JIaHHBIN (haii1 IPECTABICH UCKIIOUYUTEILHO B
O3HAKOMMTEJIbHBIX LEIAX.

YBaxxaeMbIi YUTATEIIb!

Eciiu BBl CKOIIMPYETE NAaHHBIM (hawll,

Bb1 10JDKHBI HE3aMEJIUTENIBHO YIAIUTD €0
cpa3y Mocje 03HAKOMJICHUS C COACPKAHUEM.
Konupys 1 coxpaHsis ero Bel npuHUMaeTe Ha ceOsl
BCIO OTBETCTBEHHOCTb, COTJIACHO JECUCTBYIOILIEMY
MEXKIYHAPOAHOMY 3aKOHOIATEIILCTBY .

Bce aBTOpcKue nmpaBa Ha JaHHBIN (hakl
COXPaHSIOTCS 3a MPABO00JIaIaTEIIEM.

JIro00€e KOMMEPUYECKOE U MHOE MCII0JIb30BAHUE
KpOME IPEIBAPUTEIBHOTO O3HAKOMJICHUS
3aIPEILECHO.

[IyOnukauus JaHHOTO JJOKYMEHTA HE MPECIeayeT
HUKAKOU KOMMEPUYECKOU BBIT0Ibl. HO Takue
JOKYMEHTBI CIIOCOOCTBYIOT OBICTPEULLIEMY
npo(heCCUOHATBHOMY U IYXOBHOMY POCTY
YUTATEJICH U SABJISIFOTCSA PEKJIaMOX OyMaKHbIX
M3JIaHUU TaKUX JJOKYMEHTOB.
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BBEAEHUE

Nurencudukanms paboTsl 1 6€301MaCHOCTb CUCTEM BO000ECTIEUeHNS TOPOIOB SIBJSETCS OTHON
13 BaKHEHINNUX 1mpoobJieM, cTodaux mnepes; ¥ kpannoil B X X1 Beke, ocobeHHo mocjie YepHOObLIbCKOI
katactpodbl. OT ee penieHus: 3aBUCUT obecrieyenre 061IecTBAa U HAPOAHOTO X0351CTBA BOIHBIMU
pecypcaMy B yCJOBUSAX HavaJsa TI00AJbHOTO N3MEHEHUS KJIMMaTa Ha 3eMJie, OTpPaHUYEeHHbBIX 3a-
MacoOB TPECHBIX BOJHBIX PECYPCOB, HETATMBHOTO M3MEHEHUS TUPOOMOJOTUYECKOTO U COJIEBOTO
coCTaBa BOJI, UCIOJb3yEeMbIX B KaueCcTBe MCTOYHUKA BOAOCHAGKEHMS.

Ynpasienue BopocHaGKeHWEM B TOpojaxXx TpeOyeT penieHus TaKOTO KJI0YeBOTO BOIPOCA,
KaK palMoHaJbHOE MCIO0Jb30BAHUE BOJHBIX, JHEPTETUYECKUX W JPYTUX PECypPCOB, /e BaskHas
POJIb OTBOJIUTCST U3MEPEHMIO PACX0/Ia BOJIbI, KOHTPOJIIO YTeUeK U HEYUTEHHOW BOJIbI B CUCTEME €ee
MoJIayM W pacripejiesieHus u T. 1. Bce 3To AUKTyeT HE0OOXOAUMOCTb YCOBEPIIEHCTBOBAHUS CUCTEM
BO/1000G€ECIIEUEH ST, THIATEJbHOTO aHAJIN3a U MPOTHO3a WX YSI3BUMOCTU U TIPUHSATHS Mep, HalpaB-
JIEHHDBIX Ha TIOBbBIINIEHUE HAJ/IEKHOCTH 3TUX CHCTEM B HOPMAJbHBLIX M 3KCTPEMAJbHBIX YCJIOBUIX,
BKJIIOUAsI YTPO3Y TeppOpHU3Ma.

K ocHoBHBIM HejlocTaTKaM CyHIECTBYIOIIEN CUCTEMbI YIIPABJIEHUS BOJHBIM X035HCTBOM CTpa-
HbBI B I[€JIOM CJIeJlyeT OTHECTH ee MePEeHAPIXKEeHHOCTD, HEJJOCTATOUHYIO yIPaBIIeMOCTb, HU3KYIO
3 dEeKTUBHOCTD, IKOHOMUYECKYIO HeCTAOUIbHOCTD. B ycaoBugx, Korja 3amachl BOJHBIX PECYPCOB
YKpauHbl oTrpaHUYeHHbI, YKa3aHHbIe HEAOCTATKN OCOOEHHO OIIYTHUMBbI.

Cucrema He ob6ecrieunBaeT ynpaBJeHNUS BOJHBIM XO34HCTBOM CTPAHbBI 110 TPUHITUITY €IMHOTO
opranmuaMma, He o6JyagaeT ruOKOCThIO, NHOOPMATUBHOCTHIO, He CHAaOKeHa COOTBETCTBYIOIIUM Me-
XaHNU3MOM OTlePAaTUBHON Tepenaun, 06pabOTKU U HAKOTLJIEHUST WH(POPMAIIMU O COCTOSITHUY BO/THBIX
06bEKTOB M CUCTEM BOJIOCHAGKEHUs B MaciiTabe BCEll CTPAaHBI.

bapbepHadg poJsib OUUMCTHBIX BOJOITPOBO/IHBIX COOPY’KEHUH MPHU CYHIECTBYIONIEH TEXHOJOTUHN
orpaHmYeHHa. BeuecTBre aTOTO CyIecTBYeT MOCTOSTHHAS peajbHas yrpo3a pocTa NHQPEKITNOHHBIX,
QJLJIePTUYeCcKNX, OHKOJIOTUYECKUX U Jpyrux 3aboseBanuii. /lepunut nuTbeBOl BOJIbI, MCIIOJIb-
30BaHNEe HEKOHTPOJUPYEMbBIX MCTOUYHUKOB BOJOCHAOKEHWS SBJSIOTCS OAHON M3 MPWYWH BCITbI-
nieK rematuta A, KOTOpble B TOCJEHNE TOAbI UMean MecTo B ABToHOMHOI Pecmy6amke KpbiMm,
Huxousaesckoii, /[nemnponerposckoii, [lonenkoii, Kupoporpaackoii o6sactsax, B CeBacromnoJsie u
JIPYTUX PETHOHAX.

Ecmu yuectn, uto Boma, manpumep, peku Ceepckuit [loner, npesxje yem nonactb B JloH,
UCITOJIb3YETCST BOAOTOTPEOUTEISIMU TIeCTh Pa3, CTAHOBATCS OYEBUAHBIMU aKTYaJbHOCTH MPOOJe-
MbI o0ecliedyeHnsT HaceJeHns KaueCTBEHHOW MUTheBOI BOJON U HEOOXOUMOCTb UHTEHCUPUKAIINN
paboThI cUCTEM BOI00GECTIEUEHMS.

BoaonpoBoaHo-KaHATM3AIIMOHHOE XO3SHCTBO Y KpawHbl 06J1a/1aeT TAKUMHU OCOOBIMU U CyTIle-
CTBEHHBIMU XapPaKTEPUCTUKAMM, KaK €/IMHCTBO TEXHOJOTHYECKOTO TIpollecca, Hepas3/leJIeHHOCTDh BO
BpeMeHU TIpoliecca MPOU3BOACTBA U TOTPe6IeHNs, BO3MOKHOCTh XUMHUKO-OAKTEPUOJIOTTIECKOTO
MOpa’keHNs BOJHBIX PECYPCOB BCJEACTBUE KaK OOBIYHOTO 3arps3HEHUs B pe3yJbTare J1esTeJb-
HOCTH 4Y€eJIOBeKa, TaK W YMBIIIJEHHOTO TIPU OTPAaHUYEHHON 6apbepHOIl POJIU CHUCTEM KOHIUIIMOHM-
POBaHMSA BOJIbI, a TAK)Ke 3arpA3HEHUS B Pe3yJbTaTe MPOSBJIEHUS OTPUIATEJbHBIX MOCTECTBUN
YUepHOOBIIBCKON KAaTacTpOdHI.

[Toutu 50 % BOJBI U3 TOJ3EMHBIX HCTOYHUKOB MMOJAETCS KOMMYHAJIbHBIMU BOJOIPOBOIaMU
C OTKJIOHEHUSIMU OT TpeOOBaHUII cTaHAapTa K OOIIell JKeCTKOCTH, CO/IePKaHMI0 CyXOTO OCTaTKa,
JKeJiesa, Maprafiia, ¢gropa, HUTpAToB U coeanHennii ammuaka. Cepime 80 % cesbCKOro HaceJe-
HUS TIOJIb3YETCS BOJAOHM M3 KOJOAIEB WU WHAWBHUAYAJIbHBIX CKBAKUH, OOJbIIAs 4acTh KOTOPBIX
HAXO/IUTCSI B HEY/IOBJETBOPUTEJIBHOM CAHUTAPHO-TUTUEHUYECKOM COCTOSHUM.
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B Ykpauhe oTCyTCTBYIOT 9KOHOMIYECKU TTPUEMJIEMbIE TEXHOJIOTHH KOHIUITUOHUPOBAHUS TT0/13€M-
HBIX BOJI, 3a UCKJIOUeHNEM 06e3KeIe3nBaHus U, B HE3HAUMTEJIbHOI Mepe, y/aJeHrsT MapraHiia.

BoaonpoBoHbie ouncTHBIE COOPYKEHUS, KOTOPbIE MPOEKTHUPOBAINCH U CTPOUTIUCH B COOT-
BETCTBUM C paHee /IeiCTBOBABITUMU HOPMATUBAMU, CETOHS yKe He B COCTOSTHUU Ge3 yCOBepIIeH-
CTBOBAHWS TEXHOJIOTUU U MMPUMEHEHUS HOBBIX BBICOKOI(M(EKTUBHBIX PEareHTOB MPEMSITCTBOBATD
MOCTYTIJIEHWIO B TUTHEBYIO BOJy XUMWYECKUX COEJMHEHUI, COBOKYITHOE /IefiCTBUE KOTOPBIX Ha
OpPraHu3M YeJIOBEeKa TPECTaBJSIET PEaJbHYIO YIPO3Y 3/0POBbIO.

O6miass mpOTAKEHHOCTh KOMMYHAJbHBIX CeTeil BOJAONMPOBOJOB YKPaWHBI COCTABJISET
87101,3 kM. Bosee 250 cnenunaan3upoBaHHBIX KOMMYHAJbHBIX TPEANPHUATHN €KeCyTOUYHO I10-
paoT 8,3 MuH M? muThbeBoil Boabl. O6mmit 06beM peasnuszoBanHoil Boabl 3a 2000 TO4 cocTaBuI
3,02 muua m®. IlenTpasmsoBaHHBIM BojocHaGkeHneM obGectieueHo 70 % HaceneHuss YKpPauHBI.
Cpennee BojoniorpebJienre B Y KpauHe cocranisieT mpuMepuo 320 1/ cyT Ha OJTHOTO 4eJIOBEKa, U
ATO BBIIIE €BPOTIEHCKOTO YPOBHS. B TO XKe BpeMs mepexo/1 Ha pacueThl 3a YCJAYTH BOJOCHAOKEHWS
IO TIOKA3aTeJIIM JIOMOBBIX MMPUOOPOB yUyeTa CBU/IETEIHCTBYET O TOM, UYTO (PAaKTUUECKU B HEKOTOPBIX
foMax aToT mokasartesb 600 i1,/cyT Ha YesoBeKa W BBINIE BCJENCTBUE HEYIOBJIETBOPUTEIBHOTO
TEXHUYECKOTO COCTOSTHWS BHYTPUIOMOBBIX CETEll, BBIXO/Jla U3 CTPOS CUCTEM PEIUPKYJISAINN TO-
pSYero BoJoCHAGKEHUS

B VYkpaune B aBapuiiHoMm coctosgHun Haxogutcs 29,3 teic. kM, uan 30 % oO1eil JInHbBI
BOJIOTIPOBO/IHBIX ceTeii. UeTBepras 4acTh BOAOIPOBOAHBIX COOPYKEHUI u ceTeil (B CTOMMOCTHOM
BbIpasKeHnn) pakTuIeckn oTpadoTasa CPOK aMOPTH3AIMH, 3aKOHUKJICS CPOK aMOPTU3ALNN KayK 101
nAaTON HacocHOU crantuu. B Ykpawne psajg coopyskenuii paboraet yxxe 6osee 100 mer, B Xapb-
koBe — 125 ser. Ilo coctoguuio wa 2007 roa Ha BOCCTAHOBJEHUWE U PEKOHCTPYKIIUIO CHCTEMBI
BO/IOKaHAIN3AINu TOpo10B Tpebyercs okosio 100 mupa rpH.

HeynoBseTBopuTeibHOE TEXHUYECKOE COCTOSTHUE BOJIOIPOBOJHBIX CeTeil B TOpojax MPUBO-
JINT K 3HAYMTEJbHBIM MOTEPSIM ITMThEBON BOJbI, KOTOPBIE cocTaBiasioT g0 30 % obiiero o6bema
ee mojlaun. DTU MOTEPHU TAXKEJTbIM OpeMeHeM JI0KaTcsd Ha 9KOHOMUKY YKpawHbl, KOTOpas B Ha-
cTosilee BpeMs HAXOAWTCS B IJIyOOKOM Kpusuce. EKerogHo BMeCTe ¢ TMOTEPSIMU BOJbI TEPSETCS
6osee 1,1 mapa kBt-u anmexktposnepruu, 7000 T sxuakoro xjgopa, 6osee 20 Thic. T KOaryJasgHTa U
JIPYTUX PECYPCOB.

3HaunuTebHOE MECTO B 2HEProcOepeskeHun CUCTEM BOA0OOECTIeYeHUs 3aHUMaeT MPOIecc
TPAHCIIOPTUPOBKH BOJIBI 10 MArucTPaJbHBIM BOZOBOIaM. VI3MeHeHne yci0BHil pabOThI TOCTETHUX,
BBI3BAHHOE yBEJMYEHNEM CO BPEMEHEM MaKpOIIepOXOBATOCTU BHYTPEHHUX TOBEPXHOCTEH TPYO,
BJIeYeT 3a co60ii MoBbIIeHNe KO3 dUIMEHTA THIPABINYECKOTO COTTPOTUBIIEHNS 1, KaK CJIe/ICTBUE,
yBeJMYEeHNEe PacXo/ia 2JeKTPOIHEPTUN HA TPAHCIIOPTUPOBKY BOJIBI.

Wctopusd skcriepuMeHTaIbHON TUAPABIUKA U TEOPETUYECKON THIPOMEXaHNKN HACYUTHIBAET He-
CKOJIbKO coTeH JeT. TeMm He MeHee psit Tpo6JIeM OCTAJICS HEPEIeHHBIM, YTO CBOJAUT HA HET YCUJTHS
PACYETYNKOB U MTPOEKTUPOBIINKOB, 3aHUMAIOITUXCS PAa3BUTHEM BOJOCHAGKEHNS KPYITHBIX TOPO/IOB.
JlocTaTouno ynoMsHyTh 061en3BecTHBI pakT. Cpasy ke Mocje CTPOUTETbCTBA MAaTHCTPAJTbHBIX
Bo/10BO/10B auamerpoM ot 1200 mo 1600 MM BBISCHHJIOCH, YTO UX MPOIMYCKHAs CIOCOOHOCTH He
OTBEYAET paCUeTHBIM ITapaMeTpaM, BCJIeJICTBIE Yero XapbKoB MOJIydaJs Bobl Ha 28—32 % MeHblIIre,
yeM GbIJIO MPEyCMOTPEHO, a Yepe3 5—7 JIEeT 9TOT MOKa3aTesib BO3poc /10 45—52 %. Jleso 6bLI0 He
B omuOKax B pacuetax. MoKHO HE COMHEBATHCS, YTO PACUETUYUKH MCIOJIb30BAJIN MOCJIEHIE TI0
TOMY BpPEMEHHU JaHHbIe O TU/IPABJIMYECKUX CONMPOTUBJIEeHUAX Tpy6ormposoaoB [308, 311]. [Tpuun-
HOH pacXosKJAeHUil ObLIN YCJIOBUS pabOThl MaruCcTPaJbHBIX BOAOBOIOB, TIPU KOTOPBIX ITPOUCXOIHUT
pe3Koe U3MeHeHre BO BpeMEeHH MaKPOIIePOX0BATOCTEN BHYTPEHHEI MOBEPXHOCTH TPY6. Y KazaHHasd
pasHUIA B I10/laue BO/bI KOMIIEHCUPOBAJIACh BBE/IEHNEM HOBBIX JIOMOJHUTEIbHBIX BO/IOBOJIOB U
MepeKaunBaIoONMX HACOCHBIX cTaHIMi. Tak, Ha Tpaccax MarucTpaJbHBIX BOAOBOJOB [UAMETPOM
1200—1400 MM, BBesieHHBIX B aKkcryatanuio B 1962 u 1967 rr., n3-3a pocrta TuipaBJInvYecKuX Co-
MIPOTUBJIEHUI TTOTPE6GOBAJIOCH /IJIST YBEJUUEHUS TT0/[a41 BOBI TOPO/Y MTOCTPOUTDH ITPOMEKYTOUHYTO
HACOCHYIO CTaHIIMIO TIepeKauku, KoTopas Obljia BBejleHa B aKcryararnuio B 1972 r.

AT 06CTOATENHCTBA MOOYANIN aBTOPA HACTOSIIEH KHUTH HAYyaTh /I0JITOJIETHINE SKCTIEPUMEH-
TaJIbHbIE MCCJIE0BAHNS THIPABINYECKUX COTTPOTUBJIEHNI PA3JIMYHBIX TPYOOIIPOBO/IOB B HATYPHBIX
ycaoBusgx. OHM BeJTMCh B TeUEHNME CPOKOB 9KCILTyaTaIliy BOJAOBO/IOB, TOCTUTAIONINX ITOYTH YEThIPEX
JIECATUJIETUI, YTO TTO3BOJIUJIO TIPEJIOKUTD dMIUpUYecKre (popMyJIbl, KOTOPbIE JAIOT BO3MOKHOCTH
He TOJIbKO MPaBUJIbHO PACCUUTHIBATh MarucTpaJibHbie BOJOBO/IBI /I BO0O6ECTICUeHUS TOPO/IOB,
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HO U OIPEJIeJisiTh U3MEHEHNE UX COCTOSIHUS C TeYEeHWEeM BPEMEHH, a TaKKe MPUHUMATh PEenieHus
o peHoBaluu (3aMeHe WJIM caHaIlMK) BOAOCETEI.

OauH n3 Ba)KHEHIMX W MaJION3y4eHHBIX BOIIPOCOB — BojomnoTpebaeHne ropo1oB. OObIYHO
MPE/I0JIarajoch, YTO OHO 3aBUCHUT TOJBKO OT YHMCJIEHHOCTU HAceJeHWs W MOTpeOHOCTell B BOje
paszaunuHbiX npeanpusgtuii. Ha camom pese 3TO Juillb 4acTb HE3aBUCUMBIX ITapaMeTpPOB, OKa-
3bIBAIONINX BJNSHUE Ha BOAONOTpebJieHNe, — TPUPOAHO-KIMMATUUECKNX, TeorpaduuecKux,
rpajlocTpouTeNbHbIX U Ap. Cpean HUX — TeMIlepaTypHbId peXXUM BO3JyXa B ropojlaxX, pajua-
IUOHHBIN 6ajlaHc M aabOes0 3eMHOI TOBEPXHOCTH, BJAKHOCTb BO3AYyXa, YIPYTOCTb BOJSHOTO
nmapa, Cpe/Her0/[0BOoe KOJUYECTBO OCAJIKOB, OPEOJI 3arpsa3HeHus ropojia, MJIONIa/lb 3aCTPOUKH,
BBICOTA PACIOJIOKEHUST TOPOJIa HAaJl YPOBHEM MOPSI 1 MHOTOe /Ipyroe. Pe3y ibTaTbl MPOBEIEHHDBIX
aBTOPOM WCCJIEIOBAHNII JAIOT BO3MOKHOCTD OIIEHUTDH BJIMSHUE YKa3aHHBIX (DAKTOPOB Ha Pa3BU-
THE BOMAOCHAOKEHWS TOPOJOB M CTPAHbI B II€JIOM, €€ BOJOXO34HCTBEHHON 9KOHOMUKHU, TTPUHSTDH
pelieHne O TIJIAHWPOBAHUYU 3aMTacoB BOJHBIX pecypcoB. Bce aTo mpuobperaer ocoboe 3HaUeHUE B
YCJIOBUSX HavaJsa TI00aJIbHOTO N3MEHEeHUs Kaumara Ha 3emie yke B X XI Beke.

B crpanax Espombl, B AMepuke, Anonun u Ap. NMIMPOKOe pacipocTpaHeHne TOJyYnJIn aBTo-
MaTU3MPOBAaHHBIE CUCTEMbI yIIpaBjeHus texuosornyeckum mporeccom (ACY TII) BopocHaGKeHUs .
B 6biBmem CCCP cnenmaiucTbl, 3aHUMAIOIMECs BOIPOCAMU BOJOCHAOKEeHUs, ObILIM JIUIIEHbI
BO3MO>KHOCTHU HCITOJIb30BaTh 3apy6esxubiii onbiT co3nanus ACY TII. Bompocam ACY TII Bono-
cHaGKeHUs TOPOJIOB He YAes10Ch JOJKHOTO BHUMaHWsA. Bbljia apyras TeXHudeckas MOJUTHKA,
OTCYTCTBOBAJU METOJUKU U T. [I.

B roponax Ykpawunni, kak u 8 CHI' B mesiom, rje ocyiiecTBieHa aBTOMaTU3UPOBAHHAS CHU-
cTeMa yrpasJjeHus nofadeil u pacnpegesennem Boabl (ITPB), craso uspejgka NpuMeHSTHCS Tak
Ha3bIBAa€MOE OJIHOKOHTYPHOE aBTOMATU3UPOBAHHOE YIIPaBJEeHNE HACOCHBIMU CTAHIMSIMU, OJHAKO
OHO BeJIET K POCTY MOTEePb BOJbI MPW BHEMITATHLIX CUTYAIUSIX.

B orauume ot aBTOMaTM3MpPOBAHHON OMHOKOHTYpHOU cuctembl [IPB, aBTopom BHepsbie B
MpaKTUKe BOAOCHAOKEHUS TIPEJI0KeHa, nccaeoBaHa U 060CHOBaHA MOJEJb aBTOMATHYE€CKOTO
JIBYXKOHTYPHOTO yrpaBJyienud cucremoil [IPB, koropag maer Bo3MOKHOCTDL JUKBUANPOBATH YKa-
3aHHBIN HEJOCTATOK.

OTcyTcTBrE METONMK OIpe/lesieHus TPUYWH TToBpeskaeHnil B cucremax [IPB Takske cHmxaer
3 dEeKTUBHOCTD ONMEPATUBHOTO yIpaBJeHus BomoobecnedeHneM. [IpoBeneHne skcrepuMeHTAb-
HBIX U CTAaTUCTUYECKUX HCCJIEeJOBAaHWI T03BOJgeT MHTeHcuduuponatb pabory cucrem [IPB u
BHYTPHUJOMOBBIX ceTell XKUJI0To (PoHIA.

ABTOpPOM B JIaHHOW KHWTEe TpHUBe/ieHa pa3paboTKa TEOPETUYECKN W HKCIEePUMEHTAJbHO 000-
CHOBAHHBIX METO/IOB MHTeHCUUKAIIMK pabOThl CUCTEM TIOJA4YN W paclipe/ieleHus BOJbI, HAITPaB-
JIECHHBIX Ha pelieHne Ba’KHOW HAapOJHOXO34HCTBEHHON 3ajaun — ToBbIIeHNne 3(hHOEeKTUBHOCTH
BO/1006€eCTIeYeHNST TOPOJIOB.

Teopernueckue wuccJe0BAaHUS TPOBOJAUJINCH C UCIOJb30BAHNEM MAaTeMaTUYECKOTO armapara
BBICITIEH aJareOpbl, MATEMAaTHYECKOTO MPOrPaMMUPOBAHNs, TEOPUU BEPOSTHOCTEN 1 MaTEeMATHY€ECKOI
CTAaTUCTUKU, TeOpWH TPpadoB, METOAOB KOPPESAINMOHHOTO U PErPECCUOHHOTO aHaJM3a, BKJIIOYAs
HeJIMHeITHOe MHOTO(aKTOPHOE MO/IeTUPOBaHNe. JKCIEPUMEHTATbHBIE UCCJIE€/IOBAHIS BBITIOTHINCH
B HATYPHBIX YCJOBUSAX C HUCIOJb30BAaHUEM MHUKPOIIPOIIECCOPHBIX YCTPOMCTB c6HOpa, HAKOIJIEHUS
u nepefayn wHGoOpMaum, coefMHEeHHbIX ¢ KoHTpoiepom KOMKOH-Mukpo ¢ moMoIibio nHTep-
(eiica, yabTpasByKoOBBIX HakKJIaAHBIX pacxogomMepoB UFM 610 p, TeH30pe3UCTOPHBIX JaTUYNKOB
nasyienus [/, o6pasnoBbix u camonuinymux MaHoMmerpoB MTC-712 U, taxomMeTpoB, TOJIUTHOMEPOB
YT-93I1, KOHTAaKTHBIX U3MepuTeJell ToMIMHEbI MakpoinepoxoBaroctu UTM-1, ¢orompoduiorpa-
dos, paguocranimn AKBA-P (¢ yacroroii B quanasone YKB) u ap. Bee npuGopbl peryisgapHo u
CBOEBPEMEHHO MPOXO/IUJIN TOCY/IaPCTBEHHYIO TTPOBEPKY.

PesysibTaTbl IpoBeIcHHBIX UCCTAEOBAHUN UMEIOT HAYUYHYIO HOBU3HY, KOTOpPAs COCTOUT B CJie-
JIYIOTIEM.

Paspa6orana Mmeronnka pacuyera kKoadduimenTa riu/IpaBInuyecKoro COMpOTHBIIEHUS TPYOOIIPOBO-
JIOB, YUUTBIBAIONIAagd U3MEHEHNE MAaKPOIIEePOXOBATOCTH B IPoIlecce UX JJNTENIbHON JKCIIyaTalluu.

YcranoBJsieHbI 1 MiccsieJoOBaHbl (DAaKTOPbI, OKa3bIBAOIINE BJANSHIE HA Y/IE€JbHOE CPEeIHECYTOUHOE
Bo/IOTIOTpebJIeHe — TeMIIepaTyPHBIN PEeXXUM BO3/yXa B TOPO/ie, PaJANAIlMOHHbIN OaJsanc, aabOeno
3€MHOH MTOBEPXHOCTH, BJIAKHOCTD BO3/lyXa, YIIPYTOCTb BOJIHOTO Mapa, OPeoJi 3arps3HeHns: ropo/ia,
YUCJEHHOCTb HACeJeHUs, TJI0Ia/lb 3aCTPOUKHN TOPO/Ia U PAJ APYTHUX.
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Pazpa6orana Meroamka pacuera y/IeJbHOTO CPEIHECYTOYHOTO BOJOTOTPEOJIEHUS TOPOJIOB C
Y4EeTOM MX PACTOJIOKEHUS B PA3JMYHBIX IMPUPOJTHO-KIUMATUYECKUX YCJIOBUIX U 3aTPSI3HEHUS OT
MIPOMBIIIIJIEHHBIX BBIOPOCOB B aTMocdepy.

Hayuno o6ocHoBaH 1 pa3paboTad MeTO/I ABYXKOHTYPHOTO aBTOMAaTUYECKOTO YITPABJICHIS HACOC-
HOW CTaHIMel B cUcTeMe MOojauyy W pacrupejeseHns BoJbl. PazpaboTan u peaju3oBaH ajJrOPUTM,
UCITOJIb30BaHNE KOTOPOTO TIO3BOJISIET TTPOM3BOAUTDH pacyeT TOTOKOpacHpe/e/leHnsl, OCHOBAHHbIM
Ha U3MEPEHNIX MMbe30MeTPUUECKNX HAMOPOB JelicTBytoteil cuctembl [IPB, m B aBToMarnueckom
pexxnMe oOHApYKMBATh aBapuIio U €€ MeCTO.

[Ipennoxen merton ompeaeneHus AUKTyIonieil Toukn B gelictBymomieit cucreme [TPB. Cdop-
MYJUPOBAH KpuTepuii kauectBa u apdextuBHOCTH DyHKIIMOHUpPOBaHusa cuctembl [IPB Bo BHe-
MITATHBIX CUTYAIUSIX.

Pazpa6oTan MeTo/1 OIEHKN OTKa3a 3JIEMEHTOB BOJIOCETH, YYNUTBIBAIONINI CHIKEHNE TTPOYHOCTH
Tpy6 TIPU IJIMTETHbHON AKCILJIyaTaluu, ce30HHbIe KojeGaHuss TeMIepaTypbl BOJbl B Tpy6ax M Ha-
pysKHOTO Bo3ayxa. Pazpa6oTan aJropuTM BbI6GOpA TEXHWUYECKU M3HONIEHHBIX YYACTKOB CETEH s
X PEHOBAINN.

[Ipennoxxen MeTo/l SKCTEPTHON OTIEHKU COCTOSIHUSI CAaHUTAPHO-TEXHUYECKOTO 060PYAOBAHUS
JKUJI0T0 (DOH/IA M yTeYeK BOJBbI B TOPOIAX.

[Tosrydyennr u TeopeTndeckn 0600IIEHBI PE3yIbTAThI 9KCIIEPUMEHTAJbHBIX MCCAEI0BAaHUI, KO-
TOPBIE TPOBOINJINCH B HATYPHBIX YCJIOBUSAX HA JEHCTBYIONINX COOPYKEHUSIX BOJAOCHAGKEHUS MPH
WX JIJTUTEJbHON 3KCILTyaTaluu.

YKkazauubie pe3ybTaThl TMOJOKEHBI B OCHOBY pPa3paGOTKN W BHEJPEHUS B ITPAKTUKY HOBBIX
MeTO/I0B MHTeHCcHuUKaIn paboThl CUCTEM BOJ006eCIIeYeHMS.

Mertoanka pacuera KoadpuitmeHTa rupaBIndeckoro cONpoOTUBIEHUS BHEIpEHA TIPU pacuere
1 pazpaboTKe THIPABINIECKON CXeMbl TPAHCIIOPTUPOBAHUS BOJIBI 110 BOI0BoaM KoueTok—XapbKoB
B 30He PoraHCKOW HACOCHOUW CTAHIUM TIEPEKAUKH.

Mertoanka pacuera yJeJbHOTO CPEIHECYTOYHOTO BOMOMOTPEOJIEHUS TTPUMEHSETCS TP TIPO-
E€KTUPOBAHUU CUCTEM BOJ00OECTICUeHNST B TPOEKTHBIX MHCTUTYTaX TOpoaoB Y KpawHbl. OHa Gblia
MCITOJIb30BaHa TIPU YTBEPIKIEHUY T1eJIEBOI KOMIIJIEKCHOW MMPOTPaMMbl « JKOHOMUS U PallMOHATbHOE
MCITOJIb30BaHME BOJIHBIX pecypcoB B MOCKBe ¥ TIOBBINIEHNE HA/JIEKHOCTU ee BojooGecrieyeHns Ha
nepuoz g0 2000 roga> B coorBercTBHM ¢ Pacnopsikenunem Coera MunuctpoB CCCP Ne 1405-p
ot 19.06.1987 rona.

[Ipu paspaboTKe cXeMbl yIpaBaeHHS PeskuMaMu paboTbl HacocHOil cranmuu Ne 25A (Xapb-
KOB) ObLJ UCIIOJIb30BaH METO/I YIIPaBJEHH IPOIECCOM MOaui U pacipe/ieseHis BOAbI Ha OCHOBE
OJ/THO- U JIBYXKOHTYDPHBIX CUCTEM YIIPaBJICHUS.

[IpakTueckoe nmpuMeHeHne pa3pabOTaHHOW METOAMKH MPOTHO3UPOBAHUS OTKA30B BOIOCETH
JlaJI0 3HAYMTEJbHBIN 9KOHOMUYecKUi 3¢ dEKT U CyIeCTBEHHO TOBBICUJIO HA/I€KHOCTh BOJIOCHAO-
JKEHUS.

Buenpenne ACY TII BogocHa6GKeHMs TOPOIOB IaeT BO3MOKHOCTD COKPATUTh PACXO/T 3JIEKTPO-
sHeprun Ha 7—10 %; YMEHBUIUTDh YTEUKH U HEIPOU3BOUTEIbHbBIE TTOTepu Bojabl Ha 10—12 % OJa-
rojlapsi CHUKEHWIO M30BITOYHBIX HAMOPOB; YMEHBIIUTh KOJMYECTBO TOBPEXK/IEHWI HAa BOJOCETH
Ha 5—7 %; BCJIEJICTBHE HTOTO MOJyYe€HA HKOHOMUSI PEAreHTOB M TOPI0Ye-CMa304YHbIX MATEPUAJIOB,
CHVDKEHBI 3aTpaThl Ha yCTPaHEHUE MOBPEKIEHUN BOIOCETH.

Paspa6orannbie aBTOPOM MOJEAM YIPaABJIEHUS HACOCHBIMH CTAHIUSMU WMCIIOJbH30-
BaHbl TNPHW cocTaBJeHuu TmporpamMm, Kotopbie mpumensiorcs CIIKB ACY Bogochnabkenuem
TOPO/IOB Y KPauHbI.

PesyabraTel mpoBe/ieHHON paGoOThl BHEApPEHbI B yUeOGHBIN Tpoiecc XapbKOBCKOTO TOCY-
JIaPCTBEHHOTO TEXHUYECKOTO YHWBEPCHUTETA CTPOUTEJTHCTBA M apXUTEKTYPhl M XapbKOBCKOI
roCyJIlapCTBEHHON akaJeMuu TOPOJCKOr0 X034lcTBa, B TOM uncJe B yue6HOM Kypce «Opranu-
3aIus, yIpaBJeHne rOpoJCKUM X03sicTBOM, BKI04Yass ACY », Ucrob30BaHbl IPU pa3paboTKe
«MeTonyecKX peKOMEH/IAIUil TI0 OTpe/leIEHNI0 9KOHOMUYECKOi 9pPEeKTUBHOCTH aBTOMATH-
3UPOBAHHBIX CUCTEM YIPaBJEHUS TEXHOJOTUYECKUMU MTPOIeCCAMU BOOCHAOKEHUS TOPOIOB» ,
VTBEPKJAEHHBIX MUWHHUCTEPCTBOM JKUJIUIHO-KOMMYHaJabHOTO Xo03diictBa YCCP B 1982 1.;
BKJIIOUEHBI BO «BpeMenHy0 MeTOAMKYy pacyera y/eJbHBIX HOPM pacxXoja 3JEeKTPOIHEPTUN Ha
MO/TbeM W TI0J[aYy BOJIbI, OUYUCTKY U TepPeKayKy CTOYHBIX BOJ /IJIST BOJOMPOBOHBIX U KaHAJM-
3aimmoHHbIX X03sicTB YCCP», yrBep:KIeHHYI0 MUHHCTEPCTBOM JKUJIUIHO-KOMMYHAJIbHOTO
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xossiicta YCCP B 1983 r., a takxe B «[IpaBusa nosb3oBaHusg cucreMaMu KOMMYHAJbHOTO
BO/IOCHAGKEHWS U BOJIOOTBE/IEHUS B TOPOJIaX U MOCEJKaX Y KpauHbl», YTBep XKAeHHbIe ['ocKui-
KOMX030M YKpaunbl B 1994 r.

[TpoBeseHbl MHOTOJIETHHE TEOPETHYECKHWE W HKCIEPUMEHTAJbHbIE WCCJEOBAHUS Ha Maru-
CTPAJIbHBIX BOJIOBO/IAX M BOJIOPACIIPE/IETUTETbHBIX CETAX, PE3YJIbTaThl KOTOPBIX JIETJIN B OCHOBY
MPE/IJIOKEHHON aBTOPOM METO/IMKM, TIO3BOJSIONIEN MPOrHO3UPOBATh M3MEHEHUS COTPOTUBJIEHUI
B TpyOOIIPOBO/IaX B MPOIECCE UX JJUTEJbHONW IKCILIyaTaIun.

YcranoBJIeHBI U MiccsIeI0OBaHbI (PAaKTOPDI, BJAUSIONINE HA BEJTMUYUHY YI€JIHbHOTO CPEIHECYTOUHOTO
BosonioTpebsienusi. PazpaboTan MeTo/1 onpe/iesieHusi BOJOTOTPe6JIeHNsST TOPO/IOB.

Pazpa6otan u BHeApeH IUKJ HOBBIX HAYYHO-TEXHUYECKUX PEIIEHUI, KOTOpPbIe TO3BOJUIN
MHTEeHCUUIMPOBATH BOOCHAGKEHNE TOPO/IOB U OCYIIECTBUTH KOMIIJIEKCHYIO 9KOHOMUIO BOIHBIX,
9HEPreTHYECKUX U MaTepUaJbHbIX pecypcoB (aBTOP SABJSAJICA HAYYHBIM PYKOBOAUTENEM PaboT IO
cospanmnio B Xapbkose nepsoii 8 6piBieMm CCCP ACY TII BogocHaGxkenus). [laHubie pelneHus
HalIM puMeHenne B Apyrux ropogax CHI.

ABTOpPOM paspaboTaH W MCCJENOBAH METO/| ABYXKOHTYPHOTO aBTOMATUYECKOTO YIPaBJEHUS
cucrtemoit [I1PB.

Pazpa6orana u BHeJpeHa B TPAKTUKY MeTOAMKa OOHApPY’KEHWS aBapuii, OCHOBaHHas Ha WC-
MOJIb30BAaHUM TPWHIINIIA JIBYXKOHTYPHOTO aBTOMATHMYECKOTrO ylpaBJjeHus. l[IpeanoxkeH meTon
ompezie/ieHNs AUKTYIOIIEH TOUKH.

CdopmynmpoBan kputepuit kauectsa n apdextuBHOCTH PyHKIIMOHNPOBaHus cucrembl [1PB
BO BHEINTATHBIX CUTyarusaX. [IpeokeH MeTo/l OIEHKN OTKa3a 3JeMEHTOB BOOCETH.

[TpeioskeH MeTO OIEHKN COCTOSTHUSI CAHUTAPHO-TEXHIUYECKOTO 060PYI0BaHUS KII0T0 (hOH/IA
U yTedyeK BO/IbI B TOPOJIax.

C yuactuem aBTOpa pazpaboTanbl yuebGHOe mocobue «lHbopMamonHo-aHAIUTHIECKNE CU-
CTEMBI YITpaBJIeHU NHXEHEPHBIMU CETSIMU jKn3Heobecrieuenns: Hacejaenus» [61], konnenmus mpu-
MeHeHUs TeonH(pOPMAITMOHHBIX CUCTEM JIJIS YIPaBJIEHUS TI0/1aueil U pacrpe/ieIeHreM BOJIbI TTpejl-
NPUATHSIMU BOJOTIPOBOAHOTO Xo3diicTBa [202]; MeTonuka pacyeta BOAOTOTPeOJIEHNST TOPOJOB Ha
OCHOBE MHOTO(AKTOPHON MO/Ie/IN, 3aBUCAIIEH OT MPUPOIHO-KINMATHIECKUX, TPAJI0CTPOUTETbHBIX
U JIpyTUX YCJOBHII.
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IJIABA 1

COCTOAHMUE ITPOBJEMbBI BOAOCHABKEHUA
roeoaoB

Bonanble, sHepreTnveckue u Apyrue pecypcbl, He0OXOUMbIE g aKTUBHOTO Pa3BUTHS CTpa-
HbI, B YKpanHe KpaifHe OrpaHWYeHHbI. JTO CTABUT ee B 0cOOble YCJIOBUd, TpeOylolne SKOHOMUH
peCypcoB, a 3HAYUT, ITPUMEHEHUS MePEeOBbIX TEXHOJOTUN M BBICOKOHU KYJbTYPbl UCIIOJTb30BAHUS
pecypcoB. OHUM U3 TPUOPUTETHBIX HAIIPABJIEHWI B cOePEKEHNH BOIHBIX, SHEPTETUYECKUX U JIPY-
TUX PECYPCOB SBJISETCS COBEPIIEHCTBOBAHUWE BOJOCHAGKEHUS KAaK KPYITHOTO WX MOTPEOUTEIS.

[Tpo6JieM, CBUAETENBCTBYIONUX O KPUTHUYECKON CUTYAIlUU C 3allacaMu U KaueCTBOM MPECHOM
BOJIbI B MHpe, o4eHb MHOTO. IloTpe6enne Bo/ibl B CEJIbCKOM XO03SIICTBE, POMBIIIJIEHHOCTH, B TO-
poJiaxX YBEJUUYNBAETCS, MPUYEM pemaiomuM (PaKTOpoOM BBICTYIIAET HE TOJBKO POCT YUCJIEHHOCTH
HaceJIeHWs, HO W TIOBBINIIEHNE YPOBHA Xu3Hu. Hernpenckazyemo u riio6aibHOe U3MEHEHNE KJIuMara
Ha 3emse B HactynuBiieM X XI Beke, ¢ yeM 6yzeT cBsg3aHa HEOOXOAMMOCTD MOBbINIEHUsS 3hdek-
THUBHOCTH CHUCTEM BOJIOCHAOKEHUs, UX IIOCTOSTHHOIO pearnpoBaHUs Ha M3MeHEeHHe KJHMMAaTa.

B mocsieinee BpeMst y Hac B cTpaHe u 3a py6eskoM BeayTcs paGoTbl, HallpaBJeHHbIE HA TTOBBI-
neHne HaJeKHOCTH U 3(PPEeKTUBHOCTU PabOTHI CUCTEM BOJOCHAGKEHUS. DTOMY MPE/IIIEeCTBOBAJIN
MCCJIe/IOBAHUS, TIPOBE/IEHHbIE OTEYECTBEHHBIMU U 3apyOe’KHBIMU YUYEHBIMH W CIEIUATUCTAMMU:
H.H. A6pamoBbiM, M.M. Annpusmenbim, A.J[. Anprirynem, A.M. I'pa6osckum, A.E. Benanowm,
B.A. bombmaxossim, E.M. TanbnepunbiM, B.M. T'nmymkosbim, E.II. I'puroposckum, C.C. [lyti-
kunbiM, A.T. EBrokumoBbiM, A.M. Kypranosbim, b.C. JleanosbiM, JI.MD. MomuunbiM, I'.C. [lomn-
kosuueMm, H.UM. Camoiinenko, C.B. Cymapoxosbim, A.J[. Tesamesbim, B.E. TepHoBieBbIM,
IT. /1. Xopyskum, C.B. XpamenkosbiM, B.P. Uynunbim, D.A. [leenesbim, 1.C. Iruabckum u ap.,
a Takxke 3apy6exHbiMu ucciaenoBarensamu Jlappu B. Maiicom, Cycymoii KaBamypoii, I'. Xanow,
Po6eprom [Ix. Xebeprom u ap. [1, 4, 18, 14, 24, 264, 219, 47, 49, 38, 59, 44, 120, 214, 79,
267, 60, 278, 294, 297, 305, 311, 318, 345, 359, 290, 356].

1.1. CYIHECTBYIOIIUE METO/bl OIIPEJAEJEHHUA
TUJPABJIMYECKHUX COIIPOTUBJIEHUI BOJOBO/10B

MaructpasbHble BO/IOBO/IbI, TPAHCIOPTUPYION[HE TUTHEBYID BOJIY OT CUCTEM KOH/IMIINO-
HUPOBAHUS B TOPOJICKYIO cucTeMy pesepByapoB u cucrtemy I[IPB, paccumranbl Ha AauTenbHbIHI
nepuo/j| sKcIryaTanun — O6oJsiee 25 get. OCHOBHBIM yCJIOBHEM TPAHCIIOPTUPOBAHMS BOJBI SIBJIS-
eTcs obeclieyeHne ee KauecTBa, pacxoja u jAaBjeHus. IIpm TpaHCIOPTUPOBAHUYN BOJBI OT CHUCTEM
KOHIUTIMOHUPOBAHNS B MAruCTPAJIbHBIX TPYOOIPOBOAAX MPOUCXOJAAT PEAKINH MEXIy BOIOM
n MatepuajsoM Tpy6onpoBoja. C TOBbBINNIEHNEM TeMIEPaTypPbl BOAbI YCUIWBAIOTCS XUMHWYECKHE
n GUOJIOTHYECKHE TIPOIECChl B BOJE W KAUeCTBO ee M3MEHsSeTCs TeM CHUJIbHee, YyeM JOJIbIe BO/a
HaXOJUTCS B TPyO6OnpoBoaHOU cucteme [87, 112, 271]. ITo BMsAeT U HA BOSHUKHOBEHIE HEPOB-
Hocreil (1mepoxoBaTocT) Ha BHYTPEHHEH IMOBEPXHOCTH BOJOBO/A.

[Ipu npoexkTupoBaHUM HE YUYMTHIBAETCS YBEJWYEHHE TH/IPABJNYECKOrO CONPOTUBJICHUS B Maru-
CTPAJIbHBIX BOAOBO/AX C TeueHUeM BpeMeHU sKcIryaTaruu. CaMo IPOEKTUPOBAHME OCHOBBIBACTCS
Ha MePBOHAYATBHBIX TPEOOBAHUAX TEXHNKO-9KOHOMHUYECKOTO 0GOCHOBAHUS, KACAIONIMXCS CeOeCTON-
MOCTH BOJIbI, 110/100pa 3KOHOMIUYHOTO JaMeTpa TpyO BOJ0OBO/IA, Y/I€IbHOTO PACX0/a 3JI€KTPOIHEPTUH
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Ha 1 M® ojilaBaeMoii BOJIbI M T. [I., UCXO/Isl U3 YCJOBUM, 3aJJaHHBIX /IS TyCKa ATHX BOJOBOJIOB C IPO-
€KTHBIMH TIOTEPSIMU HAIlopa M OTIPE/IeJIEHHBIM PACX0/IOM BOJIbI, HE JOMYCKAIOMNUMHU AeUINTA BOBI
B Toposiax. Kak mpaBuJio, 1ocJsie CTpOUTETbCTBA MAaTrMCTPATbHBIX BOJIOBOJIOB M TP UX TTyCKE BO3HUKAIOT
po6JIEMBI, CBUIETETHCTBYIONINE 06 OTKJIOHEHHUSIX I€HCTBUTEIHLHOTO THAPABINYECKOTO COIPOTUBIIEHUS
BOJ/IOBOJ/IOB OT TIPOEKTHOTO. CJysKObI 9KCILIyaTalluyd CUCTEM BOJIOCHAGKEHUS ¢ CaMOT0 HavaJsa MycKa
B JIefiCTBHE BO/IOBO/IOB BBIHY>K/IEHBI PEITPUHIMATD MEPbI JJIST IUKBUIAIINN 9TUX HEJIOCTATKOB, C TEM
4TOOBI HE JIOMYCTUTh pa3Butus aedurmra Boabr [68, 79, 188, 317]. Pacrer ceb6ecTonMOCTb BOJIbI.

[Tpu mpoekTUpPOBaHUN BOJOBOJ/IOB YUYMTBIBAETCS, UTO JBMKEHHE TIOTOKA BOABI OymeT TypOy-
JIEHTHBIM ¥ JIUITb B HEKOTOPBIX CJAyYasdX B BOAOBOJAX MOTYT BO3HMKATD IEPEXOJHbIE PEKUMbBI. B
OCHOBE pacyeTa CTaJbHbIX MAaruCTPaJbHBIX BOJIOBOJIOB OOJBIINX JJUAMETPOB JIEKUT TTPEAJI0KeHHAS
®.A. IlesesneBbiM (opmysa pacueta Koad@uimeHTa TUIPABIMIECKOTO CONPOTUBJIEHUS A LIS
aBTOMO/IEJIBHBIX TYPOYJIEHTHBIX PEKUMOB MOTOKA BOABI [311]:

22021, (1.0

rae d — auamMeTp BOJOBO/A, M.

[Tpusenennas pacuernas Gopmysa (1.1) He yuuTbiBaeT 3aBUCUMOCTb Koadduimenta A ot po-
CTa MepPOXOBATOCTH BHYTPEHHEH TTOBEPXHOCTH BOIOBO/IOB C T€UEHWEM BPEMEHU. Y UNTHIBAETCS JIUIIb
9KBUBAJICHTHAS BeJIWYMHA TEepoxXoBaTocT, KoTopasd, mo mHeauio M.A. IlleBeneBa, cocTaBisieT
1 M. @opmymna (1.1) MoskeT OBITH MCIOJB30BAHA TOJBKO MPHU YCJIOBUU aBTOMOJEJIBHOTO TYP-
OYJEHTHOTO pekKMMa MOTOKA BO/IbI, €CJIM ee CYUTATh MPUMEHUMON /s BO0oBOoMOB. Bosee Toro,
yucyennblii Koadunuent 0,021 umeer pazmeprocTb M*3, 4TO TaKKe HEJIb3sT IPU3HATH KOPPEKTHBIM
JUIST pacvyeToB BOJIOBO/IOB, HAXOMSAININXCS B MpoIlecce KCIIyaTalni, Tak Kak BBOJUTCS 9KBUBA-
JIEHTHas BeJMUYMHA IepoxoBaTtoctu, paBHasg 1 MM. B paGore @.A. Illesenesa (c. 4—5) ckaszano,
YTO MPU KOPPO3UU CTEHOK TPYO manm 0Opa3oBaHWKM HA HUX OTJOKEHUU IIePOXOBATOCTh CTEHOK
BO3pACTaeT, 4TO BJeYeT 3a coOol yBesmdenme KoagdUIMeHTa A, HO He YUYUTHIBAETCS aBTOPOM.
@opmyJa (1.1) npuMeHnMa s pacyeTa HEHOBBIX CTAJbHBIX U YyTYHHBIX BOIOIPOBOIHBIX TPYO
C eCTeCTBEHHOM MepoX0BAaTOCTHIO, KOTOPAS MO0 THIPABIMIECKOMY COITPOTHUBJIEHUIO SKBUBAJIECHTHA
NCKYCCTBEHHON MEPOX0OBATOCTH, 06pa3yeMoli HaHeCceHneM Ha CTeHKU HOBBIX CTAJbHBIX TPYO MmecKa
3€PHUCTON KPYMHOCTHIO 1 MM, W MOKeT ObITh MPUHATA KaK HOpMaJbHAs.

ImapaBanyecknii pacueT BOJOMPOBOJIHBIX TPyO, HAXOAAMIMXCA B IKCILJIyaTaluu, B cJaydae
06pa3oBaHMs OTJOXEHUH HeOOXOAMMO MPOBOANTH MO (OopMyJaM, yYUYUTLIBAIOMNM YBeJUUYEHWE
koadPunmenta conporubaenus [188, 193, 294]. Takum o6paszom, B Tabauiax M.A. IlleBenena
He TIPe/ITaraloTcs PpeIleHns, YYNUTHIBAION[NEe TPOTHO3 W3MeHeHus KoadduimeHta A B TeueHUe
CpPOKa 3KCIJIyaTallii BOOBOJIOB. [IpoeKTHBIE WHCTUTYTBI, KOTOPBIE MOJIb30BAJNCH (POopMyIaMu
Mannunra [265], a mo3z:xe D.A. IlleBeseBa, TakKe He YINTBIBAIN U3MeHEeHNS KoadduimenTta A
C TeYeHWEeM BPEMEHU IKCILTyaTallui BOJOBOJIOB.

B mporiecce pmtepbHON SKCTITyaTallmy BOJOBOIOB TTPOTYCKHAS CTTIOCOOHOCTDh METAJINYECKUX
TPyOOTTPOBOIOB 3HAUNTEIHLHO YMEHBITTAETCS BCJIE/ICTBIE BHYTPEHHEH KOPPO3UU 1 MHKPYCTAINN. JTO
aBasgeTcsa obueil mpo6IeMoii He TOJIbKO /I BOJONPOBOAOB ropoaos Y kpaunsl (puc. 1.1) [297].
Cormacuo [227, 292, 294] B mporecce aKCIIyaTalny THAPABINYECKUE CONMPOTUBIEHUS TPyO6O-
MPOBO/IOB yBeJUUYNBAOTCSI B 2—7 pa3 u GoJiee 1O CPAaBHEHWIO ¢ MEePBOHAYAJHHBIMU 3HAUEHUSIM.
Onn 3aBUCAT OT AMaMeTpa W MaTepuaja TpyO, KadyeCTBEHHBIX TOKa3aTeJieil TPAHCIOPTUPYeMOit
BO/IbI, YCJOBUIT pabOThl U CPOKa 3KCILTyaTanuu Tpybonposoaa [291, 294].

IippaBmmaeckue XapaKTePUCTUKA AEHCTBYIOMNX TPYOOITPOBO/IOB MOKHO OTIPEIETTUTD TT0 METOY
«Tpex MaHOMeTpPOB» [145], Kor/ia MAaHOMETPBI CTaBAT B HAaUase U KOHIIE TPYOOIIPOBOA, a TaKKe B Me-
cte oTBeTBJAeHUA. [Ipn aTOM Ha TPpy6GOTTPOBO/IE MEXK/Ty MAaHOMETPAMH BCe TOTPEOUTENN OTKJIIOYAIOTC.
dakTvecKoe yaeapbHOE COMPOTUBJEHNE MCCIeyeMoro TPyOOTTPOBO/Ia OTPeeIIoT Mo hopMy.Jie

A, =M (1.2)
q

rje i, U i, — IujpaBauyecKye YKJIOHBI Ha y4acTKaX Tpy6onposoja jaunoit [ u [,, onpeaensgemble
COOTHOIIICHAMN

i1:h1/l1; izzhz/lz- (1.3)
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Puc. 1.1. Tpernit Kpacnonpecnenckuii Bogosox Mocksbl quamerpom 1200 mm (ctanb)
BpeMs akcmtyaranuun — 6Gosee 30 ger (o gamnbiv C.B. Xpamenkosa, «MocBogokanas» )

3nech h, u h, — moTepu Hamopa Ha 9TUX ydyacTKaX, U3MepseMble MaHOMETPaMU, M;
g — pacxo[ BOJbI, T,/ C, I3MepPsIeMbIil Yepe3 OTBETBJIEHNE, YCTAHOBJIEHHOE Ha PACCTOSHIHN

[, or Havyama uccaesyemMoro Tpy6onpoBoja.

[TpuBenennas ¢gopmyaa (1.2) cupaseanuBa NpH yCJIOBUH PaBEHCTBA YAEJbHBIX COIMPOTUB-
JIeHWH Ha 060WX ydJacTKax.

Hawnb6osee coXHOW 1 TPYIOEMKON oTiepartieil Mpyu BBIYUCIECHUH THAPABINIECKIX COTPOTUB-
JIEHWH JIeRCTBYIONINX BOJIONPOBO/IHBIX JTUHUM SIBJISETCS OIPejieJIeHre PACX0/la BOJIbI, TPOXOSIIETO
o Tpy6ornposoay [125, 294]. Becbma TOUHBIM sBJsSeTCSI OOBEMHBIN METO/:

0 =W/t (1.4)

rie W — o6bem emkoctu (pesepByapa), M°, 3al0JHIEMON MM OMOPOKHAEMON 3a BpeMms t, C.

[Tpu Hammymm GOJIBIIOTO KOJMYECTBA YUACTKOB CeTU TaKast paboTa SIBJSETCS OUeHb I'POMO3/I-
koii. Corsacho [294] nipu o6cnenoBanuu feiictyionieii cuctembl [IPB 1eslecoo6pasno ucbIThiBaTh
JIMIIb XapaKTEpHbIC YYAaCTKU CETU, CTPYHIIMPOBAB UX B 3aBUCUMOCTU OT MaT€pHaJa U JUaMETpa
TpyO, a Tak)Ke OT yCJOBUN M CPOKOB UX aKciryaramuu. KoadduimenT yBeandeHus yaeabHOTO
COTIPOTUBJIEHUST TPYO Ad) 0 CPaBHEHUIO ¢ TAaGJMYHBIM 3HaYeHUeM A, B3ATbIM JI/I1 HEHOBBIX Me-
TaJIndeckux Tpyo, onpesaensiercs no dpopmyse [292, 294]

A, 11,94%
A D% (1.5)
tolg ’_7 P
A

9KB

rue dp — pacueTHBbINl BHYTPEHHUN AuaMeTp TPyOOIPOBOIA, MM;

A . — 9KBHUBaJeHTHas IIEPOXOBATOCTb, T.€. TaKad BooOpakaeMas paBHOMepHas 3epHHUCTas
IIEPOXOBATOCTD € BbICOTON (mameTpoM) sepen d, = A, IpH KOTOPOIl B 061aCT! KBaPaTHIHO-
rO CONPOTHUBJIEHWS] TIOTEPU Haropa B Tpy6ax OyAyT PaBHbBI MOTEPSIM HATOpPA MPU €CTECTBEHHOI
HIEPOXOBATOCTH.

IKBUBAJEHTHYIO IIEPOXOBATOCTb HAXOAAT 10 hopmyte [294]

_ 3,7d
— P
AaKB - 0, 33 . (16)

eXp ————F—
P& fad

Boruncnus A s onpejie/ieHHbIX JHaMeTPOB TPyObl COOTBETCTBYIOIIEI0 CPOKA UX CJIyKObI
T, crposr rpabux A = f (T). Ilo aTomy rpaduKy /s BceX y4aCTKOB CETH HAXOAAT A, 3Has
MIpOAOJIKUTEJIbHOCTD X IKCILJIyaTallul W NPUHAB, 4YTO YCJOBUA paéOTbI IIpUMEPHO O/MHAKOBDI
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JIJIsL BCETo BozonpoBoja. 3areM 1o dopmyJe (1.5) Haxoaar coorBeTcTByOMuili Koo duiuenr &,
a cJes0BaTeJIbHO, U Acp.

Kaxk nokasbiBator ucciegoBanus [294], dpopmyna (1.5) cupaseaansa, eciiv OTHOCHTEIbHASA
NIePOX0BATOCTh TPYOOTIPOBOIA

Ay = A, /d, >0,0047. 1.7)

ITOMY YCJOBHIO Y/JOBJIETBOPsET IrpaduK 3aBUCUMOCTH R = f(dp,Zm).

B pat6orte [239] ormeuaercs, uto tabauisr D.A. IlleBeseBa npeaHasHaYeHbI [IJIsI pacyeTa
TPYOOIIPOBO/IOB XOJIOTHOTO BO/JOCHAOKEHUS, TPAHCIIOPTUPYIONIMX BOJY, TEMIIepaTtypa KOTOPOii
cocraBaiger 10 °C. B cucremax ropsiuero BojiocHa0KeHUs yCa0BUS paboThbl TPYOOIIPOBOIOB /IPY-
rue. Temmepatypa Bo/ibl TaM J0JiKHA focTturath 53—60 °C. B Takux ycjaoBHUSX yBeJIMUYNBAIOTCS
OTJIOJKEHUSI HA BHYTPEHHEW MOBEPXHOCTH TPYOOIPOBOJIOB M MOKET CYIIECTBEHHO yMEHbIIATHCS
JKUBOe ceueHue. B pacyerax Tpy6GOmpoBOMOB HEOOXOAMMO YYHUTHIBATH M3MEHEHUS IapaMeTpOB
TpyO, B TOM uHCJe U 3apacTaHue TPyOOIPOBO/IOB B pe3yJabTare KOPPO3UU M OCAK/AECHUS U3 BOJIBI
B3BeIIEHHbIX YacTuIl Kap6onaTa Kaabius [96, 111, 315].

B 3apy6e:xHoii TpakTHKe /I pacueTa BOJONPOBOIHBIX TPYO MHUPOKO MOJb3YIOTCS GOPMY-
goit Korb6pyka, onpesensionieii 3nauvenne koadduimenta ruipaBandeckoro COMpOTUBICHUS

B 3aBUCHUMOCTHU OT YHUCJIEHHOTO HapaMeTpa H_IGPOXOBaTOCTI/I — BKBHBaﬂeHTHOﬁ I_HepOXOBaTO-
ctu [307]
L:_ZIg[L+2’—51:|, (1.8)
Jr 3,7D  ReJA

rie kR — SKBUBAJIEHTHAs IEPOXOBATOCTD;

D — BHyTpeHHUiT quamMetp TPyObI;

Re — umncao Peitnosbjca.

@opmyay (1.8) pekoMeHyeTcs UCIOAb30BaTh /s pacueTa Tpy6, paGoTalonMX BO BCEX TPEX
06/1aCTIX THAPABIMYECKOTO COMPOTUBIEHU: OT rUApaBaudecku raaakoit (k = 0) m1o kBaapaTuy-
HOI. ITa PopMy.Ia gaeT acUMITOTHYECKOe NpubanxKenne Kpuboit A = f(Re) Kak K npsaMoil aJs
rJIagKuX Tpy6, TaK U K TOPU3OHTATbHOI npsaMoii (06/1acTh KBaJAPATHYHOTO COMPOTUBJIEHMUS).

[l ipoBejieHNs pacueToB PEKOMEHJYeTCsl TaKKe MCIoJab30BaTh ¢opMmysy Mygu, anmmpox-
cumupyiomyio ¢popmyay Koabbpyxka [307] B Buze

1/3

20000k 10°
—_—+

A =0,0055/1+ —
Re

(1.9)

[TpenmymmectBoM dopmysnbl KoabOpyKa sBJASETCS TO, YTO OHA MOXKET ObITb NIPUMEHeHa /s
oTIpejieJIeHHs TOTePh HANOPa NP JABUKEHUH JI0O0H KUIKOCTU € U3BECTHON BA3KOCTBIO.

Cpean OHOYJIEHHBIX CTENEHHbIX (POPMYJI, TMOJYYEHHBIX KCHEPUMEHTAJbHBIM IyTeM, Hau-
Goabiiee pactpoctpanenue (B CIITA, BemukoOpurtanun) umeer dopmysia XaseHa—Buibsamca
[307, 335]

?\‘ — 1030/61,852R6D0,01852 ) (110)

rae ¢ — xoadpdunuent Xazena—Busbsamca.

BenuuuwHbl ¢ moMydeHBl B pe3yJabTaTe 3aMepoOB [I€MCTBUTEJNbHBIX IOTEPb HAMoOpa IIpu
JIBUKEHUW BOJBI B TPyOaxX pa3JiMuYHBIX JAMAMETPOB U C PA3JUYHON IMIEPOXOBATOCTHIO CTEHOK.
@opmyaa (1.10) HekBagpaTu4Has, HO UCIOJIb3YETCS /IS NPAKTUUYECKHX PacyeToB Tpy6 mpu
pa6oTe ux B JIOOOI 06JIaCTU TUAPABIAMYECKOTO conporuBienus. opmyna Xazena—Buabsamca
uMeeT BUJ, XapaKTEPHbIN /s THAPABIANYECKHU THaAkuX TpyO. Kak Buamm, 3aBUCUMOCTb A OT D
oueHb He3HauuTebHa. B mnpexacrasiennom Buge gopmysa (1.10) cocrasiena ajis temmepary-
pol Boabl t, paBHoil 14 °C. Amanms mokasbiBaer, uto npu ¢ = 150—155 zasucumocts (1.10)
MOXKeT OBITh MpUMEeHeHa JJisd pacuera THAPaBIANYECKH THaAkuX Tpy6 auamerpom 6osee 300 M,
npu ¢ = 100-150 — gug pacuera Tpy6, paboraiomux B nepexoHoit obsactu. Vcmonib3oBanue
dopmyabt (1.10) npu ¢ < 100 (ang KBaapaTUuHON 06JACTH CONPOTHBJIEHUS) B JaHHOM BHUJIE
He PeKOMeH/yeTcss U TpeOyeT BBeleHUs TOIMPABOK.
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Kak orMeuasioch panee, B IIpollecce 3KCIJIyaTalluW ITPOUCXOJUT YMEHbIIEHUE IPOIYyCKHON
crioco6HOCTH TPYO BCJIECTBUE BHYTPEHHEH KOPPO3UH U OTJOXKeHWH. [lJs OlleHKN CHYKEHHS TPo-
IIYCKHOH CIOCOGHOCTH TIPUHSTO MPEANOI0XKEHNE O TIOCTOSHHOM, PABHOMEPHOM yBEeJIMYEHUH 11epo-
XOBATOCTH, KOTOPOE BIlEPBbIE OBLIO BBIABUHYTO KObOpyKOM 1 Y ailTOM /17151 IEpOXOBAThIX TPYO 1 B
JlaJIbHENIIIeM Pa3BUTO JJIS TIpoliecca OTJIOXKEHUN B Tyagkux Tpy6ax. Vimu npejsoskena ¢opmya,
oTIpe/ieIAoNas COOTHOIIEHNe MeXX/Iy POCTOM BBICTYIIOB InepoxoBaroctu @ u pH Boawl [307, 328]

2lga =3,8-pH, MM /Tos. (1.11)

JlamoHT Ha ocHoBaHuu oOciaemoBanusg 60 ObBmuX B sKcnayaranun (B Bemuxo6puranun)
YYTYHHbBIX préOHpOBO[[OB C IIOKPbITUEM PEKOMEHAYET 3aBUCHUMOCTDb [JiA OIIPEAECJICHUA BEJINYU-
ubl a [307, 343, 344]:

a -]
0,002 2,6’

rae J — WHJEKC HACBINEHUs BOJbI 0 MeToay Jlamkenbe.

PesyabraThl nccienoBannii TuApaBANYeCKOTO COMPOTUBJIEHNS TPYO N3 Pa3INYHBIX MaTepua-
JioB, ipoBeienabix Bo BHUIM BO/ITEO [306, 308, 311], naau BO3MOKHOCTD MTPOAHAJU3UPOBATH
sapucumoctu Ipanaras—Hukypaase n Korbs6pyka (popmysra Konb6pyka ectb He 4TO MHOE, Kak
MexaHudyeckoe o6benunenue gopmysbl [Ipanaras—Hukypaase nis mepoxoBaTbix TpyO ¢ UX Ke
dbopmynoii ang ruapasandecku raaakux tpy6) [307].

Kagparnunas ¢gopwmyaa [Ipanaraga—Hukypanse, kak Obiio ycranosiaeno [307, 308, 311],
MOJKET UMETDH JIUIIb OrPAHUYEHHYI0 00JIACTh IPUMEHEHUS [IJII OYeHb Y3KOTO IMAIla30Ha [UaMETPOB
BCJIE/ICTBHE TOTO, YTO IIPU €€ BbIBOJIE TTapaMeTPhl, BXo/sIire B Jorapudmuueckyio hopmyJry pac-
npejeseHust CKOPOCTeil, MPUHATHI MOCTOSHHBIMK, B TO BPeMsSI KaK OHU SIBJSIOTCS IapaMeTpamu,
3aBHUCANIMME OT auameTpa TpyOpl. Mopmyaa Korb6pyka, TOMUMO OTMEYEHHBIX BbIIlEe HEJTOCTAT-
KOB, BOOOIIle HEKOPPEKTHA 10 CBOeMY ToCcTpoeHnio. OHa HeO6GOCHOBAHHO YIIPOIIAET 3aBUCUMOCTD
L =f (Re) B nepexoanoii o6mactu. CyTb yIpouieHus 3akaiouaercsa B ToM, uto ¢popmyaa Koab6py-
Ka BKJIIoYaeT B ceOst TOJbKO (popmysy [Js TaagKuX TpyO, B TO BpeMs KaK KaXK/IOMY BUIY TPYO
CBOICTBEHHBI 0coObIe nepexoubie KpuBble. Mopmyna KoabOpyKka gaeT Aulib acCUMOTOTHYECKOE
npubIMKeHne KPUBBIX COTPOTUBJIECHNS K KPUBOH /14 TIAAKUX TPYO M K TOPU3OHTAIHHON TTPAMOI
obGJylacTu KBajpaTtuyHoro comnportuienns [307].

Opnnousennas crenenHast hopmyna XazeHa—BuabsiMca Takyke ympormiaeTr AeHCTBUTEIbHDBIN BU/T
sapucumoct A = f (Re), xapakrepHblii s JaHHOTO Buga TPyoO.

[TpoBeieHHBIMU paHee UCCJAEAOBAHUAMU ObLIO YCTAHOBJIEHO, YTO KOAI(PPUITMEHT THAPABJIU-
YECKOTr0 CONMPOTUBJIEHUS] A MArUCTPAJbHBIX BOJOBOJIOB MIPU UX IKCILIYaTAIIUU HE OCTAETCS MOCTO-
SIHHBIM, a U3MEHSETCSd C TeUeHWEeM BPEMEHU: A = f(T) [173]. OTu uccaemoBanus TPOBOANINCH
Ha BOJAOBOJIaX XapbKOBa B TeueHue IouTu AEBATHU JIET, IIpUYEM OICHMBAJNCDH JIMIIb U3MEHECHUA

lg MM /TO/[, (1.12)

A =[(T) B xBagparuunoii o6nactu npu Re = const.

TakuM 06pa3oM, BBIIOJHEHHBII aHAJN3 METO/0B OIIpe/e/eHIsl THAPABANYECKUX COIPOTUB-
JIEHUI BOJIOBO/IOB II0Ka3aJl, 4YTO B HACTOAIEE BPEMs OTCYTCTBYIOT PellleHUs, YUYUThIBAOLNe A1HAa-
MHKY POCTa I'M/IPABJINYECKUX CONPOTUBJICHUI TPYO B TeueHue JJINTEJIbHOIO CPOKA dKCILIyaTalui,
CBA3aHHOTO ¢ 06pa30BaHUEM MaKPOIIEPOXOBATOCTU BHYTPEHHEH MOBEPXHOCTH OJHUX U TeX JKe

BOJIOBOJIOB A = [ [Re, Z(T)] B HMIMPOKOM Juanasone uuces Re. IIporunos usmenenus koadduiinenta

r=f [Re, A(T)] YpPE3BbIUANHO aKTyaJeH B CJOKUBIINXCS 9KOHOMUYECKUX YCJIOBUSIX U JIACT BO3-
MO>KHOCTD ITPaBUJIbHO 0OOCHOBBIBATb CPOKHU 3KCILIyaTAIN BOJOBO/IOB, PEKOMEH/IAINN O BPEeMeHH
IIpoBeJeHnd X CaHallu 1 T. [I.

1.2. O PACYETE IOTOKOPACIIPEAEJIEHUA
B Y3J/JIAX BOJOCETH

Hauunas ¢ 1972 r., aBropom coBMmecTHO ¢ nipodeccopamu A.T'. EBnokumospim u A.J[. Te-
BAIIEeBbIM pa3pabartbiBasach teopusi ACY mnogauu u pacnpejenenus Bojabl. C Tex mop OblIn
ony6auKkoBanbl aBe MoHorpaduu [61, 193] u psax crareii.
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Huske usaraiorcst OCHOBHBIE MJIEW MTOCTPOEHHSI METO/IA PAcUYeTa IIOTOKOPACIIPE/ICJICHHS B Y3J1aX
c10kHOM cucreMbl IITPB 1 onmcanbl IPUYMHBL, 10 KOTOPHIM aBTOP JaHHON KHUTHU Mpenoues GoJee
IIPOCTOit, HO U GoJiee COBEPIIEHHBIN TTOX0/1, OKasaBInuiicss Han6osee 3(DHEKTUBHBIM [IJIsl UCIIOJIb-
30BaHus B JeiictByonux cucremax [1PB ropomos (cm. riiasy 5).

[Ipottecc onepaTuBHOTO yrpasJenus cucremoii [IPB B ropojax paccMaTpuBaJcs Kak yrpas-
JIIEMBII TIPOIECC COBMECTHOTO PesKnMa paboThl HACOCHBIX CTaHIUIT, BOJAOCETH, PE3EPBYapoOB U UX
COCTaBJIAOINX 3JeMeHTOB. Hasmume B mpoieccax BOAOTNOTPEGJIEHUSI OCHOBHBIX KOMIIOHEHTOB,
TaKMX, KaK TapMOHUYECKAs COCTABJAIONIAs U CJAyYallHbIi 1IyM, IPUBOAUT K HEOGXOAUMOCTH TI0-
CTPOEHUS I/ TEKYIIEro yIpaBJIeHus AeiiCTBYIONIEH CeThio ABYXYPOBHEBON CXeMbl yIIpaBJICHHUSI
cucremoit 11PB. /lannag cxema BKJIIOUAeT:

[JTAaHUPOBAHKME PEKUMOB TPAHCIOPTUPOBAHUS U PACIPE/E]EHMs] BOJbI, KOTOPOE MO3BOJISIET
IeJICHATIPABJIEHHO OTCJEKUBATD TAaPMOHUYECKUE TPEH/bI yTeM U3MEHEHUsI CTPYKTYPbl U Hapa-
METPOB CYIIECTBYIOIIEil ceTn;

olepaTHBHOE YIIPABJIEHIE, YCTPAHSIOIIee HesKeaTe IbHble H3MEHEHUsI HATIOPOB B IUKTYIOTIEi
TOYKE CETH.

Heo6X0uMOCTh OTPeIeJIeHHBIX 3aTpaT BPeMEHU [IJIsi Peau3allii YIPaBJISIONNX BO3/eil-
CTBUIT Ha PACCMOTPEHHBIX dTANaX yNnpaBjieHus TpeGyeT MPUMeHEeHHs Ha KasKJOM U3 HTUX HTAIOB
JMCKPETHOTO crocoba yrpasjeHus. [109ToMy MHTEpPBaJ yIpaBJeHUs1 pa3OUBAETCS Ha JAUCKPETHI
(KBaHTBI), KOTOPBIE ONPEAEJISIOTCS KaK TOYHOCTHIO AllMPOKCUMAIMU COOTBETCTBYIOMINX KOMIIO-
HeHTOB (rapMOHMYECKHX, IIYMOBBIX ) MPOIECCOB BOAONOTPEOIEHNUS, TaK U BPEMEHEM peau3alium
yIpaBJeHUs Ha KaXKJOM U3 HTAIOB.

JIMCKPETHOCTD yIIPaBJIEHUsI TO3BOJISIET MPEICTABUTDH HTOT MPOIECC Ha KAXKJOM JTare B BU/E
0CJ/Ie/[0BATENBHOI MHOTONIATOBON MPOIEAYPbI IPUHATHS PEIICHUS.

AP dexTuBHOCTD (HYHKIMOHUPOBAHNUSI JTFOGON CHCTEMbI CBI3aHA C KAUECTBEHHBIMU M KOJIMYECTBEHHDI-
MU 1IeJIIMU YITPABJICHUST 9TOM cructeMoil. OCHOBHAS KaueCTBEHHAs 11eJIb YITPABJICHHUS PACCMAaTPHBAEMON
CHUCTEMON 3aKJIF0YAETCsl B Peau3aliiil TEXHOJOTUI TPAHCIIOPTUPOBAHUS M PACIIPE/ICJIEHUS BOJIbI.

JIJIst KOJTMYECTBEHHOM XapaKTePUCTHKHU JOCTUIKEHHS TOCTABJIEHHOM 1e/T1 CJIysKUT KPUTEPHii yIrpas-
JIHUsI, KOTOPBIN B JIAHHOM CJIyyae MOYKET IPUHUMATh TOJIbKO /IBa 3HaueHus: euHuIly (B ciiydae 10CTH-
JKEHWS 1IeJIM — €CTh Bojla y HoTpeGuTesis B Jii060i Bbiciieii Touke) 1 HOMb (B IPOTUBHOM CJIy4ae — HET
BO/bI y TIoTpebuTesisi). KadecTBeHHbIe 1€/ SIBJSIOTCS CTPATErMYECKUMU M MCTIOJIb3YIOTCS HA CAMOM
BEPXHEM YPOBHE MepapXUu yIIPaBJIeHHsI BCEll CHCTEMOI, TaK Kak CBA3aHbI ¢ 00eciedyeHneM BOJI0H Beex
norpebutesieil. Kaskyrmascst mpocTora Takoro Kputeps yipasJieHus OOMaHuMBa, MOCKOJIBKY (DYHKITNO-
HaJIbHAs 3aBUCUMOCTD KPUTEPHsI OT YIPABJSEMbIX aPAMETPOB MOKET ObITh BECbMA CJIOMKHOI.

Kak yske oTMedasoch, KauecTBEHHas 1ieJib yipasieHus cucremoii [IPB sakiouaercst B 06e-
crieyeHnn norpe6uresieil TpeGyeMbIM KOJMYECTBOM BOJbI IIPU JABJICHUN HE HUKE MUHUMAJILHO
porycrumoro. ChopMyaupyem aty 1ejib MaTeMaTU4ecKy, [PeJBaPUTENbHO BB/ KPUTEPHIA CyM-
MapHbIX U30bITOYHBIX HAIOPOB.

Iycte P; m P/ — Tekyllee 1 MUHMMAJIbHO JIOIyCTHMOE JIaBJCHUE B j-M y3JIe COOTBETCTBEHHO.
Torpa cyMmMapHbie H36bITOYHBIE HATOPBI B MOMEHT BPEMEHU ¢ MOKHO BBIYKMCJIHUTH B COOTBETCTBUU
C BBIpAKEHHEM

0

=3 F®-P)=Y(PO-P) (1.13)

jev j=1

rie V — MHOXeCTBO BeplluH rpada ceru;

U — KOJIMYEeCTBO ero BepIINH.

Kpurepuil ynpapieHus sBJseTCs KJIOYEBbIM B TOHUMAaHUKM MHOTHX MPO6GJEeM, BO3HUKAIOIINX
B Opranmusanuu paruoHaabHoro ¢ysukinuonnposanus [IPB. B HopMalbHBIX yCI0BUAX ONTHMATD-
Horo ¢ynkunonuposanus cucremsl [IPB Tekyuiee gasienne P; B j-M y3sie 10/KHO GbITh Beerja
GoJibiie uiam paBuo P

B npeanpuom ciayvae pasienue y norpebureseii 10KHO GbITh MUHUMATBHO [OIMYCTHMbIM P,
HO 13 (pusndeckoii cytu cucrempl [IPB caexyer, 4yTo naBiaeHne Ha HACOCHOW CTAHIMM TOJIXKHO OBITH
BCETr/la BbIIE, YeM B JI0O0OM JIPYIOM y3Ji€ BOJOCETH.

C npyroii cTOpOHDBI, U3BECTHO, YTO Ype3MepPHOE IIPEBbIIIEHUE TEKYIIero JAaBJjaeHusl Ha/l HOP-
MaTUBHBIM [PUBOJUT K HEXKEJIATEJIbHbIM T10CJE/ICTBUSIM:

[IOBBIIIAET PACXOJ 3IEKTPOIHEPIUN;
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YBEJUUMBAET YTE€UKY BOJbI BO BHYTPUAOMOBBIX ceTaX (HenpousBOAUTEIbHbIE PACXOAbI BOJIBI);

MOBBIIIAET BEPOSTHOCTD MOBPEXK/EHUS BOJOCETH, YTO, B CBOIO OYEPE/Ib, BEJET K BO3PACTAHUIO
BEPOSATHOCTHU yiepba OT aBapuu u T.J1.

Ornenka aroro kpurtepus [61] Ha orpeske Bpemenn [0, T ] mosBossier cyautb 06 addexTuBHOM
dbyurnuonuposanuu nojcucreMmpr [IPB ¢ Touku 3peHust BoINOTHEHMS OCT€/[HEN CBOETO OCHOBHOTO
(YHKIIMOHATBHOTO Ha3HAUYeHUsI. VI3MeHeHne Tbe30MeTPUYECKON BBICOTDI, a 3HAYUT, AaBjeHus P
(6yaeM mHOrZa Ha3bIBATh €ro CBOOOAHBIM HAIlOPOM B TOYKEe) B KaskJoil BepimuHe rpada (cxema
coepHeHns y3y0B) nojcucreMbl [IPB Ha 3azannom orpeske Bpemenu [0,7] 6yaeM xapakrepu-
30BaTh (PYHKIMOHAJIOM BHU/A

1 T
z, _ﬂ(p (P.(t))dt, (1.14)

rae le(t) — CJIyYaifHbBIil TTPOIECC U3MEHEHUs BEJMYMHBI CBOOOHOTO HAMOpa B j-M y3Jie TMOJ-
cucrembl I1PB;

1, upu Pj(t) > P

1.15
0, mpu P.(t) < P;. ( )

0; ) =9 (P®) =

Oyuxiponan (1.14) xapakrepusyer OTHOCUTENbHOE BPEMsl, B T€UE€HHE KOTOPOTO MOCUCTE-
ma [IPB BoimosHsger cBoe GpyHKIIMOHAJIbHOE Ha3HAUYeHUE B J-M y3Je CeTH, T.e. J-TIOTpeOuTe b
ob6ecrieyeH BOMOM HAa BCEX aTa)kaX JKUJIOTO foMa B JOOGOM y3Je.

Ecmm wropMmanusa o BeanmdnHe CBOOGOAHOTO HAMopa B j-M y3Je TOCTyNaja B AMCKPETHBIE
MOMEHTHI Bpemenu t, ¢t + 1, To B aToMm caydae Boipaxkenne (1.14) npuOaAMKeHHO MOKET OBITH
3aMEHEHO MHTeTrpabHOI CyMMON

1 .
Z; :F;(p(ij)Atk, (GeV), (1.16)

rie k — JQUCKpeT MHTepBaJia BpeMeHU, PAaBHBIN ducay t;

T — wunrepsan spemenn (06buHO Ha npakTuke T = 24 vaca).

KauectBo (DyHKIIMOHNPOBAHUS CUCTEMBI TTOJAYN W pacipeie/ieHusT BOJIbl HA BPEMEHHOM WH-
tepBaJie [0,7] B mpocreiieM ciaydae MOKHO XapaKTepu3oBaTh (DyHKIMEN BUIA

Z:lzzj, (1.17)
O jev

rae V. — MHOECTBO y3JIOB;

0 — KOJMYeCTBO y3JIOB.

Kak BuanM, 3HadeHNs BBINENPUBECHABIX KPUTEPUEB HaXodTcd B auamaszone ot 0 mo 1.

KosmuecTBeHHbIE 1IE/N yIIPaBIeHNs 3aKII0YAIOTCS B CTPEMJIEHUN YMEHbIINTD (MM YBEJINYUTD )
3HaUYeHNEe HEKOTOPBIX KPUTEPHUEB, OTPAKAIOMNX PEXUMbI (DYHKITMOHUPOBAHUS yIIPABISIEMOTO 00Db-
exTa. B kauecTBe TAKOTO KpUTEPHUS TOBOJHLHO YACTO B BOJIOTIPOBOHBIX CETAX MCIOJIb3YIOT (DYHKITNIO
(1.13), crapascp HaliTH ee MUHUMYM.

[lpyrum pacmpocTpaneHHbIM KpuTepueM saddexktuBHOCTH DyHKIIMOHNpoBanus [IPB asasgioTcs
HEpPro3aTpaThl B MOMEHT BPEMEHM t:

K2 (g, (0)

y) =) ——~— | (1.18)
j; 102n;
rae k](.“), g, M; — TOTeps HAIOPa, PACX0/ Ha j-ii HACOCHOW CTaHIMK U ee KO UIUEHT 110-

JIEBHOTO JIeMCTBUS COOTBETCTBEHHO;
L — MHOXeCTBO HACOCHBIX CTAHIIUH.
WNnrerpasipHas omeHka sHepro3arpar Ha uaTepBaje Bpemenu [0, T']

Z = [yt (1.19)
0
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WJIM TIPU JUCKPETHOM criocobe cbema mHpopMaImm
Z =Yyt (1.20)

OctanoBuMcs Ha psze Apyrux kpurtepuen dyukimonuposanus [IPB, noayunsmux pacmpo-
CTpaHeHUe Ha NpaKTUKe.

MakcuMa/IbHbIii N30BITOUHBIA HAIOP B MOMEHT BpeMeHu ¢ (OH AUKTYeTcs U3 yCJIOBUI dTaskK-
HOCTH 3aCTPONKHN ¥ HeJOMyIleHus: CBOOOJHOTO Hamopa B TPyGONPOBOAAX PpaclpeleTuTebHO
cetu Gosee 60 M BOAAHOTO cTOMGA)

Z(t)=mzi]XP]»(t). (1.21)

ITOT KpUTEpUIl XapaKkTepusyeT «y3kue» mecta B cucteme [IPB, oco6enno B pexkume MuHu-
MaJIbHOTO BOJONIOTPeOJIeHUsI, CIIOCOOHDBIE MPUBECTH K TIOBPEXKIEHUSM Ha BOJOCETU W HENPOU3-
BOJUTEIbHBIM PACXO/laM BOJbI BO BHYTPUIOMOBOW ceTu. 31ech N — MHOXKeCTBO TOTpeOuTeei
BO/LbI.

CyMMapHOe MTHOBEHHOE BOJONOTpebieHe

y M =>q,®=>q,0). (1.22)
JeL ieN
WNurerpasipHas oleHka BojomnoTpebienns Ha orpe3ke Bpemenu [0,7] Bbruncisgercsa mo aHa-
norun ¢ Beipaxkenmamu (1.19), (1.20), a umenHo:

z, = [y, at (1.23)

WJIN, TIPU AVNCKPETHOCTU MOCTymnaoleir nH(opMamu,

T
Z, =y AL (1.24)
j=1
OHEHKa CYMMapHOfI yTe‘IKI/I B cucremax BOZ[OCHaé}KeHI/IH

Y, = ) AP, - P)q, (1.25)
jeN
rae A — KoadpdUIUeHT HeTPON3BOAUTENbHBIX MOTEPh BO/bI HA €NHUILY U3MEHEHUS JaBJICHUS.

