXOAUMOCTH. YUUTHIBAsl CKa3aH-
HO€, pacyYeTHBIN CEeKYHIHBIH pacxon (J/c) B yac MaKCHUMaJbHOTO
Bononorpebnenus gq,,,. =0 /3,6.

CyTtouHoe noTpebsieHre BOIBl B Pa3jIMYHbIC NTEPUOABI TOJa Ha
TMPOMBITIJIEHHBIX OOBEKTAX B 3HAUUTEJIBHOU Mepe orpenesieTcs
TpeOOBaHUSIMU TEXHOJIOTHUYECKOTO Mpouecca. Ha HekoTophIX mpo-
M3BOJICTBAaX OHO MEHsETCS HE3HAUUTEIbHO (HampuMep, Ha Mpou3-
BOJICTBAX, UCIOJBb3YIOUINX BONY I OTMBIBKY MPOAYKTA), Ha IPYTUX
OHO BeChbMa CYIIIECTBEHHO (HampuMep, B CUCTEMax KOHIMLIMOHHPO-
BaHMSI BO31yXa, KOHACHCALIMY Tapa U T. I.).

HM3MeHeHHe pacXomoBaHUSI BOABl B TeYEHHE CYTOK 3aBUCHUT OT
4yucyia CMEH, KOJWYecTBa paboTalluX B KaXIYI0 CMEHY, pexXuma
0TOOpa BOABI B TeUEHUE KAXKIOW CMEHBI, HAJIUUUS TOPSUUX U XO-
JIODHBIX LIEXOB M ApYTUX pakTopoB. OMHAKO HEPAaBHOMEPHOCTb ITO-
TpeOieHWST BOABI MTPOMBIIIJIEHHBIMU TIPEATIPUSATUSIMUA B OTJIMYUE OT
HEpPaBHOMEPHOCTH XO3SIHCTBEHHO-ITUTHEBOTO BOAONOTPEOIEHUS Ha-
CEJICHUEM MOXET OBbITh MOCTaBJIEHA MOA ONpeAeICeHHbI KOHTPOJIb
C MOMOIIIBI0 TEXHUUECKUX pelleHuit. B psme ciiyuyaeB Boma U3 ro-
POICKOM CUCTEMBI BOIOCHAOXEHMST Ha HYXXIBI ITPOM3BOJCTBA MOXET
MOCTYNAaTh B PETYJIMPYIOLLIME U 3aMaCHBIE eMKOCTH, PACITONIOKEHHBIE
Ha TePPUTOPUU MNPEANPUSATHUS, OTKYIa TTOAABATHCS MECTHBIMU Ha-
COCHBIMU CTAHUMUSIMU. BO3MOXHO OpraHM30BaTh MOAaYy BOIBI
MPEATNPUSITHUSIM B YaChl HAUMEHBILIEro NMOTPEOIEHUST BOJIBI TOPOIOM.
DTO crnocoOCTBYET YMOPSAOYEHUIO CYMMapHOTo rpacduka BOAOIO-
TpeOsIeHUsI ¥ MOBBILUEHUI0O SKOHOMUYHOCTH pabOThl TOPOACKOTO BO-
JIOTIPOBOJIA B LIEJIOM.

Pacxonpl Ha TTPOU3BOJICTBEHHBIE HYXIbI OTNpEAE/SIOT MO JAaH-
HBIM TEXHOJIOTUYECKHX PACUETOB WJIM YIEJIbHBIM HOPMaM Pacxono-
BAHUS BOABI Ha €AUHULY NMPONYKLMHU, BBITYCKAEMOM 3a CYyTKM WIN
CMEHY.

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

s Kaxmoil KaTeropyuu morpeduTeseit JOKHBI ObITh COCTaBIE-
HBI TparKM TTOTpeOIeHHUST BOIBI B TeUEHUE CYTOK. LIS TTOMydeHus
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cyMMapHoOTro rpa¢uka HeOOXOIMMO CIIOXHUTh OPAMHATHEI COCTaBJIs-
jouux ero rpadukos. Mcronb3ys maHHble cyMMapHoOro rpaduka
* BONOTIOTPEGIIEHHS, IIPOBOIAT pacyeThl CUCTEMBI Ha Pa3jIMUHbIE MO-
MEHTHI BpEMEHH.

2.4. Pexum paboTbl BOgONposoaa u ero
3N1eMEeHTOB

2.4.1. Pexum paboTbl OTAENbHbLIX COOPYXEHUN U Ux
¢PYHKLUMOHAJNIbHAA B3aNMOCBSA3b

YcTaHOBUB pacYeTHBIA rpadUK BOAOMOTPEOIECHUSI, CYTOUYHBIE
pacxoasl BOABI M B3aUMHOE PACMOJIOXKEHUE 3JIEMEHTOB CHUCTEMEI BO-
IOCHAOXeHUS, HA3HAYAI0T PEXUM paboThl OTAENBHBIX €€ COOpYyXKe-
Huit. OH JoyixeH obecrieynBaTh peXXUM BOIOTIOTpeOeHUS.

B3anMocBsi3p pexkruma paboThl CUCTEMBI BOTOCHAOXEHUS (CM.
puc. 2.1, a), nogarouieif BOAy B pacrpeleuTeIbHYIO CeTh, C pac-
YeTHBIM IpauKOM BOOOMOTPeONeHUs MoKa3aHa Ha puc. 2.4. B pa-
60Te COOpYKEHUI CUCTEMBI IOJIKHA OBITh OpraHW30BaHa TaKasl B3a-
HUMOCBS3b, UTOOBI OBUTH 00eCTIeYeHBbI 3aaHHble TPeOOBaHMSI B OTHO-
IeHUH  BomooOecrmeyeHUss  morpedutens.  BomompueMHbie
COOpYXXeHUsI, HacoCHasi CTAaHLIUS | rmogbeMa U OUMCTHBIE COOpYXKe-
HUs 00ecreynBaloT 3a60p, Moaayy M OYUCTKY BOIBI B 0OBEME Cy-
TOYHOTO BOHOMOTpebeHUs:. PexkuM paboThI 3THX COOPYXEHUH IS
CpEeIHUX U KPYIHBIX OOBEKTOB, KaK MpaBUJiO, Ha3HavYaeTCsl paBHO-
MepHBIM. [Tpu 3ToMm pexxume (TuHusA 1 Ha puc. 2.4) obecrieunBaloT-
Csl HAMMEHBbIIIME PacCUeTHbIE HATPY3KHU YKa3aHHBIX COOPYKEHUH U UX
HaWMEHbIIasi CTPOUTENbHAsT CTOMMOCTh. B BOMOMPOBOAHYIO CETh
BOJIa MOMaeTcs U3 pe3epByapoB HacocHo# craHuuei Il mompema.
Ilpu coBnaneHuu rpacduka pexuMa paboTbl HaCOCHOU CTaHUMU
Il monbeMa ¢ rpadpmkoM BomornoTpebiaeHust (InHusT 3 Ha puc. 2.4)
BOJIOHATIOpHAs OalllHA IS Leiei peryJTupoBaHUS B CUCTEME HE
TpeOyeTcsl.

Hcnonb30oBaHHE TAaKOTO pexXrMa paboThl HACOCHOW CTAHLMU TIPU
3HAYUTEILHOM HEPaBHOMEPHOCTU BOIOIMOTPEOIECHUST YCIOXHSIET
M YAOPOXAET 3KCIUTyaTal[ll0 U CTPOUTEIBCTBO cucTeMbl. Kak mpa-
BUJIO, UCTIOJIB3YETCSI CTYIIEHYATHIA peXuM paboThl HACOCHOM CTaH-
uuu II nogbema (muuug 2 Ha puc. 2.4). Ilpu 3TOM pexXnMe B 4achl
MaKCUMAaJIbHOI'O0 BOAOTIOTPeOIEHUSI HACOCHASI CTAHIIUS TTOJaeT He-
CKOJIBKO MEHbIIIee KOJTMYECTBO BOABI MO CPAaBHEHHIO C TPEOYEMBIM.
B yacel MUHMMAaJIBHOrO NMOTPEOJIEHUSA BOMBI TTogaya HacOCOB TIpe-
BBILIAET NTOTPeGIeHHE BOIBI.
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B nepBoM ciyyae HEIOCTATOK BOIBI KOMMEHCUPYETCS U3 BOAO-
HarnmopHOM GamrHu, BO BTOPOM — U30BITOK HAKAIUJIMBAETCS B pe3ep-
Byape OairHu. MTak, B CUCTeMe CYIIECTBYIOT PETYIHPYIOLINE pe3ep-
Byaphl ABYX TUIOB. K MepBOMY OTHOCHTCSI pe3epByap YMCTON BOIBI,
HaXOOALIMICA Ha TpaHMLE OBYX 30H CUCTEMBI. PeXXuM paboThl Ha-
cocHoOM cTaHuuM I mombeMa onpenessieT paboTy cOOpyXeHUit Tiep-
BOI1 30HBI; paboTa COOpY:KeHWH BTOPOI1 30HBI OMIPENENSIETCS PEXH-
MOM paboThl HacocHO# craHuuu 11 mogbpema.

BTOpBIM THITOM DETYJIHPYIOLIMX pe3epByapoB (EMKOCTEi) SIBJISI-
€TCS BOJOHAIMOpHas OallrHs, HaXOASIIasICs Ha rpaHUlle 30H, pabo-
Ta COOPYXEHUIN KOTOPHIX OTpeeiieTCss peXXUMOM TOJayUh BOIBI
HacocHoit ctaHuue#t Il mogpema u rpacuKoM BOIOTIOTpeOaEHUS.
O6beM peryupyrolei eMKOCTH BOIOHATOPHOM OalIHU OyneT TeM
MeHblle, yeM Giuxke rpacduk paboTsl HacocHO# craHumu 11 moms-
eMa K rpaduKy BOIOIMOTpeOaeHUS. DTO TOCTUTAETCS YBEIUYEHUEM
cTyneHeilt rpaduka paboTbl HACOCHOM CTaHIIUM U, CJEI0BATENbHO,
YCTaHOBKOI OoJiblllero yucna HacocoB. B moboM cnyyae o6beM pe-
TYJIMPYIOLIUX EMKOCTEN JOIKEH ObITh JOCTAaTOYHBIM TS obecreye-
HUSI CyTOYHOTO BOAOMNOTPEOIIEHUS TIPY UX COBMECTHOI paboTe ¢ Ha-
COCHBIMU CTaHUHUSIMMU.

PexxuM paGoTsl TpyOONPOBOIOB, MTOAAIOIIMX BOAY OT BoH03abop-
HBIX COOPY>XEHUH Ha OYMCTHBIE COOPYXEHHUS U B pe3epByaphl YUC-
TOW BOZABI, ONMpPEAESAETCS PEXUMOM paboOThl HACOCHOW CTaHUMU
I nogpema, a pexxuM paboThl BOIOBOIOB, TPAHCITOPTUPYIOUINX BOIY
OT pe3epByapOB YHUCTOI BOIBI IO BOJAOHANOPHO#N GauTHU, — Hacoc-
Hoii ctaHuuu 11 noarema. Ha yyactke oT BomoHarnopHo# GaurHu 1o
roponia pexXuM paboTHl BOIOBOAOB 3aBUCHUT OT peXUMa BOIONOTped-
JeHusi. YcnoBus paboThl BOMOHAMOPHOM GalllHU TaKXKe 3aBUCSIT OT
rpaduka BoronoTpebiaeHus ropoja, a ee 00beM omnpenensercs Imy-
TeM COBMeUIEHUS T'padUKOB BOMONOTpeOIeHUS TOopola U paboThl
HacocHo# ctaHuuu II mogrema.

K cucremMe BonocHabxeHUS TIpeqbABIAIOTCA TpeGOBaHMS, Kaca-
IolMecd HE TOJIBKO MOJaYd BOABI TTIOTPEOUTENSIM B HEOOXOIUMBIX
KOJIMYECTBAX, HO U HAMOPOB, KOTOPBIE HOJXKHBI OBITH 00eCTIeYeHbI
B TOYKax otdbopa. Hamop, pa3BuBaeMBbIif HACOCHOM CTaHIIUE, U BbI-
COTa BOAOHATIOPHOM OalIHM 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 MTOTYYAIOT BOAY Ha HEKOTOPOIA BbI-
COTE HaZ MOBEPXHOCTBIO 3eMJIH (pHcC. 2.5). DTO TpebyeT co3maHus
B CETH B MECTe NMPUCOENNHEHHUS BBOJA HArlopa, TOCTaTOYHOTrO ISt
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MOIbEMa BOJBI HA 33laHHYIO BBICOTY, HOCSIIETO Ha3BaHUe CBOOOJI-
Horo Hamopa H_,:

HCB = ‘H[‘ + hnOT + HOCT’

rne H, — reoMeTpuyeckas BHICOTA MOABEMA BOABI OT MTOBEPXHOCTH
3eMJIM IO CaMOM BBICOKOM BOJ03a0OpHO# TOYKH, M; A, . — TOTEPU
Haropa BO BHYTPEHHEN CETH, BOIOMEPHOM Y3Jie U BBOZE, M; H . —
OCTAaTOYHBIN HAMop y AUKTYIOLIETO Npubopa, M.

—~%hnom

P
HOCT

Puc. 2.5. CxemMa mogauu Boabl B 37aHUE

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

rae H,, — npeBbllIeHHe OTMETKY T10J1a MIEPBOTO 3Taxa HaJ MOBEPX-
HOCTBIO 3eMJIU (TJTAHUPOBOYHASI BBICOTA); 7 — YUCJIO 3TaXeil B 31a-
HuUM; H, — BbICOTa 3Taxa 31aHusl; H , — BBICOTA pacTONOXEHHUA
IUKTYIOETO IIpubopa Hall MOJIOM.

st npeBapUTENbHBIX pAcYeTOB CBOOOMHBIN HATMOpP NMpHU OXHO-
9TaXHOM 3acTpoiike MpUHUMAIOT paBHBIM 10 M, a npu GosblIel
3TaXHOCTH MPUOABISIOT IO 4 M Ha KaXABIM 3TaX:

H,=4(n—1)+ 10,

IZie # — BTaXHOCTh 3aCTPOMKH.
B yacel MUHMMAaJIBHOTO BOAOMOTPEOJIEHNST HAMIOp Ha KaXXIbIH
3Tax (KpoMe MepBOro) A0MyckaeTcs NpuHuMath 3 M. Ha nmpomsln-
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JIEHHBIX MPEATIPUSATHSIX CBOOOAHBINM HAIIOP OMPEEIISIETCS TEXHOJO-
TMYECKHUM TIPOLIECCOM.

CBsi3b MEXIY HarmopaMu LISl CXeMbl BOJIOCHa0XeHUsI ¢ OallHeih
B Havyayie ceTu (puc. 2.1, @) Ha MOMEHT MaKCUMaJbHOTO BOAOTO-
TpeOJIeHUS TIpeicTaBieHa Ha puc. 2.6. OHa onpenensieTcs ToJjioxe-
HHEM MTbE30METPUUYECKUX JIMHUIM, KOTOpBhIE OTpaxaioT NajgeHue Ha-
1opa B CETHU MPU ABUXEHUU BOABI OT UCTOYHUKA BOLOCHAOXEHUS
IO TOYEK CeTH, HauboJsiee HeGIarornpusITHO PacroJIOXXeHHBIX B OT-
HOILUEHUH 00ecTieUeHUsI CBOOOIHBIX HANOPOB. DTH TOYKHU HOCAT Ha-
3BaHUS IUKTYIOIINX» WA «KPUTHIECKUX». OOBIYHO JUKTYIOUTUMH
TOYKaMH SIBJISTIOTCS HanboJiee yaajeHHbIe OT OalllHU TOYKU 0TOOpa,
UMeIole HaubonbllIne TeoAe3nuecKue OTMETKH 3eMIu. B Hux Oy-
JIyT camMble HU3KHE TNMbE3OMETPUYECKHE HAMOPBHl M CaMble MaJbie
CBOOONHBIE HATIOPHI.

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

Puc. 2.6. CxeMa B3aHMOCBSI3H MeXIy HanmoOpaMH B CHCTEME
BOJIOCHA0KeHHUs ¢ OamiHeil B Havane ceTH

IIre3oMeTpuyecknil Hamop npeacTapiseT codboi CyMMy reojie-
3UYECKOUN OTMETKHM paccMaTpuBaeMoit TOUKM U CBOOOIHOTO Harmo-
pa B Hell. Ecnu 3a XpuTnueckylo (Cpeau yaaJeHHBIX OT OalIHM)
MPUHATDH TOYKY @, UMEIOLIYI0 HAaUOOJIBIIYIO TeoIe3UIECKYI0 OTMET-
Ky Z, TO TpeOyeMbIi TbE30METPUUYECKHUI Hamop B Hei OyaeT paBeH
z+ H,, rne H, — TpebyeMrlit cBo6oaHbIi Hamop. CBOGOAHEIH
Harop B 3TOM TOUYKE B 10001 MOMEHT JOJIKEH OBLITh HE HUXE Tpe-
Oyemoro. IIbe3oMeTpHyeCKast TMHUSA a,6, XapaKTepU3YeT MaJeHUe
Haropa B CeTU B MOMEHT MaKCHUMaJiIbHOTO BonornoTpedieHus. Boi-
cora BOAOHANOpHOW 6amHu Hg 1oKHa OBITh TAaKOM, YTOOH B Yac
MaKCUMAaJIbHOTO BOAOIOTPEOEHUST B TOYKE a oDecrneyruBascs Ha-
nop H_,.
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CBs3b MeXJIy HallopaMU B TOYKaX 6 U a OTIPeNeIseTCs ypaBHe-
HHUEM

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

e Z; — OTMETKA 3eMJIM B MecTe pacrojioXeHus GaliHu; Th — mo-
Teps Haropa Ha yJyacTKax CETH OT OalllHU 10 KPUTHUYECKOUN TOYKHM 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 pacriojioxXeHHe BOIOHAMOPHOM OallHM Ha BO3BBI-
LLIEHHBIX OTMETKAX OyleT MPUBOAMTD K YMEHBIIECHUIO €€ CTPOUTENb-
Ho crouMocTu. Ecim B pesynbrare pacueta Hy = 0, To 3TO yKa3bi-
BaeT Ha TO, YTO YCTPOWCTBO BONOHAMOPHOW OaltHU He TpebyeTcs.
B 3ToM cnydae BMecTo GalIHMA YCTaHABIMBAETCA HATIOPHBIN pesep-
Byap, KOTODBIif MOXeT OBITh PAcIONOXKEeH HAa MOBEPXHOCTH 3eMJIH
WM OBIT 3army0aeHHbIM. CTOMMOCTb HAallOPHBIX pe3epByapoB Bce-
rjia MeHbIIE CTOUMOCTH BOMIOHAMTOPHBIX HallleH TOTro Xe oGbeMa.

ITonoxeHue nbe3oMeTpUYECKON TMHUU MEHSIETCSI C U3MEHEHU-
€M BOAOMOTpeOsieHUSI M CTeNmeHU 3amojHeHusa Oaka. [To mepe
YMEHbILEHUs BONONOTPEeOIEHUsI MOTEpU HAMopa B JTUHUAX CETH
¥ BOIOBOJAX TaKKe YMEHBIIAIOTCS U, CIENOBATEIbHO, MbE30METPH-
yeckast TMHUS OyIeT UMeTh MEHbILIUI YKIIoH. OHa OyneT moBopavyu-
BaTbCA BOKPYT TOYEK 6; U 6, UK UX TIPOMEXYTOYHBIX ITOJIOXEHUIA.
ITse3oMeTpuyeckass JUHUS 3aHMET TOPU3OHTATBHOE TOJIOXEHUE
B C/lyyae mpekpailieHusi oTbopa BOIbl U3 CETH, KOTa MOTEpU HaImo-
pa B €€ JIMHUSAX PaBHBI HYJTIO.

MakcumanbHo gomyctuMbiii Hanop B cetd CHull orpanununsa-
10T 60 M.

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

H, = (zg—2,) + (Hs — Hp) + h,,

Izl z, — OTMETKa yPOBHS BOIbI B pe3epByape; Hy — pacyeTHast BbI-
cora 6aka 6auIHU; A, — TOTEpU Haropa B HalOPHBIX U BCACbIBa-
IOLIUX TPYOONPOBOIAX CTAHIIUU, BKITIOYAST TOTEPU B KOMMYHUKALIUSIX.

C n3MeHeHHEM ypOBHS BOIbI B Oake GallHUM paboyast TouKa Ha
KpuBoit QO—H HacocoB GyneT MEHSITh cBoe TosoxeHue. OnHOBpe-
MEHHO OyIeT M3MEHAThCA W Tofavya BONBI HACOCHOM CTaHIIMEH.
B pesynbTate NMpUHATHIA TpadvK paboThl HACOCHOW CTaHLIMM Xapak-
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TepU3yeT KapTHHY €€ paboThl JIUIIb C HEKOTOPBIM MPUOINKEHHUEM.
PeanbHy10 KapTUHY MOXHO TOJIYYUTh B PE3YJbTaTe THAPABINYECKHMX
pacyeToB CHUCTEMBI TTIOJAYH U pacTipeleseHUsT BOABI B LIEJIOM.

TpebyeMblif HamOp HAacOCOB CTaHUMU | MoaBEMa onpenensieTcs
aHAJIOTUYHBIM 00pa3oM.

Ha mpakTHke BO3BBIIIEHHBIE OTMETKM CHabXaeMoil BoIoi TeppH-
TOPHU MOTYT HaXOAUTHCS B MPOTHUBOIIONOXHONH OT HACOCHOM CTaH-
uuK cropoHe. CrucreMa 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 ITUTAHUE NOTPEOUTENENH BOMONU OCYILIECTBISETCS
C IBYX MPOTHBOMOJIOXKHBIX CTOPOH: OT HACOCHOH CTaHUMU — Q, U OT
BOIOHANOpHO# 6amHn — Q. s cucTeMbl BOTOCHa6XeHus ¢ Har-
Hell B HayaJie CETU OHO OCYILECTBJISIETCS B HAYaJIbHOM TOYKE CETH,

T.€. 0= Q, + O

Puc. 2.7. Cxema cucTeM BOJOCHAOKEHUS1 ¢ KOHTPpPE3epBYapoM:
1, 2 — pailoHBI NMUTAHHsI COOTBETCTBEHHO OT HACOCOB M OauHu 3

IMpubnuxenHo pacxonsl O, U ¥y ONIPeNeNsioTCs M0 COBMEILEH-
HOMY rpaMKy pexumMa paboTbl HACOCHON CTAaHLIUU U peXHMa BO-
nonotpebieHus. B cucreMe ¢ KOHTppe3epByapoM MOTOKU BOIBI OT
HAaCOCHOM CTaHUMMU U BOJOHAMOPHOU OaliHM OyAyT HaIpaBIeHBI
HaBCTpeuy ApYyT Apyry. JIMHMA, MpoBedeHHas Yepe3 y3/bl, B KOTO-
PBIX MPOM30LILIA BCTPEYA MOTOKOB, HAa3bIBAETCSl TPAHMLEH 30H MHU-
TaHUsA (JIMHUSA aa Ha puc. 2.7). Kputnueckoit U3 pacrnoyioXeHHBIX
Ha 3TOM JIMHUM TOYEK OYIET Ta, KOTOpAask UMEET HauDOJBIIYIO reo-
Ne3UYECKYIO OTMETKY.

Takoii Toukoit Ha pucC. 2.8 ABIAETCA y3€/ @; C TEONE3UIECKOM OT-
MeTKO# z. TpeGyeMblii CBOGOMHBIN Hamop B 9To# Touke paBeH H .
3Hast reofie3n4ECK1e OTMETKM PaCYETHOTO yPOBHS BOIBI B PE3EPBYya-
pe YMCTOM BOIBI Z,,, 3EMJIM B MECTE PACTIONIOKEHHU OallIHM Z5, @ TaK-
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e MoTepu Haropa LA, MpH ABMXEHUM BOIBI OT HACOCHOM CTaHLIMU
JI0 TOYKH @; ¥ TIOTEPU Haropa Zhg Mo MyTH OT OalIHU A0 3TOH TOY-
KW, MOXHO IMOCTPOUTDH IMbE30METPUUECKHE JIMHWHU IUTS 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
BOOCHA0XeHHs1 ¢ OamHeil B KOHIE CeTH

Tpebyemasi BbICOTa BONOHANOPHOM GawHu Hy 1 HEOOGXOAMMBIii
Harop HacocoB H,, ONpeneNsoTcst MO BHIPAXEHHUSIM:

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

rie hy — MoTepyu Hamopa B BOLOBOJAAX, COEAMHSIOIIMX HACOCHYIO
CTaHUHIO C CETHIO.

B uackl, Korzaa rmomaya HaCOCOB B MAKCUMAJbHOM CTETeHU Tpe-
BBIILIAET BOAONOTpeOIeHUE, U3OBITOK BOALl TPAH3UTOM ITPOXOIUT
Yyepe3 BCIO CUCTEMY TPYOOITPOBOJIOB M TTOCTYTIAET B pe3epByap BOMIO-
HaropHoO! GalllHU. DTOT MOMEHT Ha3bIBAIOT MOMEHTOM MaKCHMaJlb-
HOTO TpaH3uTa. B 3TOM cityyae nbe3oMeTpudecKast JUHUSI Tpuodpe-
TaeT YKJIOH OIHOTO 3Haka (JTuHus 2 Ha puc. 2.8). Harop Ha Hacoc-
HOW CTaHUWU B 3TOT MOMEHT OOJbLIE HATIOPA B YaC MAaKCHUMAaJIbHOTO
BOIOTIOTPeGIEHUS. DTO BHI3BIBAETCS BO3pacTaHUEM TOTEPh Hamopa
B CETU WU3-3a YBEJIMUEHUS MTYyTH TPAHCTIOPTUPOBAHUS BOJIBI, 3 TAKXKE
€€ KOJTMYeCTBa B paifoHe rpaHMLBl 30H MUTAHUS.

IlpuBeneHHBIE 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 HAarpy3ok
Ha CHUCTEMY BOJOCHAGXEHMWsS HOpPMaMU MPOEKTUPOBAHUS TIpeay-
CMaTpHUBAeTCsI BO3MOXHOCTh BOBHUKHOBEHHUSI TTOXKapa B Yachl Mak-
CUMaJBHOrO BojonorpedyieHusi. B pesynbraTe Takoro npeamnoioXeHust
oTbupaeMble pacxolibl BOJBI U3 CETH BO3pacTaloT. DTO MPUBOAUT
K POCTY MOTepb Haropa B JUHUSIX CETU U PACXOIOB, NMOAaBAEMBIX
HAaCOCHOM CTaHILMUEM.

Yuco moxapoB U 00bEMOB BOIBI IS TTOXapPOTYILIEHUST OTpele-
JieTcsl B cOOTBETCTBUU ¢ TpeboBanusimu CHuII 2.04.02-84*. B xa-
YyeCTBE MECT IoXapa BeIOMparoTCcs y3/bl CETH, HauboJee yaajleHHbIE
OT UCTOYHHKA TIUTAHUSI CUCTEMBI, C MAKCUMAJILHBIMH reojie3ude-
CKUMHU OTMeTKaMM. EciM OgqHO3HAYHO BEIOPATh 3T Y31l HENb3d,
TO TIPOBOJSAT TMAPABIUYECKHE pacUeThl C aJIbTepPHATUBHBIMU BapH-
aHTaMU. AHaJIN3 UX pe3yJIbTATOB MO3BOJISIET BHIOPATh BAPUAHT, KO-
TOPBIH SABASETCS AUKTYIOLIHAM.

ITo crtoco6y TyieHUsT moXapa CUCTEMbI Pa3aesTIOT Ha CUCTEMBI
TOXapOTYIIEHUST BLICOKOTO W HU3KOTO AaBieHUs1. B cucreMax mep-
BOTO BMa BOAOIPOBOA B MOMEHT ToOXapa HOJIXEeH 00ecrieynBaTh
roavyy BOMABI TIPU JaBJACHUSIX, NOCTATOUYHBIX JJIS CO3MaHUS CTPYM
HEIMOCPEACTBEHHO OT TMIPAHTOB. DTH CHUCTEMBI MCITOIB3YIOTCS Ha
TIPOMBIIIIEHHBIX MIPEONPUSITUSIX C BBICOKOI MOXapHOH oracHoc-
Th10. B cucTeMax BogocHaOXeHNsI TOPOAOB M HACENIEHHBIX ITYHKTOB,
KakK TpPaBUJIO, MPUMEHSIOTCS CUCTEMBI IMOXAapOTYIIEHUSI HU3KOTO
nasyeHus. I1pu ux ycrpoiicTse TpedbyeTcs, YTOGH B MOMEHT IOXa-
pa cBOoGOIHBIE HATIOPBI BO BCEX Y3JIaX CETH OBLTH He Huke 10 M.

M3BeCTHBI pa3TUUHbIE CXEMBI XpaHEHHUSI IPOTUBOIIOXAPHOTO 3a-
rnaca BOJBI.

IIp1 xpaHeHWM BOJBI B pe3epByapax YMCTONA BOIBI HacOCHas
cranuus I mombema moymxHa obecrneymBaTh Mogavyy, paBHYIO CyM-
Me XO3SIHCTBEHHO-TIMTHEBOM M NMPOTUBOIOXAPHOU MOTpeOHOCTH.
Ecnu cxemoit BomocHaGXeHHUs MpexycCMOTPEHO YCTPOCTBO Harop-
HBIX PETYJIMPYIONINX Pe3ePByapoB, MPOTUBOITOXAPHEIHN 3arac MOXeT
XPAaHUTBCS B HUX. Torma MpOTUBOMOXAPHBIN pacxoi MOAaeTcs U3
HaTIOPHBIX Pe3epBYapoB, a Ha XO3SIHCTBEHHO-TTUThEBBIE HYXABI BOJIA
TOCTYTIAaeT OT HacocoB craHuum 11 mombeMa. BosMoxHa cxema, rpu
KOTOpOI1 YacTh NMPOTHUBOTIOXAPHOIO 3araca XpaHUTCSI B pe3epByapax
YUCTOUN BOABI BOJIM3M HacocHoM craHuuu Il mombema, a yactp —
B HAlTOPHO-PETYJUPYIOIIUX EMKOCTSIX.
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PaccMOTpUM peXuMBI ToXkapHoit paboTsl Bogomnposoaa (puc. 2.9)
B CUCTEMax BBICOKOTO M HU3KOTo gaBieHus. I1peanonoxmum, 94To ceTh
JIOJDKHA OBITH pacCYWTaHa Ha TTOXap MpY HAJIMYKMU CUCTEMBI BEICOKO-
ro nasienust. Tloxap npoucxoauT B HauboJee BO3BBILLICHHOM U3 yIa-
JIEHHBIX ToYeK ceTd N B MOMEHT MaKCHMAaJIbHOTO XO3SHCTBEHHO-TTH-
TheBOTO BoAo3abopa. Ilpu 3ToM B y3ne N monxeH ObITh obecrieyeH
CBOOOIHBIN Harop H{,', KOTOpBIN TPEBHIIAET CBOOOMHBIN HATIOp
NIpY peXHMe XO3HCTBEHHO-MTMThEBOTO BogocHabxenuss HX". Tlo-
TEpPU Haropa B ceTH A'® M B BomoBoAax A, B MOMEHT roxapa npHu
TeX Xe Auamerpax Tpyo Oynyt Oonblie morepb Hamopa A" u A"
MPH XO35HCTBEHHO-ITUTEEBOM pexXuMe paboThl. CiieioBaTeNIbHO, TThe-
30MeTpHYeCKast IMHUS [, COOTBETCTBYIOIIAsSi MOMEHTY TToXapa, OymeT
MPOXOIUTE BHILLIE IMHUM 2 MOMEHTA XO3IICTBEHHO-TTUTLEBOTO BOMIO-
norpedsieHust. IToaroMy TpebGyemblit Harrop Ha HACOCHOM CTaHUMH
npy noxape H,.® Gonbire Hanopa H)™".
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Puc. 2.9. Cxema B3aHMOCBSI3H MeXIy HANOPAMH NPH AoOXKape B CHCTEME
BOJOCHA0KeHUS BBHICOKOTO M HH3KOro JaBJEHHS

OOBIYHO TIPU CUCTEME BBICOKOTO JaBJICHUSI HATIOP, TIOMy4YarolHii-
cq B 9TOM cJiyyae y OallrHU, TTPEBOCXOIUT €€ BBICOTY M OalllHs Ha
BpeMST TToXapa JOJKHa OBITh BBIKJIIOUeHa. MHaue HeBO3MOXHO OyneT
TIOOHATD JaBJeHWe B CETH 3a OallHell 1o HeoOXOAMMOI MpH noxape
BeIMUMHBI. B camoil GalliHe, ecjiM OHA He BLIKJIIOYEHA IIPH yBEIUYE-
HHMM Haropa y HacocoB, OyneT HabMI0OmaThCsl YCUIIEHHOE TIOCTYTUIEHNE
BOABI B 6aK, KOTOpPOE MOXET TTOBNEYb NepernoHeHne baka.
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B cucteMe HM3KOTO AaBAECHUS IMPU MoxXape B y3jie N ycTaHaB-
auBaeTcs cBOOOAHKIH Hanop H[" = 10 M, KOTOpbI HUXe HX."
WJIM paBeH eMy. B pe3ynbTaTe BO3pOCIIMX PACXOAOB BOABI MIPU MO-
Xape Mo CpaBHEHUIO C PEXMMOM HOPMAJTBHOTO XO3SHCTBEHHO-TTU-
THEBOTO BOAONOTpe6IeHHs MOTEPU Hanopa B Bogosonax At > A"
U A > hE" M, cnenoBaTebHO, YKJIOH MbE30METPUYECKONH TMHUU
(3u 3') npu noxape GoJibliie YKJIOHA NTbE30METPUUECKON TNHUM 2.
CoOTHOLIEHUE MEXIY YKa3aHHBIMU MOTEPSIMH Hamopa, a TakxXe
mexay HX" m H[' BIUseT Ha MOJIOXEHHUE MbE30METPUYECKOMH
auHuu (3 u 3') otHocuTenbHO 6aka 6amwHu. Eciv oHa mpoiinet
BbIIIE OallHU, TO TpebyeMblii cBo6oaHbI Hamop (H.' = 10 M)
B y3Jie OyaeT obecrieyeH, Koraa OanrHsa OTKJII0YeHa OT BOAOBOJIOB.
B npoTUBHOM ciyyae, Kak M IMPU CUCTEME BBICOKOTO NaBJIEHUS,
B y3j7e N HEBO3MOXHO obecrie4yuTh TpeOyeMblii CBOOOMHBII HATIOP.
Ecnu nbe3oMeTpuueckas JUHUS nipoitneT HUXe 6aka OallHU, TO
TTOCJIEHSST MOXET MPOJIOIXKaTh paboTy.

OTanyme pacyera rmoxapa IpU cXeMe C KOHTppe3epByapoM OT
paccMaTpuUBaeMOi Bbllle GYNeT 3aKMIOYaThCst B TOM, YTO OTMETKA
KOHTppe3epByapa, onpele/ieHHas B pe3yJbTaTe X03sMCTBEHHO-TTH-
TBEBOrO pacyeTra CeTH, OOBIUHO OYIET MpEeBbIIIATh HAMOP OKOJIO
GalHu, MoJYYeHHBIH Npu pabore Ha noxape. [ToaToMy B yKa3aH-
HbIX cxeMax OalrHs BO BpeMs Ioxapa OoJibllueil 4acTbl0O MOXET HE
BBIKJTIOYaThCsA. OMHAKO MTOCKOJBKY B TOPOICKHMX BOJIOIPOBOJIAX 3a-
rnac BOABI Ha TYLIIEHME TToXKapa OOBIYHO XpaHAT He B GalrHe, a B pe-
3epByapax YMCTOM BONbI Y HacocHO# ctanumu 11 mogbeMa, To pabo-
Ta CETH TIPU TIOXKape HE OTpakaeTcs Ha BbIcOTe OalrHu. TpebyeMblit
Harop MPOTUBOIOXAPHBIX HACOCOB OMNpENEsIeTCsl 10 paHee NPUBe-
JIEeHHBIM (HOpMyIaM.

B cucreMax xo3si#CTBEHHO-ITPOTUBOIIOXAPHOTO BOAOCHAOXEHUS
3arnac BOABI Ha TOXApOTYILEHHE XPAHUTCS B pe3epByape YHUCTOi
Boabl. M3pacXoqoBaHHBIN 3a BpeMsI ITOXapa ITOXapHbIH 3arac BOIbI
HeoO0XooUMO BOCCTaHOBUTL. Ero BocrosiHeHUe MPOU3BOANTCS TPH
MHTEHCHUUKALMK paGoThl BOZONPHUEMHHUKA, HACOCHOW CTaHLHUM
I monbeMa ¥ OYNCTHBIX COOPYKEHUI CTAaHLINU.

2.4.3. BbiGOp pac4eTHbIX PeXXumMoB paboTbl CUCTEMDI
BOAOCHabxeHus

PacueTHBIMM CYMTAIOTCS CIIy4au, TIPU KOTOPBIX MMEIOT MECTO
MaKCUMaJIbHblE HArpy3KH 10 PacXOLy BOABI M HAMOPY UIS OTAEIbHBIX
3JIEMEHTOB CUCTEMBI BOIOCHAOXeHNUA. B mpenenax paccMatpuBaeMoit
oyepeay pPa3BUTHUA BOOOIMPOBOAA PACYETHBIM SIBJSECTCS ITOCIEIHUIA
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TOI, JUISt KOTOPOTO MPUHUMAIOT CpeAHNE HOPMEI BOIONOTPeOIeHUS,
pacyeTHOE YHUCIIO )Kmeneﬁ W HaxomSIT CPeIHUI 3a ToJ pacyeTHBIMI

CYTOYHBIN pacxox Boabl Q, KOTOprI/I TNO3BOJISIET, 3Hast KO3 dULN-
€HTbl HEPaBHOMEPHOCTH I%T waxe 1 Koyr s HAATH MAKCUMAaNIbHBIH
Ocyr vaxe 1 MUHAMATBHBIHA Oy i cyTquble pacxonsl. ITpu mpoek-

TUPOBAHUM CUCTEMBI BOOOCHAOXEHUS TIPUXOIUTCS TTPOBOIUTH TH-
PaBIUMYECKKWE PACUEThI MTPU PA3JIMUYHBIX HArpy3Kax BOAOMNOTPEOICHUSI.
Bce coopyxeHUsT CHCTEMBbl BOIOCHA0XEHUST PaCCUUTHIBAIOT TTPH
Harpy3kax, COOTBETCTBYIOUIMX CYTKaM MaKCHMaJILHOTO BOIOIO-
TpeOIeHUST B COOTBETCTBUU C rpachKOM BOIOITOTPEOIEHHS.
BononpoBoaHbIE CETHU HEOOXOOWMO PACCUYUTHIBATH Ha paboTy
B Yac MaKCHUMaJIbHOTO BOIOIOTPeOAeHMS, a CETU C KOHTPpE3epBya-
pOM, KpOME TOTO, TIOJKHBI OBITh pACCYUTAHBI HA pabOTy B Yac Mak-
CHMAJIBHOTO TPAH3UTa B HalIOPHO-PETYJIUPYIOIIYIO EMKOCTbD.
Hapsiny ¢ aTuM BOIOBOIBI, pacripeneiuTeNIbHYIO CETh U HaCOCHI
craniuu II nogbeMa HYXHO NMPOBEPUTH Ha OMHOBPEMEHHYIO TToaa-
4y MaKCMMAaJIbHOTO YaCOBOTO Y MPOTHUBOIIOXAPHOTO PaCcXOI0B BOMIbBI
B CYTKM MaKCHUMAaJILHOTO BOIOMOTpebneHus. PekoMeHmyeTcst poBe-
CTH pacyeTbl CUCTEMBI TOJIJaYl U pacrpeneyieHus BoJIbl HA MUHU-
MaJIbHBIM YacOBOIt pacxon B AHU MUHUMAJILHOTO BOIOTIOTPEOICHMS,
MpU KOTOPOM BO3MOXHBI HauboJbllIMe AaBjieHUs B ceTH. Lleneco-
00pa3HO BBIMOJHUTH PACUYET HA CPEAHUI YACOBOW pacxol B CYTKH
CpeIHero BOJONOTPeOICHUS, YTO MO3BOJISIET OPUEHTUPOBOYHO O -
penesuTDb 3a pacYeTHBIN CPOK st JAHHOTO Tara pa3BUTUSI CUCTE-
MBI 3aTpaThl SHEPTUU HA TTOoabeM Boabl. IToMHUMO 3TOrO HEOOXOAM-
MO BBHITIOJIHUTH PAcUYeThl, 000CHOBBIBAIOIIIUE MEPOTIPUSTHS TIO 0Oec-
MEeYEeHUI0 BOMOW TIOTpeOUTENEe B 3alaHHBIX TIpeaesiax B ciyyae
BO3HUKHOBEHMUS aBapuil.
Psn mpoBereHHBIX pacyeToB MO3BOJISIET BBIOpaTh 000pyaOBaHUE
CHCTEMBI, obecrieynBaroliiee Kak ee paborocrmocobHOCTb, TaK U 3KO-
HOMWYHOCTb.

2.5. BopoHanopHbie 6alHn n nHeBMaTU4Yeckmne
yCTaHOBKM

BononaropHbie 6allTHH HEOOXOAUMBI ST PETYJIMPOBAHUST PEXU-
Ma paboTHl HacocHO# ctaHuuK Il mogbeMa B COOTBETCTBUU C PEXU-
MOM BogonorpebneHus. [1pu 3HaYUTENHbHONH HEPAaBHOMEPHOCTH BO-
JOTIOTPEOJCHHST TPAKTHYECKU TPYAHO (IMOO HEBBITOAHO) JOCTHT-
HYTb COBMaZicHUs MOTpeOIeHUS U MOAAYU BOILI.

Perynupytomnit o0beM BOLOHAMOPHON OAUIHU ONpPEAEAIOT 1o
COBMEIIIEHHBIM CTYIEHYATHIM MJIM MHTErpajabHBIM rpacukaM pabo-
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TBl HacoCOB U BogomnotpebseHus. JonomHUTeasHO 00beM Gaka
GalllHU JOJIXKEH COIepXaTh MPOTUBOIMOXAPHBIN 3arac, pacCYMTaH-
HBIl JUIST HAaCeIeHHBIX MYHKTOB HA TYIIEHWE OAHOrO BHYTPEHHEro
M OIHOTO HapyXXHOTro roxapa B TeueHue 10 MUH, a I MpOMBILI-
JIEHHBIX TIPEANPUATHI — Ha TYILIEHUE TOJBKO OTHOTI'O BHYTPEHHErO
noxapa. Hora B BOIOHAMOPHOI GalllHe COmepXXUTCS U aBapuii-
HBIU 3a11ac BOMOBI.

Perynupymooiuit 06beM 6aka onpenessiorT Mo MakCUMaJlbHOMY
ocTtatky B HeM Boubpl. Kak BumHo M3 Tabia. 2.8, perynupymouiuii
o0beM baka MpHU CTyNeHYaToi paboTe HACOCOB paBeH 5,2 %, a nipu
paBHOMepHOU pabore — 19,16 %, 1. e. pu cTyneHyaToil paGoTe
HAacCOCOB MOXHO 3HaYUTEJIbHO COKPATUTh 00BeEM Gaka.

I'padurueckuit pacyeT BHITIONHSIOT ITYyTEM MOCTPOEHUS MHTErPasib-
HOIf KpUBOIt BofornorpeGieHust ¥ rpacdvKa moaaYvM BOABI HACOCAMU
(puic. 2.10). Perynupytoumit o6beM 6aka paBeH CyMMe HanOONBLINX
pasHOCTE opAWHAT MeXny KpuBbIMH I u 2. TIpu paBHOMepHOU pa-
6oTe 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 mogauu soapl
Hacocamu (2)

+*

BogonanopHxasi GalrHsi COCTOUT U3 pe3epByapa wiu 6aka u 1oj-
JEepXUBalolleil KOHCTPYKUMHU (CcTBOJA). B palioHax ¢ CypoBbIM KJIU-
MaToOM BOKpYT 0aka ycTpauBatoT marep. CyllecTBYIOT HECKOJBKO
CXeM TOJAIoIIMX U OTBOISIINX TPYO BOLOHATIOPHOIT OallIHH.
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Taonwumma 2.8

Onpenenenne TpedyemMoro peryaupyiomero oobema 6aka
BOIOHATIOPHOIi OAlTHU IS PABHOMEPHOTO H CTYNEHYATOTO PEXHMOB
padoThI HACOCOB B TeyeHHe CYTOK, %

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

pasHo-| cmy- fierue pasHo-| cmy- |pagHo-| cmy- |pasHo-| cmy-

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

Hol | yamoli Hou |yamol| Hol |yvamol| Hol |yamold
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 | 4,16 | 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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Bona B 6ak nmogaetcst mo Tpyoe / Ha OTMETKY, COOTBETCTBYIONIYIO
HauboJbHIeMy HarnojHeHUIo (puc. 2.11). Ha xoHue TpyOBl yCTaHOB-
JIeH TOTJIaBKOBBIM KJ1amaH S Ui aBTOMaTHYECKOTO 3aKPBITUSI Moja-
folleit TpyGbl IpH HarnoJTHeHUU G6aka. M3 6aka Boma OTBOAUTCS IO
Tpybam I n 2. Tpyba 2 oGopynoBaHa oOpaTHBIM KJIamaHoOM J3, mpe-
MATCTBYIOIIMM TOCTYIUIEHUIO TIO Hel Boabl B 6ak. KoHew TpyOsr 2
C CETKO#M 4 pacmojioXeH Ha HEKOTOpO#M BBICOTE HAll MTHOM C TEM,
4yTOOLI HE MPOMCXOIUIIO 3acachiBaHMSA 0OCagKa, KOTODPBIM MOXET
cKarIuBaThes Ha AHe 6Gaxka. 3agBukka 10 mpegHa3HadeHa IS OT-
KJIIOYEeHUs BOJOHATOpHOM 6aliHu oT cetu. K nepenusHoit Tpybe 9
C BOPOHKOM 6 NMpHcOeINHeHa TpsideBast Tpyba 7 ¢ 3aIBUXKON &,
npelHa3HavYeHHas IS yIajieHUsl CKaruIMBaollerocss Ha MHe 0aka
ocaJika M OTBOJia BOIHI TIpU ero npoMsuiBke. I1py XecTkoi 3amenke
TPyO B AHMUIILIE pe3epByapa Ha CTOsIKax TpyoornpoBomoB I u 9 ycTpa-
MUBAIOT CAJIBHUKOBBIE KOMIIEHCATOPHI.

Ilpu Takoit cxeMe o06OpynOBaHUST BOJOHAMOPHON GalHU obec-
TeYrBaeTCsl TIOCTOSTHHOE TIepeMelllnBaHue BOAbI B 6ake, 4TO CIO-
cobcTByeT ee Hezamep3aHuio. st o6opynoBaHust GalrH! TIPUMEHST -
10T cTaiibHBble TpYyObl. C 1LIeNbl0 OCMOTpa 6aka CHapyXu W BHYTPH
yCTaHABJIMBAIOT JICCTHULIBI.

PesepByapbsl BOIOHAMIOpHBIX OallleH, KaK MPaBUJIo, YCTaHABIWBa-
10T Kpyrioit (¢popMbl B mnaHe. IIpeanouTuTenbHO, YTOOBI OTHOIIE-
HUE BLICOTHI 6aka OalllHu K ee AuaMmeTpy Obl1o HeGomblIuM. B aToM
cilyyae UCKITIOYAroTCS 3HAYNTEIbHBIE KOJeOaHUsT HallOpOB B CHUCTe-
M€ TIpU pa3IMYHBIX peXUMax U obecrieynBaroTca 6osee 6aaronpu-
SITHBIE YCJTOBUS pabOTHI HACOCOB.

Pe3epByaphbl BOTOHANMOPHBIX GalIeH OBIBAIOT XeJe3006 TOHHBIMU
M cTajbHBIMU. Hanbosee IMpOKO pacnpocTpaHEeHHI XKejle300eTOH-
HbI€ pe3epByaphbl, 3alIUTa KOTOPBIX OT KOPPO3UH IpOlle U AO0JTO-
BeYHee 3alllMThl CTAJIbHBIX. Bce Gosee MIMpoKoe pacrpocTpaHeHHE
ToJIyJyaeT MpeABapUTEIbHO HATIPSIKEHHBIN XeJe300€TOH, MOBHIIIA-
IOUINIT BOOOHETIPOHUIIaeMOCTh 6akoB. CTalbHEIE 6aKW XapaKTepH-
3YIOTCS MEHBIIEH Maccoif, WHAYCTPHUAJIbHOCTBIO M3TOTOBJEHUS
Y MOHTaXa, MOJTHOH repMEeTUYHOCTBI0. OHU HIMPOKO MTPUMEHSTIOTCS
B 3apyOeXHBIX CTpaHax.

PesepByapbl MOTYT UMETh TIJIOCKOE MJIM BOTHYyTOE AHMIIE. [Tpu-
JlaHWe BOTHYTBIM AHUIIAM moytychepUuecKoil, SITMICOUIATbHON
Y paauanbHO-KOHUYECKOH (hOPM IMO3BOJIAET YBEIUUUBATH IUAMETD
pe3epByapa (IIpy OIHOM M TOM XK€ 00beMe) IO CPaBHEHUIO C aHa-
METPOM pe3epByapa C INIOCKUM JHUIeM. Biaromapst atoMy Kojeba-
HUS Haropa MoTYT ObITh COKpallleHbl 10 MUHUMYMa. OIHaKo pesep-
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Byaphbl C BOTHYTBIMU JHUIIIAMH CJIOXHEE B U3TOTOBJIEHUH. B Hamei
cTpaHe HaubGojiee IIUPOKO TPUMEHSIOT pe3epByaphl C IJIOCKUM
M nonychepudecKUM BOTHYTHIM JHHUIIAMMU.
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Puc. 2.11. Cxema 000opynoBaHHs BOLOHANOPHO# OalHM
TpyOONpoBoJaAMH

IIpy HanmMUMU OMacHOCTH 3aMeP3aHUS BOIBI B pe3epByape BOK-
PYT HEero ycTpaMBalOT IIATeP, KOTOPHI B 3aBUCUMOCTH OT KOHCT-
PYKLIMUX BOAOHATIOPHOM OalllHU BBITIOMHSIETCS U3 XKenae300eToHa,
KUpITMYa WK Aepesa. s IpedOTBpalleHUS 3aMep3aHUST BO3MOX-
HO IMpUMEHEHHE 3JIeKTpooborpesa.

B GamrHsx 60bIIONH BMECTUMOCTH MPU HATUYMU 0OMEHA BOIBI
C OTHOCHUTEJIBHO BBICOKOI TEMIEPATYPOI IATPBI MOTYT OTCYTCTBO-
BaTh JaXe B CYPOBBIX KJIMMaTHUYECKHUX YCIIOBUSAX. BeciiaTpoBele Me-
TaJUTMYECKUE GalIHU OBIBAIOT KaK C TeIUIOM30JIsIuMeid, Tak U 0e3
Hee.
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Csepxy pe3epByap OanrHu niepekpbiBaeTcsi. [lepekpoiTiie (Kpbi-
111a) o6ecrneYnBaeT ero XECTKOCTb U CIYXKUT JJIS 3aUIUTHI OT TeMIIe-
paTypHBIX KojebaHuit v 3arpss3HeHuit. [loanepxuBaionme KOHCT-
PYKLIMY BOJAOHAMOPHBIX OaniieH BHITTOMHSIOT U3 Xene300eToHa, Me-
Taljla M KUpNuya B BUAE CIUIOIIHOW CTEHKM WIM KOJIOHH,
MMEIOLINX pa3TnyHOe apxuTekTypHoe odopmieHue. Hanbonee pac-
MPOCTpaHEeHbl KOHCTPYKINHU U3 Xejne306eToHa. BHyTpeHHee npo-
CTPAHCTBO, 00pa3yeMoe MOAACPXUBAIOIIUMUA KOHCTPYKUUSMHA, MO~
KET MCIONB30BaThCA TSI TEXHUYECKMX U OOLIECTBEHHBIX LieNei, HO
TIPY YCIIOBUY UCKITIOYEHUS KaKOro-aubo BO3ACHCTBUS HAa KaueCTBO
BOJIbI, HaXOAsIIEHCS B pe3epByape.

BonoHamnopHble 6allTHU MOTYT OBITh BBITTOJTHEHBI TAKXE U3 KUD-
nuya v aepena. JepeBsHHbIE BOMOHATIOPHBIE OalllHU MPUMEHSIOT
B OCHOBHOM Ha BpeMEHHBIX BOJOTIPOBOAAX.

BamiHu 06opyayloT CUTHaIU3auMel, nepeaaroluieid mokasaHus
YPOBHSI BOABI HA HACOCHYIO CTAHLIMIO WIN AUCTETUYEPCKUI TTYHKT
BOJOINPOBOJHOIO XO3SIMCTBA.

B cucremax BogocHabxeHUS HEOONBIINX 00BEKTOB MHOTAA TIpH-
MEHEHSIOT rHAPONHEBMATHYECKHE YCTAHOBKH. OHY BHIMOJHSIOT POJIb
BoJloHanopHoi 6aumHu. TpebGyeMblil Harmop B HUX CO3AaeTcs naBJie-
HHUEM CXATOTO BO31yXa.

DTU YCTAaHOBKM OBIBAIOT MEPEMEHHOrO U MOCTOSTHHOTO JIaBlie-
HUsA. CxeMa YCTaHOBKM TNEPEMEHHOro [aBJIEHUS TOKa3aHa Ha
puc. 2.12. B yacsl MMHUMAaJILHOTO BOIOMOTPEOIeHUS, KOTOa Moja-
4ya BOABI HacocaMu 2, 3a0upalouiuMy BOIy U3 pe3epByapa I, peBbI-
1IaeT Bomo3abop, N30BLITOK BOABI MOCTYMAET B BOAOBO3AYIIHKIN 6ak
5. I1pu 3TOM MOBBIIIAETCS YPOBEHB 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 KaTyIIKW MarHUTHOTO TycKare-
JIST 3 M 3JIeKTPOIBUTATENIb HAcOCA OTKIJIIOYAETCST OT MUTAOLIEH ero
anexktpocetr. C 3TOr0 MOMEHTA TIofavya BOALI B BOAOBO, 7 OCYIIe-
CTBJISIETCS OT TMAPOINHEBMATUUECKOTO 6aKa 1Moj AaBIEHUEM CXKaTo-
ro BO3/yXa p,,,,. B Npouecce cpaboTKM YPOBHSA BOABI NaBJIEHUE
B 6ake cHmxaetcs. IIpu DJOCTUXEHUU YPOBHSI, COOTBETCTBYIOUIETO
OTMETKE Z,, JaBlieHUE B 6aKe CHU3UTCA 10 p... B 3TOT MOMEHT pete
BKJIIOYAET SJIEKTPOABUTaTENM HACOCOB. Pabouyuii 1{UKI YCTaHOBKH
nopropsieTcss. MUHUMAaNbHOE JaBlEHHUE p, ;. Ha3HAYaeTcs U3 ycio-
BUSI obecrieyeHUsa TpebyeMoro cBoOOOMHOro Hamopa B IUKTYOLEeH
TOYKe Bogopazbopa. Bo Bce octanbHble MOMEHTHI, KOTIA p > p. .,
CBOOOIHBIN HAaMoOp B 3TON TOUKe OyAeT BhIlIe TPeOYyeMOTO.
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Puc. 2.12. Cxema ruaponHeBMATHYECKOH YCTAHOBKH

Perysmpylommii o6beM BOIOBO3AYIIHOTO 6aKa 5, 3aKJIIOYEHHBII
MeXIy YPOBHAMM Z; U Z,, ONpeENessieTcsl IyTeM COBMEILIEHHUS rpa-
¢ukoB nogaun u norpediaeHuss Bomsl. CylecTByeT cxeMa TaKMx yc-
TAHOBOK C JIByMsI 6aKaMu, OIMH U3 KOTOPBIX TNpeaHa3HayeH s
BOIBI, a Apyroit — IUIst cXaToro Bo3ayxa. OHU COEIMHEHBI IPYT C
JIPYyroM TpyOonpoBOIOM. DTH YCTAHOBKH PACCYNTAHBI Ha OONBIIYIO
TPOU3BONUTENBHOCTD.

B rugponHeBMaTHYECKMX YCTAHOBKAX MEPEMEHHOTO NaBJIEHUS
HAcoCHI IOKHBI paboTaTh B INTUPOKOM JMATa30He XapaKTePUCTUKHU
QO—H. B npoiecce 3KCIUTyaTallMy OTpeaeSieHHast YacTh BO3MyXa,
Haxofserocsl B 6ake, pacTBOpsIETCS B BOJE, BHITEKAET Yepe3 He-
MJI0OTHOCTH. JIJ1s1 monmepXaHus NaBJieHUS BO3Myxa B 6aKe YCTaHOB-
Ka obopyayercss KOMITIpECCOPOM 6.

YcTaHOBKM MOCTOSTHHOTO JaBJIEHUSI TIO3BOJISIIOT € TTOMOLIBIO pe-
TYJISITOpA NaBJIEHUSI TTOIIEePXKUBATh IMOCTOSTHHOE HaBJIeHUS BO3IyXa
B TMIPOITHEBMAaTUYECKOM Gake M TeM CaMbIM 06ecrieYnBaTh MOCTO-
STHCTBO pacxolla U NaBJicHUS y MOTpeOUTeNsl. DT YCTAHOBKU He-
CKOJIBKO CJIOXHEE ONMUCAHHBIX Bbilie. OHW MOTYT NPUMEHSITHCS
B CHCTEMaXx IOXapOTYIIEHUS] M IIPOMBIIIJIEHHOTO BOTOCHA0XEHUS,
€CJIN U3MEHEHHEe Haropa MPUBOIUT K HEJIOMYCTUMBIM KoJieGaHUSIM
pacxoioB BOIHI.

2.6. PesepByapbl YncToin Boabl

Pe3epByapr B CCTeMaX BOJOCHaOXeHUs NCTIONB3YIOTCA KakK pe-
TyJaupyrouiue €MKOCTH. OOHOBPEMEHHO B HHUX MOTYT XPaHUTHCHA
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MPOTHUBOMOXAapHble M aBapuiiHble 3amackl Boabl. Ecnu penbed
MECTHOCTH IT03BOJISIET pacronaraTh pe3epByapbl Ha JOCTaTOYHO BbI-
COKMX OTMETKAaX, OHM MOTYT CJIIYXXWUTb HAarlOPHBIMM €MKOCTSIMMU;
ecJI BOIy M3 pe3epByapoB HEOOXOAMMO MepeKauuBaTh K MOTpeOu-
TeJII0, TO OHU Ha3bIBaIOTCS Ge3HanmopHbIMU. OObEM pe3epByapoB 3a-
BUCHUT KaK OT UX Ha3HAUYeHUS, TAK U OT TTPOU3BOAUTEIBHOCTH CH-
cTeMbl BogoCHabxeHUsi. O6beM pe3epByapoB, YCTaHABJIMBaEMBIX
BMECTO OallleH, OMpenessIeTcs] Mo TeM Xe MIPUHIIMITAM, YTO U pery-
JIMpYyIoLIe 00beMbl BOIOHATIOPHBIX OalleH.

Perynupyomuit o6seM Wp pe3epByapoOB YMCTOM BOAbI, HAXOIS -
IIIMXCS Ha TEPPUTOPUU OYUCTHBIX COOPYXEHMIt, OMTPENENSIIOT 110 CO-
BMelIeHHBIM TpadukaM paboTel HacocHbIX ctaHuuit [ u Il moms-
eMOB. DTOT 00beM HEOOXOMMM JJIsI COTJIaCOBaHUs pabOTHl B paBHO-
MEpDHOM pEXHME HACOCHON cTaHuUMM | mombema M OYMCTHBIX
COOpYX€EHU ¢ paboToif B HEpaBHOMEPHOM pPEXWUME HaCOCHOM
craHuuu 11 mognema.

B pesepByape uucToit Boasl (puc. 2.13) XpaHUTCS TakXe 3armac
BOABI, HEOOXOMUMBIN 11T COOCTBEHHBIX, TEXHOJOTUYECKUX HYXI
OYMCTHOM cTaHUMU W, , ¥ 3amac BOABI IS LieJiel TOXapoTylle-
Hust W,. Torna cymmapHblii 06beM pe3epByapa YMCTO BOIBI COCTa-
But W= W, + W, + W,
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Puc. 2.13. Pe3epByap 4uCTOi#i BOIbI:
1 — nopatoiuast Tpy6a; 2 — IMoruIaBKoOBHIi KianaH; 3 — nassl; 4, 5, 6 — BeH-
TWISILUOHHAS, TIEPEJIUBHAS U CITYCKHasl TPYObI; 7 — MpPUAMOK; &, 9 — Bcachl-
BatoLast Tpyba IMOXapHOTO U XO3SIMCTBEHHOro HacocoB; /() — OTBEPCTHE IS
CcpbIBa BaKkyyma

Benuuuna W, ,, onpenensieMasi TEXHOJOTUYECKMMU pacyeTaMHu,
00BIYHO cocTaBJsieT 2—8 % cyTouyHO# nmpoussoauTeabHocTU. IIpo-
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THUBOTIOXapHBIA 06beM W, Ha3HayYalOT U3 YCIIOBHMSA UTUTEJIBHOCTH
noxapa B TeyeHUe 3 4. B 3TOoT mepuon Hacockl OynyT 3a6UpaTh U3
pe3epByapoB NMOXapHBI pacxod ¢, U MaKCUMaJIbHbIA XO3HCTBEH-
HO-TIUTHEBOW PacXon ¢, ..

OnHOBpPEMEHHO C 3TUM B pe3epByap OydeT MocTynarb BOAa OT
OYHMCTHBIX COOPYXXEHMH B KOJIMYECTBE ¢, TOTAA NTPOTUBOINOXAPHBIH
o6beM nipu 3-yacoBoM 3anace W, = 3q, + q,_, — 3 q, roe q,_, —
CYMMapHBIA pacxol B MepHoJ HaubOJIbHIEro BOAOTOTPEOIEHUS
B TeueHHUe 3 4 (B COOTBETCTBUH C TpahuKOM BOJIONOTPEOJICHUS ).

Ilpu ompeaeneHun mosHOro obveMa pe3epByapa YYUTHIBAIOT
Tak>Xe aBapuifHbIN 3amac, MpeaycMaTpUBaeMblii B cilyyae Iogadyu
BOJIBI 110 OJHOMY BOJOBOZY.

B coBpeMeHHBIX YCJIOBUSIX B OCHOBHOM MPUMEHSIIOT pe3epByaphl
U3 xene3o6etoHa. OHM OBIBAIOT PAa3TUYHBIX KOHCTPYKLIMM, KPYTJIOi
W NPSAMOYTONbHOM (POPM Y MOHTHUPYIOTCS Pa3IMYHBIMH CITIOCOOaMM.
B HekoTOpBIX CTpaHaX MPUMEHSIOT CTAIbHBIE pe3epByaphl. OQHaKo
u3-3a OONBIIOH METAJUIOEMKOCTH, TPYOAHOCTH 3aLIUTH OT KOPPO3UH
1 HEOOXOAMMOCTH YCTPOHCTBA TEPMOU3OJISIIIMM OHHM HE HAIIW [IH-
POKOTO pacrpoCTpaHEHUS.

B 3aBuCHMMOCTH OT 3arfyOoJieHUsT pe3epByaphl MOApa3AesIioT Ha
TIOA3€MHBIE U TONYTIOA3eMHbIe. OHM OBIBAIOT OOBEMOM OT HECKOJb-
KHX COT A0 JECATKOB THICSY KyOMUYECKUX METPOB M BBINOJHSIIOTCS
110 TUMOBBLIM ITPOEKTAM.

Ha Tepputopumn, cHaGxaeMoil BOAOH M3 pe3epByapoOB OJHOIrO
Ha3HaYeHWs, UX IOJKHO GBITh He MeHee AByX. Mexay HUMHU pacrio-
JIaratoT crenuatbHble KaMephl (KOJIOALIBI), B KOTOPBIX pa3MelIaloT
3aIBUXKKU IS OCYIIECTBJIEHUS Pa3IMYHBIX MEPEKITIOUEHUN MEXKIY
pe3epByapamMu U BojoBoiaMu. Eciu B pesepByapax He HaXOAMTCS
TIPOTUBOIIOXAPHBIM ¥ aBapUNHLBINA 3amac, TO BO3MOXHO YCTPONCTBO
OJTHOTO pe3epByapa. ‘

PesepByaps! 060pyAyIOTCSI MTOABOASIIIIMMH ¥ OTBOASIIIIMMU TPYOO-
MPOBOJAMH, MIEPETUBHBIMU U CITYCKHBIMH yCTPOIICTBAMHU, CUCTEMOM
BEHTWISLIUHU, JIIOKaMH T TIPOXOAa 0OCIyKMBAIOLLEro MepcoHana U
TPaHCIIOPTUPOBAaHHUS 000PYNOBaHUS, KOHTPOJIbHO-U3MEPUTETLHOI
anmnaparypoi. B uensix npeioTBpallleHUs 3aCTauBaHWs BOABI U U3-
MEHEHMd ee KauecTBa B pe3epByapax X03sCTBEeHHO-MTUTHEBOTO Ha-
3HAYEeHUS JOJIXeH OBITH OOMEH IMMOXAapHOTO M aBapHUitHOTO 06GBEMOB
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, Pacioyo-
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JKeHHBIE Ha OTMETKE BEpxa MPOTHUBOIOXAapHOro ypoBHs. KoseHo pa-
OoTaet Kak cM(pOH, B KOTOPOM MPOUCXOANUT CPBIB BaKyyma MpHu CHH-
JKEHUU YPOBHS BOIBI IO YKa3aHHOI1 OTMETKM.

Ha puc. 2.14 npuBeaeHa cxeMa obopynoBaHUs pe3epByapa YUC-
TOM BOABI, TJIE COXPAHHOCTH MPOTHBOTIOXAPHOTO 3arnaca obecrieun-
BaeTCs MyTeEM YCTPOMCTBa KOJIoALA.
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Puc. 2.14. Cxema o0opynoBaHusi TPyOONpPOBOIAMM pe3epByapa YHCTOM
BOJbI

Perynupyomuit 06beM HaXOOUTCS MEXIY YPOBHSIMU XX U hn,
a 3aMacHOM — OT YPOBHS nn N0 AHA pe3epByapa. OT OYUCTHBIX
COOPYXEHHUH BOMA TOCTYITAeT MO TPYyOOIMPOBOAY @ B BEPXHIOIO
JacTh pe3epByapa. BcackiBaloime TpyooIrpoBoabl X034HCTBEHHO-
MUTHEBBIX HACOCOB O, . PacCIlONOXEHBl B OTKPHITOM KOJOALE K
(Bepx KOTOPOTO HaXOAHUTCS HAa YPOBHE ni) U HE MOTYT 3abupaTh
BOIy, MpeaHa3HauYeHHYIO IJid noxaportymeHus. IToxapHsle Haco-
Cbl MMEIOT CAMOCTOATEJILHBIE BCACHIBAIOLINE TPYOONPOBOAH 6, ,
OKaHYMBalIIUeCss Ha OTMETKE IHA pe3epByapa. PesepByap o6o-
pyayeTcsl TakKXe MepeJauBHO TpyOoit ¢, MpUCOeANHEHHOH K BO-
IOCTOKY, a TaKXe CIYCKHOU (rpsizeBoii) TpyOoii 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 MPOTHUBOIMOXAPHBIX PACXOJIOB C pa3HbIX OTMETOK.

IMpu Gonbuinx o6BEMax TIPUMEHSIIOT pe3epByaphl MPSIMOYTONb-
HOI (POPMBI ¢ TNIOCKUMHM OAaOYHBIMU WK 0e30aJI0YHBIMU Mepe-
KPBITUSIMU. B HacTosililee BpeMsT IIpH CTPOUTEILCTBE Pe3epPByapoB
IIUPOKO MCIIOJIb3YeTCsl MpeABapUTENIbHO HANPAKEHHBIN XeJie300e-
TOH, YTO 00ECIeYNBAET UX ITOBHILIEHHYIO ITPOYHOCTh U TEPMETHY~

HOCTB.
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PesepByap uunauHapudeckoit ¢GopMbI C MJIOCKUM TTEPEKPBHITUEM
o6bemMoM 110 2000 M3 mokasaH Ha puc. 2.15.
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Puc. 2.15. KoHcTpykuus pe3epsyapa nMaMHApu4eckoil dopmsi:
1 — rpsasenast Tpyba; 2 — npusMok; 3 — sa3; 4 — BEeHTUIALIMOHHbIE
Tpy6OTIPOBOALI



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

3.1. Knaccudukaumsa n tpaccupoBka BOAONPOBOAHDBIX
ceTei n BOAOBOAOB

TpaHCIIOPTHPOBaHUE BOABI K TTOTPEOUTENISIM OCYILIECTBIISIETCS TTO
BOIOBOIAaM, COEAMHSIIONINM OTAENbHbIE 3JIEMEHThI CUCTEMBI BOJO-
CHabXeHUsI, U BOAOIMPOBOJHBIM CETSIM, PacIpeaessTIOUMM BOLY IO
TEPPUTOPUH JAHHOTO OOBEKTA.

BomoBoasl H BOHOTIPOBOAHBIE CETH JOJIKHBI OTBEYaTh OTpeEe-
JIEHHBIM TPeGOBaHUSIM HAIeXHOCTH U 3KOHOMHUYHOCTH. DTO JOCTH-
raeTcs NpaBWILHBIM BHIGOPOM TPacChl BONOBOIOB M KOHGMUTYpalUU
CETH, MaTepHajia U IMaMeTpOB TPyO, pexxuma ux pabotsl. I1pu BbI-
0ope, OTBOAE M MCMOJIb30BAHUM 3€MeJIb IMOA TPacChl BOJOBOIOB
JOJIXHBI cobiogatbcsi OCHOBBI 3eMeJIBHOTO 3aKOHOIATENbCTBa
M Sl HOPMAaTUBHBIX aKTOB. B COOTBETCTBMM ¢ 3TUMH JOKYMEHTaMHU
BOIIOBO/BI, KaK IMPaBWJIO, MPOKJIANBIBAIOTCS BOIM3U JOPOT C YYETOM
TpaHHMIl 3€MJIENONIb30BAHUS M ceBoobopoToB. Ecan 310 nmpuBoauT
K 3HaYUTEJILHOMY YIJIMHEHUIO TPAacChl, HEOOXOMUMO TEXHUKO-3KO-
HOMMYECKHUMM pacueTaMu 060CHOBATh ee HayepTaHHUE C YIETOM JIO-
MTOJTHUTEJILHBIX PACXOI0B Ha BPEMEHHOE MCTOJIb30BaHUE IMTOCEBHBIX
TUTolaneif ¥ MOTpaBy MOCEBOB B Cilyyae JTMKBUIALIUN aBapyiA.

BonoBoas! mpokianeiBalOT B OQHY, ABe M Gosee HUTOK. Ux 1e-
JlecooOpa3HO MPOKIABIBATE Ha OTHOCUTENBHO BO3BBIIIEHHBIX OT-
MeTKaX MECTHOCTH C MUHMMAaJIbHBIM YHMCJIOM MCKYCCTBEHHBIX CO-
OpYXeHHW, B MeCTaX, TOCTYITHBIX JUISl KCTUTyaTallik U IPON3BOI-
CTBa pPeMOHTHBIX pa6or. JIisg obGecrieyeHUsT 3aJaHHOTO YPOBHS
CHaOXeHMST BOION MOTpeOuTeNei MeXIy NapauleJibHO YIOXeHHbI-
MU BOJOBOJAMH YCTPaWBAIOT NMePEKIIOYEHHS, a BIOJb TPacCH U Ha
TEPPUTOPUU OOBEKTA MOTYT YCTAHABIUBAThCS EMKOCTH.

BonoBoasl 1o crroco0y TpaHCTIOPTUPOBaHUS BOIBI MOIPA3IEIsi-
I0TCSI HA HAMOPHbIe U Oe3HanopHbie. [lepekauka BOIBI 0 HAIOPHBIM
BOJIOBOJAM MOXET OCYIIECTBJISITHCS HACOCAMU WJIM B Pe3yJIbTaTe
Pa3HUIIBI The30METPUYECKOIH OTMETKH YPOBHS BOABI B UCTOYHHKE U
PacyeTHOM Mbe30METPUYECKO OTMETKH B MecTe BogooT6opa. Ilep-
Bble BOJIOBOMIbI Ha3bIBAIOTCSI HATHETATEIbHBIMHU, BTOPble — TPDaBUTa-
IIMOHHBIMU HAINIOPHBIMHM WJIM CAMOTEYHO-HANTOPHBIMH.

BesHaropHbie BOAOBOIBI (IPaBUTALIMOHHBIE CAMOTEYHBIE) pabo-
TalOT HETOJIHBIM ceuyeHHeM. O61acTh UX MTPUMEHEHUST HE CTOJIb IIIH-
pOKa IO CpaBHEHMIO C HaNOPHBIMHM BogoBogaMu. MIX npuMeHeHMe
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3aBUCHUT OT Pa3HOCTH OTMETOK Ha4YaJIbHOM M KOHEYHOIl TOYEK ITyTH
noaayy BOIBI, peabea MECTHOCTH, PACCTOSTHUS MEXIY Y3JIaMH IO~
Jladyu U oTOopa Boawl. Mcnonb3oBaHUe Ge3HANMOPHBIX TPYO MPHUBO-
JUT K YMEHBIIEHUIO eAUHUYHONW CTOMMOCTH TaKMX BOAOBOIOB ITO
CpaBHEHMIO ¢ HanopHbIMUA. OOHAKO yBeJMYeHUE TIPOTSKEHHOCTH
Tpacchl M3-3a HEOOXOOAUMOCTH obecrieueHUs TpeOyeMBbIX YKIOHOB
MOXET ITPUBECTU K BO3PACTAHMIO UX OOIIENH CTPOUTEIBHOU CTOU-
MOCTH.

BonomnpoBsogHas ceTh yCTpauBaeTcs IS TPAHCITOPTUPOBAHUS
M OTIIa4M BOABI ITOTPEOUTENISIM 1O Beeii TeppUTOpuH o6bekTa. KoH-
durypaumst cetv 3aBUCHUT OT TJIAHUPOBKH 00beKTa, (POPMEI €TI0 IO~
BEPXHOCTHU, HAIUYUS €CTECTBEHHBIX U MCKYCCTBEHHBIX TPENAT-
CcTBUH, peabeda MECTHOCTH, PACTIONIOXEHUS KPYITHBIX MOTPEOUTE -
Jiei BOIBI, MECTa pacCIIOJIOXKEHHUSI UCTOYHMKA BOIOCHAGXEHHS U T. 1.
ITo xoHduUrypaunu cet OBIBAIOT KOJIbLHEBbIMH, Pa3BeTBJIEHHBIMH
WM TYNHKOBBIMH H CMeEIIaHHbIMH.

KonblieBrie CETH rapaHTUPYIOT HaleXHYI0 M GecrepebGoitHyIo
nojavyy BOIbI, CMSATYAIOT AEHCTBUE TUAPABIMYECKUX YIApPOB, UMEIOT
MEHBILIME TUAMETPHI TPYO U 0becrieynBaloT LIMPKYIAIUIo Boabl. He-
JIOCTaTKOM KOJIbIIEBOI CETH ABJSETCS OONbLIAs MPOTSIKEHHOCTb,
a cJIe0BaTeNIbHO, BHICOKAsl CTOUMOCTb.

JIuHUM ceTH, TPaHCIIOPTUPYIOIINE OCHOBHBIE TTOTOKH BOJIBI, Ha-
3bIBAIOTCSI MATHCTPAJIbHBIMH. BHE 3aBMCUMOCTH OT THUIIA CETU Maru-
CTpaJIN NOJIXHBI TIPOKJIAibIBAThCS B HAIPaBJIEHUH OCHOBHBIX TTOTO-
KOB BOJBI M OXBAaThIBaTh BCIO TEPPUTOPHUIO HACENIEHHOTO NMYHKTA,
PazsimuHble THTIBI KOJIBLIEBBIX CETE MPUBEIEHHI Ha puc. 3.1.

Puc. 3.1. Tunsl KOJbLEBBIX ceTell
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PacroyioskeHHe y3ina MUTaHUs U (hOpMa TEPPUTOPHM, TIOKa3aHHBIE
Ha puc. 3.1, a, TO3BOJISIOT OTPAHUYUTECS HECKOJTBKUMHU MarucTpais-
MM B BHUIE MyYyKa JIMHUI BOOJb ropoia, UIYLUIMX U3 y3j1a MUTAHUS.
ITpyu TeppUTOPHH HACEIEHHOTO ITyHKTa, UMEIOLLIETO paclIMpeHUe 1o
Mepe yaajJeHUsT OT UCTOYHHMKA, PACTIONOXEHNE MarucTpajaeii MoXeT
UMeTb BUJ, TIpUBENCHHBIN Ha puc. 3.1, 6. Ecau Tepputopus ropona
pacTAHyTa B HaTIpaBleHWH, EPHIEHANKYISIPHOM HarlpaBJIeHUIO Mofa-
4y BOLBI, TO HaYepTaHWE OCHOBHBIX JIMHUII CETH UMEET BUI, TIPUBE-
neHHbIit Ha puc. 3.1, 6. Ha puc. 3.1, e mokazana cucreMa OCHOBHBIX
JIUHUI B BUE KOHLEHTPUYECKH PACITOIOKEHHBIX KOJIel], TUTaeMBIX
CHUCTEMOI BOMOBOJOB U PAIMAIbHBIX MarucTpaeil.

Hanmnyue HeCKONBKUX UCTOYHUKOB MMUTAHUS UM HECKOJBKHUX
PETYIUPYIOIIHX €MKOCTEH MOJKHO YUUTHIBATHCS KOHQUTypalrei
MarucTpaabHOMN CETH.

B KOJIBIIEBBIX CETSAX TIOMUMO MaruCTpajicif UMEIOTCS MepeMbIy-
KM, TIpeIHa3HaYeHHBIE B OCHOBHOM JUTA TIepepacipeae/IeHUsT BOABI
MeXIy MarucTpajisiMU TIpH aBapuu Ha ogHOH W3 HUX. [lepeMBIUYKHU
Ha puc. 3.1, a—6 MoKa3aHbl B BUAE MYHKTUPHBIX JIMHUHA.

Boma oT MarucTpanbHOM CETH K TOMOBBIM OTBETBJIEHUAM U TO-
KapHBIM THJIpaHTaM TIpU TI0Xape TMOJaeTcs 0 pacnpeaeuTebHoi
CETH, TIPOKJIAABIBAEMON TIO yJIWLIaM W Tipoe3naM. JuameTpsl 31O
CETH B OTJIMYME OT MAaruCTPAJIbHOM, KaK TpaBUJIO, HE PACCUUTHIBA-
I0TCSI, a TIPUHUMAIOTCSI B COOTBETCTBUM C MPOITYCKAeMbIM TIOXap-
HBIM pacxoJioM. PacripenesutenbHast CeTh OKa3bIBAET CYIIECTBEH-
HYIO TIOMOIIb CHUCTEME MArvuCTPAIBHBIX JUHUH BO BpeMsS aBapuu
Tipu niepebpoCcKe pacxomoB BOJBI C OMHUX MAarucTpaieil Ha Apyrue.

OTGOp BOABI MOXET MPOUCXOIUTh W OT TMHWM MarucCTpaibHOM
CETH, €CJIM UX TUaMeTphl HeBeNWKU. I1pu OOJBIINX THaMeTpax Ma-
rUcTpajeil 9KOHOMHYECKHU OTpaBIaHO NMPUMEHEHHWe TaK Ha3blBa-
€MBIX COIMMPOBOXIAIOIINX JIMHUI, MTPOKJIaIbIBAEMBIX MEXIY Y3JIaMU
NapajuiesIbHO y4acTKy Maructpaiu. K 3TUM JTUHMSAM TIpUCOenVHS-
J0TCSI JOMOBBIE OTBETBJIEHMSI.

B BomorpoBonmax MajibIX HaCeJeHHBIX MMYHKTOB WJIM B KOHLEBHIX
ydacTKax ropoJICKOil CETH HET pasIMdMsT MEXIY MaruCTPaJIbHBIMHU
U pacTnipeeIUTeJIbHBIMU JIMHUSIMU, TaK KaK BCE OHU YYacCTBYIOT
¥ B TPAHCIIOPTUPOBAHWM, W B OTAAa4e BOABI MoTpeburensam. Takas
BOJIOTIPOBOJIHAST CETh HAa3bIBAE€TCS 00€3JIMUEHHOI, U TUAMETPHl BCeX
JIMHUM CETH IOJIKHBI OTIPENEATBCSA PACUETOM.

OOGBIYHO TUIIPABIIUYECKOMY M TEXHUKO-3KOHOMHYECKOMY pacye-
TaM TOABEPraloTCsl MaruCTPIbHBIE CETH, YTO 3HAYUTEIBHO 0bJIer-
YaeT NMpOoLIECC X MPOBEACHHUS, aHAJIM3 pe3yJIbTaTOR M MPUHATHE pe-
LIEHUH.
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CucreMa MarucTpajbHBIX JUHUIL U TIepeMBIYEK 00pa3yeT KOJb-
11a, KaK IIPaBUJIO UMEIOILINE YILTHHEHHYIO (hOpMY, BBITSHYTYIO B Ha-
MpaBJIeHUU OCHOBHOIO IOTOKa BOAbl. PacrnpenenutenbHast CeTb,
NMpUMBIKaoLIasl K MaruCTPajibHOU, OyZIET B OCHOBHOM TaKXe Tpefi-
CTaBJATh CUCTEMY B3aMMHO MEPEKPEIIUBAOIINXCS TUHUHA.

Ilpu ycTpoiicTBe pa3BeTBIEHHOU ceTH (puc. 3.2) momaya BOJBI
MOTPeOUTENI0 BO3MOXHA 110 eAUHCTBEHHOMY HarpaBiieHHI0. Pa3-
BETBJICHHAs CETh JeIIeBjie, YeM KOJblieBasi, HO OHAa MEHee HalexX-
Ha: aBapus Ha JIOO0OM 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 BOJAbI HA MEPUO JUKBUIA-
vy aBapun. ObecrnedeHue HaeXKHOCTH pabOTHl 3TUX CETEH JOCTH-
raeTcsi yCTPORCTBOM aBaADUWHBIX PE3EPBYapoOB.

Puc. 3.2. PazserBieHnas BOXONPOBOAHASA CETh

st 60NBIIMHCTBA O6BEKTOB BOJOCHAOXEHHUS CETH MTPOEKTUDPY-
10T KOJIBLIEBBIMU, OCOOEHHO MPH 00BEAMHEHNN XO3TUCTBEHHO-TIH-
ThEBOH CHUCTEMBI BOJOCHAOXEHNS C MPOTUBOIOXApHOU. YCTpOii-
CTBO CMEHIAHHBIX CETEeH, MPEACTaBISIOMUX co00il KOMOMHAUMIO
KOJIBIEBBIX M Pa3BETBJIIEHHBIX CETei, MOXHO paccMaTpuBaTh B 60JIb-
ITUHCTBE CJIyYyaeB KaK BPEMEHHYIO Mepy CHaOXeHUs BOAOi A0 mpe-
BpalllEHUsI CeTeil B KOJIbLIEBbIE TIPU NajibHEillIeM pa3BUTUU BOJO-
TIPOBOJIA.

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

XKenarenbHO NMPOKIaAbIBAThE MATUCTPAJIM TI0 MOBBIIIEHHBIM OT-
MeTKaM JIJisT CO3JaHMsI Haropa B pacIpeneanuTeibHoi cet. Kpome
TOTO, BHIOOP TPAacChl 3aBUCUT OT MECTa PACIONIOKEHUST PETYINDY-
IOIIMX EMKOCTEM.

IIpu BEIGOpPE TpacChl BOJOBOMOB CTPEMSATCS MPOJOXHUThH UX TIO
KpaTyaillieMy pacCTOSTHUIO OT BOAOMUTATENSI IO CETH; 1O TEPPUTO-
pUM C MUHUMAJBHBIM YUCJIOM MPOMBIUIJIEHHBIX MPEANPUSITHIH;
BOJIM3HM aBTOLOPOT I yI0OCTBA OOCIYKMBAHUS; B FeOJIOTMYECKUX
YyCNOBUAX, ODECITeUMBAIOIIMX MUHUMAJIbHBIE 3aTpaThl Ha CTPOU-
TEJIbCTBO.

MarucTtpanbHble JWHUY NTPOKJIAAbIBAIOT B HAMPABICHUU JBUXE-
HUs MO KpaTyaiflileMy NMyTH OCHOBHOI MaccChl BOIbl K Haubosee
KPYITHBIM MOTPEOUTENSIM U PETYJUPYIOIIUM EMKOCTIM. st Hamex-
HOCTH JIe/Ial0T HEe MEHeE IABYX MapasuleIbHBIX MaruCTpajibHbIX JIA-
Huit Ha pacctossHuM 400—800 M. Marucrpanu coeIuHSIIOTCS Tepe-
Mbrykamu yepe3 600—1000 M.

3.2. PacueTHaa cxema oT6opa Boab!

ITocne ycTaHOBIEHUSI TEOMETPUYECKHMX TTapaMeTPOB CETH HaMe-
YaloT MeCTa M 3HA4YeHUsI 1moja4y U oTOopoB Boasl. Ha ocHoBaHUM
rpaduka BogomnoTpeOIeHUST ¥ pexXXrMa paboThl BOAOIMTATEIEH YyC-
TAHaBJIWBAIOT PACXOJbl BOJIBI, NTOCTYMAIONINE B CeTh. JeHCTBUTEND-
Has KapTHMHa OTOOpa BOABI M3 CETH MOXET OBITh NpeacTaBjeHA
JIVIB 111 0OBEKTOB C HEOOMbIIMM YUCIIOM MoTpebuTeneit. Benen-
CTBHE TOTO YTO YMCJIO TOYEK OTOOpa BOIBI U3 CETH TOPOJACKOTO BO-
JIOTIpOBOJA (YUCJIO JOMOBBIX OTBETBJICHUIT) OUEHBb BEJIMKO U PEXUM
oTOOpa BOJBI B HUX pa3HOOOpa3eH, yyecTh MpPU pacueTe CETH Acii-
CTBUTEJILHYIO KapTHHY Bomopa3bopa 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 NojipasyMeBaeTcs JIUHUSI, OTPaHU-
YeHHast AByMs y3JiaMu ceTh. Mexmy ToukamMu I u II B OTHeNbHBIX
MecTax oTbopa HabIIONaIOTCS pa3TUYHbIE MO BETMYUHE PACXOAHI g;.
DTO Xe XapaKTepHO U IJIT BCEX OCTAJIbHBIX YYaCTKOB pacIpeaesu-
TeJbHOM ceTn A—b. JIuHuss A—b MoXeT NMUTaTh BOHOIl HE TOJIbKO
BBOJBI, HO ¥ NIPUCOEIUHSIEMBIE K HEH pacTipeleIUTEbHbIEC IMHUM.
YnpoieHHas cxeMa MpexyCMaTpyuBaeT, 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 paclipeleIeHHbIX PaCXOMOB 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 CEeTH M pacnpejejieHus pacxoaoB 1o
IUTHHE YYACTKOB CETH

YnenbHbli pacxon g, 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 TIPEONIPUATHH, IIPOTUBOTIOXAPHEIE PACXObl, J/c; I — cym-
MapHas JiuHa TMHHUH, pa3BOASIIUX BOLY, M.

B cymMMy miuH £/ He BXOAAT JUIMHBI IMHUH BOAOBOJAOB U CETEH,
MPOXOIAIIUX IT0 HE3aCTPOEHHON TEPPUTOPUHU, KOTOPbIE HE OTHAIOT
BOIY NMOTPEOUTENAM IO ITYyTH. YAEIBHBIN pacXof MEHSETCS C U3Me-
HEHMEM PEXMMa BONOTIOTPeOEHUS U INIOTHOCTH HaCEICHHS.

OIHUM K3 HELOCTAaTKOB pa30MBKHU pacxoda NMpOMOPLHOHAIBHO
JUTMHAM JIMHUN ABJSIeTC TO, YTO UIMHA JIMHUHU elle HE OTpenesi-
€T YMCJIO cCHAaOXXaeMBbIX BONOW XWUTEJIEH U, clefoBaTelbHO, KONMNYe-
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CTBO OTHaBaeMOIf Boabl. IIpu omHOM M TOIt Xe AIUHE TUHUU MOTYT
CHa0XaTh BONOM pa3IMYHYIO IUIOINAAb U Pa3inyHOE YHCIIO XHUTe-
Jteit. YrouHeHHe pacyeTa MOXeET OBITh JOCTUTHYTO, €CJTU YAETbHBIA
pacxon OMNpeneNsiTh He Ha €AWHUIY IJIMHBI CETH, a Ha eAUHULY
TUTOLIAAU TEPPUTOPHUN KBapTaJoOB HACEJEHHOTO MyHKTa, CHabXa-
€MBIX BOJIOM.

Ecnu BCIO BOIOMPOBOIHYIO CETh pa3dUTh HA YYaCTKHU, TO CYM-
MapHBI paBHOMEPHO pacrpeiesieHHbIi pacxon 6yaeT paBeH CyMMe
pacxolloB MO BCEM ydyacTKaM. Pacxonm Bombl, OTAaBaeMBblit KaXIbiM
y4acTKOM, Ha3bIBaeTCst MyTEBBIM pacxonoM. OH paBeH:

0, = gyl

CyMMa Bcex TyTeBBIX M COCPEOTOYEHHBIX PaCXOJ0B paBHa MOJI-
HOMY pacxony Q B pacUeTHBII MOMEHT BPEMEHH.

ITo KaxmoMy y4acTKy CEeTH, KpOMe MyTeBoro pacxona Q,, mpo-
MyCKAaeTCs TPAH3UTHBINA pacxox O, HEO6XOAUMBIN Ul MUTaHHUS
NocJenylourx yyactkoB. [Ipy 3ToM pacxoa B Hayajle y4acTKa CO-
crapasier Q, + QTp, a B KOHIIE — QTp. TpaH3uTHBIN pacXond MOCTOo-
SAHEH U1 pacCMaTpUBaeMoro yyactka. I'padudeckoe U300pakeHHE
3THX PacXOOB Ha yYacTKe CETH JUIMHOM / moka3aHo Ha puc. 3.3.

T1pu ruapaBIMIeCKOM pacyeTe HCITONb3YIOTCsl pacyeTHhIE SKBHBa-
JIEHTHBIE PACXOBI, 3aMEHSIONINE TIepEMEHHBIE ITYTEBBIE U TTOCTOSH-
HBle TPaH3UTHBIe pacxoxbl. IIpy 3ToM 3aMeHe MOTeEpH Haropa B JIH-
HUSIX CETH, OTpeJie/IeHHBIE 10 pacuyeTHbIM pacxoiaM, paBHEI MOTe-
PSIM, BBIYMCJICHHBIM T10 ITYTEBBIM ¥ TPAH3UTHBIM pacXoiaM.

PacyeTHblif pacxoa @, y4acTka, MMeoIero nmyTeBoi pacxon O,
M TPaH3UTHBIA O, MOXET GBITh BEIYUCIIEH 110 opmye Hromion

0,= 0, + a0,

rae o — K03 GHUIUEHT, 3aBUCIIINHI OT COOTHOILIEHUST TPAH3UTHO-
ro ¥ MYTeBOTO PACXOM0OB yYyacTKa M u3MeHsomuiics or 0,5 mo 0,58.

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

0,= 0, + 0,50,

ITyTeBble pacxombl WISt yI0OCTBA PAacUETOB 3aMEHSIOT Y3JIOBEIMU
pacxogamu. ITycTh HeKoTOpPHI yyacToK (puc. 3.4) uMeer nyreBoit
pacxon (Q,),. Tpan3uTHeIA pacxon Ha mpenpiayimem (n — 1)-M yya-
CTKE paBeH CyMMe ITyTEBOTO M TPAH3UTHOTO PacXOHOB JaHHOTO H-TO
yyactka: (Qp),. = (@), + (Qp),

Te Xe pacyeTHBIE pacXombl OYAYT MOJYYEHBI, €CJTM pa3OoUThL Imy-
TeBoi pacxon (Q,), mononam U orHectH 0,5(Q,), B HayalbHyIO
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¥ KOHEUHYIO TOYKH pacCMaTpuMBaeMoOro yyactka. I1pu Takoit cxeme
OTAa4M PacyeTHBIH pacxon O, TAHHOTO y4acTKa GYAeT TaKUM XKe:

(0, = (Q)n + 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 y37€ CETU MOXET OBITH OMpenesieH Io

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

paBeH TOJlyCYMME NMYTEBBIX PACXOAOB BCEX YYaCTKOB, NMPUMbBIKa-

OIMX K AaHHOMY y3ny. [Ipy 3TOM pacueTHble pacXoibl y4acTKOB

paBHBI MX TPAH3UTHBIM pacxonam. [TocneaHue onpenensior B COOT-

BETCTBUU C INMpEABAPUTENHHBIM TOTOKOpacHpeaeIeHUEM BOJbI IO
JIVHUSIM CETH.

Crenyommm yrpoIuieHUeM CXeMbl 0TO0pa BOIBI SIBJISIETCS OTCYT-
CTBUE yuyeTa BIMSIHUSI Ha OTOOp AaBJICHUS B CeTH. B peanbHOCTH
BCSIKO€ U3MEHEHHE JaBJIECHHUS B pa3JIMYHBIX TOYKaX CUCTEMBI IIPUBO-
JUT K UBMEHEHUIO OTOOpa, a U3MEHEHUE pacxojla, B CBOIO Oye-

' pelb, — K U3MEHEHMIO JlaBieHus. IIpu pacyeTax BOZONPOBOIHBIX

¢ ceTeil 3Ty 3aBUCUMOCTD [UTs1 OOJBIIMHCTBA MOTPEOUTENIEH HE YUNUTHI-
BalOT, T. €. IPUHUMAIOT OTOOPHI B BUIE (PUKCHUPOBAHHBIX 3HAYCHUIA,
B 3HayuTENbHON Mepe HaHHOE IPEITIONIOXEHUE OIMpPAaBIbIBACTCS
KOPPEKTHPOBKOM pacxoja U NaBJleHUS caMuM notpedureneMm. Eciu
B CUCTEME MOBBIIIAECTCSI JABJIEHKE, TO ¥ M3 BOJOMPOBOAHBIX KPAHOB
WIET Ype3BbIYaifHO CUiIbHAA CcTpyd. B 3TOM ciiyyae aOOHEHT TNpH-
KpbIBaeT KpaH. [Ipy cHMXeHUM naBfaeHMs1, KOrJa yMEHBIIAaeTCs pac-
XOJII, OH OTKDPBIBAET KpaH B OOJblIEi Mepe.

B HeKOTOpBIX CyyasiX HEAb3sl HE YUYUTHIBATH BIMSHUE NaBICHUS
B CHMCTeMe BoJoCHabxeHus1 Ha oT6op Boasl. HanmpuMep, Hexena-
TEeNbHO IIpeHeOperaTh ero BAUSIHUEM Ha OTOOPHI, KOTOPBIE OCYILE-
CTBJISIIOTCSI TIpU CBOOOXHOM (HEPETYJTMPYEMOM aBTOMATHYECKH) U3-
JIMBE BOABI B PETYIMPYIOLIHE U 3allaCHble EMKOCTH TOPOICKOTO BO-
JIOTTPOBO/Ia M INPOMBIILTIEHHBIX MpeanpusThii. OT6opsl BOIBI U3
CETU CTAaHLIMSAMM IMOAKAYKH, MOXKapPHBIMHU HACOCAMHU TaKKe M3MEHSI-
I0TCS TPYU U3MEHEHUM JABJICHUA B CETH.

OT6opbl BOOBI, IS KOTOPBIX IIPU pacyeTe CeTH HEOOXOAUMO
YUUTHIBATh BAUSIHUE U3MEHEHU JABJICHUSI B CUCTEME BOJOTIOAAYHU
W pacrpeiesieHus, Ha3bIBaloTCs HePUKCUPOBAaHHBIMU. [IJist HUX MpH
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pacueTe CUCTEMBI IMOJAYU U pacnpeneseHUsT JOJIKXHA OBITh YYTeHa
¢byHKUIMOHaMbHAsA CBSI3b pacxoda U AABJIEHUS.

Heob6xonumo nmoguepKHYTh OCOOEHHOCTH OTAa4YM BOABI, CBSI3aH-
Hble ¢ yreykaMHu. OHM HabGI0AaI0TCST B CUCTEMax BHYTPEHHETO BO-
JOCHAOXEeHUS U3-3a HEYIOBJIIETBOPUTENIBHOM paboThl Bogopa3bop-
HOIt apMaTypbl. YTeuKd BO3pacTaloT HOYbIO, KOT/Ia NaBJIEHHE B CETH
MMOBBIIIAETCS M3-3a CHUXEHUS obluero BomomnorpebaeHusi. OHM
CHUJIBHO BIIMSTIOT Ha K03 dULIMEHT HEpaBHOMEPHOCTUA BOIOTIOTPEO-
JIEHUsI B TEUEHHUE CYTOK B CTOPOHY €0 CHMXXEHUS.

3.3. Onpepenelue guameTpoB 1 NoTepb Hanopa
B C€TU M BOAOBOAAX

3Has pacxon BOIBI, MPOTEKaIOILEH 110 TpyborpoBoay, BEIOUPAIOT
ero xuaMetp. PellleHue 3Toi 3amayu CBSI3aHO C OTBICKAHUEM MMHH-
MyMa NpUBEJEHHBIX 3aTpat P, Ha CTpOUTENbCTBO P, M 3KCIUTyaTa-
umto P, 3a pacueTHblit cpok T;,. IlpuBeneHHbIe 3aTpaThl

Pnp=PCT/7:)K+P3K‘

BennunHa P, onpesensieTcsi CTOMMOCTBIO TPYO, UX TPAHCTIOPTH-
POBKH, pa3pabOTKH TpaHILEeH, YKIAIKU U T. I. DKCIUTyaTallMOHHbIE
3atpatel P,, — cyMMa JABYX COCTaBJISIOLIMX: CTOMMOCTHU 3JIEKTPO-
sHepruu P,;, 3aTpauuMBaeMoil Ha TpPEONOJIEHHE TNOTEPh Hamopa
B TpYOOTIpOBOAE M NMOABEM BOJBI HA 3aJaHHYIO OTMETKY, a TaKxXe
3atpaT P,, NpencTaBisIOLUX CYMMapHYI0 CTOMMOCTb paboT 1o pe-
MOHTY U OTYHUCJIEHUI Ha aMopTHh3auuio. BennunHa P, npuHUMaeT-
cA Kak npoueHt R or croumoctu P, 1. e. RP_/100 = P,.

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

Bripaxenue Q = ov = nd?v/4, (roe © — IIomans MornepeyHoro
ceueHUs TpyObl; d — mUaMeTp TPYOBI, Vv — CKOpPOCTb ABHXEHHUS
BOJIBI) OTpPEAEISIET B3aUMOCBSI3b MEXIY IMaMeTpoM TpyOorposona d
¥ pacxonoM Bonsl Q.

N3 aroit dopmynsl cnenyer, YTO BO3pacTaHWE CKOPOCTH ITPUBO-
IUT K YMEHBIIIEHHUIO IMaMeTpa TpyOoOIpoBoIa U, HA000pOT, YBETH~-
yeHHe JUaMeTpa MPUBEIET K YMEHbIIEHUIO CKOPOCTH IBUXEHUS
Bozbl. TO U Ipyroe OKa3bIBaeT BIUSTHUE HA MPUBEACHHBIE 3aTPATBI.

ITotepu Hamopa B HAMOPHBIX TPYOOTIPOBOAAX ONPENENSAIOT IO
(opMysiaM rMAPaBINKHU:

h = aM2/(2gd); h = KQBl/dm,
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rae A U K — koapduumeHTsr noteps Hanopa (K = 8A/gn?); | —
[JWHA TpyborpoBoaa; B U m — rokKasaTesdb CTETIEHHU TIPU pacxojie
¥ IMaMeTpe; g — YCKOPEHME CBOOOMIHOTO MafieHMSE,

C BO3pacTaHWEM CKOPOCTH IBUXEHHUS BOObI B TPYOOITPOBOJIE MO-
TepU Hamopa pacTyT. DTO MPUBOAUT K YBEJIMYEHUIO TpebyeMoit
MOIIIHOCTH HACOCHBIX arperaTon, 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 MoAbeM Boabl P, . Ox-
HOBPEMEHHO C YBEIMYEHHEM CKOPOCTH V MPOUCXOIUT YMEHBIIEHUE
TpeGyeMoro auaMeTtpa d TpyO IUIsi TpaHCIIOPTUPOBaHUS pacxona O,
a CNeloBaTeNIbHO, YMEHBLIAETCSl CTPOUTENBbHAS CTOUMOCTD TPYOOTIpO-
Bona P. IpuBeneHHass CTOMMOCTb MOXET ObITh MpeNCTaBIeHa Kak
B PyHKIIMM CKOPOCTH Vv, TaK U B HYHKUMU nuameTpa d. XapakTep U3-
MEHEHUsT BeTUYnHBL P, 1 ee cocrasnstommx P (1/T,, + R/100)
n P, B QyHKUMHU yKa3aHHBIX BEJIMYMH MpUBeNeH Ha puc. 3.5. Cko-
POCTb M OTUAMETp, OTBeYalOlIMe MUHUMYMY TTPUBEICHHBIX 3aTparT,
OTIPEESIOTCS HANMEHBIINMHU OPAMHATAMU KPHUBBIX P .

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

0 — ()
Ysw v dyw

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

DKOHOMMYECKU HaWBHITOAHEHIIINE NMaMeTpsl BOAOTPOBOJHOM
CeTH MOTYT OBbITh HaltIeHbl aHATUTHUECKH IS JTIOOBIX KOHDUTYpa-
1IMH CETU U YCJIOBUIt MUTAHUS.

PaccMoTpuM cxeMmMy BOOOCHAOXEHMSI, TpPENCTAaBJIEHHYI0 Ha
puc. 3.6. Ot HacocHOI cTaHUMK / BomoBoA 2 MTOAaeT BOAY B pe3ep-
Byap 3, pacmoJIOXXEHHBIM Ha BO3BBIIIEHHOCTH. U3 pesepByapa 3
BOZIa IO BOJIOBOAY 4 IMOCTYMHAaeT B pe3epByap J, pacIiojlOXEeHHBIH B
KoH1e MarucTpaii. CylecTBYIOT pa3iMyus B paboTe JieBoit U npa-
Boit BeTBeit BomoBoja. I1pu momgadye BoAbl HacOCaMH, HAIMoOp KOTO-
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PBIX HEU3BECTEH, pAcyeT CBOJUTCS K OMpEAENeHHI0 TUAMETPOB
TpyO, NPU KOTOPBIX 3aTPaTel Ha CTPOMUTEIBCTBO M SKCILTYaTallHIO
BOIOMPOBOMHBIX IMHUIA U HACOCHOM CTAaHUMH OyAYyT MUHUMAJILHBI-
MM 3a pacyeTHBIN CpoK. i rpaBoii BeTBH BONOBOA, MPENCTABIIS-
TolIEe IpaBUTALIMOHHYIO (CAMOTEYHYIO) HAIIOPHYIO CUCTEMY, Pacrio-
JlaraeMblii Harop 3anaH. Jig 3Toro ciyyas 3afavya TEXHUKO-2KOHO-
MHUYECKOTO pacuera CBONUTCS K OTBICKAHUIO TaKUX IHAMETPOB
TpyOOTIpOBOAA, MPU KOTOPBIX CTPOUTENIbHAS CTOMMOCTh CUCTEMBI
OyneT MUHUMAaJIbHA NP YCIOBHH MOJHOTO PaCXOAOBAHHUS 3TOTO Ha-
ropa Ha NpPeoNOJICHUE TUAPABIUYECKUX COMTPOTUBIIEHUI BOIOBOIA.

heZhy

H=Zhy

21 ‘”p[

Zye
4

g

Puc. 3.6. Cxema cucTembl BOAOCHAOKEHUs

PeriuM 3azaqy 1Mo OTHICKaHHWIO IMAMETPOB YYACTKOB JIEBOIA, Ha-
THETATENbHOM BeTBU BogoBona. ITpu ABMXEHUU BOABI TTPOUCXOIUT
YaCTUYHBIN ee oTOOp B pSALEe NPOMEXYTOYHEIX ToYeK. JInsg Haxox-
JEHUS] 9KOHOMUYECKHU BBITOAHBIX AUAMETPOB HEOOXOIMUMO COCTaB-
Jsomue GyHKUUY TPUBEEHHBIX 3aTPaT BHIPAa3UTh Yepe3 rMApaB-
JINYECKUE U IKOHOMHUYECKHE 3aBUCUMOCTH. Torma mig yKazaHHOM
CUCTEMBI NpHUBENCHHBIE 3aTpathl P, GyayT umeTs cieayommii
BMI:

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

rae R — eXeroaHble OTYMCIIEHUS HA aMOPTU3ALIMIO U PEMOHT B MPO-
LIEHTAaX CTPOUTENLHON CTOMMOCTH BONOBONA; £ — 3HAK, OTIPEAEIIs-
IOLIMH MOJIHYIO CTOMMOCTD CTPOUTENBCTBA BOAOBOAA; @ + bd,* = ¢ —
SMITUPUYECKAsT 3aBUCHMOCTb JUIST ONPEICNICHUST EIUHUYHOMN CTOUMO-
CTH CTPOWTENBLCTBA BOAONPOBOXHON NMHUM; d;, U [, — KuameTp
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¥ JUIMHA OTIENBHBIX y4acTKOB BOIOBOAA; £kq,B/d,"l, — cymma mo-
TEpb Hanopa Ha y4acTKax BOJI0BOMa; ¢, — pacxol BOAbI y4acTKa BO-
noBoza; O — IOJHBIA pacxo, MOCTYNaloWUii B BOLOBOI.

Benanuuny P Haxondart no ¢popmysne

P~ 365 - 240y/(1021),

rae ¢ — CTOUMOCThb 1 KBT - 4 ajieKTpO3Hepruu, noTpediasieMoit Ha-
COCHBIMU arperataMi Iisl o’beMa Bolbl; ¥ — Ko3(hPUIMEHT He-
PaBHOMEPHOCTH PAacXOAOBAHUS SHEPTMU Ha MOXBbEM BOILI B Tede-
HHUE pacyeTHOTro nepuonaa; n — obumit KI1J] HacocHoil ctaHIIuM.