[naBHas 3ajaya OmMepaTUBHOTO yIpaBJjeHus — oOecnevyuTb BbinosHeHue cucremoii [1PB
CBOETO 11eJIeBOTO Ha3HAYeHUs. Y IPaBJIsIEMbIMU ITePEMEHHBIMU I/ 3TUX CeTell ABISI0TCS IapaMeT-
Pbl U CTPYKTYPBI OT/IEJbHBIX MOJACUCTEM. YIIpaBJjeHNe MapaMeTpaMu U CTPYKTYpPOil BO3MOXKHO
Ha aKTUBHBIX dj1eMeHTaX (HACOCHBIX CTaHIMSAX) U paclpepenuTenbHbix cetax. O6 naMeHeHun
napaMeTpoB M CTPYKTYPbI TOTpebuTe el MOKHO CY/IUTh IO M3MEHEHUTO TTaPAMETPOB MPOIECCOB
notpe6eHns: BOJIbI.

Takum o6pa3om, 3ajaua omepaTuBHOTO ynpasieHus cuctemoii [IPB 3aksatouaercs B ToM,
4TOGBI C MOMOIIBI0O U3MEHEHUSI CTPYKTYPBbI M NapaMeTPOB YIIPABJISIEMbIX MMOJCHUCTEM KOMIIEH-
CUpPOBATh M3MEHEHUEe CTPYKTYpPbl M MapaMeTpoB moTpebuteseii. [IpuuemM KoMIeHcammio sTux
n3MeHeHuit HeoOXOAMMO OCYIIECTBJISATh, MUHUMU3UPYST HEKOTOPBIH (DYHKIITMOHAJ TOTEPb B 9HEP-
reTH4ecKOM, CTOMMOCTHOM MJIM HA/I€3KHOCTHOM BBIPAXKEHWHU MPU COOJIO/IEHUI COOTBETCTBYIOIIEH
COBOKYIIHOCTU OTPAaHUYCHUIL.

CTpyKTypa mpoiiecca orepaTuBHOTO yIIPaBJIeHUS TOTOKOpACIpeie/ieHneM B BOJJOITPOBO/IHBIX
CeTsIX MOKeT ObITh INpe/ICTABJIeHA B BH/le /[BYX OCHOBHBIX 9TAIOB, UJIM YPOBHEN yIIPABJIEHUS:

1) omepaTuBHOE MJAHUPOBAHKE MOTOKOPACHPEeIeHNus B BOJAONPOBOAHON CETH C yU4EeTOM
[PeBaJUPYIONIET0 BAUSHUSA HEKOTOPOTO KPUTEPUs Ha AAHHBIA NMAaHOBBIH mepuos (MUHUMYM
IKCILTyaTallMOHHBIX 3aTpaT, Hajle)kKHOe Bojoobecrevenme mnorpebutesieii, obecrneyenme Kpu-
Tepus KavectBa (yHKIMOHMpoBanusg 1no gopmysae (1.17), Koropbiii mosskeH ObITh paBeH
eJIMHUTIE);
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2) crabuiusanus AaBJIeHWl B AUKTYOIIMX TOYKAX B 3aJaHHOM JHanasoHe.

Pemenue 3asaun onepaTuBHOrO yIpaBJeHUd HA Ka)KJIOM M3 3TUX YPOBHEH, KakK MPaBUJIO,
pas3HeceHo BO BPEMEHU U MPOCTPaHCTBe, TpeOyeT pa3andyHoro o6beMa u Xxapakrepa onepaTuBHOM
nHbOPMAINU, HATUYNS MaTeEMAaTUUYECKUX MOJIeJIeil, ONMMChIBAIONINX OOBEKT YITPaBJIEHNS, Pa3HBIX
KpUTEPUEB W METOJ/IOB PEIeHUs 3a/1a4 yIpaBJeHUsI.

OcTaHoBUMCS Ha OCHOBHBIX 3ajJlauax BOJOpaclpeie/ieHus, MOJyINBINNX HanGoIbIee pac-
ITpocTpaHeHne TPpU PElIeHNH 3a/ad MPOEKTUPOBAaHUS W PAa3BUTHUS BOJOTPOBOJHBIX CETEN.

B nporiecce nmpoekTupoBaHUS BO3HHMKAET 3ajada BbIOOPA ONTUMAJIBHOTO peXumMa paboThl
HACOCHBIX CTAHIIMII TIPW UX COBMECTHOHM paboTe Ha BOJOTPOBOJHYIO CETh.

M3BeCTHBI: CTPYKTYpa CeTH; y3JoBbie pacxoiabl (ciaegoBareqbHO, W OGIIMHA MOTOK BOJBI,
[o/laBaeMblil B C€Th HACOCHBIMM CTAHI[UAMMU); AMaMeTPbl TPyOONPOBO/OB; JJUHBI MAarUCTPab-
HBIX YYaCTKOB; T€0/Ie3MYeCKNe OTMETKI; MUHUMAJbHO JIONYCTUMbIe CBOOO/IHbIE HATIOPBI B y3J1aX
CeTH; KOJMYECTBO HACOCHBIX CTaHIMi, paboTamomux Ha ceTb, [ > 1,

[lig matematnyeckoit popMyTMPOBKHU ATOH 3a7ia4n ocTaHOBUMCS 6oJiee TOAPOOGHO HA MaTeMa-
THYECKON MOJIeJIM YCTAaHOBUBIIErOCs BoJopacipe/ieieHus B BOAoNpoBogHoi cetu (puc. 1.2).

N ON @ ®
®

®
@
®
®
®

& & AN

Puc. 1.2. IIpumep rpada BOMOIPOBOIHON CETH U MJIOCTPAIUsS pa3OUeHNS ero
Ha TPU HellepeceKalouXcs M0AMHOKECTBA

IIycts MuOkecTBO E Ayr rpada BOAOMPOBOAHON CETH COCTOUT U3 TPEX MOAMHOKECTB: PEalb-
HBIX AyT M, COOTBETCTBYIOMMX yYacTKaM TPy6onpoBo/a; (PUMKTUBHBIX aKTUBHBIX AT L, COOTBET-
cTByOIUX BXxogaM cetn (HacocHble cTaHmn); (PMKTUBHBIX ITACCUBHBIX AYT N, COOTBETCTBYIONIMX
BbixogaM certu (morpe6urenm).

M={, .. 17} m=17;

L ={18,19) =2
N ={20, ..., 31} n=12;
E=MULUN

E={1, .., 31) e =31.
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[Tyctp mio6as BepiiuHa rpada — Bxoja uan Bbixo/ (mogaya maw 3a60p BOJBI B BOJOCETH).
HyseBas BepuinHa sBjsercss HavyajbHOI (BXOZOM) /I8 HACOCHOW CTAHIMU W KOHEYHOW — /s
nojaun wiau 3a6opa Boabl B Bojocerh norpebureneii (¢puxrusubie). Toraa

hy=-P, (jel), (1.26)

7

h; =P, (e N). (1.27)
Kaxaprii us yuyactkoB j (j e LUN) OyiaeM XapakTepusoBaTh JBYMS BeJUYMHAMU q; u
P, u Ha3piBaTh WX BXOIHBIM Y3JOBBIM PACXOOM W JaBjeHueM, ecin j € L, mmm BBIXOAHBIM
Y3JIOBBIM PACXOJIOM U JaBjeHueM, eciu j € N, T.e. HOMep y3Jia COBIIQ/IaeT C HOMEPOM ydacTKa
COOTBETCTBYIOIIEr0 BX0/[a WK Bbixoja cetu. Ecom Ha yuyactke j (j € LU N) 3agano nasienue,
TO GyjleM paccMaTpUBaTh 3TOT y4acTOK Kak MCTOUHMK pasHocTu fapienuii h, =—-P, (e L) u
hy =P, (j e N)c suyrpennum conporusienueM S; =0. Ecim Ha 5TOM yuacTKe 3a7aH Pacxof,
TO Oy/IeM CUMTATh €r0 NCTOYHUKOM TOKA (; C BHYTPEHHUM CONPOTHBJIEHUEM S; =00 .
[Tpuenem cpaBuenue ¢ GpopmyJioii mOTEpb HaNOPa HAa BOJAOCETH
_ n
hi = S,q; ,
rpe S; — TUApaBINYeCKOe CONPOTHUBJIEHNE yYaCTKa.
[l peanbHOTO yyacTKa TPyGONPOBOIA TIPEATIOIATAETCS CIIPABE/JINBBIM COOTHOIIIEHME

Y (GeM). (1.28)

by =S, sgnq; g,

C yuerom Boipaxkernii (1.26) — (1.28) paccmarpuBaemasi MaTeMaTHYECKass MOJEJb [IPUMET B/

f, =S,sgngq,|q, " hr(r)"' z b1ri(Si sgn g, |qz'|Xi+ hl_(r))_z b, P, +
e ieh (1.29)
+>.b,P=0 (reM,);
ieN;
f,==B+3 by (S;sgng g +h") =3 b,P+ 3 b2 =0 (reL,); (1.30)
1eM,; i€l ieN;
f, = Pf"z b,(S;sgnq;|q|" + hi(r)) _zbm‘pi + z b,P,=0 (reN,); (1.31)
ieM, iely ieN;
q; = Z by,.q; (ieE). (1.32)

rek,

Tenepnb nepeiizieM K MaTeMaTu4yecKoil (GOPMYJIMPOBKE 33/1a4U ONTUMU3AINHI PEKUMA PabOThI
HACOCHBIX CTAHIIMII TP UX COBMECTHOI paboTe Ha BOJOCETH:

y=y (P - pir) min, (1.33)
JjeN

rae Q) xapakrepusyercs ypasuenusamu (1.29) — (1.31);

q; = Z b,q,+Q (GeE). (1.34)
reM,UL,UN‘®
3nech O =) b,q; =const (i eE); (1.35)
reN
q;,=q;, (GeN); (1.36)

P> pidr G=N). (1.37)
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3Hauenne S ; OIPEJIENISIETCsT 3/1eCh 110 O/THOU M3 M3BECTHBIX (POPMYJ WJU SMITMPUYECKHU, KaK
pe3yJIbTaT U3MEPEHUN U pellleHnd 3a/1aun napaMerpudeckoit naentudukammm [61]. Matemarnueckn
9TO 3ajlavya HEJWHEHHOTO TPOrpaMMUPOBAHNS ITPU OTPAHNYEHUSX B BUE PABEHCTB M OTHOCTOPOHHEN
OTPAHMYEHHOCTHU TTepEMEHHBIX. ByieM pemiatsh ee cieyomuM o6pa3oM: CHava a PeruM aTy 3aaqy
MIPU YCJOBUH, YTO HA HACOCHBIX CTAHITMSX U3BECTHBI PACXO/IbI; 3aTeM Ha 6a3e 3TOi MPOTPaMMBI OCY-
IIECTBUM IIOUCK B ceTKe pacxomos 1o ([ —1)-if nacocHoil craniyu, rjae [ — 4uCA0 9TUX CTAHIUI.

WcxoaubIMu TaHHBIMA /IS ONITUMU3ANNHT PekuMa paboThl TPOEKTUPYEMbIX HACOCHBIX CTaH-
W IIPU UX COBMECTHON paboTe B CETU SBJSIOTCH:

CTPYKTYPa CeTH;

MECTOIIOJIOKEHNE BXOJOB M BBIXO/IOB CETH, a TaKKe Tojavya M PacXo/l BOJbl B HUX;

mapaMeTpbl MarucTPaJbHBIX YUYACTKOB: /JIMHA TPyOOTpoOBOIa, AuaMeTp TpyOOIpoOBO/Ia, Teo-
Jle3nuecKre OTMETKN Hadaja W KOHIlA ydyacTKa TpyOOINpoBo/a;

3aBUCUMOCTDb MEXK/Y TOTEePSIMU HAIopa U PacXo/ia COOTBETCTBYIOMIETO yYyacTKa BOJOCETH;

MUHUMAJIbHO JOIYCTUMbIe CBOGO/IHbIE HAIOPHI Ha (PUKTHBHBIX ydacTKax (BbIXOJaX ceTH).

Ilenp pacueTa — ompeeUTh JaBjeHde Ha BXOJaX CETH U BoJlopaclipejiesieHne B Hell, obec-
TeYnBalolie 3aJaHHble PacXo/ibl BOJAbI HA BXO/AaX M BbIXO/AaX 3Tou ceTw. OUeBHIHO, UTO TaKas
3aj1aua uMeeT 6ECKOHEYHOe MHOKECTBO pemteHnil. J{ig ogHosnaunoro pemenns (caMoro sSKOHOMMY-
HOT0) HEOGXO/IMMO OIPE/IEIUTh TaK Ha3bIBAEMYIO AUKTYIOILYIO0 TOYKY CETH, B KOTOPOI ¢BOGOAHBII
HaTop, MOJIYYEeHHbII B pe3yJbTaTe pelieHus, [0JKeH ObITh paBeH MUHUMAJbHO JTOMYyCTUMOMY.

Cdopmyaupyem aTy 3ajauy MaTreMaTHIeCKH:

Y= Zh](.“)qj — min, (1.38)

jeL

Q:  f=S8sgnq,|q["+ D b.Ssgng gl =0 (reM,); (1.39)
ieM,;
f, = hr(H) - h1(a) + Z b,,(S; sgn g, CIi|Xi + hi(r)) =0 (reN); (1.40)
ieM,
= S son Xi_h(a)+h(F)+h(a)+
fr r g qr qr r r 1 (141)
+ Z bm(Si sgn g; |qz‘|Xl + hi(r)) =0 (rely;
ieM,;
q; = Z b,q,+0O, (iekE), (1.42)
reM,

e Q= D b,q =const (ieE); (1.43)

reL,UNUN‘®
n = g (G=N). (1.44)

3xech ypaBHenus MateMaTuueckoil Mogesnn (1.39) — (1.42) chopmymupoBaHbl IPH CJAEAYIO-
neM KOJMPOBAaHUM ceTH: JepeBo rpada BpIOpaHO TakWMM 0Opas3oM, 4TOObI (GDUKTUBHBIE YUACTKH
CeTH, YYaCTKU C aKTUBHBIMU NCTOUYHUKAMHU CTAIM XopaaMu. [Ipu aToM peasbHbIE y9aCTKH YaCTUIHO
CTaHYT XOp/laMU, a YaCTUYHO — BETBSIMU JiepeBa. BeTBu siepeBa ¢ HacocoM npucBoexn Homep 1; L,
M n N o603HaYeHbl MHOXKECTBA MH/IEKCOB yYaCTKOB: C aKTMBHBIMH MCTOYHUKAMM, MAruCTpPasb-
HBIX (y‘{aCTKI/I BOZIOCETH) U (ukTUBHBIX cooTBeTcTBeHHO. [Ipm atom L = L, U L,, M=M, U M,,
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N=N,, L = {1}, (1 1 2 —COOTBETCTBEHHO MH/EKCHI BETBU J€peBa U XOP/bI), a

B+ > b,h" =0 (reM,) (1.45)

171
ieM,

110 JI06OMY 3aMKHYTOMY IHKJAY B, COepsKalleMy MarucTpaibHble YYacTKH ceTh; ¢; = ¢; = const
(jeLUN); h}”(j € M) — pasHOCTb TeOJe3MYECKUX OTMETOK MEK/Y KOHIIOM M HAyaJOM j-TO
MarmcTpasbHOTO ydacTKa.

B mpuBenennoii MaTeMaTUYECKOW MOJEJNN TPEANOJaraeTcs, YTO YYaCTKA C aKTUBHBIMU HC-
TOYHWKAMU HaIpaBJIeHbl OT (DUKTUBHOTO y3Ja K ceTh, a (UKTUBHBIE YUYaCTKH — HA00OPOT.

Wrak, paccmarpuBaemas 3agada (1.38) —(1.44) apngerca 3amadeil HeJIMHEITHOTO MareMa-
TUYECKOTO MPOTPAMMUPOBAHMNS, CJOKHOCTH KOTOPOW PE3KO BO3PACTAET C POCTOM Pa3MepPHOCTH
MOJICUCTEM TIOZIaYN U paCTpe/leIeHNST BOJIBI.

[Tokaskem, 4TO 3Ty CJOXHYIO ONTHUMHU3AIMOHHYIO 33/1a4y NP TPOM3BEIEHHOM KOJAMPOBAHUN
MOYXHO 3HAUUTEJIHHO YIPOCTUTDH U CBECTU K MOCJE0BATETbHOCTU PENIeHNsT TPeX 3ajad:

1) yBsaska kousenr cetn — pemenne ypasuenuii (1.39) npu ycnosuu (1.42);

2) BHIGOD AMKTYIONIEH TOUKM M ONpe/IesIeHIe Halopa Ha BbIXO0/€ HACOCHOI CTaHIMK B ITIEPBOM
BETBU JI€PEBA;

3) ompejesneHne OCTAJIbHBIX HAOPOB HACOCHBIX CTAHIMHA M CBOGOJHBIX HAIOPOB B y3JaX
CeTH.

PaccMoTpuM anropuT™ pemeHus aTOW 3a1aui.

[TpousBesemM yBSI30YHBIN pacyeT, T.e. PENIUM CHCTEMY HeJWHEHHBIX aare6pandecKux ypas-
nennit (1.39) npu (v —1)-m auneitnom ypapuenun csasu (1.42).

Ompenenium TpeGyeMblil HAIOP Ha BBIXOJle TIEPBOI HacocHOl crantuu. /[y 9TOTO B ypaBHe-
mue (1.40) moacTaBuM noJy4eHHbIE B Pe3yJbTaTe YBA30YHOIO pacdyera MOTePU HAIopa M Haligem
snavenust f, (r € N) npu ycaosun, uto A" = b a b =0, 1.e.:

H, :hr(H)++Zb1ri(Si sgn g, |qz'|Xi +hi(r)) (reN) . (1.46)

ieM,;

Besnuunbr H, , Haiigernbie 1o opmyJie (1.46), 1 COOTBETCTBYIOT IIOTEPSIM HAIlOpa OT HavaJa
BeTBM 1 /10 y3J1a C y3JIOBBIM PAacXoJIOM ¢, TLIOC TIOTEPU HATIOPA, YYUTBHIBAIOI[NE MUHUMAJIbHBIE
cBOGO/IHbIE HATIOPHI B y3JI1aX.

CpasuuBas noJsyuennbie Beqnunubl H,  (r € N), onpeneaum 1yTh ¢ MaKCUMaJbHON MO-
Tepeit mamopa H, u BbiGepeM A, paBHOIl Toil mOTepe Hamopa:

h® =1nzilx{H,}=Hk. (1.47)

Y3en k pu atoM 6yJeT IUKTYIOIIEH TOYKOIL.
Haiizem uctunnbie ¢cBOGO/HBIE HATIOPbI, TpeOyeMble 3HAYE€HHs HATIOPA Ha BBIXO/E OCTAJIbHBIX
HACOCHBIX CTAHIMil, mojcTaBuB 3nauenue A u3 dopmyast (1.47) B ypasuenns (1.40), (1.41):

B = o z b,.(S.sgng, |C]1-|Xi +h"”) (r eN); (1.48)

ieM,;

I =S, sgng, YT (r el (1.49)

" hr(r) + h1(a)+z b, (S;sgnq,

ieM,

qr qi

[TokaskeM Tenepb, YTO MBJIOKEHHAs 3/€Ch MOCJIe0BATENIbHOCTh PENIeHUs TPeX 3ajad ecTb
OJJHOBPEMEHHO pelleHre onTuMu3anumonnoil sagaun (1.39) — (1.44).

OueBUAHO, YTO TaKOe pelleHue JOMYCTHMO, MOCKOJbKY OHO SIBJISETCS pelNleHueM ypaBHe-
muii (1.39) — (1.41) u ognospemenno yzposaersopsier HepasenctBy (1.42). Bosee toro, omno



YCcTOMYMBOCTb BOgOCHAOXeHUA 23

COOTBETCTBYET MUHUMYMY JIMHEHHOW OTHOCUTEJIHLHO h](.“) (j e L) dyukuun (1.38), MOCKOJIBKY

nosoKuTe bHAs Beamunna 14| osyuennas coraacto sorpaxkeriio (1.47) (0co6eHHoCTb paceMar-
pHUBaeMOil 3a/1aun) — HauMMeHbIIast, KOTOpas MOXKeT 00ecIeunTb TpedyeMoe BOAopacipe/leeHne
6e3 uapymenust ycaosus (1.44).

Corsacno xe (1.49)

B =h@ 1+ A (1.50)
rae Ar = Sr Sgﬂ qr C]r 5 + h:r) + Z blriSi SgIl qz |qi|Xi + hi(r) (7' € LZ)y (151)
ieM,;

T.e. npu HauMenbuieM A” u A (r € L,) GyayT HauMeHbIIMME, a JaHHOE perieHne OyJAeT co-
OTBETCTBOBATh HAMMEHbIIIEMY 3HAaUYECHUI0 MUHUMU3UpyeMoii dpyukimu (1.48), uto u TpeGoBasioch
JI0Ka3aTh.

Takum o6pa3oM, BMECTO pEIIeHMS CJOXKHOW 3a/auyl MaTeMaTH4eCKOTO ITPOrPaMMUPOBAHUS
(1.38) —(1.44), c yueToM crenuaabHbIX CBOIICTB paccMaTpuBaeMOl 3ajauu, NPEAJ0KEeH HeCo-
uaMepuMo 6GoJiee MpocToii ¢rnoco6, KOTOPbI CBOAUTCS K pelleHnio cucreMbl ypasHenuii (1.39),
(1.42), umeromieil, HeCMOTPSI HA HEJMHEHHOCTD, €IMHCTBEHHOE PelleHre, W K IPOCTOMY BbIUKC-
nennio 1o dpopmyaam (1.48), (1.49).

Bosee Toro, MoskHO MoKaszaTh, 4TO HpejJaraemMas Ipolle/lypa pelieHus paccMaTpUBaeMoi
3aJla4¥ SBJIAETCS PelleHueM U JAPYTOH ONTHMMHU3AIMOHHON 33/1a4i, MUHUMU3UPYyeMoil DyHKITHei
KOTOPOIl SBJISIETCS KPUTEPUIl CyMMapHbIX M30bITOUYHBIX HAIIOPOB

y= (n" -n""), (1.52)

]' eN

3a/laHHbBIN Ha TOM ke 00J1acTH JJOIYCTUMbIX peleHuit Q, onpeaenseMoil orpannuernsyu (1.39) —
(1.44).

JleiictBurenbho, cornacuo (1.48) snauenna h'™ (r € N) 6yayT HanMeHbIINMHU TIPU MIHU-
manabioM A, uto coorserctByer MunnMymy dynkimn (1.52), 1.e. 06a kputepus (sHepreTHyecKue
3arpaThl M CyMMapHble U30bITOUHbIE HAIOPbI) AOCTUTAlOT MUHUMyMa Ha MHOkecTBe (1.39) —
(1.44) B ogHOIT TOUKE, KOTOpasi MOKeT ObITh HaiijieHa B pe3yJ/ibTaTe pPelIeHusl 9TON 3a/auu.

[ToaroroBuTebHbie pabOThI 1O CO3/JAHUIO0 MOJIeN J/IJisi peanbHoil cucrtembl [IPB 3aBucar
oT o6beMa uMerolelicas WHMOPMAIUU O BOJOCETH: JAMAMETpP, [JINHA, Teo/e3nvecKasi BBbICOTA,
CTAaTUCTUKA MOTPeOJeHUS BOJABI OT/AEJIbHBIMU MHUKPOpPAHOHAMU ¥ KPYITHBIMH MOTPEOUTENSIMU
u up. Tpebyercs npoBejieHNe aHATN3a PEAJbHBIX YCJIOBUI pacxoja Bo/JbI U JaBjeHuil. TouyHOCTD
MO/IeJIMPOBAaHNS BOJIOpAcIpe/lesieHsl B pe3yJbTaTe pelleHns PaCCMOTPEHHbIX paHee 3a/1a4 ONTH-
MU3AIUU BO MHOTOM OYy/IeT ONpeAesiTbCsl TOUHOCTbIO MCXO/AHBIX JAHHBIX 3a/la4H, T.€. CTEIEHbIO
a/IeKBATHOCTU MaTeMaTU4eCKOil MO/leJIi peaJbHOMY BOJ/IOpacIpe/lesIeHIIO.

Pemenue nocaemaneit mpo6JieMbl CBOAUTCS K 3ajiaue MAeHTU(UKAIINN COCTOSTHIS BOlOpacIipe-
JleJieHus B peajbHOI ceTH, MO3BOJAIONIel M0 3aMepaM JlaBJeHuil U pacxojia BOJAbl B HEKOTOPBIX
y3JlaX CeTH OIEHUTb X 3HAYeHWUs, TOTePU HaAlopa U Pacxo/l BOAbl HA MAaruCTPaIbHbIX ydacTKax
3TOI CeTH.

[TocranoBka 3amauu u ee pelierne 6oJiee MOAPOOHO M3J0KeHbI panee [61].

3asava npeHTuUKAINKT COCTOSHUS BOJIOPACIIpe/iesIeHus TpejicTaBsieT co60il 3a/1auy OlEHKN
3HAUYEHMI PacXo/[0B BOJbI BO BCEX y4YacTKaX CeTH M JlaBJEHMI BO BCeX y3JaX Ha OCHOBAHWUM U3-
MEepEeHUs TOJIbKO HeKOTOPBbIX 3 Hux. CdopmysupyeM ee MaTeMaTUYECKU.

Wcxonnbie januble:

reoMeTpuyecKas CTpyKTypa CeTH;

napameTpbl ee MaruCcTpaJbHbIX Y4acTKOB:

conporusienusa S; (j € M) wmm jnunpl yyactkos u aumamerpo! [, D; (j € M) cosmectHO
¢ sasucumoctoio S;(;, D)),

koapunuentsr nesmneiinoctn y; (j € M),

pasHocTH reofesnueckux ormerok A’ (j e M);
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MecTonoosKeHne 1 senrunib samepos asiaennit P (7 € LUN) i pacxonos 4; (7 € LUN)
Ha page BXO/J0B U BbIXO/0B CETH;

3aBUCUMOCTHA h].(q].), packpbiTbie /115 Bcex je M .

ITyctp & u §, — omMOKU M3MEPeHHil JaBJeHus U pacXoja BOJbl COOTBeTCTBeHHO. Toraa
P =P +e, (l ELPUNP) L4 =q+ 8, (l eLqUNq) ,

raie L, N” — MHOeCTBO MHJ/IEKCOB JIyT, COOTBETCTBYIOLUIMX BXO/JaM U BbIXOJaM CETHU, T/e U3-
MEPAIOCH JaBJIEHHE;

L7, N — MHOeCTBO MHIEKCOB JIyT, COOTBETCTBYIOINX BXO/aM U BBIXOJaM CETH, B KOTOPBIX
M3MEPAICS PACXO/] BOJIBI.

[Momaraem, 4to g;, 8, pacHpeseNeHbl 0 HOPMAJbHOMY 3aKOHY W HAM M3BECTHBI 3HAYEHHUS
JICTIepCuit G?,i, G(Zh.

Heo6X01uMO TI0JTyYUTh OIEHKN U3MEPEHHBIX BeJIMYNH U (PYHKIIMOHAIBHO CBA3AHHBIX C HUMU
JIaBJICHUsT, PACX0/a BOJbI M MOTEPb HAIIOPA B OCTAJbHBIX YyYaCTKaX MOJCUCTEMbI MOJaYM U pac-
npejenennst Bobl, T.c. Haiitn P, G, (je LUN) u f;j, g, (jeM).

JI/151 TOJTyYeHns MCKOMBIX OLIEHOK BOCIIOJIb3YEMCsI METOI0M MAKCHMAIbHOTO IIPABAOIOA00HS.
[Ipu 5T0M QYHKIMSA MaKCUMaJIbHOTO NPaBAONOA06USA TIPUMET BH/L:

711 +1y+ly 41y

R R

jelPUNT jel7UNY

X exp 1 > 0;2(E—f})2 X (1.53)
2 jeIPUNP /
1 ~

xexpl—o 3 o (0,-4,) |
jelIUN?

rane [, n, L, n, —MOUIHOCTH MHOXECTB (KoJIMYecTBO 3JEMEHTOB) LP, NP, Lq, N9
COOTBETCTBEHHO.
Kaxk usBectro [64], makcumym dpyuxnuun (1.53) gocrturaerca B ciydae, eC/u

y=Y FP-B)+ Y o’(4,-d,) - min, (1.54)
jeIPUN? jelTUNY 9575 €
rae Q —ob6aactb, onpeaensemas cucremoii ypasaenuii (1.29) —(1.34).

Takum o6pasom, 3ajaua naeHTUOUKAIUN COCTOSTHUS TOTOKOPACIIPE/IeIEHUsT B BOJAOIPOBO/IHOIM
CeTH sIBJISIeTCs 3ajlaueil HeJUHEeITHOro MaTeMaTUuYecKOro MIPOrPaMMUPOBAHUS TIPU OTPAHUYEHUSIX
B BH/Ie HEJMHENHDBIX PABEHCTB, YHCJO TIEPEMEHHBIX M YPaBHEHUI KOTOPOIl PE3KO YBEJIUINBAETCS
C POCTOM padMepHOCTH ceT. Eciu HaM 3aBe/JOMO U3BECTHO, YTO KaKWMe-TO AABJIEHIS UJIU PACXO/IbI
Ha BXO/IaX WJIM BBIXO/IAX CETU OTPAHWYEHbI CBEPXY W/ CHU3Y, TO 33/la4a OI€HKH COCTOSIHUS MO-
TOKOpACIIpe/ieJIeHIsI CTAHOBUTCS 33/1a4eil MAaTeMAaTUIeCKOTrO MPOrPaMMUPOBAHUS TP OTPAHUYEHUSIX
B BH/I€ PABEHCTB ¥ [[BYCTOPOHHEH OTPAHUYEHHOCTH MT€PEMEHHDIX.

CyrtectByionue Mojesn ynpasienus cucremamu [IPB umetor 3HaunTesbibie HeJOCTATKE:

a) HeoOXOAUMOCTD TTOCTOSTHHON OIEHKU aJleKBATHOCTH Y3JIOBbIX PACXO/0B, YTO Ha NMPAKTUKE
HEBO3MOJKHO;

6) OrPOMHOE KOJIMYECTBO U3MepsieMoil 1 o6pabarbiBaeMoil MH(MOPMAIIUU, PE3KO YCIOKHSIONEe
U yIOPOXKAIOIee CUCTEMY YIIPABJIEHUS;

B) GOJIbIIOE KOJNYECTBO pemaeMbix 3aga4 (c60p u o6paboTka nn(opMalyi, IPOrHo3upoBa-
HUE BBIXO/HBIX TOTOKOB, MPOTHO3MPOBAHNE BXO/HBIX TAPAMETPOB, OIpPe/eJeHIe YIPABISIONINX
BO3/EHCTBUI M X peanusanus U T. [.) Ui 3HAYUTEJbHOTO YKCaa OObEKTOB;

) HepeaJibHast OIlEHKa CUJIbHOTO B3aUMHOTO BJUSAHUSA PaGOThl HACOCHDBIX CTAHIIUI Ha OGIILYIO
cuctemy IIPB u np.



YcToMYMBOCTb BOgOCHAOXeHUA 25

Camoe ke TJIaBHOe, 4TO [P TAaKOM TI0X0/le HUKTO He rapaHTupyer (13-3a MHOTOYNCIEHHOCTH
caydailHbIX (haKTOPOB), 4To OyAeT HallJIeHO IPaBUIbHOE PEIleHKe, T0ITOMY HEOOXOAUMO CO3/JaHIe
MHTEPAKTUBHOW CUCTEMBI /I TIPUHATUS PeleHus, u JJid peajbHol sakcrryatanuu cuctem [IPB
JIOJDKEeH OBITh peasn3oBaH 6GoJiee TPOCTOH MOAX0/ Ha 6a3e 3aMepOoB IMMapaMeTPOB B JAEHCTBYIOINX
cucrtemax [IPB B ropopgax.

1.3. BAMUAHUE I'/IOBAJIBHOI'O USMEHEHMUA
KINMATA HA BOAOIIOTPEBJIEHUE

N3 nmokosennsd B mOKOJIeHUE JIIOJAW HEPA3yMHO PACTIOPSIKAJINCh BOAHBIMHU pecypcaMu 3eM-
au. OTpoMHOE KOJMYEeCTBO BOJHBIX 3al1aCOB PaCcXO0/[0BAJOCh HEPAIMOHAJbHO, 3arps3HAJIOCD.
[TocsiencTBYUS TAKOTO PACTOYUTENIHCTBA M TEXHOTEHHOTO 3arpsi3HeHus JaioT o cebe 3HATH yiKe
ceronusa [9, 29, 105, 121, 136, 273, 323, 359]. Bmecte ¢ Tem k mpolJyemMe yBeJWYeHUS BO-
nornoTpebyeHnss 1 OJJTHOBPEMEHHOTO yXY/AIeHnusT KauyecTBa MMPECHON BOJbI BHUMaHUEe MUPOBOI
06TIEeCTBEHHOCTH TMPUBJIEUYEHO HEJOCTATOUYHO, B TO BpeMs Kak JaHHasg nmpobaeMa mpecTaBsieT
6oJiee 3HAUUTEJbHYIO YIPO3Y /I HAPOJOB, 4eM, CKa’keM, HaBOJHEHNe UJN 3acyXa B OT/eJb-
HBIX pernmonax mmanersl [127, 251, 324, 340].

Knumatosorn mupa y:xe paboTaioT Haa nMpo6JaeMOil OlleHKH 3TOTO siBJeHusA. [[oCKOTbKY
B HacTodIlee BpeMs MPONCXOAUT MeJJeHHOe TOTeINJeHe U B TO JKe BpeMsS HeBO3MOXKHO TPO-
THO3MPOBATH Jfaske 3HaK GayKTyanmit Ha o6o3pumoe Oyayiiee, HeoOXOJANMO UMeEThb ammapar,
KOTOPBIH 1M03BOJINJ GBI OIIEHUTHh BOJOMOTPebieHre B TOPOJIAX.

Eme B XIX Beke HeKOTOpble y4yeHble MHUPA BbICKA3bIBAJU NPEAIOJOXKEHHUE, YTO B IIPO-
1ecce pa3BUTHS IMUBUIN3ANNN HA TJIaHETe MOTYT MIPOU30ITH cepbe3Hble N3MEHEHUST KIUMarTa,
a B HavaJse 70-x rogoB XX Beka yueHblii-kanmartosor M.V. Byabiko ony6amkoBas mepBblil
KOHKPETHBIN MPOrHO3 T106aJbHOTO MOTENIeHusT Ha OJMsKaiiliee cTOoJeTHEe BCJEICTBIE YBEJH-
YeHUd COJlePKAHNS YTJAEKUCJIOTO U IPYTUX «IMAapHUKOBBIX» Ta30B B arMocdepe. OpHAKO TOT1A
MaJIio KTO MMOBEPUJ B PEAaTbHOCTb TAKOTO MpoTHO3a. Habstoenns, mpoBeieHHbIE 32 TTOCIeHNE
JIBa JIECATHJIETUS, KOT/a Tio6ajbHas TeMIepatypa eKeroJHo Geclperie/leHTHO TOBBIIAIACh
u Gblia caMoii BbICOKOIT 3a Bech nepuoj Habaogenuii (¢ 1850 r.), y6eanu yuyeHbIX, 4TO TO
OTHIOADb He caydaiinoctb [270, 314, 324, 353].

N3smenenne ruipo6MOIOTHYECKOTO W COJIEBOTO COCTaBa BOJIBI B CBA3U C TMOBBINIEHUEM TEM-
nepaTypbl yKe HATJSAHO JEMOHCTPUPYET pacTyliue mpobJIeMbl [IJs CUCTEM BOJOCHAOKEHUs,
B TOM UWCJie U I MPeCHOBOAHBIX akocucteM [37, 193]. IIpornosmpoBanne aHTPONOTEHHDBIX
U3MEHEeHNH KJAnMaTa W KOMIIJIEKCHOE M3ydeHUe BO3MOJKHBIX TTOCJEACTBUI TI06AJbHOTO TIO-
TENJEeHUs CTAJTU TMPEJIMEeTOM MPUCTATbHOTO BHUMAHUS YYEHBIX U ITPABUTETbCTB MHOTUX CTPaH
mupa. MccaenoBanus n Haba0AeHUS B 9TOH 06JacT MPOBOASATCA B paMKaX HAIMOHAJbHBIX
U MeXXJIYHapOJHBIX TporpaMM. B To ke BpeMs npo6JieMbl BOJAOTOTPeOIEHNS B YCAOBUSAX U3Me-
HEeHWS KJUMaTa 00CYKIAI0TCS JUIIb HA YPOBHE AUCKycCUil. BoabmmHCcTBO Moeseit 6y ayTero
KJUMaTa yKa3blBaeT Ha TO, YTO KOJUYECTBO 3UMHUX OCAAKOB OyneT Bo3pacTtaTh B CeBepHOI
u llentpanbHoii EBporne, B ieTHUI 11epuo/i BO3MOKHA U 3acyXxa. l3MeHeHne KjauMara BbI3OBET
COOTBETCTBYIOIYIO PEaKINi0 BO MHOTUX CHCTEMaxX, B TOM YHCJe B CEJbCKOM X03AHCTBE, THUTIe-
BO MPOMBINIJIEHHOCTH, 9HEPTeTHKe. B ¢BA3M ¢ 3TUM CIIJIaHWPOBAHHDBIE /IEHCTBUS MTPEXKIE BCETO
JIOJIKHBI OCHOBBIBATHCS HA TTPOTHO3WPOBAHNN M3MEHEHUS KJAUMAaTa, OIeHKe MOCae/[CTBUI TOTO,
K 4YeMy MOTYT IIPUBECTH T€ WU WHbIEe €CTECTBEHHbIe W AHTPOTOTEHHbIe N3MEHEeHUs KJIMMara,
KpoMe TOTO, HeoOXOJAMMBI PEKOMEHJAINM, KOTOPbIe CMATUYMIN Obl HeTAaTUBHBIE MOCTECTBUS
n3MeHenusa xkaumara [76, 127, 165, 349].

Oco6oe BHuManue npobjeme Tr106aJbHOTO M3MEHEHUsT KJauMara OblIo yjesneHo Ha Bro-
poii Becemupuoii kanmartosorndeckoii kondepennun B yKenese (mos6pn, 1990 r.) [314, 340]
n Ha 21-M MexayHapoaHOM KOHTrpecce 1o BogocHaGxenuto B Maapune (centss6pn, 1997 r.)
[325]. B wactHOoCTH, 6BITIO OTMe4YeHO, 4TO B Oumxaiimue 20—40 jsieT TPOTHO3WPYETCS MOBBI-
menune riao6aabHol TeMnepaTypbl Bozayxa Ha 2—3 °C. Hau6Gonpmee norennenue (10 5-6 °C)
6yseT UMeTh MeCTO B BBICOKMX IMUPOTAaX U 30HAX YMEPEHHOTO W XOJOJHOTO KanuMaTta. Bo3Moxk-
HbI€ TTOCJEe/ICTBUS U3MEHEHNS KJIANMAaTa Hen36eKHO CKaXKyTCs Ha COCTOSTHUU BOJHBIX PECYPCOB
MJIaHEeThl, KaK HanboJjiee YyBCTBUTENbHBIX K KJIUMATHYECKUM U3MEHEHUSIM U HeMeJJIEHHO pea-
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TUPYIONINX HAa HUX. JTO BbI3bIBaeT HamboJsblee 6ecriokoiicTBO yuenbix [327, 333, 334, 337,
338, 339, 340, 346, 347, 348, 350, 353, 355, 357].

N3meHeHuss TUAPOJIOTHYECKOTO PEKUMa BbI3bIBAIOT N3MEHEHUS MPOCTPAHCTBEHHOTO U Bpe-
MEHHOTO paclpejiesieHusT 0CaJKOB, UX BEJUYUHBI W MTPOJOJIKUTEJbHOCTH M, CJEJI0BATETbHO,
BJUSIOT HA XapaKTEPUCTUKU CTOKA MOBEPXHOCTHOW BOJbI, a TaKKe BOJHBbIE PECYPCHI B TIOYBE.
Hanpumep, npu noBblllieHUH TOJA0BON TeMilepaTypbl Bo3ayxa Ha 1—2 °C u yMeHbIIEHUN 0Ca/l-
koB Ha 10 % MOJKHO OJKHJATh yMEHBIIEHUs TOJOBOr0 CTOKA PeK B palloHAX HEI0CTATOYHOIO
yBaaxkHenust Ha 40—70 %. AHaJOTUYHBIE BBIBO/bI OKa3bIBAIOTCS CIIPABEIJMBBIMU U JIJIsI BO-
JIHBIX PECYpPCOB KPYIHBIX 9KOHOMHYECKUX pernoHoB. Tak, yuenbie CIIIA moxcuumranm, 4T0
npu morerieHnn KaumMara Ha 2 °C u yMeHbIneHUN 0caiKoB Ha 10 % /1 BOJIOX035MCTBEHHBIX
palloHOB CTPaHbI, PACIOJOKEHHBIX B 3aCYIIJINBOM KJIUMaTe, BO3MOXKHO COKpallleHne PecypcoB
B 1,5—2 pasa [314]. B oruere TuxookeaHCKOTO MHCTUTYTa MUHUCTEPCTBA BHYTPEHHUX €I
CIIA cnenan BBIBOJ O TOM, YTO M3MEHEHME KJMMaTa B OJVMKANIINE CTO JIET MOXKET CepPbe3HO
otpasutbcest Ha tuapopecypcax CIITA. IlpenckasbviBaercst, yto k 2010 r. Temmeparypa MmoBbi-
curca Ha 3—6 °C [314].

Imaposorn Mupa OTHOCSAT CTPaHbl, B KOTOPBIX Ha desoBeka npuxoautca ot 1000 mo
2000 M® Boabl B roji, K roCyJapcTBaM ¢ HEJOCTATOYHBIMK BOJHBIMU pecypcamu. K mpumepy,
Bo DpaHIUuu B TOJl HA KaXKJAOTO JKUTEJsI NPpUuXoauTcs 8,5 toic. M® mpupoanoit Boasi, B CIIIA —
6,8 tic. M%, B Aurauu — 5 Thic. M, B YKpauHe ke 3ta mudpa cocrasiasier 0,67 toic. M3,

3amacel BoAbl B YKpauHe menbine, yeM B CIIA, mouru B 10 pa3 u B 1mesom He obecrie-
YUBAIOT HEOOXOJAMMOTO CTPATErnyecKoTro pa3BuTHd. B Takmx cTpaHax, Kak YKpawHa, [IJs
9KOHOMUYECKOTO PasBUTUSI HEOOXOIMMO MPOBOAUTH KECTKOEe HOPMHPOBAHUE BOJIBI, €€ yueT
U KOHTPOJIb, MPEAYyCMOTPETh TOCYy/apCTBEHHbIE KOMIIEHCAIMW 32 9KOHOMWIO BOJIbI, TETLIa,
asiekTposHepruu. lleHTpasm3oBaHHble CUCTEMBl BOJOCHAGKEHUST — OJHA U3 CTPATErHYeCKUX
CHUCTEM, UMEIONHUX I[eJbI0 00eCTIeUYnTDh JOCTATOYHOE KOJUYECTBO U KA4eCTBO OOCJYKUBAHUS,
rapaHTUPOBATbh MAKCUMaJbHBIN CPOK CJIYKOBI CYIIECTBYOIMMUX COOPYKEHUN U X MTPOMYCKHYTO
crmoco6HOCTh, aKTUBHO MPOBOAUTH PabOTBHI MO KCIIyaTallid W COJAEPKAHUIO0 COOPYKEHUIT,
YUUTBIBAs MPU 3TOM O0ObEMbl, BpeMs U U3AePKKH. DPHEKTUBHOCTD OTpeeisieTcss YPOBHEM
Hasunuus pecypcos (Bojbl, sHepruu u T. 1.) [165, 193].

K ocHOBHBIM HegOCTaTKaM CYNIECTBYIOIIEH CUCTEMbI yHpaBJEeHUS BOJHBIM XO3SHCTBOM
cJIelyeT OTHECTH €€ TIePEeHANPSKeHHOCTb, HEeJJOCTATOYHYIO YITPaBJISIeMOCTh, HU3KYI0 9P eKTuB-
HOCTH peaJin3allii HOBEHWINWX TOCTHKEHNI BOJJOOXPAHHON HAYKN U TIPAKTUKH, BEJIOMCTBEHHYTO
Pa3o6IeHHOCTD, 9KOHOMUYECKYI0 HeCTaOUJIbHOCTD.

[Mpennpudarusa xusneobecneuynBaoIiell OTPAcJN — BOJONPOBOIHO-KAHAJN3AIMOHHOTO
Xo03giicTBa roposoB YKpauubi, Berynuian B XXI Bek, Haxoasach B kputndeckom (6osee yem
KPU3MCHOM) COCTOSHUU 110 U3HOCY OCHOBHBIX (DOH/I0B, BOBMOKHOCTSAM CUCTEM OUUCTKHU BO/IBI,
(brHaHCOBO-9KOHOMMYECKOMY COCTOSIHUIO, TI0 BHEJIPEHNIO COBPEMEHHBIX TEXHOJOTHI U 06HOB-
JIeHnt0 0OOPY/IOBAHUS C IIeJbI0 peaJu3alu MpoTrpaMM pecypcocOepeskeHnss U yIydlieHus
KadecTBa ycayr. Tak, mo manabIM MUHKUIKOMX03a YKpPauHbI, 4eTBEPTask YacThb BOIOIPOBOJI-
HBIX COOpPYsKeHuil (B JeHeKHOM BbIpaskeHuu) orpaboTaja HOPMAaTHBHBI CPOK aMOPTU3AIIMH.
[TorHOCTBIO WcUepmasa CBOW aMOPTU3ANMOHHBIN pecypc Kakjas TdTas HacoCHas CTAHITU.
[Touru 40 % HAXOSIIErOCS B IKCILIyaTAllMK HACOCHOTO 060pya0BaHusT (PU3NUECKN U3HOIIEHO
[156, 236].

B xpaiiHe HEyIOBJIETBOPUTETbHOM COCTOSHUN HAXOMASATCS CHUCTEMBI MMOJAuMd W pacipeje-
JIEHUSI BOJIbI, UTO MPUBOJUT K MOTEPAM MUTHEBOIN BOJBI U BO3MOKHOCTU €€ BTOPUYHOTO 3a-
rps3HeHus. BoJbie MOJTOBUHBI HAPY)KHBIX CeTell M BCe BHYTPHUIOMOBBIE CETH — CTaJbHbBIE,
CPOK OKCILTyaTallMi KOTOPBIX TpeBbimaer 15—20 jeT, B cucTteMaxX TOpsSYero BoJOCHaOXKe-
Hust — 10 ger. Okoso 30 % cyuiecTBYoIMUX BOAOMPOBOAHBIX ceTeil (25 Thic. KM) TpeOyIOT
He3aMeJINTEJbHOUW TMepeKJIaJ KN U CaHAlluU, JJIS 9ero HeoOXOJAUMO KaNUTAJbHBIX BJIOKEHUI
ok0s10 50 Mupa rpH. KosnyecTBo aBapuii Ha BOJOIPOBOJAHBIX ceTax (10 ABYX aBapwuii 3a roj
Ha 1 KM cereil) Ha MOPSAZOK IIPEBbIIIAET COOTBETCTBYIONUIUN MOKasaTe b B CTpaHaX EBpOIbI
[156, 193, 236].

Muoroo6pasue gBJIEHUN W MPOIECCOB, MPOUCXOAANNUX B Tuapocdepe ¢ JajeKko He Bceraa
Pa3yMHBIM, a HEPE/IKO XHWIHUYECKUM HCII0JIb30BAHUEM BOJIbI, TIPUBOJUT K OOOCTPEHWIO BOHOM
npo6emMbl. B cTpaHax ¢ orpaHMYeHHBIME BOJHBIMHU PecypcaMi KOJMYECTBEHHOE U KauyeCTBEHHOE
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UCTOIeHNe TPUPO/IHBIX BOJI YKe CETO/IHS CTAJIO PeaJbHOI YyIpo30ii, a B cTpaHax, 60raTbIX BOJIOM,
npo6JyeMbl ee KOMIIJIEKCHOTO HCIIOJb30BaHUS M OXpaHbl MPpHOOPETAal0T OTPOMHOE 3HauyeHue |54,
151, 226]. Ilorpe6yenne BOJbI B HAPOJHOM XO34HCTBE MPEBOCXOAUT CyMMapHOe IMoTpebJieHne
BCeX BH/IOB PecypcoB U mpoaykiuu. Hanpumep, mis 10661 oHON TOHHBI HepTH HEOOXOINUMO
3aTpatuth He Menee 10 M? Bo/bI, /1/is1 Tpon3BOACTBA TOHHBI cTagu — 100, Tonuer 6ymarn — 250,
TOHHBI arleTaTHOTO meaka — 2600, maBcana — 4200, kanpona — 5600 m® Boab [226].

B ycioBugx BO3MOMKHOTO BJIMSHUS WU3MEHEHUS KJUMaTa Ha COCTOSHHE THAPOPECYPCOB
palMoHaJbHOE UX MCIOJb30BAHNE CTAHET OIPE/IESIONIUM B KU3HEAEITeTbHOCTH MHOTHX T'OCY-
papctB. IIponsBoACcTBO MUTHEBOI BOJBI JOJKHO OBITH IIOJITOTOBJAEHO K PAa3JIMYHBIM CIleHAPUSIM
n3MeHeHus KjauMara Ha 3emJe. BMecrte ¢ TeM orpoMHoe 3HaueHue NpuoOpeTaeT ¥ HHTEHCUBHOE
obydenue morpebuTesieil BOAbI KyJbType BOJOTOJIH30BAHUS B CBI3W C OTPAaHWYEHUEM TIpejl-
JIO’KEHWH BOJIbI ¥ BO3PACTAIONIUM €€ cIIpocoM B OyaymieM. /[o/kHA ObITH TIHIATEIbHO OIleHEeHa
nH@pacTpyKTypa cUCTeM BOJOCHAOKEHUS.

MupoBoe coo0LIeCTBO ITOCTEIIEHHO TIpeBpallaeTcs B eJMHbIIl 9KOHOMUYECKUI U COIUAJIb-
HBII OPraHu3M, JIJs KOTOPOTO Mpo6JieMbl 3aI1acOB IIPECHON BOJbI, €€ KauyecTBa, 3arpsa3HeHus
OKpYysKalolieil cpefibl, cOepeskeHnsl MPECHBbIX BOJHBIX PECYPCOB M Hayaja U3MEHEHUS KJIuMaTa
Ha nanere B XXI crosetun 6ymayT WMeTh BaskHelilllee 3HaueHWe, OMPeENENSATb BO MHOTOM
JKU3HEAESITeJbHOCTh TPIAAYIIUX IMOKOJeHW. PaboTbl MO KOMIBIOTEPHOMY MOJEJMPOBAHUIO
JMHAMUKY U3MEHEHUs MPUPOJTHO-KIUMATUIECKUX U JAPYTUX YCJOBUHN M WX BJUSHUS HA BOJO-
norpebJieHNe B TOPO/laX OJIKHBI CHITPATh BasKHYIO POJIb HE TOJBKO B OlleHKe AedUInTa NN
n36bITKA BOJbI, BO BHEJPEHWN HOBBIX TEXHOJOTHH JS YJIYYIIeHUS BOJAOMOTPeOJIeHUS U T0-
BBINIEHUS €r0 KYJbTYPbI, HO M B onpejieieHnu myTu 9pdeKTUBHOTO Pa3BUTUS BOJOCHAOKEHUS
rOpoJIOB NIpW M3MeHeHUW KaumMmaTtuueckux ycuaosuit [80, 193, 314, 340].

B mnacrosmee Bpems 2Ty pabOTy MOMKHO OCYIIECTBJISATH, codeTas KBaJauUIIMPOBAH-
HbIl MOHHUTOPHHT BOJIOIOTpeOJieHNs B ropojaxX, PacloJIOKeHHBIX B Pas3JIMYHBIX ITPUPOJIHO-
KJIMMAaTUYEeCKUX YCJIOBHUSAX, C KOMIBIOTEPHBIM aHAJM30M COCTOSHUS BOJOCHAOXKEHWUS U TO-
CJEJICTBUII TeX WJM MHBIX ClleHapHeB M3MeHeHHMs KJIUMaTa B ropojaX, TeHJEeHIIUH 3TUX H3-
MeHeHUI 11 pa3pabOTKU OPraHM3al[MOHHO-TeXHUYECKUX Mep, HallpaBJEeHHBIX Ha pa3BUTHE
U MOJIEPHU3AIHUIO CUCTEMBI BoJlocHAGKeHNs. BajkeH aHaIn3 ySA3BUMOCTH BOIOXO3SHCTBEHHDBIX
CHCTEM, UX TJIAHNPOBAHUS M pearnpoBaHUs HAa yCJOBUSA U3MeHeHUus Kaumara. CucrteMbl BOJO-
cHaOKeHusT B OyyNIeM JOJKHBI ObITh TOTOBBI K HEOOXOJAMMOCTHU TOBBIMIATH 3(PHEKTUBHOCTD
Bojgoobecieuenusa Haceaenns [80, 193, 272].

CeromiHg HayKa JleJlaeT ouepe/iHbie maru B (pOpMUPOBAHUU KOMIIJIEKCHOTO MTPe/ICTaBIeHUS
o 6mocdepe u ee 3akoHax. Kpome TOTO, CymIeCTBYIOT M ecTeCTBEHHbIe (PAaKTOPHI U3MEHYHMBO-
ct (Kosie6aHUs COJTHEYHON MHCOJISAINN, U3BEPIKEHNE BYJKAHOB U T. /I.), C KOTOPBIMU HEJb3
He cunrtarbea [52, 109, 122, 353]. Tem He MeHee KOMIIbIOTEPHAs UMHUTAI[MS SBJISETCS ceifyac
e/IMHCTBEHHBIM CPEJCTBOM OI[€HKH KJII0UEBBIX ITapaMeTPOB TEH/IEHIINN U3MEeHEeHUs BOJIOIMOTPel-
JIEHUSI B TOPOJ/laX C yYE€TOM TPHUPOJHO-KJIUMaTHudeckux ycaoBuit [193, 216, 272].

[IporHO3UpOBaHUe BOJOCHAGKEHUS TOPOJIOB [OJKHO OMUPAThCS HA HaAyYHOE TTOHUMaHWE
OCHOBHBIX IlapaMeTpPOB, OKa3bIBAION[MX BJUAHUE Ha Bojomnorpebsenue. Heobxomaumo mepe-
CMOTPETH MPEJNOCHIJIKN OyIyIINX TTPOEKTOB BOAOCHAGKEHUS, UX K03(PDUIIMEHT T0JEe3HOTO
MCTI0JIb30BAaHUS BOJIbI, TIPaBUJIa KCILJIyaTallu ¥ MHOTOE Apyroe. Y CIenuaancToB, OCYIIecT-
BJISIONINX BOJOCHAGKEHE FTOPOJIOB, JA0JKHA MOIBUTHCS METOJAUKA IIPO3PAYHOIl 1 06BEKTUBHOII
OII€HKU TIPOIleHTAa HEYUYTEHHOI BOJbBI U yTe€YeK B CUCTeMaX BOJOCHAGKEHUS /9 COCTaBJIEHUS
JleficTBEHHOI MporpaMMbl BoJocOepesKeHns, a ¢ 3TUM — 2HeprocOepesKeHus u T. [I.

[Torepu Bojbl B cucTeMax BOJAOCHAOKEHUS IIPH €€ TPAHCIIOPTUPOBAHUY ITOTPEOUTEIO SIBJIS-
I0TCS OJTHOM M3 MIPUYNH HEY/I0BJIETBOPUTEIbHOTO BoJoobecieueHns Hacesnenus. ClroKuBIascs
NpaKTHKa 3aHMKEeHNS PaKTHIECKUX MOTePh U HEYUTEHHBIX PACXO/I0B BOJBI B CUCTEMAaX BOJIO-
cHa6KeHNS MHOTUX TOPO/IOB IPUBO/IUT K HEOOIIEHKEe Mep TOBbIeHNs 3 OEeKTUBHOCTH PabOThI
cucteM BogocHaOxkeHuss He Toabko B CHI'. HyskHo yeTKo mpeacTaBasaTh cebe, 4TO CyMMapHbIe
OTEPHU BOJIbI W HEpallMOoHaJbHbIE PACXO/BI B rOpojax MOryT gocturarb or 15 mo 60 % Bcero
KOJIMYEeCTBa MOJaHHON moTpebuTesnio BoAbl. Cienyer 3aMeTUTh, YTO CUCTEMBI C YTE€YKaMU 10
10—15 % B CHIA, T'epmanun, Dpaniiuu oTHOCAT K BbicokoaddekTuBubiM [193, 330].

B O6smkaiinine rojabl 1moJi BO3JeiicTBMEM MHOIOIIJIAHOBBIX BOJHBIX MPOOJEM HAaYHET KO-
PEHHBIM 06pa30M MEeHSTHhCS TpeAcTaBaeHne 0 QYHKIIMOHAJIbHOM Ha3HAYEHUU BOJTOTIPOBOJIHBIX
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COOPYKEHUN JIUIb KaK O «IITATHOW» cucTeMe: NOOBIBAIOIIEl, TPAHCIOPTUPYIOIIEl, OunTIaio-
meit, mojalomieil, xXpaHsiieil u pacupenessionieil Boay. locymapcTBenHbie esSTen CTpaH
6ynyT ob6painiath Bce 6OJblllee BHUMAaHKME HA TO, YTO CHCTEMbBI BOJOCHAOKEHUSI MOTYT BJIHUSTH
Ha MHOTHE ITPOI[ECCHI:

TEMIIbI, PUTM U COCTOsSIHUE Pa3BUTUS ASKOHOMUYECKOI MHTErpaiuu B rocyjapcrse, coepe-
JKeHne MUHEPaJbHO-ChIPbEBBIX PECYPCOB 3eMJIN;

CHUJKEHMe MaTepuaan3alui TPyJa MHOTUX OTpacJjeil, CBSI3aHHbIX C HPOEKTHUPOBAHUEM,
YY4acTBYION[UX B CTPOUTENBCTBE U IKCILJIyaTAllMH BOJOXO3SUCTBEHHBIX CHCTEM;

COCTOSIHUE 3I0POBbsI M MPOJLOJKUTEIbHOCTD KU3HHU Y€JOBEKA;

npoiecc apdekTuBHOCTU BogOCOEPEKEHUST U YMeHbIeHne 3arpsa3HeHnil BOIHBIX PECYPCOB
OT BO3BPATHBIX CTOKOB I'OPOJIOB, CEIbCKOTO XO03SHCTBA, IPOMBIIIJIEHHOCTH;

CHUJKEHMe MeXPaloHHO# 1mepeGpOCKU BOJHBIX PECYPCOB U IP.;

Ha MeKTrocyJapCTBeHHbIE OTHOIIEHUS;

6J1aTOIPUSATHBIN POCT COIUANBHO-IIOJUTHIECCKON aKTUBHOCTH HAacCeJeHHs B CTpPaHaX;

Ha yCcHJIeHHWe TPaXKJIaHCKONH 060pOHbBI BOJ0OOECTIeUeHNsT CTPaH, 3alUTy HAaCeJeHUs B IKC-
TPeMaJIbHbIX CUTYaIllMsIX HAa BOAOXO3SHCTBEHHBIX cuctemax [165].

BcectopoHHuili aHa/IM3 U XOPOIIO OpraHM30BaHHas OIleHKa PaboThl BOAOXO03SIICTBEHHBIX
CHUCTEM ¥ COCTOSIHUSI HMCIIOJIb30BAaHMSI BOJHBIX PECYPCOB CIOCOOHBI 06eCHeYnTh KJIIYeBOi
nndopmaleil, paciiupuTh 3HAHUS JJIs TIPUHATHS KOMIIETEHTHBIX PENIeHUil, HalpaBJIeHHBIX
na passurue ux KII/J[, nis ompaBaanus rocyJapcTBEeHHbIX ¥ MHBIX KalMTAJbHBIX PACcX00B,
MOBBIIIIEHUsT YPOBHS yIIpaBJeHUs MpolileccaMu BojocOepeKeHsT U BOJOOXPAHbI.

CrenuaaucrtaM BojocHaGKeHNS HYKHO /[€fiCTBOBATh B COOTBETCTBUHU C HOBBIM MOJXO0/[OM
K BOIIpocaM BojocOepeskeHus, U3BJeKaTh YPOKH M3 PeaJibHbIX YCJAOBUN pacTylleil gerpaja-
MU Halllell 9KOJOTHHU, TTOCTABUTH Mperpajay Heo60CHOBAHHOMY HPUPOCTY BOAOTOTpeOIeHNS,
6€e3BO3BPATHBIM, HEPAIIMOHAJBHBIM U JAPYTUM MOTEPSIM BOJIbI B BOJOXO3SIUCTBEHHBIX CUCTE-
Max, 3arps3HeHUI0 BOJHBIX PECYPCOB U COKpaIleHUI0 BoJOHOCHOCTU pek. Cieyer BOBJIEUb
B 000pOT CTpaH HeTpPaJAWIMOHHBIE MCTOYHHUKH — MHUHEPaJM30BaHHbIE U MOPCKHE BOJbI,
YMEHBIIATh CTOMMOCTh UX ONPECHEHUS, YCKOPEHHO OCYIIECTBJATh Pa3paboOTKy M CO3/aHue
6€30TX0/AHbIX TexXHoJoruii. Heo6xXxoanumMo Kask/[0il Kaljieili CAKOHOMJIEHHOM BOJbI COKpaIlaTh
CKOPOCTb M3bSATUS BOJBI U3 NMPUPOJAbI. BaskHelmuM ycJaoBHeM MPaKTUYECKOTO Bojochepe-
JKEeHUsT ¥ BOJOOXPAaHbl B IIPOMBINIJIEHHBIX IEeHTPaX JOJIKHO CTaTh Hay4YHOE Pa3BUTHUE TIPO-
rHO3MPOBAHNs ¥ HOPMUPOBAaHUS BojoobGeciieueHnss TOPOJOB — cyleprnorpebutesieil BOAHBIX
pecypcoB. PaszButue yueHnus o 3aKOHOMEPHOCTH (GOPMUPOBAHUS YA€JbHOIO CPETHECYTOUYHOTO
(3a rog) BomoOmOTpPEGIEHNS B TOPOAAX MO3BOJAET HE TOJHKO BBIABUTDH Ae(UIUT BOABI U €e
pe3epBbl, HO ¥ HANPABUTh BOJOXO3SMCTBEHHYIO [eSTENbHOCTh Ha MyTh MHTEHCU(DUKAIUH
n cbajaHCUPOBAHHOE Pa3BUTHE BO BPEMEHH, OI[EHHTb KOPPEKTHOCTb HMPUBJEYECHUS LOIOJI-
HUTEJbHBIX BOJHBIX PECYPCOB /I TOPOJIOB, & 3HAYUT, 1 IKOHOMHUYECKYIO 1[e1eCO06Pa3HOCTD
MHOTOIJIaHOBBIX 3aTpaT [156, 165].

ITo mporuosam, yncaeHHOCTh HacesneHus Ha naanere B 2090 r. 6ygeT coCTaBJSATb OKOJIO
14 mMJup/ 4esoBEK, T.e. CTOJBKO, CKOJIBKO PECYPCHI MJaHEThl CITOCOOGHBI TPOKOPMUTH U HAIIO-
uth. HeratuBHOe B/IMSIHUE Ha COCTOSIHHE 3J0POBbs JI0Jeil, MPOJOIKUTEIbHOCTh UX JKU3HU
O6y/leT OKas3bIBaTh pacTylilee 3arpsisHeHne ropo/IoB U KaK CJe/ICTBUe — YyBeJWdeHue 30H 3arpss-
HeHus (OPeoJoB) BOKPYI HUX, KOTOPbIE SBJSIOTCA TEPPUTOPUSMH OCHOBHOIO NPOU3BOACTBA
CeJIbXO3MPOJYKTOB U TJie, KaK MPAaBUJIO, PACIOJIOKEHDbI OTKPBITbIE HCTOYHUKH BOIOCHAGKEHUS
rOpPOJIOB U MX BOJ03a60PHI.

3a60Ta 0 BOJie I0JIKHA ObITh B MBICJISIX, CJI0BaX U jJesax dejqoBeka. OH 00513aH HAYYUTHCS
OTHOCHUTBHCSI K BOJie C IPak/[aHCKON OTBETCTBEHHOCTHIO M JOJIKHBIM yBa’KeHHEM, TaK KakK 3TO
oTIpe/iesisieT ero AajbHelilyio cyab0y. bepeub u 1eHUTb BOAY, OXPaHITh OKPYIKAIOIIYIO CPeLy,
6eclieHHOe COKPOBHIIE, JaHHOE JIOASM IIPUPOAO, CTAHOBUTCS 3aKOHOM HOMEpP OJMH Hallei
skusuegedarenpnoctu [136, 193, 216].

[ToaTomy 1po6JieMbl TTPOTHO3MPOBAHUS BOAONOTPeGIeHsT B TOPOJIaX C YYETOM H3MEHEHUsI
MPUPOHO-KJIUMATHIECKUX YCJIOBHIl, BbISIBJIECHUS PE3€PBOB, TOBBIIIEHNS HA/IEKHOCTU U YCTOWYN-
BOCTH CUCTeM BOJIOCHAGKEHUST YPE3BbIYANIHO aKTyasibHbI. Pellienre nX B HACTOSIIEM U B OyayleM
HeO0OXOMMO JIJisl [IMBUJIN30BAHHOTO PAa3BUTHUS YeJIOBEUECTBA, OXPaHbl OKpYsKaiolieil cpejbi, Ge-
PEXKJMBOTO MCIIOJb30BAHUST OIrPAaHUYEHHBIX 3aITaCOB ITPECHBIX BOJHBIX PECYPCOB 3eMJIH.
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1.4. AHAJIN3 PABOTbI CUCTEM IIOJAYU
N PACITPEAEJIEHA BO/IbI

B monorpaduax [1, 2, 4, 6, 8, 18, 44, 59, 60, 63, 117, 124, 140, 159, 193, 219, 305]
M3JI0KEHbl TeOPeTHYeCKUe OCHOBBI U pe3yJibTaTbl PAIIMOHAJIBHOTO YIIPABJIEHUS MHKEHEPHBIMU
ceTaMu ku3Heo6ecneyeHus Hacesenus. CyuiecTByonas NpakTUKa pa3BUTUs CUCTEM BOj006ec-
nevyeHnst HaceJeHHbIX MECT, CBSI3aHHAs C TOKPbITHEM JeduiinTa Bo/bl, KaK MpaBuJo, 6azupyercs
HAa OCBOEHUM M BBO/I€ B 3KCILJIyaTallMI0 HOBBIX MOI[HOCTEH. DTO CBS3aHO C JOTOJHUTEJbHBIMU
(punancoBBIMU, MaTepUAJIbHBIMU U IPYTUMHU 3aTpaTaMu. B To e BpeMs B caMUX BOJOIIPOBO/I-
HBIX CHUCTEMAaX CKPbBITHI GOJIbIIIME Pe3epBbl, UCIIOJIb30BaHWE KOTOPBIX MO3BOJISET J100UTHCS
CYIECTBEHHOTO CHUKEHUSI HeIIPOU3BOUTENbHBIX MAaTEePHUAJbHBIX U 9HEPreTHuYeCKNX 3aTpaTr BO
MHOTHX OTPacJisiX HAapOJHOTO XO3dWCTBA, YJAYYIIUTH OOeclieueHre HaceJeHUus W TPOMBIIIICH-
HOCTU BOJIOW W TOJIYYUTb B Pe3yJbTaTe 3HAUYUTEJIbHDBII HApOJHOXO3diCTBEeHHDBIH adderT [2,
24, 25, 58, 77, 193]. Peanusanus sTuX pe3epBOB B MEePBYIO OUepe/b J0JKHA OCHOBBIBATHCS
Ha HOBBIX MeToJlaxX akcimiyaranuu cucteMm [IPB u ynpasienus atumu cucremaMu B Impoilecce
uX aKcIayaranuu u pazsurtus. /lanubie metoanl nosdsoJasior [2, 49, 58, 79, 117, 193, 318]:

MaKCUMAaJbHO CHUKATh HEITPOU3BONTEIbHBIE TOTEPU PECYPCOB OJ1aro/laps aHaJN3y PEesKMMOB
pynkumnonuposanus cuctem [IPB 1 nosblennio onepaTuBHOCTH IPUHATHS PElleHUIT B TIpolecce
UX 9KCILTyaTallu U Pa3BUTHUSL;

MOBBIIIATDh HAJIEKHOCTD U sKuByuYecTb cucteM IIPB nmyrem ux ontumusaium ¢ moMounibo M-
TAIIMOHHOTO MO/leJTMPOBAHNS;

TECTUPOBATh BapUaHTbl BO3MOXKHDLIX pelleHuil 1o ynpasJsenuio cucremoil IIPB B npo-
Iecce ee 3KCIJyaTallud C MOMOINbI0O MMHUTAIIMOHHOTO IapaMeTPUYECKOTr0 U CTPYKTYPHOTO
MO/IeJITMPOBAHNUS;

omepaTuBHO HAeHTU(UIIMPOBATh TeKyllee coctosiuue cuctembl [IPB B 3aBucumocTu ot mo-
JIOXKEHUS 3alI0PHO-PEryJINPYIONIUX YCTPOUCTB U T. 11., rpaduecKr MHTEPIPETHPOBATh U BU3ya-
JM3UPOBaTh Ha dKpaHe MoHuTopa (craTuyeckas waeHTHdUKAIM), UACHTHPUIIMPOBATD U3MEHE-
Hue Tekyniero cocrosguusi [IPB B 3aBucumoctn ot u3amMeHeHus MOJOXKEHUST OJHOTO WJIU TPYIIIIbI
peryaupyomux opraios (auHamMudeckast ugaeHTHPUKAINA);

yMeHbIIATh yiiepObl OT aBapuil B BoJ0OpacipeeuTeIbHol cetn 6iarogapst 6osee onepaTus-
HOIi JIOKQJIM3AIMK aBaPUITHON 30HbI, a TaKKe Pa3yMHOMY B3aUMO/IEHCTBUIO C UCTIETYEPAMU CJIYKO
HKCITyaTalluy APYIMX WHIKEHEPHBIX cucTeM ropoja (Hampumep, ¢ cucteMaMu TenjaoobecneyeHust
1 TOPSAYETO BOAOCHAGKEHMS, SHEPrOCHAGKEHMS ).

Haub6osee Ba)kHYIO pOJIb B PAallMOHAJIbHOM WCHOJb30BAHUU BOJHBIX PECYPCOB permoHa
urpaet cucrema [IPB, koTopas Hernocpe/CTBEHHO CBsI3aHa C dKCILIyaTalnueil HaCOCHbIX CTaHIMI,
pe3epByapoB, BOJOIPOBOHON cetn Topoaa [120, 193, 294]. Bomocetn otHOCATCS K KJaccy He-
IPEPbIBHO 3BOJIOIMOHUPYIONUX CUCTEM, PAa3BUTHE KOTOPBIX OCYIIECTBJSETCS Kak BO BpPeMEHH,
tTak u B npocrpanctBe. OcHoBHOe (PyHKIMOHATbHOE HazHaueHue cuctembl [IPB — oGecneunts
norpebuTesieil 1e/eBbIM TTPOJYKTOM — BOJI0# TpeOyeMOro KoJMYecTBa M KauecTBa ¥ T10/] 3a/aH-
HBIM /IaBJIEHUEM C MUHUMAJbHBIMH IOTEPSIMH HAlopa Ha ceTdax. BogonorpebJieHue sBjsercs,
KaK MPaBUJI0, HECTAIIMOHAPHBIM CTOXACTUYECKUM IIPOIECCOM, CO/IePIKaIlUM /leTePMUHUPOBAHHbIE
MOHOTOHHO BO3pacTaiolllie TPeH/bl U MepuoJnYecKiue KOMIOHEHTDI, ITapaMeTpbl KOTOPbIX H3Me-
HsioTcs Bo Bpemenu [60, 61].

Yposenb o6cay:kuBaHusi, ob6ecrieunBaeMblii CUCTEMON BOJOCHAGKEHUS U BOJOpAacIIpejieie-
HUS, — O/lHA U3 OCHOBHBIX NPOGJIEM, C KOTOPBIMM CTAJKUBAIOTCS BOJONPOBO/HBIE XO34HCTBA
[58, 193, 293, 295].

OCHOBHOI XapaKTePUCTUKOI J060ii CyIecTBYONEel I MIaHNPYeMON CUCTeMbl BOJOCHA0-
JKEHUS WJIM BOJOPACIIpe/iesIeHNs] SIBJISIeTCS ee CIIOCOOHOCTDb a/leKBAaTHO (DYHKIIMOHMPOBATD, T.€.
JIOJIKHBIM 06Pa30M BBITIOJTHSTD IMOCTABJIEHHYIO TTepe/] Hell 3a/1auy MPU CaMbIX Pa3HbIX BO3MOKHBIX
yCJI0BUAX Pa6GOThI, B YACTHOCTH TIPU T€X, KOTOPbIE OKUIAIOTCS HA TIPOTIKEHUN CPOKA ee CIIyKObI
[193, 291, 316].

[Ipu orienke BepOSTHOTO (PYHKITMOHUPOBAHUS CHCTEMBI BOJJOCHAGKEHUS 3a4aCTyI0 BBIITYCKAIOT
U3 BUJy ee MHOTOIJTAHOBBIN xapakrtep. /[/g BOJONPOBOIOB HET YETKOTO OIpe/leIeHNs] TOHATUS
XapaKTepPUCTUKHI CUCTEMbI. 3/1eChb K PEIeHNIO 33/1a4l MOJXOAAT ¢ OTHOCUTEJIbHON (pparMeHTapHOn
NEePCHEeKTUBOI M MCIBITBIBAIOT TPYAHOCTU MIPU pazpaboTKe MeTO 0B (DYHKITMOHUPOBAHMS CUCTEMBI
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JUIST BCEHl COBOKYITHOCTHM YCJOBHII PabOTbI, ¢ KOTOPBIMHU B J€HCTBUTEJIbHOCTH OHA CTAJKUBAET-
cd. TpanuIMOHHBII TeXHWYECKUI ITO/X0/l OCHOBAH HAa MUHUMHU3AIUKM CTOMMOCTHBIX (haKTOPOB
¢ co6JII0/IeHNeM HEKOTOPBIX YIPOIIEHHBIX orpannderuii. Tak, onTUMaJbHBIM OOBIYHO CUNTAETCS
noBbierne 3GHEeKTUBHOCTH pabOThl CHCTEMbI HACOCHBIX CTaHIW, 3(PPEKTUBHOCTU PEKNUMOB
Ha BOJOCETIX WM Je3uHdeKIun Bo/bl, obecrednBalomieii 6e30macHoCTh Booo6ecieueHns Ha-
ceseHnsd. B mpakTuke sKcIyaTamuu TUAPOJMHAMUYECKMM XapaKTepucTukam cuctembl [1PB
y/lesisieTcs HeJIoCTaTOuHOe BHUMaHWe. BMecTe ¢ TeM OHM WTPAlOT 3HAYUTEJNBHYIO POJIb B OIEHKE
c6alaHCUPOBAHHOTO KOMILJIEKCHOTO TOAXO0/a K PallMOHAJbHOMY yHPaBJIEHUIO CUCTEMOW BOJIO-
pacmpe/ieieHns.

B Ykpaune, kak u Bo MHOrux crpanax 6pisiiero CCCP, HameTnsach OpueHTUPOBAHHAS HA PbI-
HOK BOJIOTIOTpeOUTEJII TEeH/IEHIINS 00ecTeuynBaTh 3a MUHUMAJIbHYIO OIJIATy YCJIyT 6oJjiee BBICOKHIA
YPOBEHb OOCIYKMBaHUS, BKJIIOUasd yJaydnienue kadectBa Boael [ 11, 193, 215, 273]. Takas tenpeHus
TpebyeT U3MeHEeHNs METO/IOB U CIIOCOO0B OTIEPaTUBHOTO yIipaBsjeHus cucremoii [TPB.

CoBpeMeHHbIe CUCTEMBI YITPaBJIeHUS BOJAOCHAGKEHNEM HeJb3sT CYUTaTh 9 OEKTUBHBIMU, €CJIN
OHU He UMeIoT MHPOPMAIMOHHON TexHooruu. Kak mpaBuio, A BHEAPEHUS B BOIONPOBOIHBIX
x03siicTBaX NHOOPMAIMOHHBIX cucteM Tpebyercd okoso 10 ser. O6pruHO TE, KTO BHeapsaeT ACY
TII, MoryT Jumnib 4acTuyHO, 1o 6JoKaM, 06CysKaaTh pe3yabTarbl BHeApeHus ACY.

B cucteme IIPB cymectByer mpuHIINAII, KOTOPBIII MOTUBUPYETCS OUE€BUAHON HEOOXOUMOCTHIO
06€eCIIeYnTD JOCTATOYHBIN PACX0/1 BOIBI ¢ TPeOYEMbIM HAITIOPOM U YOBJETBOPUTEIbHBIM Ka4eCTBOM
Bo/bl. KpurepusimMmu kavyecTBa pabOThI BOJOCETH HA MPAKTUKE SBJSETCS COOJIIO/EHNE IBYX YCJIO-
BUII — Hamop B KaX/JIOW TOYKE MOJA4yl BO/bI JOJIKEH HAXOIUTHCS MEXKIY MUHUMAJbHBIM M MaK-
CUMAJIbHBIM JIONMYCTUMBIMU 3HaUYeHWsIMH, cocTaBigonumu 20 m 60 M BOJ. CT. COOTBETCTBEHHO,
a KoJiebaHUe HAlOpa B CETH He JIOJKHO MPeBbIaTh 45—50 % MaKCHUMaJIbHO JOMYCTHMOTO HAIopa
[193, 294].

B rtakux ycsoBusx paGoTbl BoOpaACIpe/leIUTEbHOM ceTn 60TbIIOe 3HAaUYeHNE UMEET KOHTPOJIb
CKOPOCTH MOTOKA B ee TPyOONPoBOJax. ITO Ba)KHO MOTOMY, UTO yAapHOe /IaBJIeHNEe IIPYU THIPOYIa-
pax u3MeHseTCs MPSAMO TTPOTOPIIMOHAIHHO HOMIUHAJIBHOMY 3HAYEHUTO CPeTHell CKOPOCTH B TpyOe.
[IpenembHast CKOPOCTH TOTOKA B BOJE — 3TO MEPBBIN TOKa3aTeJb, OTPAaHUYNBAIONINN CKOPOCTH
moToka B Tpy6orpoBojie cBepxy. C Apyroit CTOPOHBI, HU3Kas CKOPOCTb BO/IbI B CETU MOKET TIPU-
BECTH K YPE3MEPHBIM OTJIOKEHUSIM OCAJKOB M YXYAIIEHWIO KauecTBa BO/bI B BojgoceTu. [losTtomy
CyHIeCTBYET MOKa3aTesb, OTPAHUYUBAIONINN CKOPOCTDh MOTOKa B Tpy6omnpoBosae cuusdy [100, 140,
193]. Ckopoctb B Tpy6omnpoBojse cuctembl [IPB moskna 6biTh He Menee 0,2 M /c u He 6oJee
1,3 M /¢, T.e. nag j-ro Tpybomnposozaa 0,2 < V]. <1,3 M/c. D10 TeM 6oJjiee Ba;KHO, YTO NPHU TAKUX
CKOPOCTSIX ellle He MPOUCXO/IUT CYIECTBEHHOTO YXY/IIeHNs KaueCcTBa BObI U3-3a TTOBBIIIEHUS ee
MYTHOCTH TIPU TPAHCIOPTUPOBAHUU BOJBI K moTpeburesio [102, 193].

[Tpu anamm3se cucrem [IPB npoBepsiercst u coBepiieHCTBYETCA yiKe uMerotascss nHGOopMaIus
0 cHUCTeMax, a TaKKe YCTaHABJIMBAIOTCS HEM3BECTHBIE /10 3TOTO MOMEHTA JaHHbIEe, XapaKTepHU3yio-
e OCHOBHbBbIE THAPOJAMHAMUYECKHE U MPOYNe TmapaMeTpbl cucteMbl. MoTyT GbITh OGHAPY KEHDBI
cyabpie Mecta cuctembl [IPB u mpeasoskeHbl COOTBETCTBYIONINE MEPBI 10 UX TTPEAOTBPAIIEHUIO.

B coBpeMeHHBIX YyCJOBUSAX TepeXojia BOJOKAHAIU3AIMOHHBIX TPEANPUITUI K paboTe B PbI-
HOYHBIX YCJOBHUSAX 0co60e 3HaYeHue MpuoOpeTaloT BOIMPOCHI TEXHUKO-dKOHOMHYECKOTO 0060-
cHoBaHusg pab6otbl cuctembl [IPB. Pemenne TeXHMKO-95KOHOMUYECKUX 3a/ad BOJOITPOBOIHBIX
ceteit B o6meM Buje 6b110 moaydeno B.T. Jlo6auesbim, JI.D. MommauabiM, M.B. Kupcanosbim,
B.II. CuporkunbiM. [IpakTudeckn Bce OHM TPU PENIEHWH PAcCMATPUBAEMBIX 3ajad MCIIOJb30Ba-
JIM TaKkhe KPUTEePHH, KaK 3aTpaThl HA CTPOMUTEJIbCTBO U TPaHCIOpTHpoBaHue BoAbl [91, 124, 140,
240]. Ilpm stom JI.D. MomHUHY TPUHAJIEKUT HMCKIIOUYUTEJbHO Ba)KHAS POJb B pa3paboTKe
METO/IOB OTIpe/leJIeHUsT 9KOHOMUYECKH HAWBBITOAHEHINNX MaMETPOB BOJIOBOJOB TIPW M3BECTHBIX
13 HAYaJIbHOTO MOTOKOpACIpe/eeHns YYacTKOBbIX pacxonax. Meron JI.AD. Momranna 6asupy-
eTcsl Ha MPOBEJEHWH TOJHOTO TEXHUKO-3KOHOMUYECKOTO pacueTa JJs 3aJaHHOTO PeKrMa BOJIO-
noTpebJieHNsI, C MPUHSATHEM B KauyecTBe OOOOIIEHHOTO KPUTEPUS KOHOMUYHOCTU TTPUBEICHHBIX
€KETOJIHbIX 3aTpar. YueT JUCKPETHOCTU 3a/[auyil CTAH/IAPTHBIX AMaMeTPOB TPyO 37eCh MPOU3BO-
JINTCS C TIOMOTIBIO TaK Ha3bIBAEMbBIX IIPE/IEIbHBIX PACXO0/I0B, 3HAUYEHUS KOTOPBIX TalyJIMPOBAHbBI
[124, 139, 159].

3aj/laua PeKOHCTPYKIIUK CETEll COBMECTHO € 3ajlauell TEXHUKO-9KOHOMUYECKOTO pacyeTa Ipo-
ektupyemoit cetu B paborax H.H. A6pamoBa BbIpaskaeTcss Kak 3ajjadya AUCKPETHOTO MaTeMaTH-
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YeCKOTO IMPOTPaMMUPOBAHNS, KOTOPAs TPYAHOPA3AeJuMa U NP UCIIOJIb30BAHUH TPUOIKEHHBIX
METO/IOB MOJKET JIaTh JaJjieKo He OolTHMaJibHOe peinenue [1, 2, 4, 8].

B pa6orax A.T'. EBmokumosa, A./l. TeBsiieBa mokasaHo, 4To OINTUMHU3AIMs BOJIOIIPOBOIHBIX
ceTell Ha MHOXKECTBE JUAMETPOB 110 KPUTEPUIO KANUTAJIbHBIX U 9KCIJIYaTAITMOHHBIX 3aTpaT sB-
JigeTcs 3ajadell HeJIMHEITHOro MaTeMaTH4yecKoro nporpammupoBanus [59, 60, 63]. Ee penienue
¢ omo1tbio DBM gBisercs mpubANKeHHBIM, TaK KaK TOYHOE pellleHre He MOKET ObITh MOJyYeHO
n3-3a IUCKPETHOCTH 3HAYEHUN CTaHIAPTHBIX [uaMeTpoB Tpy6. B ocHOBe MateMaTU4ecKoil MO/1e/n
JIesKaT TepBbIil 1 BTOPO#l 3akoHbl Kupxroda. Oanako dopmymmpyemas 3ajada JUCKPETHON He-
JIMHEITHON ONTHMU3alMU He pemnraeTcs B OOIIeM BHjE, a 3aMeHsSeTCs BCIIOMOTAaTeIbHOW 3ajadei
HETPEPBIBHOTO MaTeMaTU4YeCKOro mnporpamMMupoBanusi. [loaToMy npu MCHOJIb30BAaHUM JTAHHOM
MOJIEJTN MOKET OBbITH MOJIyYeH JIy4Illnuii, HO He CaMblil Jy4Illnii BapUaHT CETH.

3ajiaya ONTUMU3AINHN IMAMEeTPOB B MHXKeHePHBbIX ceTsix petmraercsa E.II. T'puropoBckum my-
TeM KYCOYHO-JUHENHON anmpoKCUMaIluyd y4acTKa JJIMHON [ Yepe3 yJacTKH CTaHAAPTHON JJUHBI
co cra"maptHbiMu auamerpamu [49, 51]. 3mech 3amaua ompeseeHus 9KOHOMUYHBIX THAMETPOB
CBOJIUTCS K OTIPE/IeJIEHNIO TaKUX JJINH YYaCTKOB, TIPU KOTOPBIX IIPUBE/IEHHDbIE 3aTPAaThl HA CTPOU-
TEJBCTBO ¥ IKCILJIyaTaluio BOJOTPOBOJHBIX CETEH C y4eTOM HEKOTOPBIX OTpaHUYeHUuil OymayT
MUHUMAJbHBIMUA.

[Tpu BBITTOJIHEHNW PA6OT MO CTPYKTYPHON OMTUMU3AINN ceTell 6a3upyoTcs Ha ABYX MOIAXO-
nax. Ilepsbrit, mosyunBimii HazBanue npobsembl [llteitnepa—Bebepa, cBoaAUTCS K TONCKY HAWBBI-
rojiHeiineit Kondurypanuu Tpy6bOTPOBOAHBIX CeTell MPH 3aJaHHOM MHOKECTBE TOYEK BETBJIEHUS
C HaXOXKJEHUEM UX OMTUMAJbHBIX coeaunenuii [26, 138, 153, 213]. /Ipyrum moaxo/ioM aBseTcs
Mpe/IBapuTeJIbHOE TOCTPOEHNE TaK Ha3bIBaeMO# M30BITOUHON CXEMBI CETH, YUUTBIBAIOIIEH BCce OTrpa-
HUYEHUS TI0 TPACCUPOBKE U COAEprKalleil BO3MOKHO 6OJbIee YNCJIO BapUMAHTOB KOH(MUTYpAIHii
C peaJibHO JIONYCTUMBbIMU CBA3IMU MEX/ly TOUKaMW BeTBJeHusI. ONTUMU3aIus ceTu JOCTUTAETCS
or6pacbIiBaHNEM HEHYKHbBIX CBS3€il C BbIIEJIEHUEM ONTHMAJbHOTO mMo/Arpada ¢ HauBBITOHEUTITUM
BapuaHToM notokopactpeaenenus [ 133, 148, 149, 267]. Cunraercd, uto penieHne npo6eM CTPYK-
TYPHOH ONTHUMU3AIUK CETENl MOXKET ObITh CBE/IEHO K MCCJIEIOBAaHNI0 BO3MOKHOCTEN MeTo/1a N30bI-
TOYHBIX MMPOEKTHBIX cxeM. B pazsutue mannoro nojaxona C.B. CymapokoBbiM pazpaboTaH MeTO
MHOTOKOHTYPHOU ONTUMU3AINHN, BKIIOYAOINN B KAYeCTBE COCTABHOM YaCTU METO/ IMHAMUYECKOTO
MIPOTPAMMUPOBAHUS, TIO3BOJISIONINN BBITTOJTHATD TEXHUKO-9KOHOMUYECKUH pacyeT KOJIbI[EBBIX BO-
NonpoBOAHBIX ceTell [267]. OCHOBHBIM HEJOCTATKOM JaHHOTO METOJa SIBJSETCS €ro CJOXKHOCTD
1 HeOOXOMMOCTh YeTKOTO B3aWMO/IECTBUS TPOEKTUPOBIINKOB U TTPOTPAMMUCTOB.

B pa6otax I'. E. KukaueiimBuan mpu pelieHny 3a[a4i ONTUMU3AINN TUaMETPOB BOIOBO/IOB
BBIOpaAH anmapar JuHeirHoro nporpammupoBanus [89, 90]. IIpu atom mHeapusaIus MpOUCXOIUT
IyTeM COOTBETCTBYIONIETO MO60pa NCKOMBIX TIEPEMEHHBIX 3a/1a4H, TO3BOJISIONIETO TIOCTPOUTD JTH-
HEHYI0 MaTeMaTH4ecKyto Moiesb. K HepocTaTkaM JaHHOTO HAITPaBJIEHUS CJIeyeT OTHeCTH 6GOJIb-
Y10 Pa3MEePHOCTb BO3HUKAIOIINX 33/1a4 U 3HAYUTENbHOE YBeJWUYeHNE BPEMEHU WX PEelleHUs.

3aciyKuBaeT BHUMaHUsS MeTo/l pacuera, pazpaborannbiii A.E. Bemanom u I1./[. Xopyxum,
B KOTOPOM TH/IPABJMYECKN HEYBA3aHHAsI CEeTb paccMaTpUBaeTcsi KaK HEPAaBHOBECHAsl CHUCTEMA,
crpemsamiasgcs K paBHosecHoMy (yBsizaHHOMY) cocrosHuio [25, 159, 294]. IIpu 5T0M ceTb yBA3bI-
BaeTcsl MyTeM ONpe/leJIeHUsI KOHTYPHBIX MOIPABOK PACXO0/I0B, BHIUMCJSIEMBIX C MCIOJb30BAHUEM
WHEPIMOHHON COCTAaBJIAOIIEN HAIlOpa, B Pe3yJibTaTe 4ero JJisi MHOTOKOJIbIIEBOW CETH TI0JIy4aeTcs
KaHOHWYECKasl CHCTeMa JUHEWHBIX YpaBHEHWi, 4To o6Jerdaer pelnieHue. AJTOPUTM TEXHUKO-
sKOHOMHWYecKoro pacuera, mpeanoxkenubrii [1./[. Xopyxum [291, 293], cnocob6cTByeT BBIOGODPY
ONITUMAJbHOTO TIOTOKOPACIIPE/IeIEHNS C YUYEeTOM TPeOOBAHUN HA/IEKHOCTU CUCTEMbBI BOJJOCHAGKEHWS
U SIBJSIETCS OHUM U3 HamboJiee TTPUeMJIEMbIX.

B pa6orax 1.H. Ps6uenko npeiioKeHbl aJrOPUTMbI PENIEeHIS 3a/1a41 TEXHUKO-9KOHOMUYECKOTO
pacuera BOJOPACIPE/IeJUTETbHBIX CETel, NpecTaBsgoniue co60it MoaAnUKaIU0 MHOTOIIATOBBIX
QJITOPUTMOB pelleHrusl 3aJaud MHOTOKPHUTepHaJbHOU ontumMusanuu [78, 231, 232, 233]. Itn
AQJITOPUTMBI MOTYT OBITH MCIIOJIb30BAHbBI [IJIsI pacdyera BojoceTeil. Bmecte ¢ TeM mpejcTaB/ieHue
0 TOM, YTO TPHW aBapuu Ha JIEHCTBYIONIEN CETH MOKET BO3HWUKHYTb HYJEBOE€ J/IaBJE€HUE BOJIbI
B TpyGe [193, 238], aBasercsa omubGounbiM. [Ipu aBapum B meiicTBYIONEN BOAOCETH PACXOJIbI
BO/IbI YBEJTMYUBAIOTCS, YTO 3aDUKCUPOBAHO C TTOMOIIBIO YIbTPA3BYKOBBIX pacxogomepon. Cren-
CTBUEM 3TOTO SBJISIETCS TMajJleHNe J[aBJeHUs BOJbI B TpyOe, OJJHAKO OHO HUKOT/A HE IOCTUTAET
HyJeBoro 3HaveHus. [Ipeasaraercs oleHMBaTh NMpPSMbIE MTOTEPU BOJBI MPHU aBapuu 1o Gopmy-
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ae W =3600uFt\2gH, B koTopoii Bequuunubl F, H, pu Hen3BecTHbI M TPeOYIOT TTPOBEIEHMUS
JIOTIOJTHUTETbHBIX HccaenoBannii. Hanpumep, B XapbkoBe aBapuu B BOJOCETH HM3MEPSIOTCS
TPEYTOJbHBIM BOJOCJAUBOM. HeKOppeKTHO ompeesisieTcs cpe/iHsiss MTHOBEHHAsl CKOPOCTDb B BO-
JIONIPOBO/IHON ceTn 110 hopmy.ie

S

. 4q,
y = =M “4i 1.55
v ( )

a TaK)Ke HEKOPPEKTHO PACCUYUTBIBAETCS CPEJHUIl AMaMeTp CeTH MPHU M3MEHEHWH UaMeTPOB TPY-
6OTIPOBO/IOB
2. D,

y = 1.56
N (1.56)

Cornacno [141] nosbimenne adpdexrtusnoctu cuctem IIPB nosxkno 6a3upoBaTbest Ha BCECTO-
POHHEM aHaJM3€e yCJOBUN pabOThI CUCTEM, OCHOBAHHOM HA pe3yJibTaTaX TH/IPABJINYECKIX PACYETOB
KaKk IpU HOPMaJbHOM TeXHU4YeCKOM cocTtosHuu cucteMm IIPB, Tak u B pagimyHbIX aBapuilHbIX
cutyanusax. [Ipm npoBeseHNN THIPABIMYECKIX PACYETOB OJIKHO YUYUTBIBATHCS B3aMMO/leliCcTBIE
BCEX 9JIEMEHTOB CHCTEMbI, B TOM YHCJIE M paclnpeaeuTeNbHbiX (BHYTPUKBApPTAIbHBIX) CETEN.
Britouenme B pacueTHYIO cXeMy BHYTPUKBAPTAJbHBIX CeTel /laeT BO3MOXKHOCTDb ONpENeTUTDh pe-
AJIbHYI0 BeJTUYNHY OTOOPOB BOJIBI U3 CETH.

B pat6orax [86, 141, 143] npencrasien MeTo1 TuipaBandeckoro pacuera cucreM [1PB. TTo me-
TO/Ly MOCJIeIOBATEIHbHBIX TPUOIMIKEHUI PelIaeTcs oIHas NCXOIHAS CUCTeMa ypaBHeHwit. Pacxo/br
BO/IbI 110 JIMHUSIM CETH, TTbe30MeTPUUeCcKre HAIOPhI B y3JiaX, MOTePH HAIopa Mo JUHUSM, a TakKe
HAIMOPBI CTAHIINI PETyJIMPOBAHUS PACCMATPUBAIOTCS KaK PaBHOMPABHBIE HE3aBUCUMbIE TIePEMEHHbIE.
ITUM OHU OTJHMYAIOTCS OT CYNIECTBYIOMINX YBA3OUHBIX MeTO0B (KOHTYPHOTO 1 y310B0r0). OCHOB-
HBIM HEJIOCTAaTKOM JAHHOTO MeTOoj/ia SIBJgeTcss OOJbIoe YUCJI0 ONpeiesIieMbIX MTePEeMEeHHbBIX.

B nccnenoBanugax E.M. lambnepuna [38, 219] mokazano, 4To Ha/J[eKHOCTb KOJIBIIEBBIX CUCTEM
[TPB aBasiercss ocHOBHBIM TpeboBaHueM noTpe6uTess. [IpakTuka moxkasbiBaeT, 4TO pajan JOCTIKE-
HUS BBICOKON HA/IEKHOCTU BOJIONIOZIAYN B CYNIECTBYIOMMX CUCTEMAX AMAMETPbl TPYO 3HAUYNTETHHO
NIPEBOCXO/ISAT peKoMeH/1yeMbie. CyliiecTByolas MeTo/iuKa pacuyeTa KoJibleBbix cucteM 1IPB u co-
orBetcTBytomue pazaesabt CHull [249] mpaktnyeckn He oTpaskaioT 3TO TpeGOBaHME KU3HU.

3a mocaennne 20 jet coszmano MHOTO cucteM ynpasiaenus [IPB [79, 103, 120, 294], mo-
3BOJIIONIUX B TOW WJIM WHOW CTerleHu MOBBICUTH 3(P(PEKTUBHOCTb PabGOThI HACOCHBIX CTAHIUI,
GOJIBIIIUHCTBO M3 KOTOPBIX [aJieKd OT COBEPINEHCTBA, TaK KaK C CO3/[aHMEM W PA3BUTHEM KOM-
TJIEKCA HOBBIX TEXHUYECKUX CPE/ICTB, PA3BUTUEM COIMAJIbHO-PBIHOYHBIX U (DMTHAHCOBO-KPEIUTHBIX
OTHOTIEHWH MEXKIY OTPACJSIMH IMOBBIMAIOTCS TPeOOBAHMSA KaK K KauyeCcTBY, TaK M K KOJHUYECTBY
MPEIOCTABIIEMbIX HACEJTECHUIO YCJIYT BOJOCHAOKEHNS.

B macrogmiee Bpemsi B ynpaBJeHUU TIPOIECCOM BOJOCHAGKEHUS B TOpojax mpeobiagaer
OTHOKOHTYpHAas CHCTeMa, OCHOBAHHAS HA OJIHOM yTPaBJISIONEM BO3JAEHCTBUN — W3MEHEHWW BbI-
XO/IHO# MPOM3BOANTENHLHOCTH HACOCHON cTanimu (BBIXOAHOTO AaBJeHUs U pacxoja). I[Ipu sTom
30HaJbHas mbe3oMeTpusi cucteMbl [IPB nipu coBMecTHOl paGoTe HACOCHBIX CTAHIIMN B CHUCTEME
[TPB, kak mpasuJsio, caab6o koHTpoaupyetrcs. He ucmonb3yeTcs Aad omepaTUBHOTO YIIPaBJIEHUS
CHCTEMOI aBTOMATUYECKOe PEeTyJIMPOBaHNE JBUTATEel Ha HAcOCaXx.

[TepBbiii B MCTOpUM aBTOMATUUYECKUN PEryJisiTOp, CJAYXKAIUi ST TOJJeP>KaHusd CKOPOCTH
BpaIleHNs MeJbHUYHOTO XepHoBa, Obla nzobpeten emie 1588 r. Pamessn u B gaibHeiineM yco-
BEePIIEHCTBOBAH M MCIOJIb30BaH [loHcese Aag peryampoBanus CKOPOCTU BpalleHns MapoBoOil Ma-
MIUHBI. JTOT MpUHIMT — <mnpuHiun [loHceney, moaydwBINii Ha3BaHMe MPUHIIATIA YIPABJICHUS
<TI0 BO3MYTIIEHUIO», UCIIOJIb3YETCS B COBPEMEHHON TeOPUU aBTOMATUYECKOTO peryanpoBanus [27,
322] wm 3akmgiodaeTcd B TOM, 4YTO YIIpaBJ/dIONee BO3/eliCTBUE B CUCTeMe BbIpa0aThIBaeTCS B 3a-
BUCUMOCTHU OT Pe3yJTbTAaTOB M3MePEHUs BO3MYIIEHUS, JeHCTBYONEro Ha 0ODbEKT.

B 1765 . 1. W. Ilon3yHOBBIM ObLJI TTOCTPOEH aBTOMATHYECKUI PETYJISATOP /JIs TO//IePsKaHNs
YPOBHSI BOJBI B KOTJie MapoBOil MamuHbl, a B 1784 1. YarToM n3obpereH 1MeHTPOOEKHBIN pery-
JISTOP CKOPOCTH BpalleHus BaJia TapoBoil Mamuubl [27]. B aTux perysgropax ympasJsiolniee
BO3/IelicTBIE BbIpabaThIBAIOCh HAa OCHOBe MH(popMaIuu 06 OTKJIOHEHUN yYIPABJISIEMON BEeJTMUYNHBI
oT TpebyeMOro 3HaYeHus. Takoll TPUHIINI B COBPEMEHHON TEOPUU aBTOMATHYECKOTO PEryJmpo-
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BaHUS M3BECTEH T10/I Ha3BAHWEM TPUHIMIIA PETYJIUPOBAHUS <10 OTKJOHEHWIO», WU TPUHITUIIA
[Tonsynosa—¥Yarra.

[TonbITKY TOCTPOEHUST CUCTEMBI YIIPABJIECHNS HACOCHBIM arperaTtoM, Kak OCHOBHBIM 2JIeMEHTOM
cucrembl [IPB, neognokparno npeanpuaumamunch ¢ 1950-x rogos, Ho 3amMeTHOro 3ddeKTa OHM
He JIaJTi, B OCHOBHOM W3-3a OTCYTCTBUS CPE/CTB PETYJHUPOBAHUS TTPOU3BOAUTEIHHOCTU CAMOTO
HACOCHOTO arperatra M OTCYTCTBUS HAJI€KHBIX JaTYMKOB KOHTPOJISI TEXHOJOTHYECKUX TTapaMeTPOB.
Kpome TOTO, TOTBITKM aBTOMATU3UPOBATh PabOTy HACOCHOTO arperatra CBOJIUJNCH K 1yO6JUPO-
BaHUIO PYYHOTO yIPaBJIEHWS, YTO HE MOTJO AaTh Tpebyemoro adderra, Tak Kak He COYETATIOCH
OPTAHMYECKU C BO3MOKHOCTIMU TEXHOJIOTHYECKOTO obopyroBanus. [lo wavana 1970-x romos equH-
CTBEHHBIMU CITOCOGAMU PETYJIMPOBAHUS 1MO/Jaun Hacoca ObLIN IPOCCETMPOBAHNE W PETYIMPOBAHIE
MyTeM BKJIOUEHUS — OTKJIOYeHUs HacocHoro arperarta. IlepBorii crioco6, xoTs u 6611 Hanboee
MPOCTBIM, JaBaJi GOJIBIIIE TTOTEPU MOIHOCTU HA caMO¥l 3a/[BM)KKe M 3HaunTebHO cHuskaa KII/]
HACOCHOI cTaHmu. BTopoii cmoco6 mpuBOANI K OBICTPOMY M3HOCY ITyCKOBOI ammapaTypbl U 3Ha-
YUTEJHHBIM 3JIEKTPO- W THAPABJINYECKUM TOJTYKAM B CHCTEME.

Toapko ¢ 1980-x rosos, ¢ mosBjeHneM mpeoOpasoBateseil yactoThl [88, 284], craso Bo3-
MOKHBIM TIJIABHOE PETyJIMPOBaHUe pekuMa paboThbl HACOCHOTO arperara Mmocpe/ICTBOM U3MEHEHUS
4acTOThI BpalieHus pabouyero KoJjeca Hacoca. B HacTosiee BpeMs 3TOT croco6 peryImpoBaHUS
SIBJISIETCS €IMHCTBEHHBIM 3(P(HEKTUBHBIM CITOCOOOM, TIOJTHOCTHIO NCKJIIOYAIONINM THPOY/Iapbl B TPY-
601TPOBO/IaX, MO3BOJIAONIUM TTPOM3BOAUTD TIJABHBIN 3aITyCK M OCTAHOBKY HACOCHOTO arperara,
TEM CaMbIM CHUIKAsA THIPOMEXaHNYeCcKIe HAarPy3Ku Ha 000pyioBaHNe. DKOHOMUS 3JIEKTPOIHEPTUH
B 3aBHCUMOCTH OT pekuMa paboTbhl HACOCHOTO arperata M €ro MecTa B TEXHOJOTHYECKOH cXxeme
IT1PB npu pannom criocobe perynupoBanusi coctanisier 20—53 % [114, 229, 276]. Kpowme Toro,
peryJmpoBaHue C MOMOIIbIO MTpeo6pa3oBaTesisi 4acTOThI C/1€J1al0 BO3MOXKHBIM CHHTE3 HOBOTO
TEXHOJIOTUYECKOTO TIPOIeCCa B OPraHMYeCKOM COYETaHUM C yIpaBJjeHneM U 6e3 KOpeHHOI PeKOH-
CTPYKIINU TEXHOJOTUYECKOTO 060PYAOBAHMS.

Kak y»ke oTMedaJsioch, MOMBITKA aBTOMAaTU3UPOBATh PEKUM pabGOThl HACOCHOTO arperaTta B CH-
creme [IPB nHa 3ape aBroMarusanuu CBOUINCH K AyOJIMPOBAHWIO PYYHOTO YIIpaBJeHns Ha 6oJee
BBICOKOH cTyreHu. EcTecTBeHHO, YTO MPOTPeEcC B YIIPaBJAECHUN PEKUMOM PabOThI HACOCHOTO arperara
He MOT OllepeinTh Pa3BUTHE TEOPUH aBTOMaTH4YecKoro ympasienus. /[o 60-x rogoB B aBToMarnke
U3y4aJich U PacCMaTPUBAJMCDH TOJBKO OJTHOKOHTYPHbIE CUCTEMbBI YITPaBJIEHUs, OCHOBAHHBIE, KaK
MpaBUJIo, Ha CTAaOUJIN3AINN OJTHOTO TTapaMeTpa U paboTaloNiue o OJHOMY W3 TIPUHIIUIIOB — JIN60
<TI0 BO3MYIIEHUIO», JUOO «IT0 OTKJOHEHWIO». Takwme cUCTeMbl BHECJU OIpe/leJIeHHbIN TeXHuJe-
CKUIl BKJIaJ B pa3BuTue aBroMaTtusanuu mpoiecca [IPB u mpunecsm oniyTuMbIii 9KOHOMUYECKUI
addeKT, HO OHM He MOTYT O6ecredynTh TPeGYyeMOro KauyecTBa YIIPaBJEHUs, TaK KaK CTPOATCS
Ha TOJIOXKEHUAX, YYUTBIBAIONINX CBOWCTBA OJHOKOHTYPHOU OOpATHOW CBA3U, W HA OMHMOGOTHOM
MPE/ICTABJIEHNH O BO3MOKHOCTHU CBECTH, COXPAHSS BCE CBONCTBA, CHCTEMY ITPH JIOOOM KOJNYECTBE
BHEITHWX BO3MYIIEHUN K OJHOKOHTYpHOU [735].

Emnte 8 1939 r. npodeccop B.T'. [llumanos mokasan, 4To CUCTEMbI YIIPABJIEHUS JTOJIKHBI CTPO-
UTHCS C OJTHOBPEMEHHBIM MCIIOJTb30BAHNEM TIPUHITUIIOB <110 OTKJIOHEHWIO» U <TI0 BO3MYIIEHUIOY,
T.e. TOJBKO B 9TOM CJiydae peryJupyemas BeJuunHa Oy/leT MHBApMaHTHA K BO3MYIIEHWIO. JTa
Teopus WHBAPUAHTHOCTH CTajla TEOPETUYECKON OCHOBOW COBPEMEHHON Teopuu KOMOWHUPOBAH-
HBIX U MHOTOKOHTYPHBIX CUCTEM yIpaBJEHUS, B KOTOPOU YTBEPIKIAETCS, YTO YBEJNYEHUE YNCJIA
KOHTYPOB OOpaTHBIX CBsI3ell MpHIaeT CUCTEME YIIPaBJeHUs KauyeCTBEHHO HOBbBIE CBOICTBA, a BCe
PEryJasaTOpPbI, HE UCIOJb3YONe NHBAPUAHTHOCTD, CJeAyeT Mpu3Harh HempuroaubiMu [275]. Co-
BpeMeHHbIE CUCTEMbI YIpPaBJEHUS, JeKalie B OCHOBE YIPAaBJEHWS JeTaTeJbHBIX allapaToB
W JIPYTOil CJIOXKHOW TEXHWKH, CTPOSATCS HAa OCHOBE KOMOMHUPOBAHHBIX CHUCTEM YIPaBJEHUS, CO-
YyeTaonux B ce6e MPUHIIUITBI <110 BO3MYIIEHUIO» W «II0 OTKJOHEHWIO». Biaromaps peamusarnun
B TaKWX CHCTEMaxX YCJOBUII MHBAPUAHTHOCTH TOPA3/I0 MPOIIEe PeNiaTh BOTIPOCHI, CBI3aHHbIE ¢ 06e-
clleYeHueM TOYHOCTH, ONTUMAJbHOCTH W OBICTPOENCTBUS CUCTEMBI YIIPABJIEHMUS.

OmHaKo cOBpeMEHHOE COCTOSTHWE YIIpaBJeHUs HACOCHBIMU arperatamu U mpoiteccamu [1PB
B IIEJIOM XapaKTepu3yeTcs WUCIOJb30BaHWEM JIUIIb KOHIENIIUN OJHOKOHTYPHOTO YIpaBJEHUS.
Bce cucrembl yrpaBiieHUs OCHOBbIBAOTCA Ha Toajep:kanuu (cTabumM3aliuin) OJHOTO Mapamerpa
pasiaerns (6o pacxoja) Ha BBIXOJE HACOCHOI CTaHIIMKM WJW AaBJEHUS B JUKTYIONIEH TOUYKe
cetn [229]. Takume cucTeMbl YIOBJIETBOPUTETHbHO pabOTAlOT B HOPMAJbHBIX YCJOBUAX, HO TPH
BO3HUKHOBEHUM 9KCTPEMAJbHBIX CUTYaIlWil B BOJIONMPOBO/IHON CETH OHU CTAHOBSTCS COBEPIIEHHO
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HepaboTOCTIOCOOHBIMU, TaK KaK He MME0T BO3MOKHOCTU TIOJIydYaThb JIOMOJHUTETbHYI0 nHpOpMa-
IIMIO W ITPOBOJIUTH €€ aHaJM3.

PaccmarpuBaemas B Hactosmieil pa6orte cucteMa ynpanJenusi npoiieccom [IPB Bkiouaer
B ce6s ABYXKOHTYDPHYIO CHCTEMY YIIPaBJIEHUS, PEAJU3YIONy0 YCJIOBUS MHBAPUAHTHOCTH.

[TepBbiil KOHTYDP OCYIIECTBJISET yIpaBJIeHUE TPONU3BOIUTEIbHOCTHIO HACOCHOTO arperara mo-
CPEJICTBOM M3MEHEHHUs Y4acTOThl BpalleHus IPHUBOJHOIO JABHTAaTENsl Hacoca OT npeobGpasoBaTesis
YACTOTBI TI0 BEJIMYMHE /IABJCHUS B JUKTYIONIEH TOUKe CeTU. ITOT KOHTYP YIIPaBJIEHUS UCIOJIb3yeT
MIPUHITAT <TI0 OTKJOHEHUTO» .

Bropoit koHTyp ynpaBJieHnsi, B 3aBUCUMOCTH OT CKOPOCTH U3MEHEHUS JIABJIEHUS B JUKTYIONIEH
TOYKE, ONpeJesisieT U 33/laeT BEJUYNHY U CKOPOCTDb YIPABJLIONIETr0 BO3/I€UCTBUS, YMEHDIIAS TeM
caMbIM BpeMs PeaKIMi CUCTEMbBI Ha ITPOU3OIIeIee U3MEHEHNE W TTOBbINIAass TOYHOCTH O ePrKa-
HUSI KOHTPOJIMPYEMOTo mapamerpa. Kpome Toro, cucremMa 1mo3BOJSIET TPOU3BOUTL BbIUNCIEHUS
U aHaJM3 CKOPOCTU M3MeHeHus conpoTtuBieHus B cetu [IPB, aToT KoHTyp o6Hapy:xuBaet u HuK-
cupyer sKcTpeMasbHbie cutyaruu (aBapuio u Jp.) B BOJONPOBOAHON ceTH.

[Tomo6Has cucteMa gaeT BO3MOKHOCTD C/leJIaTh MEPBBIN Mar Ha MyTH K TTOJTHOW aBTOMATH-
3alluu CUCTEMBI yipaBJyenus mnpoiieccoMm [IPB, B oTsimune oT aBTOMaTU3MpPOBAHHOI, 1 Hanboiee
ITOJTHO MCITOJIb30BAaTh BO3MOKHOCTH ITPUMEHSIEMON COBPEMEHHON MUKPOTIPOIIECCOPHON U KOMIIBIO-
TePHOU TEXHUKM, KOTOpas olucaHa B TJaBe J.

B 3aBucuMocTH OT BeJIMYMHBI TOPOIA, €ro Tonorpaduu, MPOTSKEHHOCTH 30HAJbHBIX BOIOTPO-
BOJIHBIX CeTeil, TPaHCIIOPTUPYIOIUX BOJAY OT HACOCHBIX cTaHIMil K norpeburensm (cucrema I[TPB),
SKBUBAJEHTHOTO COMPOTUBJIeHNS cucteMbl [IPB 1 Tpe6yeMbIx cBOOOHBIX HATIOPOB Y MOTpeOuTEei
BOJIbI, /IS ONTUMU3AIMK pPeKuMa BojgocHaOkeHnus Bce cucteMbl [IPB B ropomax noapaszaensiorcs
Ha BepTHKaJbHbIE U ropu3oHTa bHbIe 30HbI [ 1, 290]. IIpakTuka BojocHaGKeHNs B rOpOAaxX pa3andyHa
110 KyJbType aKCILIyaTallu COOpysKeHuii, yrpasieHud cucremoir [IPB u nacocubiMu cranmuamu,
KyJIbType BogonoTpebsenns. OHa 3aBUCHUT TPEK/e BCETO OT HOBATOPCKOTO MO/AXO/a KOJIJIEKTUBA
K COBepIIEHCTBOBaHUIO ympaBjienus cuctemoir [IPB, ero monumanus HeoOXOAMMOCTH BHEIPEHUS
HOBBIX HAYYHO-TEXHUYECKUX PENIeHUN I TIOBBINIEHUs 6e30TTacHOCTH BO006€eCTIeYeH ST HaceJTeH IS
1 HAJIeKHOCTH BOJOCHAGKEHUS.

[Mockoabky nnsg mHoronapaMmerpudeckux cucrem [IPB xapakrtepHa cToXacTU4HOCTb BOJO-
notpebJieHns, PE30HHO B TTapaMeTPhl YIIPaBJeHUs BBECTH BEJTUYNHBI, TO3BOJISIONINE YMEHBITUTD
omu6OKYW yNpaBJeHUs, BbI3BAaHHBbIE 3TUMH CJydaliHbIMEU (paKkTOpaMu. JTO aBapuy B BOJOINPOBO-
JTHBIX CETSIX, HECAHKITMOHNPOBaHHBIE OTOOPBI BOJIBI, COCTOSTHUE 3aTIOPHOI apMaTypbl B BOJOCETH,
Teur B KBapTUPHBIX Oaukax u np. [67, 81, 98, 235, 296].

Teopernueckue pa3pabOTKK U IPeJJIOKEHHbIE MaTeMaTHYecKe Mojiesin pacdyera cereit [IPB
[61, 79], xoTa 1 mpeHa3HAYEHDBI /I AaBTOMATU3UPOBAHHBIX PACUYETOB MPOEKTHUPYEMBIX CHCTEM
ITPB u otmeHkn haKTHUECKOTO COCTOSTHUS CUCTEMbBI, TEM HE MeHee He MOTYT OTPakaTh peasibHyI0
KapTHHY COCTOSHUS CUCTEMbI BO BpeMeHu (Ha MPOTsKEeHUH CYyTOK, Mecsia, roga u T. a.). ToJb-
KO celiyac, IpW HAJUYNU COBPEMEHHBIX TEXHUYECKUX CPECTB, MOSIBUJIACH dKCIIePUMEHTAIbHAS
6a3a, KOTOpas MO3BOJINJIA YBUJAETh W MOHATh peajbHyI0 Ku3ub cucrembl [1PB.

[Tostomy mpob6iema nnteHcuduranuu paborsl cucreMm [IPB ocraercs axryasbHOil U TpeGyer
MTPOBE/IEHUS TEOPETUUECKUX U IKCIIEPUMEHTAJBHBIX HCCJIE/[OBAHU.

1.5. MIPUMEHEHUE ACY B CUCTEMAX BOZAOOBECIIEYEHUA

[Mupokoe pacnpocrpanenune 3a pybesxkom mnoayuman kak ACY TII BomocHaGkeHusi, Tak
U OpPraHu3aIMoOHHO-9KOHOMUYECKOoe yiipaBienue. Vcxoas n3 coobpaskennii 6e3omacHoctTu, GUpMbl,
ocymiectBagiomue npoektbl ACY TII BogocHabkeHUsT TOPOJIOB, HE PACKPBIBAIOT CBOUX METO/OB
u croco60B, TPOTPAMM KOHTPOJIS U YIPABJIEHUS CUCTEMOI KOHAMITMOHUPOBAHUS, MOIA4U U pac-
npejeneHuss BoAbl. B umcTouHmkax wHMOpMAINM, Kak MPaBujo, cooOIIAeTcs JHIIb KOHEYHBIH
pesyabrar ACY TII: 3nauntesbHoe BbipaBHUBaHUEe Hanopos B cucteme [IPB, cuukenue Bojo-
noTpe6JieHnus W yTedeK M3 BOJOCETH, YMEHbIIeHNe YUCJIEHHOCTH OOCJY>KMBAIOINIETO NepCoHama,
B TOM YMHCJIe OIepaTOPOB HACOCHBIX CTAHINIH, aBTOMATUYECKWIl KOHTPOJIb 1O mpubopaM ydera
BOJbI U T. J. VIMess BO3MOKHOCTb U3Y4uTh paGoTy BOAONPOBOAOB MHOTHX cTpaH mMupa (CIIIA,
Benmuko6puranuu, Anonnu, lepmanun, @pannuu, Utaauu, Ounasguauu, Hopseruu, Fonnanann
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u ap.) u pykoBoas cosmanueM nepoit B CCCP ACY TII B XapbKoBe, aBTOp NpUIIE] K BbIBO-
ny, 4to B o6sactu BojgocHaGxkeHus B ObiBiieM CCCP He nmepenumananch a@eKTUBHbIE METO/IbI
OTIePAaTHBHOTO YIIPaBJeHUS U pecypcocOepeskeHns, TMPUHATbIE B Ha3BaHHBIX cTpaHaxX. MHuMas
9KOHOMWUS CPEJICTB TIPU CTPOUTEJNHCTBE W PEKOHCTPYKIINN OOHEKTOB BOJOCHAGKEHUS B TO BpeMs
He TOJIbKO He JIONyCKaJja CO3/[aHus KOPTIOPATUBHON aBTOMATU3UPOBAHHOW CUCTEMbI BoIoCHAGKe-
Hus, HO 1 u3oauposasa crernuaanctoB CCCP oT 3apy6ekHOTO TEXHIMYECKOTO OIbITa, CITOCOOHOTO
C TeYeHNWEM BpPEeMEHU MTPUHECTH TOCYAAPCTBY 3HAYNTENbHBIN aKOHOMIYecKuit addekT. Takas uso-
JIAIUS TIpUBeJa K TOMY, 4YTO B cTpaHaX EBpombI 1 AMEpPUKHU CYIIEeCTBYET COBEPIIEHHO WHOM MTOIX0/
He TOJIbKO K COCTaBY COOPY KEHWI KOHIUIIMOHWPOBAHMUS BO/IbI, HO U K COCTaBY CUCTEM €€ T0/[aun
U pacupe/iesieHnsi, B TOM 4YucJe U K BompocaM, Kacatommumcss ACY. 3a py6eskoM He JOTycKaerT-
cs cosnanue [IPB 6e3 ycTpoiicTBa BOMOHAMOPHBIX OalleH MJHM Pe3epBYapoB, PACIOJOKEHHBIX
B IUKTYIONNX TOYKAX CHCTEMbBbI. JTO K€ KacaeTcs W CTPOUTENbCTBA OalleH M pe3epByapoB MpH
TPAHCTIOPTUPOBAHUN BOJIBI OT CHCTEM KOHIUIIMOHWUPOBAHUA /10 Topoja. biaromaps BomoHamop-
HbIM GamHsaM B cucreMmax [IPB crabuiamsmpyiorcss HAamopbl B BOJOCETH W JlaBJIeHUE BOJBI B HUX
3HAUNTENHHO HIKe, 4yeM B cucteMmax [IPB ropomoB Ykpaunbl. 3a py6eskoM MIMPOKO pa3BUTa Jio-
KaJIbHAs T0/IKaYKa BOJBI K JloMaM, nuMeromuM Bbicoty oT 20 10 25 M. OTCyTCTBHE TAaKUX YCJIOBHIl
B Ykpaune obycuaBauBaer pazanunbie moaxoabl K ACY TII u monyskaaet uckaThb HOBbIE METO/IbI
u crioco6bl pelnieHns 3aja4 MOBbINIeHNns 3P (HEKTUBHOTO ONMEePaTUBHOTO YIPABJIEHUS CHCTEMaMU
I[TPB B ropoaax, npubamKasch K peleHusM, OJU3KUM K cymiecTByomuM B rocyaapctsax EC.

Bonpocam asromatusarnuu u cospanug ACY TII [IPB B ropogax CHI B nocnennee necd-
TUJIETUE YAeJSAJI0Ch HeJocTaTtouHoe BHUMaHue. OO0 3TOM CBHETEJbCTBYIOT MaTepHaJibl, OmMyO-
JIMKOBAaHHBIE B JKypHaJax «BogocHaGkeHuWe W caHWUTapHas TEXHUKa», «[OpPOJCKOe XO34HCTBO
YxpauHbl», a TakKe MaTepuabl MeKJAyHAPOAHBIX KOHTpeccoB «DKBATOK» B Mockse B 1998
u 2000 rr. u B dare B 1997, 1999, 2001, 2007 rr.

CroskuBieecs: TOJOKeHNE OODBICHSIETCS TaKKe 3HAYMTEJbHBIM COKpallleHneM pa3paboTOK
B 9TOM HAIlpaBJEHUU W3-3a (PMHAHCOBBIX TPY/HOCTEN, MCHBITBIBAEMBIX BCEMU BOIOITPOBOJIAMU
B CBSI3W C OTPAHUYEHHON TJIAaTeKeCIOCOOHOCTHIO OTPeOUTE e BOJIBI U OTCYTCTBUEM PBIHOYHBIX
yCJIOBUH B cucteMax BojocHabxkerunss. O630p cytecTByomux nybaukamuii mo Bornpocam ACY TII,
a Tak)Ke HEKOTOPbIe ONMUCAHUS JEHCTBYIONMX CUCTEM U UX CPAaBHEHUE C MPe/ITaraeMbIMI aBTOPOM
u anpoOMPOBAHHBIMU B HacTOANIell paboTe TO/X0/[aMi CBU/IETETHCTBYIOT O CJIEIYIONIEM.

B crarbe [69] nmpuBoguTcs omnucanuwe coszjganHoir B 1995 r. aBTOMaTHM3MpPOBAHHON CHCTe-
MBI JUCIIETYEPCKOTO YIpaBJeHus BoJOCHAGKeHueM Y JIbsIHOBCKA, KOTOpas OXBaTbiBaeT 8 Ha-
COCHBIX cTaHIui U 12 KOHTPOJbHBIX TOUeK BojoceTu. B cucreme mmeercss psji HEJIOCTATKOB:
He UCIOJIb3YeTCSI METOJl YIpaBJeHus cTabuam3alneil HalmopoB B AMKTYIOIMX TOYKAX, a TaKxKe
JIBYXKOHTYPHOE YyIIpaBJieHUuEe, IPUMEHSeTCs TeJeMeXaHWKa WHTETPUPOBAHHOTO YIPaBJIEHUS
1O BbIJIEJIEHHBIM TesleOHHBIM JUHUSAM. DoJsiee coBpeMeHHbIE CUCTEMbI, Takue, KakK (yHK-
IUOHUPYIONIasd Ha KOMMYHAJbHOM TPeANnpusaATHu «lIpon3BojCTBEHHO-TEXHOJIOTHYECKOE TIpPej-
npuste «Boma» (KII «IITII «Boxa»), WCIOIB3YIOT MHTEJJIEKTYaJbHbie MUKPOKOHTPOJJIEPHI
(nanpumep, KOMKOH), nossousionme pa6ortath Kak 110 BbIJeJeHHbIM TeJe(OHHBIM JUHUSAM,
Tak W 10 paJNoKaHATYy.

B pa6orax [116] u [277] paccmarpuBaercsa mporpamma EPANET, koTopast ¢ ycnexom ucroJib-
3oBana BO JIbBoBe n TasmmHHe A1 PEKOHCTPYKIIMKM ¥ 30HUPOBAHUS CeTell BOIOTIPOBO/IA, HAJNAIKN
paboThl apTe3naHCKUX BO/103a00POB. B TO e BpeMs gaHHas mporpaMMma He MCI0JIb30BaIach /s
onepaTuBHOrO ynpasjeHus cucremoir [IPB B pexxume peanbHOTO BpeMeHU, T.€. B COBOKYITHOCTH
¢ ACY TII IIPB, kak aTo peain3oBaHo Ha XapbKOBCKOM BOJIOTIPOBO/IE.

B.M. Kypanzga [115] paccmarpuBaer mpo6seMbl OBbIeHUS 3(DPEKTUBHOCTU YIIPaBIEHUS
Bo/locHaOKeHeM Ha ocHoBe co3fanust ACY. K coxanenuio, B paboTe He COJepKaTCSd TPUMEPbI
CO3/IaHUS TAKUX CUCTEM Ha MPaKTHUKE.

PerympoBanue mpon3BoNTETbHOCTA HACOCHBIX CTAHITNI C TIPUMEHEHNEeM CUCTEM aBTOMaTHde-
CKOTO yIpaBJieHus Ha 6ase peryJampyeMoro aJaeKTporpuBo/ia paccMorpeno B pabore [300]. Omgnako
MeTO/Ibl UCITOIb30BaHus Takux cucrtem comectHo ¢ ACY TII IIPB B pa6ore He 1npe//iosKeHbI.

M.1O. IOaun ¢ coaBropamu [321] mpuBOAAT pe3yJbTaThbl IPUMEHEHUS TTPOTPAMMHOTO 06ecrie-
yenus ¢upmbl UBIL «IloToks g Bomonposoaubix ceteit Cankr-Ilerep6ypra, ¢ moMonibo KoTo-
POTO pemaroTcs 3a/laui BbISBJIEHUS YYACTKOB CETH C aHOMAJbHO BBICOKUM CONPOTUBJIEHHEM. B TO
JKe BpeMsl yKazaHHble Mojiesin B oniepatuBHoM yrpabiaeann ACY TII TIPB we ucnonbayoTces.
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B crartpe [46] paccMoTpenbl BOTIPOCHI COBepIIeHCTBOBaHUS paboThl onepaTopoB IIPB B aB-
TOMATU3UPOBAHHON cucTeMe Juciierdyepckoro Kourposs u yupasienus (ACIKY) 3enenorpaza.
OmHuM U3 TJIaBHBIX 3BEHBEB CUCTEMBI SBJISETCS aBTOMATUYECKUI KOHTPOJb M PETYJIHUPOBaHUE
HAINOpOB B ceTu Ha 6a3e peTyJaupyeMoro ajeKTponpubojaa. [Ipenmoxen apdekTuBHBII c10CO6
OTIePATUBHOW OIIEHKH YCTOMYMBOCTU U 9KOHOMUYHOCTHU CUCTEMBI BOJIOCHAOKEHUS 110 PeXUMaM
paboThl BOJOMCTOYHUKOB, 3aracaM BOJbI B pe3epByapax, HamopaM B KOHTPOJbHBIX TOYKax
BOJIOCETH, 9KOHOMUYHOCTH PEKMMOB pabOThI HACOCHBIX CTAHIIMI, 6aJaHCy MO/Ia4l BOJIBI B CETh
n BogonoTtpebiaennto. OmgHako B paboTe He MpeJaraioTcsd MeTO/bl ONTHUMHU3AIUN PEXUMOB
pa6orer [IPB, orcyTcTBYIOT TIpefioKeHNs, Kacakonuecss COBMECTHON pabOThl PeryJanpyemMoro
anextponpuboga 1 AC/IKY 1mo o/JHOKOHTYPHOI 1 JIBYyXKOHTYPHOU cXeMaM, KaK 3TO BHE/PEHO
Ha KII «IITII «Bogas, oTcyTcTBYOT MaHHBIe 06 OTIepAaTUBHOM YIPaBJEHUU TPH BHEMITATHBIX
CUTYAIUSX.

9.H. Mycaumos, H.U. Tlcteira [144] onucwiBaior paspa6orannyio aisa Ciaonuma (Bea-
pycs) ACY TII IIPB. B cucreme npuMeHeHbI MPOBOJAHbBIE JUHUHU CBSA3M, MUKPOKOHTPOJLJIEPHI
Advantech, wactuyno — pajamokanaJ ¢ ucrnojab3oBanueM paauoctaniuu «Cupenb». Mukpo-
KOHTPOJIJIEpbI paboTaloOT TOJ ylnpaBJjeHueM ieHTpaybHoll [IOBM, ycranosiennoit wa I[JII1
npeanpusatusa. [Iporpammuoe o6ecrieuenne Process Manager mo3BoJigeT peajn3oBaTh OCHOBHbBIE
kiaccudeckue pyuknuu ACY TII. Bmecte ¢ Tem B ACY TII He ucnob3yeTcs peryJaupyeMblii
3JEKTPOINPHUBOJ], OTCYTCTBYIOT KaK OJJHOKOHTYPHOE, TaK U JIBYXKOHTYPHOE yIIPaBJieHrEe, a TaKxKe
ontumusaiusa pabotsl [IPB, urto gaBisgercs HemocTaTKaMu 9TOW CUCTEMBI.

B nacrostinee Bpemsi B Ykpaune u crpanax CHI peiicrBytor caenytonue ACY TII Bomo-
cHAGKEHMS.

1) ACY BopocHaGsxkeHueM n BogoorsesennemM Kuesa. Cucrema cosgana B 1985 r. B nHacros-
niee BpeMs pynknuonupyet u pazsuaerca ACY TII ITPB roposa, oxBaTbiBaionias apTe3uanckue
BO/IONTPOBOJIHbIE HACOCHBIE CTAHIIMM W HACOCHBIE CTAHIIMU TepeKkadyku Bojabl IV um V moabeMoB,
ok0Ji0 100 KOHTPOJbHBIX TOUEK JAaBJEHUS HA BOJOCETH, B TaK)Xe KaHAJU3AIMOHHbIE HACOCHDIE
craniuu. Bogoouncrusie cranmuu (/Inenposckas u [Jecusuckas) B ACY TII He BKJIIOUEHBI.
Cucrema moctpoeHa Ha 6a3e KOMILJIEKCAa TEXHWYECKUX CPEJICTB HWKHETO YpPOBHS <«IpaHuT»,
Ha BepxHeM yposte (IL/IIT) ucnosb3oBanuch ynpasisiomnme muaun-OBM tuma CM-1420, ko-
TOpble B HacToslee BpeMs 3aMeHsdoTca Ha [I9BM tuna IBM. Cucrema ¢dyHKIMOHUPYET B MH-
dopmarnmonnom pexkume. B kauecTBe coBeTa qucIeTYEpPy CUCTEMa OIpe/essgeT palroHaJ bHbIe
pesKuMbI Pa0OThl HACOCHBIX CTAHIIMI M ceTell JeBoOepesKHOI yacTu ropojia 1 paitona «O60J10Hb ,
OCHOBAHHbBIE HA ONTHUMU3AIMU 9HEPTO3aTpaT W TUpaBJIndecKoro pacuera cereii. Ilepenaua nn-
bopmaruu B cucreMe OCYIIECTBJSETCS 10O BbIJeJEeHHbIM TeiedoHHbIM JuauAM. 3agaun ACY
OPTaHU3aIMOHHO-9KOHOMIYECKOTO yIpaBJeHns peaan3oBanbl oTaeabubiMu APM Ha 6aze [IDOBM.
Heo6xonmmMo OTMETUTH, YTO B CUCTEME HET MOJHOTHI 0XBaTa 06beKTOB U (hYHKIIMOHAJIBHOTO Ha-
60opa 3aj1a4, YIpaBJSOINWI PEKUM B CUCTEME TaKyKe He 06ecTieYnBaeTcs.

B ACY TII 1IPB KueBa He ucCHoJb3yeTcsl PeTyJUPYEMblil 3JE€KTPONPUBOJI, OTCYTCTBYET
JIBYXKOHTYpHOE yTpaBjieHne, Kotopoe pazpaborano u anpobuponano apropom B ACY TII IIPB
XapbKoBa.

2) ACY TII BopocHabxenus SIarbl GyHKIMOHUPYeT 6oJiee NATH JieT. 3a MocJAeiHue ABa roja
B paMKax MojsiepHu3samnun trexandeckux cpeacts ACY TII va npeanmpusatuu BHeIpeHA pajnoTee-
MexaHnka AKBA-P. Otanunrenbnoii ueproit ACY TII IIPB fAater aBasgercda To, 4ToO B KOHTYP
yrpaBJeHus paboToil TpeX HACOCHBIX CTAHIMI BKJIOYEHBI BAa BOJIOPA3/IEJUTETbHBIX y3Ja, KO-
TOpbIe ABJLIOTCS CBOETO POJIa KOHTPOJbHBIMUA TOUKAMU U OJJTHOBPEMEHHO PEIIaloT 3a/1a4i 30HHO-
palloHHOTO pacnpe/jiesieHus: Bo/ibl. KOHTPOJIbHBIE NUKTYIONINE TOYKM, PACHOJIOKEHHbIE B 30HAX
JIeNICTBUST HACOCHBIX CTAHIIMI, YK€ MO3BOJISIIOT OCYIIECTBUTD OJJHOKOHTYpHOE ynpaBJjenue. /(g
JcTieTyepa nojaun u pacrnpenesenuns Boabl Ha [/II1 pemraercs psa BcrioMoraTebHBIX YYETHO-
AHAJUTHYECKUX 3aJlad, B YACTHOCTH 3a/la¥ya y4yeTa BBITIOJTHEHUS aBapUITHO-BOCCTAHOBUTEJIbHBIX
pa6or. Y aucrerdepa ectb WHGOpPMAIKs, BKIOYAOIAs CYTOUHbIe rPpadUKN 1MO1a9l BOJIBI, Tpa-
(bukm maBieHuit HA BBIXO/aX HACOCHBIX CTAHINII M B KOHTPOJbHBIX TOUKaX, MH(GOPMAIHUSI O pac-
XO0/le BOJIbI TIO HAIpaBJIEHUAM B BOJIOpacIpe/leTuTeNbHbIX y3aax. B pabote cucrembr ACY TII
OllepaTUBHBIN MTEPCOHAJ MOJAb3yeTcd nHdOopMalmeid 0 pacxo/ie aHepropecypcoB. B To ke Bpems
B ACY TII TIIPB ne ucnosb3yoTcd peryJupyeMblil 3JIeKTPONPUBO/], a TaKKe JABYXKOHTYPHDIH
PEXKUM yIIPaBJIEHUS.
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3) ACY BogocHa6xkeHueM mosryunan pazsutie B psige ropogos CHT, wo ynomsinyrseie ACY
He 006J1a/1al0T TTOJTHOTOH 0XBaTa 0OBEKTOB U MOJHOTOH (pyHKIMOHaIbHOCTH. [IpMepamu MoryT
cayxkutb ACY BomocHa6xerueM roposoB: B Poccun — Mocksbl, C.-Ilerep6ypra, Yens6uncka,
Hwxuero Hosropona, Tyssr, ¥Ybui, Ekarepunbypra, Kucinosoacka, Boarorpaga, 3satoycra,
I[lepmu u ap.; B Ykpaune — JIbBoBa, lBano-@dpaHkoBcka, TepHomoJsa, /[HenpoleTpoBCKa,
Ogpeccnr, 3anoposxkbs, Mapuynoss, Hukonaesa, Aarel, /lonenka u ap.; 8 benapycu — MuHcka,
I'poxno, Burebeka, bpecra, Ciaonuma.

[IpuBenem xapakTepHble YePTHI JJTAHHLIX CUCTEM.

PasButne aTux cuctem ujieT NpeuMyIiecTBEHHO MO My TH KOMITbIOTEPU3AIlMU OPTaHU3aIMOHHO-
skoHomuueckoro ynpasienusi. ACY TII passusaercs ciabo (3a uckiaoyennem MockBbl 1 CaHKT-
[TerepGypra, rae ACY TII oxBaTbhiBaeT IPaKTUUECKU BCE BOJOOYNCTHDIE CTAHIIMN) . ITO 0ObACHS-
erca TeM, uto co3nanue ACY TII ropasno noposke u 6oJsiee TPyL0EMKO, YeM KOMITbIOTEPU3AIIHS
OTZEJbHBIX OTAEJIOB U CJYKO TPENPUITHI.

BosbmmHCTBO cucTeM cTpousoch Ha 6ase ycrapesmux cpeacts tesemexanukn (TK-210,
TM-320, «I'panut» u T.1.), UCHOJIb3YIONIUX BbleJeHHbIE TesedoHHbIe JuHIE (UTO J0CTATOUYHO
JIOPOTO) W MMEIOIUX HHU3KOe GbICTPOJAEHCTBUE, HAAEKHOCTb W PEMOHTHOIPHUIOJHOCTD. JIWIIb
He3HAUUTeJTbHOE YMCJIO CUCTEM KCI0JIb3yeT COBPEMEHHbIe MUKPOKOHTPOJJIEPHI U PAIMOKAHAJIDI
nepe/layn JJAaHHDIX.

Kpaiine neapdeKTMBHO TPUMEHSIOTCS COBPEMEHHbBIE METO/[bl ONTHUMU3AINN yIPaBJICHUS
TEXHOJOTUYECKUMU TTPOIeccaMu 1o ibeMa, 06paboTKH, TOJaun U pacipeeeHusT BObI, MO/IEJIH
MIPOTHO3UPOBAHNUSA BOMONMOTPEeGJIEHNS U COBPEMEHHbBIE METO/Ibl PETYJIUPOBAHMS TTPON3BOJIUTEb-
HOCTHM HACOCHBIX YCTAaHOBOK (peryimpyeMblii 9JIeKTPONPUBO/L), He UCIOJAb3YETCA ABYXKOHTYPHOE
yIpaBJeHrue, KOTopoe ycienno GyHKIIMOHUPyeT B XapbKOBe.

[Ipaktuuecku Bce neiictByomue ACY TII pa6orator B nHpoOpMaImoHHoM pexkume. JIummn
HEKOTOpbIe M3 HUX WCIOJb3YIOT PEXUM TeJeyIpaBJeHus ¥ HEMOCPeJACTBEHHOTO IUMPOBOTO
perysupoBaHus Ju60 JOKAJTbHbIE CUCTEMBl aBTOMATUYECKOTO PETyJIUpoBaHus Ha 6aze MUKPO-
KOHTPOJIJIEPOB U PETYJUPYEMOTO 3JEKTPOIPUBO/IA.

o nacrosuero Bpemenu Hu oxna uz ACY BogocHaGxkennem B CHI (kak wuHTErpu-
poBaHHas cucTeMa YIpaBIeHUS NPeANPUATHEM) He NPUOAU3UIach K CO3JaHUI0 Ha ee Oase
KoproparuBHoii undopmanuonroii cucrembr (KMC) — kak HOBOMY arany aBTOMaTH3AllMK
yIpaBJieHus.

[TpakTuvyecku Bce BHEJAPEHHBIE CUCTEMBI [0 CUX MOP ABJALGIOTCS OJHOKOHTYPHBIMU.

B ACY BojgocHaG:xkenneMm XapbKoBa, B OTJHYHE OT GOJBIIMHCTBA OIMCAHHBIX CHUCTEM,
Ha OCHOBE TOJIYUYEHHBIX B paboTe pe3yJabTaTOB WMCIOJb3YIOTCS: MPUHIIAT PAllMOHAJBHOTO CO-
YeTaHWsl [EHTPAJU3AINUN ¥ JelleHTPaJIu3alun yupasiennd; ynpasadwomuii pexkum ACY TII,
a He TOJbKO WH(OPMAIMOHHO-cOBeTyOIMMe (PYHKINKW; paJroKaHaJ Iepeaadn uHOOpMAIun
B ACY TII (Hapsaay ¢ IPOBOAHBIMYU JUHUAMU CBA3M); COBMeCTHas paboTa CUCTEM PeryJupo-
BaHus Ha 6ase peryaupyemoro anekTponpusoga ¢ ACY TII; uarterpamusg ACY TII u cucrembr
OPTaHMU3aIMOHHO-9KOHOMWYECKOTO YIPaBJEHUS, C ee JIOTUIECKUM TTpeo6pasoBaHueM B KOPIIO-
paTuBHYI0 MHGOPMAIMOHHYIO CUCTEMY; PEaJM30BAHHBIN PEKUM JIBYXKOHTYPHOTO YIIPaBJIEHUS
B ACY TII 1IPB.

OcHoBHbIe ujen u Texuudeckue penrenusi pasputusgs ACY BojgocHaGkeHueM, pPaspabOTKH
HOBBIX METOJZ0B, MOJIeJieil M CPEe/ICTB MpeCTaBJeHbl aBTOPOM B HacTosIel paboTe.

1.6. BBIBOP HAIIPABJIEHU S UCCJIEJOBAHUIA.
HEJb U 3AJAYIN

[lesbio paGoTHI, TTPOBEJEHHON aBTOPOM, SBJSJIACh Pa3pabOTKa TEOPETUYECKUX M IKCIEePHU-
MEHTAJTbHO 060OCHOBAHHBIX METO0B MHTeHCU(UKAIIUN pabOThl CUCTEM TOJaull U paclpe/leTeHns
BO/IbI, HAIIPABJEHHBIX HA pellleHre Ba)KHOW HAPOJHOXO3SHCTBEHHOW 3a/laul — MOBbINeHUE 3(-
(exTuBHOCTN BOMOOOECTIEUEHUST TOPO/IOB.

B cootBercTBUU ¢ 1ebio paboThl cHOPMYJSUPOBAHBI CJAeAYIONNAE 3aJa4d U HATPaBJEHUS
MCCJIeIOBAHNS

— TIPOBECTH KOMILJIEKCHOE MCCJIe/IOBaHNE CTAJTbHBIX MaruCcTpaJbHBIX BOJOBOJIOB JHAMETPOM
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1200—1600 MM, He UMEINX BHYTPEHHETO 3aNIUTHOTO MOKPBITUA, C 1EeJbI0 ONpe/ieJieHIs pocTa
MaKpOIIepOXOBATOCTU U MIPUYHMH ee o6pa3oBanus. Ha ocHOBaHWM HATYPHBIX MCCJIEOBAHUN MTOJTY-
YUTDH AMIIUPUYECKNE 3aBUCUMOCTH, CBSA3bIBAIONIIE KO HUITNEHT COMPOTUBJIECHUS TPEHUS C YUCJIOM
Peiiosb/ica 1 OTHOCUTEJNBHON MIEPOXOBATOCTHIO, U3MEHSOIIEICS B TIpollecce AKCILyaTaluu;

— paspaboTaTb METOMNKY pacueta KoadduitmeHTa TuapaBIndeckoro COMPOTUBJIEHN, OTpa-
JKAIONIYI0 peajbHYI0 KapTUHY KOPPO3MOHHBIX MPOIECCOB ¢ 06pa3oBaHUEM MaKPOIIEPOXOBATOCTEIH;

— BBITIOJTHUTD aHAJIN3 OTEYECTBEHHBIX U 3apyO€KHBIX JAHHBIX O BOAONOTPEGJEHUN TOPO-
JIOB, PACIOJIOXKEHHBIX B PAa3JUYHBIX MPUPOJIHO-KJINMATUUYECKUX YCJOBUSX, CUCTEMATU3UPOBATD
U OIEHUTH COCTOSHUE BOJONOTPEOIeHNS B HAaCeJeHHBbIX TyHKTaxX YKkpanubl u B CHI, ompenennts
¢axToOphI, OT KOTOPBIX OHO 3aBUCHT; MOCTPOUTH (DYHKITMOHAJbHBIE 3ABUCUMOCTH MEXKIY Y/IEJbHBIM
CpPe/IHECYTOYHBIM BOAOTOTPe6IeHNEM U KasKIbIM W3 BBIIBJIEHHBIX (PaKTOPOB;

— paspaboTaThb METOJIUKY pacyera yJAeJbHOTO CPEHECYTOUYHOTO BOIONOTPEOIeHNs, TI03BOJISIO-
Y10 OTIEHUBATb XapaKTepP ero u3MeHeHNsd U aKTUBHO BO3/IEICTBOBATDH HA TMIPUHATHE PAIMOHATbHBIX
VIIPaBJEHUYECKUX PENIEHU C yUeTOM CTPATEerndecKOil BEeCOMOCTH HACEJEHHBIX MYHKTOB;

— ¢ 1esbio nHTeHcuduKanu paboTsl AeiicTByomux cuctem [IPB mpoBectn nccienoBanus,
paspaboTaTb W BHEJPUTH METOJl [BYXKOHTYPHOTO aBTOMATUYECKOTO YHPaBJEHUS HACOCHBIMU
CTAHIMSMY, OTJNYAONIUICS TPOCTOTOM, 06eCTIeunBAIONI CTAaOMIN3AIMIO HATIOPOB B AUKTYIOIIEH
TOYKE, JAIUNH BO3MOKHOCTD BBISABJISATL aBApUM U J[PyTHe BHENITATHbIE CUTYAllUH;

— pazpaboTatbh METOIMKY OIpe/leIeHNs MHTEHCUBHOCTU OTKA30B B BOJOCETH, TTO3BOJISIONIY IO
aJIpeCHO BBISBJISTD YYACTKH CETH, TJe HeoOXoauMa 3aMeHa Tpy6O WM X CaHAIU;

— €03/1aTb HOPMATUBHO-TEXHOJOTUYECKYIO 6a3y /IS peajau3anuy 3a1ad WHTeHCHpUKAIum
paboThI CHCTEM TI0/Iaul U pacrupeseaeHus Bo/bl. /[y aToro npeaycMoTperb pa3pabOTKy U BBITTYCK
HOPMATHUBHO-CITPABOYHOI JJOKYMEHTAIIUU, anpoOUPOBaB ee Ha psjie 00bEKTOB rOpo/I0B Y KpanHbI,
MOITOTOBUTD TIOCOOWST M BHEJPUTH MX B IMMPOEKTHBIX OPraHU3alMsAX W B y4eOHBIN TTPOIecC BY30B.
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I'/IABA 2

OCHOBHBIE METO/Ibl UCCJIEJJOBAHUI

2.1. METOAUKA PACYHETA KOOOOUIMUEHTA
TMAPABJINYECKOI'O COITPOTUBJIEHUA A

Harypnble uccae/joBanusi Ha CTaJdbHBIX BOJ0BOIax auamMeTpom 1200—1600 MM mpoBoanInCh
Ha mpotskenun 37 getr. B 1963—1970 rr. aBTopoM 6bI0 MccaeoBaHO 3HaYeHe KoadduimenHTa
A Ha BOAOBOAAX ¢ HEOOJBUIMM CPOKOM dKcIayaTanun (10 9 jer), 1 0OCHOBHOE BHUMAHUE YeJIs
3HAYEHNAM A B peskuMe palboThl BOAOBOJAA B KBaJAPaTHYHOW 30He, TAe BeaM4nHa Re 11 BCex
BO/IOBOJIOB TIpPMHUMaJsach moctosiuHoi [173, 175]. B To BpeMs He Oblia yCTaHOBJEHA 3aBUCH-
MOCTDb KO3 dUIMenTa THAPABANIECKOTO COMPOTUBIEHNS OT BPEMEHU, a JUIIb KOHCTATUPOBAJICH
(akT ero yBesmueHnus c TeueHueM BpeMeHU sKcnayatanun 1. He mpoBoamanch mccaenoBa-
HUSA TIPU CYMIECTBEHHO M3MEHSIONNXCA YncaaX Re, 4TO He TO3BOJISITIO BBISIBUTH 3aBUCHUMOCTH

r=[f(Re), A= f(Z), A= f(T) u 1. n. Braase 3 Hacroseii paboTbl IpejcTaBieHa 3aBUCHU-

MOCTb A = f(Re,Z). [Tpu HaTypHBIX UCCaEI0BAHUAX BO0BOA KO3(DDUIMEHT I IPaBINIECKOro
COTIPOTUBJIEHUS A omnpejessyics no uasectuoit popmymne lapcu—Beiic6axa [157, 308, 345]

2
=2t : (2.1)
d2g
A — KoaddUIMEHT THAPABINIECKOTO TPEHUS IO JJNHE BOOBO/IA;
| — puuHa BomOBOIA, M;
d — numaMeTp BOJIOBOJA, M;
V — cpennsgs cKOpocTh MOTOKA BOJBI B BOJIOBOjIE, M/ C;
H — motepu namopa, M.
[Tpu mccaeqoBanNM BOIOBO/IOB BBIAEPKUBATINCDH CJIEAYIONINAE YCIOBUS:
a) JUTMHA ONBITHBIX yd4acTKoOB Gblna Gosee 7000 M u mocturaisa 109 000 m;
6) Ha ONBITHBIX yYacTKaX IPOU3BOAMINCH BbIPE3KHU HJIE€MEHTOB CTEHOK TPyG6 s UcCae10Ba-
HIs aBCOJIIOTHON MaKPOIIEPOXOBATOCTH BHYTPEHHEH MOBEPXHOCTH BOJAOBOJIA;
B) Ha OIIbITHBIX YYaCTKaX MMeEJIaCb BO3MOJKHOCTb IIPOBOAUTH NbE3OMETPUYECCKUE U3MEPCHUA
1 uaMepenus pacxoja Boabl (IIpUMeHsINCh 00pa3loBble MAHOMETPBI, 06eCIeYnBaIoNIne TOYHOCTD
n3MepeHuil AaBjeHus, U yabTpa3BykoBbie pacxomomepbl UFM 610 p, o6ecreunmBaronine TOYHOCTD
U3MepeHuil pacxo/a BOIbI).
[Torepu mHamopa Ha ydacTke BOJOBOJIA OTPEIEAInCh 0 hopMye

HL+,\4=(Z1+B1+ﬁ - ZZ+BZ+§J, (2.2)
Y Y
rje Z1 nu 22 — OTMETKHU HITYLEpa B HadaJie 1 B KOHIIE UCCJIEAYEMOI'O YyUaCTKa BO/I0OBO/1A;
B1 n 32 — PacCCToOAHME OT BE€pXa HITyI€Epa A0 OCU MaHOMETpa B HadaJie U B KOHIE yYaCTKa
BOJ0BO/Ia;
PP

—u — MaHOMETPHYECKUIl HAIlop B Hauaje U B KOHI[E y4acTKa BOJOBOJA.
Y

<2
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Ha Bcex yuacTkax Ha BpeMsl UCCJIEAOBaHUiT ObLIM yCTaHOBJIEHBI 06PA3IOBble U KOHTPOJIbHBIE
MaHOMETpbI. Pesy/ibTaThl 3aMepoB IOKa3aTejeil MAaHOMETPHYECKOTO0 HAIlOpa BO BPEMS IIPOBEACHMUS
ONBITHBIX Pa0OT 3aHOCUJINCH B CIIEIMAIbHbIE AHKEThI. 3aMepbl PACXO0B M CKOPOCTEH B BOAOBOJAX
OCYILECTBJISICH KaK CTAIMOHAPHBIME YJIbTPa3ByKOBBIMU PACXOJ0MEPAMH, YCTAHOBJEHHBIMU HA Ha-
COCHBIX CTAHIIMSAX, TaK M HAKJIaAHBIMH YJbTPA3ByKOBBIMH PACXO0MEPAMH.

Oco6oe 3HaveHne NPUAABAIOCH U3MEPEHHMIO PACXOI0B BOABI C IOMOIIBIO YIbTPA3ByKOBBIX
HaKJIaJHbIX pacxojgoMepos tuna UFM 610 p (puc. 2.1-2.5).

Puc. 2.1. YabrpasBykosoie Hakaagnble pacxogomepbl UFM 610 p

Puc. 2.3. l3mepenue cKOpPOCTH U pacxo/ia BO/bl B BogoBoe auamerpom 1200 mm
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Puc. 2.5. 3mepenue cKOpoCTH U pacxojia BOAbl B BogoBoe quamerpoM 1400 mm

[Tepenocuoit npu6op UFM 610 p npeanaznaven A/ NIpuMeHEHNS B HECTAITMOHAPHBIX yCJIO-
BUSX 1 060PYZI0BAH aKKyMYJISATOPOM MUTAHUS, MECTHBIM JIUCILIEEM, YCTPOHCTBOM [T HAKOTIJICHUS
nauubpix 1 uaTepdeiicom RS 232 ang csa3u ¢ [I9BM. On mo3BoseT 10CTaTOYHO TOYHO U3MEPSITDH
pacxXo[ YMCTHIX U OJJTHOPOJHBIX KUKOCTEN ¢ MaJbIM COJIEPXKaHUEM Ta30BbIX BKJIOUEHUN U TBEP-
JIBIX YACTHUI[, TAKWX, KaK BO/A, IpeJHa3HaueHHas /g HarpeBa WJn OXJXKIeHUs, BOJA Ha BBIXOJE
OYMCTHBIX COOPY>KEHUI U T. [.

[Ipumensiemast cucrema u3MepeHus: ABJjsgeTcss OECKOHTAKTHOI, He TpeGyeT Bpe3Ku B TPyOO-
MPOBOJI, HE CO3/aeT Mepernajia JaBJIeHNsS 1 He BHOCUT N3MeHeHus B MOToK. [lapaMmeTpsl XKuaKocTu,
Takue, Kak 3JeKTPONPOBOJHOCTD, JaBJeHNE, TIJIOTHOCTD, HE BJIMUSIOT HA Pe3yJabTaThl NU3MEPEHUI.
Haksagabie yabTpasByKoBbIe PACX0OJ0MEPBI TTPOCTBI B YCTAHOBKE, HE HYKAAIOTCS B 0OCTYKUBa-
HUM, TOTPEOIAIOT MAJO 3JEKTPOIHEPTUU. Y IbTPa3BYKOBBIM HAKJAQJIHBIM PACXOJOMEPOM MOKHO
N3MEPATDH 00beMHBIN pacxoa BOAbl B ME€TAJIJIMYECKUX, IMJIaCTUKOBDIX, aC6OI_[€MeHTHI)IX préOHpO-
BOJaX, a TaKXe B TPYGOHPOBO[[aX C BHYTPEHHUMU WJIW BHEITHUMU HNOKPbITUAMU.

/lBa yJbTPa3BYKOBBIX JATYMKA YCTAHABJIUBAIN Ha TPyOOIPOBOJE B TOYKE, T/l€ BOIOBO/I
MOJTHOCTBIO 3aMOJTHEH BO/OM. /laTurky GbLIM PACTIOJOKEHBI TAKUM 00Pa3oM, YTOObI U3MEPUTEb-
HBII JIy4 UMeJI TOPU30HTAJbHOE MOJOKeHe. TOUKY KOHTAKTa /IaTYuKa U TPyOGONPOBOIa OUUIIATN
OT psKaBYWHDbI, OTCJIOEHUA HOKprTHi/JI.

[Mpunnun pa6orer HakgaaubiXx pacxogomepoB UFM 610 p ocHoBaH Ha TOM, YTO 3BYKOBas
BOJIHA, TIPOXO/IAINAS Yepe3 Cpely B HAPaBJIEHNH, COBIA/AONIEM C HANPABJEHUEM TTOTOKA KUJIKO-
CTH, pacrpocTpaHsgeTcd 6bicTpee, YeM B TTPOTUBOIIOJIOKHOM HallpaB/ieHnn. V3aMepeHueM npsiMmoro
1 00pPaTHOTO TPOXOK/IEHNS YJbTPAa3BYKOBON BOJHBI OIpe/e/seTcss CKOPOCTh MOTOKa. Pabora
pacxogomepoB UFM 610 p ocymiectBasiach B pexkuMe «auaronanb» (puc. 2.6).
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PasgenuTensHoe
paccrosiHue

2 [NoTok Boabl
B BOOOBOAE

AN
| — \
Puc. 2.6. Kpenenne a1 quaroHaJbHOTO 3aMepa:
1 — HenoJBUKHBIN 6J0K; 2 — peMHH; 3 — MOABWXHBIN GJIOK

3

CKOpOCTh PACHPOCTPAHEHNUS yIbTPA3BYKOBOI BOJHBI U3 TOUKU A B TOUKY B

Vi, =C,+V, coso. (2.3)
CKOpOCTbh PACHPOCTPAHEHUS yIbTPA3BYKOBOIN BOJHBI U3 TOUYKU B B Touky A

Vo =C, =V coso. (2.4)

Bpemsa pacnipocTpaneHuss BOJIHBI U3 TOYKU A B TOUKy B

L
P E— (2.5)
C,+V, coso
Bpemsa pacnpoctpaneHuss BOJIHBI U3 TOUKW B B TOuky A
L
fpy = — (2.6)
C, -V, coso
rae C, — CKOPOCTb PacHpOCTPaHEHUS YJIbTPa3ByKa B JKUIAKOCTH;
V .; — CKOPOCTb pacHpOCTpaHEHUs yJIbTpasByKa U3 TOYKUM A B TOUKy B;
V,, — CKOPOCTb pacHpOCTPaHEHUs yJIbTPasByKa U3 TOYKU B B TOUKy A;
V  — cpeaHas CKOPOCTb IIOTOKA JKUKOCTH;
t,;, — BPeMs pacnpocTpaHeHus yJIbTPadByKa U3 TOUKM A B TOUKy B;
t,, — BPeMsA pacnpocTpaHeHus yJIbTPadByKa U3 TOUKH B B Touky A;

L — paccrosinue Mex/y JaTulMKaMH.

[TpuBenem Texumueckyio crenudurammio pacxogomepa UFM 610 p: mpumenenume — us-
MepeHne 00beMHOTO PacXojia JKUJAKUX Cpejl; Januble Tpy6onpoBosos: auamerp — 13-5000 mm;
TOJIIUHA CTEHKU — JI0 75 MM; Marepuas TpyOOIpPOBOJAa — MeTaJLI, ILJIACTUK, YyTYH, JIOObIe
cronrHbie BHyTperHue (BHenrHue) moKpbiTus. [lepBuYHbIe yCTPOHCTBA — JBa YJIbTPa3BYKOBbBIX
JIATYNKA C MOHTAKHBIM KOMILJIEKTOM.

Jartunku tuna B ucnosb3oBasuch s ucciaenoBanus tpy6 auamerpom 90—1000 mm. /[lat-
yukn tuna C — pus Tpy6 auamerpom 1000—5000 mm. [TorpentnocTts usmepennit mpu V >1 M /¢
He mpesbimana 2 %, mpu V<1t m/c — 0,02 m/c. Hucao Peiinoabaca Re > 10000. ITocrosaHas
BPEMEHU Majia U COCTABJISET JIUIIb J C.

[Tporpammuoe oGecriedenne npubopa JaeT BO3MOMKHOCTb TepelaBaTh dKCIIEPUMEHTATbHbIE
JlaHHbIe, HaKoTJeHHble B mpubope, depe3 unHtepdeiic RS 232 na [I9BM u coxpanarb ganHbIe
0 KaanOpoBKe mnpubopa. 3aBojckue HOMepa mpumenssimuxcs npuéopos UFM 610 P: 09200,
09100, 06400, 00098, 05700.
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Tommuua crenkn TpyObI M3Mepsgach KOHTAKTHBIM CHOCOOOM C IOMOIIBIO TEePEHOCHOTO
yJabTpasByKoBoro tosmmuoMepa Y T-9311 TY25-7761.007-86, Ne94.91.4 (puc. 2.7 u 2.8), upu
3TOM ofecneunBajach aKyCTUYecKass KOHTAKTHOCTD IIYyTEeM IIPHKATHS KOHTAKTHOH MOBEPXHOCTH
npeo6pasoBaresisi K MOBEPXHOCTH BO/OBOJA. TOJIMIMHOMED TO3BOJISIET TIPON3BOUTH U3MepeHHe
CTeHKHU TPyOOIIPOBO/Ia, B TOM YHCJe C KOPPOANPOBAHHBIMU IIOBEPXHOCTIAMM, 0OecTieynBasi TOUYHOCTD
namepenus B aumamnaszone temiepatyp ot —10 °C go +50 °C. IIpeaes AOmMycTHMOI MOTPENTHOCTH
tosmmuuomepa £0,1 mm. [uckperrocts nudposoro orcuetHoro ycrpoiictea — 0,1 mm.

Puc. 2.8. lsmepenne ¢ momonpio toammHoMepa Y T-93 I Tosmmab
MHKPYCTUPOBAHHOTO 06pasiia, B3ATOro ¢ BoaoBojaa auameTpoM 1400 Mm

HapocTbl WMHKPYCTHPOBAHHON TOJOCTH TPyGOTPOBOJA M3MEPSJIN C IMMOMONIBIO CHEHAJbHO
noArotoBJaeHHbIX mranrernupkyaeii (III-1 TOCT 166-89 wu IIII-1-125-0,1 TOCT 166-89)
U KOHTAKTHOIO U3MEPUTEJIS TOMIUHBI MakpoliepoxoBaroctu (puc. 2.9). [lunanasoH uaMepeHus —
0—125 mm; 3raveHus orcuera mo HoHMycy — 0,1 MM; npexen momyctumoit morpemuoctu — 0,1;
KJlacC TOYHOCTH — 2.

Puc. 2.9. Iltanrennupkynabp HII-1, koHTakTHBII U3MePUTEDb
TOJMKUHBI MakpoiepoxoBatoctn MTM-1
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[Tonarasi, uto K02 UIMEHT TUAPABIMUYECKOTO COTPOTUBJIEHUS A 3aBUCUT JHUIIb OT ABYX
6e3pa3MepHbBIX MapaMeTpoB: uncaa Peitnomabaca [14, 15, 17, 345]

dVv
Re =—, (2.7)
\%
raie v — Koo uimeHT KnHeMaTniecKoil BSI3KOCTH BOJIBI;
V — ckopocTb TeueHust B BOJOBO/IE;
d — namamerp BOJOBOjIA,
U OTHOCUTEJbHON IEePOXOBATOCTH
)
A=—, (2.8)
d
rae 8 — aGcosoTHAs MEePOXOBaTOCTh Ha BHYTPEHHEI MOBEPXHOCTH BOAOBOJA.

B narypubix ycaousx (puc. 2.10, 2.11) usMepsuch Bce mapaMeTpbl, HEOOXOAUMbIE /IS
onpezenenns A. [Ipu atom ucnosbsosatach ¢popmyna (2.1).

Puc. 2.10. YcTpoiicTBO j1a3a /i/ig KOHTPOJbBHbBIX 3aMePOB TOJIIIMHBI CTEHOK,
MaKpOIIEPOXOBATOCTU U CTEIEHM 3apacTaHMsl BHYTPeHHell IIOBEPXHOCTH BOJOBO/A

3aBUCHMOCTh A OT YIOMSIHYThIX Ge3pa3MepPHbIX MapaMeTPOB ONpe/eJisiiach B Ba dTalla.

Ha mepBoM aTarie ucc/ie/JoBajJu MapHble 3aBUCUMOCTH:

1) BemuuHBI A OT uncaa Re npu GpukcupoBanHoM sHauenun A (Ipy HbIHENIHEM COCTOSHUM
B0o10BOI0B) A = f(Re);

2) BpeMEHHOIl 3aBUCUMOCTH aGCOJIOTHOW ¥ OTHOCHTEJBHOIl IIEPOXOBATOCTH OT BPEMEHU
§=f(T) n A=f(T), rne T — BpeMs sKCILIyaTallii BOJOBO/IA, MEC.;

3) BpPEMEHHOH 3aBUCUMOCTH THAPaBANYecKOro conporusienus A = f(T) ;

4) 3aBHCHMOCTH BeJMYMHBI A OT OTHOCHTEIbHOI mepoxoBatoctu A = f(A) .

Ha pgaHHOM 3Tame MCCJeJOBAHUN IPUMEHSIJICS METOJ IaPHOTO PErpecCHOHHOrO aHAJIHu3a
[286]. B ocHOBY 6bLJI0 TIOJIOKEHO MPE/ITOIOKEHNE O JTMHEIHOW 3aBUCUMOCTH U PA3JIMYHbIE BU/bI
HEeJMHENHBIX 3aBUCUMOCTE, J0NMyCKaomuxX JuHeapusanuio (BHyTpeHHe JuHelnbix). B ciayvae
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JIMHENHOUW 3aBUCUMOCTH WJIM 3aBUCUMOCTEH, HEJTMHEHHBIX TOJbKO 110 HE3aBUCUMOU MepeMEHHOM,
K02 UIMEHTHI PETPECCUN OIEHUBAJIU C TIOMOIIHIO KJACCUIECKOTO METO/1a HAMMEHBIITNX KBA/[PATOB.
Ilng perpeccmoHHBIX (DYHKIWI, HEJWHEWHBIX MO 3aBUCUMON IMepeMeHHOU, MeTO/l HauMEeHbBITNX
KBaJ[PAaTOB MCIIOJIb30BAJICS B 1EJIX MOJYyUYeHUs HAYAJIbHOTO TMPUOIMKeHUs A5 K03 HUIMeHToB
perpeccun. [lanee xKoadpdUIMEHTHI PErpeccuy yTOUHSIW IYTeM PENIeHUs] CUCTEMbI JTMHEWHBIX
ypaBHEHUI IO METO/ly HAaUMEHbBIITNX KBAaJPaToB, YTOOBI TOTOM pelllaTh HeJMHEeapU30BaHHbIE yPaB-
HEHUsI METOJIOM I0CJe0BATENbHBIX TPUOIMKEHUI.

Boi6op onTuMasbHON perpeccCuOHHON 3aBUCUMOCTHU OCYIIECTBJIAIN 10 MaKCUMyMy Koaddu-
IMEeHTa KOPPEJSAIUN UIN 110 MUHUMYMY OCTAaTOYHOW JMCIEPCUN.

JloBepuTeIbHBIN NHTEPBAJ AJISI IMHUW PETPECCUN PACCUNTHIBAIN B TIPEATIOJIOKEHNN HOPMaJb-
HOTO pacrpejieJieHus OCTaTKoB perpeccuu. C yueToM 3TOTO MPEAINOJI0XKEHN [IJIsT JOBEPUTETbHbBIX
TPaHUI PETPECCUH MOKHO 3aITMCATh BBIPAKEHUS

=%, + Ko A, =%, —K,o, (2.9)
rje XB " 7\,11 — BEPXHAA U HUKHAA JOBEPUTEJbHDbIC I'PaHUIbI COOTBETCTBEHHO;
Kp — ﬂOBepHTeJIbeIﬁ MHOKXUTEJIb [JIA SaﬂaHHOﬁ ﬂOBepHTeJIbHOfI BEPOATHOCTU p (HIIH
P =095 K = 1,96);
G — cTraHgapTHadgd omubKa perpeccun (cpeaHeKBaapaTqucxoe OTKJIOHEHHNE (baKTI/Iqe(IKI/IX

sHaveHmit A ot A,).
[l XapaKTepuCcTUKU TOYHOCTU BBIOPAHHOW PErpPecCUOHHON MOJIEJIN OTIPE/IEJISIIN OCTATOUHYIO

auctiepcuio o dopmyJe [246]
Z (7‘Pf - 7‘¢;‘)2
_ _J

n-1

2
(o)

) (2.10)

rae kp 171 k(b — paccunTaHHble 1 akTUYeCcKue 3HaYeHus Bequunubl A. Kpome Toro, mis xapaxk-
TEPUCTUKU TOYHOCTU BBIOPAHHON MOJEN MCIOJb30BaN KO3(MOUIMEHT KOPPeasIuu, KOTOPbIi
Haxoauau 1o Qopmy.ie

, (2.11)

rje O, — MCIIepPCHs] BEeJIMUMHDL A.

Ha BTOpOoM 5Tarne cTpouau ABYX(aKTOPHYIO perpeccuonnyio mojaenb A = f(Re,A). C aroii
[eJIbI0 TIPUMEHSIJIN METO/] MHOKeCTBEHHOTO HEJIMHEIHOro perpeccMoHHoro aHasausa [129]. B ka-
yecTBe /IBYX(MaKTOPHON pPerpecCMOHHON MO/ieJin MPUHUMAJHN PErpecCHOHHYI0 3aBUCUMOCTb BU/A

L(Re,A) = ¢, (Re)o, (Z) , (2.12)

rjae ¢, u ¢, — HeJuHeliHble PYHKIUM, BUJ KOTOPBIX ObLI OIpejeseH Ha sTalle I1apHoro perpec-
CHMOHHOTO aHaJ/u3a:

¢, (Re)=q J{%T; (2.13)

0, (A)=exp(a, + bA). (2.14)

Koadduunenrst a,, b, u noxasaresn crernenn n 8 (2.13) u (2.14) Gpaan paBHBIMEH COOTBET-
CTBYIONUM BeJTMUYNHAM, HAW/IEHHBIM Ha dTalle MapHOTO PErPECCUOHHOTO aHAIN3a, a KO3 UIIMEHTDI
perpeccuu @, u b, onpe/iesiaan MeToJJ0M HaUMEHbIIUX KBaJPaToOB 10C/Ie JTuHeapusauu (hopMy bl
(2.12) nyrem norapudpmMupoBaHus.

[l XapakTepuCcTUKY TOYHOCTH IBYX(aKTOPHOI PerpecCuOHHON MO/Ie/I PACCUUTHIBAJIN OCTa-
TOUYHYIO JUCIIEPCUIO ¥ KO3 PUIIMEHT MHOXKECTBEHHOU KOPPEJIIUu 1Mo (popMyiaM, aHAJOTUYHBIM
(2.10) u (2.11). [Ing nmocTpoeHust HOBEPHUTEJIBHOrO MHTepBata perpeccun no dopmymne (2.9)
onpeJeNsIn J0BEepUTeIbHble TPAHUIb! A1 Benunnbl In A: (InA) m (In 2 .

Pacderpr Boimosnsaan Ha [IOBM ¢ nomolibio MHTErpUPOBAHHON CHUCTEMbI CTATUCTUYECKOTO
ananusa u o6paborku ganubix STATISTICA [30].
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2.2. METOJA PACYETA BOAOIIOTPEBJIEHUA TOPOJAOB

WccnemoBanne 3aBUCUMOCTH BojgonoTpebsenuss ropogoB ctpan CHI or pasimunbix
HPUPOIHO-KJIUMATHYECKUX, TPAJAOCTPOUTETbHBIX U APYTUX (DAKTOPOB MPOBOAMIOCH HA OCHOBE
CTATUCTHYECKON 0OPabOTKY JAaHHBIX BOAOKAHAJOB 0 (DAKTUYECKOM Y/IEJbHOM CPEJHECYTOYHOM
BOJIOTIOTPE6IEHNN Ha YeJI0OBEKA B TOPO/aX, JUTEPATYPHbIX UCTOYHUKOB U BEJIOMCTBEHHBIX JaH-
HBIX 0 (pakTOpax, BJAMAIONIUX Ha BogomnoTpebsenue [12, 82, 92-95, 154, 158, 221, 263, 266,
274, 280, 319].