TlepBbiit WieH B BBIpaXX€HWUU MPUBEAECHHBIX 3aTPaT OTpeHeasieT
€XErogHble OTYMCIEHUSI OT CTPOMTEIBHOU CTOMMOCTH BOJIOBO.A;
BTOPOU — 3aTpaThl Ha 3KCIUTYaTalMIo, CBA3AHHYIO C PACXOJ0BaHU-
€M BJIEKTPOSHEPTHUH.

st oTBICKaHUSI ONTUMANIBHBIX 3HAYEHUH d;;, KaXAOro yyacTka
BOZIOBOa HEOOXOINMO GYHKLHMIO MPUBEACHHBIX 3aTpaT P, npo-
avddepeHINPoBaTh MO d;, U NIPUPABHATHL HyJI0. B pe3ynbrarte no-
Jy4uM

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

3mech 95KOHOMUYECKU haKTop

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

XapaKTepu3yeT YCJIOBUSI CTPOUTENBCTBA U IKCIUTyaTallUM CUCTEMBI
BomocHaGXeHus. 1 BomoBoAa ¢ OOQHUM Y3JIOBBIM OTOOPOM B KOJIb-
1LIeBOI 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 TOJKEH ObITh U3PAacCXOAOBaH Ha
MpeooIeHUE TUAPABINYECKUX 110TePD I A, paBEH:

H=H, — (H, +z,) = Shy.

IIpy HATMYMKM HECKOJBKUX Y3JIOBBIX OTOOPOB, PACTIONIOXEHHBIX
110 JUTHHE BOAOBOAA, COOJIOAEHUE TIPUBEIEHHOrO PaBEHCTBA BO3-
MOXHO TIpU COYETAaHHMM Ha y4yacTKax Tpy6OnpOBOAOB Pa3IMUYHBIX
nraMeTpoB. TOJIBEKO OMHO M3 3TUX COYETAHWH OTBEYaeT MUHUMYMY
CTPOMUTEIBHON CTOUMOCTH.
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DKOHOMHYECKH HAWBBITOAHEUIINI TUaMeTp I'PaBUTALIMOHHOTrO
BOJIOBOJIa MOXET OBITh HaiteH 1o (hopMyJie

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

CreayeT OTMETUTD, YTO NP MaJbIX Pa3HOCTSIX TThE30METPUYEC-
KHX OTMETOK B HauaJLHOW M KOHEYHOW TOYKaxX BOIOBONA TepeKay-
Ka T10 HEMY 3aJaHHOTO PacXola MOXET MPUBECTU K 3HAYUTETTBHOMY
YBEJIMYEHUIO THaMeTpa U, CleNOBaTeIbHO, K YBEJIUYEHUIO CTPOU-
TEIBHOW CTOUMOCTHM CHCTEMBI. B 3TOM ciyyae MOXeT OKa3aTbCsi
peHTabeNbHBIM OTHOBPEMEHHOE MCIOJIb30BaHUE MOAKAYKU BOIBI
HacocaMH.

BbryucieHHbIE SKOHOMUYECKU HAWBBITOAHEUIINE OUAMETPHI,
KaK TMpaBWJIO, HE COOTBETCTBYIOT OJIMXailllIMM CTaHIAPTHBIM aUa-
MeTpaM TpyO, BBITTyCKAaeMbIX MPOMBILIIEHHOCTHIO. [Ipn mpuMeHe-
HUU TpYO CTaHAAPTHBIX OUAMETPOB TIPUBEIEHHBIE 3aTPaThHl TeM
Gonpllle, YeM 3HAYUTENIbHEE OTKJIOHEHHE IPUHSATOTO COPTAMEHTHO-
ro IMaMeTpa OT ONTUMAJIBHOTO.

1151 BO3BMOXHOCTH BbIGOpA HAUBBITOMHEHIIIMX CTAHAAPTHBIX IHa-
METPOB HEOOXOIUMO HAMTH 3HAYEHUS <«IIPEHCJIbHBIX» PAaCXOIOB,
MPU KOTOPBIX TIPUBEJEHHbBIE 3aTPAThl I TpyO GMXaNIIMX copTa-
MEHTOB OYyAyT paBHOLIEHHBI. MIX HaXomAT MyTeM COTOCTaBJIEHUS
eJIMHUYHBIX TTPUBEACHHBIX 3aTPaT IS IBYX TPYO CMEXHBIX MO COp-
TaMEHTY TMaMEeTPOB.

I'paduk pnst onpeneneHs NpedebHBIX PAacXOI0OB NMPHUBEICH Ha
puc. 3.7. ITo ocu OpAUHAT OTJIOXEHBI OTHOIIEHUS TPUBEICHHBIX
satpatr P, 1ist Tpy6 CTaHZApTHOTO AMaMeTpa K MPUBEACHHBIM 3a-
Tpatam Py, o, WIS TPYO ONTHMAIBHOTO AMaMeTpa; Mo OCH abeumce —
3HauyeHus pacxona Q. KaxnoMy copraMeHTHOMY AuaMeTpy d,, d,
U T. I. COOTBETCTBYET ONTUMasibHOE 3HayeHue Q2 ., O3 [ W T. 1.

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

€ g, — PAacXo BOIBI, TPOTEKAIOUIEH MO yYacTKy; J — 3KOHOMH-
yeCcKUi (aKTop, ONpenesieHHBIN IJIsT KOHKPETHBIX YCJIOBUI CTpOU-
TEJLCTBA W OKCIUTyaTalluK; J, — 3KOHOMMUYECKUI (HaKTop, MPUHS-
TBII TIPU COCTABJIEHUHU TaONULIBI TIPEETBHBIX PACXOIOB.

[ns onpeneneHust mapaMeTpoB pabOTHI CUCTEMEI ITOJAYH U pac-
MpeaesieHus Boabl HEOOXOAUMO 3HATh pacXoJbl BOABI, TPAHCIIOp-
TUpYEMOU 1o TpyOONpPOBOJaM, U COOTBETCTBYIOIIME UM ITOTEPU
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Haropa. OCHOBHOH popMysnoit, oxBaThIBalOLLEH CIIy4an HAMOpHO-
ro 1 6e3HaNmOPHOro IBUXKEHUS B KaHajlaX M TpyOax, SIBJISIETCS clie-
nylouas:

v=C\/—R_i,

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

a‘ﬂ /'D/rp enr

” \ \

! T\ " /
2,0 d | /] : d :

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

"

2 /
| \/
N

-

Puc. 3.7. I'padux onpenenenns npeaeibHbIX pacxoaoB

YacTHBIM cllyyaeM 3To# (HOPMYJIBI TIPU HATTOPHOM ABUMKEHUU
spisercs opmyna dapcu—Beiicbaxa, mMpoko mpuMeHsieMast
B MHXXEHEPHOW IMIpaBIIMKe:

2
A Livic

ik d,'k 2g ’
rae h, — ToTepH Hamopa yyacTka Tpybonposona; A — Koahduim-
€HT TUIPaBINYECKOr0 COMPOTUBIIEHUS 3TOTO yyacTka; [ u d —
AVHA U JUaMeTp TpybBl yyacTka; v; — CKOPOCTb IBMXEHUS BOIbI
B Tpybe; g — ycKOpeHHue CBODOIHOTO MaJeHUsI.
IIpu pacyeTe BOZOIPOBOAHBIX CHCTEM yHOOHEe MCIOJIb30BaTh
dbopmMyiy, B KOTOPOif CKOPOCTh 3aMEHEHa PacXoJI0M:

h =kq13clik
i d"l:‘ ’

rae k — K03(pPHLHMENT; g, — PACXOI BOABI HAa y4acCTKe; m — I0Ka-
3aTesb CTETIEHH.
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Koadpduumenrsr A, C 1 k, MIMeOIIUE OAUHAKOBYIO NPUPOLY,
CBSI3aHBI COOTHOLIEHUEM

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

I1pu naMUHApHOM U TYpPOYJIEHTHOM TE€YEHUM B INIAAKUX TpyOax
M B TJIAIKOCTEHHOU 06;1acTH TYpOYyJIEHTHOTO TEUYEHHUS B 1IEPOXOBaA-
TeIX Tpy6ax A (kK m C) 3aBUCUT TOJBKO OT uucia PeifHonbica,
T. €. OT CKOPOCTH, IUAMETPA U BI3KOCTH; B IEPEXONHON 06IacTH
TypOyJIEHTHOTO TeYeHUsT — OT yucia PeitHonpaca, mepoxoBaToc-
TH U IMAMeTpa; B KBa[paTHYHOU 00JIaCTH — OT IHaMeTpa U IIepo-
XOBAaTOCTH.

Bunbl GyHKIIMOHANBHOU 3aBUCUMOCTH KO3 dULIMeHTa THAPAB-
JIMYECKOTO COIMPOTUBJIEHUST A OT YKcsia PeitHobaCa, 1IepOX0oBaTo-
CTM W IWaMeTpa B pa3jIMYHBIX 00JaCTIX TypOyJ€HTHOTO TeUYEHUS
BOJBI ONPENEIISIOTCS Pa3TMYHBIM COOTHOIIEHHEM TOJIIMHEI JJAMH-
HapHOTO CJIOST M BEJINYUHBI BBICTYIIOB 1IEPOXOBATOCTH CTEHOK TPYO.

BrnusiHMe 111€pOXOBAaTOCTH BHYTPEHHEN MOBEPXHOCTU TPYO Ha
WX TUAPABIUYECKOE COIMPOTHBIIEHHUE YUUTHIBAETCA Pa3IMYHBIMU
aMIUpUYecKUMHU ¢opmyramu. Ux gyucio Becbma Benuko. Ilpu
pacyeTe CUCTEM BOJOCHAGXEHUS HIMPOKO HUCIOJB3YIOTCST (hOopMYy-
bl @.A, llesesieBa, nojyueHHble HA MHOTOYHCJIEHHBIX 3KCITEPU-
MeHTax, npoBeneHHbIXx Bo BHUU BOATEO.

YyuThIBast, YTO OTEPH Haropa A MPONMOPUHOHATIbHBI IJIHHE BO-
JOMPOBOAHOM JIMHUM, MOXHO MOTEPU HAaropa Ha €IUHHIY JJTMHBI
OTIpeNesIATh 0e3pa3MepPHON BEIMYMHON — THAPABIMYECKHM YKIIO-
HOM iy = hy /1.

®.A. IlleBeneBBIM TIpEIIOXEHBI CleayIone GopMybl IS OI-
peneneHus eTMHUYHBIX MTOTeph HAIopa B Tpybax:

HEHOBBIX CTAJBHBIX U YYTYHHBIX, pabOTAaIOMINX B KBaAPATUIHOMN
obactu ipu v > 1,2 M/c,

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

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

by = 0,00148/d;,>>(1 + 0,867/v;) g
acOecTOLIeMEHTHBIX
fie = 0,00091/dy (1 + 3,51/v,)% g,
TJTaCTMACCOBBIX
iy = 0,0001052¢,4774/d, 774,
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JInsi HOBBIX METAITMYECKHUX Tpy6, paboTalomuX TONBKO B Tiepe-
XOQHO# 001acTH, CYIIECTBYIOT ClieHUaJIbHBIE pacyeTHBIC (DOPMYITHL.
Hx ncrnonb3oBaHWe BO3MOXHO JIMLIB IIPH YBEPEHHOCTH, YTO B IPO-
Liecce IKCIIyaTallud He OyayT oO6pa3oBBIBATECS OTJIOXEHUS U Ha-
61100aThCA BHYTPEHHSISI KOPPO3U.

B cBA3M ¢ yXyauieHHEM KayecTBa BOJBI B MCTOYHUKAX BOLO-
CHaOXeHUA U MPUMEHEHUEM KOATYJISHTOB B A€HCTBYIOIUX CUCTE-
Max BOHOCHAa6XeHUsI, BBINIOJIHEHHEBIX U3 METAINIMYECKUX TPYD, Ha-
6JI01a€eTCs MHTEHCUBHOE 3apacTaHue WX BHYTPEHHENH MOBEpXHOC-
TH. DTO MPUBOIUT K POCTY THAPABINYECKOTO COMNPOTUBIEHUSA
B HECKOJIBKO pa3. [ToaToMy B mpoliecce 3KCIUTyaTallUu TaKUX TPY-
GOMNpOBOIOB HEOOXOAUMO IPEAYCMATPUBATh MEPOTIPUATUS 1O CO-
XPaHEHUIO U BOCCTAHOBJIEHUIO TTPOMYCKHOM CITOCOGHOCTH Tpy6o-
nposoaoB. IIpn 3KOHOMHUYECKO# Heleaecoo0pa3HOCTH WU OTCYT-
CTBUHM TEXHHUYECKON BO3MOXHOCTH TPOBEHEHUSA YKa3aHHBIX
MEPONPUSATUI JOMYCKAETCH YYUTHIBATh BO3MOXHOE BO3pacTaHUE
COTIPOTUBJIEHUS.

IIpyu onpeneneHUN TMAPABINYECKOTO YKIOHA XeJe300€TOH-
HBIX TPY6G MOXHO IT0JIb30BaThCs 3aBUCUMOCTAMMU, TTOJyYEHHBIMU
B JIMNXTe nox pykosoactBoMm B.C. IukapeBCcKOro:

IUISL BUOPOTUIPOIIPECCOBAHHBIX TPYO

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

B npakTukKe pacyeToB IIMPOKO MPUMEHSIOT TabJINIIbI, TpahuKH
U HOMOTpaMMBbl, KOTOPbIE COCTABJIEHBI IO MPHUBEACHHBIM BBIIIIE
¢opmynam. OgHako psd 3aaad JIejlaeT OY4eHb HEYAOOHBIM MCTOJb30-
BaHME 3THX POPMYJ B IBHOM Bule. Hanmpumep, MMpu BBIMOJTHEHUU
pacyeToB IO YBsI3Ke BOAOTIPOBOAHOM ceTH obiasi hopMysna NMoTepb
Haropa MOXeT OBbITh MIPEACTaBIeHa B BUIE

hy = Soludu?,

tae Sy = ky/dy”"

BennunHa S, Ha3bIBaeTCsl YAEIBbHBIM THAPaBIMYECKUM COMPO-
TUBNIeHUeM. ['uapasiryeckoe CONPOTUBIEHNE YYacTKa TPyOOIpOBO-
na S, = Syl Ecau Tpy6bl paboTaloT B HEKBaApaTUYHOI 06/1aCTH,
TO pacxon (WM CKOPOCTb) B (POPMYJie ITOTePb HAllOpa UMEET HEKO-
TOPYIO IPOOHYIO CTETEHB, T. €.

hy = Sugu® = (koly/dmg,P.
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CreneHb B HaxomnuTcst B npeaenax 1,75—2. Ecnu dopmyny mno-
Tepb Harnopa HeBO3MOXHO NMPUBECTH K YKa3aHHOMY BBIILIE BUIY, TO
OHU BBIYUCISIIOTCS TIO KBaApaTUYHOW 3aBUCUMOCTH, MOCJE YETO
B 3HaYEeHHE MOTEPh HAIoOpa BBOMST IMONPABOYHBIN KO3 dHUILIMEHT §,
3aBUCSIILINI OT CKOPOCTH:

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

MeHeHUe obseryaer TIPOBCACHUE TUAPABINYECKNX U TEXHUKO-3KO-
HOMHWYECKUX PACYETOB.

Tabnuma 3.1
3navenus 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, 151 HEHOBBIX MeTAJNTMYECKUX TPYD MpU CKOPOCTSIX ABHXKE-
HUS BOIBI 10 3 M/C, MIMEIOIIMX MECTO Ha TpakTuke, M.M. AHapu-
SIIIEBBIM TIpeaioxXeHa hopMyiia

iy = 0,00179¢,19/d,>!.
Hnst acbectouemMeHTHBIX Tpy6 H.H. AGpamMoBEIM monyyeHa (op-
MyJjia
o= 1,85/, 4,89
iy, = 0,001184;1-%/d,*®.
st BRIUMCAEHUS TTOTEph HAropa NMpu 6e3HaroOpHOM IBUXEHHHU

HeoOXoAMMO omnpenenuTh 3HadyeHue kKoagpouiuenra llesu (C). Ou
MOXeT OBITh BeIuMcIieH 1o dopmyie H.H. I1aBnoBckoro

C=1/n PR,

rae » — Ko3(PPUILMEHT LIEPOXOBATOCTH TPYO, MPUHUMAEMBIIl 11O
1ab. 3.1; R = @w/ae — TUApaBIMYECKUI paagnyc, COOTBETCTBYIOUINIA
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pacyeTHOMY HaroJHEHUIO (3nechk ae = nda,/360 — CMOYEHHBIIT epu-
METp TIPU PaCUETHOM HAINONHEHMH; oo — LIEHTPAJIbHBII YToJ B TpyOe,
COOTBETCTBYIOIIMI paCYeTHOMY HAIoOJHEHUIO; ® = d/8(na/180 —
— sina) — mIOWAAb XHUBOTO CeYeHMUS MOTOKa, COOTBETCTBYIOLIAS
pacueTHOMY HAlOJHEHUIO; ¥ — TOKa3aTesb CTENEeHU, ONpeaensi-

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

3.4. 'mpapaBnuyecknin pacuyeT ceTn

3.4.1. 3apaum rnapaBnn4eCcKoro pacyerta BoOAonNpoBOAHbIX
cetein

Henblo pacuera BODONPOBOAHON CETU SABISIETCS OTpeaesieHue
NIUAMETPOB JIMHUI CETH M MOTEpPh Haropa B HUX. B ToM cnyyae,
€CJIM M3BECTHBI JUAaMETPHI, XapaKTepUCTUKH HACOCHBIX CTAHLIUH,
PeTYJNPYIOUIUX eMKOCTEH U [Ip., TO B pe3yJbTaTe pacyeTa omnpe-
JIeJITIOTCA UCTUHHBIE PacXoabl B JUHHUAX CETH, AEHCTBUTENbHEIE
TMOJa4Yy BOABI BCEMU BOAOTIUTATENSIMM 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 pacuyeTa BOJOMPOBOIHBIX CETel HaXOOATCS MOJIO-
KEHMST O TOM, YTO pacripesieSieHue BOMIBI 110 JIMHUSIM CeTU TTPOUCX0-
JUT B COOTBETCTBUM ¢ 3akoHamu Kupxroda. B coorBercTBum ¢ I 3a-
xoHoM Kupxrogda B Kaxom y3iie 10mKeH codbmoaaThCsi MaTeprUalb-
HBI GajlaHC, OTBevaloLIUit MPUHILIUITY CIUJIONTHOCTH ToTtoka. Ilo
yCJIOBHSIM pabOTHI BOMOTIPOBOAHOW CETH 3TO O3HAYAET, YTO aired-
paudyeckast CyMmMa pacxofioB B JIIOGOM y3jie ceTu

2q — 0;= 0. (3.1)

ITo II 3akoHy Kupxroga tpedyercs BHITIOJIHEHUE YCIOBUS CYyM-
MapHOTO HYJEBOTro M3MEHEHUS TepenanoB AasjieHUs (pa3HOCTH I10-
TEHUMAJIOB) B JIIOOOM KOHTYpe CHCTEMBI. [I/ig KOJIbLEBOW CETU 3TO
O3HayaeT, 4YTo ajrebpanyeckasi cyMMa IOTepb Hamopa B JiioO0M
KoHTtype I ceTn

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

Ecnn MMeloTcst HalmopHO-PacXOAHbIe XapaKTePUCTUKH BOIOTH-
tateneit F( Q) M HeUKCUPOBaHHBIX 0T60POB F{( Q) g, PACOIOXEH-
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HBIX B y3J1ax cucTeMbl M 1 K, TO B IOTIOTHEHUE K ypaBHEHMIO (3.2)
UMEIOTCS YpaBHEHUS BUA:

KOy — Q)= (ZSikqik)BM/(- (3.3)

BszaumopeitcTBHe MeXIy BOOOMUTATENSIMU U HE(PUKCUPOBAHHbBI-
MM OTGOpaMH OCyIIECTBIsIeTCS yepe3 notepu Hamopa (£5,4,P) yx
B JIMHUSAX CETH, X COEAMHSIOIIMX.

Pacnipenenenue MoTokoB B KOJBUEBOM CETH, TTPU KOTOPOM CO-
ON101al0TCSl YKa3aHHBIE 3aKOHBI, COOTBETCTBYET MUHUMYMY 3HED-
TMU, pacXolyeMoi Ha NPEeoNoJIEHHE TIOTEPL HaMopa B TpyGax.

[Mpexne yem ycraHOBUTh uuciao ypaBHenuit I u Il 3akoHoB
Kupxroda, xapakrepusyoLUmux MOTOKOPACIPENETIEHUE B CUCTEME,
paccMOTpUM CBOWCTBa BOJAOTNPOBOAHOW ceTH. PaccmarpuBas reo-
METPUYECKHUE CBOMCTBA KOJIBLIEBOW CETH, MOXHO YCTAHOBUTH OTIpE-
JENEHHYIO CBA3b MEXY YUCJIOM €€ 3JIEMEHTOB, T. €. YUCIIOM KOJIEL,
y3J710B ¥ yyacTKoB. OG03HauyMB YUCJIO KOJIEL YEPE3 1, YUCIIO Y3JIOB
4yepes m, YUCJIO YYACTKOB Yepe3 p U YKCJIO BOAOMMTATENEN U He-
(bMKCUpOBaHHBIX OTOOPOB YeEPE3 e, MOXKHO YCTAHOBUTH CJIEAYIOUIYIO
3aBUCUMOCTb!

p=m+nt+e—1.

DTO NMOJIOXEHUE SBJISIETCST CNIENCTBUEM TeOpeEMBI Ditjiepa 0 COOoT-
HOUICHUU MEXIY UMCIOM rpaHei, BeplIMH U pebep BHITYKJIOTO
MHororpaHHuKa. OHO TMO3BOJISIET YCTAHOBUTH COOTHONIEHUE MEXIY
yucnoM ypoBHeit I u II 3akonoB Kupxroda npu pacuete Bogomnpo-
BOIHBIX CETe! U YMCIIOM HEM3BECTHBIX.

B cnyyae eciv quaMeTphl JIMHUM CETU U3BECTHHI, MOXHO OIHO-
3HAYHO OTIPEAC/IUTh pacXodsl B TMHUAX ceTH. MIcKOMBIE pacxoabl
Gy (4uCiIo p) HAXOHATCS U3 COBMECTHOTO DELIEHUS CUCTEMBI
p=m+n+ e— 1 ypaBueumnii I u Il 3akonoB Kupxroca, u3 koro-
pbIX n + e — HeNMHeWHbIX ypaBHeHuit Tuna (3.2) M 3.3) um—1—
JUHeHbIxX ypaBHeHu it Tuna (3.1). Ecau xapakTepucTHK BOIOMHUTA-
TeJieit 1 HePUKCHUPOBAHHBIX OTOOPOB HET, TO ypaBHeHUe (3.3) oT-
CYTCTBYET, a 00lliee YHCJIO YPaBHEHUH OTIPENesISieTCs COOTHOUIEHU-
eMp=m-+n-—1.

s pa3BeTBIEHHBIX CeTel, HE UMCIOLINX KOJIELl, YHUCJIO YpaBHE-
HUIT OTIpeNeNisieTCs] COOTHOWIEHUEeM p = m + e — 1. IIpu oTCyTCcTBUM
XapakTepUCTUK BOJOTIUTATENIEH U HE(PUKCUPOBAHHBIX OTOOPOB UX
YUCJIO YMEHbIIaeTcst 10 m — 1.

[1pu OTBICKAHWY MTOTOKOPACTIPEIeICHUS COONMIOICHE JIMHEHHBIX
ypaBHeHUI (3.1) nocTUraercst Ha CTaguM MPEeABAPUTEIIBHOTO MTOTO-
KopacnpenencHusi. Obecneyenne TpebGoBaHuit ypaBHeHMi (3.2)
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u (3.3) noctrraeTcsl MOMCKOM COOTBETCTBYIOLIEr0O UM pacrpeene-
HUS paCXOAOB MO JIMHUAM CETH. DTOT NMONUCK HOCUT Ha3BaHUe TU-
paBiuueckoi yBsi3KM. Eciu B mpouecce YBI3KU XapaKTepUCTUKHU
BofomnuTaresiei 1 HeUKCHUPOBAaHHBIX OTOOPOB He YUYUTHIBAIOTCS, TO
OHa Ha3bIBAeTCs BHYTPEHHEH, €CJIM YYUTBIBAIOTCS — BHELITHEH.

B o61uieM ciiyuae, paccMarpuBas ypaBHeHHs 11 3akoHa Kupxrodoa,
CTaHOBUTCH SICHO, YTO TIOMUMO HEU3BECTHBIX g, TOMJIEXKAILNX OTBIC-
KaHWIO, B HUX BXOAAT TaKXK€ HEU3BECTHBIE IMAMETPLI TMHUIA djy. DTO
BBI3BAaHO TEM, UTO 3HaYeHUs Sy, BXOAAIINE B (POPMYJTy ITOTEPD HAIO-
pa, BeIpaxaoTcsa B (yHKUUU auaMeTpoB. TakuMm oGpa3om, moboe
HM3MEHEHWE TUaMETPOB JIMHMIT ceTH OyaeT MPUBOAUTH K Mepepacrpe-
JIEJICHUIO PacXolloB, MPOTeKaoMxX Mo HUM. C Ipyroit CTOpOHEI, ne-
pepacripefieJieHUe pacXxoioB MPUBOAUT K HOBBIM AHAMETPaM.

B 3T0it cuTyauuu crajikupaeMmcs (Kak yXe YKa3bIBaJoCh BBILIE)
¢ 3amayeit TEXHMKO-3KOHOMUYECKOTO pacyeTa. B pe3ynbraTe 3Toro
pacyerta OTBICKAHMIO TIO[UIEXAT 2p HEU3BECTHBIX: p 3HAYEHUH g,
Y CTOJILKO X€ 3Ha4eHWi dj. I ONHOBPEMEHHOTO HaXOXIEHHUS
BCEX 2p HEM3BEeCTHBIX ypaBHeHM# (3.2) u (3.3) HemocTaToyHoO.

He o6patasice Ha JaHHOM 3Tane K METOJaM TOJTHOTO TeXHUKO-
9KOHOMUYECKOTO pacyeTa, MOXHO CIEaTh BBIBO, YTO TMApPABIINYEC-
KW pacueT ceTelt CEAyeT BECTH, 3a1aBasich n1uamerpamu. Kak 6n110
BHMIIHO BBILIIE, BIOOp AUAMETPOB OTAEIBHBIX YYACTKOB CETH HE MOXET
OBITh TIPOM3BEIEH COBEPIIEHHO MPOU3BOJIBHO, TaK KaK AUAMETpP B 13-
BECTHO CcTerneHH ecTh (hYHKLHS TTPOBOAMMOro Tpy6oii pacxona. Ilo-
3TOMY IS CKOJIbKO-HUOYIL TOUHOTO BhIOOpa AMaMETPOB HeoOXoam-
MO Ha3HayaThb MPeABAPUTEILHOE MOTOKOpACIpeneICHUE.

3.4.2. NepBoHa4YanbHOE NOTOKOpacnpeneneHne Boabl
B KOJIbLIEBbIX CETAX

B otnuuue OT pa3BeTBJIEHHBIX CETeif, rie BO3MOXHO €IWH-
CTBEHHOE MOTOKOpacnpeaeieHue, oTeevaloinee 1 3akoHy Kupxro-
(a, B KOJIBLIEBBIX CETSIX BO3MOXHbBIX BApPMAHTOB — OECUMCIEHHOE
MHOXecTBO. [TomnbITKa peliuTh 3agayy Mo OTHICKAHWIO HAWBBITO-
HEWNLIero MoToKopacnpeaeJeHus1, UCMOJb3YsI JIULIb KDUTEPUHA KO-
HOMHUYHOCTH, IPUBOIUT K MPEBPAIIEHUIO KOJIBIIEBOIA CETH B pas-
BeTBJIeHHYI0. OHAKO MepBOHaYaJbHOE Ha3HAYE€HHE MOTOKOpac-
npeaeyieHUs B KOJIbLUEBON CETU SABJASIETCS OAHUM U3 OCHOBHBIX
3TamnoB ee pacyeTa, Tak Kak 6e3 3HaHUs pacxoAOB MO JUHUSAM CETH
HEBO3MOXHO Ha3HaYUTh UX THAMETPHI.

M3 Bcero MHOTroo6pasusa BO3MOXHBIX BApUAHTOB pacrpeae/ieHUs
pacxoioB JOJXEH OBbITh BRIOpaH TOT, KOTOPBI MO3BOJISIET obecre-
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YUTH NOAAvy 3aJaHHBIX KOJWYECTB BOABI KO BCEM TOTPEOUTEIISIM,
a Takxe TpebyeMble HOPMBI CHAOXeHUS BOAOW NMOTpeOuTesnei Tpu
BO3MOXHBIX aBapusiX Ha ceTu. [IpuHsITOE pellieHre o MoToKopacrpe-
JeJI]eHUM BecbMa BaXKHO, TaK KaK pacXoJlbl, COOTBETCTBYIOLIUE EMY,
MPUHHUMAIOTCST KaK UCXOAHBIE JAHHBIE MTPU TEXHUKO-3KOHOMHUYECKOM
pacyeTe KOHOMHUYECKH BBITOMHBIX AMaMeTpoB. [Ipu nanbHeHImx
pacuyeTax M rMAPaBIWYECKON YBSI3KE CETU NMPOUCXOOUT KOPPEKTUPOB-
Ka B JOCTaTOYHO Y3KOM Juara3oHe pacxoloB. B cuiy ykazaHHBIX
MPUYHH pellieHHe O TIepBOHAYaATbHOM MOTOKOPACTIPEACTICHUH SIBJISI-
eTCH OTBETCTBEHHOM 3amavyeil. HauambHoe moTokopacrpenejieHue
JIOJIKHO OBITH HAMEYEHO OJHOBPEMEHHO JUISI OCHOBHBIX PACYETHBIX
ciiyyaeB paboOThl CETH JUIST BBISIBJIEHUS POJIA OTHEJIbHBIX €€ YYaCTKOB
M TIpEIEJIOB HAaTPy30K B HUX.

Kak ykaspIiBajoch BbIllI€, BOMIPOC HAXOXIAECHUS HAaWBBITOAHEH-
e ¢ 9KOHOMHYECKON TOYKH 3peHUsT TPACCUPOBKHU CETH 151 CUC-
TEM TOPOJICKOTO U MPOMBILUIEHHOIO BOJAOCHAOXEHUS HE SIBJSIETCS
Ype3MepHO aKTyaJIbHBIM. DTO BHI3BAHO T€M, UTO B 3HAUUTENBbHOM
Mepe ¢opMa M Tpacca CETH ONpeacasitioTcsl MIaHupPOBKOKW ropoaa,
ToceJiKa, TTPOMBIIIIEHHOTO MpeaAnpUsTUs. V3BECTHEBI pa3IMuHEBIC
MpeIOKEHNS 110 HA3HAYEHUIO «HAWJIYUIIero» roToKopacnpeaese-
Hus1. OHaKo OONBIIMHCTBO U3 HUX HEJb3S TPU3HATh YAOBJIETBOPU-
TEJIbHBIMU.

C npakTU4YeCKOit TOUKHM 3peHus Haubosiee TIpOoCToil MyTh Ha3Haye-
HUS MepPBOHAYATIbLHOTO TMOTOKOPACTIPEACIEHUSI — 3TO HaXOXIEeHUE
TaKOTO M3 HUX, KOTOPOE YAOBJIETBOPUT HOPMAaTUBHBIM TpEOOBaHHUSIM
HAJIe>XKHOCTH, YYUTBIBAIOIMMCS MPU HavyaJlbHOM NTOTOKOpacmpeaeie-
Hun. OIHAKO UX YYeT Ha CTaJuy Ha3HauyeHUs MTOTOKOopacIpeaeieHUs
MOXeT ObITh MPOBEJACH MPUOIMXKEHHO U TpeOyeT YyTOUHEHUsI, KOraa
JUaMETPHI YK€ Ha3HAYEHHBI.

OOGBIYHO TPUHUMAIOT CIEAYIOIMIT TOPSAIOK Ha3HAYEHUST HaYallb-
HOTO MOTOKOpacnpeaeneHus B ceTu. Ha nepBoM aTane npubIvxeH-
HO Ha3HAyalT OUKTYIOLIME TOYKU CETHU, KOTOPbIE pacrojiararoTcs
B KOHIIE CETU HAa HauboJee yoaaeHHBIX U BBICOKMX OTMETKAX C Hau-
OONBIIMMHU Y3JIOBBIMU OTOOpaMM. 3aTeM HaMe4aloT OCHOBHEBIE Mapa-
JIEJIbHBIE TTyTH CHAOXEHUS OT UCTOYHWKA TUTAHUS 0 AUKTYIOIIUX
TOYEK. DTU HaIpaBJIE€HUs MOXHO Ha3BaTh TPAaH3UTHBIMU. OHU, KaK
MPaBUJIO, UMEIOT BoJiee KOPOTKOE HampaBjieHHEe, YeM KOHKYPEHTHBIE
M. Ilocsie 3TOro HaMevaroT pacxoabl BOABI IO OCHOBHBIM MyTsM. 1o
BO3MOXHOCTHU OCHOBHBIE MYTH CHaOXeHWs BOAON ToTpebuTteneit
JOJXHBI UMETh OAMHAKOBYIO ITPOBOANMOCTD. M3 ruIpaBiIvKy U3BECT-
HO, YTO MPOBOAUMOCTL /1 UMeeT CIIeNyIolyIo CBSI3b C COMPOTHUBIIE-
HueM suHuu: S — IT= 1/NS . TIpu 3ToM coboIeHne MaTepUATBHO-
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ro fajiaHca B y3J71aX MOXET OBITH TPUOIMKEHHBIM. JInaMeTpHhI mepe-
MBIUEK, COCINHSIOIINUX TPAH3UTHBIE (MATUCTPAJIbHBIE) TUHUU MEXIY
co00ii, Ha3HA4yaloT UCXOAS U3 TpeanoyiaraeMoi Harpy3ku, KOTOpyo
OHU MOTYT UMETH B Cllyyae aBapuM Ha HEKOTOPBIX MaTUCTPaJIbHBIX
JUHUSX. B obieM BUIE Ha3HayaTh MOTOKOpAaCMpenesicHUe CileayeT
C YYETOM HAIIEXKHOCTHBIX XapaKTePUCTUK OTHAEIbHBIX YYAaCTKOB CETH,
KOTOpbIE 3aBUCAT OT OoJibiIoro yucia paxkropo. COOp 3THUX TTOKa3a-
TeJIeH TpeaCTaBsAET BeChbMa CIOXHYIO 3amayvy.

ITocne npoBeneHUs BCeX MEPEYUCITIEHHBIX OTepalnii orpenensi-
JOT IMaMETPHl Y4aCTKOB CETU HA OCHOBE TEXHUKO-3KOHOMMNYECKUX
pacyeToB, KOTOPHIE C HEKOTOPOM CTEMEHbIO TIPUOIUXKEHUS MOXHO
NPUHATH YIOBJIETBOPSIOMIMMU TpeOOBAHUSIM HamexXHOCTH. s
TIPOBEPKU BBIMOTHEHUS YCIOBUI HaleKHOCTU HEOOXOIUMO MpOBe-
JIEHUE TOBEPOYHBIX TMAPABIUYECKUX U HAAEXKHOCTHBIX PaCYETOB
TP yXXe U3BECTHBIX JUAMETpax.

3.4.3. TeopeTnueckmne OCHOBbI U NpaKTUYecKne MeToabl
BHYTPEHHe YBA3KU KOSMbLEeBbIX ceTeit

HasznauuB nmoTokopacripeaeieHue B JIMHUSIX CETU U BHIOpaB 1Ha-
METPBI 3TUX JIMHUH, MPUCTYMAIOT K TMApaBINYecKoi yBsi3ke. O6bIu-
HO C TIepBOH IMOMBITKW HANTH UCTUHHOE paclipefejeHUe pacXomoB
U TioTepb Hanopa, coorBeTcTByollee I u Il 3akonam Kupxroda, He
TPeNCTaBASETCA BO3MOXHBIM. [IJIsT ero HaxoXmeHUst He06X0MUMO
peurnTh cuctemy (m — 1) nuHeiHbIX ypaBHeHM 1 3akona Kupxro-
da (ypaBHeHMit OayaHca pacXoJoB B y3j1axX) U n HETUHENHBIX ypaB-
HeHuit II 3akona Kupxroda (ypaBHeHMIT, ONpeaesIioINX paBeH-
CTBO HYJIIO MIOTEPh HAIopa IT0 HE3aBUCHUMBIM KOHTYpaM).

VBSI3KY KOJIBLIEBBIX CETEH MOXHO OCYILECTBIISITh IO IBYM MTPUH-
LIMIIaM B 3aBUCMMOCTH OT TOTO, YTO TPUHUMATh 32 OCHOBHbIE HEU3-
BECTHBIE — pacxodbl WM Hamopsl (rmotepu Hamopa). IIpu 3ToM Ha-
XOXIEHUE OTHOW TPYNIBI HEU3BECTHBIX MO3BOJISIET €IUHCTBEHHO
BO3MOXHBIM 00pa3oM HalTH APYTYIO TPYNIY HEU3BECTHBIX.

MeTon, ¢ MOMOILIBIO KOTOPOTO 3a INIaBHBIE HEM3BECTHBIE TIPUHU-
MaloTCsl Harmops! (MOoTepy Hamopa), U3BECTEH KaK METOJ «ypaBHUBa-
HHS pacxo0B». Bo BTOpOM METOIE€ WIIYTCS HEU3BECTHBIE PACXOIbI
Y4YacTKOB ¢;.. ITpy MCTUHHBIX 3HAYEHHSX PACXONOB YIOBJIETBOPSIOT-
ca ypasHeHus 11 3akona Kupxroda. BtoT MeTon HOCUT Ha3BaHHUE
METOMIa «ypaBHUBAHUS HATTOPOB».

I ICTIONIb30BaHUA 0G0OMX METONOB YBSI3KM HEOGXOIMMO TTPU-
HUMaTh HayaJIbHbIE 3HaYeHUs] HEU3BECTHRIX. I1pu Mosb3oBaHUM Me-
TOIOM YpaBHUBAaHHs HAMOpOB HEOOXOMMMO 3a1aBaThCST HEKOTOPBI-
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MM HayaJIbHbIMU 3HAYEHHUSIMM PAcXOMOB BOJBI B y4acTKax CETHU. DTO
B Haubonbilleit cTeneHu COOTBETCTBYET OOBIYHOW TMPAKTUUECKOW
MOCTAaHOBKE pacyeTa. DTa W Ipyrue MpUUMHBI IPUBOAST K Oojee
IMHUPOKOMY MCIIOJIb30BAHUIO B OTEUECTBEHHOUW MPAKTUKE METONA
ypaBHMBaHUsI HarmopoB. OH U OyneT paccMaTpuBaThes Aajiee.

Ecnu B KOJNBLIEBOW CETU UMEETCH 1 HE3aBUCHUMBIX KOHTYPOB, TO
CUCTeMa HEJMHEUHBIX YpaBHEHUN 11 HUX MOXeT ObITh MpelCTaB-

JICHA B BUIEC:

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

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

Bce pynkuum F umeroT onuHakosbiit Bun: XS, g,P. Cucrema
3TUX YPaBHEHMI1 B LIEJIOM OXBaThIBAET BCE YYacTKM ceTH. OnHaKo
YHCJIO YPaBHEHUH 3TOH CUCTEMBI 7 MEHBLIE YHUCIIa HCKOMBIX PAacXo-
JI0B y4acTKoB p. I1oaTOoMy cHuCTeMy 3THX ypaBHEHMIi ciielyeT pac-
CMaTpHBaTh COBMECTHO C CUCTEMOM m — 1 TMHEHHBIX ypaBHEHUI

gy + Q;= 0.

Hns penteHUsT CUCTeMbl HEIMHEHHBIX YpaBHEHHUIH IIMPOKO MC-
nons3ytoT Meton HeloToHa u ero Monudukauuu. IlyTs pereHuit
HEJIMHEAHBIX YPABHEHUN CJICIYIOLINM:

1. ITpenBapuUTEeNbHO IMPUHUMAIOT HEKOTOPBIE 3HAYEHUS HEU3BE-
CTHBIX PacXomoB g;’, KOTOpBIE MPEAIONaraloT JOCTaTOUHO OIN3KH-
MU K UCTUHHBIM,

2. B xayecTBe pacxonoB ¢, MPUHMUMAIOT PACXOMbl, NIOJTYYEHHbIE
MpU TIpEIBAPUTEILHOM paclipefieSiecHUU ¢ cobmoneHueM [ 3aKkoHa
Kupxroda.

3. K npenBapuTepHO HaMEYEeHHBIM pacXolaM Ha yyacTkax g,°
npHGaBIISIOT (HEM3BECTHBIE) MOTIPAaBKHU A g, Tonarasi, 4to ¢,° + Ag,
TOJIKHBI PABHATLCS UCKOMBIM (MCTHHHBIM) 3HAYEHUSIM PACXOIOB ¢,
YAOBJIETBOPSIIOIIMM HEJIMHEHHOU cucTeMe ypaBHeHMit. Torma cucre-
Ma HEJIMHEHHBIX ypaBHEHUN TIPUMET BUI:

Fi(g°+ Ag;; g%+ Agy; g0+ Ag) =0;
F(q°+ 8g; ¢+ Agy5 90+ Ag) =0;
F(q°+ Aq; ¢+ Agy..5 90+ Ag) =0.
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31ech HEM3BECTHBIMU OYIYT YK€ HE PACXOnBbI ¢, 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,/op,Aq,) = 0;
F(4,%8°,-,g0), + (0F,/09, A, + 0F,/06,A Gy + ... + 8F,/0p,A q,) = 0;
F(9,%8%..a0), + (0F,/09, A g, + OF,/0g,A Gy + ... + OF,/0p,Aq,) = 0;

ITpu 3TOM Moapa3yMeBaoT, YTO B MOJyYeHHBIE BRIPaXXEeHUS TIPO-
U3BOJIHBIX TMOACTABJSIOTCS MEPBOHAYAIBHO TMPUHSATHIE 3HAYEHUS
HeusBecTHbIX ¢, 0. [lonydyeHHass cHCTeMa SIBNAETCA CHCTEMOIA JTH-
HEeWHBIX ypaBHEHUI1 OTHOCHUTENIBHO MOTpaBoK A g,° K mpexBapu-
TEJIBHO TIPUHSATHIM 3HAYEHUSIM PacXomoB g 0.

B 3THX ypaBHEHMSIX OTOPOLIEHBI BCE WICHBI Pa3IOXeHUs, KpOMe
JUHERHBIX. [ToaToMy 1 HaXOXIEHMA 3HAYeHUH g, Tpebyercs
NpoBefeHUE psina MoAoOHBIX pacueToB. I1pu MpoBeaeHUM KaxXIOro
M3 HUX B KAYECTBE NMPEABAPUTEIBbHBIX TPUHUMAIOTCS pacXOIbl, MO~
JIyYEHHBIE M3 MIPEIbIAYIEro pacyeTa. TakuM obpa3oM, MorydeHHas
cHUcTEMa JIMHEMHBIX YPaBHEHUH pelaeTcsi METOIOM MoCeqoBaTeNb-
HOTO IIPUOJIMKEHUS.

Hau6Gosee mrmpoko nMpuMeHSIeTCSI B IIPpaKTUKE aHAJIUTHYECKHU I
MeTton, npeayioxeHHblil B.I'. Jlo6aueBbIM M HE3aBUCUMO OT HETO —
X. KpoccoMm. OH mpegycMaTpyBaeT BeIpakeHHe MOMPABOK K pac-
X0Z1aM Ha y4yacCTKaXx CETU 4epe3 KOHTYDHBIEC NTONPAaBOYHbBIE PACXONBL
Ag, B OTIEJNBHBIX KoJbUax. ITpy 3TOM B mpouecce yBA3KH CETH aB-
TOMaTHUYeCKH obecrieynBaeTcs cobmoneHue 1 3akoHa Kupxroda.
CyHIHOCTE 3TOTO METOAAa 3aKitovaeTcs B cienytoieM. I1ycTts B He-
KoTOpoii cetu (puc. 3.8) mocje nNpeaBapuTEILHOTO 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 COTPOTHUBJIeHUA. MCTMHHOE pacIipelleJIeHUE pacXodoB Xa-
PaKTepU3yeTcsi PaBEHCTBOM (Zh,), = 0 AN KaXIOro U3 KOJell
cetu. [Ipy 3TOM MOTEPSIM HATlOpa Ha y4yacTKax ¢ ABUXXEHUEM pac-
XOMIOB TIO0 YacOBO# CTpesike (OTHOCHTEJbHO paccMaTpHuBaeMOro
KOJIblIa) TIPUCBAMBAETCS 3HAK TUIIOC, ¢ IBUXEHUEM MPOTUB Yaco-
BOI#1 CTpPEJIKM — 3HAK MUHYC.

JonycTuM, 4TO MoCJie TepBOHAYAJIBHOTO pacIipeaeieHUs pacxo-
IOB BeNWYNHA(Zh,); B OTIENBHBIX KOJIBLAX HE PaBHA HYJIIO; MpPe-
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MOJIOXKUM, YTO BO BCEX KOJIbLIAX UX BEPXHHE M TNpPABHIE YYaCTKH
(c TONIOXUTENBHBIMY h;) OKa3aJqMCh TIEPETPYXKEHHBIMM, A JIEBBIE
M HUXKHUE — HenorpyxeHHbIMU. Torna anre6panyeckast cyMMa ro-
Tepb Haropa B KOJIbLaxX OyIeT paBHa He HYJIO, a HEKOTOPOH Besu-
4yuHe Ahy, T. €. (Zhy); = Ah,.

Om Bodonumamenrs

-
Puc. 3.8. Pacuernas cxemMa KoJiblIeBO# CeTH

s cetn, cxema KOTOpoit npeacTaBieHa Ha puc. 3.8, Mmoayunm
CJIEYIONYI0 CUCTEMY YPABHEHUIA:

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

BennunHa Ah; npenctabasieT co6oil HEBSI3KY MOTepb Hamopa
B KoJiblle I; 3Ta BeIMUMHA M ee 3HAK XapaKTEpPU3YIOT CTEMEHb OT-
KJIOHEHUSI TIPUHSITOTO B KOJIbLIE pACIpele/IeHUsI pacXod0B OT UC-
TUHHOTO (MCKOMOTO).

st CHIDKeHUST HEBSI3KM HEOOXOAMMO YMEHBIIUTh PAaCXOmbl Ha Tie-
PETrpPY>XE€HHBIX BETBSIX KaXJIOTO KOJIbLA M YBEJIMYUTh UX HA HEJOrpy-
XEHHBIX, COO/TIONast P 3TOM HanaHC pacxozioB B yanax g, + O, = 0.
BT0 MOXET ObITH JOCTUTHYTO MYTEM TMepeOPOCKU HEKOTOPBIX KOHTYP-
HBIX PaCX00B Ag, MO BCEM KOJIbLIAM B HAIpaBJIeHUH, OOPaTHOM 3Ha-
Ky HeBsi3ku. [locie nepedpocku Takux pacxofoB (ITOKA HEU3BECTHBIX)

TMTOJIYYUM CJIEIYIONIYIO CHCTEMY YpaBHEHMIA:
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S12(q1y — Ag)? + Ss(qys — Aq; + Agy)? — Sse(gsg + Aqp— Aqy)? —
— Si5(q15 + Ag)? = 0;

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

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

PackpbiB CKOGKM M BBIMTOJTHUB HEKOTOPBIE NPeo6pa3oBaHus,
HMMeeM [IJIs TIEPBOTO KOJIblia YPaBHEHUE

[S126%17 + Sys%ss — Sss’ss — SisqPis) — 2112912 + Sysdys +
+ Ssgdss T S13915189, + 25555589, + 2S558q,,, = 0.

ITepBrlit 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 Koublie [; TIo-
cJeJHUE B Y€HA MPEACTABISIOT CO00I HEM3BECTHBIE MTONTPaBOY-
HBIE PACXOIBl CMEXHBIX KOJEl Ag; U Agy ¢ KO3pDULUEHTAMU,
PaBHBIMU 25, OOLINX YYaCTKOB KOJIbL@ [ CO CMEXHBIMH KOJIBLIAMH.

IIpuBeneHHbBIE BBILIIE YPABHEHUST MOTYT OBITh MPENCTaBJICHBI Clle-
IyIoUmM obpasoM:

Ahy —22(89) ;; Agy + 2 (Sq),5 Ag, = 0;
Ahyyp— 22(59) 1y Aqr + 2 (S9)sg Ag; = 0.

TTosnyyuM cucteMy JIMHEMHBIX YpaBHEHUH OTHOCUTENIBHO HEU3-
BECTHBIX Aq;, Aq; 1 Aqyy,. BennuuHel Ah; — CBOGONHBIE YIEHDI, U3~
BECTHBIE TOCJIE TTEPBOTO pacmlpenesieH!sT pacXoloB. DTy CUCTEMY
JIMHEWHBIX YpaBHEHUI MOXHO peliaTh JIoObIM U3 CYILECTBYIOINX
cnocoboB. Metop JlobaueBa — Kpocca npenycMarpuBaeT npeleiib-
HOE YIpolIeHWe IPUBEICHHONW CUCTEMBbI YpaBHEHUN MyTeM UCKIIIO-
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 OTIpeieeHUSI UICKOMBIX HEM3BECTHBIX MOINPaBOY-
HBIX pacXoI0B

Ag; = A/ 2E(S3q:) 1

IIpu ucnonb3oBaHUK 3TOM (HOPMYIBI YIPOLIAETCST OTepaIins BbI-
YHCJIEHUS Ag; B KaXIOM NMPUOIMXKEHUH, HO TpeOyeTCs yBeTUUEHUE
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|
YHCa MOoCea0BaTeNbHBIX MPUOIUXEHUH (UTepalnii) q‘,rm Haxoxuie-
HHsI 3HAYEHUH Ag;, NOCTATOYHO GJIM3KUX K MCTUHHHIM (HaroluMm
YBSI3KY CETH). ’

ITpu pabote Tpy® B HEKBaApaTUYHOMN 0OMACTU IS OTIpEne/IeHUS
TTOTIPaBOYHBIX PACXONOB MOKET UCTIONB30BaThCs Ta Xe (popMyna, Ho
TIpY YCJIOBUHU, YTO B BEJIMYMHBHI S;, YYACTKOB BBENEHBI KO3 PULM-
eHTHl 6. [lonpaBoyHble pacXxoabl MOTYT OMpeNensiThes 1Mo hbopmyie

Ag, = Ah, /BES, g8,

€CJIV TIOTEPU Hamopa Orpenessijii HEMMOCPEACTBEHHO M0 HEKBaIpa-
THYHOM dopMyse BUaA

hy = Si/cqgc'

CyumecTByIOT pa3nuyHble Moaupukaumu merona JlobayeBa —
Kpocca. Meton IIMPOKO MCMOJB3YETCS TMPU COCTaBJIeHWM TpO-
rpaMM pacyeTa BOIOTIDOBOAHBIX CETEH.
3agaya yBsSI3KM CETH MOXET OBbITh pellieHa ¥ APYTUMU METOAaMH
rocienoBaTesibHOro npubanxeHus. [IIupoko pacnpocTpaHeH Me-
TOH, MpeaoxXeHHbIH M.M. AHOpusilieBBIM. ABTOp METOAA pPeKo-
MEHAYET MOCJie MePBOTO ONpeneeHUs HEBA30K OCYIIECTBJISITh BbI-
60p cHUCcTeMbl KOHTYPOB (OXBATBIBAIOWINX OIHO KOJIBLIO WJIM TPYTIITY
3JIEeMEHTapHBIX KOJiell), M0 KOTOPBIM MOXHO TIPOBECTH ITONMPABOY-
Hble PACXOAbl IS TOMYYEHUS 3HAUMTENbHOTO CHUXEHMST HEBA30K
B ceTd. [Ton aneMeHTapHBIM KOJIbLIOM TTOHUMAETCS KOJIbIIO, B KOTO-
pOM He MMeeTCsl yYyacTKOB, TIEpeceKarlIuX ero Mmiouanb, U KOTo-
pOo€ He NeJuTCst Ha foJsiee MeJIKHe KOJbla. DTH PacXoIbl MOTYT Mpo-
BOIUTHCSI KaK OTHOBPEMEHHO 110 HECKOJIBKUM BBIOpAHHBIM KOHTY-
paM, TaK W MOCIENOBATEbHO C YUETOM Pe3YyIbTaTOB IMpPelbIIyIINX
omepalinit. Pe3ynbraTel Bcex BRIYUCIEHWH 3aMTUCHIBAIOT HETTOCPEI-
CTBEHHO Ha cxeMax ceTu. [locne Kaxmoro 1yMKia NpoBeIeHUS T0-
MPaBOYHBIX PACXOJOB aHATU3UPYIOT MOJTYYEHHBIE PE3YIbTATHI (3HA-
YEHUS M 3HAK HEBSI30K), HAMEYAIOT CJIENYIONIYIO TPYIITY KOHTYpPOB
YBA3KU U OTPENENSIOT HOBBbIE MONPaBOYHbIE pacxonsl. Jlas 6ornee
YCIIEUIHOM U OBICTPOIi YBSI3KHU aBTOP METOA PEKOMEHIYET:
® 00beAMHEHHE CMEXHBIX KOJIel[ C HeBSI3KaMU OIMHaKOBOTO
3HaKa B YKPYMTHEHHBbIE KOHTYPHI, IO KOTOPBIM Hamgo NpOBO-
JIIUTH TIOTIPABOYHBIE PACXO[IHI;

® [I0CJIEA0BAaTE/bHYIO YBSI3KY KOJEll UJIM TPYTIIBI KoJell (C He-
BSI3KaMHU TOTIEPEMEHHO TO OJHOTO, TO IPYTOTO 3HaKa) IUK-
Jlamuy;
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® yBSI3KY B KaXIOM LIMKJIE KOJIbLIa WIW TPYIINBI KOJEL ¢ HEBSI3-
KaM¥ HauOOoJIbIIIEro 3HaYeHU.
ITonnpaBoYHBIE pacxoasl MO BEIOpAHHOMY KOHTYpY I MoXHO or-
penenATh 1o popMyse BUaa

Aq; = Ah/E(Syq) 1

HUcnonp3oBaHue 3Toit GOpMYINIBI CBA3aHO C GONBIIUM YHUCIIOM
BBIYMCIIEHUIA. Tak Kak B mpoliecce yBA3KM BenuuuHa X(S,4q,),; o
KOHTYpaM MEHSETCH OTHOCUTENBHO Majio, aBTOP METOJa CUWTAET,
YTO TONPABOYHBIE PACXOABI TPHU TMOCIEA0BATEIBHO NPOBOAUMBIX
yBsSI3KaxX U3MEHSIOTCS MTPONIOPLMOHAIBHO HeBsI3KaM. Eci MpUHSTD,
4TO BEJIMYMHA Z(S;q;); TOCTOSHHA U 0003HAYUTDL MONPABOYHBI
pacxol TpoOHOM YBA3KHU Yepes3 Ag,, @ COOTBETCTRYIOLICE H3MEHEHHE
HEBSI3KU — 4Yepe3 Ak, TO MONYyYUM

Ag/Ah; = 1/2 £(Sq,); = const = Aq,/Ahy;
Ag; = AhAgy/Ah,.

[ns KOHTYpOB, UMEIOLINX Majiopa3uyaloiiiecs JTMHbl U THa-
METPBI OTHENbHBIX Y4acTKoB, M.M. AHIpusilIeB Npeajaraet onpe-
JIEJISITh MIOTIPaBOYHBIE pAacXOabl MO TIPUOIMKEHHOM (hopmyrie

Agp= qep AN/ 2(Zhy)

A€ Gopy — CpeIHUM pacxol ISl BCEX BXOASIUMX B KOHTYD Y4acCTKOB;
Ah; — HEBA3KM B KOHTYpE; (Zh;); — cyMMa abGCOTIOTHBIX 3HaYEHUH
MOTEPb HAamopa B KOHTYPE.

IlpuMeHeHUe TIpUeMOoB YBSA3KU CeTH, peKoMeHaAoBaHHbIX B.T. Jlo-
6aueBsIM 1 M.M. AHApHAIIEBEIM, MOXHO OCBOUThL Ha IIpUMepe pac-
YyeTa CeTH TOPOJCKOro BOIOIPOBOMA IPU BHIMOJHEHHU KypPCOBOTO
TpOEKTa.

Kak yka3seIBajioch BEINIE, BCe JIEMEHTBI CUCTEM T0JIa4d U pac-
TpeaeseHUST BOABI MPEACTABIISIIOT €INHYIO TUAPABINYECKYIO CUCTEMY.
[ToaToMy mocie Ha3HAYeHUS TTapaMeTPOB HACOCHBIX CTAHLMH, pery-
JIMPYIOINX eMKOCTeH, HePUKCUPOBAHHBIX OTOOPOB U AMAMETPOB JIU-
HHUH ceTH HEOOXOAMMO MPOBECTU NMOBEPOYHBIE PACUYETHI MIPU pa3Iny-
HBIX peXuMax BOHOMNOTpeOIeHUsT U paboTbl 3JIEMEHTOB CUCTEMBI.
OHM TTO3BOJIAIOT Y3HATh, KaK OyneT paboTaTh CUCTEMA, T. €. OTIpele-
JINTH (paKTUYECKHE TTOAAYM M HATOp HACOCHBIX CTaHLUM, MOTOJHE-
HME U cpabOTKy peryJMpylolnX eMKocTel, (haKTHIECKHUE OTOOPHI H
HaropEkl B y3J1aX CETH U T. . DTH NMOBEPOYHbIE pacyeThl HOCST Ha3Ba-
HUe BHelIHel yBs3ku. Mx npoBeeHUe 6€3 MCMOIb30BAHUS BBIYHC-
JINTEJIbHOW TEXHUKH HepeasTbHO.
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3.5. Hanopsbl B cuctemax BoaocHabxeHus

Pe3ynbraThl pacyeta BOAOTIPOBOMHBIX CETEM IS pa3TUIHBIX PEXH-~
MOB BOIOMOTPeGIeHNS UCITOIB3YIOT WISl MapaMeTpOB BOJOHATTOPHOI
OalllHM M HACOCHBIX arperaTroB, obecrneuynBaloimx paboTocrmocoOHOCTh
CHUCTEMBI, a TAKXKE CBOOOMHBIX HATIOPOB BO BCEX Y3/IaX CCTH.

s ornpenesieHUsT Hamopa B TOYKax MUTAHUS (Y BOIOHATNIOPHO
GallrHK{, Ha HACOCHOM CTAaHUMHK) HEOOXOIMMO 3HATh TpeOyeMble Ha-
Topsl ToTpebuTeneit Boasl. MUHUMaNIBHBIN CBOOOAHBII Harop B ce-
TH BOIOTIPOBOAA HACEJIEHHOrO0 MYHKTAa MPW MaKCUMAJIBHOM XO3s1ii-
CTBEHHO-TIUTHLEBOM BOAOPa300pe Ha BBOJE B 3MaHUE HaJ MOBEPXHO-
CTBIO 3€MJIM TIPH OJHOASTAXHOM 3aCTpOiKe JOIKEeH ObITh HE MEHee
10 M, TIpu GOJBIIEN 3TAXKHOCTHA Ha KaXIbIH 3TaxX HEOOXOAUMO H0-
6aBagaTh 4 M. B yacel HaUMEHBLIETO BOAOIOTPEOJIEHUS HATIOp JJIst
KaxJIoro 3Taxa, HauWHasl CO BTOPOTO, JOMYCKAEeTCs TPUHUMATh 3 M.
Jis oTAEIbHBIX MHOTO3TaXHBIX 3MaHUMN, a TakKXe TPYI 3TaHUIA,
PACTIONIOKEHHBIX B MOBBIIIEHHBIX MECTax, NMpeayCMaTpUBaIOT MECT-
Hble YCTaHOBKM Moakayku. 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 HATOP B CETU XO3IICTBEHHO-TTUTHLEBOTO BOIOIIPOBO-
Jla y TTIOTpeGUTENTST He JOJKEH TpeBbIIaTh 60 M, B IPOTUBHOM CJTydyae
IUIST OTHAEIBHBIX paifOHOB WIM 3MaHUI MpPEeIyCMaTPUBAIOT YCTAHOBKY
PETYJASTOPOB NaBJICHUST WJIM 30HUPOBAHWE CUCTEMBI BOZOCHAOXKEHMSI.

ITpu pabote BomonpoBoAa BO BCEX TOYKAX CETHU IOJIKEH OBITh
obecrnieyeH cBOOOAHbBII HArMnop He MEHee HOPMAaTUBHOTO.

CB0OOOIHBIE HATIOPH! B JIIOOOH TOYKE CETH OMpPEENsIOT KaK pas-
HOCTb OTMETOK MbE30METPUYECKUX JIMHUH U MOBEPXHOCTH 3€MIJIH.
ITee30oMeTpUUECKHE OTMETKH LTSI BCEX PACUETHBIX CJIydaeB (MpU XO-
39HCTBEHHO-TIMTbEBOM BOAOITOTPEOJCHUM, TIPU TTOXAape U Ip.) BhI-
YUCHASIOT UCXOIST U3 obecrneyeHUsT HOpMaTHUBHOTO CBOGOAHOTO Ha-
rnopa B JUKTYIOLIE TOUKeE.

I1pu omnpeneseHNU NMbe30METPUYECKUX OTMETOK 3aJalOTCA Mo~
JIOXXEHUEM OUKTYIOLIEl TOUKH, T. €. TOYKH, UMEIOLIeil MUHUMAaJTb-
HBIIt CBOOONHBIN Harmop. OOBIYHO AUKTYIOIIAs TOYKA pacrioioxe-
Ha B HauboJjiee HeOIAarONMPUATHBIX YCIOBUSX KaK B OTHOUICHWH
reole3u4eCcKuX OTMETOK (BBICOKHME Teoae3nYecKrue OTMETKH), TaK
1 B OTHOLUCHUM YHAIEHHOCTU OT UCTOYHHUKA MUTAHUSA (T. €. CyM-
Ma TMoTepb Harmopa OT UCTOYHUKA MUTAHUS IO TUKTYIOIIENH TOYKU
Oynetr Haubonbuias). B nukryolleit Touke 3agaroTCs HAllOpOM,
pPaBHBLIM HOPMATHBHOMY.
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Ecnu B Kako#i-11M00 TOYKE CeTH HArop OKaXeTCst MEHbIle HOpMa-
TUBHOTO, TO TIOJIOXXEHUE AUKTYIOLIENH TOYKM 3alaHO HeBepHO. B aTOM
cilyyae HaxoAsT TOYKY, UMEIOIIYI0 HAMMEHBIINI CBOOOMHBIN Hamop,
1 €e MPUHMMAIOT 3a JUKTYIONIYIO, a pacyeT HaropoB B CETH TTOBTOPSTIOT.

Pacuer cuctemMbl BonocHaGXeHUsT Ha paboOTy BO BpeMs Moxapa
MPOU3BOMAT B IMPENNONOXKEHUH €r0 BO3HUKHOBEHHUST B Haubosee
BBICOKMX U YOICHHBIX OT UCTOUHUKOB MUTAHUS TOYKAX TEPPUTO-
puu, obcayxuBaeMoii BononpoBoaoM. 1o criocoOy TylieHus mnoxa-
pa BOIOMPOBOJIBI OBIBAIOT BEICOKOTO M HU3KOTO AABJECHUS.

Kak rnpaBuio, pu MpoeKTUPOBAHUU CUCTEM BOIOCHAOXEHUSA
cJieAyeT MPUHUMATD MPOTUBOMOXAPHBIN BOZOMPOBOJ HU3KOTO AaB-
JIEHUS, 32 UCKJTIOUEHHUEM HEeOOJIBIIIMX HACEJIEHHBIX TYHKTOB (MeHee
5 ThIC. YeJIoBeK). YCTPOMCTBO TPOTUBONOXAPHOTO BOAOIMpPOBOAA
BBICOKOTO JIaBJIEHUS TOJKHO OBITh 9KOHOMHYECKHU 000CHOBAHO.

B BOnoIIpOBOIaX HU3KOTO JABRIEHUS TTOBBIIIIEHUE HAIOPa NMPOU3BO-
JIUTCS JIUUIL Ha BpeMs TyllleHUs 1toxapa. HeobxommMoe moBblilIeHNE
Haropa co3/aeTcs MePeIBUXHBIMU TTOXapHBIMU HAcOCaMH, KOTOPHIE
MOABO3SITCS K MECTY IMoXapa U 3a6MpaioT BOAY U3 BOIOIPOBOJHOM
ceTH yepe3 yauaHble THapaHThl. CortacHo CHwuIT 2.04.02-84* narnop
B J11000# TOYKE CETH TTPOTHUBOIOXAPHOTO BOAOIIPOBOJIA HU3KOTO JIaB-
JIEHUSI Ha YPOBHE MOBEPXHOCTU 3€MJIU TIPH TOXAPOTYILIEHUU JOJIKEH
6bITh He MeHee 10 M. Takoit Harmop HeoOXOIUM JUTS TIPeOTBpAIEHUS
BO3MOXHOCTU 00pa30BaHUs B CETU NMPU OTOOPE BOJIBI MOKAPHBIMU Ha-
cocaM¥ BaKyyMa, 4To, B CBOIO Ouepellb, MOXET BbI3bIBaTb TPOHUKHO-
BEHME B CETh Uepe3 HETJIOTHOCTH CTHIKOB MOYBEHHOI Bofbl. Kpome
TOTO, HEKOTOPBIH 3arac naBiIeHUs B CETH TpeOyeTcst Wit paboThl Mo-
XapHBIX aBTOHACOCOB C 1IEJTbIO TIPEOI0JIEHNs] 3HAYUTENbHBIX COTIPO-
THUBJIEHUIT BO BCAaCBHIBAIOIIVIX JIMHUSIX HACOCOB.

CucTteMa noxapoTylieHUsI BBICOKOTo AaBieHUs (0ObIYHO MPUHU-
MaeTcsl Ha TIPOMBILIIEHHBIX 00BEKTax) TIPeyCMaTPUBAET NoAavy
K MECTY ToXapa YCTaHOBJIEHHOTO HOPMaMM IMOXAapHOTro pacxona
BOIBI Y TMIOBBIIICHWE TaBJICHUS B BOJOTIPOBOMAHOMN CETH 10 BETHUYHU-
HbI, JOCTAaTOYHOI JIJIS CO3MaHUS TTOXAPHBIX CTPYI HEMOCPEACTBEH-
HO OT ruapaHToB. CBOGOMHKIN HAIMOP B 3TOM ciiydyae JOJIXKeH obec-
MeYUBaTh BHICOTY KOMITAKTHOM CTpyu He MeHee 10 M npHu MOJTHOM
TOXapHOM pacXojie BOIbl M PACTIONIOXEHUH CTBOJIAa OpaHaCIoNTa 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 31aHusA; h — TOTEPU Haropa B pyKaBe U CTBOJIE
OpaHacIioitTa.
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B BOIOIPOBO/IE BEICOKOTO OaBJIEHUSI CTallMOHApHBIE TTOXapHbIE
HacoChl 000PYAYIOT aBTOMaTUKOM, obecreyuBalonieid myck HacoCoB
He TIo3IHee YeM uepe3 5 MUH TI0cJie oAyl CUTHala O BO3HUKHO-
BEHUU TToXapa. TpyObl CETH JOJKHBI OBITH BLIOPAHBI C YUETOM TTO-
BBILLIEHUS JaBJICHUS TIpU TIOXape.

MakcuManbHbI CBOOOAHBII HAMOpP B CETU OOBEAMHEHHOTO BO-
NIOMPOBOA HE JHOJIKEH MPEBBIIATEH 60 M.

BbIcOTY BOOOHANOPHOU OallHM M HAarop HacOCOB ISl pa3jiny-
HBIX PEXMMOB BOAONOTPEOICHUS ONpenesiioT no GopMyaaM, Mpu-
BEeJEHHBIM B pa3a. 2.4.

3.6. YcTpoiicTBo U 060pynoBaHne BOOONPOBOAHbBIX
ceTen

3.6.1. O6wue TpeGoBaHUA kK MaTepuany Tpy6.
Tunsl Tpy6 u nx BbiGop

Bri6op Matepuasna TpyO MpencTaBisieT OTBETCTBEHHYIO 3amayy,
TaK KaK UX CTOUMOCTh B OTPOMHOI Mepe ONpe/esieT 3aTpaThl 1Mo
BCelt cUCTeME BOIIOCHAOXEHUS B 1IEJIOM.

K Tpy6ornpoBoaam npeabsBasioT psin TpedboBaHuil. CTposimecs
B HACTOSILIEE BpeMsl CETH M BOMNOBOIBI XapaKTePHU3YIOTCS 3HAYM-
TENIbHBIMHU 00bEMaMU U TPYAOEMKOCTBIO CTPOUTEIBHBIX U MOHTAX-
HBIX paboT, a TAKXKEe CJIO0XHOCTbIO MHXEHEPHBIX peureHuii. [Toato-
My HeoOXxomuMa HajibHeHIIass WHIYCTPUANU3alUS CTPOUTETBHBIX
¥ MOHTaXHBIX paboT, MpeaycMaTpuBaolas UCIoJIb30BaHNE COOp-
HBIX KOHCTPYKUMI, U3rOTaBJIMBaeMbIX Ha 3aBO/IaX U MOHTHUPYEMBIX
Ha CTPOUTENBHBIX TUIOIAAKaX. B Hanbosbleit Mepe 3TUM TpeboBa-
HUSM OTBEYalOT TPyObl 3aBOACKOTO M3TOTOBJIEHMS, 0becreunBao-
I[H€ JIETKOCTb, OBICTPOTY U HaNEXXHOCTbh MOHTaXa CTHIKOBBIX CO-
€IUHEHHUI U Y3JI0B.

B cucremax BomocHaOXeHUS JOJIKHBI MPUMEHSITBCS TPYOBI, Ma-
TepUaibl KOTOPBIX O€3BPEIHBI IS 30POBbS UeoBeKa. TpyObl 10-
KHBI 0071a71aTh BBICOKUMU aHTUKOPPO3UOHHBIMM CBOMCTBAMU IO
OTHOLIEHMIO K BO3JENCTBUIO TPAHCTIOPTUPYEMOI BOIBI, MTOA3EMHBIX
BOJI, TPYHTa, OJYXXAAIOWMX TOKOB U T. M. [IpaBUIbHBIN BBIGOP Ma-
Tepuaga U MOKPBITHUS TPYO MPUMEHUTEIBbHO K KOHKPETHBIM YCJIOBU-
SIM CTPOMTEILCTBA U SKCITyaTaUUH MO3BOJISIET 3HAYUTEIBHO YBEJIHU-
YUTb CPOK MX CJYXObl U CHU3UTh 3KCITJTyaTAUMOHHBIE PAaCXOMbI.

[ITepoxoBaToCcTh BHYTPEHHE MMOBEPXHOCTH TPYO BJIMSIET Ha 3a-
TpPaThl 9HEPTUHU TI0 TPAHCIIOPTUPOBAHMIO BOIBI. [103TOMY BHYTpEH-
HSIsI TTOBEPXHOCTh JOJI)KHA OBITh T/IaAKOil U HE M3MEHSITLCS B IIPO-
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1ecce IKCIUTyaTaudyu. DTO 3aBUCUT OT NPUMEHSIEMOro Marepuana,
TEXHOJOTUU M3TOTOBJIEHUS, KayeCcTBa TPAHCTMOPTUPYEMOI BOMBI,
BUJIa BHYTPEHHETO TTOKPBHITHSI.

HanexHocts paGoThl TpyOOTIpOBOa BO MHOTOM OTIpeIeIsieTCs
MPaBUJILHBIM BBIOOPOM TTPOYHOCTHBIX XapaKTEPUCTUK U UX COOTBET-
CTBHEM BHEUTHUM U BHYTPEHHUM Harpy3Kam, BO3IeHCTBYIOIIMM Ha
tpyborpoBon. KpoMe Toro, TpyOobl ¥ MX COEIMHEHMS TOJDKHBI OCTa-
BaThCSI TEPMETUYHBIMM B TTPOLIECCE BCETO MepHoaa IKcIutyatauuu. Ot
3TOTO 3aBUCAT KOHOMUYHOCTh W HAOEXHOCTh CHCTEMBI MOmAYH
M pacnpeesieHUsT BOIBI, a TAKXKe €€ CAHUTAPHOE COCTOSTHHE.

s cTpOUTEIBLCTBA HATIOPHBIX BOAOBOMOB U CeTeit TPUMEHSIOT
cTaJbHbBlE, YYTYHHBIE, acOeCTOIIEeMEHTHBIE, TIJIACTMACCOBBIE, XeJe-
300€TOHHBIE U ApYTHe TPYOHI, Mg Oe3HAMOPHBIX — OETOHHBIE TPY-
OB, a TAKKE OTKPBIThIE KaHa/IBI U3 OETOHA, Xele300eTOHa U 3eM-
JISTHBIE C OJEXIOM JHA U OTKOCOB pa3IMYHOTrO THUIIA.

YyryHusle TpyOBl [UIsi HATIOPHEBIX BOJOBOMOB U CeTeM TIPUMEHSIOT
JIByX TUTIOB. TPYOBbI, M3rOTaBJIMBAEMBbIE M3 CEPOro YyryHa MeTodaMH
LIEHTPOOEXHOTO ¥ MONYHETPEPLIBHOTO JIUTHST AMaMeTpoM 65—1000 Mm
C pacTpyOHBIMHM CTBIKOBBIMU COETMHEHUSIMU, U TPYOBI, H3rOTAaBJINBA-
eMble auamMetpaMu 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,
OTJIMYAIOLIMUXCS APYT OT JApYyTra TOJIIUHON CTEHOK M, C/el0oBaTeNIbHO,
BBbLIEPXUBAIONIMX pa3TMYHOE JaB/IeHHUE.

st coemHeHUsT TpyO B NEPBOM CJTy4yae MCIOJIb3YIOT CMeCh acOe-
CTa, LIeMeHTa ¥ Bonbl. B KauecTBe HAOMBKH MTPUMEHSIIOT TIPOCMOJIEH-
HYIO WIH OUTYMWHW3MPOBAHHYIO NMEHBKOBYIO Mpsiib. KOHCTpyKIUs
CoeIMHEeHUM 3TUX TpyO Moka3aHa Ha puc. 3.9. Ilpu coemuHeHUM K-
JIMHIPUYECKHH KoHell TpyO I BBOAAT B pacTpyb 2 yOXeHHON TPYyOsl
TaK, 4TOOBI 3a30p MEXIy TAaIKUM KOHLIOM M YIIOPHO# MOBEPXHOC-
ThIO pacTpyba coctaBisn 5—10 MM B 3aBUCHMOCTH OT AMaMeTpa Tpyo.
o Hayana 3aleJKu CTHIKOB TPYOBI LIEHTPYIOT. 3aTeM pacTpyOHYIO
1e/Tb YTUTOTHSAIOT MEHBbKOBOI NpsAbio 3 A obecrieyeHUs BOJOHe-
TIPOHULIAEMOCTH CTBIKOBOTO COEIMHEHUSI.

Jing ynepxXaHus psAK OT BBIAABIWBAHUS TUAPABIUYECKUM J1aB-
JIEHUEM YCTpauBaloT acbecToleMeHTHBIH 3aMoK 4. IIpu Heobxomu-
MOCTH 3aIIUThl acOecTOoLleMEHTa OT arpecCHMBHOTO BO3AEMCTBUS
TPYHTA U MOA3€MHBIX BOA pacTPyOHYIO 1IeNib Ha NIYOUHY 2—3 MM
3aMOTHAIOT U30JISLUEl 5, COCTOALIEN U3 TPYHTOBOM Kpacku U Ma-
cTUKM. BHyTpeHHee ucnbITaTe/ibHOE U paboyee gaBleHUE CMOHTHU-
pOBaHHOTO TPyOONpPOBOAAa HA3HAYalOT B 3aBUCHMOCTH OT KJjacca
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TpyO ¥ BHEITHUX Harpy3oK. OHU He OJXHBI OBITh BBILIE COOTBET-
ctBeHHO 1,5 n 1 MIla. IIpu riay6uHe 3a10XeHUs 10 4 M M JUaMET-
pe TpybomnpoBoma no 300 MM, Kak TMpaBWIO, YKJIaIbIBAlOT TPYOBI
knacca JIA. I1pu BHITIOJJHEHUHM COENMHEHMST TPYO YKa3aHHBIM CIO-
co00M, HECMOTPST Ha €T0 MPOCTOTY M IJTUTEJIBHOCTb NTPUMEHEHUS,
He 06GecrneynBaeTCsl paBHOIPOYHOCTb CTHIKOBOTO COEAUHEHUSI C OC-
HOBHBIM MaTepHanoM Tpyb, TpeOyIoTCsS 60JbIINE 3aTPATHl BPDEMEHH,
He TTOJTHOCTBIO MCTIOJNB3YIOTCS TTPOYHOCTHBIE XapaKTepUCTUKH ca-
MHX TPYO; KpOMe TOTO, 3TOT CITOCOO HE MEXaHU3MPOBAaH.

Puc. 3.9. PactpyOHoe coennHente YYTYHHBIX TPYD C yMIOTHEHHAMH
NeHbKOBO# NpAAbIO

CTBIKOBBIE COEIWHEHUST HA PE3WHOBBIX YIJIOTHUTENSIX TUOKHE,
00ecreynBalOT PaBHOIIPOYHOCTh C TPYOOH, TepMETUYHOCTh TPyOO-
MPOBOJA NMPU OCEBOM CMEIIEHNH 10 15 MM U yryioBo# nedopMaLinu
no 3—4 rpan. MOHTaxX CTBIKOBBIX COEIWHEHMN MeXaHM3MPOBaH,
BCJIEICTBUE YETO COKPANIAETCs TPYIOEMKOCTb M TaPAHTHUPYETCSI BbI-
COKO€ KauyecTBO paGoT.

BBuny paBHOIMPOYHOCTH CTHIKOBOTO COEIMHEHHUS C TPYOOIl MaK-
CUMaJIbHbIe 3HAYEHUS MCTIBITATEIBHBIX M pab0OYUX NaBJIECHUN MOTYT
OBbITh OOJIE€ BHICOKUMU TI0 CPABHEHMIO C UX 3HAUYCHUSIMU TSI 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 COEOUHEHMS TIPUBE-
neHa Ha puc. 3.10. B pactpy6e TpyObl 2 UMeeTcsl BHYTPEHHHUN KONb-
LIEBOW Ma3, B KOTOPBIH 3aKjanbIiBaeTcsl rpebeHb pe3MHOBOM MaHXe-
ThI 3. [epMeTH3alns CTHIKA 00eCTIeYnBaeTCs 3a CUET OOXKaATUS Cpel-
Hell YaCTH MaHXeThl IPU MOHTaXe M CAMOYIUIOTHEHHUS MaHXETHI
TPY TUAPABIUYECKOM AaBJeHUN. MaHXeThl H3roTaBJINBaIOT U3 pe-
3UHBI, HE coepxalleit BpeIHBIX BEIIECTB, BIMUAIOUIMX Ha BKYC,
LIBET U 3amax BOAbl. MOHTaX TpyO MPOU3BOAAT CJEAYIOLIUM obpa-
30M. B kospueBoit ma3 pactpyba BKJIAABIBAIOT YITJIOTHUTEILHYIO
MaHXxeTy. HapyXHbIif KOHel UMJIMHIPUYIECKOM JacTH I MOHTUPY-
eMOM TpyOBl CMa3bIBalOT rpaUTHO-TJIMLIEPUHOBOM cMa3koil. 3aTteM
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KOHEL MOHTHPYEMO#t TPYOBI C MOMOILBIO CTIELMAIBHOTO MOHTaXHO-
ro yCTpOWCTBA BBOIAT B PacTpyb yIOXEeHHOM TPYOHI.

Puc. 3.10. PacTpyOHOe coennHeHHE YYTYHHbIX TPYO Ha PE3HHOBBIX
YIUIOTHHTEASAX

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

HenocratkoMm Tpy0, BBITTyCKa€MBIX M3 CEPOTO YYTyHA, SIBJISIETCS
OTHOCUTEJILHO TIJIOXO€ CONMPOTUBJIEHUE MX IMHAMUYECKUM Harpys-
KaM. 3HaYUTENbHO OO0JIBIIYIO 00J1aCTh TPUMEHEHNS UMEIOT BBHICOKO-
MPOYHBIe TPYOBl U3 YyryHa ¢ apOBUAHBIM TpadutoMm (TY 14-3-
154-23-90), BbinepxxuBatonIre GONbIINE HATPY3KU U UMEIOLIINE JTyU-
1IMe MIacTHYeCcKHue cBoicTBa. Pa3pyireHue 4yryHHBIX TpYO MOXKET
MPUBOANTE K OCJIOXHEHUSM MPU JIMKBUAALWU aBapyuil U 60JbUIUM
norepsaM Boabl. KpoMe Toro, o6acte MpUMEHEHUST 3TUX TPYO orpa-
HUYMBAETCSA JOMYCTUMBIMH BHYTPEHHUMMU AaBIeHUSIMU. YyTyHHBIE
TPYOHl BeCbMa METAJUIOEMKH M0 CPABHEHUIO CO CTAJIbHBIMH.

Cranbhbie TpyObI BBIITYCKAIOT B IIMPOKOM OUaria3oHe AUaMeET-
POB, TOJIIIIUH CTEHOK, MApOK CTAJIM U PA3JTUYHBIX KJIACCOB TOYHOC-
TH. OHU 006J1a1a10T BBICOKOH MPOYHOCTHIO, OTHOCHUTEILHO HEOOb-
1ot Maccoi, MJIaCTUYHOCTBIO M TIPUMEHSIOTCSI TTPU MHAYCTPUAJb-
HOM MoOHTaxe. HemocTtaTkaMu CTalIbHBIX TpYyO SIBISIIOTCS
TIOABEPKEHHOCTb KOPPO3HH U 3apACTAHUI0, MEHBIINIH CPOK CITYXKObI
TI0 CPaBHEHHIO CO CPOKOM CITYXOBI HEMETAIITMYECKUX TPYO, BO3pa-
CTaHWe THIPABIUYECKOTO COMPOTHUBIIEHUS B IpoOLIECCe dKCIUTyaTa-
LIMH, €CJTU HE MPENYCMaTPHUBAIOTCSI COOTBETCTBYIOIIINE MEPBI.

M3-3a HEOOXOAMMOCTH 3KOHOMUM MeTaljla IPUMEHEHUE CTalThb-
HBIX TPYO CTPOTro OrpaHU4MBacTCs. s CTANBHBIX HAPYXHBIX TPY-
OOTIPOBOJIOB CUCTEM BOJOCHAOXEHUS 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%;

CIUPATbHO-1IOBHBIE TOHKOCTeHHBIE 0 TY 102-39-84;

BonorasornposoaHbie mo F'OCT 3262-75*.

ITpuMeHeHMe BGECUIOBHBIX CTATLHBIX TPYD 11€71eCO0Opa3HO B CITy-
yae, €CJIM pacyeToOM Ha TMPOYHOCTh YCTAHOBJIEHA HEBO3MOXHOCTD
HCTIOJIb30BAHUST CBAPHBIX TPYO.

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

T'OCT 380-88* — Ha yriaepoAMCTyIO CTalb OOBIKHOBEHHOTO Ka-
4YeCcTBa, NIPUMEHSIEMYIO IJISI U3TOTOBJICHUS IPSIMOIIOBHBIX, CITH-
PaNIbHO-IIOBHBIX M BOIOTA30MPOBOIHBIX TPYO;

T'OCT 19281-89 — Ha HU3KOJIETUPOBAaHHYIO BHICOKOKaYeCTBEH-
HYIO TOJICTOJIMCTOBYIO YU LIMPOKOIOJIOCHYIO CTajlb, MPUMEHSIEMYIO
st usroropieHust npsmomosHeix (IT'OCT 10706-76*) u cimpans-
Ho-10BHBIX (TOCT 8696-74*) Tpy®.

HauGonee mMpoKo NMpUMEHSIIOTCS TPYOB! U3 YIJIEPOIUCTHIX CTa-
Jieit 0OBIKHOBEHHOTO KauecTBa Kak Haubosiee nelieBbie M MeHee Je-
¢duuuTHbIe. TpyOHI U3 HU3KOJIETUPOBAHHBIX BEICOKOKAYECTBEHHBIX
CTaJIei IPUMEHSTIOT IPU CTPOUTENIBCTBE U BKCIUTyaTallMy TpyGOIIpo-
BOJIOB B YCJIOBMSIX HU3KHUX TeMIlepaTyp, npubausurenbHo 20 °C
M HUXE, a TAKXKe IpH Oosiee BRICOKUX TeMIlepaTypax, ecjiu obecrie-
YUBAETCSI DKOHOMHS CTAJIM B Pe3YyJbTaTe MCIIOJB30BAHUA TPYyO
C MEHBIIMMHU TOJIIIIMHAMU CTEHOK, YeM y TpyO M3 YrjepOaUCTHIX
cTasieif OOBIKHOBEHHOTO KayecTBa.

B cooTBeTCTBMU ¢ MPOYHOCTHBIMU pacyeTaMu AUAMETPHI TPYO
d,, B ciCTeMax BOLOCHAGXEeHUSI 3aBUCST OT TOJILUMHBI CTEHKH

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

TpyOb! BBIITYCKAOT Pa3IMYHBIX IPYIII C TapaHTHEN KaK BCEX, TaK
W OTAEJIbHBIX XapaKTePUCTHUK: MEXaHMYECKHUX CBOMCTB, XUMHUYECKO-
ro cocTaBa, UCTIBITATENILHOTO naBieHUs. KpoMe Toro, TpyoOs!, uMe-
IOL[AE OAWHAKOBbIE rapaHTUPOBAaHHbIE MEXaHUYECKHE XapaKTEpUC-
THUKH, MOTYT OBITb U3TOTOBJIEHBI U3 CTaJICit, MOMYYEHHBIX pa3anuy-
HBIMU criocobaMm.

Be160p Mapku cTaju MpOU3BOIAT IO HOPMUPYEMBIM CTaHIApTa-
MM N0KAa3aTeNisIM CTaJIM U MEXaHUYECKUM CBOIICTBaM, a IpH UX OT-
CYTCTBUM — IO 3HAYEHUIO rapaHTUPYEMOIO MCITBITATENIbBHOTO THI-
pPaBIMYECKOro JaBJeHUS TPYOHI.
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TpyObl U3 YIrIepOAUCTONH OOBIKHOBEHHOTO KayecTBa KUMALIEH
cranu (KIT) xapakTepu3yroTcs: xJ1agHOJIOMKOCTBIO, B CBSI3U C YEM MX
HE CJIeAYET NMTPUMEHSTD IIPU CTPOUTEBCTBE U BKCIUTyaTalluu Tpy6o-
TPOBOJIOB B YCJIOBUSIX HU3KUX TeMItepaTyp (MuHyc 10—20 °C).

Tpy6s! u3 nonycnokoiiHoii (I1C) u criokoitHoit (CIT) cranu 06-
JIaNaloT MEHBLIEH CKIIOHHOCTBHIO K XJIAMHOJOMKOCTH, MO3TOMY HX
MPUMEHSTIOT TIPU CTPOUTETBCTBE U IKCILTyaTaLlUHM B YCIOBUSIX DOJIce
HU3KHUX TeMITepaTyp.

TpyObl U3 HU3KOJIETUPOBAaHHBIX CTaJIEH 11eJeco00pa3Ho MpUMe-
HATb, KOTAA B MIEPUO CTPOUTEILCTBA U IKCILTyaTallMu CTEHKH TPyO
MOTYT OXJIAIUTLCSI 1O BeCcbMa HU3KMX TeMmepaTtyp (MuHyc 20 °C
U HUXE).

TpyOBl 13 HepxXaBelolllel CTaau UCIIONB3YIOT B PpEareHTHOM XO-
3MCTBE ISl TPAHCTIOPTUPOBAHMSI aTPECCUBHBIX pacTBOPOB. st BO-
J03abopa NMoA3eMHBIX BOJ MPUTOJHBI GeclIoBHBIE 06cagHBIEe U OY-
pUJIbHEIE TPYOBI.

BBuay Toro 4To OCHOBHBIM CIIOCOOOM COCOWHEHHUS CTaJIbHBIX
Tpyb SABNIETCS CBapKa, HEOOXOMMMO YUYUTBHIBATh UX CBAPUBAEMOCTD,
KOTOpast yXyIlIaeTcsl ¢ MOBBILIEHUEM colepXaHUs yraepona. Ilpu
. MOHTaXe Y3JIOB TpyOOITPOBOAOB yNOTPEOJSIOT THYTHIE, IITaMITO-
CBapHbIC M CBapHBbIC CTAJbHBIE (PAaCOHHBIE YaCTH, TIPUBApUBaeMEIE
K TpyOam.

CpoK CcHyXObl MeTaLIMYEeCKUX TPyOONpOBOAOB, HAIEXHOCTB
¥ 3 PEKTUBHOCTD UX 3KCITyaTallUU OTIPEIeNISIIOTCSI B OCHOBHOM
CTENEHbIO 3aIIUTHl METa/ula OT KOPPO3UU. BHYTpEHHSISI KOppO3Us
BCJIEICTBHE POCTAa BEICTYIOB IIEPOXOBATOCTH IPUBOIUT K PE3KOMY
CHUXEHHIO TTPOITYCKHOM CMTOCOOHOCTH TPYOOIIPOBOIOB, UTO, B CBOIO
oyepeab, MPUBOIUT K COKPAIEHHIO CpOKa CIYKObl, 3HAYUTETBHBIM
3aTpaTaM Ha PEMOHT, MepeKIaaKy U MPOKIAnKy MOMOJTHUTETbHBIX
JIMHU, TIepepacxoy 3JIeKTPOIHEPTHUH.

CylIecTBYIOT IBa METOMA 3allIMTHl METAJUTMYECKUX TPYO OT KOp-
PO3WH: MAaCCUBHEIN U aKTUBHBIN. K IMTacCHBHOMY METOAY OTHOCHUT-
Cs M30JISILMS HapYXHOM WJIM BHYTPEHHEH MOBEPXHOCTH TPYO MIM
MOKpPBITHE TPYO CrHeUUaIbHBIMA 00O0JIOYKaMH, K aKTUBHOMY —
9JIEKTpUYECKasl 3alInTa.

YyryHHBIe TPYOBI Ha 3aBOJIaX MOKPHIBAIOT CIIELIMATbHBIMU aHTH -
KOPPO3WOHHBEIMU MacTUKaMHU, KOTOphIE B TeUeHHE HEKOTOPOTO Bpe-
MEHH 00eCTIeYnBaIOT 3aILMUTY OT KOPPO3UH.

AHTHKOPPO3HOHHYIO 3alIUTy CTATbHBIX TPYO BEITIOJNHSIOT NEpeN
WJIU B IIpoLiecce MX YKJIanKu. [list HapyXHON U30JSIUUU UCTIONb3Y-
10T OUTYMHO-MHHEpaJIbHbBIE, OUTYMHO-TIOJIMMEPHEIE, TTOJTUMEPHBIE,
STHJIEHOBBIE U IPYTHE TTOKPBITHS.
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B MHMpOBOIi IMPaKTHKE CTPOUTEIBCTBA METAJUTMYECKUX BOIOTIPOBO-
JIOB TMOJIYYWJIM PacIipoCTpaHeHUE BHYTPEHHME TTOKPHITHSI HA OCHOBE
emeHTa. OHU MOTYT HAHOCUTBCS KaK Ha HOBbIE TPYOBI, TaK M Ha
TPYOBI, HAXOMSIIIMECA B IUIMTEIbHOMN dKcTuTyataliiy. CyliecTByeT He-
CKOJIBKO CITOCOOOB HaHeCEHUs TOKPBITUI Ha HOBBIE TpyObl. Hau-
GoJibliiee pacrpoCcTpaHeHHUEe UMEET METO/ LIeHTPUDYTHPOBAHUS.

CpencTBOM 3alLIUTHI AeHCTBYIOMIMX TPYOOTIPOBOIOB OT KOPPO3UU
ABJIIETCA OYMCTKA BHYTPEHHE! MOBEPXHOCTU M HAaHECEHUE aHTHU-
KOPPO3WOHHBIX TOKPBLITHIA. [TporyckHas crmocobHOCTh TpyOOTTPOBO-
JIOB TOCJIE TIPOYUCTKHU cocTaBisieT 95—~97 % mnepBoHauanbHOW. s
HaHECEHUST TIOKPBITUN TaKXe CYILIECTBYET HECKOJHKO CIOCOOOB
B 3aBUCHMOCTH OT AMaMeTpa TpyOOIpOBOIOBR.

Hns co3gaHvisi HA BHYTPEHHEHN MOBEPXHOCTU TPYO MOJIMMEPHBIX
TIOKPBITUH TTPU BBIMOJIHEHUN PEMOHTHO-BOCCTAaHOBUTENIBHBIX paboT
MPUMEHSIETCST METOJ TMPOTACKWMBAHWS BHYTPU IKCIUTYaTHPYEMBIX
TpyOGOTIPOBOMOB TUIETEN M3 TTOJIMMEPHBIX TPYO.

HInpoko UCTob3yIOTCS JTaKOKPaCOYHBIE TIOKPHITHS, o0ecreun-
BalOIIME MPOCTOTY TEXHOJIOTMYECKOTO TIPpoilecca, BHICOKYIO UHIYC-
TPUATN3AIUI0O ¥ CPABHUTENBHO HU3KYIO CTOMMOCTb.

3auuTa BHyTPEHHEW MOBEPXHOCTH TPYO MOXET OBITh OOecneye-
Ha ¥ METoJlaM¥ CTa0WJIN3alIMOHHOW 00pabOTKM BOIHI.

K akTuBHBIM MeTOIaM 3alUTH METAIIMYECKUX TPYOOIIPOBOIOB
OT KOPPO3UM OTHOCHUTCSI KaTOMHAs 3allMTa, KOTOopasi OCHOBaHa Ha
3IEKTPOXUMUUECKON TeOpUM Koppo3uu. M3-3a He3HAUUTETBbHBIX
3aTpar 3JEKTPOIHEPruU 3TOT BUJ 3aLUUTHI LieJiecooOpa3eH Kak JI0-
MoJIHUTENIbHAS Mepa. K ToMoMHUTEIbHBIM METOIaM OTHOCUTCS TaK-
€ CIoco0 HaHEeCEHHUS] LIMHKOBOTO MOKPHBITHUS.

TpyGorpoBoakl, YIOXKEHHBIE BIOAb 3JIEKTPUGDUIIUPOBAHHBIX JI0-
por, MoABEPralTCcs AeNCTBUIO OYXKIAIOUIMX TOKOB. [Tox ux Biud-
HUEM MPOUCXOIUT pa3pyllieHUe MOBEPXHOCTH TPyD. 3amura Tpyo oT
WX IEMCTBUSL COCTOUT B NMPEIOTBPALIEHUN 00pa30BaHUS 3THX TOKOB
MyTeM ClelragIbHOro 000pYAOBaHUS PEJIbCOBBIX MYTEW INEKTPO-
TpaHCIIopTa.

XKeneszo0eTonnsie TPyObl 001a1aI0T KOPPO3UOHHOMN YCTOHYNBOC-
ThIO, SIBJISTIOTCST IUAJIEKTPUKAMHU, CTIOCOOHBI COXPAHATh B YCIOBHSIX
9KCIUTyaTallMu TNAAdKYyl0 MOBEPXHOCTh, UMEIOT MalTyl0 METaJJTIOEM-
KOCTb U OOJIBIIYIO NOJATOBeYHOCTh. HemocTaTkoM MX sIBJISIETCA 6O0JIb-
1ras Macca.

HarnopHbie xeje306eToHHBIE TPYOBI, U3rOTaBIMBaeMble METOA-
Mu BuGporunpornpeccoBanust (FTOCT 12586.0-83 u T'OCT 12586.1-
83) u uenrpudyrupoanust (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 ceyeHusi. KoOHCTpyKuMst pacTpyOHOTO COemMMHEHUST
BUOPOTHAPONIPECCOBAHHBIX TPYO MpeacTapieHa Ha puc. 3.11, a ueH-
TpUGDYTUPOBAaHHBIX — Ha pUc. 3.12. KOHCTPYKIIMU CTBIKOBBIX CO-
eIUHEHWI pacCUMTaHbl HA BO3MOXHBIE YIJIOBBIE AedopMauuu Tpy6
B coemrHeHUM okojio 0,75—1 rpan.

RIS
TN N
O

:

T

¢

Puc. 3.11. CTpikoBOE COelHHEHHE KeJ1e300eTOHHBIX NpeIBAPHTEIbLHO
HanpsiKeHHbIX TPYO, M3rOTOBJIEHHBIX METOAOM BHOPOrHIPONPECCOBAHMS:
1 — pactpy0; 2 — HanpsiXeHHasl CIIUpaJibHasi apMatypa; 3 — pe3uHOBOE

KOJIbLIO; 4 — BTYJIOYHBIA KOHEL[ TPYObl

|
5 v J 2

Puc. 3.12. CTpiKOBOE coeauHeHHEe PACTPYOHBIX KeJie300eTOHHbIX
NpeiIBAPUTE/IbHO HANPSAKEHHbIX TPYO, H3rOTOBJEHHbIX METOIOM
HEeHTPUDYrHPOBAHHS:

1 — pactpy6; 2 — BTYJIOUHBI! KOHEL[ TPYObI; 3 — pe3UHOBOE KOJIbLO; 4 —
YIIOPHBINA OYyPTHK; 5 — 3alIMTHBIN ciioii GeToHa

MoHTax TpyObl HAUMHAIOT C TOTO, YTO Ha €€ BTYJIOYHBIH KOHELL
HaZeBaloT Pe3UHOBOE KOJIblI0. 3aTeM 3TY TpyOy KpaHOM WU Tpybo-
YKJIaAYMKOM OMYCKAaIOT B TPAHILIEIO U LIEHTPUPYIOT OTHOCHUTEJIBHO
pacrpy6a ynoxeHHOH TpyObl. JanbHeHIIMii MOHTaX 3aKJII04aeTCs
BO BBEJICHUM BTYJIOYHOTO KOHILIA YKJIaibIBaeMOii TpyOBl B pacTpy0O
YJIOKEHHOW C OTHOBPEMEHHBIM 3aKaTbIBAHUEM PE3MHOBOTO KOJIbLIA
B pacTpyOHy10 1IeJib. MOHTaX OCYILIECTB/ASIETCS C TTOMOLIbIO pa3-
JIMYHBIX MEXaHN3MOB ¥ NTPUCITOCOOJIEHUH.

CopraMeHTOM TpeyCMOTPEHO MU3rOTOBJIEHUE TPYyD THMaMeTpOM
ot 500 mo 1600 MM. B 3aBHCHMMOCTH OT pacYe€THOTO BHYTPEHHETO
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JaBJieHWs1 B TpyOOTpOBoAe TpyOB! MonpasnensioTcs Ha TpU Kilacca
npoyHocTu. TpyOs! I xnacca npegHazHaueHs! ISt IPOKJIAAKYU TPY-
GOTIPOBOJOB C paCYeTHBIM BHYTpeHHUM JaBieHueM 1,5 MIla, IT —
1,0 MITa u III xmacca — 0,5 MIIa. Ha 3aBone TpyObl NMoaBepraior
UCTIBITAHUAM Ha BOJOHENpPOHUUaeMocTh aapieHueM 0,6—1,8 MIla
B 3aBUCUMOCTH OT KJjiacca.

TpyOGonpoBOABI BCEX KJIACCOB B COOTBETCTBUM C TPEOOBAHUSMM
T'OCToB JOXHBI YKIIAABIBATECS Ha TYOUHY 2—4 M 1O Bepxa Tpy-
Obl B 3aBUCUMOCTH OT TPYHTOBBIX YCJIOBUi, BpEMEHHOW Harpysku
Ha MOBEPXHOCTD 3eMJIH, criocoba ONmupaHHst Ha OCHOBAaHHE U CTerle-
HU YIUIOTHEHUS 3aCBIMKHU.

Kak mokaspIBaloT pacyeThl, Xejie306eTOHHbIE TPYyObl Bcex Aua-
METPOB MOXHO YKJIaIbIBaTh Ha TIyOUHY OO 5 M 10 Bepxa TpyObl Ha
MJIOCKOE OCHOBaHHME M3 MEJIKMX IeCYaHbIX TPYHTOB MPU HOpMaJlb-
HOU CTENEHU YIUJIOTHEHUS Ta3yX U pacyeTHOM BHYTPEHHEM JaBie-
Huu po 1,0 MIla. Inst ykinagku Tpyb ¢ 60j1ee BBICOKMM BHYTPEH-
HHUM JaBjieHUeM TpeOyeTcst CripodUIMpOBaHHOE TPYHTOBOE OCHOBA-
HHUE MOJ BBIKPYXKY ¢ yrjioM oxsata 90—120 rpax nubo 6eToHHOE
WU XKeJIe300eTOHHOEe OCHOBaHHUE.

Cy1iecTByeT JOKYMEHTAUMSA Ha U3TOTOBJIEHUE XKeJIe300€TOHHBIX
HaroOpHBIX TPYO CO CTAJIbHBIM LIMJIMHAPOM Ha AasieHue no 1,0 MIla.
XKenezobeToHHbIE TPYOBI MOTYT ITOABEPTraThCs KOPPO3UU, €CIH OHU
VJIOXeHbl B arpECCUBHBIX TPYHTAX, Ilie BO3MOXHO BIUSTHUE TIPOU3-
BOACTBEHHBIX CTOYHBIX BOX M CHJIbHOMUHEPATU30BAHHBIX arpecCUB-
HBIX MOA3eMHBIX BOJ. B aTOM ciIyyae HapyXHYIO TTOBEPXHOCTb TPYO
TTOKPBIBAIOT OMTYMOM HJIM Ky30acc-JIaKoM.

st coeqUHEHMsT XKeJle300eTOHHBIX TpYO ¢ TpyOdaMu M3 APYTUX
MaTepyaJioB IPUMEHSIIOT CTaJIbHbIe CBapHbIE BCTABKHU.

AcbecTounemMeHTHbIE TPYObl UMEIOT MaJible MAacCy U TeIIONpPOBO/I-
HOCTb, NOCTaTOYHYI0 KOPPO3HUOHHYIO CTONKOCTb U SIBJISIIOTCS TH-
SJIEKTpPUKaMHU. Y HUAX HeGOJbIIOE TMIPABIMYECKOE CONIPOTUBIIEHHUE,
KOTOpO€ He3HAYUTEJIbHO MEHSIETCA B TIpoliecce 3KcItyaTaiuu. He-
00X0IMMO YYUTHIBATh BO3MOXHOCTh BHEIIHEH KOPPO3UM 3TUX TPYO
MOJ BO3AEHCTBUEM BEIECTB, pa3pyHIAIONIUX COCAUHEHMSI, BXOMS-
LIA€E B COCTaB acbecToleMeHTa (TuapaT OKMCH KaJiblius, KapOoHaT
KaJIbLUsl, CUJIMKAT KaJIblIUs, KapboHAT 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 TOSIBASIIOTCST HATIPSIKEHUSI, KOTOPBIE MOTYT TPEBBIIATD AOIY-
CTUMBIE, U B CTEHKE IMOSABJISIOTCS TPEUIMHBI, OOHAPYXUBaOUIHECS
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JIUIUB TIPU TUAPABIMYECKUX UCITBITAHUSAX. ACOECTOLIEMEHTHBIE TPY-
661 HEOOXOAUMO YKJIaAbIBATh B HEHAPYIUEHHBIA FPYHT, YTOOBI HUC-
KJTIOYUTH TTPOCATKY.

AcbecTouieMeHTHBIe TPYOBI BeiTTycKatoTes o I'OCT 539-80. Tpy-
651 MTOApa3meNsAIoTCa Ha 4eThipe Kaacca: BT 6 (paGoyee maBneHue
0,6 MIla); BT 9 (0,9 MTITa); BT 12 (1,2 MIla) u BT 15 (1,5 MTITa).
Pa6boyuM naBieHUEM SIBIIIETCS MAaKCUMAIbHOE THAPABINYECKOE JIaB-
JIEHWE, TIPM KOTOPOM MOXET OBITh UCIOJb30BaHa TpybGa JTaHHOTO
KJ1acca MpHu OTCYTCTBMM BHELIHeW Harpy3ku. Kiacc Tpy6 onpenens-
10T pacyeToM, B KOTOPOM YYUTHIBAIOT YCJIOBHS 3KCILTyaTalluu. Tpy-
GBI KaXIOro Kjacca B 3aBUCUMOCTH OT BHEIIHETO AUAMETpa U T~
HBI TOAPA3NeNIIOTCsA Ha TpU TUMa. TpyObl MEepBOTO THUIA BBIITYCKAIOT
anametrpoMm 100—500 MM, mnuHON 3—4 M; BTOPOro — AMaMeTPOM
200—500 MM, muHOM 5 M; Tpetbero — nuaMerpoM 200 u 300 MM,
IUTHOI 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 KOJIblA.
MomnTax TpybornpoBoaa ¢ npuMmeHeHueM MydT Tuna CAM mnpous-
BOAUTCA ClieAyIOUIMM ob6pa3oM. B massl My(dThl BCTaBIAAIOT YILIOT-
HUTEJIbHbIE Pe3WHOBBIE KOJbLia. 3aTeM My(TY HaABUTalOT Ha BCIO
IUTUHY Ha KOHell TIPUCOeIUHSIEMOil TpyOhl, TIOCTIe Yero ee OmnmycKa-
10T B TPaHIIEI0 W LEHTPUPYIOT C paHee YJIOXeHHOU Tpy6oit. dns
HaJBUTaHUS MY(DTHI UCTIONB3YIOT BUHTOBOW JOMKPAT, KOTOPHIi yC-
TAHABJIMBAIOT U 3aKPETISAIOT Ha paHee YJIOXEHHOM Tpybe.

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

MoHTax TpyGOIIpOBOAOB Ha UYTYHHBIX (DIaHLIEeBBIX MydTax mpo-
U3BOJUTCA B TaKoM ropsaxke. Ha xoHel paHee yJloXeHHOU TpyOB!
HaneBaloT (aHell, pe3WHOBOE KOJBLO U BTYJIKY MydThl, a Ha KO-
Hell MpUCOeNNHsIEMOM TPYyObl — BTOpO# (iaHell W pPe3WHOBOE
KosbLo. ITocne LeHTPOBKY (IaHLIbI CTATHBAIOT C TIOMOIIBIO OOJITOB
¢ waiibamu. YyryHuele My@dThl YIOOHBI IPH PEMOHTE WJIM 3aMEHE
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yacTu TpyborpoBoaa. OOHAKO CTSIKHBIE OOJTHI MOTYT pa3pyIluaThbCst
Koppo3ueii. B acbecToueMeHTHBIX TpyOOIpoBoaax B OOJBUIMHCTBE
cJIyyaeB MCIOJNIB3YIOT UYYTyHHBIEe (DacOHHBIE JeTaiu. B rocienHee
BpeMS TTOSTBUJIMCH JaHHBIE O TOM, YTO 3TH TPYObI COAEpXKAT Belle-
cTBa, HeDe30oMmacHbIE JUIST 3MOPOBhS YeloBeKa.