Y enbHOE CpeiHecyTOUHOE BOAOMOTPebIeHe Ha O/THOTO JKUTEJISI TOPO/Ia TTPUHUMAJIOCH OOIIIM,
C YYETOM MOTEPH BOJbI Ha BOJOMPOBOIHBIX CETSAX, B KUJIOM (hOH/IE, PACXO/I0B BO/bI HA COOCTBEH-
Hble HYK/Ibl BOJOIIPOBO/JIA U T. /1. Y /eJbHOE BOAONOTPebIeHe BbIUNCIISIOCh KaK

WF
qi(balcr = n](] ) (215)

1 1
rape W' — roposas nojaya Bojbl roposy B 1984 r., man Mm%

n, — KOJIMYECTBO JIHEH B 6asosBom (1984) roxy, pasHoe 366;

N, — 4YNCIEHHOCTb HaCeJeHUs TOPOJA, MJIH Yell.

MeTtoauKa Mcc/ielOBaHUI BKJIIOYAJa TPU aTala.

Ha mepBoM aTamne mpuMeHSJIM METOJ[ MapHOro KoppeJdiinoHHoro ananansa [286], nmosso-
JISOTWH BBISBUTD 3HAUNMbIE KOPPEIAIMOHHbBIE CBI3W MEXAY YAEJbHBIM CPEHECYTOUHBIM BO-
nonoTpe6aeHreM TOPOJOB ¢ 1 pasanynbiMu pakTopamu x, (i — Homep daxTopa), onpesennTh
NX HAIPaBJEHHOCTb W OINEHUTDb TeCHOTY Koppeadinun. OCHOBHOW XapaKTePUCTUKOM, KOTOPas
BBIUMCJISATACH TIPU KOPPEJSAIMOHHOM aHaju3e JaHHBIX, SABJAICS KOIDPUIMEHT TapHOW Ju-
HEHO! KOppessaIuu MeXAY BEeJUYNHON ¢ W KaK/bIM M3 uccaenyeMblXx (HaKTOPOB, KOTOPDI
110 OTIpelesIEHNIO PaBeH

S
q,xi
ax ) (2.16)
Gqcxz
rge O, u O, — CPEAHEKBAPATHYECKUE OTKIOHEHUS BEJIMYHH ¢ U X, OT CPEJHETO 3HAUCHIS;
S, — KOBapHaIUs TUX BEJUYHH, T.e. MATEMATHYECKOE OKIJAHUE IPOU3BEIEHUSI OTKJIO-
HEHMI 5TUX BEJMYUH OT CPEJHETO;
1 _V
o) =720 -7) ; (2.17)
n-14
1 n _ 2
Oy = Z(xu _xi) ; (2.18)
n-155
1 n
Sox = Z(qj—q) (xi]‘_xi)r (2.19)
n-145

rjge n — 4ucjao Touek gaHubix (06beM BBIGOPKH);

gu X; — cpeanue 3HAYEHUS BEJIUIUH ¢ U X ;

g, u x,; — TeKyllee 3HAUYCHNE BEJMYNH B TOYKe ¢ HOMEpOM j. [Lisi pacdera Koapduumenron
KOPPEJISAIIE MCIOJIb30BaMN CTaHAAPTHYIO popmyiry, moaydaemyto u3 (2.16) — (2.19):

”Z(qfxif - qu inf
j= j=

Jj=1

= . (2.20)

2 2
n n n n
20|12 20| X
np). q; q; npy x; X;;
J=1 j=t j=t =t

q,%;
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3HaunMocTb K03GhOUIMEHTOB KOppeadiuu mpoBepsan o kputepuio Croiogenta [286]. [las
ATOTO PACCUMUTHIBAJIM CTATUCTUKY

(2.21)

B R
“=

rae [ — 4ucao crernenHeit ¢cBo6o/bl; s KoadduimenTa napHoii Koppeasiuu f= n—2. Pac-
CUMTAHHYIO {-CTAaTUCTUKY CPaBHUBAJIM ¢ TaGJIMYHBIM 3HaueHHeM pacrpe/esenns CTblofieHTa pH
3a/IlaHHOM yPOBHE 3HAYMMOCTHU O U YUCJIE CTelleHell cBOOOIbI [ t,, Ecimt >¢, , 10 rumoresa
O CyIIEeCTBOBAHMM KOPPEIALIMOHHON CBA3M My BeJMYMHAMU ¢ W X, IPUHUMAJIAch Ha ypOBHE
sHauuMocTu o (¢ JOBEPUTENbHON BEPOSITHOCTHIO P = 1— ).

Ha sTamne xoppeJigIIMOHHOrO aHa/IM3a JAAHHDBIX BBIYHMCJSAIM TakKke KO3 UIMEHTbI MapHO
KOPPEJISIHI MEXK/LY PA3/IMIHBIMI (DakTOpaMu X, 1 X, (i#7). Pe3yibraThl HAaPHOTO KOPPEJSIIUOH-
HOTO aHaJsn3a OBbLIN IIPE/ICTaBJEHbI B BH/le MAaTpUIlbl K03 UINEHTOB KOPPEJISIUN.

Pacuer kosdGuuueHTOB KOPpeaalnl He TOJIbKO MEX/y BEeJWYUHON g u (pakTropamu x,, HO
TakKe MEXKAY PasIMYHbIME (BAKTOPAMH X, U X, ObLT HEOGXOLUM [UIsi BBISBJICHNUS CKPBITBIX KOP-
PEJIAIIMOHHDBIX CBA3€ll MeXK/ly BEJUYMHOI y/IeJTbHOTO CPEJHECYTOYHOTO BOAOoNOTpebIeHns n (ak-
TOpaM#, Ha Hee BAUAONMMU. Takue CKpPbITbIE CBS3M MOTYT HAaOJIOJATbCA B TEX CJIydYasiX, Korjaa
CYIIECTBYIOT CHJIbHbIE KOPPEJSIIMOHHBIE CBA3M MEX/y BEJUYMHOW ¢ M HEKOTOPbIM (DaKTOPOM
X, a Takke MeXAy (GakTopom X, u APYrHM (BAKTOPOM X B TO JKe BPEMsS MEK/Y BEJTHIHHOM ¢
1 (haKTOPOM X, TaKyKe CYIeCTBYeT 3HaunMast, Ho GoJiee ciabasi CBsA3b POTHBOIOJIOXKHOIT HAIPaB-
JeHHOCTH. B fannoil curyarun koap@uiment koppesaiun R, . MOKET HMETb TaKOil JKe 3HaK,
Kak 1 KoaduuneHt xoppensuun R, , 1, C1e0BaTeNIbHO, He OyIeT aJleKBaTHO ONUCHIBATD 06b-
CKTHBHO CYIIECTBYIONLYIO CBSI3b MEXK/Y BeIMUMHAMU ¢ U X . JUIs BLISBJICHUS ONMCAHHDBIX BbIIIE
CKPBITBIX KOPPEJISIIMOHHBIX CBSI3€i U ONpe/ie/ieHUsT X HAIPaBJEHHOCTH PaCCYUTBIBaIN K0adhu-
IMCHTBI YaCTHOI Koppessmn R, [286], xapakrepusyioline CBI3b MEX/Y BEJMYHHAMU ¢ U X,

mpu (pHKCHpOBaHHOM SHA4YCHUU X . PacueTb! BBITTOJHSAIN TT0 (bOpMyJIe

R,, -R

q,x; " VXX

= — — (2.22)

Ry :
] \/(1 B ijz )(1 h Rﬁi'xf )

3HaYnMOoCTb Ko duImeHTa 4acTHON KOPPEAINNH TaKxKe OlleHnBaJu 1o Kputepuio CTbiojieH-
Ta Ha OCHOBe pacyera t-craTuctuku 1o dopmyae (2.21), 0oaHAKO KOJIMYECTBO cTeneHei cBo6OIbI
B (2.21) onpenensnoch kKak [ =n — 2 — k, rae B — koamyecTBo (PakTOPOB ¢ (PUKCUPOBAHHBIME
3HAQYCHUAMU.

Ha BTopom ararie ncciieloBaHUil TPUMEHSIICS METO/] TAPHOTO perpeccuontnoro anajansa [ 129,
286]. Ha ganHoM aTare BBITOJHAICS MOUCK MAPHBIX PETPECCHOHHBIX 3aBUCUMOCTEH BEJNYUHDI
g OT TeX (baKTOpOB, C KOTOPpbIMHU [AJiA Hee ObL/IN BBISIBJIEHDI 3HAYUMBIE KOppeJAnOHHbIE CBA3NU.
PaccmarpuBannch pasjndyHbie THIOTE3BI 0 (DOPMe PErPECCMOHHOMN CBA3M: JIMHEHHasd g = a,+ a,x,

k

MOJIMHOMUAJIbHAS ( = Za].xk, pasJIMyHbIe BUBI BHYTPEHHE JIMHEHHbBIX 3aBUcUMOCTel (HeTMHEeHHbIX
. /=0
3aBUCUMOCTEll, /I KOTOPBIX BO3MOJKHO JIMHeapusyioniee npeob6pasosanue). KoadduuneHnro

perpeccun d B CJjly4dae JIMHENHOU SaBI/ICI/IMOCTI/I " SaBI/ICI/IMOCTeI/I HeJIUHENHBIX 110 (l)aKTOprIM

nepeMeHHbIM (T.€. 3aBHCUMOCTEN BUja g = q, + Za 9, (x), rae ¢,(x) — nekoropble HesmHellHbIe
j=1

GbYHKIMI), PAaCcCYMTBIBAIM IO METOJYy HauMeHbIUX KBaapaToB [129]. B cuayuae saBucumoc-

Teil HeJMHEHHbIX 10 nepeMeHHONH ¢ (CyIecTBEHHO HeJMHEHHBIX, T.e. 3aBUCUMOCTEH BuUA

k
(@) =a, + Za].(p],(x), r/ie ¢, — HEKOTOpbIC HeJIMHEiiHbIe byHKIMI) KOahPUIUEHTbI perpeccuu
=t
BBIYHUCJISIN C TIOMOIIbIO BECOBOTO METO/Ia HAMMEHBIINX KBa/[PaTOB.
Munumusuponasach cymma [13]:

D=l a+Y a0, ()] |- (2.23)
(f( 5 f(q:)- Z @ (x;)
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IIJIH XapaKTEPUCTUKHU TOYHOCTHU BbIépaHHOﬁ pereCCI/IOHHOP’I MO/I€JIN PaCCUUTbIBAJIN OCTATOY-
HYIO JUCIIEPCHIO

n-1

02 _ 1 Z(C]p]‘ _Q¢]')Z ’ (224)

rie ¢, u g, — COOTBETCTBEHHO PACCUMTAHHBIE H (PAKTHYECKIE 3HAYCHUS BEJTMIHHDL ¢ JUIS KAXKO0r0
sHavenns akropa x,. Kpome T0ro, st XapakTepuCTHKH TOYHOCTH BbIGPaHHOIl MOJIEIH HCIIOIb-
30Basu Takke Kod(pPUIMEHT KOPPeIALnH, olpeenseMblii mo ¢opmyse, anagornunoi (2.11).
Boi6op ontuManabHO (HOPMBI PerpecCHOHHOI 3aBUCUMOCTH OCYIIECTBJSIJIN 1O MUHUMYMY
octatouyHoil aucnepcuu (MakcuMyMmy Koad@uiimeHTa KOppeJsiium).
Ha tperbem aTarne BBITIOJHSIOCH TTOCTPOEHNE MHOTO(MAKTOPHOIN PErpeccMoOHHON Mojesn BUua

k
q=a,+ a0 (x,), (2.25)
i=1
rae d, da, — K03(p UIMEHTbI Perpeccuu,
x, (i=1...k) — daxroppl, BK/IOYEHHbIC B MOJE/b, /AJI KOTOPBIX HA HEPBOM 3Tare ObLIN
BBISIBJIEHBI 3HAYNMble KOPPEJISIIMOHHbIE CBI3U;
@, — HesnuHelinble GYyHKIMM, BUJ KOTOPHIX ObLI ONlpe/e/ieH Ha BTOPOM 3JTare.

O1nenky kK02 PUIMEHTOB perpeccuu MpoOn3BOJNIN METOJOM MHOXKECTBEHHOTI'O PEIPECCUOHHOTO
aHasmnza. YToObl UCKJIIOYUTD OMIMOKK, O6YCJIOBJIECHHbIE MYJIbTHKOJINHEAPHOCTHIO (3aBUCHMOCTHIO
Mexy hakTopaMu), IPUMEHSIN OJMH U3 BAPUAHTOB METO/Ia IIIarOBON PErpeccun — ajrOPUTM BKJIIO-
yeHuns nepeMeHHbIX [129]. /{5 olleHKM TOYHOCTH MOCTPOEHHOI MHOTO(MAKTOPHOI PErpecCuoHHOI
MO/IEJIN PACCUMTBIBAJIM CJIEAYIONIME XapaKTEePUCTHKI: OCTaTOUHYIO Auciepcuio 1o (gopmye (2.24)
1 K0a(DPUIMEHT MHOKECTBEHHON Koppesistinu 1o (opmy.Jie, anagornunoii (2.11), a Takxe crpousu
JIOBEPUTE/IbHBII MHTEpBaI perpeccun ¢, . < g < ¢, ., TAe ¢ . W ¢ — COOTBETCTBEHHO HMKHASL

max

U BEPXH4 JI0BepuUTesbHble rpaHullbl. /loBepuTesibHble IPAHUIIBI PACCUUTBIBAIN 110 (hopMyiaM

qmin: q o I<p0’ qmax: q +Kl)0-’ (226)

rie Kp — IOBEPUTEJbHBIH MHOXWUTENb. B MpenmnmoJsiokeHnn HOPMaJbHOCTU paclpeeeHus Kp
npe/icTaBsieT co60i KBAHTUIb HOPMAJIBHOTO paciipeie/leHus U /s JOBEPUTETbHON BEPOSITHOCTH
P = 0,95 (yposenp snaunmoctu 0,05) K, =1,96.

Bce pacuernt Boimoansin Ha [I9BM ¢ moMolnbio mporpamMmbl, COCTaBJAEHHON Ha S3bIKE MPO-
rpammupoBanus Object Pascal B cucreme Delphi-5 [21].

2.3. METOAUKA PACYHETA NTHTEHCHBHOCTHU OTKA3A
BO/IOPACIIPE/JIEJIUTEJBHBIX CETEM

B ocHoBy pacuera B3dTbl CTAaTHCTUKA IOBPEK/JIEHUI B BOJIOIIPOBOJIHBIX ceTsIX XapbKoBa
3a 1993-2000 rr. u exxeMecsiyHble CTATUCTHYECKUE JAHHbIE O TeMIlepaType Hapy»KHOTO BO3/yXa
U BO/IbI, TPAHCIIOPTUPYEMOI B BOJIOCETHU 32 3TOT e 1mepuoj. MeToanKka pacuera 0TKa3a BOJOIPO-
BOJIHBIX CeTell OCHOBAaHA HA CTATUCTUYECKOW 0OpabOTKe Pe3yJibTaTOB HAOJIOIEHUN 32 CE30HHOI
JMHAMUKON KOJIM4ecTBa OTKa30B. Dblia ycraHoBjeHa ycToiuMBasi ce30HHAS IMOBTOPSIEMOCTb KO-
JudecTBa 0TKa30B. TakuM o6pa3oM, (PyHKINS 3aBUCUMOCTH KOJTMYECTBA OTKA30B BOJAONPOBOHBIX
ceTeil OT BPEMEHU SIBJISETCS TEPUOANYECKON ¢ MUHUMAJbHBIM repuogoM T = 12 mec. B cBsasnu
C 3TUM aIIMpPOKCUMAINS JaHHON 3aBUCUMOCTH aHAJUTUYECKOH (DYHKIMEN BBITIOJTHAIACHh HA OCHOBE
MeTozia pasyoxenus GpyHkuuu B psjg Dypoe [288]

P(M):ao+Za].cos(z?an)+ijsin(2?n]'Mj , (2.27)
i J

rae M — HoMep Mecslla B TONY;
P(M) — KOJIM4ecTBO OTKA30B B JIAHHOM MecsIle;
a, — cpeiHee KOJMYECTBO OTKA30B B MeCSAIl 3a TOJ;
J — HOMEp rapMOHMKH B psaay Dypbe;
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;1 b, — aMIUIITY/(bI TADMOHNK, ONPe/ie/IieMble [0 CTAHAAPTHBIM HPUGIIKEHHBIM (OpMyTaM
pasyioxkeHus B psan Dypbe, KOTopble noJsydaoT mo ¢gopmysaam Jitnepa—Dypoe [288]:

1L 21 .

a =—ZP]. (M)cos =M |, (2.28)
6 j=t T
1L . (2n .

b, = —E;Pj(M)sm(?]M) , (2.29)

ruae P],( M) — dakruueckue JaHHbIE O KOJINYECTBE OTKA30B BOJIOMPOBOIHBIX CeTell 32 JAHHBIN MECsIIl.

[IpoBeseHHbie pacueTbl oKasaau, 4to B ¢popmye (2.27) 10CTaTOYHO OrPAHUYUTHCSA TapMO-
Hukamu 1—3-ro nopsakos. Pacuers mpoBoanan na [19BM ¢ momolibio cucteMbl CTaTUCTUYECKOM
o6pabotku u anasusa ganubix Statistica [30]. Pacuernbie 3HaueHus: KoJMyecTBa OTKA30B COIO-
CTaBJIs/IN ¢ TpadUKaMU CE30HHOI IMHAMUKN N3MEHEHUS TeMIepaTyp arMocdepbl 1 BOJOTTPOBO/IHOM
BO/IbI, YTO MO3BOJIIJIO KAYeCTBEHHO OOBACHUTDH HAGJIIOAAIONIYIOCS CE30HHYIO TUHAMUKY OTKA30B.

2.4. METOJIUKA PACYETA U3BMEHEHUI /IABJIEHUSA
B CETU IIPB HACOCHOI1 CTAHITUH No 25A
INPU THAPABINYECKOM YAAPE

Oco6eHHOCTb IKCIMEPUMEHTA 3AKJIIYAeTCsl HE TOJbKO B TOM, YTO /IO CUX TIOp IOBEJeHUE
nbesoMeTpun cuctembl [IPB onucbiBasoch TOJNBKO TeOpETUUYECKU U peasibHOE MOBeJeHUEe CEeTH
B [IMHAMWKE TIPU OOBIYHON SKU3HU ropoja ObLIO BUAHO JIUIIb 1O KOHTPOJBHBIM TOYKAM BOJOCE-
TH, HO U B TOM, YTO NPU dKCIEPUMEHTE TPOU3BO/NIOCH aBTOMATUYECKOE YIIPaBJeHUE CUCTEMOi
[TPB u oHOBpEMEHHO aBTOMATHYECKHU OCYIIECTBJISAIACD 3anuch 13 mapamMeTpoB pabOTbl HACOCHOI
CTAHINU, a TaKXe y3J0BbIX PACXO/0B W JABJEHUN B KOJOAIAX, JaBJIeHUS B JUKTYIONIEH TOYKe
U JIaBJEHUS] B PA3JIMUYHBIX TOYKAX BOJIOCETH.

3amnucu BcexX mapaMeTpoB MPOBO/UJN € MIPUMEHEHHEeM MUKPOIPOIECCOPHON TEXHUKH C Tie-
PUOAMYHOCTBIO /IECATh M3MEPEHUN B CEKYH/Y, XOTS BO3MOXXHOCTU MCIIOJIb3yeMOU ammnapaTypbl
M03BOJISLIH 06ecnednTh ckopocTh 3anucu 100 n3MepeHuit B CeKyHY.

Kpowme toro, yuntbiBasg y4acTUBIINECS CJIydan OTKJIIOUEHUS 2JEKTPOIHEPTUH, BO BPEMS 9KC-
nepuMeHTa MCCAe0BATN SBJeHNEe TUAPOY/apa, KOTOPbI CO3/1aBajn MCKYCCTBEHHO, PE3KUM OT-
KJIIOUEeHHEM 9HEPTOCHAOKEHUST HACOCHON CTAHINM, a TAroBbIM OTKPBITUEM 3a/IBUXKKU HA BBIMYCKE
C BOJIOCETH B yJaJIeHUU OT HACOCHOU CTAHIMM MUMHUTHPOBAJIN aBApPUIO U MCCJEAOBAJIM TIPU 3TOM
U3MeHEeHKe TapaMeTPoOB BOJAOCETH. JKCIHEPUMEHT MPOBOANIN B TeyeHune cyTok (puc. 2.12).

B xone akcriepuMenTa B Tedenne 22 4 MoJIEPKUBAIN CTaOUIbHOE JIaBJieHNe B IUKTYIONIEH TOYKe
CETH TIPU COBMECTHOI paboTe /IBYX HACOCHBIX CTAHIIHIA 10 BEPTUKATIBHON U TOPU3OHTATBHON 30HAM BJIUSI-
HUS TyTeM U3MEHEHUs yucJjia 060POTOB HACOCHOTO arperata ¢ MOMOIIbIO Peo6pa3oBaTeIsl YaCTOTHI.

TexHUUYECKN 9KCIIEPUMEHT C TH/IPOYIAPOM OOECIIEUNBAJICS CJIEAYIONIMMI ATIAPATHBIMU CPE/ICTBAMI:

Ha HACOCHOHN cTaHIMU 25A ObLJI YCTAaHOBJIEH MUKPOKOHTPOJIJIEP XapPbKOBCKOTO MPOU3BOJICTBA
KOMKOH-Mukpo, umeroniuii B cBoeM cocraBe 16-kaHagbHbIi 60K aHAI0ro-1ndpoBoOro nmpeobpa3oBa-
HUsI, KOTOPBIA CHUMAJI MOKa3aHUsA ¢ JAaTYMKOB cTaHiuu 110 13 ocHoBHBIM mapamerpam (puc. 2.13):

PuT — JlaBJeHue B JUKTYIOIel ToukKe;

P, . — nabnenue Ha 1-M BbBIXOJ€ HaCOCHOW CTaHINUM,
P, ., — naerenue Ha BBIXOJ€ HACOCHOTrO arperara 3,
Q... — Ppacxoa Boabl Ha 1-M BbIXO/€ HACOCHON CTaHIUU;
n — 4ncJyio 060pOTOB HACOCHOTO arperara 4;

P, — nJaBieHue Ha 2-M BbBIXOJI€ HACOCHOI CTaHIMM;
Q,.., — Pacxo/ BOAbI Ha 2-M BbIXOJI€ HACOCHOI CTaHIMMU;
P ., — naBieHue Ha BbIXOJ€ HACOCHOIO arperara 4;

I ., — TOK HacocHoro arperara 3;

I , — TOK HacocHOro arperara 4;

W, ~— akTuBHag MOIIHOCTb Ha BBOAE 1;

U, — nHanpskenue Ha BBoje 1;

U, — Haups:xeHnue Ha BBoe 2.
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Hacocuasa crannusa Ne 25A

- { [I@VII-MO’IEI)

| I
| I
I |
| I
: > TIpunrep I

I
| I
| MK |
: KOMKOH I

I
| I
I |
| I
: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 :
I PLIT PBbIX] PHaS QBbIXl n PBLIXZ stlx2 PHa4 IHaB [Ha4 Wal Ul UZ I
| I
L 1

KoHTpo/IbHBII NYHKT Ha yJI. AXcapoBa

|
' !
' !
' !
' !
' !
: Pacxo/1 BOJIBI 110 BOJIOBOJY: Kommbiorep |

|
' !
| d =600 (1. A) 1 |
| 1o nepembruke (1. B) 2 6  JlapnermeBT. A |
: d =500 (1. D) 3 MK |
I d =600 (1. C) 4 KOMKOH 7 JlasrenueBT.C :
| d=1000 (1. E) 5 I

Puc. 2.13. KoMmiieke TeXHUYECKUX CPEJCTB c6opa, HAKOMIeHusT U 00paboTKu nHdopMalm
[PH [IPOBEJIEHUN dKCIEPUMEHTOB «[mapoynap» u «ABapus» Ha HACOCHOW CTAHIINU
Ne 25A Xapbrosa. CieBa — ammaparypa MuUKpokoHTpoJiepa KOMKOH
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Baox AILIT konTpostepa ¢ wactoToii 10 pa3 B ceKyHIy TpeoO6pa3oBbIBAJ B ECTHAAIIATUPUIHBII
KO/T TTOCTYTIAIONIYIO HAa €r0 BXO/bI MH(MOPMAIINIO, YIIAKOBBIBAJ €€ B IMOCHLIKY U ITepeaBaJs MoTydeH-
HbIe IaHHbIe Ha /[Ba KoMIbioTepa Tha Pentium. Vcrnosb3oBanue AByX KOMIIBIOTEPOB 06€CTIEUNBAJIO
TpebyeMyIo CKOPOCTb cheMa, Tepefadn, o6pabOTKM M BU3yaJU3aluu MoJaydaeMoil nHDOopMaIum
(BbrumcseHnii ¥ nocTpoeHus rpaduKoB), a TakKe apXUBUPOBaHUe AaHHBIX Ge3 morepu uHPOp-
Maru. /[y oTHOBpEMEHHOTO TIOCTYTIIeHUS NHMOPMAIUE B KOMIBIOTEPDHI OHM ObLJIN COEITNHEHDBI
¢ kouTpossepom KOMKOH-Mukpo ¢ nmomotbio nntepdeiica Tuira «TOKOBas METJISI» .

Ha omHOM M3 KOMIIbIOTEPOB Ha dKpaHe MOHWTOpPa OTOOpaskKaJuch NMPUHSATHIE JaHHbBIE, CO3-
JlaBAJTNCh apXUBHBIE (DallyIbl ¢ MOCJEAYIONIEN 3aMNChi0 HAa JKECTKUI MCK, HA APYTOM — B cpeje
Windows ¢ momoribio mporpammbl o6pabotku anekrponabix tabuauin EXCEL 2000 crpounch
rpad KN M3MEpEeHNi TEKYNINX MMapaMeTPOB U BBIUYUCJSINCH PE3YyJIbTaThl MPAKTUYECKUX BO3Jel-
CTBUH 10 3aJlaHHBIM (hOpPMYJIaM.

PesyibraThbl BO3/efiCTBUS Ha BOAOIPOBOAHYIO ceTh ([MOKasaTesn AaBJIeHUs U PACX0/a BO/IbI)
PETUCTPUPOBAINCH B KOHTPOJIBHOM IYHKTE 10 yJjuie AxcapoBa (puc. 2.14).

Jluist usMepeHust pacxojia BOJbI HCIIOJIb30BaIN yIbTpasByKoBbie pacxogomepbl UFM 610 p (mipo-
u3BozCcTBA [epMaHum), a /it U3MEPEHUs JaBJIeHUsT — TEH30PE3UCTOPHbBIE AaTUMKK JaBjieHns tura J[ /]
(mpousBojcrBa XapbkoBa, YKpauna). Bee gaTunky pacnoJaraanuch B Kosoauax (puc. 2.15 u 2.16).

: R
Puc. 2.14. V3amepenue y3/10BbIX PAcX0/l0B BO/bl B KOHTPOJIbHOM BOJIOIIPOBO/HOM
koso/ute 1o ya. Axcaposa (Xapbkos) ¢ nomouibio pacxogomepos UFM 610 p

Puc. 2.15. Mounraxk npu6opoB yuera pacxoja Bojabl tuna UFM 610 p
B KOJIOZIIIE KOHTPOJBHOTO TMyHKTa 10 yJa. Axcaposa (Xapbkos)
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Puc. 2.16. aMepenne maBieHNs BOABI TeH30pe3NUCTOPHBIM gatunkom /[ /]
n manomerpoM MTC 712.U B auktytomeii Touke cetn 1o np. Ilo6eapr, 76 (Xapbkos)

Nudopmanus ¢ 1aT4vmKoB TOCTyIaJda B aHAJOTUYHBbIN KoHTposep tnnma KOMKOH, rtne
B 6Ji0ke AILIl ona macmtabupoBasiach, ¢ yactotoir 10 pa3 B cekyHay Tpeo6pa3oBbIBAIach B MIECT-
HA/IIIAaTUPUYHBIN KO/l U nepefaBaach B kommbiotep Tuna Notebook. B kommbiotepe nndopmarius
AQHAJOTHYHBIM CIOCOOGOM apXMBUPOBAJIACh, 3aMKChIBAJIACh Ha JKECTKUN AWCK U OTOOpakasiach
Ha 9KpaHe JAUCILIes /I BU3yaJbHOTO KOHTPOJIS TTapaMeTpPoB.

[TockoIbKY Ha KOHTPOJBHOM ITYHKTE OTCYTCTBOBAJIO HAIIPSI’)KEHNE MUTAHUS CETH TTepeMeHHO-
ro toka 220 B, Bca anmaparypa (JaTynku, KOHTPOJLJIEP M KOMIBIOTEP) IMTAJacCh OT MCTOYHHKA
6ecriepe6GOITHOrO MUTAHUA B TeYeHUEe Bcero BpeMeHu skciiepumenta (puc. 2.17).

Puc. 2.17. Mukpormpoieccoptbie ycTpoiicTBa c60pa, HAKOTIIEHU
u nepejadn MHQOPMALUU € Y3J0BBIX TOUEK KOHTPOJBHOTO ITYHKTA
1o yJi. AXcapoBa, pa3MelleHHble B Ky30Be aBTOMAIIMHbBI
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Cunxponusarus paboTbl KOMIBIOTEPOB MO BPEMEHU OCYIIECTBJISJIACh C HACOCHOW CTaHIUU
Ne 25A 1o pagmoxanaJry Ipu MOMOIIN PAIMOMOIEMOB, BXOAAIINX B COCTaB KOHTpoIepoB KOM-
KOH u pagmocranuumii tTuna <«Jlens.

B pesyabrate skcmepumeHTa rmoJsydyeHo Oosiee 23 MUJIJMOHOB M3MEPEHWIl, KOTOpbIe ObLIN
o6paboTaHbl M TPEACTaBJIEHbl B BUe rpaduyeckoro MaTepuasa. 3HAYUTEJbHBIH 0OBEM MOJIY-
YEeHHDBIX JIAaHHBIX HE TI03BOJISET MOJHOCTbIO TPUBECTU WX B HacTosmlell paboTe, HO aHAJIW3 pe-
3yJIbTATOB 9KCIIEPUMEHTA JaJl BO3MOKHOCTb KAUeCTBEHHO M3MEHUTD MPE/ICTABJIEHNE O TIOBE/I€HUN
TUIPOYAAPOB B BOJOTIPOBO/IHON CETH U TIOJITBEP/IUTD TTapaMeTPbl HOBbIX KOHTYPOB B yITPaBJIEHUH
cuctemoit 11PB.

Mertoanka pacuera uamMmenenuit fapjaenus B cetu [IPB npu runpasimueckom ynape 6a3npona-
Jlach Ha mpeanoaoxern (OCHOBAaHHOM Ha HAGJIOJEHUSX) O TOM, YTO IIPU THAPABIMYECKOM yaape
N3MEHEeHWe /IaBJEeHNS NMeeT XapaKTep 3aTyXaolnX TapMOHNYECKNX KoJsebannii. B coorBeTcTBUM
C TIPUHATBIM TPEANOJIOKeHeM (PYHKITNS, OMMMChIBAIONIasd U3MEeHEeHNe TaBJIeHNUs, TIPE/ICTaBISAIACh
B BUJIE CYIEPIO3UIINN 9KCIIOHEHIIMAIbHO 3aTyXaomux rapMoHuk (psjg Dypbe ¢ 9KCIIOHEHITNATbHO
3aryxarmomuMu amrantygamu) [288]:

H(T)za0 + Z a, cos2;E,fT+bi sinzgw—.T exp(—cT"), (2.30)

1 1

rane H(T) — xpalinue 3HaueHus JUHUU JaBJeHHUS B MOMEHT Bpemenu T,

T. — mepwon i-if TADMOHUKU,;

1
@, — TOCTOSIHHAsL COCTABJAIONAs PAAA;
a,u b, — aMILIUTY/Ibl FaPMOHMUK;

cun — Koa(pPUIMEHTDI, Ompeeionie NHTEeHCUBHOCTD 3aTyXaHus KoJeOaHuil.

Pacuerpr ToKa3aau, 4TO AOCTATOYHO TOYHAS AMIPOKCHUMAINS 3aBUCUMOCTH JOCTUTATIACH TPU
MCII0JIb30BAHNN YeThIPeX TAPMOHNUK, TIEPUO/IBI KOTOPBIX ONPEesINCh Ha OCHOBE MPEABAPUTEH-
HOTO rpanuecKoro aHajIn3a NCCaelyeMOi 3aBUCUMOCTH. AMIIIUTY/Ibl TADMOHUK U K03((UIITHEHTDI
9KCIIOHEHIINATbHOTO 3aTyXaHUs, a TaKe [OBEPHUTEJbHBII MHTEPBAJ PErpeccCHyl ONpeessinch
C TIOMOIIBIO OPJMHAPHBIX CPE/JCTB MOCTPOEHUS PETPECCHOHHBIX 3aBUCHUMOCTEH CHCTEMBI CTATH-
ctrndeckoit o6paboTkn n anaansa ganabix STATISTICA [30].

2.5. METOIUKA OIIEHKUM YTEYEK BO/Ibl
B JKI1JIOM ®OHAE rorPO/A0B

[Ipu npoBesiernn ucc/ieloBaHWil, CBSI3aHHBIX C MOTepell BoJAbl B KUJI0M (oHe XapbKoBa,
B YeTbIpeX aJMUHHUCTPATHBHBIX paiioHax ropoja 6bLin 06CJe/J0BAaHbl KBAPTUPHI C 1EHTPATHN30-
BAHHBIM BO/IOCHAOXKEHUEM M BLISIBJIEHDBI YTEYKU BO/IbI Yepe3 HeCOBEPIIEHHbIE CMbIBHbIE GAUKU 1
CaHTeXTPUOOPHI.

B ocHOBY METOAMKHU OIEHKU YTEYKU BOJbI ObLJ TOJIOXKEH CTATUCTHUYECKUN aHAJIU3 JAHHDBIX
06 o6beMe yTedyeK TPU PA3HOM KOJMYECTBE CAHTEXHUYECKUX YCTpOicTB. [l onenkm obGbema
yTeueK METOJ[OM MMapHOr0 HEeJWHEIHOr0 PEerpecCHOHHOTO aHan3a GblIN MOCTPOEHbI PErpecCuoH-
ubie 3apucumoct B = f(A) u C = f(A), rae A — KonmdecTBO 06CIE€JOBAHHBIX KBAPTUP C LI€H-
TPAJIM30BAHHBIM BOJIOCHAGKeHNEM, B — KOJMYeCTBO KBAPTUP C yTeYKaMU B CaHTeXNpubopax,
C — KOJMYeCcTBO KBAPTHUP C YTEYKAMM Yepe3 CMbIBHbIe OAUyKH.

Pacuernsr BoimosHgaun #Ha [I9BM ¢ moMonibio MHTErPUPOBAHHOW CHCTEMBI CTATUCTHYECKON
o6pa6otkn STATISTICA [30] meTtomamu, aHAJOTHYHBIME PACCMOTPEHHBIM BBIIIIE.
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T'JIABA 3

NCCJIEJOBAHUA KOODODOUITUEHTA
TNAPABINYECKOIO COITPOTUBJIEHNUA
CTAJbHBIX BOAOBO/J10B I PASPABOTKA
METOAUKHN ET'O PACYETA

3.1. IPEAITIOCBIJIKA K NCCJEJOBAHUNIO KOO®O®UIITNEHTA
TNAPABJINYECKOTIO COITPOTUBJIEHUSA

CraJibHble MarnucTpasbHbIE BOJOBO/IbI, TPAHCIIOPTUPYIOIINE MUTHEBYIO BOY /IS HACETEHUS OT CUC-
TeM KOH/UITMOHNPOBAHUS BO/IBI B TOPOJICKYIO CHCTEMY PE3EPBYapPOB U CHCTEMY IO/IaY U pacipe/ieie-
uus Bogbl (ITPB), paccunranbl Ha JJIMTENbHbII TIepHo/ dKCILIyataiuu — Gogee 25 ger [1, 19, 85,
97, 156, 220, 249, 294, 336, 356, 359]. OcHOBHBIMU yCJOBUSIMU TPAHCIIOPTUPOBAHUS BO/IbI SIBJISIETCST
obecrieyenne ee KauecTBa, HOPMATUBHOTO pacxoja u TpebyeMoro faBjeHus. [Ipu TpancropTupoBaHum
BOJIBI B MaruCTPAJIbHBIX CTAJIbHBIX TPYOOIIPOBO/IaX TIPOUCXOIAT PEAKITUN MEXK/TY BOJON M MaTepHUATIOM
Tpy6ornposoaa [23, 71, 85, 87, 97, 137, 175, 330, 341]. VI3BecTHO, YTO C TIOBBIIIEHHEM TEMIIEPATY PbI
BOJIbI B HEll YCUJIMBAIOTCS XUMHWUYECKHe W OGuoJjiorndeckue mporieccsbl [72, 87, 341], u kauecTBO BOIBI
U3MEHsIEeTCS TeM 3HAYMTeJbHEe, YeM JIOJIbIlle BO/a HaXOAUTCS B TPYOOIPOBOIHON cucTeMe. JTO BbI-
3bIBaeT MOgBJICHIEe HePOBHOCTEN (1IIepOX0BATOCTH) HAa BHYTPEHHEN IIOBEPXHOCTH BOAOBO/A, KOTOPbIE
c TedyeHreM BpeMeHu yBesmuuBaiorcs. CyiecTBylomumn HopMmamu [249] He mpemaycmarpuBaercs
3aIUTa BHYTPEHHEH TTOBEPXHOCTH CTAJbHBIX TPYO M HE YUYUTHIBAETCS yBEJIUYEHUE THIPABIMUECKUX
COITPOTUBJIEHUH B MaruCTPaIbHBIX BOJIOBOJIAX C T€YEHUEM BpeMEHM KCILTyaTalni. B ocHOBe TIpoeKTH-
POBaHUS JIesKAT TEXHUKO-9KOHOMUYEeCKe 060CHOBaHUS ce6eCTOMMOCTH BOJIbI, TT0I60P 9KOHOMHYHOTO
JmaMeTpa TpyO BOJIOBO/IA, Y/IEIBHOTO pacxo/ia aJeKTposHeprun Ha 1 M® moiaBaeMoii BOJIbI M T. [T., UCXO/IS
13 YCJIOBUI IIepBOHAYAIBHOTO MTepro/ia sKcrryartaruu. [locse crpontebeTBa MarncTpasbHbIX BOJIOBO/IOB
U TIPU UX TYCKe HAOJI0/IAI0TCS OTKJIOHEHUS JeCTBUTENbHBIX IHIPABINYECKIX COMPOTHBJIECHIH BOJIO-
BOJIOB OT TIPOEKTHBIX. DTH OTKJOHEHUS BO3pacTaioT ¢ TeueHueM BpemeHU. CurysKObl SKCILTyaTarim
BOJIOCHAGKEHMST C MOMEHTA ITyCKa BOJIOBO/IOB BBIHYK/IEHBI TTIOCTOSTHHO MCKATh CIIOCOOBI JIMKBY/IAITHH
3TUX HEJOCTATKOB, C T€M YTOOBI IPEAYIPEANTh pa3BuThe AeUIUTA BOJIDI.

[Tpu mpoeKTHPOBaHWM CTAJbHBIX BOJOBO/IOB IPUHUMAETCS BO BHUMAHWE, YTO JIBUKEHUE T10-
TOKa BOJbI O6y/eT TypOyJIEeHTHBIM U JIMIIb B HEKOTOPBIX CJIydYasX MOTYT BO3HUKATH MEePEXO/IHbIE
pexxuMbl. Kak ykasbpIBasoch paHee, pu pacyeTe MarucTpaJbHbIX BOJOBOJIOB GOJBININX AMAMETPOB
npumensiercst hopmysia, npeanoxkenras M. A. [lesenesbim [308, 309]:

0,021

KB dOYB ’

(3.1

rae A — KO3(pUIMEHT rMIpaBInYeCKOTO CONPOTHBJIEHNS,

d — numaMeTp BOJOBOJA, M.

Takasa dopma sammcn koadduumenta A mpejnosaraeT HaJaudue aBTOMOJEIbHOTO TypOy-
JEHTHOTO peXuMa IOTOKA, TOCKOJbKY 3aBUCHMOCTH K03 UIMEHTA COMPOTUBJEHUS OT YHCJa
Peitnonpaca orcyrcrByer. Heemorpss Ha TO 4uTo B pabote M.A. IlleBesneBa [308] ykasbiBaercs
Ha (aKT yBeJMYeHNs MEePOXOBATOCTH TPYO € TeYeHHEeM BPEMEHU BCJEACTBHE KOPPO3nuu, (HOpMy-
aa (3.1) aroro He yuntbiBaer. OHa MOJydYeHA B MPEANOJOKEHNHN, YTO TaK Ha3blBaeMble HEHOBbIE
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BOJIOBOJIbI UMEIOT MIEPOXOBATOCTDb, paBHy0 1 MM. Pe3ybTaToB ncciae[0BaHNl MW PEKOMEH/ 1Al
K pacueTy m3MeHeHUs KoahdUIMeHTa COMPOTUBIEHNS TPEHNUS BO BPEMEHN aBTOP HE TMPUBOJINT.

CrenuaaucTtbl MPOEKTHBIX WHCTUTYTOB YUYUTHIBAIOT TOT (haKkTOp To-pasdHomy. OmHAKO UX
pacueTbl MOTYT TTPUBO/IUTH K 3HAUYUTEJHHBIM OIMMUOKAM M, KaK CJIe/ICTBUE, — K PE3KOMY CHUKEHUIO
JIeiiCTBUTENIbHBIX PACXO/I0B BOJbI 110 CpaBHEHUO ¢ npoekTHbIMU. Hu dpopmya (3.1) @.A. Ilese-
JIeBa, HU HUCIIOJIb30BaHNe MaJ00OG0CHOBAHHBIX YaCTHBIX COOOPaXKEHUIT TPOEKTUPOBINKOB HE JAI0T
BO3MOYKHOCTH IIPUHATDH PEUICHHE OTHOCUTEJIbHO IPOAOJIKUTEIBHOCTH IKCILIyaTallld BOJOBO/OB
WJIM CPOKOB TNPOBeJeHNs WX caHaiuu. VIMEHHO 3TO BBIZBAJIO HEOOXOAMMOCTDH MPOBECTH MHOTO-
JIETHUE WCCJIeIOBAHNUS, BOCIOJIHAIONINE YKa3aHHbBIN Mpo6eJt.

Cretyer NoluepKHYTh, YTO U3MEHEHMs, CBSI3aHHbIE C POCTOM COIIPOTUBJICHUS BOZIOBO/IOB C TeUeHUueM
BpeMeHHM, Be/lyT K HOBBINIEHNIO TapidOB HA BOJY /I HACeJeHUs TOPOJIOB, TaK KaK YBEJMYNBAIOTCS 3a-
TPaThI 3JIEKTPOSHEPTHU HA TPAHCTIOPTUPOBaHUe Bozibl 10 TpyGam. I'pacduk (puc. 3.1) naer npeacrasieHue
0 HENPEPHIBHOM POCTE CO BPEMEHEM TIOTEPh SHEPTHHM, 3aTPAYMBAEMOIl Ha TpaHCHOpTUpoBanue 1 M BOJIbI.
I'paduk mocTpoeH 1Mo JaHHBIM HATYPHBIX M3MEPEHUIl, KOTOPbIe MPOBOAWINCH B TeueHue 36 JeT.
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07 10.62
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1964-1973 rr. 1974—1983 Ir. 1984-1993 rr. 1994-2000 rr.

Puc. 3.1. [lmarpamMmma pocTa yJIeJbHBIX TTOTEPD 9JEKTPOIHEPTUH (] ,
kBt-4 ma 1 M® BOJBI ¢ TeueHmeM BPEMEHU IKCILIyATAI[MH BOJOBO/OB

[TpornosupoBanmne namMenenns KoagduimeraTa THAPABINIECKOTO COMPOTUBJIEHUS C Teue-
HUEM BpeMeHU mMeeT 0c000 BaskHOe 3HAYeHWe [ MarucTPaJbHBIX BOJOBOJOB [HMAMETPOM
1200—1600 MM n mpotsskenHOCTHIO OT 30 10 150 KM, Tak Kak B 3TUX yCJOBUAX I KOMITEHCA-
I CHUKEHUA pacXoda BO/Abl peaJbHbIM BbIXOAO0M ABJAECTCA CTPOUTEJBCTBO IMIPOMEKYTOUYHDIX
HAaCOCHBIX CTAHIIMHU PAa3JUYHBIX MOJABEMOB WJHW CaHAIUSA BOJOBO/IOB.

I/ISMepeHI/IH, KOTOpbIE ObLIN IIpoBe/IeHbl Ha BO/JOBO/aX OOJIBIINX AUaMeTpPpOB, ITO3BOJINJIN
YCTAaHOBUTH cJejayloniee: B XapbKOBe B MOMEHT IIyCKa Ha Bogosojae auamerpom 1200 mm (BBOA
B JleiicTBUE ocyuecTBsAACS yuacTkamu ¢ 1962 1. u 3akonumacst B 1964 1.) pacxo/ BOAbI COCTABUI
103 teic. M3/ cyT BMecTo TpoekTHOTO pacxoaa 150 teic. m® /cyT, T.e. 6but Menbine Ha 30 %; Ha BO-
nosozie uamerpom 1400—1600 MM, BBe/ieHHOM B 3Kciryatanuio B 1967 1., pacxom BOAbI cOCTaBUJI
165 toIC. M® / cyT BMecTO poeKTHOTO pacxoaa 230 Teic. M® /cyT, T.e. GbLI MEHbBIIE TPOEKTHOTO HA 28 %.
Taxkum o6pasom, parTrdeckass MOIMTHOCTb TPeTheil JMHUN BoJ0oBoa AuameTpoM 1200 MM oTmmyanach
oT mpoekTHO Ha 47 Thic. M3 /cyT, a BomoBoaa auamerpoM 1400—1600 MM — ma 65 Thic. M/ CyT.
Takoe pacxoskjenue Mexay JIefCTBUTENbHBIM PACXOOM BOJbI W IMPOEKTHBIM MOXKHO OODBSICHSATDH
JBYMST IpuYrHaMu: 1) HHCTUTYTOM «Y KPrUIPOKOMMYHCTPON» MIPEAYCMaTPUBAINCH MECTHbBIE IOTEPH
¢ koadpdunuentom 1,05 oT OTEPH IO AJMKMHE BOJAOBOAA; 2) PEKOMEHIAINM, COepsKalmecs B pabore
D.A. IlleBeseBa [308], okasamuch HETOCTATOUHBIMU JJIST HEOOXOIUMOI TOYHOCTH PAacYeTOB.
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WccnepoBanus TUAPaBINYECKUX CONPOTUBJEHUN BOJOBOJOB, IPOBEJEHHBIE B T€ TOJbI,
CBUJIETEJTbCTBOBAM O TOM, YTO IOATAITHBIN, Ha MPOTSIKEHWHW TPeX JIeT, BBOJ B AKCILIyaTaIlUio
BO/IOBO/IOB TIPUBEJI K POCTY WHKPYCTAllMM HAa WX BHYTPEHHEH TOBEPXHOCTH, CJEJICTBUEM YETO
CTaJI0 yMeHbIlleHne pacxoja Boabl. /lng kommeHcamnu geduiuta BojAbl B XapbKOBe BO3HUKJIA
HeoOXO0/IMMOCTDb CTPOUTEbCTBA POraHCcKoil HACOCHOU CTAaHIIMK MePEeKAuYKH C PacueTHON IPOU3BO-
jqurebHocTbio 750 Thic. M2 /eyt (nam 8,68 M? /¢), paciioioKeHHOil Ha cepeinHe Tpace CyIeCTBYIO-
mux BoaoBojoB (puc. 3.2, 3.3). HacocHasi cTaHIUs CTOUMOCTBIO B 2,5 MJIH py0. Oblia BBejeHa
B aKcrryaTtanuio 12 oktsa6ps 1976 r. [lpu atom momosHUTENbHBIE 3aTPaThl HA 3JEKTPOIHEPTUTO
coctauan 0,5 MmaH py6. B TOI.

@ - Onsrrabil yaactork Ne8 -G _ OneITHBLI S AP @ _ OnbitHbni _
yuacTor Nod

KamMepa

OnBITHBIH ST O bITHBII 5
3 & - - B -
TaacToK Nb3 yuacTox Ne2 @ yaacTor Nel

Puc. 3.2. OnpITHBIE yUYaCTKM MarUCTPAIbHBIX BOJ0BOAOB amamerpom 1200, 1400, 1600 mMm
(1964—-1972 rr., 10 BBOJA B HKCILIyaTalWio POTaHCKOW HACOCHON CTaHIIMM MepeKauKn)
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Puc. 3.3. OnpITHBIE yYaCTKM MarucTPadbHBIX BO0BOAOB aumameTpom 1200, 1400, 1600 MM
(1972-2000 rr., 1m0cs€e BBOMA B SKCILIyaTallio POraHCKON HACOCHOI CTaHIMK IIePEKAUKIL)
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B XapbKoBe CTOMMOCTb TPAHCIOPTUPOBAHMSI BOJAbI K MOTPEGUTENIO COCTABJSIET MOYTH TO-
JoBuHy ee cebecroumoctu (puc. 3.4).

Mpoune MNogbem Boabl

Peanuszauuna Boabl
4,3% 23,5%

3,4%

Cucrema
JNokanbHble KOHOMLMOHMPOBaHWS
NoBbICUTENbHbIE BOAbI
HaCOCHbIE CTaHLmMn B 6,4%
XWUIbIX MUKpOpaioHax
16,7%
TpaHcnopTupo-
BaHue BoAbl
45,7%

Puc. 3.4. Ctpykrypa ce6eCTOMMOCTH MUTHEBON BOJIBI

Oé].HHprIe IKCIIEpPUMEHTAJIbHbIEC NCCJIEJOBAHUA TUAPAB/JINYECKOIO COIPOTUBJJIEHUA BOLOBO-
/0B, IPOBE€JACHHBIC PAJIOM YyY€HDBIX B 60—70-e roZibl, B TOM 4YuCJ€ C YUYaCTUEM aBTOpa IIaHHOfI
KHUTH, ITOKa3aJu H606XOZII/IMOCTI) ydu€Ta €ro nmoBbrmeHndga ¢ TEHEHNEM BPEMEHUN SKCIIJyaTallun
BO/J0OBO/IOB. O,IIHaKO BBejienne M. A. IleBeneBbIM yCJIOBHOfI IIepoxoBaToCTN BEJIMYNHON 1 MM
OKa3aJiIoOCb HEAOCTATOYHbIM /[AJid KOHKPETU3aAllUMU POCTa Ir'MmApPpaBJINYECKOTIO COIIPOTUBJIECHUA
C YU4€TOM MECTHDbIX COHpOTHBJICHHfI, O6y€JIOBJI€HHbIX CTbIKOBbIMM CO€JHWHEHUAMUN IIeTen Tpy-
6OHpOBOlIOB 00JIBIIIOTO [AnaMeTpa. ITH HE/IOCTATKN PACYETOB BBIABUJIUCH YK€ B CaMOM Ha4daJl€
IKCIlJIyaTallu1n BOAOBOIOB.

B ZIaHHOfI KHHUT€E€ aBTOPOM C/I€JiaHa ITepBasd IOIIbITKAa CUCTEMHOI'O N3YYE€HNA PE3YJIbTATOB HATYPHBIX

UCCIIeI0OBAaHUI 3aBUCUMOCTH A = [ [Re,K (T)] , a fauee 3asucumMoct ) = f(Re,A), rae Re — uuciio

Peiinosnbica; A = 7 6e3pa3MepHasi BeJMUNHA IIEPOXOBATOCTU, MEHSIONIASICS CO BDEMEHEM B XOjie

npoTekanus (HU3NIECKUX IMPOIECCOB, BOZHUKAOINX W PA3BUBAIONINXCS B JIEWCTBYIONINX BOJO-
BOJIaX, KOTOPbIE HE UMEIOT 3alUTy BHYTPEHHE ITOBEPXHOCTH TPYO OT OMOXUMUYECKON KOPPO3NUH;
& — abcomoTHAS MEePOXOBATOCTh BHYTPEHHEN TTOBEPXHOCTH BOJIOBOIOB, MM [ 14, 15, 17, 345]. Ilpn
HCCJIeIOBaHNN 3aBUCUMOCTH ), = f(Re,A) aBTOPOM HCIIOJb30BAHbI OCHOBHbIE T10JI0KEHHS KJIACCH-
YeCKOH THAPOMEXaHUKM, TEOPUU OO0 ¥ Pa3MepPHOCTEl, MaTeMaTUIECKO CTAaTUCTUKH.

Kax n3BectHO, BeTMunHa mMoteph HAIOPa B BOJIOBO/IE C JIOCTATOYHON TOYHOCTHIO OTIPE/IENISeTCs
ypaBHeHI/IeM BepHyJIJII/I, CBA3bIBalOIIMM OCHOBHbBIE ITapaME€Tpbl ABUIKEHUA [1JIA ABYX KOHIIEBbIX
cedeHnii Tpy6bOTIPOBOIA,

P 2 P !
—‘+a1V—‘+Z1:—2+a2V—2+ZZ+H L (3.2)
¥ 28 ¥ 28 -

Ly -

rie —, —= — TnApPOCTAaTUYECKHUE HallOPbl B KOHIEBbIX CEUYECHUAX TPY6OHPOBO,ZIa,

Yo

vV

——, —— — CKOpPOCTHbBIE HAIIOPBHI B HUX;

29 29 p p

vV,V, P,P, Z,Z,— cpeanue CKOPOCTH, JaBJeHUA U KOOPAMHATDI LIEHTPA TAKECTH dTUX
CeYeHU# COOTBETCTBEHHO;

a,, o, — xKoapdunuentor Kopuosuca,
H,  — mnorepu namopa.

[Tockosbky koadduiuentol Kopuosanca npu pexxuMax TedeHUs, UMEIONIMX MeCTO B BOJIO-
Bojax, 6im3ku k emwnuie [17, 73, 125, 157, 345], 6e3 ocoboro ymiep6a /Jisi TOYHOCTH pacyera

CUHUTaeM MUX PAaBHbIMHU €AMHUILE.
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Oco6blii cMBICST TTPU UCTIOJIb30BAaHUN YpaBHeHNIT bepHyn B pacuerax BoJ0BOJOB mpuobpe-
TAeT OLCHKA 110TePb SHEPTUHU MOTOKA BOAbI H, , 00yCJIOBJIECHHBIX AMCCUTIAIMEH SHEPIUH TOTOKA
npu TypOYJEHTHOM ABW)KEHWM BOJIBI B TPyO6ax M CONMPOTHUBJIEHWEM B MeCTaX COEIUHEHUS TPYyO
Pa3JIMYHBIX AMaMETPOB, BOSHUKHOBEHNEM BUXPeEl, HEPOBHOCTEN U Ip.

DyHgaMeHTaTbHON CUCTEMON YPaBHEHUI TTPH MCCJIeIOBAaHUAX TTOTOKA BO/IbI B BOJIOBOJIE SIBJISI-
eTcs cucremMa ypaBHenuit Peftnosbaca [157] aig ocpeHeHHOTO TYpOYIEHTHOTO ABUKEHUS CPEIbI.
PefiHosb/icy TPUHAJIEKUT TAKKe OMPe/IeJIeHIe IBYX PEKNMOB IBUKEHUS MMOTOKOB — JIaMUHAP-
HOTO M TypOyseHTHoTo [345]. OaHako MCHmoJab30BaHWE 3TOM CHCTEMbI JIS PAacYeTOB BOJ/IOBOJIOB
BO3MOJKHO TOJIBKO C TIOMOTIBIO MOJYIMIUPUIECKUX TEOPUil TypOYJIEHTHOCTH, KOTOpPbIe TPEOYIOT
Jn60 3HAHUS HEKOTOPBIX KOHCTAHT, KOTOPbIE MOXKHO MOJYYUTDH U3 OIBITOB, JUGO SMIUPUUECKUX
3aBUCUMOCTEN I TUPABJMYECKUX CONMPOTUBJIEHUI, BO3HUKAIONINX TPU PA3JUUHBIX PEKMUMax
nBkenud. [Ipeacrasisercs mesecoo6pasHbIM MOJTYUYUTh He 0OIIUe CBI3M, MPUTOIHBIE [IJIS pacyeTa
JOOBIX PEXMMOB IBUKEHUS, HO ¢ 3a(pMKCUPOBAHHBIMU 3HAUYEHUSIMH IMEPOXOBATOCTEI, KaK 3TO
JleJIaioch BO MHOTUX paboTax, HaunmHas ¢ Hukypazase, a ¢BsS3u, yYUTBIBAIOIINE PeabHOE COCTOSTHUE
BHYTPEHHEN MTOBEPXHOCTH TPYOOMPOBOIOB U U3MEHEHNE 3TOTO COCTOSHUS BO BpEMEHU, TTOCKOJIbKY
MPU DKCILTyaTallMy BOJAOBOJOB OHM CYIIECTBEHHO M3MEHSIOTCS. YUHUTBIBasi 0COOYI0 OTBETCTBEH-
HOCTD MTPOEKTUPOBAHUS BOJIOBOJIOB N YCTAHOBJIEHNS UX TEXHUKO-IKOHOMHYECKUX XapaKTePUCTHK,
MOKHO UCIT0JIb30BaTh o6menpunaTyio ¢gopmyay lapcu—Beiic6axa [157, 308, 345]

[(Vv?

H=\—|—], 3.3
i3 (3.3)

rae A — K03 UIMEHT THAPABINYECKOTO CONPOTUBIEHNST;

| — jpauHa BOJOBOJA, M;

d — nuameTp BOJOBO/A, M;

V? .

—— — CKOpPOCTHOW Harmop, M;

2g

H — morepn mamopa B BOJIOBO/IE, M.

[TpusenerHas dopmyaa (3.3) aekaapupyer MpsMO MPOTOPIHMOHAIBHYIO 3aBUCHMOCTD MEK/IY
TH/IPABIMYECKUMU COTIPOTUBJICHUSIMU, OTHECEHHBIMI K OTHOCUTEJbHOI JTIHE TPYOOTIpOBOia M KIHe-
TUYECKON 9HEPTUHU TIOTOKA CPETHNX CKOPOCTEl, KOT/Ia O/THO Hen3BeCcTHOe H 3aMeHsieTcs IPyTruM — A.
Torma 3amaga cBoauTCS K ompezesieHno KoadduimenTa ruipaBaIndyeckoro COPOTUBIEHNUS A, Kak
¢ynkmm 6e3pasMepHBIX MapaMeTpPoB, YaCTh KOTOPBIX 3aBUCHUT OT BpeMmeHu. [loatomy skcmepumen-
TAJBLHOMY MCCJIEIOBAHNIO 3THX K03 (UIMEHTOB CO BceMU 0COOEHHOCTSIMU X U3MEHEHUI BO BpDEMEHH,
BKJIIOUAs Pa3BUTHE TIPOIECCOB OMOXMMUYECKON KOPPO3UU ¥ 3apacTaHue BHYTPEHHel MOBepXHOCTH
BOJIOBOIOB, 06pa3oBaHiie GUOXUMUYECKUX MJIEHOK, 06YCJIOBIEHHBIX THPOOUOJIOTHYECKUM U COJIEBBIM
COCTaBOM BOJIbI, U T. [I. B paboTe yjiesieH0 0co60e BHUMAHUE.

B nanHo# T/1aBe TIpWBeNEHBI PE3YJbTAThl MHOTOJIETHUX WCCJEIOBAHUI COCTOSTHUS BOIOBO/IOB
U TIPUYMH POCTa MIEPOXOBATOCTH WX BHYTPEHHEH MOBEPXHOCTH. IJKCIEPUMEHTAJbHbIE MCCJIe0BAHNUS
TTPOBOUINCH HA CTAJbHBIX BoZioBojiax auamerpoM 1200, 1400, 1600 MM, npeiHasHavyeHHbBIX A TPAHC-
MOPTUPOBAHMS BOJIBI, KAYECTBO KOTOPOIT OITPEIEISIOCH YCJAOBUSAMI BTOPOTO HCTOYHUKA BOJIOCHAOKEHNUS
XapbrkoBa — peku Ceepckuii J[oHerl, a Takske Ha BogioBoiax uameTpoM 1400 MM, aKCILTyaTupyeMbIx
B YCJIOBHSIX TPETHETO MCTOYHWKA BOJOCHAGKEHNST XapbKOBa, NCHOJB3YIONIEro Boabl /[Hemnpa.

3.2. HATYPHBIE UCCJJEJOBAHUA KOOOOUNNEHTA
I'MAPABJINYECKOI'O COITPOTUBJIEHHA BOJAOBO/10B
AUAMETPOM 1200, 1400, 1600 Mmm

3.2.1. UICCJIEAJOBAHHIA KOOOOUINUEHTA THAPABINYECKOIO COIIPOTUBJ/IEHHUA
BOJOBOJA ATMAMETPOM 1200 MM

PesysibTaTbl HATYPHBIX MCCJEI0BAHIN MaKPOIIEPOXOBATOCTH BHYTPEHHEH TTOBEPXHOCTHU BO/I0O-
Bojia juaMerpom 1200 MM, KOTOPbIE TPOBOIUINCH HA NPOTSXKEHUN 37 JIeT IKCIIyaTallu, CBE/IeHbI
B Tabsmny (ta6a. 3.1), ncxoanbre ganHble AJs pacueta KoadPuimenTa ruApaBiIndecKoro Conpo-
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TUBJIEHUS A TIPUBE/IEHBI B TpuJiokennn A, ta6a. A.1. Tam ke maHbl 3HAYEHUS TUIPABIMYECKOTO
YKJOHA U unces PellHOMb/ica, COOTBETCTBYIOIME PEKUMY TPAHCIOPTUPOBAHUS BOJbLI MPHU TPO-

BeleHnn I/ISMepeHHfI.

Ta6auna 3.1

XapakTep MakpoOIIepOXOBAaTOCTH BHYTPEeHHeil IOBEPXHOCTH BOAOBOJA
auametpoM 1200 MM ¢ TeueHHeM BpeMeHH ero 3KCILIyaTaluu

MaKCUMasbHas OTHoCHTeNbHas
Bpewms aTchgg.aTaumw, MaKpOLIEPOXOBATOCTS, MaKpOLIEPOXOBATOCT, by
0 8, MM A

4 3,3 0,00275 0,0248
13 (1 rog 1 mec.) 4,3 0,00360 0,0269
15 (1 rom 2 mec.) 2,32 0,00193 0,028
17 (1 rom 5 mec.) 5,4 0,00450 0,028
ronn ([ron 10 ec. = 6,0 0,00502 0,0298
24 (2 ropa) 4,8 0,00402 0,0295
25 (2 ropa 1 mec.) 6,0 0,00502 0,03

32 (2 roga 8 mec.) 6,6 0,00552 0,03

34 (2 ropa 10 mec.) 7,2 0,00603 0,0327
g”'r;iz (12“;2?:;)1 10 mec. — 7,2 0,00603 0,0327
44 (3 ropa 8 mec.) 6,3 0,00525 0,0312
48-50 (4 rona — 4 roga 2 mec.) 9,6 0,00803 0,0337
62 (5 net 2 mec.) 9,6 0,00803 0,0364
63 (5 net 3 mec.) 9,6 0,00803 0,0371
85 (7 net 1 mec.) 10,8 0,00903 0,0372
90 (7 net 6 mec.) 10,7 0,00895 0,037
108 (9 ner) 13,3-13,4 0,01121 0,043
144 (12 ner) 15,0-15,2 0,01272 0,0484
235 (19 net 7 mec.) 17,0-17,1 0,01420 0,0549
336 (28 ner) 17,5-17,6 0,01473 0,0573
384 (32 ropa) 18,0-18,4 0,01540 0,0608
444 (37 neT) 18,9-19,0 0,01590 0,0634

[TosyueHa smnupuveckas sapucumoctsb (puc. 3.5)
5= —th%g npu 4 <T <450, (3.4)

ruge 6 — abCoII0THAS mepoxoBaToCTb, MM, 110 /JaHHBIM 3aMEPOB;
T — BpEMA HAXOKAEHUA MaruCTpaJbHOIro BOJAOBO/la B 3KCILJYyaTallun, MeC.
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Puc. 3.5. V3aMmenenne BeqinauHbl a6COJMIOTHOI MaKPOIIEPOXOBATOCTH BHYTPEHHEI MOBEPXHOCTH
BogoBojia anamerpom 1200 mm (L = 14 902 M) B mpoliecce €ro aKcIIyaTarun

CJuiefryer OTMETHTB, YTO Macca OTJOKEHWH Ha BHYTPEHHEH IOBEPXHOCTH BOa0BOJa (BbIcOTa
MaKpOIIepoXoBaTocTh 6,3 MM, dKCIIyaTallist BOA0OBOAA 44 MecC.), CHATBHIX CKPEOKOM CO BCEro mepu-
MeTpa BOJIOBOJIA JAJTMHON 1 1. M, Toc/ie npocyimBanus coctaBuiaa 7,16 kr, wim 2 % maccbl 1 1. M
TpyObI, 357,5 KI. AHaJIM3 JIaHHbIX HATYPHbBIX U3MepeHuil Makpoiiepoxosartoct (puc. 3.5) 1m03BoJIsAET
c/lesiaTh BBIBOJI O TOM, UTO CYIIECTBYIOT Tpu (a3bl pocta Makpoliepoxosaroctu: I ¢paza — anmresn-
HOCTBIO TIPUMEPHO 10 8,3 roga — ¢raza MHTEHCUBHOTO POCTA OTJIOKEHUI M MaKpOIIePOXOBATOCTH;
IT dpaza — or 8,3 no 18,3 roja — daza 3ame/yieHHOr0 pocTta MakpoiiepoxoBatoctu u 111 daza —
ot 18,3 roma no 37 ser — daza crabunusanuy pocTa MaKpOIIEPOXOBATOCTH.

Bbuin uccsie/JoBaHbl pas/iMuHble BUbI PETPECCUOHHOI Mojen s 3aBucumocteil A = f(Re) ;
A=fA); v=f(T); §=f(T); A=f(T); i=f(V), rne i — rugpasaudeckuii ykaon. Onru-
MaJIbHble 3aBUCHUMOCTH ONPEEJISIN 110 MAaKCUMYMYy KO3 PUIlmeHTa KOPPEISINT UM MUHUMYMY
CTaH/JAPTHON OMUOKH.

Ha ocuoBanum ta6a. 3.2 moctpoeH rpaduK 3aBUCHUMOCTH OTHOCUTEJbHON HIEPOXOBATOCTH
ot Bpemenn (puc. 3.6). Ina sasucumoctu A = f(T) BbIGpaHa MOfENIb

0,018T

- 00187 (3.5)
T+70,2
rjue T — BpEMA SKCIJIyaTallun BOZOBO/la, MEC.
Ta6auma 3.2
XapaKTepHCTHKH PerpecCHOHHOI 3aBHCHMOCTH A = f(T)
Xapak- Mogenb
TepucTvka . A=a+bT 2. A=aT/(T+b) 3. A=al 4. A=a+bT+cT 5.A=a+binT
Koadpduuments | a = 0,005 a=0,018 a=0,001475 ba: 96083558 a= —0,00571
perpeccun b = 0,00003 b=170,2 n = 0,402 c= -1.2196.107 b = -0,00345
CranpaptHas 0,001687 0,000758 0,0009405 0,000877058 0,0010741
owmnbka, c
Koapduunent 0,903 0,982 0,971 0,974 0,961
koppenauuun, R
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Puc. 3.6. ll3menenne BeTMYMHBI OTHOCUTEJIBHON MaKpPOIIEPOXOBATOCTH
BHyTpeHHel moBepXHocTH BogosoAa anamerpom 1200 mm (L = 14 902 M)
B IIPOIIECCE €0 IKCIIyaTAIUN

@opmya (3.5) mokasbiBaer, 4To ¢ TedeHueMm Bpemenu B mepsbie 100 mec. (8,5 roxa) Ha-
6,110/1aeTCS MHTEHCUBHBIN POCT OTHOCUTEJIbHON HMIEPOXOBATOCTH A, B MOCJeAYIONNe TOAbl WH-
TEHCUBHOCTb pocTa yMmeHbinaercda. Ha puc. 3.7—3.11 BuaHO, 4TO Ha BHYTPEHHEN TOBEPXHOCTH
JEfCTBYIONIMX MarncTpajJbHBIX BOJOBO/IOB MMEIOTCS MAaKPONIEPOXOBATOCTH PA3JIMYHON (DOPMBI,
Pa3HOll BBICOTHI M IIMPUHBI, HATIOMUHAIONIME CTAJAKTUTBl. B CyXOoM BHU/le OHUM IPEACTaBJISIOT
co601t 6ypyIo PbIXJYIO MOPUCTYIO Maccy NaoTHOCTBIO 1,4—1,6 T/ cM?, OTKPBITOI TTOPUCTOCTHIO
51-55 %, ¢ BogomnorjoueHneM 33—39 %. C TeueHneM BpeMeHU XUMHYECKUN COCTAB OTJIOKEHUI
U3MeHsIeTCs, MaccoBas J0Js KOMIIOHEHTOB OTJIOXKEHU K cpoKy 35—37 JieT cTabuian3upyercs
(ta6s. 3.3 u 3.8).

Ta6auna 3.3

XuMHYECKHI COCTAB OTJIOXKEHUIT U MaccoBasi 0Jisi KOMIIOHEHTOB, %
(yuactoxk Ne2; d = 1200 mm)

Cpok
pasauTys Neryame nocne | i | peo | Feo | ca0 | SO, | PO, | Mgo | To, | "P*
I'IpOKaJ'IVIBaHVIﬂ ymne

MHKpyCTauum
3roga 14,09 1,72 | 78,35 | 1,43 | 0,48 | 0,67 | 0,09 | Cnenbl | Cnegpl | 3,17
37 net 17,96 2,24 | 67,00 | 5,17 | 1,26 | 1,74 | 0,86 - - 3,77

B cpaBHeHUNn
C 3-N16THUM +3,87 +0,52 | -11,35 | +3,74 | 40,78 | +1,07 | +0,77| - - +0,6

CPOKOM 3KC-

nayarauum
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Puc. 3.7. Xapaxkrep MakpoIIepoXoBaTOCTH BHYTPEHHell MOBEPXHOCTH
BoZI0BOzIa namerpoM 1200 MM (BpeMst sKcIIyaTaluu BogoBojga 37 jier)

Puc. 3.8. MHkpycranus Ha BHYTPEHHEH TOBEPXHOCTH BOJIOBO/IA
muamerpom 1200 MM (Bpems skcmayaTaium Bogosoja 37 Jier)

Puc. 3.9. MaxkpouepoxoBaTocTb BHYTPEHHEH MOBEPXHOCTH BO0BO/IA
auamerpom 1200 mm (Bpems sxcmayaTaiuu BogoBojga 37 Jjer)
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Puc. 3.11. Cocko6 HapoOCTOB ¢ BHYTPEHHEI TOBEPXHOCTH BOJ/IOBOJIA:
@ — UATHO cOCKOGa; 6 — HApOCT B CPABHEHUU C BBICOTOI CHMYEUHOIl KOPOOKU
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Kax wusBectHo [71], unkpycranus (3apactanue) 10OJOCTH BOAOBOJOB INpejacTaB/ser co6oii
neaJbHYIO cpery A/ aHadpOOHBIX OaKTepHil, KOTOPbIe CTUMYJINPYIOT KOPPO3UIO MeTaLIa U YXY/I-
MIaloT KayecTBO Bo/bI [72]. MccnenoBanust 6MOXUMUYECKONW KOPPO3UHU BHYTPEHHEH MOBEPXHOCTH
BOJIOBOJIOB CBU/IETEJBCTBYIOT O TOM, YTO 4YeM J0Jiblie TpyOa ObLaa B dKCILIyaTaluu, teM GoJjee
Pa3HOPO/IHBIM U CJOKHBIM CTAHOBHUTCS CJIOM HApOCTa M TeM Tpy/Hee XapaKTepU30BaTh PeaKInu
POYKTOB Koppo3uu. Tak, cooTBeTCTBYIOIINE Peakiini U (paKTOPbI yIIpaBaeHuss KOPPO3ueil YncTo-
ro MeTaJljia SBJISIOTCS OTHOCUTENBHO MPOCTBIMI, a Ha HAYAJbHBIX CTAUIX 00pa30BaHUsS HAPOCTA
OHM XOTSI ¥ MeHee BbIPa’KeHbl, HO CPABHUTEIbHO MOHATHDBI. TpanchopManum e, MpOUCXoIsIIe
¢ MHKpYyCTAIUel MoJOCTH TPyObl B TeUeHMe [JINTETbHOTO TIPOMEKYTKA BPEMEHU, TOPA3/0 CJI0KHEee
u MeHee TMOHATHBI. [IOCKOJIBKY CPOK aKcIIyataiuu TpyObl B CHCTEMe TPAHCIIOPTUPOBAHUS BO/IbI
n Bojopactpezesenns o6bdHO cocraBssgerT 50 u 6osiee JeT, MPeACTaBIAIOT WHTEPEC PeaKIlnw,
B KOTOpbIE BCTYTAIOT «CTapble» KOPPO3UOHHbBIE OTJIOXKeHUs. B JaHHON T/iaBe mpecTaBjeHbl Ha-
6JTI0/IEHNS, KACAIOIINECsI COCTAaBa M CTPYKTYPbl KOPPO3UOHHBIX OTJIOKEHUN B CTAJTbHBIX BOJIOBO-
nax. OTMeTuM, 4TO MOoBe/leHne KOPPO3UOHHBIX OTJIOKEHUN B 4yTyHHbIX Tpy6ax uHoe. CTpyKTypa
OTJIOJKEHUI B CTAJbHBIX BOJOBOJIaX BJMIET HA CKOPOCTh KOPPO3uu. [IpoucXoauT 3BOJMIOIUOHHOE
o6pasoBaHue HOBbIX COeMHEHNI, BICBOOOKIEHIE M3 T0/la B TOJ] COJIell Kese3a TpyObl B HAPOCT.
Cama kopposusi, Kak BUAHO u3 TabJ. 3.3, Tpe/cTaBJsgeT co00il CIOKHOE SBJIeHNEe, Ha KOTOpPOe
OKa3bIBAIOT BJHUsHUE (U3NUECKUe, XUMUYeCKre U OMOJOrMYecKue IIPOIECChl, MPOUCXO/SIIIE
B BogoBoJIe (Tabu. 3.4), ¢ yueroM KayecTBa TPAHCIOPTUPYEMON BOJAbI. XapaKTep BJIMAHUSA pas-
JUIHBIX (HAKTOPOB HAa BHYTPEHHIOID KOPPO3UIO B BOJOBO/E BueH u3 Tabi. 3.5.

Baskneiimum ycioBueM 06GbeKTUBHOI OIEHKH MHKPYCTAIUU SIBJSIETCS OBICTPBIH OCMOTP BO-
JI0Bo/ia 1pu onopokHennuun (He Gojiee CYyTOK Il 0OCMOTPa GUOIJIEHKH, KOTOpash Ha BO3/yXe BbI-
cymmBaercsi). Hamuuuwe causucroii 6uongenkn (puc. 3.12) Ha HapocTax MaKpoOIIePOXOBATOCTH
TOBOPUT O POCTE TOMYJIAIUN aHadPOOHBIX MUKPOOGOB [71, 72], KOTOpbBIE MOTJIOIMAIOT KUCJIOPO/I
B BOj/ie, WHTHOUPYIOT MUTPAIUI0 KHUCJIOPOJA, CHUKAS JIOKAJbHOE COJEep:KaHue PacTBOPEHHOTO
Kucjaopoaa. ['pagueHTsbl KOHIIEHTPAIMN, Pa3BUBAIONINECS 10/ OUOTJIEHKOW, GJIaronpusTCTBYIOT
UHUIMAIMN KOppo3uu. MetabonvecKue IPOIECChl HEKOTOPbIX MUKPOOPraHU3MOB SIBJISIIOTCS
KaTaJanu3aTopaMy peakiinuii, CTUMYJUPYIONUX Kopposuio [336].

Ta6auna 3.4

KauectBo nutheBoii Bobl BogoBoa AuameTpoM 1200 MM mocJie KOHANITHOHUPOBAHUS
(cpeaHee 3a mepuo/ dKCILTyaTallid BOJOBOJIA)
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1952—
1962 rr., 0o

‘;zgzm’;” 0,40 | 10,8 | 7,27 | 3,90 | 4,5 | 25,0 | 0,024 | HeT| 6,80 | 237,7| 88,0 | 29,02 | 28,6 | 482 0,45

CeBepckoro
JoHua

1963—

2000 rr 0,41 | 10,0 | 7,55 | 4,13 | 4,4 | 35,0 | 0,050 | 11 | 5,13 |251,9| 74,6 | 17,03 | 15,6 |473 | 0,40

B cpaBHe-
HUK +0,01| -0,8 | +0,28 | +0,23|-0,1|+10,0 | +0,026 | +11 | 1,67 | +14,2|-13,4|-11,99|-13,0| -9 |-0,05
c1962r.
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Ta6auma 3.5

(DaKTOpr, BJUAIOIIHE HA BHYTPEHHIOIO KOPpPO3UI0O BOAOBOJAA

DdakTop

XapakTep BAusHUS

pH

Husknii pH yBennymBaeT ckopoCTb KOPPO3MK. Beicokumii pH cnoco6-
CTBYET 3alLuTe BHYTPEHHEN NosocTu BOAOBOAA

PactBopeHHbIN
KMcnopog,

YckopsieT MHOrMe peakummn KOppo3nm, Xn3Hb aHaspoOHbIX 1 aspob-
HbIX HakTepui

Temnepartypa soapl

YckopsieT MHOrMe peakLmi Koppoaun. CHuXaeT pacTBOPUMOCTb Kap-
6oHaTa KasnbLus. YBenmunsaeT OMON0rnyeckyto akTMBHOCTb

Bbicokasi CKOpOCTb MOTOKA BOAbI
B BOZOBOJAX, UM TypOYNIEHTHOCTb

MoBbILAEeT NOTEHUMANbHYIO BO3MOXHOCTb 3PO3UOHHOW KOPPO3MM

Hun3kas CKOPOCTb NOTOKa BOAbI
B BOOOBOAAX

lMoBbILWAET NOTEHLMANBHYIO BO3MOXHOCTb KOPPO3UK ¢ 06pa3oBaHneM
BOJIOCHbIX TPELUH 1 pasbefaHuns

CnocobcTByeT 06pa3oBaHNMio 3aLMTHOIO C/OSt U aMOPTU3NPYET n3-

€J104HOCTb
= MeHeHune pH
Kanbumesas
CnocobctByeT 06pas30BaHUMio 3aLMTHOIO CNos
XECTKOCTb
OcTaTouHbI Xnop YBenununeaeT 60bLUIMHCTBO TUMOB KOPPO3UK, YMEHbLLIAET Bronornye-
B BOOE CKYI0 KOPPO3MIO

Xnopuapl 1 cynbdarbl

YBENMuMBaloT KOPPO3MIO XXenesa, Mem 1 OLMHKOBAHHOW CTasn.
Cnoco6cTBYyeT TeHAeHUMM BO3HUKHOBEHMS pasbeatoleli Kopposun

Ceposopopog, YBenunyvnBaeT Koppo3uio

AMMAAK YBenmunBaeT KOppPo3mnio MeHbIX 31IEMEHTOB B cucteme 060pynoBa-
HWS1 BOLOCHAOXeHWS

MarHwui MoxeT MHrmMbuposaTb ocaxaeHne kapboHaTa kanbLmsa B BOAE

Ob6uee MoBbIlaeT NPOBOAMMOCTb BOAbI, HTO CNOCOOCTBYET YCKOPEHMIO KOp-

coneconepxaHue po3uu

[Ton BiusiHMEM Kesie300aKTepHUil IPOUCXOAUT pa3pylleHne CJI0s1 MeTaJjlla, CO3/[al0TCs I1OBbI-
wennble Kouuenrpanun O, u CO,. Yriekucaplii ras, Kak IPOAYKT KOHEYHOIO OKMCJIEHUS Oopra-
HIUYECKUX COeJMHEHNH, CIocOOCTBYET KOPPO3UH, MPU 3TOM YMEHBIIAeTCS TOJINHA CTEHOK TPyO
[336]. ITox wHKpyCcTAIMSAMU CO3/1af0TCS aHA3POOHBIE YCJI0BUS, GJAronpusTHBIC [JIs KU3He/Ies-
TEJTBHOCTH CYIb(MaTPeyIUPYOMNUX OaKTepHii, KOTOPbIe UTPAIOT WCKJIOUYNTEIbHO BAXHYIO POJIb
B YCKOPEHMM KOppo3uu. PaszBurue MUKPOOPraHU3MOB CIIOCOOCTBYET BOCCTAHOBJICHUIO CYJIb(aTOB
J10 CyJIb(UTOB M OKUCJEHUIO Cepbl U €e COeJMHEeHUI 10 CepHO#l KUCJOTHI.

i Ll

¢

Puc. 3.12. Havasio mHKpycTanuu BHYTPeHHElH TOBEPXHOCTH MArucTPaJbHOTO
BogoBofia anamerpoM 1200 MM (BpeMs sKcILTyaTanuu 3 Tofa)
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[To nanHbIM Tabs1. 3.3, B OTJIOKEHUAX TPYOOIIPOBO/IA TPEXJIETHEH SKCILTyaTallni KOJIMYECTBO CYJIb-
(putoB MeHbIle, YeM B OTJIOKEHUSIX TPyOorpoBoja 37-JeTHell sKCIIyaTalnuu, T.e. WAeT HAKOIJIeHUe
cybpuTOB ¢ TedeHneMm BpemeHHU. C MPaKTUUECKOI TOUKHU 3peHUs HEGOJbIOe BOCCTAHOBJIEHHUE CYJIb-
(paToB MOKET IPUBECTH K PACTBOPEHMIO 3HAYMTEIHHOTO KOJMYECTBA JKeJie3a, TaK KaK M3BECTHO, 4TO
1 mr/ am® SO, MoskeT ocso6oauth 2 Mr/ imM® skesesa. 7Keneso6akrepun yCKOPSIOT IIPOLECC OKUCICHUA
JIBYXBAJIEHTHOTO JKeJie3a /10 TpexBasieHTHOro. Hutpndunmpyionme 6aktepnn 0Ka3blBalOT KOPPO3UOHHOE
JIeliCTBHE HA JKeJle30, YTO CBA3aHO ¢ 0O0pa30BaHNEM a30THCTON U a30THON KUCJOT. VI3 aHam3a JaHHbIX,
IPUBE/JIEHHBIX B Ta6Jl. 3.4, CJIeyeT, 4To MOBBIIIEHUE CO/EPKAHNS a30TOCO/IEPKAIINX BEIeCTB B BO/IE
MIPOUCXO/IUT BCJIE/ICTBUE HAJWYMS XOPOIIei MUTATeTbHON Cpeibl s HUTPOOAKTEPHIA.

KasbrimeBbie oT/103KeHUST B TPyOONpoBoJax 00yCJIOBJIEHBI HE TOJTbKO XUMUYECKMMH CBO-
CTBAMM BOJIbI, HO U JleficTBUEM >Kese306aKTepuii, KOTOPbIe, TOrJOoNas 3aKUCHBIE COJIN JKeJie3a,
BBIJIEJISTIOT TH/PAT OKUCH >Kejle3a, OTKJIA/bIBas ero BOKPYT CBOEro Tesia B GOJIBIIOM KOJIHYECTBE.
[ToBepxHOCTDH TPYyOBI TIOKPBIBAeTCS OyTpaMu U BBICTYTIAMU, YTO IIPUBO/JUT K MHKpPycTaIluu Tpyo,
T.€. K MAaKpOIIepoXoBaTocTu. 113-3a HEOTHOPOAHOCTH CTPYKTYPBI METAJJIa MOKET BOBHUKHYTH TaJib-
BaHMYeCKas mapa, B KOTOPOH aHOAOM CJy:KUT geopMupoBaHHbIil yyacTok (Oyrpbl U BHAJAWHbI),
a KaTo/IoM — HEINOBPE’K/eHHbIe YYAaCTKH, YTO MIPUBOANT K YCKOPEHUIO IIpoliecca Kopposun [271,
336]. IIpoayKTOM KOPPO3UHU Keje3a SBJSeTCS P)KaBUMHA, COCTAB KOTOPOW MOKHO HPEJACTaBUTDH
B Bujsie coequnennd nFeO-mFe,O,-kH,O, rae koapdununentsr n, m, k 3aBucaT or ycaosuii 1npo-
TEeKaHUs 1IPoIlecca OKNCJICHUS.

B orsioskenusix Tpy6ONPOBO/Ia ¢ TPEXJETHUM CPOKOM aKcruryararnuu (puc. 3.12) npeob.agaer
dopma Fe,O,, T.e. mpouecc kopposun uaer 6osee unrencusHo. Ilo Mepe pocra c0s HHKpycTaluyu
TPyOOIIPOBO/Ia CaM HAPOCT TOCTETIEHHO BBITTOTHSET 3aUTHYIO (DYHKINIO, C/IePKNUBAsi IPOIECC WH-
TEHCUBHOUW KOppo3uu TPyObl. ITO HAXOAWT CBOE MOJATBEPIKEHNE HA MPUBEJIECHHOM paHee Tpaduke
sapucumoct A = f(T) (puc. 3.6).

B HeliTpaabHoM pactBope coJieil menounbix Meraaios (NaCl, KCI, Na,SO 4), KaKUM SBJISETCS
nuTheBask BO/a, CKOPOCTb KOPPO3UM ’KeJjie3a BHayaJle BO3PACTaeT, a 3aTeM IajaeT. Y BeJuvYeHue
coJlep>KaHus XJOPU/I0B B NMUTHhEBOI BOJ/I€ MOKET OKa3bIBAaTh BJAUSHIE HA WHTEHCUBHOCTD IIpollecca
kopposuu. B nepuon ¢ 1952 mo 2000 rox B XMMUYECKOM COCTaBe TPAHCIIOPTUPYEMOIi IO BOJOBO-
JlaM BOJIbI Ha6JII0/1a/10Ch MOBbIIIEHNe cojep:kanus xaopugaos Ha 10 mr /i (ta6a. 3.4).

C pocToM BeJIMYMHBI MaKPOIIEPOXOBATOCTH 3aMe/IJIsIeTcst 0Opa30BaHKe HOBBIX CJI0€B MHKPYCTAINH,
YTO CBSI3aHO C JUMUTHPOBAHUEM KOJIMYECTBA MUIEBOrO cy6cTpata. XMMUYEeCKHi aHAIN3 OTJIOKEHUH
Ha BHYTPEHHEH TOBEPXHOCTU BOJOBO/IOB U JIETKOJIETYYHX BEIIECTB MOCJIE TTPOKATUBAHNS OTJIOMKEHHI
MOKa3aJl HaJMYne cepoco/iep KalluX COeMHEHUIl, YTO CBU/IETEIbCTBYET O BO3MOKHOCTHU ITPOTEKAHNUS
GUOKOPPO3UN T10/] OTH0KeHussME. CaMu OTJIOKEHUsT 3aTPYAHSIOT JOCTYII jenosipusaropa (Kucso-
poja) K MOBEPXHOCTH MeTaJjljla BHYTPEHHEI MOJIOCTH BOJOBO/IA, TOPMO3ST KOPPO3HOHHBII TIpoIiecc,
O/THAKO 3HAYUTEJIHbHBIM 3aMUTHBIM 3(PeKTOM OHU He 06J1a/Ial0T.

N3nosxennble pe3yabTaTbl HAGJIIOIEHNIN, €eCTECTBEHHO, He MOTYT ObITb MCIIOJIb30BAHbI HETIOCDPE/I-
CTBEHHO B PacyeTax Iu/[paBIMYeCKUX CONPOTUBJeHUI. TeM He MeHee UMeeT CMbBICT TIPUBECTH UX B Ha-
CTOsIIIEH KHUTE, TaK KaK OHUM MPE/CTABJISIOT CAMOCTOSITE/IbHBIN MHTEPeC, MOCKOIbKY T03BOJISAT HAYaTh
MIOCTPOEHNE MOjieJiell BpEMEHHBIX CBsI3eil, OMMChIBAIONINX MHOTOOOPa3HbIe MPOIEecChl GHOXNMIYECKOI
Koppo3un. B uccienoBatesbekoit pabote aBTOP BBIHYK/I€H ObL OTPAHUYUTHCS YCTAHOBJICHUEM BIHSHUS
TUPOIMTHAMIYECKOTO KPUTEPHsT — Yrc/a PeifHoJb/ica M reoMeTpUiecKoro napamerpa — 6Ge3pasMepHOil
BEJIMYMHBI IEPOXOBATOCTH HA BEJMUNHY MHTETPAJbHOTO TTapaMeTpa — KoadduiimenTa ConpoTuBIeHUS
TPEHUST W 3aBUCUMOCTD €ro oT BpeMeHU. llosydyeHHble popMyJibl MOKHO MCIIOJIb30BATDH LIS pacyeTa
U MTPOEKTUPOBAHUS CHCTEM BOJIOBOJIOB, a TaK’Ke /IS TIPOTHO3UPOBAHUS CPOKOB WX CAHAIHH.

WccenenoBanus 1mepoxoBaTOCTH U MaKPOIIEPOXOBATOCTH M X U3MEHEHWSI BO BpEMEHHN Ha Ha-
YaJIbHOM 3Tale SKCILIyaTalliu BOJOBOJOB, Korja abGCOJIIOTHAs MIEPOXOBATOCTh HE3HAUYMTEJbHA,
npoBoauan npu nomoiu goromnpodunorpada no meroxy lleirauna—J/losanckoro (puc. 3.13),
a TakKe ApyruMu npubopamu u uHctpyMeHTamMu. CocTosiHue BHYTpPEHHElH MOBEPXHOCTH BO/IOBO-
JIOB OI[EHUBAJN BU3YaJbHO, /IJI 4eTO OBbLIO MPOCMOTPEHO 6oJiee 7 KM TPyGOIIPOBO/IOB 1MAMETPOM
1200, 1400, 1600 mMm. BpicTynbl MakpoIiiepoXoBaTOCTH HA BHYTPEHHEHN MOBEPXHOCTH KaK/OTO
auamerpa TpyO6 asnunoii 1 M usMmepsiu 1o Bcemy nepumerpy (puc. 3.14). 3HaueHus BBICTYIIOB
mepoxoBaTocTn ocpeansuch (taba. 3.1).

Crenyer OTMETHTbD, YTO UCCJIEOBAHUS TIPOBONJIN Ha CTAJIbHBIX BOfoBOAaxX anamerpom 1200,
1400, 1600 MM, He UMEIONMX BHYTPEHHET0 MOKPbITHs (BOJOBO/IBI HE CAHUPOBAHBI).
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Puc. 3.14. @oronpodusorpammbl BHyTpeHHEH 1moBepxHOCTH BoZoBOAa aAuamMerpoM 1200 mwm,
Haxo/uBIIerocss B akcmayaraiuu 12—16 mec. (ropusonranbroe yseanuenune x12;
BepTukasbHoe — x17; cpeiHsis BbICOTa OTJIOKeHuii 2,326 MM, mar orjaoxkeHuid 9,462 mMm)
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3.2.2. UICCJEJIOBAHUSA KOD®OUIIMEHTA
TU/IPABJMYECKOTO COIIPOTHUBJIEHUS BOJOBOJA IUAMETPOM 1400 MM
(ICTOYHUK BOJIbI — PEKA CEBEPCKUI1 JJOHEI)

Pesyabrarbl HaTypHBIX HCCJEJOBAHUN MaKPOIIEPOXOBATOCTH BHYTPEHHEH ITOBEPXHOCTH
CTaIbHOTO BOZOBOMA nuametrpoM 1400 MM, mpoBoAUBIIECS HA TPOTSLKEHUN 35 JIET eT0 dKCILTya-
Tanuu, cegennl B Tabauiy (ta6a. 3.6). Tpy6bl TaKOTO AMaMeTpa UCIOIb3YIOTC IIPU IPYTIIOBOM
BOJIOCHAGKEHWH TOPOJIOB M B CHCTEMaX BOJOCHAGKEHUS rOPOIOB ¢ HacesenuneM cBbiiiie 800 ThiC.
yesoBeK. Vlcxomubie manuble 175 pacdera KoadduimenTa THAPABINIECKOTO COTMPOTUBICHUS A
BO/IOBO/Ia TIPWBE/IEHBI B pUIOKeHun A, Taba. A.2.

Ta6auna 3.6

XapakTep MakpolmepoXoBaTOCTH BHYTPEHHEIl IOBEPXHOCTH BO0BOJA
auametrpom 1400 mm (1396 MM) ¢ TeueHHeM BpeMeHH €ro 9KCIJayaTaluu
(KoueTokckas BOONpPOBOAHASI CcTaHIMsI XapbKoBa; BOA0OBOA Ne 4)

soous sicmaraum, T e, | Moo ot 2
22 (1 rop 10 mec.) 11,2 0,00802 0,0319
33 (2 ropa 9 mec.) 13,2 0,00946 0,0350
35 (3 roga 9 mec.) 13,6 0,00974 0,0372
61 (15 neT 1 mec.) 15,4 0,01103 0,0397
79 (6 net 7 mec.) 17,5 0,01250 0,0433
82 (13 net 4 mec.) 19,5 0,01397 0,0520
240 (20 nert) 20,1 0,01440 0,0530
300 (25 net) 21,3 0,01526 0,0583
360 (30 nerT) 21,4 0,01533 0,0604
361 (30 net 1 mec.) 21,4 0,01533 0,0605
420 (35 nert) 22,3 0,01597 0,0632

C ucnosb30BaHneEM JaHHBIX Talu. 3.6 BbIABIEH XapaKTep U3MEHEHUST MaKPOIIEPOXOBATOCTH
BO BpeMenu: B Havase (mepBble 75 Mec. SKCILIyaTalui) HaGII01aeTCsl MHTEHCUBHBIA POCT MaKpO-
IePOXOBATOCTH, a Jlajiee TPOIECC 3HAYUTETBHO 3aMe/IISETCS.

3asucumoctb & = f (T) (puc. 3.15) BHOJHE yAOBJIETBOPUTEIBHO ANMPOKCUMUPYETCS IMIIU-
pudeckoit popmy.ioit

22,95T
0=—"—— npu 22 <T <420, (3.6)
T + 26,43

rae 8 — a6CcosoTHAA MEPOXOBATOCTD, MM, MO JaHHBIM 3aMEPOB Ha BOIOBOJE;

T — BpeMs SKCILIyaTalluy MaruCTPaJbHOrO BOAOBOJA, MEC.
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Puc. 3.15. aMmeHeHune BeimunHbl aGCOTIOTHON MaKPOIIEPOXOBATOCTH
BHYTpPEHHEH moBepXHOoCcTH BogoBoAa anamerpom 1400 mm (L = 14 973 M)
B IIpPOL[ECcCEe ero dKCILIyaTaluu

T, mec

®opmyse (3.6) coorBerctByer Mogenp 2 (taba. 3.7), KoTOpass ABASETCS ONTHMAJIBHOIL, MO-
CKOJbKY MMeeT MaKcuMyM KoadduimeaTa KOppeasdiiun 1 MUHUMYM CTaHJIAPTHON OMMOKH G.

Ta6muma 3.7
XapaKTepHCTHKH perpeccuoHHoii 3aBucumoctn A = f (T)
eTire Mogenb
Tepuctika I.A=a+bT | 2 A=aT/AT+b) 3. A=aT 4 A=a+bT+cP s.A=a+binT
Koauuments | a=000957 | a =0016 | a=0004635 | ,2 :_%%%%1054 , | a=0,00028
perpeccum b =0,000017 b = 26,43 n=0,206882 c= -6 ’369-10’7 b =0,00260
Crannapthas 0,001082 0,000386 0,000525 0,000659 0,000379
owmnobka, ¢
KoaduunenT 0,923 0,991 0,082 0,972 0,991
Koppenauumn, R
Ha ocnosammm tabs. 3.7 6pl1a BiOpaHa Mo/e b BUIA
A= My (3.7)
T + 26,43

rnpe T — BpeEMA SKCIyaTalluu BO/IOBO/ia, MeEC.

[Ipu BIGOPE MOJENN YYUTBHIBAJIOCH TO 0OCTOSTEIbCTBO, YTO APOOHO-InHelHas dyHKims (Mo-
niesb 2) Jrydiie onucbiBaer 3aBucuMoctb A= f (T) nupu T — oo, yeM jorapudmuueckast QyHKIHsI

(mozenb 5). Tlo dopmy.te (3.7) nocrpoen rpacduk 3asucumoctu (puc. 3.16).
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Puc. 3.16. V3menenne BeJMUYMHBI OTHOCUTEIbHON MaKpOIIEPOXOBATOCTH BHYTPEHHEH IMOBEPXHOCTH BOJOBO/A
quamerpom 1400 mm (L=14 973 M) B mpomecce ero 9KCIIyaTannmn

Hoydennas dopmyaa (3.7) mokassiBaer, 4to B mepsbie 75 Mec. (6,3 roga) sxcmayaranum
BO/IOBO/Ia MHTEHCUBHO PAcTeT OTHOCHUTETbHAS IMEePOXOBATOCTh A, a B MOCJeAyONHe TOAbI TPO-
1[ecC 3HAUNTETbHO 3aMe/IJISIeTC .

Ha xoaddurmenT rugpaBandecKoro CONMPOTUBJEHUS A CYIIECTBEHHO BJMsSeT oOpa3oBaHue
Ha BHYTPEHHEl NMOBEPXHOCTH [AeHCTBYIOIEro MarucTpaabHOro BojgoBoaa auamerpoM 1400 mm
MaKpOIIEPOXOBATOCTEH, HATOMUHAIONIMX CTAJAKTUTBI Pas3JndHoil (hopMbl u pasmepos (puc. 3.17
u 3.18), aHAIOTMYHO TOMY, KaK 9TO MPOMCXOAUT B BogoBoze auamerpom 1200 Mmm. B cyxom Buae
OHU TIPEJCTABJSIOT cO60H GYypyIO PBIXJIYIO MOPUCTYIO Maccy pas3jindHoii GOpMbl MIOTHOCTHIO
1,4—1,6 v /cm®, OTKpPBITON mOpHUCTOCTBIO 51—55 %, ¢ BomomnorgomerneM 33—39 %. XuMudecKuit
COCTaB KOMITOHEHTOB OTJIOKEHWI, a ¢ HUM W Ka4eCTBO MUTHEBOI BOJIBI C T€YECHNEM BPEMEHU HKC-
miyaranun BogoBoja usMensiorcs (taba. 3.8 u 3.9)

Ta6suma 3.8
XuMHYECKHIi COCTaB OTJIOKEHHI M MaccoBas 10Js1 KOMIIOHEHTOB, %
(yuactok Ne 6, d = 1400 mm)
Cpok JleTy4ne
passuTnS nocne SiO, Fe,O, FeO CaO SO, [P0 MgO TiO, Mpouvie
VHKpYyCTaLmm npokanvMBaHus

1rog 10 mec. 18,10 1,64 64,7 7,20 | 1,20 | 1,90 | 0,10 | 0,4 | Cnegbl | 4,76
35 net 17,96 2,24 670 | 517 | 1,26 | 1,74 | 0,86 - - 3,77
B cpaBHeHuun
C ABYXneTHIM +0,14 | -0,60 | 2,3 |+2,03|-0,06 |+0,16|-0,76 | +0,4 | - |+0,99
CPOKOM 3KC-
nayaraumm
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Ta6auna 3.9

KauyectBO nuTheBoii Boabl BogoBoa AuaMmerpom 1400 MM mocJie KOHANITHOHUPOBAHHS
(cpeanee 3a mepuo/ 9KCUIyaTal[id BOJAOBO/IA)

- i =
| £ <& | Z 5| 2
5 2 5| 4|3 v S| gs 5|2 s iz E|
Cpoxk 85 |83 = | 25| 8|55 £ |2 |8¢8|€% (5|3 |58 ¢8| =
e U EE I R R S R LR R HE
s 2 85| & S g1 &5| 308 2S5 §
= o = >| 2
[=
1952—
1962 rr.,
Aosapery- | g 40 10,8 | 7,27 | 3,90 | 4,5 [25,0| 0,024 |Her| 6,80 |237,7| 88,0 | 29,02 | 28,6 |482| 0,45
JIMPOBaHNS
Cesepckoro
JoHua
oo 0,41 |10,0| 7,55 | 4,13 | 4,4 |35,0| 0,050 | 11 | 5,13 |251,9| 74,6 | 17,03 | 15,6 [473| 0,40
ngggl—;emm +0,01 |-0,8 | +0,28 | +0,23 |-0,1| +10 | +0,026 |+11|-1,67 | +14,2|-13,4|-11,99|-13,0| -9 |-0,05

Puc. 3.17. MaxpormiepoxoBaTocTh BHYTPEHHE TOBEPXHOCTH BOJIOBOJA
muamerpom 1400 MM (Bpemst akcITyaTtanum BoJoBoga 34 roma)

Puc. 3.18. [Maspnamnus MakponepoXxoBaTOCTH ¢ aHA3POOHBIMU GaKTEPUAMU
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3.2.3. UICCJIEAOBAHHIA KOOOOUIUEHTA THAPAB/INYECKOTO COIIPOTUBJ/IEHNA
BOJOBO/IA TUAMETPOM 1600 MM (MCTOYHUK BO/Ibl — PEKA CEBEPCKUI1 /IOHEII)

PesysbraThl HATYPHBIX HCCJIEOBAHUII MaKpPOIIEPOXOBATOCTH BHYTPEHHEH MOBEPXHOCTH BO-
nosoga auamerpom 1600 mm (yuactox Ne 8), mpoBoAMBHIMXCS Ha MPOTSKEHUU 33 JIET €ro HKC-
miyaranuu, csegenbl B Tabuiy (raéa. 3.10). Mcxoanbie gaHHble /17 pacyera KoadduinenTa
TUPABJANYECKOTO COTPOTUBIEHUS A BOJAOBO/A TMPUBE/EHBI B pUJOXKeHNn A, Tabm. A.3.

Ta6auma 3.10

XapakTep MakpoUIepPOXOBATOCTU BHYTPEHHE! MOBEPXHOCTH BOJOBO/A
auamerpom 1600 MM ¢ TeyeHHEM BpEMEHH €ro IKCILTyaTaluu

Bpewms akcnyaTaumn, MakcumanbHas OTHocuTenbHas
e, MaKpom%[’ac:;ﬁBaTomb, MaKpOLIJepC)ZXOBaTOCTb, A
2 0,5 0,000314 0,0283
13 (1 roa 1 mec.) 41 0,002579 0,0317
41 (3 ropa 5 mec.) 9,0 0,005660 0,0362
84 (7 ner) 12,5 0,007862 0,0438
144 (12 neT) 15,0 0,009433 0,0478
228 (19 ner) 16,0 0,010062 0,0525
288 (24 ropa) 17,0 0,010692 0,0544
396 (33 roga) 18,0 0,011321 0,0586

C ucrosib30BaHNEM JIaHHBIX 3aMepOB noJydeHa sasucumocts &= [ (T) (puc. 3.19), Koropas
MOKeT OBbITh BbIpakeHa IMIUPHYECKON HOpMYyIoii

5 _ 20,0467

50,78+ T’ (3.8)

rae & — abCoMOTHAS MIEPOXOBATOCTD, MM;

T — BpeMs 9KCITyaTallii MarucTpajbHOTO BOJOBO/A, MEC.

B nasbreiinieM ObLIM MCCIEA0BAHBI PA3JIMYHbIE BU/IbI PETPECCUOHHBIX MOJEJIEN IS 3aBUCH-
mocreit: A = f(Re); A =f(A); A= f(T); A=f(T);i=f(V), rae i — THAPABINYECKHI YKJIOH.

OnruMasbHble 3aBUCUMOCTH OTPEAEISIN 110 MAaKCUMYMy KOd(hPUIMEHTa KOPPEAsIue 1K
MUHUMYMY CTaHAapTHON OUTHMOKH.

& MM
24

20

0 2550 75 100 125 150 175 200 225 250 275 300 325 350 375 7 yec.

Puc. 3.19. l3MeHeHme BeJMUNHBI aGCOTIOTHONH MaKpOIIEPOXOBATOCTH BHYTpPEHHENH
noBepxHOCTH BogoBoAa Anamerpom 1600 mm (L = 6558 M) B 1polecce ero sKCIIyaTalumn
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Ha ocnosanun ta6a. 3.11 ana sasucumoctu A = f(T) (puc. 3.20) 6bina BeIGpaHa MOJEIb

A=

0,0126T

T +50,78°

rie T — BpeMs sKCILIyaTalluu BOJOBOJA, Mec.

XapakrepucTUKU perpeccuoHHoii 3aBucumoctd A = [ (T)

(3.9)

Ta6uauna 3.11

Mopenb
Xapak-
TepucTuka — = — _ _
1. A=a+bT 2. A=aT/(T + b) 3. A=aT" 4. A=a+bT+cT? 5.A=a+bInT
Koauunentsi | a=0,00359 | a=00126 |a=0001344 | 2= %0081 12— —0,00203
perpeccum b=0,000024| b=50,78 n = 0,369 o 11407 b = 0,00222
CrannapTHas 0,002032 0,0001330 0,0009071 0,00111867 0,0005794
owmnbka, o
Koapguunenrt 0,864 0,999 0,974 0,961 0,989
koppenauuu, R
A
0,014
0,012
0,010 °
0,008
0,006
0,004
0,002
0 5.0 160 150 2(‘10 25‘30 3(.JO 35.30 T, mec. .

Puc. 3.20. V3Menenyie BeJUUYNHBI OTHOCUTENbHOI MAKPOIIEPOXOBATOCTH
BHyTpeHHel moBepxHocTH BogoBosa auamerpom 1600 mm (L = 6558 m)
B IIPOIECCE €T0 IKCILIyaTaIun

[Mosyuennas dhopmyaa (3.9) nokasbiBaer, uro B nepsbie 140 mec. (11,6 roga) mabiopaer-
€S MHTEHCHUBHBII POCT OTHOCUTEJbHOI IEPOXOBATOCTH A B BOJOBOJE, & B MOCJEAYIONINE TO/IbI
MHTEHCUBHOCTD IIpoIlecca yMeHbmasach. Ha koagpduitmenT ruipaBanyecKoro COpoTUBAEeHUS A
CYIIIECTBEHHO BJHsieT 06pa3oBaHue HA BHYTPEHHEN MOBEPXHOCTHU JEHCTBYIOMMX MAarUCTPAJIbHBIX
BO/10BOJI0B fuameTpoM 1600 MM MakpomiepoxoBaTocTell pa3inuHoii (hopMbl 1 pPa3MepOB, HATIOMHU-
Haomux cragaktutbl, (puc. 3.21-3.23). B cyxom Bu/le OHM, TaK K€ KaK U B BOJOBOJAX JHaMeT-
pom 1200 1 1400 MM, npeAcTaBASAIOT cO60 OYPYIO PHIXJIYIO TTOPUCTYIO MAcCy Pa3JIHuHON (hOPMbI
miroTHOCThIO 1,4—1,6 T/ cM?, oTKpbITOI mopucTocThi0O 51-55 %, ¢ BomomnorgomenneM 33—39 %.
C TeueHneM BpeMeHU MU3MEHSIOTCS XUMUUECKHUI cocTaB oT/iokennil (a6, 3.12), a TakKe KauecTBoO
MUTHEBON BObI T10CJAE MPOXOKACHUS €l0 CUCTeMbl KOHauImonuposanus (raba. 3.13).
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Puc. 3.21. MakpouiepoxoBaToCcTb BHyTpeHHeil T0BEPXHOCTH BOA0OBO/A
mmamerpom 1600 MM (Bpems skcrryatanmm BogoBoga 33 roma)

1 e 4 :
Puc. 3.22. Mukpycranusa Ha BHyTPeHHell II0BEPXHOCTH BOLOBOJA
muamerpom 1600 mm (Bpems sxcryaranuu BogoBoga 33 roga)

Puc. 3.23. MakpoIiiepoxoBaToCTb ¢ aHAIPOOHBIMU GAKTEPUSIMU Ha BHYTPEHHEH
MOBEPXHOCTH BofoBoja ArmameTpoM 1600 MM (BpeMs skcryaTanum BogoBoja 33 roja)
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Ta6auma 3.12

XUMHYECKHI COCTaB OTJIOKEHUI M MaccoBas 10Jis1 KOMIIOHEHTOB, %
(yuactok Ne 8, d = 1600 mm)

Jlety4ne
c : .
M":;pgif:ﬂ;ﬂ" gggf: Sio, | Fe,0, | FeO | cCaO so, PO, | Mgo | TiO, | Mpoume
JINBAHUA
1roa 1 mec. 15,2 1,74 76,4 2,2 0,5 0,81 0,09 | Cnegpl | Cneppl | 3,06
33 roga 17,1 1,9 71,1 3,4 1,25 1,6 0,1 - - 3,74
3a 32-n€THMA CPOK | 1y o | 1046 | —53 | +1,01 | 40,75 | +0,79 | +0,01 | - ~ | +0,68
aKcnayataunm

Ta6auna 3.13

KauecTtBO nuTheBoii BobI BogoBOa AuaMeTpoM 1600 MM mocJie KOHANITHOHUPOBAHUS
(cpeaHee 3a mepuo/ dKCILTyaTallid BOJOBO/A)

=
= E i
< 3 > = =
- a E E 5 E § 8 GJE 3 =
Iy 0 = = ry s s s C = = 3 o 5 .| © S
Cpok 5 5 . 8> = R = i E - S = I3 = s
akcniyaraumum §§ (,ED § el g % é g £ ﬁ § % :% §§ §§ §§ E [
BO/I0BOAA é o= 55| 2| & 3 S| =k 5 |3 s 8s| = 2
= J*|15|28| 5 |5|5°%| ¢ Sgl 2| ®
s | X s g S| o
(@) 8_ E
(=N
=
1952
1962 rr., oo
saperynmpo- | 0,40 | 10,8 | 7,27 | 3,90 | 4,5 |25,0| 0,024 |Het| 6,80 |237,7| 88,0 | 29,02 | 28,6 | 482 | 0,45
BaHuga Ceep-
ckoro [oHua
1963-2000 rr. | 0,41 | 10,0| 7,55 | 4,13 | 4,4 |35,0| 0,050 | 11 | 5,13 |251,9| 74,6 | 17,03 | 15,6 | 473 | 0,40
ngg‘;:‘e”"“" +0,01 | -0,8 |+0,28|+0,23|-0,1| +10 | +0,026 | +11|-1,67 | +14,2 | -13,4| -11,99|-13,0| -9 | -0,05

UccnenoBanus 3aBucuMocTt KoadduiimenTa ruipaBJndeckoro COMPOTUBIECHUS A Ha BOJIO-
Bojie auamerpom 1600 MM mpoBoauuCh B IMMPOKOM Juara3doHe yuces Re B TeueHue 33 JjieT
AKCILIyaTanni BOAOBOAA. UKWCI0 PEXMMOB W KOJNYECTBO IKCIEPUMEHTOB OBIIO MEHbIE, Tak
Kak 3TO OBLIO CBSI3aHO € HEOOXOIMMOCTBIO OTKJIIOYEHWS BOJOCHAGKEHWS YacTH TOpoja C Ha-
ceserueMm Oosiee 300 Thic. dYenmoBeK. PeXWMbI 3KCIEepUMEHTATbHBIX WCCIEJOBAHWI BIIOJHE
OTBEYAJIN YCJOBUSIM, B KOTOPBIX pabOTAOT MAarucTpaJbHbIe BOJOBO/bBI MPHU BOJ006ECTIEYeHUN
roponos (puc. 3.24).
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Puc. 3.24. I'padux mysbcanum CKOPOCTH MOTOKA BO/BI B BojoBoie AnamerpoM 1600 mm,
paboTaioleM B PAa3JUYHBIX pekuMax: 1| — MyJbcupyiomas ckopoctb VI, 2 — cpeausisi CKOpocTb Vep

3.2.4. UICCJEAOBAHHUA KOOOOUITHNUEHTA THAPABINYECKOTO COIIPOTUBJ/IEHHU A
BOAOBOJA TUAMETPOM 1400 MM (MICTOYHHUK BOJbl — PEKA JTHEIIP)

PesysbraThl HATYPHBIX HCCJE0BAHUII MaKPOIIEPOXOBATOCTU BHYTPEHHEH MOBEPXHOCTU BO-
nosoja auamerpom 1400 MM, KOTOpPbBIE TTPOBOAMINCH HA MPOTsiKeHUN 16 JieT ero aKcIIyaTaiu,
cegenbl B Tabuiy (ta6ua. 3.14). Vcxoanble ganHbie s pacuyeta KoadpuimeHTa Tuapabanye-
CKOTO COMPOTHBJIEHUs A NMPHUBEAEHBI B MPUIOKeHNN A, Taba. A.4.

Ta6muna 3.14

XapakTep MakpoUIepoXOBaTOCTH BHYTPEHHell TOBEPXHOCTH BO/I0BO/a
nuamerpom 1400 mm (/Henp) ¢ TeyeHneM BpeMeHHU IKCILIyaTaluu

BpeMﬂ aKkcnnyaTaumm, MakcumanbHas OTHOCUTENBHAA
" e MaKpomesp?(m;)BaTocm, MaKpOLIJepO_AXOBaTOCTb, A

0,33 (1 neHb) 0,5 0,00036 0,025
2 (60 oHew) 3,0 0,00215 0,027
19 (1 ron, 7 mec.) 11,9 0,00852 0,032
38 (3 roma 2 mec.) 16,0 0,01146 0,040
56 (4 ropa 8 mec.) 17,1 0,01225 0,042
78 (6 net 6 mec.) 18,4 0,01318 0,046
108 (9 neT) 18,6 0,01332 0,048
121 (10 net 1 mec) 19,0 0,01361 0,050
144 (12 neT) 19,8 0,01418 0,053
192 (16 ner) 20,5 0,01469 0,057

AHa/M3 JaHHBIX HATYPHBIX U3MEPEHWI MaKpPOIIEePOXOBATOCTH ITPUBO/IUT K BBIBO/LY, UTO IS
Bos0BOIa rameTpoM 1400 MM mMeroTcs Tpu dasbl pocTa MaKpoIiepoXoBaTtocTu: I — aaurenn-
HOCTBIO TpUMepHO /10 3,3 Troga — ¢aza MHTEHCUBHOTO pocTa MakponrepoxoBaroctu; II — or 3,3
no 8,3 rona — dasa 3amensennoro pocra mMakpoirepoxoatoctu u III — or 8,3 no 16 mer —
CTaOUJIBHOTO U ME/IJIEHHOTO POCTa MaKpPONIEPOXOBATOCTH.
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Ha puc. 3.25 npeacrasiena sapucumoctb 8= f (T), moJydeHHas 110 JaHHBIM 3aMePOB B Teye-
Hue Bpemenn T Ha BogoBoje auamerpom 1400 (1396) mm. BoiBegena smupuueckas Gopmyia

21,64T
§=—— <T<
T 11459 0<T <200, (3.10)

rie T — BpeMs HaXOX/E€HUS B AKCIJIyaTallMd MarucTPaJbHOrO BOJOBO/A, MEC.;
0 — abcomoTHas MEPOXOBATOCTh, MM.

)
24

20 L ;

12

0 25 50 75 100 125 150 175 T, mec.
Puc. 3.25. Vl3ameHenue BeiMunHbI a6COMIOTHOI MaKpOIIEPOXOBATOCTH BHYTPEHHEH MOBEPXHOCTU BO/IOBO/IA
muamerpom 1400 mm (L = 47 197 M) B mpotecce ero 9KCIIyaTanun

B pa6ote wucciaemoBanbl pas3JuyuHble BU/bBI PETPECCHOHHONW MOJENM [J 3aBUCUMOCTEIH:
L=f(Re); L =f(A); h=f(T); A=f(T);i=[f(V). Onrumanpubple 3aBUCHMOCTH OIIPEJeISINCD
0 MaKCUMyMy K03 @uiineHTa KOPPessaiiny Ul MUHUMYMY CTaH/IapTHOH OMINOKH.

Ha ocnosanun ta6a. 3.15 ans sasucumoctu A = f(T) (puc. 3.26) Bbi6paHa MOIeIDb

0,0155T
14,59+ T’

rne T — BpeEMA HaXOKA€eHUA BOAOBO/JA B SKCILIyaTalluum, MEC.

A= (3.11)

Ta6auma 3.15

XapakTepucTHKH perpeccuoHHoii 3aucumoctu A = [ (T)

Mopenb
Xapak-

TEePUCTUKA 1. A=a+bT 2. A=aT/(T+b) 3. A=aTl" 4. A=a+bT+cT? 5.A=a+binT
Koadpduumertol | a = 0,0055 a=0,0155 a = 10,0035 ba: 900838?31 a= -0,004613
perpeccum b = 0,000064 b =14,59 n=20,288 4 ~ b= -0,001808

c= —-6,61-107
CranpaptHas 0,003018 0,000254 0,001105 0,001795 0,0015635
owmnobka, ¢
Koapduument 0,807 0,999 0,975 0,935 0,953
Koppensauuun, R
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Puc. 3.26. V3Menenne BeJMUYNHBI OTHOCUTENbHOI MaKPOIIEPOXOBATOCTH BHYTPEHHEI MOBEPXHOCTH BOJOBO/IA
muamerpom 1400 mm (L = 47 197 M) B mpotiecce dKCILIyaTAI[UK

[Moayuennas gopmya (3.11) nmokasbiBaer, 4To ¢ TeYeHHEM BPEMEHU HKCILIyaTalu HalJIo-
naforcs Tpu Gasbl pocTa OTHOCUTENBHON MaKPOIIEPOXOBATOCTH A JHEIPOBCKOTO BOIOBOJA.

Kak Bugno us puc. 3.27—3.29, xapakTep MakpoIIepoxXoBaToCTeil MoJ00eH paHee ONMUCAHHBIM.
B cyxom Buze onun, kak u Ha BojsoBojax aunamerpom 1200, 1400, 1600 MM, TpaHCTOPTUPYIOUIUX
Boay ot CeBepckoro /loHna, mpeactaBiagioT co6oil 6ypyio PbIXJIyIO, MOPUCTYIO MACCy Pa3JIUYHOI
dopmbr mmorHocThiO 1,4—1,6 1/cM?, OTKPBITON TOPHCTOCTBIO 31—55 %, € BOAOIOIJIONIEHUEM
33-39 %. XuMuuyecKkuili cocTaB OTJIOXKEHUI, Pa3BUBIINXCS B TedeHue 16 seT sKcIIyataluu uc-
CJIeIOBAHHOTO BOJ/OBO/A, BuaeH us Tabs. 3.16, xuMmuuyeckuil coctas Bojgbl — u3 tadu. 3.17.

= L

AL

W ﬁw]m‘;1pnﬂ'"’}“ﬁ“"l"m] (g
14 ‘.-—

LT ' ]|;]!||!sﬂ]lhllilli

s

Puc. 3.27. MaxpoliiepoXoBaTOCTh BHYTPeHHEIl MOBEPXHOCTH THETIPOBCKOTO BOJOBO/A
muamerpoMm 1400 mm (Bpems sxcmayaTaiuu Bogosojga 16 jer)
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Puc. 3.28. Mukpycranus nHa BHyTpeHHel TOBEPXHOCTH JHEIPOBCKOTO BOJ0BO/A
nuamerpom 1400 MM (Bpemst skcrtyatanum BogoBoja 16 ser)

Puc. 3.29. MakpoliepoxXoBaToCTh ¢ aHA9POOHBIMU OAKTEPUSIMU
Ha BHYTpEHHE! MTOBEPXHOCTU [HENPOBCKOTO BojoBoAa Auamerpom 1400 mm
(BpeMs aKcILIyaTauu BojoBoa 16 Jer)
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Ta6auna 3.16

MaccoBas 10Ji11 XUMHYECKHMX KOMIIOHEHTOB WHKPYCTAIUH,
pasBuBieiica 3a 16 xer, 9% (y4actok Ne 11, d = 1400 mm)

n . .
oone nzz‘l’(‘mwm Si0, | Fe,0, | FeO | CaO | SO, | P,0, | Mgo TiO, Mpoune
18,2 1,75 | 65,3 80 1| 09 | 0,7 | 0,09 0,5 Cnegnpbl 4,56

Ta6aunma 3.17

KauecTBO nutheBoii BoJbl BogoBoAa AuamerpoM 1400 mm
(ucrouynuk — peka /luenp) nocie konaunuonupoBanus (ganusie 2000 r.)

3 =
. i |, E | g
= . 3 = = = 2 = (3] S
) g s | £ S| S| S |8.|&=s| | £ s | = | 5 |s5¢
a o 5 5 153 s = s T = I s = X o ~ S ~ 5
= - o (<} = =E| oL s [J) = = - = Q
O = g S 5| =58 - > - OGO = 5 > E = © s = =2
S| B | B |E%|8s| 2| 8| B |%E|82| S| 5>l 8| e | B |xB
= o [ = = = = ® v So = § o = o o o T ©
o o
S £ as|§ §| 2| € |85(382| 2| & |2 I - - B =
© 3’ = 2 = = El :[I © s =3 £ §. Z c
= o X < = O = =2 o = O
=) o [ © o
§ |8
O
0,28 9 8,09 | 3,17 | 7,7 60 0,1 | 0,002 |5,56(193,0| 63,0 | 29,0 | 3,5 | 650 | 0,23 |243,0| 104

O xapakrepe MyJbcallMd CKOPOCTH MOTOKa BOAbI B BogoBoze (puc. 3.30) nmpu pasaumduHbIX
pexkmMax ero paboTbhl MOXKHO CyAuTb 1O rpaduky, mpuBegeHHOMY Ha puc. 3.31.

OnNpTHWA yyacTok Ne2

OnimHisi yuacTor Ne1

=
N\ 4 4

(paGota sonosoaa No oGBOAHOA NUHUKM BOKPYT H/ET 1l nogbema)
ONBITHEIR yHacTok Ne1-2

160

1]

Nnowagea o
coopymenih HET:
Kastepa nepensicusied

10

486,87 52,18 10,40
109,45

KM

-

YcnosHbie 0603HAYEHWA:
= BaAHTY3 é
T - vicr, Pus

- MaromeTp

Puc. 3.30. Marucrpaabhblii BogoBoj auamerpoM 1400 mm
u3 kanana «/luenp—/loubacc» Ha XapbKoB
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V, m/c
2
1,8 :
1,6
1,4 f
1,2 | I |
1 T II|
0,8 2 || —n
0,6 (\ |
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Puc. 3.31. I'pacpuk nysbcanum CKOPOCTH MOTOKA BOJIbI B JHEIIPOBCKOM BOJ/IOBOJIE
quamerpoM 1400 MM, paGoTaroiieM B PasHYHbIX PEKUMaX:
1 — mysbcupyiomas ckopocTb V ; 2 — cpeaHssd CKOPOCTb Ve

3.2.5. ICCJE/IOBAHMS MIAPHBIX 3ABUCUMOCTE A = f(Re) U A = f(A) BOJIOBOJIA
AUAMETPOM 1200 MM C IIOCTPOEHUEM /IBYX®AKTOPHOI1 PETPECCUOHHOT
3ABUCUMOCTHU L = [(Re; A)

Wcrnonb3ys ocCHOBHBIE TIOJIOKEHUS Teopuu nonobus u pasmepHocreit [129, 133, 246, 267, 268,
290], serko mokasaTh, 4TO, HECMOTPS Ha CJOKHOCTH SIBJIEHUI, BbI3bIBAIONNX M3MeHEHNEe HEPOB-
Hocreil (mepoxoBarocTeil) Ha BHYTPEeHHEH MOBEPXHOCTH BOJOBOAOB BO BpeMeHHU, KOd(hUIMeHT
TU/IPABJAUYECKOTO CONPOTHUBJIEHUS OIIPE/ENSeTCs JHIb JABYMS HE3aBUCUMBbIMU Oe3pa3MepHbIMU

o o ~ 0 o
napamerpamu: yucioM Peiinosbaca (Re) u OTHOCUTENBHOIT HIEPOXOBATOCTbIO A = i 3aBucsIIeH

OT BpeMeHHU. 3aBUCUMOCTb Koa(dduimenta TUAPaBJINIECCKOTO CONPOTUBJEHUS OT BPEeMeHU
skcrtyatanuu Bojgosoga A = f(T) yuuTbiBaeTcs B IPUHATON MOJAEIM KOCBEHHBIM 06pa3oM yepes
BPEMEHHYIO 3aBUCUMOCTb OTHOCHTEJIbHOII mepoxoBaTocTn A = f(T) . /L1 cpaBHeHUS Kccae0Ba-
JIach TaKKe W HEMOCPe/ICTBEHHAS 3aBUCUMOCTD KOa(puIinenTa Tu/ipaBamdecKoro COmpOTHBIEHUS
or Bpemenu A = f(T) . Takum 06pasom, 3azada CBOANTCS K IIOCTPOEHMIO ABYX(aKTOPHON perpec-
cuonnoit sasucumoctu A = f(Re, A) .

[TockosIbKy JaHHas perpecCHOHHAs 3aBHCUMOCTD SBJISETCA HEJTMHEHHOM KaK 10 BeJIMYMHE YUCIa
Re, Tak m 1m0 BeaMunHE OTHOCUTETHHONW MAKPOMIEPOXOBATOCTH A, B II€JISX BBIABIEHUS (DOPMBI 9THX
HeJIMHEIHOCTel IIpeiBapuTeIbHO GbLIN HCCIE0BaHbI TapHble 3asucumoctn A = f(Re) u A = f(A).

Uccnenosanug 3aBucuMoctn KO3 dUIMEHTA THUAPABINYECKOTO COMPOTUBJIECHUS A TTPOBO-
MW B IIAPOKOM Jmanasone yucen Re Ha BogmoBoje nquamerpom 1200 MM B TeyeHue 37 jeT ero
3KCIIyaranuu, Ha BojoBojax auamerpom 1400 mm — B teuenue 34 u 16 et ux akcIayaTanuu.
bmrarogaps 3aBepieHnio cTpoUTEIHLCTBA KOJBIIEBOTO BOJOBOIA BOKPYT XapbkoBa [241] mossuiach
BO3MOXKHOCTD B YCJOBUSIX BOI00OECTICUEHIS TOPO/Ia TPON3BECTH N3MEHEHNE PEXNMOB Ha BOJOBO-
JlaX U MOJIYYUTb 3HAYNUTENbHBIN 00DbEeM 9KCIEePUMEHTAJbHBIX JAHHBIX MPW BAaPbUPOBAHUHU UNCET
Re B nmanazone ot 100 000 mo 3 000 000. Ha BomoBome mmamerpom 1600 MM, HaxomsmemMcs
B 9KCIIyaTanu 34 rojia, 9YMCJa0 PEKUMOB M KOJTUYECTBO 9KCIIEPUMEHTOB OBIJIO MEHbINE, TaK Kak
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N3MEHEeHNe PEeXMMOB B JIAaHHOM CJydae CBSI3aHO C OTKJIIOUEHWEM BOJOCHAOKEHWS 4acTH TOopojia
¢ nHacenenunem 6osiee 300 ThIC. yesoBEK. PeXXUMbI TPOBEEHHBIX AKCIIEPUMEHTATBbHBIX MCCJIE/IOBAHUI
MEePEKPHIBAIOT YCJIOBUS, B KOTOPBIX MOTYT Pab0TaTh MarucTpabHble BOJOBOIbI, 06eCTIeuBaOIIIe
ropo/ia BOOM.

EcrecTtBeHHO, YTO TpM TPaHCIOPTUPOBAHWKM BOJBI K OCHOBHBIM TOPOJICKUM pe3epByapam
M0 MaTrUCTPAJbHBIM BOJI0BO/IAM MaKPOIIEPOXOBATOCTH BJUIET U HA XapaKTep IYJIbCAllU CKOPOCTH
MOTOKA BOJIBI B BOAOBOMAX. XapaKTep IMYyJbCallui CKOPOCTH MPH PAa3JUYHBIX PeXUMax pPadOThI
uceseayeMoro BogoBoa (o CpoKoM sKCIIyataluu 34 1oja), KOTOPble UMENN MECTO BO BPeMSs
[POBe/IEHUs Uccae0Banmii KoadduimenTa TuapaBindeckoro conporupaerus A= f (Re), XopoIio
BujieH u3 puc. 3.32.

V wm/c

2,00

1,80

1,60

1,40

1,00 L ﬁ
0,80 :
0,60 N l| | IIII

0,40 LIEN
[T |

0,20 1

-

12:54:56
13:03:21
13:11:46
13:20:11
13:28:36
13:37:01
13:45:26
13:53:51
14:02:16
14:10:41
14:19:06
14:27:31
14:35:56
14:44:21
14:52:46
15:01:11
15:09:36
15:18:01
15:26:26
15:34:51
15:43:16
15:51:41
16:00:06
16:08:31
16:16:56
16:25:21
16:33:46
16:42:26
16:50:56
16:59:21
17:07:46
17:16:11
17:24:36
17:33:01
17:41:26
17:49:51
17:58:16
18:06:41
18:15:06

Puc. 3.32. I'padux mysibcanuu CKOPOCTH TTOTOKA BOABI B BOJOBOjIE
nuamerpoM 1200 MM, paboTaioiieM B Pa3JUYHbIX PEKUMAaX:
1 — nmysbenpyiomas ckopoctb V5 2 — cpeiusist ckopocts Vo

Anmnpokcumarus 3aBucumMoctu A = f(Re) BbINOJIHSIACh METOJOM HEJMHEIHOTO perpeccu-
OHHOT'O aHAJIM3a C MOMOIIbI0 MHTETPUPOBAHHON CHCTEMbI CTATHCTUYECKOTO aHAIN3a U 06paboTKN
nauHblXx STATISTICA na II9BM. Cpennt BO3MOKHBIX HEJMHEWHBIX alllIPOKCUMUPYIONUX (PYHKITHHT
B KayecTBe ONTUMAJbHON Ha ocHoBaHuu Tabs. 3.18 BbIOpaHa Moeb

b 1,5
xp=a+(ﬁgj, (3.12)

rae a u b — K0a(DDUIMEHTHI perpeccuul, BbIGOPOYHBIE OIEHKH KOTOPBLIX cocTaBisioT a = 0,06
u b = 40000,

(3.13)

1,5
IIN A, = 0,06 + (%j .
e
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XapakTepHCTHKH perpecCHOHHON 3aBucuMocT A = [ (Re)

Ta6uumna 3.18

Koppenauuun, R

Xapak- Mopenb
TepncTnka l.A=a+bRe 2.»=a+b/Re 3..=a+ (b/Re)" 4.1 =ae’f + ¢ 5.x=a+blnRe
KoadpoduumeHTsl a=0,151 a = 0,0456 ba=:4(())’8(§0 Zz 112?8‘71? a=0,787
perpeccum b= -6,53-10%| b =22659 n=15 c= —16’0 53 b= -0,516
CrannapTHas 0,033397 0,0142909 0,011351 0,0142909 0,025570
owmnbka, o
Koapdument 0,706 0,954 0,971 0,954 0,848

Jlosepurenbubiii uarepsas (puc. 3.33) aaa munnu perpeccun (3.12) paccuuTbiBaiCca B IPe-
MOJIOKEHNN HOPMAJbHOTO paclIpe/ieJieHnst 0cTaTKoB perpeccur. C yueToM 5TOTo Mpe/noI0KeHns
JUTSL IOBEPUTEIBHBIX I'PAHUIl PEFPECCHN MOKHO 3alNCaTh CJIEAYIONINE BbIPAXKEHUS

b=k, +Ko; A=A -Kgo, (3.14)
rjae XB u 7\,H — BEPXHAA U HUKHAA JOBEPUTEJbHbIEC I'PaHUIbI COOTBETCTBEHHO;
Kp — ﬂOBepI/ITBJIbeIﬁ MHOJXUTEJIb OJd SaﬂaHHOfI L[OBepHTeJIbHOﬁ BEPOATHOCTHU P (HJIFI
P =095 K = 1,96);
c — CTaHapTHasA OIIII/IéKa perpeccun (CpeﬂHeKBaﬂpaTI/II{BCKOQ OTKJIOHEHUE (baKTI/I‘IeCKI/IX

sHavenmit A ot A,).
Bbi6opounas onenka crangapTHoil omubku perpeccun cocrapiser o = 0,011,

A
0,44 }

0,40

0,36

0,32

0,28

0,24

0,20

0,16

0,12

0,08

0,04

R=0,971

100000 F

Puc. 3.33.

200000
300000
400000

500000
600000
700000

800000
900000
1000000 ¢

1100000

1200000
1300000 |

perpeccuu P =95 % (Bogosoa auamerpom 1200 mm; L = 14 902 m):
1 — 1o dopmyae (3.13); 2 — no Aubrurymio; 3 — no IlleseneBy

1400000

Re

1500000
1600000

Perpeccuonnas 3aBucumoctb A = [ (Re) ¢ 10BEPUTEIHHBIM UHTEPBAIOM
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Harnganoe mpeacraBierne o HEOOXOAUMOCTH WUCIIOJb30BAHUS HANIUX PeE3yJTbTaTOB 9KC-
IepPUMEHTAIbHBIX HCCJIEJOBAHUN T'MPABJINYECKUX COIPOTHUBJIEHUN BOJOBOIOB M MX 00600IIeHNe
B Bujie 3apucumoctu (3.12) gaer mocrpoeHne 3aBUCUMOCTH MMAPABINYECKOrO YKJIOHA OT Cpe/Hei
CKOpOCTH TIOTOKa B BOJI0BOJie auameTpoMm 1200 mm, anumuoit 14902 m. Cremgyer oTMETUTD, 4TO
BO/IOBO/IbI TAKOTO IaMeTPa IMUPOKO MPUMEHSIOTCS TTPH TPYIITIOBOM BOIOCHAGKEHUN TOPOJIOB U B

CuCTeMax BO,ZIOCH&é)KCHI/I}I ropoaoB € HaCeJIECHUEM CBbIIIE 500 TpIC. ueI0BEK.
2

[Tox TuppaBIMYecKUM YKJIOHOM TTOHUMAETCsl, KaK OObIYHO, i = Sod rae d — puamerp TpyObI, M;

g — YCKODEHHe CHJIbI TSYKEeCTH; i — TIMApaBJIuvYecKuil ykiou, pasubiii H /L (H — norepu Ha-
nopa, M; L — JIMHA BOJOBOJA, M).

AnnpokcuMals 3aBUCUMOCTH THAPABJINYECKOTO YKJIOHA OT Cpe/lHell CKOPOCTH B BOJOBOJIE
TaK’Ke MPOU3BO/IMIACH 110 METO/ly HeJMHEWHOro PerpecCHOHHOIO aHaJK3a C IIOMONIbI0 MHTErpu-
poBanHoii cucremMbl crato6pa6oTku u anaiausa ganubix STATISTICA. Cpean BO3MOKHBIX BHU/IOB
HeJINHEHOCTN Ha ocHoBaHuM Ta6sa. 3.19 BbiGpana mMojesb

i, =aV?+bV", (3.15)

rae a u b — xKoapPUIMEHTDl perpeccui;
V — cpennsa ckopocTb IIOTOKa, M/ C.

Ta6auna 3.19

XapakrepucTuku perpeccuonnoii 3apucumoctu i = [ (V)

Mopenb
XapakTtepucTuka _
1.i=a+bV 2.i=ae" 3.i=aw 4. i=a+bV+cl 5.i=al”+ bV

KooddMLMEHTS a=0,00446 | a=000059 | 2a=0003 |?7 ;%%%?%35 a = 0,00241
perpeccum b= -0,001 b=1,526 n=1,58 ¢ =0,0015 b = 0,000461
Crarinaptas 0,0012403 | 0,0014277 | 0,00083205 | 0,00085485 0,00083205
ownbka, o
Koapdument 0,986 0,981 0,993 0,993 0,993
Koppengauuun, R

HecmoTpst Ha To uTo Moziesi 3 1 S UMEIOT o iuHaKOBbIe Koadduimentsl Koppessiu R = 0,993
n ommb6kru perpeccun ¢ = 0,00083, Bpi6pana Mozeab 5, Kak HanmboJiee TOYHO ONKMCHIBAIOIIAS pe-
3YJIbTATBI OIBITOB IIPU MAJbIX CKOPOCTSIX MOTOKA.

Taxkum 06pasoMm, /g THPABINYECKOTO YKJIOHA MMOJy4YeHA 3aBUCUMOCTD

i, =0, 00241V* +0,000461V* | (3.16)

[Toctpoenuplii rpaduk perpeccuontoii 3apucumoctu (puc. 3.34) 103BOJIET CcueaaTh BbI-
BOJI, YTO peajibHasg BeJUYMHA THAPABJINYECKOrO YKJIOHA BOJMOBOJA, Haxo/sdmerocss 37 jeT B 9KC-
myaranuu, B 2,5—3 pasa 60Jibllle TOW, KOTOPYIO MOXHO IMOJYYUTb B Pe3yJbTaTe BbIYMCJIEHWIT
no tabsaunam . A. IlleBenesa.

UccrenoBanus naphoit 3apucumoct A = f (A), rie A — OTHOCHTEJIbHAS MaKpOIIEPOXOBa-
TOCTD, IIPOBO/IMJINCH HA OCHOBE 9KCIIEPUMEHTAJbHbBIX JAHHBIX IIPU U3MEHEHUN CPOKA SKCILIyaTalluu
BoJI0BO/Ia OT 4 Mec. 10 37 aer (puc. 3.35).

[Ipumenenne HeJNHEHHOIO PEIrPECCHOHHOTO aHAIN3a I03BOJIMJIO YCTAHOBUTD, YTO ONTHUMAJIb-
HOiT HOPMOIT HEJMHEITHOCTH ABJIAETCA MOJIEJb 9KCIOHEHIUa bHON 3aBucumoctu (tabua. 3.20)

A =a+be?

i A =0,019 +0,0054¢"*>% . (3.17)
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0,008

0,007 |

0,006 |

0,005 |

0,004 |

0,003 |

0,002 |

0,001

0,07

0,06

0,05

0,04

0,03

0,02

0,01

R=0,993

0,2 0,4 0,6 0,8 1,0 1,2 14 V, M/c

Puc. 3.34. Perpeccuonnag sasucumocts i = f(V) ¢ 10BepUTEIbHBIM HHTEPBAIOM perpeccun P = 95 %
(Bogmosoa muamerpom 1200 mm; L = 14 902 m): 1 — mo dopmyae (3.16); 2 — no Ilesenesy

0,002 0,004 0,006 0,008 0,010 0,012 0,014

Puc. 3.35. Perpeccuonnasi 3aBUCHMOCTDb A = f (A) C JOBEPUTEJNbHBIM
unrepsasioM perpeccun P = 95 % (Bomosox auamerpom 1200 mm; L = 14 902 m)
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Ta6auma 3.20

XapaKTepuCTHKH perpeccuonHoii 3apucumoctu A = [ (A)

~ Mogenb
Xapaktepuctuka
1.2=a+bA 2.\ =a+ be* 3.A=a+bA" 4.0 =a+bA +cA’ 5.2=a+binA

Koadpduumentel | a =0,0162 ba—:0060()1594 Z i 3’001222 ba—: 9(,)0358 a=0,787

erpeccum b = 2,665 R A o b= -0,516
P ’ c=132,5 n=2178 ¢ =159,0 ’
Crarinaptas 0,0026311 0,0010742 0,00114354 0,0142909 0,0053349
owmnobka,
KoadgumenT 0,969 0,995 0,994 0,954 0,870
Koppengauuun, R

YuurbiBas BUJ HeJMHEHOCTH B mapHbix 3aBucuMoctsax A = f(Re) u A = f(A), 6biaa npu-
HATa caeayiomas AByxdaktopHas perpeccnontas mojenb (puc. 3.36):

0 1,57] B
A, =|0,06+ (40030j e (3.18)
_ 5
nimn In, =In 0,06+(4(;300j +a+bA, (3.19)
e

rame an b — KOB(lD(lDI/ILII/IeHTbI perpeccumn, Oll€eHHUBaeMbI€ C IIOMOIIbIO METO/[a MHOJKECTBEHHOI'O
PETPECCUOHHOIO aHaJn3a.

41,0 1 Mipacu

4,0 -3,4 -2,8 -2,2 -1,6 -1,0

Puc. 3.36. [lsyxdaxropnasi perpeccronias 3aBUCUMOCTb % = [ (Re,A)
C JIOBEPUTEJIbHBIM WHTEPBAJOM perpeccun P = 95 %

Bei6opounbie oneHkn K03 MUIIEHTOB PErPECCUH COCTABIAIOT (pacueTsl BHIIOIHAINCD C MO~
motbio cuctembl STATISTICA): a = —1,265; b = 79,58.
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Takum o6pasom, AByxXdaKTOpHAS PErpecCUOHHAs MOJEJb UMeeT BU/

1,5 B
= 0,052 (20000) ] smman G0

[Tonyuennas perpeccMoHHast 3aBUCUMOCTD TIO3BOJISIET OIIEHUBATD TU/PABINYECKOE CONPOTUB-
JIeHne B MarucTpaJbHbIX BOA0OBojax AuamerpoM 1200 MM c pa3JM4HBIM CPOKOM 3IKCILJIyaTallu
B IEPEXO/HbIX U TypOyaeHTHbIX pexkumax padorsr (100000 <Re < 1700000).

[IpoBe/IcHO CpaBHEHUE 3aBUCUMOCTH A = f(Re,A) nocye 37 JieT 3KCIJyatanuu BOJOBOjIA
¢ pesyJIbTaTaMi BBIYMCJIEHUIT, BHINOAHEHHBIX 110 Tabaumnam D.A. [llesenesa (puc. 3.37)
»

0,44
0,40
0,36
0,32
0,28

0,24

0,20

0,16

0,12

0,08

0,04

=

e

0

100000
200000
300000
400000
500000
600000
700000
800000
900000
1000000
1100000
1200000
1300000
1400000
1500000
1600000
1700000

Puc. 3.37. [IByxdaxkropHas perpecCHoOHHasl 3aBUCHUMOCTb A = f(Re,Z) (BogoBox muamerpom 1200 mm; L = 14902 m):
1 — 1o dopmyae (3.20) npu A =0,016;2 — 1o dopmyae (3.20) upu A = 0,00084; 3 — no Illesesnesy

[l HargsAHOCTH TIpe/IcTaBIeHa 3aBUCUMOCTD KoadduiimerTa A oT BpeMeHn npu PUKCHpo-
BaHHOM 3HavyeHnuu uncnaa Peiinoapaca (Re = 1100000). Ha ocHOBe IPOBEAEHHBIX MCCIEA0BAHMI
nocrpoena sasucuMocth (puc. 3.38)

A =0,01925+0,00215VT . (3.21)
0,12 A
0,11
0,10 R=0,992
0,09
A =0,01925 +0,00215VT
0,08
2=0,0645533
0,07
y
0,06
° [ ]
0,05 o
0,04 >
’ - 2 hea=0,021/d °°
0,03 . ° / /
0,02 //(
0,01 U 7o 0 1<) (o — >
A=const: 1=0,0199
0 50 100 150 200 250 300 350 400 TY Mec.

Puc. 3.38. 3asucumoctu A = f(T) s BogoBoja auamerpom 1200 mm:
1 — mo dopmyase (3.21); 2 — no IlleBeseBy



88 YcToM4MBOCTbL BOOOCHAOXEHNS

Ta6auna 3.21

Xapakrepuctuku perpeccuonHoii 3asucumoctu A = f (7))

Mopenb

Xapakrepuctuka
1.A=a+bT 2. =a+be’” | 3. a=a+bT" | 4. A=a+bT+cT? | 5.,=a+bVT | 6.L=a+binT

a=0,0294 | a=0,0196 | a=0,00258
b=0,0475 | b=0,002 | b= -0,000168
c= -1379 | n=0,509 | c= —-1,94107

Koadduumen- | a = 0,000089
Tbl perpeccun b =10,0288

a=0,01925 | a = 0,000747
b =0,00215| b =0,00925

CranpapTHas

0,008343 0,0018708 | 0,0013301 0,0013301 0,0013301 0,003721
owmnobka,

KoadpoduumeHnt

0,969 0,985 0,992 0,992 0,992 0,938
Koppengauuun, R

Hecmorpsa Ha 10 uro tpu mozenun (3, 4, 5) umeoT oagnHAKOBbie KO3(MMUIUEHTHI KOPPeIs-
U U OJIMHAKOBBIE CTAH/APTHBIE OMMNOKM, BbIOpaHa MOJEb 5, TaK KaK eil COOTBETCTBYET 60JIb-
nee 4YUCJIO CTerneHeil cBoOO/bI U, CJel0BaTebHO, K0a(hdOUIMEHT Koppeasdinuu spisercs Gojee
3HAYUMBIM.

Conocrasum ammupuueckue popmyanr (3.20) u (3.21) u ouenum 3Hauenue KoadduimenTa A
17t BogtoBoa quamerpom 1200 MM co cpokom akcryaranuu 444 mec. (37 JieT) u OTHOCUTENbHOI
makpomepoxosatocTbio A = 0,0159. IIpu pacuere no dopmye (3.20) moayunm

1,5
L N (5.2

[Ipu pacuere no (opmyae (3.21)
A =0,01925+0,00215v444 = 0,0645 . (3.23)

Pacxoxxenne Mexx/ly pacueTHbIMU 3HaYeHUSAMHU KoadduimenTa A, MOJTyYeHHBIMHI C NCIIOJIb-
sosanueM ¢opmya (3.20), (3.21), cocrasasier 2,57 %. Takoe He3HAUNTENbHOE OTJMUYME BIIOJIHE
€CTeCTBEHHO, IIOCKOJIbKY [/ [IBYX SMIIMPUYECKUX (POPMYJ OCHOBOH CJYKHJIM OJHHM U Te >Ke
pe3yJabTaThl OnbIToB. OHAKO OHU CBUJIETEJBCTBYIOT O KauecTBe BbIGOPA JBYX allPOKCUMAIU-
OHHDBIX CBsI3€il.

3a 444 mec. HaXOXK/ECHUS BOJOBOAA B dKcIutyaramuun Koadduiment A 1o gopmyne (3.22)
cocrtasua 0,066 u BbIpOC € Hayasa IKCIIyaranuu BoJoBoJa B 2,66 pas3a, B TO Xe BpeMsl €ro
3Havenue, onpezaenennoe mo gopmyse Illepenesa (3.1) 119 BOZOIPOBOAHBIX 9KCILIYyaTUPYEMbIX
Tpy6, cocrasasger 0,0199, t.e. B 3,32 pasa MeHbIe NOJIy4eHHOTO (PAKTHUECKOTO 3HAUCHUS.

Boinosnus HesHaunTesbHbIe MpeobpaszoBanus smnupudeckoit popmyast (3.20), npusenem
ee K BHUAy, 6osee yIOOHOMY [JSI TIPOBEEHUST PACUETOB:

1,5 B
A= {0,016932 + 2257600 (%) }e”’ﬁ“ . (3.24)

B nannoM caydae GespasMepHasi BeJIMUMHA MIEPOXOBATOCTH ompeesiercs: o dopmyie (3.5).
OO6e sMIpHYecKre 3aBUCUMOCTU SBJISIIOTCS OCHOBOH TH/IPABJINYECKOrO pacyeTa BOJOBOJOB, 110-
CKOJIbKY ¢ ucnosbsoBanueM ¢popmyJibl Japcu—Beiic6axa (3.3), npeacrapisdionieii, Kak 0OTMEYEHO
paHee, 4ncTo (DOPMATBHYIO 3aMEHY MT€PEMEHHBIX, JIeTKO ONpPeJeUTh PacXo/ yepe3 BOJLOBO/L

5
0 =./% (3.25)



YcTonymBocTb BogocHabxeHua 89

Terepb yyKe € y4eTOM PeKMMa TEUEHUs, OTPEAEJAeMOT0 YHCJIOM PeiiHOIb/Ica, U 3aBUCHMOCTH
OTHOCHTEJIbHOM 1IepOX0BATOCTH OT BpeMeHu akcityaraiuu. B dopmyse (3.25) H, kak 06bIuHO,
03HAYaeT TUAPABJINYECKUE OTEPU TPEHUsST BOJOBO/IA.

Pacuernbie 3Hauenus koo duimenta A, moaydennbie us ypasnennii (3.22) — (3.24):

o dopmy.e (3.22) —  0,0662;

o dopmyJe (3.23) —  0,0645;

o dopmy.e (3.24)

npu Re =1 100 000 — 0,0662;

IIPOTIEHT PACXOK/ICHUST MEK/Y 3HAUECHUSAME A

o (3.22) u (3.24) —  -0,088;

no (3.23) m (3.24) —  -2,57.

TakuM 06pa3oM, pacxoskjeHus, HoaydeHHble auas saBucumocteil A = f(Re,A), L = f(T)
o ¢popmynam (3.22)—(3.24), BrojiHe yAOBJETBOPSAIOT IPAKTUIECKOMY MTPUMEHEHWIO YPaBHEHUS
(3.24) He TOJIBKO /I IPOEKTUPOBAHKS BOJAOBOJOB, HO ¥ [IJIsl 9KCIIEPTHOU OIEHKHU IIPOIYCKHOI
crioco6HoCcTH BoA0BOAA (3.25) Mpu MOJATOTOBKE €ro K CaHAIlWH.

3.2.6. ICCJEJOBAHUS IAPHBIX 3ABUCUMOCTEI1 A = f(Re) U A = f(A) BOJIOBOJIA
JAUAMETPOM 1400 MM U IIOCTPOEHUE /IBYX®AKTOPHOII PETPECCUOHHOII
3ABUCUMOCTHU A = f(Re; A)

ITpoBeeHbl ONBITHBIE HUCCIE0BaHIA KO dUIMEeHTa T/ PABINYECKOT0 COIPOTUBJIEHNUS BOJIO-
Boga auamerpoM 1400 MM, Haxogsierocst B skciuyatanun 34 roga (qumna yyacrka 14 973 m).
PesynbraThl uccaeoBaHUil, B YaCTHOCTH XapakTep IIyJbCAallUM CKOPOCTH, MO3BOJIMJIU C/eJaTh
BBIBOJI: 4eM 6oJibllle MHKPYCTAINs B BOJOBO/IE, TEM BbIlle MHTEHCHUBHOCTD IIyJbCAIIUN CKOPOCTH
B HeM (puc. 3.39).

Vv, mlc

24
2,2

2 -

1,8 1

1,6 1

1,4 -

1,2

1

0,8
0,6
0,4
0,2
0
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Puc. 3.39. I'padux myabcanum CKOPOCTH MOTOKA BOJbI B BOJIOBO/IE
nuamerpom 1400 MM, paboTaionieM B PA3JINYHBIX PEKIMAX:
1 — myabcupylomas ckopoctb V ; 2 — cpeaHss CKOPOCTb Ve
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N3mepenne ckopocTr M pacxojia BOJbI OCYIIECTBJSIOCH TaK Ke, KaK W JIJIs BOJIOBO/IA /IMa-
merpoM 1200 MM — ¢ TTOMONILIO YJABTPa3ByKOBOTO HakJaHOTO pacxojomepa tTuna UFM 610 p.
Cwm. raasy 2 (puc. 2.1 u 2.4).

Ha ocHoBanumn anaausa pesyibratoB (ta6u. 3.22) cpen BO3MOKHbBIX HEJUHEITHBIX alllpPoK-
cumupyomux GyHKIN BbIOpaHa MOJesb

b 1,5

A, =a+|—| , 3.26

p=a+ () (3.26)

rpe a n b — KOB(iJ(l)I/IHI/IeHTbI perpeccun, BbIéOpO‘{HbIe OI€EHKN KOTOPbIX COCTaBJIAIOT

a=10,058 u b = 46500,
1,5

xp=0,058+(46500j : (3.27)

€

Ta6mauia 3.22

XapaKTepUCTHKU perpeccHoHHoi sapucumoctu A = f(Re)

Mopenb
Xapaktepuctuka

1.A=a+ bRe 2..=a-+b/Re 3.A.=a+ (b/Re)" 4.0 =ae’fe +¢ 5.2=a+blinRe
KoadpduupmeHTsl a=0,07767 | a=0,05397 2:26%50% 7)::238;?268 a =0,23555

= — . -8 = — —
perpeccum b 8,47-10| b=14138,7 P ¢ = 0,059 b 0,0120
Cranpapthas 0,002519 0,001218 0,00114 0,001528 0,001848
owmnobka, ¢
Koagpduunent 0,846 0,966 0,971 0,946 0,921
koppenauuun, R

JloBepuTenbHbIN HHTEPBaJ A5 auHun perpeccun (3.26) paccunTbiBajIcs Tak ke, KaK U JJIst
Bo/I0Bo/Ia AuameTrpoM 1200, B mpeanosoxKeHn HOPpMAJbHOTO pacipe/iesieHs OCTaTKOB perpeccuu
o gopmynam (3.14).

[Tockoubky [ist BogoBoza auamerpom 1400 mm (KBC, BosoBoa Ne4) moJydeHa oueHb HU3Kast
craHjapTHast omuOKa perpeccu, To Ha rpaduke perpeccuonHoii sapucumoctu A = f (Re) (puc. 3.40)
JloBepuTeNbHbIil uHTEepBaa He 95, a 99 % (P = 0,99; Kp = 3). Bbi6opouHas olleHKa CTaHIapTHOI
omu6ku perpeccun cocrasisier ¢ = 0,00114.

A
0,45

0,40
0.35
0,30
0,25

0,20

0,10

0,05

0,00

100000
200000
300000
400000
500000
600000
700000
800000
900000
1000000
1100000
1200000
1300000
1400000
1500000
1600000
1700000
1800000
1900000
2000000
2100000
2200000 =

Puc. 3.40. Perpeccnonnas sasucumocts A = f (Re) ¢ noBeputenbHbIM WHTEpBagoM perpeccun P = 99 %
(Bogosox amamerpom 1400 mm; L = 14973 m): 1 — mo dopmyne (3.27); 2 — mo Anprmymo; 3 — mo I[lleseneBy
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JlomoiHUTEIBHO WCCaE0BAIaCh 3aBUCHUMOCTDH SKCIIEPUMEHTAJIbHO W3MEPEHHDBIX 3HauYeHUH
IUPABIMYECKOr0 YKJIOHA OT CKOPOCTH ABMKEHUS BOAbI B BogoBoje (puc. 3.41). Anmnpokcumaius
ATOW 3aBUCHUMOCTH TaK’Ke BBIMOJHSAJIACh METOJO0M HEJWHEHNHOTO PerpecCHOHHOTO aHaJn3a C I0-
mompio maketa STATISTICA. Cpean BO3MOKHBIX BU0B HEJWHEWHOCTH HAa OCHOBAHUU JAHHBIX
taba. 3.23 B KayecTBe ONTHUMAJIbHON BhIOpaHa MO/IE]b

i, =aV’+bV*,

riae a u b — KoapUINEHTHI PErpeccui.

XapaKkTepuCTHKH perpeccuonHoii 3apucumoctu i = f(V)

(3.28)

Ta6auna 3.23

Mopenb
XapakTtepuctuka

1.i=a+bV 2.i=ae" 3.i=avn 4i=a+bV+c\ 5.i=al’+b\V
KoabdbuLmMenT! a= 00016 | a=0000356 | a=00023 | 22098 | 20,0021
perpeccum b =0,00412 b=1,813 n=1,898 A b =0,0001652

¢ = 0,0022

CraHnapTHas 0,000205 0,00011864 | 0,0000629 | 0,00005883 0,00005883
owmnbka, o
KoaddumenT 0,987 0,996 0,999 0,999 0,999
Koppengauuu, R

Mopenu 4 u 5 UMeOT OMHAKOBbIe KOA(M(UINEHTbI KOPPESIUU 1 OMNOKN PErpeccuu, OHAKO
B KayecTBe ONTUMAJIbHOI Bbi6paHa Mojenb S5. OHa Xapakrepuayercs: GWIBIIUM YHCJIOM CTeTeHeil
cBOGO/IbI, YeM MOjesib 4, U, CJeJJ0BaTeJbHO, KOa(duimenT Koppessiiuu /s Hee siBisietcs: GoJiee

3HAYMMDbIM.

Boi6opounbie onenkn K0ahuimeHTos perpeccronnoii sapucumoctu (3.28), rpaduk koropoii
nokazan Ha puc. 3.41, cocrasmsior: a = 0,00213; b = 0,0001652 nus 3navenuit V, m/c, T.e.

0,005

0,004

0,003

0,002

0,001

0,000

i, =0, 00213V? +0,0001652V°° .

R=0,999

(3.29)

0,0

Puc. 3.41. Perpeccnonnas sasucumMoctb i = (V) ¢ JOBEPUTENBHBIM HHTEPBAJIOM

0,2

0,4

0,6

0,8

1,0 1,2

perpeccun P =95 % (Bogosox auamerpom 1400 mm; L = 14 973 m):
1 — mo ¢gopmyme (3.29); 2 — no Illeseneny
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A
0,070

0,065 |
0,060 |
0,055 |
0,050 |
0,045 |
0,040 |
0,035 |

0,030 |

0025 - =--~-~

0,020
0,015 |
0,010 |

0,005 |

- -
- -

R=0,997

>

0,000 .

0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,010 0,011 0,012 0,013 0,014 0,015 0,016

Puc. 3.42. PerpeccuoHHast 3aBUCUMOCTD A = f(Z)
C JIOBEPUTEJIbHBIM WHTEPBaJoM perpeccun P = 95 %
(BomoBox auamerpom 1400 mm; L = 14 973 m)

VceneoBanmnst mapHoit sapucuMocti A = f(A) TTPOBO/IIIN Ha OCHOBE SKCIICPUMEHTAIBHBIX JaH-
HBIX TIPU M3MEHEHHM CPOKa dKCILIyaTamuu Bogosoaa ot 1 roga 10 mec. go 35 zer (puc. 3.42).

[IpumeHeHMe HEJMHENHOTO PEIrPECCHOHHOTO AHAIN3A MTO3BOJIMIIO YCTAHOBUTD, U4TO 60Jiee Tpe/i-
[OYTUTEJBHOI ABJISETCS MOJE/b 2 HKCIHOHEHIMa bHOI 3aBucumoctu (tabua. 3.24), T.e.

A =0,0227 + 0,00225¢'8214

XapakTepHCTUKU PerpecCHOHHON 3aBHCUMOCTU A = [ (Z)

(3.30)

Ta6auma 3.24

Mopenb
XapaktepucTuka
1.A=a+bA 2. )= a+ be* 3. =a+bA" 4.2 =a+bA +cA’ 5. =a+blnA

KoadpduumenTtsl | a = —0,002843 ba _:00 600222275 Z f 25%288582; ba_=_(;r,£;5559976 a =0,25311

erpeccum b=4,0122 L N ’ - b = 0,04668
P ’ c=182,1 n = 3,266 c =34345 ’
CranpapTHas 0,002049 0,00088 0,000893 0,0009444 0,0028774
owmnobka,
KoapguumenT 0,984 0,997 0,997 0,997 0,968

koppenauuun, R




YcTonymBoCTb BogocHabxeHua 93

YuurbiBasi BUJ HeJUHEHHOCTH B napHbiX 3aBucumoctsax A =f(Re) u A= f(A), npunsra
AByX(daKTOpHasi perpecCHOHHast MO/IeJb

I 46500\ | s
A =10,038 +| —— et 3.31
| ( o j _ (3.31)
_ 5
niam In%, =1In|0,058 +(@] +a+DbA, (3.32)
rae au b — KosQUIMEHTHI PErpeccuu, OlleHHBAaeMble C MOMOIIBIO METOJa MHOKECTBEHHOIO

PErpeCcCMOHHOTO aHaJiu3a.

[TocTpoena nuarpamMma paccessHus AJs1 AByX(aKTOPHOI perpecCHOHHON 3aBUCHUMOCTH C JI0-
BEPUTEJNbHBIM WHTEpBagoM 95 % g Bequuwnbl In A (puc. 3.43).

2.4 In}‘pacq
2,6 t
R=0,989
(J
2,8
) [)
[ 2
()
3,0t
®
[ 2
32t
®
34t °
In}“d_’)aKT
-3,6 : : : : : :
-3,6 -3,4 3,2 -3,0 2,8 2,6 2,4
Puc. 3.43. [IByxdaxTopHas perpecCHOHHAs 3aBUCUMOCTb A = f(Re,Z)
C JIOBEPUTETHHBIM WHTEPBAJIOM perpeccun P = 95 %
Boi6opoutbie orneHkn Koo uimenTos perpeccun cocrasasior: a = —1,49; b = 92,64 (pac-

YETbl TaKJK€ BbBIIIOJIHAJNCD C IIOMOIIbIO HHTerHpOBaHHOﬁ CUCTEMbBI CTATHCTUYECKOM Oép&éOTKI/I

nanubix STATISTICA).

Takum 06pa30M, ZIByX(l)aKTOpHaH PETPECCUOHHAA MO/EJIb UMEET BU/L

A= 0,058+(

46500

e

)1’5 1992608 (3.33)

[Toctpoen rpaduk aByxdakTopHoil perpeccuonHoil saBucumoctu (puc. 3.44). Yuc-
jgo Peifinosbaca B ucnbiTaHusgX BojoBoja auamerpom 1400 MM u3MeHAJ0Ch B JMamna3oHe

500000 < Re <2200000.

JI1 TPOBEPKM MPaBHJIBHOCTH BBIGpaHHOil AByXdakTopHOoii Mojgemu 3aucumoctn A = [(T)
ObLTN JIOTIOJTHUTEIBHO TPOBE/IEHBI MCCJIEI0BAaHUS Ha BOJOBOJE, HAXO/AIIEMCS B AKCILIyaTalluy

420 mec., T.e. 35 ger (puc. 3.45).
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Puc. 3.44. /IByx(dakTopHas perpeccuoHHasi 3aBUCUMOCTb A = f(Re,K) Ut BofoBoza amametpom 1400 Mmm
(L =14 973 Mm): 1 — mo dopmyae (3.33) mpun A =0,0159742; 2 — mo dopmy.re (3.33)
npu A =0,0080229; 3 — 1o [leBeneBy

0,0707}
0,065 ¢t
0,060 ¢t
0,055 ¢
0,050 ¢t
0,045 ¢t
0,040 ¢t

0,035 ¢

0,030 ¢
0,025t

0,020 ¢

0,015 ¢
0,010 ¢t

0,005 ¢

0,000 : : : : : } ! ' '
50 100 150 200 250 300 350 400 T, mec.

Puc. 3.45. Cpasuenue sasucumocreii A = f(T) | mocrpoennbix mo dopmy.iam:
1 — (3.34); 2 — (3.1) ®.A. IlleBeneBa
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IIpu onpenenenun 3apucumoct A = f(T) dukcuposasock uncyio Peiinosbaca. CpaBHeHue ¢ ¢hop-
mysioii D.A. Illesenesa (3.1) nokaspiBaer, yto KOo(PPUIUEHT B YUCTUTE/IE HE MOKET ObITh MOCTOSHHBIM
1 JI0JIKeH OBbITh CBSI3aH CO BPpeMeHeM JKCILTyaTallnd BO/IOBO/IA, YTO MOATBEPSK/IAETCS JIAHHBIMU, TIpe/i-
cTaBJIeHHbIMU Ha puc. 3.45. [lng BogoBoga auamerpom 1400 (1396) MM B jaHHOM ciydae

. _ 0,0487T

=% 10,023, (3.34)
T +108,8

rae T — BpeMs aKCILIyaTallMu BOJOBO/IA, MeEC.

[lannas mozesib Bbi6pana Ha ocHoBaHUM Tabu. 3.25. HecmoTps Ha TO, uTo Mozesun 3 u 6 nme-
I0T OJINHAKOBbIEe KO3 DUIMEHTbI KOPPEJISIINN U OJIMHAKOBbIE CTAaH/AapTHbIE OMMUOKHN, B KauecTBe
ONTHMAJbHON NMPUHATA MOJETb 3, TaK Kak OHa B GOJIbIIEll CTeleHN COOTBETCTBYeT (DU3MUeCKOil
npupojie ucciaeayemoro npoiecca. Tak, npu T— 0 mozxenb 6 IpuBoAUT K abCypAHOMY pe3yJib-
TaTy: A —> —oo.

Ta6auna 3.25

XapakTepuCTUKHU perpeccuonHoii 3aBucumoctu A = f (T) ajas BogoBojaa
auamerpom 1400 mm (KBC, uamepurebubiii yuactok Ne 6)

Mopenb

XapakTtepuctuka Si—a+b
l.A=a+bT |2.A=a+be’" |3.A=bT/(T+c)+ta|4r=a+bT+cT? ' T 6. =a + binT

a=0,0227 a=0,023 a=0,041243

Kosbouumen- |2 =0,034641 ' 664144 |  p=00487 | b=0,145873

Tbl perpeccum | b = 0,00007

a =0,02463|a = -0,00861
b =0,00191| b = 0,01064

c= -46,9 c=108,8 c=2,510"
Cranaaptian | g 0657019 | 0,002569 0,001265 0,006042 | 0,001378 | 0,001265
owwnoka, o
Kospduument | ) o9 0,975 0,994 0,850 0,993 0,994

koppenauuu, R

Comnocrasum (3.33) u (3.34) u onennm sHaueHue kodpduimeHTa A g BOJOBOAA Ua-
metpoM 1400 MM co cpokom axcrayatarun 420 Mec. W OTHOCHTEJIbHOW MaKpPOIIEPOXOBATOCTHIO
A =0,01597. Ilpu pacuere no ¢popmyae (3.33) moryuum

46500 ‘
A= 0,058+ AoV —1,49+92,64-0,01597 — 0,0656 ]
{ (1100000) }e (3.55)
IIpu pacuere o ¢opmyne (3.34)
0,0487 - 420
=—"/—————+0,023 =0,0617. )
420 +108,8 (3.36)

Pesyabrarer pacuetos 1o ¢opmyaam (3.33) n (3.34) 1moKasbIBalOT paCX0KACHHE PACIETHBIX
sHavennit koadduimenrta A 5,9 %, 4TO MOATBEPIKIAET MPABUIBHOCTH BHIOPAHHBIX AMIPOKCUMA-
.

3a 420 Mec. HaXOXKAEHUS BOAOBOJAA B aKcILTyatanun Koaddumment A no dopmyne (3.35) co-
crasus 0,0656 m BeIpoc ¢ Havasma aKkcIIyaranun Bogosoaa B 2,06 pasa, B To ke BpeMs KoadduimerTt
A, paccuntannbiii mo dopmysae M.A. Ilesenesa (3.1) ans 9KCILIyaTHPYEMBIX JJUTEIbHOE BPEMS
TpyO, moJken cocrtaBysath 0,0189, T.e. B 3,45 pasa MeHbllle MOJTYYeHHOTO (PAKTHUECKOTO 3HAUEHUS
K02 dUIMeHTa THAPABIMYECKOTO COTTPOTUBIECHMS.
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BoinosiHuB npoctbie npeo6pasosanus, u3 (3.33) nmoayunm

1,5 B
A= {0,0131 + 2260000 (%) }692‘6“ . (3.37)

Pacuernblie 3Havenns Koadgdunuenrta A, Bbruncjaernbie no ypasuenusm (3.35) — (3.37):

no dpopmyne (3.35) — 0,0656;

no dpopmyne (3.36) — 0,0617;

no ¢popmyne (3.37)

npu Re =1 100 000 — 0,0655;

IPOIEHT PACXOKIEHUS MEXK/Y 3HAYCHUSAMU A

no (3.35) u (3.37) — -0,09;

no (3.36) u (3.37) — 5,84.

Kaxk BU/IHO U3 9TOTO COIIOCTABJICHNUS, PACX0KIeHHsT, IO TydeHHbIe /151 3aBucumocteii A = f(Re, A),
L= f(T) no dopmynam (3.35)—(3.37) BrOJIHE YAOBIETBOPSAIOT MPAKTUUECCKOMY IIPUMEHEHUIO
ypasuenus (3.37) He TOJBKO /ISl TIPOEKTUPOBAHUS BOJAOBOJOB, HO W IS HKCIIEPTHON OIEHKH
IIPOITYCKHON cOCOGHOCTH BO0BO/A 10 dopmysie (3.25) npHu yCTAaHOBJIEHUN CPOKOB CAHAIIMU.

3.2.7. UICCJIEJIOBAHMS TAPHBIX 3ABUCUMOCTEI A = f(Re) U L = f(A) BOJIOBOJIA
JUAMETPOM 1600 MM U IOCTPOEHUE [IBYX®AKTOPHOI1 PETPECCUOHHO
3ABUCUMOCTH A = f(Re; A)

s BopoBoga auamerpom 1600 MM annpokcumaius 3apucumoctu A = f(Re) 1npoBoausach
Tak ke, Kak /A7 BojoBogoB auamerpoM 1200 u 1400 mm. Bosee mpeamoutuTeibHON OKa3aiach

Moaenb 3 (tabm. 3.26):
1,5
A, =a+ [i) ,
Re

rae au b — xkoadppunmenTsl perpeccuu, BbIGOPOYHbBIE OIIEHKU KOTOPBIX cocTasJstioT 0,055 n 46500
COOTBETCTBEHHO,

(3.38)

46500
nimn A, =0,055+[ j ) (3.39)
e
Ta6auma 3.26
Xapakrepuctuku perpeccuonnoii 3apucumoctu A = f(Re)
Mogenb
XapakTtepuctuka
1..=a+ bRe 2..=a+b/Re 3.A=a+ (b/Re)" 4.\ =ae’f + ¢ 5.2 =a+ blnRe
KoadbduumenTsl | a=0,06627 | a=0,05669 gfgé%%% ab:_1§’§’7935;' a=0,1564
= — . -9 = - - ’ = —
perpeccun b 3,7-10 b =11620,89 n=15 c= -130.902 b 0,00674
CrannaprHas 0,0017277 0,001648 0,001630 0,0016477 0,0016852
ownobka, ¢
Koapduunent 0,624 0,667 0,675 0,667 0,647
koppenauuun, R
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ITocrpoen rpaduk perpeccuonnoil sapucumoctn A, = f(Re) ¢ Z0BepHTEIbHBIM HHTEPBATIOM
perpeccun P = 95 % (puc. 3.46).

045 A
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0,35
0,30
0,25 f
0,20
0,15
0,10
= ——— - — — 3
0,05
0 1
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Puc. 3.46. Perpeccuonnas sasucumocts A = [ (Re) ¢ poBepure/ibHbIM HHTEPBAJIOM
perpeccun P =95 % aua Bogosoga auamerpom 1600 mm (L = 6 558 M):
1 — no dopmye (3.39); 2 — no Aaprurymio; 3 — no IlleseneBy

JlosepuTenbHbIl nHTEPBaJ Ast JuHuu perpeccun (3.38) paccuuTbhiBaICsA B MPEAIIOJIOKEHUN
HOPMAJIbHOTO paclpe/iesieHust ocTaTkoB perpeccuu. C y4eToM 3TOro Ipe/ooKeHnus 17 J10Be-
PUTENbHBIX I'PAHMI] PEIPECCUU MOXKHO 3allMCaTh CJEAYIOIINe BbIPAKEHUS:

A,=k,+K,oo; X, =L, -Kpo, (3.40)
rage A M A — BEPXHAA U HUXKHASA JOBEPUTENbHbIE TPAHUIBI COOTBETCTBEHHO,
Kp — JIOBEPUTENbHBIN MHOKUTE/Ib /IS 3aaHHOl goBepuTenbHoll Bepostaoctu P (g P = 0,95
Kp =1,96);
o — cranjgaptHas ombKa perpeccun (cpeHeKBagpaTUIeCKOe OTKJIOHEHNE (PAKTHYECKUX

sHavenmit A ot A, ).