Puc. 3.14. Crbik ¢ uyrynHoii ¢aanuesoii mydroii:
1 — acbecrouemeHTHast Tpyba; 2 — pe3uHOBbIe KojbLa; 3 — BTY/IKa; 4 —
CTSEXHOM 60T; 5 — (haHLbI

ITnacTmaccoBbie TPpyObI 00JIaNalOT PSIZIOM CBOICTB, BHITOZHO OT-
JIMYAIOLIMX UX OT TpYO U3 TpaadULIMOHHBIX MaTepuaioB. IloTtepu Ha-
rnmopa Ha TpcHHEe B HUX NMpubausurenbHo Ha 30 % MeHblie, 4eM
B METANIMYECKUX TpyOax. OHU HE MOABEPXEHBI JIEKTPOXMMUYEC-
KO KOppo3uu. B HUX HE MPOUCXOUT yBETUUEHUE COITPOTUBIICHUS
BO BPEMEHM.

I'mapaBnuyeckuil ynap, BO3HHKAWOIIMA B TpyOOmpoBoaax H3
TJIACTMACCOBBIX TPYO, 3HAUYUTENbHO ciabee M3-3a Oojee HU3KOTO
MoOnynst ynpyroctu Matepuana. OHU UMEIOT MEHBIIYIO Maccy Io
CPaBHEHMIO C IPYTUMH TpyObaMu. BeposATHOCTH pa3pylIeHUsT ITUX
TpybONpOBOAOB NMPU 3aMep3aHMU B HUX BOJBI MaJia.

ITnactMaccoBbie TpyObl MPUMEHSIIOT IJIST HAPYXKHBIX CETEH BO-
NOCHA0XEeHUS MOCENIKOB, NaCTOUIIIHOTO, JIOKAIBHOIO U IPYNIIOBOIO
CEJIbCKOXO3STCTBEHHOTO BOJIOCHAOXeHUsA. OHM MEePCIIEKTUBHBI ITPU
ITIPOKJIaJIKE CETEW B arPECCUBHBIX TPYHTaxX, B CEHCMUYECKMUX pailo-
Hax, B TOPUCTOI U OONOTUCTON MECTHOCTH, TAE MPUMEHEHME IpY-
rux TpyO CBSI3aHO C AOMOJHUTEIbHBIMU 3aTpaTaMu. ONHAKO TLIacT-
MaccoBble TPYOBI HE 001a1al0T BEICOKOUW CONMPOTUBIISEMOCTBIO pa3-
JABJIMBAHUIO U UMEIT O00JblIoH KO03DOUUUEHT JUHEHHOTro
pacwmpeHus. B cucremax BogocHabXeHUsT pa3pelnaercs npume-
HSATB JIMUWB Te TPYOBI U3 MOJIMMEPHBIX MaTepHaoB, KOTOpbIe obec-
MEeYUBaAIOT COXpaHEeHUe KauyecTBa BOAHI. [I/isT HaApyXHBIX U BHYTPEH-
HHUX CETC BONOCHAOXEHUST MPUMEHSIOT TJIACTMAacCOBbIE HalOpHLIE
TpyObl U3 MOAU3TUIIeHA HU3KOM minoTHocTH (ITHIT) m monuatune-
Ha Bbicokoit muotHoct (ITIBIT) mo 'OCT 18599-83*. Haubonee
MOJHBLIN psiA HapyXXHBIX AuaMeTpoB (10—1200 MM) mpencraBieH
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3TuM 'OCToM Ha TpyObl U3 TIOJIMITUIIEHA BBICOKON TJIOTHOCTH
(TTOJTU3TUIEH HU3KOTO AaBjieHus). Beimyck Tpy® M3 moauaTtuieHa
HU3KOU TJIOTHOCTH (TMOJIM3THUJIEH BBICOKOTO NABJICHMS) TIpelycMar-
puBaloOT B quarna3oHe nuaMmerpos 10—160 MM. Yka3aHHBIe TPyOBI
narorasnuBaoT yeTbipex BUAOB — JI, YJI, U u T Ha pabouyee nas-
neHune coorsercrseHHo 0,25; 0,4; 0,6 v 1,0 MIla. DTn nasneHus
MPUHUMAIOT U3 YCJIOBUS MPEATIOIaraeMoro 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 maBiaeHHE COOTBETCTBEHHO
0,4; 0,6; 1,0 u 1,5 MIla B nnana3oHe auametrpoB 10—315 mM.

s cucteM BOMOCHAOXKEHMSI MOTYT TaKXe MPUMEHSTHCS HaIop-
HbIE TIONIUTIPOITUIIEHOBBIE TPYOBI, BhITTycKaeMbie o TY 38-102-100-89
muamerpamu 32—200 MM Ha pabouee masieHue mo 1,0 MITa.

C MoHMXeHHeM TeMIlepaTyphl TJIACTUYECKHE CBOMCTBA IUIACT-
MAacCCOBBIX TPYO YXyIUIAIOTCS, TO3TOMY JOJIXKHBI COOTIONAThCS Tpe-
0OBaHMA 10 X TPAHCIIOPTUPOBKE, Pa3rpy3kKe, XpaHEHUI0, MOHTAXY
u cBapke. IIpy HU3KHUX TeMIlepaTypax Hapy>KHOro BO3[yXa LeJeco-
o6pa3Ho MPUMEHSTH TPYOBI U3 MOJUITUIEHA BBICOKOW M HU3KOI
TUTOTHOCTH.

Tun coenuHeHUH TpyO BHIOUPAIOT B 3aBUCMMOCTH OT KOHKPETHBIX
YCIIOBUM paGoTHI M MPOKJIANKHA TPyOONIPOBOIOB, a TaKKe MaTepHaia
Tpy® M dacoHHBIX YacTei. HepasbeMHbIE COEMUHEHUST U3 TIOTUITH-
JIeHa BBICOKOI M HU3KOM TUIOTHOCTH BBIMOJIHSIIOT ¢ MOMOLUBIO CBap-
KW KOHTAKTHBIM HarpeBoM, a u3 [1BX — ckienBaHMeM WJIM ra3oBoi
MpyTKOBOi# cBapkoil. CoeIMHEHHUs TIJIaCTMAaCCOBBIX TPYO ¢ TpyGaMu
W3 IPYTUX MaTepHAJIOB BBITTOJHSIOT Ha (JiaHIIax.

Jns yknaasIBaeMbIX B TPYHT HarOPHBIX IJIaCTMAcCOBBIX TPyOO-
MPOBOJIOB CO CBAapHBIMU U KJICEBBIMU COCIMHEHUSIMU JIMHEIHAas
KOMTIEHCAIIUSI TEMITIEpaTYPHBIX HaTIpSDKEHUH, KaK ITpaBUIo, He Tipe-
nycMatpuBaercs. s CHUXKEHUS 3TUX HATIPSIKEHUM MTPU NPOKJIaz-
K€ B JIETHEE BPEMS YKJIa[Ky TPyOOIPOBOAOB B TPAHIIIEIO OCYIIIECTB-
JISIIOT «3MEIKOM».

C uenblo 3aMeUTIEHUST CTApEHUS TPYOBI M3 IIACTMACCHI JTOKHBI
OBITh 3aLUIIEHBI OT MOMAgaHUS COTHEYHBIX JTYYEH.

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

AHanu3 JOCTOMHCTB U HEJOCTATKOB TpyO pa3iWYHBIX TUITOB IO-
3BOJISIET NIPABWJIBHO MPOU3BOINUTD UX BHIOOP [UISl IPUMEHEHHUS B KOH-
KPETHBIX YCJIOBMSIX.
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Insa cucTeM BoaocHabKeHUs, KaK MPaBHJIO, HOJIKHBI IpUMe-
HATBCS HEMeETA/UTMUeCcKue Tpyobl. CTPOUTENIBCTBO HAIOPHBIX TPY6O-
MPOBOMOB M3 YYTYHHBIX TPYO B COOTBETCTBUM C TPeOOBaHWSIMU
CHull paspeluaercsl B npeaeyax HaceJeHHBIX MYHKTOB, TEPPUTO-
pHIi TPOMBIILIJIEHHBIX U CEJIbCKOXO3SIHCTBEHHBIX 00BbeKTOB. [1pH pa-
6ounux nmaBnmeHHssx cBeime 1,5 MIla momyckaercsi mpuMeHeHUE
CTaNbHBIX TpyD. OHM TaKXXe MOTYT MCIOJIb30BaThCs JUISI TIEPEXOJIOB
MOJ >KeJe3HbIMU U aBTOMOOMJIBHBIMU JOpOTaMH, 4Yepe3 OBparu
M BOIHBIE TIperpaabl, B MeCTax MepeceyeHUust X03siCTBEHHO-TTUThE -
BOr'0 BOJOTIPOBO/IA C CeTSIMU KaHaJIM3alluu, NpU NMpoKiaake Tpybo-
MPOBOJOB MO OMOpaM 3CTakal U B TyHHensiX. B BeduHOMep3ibix
Y TIPOCAIOYHBIX TPYHTaX JOMyCKaeTCsl TpUMEHEHUE KaK CTaIbHBIX,
TaK U IJIaCTMAacCCOBBIX TPYO.

3.6.2. Tpy6bonpoBoaHas apMmatypa CUCTEM
BOAOCHabXeHns

st oGecreyeHHs1 HOPMaJIBHOM 3KCIUTyaTallM BOAOIIPOBOMHAS
ceTh NOJIKHA OBITh 000pymoBaHa apMmaTypoii. TpybonpoBonHas ap-
Marypa IpeacTaBiisieT cO00M KOMIUIEKT YCTPOICTB IS peryvupoBa-
HUSI, OOCy:XXUBaHWUSI, pEMOHTA U O0ecrieyeHUs1 HaJexXHOH paboThl
cucreM BogocHaoxeHust. I1lo HazHayeHU1O TpyOornpoBoaHAasT apMa-
Typa ObIBaeT C/eAYIOUIMX BUAOB; a3pallMoOHHas1, Bonmopa3dopHas, 3a-
MTOpHasi, 3aOPHO-TNIPeNOXPaHUTeNIbHAS, TIPEAOXPAHUTENIbHAS, Pery-
supytoiast. OHa JOJIKHA OTBeYaTh psy TpeOOBaHUIA: COOTBETCTBO-
BaTh BHEUIHUM W BHYTPEHHUM Harpy3kaM Ha TpyOOIpoBO/I,
obecrneynBaTh TepMETUYHOCTh, HMETh HEOOXOIUMBIE THAPABINYEC-
KH€e, KaBUTALIMOHHbIE ¥ MPOTUBOKOPPO3UOHHBIE CBOICTBA, OTBE-
4yaTh TPEOOBAHUSIM HAlEXXHOCTH.

OCHOBHBIEC MapaMeTPBl apMaTyphbl XapaKTePHU3YIOTCS IHaMETPOM
ycsioBHoro npoxoza Dy, 3HaueHnst Kotoporo ycraHoseHsr [OCTow,
U YCJIOBHBIM HaBJICHUEM Py — HauOONBIIUM U30BITOYHBIM paboYUM
JlaBjieHueM Tipu teMmrieparype cpensl 20 °C. B xaTtajiorax Tpyoonpo-
BOJHOUM apMaTyphl B JOTIOJTHEHHE OOBIYHO YKa3bIBAalOT ee pabouee
U IpoOHOE aBJIEHUE.

AspanmoHHas apmMaTypa CJIYXHUT JUISt BITyCKa B BOXOIPOBOI M BbI-
Mycka “3 Hero Bo3nyxa. OHa HeoOXomauMa JUTsl yIaJeHHUsI BO3IyXa,
CKaTJIMBAIONLIETOCS B TMOBBILIEHHBIX TOYKaX TpyOOMpoBOIa B MpPo-
Lecce 3KCIUTyaTaluu U U3 YYaCTKOB BOIOBOIOB MPH MX 3aMOJTHEHUH
BOJIOiA, a TakxKe IJIST BITyCKa B MECTa pa3pblBOB CIUJIOLIHOCTH MOTO-
Ka, BO3HUKAIOUIMX 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/IyXa.
BaHTy3bl MOAPA3ENSAIOTCS Ha UIAPOBhIe, PhlUakHbIE U MEMOpaH-

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

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

i

BBII 1Iap K OTBEPCTUIO BTYIKU. [IpH CKOTUIeHUH BO3AyXa B BEPXHEA
YacTH BaHTY3a IIap OMYCKAaeTcsi BMECTE C BOMOMH, OTBEPCTUE BTYJIKHU
OTKPBIBAETCSI M BO3AYX BHIXONMUT HapyxXy. IIpyHUUIT neificTBUS pbI-
YaXXHOTO BaHTy3a aHaJOTWYEeH IMPUHIUMITY AeHCTBUS LIAPOBOTO.
MeMOpaHHble BAHTY3bl TpeAHA3HAYEHBI KaK IS yAaNeHUs, Tak
¥ JUIST BITYCKa BO3JlyXa B TPyOOTpOBOJ NpHU 0Opa3oBaHUM B HEM Ba-
KyyMa. BaHTy3bl BBITTYCKAIOTCS C TMAMETPOM TIPUCOEIUHUTETLHOTO
matpy6ka 50 MM M IMaMETPOM BBIITYCKHOTO OTBEPCTHUST 3—8 MM.
OHU paccUUTaHBl Ha HEOONBIIYIO MPOU3BOIUTENHLHOCTh U CIIOCO0-
HBI BBINTYCKATh BO3AYX TIPH JaBJIEHUM HUXeE, YEM B CUCTEMAX BOLO-
CHaOXeHMST. 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-KpPBILIKA; 5 —
BTYJIKa; 6 — IOJIU3THIEHOBBII LIap; 7 — HWXHUI daHel

Jl1st Briycka W BBITTyCKa GOJNBIIMX OOGBEMOB BO3IyXa MCITONb3YIOT-
cs aBTOMAaTHMYeCcKHe KJaIlaHbl [UIS BMycKa W BBIMIYCKA BO3AyXa
(KBBB), paspa6orannbie BOATEO. DTu xjamaHel BHITTyCKAIOTCS
D, = 400—500 mm.

Knaman mna Bnycka u 3ameMaeHus Bosnyxa (KB3B) npennasHa-
YeH JUISl aBTOMAaTUYeCKOTO BITyCKa BO3yXa B BOAOBOJ MpH 06pa3oBa-
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HUU B HeM Bakyyma. OH NIPUMEHSIETCS VTS TIPENOTBPALLIEHUS TUIPaB-
JIMYECKUX YAApOB, HAYMHAIOIINXCS C BOJTHBI MMOHVXEHUS NTaBIICHUS,
JUTST 3alIUTHI TOHKOCTEHHBIX TPYO OT fAehopMaliii B MOMEHT BO3HUK-
HOBEHMUS BaKyyMma TIpHM TIEpEXOJIHBIX pexXuMax, Ui BIyCKa BO3ayXa
nmpu omopoxHeHuu BonoBonoB. KB3B Beimyckawtcsa D,=50 u
150 MM Ha MakcUMaJIbHYIO Ttofady Bosayxa 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 OTIOPOXHEHUST TpyOONPOBOAOB B MMOHUXEHHBIX TOUKAX
KaXJIOTO PeMOHTHOTO Y4acTKa, a TaKXXe B MeCTax, TMPUHSTHIX s
IMTPOMBIBKM TPYOOTIPOBOAOB TMeEped CAayeil B OKCIIyaTalUio MO
OKOHYAHUU CTPOUTEJICTBA WJIM TIOCJIE PEMOHTA, YCTAHABAUBAIOT
BBIMYCKH. BBIMTyCcK npencrasisieT co60i KOPOTKYIO TPYOY € 3adBHXK-
KOW, TPUMBIKAIOLIYIO B HUXHEN YacTu ceueHus BogoBoaa. Ha uy-
TYHHBIX BOJOBONAX MPUMEHSIOT CTaAHAAPTHBIE BBIMYCKU, HA CTAllb-
HBIX — BBITIYyCK ITPUBapUBalOT K TpyOe.

Yepes BbINIYCK BoJa yAISIETCSI B BOJOCTOK, OBpar WM KaHaBy,
a eCJIM 3TO HEBO3MOXHO, TO B MECTE PACIIOJIOXEHUS BbIITYCKOB Ipe-
JIyCMaTPUBAIOT KOJOALbI, M3 KOTOPBIX BOIY OTKAYUBAIOT HACOCOM.
JuaMeTp BBINTYCKOB HA3HAYAIOT U3 YCJIOBUSI OTIOPOXKHEHUST 0OCy-
KVMBa€MbIX UMU YYacCTKOB BOMOBOJOB WJIU CeTell 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 XO3SIMCTBEHHO-TIUThEBBIE HYXABI W JUTS 3aTTOJTHEHUS pas-
JIMYHBIX eMKocTel. I1o npuHUMIy paboThl 3aMOPHBIX OPTaHOB OHa
ObIBaeT BEHTUJILHOTO, 30JIOTHUKOBOTO, IIaitGOBOro W KJlalmaHHOTO
TUIOB. Ee KOHCTPYKIIMHU OTJIMYAIOTCS OOJIBIIUM pa3HOOOpasneM.

OT60p BOABI HA XO3SIUCTBEHHO-OBITOBBIE HYXXABI MOXET OCYIIE-
CTBJIATBCS U3 YIMYHBIX BOJ03a00PHBIX KOJIOHOK, YCTaHABIMBAaEMbIX
Ha HapyXHOW BomomnpoBoxHOM ceTn. OHM 06eCeUnBaIOT MOJTHYIO
repMeTU3aurio TpyoonpoBOaOB, TPAHCTIOPTUPYIOIIMX BOIY, OT MOTa-
JaHUN 3arpsi3HeHUit u3BHe. 11 Lieseif MUTHhEBOrO BOAOCHAOXEHUS
TaKXe CIyXaT KOJOHKM — (POHTAaHYMKH, YCTaHaBJIMBaeMble B Iap-
Kax, cagax v Jpyrux Mecrax OTabixa.

IMoxxapHble THOPAHTHI UCTIOJBL3YIOTCS M LieJiei 0TOopa BOABI Ha
noxapotyuieHue. MIx ycraHaBIMBalOT B CMOTPOBBIX KOJIONLIAX Yepes
150 M. Takxe moxapHbl€ TUAPAHTHI TIPUMEHSIOT MJIsI 3aII0JIHEHUSI
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aBTOIMCTEPH MPU TMOJUBE 3€JeHBIX HACaXACHWN U MBIThE TIIOMIA-
et v ynuu. IToxapHble TMApaHTHI OGBIBAIOT Ha3e MHBIMU U TTON3EM-
HbIMU. HazeMHBIe ruapaHTBl 6€CKOJIONE3HOTO THTIA TTPUMEHSIOTCS
B CEJIbCKOM MECTHOCTU U MPUTOpOIHOI 30HE, TIIE€ OTnagaeT Haaob-
HOCTb B TTOA3EMHBIX TUIPAHTaXx.

Cyl11IeCTBYIOT KOHCTPYKIIMY TMIPAHTOB, COBMELIEHHBIX C BOAOPA3-
B6opHoIt KosoHKoM. TToxxapHble Mon3eMHbIC TMIPAHTBI YCTaHABINBA-
10T B BOIONPOBOAHBIX KOJIOALIAX, YTO YIOPOKXAET CTPOUTETLCTBO.

3anopHas apMaTtypa TipenHa3HayaeTcs I/ TIEPEKPHITHS TTOTOKA
B TpyborpoBoze. K Heit OTHOCATCSI 3aABUXKH, TUCKOBBIE TIOBOPOT-
HBIE 3aTBOPBI, BEHTUJIH, KpaHbl. 3aABUXKH 110 KOHCTPYKIIUH 3aI0op-
HOTO OpraHa MNOoApa3fcHsIOTCS Ha TmMapajieJbHble M KJIWHOBBIE
(puc. 3.16). B mapasnienbHBIX 3aABHXKaX MPOXOA KOpIyca rnepe-
KpHIBaeTCcsl OBYMS TapajijieIbHBIMM, MOIBUXHO COEIMHEHHBIMHU
MeXay coboit [ucKamMu, KOTOPbIE Pa3IBUTAIOTCSI OMHUM WU ABYMS
pacIoJI0XEHHBIMU MEXIY HUMHM KITHHBSIMH; B KIMHOBBIX — OOHUM
KJIMHOOOPA3HBIM KPYTJIBIM TUCKOM, TTOMEIIIEHHBIM B THE31a MEXAY
HaKJIOHHBIMH YIUTOTHSIIOLIUMM KOJIbLIaMU Kopryca. ITpeumyiiectso
TapajuIeJIbHBIX 33IBUXEK Tepel KIIMHOBEIMH COCTOUT B MeHBIIE
TPYAOEMKOCTH 00pabOTKHU YIUIOTHSIIOLIUX KOJIELl U MX M3HALIMBa-
€MOCTH, a TaKXe B MEHBIIIUX YCUJTUSX TTPU OTKPBIBAHUH TTOCTIE UTH-
TEJILHOTO HAXOXIEHUS B TTOJIOXEHUU «3aKPBITO». 3aJBUXKH U3TO-
TaBIMBAIOT C BHIABMXKHBIMU M HEBBIIBUKHBIMU IITTHHAETSIMH. BbI-
OBUXHOM IITUHAETb TPHU BpallleHUM COBEpUIAET ITOCTYIIATEIbHOE
IBUXEHWE, a HEeBBIIBUXKHOW — TOJIbKO BpaluateiabHoe. [lepBrie
MUMEIOT GOBUIYIO BHICOTY B IMOJIOKEHUU «OTKPBLITO» HA BEJIUUYMHY
XoHa LIMMUHAENSE. 3aABWXKH ObIBAIOT TMJIOCKUMHU, OBATHLHBIMU, KPYT-
JILIMU COOTBETCTBEHHO Ha HM3KOE, CpEIHEE M BBICOKOE JaBJIEHUE.
Onu BoINTyckatorcs Ha gasieHue 0,25—6,4 MIla B nnanasoHe aua-
MeTpoB 50—800 MM. Kopryc 3aaBuXeK M3roTaBJIMBAIOT U3 UyTyHa
npu Py 1o 1 MIa unu cranu npu 60IbLINX JaBACHUSIX. 3apyOex-
HBIMH (ppMaMM IJis U3TOTOBJIEHUSI OOLIETTPOMBILLIEHHOM apMaTy-
PBI LTIUPOKO MCITOJIB3YeTCsI KOBKUIT YYTyH, KOTOPHIH BbIIEPXKUBaET
0oJTbllIvie HATPY3KU U 3JIaCTUYEH, KaK CTab.

3aIBHXKHU BBITTYCKAIOTCS C PYUYHBIM, 3JIEKTPHYECKUM U T'MApaB-
JINYECKUM TTpUBoJaMu. [TepBble UCITOIB3YIOTCS NTPU OTCYTCTBUH He-
00XOIMMOCTH YaCThIX NMEPEKPBITHIT TPYOONMPOBOIOB; BTOPBIE — IPU
HaJIMYUM TTOTPEGHOCTU B CUCTEMATUYECKUX OTKPBIBAHMSIX W 3aKPbl-
BaHMAX, a TAKXe aBTOMaTU3alluu pabots! 3aaBuxek. [Ipu omacHo-
CTH TIOCJIEACTBUIM OTKIIIOUEHUSI DJIEKTPOTTUTAHUS BOJOIPOBOIHBIX
COOpPYXEHUI aBTOMaTUYECKOE OTKIIIOYEHHE 3aIBUXEK OCYIIECTBJISI-
€TCSI TUIPABINYECKUM ITPUBOJIOM.
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Puc. 3.16. CxeMbl 3a1BHKeK:
a, 6 — napayjieJibHbIe C PYYHBIM ITPUBOIOM C BBIIBMXHBIM ILTHHAEIEM; 6 —
KJIMHOBAs1 C PYYHBIM MPUBOJAOM M HEBBIIBIKHBIM LUTNMHLIEM; &, 0 — Tapai-
JIeJIbHBIE € 3JIEKTPUYECKUM W TMAPABIMYECKUM MpUBOAaMH; [ — 3aMOpHBIi
JIUCK; 2 — KOpITyC; 3 — KpblllIKa; 4 — LIIMWHAENb; 5 — CAIBHUK; 6 — IUTyp-
BajI; 7 — 3JIEKTPONPHUBOA;, & — MaXOBHK PYYHOro MpHUBOAa; 9 — LIWIMHID;
10 — nopuieHs



3anBHXKH GONBIINX IHAMETPOB 060PYAYIOT O6BOAHBIMU THHUSA-
MU, Ha KOTOPBIX YCTAHABIMBAIOT 3aJBUXKW MEHBIIHUX IUAMETPOB
JUUIS1 BBIPaBHUBAHUA JAaBJEHUS 10 M TI0CJe 3alIOPHOTO OpraHa ¢ 1ie-
JIbIO 00Jier4eHust OTKpbIBaHUsI. CoeAMHEHUE 3aIBUXEK C TPYOOIIpo-
BoZIOM — raH1eBoe. JJOCTOMHCTBO 3aIBUXEK — XOpollas repMe-
THUYHOCTB; HEIOCTaTKA — 3HAYUTE/IbHAsT Macca, TabapuTHBIE pa3Mme-
pbl, CTOUMOCTh U HEPABHOMEPHOE BO3pacTaHWEe THAPaBIMYECKOTO
COTIPOTUBJIEHUS B TIpOliecCe 3aKphIBaHUS. 3aIBUXKHU HEIleeco06-
pa3HO UCIOJB30BATh AJIs1 PETYJIUPOBAHUS MOAAYU, TaK KaK OHU HE
paccuuTaHbl Ha paboTy YaCTUYHO OTKPHITHIMU. B coBpeMeHHO#
MPaKTUKE OTAAETCS MPEATNIOYTEHNUE 3alBUXKaM C YVIIJIOTHEHUEM U3
3JJaCTOMEPOB — MAaTepPUaJIOB BBICOKOMOJEKYISIPHBIX CTPYKTYp. MX
MMpUMEHEHUE B 3HAUYUTEJIBHON Mepe pelnaeTt MmpobiieMbl obecrieye-
HUS1 B TEUEHHWE BCETO CPOKa IKCIUTyaTallu¥ TepMETUYHOCTH, KOPPO-
3MOHHOM CTOMKOCTH, HE3aCOPSIEMOCTH, MAJIOTO THAPABINYECKOTO
COTIPOTHBIIEHUSI, CAHUTapHOM TTpurogHocTH. CoBpeMeHHOEe HaIpaB-
JICHUE COBEPILIEHCTBOBAHMS 3aJBUXEK CBSI3aHO C cO3maHUeM Dec-
¢naH1IEeBBIX 3aBUXEK, UCKITIOYAIOIINX TPYAHOCTH 3KCIUTyaTalluU
¢aaHLEBBIX COEAUHEHUI Ha 6oaTax. MOHTaX 3aIBHXeK Ha TpyOo-
MPOBOAAX B 3aBUCUMOCTH OT KOHCTPYKILIMU MOXKET OCYILIECTBIISITCS
110 KAaMEPHOMY U OECKOJIOAE3HOMY THUITY.

K MHoOro11e/IeBOMy THITy OTHOCSTCSI KOJIbLIEBbIE 3aIBUKKHU. B 3a-
BUCHUMOCTH OT BapUaHTa MUCITOJTHEHUS YIIPABJISIIOLIETO OPraHa KoJib-
LieBas 3aIBUXKAa MOXET paboTaTrh B KAUECTBE 3alIOPHOTO YCTPONCTBA,
obpaTHOro KJalnaHa, JpOCCEIUPYIOLIEro yCTpOHCTBa, pEryasiTtopa
JIaBJIEHUs, COPOCHOTO YCTPOWCTBA, peryasaropa ypoBHs. OHHM XOpOILIO
ce0s1 3apeKOMEHIOBAIM TIPU CO3[ITaHWUU CPEACTB 3alIUTBl HACOCHBIX
CTaHUMH ¥ BOIOBOJOB OT IMApaBiIvueckKoro yaapa. O0wuii BUL KOJb-
LIEBOW 3aABUXKU C TUIPABINYECKUM TPUBOIOM IpEIACTABIEH Ha
puc. 3.17. OTKpbIBaHWE U 3aKpBIBAHWE KOJBLUEBON 33JBUXKU OCY-
HIECTBIISIIOTCST BOJO, TPAaHCITOPTUPYEMOIf TT0 TpyOOIIpoBOAY, Ha KO-
TOPOM 3Ta 3aIBMXKa ycraHoBjieHa. Eciu maBneHue TpybGomnpoBoaa
repenarh B MPOCTPAHCTBO A, a MpOCTPaHCTBO b COeNUHUTD C aTMO-
cepoit, To 3aABUXKKA OTKpoeTcs. 3aBUXKa 3aKpOeTCs, €CIIU JaBJie-
HMe U3 TpyOOTIPOBOAA TiepeaaTh B MPOCTPAHCTBO B, a TPOCTPaHCTBO
A coobnTs ¢ atMocdepoii. Hemoctatkamy 3THX 3aABUXKEK SBJISIOT-
CSl CJIOXKHOCTh U3TOTOBJIEHUST U BBICOKAsI CTOUMOCTb.

JnckoBsle mMoBopoTHBIE 3aTBOpsl (I13) mMeloT psin mpeuMy-
IIECTB Nepe 3aABIKKaMU: MEHbBIIasi Macca, rabapuTbl U CTOUMOCTD,
BBICOKME TTOKA3aTeNIM HaJeXHOCTH, OoJiee TIaBHOE U3MEHEHUE TH/I-
PaBJINYECKOTO COMPOTUBJIEHHUS TIPU 3aKPBIBAHUM, BOZMOXHOCTb Pa-
OOTBHI 3aTBOPOB HEKOTOPBIX KOHCTPYKIUIMUM B IPOMEXYTOUYHOM T10J10-
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xeHun. MX HemocTaTku — 6GoJjiee BBICOKOE THAPABTHUECKOE COTIPOTHB-
JIEHWE U HEeyI00CTBa, KOTOPbIE MOI'YT BO3HUKHYTh MPU MPOYUCTKE TPY-
GoripoBona. B MUpOBOit npakTHKe CYIIECTBYET MHOXKECTBO PAITUYHBIX
koHcTpykumit JI13, Beimyckaemsix B auanazoHe 60—2800 MM Ha
P,= 0,25—1,2 MIla. Ha puc. 3.18 npuBeneH OMCKOBBIif TOBOPOTHHIM
3aTBOP C YIUIOTHEHUEM Ha IMCKE, HAXOASILUICS B 3aKPBITOM MOJIOXE-
HUM, Ha ycoBHoe fdaBienne P, = 1 MIla.

¢ 5

21 6
Puc. 3.17. Koabuesas 3aaBuxKKa:
1 — xoprnyc; 2 — ruapouUMIMHAp; 3 — 3aMOpHBINA KianaH; 4 — MoplIeHb;
5 — yKazaTenb MOJIOXKEHUs KaraHa; 6 — ClIUBHas mpobka

O6wKM tst Becex KoHcTpykuuit [AI13 siBasieTcst MIMPOKOE HC-
MOJIb30BaHUE CUHTETUYECKUX MATEPUAaIOB U HUKEINS C LEJbI0 CO-
3NaHUSI TEPMETUYHOCTH 3aTBOpPa M 00eCreueHUs XOPOLIUX THIpaB-
JIMYECKUX, KABUTALIUOHHBIX U ITPOTHBOKOPPO3UOHHBIX CBOMCTB.

B xauecTBe MaTtepuana Koprnyca NpUMEHSIOTCS CTaTd Pa3TMIHBIX
MapoK Y YyryH. JJ1st 32Tl OT KOPPO3UH, BhI3bIBAEMOI1 JeHCTBH-
€M BOJBI U 3eMJIU, KOPITYC TTOKPBIBAIOT CMOJIOi UJTM OCYILECTBISIOT
SMaJIMPOBaHUE, INEKTPOCTATUUYECKOE HAHECEHUE TJIACTMACCHI.

[OT13 o6opynyoTcs MeXaHUYECKUM, SJIEKTPUUECKUM WM TUI-
paBJIMYECKUM NpUBOAOM. IIpuBOIOM MOXET 0OecrieunuBaThCs TUO0
MOCTOSAHHBIN KPYTALIMI MOMEHT, JUOO MpOrpaMMUPOBAHHBI —
COOTBETCTBYIOIIMH TpeObyeMoMy THIpaBIndYecKoMy pexumy. Hanbo-
Jiee OJIaronpUSITHBIM PEXHUMOM 3aKPBITUS SBJISIETCS MTPOrpaMMHpPO-
BaHHBII — OBICTPBIA B HAYAJILHOIN CTaOWUM W 3aMeIJICHHBIN B KOH-
1ie. DTO 0becTieYnBaeT paBHOMEPHOE U3MEHEHHE TUIPaBINYECKOTO
comnrpotuBnenus [AI13, a cnemoBateibHO, YMEHbBIIAET OMACHOCTH TMO-
BBIIIEHUS JaBJICHUS CBEPX HOIYCTHMOTO.

102



"4

N/

AN ANRN A

~ S a—

N

NN

-,
o E— -
S o STe— — , -

- -

Puc. 3.18. IuckoBblii NOBOPOTHBIH 3aTBOP:
1 — nuck; 2 — cemno; 3 — Ban;, 4 — pbiuar; 5 — NMPHXUMHOE KOJbLO;
6 — pEe3UHOBOE KONbLO; 7 — PYyYHOU WITypBan, & — 3J1eKTPONPUBON;
9 — KOHIEBO# BbIKJIOYaTeNb;, /0 — OyrenbHblit y3en; /1 — mwnuHge b

B xauecTBe 3amopHoii apMaTypel Ha TpyGOIIPOBOAaxX HEOOBIINX
JIUaMETPOB MOTYT MCTIONB30BATHCS KPaHbl BEPTHKAITBHOTO U 30J10T-
HHKOBOTO TUITOB, TIPUMEHSICMBIE B CAHUTAPHO-TEXHUUECKHX CUCTE-
Max. OnHaKo OHU UMEIOT OOJBILIOE THAPABIMYECKOE COMPOTHBIIEHHE
Y TIpH OBICTPOM 3aKpPhIBAHHH MOTYT BBI3BIBATh TUAPABINYECKW yaap.

ApMaTtypa 3anopHo-npeIoXpaHuTeJbHas MpeIHa3HaueHa IJIst OT-
KJIIOUeHUsT TPyOOIIpOBOIOB MPYU BOZHUKHOBEHUM OOpPAaTHOTO TOKa
Boabl. K Heil oTHOcSITCSl KnanaHbl oOpaTHbIE, BBITIyCKaeMble pa3-
JIMYHBIX KOHCTPYKLIHUI Ha YCIIOBHOE JaBJIcHUE Py = 0,25—4,0 MIla,
¢ perynmupyeMbeiM (puc. 3.19) M HeperynupyeMbIM 3aKpbIBAHUEM
(puc. 3.20). IlepBble BBHIMyCKAalOTCA B OMama3oHe JUaMETpPOB
200—1000 mM. OHM npenHa3HavYeHb! 11 6e3y1apHOTO OTKIIOYEHUS
TPYOONPOBOIOB M JISI YCTAHOBKM Ha aBTOMAaTH3WPOBAHHBIX HACOC-
HBIX CTAHUMSIX, TIPEAYCMAaTPUBAIOIINX MTYCK U OCTAHOBKY arperaTtos
Ha OTKPHITYIO 3aMOpHYI0 apMmaTypy. Ilon gelicTBMEM ITOTOKa BOJbI
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 TOBOPOTax Ha 22—28 rpax — 3aMeJIeHHO.
TopMoxXeHre AuUcKa ocyulecTBiIsieTcs aemMridepoM, B KOTOPOM Mac-
JIO TIOJ IaBJIEHHMEM OT ITOPIIHS MPOTEKaeT Yepe3 JAPOCCebHBIE OT-
BEPCTHUS U3 OHOM MOJIOCTH B APYIyI0. DTH KJIaMaHbl LIMPOKO MC-
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MOJIB3YIOTCSI B YCTPOMCTBAX 3alIUTH OT TMAPaBIMYECKUX YIapOB.
Knamanb! o6paTHBIE C ONHOCTOPOHHEN MOABECKOM, 3aKPbITHE KO-
TOPBIX HEPETYAUPYEMO, BBLITTYCKAIOTCS B OMAana3oHe AUaMETPOB
50—150 mM. Ix MecTOTIONIOKEHUE 3aBUCUT OT KOMITIOHOBKH 000DY-
JIOBAaHUSI HACOCHBIX CTaHIIUM.

Puc. 3.19. Knanan obpaTHbiii ¢ peryaupyemMbiM 3aKpbITHEM:
a — obumit Bun; 6 — paspes; I — kopiyc; 2 — auck; 3 — Bajl; 4 — pbluar
INCKA; 5 — ruapoumnuHap-nemMndep; 6 — KpOHWTEHH; 7 — MPOTUBOBEC

B

N 2
190

Puc. 3.20. Knanan oOpaTHblii ¢ HeperyJiupyeMbiM 3aKpbiITHEM:
a — THWIa «3axjionka»; 6 — Ge3ymapHslit, 1 — xopryc; 2 — TapeJib Kjarna-
Ha; 3 — KpblIlIKa Kopnyca; 4 — pblyar

I1pu ycTraHOBKe 0GpaTHBIX KJIalaHOB 110 JUTMHE BOJOBO/AA B Ka-
YeCTBE MPOTUBOYIAPHOM 3aUINUTHI UX MECTOIONOXEHNE OMNPENESAIOT
pacyeTamMu TiepeXOMHbBIX TTPOLIECCOB.

ApMaTtypa npenoXpaHHTeJbHAsd — YCTPOMCTBO JJIT aBTOMaTHYeC-
KOTO OTpaHWYEeHHs IapaMeTpOB JaBJIeHUS U pacxona rmoroka. Hau-
6oJIplIIee pacrpoCcTpaHeHWe HaXOMUT apMaTypa, OrpaHUYHBaloLIast
JIaBJIeHUEe B TPyOOINpPOBOAAX IIPH IEPEXOIHBIX MPOLIECCax B CUCTE-
Max Boponogayu. K Heit OTHOCATCS BO3NYIIHO-THAPABIMYECKUE
KOJITIaKH, BOJIOHAIOPHBIE KOJIOHHBI U COPOCHBIE YCTPOICTBA.
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BosnyirHo-ruapaBanyeckne KoJMmaku — CTATbHBIE COCYIBI, YCTa-
HOBJICHHBIE Ha TpyGOTIpOBO/Ie M 3alIOJTHEHHBIE B BepXHEil 4acTu
BO3lyXOM NPHMEPHO Ha 2/; o6beMa NMpH CTATUYECKOM AaBICHUH.
Ilpu rUApaBIMYECKOM yaape, COTIPOBOXAAIOLIEMCS 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€ paclIMpsieTca M 4acTh BOABI M3 KOJIMaKa BBITEKAET B TPYHOITpO-
BOJI, 3aTOJTHSAET Pa3pbIBBI CIUIOUTHOCTH TTOTOKA, He JOTyCcKas B TPY-
6ax oO6pa3oBaHUs BaKyyMa M TIOCJIEMYIOLIETO MOBBIIIEHUS TaBICHUS.
K mocTtoHCTBaM BO3AYIIHO-THIPABINYECKUX KOJMAKOB OTHOCATCS
MPOCTOTa YCTPOMCTBA, OTCYTCTBHE COpOCa BOJLI M3 TPYGOTIPOBOA,
BBLICOKAA CTETeHb TallleHUS] TUIPABINYECKUX YAapOB; K HEIOCTAT-
KaM — OBICTpOE YMEHBIIIEHME B HUX 3araca BO3/yXa B pe3yjbTare
pPacTBOpPEHMS €ro B BoAE, TPOMO3AKOCTb. OHU OOBIYHO YCTAHABIIH-
BaIOTCSA CTAHIAPTHHIX 0OGBHEMOB.

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

K c6pocHoit apMaType OTHOCATCS CIeLMaNbHble KJaraHbl U yC-
TPOMCTBA PA3TMIHBIX KOHCTPYKLMIT. OHM HEJISITCST Ha JIBE TPYIIIBI:
cpabaTeiBaloOlIMe TIPU TUAPABIMYECKUX yaapaxX, HauMHAIOUIUXCS
C BOJIHBI TTOBBILIEHUS JaBAeHUs; cpabaThiBalouIne Ipyu yaapax, Ha-
YUHAIOIMXCSA C BOJHBI MOHUXEHMST naBieHus. K mepBoil rpymre
OTHOCATCS TIPeNOXpaHUTENIbHBIE Pa3pbIBHBIE MEMOpPaHBI, ITpenoxpa-
HUTEeNbHBIE TIPYKUHHBIE KJIaNaHbl U YCTPOHCTBA, KO BTOPOi — ra-
CUTEJIM TUAPABINYECKHUX ynapoB, padpaboranHeie YkpBOATEO.

IIpenoxpaHUTENbHBIE Pa3pbIBHbIE MeMOpPaHbl — 3TO JUCKH,
W3rOTOBJIEHHBIE U3 CTAJIH, YYTYHA, TUTAHA U JPYTrUX MaTepUaJIOB,
paspylialommecs Mpyu IaBJIeHUW BOIBI, TIPEBBILIAIOIIEM pacyeT-
HOE; TIPH 3TOM 4YacTh XHMIKOCTH cOpachiBaeTCd U AaBJIeHUE B TPY-
fonpoBoie magaet. VIx ycTaHaBIMBAaWOT Ha OTBOAHOM TpyGoTpo-
BOJIE 332 MOCTOSTHHO OTKPBITOM 3aaBuUXKo#. [Tocie paspyuieHUs
MeMOpaHBI 3aJBUXKY 3aKpHIBAIOT TOJBKO Ha BpeMs 3aMEHBI MEM-
OpaHBbI.

KnamaHbl NpyXWHHBIE MTpeaoXpaHuTenbHble (puc. 3.21) ycra-
HaBJUBAOTCA B MecCTax, I'le CYIIECTBYET OMAaCHOCTb MOBBIIIE-
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HUs naBieHusa. I1pu gaBjieHUM B BOAOBOMIE, MPEBBHIIAIOUIEM A0-
MycTUMoOE, KjanaH cpabarteiBaeT. I10CKOJIBKY OHU WHEPLUMOHHBI,
T. €. OTKPBITHE MPOUCXOIUT C HEKOTOPHIM 3arma3gbiBaHUEM, TO UX
Leecoobpa3Ho MPUMEHSTh B COYETAHUY C APYTUMHU CpelCcTBa-
MU 3aIlIUThl (HanmpuMep, KjianaHaMM IS BITyCKa M 3alleMJICHUS
Bo3ayxa). IIpoMBINIIIEHHOCTDh BBIMTYCKAET KJIaMaHbl JHAMETPOM
25—200 mm. OHM ycTaHaBAMBAIOTCS Ha TPYyGOMpPOBOAAX AMAMET-
pom 1o 800 MM.

23
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Puc. 3.21. Knanan npyXuMHHbIA npe1oXpaHATE bHbI:
1 — ianaH; 2 — wWrok; 3 — npyxuHa; 4 — cbpocHoii marpy6ok; 5 —
COeIMHUTENIbHBIN (aHel

Kianan 3amutHeiit ruapasnudecknit K3I'-120 (puc. 3.22)
creuaabHO TIpeHa3HauYeH JISl 3alUTHl TPYOOITPOBOLOB OPOCH-
TEJIbHBIX CUCTEM OT THMAPABJIMYECKOTO ynapa U HEIOTyCTUMOTO
CTaTUYECKOTO TOBBIIICHUS JaBiaeHUs. M30bITOUHOE naBlieHUe
CHUXaeTcs BCJIEACTBHUE BHIOPOCA YaCTH BOMABI ITPU THAPABINYEC-
KOM ynape u3 TpybornpoBoaa M pa3OpBI3TUBAHUA €€ paguyCoM
12—15 M BOKpYT KJjamaHa B BUAe HoXiAs. IToaToMy ycTaHaBiIM-
BaTh €ro B 3aHUU HACOCHOU cTaHUMU HemomycTtuMo. OH ycTa-
HaBJIWBAeTCS HA CTOSIKE MOJIMBOYHOTO TPYOOITPOBOAA MOCHE 3a-
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aBuxku D, = 100 MM y HeNnoaBUXHOM OMOPBI TIPH paboyeM naB-
neHuun He Bole 1,2 MIla u pacxode Boawsl B TpyOOIIpoBOaE 1O
120 n/c. CymecTBYIOT KjlallaHbl MHBIX THUTIOB JUJIST JAHHBIX YCJIO-
BUii pabOTHI CUCTEMHBI.

4
3\1
§
2
! 2
17 | 7
1/8,

Puc. 3.22. Knanan 3amiMTHbA rHAPABIHYECKHIA:
1 — xoprmyc; 2 — KpbllliKa; 3 — anacTMYHas quadparma; 4 — BO3IYLIHBIM
OaJlJIoOH; 5 — WINMWIBKYU; 6 — TpyOKa; 7 — OTCEYHOEe YCTPOHCTBO, & — KOp-
MyC OTCEYHOro YCTpOiicTBa; 9 — KJanaH oTceyHoii; 10 — npyxuHa; 1] —
TapupoOBOYHas raiika; /2 — BaHTy3; 13 — oTpaxaTenbHas Tapesjka

Ko BTOpOI1 Tpynne cOPOCHBIX YCTPONWCTB OTHOCUTCSI TACUTEND
rugpaBiandeckux ynapo KoHcTpykinn YKkpBOITI'EO. Ero ycraHaBs-
JIMBAIOT B 3[IaHUU HACOCHOM CTaHUIMM Ha marpyOke rocjie 06paTHO-
ro xsamnaHa. [acuTenu 3Toi KOHCTPYKIIMU PEKOMEHAYIOTCS MJIA
TPYOONpPOBOAOB GONMBIINX AruaMeTpoB. OHM He pearupyloT Ha TMI-
paBIMYECKU yIap, BOBHUKAIOIIUI MpHU MyCcKe Hacoca, T. €. YAap,
HAYMHAIOIIMUICA ¢ BOJIHBI TOBBIIIEHUS naBneHus. HemocTtaTku
3TOTO YCTPOWCTBA 3aKJIIOYAIOTCS B CJIOKHOCTU KOHCTPYKIIMU U 9K-
cryaTanuu. MX He yCcTaHABAMBAIOT B MTPOMEXYTOYHBIX TOYKAX BO-
JIOBOJIA.

Perynupyiomas apmMatypa IIpUMEHSIETCS TP HEO6XOAUMOCTH TTOJI-
JIepXaHUsST B HAllOPHBIX CHCTeMaxX BOJOCHAOXeHUsSI Ha TpeOyeMoM
ypOBHE pacxoma wiu gaBieHust. HeobxonuMocTs apocceTupoBaHust
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BO3HHUKAET NMPY OrpaHNUEHUH TTOAaYM BOIBI HACOCAMU, Nepepacrnpe-
IIEJIEHUN HATPY3KU MEXIY COBMECTHO pabOTAIOIIMMHU HACOCAMH, TIPH
yCTaHOBJIEHUH TPeOYEMOTo pexuMa BojoBoaa u ap. PerynmupoBanue
JaBJIeHUsT HEOOXOANUMO B TeX CJIydasix, KOTAa B pacpeae TMTeTbHBIX
U MarucTpajgbHBIX TPYOOIIPOBOJAX OHO 3HAYMTENHHO OTINYAETCS OT
TpeGyemoro. JlapneHue BOIbI MOXHO PEryJIUpOBaTh C TTIOMOMIBIO CITe~
LMaTBHBIX KJIAMAHOB, a TAKXKE PEryJsiTOPOB daBjeHUs Ha 6a3e mMuc-
KOBBIX ITOBOPOTHBIX 3aTBOPOB M KOJIBIEBbIX 33ABUXEK. OHU B 3aBU-
CHMOCTH OT KOHCTPYKLIMM MOTYT aBTOMaTUYeCKH NMONAEPXXNBATh IaB-
JIEHUE «IT0CTIe ceOsI» WM «I0 cebsi».

KitamaHbl M3roTaBAMBAIOT PBLIYAXHBIMM MWW TIPYXWHHBIMHA
(GraHUEBBIMHM YYTYHHBIMU Ha NaBieHne P, = 1,6 MTIla, nnamerpom
60—300 MM. BO3MOXHOCTb UCITOJIB30BAHUS YKa3aHHBIX KIallaHOB
orpaHNYeHa M3-3a X UHEPLMOHHOCTH B MOMEHTEI PE3KOTO U3MEHE-
HUS JaBIEHUS. DTO MOXET NMPUBOAUTE K 3HAYUTEIbHOMY TOBEHIIIIE -
HUIO TaBJIEHUS B TPYOOIIPOBOJE.

PerynsTopsl 1aBiieHUs Ha 6a3e JUCKOBBIX TTOBOPOTHBIX 3aTBO-
POB C YIUIOTHEHHWEM B KOpITyCe C ITPOTPaMMHUPOBAHHBIM 3aKPHITH -
€M, KakK MpaBuJIO, BLI3LIBAIOT MOBHIIIEHHNE JaBJIeHUsT He Gosee yeM
Ha 0,2 MIla cBepx pabouero.

JIVCKOBBIIT TIOBOPOTHBIN 3aTBOpP 00OPYIYETCS] TUIPOIIPUBOJIOM,
YIPAaBJISIOUIMM YCTPONWCTBOM C SJIEKTPUUECKUM pejie U peryiampy-
JOLIMM KJIaITaHOM, KOTOPBIN HACTpauBaeTCd Ha MOAdepXaHUe Tpe-
OyeMoro maBieHMs 3a WIM Tepel 3aTBopoM. [loBEIIIIeHHE WU TTO-
HUXEHUE HaBJIEHUS B KOHTPOJIUPYEMOI TOUKe TpyOOmpoBoaa o
CpaBHEHUIO C TpeOYeMBIM TepelaeTCs B peryJMpyoIIuii opraH, Ko-
TOpPBIH 3acTaBisieT paboTaTh TMAPOIIPUBOJL B HAIIpaBleHUU OTKPHI-
BaHWUS WAW 3aKpbIBAHUWS 3aTBOpAa, YTOOBI MOAAepXaTh NaBlieHHE
B 3alaHHOM Iuamna3oHe. Perynsrop nasnenust D, = 150—-300 mm
paccyuTaH Ha NMoaaepxKaHHue TpeGyeMOoro JaBJIEeHHUS 3a 3aTBOPOM
B nuamna3oHe 0,3—1,2 MIla. BMecTo AMCKOBOro ITOBOPOTHOTO 3a-
TBOpa MOXET UCITOJIb30BaThCA KOJIbLIEBAs 3aIBUXKKa.

3.7. CoopyxeHuns Ha BOAONPOBOAHON CeTn
n BOAOBOAAX

HopmanbsHas paGoTta cucTeMBbl MMofa4v M pacripenesieHUs] BOIbI
MOXeT ObITh OOecreueHa, eCIM Co3daHbl YCIIOBUS It OECIIpernsiT-
CTBEHHOTO JIOCTYIa K OCHOBHBIM €€ y3naM. TaKuMU y3JiaMU SIBJISI-
IOTCST MECTa YCTAHOBKM apMaTypbl U (haCOHHBIX YyacTeit ¢ aHIe-
BBIMH COCIMHEHUSAMU. B 3THX MecTax ycTpauBaoT BOIOMPOBOIHBIE
KOJIOALBI M KaMEPHI.
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Hnsa ompeneneHust rabapuToB BOAOTIPOBOAHBIX KOJOALEB U UX
yHucaa HeoOXOAUMO 3HATh JUAMETP TpYO, pasMmepbl (paCOHHBIX Yac-
Teii, 3aIBUXeEK, 3aTBOPOB, MOXAapPHBIX TMAPAHTOB U T. M., a TaKXe
MeCTa MX yCTaHOBKHU. [103TOMY NMpU MPOEKTUPOBAHUHU TIOCJIE OTIpe-
JIeJleHWsT JMaMeTpoOB U BeIOOpa Marepuana TpyG NMpOU3BOIST AeTa-
JIMPOBKY BCEX Y3JIOB ceTH. [IpaBUJIbHOE KOHCTPYHPOBAHHUE Y3JIOB
1 pallMOHAJILHOE UCITOJIb30BAaHHE CYIIECTBYIOUIETO COPTAMEHTA ap-
MAaTypbl U (hacOHHBIX YacTeil MO3BOJISIOT CHU3UTL CTPOUTENLHYIO
CTOMMOCTB CETH U YMEHBIINTHL pa3Mephl KoyioaieB U Kamep. [Ipex-
Jie BCEro HaMeyaloT MeCTa YCTAHOBKH TMIPAHTOB M pa3IMYyHOM ap-
MaTtyphbl, a 3aTeM OCYHLIECTRISIOT TTOA00p HEOOXOAMMBIX PaCOHHBIX
yacTell 11 MOHTaXa OTIEBHBIX Y3JIO0B.

IIpu onpenenieHUH pa3MeEPOB KOJIOALIEB MUHUMAJIbHbBIE PACCTOS-
HMSI 10 BHYTPEHHMX TTOBEPXHOCTEH KOJIOALIEB CIEAYeT BHIOMPATh,
pykoBoacTBysich TpeboBaHusiMu CHulIl. Konoaus! mupuHOM 0O
2,5 M, Kak TMpaBWJIO, YCTPAUBAIOT KPYTJIBIMU, CBBILIE 2,5 M — TIpsi-
MOYTOJIbHBIMH,

Ha puc. 3.23 nmoka3aH Kpyriblii B IUTaHe KOJIOAEL U3 COOPHOTO
XKene300eToHa, NMpeaHa3sHaYeHHbIN JISI OCHOBHBIX Y3JI0B TPYOOIIpO-
BonoB auameTpoM 100—600 mM. Kosomen cocTouT U3 ocHOBaHMA,
paboueit KaMepbl M TOPJIOBUHEBI, KOTOPasi 3aKaHYMBAETCA YYTYHHBIM
JIIOKOM ¢ Kpbiikoit. Ha puc. 3.24 mokasaHa kaMepa U3 cOopHOTo
Xxene3o0eToHa (pa3zpaboTaHHas MHCTUTYTOM «MOCUMHXITPOEKT»),
ycTpavBaeMasi Ha BOJOBOAX Y BOAOTIPOBOIHBIX MAarkuCTpaisixX.

BoicoTta paboueit yacTH KOMOALEB MOKHA ObITh HE MeHee 1,5 M.
[nst ciycka B KOJIOJEIl HA €TO TOPJIOBUHE U CTEHKAaX HAIIEXHT YC-
TaHaBJINBaTh PU(IICHBIE CTAIbHBIE MW YYTYHHBIE CKOOBI; JOTyCcKa-
eTCsI TPUMEeHEHNe TIEPEeHOCHBIX METAJUTMYECKUX JIECTHUL. Boxpyr
JIIOKOB M KOJIOAIIEB, pa3MeIlaeMbIX Ha 3aCTPOEHHBIX TEPPUTOPHUSIX
6e3 JTOPOXHBIX MOKPBITHH, CJIeNyeT MpeaycMaTpuBaTh OTMOCTKHU
wpuHoit 0,5 M C YKIIOHOM OT JIIOKOB.

Ha npoe3xeit yacTH KPBIIIKH JIIOKOB JOJXKHBI OBITh HA OMHOM
YpOBHE C ee MoBepxHOCThI0. [1pu 3amenke Tpyb B CTeHKax KOJOMA-
1IeB He0OX0AUMO obecreunBaTh MAOTHOCTh COEAUHEHU, BOIO-
HEMPOHUIIAEMOCTbh B MOKPBIX TPYHTax, & TakKXe BO3MOXHOCTH
OCaJKu CTEHOK.

IMpu npokiiagke 3HAYUTENBHBIX U CITOXHBIX Y3JI0B TPYOOITPOBO-
JI0OB GOJNBIUIMX JUAMETPOB A/ Pa3MellleHUsT KOMMYHHMKALMH ycTa-
HaBJMBAIOT KaMepy repekiouyeHnid. IIpu pa3MelleHUH 3aJIBUXEK
B KaMepax IpedycMaTpUBaeTCsl BO3MOXHOCTb YIMpaBICHUS UMM
C TTOBEPXHOCTH 3€MJTH Yyepe3 HEOOJIbIINE JIIOKU C TIOMOILBIO CIEeLH-
AJILHBIX YCTPOUCTB.
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Puc. 3.23. Bononposoaubiii Konogen:
I — KonblLIO U3 XeJe300eToHa; 2 — IUIMTA NEpeKpPhITHsT; 3 — OTMOCTKA; 4 —
CKOOBI; 5 — TpyObl BONOIPOBOMHOM CETH; 6 — AHMUILE

1%0-250
P2

Puc. 3.24. Kamepa u3 coopHoro xene3oeroHa:

1 — BogoHanopHas JIMHUS; 2 — ropJOBMHA KaMepbl, 3 — NecTHULA;, 4 —
MOXAapHBI THIPAHT; 5 — Xejne300eTOHHOE JHMILIE



ITpu ucnonb3oBaHUM 111 BOAZOBOAOB X€JIE300€ TOHHBIX HAIop-
HBIX TpYO C LEJIbI0 YMEHbBIIEHUST TabapruTOB KaMep YyYacTKU BOJOBO-
J1a, HEMOCPEIACTBEHHO MPUMBIKAOIIHe K KaMepe, BBITIONHSIOT U3
CcTaJIbHBIX TPYO. [Tpu HATUYUM TTOA3EMHBIX BOJI JHUILIE U CTEHKH
KOJIOALEB U KaMep THIPOU3OJUPYIOT OUTYMOM WITH LIEMEHTHBIM pa-
cTBOpoM. Bony M3 Kamep yoajisitoT ¢ MOMOIbIO HACOCOB, UCITOJTB3YS
JUTST 3TOTO NMpUSIMKU. T1py BO3MOXHOCTH cOpoca BOI M3 KaMep B Cy-
LIECTBYIOMIMIM BOMOTOK WJIM IpeHaX ClienyeT MpeayCcMaTpUBaTh OT-
BOJ BOJ M3 NMPUSIMKOB IO YYTYHHBIM TpyOaM B BOIOCTOUHBIA WMJIN
JPEHaXXHBIN KOJIOAEL.

IMon me¥icTBHMEM BHYTPEHHMX CHWJI HaBJIEHUSI BOObI B HATTOPHBIX
BOIOTIPOBOIHEIX TPyOaxX BO3HUKAIOT PaCTATHBAIOLLINE HATIPSIXKEHUS,
KOTOpbIE HE MOTYT GBITh BOCTIPUHSITHI CTBIKAMH TpyO. OHM MOSIBIIS-
I0TCSI B MECTaX MOBOPOTa JWUHUM, Ha OTBETBJIEHHBIX, TYITHKOBBIX
y4yacTkax, Ha y3jax ceTu. s UCKITIOUeHUs] CMELIEHMUST U TTOBPEX-
JIeHUsT TpyOOTIPOBONIOB B BOAOTIPOBOAHBIX KOJOAIAX U KaMepax MIIU
B TPYHTE YCTPauWBalOT YITOPHI B BUAE OCTOHHBIX MJIM KMUPIUYHBIX
MAacCHBOB.

ITepexon BOmONMpPOBOMHON JIMHUM MO XENE3HON WJIM aBTOMO-
OMJIbHOM DOpOToif — JOCTATOYHO OTBETCTBEHHOE COOpPYXKeHHUE, TaK
KakK pa3pblB WIHM MOBPEXIESHUE UX MOXET MPUBECTU K CO3TAHUIO
aBapuifHOM CUTyallMU. DTH MEPEXOobl OCYIIECTBISIOT, KaK MpaBU-
JIo, B CITELIMATbHBIX KOXyXaX (¢ymasipax). Koxyx nepexona CayKuT
IUIST TIpeloXpaHeHUsT paboyero TpyOoompoBoia OT Harpy3oK, BO3HU-
KawlIUX OT MOABUXHOTO COCTaBa, M IJIs1 3alllUThl €ro OT BO3meii-
CTBUSI arpECCUBHBIX TPYHTOB U GiyXmalowux TokoB. DyTisp BbI-
TIOJTHSIETCSI U3 CTATBHEIX TPYO.

Ilepexomsl TOMXHBI 06ecTiednBaTh 0€30MacHoOe ABUXEHUE TPAHC-
TopTta B MepHoOJ NMTPOU3BOACTBA paboT IO NMPOKIIaAKe TPyOOIpOBO-
JIOB, MpeIOXpaHEHUE 3eMJISTHOTO ITOJIOTHA M ITOKPBITUSL HOPOT OT
pa3MbIBa TIpY BO3MOXHOW aBapuud Ha TpyOompoBoAax, a TaKXe
TpenoxpaHeHue TpyOOIIPOBOIOB Mepexona oT paspymreHusi. Ilepe-
XOIBI TOJKHBI YCTPAauBaThCS Ha MPSIMOJIMHEMHBIX yYacTKax Tpy6o-
TPOBOIOB C TepeceyeHrneM MOJIOTHA XKeJIE3HOW UM aBTOMOOUIIBHON
JIOPOTH TTOA TIPSMBIM yIjIoM. Ilepexomsl 0OBIYHO pacIiosaratoT Moz
MTOJIOTHOM XeJIe3HOM NOpOord B MECTaXx ¢ MUHUMAJIBbHBIM YMCJIOM
nyTeit, KaK MpaBUJIO, BHE MECT PaCTOJIOXEHUS CTPEJIOYHBIX TTIepeBO-
IIOB U Cbe3l1oB, He Gimxke 10 M OT OMOp KOHTAaKTHOM ceTu U (dyH-
JIAMEHTOB UCKYCCTBEHHBIX COOpYXeHUit. TUTTOBBIE ITPOEKTHI MEepe-
XOJIOB BOJOIPOBOAHBIX JUHUI TTOJ XeJIe3HONOPOXKHBIMU MYTIAMHU
pa3paboTaHbl MHCTUTYTOM «MocCTUIIpoTpaHc» (puc. 3.25).
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= HE MEHEE MWHUMANBHOA
FNYBUHbLI SANONEHWA TPYE
NO YCNOBWIO NPOMEPIAHUR
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Puc. 3.25. Tlepexox BomonpoBOAHOM JHHHH MOI XKeJe3HOAOPOKHBIMH
NyTAMH:

1 — BO#ONPOBOAHBII! Kononel; 2 — PeMOHTHBIH yyacTok; 3 — KOXyx; 4 —
paGoyasi Tpyba; 5 — BuINycK;, 6 — 3aABUXKA; 7 — XeJNe3HOOOPOXHOE
NOJOTHO

KoncTpykuueit nepexona npegycMaTpyBaeTcsi BO3MOXHOCTD Ha-
GJoIeHNS 3a €r0 pPagoToii, OTKITIOUEHHUST U onopoxHeHus. Obas
JUIMHA TIepexolla CkJiafblBaeTcsl M3 JUJIMHBI KOXyXa W UJIMHBI
PEMOHTHOTO y4yacTKa., KoxXyX MpUHUMAETCS TaKOM JJTUHBI, YTOOBI
KOHLIBI €ro OBUTH BbIBe€HBI Ha PACCTOSTHUE HE MEHee 5 M OT Moo~
LIBBI OTKOCA HACBINKU 1 3 M OT 6POBKM OTKOCA BhieMKH. [MHa pe-
MOHTHOTO yYacTKa NMpuHuUMaeTcsi He MeHee 10 M.

Ha tpyGonpoBone ¢ o6enx cTopoH nepexoaa ycTpauBaloT KOJIOJ-
bl C 3aMTOPHOI apMaTypoii, yCTaHOBJIEHHOI B LIEJSIX OTKJIIOYEHUS U
OIOPOXHEHUS TepexonoB. [namerp paboyeit TpyObl rmepexona npm-
HUMAIOT, KaK MPaBUIo, paBHBIM AUaMeTpy paboyero TpyoonpoBoaa;
AXaMeTp KOXyXa OIMpeessiiOT B 3aBUCUMOCTH OT IMaMeTpa U Marte-
puana pabodeit TpyGol M OT crocob6a MPOU3BOACTBA PabOT B CO-
otseTcTBMU co CHuIT 2.04.02-84*. PaGounii HarmopHslit TpyboIIpo-
BOJI, YKJIaIBIBAEMBII B KOXYXe, IPUHUMAETCS U3 CTaJbHBIX TPYO,
TaK Kak TpHU UX YKJanke obecrieumBaeTcsl UeJOCTHOCTh CTHIKOB TPU
3aTaCKUBAHUHU TPYO B KOXKYX.

YcTpoiicTBO NepexonoB Mox XKeae3HOMOPOXHLIMU M aBTOMO-
OMJILHBIMU 1OPOTAMUW MOXET IIPOU3BOAMTLCS OECTPAHLIEHHBIM WITH
OTKPBITHIM CITOCOO0M. CxeMbl MePeXoHoB MO aBTOMOOHJIBHBIMH
lOporaMM aHaJOTMYHBI CXeMaM MePEXOA0B MO XeJIe3HOTOPOXHBI-
MU TIYTSIMU.

Tlepexon BOIOMPOBOAHBIX TPYO Yepe3 peKH MOXET OBITh OCYILE-
CTBJICH IO MOCTY, a TakxXe 1o AHY peku. IIpu mepexome mo IHY
PEKM BONONPOBOJAHBIEC TPYOH! YKIAABIBAIOTCA B BUje miokepa. Yuc-
JIO JIMHWH TpYO NI0Kepa MOJXHO OBITh HE MeHee IBYX, MPU 3TOM
MPH BBIKITIOYEHUU OMHOM U3 JMHUI MO OCTATBHBIM JIOJIXKHA obecrie-
yuBathes nogaya 100 % pacuetHoro pacxona Bonbl. JJiokepsl yKia-
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JIBIBAIOT U3 CTAJIbHBIX TPYO MOBHIIEHHON MPOYHOCTH C YCUJIEHHOM
aHTUKOPPO3UOHHOM 3altuToi. ['NMyObMHA yKiaaKy MOJBOAHON YyacTh
Tpybornposona (10 Bepxa TpyObl) 10OMKHA OBITh HUXKE JTHA BOJOEMa
He MeHee yeM Ha 0,5 M, a B mpenenax ¢dapBatepa Ha CyJOXOIHBIX
BOJOTOKaX — He MeHee 4eM Ha | M. PaccrosiHue MexXmy JUHUSIMHU
JIOKepa B CBETY nMpuHUMaeTcsd He MeHee 1,5 M. ITo 06e cTropoHsl
JIOKepa yCTpauBaloT CrielHaibHble KOJOAUBI ¢ YCTAHOBKON B HUX
C TTIOMOILIBIO 3aABMXXEK HEOOXOAUMBIX MEPEeKIIoUeHHIA. JoKephl co-
6MpaloT U CBapUBAIOT Ha MOBepXHOCTH. OCHOBHBIMHU criocobamMu
YKJIAIKWU TPYOOTIPOBOMIOB TOJ BOXOI SIBJISIIOTCSI: METOMI CBOOOIHOTO
TOTPYXEHHS; ONyCKaHUe TPYOONpOBOJa € TJIaByUYUX WUJIM CTALIMO-
HapHBIX OTMOp; OMYCKAHUE CO JIba U C TUJIaBYyYUX CPEICTB TIPH TO-
CTENEeHHOM HapalluBaHUU TUICTEH; NMpOoTaCKUBaHUE TLieTel TpyOo-
TIpOBOJIA TIO IHY TIOABOJHOM TpaHIIEH.

Llenecoobpa3HOCTh MCMOIB30BAHUSA TOTO MJIM MHOTO CIocoba
OTIpENIEIAIOT HaA OCHOBE TEXHUKO-3KOHOMHYECKOTO CPaBHEHMS Ba-
PHUAHTOB MCXOASl UX MECTHBIX YCIOBUH.

8. Comon



Pa3znen 4. BoposabopHblie coopyXeHuns

4.1. CoopyxeHus ana 3abopa noa3semMHbIX Boa

4.1.1. YcnoBus 3aneraHva noaseMHbiX BOf,
UX UCNONb3OBaHME

HM3yyeHneM noa3eMHBIX BOJI 3aHMMAETCS HayKa THAPOTEOJOTHS.
OTMeTUM JWIIb BaxHeHIlIMe THAPOTEOJOTHMYECKHE ITOKa3aTesn
W YCJIOBUS 3ajieTaHUs TTOA3EMHBIX BOM, OMpeaessiiouine UCIoab30-
BaHHeE UX Bo03abopaMM 1Jisi BOOOCHAOXEHMS.

ITo ycnoBusiM 3aneranust (puc. 4.1) pasnmudaroT ABa OCHOBHBIX
THMa TIOA3EMHBIX BoA — Ge3HATIOpHbIe ¥ HamopHsle. FOpU30OHTHI 6e3-
HAITOPHBIX BOJl HE UMEIOT CIUJIOIIHOTO HEITPOHULIAEMOTO TTOKPBITHUS.
B Takux ropM3oHTax yCTaHABIMBAETCS CBOOOMHEIN YPOBEHDb BOMBI,
TJTyOMHA KOTOPOTO COOTBETCTBYET MTOBEPXHOCTH BOJOHOCHBIX ITOPOI.

23
(/41

[ﬂ]’

Puc. 4.1 CxeMa ycjI0BHil 3ajleranus NoA3eMHbIX BOA:
A — BepxoBoAka; b — rpyHTOBbIE BOIbI; B — Ge3HAIIOPHbIE MEXTUIACTOBbIE
BOJIbl; /' — HamopHbie BOAbI; / — MPOHULIAEMBIE [TOPO/BI; 2 — BOMOYIIOPHBIE
nopoast; 3 — 6ypoBasi CKBaxXHHa; 4 — ypoBeHb BObl (4 — CBOGOAHBINA, 6 —
MbEe30METPUUYECKUIT); 5 — MCTOUHUK

'--\.\
'—\

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

I'pyHTOBBIE BOAB — 3TO, KaK MPaBUIIO, BOALl Ge3HAMOpPHbIE,
XOTSI Ha OTAEJBHBIX YYaCTKaxX MOTYT IPHOBPETAaTh MECTHBIA HAMOP;
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3aJ1eTal0T OHU OOBIYHO HA HEGOBIION TIIYOUHE W TIO3TOMY TOABED-
raloTCs BO3MENUCTBUIO THAPOMETEOPOIOTUUECKHUX (hakTOpOB. 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 Clydya-
SIX 32 CYET IMOCTYIUICHUSI HAITOPHBIX BOI U3 HUXEJEXalMX ropH-
30HTOB. BceenmcrBre Hernmy60oKoOro 3ajeraHus U OTCYTCTBUS BOIO-
YTIOPHBIX TIOKPBITHI TPYHTOBBIE BOABI MOTYT JIETKO MOABEPTraThCs
3arpsi3HEHUI0. YCIIOBUS 3aJIeraHUs 3TUX BOM OYeHb Pa3HOOOPA3HHI.

HamopHsle BOmbl 3aKJIIOYEHBI MEXIY BOIOHEIIPOHMIAEMBIMU
cnosMu. B OypoBoit CKBaxXMHE, BCKPBIBHIEH HAMOPHBIA BOJOHOC-
HBIt TOPU30HT, BOZa MOJAHUMAETCS BbIllIe KPOBJIM 3TOTO TOPU3OHTA.
Ecnu HanmopHBIi (MTbe30METPUYECKUIT) YPOBEHDb PACITONOXEH Hal
MOBEPXHOCTBIO 3eMJIM, TO CKBaXuHa ¢oHTaHupyeT. [ToaToMy s
TIOJYYeHHUS] CAaMOU3UBAIONIENHCS BOIbI CKBAXXUHBI HEOOXOIUMO OY-
PUTh Ha y4acTKaxX C TIOHWXEHHBIM peTbedoM.

IIpoHuLIaeMBIit TIACT, OTpaHUYEHHBIN ABYMST BOIOYTIOPaMH, MO-
XeT He OBITh 3arojHeH Bogoii. [1pu aToM 00pa3ytoTcs nmosyHanop-
HBblE WJIM Oe3HANOPHBIE MEXIITACTOBEIE BoALl. HamopHsle BoabI 3a-
YacTylo Ha3bIBAIOT apTE3UAHCKMMM HE3aBUCUMO OT TOTO, U3JIMBAIOT-
Csl TH BOJBI Ha TTOBEPXHOCTh WUJIU HET.

BongoHOCHBIN TOPU3OHT SBISIETCS HAMOPHBIM, €CJIM OH UMEET
o06acTh MUTAHUS, PACIIOIOKEHHYIO Ha 60Jiee BHICOKMX OTMETKaX,
YyeM BOAOYTIOpHAsi KPOBJISI 3TOTO TOPU3OHTA.

IIpu oTxauke BOABI M3 CKBaXWHEI BOKPYT Hee obpasyeTcsd ne-
TIpeCCUOHHAs BOPOHKA. B Ge3HamOpHBIX BoJax 3Ta BOPOHKa OTpa-
>KaeT MOHMXEHHWE YPOBHS BOALI BOKPYT CKBaXXUHbBI M OCYLIIEHUE Ya-
CTH BOJIOHOCHOTO TOPU30HTAa. B HammopHOM Topu30HTE oOpasyeTrcs
JIeTIpecCHst Mbe30MEeTPUYECKOHM TTOBEPXHOCTH — CHUXEHME JaBjie-
HMS B OTTpeieIeHHOI 30He BOKPYT CKBaXXKWHBI.

ApTe3uaHcKMe BOJBI 3ajieTaloT OOBIUHO Ha Oojiee WJIM MEHeEe
3HAYUTENBHOM TmyoruHe. OT MOBEPXHOCTH OHU M30JIMPOBAaHBI BOIO-
YIIOPHBIMU CJIOSIMU M TIO3TOMY MeHee MOIBEPKEHBI 3aTPSI3HEHUIO,
yeM TpyHTOBBIe BoAbl. OlLleHMBAasT BO3MOXHOCTbL MCITOJIb30BaHUS
MOA3eMHBIX BOM, OTIPEIENSTIOT UX €CTECTBEHHBIE U DKCIJIyaTallMOH-
Hble 3amachl. [Tox ecTeCTBEeHHBIMU 3aMlacaM¥ MOA3EMHBIX BOJ MO~
pa3yMeBaeTcsd KOJIMYECTBO MOA3EMHBIX BOM, HAXOMSILIMXCS B BOIO-
HOCHBIX ITOpOJAax, He HapyLIEHHBIX 9KCITIyaTallue Bog03ab0pHBIX
COOPYKEHU; MO IKCIIYaTALLMOHHBIMU — HX pacxXojl, KOTODBIi
MOXET OBITb TTOJIY4eH Ha MECTOPOXIEHUU C NOMOILBIO pPallMOHA/b-
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HBIX B TeXHUKO-3KOHOMWUYECKOM OTHOIIIEHUY BO03aGOPHBIX COOPY-
XEHUIl NpHM 3aJaHHOM peXHMe 3KCIUTyaTalluM U TIPU KauyecTBe
BOZBI, YIOBJIETBOPSIONIEM TpeGOBaHUAM NOTpeGUTENell B TeueHHe
pPacyeTHOTO CpoKa BoaonoTpebaeHuss. OHM COCTaBJISIOT YacTh ecTe-
CTBEHHBIX 3aIacoB.

DKCIUTyaTallHOHHbBIE 3aMmachl MOA3€MHBIX BOJ MPU MPOEKTHUPO-
BaHWUM BOL03a0OPHBIX COOPYXEHWH MOACUNUTHIBAIOT MO pe3ysbTa-
TaM MPOBEIEHHBIX Ha MECTOPOXIECHUHU AETaJbHbIX THAPOTE€0JIOTH-
yeckux pa6ort. [Ipu aKcrulyaTalliu BOIOHOCHOTO TOPU30HTA Hapy-
IIAIOTCS €CTECTBEHHBI peXuM U 0OanaHC MNOA3eMHBIX BOI,
BCJIEAICTBUE Yero B 00siacTH OTOGOpa BOAB BO3HMKAET 30HA MOHU-
KEHHOTO JaBJIeHMsI, U TAKUM 00pa3oM cO31aloTcst 6JaronpusTHbIE
YCJIOBUS IJIST BOBJIEYEHHUST B JaHHBIIH 3KCTITyaTUPYEMBIii BOTOHOC-
HbIii TOPU3OHT IOTMOJHHUTEIBHBIX PECYpPCOB: TMEPETOK BOABI M3
CMEXHBIX BOJOHOCHBIX IIJIACTOB, pa3feieHHBIX CIaboNMpoHMIIa-
€MBIMU CJIOSIMU; UHOWIBTPALIUS aTMOCHEPHBIX 0CanKoB; hUIbT-
pauMs U3 TTOBEPXHOCTHBIX BOJOTOKOB U BOIOEMOB; UCKYCCTBEHHOE
peryJaMpoBaHUe pexXuma IMoA3eMHBIX BOI U Ap. B 3aBucuMocTH OT
CTETEeHU pa3BeJaHHOCTH IKCIUTYaTallMOHHBIX 3aI1aCOB, CIIOXHOCTH
TMIPOTEOJIOTMUECKUX M THIPOXMMHUYECKHUX YCIOBU I, OMHOPOIHOC-
TH OWIBTPAMOHHBIX CBOMCTB BOMOBMEIIAIONIUX TTOPOJ YCTAHAB-
JIUBAIOT KaTeropuIo MOA3eMHBIX BO/I.

4.1.2. Tunbl BOAo03abopoB NoA3eMHbIX BOA, YCNOBUS
UX NPUMEHeHna

BBIGOp THMA COOPYXEHUM U CXEMBI UX pa3MEILEHHUS 3aBUCUT OT
TTyOMHBI 3aJIeTaHUS] BOMOHOCHOTIO TIJIACTa, €ro MOIIHOCTH U BOJO-
OOWIBHOCTH, YCJTIOBUH 3aJIeraHMsI, T€0JIOTMIECKMX U THAPOJIOTHYeC-
KuX ycmoBuit. CoopyXeHHUsl, TIpUMeHsIeMbIe ISl 3aXBaTa MOA3eMHBIX
BOJI, MOJPA3IEeNsAIOTCS Ha CJEAYIOUMEe TPYIIbl: CKBAXHWHBI, IAXT-
HbI€ KOJIOALIbI, TOPU30OHTATBHBIE BOO03a00phI, JIydeBble BOX03a00-
PBI, KanTaxX UCTOYHUKOB.

Bomno3abopHsle CKBaXXMHBI ¥ LIAXTHbIE KOJOILE! IIKPOKO MPH-
MEHSIIOT TIPU 3KCIUTyaTaUUu Kak Ge3HATOPHBIX, TaK M HATIOPHBIX
noa3eMHbIX BoA. IllaxTHble KOJOMLBI MCIIONB3YIOT Yalle MpH He-
6onpIINX 06BEMax MOTpebeHUs U TIIyOHHe 3ajieTaHUs TOA3EeMHBIX
Bon 10 20—30 M. DddeXTUBHOE UCIOIb30BaHNUE BOAO3a0OPHBIX
CKBaXHWH BO3MOXHO IPH [NyGHHE MOAOIIBEI BOIOHOCHOTO CJ10sT 60-
nee 8—10 M ¥ IpU MUHUMAJIBHOM €ro MOIHOCTH 1—2 M. Drpdek-
TUBHOCTD MX TTPUMEHEHMS BO3pACTaeT ¢ IJIyOMHO 3ajieraHusi BOA:
MPYW 3TaXHOM 3ajieraHUM BOJOHOCHBIX TOPHU3OHTOB, KOTAA OAWH
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WM HECKOJIBKO U3 HUX SIBJASTIOTCS MCTOUYHUKAMM BOJOCHAOXEHMUS,
CKBaXXMHbI CTAHOBSITCSI HE3aMEHUMBIMH.

T'opusoHTanbHBIE BOAO3a6OpHEI MOTYT MIPUMEHSITBCS TTPU HETTYy-
GOKOM 3aJIeTaHUW BOJOHOCHOTO TIJIacTa HEOOBIION MOIITHOCTH. 3a-
YacTyl0 UX MCMOJIb30BaHUE TO3BOJISIET NOOUTHCST Goee BHICOKOTO
acdekTa B 3a60pe BOIBI, YEM HUCITOJIb30BAHUE BEPTUKAJIBHBIX BOIO-
3a00poB. ['opu3oHTATBHBIE BOJ03a00PHI B BHIE APEHAXHBIX TPYO
U rajiepeif, MpUMeHsIeMble IS 3aXBaTa TPYHTOBBIX BOM, YKJIadkBa-
10T B BBIPHITHIE KaHABHI M PACIONIaraloT Ha niyOuHe He Gosee 5—8 M.
I'opu30oHTaIBHEIE JTYyYeBble BOA03a00pEI MPOOYPUBAIOT U3 LIEHTPAb-
HO¥ 1IaxXThl — KaMephl ¥ Yallle TPUMEHSIOT JJISI 3aXBaTa TPYHTOBBIX
BOI, a B MOCJeAHEE BpeMsI — M JIJTS 3aXBaTa HaIOPHBIX BOI Ha TUTy-
6nHe 20—30 M. KanraxHble coopyXeHUs NpeJHa3HAYEHBI 1T TTPH-
eMa BOJABI U3 BOCXOISIINX U HUCXOASIIIIMX UCTOUHUKOB (KITIOUEit,
POIHUKOB). B 3aBUCHMOCTH OT yCJIOBHIi BBIXOIA Ha MOBEPXHOCTH
3eMJIM U3 BOIOHOCHOTO TOPU30HTA KanTaXXyu MOTYT UMETh pa3jny-
HYIO KOHCTPYKLHIO: B BHIE APEHAXHBIX TPYO CO COOPHBIM KOJOI-
1IeM U KaMepoit, OMHOM KamnTaXHOH KaMephl, a MHOTAA B BHJIE IaX-
THI C OTBOJHO# TpyOoii. Takue coopyxeHHsT Ha TeppuTopun Poccun
BCTPEYAIOTCSI CPAaBHUTEIBHO PENKO.

4.1.3. 3abop noa3eMHbIX BOA4 C NOMOLLbIO 6YpPOBbIX
CKBaXXWH

3abop rmom3eMHBIX BOJ C ITOMOIIIBIO OYPOBBIX CKBaXXWH — Han6o-
Jiee pacIpOCTPaHEHHBIN CITOcOO B MPaKTHKE BOJOCHAOXEHMS, TaK
KaK OT/IMYaeTCs] YHUBEPCAIBLHOCTBIO U TEXHUYECKHUM COBEpIIEH-
ctBoM. OH UCITOJTb3YETCS B IMMPOKOM AMAIa3oHe TIyOWH 3ajleTaHus
MOJA3eMHBIX BOII.

CKBaxXUHBI, yCTpanBaeMEIe ITyTeM OypeHMs, peTHa3HaYeHbI s
TpYeMa KakK HarnopHBIX, TaK U G€3HATTOPHBIX MOA3EMHBIX BOJ, 3aje-
raiomux Ha rimy6ouHe 6osee 30 M. CKBaXXMHBI pacioiaraioT MeprieH-
JUKYISIPHO HAITpaBJIEHUIO TTOTOKA MOA3eMHBIX BoA. I1pu camMmousnu-
BAIOIIMXCS CKBaXXWHAX BOAA OTBOIUTCS CAMOTEKOM B COOpHBIi pe-
3epByap, a 3aTeM IepeKaynBaeTcs JIM00 Ha OUMCTHBIE COOPYXKEHUS,
6o notpebutenaM. Ilpu riy6bokom 3ameraHMU AUHAMHYECKOTO
YPOBHS CKBaXWHB 060pYIYIOT apTe3MaHCKUMU HacocaMM WJIH 3p-
audramu.

CxeMa TpaHCIOPTHPOBAHUS BOABI OT CKBaXXWH 3aBUCHUT OT CIIO-
coba ee monyyeHust. Hanbosbliee pacnpocTpaHeHWeE TTOJYIUIN Ha-
MMOpHBIEe COOPHBIE BOJOBOABI, YTO BBI3BAHO UCIIOJIB30BAHHEM CKBa-
KUHHBIX CUCTEM, 000pYIOBaHHBIX NMOTPYXKHBIMU HacocaMHu. CaMo-
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TeYHBIe CHUCTEMBI COOPHBIX BOIOBOMOB IMPUMEHSIOTCS NMPU 3abope
BOJBI M3 KamTaXei, CaMOM3JIMBAIOILINXCS CKBaXHH, a TaKXe U3
CKBaXWH, 000pynOBaHHBIX HACOCHBIMU YCTaHOBKaMU UJIH 3paudra-
MH. [IpeUMyIIECTBO 3TUX CUCTEM 3aKITIOYAETCSI B BOBMOXHOCTH HC-
MOJIb30BaHUS 6e3HanopHBIX TpyO. I1pyu nomaye Bodbl U3 BOOOCOOP-
HBIX COOpPYXEHHWI B caMOTeYHYyl0 ceTh paboTa KaxXI0il HaCOCHOU
CTAHLIMM HE 3aBUCHUT OT paboOThI IPYTUX U MOXET ObITH OTPETYIUPO-
BaHa 0e3 yueTa U3 B3auMONEICTBHUS.

Bonmo3abopHast cCKBaXHHa B COOTBETCTBUU C TPeOOBaHUSIMU Oype-
HUSA U TeoJIoTUN (puc. 4.2) UMeeT TeIeCKOMUYECKYI0 KOHCTPYKIIMIO.
CaMasg HUXHAS YacTh CKBaXHWHBI CIYXKHUT OTCTOMHMKOM. Ham ort-
CTOMHMKOM HaXOAUTCSI BOJOTIPUEMHAST YaCTh CKBaXXUHbI — (WIBTP,
Yyepe3 KOTOPbIif BOJIa U3 BOMOHOCHOTO TJIacTa MOMagaeT B ee paboyyio
30HY. Tun ¢puabTpa 1 ero KOHCTPYKIMIO BEIOMPAIOT B 3aBUCUMOCTH
OT BOJIOHOCHOIT mopoabl. Belllle BOMONMPUEMHON YaCTU CKBaXXUHBI
pacrioiaratoT KOJOHHBI 9KCTUTYyaTAlIMOHHBIX U 00CaAHBIX TPYO, KOTO-
pble, C OTHOU CTOPOHBI, YAEPXKUBAIOT CTEHKU CKBaXXUHBI OT 0Opylie-
HUS, a C JIPYTOil — CJTyKaT JUIST pa3MellleHUs] B HUX BOJIOTIONbEMHBIX
Tpyd M HacocoB. Ham sKCITyaTallMOHHOM KOJTOHHOM HaXOAWUTCST KOH-
JIYKTOpP, KOTOPBIN 3amaeT HampaBieHHe TTPOXOIsILE yepe3 Hero Tpy-
©e ripu OypeHun. BoKpyr KOHIyKTOpa yCTpauBaeTCsl 1IEMEHTHBIN WITH
TJIMHSIHBIN 3aMOK, 3alllUINA0IINIT BOTOHOCHBIH TOPU3OHT OT 3arpsi3-
HEHUH, NMOTMaAaoUX C TOBEPXHOCTU Yepe3 3aTpyOHOE MPOCTPAHCTBO
00canHbIX TpyD. 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 3JIEKTpUYECcKOoe 000py/I0BaHUE,

Opranu3saiusi 6ypoBbIX CKBaXHWH 3aBUCHUT OT BHJIa BOJOHOCHBIX
TOPU3OHTOB, MIYOMHBI UX 3ajleTaHMsl, BUAa NpoOypHBaeMbIX TI0-
pon, UX arPeCCUBHOCTH, IMaMETpa CKBaXKUHBI U criocoba OypeHwsl.
B npakTuke COOpyXeHUS CKBaXXWH Ha BOJY IOJYYUJIU pacipo-
CTpaHEHHUE Cieaylouue crnocobsl OypeHUs: BpallaTeJbHBINA ¢ TIpsi-
MOU TIpOMBIBKOH, BpalllaTeJIbHBIM ¢ 0OpaTHOM MPOMBIBKOI, Bpa-
aTeNbHBIA C TPOAYBKOM BO3AYXOM, yIapHO-KaHATHBIN, peaKTHUB-
HO-TYPOUHHBIN U KOMOMHUPOBAHHBIN.

YnapHo-KaHaTHBIH CITOCOO MTPUMEHSIOT TIPH OYpeHUM CKBaXXHH
Ha yOuHy 10 150 M B PBIXJIBIX M CKAJIBHBIX TTOPOAAX Y HAYaJIbHOM
nuameTpe ckBaxXUHBI 6osiee 500 MM. CTEHKH CKBaXXWH KpETST Tpy-
0aMu HeTIpepbIBHO MO Mepe yrirybaeHus 3a60s.

BpauiatensHoe GypeHue 1Mo xapakTepy yriyoJeHUs TOopasiesi-
ercst Ha OypeHHe KOJIbLIEBBIMU U CITJIONTHBIMU 3a00aMHU. BypeHue
KOJBLIEBBIM 3a60€M Ha3bIBA€TCS KOJOHKOBBIM, CITJIOIIHBIM — PO-
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TOpHBIM. KOJIOHKOBBII CrToco6 nMpUMeEHSIeTCsl B CKaJbHBIX MMOpOaax
MpYU IMaMeTpe CKBaXWH 10 150—200 MM, nipu riy6uHe OypeHHUS 1O
150 m. Inist OypeHUsT CKBaXWH OOJIBIIMX TMAaMETPOB U TIYOUHOM 60-
nee 500—1000 M pekoMeHIyeTCs peaKTUBHO-TYPOUHHEIN CIIoco0.
KoMOMHMPOBaHHBIN crmocob (ynapHO-KaHATHBIM U POTOPHBINA) UC-
MoNb3yeTcs i OypeHHsI CKBaXXUH TTyouHoi 6osee 150 M nipu 6e3-
HaTTIOpHBIX U CJIA00HATTOPHBIX BOJOHOCHBIX TOPU30OHTAX, MPENCTaB-
JICHHBIX PBIXJIBIMU OTJIOXeHUSIMH. Crioco6 TMTPOMEIBKY 3aBUCHUT OT
BUJIa TTPOXOAMMBIX TPYHTOB. B KauecTBe MPOMBIBHBIX PACTBOPOB MC-
MOJIB3YIOTCH BOJIA U TITMHUCTHIE PACTBOPBHI.

Puc. 4.2. Bogo3aGopuas CKBaKUHA:
1 — GubTp CKBaXxHHBI; 2 — 3KCIUTyaTallMOHHAsI KOJIOHHA; 3 — KOJIOHHA
ob6cagHbIX TpY6; 4 — KOHAYKTODP; 5 — YCThe CKBaXMHbBI (OrOJIOBOK); 6 —
MaBUJIbOH; 7 — LIEMEHTHbIN WJIM TJIMHSHBIA 3aMOK; § — HacocHble (BOO-
MoabeMHBIE) TPYOBI; 9 — Hacoc ¢ MOrpyXHbIM 2jeKTpoaBUraresneM; 10 —
OTCTOWHMK; /] — cTaTMYECKUH YPOBEHb BOIbI

IIpu BEIOGOPE crToco6a GypeHHsT YYUTBIBAIOTCS HE TOJBKO TEXHOJO-
TMYHOCTh METOIAa M CKOPOCTh MPOXOAKH, HO M obGecrieueHHe ycJio-
BMI1, rapaHTUPYIOIIMX MUHUMATBHYIO HeopMallvio TOpos B IPU-
3a0011HOI1 30HE.

g moabeMa BOIBI U3 CKBaXWH MCIOJB3YIOT BOAOMOIBEMHOE
obopynoBaHue pa3nuuHbIx TUITOB. HacocHrle yctaHoBkM THTAa DIIB
TIPUMEHSIOT I 000pyAOoBaHMS CKBaXWH riyouHoit 10—700 M u 60-
nee. OHU MoryT paboTaTh B MCKPUBJIEHHEBIX CKBaXHHaxX TpU pa3HO-
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00pa3HBIX THIPOTEOJIOTMYECKUX YCJIOBHUsIX. HacocHble yCTaHOBKHU
C TPAHCMHUCCHUOHHBIM BaJIOM NMPUMEHSIIOT IS CKBaXWH TIIyOMHOH 10
120 M, oHU MOTYT paboTaTh TOJBKO B BEPTHUKAJbHBIX CKBaXKHMHaXx.
Boxy npu pacyeTHOM IMHAMMYECKOM YpOBHe He 6ojiee 5—6 M OT Mo-
BEPXHOCTH 3eMJIM MOXHO 3a0MpaTh TOPU3OHTAJIBHEIMM HACOCAMM.
Hdna mogbeMa BOOBI M3 CKBaXXUH HMCIONB3YIOT 3PJIUGTHI, TO3BOJS-
JOlINE MOTHNUMATh BOY M3 UCKPUBJIEHHBIX CKBAXKUH, a TAKXe BOAY,
colepXaulylo MexaHUYeCcKue MpUMecH B KOJMWYECTBAX, MpEBHIIIA-
IOILIMX TIpeNeSIbl, YCTAHOBJIEHHBIE /U HACOCOB PYTHUX TUIIOB.

Han ycTeeM BO03a60PHBIX CKBaXKHUH CTPOAT MaBHJIBOHBI TS pas-
MEIIEHUS OTOJIOBKA CKBaXXWUHbBI, SJIEKTPOABUTATENISI, TOPU3OHTAIBHO-
TO 1IeHTpOOBEeXXHOTo Hacoca, MPUOOPOB MYCKOBOH U KOHTPOJIBbHO-U3-
MEpHTENTbHOM anmapaTtypsl ¥ MpUbOpoB aBToMaTUKK. Kpome Toro,
B HUX pacriojlaraioT 4acTu HaropHoro TpybornpoBoaa, o00pyJa0BaH-
HOTO 3aTBOpaMu, OOpaTHBIM KJIaaHOM, BaHTY30M, TPOOOOTOOPHBEIM
kpaHoM. Kaxnyio cKBaxuHYy 000pYIyIOT PaCXOIOMEDPOM.

OTBEeTCTBEHHOM YaCThIO CKBaXXWHBI sBasercs: puiabTp. OT mpa-
BWJIBHO M HAIEXXHO YCTPOEHHOTO (DUIbTPa B 3HAUUTEIBHOM CTEITEHH
3aBHCHUT KayecTBO paboThl BOA03aBOPHOTO coOpyXeHUs. DUIBTPEI
TPeayCMaTPUBAIOT B PBIXJIBIX, HEYCTOWYMBBIX, CKAJIBHBIX U TTOJY-
CKaJbHBIX Moponax. B 3aBUCHMOCTH OT xapakTepa BOJOBMEIIAIOMINX
TTIOPOJI ¥ ITyOWHBI CKBAXMHBI HAaN0OJIee YacTo TIPUMEHSTIOT (PYUTBTPHI:
TIOPUCTHIE, LIEJIEBbIE, MPOBOJIOYHBIE, CETUYAThIe, KAPKACHO-CTEPXKHE-
Bbl€, ITAMITOBAaHHbLIE, TPaBUMHbBIE.

DuUnbTp COCTOUT U3 paboyeit (BOAOTIPUEMHOI) YaCTH, HAT(DUIb-
TPOBBIX TPYO M OTCTOWHUKA. JTMHA HAT(PUIBTPOBBIX TPYO 3aBUCUT
OT KOHCTPYKUMM CKBaXWHBI. Eciu GuirbTp pacrnojaraercss Ha KO-
JIOHHE, TO Haa(pWJIBTPOBBIE TPYOBI SABJISIOTCS €€ MPOMOJIKEHNEM.
[Ipu MeHblIEM nTUaMeTpe HaA(MUIBTPOBBIE TPYOBI BXOASAT BHYTPh
SKCTIyaTallMOHHOM KOJIOHHBI HE MeHee YeM Ha 3 M Tpu riyOuHe
CKBaXXWHBI 10 50 M M He MeHee 4eM Ha 5 M npu OoJblueil ry6uHe.
B 3a30p, o6pazoBaBiLIMiicss MeXITY HUMM, YCTAaHABIUBAETCSI CATBHUK
W3 pEe3UHBI, NTEHbKU, LleMeHTa U 1p. [Ipu onpeneneHHBIX YCIOBUSAX
pOJIb CaJTbHUKA BBITIOTHSET CJI0¥ IpaBusi, 3aCHITAHHOTO MEXIy 3KC-
TUTyaTallMOHHOW KOJOHHOW U GuiabTpoM. BricoTa OTCTOHHUKOB
B GUIBTpaX, Kak MpaBujio, npuHumaetcs 0,5—2 M.

Haubonbuiee pacnpocTpaHeHWEe HAULIM 4YacTHUIIE3aJdepXKUBa-
fotiie (hUIBTPBI, KOTOPBIE BKITIOYAIOT (UIIBTPhI-KApKAChl ¥ (PUIIBT-
pBI C JOTIOJIHUTENBHON BOJONPUEMHON MTOBEPXHOCTHIO. B 3THX KOH-
CTPYKUUAX 3@ deKT nmpeaoTBpalleHUs TECKOBAHUS JOCTUTAETCS
noa6opoM paszMepa OTBEPCTHS B Kopryce uibTpa OTHOCUTETBHO
pa3Mepa yacTHl, BOJOHOCHBIX MTOPOJ UJIW rpaBUIiHOIN OOCHITIKH.
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DuUnbTPHI C OTKJIOHUTEJIEM TpaBUSl XapaKTEPU3YIOTCS HATUYHUEM
TaKHAX 3JIEMEHTOB BOJOTIPUEMHOMN MTOBEPXHOCTH, TIPU KOTOPBIX UC-
KJTIOYAaEeTCs TMpsSIMOe HaJIOXEeHHE BOJOHOCHBIX IMOPOJ WIM IpaBHii-
HBIX YaCTULl Ha (HUITBTD.

B rpaBUTalIMOHHBIX (UIBTPAX YCTPAUBAIOT IIIMPOKHE BOJIOTIPU-
€MHBIE OTBEPCTUSI, B KOTOPBIX IPYHT YIEPXKHBAETCST OT BEIHOCA IO
IEHACTBUEM CHUIBI TSIKECTH.

OCHOBHBIMH 3JIeMEHTaMU (DWIBTpa SIBJISIOTCS OMOPHBINA KapKac
M BOIOTIpUEMHast MoBepxHOCTh. Kapkac obecreunBaeT HEOOXOAUMYIO
MEXaHWYECKYIO TIPOYHOCTh U CIIYXXUT TOIAAEPXKUBAIOLIEH KOHCTPYKIIU-
eit st prnetpytonieit mopepxHoctd. CHull 2.04.02-84* pekoMeHy-
10T CJICAYIOIINE THITBI KapKacoB: CTEPXHEBBIC, TPYOUAThIE C KPYIIIOi
M 1IeNIeBOM Nepopalieif, ITaMIToBaHHBIEC U3 CTAIbHOTO JIUCTa. B Ka-
yecTBe (GMIBTPYIOLIEH MOBEPXHOCTH MPUMEHSIIOT IIPOBOJIOYHYIO 06-
MOTKY, IITAMITIOBAHHBIN JIUCT, IITAMITOBAaHHBIN JIUCT C OMHOM- MU
JIByXCJIOWHOM TeCUaHO-TPaBUITHON OOCHITIKOI, CETKU KBaApaTHOTO
M TaJlyHHOTO TUteTeHust. I1pu 3a60ope HEOOMBIINX KOJTUYECTB BOIABI MO-
TYT IPUMEHSATHCS (PUIBTPHI U3 TIOPUCTOTO DEeTOHA.

KoHcTpyKumu ¢ouIbTpOB NMpuBeneHbI Ha puc. 4.3. JInamerp pwib-
TPOB OTPEJENISIOT UCXOST U3 JebuTa CKBaXXMHBI, TTapaMeTPOB BOJO-
TOIBLEMHOTO 000PYIOBAaHUSI U CKOPOCTH OBVKCHHUS BOJbI B BOIOTIONb-
€MHBIX TpyDax, KoTtopasi mpuHuMaeTcs He 6onee 1,5—-2,0 M/c. MuHn-
MaNbHBINT auaMeTp ¢uiabTpa TNpoHMMAalT paBHBIM 100—150 MM
C YYETOM BO3MOXHOCTH TIPOBeAeHUS peMoHTa. DUIBTP YCTaHABIMBA-
10T Ha PacCTOSAHUM He MeHee 0,5—1 M OT KpOBJIM MOIOIIBHI TIIACTA.

BonoszabopHbie cKBaxXXUHBI MCTIONB3YIOT IS 3a00pa KakK Harnop-
HBIX (puc. 4.4), Tak 1 6e3HAMOPHBIX TIOA3eMHBIX Bol. Pasnuyator
CKBaXHMHBI JBYX THITOB: COBEPIIEHHEBIE M HecoBeplleHHbIE. [Ton co-
BEpIIEHHOI MMOHUMAETCS TaKasi CKBaXXMHa, KOTOpasi BCKPBIBAET BO-
MIOHOCHBIM TOPU3OHT 10 TOJCTWIAIOIIETO BOAOYMOPHOIO IIACTA.
Ecnm ckBaxXMHa 3aKaHYMBAETCS B TOJIIE BOJIOHOCHOTO MacTa, TO
OHa Ha3bIBAETCS HECOBEPIIEHHOM.

OcHoBHas 3amadya MPOEKTUPOBAHUSI COCTOMT B BHIOOpE paLKo-
HaJTbHOTO THITA M CXEMBI CKBaXXMHHOM CUCTEMBI, T. €. B OTIPENeICHUU
OTITUMAJTLHOTO YUCJIa 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 3314y PEIIaloT Ha OCHOBE TUIPOTeOsIOTH -
YeCKHX pacyeToB IO OMpeAe/IeHUIO 1e0UTa CKBaXXUH M TTOHHXXEHUS
YPOBHSI BOIBI B MPOLIECCE SKCIUTyaTaLlMU, a TAKXKe OLEHKU B3aMMHO-
ro BIIUSTHUSA OTAENTBHBIX CKBAaXXWH MPU COBMECTHOM MX pabore.
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Puc. 4.3. OcHoBHble cXeMbl KOHCTPYKIMil (HILTPOB BOJ03200OPHBIX
CKBAXKHH:
a, 6, 6 — Ha OCHOBE CTEPXXHEBBIX KapKacoB, TPYOUYAThIX KAPKACOB CO ILIEJIEBOM
niepdopanmeit ¥ TpyGUATHIX KapKacoB ¢ Kpyrioit nepdopalueil; e — rpapuii-
Hble; ] — cTepXHEeBOH KapKac Ha OMOPHBIX KOJjibLiax; 2 — LieJieBoil Tpyoua-
THII KapKac; 3 — TpyOuaThiii KapkKac ¢ Kpyrioit nepdopauuneit; 4 — npoBo-
JIoyHast 06MOTKa M3 HepXKaBelowlei CTaii; 5 — pbIxias o0ChINKa; 6 — orop-
Hble MPOBOJIOYHbIE CTEPXHM MOJ IPOBOJOYHYIO OOMOTKY W JIMCT;, 7 —
rpaBUitHast o6CHINKA B KOXYXe; & — JIUCT, LUTAMIIOBAaHHBIN U3 HepXaBelowei
crany; 9 — omnopHasi MPOBOJIOYHAsI CUpaib; 10 — rpaBuitHblit Giok; 11 —
ceTKa M3 HepXaBelolleidl CTaju WiM JaTyHu; [2 — ceTKa NoAKJagHas
CHHTETHYECKAS



Puc. 4.4 Cxema NPHTOKA BOJbI K CKBaXKHHE:
a — COBepllieHHast CKBaXWHa; 6 — HecoBeplIeHHas! CKBaXWHa; | — (GUIbTp;
2 — Konojell; 3 — BOOOHEMPOHMLAEMBIi TUTACT (KPOBJsi); 4 — HamopHas
TUIOCKOCTb; 5 — BONOHOCHBIN IJIACT; 6 — BOAOYNOp; 7 — AeNpeCcCUOHHAas
KpuBasi; 8§ — CTaTUYECKUIt YPOBEHb BOABI, 9 — ypOBeHb BOIBI IIPU OTKAYKe

OnHOBPEMEHHO C pelIeHHEM 3THX BOMPOCOB YTOYHSIOT CXEMBI
pacroJyioXeHUsT BOA03a0OpHBIX CKBaXXWH, UX YUCIO U Tul. Ilpu
TPOBEJIEHUU TUIPOTEOJIOTUYECKUX PACUETOB B KaYECTBE UCXOJHOMN
BEJTMYWHBI TIPUHUMAIOT 1eOUT, COOTBETCTBYIOIIHI 3a1aHHOMY BOHO-
MoTpebIeHNIO, WIN MaKCUMAaJIbHbIN 1eOUT, KOTOPBI MOXET OBIThH
rojyyeH. B o6oux ciyyasix pacyeTaMu YCTaHaBJIWUBAIOT pa3Mephl
BOJ03a0OPHBIX COOPYXKEHMIT (TIyOMHY, AMaMeTp), YUCII0, Pacroo-
XKE€HHUE U 1eOUT CKBAXHWH NPU 3aTaHHOIN IUIMTENIBHOCTH 3KCIUTyaTa-
LIMU M MAaKCUMAJIbHO JOITYCTUMBIX TTOHUXEHUSIX YPOBHS Boabl. Ha
OCHOBAaHMHW BapHAHTHBIX THIPOTEOJIOTMUYECKHMX PACUYETOB paccMar-
PUBaEMBIX CXeM BBIOMPAIOT ONTUMAJIBHYIO.

TI'unporeosiornyeckue pacyeTsl BOO03a0OPHBIX COOPYKEHUI TTpO-
BOMSIT Ha OCHOBE 3aKOHOB ¢uspTpaumu. Paccmorpum obiume pac-
YeTHBIE 3aBUCUMOCTH JJIST OTIPE/ICJIEHUS pacxoja BoJbl Bogo3abop-
HOTO COOpyXKeHUSs. JeOUT CKBaXXUH B BOMOHOCHBIX MIACTaX MOXET
OBITh HAWHEH MO CACAYIOUIUM 3aBUCHUMOCTSIM:

HanopHeIX — Q = 2 n kmS, /R,

Oe3HamopHeIX — Q=2 n k on (2he — Son)/ R,
rae km —BOIOMPOBOJAMMOCTD SKCIUTYaTUPYEMOTO TuiacTa (3)1e05 k—
KO3(hGUUMEHT GUIBTPALMH; m — MOIUHOCTD TUIacTa); S, — MaK-
CHUMAJIBHOE JOITYCTUMOE TTOHVIKEHHE YPOBHS MOA3EMHBIX BOX; h, —
€CTECTBEHHAs1 MOILHOCTb TPYHTOBOTO 1MoToka; R = R, + B¢ — duib-
TpallMOHHOE COTIPOTUBJIEHUE, 3aBUCSIIEE OT TUAPOTEOJIOTUYECKUX
YCJIOBHiA ¥ THITa BOL03a0OPHOIO COOPYXEHUS (30eCh R — ruapasin-
YeCKO€ COTPOTUBJIEHHE R B TOUKE PACIIOJIOXEHHUSI CKBaXXKUHBI; & —
JIOTIOJTHUTEJIBHOE COTIPOTHBIIEHUE, YUUTHIBAOLIEe (PUILTPALIMOHHOE
HECOBEPILLIEHCTBO CKBaXUHHBI; B = (./Q — OTHOLIEHHE pacXofia pac-
cMaTpuBaeMoii ckBaxuHbl Q, K 001ieMy pacxony Bogosabopa Q).

Benmuunbl R, R, 1 £ MOTyT OBITb OMpenesieHbl TONBKO MPU TOM
WY MHOM CTENEHN JeTATU3aLUU TUIPOTe0JOrnYeCKoil 00CTAHOBKH.
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JlonycTuMoe MOHMXEHUE YPOBHSA BOIbI B CKBaXHHE S, ONpelie-
JISIETCSI 110 JaHHBIM OMBITHBIX OTKa4yeK. [TpubIMXeHHO 0TyCTUMOE
MMOHWXXEHNE YPOBHSI BOJIBI MOXXHO OTPENCTUTD CIEAYIOLINMM 00pa3oM:

6e3Hanopubix — S, = (0,5—0,7) h,—Ah,,.—Ahy;

Harnopuslix — 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 ero KPOMKHU Mo TUHAMU-~
4eCKUI ypOoBEHb B CKBaXWHe); Ahy, U AH, — moTepu Haropa Ha
BXOJI€ B CKBaXXHHY; M — MOIIIHOCTb HaITOPHOTO TIJIaCTa.

4.1.4. WaxTHble konoaubl

IIlaxTHBIe KOMOOLBI (pUC. 4.5) MPEACTABISIOT COO0I BEPTHUKAIb-
HYI0 BBIpabOTKY, MOMepeyHOe CeueHUe KOTOpPO MMeeT OoJblIne
pasMepbl MO0 CPaBHEHUIO CO CKBaXXWHaMU. [IpUMeHeHHUE MaxXTHBIX
KOJIOAIIEB OrpaHUYEHO BKCITyaTalyeit BOIOHOCHBIX TOPU30HTOB,
3aJIeralouux Ha HeOOMbIINX TIyOUHAX — 0ObIdyHO 20—30 M.

! 2

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

Konoamsl UCTIonb3yIoTes st 3a60pa BOIBI M3 Ge3HAMOPHBIX UITH
MaJIOHATIOPHBIX BOJOHOCHBIX IJIACTOB B CUCTEMAaX BOAOCHAOXEHUS
HEOOJIBILIMX MPOMBILLIEHHBIX MPEANPUSTHI U HACEJEHHBIX MyHK-
TOB. OHM COCTOSIT U3 CACAYIOUINX KOHCTPYKTHMBHBIX 3JIEMECHTOB:
OroJIoBKa, CTBOJIa, BOJAOIOAbEMHOMN YacCTU U BOJOCOOPHOI YyacTH —
3ymricha. OTOI0BOK CITYKUT [JIS 3aLIUTHl KOJIOALA OT IMOMNajaHMs
B HETO 3arpsA3HEHHBIX BOA U MO3TOMY JOJIKEH BO3BBIIIATHCS HAll
IMMOBEPXHOCTBHIO HE MeHee yeM Ha 0,8 M. CBepXy OH TMepeKphIBaeTCs
KPBILIKOI, 8 BOKPYT KOJIOAIA YCTPAMBAIOT TJIMHSHBIN 3aMOK Ha IJTy-
6uHy 1,5 M ¥ OTMOCTKY JUISI OTBOAA BOIHI.
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ITo ycnosusiM 3a00pa BOzbl U3 BOJIOHOCHOTO I1J1aCTa KOJIOALIBI MO~
pa3NesAoT Ha paboTarolMe JHOM, CTEHKAMHU U OIIHOBPEMEHHO THOM
u creHkamu. Crioco6 npuemMa BoIbl, a TakKKe BUJ M COCTaB TTOPOJ BO-
IOHOCHOTO TUIacTa OMpPEAesIIoT TO WIM UHOE YCTPOUCTBO BOAOIPOHU-~
paeMoit dunbpTpyoulell MOBepxXHOCTH Konoaua. JJHo kosoaua npu
MpyUeMe BOIbl Yepe3 Hero o0OpynyloT rpaBUMHBIM (QUIBTPOM WITU
TTUTON U3 TToprcToro OeToHa. B cTeHKax Kosoaua Tpy npyueMe BOIbI
yepe3 HUX JOJKHBI OBITh YCTPOEHBI CITELIMABHBIE OKHA, 3aTOJTHEH-
HBIE TPAaBUMHBIM (DUJIBTPOM U TTOPUCTBIM OETOHOM.

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

Ilo Buay Matepuana 1IaxXTHbIE KOJIOALBI ObIBAIOT IEPEBSIHHBIMU,
N3 KaMEHHON ¥ KMPITUYHOM KJIaAKU, a TaKXKe OETOHHBIMU U XeJje-
300eToHHBIMU. [locnenHue jyytire BceX IPYruX COOTBETCTBYIOT Ca-
HUTAapHBIM TPeOOBaHUSAM U 0oJiee NOATOBEYHDI, TO3TOMY B MPaKTH-
K€ BOIIOCHAOXEHHUS B HACTOSILLEE BPEMS TPUMEHSIIOTCSI B OCHOBHOM
KOJIOALIBI U3 XeJIe300eTOHHBIX KoJiell (puc. 4.6).

A-A 3

a 5)

v

Hazer

a/

Ta

Puc. 4.6. KoHCTpyKuusi maxXTHOrO Ko0JoaHa H3 cOOPHBIX Kese300eTOHHbIX
KoJeI;
a — TUIaH U pa3pes; 6 — JeTajib BONONPUEMHO YacTH; ¢ — TeJleCKOMuuecKasl
KOHCTpPYKLMA Konoaua; I — ¢bunbrp; 2 — Kosblia; 3 — BEHTHISLUMOHHAS TPY~
6a; 4 — 1eOGeHOYHOE KperuleH!e; 5 — IIIMHAHBIM 3aMOK; 6 — IOHHAas IUTUTa
13 nopucToro GeToHa; 7 — BKJIAABIIIHN U3 MOPHUCTOro 6eToHa; § — rpaBuiiHas
MOACKINKA;, 9 — METALTHYECKOE KOJbLO ONYCKHOTrO npucrnocobnenus; 10 —
TaMrioH M3 OetoHa; J/I — 1webeHb;, 12 — rpaBuii; 13 — mecok
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ITpu HeoOXOAWUMOCTHU MOJYUCHUS 3HAYUTENbHBIX KOJTUYECTR
BOABl YCTPAMBAIOT HECKOJIBKO KOJIOALEB, pacIlOJOXEHHBIX B psin
MEepNeHANKYISIPHO MOA3EMHOMY MOTOKY BOAbl. Boja M3 KaXIOTo
KOJIO[ILIA TTOCTYMAEeT MO TPYyOONpPOBOIaM B COOPHBII KOJIOEL, OTKY-
Jla TIepeKauyrBaeTCsl B BOAOHATMOPHYIO GalIH0 UM Ha OYMCTHBIE CO-
OpYKEHHUSI.

4.1.5. Flopn3oHTanbHble BOA03a00pbI

T'opu3oHTaNbHBIE BON03aboph! (puc. 4.7) NMpeACTaBIsSIOT coboit
BOJIOCOOPHYIO TPaHIIEIO WX BOOOCOOPHYIO Tasiepero, 060pynoBaH-
HYIO I/ MpyMeMa BOIbl M3 BOJOHOCHOTO IIacTa U OTBOAA BOIHI
B MECTO PACIOJIOXKEHUST BOI03a00PHBIX ycTpoicTB. OHU MO3BOMSIOT
3KCIUIyaTUpOBaTh MAJIOMOIUHBIE BOJOHOCHBIE TIacThl. ['OpU30H-
TaJIbHbIE BOI103a00Opbl 0COOEHHO 3(h(PEKTUBHBI ITPU PACTIONOXEHUH
BOJIM3U peK, 03ep U BogoxpaHUauiL. OHU MOSIBIIMCE 3HAYUTEIBHO
paHblile BEpTUKAJIBHBIX BOJ1I03a00POB B CTpaHax C 3aCYIUTUBBIM K-
MaToM.
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Puc. 4.7. TopuzonranbHbiii Bogo3adop:
1 — ropuzoHTaILHBIE BOAOCOOPDI; 2 — cOOpPHBII Konofew; 3 — BOAOHOC-
HBIA nact; 4 — BOmOyTop

Tl'opuzoHTanbHBIE BOJ03a0OPHI YCTPAUBAIOT NIPU TJIYyOMHE 3ajiera-
HUSI BOIOHOCHBIX mopof a0 8§ M. ITpy 3HauuTeNbHOM JJIMHE BORO-
3abopoB 4yepe3 Kaxable 50 M ycTpauBalOT CMOTPOBBIE KOJIOMLIEI,
MpeaHa3HauYeHHBIE 11 OCMOTpPAa, OYMCTKU, BEHTUJISIIMU, PEMOHTA
U B3SITUSI TIPOO BOJIBI.

Bonoc6opHblie Konoalbl, Kyla nocTynaetr coopaHHasi Boaa, oc-
HaUIalOTCsI HACOCHBIMU YCTAHOBKaMHU. B HUX MPOM3BOASAT 3aMep Je-
oura, oT60op NMpob, ocaxnaloT B3BELIEHHBIC YACTHULIBI.

Bun yctpoiicTB mis 3axBaTta BOJABI 3aBUCHUT OT THAPOTEOJIOTHYEC-
KX Y UHXEHEPHBbIX yCJIOBUi. IIpocTeHiIMM THIIOM TOPU30HTANIb-
HOro Bomo3abopa SIBASIETCS OTKPBITHINA IPEHAXHBIN KaHaJl — BOJO-
c6opHUK. OH MPUMEHSIETCST IS TIPOMBIIIJIEHHOTO BOJIIOCHA0XEHUS
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-} CTPOMUTCS B BUIE OTKPBITON TpaHLIEHHOI BBIPAGOTKH, OTKOCHI KO-
TOpO¥ 060PYNOBaHBI NECYAHO-TPABUITHBIM (DUIIBTPOM.

ITpu 3a60pe HeGONMBIINX KOJIMUECTB BOABI TSI MEJIKUX MTOTpeOHUTe-
Jieil U BpeMEHHOTO BOIOCHAOXeH s, a TAKXKe MPH TIyOUHE 3aJeraHuns
TON3EMHBIX BOJ 2—3 M OT MOBEPXHOCTH 3€MJTH TIPUMEHSTIOT TPaHIIIeH-
Hble Bomo3abopbl. KamMeHHO-11Ie6eHOUHBIN Bomo3abop (puc. 4.8, a)
BBITIOJTHSIOT B TpaHIIIee, YKIaAbBasi (GUNBTPYIOIME MaTepHaibl, pa3-
Mep KOTOPBIX YBEJTMYMBAETCSI K cepellHe TpaHilen. CBepXy ero Ino-
KPBIBAIOT CJIOEM TJIMHBI, @ 3aTEM BBIHYTBIM U3 TPAHIIEH FPYHTOM.
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Puc. 4.8. Tpanmeiinbie Bon03abopsi:
a — KaMeHHO-1eOeHOUHBIH; 6 — TpyOuaThlif TOPU3OHTANIBHBIA; | — 06-
paTHasi 3achilKa TpaHIUeW MECTHBIM TPYHTOM; 2 — DIMHA; 3 — KpYIHbIE
Mecku; 4 — rpaBuii; 5 — pBaHblit KAMEHb, 6 — IpeHaxHas Tpyba

TpyOuaTble TOpU3OHTaTBHBIE BOA03abopsl (puc. 4.8, 6) ycrpau-
BalOT MPH MyOWHE 3aJieraHusl MOA3eMHBIX BoJ 0 4—5 M. B oTiin-
yye OT KaMeHHO-11eOeHOYHOTro Bofo3abopa BOMONPUEMHYIO YacTh
BBIMOJIHSIIOT U3 KEPAMUYECKHUX, aCOECTOLIEMEHTHBIX, XKeJie300eTOH-
HbIX, OETOHHBIX Y IJIACTMACCOBBIX TPYD, KOTOpbIe OOCHINAIOT DUTb-
TPYIOIIMM MaTepuaioM. B BomompueMHBIX TpybGax yCTpauBaloT
KpYIJible W IIEJIEBbIE€ OTBEPCTUSI, PACIIMPSIOLIMECS BHYTPb TPYOHI,
a B TpybOax OONBbUINX TUaMETPOB — OKHa-HHIIW. B ocTajbHOM YCT-
POMCTBO 3TOr0 BOM03abopa aHAJOTUYHO YCTPONCTBY BOJ03abOOpPOB
npeasiayiero Buaa. I1pu ucrnoab3oBaHUU TPYO M3 MOPUCTOrO OETO-
Ha ¥ nojuMepbeToHa He HYXXHa (PUIIbTpyIolast 0OChIITKAa WX AOC-
TaTOYHO YCTPOWCTBA OJHOTO €€ CJIOS.

Bomo3abopHsie rajepeu (puc. 4.9) cTposT Npu IyOMHaxX 3ajiera-
HHUS TIOA3EMHBIX BOI 10 6—8 M OT MOBEPXHOCTH IPH JIIOGBIX Te0JI0-
TMYECKUX U THIPOTCOIOTHUECKUX YCIOBUSIX LIS KPYITHBIX MIOTPEOH-
Tesiel B OTBETCTBEHHBIX CUCTEMax BorocHaoxeHust. ['anepeto Bogo3a-
0opa BBIMOJHSIOT U3 COOPHBIX OBAJOBUIHBIX WJIM TPSMOYTOJBbHBIX
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 ryonHe He 6onee 0,5 M 1 mmpuHe 0,2—0,4 M obGec-
MeYMBAET CTOK COOPAHHOI BOJBI K MECTY €€ cOopa Mpu CKOPOCTSIX,
MCKJTIOYAlOIMX BHITIaZIeHNe B3BElIEHHBIX YacTHil. B Hacrosiiee Bpe-
MsT pa3paboTaHbl BOIOCOOPHBIE rajieper ¢ BOIOTIPHEMHBIMU SIeMEH~
TaMM U3 ITOPUCTOTO OETOHA.
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Puc. 4.9. Bono3abopnas rajiepesi 0BajOBHIHON (@) U NPAMOYroibHO# (0)
dbopm:
] — Xesie306eToHHbIE COOpPHBIE 3BeHbs Tajiepey; 2 — NecyaHO-TpaBUIHBIN
00paTHbIi GuabTp; 3 — BOOONPHUEMHBbIE OTBEPCTHUS; 4 — JIOTKOBasl YacThb
rajepen; 5 — recyaHO-rpaBHiiHasl MOArOTOBKAa OCHOBaHUS rajepeu; 6 —
MOCTHUK [JISl TIPOXOAa 3KCIUIyaTaLMOHHOTO MepcoHana; 7 — CMOTPOBOIA
(BEeHTHJISILIMOHHLIN) KoJloael]

Ll L &LL L

. I
Puc. 4.10. Bonoc6opHas mTosbHA npAMOYroJibHOi ¢GopMbl ¢ BHYTPEHHHM
necYyaHo-rpaBHiiHbLIM 00paTHBIM UALTPOM (a) M KpyrJioil (0OBaIbHOI)
¢opMbI ¢ paaHaANbHBIMH CKBAXKHHAMH-yCHIIHTENAMU (06):
1 — xene3obeToHHasA oblenKa WTOJNbHHU; 2 — TMECYaHO-TPaBUIHBIN 00-
paTHBIA GUIBbTP; 3 — BOJONMPUEMHbBIE OKHa; 4 — ylIepXHBalollasi CTEHa
(peuieTka) ¢ CeTKOM; 5 — LUMypPbl MU CKBAXHUHBI C GUILTPOM
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IIpu rny6uHax Gonee 8 M BO3MOXHO NMPHUMEHEHUE TOPHU3OH-
TajibHOro BoAo3abopa B Buie¢ BOZOCOOPHON IITOJNBHU MPSIMO-
YrOJILHOM MM KpyTJiolt KoHpurypauuu (puc. 4.10). B otnuune
OT Trajiepeif ITOJbHU CTPOSIT MOA3EMHBIM (TOHHEJIBHBIM) CITOCO-
6oM mnpoxoaku. O6opynoBaHWe IITOJbHU aHATOTMYHO 060pymO-
BaHUIO Taniepeu. [1pu HEOGXOOUMOCTHU TOBBILLIEHUS] BOAOIPUTOKA B
CTeHax WITOJBHU OypsAT paauaNibHble YPGBl UJIM CKBAXWHBI
¢ GUIBTPOM.

4.1.6. JlyueBble BOA03ab6opbl

JlyyeBble BOI03a0Opbl — 3TO CUCTEMA FOPU3OHTABHBIX MJIM Ha-
KJIOHHBIX CKBaXXWH, KOTOpbIe COOMPAIOT BOAY U3 BOJGHOCHOTO [1J1a-
CTa U OTBOJAT €€ B LIEHTPATbHYIO BOMOCOOPHYIO KaMepy (IaxTy),
OTKYyZa BeleTcs oTKauka. Bomo3abop 3Toro TuIa ycTpauBaloOT Kak
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 pPacTioioXeHUs JydeBble BOm103abo-
pbI OBIBAIOT Pa3IMYHBIX TUTOB (puc. 4.11):

MOAPYCJIOBOM — TMOM HHOM peKM (C 1IaXTOW Ha Oepery Miau
B pycie);

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

KOMOMHUPOBAaHHBIM — KOraa Bom03abop HaXoAMTCSA Ha Oepery
peKH, a JydyeBble GUIBTPH — KaK B OeperoBoi 30HE, TaK U MO
pyCiioM;

BOIOpPAa3AEJeHHBIN — MPHU PACTIOJNIOXEHUH JIydeBOoro Bono3abopa
BIAJIM OT UCTOYHUKOB ITUTAHUSI.

a) 4 4) 2) J)
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Puc. 4.11. Cxemsl ayyeBbiX BoA03a00poB B mjiaHe:
a, 6 — MoApycJIoBoit ¢ BOI03abOPHOM 11axToit COOTBETCTBEHHO Ha Gepery
U B pycCJie peKH; 8 — OeperoBoii; ¢ — KOMOMHUPOBaHHbII; 0 — BOAOpa3-
JENbHbBINA; | — ropu3oHTalbHbIE paAHaJIbHbIE CKBAXXHWHBI; 2 — BoAocGop-
HBIii Kosiozel (waxra)
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B 3aBHcuUMOCTH OT criocoba ycTpoicTBa COOPHOTO KOJIOALIA U pac-
MTOJIOKEHUS Jydeil B BOJOHOCHOM IUIACTE OHM TOAPA3NEIISIIOTCS Ha
BOJI03a0OPBI C TOPU3OHTATBLHBIMM, HAKJIOHHBIMM BOCXOASILIMMU
1 HUCXOASLUMMHU, a TAKXKE MHOTOSIPYCHBIMU CKBaXMHaMH. OHU MO-
TYT OBITb KOMOMHUPOBAaHHBIMM, €CJIM MpPeIyCcMaTPUBAETCST YCTPOii-
CTBO KaK HAKJIOHHBIX JTy4yeil — CKBaXXWH, TaK U TOPU3OHTAIbHBIX.

IIpueMHBIH KOJloHell, pacloJIOKEHHBIN B IeHTPaJbHOU YacTH
BoJo3abopa, NMpegHa3HayeH He TOJBKO IS TIpUeMa BOABI U ycTa-
HOBKM COOTBETCTBYIOLLEr0O HACOCHOTO 00OpYyNOBaHUSI, HO U IJs
poBeneHUsT paboT 1Mo YyCTPOUCTBY Jydeit ckBaxXuH. OOBIYHO KO-
Jlofel] YCTPauBalOT OMYCKHBIM CITOCOO0M, B 0CO0O TSIKEJbIX yC-
JIOBUSIX — KECCOHHBIM crocoboM. Ero BbicOTa 3aBUCUT OT TNTyOU-
HBI 3aJIeTaHUsI BOJIOYITOPHOTIO TUIACTA, a TAKXE OT TJIYOUHBI 3aJ10-
XeHUST Jydeil. BHyTpeHHMII AUaMeTp KoJoAlla NMPUHUMAETCS
B npenenax 1,5—6 M B 3aBUCUMOCTH OT 0DOpYIdOBaHUS IJISl yCT-
poiicTBa nyyeil M ycoBuit akcriyaTaunuu. Konoaus! BEIMOJHSIOT
U3 c60pPHOTrO U MOHOJIUTHOTO Xenne300eToHa, a AJisl KOJOALIEB Ma-
JIBIX IUaMETPOB MOXHO MCMOJIb30BaTh CTAJILHBIE TPYOHI.

Yucio nydyeBbIX CKBaXWH, UX JJIMHA, HaMpaBJieHUe U IIyOuHa
pacnoJioKeHUsI Ha3HA4YaloTCs B 3aBUCMMOCTH OT THIPOTE0JIOTHYec-
KHX, CTPOUTEJIbHBIX, MHXEHEPHBIX U 9KCTUTYaTalIMOHHBIX YCJIOBUIA.

Cyl11eCTBYIOT pa3MUHbIE CITIOCOOBI YCTPOICTBA TOPU3OHTATBHBIX
Jydeit-ckBaxXuH. i GONBUIMHCTBA 3THX CITOCOOOB ITPUMEHSIETCS
METO[l TPOIaBJIMBAHUST OTHAEIbHBIX 3BEHbEB TPYO C MOMOILBIO IOM-
KpaToB, YCTaHABJIMBA€MBbIX B IlIaXTe. YUYMTHIBass METOM MPOM3BOJ-
cTBa paboT 1O NMPOKJIagKe APEH, HE PEKOMEHIYETCs YCTPONUCTBO JIy-
YeBBIX BOA03a00pOB B BOJOHOCHBIX TPYHTaX U3 KPYITHOTO TaJleYHH-
Ka, C BKpaIUIEHUSIMU BAJIYHOB WIM TOABEPXCHHBIX CHJIbHOMN
KOJIbMaTallnH.

JMHy BOaBIVMBaeMBbIX 3BEHbEB, OINPeNesieMyl0 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 BOA03a00OPOB OCYIIECTBISIIOT
FOPU3OHTAJIbHBIMU WJIM BEPTUKAJIbHBIMHA HACOCaMU, KPOME TOTO,
BO3MOXHO HCIOJb30BaHUE BAKYYMHBIX CUCTEM C TOAKIIOYEHHEM
BaKyyM-HacOCOB K YCTbIO TOPU30OHTaIbHBIX CKBaXUH. [locienHee
0CO0EHHO BaXXHO ISl BOJ103aO0OpOB, pabOTAIOLIMUX B TPYHTAX C HU3-
KOif BoIoOTHavYeH U B MATOBOAOOOMIIBHBIX TIIacTax.

Ha puc. 4.12 npuBeneHa cxeMa JIydeBOro Bomo3abopa, pacioyio-
>KeHHOro Ha Gepery pekr. OH COCTOMT U3 GETOHHOTO IAXTHOTO KO-
JIoAa U CUCTEMBI TOPU3OHTANBHBIX CKBaAXHH. ONTUMaIbHOE YHCIIO
Jyyeii MpUHUMAIOT paBHbIM 3—7. ITpu BEIOOpE OCHOBHBIX ITapaMETPOB
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JIy4€BOTO BOJ103a00pa HEOOXOAUMO YUUTHIBATD, YTO €70 JEOUT HE TIpO-
TMIOPUMOHAJIEH YBEJIUYEHUIO JUTHHEI JIyyeil. YBeJlMdeHHUe TIPUBOIMUT
K POCTY TUIPABJIMYECKUX COTIPOTUBJIEHMH, yMEHBIIAIOIIUX AEOUT BO-
no3abopa. OnHaKO B3aWUMOBJIMSTHUE JTydelt ¢ pOCTOM MX JUTMHBI YMEHb~
maercst. U3MeHeHUe IuaMeTpa JIydeBbIX IpeH U HApYKHOTO IaMeTpa
BOIOCOOPHOTO KOJIOIa 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 — ryxas Tpyba; 2 — KOHeLl Tpy-
6Bl ¢ OypoBOii ToJIOBKOIt; 3 — mepdopupoBaHHast ctajibHas Tpyba; 4 —
3aKJIAAHOI naTpybok; 5 — obcagHag Tpyba; 6 — 6eToHHas Tpobka; 7 —
nutak; & — nmokpeite (acanst 3 cM, mecok 10 cm, rpaBuit 10 cM); 9 —
6eToHHas oropa IMojx BOJOBO

4.1.7. Kantax noa3emMHbIX BOA,

KiTioun ¥ pOIHUKM SIBJISIFOTCSL BBIXOIaMU TION3€MHBIX BOJ Ha IMO-
BEPXHOCTB 3eMJTH. YCIIOBHS BBIXOAa HCTOYHUKOB BEChMa pasHOOOpas-
Hbl. LI MCIONBb30BaHUsI pOJHUKOBOM (KJII0YEBOi) BOMBI, OT/IMYa-
JolIeiics BLICOKMMH TI0Ka3aTeIIMHM KayecTBa, IIPUMEHSTIOT KalTaXXKHbIE
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coopyxeHust. THUTIBI U KOHCTPYKLIMM MX 3aBUCSIT OT TMIPOreosoruyec-
KWX YCIIOBUT BBIXOAA POOHUKOB, MOIIIHOCTH MCTOYHUKA, TONOrpachum
n apyrux dakropos. IIpy paccpelOTOYEHHOM BBIXOAE BOIBI BIOJIb
¢poHTa TIOTOKa KamTaX OCYLIECTBIISIETCSI C TIOMOLUbBIO TOPU30OHTAITb-
HBIX BOJ03a00pPOB KAMEHHO-11IE0EHOYHOIO WIM TajJIepeifHOro THmMa,
MPHU COCPEAOTOYEHHOM — C IMOMOLLBIO BOAOCOOPHBIX KaMep.

B 3aBHMCHMMOCTH OT YCJIOBMIf BbIXOJa HA MOBEPXHOCTh POTHUKU
GBIBAIOT IBYX THUIOB — BOCXOAALIME W HUcxomsue. Hucxonsimme
HCTOYHHUKHU 00pa3yloTcs B MeCTax BbIXOJA Ha MOBEPXHOCTh BOHO-
HOCHBIX IJIACTOB, JIEXAIIUX Ha BOJOHEMPOHULIAEMBIX MTOPOJAX; 3TO
MPOUCXOJUT Ha CKJIOHAX TOPHEBIX BO3BBHIIIEHHOCTE!N W JOJHUH peEK,
OBparoB U 0ajnok.

Bocxonsiie pooHUKM 00pa3yloTcsi TPU BbIXONE HAMOPHBIX BOJ
B MECTaX HApYIIEHUS LIEJIOCTHOCTH NMEPEKPHIBAIOIIMX UX BOOOHEIPO-
HHULIaeMbIX 1acToB. [Ipn HUCXOMAIMX POXHUKAX KATITaXXHOE COOPY-
JKEeHHUE pacroyiaraeTcsi mepes MeCTOM UX MHTEHCUBHOTO Bbixona. I1pu
KarnTaxe BOCXOSIIIIMX POIHUKOB BOM03a00OPHOE COOpYKEHHE pacrio-
JlaraeTcs HaJ BIXOJOM McTOoYHMKa. KarnraxHble COOPY>KEHUs pacro-
JlaratoTcsl Had BBIXOIOM MCTOYHHMKA, OHU OJIKHBI CTPOUTBLCS B MeC-
Tax, TI€ HET OMaCHOCTH BOZHUKHOBEHUST OOBAIOB, TTPOBAJIOB, pa3Mbl-
Ba Y OMOJI3HEN BO M30exXaHME IMOTMAaNaHUs B KanTax 3arpsi3HEHUI,
3aTOTJIEHUS MECTA €ro PacTioIOXKEHHs, a TaKKe TTPOMEp3aHHS.

TumnoBoit npoekT, paspaboraHHblit [1O «MAHTEpBOMY», [UTS KanTa-
JKa HUCXOISIIUX PONHUKOB M3 BOIOHOCHBIX TIJTACTOB, TIPEACTABJICH-
HBIX IPaBUHHO-TAIEYHUKOBBIMH U TPEIIMHOBAaTBIMUA MIOPOAAMH, TIPU-
BeleH Ha puc. 4.13, a. CoopyxeHHe BBHINOTHSIOT B BHAE KaMepHI,
HUMEIOLIEH XeTe3006TOHHOE TIEPEKPHITHE U JHUIIE, CTEHBI — U3 Xe-
JIe300€TOHHBIX Kojiel. Boma B BOOONPUEMHYIO KaMepy MOCTYITaeT Yye-
pe3 BOOONpPHUEMHBIE OTBEPCTHS, OOCHINIAaHHBIE I'PAaBUITHBIM (UIIBTPOM.
C obeux CTOpOH KaMephl yCTPauBalOT BOMOYJIABJIMBAIOIINE CTEHKH U3
IUIOTHO YTpaMOOBAaHHOTIO INTMHUCTOTO TpyHTa. IIpocTpaHcTBO, 0Opa-
30BaHHOE CTEHKaMH, Tlepel BXOMHBIMA OKHAMH 3aTlOJTHSIOT MIECKOM.
Kamepy o60pyayioT pacxomgHoH, MepeJJMBHON W BEHTHIALIMOHHBIMU
Tpybamu. B Tex ciryyasix, Korma MOIIHOCTb BOMOHOCHOTO IiacTa He-
3HAYUTEJIbHA, & BOAOYIIOPHBI IUIACT PacIOJIOXKEH OJIM3KO K TOBEpX-
HOCTH, JHHUILE KanTaxa 3ariayoisiioT B MOAOILIBY Iutacta. BesmauHy
3arTyOJIeHUST ONPENESIIOT MCXOST U3 PACTIONOXEHHUS PACXOTHOM TpY-
OBl B BEPTUKAJIBHOM TJIOCKOCTH; Hall Tpyboit oOpasyeTcs CJOi BOIBI,
obecrieynBaloUINif HATIOP, MOCTATOYHEBIM ISt JATBHEUIIIETO ee TPaHC-
MOpTUPOBaHUs. IS MaKCUMaJIbHOTO UCIIOJIb30BaHHST BOIOHOCHOTO
fy1acTa He0OOXOAUMO, YTOOB! YPOBEHb BOIBI B KaNTaXXHOM KaMepe He
MpeBBILIAT OTMETKH MOJONIBBI IUIACTA.
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Puc. 4.13. Kantax uucxoasmux (a) u Bocxoasauux (6) pOAHHKOB:
1, 2 — nepenuBHas ¥ pacxoHast TPyObl; 3 — rpaBuifHas Npurpyska; 4 — Bo-
JOHOCHBIH MJacT; 5 — BOMONPHEMHBIE OTBEPCTUA; 6 — BEHTWIAUWOHHAS
Tpy6a; 7 — mecyaHas 3achilKa; § — IPaBUifHas OTCHINKA; 9 — TUIOTHO YT-
paM60OBaHHbBIN [TIMHUCTBIN IPYHT; 10 — BOIOHOCHBIH TUtacT; /1 — BOXOYToOp



Karrrax Boabl M3 BOCXOASIUINX POAHUKOB MPOU3BOAUTCA Yepes
JTHO KamnTaXXHOTO COOpyXeHUs. TUTIOBOII MPOEKT TaKOro yCTpOiCTBa
npuBeneH Ha puc. 4.13, 6. OHO TakXe BBITIOTHEHO U3 COOPHBIX Xe-
JIe300€TOHHBIX 3JIEMEHTOB. B OCHOBaHMH KaMepbl JICXKUT QUIbTPY-
OWUil Marepran U3 rpaBus, raabku, mweoHs. [TonGop ¢unpTpy-
IOIIET0 MaTepuasia POU3BOISIT U3 YCIOBUM, UCKITIOYAIOLIUX BBIHOC
MEJKUX YacTHI[ B IPHEMHYIO KaMepy. B ToM ciydyae, ecnu Boaa U3
KaTTaXXHBbIX KaMep He MOXET ObITh MOJlaHa MoTpebuTesio caMmoTe-
KOM, TIPUMEHSTIOT HaCOCHBIE YCTAaHOBKH. JeOuUT KanTaxei onpene-
JISIETCSI HA OCHOBE HaOJIIOEHU 32 PEXKMMOM TOJ3EMHBIX BO/L.

4.2. Coopyxenua ana 3abopa NOBEpPXHOCTHbIX BOA,

4.2.1. OcHOBHbIe onpeneneHus n knaccupukauusa
COOPYXEHUIA

Bono3abopHbIM coOpyKeHUEeM (MU BOL03a0OpOM) Ha3bIBAIOT
KOMTUIEKC TMAPOTEXHUUECKHUX COOPYXKEHUH, ClyKalIuX U 3ab6opa
BOJIBI U3 UCTOYHMKA BOOOCHAOXEHMS, €€ TIpeBapUTETbHON OUUCT-
K# (0OBIYHO TpOLIEXXUBAHUEM BOMBI YEPE3 CETKH) U MOJa4YH MO He-
006X0IUMBIM HAMOPOM B BOJOBOBI (K MOTPEOUTEIIO UM HA OUMCT-
HBIE COOPYKEHUSI CUCTEMbI BOJOCHAOXEHHUS).

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

BonozabopHble cOOpy>KEHHUST — OIHHU U3 OTBETCTBEHHBIX U JIOpPO-
TUX COOPYXEHU CUCTEMBI BOJOCHaOXeHUs1. CHaOXeHWe BONOH Io-
TpeduTeseil B 3HAUYUTENbHOU CTENEHHU 3aBUCHUT OT GecriepeOGoHOro
byHKIIMOHUPOBAHUS BOJM03a0OPHBIX COOPYXEHUI COOTBETCTBY-
fole#f MOITHOCTH, YTO BO3MOXKHO TOJIBKO TIPH OCYIECTBIEHUH BO-
[103a00pa C yYETOM BCEX TIPUPOIHBIX YCTOBUM BOJOMCTOYHUKA.

BonozabopHble COOpYXEHHS KIACCUDULIUPYIOT: HO HA3HAHEHUN) —
XO3SUCTBEHHO-ITUTHLEBOTO WK NMPOU3BOACTBEHHOIO BOIOCHAOXEHHS; 10
POOy 6000UCMOYHUKA — PEYHBIE, MOPCKHUE, BOTOXPAHIIUILHLIE; HO Me-
cmy pacnoaoxcenus odonpuemrHuxa — OEperoBble 1 PYCJIOBLIE; HO Npo-
uzeodumensiocmu — Maioit (Q, < 1 M3/c), cpenreit (Q, = 1-6 M3/c)
¥ Gonbitoit (Q, > 6 M3/c) mpousBoanTensHOCTH (Q, — MPOU3BOIUTEb-
HOCTb BOJI03a00pa); no cmenernu obecnewennocmu nodauu eodet — 1, 11
u IIl xateropuu; no komnonosexe ocHosHbIX cOOpyHceHUis 60003abopa —
COBMEILEHHBIE (KOMIIOHYIOTCS B OTHOM COODPYXEHWUHU) U pa3fesbHbIC
(KOMILIIEKC COOPYKEHMI); no cmenenu cmayuoHapHocmu — CTallMOHap-
Hble U HeCTailMOHapHbIe (TU1aByque, QYHUKYIEPHBIE, MEPEIBIDKHBIC).
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Bonoza6opsr uist X03s1HCTBEHHO-TTUTEEBOTO M TTPOU3BOJCTBEHHO-
ro BOIOCHAOXeHHUs NEUCTBYIOT B TE€YEHHME BCETO rofa U, KakK MpaBr-
JIO, HE JOIyCKAIOT NMEPEPHIBOB B nojavye Bolbl. [1o xapakrepy Bomgo-
notpebaeHust U Tpebyemoii obGecreYeHHOCTH MOIaYyy BOJIBI BOXO3a-
OOpHEBIE COOPYKEHUS pa3nesioT Ha TpU Karteropuu (tabm. 4.1).

Taonuima 4.1
Karteropun Bo1032a00pHEIX COOPYKEHHIA

Ka- Xapakmepucmuka o6ecreqeHHo- O6ecne4deHHocmb, %
meeo- cmu nodaqu 60dbl
pus pacyem- pacyemHo20o ypoeHst
8000~ HO20 pac- | 800kl 8 B0OOOUCMOYHUKE
3a- x00a e00b/
6op- 8 sodouc- makcu- MUHU-
HbIX MOYHUKE | ManbHo20 | ManbHO20
coopy-
KeHul
| [HonyckaeTcs cHwkeHue noagayy Bo- 95 1 97

Abl HA XO35IUCTBEHHO-NUTLEBLIE HY-
xabl He 6onee 30 % pacyeTHOro
pacxoaa BoAbl U H2 NPOU3BOACT-
BEHHble HYXabl A0 Npepgena, ycra-
HaBNMBaEMOro aBapuiiHbimM rpadu-
KOM paboTbl NpeanpuATUA; Anu-
TENLHOCTb CHKEHUS MoJ4a4U He
NomkHa npes.blwaTe 3 cyT. Mepe-
pbIB B Noaaye BOAb! UNW CHUXEHUe
NoAaYn HUXeE ykasaHHOro npeaena
aonyckaeTcsi He 6onee YeM Ha

10 My

Il [HonyckaeMoe cHUxeHne nogayu 90 3 95
BOAb! — TO Xe, 4To npu | kKaTeropuu;
ANUTENBHOCTL CHWKEHUA Nojayuv —
He Bonee 10 cyT. MepepbiB B noaa-
Ye BOAbl UNWU CHWKEHNE HNXeE YKa-
3aHHoro npeaena — [0 6 4

It | Nonyckaemoe CHwxeHne nogadu 85 5 90
BOAbI — TO Xe, 4To npu | kaTeropuu;
ANUTENBHOCTb CHUXEHUS Nogauv
BOAbI HE AOMXHa NpeBbiWaTh

15 cyT. Mepepbis B nogaye oAbl
MNU CHUXEHWE NOAAYMN HUXKE YKa-
3aHHoro npepena — oo 24 4

Mpumeyanne. OGbegUHEHHBIE XO3AWCTBEHHO-NUTLEBLIE U NPOU3BOACTBEHHbIE CUC-
TeMbl BOOOCHAGXeHNsi HaceneHHbiX fYHKTOB Mpu uucne xwutened B Hux bBonee
50 TbIC. Wen. 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. Tpeb6oBanusa, npeabsBnsemMsie K Bogo3zabopam cucrem
BONOCHabXeHus

BonozabopHbie COOpyKeHUST TOMXKHBI OOECTIeYUBATh MOJAYy BOIBI
MOTpeOUTENI0 B HEOOXONUMOM 00beMe M TpedyeMOoro KayecTea npu
BCEX pacxoJax U YpPOBHSIX BOABI B PEKE, HE MEHbLINX MUHUMAJIbHO-
ro pacyeTHOro.

Becriepe0oitHOCTb TTOAAYUM BOABI MPH BHIOPAHHON 0becreyeHHO-
CTU JOJIXKHA OBITh TapaHTUPOBaHa TIPU CaMbIX HEOJAronpusTHbIX
BO3MOXHBIX COUETAHUSIX TMUAPOJIOTUYECKUX, TEXHOJIOTUYECKUX, LIy~
TOJICIOBBIX U APYTHUX YCA0BUiA. Bomo3abopHEIE COOPYXEHUS NOXK-
Hbl: 00ecneuynBarh 3a00p M3 BOLOUCTOYHUKA MOTPEOHOTO pacxona
BOIbI U MOAAUYy €€ TOTPeOUTENIO; 3alMIIATh CUCTEMY BOJOCHA0Xe-
HHS OT TIONalaHusi B HEE cOpa, BOAOPOCei, MIaHKTOHa, OMoIoTU-
YeCKUX obpacraresieif, HAHOCOB, Jiba U T. M.; 3allULIATh MOJIOJIb
pPbIO OT MPOHUKHOBEHUST B BOO3a00OPHbBIE COOPYXEHUS.

HanexHocTb AeiicTBUS BOOONTPUEMHHUKA B 3HAYUTEIILHOM CTENeH!
ofnpeensieT HaAeXXHOCTh (PYHKIIMOHMPOBAHUS BCero Bomo3abopa
B LIEJIOM, TTO3TOMY BOJONPUEMHMUK NOJXKEH obecreynBaTh MpueM
BOJIBI M B OCJTIOXKHEHHBIX YCIOBUSIX: YMEHbIIEHUE TJIyOUH WM pacxo-
JIOB BOJIIbI B pycJie peKH; 0Opa3oBaHUe BHYTPUBOIHOTO JIibla U UIYyTH;
TPaHCMOPTUPOBaHWE MOTOKOM ILYTH, COpa, HAHOCOB U T. I.; CYAOXOM-
CTBO; JIecOCIIIaB; rrepedopMrpoBaHre pyciia Wi 1obepexnbst BOJIO-
eMa; HajleleoOpa3oBaHue, 3aTOPHI JAbAa U Ap.

Bono3zabopHbie COOpYKEHHST XO35ICTBEHHO-TTUThEBOTO Ha3Haye-
HUS JOJIXKHBI yIOBJIETBOPSATh CAHUTAPHBIM TpeGoBaHUsIM. B MecTax
pPacroyoOXeHUsT ITUX COOPYXKEHUNH OPraHU30BbIBAIOT 30HBI CAHUTap-
HOM oxpaHbl. Bono3abopHble COOPYXKEHUST JOJKHBI OBITH TPOYHEI-
MU, OOJTOBEYHBIMU, YCTOUYUBBIMU, MTPOCTHIMU B CTPOUTEIBCTBE,
YOOOHBIMU B 3KCITJIyaTaUMU U 3KOHOMUYHBIMU. VX HEoGXommMmMo
MPOEKTUPOBaTh TaK, 4YTOOBI pacrnoyioxxeHue, dopMa U pazMepsl
obecrieyrBany MiaaBHOe OOTEKaHWE PeYHBIM ITOTOKOM, HaWMEHbIlIee
CTECHEHME pycjia U He BBI3BIBAIU Obl ero rnepechopMUPOBAHUSI.

4.2.3. BbiGop MecTa pacnonoxeHus U TeXHONOrn4yecKomn
cxeMbl BOgo3abopoB

Ipu npoekTHpPOBaHUM BOA03a0OPOB MPOBOMASAT: BEIOOP MecTa 3a-
Gopa BOBI, TEXHOJOTHYECKOI CXeMBI, THIIA BOJ03abopa U 06opyIo-
BAHUS; TUAPABJIUYECKUI pacueT BOA03abOOPHBIX COOPYXKEHUI.

Ilpu BeIGOpE MecTa YYUTHIBAIOT THAPOJOTHYECKHE, TOTOrpadu-
4yecKue, CAaHUTapHblE U SKOHOMHUYECKHE YCIOBUSA. BriOpaHHoe Me-
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CTO pacroJioXeHUs BoA03abopa AOJKHO ObITh KaK MOXHO OIuxXe
K noTpebuTtenio U obecrneynBaTh TpeOyeMbIif pacyeTHBIN pacxon
BOIbI, HanbOJICE MPOCTON U JelIeBhIi CITocob ee 3abopa.

Ucxonast U3 TMaApOIOTHYECKHUX YCIOBUI BOIOTIPUEMHBIE COOPY-
KEHUST pacrnosiaraloT B TaKUX MeCTax, TIe He 0CaXXAaloTCs HaHOCHI
U TIyOMHa peku OoJibllie, T. €. Yy BOTHYThIX OeperoB. IIpu saTom
HalO YYMUTHIBATh, YTO BOTHYThIE Oepera peKM NMOABEPKEHBI pa3Mbl-
BY M pa3pylIeHHIO, a TIPSIMble YYaCTKW HeHaAeXHbI U3-3a 006pa3o-
BaHUs Ha HUX mnepekaToB. Bomo3abopHbie COOPYXKEHHS HENb3sl
pacmiojlaraTh y BBITIYKJIOTO Oepera, riie MpOUCXOJUT OCaKIeHUe
¥ IBMKEHHE HAHOCOB, B MECTaXx BO3MOXHOTO 00pa3oBaHUS IIYTH
Y TIOABOJHOTO JibJla, B aKBaTOPUHM IBUXEHUS CYIOB, IJIOTOB, B 30-
HaxX 3UMOBbBS PbIO U T. .

Hcxonst u3 ronorpaguueckux ycaoBHil Bono3abopsl HeJlb3s pac-
T10J1araTh B 30HE 3aTOTUIEHUS] HA3eMHBIX COOPYXKEHU MaBOJKOBBIMU
BOJIaMH (32 MCKJIIOUeHHEM KPUOOB), B CEICMUYECKUX U IPYTUX paii-
OHax, IIc BO3MOXHBI OTOJI3HEBBIE SIBJICHUS, B PE3YyJIbTaTe KOTOPBIX
MPOUCXOAMUT pa3pylLIEHUE COOPYXKEHUIA.

BaxxHoe 3HaueHHe Mpu BEIOOPE MecTa BoA03abopa UMEIOT CaHU~
TapHbIe ycaoBUs. MecTo 3a60pa BOJbI [JIsT BOAONPOBO/A IMUTHEBO-
rO Ha3HaAYeHMUST JOJKHO HAXOAUTHCS BBILIE MO TEUEHUIO PEKU OT Ha-
CeJIEHHBIX MTYHKTOB, BBILIE BHITTYCKOB CTOYHBIX BO, BbIIIE CTOSTHOK
cynoB, 6apx. 3amnpelnaercs pasMellieHHe Bogo3abopa B aKBaTOPUU
TMopTa, HUXKE MECT BITaJeHUs peK, PyYbeB, OBpParos, T. €. BoJ03abop
JIOJIXEH OBITh pasMeElleH BBILIE MECT BO3MOXHOTO 3arpsi3HeHUS
peKH. 3arnpeluaeTcst yCTpoilcTBO BOI03ab0pOB BOJIM3U KJIaIOUILI.

Bono3zabop nomkeH UMeTb 30HY CAHMTApHOI OXpaHbl, a TIPOEKT ee
W CAaHUTApHBIE MEPOTIPUSITHSI, TIPOBOAUMBIE B 30HE, JOJIKHBI OBITH CO-
IJ1aCOBaHbl C OpraHaMu CAHUTAPHO-3MUACMHUOJIOTHYECKOM CITyXKOBI.

TexHoyornyeckass cxeMa BoJI03a0OPHBIX COOPYXKeHUit, 0OBIYHO
BKJIIOYAIOLIasi BOAOIPUEMHUK, BOJOOYUCTHONU CETOYHBIN Koyionell
M HACOCHYIO CTaHLIMIO, BHIOMpAeTCd COOTBETCTBEHHO TpebyeMoMy
pacxony BOIbl, KaTerOpUU BOA03a00pa, TMAPOJIOTUYECKUM XapaKTe-
PUCTHKAM BOOOMCTOYHUKA, ToMOorpapuuecKuM U reooriyecKuM
YCIOBUSM, TPEOOBAHUSIM CAHUTAPHOW MHCTIEKUUU, OPraHU3aLUA
pBIDOOXpaHBI U BOOHOTO TpaHcrnopTa. [1pu BeIOOpe cxeMbl BOAO3a-
OOPHBIX COOPYXEHWI Hago YYHUTHIBAaTh U BO3MOXHOE YBEJIUYEHUE
nebuta Bomo3abopa B MEPCHEKTUBE.

st MOBBIIIEHUST CTETIEHW HALEXHOCTH MOJauy BOAbI B TEXHOJIO-
FUYECKOM cxeMe MpeaycMaTpUBalOT: CEKLIMOHUPOBAHHUE OTAETbHBIX
9JIEMEHTOB BOH03abopa; MpUMEHEHUE BOJOTIPUEMHUKOB CIleLIUAJIb-
HBIX KOHCTPYKLIMIA YU UX TybIMpOBAaHUE; yIydllIeHUE YCI0BUi 3a60-
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pa BOIBI M3 MCTOYHHWKA TyTEM YCTPOWCTBA IJOTUH, MOABOASIINX
KaHaJloB, KOBIIICH; MTPYMEHEHNE TOHKOCIOMHBIX MOAYJIEH U T. 1.

Bono3abopsl Maioit U cpenHeit MomHocTH (10 1—2 M3/c) obbiu-
HO ycTpauBatoT AByxceKIIMOHHBIMU (rmo CHulIl 2.04.02-84* yucno
ceKlUMit, paboTaloIUX HE3aBUCUMO, MPUHUMAIOT HE MEHeEe IBYX).
B Bono3abopax 60JibliIeit MOUIHOCTH YMCIIO CEKLIMHA MOXET OBbITh
MIPUHSITO MO YMCTy HacocoB. CeKIIMOHMPOBaHUE 00SI3aTeNbHO TSI
BOJOIMPUEMHHUKOB, CAMOTEUHBIX BOIOBONOB, CETOYHBIX KOJIOAIIEB
¥ BOJOTIPUEMHO-CETOUHBIX OTHEJIEHWI HaCOCHBIX CTaHIINMA.

C y4yeToM 0COGEHHOCTEH UCTOYHUMKA U YCIIOBHIT 3a00pa BOABI BO-
03a60PHBIE COOPYXEHUS MOTYT OBbITh MoApa3aesieHbl Ha Gepero-
Bbl€, PYCJIOBBIE U CITellUAIbHBIE.

ITo oTHOUIEHMIO K pa3MELIEHMIO HACOCHOM cTaHUWU | mombema
pa3TUyaloT ABa BUAAa KOMITOHOBOK: pa3iejibHYIO U COBMEIIEHHYIO.

Br160op TOro viim MHOTO THUTIA BoAo3abopa 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 pa3MellIeHHUsT Bomo3abop-
HBIX COOPYKECHUH.

st 60pbOBI C JOHHBIM JIBIOM W LIYTOM, a TaKXKe IS CHUXEHMS
coliep>XaHMs B3BECH B OTOMpaeMoit Bolie COOPYXalOT MCKYCCTBEH-
Hble 3aJ1MBbl — KOBLIKM. Ha pekax ¢ GOJbIIMM colepXXaHUEM B3Be-
CH PEKOMEHIYETCS YCTpauBaThb BOJOTIPUEMHUKHU (PUIBTPALIMIOHHOTO
THUIa, KOTOpBIE 3a0MpaloT Boay, Mpo¢UIbTPOBAHHYIO Yepe3 mnecya-
HO-TpaBUITHbIE MTOPOJBI, caratouiMe 6eper M IHO BOIOUCTOYHHUKA.

B oTnenbHBIX clydasix CTPOUTEIBCTBO OEperoBoro Bogao3abopa
COBMEIIIEHHOTO TUIa BEAYT B KOTJIOBAaHE Ha HEKOTOPOM PacCTOSTHUU
ot Oepera, a BOAY K COOPYXXEHHIO MOABOIST MO KaHay.

Ilp1 BpeMEHHOM BOAOCHAOXEHUHU U IJIS OPOLIEHUSI MOTYT TIpH-
MEHSIThCS TIJIaByYHE WJIM TEepeABUXHbBIE BOJI03a6OpHBIE COOpYXe-
HHS, COBMEIlIEHHbIE C HaCOCHOM cTaHuMei. OTMeTKa pacrojioxe-
HUS NMOHOOHBIX BOI03a60OpPOB COOTBETCTBYET U3MEHEHUIO YPOBHS
BOJBI B UCTOUYHUKE, YTO TapaHTHUPYET BO3MOXHOCTbH 3a00pa BOJIBI
MPU MAJION Y MOCTOSTHHOM BBICOTE BCAaChIBaHUSI.

4.2.4. Bono3abopHble coopyxeHua 6eperosoro Tuna

Bomo3abopbl 6eperoBoro THMa MPUMEHSIOT IIPU OTHOCUTEIBLHO
KpyToM Oepere, HAJTMYUM TIYOUH, 00eCeYnBaoONINX YCIOBUS 3a00-
pa Bonbl. X pacrnonaralot Ha ckjioHe Gepera ¢ pueMOM Herocpen-
CTBEHHO W3 pycyia peku (puc. 4.14).

138



a)

’
l
—O
5’ ‘
‘ |

TOIIIEIIIIIIIII:
- S | E—
12820818500, 274400800457,

.&

Puc. 4.14. BonozaGopHsie coopykeHus 0eperoBoro Tuma:
a — COBMEILEHHbIN; 6 — pa3neNbHbIi

BonoszabopHoe coopyxeHue b6eperoporo Tuna (puc. 4.14, 6) co-
CTOUT W3 BOAOTIPUEMHOTO Kojioaua / ¢ BXOAHBIMU OKHaMM 2, 060-
PYLOBaHHBIMU pELUETKAMU JJIA 33€PXUBAHUSI OTHOCUTENIBHO KPYT-
JIBIX TpeAMETOB. BoronpreMHOe OTAENIEHUE pa3ieieHO CTEHKOM Ha
JIBe KaMephl: TIPUEMHYIO 3 ¥ BCACHIBAOIIYIO 4, MEXIY KOTOPBIMH
HaxomsTcst ceTKU & CeTKHM MOTYyT OBITH IJIOCKUE (MOIBEMHBIE)
Y Bpallaoluuecs (JICHTOYHBIE); BpalllalOlIMecsl CETKH MTPUMEHSIOT
TIpY TIPOU3BOAMTENBLHOCTH Bogo3abopa Gosee 1 m3/c. CeTku ciyxar
ISl 3afiepXXaHUs TUIAHKTOHA, BOAOpocieit, MeJIKoro copa u T. TI.
IIpoxonst yepe3 pelIeTKU U CETKHU, BOA TIOABEPraeTcss MexaHuyec-
Koit ourcTke. HM3 BOJOTIPMEMHBIX OKOH pacriojiaraloT MUHUMYM Ha
0,5 M BoIllIe 1HA BoJoeMa, a Bepx He MeHee 0,2 M OT HUXHEI KpoM-
KM JIbJIa U He MeHee yeM Ha 0,3 M HUXe YPOBHSI CaMbIX HU3KHUX BOJI
HcTOYHUKA. Boma, mpoureninas yepe3 ceTKH, 3abMpaeTcsl HacocaMu
5, YCTaHOBJIEHHBIMU B HACOCHOM 3aJie 6, Yepe3 BcacbIBaIOIINE TPY-
OBl 7 ¥ MOMAETCSI HA OYUCTKY WA K TTIOTPEeOUTEIO.

Hnsa obecrieyeHns GecriepedoitHoOit pabOTHl COOPYKEHHUS, a TaK-
K€ BO3MOXHOCTH TIPOBEIEHUS €r0 OCMOTpPA, OUMCTKU U PEMOHTA
6e3 TnpekpallleHUs MoJayy BOAbI BOAOTIPUEMHUK JEJISAT HA CEKLIUMU.

CoBMenieHMe HAaCOCHOI cTtaHUMM | mogbeMa ¥ BOIOTTPUEMHOTO
COOpPYXEHHUS TIPeIyCMaTPUBAETCS B 3aBUCUMOCTH OT aMITJIMTYIbI
KoJie6aHHs BOIBI B HCTOYHUKE, BCACHIBAIOIIEH CTOCOOHOCTH yCTa-
HaBJIMBAEMBIX HACOCOB, F€OJIOTUYECKUX M THIPOTEOJIOTUYECKUX YC-
JIOBUIA.

Eciv HacoChl UMEIOT 3HAYNUTEbHYIO BAKYYMMETPHUUECKYIO BBICO-
Ty BCaChIBaHMWs, TO MPEANOYTUTENIbHEN pa3mebHBII TUTT BOIO3a-
OOpHOTO COOpyXeHus (cM. puc. 4.14, 6). B aToM ciayyae yMeHbIa-
eTcs 3aryybjaeHHe HaCOCHOI CTaHLMH.
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Taxkast cxeMa KOMIIOHOBKH BOJONPHUEMHUKA U HACOCHOI CTaH-
uuu I moagbremMa peKOMeHIYETCs JUIST BOINO3a0OPHBIX COOPYXEHUH
HeGOJIBLION U CpeqHEH ITPOU3BOIUTENRHOCTH — 110 1,5—3 M/c. Tlpu
COBMEILIEHHOM THUIIE aMILTUTYNa KojieOaHUi ypOBHEN BOIBI MOXET
OBITH JTI00ast, MOUTHOCTb BOO3abopa — TakxXe Jiiobast.

Ha BO3MOXHOCTb COBMEIICHHS BOOOTIPUEMHHKA U HAaCOCHOM
CTaHLIMW OKa3bIBaeT BIMSHUE M BUI TPYHTa B OCHOBAHUU BOJ03a-
6opHoTO coopyxeHus. [IpyM HATMYUHK CKATbHOTO TPYHTa, KOTJa UC-
KJTI0YAEeTCS BOBMOXKHOCTD Pa3HBIX MPOCagoK B OCHOBAHUH BOJOTIPH-
€MHHKa U HACOCHOI CTaHILIMU, UX MOXHO COBMECTUTH TT0 CTyIIeHYa-
Toit cxeme (puc. 4.14, a). Eciiu Kxe OGeper COCTOUT M3 OCAIOYHBIX
TPYHTOB (MECOK, CYTIMHOK, TJIMHA U T. T1.), TO BOIOTIPUEMHHK U Ha-
COCHYIO CTAaHIMUIO TIPU UX COBMELEHNUU YCTAHABIMBAIOT Ha OMHOM
oTMeTke. B aToM ciyyae Hacocwl paboTtaloT noj 3aauBoM. [lon 3a-
JINB, KaK TpaBWIO, YCTAHABIWBAIOT HACOCHI Ha BOMO3abOPHBIX CO-
OpYXEHUSAX BBICOKOI KaTeropuu 00eCrieYeHHOCTH MOJay BOMBI.

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

Han BogonpueMHUKOM YCTpauBalOT MaBUJIBOH I pa3MEIeHUS
MEXaHU3MOB M BBINIOJHEHUS orepalinii, HEOOXOANMBIX TIPH KCIUTY-
aTauuu.

[aGapuTsl BOZONPHUEMHOTO KOJIONIA, Pa3MEpPHl €r0 OCHOBHBIX
3JIEMEHTOB U 000PYIOBaHUS OMpPENEIISIIOT TUAPABINYECKUM pacue-
TOM HJIM KOHCTPYKTUBHBIMHM U 3KCIUTyaTallHOHHBIMM COOOpaXKeHH-
ssMU. BoponpueMHUK HEOOXOAMMO TIPOBEPUTH Ha BCIUIBITHE, OIPO-
KUIBIBaHWE M TIPOYHOCTD MPU JeHCTBUM 3aJaHHBIX PACUETHBIX Ha-
rpy3ok. 1o pacueTHOH MPOM3BOAUTENBHOCTH U PEKOMEHIYEMbIM
CKODOCTAM BTEKaHHMsl BOABI V,, PaCCUMTHIBAIOT pa3Mepbl BXOOHBIX
OKOH, TUIOILIaU CETOK, IMOTEPH HAropa B peLIETKaX M CETKax, a Tak-
K€ ThaMeTphbl BCAChIBAIOIIMNX TPYO.

CyMMapHas TUIomanb oKOH (OpyTTo), CHaOXEeHHBIX pellIeTKaMU,
¥ TIJIONIAAb CETOK U ONHOM CEKIIMU BOMONPUEMHHKA, PACCUUTAH-
HOM Ha pacxonx BoJibl 0, MOTYT GHITH OTpelesIeHbI 110 (hopMyJIaMm:

miouank peuerok A, = 1,25K ., - O/ V,;

rurowans cetok 4, = 1,5K . - O/V,,,
rae K, — xKoahdULUNEeHT, YIUTHIBAIOUINIA CTECHEHHUE TPUEMHOTO
OTBEPCTUSI CTEPXKHSIMU PEIIETOK HIU CETOK M MPUHHUMAaeMBbIH
K..=(a + c¢)/a nna pewerok n K = [(a + ¢)/a]? ans ceTok (a —
pacCTOSTHUE MEXIY CTEPXHSIMHU B CBETY, CM; ¢ — TOJIIIMHA CTEPXK-
Heil, cM); V,, — CKOpOCTb BTEKaHHs BOIbI B BOZOTIPUEMHBIE OTBEP-
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CTUS [UIS PELIETOK, OTHECEHHBIE K CXXAaTOMY CEYEeHUIO, IPUHUMA-
eMas 6€3 ydyeTa TpeOOBaHHIT PhIOO3AIIUTH SIS CPEAHUX U TAXKEITBIX
ycioBuil 3abopa Bonbl B Geperosble BOOOTIPUEMHUKM: B HE3ATOTUIS -
empie V,, = 0,2—0,6 m/c; B 3atoruisiemele V,, = 0,1-0,3 m/c. C yue-
TOM TpeboBaHu# pbibo3amuTel NpuHUMalnT V, = 0,25 M/c Ha Bo-
JIOTOKax CO CKOpOCTSIMM TeyeHUs: He MeHee 0,4 M/c u 0,1 M/c Ha
BOJIOEMAax M B BOIOTOKAX CO CKOpOCTSIMU TeueHust no 0,4 m/c. s
TSIKEJIBIX 1IYTOJIEAOBBIX YCIOBHUI CKOPOCTb BTEKAHUS BOABI B BOJO-
MpUEMHbBIE OTBEPCTHUS ciaenyeT cHuxkath Ao 0,05 M/c. PacuetHyio
CKOpOCTb ITPOXOXIEHUS BOJbI Yepe3 OTBEPCTHUS CEeTOK TIPUHUMAIOT
0,2—0,4 M/c mnst mnockux cetok v 0,8—1,0 M/c mist Bpamaiommxcs.

PemmeTkd ycTaHaBIMBAIOT B BOAOIIPUEMHBIX OTBEPCTUSIX BOAOTIPH-
eMHHKOB. Periierka 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-
TUKATBHO C pacCTOSTHUEM MeXay cTepxHamu 50—60 MM (puc. 4.15).
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Puc. 4.15. PemeTkH copoyaepKuBaiomue Ajis BOAOMPHEMHBIX OTBEPCTHI
pa3mepom 400 x 600, 600 x 800 u 800 x 1000 mMm

PelreTky 4acTo pacroiaraioT B BePTUKAIBHON MIOCKOCTH B 60O-
KOBBIX CTE€HKax BogonpueMHuKa. IIpu pacrojioxXeHUU cTepXHel
peLIETKH 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 pelreTox OT copa NMPOU3BOAMUTCS BPYYHYIO MOCJE HX
ToabeMa U3 BoAbl. Bo3aMOXHA MX OYMCTKA IpaGisiMHU C TTaBCPEACTB
WU co Jbaa. st npoMbIBa peIleTOK MpeaycMaTpUBalOT HEOOXOIU-
Moe 000pynoOBaHHUE.
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Jl1s1 yCTaHOBKH PELIETOK B OTBEPCTHUSIX BOMOTIPUEMHUKOB Hanb0-
Jiee 4acTO MCIIOJB3YIOT HAMpaBJIsSiolNe U3 IBEJJIEPOB.

TexHUueCcKHe MEPONIPUATHUS TIO 3alIUTE OT OOMEp3aHUs pelieToOK
BKJIIOYAIOT: 3a00p BOIBI C MAJILIMU CKOPOCTSIMU BTEKAHHS; TTOKPBI-
THE pelIeToK THAPOhOOHBIMU 00Ma3KaMH, PEe3UHOI; 000rpeB pe-
1IeToK (C TIOCTYIIJIEHUEM TIYTH B BOIONIPUEMHUK U B O€pEroBbIE CO-
OpyXeHHsI, 000pYIOBaHHBIE BPAILAIOIIUMHCST CETKaMH); KO3BIPHKU
M IUTaByYME 3aMaJHU Y BOMOIIPUEMHUKA; BO3IYIIHO-MY3BIPbKOBbIE
3aBeCHl; (PUITBTPYIOLINE BOAOTIPUEMHHUKH; COPOC TETJIOH BOIBI B pe-
KY Y BOIOTIpUEMHHUKA.

IIpy 3HAYUTETBbHBIX KOJIEOAHUSIX YPOBHSI BOIBI B MCTOYHHKE
BXOIHBIC OKHA BOAOTIPHEMHMKOB pacIoyaraioT B JIBa sipyca IUIs o~
JIYYCHUS YUCTON BOJBI.

B uensix mpemoTBpaliieHUsT ToTaJgaHus peid B BOI03abOpHBIE CO-
OPY>KE€HHSI BOZOTIPUEMHBIE OTBEPCTUSI OOOPYAYIOTCS PHIOO3AIIMTHBI-
MU YCTPOWCTBAMU.

CeTKH BOJOOYHCTHBIE CJIYXXAT IUIS 3allepXaHUST MEJIKOTo copa,
rpouieaniero yepes pemeTku. CeTKH MIOCKHE ChbeMHBIE TTPUMEHSI-
10T TIPY MaJIO TIPOMYCKHOM CITOCOOHOCTH BOIO3a00PHBIX COOPYXKe-
Huit (mo 1 mM3/c).

CeTka COCTOUT U3 METAJUTMYECKOIN paMbl, U3TOTOBJIEHHOM U3 YToJI-
KOBOM CTaJI, K KOTOPOil KPEIUTCSI CETOYHOE MoJIOTHO (pHc. 4.16).
PaGouee nosoTHO ceTkH ¢ stuenkamu (2 x 2)—(5 x 5) MM OT BeINy-
YUBaHUS TONIEPXUBAETCS TTOJJOTHOM CETKH C siueiiKaMM pa3Me-
pom 20 x 20 MM U Gonee. PaGouee MOJTOTHO CETKH BBIMTOJHAIOT U3
TOHKOU CTalbHOM HepXaBewlliei MTPOBOJIOKH MJTH APYTOro KOppo-
3UOHHO-CTOMKOro Marepuaina (6poH3a, JIaTyHb), a TOAIEPKHUBaA-
J0lllee — U3 CTAJIBHOI OIIMHKOBAHHOW MPOBOJIOKU d = 3 MM.

s mpoMBIBa CeTKHM MOAHMMAIOT U3 BOABI, YCTAaHAaBJIWBAIOT
B BAHHY C 3KPaHOM M TPOMBIBAIOT BPYYHYIO CTpyeil BOABI M3
opanncnoiita. Ilepen mogreMoM paGoueil CETKH Ha IPOMBIB B TTIPO-
eMe HUXHEI 4acTu MornepevyHoi CTeHKH 6eperoBoro KoJjioama, pas-
JeJISIIole MpUEMHOE M BcachIBalolliee OTAEIEHMS, JOJXKHA yCTa-
HaBIWBAThCA 3allacHast CeTkKa.

HenocraTkoM MIOCKMX CETOK SIBISIETCS CJIOXKHOCTh MeXaHM3a-
UMY TIpOMBIBA. {11 MCKITIOUEHUST HX YaCTOI MPOMEIBKH B TTOJIOBO-
IIbe L[eJIeCO0Opa3HO NTPUMEHSATh CETKY OOMbIIIeit BBICOTHI, a P He-
OoJIBIIION aMIUTUTYIE KoJieGaHUs YPOBHS B peKe — Jaxke CETKY Ha
BCIO BBICOTY CETOYHOTO MTOMEILICHMUSI.

CeTKHM JICHTOYHBIE BpAIAIONINECs TPUMEHSIOT JUTS TTPOLIEXHBa-
HUS BOABI ITPU MIPOTMYCKHOM CITOCOGHOCTH BOI03a0OPHBIX COOpYXe-
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HU# Gosee 1 M3/c, a TakKe MIpU CPENHUX TSIKENBIX U OYEHD TXE-
JIBIX TPAPOIHBIX YCIOBUSIX 3aCOPEHHOCTH BOIBI 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 TOJIOTHOM), COEAMHEHHBIX LIap-
HUPHO MeXIy coboit ¥ 3aKpeIUIEeHHBIX Ha IBYX 3aMKHYTHIX TPaHC-
TIOPTEPHBIX POJIMKO-BTYJIOYHBIX IEsIX. Bo n3bexaHue mpoTeKaHUs
HEOUMIIIEHHOM BOIBI Yepe3 3a30pbl MEXIY CEKLIUSIMU ITPEeayCMaTpU-
BalOT TMOKOE MEXCEKLIMOHHOE YTIJIOTHEHWE WU KO3BIPEK, KOTOPBII
obecreynBaeT 3a30p C OChIO CEKLMHU He 6osiee 3 MM. BpanieHue cet-
KU CO CKOpOCThIo 3,5—10 MM/C OCyHIECTBISIETCS C TTIOMOMIBIO DJIEKT-
ponsurarens. [lepeman Ha ceTKe He JOJKeH IpeBbiate 0,15 M.

KauecTBO OUMCTKYM BOABI OT COPA U 3arpsI3HEHUM, a TaKKe KOM-
IMOHOBKA CETOYHOTO IMOMEIEHUS B 3HAYNTEILHOM CTENEeHH Orpeie-
JIAIOTCA 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 ceTkH ¢ J000BbIM (@), BHemHUM (0),
BHYTpeHHHUM (6) H JIOOOBBIM BHEMIHUM (2) MOABOJOM BOIBI



IIperMyliecTBO BpalialoOMIMXCsi CETOK B TOM, YTO TIOMBEM U TIPO-
MBIB CETOK MEXaHU3MUPOBAHBI, a BKIIOYEHHE UX Ha MPOMBIB JIETKO
aBTOMAaTU3UPOBATh.

TTpoMBIBOUHOE YCTPOMCTBO, KOTOPHIM OOOPYNOBAaHBI CETKH, CO-
CTOUT U3 TPYOBI C pacCeUBAaIOIIMMK HacaaKkamMu. Boay /st mpoMbIB-
K nofatot nox aasieHueM 0,3--0,4 MIla, pacxon nMpoMbIBHON BOIBI
cocrasnseT 520 /(¢ - M2).

4.2.5. Boao3abopHbie COOPY)XeHUS PYCAoOBOro Tuna

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

Pycnoseie Bogo3abopsl (puc. 4.18) uMeroT BOOONIPUEMHUKH 3,
pAacITOJIOXKEHHBIE B BOJIOMCTOYHUKE HA HEKOTOPOM PACCTOSIHUU OT
Oepera. BogornprueMHUKN COeTUHSIIOTCS C GEpETOBBIM CETOYHBIM KO-
JjonueM 35, 000pYIOBAHHBIM CETKAMM JUIST TIPOLIEXXVBAHUS BOMBI, Ca-
MOTEYHBIMU JIMHUSIMU 4 UIN CUDOHHBIMU JIMHUSIMUA, KOTOPBIE MO-
TYT TIPUMEHSIThCSL BMECTO CAMOTEYHBIX IUISI YMEHbIIEHUS 3arybJie-
HUs TpyGonposonoB. M3 GeperoBoro Kojoaua BOAa HACOCAMHU,
PaCITOJIOXKEHHBIMU B HACOCHOM CTAHLIMU 7, TIO HATIOPHBIM BOJIOBO-
naM & omaeTtcsl K MecTy JajibHeiiiero ee norpebnenusi. Bogosabop-
HBIE COOPYKEHMST 000PYIYIOTCS KAMEPOI NepekodyeHust 9 1 Hamop-
HBIMU TpybornpoBonaMu 10 u 11 st BO3MOXHOCTH 110Aa4YH BOJBI Ha
TIPOMBIBKY PEIIETOK, PaCIoOJIOXKEHHBIX Ha BOMOIPUEMHHUKAX, U ca-
MOTEYHBIX JIMHUIT 0OPaTHBIM TOKOM BOIIBI.

CudoHHbIe BOTOBOIBI AOMYCKAETCS MPUMEHATH B Bomo3abopax 11
u Il kareropwuii, a mpuMeHeHHe UX B Bomgo3abopax I kaTeropuu
JTOJIKHO OBITh 060CHOBAHO.

Ha Bomo3a6opax I u Il xateropuii Morytr mpemycMaTpuBaTbCa CHU-
CTeMBI ITOIaY¥ TOPSTYE BOJBI, BO3MyXa, XJIOpa UJIK MEAHOIO KYIOpo-
ca i TIpeAoTBpalleHUsT 00pacTaHUs M 3aKYTOPKU PElIeTOK BOMAO-
TpUeMHHUKA Iiyroii. Bo u3bexxaHue odbpactaHuit peKOMEHIyeTCst 103a
XJopa Ha 2 Mr/n GoJjiee XJOPMOMIONIAEMOCTH BO/Ibl, HO HE MEHEE
5 Mr/n, a mo3a MeaHoro Kyropoca 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 ngHeit; cBbiie 3 MT/J1 — ¢ Mas 10 OKTSIOPh B Te AHU, KOT-
JIa CpeHeCYTOYHas TeMrepatypa Bo3ayxa Beie + 10 °C. ITeproguy-
HOCTh M TIPOIOJDKUTEIBHOCTL KyTOPOCOBaHUS HA3HAYAIOT Yepe3 Kax-
Jible 2 CYTOK 1o 1 4acy.
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Bono3abopHble pycOBbIE COOPYXXEHHUSI, KaK M OeperoBble BOI03a-
GOpBI, MOTYT OBITH pa3zaensHoro (cM. puc. 4.18) U COBMeIIEHHOTO
(puc. 4.19) Tunos.

PycrioBele Bogo3abopsl pa3ieIbHOTO THITA BCTPEYalOTCs yallie,
Tak KakK pa3jiMB BOABI B MaBOJOK IPU ITOJOTUX Geperax AOCTUTaeT
3HAYUTEbHBIX Pa3MEPOB, TTIO3TOMY HAaCOCHYIO cTaHIMo [ moanema
pa3MelIaloT BHE 30HBI 3aTOTUIEHUS, OTHECS €€ Ha HEKOTOPOE paccTo-
siHUe oT bepera.

CxeMa Bo103ab0PHBIX COOPYKEHHI YITPOIIAETCsI TIPU COBMEILICHUN
GeperoBOTO KOJIOAIIA M HACOCHON CTaHIIMU B OMHOM 3MaHUU. Takoe
COBMeLLEHHEe HEOOXOAUMO TIPH TTPUMEHEHUHM HACOCOB C MaJIOi BBICO-
TOW BCACBIBAHWS W aMIUTUTYIe KoJleGaHUsI YPOBHSI BONBI B peKe 00Jb-
e 6—8 M, a Takke, KaK IpaBHIIO, TIpH 060pyIOBaHUN BOI03a00PHEIX
COOPYXEHMI BpalaloIIMMHUCA ceTKaMM (CM. puc. 4.19).

OIHUM U3 OTBETCTBEHHBIX 3JIEMEHTOB PYCJIOBHIX BOI03a60OpOB
SIBJISIETCS BONOTIPUEMHHUK, 0OeCIieuMBaONIUI HaleXHBIN TpHeM
BOJIBI, a TAKXe 3allIUTy CAMOTEYHBIX, CU(OHHBIX U BCACBHIBAIOIINX
BOJOBOAOB. PyciioBble BOMOTIPUEMHUKH B 3aBUCHUMOCTH OT KaTero-
pUM BoJOMOAAYN U YCJIOBUI 3a60pa BOIBI MOAPA3IESIOTCS Ha 3a-
TOTJIEHHBIE, 3aTarIMBaeMble BBICOKMMM BOJaMM M He3aTaruiMBa-
eMbIe.

B cucremax xo3gi#CcTBEHHO-ITUTBEBOTO U TIPOU3BOACTBEHHOTO BO-
nocHabxeHUss HanboJsiee IMMPOKO MPUMEHSIIOT 3aTOIIEHHBIE BOJIO-
TIPUEMHUKH, UMEIOLIINE HEBLICOKYIO CTOMMOCTh. OTHAKO HEBO3MOX-
HOCTb OCMOTpPa M OYMCTKH COPOYAEPKUBAIOIIMNX PELIETOK BOIOTIPU-
€MHBIX OTBEPCTHIT TIpU BBICOKOM YPOBHE BOJIBI, LIYTo- U JIEAOXO/E
JeJIaloT UX HEAOCTATOUYHO HameXXHBIMU IS obecrieyeHUs becrniepe-
OoitHoro cHabXeHUs Bofoi norpedureneit. Ux HeobxonuMo obopy-
JIOBaTh CpeACTBaMM ISt HabomeHui 3a paboToi, ISt TPOMBIBKHU
COpPOYAEPXKUBAIOIINX PelIeTOK, OOpEOLI ¢ 00eneHeHUEM M obpacra-
HUEM, a TaKXKe CPEACTBAMU 3allUTHI PBIO OT TPaBMUPOBAHUS U TO-
ragaHusl B BOOZONPUEMHUK.

ITo KOHCTPYKLIMHU 3aTOTUIEHHBIE BOAOMIPUEMHHUKU IEJSATCS Ha He-
3alUIlIeHHbIE (IepeBSIHHBIE, CTalbHBIE, TOHKOCTEHHEIE, Xeje300e-
TOHHbIE) U 3alUIIEHHBIE, BBITIONHsIEMBIE U3 OeToHa U XeJie306eTo-
Ha. BomonmpMeMHHUKHN pacriofaraloT, Kak MpaBWIO, HUXE MHUHHU-
MaJIBHOTO PacyeTHOTO YPOBHSI BOABI He MeHee YeM Ha 0,3 M M HUXe
HUXHEI KpoMKHM j1baa Ha 0,2 M.

BomonpueMHUK O0MXeH UMETh oOTeKaemyoo ¢opMy M B Hau-
MEHBIIEH CTENEHN CTECHSTh CeueHMe TTOTOKAa peKH BO u3bexaHue
BO3MOXHOT0 nepecopMHUPOBAHUS PYyCiia peKHu y BOI03ab0pHBIX CO-
OpPYXEHUM.
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KoHcTpykius 3aTOnIeHHOTO BOAONIPUEMHUKA OTPeaeIsIeTCsi MHO-
MMM (HaKTOpaMH, TJIaBHBIE U3 KOTOPBIX: pacXoid BoAbl (MPOITyCKHast
CIOCOOHOCTh BO/I03a00pa); IITyOUHA BOIObI (MUHUMAJIbHAsT) B BEIOpaH-
HOM JUTSl PacIioJIOXKEHHsI BOOONIPUEMHHMKA MECTE U YCTONYHUBOCTD pycC-
J1a; TEOJIOTUYECKHE U TUAPOTEpMHYECKHE (IIYTOJIe0BbIE) YCIOBHUS,
HaTHYHE B PEYHOM TTIOTOKE COpa, XBOPOCTa, TOTLISIKOB, Kap4eil v T. .
XapaKTepHCTHUKA BOJIOXO3SIIICTBEHHOTO UCIIOJIb30BAHUST pEKU — CYHO-
XOJICTBO, JIECOCILIaB U T. 1. KOHCTPYKIINIO BONOTIPUEMHHKA B 3HAYM -
TEJILHOU CTETIEHU OTIPEACIISIET ¥ IIPUHSITHIN CITOCOD €ro CTpOUTEBCTRA.

HesammieHnsle BomornpueMHUKH (puc. 4.20, @) MpUMEHSIOT TIpH
JIOCTAaTOYHO TITyOHHE U JIETKUX YCJIOBHUSIX 3a00pa BOIEBI, T. €. TIPH 3a-
0ope BOIBI U3 HECYIOXOMHBIX U HEJIECOCIUIaBHBIX peK. s yMeHblliie-
HUST 3aCOPEHUST BXOAHBIE OTBEPCTHS 3aKPBIBAIOT pelIeTKAMH U MTOBO-
pavYMBalOT MO TEYEHUIO BOJEI.

IMpu 3ab0ope BoAbI U3 CYAOXOMHBIX U JIECOCIUIABHBIX PEK U TIPU
3HAYUTEJIBHOM KOJINYECTBE HAHOCOB, T. €. IIPH CPEIHMNX U TAXKEIBIX
yCNOBUSIX 3a60pa BOObI, TPUMEHSIIOT BOIONIPUEMHHUKH 3allIMILIEHHO-
ro tumna (puc. 4.20, 6, ¢). OHU MOTYT OBITH QUIBTPYIOLIUMU (CM.
puc. 4.20, 2). B aToM citydae He TpeOYIOTCS TOMOTHUTEBHBIE MEPHI
1o pbIOO3alINTe U 3aIIUTE OT BHYTPUBOIHOTO JIbIIA, IIIYTH.

Hnsa npuema Gonbiux Kojaudects Bomsl (1—1,5 m3/c u Gonee)
TIPUMEHSIIOT BOINONPUEMHUKHU C BUXpEeBOil Kamepoit (puc. 4.21)
U meneBble. OHM 00ecneuMBalOT paBHOMEDPHBIH 3a60p BOIBI B OT-
JleJIbHBIE TTaHeJIW BOJONPUEMHBIX OTBEPCTHUI, a TaKXke paBHOMEP-
HBIH TIPOMBIB BCei TTOBEPXHOCTH COPOYAEPXKUBAIOIINX PEILIETOK.

BuxpeBsle BOOOIpHEMHHUKHU OBIBAIOT ABYX TUIIOB — C 3aKPBITOM
U OTKPBITOM KaMepoif. 3akpbiTasi BUXpeBasi Kamepa (cM. puc. 4.21)
TIpeICTaBIIsSIET COO0i BUXPEBOM KOJIJIEKTOP, PACTIONIOXKEHHBIN 3a BOAO-
TIPUEMHBIMU OTBEPCTUSIMUA | ¥ UMEIOLIII BXOIHYIO HIEJTb TIEPEMEHHO-
o ceuyeHUs mno uiMHe. BuxpeBass KaMepa pacrojilaraeTcsl B Xe-
Jie306eToHHOM Koprryce 3. KosekTop uMeeT nepeMeHHOE CEYeHHeE o
JUTMHE Y OOCITY>KMBAET HECKOJIBKO TaHeJIei BOIONIPHEMHBIX OTBEPCTHIA.

B 3aTamimBaeMbIX BBICOKMMHM BOOaMU BOXOTIPUEMHHMKAX B OTJIU-
YyHe OT ONMUCAHHEIX paHee NP MUHUMAJIBHBIX U MEXEHHBIX YPOB-
HSIX UMeeTCsl JOCTYTT K COPOYIEPXXHUBAIOLIUM pellleTKaM U phibo3a-
IIUTHBIM ycTpoiicTBaM. OIHAKO OHM 3aTPYAHSIOT UCITOJb30BaHUE
pEKU IS CYNOXOHACTBA M JIECOCIJIaBa U MOTYT NMPUBOAMTH K Tepe-
bopMHPOBaHUIO THAPABINYECKOTO PEXUMa PEKH.

He3zaramnmBaeMele pyciioBble BOIOTIPUEMHHUKH (pHc. 4.22) mprme-
HSIIOT B BOJ03abopax cpemaHeil U OOJIbLIOH TPOU3BOAUTEILHOCTH ISt
obecrieyeHUs] BBICOKOI HaleXXHOCTU MOJAa4YM BOIBI B TSXKEJIBIX MPH-
POMHBIX YCioBUsAX. OHM yIOOHBI B 9KCIUTyaTallud, HO OYEeHb JIOPOTH.

149



Puc. 4.20. Tunsl 0rojoBKoB:
a — He3auMINeHHOro TUMa;, 6 — 3aL[UILEHHOrO THIA; 8, 2 — (UIBTPYIOLLIHE;
I — pewetka; 2 — pacTpy6; 3 — cTOsIK; 4 — Xeje306eTOHHas TUTUTA, Ka-
Mepa; 5 — caMOTe4YHBIit BOAOBON, 6 — OGCHIIIKA KPYIMHBIM KaMHeM; 7 —
3arpyska (KaMeHb, TrpaBuif, 1ieGeHb); & — nompUIbTPOBast KaMepa;
9 — cTpyeHanpasagiolas Kamepa



J =3
(o? _-‘ <
., V“z‘ o T e
=13
] E-ARNRAN
W 3
= e
= 0 N T w w7
._-‘ T 3 VZ '
] I AN &
NI
,' ' | |
L HEN
JEl
! | ] i
[ |
I s - o NG AU =
E I 17 o e
B o M
E 4
— S
- &
MM ATREAN T

Puc. 4.21. 3aTonneHHplii BOXONPUEMHHK C BUXDEBOi KaMepoii:
1 — BonmonpueMHbIE OTBEpCTHS; 2 — BUXpeBas Kamepa (BOIOCOOPHBIi KOJI-
JIEKTOP); 3 — KOPITYC XeJe306eTOHHEBIN; 4 — OTBETBIEHWE HAa CAMOTEYHOM
BOJOBOJIE HA CJIy4aif ero OYMCTKHU

Camoreunbie B cudoHHBIE JIHHHH PYCJIOBBIX BOJ03a00OpPOB COEIM-
HSIIOT BOJOMIPUEMHUKH ¢ GeperoBeIMU Kosonuamu. st o6ecrneye-
HUS HaIeXKHOU paboThl BOJ03a00PHOTO COOPYXKEHUSI UX YUCIIO TTPU-
HUMAIOT paBHBIM YUCJY CEKLHI BOAONMpPHEMHHKA, HO HE MeHee
nByx. CaMOTeYHBIE JIMHUHM UMEIOT OTMETKM HUXE OTMETOK MUHM-
MaJIbHOTO YPOBHS BOJBI B UCTOYHHUKE. X mpokmaneiBaoT 6e3 pes-
KHMX TTOBOPOTOB U C MOCTOSIHHBIM YKJIOHOM He MeHee 0,001 B cTo-

POHY ABUXCHHUA BOABI ITPHU ITPOMEBIBKE.
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Puc. 4.22. He3aTonsisiemblii pycioBoit BOZONPHEMHHK, pa3pe3 M IJIAH:
1 — camoteyHas ranepesi; 2 — BOAOIPHEMHEIE OTBEPCTHA; 3 — KpPaH MOC-
TOBO#; 4 — KOLLIKa C Talblo; 5, 6 — MaKCUMaJIbHBIi 1 MUHUMAJILHBIA ypOB-
HM Jiefoxona; 7 — 3amojiHeHHe OETOHOM ITOAAOHHOrO IPOCTPAaHCTBA
MOCJIe OMYCKAHMS KECCOHA

BonmoBonbl NMpoKIagbBalOT 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 TPYOOIIPOBOABI, 3aCHINAIOT KaMEHHOM Ha-
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OpOCKOI1 MJIM YKPBIBAIOT Xele300eTOHHBIMU TuTaMu. Kak npasu-
JIO, CAaMOTEYHbIE€ JJUHUU BBHIMOJHSAIOT U3 cTajlbHBIX Tpys. CHuMII
2.04.02-84* pmomyckaloT Takxe TMpPUMEHEHUE Xeae300€TOHHBIX
M TJIACTMACCOBEIX TPYO.

JuaMeTpbl caMOTEYHBIX U CU(OHHBIX BOJOBOJIOB OIpPEAEIISIIOT
110 Pacxoly B OAHOW CEKIIMM BOAONMPUEMHUKA TIPU HOPMAJIILHOM
9KCTUTyaTalMOHHOM pexume. CKOpPOCTh NBUXKEHUS BOIABI B HUX
npuunMaercst 0,7—1,5 M/c, HO He MeHee CKOPOCTH BOIBI B peKe.
KpoMe Toro, mpoBepstoT NpoNyCKHYI CIIOCOOHOCTD MPU aBapHii-
HOM peXuMe.

B mpouecce akcrutyaTauuM caMOTeYHBIE U CU(DOHHBIE JIMHUH,
a TaKX€ COPOYNEPXKUBAIOIIME PEIIETKU 3aTOTJIEHHBIX BOJOMPHEM-
HUKOB 3acopsitorcsi. IIpoMBIBKa peureTok OT copa M INTyOMHHOI
IIYTH OCYHIECTBJISIETCS, KaK MpaBUIo, OOpaTHBIM TOKOM BOABL. JIns
3TOTO Ha BoA03abopax MperycMaTpUBarOT MPHUCOEIUHEHHE CAMOTEY -
HBIX U CU(OHHBIX BOIOBOAOB K HATOPHBIM JIMHUSM HaCOCHOIA
craHuu I mombeMa ¥ BO3MOXHOCTH BKJIIOYEHHS B paboTy pe3eps-
HBIX HACOCOB Ha MEPUOJ TPOMBIBKH (CM. puc. 4.18) mpu HEKOTOPOM
CHUXEHWH TOJAaYH BOIBI MOTpeduTeN 0. ISl MPOMBIBKM PEIIETOK
M CETOK OOBIYHO TPeOYIOTCSI MEHBIIIHE PACXObl BOIBI, YEM IS IIPO-
MBIBKM BOJIOBOIOB OT HAaCOCOB.

L1st TIPOMBIBKY COPOYIEPKUBAIOHIUX PEUIETOK, (PUIABTPOB U PhI-
603alIUTHBIX KaCCET BOTONPUEMHHKOB HEOOXOIUM PacXoj BOIHI,
pasHblit (0,5-2)Q,, rne Q, — pacxon Bozbl, 3a0MPaeMBIil Yepe3 BO-
JNIOTIPUEMHUK TIPU HOPMAJIbHOM pexXuMe BopomnoTpetieHus. Ipu
CHUJILHOM 3aCOPEHMH CETOK U PEIIETOK 1IeJIecO00pa3HO UCIOJIb30Ba-
HHE UMIYJIbCHOTO MPOMBIBa, NpeioxeHHoro A.C. O6pa3oBCKUM.

HWmnynbcHBIN poMbelB (puc. 4.23) nipenmosaraeT, 4yTo Koseba-
HUS1 MAacchl BOZIbI, HaXOASIIENHCS B CAaMOTEYHOMN TpyOe U B YCTAHOB-
JICHHOU Ha Hel mepel 3aIBUXKKOU KOJIOHHE, BBI3BIBAIOTCS € ITOMO-
LIBIO CPBIBA BaKyyMa, KOTOPHIi paHee OBUT cO3/aH B KOJIOHHE BaKy-
yM-HacocaMH. BOJTHOBOI MMITyJIbC OeHMCTBYET ¢ paBHOI CHUJIOH Ha
BCIO ILIOIIAAb BOJOMPHEMHOTO OTBEPCTUS U OCBOOOXIAET €ro OT
IIYTH U COpa HE3aBUCHUMO OT CTETIEHH 3arpsi3HeHUS.

Hns obecnieyenus 3¢HeKTUBHOCTH UMITYJILCHOM TIPOMBIBKH Tpe-
OyeTcsl MPAaKTHYECKHU COBEPIIIEHHAs! TePMETUYHOCTb BCETO BOJOIPO-
BOJSIIIETO TPAKTa, PACIIOIOXEHHOTO MeXIY KOJIOHHOUW U BOOIPU-
€MHBIMH OTBEPCTUSIMH. DTOT BMJA NIPOMBIBKM HEAOCTAaTOYHO 3hex-
TUBEH JUIS TTIPOMBIBA TOPU3OHTAJIBHBIX OTBEPCTUM, TIPUHUMAIOUINX
BOLY CBEpPXY. 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 BOJOBOAOB OT OTJOXWBLINXCS B HUX Ha-
HOCOB B OCHOBHOM OCYIIECTBJAAETCS MPSAMBIM TOKOM BOIBI MyTEM
YBEJIMYEHUST CKOPOCTeil ee NBUXXEHUS B TpyOax B pe3ynbTaTe Gop-
CHPOBAHHOTO peXHMa paboThl HACOCOB U MOOYEPETHOTO OTKITIOUE-
HUS OJIHOTO BOAOBOJA (B ABYXCEKIMOHHOM Bomo3abope) U Mpo-
IycKa BCEro NMoTpeGHOro pacxoma BOABI MO BropoMy. Takoit xe
pEXUM XeJlaTeJIeH B NMTaBOAKH U ITOJIOBOJbE TIPH BHICOKOH MYTHO-
CTH BOIEI.

a)

|

JANEIPNS
\_/v

t

Puc. 4.23. Cxema umny/ibCHOii NPOMBIBKH COPOYAEPKHUBAIOUIMX PEIIETOK
(a) n rpaduK H3MeHeHMs YPOBHA BOAbI B KojioHHe (6):
1 — KoJloOHHA Ha caMOTeYHOM BOAOBOAE; 2 — MaTpybOK C 3aTBOPOM s
BMYCKa BO31yXa; 3 — BaKyyM-Hacoc; 4 — TpyOOINpoBOA Ui MPOMBIBKH pe-
LIETOK OOpaTHbIM TOKOM BOAbI; 5 — caMOTe4HbIii BOXOBOL; Z; — CTONO
BOZbBI, NOAHATBIA BAKYYMOM

Bo3MoOXHO npuMeHeHHe THAPOITHEBMAaTUYECKOTIO TTIPOMBIBA, KO-
TOPBIA OCYLIECTBASIETCS TOAAYEN CXKAToro Bo3ayXa B MOTOK BOIbI
U 3¢ deKTUBEH TTPU HATMYHUM CUIIBHOTO 3arpsI3HEHUS H KOPPO3HOH-
HBIX OTJIOXEHUM.

B otnenpHBIX ciiydasiXx BOZOBOObI MOXHO OYMIIATh MPOTACKUBA-
HUEM Yepe3 HUX COBKOB M PBIXJIUTENEN.

BeperoBeie ceToYHble KOJOAUBI YCTPaUBalOT BO BCEX BOAO3a-
OOpHBIX COOPYXEHMSIX, €CJIH CYlIeCTByeT HEOOXOOQUMOCTb yCTa-
HOBKM CETOK AJIST MPOLIEXKMBAHUS BOJBI C 1IeJbI0 3aIIIUThl HACOCOB
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OT 3aKYINOPKH COPOM U obGecrieyeHUsI OYUCTKU Bonbl. [ToaTomy
MpUMEHEHWe GeperoBoro KoJofiia, 000pya0BaHHOTO BOAOOYMCT-
HBIMU CETKaMH, B cOCTaBe Bomo3abopHbix coopyxkeHuit I u Il ka-
Teropuu 06s13aTesibHO. st GeperoBBIX KOMOMIIEB HAaHDOJIEE YaCcToO
TMPUMEHSIOT TUIOCKHUE CheMHBIE BOJOOYHCTHBIE CeTKU. HemomycTu-
Ma 3aM€Ha Ch€MHBIX CETOK IMPUEMHBIMU CETKAMU WIU TTPUEMHBI-
MM KJIalTaHAaMM Ha KOHIaX BCAaChIBAIOIINX BOJIOBOAOB, TaK KaK M3-
3a CJIOXXHOCTU MX OYMCTKHU BO3MOXHBI TIEPEPHIBBI B MOAaYe BOIBI
norpeduresnio. B BogonprueMHble KaMephl BoJa MOCTYMAET IO ca-
MOTEYHBIM UK CU(OHHBIM TpyborpoBoaaM. [IJist 3TOro BomoIpHu-
€MHBIE KaMephl YCTpauBaloT 3ariayoiaeHHBIMU. Hacochl ¢ ceToYHBI-
MH KOJIOALIAMHU COEIMHSIOTCSI BCaChIBAIOIIUMHU TPYOONPOBOIAMH.
Hanuuue B cxeMe Bomo3abopa KoJIOALA C CETKOW IMO3BOJIET CO-
KpPaTUTh JJIUHY BCAChIBAIOUIUX TPYOOTIPOBOJOB HACOCOB, BCJEM-
CTBHE Yero yjyyinaercsl paboTa HacCOCOB B MEPHOJ MycKa U OCTa-
HoBkHU. Kosozen, Kak npaBuiio, pacrnojaralor Tak, YToObl nepen-
HSISI CTEHKA pa3Melllajlach Ha He3aTaruimBaeMoii orMeTke. Bokpyr
KOJIOZIIAa YCTPAaUBAaIOT OOCHINIKY IIUPUHON 4—6 M.

Pa3MepsI KoJjion11a onpenesisiiorT U3 yCIoBUsS KOMITOHOBKH 000pyI0-
BaHUS, TIPU 3TOM 00BEM KaxXI0i CEKLIMM KOJIOALA TOJKEH OBITh H0C-
TaTOYEH IS ITycKa HacocoB. OH nmpuHUMaeTcst He MeHee 30--35-kpart-
HOTO CEKYH/IHOTO pacxofia BOMIbI, 3a0MpaeMoil U3 CEKIIMW OTHUM Ha-
COCOM TP MUHUMAJIBHOM PacyeTHOM YPOBHE.

MUHUMAJBHBIH YPOBEHDb BOABI B 6€PEroBOM KOJIOALIE OIpeaesisi-
10T TUAPABIUYECKHUM pAcyeTOM NMPU MUHWUMAJbLHOM YPOBHE BOIbI
B BOIOMCTOYHHUKE, BHIKIIIOUEHUHN OIHOM U3 CEKIIUI BOIOTIPUEMHU-
Ka M JIpYTUX BO3MOXHBIX HEOJIATOTIPUSITHBIX YCIOBUSX (3aCOpEeHME
peneToK, obpactaHue BOJOBOIOB U JIp.).

OTMETKY IHUIIA GepeEroBOro KoJjo/iia ONpenessioT U3 yCJIOBUS
pacTIONIOKEHUS MOl MUHUMAJTbHBIM PacYeTHBIM YPOBHEM BOJBI B KO-
JIO/ILE BOJOOYMCTHBIX CETOK HEOOXOMMMOi TUIoLIaau. Bmecre ¢ Tem
BBICOTA CJIOST BOIBI B GEPEroBOM KOJIOMLE NOJDKHA OBbITh JOCTATOYHOMN
IJIST pacITOJIOXEHUS 101 MUHUMAJIBHBIM PacUeTHBIM YPOBHEM BOIO-
TIPUEMHBIX BOPOHOK BCACHIBAIOIIMX BOOOBOIOB. BepTHKaibHbIE BCa-
CBHIBAIOIIME BOIOBOABI AUAMETPOM d C TIpUEMHBIMU BODOHKaMH Ha-
MetpoM D = (1,3—2)d n mmuoit L = (1,3—1,8)(D—d) monxHbI
HMMETD 3ar1y0jieHHe BXOTHOTrO OoTBepcTUst He MeHee (1,5—2)D ¢ pac-
CTOSTHMEM OT OTBepcTHs 110 nHa He MeHee 0,8 D (puc. 4.24).

Bepx BOOOOYMCTHBIX CETOK 1I€JIECOOOpa3HO pacrnojiarath B KO-
JIOAlIe 3HAYUTEILHO Bbllleé MUHUMAJIBLHOTO YPOBHSI BOMABI, HATNIpH-
Mep Ha YpOBHE BBICOKOW MEXEHH, IS TOro 4YTOOBI GONBLIYIO
YacTh roja TpOLEXHWBAaHWE BOABI Yepe3 CEeTKY TIPOUCXOIUJIO
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C MEHBIIUMHU 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, CO3/AIOLINI HOpMaJbHBIE TEMIIEpaTypHbIE YCJIOBUST pabo-
TBI 060pyIOBaHUA.
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Puc. 4.24. 3aray0neHue BcacbiBaIOMUX BOJOBOIOB, 000PYI0BaHHBIX
BOpOHKaMH (a), NpueMHbIMH ceTKaMHu (6) U BOPOHKO# ¢ auadparmoii (6)

IIpy 3HAYUTENBHBIX KOJIEOAHUSIX BOABI B UCTOYHUKE U JOCTATOY-
HO ToJIoTOM Gepere BO3MOXHO MCIOJIb30BaHWE KOMOMHUPOBaHHO-
ro Boio3abopa, B COCTaB KOTOPOTO BXOIST PYCJIOBOM 3aTOTUIEHHBIIA
BOIIONTPUEMHMK U BOAOIPHUEMHBIE OKHA, pa3MelllaeMble Ha Tepel-
Hell cTeHKe GeperoBoro KoJjoAaua.

PycnoBoii BODOTIpMEMHMK MCIIOIB3YIOT B TE€YEHHE BCETO Toja,
a 6eperoBoif — TMPHU BBICOKMX YPOBHAX BOIBI B PeKe, Koraa o0ciy-
XHBaHUE PYCIOBOTO BOAOINPHEMHHKA 3aTPYIHEHO, a B HanboJjee
Ty0OKOM YacTH pyclia MepeaBUraeTcs OCHOBHAsi Macca NOHHBIX
Y KPYITHBIX B3BEIIEHHBIX HAHOCOB.

K crneniaqbHBIM BOI03aB6OPHBIM COOPYKEHUSIM MOTYT GBITH OT-
HeCeHbI BOJOTIPUEMHBIE KOBIIH, MEPeIBUXHBIC U TUTaByYHe BOIO3a-
0OpBI, @ TAKXKE COOPYXEHUS MO 3ab60py BOABI M3 BOAOXPAHWIIMIIL,
TOPHBIX pEK U MOpeH.
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Bononpuemuslii KoBm TIpefcTaBiseT COO0H UCKYCCTBEHHBIN 3a-
JUB, 06pa3oBaHHBIN aMboi. [TpuMeHSIOT ero ist 60pbObI € LIYTOi
U JIS1 YACTUYHOTO OCBETJIEHHUS BOIBI.

IInaByune Bono3aGopHbie CoOpyKeHUs: TIPUMEHSIIOT TSI BDEMEH -
HOTO BOJOCHAOXEHHUSI B YCIOBUSIX 3HAYUTEIbHBIX KOJieOaHU ypOB-
HST BOAbI B UCTOYHHUKE.

YuyuTsIBasi 0COOEHHOCTH PEXUMa TeUYEHUS TOPHBIX peK, TpeoyeT-
Csl TIPUMEHSITh CITELIAAIBHBIE KOHCTPYKIIMM BOOOMPUEMHUKOB. T1pu
3a00pe BOABI U3 BOAOXPAHUIUIL U MOpPEil HEOOXOAMMO YUUTHIBATH
BO3/EIICTBHME BETPOBBIX BOJIH, SIBJIEHUSI CTOHA W HaroHa BoJbl, Oepe-
TOBble TEYECHHUS, JICIOBBIC SIBJICHUS U T. [I.



Paspnen 5. BoaonoaroroBka

5.1. TpeboBauua, npeanvaBnAgeMbie K NPUPOAHLIM
BOAAM pa3siIndHbIMU BoaonoTpedurenamm

ITpuponHast Boga — CJIOXHasi, HETIPEPBIBHO U3MEHSIOIIASACS CH-
creMa. B cocTaB BOIBI BXOJASIT: COJIM, MPEUMYIIECTBEHHO B BHUIE
MOHOB, MOJIEKYJI U KOMILJIEKCOB, OpraHUYeCKHe BEIECTBA — B MO-
JNEeKYIAAPHBIX COCAUHEHUAX U KOJJIOMAHOM COCTOSIHUM; Ta3bl —
B BUJIE€ MOJIEKYJI U THIPATUPOBAHHBIX COETUHEHU; TUCTIEPTUPOBAH-
HbIE€ IPUMECH; TMAPOOUOHTHI (IJIAHKTOH, OEHTOC, HEMCTOH, NTarOH);
GakTepuu ¥ BUpyChbl. Bo B3BELIIEHHOM COCTOSTHUM B NPUPOJHBIX BO-
Jax CoIepXaTcs INIMHUCTHIE, NTecyaHble, THIICOBBIE M U3BECTKOBBIE
YaCTUIBI; B KOJJIOUTHOM — pa3jIMYHBIE BEIIECTBA OPraHUYECKOTO
TIPONCXOXIECHUS, KpeMHEKUCoTa, ruapokcun xenesa (I11), ¢ynb-
BOKWCJIOTBI, TYyMaThl; B UCTUHHO PacTBOPEHHOM COCTOSTHUM Haxo-
JISITCSI B OCHOBHOM MMHEpaJIbHBIE COJIH, oboralaionme Boay HoHa-
mu. KauecTBO NMpUPOIHEBIX BOA BeChbMa pa3HOOOpAa3HO.

C TOYKHM 3peHMST BOIOITOArOTOBKM HauboJjiee OOIMMHU U XapaK-
TepHBIMU TIPU3HAKAMU 3arpsI3HSIOUIMX BOAY BEILECTB SIBJISIIOTCS -
¢dopmMbl HaxoXIeHUsT X B Boxe. Mcxong u3 sroro, JI.A. Kynbckum
TpeToXeHa KiraccuduKaums rnpuMeceil Boabl, OCHOBaHHAsI Ha UX
¢$a30BOM COCTOSIHUM U AUCTIEPCHOCTH. DTa KIacCU(PUKALIUSA UMEET
IINPOKOE MPAKTHYECKOE TTPUMEHEHHE, TaK KaK JaeT MpHEMIIEMOe
000CHOBaHHE TEXHOJIOTHYECKUM TpHeMaM BogooOpaboTKH M Iipe-
clieayeT 1esb YIOPSIOYNUTh BEIOOP COCTaBa OYUCTHBIX COOPYXKEHMIA.
Bce npumMecu pasnesieHbl Ha YETHIPE TPYIIIHL.

ITpuMecH mepBoii rpynmbl — 3TO HEPACTBOPUMBIE B BOAE CYCHEH-
3UM M 3MYJBCUM (2 TaKXKe IUTAHKTOH M GaKTepHH), KHHETHYECKH
HEYCTOIYMBLIE U HAXOJSIMECsT BO B3BELLIEHHOM COCTOSSHUU 6J1aro-
napst TMIpoAMHAMHUYEeCKOMY BO3/IeCTBUIO BOAHOTO IOTOKa. B co-
CTOSTHUHM TIOKOST 3T B3BELICHHBIE BEIIECTBA BBINANalOT B OCAlIOK.

IIpuMecu BTOpOIi rpynnbl — 3TO TUAPOGOOHEIE M THAPO(DUILHEIE
OopraHM4YecKue W MUHepasbHble KOJJIOUIHBIE YaCTHLIBI, 4 TAKXKE He-
pacTBOpUMbBbIE M HEAUCCOUUUPOBAHHBIE (DOPMBI TYMYCOBBIX Be-
IIECTB, ACTEPTreHTHI M BUPYCHI, KOTOPbIE TI0 CBOMM pa3Mepam OJn3-
KU K KOJUTOUAHBIM MIPUMECSM.

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

ITpuMecH 4eTBepTOil TPynmbl — 3TO BEIIECTBA, JMCCOLUMPOBAH-
Hble Ha MOHBI.
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KoHUeHTpauusi OTAEAbHBIX NTpUMecel B BOJE OMpENessieT ee
CBOICTBA, T. €. KAYeCTBO BOAbl. Pa3nmMyaloT 1MoKa3aTesin KayecTBa
BoNbI ¢pu3NYecKUe (TeMmrieparypa, B3BellIEeHHbIE BEleCTBa, 1{BET-
HOCTb, 3amnax, BKYC U Jp.), XUMHUYeCKHE (KECTKOCTb, IEA0UYHOCTb,
aKTUBHasl peaklus, OKUCISIEMOCTb, CYXOi OCTaTOK U Ap.), MUKPO-
OGHOJIOTMUECKHE M TTapa3UTOJIOrMYECKHE.

Ina ornpeneneHUS KauecTBa BOJABI MTPOU3BOIAT pU3UUECKUE, XU~
MHWYECKHE, MUKPOOUOIOrMYeCcKHe, TTapa3uTOIOTUYECKNE M TEXHO-
JIOTUYECKHE aHau3bl B HanboJiee XxapaKTepHble ISt JaHHOTO BOJO-
MCTOYHUKA NEPUOIBI TOa.