Bbi6opouHas olleHKa cTaHAapTHON omubku perpeccun cocrapasier ¢ = 0,0163

B cBssu ¢ Tem, yto 3Hauenue koadpduimenta koppesadaiuuun R = 0,675 3HaunTebHO HUXKE,
YeM JIJIsl AHAJOTMYHBIX PErpecCHOHHBIX MOJIeJiell MPHU MCCJEOBAHUSAX BOJOBOJ/IOB /IUAMETPOM
1200 n 1400 MM, JOTIOJHUTETBHO OIIpe/leisiiach 3HAYUMOCTh K03 dUIneHTa KOppeasaiiuu 1o Kpu-
tepuio CtbiozienTa [286], koTopoe BbIOMHAIOCH TIO hOpMYy.Ie

t (3.41)

R
- i-R? V7

rae f = N —2 — uucyo creneneii cBo6oapl (N=21 — KoanuecTBO TOUYEK HAGJIOMEHMI).
[ToacraBus B (3.41) sHauenuss R = 0,675 u f=21-2 =19, noayuyum ouenky t = 3,99. Cpas-
HeHMe PACCYNTAHHOTO 3HAUYEHUS {-CTAaTUCTUKU ¢ TaGJUYHBIM 3HaUYeHHeM paciipeesnerns CTblo/leHTa
tﬁa, Py 3a/laHHOM ypoBHe 3HaunMocTu o = 0,01 (oBepureabHas BepostHocTh P = 0,99) u uuncie
creneneii cso6opr f = 19; tmz 2,54, mokasaJio, 4To t > tm. Takum o6pa3oM, ¢ BEPOSITHOCTHIO

99 % MOKHO yTBEPK/IaTh, 4TO KOI(PPUIIMEHT KOPPEJSINN SIBJISETCS 3HAYNMbBIM.
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[lomoiHUTENBHO WCCJEI0BAIaCh 3aBUCHUMOCTH IKCIEPUMEHTAIbHO M3MEPEHHBIX 3HadYeHWH
TUJIPABJINUYECKOTO YKJIOHA I OT CKOPOCTHU JIBUXKEHUS BOJIbI B BOjOBOJe juamerpoM 1600 mMm
(puc. 3.47). Tpy6bl Takoro AuamMerpa MCIOJIb3YIOTCS IIPU IPYIIIOBOM BOAOCHAGKEHUH TOPOIOB
U B CHCTeMaX BOJOCHAOKEHUS TOPOJIOB ¢ HacesjeHueM cBbiiie 1 MJH yesmoBek. Cpei BO3MOYKHBIX
BU/IOB HEJIMHENHOCTH Ha ocHOBaHuM TabJ. 3.27 BbIOpaHa Mojiesb

i, =aV*+bV", (3.42)

rae a u b — orenuBaembie KO3 UITMEHTI PErPECCH.

HecMoTpst Ha TO, 4TO Mojen 4 U 5 UMEIOT OJIUHAKOBbIe KOI(DDUINEHTbI KOPPEISINN, BbI-
6paHa MojieJib 5, TaKk Kak oHa 0oJiee aJeKBaTHO omuchiBaer moseaerue i = [ (V) npu masibix
pacxojax BoJibl. BeibopouHas oleHKa cTaHgapTHoil omub6ku perpeccun o = 0,000082.

[Toctpoen rpaduk perpeccuornoii sapucumoctu i = [ (V) (puc. 3.47).

Ta6auma 3.27

XapakTepuCTHKH perpeccuoHHoi 3asucumoctu i = f(V)

Mopenb
Xapakrepuctuka
1.i=a+ bV 2.i=ae" 3.i=av i=a+bV+cWV 5.i=a\?+ bV
Koapuunentsi | a= -0,0022 | a=0000395 | a=000191| 27 %0049 | 42— 0,001784
perpeccum b =0,00422 b=1,578 n=1,922 ¢ = 0,002036 b =0,0001316
CrannapTHas 0,0001237 0,00010747 | 0,0000834 | 0,00008154753 | 0,000082462
owmnobka,
Koadpoduumert

0,993 0,994 0,994 0,997 0,997

Koppenauuu, R

0,005 1

0,004

0,003

0,002

0,001

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 1,1 1,2 1,3 1,4 vV, m/c

Puc. 3.47. Perpeccuonnas sasucumocts i=f( V) nis Bogosoma aumamerpom 1600 mm; L = 6558 M
¢ JIOBEPUTEbHBIM HUHTEPBaioM perpeccuu P =95 %: 1 — no dopmyse (3.43); 2 — no Ilesesneny
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Boi6opounbie oreHku KoapduineHToB perpeccuonHoil 3aBucumocti (3.42) CcOCTaBJIAIOT:
a =0,001784; b = 0,0001316, nan

i, =0, 001784V +0,0001316V°* (3.43)

3asucumoctb A = f(A) onpezensnach Ha OCHOBE SKCIHEPUMEHTATbHBIX JAHHBIX, MOJTYYeHHBIX
[PU DKCIIyaTallii BOAOBO/A MPOAOJKUTENbHOCTbIO OT 2 Mec. a0 33 jet (puc. 3.48).
0,065
0,060 |
0,055 |
0,050 f
0,045 |
0,040 |
0,035 |

0,030

0,025

0,020

0,015

0,010

0,005

A

0,000 : : : : : -
0,000 0,002 0,004 0,006 0,008 0,010 0,012

Puc. 3.48. Perpeccnonnas saBucumocts A = f(A) a1 BogoBoga quamerpom 1600 mMm; L = 6558 M
C JIOBEPUTEIbHBIM WHTEPBAJIOM perpeccun P =935 %

[IpuMenenne HeJUHEHHOrO PErpecCHOHHOIO aHAJN3a II03BOJIMJO YCTAHOBUTH, YTO OIITH-
MaJbHON (OPMOIT HEMMHEHHOCTH SBAAETCS MOJIEb OKCIIOHEHIINANBHON 3aBucuMocTu A = a + be®™

(ta6a. 3.28)
nJIn A =0,024+0, 00465¢'7"* (3.44)

C yueroM Buaa HeJTMHEHHOCTH B HapHbIX 3aBucumocTax A= f(Re) u A =f(A) upunsra
ABYX(aKTOpHask PErpeccuoHHast MOJAEb

B 1,57] B
A = 0,055+(@] g8 (3.45)
P i Re |
) .
TITH Ini, =In 0,055+(465—00j +a+DbA, (3.46)
e
rie au b — Ko UIMEHTb Perpeccuu, oleHHBaeMble C TIOMOITBI0 METO[A MHOKECTBEHHOTO

PETrPecCOHHOTO aHAIHM3A.
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XapaKTepUCTHKH PerpeccHoHHoil 3aBucumMoctu A = f(A)

Ta6auma 3.28

Mopenb
XapaKTepMCTMKa
1.2 =a+bA 2. L =a+ be* 3.r=a+bA" 4. =a+bA+CA? 5. .=a+binA
Koadpduumentol | a = —0,002471 a_= 0,024 a i 0,0297 a_= 0,0288 a=0,084
perpeccn b=26866 | 000465 | b=308.33 b= 0,006 b = 0,007532
’ c=1771 n=2,07 ¢ = 209,083 ’

CrannapTHas 0,0025185 | 0,00073387 | 0,00091807 0,00085356 0,00625642
ownbka, o
Koadguument 0,974 0,998 0,997 0,997 0,827
koppenauuun, R

[Toctpoena auarpamma paccesinus AJs ABYX(MaKTOPHOH perpecCuoHHON 3aBUCUMOCTH C JI0-
BEPHUTEJNBHBIM HHTEPBAIOM 95 % juist Besmunusl Ink (puc. 3.49)

In%pacy

-3 , 7 In X(I)aKT

Puc. 3.49. [IByx(akropHas perpeccuonHas 3aBUCUMOCTb A = f(Re,Z) JUISL BOJIOBOJIA

nuamerpoM 1600 Mm; L = 6558 M ¢ 10BepUTEIbHBIM HHTEPBAJIOM perpeccun P = 95 %
Boi6opounbie onenku KoadduimenToB perpeccun cocrapiasior a = —0,87; b = 72,74.
Taxkum o6pazom, AByX(haKTOpHAs PerpecCUOHHAast MOJIeJIb UMEeT BU/L

15
46500\ | _ i
A= {0, 055 +( R A (3.47)
e

[TonyuenHnas 3aBUCHUMOCTD IO3BOJISIET OIEHUBATH TU/PABINYECKOE CONPOTUBJIEHHE B Maru-
CTPaJbHBIX BOJ0BOJaxX auameTpoM 1600 MM ¢ passMuHBIM CPOKOM 3KCILIyaTallMi B MePEeXO0/HbIX
1 TypOyJIeHTHBIX peskumax paborsl (puc. 3.50).
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0,45
0,40
0,35
0,30 A
0,25 f
0,20 f
0,15
0,10 1
(Y
"""" S 08 o
M 3 «-0—§ doe—
0,05
0’00 1 1 1 1 |$||||||||||| |Re
= = S o o o o o o o =
2 8 8 8 8 8 8 8 8 8 £ 8 388 2 s & 23 5 g ¢ g g 8
S & 23S S & & & S =2 S S S S S S 92 S S = &5 & &
S & 32 S S & & & S =2 S S S S S S 2 92 S = &5 & &
S 5 S 5 & & & S & s <2 o o o S o o 9o ©o &5 S & & >
- 8 8 ¥ v © & © & S - a4 o ¥ v v & ®» & S = a & =
= - = 4 X 2 =2 4 2 =2 3 o 9 g g

Puc. 3.50. [IByxdakTopHas perpeccuoHHas 3aBUCUMOCTb A = f(Re,Z)
s Bogosoa anamerpom 1600 mm; L = 6558 m: 1 — 1o dopmy.e (3.47)
npu A =0,0113208; 2 — no dopmyne (3.47) npu A =0,0003145; 3 — no Illeseseny

ITo pesynbratam uccaegoBanuii 3apucumoctu A = f(T) na BomoBoge auamerpom 1600 MM,
HaxojgameMcs B akcrryaraiuu 33 roga (396 mecsues), nocrpoen rpaduk (puc. 3.51).

il
D.A.

0,065

0,060

0,055

0,050

0,045

0,040

0,035

0,030

0,025

0,020

0,015

0,010

0,005

Puc.

aHHbIE PE3YJIbTATOB MCCJIEJOBAHUN CPABHUBAIOTCA € BbIUUCIeHUsAMU 110 dopmyae (3.1)
[IleBenena.

A

0 50 100 150 200 250 300 350 T, mec.

3.51. Cpasuenne 3aBucumocreit A = f(T) maa Bomosoga auamerpom 1600 mm; L = 6558 M, MOCTPOEHHBIX
no gopmynam: 1 — (3.48); 2 — (3.1) ®@.A. Illesenena
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Brionae YZIOBHGTBOPMTGJIbHOﬁ aHHpOKCHMaHHCﬁ HOJIy‘lCHHOﬁ 3aBUCHUMOCTH ABJIAETCA

0,0426T
A=—"—"-""""—"—+0,0297 )
196,49+ T ’ (3.48)

rne T — BpeMs sKCILTyaTalluu BOJOBOJA, MeC.
Ta6muma 3.29

XapakTepucTHKU perpeccuonnoi sapucumoctu A = f(T)

Mopenb

XapakTtepuctuka
1.a=a+bT |2.A=a+be’" |3 A=bT/(T+c)+a |4 A=a+bT+CT?|5 ) =g+pT |6 A=a+binT

a=0,0297 a=0,0297 a=0,00299
b=0,03240| b =0,0426 b =0,000149
c= —72,24 ¢ =196,49 ¢c=2,0107

Koadppuumentsl | a = 0,03311
perpeccum b =0,000074

a=0,02636 |a= -0,0195
b =0,0168 | b=0,00589

Cranaaptias | 003503 | 0,001363 0,000996 0,001590 | 0,001164 | 0,003385
ownbka, o
KoadpdurumeHt 0,948 0,992 0,996 0,990 0,994 0,952

koppenauuu, R

B kauectBe onTuMasibHON BbiOpaHa Mojenb 3 (tabi. 3.29), Tak Kak eii COOTBETCTByeT Mak-
CUMAaJIbHBIIH KO3 MUINEHT KOPPEISIINN.

ConocraBum (3.47) u (3.48) u onenum sHadenue kosdduimenTa A AAs8 BOJOBOJAA JAHAMET-
pom 1600 MM co cpokom skcruyaranuu 396 MecsiiieB (33 roga) U OTHOCHTENBHON MaKpoOIIepo-
xoBatoctbio A= 0,01132. IIpu pacuere 1o dopmyne (3.47)

1,5
A= {0, 055 + (4650()) }08”727“'0'0“32 =0,0608. (3.49)
Re
[Tpu pacuere no dpopmyne (3.48)
k=w+0,0297=0,0582. (3.50)
396 +196,49

Pacxosx/eHne pacueTHbIX 3HaYeHWT Koadduimenta A cocrasisier 4,23 %, 4TO BIOJIHE yI0B-
JIETBOPSIET YCJOBUSM 3KCIIEPUMEHTAJIbHBIX HCCJIE/IOBAHMII.

3a 396 mec. HaXOXK/ICHNS BOJOBO/IA B aKCILTyaTay KO3 UIMeHT A, pacCUnTaHHbIN 110 (hopMy.Te
(3.49), cocrasun 0,0608 u BbIpoC ¢ Hayasa SKCILIyaTaluu BoaoBoaa B 2,15 pasa. B 1o sxe Bpems
no dopmyste M.A. Illesenesa (3.1) a1 BomOMPOBOAHBIX TPYO, AIUTENIbHOE BPEMS HAXOMSIINXCS
B aKcIuTyatanuu, KoadgguimenT A qomken coctaBagaTh 0,0183, T.e. okasbiBaercs B 3,3 pasa MeHbIIe
(axTuecKoro 3HaUCHMS.

Bbinosnus HesHaunTeabHbIe MpeobpazoBanus sMnupudeckoii popmyast (3.47), npusenem
ee K BHUAy, 60see yIOoOHOMY /7SI TIPOBEJIEHUST PACUETOB,

1,5 B
A =10,023042 + 4200909 (%) }672’7“ . (3.51)

PacuerHble 3HaueHus Koadduienra A, BbruucieHubie 1m0 ypauenusm (3.49) — (3.51):

no ¢popmyne (3.49) — 0,0608;

no dpopmyne (3.50) — 0,0582;

o dpopmy.te (3.51)

npu Re =1 100 000 — 0,0607;

IPOIEHT PACXOKACHUSA MEXK/Y 3HAUCHUAMHU A

no (3.49) u (3.51) — -0,11;

o (3.50) u (3.51) — 4,13,

Kak BUAHO M3 5TOTO COINOCTABJEHUS, PACXOXKJIEHUS B ONEHKAX, ITOJYYEHHBIX IS BEJMUH-
1Bl A ipu pacuerax 1o Gopmyaam (3.49) —(3.51), He3HAUNTETBHDI, YTO TTO3BOJISIET HCIOJIb30BATH
dopmyny (3.51) ansg NPaKTHYECKOTO NMPUMEHEHUS KaK JJIs IPOEKTUPOBAHUS BOJOBOJIOB, TaK
U IS OKCIEPTHOI OLEHKH MX MPOIyCKHON cnoco6noctu (moacranoskoil A B ¢popmyay (3.25))
IIPU ONPeIeIEHNH CPOKOB €r0 CAHAIUY.
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3.2.8. HCCJIEJJOBAHUS MIAPHBIX 3ABUCHUMOCTEIT A = f(Re) U A = f(A) BOAOBOJIA
JAVAMETPOM 1400 MM (MCTOYHUK BO/IbI — PEKA JHEIP) 1 IOCTPOEHUE
JIBYX®AKTOPHOI1 PETPECCUOHHOM 3ABUCUMOCTHU A = f(Re; A)

Heo6xoanMocTh 3THX MCCJIeI0BAaHUI BbI3BaHA TEM, YTO 110 COCTaBy BoJja /[Hemnpa oTmyaercs
ot Boabl CeBepckoro JloHna.

XapakTep ImyJIbcaliii CKOPOCTH MOTOKA BO/IbI B MCCJIElyeMOM BOJIOBO/Ie HA XapbKOB M3 KaHaJIa
«JInenp—/lon6acc» mocse 16 jer ero akcmyaraiuu yxe Obia paccmorpen (puc. 3.31).

Cpean BO3MOKHBIX HEJWHEWHBIX ammpoKcuMupyomux (GyHknuii Ha ocaoBanuu tabsua. 3.30
BbIOpaHA MOJIEJb

b 1,5
A, =a+(—) , (3.52)

Re

rae a 1 b — Koa(HUINEHTDI perpeccu, BBIOOPOYHbIE OTIEHKHN KOTOPBIX cocTaBstior 0,052 m 46500
COOTBETCTBEHHO,

(3.53)

1,5
nian A, =0, 052 + (46500j .

e
Ta6uauna 3.30

XapakTepHCTHKH perpeccHoHHOi 3aBucumoctu A = [ (Re)

Mopenb
XapakTepucTrka
1.%=a+bRe 2.%.=a+b/Re 3.%.=a + (b/Re) 4.0 =ae"f + ¢ 5.%.=a + binRe
KoobduumenTsl | a=0255 | a=0,0081246 | 2 0.092 a=01257 | _ 4 g0058
perpeccn b=-1,69107| b=41196,7 9= Ly b=132502 1\ _ g 1082
; ’ n=15 c= —0,0868 ’

Crarnaptas 0,109193 0,02884 0,01911 0,019115 0,073694
owmnbka, o
Koapgument 0,614 0,978 0,993 0,993 0,846
Koppensauuun, R

[Toctpoen rpaduk perpeccuonnoi sapucumoctu (puc. 3.52).

A
0,6

0.5 R=0,993

0.4

0,3

0,2

0,1

0,0

Re

100000
200000
300000
400000
500000
600000
700000
800000
900000
1100000

1000000
1200000
1300000
1400000
1500000
1600000

Puc. 3.52. Perpeccnonnast 3apucuMoctb A=f( Re) ¢ 10BepUTENbHBIM UHTEPBAIOM perpeccuu P = 935 % s BO#OBO/IA
muamerpom 1400 mm (L = 47197 m): 1 — mo dopmyae (3.53); 2 — wo Axprmyaio; 3 — 1o [leseneBy
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3aBUCUMOCTH U3MEPEHHDBIX 3HAUEHWH THIPABIMYECKOTO YKJIOHA OT CKOPOCTHU JIBUKEHUS BOJIBI
B BOJI0BOJIe BUiHA U3 puc. 3.53. Ha ocHoBaHuu pesy ibTatoB ucciaegoBanuii (ta6a. 3.31) BoiGpana
MOJIeJTh 5, KOTopasi ¢ GoJiblieil ajleKBaTHOCTBIO OMKChIBaeT noseaeHue 3asucumoctu i=f (V) npu
MaJIbIX PacXo/aX BOJIBI.

XapakTepuCTHKH perpeccuoHHoi 3asucumoctu i = f(V)

Ta6auma 3.31

Mopenb
XapakTepuctmka
1.i=a+bV 2.i=ae? 3.i=aw 4.ij=a+bV+cV? 5.i=al”+ bV
KoadduumenTsl | a =0,00059 | a=0,000262 | a=0,0021 Zif%%$£‘ a=0,00195
perpeccun b = 0,00291 b=1974 |n=-190204| " ooon b = 0,000156
CraHnapTHas 0,0003583 0,000164 0,0000749 0,00005347 0,00005323
owmnobka, o
KoadgumenT 0,962 0,992 0,998 0,999 0,999
Koppengauuu, R
i
0,006
R=0,999
0,005
0,004
0,003
0,002 f
0,001
0,000

0,0

0,2 0,4

Puc. 3.53. Perpeccuonnas 3aBucuMoctb i=f(v) ¢ J0BepUTEIbHBIM HHTEPBAJIOM
perpeccun P = 95 % aas Bogosoga auamerpom 1400 mm (L = 47197 m):

0,6

0,8

1,0 1,2

1 — 1o dopmyie (3.54); 2 — no IlesesneBy

Arta 3aBucuMocTb uMeetr Buj (g 3Havenuit V, M,/ c)

i, =0, 00195V* +0,000156V " ,

L4y wm/c

(3.54)

Vccnenosanus naphoit sapucumoct A = f(A) mpoBoammmuch Ha 0CHOBE SKCIIEPUMEHTAIbHBIX
JIAHHBIX, TOJYYEHHBIX IIPU JKCITyartaruu Bogosojga ot 1 mec. 1o 16 ser (puc. 3.54).
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0,060

0,055

0,050

0,045

0,040

0,035

0,030

0,025 F

0,020

0,015

0,010

0,005

0

0,002

0,004

0,006

0,008

0,010

0,012

0,014

Puc. 3.54. Perpeccuonnas 3asucumoctb A = f(A) ¢ A0BepuTeIbHBIM HHTEPBAIOM perpeccun P = 95 % ais
BogoBoza auamerpoM 1400 mm (L = 47 197 M)

[IpnMeneHne HEJMMHEHHOTO PETPECCHOHHOTO aHAJM3a IMO3BOJINJO BBIOPATH MOJETb 3KCIO-

HeHIMa bHOI 3aBucumoctu (ta6ma. 3.32) A =a+be™, T.e.

A =0,0242 +0,000999¢%74

XapaKkTepHCTHKH PerpeccHoHHOoii 3aBucuMocTu A = f(A)

(3.55)

Ta6auna 3.32

Koppenauuu, R

Mopenb
XapakTtepuctuka
1. =a+bA 2.A=a+be* 3.a=a+bA" 4.0n=a+bA +cA? 5.1a=a+binA
- a=0,0242 | a=0,026179 a=0,02712 -

Koabduunentel | 2= 0.9215 | 5=0000099 | b=339929 | b= -149614 | 270008
Perp ’ c=237.1 n=2323 c=2319 ’
CranpapTHas 0,0039158 0,0006050 | 0,00078386 0,001333 0,0064721
owmnbka, o
Koapguument 0,934 0,999 0,997 0,992 0,807

C yueroM Bua HenuHeitHocTn B mapHbIX 3aBucuMoctax A =f(Re) u A =f(A) npumara
nByX(daxTopHas perpecCoHHas MOJeb

h, = {0, 052 +(

Re

46500 H Jois

(3.56)
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46500\’ -
UIn 1I17\.p =In 0,052+( ) +Cl+bA, (357)
Re
rae a n b — KOS(l)q)I/IHI/IeHTbI perpeccumn, oneHmBaeMbI€ C IIOMOIbIO METO/Ja MHOKECTBEHHOI'O

perpeccuonHoro anaausa: a = —1,44; b = 98,45.
[TocTpoena auarpaMma paccessHus Uit ABYX(aKTOPHON PerpecCHOHHO 3aBUCHUMOCTH C JI0-
BEPUTEJNbHBIM MHTEpBaJoM 95 % aug Besuuunbl Ink (puc. 3.55)

00  INpacu

2,0

3.0

40

40 35 3.0 25 2,0 -5 -1,0 -0,5 Iny pakr

Puc. 3.55. [IByxdaxTopHas perpecCuoHHas 3aBUCHMOCTb A = f(Re,K)
C JIOBEPUTEJILHBIM MHTEpBaJIoOM perpeccun P =95 %

Taxkum o6pasom, nByX(haKTOpHAs PerpecCUOHHAs MOJIeJb UMEeT BU/L

1,5 B
A =1]0,052+ (46152()] e AN (3.58)

Ha puc. 3.56 npencraBienbl pe3yabTaTbl UCCJAEAOBAHW, TTOJTYUYeHHbIE HA UCCJIEIYEMOM BO-
noBojie B Teuenue 16 Jer.

Re

100000
200000
300000
400000
500000
600000
700000
800000
900000
1000000
1100000
1200000
1300000
1400000
1500000
1600000

Puc. 3.56. 3aBucumoctp A = f(Re,Z : 1 — no dopmyre (3.58) npu A =0,01468;
2 — 1o dopmyne (3.58) mpu A =0,0003582; 3 — no (3.1) d.A. Illesenesa
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007 M

0,02

0,01

0 50 100 150 200 250 300 350 400 T, mec.

Puc. 3.57. Cpasuenne saBucumocrein A = f(T) muas BogoBoga anamerpom 1400 (1396) MM, TOCTPOEHHBIX
no gopmynam: 1 — (3.54); 2 — (3.1) ®.A. Illesenepa

[Tpu onpenenennn 3apucumoctu A = f(T) maHHOrO BOAOBO/A TOJYYEHO yPaBHEHUE

. _ 0,0463T
T +95,06

rne T — BpEMA SKCIJIyaTallun BOJIOBO/la, MEC.

+0,025, (3.59)

Ta6auna 3.33
XapakTepuCTHKH perpeccuonnoii sapucumoctu A = [(T)

Mopenb
XapakTtepuctuka

T.A=a+bT |2.A=a+be/ |38 A=aT/(b+T)+c|4r=a+bT+cT|5 ) =a+pJT | 6. A=a+binT

Koodbduumer- | a=0,035 | 20026 | a=00463 | a=002816 | _, o5 | 5-00305
1ol perpeccnm | b = 0,000082 | 2 =0:038 | b=9506 " 1b=-0,000221 ", 50503 |4 = 0,003902
: c= -4586| ¢=0025 |c= -331.107 : :

Crannaprhas 0,006733 0,0021029 0,0020763 0,002236 0,0028186 | 0,0064204
owwnoka, o

KoadpuumeHt 0,852 0,9865 0,996 0,985 0,976 0,866
Koppenauun, R

Ha ocnoBanuu gannbix ta6u. 3.33 BbiOpana Mojiesib 3, TaK KaK COOTBETCTBYIONIWIT €if Koad-
(punmenT koppensdiun gBasercss 6ojee 3HAYNMbIM.

Conocraum (3.58) u (3.59) u onennm snavenue Koa(pduimenTa A 1 BOAOBOAA ANAMETPOM

1400 MM co cpokom akcmayaTanuu 192 mec. m oTHOCUTETbHON MakpotiepoxoBaTtocTbio A=0,01468.
[Ipu pacuere 110 popmy.ie (3.58) momyunm

46500 )"’ A
7\( — {0’ 052 + (1100000) :|e—1,44+98,450,01468 — 0, 061 ] (360)

[Tpu pacuere no dpopmyne (3.59)

. 0,0463 192
192 + 95,06

Kak BugHO, pacxos/aeHne pacueTHbIX 3HadeHuit Koadduimenta A cocraisier 9,25 %, 410
BIIOJIHE Y/IOBJIETBOPSIET YCJIOBUSAM 9KCHEPUMEHTAJbHBIX UCCJIEOBAHMUIA.

+0,025 =0,055. (3.61)
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3a 192 mMec. HaXOK/IeHU BOJAOBOAA B dKcILIyaTaun Kosdduiment A nmo dgopmy.e (3.60) co-
crasuu 0,061 u BoIpoC ¢ Havasa sKCIIyaTaluu BoJoBoia B 2,4 pasa. B To xe Bpems o dopmy.ie
®.A. IleseneBa (3.1) ais HAXOASIUXCS B 9KCILIyaTal[i BOJOIPOBOIHBIX TPYO Koapduiinent
A pasen 0,01898, T.e. B 3,2 pasa MeHbie pakTHIECKOr0 3HAYEHUS.

Wcnoabszosas (3.58) u (3.3) ang yao6cTtBa pacuyeroBs, MOJAYYUM ypaBHeHHEe Koadduimenra
TU/IPABJIANYECKOTO COTIPOTUBJICHUS A

1,5 B
A =]0,01232 + 2375721(%) B8 (3.62)

Pacuernbie sHauenus Koadduiuenta A, moaydennbie us ypasenuii (3.60) — (3.62):
o dopmy.e (3.60) —  -0,061;

o dopmy.e (3.61) —  -0,055;

o dopmy.e (3.62)

npu Re =1 100 000— 0,06109;

IIPOIEHT PACXOKACHUS MEK/IY 3HAYCHUAMU A

no (3.60) u (3.62) —  -0,04;

no (3.61) u (3.62) — 9,22.

Kak BHJHO M3 3TOr0 CONMOCTABJEHUS, PACXOXKIAEHUS, TOJYUYEHHBbIE /[Js 3aBUCHUMOCTEH
A = f(Re,A), \=f (T) 1o dpopmynam (3.60)—(3.62), HesHAUNTEIbHbI U BIIOJHE yI0BJETBOPSIOT
[PaKTUYECKOMY IIpUMeHeHn o ypaBHenus (3.62) He TOJBKO /st IPOEKTUPOBAHKS BOJOBOIOB, HO
U LISl 9KCIIEPTHOM OIEHKHM MPOIYCKHOI croco6HocTH BojgoBoAa 10 dopmyse (3.25) npu mnoj-
TOTOBKE €r0 K CaHaluHu.

3.3. METOAUKA OIIEHKHU KOOODOUIINUEHTA
IT'MAPABJINYECKOI'O COITPOTUBJIEHUA BOAOBO/10B
ANAMETPOM 1200—-1600 MM

[TpoBenenHbIli perpecCMOHHBIN aHaJNU3 3aBUCUMOCTH THIPABJIMYECKOTO COMPOTUBJIEHUS
oT yncaa PefiHOTb/ica 1 OTHOCUTETbHON IMIEPOXOBATOCTHU TOKA3aJ, YTO JIaHHAS 3aBUCUMOCTD [IJISI
BO/IOBO/IOB C Pa3JIMUYHBIMU JUaMeTpaMu TPyO ONUCHIBAETCS CXOJHBIMH AMIHUPUIECKUMU (HOPMY-
Jamu. Bpi6paHHbIe perpecCuoOHHbIE MOJIEJIN JIJIs BCeX MCCJeyeMbIX BOJOBO/IOB XapaKTePHU3YIOTCS
O/IMHAKOBBIM TUTIOM HEJUHEWHOCTU. Pasimmuns nposBIsioTcs TOJIbKO B BeTmunHe K03(hhUINEHTOB
perpeccuu, MpUYeM Bapualusg 9TUX BeJWYWH He3HauuTeJbHa. /[aHHOE 06CTOSTENHCTBO BBHITEKAET
13 OCHOBHBIX COOOpa)KeHMil Moj06MsT M pa3MepPHOCTEN M SIBJISETCS CBUIETEJbCTBOM 6€3yCJOBHO
KayeCTBEHHOTO TTPOBE/IEHNS] KCIEePUMEHTOB.

He Menee BaXHBIM sIBJIsIeTCS TOT (DaKT, YTO B MCCJEOBAHWM, TPUBEJIEHHOM B JJAHHON KHUTE,
He paccMaTpUBAJIOCh BJIMSHHUE COCTaBa BOJbBI HA CKOPOCTb M3MEHEHUs TH/PAaBJINYEcKOro Koaddu-
IUEHTA, a 3T U3MEHEHUS Olpe/esaanch Kak GpyHkiusg Bpemenn. [Ipuanmas Bo BHUManue 1o 06-
CTOATENbCTBO, UTO cocTaB Bozbl B {Henpe u CeBepckom [loHIle HEOAMHAKOB, 11e1€CO00PA3HO OBLIO
YCTAHOBUTDH OOINIME 3aBUCHUMOCTU, B OJWHAKOBOU CTENIEHU MpHEeMJeMbIe /IJIsI Pa3JTUYHBIX COCTABOB
BO/ibl. OGOCHOBAHHOCTD TAKOTO MO/X0/1a TIOATBEPKAAETCS M T€M, UTO, HE3aBUCUMO OT MCTOYHUKA
BO/IOCHAGKEHUs, TIPU TPAHCIIOPTUPOBAHUK BO/IbI 110 BOJIOBO/IAM TIOCJIE TIPOXO3K/IEHUS €10 CHCTEMBI
KOH/IMITMOHUPOBaHNs oHa joJikHA cooTBeTcTBOBaTh OCTYy «Boga murbeBass.

B aT0ii cBsI3M mpejcTaBSeT MHTEPEC MOCTpoeHne 061ell perpecCHOHHOM MO/Ies N OIeHKH TH/I-
PaBJIMYECKOTO COIPOTHUBJIEHUS /IJIs1 BCEX paHee ONMMCAHHBIX BOJOBOJ/IOB, KOTOPAs JierJa B OCHOBY
pa3pabOTaHHOI METOAMKM NPOrHO3UPOBAHMS K03 UIMEHTa A.

Jlns moctpoennus obmuieii perpeccuonnoii mogesn A = f(T) (puc. 3.58) mpoBejien COBMECTHBII
aHaJIM3 BCeX MMEIONUXCS JaHHBIX CHUCTEMATHMYeCKUX HATyPHBIX HAGJIOJEHWIl, MPOBOANBIINXCS
Ha BojoBoAax mauamerpom 1200 MM B Teyenue 37 ger, auamerpom 1400 mm (uenp) — 16 ier,
quamerpom 1400 mm (KBC Ne4) — 35 ser u guamerpom 1600 MM — B Tedenune 33 jiet, Ipu pas-
JIUYHBIX CPOKaX dKCILIyaTaluu 3TUX BOA0BOMOB. IIpeaBaputesbno He06X0UMO GbIJIO TOJYYHUTD
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MO/IeJIb, OTIHCHIBAIOIIYI0 U3MEHEHNE CO BpeMeHeM BeJNUYMHBl A, 06ILYyIO /1JIs1 BCeX NCCJIe0BAaHHBIX
BOJ/IOBOJIOB.
Jlng nmoctpoenust Takoit Mojiesn BbiOpaHa HesuHeliHas YHKIUSA BHUIA

aTl
T+b
rae T — CpPOK 3KCILTyaTalny BOAOBOJA, MeEC.;

a, b — onenuBaembie K03(DOUIMEHTHI PETPECCUN.

Bbi60p MMEHHO TAKOTO BH/Ia HEJUHEWHOCTU OIPEEJSICS TEM, YTO IIPU UCCJIEJOBAHUM 3a-
BUCUMOCTH A = f(T) JUIST OT/IETbHBIX BOJOBOJOB (PYHKIIMM WMEHHO 3TOTO BW/IA OKAa3bIBAJIHNCH
HanboJiee ipuemMaeMbiMu. OteHKa K02 PUITMEHTOB Perpeccun ¢ MOMOTIbIO TPOTPAMMHOTO TTaKeTa
STATISTICA pana crenyiomue pesyabrarol: a = 0,016; b = 42,51 (ta6a. 3.34), T.e. 3aBUCUMOCTD
A = f(T) ommcobiBaerca caemyfonteii hopmy.toit ans sHauenuii T, Mec.:

0,016147T
T +42,51

[TocTpoeH rpaduK MOJyYeHHON 3aBUCHMMOCTH W JJOBEPUTEIbHbIH nHTepBas (puc. 3.58).

A= , (3.63)

A= (3.64)

Ta6auna 3.34

XapakrepucTuku perpeccuonnoi sapucumoctu A = f(T)

Mopenb
Xapaktepuctuka = = = = —
1.A=a+bT | 2. A=aT/T+b) 3. A=al" 4. A=a+bT+cP 5. A=a+bInT
_ ~ B a=0,003891 -
KoodduumenTsi | a=0,006077 | a=0,016147 | a=0,002346 | °~ " o0 | a= ~0,000356
perpeccum b=0,000027| b =425 n=0,3186 T Ciai07 b = 0,00224
Crarinaptas 0,002942 0,001923 0,002136 0,002336 0,002492
owmnbka, o
Koapguunent 0,762 0,906 0,882 0,858 0,837
koppenauuu, R
A
0,020

0,018

0,016

0,014

0,012

0,010

0,008

0,006

0,004

0,002

0 50 100 150 200 250 300 350 400 450 500 7 e,

Puc. 3.58. M3MeHenue BeJMYUHBI OTHOCUTEIbHON MakpomepoxoBatoctu A = f(T) mas BOAOBOJIOB AXAMETPOM
1200-1600 mm: 1 — d =1200 (sxcmnyatanus 37 mer); 2 — d =1400 (sxcmayaranua 35 jer);
3 — d =1400 (skcmryaranus 16 mer); 4 — d =1600 (sxcmayatanusa 33 rozga);
1, 2, 4 — ucrounmnk Boabl — CeBepckuii [loner;; 3 — mcrounuk Bogpr — /[lHernp
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MeTo10M PErpeCCUOHHOTO aHaJ/Jn3a BbBITIOJIHAJICA IIOUCK perp€CCI/IOHHOI>)I Mo/aeJin C HeJIMHEeN-
HOCTbIO IIO (baKTOpaM Re n A Toro xe BU/a, 4YTO WU B PErpeECCUOHHDbIX MO/JEJIAX AJIA KaX/10T0
OT/I€JIbHO B34ATOI'O BO/IOBO/lA:

b 1,5 B
r=la +(R_1j Aty (3.65)
e

rae a, b, a,u b, — ounenubaemble KO3(OPUIUEHTbI PErPeCCUn.

BolnosiHeHHbIE pacyeTbl MO3BOJIMJIN TMOJYYUTh CJAEAYIONNE OIeHKN KOa(PUINeHToB pe-
rpeccun: a,= 0,055; b, = 46500; a,= —1,035; b, = 71,99.

TounocTb BbIOpAHHOI MOJeN XapakTepudyercs kKoaddunmenrom koppessiuu R = 0,983
U cTaHjapTHOI omuobKoii perpeccun ¢ = 0,015.

[TocTpoenbl auarpaMma paccesiHUsl W IOBEPUTEJIbHBIM WHTEPBAJ /ISl TOJYYeHHOW perpec-
CHOHHOW Mojgenn B jorapudmudeckunx koopaunatax (puc. 3.59). Takum o6pas3oM, A0CTATOUYHO
TOYHAs OIleHKA IUPABJIMYECKOTO COMPOTUBJIEHUS /IJIs1 BOJOBOJIOB C PA3JIMYHBIM JAMAMETPOM TPYO
U, YTO OYEHb BAXKHO, C PA3JIMYHBIM KAY€CTBOM TPAHCIIOPTUPYEMOIl BOJBI MOXKET ObITh BBITIOJHEHA
1o eIMHOI 060011IeHH0iT hopMmy.ie

1,5 B
% =10,055+ (—“ESOJ o ML (3.66)

In)pacu

0,0

05 }

1,0}

15t

25t

3,0t

35t

40 3,5 3,0 2,5 2,0 -1,5 -1,0 0.5 In)dpakr

Puc. 3.59. /IByxdakropHas perpeccoHHasl 3aBUCHMOCTb A = f(Re,Z)
C JIOBEPUTEIbHBIM WHTEPBAJIOM perpeccun P = 935 %

[TpoBeneno comocraBieHne (aKTHUECKUX 3HAYEHWI THAPABJIMYECKOTO COIIPOTUBJICHUS A
JUUISL Pa3JIMYHbIX BOJIOBOOB, paccuutaHHoro 1o dopmyne (3.66) u moaydyeHHOrO MO Tab/IHIE
@.A. Hlesenesa (puc. 3.60).

Hecmorpst Ha To, uto 06061IeHHas popMyJia pacuera KoaduimenTa ruipaBaniecKoro comnpo-
TUBJICHUS /1aeT MeHee TOYHbIE OIEHKM, YeM OT/eJbHble (DOPMYJIbI [/ KaXK/0T0 U3 BOJOBO/IOB, OHA
SABJIIETCS TIPUEMJIeMON [T 60Jiee KOPPEKTHBIX 9KCHEPTHBIX OIIEHOK COCTOSTHUS T'MIPABJIMYECKOTO
COTIPOTHUBJIEHUST BOJIOBOJIOB PA3JIMUHBIX JAuaMeTrpoB B auanazoHe 1200—1600 mm. Bmecte c Tem
npuMenenue o61ieii popmybl mpejpcTaBisgercsd yAOOHBIM [T TTPOTHO3a BO3MOKHBIX M3MEHEHUIl
TU/IPABJINYECKOTO CONPOTUBJIEHUS BOJOBO/IOB BO BPEMs MX 9KCILIyaTAIlVH.



YcToinunBocTb BogocHabxerHna 111

[Tocsie npeoGpaszoBanus 3HaueHus Re noayuena dopmyaa (3.67), Kotopyio 1enecoo6pasHo
HCIOJIb30BaTh /ST onpejesneHnss KoaduilmenTa ruipaBJIndecKoro CONPOTUBJIEHNUST BOJIOBOIOB
quamerpom 1200—1600 mm:

1,5 B
A =|0,019537 + 3561924 (%j o718 (3.67)

Boruncasasa snauenns A 1o gopmysae (3.67), MOKHO OLEHHTb PAcXoj Yepe3 BOMOBOMI, HC-
noab3ysa popmyay (3.25)
1,232gHd’

0= Al
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Puc. 3.60. CpaBrenne (hakTHIECKUX 3HAUYCHUH 3aBUCUMOCTH A = f (Re,K) Juist BoJoBos1oB guametpoM 1200—1600 mm:

1 — d = 1200 (mepuox axcrayarammm 37 ger mpu A = 0,016); 2 — d = 1400 (sxcmnyatarms 16 et mpu A = 0,01468);
3 — d = 1400 (axcmnyararms 35 get mpu A = 0,0159); 4 — d = 1200 (mavano sxcmayatanmn mpn A = 0,00084);
5 — d = 1600 (axcrmyaranus 33 roga npu A = 0,0113208); 6 — d = 1400 (mauano sxcityarammu mpa A = 0,00080229);
7 — d = 1400 (nauano sxciryaramuu npu A = 0,000358); 8 — d = 1600 (mauano sxcmmyaranuu npu A = 0,0003145);
9 — mno IllleseneBy; 1, 3 — 6, 8 — ucrounuk Boabl — CeBepckuii Joner; 2, 7 — UCTOUYHUK BOAbl — JlHenp

Perpeccuonnas Mojesb 111 9KCIIEPTHBIX OIIEHOK TH/IPABJINYECKOTO CONPOTUBJIEHNST BOJIOBO/IOB
¢ pasanunbiMu auamerpamu Tpy6 (3.67) Gbiia 1mosyueHa no pesyJabTaTaM HATYPHBIX HaOII0AeHWi
Ha BOJIOBO/IaX €O CPOKOM akcrayaramuu 16—37 ser. IIpu 6osiee ATUTENbHBIX CPOKAX 9KCILIYaTAIIH
BO3MOJKHO yBeJIMueHue OMMMOKN MPOTrHO3a, 06yCI0BJIEHHOE BO3PACTAHUEM CO BPEMEHEM 3HAYEHUS
OTHOCHUTEJIbHON mmepoxoBaTocTu A. B ¢BA3M ¢ 5TUM IpeACTaBIsgeT MHTEPEC OIEHKA MaKCHMAaJlb-
HOTO CPOKa 9KCILIyaTallii BOJ0BOAa, Ipu KotopoM dopmya (3.67) octaercss npuMeHUMON /ISt
3KCIEePTHBIX OIEHOK BeJMuYuH A u Q.

Kax Bugno us puc. 3.58, yBeandyeHnne OTHOCUTETbHON IePOXOBATOCTH MPAKTUYECKU [10-
CTUTJIO HACBIIEHUS. ITO CBUJETEJIbCTBYET O TOM, YTO B CTAJbHBIX BOJIOBOJIAX TPUBEIEHHDBIX
auaMeTpoB 1o ucredyennu 30 et npoilecc KOPPoO3uUnU U MHKPYCTAIINM, a TaKXKe KU3HeAesTe N b-
HOCTU aHa’pPOOHBIX OGaKTepUil Ha BHYTPEHHEH MOBEPXHOCTU BOJOBOJOB PE3KO 3aMe/JIUJICS
U NPOTEKaeT BAJO. MOXKHO c/ieslaTh BBIBOJ[, YTO OIMMUOKON TPOTHO3a POCTAa OTHOCHTEJIbHOI
MaKpOIIepoXoBaTOoCTH B mocJeayomme 20 jeT MOKHO TpeHeOpedb, TaK KaK OTHOCHUTEJIbHAs
MaKpOIIEPOX0OBATOCTD 110 MUCTeUyeHUn 37 JeT dKCIJIyaTallui U3MeHseTCsl He3HAUUTeJIbHO U, CcJie-
JI0BAaTeJbHO, BO3MOKHO NPOTHO3UpoBaHue naMenenuss A = f(T) nmo npuHATOI Moge H.
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[TpoBenena cpaBHUTEIbHAS KOHTPOJIbHASA IPOBEPKA PE3yJJbTAaTOB pacueToB KoadduimeHTa
TU/IPABJINYECKOTO COTPOTUBJIEHUS A /1] PA3JMUYHBIX BOJOBOJOB, HAXOJSANIMXCI B 9KCILJIyaTa-
tun 37 ner (444 mMec.), B COTMOCTABJIEHUN ¢ pe3yJbTaTaMyi pacdyeToB 1mo 060061eHHoi hopmyie
(3.66). IIpoBepka 1moKasajia BHICOKYIO CXOHOCTb ¢ KO UIIMEHTOM A JIIsi BOAOBOAA AHMAMETPOM
1200 MM, TakKe sKCILJIyaTUpOBaBIIerocss 37 JeT.
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Puc. 3.61. /IByxdaKkTopHass perpecCHOHHast 3aBUCUMOCTb A, = (Re,Z) JUIS BOJIOBOJIOB
muamerpoM 1200—1600 MM ¢ pas3/iMYHBIM [EPUOJOM IKCILTyaTAI[IN:

1 — d = 1200 (sxcrunyaramus 37 et upu A =0,016); 2 — d = 1400 (sxcruyaramus 35 ner npu A = 0,0159);
3 — d = 1400 (sxcmayaranua 16 ner npu A = 0,01468); 4 — d = 1600 (axciyaramusa 33 roga npu A = 0,0113208);
5 — d = 1200 (mauaso sxcrtyaramuu npa A = 0,00084); 6 — d = 1400 (nauasno axciryaramuu npu A = 0,00080229);
7 —d= 1400 (mauasio sxcmryaramm pn A = 0,000358); 8 — d = 1600 (#awamo skcryatarm mpi A = 0,0003145);

9 — (sxcmmyatamma 37 et npu A = 0,014736); 1, 2, 4 — 6, 8 — mcrounnk Bompr — Cesepckmii Jlowerr;

3, 7 — HCTOYHHK BOJbl — ,/:[Henp

(J()Lu

3.4. TIPUMEHEHUE METOZAA OIIPEAEJIEHUA KOO®DUIINEHTA
TMAPABJINYECKOI'O COITPOTUBJIEHUA AJd PACUETA
IMPOIIYCKHO¥ CIIOCOBHOCTH BOJOBO/JA TUAMETPOM
1200 MM CO CPORKOM 9KCIIIYATAIINU 37 JIET

Ha BomoBoze aumamerpom 1200 (1195) mm yuacrtka HacocHoil cranmuu 1—-2 (Kouetok —
Poranckas HacocHas cranius) 25 despang 2001 r. Oblia npousseseHa KOHTPOJIbHAA OllEHKa
pacxoza Bozbl 1pu Temueparype Bogabl +1,5 °C no dopmymnam (3.24) u (3.25):

H, = ﬂZ 95,5 — MaHOMeTPUYECKUI HAIlOp B KaMepe IepeKJI0YeHnusT BOJI0OBO/IA, M;
Y
[ =15097 — JJIMHa BOJ/IOBOJla OT HacocHOo# cranuuu II nmoabema [0 poraHcKux
pe3epByaposB, M;
t=1,5°C — TeMmeparypa Bojbl B BojoBoje, °C;
Qp = 5840 — IIOKa3aHUs CTAIlMOHAPHOTO YJIbTPAa3BYKOBOTO pacXojioMepa Ha HACOCHOM

cranmuu, mM°/u;
Vp = 1,436 — CKOPOCTb TIOTOKA BOJIBI 110 BOJIOBOAY, M/ C;
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2 o o
H, =— =22 — manoMmerpumueckuii Hallop B KaMepe BXOJla BOJOBO/A B POraHCKUI pe3epByap
Y
YMCTOU BOJBI, M;
H, — MOTepHU HAIopa Mo BOJOBO/Y, M;
I, 11, — Ibe30MeTPUUYECKHe OTMETKH B HauyaJje U B KOHIE BOJOBOJA, M.

1. Beanunny koaddunmenta KuHeMaTHYeCKON BSA3KOCTH NP TeMmiepaType Boabl +1,5 °C
paccuntbiBasm 1o dopmyse [lyaseiins
v 0,0178
1+ 0,0337t +0,000221¢>

" 0,0178
1+0,0337 1,5 +0,000221-1, 5"

= 10,0169, cm?/c.

2. akTuUecKme [moTepn Hallopa Ha y4aCTKe 1-2 pacCUUTbIBAJIN 1PN YKa3aHHOM BbIIIE peE-
JKHUME paéoTbI HAaCOCHOT CTaHIINH. HBGSOMCTPI/I‘ICCKI/IC OTMETKN H1 " Hz OIIpEAETANIN KaK CYMMY
HUBEJIMPOBOYHBIX OTMETOK HLITYyIEPpa C YCTAaHOBJIEHHBIM MaHOMETPOM U PACCTOAHUU IITyHEPa 10
OCH MaHOMETpa M IIOKa3aHMM MaHOMeTpa:

H1=Z1+A1+ﬂ; H2=ZZ+A2+§;
Y Y

Hl :H1_H2;

H, :(Z1+A1+5J—(ZZ+A2+§]
Y V)

rae Z, um Z, — OTMETKH IINTyIlepa B HadaJe ¥ B KOHIIE BOAOBO/IA, M;
A, m A, — paccrognue OT BepXa IITylepa 0 OCH MaHOMETpa B Hayajle U B KOHIE BOJOBOJA, M,

H, =(168,5+0,2+95,5) —(167,01+ 0,2 + 2,2) = 264,25 - 169,41 = 94,84 M.

3. Koaddurment ruipapmdecKoro CONPOTUB/IEHNS A PACCYUTBIBA/IN IPH a0COIIOTHONH MaKPOLIEPO-
xoBaroctu 19 MM B BojioBozie 3a 37 JieT akciryaraiuu. Torja oTHOCUTe IbHAsT 1IePOX0BATOCTb A paBHA

A=2_19 0159
d 1195

[Toacrasigas s1o 3uavenue B (3.24), moayyaem

1,5
A =10,016932 + 2257600 __0,0169 e = (), 0678.
143,6-119,5

[To maiinennomy s3HadeHuio A onpegensin no ¢popmyae (3.25) mpomyckHyio cnocoOHOCTD

BOAOBOJA
5
0- 1,232gHd _ 1,232-9,81-94,84 - 2,437 = /2738 =
Al 0,0678 -15097

=1,651M"/c = 5944,231 M* /4,
V =1461M/c.

Takum o6pa3om, BeJMUMHA PACXO/a BOJBI 110 BOJOBO/Y, BBIUMCJIEHHAS C UCIOJb30BAHUEM
dopmynnpr (3.25), cocrasuia Q = 5944,23 M? /4 u Gblra Bblle MOKa3aHWH yJIbTPA3BYKOBOTO
pacxomomepa (Qp=5840 M?/u) na 104,23 m® /4, 1. e. Ha 1,76 %. IlomyueHnplii pe3y/IbTaT u Be-
JYrHa a6COTIOTHOTO PACXOMKAEHUS CBUAETENbCTBYIOT 0 KoppekTHOocTr hopmy (3.24) u (3.25)
JUTSL PAcueToB IMPHU MPOEKTHPOBAHWHU BojioBoAa auaMerpoM 1200 MM, a Takske JIJIsT 9KCIEePTHON
OIIEHKH IMPOIMYCKHOW CIMOCOOHOCTH BOJOBO/IA NP TEXHUKO-IKOHOMUYECKOM O0OOCHOBAHUU HEOO-
XOJUMOCTHU €r0 CAaHUPOBAHUSI.
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[IpoBeseM HKCHEPTHYIO OIEHKY MPOIYCKHOU crioco6HocTH BopoBoga mo dgopmye (3.25),
onpezeaus Koapduiment A mo o6o6ueHHoit popmyse (3.66)

xzz(o055+(46500j5}e¢w$nmA
y R ,

e

rae A= 0,0161477 st BojoBo10B uametpoM 1200—1600 mm.

T +42,51

[ToncraBus 3Hauenue T=444 wmecsina, AJs8 OTHOCUTEJbHOM MaKpoHIepoxoBaTocTtu A
MMOJIY4YUM

0,016147 - 444

Z e ———]
444 + 42,51 0,014736.
Yucao Pelinosbaca Re = w =1013304.
0,0169349

Boruncsaum 1o (3.66) koaduiuenT rugpaBandecKoro ConpoTUBIEHUS

7\’ — 0 055 +[ 46500 jLS e—1,035+71,99~0,0147 — O 0665
’ 1013304 A

3Hag 3HavyeHue A, MOJydeHHoe 110 06061eHHoi hopmyse (3.66), onpe/esieM MPOMYCKHYIO
croco6HOCTh Bo/oBOA aAuamMeTpoM 1200 mm

[1,232gHd’ 1,232-9,81-94,84 - 2,437
= = =./2,778 =
Q Al \/ 0,0665 -15097

=1,667 M°/c = 6000,419 M°/ 4.

Takum 06pa3oM, pacxosk/ieHne Mex/y MMOKa3aHusIMH yJbTPa3ByKOBOTO Pacxo/loMepa U pac-
YeTHBIM 3HaueHueM Q, MoJydeHHBIM 110 06061eHHoli dhopmyie (3.66), cocrasisger

AQ = 6000 — 5840 =160 ™M/,

min 2,66 %, 4TO BIIOJIHE YIOBJETBOPSET TPEGOBAHUSM HKCIEPTHOW OIEHKHU MPOIYCKHON
CITOCOOHOCTH BOJIOBO/IOB.

3.5. IPUMEHEHUE METOJA OIIPEAEJIEHU
KOOODOUIIUMEHTA THAPABJINYECKOIO
COITPOTUBJVIEHUA AJd OOEHKHN COCTOAHUA
BOJAOBOAOB ITPU BOJIEE AJIUTEJBHOM CPORE
X IRCIIVIVATAIIUN

3 warypubix ucciaegosanuii (taba. 3.35) cieayer, 4To 10 UCTEUEHUH CPOKA DKCILTyaTalluu
BO/IOBOIOB 33—37 JieT JajibHeliliee Bo3pacTaHWe OTHOCHUTEJNbHON MaKpOIIepOXOBATOCTU SIBJISIET-
cd He3HAYuTeJbHBIM, M3MeHeHUe THPaBJNYECKOTO COIPOTHUBJIEHUS, CBS3aHHOE C U3MEHEHHeM
BEJMYUHBI A, MOKET GbITb MPHUOINKEHHO OMUCAHO JIMHEHHOIT ¢ynknmeii.
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Ta6auna 3.35

3MeHeHHe OTHOCUTEJIbHOIH MaKpPOUIEpPOXOBATOCTH BHYTPEHHEN MOBEPXHOCTH
Bo10BOI0B AuameTpoM 1200—1600 MM ¢ TeyeHneM BpeMeHH HX JKCILTyaTaluu

Homep T vec OtHocuTenbHas
aKCrepumeHTa ’ MaKpOLLIEepPOX0BaToCTb, A
1 2 3
d =1200 (KBC)
1 4 0,00275
2 13 0,00360
3 14 0,00193
4 17 0,00450
5 22 0,00502
6 24 0,00402
7 25 0,00502
8 32 0,00552
9 34 0,00603
10 37 0,00603
11 44 0,00525
12 50 0,00803
13 62 0,00803
14 63 0,00803
15 85 0,00903
16 90 0,00895
17 108 0,01121
18 144 0,01272
19 235 0,01420
20 336 0,01473
21 384 0,01540
22 444 0,01590
d = 1400 (KBC)

23 22 0,00802
24 33 0,00946
25 45 0,00974
26 61 0,01103
27 79 0,01250
28 160 0,01397
29 240 0,01440
30 300 0,01526
31 360 0,01533
32 361 0,01533
33 420 0,01597
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1 2 | 3
d = 1600 (KBC)
34 2 0,00031
35 13 0,00258
36 41 0,00566
37 84 0,00786
38 144 0,00943
39 228 0,01006
40 288 0,01069
41 396 0,01132
d = 1400 (OHenp)

42 0,03 0,00036
43 2 0,00215
44 19 0,00852
45 38 0,01146
46 52 0,01225
47 78 0,01318
48 108 0,01332
49 121 0,01361
50 144 0,01418
51 192 0,01469

CpenHee 3HayeHne 0,00940

[ToaTomy fu1s o1leHKHM OMMOKN TPOTHO3a BEJNYMHBI A BOCIOIb3yeMcst Ta01. 3.35 u ¢popMyioit
13 JUHEHHOTO PerpecCuOHHOTO aHaJN3a

1 (A=Ay)
P PPN C Sl 3.69
g G(+N+S§(N—1)} (3.69)

rae S, — omubKa IIPOrHO3a BEJTMYMHBI A,
G — CTaHJapTHas omulKa perpeccuu; 3
N — xommdecTBO TOYeK HAGJIOMEHWI C PA3HBIMHU 3HAYECHUSAMU A;

Ay, S; — CpejiHee 3HAUeHNeE U CTAHJAPTHOE OTKJIOHEHHE OT cpejiHero (cpeiHeKBapaTHIHAasT
omu6Ka) BeJUYMHBI A COOTBETCTBEHHO.

s perpeccuonnoii mozgenu (3.64), noayuennoii g sapucumoctu A = f(T), cieayer: ¢ Te-
YeHHeM BPEMEeHM BO3pacTaHHe OTHOCUTEJIbHONH MaKPOIIEPOXOBATOCTH JOCTUTAET HACHIIMIEHUS U B
ycaosroM npesiene (ipu T — o0 ) He npesbimaer seauuuny A~ 0,0161, 4To cBUAETENbCTBYET
0 3aBepIIEHUN IIPOIlecca WHTEHCHUBHOTO 3apacTaHusl BOJIOBO/IOB, OOYCJIOBJIEHHOM yMEHBIICHHEM
U/IeaTbHON Cpebl /IS POCTa aHaspOOHBIX OaKTepuii, KOTOpble CTUMYJUPYIOT KOPPO3UIO BHYT-
peHHell TTOBEPXHOCTH BOJ/IOBO/Ia. B 11e/10M XKU3HEAEATEIbHOCTh GaKTePHil CBsI3aHa ¢ OKUCJEHHEM
coJieit JeJie3a M MCIIOJIb30BaHeM 06pa3oBaBIIeiicsl 9HEPTUN B JKM3HEHHBIX ITpolieccax GakTepwHil.
IIpn OTCyTCTBUU <«IUTAHUS» UX JAEATEJIbHOCTb HAa 3TOM y4YacTKe IPAKTUYECKN ITPEeKpalaeTcs
U OHM, TIOKuJass 06pas3yeMblii BOKPYT ceOst PyT/asap, MOCeadIoTCs Ha yyacTkax ¢ 6osee Giaronpu-
SATHBIMHU YCJOBUSMHU I UX KU3HeAesTeabHoCcTH. [loaToMy mpu oleHke aGCOMIOTHOH BETHMUNHBI
MaKpOLIEPOXOBATOCTU MPUHUMANACH cTabuibHas Beanunna Hapocta (PyTisp, yxKe MOKUHYTHIIT
6noXUMOAKTEPUSAME) BHYTPH MOJOCTH BOAOBOJOB.

B aTuX ycJ0BHAX MOXXHO OIIEHHUTH ONIMOKY NPOTHO3a BEJUYHHBI TMPABIMYECKOTO COIPO-

TUBJICHUS /IS OTHOCUTEJIbHONW MaKpPOIIEPOXOBATOCTH A = A

max *
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Hoxcrasss B hopmyay (3.69) snauenus N = 51, Zcp =~ 0,0094 u Sz= 0,0038, Bbrunc/ICHHDbIE
no ganubiv (taba. 3.35), A =0,0161, S, = 0,015, HoIydaeM CJIE/IYIONIYIO OLEHKY OMMOKH IIPOrHO3a:

_ 2
S, =,/0,015 1+i+ (0,0161 2r0094)
51 0,0038° - 50

~0,0151 . (3.70)

Takum 06pa30M, IIpeaEJIbHOE OTHOCUTEJIbHOE YBEJINYIECHUE ONInOKN IIpOrHo3a, €CBA3aHHOE C BO3-
paCTaHMEM MaKpOHIEpOXOBATOCTU BHYTPGHHeﬁ ITOBEPXHOCTHU BOZAOBO/la, COCTABJIAET ~ 1 oo, T.€. OHO
663yCJIOBHO MaJio. O,Z[HaKO IoJIy4Y€HHaA MO/I€JIb HE YUUTbIBACT KOPPO3UN BHEIITHEN ITOBEPXHOCTH
BO/I0OBOJIOB. Bce Bbllllen3/I0KeHHbIE 1 IoJIy4Y€HHbl€ Ha OCHOBaHWU OIIbITA 37-netHein IKCILJIyaTallun
CTaJIbHBIX MaruCTpaJibHbIX BO/IOBO/IOB PE3YJbTAaTbl YKAa3bIBalOT Ha CyIHGCTBeHHbIﬁ POCT TUZipaBJIN-
YECKUX COHPOTI/IB.HCHI/Iﬁ 1 9HEPro3arpar, a CJae/[0BaTe/JIbHO, Ha H606XOI[I/IMOCTI) IIpUHATUA MEP [JIA
[MpeaynpexJaceHusAa mpoueccoB KOppo3nn BOA0OBO/JOB. ITOro MOKHO JOCTHNYb KaK yCTpOfICTBOM 0611~
ITOBKH MHOTOCJIOMHBIMHI PYKaBaMU IIOJIMMEPHOI'O IIPOUCXOXKIAECHUA, TaK N yKJIaZ[KOfl CTaJIbHbIX BO/1O-
BO/10OB C BHYTpeHHeﬁ SaIHI/ITHOfI OéﬂHHOBKOﬁ, YTO HO3BOJIUT CHU3UTD I'MAPAaBJINYECKOE COIIPOTUBJICHNE
U COKOHOMUTD SJIEKTPOSHEPTHUIO, IMOBBICUTH KAa4€CTBO BO/Ibl U YBE/JINYNUTb CPOK CJIy}KébI BOZ0OBO/1I0B
6e3 Z[OHOJIHI/ITGJII)HOI;’I MaTepuaJrudalum Tpyza MHOTHUX OTpaCJlefI HapO/IHOT'O XO34ICTBA.

BbIBO/Ibl

1. B pesyJsibTaTe MHOTOJIETHUX HATYPHBIX UCCJIEOBAHUI CTAJbHBIX MAaTUCTPAJIbHBIX BOJOBO-
noB quamerpom 1200 — 1600 MM, He UMEIONIUX 3aNTUTHOTO TOKPBITUSI BHYTPEHHEHN MTOBEPXHOCTH,
YCTaHOBJICHO, UTO B TeUeHUe MepBbIX 16 jleT OHM MOABEPraloTcsl NHTEHCUBHON KOPPO3UHN 1 MHKPY-
CTAIlUU C TIOCTENEeHHOI cTabun3alueii CTerneHn MaKpoIepoXoBaTocT K 37 ro/laM 3KCIIyaTalnu.
[TpuumHOit 06pa3oBaHus MAKPOIIEPOXOBATOCTHU CJYKAT KATAJIM3aTOPbl GMOXUMUYECKUX PEeaKIii,
CTUMYJIMPYIONUX KOPpPO3uio. Pe3yabTaToM yMeHbIIEHHS MaKpOIIEePOXOBATOCTU SIBJsEeTCsT oOpa-
30BaHMeE 3AlIUTHON IJIEHKN 3aKUCHU JKeJe3a.

2. Poct MakpoIepoxoBaToCT B CTATbHBIX BOJIOBO/IAX SIBJISETCS CJIE/ICTBUEM KOHTAKTA CTAJIb-
HO¥l TPYObI € BOJOI M TeMH peareHTaMu U (PJIOKYJSIHTaMU, KOTOPbIE MCIIOJIb3YIOTCS B Ipoliecce
BozlonoAroToBKM. IIponcxoagmas 6uoxuMmdecKkasi KOppo3us MPUBOUT HE TOJTbKO K YXY/IMIEHUTO
KadecTBa Bo/bl (POCT GUOIIEHKH, pa3pylieHue Ae3uHPUIUPYOIMUX BEUIeCTB, KOPPO3Usi), HO U K
M3MEHEHUIO TU/PABIMYECKOTO COITPOTUBJICHNS BOJIOBO/IOB C T€YEHHEM BPEMEHU X AKCILIyaTaluu,
YTO, €CTeCTBEHHO, BJieYeT 3a co6O0il yBeJuYeHne sHepro3arpar.

3. Haryphble ucciegoBaHusg 5KCIJIYaTUPYEMbIX YYaCTKOB MarucCTpPaJbHBIX BOJOBO/IOB
quamerpom 1200 — 1600 MM, npoBoauBIIMecs B TedeHue 37 JieT, TMO3BOJUJIN MOJYYUTh HOBBIE
SMIIMPUYECKHE 3aBUCUMOCTH, CBS3bIBaIOIME KOI(M UIMEHT COMPOTUBJIEHUS TPEHUS C YUCJIOM
PeiiHosb/ica ¥ OTHOCHUTEJIBHOI MIEPOXOBATOCTbIO. VIX oT/iiMume OT BceX paHee CYIIECTBOBABIINX
COCTOUT B YCTAHOBJICHMH BPEMEHHbBIX CBA3eil. 3aBUCHUMOCTH TIOJYYEHbBI /I PEKUMOB IBUKEHUS,
KOTOPbIE XapaKTepu3yloTcd uncjaamMu PeifHoJIb/ica U 1TepeKPhIBAIOT HEOOXOANUMDIH [/ TTPAKTUKH
JINANa30H. DMIUPUYECKHUE 3aBUCUMOCTH MOCTPOEHBI /1T MAaruCTPaJbHbIX BO/IOBOJOB HMIMPOKO UC-

nosrb3yeMbix auameTpos 1200, 1400 u 1600 mm. O6061ienHas MoJeab A = f(Re,Z) JLJIST OIleHKNU
COCTOSTHUSI MarucTPaJbHBIX CTAJbHBIX BOJOBOJOB M UX MPOIYCKHON CIIOCOGHOCTH HA CPOK 3JKC-
mayatanuu ot 37 10 50 JeT moJjoskeHa B OCHOBY pa3pabOTaHHOU METOJMKH ITPOTHO3MPOBAHUS
ko3 duIeHTa ruipaBandeckoro COIpoOTUB/ICHUS.

4. BpisgBieHa 3aKOHOMEPHOCTb POCTa Y/IeJbHOTO pacxXoja 3dJeKTposneprum Ha 1 M3 Tpamc-
MOPTUPYEMOI BOJBI M MOTEPb HAmopa, OOYCJAOBJEHHBIX yBeJWYEeHHEM MaKpOIIepPOXOBATOCTH
BHYTPEHHE! MMOBEPXHOCTU BOJIOBO/IA C TeYEHHEM BPEMEHM 3KCILIyaTalliu.

5. YCTaHOBJIEHO, UTO, C 1eJbI0 nHTeHCuuKanu pa6oTbl MArUCTPAJbHBIX CTAJBHBIX BOJIOBO-
JIOB ¥ TIOJIIePXKAHMS CTAGUIbHBIM K02 MUITMEHTA IUPABINYECKOTO COTIPOTUBJIEHNS A HA TIePBOHA-
YaJIbHOM 3Talle UX 9KCIJIyaTallni, HeJoMyCTUMa TTPOKIaJKa CTaJbHBIX BOJAOBO/IOB 6€3 BHYTpEeHHEH
0GJIMIIOBKH, KOTOPas ABJSETCS XUMUKO-OUOJOTUYECKUM 3aIUTHBIM 6aPbepPOM, MPETSTCTBYONIIM
passutuio Kopposuu Tpy6. [losaTtomy mpu pa3zpaboTKe HOBBIX T'OCYJAPCTBEHHBIX CTPOUTETHHBIX
HOPM Ha MPOEKTUPOBAHUE W CTPOUTEJIBCTBO BOJOBOOB HEOOXOUMO MPEyCMATPUBATH AHTHKOP-
PO3UIHYIO 3aIUTYy BHYTPEHHEH ITOBEPXHOCTU BOJOBOJOB.
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T'JIABA 4

METO/l PACYHETA BOAOIIOTPEBJIEHUA TOPO/10B

4.1. OCHOBHDIE ITIOJIOKEHHUA

Hecmotps Ha Hasmune MHOXKeCTBA HE3aBUCUMBIX (DAKTOPOB U crienmduyecKnx 0co6eHHOCTEN
BOJIONIOTPEOIEHNST OT/IENbHBIX TOPO/IOB, PACIIOJIOKEHHDBIX B PA3JIUYHBIX TTPUPO/IHO-KJIUMATHYECKIX
YCJIOBUSX, IPE/ICTABJSETCS BO3MOMKHBIM ITyTeM 00pa0OTKN CTATUCTUYECKUX MATEPUAJIOB YCTAHOBUTD
napaMeTpbl, KOTOPble OKa3bIBAIOT HanboJiee CUJIbHOE BIUSHIE HA U3MeHEeHUe YCJIOBUiT BOJIOCHAG-
Kenus. K ux mcyry oTHOCSATCS cpe/lHeCyTOUHAs TeMIlepaTypa BO3/1yXa, YIIPYroCTh BOASHOTO Tapa,
OTHOCHUTEJIbHAS BJIA)KHOCTH, CPETHETO/JOBOE KOJTMYECTBO OCAJKOB, Teo/ie3nuecKasi BbICOTA, reorpa-
(puveckas mmpora U AOJITOTA, YUCJIEHHOCTb HACEJEHUS TOPO/Ia, CPEIHSIS TI0NIA/lb, TPUXOASIIASACS
HA OJTHOTO JKUTEJSI TOPOJia, TJIOIA/b 3aCTPOUKU TOpPOJa, CyMMa CPeJIHEeCYTOUHBIX TeMIEPaTyp
B ropojie Boiiie 0 °C, TpoJ0/KUTETHHOCTD MEPUO/IA CO CPelHeCyTOUHOU TemmepaTypoil Hike 0 °C.
B nannoii riaBe ucc/eayeTcs BAUSHUE 9TUX TapaMeTPoOB Ha y/esbHoe cpeanecyTounoe (3a rou)
Bogonorpebientre. [lomydennsr sMmupudeckue GopMyJibl, KOTOPbIE MOKHO MCIIOJIb30BATh KaK MPH
MPOEKTUPOBAHUYU M KOPPEKTUPOBKE YCJIOBUI 9KCILIyaTally, TaK W JJisl TPOTHO30B, OCHOBAHHBIX
Ha 3HAHUW AUHAMUKHA W3MeHeHUs MepeyncJaeHnbiX napamerpos [165, 182, 185, 186, 189].

[TpoBenennbIe Mccae0BaHUS TIOKA3BIBAIOT, YTO I/ PEIeHUs 3a/[a4 TPOTHO3MPOBAHUS BOJIO-
noTpebJieHus W U3yYeHUsT ero 3aKOHOMEPHOCTEN CJie/lyeT paccMaTpuBaTh MHOKECTBO (PaKTOPOB
pPasIMIHON (PU3MIECKON TPUPO/IbI, XapaKTep M BEJMYMHBI KOTOPBIX MOTYT BJIMSATH HA U3MEHEHUE
BozonoTpebyenus B ropogax. [Ipu aToM He0OXOIMMO YUNUTBIBATD, YTO MEXKIY PACCMATPUBAEMbBIMU
¢gaxTopamu B psje caydaeB CylecTBYIOT cJa0KHbIe B3anmocBa3u [31, 36, 52, 83, 109, 122, 130,
169, 192, 211, 228, 230].

Coznanne MeTo/la pacueta BOAONOTPe6JIeHUs TIO3BOJUT OIIEHUBATh XapaKTep ero M3MeHeHwusl,
COCTOAHUNE UCIIOJIb3YEMbIX BOJHDbIX PECYPCOB U aKTUBHO BOSI[eI';ICTBOBaTb Ha IIpUHATHE palluOHAJIb-
HbIX YIIpaBJE€HYECKUX peH.IeHHfI C y4eToM CTpaTeI'H‘IeCKOfI BECOMOCTU HaCEJE€HHDbIX ITYHKTOB, IIPO-
THO3UPOBATH BOAONOTPeOIeHIE C YUYETOM BEPOSITHOTO U3MEHEeHMs] He3aBUCUMbIX TTapaMeTpoB. [lpu
9TOM pazpabaTbiBaeMas MeTOJUKa JOJDKHA YIOBJIETBOPATH HMPUHIUIY WHEPIIMOHHOTO PAa3BUTHSI,
pU KOTOPOM TIPOTHO3 GYAYIIEr0 OCYIIECTBJSETCS MCXO/S U3 HACTOSIIETO COCTOSHUS JUHAMUKH
Bosionorpe6yienus. VcciieqoBaHusI B 9TOM ILJIaHe MOTYT CIIOCOOCTBOBATH YCTAHOBJIEHUIO KAPTUHBI
UCTUHHOTO COCTOSTHUS BOJIOTIOTPE6IEHUST TOPO/IOB HA OCHOBE AKCTPATOJISIIINH OT HACTOSIIETO JI0 TIPO-
rHO3a BOJONOTpebaeHus B OyayiieM. [IpuHATHII M0AX0/1 B OlleHKe HH(MOPMAIMH O PETPOCIEKTHBE
BOJIOTIOTPeO6IEH IS HATIPABJIEH HA BbISIBJIEHE B3ANMOCBSI3AaHHBIX 1 B3aNMOOOYCJIOBJIEHHBIX (haKTOPOB,
XapaKTEePHBIX JIJIS1 pecTieKTa0eIbHbIX HACEJEHHBIX MECT, PACIIOJNOKEHHBIX B PA3JUYHBIX TTPUPOHO-
KJIMMATHYECKUX YCJIOBUSIX, HEOJAMHAKOBOI oporpacduu. Bmecte ¢ TeM aTu (hakTOpbl ONpenensior
pa3BuTHE BOJOCHAGKEHUS, aKKyMYJUPYIOT B cebe MH(MOPMAIMIO O MperojaraeMoM B Oy/ylieM
BojtonioTpebaenun. M3 126 nccrenoBanubix roposos 6biBiiero CCCP ¢ o611eil YncaeHHOCThIO Ha-
cesenust 75,083 MuH yest. 6a30BbIMHU, JIJIS OPUEHTAINN B OIleHKe (DOHA y/IeIbHOTO CPe/IHECYTOUHOTO
BolOTIOTpe6IeHNs, OBl BBIOPAHBI TOCETOK TOPOJCKOTO Tuia KoueTok B XapbKOBCKOW 06JacTh
1 caMm XapbKOB € YUCJEHHOCTHIO Hacesenus cootBeTcTBenHo 0,004 m 1,554 MJIH YesioBeK.

B sTux HacejieHHbBIX IIYHKTaX UMEIOT MECTO CTaél/IJIbelﬁ KJauMat, IIpUTOK MHCOJIALIUN 1 TeILJIOBOU
PEXXUM, Y HUX OJIMHAKOBBI reorpaduyeckoe TMOJIOKEHUE U BBICOTHOE PACIOJIOKeHNe HaJ YPOBHEM
MOpst, GJIATOTIPUATHbBIE THAPOJIOTHYECKIEe YCJAOBUA. [Ipu TOM OHM 3HAYNTENIBHO PA3HATCS TI0 YNCJIEH-



YcToiumBocTb BogocHabxeHna 119

HOCTH U TJIOTHOCTH HACeJIeHUs, TI0 pa3MepaM 3aCTPOIKHM HaceJeHHOTO MeCTa, CTereHn 6J1aroycTpoii-
CTBa, OPEOJTYy aHTPOTIOTEHHOTO 3arPsI3HEHNS, YPOBHIO 06€CTIEYeHHOCTH SKIJITIIONAbI0, BOJJOEMKOCTH
MPOMBITIJIEHHOCTH U T. 1. OObeAnHsAeT WX JOCTUTHYTHIN YPOBEHb BOAOCOEPEKEHUS TIPU TOM, YTO
XapbKOB — KPYITHBIN aJIMUHUCTPATUBHBIN, WH/{yCTPUAJIbHDBIN, HAYYHBIN U KYJIbTYPHBIN IIEHTD, TPETHii
B ObiBiieM CCCP (nocsie Mocksbl u Cankr-IlerepGypra) neHTp ManHocTpoeHust. Bogonorpebiennue
Ha MPOMBbIILIEHHbIe HY Kbl B 1984 1. cocraBuio: mis Kouerka — 7,4 %, mas XappkoBa — 13,9 %
o611iero BosionotpebyeHns. DT Topoia 06eCTIeYnBaAINCh BOJAONH KPYTJIOCYTOYHO.

Imaporpaduueckas cerb Koyetka m XapbkoBa oTHOcHTCS K 6acceliny peku Ceepckuii J{o-
Hell — HamboJee KpymHOTO npuTtoka /[oHa.

B ocHOBY MeTo/1a pacuera BoonioTpebIeHUs TTOI0KeHa MHOTO)aKTOpHAs MaTeMaTHIecKast Mo-
JleJb, OTHMCBIBAIOIIAsg BOJAOMOTPeGIeHNE C YUeTOM TPUPOTHO-KIMMATHIYECKNX yCJI0BUIT TopoaoB. Ha
HavyaJbHOM HTalle MOCTPOEHUSA MOENN YAEJbHOIO cpeiHecyTOYHOTo BogonoTpebienus (1984 r.),
MPUXO/SAIIETOCs Ha OJTHOTO SKUTEJd TOpoja, ObLI co3/aH HaGOp MaHHBIX 1O TapamMeTpam, OIu-
CaHHBIM HUXeE, JIJIS Tocjeayolleirt o6paboTkn Ha IBM. dakTrdeckoe y/1ebHOE CPEHECYTOUHOE
BOJIONIOTpe6IeHNE HA OJTHOTO KUTEJS TOPO/a BBIYKMCJSIOCH HAa 6a3e CTaTUCTUYECKUX OTYETHBIX
JIAHHBIX BOJIOKAHAIN3AITMOHHBIX X034iCcTB TopooB 6biBiiero CCCP, pacmo/ioKeHHBbIX B pa3Jiny-
HBIX TIPUPOHO-KAUMATHYECKUX ycaoBusax (1o cocrosuuio Ha 1984 r.), 1o dpopmy.ie

T

Cqubaxm - ﬁ, MS/CyT, (41)

rape W/ — mogaua Boabl ropopy B 1984 1., M Mm%

n, — KOJMYECTBO [HEl B 6a30BOM rojy, paBHoe 366;

N, — 4YnCIeHHOCTb HaceJeHHus ropoja, MJH YeJ.

daxTHyeckoe yaeabHoe cpeanecytounoe (3a 1984 r.) sogonorpe6ienue gBisgercss OGIUM,
MTOCKOJbKY aBTOMATHYECKW YYUTBIBaeT B oO6beMe TMOJaHHOW TOpPoay BOJbI HE TOJBKO BCE ee TO-
Tepu, HO W HepalmoHaJbHbIE PACXO/IbI, a TaKXKe PACXObI BOJBI HA COOCTBEHHbBIE HYX/bI BOIOXO-
3AMCTBEHHBIX CUCTEM TOPOJIA, MTPOMBITIJIEHHOCTH, Ha HY /bl TIOKAPOTYIIeHNS U T. 7. B KadecTBe
6a3o0Boro Obla1 puHAT 1984 T., TTOCKOJBKY XO3SHUCTBO CTPAHBI B 3TOM TOAY B I1€JOM paboTaTO
crabusbho, a crnaja B 6biBiieM CCCP ente He HacTymumI.

BasoBoit Mmosiesibio 7151 neHTHOUKAIIT TOPOOB U OPUEHTAIINN PAIMOHATBHOTO MUHUMAJIBHOTO
0O0IIeTo yIeJbHOTO CPEIHECYTOYHOTO BOOMOTPeOIeHNsS TPUHAT PacnoaoKeHHbIi B 40 kM o1 Xapb-
KOBa KOMTIaKTHBIN KodeTok ¢ GaronpusaTHOH oKpysKamomieii cpenoii n HacesenneM 4100 genoBex.
B HeMm gocTtaToyHO pasHOOGPA3HBIX MECT JJIS MPUJIOKEHUS TPYy/a, Pa3BUTO KYJbTYPHO-OBITOBOE
oOcJy;KUBaHUe, 3/1eCh UMEETCS XOPOIlias peKpearnoHHas 30Ha. 3HAYUTeTbHAS YacTh HACEJEHUs
pa6oraer B cucteme KII «IITII «Boma» Ha KpymHEHNX COOPYKEHUSIX KOHIUITMOHWMPOBAHUS
BO/IbI MOMIHOCTBIO 750 TbiC. M® B CYTKH, PACIOJIOKEHHBIX B CaMOM Tocesike. PaGOTHUKY, MPO-
JKUBAIOMIE B OJTHO- M MATUATAXKHBIX OJATOYCTPOEHHBIX JKUJIBIX JOMaX, KaK MPaBuJIo, 3a00TATCS
0 BomocOepesKeHNN, CTPEMSITCS He OMyCKaTh yTeueK W HEeNPOM3BOUTETbHBIX PACXOI0B BOJIBI.
Bo160p aTOTO HaceJeHHOTO TyHKTA B KauecTBE KOHTPOJIbHON MOIENN yAEJbHOTO CPETHECYTOUHOTO
BOJIOTIOTpe6IeHNsT 00yCJAOBIEH T€M, UYTO OT APYTUX HACEJEHHBIX MYyHKTOB €r0 OTJANYAeT TOJbKO
He6OJIbIIIasl YHCJAEHHOCTh HACeJeHNUsI, a TaKKe MmapaMeTpbl, Kak ceauteGHAs TEPPUTOPUS, PA3BU-
THE MPOU3BOAUTENbHBIX CHJI, TPas006pa3yIoliie, apXuTeKTYPHO-TIJIAHUPOBOYHbIE 0COOEHHOCTH,
MPOU3BO/ICTBEHHAS, COIMaIbHAd MHPPACTPYKTYPa, 3TAXKHOCTD, Pa3Mep 3aCTPOWKHN W TPUPO/IHO-
KJUMaTUYeCKne yCJAOBUS, — aHAJOTUYHBI TPOYNM PETHOHAM.

B cootBerctBUM ¢ HOpMaTuBHBIMU AoKyMeHTamu [247] tepputopusi CCCP nmoapasnensiimach
Ha YeTbIpe CTPOUTETbHO-KINMATHUECKHe 30HbI, YeThbIPe KANMATHUYeCKNX paiioHa n 16 kammaTtnde-
CKUX rosipaitoHoB. Kak u3ssectrno [249], B crpouTtesbcTBe U B cHCTEMe BOJOCHAOKEHNUS CYIIECTBYeT
HECKOJIBKO PEKUMOB 3KCIIyaTallii XKUJIbS U BOJOXO3IUCTBEHHBIX CHCTEM, a CJae0BAaTEeIbHO,
JIOJIKHBI OBITh PA3JUYHBIMU YPOBEHDb BOAONOTPebIeHus, TpeOOBaHUS K CTPOUTETbCTBY KOMILIEKCA
COOPYKEHUI KOHIUIIMOHUPOBAHUS BOJABI M T. . MUHUMaJbHAS CTOMMOCTb CTpOUTENbCTBA 1 M?
o6eilt momaan 6blTa MpUHATA [ KanMaTudeckux paitonos 1B u 1IB, koTtopbie B3sTH B Kade-
cTBe 6A30BBIX TIPU COMOCTABJIEHUN C [PYTUMHU KJAUMaTHUYeCKUMU paiionamu [247]. Takum o6pas3om,
KoueTtok 1 XapbKoB M0 KJINMATHYECKUM YCJIOBUAM HAXOATCS B PAaBHOM TMOJIOKeHNN. /[nHaMmanbie
MIPUPOHBIE TTPOIIECCHI, KOTOPBIE MPONCXOIAT U MOTYT TTPOUCXO/IUTh HA OMpe/eJeHHON TepPUTOPUN
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B pe3yJbTare ee TEXHUYECKOTO MCI0JIb30BaHUS TOPOIaMU, BJAUSIOT TaKKe Ha KJIUMAT, YXY/HIAloT
9KOJIOTMUECKYIO CUTYAIINIO, YTO MPUBOJANUT K U3MEHEHHNIO BOJONOTPelIeHuS.

Pacyer ymesbHOTO CpefHECYTOUHOTO BOAONOTpe6JieHns ¢ B aJeKBATHBIX IMPUPOIHO-
KJINMATHYECKUX YCJIOBUAX B peaJbHOM MaciiTabe BpeMeHH 110 XapbKOBCKON 00J1aCTH OCYIIECTB-
Jsjics o ganabiM 3a 1984 r. corsacHo dopmyie

q = 37,785InN+289,47, (4.2)

rie N — 4YHNCJIEHHOCTb HAaCeJeHMs, MJIH YeJl.

Ykazannag ¢dopmysa ImoJsydeHa IO METOAY HAaMMEHBbIIMX KBa/JPAaTOB C HCIOJb30BaAaHUEM
CTAaTUCTUYECKUX JJAHHBIX O PEaJbHOM BOJOTOTPEOJEHUN B TOPOJIaX € PA3JMYHON YMCJAEHHOCTHIO
HaCeJIeHUs.

XapakTtep 3apucumoct (4.2) cBUIETEIBCTBYET O TOM, YTO ¢ POCTOM YHCJIEHHOCTH HACEJIEHUS
B TOPO/IaX YBEJUYUBAETCS U YjeJbHOE cpeHecyTouHoe Bojonorpebienue (puc. 4.1).