IMopsimok or6opa npo6 u3 ucroyHuka pernameHtTuposan F'OCT
18963-73. BrlGop M olleHKa KayecTBa UCTOYHUKOB LIEHTPATU3UPO-
BaHHOIO XO3SIICTBEHHO-TTUThEBOTO BOJOCHAOXEHUS IPOU3BOASATCS
B cooTBeTCTBUHU ¢ TpeboBaHuamu 'OCT 17.1.3.03-87.

Br160p UCTOYHMKA ITPOU3BOICTBEHHOT'O BOIOCHAOXEHUS [IEAET-
Csl C yY4eTOM TPeOOBaHUI, NTPEIBABISIEMBIX TTOTPEOUTEISIMU K Kaue-
CTBY BO/IBI.

Huxxe npuBomsiTCSl psii OCHOBHBIX TTOKa3aTejieil KayecTna IMpU-
POIHBIX BOI U 3HAYEHUS UX JUIST HEKOTOPBIX TTOTpeOUTENEiA.

Temnepamypa TIOBEPXHOCTHBIX BOJA MOJBEPXEHA 3HAYUTENHHBIM
ce30HHbIM KonebauuaM (ot 0,1 mo 30 °C). Ilon3eMHbIE BOABI UME-
10T 6osiee crabunbHylo Temnepatypy (8—12 °C). HaubGonee npuem-
JieMa JUIsl MUTBEBBIX HYXKI Boaa ¢ Temrieparypoit 7—11 °C.

IIpospaunocms, MymHnocms u @3eeuieHHble geuyecmea XapakTepusy-
10T HAJIMYKE B BOJIE CYCNIEH3UPOBAHHBIX YaCTUIL IECKa, INIMHBI, UIIa,
TJTAHKTOHA, BOJOPOCJEil, KOTOphIe MONanaloT B HEe B pe3yJibTaTe
9po3un 6eperoB, B3AMyYMBaHHUsS OCaaKa CO JHA C JOXIEBLIMU U Ta-
JILIMUA BOJAMHU U T. II.

IIpu GonbIIOM KOHLUEHTPALIMKU B3BEIIEHHBIX BEHIECTB B BOJIE
KX KOJUYECTBO OTIPENENIIeTCS BECOBBIM METOJIOM, ITPU OTHOCHU-
TEJIbHO HEOOJBIIOM COAEPXaHUM B3BEIIEHHBIX BEIIECTB MPUMeE-
HSIIOT KOCBEHHBIN METOJ — ONpeNesiioT MyTHOCTh Ha MyTHOMET-
pe, ¢oroanekrpokomopuMerpe (OPDK) unu onpenensior npo-
3payHOCTb.

MYTHOCTh — XapaKTepHUCTHKa, oOpaTHas Tnpo3payHocTy. [Ipo-
3payHOCTb BOJIBI — 3TO MpeAesibHasi BLICOTA CTOJI6a BOABI (CM), ye-
pe3 KOTOpbIH MOXHO YUTaThb TE€KCT, HAOpaHHBIA CTaHAAPTHBIM
mpugToM (Beicota O6ykB 3,5 mM). IIpo3pauHocTh MUTHEBOM BOIBI
JIoXHa ObITE HE MeHee 30 cM.

KonnyecTBO B3BELIEHHBIX BELIECTB B BOJE BHIPAXKAETCS B MUJI-
JiMrpaMmax Ha JIUTp 10 KaOJUHY (MT/J) WIM eJUHUIIAX 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 JIOJXKHO MpPEBbI-
math 1,5 Mr/n. KojivuecTBo B3BELIEHHBIX BEIECTB, KOTOPOE AOMYC-
KaeTcsT B BOZE, UCMOJIL3YeMOI IUIsl TIPOU3BOJCTBEHHDIX 1I€JIel, 3aBu-
CHT OT XapakTepa npou3ssoacTsa. Ha MHOTHX NMPOU3BOACTBAX MOXHO
HCITOJIb30BaTh BOIY C ropas3no OOJbLUINM COAepXKaHUEM B3BEILIEHHBIX
BelecTB. B TO e BpeMs AJist HEKOTOPBIX TTPOU3BOIACTB XMMHUYECKOI,
TUIIEBOM, JIEKTPOHHON M APYTyX OTpacieit MPOMBILLTIEHHOCTH Tpe-
OyeTcsl BoJa TaKOTo XXe WK 0ojiee BRICOKOTO KayecTsna.

Llgemnocms 600b1, T. €. ee okpacka, o6yc/oBieHa TIPUCYTCTBUEM
B BOJE T'YMYCOBBIX U NYyOWJIBHBIX BEUIECTB, XHUPOB, OpraHUYECKUX
KHUCJIOT 1 APYruX OpraHu4yeckux coeqvHeHuit. Hapsiny ¢ atum ok-
packa BOIbI MOXET ObITh BbI3BaHA IMPUCYTCTBUEM COCIMHEHUM Xe-
Jie3a, MapraHiia, CTOYHbIX BOJ HEKOTOPHIX MPOU3BOACTB UJH «IIBE-
TEHUEM» BOIOEMOB.

1LIBeTHOCTH TTPUPOAHBIX BOI OOBIYHO O0YCIOBIEHA TYMYCOBBIMU
BelllecTBaMU. ['yMyCOBbIE BELIECTBA MOYBBI B TIPUPOIHBIX BOAAX Ha-
XOISITCSI BO B3BEIIICHHOM COCTOSIHUU, (hyJIbBO- U TYMUHOBBIE KUCJIO-
Tl — B KOJUJTOUTHOM U UCTUHHO PACTBOPUMOM COCTOSTHHUM.

LIBeTHOCTh BOA M3MepsieTCA B rpaaycax IIaTMHO-KOOanbTOBOM
Kauel. JJIs MUTBEBOIT BOABI OHa He JOJKHaA mpeBbiinaTh 20 rpa.
LIBETHOCTD OTIPENEIISIIOT KOJIOPUMETPUUECKH, CPaBHUBASK 1[BET TTPOOHI
C ITAJIOHAMU IIKAJbl LIBETHOCTH, WIU TIPUMEHSIIOT (POTOIJIEKTPOKO-
JIOPUMETPHI UIST U3MEPEHUS ONTHYECKON TIOTHOCTH. OTaenabHbIE
BUIBI MPOU3BOJCTB MPEABSIBISIOT pa3inyHble TpeOOBaHUS K LIBET-
HOCTH UCITOJIb3yEMOI BOIBI.

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

3amnaxy ¥ MPUBKYCHI TPUOAIOT BOJE CEPOBOIOPO, COJIM XKeJje3a,
cynbdatsl KanblUUs (BSXKYIIUIA) U MarHUsl (TOpbKUIt), XAOpUA Ha-
Tpust (CONEHBIN), OpraHuYecKre BellecTBa (IPOMYKTHI KU3HEIesI-
TE€JIbHOCTU MUKPOOPTraHU3MOB U BOJIHAS PACTUTENIbHOCTD), a TAKXe
cOpacbiBaeMble CTOYHBIE BOJIBI OTHEIBHBIX TTPEATTPUATHM.

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

K 3amaxaM MCKYCCTBEHHOrO MPOUCXOXIEHUS OTHOCAT (PEHONb-
HBII, XJIOpPEHOTbHBIN, KaMpOPHBIH, OEH3WHOBBIN, XJIOPHBIA U JIp.

Paznuyalor yeTbipe OCHOBHBIX BKYCa: COJICHBINM, TOPbKHA, Cllaa-
KUt M KUCbIi. OcTanbHble 0COBEHHOCTH OTHOCSIT K TTPUBKYCaM.
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VHTEHCUBHOCTD 3a11axoB U IIPHUBKYCOB OMPENESIIOT OPraHoJeT-
THUYECKM U BBIPAXaAlOT MO NATUOALILHON 1IKane. s MUTheBOM
Bonbl o HopmaM CaHITuH 3amaxy u MpUBKYCH HE HOJKHBI NMPEBbI-
math aAByx 6asuios npu 20°C.

Obwasn munepanruzayusa (cyxoit ocmamoxk) — o0I1lee KOJUYECTBO
BeILECTB (KpOMe ra3oB), COAepXaluXcs B BOJAE B PACTBOPEHHOM
cocTtostHUM. Cyxoil OCTaTOK IMONY4YaloT B pe3yJIbTaTe BbITTApUBaHUS
MpodMIBTPOBAHHOM BOIBI M BHICYILIMBAHUS 3aePXKaHHOTO OCTaTKa
J1o noctostHHOM Macchl nipu 7= 110 °C. B Bone, MCTIONB3yeMO 1ist
XO3SICTBEHHO-TMTUTLEBBIX LIENIEN, CYXOM OCTAaTOK HE NOIKEH MpPEeBbI-
mwatb 1000 Mr/n, B ocobbix ciyuasx — 1500 mr/n. Cyxoit ocraTok
JIMMUTHUPYETCS] TAKXKE B BOZIE, TIOCTYTIAIONIEH JUIS TIMTAHUS TTAPOBBIX
KOTJIOB, U B BOJ€, UCITIOJIb3yeMOI B NMPON3BOACTBE KMHOTLIEHKH,
CUHTETMYECKOTO KayuyyKa | JIp.

Xnopudst u cyasghamer 61aronaps CBoei BBHICOKOH pacTBOpHU-
MOCTH TMIPUCYTCTBYIOT BO BCEX MPUPOIHBIX BOJaX OOBIUHO B BHIE
HATPHUEBBIX, KAJIBIIMEBBIX U MarHUeBBIX coJieif. [Ipu 3HauuTENDh-
HOM MX COAEPXaHUU BOJAa CTAHOBHUTCS arPECCUBHOM MO OTHOlIEe-
HUI0 K OeTOHY. JIs1 XO351iICTBEHHO-NTUTBEBOI BOABI TTpPEeACILHO
nonyctuMoe coaepxanue xiaopuaoB Cl- — 350 mr/n, cynbdaToB
SO, — 500 Mr/m.

Illenounocme 60061 onipeieNsIeTCS CYMMOI COZEpXKAIIUXCS B BOZE
TUAPOKCWIBHBIX MOHOB U @HMOHOB CJA0bIX KUCJIOT — YTOJILHOM,
OpraHUYECKMX, a TakKXKe OMKapOOHATHBIX M KapOOHATHBIX WOHOB;
U3MEPSETCS B MT-3KB/II.

XKecmkocms 600sr 0GYCIIOBTUBAETCSA COMEpXaHUEM B Hell coseit
KaJpUMst U MarHus. PasznnualoT KapOOHATHYIO XECTKOCTh (Kapbo-
HaTHbIe ¥ OMKApOOHATHBIE COIM KaJblIMS U MarHusl) U Hekap6o-
HaTHYI0 (HeKapOOHaTHbIE COJIM KaJIbLIUs U MarHUsl — cyJabdatsl,
XJIOpUABI, HUTpaThl 1 Ap.). CymMa kapOboHaTHON U HeKapOOHAaTHOMN
XECTKOCTU OMPENENSIET OOIYI0 KECTKOCTD.

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

OO6miast XeCTKOCTh XO35SICTBEHHO-TTUTHLEBOM BOABI HE AOJIXKHA
TIpEBBIIATL 7 MI-3KB/J1, a B 0CODOBIX ciryyasx — 10 Mr-skB/m.

KecTkasi Bojia HEMPUTOAHA I TUTAaHUS KOTJIOB, IMMAPOCUIIOBBIX
YCTAaHOBOK TEIUIOBBIX 3JIEKTPOCTAHIINI U TeTUIOJIEKTPOLIEHTpaJIE.
KecTKoCTh BOIBI IMMUTHPYETCS JUIST IPEATTPUATHIT OyMaXKHOM, TeK-
CTUJIBHOI MPOMBILIJIEHHOCTH, TIPYU MTPOU3BOACTBE UCKYCCTBEHHOTO
BOJIOKHA U Op.
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Kenezo u mapearney IPpUCYTCTBYIOT B ITPUPOAHBIX BoAax B ¢op-
Max, 3aBUCSIIIMX OT BeJIMUMHBI pH, OKHCISEMOCTH U comepXKaHus
Kucaopona. XKeye3o MOXET HaxoquUThcsl B (popMe IBYX- U TpEXBa-
JIEHTHBIX WOHOB, OPTraHWYECKMX U HEOPTraHWYECKHX KOJJIOUIIOB,
KOMIUIEKCHBIX COEOIWHEHUN, B BUOE TOHKOMMCMEPCHOM B3BECH,
cynbdupa xenesa, rugpokcuna xenesa (II). B nonzemMHbIx Bogax
MPU OTCYTCTBUM KMCJIOpPOAA XeJe30 M MapraHel] BCTpevyaloTcs
OOBIYHO B (hOpME ABYXBAJICHTHBIX COJici, B MOBEPXHOCTHBIX BO-
Jlax — B BHIIE OPTaHUYECKHUX KOMIUIEKCHBIX COCIMHEHHH, KOJTOU-
JIOB WJIM TOHKOJUCITEPCHBIX B3BECEH.

Bona, conepxalliasi TIOBBIIIEHHYIO KOHIEHTpALIMIO Xejie3a, He-
TIPUSITHA Ha BKYC, IPUYMHSIET HeyloOCTBa B OBITY, OKa3bIBaET BN~
SIHUA€E Ha TleYeHb, YBEIMUMBAET pUCK WHGApKTOB. M36HITOK MapraH-
11a BBI3BIBAET OKPACKY M BSIXKYILLIHI MPUBKYC, 3a00eBaHNe KOCTHON
cucteMbl. [ToaToMy comepxaHue Xejle3a B IUTheBOM BOIE HE IO~
XHO mipeBbIliath 0,3 Mr/m, a mapraHua — 0,1 mr/a. Comepxanue
Xejie3a M MapraHila OrpaHUYMBAIOT B BOJE, UCIOB3YeMOMH TIpH
NTPOM3BOJICTBE TIACTMACC, KUHO- M (OTOMJIeHKH, OyMaru, B TeK-
CTUJILHOM, MUILEBOW MPOMBILLIEHHOCTH M JIp.

Axmuenas peaxyus 800bl SIBIISICTCS TIOKa3aTejieM ee IIeJJOYHOCTH
WU KUCJTIOTHOCTH UM XapaKTepU3yeTcsi KOHIIEHTpalMeil BOTOPOIHBIX
HMOHOB.

Bona, mogaBaeMasi s XO3SIHCTBEHHO-TTUTBEBBIX HYXI, JOIXHA
umeTb pH B nmpenenax 6—9. [lyist Box 60JBIIMHCTBA TIPHPOMHBIX UC-
TOYHUKOB 3HaYeHUe pH He OTKIIOHSAETCS OT yKa3aHHBIX TIPEIeJIOB.

Oxucasemocms 600b: OOYCJTOBIMBACTCSI IPUCYTCTBHEM OpPTaHM-
YEeCKUX U HEKOTOPBIX HEOPTaHUYEeCKUX MPUMECEH, TaKUX, KaK Xe-
ne3o (I1), cynbpuTsl, CEpOBOAOPOI U AP.

Paznuyalor nmepMaHraHaTHYI0 U OMXPOMATHYIO OKHUCIISIEMOCTbD.
T'OCTomMm 2874-82 «Bona mutheBast» OKMCISIEMOCTb HE JIMMHUTHPO-
BaJIach. B CBSI3W ¢ BO3POCIIMM aHTPOIIOTEHHBIM 3arpsi3HEHHEM BO-
IOEMOB U TIOBBIIIEHUEM OKHUCJISIEMOCTU MPHUPOAHBIX BOJ, CBSI3aH-
HOIf C IPUCYTCTBUEM XJIOPOPTAHUKH, MECTHIMIOB, repOUIIHIOB,
HedhTenponykToB, 6eH3oma u ap., CaulluH 2.1.4.559-96 orpaHuun-
BalOT OKUCJIIEMOCTb MUTbEBOH Boabl 10 5 Mr O,/1. XapakTepHo,
YTO OKHCJSIEMOCTh BOJBI MOCJIE KOAaryJUpOBaHHUs, OTCTAUBaHUSA
U QWIBTPOBAHUSI CHUXAETCS MEHBILE, YEM LIBETHOCTD.

OKuCSIeMOCTb TUMUTUPYETCS IJIST ITUTATENIBHOM BOJBI KOTJIOB
(M3-3a BCTIEHUBaHUs), LIS OXJIaXIaloled Boabl (M3-3a BO3MOXHO-
ro 6uoobpactaHus TpyO W anmapatypsl), a TaKXe I BOABI, UC-
MOJIB3YeMOIA JJIT U3TOTOBJIEHUSI CHHTETUYECKHX BOJIOKOH M HEKOTO-
pBIX TTaCTMAacC.
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Azomcodepicaujue coedurerus B TIPUPONHBIX BOJAX MOTYT GBITh
OpPraHM4ecKHe U HeopraHuyeckue B Buae HuTpatoB NO,;~, HUTpU-
toB NO,~ 1 aMMoHUItHBIX coneit NH,*.

IToBbINIEHHOE KOJIMYECTBO a30Ta B MPUPOIHOM BOIE B OpraHu-
YeCKHUX COeIMHEHMSIX U B aMMOHHITHOU (hOpMe CBUAETENILCTBYET
0 3arpsi3HEHWU BOJOMCTOYHUKA CTOUHBIMHM BONAaMM, KaK OBITOBBEIMH,
TaK ¥ MPOU3BOACTBEHHBIMU. [103TOMY B MUTHEBOIT BOMIE HE AOMYC-
KaeTcs MPUCYTCTBHE OPraHNMYECKOro U aMMOHHUITHOTO a30Ta U HUT-
putoB. B cooTBeTcTBUM ¢ ykazaHHBIMU CaHIIuH B nutheBoit Boae
coznepxanue HUTPatoB (1o NO;~) He DOIXKHO NpeBBIIATh 45 Mr/J1.

DPmop ABNSAETCA AKTUBHBIM B OMOJIOTHYECKOM OTHOIIIEHUU MUK-
pO3JIEMEHTOM, COIEepXKaHUE KOTOPOTO B MUTHEBOI BOJE MOJIXXHO
TIofaepXuBaTbes B ripenenax 0,7—1,5 Mr/n (B 3aBUCUMOCTH OT KJIH-
MaTU4EeCKUX YCIIOBUIR).

Pacmeopennbie 6 600e 2azbt — KUCIOPOM, YITIEKUCIBIN a3, cepo-
BOAOPO[, METaH, a3oT.

Yriexkuciora, KMCJIOPOJ U CEPOBOAOPO/ IMTPUIAIOT BOAE TIPU OI-
pelneNIeHHBIX YCJIOBUSIX KOPPO3UOHHBIE CBOMCTBA MO OTHOIIEHUIO
K OETOHaM M MeTaJljIaM.

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

Kucnopon nmonamaer B BOoAy NpU €€ KOHTAKTe ¢ BO3AyXoM. Pes-
KOE€ CHHXEHHE COAEepXaHWS KHUCJIOpOJa B BOAE YKa3bIBaeT Ha ee
3arpsi3HeHHe. PacTBOpeHHBIH B BoJle KHUCJIOPOI UHTEHCU(DULIUPYET
KOPpPO3MIO METaJIa, ITO3TOMY B ITUTATEIbHOI BOJIE TETIJIO9HEPreTH-
YeCKHX YCTAHOBOK €ro KOHUEHTPALIVSI CTPOro OrpaHUYUBAETCS.

CepoBonopo/ NpUIaeT BOIE HeNPUATHBIN 3amax, BbI3bIBaE€T KO-
posuro Metasia. [lpucyrcreue H,S B x039iCTBEHHO-TIUTHEBOW BOJIE
He JOoMycKaeTcsl.

A30T B TIpMpOIHBIE BOIBI TTOCTYIIaeT M3 BO3[yXa, a Takke MpHU
Pa3IOXECHUHN OPraHUYECKUX OCTATKOB U BOCCTAHOBJIEHUH a30Ta Jie-
HUTPUDULUPYIOIIUMHN OaKTEPUSIMU.

MertaH OOBIYHO NMPUCYTCTBYET B OOJIOTHHIX BoJax. B MpUpPOIHBIX
BOZAX, MCIOJIb3YEMBIX UISI BOIOCHAOXEHMSI, OH MOXET MPUCYTCTBO-
BaTh B HE3HAYUTEIBHBIX KOJIMUECTBAX.

Bakmepuu u eupycst MOTYT MHTEHCHBHO pPa3BUBAThCSI B BOJIE.
B coorBetctBum ¢ CaulluH 2.1.4.559-96 GesomacHOCTh MUTHEBOI
BOJBI B SMUIAEMUYECKOM OTHOIIEHUM OMNpENEHsieTCsI €€ COOTBET-
CTBMUEM HOPMaTHUBAaM MO MUKPOOUOJIOTMYECKUM W MapasuTOJIOTH-
YyeCKHUM rnokaszateysiM. 1t TMTbeBOI BOJBI ONPEAEISIOTCS MUKPO-
Ouonoruyeckue rnokasaresm: odiee Mukpo6Hoe yucio OMY (xo-
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JIMYECTBO KOJIOHUI OGakTepHii B 1 Mir) — He Gonee 50; obiuve v Tep-
MOTOJIEPAHTHBIE KOTMOPMHEIE BaKTepUU — OTCyTCcTBUE B 100 Mu;
konugaru — orcyrcTBuue Onsimikoobpasyomux eauHuil (BOE)
B 100 mn. TIpu oGHapyXeHHUM B TOBTOPHOI1 Mpobe BOAbI BhILIENIEpEe-
YUCJIEHHBIX 3arpA3HeHUI MPOBOMOSTCS UCCAEIOBAHUS HAa HaJMYUe
MMaTOreHHBIX OaKTepHUil U BUPYCOB OTpenesieHueM LUCT JIAMOIuit
(B MUTBEBOI Bome — OTCYTCTBUE B 50 J1 BOABI) U CIIOp CYIb(PUTpE-
IYLMPYIOIMX KJIIOCTPUIUH (B MUTHEBOI Bole — OTCyTCTBHE B 20 MiT).

Ha GonblmivHCTBE MPOU3BOACTB OaKTepHUAIbHOE 3arpsi3HEHUE
BOJBI HE MPENSATCTBYET €€ UCIOJIb30BAHUIO ISl TEXHUUECKHUX LIeNie.
HckmoueHe COCTaBNSIOT NPEANPUATHUSA, VIS KOTOPBIX TpedyeTcs
BOJa TTUTLEBOTO Ka4yeCcTBa.

3aech MepeyrciieHbl JIMIIL OCHOBHBIE CBOICTBA ITPUPOTHBIX BOA.
B npakTuKe NPUXOAUTCS BCTPEUYAThCS €lle C LETbIM PSIIOM CITELN -
(bryeckux cBOCTB NMPUPOAHBIX BoA. Hanpumep, nuTheBas Boaa He
JIoOXHa comepxats 6osee 0,05 Mr/m Mblbsika, 1 Mr/a Meau, 5 mr/n
unHka, 0,03 mr/n cBuHua u 0,5 Mr/n amoMHHHUS.

B 3aBHCHMOCTH OT Li€JIEBOr0 Ha3HAYE€HUS K BOJE TPEIbSBISIOT
pa3HooOpa3Hbie TPEOOBAHUS, COMIACHO KOTOPHIM €€ MOXHO KJIacCH-
¢GULMPOBaTh KaK UCIONb3YEMYIO: ISl XO3AHCTBEHHO-TTUTbEBHIX 11e-
Jieit, KOMMYHaJIbHBIX TIPEANPHUATHIH, HYXI MUIIEBOM M HEKOTOPBIX
JIPYTHX oTpacieit MpOMBILLIEHHOCTH; 1T OXJIaXIEHUS (TeXHOJIOTH-
4ecKoro 000pyAOBaHUS, Mapa, XUIAKUX U ra3000pa3HbIX MPONYKTOB,
JOMEHHBIX U MapTEHOBCKHX TeYeii, KOHIEHCATOPOB TYpOMH U Mapo-
BBIX MallIMH, BarpaHOK, Ky3HEUHbIX MOJIOTOB M JIp.); VISl HYKII T1apo-
CHUJIOBOTO XO03s1icTBa (NTUTaHKue napoBelX KOT0B 'POC u TOL); st
TEXHOJIOTMYECKHUX HYXI MPOMBIIIUIEHHOCTH, TJI€ BOJa MOXET BXOAUTh
B COCTaB MPOAYKLUMH WK KOHTAKTUPOBATh C HEll; I 3aBONHEHUS
HeTIHBIX TIJIACTOB; IJISI HYXII CEJTLCKOTO XO3SHCTBA.

Xo31iicTBEHHO-NUTbEBAsA BOJAA NOJIXXHA OLITh Ge3BpeaHa I 310-
POBBSI YEJIOBEKA, UMETh XOPOIIINE OpraHOJIeNTHYECKHE TTOKA3aTeIn
¥ OBbITh TTPUTOAHOM IUIST UCTTOIb30BaHUsSE B ObITy. KauecTBo x03sii-
CTBEHHO-TIUTbeBOM BOABI perinameHTHpoBaHo CaHIInH 2.1.4.559-96
«ITurbeBas Boma. I'mrueHnyeckue TpeOGOBAHUS K KA4eCTBY BOJIBI
LIEHTPaJIU3UPOBAHHBIX CUCTEM TIMTHEBOTO BOOOCHaOXeHMUsI. KOHT-
poJib KauecTBa». BolnmosHeHWe TpeGOBaHWI CAHUTAPHBIX NTPAaBUII Ta-
PaHTUPYET SMUAEMHUUYECKYIO U paaHallMOHHYIO 6€30MacHOCTbh, 6e3-
BPEAHOCTH 110 XMMUYECKOMY COCTaBY U OJIarOTIPUSITHBIE OPraHoJEr-
THUYECKHE CBOICTBA MUTHEBOI BOMBI.

DnuaemMuyeckas 0€30NMacHOCTb NMUTbEBOI BOJB HOPMHUPYETCH IO
MUKPOOHOJIOTUYECKUM U Mapa3uTOJIOTHYECKHM TToKa3aTeasM (ob1iee
MUKPOOHOE YHCJI0, 001Me KonudopMHBIE OaKTeprH, Koamdard 1 ap.).
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Papuaunonnas 6e30nacHoCTh TTUTHEBOM BOIBI HOPMHUPYETCSI ITOKa-
3aTeNISIMU OOLLEH o- ¥ B-aKTUBHOCTH.

Be3BpenHocTh BOIBI 110 XUMUYECKOMY COCTaBY HOPMHUPYETCS 10
00001IeHHBIM TIOKa3aTensiM (pH, obuias MuHepainsanust, ooIas
JKECTKOCTh U IP.); XMMUUYECKUM BellleCTBaM, HauboJjiee 4acTo BCTpe-
YaIIMMCS B MIPUPOAHBIX BOJAX: HeopraHudyeckum (Al¥T; Ba3*;
Fe?*; Fe3* u np.) v opranmueckum (IIT; 2,4-D wu ap.); BeuecTBam
AHTPOTIOTEHHOTO TTPOUCXOXKACHMS, TTOJIYYUBIINM TJ106aTbHOE pac-
TIPOCTpPaHEHUE; peareHTaM W BPEIHBIM XMMUYECKUM BeleCTBaM,
MOCTYTAIOUIMM U 06pa3yloliMMcs B BoJie B Ipoliecce ee 00paboTKu
B cCHCTEMe BOIOCHAOXeHUSsI (XJ10p, 030H, xJopodopM U T. 1.); Bpel-
HBIM XUMUYECKHUM BELIECTBAM, MOCTYMAIOIIUM B UCTOYHUKH BOJIO-
CHaGXEeHMS B pe3yJIbTaTe XO3IHCTBEHHOM MEATEIBHOCTH YeIOBEKa.

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

Psp orpacneit muileBoit TTPOMBILUIEHHOCTH NMTOMUMO JIMMUTOB
CanlTuH 2.1.4.559-96 npenbsaBASIOT K BOJIE AOTMOJTHUTEIbHBIE TPEOO-
BaHus. Tak, B Bojie, UCIIONB3YyeMOI B MMBOBAPEHUH, NOJIKHBI OTCYT-
CTBOBaTh CyabdaThl, CoIepXKaHUE XKejie3a He IOJXKHO TpeBBIATh
0,1 Mr/n1; B BoAie 1t BWHOKYPEHHOTO TTPOM3BOJICTBA HE HOKHO CO-
JIEPKAThCSI XJIOPUCTBIX MAarHUS M KaJbLIMS; B BOJE IS TPOU3BOICTBA
caxapa OJKHO ObITh MUHUMAJIBHOE COJIECOAEpXKaHUE U T. II.

KauecTBo oxnaxnarolieif Boabl He HOPMUPYETCSI, TaK KaK OHO
3aBUCUT OT YCJIOBUUM MPUMEHEHUSI, HO OYEBHIHO, UTO OXJaxXAa-
Jolast Boa He JOJIXHA JAaBaTh OTJIOXEHMS B TpyOax M amraparax,
10 KOTOPBIM OHa MOMAAeTCs, TaK KaK B 3TOM Cly4yae 3aTPYyAHSIETCS
TerIonepenaya U COKpallaeTcsl XKMBoe ceUyeHHe, CHUXAIOTCS MH-
TEHCUBHOCTb UMPKYJISILUU U 3(pdeKT oxnaxneHus. Boga, ncrosb-
3yeMast ISl Lesiell OXJIaXXIeHUsI, He MOJIKHA COolepPXaTh KPYMHBIX
MHMHEPATBHBIX B3BEIIEHHBIX BEIIECTB, OOJIBIIOTO KOJTUYECTBA XeJie-
32 U OPTAHNYECKUX TIPUMECEH.

Bona nis TeXHONOrHYECKHX HYXKI HPOMBIIIJIEHHOCTH B 3aBUCHMO-
CTH OT €€ 1IeJIEBOr0 MCITOJb30BAHUS HOJIXXHA OTBEYATh CAMBIM pa3-
HOOOpa3HbIM TpeboBaHUAM. Tak, B BOIe, UCTOJNb3yeMO B TOPHO-
IOOBIBAIOLIEN MPOMBILIIEHHOCTH TIPU JOGBIYE, OTMBIBKE, THIPO-
TpaHCMOPTe, OGOTAIEHWU U COPTUPOBKE TMOJIE3HBIX MCKOTIAEMBIX,
IOJIKHBI OTCYTCTBOBAaTh I'pyOble B3BEllleHHBIE YaCTULIBI. BechbMa
crienuduyecke TpeboBaHUS NPEXBIBISIOT X BOJE, TPUMEHIEMO
UIT 06paboTKY TOTOBOI NMPOLYKLIMH, a TaKXe K BOAE, BXOASIECH
B COCTaB TPOJYKTa.
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P npoMBIIIEHHBIX TIPEANTPUITHI NPEABSIBISET K BOAE TpeOOBa-
HUS, 3HAaYUTENIbHO TipeBbIaomue JuMuTel CanlluH 2.1.4.559-96,
Taxk, B Boze, MAYyLIEH Ha U3rOTOBJIEHWE KWHO- U (POTOTUIEHKH, (o-
TOOYMAaru, He MOJIKHO COMAEePXAaThCs MapraHila, Xejie3a, KpeMHe-
KHUCJIOTBHI, OTPAHUYHUBAIOTCS OKUCJISEMOCTh BOABI U COIEPXaHUE
xJopunoB. B Boge, npUMeHsIEMOM JJIST U3TOTOBJIEHUSI PACTBOPOB
KMCJIOT M LIeJIoYel, KpacuTenei U MbIia, XXECTKOCTh JOXKHA OBITH
He 6onee 0,35 Mr-axB/71.

Boma nnst HyXXI ceJIbCKOTro X03stiicTBa (NTULE- M 300epM, ISt
OPOILIEHUS, MEJTMOPALIMKA U Ip.) TI0 CBOEMY KauyeCTBY JOJIKHA COOT-
BETCTBOBATH 11€JIEBOMY Ha3HayeHM10. 111 BONOMOS MTHLI, 3Bepei
M XUBOTHBIX Ha ¢epMax cJieayeT MoJaBaTh BOAY MUTHEBOTO KayecTBa.
IIpu HEBO3MOXHOCTH COOJIOEHUS] 3TOrO TPeGOBAaHUS OMYCKAETCS
KPaTKOBPEMEHHO TTPOU3BOANUTE BOIOMOM XUBOTHBIX BOIOH C IMOBBI-
IIEHHBIM MUHEPAJIBHBIM COCTABOM, 2 UMEHHO: CYXOi OCTATOK — JI0
5- 103, xnopuast — 1o 2 - 103, cynedaret — 10 2,4 - 103 mr/1, obwas
KECTKOCTb — 10 45 Mr-akB/n. JJonmyckaercsi HCITOIb30BaHUE BOJIBI
C TTOBBILLIEHHOM 1IBETHOCTBIO, C IIPUBKYCOM U 3aTIaXxOM TIpU ee TeMITe-
patype 8—15°C.

5.2. Cnoco6bl yny4yweHus Ka4ecTea BOAbl.
OCHOBHbIE TEXHONOrNMYECKUE CXEMbI

MHorouyucseHHbie CrocoObl 00pabOTKM BOAB MOXHO KJIaCCH-
duMpoBaTh Ha ClienyolLIMe OCHOBHBIE TPYIIBL: YIyJdIlIeHWEe opra-
HOJIETITHYECKUX CBOMCTB BOMIBI (OCBETIEHUE, 00eCIIBEUUBAHUE, e~
300palus U Op.); obecrieyeHue SMUIeMUOIOrMYeCcKoil 6e30IacHo-
CTH (XJIOpUPOBaHHUE, 030HUPOBAHUE, YABTPa(HOIETOBOE OOTyYeHUE
U JIp.); YIy4dIIeHUe MUHEPaTBbHOTO cocTaBa ((pTopupoBaHUe U obec-
¢dTopuBaHue, o0e3xeNe3uBaHUe U eMaHTaHALUS, YMATYECHUE WU
obeccosiMBaHue U Op.).

B npoiiecce ounicTkt 1 06pabOTKM BOAa MOABEPTAETCS OCBETIIE-
HUIO (0CBOOOXIEHME OT B3BEUIEHHBIX BEIIECTB), 0OeCIBEeYHBa-
HUIO, o00e33apaxXuBaHUIO (YHUUTOXEHHE HaXOmAIIMXCA B HeEWH
00J1e3HETBOPHBIX OaKTEpUIT), YMSATUYEHUIO (CHUXEHHE VI MOYTH
YCTpaHEHHE colepXalluxcsa B Hel cojeit xecTkocTH). Kpome
TOTO, MPH MUCMOJb30BAHUU BOABl HEKOTOPHIX UCTOYHHUKOB U IS
OTIENbHBIX MMOTpeOUTEEeil TpebyeTcsl ynalsiTh BCE pPacTBOPEHHBIE
B Helt conu (o6eccoiMBaHKEe) WX TOJBKO HEKOTOpPHIE OTpeesIeH-
HBIE COJIM, HAalIpUMeEp COJIM Xeye3a (obe3xkeae3nBaHUE), PacTBO-
peHHbIEe B Heill ra3sl (nerasauus), MHOTAA IMPUXOAUTCS YCTPAHATh
MPUBKYCHI U 3alaxu, NMpeaoTBpallaTh KOPPO3UOHHOE NeHCTBUE
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BOABI HA TPYOBI, yAaIsITh U3 BoAsl rop (0becdToprBaHMue) U T. 1.
Te wiIu MHbIE KOMOMHALIMY YKA3aHHBIX MPOLIECCOB MPUMEHSIOT
B 3aBUCHMOCTHM OT KaTeropuit morpebuteneil M KayecTBa BOIBI
B UCTOUYHUKAX.

Jnst nosiyyeHus: BOABI MUTHEBOTO KavyeCcTBa NPU UCIOJIb30BaHUN
ITOBEPXHOCTHBIX UCTOYHHUKOB, KaK MTPaBUJIO, HEOOXOOUMO IIPOU3BO-
JIUTh OCBETJICHUE, 00ecliBeUHBaHUE U 0be33apakuBaHue Boabl. I1pu
3TOM B 3aBHUCHMMOCTHM OT KadyecTBa MCXOAHOI BOIBI B HEKOTOPBIX
CIIy4asix HOTIOTHUTENILHO HEOOXOAUMO MPUMEHSTh U CIieLHaNIbHbIE
BUIBI BOAOTIOATOTOBKU — (GTOpUPOBaHUE, 0GechTOpUBaHUE, YMST-
yeHue U T. M. (Taba. 5.1).

COBOKYMTHOCTh HEOOXOIWMBIX TEXHOJOTHYECKHX TTPOLECCOB
Y COOPYXEHUI COCTaBJSIET TEXHOJOTUUECKYIO CXEMY YJyUllIeHUS
KavecTBa BOAbI. [IpuMeHsieMble B BOJAOIOATOTOBKE TEXHOJIOTHYEC-
KY€ CXeMbl MOXHO KiaccudUMpoBaTh: 1) Ha peareHTHbIe U Oe3pe-
areHTHbIe; 2) no 3¢ dexTy 00paboTKu; 3) nmo YucIy CTyneHei; 4) Ha
HanopHbIe U Oe3HATIOPHBIE.

1. PeareHTHble U Oe3peareHTHbIE TEXHOJIOTMUECKHE CXEMBI OTJIH-
4alTCA pasMepaMd BOOOOYMCTHBIX COOPYXEHHII U YCIOBUEM MX
akcruryatauuu (puc. 5.1 u 5.2).

[Tpu mpuMEHEHNHU peareHTOB NpoLecchl 00paboTKH BOABI TTPOTE-
KaloT UHTeHCHBHee U Gostee 3¢ekTHBHO. Tak, I ocaxkIeHUs OC-
HOBHOM Macchl B3BEIIEHHBIX BEIIECTB B MIEPBOM cllyyae TpebyeTcs
2—4 4, BO BTOPOM — HECKOJBKO CyTOK. C UCTIOIb30OBAHUEM peareH-
TOB (UIBTPOBAHUE OCYLIECTBISAETCS CO CKOPOCThIO 5—12 M/4 U Go-
Jiee, a 6e3 peareHToB (MemyieHHoe ¢unprpoBanue) — 0,1—0,3 M/4.

IIpu o6paboTKe BOABI C MIPUMEHEHUEM PEAreHTOB BOJOOUYNCTHBIC
COOPYXEHHUST MEHBIIE 110 00bEMY, KOMITAKTHEE, JeIUEBNIe B CTPOU-~
TeJIbCTBE, HO CJIOXHEe B IKCILIyaTalluM, 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 TEXHOJIOTUM UIMPOKO
HCIIOJIB3YIOT JUISI HENTYOOKOTO OCBETJIEHMST BOIBI MTPU BOJOCHAbXe-
HMU MPOMBIILJIEHHBIX 00heKTOB. B psme ciydaeB st 3TUX Leneil
MMPUMEHSIOT OHO OTCTAUBAHUE WJIM OJHO (DMIIBTPOBAHUE HA KpPYII-
HO3EPHUCTBIX (PUIBTPAX WIIM MUKPODUNBTpaX.

2. ITo addexTy 06paboTKu pa3inuyaioT TEXHONOTHUECKHUE CXEMBI
JUTSL TIOJTHOW WJIM TIyOOKOUW OYMCTKH BOABI U IS HEMOJHON WU
Hery6okoit. Hanmpumep, B mepBOM BapuaHTe OYMIlieHHas Boaa Co-
OTBETCTBYET TpeOOBaHUSAM THUTHEBONH BOAB, BO BTOPOM —
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Tao6auuma 5.1

OcHoBHbIe CIOCOObI 00pPaOOTKH BOJIBI

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

antoMUHWUI, XIOPHOE Xeneso,
OKCUXSIOpUA, anNoMUHKUA, anio-
MUHaT HaTpusa u ap.)

O6pabotka cnokynsH- dnoKynAHTLI (nonuakpunamua,

Tamu aKTWBHas KpeMHUEeBas Kucnorta

v ap.)

LiBeTHOCTb, NOBLILIEH-
HOE coepXaHue op-
raHM4eCcKuUx BeLLecTs
M NNaHKTOHa

MNpepsapuTensHoe xno-
pupoBaHue, Koarynmpo-
BaHue

Xnop, KoarynsHTbl

O6pabotka hnokynsiH- DnoKynAHTLI
Tamu
O30HUpOBaHUE O30H
Huskas wenoyHoctsb, | MoawenaynsaHue W3BecTb, copna
3aTpyaHsioLas koary-
nuposaHve
MpuBKycbl 1 3anaxu Yrnesanue AKTUBHBLIN yronb

MNpeasapuTensHoe xno-
pupoBaHue

XKuakuia xnop

MpeasaputensHoe xno-
pupoBaHue ¢ npeammo-
HU3auuen

XKuakui xnop, ammuak

O6paboTka nepMaHraHa-
TOM Kanus

MepmanraHat kanus

O3oHupoBaHue O30H
HecrabunbHas Boga Moawenaunsaxune WaBecTb, coaga
C OTpUUATENbHLIM UH-
[eKCOM HaChILEHMS docthatuposaHue ekcameTtadocdar unu Tpuno-
(koppo3uoHHas) nudocdar HaTpus
Hecrabunbhas Boga | Mogkucnenune Kucnotbl (cepHas, consHas)
C NONOXMTENbHLIM UH-
[eKCOM HaCbILEeHMS doccaTuposaHue 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 800b!
Hepocrartok dptopa dTopupoBaHue ®TopUCTLIN MNK kKpeMHedTOpU-
(menee 0,5 mr/n) CTbll HATpUiA, KpeMHedTopU-
CTbln aMMOHUW, KpeMHedh TopU-
CTOBOAOPOAHAS KUcnoTa
WN36biTok dhTopa (60- | O6ecthTopusanune CepHOKUCAbIV anioMUHNIA
nee 1,5 mr/n)
N36bITOK xenes3a Aapauus —
Xnopuposaxue Xnop
MopwenaunsaHve WNsBecTb, coga
Koarynuposahue KoarynaHtbl

O6paboTtka nepmaHraHa-
TOM Kanus

nepmauraHaT Kanusa

N36bITOK conent xecT-
KOCTH

KaTtuonuposatue

[Hexap6oxusauun

M3BecTkoBO-COA0BOE
ymardeHve

WU3secTb, copa

O6uwee conecogepxa-
HWE Bblillie HOPMbI

WNoHHbI 0BmeH

AnekTpoananus

Auctunnsuus

MnepdunsTpauus n ap.

Koarynuposaxue

KoarynsaHTbl

CopepxaHue Kpem-
HWEBOW KUCMNOTbI Bbilwe
HOPMbl

MarHeanansHoe obec-
KpeMHusaHue

Kayctuueckuin marHesur, us-
BECTb

NoHHbI 06MeH

Hanwnuue ceposoao-
pona

Mopkucnexue Kucnota
Aspauums —_
XnopuposaHue Xnop
O30HupoBaHWe O30H

Wcnonb3oeaxue rugpo-
okucw xenesa Il

Fe(OH)s, nonyyaemas anek-
TPONWUTUHECKUM PACTBOPEHUEM
MeTannuyeckoro xenesa

M36bITOuHbIW pacTBo-
PEeHHbIA Kucnopoa

Cas3biBaHue kmcnopoaa
BOCCTaHOBUTENAMU

CynbduT nim Tocynbart Ha-
TpUA, CEPHUCTBLIN ra3, rmapasvuH
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Puc. 5.1. De3peareHTHble TeXHOJOTHYECKHE CXeMbl BOIOMOATOTOBKH

¢ MeJJIeHHbIMH (@) U aKyCTHYeCKHM (6) QUIbTPaMH, C THAPOUHUKIOHOM (6):

1, 4 — nojgaya McxoaHoO# BoIbl M OTBOI 0OpaboTraHHO, 2, 7 — MeIeH-

HBI M aKyCTHYECKMH (HIBTPHI; 3 — pe3epByap YHCTOI BOIbI; S — Hacoc;

6 — coopyxeHHsi o6opoTta NnMpombiBHOI Boubl;, 8, 10 — ckopslit duietp 1
u Il ctynenu; 9 — pacnpeaenurtesbHblil 6aK; /1 — ruIpoOLUUKIOH

310 rpybo ocBeTeHHas Boaa (5S—80 Mr/in), KoTopast MOXET UCTIONb-
30BaThCSA IS Liesieil oXJaxXaeHUs TIPOU3BOJICTBEHHOTO 000pynOBa-
HUS U 1p.

3. JIByXCTymneHYaThle CXEMbl OCBETJICHUS M 00eCLBEYHBAHMS
BOJbI, MTOJIaBAEMOM IJIst XO35TMCTBEHHO-TIMTHEBBIX 1IeJIei, MTOKa3aHbI
Ha puc. 5.2, a, 6, ¢. 3mech TIpOLIECCHI OCBETICHHUS M 00eCIBEYNBa-
HHUS OCYLIECTBJISIIOTCS B IBE CTYTIEHU: Ha OTCTOMHMKAX M (PUIBTpaXx;
Ha OCBETJIMTENSIX CO CJIOEM B3BEIICHHOTrO ocamka U (MIBTpax; BO
¢dnoratopax u Ha ¢unpTpax. CxeMa ¢ KOHTAKTHBIMHM OCBETIIUTENS-
MW — OIHOCTyTNeH4aTas (puc. 5.2, ).

4. Tlo xapakTepy OBUXEHMSI 06pabaThiBaeMOi BOIBI TEXHOJIO-
TUYECKHE CXEMBI MOApa3AessIloTCS Ha caMOTeuHble (6e3Hamop-
Hble) W HamopHble., Ha KpymHBIX BOJZOOYMCTHBIX KOMILIEKCAX
JIBUXeHNEe oOpabaTbiBaeMOi BOIBI IO COOPYKEHHSAM OCYLIECTB-
JISIeTCS caMOTeKOM. B 3ToM ciydyae cieayeT HaubGosiee paluo-
HaJIbHO MCIOJIb30BaTh peabed MECTHOCTH IJIST YMEHBIIEHUS 3ar-
Jy6JIeHUST OTAENbHBIX COOPYXEHUIN, CHUXEHHUS 00beMa 3€MITSTHBIX
pabot u crouMocTu hyHAAMEeHTOB U T. . [ToaToMy B3anmMopac-
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TOJIOKEHHE OTHEJIBbHBIX OUMCTHBIX COOPYXEHUI TEXHOJOrnyec-
KOI CXEMHBI, T. €. BBICOTHAsI CXeMa, UMEET TIepBOCTeNTeHHOE 3Ha-
yeHHe.

ITpu HAIMOPHOI CXeME OYUCTHBIC COOPYKEHHUST MOXKHO Pacroio-
XWUTb Ha OnHOIt oTMeTke. [Tpu UCITOIB30BAaHMU TAKHUX CXEM pe3ep-
Byapsl YMCTOM BOABI U HacocHbIe cTaHuuu Il mogreMa wHoraa Mo-
TYT He yCTpauBaThCsl, a 00paboTaHHast BOa IO HAaIIOpOM HacOCOB
I noxpeMa momaeTcst MOTPEOUTEIO.

ITpMeHeHHe HaMOPHBIX TEXHOJOTMYECKUX CXEM COTIPSIKEHO CO
3HAYUTEIIbHOM METaJNIOEMKOCTBIO MCITOJIB3YEMBIX BOJOOYHMCTHBIX
COOPYXEHHIA.

TeXHONMOrNYeCcKyIo CXeMy OYUCTKH BOJBI BEIOMPAIOT B 3aBUCUMO-
CTU OT KayecTBa BOABI B UCTOYHUKE BONOCHAOXEHHUS, HAa3HAUCHUS
BOZIOTIPOBOJA, ITPOU3BOAUTEIBHOCTH CTAHIIMM U MECTHBIX YCIIOBU,
a TakXke Ha OCHOBAaHWM JAHHBIX TEXHOJIOTUYECKHX MCCIeNOBaHUIt
M 3KCIUTYaTallui COOPYXeHU, paboTaonX B aHATOTUUHBIX yCJIO-
BUsix. OpUEHTUPOBOYHBII BHIOOP TEXHOJIOTMYECKOI CXEMBI TSI OC-
BETJIECHUST M 00eCHBEYUBAHMS BOIBI 1O MUThEBOM KOHANIIMKA MOXET
OBITH OCYILIECTBJIEH COMIacHO TabT. 5.2,

Tak, mn1s 06paboTKM HEGONMBIIMX PACXOAOB LIBETHON M MYTHOI
BOIBI BMECTO TOPHU3OHTAIBHBIX OTCTONHHUKOB CJIEAYET UCTIONB30BaTh
BEPTUKAIBHBIE (CM. PHC. 5.2), BMECTO CMECHUTEJIE MOXHO MCIIOJTb30-
BaTh coryia BeHTypu unu waitosl. IIpu ouncTKe MaJIOMYTHBIX 1IBET-
HBIX BOA OOBIYHO MPUMEHSETCS OAHOCTYIMEHYaTass cxema C QWIbT-
paMM WIM KOHTaKTHBIMM OCBETJIUTE/ISIMU 0e3 KaMmep XJIomnmbeobpaszo-
BaHMSI U OTCTOWHHMKOB,

Br160p BOIOOYMCTHBIX COOPYKEHUI ¥ ONMTUMAIIBHOTO COCTaBa
peareHTOB MPOU3BOAUTCSA Ha OCHOBAaHUM NAHHBIX XMMUYECKOTO U
TeXHOJIOTMYECKOTO aHaIM30B 06pabaTeiBaeMoii Boabl. HekoTopeie
pelIeHUs MOTYT OBITh TIPUHSATHI allPUOPHO HA OCHOBAHUHU OIBITA
9KCIUTYaTallid BOAOOYMCTHBIX KOMIUIEKCOB B @HAJIOTUYHBIX YCIO-
BUSX.

Hcnons3oBaHME cosieil Xeje3a B KayeCcTBe KOAryJIsTHTOB MpeEn-
MOYTUTEIbHEE TIPU JJTUTEJIBHOM BECEHHEM TaBOIKE, COMPOBOXIa-
oleMCcS 3HAYUTEIbHBIM CHUXXKEHHUEM TeMIlepaTypbl obpabaTsiBa-
emoit Boabl. I[IpyMeHeHe aKTUBUPOBAHHONW KPEMHEKUCIIOTHI B Ka-
yecTBe (JIOKYISTHTA pEKOMEHIYeTCsT ITpU 00paboTKe IIBETHBIX BOJ,
a JUIsl MyTHBIX MCIOJIb3YIOTCS TToMakpunamun, K-4 u ap.

BepTukanbHBle CMECUTENH PEKOMEHIyeTCS NpPeaycMaTpUBaTh
B CXEMAax C OCBETJIMTEJIIMHU CO CJIOEM B3BEIIEHHOTO OCaaKka U KOH-
TaKTHBIMU OCBETJIUTENSAMH, TaK KaK TIOMMUMO CMEIIIEHHS OHU obec-
MEeYNBAIOT U BO3AYXOOTAEEHHUE.
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Taonuuma 5.2

BbIOOp COOpYXKEeHHii CTAHIAM OYHCTKH BOJbI,
NpeIHA3HAYEHHOMH U151 XO35iiCTBEHHO-NUTHEBbIX Henei
(pekomennanmun CHuII 2.04.02-84%)

OcHOBHbIE COOPYXEHUA

Mymmuocms
ucxodHol
80061, M2/n

L{sem+ocms
ucxodHoll
800sb!, 2pad

lMpou3zsodu-
menbHoCMb
cmaHyuu,
m>cym

O6pabomka 800b! C NPUMEHEHUEM KOa2yrnaHmos U GrioKynsaHmos

1.Cxopbie hrnbTpbl (O[HOCTYMNEH-
yaTtoe punLTpoBaHue):

NOPHBLIA UNLTP 3aBOACKOrO U3ro-
Tosnexus (tuna «CTpysn»)

a) HanopHble [o 30 [o 50 Lo 5000
6) oTKpbITbIE » 20 » 50 » 50 000
2. BepTukanbHble OTCTONHUKU — » 1500 » 120 » 5000
cKopble PUNbTPbI

3.Mopn3oHTanbHbIE OTCTONHUKK — » 1500 » 120 Ce. 30 000
ckopble hunbTPbI

4. KoHTakTHbIE NpecdunbTpbl — » 300 » 120 Jiobas
cKopbie UNbTPLI (ABYXCTyNeHYa-

Toe hunbTpoBaHuE)

5. OcBeTnuTenu co B3BeLIEHHbLIM He meHee 50, » 120 Cs. 5000
0CaaKoM — cKopble hunbTpbl no 1500

6. [1Be CTyneHu OTCTOWHUKOB — Bonee 1500 » 120 TNiobasn
cKopble UNbTPLI

7. KoHTakKTHblE OcBETNUTENU [o 120 » 120 To xe
8. Mopu3oHTanbHbIE OTCTOUHUKK » 1500 » 120 »

1 OCBETNUTENU CO B3BELIEHHbIM

0CafkoM ANA YaCTUYHOrO OCBET-

neHus Boab!

9. KpynHo3epHucTble UnbTpbl ANs » 80 » 120 »
YaCTUYHOrO OCBETNEHUS BOAbI

10. PagnanbHble OTCTOMHUKM ANs Cs. 1500 » 120 »
npeaBapuTENnbHOrO OCBETNEHNA

BbICOKOMYTHbIX BOA

11. TpyGuaTbiit OTCTOMHUK U Ha- o 1000 » 120 Lo 800

O6pabomka 6006l 6€3 NMpuUMEHEHUS KOA2yIsiHMoe U (hrioKynsaHmMo8

HUYECKOW UNW rMapaBnU4ecKon pe-
reHepauuein necka

12. KpynHo3epHucTtbie ounbTpo! o 150 o 120 Jlio6as
ANS YaCTUYHOTO OCBETNEHUs BOAbI

13. PaguanbHbie oTcToitHuku Boabl | Bonee 1500 » 120 To xe
ANS YaCTUYHOrO OCBETNEHUS BOAb!

14. MepgneHHble hunbTPLE C Mexa- [o 1500 » 50 »
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IIpn ocBeTieHUM BBICOKOMYTHBIX BOI i [ cTyrieHU ocBeTIeHUs
MOTYT ObITb PEKOMEHIOBAaHBI TOHKOCJOWHBIE U pagualbHbIE OT-
CTOWHUKH, TUAPO- U MYJbTULMKIOHBI, aKyCTUYeCKUE (DUIBTPHI
u ap. [ns u3BnedeHus U3 BOABI JIAHKTOHA WJIW TJIABAlOIIMX TTPU-
Meceit UcTob3YIoT GJI0TaTOPBI, MUKPODUIBETPBI UJTH GapaGaHHBIE
CeTKU. B MpSIMOTOYHBIX peareHTHBIX CXeMaX CO CKOPBIMU (UIIbTpa-
MU PEKOMEHIYETCSI UCTIOJIb30BaTh KOHTaKTHbIe MUAbTPHI. 1151 BoI
MOBBIIIEHHOTO aHTPOIMTOI€HHOTO BO3ACHCTBUS MOTYT MPUMEHSTHCS
030HUPOBaHUE, OUOPEAKTOPbl, COPOIIMOHHBIE YTOJbHbIE (PUIIBTPHI,
6uocopbepnl, 6HOGUNBTPHI (CM. pUC. 5.2, e).

5.3. KoarynupoBaHue npumMmecei BoAbl.
PeareHTHOE X039iCTBO

IpumecH, Haxonsiivecss B BoJe, MMEIOT BeCbMa MaJjible pa3Me-
pHI, ¥ OCaXIEHUE UX TTPOUCXONUT KpaiiHe MEJIEHHO, TaK KaK CUJIBI
I hy3MU NpeBaTMPYIOT Hall CUJIaMU TSKECTH.

s yckopeHUs mpoliecca ocaxaeHwst, (GHIBTPOBAHUS U TIOBBI-
meHus 3¢pPEKTUBHOCTH OCBETIIEHUST M 00€CIIBEYUBAHUS BOIBI TIPH-
GeraioT K KoarynupoBanuio. KoarynmpoBaHue — 3TO Mpouecc yK-
PYITHEHUsI KOJUIOMIHBIX U B3BEIIEHHBIX YACTUIL] BCJAEACTBUE UX CITU-
SIHWUSL TION HOEeHCTBUEM CHJIBI MOJIEKYJISIDHOTO TIPUTSXKEHMS.
VYKpymHEeHHBIe arperatsl CIMIIINXCS YaCTUIl OTACJSIOTCS OT XHI-
KOif (ha3sl ocaxaeHUEM.

B xauecTBe KOaryjgssHTOB, A00aBJISIEMBIX B BOLY, OOBIYHO MC-
MOJIB3YIOTCA COJH aTIOMMHHUS M Xeje3a: cyabdaT aJTlioMUHUS
Al (SO,), - 18H,0, cynsdar xenesa (II) FeSO,-7H,0, cynpdar
xenesa (IIT) Fe,(SO,), - 9H,0, xsopun xenesa (I1I) FeCl;, a Takxe
ajuniomuHar Hatpus NaAlO,, okcuxnopun amomuHus Al,(OH)Cl
U Ip.

Jloza koarynstHTa (MJ1/11; T/M3) JUTSt BOZL pa3HOTO COCTaBa He OfMHAa-
KOBa W YCTaHABJIMBAETCS MYTEM OMBITHOTO (ITPOGHOTO) KOAryIMpoBa-
HUS 00pabaThIiBaeMoit Bogbl. ISt OpUeHTUPOBOYHBIX TTOICYETOB 103y
KoaryJistHTa MoxHo orpenenuts o CHull 2.04.02-84*. Tak, B nepe-
cyete Ha 6e3onHbie FeSO,, Al,(SO,);, FeCl; no3y cnenyer npuHu-
MaTh NpH 00paboTKE MYTHBIX BOA (B 3aBHCHMOCTH OT CO/EPXKaHUS
ripuMecei) paBHoi1 25—125 mr/n. Tlpy KoaryaMpoBaHUU BOJIHI C TO-
BBILIEHHO LIBETHOCTHIO OPMEHTHPOBOYHAS 033 KOAryJIsiHTa HaXO[MT-
cs o dopmyne 1, = 411, rme 1] — uBeTHOCTD BOMBI, Ipaf.

KonnougHeie ¥ B3BeLIEHHBIE YaCTHIBI TTIPUMECEH MTPUPOIHBIX
BOJ B DOJIBIIMHCTBE Cy4aeB MMEIOT OAMHAKOBBIE 3aPSAbl, YTO MPH-
BOIUT K BO3HUKHOBEHUIO MEXMOJIEKYIAPHBIX CHJI OTTATKHMBAHUS
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U K arperaTuBHOM ycTOWYNBOCTH. [IpyU OUMCTKE arperaTuBHyIo yc-
TOWYMBOCTb CTPEMSATCSA HAPYIIUTh, a 3apsill YaCTUL, CHU3UTh.

ITpu moGaBjieHWU KOAryJISTHTOB HapyIUaeTCsl arperaTUBHAs yc-
TOMYUBOCTH CUCTEMBI, CHUXKAETCS 3apsl YaCTUL, A0 HYJIS WA Ma-
JIeIX 3HaueHuit. [TapannenbHoO, BCAEOCTBUE THIPOJIN3a, 00pa3yloTcs
KOJUTOUIBI, KOTOPBblE COPOUPYIOT YaCTULIBI MPUMeECE:

AL(SO,),+6H,0 <> 2AI(OH),+6H*+3S02;
FeCl,+3H,0=Fe(OH),+3H*+3Cl ",

Heo6xonuMbBIM YCJIOBUEM TIOJTHOTO TIPOTEKAHUSI THUIPOJIN3a SIB-
naeTca ynajeHue u3 chepsl peakimu noHos H*. Monwl Bogopona
aCCOLMUPYIOT ¢ OMKapOOHATHBIMU MOHAMH, TIPUCYTCTBYIOIINMH,
Kak MpaBUJIO, B TIPUPOJHBIX BOAAX U ONPENESIONMMHU €€ 1IeI0Y-
HOCTb:

H*+HCO; «» H,CO, «>CO, T+H,0.

IMonnora runponusa uMeet GOJBIIIOE 3HAYEHUE IUTST KOATYJISILIUU
M KayecTBa OYMIIEHHOW BOMBI, TAK KaK KOHIIEHTpAIMsT HOHOB A3
B ITUTLEBOW BOJIE CTPOTO peryiaMmeHTupoBaHa (Al** < 0,3 mr/xn).

Ipu HenocraTKe UIETOYHOCTH MCXOIHAsT BOJA TOMILIEIa4nBaETCS.
C 3T0i 11e/IbI0 MOXET GBITH MCHOJIB30BaHa M3BecTh CaO WM Kasbiy-
HupoBaHHas coaa Na,CO;. [t MHTeHCHUKALIMK MTPOLIECCOB KOary-
JASIUMU MHOTJA TTPUMEHSIOT CIIEUUATIbHBIE XUMUYECKHE PEareHTh —
(brokynstHTHl (aKTUBHAsE KpPEeMHUWEBast KWCJIOTa, TOJUAKPUIAMUI
U [Ip.), CNIOCOOCTBYIOIINE 00pa3oBaHUIO 6OJiee KPYITHBIX XJIOITBEB.

IMpotecc KoarymupoBaHUS NMPUMeECE BOABI MOXHO YJIYYIIMUTh
MyTeM ynajeH!s YIIeKUCIOTH U3 30HBI peaKIMU TIPOAyBKOIl BO3-
IyXOM.

I'uapokcuibl Xene3a U allOMUHUS B BOfE NMPU OOBIYHBIX 3HaYe-
HUsX pH mouyTn HepacTBOpHUMBI. XJIOTIBSI YACTHUIL THIPOKCHIIA OCaX-
[aloTcs, aicopOUpysl M yBiieKass ¢ coboif HepacTBOPeHHbIE B3Be-
LIEeHHBbIE YacTULBI WJIa, KJIETOK TJIAHKTOHA, OCTAaTKOB pacTeHUM
WU T. 1. DTO SIBIEHWUE YKPYIHEHUST YaCTUI[ TTPU CTOJKHOBEHUU MX
M OCaXIeHUU HOCHUT Ha3BaHUe PIOKyIssuuu. [MaOpokcuabl Xee3a
Y ATIOMUHHUST — Xopolire cop6eHTh. OHM COpOUPYIOT Ha CBOEI MO-
BEPXHOCTH 0aKTepUH, TYMUHOBBIE BEIIECTBA U HaXe HEKOTOPHIE pa-
CTBOPEHHBIE COEAWHEHHS, HaTIpUMep MOHBI TSKeJIBIX MeTajioB. Ha
TTIOBEPXHOCTH THIPOOKMCEI TAKXKE MOTYT aicOpOMPOBATLCA PACTBO-
pEHHbIEe OpraHMYyecKre BellecTBa, 0OyCIOBIUBAIOUINE TIPUBKYCHI
Y 3amaxu.
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Ha mpouecc xoaryJasiiiy B CBOOOAHOM 00beMe (KOHBEKTHUBHOIM
KOaryJILy{K) OKa3bIBaIOT BIUSIHUE CleAyloure ¢GakTopbl: KOHLIEH-
Tpalus BOAOPOAHBIX UOHOB B Bone, pH, aHMOHHBIN COCTaB BOXHI,
TIPaBUJILHBINM BBIOOP JO3bI KOATryJsTHTA (YTO BUAHO M3 KOATYASLUOH-
HO#t KpUBO# Ha pHC. 5.3), NENOYHOCTH, TEMIEpATypa BOALI (BJIHSI-
€T Ha TepBbIN 3Tan KoaryJassuuyu — MepeKUHETHYECKHIT), ObICTPOTA
CMeIlleHU s KOaryjsiHTa ¢ BOJOU (BIUSIET HA BTOPOM 3Tam KoaryJssi-
UM — OPTOKWHETHYECKMi1), CONEepXaHHUE B BOAE €CTECTBEHHBIX
B3Beceit. Koarysnsiiinsa B cBO6OJHOM 00beMe OCYILIECTBISIETCS B Ka-
Mepax XJIoT1be00pa3oBaHuUs.

IV NN

B @
<
’

MYTHOCTb, Mr/n
N

o
X

N,
K

2 \I_J._ >
4 2 40 60 a0
[103a KoarynsHTa, Mr/n

Puc. 5.3. Koaryasunonnas kpusas:
1 — nopor koarynsiuuu; 2 — onTUMaibHas 103a; [ 3ona — 3¢ dexT ocBeT-
NeHUs1 U oGecliBEYNBAHUS HE3HAYUTENBHBI; [] 30na — yBennueHHe OO3bI
KOAaryJisiHTa TIPUBOAMT K PE3KOMY TMOBBILIEHUIO 3(¢eKTa OCBETIECHHS
u obecuBeunBanus; /11 3ona — nanbHelilee yBelTMYEHHE A03bl KOAryJsiHTa
He MPUBOIAMUT K YIYUIIEHHUIO pe3yJibTaTa

KoHTakTHas Koarynsiiiust — NpoLecc OCBeTIEHUS] X 00eClIBeYHBa-
HMS BOIBI, 3aKJTIOYAIONIMIACS B aficOpOLMU NTpUMeceil ¢ HapylIeHHOM
arperaTUBHON YCTOWYMBOCTBHIO Ha MOBEPXHOCTU 3€PEH KOHTaKTHOM
Macchl, XapaKTepHOit 0COOEHHOCTBIO KOHTAaKTHOW KOaryJsiuyy ABiis-
eTcst 60J1bIlIasi CKOPOCTH MpOlIecca B COYETAHUU C BBICOKUM dek-
TOM TIPY MEHBILIMX 3aTpartax KoaryassHra, THTeHCMBHOCTb NMpUIHMNa-
HHST MEJIKVIX ITPUMECEi K OTHOCUTEILHO KPYITHBIM 3€pHaM 3arpy3ku
HAMHOTO TIPEBOCXOANT CKOPOCTb arIOMepaliiy OTAEHBHBIX MEJIKHUX
YacTHI[ B CBOGOOTHOM 00beMe XUIKOCTH, TAK KaK OHH HECYT HeboJTb-
1I¥e 3NMEKTPUYECKHE 3apsifibl M 3HAYUTENIBHO JIETYe TIPUITUATIAIOT
K KPYITHBIM 3epHaM, JIMIIIEHHBIM 3apsIoB, 4eM IPYT K apyry. Jpyru-
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MU O0COBEHHOCTSIMM KOHTAaKTHOI KOAaryJsiliuH SIBJISIIOTCSI HE3aBUCHU-
MOCTbh TIpPOLIECCA OT LIEJOYHOCTU W TEMIMEPATyphl BOAbI, MEHbLIEE
pnusgHue pH Boast u 1p. KoHTaKTHast KOArylsiius MPOUCXOIUT B OC-
BETUTEJISIX CO CJIOEM B3BELLIEHHOTO 0CanKa, Ha KOHTAaKTHBIX (UIBTPax
M HA KOHTaKTHBIX OCBETHTEJSIX.

JInst ocyleCTBIEHUS TPOLecca KOoaryJupoOBaHUS B BOAY BMECTO
KOAaryJIsTHTOB MOTYT ObITh BBEI€HBI MOHBI TSXKENbIX METAJIOB, MOJTY-
YeHHBIE JIEKTPOXUMUUYECKUM TTyTeM. C 3Toit Lienbio BOAY MpOITycKa-
IOT 4epe3 3JIEKTPOJIM3EP C OMYIIEHHBIMU B HEro 3JE€KTPOAaMU —
aHoaoM (M3 aJTIOMUHUS U XKene3a) U KaTonoM. ITuranne anekTpoiu-
3epa — OT MCTOYHHKA MOCTOSHHOTO MJIM TiepeMeHHOoro Toka. Bona
oborauiaeTcs MOHaMHU Xeje3a Unu amoMuuusa. Monsr xenesa (II)
OKUCNIAIOTCA B TpeXBaieHTHYI0 dopMy. TpexBasieHTHbBIE UOHBI XKefe-
3a WIW aJIlOMUHUSI TUIPOJM3YIOTCS ¢ 00pa3oBaHUEM THIPOKCHUIOB,
KOTOpBIE KOaryJMpyloT, obpa3sys xjonest. Ha npotiecc pacTBopeHHs
aHofa BIUSIOT (PU3UKO-XUMHUYECKHE, DNIEKTPUYECKHe U THIPOIUHA-
Muueckue dakropsl: pH, coneBoii coctaB, TeMneparypa, MaTtepuan
3JIEKTPOa, MJIOTHOCTh TOKA, YAaCTOTa CMEHBI ITOJIIPHOCTH, CKOPOCTh
JIBUXKEHUS BOIBI B MEXDJIEKTPOIHOM IMPOCTPAHCTBE U Jp.

PeareHTbl, TpUMEHSIEMBIE [UISI OUUCTKHN BOABI, TOTOBSIT HEMOCPE-
CTBEHHO Ha BOJOOYMCTHOM KoMIuieKce. COCTaB M HAaCBILIEHHOCTD pe-
areHTHOTO XO3SMCTBA 3aBUCAT OT MPUHSITOM TEXHOJOTHH YIyULIeHUS
KauyecTBa BoAbl. [ToMrMO 11€X0B KOaryTMpoBaHUsI, XJIOPUPOBaHMSI, U3-
BECTKOBAaHUST MOTYT OBITh LIeXW (TOPUPOBAHUSI, YIJIEBAHUS U IIp.

XpaHsIT peareHTH B CyXOM BHJIe HABAJIOM, B CIIELMATLHOM Tape WK
B BU/I€ KOHLIEHTPHPOBAHHBIX PACTBOPOB (KOAaryjasHT 17—24 %-Hoi
KOHUEHTPAIUU, CYUTAS M0 YUCTOMY GE3BOMHOMY MPOAYKTY) B Ga-
Kax-XpaHuiuilax 6e3 rnepeMenIMBaHus WJIH MPOAYKTOB, 3aJIUTHIX
Bopoit (CHuII 2.04.02-84*). YtoOb1 n30exaTh NMoTepb KOaryJstHTa
OT CJEXUBAHUSA U YIIPOCTUTH MOTPY30YHO-PA3rpy30YHbIEe PaGoOTHI,
MPEANoYTEHUE OTIAIOT BTOPOMY CITOCO0Yy.

Ckiazipl peareHTOB, 3a UCKJIIOYEHHEM XJIopa M aMMHaKa, pa3Mme-
AT BOM3U 000pYNOBAHUSA AJISI TIPUTOTOBJIEHUS UX PacTBOPOB
WJIU CYCTIEH3UH.

Xyop xpaHAT B OajstoHaX BMecTUMOCThIO 10 30 mo 100 kr wim
B 60ykax, paccuutaHHbix Ha 700—3000 Kr XuOKOTo Xjlopa, Ha pac-
XOIHBIX CKJIafiaX, pacroyiaraéMbIX B MOHMXEHHBIX TOYKAX TUTOLIAI-
KW BOIZOOYUCTHBIX COOPYXEHUH, a XJIOPHYIO U3BECTh — B JI€PEBSH-
HBIX 60uKax BMecTUMOCTbiO 100 1 275 T ¥ TTOJIM3TUIEHOBBIX MEIII-
Kax o0beMoM 75 J1 Ha OTHENbHOM CKJIale.

PacTBop (Mnu cycrneH3Wo) peareHTa TOTOBSIT B PAaCTBOPHBIX
U pacXoIHBbIX 6aKax, YUCIO KOTOPbIX MPUHUMAIOT COOTBETCTBEHHO
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He MeHee 3 U 2. [Ingd UHTeHCU(UKALIMY PACTBOPECHUSI PEATCHTOB
npeaycMaTpuBaioT 6ap6oTax, MeXaHUUeCcKoe TepeMeuIMBAHUE U
HENPEPBIBHYIO LUPKYJSALKIO pACTBOPA C MTOMOUIBIO Hacoca.

IIpu NMpOM3BOANTEIBHOCTH BOJAOOUYMCTHBIX COOPYXKEHHIT 10
1000 M3/cyT pacTBOpHBIE U pacXonHble OAKW COBMEILAIOT, a TIpU
Gosibllie — MX YCTaHABJAMBAIOT OTAEJBHO W pa3MellaloT B BEpPX-
Heit yactu 3naHusi. KoHIEHTpauus pacTBopa KoaryJsiHTa, CUUTAsT
1Mo 6e3BOAHOMY MPOAYKTY, TIPUHUMAETCSI B pACTBOPHBIX Oakax 10
17 % nns HeounieuHoro, 10 20 % s OYMILEHHOr0 KYCKOBOTO,
1o 24 % nnsg o4YMILEHHOTro TPaHYJUPOBAHHOTO U B PACXOAHBIX —
no 12 %. BHYTpeHHI0I0 TTOBEPXHOCTh OAKOB HEOOXOAMMO 00JIH-
LIOBBIBATh KMCJIOTOCTOMKMMU MaTepuajaMu OT arpecCUBHOTO
BO3JcHCTBUS PAaCTBOPOB KOATYJISIHTOB.

PactBop (mmonmakpunamuaa) ITAA 0,1—1,0 %-Hoit KOHUEHTpaUWK
M3 TejIe00pa3HoTro UK CYXOTO TEXHUUYECKOTO MPOIYKTa TOTOBAT B Oa-
KaX ¢ MEXaHNYECKUMU JIOTIACTHBIMU MellIajiKaMu (4acToTa BpalleHUs
pasia 800—1000 Muu-!) wan ruapaBanueckoit uMpkyasimeit. [pous-
BOOMTEJLHOCTD arapara MPUHUMAIOT ¢ YYETOM BPEMCHHU TIOJTHOTO
LIMKJIa TIPUTOTOBJIEHUSI PacTBOpa M3 CYXOro WU reyieobpa3Horo
ITAA, paBHOIO COOTBETCTBEHHO 2 4 M 25—40 MuH. Yucno Memanok
1 00bEM PACXOAHBIX GAKOB OTPEACAIOT UCXOAS U3 CpOKa XpaHEeHHUsI
3anacoB pacTBopa [TAA (1o 15 cyT). CxeMbl IPUTOTOBIEHUST PACTBO-
POB KOary/istHTa U (bJIOKYJISTHTA TIpEICTaBeHbI Ha pUc. 5.4.

a)

AD

Puc. 5.4. CxeMbl NPUTOTOBJIEHHS] PACTBOPOB KoaryJjsiHTa (a)
u duiokyasura (0):
P1, P2 — tpyGorpoBoasl pacTBopa KoaryisHTa U ¢dnokynsHra; AO — Bo3-
pyxorniposod; I, 2 — pacTBopHble 6akM KoarylsHTa U GiokynsHra; 3, 4 —
HAaCOChl MEPEKAYKH pacTBOPOB KoaryisiHTa U (yiokynsaHTa; 5 — 6ak-XpaHH-
nuiue; 6, 7 — pacxoaHble 6aky KoaryasiHta M (oKysiHTa; 8, 9 — Hacocbl-
no3atopbl; 10 — BO3myXomyBKa
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Puc. 5.5. Cxema aByxkamepHoro carypatopa «Crpys»:
1, 2 — 30HBI HAaCBHIIUCHUSA U OCBETICHUSI HMXHEH U BepXHEi Kamep caTy-
paTtopa; 3 — BBOJ B caTypaTOp M3BECTKOBOTO MOJiOKa; 4, 5 — TpyObl misi
repegayy M3BECTKOBOTO pacTBOpa M3 HUXKHeHl KaMephl alnapara B Bepx-
HIOI0; 6 — yaajJieHHe Bo3lyxa; 7 — KOJIbLEBOI COOpHBII Xen00 roroBoro
pacTBopa; & — monaya BoIbl; 9 — Ki1amaH mepenycka U3BeCTKOBOTO MO-
JIOKa M3 BepXHEH B HUXHIOW KaMepy, 10 — Beinyck ocanka; /1 — oTBox
HACBHILIEHHOTO PacTBOpa

TexHonorysi N3BECTKOBAHUSA BOJBI 3aBUCUT OT Ha3HAYEHMSI, Me-
CTa BBOJIa, KOJIWYECTBA pearcHTa M BUJA 3aBOJCKOTO INMPOAYKTA.
Tak, npu cyroyHoM pacxone u3ectd 0o S50 kr (rmo CaO) paspema-
€TCSI CXeMa C MCMOJIb30BaHMEM H3BECTKOBOTO pacTBOpa, Mpeay-
cMaTpHUBaoUlasi CKjal MOKPOTO XpaHeHUs, YCTPONCTBO JiJi 0TOO-
pa TecTa, BepTUKAJIbHBIH OTCTOMHUK WY THAPOIMKIIOH [JISl 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-
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HUMaIOT He MeHee NBYX. OHM JOJIKHBI UMETh KOHHUYECKHE JHUILA
¢ HaKJIOHOM He MeHee 45 rpax u cOpocHble TPyOBI AUAMETPOM HE
menee 100 mM. KoHIIeHTpauus U3BECTKOBOTO MOJIOKA B pPacXof-
HBIX 0aKax J0oJiXHa OHITh He 60s1ee 5 %, cuuras mo CaO. UsBecrt-
KOBO€ MOJIOKO IMePeMEeIINBAIOT UMPKYAALUNOHHBIM HACOCOM WM
MEXaHUYECKON MeIaaKou.

CoaoBhIl pacTBOp KOHIEHTpaLuei 5—8 % nenaior B crieliMaib-
HBIX 6aKaX. 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 TPYOOIIpOBO#AX — HeE
MeHee 1,5 m/c.

Jlo3aTopbl pacTBOpPOB KOAaryJsiHTa M APYTHUX peareHTOB OBIBAIOT
TpeX BUIOB: 103aTOPHI MTOCTOSTHHOM J03bI; IIPOMOPLIMOHATBHBIE 10~
3aTOPBI, KOTOPhIE aBTOMAaTUYECKH MEHSIOT 03y B COOTBETCTBUU
C U3MEHSIOIIUMCS PACXOIOM BOIIbI; HACOCHI-A03aTOPHI.

K aBroMaTHuyecKH AeHCTBYIOLIIUM OTHOCUTCSI 103aTOp, MpeIIo-
xeHHb B.JI. YenmBunu u WU.JI. KpsiMmckum. Ero geiictBre ocHo-
BaHO HAa MCHOJL30BAHUN PA3HOCTH 3JIEKTPOIIPOBOAHOCTHU €llie He
KOaryJIMpoBaHHOIT BOIEI U 3TOI XXe BOHABI IOCJIE BBEJEHHS B HEe KO-
aryJIstHTa.

K BhIIIIEyKa3aHHBIM [103aTOPaM OTHOCSITCSI TakKXe pa3paboraH-
uste BHUHW BOIATEO posatopsr Tuna JUMBA (mo3aTop u3Bect-
KOBOTO MOJIOKa OYHKepHBIif aBTOMaTH4yeckuit). OHU peryaupyioT
rogavy peareHTa (roiaepXupast 3ajaHHoe 3HayeHune pH) mpomnop-
LIMOHAJIBHO pacxony Bombl. X MOXHO MCITOJIB30BATh M [UIST JO3UPO-
BaHUA pacTBopa KoaryisHTa. HIInpoko MpUMEHSIOTCST HaCOChI-103a-
Topel. X mojgaya MeHSIeTCSI B IMPOKUX TIpenesax.

5.4. CmeweHune peareHToB ¢ o6pabarTbiBaemoi
BOAOI

OCHOBOMOJAraloIINM YCJOBUEM KOAryJTMPOBaHUS TIpuMeceit
BOJHI ABJISIETCA PaBHOMEPHOE M OBICTPOE pacnpesie/ieHUe peareHTOB
B ee 00beMe IS obecreyeHUsI MaKCUMAaJIbHOTO KOHTAKTa YacTHUI]
TpuMeceil ¢ TIPOMEXYTOYHBIMM TIPOAYKTAaMH MMIPON3a, CYIeCTBY-
JOUIMMH B Te€YeHHE KOPOTKOTO TTPOMEXYTKa BpEMEHHM, TaK Kak Ipo-
Lecchl THAPOJIN3a, TTOJIMMEPU3alMU U aficopOLMU MTPOTEKAIOT 3a He-
CKOJIBKO ceKyHz. IlepBast ¢paza KOHBEKTUBHOM KOATYJISIUU — TIe-
DEKMHETHYECKasd — 3aKaHYMBAETCS, KOTAa IMEPBUYHBIE XJIOMbS
JIOCTUTAIOT pa3MepoB 1—10 MKM, YTO COBIMANaeT ¢ MEPHOAOM OBICT-
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poro pacmpenejeHUsT KoaryJasiHTa B o6pabatsiBaeMoii Bone. ITnoxoe
CMellleHre BJIEYET 3a COO0OM Tmepepacxol peareHTOB M Majyio CKO-
pPOCTB aryIoMepaluM TIpUMeceit BoIbl TIpU 3aaaHHoM no3e. ITosTomy
HEO6X0IUMO 06ECTIEUNTh ONITUMAJIbHBIEC YCIIOBUS CMEILEHUS pea-
TFeHTOB C BOJOM, TIPU KOTOPBIX KOATYJISTHT BCTYNUJ Obl B KOHTaKT
C MAKCUMAaJIbHBIM YMCJIOM YacTHI] MpUMeceit BOOBI IO TOro, Kak
MPOU30MAYT peaklMy TUAPOIN3a U TTOIUMEPU3AIIUH.

MNHTeHCUMBHOCTh CMEIIIEHUSI PEareHTOB C BOIOH XapaKTEepHU3YeT-
cs1 xkpurepueMm Komma GT v 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 BOIBI B CMECHUTENE, MS.

AdbdextuBHocTy petictBust koarynsiHta (E.W. AnenbiuHa,
A.M. Mup3aeB) moBBIIIAETCS NPU YBEJIWYEHUH WHTEHCUBHOCTH
CMELIEHUS T10 CPAaBHEHUIO ¢ 06BIYHO MpUHATOH (G = 20—300 c-1).

IIpu 3TOM [O3BI peareHTOB M BpeMsi, HEOOXOMUMEIE IS UX MOJI-
HOTO pacTipeieJICHUS B BOJiE, YMEHBILIAIOTCS C ITOBBIILIEHUEM TPaIy-
€HTa CKOPOCTH. B BOIOTIOATOTOBKE HaMETHIACh TEHIEHLIUS K TTPU-
MEHEHMIO CMECUTESIEH, 00eCTIeYMBAIOIINX YpE3BbIYaiiHO OBICTPOE
pacrnpefesieHHe KoaryasiHTa B oopabaTeiBaeMoil Bone. B ocHoBHOM
3TO MeXaHUYeCKHe U TpyOyaThle CMECHTEIH.

st paBHOMEpPHOTO M OBICTPOTO CMEIIEHHUS PeareHTOB C BOIOM
HX CJIeAyeT BBOAMTh B TOUKAaX Hanbodbleil TypOYyJIeHTHOCTH ITO-
TOKA.

PeareHThl cMelnBaloT ¢ 06pabaTbiBaeMoit BOIOI B CMECHUTENb-
HBIX ycTpoiicTBax (coruia BeHTypu, nuadparmsel), TpyodyaTeiX cMe-
CHUTEJISTX WIN B CTIELNAJIbHBIX COOPYXKEHMSIX — CMECHUTENSIX, KOTO-
pble OJIKHBI YIOBJIETBOPSATH TPEOOBAHUIO TTOJTHOTO U GBICTPOTO
CMeEIleHUS PeareHTOB CO BCeil Maccoil Boabl (BpeMsl Tpe6GbIBaHUS
BOZIbI B 3TUX COOPYXEHUAX 1—3 MHUH).

CMecuTes KinacCUGUIMPYIOT HA TUAPABIMYECKHE U MEXaHU-
yeckue. K ruipaBinyecKMM CMECHUTENISIM, XOPOIIO 3apeKOMEHJIO-
BaBLIUM cebsl Ha MpakTUKE, CiielyeT OTHECTH: KOPUIOPHOTO THUIA
(c BepTUKaJIbHBIM M TOPU3OHTAJIBHBIM JIBUXEHUEM BOMIbI); AbIpYa-
THIH (HAITOpHBIN Y Ge3HAITOPHBIM); MeperopoayaThiii ¢ pasaeneHu-
€M TIOTOKAa; BEPTHKaIbHBII BUXpeBOil. BHIOOP THMA M KOHCTPYKIIMK
CMECHUTEJISI OTIpEAEIISIETCSI KOMITOHOBKOM BOJIOOYMCTHOTO KOMITIEK-
€a C YYETOM €ro NMponycKHOI CIIOCOOHOCTH M METOAOB 00paboTKH
BOJIBI, @ TAKXXE TEXHOJOTHYECKHUMU COOOPaXKEHUSIMHU.
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Pabota cMmecureseit rugpaBINYecKOro TUIA OCHOBaHa Ha HC-
MOJb30BaHUM TYpOYJIEHTHOCTH IMOTOKAa, CO31aBaeMON MECTHBIMU
COITPOTHBJIEHUSAMH TTyTEM YBEJIMMEHUSI B HUX CKOPOCTH IBUXKEHUS
BoIbl. ['MApaBIMYecKue CMECUTENU OTINYAIOTCS KOHCTPYKTUBHOMN
MIPOCTOTON M IKCITyaTaALlMOHHOW HaleXHOCThIO, OAHAKO MTPU pac-
xonax obpabaTeiBaeMoii BOAbl MEHBIIIE PACUETHBIX OHU HE obecre-
YMBAIOT Hamiexaulero addekra cmeeHus. Yucio cekumii cmMmecu-
TeJeil MPUHUMAETCST He MEHEEe IBYX, pe3epBHBIE anmapaThl He Npe-
JIyCMaTpHUBAIOTCH.

OmHUM U3 MPUEMOB UHTEHCUDUKALIMY W YIYYILIEHUS Tpoliecca
KOATYJISILIUY SIBJIIETCSI MTHOBEHHOE IMepeMellInBaHe BOIBI C Koary-
JITHTOM B duagpazmogom cmecumene Tiepell TIOCTYTUIEHUEM €€ B Ka-
Mepy XJIonbeoOpa3oBaHUsT MW Ha KOHTAKTHBIE OCBETIUTENN WU
¢unprpel. Mcrmosib30BaHWe 3TOTO YCTPOUCTBA HA YCTAHOBKAaX He-
0o0JIBLIION TTPOITYCKHOW CMTOCOGHOCTH TO3BOJISIET CO31aTh Hauboee
GJIATONPUATHBIN PEeXUM ISl CMEIIEHMS, B PE3YJIbTaTe YEro pacxo
KOAryJITHTa MOXET OBITh CHUXeH Ha ~ 25 %.

IIIupokoe pacnpocTpaHeHUE TIONYIUIIA Hepezopoduambte cMecl-
meau ¢ pasmejieHHeM TMoToKa. Takoil cMeCHUTENb MPEACTaBIISIET CO-
601t xene300eTOHHBIN JIOTOK ¢ TpeMs (KaK MUHUMYM) 1eJIeBBIMU
neperopogkamu (puc. 5.6, a), yCTaHOBJIEHHBIMU TEPIIEHANKYIAPHO
ocu coopyxeHust. [Ipu IBUXEHWU B IENSAX CO CKOPOCThio 1 M/C 3a
HHUMH 00pa3yloTCcs BUXpEBbIE TEYEHUS, YTO CITOCOOCTBYET OBICTPO-
My Y TIOJTHOMY CMeIIIeHHUIO peareHTa ¢ Bomoi. PaccTossHus mMexmy
TeperopoaKaMHU TOJKHBI paBHATHCS ABOHHON IIMPUHE JIOTKA.

Moipuametii cmecumens (puc. 5.6, 6) npeacrasisieT coboii JIOTOK
C IBIPYATBLIMU TIEPETOPOIKAMHU, YCTAHOBJIEHHBIMU TEPIEHINKYISIP-
HO HamnpaBJICHUIO ABUXEHUs Boabl. Boma, mpoxons yepes OTBEpCTHUS
CO CKOpPOCTBIO 1 M/C, HCTIBITBIBAET 3aBUXPEHUSI, UTO CITOCOOCTBYET
€e XOopollleMy NepeMeIIMBaHuIo0 ¢ peareHTaMu. [{nameTp oTBepCTHiA
npunumalot 20—100 mMm. BepxHuit psim oTBepCTUI JOJIXKEH OBITh 3a-
TOTUIEH TTox ypoBeHb Boasl Ha 0,1—0,15 M Bo u3bexaHue nmoacoca
BO31yXa.

s BODOOYHMCTHBIX KOMIIJIEKCOB C OCBETJIUTENSIMU CO CIOEM
B3BEILIEHHOTO OCaJKa WM ¢ KOHTAaKTHBIMM OCBETJIUTENISIMU PEKO-
MEHIYIOTCSI gepmukanbrble (8uxpesvie) cmecumenud B BUIE KPYTJIOTO
(MM KBaIpaTHOTO) B TJIaHe pe3epByapa ¢ KOHMYECKOM (MM IHpa-
MHUAAJIBLHOM) HUXHeN YacTblo TpH yriie KoHycHoctu 30—45 rpan
(puc. 5.6, 2). B HUXHIOW YacTh KOHyca (MJITM TMPaAMUIIBI) TTONBOIST
00pabaThIBa€MyI0 BOLY CO CKOpocThio 1,2—1,5 M/c u Tyna xe, TONb-
KO C TTPOTHUBOIIOJIOXHONH CTOPOHBI, Yepe3 CIelHaIbHbBIE MaTpyOKu
BBOISIT paCTBOPHI PEareHTOB.
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Puc. 5.6. CMecHuTenu ruapaBiM4ecKOro THNA C pa3xejieHHeM Nortoka (a),
apipyaTelit (6), meperoponyatblii (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 — BepxHsI U HUXHSS ObIpYaThIe TIePEropoaKu
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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 O6biTh 30—40 MM/c, Gna-
rogapsi Y4eMy YaCTHUIBI peareHTa HaxoHsATCS BO B3BEUIEHHOM COCTO-
stHUU. OTBOJ BOABI U3 CMCCHUTENST TIPOU3BOAMTCS TepudepUitHBIM
JIOTKOM c0 ckopocThio 0,6 M/c, MM OBIpYATBIMU TPYOaMHM C 3aTOIT-
JIEHHBIMHM OTBEPCTUSIMHU, WIHM LIEHTPAIBHO PACTIOJIOXEHHOI 3aTOIM-
JICHHON BOPOHKOIA.

Ha xpyTTHBIX BOZOOYMCTHBIX KOMILJIEKCAX MTPUMEHSIIOT nepecopod-
yamoste cmecumenu KopudopHozo muna (puc. 5.6, 6) ¢ BepTUKaJIbHBIM
WY TOPU3OHTAJIBHBIM ABMXEHMEM BOIBI CO cKopocThio 0,6—0,9 M/cC
MPU BpeMEHU NMPe6GHBaHUA B HUX 3—5 MuUH. YUHCI0 MOBOPOTOB HA
180 rpan nmpuHumMalor paBHbIM 9—10. CrremyeT npeaxycMaTpuBaTh BO3-
MOXHOCTb COKpAlllEHUSA YUCIIa TTEPETOPONOK JIJIT YMEHBIIEHUST Bpe-
MEHM NpeObIBaHUA 00pabaThIBAEMOI BOIBI B CMECUTENIE B TIEPUOIBI
MHTEHCHBHOTO XJIOMTbe0Opa3oBaHMUSI.
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Ha HeGoabLINX BOAOOYUCTHBIX YCTAHOBKAX MIPUMEHSIIOT mpybua-
mote cmecumenu (puc. 5.7), KOTOPBIE XapaKTepU3YIOTCA 3HAYUTEIb-
HBIMH MOTEPSIMHU Haropa.

Ins cMeruBaHusl pacTBOPOB peareHTOB ¢ BOJOM B Halllei cTpa-
HEe NPUMEHSIIOT B OCHOBHOM CMECHTEIW FMAPAaBIWYECKOro THUIA,
WHOTIAa CMENIMBAaHHUE IPOU3BOAAT B TPYGax v LIEHTPOBGEXKHBIX HACO-
cax, MOJAINX BOOY Ha OYUCTHBIe coopyxenusi. HemocraTkom
pPacCMOTPEHHBIX CTIOCODOB CMEIIMBAHUSA ABISIETCS HEBO3MOXHOCTh
peryJIupoBaHusl CTEIEHU TypOYJIM3allMd U BpeMeHU NpedblBaHUsA
B CMECHUTENIe B 3aBUCUMOCTH OT pacxona obGpabaThiBaeMOil BOJIBI

" €€ KayeCTBa.

a) 8
7
Y D :
= P < / ———
45 g
TR

Puc. 5.8. Mexannyeckue cMecHTead Typounnoro (a), nponeinepHoro (6)
H JIONACTHOro (6) THMOB:
I, 5 — niogava ¥ OTBOJ BOABI; 2 — BBOJ peareHTa; 3 — OCb MEIDAJNKH,
4 — xaMmepa cMmenieHHus; 6 — CTpyeHaNpaBiasiowas rneperopogka; 7 —
UEHTPANbHO PacMoJIOXEeHHH CTakaH

OnTuManbHbI# 29¢hdeKT Koarysiiui 06ecrneYnBaeT 0YeHb ObIC-
TPBI# MEPEHOC 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/IeHUEe peareHTa BO BCEM 00be-
Me BOIbI U OBICTpOE TTOIyYeHHE ONTUMAaJIbHOI KOHIIeHTpaluu. Ta-
KHW€ CMECHUTENIM NMO3BOJSIIOT YMEHBUINTb BPEMST KOAryJSILIUH, CO-
KpaTUTh 03y KOaTyJIsTHTa W TIp¥ HauboJiee IOJTHOM MCIIOJIb30Ba-
HUM PEarcHTOB YBEJMYUTh TJIOTHOCTE 06Pa3yIOIINXCH XJIOIBEB.

Mexanuueckue cmecumenu TIPENCTABJSIOT COOOM KpYyTJible WIIH
KBaJpaTHbIE B TUIaHE KaMepbl C COOTHONIEHHEM BBICOTHI K IIIHPHUHE
(mnametpy) 2 : 1 ¢ TJIOCKMM UM KOHMYECKUM OHHUIIeM. YacToTa ux
BpallleHUS] U3MEHSIETCS M OOBIYHO He TpeBbiinaeT 80 MuUu-! mis Typ-
OMHHBIX MELIAJIOK C MAKCUMAJIbHOM JIMHEWHOU CKOPOCThIO HA KOH-
e Jsjonactu 10 5 M/c u go 150 mun-! mna nponennepHsix. Bpems
Mpe6sIBaHUS BOABI cocTaBisieT oT 30 ¢ 10 1 MuH.

HccnemoBaHuss MEXaHUYECKUX cMecuTeNeit, ipoBeeHHble B MT'CY
(I'.U. Huxonanze, A.M. Mup3aeB), rokasajau, YTO UX NMPUMEHEHNE
TTO3BOJISIET CHU3UTh YAEJIbHBIE KANUTAJIbHBbIE 3aTpaThl, YMEHBUINTH
pacxoll KoaryJisiHTa, COKpaTHUTh BpeMsi TTpeObIBaHMS BOIbI B OTCTOMHU-
KaxX U OCBETIIUTEINSIX CO CJIOEM B3BEILIEHHOIO OCa/iKa, PETYIMpOBaTh mna-
paMeTphl CMEIIMBAHUST aIeKBaTHO KOJIMYECTBY M Ka4eCTBY 0Opabarhl-
BaeMOW BOABI.

5.5. Kamepsbi xnonseo6pasoBaHuns

s 3aBepuieHUsT BTOPOM CTagUM KOHBEKTUBHOU KOaTYJISILUUU
rnpuMeceil Bobl — OPTOKMHETUYECKOI — MCTIONB3YIOT KaMephI
XJIONbe0Opa3oBaHMUsl, KOTOpbi€ TIpeAHAa3HAYeHbl IS CO3MaHUS
ONTUMAJIbHBIX YCIOBUN IS XjJonbeoOpasoBaHus. Ha agdekTus-
HOCTb TIpoliecca U pa3Mepsl (GPOPMUPYIOIIUXCS XJIOTIbEB TIPU Mel-
JICHHOM TepeMelIMBaHuK 06pabaThiBaeMoit BOABI BIUSIOT €ro MH-
TEHCUBHOCTD (TpaiM€HT CKOPOCTH) M MPOAOIKUTEIIBHOCTD; XapaK-
TE€p U IUCTIEPCHOCTh IIPUMECEit; COJIEBOI COCTaB, 1IEeTOYHOCTh M pH
BOJIbI; J03a KOAaryJIssHTa, a TakXe CWIbI aire3uu, yIepXHUBarolue
YacTHULbI TIPUMECEi B arJTOMEPUPOBAHHOM COCTOSIHUU. ATJioMepa-
IMs 00pa3ylolIMXCst B MPOLIECCE TUAPON3a KOATYJIsIHTa XJIOIbEB
MTPOUCXOIUT TOCTENEHHO B TeueHue 6—30 MUH U Goree.

Cy1iecTBeHHOE BIMSHUE Ha MPOLECC XJIONMbeoOpa3oBaHUS OKa-
3bIBAIOT UHTEHCHUBHOCTh M TPOAOIKUTENBHOCTb N€pEMELIUBAHUS
00pabaThIBaeMOM BOIBI B KaMepax xJionbeobpa3zoBaHus. IIpu aTom
OCHOBOIIOJIaralolieil SIBIsIETCS MHTEHCUBHOCTD TEPEMEIIUBAHUS
G = 50—60 c~!; BausiHME MPOMOJIKUTEIBHOCTH MPOLIECCA TIPOSIBIIS-
€TCSI B MEHBIIIE! CTENEHM.
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HNHTEHCHBHOCTD NepeMEIIMBAHUS BOABI B KaMepax XJomnbseobpa-
30BaHUS He JOJLKHA ObITh 6OJBIIONH, YTOOBI HE paspylIMTh 06pa3o-
BaBlMecs xJjomnbs. Heo6xonnMass UHTEHCUBHOCTD TTepeMEIIUBaHUS
BOIBI JOCTUTAETCSI UBMEHEHUEM CKOPOCTU €€ IBVKEHUST WIIH YacTo-
THI BpallEHUsT MELIAIKUA BO (JIOKYJIATOpax, a ONMTUMaJIbHas TIPOAOJI-
KHUTEJBHOCTD TIpolecca obecreynBaeTcs HamJIeXalluM 00beMOM
COOpPYXKEHHSI.

[To npuHLMITY AEUCTBUST KaMepHI XJI0TbeoOpa3oBaHUs Kiaccudu-
LMPYIOT Ha 2udpasauyeckue U mexanuyeckue (gaokyasmopsl u aspo-
gnoxyaamoper). U3 KaMep ruipaBIM4ecKoOro THITa MpeAroYTeHHE OT-
JIaloT BOOOBOPOTHBIM (puc. 5.9), BuxpeBuiM (puc. 5.10, a), nepero-
ponyaTtelM U 3auurtamyieHHoro tumna (puc. 5.10, 6). Bce kamepsi,
KpPOMe TeperopoayaTthiX, BCTpPauBaloT B OTCTOMHUKU. [1pu yncie Ka-
Mep xyionbeo6pa3oBaHust MeHee 6 cortacHo CHuIT 2.04.02-84* He-
00X0OMMO NIpeayCMaTpUBaTh OMHY pe3epBHYI0. KOHCTpyKLIMIO KaMme-
PBI XJIONbeOOPa30BaHUA CJeIyeT BRIOUPATh UCXONST M3 KauecTBa HC-
XOIHOM BOABI U THUIIA OTCTOWHUKA.

a)

S

N

p=

Puc. 5.9. BonosoporHas (@) M KOHTAaKTHas (6) Kamepbi
XJI0nbeoOpa3oBaHus, COBMeLIEHHbIE C BEPTHKAJIbHbIM OTCTOMHHKOM:
1, 5 — nomavya MCXOAHOI ¥ OTBOM OCBETIIEHHOM BOABI; 2 — KOJIbLIEBOM BO-
IOCOOPHBI JTOTOK; 3 — pagvasbHble JIOTKH, 4, 9 — BOJOBOPOTHAA U KOH-
TaKTHasl KaMepbl XJIOMbeOOpa3oBaHUs; 6 — racuTesb;, 7 — KOHYC-OTpaxa-
Teab;, § — cbpoc ocanka; 10, 12 — BepxHAST WU HUXHASA peureTku; [/ —
BCIIEHEHHBIN MoaucTUpo; 13 — cbpoc ocanka
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Puc. 5.10. Buxpesas (a) u 3auuamaesHoro tuna (6) Kamepsl
XJI0Nbe00Pa30BaHUA, BCTPOECHHbIE B TOPH3OHTAJIbHBIA OTCTONHHMK:
1, 8 — OTBOA OCBETJIEHHOM M IMoJaya UCXOAHOM BOAbI; 2 — rOpU30OHTAIb-
HBII1 OTCTOMHHUK; 3 — JIOTOK JAeLeHTPAIM30BAHHOrO 0TOOPA OCBETIEHHOM
BOIBI, 4 — 30HA OCBETJEHMUsS] BOABI; 5 — TOHKOCJOUHBIE MOLYIH; 6 —
JIOTKH AJig c6opa M OTBeNEHHUd BOAbl, 7 — BHUXpeBas KaMepa Xjionbeobpa-
30BaHMA; 9 — BoJopacnpeeauTe/IbHbIE TepdhopHUpoBaHHbIe TpYObl; 10 —
nepdbopupoBaHHbie TPYOB! cOOpa M ynaneHUs ocanka



K xaMmepam xjonbeoGpa3oBaHUs TUAPABINYECKOTO THUTA, XO-
pOLIO 3apEKOMEHIOBABIIMM ceOsl Ha NMPaKTUKE, TOMUMO yKa3aH-
HBIX BBIIIE CJIEJYET OTHECTH KaMephl C MCEeBIOOXUXEHHON 3ep-
HUCTOM 3arpy3koil, ¢ LHUpPKYJAsgLMeil ocamKa, ¢ KOHTAaKTHOW 3a-
Tpy3KOH.

Bodosopomnas kamepa xnonveobpazoeanus COBMEILAETCS C BEPTHU-
KaJbHBIM OTCTOMHUKOM W PAcIiojiaraeTcsl B HUEHTPAJTbHOM CTaKaHe
(puc. 5.9, a). Bona pacripeneiisiercd B BEpXHEH 4yacTU KaMephbl CO-
TUIOM, PacrnoJIOKEHHBIM Ha paccTossHUU 0,2 nuaMeTpa KaMephl OT
CTEHKHU, Ha TiyouHe 0,5 M OT MOBEPXHOCTHU BOABI, WU COMIAMHU,
3aKpeTUVIEHHBIMU B €€ LIEHTPE B BUIE HEMOABUXHOIO CETHEPOBA KO-
Jieca. BeIXoast U3 comes Co CKOpoCThio 2—3 M/c, Boma mpuobpeTaeT
BpalllaTejibHOE NBUXEHUWE BIOJIb €€ CTEHOK M JIBUXETCSI CBEPXY
BHU3. [lJ1s raureHus BpallaTeJIbHOTO OBUXEHHS BOIBI TIPU €€ Tepe-
X0Je B OTCTOHHHUK, KOTOPOE MOTJIO OBl YXYIIINTh €ro paboTy, BHU-
3y KaMepbl YCTAHaB/JWBAIOT 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 MpSIMOYroJib-
HBII1 XKeJ1e300eTOHHBIH pe3epByap C MeperopoakaMu, obpasyommuMu
9—10 xopunmopoB wKMpUHOI He MeHee 0,7 M, yepe3 KOTopble Tocie-
JIOBaTeJIbHO TIPOXOAUT 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
oOpabaTbiBaeMOit BOIBI B KaMepe B 3aBUCHMOCTH OT €€ KauecTBa.

JHO KOpUIOpPOB KaMephbl BHITTOJHSIOT C MPOAOJBHEIM YKJIOHOM
0,02—0,03 mns ymaneHust ocagka npu unctke. CpeHIoo MIyOuHY
KaMepbl TPUHUMAIOT 2—2,5 M, TIPOIOJIXUTENLHOCTb MPeOLIBAHUS
BOabl B KaMmepe — 20—30 MUH (MUHUMAaJIbHOE BPEMS IUISI MYTHBIX
BOJ, MAKCUMAJIbHOE — JUIST 1IBETHBIX BOJ C MOHUXEHHOUN TeMIlepa-
Typoi).

Buxpesas xamepa xaonveobpazosanus (puc. 5.10, a) BBINOJIHSAET-
Csl B BUJIe TIPSIMOYTOJILHOTO B TUIaHE XeJ1e300€TOHHOTO ¢ KOHUYeC-
KWM WJIW NMTAPaMUAQbHBIM JHUILIEM pe3epByapa (C yIJIoM KOHYCHO-
ctn 50—70 rpan, obpauieHHBIM BHIM3). [lepeMeliBaHue BOIbI B Ka-
Mepe XJIOTTbeoOpa30BaHUST TIPOUCXOAUT MPU €€ JBUXEHUU CHU3Y
BBEpX BCJEACTBUEC YMEHBILICHUS CKOpOocTH ABuXeHus (ot 0,8—1,2
1o 0,004—0,005 M/c) B pe3ynbTaTe pe3KOro yBeJMUYEHUS TUIOLIAAN
TornepeyHoro ceyeHus. BpeMst npeOGrIBaHUS BOIBI B KAMEpe COCTaB-
JisteT oT 6 (a1t MyTHBIX Boa) a0 12 MuH (st uBeTHBIX Boa). Ilepe-
Jlayy BOABI M3 KaMepbl B OTCTOMHUKM CJIeNyeT OCYLICCTBIISITh IIPU
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CKOpPOCTH ee IBUXEHUSI B COOPHBIX JIOTKAxX WIW Tpybax He Gojee
0,05 M/c mnst uBetHsIX Boa U 0,1 M/c — mna MyTHBIX. 11 UHTEH-
cuduKauy paboThl KAMEpHI B €€ BEPXHEW YacTH MOTYT pa3MelaTh-
Csl TOHKOCJIOMHBIE MOJTYJTH.

Kamepa xaoneeobpazoeanus 3awnamaennozo muna (puc. 5.10, 6)
C BEPTUKAJIBHBIMU TIEPEeropoKaMHu MIPUMEHSIETCS IUTST BOJL C MYTHO-
ctbio 1o 1500 mr/n. Ee pa3Mewialotr B Hayajie KOpUI0pa OTCTOMHHU-
Ka M BBITIOJIHSAIOT B BUJIE XeNe300eTOHHOTO ¢ MUPaMUIATbHBIM JHU-
1IeM pe3epByapa (C yrJioM KOHYCHOCTH 45 rpan). B ocHoBaHUsX me-
peBEPHYTHIX NMUpPaMUI pa3MelllaloT HanopHble NMepdoprupoBaHHbIE
BOJOpaCIpeIe/IMTeNIbHBIE TPYOBI, PAaCCTOSTHUE MEXIY KOTOPBIMH
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 coctapiset 30—40 % rutonianu ceyeHUs pac-
NpeneIUTeNIbHOM TpyObl. CKOPOCTh IBUXKEHUST BOJBI B pacIipeein-
TeNbHBIX Tpybax 0,4—0,6 m/c.

Hns cobmoneHns MOCTOSTHCTBA CKOPOCTU IBUKEHUS BOJBI Tep-
¢opupoBaHHBIE pacTipeAeUTeTbHbIE TPYOBI HEOOXOAUMO BBITIOJN -
HSITh TEJIECKOMTUYECKUMHU C KOCBIMU TIEpeXOJlaMH.