4
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Puc. 4.1. YaenbHoe cpejHecyTOUYHOE BOJONOTpeOIeHHEe B HACEJTEHHDIX
nyHKTax XapbKOBCKOi o6Jactn ¢ 6JU3KUMU HPUPOJHO-KJAMMATHYECKUMU
ycaopusiMu: e — aKTuueckoe yzeabHOe BOLOIOTpelIeHIe:

1 — Kouerok (N=4); 2 — Uyryes (N=37); 3 — Jlososas (N=64);

4 — Xaporos (N=1554); 5 — pacuetHoe yaeapHoe BOJAOIOTpeOIeHIEe

Oco6oe 3HaueHne Tpuo6PeTaeT KayeCTBEHHAs OIeHKA 3aBUCUMOCTH yIeJbHOTO CPeHECYTOU-
HOTO BOJIOTIOTPEOJIEHNSI OT MHOTUX MPUCYIIUX KAXKIOMY ropoay (hakToOpoB, KOTJa METEOPOJIOrnye-
CKHUe YCJOBHUS, XapaKTepusymoliue cocTosuue atMmocdepsl u ruapocdepnl, pa3anydabl. OCHOBHbBIE
(pusunueckue mporeccol B KuJI0M (POH/IE TOPOJIOB CBS3aHBI ¢ KOM(MOPTOM, KOTOPbIl 06ecrieunBaeTcs
MCKYCCTBEHHBIMU M €CTECTBEHHBIMU yCJOBUSIME TIePeHOCA TelJia, BJAaru U Bo3ayxa. BHe Kumaoro
dbonma KOMPOPTHOCTD KM3HU YeJOBEKA 3aBUCHUT B MEPBYIO OUePe/ib OT €CTECTBEHHO MEHSIONNXCS
IIOTO/IHBIX YCJIOBUI U KJMMaTa.

Pacryiiiee MaciirabHoe aHTPOTIOTEHHOE 3arpsi3HEHNe TOPO/IOB 3aMEeTHO BJIMSET Ha TOTOIY. DTO
MCKYCCTBEHHOE BO3/I€IICTBIE, TPONCXO/IAINEe B pe3yabTaTe )KU3HeAesi TeTbHOCTH YeJI0BeKa, BbI3BAJIO
TaK Ha3bIBaeMbIil «mapHUKOBBI addext» [29, 105, 121, 337 —339, 360].

Hauano rio6aipbHOTO U3MEHeHsT KauMaTa Ha 3eMJie U3-3a MOBBIIIEeHNS] TEMIIEPATYPbI, U3Me-
HeHMe WHTEHCUBHOCTH YabTpaduosetoBoro naaydenus CoJHIIA, JOCTUTAIONIETO 3€MHON MOBEPX-
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HOCTH, W MHOTOE€ [I[pyroe BJHUSIOT Ha BojonorpebieHune. ITH u Apyrue (GakTopbl ObLIN YUTEHBI
B WX B3aMMOCBSI3U NP pa3paboTKe MeTo/a pacdera Bogonorpebienus (puc. 4.2).

Ha nepBoMm atare mccie0BaIn BJANSHUE KaXX/0TO U3 (HAaKTOPOB HA y/leJbHOE CPeHeCcyTOu-
HOe BojionoTpebJieHne TopoioB 060co0ieHHO oT Apyrux ¢axkropos. IIpu aToMm craBmiach 3aava
M3YYUTb MEXaHM3M U IIPOIECChI, KOTOPbIE TO3BOJISAT BIIOCJIEICTBUN pa3paboTaTh METOAUKY OIIpe/ie-
JIEHUSI HOPMATUBOB PEryJINPOBaHUs BoJoNOTpebseHuss B ropojax. IIpn nsydeHnn napHbIX 3aBU-
CUMOCTEl BeJTMYMHBI BOJOTOTPEOJIEHUS OT KaXKJ0TO M3 UCCJEJOBAHHBIX (PAaKTOPOB HE CTABUJIACDH
3a/lauya KOJMYECTBEHHBIX OICHOK, [109TOMY JIOBEpUTEbHbIC MHTEPBAJIbl PETPECCUU Ha 9TOM 3dTalle
MCCJIe/IOBAHNI He CTPOWJIM, a TOJBKO OIPEEeJIIN XapaKTep BJIMSHUS TOTO MJIM WHOTO (aKTo-
pa Ha BeJUYUHY BoJONOTpeOeHnss U noabupann HamboJsee MOAXOAANIYIO (POpPMY HeJTMHEHHO
cBasu. IlocTtpoenne 10BepuTeJbHOTO NHTEPBAJIA PErPECCUM BBINOJJIHAJIOCH HA CJe/yIONleM JTalle
uccseloBaHus IIpU IOJYyYEHUM PErpecCUOHHON MOJesM, YYMTbIBAIOINlEl COBMECTHOE BJIMSHUE
BCEX CYIIECTBEHHBIX (PaKTOPOB, TaK KaK MMEHHO MHOTO(MAKTOpHAs MO/eJb IIpeHa3HaYeHa [/
KOJIMYEeCTBEHHOTO pacuéTra BOAONOTPe6JIeHNsT B TOPO/Iax.

B pesysbrare mpoBeleHHBIX NCCJE/J0OBAHNI BBISIBJIEHO MHOKECTBO (PaKTOPOB, KOTOPbIE OKa-
3bIBAIOT BJIMSIHME HA PEKUM BOJONOTPeOJIeHNS B TOPO/IaX, PACIOJIOKEHHBIX B PA3JIMYHBIX Teo-
rpaduyeckux NMUpoTax.

QP
J/{ \&M

Puc. 4.2. Mopenb y4yera rpaJloCTPOUTENbHBIX W IPUPOJAHO-KIUMATUYECKUX YCJIOBUIA
JUISL UCCJIEJOBAHUS BOLOLOTPeOIeHUs

B kauecTBe 0CHOBHBIX ObLIM BbIGpaHbI cjaeayioiie GakTopbl: S — ToJoBas CyMMa COJTHEY-
HOIl pagmanuu, Kkaj,/cm?; FI — oTHocHTelbHas BJIAKHOCTb, %; H — reomesamdeckast BbICOTA
pacmoJioKeHns TOpojJia Haj ypoBHeM Mops, M; HM — cpenHerofoBoe KOJMYECTBO OCAIKOB
C TIOTIPaBKaMU K IMOKA3aHUAM OCAJKOMEPA, MM; g — YCKOpeHue CBOOOJHOIrO TajeHus, M,/ c?,
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® — rtepMoamHamMuyeckas temmeparypa, K; N — uHMCJIeHHOCTb HaceJeHWs ropoja, MJH 4YeJ.;
F, — ofmas »)muaas IIomaab Ha OJHOTO XKUTeJId ropoja, M%; A — cpejaHerofosoe anb6eno, %;
E — romoBas ynpyroctb BOASIHOTO mapa B Topojie, M6; O — opeoJi 3arpsi3HeHHs] TOPOJIOB TI0 JIaH-
HBIM KOCMUYECKOI CheMKH 3a perpocieKTuBHbiii 1984 r., km?; F , — IIONIA/Ib 3aCTPOIKK ropojia
10 JIAHHBIM JIeMn(POBKA KOCMUYECKOU cheMKH TOpooB 3a 1984 r., km?, SH — reorpadudeckas
NIMPOTA PACTIOJNOKEHN TOPOIOB, rpad., DO — reorpaduyueckas H0JT0Ta PaCHOJIOKEHNS TOPOIOB,
rpaji., T — cyMMa cpelHECYyTOUHBIX TeMIlepaTyp Bo3yxa B ropojax sbiie 0 °C, °C , DM — mpo-
JIOJKUTETbHOCTD TTEPUO/Ia CO CPeHeCyTOYHOUN Temmepatypoil < 0° B JHAX.

Uccnenyembie hakTOPbl XapaKTePU3YIOTCS 3HAYNTEJIHHON M3MEHUYMBOCTBIO, UYTO WJJIIOCTPHU-
pyercs THCTOrpaMMaMu pacnpezenerus ux sHauenuii (puc. 4.3 u 4.4).

P, %
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I. ! ! f f f
0 3 6 9 12 15 18 21 24 27 30 N/F,*1000, Thic. yer/km’
Puc. 4.3. TucrorpamMma nioTHOCTH HACEJEHUS
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Puc. 4.4. TucrorpaMMa pacueTHOIroO yaeJabHOro cpeanecytounoro (3a 1984 r.) BogomnorpebeHus
B TpoMbIIeHHbIX 1eHTpax CCCP

YKkazanHubie Uan HO,Z[OéHbIe UM TUCTOI'PpaMMbI UCIIOJb30BaJIUCh TIPU paspaéoTKe METO/la pac-
HeTa BOI[OHOTpCéJIeHI/IH, IpeAJNIOJKEHHOT'O B ﬂaHHOﬁ KHUTE.
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4.2. BINAHNE TEMIIEPATYPbBI BO31YXA B TOPOJAX
HA USMEHEHUE YAEJbHOTIO
CPEAHECYTOYHOTI'O BOAOIIOTPEBJIEHUSA

WsBectno [36, 48, 132, 230, 228], uto mpoiiecchbl, TPOUCXOSIIINE B OPraHn3Me YeJIOBeKa,
1 caM MexaHusM ero gpusnogornuyecknx GyHkuii (KpoBeHOCHas, AbIXaTelbHas, HepBHAs, MbIIIey-
Hasl CHCTEMbI) TIOAAEPKUBAIOTCS CHCTEMON TEPMOPETYJISAIMNA 1 ONTUMUBUPYIOTCS B OUEHb Y3KOM
nama3zoHe TeMreparyp. JTO KpaliHe HeoOXOIUMO /IS BBIXKMBAEMOCTHU 4YeJOBeKa W HAIPaBJIEHO
Ha obecrieyeHne PaBHOBECHS, UJIM TOMEOCTA3a, B MIUPOKOM JMalla30He MapaMeTPOB OKPY KalomIeil
ero cpebl. OTKJIOHEHNE OT UANIa30HA TEMIIEPATYPbI, HEOOXOAMMOIL /I JKU3HEAesATETbHOCTH Yeio-
BEKa, MOKeT BbI3BATh CTPECCOBOE COCTOSIHUE, BILJIOTH /10 JIETAJIbHOTO ncxoa. OCHOBBIBAACH HA TUX
MPENOChIIKAX, TPU MOJAEJNPOBAHUN TTPOTHO3a Y/I€JIbHOTO BOAOTOTPeOJIeHNS Ha OTHOTO KUTEJIS
B IIEPBYIO OY€epe/b UCC/IeJ0BANN BIUSHAE TePMOAMHAMIYECKO TemMneparypol © (=t °C+273,15)
(ta6n. B.1 npunoxenus B) ma obuiee yaeapHOe CpeHECYTOYHOE BOAOIOTPEGIEHNE B TOPOJIE,
3aBUCAIIEee OT CO3HATEJbHBIX M 6ECCO3HATEJbHBIX [IEMCTBUI, a TaK)Xe OT IPOIECCOB aJalTaIlun
yes0BeKa. BbisgBaeHHAs KOppPeJdInoOHHAs 3aBUCUMOCTD Y/IEJbHOTO CPEIHECYTOYHOTO BOJIOIOT-
pe6JieHust ¢ OT CPeHEeTroI0BOI TeMIlepaTypbl ® BuaHAa U3 pUC. 4.5. 3/echb U jajiee HA PUCYHKAX
nudpamu 0603HaYEHBI HOMEPA TOPOJIOB, yKaszauuble B Ta0a. b.1 npusioxenus b.

Bolra moctpoena KoppensiimonHas 3aBUCUMOCTD

g = 167,543 +0,000750* —13,5J0 , M /cyT, (4.3)

raie ® — cpeaHerozoBasi TemMIeparypa BHelrHe#l cpe/pl 1o mkaJje KerbBuna, K.

Koppeasionnyio 3asucumoctb ¢=f(@), npeacTaBjieHHy 0 Ha PUC. 4.5, HA30BEM JIMHUEN BOJIO-
norpebaenns (JIB). Kak BUAHO, NPH 3HAYEHUAX CPEAHET0/I0BOI TeMIIepaTypbl B rOPOax, PaBHOI
® =~ 273K, JIB gocturaer cBoero skcrpemyma. Todka MUHMMyMa PasrpaHUYMBAET XapaKTep W3-
MeHeHHs OOIIero y/1eJbHOTO CPe/HeCYyTOUYHOTO BoonoTpebenus B ropojax 6viBiiero CCCP, o6y-
CJIOBJIEHHOTO TeMIleparypHbIM peskumoM. Bersu JIB oT Touku muHuMmyma nipu @>273K n ©<273K
YXOJAT € PA3JTUYHBIM PAJUyCOM KpUBU3HBI. UeM GoJibliie Ipupalienue reMmiepatypbl (B yCa0BUsAX
®>273K), TeM Kpyue JHUHs BOAOTIOTPEGIEHUST, YTO CBU/IETENBCTBYET O PACTYIIEM B TOPOAX CIIPOCE
Ha BO/LY /ISl PA3JINYHBIX HYXK/[[, HApUMep, /151 o6ecieueHIsl TepMOPETYJISINN OPTaHn3Ma 4eJI0BeKa,
MCXO/IST M3 €r0 3aIMUTHBIX CBOWCTB, /IJISI MOKPBITHS HEMTPOU3BOANTETbHBIX, HEPAIIMOHAJBHBIX 1 6€e3-
BO3BPATHBIX TIOTEPDb BOJBI B TIPOMBITIJIEHHBIX IEHTPAX, OPTaHU3aIui KOM(MOPTHBIX TEMITEPATyPHO-
BJIA)KHOCTHBIX YCJIOBUIA, BKJIIOYAs MCIOJIb30BaHUE BOJBI /IJIS KOHAUIIMOHUPOBAHUS, U T. .

[Tpn ®<273K sunausa BogonoTpe6JIeHNS OT TOYKM MUHMMYMa YXOJUT BBepX 6oJjiee T0JIOoro.
ITO CBU/IETEJBCTBYET O TOM, UYTO C YBEJTUYEHUEM KOJNYECTBA MOPO3HBIX /IHEH PACXO/] BOJIBI B TO-
po/ilaX pacTeT B OCHOBHOM 3a CUET OTOIJIEHUS, & YPOBEHb BOAONOTPEOJeHUs A APYTUX HYXK]I
CHUKAETCS.

Hanm ncenenosanus [165, 189] uamenennii 06111ero y1ebHOTO CPEIHECYTOYHOTO BOIOTIOTPED-
genust B ropogax 6wiBiiero CCCP, KoTopble MPpOUCXOAAT MPYW CHUKEHUN TeMIIepaTypbl B 3UMHMUI
nepuog — B auBape (@ =t, °C+273,15) n nospitennu B aetHuii — B mone (O =t, °C+273,15)
(ta6. B.1 npusoxkenuss B), CBUAETENbCTBYIOT O PE3KOII HEPABHOMEPHOCTHU TOBEAEHUS JUHUM
Bozonorpebaenns. CienoBaTebHO, BoonoTpebieHne 00yCJI0BIEHO HEPABHOMEPHBIM paclipe/ieie-
HUEM CBeTa M TellJia B Pa3JIMYHbBIX TeorpadpuuecKuX MMUpPOTax 3eMJIu B TeUeHNe Toja. Y KazaHHoe
passmyme UTIOCTPUPYeTcs rpaduKaMi 3aBUCHMOCTH BOJONOTPEOIEHUS OT CPEIHEMECIUYHDBIX TeM-
nepatyp 3a auBapb u mosab ¢ =f(0,) u g=f(0,) (puc. 4.6 n 4.7). CooTBeTCTBYIOIHE yPABHECHNU
perpeccun MMeIoT BU/]L

g =5889+0,721-10°0;} - 0,267 -107°07 , m* /cyT; (4.4)
qg=-1,9+0,963107@, m®/cyr, (4.5)
rge  ©, — cpeaHeMecAauHad TemIeparypa 3a aHBapb, K;

®, — cpeaHeMecsguHasa Temieparypa 3a miosb, K.
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Puc. 4.5. Koppessimonnas 3aBUCUMOCTb Y/I€JIbHOTO CPEHECYTOYHOTO
BOJIOTIOTPEOIEHUST OT CPEIHETO/OBOI TeMIIePATYPhI BO3/1yXa
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Puc. 4.6. KoppessimonHas 3aBUCUMOCTD Y/I€JIbHOTO CPEHECYTOYHOTO
BOZIONIOTPEOIEHUsT OT CPEeHECYTOUHOIl TeMITepaTyphl B SHBApe
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q, u3/cy-r/qen.

R=0,71
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Puc. 4.7. KoppesiioHHas 3aBUCHMOCTD Y/I€JIbHOTO CPEIHECYTOUYHOTO
BOJIOTIOTPEOJIEHUST OT CPEJHECYTOUHOI TeMIIepaTypbl B HIOJe

HepaBnomepnoe u3MeHeHHEe TeMIEPaTypbl B ropojaX CYIIECTBEHHO BJIUSIET HE TOJbBKO
Ha BOONOTpeOIeHIe YeJIOBEKa, ero KIU3HeAesATeIbHOCTh, HO M Ha JKUBOTHBIN MUp, (DOPMUPOBaAHHE
MOYBEHHOTO TIOKPOBA M PACTUTEJbHOCTH. HacToTa M3MeHeHUs] TeMIEePaTypbl B rOPO/aX 3aBUCHT
OT aKTUBHOCTH pacIipe/ieJieHns Ha IJaHeTe COJTHEYHON 9HEePTHM, OT KOJMYECTBAa BJArd W MHBIX
(hakTOpOB, y4acTByOIIMX B 9TUX mpoieccax. OHM TakKe SIBJSIOTCS TJABHBIMU TOKA3ATEISIMU
B olleHKe OMOKJIMMAaTa.

4.3. BMAHUE TOAOBOTIO PAINAIIMOHHOI'O BAJTAHCA
N AJIbBEJIO HA YAEJIDHOE
CPEAHECYTOYHOE BOAOIIOTPEBJEHUE

OrpomMHoe 3HaueHue [ TeX SBJEHUN U MPOIECCOB, KOTOPbIE MPOUCXOAAT Ha 3eMmJie U B
atmMocdepe, uMeer cosHeYHas pajauainusg. Ee ypoBeHb Ha 3eMHOI MOBEPXHOCTU 00YCJIOBIUBAETCS,
B OCHOBHOM, [IBYMSI aCTPOHOMUYECKUMU (pakTopamMu — BbICOTOI mosoxkenuss CoJTHIIA U TTPOJIOJI-
SKUTEJbHOCTBIO JIHS.

OcHoBbIBasich Ha MaTepuajgaX aKTUHOMETPUYECKUX HaGIIOJAeHUiT MeTeoCTaHIuil, MOKHO
CKa3aTh, YTO paJualuoHHble (HaKTOPbI TernjmooO6MeHa Ha 3eMJie OKa3bIBAIOT CYIIECTBEHHOE BO3-
JeficTBue Ha (POPMUPOBAHUE TETJIOBOTO PEXXUMaA YesIoBeKa, 06pa3oBaHye Pa3JnyHOli TeMIIepaTypbl
[92-95, 154, 221, 228, 274].

NsBectHo [32, 228, 287], 4To KOJIMYECTBO COJTHEUHOI SHEPTUH, MTOTy4aeMOe KaK/[bIM TOPOJIOM,
3aBUCUT OT YTJIa NaJieHus Jydeil, BbicoTbl COJIHIIA HA NTPOTSI?KEHUU JIHS, OT BBICOTBI PACIIOJIOMKEHUS
ropojia HaJl YPOBHEM MODSI, IUPOTHI U MPOJAOJIKUTETbHOCTH 00IydYeHns, aTMOC(HEPHBIX 0CAIKOB.
3HauuTesbHOE TIOTJIONEHNE COMHEUYHON 9HEPTUHU B TOPO/IaX MPOUCXOUT BCJIEICTBUE AaHTPOIIOTEH-
HBIX 3aTrPsI3HEHUN BO3AYNIHOW cpenbl. CyMMapHas rojoBas pajualius, IIPUHATAS B HAIUX UCCJIe-
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JIOBaHUSAX, 6GoJsiee cTabUIbHA, TaK KaK KoJeOaHUs TPSIMON U pacCesTHHON pajualiuyd 4acTo UMeIOT
o6paTHbIe 3HAKU B Ipoliecce ob6parnieHns 3eMJu BOKPYT CBOeil ocu 3a cyTKM u BOKpyT CoJrHIa
3a rog. CamMo pacripezesieHue TOJIOBOI CyMMapHOU paauanuu 6Ju3Ko K mupotHomy. OceHbio,
C YMEHBIIIeHNeM BBICOTBI moJsiokeHns CoJHIIa U MPOJOJIKUTEIbHOCTH [IHS, TPUXOJ] CyMMapHO
paauanuy 3HAYUTEJbHO YMEHbBIIAeTCs, TPU 3TOM GOJIbIIIOE BJIMSHUE HAa U3MEHEHUEe CyMMapHO
pazualuu U ee COCTABJISIONINX BO BPEMEHHM OKa3bIBaeT 00JJAYHOCTb.

B TO Xe BpeMs MHTEHCHBHOCTH T'O/IOBOI CYMMbBI pajiMialliil 3aBUCUT OT HEKOTOPBIX CBOMCTB
gapmmadra, B YaCTHOCTU, OT OTPAKAIONINX CBOMCTB TOACTHUJIAMOINIEH MOBEPXHOCTH — aable/o
[22, 154]. B xomoxubIil iepuo roja aab6eso BhIlle, a ero MUHUMAaJIbHOe 3HAYEHHe TTPUXOIUTCS
Ha anpesb — Mall W B IeJIOM 3aBUCHT OT TeorpadmuecKoro pacroJiokenus ropoga. [IpuwuymHa
TaKUX SBJEHUI — W3MeHeHMe IMOJCTHUJIAIoNell ToBepXHOCTH. HecMoTps Ha IMHUPOKUI Auanas3oH
3HaueHnil aabbe/0, reorpaduueckoe pacroJioKeHe ropoia onpeaesseTr aab0e10, CBOMCTBEHHOE
KasK/[01l 30HE.

lFomoBbie cyMMBbI pagmialiuyl U CPEIHETO0BOE aTbOe0 B KaKJOM TOPO/ie, BCJaeACTBHE Aud-
(by3MOHHBIX TOTOKOB pauaIiuy OT PA3JUUHBIX TOPOJCKUX 00BEKTOB, (POPMUPYIOT OCOOBIH TETLIO-
BOIl PEXXWM YeJI0OBEKA, OTJIMYHBIH OT YCJAOBUI OTKPBITOW MECTHOCTH, YTO TaK)Ke BJIUSET Ha olIiee
yaeJbHOE cpefHecyTouHoe Bogonorpebienue [32, 228].

ABTOPOM WCCJIEZIOBAHO BJAMSAHUE MecsauHoil (3a SHBapb W 3a WIOJIb) CPEJHEr0OBON CyMMbI
COJIHEYHON pajuaiuu u cpegnerogoboro anbbego (ra6n. B.1 npunoxkenuns B) na usmenenue
0O0IIero y/1eTbHOTO CPEHECYTOYHOTO BOAOTIOTPEe6JIeHUsS B TOpoJax cTpanbl. [loydeHbr sMmmpu-
YyecKue 3aBHUCUMOCTH, n300paskeHHble Ha puc. 4.8—4.10:

q=0,371+0,170-10"S*, M3 /cyT; (4.6)
q = 0,458 + 0,0427S,, M*/cyT; (4.7)
q =0,2817 +0,11634107>S? | M3/ ey, (4.8)

rae S — rofoBas cyMMa COJIHEYHOU pajualiuu B ropojax, KKaja,/ cMm?;

S, — cyMMa COJTHEYHOU pajiMallui B TOPOJaX 3a SHBApb, KKaJ,/ cM?;

S7 — CcyMMa COJTHEYHOU pajMalui B TOPOJaX 32 WIOJb, KKaJ,/ cM?,

JInHUYM 3aBUCHMOCTH Y/I€JTbHOTO CPETHECYTOYHOTO BOIOTIOTPEOIEHNS] OT CYMMapPHOI COJTHEUHOM
paauaiu, onucannbie ypasHenusmu (4.6)—(4.8) npu koadpunmenrtax koppessunu, pasabix 0,56;
0,47; 0,62, MOKa3bIBAIOT, YTO C yBEJMYEHHEM TOJOBON M MECAUYHON CyMM COJIHEUHOW pajuaIiuu
B rOpPOJIaX PacTeT y/eJbHOEe cpe/iHecyTouHOoe BojaonoTpebienne. OTMeTuM, 4To K09 UINEHTDI
Koppesdiun, coctasagionme 0,47 — 0,62, u 3HaunTe bHDBIN pa3bpoc TOUEK Ha PUCYHKAX BOBCE
He 03HAyYaloT €Jab0CTh KOPPEJAIMOHHON cBs3u. OHU JIHIIb CBUAETEJIHCTBYIOT O TOM, YTO pac-
cMaTtpuBaeMasi CBsi3b BOJIONOTPeOIEHNST U COJTHEYHON pajiualiuy He sBJSIETCS OJHOTIapaMeTpuye-
ckoii. Kak mokasano nasee, y4eT ApPYTruX HEe3aBUCHMbBIX ITapaMeTPOB IIPUBO/UT K PE3KOMY POCTY
koo duIeHTa MHOKECTBEHHOH KOPpeJIsIui.

OnuH 13 3J1eMEeHTOB PAJAMAIIMOHHOr0 Oananca — aab6e0, XapaKTepusyiolee OTpaskaTeJ bHYIO
CIOCOOHOCTD MTOBEPXHOCTH, TaK’Ke BJIMSET Ha BojonoTpebienne. BoisBieHHas KOppessiinoHHast 3a-
BUCUMOCTD Y/IEJIbHOTO CPEIHECYTOYHOTO BOAOIOTPEGIEHNST OT CPeaHeronoBoro anbbeno (puc. 4.11)
OTIMCBIBAETCS ypPaBHEHHUEM

q=0,195+%, M/ cyT, (4.9)

rie A — cpenHerogoBoe anab6eno, %. llpu stoM KO3(DPUIMEHT KOPPETANUN COCTABJSET
R = —-0,45.

Takum o6pa3oM, ¢ yBeJuYeHHWEM CPEIHET0J0BOTO aibOe0 yMeHbImaeTcs o61iee yaeabHOe
cpeaHecyTouHoe Bojonorpebienne. Kak mpaBuiio, BbICOKOe 3HAYEHUE CPEHETOJOBOTO aibGe/0
OTHOCHUTCA K ropo/iaM, pacCIlOJIOJKEHHbIM B 30HaX TYH/PbI, JIECOTYH/IPbI, TafH‘H, B BbICOKOTOPHBIX
paI';IOHaX. Paszsurue TOPOZI0B B CTEIIHbIX 30HaX, MYCTbIHAX W IMOJIYITYCTbIHAX, BbICOKOTOPHDbIX 06-
JIACTSX YCHJIMBAET MPOIECCHI POCTA OOIIEr0 Y/IeJbHOIO CPEIHECYTOYHOTO BOJOTIOTPEOIEHNUS .
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Puc. 4.8. Koppensnnonnas 3aBUCUMOCTD Y/I€JbHOTO CPEHECYTOUYHOTO
BOJIONIOTPEOJICHUS OT TOJ0BON CYMMBbI COJTHEUHOI pajnaiuu
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Puc. 4.9. KOppeJIHHI/IOHHaH 3aBUCUMOCTDb y/1€J/IbHOI'O CPe/IHECYTOYHOI'O
BOL[OHOTpeéJIeHI/IH OT CyMMbI COJTHEUHOU pajiuanuun 3a AHBapb
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Puc. 4.11. KoppensdimonHas 3aBUCUMOCTb Y/I€JbHOTO CPEIHECYTOUHOTO
BOJIOTIOTPEGJIEHUST OT CPEIHETOI0BOTO aJb6eI0
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4.4. BAINAHUE YIIPYITOCTU BOAAHOTIO ITAPA
1 OTHOCHUTEJIBHOI BJIAJKHOCTH HA U3MEHEHUE
YAEJBHOIO CPEAHECYTOYHOI'O BOAOIIOTPEBJIEHUA

Cojep:kanne BOJSHOTO Mapa B BO3/JyXe SBJSETCS COCTABHON YacThiO BOJHOTO OaJiaHca at-
Mocdepbl U yJacTByeT BO MHOTHX Ipolleccax >KU3HeAesiTeTbHOCTH dYesJoBeKa. B 3aBucmmocTn
OT paiioHOB (HOPMUPOBAHUSA BO3YITHBIX TPACC MPH aJ€KBATHON TeMIlepaType B BO3/yXe MOXeT
co/IepsKaThCd pa3JnyHoe KoJamdecTBO BojsiHOro mapa [36]. Hapsaay ¢ ananmmsom BaugHus temie-
patypbl, TOJOBOI CYMMbI COJTHEYHON pajuanui 1 aabOe[0 Ha M3MeHeHNe yAeTbHOTO CPeIHeCyTOU-
HOTO BO[[OHOTPGGJIGHI/IH B IMIPOMDBIIJIEHHbIX TOpoJdaX CTPaHbl UCCJAE€JOBAJJIOCh BJAUAHUE YIIPYTOCTHU
BO/ISHOTO Tapa W OTHOCUTEJbHOU BIaXKHOCTH. IlOCKONBKY BJIQKHBIN BO3AYX SIBJSETCHS CMECHIO
CyXOro BO3/lyXa W BJIaru, [0/l BO3/IeliCTBUEM COJIHEUHBIX Jy4ed, YaCTUYHO IOIJIOIIAeMbIX BO-
JAAHDIM ITapOM M YaCTUYHO PaCCEAHHDbIX, a TaKiKe 3a CHET MHTEHCHUBHOI'O IIOIJIOINEHHNA BO/AAHDIM
IIlapoM TellJia, UAyHmiero ot HarpeToﬁ 3€EMJIM, IPOUCXO/JUT IOBbIIEHUE TEMIEPATYpPbl BO3/yXa.
Itu pusuvyeckre MPOIECCHI TEIJIO-, MAcCOOOMeHa CYIIECTBEHHO BJIUSIOT HAa TEPMOPETYJISIIUIO
YyeJIoBeKa, TeMIIepPaTyPHO-BJIAKHOCTHBIN PEKUM TOPO/a, TEIIoBOil KoMmMdopT uiam, Ha060pPOT,
Ha auckoMdopT yesioBeka, Ha OpPMUPOBaHME TTOTOABI U KauMarta. lIpn nccregoBannm BAMSHUSA
BJIAJKHOCTU BO3JyXa Ha BOJOMOTpPeOJieHWe HUCIOJb30BAJIUCh XaPAaKTEPUCTUKU CPEIHET0J0BOI
YIIPYTOCTH BOJASIHOTO TIapa, AaBJEHUS W OTHOCUTEJbHON BJIAKHOCTH 1O ropojam O6biBiero CCCP
(ta6sn. B.1 npunoxenusa b).

FomoBas nurHaMuKa M3MEeHEHUsT YIPYTOCTH BOJSHOTO Tapa, Kak U OTHOCHTEJbHON BJIAXKHO-
CTH, CYIIECTBEHHO 3aBMCUT OT U3MEHEHUs TeMmieparypbl. Mexay TeMiepaTypoil U ylpyrocrbio
BOJISTHOTO Tapa CYMHIEeCTBYeT TecHas KoppeadinonHas cBa3b [36]. IIpu moBbimennn mpurtoka
COJTHEYHOU pajilaliiyl BCJEACTBYE TEMJIOMPOBOIHOCTH YBEJINUNBAETCS YIIPYTOCTh BOJASHOTO Mapa,
JIOCTUTAsT MAaKCHMaJbHOTO CBOETO 3HAUYeHUs B MIOJie W MUHUMAJbHOTO — B gHBape. OTHOCH-
TeJbHASA BJAKHOCTD SBJSETCS MOKas3aTesjleM yPOBHS HACBHINMIEHUS BO3yXa BOJSHBIM NapoM U B
MMUPOKUX TIpesiesiaX MeHseTcsl B Tedenme rojga. OTHOCHTeabHAs BJAXXHOCTH MPOTHBOIOJOMKHA
XO/ly TeMIlepaTypbl U YIIPYTOCTH BOJSHOTO TMapa W SABJASETCS WHAUKATOPOM CYXOCTH BO3/yXa.
TemmepaTtypa Bo3ayXa u XapakTep MOACTUJIAIONIETO CJ0S B TOPO/IaX BAUSIOT HA MCIIapeHUe BOJIbI
C 3€MHOI TTOBEPXHOCTU. B HIXKHUX c10siX aTMocdepbl o0pa3yeTcss BOJASHOMN mMap ¢ yIPyTrocTbio
pasAuYHON BEJTUUYNHDI.

[Iporeccnr BraromepeHoca XapaKTepU3YIOTCS CUIbHON M3MEHYMBOCTHIO BO BPEMEHU, ITPO-
CcTpaHcTBe u ckopocTtu. [loaTomy s aHasW3a W UHTEPIPETAINN BAUSHUS YIPYTOCTU BOJSTHOTO
rnapa ¥ OTHOCHTEJIbHOW BJIAXKHOCTH HA M3MEHEHUe Y/eJTbHOTO CPeJIHECYTOUYHOTO BOAONOTPeGIeHUs
MPUHSATHI TOKA3aTeN 3TUX MTapaMeTpPoB 3a To/. Koppeasimonubie 3aBUCUMOCTH BIUSHUSA CpeHe-
TO/IOBBIX YIIPYTOCTU BOJISTHOTO Tapa W OTHOCUTEJbHOU BJIAKHOCTU HA Y/eJTbHOE CPeHECYTOUHOe
Bogonorpebienue (puc. 4.12 u 4.13) onuchiBalOTCS ypaBHEHUSAMI

q =0,296 + 0,0338E, m*/cyT; (4.10)

q=1,285-0,974-102FI, M*/cyT, (4.11)

rie E — cpennerosoBast ynpyrocTb BOJSIHOTO IIapa B ropojax, MO;
FI — cpeanerosioBasi OTHOCHTEJbHASI BJAKHOCTh B TOPOIAX, %.

JInHms 3aBUCHMOCTH OOTIETO YAEJBHOTO CPETHECYTOUHOTO BOAOMOTPEOJIEHNS B TOPOJaX OT W3-
MEHEHHH yIPYrocTH BOASHOIO 1apa B Teyenue roga (puc. 4.12) onuceiBaercs ypasuenuem (4.10).
AHa/m3 JaHHOU 3aBUCUMOCTU II03BOJIAET YTBEP)K/JaTb, YTO C POCTOM YIPYIOCTU BOJAHOrO Iapa
B rOpOjIaX yBeJMYMBaercst crnpoc Ha Body (yiesbHoe cpeanecyTounoe Bojgonorpebiaetue). Uro ka-
CaeTCA BJIMAHUA OTHOCUTEJIbHON BJIAXKHOCTH, TO IIPe/CTaBIeHHasd Ha puc. 4.13 1uHusg 3aBUCUMOCTH
001IeTO Y/IeTbHOTO CPEHECYTOUYHOTO BOAONOTPEOTIEHNST OT OTHOCUTEIbHOI BJIAKHOCTH, OTHMCAHHAS
ypastenneM (4.11), cBUIETENBCTBYET O TOM, YTO C POCTOM OTHOCHTENHHOW BJAKHOCTH yAEJbHOE
cpe/lHeCyTOYHOe BOJONOTPelIeHe YMEHbIIAeTCs.
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Puc. 4.12. KoppensdimonHas 3aBUCUMOCTb Y/I€JbHOTO CPeIHECYTOUHOTO
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Puc. 4.13. Koppensdimonnas 3aBUCUMOCTb Y/I€JbHOTO CPeHECYTOUHOTO
BOJIOTIOTPEOJIEHUST OT CPEHEr0/JOBOIl OTHOCUTETHHON BIAKHOCTH
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4.5. BIUAHUE CPEAHETOZ0BOIO KOJIMYECTBA OCAJAKOB
HA USMEHEHUE OBHIETO YAEJADHOIO CPEJHECYTOYHOTIO
BOAOIIOTPEBJIEHUA

Opnnum u3 Han6oJiee Ba)KHBIX 3JIEMEHTOB KJIUMATA SBJASIOTCS aTMOChepHbIe OCAIKU — TPUXO/I-
Has 4acThb BOAHOTO 6asaHca cymi. KoamiaecTBoO 0caKoB MEHSETCS KasK/IbIi MeCsIl, YTO CyIIeCTBEHHO
BJMsIeT Ha (popMUPOBaHNE PACTUTENHHOCTH PA3JINIHBIX JAaHAMA(TOB TOPOIOB, HA BOJO- M CETHCKO-
x03siicTBeHHyI0 Jesrteabioctb. B CHI umeioTcst 60Jibiiiie TepPUTOPUH, T/I€ BbINAAET N30bITOUHOE
KOJIMYECTBO OCA/IKOB, YTO CBS3aHO B OCHOBHOM C BJUSHUEM TeMIepaTyphl Bo3ayxa [83, 92-95]. B
Te4eHWe ro/la NX KOJMYECTBO 3aBUCHUT OT BJIAroco/iep:kanns 00JaKoB U T0[06JaYHOTO CJI0sI, TEPMO-
JuHaMu4eckoll crparuduramnmm arMmocdepbl. IHTEHCHBHOCTD 0CA/IKOB KaK BO BPEMEHM, TaK W B TIPO-
CTPaHCTBe 3HAYNTEIbHO n3MeHsercs. VccaenoBanns BAUSHUS CPEITHETOOBOTO KOJTMYECTBA OCAIKOB
(ta6x. B.1 npunoxenus B) Ha usmenenue o611ero yaeabHOr0 CpeHeCYTOUHOTO BOJONOTPEGIeH S
BBISBHJIN KOPPEJSAINOHHYI0 3aBUCUMOCT (puc. 4.14), KOTOpast ONKUCHIBAETCS ypaBHEHHEM

34,934

q=0,512+ , M3 /¢y, (4.12)

rne HM — CpPEAHEr00BOE KOJINYECTBO OCa/IKOB B ropo/laXx, MM.

g, m>/cyr /aen.
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Puc. 4.14. KoppeJssgnuonnas 3aBUCUMOCTD Y/I€JIBHOTO CPEJHECYTOYHOTO
BOJIONIOTPEOJICHUS OT CPEHETO/I0BOTO KOJIMYECTBA OCA/IKOB

C yBesiueHnEeM CPeIHET0/I0BOrO KOJIMYECTBA OCAJKOB B TOPO/IaX CHUKAETCS CHPOC HA BOMY
y Hacenenus [193]. DTo moaTBepiKIAaETCS KOPPEISAINUOHHON 3aBUCUMOCTBIO MEXK/Y BEJUYMHOI
G W oTHOIIeHUeM oObeMa CPeJHEeT00BOr0 BOA0cOOPa OCA/IKOB, BBHIMABIINX HAa BCEl MJIONAIU 3a-
crpoiiku ropoga (HM F,), x o6meii xunoii ero mnomann (NF ).

0,102
B nipuseierHoii Ha puc. 4.15 KoppesaiunonHoii sapucumoctu g = f(W),rae W = [ﬂ]

N F, -1000

npecTaBsier co60i BEJIMUUHY, XapaKTePHU3YIOIY0 CPeHET0/I0BOE KOJINYECTBO OCA/IKOB Ha BCeil
TEPPUTOPUM TOPOJIa, OTHECEHHOE K JKUJIOHN romaau, rae HM — cpeaHerosoBoe KOJMYeCTBO
0CaJIKOB B ropojie, MM; I/, — muiola/ib 3acTpoiiky ropojia 3a perpociekTuBHblii 1984 r., km?; F, —
ob6ecriedeHHOCTh 00Meil JKUJITLION[A/ (b0 OJHOTO JKUTEJISI TOPo/ia 3a peTpocieKTuBHbI 1984 1., M?;
N — 4YucJIeHHOCTHh HaceJeHHUs ropojia 3a peTpocrneKTuBHbIN 1984 1., MaH UeJ.
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[TosyuenHast Koppessiiinontast cBsizb ¢ = [(W) onucana moJMHOMUAJIBHBIM yPaBHEHHUEM
q = 4,24634 — 4,71865W + 0,813W° + 0,474W?, m* /cyT. (4.13)
B panbHeiimem 6ygeM o603HayaTh BeJIUYMHY, Bbiuncasgemyio o ¢opmyse (4.13), QW.

¢ M3 /eyt faen.
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Puc. 4.15. KoppessaunonHas 3aBUCUMOCTb YAEJbHOTO CPEJHECYTOUHOTO BOAOIOTPEOIEHUS OT OTHOLIeHUs o0beMa
CPEHET0/I0BOT0 BOOCOOPA OCAJIKOB, BBINABIIMX Ha BCEil IJIONIA/N 3aCTPONKK ropo/ia, K oO6IIeil KUJIoi ero IJIomain

4.6. BIMAHUE PASMEPOB OPEOJIA TOPOACKOTIO
SATPASHEHUA HA UISMEHEHUWUE OBIIETIO YAEJbHOI'O
CPEAHECYTOYHOTI'O BOAOIIOTPEBJIEHUSA

Tennmentusa K mectabUIN3ay OKPY:KaIoOIiedl MPUPOIHON Cpeibl, KaKk caMOpa3BUBAIONIeiics
9KOCHUCTEMBI C MPUCYIIMMH €il 3aKOHOMEPHOCTSAME, HAOJIIOAeTCS B rOPOJaX MHPa MOBCEMECTHO
[70, 82, 126, 304, 333]. Omuccus 3arps3uenuii B arMocdepy ob6pa3yerT BOKPYT Pa3HbIX I10 Be-
JIUYUHE TOPOJIOB 3HAUNTEbHbBIE TI0 padMepam opeodibl [74, 106, 280]. O6 aToM cBUIETETBCTBYIOT
CIyTHUKOBbIE TeJIeBU3NOHHDBIE N300PAKEHUS U KAPTOCXEMBI OPEOJIOB 3arpsi3HeHMiT, COCTaBJIEeHHbIE
110 JaHHBIM KOCMUYECKUX CheMOK 3a perpocnektuBHbiii 1984 r. (puc. 4.16 — 4.19). Ha xapro-
cxeMax TJIOMAb 3aCTPOMKH KaXK/I0r0 TOpo/ia IPe/ICTaBJeHa B BU/IE 3aTEMHEHHOTO TIATHA, KOHTYP
opeoJia 0603HaYeH CILJIONIHOW JIMHWEH, a po3a BETPOB — IMYHKTUPHOIA.

WN3BecTHbl MHOTHE MeXaHWU3Mbl BO3/IEHCTBUSA 3arps3HEHUN B TOPOJAX Ha OKPYKAIONIYIO Cpe-
my. OOBIYHO OHM XapaKTePU3YIOTCS 3aBUCHMOCTBIO OT MUKPOKJIMMATAa TOPOJIOB W BENEeCTBEHHO-
9HEPreTUYeCKUX MoKa3aTesieil, OTpaxKaioT 0COOEHHOCTH MOTPebIeH s, TIPUBHECEHUE U TIEpepacIipe/ielie-
HUe PAa3JIMYHBIX BEIeCTB U SHEPTUU B TIPOIECCe PA3HBIX BUIOB JIESITETHbHOCTH HACEJEHUS TOPOJIOB.

Npentudukanus u kaprorpadupoBaHne 30H 3arpsA3HEHUs CHEXHOTO IMOKPOBA B OKPECT-
HOCTSX TOPOJIOB — TaK HA3bIBAEMBIX OPEOJIOB 3aTPSI3HEHUS — WTPAIOT BAXXHYIO POJb B OXpaHe
MPUPOJIHBIX PECYPCOB HE TOJBKO B CBSI3U C BO3MOXKHOCTHIO OOBEKTUBHBIX OI[EHOK aHTPOIOTEHHOTO
BO3/IEHiCTBUS Ha OKpyskalnyto cpeay. OIlleHKU I1JI011a/ieil OpeoJioB 3arps3HeHus, clleJlaHHbie
Ha OCHOBE KOCMUYECKNX CHUMKOB, Ba*KHBI TaKyKe M /IS ONpe/leIeHNs BeCOMOTO 3KOJIOTTIeCKOTro
moKazaressi — YAeJbHOTO CPeTHECYTOYHOTO BOJAOMOTPeOIeHNs B TOPOIaXx.

[ToaTBEPIKAEHIEM DTOMY SIBJIAIOTCS Pe3yabTarhl uccaegosannii (tabu. 4.1 u 4.2, puc. 4.20
u 4.21), CBUAETENBCTBYIONME O CYIECTBOBAHUN 3aBUCUMOCTH MEXK/Y yBEJHUYEHHEM OpeoJia
3arpsi3HeHNs MCCJeyeMbIX TOPOJOB U POCTOM YNCJAEHHOCTH HACEJEHUS U TJIOTHOCTH 3aCTPOii-
KU TOPOJIOB.
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110 pe3yJbTraTaM /e pPoBKN TeJIeBU3MOHHBIX CHUMKOB ¢ VIC3 «Meteops
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Puc. 4.18. Kaprocxema opeoJsioB 3arpsi3HeHusl CHESKHOTO TIOKPOBA JIJIsl TOPOJIOB
1o peayJibTaTaM Aenu(poBKN TeJeBU3HMOHHbIX cHUMKOB ¢ MIC3 «Meteop»



136 YcTOM4MBOCTb BOOOCHAOXEHMUA

Kymepray

MarHuToropek /f

PET 3
%
\‘ AW/

Hopuneck

YensbuHck

= "
\
by
~
b " Koneiick
\‘ Jf
/
L &
!

KopkuHo ¥
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Puc. 4.21. KoppeasnnonHas 3aBUCUMOCTb MEK/Y OPEOJIOM 3arps3HeHUS
¥ TIJIOTHOCTBIO 3aCTPOMKH
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CpenHue 3HaueHHSI OpeoJia 3arpsi3HEHHS] TOPOJIOB

Ta6suma 4.1
Cpennne 3HayeHHs opeoJia 3arpsi3HEHHSI TOPO/IOB
Ha teppuropuu 6siBuiero CCCP
B 3aBHUCHMOCTHU OT YHMCJIE€HHOCTH HaCeJECHUA
N, MnH yen. Opeon, km? N, MAH Yen. Opeon, kKm?
0,004 5,3 4,15 15912,2
0,01 15,6 4,35 16787,2
0,05 100,9 4,55 17667,7
0,20 498,1 4,75 18553,4
0,35 946,2 4,95 19444 1
0,50 1423,5 5,15 20339,7
0,65 1921,7 5,35 21239,9
0,80 2436,4 5,55 221447
0,95 2964,9 5,75 23053,9
1,10 3505,1 5,95 23967,3
1,25 4055,7 6,15 24884,9
1,40 4615,4 6,35 25806,5
1,55 5183,5 6,55 26731,9
1,75 5952,8 6,75 27661,2
1,95 6734,2 6,95 285941
2,15 7526,7 7,15 29530,7
2,35 8329,4 7,35 30470,7
2,55 9141,4 7,55 31414,2
2,75 9962,2 7,75 32361,0
2,95 10791,1 7,95 33311,1
3,15 11627,7 8,15 34264,4
3,35 12471,5 8,35 35220,7
3,55 13322,2 8,55 36180,2
3,75 14179,4 8,75 37142,6
3,95 15042,9 8,95 37143,6
Ta6muma 4.2

na teppuropun 6biBumiero CCCP B 3aBHCHMOCTH OT IJIOIAAH 3aCTPOKH

F,, km? Opeon, km? F,, km? Opeon, Kkm?
1 2 3 4

1,5 6,2 520 9721,6
20 382,1 545 10124,9
45 943,0 570 10524,5
70 1492,0 595 10920,6
95 2025,6 620 11313,3
120 25451 645 11702,7
145 3051,8 670 12089,0
170 3547,3 695 12472,3
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1 2 3 4
195 4032,7 720 12852,6
220 4509,0 745 13230,2
245 4976,9 770 13605,1
270 5437,3 795 13977,3
295 5890,6 820 14347,0
320 6337,4 845 14714,3
345 6778,1 870 15079,2
370 7213,2 895 15441,7
395 7642,9 920 15802,1
420 8067,6 945 16160,2
445 8487,6 970 16516,2
470 8903,1 995 16870,1
495 9314,4 1020 172221

Biusnue 3arpsisHeHusi TOpo/I0B Ha OKPYIKAIOIIYIO CPe/ly HOCUT MHOTO(YHKIIMOHAJIBHDBIN Xa-
pakrep [74, 76, 203]. 3aBUCUMOCTD y/I€JbHOTO CPEHECYTOYHOTO BOAONOTPEOIEHNS OT Pa3MePOB
opeoJia 3arpsi3sHeHUsl, TTOJyYeHHbIX 110 JaHHbIM KOCMUYecKuX cbeMok (tabi. B.1. npuoxenus B),
BU/HA U3 puc. 4.22.

. m> [cyr/qen.

2000 4000 6000 8000 10000

16000

18000 20000 22000 24000 O, Em2

Puc. 4.22. KoppeasnnoHHasg 3aBUCHMOCTD Y/J€JIbHOTO CPEHECYTOUHOTO

BOZIONOTPEOJIEHUST OT OpeoJia 3arpsa3HeHus

3aBHCUMOCTH POCTA YAEJTbHOTO CPEeIHECYTOYHOTO BOJIONIOTPEOIEHNUS OT Pa3MepPOB rOPOICKOTO

OpeoJia 3arpA3HEHUA OIMUCHIBACTCA YPAaBHEHUEM

g = 0,578 +0,28726-10°0",

(4.14)

rae O — opeoJt 3arpsisHeHUsI TOPOJOB 10 JAaHHBIM KOCMUYECKON cbeMKu 3a 1984 r., kM.
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Ha mepBblil B3I/ KaXkeTcs, 4TO KOPPEIANns Mex/y BeandnHaMu ¢ 1 O NpakTHYecKu OT-
cyTrcrByeT. KosmuecTBEHHO 3TO BbIpa)kaeTcs HU3KUM K03(h(UIMEHTOM MapHON JUHEHHON Kop-
pensiu Mexay HuMu (R o= 0,10). IIpu posepuresbHOi BepostHocTH 0,95 M unce cremneHeii
cBo6oabl [=126—2=124 naunblii kKoapduiuent ve sBisercss sHaunMbIM. OJIHAKO, paccMarpuBast
puc. 4.22, MOXXHO 3aMeTHUTD, YTO BOJIM3N OCH OPJMHAT COCPEOTOUEHBI TOYKM, 0603HAYATOTNE I0XK-
Hble U TIPUMOPCKUE TOPO/IA, T/le OPEOJIbl 3aTPsI3HEHNS MPAKTUYECKH He HAGII0MAI0TCS U UMEIOT
He6OoJIbIITNe TIJTONIA/IN BCJIEe/ICTBIE HEIIPOJIOKUTEIbHOCTH CYIIECTBOBAHNS CHEXKHOTO TTIOKPOBA, UTO
U IPUBOJUT K UCKAXXKEHUIO 00IIell KOPPEIANNOHHON 3aBucuMocT. KommuecTBeHHO 3TOT adeKT
BBIPAJKAETCS B TOM, UTO Haps/Ay C CyIeCTBOBAHMEM OTHOCUTEJIbHO CcJIa60il KOPPEeTAINNOHHON 3a-
BUCHMOCTH BOJOINOTPe6JEeHNsT OT IJIONIAJN OPEOJIOB 3arpsi3HEHUs CYIIeCTBYeT Takxke u GoJee
CUJIbHASI KOPPEJISIIIUOHHAs 3aBUCUMOCTDb OT psijia reorpaduueckux (KanMaTuyeckux) (hakTopos,
TAKUX, HApUMep, Kak CyMMa CPeJHeCYyTOUYHbIX TeMnepartyp 1, ylnpyrocTb BOJSHOTO Tlapa B SH-
Bape E, reorpaduueckas mupora SH n apyrue. Ilpu stom mMexay pagoMm Apyrux (akTopos,
OKa3bIBAIONINX BJIMSHNE HA BOJOTOTpebIeHNe, CYIEeCTBYeT OTpUIlaTeIbHAs KOPPEISIIMOHHAS CBA3b
(ta6u. 4.3), 4To TPUBOAUT K MCKAKEHWIO 3aBUCHMOCTH BOJOMOTPEOIEHNS OT IJIOIAAH OPEOJIOB
3arpsI3HEHMUSI.

Ta6muma 4.3
Martpuna K03(pPUIHEHTOB KOPPEISUUH MEK/Y BOAONOTPeOIeHHEM,
NJIONA/IPI0 OPEOJIOB 3arpsi3HEHUsI U HEKOTOPbIMH KJIUMATHYeCKHUMHU (aKToOpamu

q 1

(0] 0,10 1

T 0,66 -0,26 1

E, 0,47 -0,32 0,81 1

SH -0,66 0,19 -0,89 -0,62 1
q (0] T E, SH

Vckiounts BiusiHue reorpadudecknx (KammMarnuecknx) HakTopoB MOKHO METOIOM YaCTHO-
ro KOPpeJsANMOHHOro ananausa. [lyig yactHOro koaddunmenTa KOppeasiuu MeK/1y BeJTMYnHaAMU
g n O npu puxcuposBanHoii Besnunte E, 3navenne R .. = 0,30. B coorsercTBun ¢ Kpurepuem
(2.5) mosyuennoe 3HaueHue KoahPUIMEHTAa YACTHONH KOPPEJISIIK TIPU YUCJIe CTeleHel CBOOOIbI
f=n-m-1=126 - 2 — 1=123 gaBasgercsa 3HauuMbiM. TakuM 06pa3oM, IJIOIIaJb OPEOJIOB
3arpsI3HEHUST TOPOJIOB SABJISIETCS] CYIIECTBEHHBIM (DAaKTOPOM, BJUSIONIUM HA BEJUYUHY ¢, U, CJie-
JI0OBATEJIbHO, MaTepuasabl KOCMUYECKIX ChbeMOK MOTYT OBITb MCIIOJIb30BAHDI PN PEIICHNN 3aa4n
MPOTHO3a BOAONOTPe6JIEeHNsT TOPO/IOB.

PaccmaTtpuBasg ocHOBHbIE TEHJIEHIIMN B3aUMOJEIICTBUS 4YesoBeKa € OKpysKalolleil ero cpe-
[0l B IIEepCIIeKTUBE, CJeyeT OTMETUTDb, YTO BBISABJSETCS HOBas mpobseMa U /IS SHEPreTUKU.
[IpuBesieHHDBINI aHAJN3 yBEJUYEHUS YAEJTbHOTO CPEJHECYTOYHOTO BOJOIOTPEOJIEHUS B ropojax
3a cYeT BO3JelCTBUSA OKpY:Kalleil cpe/bl TOKa3bIiBaeT, 4To Oy/1eT pacTu 1 HepalnoHaJbHOE T10-
TpebJieH1e 9HepropecypcoB B ropojiaX, 3aBUCAIIee OT paccMaTpPUBAeMbIX (PAKTOPOB.

4.7. BAMUAHUE BbICOTbHI PACIIOJIOJKEHHUA TOPO/10B
HAZLA YPOBHEM MOPA HA YAEJDHOE CPEAHECYTOYHOE
BOAOIIOTPEBJIEHUE

Wcrtopuyeckuii mporecc CTPOUTENbCTBA, Pa3BUTUS U OOHOBJIEHUS TOPOJIOB ITPOUCXOUT
Ha pa3JMYHbIX pesbedax 3eMHON MOBEPXHOCTH — PaBHWHAX M HU3MEHHOCTSX, BO3BBIIIEHHOCTSIX
n mrockoropbsix. CBoeobGpasue NMpupoAHOro JaHAmadTa, BBICOTA PACIOJIOKEHUS TOPOJOB HAJ
YPOBHEM MOps, KJAUMAaTHYECKHE YCJIOBUS HE TOJHKO CO3JAf0T MPEATIOCHLIKY A5 (DOPMUPOBAHUS
HEMOBTOPUMOTO 06JIMKA TOPO/ia, HO U ONPEENISIOT Pa3jimure B y/IeJbHOM CPEIHECYTOYHOM BO/IO-
notpebaeHun. ['oposa TeppuUTOPHAJBHO Pa3MelleHbl MO OTHONIEHWIO K OKeaHaM Ha PasJIMYHbIX
paccTosgHuSAX ¢ pasHooO6pasueM peJsibeda MECTHOCTH, UYTO OKa3bIBAET CYIIECTBEHHOE BJIMSHUE
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Ha MUPKYJIAIN0 aTMOC(EepHBIX Macc, MPUPOAHbIe U KauMaTtndeckue ycaosug [32, 130]. M3BecT-
HO, YTO C yBEJMYEHNEM BBICOTHI HAJl YPOBHEM MOPS TeMIlepaTypa BO3/yXa IajaeT, WieT Mpolece
60Jiee MHTEHCUBHOTO OXJAK/IEHUS 10 Mepe y/aajeHns oT skBatopa. Ilepena/ i 1HEBHBIX M HOUHBIX
TEMIIEpaTyp U B TeUeHNe ce30Ha 0COOEHHO 3aMeTeH B TOPHBIX paifloHax, T/e, KaK IMpaBuIo, HabJIio-
JlaeTCs BBICOKUII YPOBEHDb COJIHEYHOW pajiualiii, pa3JudHbIil TeMIIepaTyPHO-BIAKHOCTHBIN PEXIM
uT. 1. [22, 94, 126, 274]. OcobeHHo omrymiaeTcs mepenaj TeMneparyp B ropojiax, pacioJiosKeH-
HBIX B TOPHOI MECTHOCTHU, T/le Ha HE3HAYUTEJbHOM PACCTOSHUU HAXOJATCS TOPBI C JeTHUKAMU.
C yuyeTroM MHOTO(AKTOPHOCTH YCJOBUI ObliIa MCCIe0BaHA BECOMOCTH (PaKTOpa BJIMSHUS BBICOTDI
pacroJiokeHnusi ropoja Haja yposHem mopss H (ta6si. B.1 npuiosxkenus B) Ha o6iee yienbHoe
CpeHecyTOYHOe BOJIONOTpebIeH e,

Koppendimonnas 3aBUCHUMOCTD Y/I€JIbHOTO CPETHECYTOYHOTO BOAOTOTPEOJIEHUS OT BBICOTHI
(puc. 4.23) npu sHaueHusax kosdunnenra koppessiuun R = 0,41 onucbiBaercss ypaBHeHHEM

g =0,58972+0,333-10°H* - 0,9338-10"1g H, (4.15)
riae H — BblcOTa pacnoJsiosKeHusl ropojia HaJl ypOBHEM MOps, M.

g, m* Jeyr/gen.

R=0,41

0.0 b ¢ ; t 4 i

0 200 400 600 800 1000 H ™

Puc. 4.23. KoppeJgionnas 3aBUCUMOCTD Y/I€JIBHOTO CPEJHECYTOYHOTO
BOZIOTIOTPEOIEHUST OT BBICOTHI PACIIOJIOMKEHHS TOPO/IA HAJl YPOBHEM MOPSI

HasoBem nuHuio, omucannyoo ypasHenueMm (4.15), reopesudeckoii JMHUEH BBHICOTHOTO
yaesabraoro Bogonorpebienus (JIBB). Pacemarpusast puc. 4.23, NpUXOAUM K BBIBOJY, YTO IPH
3HaveHussx 0<H<50 m JIBB gocturaer cBoero akcTpeMyMa, a TOYKa MUHUMYMa Pa3rpaHUYNBaET
XapakTep U3MEHEHUS Yy/IeJbHOTO CPEJHECYTOYHOro Bojonorpebienuss B ropogax. Ilpu H<50 m
n H>50 M BerBu JIBB nmeror pa3andnblii pajinyc KPUBU3HbI, CBUIETENbCTBYIONNI 06 U3MEHEHIH
cripoca Ha Boay. Ilpu 3HaueHUAX BBICOTHI PACIOJIOXKEHUS TOpoja Haja ypoBHeM Mopsi H>50 M
C POCTOM BBICOTBI MPOUCXOAMUT yBeJIWYEHME TIPUpPAIIeHrss 06IIero y/eJbHOr0 CPeHECYTOYHOTO
BoJloNIOTpe6IeHNs B Topoiax u o6partubiii npoitecc — 1pu 0<H<50 m. IIpu atom koadduinenTt
koppensdiuu R = 0,41.

Takum 06pa3zoM, B pa3JIMYHbBIX MPUPOAHO-KJIUMATHYECKUX ycaoBusax npu H>50 M ¢ yBesu-
YeHEeM BbICOTBI PACIIOJIOKEHNS TOPO/Ia HA/l YPOBHEM MOPSI pacTeT BoAonoTpebienme. ITOT POCT,
€CTeCTBEHHO, 3aBHUCHUT OT TeMIlepaTypbl, aTMOC(EpHOro /JaBJIeHHSI, Pa3PEKEHHOCTH BO3/yXa,
HACBINIEHHOCTN BO3/IYIIHBIX MAaCC BJIArOii, KOH/JEHCAIIMU BOJSHOTO Tapa, 06pa3oBaHUs OCAKOB
n Apyrux paxkTopoB, 0COGEHHO MPUCYIINX TOPHBIM pailoHaM.
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4.8. ®DYHKIIUOHAJIbBHbBIE CBA3U MEXKAY YNCJEHHOCTbBIO
HACEJIEHUA, ETO IIVIOTHOCTBIO, PASMEPAMHU
KIJION IIVIOMAAU U YAEJbHBIM CPEJHECYTOYHBIM
BOAOIIOTPEBJIEHUEM

N3BecTHO, 4TO ma’ke OJMHAKOBBIE IO YMCJIEHHOCTW HACEJEHUs TOpoja CYIIECTBEHHO OT-
JIMYAIOTCS IPYT OT APyTa pagMepamMy KHUJIOH TJIOMAAN, HAIIMOHAJbHBIMU OOBIYasMU SKUBYIIUX
TaM JIoJlell, ATa)KHOCThIO 3aCTPOIKU, KOHIIEHTpAIlHell MPOMBIIIJIEHHOCTH, MOIIHOCTHIO BOJI0XO-
391CTBEHHBIX CHCTEM U T. II. B OHUX TOpOJaX MHTEHCUBHBIN MeXaHUYECKUI TPUTOK HaceJeHUs
MPOUCXO/IUT BCJEICTBUE TPOMBINIJIEHHOTO CTPOMTENbCTBA, B APYTUX — WU3-3a 6JIATONPUSATHBIX
MPUPOAHO-KJINMATHUYECKUX U COIMAJbHO-IKOHOMUUYECKUX YCJOBUN WM 3a CUeT M3OBITOUHDBIX
TPYJOBBIX PECYpPCOB M3 OJM3JEKANNX HACEJEHHBIX MeCT W T. M. lIpu ycuaeHum KOHTPOJS
3a pasMellleHneM IIPOM3BOJIMTENBHBIX CUJ Ha Tepputopun YKpaunbl u crpan CHI crpemsienne x
MOBBINIEHUTO KU3HEHHOTO YPOBHS HAapo/la B CPEIHUX TOPOJaX CIIOCOOCTBYET CHUKEHUIO TeH/IEH-
UM POCTAa MEXAaHWYECKOTO MPUTOKA HaceJeHUs B KPYIHbIE TOPojia, CO3[A0TCs creruduiecKue
0COOEHHOCTH B BO3PACTHOI, TPYAOCTOCOOHON TPYIITie TOPOACKOTO HaceseHUWs. Takum o6pa3oMm,
pasBuTHE BO00GECTICUEHNST TOPOIOB OTIpeieiseTcss MHOTUMU (haKTOpaMu, BKJIOYAs M MEKHAINO-
HaJibHbIe oTHONIeHUs B cTpaHax CHI'. BpiBaoT cKauky B Pa3BUTHHU IOPOJOB B Pa3HbIX PErHOHAX,
KOTOpbIE€ TaKyKe BO3/IECTBYIOT HA M3MeHeHue OOIIero yaeabHOr0 CPeHeCyTOUYHOTO BOIONOTPEO-
gennsi. CyniecTBEHHOE BJUSHUE HA 3TO OKa3bIBAOT AKOHOMHUKA U MPOBOAMMAs TOCY/apCTBEHHAS
nmoJuTuKa. EcTecTBeHHO, 4YTO [a’ke MPHU CTPOTOM COOGJIOJEHUN W Peaju3aluil yTBEeP:K/IeHHBIX
TEXHUKO-9KOHOMUYECKNX OOOCHOBAHMI TeHepaJbHBbIX IIJIAHOB Pa3BUTHS TOPOJOB, Pa3JUUYHON
JloJie B HUX TPOMBIIIJIEHHOTO BOIOTIOTPe6IeHNS HEBO3MOYKHO y4ecTh Bee (DaKTOPBI, BJAUSIONINE HA
BosonoTpe6aeHne. B 6osbmmHCTBE caydaeB mpu coctaBiaennn TAO TeHIJIaHOB ropo/loB B pac-
yeTax BOJAOTIOTPe6IeHNs TTPUHUMAETCS TPOTHO3UPYEMBbIl OTPe30K BpeMeHu 20 —25 JIeT ¢ yueToM
TEPPUTOPHAJBHBIX CXEeM KOMILJIEKCHOIO HCIIOJb30BaHUsS M OXPaHbl BOJ TI'eHepaJibHbIX IJIAHOB
TOpPO/IOB, Te€HEPAJbHBIX TIJIAHOB MPOMBINIJIECHHBIX y3J0B [56]. PazpaboTunku MpPOEKTOB CHCTEM
BOJIOCHAGKEHUS TOPOJOB TBITAJNUCh TTPOTHO3UPOBATH yBeJWYeHUE BOAOTOTPebJIeHUs 10 cyle-
CTBYIOIIIUM CTYTIEHSM WX Pa3BUTHS, HE TTPUMEHSS [IJIs1 ITPOTHO30B TaKNe METO/bI MaTeMaTH4eCKO
CTATUCTUKH, KaK KOPPEJSIIMOHHbIA aHaJu3 BOAOTOTPeOJIeHNs, CBA3aHHbINA C YMCJIEHHOCTHIO Ha-
ceJieHus1, OOIIel TJI0IMAaabo KUJaoro ¢hoHIa, TOPOJACKON TJIOTHOCTbIO HaceJaeHus W T. A. Takoi
MOJ/IXO/T, TIO CYTH CBOEH, He TT03BOJISIET aKTyaIu3upoOBaTh PE3yIbTaThl MPOTHO3a BOAOTIOTPEOIEHNS
JUIS Pa3BUTHS TPAJOCTPOUTENbCTBA, YMEHBIIUTh PUCK B BojgoobGectiedeHun (aeduiuT BoAbI /s
HacesieHNsA) Ha GoJiee JJUTEbHbIE CPOKM Pa3BUTHUs TOPOJA, YTO CYI[ECTBEHHO CHUKAET HaekK-
HOCTH OIIEHKH «TPAHUIIBI HACBITIEHWST» COOPYKEHUSIMU BOJOCHAGKEHUS TOPO/IOB IIPH OTPE/IeTeHUH
ero remepasbHBIX cxeM. [laHHble mccaegoBanus saBucumocteii ¢ = f(N) u g =f(F-N), rae
N — 4KMCJIEeHHOCTb HaceJeHHs B TOPOJe, MIH Yel.; ', — obmasa xunas miomaib, M*, TPUXOAs-
masca B ropojie Ha ogHoro yesoseka (ta6u. B.1 npusoxkenus B), 103BoJNIN IOCTPOUTH MOJIEND
MPOIECCOB BOMONOTPEOIEHNS, TPOUCXOIANINX B TOPOJAX C CYMMapHOW YNCJIEHHOCTHIO HAaceJeHUs
6oJiee 75 MJIH 4eJIOBEK.

Jlns sasucumoctn ¢ = [ (N) HamGosee 1enecoo6pasHoil SBHIACH ANIPOKCHMAIIS TOJIIHO-
MHaJIbHOI 3aBUCUMOCTbIO OT Besnyrabl GN = (N -10°%)™ %1%, [laHHas 3aBUCHMOCTDb MMEET B

g =2,534—-13,1 GN +13,89 GN*? + 48,38 GN* —152,8 GN* +
+ 405,3 GN° — 588,09 GN°®. (4.16)

ITa 3aBUCUMOCTD Xapakrepusyercst Koadduimentom koppeasuuu R = —0,3 (puc. 4.24). [lns
sasucnmoctn ¢ = f(F; N) mau6oee 1emecoo6pasHoii SBUIACH ATIPOKCHMAITHS TI0THHOMIATHHOI
3aBUCUMOCTBIO OT Besinuulbl FN = 1g(F, N . 10%) .

JlanHadgd 3aBUCUMOCTDb UMeeT BUJ

q = ~2,052+0,299FN +0,125FN* ~0,603-102FN? — 0,252 10 FN* ~ 0,136 - 107 FN° +
0,166 10~ FN® +0,42- 10 FN" + 0,317 10 FN* ~ 0,615 107 FN*. (4A7)
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3asucumocts (4.17) xapakrepusyercs koo duimentom Koppeasauuu R = 0,29 (puc. 4.25).
3asucumoctn g =f(GN) u g =f (FN) o6osnaunm P, u P, COOTBETCTBEHHO.
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Puc. 4.24. KoppeJssgionHas 3aBUCUMOCTD Y/I€JIbHOTO CPEHECYTOYHOTO
BOJIOTIOTPEOIEHUST OT YUCJAEHHOCTU HACEJEHS

Kpusbie (puc. 4.25), onucpiBaioniue usMmeneruss GakKTHIecKoOro oO1ero yaeabHoro cpe/me-
CYTOYHOTO BOJONOTPe6JIeHNs B TOPO/IaX BTOPOTO KJIMMATUYECKOTO paiioHa, nmoapaitona 11 B [249],
B 3aBUCUMOCTH OT YMCJIEHHOCTU HACEeJEHUs, a TakKe OT pa3MepoB OOIIell KUJION IO/,
MMOKAa3bIBAIOT, YTO CYIIECTBYIOT TPHU 30HBI, OTJHUYAIONIMECs KPYTU3HOH 3aBUCUMOCTH YAEJbHOTO
CPeHeCyTOYHOro BozonoTpebienns or napamerpos I, u N.

q. M */cyT/qen.
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Puc. 4.25. KoppeJsgionnas 3aBUCUMOCTD Y/1€JIbHOTO CPEJHECYTOYHOTO
BOJIOTIOTPEOIEHUST OT YUCJIEHHOCTH HACeJeHMs 1 pa3MepoB OOIIel JKUI0il momain
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Ta6muma 4.4
3aBHCHMOCTD y/€JbHOTO CPEJAHECYTOUYHOTO BOAONOTPE6IeHHS B TOPOAaX
oT yncJeHHOCTH Haceaenusi g, = f (GN) npu 0,004 <N <15 mauH yenoBek

o GN o e, o GN /o men.
0,004 0,429 0,335 1,304 0,238 0,568
0,029 0,351 0,479 1,404 0,236 0,573
0,034 0,345 0,479 1,504 0,235 0,577
0,134 0,300 0,479 1,604 0,233 0,582
0,139 0,299 0,479 1,704 0,232 0,586
0,204 0,288 0,485 1,804 0,230 0,590
0,254 0,281 0,491 1,904 0,229 0,594
0,304 0,276 0,496 2,004 0,228 0,598
0,354 0,272 0,501 2,504 0,223 0,614
0,404 0,268 0,506 3,004 0,219 0,629
0,454 0,265 0,511 3,504 0,215 0,641
0,504 0,262 0,515 4,003 0,212 0,653
0,554 0,260 0,519 5,003 0,208 0,672
0,604 0,257 0,524 6,003 0,204 0,688
0,654 0,255 0,527 7,003 0,201 0,702
0,704 0,253 0,531 8,003 0,198 0,714
0,754 0,252 0,535 8,503 0,197 0,720
0,804 0,250 0,538 8,998 0,195 0,725
0,854 0,249 0,542 10,000 0,193 0,735
0,904 0,247 0,545 11,000 0,192 0,745
0,954 0,246 0,548 12,000 0,190 0,753
1,004 0,244 0,551 13,000 0,188 0,761
1,104 0,242 0,557 14,000 0,187 0,768
1,204 0,240 0,562 15,000 0,186 0,775

IIpumeuanue: ¢, O3HAYACT yJIEJNbHOC CPEHECYTOYHOC BOJIOTIOTPe6IeHNEe, BBIUNCIECHHOE
—0,102

no dopmyae (4.16), GN = (N-10°) .

PaccmarpuBas puc. 4.24 u nannbie TabJ. 4.4, MOKHO TakKKe BbIJIEJTUTH TPU 30HBI HA KPUBOU
q=1(GN).

[Tpu 3ravenugx aprymenta 0,429 > GN > 0,186 nus uncaennoctn vHacerenns 0,004 <N <15 mun
YeJIOBEK TepBasi 30Ha olOpasyercss Ha oTpe3ke, ukcupyemMom 3HadeHmsiMu aprymenta 0,186 —
0,299, uto cooTBeTcTBYeT umncaeHHoctn Hacenenus 15—0,139 man uenosek (puc. 4.24).
3nech (GPyHKIMS MOHOTOHHO W HENPEPBIBHO YOBIBAET, PE3KO 3aMe/Jsisi CKOPOCTh MPW 3HAYEHUN
aprymenta 0,299 u npubamxkasch K YCJAOBHUSIM, OTPAXKAWIUM CTAaOUIM3ANNIO W PAIlOHAJb-
HOCTb OONIETO Y/IEeJbHOTO CPEIHECYTOYHOTO BOJOTOTPeOJeHus B TOpoJax B mpeaenax oT 779
no 479 n/cyt Ha yemoBeKa. IJTO SABJAETCS [TOKA3aTeJbCTBOM HeleaecooO0pa3HoOCT pocTa
KPYIHBIX TOPOJIOB, TOBOPUT B IMOJIb3Y Pa3BUTHS MAJbIX W CPEIHUX TOPOJIOB, HEOOXOAMMOCTH
KOHKPETU3aINu W KOMILJIEKCHOTO M3Y4YeHWs MPOOJEeMbl PAa3BUTHS KasKIOTO TOPOJia, MPOIECCOB
pacceyieHuss U T. [I.
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[IpenmytiecTBO B paioHaIbHOM O6IEM YEIbHOM CPETHECYTOYHOM BOAONOTPEOJIEHUN JIEMOH-
CTPUPYETCS BO BTOPOI 30He, Ha OTpe3Ke KpUBOil mpu 3HaveHussX aprymenta 0,299 —0,345 s yuc-
sennoctu Hacenaerus ot 0,139 no 0,034 murH yesioBeK. 37ech CKOPOCTh M3MEHEHUST (PYHKITNN MOKHO
MPaKTUYECKU TPUHSATDH HYJIEBOI, BeJIMUYNHA OOIIEro Y/IeJbHOTO CPETHECYTOUHOTO BOOTIOTPEOIEHUS
cocTaBJsieT 479 11,/ cyT Ha YesoBeKa. JTOT MOKa3aTeJ b HeOOXOAMMO YUYUTHIBATD NIPU MIPUHATUHU pe-
NIEHUH PaIMOHAIbHOTO BOJIOX03SCTBOBAHUS B TIOUCKOBOM JIeMOTpa4ecKOM TPOTHO3€ PA3BUTHUS
TOPOJIOB.

B tperbeii 30He Ha oTpe3ke KpuBOii, pukcupyemoii 3HaueHussMu aprymenta 0,345—0,429 nia
yucaenHoctn Haceraenus 0,034 >N > 0,004 muH yesioBek, GYHKIMS HAYNHAET PE3KO U3MEHSTh CKO-
POCTb U MOHOTOHHO yObIBaTh. PazMep MUHUMAJbHOTO OOIIETO Y/IEJbHOTO CPEIHECYTOYHOTO BOJIO-
noTpebJieHust cocTaBsgeT 335 J1,/CyT. Ha YeJOBeKa.

3ameruM, yto amnupuyeckas ¢popmyaa (4.16) Briaoyaer B cebs CpeHECYTOYHOE YelbHOe
BOJIONIOTpe6IeHNE B TOPO/IaX, MOTEPH W HePAIMOHAJIbHBIN PacX0/ BOJIbI, PACXO/ BOJbI HAa MOJIUB
3€JIEHbIX HaCaK/JEHWI, XO3SdWCTBEHHO-NMUTHEBbIE ¥ MPOMBINIJIEHHBIE HYKIbl, Ha COOCTBEHHbBIE
HY>K/IBI BOJOTIPOBOJHBIX XO3SHCTB ropo/ia, 3aTPaThl BOAbI HA THAPOITHEBMATHYECKYIO U TUPaB-
JINYECKYIO TTPOMBIBKY BOJIONIPOBO/IHBIX CeTell Topojia, caHUTapHyio 06pabGOTKY BOJIOIPOBOIHOM
CeTu, MPOMBIBKY TYNHKOBBIX ceTell, Ha HYK/bI MOKAPOTYIIEHNS.

3/ech yYUTBIBAIOTCA TPUPOIHO-KINMAaTHUUECKUE YCJIOBUS TOJIbKO moapaiiona II B, kauma-
tudeckoro paiiona Il mo CHull 2.01.01-82. IlsoTHOCTH HaceseHUs B UCCJENYEMbIX TOPOJaX
koJsebserca ot 2715 veua. /xm? jua Koderka ¢ uncaennoctbio Hacenenus 0,004 MJIH yeloBeK 0
16524 ven. /xkm? nas Bnagumupa, rje unciaeHHOCTh HaceseHus: coctapisier 0,3305 MJIH YesloBeK.
CremyeT OTMETHTD, YTO IJIOTHOCTH 3aCTPOEK B TOPO/aX, KaK IMMPaBUJI0, 3HAYNTEJbHO KOJe0IeTcs,
B 3aBHCUMOCTHM OT KOHIIENIINU pacceeHus, MPOEKTOB J[eTaJbHOW TJAaHWUPOBKU KHUJIbIX W TMPO-
M3BOJICTBEHHBIX KOMIIJIEKCOB W OOIIECTBEHHBIX I[€HTPOB, TPUHATBHIX B eHEpPaJbHBIX IJIaHaX
roposioB 6biBiiero CCCP, koTtopble pazpabaTbIiBaanuch Ha ABAAIATUIETHUN Tepuof. Takum o6-
pPa3oM, YCTaHOBJIEHO, UTO /IJISI TOPOJIOB C YKMCJAeHHOCThbIO HaceseHus ot 0,139 no 15 MJaH yesroBek
CKOPOCTH POCTa OOIIETO Y/IeJIHbHOTO CPEIHECYTOUYHOTO BOAOTIOTPe6IeHNS 3HAUUTETbHO BBIIIE, YeM
B ropoaax, rae kuBetT ot 0,004 no 0,034 muH desoBek. B ropojgax ¢ 4nMc/JeHHOCTHIO HaceJeHUs
0,034—0,139 MaH YesOBEK pocT OOGIIETO YAEJbHOTO CPEeIHECYTOUYHOTO BOJONOTPEOIEHNS TTPAKTH-
YeCcKU CTaOUIM3UPYyeTCs.

Kpusas, nocrpoennas 1o ¢popmyse (4.16) u usobpaxkennas Ha puc. 4.24, IPOXOAUT yepes
TOUYKH (PaKTUIECKOTO yAeJTbHOTO CPEeIHECYTOYHOTO BOAOMOTPeOIeHU B TOPOIaX, MPUHATHIX B Ka-
yecTBe 6a30BBbIX. B HUX OTCyTCTBYeT aedUIUT BOALI W IMPUHSATHI €HCTBEHHbIE MEPBI /IS BOJO-
cOepekeHus.

K 2010 r. yncaennoctsp Hacemenus kaxkjaoro u3 moutu 60 ropogoB CHI', pacmosoxeHHBIX
B Pa3JIMYHBIX MPUPOIHO-KIUMATHUECKUX 30HaX, 6yaer coctaBadarh 0,139 mun yemoBek. OHM BOWIYT
yiKe B TIepBYIO 30HY pacipejie/ieHnus pocTa 00IIero y/1eJbHOTO CPeTHECYTOYHOTO BOIOTOTPEOIEHUS
(puc. 4.24). 910 npuBegeT K HEOOXOAUMOCTH IIPUBJICYEHNUS JOMOJHUTENbHBIX BOAHBIX PECYPCOB,
npuHATHSA 60Jiee KECTKUX Mep IO BOA0oCOEepeKeHUI0 [IJIs HOPMaJbHOTO BOj006ecTiedeHus TOpo-
noB. Ecin yuecTb K TOMY ’Ke TEH/IEHITNIO M3MeHeHUsT (DAaKTUUECKOTO Y/1eTbHOTO CPeHECYTOUHOTO
BOJONIOTPEONEHUS B 3aBUCUMOCTH OT o0mieil »)uaoil maomazan ropoxa (puc. 4.25, ypaBHeHHe
(4.17)), TO pKU BO3MOKHOM IIOBBIIIEHUH KOMMOPTHOCTH KUJbsS BCJIEJACTBHE YBEJIUUYEHHS €ro
o6meit xusoit nmuomaau g0 20 M? Ha OJIHOrO YesioBeKa IMPoOJeMbl BOJ0OGeCIIeUeHUsT TOPOIOB
BO3pACTYT elie OOJbIIe.

PaccMoTpuM 3aBHCHMOCTD Y/I€JIBHOTO CPETHECYTOUHOTO BOIOTIOTPEGIEHNS OT TIIONIAN JKUJION

L

3aCTPOIKM TOPO/1a, OTHECEHHON K TIJIONA/IA BCEii €ro 3aCTPOMKH, T. €. OT OTHOIIIEHUS . JTa 3aBUCH-

2

FN\ 0,102
1 /0,698
F, )

MOCTb XOPOIIIO allPOKCUMUPYETCST TOJUHOMHUAIBHON (DYHKITMEH OT BEJTMUUHBI FF = k
0,102

(0,698 — 3HauyeHMe BEJIUUYUHDI | —L s 6azoBoro KoveTtka):
2

g =2,0194—-10,091FF +13,832FF* - 5,334FF°. (4.18)
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JlanHas 3aBUCUMOCTD Xapakrepusyercs koadpdunuentom koppeasaiuu R = 0,30 (puc. 4.26).
B panbHeiineM 1moj Bogonorpe6ieHueM, BbiuucisgeMbiM 1o gopmyse (4.18), Gyaem moHumarh
BeJTMUYNHY, 0603HaueHHYI0 QFN.

g m>/cyr /aen.
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Puc. 4.26. KoppessuuonHnas 3aBUCUMOCTDb Y/€JBbHOTO CPEJAHECYTOYHOTO BOJAOTNOTPEOJICHUS
OT IJIONIA/IN KUJION 3aCTPONKU TOpPo/ia, OTHECEHHON K TJIONAAU NATHA 3aCTPONKHI

Kaxxapiii Toposi 3aHMMaeT CBOoe MCTOPUYECKU CJOXKUBIIEECS MeCTO B MHAYCTPHUHU, 3KOHO-
Muke. B mocieBoeHHbIN Tepuoj 06K MHOTHX M3 HUX 3HAYUTEJTbHO W3MeHUJICS Ojarogaps
nX OOGHOBJIEHUIO M BBICOKMM TeMIIaM T'Pa’kJAaHCKOTO M MPOMBINIJIEHHOTO cTpouteabcTBa. [laoT-
HOCTb HACeJEeHUs yBeJNUYNIach B PA3JUUYHON CTENeHN M3-3a HEOJHOPOJHOCTH TEHEHIINN POCTA
YUCJEHHOCTH, COIMAJIbHO-3KOHOMUYECKOTO Pa3BUTHUS, JUHAMUKHN CTPOUTETbCTBA KOMMOPTHOTO
JKUJIbS.

Bce aTo BamsgeT Ha mporecchl pocTa yAeJbHOTO CPEIHEeCYTOYHOTO BOJOTOTPEOIEHUs, 4TO
HArJSHO BUIAHO Ha puc. 4.27, rie u306pakeHbl Pe3yJbTaTbl MCCJIEIOBAHUI KOPPEJSIIUOHHOIM

N -10°
F

N -10°
}. O6osnaunm NF = ——— . JI19 OIleHKU W3MEHEHUS Y/eJbHOTO
k,
CPeHECYTOYHOTO BOONMOTPebIeHns ObLTN BbIOPAHbI FOPO/Ia, PACIIONOKEHHbIE BO BTOPOM KJIMMa-
tndeckoM paiione 6biBiiero CCCP.

3asucumoctb (koapdunuent Koppeasuuun R = 0,32) onucbiBaercs ypaBHeHHEM

3aBUCHMOCTU ( = f[

q =0,364+0,0892 In NF (4.19)

1 IMOKa3bIBa€T, YTO C YBECJIUNYCHUEM IIJIOTHOCTHU HaCE€JIEHUA B Iropo/l€ pacCTET BOHOHOTpeé.HEHI/Ie.
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Puc. 4.27. KoppeJsgionHas 3aBUCUMOCTD Y/I€JIbHOTO CPEIHECYTOYHOTO
BOIOTIOTPEOIEHUST OT TIJIOTHOCTH HACEJTEHUS

4.9. 3BABUCNUMOCTD YAEJBHOTIO CPEAHECYTOYHOTO
BOAOIIOTPEBJIEHUA OT TEOTPAO®HUYECKOTIO
PACIIOJIOKEHHA TOPOAOB

Pacrnonioskenne Topo/1oB Ha pa3aMYHbBIX reorpaduuecKux MUPOTaX SBJISETCS OJHUM U3 (PaxkTo-
POB, OTIpe/IeNIA0NNX pazHooOpasne TeX KJIANMATUYeCKUX SABJEHUI, KOTOpbIe BIAUSAIOT HA N3MEHEHHe
yAeTbHOTO BojonoTpebaeHus. Bceobbemutioniasd eauHas KJjaccudUKaIug TOPOJOB IS OIIEHKH
BoJIONOTpe6IeHNs, UCXO/s1 U3 GOJIBIIOrO Kpyra UX NMPU3HAKOB, BecbMa cJjokHa. ['eorpaduueckoe
MOJIOXKEeHNEe — YCJIOBUE, HO He MPUYMHA /IJI PA3BUTHS TOPO/IOB, YPOBEHb KOTOPOTO MEHSETCS C Teue-
HueM BpeMenu. M B To e BpeMs IPOCTPaHCTBEHHO-TeorpaduiecKkoe moaoxenne ropoos (mmpora
U JI0JITOTa) ¢ XapaKTePHBIMU 0COOEHHOCTSIMU NPUPO/bl U KJIMMATa BJUSET Ha BOAOIOTpeleHue.