Ilpu Bocxopsueit ckopoctu noroka 0,65—1,6 MM/c (s Boz
MyTHOCTBIO 50—250 mr/m) u 0,8—2,2 MM/c (sl BOO MYTHOCTBIO
250—1500 Mr/mn) obpa3syeTcs U MoOAAEepPXUBAETCS BO B3BELIEHHOM
COCTOSTHUM CJIOM OcamgKa M3 CKOaryJMpOBaHHBIX IIPUMeECE BHICOTOM
He MeHee 3 M, YaCTHUIIBl KOTOPOTO SIBJISIIOTCS LIEHTpaMU KOaryJisi-
unu. Bpems nipebsiBaHus Boabl B Kamepe He MeHee 20 MuH. ITpu-
MeHeHHe TTogOOHBIX KaMep XJIONbeoOpa3oBaHUS MO3BOJISIET YBEJIU-
YUTh PACUETHYIO CKOPOCTb OCaXAECHUS B3BEILIEHHBIX BEUIECTB B OT-
CTOMHMKAX MPU OCBETJIEHUU BOJA CpedHeil MyTHOocTH Ha 15-20 %
U MyTHBIX Ha 20 %. Ilepenava Boabl U3 KaMepbl B OTCTOMHMK I0JI-
XHA OCYHIECTBIIATLCSA MPU CKOPOCTH ee nBvikeHust go 0,1 M/c mis
MYTHBIX Boa 1 110 0,05 M/c [UTsl LIBETHBIX.

Hdna yayduieHUsT mpoliecca XJaoTnbeoOpa3oBaHUs MPU KOHBEK-
TUBHOM KOAaryJIvMpoBaHWU TpUMeCeHl MaJIOMYTHBIX U IIBETHBIX BOJ
A.b. Tans6epiurrantoM npeasioxXeHa epasuiinas Kamepa ¢ TICEBIOOXU-
KEHHOM 3epHUCTOI 3arpy3Koit. OnTuMabHbIe YCJIOBUS TPOTEKAHUS
Tipoliecca XJIOTbeoOpa3oBaHUsI CO3/IAI0TCS IPU UCTIOB30BaAHUHU 3€p-
HMCTOI 3arpy3KM U3 KPOILIKK KepaM3uTa, Iecka 1 Ap. ¢ 9KBUBAJIEHT-
HbIM guametrpoM 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 BOCXOJALIEH CKOPOCTH ToToKa 2,6—4,0 MMm/c. IlepBo-
HayaJbHO KOHTAKTHBIN CJIOH 3arpy3Kd MOKOUTCSA Ha CJIo€ TpaBus
KpYyMHOCThIO 5—20 MM u BeicoTo# 0,3—0,4 M.
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Jpyrast KOHCTPYKLMSI KOHTAKTHOW KaMephl XJIOMbeobpa3oBa-
HUs, HO 0e3 MomAepXUBAOIIEro rpaBUIHOIO cjlost 6bl1a NMpeasio-
xeHa M.T. Xypb6oii. [lna o6pa3zoBaHUsT MCEBIOOXKUKEHHOTO CIOS
MCITOJIb30BaHbBl BCIIEHEHHBIE TPaHyIbl nojuctuposa mapku INCB
kpymHocThio 0,5—1,5 MM, ynepxuBaeMble B BEpXHEU 4acTu KaMe-
pbl ApeHaXHo# ceTkKoii. [lepBoHavuanbHasg BBICOTA CJOS TPaHyJ
okono | M. Bocxoasiass CKOpOCTb ABUXEHHUS BOIBI B Kamepe
5—6 mMm/c.

Hcnonb3oBaHWe KOHTAKTHBIX KaMep XJIONMbeOoOpPa30BaHUS T10-
3BOJISIET YBEJIMUUTH B 3—4 pa3a Harpy3ky Ha eIMHUIly oObeMa Ka-
Mepbl, CHU3UTH Ha 20—25 % pacxon KoaryjsiHTa, YMEHbIINUTD MpH-
MepHO B 1,5 pa3a NMpoaoKHUTENbHOCTh OTCTAUBAHUS BOIbI B OT-
CTOWHUKAX.

Ipy KOHAUIIMOHUPOBAHUY MaJTOMYTHBIX LIBETHBIX BOA XOPOILIO
3apeKOMeHIoBaJIa cebs KaMepa XJI0MbeoOpa3oBaHMs 3aMIIIaMJIEH-
HOTO THITA C peUupKyasuueit ocaaka (puc. 5.11). O6pabarsiBa-
eMast Boja, COIlaMM BBOAMMAsl B HUXXHHME YacTH CEKI[MI KaMepbl
co ckopocThio 1 M/c, TIOCTynaeT B UEHTPaJIbHO PACIOJIOXEHHbIE
3XEKTUPYEMBIE BCTABKH M BCACHIBAET BOJY C OCAaIKOM U3 oOBbeMa
cexuuii. TakuM o6pa3oM, B KaXIoH CEKIIUN MTPOUCXOIUT HEMpe-
pPBIBHOE ABUXEHHE B3BEIIEHHOTO OcaaKa, obecriednBaloiiee KOH-
TaKTUPOBAaHUE arperaTUBHO HEYCTONYUBBIX TIPUMeECeit U UX YKPYII-
HeHue. [TocTerreHHO oOpabaTsiBaeMasi BoJia TIEPEXOANT U3 KaMephbl
B KaMepy U Jajiee B OTCTOMHUK. BpeMsi mpeObIBaHUS BOIBI B KaMe-
pe 20—30 MuH.

B mexanuueckux kamepax xnonveobpazoeanus (gaoxkyssmopax), pe-
koMmeHayeMbix CHuIT 2.04.02-84* myist 06pabOTKH MyTHBIX BOI M TIpH-
MEHSIEMBIX Ha KPYITHBIX BOJOOYMCTHBIX KOMIUIeKcax (puc. 5.12, a),
TUIaBHOE TTepeMEIIMBaHUe BOIBI IJisl 3aBEpIIEHHUS TTPOLIECCa OPTOKU-
HETUYECKOM KOAaryJIsiliMKM €€ TIpUMecei OCYIIIECTBIISIETCS TTPOTIesuiep-
HBIMM WJIM JIOTIACTHBIMU MelIaJIkaMHY, pa3MelllaeMbIMM Ha TOPHU30H-
TaTbHBIX WIM BEPTUKAJIBHBIX OCAX. MeIajiKka UMeeT OIHY WU He-
CKOJIBKO Jiomacteif. MiokynraTopbl OOBIYHO BCTPaMiBalOT B
TOPU3OHTANTbHBIE OTCTOHUKHM U PAacCUYMUTHIBAIOT HAa BpeMsl TIpeObIBa-
HUS Boabl B HUX 30—40 MuH (1o 60 MMH TpH peareHTHOM YMSITYEHUH).
Yucno Mewmanok nmpuHUMaiot 3—5. CKopocTb TeueHHUs BOABI BO (uto-
KYJISITOpe CHIDKaeTcsl 1o xomy rotoka ot 0,5 no 0,1 M/c 3a cyer cokpa-
LIEHUST YaCTOThI BpallleHUs MEITAJIOK WJIM YMEHBIIAIOMIEHCS 10 XOIy
JBIDKEHUS BOIBI TUTOIANM UX JionacTei. OKpyKHYI0 CKOPOCTb Bpallie-
HUs Memajaok npuHumalor 0,3—0,5 M/c anekBaTHO KadyeCTBY MCXOM-
HOM BOIBI.
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5000 ¥

Puc. 5.11. Kamepa xionbeo0pazoBaHusa ¢ peuHpKyJIauHeil ocaaka:
1, 2 — orcToifHUK W KaMepa XJionbeoOpa3oBaHus; 3 — peUUPKYIATOPHI;
4 — neperoponku, aeaswye o6beM KaMepbl Ha MOCJEA0BaTENbHO pabo-
TaOUNE CeKUNU; 5 — noraya MCXOAHOM BOMABI, 6 — pacrpeaesiuTe/IbHas
Tpyba ¢ coriamu

DoKynITOPHl ¢ MEIIAJIKaMH Ha BEPTUKAJIBHBIX OCSIX OOBIYHO
000pYIYIOT IBUTaTESIMM C TIEPEMEHHOM YaCTOTOM BpallleHUS; TIpU
pa3MelleHUH MEUIAJIOK Ha TOPU3OHTAIIBHBIX OCSIX OJAWH IBUTaTeNb
00CTYy>XMBaeT HECKOJIBKO MeILIaloK. MelajKky pacrosaraior B Ha-
yajie KOpUaopa OTCTOMHMKA B ABa psila U OoJjiee U pa3mesioT Te-
peropoakaMu IS IUPKYASLAU BoAbl. DIIOKYIATOPH UMEIOT pas-
JIUYHYIO (popMy B 1taHe (KBaIpaTHYIO, KPYTJIYIO M MPSIMOYTOJIb-
HYI0).

IMpeumyiecTBamMu (HJIOKYISITOPOB MO CPAaBHEHHUIO ¢ KaMepaMH
TUAPABIMYECKOTO THUIA SIBJISIOTCS HEOOJBIIIME TIOTEPU HATopa, Mpo-
CTOTa KOHCTPYKIIMU, ONITUMHU3ALIMS ITPOLiecca XJIOMbeoOpa3oBaHUS
aJieKBaTHO Ka4eCTBY 00pabaThIBaeMOil BOIBI ITyTEM M3MEHEHUS Ya-
CTOTHI BpalllEHUs MEIIAJIOK; HEIOCTaTKaMM — IOTOJHUTEIbHbIN
pacxof 3JeKTPOIHEPrMH, BHICOKHE TpeOOBaHUS K MaTepHayiaM JeTa-
JieH, YTO yOOpOXaeT COOPY:KEHHUE B LIEJIOM.
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Puc. 5.12. ®aokyastop (a) u aspod.iokynsarop (6), coBMemEHHbIE
C TOPH3OHTAJIbHBIM OTCTOWHUKOM:
1, 2 — nopaya BoJBI 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

Aspoghnoxyaamopber — 6apOOTaXKHbBIE KaMepPbl XJIONbe0oGpa30BaHUs
(puc. 5.12, 6) mony4awT Bce Oojiee MIMPOKOE pacnpocTpaHeHUe
B TEXHOJIOTMM BOAOTIOATOTOBKY Gyiarofapst elieBU3HE U JOCTYITHO-
CTH BO3[lyXa, HEBBICOKOI CTOMMOCTH 000PYIOBaHUS, BBICOKOMY (-
tdbexry xyonbeobpaszoBaHus. [Ipu aToM pabora, coBepiiaeMasi BO3-
IlyXOM, OCYIIECTBIISIETCS] 338 CYET PA3HOCTHU €ro TUIOTHOCTH C BOMIOI.
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[To A.B. bytko, addekrT xstonbeobpa3oBaHUsT B a3podIOKyAATOpaXx
JOCTUTAETCA B pe3yJibTaTe YeThbIpeX ONHOBPEMEHHO NMPOTEKAIOIINX
TTPOLIECCOB: BBIACIIEHUS U3 BOABI U3OBITOYHBIX KOJUYECTB JUOKCH-
Jla yryiepoa; OKHCJIEHHsT KUCTOPOIOM BO3yXa OpTaHUYECKUX TTPU-
Meceil; crieunpUIecKOro MEXaHWIeCKOro nepeMellnBaHus BOIbI
Ny3bIpbKaMHU BO3AYXa M 0O6pa30oBaHUs 3apojblilieil TBepaoil da3bl
MPOAYKTOB THMAPOJIM3a HA TIOBEPXHOCTU Ta30BBIX MY3BIPHKOB.
B aspodokynsiTopax UCIONB3YIOT ciiaboe IMHeBMaTU4YeCcKoe Tepe-
MellMBaHHe, OOBIYHO ¢ MHTEHCUBHOCTBIO 0,15—0,25 M3/(M2 - MUH),
IpU 3TOM PACXOX BO3AyXa He MpeBbIluaeT 5 % pacxona obpabarsi-
Ba€MOU BOJBI.

AdpodIIOKYISATOp NMpeAcTaBiIsieT co60M NMPSIMOYTOJIbHYIO 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
nepdopupoBaHHBIE paclIpeleHTeNIbHbIe TPYOB Ha pacCTOSSHUU
20—-30 cM, Hag KOTOPHIMM TIEPIIEHAUKYISIPHO UM pacIojiaraioT
B BUJle pelleTKH NephopupoBaHHBIE WJIM TTOPUCTBIE BOJIOpac-
rpeaeauTeNbHble 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 ONTHUMAJIbHOE 3HAYEHHE IPagUeHTa CKOPOCTH HAXOAUTCS
B npemenax 25—45 ¢!, a koapdULHEHT 0OBEMHOTO UCIOIB30BA-
HUS Bo3pacTtaeT B 1,5—2,5 pa3a Mo cpaBHEHHUIO C TAKOBLIM TSI Ka-
Mep TUIpaBJIWYeCcKOro THma. I1pu nmpuMeHeHUU aspodIOKYISITO-
poB st 00pabOTKN MYTHBIX BOJ MTPOU3BOANTEIbHOCTh TOPU3OH-
TaJBHBIX OTCTOWHUKOB MOBbBINIaeTcs B 1,5—2 pa3sa.

5.6. OTcTanBaHue BoAbl

OcaxneHue B3BEUIEHHBIX YaCTULl TPOUCXOMUT MON AeHCTBUEM
cuibl TaxecTd. CoBpeMeHHbIE KOHCTPYKLIMU OTCTOMHUKOB SIBJISI-
IOTCSl TIPOTOYHBIMHU, T. €. OCaXIeHHe B3BECH B HUX IMPOUCXOAUT
TIPY HENPEPHIBHOM JIBMXEHUU BOIBI OT BX0Ja K BeIxoxy. [ToaTo-
MY CKOPOCTH JABUXEHHUSI XUIKOCTH B OTCTOMHUKAX MaJbl: 3TO le-
CATHIE JOJIU MM/C B BEPTHKAJbHBIX OTCTOWHHMKAX U HECKOJIBKO
MM/C B TOPU3OHTaJIbHBIX, pATHAIbHBIX U TOHKOCJTOWHBIX OTCTOM-
Hukax. [Ipy TakMX MajbIX CKOPOCTSAX MOTOK IMOJHOCTBIO TEPSET
CBOIO TPAHCMOPTUPYIOLIYIO CMTOCOOHOCTh, 00YCIOBNIEHHYIO UH-
TEHCUBHBIM TYPOYJEHTHBIM TepeMelnBaHueM. OcaxneHue B3Be-
CH B TIOTOKE, NBUXYILIEMCS C OYEHb MaJioif CKOPOCThIO (ITOUYTHU
JULIEHHOM TPAaHCIOPTUPYIOLIEH CITOCOOHOCTH), MOAYNHAETCH,
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nmo B.T. TypuuHOBUYY, C U3BECTHBIM NMPUOIHUXKEHUEM 3aKOHAM
0OCaXIEeHUS B HEMOABUXHOM 00BbeMe XUAKOCTU. DTU 3aKOHBI XO-
pOIIIO U3YYEHBI JUIST OCaXAEHUS arperaTUBHO YCTOWYUBOM B3BECH,
YaCTUIBI KOTOPOI HE CIUMAIOTCS, HE U3MCHSIOT (GOpPM U 00Bb-
€MOB. DTO siBJiIeHHWEe UMeeT MPaKTUYeCcKoe 3HAYEHUE AJisl OTCTOM -
HUKOB, MMPUMEHSEMBIX B TEXHOJIOTUM OYUCTKHU BoAbl. OcaxaeHue
HEyCTONYMBOH (CKoaryJaupoBaHHOI) B3BECH, CITIOCOOHOM arioMe-
pPUPOBAThCA M CJIMNATLCA B TPOLIECCE OCAXIEHUS, HU3YUYEeHO
B MEHBILIEH CTENIEHH.

Ha xapakTep ocaxxaeHUsi B3BeCH BJIMSIIOT pa3Mep U dopmMa ee va-
CTHII, PEXHUM JIBUXEHUS OCBETISIEMOI BOJBI U €€ BSI3KOCTb, U3ME-
HSTIOIAsICST C TEMITEPATypOH.

MyTHBIE BOJIBI — 3TO BCEraa MojiMaucriepcHasi cucrema. [Ipu
KOaryJISILUU TPUXOIUTCS UMETDH [EJI0 C OCaXIEHUEM arperaTuBHO
HEYCTOWYMBOM B3BECH, YACTHUIBI KOTOPOI B MPOLIECCE OCAXKIACHUS
MEHSIIOT CBOIO CTPYKTYpY ¥ pa3mepsl. Bce 3To ocioxHseT MateMa-
THYECKOE BbIpaXX€HHE 3aKOHOB OCAXIECHUS U MOJYIEHUS] TOUHBIX
METOIOB pacyeTa OTCTOITHUKOB.

CKOpOCTB OCaXAECHMS YaCTUI[ MAJIOTO pa3Mepa NPH MaJTbIX CKO-
pocTtsx (rpu 3HayeHUM yuciaa PeitHonsaca Re << 1) Moxer OBITH
omnpejeseHa o ¢popmye

u=wdg2, (5.1)
18n
TII€e py U p — TUIOTHOCTB XUIKOCTH U YaCTHULbI COOTBETCTBEHHO; d —
IMAMETP YaCTULBI, ONIPENeSIEHHBI KaK TUaMeTpP PaBHOBEIMKOIO MO
00beMy 1Iapa; 1 — BI3KOCTb XUAKOCTH; g — YCKOpEHUE CBOOOIHO-
TO MaJeHUSI.

CkopocTsb BeimaneHus yactul ¢ 1pu ¢ = 10 °C HasbIBaeTcst rUi-
paBJIMYECKON KPYMHOCTHIO YacTHUbl. @opmyny (5.1) HasbIBalOT
dopmysoit Crokca. OHa nprUMeHUMa B 00JIaCTH NEHCTBUS JIMHEMN-
HOTO 3aKOHa COTIPOTHUBJIEHUS. DTO BbIpaXXeHUE MOXET OBITh MC-
MOJIb30BAHO MPaKTUYECKHU IJIi MOHOOAUCTEPCHOM B3Becu. Ecim
B3BECh MOJIUAUCIIEPCHAS], TO €€ XapaKTEPUCTUKHU MOJIy4aloT 3MITH-
pUYECKHM TyTeM B Jlabopatopuu. OnpenensieTcst CKOpoCTb BBITIAZE-
HUS B3BECH U, COOTBETCTBYIOIIAS MPOLICHTY €€ OCaXICHMSI:

M. -M,

P £100%,

HCX

rae M, ., ¥ M; — MyTHOCTB 10 ¥ TIOCJIE OTCTaUBaHUSI COOTBETCTBEH-
Ho. 1151 3TO# 1IeMu ynoOHO CTPOUTH KPUBBIE
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P=rw-s(%)

rIe h — BBICOTA CJIOSt BOIBI; f — BpEMsI OTCTAUBaHMS.

[Tpy pa3MYHOM BPEMEHMN OTCTAMBAHMUsI OTIPEAENSIOTCS U, = h/t);
u, = h/t, n 1. 1. ¥ cooTBeTcTBYOWIKE UM P|, P, u 1. a. I1o HaitzeH-
HBIM 3HAUEHUSIM CTPOUTCS KPHUBAsl ocaxkaeHus B3Becu (puc. 5.13).

P %
160t
o
MA\
NI N

20

’*n
ug MM/C

0 02 04 0,6 0,8 1,0 4,2 4,4

Puc. 5.13. I'padMK 3aBHCHMOCTH KOJHMYECTBA BBHINABIIHX B 0CAAOK
B3BEIICHHBIX BeUIECTB OT THAPABIHYECKOH KPYMHOCTH B3BeCH

J1s 9acTni JaHHO¥ TMAPaBIMYECKOH 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,.

ITpu ocaxneHuM arperaTMBHO HEYCTOHUYMBON B3BECH TaKXKe
CTPOMUTCH KPUBAsA OCAXAEHUA B3BECH, HO TOJyYyaeTcsi GUKTUBHAS
BEJIMYMHA CKOPOCTH BHINMafCHMs B3BecU. LT KoarynupoBaHHOM
B3BECH CNPABETUBO COOTHOILIEHHE

t2 hz n
- =(_) )
hooh
rae # = 0,2—0,5 — sMnupuyeckast BeJIMYMHA.
MeTonuka MOAeTUPOBaHUS TIpoliecca OCaXAeHUS OCHOBaHA Ha

l’IOI[O6HI/I KPHUBBIX BbITaA€HHUA B3BECHU M1 pA3JIMYHBIX BBICOT CTOJI-
0a ucciienyeMoil BOAbI.
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3agayeil 1abopaTOPHBIX UCCNENOBAHUN SBISETCS TMOCTPOEHUE
KPHBOI OCaXIEeHWS B3BECH C LIEJIbIO OTIPe/IeJICHUST pacyeTHOM Imi-
paBJINYECKOM KPYIMTHOCTH U BpeMeHU TIpeObIBaHUS BOJBI B OTCTOM-
HHUKe [UIs 3aIaHHOTO 3(eKTa ocaxaeHust P, .

OTcravBaHHe BOJBI POU3BOMST B CNIEIIMANIBHBIX COOPYXEHU-
AX-OTCTOMHHUKAX, KOTOPbIe B 3aBUCUMOCTH OT HATPaBJICHUST 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 HallpaBJIeHUW ABUXEHUST BOABI pe3epByap, B KOTOPOM OCBETIISI-
eMag BoJa BIOJIb OTCTOWHUKA JBUXETCS B HAIPABJIEHUU, GIN3KOM
K TOPM30OHTAJILHOMY.

s paBHOMEPHOCTHU pacripelieieHUsI BOAbI B ITOTIEPEYHOM ceye-
HUU OTCTOMHHMKA €ro 00BhEM JIEJIAT B MPONOJIbHOM HaTlpaBJIeHUH Tie-
pEropoiKaMu Ha CaMOCTOSITEJIbHO IEHCTBYIOIIUE CEKIIUN ITUPUHOI
3—6 M. Ilpu yuciie OTCTOITHUKOB MEHEe LIECTH CJIEAYeT TMpeaycMar-
pUBaTh OAWH pe3epBHBIN. JIHO OTCTOIHMKA NOMKHO UMETh TPO-
MONMBHBIN YKIIOH He MeHee (0,005 B HarpaBleHUH, 0OGPAaTHOM JIBUXE-
HUIO BOJIBl, 2 B MOMEPEYHOM HarpaBJIeHUH OHO MOXET ObITh TUIOC-
KHM WIM TIPU3MaTHYECKUM C YIJIOM HakJioHa rpaHeit 45 rpan. s
yhnajneHuss ocanka 6e3 OTKJIIOYEHHUsI OTCTOMHHMKA M3 paboThi, 1O
npemtoxenuio .M. Mupkuca, nipenycMaTpyuBaioT THIPaBINUYECKUE
CHCTEMBI B BUIE NepdOPHUPOBAHHBIX KOPOOOB WM TPYO, KOTOpHIE
obecnieunBaroT ero yfaneHue B redeHue 20—30 MuH. IIpu oTKpbITOM
3aJBUXKe Ha cOpoce 0camoK MoI JeMCTBUEM THAPOCTAaTHYECKOTO
NaBJieHUsT TIOCTYTIAeT B CUCTEMY W B BUJIE TTYJIBITHI YOANSETCS U3 OT-
CTOMHMKA.

HeueHTpaa30BaHHbBI COOp OCBETIEHHOI BOMIBI, CITOCOOCTBY-
IOIIMI yBeIUYEeHUIO K03 UL HeHTa 0OBEMHOTO HUCTIONIB30BaHUS
OTCTOMHWKA, OCYIIECTBASIIOT CUCTEMOI FOPU30OHTAJILHO Pacoyio-
>KEHHBIX XXeJ000B C 3aTOTJIEHHBIMH OTBEPCTUSIMUA MJTM TPEYTOTbHBI-
MM BOJIOCIUBaMU J160 nepdopupoBaHHBIMU TpyOaMH, pacIioyno-
XEHHBIMM Ha ydyacTKe 2/; IJIMHBI OTCTOMHMKA, CUMTAst OT 3aJHeii
TOPLIOBOM CTeHKU. PaccTosiHMEe B 0CSIX MEXIY BOOJOCOOPHBIMH TPY-
6amMu UM XKeaobamMu HasHavawoT 10 3 M. [Ipu ycTtaHoBKe B OTCTOIl-
HUKE TOHKOCJIOMHBIX MOJYJIEH TTONOOHYIO cUcTeMy cO0Opa BOIBI yC-
TPanWBaIOT Ha BCIO €r0 IJINHY.

TopusoHTaNIBHBIE OTCTOITHMKY B OTEUECTBEHHOM MPAKTHKE PEKO-
MEHIYETCS MPUMEHSITh NTPU MYTHOCTH 10 1500 Mr/J1, UBETHOCTH OO
120 rpang o6pabaTbiBaeMOM BOIBI U TIPH TTPOTYCKHON CITOCOOHOCTH
BOJIOOYMCTHOTO KOMTIIJIeKca cBbiite 30 Thic. M3/CyT.
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Puc. 5.14. PaguanbHblii OTCTOWHUK ¢ penupKyJsauuei ocaaka (a)
H TOHKOCJIOMHBIMH MOIAyasaMHU (0):
1, 9 — nogaya MCXOOHOM M OTBOI OCBETIEHHOH BOIbI; 2 — CKpebKu; 3 —
Bpauawiasics depMma; 4 — ciayxKeb6HbIit MOCTUK; 5 — PELIMPKYJISITOP Ocal-
Ka; 6 — BOJOOTBOAHBIE OKHA;, 7 — 30HAa OCBETJEHUS] BOIAbI; & — KOJIblie-
BOi1 BOAOCOOpHBIN JIOTOK; /0 — TOHKOCHOIHBIE Onoku; 11 — ynaneHue
ocaznka; /2 — ocagkocGopHMK; /3 — KpernjeHue 0JOKOB
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BepmukaabHuiii omcmoiinuk — KpPYTJIBIA B IJIaHE U B OYEHb pell-
KMX Cly4yasiX KBaJgpaTHBIM pe3epByap 3HAUUTENbHOU TyOUHHBI,
B KOTOpOM 00pabaTsiBaeMasi BoJa IBUXETCS CHU3Y BBepX. BepTu-
KaJIbHBIM OTCTOMHMK MMEET BCTPOEHHYIO KaMepy XJIoMmbeoOpa3oBa-
HUS BOAOBOPOTHOTO WJIM BUXPEBOTO THIAa B LIEHTPAJIbHOU TpyOe
¥ KOHYCHO€E THUIIE ISl HAKOTUIEHUS Y YIJIOTHEHHUS ocaaka. Yron
MeXJy HaKJIOHHBIMHU CT€HKaMH, 00pa3yloliuMHu THUILE, CIEAYeT
npuHumMaTh 70—80 rpax. C6op ocBeTIEHHOIT BOABI IMpenycMaTpH-
BaeTcs nmepudepruitHBIM U paanaJbHBIMK XeJlo0aMu C 3aTOTUICH-
HBIMH OTBEPCTUSMHU WJIH C TPEYTroJIbHBIMU BomocauBamMu. OcBeTie-
HHUE BOIBI MPOUCXOIUT IMPU BOCXOSIIIIEM €€ IBUXEHHE CO CKOPO-
creio 0,4—0,6 MMm/c. Ocagok u3 BEpPTHKAJbHBIX OTCTOHHUKOB
BBINTYCKAIOT MO TUAPOCTATUYECKUM HAIlOPOM BOIbI 6e3 BBIKJTIOYE-
HUS COOpYXeHMs1 U3 paboThl. BepTHKaTbHbBIE OTCTOMHUKH IpUMeE-
HSTIOT TTPU YCJIOBUM ITPENBApPUTEBHOTO KOaryJupOBaHUST BOJHI,
B OCHOBHOM IIpH pacxomaax a0 5000 m3/cyT.

Paduanvnbiii omcmoiinuk — 3TO KPYIJIBII B IUIaHE XeJe300e-
TOHHBII pe3epByap, BHICOTA KOTOPOTO HEBENUKA 1O CPAaBHEHUIO
c ero nuaMmeTpoM. OcBeTisieMast BOJIa MOABOAUTCS CHU3Y B LIEHTP
W N3IUBaeTCs 4epe3 BOPOHKY, OOpANIEHHYIO ITUPOKUM KOHIIOM
KBepxy. BOKpyr BOpOHKM pacrojiaraeTcst HUINHIP-YCITOKOUTENb
panuycoMm 1,5—2,5 M ¢ TJIyXxuM JTHOM M C AbIpYaToif cTeHKoi. Ha-
JINYME TAKOTO I[MWJIMHJpa CIIOCOOCTBYET PaBHOMEPHOMY pacIipe-
NeJIEHUIO BOJIBI IO paboueit BbIcOTE OTCTOMHUKA. Bona MeaneHHO
OBUXETCS OT LEHTpa K nepu¢epuu M CIUBAETCA B nepudepuii-
HBII XeJ106 ¢ 3aTOTUIEHHBIMM OTBEPCTUSMHU WUIM TPEYTOJbHBIMU
BOJOCJIMBaAMH.

CxopocTb aBMXeHMsT BOAbI B Xenobe mpuHumaior 0,5—0,6 m/c.
Hnst ynajieHUs ocajgka MCITONb3YIOT MEMJIEHHO BPaMIaloIIyIOCsa Me-
TaJUIMYECKYIO (DepMy C YKpeTIJIEHHBIMU Ha Hell ckpeGkaMu, crpeba-
IOIIMMH OC3JIOK K LUEHTPY OTCTONHMKA, OTKyIa OH BHITTyCKaeTcs
WJIM OTKAYyuBaeTCs.

PannanbHble OTCTOMHUKHA PEKOMEHAYETCS MPUMEHATh B CHUCTE-
Max 00OpOTHOTO BONOCHAGXeHUS W ISl OCBETJICHUS BBEICOKOMYT-
HBIX BOJ Ha NMEpPBOM CTYIEHH.

Cpenut METOIOB MHTEHCHU(UKALIY TIPOLIECCa OCaXACHMUs TIpUMe-
ceif BoABl OMTHUM M3 HauboJiee NePCIEeKTUBHBIX SIBJIIETCS OTCTaWBa-
HUE B TOHKOM CJIO€ BOIBI, 00pa3yeMOM HAKJIOHHBIMM 3JIEMEHTAMH,
o0ecreynBaIMMK OBICTPOE BBITIaZIEHHE B3BECH U ee CIOJI3aHKe TI0
HaKJIOHHOW NMOBEPXHOCTH BJIEMEHTOB B 30HY XJIONTbe0Opa30BaHUS
U 0CaKOYIJIOTHEHUST (puc. 5.15). PexxuM TeyeHUsT B OTCTONHMKE
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JIOJIXKEH OBITh JJaMUHAPHBIM. T1pOU3BOIUTEIBHOCTE — HE OTPaHUYM-
BaeTCHl.
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Puc. 5.15. TonkocJioliHbie OTCTOHHMKH KOHCTPYKIHH
Colo3BooKaHaIMpoeKTa:

1, 10 — nonaya McxoqHOI ¥ OTBOJA OCBETVIEHHOM BOIbI; 2 — rpaBHitHas KaMe-

pa xJionbeobpa3oBaHus; 3 — CJIOi B3BEIIEHHOTO 0CaiKa; 4 — OTBOI 0OCaaKa U3

0CaIKOYTUIOTHUTEIS; 5 — OKHA Ul OTBOIA M36BITKA 0CanKa B OCAIKOYTUIOTHH-

TeJIb 6 — OTBOJ OCBETJIEHHOM BOMBI U3 OCAIKOYIUIOTHUTENS, 7 — TOHKOCJIOMR-

Hble MoOOylnM; & — TmonepeuyHblie nepdoprMpoBaHHble BOAOCOOPHBIE
xenoba; 9 — BonocOOpHLBI KaHal

OtaenbHBIE TOHKOCJOWHBIE STYEUCTHIE JIEMEHTbI, OObeANHSA-
eMble B COTODJIOKM, BEHITIONHSIOTCS M3 MSITKMX WIH TIOJYXECTKUX
MTOJIMMEPHBIX TUIEHOK, COEAMHEHHBIX B COOTBETCTBYIOUIYIO KOHCT-
PYKLIMIO, WIH K3 XKECTKHX JUCTOBBIX MATEPHAIOB B BUIE OTIETbHBIX
TI0JIOK. BBICOTY TonepeyHoro ce4yeHUs TOHKOCJIIOWHOTO SYEUCTOrO
371EMEHTa peKOMEHAyeTcsA MpuHuMaTh B mpenenax 0,03—0,05 M.
S4eiikyu MOTYT OBITH IPUHATHI J1000# (HOPMBI, UCKITIOUAIOLIEH Ha-
KOIUJIEHHME B HMX OCajKa. YToJl HaKJIOHa 3JIEMEHTOB HEe0OXOAMMO
NMpUHUMAaTh B nipegesnax 50—60 rpaa. JIMHY TOHKOCTONHBIX 3Jie-
MEHTOB CJIEAYET OMpPEREIATH CIELHATBHHM pacueToOM B TIpeaesiax
0,9—-1,5 m.

201



5.7. OcBeTneHue BoAbl B CJsioe B3BELUEHHOro
ocapka

MeTton o6pabGoTKM BOABI B o€ paHee 00pa30BaAHHOTO B3BE-
LIEHHOT'O OCajKa IIMPOKO MCTIONBb3YIOT B TEXHOJIOTUHM €€ OCBETJIe-
HUS, obecliBeUNBAHUS, yMATUEeHUS, nedTopupoBaHUs, obe3xene-
3UBaHUA U 0b6eckpeMHUBaHUS. OCBETAUTENN CO CJIOEM B3BEIICH-
HOTO ocaJxa MPUMEHSIOT Ha TMepBOi CTYNeHW BOHOIMOATOTOBKH
BMECTO OTCTOMHMKOB U KaMep xJionbeoOpazoBaHUsi. OHU MOTYT
yCIeurHo paboTaTh TOJBKO TPH YCJIOBUHU TIpEIBapUTEIbHOI 0bpa-
0OTKM TIpUMecei BOIBI KOATYJSTHTOM WIH (BJIOKYISTHTOM. DTH CO-
OpyXeHUs obecreunBalOT Oosee BHICOKHI 3¢(h(heKT OCBETICHUS
Boabl (10 5—10 Mr/n) U UMeIoT 6OMbIIYIO TPOU3BOAUTETBHOCTD,
yeM OTCTOMHUKM. OTHAKO KOHCTPYKTUBHO W B dKCIUTyaTallUM OHU
6oJiee CIOXHHBI.

CxeMa paboThl OCBETJIUTEJICH CO CI0€M B3BELIEHHOTO OCaKa Mo-
Ka3aHa Ha IpUMepe KOPUIOPHOIO OCBeT/auTeNsT Ha puc. 5.16. O6-
pabarpiBaeMasi BoJa, CMellIaHHasi C peareHTaMHu, BBOIUTCSI B OCBET-
JIMTEJIb CHU3Y M PaBHOMEPHO pacrpeaesnseTcs Mo Mioland paboymx
KopuaopoB. [ajiee Boga IBUXKETCST CHH3Y BBEpPX M MPOXOIUT Uepes
cJloif paHee 0Opa30BaHHOTO B3BEIIIEHHOTO OCAlIKa, COCTOSIIETO M3
MAacCHl B3BELIEHHBIX B BOCXOISIIEM TMOTOKE XJIONbEB, KOTOPhIE He-
MPEepPHIBHO XaOTUYHO ABUXYTCS, HO BECh CJIOI B 1I€JIOM HEMOIBU-
XKeH. OH HaXxomUTCS B COCTOSIHUM IMHAMHUYECKOTO pPaBHOBECHS,
00YCJIOBJIEHHOTO PaBEHCTBOM CKOPOCTH BOCXOJISIILIETO TTOTOKA BOIBI
U cpefHel CKOpOCTH ocaxaeHUs xjornbseB. Heo6xonuMo oTMeTHTD,
YTO CPENHSST CKOPOCTh OCAXKIEHHUS XJIOMbEB BO B3BEIIEHHOM CJIOE
OTJINYHA OT UX THIPABIUUYECKOH KPYITHOCTU. DTO OOBSICHSIETCS TaK
Ha3bIBAEMBIM CTECHEHHBIM OCaXXIE€HHWEM YacTHIl, HA KOTOPOM OCHO-
BaHa pabota ocserauTesieit. [1poxonss yepe3 ciaoil B3BELIEHHOTO
ocanka, obpabaTsiBaeMasi BOfa OCBETJISIETCSI U 00eCLIBEUMBAETCS
B pe3y/IbTaTe KOHTAKTHOM KOaryJsiLiuH.

IIpu nBMXXEHUM BOMIBI Yepe3 B3BEUIEHHBIN CII0 U3BJIeKaeMble U3
Hee TTPUMECH OCTAlOTCS B HEM, MIPU 3TOM OO0BEM CJIOST HOJIKEH He-
MPEPLIBHO YBEJIUYUBATLCS, HO 3TOr0 He MPOUCXOIMT, TaK KakK H3-
OBITOYHBIN OCaZOK U3 B3BEUIEHHOTO CJIOSI HEMPEPBIBHO YAAISETCS
B OCaIKOYIIJIOTHUTENh, OTKyHa cOpackiBaeTcsl B cToK. O6paboraH-
Hast BoJa, Npolueas yepe3 cjaoil B3BEUIEHHOTO ocanka, cooupaer-
€S C IOMOLLBIO COOPHBIX XeJTOOOB U IbIPYATHIX TPYO W OTBOAMTCS 3a
TIpe/Iesibl amnnapara, ctabunbHast pabota KOTOPOTro JOCTUTAeTCs MPU
MOCTOSTHCTBE PAcXo/la U TeMIlepaTypbl 00pabaTsiBaeMOit BOIbI, He-
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JIOTYCTUMOCTH MonagaHus Bo3ayxa ¢ Bogoi. CrioHTaHHBIe Kojeba-
HUS pacxojia BOJIbl BBI3BIBAIOT Pa3MbIB B3BELLICHHOTO CJI0ST ¥ BEBIHOC
XJIOTIbEB B 30HY ocBeT/ieHUs1. KosniebaHUs TeMIiepaTyphbl BOIbI BIEKYT
3a co00li BO3HMKHOBEHUE KOHBEKTUBHBIX TOKOB, NMPUBOISIIUX K
HapYIUIEHWIO B3BEIIEHHOTO CJIOSI U 3aMYTHEHUIO OCBETJIEHHOIT BOJIBI.
[nsa obecrieyeHUst HOpMaJIBHOI pabOTHl OCBETIUTES IOTYCKAIOT B
TeYeHHe yaca KojebaHus pacxona 15 % u TeMrepatypbl o6pabaThi-
BaeMoii Boawl 1°C.

Ipu ocaxmeHUM B3BELIEHHON MacChl XJIONMbEB HAGII0MAaETCS
cTecHeHHOoe ocaxneHue. Ero xapakTepHasi 0COGEHHOCTh B TOM,
YTO CKOPOCTb OCAXIEHUS, KOTOpasi BCerJa MeHbIIe CKOPOCTH CBO-
0omgHoOro naaeHus, T. €. TMAPABJINYECKON KPYMHOCTH YACTHL, 3a-
BUCHUT HE TOJIBKO OT MUX Pa3MEPOB U MAcChl, HO U OT KOHLIEHTpa-
uuu. Tak, mpu o6BeMHOM KOHLIEHTpalMuH, paBHo#t 10 %, ckopocThb
OCaXIEeHUST YaCTHULl B 2 pa3a MeHbIIIE MO CPaBHEHUIO C UX THIpAaB-
JIMYECKON KPYNMHOCTBIO. B3BellIeHHBIH B BOCXOASIIEM MTOTOKE CJIOM
XJIONIbEB HAXOAMUTCSI B COCTOSIHUM CTECHEHHOTO OCaXIEeHUS, 1Mo-
9TOMY YaCTHLbl HE BBIHOCSITCSI C TIOTOKOM B 30HY OCBETJIEHUS U HE
JIEKAaHTUPYIOT.

brnaromapst ToMy 4TO CKOPOCTH CTECHEHHOTO OCAXKIEHUST 3aBUCHT
OT KOHLICHTpPALIMX B3BELUEHHOTO CJIOSI, OH COXPAHSETCS B LLIMPOKOM
Jiiana3oHe U3MEHEHUSI CKOPOCTEil BocXoasiliero notoka. Kaxmomy
3HAYEHUIO BOCXOIAICH CKOPOCTH MOTOKA OTBEYAET OIpPEACICHHAs B
JNIAHHBIX YCJIOBUSX KOHLEHTpaUMs yacTull cjioss. CKOpocThk CBOOOI-
HOTO OCAXIEHUS YaCTHULL SIBJISIETCS BEPXHUM TTPENESIOM CYIIECTBOBA-
HHs B3BelIeHHOTO cyiosg. Korma ckopocTh MmoToKa NMpuoanxaercs
K 3TOI BeJTMUUHE, CJIOi pa3MbIBaeTcsl. HUXKHUMIL Tipenen cyiecTBo-
BaHUSI CJIOSI — MUHUMaJIbHasi CKOPOCTh TTOTOKA, ITPU KOTOPOMH CUJIBI
TUAPOAVHAMUYECKOTO BO3ACHCTBUSI ITOTOKA HA YaCTULIBI MEHBIIE UX
CUJIBI TSIKECTH. B 3TOM ciyyae yacTUILIbI TDIOTHON MacChl IEKAHTH -
pytoT. CKOpOCTb BOCXOJSIIIETO TTOTOKA B OCBETIUTENSAX JIEKUT MEX-
[y 3TUMHU TIpeliesaMH.

OcCBeTAUTEMN CO CJIOEM B3BELIEHHOTO OCanaKa KJIacCU(UUMPYIOT
clenyroMM 00pa3oM: TI0 HAJTUUUIO KaMep XJIoTibeoOpa3oBaHUS —
C KaMepaMu peakuuu 1 6e3 Hux; 1o paboyeMy JaBIeHUIO — Ha OT-
KpBITbIE U HArlOpHbIE; MO CIMOCO0y ynaneHUsl U30bITKA Ocajgka —
C €CTECTBEHHBIM OTOOPOM M C TIPUHYIUTEIbHBIM OTCOCOM; IO
PacroyOXEeHHUI0 OCANKOYIUIOTHUTENSI — C BEPTUKAJIBHBIM, IOJ-
JIOHHBIM MJIU BBIHOCHBIM. B 0T€UeCTBEHHOM TMpaKTHKE MTPUMEHSIOT
OCBETIIUTENU 0Oe3 KaMep peakUWHU C MPUHYAUTEIbHBIM OTCOCOM
ocajxka.
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Puc. 5.16. OcBeranTenb KOPHIOPHOTO THNA C PEUUPKYJIAUHENH 0CaaKa
H TOHKOCJIOHHBIMA MoOIyAamMu (@), C NOAAOHHBIM (6) W BHIHOCHBIM (6)
0CAJKOYIUIOTHHTEIAMH:

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 MOAYJIH; 7 — 3aIUTHBIE KO3bIPb-
KM; & — OKHa OTBOIa M30BITKA OCagKa U3 paGouyMX KOPUIOPOB B OCAHKO-
YIUIOTHUTEND; 9 — nepdopupoBaHHBIE TPYOBl cOOpa ocanka M3 0CanKOyII-
JiotHuTenst; 10 — 60KoBO# KapMaH cbopa oCBETIIEHHOI Boabl; 13 — coIulo;
14 — Bo3apyxooTnenutenb; 15 — 0CagKoOTBOAHBIE TPYyOb; [6 — moa-
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JOHHBII OCaAKOYTUIOTHUTEND; /7 — BogopacrpeleuTebHbie TpyOsl; 18 —

LIEHTPaNbHbIi moaaroumit 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 MAajblM YIJIOM KOHYCHOCTH U MOCTOSIHHOE
MorepeyHoe ceyeHue pabodeil YacTH 0 XOIy ABMKEHUST OCBETIISI-
eMoil BoAbl. B TakuX OCBETIUTENSIX OOBIYHO YCTPAauBAaIOT BTOPOE
IBIpYATOE AHUILE, Hal KOTOPBIM 0Opa3yeTcsl cjoit B3BEIIEHHOTO
ocagka. TpeGyemast BbICOTa CJIOSI JOCTUTAETCS] TIPUHYAUTEIbHBIM
OTCOCOM OcaakKa U3 paboueit yacTu ocetautens. [1pu ocBeTaeHM
MaJIOMYTHBIX BOJA OCBETJIMTEJIU C ABIPYAThIM IHOM paboTaloT yCTOM-
yuBo, 0e3 3aBajla AHUIIL ocagkoM. IIpu oOpaboTke MYTHBIX BOA
JbIpUaThle JHUILA HE YCTPAWBAIOTCS, @ HUXKHSISL YaCTh OCBET/IUTENEH
BBITIOJIHSIETCSI B BUOE HAKJIOHHBIX, CXOOSIIMXCS KHU3Y CTEHOK
(puc. 5.16, a). Ilpu UCTIONMB30BAHUM KOPHUIOPHBIX OCBETAUTENEH Ha
MaJIOMYTHO# W LIBETHOM BOJE MPOLIECC XJIONMbeoOPa3oBaHHUs MPOTe-
KaeT Mano3dGeKTUBHO. s eTo MHTeHCU(DUKALIMY 11e1eco00pa3Ho
TPOU3BECTH MPUTPY3KY BOJOpACIpEeaeTUTENIBHBIX TPYO rpaBueM MITH
e6HeM Ha BbeIcOTY 70 cM. B 3TOM ciyuae Gnaromapsi coOBepIilieH-
CTBOBAHMIO THAPABINYECKOM XapaKTEPUCTUKHN COOPYXEHHUS U yayd-
IIEHUIO TIpolecca OPMUPOBAHUST B3BECH BO3ZMOXHO YBEJUUEHUE
TIPOU3BOINUTENBHOCTH 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 (pHcC. 5.16, 6).

B cucrteMax Tpou3BOACTBEHHOTO BOMOCHAOXEHUS MONYUUIIN
pacripocTpaHeHHUEe OCBETJIMTEIU C BHIHOCHBIM OCaIKOYTUIOTHUTEIEM
(puc. 5.16, 6). OHM XapaKTepU3YIOTCS KOMIAKTHOCThIO U BO3MOX-
HOCTBIO aBTOMAaTHU3allUU UX PabOTHI.

Hns ocBeTJIEHUsI, YMSTYEHUST M1 00€CKPEMHUBAHUS BOIbI XOPOIIIO
3apekoMeHmoBanu cebds ocsetutrenn HHHWUHU-3. Ux Gonbiuast BEI-
cora (o 9 M npu auaMeTpe A0 12 M) NMpu HeOGOJLIIOM 0OBEME
0Ca/IKOYTUIOTHUTEJISI BHITOIHO OTJIMYAET 3TH COOPYKEHUS OT Moa00-
HBIX, KOTIa HEOOXOAUM IJIMTEJIbHBIN KOHTAaKT oOpabaThiBaeMoit
BOJbI CO B3BEIIEHHBIM OCaIKOM.

5.8. OcBeTneHue BOAbLI B rMAPOLUKIIOHAX.
dnotaumoHHas o6paboTka NpuUpoaHbIX BOA,

B npaxkTuke BOZOTIOATOTOBKH IS OCBETJIEHHS MOBEPXHOCTHBIX
MYTHBIX BOJ, COIEpKaIUMX rpyOOANUCIIEPCHBIE TIPUMECH, HAXOAAT
TIpUMeHeHUe eudpoyuraonst (puc. 5.17, a). OHU TIPOCTHI IO KOHCT-
PYKILIMM U B 3KCIUTyaTallMH, OEIIeBbl B U3TOTOBJACHUU, KOMITAKTHBI,
3 dekTUBHBI, 0671anal0T 60JbIONH NMPOU3BOAUTEIBHOCTBIO, Ha-
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nexHbl. VIx neiicTBMe OCHOBAHO Ha UCITOJIb30BAHUU TTOJISI LIEHTPO-
OEXHBIX CWJI, T/Ie BblAEJIEHWE MEXaHUYECKUX TTPUMECEN U3 BOJBI
MPOUCXONUT MOJA AENUCTBUEM ITUX CUJI, TPEBOCXOASIIUX B COTHH
U TBICSIYM pa3 CUJIBl TSKECTH, 3a CUET Yero yBEJUUUBAETCS CKO-
pOCThb OTAENEHUsS YyacTUl. [Ipu 3TOM 3HAYUTEJBHO COKpalllaeTcs
MPONIOJIKUTENBHOCTD TIPOLlecCa OCBETJIEHUSI U YMEHbIIaeTcs o6beM
LHIEHTPOOEXHOro annapara Mo CPpaBHEHUIO ¢ 0OBEMOM OTCTOMHHKA.
PexxuM ABMXKEHUST 4acTULl B TOJIE HEHTPOOEXKHBIX CUJI — TypOy-
JIEHTHBIH.

OcBeTjieHWe BOABI B TMOJie LeHTPOOEXHBIX CHUJI OCHOBAHO Ha
TepeHoCe B3BEIIEHHBIX YaCTHUL K nepudepru HeHTpoOeXHOMW cH-
JIoit, paBHOU pa3HOCTU 3HAYEHUN LIEHTPOOEXKHOW CUJIBI IJIST TBEP-
Joit 1 xXuagkoi ¢a3. Dta cuia P, BO3HUKAIONIAsI TIPU TaAHTEHLIU~
aJlbHOM BITYCKE BOJIbl B ammapaTr MOJ HEKOTOPBIM [aBJIEHUEM,
paBHa:

P = nd*v3(p;—p,)/6r,

rae d — 3KBUBAJIECHTHBIH AMaMETP B3BELUEHHBIX YacCTHUL, CM; P
U p, — TUIOTHOCTb TBEPAOW U XHUIKOHN (a3 B OCBETIsIEMON BOIE,
r/cM3; v — CKOpOCTh JABWXEHHUSI BOIBI Ha BXOJE B arlfapar, cM/c;
F— pacCTOosTHUE OT LIEHTpa armnapaTa 10 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 IBUXKEHUS B3BeE-
HIEHHBIX YaCTHLl OyIeT 3HAYUTEIbHO OO0JIbllIE CKOPOCTH UX CBOOO-
HOTO ocaxmeHUs. B pe3ynbrare B moJjie LEHTPOOEKHBIX CHII BBIE-
JIeHWe B3BENIEHHBIX YaCTHUIL U3 BOIBI ITPOUCXOMUT 3HAYUTEIbHO ObI-
CTpee, YeM B OTCTOMHMKaAX.

I'mapouUnKIOHBI MOTYT OBITH HATTOPHBIMU UM OTKPBITBIMU. UeM
MEHbIIlE TUAMETP TUIPOLIMKIIOHA, TeM OoJibllie pa3BUBAalOLIMECS
B HEM LIEHTPOOEXHbIE CUJIBI U TEM MEHBIlle pa3Mep OTHEJISIeMbIX
B anmapaTe JacTul. MakcuManbHas 3@OeKTUBHOCTDb pa3aesieHUs
JOCTUTAETCS B TMAPOLUKIIOHE BHITSHYTOM (DOPMBI C BO3MOXHO Ma-
JIBIM YTJIOM KOHYCcHOCTH (cM. puc. 5.17, a). ObpabaTbiBaeMast Boaa
TOCTYMAaeT B BEPXHIOI YacTh TMAPOLIMKIOHA TAaHTEHLMAJNbHO M,
Bpauiasichb, ABUXKETCS K OCHOBHOMY MNaTpyOKy, paroJIoXXEHHOMY B
LIEHTpe 10 ocH anmnapata. LleHTpoGexXHOoI cHIToif AMCTeprUpoOBaH-
HbIE TIPUMECH BOJIBI TTEpEMENIAIOTCH K CTEHKAaM THIPOLIMKIIOHA U IO
HUM OTYCKAlOTCS BHM3, B KOHYC, Yepe3 HacaaKy B HUXHEM 4acTh
KOTOPOTO OHU HETIPEPBIBHO YAANSIOTCS B CTOK. JIBUKEHHE 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 MyIbTHUUKIOH (6):
1 — cMeHHas HacaKa-CTyCTHTENb, 2 — pa3beMHasi KOHYCHast 4acThb; 3, 6 —
BXOAHOM M BBIXOOHO#M maTpybku; 4 — KaMepa cbopa OCBETICHHOIt BOIBI;
5 — cnuBHOIT naTpyboK ¢ anacparMoit; 7 — LuiaMoBasi KaMepa, § — Tui-
POLIMKIJIOHBI JUaMeTpoM 15 mMM; 9, 11 — HWXXHSA U BEPXHSA Pa3de/IUTEIb-
Hble TuThl; 10 — pacnipenenuTesbHas Kamepa; /2 — UMJIMHAPUYECKUIA
KOpITyC amnmnapara

st 3anepaHusi TOHKOAUCITEPCHBIX B3BEIIEHHBIX BELIECTB MC-
MOJIB3YIOT THIPOUMKIOHBI MAJIOTO TUAMETPa, YCTAHABIMBAs UX Ta-
paJiIeJIbHO B OONBIIOM KojMyecTBe. Takoil ammapar Ha3blBalOT
MYJBTULIMKJIOHOM (cM. puc. 5.17, 6). [TnacTtMaccoBele TMIPOLIUKIIO-
Hbl nuamMetpoM 10, 15 u 20 MM CITOCOGHBI 3aepXXUBATh B3BEIIEH-
HbIE€ YaCTHLIBI TUIPABINUYECKOMN KpYyImHOCThIO 10 0,17 MM/c nipu mo-
Tepe paBiaeHust okoyio 0,1 MIla. ITonaya ogHOro TMAPOLUMKIOHA
nraMeTpoM 15 MM TpM Takoi ImoTepe MaBJEHUSI COCTABIISIET OKOJIO
0,07 mM3/u.

T'uapounKIOHB HAIJIEXUT HUCIOJNb30BaTh B CUCTEMAaxX XO3sii-
CTBEHHO-TTUTBEBOTO U TIPOMBIILJIEHHOTO BOIOCHAOXEHUS IS Ipe-
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BapHTEIbHOTO OCBETIEHHS BBICOKOMYTHBIX ITOBEPXHOCTHBIX BOJI
(6onee 1500 mr/n). st ocBeT/IeHUS BOIBI CAEAYET MPUMEHATD THI -
POLIMKIIOHHI JINThIe HedyTepOoBaHHBIE KaK HanboJiee AelIeBbie U I10-
CTaTOYHO CTOMKHE TIPOTUB UCTUPAHUS.

HenoctaTkaMy TMAPOLMKIOHOB SIBISIOTCA: OBICTPBIN M3HOC,
ocobeHHO mnpu 0O6paboTKe BOM, COMEpPXAIIUX KPYMHbIE MUHE-
panbHBIE TIpUMecH; KosiebaHus 3¢ddeKTa OCBETIEHUSI B 3aBUCH-
MOCTH OT COCTaBa U CONEePXaHUS B3BEUICHHBIX BEIIECTB B UCXOM-
HOM BoOZeE.

st npenBapUTeTbHOIM 00pabOTKM MaTOMYTHBIX (0 150—200 Mr/m)
u uBetHbIX (o 200 rpam) BoI, comepKalluX IUITAHKTOH U TJIaBaIoLIHe
3arps3HeHus (Macsna, HedTeTlpOaYKThI U T. T1.), IPUMEHSIOT ¢griomamo-
pot (puc. 5.18). OcraToyHast MyTHOCTb TocCJie (pJIOTaTOpPOB 3—5 Mr/n

(mo 10 MI‘/JI).
1
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Puc. 5.18. ®norauuoHHas yCTAHOBKA:

1, 2 — nopaya UCXOAHOI BOIBI C peareHTaMH U OTBOMA OCBETJIEHHOM; 3 —
dyoTaumoHHas kaMmepa; 4 — JIOTKU cOopa MeHbl; 5 — cucTeMa pacripe-

IeJIeHUsI BONOBO3AYLIHOM CMeCH; 6 — HamopHHIH 6ak; 7, § — Hacoc
U KOMIIpeccop; 9 — neperopomyartas KaMepa XJ10mnbeo0pa3oBaHUs

[

~

G

CymHoCTb Ipoliecca ¢JIOTallMM COCTOUT B CIEM(PUUYECKOM
MPOSIBIEHUN MOJIEKYJSIPHBIX CHJI, CIIOCOOCTBYIOIIMUX CIMIIAHUIO
B3BELIEHHBIX TTPUMECE BOABI C My3bIpbKaMHU BLICOKOIUCIIEPTHUPO-
BaHHOTO B BOJE€ Tra3a, BCILUIBIBAHWIO 0O0pPa3yIOUIMXCSI arperaToB
H (pOpMHUPOBAHUIO Ha MIOBEPXHOCTH BOIbI IIEHHOTO CJIOSI, HACHIILIEH-
HOT'O M3BJICYCHHBIMH BellecTBaMH. DIOTUPYEMOCTD MPUMeECEit pas-
JIMYHOM KPYIMHOCTH OIpencsisieTcss pa3MepaMy Iy3bIPbKOB rasa
(15-10-6=30 - 10-% M), KOTOpBIE 3aBMCAT OT TOBEPXHOCTH HATSIXE-
HMS Ha rpaHulle Bojga — ra3. IIpM moHUXeHUU TTOBEPXHOCTHOTO
HatsixeHus no 0,06—0,065 H/M u Huxe 3dexT ounMCcTKH BOABI
(dbmoTaumei NoBLIIAETC.
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TpeaBapuTeNbHOE KOAryJIMpOBaHUE MMpUMeECei BOIBI MOBBIIIACT
addekT dnoTalnu, Tak Kak NMOHWXAeT MTOBEPXHOCTHOE HATSIKEHUE.
Kak rokaszana npakTHKa, ONTUMaIbHAsT KPYTHOCTh (QJIOTUPYEMBIX
npuMeceit Haxoautes B nipeaenax 10-3—10-1 cm.

VYayuuieHue npotiecca drotaunu gocturatot ruapododbusaumein
MOBEPXHOCTH TIpUMeceil KoaryasiHTaMH ¥ (DJIOKYJIsTHTaMU, KOTOpbIe,
copOMpYsICh HA TTOBEPXHOCTU YAAISICMbIX YACTHUEK, TOHUXKAIOT UX
CMauyMBaeMOCTb, YTO UHTCHCHU(UIIMPYET TPUINTNIAHNUE TIpUMeceid
K Ty3bIpbKaM ra3a.

Hcnonb3oBaHue KOaryJsiHTOB MO3BOJISET 3HAYUTEIbHO TMOBbI-
cUThb 3(pPeKTUBHOCTD (GOTALIMOHHOM OUHMCTKHU U YIAJSATh 3arpsi3He-
HUSI, HaxonsllMecd B BOAC B BUAE CTOWKWX 3MYJIbCUWA U B3BeceH,
a TakKe B KOJJIOUIHOM cocTosiHuU. Tloche (potauroHHOro pasne-
JieHUs1 TuaApoGhoOHBIN 0cafoK OTPabOTAHHBIX TMIPOKCHUIOB 3aHUMA-
€T 3HAYUTETLHO MEHBIINI 00BbEM U BJIAXKHOCTb €TI0 HUXKE BIAXHO-
CTH Ocazika, MOJYYEHHOTO NMpPpU NEKAHTHUPOBAHHUU.

CylecTByeT HeCKOJIbKO BHUIOB (hJIOTALIMU, CPEIHU KOTOPBIX IO
pa3MepaM My3bIPbKOB ra3a UM BO31yXa MOXHO BBIJIEJIUTD:

e (yioTalMIo C BBIACIECHUEM U3 BOABI BO3IyXa — YCTAHOBKH Ba-
KYYMHBIE, 3pIUMTHBIC U HATIOPHBIE;

e (hjoTalMio ¢ MEXaHUYECKUM AUCTIEPTUPOBAHUEM BO3lyXa —
YCTAaHOBKM Oe3HarnopHble (MEHHbIE), UMIEJIEPHBIE Y TTHEB-
MaTUYECKUE;

® 5eKTpOoGIOTALHIO.

I1pu o6paboTke NMpuPOSHBIX Boa Haubosee 3 heKTUBHA Harop-
Hast ¢oTauusi, Npyu KOTOpoil B yactu Boasl (no 10 %) B HamopHOM
pe3epByape pacTBOpsieTCs BO3MyX, a B IPYTYIO YacTb oOpabarbiBa-
€MOI1 BObI BBOJATCS peareHThl. [1pu BXome BO (QIOTALMOHHYIO Ka-
Mepy oba moToka cMeurnBaioTcs. [1oaAroToBKy BOJOBO3MYITHON cMe-
CH OCYIIECTBJISIOT B abcopbepax (MJIM HAaMOPHBIX pe3epByapax) Mmoia
napireHuem 0,6—0,8 MIla, kyma nmomatroT BOAy mocjie (PUILTPOB
¥ BO3AyX B kosnyecTBe 0,9—1,2 % pacxoma ouniaemoit Bomsl. B 30-
HE MEHBLLIETO AAaBJIE€HUST U3 HACBILIEHHON BO3IYyXOM BOMbI BbIAENS-
I0TCS MeTbyaille Ny3bIpbKU, HEOOXOMUMBIE JUTST (PIIOTALIMH JIETKOM
B3BecH. Cnocob HanmopHoUl (GJIOTALNHU MO3BOJIAET MYTEM PETYIIUPO-
BAHUS JABJICHUS JIETKO MU3MEHSTb KOJMYECTBO pACTBOPEHHOTO BO3-
iyXa YU pa3Mmep My3bIpbKOB, BBOJAUMBIX B 00pabaThiBaeMyio BOY,
B 3aBUCUMOCTH OT COCTaBa B3BECH B MCXOIHOM BOJE.

[MpeumyiecTBa HOTaTOPOB MEpen OCBETIUTEIAMU CO B3BEILICH-
HBbIM OCaJKOM U OTCTOMHMKAMM 3aKITIOYAIOTCS B CICAYIOILEM:

® >bdekTUBHO ynansgeTcs GUTOTUIAHKTOH, UTO MO3BOJISET OT-
Ka3aTbCsl OT MUKPODPHUIILTPOB;
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® YIajsSoTCA U3 BOAbI MIABAIOIIME U [IJIOXO OCEAAIOLLUE TTPUME-

cu;

® yIyyuraeTcss CAHUTAPHOE COCTOSIHUE OUUCTHBIX COOpYyXKe-

HUW BCJIEACTBHE MOCTOSHHOTO YAaJeHUS BBIACIEHHBIX 3a-
IPSI3HEHUM.

Ilpn HanmopHO# GoTalluK B XUIKOCTU MPOUCXOIUT psid Mpo-
LIECCOB: pacTBOPEHHUE W BBHIIEJIEHWE BO3MyXa, IPUKpErieHUe BO3-
JIYUIHBIX My3BIPbKOB K YaCTHULIAM B3BECH W BCIUIBIBAHHE MX Ha MO-
BEPXHOCTb ¢ 00pa3oBaHUEM TEHBI. Y CJIOBUS MPOTEKAHUS 3TUX MPO-
LIECCOB CYIIECTBEHHO BIMSIOT Ha 3()(HEKT OCBETICHUS BOIBI.

B cocraB (pnoTalilMOHHBIX YCTAHOBOK BXOAST (hJIOTALIMOHHBIE Ka-
MEpBI, KaMePBI XJI0ITbe0Opa3oBaHUsl, y3/bl MIOATOTOBKHU U pacripe/ie-
JIEHUSI BOJIOBO3IYIIHOM CMeCH, YCTPOUCTBA IS yOaJeHUsT U OTBOJA
neHbl. Hanbosnee yacto npuMeHsI0TCS (JIOTATOPBI C TOPU3OHTANb-
HBIM JIBUXEeHWEM Boabl. OHM MOTYT UMETh B TUIaHE KBaApaTHYIO
WY TIpAMOYTONBHYI0 dopMy. JlnnHa kaMepbl HazHadaeTcst 3—9 M,
mMpuHa — 10 6 M. I'1y6uHa ciiost Boasl BO (hjioTaTope MPUHUMAET-
ca 1,5-2,5 m. TIpamoyronpHbie (paoTaToOpsl Yallle BCETO OBIBAIOT
BBITSIHYTHI B TUIaHE MO X0y ABMXEHUS BoAbl (CM. puc. 5.18).

[ns yaydureHUs MCIIONb30BaHUSI Bcero obbeMa yoTaTtopa
B HEKOTOPBIX Cy4Yasix YCTaHABJIMBAIOT NMPOJIOJbHBIE NTEPErOPOIKH.
Bo BxXxomHOW 4acTu NpsSIMOYroJbHOW (JIOTALMOHHON KaMepbl
CTPYEHaTpaBJsIIONIYIO TMEPEropoaky pa3MellaloT TMoJ YTJIOM
60—70 rpam K TOPU30OHTAAN B CTOPOHY JABMXEHUS BOABI. JIHUIIE
dbroraumonHoit kKaMepsl uMeeT ykioH 0,01 xk TpybornpoBony mis
OTIOPOXHEHMUS.

CxopocTtb BXos1a 06pabaTeiBaeMoit Boabl BO (hJIOTATOP HE MOJIXK-
Ha TIPEeBBINIATh CKOPOCTH €€ BhIXOAa M3 KaMephl XJI0TbheoOpa3oBa-
HUSI, TIO3TOMY CKOPOCTh IBMXeHHUsI oOpabaTsiBaeMOil BOIBI Hal
CTpyeHarnpasisioueil neperopoakoi HasHauaor 0,016—0,02 m/c.
PaBHOMepHOe pacrnipenesieHHe BOIOBO3AYITHOH cMecH B 00beMe 00-
paGaTbiBaeMOif BOObI U (pOpMUpOBAaHUE MENKUX BO3NYINHBIX MY-
3BIPBKOB JIOCTUTAIOTCSI YCTPOMCTBOM TephOpHUPOBAaHHOTO TPYOOTIPO-
BOJa ¥ pa3MelIeHHOTO Mo HUM Ha pacctosiHuu 8—10 cM Koxyxa
M3 MaTepuaia, CTOMKOro K KMCJIOPOAHON Koppo3uu. Pacrmipenenu-
TEJIbHYIO TPYOKY pacrojiaraior Ha paccrosuuu 0,25—0,35 M ot nHa
BO BXOIHO 4acTu oraTopa, B OTCEKE, 00pa30BaHHOM TOPLIEBOU
CTEHKOW ammapara W cTpyeHarnpasnswouieii nmeperopoakoit. Cko-
POCTb BBIXO/1a BOJOBO3AYIIHON CMECU U3 OTBEPCTUI pacTipeaeauTe-
ng npuHumatot 20—25 M/c, nuamerp oteepctuit 3—5 MM. OTBep-
CTUSA CJIeAyeT pacnojiaraTb paBHOMEpPHO T0 HUXHeil oOpasyiouieit
TPYOBI JIMHENHHO.
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CGop ¥ 0TBOJ OCBETJIEHHOM BOMBI U3 (JioTaTOpa AOJXKHBI IPOU3-
BOAUTBLCS PABHOMEDPHO M3 HMXKHEH YacTH KaMephl C TIOMOIIBIO TTOJI-
BECHOM CTEHKM, HapaBISIONUIeH MOTOK K OTBOIY BOIBI M3 anrmnapa-
Ta, JIMOO C MOMOIIBIO OTBOASILEN CUCTEMBI U3 TTepOPUPOBAHHBIX
Tpy6. CKOpOCTb OBUXEHHWSI BOABLI MOI ITOABECHOW CTEHKOW WU
B OTBEpPCTHAX BOAOCOOpHOI cucTeMbl npuHuMarot 0,8—1,2 M/c.

ITpu CTPOUTENBCTBE HOBBIX OYMCTHBIX COOPYXXEHUI TTpEenroyTe-
HUe cJieAyeT OTaaBaTh (poTaTopaM ¢ TOPU3OHTATBHBIM IBUXEHUEM
BOIbI, IIPSIMOYTOJILHOU ¢(hOpMBI B TIJIaHE, COBMEIIEHHBIM C KaMepa-
MU XJIOTIbeOOpa30BaHMS C LIEJbIO TIPENOTBPAIEHUs pa3pylIeHHUs
XJI0TbEB, CPOPMUPOBAHHBIX B ITPOLIECCE KOAryJIsIlMU B3BECH B BOJIE.

O6pa3symolyocsi Bo (oTaTope TeHY BJIaXHOCTbIO HE MEHEe
94 % ynansoT 1M60 KpaTKOBPEMEHHBIM MOIBbEMOM YPOBHS BOIBI
C OTBOAOM €€ uepe3 MOABECHBIE JJOTKH, PACIOJIOXEHHbBIE pABHOMED-
HO O TUIOLIAaaH KaMephl, JINOO C NMOMOIIbI0 CKPeOKOBBIX MEXaHU3-
MOB, TepeMelIalolnX MeHy K cOOpHBIM JIoTKaM. JIHHIIa JJOTKOB
BBIMOJIHSAIOT ¢ YKjIoHOM 0,025 B CTOpOHY OTBOJIa TIEHBI.

DIoTaUMOHHYI0 KaMepy pacCUMTHIBAIOT HA YIAEIbHYIO Harpy3Ky
6—8 M3/u na 1 M2 owanu. ITpoaoOMKUTENBHOCTD TPeOBIBAHUS
BoAbl B Kamepe 10 40 MuH. BoicoTy (bj10oTalIlMOHHO# KaMephl U Bpe-
M5 (hIIOTALIMM HAXOIST MO pe3ybTaTaM TeXHOJOTMYECKUX UCCIIEN0-
BaHUIi1 Mo ¢opmyJie

/T, = (H,/H)",

rne T, u T, — Bpems ¢uioTallMK B JJaOOPaTOPHOI MOJIENN U B pe-
anbHOI Kamepe; H,, u H, — BbiCOTa CJ10s1 BOJBI B MOJENN U Kame-
pe; n — rokasarteJib CTereHu, nmpuHuMaeMsblit 0,45—0,65 B 3aBucH-
MOCTH OT KauecTBa 00pabaTbIBaeMOit BOJIBI.

5.9. O6paboTka BoAbl GUNbTPOBAHMEM

@OunbTpoBaHHEe — OAUH U3 CIIOCOOOB OCBETJEHUS BOIBI, ITO3BO-
JISIOUIMI BBIAEIUTb U3 HEEe HE TOJIbKO JITHUCTIEpPTUPOBAHHBIE, HO
Y KOJIJIOUIHBIE TIPUMECH, KOTOPHBIEC 3a1eP>XXUBAIOTCS HA TTOBEPXHOC-
TH WU B MEXITOPOBOM NPOCTPAHCTBE (DUIBTPYIOIIEr0 MaTepuana.
DTOT npoliecc CONMpPOBOXIAETCST 3HAUUTEILHBIMU 3aTPaTaMU Hep-
MU, YTO OMNpenesisieT MeCTO GUIBTPOBATBHBIX COOPYXEHUN B TEX-
HOJIOTMUECKOU cxeMe. B GonbiIMHCTBE ciiyyaeB GHIBTPOBAaHUE —
3aKJTIOYUTENBHBIN 3TAll TIPYU OCBETJIEHUU U 00€CIIBEYUBAHUU TTUTh-
€BOW BOJBI.

ITo Buay ¢unpTpylouieit OCHOBLI (PUIIBTPBI AETATCS HA MKaHegble
unu cemyamste (MUKpOOUIBTPHI, 6apabaHHbBIE CUTA, aKYCTHUECKUE
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GWIBTPBI U T. 11.); KAPKACHble UAU HAMbléHble, 3epHucmble (TIecya-
Hble, KEPAM3UTOBBIE U T. T.). B TEXHONOTHAX yIydlLIeHUST KauecTBa
BOJIBI PACIPOCTPaHEHBI (PUIIBTPBI C 36 PHUCTOM 3arpy3Koii, KOTOpbIe
KJ1acCU(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, MO KOTOPHIM OHHU paboTaioT: Ge3HAMOpHBIE
(OTKpHITBIE) M HAMOPHBIE,
® 10 HaNpaBJIeHUIO DUIBTPYIOLIETO MOTOKA: OJHOIOTOYHBIE
(0OBIYHBIE CKOpPBIE U MEMJIEHHBIE (DUIBTPHI), ABYXITOTOUHBIE
(duneTpet AKX u IJI®P) 1 MHOTOTIOTOYHBIE;
® 110 YHCNy OWIBTPYIOUINX CJIOEB: OMHO-, IBYX-, TPEX- U MHO-
TOCJIONHBIE;

® 10 KPYITHOCTHU 3epeH (UIbTPYIOIIEro MaTepuasa: MelKo-,

cpelHe-, KpYITHO3epHUCTHIE.

Ckopote puabmper ¢ Tutomanbio 6onee 30 M2 ycTpauBaloT € LIEH-
TpaJIbHBIM KaHAJIOM, a MIPH MEHBIIEH TUIOIAaa — ¢ OOKOBBIM Kap-
MaHoM (puc. 5.19). KoarysaupoBaHHas M TIpollleaiiast IpeaoYrucT-
Ky BoJia rmojaetcss B GOKOBOM KapMaH, a U3 HEro — B KaMmepy
dunpTpa. BeicoTa Cjlos BOABI Hall TTOBEPXHOCTBIO 3aTPYy3KH ITOJIK-
Ha OBITH He MeHee 2 M. B npotiecce hWIbTpOBaHUS BOJA TIPOXOIUT
bunpTpylomNit U NMoAmEepPXKUBAIOUIMI CJIOM, a 3aTeM IOCTYIAeT
B pacrpee/IUTEIbHYIO CUCTEMY, U3 Hee — B pe3epByap YHUCTOM
BOJIBI.

Ilpu nmpoMbiBKe (DUIBTPOB IMPOMBIBHAS BOJA IOCTYMAET B pac-
TIpeAC/IUTENILHYIO CUCTEMY U najiee B ¢UAbTpylomeil ciioii, KoTo-
pblif OHAa NPOXOOMT CHU3Y BBEpX, pacluupssi (B3BeIIMBas) €ro.
Hoiinst no BepxHeit KpOMKH Xejl000B, IIPOMBIBHASI BOJla BMECTE
C BLIMBITBIMH U3 (PUJIBTPYIOIIETO MaTepyaia 3arpsi3HEHUSIMU TIepe-
JINBaeTCs B Xeyjoba, a U3 HUX B OOKOBOIt KapMaH M OTBOJIMUTCS
B BOJOCTOK.

PacueTHyio ckopocTs pmibTpoBaHus v (6—10 M/4) M TOJMHMIUHY
ciost ogHocCoitHOIM dwbTpyromeit 3arpysku A (0,7—2,0 M) B coort-
BETCTBUM C yKa3aHHbIMHU paHee CHull cienyeTt mpuHUMaTh B 3aBU-
CHMOCTH OT KPYITHOCTH 3€peH 3arpy3KH.

OuabTpyomuii ¢10i BBIMOJHAIOT U3 OTCOPTUPOBAHHOTO MaTEPH-
aja, yaile BCEro pevyHoro KBapueBoro necka KpynmHocThio oT 0,5 no
2,0 MM. MoryT OBITb TPUMEHEHBI U IPYTHE MaTEpHabl, YIOBIETBO-
pstiollie CAHUTapHEIM TPEGOBAHUSAM M ObNajfarole J0CTaTOYHOM
XUMHUECKOI CTOMKOCTBIO U MEXaHUYECKOW MPOYHOCTHIO (npobie-
HBI QHTPAlLIUT, KEPaM3WUT, KepaMHUuyecKasi KpOUIKa, ApOOJIeHbli
MpaMop, TTOJIMMEDPHI U 1p.).
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Puc. 5.19. Cxopblif OTKPbITBIH (HABTP:

1, 8 — nogaya McxoaHO 1 oTBOA DOWILTPOBAaHHOM BoIbI; 2 — GOKOBOIM Kap-

MaH; 3 — xkenoba; 4 — BO3AYIIHUK; 5, 6 — cioit dwibTpylolei (rmecok, Ke-

paM3uT) M ToAfepXUBatouieit (rpaBuit, ieGeHb) 3arpy3ku; 7 — pacipencnum-

TeabHasl OpeHaxHasi cucreMa; 9, 10 — mopaya U OTBOL HPOMBIBHO!
BOABI;, 11 — omopoxHeHue GUIBTPa

IMoanepxusaomuii cnoii (0,45—0,5 M), Ha KOTOPOM JIEKUT DUITb-
TPYIOIWIUM CNO#, YKIAABIBAIOT C UEbI0, YTOOBl MENKUN GWILTPY-
IOLIUI MaTepras He BBIMBIBAJICS U3 (PUIIBTPYIOLIETO CJI0OST M HE YHO-
CWICST BMeCTe C (pUITBTpYEeMOit BOJIOI Yepe3 OTBEPCTUS pacTipenesiu-
TenbHOU cucreMbl. IlommepxuBatounii cioif, B CBOIO ouepenb,
COCTOUT M3 CJIOEB FpaBUS WIM 1IeOHST pa3HOil KPYTTHOCTH, YBEIUIM-
Batonieiicss cBepxy BHU3 OT 2—5 mo 20—40 Mm. TonumHa Kaxmoro
CJIOsI TaKXe YBEJIMYMBACTCS CBEpXYy BHU3. HenoctatkoM momnepxu-
BAIOILIMX CJIOEB SABJSIETCSI BOBMOXHOCTD UX CMEIIEHHSI TIPU MTPOMBIB-
K€, 4TO HapyuaeT padoty GpunbTpa.
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PacnpenennrensHasi WM ApPeHAXKHAA CHCTEMa SIBJISIETCS BaXXHBIM
aneMeHToM uabTpa. OHa DO/KHA COGHMPATh U OTBOAUTH MPOGUITB-
TPOBaHHYIO Boay 0e3 BbIHOCA 3epeH (UABTPYIOIIEro MaTepuana,
a TIpH TIPOMBIBKE — PaBHOMEPHO pacrpenessiTh MTPOMBIBHYIO BOIY
o Tiomaay punbrpa. s cKopbiX (GUIBTPOB MPUMEHSIOT pacIipe-
JIETUTENbHbIE CUCTEMBI OOJTBLIIOTO COMPOTHBIEHUSI. PaBHOMEPHOCTD
pacrnipefieieHUsI MPOMBIBHOM BOJBI MO TJIOUIAAM B TAKMX CUCTEMAX
JIOCTUTAETCST BCJIENICTBHE OOJBIIOTO COMPOTUBJIEHUS IBUXEHHUIO
BOJIBI Uepe3 MPOXOAHBIE OTBEPCTHUSI.

HanbGonee pacnpoctpaHeHbl TpyOUuaThle pacnpeaeauTeIbHbIe CH-
CTEMbl — YYTYHHbIE, MOJIMMEPHbIE MJIM CTaJIbHBIE TPYOBI C OTBEP-
ctusiMu 10—12 MM, yKnanbiBaeMble MapajuleIbHO Ha PacCTOSTHUU
0,25—-0,35 M ApyT OT Apyra Ha HUXHUX CJIOSIX TPAaBUS U TIPUCOEIM -
HSIEMBIE K KOJUIEKTOpY (Tpybe GOabUIOro nuaMeTpa) Wid KaHany,
pacrnoyioXXeHHOMY B cepellMHe MHUINA (HUIbTpa NapaieabHO €Tro
IUTMHHOM cTopoHe (cM. puc. 5.19). OTBepcTHs B Tpybax pacrosara-
I0TCSI BEPTUKAJIBHO WJIM B IIaXMaTHOM IOPSIAKE CHU3Y IO YIJIOM
45 rpan x Beptukanu., O6mas riomanabk OTBEPCTHH JOIKHA COCTaB-
nartb 0,25—0,3 % miowann GpuasTpa.

B nocnenHue rompl pa3paboTaHO MHOTO HOBBIX KOHCTPYKIIM
pacripeAeTUTENbHBIX ycTpoiicTB. M3 HUX Haubosblllee pacpocTpa-
HEHHUE TIOJYYWIU IIeJEBble M KOJIMAYKOBBIE CHUCTEMBI, CUCTEMBI
C TIPUMEHEHUEM TIOPUCTHIX KEPAMUYECKNX MM OCTOHHBIX IUIMT.
BospiiuM TOCTOMHCTBOM 3THUX KOHCTPYKIIMU SIBJIIETCSI TO, YTO OHU
JTAIOT BO3MOXHOCTh OTKAa3aThCsl OT MOANEPXKUBAIOLINUX CIOEB, OJ1aro-
apst 4eMy YMEHbBIUAETCS BBICOTa M, CIE€I0BaTeJbHO, CTOMMOCTh
bunpTpa; KpoMe TOro, yCTpaHSIETCSI ONTACHOCTh HEPaBHOMEPHOTO
pacrpeneseHusT BOAbI M3-3a CMEIIEHHUS TOAACPXKUBAIOIINX CIIOEB
TP TIPOMBIBKE.

Illenesoe pacnpedeaumenvroe ycmpolticmeo TIPENCTaBISIET COOOM
CHCTEMY TPYO CO LIETAMU WIHN JIOXHOE 1eneBoe aHo. IlIupuHa 1e-
Jieit monxHa OblTh Ha 0,1 MM MeHblIE pa3Mepa caMOW MeENKOH
dbpakuum 3arpy3ku. nst TpyG4yaToro ueneBoro ApeHaxa cienyeT
MPUMEHSTH TPYObl U3 HepXaBewlneit ctanu aubo MOJUATUIICHA.
Ilenun pacriosaraioTcsi paBHOMEPHO MOTEPEK OCHU MO MEPUMETPY
TpyOBbl He MeHee YeM B 2 psijia Ha pacCTOTHUU He MeHee 20 MM ApyT
oT apyra. O6ast ruiomans meneit cocrapnset 1,5—2 % miomanu
dunbTpa.

Konnaukosas pacnpedeaumenshas cucmema MOHTUDPYETCS B Ipe-
HaXHOM (JIOXKHOM) THE WJTM Ha pacnpeneUTEIbHBIX Tpybax U3 pac-
yeta 35—50 KonmaukoB Ha 1 M2 muomanu ¢GpuasTpa. BeIMycKaoT
KOJIMAYKH IBYX BUIOB: meseBblie mactMaccoBbie (BTU-K) u dap-
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¢oposeie (BTU) nnn nopucteie. CKOPOCTh ABMXKEHUS BOABI WIU
BOJIOBO3IYIIHON CMECH B IIENSX KOJMAYKOB MMPUHUMAIOT He MEHEe
1,5 M/c. Ob1ast ruromaas MPOXOAHBIX OTBEPCTUI BCEX KOJIMTAYKOB
nomxHa cocrasnsate 0,8—1,0 % pa6oueil niowanu buIbTpa.

PacnipeaenurtebHasT CUCTEMA U3 HOPUCMbIX COOPHBIX Kepamudec-
Kux, noaumepOemoHHbIX Ul 6emoHHbIX naum, ycTpanBaeMmasi B BUIE
IMPOMEXYTOUYHOTO JHMINA, HEe 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-
11I€ pa3MEePOB MYCTOT B (PUIIBTPYIOIIEM CJIO€ TIPU CPeTHEM TUaAMET-
pe 3epeH mecka 0,75 mM. [ToaToMy 3arpsi3HeHHS, TTPOLICOIINE Yepe3
duILTpYIOIIMI CII0i, TPOXOAAT U Yepe3 MOPUCTHIM ApeHax, MpaK-
THYECKHU He 3arpsi3Hss ero. [TauThl M3roTaBiInBalOT U3 MOPUCTOTO
6eToHa M moauMepOeToHa COOPHEIMM, peXe MOHOJIUTHBIMU. 3aMe-
HY TUTAT ITPOU3BOANAT Yepe3 7—8 JieT.

MHTEHCUBHOCTL MMPOMBIBKM CKOPHIX (DWILTPOB NMPUHUMAETCS
B 3aBUCHMMOCTH OT TPeOYyeMOT0 OTHOCUTEILHOTO PaclIMpeHus, TUIIA
3arpy3Kku, TeMIepaTypsl Boasl U cocrasnsieT 12—18 51/(c - M2). TIpo-
JIOJIKUTEIBHOCTh TTPOMBIBKM 6—10 MUH.,

TTomepeyHoe ceyeHUe 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
npunpaetca ykioH 0,01 mo xony nBuxkeHUst Boabl. COOpHBIE XKeJO-
0a MOXHO M3roTaBIMBaTh U3 XeJie300eToHa, MeTalyla UM CTEKJIO-
TIacTHKa.

Bona nonaercst Ha MPOMBIBKY CIIeLIMAJIBHBIM TTPOMBIBHBIM HAacoO-
COM M3 pe3epByapa YMCTOI BOABI MIIM M3 KaHalla Tipo¢GUIbTPOBAH-
HOI Boabl. MOXHO momaBaTh BOLY M CAMOTEKOM M3 CITELUAIBHO
YCTaHOBJIEHHOTO Ha TpeOyemoii BLICOTE TPOMBIBHOro 6aka WU
npoMbIBHO# GamrHu. O6beM 6aka JoKeH OBITh pacCYMTaH Ha JIBe
TIPOMBIBKM (TTpY TTPOMBIBKE OJHOTO (DMJIBTPA) UM HA TPU MPOMEIB-
KU (TIpU OTHOBPEMEHHOM MPOMBIBKE OBYX (DPUITETPOB).

I1pu peareHTHOM YMSTYEHHH BOIBI WJIM PeareHTHOM 00e3XeNIe3u-
BaHUU Hapsily ¢ OOBIYHONW MPOMBIBKOM 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,
Hanopom 0,3—0,4 MIla nonaercst Boma. CKOpOCTb B MOABOASIIINX
Tpybax 2,5—3 M/c, cCKOpoCTh BbIX0OIa BOABI M3 oTBepcTHii 8—10 M/c,
WHTEHCUBHOCTb ITPOMBIBKU 3—4 j1/(C - M2).

TeopeTHyeckre OCHOBBI OYMCTKH BOIBI (DUILTPOBAHUEM Yepe3
3epHUCTbIE MaTepHaJbl paccMaTpUBaIMCh MHOTUMM HcClieoBaTe -
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mu. Haubonbiiee npusHaHue nojyyuna teopust .M. Munia. Ona
3KCMEePUMEHTAJIBHO MOATBEPXKIEeHA U oBeeHa 10 NMPaKTHIECKOTo
WCITOJTb30BaHUS.

IIpu punbTpOBaHUM BOIBI Yepe3 CJIOM 3epHUCTOTO MaTepuana
B 3aBUCUMOCTH OT 3apsiia U COOTHOUIEHUS pa3MepoB TMpUMeceit
BOJBI Y 3epeH QWIBTPYIOLLEH 3arpy3Ky MOTYT HaOII0AaThCS Ceay-
IollIMe BUAB QUIBTPOBAHUS: 3aAepKaHe TpuMeceil Ha TTOBEPXHO-
cti punbTpyiolero cios (rieHouyHoe (GUILTPOBaHUE); 3aepXKaHue
npuMeceit B mopax ¢puiabTpytouiero cjaosd (o6beMHoe QUIBTPOBa-
HHE); OMHOBPEMEHHOE OOpa3oBaHNe MPHMECSMH TIJIEHKH U UX OT-
JIOXKEHHUE B TTOPAxX 3arpy3KH.

B GOABIIMHCTBE CTy4aeB Ha COBPEMEHHBIX (DMIIBTPaX IIEHKA He
0o0pasyeTcst U MpUMecH BMECTE C BOIOW NMPOHUKAIOT B TOJIIY DUITh-
TPYIOILIETO CJIOSI, TIPY 3TOM IJIyOMHA TPOHUKHOBEHUS 3arps3HEHUI
B TOJIIILY 3arpy3KH TeM 0oJibllie, 4yeM 0oJblie CKOpOCTh GUIIBTPOBA-
HUs1, KpYITHee 3epHa (QWIBTPYIOIIETO CJIOSt U MEHbIIe pa3Mepsl da-
CTHII B3BECH, U3BJIeKaeMble U3 BOJIbl. B 0OCHOBE 00BEMHOTO PUITBT-
POBaHMUS JIEXHUT MPEIBAPUTETLHOE KOAryJIMpOBaHUE TTpuMeceil BOIbI
C LEJbI0 YMEHBIICHUS U JMKBUIALUMU UX 3apsaa. Tak Kak Tpu
OOBIYHEIX 3HaYeHUssX pH HcXomHOU BOIBI NMOBEPXHOCTh 3€pPEH
bunbTpyIONIETO MaTepyUalia M YaCTULIBI IIpUMeceit BOObI HECYT OTPU-
LIaTeJIbHBIA 3apsil, B3BECh B MOpaxX (WILTPYIOUIETO CJIOST 3a€PXKU-
BaeTco IIOXO.

Ha myieHouHOM (pMIBTPOBAaHUM OCHOBaHa paboTa MeIJIEHHBIX
GuUIbTPOB. BTO MPOLECC YUCTO MEXAHMYECKOTO0 U3BJICUEHHS M3
BOIBI JUCTIEPTUPOBAHHBIX IIPUMECEH,

B texHomorun 06paboTKU BOABI HApSily CO CKOPBIMU (UIBTpaA-
MU HIMPOKO NMPUMEHSIOT KOHTaKTHBIE GUIbTphl (KD), nByxmoroy-
Hble AByXciioiiHble GuiabTphl (1 ®P) 1 KapKacHO-3aCBhIITHEIE CKOPBIE
buabTpEL. BTO GWIETPHI 6OMBIION rpsideeMKOCTH. Iloa rpsizeeMKo-
CThIO TIOJPa3yMeBAalOT KOJIMYECTBO 3arpsi3HeHUM, 3aJepKaHHBIX
duneTpytoniei 3arpy3koit B reyeHue GuabTpouukia (T. €. oT mpo-
MBIBKM 10 TIPOMBIBKH), OTHECEHHOE K eIMHULE TUIolanu GpuabTpo-
BaHUS.

Konmaxkmuoie ghunompuotr (puc. 5.20, a), pabora KOTOPbIX OCHOBaHa
Ha KOHTAKTHOU KOoaryJsiliuu, IPUMEHSIIOT B TIPAMOTOYHBIX OTHOCTY-
TIEHYaTBIX CXeMaX OYUCTKM BOABI MPHU €€ MYTHOCTH mgo 60 mr/i
u uBetHoctH 10 150 rpan. 3arpyska Kd-5 TpexcioitHasi, BepXHUi
cJIoi — U3 Kepam3uTa (pa3Mep yacTuu 3—5 MM), CpelHUH — U3 aH-
TpaumTta (pasMep 2—3 MM), HIXKHUI — U3 KBaplLEBOro fecka (pas-
mep 0,6—1,0 mm). TomuuHa kaxmoro ciosa 0,5 M. McxonHast Bona,
CMeIIaHHAas ¢ peareHTaMU, MOCTYTIaeT B HAA3arpy304HOe MPOCTpaH-
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CTBO MO clelHaJIbHOM nepdopUpoBaHHON TpyOUaTOi pacripeneu-
TEJIBHOI CUCTEME, PacIoIoKEHHOM Ha 5—10 cM BbIllle MOBEPXHOCTU
3arpy3kM, 4YTO NpenNoTBpallaeT obpa3oBaHMe xJionbeB. CKOpOCTh
¢unerpoBaHus 10 10 M/4. IIpoMbIBKY ocylecTBasioT nopayei 90 %
Boabl B TTomnoH 1 10 % B pacnpeleTUTEIbHYIO CUCTEMY.
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Puc. 5.20. Cxema ycrpoiictsa ¢puabrpa KD-5 (a) u AAD (6):
1 — nopnoH; 2 — pacnpelnenuTebHas CUCTEMA B BUJE JIOXKHOIO AHA U3
nopucroro 6eToHa; 3, 4, 5 — cnou OUILTPYIOLLEit 3arpy3KH COOTBETCTBEH-
HO M3 KBapleBOro rMnecka, APOOJEHOro aHTpaluTa M KepaM3UTOBOM
KpoIKU; 6, 13 — OTBOA W rojxaya MpOMbIBHOM BOIbI, 7 — GOKOBOM Kap-
MaH; & — ypoBeHb BOAbI Npu bunbTpoBanuu; 9 — xesnod; /0 — Bomopac-
npefenuTebHas cucteMa u3 nepdopupoBaHHBIX TPYO; 1/ — BBOI peareH-
TOB; 12 — nogaya vcxonHoit Boasl; 14 — orBox ¢puisTpaTa; 15 — BO3mylI-
HUK; 16 — nepenyck 70 % wMcxomHOW BOAbl Ha (PUWILTPOBAHHME CHU3Y
BBepx; 17, 18 — cpenHee U HUXHee oTaeseHUs: GOKOBOro KapMana; 19 —
11eeBask MOAUITUIIEHOBAS APeHAXHAas CUCTeMa

DQuavmpor JIID (cM. puc. 5.20, 6) UMeIOT ABa €10 HaIApEHAX-
Ho# dunbrpytomeit 3arpy3ku. CKopocTh (GDHIBTPOBAHUS 10 25 M/4.

B cxemax TeXHHYECKOTO BOJOCHAOXEHHMS PacIpoCTPaHEHHE TT0-
JIYYUIIU KapKacHO-3aCBhIMHbIE (DUIBTPEI M HAIIOPHBIE CBEPXCKOPO-
CTHBIE OCBeT/UTeNbHbIe GUIbTpel cucteMul I'.H. Huxudoposa.
Kapracno-3aceinnbie puaomper (pric. 5.21) UMeIOT 3arpy3Ky B BUIE
Kapkaca U3 rpaBUsl WIH LEOHS TOJUIMHOM 2 M U 3aCHITTKH U3 TieC-
Ka (KepaM3uTa, aHTpalluMTa, lIJIaKa) TONIIUHONM 1 M, 3amoJHSI-
Iollel 4acTh MOPOBOro nMpoctpaHcTBa. CKOPOCTh (MIBTPOBAHUS
no 20 Mm/4y. IIpoMbiBKa BomoBo3ayluHas. Duabmpsl cucmembl
I'H. Hukugopoéa GunbTpyoT Booy co ckopocThbio no 100 M/4.
@uUabTp NpeAcTaBiIsAeT CO60H HMIMHAPHUYECKHI KOPITYC ¢ KPYTJIOi
KaMepoif BHyTpU. [IpocTpaHcTBO MeXy 3TUMHU LIMIIMHAPAMU pas-
JIEJIEHO BEPTUKAJIBHBIMU TIEPETOPOAKAMH HAa BOCEMb OTCEKOB —
(UNbLTPOB € NMecYaHO-TpaBUMHOM 3arpy3koii. B paboTe HaxoasTCs
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ceMb OTCEKOB, a OOMH — Ha NPOMEBIBKE. I1pOHOIXKNTETBLHOCTD
¢unpTpOUMKIIA B KaXIOM OTCEKE He IMPEBBIIIAET OMHOTO—ABYX Ya-
COB. YUUTBIBAS, YTO MPOU3BOANTENBHOCTD (PUIBTPA JINUMUTHUDYET-
cs ero pa3mMepaMu U Ipu auameTpe 3 M He npesbimaer 150 mM3/4,
I'.H. Huku¢opoB npemtoxut 6aTapeifHbINH THIT CBEPXCKOPOCTHEBIX
HAMmOPHBIX (UIBTPOB C aBTOMATHYECKOIl CHUCTEMOM ITPOMBIBKH.
Bce ¢dunbTphl, BXonsiune B 610K, CBSI3aHBI €UHBIM THIPABINYEC-
KHM PEXHUMOM.

§
*é 7

Puc. 5.21. Cxema ycTpoiicTBA KapKacHO-3aChIIHOTO CKOPOro ¢puabTpa:
1, 2 — Bomo- U BO3MyXOpaclpeneanTebHbIE CUCTEMBI;, 3 — IecyaHasl 3a-
CBhIITKa B MEXTPaBUIHOM IPOCTPAHCTBE; 4 — rpaBUIHBII KapKac, 5 — TpyO-
yarasi nepopupoBaHHasi CHCTEMa pacnpeacIeHUsT UICXOOHOI U cbopa mpo-
MBIBHO# BOIbI; 6 — Mojaya Bo3ayxa, 7 — GOKOBOit KapmaH; 8, 1] — noaa-
4ya MCXOOHOH W oTBOA (UIBTPOBaHHOI Bonbl; 9, 10 — OTBOA W mMomaya

TIPOMBIBHO BOIbL

B BOIONMOATOTOBKE TaKKE MPUMEHSIIOTCS HANOPHble CKopble pub-
mpur (puc. 5.22). CepHitHO BBIITyCKAaIOTCSI HAaNOPHbIE BEpTUKAJIbHBIC
buBTPE BOCBMM THUITOpa3MepoB (IuaMeTpoM oT 1 1o 3,4 M). Brico-
Ta GUIBTPYIOLLEH 3arpy3ku B (UIBTpaxX BCeX pa3MepoB NPHUHSTA
1,2 M. ITogaua ocBeTIEHHOM BOIBI U OTBOJ ITPOMBIBHOM OCYILIECTBIISI-
IOTCSI Yepe3 LEHTPaAJIbHO PACTOJIOKEHHYIO BOPOHKY, OOpalieHHYIO
IIMPOKUM KOHLIOM KBEDPXY, WJIH KOJNBIIEBOU MepchOpUPOBAHHEII TPY-
6omnpoBoa. OuabTp He UMeeT NMOAAEPKUBAIOLINX CIOEB, a (PUIBTPY-
IO MaTepUasT pacrosiaraeTcsi HeroCpeACTBEHHO Ha KOJITAYKOBOM
WJIH 1IeJIeBOM apeHaxe. IIpoMBIBKa 3arpy3Ku ITpeIyCMOTpeHa BOMO-
BO3MYIIHAS, VI Yero GUIIBTP CHAGXeEH CIeUaTbHOMN pacrpenesn-
TeJILHOM CUCTEMOI1 JUIS TToaYr BO BpeMsI TIPOMBIBKU CXXAaTOTO BO3MY-
xa. DTa pacmpelenuTeNbHas CUCTeMa pacriojiaraercs B (hWibTpy-
folleil 3arpy3ke GuabTpa. 3arpy3ka ¢GpuiabTpa MPOU3BOIUTCS Yepe3
BePXHUIA j1a3. 1t TMApaBIMYecKOil BRITPY3KH (DUITBTPYIONLIEi 3arpy3-
KU TIPETyCMOTPEH CHEIMAaIbHBIN pa3rpy304HbIN IUTYIIED.
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Puc. 5.22. BeprukajibHblii HAanopHbiii cKoOpblii ¢uiabTp (a) ¢ KepaM3HTOM
(necuanoif) u (6) NEHOMOJHCTHPOILHO 3arpy3Koii:

1, 5 — momaya ucxoaHo# BOObI U OTBOA GWIbTpaTa; 2 — NMpo6OOTOOPHUKH;
3, 7 — nmomaya ¥ OTBOJ MPOMBIBHO# BOABI; 4 — JIIOKK; 6 — cOpOC MepBoro
¢unbTpaTa U OMOPOXHEHHE; & — pacnpeaesuTeabHas (IpeHaXHas) CUCTe-
Ma; 9 — BoanyxopacnpeneauTesabHas cuctema; 10 — GunbTpylomas 3arpys-
Ka; 11 — pacrnipegenuTesibHasi BOpOHKA; /2 — mojaya Bo3nyxa; 13 — dwib-
TpyIOLLas 3arpy3Ka U3 BCIIEHEHHOTO MOJIMCTUPONa; /4 — ceTyaThie 3NIeMEeH-
Tl JApeHaxa;, 15 — TtpybGuarass cucreMa cbGopa NPOMBIBHOI BOIBI



HaunGonpuinit nmamMerp HanopHoro ¢puibkTpa U3 ycJaoBUit yno6-
CTBa MEPEBO3KH XeJIE3HOAOPOXHBIM TPAHCITOPTOM MPUHAT 3,4 M,
uibTpyloLIas 1mIomank Takoro ¢uasTpa cocrasiser 7,1 m2. Ilo-
3TOMY NpPU 3HAYUTEJIBHOM TPOU3BOIUTEIILHOCTH BOLOOYHUCTHOIM
CTAaHIUU TIPUXOOUTCSA TMPUHUMATH OOJILIIOE YUCIO (PUIBTPOB
W apMaTyphl, B CBSA3M C YeM YIOPOKAETCSI CTPOUTEILCTBO U YCITOX-~
HsIeTCa aKcIutyatauus ¢uibTpoB. YHcio GUIBTPOB MOXET OBITh
COKpalleHO MTPUMEPHO B 4 pa3a IMpU YCTaHOBKE TOPU3OHTATbHBIX
HaTNOPHBIX (GWIBTPOB, TUIOMAAb (PUITBTPOBAHUS KOTOPBIX COCTAB-
aser 28—30 M2, WM BEPTUKAIBHBIX ABYX- WIH TPEXKaMEPHBIX
GUNBTPOB.

Hcnonb3oBaHue GUIBTPOB C TUIaBalolieil MOTUMEPHON 3arpy3-
kol (PI13) (cM. puc. 5.22, 6) apiseTcss OMHUM U3 TTyTe UHTEHCH -
¢ukaluu npouecca GUWITPOBAHUS MPUPOAHBIX Boa. Kak nmokaszaimm
uccnenoBanust M.I'. 2Kyp6bl, Haubosiee TIepCIIEKTUBHBIMU SIBJISTIOT-
Csl TpaHyJIbl BCIIEHEHHOTO MoJiMcTUposia. [Ipu 3aMeHe TSKeNbIX
GUIBTPYIOLIMX 3arpy30K IUIABAIOIIUMHU CYIIECTBEHHO U3MEHSETCS
TEXHOJIOTHUS (PUIIBTPOBAHUS BOABI, YBEJIMUUBAIOTCS HOMYCTUMBIE IO
CpPaBHEHUIO C KBaplieBbIMU (DUIBTPaMHU KOHIIEHTPALIUS B3BECH B UC-
XOIHOM BOMIE U CKOPOCTh QHJIBTPOBAHUS, 3HAYUTEJILHO YIPOIIACT-
csl OTMBIBKA 3arpy3Ku, OTHaaaeT HeOOXOAUMOCTh B YCTAHOBKE TPO-
MBIBHBIX HACOCOB U CIIEUATIBHBIX EMKOCTE! ISt TPOMBIBHOM BOIbI.
YcraHOBJIEHO, UTO TpaHyJIbl MOJIUCTUPOJIa 00J1afaloT 60Jiee BRICOKH -
MM aAre3OHHBIMM M BJIEKTPOKUHETUYECKUMM CBOWCTBAMHU IO
CpPaBHEHMIO C 3epHaMHU TecKa U UX MPUMEHEHUE UHTEHCUDULUPY-
eT Npoliecc (pUIBTPOBAHUS B 1IEJIOM.

Pa3HOBUIHOCTBIO (DUIBTPOBANLHBIX ATIAPATOB SBJISIOTCS KOH-
makmHsle ocgemaumenu, paboTalOUINE TIO TIPUHIUITY (DUTBTPOBAHUS
BOIBI CHM3Y BBEpPX B HAaIpaBJIeHUM YOBIBAIOLLEl KPYMHOCTHU 3€peH
bunbTpyIOLIEH 3arpy3KH 6OJIBIION TOMIIUHBI (pUc. 5.23).

ITpu Bomoo6paboTKe Ha KOHTAaKTHBIX ocBeTauTeax (KO) koary-
JISTHT BBOJSIT B BOJY HETOCPENCTBEHHO TEpe] €€ MOCTYIJIEHUEM
B 3arpy3Ky arapaToB, IIPOLIECC KOATY/ISILUU TPOUCXOIUT B €€ TOJI-
ue. 3a KOPOTKUH MTPOMEXYTOK BPEMECHU OT MOMEHTA BBEelleHHUSI KO-
aryJsiHTa 10 Hayajia (pUJbTpOBaHMUS B BOJE MOTYT 00pa3oBaThCs
JIMIIb MUKPOArperaThbl KOaryIMpyoumux yactull. JlanbHeiuas ario-
Mepalus mpuMeceit TPOUCXOIUT He B CBOOOAHOM 00BEME BOIBI,
a Ha 3epHax 3arpy3ku KQO; yacTuilbl ancopOMpyoTCsl Ha MOBEPXHO-
CTU 3epeH, 00pa3ys OTIOXECHUS XapaKTepHOM IS TejisT CeTYaToi
CTpYKTYypbl. Takoi npouecc SIBASICTCS KOHMAaKmHOU Koazyaayueil,
YTO 0OYCIIOBJIMBAETCS KOHTAKTOM BOJBI, COIepXalleil Koaryiaupo-
BaHHEBIE TIPUMECH, C TTOBEPXHOCTBIO 3¢peH KOHTAKTHOM 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 (bunsTpara; 2, & —
HUXHEE U BEPXHEe OTHENIeHHUs LIeHTPAJIBHOTO KaHaja;, 3 — nepdopupo-
BaHHasl pacrpeiciuTesibHasg CUCTEMa C 3allUTHBIMM KO3bIpbKaMH, 4 —
¢unbTpyrouas 3arpyska; 5 — BomocGoOpHbIe Xejioba; 6 — OTBOI IPOMBIB-
HOH Bonbl; 9 — BO3AYWIHHK; /0 — romaya NMpoMbIBHO# Boabl; 1] — noaa-
4ya BO31yxa MpH NpoMbiBKe; 12, 13 — BO3MyX0- W BomopachnpeneauTebHas
CUCTEMBI; /4 — CTpyeHanpaBJsIOWIMIA BHIYCK; 15 — MecKoy/aBiInBaloLInii
xeno6; /6 — 60KOBOI KapMaH

Kak mokasanu ucciieqoBaHMs M IpakTHKa, MPOLECC KOHTAKTHOM
KOaryJsiuMu vaeT ¢ 6oJbllieid MoJIHOTO U BO MHOTO pa3 OwIcTpee,
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yeM KOHBEKTUBHOI Koarymiasiuuu B o0beMe; J03a KoaryJsiHTa, Kak
MpaBUJIO, MEHbILIE, YEM 1033, HEOOXOAMMAsT TS KOAaryJlupoBaHUs
npuMeceil B CBOOOAHOM oObeMe. sl rnmpoTeKaHus npouecca KoH-
TaKTHOM KOoaryJsiuMM HeobXoaMMO BBECTH B BOIY TaKyIO 103y KOa-
TYJISIHTA, TIPU KOTOPO# YacTHLbI MPUMECE TepsiIOT CBOIO arpera-
TUBHYIO YCTOMYMBOCTb U MPUJIUNAIOT K MOBEPXHOCTH 3€PEH KOH-
TakTHOI Maccel. Takue Mo3bl OOBIYHO HENOCTATOUYHBI AJIST TOTO,
yTtoObl 00€ecreynuTh ObICTpoe xJionbeoOpa3zoBaHUWe B CBOOOAHOM
o0beMe C MOJTyYeHUEM TSIXKEbIX, XOPOUIO JeKAHTUPYIOUIUX XJIOIb-
eB. KpoMe Toro, npy KOHTaKTHOM KOaryJsiliMu Ha Mpoliecc MouTH
He BJIMSIIOT TeMIlepaTypa BOIbl U €€ aHMOHHBIH COCTaB, Hajqu4ue
rpybonycrnepcHbIX B3Bece U ee 1ejouHoCcTh, OTnanaeT HeooXonu-
MOCTb B NepeMelIMBaHMU BOJBI 151 obecrieyeHUsl MpoTeKaHus op-
TOKMHETUYECKO (ha3bl koarynmupoBaHus npumMeceit. OnHako ObICT-
pOTa ¥ paBHOMEPHOCTb pacnpelefieHUs KoaryJasiHTa B obpabarbiBa-
MO BoJie UMEIOT pelliatolliee 3HaYeHHUE.

bnarogapst 3ToMy B yCl0BHSIX 06pabOTKHU MaJIOMYTHbBIX LIBETHBIX
Bojg KO BecbMa ymauyHoO 3aMEHSIIOT OOBIYHYIO ABYXCTYMNEHYATYIO
OYMCTKY BOJBI, oOecrieynBasi BICOKUI 3¢ GeKT ocBeT/IEHUs U obec-
LIBEYMBAHUS TIPU ONHOBPEMEHHOM CHUXEHUU CTOMMOCTHU CTPOM-
TENbCTBA M DKCIUTYyaTallMM OYMCTHBIX coopyXeHui. Ha Bogoouucr-
HbIX KoMIuTekcax ¢ KO HeobGxonMMo npeaycMaTpuBaTh 6apabaHHbIE
CHUTA UM MUKPODUIBTPHI, a TAKKE BEPTUKAJIBHBIN CMECUTEND IJIST
BO3IYXOOTAEJIEHUSI U CMEILIEHUSI peareHTOB ¢ Boaoi. Mukpogmib-
Tpbl U 6apabaHHBIE CUTA pacroyiaraloT OObIYHO Hald CMECHUTEJIEM
WM BXOAHOU KaMepoil.

IIpu ucronb30BaHUM KOHTAaKTHBIX OCBETJIUTEJIEH OCHOBHAsI Mac-
ca MpuUMecer BOJBI 3a1€PKUBACTCS B HUXHUX KPYMHO3EPHUCTBIX
CJI0SIX, XapaKTepU3YIOLIUXCST OOJIbIIOI TPSI3EEMKOCTBIO, YTO YMEHb-
LIaeT TEMIT TIpUpOCTa MmoTepy Hanopa. CHUXEHUE TeMIa MpUpocTa
MOTepU Hamnopa U yBEJUYEHUE TPONOJKUTEIbHOCTH 3aUIUTHOTO
NIEMCTBUS 3arpy3KH BCACACTBUE OOJIBLIONA BBICOTHI CJIOST MTO3BOJISIIOT
ouyuiath Ha KO Bomy ¢ conepxXkaHueM B3BECH, 3HAYUTECIBHO MPEBbI-
HIAIOIMM OOBIYHO JOMYCTHMOE IJIsT cKopbix (huibTpoB. CKOpbIe
¢GunbTpbl MOTYT paboTaTh HOPMAaJIbHO, €CJIU CONCPXAaHUEC B3BECHU
B IIOCTYTAONIEH Ha HUX Boae cocTaBisieT 5S—15 mr/n. KoHTakTHbIe
K€ OCBETJMTENM pabOoTaloT HOPMAaJabHO IIpU colepKaHUU B3BECHU
B oyuinaeMoii Bone no 120 mr/n u ee uBetHoctH 120 rpan.

PacnipenenurenbHasi CMCTEMa KOHTAKTHOTO OCBCTJIMTEISI TpyOUua-
Tasi, 0OJIBLLIOTO COMPOTUBJIEHUS], C MOJIEPXKUBAIOLIUMU CIIOSIMU WK
6e3 Hux.
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KOHTaKTHBIE OCBET/IUTENIN PEKOMEHIYETCS UCTIOB30BaTh O€3 Moj-
JIEPXKUBAIOLINX CJIOEB NPH NPOMBIBKE BOAOM U C MOANEPKUBAIOLIUMU
CJIOSIMM TIPU BOZOBO3AYIIHOM MPOMBIBKE. Pa3paboTaHsl TpU MOIENU
KO. Ocpernutens KO-1 (puc. 5.23, a) npencrasisier co6oii pe3epBy-
ap, 3arnoJIHEHHBIHN 3arpy3Koil M3 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 CJIOS TTECKa OKO-
Jio 2 M. I'paBuitHBIE C/IOM pacronaraioT MOoA NMecYaHoi 3arpy3Koii Ha
JIHe KOHTAKTHOTO OCBETIMTENSA, OHU UMEIOT 001Iyto Tommuuny 0,6—
0,8 M. PekoMeHmyeMast BRICOTa U KPYITHOCTD TTeCYaHbIX U T'PaBUAHBIX
crnoes npuBeneHbl B CHulT 2.04.02-84". PacueTHy0 CKOPOCTb (DUITb-
tpoBaHust st KO-1 npunumaior 4,0—5,5 M/4. OuuizaeMyio Boay
TIpEIBAPUTENBHO CMEILUBAIOT C KOATyJIsTHTOM M BBOJISAT B 3arpy3Ky C
TIOMOMHIBIO pacHpeneUTeIbHON CUCTeMBI U3 ObIpYaThIX TPYO, yio-
XKEHHBIX Ha JHE B cjioe meakoro rpaBus (2—10 mm). Pacrnipenenu-
TeJIbHAs CUCTEMA CJTYKUT U JUTS TToa4M 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 MTPOMBIBHASI, OTBOJIUTCS C TIOMOIIIBIO XKeJI0O0B, pacroJio-
SKEHHBIX HaJl TIECKOM.

B 6e3rpaBuiinbeix KO-1, mpoMbIBaeMBIX BOJIOI, YCTpanBaloT Oe3-
TPaBUHHYIO TPYOUaTyIO pacrpeAeSTUTEEHYI0 CUCTEMY C NMPUBapeH-
HBIMU BIOJIb ABIPYATHIX TPyO GOKOBBIMM IITOPKAMU, MEXIY KOTO-
PBIMU TIPUBAapUBAIOT MMOMEpeYHbIe TepPeropoaKH, pasaelsiolme
noaTpybHOoe nmpocTpaHCTBO Ha sueiiku. KO-3 (puc. 5.23, 6) c moxn-
JNEPXKUBAIOIIUMH CJIOSAMHU M BOJOBO3AYIIHONH MPOMBIBKOH HMEET
TpyOUaThle paclpenesMTeIbHble CUCTEMBI TSI TIOAaYM BOJBI U BO3-
JlyXxa U CUCTEMY TOPU3OHTAJILHOTO OTBOJA MMPOMBIBHOM BOJEI.

Pabora medaennovix uaompoe (M®D) ocHOBaHa Ha TIPUHIIMIIE
MJIEHOYHOTO (UIbTpOBaHUs. B Havane punbTpoUMKIIa Ha MTOBEPX-
HOCTH QUJIBTPYIOILETO CJiost 06pasyeTcs U3 3aiepXKaHHBIX TIPUMeceit
Bonbl GUIBTPYIOLIAs MJIEHKA, TPOHMILIAeMas Ui BOAbl U HEITPOHU-
Laemas Uil €€ IMCNIEpTMPOBaHHBIX 3arpsa3HeHuil. B oOpa3oBaBieii-
Csl TUIEHKE MHTEHCUBHO pa3BUBAIOTCS pa3fiMyHble 6akrepun. O6pa-
GaTeiBacMasi BoJa NMPOMUILTPOBLIBAETCS YEPE3 TUIEHKY, TIPH 3TOM
M3 HEe U3BJIEKAIOTCS B3BEIIEHHBIE M YACTUYHO KOJIOMIHBIE 3arpsi3-
HeHHUs U 10 99,9 % GakTepmii, T. €. IPOLECC YUCTO MEXAHUIECKHIA.
OTUM OCTUTAETCA BBICOKasl CTENEHb OCBETJIEHUS U 06e33apaXuBa-
HUS BOJBI.

MenneHHbl GUALTD (puc. 5.24) — OTKPHITHI pe3epByap, Ha
JIHE KOTOpPOTO HAxXOAWTCH npeHax (M3 AbIpYaThiX TPYO, KUpHUYEH,
GETOHHBIX TUIUTOK, YJIOXEHHBIX ¢ po3opaMu). Ham npeHaxeM pas-
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MelleH TTOIAepXUBAIOUIUI CIoi ToNIIHMHOM 350 MM U3 rpaBUsl, WU
TaJdbK¥, WM 1IeOHST KpynmHOCThI0 2—40 MM, a Haj moaaepKuBa-
IOIIUM CJIOeM pacnofioxeH (uiIbTpyIolni cJioit TonmuHoi 850 MM
M3 XOPOIIO MPOMBITOTO Tecka KpyrnHocThio (0,3—2 mM. Croii Boabl
Haa ¢uiabTpylomei 3arpyskoit cocrasasier 1,2—1,5 M. CKopocTh
¢unprposanus 0,1-0,3 m/4.
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Puc. 5.24. Cxema mMeaneHnoro ¢GpuiabTpa:
1 — Tpyba 15 mogauyM UCXOMHOMN BOJBI; 2 — OCBETIIMTEbHAS IJIEHKA; 3 —
dbwnprpyloias 3arpyska; 4 — NMOpUCThIl OETOHHbBINA ApeHAaX; 5 — MOIIOH;
6 — TUAPABINYECKUIT PBIXJIINTENB; 7 — ToJavya MPOMBIBHOW BOIBI K PbIX-
nuremo; 8, 9 — otBon GWIBTPOBAHHOM U MPOMBIBHOI BOAbl;, /0 — 60KO-
Bble KapMaHbl ¢GuiabTpa; 1/ — BogoHenpoHullaeMas creHa; A U b — ypoB-
HM BOIbI COOTBETCTBEHHO NMPU (HUIBTPOBAHUH U TTPOMbBIBKE

IInenka cospeBaer B TeueHue 1—2 cyT. OUNBTPOUNKI MOXET
nocturath 1-2 MecsaieB. PereHepaiiust hVIBTPOB OCYHIECTBISIETCS
CO CHSITHMEM BepxHero cjios necka (1—2 cM) npu HeGOMBIIONR MyT-
Hoctu (M < 50 Mr/n) unu 6osiee COBEpIIEHHBLIM CITOCOOOM C MC-
MMOJIb30BAHUEM THUIPABIUYECKOrO PHIXJEHUST (DUIBTPYIOIIEH 3a-
TPY3KHM U CMBIBA 3arpsi3HEHUI B CTOK (Mpu OoJiee BLICOKOM MYTHO-
cru M <700 Mr/m).

Henoctatkamu M® gBasiioTcs UX 3HAYUTENbHAS CTPOUTETbHAS
CTOMMOCTb M GoJipllIas 3aHUMaeMasi TUTolalb, YTO THABHBIM 00pa-
30M ¥ CJIYXMUT NIPUYMHON OTKa3a OT NMPUMEHEHUS UX Ha KPYITHBIX
BOIOOYMCTHBIX KOMITJIeKcax. ITpocToTa 3KCIIyaTaluu 00yCIOBIH-
BAET 11€J1IeCO00Pa3HOCTh MX UCITOIB30BAHUS TPU HEOOJBILION TPOU3-
BOIUTE/NBHOCTH.

5.10. O6eszapaxnBaHue BoAbl

Ha 3akniounTebHOM 3Talle OYMCTKU BOJBI ST XO35ICTBEHHO-
NUTBCBBIX HY XX TTPOU3BOIAUTCSA €€ O6€333pa)KP[BaHI/IC, TaK KakK Inpu
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OCBETJIEHUUW U 00eCcLBeUMBAaHUM MPUPOTHOM BOIbI B HEH €1l OCTa-
forcs 5—10 % Gakrepuii, cpeay KOTOPBIX MOTYT OKa3aThCsl M MaTo-
reHHble 6aKTepUM M BUPYCHL. Mcrosb30BaHME MON3EMHOI BOJEI
B GOJILIIMHCTBE CJIy4aeB BO3MOXHO 0e3 obe33apaxuBaHusi. B tex-
HOJIOTMH BOJOMOATOTOBKH M3BECTEH psili METONOB 00e33apakuBa-
HUSL: mepmuyeckuii, xumuveckui, oaueoournamus (C TTOMOIIbIO 6J1aro-
PONHBIX METAJUIOB), gu3uyeckuii (C TOMOUIBIO YABTPa3ByKa, paguo-
aKTUBHOTO W3JydyeHUs, yabTpaduoneToBbIX Jydyeit). Haubonee
LIMPOKO UCITONIBb3YeTCS XUMHUYECKHIT crtoco0, MnpenycMaTpuBaloLInii
NIPpUMEHEHHUE CUJIBHBIX OKHUCIWUTENEH: XJlopa U €ro Mpou3BOAHBIX,
030Ha, TIEpEeKNCH BOAOPOa, MarpaHIIeBOKUCIIOTO Kajus, THTTOXJIO-
puTa HaTpust U KaiblMsa. Ha mpakTUKe MpearnoynuTaroT UCIOIb30-
BaTh XJIOpP, XJIOPHYIO U3BECTh, TMTTOXJIOPUT HATPHS, O30H.

Bre16op MeToma 3aBUCHT OT pacxoza M KayecTBa obpabaThiBaeMOii
BOIbI, 3(p(PEeKTUBHOCTH €€ OUYUCTKH, YCIIOBUIA MTOCTaBKU U XpaHEHMS
peareHToB, BO3MOXXHOCTH aBTOMAaTHU3allMM U MeXaHU3alluu TpyHO-
€MKHX paboT.

Xnopupoearue BOIbI SIBJASAETCS HalCXKHBIM CAHUTAPHO-TUTUEHU-
YeCKUM TPUEMOM MPeAOTBpAalIeHUS pacTipOCTpaHEHUS STTUIEMUIA,
TaK KaK OOJIbIIMHCTBO MAaTOTeHHBIX 0akTepuit (0auMIbBl OPIOIIHO-
ro Tu¢a, 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 SBJASIETCSI OMHUM U3 HEJOCTATKOB 3TOTO MeToda 0be33a-~
paxXUBaHHUS.

o3y akTUBHOTO XJjiopa IJjisi o6e33apakMBaHUsl yCTaHABIWBAIOT
Ha OCHOBAaHUM IAHHBIX TEXHOJOTHUYECKUX U3bICKaHMH. IIpu ux or-
CYTCTBUU IS TIpEABAPUTENBLHBIX PACYETOB N03Y MPUHUMAIOT ISt
TTOBEPXHOCTHBIX BOI Tocie (hUAbTpoBaHMST 2—3 MT/N, sl TIOA3EM-~
HbIX — 0,7—1,0 mr/m.

Xnopcoaepxalimue peareHTbl BBOIAT B TPYOOTIpOBOA (UIIBTPO-
BaHHO BOABI, a IJsS TIOA3EMHBIX BOM, He TPEOYIOIIMX OYUCTKH, —
repen pesepByapaMM 4YUCTOM Bonbl. KOHILIEHTpauMsi OCTaATOYHOTO
cBOOOMHOrO xjiopa B BOJe, 3abupaeMoil M3 pe3epByapa YHMCTOM
BOJbl, TOKHA OBITH B npeaenax 0,3—0,5 Mr/n, a cBA3aHHOTO XJIO-
pa — 0,8—1,2 Mr/n npu MUHUMAJIBHON TTPOAOIKUTETBHOCTH KOH-
TakTa cooTBeTcTBeHHO 30 M 60 MUH. [N KaueCcTBEHHOro XJIOPUPO-
BaHUsI HEOOXOAMMO TakXXe Xopolilee TepeMelniBaHue.

XoprpoBaHHUE BOABI OCYIIECTBISIOT XUAKUM (ra3o00pa3HbIM)
xsopoM. Ha BOIOOYHCTHBIX KOMILIEKCAX ¢ pacxomaoM a0 3000 m3/cyT
JIOTTyCKaeTcs TIPpUMEHEHUE XJIOPHON U3BECTH.
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Ipu muTocoBBIX TeMMepaTypax U aTMochepHOM NaBJIEHHH XJIOP
MpeacTaBisieT OO0 ra3 3eJIeHOBATO-XXEATOrO LBETA C YAYIIJTUBBIM
3aMaxoM W TIOTHOCTBIO, 3HAYUTENBHO GOJTbIIEH, YeM TUIOTHOCTH BO3-
nmyxa. I[1py MOBBbIILIEHUN OaBJCHUST XJIOP TIEPEXOIHUT B KUIKOE COCTO-
sIHHEe, B TAKOM BUIIE €ro NMepeBO3SAT U XPAHSAT B CMELIMAIbHBIX CTajlb-
HBIX eMKocTaX (npu gaenennu 0,6—1,0 MITa). Xnop mocTasnsercs
B 0aJUTOHaxX IBYX TUMOB BMecTHUMOCTBIO 10 25—30 kT 1 100 KT XuaKo-
ro xyiopa. Ha xpyrnHble BOMOOYNCTHBIE KOMIUIEKCHI TIPOU3BOAUTEb-
HoCTbIO Gosiee 100 ThIC. M3/CyT XJIOp JOCTaBISIOT OOGBIYHO B XKeJe3-
HOJOPOXHBIX LIMCTEPHAX BMECTUMOCTBIO 10 48 T XXHMIOKOro XJiopa,
a XpaHSIT ero B 60YkKax, KOTOpbIe B 3aBUCUMOCTH OT pa3MepoB BMe-
mawT ot 700 1o 3000 Kr xXuakoro xjjopa. XJ0pHOE XO3SICTBO J0J-
KHO obecrnieyuBaTh MPUEM, XpaHEHHE, UCTTapeHHe XHUIKOTO XJiopa,
JI03UPOBaHUeE ra3000pa3HOro XJIopa ¢ MOJyYeHUEM XJIOPHOM BOMIBI.

XJIOpHOE XO3ICTBO pacIiofaraioT B OTISILHOM MTOMENIEHWH, TIe
CcOJIOKMPOBAHBI PaCXOAHEIN CKITa XJ10pa, UCTIapUTeNbHAsA U XJIOpAO-
3aTopHas. PacxomHblit cKiag xjiopa MOXHO pa3MelliaTh B OTAEJBHBIX
3MAHUSX WIM BIJIOTHYIO K XJIOPAaTOPHOM, OTHENSS ero IJIyXoi cre-
Hoit 6e3 MpoeMOoB.

I'aponus xinopa MPOUCXOIUT 1O peaKLIuU

Cl, + H,0-HCI + HOCL.

XJ10pHOBAaTHCTas KHUCJIOTA TUCCOLIMMPYET C 0Opa30BaHUEM TH-
noxaoputHoro noHa (OCI~), nmpu 3TOM OKCUIAMpYIOIiee BO3Mei-
CTBUE Ha MUKPOOPTraHMU3MBbl OKa3bIBAIOT KaK camMa XJIOPHOBAaTUCTAS
KHCJIOTa, TaK W TJIABHBIM 00pa3oM TMIOXJIOPUTHBIN HOH. CTeneHb
JUCCOLIMAlLINHN 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 Mcnonb30BaHHHU BMECTO XJTOpa XJIOPHOM U3BECTH ITPOTEKa-
eT peakuus

2CaOCl, + 2H,0-CaCl, + Ca (OH) , + 2HOCI.

J103a BBOIMMOTO XJIopa MOJIXXHA ObITh GOJTbIIIE BETUYUHBI XJI0PO-
MOTJIONAEMOCTH Ha BEJIMYMHY OCTATOYHOTO XJIOpa, TMPUCYTCTBUE
KOTOpPOTO SIBJISIETCSl TapaHTUEW TOro, YTO OKCUAalus OakTepuii
Y OpPraHNYEeCKUX BELIECTB B BOJIE IMPAKTUYECKH 3aBeplleHa.

Ha mpakTuike B 3aBUCMMOCTH OT Ka4yecTBa UCXOIHOM BOMIBI eja-
0T TIpeBApUTENBHOE XJIOPUPOBAHUE, BBOIS XJIOP Mepea CMecHuTe-
JIIMU 1030 ~5 MT/JI, 4TO CITOCOOCTBYET OKCHAALIMM OpraHU4eCKUX

227



3aLIUTHBIX KOJUIOUAOB, MPENSATCTBYIOIMX KOATyIsILUU, a TAKXKE Ty-
MMHOBBIX BELIECTB, 00YCIOBIMBAIOIIMX LIBETHOCTD. [IpH 3TOM yiTyu-
1IA€TCST CAHUTAPHOE COCTOSTHUE OYUCTHBIX COOPYXEHUI, CHUXAeT-
cst o0LIMiA pacxon xjiopa.

Hnsa obecnieueHus1 6osiee MNIUTENbHOrO OaKTEpULIMIHOTO AEii-
CTBUS XJIOpA Y MPEAOTBPAIICHUS TIOSBJIEHUST B BoAE XJIOPGHEHOb-
HBIX 3aM1aXOB Y NMPUBKYCOB IIPUMEHSIOT 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'maponu3 XJTOpaMUHOB MPOTEKAET MEJIEHHO, U JTUTEIbHOCTD
OaKTEepULIMAHOTO JACHCTBUS YBEJIUUMBAETCS, XOTS OKUCISTIONIAst CIo-
COOHOCTh XJIOpPAMHUHOB HMXE, YeM XJIopa.

AMMUaK XpaHST Ha pacXOJHOM CKJIafe B OaJUTOHAX WJIM KOHTeH -
Hepax. BBog aMMuaka npou3BoasiT B GUAbTpAT, TIPU HATUYKNH (e-
HOJIOB — 3a 2—3 MUH 10 BBOJA XJIOpa.

Ins BBOma B BOIY XJiopa, aMMHaKa M CEPHUCTOTO ra3a (IpH ze-
XJIOpPMPOBAHUU) MPUMEHSIOT BaKYyMHBIE€ I'a307103aTOPbl CUCTEMBI
JJOHUMU-100 (puc. 5.25) u cucremsl JI.A. Kynsckoro. U3 ucxon-
HBIX OAJITOHOB XUAKUIA XJIOp TTepeTeKaeT B MPOMEXYTOUHBIN Oan-
JIOH, Ilie TTPOUCXOMUT ero UCIapeHue U OTHeJeHUEe 3arpsI3HeHUiA.
Hanee ra3o000pa3HbIii XJIOP MPOXOAUT Yyepe3 (HUIIBTP CO CTEKIIOBATOM
U 3aTeM uyepe3 MOHMXAIoUUit qaBieHue penykTop. CremneHb MOHU-
XeHMS NaBiaeHUs PUKCUpYyeTCs IByMSI MAaHOMETpaMU, YCTaHOBJIEH-
HBIMU 0 Y MOCJIE€ peAyKIMOHHOTO KiarnaHa. C nmoMolisio guadpar-
MBI CO3MAETCSl MEpPEIan AaBjeHUs], KOTOPBIN CIYXUT UMITYJIbCOM
JUTIST paboOThl U3MEPUTENST pacxola XJiopa. 3aTeM XJIOp MOCTYITaeT
B CMECUTEJIb, CMEIIMBAETCS C BOJMOIMPOBOMHON BOmOil, 0Opa3zyst
XJIOPHYIO BOIY, KOTOpAsl TOACACHIBAETCS 9XKEKTOPOM U TaAKUM obpa-
30M A03UpyeTcsl B 00pabaTbIiBaeMyIo BOAdYy.

C oIHOro CTaHAApPTHOrO 6aJUIOHA NTPU KOMHATHOI TeMIlepaTtype
MOXHO MoJyduTh He Gosee 0,5—0,7 Kr xjoprasa. ist yBeTU4eHUs
CbeMa XJIopa NPUOETalOT K CITeLMaTbHOMY 060rpeBy 6aJUIOHOB TEIT-
JIOU BOJIOi WJIU TTOJOTPETHIM BO3MyXoM mpH TeMnepatype 10—30 °C.

HexmopupoBaHUe BOIbBI, T. €. yHaJleHUE NMPU HEOOXOIMMOCTH
M30BITKA OCTATOYHOTO XJIOpa, MOXHO OCYIIECTBJIATH ITPU HEOOJb-
1IOM M30BITKE — a3pUPOBAHUEM, IIPH OONBUIOM — XUMUYECKUMU
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MeTongamu (0b6paboTka BOABI THIOCYJAbDUTOM WIN CYIbOUTOM Ha-
TpUSI, aMMHaKoM), (uIbTpallMeil yepe3d aKTUBUPOBAHHBINA WM
CybGOyTOJIb.

-

Puc. 5.25. Xnoparop JOHUUN-100:
1 — npoMeXyTOUHBI GaJIJIOH ¢ XJIOpOM; 2 — (bUIBTP CO CTEKIOBATON; 3 —
pPedyKLIMOHHBIH KJlanaH [Uig CHUXEHHUs JaBfieHUs Xjiopra3a;, 4 — MaHOMeT-
pbl; 5 — poTtameTp; 6 — uaMepMTeNabHaa auagparma; 7 — CMecUTeNlb; & —
rnojaya BOJONMPOBOAHON BOAbl, 9 — CAUB B KaHATU3ALMIO; /0 — 3XeKTOp,
co3JalolMil paspskeHue B xjoparope; // — OTBOI XJIOPHO BOIBI

IIpu xJ10pUpPOBaHKUM BOABI B pe3yJIbTaTe B3aUMOJIEHCTBUS XJI0-
pa ¢ OPraHHYEeCKMMU BEIIECTBAMM 00pa3yloTCsl KaHIIEPOTeHHBIE
JleTyune xjaopopraHnueckue coequHeHus (JIXC), B OCHOBHOM OT-
HocslIMecsa K rpynme TpuraasoreEMeraHoB (TI'M). OcHoBHEbIE
koHueHTpaunu JIXC obpasytorcs mpu BBEACHUU MEPBUYHOTO XJIO-~
pa B HeouMileHHy10 Boay. IIpouecc ob6pasosanust JIXC crnoXHbIi
Y MIPOJOJIXKUTEIBHEIH BO BpEMEHM, CYIIECTBEHHOE BIMSHHE Ha
HEro OKa3bsIBalOT coAepXaHUE B oOpabaTeiBaeMON BOJE OpraHu-
YeCKMX IIpUMecei, BpeMsI KOHTAaKTa BOIBI C XJIOPOM, 103a Iociie-
nHero U pH Boapl. JIXC He 3a1epXUBalOTCSI B COOPYXXEHUSX Tpa-
MTUIIMOHHOTO TUIIA, MAKCUMAaJIbHOE MX KOJMYECTBO HaOIIO/aeTCs
B pe3epByapax YMCTOM BOJBI.
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M3BecTHBI IBa HAMpaBJIeHUS yMeHblIeHUs coaepxkaHust JIXC
B MUTBHEBO BOJIE: MpeaoTBpalleHue UX GOPMUPOBAHUS TIPU BOJO-
MOJTOTOBKE M M3BJICYEHUE Ha 3aKITIOUNTEJILHBIX 3Tarnax oopaboTKu
Boabl. Korna JIXC npHUCYTCTBYIOT B MCXOIHOM BOJE, CJIEAYET MpU-
MEHSITh METOABI UX yaalieHUus, Ipu oTcyTcTBUU JIXC B MCXOTHOM
BOJE — METOMBI, MPEJIOTBpallalone UX obpa3oBaHue B Ipoliecce
BOIOTIOATOTOBKH.

B mepBOM ciyyae MPUMEHSIIOTCSA aspalus U COpOIIMST HA aKTHB-
HBIX YT/s1X. Bo BTOpOM ciydae cTapaioTcsl MpenoTBPaTUTh 3arps3He-
HYe BOAOUCTOYHUKOB M BO3MOXHOe obpazoBaHue JIXC u xyopo-
¢opma B mipoliecce Bo0OOPabOTKH.

Boay MoxHO 00e33apaxXuBaTh U C MOMOIIBIO TMIIOXJIOpUTA Ha-
TpUS, TIOJTYYAEMOTO 3JIEKTPOJIUTUUECKUM CITIOCOOOM (B 2JIEKTPOSTU-
3epax) Ha MecTe NIPUMEHEHUS TIyTeM pasjioXeHUs pacTBoOpa IMoBa-
PEHHOU COJIM TTIOCTOSTHHBIM 3JIEKTPUUYECKHUM TOKOM.

O30Huposarue BOJIBI OCHOBAHO Ha NMTPUMEHEHUMU 030HA, KOTOPBIH
JIETKO pasJjiaraeTcsi ¢ o6pa3oBaHHEM aTOMapHOTO KMCJIOpOaa, sSIBJIsi-
IOIIIETOCS ONHUM U3 HauboJsiee CUNBHBIX OKUCAUTeNei. OH YHUUTO-
KaeT 0aKTepuu, CIIophl, BUPYCHI, 0OECIBEYNBAET U AE30A0PUPYET
BOIY, OKMCJISISI OpraHWYeCKHE 3arpsiI3HEHMUSI.

O30H He U3MEHSIET MIPUPOIHBIE CBOMCTBA BOJHI, TAK KaK €ro m3-
OBITOK OBICTPO pasiaraeTcsi, TIpeBpaIlasiCh B KUCIOPO/I.

O30H MoJyvaloT U3 aTMochepHOro BO3AyXa B ammaparax, Ha3bl-
BaeMbIX o3oHamopamu. I1penBapUTeIbHO OCYUICHHBIN, OYUIIIE HHBII
U OXJIAXXJEHHBIN BO3AYyX MOCTYMNAaeT B 030HATOP, B KOTOPOM TIPOUC-
XOIUT pa3psi KOPOHHOTO TUTIA, B Pe3yJIbTaTe Yyero oopa3yeTcsi 030H
(puc. 5.26). [1o3a 030Ha MPUHUMAETCA TIPH BBEIEHHU €T0 B PUIIBT-
POBaHHYIO BONy C lLieJiblo 0be33apakuBaHust ~1—3 Mr/mn, a [is moma-
3eMHOM 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
C 030HOM 6—12 MUH.

O6e33apaxuBaHue BOJbl MOXHO ITPOBOAUTDH MyTeM ee 00paboT-
KU yabmpaguonemossimu ayvamu. O6e33apaxxiBaHue BOIbl OaKTepU-
UMOHBIMY JIyYaMHd UMEET MPEeUMYIIeCTBa Mepel XJIOPUPOBAHUEM,
TaK KakK MPUPOIHBbIE BKYCOBBIE KaueCTBa U XMMHUUYECKHE CBOHCTBA
BOJBl He U3MEHSIOTCS. bakTrepuiiuaHoe AeiicTBUE JIydei MpoTeKaeT
BO MHOTIO pa3 ObICTpee, YeM XJIOpa; Mocjie oOJy4eHUs BOOy cpa3y
MOXHO MONaBaTh NOTPeOUTENSIM. bakTepuLMIHbIE JIyIH YHUUTOXA-
10T HE TOJILKO BEreTaTUBHBIE BUIBI OAKTEPHit, HO U CITOpoOOpa3y-
olye. DKCIUtyaTalusi yCTaHOBOK Julsi 06e33apakMBaHUsI BOIBI GaK-
TEPULUIHBIMU JIyYaMU MPOLIE XJIOPHOTO XO3SHCTBA.
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HauGonbimnM 6akrepuuuaHbiM 3¢ dekroM obmanaioT yasTpadu-
0JIETOBBIE JIYYU C UTMHOI BOJIHBI 200—295 MKM. DTy 006/1aCTh ybT-
pacdHUOJIETOBOrO U3TyYeHUST HAa3bIBaIOT GakTepuiiuaHoi. McTouHu-
KaMU OaKTepULIMIHOTO M3JIYYEHUS CIYXAT BBIyCKaeMble oTeye-
CTBEHHOW TPOMBILIJIEHHOCThIO apTOHOPTYTHBIC JIAMITbl HU3KOTO
JIaBJIEHUS U PTYTHO-KBaplEBbIC JJaMITbl BHICOKOTO aBJICHHUSI.

MHoroJIeTHUI ONBIT 3KCILTyaTallul YCTAHOBOK 00e33apaxxuBa-
HUS1 BOJBI OAKTEPULIMAHBIMU JIy4aMM TIOKa3bIBaeT, UTO 3TOT Me-
ToN oOecreynBaeT HaldeXHYI Ae3UHGpEKIMIO BOABl. DKCIlyaTa-
LIMOHHBIE pacXxolbl Ha 06e33apaxXWBaHWE BOIABI OOJTyYeHUEM HE
MPEBBIINAIOT SKCIJIyaTaAllMOHHBIX 3aTpaT Ha XJIOPUPOBAHUE, a Ha
BOAONPOBOAAX, UCTIOJB3YIOIINX B KAaYE€CTBE UCTOUHUKOB BOJO-
CHabOXeHUs TOoA3eMHBbIe, POAHUKOBBIE U TMOJAPYCIOBBIE BOIBI,
ob6e33apaxvBaHue o0JiydueHUEM JelneBie B 2—3 pa3a Mo cpaBHe-
HMIO C XJIODUPOBaHHUEM. Pacxod a/ieKTpodHEPTUU Ha o0e33apaxu-
BaHWE BOIBI U3 MOA3EMHBIX UCTOUHUKOB BOJAOCHAOXeHUS 00y~
yeHUeM He mpesbimaet 10—15 Bt - u/mM3. Pacxon a/1eKTpOIHEPTUH
Ha 00nyyeHHe oO6paboTaHHOM BOAB M3 OTKPBHITHIX UCTOYHUKOB
BOIOCHaGXeHUst cocTapaseT a0 30 Br-u/m3,

HenocratkomM paccMaTpuBaeMOro MeTONa ABJISAETCS HEBO3MOX-
HOCTb OTIEPAaTUBHOTO KOHTpPOJs 3a 3¢ddekToM obe33apaxuBaHUs
B OTJIUYME OT XJIOPUPOBAHMUS (IO OCTATOYHOMY XJIODY).

5.11. Qe3onopauuvsa Boabl

OnHoit U3 aKkTyanbHBIX TTPO6JIEM B 06J1aCTH BOAOIMOATOTOBKH SIB-
JiseTCsl HEOOXOAUMOCTD A€30A0PALIMU TUTHEBOI BOMIBI.

IIpuBKyCHl ¥ 3amaxy BBI3BIBAIOT HEOPTAHUYECKHWE U OpPTaHH-
YeCKMe BELIECTBA €CTECTBEHHOTO M UCKYCCTBEHHOTO MPOUCXOXK-
neHunst. K ecTecTBEHHBIM OTHOCATCHS OPTaHMYECKHE BEIECTBA
OHOJIOTHYECKOTO MPOUCXOXKAEHUSI, BOSHUKAIOIINE B Pe3yibTaTe
OTMMUPaHHSA U Pa3joXeHUS BBICIIMX BOAHBIX PACTEHHIl, TIIIAHKTO-
Ha, 6eHTOCa, GakTepuii, rpuboB. ITpy 3TOM B BOAY BHIAEJISIOTCS
HU3KOMOJIEKYJISIDHBIE CTIMPTHI, KAPOOHOBBIE KMCJIOTHI, KETOHHI,
anpaerunbl, geHoscomepxalide BEIIECTBA C CUJIBHBIM 3aMaxoM.
OpraHuyeckue BelIecTBa CITOCOOCTBYIOT Pa3BUTHIO MHUKpOOpra-
HU3MOB, Bhiaensomux H,S, NH;, opranndeckue cynbuuisi,
MepKanTaHbl (AypHo maxHyuiue). MHTeHCcHUBHOe oboraiieHue
BOJIbl OPTaHUYECKUMHU BEIIECTBAMU MPOUCXOIUT BO BpeMs «IIBe-
TEHUS» BOIJOEMOB.

IlpucyTcTByOIIIME B CEBEPHBIX BOAAX U B cpeaHei nmoyoce Poc-
CUMY TYMUHOBBIE U (PYTBBOKUCIIOTHI, IMTHUHBI U APYTHUE OpraHUYecC-
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KM€ BEIIECTBA €CTECTBEHHOTO TMPOUCXOXICHHUS CIY>XAT OAHUM U3
WCTOYHUKOB 06pa3oBaHusl PEHOIOB.
IIpu xnopupoBaHUM BoIbl ¢ (peHONIAMH 0Opa3yIOTCS TUOKCUHBI
(AmOBUTHIE BElECTBA, N03a KOTOPHIX 3,1-10~% MoJIb/KI cMepTenbHa;
no3a okosio ~10~!'7 MoJib/Kr BIUsSIET HA UMMYHHYIO CUCTEMY U pe-
TIPOJAYKTUBHYIO (DYHKLMIO OPraHU3MAa).
HMckyccTBeHHBIE 3amaxy U MPUBKYCHl BOMIBI BOZHUKAIOT B CBSA3U
co cOpocoM B BOJOEMBI MPOMBILIJIECHHBIX CTOYHBIX BOJ, HECMOTPS
Ha 3aKOHOJATeJBHBIE MEPhI, 3ampeluianliue ux copoc. Boaa 3arpss-
HSETCS MUHEPATbHBIMU U OPTAaHUYECKUMU COEAUHEHUSIMU: COJITMU
TSIXKEJIBIX METAJUTOB, He(ThIO U €€ TPOAYKTaMHU, heHOoaMHU, 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 TAKXE€ B MPOILIECCE OYUCTKHU
BOJABI MIPU XJIOPUPOBAHUM, NEPENO3UPOBKE PEAr€HTOB UJIU B pe3yJib-
TaTe HEMPaBUJIBHON 3KCIUTyaTallMhd OYUCTHBIX COOPYXEHUIA.
Ha oYMCTHBIX COOPYKEHHUSIX MOTYT 3aleP>XXUBAThCS TOJIBKO TE BE-
1IeCTBA, BHI3bIBAIOIIME 3aMaXd UM MPUBKYCHI, KOTOPbIE HAXOOATCS
B BOJIE B BUJIe B3BECU M KOJJIOUIOB WJIM MEPEXONsiT B HEPaCTBOPU-
My1o ¢opMy B TIPOLIECCE OYMCTKUA M MPEABAPUTEILHON 00paboTKu
XJIOpOM (HampuMep, SMyJbTUpOBaHHbIE DpakiUM HedTH, TIT0XO
pacTBOPUMBIE TTECTUIIUABI, HEKOTOPHIE METAJUIBI).
Je3omopaiiust B 3TOM CJiyyae JOCTUraeTcs KOoaryJupOoBaHUEM
1 GIIOKYNIUpOBaHUEM MpUMece C TToCaeNyIoMM GUWIBTPOBAaHHEM,
OnHako yacTo A YCTpaHEHMSI 3aMaxoB U MIPUBKYCOB TpebyeTcs
IpUMEHEHWE CMeUUaIbHBIX TEXHOJIOTHIt. XapakTep npumMeceiil (Ux
COCTOSIHME: B3BECH, KOJUIOUIbI, PACTBOPEHHBIE Ta3bl, UCTUHHBIE pa-
CTBODHI) TMKTYET METOJbl OYHCTKH, KOTOPBbIE CBOASITCS K ClIey-
OLIVM:
® KOJIJIOWABI U B3BECH YAQISIOTCS KOAryJUpOBaHUEM C TOCIIE-
IYIOIIMM OTCTauBaHUEM U DWIBTPOBAHUEM;

® 3aTraxy M NMPUBKYCHI, 00YCIOBIEHHbBIE COAEPKaHWEM Heopra-
HUYECKHUX BELIECTB B MOJIEKYJISIPHOM U UOHHOM COCTOSTHUSX,
YIAJSIOTCS KOPPEKTUPOBAaHMEM MUHEPATBLHOTO cocTaBa (or-
pecHeHMeM, 00e3xXee3nBaHueM, Aerasaiueit u ap.). Ilpume-
HSIIOTCS TaKXe TaKWe METOAbl OYUCTKHU, KAK OKUCJIEHUE, all-
copO1usi, aspupoBaHue. B yClnOBUSIX UHTEHCUBHOTO 3arpsi3-
HEHMUS BOJOEMOB N€30JA0PUPOBATH BOAY CJIENYET, COYETast
MEeTOABl OKMCJIEHUSI M aJICOPOIIMM, a TAKXKE adpUPOBaAHUEM,
MpU KOTOPOM YAAJISIIOTCS IETYYMe COeAMHEHUS.
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OKMCJIEHUEM XOPOLLO YIAISIOTCS BElleCTBa ¢ CUJIBHBIMUY BOCCTa-
HOBUTEJBHBIMU CBOMCTBaMU: (heHONbI, IyOUIbHBIE BEILIECTBA, TyMHU-
HOBBIE KUCJIOTHI U Ip. B HEKOTOPHBIX CydasX 3armaxyv U MPUBKYCHI
YCUJIUBAIOTCS TIPY OKUCJIEHUH.

Ancopbuus — 06ojee YHUBEPCAJIbHBII METO, HO COPOEHTHI U3-
OGupaTeNbHbI IPU U3BJICYEHUH U3 BOABI Pa3IMUYHBIX BelllecTB. XOpo-
o copoupylorcs ruapocoObHbBIe BelllecTBa U €1abo ruapaTUpPOBaH-
Hble. K HUM OTHOCSITCSI MOJIEKYJISIPHO-PACTBOPUMBIE COCIMHEHMUS
U ciabble 3JIEKTPOJIUTH (HampuMep, deHosbl). bojee cuibHBIE
W MOJITPHBIE OpraHUYeCKue COeqUHEHHUS (CITUPTHI, aJIbAETHUIBI, Ke-
TOHBI U Ap.) copOupytoTcs MeHee 3ddekTrBHO. TpebyeTcsa MoBwi-
IIEHHBIN pacXom yrJs.

5.12. [era3zauusa Boabl

Jerazauust BOOBl — KOMIUIEKC MEPOTIPUSITUI, CBSI3AHHBIX C yaa-
JIEHWEM U3 BOABI PACTBOPEHHBIX B Hell ra3oB. Pasnnyalor ¢pusmndec-
Kue (6e3peareHTHBIE), XUMHUUECKHUE (peareHTHBbIE) U KOMOMHUPO-
BaHHbIe (OMOXUMMUYECKHE, DIIEKTPOXUMUYECKHE, PUIUKO-XUMHUYEC-
KHE) CITOCOOHI.

Dusnyeckue criocobrl Aerazalliy BOABI — 3TO €€ aspalsl, IeH-
Hasl Jeraszaliusi, KUIIsTYeHUe, BAaKyyMUPOBaHHUE.

XUMHUYECKHE CITOCOOBI eTa3allii BOIbI — 3TO N0OABIIEHUE B Hee
XUMHYECKUX PEarcHTOB, BCTYIAIOUIMX B PEAKIIHIO C PACTBOPEHHBIM
B BOJle ra3oM, B pe3yjbTaTe Yero MPOUCXOIAT CBSI3BIBAHHE WIIN
OKHCJIEHHE YHOAJISIEMOTO ra3a U MepeBOJI ero B MeHee aKTUBHbBIE CO-
€IUHEHMS C TTOCIEAYIOUIUM YIaIEHHEM U3 BOIHI.

KoMOGuHMpOBaHHBIE CITOCOOBI Iera3alii BOIH TTpeaycMaTpuBa-
10T COBMECTHOE HCITOJIb30BaHHE PU3IUIECKUX U XMMHUUYECKHUX METO-
OB, MHOTA C TIpUBJIeYEHHEM HEKOTOPBIX JOTIOTHUTENBHBIX (PaKTO-
poB (MHUKpPOOPTaHU3MOB, 3JIEKTPUYECKOrO TOKa U Ip.)

®usnyeckuMu MeTogamu obsryHo yransitorest CO,, H,S, a O,
yHOAJISIIOT XUMUYECKUM ITyTEM.

AspupoBaHUe BOAbI MTPOU3BOIUTCS B CHIELIMATBHBIX YCTAHOBKAX
BaKYyMHO-3X€KIIMOHHOTO, EHHOTO, TUIEHOYHOTO THIIOB, a TaKXe
UCTIOJNIB3YIOTCST OpBI3rajibHbie OacceiHBbI, a’3paToOphl KacKagHOTO
THTIA.

OaHuM U3 HanboJiee COBepIIEHHBIX a3PaTOPOB SBJIAETCS dez2a3a-
mop naernovnoz2o muna (puc. 5.27), 3arpyXeHHBIH KepaMHYeCKUMH
WJIM TIJIaCTMaCCOBBIMU KOJIBbLIAMM [IJISI YBEJIMUEHUSI TTOBEPXHOCTH
KOHTAaKTa a3pUpyeMoii BoAbl U Bo3ayxa. OO0pabaTeiBaemast Boia CTe-
KaeT TOHKOM TJIEHKOH CBEPXY BHU3, 4 CHU3Y MOJ KOHTAKTHYIO Mac-
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Cy BEHTUJISITOPOM HaTHeTaeTcs Bo3myx. Harpyska ro Bone Bapbupy-
eTcs B 3aBUCHMMOCTH OT TIOCTaBJIEHHOM 3a1ayu.
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Puc. 5.27. A3pauHoHHbIA annapar MJieHoOYHOro Tuna:
1 — BenTUnsATOP; 2 — OTBOM AEra3UPOBAaHHOM BOABI; J — MOMIOH; 4 — Ipe-
HaxHag TJuTa; 5 — Hacagka M3 Konblia Pamuvra WM riacTMaccoBbIX KO-
Jiel; 6 — OpoCHUTEeNbHbIE MATPYOKH; 7 — nojaya MCXOXHON BoAbl; 8§ — pac-
npejenuTeNbHas yama; 9 — OTBOMI BbIIEIUBUINXCA ra3oB; /0 — maTpyOku
OTBOJIa Ta30BOM cMecH

[Tnouraap rorepeYHOro CeUYEeHUSI Iera3aTtopa, 3arpy>KeHHOro KONb-
naMu Pammra, mpuHUMaeTCs MCXOAS U3 YIEJNBHOFO Pacxoia BOIbI
60 M3/(M2 - 1), YienbHbIi pacxol Bo3ayxa cocTasisieT 15 M3/(M2 - 4).

H,S, O, u CO, ynansioTca TakKe XUMUIECKUMHU METONAMU TIPU
BBEJICHUH PEareHTOB WM (pUIBTPOBAHUEM UYEpe3 CIIEIIUAIBHBIE 3a-
TPY3KH.

O, Moxer ynaynsiTecs GUIBTPOBAHMEM YEPES JIETKO OKUCISAIOLIME-
cqd BelwlecTBa (CTaJbHBIC CTPYXKHW), WJIH MNpA B3aUMONCHCTBUM
c cynbutom Hatpust Na,SO;, unm okeungom cepbt SO,, uau, B pea-
KMX CJTy4asix, Tpy IpUMeHeHUH ruapasuHa N,H,.

Ina ymaneHust cepoBoIOpOaa U3 BOAbI XUMUUYECKUMH METOAMU
€ro OKHUCJISIIOT KUCJIOPOIOM Bo3ayxa, Wi xyopoM Cl,, uim AByOKUChIO
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xsopa Cl,0O, wiu nepmanraHatoM kanust KMnO,, uiau o3oHom Oj.
Taxoke MOXHO UCMOJIB30BaTh B3aumozneicteue H,S ¢ ruapookucsio
xenesa (IIT) Fe(OH);. CepoBonopol MOXET OKUCIATLCA cepobak-
TEPHUSIMU JIO CEPHI.

Yranexucnetit raz3 CO, XUMUYECKUM TyTEM CBSI3BIBAETCS M3BEC-
TbIO B MPAaKTUYECKU HEPACTBOPUMBII KapboHat Kanbuust CaCOj.

ToT WM MHOI crocod M TEXHOJIOTHIO era3allii BOABl BbIOHpa-
10T Ha OCHOBAaHUU TEXHUKO-3KOHOMHYECKHX PACYETOB U C YYETOM
MECTHBIX KOHKPETHBIX YCJIOBHI1 06bEKTa BONOCHAOXEHHS.

5.13. Obe3xene3auBaHue BoAbI

Kene30 B MpUPOIHBIX BOAAX MOXET CONEPXKATHCS B BUIE NBYXBa-
JIEHTHOTO KeJjie3a, HEOPraHMYeCKUX U OpPTaHWYECKUX KOJUTOUIOB, a
Takke B (hopMe KOMIUTEKCHBIX COEIMHEHHUIN IBYX- U TPEXBAJICHTHO-
0 XeJie3a UM TOHKOAUCTIEPCHOI B3BECH TMIpaTa OKHCH XKeJjle3a.

OGe3xene3uBaHUE BOIBI IS XO3SHCTBEHHO-TTUTHEBBIX Liejei
TIPOU3BOIUTCS TIPU cOAEepXKaHUMU B Hellt Xenesza Goaee 0,3 mr/m.
MHoroo6pa3ue (GopM U KOHLIEHTpAUMIl Xejie3a, BCTPEYAIOIIUXCS
B IPUPOIHBIX BOJAX, BHI3BAIIO HEOOXOOMMOCTh pa3paboTKH psaa
METOMIOB, TEXHOJIOTUYECKUX CXEM M COOPYXKEHHUI 00e3Xene3nBaHUs
Bozbl. Bce MeTombl 06e3Kene3nBaHUS MOXXHO CBECTH K IByM OCHOB-
HBIM TUMaM: Oe3peareHTHbIE M PeareHTHBIE.

O0e3xese3nBaHie TOBEPXHOCTHBIX BOJ MOXHO OCYIIECTBUTD JIUIIIh
pEareHTHBIMM METOJIaMH, a JUIsl yOAJIeHUsT XeJe3a U3 TTOI3eMHBIX BOJ
HauobosblIIee 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» ¢unprpauusa (puc. 5.28, 2); ¢puib-
TPOBaHME Ha KapKacHBIX (MIBTPax; GUIBTPOBAHHE B MOI3EMHBIX
YCJIIOBUSX C MpeABapUTEIbHON TTofaveit B IIaCT OKCUIUPOBAHHOM
BOABI WM Bo3ayxa (puc. 5.28, e); aspauusa U ABYXCTYIlEHYATOE
¢unpTpoBaHue (puc. 5.28, 6).

K peareHTHBIM OTHOCSIT CJIENYyIOIINE METOIBI: YIPOIIEHHAS
aspauus, okcunauus, GuabTpoBaHUe; HaropHast ¢JIoTalus C U3Be-
CTKOBaHHUEM U TMOCEAYIOIIUM (QUIBTPOBAHUEM;, M3BECTKOBAaHMUE,
OTCTauBaHHWE B TOHKOCJIOMHOM OTCTOWHHWKE W GWIBTPOBaHUE
(puc. 5.28, 0); dwipTpoBaHMe Yepe3 MOTUGUIIMPOBAHHYIO 3arpy3Ky;
3JIEKTPOKOATYJISILIUS ; KATHOHUPOBaHHUE.

Be3peacenmnvie memodul 06e3xcene3ueatnus MOTYT OBITh TIpUMe-
HEHBI, KOTa UCXOMHAasl 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 OKUCJIAeMOCTh — He Gonee 9,5 mr O,/n. IIpu cobaione-
HUM 3TUX ycloBUi nipu comepxXxanuu xene3a (II1) He 6onee 10 %
oburero U KoHueHTpauuu xenesa (II) B 6uxkapOoHaTHOI MU
KapOoHaTHO# ¢opMe 10 3 MTI/1 peKOMeHIyeTCsI MeTod GUIBTPO-
BaHHUS Ha KapKacHBIX (GUIbTpax 6€3 BCMOMOraTeabHbBIX (DUIBTPY-
IOIIUX CPENCTB; A0 5 MT/M — TIPEATNTOUTUTENIBHO MPUMEHSITh Me-
TON «CyXoii» ¢uiabTpauuu; oT S 1o 10 Mr/n — ciaeayeT UCIoiab30-
BaTh METON YIPOUIEHHOH a’palMud C OJHOCTYIEHYATBhIM
dunvTpoBanueM; ot 10 go 20 Mr/n — aspauus U IBYXCTyINeHYa-
Toe ¢unprpoBaHue; ot 10 o 30 Mr/a — peKoMeHIyeTcsl BAKYYMHO-
3KEKLMOHHAS aspalivs ¢ GUIbTPOBAaHUEM Yepe3 3arpy3Ky 00Jb-
HIOW Tpsi3eeMKOCTH. [IpH colepXaHUU YTJEKUCIOTO WIN Kapbo-
HaTHoro xene3za (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 ¢ TTOCAEeAYIOUINM OTCTau-
BaHMEM B TOHKOM CJIO€ BOJBI MU 0OpabOTKOM B CJIOE€ B3BEILUEH-
HOTO ocaaka U pUIBTPOBAHHE.

Peacenmnovie memoost obezxceneaueanus 6o0vi TPUMEHSIIOT TIPHU
HU3KHMX 3HaYeHUAX pH, BBICOKOI OKMCIISIEMOCTH, HECTAOMIBHOCTH
Bonbl. IIpu 3TOM npH cofepKaHUM CEPHOKHCIIOTO MM KapOOHATHO-
ro XeJjie3a JIM00 KOMIUIEKCHBIX XeJe300pTaHMYeCKUX COeTMHEHUI
no 10 Mr/n u nepmaHraHaTHo#i okucisiemMoctu a0 15 mr O,/n pe-
KOMEHIYETCA MPUMEHATh QUIBTPOBAaHUE Yepe3 MOINGPHULIMPOBAH-
HYIO 3arpy3Ky; A0 15 Mr/m v mepMaHraHaTHON OKMCJISIEMOCTH 10
15 mr O,/n npeanoyTuTeseH METOM, MPeIyCMaTPUBAIOLIMIA yIIpO-
LIEHHYIO a3painio, 06paboTKy CWIBHBIM OKHUCIUTENEM U GUIBTPO-
BaHHE Yepe3 3EPHUCTYIO 3arpy3Ky OOJBIION IPSI3eEMKOCTH; CBBILIE
10 Mr/a 1 nepMaHraHaTHo# okucisiemoctu 6onee 15 mr O,/n cre-
IIyeT MPUMEHSITh HAITOPHYIO (DJIOTAlUIO C TIPEBapUTENbHBIM U3BE-
CTKOBAaHMEM M TTOCIIEAYIOLUM PHUIBTPOBAaHUEM WIN METOM, Npeny-
CMaTpUBAIOLINI a3palivio, U3BECTKOBaHUE, OTCTAUBAHKWE B TOHKOM
cjoe U GuIbTpoBaHMe; cBBIle 10 MT/J1, mepMaHraHaTHOM OKMCISI-
emoctu 6onee 15 mr O,/ pu MPOU3BOAUTEILHOCTH YCTAHOBOK 10
200 M3/cyT MOXHO peKOMEHIOBATh JIEKTPOKOATY/ISILHUIO C 6apOOTH-
poBaHMEM, OTCTAMBaHMUEM B TOHKOM cJioe U ¢unbrpoBaHue. Obe3-
Xene3uBaHMe BOABI KATHOHUPOBAHUEM 11€J1eCO00Pa3HO JUIIb B TEX
clyyasiX, KOrma OTHOBPEMEHHO C obe3xesie3uBaHueM TpebyeTrcs
yMSITYEHHE BOIBI, TPH 3TOM HOHHBIM OOMEHOM MOTYT OBITh U3BJIE-
YeHBI TOJIBKO MOHKBI Xene3a (I1). PaccMOTpMM HEKOTOpBIE M3 3THX
METO/IOB.
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Puc. 5.28. Cxemsl yCcTaHOBOK 00€3:Xe/1e3HBAHHS NMPHPOIHBIX BOJ METOJAMM:
a — BaKyyMHO-2XeKLMWOHHasa aspauua v GUILTpOBaHUE, 6 — YIPOILLIEH-
Hast aspauus (ycraHoBka «dedeppur»); ¢ — yrpolueHHas a3pauus ¢ AByX-
CTyMNeHYaThiM UILTPOBAHUEM; & — cyxasd (HUIbTpaLUsa; 0 — U3BECTKOBa-~
Hue (ycraHoBka «CTpys»); e — obe3xesne3uBaHue B Tacte; /, 4 — noga-
4a UCXOAHOM U 0TBOA 0O6paboTaHHOM BOJIBI, 2 — BaKYYMHO-9XEKLUHOHHbII
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annapar; 3 — CKOpbIH KapKaCHO-3achIMHON ¢uibTp; 5 — Gak-a3parop;
6 — peareHTHOE XO3sHCTBO; 7 — Hacoc-go03aTop; & — Hacoc; 9 — pecH-
Bep; /0 — ckopwlit hunbtp; 1/ — BBOA xJjopa (BapuaHT); 12 — GakTepu-
LUMOHast ycTaHOBKa; 13 — komnpeccop; /4 — ckopslit punbtp 11 cryneHu;
15 — BopoHanopHas 6aiHs; /6 — copoc Bo3ayxa; 17 — TpyGYaThlit cMe-
cutenb; 18 — KaMepa XxJionbeoO6pa3oBaHus; 19 — TOHKOCIONHBII OTCTOM-
HUK; 20 — BCcrioMorarteJibHbli KojioAeu; 2/ — mojaaya BOALI Ha a3palMio;
22 — 30Ha a’pauuu; 23 — a’pallMOHHOE YCTPOWCTBO; 24 — KOJbLEBOMH
MHPUIBTPALMOHHBIH 6acceiiH; 25 — aKcryaTalMOHHBIM KoJsioael|



MeTon ynpoileHHo# aspauuu (puc. 5.28, 6, ) IPUMEHUM KaK
B rpPaBUTallMOHHOM, TaK M B HAITOPHOM BapuaHTe. [1py 3TOM okuc-
JIMTEILHO-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 (IT) U pacTBOpeHHBI KMCTOPOA, TIpU HUIIBT-
pPOBaHUM Uepe3 3ePHUCTBIN CITOI BBHIIENISATDH XKeJIe30 Ha MOBEPXHOC-
TH 3epeH, 00pa3ys KaTaJIuTHUECKYIO TJIEHKY M3 MOHOB M OKCHIOB
xkenesa (I1) u (111). Dra nieHka MHTEHCUPULIMPYET MPOLIECC OKCH-
JallU¥ U BBIIEJIEHUS XKeJie3a U3 BOMBI.

O06e3xene3nBaHUE BOIBI B 3arpy3Ke, MOKPHITON TIJIEHKOM, IB-
JITETCSI TETEPOTEHHBIM aBTOKATAJIMTHUYECKUM MPOLIECCOM, B pe-
3yNbTaTe Yero obecreynBaeTCsl HEMPEPbIBHOE OOHOBIEHUE TNIEHKU
KaK KaTajiM3aTopa HermocpeACTBEeHHO NMpu pabote ¢puiabTpa. Meron
He TpebyeT okcuaauum Bcero xene3a (II) B TpexBaneHTHOE U Te-
PEBOJI €r0 B TMAPOKCHUI. YIIPOIIEHHAsT a3palusi OCYIIECTBISIETCS
C MMOMOIIIBIO HECJOXHBIX MPUCTTOCOOJIEHUH TyTeM M3JMBa BOIBI
¢ HeOOJIBIION BBHICOTH B KapMaH WJIM LEHTPAIbHBINH KaHall (DUIIBT-
pa 1ubo TyTeM BIyBaHUs Bo3ayxa B obpabarwiBaemyio Bomy. st
ornpenesieHUsT BBICOTHI ¢cJIosl (UIIBTPYIOLEeit 3arpy3Ku L mipu obe3-
JKeJe3UBAaHUHU MOA3EMHBIX OMKapOOHATHBIX U KApOOHATHBIX BOI MO
METONY YIIPOIIEHHON a’pallii PEeKOMEHIYeTCs 3MIUpUYecKast
dopmyna I''H. Hukomnanze

L=vd, - InA/{K - a(1 — n)A7#(3pH — 18,8)[0,]},

TJie Vv — CKOPOCTh GUIIBTPOBAHUSA, M/4; d, — 3KBUBAJIEHTHBII qH1a-
MeTp ¢uibTpylolei 3arpysku, mm; A = C,/ Cy (3mecy Cyn Cp —
conepxanue xene3a (1) COOTBETCTBEHHO B UCXOIHOM BoAe U (PUIIb-
tpate, Mr/n); K — KoHctaHTa okcunanmu xenesa (I1), onpenens-
eMasl SMITUPUYECKUM TTYTEM; oL U # — COOTBETCTBEHHO KO3 PHULIH-
€HT (HOPMBI 3epeH U MOPUCTOCTb PUIBTPYIOLICIT 3arpy3KH; ! — TeM-
nepatypa ucxonHoit Boael, °C; [0,] — comepxaHue B Boje
PacTBOPEHHOTO KHUCIOPO/Ia, MT/JI.

CywHocmb Memoda «cyxoih» guavbmpayuu (puc. 5.28, 2) 3akioda-
eTcsl B (pUIBTPOBAHUM BO3AYIITHO-BOJSTHOM 3MyNbcuU (3—5 00beMOB
Bo3ayxa Ha 1 06beM BOIBI) Uepe3 «Cyxylo» (He3aTOIUIEHHYI0) 3epHH-
CTYIO 3arpy3Ky ITyTeM o0pa30BaHUA B Heit BaKyyMa WM HarHETaHUS
OOJIBIIMX KOJIMYECTB BO3IyXa C MOCJIEAYIOUIUM OTCOCOM W3 MOMIOH-
HOTO MpocTpaHcTBa. B 060ux ciaydyasx B MOpOBBIX KaHaaX GWIbT-
pyoleil 3arpy3ku obpasyeTcs TypOYJIeHTHBIH peXUM IBUXEHUS
CMECH, XapaKTepHU3YIOLINICS 3aBUXPEHUSIMH U TTPOTHBOTOKAMM, YTO
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CITOCOGCTBYET MOJIEKYJITIPHOMY KOHTAKTY BOIBI C TTOBEPXHOCTBIO 3€-
peH KOHTaKTHOi#t Macchl. Ilpu 3TOM Ha 3epHax GUIBTpYIOLIEH 3a-
rpy3ku hOpMUpPYETCsT aicOPOIIMOHHO-KATAIMTHYECKasl TNIEHKa U3
coelMHEHUH Xeje3a (MapraHua, eCJu OH TPUCYTCTBYET B BOIE),
roBbltatoas 3¢HeKTUBHOCThL NMPOLIECCOB 00€3XKee3UBaHUA U Jie-
MaHTaHalWH.

XapakTepHoii 0COOEHHOCTBIO TIpoliecca SIBJIieTcsl 06pa3oBaHue
JeTMIPAaTUPOBAHHOM TUIEHKM Ha 3epHax 3arpy3Ku, COCTOSIeH, KaK
MoKa3aJii peHTreHorpaduyecKue orpeaesicHUs, U3 MarHeTUTa, CH-
NepuTa, TeTUTa U reMaTUTa. YKa3aHHbIe COEMMHEHUS] UMEIOT IJIOT-
HYIO CTPYKTYpY, a UX 00beM B 4—5 pa3 MeHbIIle, YeM THMIPOKCHIA
xene3a. [ToaToMy TeMIT mpupocTa MoTeph Haropa B GUIbTpYIOLLIEit
3arpy3ke Mpu HarmopHOM (GMJIBTPOBAHUHU T10 METOAY «CYXOi» (PUITb-
TpauM¥ Ype3BBIYANHO MaJl, @ MPOJOIXKUTEIBHOCTD (hUJIBTPOLIMKIIA
BeJIMKa (OT HECKOJIBKHUX MECSIIEB 10 Tola U 6onee). OTIMYUTENbHBI-
MM OCOOEHHOCTSIMHU TIpoliecca SIBJISIOTCS: MoBblieHne pH ¥ Heko-
TOpPOE CHUXEHHE XKECTKOCTH (PUIbTparTa, BHICOKAS TPsi3eeMKOCTh
3arpy3kyd 4 OTCYTCTBHUE NMPOMBIBOYHBIX BOJ (3arpy3Ka 3aMeHSIETCsI
Ha HOBYIO WJIM BO3MOXHO ITPOBECTH €€ OTMBIBKY 5—10 %-HBIM
pacTBOpOM MHTHUOMpPOBAHHOM constHOM KUCHOThI). ObOpa3oBaHUe
Ha TIOBEPXHOCTH 3arpy3kd aKTHUBHOW aJICOPOLIMOHHOU IJIEHKH,
T. €. TIepHoJ «3apsiaku», coctasiuser 0,3—2 4.

Hegeppuzayuro memodom guasmposanus Ha KapKacHvix durempax
cJleyeT MPUMEHSTD Ul 00e3XeNe3uBaHUSI BOJIbI HAa YCTaHOBKAax
MPOM3BOIUTENBHOCTHIO 10 1000 M3/cyT. CymHoCTh 06€e3Xee31uBa-
HUS BOABI TT0 pacCMaTPUBaeMOMY METOMY 3aKJIIOUYAeTCsI B TOM, UYTO
xene3o (II) mocie okcumaluMy KHCJIOPOIOM BO3IyXa TMEPEXOAUT
B AekaHTupytoiee xeye3o (I1I). M'mapokcun xenesa (111), dopmu-
pyOIIMiicS B HUXXHEI yacTW ammapaTta, HaMbIBaeTCsl Ha MaTPOH.
IIpu aToM B Havajie TIpoliecca peuIalolylo pojib UTpaeT pasinyue
B 3apsiiax KepaMHUYeCcKOro MaTpoHa, XJIOMbEeB TMAPOKCHUIA Xeye3a
¥ noHoB Xese3a (1I). Hapacrawonuii Ha TaTpoHe CJI0i TMAPOKCUAA
Xeye3a CJIYKUT KOHTAaKTHBIM MaTepUaioM JUIST HOBBIX, TTOCTOSIHHO
HaMBbIBa€MBIX arperatoB, IIPH 3TOM IPOMUCXOMISAT Kak (pU3nyecKue,
TaK U XUMHYEeCKHe Tipouecchl. [1aTpoH CAYXHUT TOJBKO OMOPHBIM
KapKacoM Ui (hUIBTPYIONIEro CJIoS TUAPOKCUAa xeje3a. IlepBoii
cragueit rmpollecca sSBJsgeTcs GWIBTPOBAHUE C MOCTETIEHHBIM 3aKy-
TIOpYBaHUEM TIOp (DUIBTPYIOLIEH TTeperopoaKu. DTa cTagus 3aKaH-
YUBAETCS MO MOCTHXEHUW OMNpPENENIEHHOTO OTHOLIEHUS oObeMa
TBEPABIX YACTHUL, 3alepXaHHBIX B MOpax, K 00beMy caMuX TIop,
TOCJIE Yero HACTYNaeT BTopas cragus — (pUIbTpoBaHHE ¢ 06pas3o-
BaHUEM TepPBOHAYAJILHOIO CJIosl ocanka. Ha aToM 3akaHyMBaeTcs
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Mpouece 3apsiaku GUILTpa U HaYWHaeTcsl (GUITBTPOBAHUE C LENBIO
obe3:xesie3uBaHUsT BOIBI.

Obesorcenesusanue 600bl YNpoujeHHOU aspayueii, X10pupoeanuem
u puasmposanuem 3aKTIOYAETCA B YIAJIEHUU M30BITKA YIJIEKUCIIOTHI
1 o6oralleHUH BOABI KMUCJIOPOIOM TIPU a3palliM, YTO CIOCOOCTRY-
€T NoBbIIeHNI0 pH ¥ MEPBUYHOMY OKHUCIIEHHIO XeJIe300praHryec-
KUX coennHeHUit. OKOHYaTeNbHOE pa3pylieHHe KOMIUIEKCHBIX CO-
ennHeHui xene3a (I1) U yactuyHasg ero OoKCHAALIMS MTOCTUTAIOTCS
MyTeM BBeleHUsT B 06pabaThiBaeMy10 BOLY OKUCIUTENS (XJ10pa, 030-
Ha, TTepMaHraHaTa Kanusa u np.). Coenvnenus xenesa (II) u (II1)
W3BJIEKAIOTCS M3 BOABI NIpU (GUIBTPOBAHUM €€ Yepe3 3ePHUCTYIO 3a-
TPY3KYy.

XJ10p BBOAUTCS B BOISHYIO TOOYILKY Yepe3 CrelHaIBbHYIO pac-
MpeeTUTENbHYIO0 TPYOUaTyIo CUCTEMY, TIPU 3TOM TpebyeTcs obecrie-
YUTh HEOOXOAUMYIO IKCITO3ULIMI0 OKUCIUTENS ¢ 06pabaThiBaeMoit
Bojoi. B kauecTBe DUIBTPOBAIILHOTO arnapaTa peKOMEHIYIOTCS
KOHTaKTHble unbTpbl KMD-5 ¢ MoBbIIIEHHOH rpsi3eeMKOCTBIO, B KO-
TOPBIX (PUABTPYIOLIAsT 3arpy3Ka COCTOUT U3 TPEX CJIOEB TOJIIMHOMN
no 0,6 M: BepXHHUI1 clnoil — KepaM3WUT WJIU TOJUMEPBI C KPYITHO-
CTBIO 3epeH 2,3—3,3 MM; cpeIHUl CJIOMf — aHTPALUT 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,
TTPOMBIBKa BOZOBO3IYIIHAS.

Obesxcenesusanue 600bl hunvmposanuem vepez mMooupUUUpPoeaH-
HYH 3aepy3Ky TIDUMEHSIIOT TIPU €€ TIOBBILIEHHOM OKHUCJISIEMOCTH.
OHO OCHOBaHO Ha YBEJIMYEHUU CHJT a[ir€3UU IyTeM BO3IEHCTBUS Ha
MOJIEKYJIIPHYIO CTPYKTYPY IMOBEPXHOCTU 3epeH (UIBTPYIOLIEH 3a-
rpy3Kku. Iy yBeJIMYeHUs CUJT anre3nu Heo6XoMMMO Ha TTIOBEPXHOC-
TH 3epeH QWIBTPYIOILIEH 3arpy3Ku o6pa3oBaTh MJICHKY MTyTeM MOIM-
(bukanuu 3arpy3ku, npeaycMaTpUBaolLEH MociaeaoBaTebHy0 06-
pabotky 1,5 %-HbIM pacTBopoM cepHokucioro xene3a (II), a 3atem
0,5 %-HBIM pacTBOpOM TepMaHraHaTa Kanusi. CyMMapHasi pojioi-
kxuUTenbHOCTh KoHTakTa 30 MmuH. Cniyctst 20 MUH mocJie HavyaJia pa-
60Tbl (punbTpaT oTBevaeT TpedboBaHuaM CaHITuH Ha nuTheBYyIO
BOLY.

Obe3icenesusanue memodom HaAnopHoii ¢aomayuy OCHOBAHO Ha
NeACTBUU MOJNEKYJSIPHBIX CHUJI, CITOCOOCTBYIOUIUX CIAUMAHUIO OT-
NMEeJTBHBIX YaCTULl THAPOKCHUAA XKeJle3a ¢ My3bIpbKaMU TOHKOAMCIIEP-
'MPOBAHHOTO B BOJIE BO3/lyXa M BCIUIBIBAHWIO 0OPA3YyIOMUXCS TIPU
9TOM arperatoB Ha IMOBEPXHOCTh BOJbI. MeTon (hI0TallMOHHOTO BbI-
JIeJIeHUST OMCIEPCHBIX U KOJUTOMIHBIX MpUMeceil PUPOAHBIX BOI
BeChMa MEPCNEKTUBEH BCIEACTBHE PE3KOTO COKpALEHUST MPOIOJ-
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KUTEJLHOCTH TIpotiecca (B 3—4 pa3a) 1Mo cpaBHEHUIO C OCAXIEHUEM
Wi 06paboTKOil B Cl10€ B3BEUIEHHOTO ocaaka. MOXHO BbIIEIUTH
cienylouMe cranuu npouecca: okeuaauus xenesa (I1); pacrsopenue
BO31yXa B Bolle U oOpa3oBaHHe My3bIPbKOB; 00pa3oBaHHUE KOMIUIEK-
COB «ITy3bIPEK BO3/yXa — XJIOMbsSI TMAPOKCHIA XeJle3a»; MOAbEeM ITHX
KOMTIUTIEKCOB Ha MTOBEPXHOCTH BOIIHI.

Ha 3¢ ¢eKTUBHOCTH Mpoliecca BCIUTBIBAHUS XJIOMbEB MPH (J1oTa-
IMOHHOM pas3fieJIeHUH OKa3bIBalOT BAUSIHUE KOHILIEHTpALUSI B3BeE-
LIEHHBIX BEIIECTB (MCXOMHAsh KOHUEHTpalMs Xejie3a, 10338 U3BeC-
TH), KOJIMYECTBO U pa3Mep Iy3bIpbKOB, MPOAOJIKUTENBHOCTE (hJIOTA-
LM, & TAaKXe TMAPONUHAMUUYECKUE YCIIOBUS.

YnaneHue 6biICOKOKOHUEHMPUPOBAHHbBIX YCMOUMUBHIX (hopM dcene3a
u3 600bl aspayueli, U3BeCMKOBAHUEM, OMCMAUBAHUEM 8 MOHKOM CA0€
u guasmposanuem (puc. 5.28, d) nocTUTraeTCs NOCe TMOTHOM OKCH-
nmaimu xenesa (II) u necTpykKunm KOMIUIEKCHBIX XKeJle300praHndec-
Kkux coenuHeHud npu pH He MeHee 7,1. [1pouecc BelIENEHUS CO-
eIWHEHU Xejle3a MPOU3BOAUTCS B TOHKOCIOWHOM OTCTOMHHUKE.
DddekT ob6e3xene3nBaHUsS BOIBl 3aBUCUT TJIABHBIM 00pa3oM OT
CKOPOCTH NTOTOKa B TOHKOCJIOMHBIX MOIYJISIX, UCXOMHON KOHLIEHT-
palMM Xene3a U 1035l 1EJIOYHOTO peareHTa.

Obe3xncene3usanue nogepxHOCMHbIX 600 OCYILIECTBISIIOT TIPU O~
HOBPEMEHHOM OCBETJIEHUHU U obecliBeunBaHuU. XKene3o, Haxomusi-
mieecs B BoJAe B BUIE KOJUIOWAOB, TOHKOAUCIEDPCHBIX B3Becei U
KOMILUTIEKCHBIX COeIMHEHU, ynansercss oopaboTKoit BOIABI Koary-
nssHTaMu. s pa3pyiieHusT KOMIUIEKCHBIX OpTaHUYECKUX COeqU-
HEHUM Xeyie3a Boay ob6pabaThIBalOT XJOPOM, O30HOM WIIU Tiep-
MaHTaHaTtoM Kanus. IIpu MCronb30BaHUM XENEe3HbIX KOAaryJsH-
TOB NIOCTUTAETCsl Oojiee TMOJHOE yNajeHUEe XKejie3a M3 BOJABl B
pe3yJibTaTe UHTEHCUBHOM agcopOUMK MOHOB XeJjie3a Ha XJIOTIbSX
ruapokcuaa. ONTUMYM aficopObLIMM MOHOB XXeJie3a B ciydyae Mnpu-
MEHEHHUS KaK CoJlei alloMUHHS, TaK U COJiell Xejle3a B KaUuecTBe
KOaryJISTHTa JIEXWUT B WHTepBane 3HaueHuit pH Boawr 5,7-7,5.
Ho3a KoarynsiHTa ycTaHaBJIWBaeTCSd 3KCIepUMEHTaNbHO. TexHo-
JloTHYecKast cxeMa obe3XKele3uBaHUS BOABI METOIOM KOaryJjupo-
BaHMS BKJIIOYAET peareHTHOE XO3SIHCTBO, CMECUTENIH, OCBETIUTE-
JIM U CKOpble DWIBTPHI.

5.14. YmaryeHue Boabl

YMsAryeHue BOABI — MPOLIECC TIOHMXEHUS €€ XECTKOCTH, 00Y-
CJIOBJIEHHON HaJIMYMEM COJIEN KaJIbLIUS U MarHusl.
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JlormycTumasi XXeCcTKOCTh MMUThEeBOM BOMBI JOJIKHA OBITH HE OoJiee
7 Mr-3KB/J, B UCKJIIOUHUTENBHBIX caydasix — g0 10 Mr-axks/n, a st
BOJI TEIUTOBBIX CETEI, BOMBI, MIYIleil HA TIPUTOTOBJICHUE TIapa, U JJIst
HEKOTOPBIX APYTUX TTPOU3BOACTB MPUXOIUTCS CHUXATh XECTKOCTD
1o 1,0-0,001 Mr-akB/n. B mpakTHKe BOIOTIOATOTOBKHM MPUMEHSIIOT
clenayoue MeToIbl YMSITUeHUST BOIIBI:

peazenmHobtii, KOTAA MOHBI KaJTbLUUST U MaTHUSI CBSI3bIBAIOTCS XU-
MHWYECKHMH BEILIECTBAMM B MaJIOPACTBOPHUMBIE M JIETKO yHaJIsIEMbIe
COeANHEHUS — KapOOHAT KaJbLUsS U TUAPOKCHUI MarHus (4acto pe-
areHTHBI METOJ YMSATYEHUS BOIBI HA3BIBAIOT METOJIOM OCaXIe-
HUs). B 3aBUCMMOCTH OT NPUMEHSIEMOrO peareHTa pas3janyaloT
M3BECTKOBBII1, N3BECTKOBO-COMOBLIN, eMKOHATpUEBEIH, pocdaTHEIN
W APYTHE CITOCODBI YMSITYEHUST BOIBI;

KamuoHummbstit, OCHOBAaHHBII Ha CITIOCOOHOCTH MOHOOOMEHHBIX
MatepuasaoB (B JaHHOM cjlydyae KaTUOHUTOB) OOMEHUBATh MPUCYT-
CTBYIOIIME B BOJE KaTUOHBI KaJIbIIUSI U MarHusi Ha OOMeHHbIe KaTH-
OHBI HAaTpPUs WIM Bojgopoaa (He NMpUIaroliue Bole CBOWCTBA XeCT-
KOCTH), KOTOPbIMU TIEPABAPUTENIBLHO 3apsikaeTcsi KaTHOHUT. OOMeH
MOHOB HaTpUsi Ha3biBaeTcsl Nat-KaTHOHUpOBaHUEM, a MOHOB BOJO-
pona — H*-kaTuoHnpoBaHueEM;

duanus /lonnana, OCylmieCTBISIEMbIf HA MEMOpaHHBIX arnaparax;
HWCXOIHAasl KeCTKasi BoJla IBUXKETCS B KAMepe C OMHOU CTOPOHBI Ka-
THOHUTOBOW MeMOpaHsbl, paccon NaCl B kaMepe — 10 APYTYIO CTO-
POHY MeMOpaHbl, HOHBI HATPUS MUTPUPYIOT B MeMOpaHy U najiee
B UCXOIHYIO BOAY, & MOHBI KaJlbLIUS — B IIPOTHUBOIIOJIOXHOM Ha-
MpaBAeHUH, T. €. U3 XKECTKOIl BOIBI B paccoll;

mepmoxumuyeckuli, Ipu KOTOPOM PEAareHTHOE yMSTYEHHUE OCY-
IECTBISIIOT OOBIYHO C WCTOJb30BAHUEM H3BECTH U COABI WJIH,
pexe, €IKOro HaTpa W COABI NMpHU TeMmepaType Boabl 6osee 100 °C
(mo 165 °C). TepMOXUMHUECKU METOA YMATYCHUS TIPUMEHSICTCS
B OCHOBHOM TIPHU TTIOATOTOBKE BOMBI JJIST TUTAHUST KOTJIOB. TOMBKO
B 3TOM CJiyyae yTUJIM3UPYETCS MOYTH BCE TEIJIO, 3aTpayeHHOE Ha
MOAOTPEB BOJIBI.

Br16op TOro MM MHOTO METOMA OTIpEAeNISIeTCS KaUeCTBOM HCXOI-
HOM BOIbI, HEOOXOAUMOI TIIYOUHON YMSITYEHUST U TEXHUKO-2KOHO-
MUYECKUMU COOOpaKeHUSIMH.

OOBIYHO AJIsT YMSITYEHUST TIOA3EMHBIX BOJ PEKOMEHIYETCS TPH-
MEHSITh KATHOHOOOMEHHBIN METOM; U TIOBEPXHOCTHBIX BOM, KOTa
OOHOBPEMEHHO TpeOyeTcs U OCBETIIEHHE BOABI, — HU3BECTKOBBIMH
WY U3BECTKOBO-COMOBHBI MeTox yMsryeHust. I1pakrnyecku riyou-
Ha YMSITUEHUS] U3BECTKOBBIM WJIM H3BECTKOBO-COMOBBIM CIIOCOGOM
coctasnser 0,5—1 Mr-sks/n.
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Ymsaeuenue 6006 uzsecmrxosaruem TIPUMEHSIOT TIPU BBICOKOI Kap0bo-
HaTHOM ¥ HU3KOI HeKapOoHaTHOI xkecTKOCTH. CyIIIHOCTh 3TOro METO-
J1a YMSITYEHUST BOABI CBOAUTCS K CJIEAYIOLIMM OCHOBHBIM ITpOlieccam:

1) pacTBOop M3BECTH (M3BECTKOBOE MOJIOKO) OOoraimaer BOAY

noHamu OH—u Ca?*:

Ca(OH),«<> Ca?* + 2 OH-;

2) oboramenue 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 kKap6oHarsl CO,2~:

HCO,~+ OH-¢> CO,2~ + H,0;

4) mosbinreHne KoHueHTpauuu CO,2~ MOHOB M HAIMYME Kaslb-
st CaZt B MCXOMHOM BOIE M BBEAEHHOTO C U3BECTHIO MTPUBO-
JIUT K TTPEBHILICHUIO TTPOM3BEICHUS PaCTBOPUMOCTH KapOoHa-
Ta Kablust [1Pc,cq ¥ ero ocaxaeHnmio:

Ca?* + CO,2-— CaCO,l;

5) npu mo6aBieHUH U3GHITKA U3BECTH OCAXIAETCA TaKKe M Mar-
Huit B Bune Mg(OH),:

Mg2* + 2 OH-«< Mg(OH), 4.

st ynydiieHusl ynajeHUs] TOHKOOUCIIEPCHBIX W KOJIIOMIHBIX
TIpUMeceit U CHIDKEHUS IIEIOYHOCTH BOABI OMHOBPEMEHHO C M3BECT-
KOBaHHUEM ITPOBOJAT KOAryJSIHIO 3THX TIPUMECEii, UCITONb3Ys B Ka-
YecTBe KoaryisiHTa xeje3Hslit Kynopoc FeSO, - 7H,0.

IMoBbIlIEHHOE COAEPXKAaHWE OPTaHUYECKHX TIpUMeceii 1 rmpeobiia-
JlaHUEe MarHUEBOM XeCTKOCTH HaJ KaJbLIMEBOM CHUXAIOT CKOPOCTh
Tpolecca yMsITYeHHsI.

B npakTuke NMpUMEHSIETCS TaKXe U3BECTKOBO-COMOBBIM METO.
yMsir4eHus. B 3TOM ciryyae MOMUMO peakuuii (OIMMCaHHBIX BBILIE),
MOYUIAX TIpU 100aBIeHUN U3BECTH, MOITOJHUTENBHO yaANsIeTCsl He-
KapOOHaTHas XeCTKOCTh BOJBI 3a CYET BBEJEHUS KaJIbIIMHUPOBAH-
Hoi coxpl Na,CO,.

Ho3a n3sectu B nepecyere Ha CaO MoXeT OBITH OIIpelesieHa 1o

dopmyie

2+
[_Mg_] + A, +0,5), Mr/n,

[CO,]
=28(—2_ K
A= B+ K e
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rne [CO,] m [Mg?*] — koHueHTpaumm coorserctBeHHo CO,
u noHoB Mg?*, mr/n; JI, — mosa koarynasiHTa, mr/m; 28, 22, 12
M e, — 3KBUBaJeHTbl cooTBeTrcTBeHHO CaO, CO,, Mg?* u koary-
JIsSTHTa, Mr/mr-3ks; 0,5 — 3anac u3BecTu, Mr-skB/i; XK, — kap6o-
HaTHasl XeCTKOCThb, MI-3KB/JI.

Hosa xanbunHupoBaHHoi conbl Na,CO; MOXeT ObITh ornpenesie-
Ha 1o opMyiie

A,

A, =530K,, +==+1), mr/n,
e

K

rae X, — HekapOOHaTHas XeCTKOCTb BOABI, MI-9KB/J; I, — no3a
KOAryJsiHTa, MI/JI; 53 ¥ €, — 3KBUBAJIEHTbl COOTBETCTBEHHO KaJlb-
UMHUpOBaHHOM conbl Na,CO; u xoarynsiHTa, Mr/Mr-skBs; 1 — 3amac
COIBbl, MT-3KB/J1.

Bosnee rnmy6bokoMy yMsr4eHUIO CIOCOOCTBYIOT TMOAOTPEB BOIHI,
Jo6aBiaeHHUe W30BITKA peareHTa-oCcaauTesIsi U co3daHWe KOHTaKTa
yMsiryaeMoi BOJABI C paHee 00pa30BaBIIMMCS OCAAKOM.

Ymazuenue 60061 o Memody uonHoeo obmena OCHOBAaHO Ha CBOM-
CTBE KAaTHOHUTOB OOMEHUBATh KaTUOHBI, KOTOPBIMU TIPENBAPUTENb-
HO «3apsIKeHBI» €r0 aKTUBHbBIE TPYMIIbI, HA COAEPXAIIUECS B YMST-
yaeMoil BoJie KaTUOHBI KaJIbLUSI U MarHusi. B pesysbTaTe peakuuvu
KaTUOHUT OTJaeT B BOAY B3aMeH TTOTJIOIEHHBIX OOMEHHBIE KaTHO-
Hbl. B 3aBHCMMOCTH OT TOTO, KAKUM OOMEHHBIM MOHOM «3apsiKeH»
KaTUOHHUT (HaTpWieM, BOIOPOIOM WJIM aMMOHMEM), pa3InyaloT Mmpo-
ueccel Na*-, H*-, NH*,-katnoHnpoBanusi.

Ilpoiiecc o6MeHa MOHOB MEXAY KaTUOHAMHU M PacCTBOPOM, CO-
JIEpXalldM COJU XECTKOCTH, 3aBUCUT OT MHOTHX (DaKTOpOB:
CBOMCTB KaTHOHMTOB, COCTaBa UCXOOHOM BOJBI, YCIOBUM ITPOXOXK-
JIEHUs TIpoliecca U Jp.

Bce 2T hakTOpBI TECHO CBSI3aHBI MEXIY COOOI U MpeXIe BCETO
OMpEeNEJISIIOT CKOPOCTb MPOXOXAEHUST MOHOOOMEHHBIX peakimii. Pe-
akuusl oOMeHa MexXAy KaTUOHUTOM M MOHAMU HCXOIHOW BOIBI
obycnosnuBaeTcs aAuddysueit MOHOB U3 pacTBOpPa BHYTPb KATUOHU-
Ta U U3 KATUOHUTA B UCXOHYIO BOIY.

B kadecTBe KaTUOHUTOB B HACTOSIIIIEE BPEMST IPUMEHSIIOT UCKYC-
CTBEHHO ITOJIyyaeMble Marepuaibl, HalIpuMep CyJbGoyroyb, KaTHO-
HuThl Mapku KY-1, KY-2-8 u np.

Ocob6eHHOCcTbI0O Nat-KaTHOHUPOBAHUS SIBJISIETCH TO, UYTO KapOo-
HaTHas XeCTKOCTb YMSATUYEHHOM BOIbI, OOYCIOBJIeHHas1 OUKapOoHa-
TaMW KajbllMsl U MarHus, NMepexoguT B OMKapOOHATHYIO 1Ie104Y-
HocTb NaHCO;, T. €. KOHUEHTpaLUsI GUKapOOHATHBIX NOHOB HE M3-
MeHsIeTCS.
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HaubGosbliee npakTUYeCKOoe NMPUMEHEHME HAULIO COYeTaHUE
npoueccoB Nat- u H*-kaTHoHMpOBaHUS, B pe3yJIbTaTE YETO MOXET
OBITh NOCTHTHYTa TpebyeMasi MEeJOYHOCTh WU KUCJIOTHOCTD TIPH
B3aUMHOI HeHTpann3alMy KMCJION U 1EeJIOYHON BOOHI.

Ipn omMHOCTYIIEHYAaTOM KaTHOHUPOBAHUM XECTKOCTb MOXET
OBITh cHUXeHa Ao 0,1 Mr-s3kB/a, NMPU ABYXCTYMEHYATOM — MO
0,01 mMr-sks/n.

ITocne ucuepnaHusi OOMEHHONH €MKOCTH KaTUOHUTA JIEJAETCS €r0
pereHepauus 6—10 %-HbIM pacTBopoM moBapeHHo conu NaCl,
ecan KaTHOHUT B Na*-dopme, unu 2—3 %-HBIM pacTBOPOM KHCJIO-
Tl o H*-katnoHuTa.

[Mpoliecc pereHepaliMy BKIIIOYAET CJIEAYIOIINE OMepalMu: B3PBIX-
JIeHWEe KaTHOHWTAa MUCXOTHOM BOMOI, MoJlaBaeMOi CHU3Y BBEPX C UH-
TEHCUBHOCTBIO 3—4 11/(C - M2); TIPOMYCK pereHepallMOHHOTO pacTBO-
pa CBepXy BHU3 CO CKOPOCThIO ~ 3—5 M/4 M OTMBIBKY KaTMOHHUTA
HCXOMHOM BOAOM co ckopocThio ~ 10 M/4.

OTMBIBKA 3aKaHYMBAETCH MPU CHUXEHNHU XKECTKOCTH (HIBTpa-
ta 1o 0,1 Mr-sxB/mn, mocie yero (WILTP BKJIIOYaeTcd B paboyuit
UKL

OCHOBHO# BEJIMYMHOMN, OMpenesaioueil Harpy3Ky Ha KaTHOHO-
OOMEHHYIO YCTAaHOBKY 3a OIMH LIWKJI, SIBJISIETCS KOJUYECTBO yIass-
€MBIX COJIeit )KeCTKOCTH (KaTUOHOB), I-9KB:

E=Q-X/n,

rae Q — KOJNYECTBO yMsiryaeMoi Boabl, M3/cyT; XK, — obmast xe-
CTKOCTh YMATYAEMOI BOIBI, T-3KB/M3;n — TIpearosaraeMoe 4Yucjio
pereHepaluit B CyTKH.

5.15. OnpecHeHue n obecconmesaHue BoAbl

CHuxeHHe conecomepXaHusi Boabl ao TpebosanHuit CaulluH
2.1.4.559-96 Ha MUTHEBYIO BOLY WJIH IO BO3MOXHO HU3KOTO Mpeae-
Ja (moneit Mr/j1) Ha3bIBAalOT COOTBETCTBEHHO ONPECHEHUEM WU
00eccoTMBaHUEM.

CrerneHb 006€CCONMBAHUSA OTNPEAENAETCS MO YAETbHOM 2IeKTpU-
yeckoit mposBoauMocti (OM~! . cm~!) unm mo oOGpaTHOM BeTUUYNHE
— yIeJbHOMY COMPOTHUBIIEHUIO (OM - CM).

K HacTosiiieMy BpeMeHH B MUPOBOM MpaKTHUKE OTpEeAeTUINUCH
cleyIole OCHOBHEBIE METOMBI ONMPECHEHUS! BOMABI: QUCMUAAAUUSA,
UOHHBIE 0OMeH, 31eKmpoduanus, 8bIMOPAXCUBAHUE, 2eAU00NPEeCHeHUE
u obpamusiii ocmoc (eunepgursmpayus). O6eccoIMBaHUE JOCTUTAET-
Ccq B OCHOBHOM IMCTWJUISILUENH, MOHHBIM OoOMeHOM. Bo3moxxHO
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1 IpUMEHEHUE MHOTOKaMEPHBIX 3JIEKTPOAUAJIN3ATOPOB C KaMepa-
MU, 3aNOJHEHHBIMHU CIIeUaIbHBIMU CMECSIMU MOHUTOB.

Bribop MeToma onpecHeHUsT IV 06eCCOIMBAaHUST OOYCIOBIUBA-
€TCS KaYeCTBOM MCXOAHOU U TpeGoBaHUSIMHU K 0OpaboTaHHOM BojeE,
MMPOU3BOANTENBHOCTBIO YCTAHOBKM M TEXHHUKO-3KOHOMMUYECKUMU
COOOpaXEHUSIMU.

ATIpMOPHO MOXHO CKa3aTh, UTO MPHU COJIECOHEPKaHWH B BOIE 110
2—3 r/n pekoMeHayeTcs MOHOOGMEHHBI MeTox, 6onee 10 T/ — nu-
CTHJUISLINS, 3aMOpaxXUBaHUE WJIM oOpaTHEIl ocMmoc, 2,5—15 r/n —
3JIEKTPOINATIN3 UIH 0OpaTHBIA OCMOC.

Jucmunnsyus — Hanboliee U3yYeHHBI W pacrpoOCTpaHEHHBIN
METOJI ONIPECHEHUS COJIEHBIX, 0COOeHHO MopcKux Boa. Ero neneco-
00pa3HO NMTPUMEHSTH NTPU HAJTMUUM KPYITHOTO UCTOYHHUKA JEHIEBOTO
Tersa ¥ GOJBLIOro KOJWYECTBA UCXOTHOM BOIBI.

TTpUHIMTT OIUCTHIUISILIMM OCHOBAH Ha TOM, YTO TIpU HAarpeBaHUU
COJIEHO! BOIBI JO TEMIIEPATYPHI BBILIIE TEMIIEPATYPhl KMTIEHUS (TTpH
JIAHHOM CcoJIecoIepXaHUH U JaBJIeHWM) 00pa30oBaBIIMICS TIap NpHU
nasjieHn MeHee 50 Krc/cM? mpaKTUYeCKM He CIOcO6EH pacTBOPATH
colepxaliiecs B ONpecHsIeMO BoJE COJIM, TTOITOMY IIPH €r0 KOH-
JIeHCalY TTOJTy4aeTcs npecHasl Bona.

Jlnst BRITapUBaHUSI UCMOJIB3YIOT TETIJIOTY, BBIACISIOMIYIOCS MTPH
CTOpaHWM TOTIJINBA, TETUIOTY KOHIEHCALIMU napa, SHEPTHIO COTHEY-
HBIX Jy4eit, aTOMHBIX pEaKTOPOB U T. 1.

IIpocreitiiast omHOCTyNeHYaTasi UCTTapUTENbHAST YCTAHOBKA CO~
CTOMUT U3 KOTJIa, TAae o0pa3yeTcs nmap Npu KUNSIYeHWH BOMALI, MCITa-
pHUTENS CO 3MEEBUKOM, KOHIIEHCATOpa Napa U cOOpHUKa 006ecCoieH-
HOI1 Boahl (puc. 5.29).

MHorocTtymneHyaTbie JUCTHIISIIMOHHBIE ONPECHUTENbHBIE yCTa-
HOBKHU NPEJCTaBISIIOT CO00 HECKOILKO TOCJIeIoBaTe/IbHO paboTa-
JOIIUX OMHOCTYTIEHYATBIX JUCTUIITIIMOHHBIX ycTaHOBOK. ITo Takoii
CXeMe BTOPHUYHBIH TTap Mpeablaylieit CTYTIeHN UCITONIb3YeTCsST B Kaye-
CTBE Ipeollero napa s UucrapeHus BoAbl B nociexylomeit. ITap
MOCAeayIolIei CTYNEeHU MOCTYIaeT B KOHAEHCATOp, TIe OXJIaXaaeT-
csl U KOHOeHcupyeTcsi. B HacTosliee BpeMs TTOJYyYMIT pacIpocTpa-
HEHME ¥ METOJ MTHOBEHHOro ucrapeHus («diemn»), KOTOpBIif oc-
HOBAaH Ha SIBJICHUU CHUXEHHUSI TEMIIEpaTypbl KMIIEHUS BOIBI T10
Mepe YMEeHbIIEHHS JaBjieHHs1 B ucnapuresisx. YeM Bblillie TeMITepa-
Typa BOJIBI U IJTy0OKe BaKyyM, TeM OOJibIlie BOABI MCIapsieTC.

IIpu WCMONB30OBAaHUMU UOHOOOMeHHO20 Memoda COJieHas Boja
MOCJIeA0BATEIbHO MIPOXOAUT Yepe3 PUIIBTPHI, 3aTpyKEHHbIE KaTH-
OHHUTOM M aHUOHHUTOM, KOTOpBIE MEPUOANYECKH PETEHEPUPYIOTCS
2—5 %-HBIM pacTBOPOM KUCJIOTHI U IIEJTOYHN COOTBETCTBEHHO.
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Puc. 5.29. Cxema oQHOCTYNeHYATOil HCOAPHTENbHOH YCTAHOBKM:
1 — xoTten s HarpeBaHus BOIbI 10 KHMEHUS, 2 — UCTIApUTENb; 3 —
KOHJIeHcaTop; 4 — Hacoc; 5 — cOOpHBIi 6aK 00eccoNeHHOM BOABI

ITpuMep omHOCTYTNIEHYATOM CXeMBI JUIST ONTPECHEHUST BOXBI, COCTO-
siiiet U3 KaTUOHUTOBBIX (PUIIBTPOB C CHUTBHOKUCIIOTHBIM KaTUOHU-
tom KY-2-8; nerazatopa mis ornysku CO,, obpasyromerocs noce
H*-xaTMOHUTOBBIX (PUIIBTPOB; AHUOHUTOBBIX (PUIIBTPOB CO CPEIHE-
OCHOBHEIM aHUOHUTOM BJID-10IT u 6ydpepHriM Nat-KaTMOHHTO-
BBIM (bUABTPOM IS KOPPeKTUPOBKU pH mocne onpecHeHUsI, TOKa-
3aH Ha puc. 5.30.

B cooTBeTcTBUM ¢ HeoOXOAMMO# TrnyOMHOI o6eccoNuBaHUS
BOZIBI MPOEKTUPYIOT OJHO-, IBYX- M TPEXCTyIEeHYaThie YCTAHOBKHU.
B cxemax rnmybokoro obecconmMBaHus BOABI TPUMEHSIIOT TaK Ha3bl-
BaeMble (PUABTPBI CMEUIAHHOTO NEHCTBUSA.

Bnexkmpoduanuz — Tiporiecc cerapaluyy MOHOB COJIEH, OCYIIeCTB-
JIseMblii B MHOTOKaMepHOM amnrapare (3JeKTpoauaiu3aTrope) Moja
JEUCTBUEM ITOCTOSTHHOTO 3JIEKTPUYECKOro TOKa, HAIpaBJIEHHOTO
TEepIIEHAMKYISIPHO K IUIOCKOCTH MeEMOpaH. B anekTponuannsaTopax
JUIST ONIPECHEHUST ITPUMEHSIIOT KaTHOHUTOBEIE «MK-40» 1 aHMOHUTO-
Bble «MA-40» meMOpaHbl. C MOMOILIBI0 MIOHOB MeMOpaHa TpOBOANUT
TOK JIMIIIb OHOTO 3HaKa: KATHOHUTOBBIE MEMOPAaHBI IMPOITYCKAIOT MO~
JIOXUTEJILHO 3apsSKeHHBbIE MOHBI, 8 aHUOHNUTOBbIE — OTPHUIIATEIbHO
3apsokeHHble. Ha 3ToM cBoiicTBe MeMOpaH, Ha3bIBAEMOM CEJIEKTUB-
HOCTBIO, OCHOBAH METOJI 3/IEKTPOANAIIU3HOTO OMPECHEHUS BOMIDI.
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Puc. 5.30. Texnonornyeckue cxeMbl HOHMTOBOTO 00ECCONMBAHUSA BOIBI:
a — OJHOCTYIeHYaTas; 6 — ABYXCTyIeHYaras; @ — TpexcryneHyaras; I, 8 —
1101aya MCXOAHOM M OTBOJ 00ECCOJIEHHON BOAbI; 2 — BOAOPOI-KaTUOHUTO-
Bble unbTphl; 3 — AerazaTtop; 4 — MPOMEXYTOUHBII pe3epByap; 5 — Hacoc,
6 — aHuoHUTOBbIE (GUIbTPbI; 7 — OydepHbI HATPUl-KATHOHUTOBBIH
¢unerp; 9 — Bomopoa-KatuoHUTOBBIE puabTphl 11 cTynenun; 10 — aHMOHU-
ToBble brIbTPhI 11 cTyneHu (¢ CHILHOOCHOBHBIM aHUOHMTOM); 1] — BOIO-
pon-katuoHuToBbie GuabTpsl I ctyneHu; 12 — aHMOHUTOBBIE (DUILTPbI

IIT cTyneHu

AnnapaT, B KOTOPOM NPOU3BOJIUTCS OTIEJIEHUE COJIEN OT BOIHI,
Ha3bIBACTCA MHOTOKAMEPHBIM 3JICKTPOAUAIIU3ATOPOM. OH UMeeT 10
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OMHOMY KaToay U aHoAy (M3 crieuuajbHOro rpaduTa UJIU IiIaTHHHA-
poBaHHOTO TUTaHa) M a0 300 kamMep, o6pa3oBaHHBIX CTEHKAMU Ka-
TUOHUTOBBIX U AaHUOHUTOBBIX MeMOpaH. CxeMa MHOTOKaMepHOTo
3JIEKTPOINATU3HOIO anrapara npejacrasjieHa Ha puc. 5.31.
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Puc. 5.31. CxeMa MHOroKaMepHOro 3JeKTPOJHAJIM3HOTO AMNApATAa:
1, 4 — otBoA 0bGeccoNeHHOM M TMojaya UCXOAHOU Bombl, 2, 5 — HOHOCE-
JIEKTUBHBIE KAHHOHMTOBbIE U aHHOHMTOBbIE MeMOpaHbl; 3 — KaToad; 6 —
aHoI; 7 — OTBOJ KOHIEHTpaTa

IIInpoxkoe pacrpocTpaHeHHe TTOJIYUWIT Memod 06pamuo2o ocMoca.
DTO mIpouecc pa3neseHUsI HICTHHHBIX PACTBOPOB, 3aKJTIOYaIOHIIUHACS
B GUNBTPOBAHUU XUJIKOCTH Uepe3 MoNyNpoHHLaeMble MeEMOpaHBI,
KOTODBIE TPOMYCKAIOT PACTBOPUTENL (BOAY) W 3aJCPXKUBAIOT pa-
CTBOpPEHHDIE BellleCTBA.

HaBneuue, Moa KOTOPBIM OCYHIECTBIIsIeTCS GUABTpPOBaHUE, 10 -
SKHO NMpPEBBIIIATE OCMOTHYECKOE, OOYCIOBJIEHHOE pa3IMuMeM KOH-
IIeHTpauuii coneil B IpeCHOM U CoNeHOM Bojae (IJist BOJBI OKeaHa
Mpy coJjiecofepXxaHuu 35 r/1 ocMOTHUYECKOE JaBJEHHE COCTaBJISET,
Hanpumep, 2,4 MIla).

Takum obpa3oM, ABUXYILEH CUIIOM Mpoliecca 0OpaTHOTO OCMOCa
6yner nasnenue AP = P—(Il,—IT,), rne P — naBneHue HaJ pacTBO-
poM onpecHsieMoid Boabl; II} u I, — OCMOTHYECKOE JaBJIEHUE CO-
OTBETCTBEHHO OTpeCHseMOIf BOABI U (hUILTpaTa.

YacTHHIM cayyaeM 00paTHOro ocMoca SIBASIETCS yJabTpaduibT-
paumsi, ocCHoBaHHas Ha (PUIBTPOBAHUU BOJHBIX KOJUIOUIHBIX pa-
CTBOPOB yepe3 Oosiee KPYmHOTOPUCThLIE TTOTYIIPOHHLIAaEMbIE MeMO-
paHHBl.
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5.16. ®TopupoBaHue u obecpTopmuBaHue BoAbl

Conepxanue ¢propa B muTheBoit Boge comtacHo CanlInH B 3a-
BHUCHUMOCTH OT KJIMMAaTHYECKHUX YCJIOBHIT JOJIKHO MOIIEPKHUBATHCS
B npenenax 0,7—1,5 mr/n. Hexmocratok ¢Topa B NMUTheBOI Bome
MPUBOJUT K Kapuecy 3y0OB y HaceJeHUsI, U3OBITOK — K ¢(too-
po3y.

B xadectBe ¢hropcomepKaliux peareHTOB MOXHO HUCTONb30BAaTh:
KpeMHedTopucTelit Hatpuit Na,SiF,, KpeMHe(pTOpUCTOBOAOPOIHYIO
kucnoty H,SiFg, dropucreiit Hatpuit NaF, xpeMHepTOpUCTHIN am-
moHuit (NH,),SiF,, dTopucrsrit kaneumit CaF,, droprcrosonopoa-
Hyto kucinory HF, kpemHedbTopuctelit Kanuii K,SiF,, kpemHedTO-
puctelit amomunuit Al,(SiFg);, dropucterit amomunuii AlF; u np.
B oTevecTBEeHHOH MpPaKTUKE IIMPOKOE NTPUMEHEHHUE TOJTYYHIT KpEM-
HeTOPUCTBIN HATPUIL. DTO MEJIKUI, CBIMYyYUil, HETUTPOCKOITUYEC-
KW KPpUCTAJUIMYECKU T MTOpOIIoK 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. CaMblif AelIeBbIi U3
BCEX TEPEYUCIIEHHBIX peareHTOB — (TOPUCTBIN KaNbliMii, HO OH
HMeET KpaitHe HM3KYIo pacTBopuMocTh B Boae (0,0016 r Ha 100 M
ripu 25 °C).

YcraHOBKM (PTOPUPOBAHUSI MO TEXHOJOTUM MTPUTOTOBJIEHUS pa-
CTBOPOB (hTOpCONEpXKAIIUX PEATEHTOB MOXHO KJIACCU(MUIIMPOBATD:
Ha YCTaHOBKH CaTypaTOPHOIO THUIIA; C PaCTBOPHBIMU GaKaMH (C Me-
XaHUYEeCKOW MEIIaJKOi M ¢ 6apOOTHUPOBAHUEM CXAThIM BO3MY-
XOM); C pacTBOPHO-3aTBOPHBIMU 0aKaMU; C MPUMEHEHHEM KpPEM-
HedDTOPHUCTOBOIOPOTHON KUCTOTHI.

Ha ycraHoBKax camypamoproeo muna B Ka4eCTBE peareHTa MmpH-
MEHSIIOT MOPOIIKOOOpa3HbIit KpeMHEDTOPUCTHIN HATPpUI, KOTOPHIH
BBOASIT B BOAY Iepel XJIopupoBaHHueM. IIpeaBapuTebHO peareHT
3aMayuBalOT M pasMelINBalOT B €MKOCTH, a 3aT€M BbUIMBAIOT B Ca-
Typarop (npumepHo 1 pas B cMeHY). B ocHOBY paboTH caTypaTopa
ITOJIOXKEH MPUHIUI OObEMHOTO BBITECHEHUS.

Bo ¢mopamopnbix ycmanoexax ¢ pacmeoprbimu bakamu B Kade-
CTBE peareHTa UCIOJb3YIOT KpeMHE(DTOPUCTHI HaTpuil. 3arpy3Ky
B 6aKM peareHTOB OCYIIECTBIISIIOT C IIOMOIIbI0O OYHKEPOB, 000pYyHIO0-
BaHHBIX BUOpaTopaMu U Ho3aTopaMu oObeMHOro tina. s sydire-
ro pacTBOpPEHMs peareHTa 0aku CHaOXeHB! MellIaJIkaMH C 4acTOTOM
BpatieHus 50—60 MMH~!, BO3BMOXHO NnepeMeIlMBaHUE CXAThIM BO3-
nyxoM. BpeMs nepeMeimimBaHus 2 4, BpeMst 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: 3aTBOPHOIO, IBYX PACTBOPHBIX U JO3UPY-
fortero 6aka, cHabXeHHOTO TIOTJIABKOBBIM KJIallaHOM. 3aTBOPHBIi
U pacTBOPHEIE GaKH 0GOpYIOBaHBI 3JEKTPOCMECUTETAMU. PacTBo-
pstoT (bTOPUCTHIN HAaTpuit B Boae, Harpetoi no 75—80 °C.

Tlpu npumenenuu 8 %-noili kpemuedmopucmogodopooHoli Kucionot
OHa M3 aBTOMOOUJIBHOM MU XeNEe3HOAOPOXHOMI LIUCTEPHBI, B KOTO-
PO TPaHCITOPTHUPYETCS, C TTOMOIIIBIO BO3YXOMYBOK TepeaBTuBaeT-
Cs B CTAIMOHAPHBIE CKJTAACKHE LIMCTEPHBI, a U3 HUX TTOCTYyNaeT B
0ak-MEepHMK, OTKYZa 3XEKTOPOM J03UPYETCS B BOIY.

B 3apybexHoit mpakThKe (TOPUCTbIE COEAWHEHHUS] BBOMASITCS
B BOAY B CYXOM BHUJI€ — HEMOCPEICTBEHHO MOPOIIKOM, CYXUMH J10-
3aTopaMH, Yepe3 paCTBOPHYIO KaMepy WM B XKUIKOM BUJlE — J03a-
TopaMM i pacTBOpoB. [TepBhlit crtocod 0OBIYHO peanu3yloT Ha BO-
JIOOYUCTHBIX KOMILIeKcax OONbLION MPOU3BOAUTENBHOCTH, BTO-
poit — Ha yCTaHOBKax Majioil TPOU3BOAUTEIBHOCTH.

Hns o6echToprBaHUS BOALI MOXET OBITh MCTIOJIB30BAH Psl Me-
TOMOB.

1. Memod copbyuu ¢mopa ocadkom eudpokcuda AttOMUHUA UAU
MaeHus, a makxce gochama kanvbyus, KOTOPHIH 11e71€CO00pa3HO TIPHU-
MEeHSATh IMpH 00paboTKe IMTOBEPXHOCTHBIX BOJ, KOTAa KpoMe oGec-
(TopuBaHUsSI TpeOyeTCs ellle MX OCBETJIEHUE M obOecliBEYMBaHUE.
BMecTe ¢ TeM METON UCIIOJIB3YETCsI 1T 00pabOTKU MMOA3EMHBIX BOJL
MTPpY HEOOXOTUMOCTH OJHOBPEMEHHOTO YMSITYEHMST BOJIBI pEareHT-
HBIM MeTonioM (puc. 5.32, a).

Hccnenosanus, BeinonHenHsle B MI'CY (I'.H. Hukonanze u np.),
1oKa3aju, 4YTo Mpolecc copOounu ¢pTopa cBEXeoOpa30BaHHBIM THII-
pokcuaoM Maruus rpu pH = 9 nporekaet ObICTPO U UHTEHCUBHO,
MPaKTUYECKHU HE 3aBUCUT OT TEMIIEpaTypbl M 3aKaHYWBaeTCs 3a
8—12 MiH, cOpOLIMOHHAST CTTOCOOHOCTh TMAPOKCHIA MAarHUSI MOXET
OBITh UCIOJIb30BaHA O0JIee MTOJIHO MPOMNyCcKaHKeM oOpabaTeiBacMOi
BOJIBI Yepe3 €ro B3BELIEHHBIN CIIOW.

PexomeHayeMasi CKOpPOCTb BOCXOASIIETO IBUXKEHUST BOJLI B OC-
petaurenax — 0,2—0,3 mm/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.

ObechToprBaHue BOIBI COMISIMHU ATIOMUHMS 11€J1€CO00pa3HO Mpo-
BOIWTH MpH HU3KMUX 3HayeHmsIx pH = 4,3—5. B atoM cayyae B ocan-
K€ TTPEUMYILIECTBEHHO HaXOOUTCS OCHOBHOM CyabdaT alloOMUHUST —
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 MeHblNE N03bl Cyabdara
amoMuHus: 25—30 Mr Ha 1 Mr ynansemoro ¢ropa.
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* ocanok Al (OH), + AlF,

Puc. 5.32. Cxema nedropupoBanus Boabl copOuHeii Ha
cBekeobpa3oBaHHOM THAPOKCHAE aJioMUHUS (a) W (UIbTPOBAHHEM Yepe3
3epHHUCTYIO 3arpy3Ky, 3apszKeHHYI0 cyibdaT-uonamu (6):

1, 7 — nopaya ucxomHoit U oTBox AehTOPUPOBAHHON BOIBI, 2 — BBOJ, pa-
cTBOpa M3BecTH (coabl) U cyibdaTa amioMUHUsA; 3 — cMecuTenb;, 4 — oc-
BETJIMTEJIb CO CJIOEM B3BCLIEHHOIO 0CaJaKa; 5 — BBOA KHMCJOTHI JisI CTabu-
JIN3alMK BOIbl, 6 — CKOpBIt duabTp; 8, 9 — 3apsanHas M paboyas Kame-
pbl cMmecuTensi; 10 — nonaua cyinbdara amoMUHUA; [] — KOHTaKTHBII
ocBeTNIUTENDb; 12 — pe3epByap cbopa nepsoro ¢unbrpara; /3 — OTCTORHHUK
NPOMBIBHOI BOAbl; 14 — BBOI x/opa; 15 — pe3epByap uMCTOM Bonbl; 16 —
Hacoc

254



Yoanenue pmopa u3 600dvt ¢ nomowsbto mpukanvyuiipocgpama ocHo-
BaHO Ha COpOLIMM CBeXeoOpa3oBaHHBIM TpUKasbLIMiiochaTom, Ko-
TOPBIN CBA3BIBAET UMEIOLIHIiCS B Bole GTOp B MAJIOPAaCTBOPUMOE CO-
enuHenue — [Cay (PO,)4CalF,, Boimagatowee B ocanok. Pacxon tpu-
Kanbiuiidocharta Ha ynanenve 1 mr ¢ropa cocrapaser 23—30 mr.
Casa3bIBaHWE (hTOpa ONMUCHIBAETCS CEAYIOLIEH peakuneit:

3Ca, (PO,), + NaF + Ca(HCO,), - [Ca, (PO,)Ca]F, + 2NaHCO,,

CKOpOCTh BOCXOISILIETO NMOTOKAa BOJBI B CJ0O€ B3BEIUEHHOTO
ocanka mpuHumaiwt 0,6—0,8 mM/c. Conepxanue propa CHUXKaETCs
¢ 5 no 1 mr/n npu pacxonme peareHta 30 Mr Ha | MT ymajseHHOro
¢ropa.

B omucaHHBIX Cyyasix TeXHOJOTHUYecKasi cxeMa nedropupoBa-
HUS BOJABI C UCTIOJIb30BAHUEM COOTBETCTBYIOILMX PEAreHTOB BKITIO-
YyaeT BEPTHKaJlIbHblE BUXPEBBIE CMECUTENIN, OCBETIUTENN CO CJIOEM
B3BEILIEHHOTO 0OCA/IKa M CKOpble (PUIIBTPHI.

TexXHUKO-9KOHOMUYECKOE CPaBHEHUE TPEX PACCMOTPEHHBIX
COpPOLMOHHBIX CIMTOCOOOB Ae(TOPUPOBAHUS BOABI ITOKA3ajlo, 4YTO
HauboJiee 11eeco00pa3HO MPUMEHSTD ISl YKa3aHHOUW LEJH TUAPO-
KCHJl MarHusl.

2. BJI. Oparunuckuit (HUKM KBOB) u np. npeanoxunu obec-
dbTopuBaHME BOIBI MemodomM KOHMAKMHO-COPOUUOHHOU KOAzyAsyuu.
KoarynasitHT — cepHOKHUC/IBI aTIOMUHUI BBOAUTCS B BOAY HEMO-
CPENCTBEHHO TIepe]l KOHTaKTHBIMU OCBET/IMTENIIMU. MeToz nmpume-
HUM TIpM KOHUEHTpauuu ¢rTopa g0 5 MT/j1, cepoBoigopoja Jo0
2 Mr/n, wenoyHocty ao 6 mMr-sks/a. Ha 1 Mr ynansiemoro ¢topa
pacxonyetcs ~ 80 Mr cynbdaTa amOMUHUS.

3. Hepmopuposarue 800bi aKkmueUpOBAHHbIM OKCUOOM AAOMUHUA
(Oeghnroopumom) obecreunBaeT BHICOKUM 3(hdekT ynaneHust ¢propa
U3 TOJN3EMHBIX BOJ. 3€PHUCTBHII aKTUBUPOBAHHBIN OKCHI aTIOMU-
Hus (3AOA) sBrsieTcsi HauboJee neuieBbIM COPOEHTOM, MPOCTHIM
B MU3TOTOBJICHUW ¥ EMKMM IO NomIoweHuo ¢propa. ITpn duiastpo-
BaHUM 00pabaThIBaeMoOi BoIbl CO CKOPOCThIO 5—7 M/4 yepe3 3A0A
MMPOUCXOIUT MOTJIolleHUe ¢Topa COpOEHTOM B pe3yjibTaTe 0OMEHa
cynbdhaT-MOHOB Ha (PTOp-UOHBI. PereHepalvsi cOpbeHTa MPOU3BO-
JIUTCS TIPOIYCKOM 4Yepe3 Hero 1—1,5 %-Horo pacTBopa cyjibdara
amoMuHusi. EMkocth morniomenust 1 r 3AOA cocTasisier 2—2,5 MT
¢TOP-UOHOB.

OrnurcaHHBINA NPOLECC OCYIIECTBIISETCA Ha CKOPBIX HAMIOPHBIX WU
OTKPBITBIX (OWJIBTPAX MM KOHTAKTHBIX OCBeT/IHTENSX (puc. 5.32, 6),
3arpyxeHHbIX 3AOA. TToMuMO (UIBTPOB YCTAHOBKA MO YAAJIEHHIO
(Topa U3 BOIBI OJIKHA UMETh PEAreHTHOE XO3STMCTBO MIJIs1 IIPUTOTOB-
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JIEHUSI pereHepallMOHHBIX pACTBOPOB, OAKU JUTS BOMBI, UCTIONB3YEMOit
JUTSI B3PBIXJICHUST U OTMBIBKW COpOEHTA.

O6GecdTOoprBaHWE BOABI MO JaHHOMY METONY XapaKTepu3yeTcst
HanObOJIBUIMM TEXHUKO-3KOHOMHYECKUM 3 (HEKTOM, TaK KaK cebe-
CTOUMOCTB 00pabOTKHY BOIBI 3[IeCh MUHUMAJTbHASI TT0 CPAaBHEHHIO CO
BCEMM paHee pacCMOTPEHHBIMU METOJaMMU.

4. 1151 TON3€MHBIX BOI, HE TpeOYIOIUX OCBETJIEHUSI U 0OeCLiBe-
YUBaHUSI, BOBMOXHO obecghmopusanue ¢ npumeHeHuem CUibHOOCHO8-
Hbix aHuonumog. I10 3JKOHOMHUYECKUM COOBpaxXEHUSIM 3TO 11eJieco-
00pa3HO TpH HEOOXOAUMOCTH OMHOBPEMEHHOIO OIIPECHEHUS
BOIBI.

5.17. O6opoT npombIBHbIX BOoA U 06pabotka ocapka

B 1ensx oxpaHbl OKpyXalouieil cpeabl U palOHAIBHOTO WC-
TTOJIb30BaHUSI BOJIBI HA BOTOOYMCTHBIX KOMIUIEKCAX MPUMEHSIOT T10-
BTOPHOE HCIOJb30BAHUE BOJIBI MTOCJIE TPOMBIBKH (DHIIBTPOBATEHBIX
COOpYXEeHU M 0O6paboTKy ocanka oT coopyxeHuit I ctyneHu oun-
CTKH M pEareHTHOTO XO3SMCTBa. DTOT 0CaIOK YTHIN3UPYETCS.

C 41MCTO 3KOHOMMYECKOH TOYKM 3PEHUSI 060POT MPOMBIBHOM
BOJIbI 0COOEHHO 2 dEKTUBEH MPU 3HAYUTEIILHOM YIaJIEHUU BOHO-
OYHCTHBIX KOMIUIEKCOB OT BOJIOMCTOYHWKOB WM NMPU OOMBLION pa3-
HU1IE OTMETOK MEXIY HUMHU. .

Ipu aByXCTymeH4aToil OYHCTKE Ha BOJOOUYUCTHBIX KOMIUIEKCAX
TPOMBIBHBIE BOABI OT (GUIBTPOB, NTPOMISA MECKOJIOBKY, TMOCTYNAIOT
B pe3epByap-yCpeAHUTENb, a U3 Hero 6e3 OTCTanBaHUs WIH TIOCe
OTCTaMBaHUSI PABHOMEPHO TepeHaloTcsl B TOJIOBHOM y3€JT OYMCTHBIX
coopyxeHuil. IIp1 ouncTKe BOABI TOJIKO (DMIIETPOBAHUEM TTPOMBIB-
HbI€ BOJBI 4Yepe3 MeCKOJOBKY MOCTYIAOT B OTCTOMHUKU TTepUOIU-
YECKOTO AECTBHS; BpeMSI OTCTauBaHUs 1 4, JO3blI NOJUAKPWIAMH-
na 0,08—0,16 mr/n. IIpu OTCYTCTBUM TIpeIBapUTENBLHOTO XJIOPUPO-
BaHUS 060pOTHbBIE TPOMBIBHBIEC BOJbI HEOOXOMIUMO 00€33apaXuBaTh
XJIOPOM 110301 2—4 Mr/I.

B TexHonmoruu o6paboOTKM MPOMBIBHBIX BOA U OCAanKa Tpeay-
CMAaTPUBAIOT CJEAYIONINE OCHOBHBIE COOPYXEHHUS: pe3epByaphl, OT-
CTOWHUKH, CTYCTUTENIM, HAKOITUTEN WJIH TUTOIAAKH 3aMOPaXHBa-
HUS ¥ TIOJCYILMBAHMS ocanka. JJomyckaoTcs MeXxaHudecKoe obe3-
BOXXWBaHUE U pereHepalust KoaryJsHTa U3 ocaaka.

Cryctutenu ¢ MeIJIeHHBIM TlepeMeITUBAHNEM UCTIOJb3YIOT IS
YCKOPEHUS YIUTOTHEHHUS OcaiKa U3 coopyXeHni I cryneHn ouucT-
K{ BOJBI M PEareHTHOIO XO35IMCTBa, a TAaKXe 0calka U3 OTCTOMHHU-
KOB TPOMBIBHEIX BOJI.
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ITponoXUTENBHOCTb LIMKJIA CTYIIEHUS OcaaKa Ha paguaibHOM
OTCTOMHUKE-CrycTUTEN e MpUHUMaloT 5—10 u,

HakonuTenmn npenycMaTpuBarOTCs TSI CKJIAAUPOBAHUST U 06€e3-
BOXWBaHUST OCAIKa C yIaJeHUEM OCBETJIEHHOM BOABI U BOABI, BhIIE-
JIMBIIEMCST TPU YIJIOTHEHWUM ocanka. PacueTHBIi rmepuon mist Hako-
nuTest — 5 neT. B KxauecTBe HAKOIMUTENIEH UCTIONB3YIOT OTpaboTaH-
HbIe Kapbepbl, OBparu WJu CIUTAHUPOBAHHbBIE TJIOLIAAKH MTYOUHOR
He MeHee 2 M. B GOJIBLIMHCTBE CJTydaeB TUIOLIAAKH YCTPAaUBaIOT Ha
€CTECTBEHHOM TPYHTOBOM OCHOBAHUM C CUCTEMOU BOJOCITUBOB OT-
CTOEHHOI BOABI W ApeHaxamMu u3 Tpy6. Ha mpakTuke omgHy KapTy
3aTOJIHAIOT A0 TIpeesa, Mocjie Yero B TeueHue 2—3 JIeT yMeHblla-
eTcs BaxHocTh ocanka Ha 60—70 %. I1pu Takoi BIaXHOCTH OcCa-
JIOK TTOTPYXAaIOT Ha CAMOCBAJIBI U BHIBO3SIT Ha 3apaHee BHIOPAHHYIO
TEPPUTOPHIO.

IMnomanxku 3aMopaxxuBaHUS 1Jisi 00€3BOXHMBAHUS OcangKa yCT-
pauBaloOT B paiioHaX C MEPUOIOM YCTOMYUBOTO MOpPO3a He MeHee
2 MecsIleB B TONy C TIOCHEAYIOIIMM €ro yIaJeHUEeM B MecTa CKJia-
JIVPOBAHUS.

MoxXeT NMpUMEHSTBCS U MeXaHW4YeCcKoe 00e3BOXXMBaHUE OCanKa
Ha GunbTp-Tipeccax Wiu BakyyM-dunbsTpax. s aToro Tpedyercs
TIpeBapyTeNIbHAS MOATOTOBKA 0CaaKa, KOTOpasi 3aKJIIOYaeTcs B pa3-
pPYUIEHUM Tefieo0pa3Hoit CTPYKTYPHI TMAPOKCUAA ATIOMUHUS. XOpO-
it a¢hekT gaet npuMeHeHue u3BecTu. Mcnonb3osanue GunbTp-
Tpecca CYUTaeTCss SKOHOMUUHBIM JJisE OCaIKOB CpefiHeil LIBETHOCTH
1 MYTHOCTH.

Jng pereHepalluu KoaryiassHTa — cyiabdaTa aTioMUHUS TIPOU3-
BOJSIT 00pabOTKy ocanka CepHOM KucioToit. Pacxom KHCIOTHI
B CpelHeM cocTamisieT 3 Kr Ha 1 Kr okcunaa antomunus. [IpumeHe-
HUe KUCJIOTHOI 00paboTKu uMeeT orpaHudeHus. Hetlenecoobpas-
HO €€ OCYIIECTBJSATH IJisT BLICOKOUBETHBIX U BBICOKOMYTHBIX BOJ,
TaK KakK B ITEPBOM CJIyyae BOCCTAHOBJIEHHBIN KOATyJSTHT OyHeT 3a-
IpSI3HEH PaCTBOPEHHBIMU OPTraHUUYECKUMM BEeUIECTBaMU, 0OYCIOB-
JIUBAIOIIMMHU 1IBETHOCTh, @ BO BTOPOM — OYJET UMETh HU3KOE CO-
JepxXaHWe TUAPOKCUIAA allOMUHUS U OOJNbILIOH abCOJIOTHBIN
00beM. TakXe BOZHUKAET ONMAacHOCTb PACTBOPEHUSI KUCITOTOM TOK-
CHYHBIX 3aTPS3HEHUN M3 ocalKa M mepexon UX B o6pabdaThiBaeMyo
BOJLY.

ITocne MexaHUYeCcKoro 06e3BOXUBAHUS BJAAXHOCTb OCAJIKOB CO-
crapnser He MeHee 50 %. [To MHEHUIO CMEUaUCTOB, JYYIIUM
CITOCO0OM OCTaeTCsl pa3MellleHUe 0canKa o TEPPUTOPUU TIPU CO-
OJII0IEHUU COOTBETCTBYIOLIMX YCJIOBUU: O€3BpPENIHOCTh COJEpXKa-
LIIMXCSI B OCalKe BEIIECTB JUIs MECTHOCTH; BOMAA, IMPOHUKAIOIIAst
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B K€K, OOJI2KHA UCTTIApATHCS; TOCIIE JOXIA KEK HE NJOJIXKEH IIpeBpa-
HIaTbCA B CYCIIEH3UIO.

5.18. Crabunnusauna soapl

CTabunbHOCT — OJMH WU3 OCHOBHBIX TNOKa3aTesjeil KayecTBa
Boabl. Eciy ouMileHHAss BOOOMPOBOAHAS BOAA, IMPOXOAS IO CETH,
BBI3BIBAET KOPPO3HIO TpyO MM 06pa3yeT ocanok, TO €€ HeJlb3sT CUU-
TaTh YIOBJIETBOPUTEIbHOI 10 KauecTRy. HapyuieHue cTabuibHOCTH
BOJBI MOXET OBITh BBEI3BAHO HalMYHUEM CBOOGOMXHON YTJIEKWUCITOTHI
CO,, kucnopona O,, Hu3kum pH, nepeceleHHOCTBIO ee KapOOHa-
TOM KaJIbLUMSI WU THIAPOOKHUCHIO MarHusl, MOBBIIIICHHBIMU KOHIIEH-
TpalUsIMU CYJIB(HATOB U XJIOPUAOB.

CTaOuJIBHOWM CUMTAaEeTCs BOIa, KOTOpasi He BBIAENSET U HE pa-
cTBOpsET ocaznka KapboHaTa Kanbuusd CaCO;. D10 CBOWCTBO Xapak-
Tepusyercs nokasarejeM crabunbHocTH (C).

[Toka3atenb CTaOMIBHOCTU BBIpaXKaeTcst

111
i C=—2,
11, pH,

C=

roe I, u pH, — menoynocre (Mr-sks/n) u pH vcxoaHoit Bowl;
I, u pH,  — menoynocts (Mr-sks/n) u pH nocne HaceleHus
Boanl CaCO,.

Ecnn nokasaTenb cTaBUIBHOCTH paBeH €IWHHIIE, TO BOAA CTa-
OMITbHAst, MEHBIIIE eAUHUIIBI — arpecCHBHast, 60JIbIle eAMHULIBI —
CKJIOHHA K oTyioxXeHHUIo ocagka CaCO;.

OnpeneneHue CTaOMIBHOCTH TIPOM3BOAUTCS B30AITHIBAHHEM
BOJbI ¢ KapboHaTtoMm Kanbuus CaCO;. Eciin Bona conepXur arpec-
cuBHyI0 yriekucnory, To CaCO; pacTBopsieTCst U IEPeXOIUT B OU-
kapooHaT kansuusa Ca(HCO,),. B pesynbrare menounocts u pH
noseimaorcsa. Ecim ncxonnas Bona nepeceinieHa CaCO;, To OH OT-
JlaraeTcs Ha 3epHaxX BBEIEHHOTO B BOAy KapOoHara Kaubuusi, pH
Y HIEJIOYHOCTh TIPU 3TOM TTOHMXAIOTCH.

ITpu OTCYTCTBUM JaHHBIX TEXHOJIOTHUECKUX aHAIM30B CTaOWIb-
HOCTb JIOITYCKAETCST OIPEeIsiTh M0 3HAYeHUIO MHIEKCa CTaOUIbHO-
¢t (WM MHIeKca HachlieHus) [

I=pH,—pH,,

rne pH, n pH,, — pH vcxonnoit Bonsl u pH ee mocie HachileHHs
CaCo,.
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pH,, paccUMTBIBACTCSI HA OCHOBAHMM JAAHHDIX aHATM3a BOJbI:
pH, = fi(N—/, (Ca?*)—f, (1) + £, (P),

rae f; (9, f, (Ca?*), f; (1), f; (P) — GYHKUMM COOTBETCTBEHHO
TeMIepaTypsl, coaepxaHus Ca?", LIeJOYHOCTH U cojecomepxKa-
Hud. IIpy X BBIYUCIEHUN MOJB3YyIoTCcS HOMoTpamMmamu CHwull
2.04.02-84.*

ITpu moxacyeTe MHAEKCA CTAOMJIBHOCTH IJisi BOIBI Tocie obpa-
0OTKM ee MHHEPAJNbHBIMU KOaryJassHTaMu onpenensiioT pH Boabl
rocJie koarynsuuu rmo Homorpamme CHwull 2.04.02-84* ucxons u3
3HAYEHUM TeMIepaTyphbl, OOIIEro coJjiecoaepXaHus, IEJOYHOCTHU
¥ KoHUeHTpauuu B Heit CO,.

[IenoynocTs Boabl U KoHUeHTpauuio CO, mocie Koaryisunuu
MOXHO OMNpeneuThb Mo hopMyiam:

i, =11, —%“—, MTI-3KB/JI;

K

[CO,], =[CO,], +44%"—, Mmr/im,
K
rae I, — menoyHoCTh BOABI 0 Koarynsuuu, Mr-aks/i; [CO,], —
KOHILIEHTpalMsl YIJIEKUCIIOTHI JO Koaryisiuuu, Mr/i; I, — no3a Ko-
aryJsiHTa B repecyete Ha 6e3BOIHBIN MPOLYKT, MI/JI; €, — 3KBUBa-
JIEHTHas1 Macca 0e3BOJHOTO KOaryJissHTa, Mr/Mr-3kB; 44 — 3KBUBa-
nenTHas mMacca CO,, Mr/Mr-3kBs.

IIpu ongHOBpeMeHHOI 00paGoTKe BOABI KOAryJISTHTOM M XJIO-
pPOM B TIPUBEIACHHBIX BhllIe ¢GopMysiax HeOOXOAUMO YUUTHIBATh
B3aMMOJENCTBUE XJIopa ¢ TMApoKap6oHaraMu Boabl. [Ijig 3Toro
B nepBoif dopMysie U3 HaliIeHHOTO 3HAUYEHUS CJelyeT BBIUECTh
xsoprniorsiontaemocts Boawl (XIT), a Bo BTopoit ¢popmyne moba-
BUTH 44(XIT).

CrabmiIM3allMOHHY10 06pabOTKy BOABI HEOOXOIMMO ITPOU3BOIUTD
TPY OTPULIATEJIBHOM WHIEKCE CTAaOUIBHOCTU Oojiee 8 Mec B rony
M TIPY TIOJTOXUTEIBHOM MHAeKce cTabunbHocT (1 > 0,5) B TeueHMne
8—10 mec.

ITpu oTpuLIaTeILHOM MHIEKCE CTaOMJIBHOCTH OHA 3aKJII0YaeT-
cs B TIOAIIEIAYMBAHUM, GUITBTPOBAHUM YEpe3 MPAMOPHYIO KpOUI-
Ky MM MarHomaccy uiu B ypanenun CO, aspuposaHueM. Ilpu
3TOM MpEeayCMaTPUBAETCS CO3MaHUE YCIIOBUH IJIT 06pa30BaHUsI
3alIUTHON KapOOHATHOM MJIEHKU Ha BHYTPEHHEW IMOBEPXHOCTU

TpyoO.
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B kauecTBe nofleayuBalOLIMX 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 UIsi 0Opa30BaHUS 3aLIUTHOMN
TTEHKH KapOoHaTa KaJIbIIUS.

IlleToyHBIE peareHTHI CJIEAyeT MOoAaBaTh B OYMILEHHYIO BOOY Ie-
pell BTOpUYHBIM XJIOpUpOBaHHEeM. BO3MOXHO UX BBEIEHHUE U B MPO-
Liecce OYUCTKH, €CIIM 3TO HE YXYIILIAET TEXHOJIOTUYECKOrO Mpolecca
M He CHUXaeT 3(P(HEKTUBHOCTH CTAOUTU3aLIMOHHOI 00paboOTKM BOJBI.

Crabuiu3auunio BOIbI, CoaepXallleit arpeCCUBHYIO YIJIEKUCIIOTY,
TaKXe TIPOU3BOAAT (PMIBTPOBAHUEM 4Yepe3 MPAaMOPHYIO KPOIUKY
CaCOj;, unn ponomur CaCO;-MgO, nin 060XKEHHBIH MarHe3uT
MgO. IIpu 3TOM cCaMOTIPON3BOJILHO YCTaHABIMBAETCSI KApOOHATHOE
paBHOBECHE:

CaCoO, + CO, + H,0 = Ca (HCO,),.

DOunbTPhI 3aTpyKalo0T KPOILIKOMH MepeYrCIeHHBIX BhIIIE MaTepH-
ajoB ¢ pa3MmepoM vactuil 0,5—3 MM, BBICOTY CJIOST IPUHUMAIOT IO
2 M, CKOpOCTb (DUJIBTPOBAHUS Yepe3 MPAaMOPHYIO KPOIIKY — JIO
10 M/4, yepe3 MarHoMaccy — 10—20 M/4. PUNBTPBI TEPUOAUYECKU
JOTPYXAaIOT 3€pHUCTBIM AKTUBHBIM MaTePUATIOM, TOTIOJHSS €To
pacxon Ha CTaOMIU3aIMOHHYI0 00paboTKy BOIbI. /s CBA3BIBAHUS
1 Mr arpeccuBHOTrO OoKcHaa yraepona (IV) pacxonyercs 2,3 Mr mMpa-
Mopa, uin 1,1 Mr MarHOMacchl.

st ocBeTAeHUS U CTAOUIU3aLUU MOTYT OBITh TPUMEHEHBI KOM-
OMHMpOBaHHbBIE (UIBTPHI, 3arpy>XeHHbIe TIECKOM U MPaMOPHOM
KPOILKOA.

Ynanenue usbeitouHoro koauyecrsa CO, MpOM3BOAUTCA Ha BEH-
TUJATOPHBIX TPAAUPHSX C IEPEBSIHHON XOpAOBOM HACAAKON WIM Ha-
cankoit u3 kojien Paumra. Harpy3ka Ha rpaIvpHIO B TTIEpBOM CITy-
yae coctasiseT 40, Bo BTopoM — 60 M3/(M2 . 4), pacxox Bo3myxa
npuHumalor 20 m3/M3 Bonel. OcratouHoe conepxaHue CO, B Boxe
nocne rpafupHu — 8—10 mr/m.

IIp® MONOXHUTEIBHOM UHIEKCE CTAOMIBHOCTH BOAY CTAOMIN3U-
PYIOT OAKHUCIEHUEM, UCITOJb3Ysl paCTBOP CEPHON WJIH COJITHOM
KHCJIOT:

Ca(HCO,), + H,S0, = CaSO, + 2CO, + 2H,0;
Ca(HCO,), + 2HCI = CaCl, + 2CO, + 2H,0.
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Taxcke MOryT ucnonbs3oBaThcs hochaTHbIE peareHThl: TeKcaMeTa-
¢docdar xNa,O - yP,0Oy (1 < x/y < 1,7) nnu tpunonudocdar HaTpus
Na,;PO, - 12H,0.

B 3TOM cityyae TIpy UCITOJIb30BAHWM BOIBI TSI TTUTHEBBIX LiEJIei
OCTaToYyHOe cofepxaHue (ocdar-noHoB B coorBeTcTBUU ¢ CaHlTuH
He TIOJIXHO MpeBbIIaTh 3,5 Mr/I.

I'ekcameradochar unu tpunoaudocdar HaTpUs NMPUMEHSIOT
IJ1s1 60pBOBI ¢ KOPPO3UEH CTAITBHBIX M UYTYHHBIX TpyO6. OOpaboTKy
BOJBl 3TUMM peareHTaMU CcJielyeT MPOBOAUTD MOCTOSTHHO M0301 10
3,5 mr/n. X meiicTBUE TpOSIBNISIETCS B 0O0pa30BaHWU 3alIHUTHBIX
MJIEHOK Ha MMOBEPXHOCTU METAJIa U TOPMOXEHUU KOPPO3UOHHOTO
npoiiecca. I1py BBoAe B 3KCILTyaTalliI0 HOBBIX YYaCTKOB TpyOOIIpo-
BOJOB NpeIycMaTpUBAIOT UX 3alojHeHWe Ha 3—4 CyT pacTBOpOM
yKa3aHHBIX peareHTOB ¢ KoHuUeHTpauueir 200—300 Mr/a (B nepecue-
Te Ha P,3) ¢ mocrenyowmM c6pocoM 3TOro pacTBOpa U MPOMBbIB-
Ko TpyOOIpoBOIOB BOOM, coaepxauiei gocdarsl B KOITUYECTBE,
He0oO0XOAUMOM [IJisl TOCTOSTHHOM 00paboTKM.

Bo u36exaHue CyleCTBEHHOTO MOBBIMIEHUS KOPPO3UOHHOM aK-
TUBHOCTHU BOABI 11€JIECOO00PA3HO BMECTO CEPHOKHUCJIOTO aTlOMUHUS
HCITOJIb30BaTh OKCUXJIOPUA ATIOMUHUS WIW TUAPOAJIIOMUHAT Ha-

TpUS.

5.19. KomnakTHOoe BOaoouYMcTHOe o6opyaoBaHue

B mociienHue roabl, HECMOTPS Ha OTpelejeHHbIE TPYIHOCTH
B 9KOHOMUKE, MPOMBILIJIEHHOCTH U KOMMYHQJILHOM XO35IMCTBE, Ha-
OsiroaeTCsl 3aMETHOE TIOBBIIIIEHUE MTPAKTUYECKOTO MHTEPECA K KOM-
MaKTHBIM BOJOOYMCTHBIM YCTAaHOBKaM XO03SIHCTBEHHO-TIUTHEBOTO
Ha3HAYEHMS.

PazpaboTaH psii TEXHOJIOTUYECKUX CXEM M KOHCTPYKTUBHBIX pe-
LIEHU I KOMIAKTHBIX CTAHUMI U YCTAHOBOK 3aBOJICKOIO M3ro-
TOBJIEHMSI, TTIO3BOJISTIOIIMX B KOPOTKHE CPOKU pellaTh 3agayu obec-
TeYeHUs BOJON pa3HOOOpa3HbIX OOBEKTOB, B TOM YUCJIE OTAEIbHBIX
3[aHUIA, TIOCEJTKOB CEJILCKOTO U FOPOACKOTO THMA M T. A., TIPYU ra-
PaHTHUU HaAEXHOCTH, KayeCcTBa OYUCTKU BOABI U MUHUMAJIbHOTO
o0beMa 00CTy>XXKUBaHMUSI.

CTpOMTENIbCTBO MaJIbIX BOJOOYMCTHBIX KOMIIJIEKCOB, COOpYXa-
€MBIX HETOCPEJCTBEHHO Ha MecTe Mo pa3paboTaHHBIM THUIIOBBIM
Y MHAVUBUAYAJIbHBIM MPOEKTaM, COTIPSIKEHO C 00Jiee BHICOKUMHU 3KC-
IJTyaTalMOHHBIMU 3aTpaTaMu, JJIMTEbHBIM CPOKOM U HU3KUM Ka-
YECTBOM CTPOMTEJILCTBA.
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M3 ycTaHOBOK Ge3peareHTHOTO THMa HauOOJIBIINN HHTEPEC TIpe/I-
cTaBisiioT yctaHoBkM «ITnot-punstp», OUCHU, ASHUUBII, «Crpysi»
(MoxeT paboTaTb U B peareHTHOM pexume), «dedeppurs, «PorHUK-
3M», «30Y-HUUTIM-25 M», HUMMH, a u3 ycTaHOBOK peareHTHO-
ro tuna — Jou¥YI'U, «Bnara», BHUWIu M, IIHHUHA MIIC. B atux
annapaTax NMpUMEHSIOTCS HOBBIE TEXHOJIOTHUYCCKUC TIPOLIECCH M HO-
BbI€ KOHCTPYKTHBHBIE 3JIEMEHTBI, TAKME, KAK OCBETJICHHE BOObI B TOH-
KOM CJioe, B TUAPOLMKIIOHAX U aKyCTUUYECKUX (DWIbTpax, (pUIbTphI
(MHOTOC/IO¥iHBIE, MHOTOTIOTOUHBIE) ¢ HOBBIMU (DUIILTPYIOLLIMMHU 3ep-
HUCTBIMM MaTepuaiaMu, 2JeKTPOKOAryJISITOPSI, SJICKTPONU3EPHI, 3J1eK-
TPOMUATU3ATOPbI, YCTAHOBKH DAKTEPHIIMAHOIO OOIyYeHUs U T. M.
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Puc. 5.33. CxeMbl YCTAHOBOK 3aBOJCKO# roTopHocTH «Baara» (a)
u «Ctpys» (0):
1, 10 — Hacocht Momayu UCXONHOI 1 06paboTaHHOI BOALI; 2, 7 — CETYAThIN
U 3EPHUCTHIN CKOPbIH GUIBTPBI; 3 — BEPTUKANBHBIA CMECHUTEb-A€a3PaTop;
4, 5 — 0aku KoaryjstHTa U (JIOKYJISHTA;, 6 — TOHKOCJIOHHbBIA OTCTOMHHK,
COBMEILLEHHBIH ¢ KOHBEKTHBHOW KaMepoil xj1onbpeoOpa3oBaHud; § — arma-
paT obe33apaxXuBaHusl BOAbl; 9 — pe3epByap 4MCTO Bombl; // — Hacoc mo-
a4y MPOMBIBHOM BOAbl; /2 — 0GaK U3BECTKOBOro pactsopa; /3 — 6ak pa-
CTBOpa NMoBapeHHOM cosu; /4 — BonoHaropHas OalrHs; 15 — OTBOX BOIbI
rnorpeburento; /6 — annapaT «IToTOK» LIS MONyYeHKs TUITOXJIOPUTA HATPHA
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HanopHas ¢unbTpoBanbHas ycraHoBKa «Jledeppur» obecrieym-
BaeT OYMCTKY BOIBI OT KeJie3a (IIPU €ro UCXOMHON KOHIIEHTpaLUn
no 15 mr/m), mapranua (mo 0,5 Mr/n), xene300aKkTepuil U pacTBo-
peHHbIX ra3oB. ITpoussoautensHOCTh ycTaHOBKU OT 100 mo 1600
(Bo3MoxHO 110 8000) mM3/cyT.
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Puc. 5.34. Cxema ycranosku A3SHUH BII «Crpys» (a) u BHUWUT'uM (6):
1 — nacoc I nombema; 2 — nomaya peareHTos; 3 — Hacoc-no3arop; 4 — pe-
areHTHOE XO3SMCTBO; 5 — TOHKOCJIONHBIN OTCTOMHUK; 6 — BJEKTPOJIU3ED
IUTSL 06€e33apaKMBaHUs BOAbI; 7 — HAMOPHBIA CKOPLIH GUIBTP; § — pesep-
Byap 4YucTOM BOAbl; 9 — mpombiBHOM Hacoc; /0 — ruapouukinoH; /71 —
3JIEKTPOKOArynsiTop; 12 — Bo3myxooxJianurenb; 13 — caMONpPOMBIBAIOLLIMI-
¢ ckopelit GunbTp; 14 — nHeBMaTHYecKuit 6ak; 15 — GakTepuuUMIHAs

ycTaHOBKa; 16 — anekrpoHacoc; /7 — oTBon o6paGoTaHHOi BOabI

besHamopHble ycTaHOBKM THNA «Bnara» (puc. 5.33, @) TexHos10-
TUYECKH aHAJIOTUYHBI ycTaHoBKaM «Ctpys» (puc. 5.33, 6), HO uMe-
10T 6OJIBIIYIO MIPOU3BOAUTENBHOCTE: 1,6; 3,2; 5,0; 8,0 ThIC. M3/CyT.
OHM MOTYT OBITh UCTIOJIB30BAaHBI HE TOJILKO ISl OCBETJIEHUS, obec-
LIBEYUBAHUS, A€3010palluy U 00e33apaxXMBaHUSI BOABI, HO U JJs
obe3xesie3uBaHus, NeGHTOPUPOBAHUS U YMITYEHUs. YCTAaHOBKM
«Bnara» MpUMEHUMBI TP MYTHOCTH MCXOAHOI Bombl mo 1,5 r/m;
uBeTHocTH o 300 rpanm; comepxaHuu 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, ¢drtopa
0 5 Mr/n, oblueit XecTKocTH A0 15 Mr-akB/Jj, KapboHATHOM XecT-
KOCTH 10 8 MT-3KB/J.

Hanopnas ycranoska «Ctpysi» HUM KBOB BbITTyckaeTcs rnmpo-
u3BoauTeabHocThio 100, 200, 400 u 800 M3/cyT 1 BOO MYTHOCTBIO
1o 5 t/n (a ¢ Bogozabopom ocsetnuteneM «Ilnor» — mo 15 r/n),
060 LIBETHOCTU; C coAepxkaHueM ¢ropa A0 S Mr/m; xeje3a 06-
mero g0 S0 Mr/n u obieit XecTKocThio 10 20 MI-3KB/J.

TexHoJlOrM4ecKre cXeMbl 00eMX YCTAHOBOK BKITIOUYAIOT CETYAThIE
(GUABTPBI, TOHKOCIOMHBIE OTCTONHUKH, COBMENICHHBIE C KaMepaMU
XJIOMbeOOPa30BAHUS TUIPABIUUECKOTO THTIA, CKOPBIE 3€PHUCTHIE
(unbTphI, annaparbl 06e33apaxKMBaHUS BOIbI, HAJIeXalllee peareHT-
HOE XO3SIHCTBO U HACOCHBIE YCTAHOBKH.

Hanopnast ycranoska ASHUHM 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 CKOPBIN (GUAbTP ¢ Oojlee aKTUBHOM
dbunpTpytoueit 3arpy3koit U3 KJIMHOMTUJIOJNNTA.

~

Puc. 5.35. Cxema BonoounctHoit yctanosku bBY-1 (a), OUCH (6),
BH®-HUMMHU-3 (s):
1, 8 — Hacocsl 1 v 11 noabeMa; 2 — 3aiinTHBIE ceTKU; 3 — BJOK I'MIPOLIMK-
JIOHOB; 4 — npeduIbTp; 5 — cKopble PUIBTPLI; 6 — ycTaHOBKa JUIS 06e3-
3apaxKMBaHUsl BOIBI;, 7 — pe3epByap YMCTOM BOAbI; 9 — MPOMBIBHOW Hacoc;
10 — orBon 06paboTaHHO# Boabl, /] — 6ak NPOMBIBHOM BOAbI, /2 — KJia-
NaHbl 0OpaTHbIe MOoALEMHbIE; 13 — 3anopHble MOMJIABKOBbIE KianaHbl, 14—
bunstp BHO-HUMM-3; 15 — perynsitop ckopocTu (HUIBTPOBAHUS
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Puc.5.36. Ilepensuxkuas Bonooyucras ycranoska BHUUTuM
npoussoauTeNbHoCThIO 0,5 M3/y:
1, 2, 6 — yronbHbIii, MOHUTOBBIIT U OCBETIUTENbHBINA DUABLTPLI; 3 — BO-
NOBO3YyIUHbIH pe3epByap; 4 — anekTpoctaHuusi «Kues-2»; 5 — Buxpe-
Boit Hacoc BCH-1; 7 — snekrpokoarynarop; 8§ — GakTepulMaHas ycra-
HoBka OB-II1

B nanopHoit pearentHoii yctaHoBke BHUHWUTuM (puc. 5.34, 6)
HCMOJIB30BaHbl JEKTPOKOATYSITOPBI TPOTOYHOTO THUIA U CAMOTIPO-
MBIBAIOUIMICST CKOPBIH (PUILTP C aHTPALIUTOBOM 3arpy3koii. B kaue-
CTBE NMPENOYUCTKU NMPUMEHEH THIPOLMKIOH, a 00e33apaxuBaHe
BOZbl IOCTUTAETCS Ha DaKkTepuLMIHOM yctaHoBKe OB-11m.

HanopHsie 6e3peareHTHbie ycTaHOBKUM BBY-1, OUCH u BH®D-
HUMM-3 (puc. 5.35, a—6) OCHOBAHBLI Ha UCIMOJIB30BAHUU ABYXCTY-
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rnmeHyaroro ¢puILTPOBAHUS Ha arrapaTtax ¢ 3epHUCTON 3arpy3Koit
pa3Hoit kpynHocTH. [1pn HEOOGXOAMMOCTH B Ka4eCTBE MPEIOYUCTKU
MpeaycMaTpUBAaIOT ceTYaThiec (GUIBTPHI WIM TUIPOIUKIOHBL.

Ocoboro BHUMaHMUSI 3aCy>XKMBaeT HaMmopHast NMepeaBIKHAs ycTa-
HoBka BHUHNTUM c cobGcTtBeHHOU anekTpoctaHuueit «Kues-2»
(puc. 5.36) npousBoautenbHoCThIO 0,5 M3/4. YHMBEpcaabHast Tex-
HOJIOrMYecKasi cCxeMa yCTaHOBKM TIpeyCMaTpHUBaeT HE TOJNBLKO OC-
BeTJIeHUE, obeclBeUnBaHUe, 00€33apakBaHue 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, U peareHToB

Hoanwtii pacxod 6o0bt, MoCcTymNawlIeil Ha KOMITJIEKC BOIOIIOATO-
TOBKM (), ONPENENSIOT C YYETOM PacXojia BOAbI Ha ero cOOCTBEH-
HBIE HYXIB (TPUTOTOBJICHYE MYJBITBI, PACTBOPOB M CYCITEH3UI pe-
areHTOB, NMPOAYBKA OCBETIUTENEN WIN OTCTOMHWKOB, yIajeHHE
MeHbl U3 (GIoTaTOpPOB, TIPOMBIBKA (PUIBTPOBAIBHBIX COOPYXEeHMUI
Y pe3epByapoB (DUIBTPOBAHHOM BOIBI Y AP.) U JOMOJHUTEIBHOTO
pacxozia BO/IbI Ha BOCMOJIHEHHE MPOTHBOMOXapHOTO 3anaca Q...
CnenoBaresibHO, TIOTHBII PacXoj BOMBI, TOCTYMAOIIEH Ha BOAOOYH-
CTHOW KOMIUIEKC, OYAeT paBeH:

Qn = 0 Uyakc.cyr + Qnon’

rIe o. — KO3(h(GHULIMEHT, C TOMOLIBIO KOTOPOTO ONPEAEIISIIOT PacXomd
BOJBI HA COOCTBEHHBIE HYXIIBI KOMILJIEKCa (71T KOMITJIEKCOB OCBET-
JIEHUs U obecLBeYMBaHUS, 00e3XeNe3uBaHusl, COpOLIMOHHOTO 0bec-
¢TopuBaHug npu 060poTe MPOMBIBHOM Boabl — 1,03—1,04; 6e3 no-
BTOPHOTO ucnonb3oBaHust — 1,1—1,14; s ycTaHOBOK yMSITYEHUS
Boael — 1,2—1,3).

JOnoMHUTENbHBINH pacXod BOAbI Ha BOCITOJTHEHHWE MTPOTHUBOIO-
XapHOTro 3araca

e 7 — 4YUCIO OJHOBPEMEHHBIX MOXAPOB; g, — HOpMa pacxona
BOZIBI NpW noxape no ykazanueiMm CHull, n/c; T, = 3 — pacuer-
Hasl TIPOJOJIKUTENBHOCTD 1oXapa, 4; 7T,,. — Nneproa BOCCTaHOBIIE-
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HUA MOXapHOTOo 3araca, 4 (st TOpoJlIoB U NPEANPUATHI KaTeropui
A, B, B — 24 u, nnsa npeanpustuit kareropuit I'y, I — 36 u, ana
CeNIbCKUX HACeNEHHBIX MTYHKTOB — 72 4).

Bodoouucmuete komnaexcet ONXHBL ObITh PACCYUTAHBI HA PaB-
HOMEpHYI0 paboTy B TeyeHHe CYTOK MaKCHUMaJIbHOTO BOIOTIO-
TpebJeHUsI, TPU ITOM CIEAyeT MPEAyCMOTPETH HEOOXOAMMOCTD
OTKJTIOYEHUS OTHEJbHBIX COOPYXKEHUN Ha TEKYIIMIl peMOHT, OC-
MOTp M T. TI.

IIpn MpoeKTUPOBAaHUM BOAOOYHUCTHBIX KOMIJIEKCOB UX KOMMY-
HUKalLMK HeoOXOAUMO pPacCYMTHIBAaTh Ha BO3MOXHOCTb ITPOIYycKa
pacxona Bozabl Ha 30 % GoJiblile pacYeTHOTO, PYKOBOJICTBYSICH COO0-
paXkeHUSIMU UHTEHCU(DUKAIIUU UIIK PEKOHCTPYKIIUM BOTOOYMCTHBIX
COOPYXEHUM.

CocTaB BOJOOYMCTHBIX COOPYKEHUI 3aBUCUT OT Ka4eCTBa BOIbI
B UCTOYHUKE BOAOCHAOXEHUSs, TpeOOBaHUM, MTpEabSBISIEMbIX K 00-
paboTaHHOI Boe, KOTOphIE O0YCIIOBIIEHBI perlaMeHTaMH MOTpeOu-
TeJIsI, ¥ OT NMPOU3BOJUTETLHOCTH YCTAaHOBKU. I1pH rmoarotroske Boabl
MUTBEBOTO KaYeCTBA COCTAB BOAOOUYMCTHBIX COOPYKEHHUIT Ha3Haya-
ercst o CHull 2.04.02-84*. JonmosHUTENBHO TPeOyeTCsl BKITIOUYEHUE
B TEXHOJIOTMYECKYIO CXeMY MUKDPO(MDUIBTPOB, €CITN «1IBETEHHE» BOJBI
IUTUTCs G6osee | Mec B rony M eCiik CpelHEMECSIYHOe COIepKaHHe
mrankToHa 6osee 1000 kieTok B 1 M3 BOIBI.

IIpu BBIGOpPE TEXHOJOTHMUECKOH CXEMBI TaKXKe YUMTHIBAIOTCS
OITBIT 3KCIUTyaTallMU CTAHUMN B aHAJTOTUYHBIX YCIIOBUSIX U PE3YJib-
TaThl MPEIBAPUTEIbHBIX TEXHOJIOTMYECKHX UCCIEIOBaHUM.

Kak noxkaszana nmpakruka, KjiaCCU4eCKHUe TeXHOJOTHYeCKHe cXe-
MBI C OTCTOMHUKAMU M OCBETJIMTENISIMH CO CJOE€M B3BELIEHHOTrO
0cajKa aloT XOpOIIUE pe3ysibTaTbl B OCHOBHOM TPH OYMCTKE peu-
HBIX BOJ, B KOTOPBIX COAEPXKATCS TSIKEJble TPyOOAMCIIEPCHBIE MTPU-
Mecu. IIpu oynucTKe BOI 03ep M BOAOXPAHUJIUIL, a TAKXKe PEK C Ma-
JIOM CKOPOCTBIO TEUEHUSI BOIBI, TPU OUMCTKE HU3KOTEMIIEpaTyPHBIX
BoJ1 Oonee BhICOKMH 3¢ (eKT MOXHO MTONYYUTH TpUMeHeHUeM ¢ito-
TallMM U ABYXCTyINeHYaToro ounbkTpoBaHusi. C MOBBILIEHUEM LIBET-
HOCTH BOIIBI M OOIIETO CONEpPKaHUSI OPraHUYECKUX BEILIECTB PaCTET
poJIb peareHTHOI 06paboTku Boabl. Beicokoa(hheKTUBHBIMHU, a Ya-
CTO U HEU30EXKHBIMU MOTYT CTaTh METOIbl OKUCIIEHUSI 030HOM, XJIO-
pOM, COpOLIMOHHAS U OMOCOPOIIMOHHAsT TEXHOJIOTHS.

st CHYDXEHMST OKMCIISIEMOCTH BMECTO XJiopa Bo u3bexaHue 00-
pa3oBaHUS XJOPOPraHUYECKUX COEAMHEHUI Ha MPENOYMCTKE MOTYT
HUCTIOJIb30BAThCS OMOPEAKTOPHI.

PaccMOTpeHHBIe paHee TEXHOJIOTMUECKUE CXeMBbI (CM. pasn. 5.2)
COCTaBJICHBI UCXOMSI U3 ONITUMANIBHBIX PEXWMOB IKCIUTyaTalluu OT-
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JIeJIbHBIX BOJTOOUYMCTHBIX COOPYXEHUH U C yUETOM TEXHUKO-3KOHO-
MHUUYECKUX ToKaszaTesieit ux paboTel. Tak, coopyXeHUs TpeaBapu-
TeJIbHOM 06pabOTKY BOMABI (OTCTOHUKH, OCBETJIUTENIU CO B3BEIICH-
HBIM 0CalnKoM, (JIOTATOPBI U [Ip.) MOJXKHBI OCBETJISITh BOOY A0 CO-
JIepXaHus B3Beceit 3—12 MIr/m M CHUXATh €€ LIBETHOCTH 10 25—30
rpan. [Tpy 3ToM MUHUMAaIbHAS TPOAOJIKUTEIBHOCTh PA0OThl BEPTU -
KaJIbHOTO OTCTOMHMKA JOJIXHA OBITh HE MeHee 6 4, TOPU30HTabHO-
ro — 12—24 4, ocBeTyinTeneit co B3BEUIEHHBIM OCagKoM — 3—12 4
MEXIy BBITYyCKaMM OCalKa.

Ecau MytHOCTh ob6pabatsiBaeMoit Boasl Gonbiie 1,5 r/a, To
HeobXOMUMO TpeayCMaTpUBaTh COOPYXEHUS MpPEaBapPUTEIbHOTO
0e3peareHTHOTO OCBETIIEHUSI, BEHIOOP KOTOPBIX OOYCIOBIEH XapakK-
TEpOM B3BECU U MPOU3BOAUTEIBHOCTHIO BOJOOUYUCTHOTO KOMII-
siekca. OOBIYHO IS 3TOHW II€JIM UCTOJB3YIOT TOPU3OHTAJIbHBIE
WIA paavajibHble OTCTOMHUKH, TUAPOLIMKIOHB U BON03a00pHI-
OCBETJIUTENH.

ITocne Toro Kak HaMeueHa TEXHOJOTHMYECKasi CXeMa OUYMCTKH
BOJbI, AEJIAETCS BHIOOP KOHCTPYKUMH OTACIBHBIX TEXHOJIOTMYECKHUX
COOPYXEHUM, YTO ABJSETCS CJIOXHOW M OTBETCTBEHHOM 3amadeid.
HanpuMep, ripy npoeKTUPOBAaHUHN YCTAHOBOK C OCBETIIUTENISIMU CO
B3BELIEHHBIM OCaJKOM MJIM C KOHTAKTHBIMU OCBETIUTESMHU TIpe-
MOYTEHUE CJIEAYET OTAABATh BEPTUKAJIBbHBIM CMECUTENSIM, KOTOPHIE
obecrieymBaloT He TOJBKO TpeOyeMoe CMeIllleHUE peareHTOB C BO-
JIOi1, HO U BO3AYXOYyHdaJeHUE, YTO HEOOXOAUMO IJIsT HAIEXHON pabo-
THI YKa3aHHBIX anmnapaTtoB. CielyeT npeaycMaTpUBaTh paccpelioTo-
YEHHBIN BBOJ PEareHTOB.

IIpyn ynajeHUM M3 BOJBI TUTAHKTOHA CJIEAYET MpeaycMaTpUBATh
MUKPODUITBTPBI, WIN IPUHUMATh TEXHOJIOTHIO C (DJIOTATOpaMHM, UJITH
Ha MepBOM CTyrmeHn GUIBTPOBATh BOJIY 4Yepe3 IMJIaBaloUIyIo MOJH-
MEPHYIO 3arpy3Ky.

B cnyyae ne3omopauuiv BOOBI C MCMOJb30BaHMEM YTrOJbHOM
MYJIBITBI WM CUJIBHOTO OKUCJIUTEJS B HAYaJie TEXHOJOTHYECKOTO
TpakTa cjelyeT MPUHMUMaTh B KauyeCTBE BXOIHOIO YCTpOMCTBa
KOHTaKTHBIHA pe3epByap, a NMpH AJUTEJHBHOM MepHoae Ae3010pa-
LIMU — YTOJIbHbIe (DUIBTPBI, pacrojiaraeMble MOCTEe OCBETIUTETh-
HBIX.

IIpu Koaryn1mpoBaHMU MpPUMeECEH BOOBI B YCIIOBUSIX HU3KHX TEM-
nepaTyp, a TaKXe IPU €€ PeareHTHOM YMSTUYEHHUM CIIEAYET MUCITOJb-
30BaTh coyiu Xeye3a. {151 oGecliBeUMBaHMUST BOJIBI PEKOMEHIYIOTCS
B KQUECTBE KOaryJssHTa COJU aJIlOMUHUS (WJIM UX CMECh C COJIAMHU
JKeJjie3a), 030H U aKTUBUPOBaHHAs KpeMHHeEBas KUCIIOTA.
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5.20.2. BbicoTHasa cxema y NJ1aHNPOBKA BOJOOYMNCTHDLIX
COOpYXeHUi

BrICOTHOE pacnosioxeHre OYUCTHBIX COOPYKEHUM NOJIKHO obec-
MEeYMBaTh CAMOTEYHOE ABWXXEHUE BOAbl OT HAUBBICILIEH TOUKHU TEX-
HOJIOTMYECKOM CXEMBI 10 pe3epByapa YMCTOW BOIHI.

Haussiciieit TOUKOit 0GBIYHO SBJISIETCSI MAKCUMAJIBHBIN YPOBEHB
BOIIBI B MUKPOGUIBTPaX UIN B cMecUTeNsix. OTMETKH YPOBHST BOABI
B COOPYXXEHHUSIX PACCUMTHIBAIOT UCXOSI U3 MOTEPh HANlopa B COOpY-
KEHUSX 1 B KOMMYHUKALUUAX TP MAKCUMabHOM TTPOU3BOIUTEIb-
HOCTH cTaHUMU. OpUEHTUPOBOYHBIE TTOTEPU HATIOPA B COOPYXKEHU-
X U KoMMyHUKauusix npuseaeHsl B CHull. 3a HyneBylo OTMETKY
MPUHUMAIOT MAKCUMaJIbHBIM ypOBEHb BOABI B pe3epByape YMCTOM
BOIBI, KOTOpast KorkHa ObITh Ha 0,25—0,5 M BHIIIE TOBEPXHOCTH
3eMid. [Janee myTeM TocaenoBaTeIbHOTO CYMMHPOBAHUST TTOTEPh
HaTopa OMNpeHesiioT OTMETKU YPOBHEHN BOABI B OCTAJIBHBIX COOPY-
XeHusx (puc. 5.37).

Ha BBICOTHOIT cXeMe BOZOOYMCTHOTO KOMILJIEKCAa ITOMUMO OC-
HOBHBIX TEXHOJIOTHUYECKUX COOPYXKEHUH NOJIXHBI OBITh TMMOKA3aHBI
peareHTHOE XO3SICTBO, COOPYKEHMS TT0 000POTY NMPOMBIBHOM BOIBI
1 00pabOTKH 0CagKa, OTMETKH OCH MPOMBIBHBIX HACOCOB WJIM IHU-
1a 6aka MpPOMBIBHOM OalllHU, OTMETKM BaKyyM-HacOCOB, HACOCOB-
J103aTOPOB, KMCJIOTHBIX HACOCOB, BO3AYXOAYBOK.

Heo0xoauMo onpeaeuTh BHICOTY OTAEABHBIX COOPYKEHUM U OT-
METKH HX JHA I10 OTHOLIEHMIO K ITOBEPXHOCTH 3eMJIH. IIpu npuBs3-
K€ OYHMCTHBIX COOPYXEHUI M MPOEKTUPOBAHUU BBHICOTHOM CXEMBI
YYUTBHIBAIOT peibed ITJIOUIAKU OUYMCTHBIX COOPYXEHUH, TITyOUHY
3aJIeTaHUsT TPYHTOBBIX BOJ, MAKCUMAJBHEINH YpPOBEHb BOABI B BOJIO-
eMe B MepHuoj MaBoaKa, BO3MOXHOCTbh CAMOTEYHOTO OTBOAA CTOY-
HBIX BOJ M OCAIKOB C OYMCTHBIX COOPYKEHMI, YCIIOBUS MTPOU3BOJI-
CTBa CTPOUTETBHO-MOHTAXHBIX pabOT U UX 00BEM, YCITOBUS pabOThI
HacocoB HacocHO# craHuuu II mogpema. OTMETKH AHUIL BOJOOYHU-
CTHBIX COOPYXE€HWH TOJKHBI Ha3HAYAThCS C COOIIOIEHUEM YCIIOBUS
MWHUMAaJIbBHOTO 00BbeMa 3eMJITHBIX U OETOHHBIX paboT U Haubosee
GIaronpUsITHBIX YCIOBUH MPOU3BOACTBA paboT.

[ns1 onpeneneHuss pa3MepoB MOTNEPEYHOTO CEYEHUST KOMMYHHUKa-
MM UCXONAT U3 CNEIYIOUINX CKOPOCTEH TEYEHHUST BOJBI, M/C: OT Ha-
cocHoit cranuu (HC) I mombema k cmecurenmo — 1,0—1,2; ot cMe-
CUTENS1 K KaMepe XJIONbeoOpa3oBaHus win ocBeutemo — 0,6—1,0;
OT OTCTOMHWUKOB WJIM OCBETJIMTEJIEH CO B3BEUIEHHBIM OCanKOM
K dwibTpam — 0,8—1,2; oT GWIBTPOBAIBHBIX allapaToB K pe3epBy-
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apaM 4yucToi 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 nMpoMBIBHOM BOABI OT PUJILTPOB; 2 — MECKOJIOBKA; 3 — IrMIpO-
ajieBatop; 4 — pe3epByap-yCpeIHHUTeJb IIPOMBIBHOM BOIBI; 5 — Hacoc re-
peKayku MPOMbBIBHOI BOIBI; 6 — BO3BpAT NMPOMBIBHOH BOIBI Ha OYUCTHHIE
COOpYXeHMs; 7 — MMojJaya ocajaka OT OCBET/UTeseil; & — pe3epByap NpH-
eMa ocanka; 9 — ycTaHOBKa MeIJIEHHOro rNepeMelnuBaHus ocaaka; 10 —
mioufaaka o6e3BoXUBaHUs ocanka, /] — KoJjonel Ajs Hamycka Ocaika;
12 — Hacoc TepeKaykH CTYLIEHHOro ocanaka; 13 — eMKOCTb CryuieHHOTo
ocajxa; /4 — ocaiKOyIUIOTHHTENb, 15 — HAcOCHI MepeKayKH ChIPOTO OCAlIKa;
16 — nopaya McxoaHot Boabl, /7 — GallHs NMPOMBIBHOM BOAbl; 18 — BUX-
peBOii cMecHTelb; 19 — OCBETIMTENBL CO B3BELIEHHBIM 0cankoM; 20 — CKo-
poliit duabTp; 21 — pesepByap uucToit Boabl; 22 — Hacoc 11 nogsema; 23 —
Hacoc MOJAKAYKH MPOMBIBHOM BOAbI; 24 — GOYKH C XJIOpOM; 25 — ucrnapu-
Tesb; 26, 27 — XJIOpaToOpbl MEPBUYHOTO MU BTOPUYHOTO XJIOPUPOBaHUst; 28 —
pacTBOPHO-XpaHWIMILIHBIN GaK KoarysHTa; 29 — Hacoc MepeKayku pacTBo-
pa KoarynsHTa; 30 — pacxoQHblit 6ak koaryasiHta; 3/ — Hacoc-103aTop pa-
cTBOpa KoaryjsiHta, 32 — Meuwanka nojavakpwiaMuaga ITAA; 33 — Hacoc
IUTSL UMPKYJISILMK M rtopayu TTAA B pacxomHblit 6aK; 34 — pacTBOpHbIN Oak
pactBopa [TAA; 35 — Hacoc-go3atop pactBopa ITAA
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MecTo CTPOUTENBCTBA CTAHLIMK AOKHO 06ECTIEYUTh KOMITaKTHOE
pacriosIoXeHUE BCEX 30aHUNH U cOOpYXEHH, MUHUMAIbHYIO JUIMHY
KOMMYHUKaLUI U ynobcTBo 3kcryatauni. Heobxogumo 3apesep-
BMPOBATh 3amacHble TUTOLANN [UIsl pacIiMPEHUsT CTAaHLUU, BOKPYT
CTaHLIUU JOJIXKHA OBITh BO3MOXHOCTb CO3MaHMS 30H CAHUTApHOM
OXpPaHBI.

OcHOBONOJIATalOUMMHU MTPU peLIeHUH TeHITJIaHa BOIOOYHUCTHOTO
KOMIIIEKCA MTOMUMO reorpadpuyeckux, TornorpaduyecKux U reoso-
TMYECKUX YCJIOBUH SIBAISIIOTCS €T0 MPOU3BOAMTEBHOCTh U COCTAB
BOIOOYUCTHBIX COOPYKEHUH.

Ha renrmiaHe 0603HayaloOT BCe CTPOEHUS U COOPYXKEHUSI, HAPYX-
Hble KOMMYHHUKALIUH, JOPOTH, O03eJieHeHUe U orpaxaeHue (puc. 5.38).
ITo BO3MOXHOCTH BCE OYMUCTHBIE COOPYXKEHMS, TPOU3BOJACTBEHHBIE
M BCTIOMOTaTeJIbHbIE TTOMELIEHUSI, peareHTHOE XO3SIMCTBO 11eJ1eC000-
pa3HO CKOHLIEHTPUPOBATh MO CAWHOW KpBILIeil WK TPYNNUpPOBaTh
B HECKOJILKUX OJIM3KO PacroIOXeHHBIX 3MaHUSIX.
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Puc. 5.38. I'eHepaibHblit NIaH BONOOYHCTHOIO KOMILIEKCA:
1 — 60K OCHOBHBIX COOpYXEHHUi; 2 — peareHTHOE X03siicTBO; 3 — KO-
TeNbHast; 4 — ciyxebHbli KOpryc; 5 — OGaliHs NMPOMBIBHOM BOabl; 6 —
xjlopaTtopHasi; 7 — coopyXeHusi 060poTa NpOMbIBHOI BOIIbI; § — COOpyXe-
HUs 00paGoTKM ocanka; 9 — pesepByap uMcToit Bonbl; /0 — HacocHas
cranums II mognvema; /1 — Bomosoasl ot HC I noasema; 12 — npoxoaHas;
13 — pe3epBHasi TEpPUTOPUSI HAa pacLUMPEHUE KOMIUIEKca
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PacrnonoxeHue BCEX COOPYXKEHHUM M MOMELIEHUI B OOHOM 311a-
HUM BO3MOXHO, KaK MPaBUJIo, TOJBKO NMPHU HeGONBIION MPOU3BOAU-
TEJILHOCTH CTAHLIMM.

PacxomHble cKTambl XJIOpa M aMMHaKa, a TaKKe KUCIIOT MPOoeK-
TUPYIOTCST cormacHO «CaHUTAapHBIM TIpaBHJIAM TTPOCKTUPOBAHMS
06OpYIOBAaHUS U COAEPXAHUST CKJIAOB IS XpaHEHUS CUJIbHOIE -
CTBYIOUIMX SIIOBUTBIX BEIIECTB».

Cxutagsl XJIopa ¥ aMMHaKa pacrofaraloTcs B OTACTBHBIX 3TaHUSAX.
PaccrosHue OT HUX 10 BOTOMCTOYHHMKA W TTPOU3BOACTBEHHBIX MTOMeEIle-
HUI ¢ TTOCTOSTHHBIM TTpeObIBAHUEM JTIONEH JOIKHO ObITh He MeHee 30 M.

XJTopaTOpHY10, COBMELIEHHYIO CO CKJaJ0M XJiopa, pa3MellaiT
B HauboJiee HU3KOU YacTU TepPUTOPUN BOJLOOYUCTHOTO KOMTIJIEKCA.

CKnaapl IpYrux peareHTOB HOJXKHBI pacrnoiaraThCsl BITJIOTHYIO
K peareHTHOMY LI€XY, TJI€ HaXOASTCsl anmnapaThl ISl IPUTOTOBJICHUST
MUX PacTBOPOB M CYCIIEH3UIA.

B cooTBeTCTBMM ¢ BHUIOM peareHTa M NMPOU3BOAUTETBHOCTHIO
KOMILJIEKCca TIpeAyCMaTpUBAIOT €ro CyXo€ WJIM MOKpOE€ XpaHeHHe
B BUJE KOHUEHTPUPOBAHHBIX PACTBOPOB WM MPOAYKTOB, 3aJUTHIX
BONOIt. XpaHEeHNE PEareHTOB B CYXOM BUIE OCYIIECTBISIOT B 3aKPhI-
TBIX CKJIafax HaBaJioM WJIU B Tape.

®dropconepxallve peareHTbl U MOJIUaKpUIaMUI XpaHsT B Tape. Ha
KPYITHBIX BOJOOYMCTHBIX KOMIUIEKCAX PacTBOP KOATYJISTHTa KOHLIEHT-
paireit 15—20 % xpaHAT B 6akax-XpaHUIHIAxX 6e3 nepeMellnBaHus.

K rmoMeleHUIO 11T XpaHEHUST aKTUBHOTO YTJIST TPEIbABIAIOT Tpe-
OoBaHMST MOXapHOI GE30MacCHOCTH, OTHOCS peareHT K Kateropuu B.

Ha KpyrnHBIX BOZOOYMCTHBIX KOMITJIEKCAX TIPEAYCMATPHBAIOT Tec-
KOBO€ XO3SINCTBO IJISI XpaHEHUS, COPTUPOBKU, TIPOMBIBKM M TpaHC-
MOPTUPOBAHUST MAaTEPUAIIOB, HEOOXOIUMBIX [IJIST TTEPUOINUECKOI 10~
TPY3KH U Neperpy3Ku GUIBTPOBAJILHBIX aIllapaToB.

Ha ctanumu pomkeH ObITh aBapUIAHBIN 3amac rmecka U3 pacyera
10 % exerogHoro MomnoJiHeHUs GUIBTPYIOLIEIH 3arpy3KHU U 3arac Ha
Meperpy3Ky oaHOro GuiabTpa Mpu obieM UX KojinyecTBe a0 20.
3arpy3ky GWIBTPYIOLIMM MaTepHaioM CJIEAYeT MPONU3BOAUTH C MO-
MOILIBIO NMECKOBBIX UM BOAOCTPYHHBIX HACOCOB IPU CKOPOCTH JBU-
XKEeHMS TynbIbl 1,2—2 m/c.

ITpu 6GnaronpUsITHBIX KIUMATHUYECKUX YCIIOBHUSIX YaCThb COOPYXKE-
HUI (OTCTOHHUKHU, OCBETJIUTETU CO B3BEIUEHHBIM OCAIKOM, KaMePbI
XJI0TTbe0Opa3oBaHUs, KOHTAKTHbBIE OacceifHBI xJopa) uejiecoobpas-
HO yCTaHaBJIMBaTh BHE 3aaHus. O6pa3yrouuiicss neasHoi MMOKpOB
HE JOJIKEH MPEINSTCTBOBATh HOPMAIBHOM 3KCIUTyaTallMM COOpPYXKe-
HUA. )19 9TOro COOpYKEHUST MOKPBIBAIOT XKeJIe300€ TOHHBIMHU TIIN-
TaMH U YTETUISTIOT CJIOCM 3EMJIH.
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HanexHocTb paboThl BOM0OYNCTHOTO KOMIUTIEKCa obecrieynBaeT-
ca nyOJIMpOBaHUEM OTACIABHBIX TEXHOJIOTMYECKUX COOPYXEHUH
M YCTPOUCTBOM OOBOLHBIX JUHMIA, MO3BOJSIIOUINX OTKJIIOYATH TO
UM UHOE COOPYXEHHWEe MU 60K, mporyckass Boay B ooxon. [lpu
9TOM /ISl BOMOOYMCTHBIX KOMIIEKCOB ¢ noaaucit 1o 10 Teic. M3/cyT
BO3MOXHO OTKJIFOUEHUE TIONOBUHBI TEXHOJIOMMYECKUX COOPYXKEHUH,
a Uit KOMIIeKcoB OoJblieid MOIHOCTU — N0 yeTBepTH. Kpome
TOro, HeoOGXONMMO TIpeaycMaTpuBaTh O0OBOAHYIO nuHHIO or HC
I mombeMa HENOCPEACTBEHHO B pe3epByapbl YHCTOH BOJILI.

Ilpu MpOeKTUPOBAHUM TeHEPaJbHOrC IJIAHA BOJOOYUCTHOTO
KOMIJIEKCA HEOOXOAMMO MpeaycMaTpHUBaTh MUHUMAJIBHYIO MPOTS-
KEHHOCTb MYTEH MepeMelleHUs pearcHTOB; MAaKCUMalbHO BO3-
MOXHYI0 MEXaHU3aLHIO MOTPYy30YHO-Pa3rpy304HbIX paboT U cMe-
HBI 3arpy3Ky (OUABTPOBATBHBIX anmnapaToB; MAaHEBPEHHOCTb IKCIT-
JlyaTaUMHU KaK OTHAEJbHBIX TEXHOJNOrHUECKHX COOpPYXEHUil, Tak
Y LIeJIBIX ONIOKOB.

ITpu peureHMM KOMIIOHOBKHM 6J10Ka OCHOBHBIX COOPYKEHUI Mpe-
CHEAYIOT LieJIb JIOTUYECKON MOCAeAOBATENIBHOCTU Mepeaauyu BOIbI OT
COOPYXEHHUSI K COOPYXEHUIO MPU MUHUMAJABbHON MPOTSIXKEHHOCTHU
KOMMYHUKaLUH.

Hcronb3oBaHue TEXHOJIOTHU 00paGOTKU BOABI B OCBETIMTE/SIX
CO CJI0oEM B3BEUIEHHOTO OCajiKa Ha BOAOOYMCTHBIX KOMIIEeKcax
TIPOU3BOAUTENBHOCTBIO 10 50 Thic. M3/CyT MO3BOAsIET Pa3MECTUTD
B OJHOM 3JIaHWM BCE OCHOBHBIE TCXHOJOTHUYECKHUE COOPYXKEHMUS,
peareHTHOe XO03$1iiCTBO, BXOZHbIE ycTpoiicTBa (BapuaHT) U HC
II nonvema (puc. 5.39).

ITpu aTOM CMecUTeNH, OCBETIUTENN U (DUIBTPHI BhIIEJIEHBI B OT-
nenbHbli 3a1. [1pu 6051b110# TPOU3BOAUTENIBHOCTH BOJOOYUCTHOTO
KOMILIEKCa CyKeOHbIe TTOMEILIEHUST BRIHOCST B OT/EJIbHOE 3[1aHHUE,
BXOJTHBIE YCTPONUCTBA CTBHIKYIOT C OCHOBHBIMHU COOPYXEHUSIMU WU
pa3MeIlaoT 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 KOMILJIIEKCORB TIO
OOHOCTYIIEHYATO CXeMe¢ C KOHTAKTHBIMHU OCBETIHMTENSIMU TIpU
MPOU3BOANTEABHOCTH 10 50 Thic. M3/CYyT BXOAHBIC YyCTpOMCTBa
(MUKpOUIBTPBI, KOHTAKTHBIE KAMEPHI) PA3MCILAIOT B OTAEABHOM
30aHUU, @ peareHTHOE XO3SIMCTBO CTHIKYIOT C OCHOBHBIMU COODPY-
KEHUSIMU JIMOO BXOAHBIC YCTPOMCTBA COUETAIOT C PEareHTHBIM XO-
3MCTBOM M pacrnojaraloT B OTAeNIbHOM Oyoke. B oboux ciayuasix
HC Il nogpema pa3MeliaroT B BJJOKE OCHOBHBIX COOPYXKEHUM.
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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 GakM-Xpa-
HWIMILA KOaryJsiHTa; 6 — HacoChi-103aTOpbl M BO3OYXOAYBKH; 7 — IOa-
Yya YUCTOI BOABI MOTpebuTeio; § — MacTepckue; 9 — HAcoCHas CTAHUUSA
Il nogsema; 10 — ObiTOoBBIE NMOMelLeHMs; 11 — BcaceiBaolIre TpyGOIpo-
BOZbI U3 pe3epByapoB YUCTON BoAbl; /2 — OTBOA YMCTOM BOABI B pe3epBYy-
apsl; 13 — c6poc ocagka U3 ocBeTuTeneit; 14 — cOpoc MPOMbIBHOM BOIBI
ot GwiIbTpoB; 15 — mnonavya UCXOOHOM BOMBL



B ToM ciyyae, Korma nomaya BOJOOYUCTHOTO KOMIIJIEKCA COCTAB-
nsiet 50 ThIC. M3/CyT U Gonee, BXOAHBIE YCTPOICTBA pa3MEILIAIOT 110
OCH 3IaHUSI OCHOBHBIX COOPYXEHMI, a IUI1 pEareHTHOTO XO3sIMCTBa,
cayxebHbIx oMmeuleHuit 1 HC 11 nmoagbeMa npemycMaTpuBaioT OT-
JleJTbHBIE 3JaHUS.

KOHTakTHBIE OCBETIMTENHM, KaK MPaBUJIO, paclojaraloT B IBa
psila ¥ YCTPAUBAIOT OCTEKJIEHHBIE TIEPETOPOAKH, OTACISIIOLINE 3€p-
KaJI0 BOABI B HUX OT OCTAJIbHBIX TTOMELIEHUH.

5.20.3. Upeonorua passutua BoaocHabxeHua B XXI seke
(Ha npumepe MockoBCKkoro Bo40NPOBOAA)

HoBgoe TeicsuenieTHe TpebyeT onpeaeseHUsT rocyaapCTBEHHOM T10-
JIUTKUA B BOJHOM XO3sIiCTBe cTpaHbl. 00 3TOM 1A peub U Ha MeX-
JlyHapoIHOM caMMuTe, Kotopblit mpoxoaun B 2002 r. B MoxaHHec-
Oypre ¥ OBUT OpraHuU3oBaH BceMHMpPHBIM COBETOM MO Bojge. B uro-
TOBOM IIOKyMEHTE CaMMHUTa OBUIO OTMEYEHO, YTO NMEPBOOYEPETHOM
3agayeit Kaxnoro rocymapctsa B XXI B. SBNsieTCS onpeaeyeHue Ha-
LIHOHAJILHOI TIOJIMTUKN B BOIHOM XO3MCTBE U BOMOCHAGXEHWH.

s MockBel U MOCKOBCKOIT 00JJaCTH OCHOBHEIE HaTlpaBJIeHUS
KOHIIETI[UY Pa3BUTHS BOIOTMPOBOIA OTPaXeHHI B I'eHepaibHOIt cxe-
Me BomocHabGxeHnsT MOCKBEI, pa3paboTaHHOW B COOTBETCTBUM ¢ [e-
HEpATbHBIM TIJIaHOM U OCHOBHBIMH HaIpaBJeHUSIMU TPaJIOCTPOU-
TEJILHOTO pa3BUTHS Topoaa U objacty Ha nepuon mo 2010 r. Ilepc-
TEKTUBBl DPAa3BUTHS BOHOXO3SMCTBEHHOro 06ajlaHca, BOMPOCHI
pPa3BUTHS BOJOMCTOYHUKOB, OPraHU3alUs LIEHTPAJIM30BAHHBIX CUC-
TEM BOJOCHAGXeHMS pelleHbl B ['eHepambHOM cXeMe KOMIUJIEKCHO
C Y4eTOM HHTepecoB 060ux cyobekToB Penepaunu. CyTh HOBOI
MJICOJIOTUH B TOM, UTO CTapast KOHIIETIMs HEMPEPHIBHOTO Hapallii-
BaHUs MOIIHOCTEH BOMOIMPOBOIHBIX COOPYXEHHUH 3aMeHeHa KOH-
LEMUUel 9KOHOMUHY U PallMOHATTBHOTO MCIOJIb30BAHHWS BOIHbIX pe-
CYpCOB, CO3IaHUSI HE3aBUCHMOTO MCTOYHWKA BOJJOCHAOXEHUS Ha
0a3e Mom3eMHBIX BOI, BHEAPEHUSI COBPEMEHHBIX TEXHOJIOTMI BONO-
TIOATOTOBKM W MOBHIIIEHUS] YPOBHSI HAJACXHOCTH BCeil CUCTEMBI.
Bce 310 HeoGxoauMo mist obecrieyeHsT BBICOKOTO KayecTBa MUThe-
BOI BOIBI, UTO SIBJISIETCS 3aJIOTOM 3J0POBBS HAIIWH.

BeccriopHo, B ycnemrHoit pabote MOCKOBCKOTO BOAOIpPOBOAA,
B CTaOWJILHOM 3KCIUTyaTallMM, HapalllMBaHWMW MOIIHOCTEH M OCBOE-
HUM HOBBIX TEXHOJIOTHI OOJIbIIIast 3acyyra pyKOBOAUTENSI — TeHe-
paJibHOTO nupekropa MocBonokaHaia CraHuciaBa Bnanumuposuya
XpaMeHKOBa, KOTOPHIi1 BO3MIABJISIET €ro 6oJiee IBYX NECATUIETHIA.
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B 3TOT nepHoa eXeroaHo TTPOBOASITCS MEXIyHapOaAHbIe KOHpe-
PEHLINU TI0 OCHOBHBIM Tpo6JieMaM BOJNOCHAGXEHUS W KaHaJau3a-
LHMU, 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 MOSIBSETCS B OTPAcjy, He OTCTaBaTh OT Tpebo-
BaHWU BpEMEHHU.

[ns coKpallleHUs HETIPOU3BOAUTENIBHBIX PACXOI0B BOIBI B CHC-
TeMax BOJOCHaOXeHMsI NpeAsaraeTcsi KOMITIEKC MEPOTIPUSTUH, B UX
quce:

® BBelleHHE CUCTEM OOOPOTHOTO BOJOCHAGXEHMUS Ha BOMOMPO-

BOJIHBIX CTAHIUSX;

® MOJEpHU3aLMUsI TOPOACKON BOAONPOBOAHON CETH, yaydlla-

fo1as rTuapaBiIMyeckKye apaMmeTpsl ee paboThI.

OO6cnemoBaHWe CUCTEM BOIOCHAOXEHWS B XWIMIIHOM ¢oHIE
TTO3BOJIMJIO OMNpPEAETUTh MPUUUHBI TTOBBIILIEHHOTO PacxXxola BOXHBIX
PECYPCOR:

® 3aBBIIIEHHOE NaBlIeHWE B CETAX, MpeXAe BCEro Ha BBOAAX

B JKUJIbIE IOMa;

® HecoOJroAeHE TeMIIEpaTyPHOTO pexXMuMa B CUCTEME ropsye-

ro BOJOCHAOXeHUS;
® YTEYKM B M3HOLIEHHBIX CETIX U MIPOXYIAUBLINXCS TPYOOTIPOBO-
Jlax, a TakKKe B CAHTEXHUYECKUX YCTPONUCTBAX XKHUITBIX IOMOB;

® HEeydYTeHHBbIE BOAOIMOTPEOUTEIM M3-3a OTPOMHON MUTpaLUU
1 OONBUIOTO YMCiIa MPOXUBAIOUIMX B Topoaax 6e3 MPONMUCKH
W perucTpalmu.

YuuThIBasi BAXXHOCTh COKPAIIEHUST HETTPOU3BOIUTENIBHBIX IIOTEPh
BOJBI, pa3paboTaH KOMILJIEKC BOAOCOEperarommx MeponpUATHiA
B XkundoHme:

® DEKOHCTPYKLMSI U HajlaiKa CUCTEM XOJIOQHOTO U TOPSYETO

BOJOCHAOXEHUS B KUJIBIX TOMaX;

® ycTaHOBKa Ipeobpa3oBaTteseil YacTOThl HA HACOCaX XOJIOMHO-

rO Y TOpsSiYero BOAOCHAOXEHUS

® yCcTaHOBKAa COBPEMEHHOI CAHTEXHUYECKOM apMaTyphl B KBap-

THUpAaXx;

® yCTaHOBKa BOMOCYETYMKOB HA KAXIOM BBOJE B XKUJIbIC IOMA.

Peanusauust aTux Mep, HampuMep B MocKBe, nmo3BoJiniia ¢ 1998
o 2003 r. coKpaTuTh B MyHULIMTIAJILHOM XuadoHae Ha 40 11 cyToy-
HBIH pacXo BoIbl HA YeJIOBEKa.

Co3naHue He3aBUCHUMOTO, 3aUIMIIEHHOTO OT aHTPOTIOreHHOTO
BO3/1€CTBUST UCTOYHUKA BONOCHAOXeHMsT Ha Da3e MOA3eMHBIX BOJ
MO3BOJIMT KOMIUJIEKCHO PELIATh BOMPOCH! MOBBIIIEHUST HANCXKHOC-
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TU CUCTEMBbl BOAOCHAOXeHUs 1 yaydyIIEeHHUS KauecTBa MUTbEBOM
BOJIBI.

B MockBe CyILECTByIOlIast cucTeMa BOAOCHAOXeHHS 6a3upyeTcs
Ha IByX MOBEPXHOCTHBIX UCTOUHMKAX — pekax Bonra u Mocksa 1 ux
nMpuToKax. BogonoaAroToBKy BHIMOAHSIIOT 4 BOAOTIPOBOAHBIE CTaH-
uuu. B gonosHeHWE K 3TOMY, YYUTBIBasl cKazaHHOE, T10 3aKa3y Tipa-
BUTEIbCTBA MOCKBBI 1 MOCKOBCKOI 06y1acT pa3paboTaHO TEXHUKO-
3KOHOMMYecKoe 06ocHOBaHMe KOXHOIT cCUCTeMbl BOZOCHAOXEHMST Ha
0ase Moa3eMHBIX BOJL MOCKOBCKOTO apTe3uaHcKoro 6acceitHa. B Ha-
cToslee BpeMsl OHO TNPOIIO 3KOJIOTMYECKYI0 U TOCYyJapCTBEHHYIO
SKCTIePTU3bl ¥ YTBEPXAEeHO npuka3oM I'occtpost Poccun.

YpbaHucTUUECKHE HATPY3KW Ha MTOBEPXHOCTHBIE UCTOYHUKHU BCE
OoJiee yBEJIMYMBAIOTCSI TIO Mepe POCTa HaceJIeHWs TOPOIOB U 3a-
CTpPOMKHM OEperoB pek KoTTemkaMu 0e3 MHXKEHEepHOTo 00ycTpoiicTBa
TEPPUTOPUIA.

3arpsi3HeHHe TMOBEPXHOCTHBIX MCTOYHUKOB TpebyeT Bce Doliee
3¢ PeKTUBHBIX CPEACTB U METOAOB BOIOOUYUCTKU. ECcTecTBEHHO, Be-
JIETCSI TTOUCK HOBBIX TEXHOJIOTMYECKHUX MPOLIECCOB, YAYUYIIaMIIMNX
Ka4YeCTBO MUTHEBOI BOJIBI.

B uensx coBepiieHCTBOBAaHUS KJIACCUYECKOU TEXHOJIOTUM BOMO-
TIOATOTOBKU (peareHTHasi 06paboTKa BOMbI, OTCTAWBaHUE, DUIBTPO-
BaHMe) Ha BOAOIPOBOIHBIX CTAHIUSAX BHEAPSIOTCS TPUHLIUITHATIEHO
HOBBIE METOMBI 06PabOTKM BOIBI — 3TO IPEXIE BCEr0 030HUPOBA-
HME, 030HOCOpOLHMS, MeMOpaHHOe ¢duabTpoBanue U ap. OcBauBa-
torcs 6osee 3 dEKTUBHBIE TEXHONIOTUY, HaIPUMEDP BOIOBO3AYIITHAS
MPpOMBbIBKA (PUIBTPOB. AKTUBHO BHEAPSIIOTCS HOBBIE PEAreHThI, MO~
3BOJISIIONIIME OTITUMU3UPOBATD TMPOLIECC OUYUCTKU B 3aBUCMMOCTH OT
cOoCTaBa 3arpsi3HEHUI UCXOMHOW BOABI: MOJUMEPHBIN (IOKYASIHT
JUTS YIYYILIEHUS TTpoliecca KOaryJupOBaHUs; OKCUXJIOPUI aTIOMMU-
HUs, KOTOpHBIt Oonee 3adekTHBEH, YeM OOBIYHO TTPUMEHSIEMBbIH
cynbdat aJIOMUHMS, 0COOEHHO B 3UMHee BpeMs. [TocTosiHHO npo-
BOASTCSl 1aDOpaTOPHBIE M TMWJIOTHBIE SKCTIEPUMEHTHI MO OLIEHKeE
BO3MOXHOCTU TIPUMEHEHHUS TOTO WU UHOTO peareHTa Uinu MaTepu-
aja: IBYOKUCH XJIOpa, HECKOJIbKUX JECATKOB KOaryaupyloIlnux pea-
T€HTOB, TTOPOIIKOOOPA3HBIX yIJieit U T.A.

28 okTsa0ps 2004 r. ucnonHunock 200 1eT MOCKOBCKOMY BO-
JIoripoBoay. 3HaYUMBIM COOBITHMEM B I00MJICHHHOM roay ObLIO Ha-
YaJio CTPOUTEBCTBA KPYIHOrO YHUKaJAbHOTO oO0bhekTa — lOro-
3ananHoit BomomnpoBoaHoii craHuuu (FO3BC). HoBasg craHuus
HYXHa He IS YBeJIMUEHUSI MOIIHOCTeH MOJa4Yy BOIBI, a AJs OC-
BOEHUSI CAMBIX COBPEMEHHBIX TEXHOJIOTHIT BODOOYHUCTKUN U peasiu-
3alMU TIPOEKTa PEKOHCTPYKUMH cocemHeit, 3anagHoU BOHONpo-
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BOJHOWM CTaHUMH, a B HaJibHEHIIEM — U BCEX NEMCTBYIOIINX CTaH-
uuit MockoBckoro BogornpoBoaa (Pyonesckoit, BoctouHoit u Ce-
BEpHOIf).

YuuTeiBast COLMAJIIBHYIO 3HAYWUMOCTh IPOEKTAa U TPYAHOCTH
¢ OI0MKEeTHBIM (hpMHAHCUPOBaHUEM, TIPABUTENBCTBO PD mpuHsiio
pemreHue o ctpoutensctse FO3BC ¢ npuBieyeHMEM UHOCTPAHHBIX
WHBECTULIMI. TexHosornyeckass cxeMa OYMCTKM BOIBI Ha CTPOSi-
meics cTaHUIMY KPpoMe TPaTULIMOHHBIX CTalUit OCBETJIEHUST U 00e3-
3apaxXuBaHUs OyleT BKJIIOYAaTh O30HOCOPOLMIO U MeMOpaHHOE
¢unpTpoBaHME, YTO UCKITIOYUT MONAJaHUE B MTUTHEBYIO BOIY TOK-
CUYHBIX OPTraHUYECKHUX COCTUHEHWH U 00ECIIeUUT €€ TOJTHYIO 1e30-
Jopauuio. Hukakue npupoaHsie aHOMaauu He OyayT BIMSITD Ha Ka-
YECTBO TOJYYEHHOW YUCTON M BKYCHOM MUTHLEBOM BOIBI.

Peurast rnaBHyt0 3a1a4y, HEOOXOIMMO TTOMHUTH 00 3KOJIOTHYEC-
KHX acnekTaxX. 2KUAKW XJI0p, TOCTaBsieMbIii Ha BOIOTPOBOIHbIE
CTaHLIMM, — UCTOYHHUK TTOCTOSTHHOM OTacHOCTU. 3aMe€Ha €ro Ha ra-
3000pa3HbIil XJI0p, KOHLIEHTpauust KoToporo B 400 pa3 MeHbliie,
WM Ha TUTIOXJIOPUT HATPUS MO3BOJIMT CHU3UTh BO MHOTO pa3 orac-
HOCThb TPaHCIOPTUPOBKH XJiopa. TakKe C LEIbI0 YBeJINYEeHUS 6e30-
MacHOCTU paboThl BMECTO aMMHaKa MCIONb3YeTCsl €T0 BOAHBIN pa-
CTBOp — aMMHMayHasl Boja.

OcTraeTcsd HauBaXXHEHIINM JeJIOM JajbHel1Iass aBTOMaTH3aLus
B CUCTEMAaX BOJOCHAOXEHUSI. ABTOMaTU3UPYIOTCS BOAOBO3AYIIHAS
MPOMBIBKA (PUJIBTPOB, TO3UPOBAHME XJIOpa, aMMHaKa, KOaryJsTHTOB
Y IPYTUX peareHToB, pabora HacocHoi craHuuu 11 mogbeMa, a Tak-
K€ BCSI cucTeMa MHGOpMAaUMHK MO TEXHOJOTHYECKUM BOIMpPOCaM.
YTo6bl MPOWJUTIOCTPUPOBATh 3P (PeKT aBTOMATH3aLNHU, TPUBEAEM
OIVH MpUMeEp: aBTOMATH3aLMs JO3UpOBaHUs KoaryassHTa Ha CeBep-
HOI1 BOAOTPOBOIHOM CTaHIIMU MOCKBHI cGeperaeT 5 % LIeHHOTO pe-
areHra. 3a rojl 3T0 MUJUIMOHEI pyOJieii!

IIpexne mOCTaTOUYHO TPYIOEMKOI orepanueir Obputa TPOMBIBKA
¢unprpoB. Teneps GHUIBTP-ONIEPATOPHI OMPENESIOT COCTOSTHUE
¢bunpTpa M 3arpy304HOro MaTepuaia 1o npubopaM U MPUHUMAIOT
COOTBETCTBYIOLIIME TEXHOJIOTHYECKHE PELICHUSI.

OnHUM M3 BaXHEUIIUX 3JIEMEHTOB CHCTEMBI BOIOCHAOXEHMS TO-
pona, BBIMOJHSIOUMX QYHKIHIO TTOHaYu U paciipedesieHUs] BOIHI,
SBJISIIOTCSI BOAOTMPOBOAHBIE CeTH. be3 HUX BOoIa He MPUIET B HALU
KBapTUpPBI. DTO, TI0 CYTH, — KPOBEHOCHBIE COCYIbI CUCTEMBI BOIO-
CHabXeHHUsI, UX 3HAYEHUE TPYAHO MEPEOLIEHUTh. YUUTHIBASI, UTO
B Poccum M3HOC KOMMYHaNIBHBIX ceTeil cocTasister 50—60 %, cie-
IyeT CKa3aTh, YTO CETH — CaMoOe y3KOe M YSI3BUMOE MeCTO BCEM CU-
CTeMBbI BOIOCHAOXEHHUS.
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Hanpumep, MockoBckuit BOZOMPOBOA HacYMTHIBaeT 0Ooiiee
10 TBIC. KM TPYOOTIPOBONOB, 6OBINYIO MX YacTh — 71 % cocTaBns-
IOT CTaJIbHBIE TPYOBI, 27 % — 4YyryHHBIE, HA OCTAJIbHBIE — XEJIe30-
OGETOHHBIE, TTOJIMATUICHOBBIE, MOJIMBUHWIXJIOPUAHBIE — TIPUXOAUT-
cst b 2 %. CpenHuit cpok ciryKObl CTANBHBIX TPYO — 33—35 ner,
yyTyHHbIX — 71 rof. Boee momoBUHBI Bcex TpyOOITPOBOIOB OTCITY-
KUY aMOPTHU3aLMOHHBINM cpoK. KOHEYHO, pu TakoM U3HOCE aBa-
pyH Hen3OexXHBbl. [TOBBILIEHHIO NOJITOBEYHOCTH U CHUXKEHUIO aBa-
PUMHOCTH CeTeil BOTOCHAOXEHMST CTOCODCTBYIOT:

® [puUMeHeHHE TPyO M3 KOPPO3MOHHO-CTONKHNX MaTEpUAIOB;

® JCMOJIb30BaHUE HOBBIX KOHCTPYKUWI 3aMOPHO-PEryIUpY-

I011Ieit apMaTyphl;
® Co3MaHWe MaTeMaTUYeCKOW MOIENH YIpaBIeHUSI CUCTEMOM
BOJOCHAOXEHUS.
Heo6xonnmo oGecrieyuTh HE TOJNBKO HaleXHOCTh (PyHKIMO-
HUPOBaHUS BOIOMPOBOIHON CETHU, HO U HE JOIMYCTUTh BTOPUYHO-
ro 3arps3HEHUS BOIABI, 8 3TO TPEOYET MOCTOSHHOTO KOHTPOJISA
BHYTPEHHETO COCTOSTHUS TpyOONnpoBoaoB. KoHUenusa MogepHU-
3allM¥ BOJOMPOBOJHOMN CETH MpeNycCMaTpUBaeT OOJIbIION KOMII-
JIeKC Mep:
® TIpUMeHEeHUe TPpYO M3 BHICOKOIIPOYHOTO YyryHa ¢ 3¢ ¢ekTun-
HOI BHYTPEHHE! M Hapy>XHON U3OJISILINE;

® CHUXEHWE M30BITOYHBIX HAMOPOB B paclpeleUTeTbHON
CeTH;

® obecrieyeHHe HEOOXOAMMOTO BOIOBO3IYLTHOTO pexXuMa pabo-
THI BOAOTIPOBOIHOM CETH;

® BHEIpEeHHE HOBBIX TEXHOJIOTHUI K 060pynoBaHMS 1y Ge3aBa-
PUHAHOTO BOJOCHA0XEHMS;

® TIpUMEHEHHE TMEePCIIEKTUBHBIX TEXHOJOTHH BOCCTAHOBICHUS
BOIOIPOBOAHBIX CETE U MarucTpaeit;

® Hcnojb30BaHWE MH(POPMAIIMOHHBIX TEXHOJIOTHIA.

C y4eTOM JDOCTHXEHUN HayYHO-TEXHUYECKOTO Mporpecca npei-
JlaraeTcsl UCTMOIb30BaTh TPYOBl M3 BHICOKOTIPOYHOTO YyTyHA C 1Iapo-
BUIOHBIM TpaduTOoM B KpucTajuindyeckoit pewetke (BUILT). Btu
TPYOBI OTBEUAIOT MEXAYHAPOOHBIM CTAHIAapTaM KayecTBa, COCAUHSAS
B ce0e KOPPO3MOHHYIO CTOMKOCTb UyTyHa ¢ MEXaHUUYECKUMHU CBOM-
CTBaMM CTaJIH.

HanexXHOCTh CUCTEMBI BOJOCHAOXEeHMS TTOBBILIAIOT TAKXKE C MO-
MOIIBIO CETEBBIX PETYASATOPOB JaBIeHHsI, KOTOPble CTAOUIU3UDPYIOT
JIaBJIeHUE B 30HaX C HU3KMMHU T€0JE3NUYECKMMM OTMETKaMU 3eMITH.

Pan npoGaeM B 3KCIUTyaTalliy TpyOOIMPOBOAOB CO3MAaET CKOTUIE-
HMe B TMOBHIIIEHHBIX TOYKAX HEPACTBOPEHHOTro Bo3ayxa (mo 4 %),
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cojep:Kallerocss B MUTbEBOI Boje. HeraTuBHOE BO3NEHCTBHE 3TOTO
SIBIGHUST CBOIUTCS K CJIEAYIOLIEMY:
® CYIIECTBEHHO YBEIMYWBAETCS TMAPABIUYECKOE COMPOTHUBIIE-
HHUe B TpyOOINpoOBOAaX, YTO MPUBOAUT K JAOTIOJTHUTEIbHBIM
3aTpaTaM 3JIEKTPOIHEPTUHU TIPU Nogade BoIbl MOTpeOUTENIO;
® cos3naeTcs NMOTEHLHUATLHAST OMACHOCTh BO3HUKHOBEHUS THUI-
pPaBIMYECKOTO yIapa;
® YCKOPSIETCS TIPOLECC KOPPO3UM BHYTPEHHE! MOBEPXHOCTHU
TpyOOTPOBOJIOB K 000PYIOBaHUS.

B cBs3M ¢ 3TUM 0co0y10 BaXXHOCTh MpUOOpeTaeT obecrieyeHue
OTNITUMAJIBHOTO BOJOBO3JYIIHOTO PEXHMa B BOJOIPOBOIHOM CETH,
YTO CO3AAETCS C TTOMOILIBIO BAHTY30B phlYakHOTO THMA. UX UCIomb-
30BaHME CHUXAET MOTEPH HAmopa B CETAX U JaeT 3HAYUTEIbHYIO
9KOHOMUIO JIEKTPOIHEPTUU.

ITpyuMeHeHe HOBBIX METOMOB MPOBEACHHUS aBapUITHO-BOCCTAHO-
BUTEJIBHBIX U TPODUIAKTUYECKHUX pabOT HA CETAX MO3BOJSIET CYIIE-
CTBEHHO COKpATUTh TPyA03aTpaThl. B yacTHOCTH, 3TOMY CITOCOOCTBY-
10T YCTAHOBKA CepUHO BeITycKaeMbix Myt ITOPK (marpyGok —
¢naneny — pactpy6 koMneHcaropHsiii) U IPK (aBoitHoit pacTpy6
KOMTIEHCATOPHBIH), PEMOHT pacTPYOHBIX COENMHEHUN C TTOMOUIBIO
CTAaHAAPTHBIX PEMKOMIUIEKTOB, a TAKX€E BOCCTAHOBJIEHWE TepMETHUY-
HOCTH pacTpyOHBIX COETMHEHUI METOOOM GaHIaXUPOBAHUS U AP.

BHyTpeHHSssT KOppo3us M oOpacTaHWe OTJIOXEHHUSIMU CTEHOK
CTIBHBIX M YYTYHHBIX TPYOOMPOBOJOB CHUXAIOT UX TIPOMYCKHYIO
CIIOCOGHOCTD, Hapylliasi peXUM TIOJa4yu M yXy[Allast KaueCTBO BOIBI,
TPU 3TOM CYILECTBEHHO BO3pacTalOT YAEJbHbIE 3aTPaThl 3JIEKTPO-
SHEPTUH Ha €€ TPAHCIOPTHPOBAHHUE U TTOAAaYy MOTPEOUTENSIM.

CylecTBYIOT OpUTHHAJIbHBIE TEXHOJOTHU OecTpaHlieiiHoro pe-
MOHTa TpyOOMpOBOMOB, HALIEAIINE IMIMPOKOE PaclpoCTpaHEHHUE
KaK y Hac B CTpaHe, TaK U 3a pyoexxoM. OHM SABISIOTCS ajlbTepHa-
TUBON TPaIMLIMOHHBIM PACKOIKaM, KOTOPbIE€ COIMPOBOXIAIOTCSA
BCKPBITUEM IOPOXHOTO TMOJIOTHA, YTO MHOTOKPAaTHO YBEJIUYHUBAET
TPYAOEMKOCTb, a TaKXe CTOMMOCTb paGoT U CPOKU JTUKBHAALIUU
TIOBPEXICHUM.

HaHeceHHe LIEMEHTHO-ITeCYaHbIX MOKPHITUI, HCTIOJIb30BaHUE
TMOJIUMEPHBIX PYKABOB, NTPOTACKUBAHWE B PEMOHTHBIN TpyOOIIpO-
BOA TPYyO MEHBIIEro AMaMeTrpa — 3TH METOAbl BOCCTAHOBIEHUS
BHYTPEHHEI MOBEPXHOCTHU TPYOONPOBOAOB (CaHALUIO) TPUMEHSIOT
BCE LIHUpE.

B nocnegHue roapl MpH HapyUIeHUW TePMETHUYHOCTH pacTpyo-
HBIX COEAMHEHUN UCMOJIb3yeTCsl MeToA OaHaaxupoBaHus. [Tepeunc-
JIEHHBIE METOABI MO3BOJISAIOT BOCCTAHOBUTD YTPAaTUBIIME pabOTOCITO-
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coOHOCTb TpYOOTpOBOAbBI, 0GecneyuTh UM cTabuibHyt0 (Ha 50 set
1 6osiee) MPOMYyCKHYIO CMIOCOOHOCTH MPH COXPAaHEHUH BBICOKOTO Ka-
4yecTBa TPAHCITOPTHUPYEMOI BOJBI.

CoBpeMeHHbBIE TEXHOJIOTUH MOAEPHHU3ALIMN BOJOTIPOBOAHOM CETH
CYILLECTBEHHO CHU3WIM YMCJIO TOBPEXIAEHUN U aBapuii Ha Tpybo-
MpOBOJIAX.

AKTHBHOE BHeIpeHUe UH(HOOPMALIMOHHBIX TEXHOJIOTHUI B MPaKTH-
KY 3KCIUTyaTalWU BOJOTIPOBOAHBIX CETE TaKXKe CMOCOOCTBYET MO-
BBIIEHUIO HAAEXHOCTU MX pabothl. JInarHocTuyeckoe obcienoBa-
HHE TPYOOTIPOBOAOB MO3BOJISIET OOBEKTUBHO OLIEHUTH COCTOSTHUE
BOJIOTIPOBOMIHOI CeTH, a (hopMHUpOBaHHE 0a3bl JaHHBIX CITOCOOCTRY-
€T BBISICHEHUIO TTPUYMH M XapaKTepa aBapuil, a TaKxke NeCTaOWIU-
3UpyomnX (aKTOpOB.

Cnenyet y4uThIBaTh, YTO TOBPEXKACHUS TPYOOTIPOBOJAOB UMEIOT
KaK BEpOSITHOCTHBIH, TaK U MPOTHO3UPYEMBIIl XapakTep, B CBSI3U
C YeM MpPOBOAMMBIE pabOTHl MOTYT OBITh IBYX THITOB;

® aBapHUiitHO-BOCCTAHOBUTEJbHBIE (TP BEPOSITHOCTHOM XapakK-

Tepe);

® [IJIJaHOBO-TIPEeNYNpeaUTENbHBIE (TTPU TPOTHO3ZUPYEMOM).

YaydieHue KayecTBa MpodUIaKTUUECKHUX paboT U NMepeopueH-
TalUs 3KCTTyaTallMOHHBIX CJIYX0 ¢ aBapHitHO-BOCCTAaHOBUTEILHO-
ro pexXuMa Ha pexXuM NMpodUIaKTUUYECKOTO 0OCITYXKUBAHUS — TaK-
Xe HeoOXOMMMOe yCJIOBUE CHUXEHUS aBapUItHOCTU Ha ceTsax. [dns
peanu3aluy 3TON 3agayu TpedyeTcst co3naTh 6a3y MaHHBIX MO HUH-
BEHTApU3aLUH C 3aKITIOUEHUSIMU WHCTIEKTOPOB TEXHUYECKOTO Hal-
30pa, a TakKXe Mo NMpo¢pUIaKTUYECKUM U aBapUitHO-BOCCTAHOBM -
TeJbHBIM paboTtaM. baza maHHBIX CAYXHUT IUIST OTIpENeSIEHUST peria-
MeHTa paboT.

B nepcnekTuBe npu Koppensaiuuu WHGOPMALIMOHHBIX 0a3 naH-
HBIX TIO 3KCIJIyaTallMM TPyOOTIpOBOAOB TOSIBUTCS BO3MOXHOCTb
JTOJITOCPOYHOTO TIJTAHUPOBAHUS Pa3BUTHS U PEKOHCTPYKIIMH CHUCTE-
MBI TIOIaYN Y pacTipenieieHUsT BOIBI.

B 3axiioueHre OTMETHUM, UTO pa3BUTHE U NaJibHeillIee CoBep-
LIEHCTBOBAHUE CUCTEMBI BOJOCHAOXEHUS — TrapaHTUsI KaueCTBEH-
HOW TUTbEBOU BOABI, KOTOpasi SIBJISIETCSI COCTABJISIIOLIENH 3A0POBbS
W JOJITOJIETHUST HALIMX COOTEYECTBEHHUKOB.
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