VccnepoBanue BausiHus reorpaduyaeckoro nouoxenns ropojgos (ta6a. B.1 npuaoxkenus B)
Ha yJeJbHOe Cpe/iHecyTouHOe Bojonorpebaenne B ropoaax ObiBiiero CCCP mo3Bosmiao mocTpo-
UTh MOJE/IM MapHBIX 3aBUCUMOCTEll 9TOi Beamunnbl oT mwuporbl SH u goarorer DO (puc. 4.28,
4.29), xoropbie onucbiBaioTes ypasaenusamu (4.20), (4.21).

B nepBoM cayyae KoppessiuonHas 3aBucuMoctb ¢ = f(SH), npu 3Havennu Koadpduinenrta
koppensainuun R = —0,66, numMeer BU

q=1,779+0,523-10°SH - 0,124 -10°SH* + 0,1457 - 10" SH?, (4.20)

rne SH — reorpadudeckas mupoTa MeCTOPACTIOJOKEHUS ropoja B rpaaycax. B manabrelinem
3Ty Bean4ynHy o6o3HaunM QSH.

Bo BropoMm caydae Koppeasimontas 3apucumMoctb ¢ = f(DO) npu 3Hauennn koadpdunnenrta
koppensimu R = 0,46 umeer BUI:

g = 0,146 + 0,0205D0 - 0,259-10°DO* + 8,913-10 " DO’ (4.21)

raie DO — reorpadudeckas [0JroTa MECTOPACIOJOKEHUS TOPo/ia B Tpajycax. YKa3aHHYIO Be-
anannHy g o6o3HaunM QDO.

YyacTok Kpuoii, orpanndyennoii 36° < SH < 55° c.ur., 6yzeM cuutath 1mepBoil 30HOI. 3/eCh
MPONCXO/INT MOHOTOHHOE M HeNpepbIBHOE yObIBaHue (yHKIUU. [Ipn 3TOM JTOKAJbHBIII MUHUMYM
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(GyHKIMM WMeeT MecTO OKOJIO 55° C.1I. IJTOW MIMPOTE COOTBETCTBYET MUHMMAJbHOE Yy/eJbHOEe
cpeaHecyTouHoe Bojornorpebienne Ha Tepputopun 6biBiiero CCCP.
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Puc. 4.28. KoppeJsionHas 3aBUCUMOCTD Y/I€JbHOTO CPEJHECYTOUHOTO
BOZONOTPeOICHUST OT reorpaduiecKoil NIUPOTh
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Puc. 4.29. Koppensainmnonnas 3aBUCUMOCTb Y/I€JbHOTO CPEIHECYTOUHOTO
BOZONIOTPEOIeHNST OT reorpaduuecKoil J0JTOTbI

Bo Bropoii 30He (55°<SH <62° c.u1.) GpyHKIMA q, HAIIPOTUB, MOHOTOHHO Bo3pacraer. Takum
0o0pa3oM, B MEPBOIi 30HE C YMEHbIIEHNeM BeJTMUNHBI ITUPOTHI U TPUOIKEHIEM K CyOTPOITNYECKOMY
NOSICY YBEJNYMBAETCS BOJloNOTpebieHne, BO BTOPOI 30He TIPY 3HAYEHUSIX MUPOTHI 6oJiee 55° C.1iI.
1 TpUOJIMKEHNN K cyOapKTUYECKOMY I0sICYy BOjonoTpe6yeHne TakKe pacTeT. JTO 00bsSCHIETCS
yBeJUYEHNEM KOJMYECTBA [HEIl OTONMUTETbHOTO Ce30Ha, 4TO TpeGyeT JOMOJHUTETbHOTO Pacxo/a
Bojbl. IlpuBenennass na puc. 4.28 3aBUCHUMOCTb TaK’Ke CBU/ETEJIbCTBYET O BJUSHWH J[OJTOTBI
Ha y/leJbHOE CpPeJHECYTOYHOEe BOAONOTpebIeHne B TOPO/Iax.
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4.10. HOCTPOEHUE MHOTOKPUTEPUAJBbHO
3ABUCUMOCTHU YAEJBHOI'O CPEAHECYTOYHOTI'O
BOAOIIOTPEBJIEHNA OT TEMIIEPATYPbI
N APYTUX ITAPAMETPOB

JLJist TIOCTPOEHUsT MHOTOKPUTEPHAJIBHON MOJIEJIH, T.€. MOJEJIH, OJHOBPEMEHHO YUUThIBAOIIELT
MHO’KECTBO PACCMOTPEHHDIX BBIIIE IPUPOAHO-KJIMMATHYECKHUX, TPAJOCTPOUTEIbHBIX U APYTUX (ax-
TOPOB, GbLJ IIPUMEHEH METO/[ PEIrPECCHOHHOTO aHaan3a. VICXOHBIMU JJAHHBIMU LIS €€ TIOCTPOEHUS
HOCJIY KHMJIM Pe3yJIbTaThl IIPUBEJECHHBIX B JaHHOM ryiaBe uccaepoBanuii. [Ipu mocTpoeHun MHOKe-
CTBEHHOII PErpecCMOHHON MO/IE/H J1Jist GOJIBITMHCTBA U3 UCCIEAYEMbIX (DAKTOPOB MCIIOIb30BAHChH
HeJMHelHble peo6pa3oBaHusl, BU KOTOPHIX 3a/aBaJiCsl IIPUBEJAECHHBIMU PaHee YPaBHEHUSIMU.

JLJist IpeiBapUTENbHON OLEHKU TPUOPUTETHOCTH BJAUSAHUS KayK/0r0 U3 (PaKTOPOB Ha OTKJIHMK
Obljia paccunTana MaTpuia KoadgduunueHtos napHoil Koppessiuu (taba. 4.5). AHaau3 MaTPUILbI
MO3BOJIMJI C/leJIaTh BBIBOJ O CYIIECTBEHHOM BJIMSIHUM Ha 3aBUCUMYIO TI€PEMEHHYIO CJIE/YIOIIX
napamerpos: @, (R =71); T (R = 66); SH (R = —66); S, (R = 62), rie R — koadpdunuent
KOppeJIsiiiu, yMHOKeHHbIH Ha 100. MaTtpuila mokasaja TakKe HaJudKe TeCHOI KOPPEeJIAIMOHHOI
cBasu Mexy dakropamu: Tu ® (R=90); Su® (R=73); ©u 0, (R=93); Eu0© (R =77)
U T. . IT0 06CTOATEIHCTBO 00YCIOBIMBAET HEOOXOAUMOCTD y4yeTa SIBJEHUN MYJIbTUKOJJINHEAP-
HOCTH TIPY TIOCTPOEHWHM MHOXKECTBEHHOI perpeccuonHoit mogesu [129, 286].

3ajaya MOCTPOEHUs TIOCJeAHell pelagach MeTOAOM InaroBoii perpeccun [129]. Ilpu-
MEHSIJICA OJMH M3 BAPMAHTOB JaHHOTO METOJa — aJITOPUTM II0CJIE[0BATENbHOTO BKJIOYEHUS
HepeMeHHbIX.

Ta6auma 4.5
Marpuna k03¢ punueHToB NapHOil JTHHEHHONH KOPPESIHA MEXKAY YIAeTbHBIM
Cpe/IHECYTOYHBIM BOZONOTPEGIEHHEM TOPO/IOB U PAa3JIHYHBIMU NPUPOTHO-KINMATHYECKUMH,
rpafioCTPOUTENbHBIMU U APYTHUMH (PaKTOpaMu

g -85 100

g 69 -61 100

FI -45 58 -48 100

FN -13 26 29 8 100

H 37 -37 41 -31 1 100

S 73 -86 56 -73 -25 38 100

DO 52 26 46 -29 7 25 26 100

43 35 53 -22 -38 -21 100

77 -66 42 0 -20 -11 41 27 -7 100

-49 40 -45 -1 -11 -17 -24 -14 -14 -51 100

15 8 86 -6 -27 4 48 -23 -4 100

29 27 10 6 41 -1 -23 0 33 -32 -7 30 100

93 -67 57 -19 -10 21 50 48 -10 81 -50 -16 -30 100

71 -75 -10 51 83 56 -35 43 -32 -15 -15 54 100

-19 17 81 48 -31 74 -38 -24 26 75 86 100

-24 39 84 28 -38 61 -29 -29 -31 65 83 88 100

21 -10 -67 -35 21 -86 49 27 34 -86 -69 -92 -81 100

E, 87 -63 47 -17 -17 -1 48 41 -10 90 -51 -23 -32 92 52 81 63 -92 100

E, 24 -34 12 26 -19-33 6 -7 1 73 22 -17 -17 27 6 33 27 -41 41 100

S, 61 -89 47 -63 -26 39 85 1 -34 38 -24 25 -28 39 67 67 85 -56 31 18 100

S, 74 69 62 -69 -11 36 79 57 -28 42 -29 -19 -11 55 89 82 72 -69 58 -2 53 100

W 17 -16 -45 -49 20 13 34 25 -1 -9 10 -1 18 2 41 30 29 -18 6 -21 13 46 100

QT 88 -85 71 -55-20 20 76 44 -31 77 -43 -26 25 75 82 96 86 -91 81 37 63 80 27 100

E, 86 -64 48 -38 -15 12 60 34 -14 72 -49 -21 -29 86 61 81 69 -91 92 13 41 69 17 81 100

FF 3 8 30 11 47 10 9 12 28 1 8 1523 6 1 2 0 -3 5 -5-14 8 53 5 2 100
® g g FIFN H S DOF, E A F, O © © T SHDME, E, S, S, W QT E, F
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HpI/I OII€HKE KaveCTBa 1OJIy4aeMbIX Mojiesei 0611161"0 YAEJbHOTO CPEAHECYTOUYHOTI'O (33 FOIL)
BOIIOHOTpeé.IIeHI/IH HCIT0JIb30BaJIOCh HECKOJIbKO KPUTEPUEB!

KOS(l)(l)I/IHI/IEHT MHOKECTBEHHON KOppeJsAnnun N1 €ro 3Ha4uMOCTb;

OTKJIOHEHUE JINMHUU PDETPECCUUN OT 6330BI)IX FOpOJIOB;

3HAYUMOCTb OII€EHOK ITapaME€TPOB PpETrpeCCUN.

C yueToM 3TUX KpuUTepueB ObLJIO TOJYUYEHO ypaBHEHMUE:

g = — 134,9904 + 0,0055- K.+0,9609- ONF + 1.3289- QT + 0,5847-10*- H —

— 2,0573-E_ + 0,54496- QW — 0,4601-102- A — 0,01741-S_ + 0,01506 - F, —

~0,03019-E, — 0,1278-102- DM + 0,522-102- F1 — 0,5523- QFN +

+0,5577-10- O + 0,9031- QSH + 13,6115+ g + 0,03847-E, + 0,1184-102-S, (4.23)
rae ¢ — y/JAeJIbHOE CPEAHECYTOYHOE BOJIOHOTpeéﬂeHl/Ie B ropoze, € y4€ToM HeEpaluOHaJIbHbIX TIOTEPb

BO/IbI, yTeuek B cucreme IIPB u pacxosoB Bozbl Ha cOOGCTBEHHbBIE HYK/IbI TOPOJCKUX BOJIOITPOBO/IOB;
©, — cpeanemecsyHas TeMmIepatypa Bosjyxa B ropoje 3a uionb (mkana Keabsumna);

ONF = 0,3602 - 0,753 (P, + P,) + 1,431 (P, + P,)* — 0,455 (P, + P,)’ —
- 0,155 (P, + P)" +0,0383 (P, + P,)’ + 0,0297 (P, + P,)° (4.24)

(smecn P, u P, onpenensiorest Boipaxkennsimu (4.16) u (4.17) coorBercTBeHHO);

2 3
QT=1,203—2,53(L)+2,624(Lj —0,755( T j
3165 3165

3165 (4.25)

(3mecp T — cyMMa cpeiHECYTOYHBIX TeMIIEpaTyp Bosayxa B ropozaax sbiie 0 °C; 3165 — cym-
Ma CpeaHecyTOuHO TemiepaTypbl Bosayxa Boiue 0 °C B Kouerke, 0 °C);
H — reojesnyeckasi BbICOTa PaCIOJIOKEHUS ropojia HaJl yPOBHEM MOpS, M;

2 4 6
E E E
E; =0,471+1,284 : -1,294 : - 0,398 1 ,
! (E j [E ] [E7_E1] (426

7 1

7 1
(3mecw E,, E, — Moy ynpyroctu BOJSHOTO Ilapa 3a SHBapb U UIOJIb COOTBETCTBEHHO);

OW — (yHKIUSA OT OTHOIIEHUS %FFZ, onpe/esoniasics Boipaxkernem (4.13),
1

(3meco HM — cpeaHee B rojly KOJHMYECTBO OCaJKOB C MONPaBKaMU K IMOKa3aHUIM
ocaJlKkoMepa, MM;

F, — nnomaap 3acTpoiiku ropojga IO JaHHBIM AeIUPPOBKU KOCMUYECKOMH
CbEMKU, KM?,

N — YUCJEHHOCTb HaceJeHus ToOpoja, MJH YeJ.;

F, o6uas >Kuaas MI0MaAb Ha OJHOTO KUTEId ropoja, M2);

A — cpejnee B rofy aibGeso TOpoaa, Y%
S, — CyMMbI pajualuu B rOpojie 3a UI0Jb, KKas,/ cM?%;
FI — orHocutenbHas BJIAXKHOCTb BO3/IyXa B TOPOJIE, %;

E N
OFN — (yHKIUSA OT OTHOIIEHUS 1F , onpejensomasncsa spipaxenueMm (4.18);
2

O — opeoJt aHTPOIIOTEHHOTO 3arpsI3HEHUs Topojia, KM

QSH — mnommHoMuaJsibHast (PyHKIUS reorpaduyeckoil NIUPOTHI, ONPeeadonaicd BbI-
paxxenuem (4.20);

g — YyCKopeHue CBOOOJHOTO MaJleHud /JIsl Kask/10ro ropoja, M/ cex?;

S — rozoBag cyMMa COJTHEYHOW pajualnui B TOpojie, KKaJa,/ cM?.

[ToryuenHOE perpeccMoHHOE ypaBHEHHE XapaKTepU3yeTcsl BBICOKUM K03 UIIMEHTOM MHOXKe-
ctBeHHON Koppesdin R = 0,919, uro nmoaTBep K/1aeT NpaBUIbHOCTb BBIOPAHHOTO TIOX0/a K OIleHKE
BJINSHUS TTPUPOHO-KIMMATHUYECKIX YCJOBUI 1 Apyrux (HakTopoB Ha olIiee y/eJbHOE CpejiHe-
cyTouHoe BojonorpebieHue B ropojaax ObiBiiero CCCP.
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PesysbTarhl comocraBieHns (GaKTUUECKUX 3HAYEHUil Y/eJbHOrO CPEJIHECYTOYHOrO BOJIO-
NOTPEOJIEHNUS ¢, N PACUETHBIX 3HAYCHUIT ¢, NI0Jy4eHHDIX COJIACHO YPABHEHMIO MHOKECTBEHHOI
perpeccun (4.23), Buaner us puc. 4.30.

JIJI1 OIlEHKU TOYHOCTH PErpecCMOHHON Mojiesin GbLl TIOCTPOEH JOBEPUTEIbHBIN WHTEpBaJ
[POrHO3HBIX OIEHOK BEJMYMHBI Y/EJbHOIO CPEAHECYTOUHOTO BOAOMOTPEOIEHNs, pacueT IPaHMIl
kortoporo (g . ¥ ¢, ) BBINOJHAJCS 110 GopMyIam

qmax = qp + Kps ) qn]in = qp - Kps b (4'27)

rae K, — [I0BEpUTEIbHBIH MHOKUTEDb, BEJIMYHHA KOTOPOTO 3aBICUT OT IPHHSATOI JOBEPHUTEID-
HOI BeposiTHOCTH (KBAHTHUJIb HOPMAJbHOTO paciipejesaenus). st 10OBePUTEIbHOIT BEPOSATHOCTH
95 % K, =1,96;

G — cTaHgapTHoe OTKJOHeHue (cpejHEeKBajpaTUYHOE OTKJOHEHWE), BBIYUCJASIEMOE
o dpopmy.ie

(4.28)

rae n — YHUCJO ropoJgoB;

Aq; — a0coJI0THOEe OTKJIOHEeHUe ¢, oT Gy :

Ag; = q, —q,, (4.29)
(3mecp 1 — HOMED TOpOAA).
Jlnsa ypo6eTBa MOCTPOEHNs CHavaa ObLIH OTIPe/eNeHbl JOBEPUTENbHbIE IPAHMIIBI /IS MUHM-
MasibHOro ¢, ua rpaduke (puc. 4.30). U3 dopmyn (4.27) naiigensr:

nax =4, + K5 = 0,3+1,96-0,033 = 0,365;
qmin = qP - Kps = 0,3 - 1,96 . 0,033 = 0,235

q,, M/cyr/aen.
121 R=0,919

1.0t
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041
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Puc. 4.30. Perpeccnonnas 3aBucuMocTb (aKTHIECKOTO U PACUYETHOTO
VAeJbHOTO CPeHECYTOYHOTO BOAOIOTPEOIEHUST TPOMBIIITIEHHBIX I[EHTPOB



152 YcTOMYMBOCTb BOOOCHAOXEHMUS

Yepes oTH TOYKHU MPOBEJAEHBI PAMbIE MapasienbHo JuHun perpeccun (puc. 4.30). Takum
06pa3oM TOJIyYeHbI JOBEPUTETbHbIE BEPXHAS W HUKHSS T'PAHUIIBI JOBEPUTEJTHHOTO MHTEpBAJIA.
Ha rpadure (puc. 4.30) oGosnaueHa o6sacTh, 3aKJIOUEHHAA MEXKAY HOCTPOEHHBIMU JOBEpPHU-
TEJIHHBIMU T'PAHUIIAME, KOTOPas MPEACTaBsieT co00i 95 %-HbII JOBEPUTEJNbHbIIT WHTEPBAJ IS
3HAYEHUI BEJUYUHBI YAETbHOTO CPETHECYTOUHOTO BOJOMOTPEOTEHUS Ha YeJT0oBeKa. JTO MO3BOJISET
YTBEPIK/IATh, YTO 3HAYEHUS ( [T KaK/JOTO TOPOJa ¢ BEPOSTHOCTBIO 95 % COOTBETCTBYIOT 3TOMY
MHTEPBAJIY, a He3HAUWTEJbHAs MUPUHA IOBEPUTEJIBHOTO WHTEPBAJa CBU/IETETHCTBYET O BO3MOXK-
HOCTHU TIPAKTUYECKOTO WCIOJb30BaHUS TIpe/IaraeMoil Mo/lesTn g TPOTHO3a BOAOMOTPeOIeHMS
TOPO/IOB C YYETOM TTPUPOAHO-KJIMMATUYECKUX YCJIOBUI.

Heo6X0auM0 OTMETHTH, 4TO, HCIOJAb3ys ypaBHenue (4.23), MOMKHO He TOJBKO OIEHWUTDH
nedunut Bogabl (Ha puc. 4.30 — 30Ha HMIKE JUHUM HUMKHETO JOBEPUTEIHHOTO MHTEPBaJa) MK
palnroHaJIbHOE NCII0JIb30BAHNUE €€ B TOPO/IaX, HO M OXapaKTepPU30BaTh KU3HEIeITETbHOCTD TOPO/Ia,
€ro WH/YCTPUATbHO-TIPOMBIIIJIEHHOE COCTOSIHWE, KYJbTYPy BOJONOTPEOJIEHUS, OIEHUTH CIIEIu-
aJbHOE Ha3HaueHWe HaceJeHHOro NmyHkTa (MOPCKOii IOPT, MOTEHIMA MPUCYTCTBUS BOEHHOTO
KOHTUHTEHTA U T. I.).

Ocob6oe 3HaUeHME MO/IeJIb ITPUOGPETAET B YCJIOBUAX Havasa r’ao06aabHOTO U3MEHEHNS KJIuMaTa
na 3emuie B XXI Beke [334, 337—-340, 347—-350, 353], Tak Kak Ha ee OCHOBE MOJKHO OIIEHUTH
pasIMYHble BADUAHTBI U3MEHEHUs O0IIeTo y/IeJIbHOTO CPeIHECYTOUHOTO BOIOMOTPeOIeHNS Ha Ye-
JIOBEKA B TOPOJIax.

BrusHue n3aMeHeHns KIMMaTUYECKUX YCJIOBUH Ha o0Iiee CpeIHeCYTOYHOe BOIONOTpebIeHe
HCCJIeI0BAIOCh Ha TpuMepe XapbKoBa M B3ATOro B KadecTBe 6azoBoro Kouerka (moceska ro-
poJickoro THia B XapbKOBCKOiT 06j1acT), KOTOPbI, pacrnosarasch B 40 kM o1 XapbKoBa, MMeeT
paBHbIE C HUM TPUPOJHO-KJINMATHYECKNE YCJIOBUA, HO B 389 pa3 MeHbIe 1O YNCJIEHHOCTH Ha-
cesienusi. Jnsg sroro B popmyny (4.23) BBOAWIM Takue KJIMMaTHYeCKHe mapaMeTrpbl XapbKoBa
n KoueTrka, Kak cosHe4Has pajualusi, OTHOCUTEJbHAs BJIAKHOCTb, CPe/lHee 3a IO/l KOJINYeCTBO
OCaJIKOB C TIOMPaBKaMM 110 MTOKa3aHWSIM OCaJIKOMepa, TepMOJANHAMUUYECKas TeMIiepaTypa, aab6e/o,
YIPYTOCTh BOJSTHOTO Tapa, CyMMa CPeIHECYTOYHBIX TeMIepaTyp Bo3ayxa B ropoje Bbime 0 °C,
MIPOJIOJIKUTENBHOCTD TIepuojia co cpenHecyTouHon temmeparypoir Huke 0 °C. OTmerum, 4TO
K0a(ppuImeHTs Koppeasiun R 1o BceM BBIIETIEPEeYNCAEHHBIM KJINMATUHYECKUM TTapaMeTpaM Co-
crassaior Beanunny ot 0,31 10 0,69. [las ucnosib3yemMoro B Mojean Koandectsa ropojgos (126)
B COOTBETCTBUM € TabjMilell KPUTHYECKUX 3HaueHWil Koaddunuentos koppeasuun (tabi. 4.6)
MOZKHO YTBEPIKIATh C BEPOSITHOCTBIO 99 %, UTO MPUBEIEHHbBIE TApaMETPhI OKa3bIBAIOT 3HAUUTEIBHOE
BJIUSHUE Ha o6lee yeJbHOe CPeHECYTOUHOE BOIONOTpebIeHre Ha YyesoBeka B ropogax. O Tom,
KaK MOJKeT U3MEHUTHCS yAeTbHOE CPeTHECYTOUHOE BOIONOTPeOIeHEe TIPU Pa3JINYHbIX BapraHTaX
N3MEHEHUS KJIuMara, MOXKHO CY/IUTh IO JaHHBIM TabJ. 4.7.

Ta6auma 4.6
Kpurnueckue 3nauenusi koapdunuenra koppeasuun [43]
YpoBHu YpoBHu YpoBHu
Yucno crene- 3HAYMMOCTU o Hucno 5 3HAYMMOCTU o Hucno 5 3HAYUMOCTU o
% CBOGODI cTeneHei creneHen
HEn CBo 5% 1% cBOOOAbI 5% 1% cBOOOAbI 5% 1%
1 2 3 4 5 6 7 8 9
1 1,00 1,00 30 0,35 0,45 120 0,18 0,23
2 0,95 099 35 0,32 0,42 150 0,16 0,21
3 0,88 0,96 40 0,30 0,39 200 0,14 0,18
4 0,81 0,92 50 0,27 0,35 300 0,11 0,15
5 0,75 0,87 60 0,25 0,33 400 0,10 0,13
10 0,58 0,71 70 0,23 0,30 500 0,09 0,11
15 0,48 0,61 80 0,22 0,28 700 0,07 0,10
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1 2 3 4 5 6 7 8 9
20 0,42 0,53 90 0,21 0,26 900 0,06 0,09
1000
25 0,38 0,49 100 0,19 0,25 <0,06 | <0,09
1 6onbLLe

N3 tabn. 4.7 BUIHO, YTO pacyeTHOEe yjeabHOe BojonoTpebsenune XapbKoBa B HMPUPOJIHO-
KJIMMaTHYeCKUX ycjioBusx Taimrkenta Bo3pacraer Ha 44 %, a B IPUPOIHO-KIMMATUIECKUX YCJIO-
Busax SkyTcka cumkaercs Ha 14 %.

Ta6buna 4.7
Oo0uiee ynebHOe cpeaHecyTouHoe BogonoTpedaenne Xapokosa u Kouerka
B KJUMaTHYecKHuX ycjoBusix Tamkenrta u Skyrcka, m®/cyr/4ed.

B ycnosusax TalukeHTa B ycnosusx fAkytcka
o ®dakTnyeckoe PacueTHoe
HaceneHHbii
i Boponotpe6GnieHne, | BoAonoTpeGreHme, YBenuueHne YMeHbLueHne
9y 9, g, BoonoTpebnexns, Aq % BogonoTpebnexuns, Aq
XapbkoB 0,560 0,581 0,838 +0,257 0,500 -0,081
KouveTok 0,341 0,334 0,572 +0,238 0,207 -0,127

Heocriopumo, 4to mnpu umHTeHCcHUKAIUU BOJAOCHAGKEHUS TOPOJOB CJIe/yeT YYUTHIBATDH
CTeleHb BJUSHUS TJI06ATbHOTO M3MEHEHUs KJMMaTa Ha BojoobecriedeHne, OHa JIOJIKHA MPOBO-
quThbcs Ha 6ase CTPATernyecKoro IJaHa, OCHOBAHHOTO Ha aHajm3e PaboOTbhl 3JIEMEHTOB CHUCTEM
BOJIOCHAGKEHMST TOpPOJIa, HAa KPUTHYECKOI OIleHKe CYIIeCTBYIOIIEH CUTyaluum U paboThl TIPex/e
BCETo CHCTEeM paclpe/lesieHsl U TPAHCIOPTUPOBKU BO/IbI, IJle UMEIOTCS 3HAUUTeJbHbIE TI0 CBOEMY
yAeJTbHOMY BeCy TOTepU BO/AbI. JTU Npo6JeMbl MpHoOpeTalnT ocoboe 3HAYeHUe JJs1 Y KpauHbl,
nMeroleil orpaHMYeHHble 3a1achl BOJHBIX PECypPCOB.

BbIBO/1bl

1. AHasn3 oTeuecTBEHHBIX M 3apyOesKHBIX PaboT, CHCTeMATH3allis M KPUTHYEeCKas OIeHKA
COBPEMEHHOTO COCTOSTHUSI BOAONOTPe6IeHNsT B HACEJEHHbIX MyHKTaX YKpaunbl u ctpanax CHT
MIOKa3aJn, 4TO y/IeJbHOe CPeIHECYTOUHOEe BOJONOTpelIeHNe HaceJeHHBIX MyHKTOB 3aBUCUT OT I[€JI0-
ro psajaa ¢$akTopoB, K KOTOPbIM OTHOCATCS: CPeJHeCyTOuHas TeMIlepaTypa BO3/lyXa, YIPYrocTb
BO/ISIHOTO I1apa, OTHOCUTEJbHAS BJIAXKHOCTb, CPE/IHEro/loBoe KOJHMYECTBO OCAJKOB, CyMMapHas
COJIHEUHasl pajualius. cpejHerojioBoe anableso, reojeandyeckas BbICOTA HACEJEHHDBIX IIYHKTOB,
reorpaduyeckas MUPoOTa U JOJTOTA, YUCJAEHHOCTb HACeJeHUs, KUas MJI0Ia/lb, IPUXOANIAACS
Ha OJHOTI'O JXuTeJad, IJaollalb SaCTpOﬁKH HaCeJIEHHOTI'O IMYHKTa, IJIOIa/lb OPEOJIOB 3arpsA3HEHUA
ropozoB, CyMMbI IHOJIOKUTEJbHbBIX CPEAHECYTOYHDBIX TEMIIEPATYP, IIPOJAOJLKUTECJIbHOCTD IIEPUO/La
C OTPULATEIbHON CPEeJHEeCYTOYHOU TeMIepaTypoil.

2. Buimnsgnue mepevyuncaeHHBIX (PaKTOPOB Ha y/eJbHOE CPEJIHEeCYTOYHOEe BOJONOTpelscHIe
ropoZ0B MOXET UMETb PA3JUYHYIO HallpaBJE€HHOCTbD. HaHpMMep, C yBeJ/JMUYEHUEM FO[[OBOI'/JI n me-
CSYHOH CYMMbBI COJIHEUHOH pajualuu B TOPOJaxX y/esJbHOE CPeHEeCyTOYHOEe BOJONOTpelseHIe
pacreT, U, HAlIPOTUB, C MOBBIIIEHUEM CPE/HEr0/J0BOTO aable/10, a TaKKe ¢ POCTOM OTHOCUTEJIbHOI
BJIQXKHOCTH y/JleJIbHOe Cpe/lHecyTouHoe BojonoTpeb/enne yMmenbinaercda. Ha Benmnuuny Bojoro-
TpebJIeHNs CYIeCTBEHHOE BJIUSHIE OKA3bIBAET TEMIIEPATYPHBIN PEKUM B TOPOJAaX. Y CTAHOBJIEHO
TaKXe, YTO IIPU BBICOTE PACIOJIOKEHUS ropoja Haj ypoBHeM Mops H>50 M ¢ pocTOM BBICOTBI
MPOUCXO/INT yBeJIMUeHNe TTPUPANECHIS yAeJIbHOT0 CPeTHECYTOUHOTO BOJOTOTPEOIEeHIS B TOPO/iaxX
n obpatubiii mpottecc — npu 0<H<50 m. CaemoBaresbHO, Pa3BUTHE TOPOJIOB, PACIOJIOKEHHBIX
B CTEIIHbIX 30HAaX, IMYCTbIHAX, IMOJYIIYCTbIHAX WU BbICOKOTOPHBIX 06JIaCT$IX, yCUJINBA€T TIPOILECChI
pocTa 00IIero y/ieJbHOTO CPeHECYTOYHOTO BOAOIOTPEOTeHNS.
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3. Ilonydena smnupuveckas 3aBUCUMOCTb MEXKIY YAE€JTbHBIM CPeIHECYTOUYHBIM BOJONOTPED-
JIEHWEeM ¥ TIepeYNCJeHHbIMI (DaKTOPaMH.

4. Pazpaborana MeTogMKa MMPOTHO3MPOBAHUS BOAOMOTPEOJEHNS TOPO/JI0OB, B OCHOBY KOTOPOIt
MOJI0’KeHa MHOTO(PaKTOPHAS MO/IEJb, TTO3BOJISIONIAs OIEHUBATH XapaKTep €ro NU3MEeHEeHNsI U aKTHBHO
BO3/IEMICTBOBATh HA TMIPUHSTHE PAITMOHAIbHBIX YITPABJIEHUYECKUX PENIEHWH C YYETOM CTpPaTermuecKoit
BECOMOCTHU HaCeJEHHBIX MMYHKTOB.

5. Vcrnosb3oBanue METOMAMKHU TIO3BOJSET HE TOJBKO OIEHUTH AeUITUT BOABI WM PaIno-
HaJIbHOE ee MCII0Jb30BaHNe B rOpojaxX, HO M OXapaKTepH30BaTh JKU3HEeATETbHOCTb TOPOJIa, €ro
WH/IyCTPHUAJbHO-TIPOMBIIIIJIEHHOE COCTOSIHWE, KYJbTYPY BOJOTOTPe6GJIeHNS, ONpEeNeUTh CIelu-
aJIbHOEe Ha3HAaueHWe HaceJeHHOTO MyHKTA.

6. YcTaHoBJIeHO, YTO JIJISI TOPOJOB C YMCJAeHHOCThIO Haceaenus oT 0,139 mo 15 MJIH yesoBeK
CKOPOCTH pOcCTa O6IIET0 YIeJTbHOTO CPEHECYTOYHOTO BOIOTIOTPEOIEHNS 3HAYNTEbHO BBITIE, YeM
JIJI TOPOAOB ¢ umcaeHHocThio Haceserus ot 0,004 go 0,034 man yenoBek. B roposax ¢ umcjieHHO-
ctbio Hacenenust 0,034 1o 0,139 MJIH 4esIOBEK ITPOUCXOAHUT IIPOIECC CTaOUIN3AIUU TEMIIOB POCTA
YIeJBHOTO CPeHeCyTOUYHOTO Bojomnorpebienus. PammonasbHoe BOogONOTpe6IeHNE XapaKTepHO
JIJIsI TOPOJIOB C OTpAaHWYEHHON YMCJIeHHOCTHIO 10 140 Thic. YesoBeEK.
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I'JIABA 5

PA3PABOTKA METO/JA IBYXKOHTYPHOTO
VIIPABJIEHUS HACOCHOM CTAHIIMEMN

5.1. IOCTAHOBKA 3AJAYU O CUCTEME
ABYXKOHTYPHOTIO YIIPABJIEHUSA

O6mue nmoaxonabl, pazpaborannbie B [103, 229, 318], He gal0T BO3MOXKHOCTH TTOBBICUTD (-
dbexkTuBHOCTD PA6OTHI HACOCHBIX CTAHIIMIA.

JleficTBy0IIME B TOPO/AaX CHCTEMbI TT0a4n 1 pactpeaeenus soasl (ITPB) ne o6ecneunsaior
HA/IE)KHOTO U CHCTEMATHUYECKOTO CHAOKEHUST BOJION U TeM GoJiee pabOThl HACOCHBIX CTAHIIHIT BOJIU3H
MakcumasbHbix KII/[. B Hacrosieil rinaBe paccMOTpeHbl BOIIPOCHI, 3aTparuBalolie yKazaHHble
HeocTaTku pabotbl cuctembl [1PB.

OcHoBHbBIE 3a/1a4M, KOTOPble HEOOXOAMMO PELIUTDb ISl Peaqnu3aluu TPeAToKeHHOU Wien
JBYXKOHTYPHOTO ynpasjenus cucremoii IIPB, sakmouaiorca B caenymomeM:

BBIIBUTH OCHOBHBIE THIPOJMHAMWYECKHE TTapaMeTpPbl — MOTOKOpacIpeiesieHne B JeiCTBYoNIei
cucreme [1PB, cocTosinme mbe3oMeTpun, 3KBUBAJEHTHOE THAPABINYECKOE COMTPOTUBJIEHUE CUCTEMBI;

C MCTIOJTb30BAHUEM 3THX MTaPaMeTPOB OTPE/EJUTh MECTOHAXOKACHUS TUKTYIONEN TOUKN I
OIIEPATUBHOTO YIIpABJICHUA;

CUCTEMATHYeCKN M3MepsAsd YKa3aHHbIe THPOJNHAMUYECKUE MapaMeTpbl W UCIOJb3ys MaTe-
puasbl, U3J0KEHHDbIE B TJaBe 3, ONMPEAEIUTb C MOMOIIBI0 PACYETOB BEJIMUYNHY TH/IPABINYECKUX
COHpOTI/IBJIGHI/Iﬁ OTAEJbHDbIX BeTBEU U 9KBUBAJIEHTHOTO COITPOTHUBJIEHUA ;

00ecIieynTh CICTEME OTIEPATUBHOTO YIIPABJIEHUS CTAOUIN3AINIO JaBJIEHUS B UKTYIOIIEN TOUKe
C UCIIOJIb30BAHUEM TIOJTYYEHHbBIX pe3yabraToB (B peasbHOM MacmiTabe BpeMeHN);

BbIABUTb B YCJOBUAX CT3.61/IJII/I33HI/II/I JAaBJICHUA B I[I/IKTyIOH_[eI./JI TOYKeEe (OI[HOKOHTypHaH Cuc-
TeMa ylpaBJeHus), MPU 3aMETHOM M3MEHEHUH PeknMa PaboTbhl HACOCHOI CTAHIMM, COCTOSHUE
pacnpe/ieieHust TIOTOKOB B BOJOCETH U OOHAPY’KUTH NOBpeskaeHnss (BTOPOil KOHTYD ylpaBJeHust
CHCTEMOI) ISl OIIePATHBHOTO TIPUHATHS PEIIEHUs AUCIETIEPOM.

WN3noxennblie 3a/1aun pemajgnch Ha JeiicTByomell HacocHo ctanmmu Ne 25A XapbKkoBa U B
Ppa3BeTBJEHHON BolocucTeMe AJIEKCEEBCKOTO KIJIOTO MaccuBa, [laBioBa moJis 1 HarOpHON 4acTu
ropojia ¢ yueToM paboTbl CUCTEMbBI BOJOCHAGKEHUS TOPO/IA B IIEJIOM.

Huxe npuBoagTCS pe3yabTaTbl peaans3aniy 3TUX 3a/ad4.

5.2. OIIUCAHUE CUCTEMbI BOAOCHABKEHUA TOPOOB

BosbimmHaCcTBO BOIONTPOBO/IOB KPYTTHBIX PETMOHOB Y KPAWHbBI HE UMEIOT PA3BA3KM 110 OT/IETbHBIM
YPOBHSIM, YTO CHIIKAeT Ha/lEeKHOCTb M 3P HEeKTUBHOCTh X (YHKIIMOHUPOBAHUS W 3HAUNUTEIHHO
YCJIOKHSIET Peaju3aluio YIpaBJeHns BOJAOCHAOKEHHUEM.

[Ipu mpoexkTnpoBaHUU ceTH HEOOXOAMMO YUYUTHIBATh pebed MecTHOCTH. PesepByapsl, pac-
[0JIOJKEHHBIE Ha JIOCTAaTOYHO BBICOKMX OTMETKAaX, MOIYT CJYKUTh HamopHbIMU (aKTHBHBIMHU)
eMKOCTSIMH, aHAJOTUYHBIMU BOJOHAITOPHBIM GAITHSAM, TaK KakK MPU OJTHON W TOW K€ BMECTUMOCTH
pe3epByap Bcerjia 3HauUTeJIbHO JenieBsie 6amun. HamopHbie eMKOCTH cJle/lyeT yCTpauBaTh B BUJIE
«HATOPHBIX» PE3epByapoB Be3jie, T/e 3TO I03BOJsAET penbed MECTHOCTH M TJe OHU He OyayT
MPE/CTABJATh YIPO3y /Js1 6€301IaCHOCTH HaceJeHNUs.
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PesepByapbl Broporo tuinia — GeaHarnophbie (maccuBHbIe), T.e. TaKue, U3 KOTOPBIX BOJA MO-
JKeT TIOCTYTIaTh B CHUCTEMY JIUIIb TyTeM MepeKavyky ee HacocoM. Takoro Tuia pesepByapbl 320HO
SBJISIOTCS PETYJIUPYIONIUMU €MKOCTSIMH.

Takum o6pa3oM, MPU BIKCIIyaTallMW PETrMOHAJBHON BOJONMPOBO/IHON CETH, YIIPaBJISEeMOi
0 BOJIOPACIIpe/leIeHNIo U 06Talafolell nepapXuuecKoil CTPYKTY POl ¢ Pa3BsS3KOi yPOBHEi uepes
pe3epByapsbl, CJIeayeT UMETh:

pPa3yMHOE KOJIMYEeCTBO pe3epByapoB, 0O6beM KOTOPbBIX, MCXO/S U3 CTpATErMYecKuX Iieseit,
JTIOJIDKEH COOTBETCTBOBATH 06bEMY TPEXCYTOUHOTO 3amaca BObI, HEOOXOANUMOI TOPOJY;

TpebyeMbIii 06beM KaK/I0TO pe3epByapa

Bropoii ypoBerb (ropojckoii BogoBoA GOJBIIOTO JAHaMETPa), €CTECTBEHHO, MPHUCYTCTBYET
B CTPYKTyp€ BOJIOCHAGKEHNS COBPEMEHHBIX TOPO/IOB. K 3TOMY ypOBHIO MOJKHO OTHECTH YYaCTKU
MarucTpaabHbIX BOJAOBOJIOB OT CTaHIK 3-T0 noabeMa. K HegocTatkam Takux BogoBogoB (puc. 5.1)
cJIeJTyeT OTHECTH:

HU3KWI YPOBEHb HAJIEKHOCTH;

JIPEBOBUTHOCTD CTPYKTYPBI, KOTOPas CJIYKUT MTPUINHON BBICOKMX HAMTOPOB, UTO TaK)Ke TTPHU-
BO/JIUT K CHUKEHUIO HAJEKHOCTH, U [IP.

—

SN
1o

o

Uy

PernonanoHas
MarmcrpanbHas
ceThb

Boposoabi

=

Puc. 5.1. Ilpumep pacnpocTpaHeHHO# CTPYKTYPbl BOJOCHAGKEHNUS:
1 — BDBIXO/JIHbIE CTAHIIUU 2-TO MOJAbEMa; 2 — 30HAJbHbBIE Pe3epPBYapbHI;
3 — HacocHble cTaHInu; 4 — pernoHasbHble pe3epByapbl; 5 — BbIXO/HAs CTAHIINS;
3-ro nogbeMa; 6 — BOJOBO/IbI

5
J

HpI/I peuieHnumnm I1OoCTaBJECHHDbIX 3a/iad H606XO]II/IMO YUUTbIBaTb pa3Me€pbl OéCﬂy}KHBaeMOﬁ
TEPPUTOPUHN, YUCJTECHHOCTb HACECJIE€HNA, 00beM 1 PEKUM BO]IOHOTpe6JIeHI/I${, Tpe6yeMbIe pPacxobl
1 HallOPpbl, pa3HOCTb Ireoe3NYCCKUX OTMETOK.
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YxkazanHble BbIllle HEJOCTATKY MOXKHO YCTPAHUTD, €CJU FOPOJCKON BOJIOBOJ TIOCTPOUTDH TaK,
yTOGBI TPYTIA HACOCHBIX CTAHIIMI MUTAJAach OT OOIIETr0 TPaBUTAIMOHHO-HAIOPHOTO BO/IOBOIAa. B
npejesie Takoii BOAOBOJ MOKET MMETh KOJbleByilo (puc. 5.2) WM MOJYKOJBIEBYIO CTPYKTYPY
JUIS TOPO/ia ¢ HaKJOHHBIM pesibedom (puc. 5.3).

/

PervoHanbHaqa
MaructTpanbHas
ceTb

Lo

Puc. 5.2. [lpunnunuanbHasg cXeMa BOJAOCHAGKEHUS C PETHOHATbHBIM KOJIBIIEBBIM BOJOBOOM:
1 — BBIXO/IHbIC CTAHIIMK 3-TO MOAbEMA; 2 — 30HAJbHBIC PE3ePBYapHI;
3 — HacocHble CTaHIUM; 4 — T'PABUTAIMOHHO-HAIIOPHbBIH pPernoHaJJbHBII BOJOBOJ

[Ipusenenuble cxeMmbl BogocHab)enusa (puc. 5.2 n 5.3) CriIakuBalOT Ha NPAKTUKE BEPOST-
HOCTHBII XapaKTep BOJOTOTPeOIEHNUS, TIOBBINIAIOT IIPOMYCKHYI0 COCOOHOCTb CUCTEMBI M ee Ha-
JIEJKHOCTD, a TaKKe CYIIeCTBEHHO YIIPOIIAIOT TPO6JIeMY yIIPABJIEHNS BOJOPACIIPe/leIeHUeM, CBO/IS
ee K TPOCTOH 3a/1aye KOHTPOJIA U peryanpoBanus. OTMETUM TaKKe, YTO caM HAIOPHBIN BOIOBO
SIBJSETCS TOCTATOYHO GOJIBIION aKKyMYyJUPYIOIeil eMKOCThIO.

3a/lauy paIMoHAaJbHON 9KCILIyaTalluy M Pa3BUTUS CHCTEM TIO/Ia4U U Paclpe/ieseHus BOJIbI
CYIIECTBEHHO YIIPOINIAIOTCS, €CJii U3 O0IIeil ceTh MOKHO BBIIEJUTH JTIOGOI OT/IeJbHbBIN YPOBEHb.
[locTuraercd 3To myTeM pa3BA3KM CYNIECTBYIOINX yPOBHEH dYepe3 pasMuHble Peryanpylomniie
aJieMeHTbl. VMU MOryT ObITh, B 4aCTHOCTHU [IJIE TOPOJICKUX BOJOTIPOBO/IHBIX CETeil, pe3epByaphl.
[Tpu aTOM cTpyKTypa ceTw IpuUMeT BUJ, MPeJACTABJIECHHDBIN Ha puc. 5.4.
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Puc. 5.3. I[IpuHnunuanbHas cxeMa BOJOCHAOXKEHUS C TPYIIIONH BOJOBOIOB:
! — 3oma;bHBIC pe3epByaphl; 2 — HACOCHDBIC CTAHINN;
3 — TPaBUTAIIMOHHO-HAIIOPHbIE pernoHaJibHbI€ BOJOBO/bI;
4 — BBIXOJ{HBIE CTAHI[MU 3-TO IIOJbEMa

B ormmume ot paccMOTpEHHDBIX, B TaHHOW KHWUTE TIpe/sokeHa [241] m ocymiecTBiIeHa cxema,
n3o6pakeHHass Ha puc. 5.5. KosbieBoii BOJOBOA BOKPYT TOPO/a TO3BOJSET OCYIIECTBIATH pa-
INATbHYIO0 TIOAYy BOJBI /IS BEPTUKAJIbHBIX W TOPU30HTATHHBIX 30H BOJAOCHAOKEHUS KaK C TO-
MOTIIHIO HACOCHBIX CTAHINH, TaK U MO TPABUTAIIMOHHO-HATIOPHBIM BO/I0BOoaM. KosbiteBas cucrema
obecreynBaeT HEOOXOAUMYI0 MAaHEBPEHHOCTb BOJIOCHAOXKEHNUS B CJIydae OTKJIOYEHUS O/JHOTO W3
HCTOYHUKOB, THUTAIOINIETO KOJbIIEBON BOJOBOJ.

HpI/I HaJINYUU TaKOU CUCTEMbI CTaJ0 BO3MOYKHbBIM uccaeJ0BaTb MarucTpaJbHblie BO/JOBO/IbI
B MIMPOKOM JManasone uaMeHeHus: uymces Pefinosbaca (cM. rmaBy 3), a TakKe peaausoBaTb WaeH
OIIEPATUBHOI'O yIpaBJIEHUA CUCTEMbI, U3JI0JKEHHDbIC B I[&HHOfI TJaBe.

Tosbko ceifuac, ¢ NMOSBICHUEM COBPEMEHHBIX TEXHUYECKUX CPE/CTB, CO3/AJIach KCIIEpUMEH-
TaJbHas 6a3a, KOTopas MO3BOJINJIA YBUIETh U MOHATh PeasbHYIO Ku3Hb cuctembl [1PB.

CytiecTByIOTIIE CHCTEMBI ABTOMATHYECKOTO YIIPABJICHNs, paGOTAOIIIEe TI0 TPUHIIITY CTa0mIn3a-
17 OJTHOTO TTapaMeTpa, KakK MPaBuJIo, SABJISIOTCS OJHOKOHTYPHBIMU 1 110 3(h(HEKTUBHOCTH CPABHUMBI
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p. CeBepckuii

JoHel,
MpupoaHse

o\l
Mpupop e MpupoaHsie
TIOBEPXHOCTHBIE W v HOJIEMHBIE M NOBEPXHOCTHBIE
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'MUKpPOPaoHbl

IV ypoBenb NnOTPEBMWTEDI- MM

Puc. 5.4. CTpyKTypa cucteMbl BOJAOCHAGKEHNS PETHOHA

C PYYHbBIM DETYJIMPOBAHUEM. OHI/I [0 CUX IIOP HKCIIOJIb3YIOTCA B yIIPAaBJE€HUNU MHOI'MMU HAaCOCHbIMU
CTAHIIUSIMU, BCJIE/ICTBHE YETO MPOUCXO/IAT 3HAUNTEAbHbIE TIoTepu 3JeKkTposHeprun [103, 229].

[l apdextuBHOTO yrpaBaenns cucreMamu [1PB Heo6xoanMo MEOroo6pasne BO3MYIIAIOIINX BO3-
JIEIICTBYIT IPUBECTH B COOTBETCTBYE C YIIPABJISIONMMHU BO3/IENCTBUSMU, 00ECIIEYNB MHOTOKOHTYPHOCTD
CHCTEMBI YIIPABJIEHNST HECKOJIBKUME HACOCHBIMU cTaHIusMu. V3BectHO [75, 275], 4TO OJJHOKOHTYpHAS
cucrteMa B IPUHIMIIE He MOKeT 00J1a/1aTh HEOOXOJMMBIM Pa3HOOOpasueM CBOICTB /I HAJEsKHOTO
U yCTOWYMBOTO yripasJenust paboroii cucrembl [IPB 1 kouTpoJisi ee mapamerpos.

Jta ujes 6plia Bbickazana emie B 1958 r. npod. I'.B. [llunanosbim [275]. Tlo ero yTBep:K-
JIEHUIO, yBeJUnYeHne KOHTYPOB OOPATHBIX CBsI3eil IIPHUIaeT CUCTeMe KaueCTBEHHO HOBbIE CBOCTBA.
JlelicTBUTEIBHO, KAYECTBEHHO HOBbIE CBOMCTBA CUCTEMbL BOJOCHAOKEHNS JOJIKHBI UCXOAUTh U3
ycaoBus Gecriepe6oiTHOCTH BOJOCHAGKEHNS C MUHMMAJbHBIMU 3aTpaTaMmu pecypcoB. OIHAKO
0 cux nop GosbimuHCTBO cucteM [IPB cTpouTcs Ha HegocTaToOuYHO O6GOCHOBAHHOM TIPE/ICTAB-
JIEHWY O BO3MOXKHOCTH OJHOKOHTYPHOTO yrnpasJenus cuctemoii [IPB npu so6om uncie BHENTHUX
BO3MYILECHUI.
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Puc. 5.5. IlpuHnunmuaabHas cXxeMa BOJAOCHAGKEHUS € JUHEHHBIM TO/IKJII0UYEHNEM
cuctembl [IPB K koJsblteBoMy BO/OBOMY: / — HacOCHBIE CTAHIUU 3-TO TOABHEMA;
2 — KOJIbIEBOI BOJIOBOJX; 3 — pesepByapbl; 4 — HACOCHDIE CTAHINN;

5 — BOAOBOABI; 6 — TPABUTAIIMOHHO-HATIOPHbBIE BOJOBO/IBI;

7 — MaruCTpaJbHas CHCTeMa BOJOBOJOB BHYTPH TOpOJa

YuurpiBasg TeXHOJOTHYECKHE TPeOGOBAHUS K IPOIECCY MOJauu U paclipe/ieJieHus BO/IbI, BCe
paznooOpasue 3aJa4 YIpaBJeHUs PeKUMOM pPabOTbl HACOCHOUW CTAHIMU U JAUKTYIOUEH TOYKH
MOJKHO TIPE/ICTABUTH B BHUJIE

1) Q = var, o = Var, P = var;

2) Q=const, P __=var, P_=var; (5.1)

BbIX

3) Q = var, P = const, PZ: = var;

BbIX

4) Q = var, P =var, P = const.

BBIX pit

3nech Q — pacxoj HACOCHON cTaHmuu; P~ — maBjieHWe Ha BBIXOJE U3 HACOCHOU CTAHIINN;

BbIX

P  — naBienue B IUKTYIOIIEH TOYKE.
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[TepBbIil MYHKT WITIOCTPUPYET PYYHOH PesKUM PabOThl HACOCHOW CTAHIIMKM B CETH — HaW-
6oJiee XapaKTePHbIil caydail 1/ MOoAaBAAONEero GONbIIMHCTBA CUCTEM BOJOCHAGKEHUS TOPOIOB
VKpauHbl, ocTajJbHble — BO3MOKHbIE BAPUAHTHI PETyJIMPOBAHUSA OJHOTO M3 MapaMeTpPOB, YTO
COOTBETCTBYET 6oJiee COBEPIIEHHOMY YPOBHIO yIpaBjeHnus cucremoin ITPB.

Jlns anaamsa nmapamMeTpoB M BbiGopa criocoba ynpasieHus OyjeM KjaccudUIUpPoBaTh
nepeMeHHble, BJAMAIONIME Ha NPOIECC I0Jauy U paclpejeeHns BOJbI, NPEJCTAaBUB UX
B Bujge ynpasiseMmbix [X(¢)], ynpasasromux [Y(£)] u Bosmymaromux Boszaeiictsuii [Z(t)]
(tabm. 5.1).

Jannas kaaccuduKaius He ABJgercs nucuepibiBaolieii. TeM He MeHee OHA JlaeT NnpejcTaBJie-
HHUe 0 Pa3HOOOpa3uy IePEMEHHbIX U BAUSHUN UX Ha MPOIECC BOJOCHAGKEHNS, a TAKKEe [O3BOJISAET
HAMETUTh MyTH BO3MOKHbBIX pellleHuii npu anaause cucrembl [IPB kak o0bekTa ylpaBJieHus.

Ecan craBuTh 3ajiauy M3yueHUS BJIUSHUS MHOrooGpasus OTAeNbHBIX (GaKTOPOB Ha MPOIECC
oAy ¥ pacipeeeHus BOAbl, TO, KaK BUAHO U3 TaGa. 5.1, mporpamMMa MCCAeL0BaHMii, KOTO-
pble HeOGXOUMO IIPOBECTH /LISl PEIIeHUs, PEeACTaBIAETCS JOBOJbHO CJI0XKHOi. Hecousmepumo
CJIOKHEE OHA CTAHOBUTCS IPY BBISBJIEHUU B3aMMOCBA3eH MEX/y NepeMeHHbIMU. IloaTomy mpu
IPOBEIECHIH MCCIeJOBAHUI aKTyaIbHBIM [IPE/ICTAaBJISETC BbIABJIEeHNE XapakTepa (hyHKIMOHATbHOIM
CBSI3U MEXK/y OCHOBHBIMH MEPEMEHHDBIMH.

Tabmuia 5.1
Kaaccudukanus mepeMeHHbIX, BJIUSIONMX HA MPOIECC MOJaYU
U pacnpejeaeHus BO/bl
Ynpasnsemble YnpasnsioLwpne Boamyuawouime
napameTpbl BO3EeNCTBUS BO3JeNCTBUS
[X(®)] [Y(D)] [Z(1)]
Q(t) — Npon3BOANTENBHOCTb Q(t) — Npon3BOANTENLHOCTb
(1) E A () E) A Q (t) — cyTO4Has HepaBHOMEPHOCTb
HACOCHOW CTaHuUmK HACOCHOW CTaHLMn c
BOOoONoTpebneHns
P (t) — baBneHue Ha BbIxoae P_ (t) — naBneHne Ha BbIXO4e
Bbix o 3ol C Q,(t) — yTeuka, cBA3aHHasa C aBapusmm
HACOCHOW CTaHuun HACOCHOW CTaHLMn
o Ha BOZOMNPOBOAHbIX CETSX
P (t) — naBneHue B aukTylowen | P (t) — naBnexHve
ar Ly o f(t) —vacToTa ceTn anekTpoasurarens
TouKe B AVKTYIOLLEN TOo4YKe
P (t) — naBnexHune Ha BXofie HACOCHOM
CcTaHuum
n(t) —4acTtoTa BpaLleHnsa R (t) — n3Hoc paboyero koneca Hacoca
N(t) — MOLLIHOCTb, NOTPen- () pati D) P
, . pabouyero koneca HacocHoro | Q. (t) — yTeuykn Ha BOOOMPOBOAHbIX
Nisemasi HACOCHOWM CTaHumen Y
arperara ceTax
1(f) — KO3PPULMEHT NosIe3HOr0 N
2 Z  (t) — cocTosiHue BbiIxogHOM | @ (t) — npoune noTepun BOAbl, HOCSLLME
[EencTBMg YCTaHOBKMN dv XV T
3a[BUXKU CNny4arHbIn Xxapakrep
3(t) — coCTOsiHME 3anOpHONM apMaTypbl
A(t) — 3apacTaHue Tpyb

WsBectro [24, 303, 333], uro nmojgavya wHacoca Q u Hamop Hacoca H CBS3aHbBI ¢ 4acTOTOM
BpaleHus BaJjia pabodyero Kojeca Hacoca 7 COOTHONIEHUSIMU

n

Q1 = _1Q; (52)
n
n 2
H, =(—1) H (5.3)
n
rae Q,, H, — 3Havenud 1moja4ym ¥ HAIopa IpH 4acToTe BpallleHus Baja 1.

Ha BesmumHax BbIXOAHBIX napamMeTpoB Q u H ckasbiBaeTcsl BJMSHUE BO3MYIIAIOIINX BO3-
JIeViCTBUI, TIPUBEJIEHHBIX B TPETbeil KOJOHKe TabJa. 5.1, KOTOpble MMEIOT CJYyYailHbIi XapakTep
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M 3HAYEHWSI KOTOPBIX MMPOTHO3UPYIOTCS ¢ HEKOTOpOoi omubkoit +Q*. CiemnoBaTesbHO, BEJTMUNHY
1oJlau HacocHOU ctaHuuu Q mpaBusbHee ObLIO ObI TIPEJCTABUTH B BU/IE

Q0=0,+0, (5.4)

rae Q_— BesMyYKMHA pacxoja 10/IaBaeMoii HaCOCHOI cTaHIuell BOJbI, KOTOPYIO MOYKHO IMpPeJICKa-
3aTb C JIOCTATOYHON TOYHOCTBIO TTyTeM 0OPaGOTKM CTATHCTUYECKUX JIAHHBIX, NI3BMEPEHHBIX B TeueHUe
CYTOK, MecsIla, To/Ia;

Q" — u3MeHeHHWe BeJMYWHbBI 110/aul, BbI3BaHHOE cjydailHbiMu (dakTopamu (Bo3MyIIaromme
BO3/EHCTBUS, TPEThs KOJOHKA Taba. 5.1).

Ha niepBblii B3rJIsii MOKET ITOKa3aThCsl, YTO n3MeHeHre Q°, IPUBO/IsIee K N3MEHEHIO CBSI3aHHOTO
C HUM JIaBJIEHUsI, MOKHO JIETKO CKOPPEKTUPOBATh N3MEHEHUEM IT0/[aull HacoCHOTO arperata. OmgHaKO
€cJIM He 3HaTh MPUPOJIBI BO3MYIIEHNs, BBI3BABIIETO 9TU M3MEHEHUsS, TO TO/00HAs KOPPEKTUPOBKA
6yZleT He TOJBbKO OIMMOOYHOI, HO M YOBITOUHOM, TaK KaK MPUBEAET K YBEJUYEHUIO PacxXoja BOJIbI,
2JIEKTPOIHEPIUU U, €CTECTBEHHO, K CHUKEHUIO TTPUOBLIN BOJAOIPOBOIHOTO X03SHCTBA, a HEPEJIKO U K
PSMOMY yIIepoy.

BMmecTe ¢ Tem mpum aBapum Ha BOJOCETH TPAAUIMOHHAS OJHOKOHTYypHas cucrtema crtabu-
JU3aniu JAaBjeHus Oy/leT KOMIIEHCHPOBATh MaJleHWe J[aBJEeHWsS YBeJUYeHWeM To/a4yu, <He
HOHMMas», 4To paboTaeT Ha yBeJuueHue 1morepb pecypca (sHeprum motoka BOAbBI — HaIopa,
9JIEKTPOIHEPIUK ¥ T. J.). B MUPOBOII IpakTHKe BOAOCHAGKEHUS KPYIHBIX TOPOAOB AMEPUKH
n EBpOIbI M3BECTHBI CJIyuyan Cepbe3HEeNNMX aBapuii TAKOTO THIIA, MPUBEININX K KOJIOCCATbHOMY
yutep6y [107].

Kak BuzaOo 3 tabs. 5.1, OCHOBHBIME ITapaMeTpaMy PeryJupoBaHus pabOTbl HACOCHOI CTaH-
LMY SBJISETCS BeJIMUMHA ee TI0Jaul M JaBJIeHHE Ha BBIXOJIE.

5.3. O IIOBBIINIEHUU 3®D®EKTUBHOCTU PABOTHI
HACOCHBIX CTAHIIUI

PerymupoBanmne peskuma pabOThl HACOCHON CTAHIIUU OCYIIECTBJSETCS TPeMS OCHOBHBIMU
METO/IaMU: PETyJIUPOBAHUEM TIOJIaUl TTYyTeM TTOBTOPSIONIETOCS BKJIIOUEHWS WJU BBIKJIIOYEHUS Ha-
COCHOTO arperara; n3MeHeHNeM XapaKTePUCTUKU CeTH W M3MEHEeHNeM XapaKTepUCTUKU Hacoca.

[To mepBOMY MeTOMy 2JEKTPOJBUTATE]b HACOCHOTO arperata MOTpe6JseT 3JeKTPOIHEPTUIo
TOJIBKO BO BpeMsi ero pabotsl [276]. IlepuoauyHocTh BKJIIOUEHHS W OTKJIOYEHUS HACOCA COOT-
BeTCTByeT TpebyeMoli mojade. JTOT MeTO/[ He HalllesJ MPUMEHEHUs B CHCTeMaX BOJOCHAOKEHUS
(3a MCKIIOYEHNEM HACOCHBIX CTAHIMN BOAOOTBEAEHMS), TaK KaK IPUBOAUI K OBICTPOMY HU3HOCY
MyCKOBOHW ammapaTtypbl W 3JEeKTPOMEXaHMYeCKOro 060pY/0BaHUS, a TakKKe K BO3HUKHOBEHUIO
TUPOYIapOB B CUCTEME.

[lo 80-x Tof0B perysmpoBaHme IMOJauyd HACcOCA M3MEHEHHWEeM XapaKTePUCTUKH ceTu ObLIO,
MOXKATYH, e IMHCTBEHHBIM METOIOM, TTO3BOJISIONIUM YIIPABJIATDH MPOU3BOAUTEIbHOCTHIO HACOCHOTO
arperara. l3menenne XapakTepuCTUKN CETU MTPOU3BONJIOCH APOCCETUPOBAHNEM JUOO TTEPEITyCKOM
(Gaitmacuposanuem) [24, 276].

Kak mpaBuio, HacoChl OCHAIMAIOTCS HEPETYJINPYEMbIM 3JEKTPOTPUBOIOM, TIPU 3TOM €/IUH-
CTBEHHBIM CIIOCOOOM PETyJINPOBAHUS SBJSETCS IPOCCEJUPOBaHNE HA CTOPOHe HarHetanud. Pery-
JIUPOBaHME TIO/[a4N BOJBI HACOCAMU MPUMEHSIOT B CJEAYIOMNUX CAydasX.

1. Ecam Heo6X01uMO peryinpoBaTh KOJUYECTBO 1M0O/[aBAEMOIl HACOCOM BO/IbI B CBSI3U CO CJIY-
YaifHbIM M3MEHEeHUEeM ee MOTPEeOHOCTH MJH ¢ TPeOGOBAHUSIMU TEXHOJOTHYECKOTO TpoIecca.

2. Eciu tpeGyercs CHU3UTH CO3/aBaeMblii HACOCOM WM30OBITOYHBIN HAMOp, T.e. 00eCIeuynThb
Tpe6yeMyIio Iofauy BO/bI MEePBOHAYATBHOI MOAPEryTUPOBKOI MOMOKEHNUs 3aABMKKN (HEIOTHBIM
OTKPBITUEM HAMOPHON 3aBUKKH).

PerysiupoBanue ¢ OMOIIbIO HAIOPHOI 3a/[BUJKKH, T.e. U3MEHEHHUE MOJa4H BOJbI CIIOCOOOM
JIPOCCETMPOBAHMNS, OCYIIECTBJISETCS BeCbMa MPOCTO, OJHAKO OHO KpaliHe HEBBITOJHO C dHepre-
TUYECKOH TOUKM 3peHus. /[poccenmmpoBanue BejeT K cyliecTBeHHOMY cHuskenuio RII/[ arperara
[0 ABYM IIPUYMHAM: a) M3-3a MOTEPHM MOIIHOCTH B 3aABUKKe, ) Beaeactsue ymenburenus KITJ]
camoro Hacoca [276].
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Kak BumHO 13 puc 5.6, mpu OTKPBITON 3a/IBUKKe pabodast ToOuKa A COOTBETCTBYET MaKCUMaJb-
Hoif moftaue Q, n wanopy H, (puc. 5.6, a). IIpukpbiBas 3aJBUKKY, T.€. BBOJS JIOIIOJHUTEIbHOE
comnpoTuBJeHne S , BbI3bIBaollee yMeHbLUIEHNE MoAaun Q, MPOUCXOANUT II€PEX0/l K paboTe B HOBOM
Touke B ¢ mapamerpamu Q, u H,. ITpu nonmkenHoii nogaye Q, Hacoc cO3/aeT MOBBIIEHHBIN HATIOD
H,, ognaxko B cetn u3-3a 1mortepb Hamopa AH Hanop H_He usMeHUTCS (touka C cooTBeTCTBYET
HOBOIT XapakTepucruke cetn S, =S, + 5 ).
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Puc. 5.6. 3asucumocts Hanopa (@) n KII[ nacoca tuma ITH150-100 (6)
or nogaun (1moToka) Q MpM peryaupoBaHuK JPOCCENUPOBAHUEM

Haunb6osnee pacmpocTpaneHHoe IJIaBHOE PeEryJupoBaHue cHoCOO0M JpOCCEJMPOBAHUSI
MIOTOKA BOJIbI B HANIOPHON JIMHWM, KaK CKa3aHO paHee, BeCbMa HEIKOHOMHYHO M3-3a 3HAUM-
TEJbHBIX TTOTEPb dHEPTUHU HA MPEO/I0JeHNe JOTOJTHUTETbHOTO CONPOTUBIEHUS PETYanpYyIolei
apMmatypbl. Kpome Toro, npumMensieMbie /sl IPOCCENMPOBAHNS 3a/IBUKKHN, KJIAAHBI, 3aTBOPBI
10 TEXHUYECKUM XapaKTePUCTUKAM TTpe/lHa3HaY€eHbl /1JIs1 PAa6OTHl B PEJKUME MMOJHOTO OTKPBITUS
UJIV 3aKPBITUS, a PN UCIOJIb30BAHUN UX B PEXXMME PEryJupOBaHUS OHU OBICTPO BBIXOIAT
u3 crposd. HecMoTps HA HEOSKOHOMHYHOCTD U JIPYTHE HEJOCTATKU criocoba 1POCCeNNPOBAHNS,
pY TPOEKTUPOBAHUYM HACOCHBIX CTAHIMI Apyrue croco6bl peryJupoBaHUs He TIpeaycMat-
puBaJuch. B TO ke BpeMs cyllecTByeT TeOpUs aBTOMATU3UPOBAHHOTO 3JIEKTPONpUBO/a, 6a-
3upylomascsa Ha MateMatnyeckux meronax [302], u pazpaboTanbl OJJHOKOHTYPHbBIE CHCTEMBI
ABTOMATHUYECKOTO PEryJMpPOBAHUS HACOCHBIX YCTAHOBOK C PETYJUPYEMbBIM 3JIEKTPOIPUBOJIOM
[103, 229, 276].

K xoniy 60-X rosoB Ha HACOCHBIX CTAHIMSAX BOJOCHAOKEHUS HAYAIN MCII0JIb30BATDH CIIO-
co6 peryJupoBaHUs M3MEHEHUEM YTIJ0BOWl ckopocTu paboyero koJieca Hacoca. B kaudecTse
CPE/ICTB PeryJMpOBaHUs BHAYAJE NCIIOJIb30BAINCH 3JEKTPOIPUBO/bLI C THAPABINYECKUME JHUOO
MHAYKTOpHBIMU MydTamu ckosbxenud [119, 320]. Ho onn He HamIM MIMPOKOro NPUMEHEHUS
13-32 HEAKOHOMUYHOCTH, CJIOKHOCTU M HEHAJ€KHOCTU B AKCILJIyaTAIlMN.

[Tosauee, ¢ 70-X To/0B, CTAIN NPEANPUHUMATHCS TOMBITKU MCIIOJIb30BAHUS B KayecTBe
CPE/ICTB PEryJINpOBaHUS YIJIOBOH CKOPOCTH YaCTOTHO-PETYJIUPYEMOTO 3JEKTPONIpUBOIa Ha 6a3e
npeo6pasoBaTesieil 4aCTOTHI.
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Kaxk usBectno [97, 267], Mexay mponsBoAUTETbHOCTHIO (Q, MOIIHOCTHIO Hacoca N u dac-
TOTOI BpalleHns BaJja pabodyero KoJieca Hacoca n CYIIECTBYIOT CJeAyIONe 3aBUCUMOCTH:

No_(Q) _(m) (5.5)
N, Q, n,

Ortcioza caenyer, 4To yMeHbIIeHe TTPOU3BOIUTENbHOCTH (Q HACOCHOTO arperara, BbI3BAHHOE
CHUJKEHHMEM 4YacTOThbI BpallleHUs 7 BaJa HACOCA, PE3KO yMeHbIIaeT NoTpebsgeMyio MOITHOCTh N
10 CPABHEHMIO C JIPOCCEJbHBIM PEryJUPOBAHUEM, IMPEeIHA3HAYEHHDBIM JJs OCTUXKEHUS TOi
JKe TeJIn.

Kaxk caiegyer us npusenennoro gpupmoii «Ctpem6beprs [276] rpaduka sKOHOMUM 3JIEKTPOIHED-
run (puc. 5.7), KOTOPYIO MOKHO TIOJIyYUTh IIPU PETyJUPOBAHUU € TIOMOIIBIO NpeoGpasoBaTeis
YaCTOTbI, B CPABHEHUU C JIPOCCEJTIHHBIM PETyJUPOBAHUEM, [/ 06eCIeueHns MOa4i BOJbI METO-
JIOM [IPOCCEJIbHOTO PEryJnpoBaHus B o6beMe 75 % HOMUHAJIBHOTO, HEOOXOAMMO 3aTPATHTH MOII-
HOCTb, PaBHYIO 95 % HOMHUHAJIbHON (TOUKa A), a IPU peryMpoBaHUK YKCJAOM 0GOPOTOB — BCETO
JUnib 42 %.

[To nanubIM 29TO¥ sKe (GDUPMBI, IPU UCTBITAHUSAX /[BYX aHAJOTUYHBIX HACOCHBIX arperaToB MOIII-
HocThIO 100 KBT AByMS MeTO1aMK PETYINPOBAHUS — JAPOCCEJUPOBAHNEM W U3MEHEHUEM YaCTOTBI
BpallleHusl Bajia Hacoca mpu mojgade, pauoit 70 % womuuaiabuoit, KII/[ npu apoccenrupoBanuu
coctaBua 0,4, a mpu peryJampoBaHNN 4acTOTOH Bpaiienus Bajsa Hacoca — 0,69.

[Togo6GHbIE CpaBHUTE/IbHBIE JaHHbIE TPUBOAATCA W B Apyrux ucrounukax [88] (puc. 5.8).
OHM aHAJIOTUYHbBI Pe3yJibTaTaM, TOJYYEeHHBIM B MPOIlecCe MHOTOJETHEH SKCIIyaTanuu 1mpeos-
pasoBareJieii yactorbl Ha o6bekTax KIT «IITIT «Bogas [114].
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Puc. 5.7. DKOHOMUS 3JIEKTPOIHEPTHUH NIPU PETYJHUPOBAHUU HACOCA
¢ TIOMOTI[BIO TPE0OPA30BATEIST YaCTOTDI:
1 — peryJupoBaHue PH TTOMOIIH KJANAHA;
2 — peryJupoBaHHe MPHU TOMOIIN TPeo6pa3oBaTeist 4aCTOThI
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N, kBt

- 0 —_ Q, M3y
0 80 160 240 320

Puc. 5.8. TToTpe6Jieriiie MOIHOCTHU TIPU PAZJUUYHBIX CIIOCOOAX PETYJIUPOBAHUS
CKOPOCTH BpallleHNs HACOCOB:
/ — 1upu ApoccesMpOBaHUM; 2 — IPHU YaCTOTHOM PEryJHPOBAHUM;
3 — yMeHblIeHue MoTpe6sieMoil MOITHOCTH

Ha puc. 5.9 u 5.10 nokaszaunt 3aBucumoct H, N, KII/I or Q, mosy4yeHHble sKCIIEPUMEH-

TaJbHBIM IIyTEeM B TedeHHe CYTOK Ha HacocHOH cranuum Ne 25A XapbkoBa IPU COBMECTHOI
pabore nByx HacocoB D4000-95, oanH n3 KOTOPBIX OCHAIEH PETYJIUPYEMBIM 3JEKTPOINPUBO/IOM
mMotmHocThio 1250 kBT.
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Puc. 5.9. ABromarnueckoe ynpanienue cuctemoii I[IPB ot nacocnoit cranium Ne 25A Ha KUJIble MaCCHBBI
ITaBmnoBa Iloss, AsexceeBKku u HaropHOH 4yacTu XapbKoBa:
4 — pasaenue B qukryiomeii touke KT Ne 1; 5 — moreps namopa na ceru;
6 — uucyao 060POTOB ABHUTATENS; / — CONPOTHBJIEHUE CETH
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Kaxk moxaspIBaloT pe3yJsbTaTbl M3MepPeHH#l OCHOBHBIX paboynX IapaMeTpOB CHCTEMBbI
(puc. 5.9), cucrema perympoBaHus o6ecrieynBasa cTabuIbHOCTD 3aJ[aHHOTO JJaBJIEHUS B TUKTYIO-
el ToYKe, HECMOTPSI Ha 3aMETHO M3MeHsoIecss pexxuMbl Bogonorpebaenns. Crnocob Bbi6opa
MecTa JMKTYIomeil Toukn Oy/jeT onucal B rjase 6. B paccMaTpuBaeMblil 3/iech 1epuo/| Bpeme-
HE 3a(UKCUPOBAHBI Pe3yJbTaThl UCKYCCTBEHHO CO3/aHHBIX pekuMoB rugapoyaapa (B 13.30 u)
u asapun (B 15.30 u), cBIMUTHPOBAHHOIT OTKPBITHEM COPOCHON 3aABUKKHN Ha BogoceTu. Cucrema
paborasa B pexume [BYXKOHTYPHOTO yIIpaBJeHUsl. XapaKTepUCTUKN HACOCOB, a TaKkKe paboyue
TOYKU PEKUMOB, TIPUBEJEHHBIX Ha puc. 5.9, momajgaoT B 3akpaiieHnyio obaactb (puc. 5.10).
[Tocnemnss xapaktepusyercs 3HadeHugmu KI1/I, 6imskumu k makcumaabHoMy. Kak Buanm, mpes-
JIO)KEHHOE [IBYXKOHTYDHOE YIIpaBJIEHUE SIBJSETCS ONTUMAJbHBIM [/ JTAHHBIX yCJOBUI PaGOTbI
(KIIJI B npenenax 60 %).
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Puc. 5.10. Xapakrepuctuku pabGoTbl HacOCHON cTaniuu Ne 25A 1pu napaJiesbHO paboTe peryJjnpyemMoro
1 HEPEryJnupyeMoro HaCOCHbBIX arperaTton

B nneBHOEe BpeMs cyTOK TpeOyeMblil PeskUM pabOTbl HACOCHOH CTaHIMN 06ecleynBascs COo-
BMeCTHO# pa6oToil ABYX HacocoB. [lepBblii — Heperyampyemblii, a BTOPOH MMeJ BO3MOXKHOCTD
N3MEHATh YaCTOTY BpallleHus cBoero pabouero KoJeca MoCpPe/ICTBOM U3MEHEHUS 4acTOThI ITUTA0-
IIero HaNPSKEeHNs Ha IPUBOJHOM 3JIeKTpoABUTaTesie oT npeobpasoBareist yactorol cepun IIUBH.
Hounoii peskum paboTbhl 06ecrieuynBaJics OJHUM PETyJIUPYEMbIM HACOCHBIM arperaTtoM.
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Kak caenyer u3 puc. 5.9 u 5.10, perysmmpoBanne n3MeHeHHEM 4acTOTHI BpallleHus BaJja Ha-
coca BHHM3 OT HOMHHAJBHOW NMPUBOAUT K HOBBIM TIOJIOKEHUSIM XapaKTEPUCTUK HACOCa, KOTOPbIE
CMEIIATCA TOUTH MapaJiieibHO B CTOPOHY cHusKeHus Hamopa (kpusble H—Q s 060poTOB
n =960, 900, 850, 750).

ITpu sToM paGoyas TOUKa Ha KpUBOil Xapakrepuctuku cetu (puc. 5.10) cMmemaercs, 3aHuMas
HOBBbIE MOJIOKEHKS Ha ToJie pabounX ToYeK HacoCHON cranimuu (061acTh, OrpaHUYeHHass KPailHUMK
MOJIOKEHUSIMU XaPaKTEPUCTHK CETH).

HosbiM nosiosxennsiM pa6odeii TOYKM COOTBETCTBYIOT M HOBbIE 3HAUEHUST HATTOPOB, PACXO/IOB,
CONIPOTUBJIEHUS cucTeMbl, moTpebasemoit momHocTu n KII/[. B nHeBHOE BpeMs CyTOK TpeOyeMblii
peskuM paGoTbl HACOCHOW CTAHIUMM OCYIIECTBJSJICS HEPETYJIUPYEMBIM U PETYJUPYEMbIM HACOC-
HbIMU arperatamu. ['padukm coBMecTHOI paGOTBHI [BYX HACOCOB, TOJYYE€HHBIE CYMMUPOBAHUEM
XapaKTEePUCTHUK IO JIMHUU PABHBIX HAIOPOB, MPEACTABJEHBI JJS Pa3JUYHBIX YAaCTOT BpAllleHUS
peryJImpyeMoro Hacoca.

[l Bcex peskmMOB pabOThI HACOCHOW CTAHIINU TTOJTyYeHbl 3HaUYEeHUS TTOTPe6JIsIeMOil MOIITHOCTH
n KIIZ (puc. 5.10 u 5.11). Meroa peryanpoBanus peskuMa paGoThl HACOCHON CTaHIIMU TTOCPE/-
CTBOM M3MEHEHUS YaCTOTHI BPalleHNs Baja Hacoca MPAKTUYECKW He TTPUBOJIUT K JOTIOJTHUTETbHBIM
MOTEPSM B CUCTEME «HACOCHBIN arperatr — CeTb», KaK 3TO MPOUCXO/UT C APOCCETUPOBAHUEM pe-
JKUMOB T10/Ia4W BO/IbI OT HACOCHOU cTaniuu B BogoceTh. KII/[ HacocHOl ycTaHOBKM MaKcuMaJieH
B TOYKE, COOTBETCTBYIOMIEH HOMUHANIbHOMY (ITACIIOPTHOMY ) JIJISl IAHHOTO HAcoca Yyucyy 060pOTOB,
B manHoM caydae 1000 o6,/ MuH, ¥ CHUXKAETCS TTPU OTKJIOHEHUU OT Hee B JIOOYI0 CTOPOHY.

[IpencraBiennbie Ha puc. 5.10 XapaKTepUCTUKU MOJYYEHBI IKCIIEPUMEHTATbHBIM IyTEM
Ha HACOCHOU cTaHimmu Ne 25A, ynpaBJisieMOll CHCTEMON aBTOMATUKHU U TOJAEPKUBATOIIEH MOCTO-
SHHBII HAIlOp B JIUKTYIOIEN TOuKe ceTn Ha ypoBHe 40 M; puc. 5.11 gBisgercs 10NOTHUTETbHOI
MJTIOCTpaIfeil K CKa3aHHOMY.
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Puc. 5.11. XapaktepucTnku pe;xuMoB coBMecTHO# pa6otbl cucrembl [IPB ot nacocnoit cranmmm Ne 25A
10 yacaM cyTok i auHamuka usmenenust KIIJ nacocuoit cranumu. KIIJ = £ (Q,, H,, h,,,,):
/1 — paBuenue Ha Hacocuoil crannuu (mxana 0—80);
2 — KIIJI nacocuoii crannuu (mkana 0—80); 3 — pacxom BOJAbI Ha CTAHIMK
(mkamna 0-8000); 4 — pasrienue B aukryionieii Touke KT Ne1 (mkana 0-80);
5 — conporusienne cetu (mkana 0-20); 6 — morepsa namopa (mkaaa 0—-80)
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Hamop B aukTytomieil Touke coXpaHsJcs HEM3MEHHBIM /10 MOMEHTa, Korja Oblia BKJIIOYEHA
uMuTanua apapuitnoro peskuma (15 4 30 mun). C 910r0 BpeMeHn HeMe/IJIEHHO HayaloCch BO3pacTa-
HUe pacxo/ioB Bo/ibl. CucTeMa aBTOMATUKY, pearnpylonias Ha yMeHbIIIeHNe IaBJIeHUs B IUKTYIOIeH
TOUKe, cpa3y JKe BbI3BaJjia MOBBINIEHNE [aBJEHNUS Ha BBIXO/I€ N3 HACOCA MTyTeM YBEJUYEHUS YaCTOTBI
BpalleHus JBUTATeJsi HACOCHOTO arperata. Takuwe M3MeHEHUs MapaMeTpPOB NMPeoOPasoBbIBAIOTCS
B CBETOBOH M 3BYKOBOW CUTHAJIBI JIJIS JIUIA, TIPUHUMAIONIETO pemnienne. [mapoyaap, BbI3BaHHbIN
oTkaoueHneM saektposteprun (13 u 30 Mun), Takke sadpukcupoBaH 31Ol AuarpamMmoil. Mamene-
HUS BCEX OTPaKEHHBIX HA /MarpaMMe mapaMeTpoB UCITOJb30BAHBI B TTOCJIEYIONIX HCCIeI0BAHUSX
rujipoyiapa B cucreme [1PB.

CucreMa aBTOMATUYECKOTO YIPAaBJEHUS TTOCTPOEHA B COOTBETCTBUU C MPUHITUIIOM WHBAPH-
aHTHOCTH [75, 275] m npenycMaTpuBaeT OJ{HOBPEMEHHOE MCIIOJb30BAHNE PETYJIUPOBAHUS O OT-
KJIOHEHUIO Harmopa B JUKTYIONIEH TOYKE W MO0 CKOPOCTH M3MEHEHWS pacxXo/a KaK BBIXOHOTO
nmapamerpa.

Peanmzanus AByXKOHTYPHOTO yIIPABJIEHMS OCYIIECTBIISETCS 3alaHUEM /IaBJIEHUS B TUKTYIOIIEN
TOYKE CETU, KOTOPOE MPOU3BOIUTCS OTIEPATOPOM HACOCHOU CTAHIINU C KJAaBUATYPbl KOMITbIOTEPA.
Jta BesqimuuHa nepenaercs B KouTpossiep KOMKOH, rae coxpansercss B sHeproHe3aBUCUMOM
MaMsATH B KayecTBe YCTaBKH.

Ha anasioroBbie BXO/IbI KOHTPOJIJIEPA MOCTYTAIOT JaHHBbIE O BCEX KOHTPOJIMPYEMbBIX TTapaMeTpax
HacocHOU cranmmu. Ha AMCKpeTHbIE BXO/BI KOHTPOJIIEPA MOAAIOTCA TTapaMeTphbl TeJeCUTHATN3anu
0 COCTOSTHUM TEXHOJIOTHYECKOTO 060PY/I0BAaHUS CTAHIUH.

3aJlaHHasg OmepaTopoM ycTaBKa HEOOXOIMMON BEJUUYMHBI aBJIEHUS B KOHTPOJBHOUN TOUKE
CpPaBHUBAETCS B KOHTPOJIJIEPE C BEJIMYMHON TEKYIIETO 3HAYEHUS JJAHHOTO IapaMeTpa W BbIYUCJIS-
eTcs BeJiMyrHa paccorsiacoBanus (OTKJIOHeHUs). B 3aBUCUMOCTH OT BEJIMYMHDBI OTKJIOHEHUS U €ro
3Haka (B CTOPOHY yBeJWYEHWS MJM yMEHBIIEHHUs) MOJyYeHHOe 3HAUYEeHUe C MOMOIIbIO TaiiMepa-
cyeTurka 6Ji0Ka MpeoOpa3oBaHUsl KOHTPOJIIEpa MpeoOpPa3oBbIBAETCS B YUCJIO-UMITYJbCHYIO TO-
CJIeIOBATEJbHOCTDh U TiepenaeTcss B OJIOK MpeoOpas3oBaHUs YMCJIO-UMITYJIBCHOTO KOJa B YaCTOTY
(opmu ummnysbe Ha 0,2 repia).

ITpeo6pasoBanHasg BeJMUYNHA PACCOTTACOBAHMS TT0/Ia€TCS HA BXO/I MPeoOpa3oBaTesist 4acTOTHI,
KOTOPBIH yBEJTMYNBAET UM YMEHbBITAET KOJNYECTBO 060POTOB /IBUTATEJS B 3aBUCUMOCTU OT TIPU-
nieImuX Ha Tpeo6pa3oBaTesib UMITYJIbCOB, TEM CAMBIM MOAHUMAS WJN TTOHUXKAS JaBJEHUE B CETH
U B JIMKTYIOIle#l TOuKe.

B 3aBucuMocTH OT CKOPOCTM M3MEHEHWS [aBJEHUS B JUKTYIONEH TOYKE, KOHTPOJJIEP W3-
MEHSEeT YacTOTy T10/[aBaeMbIX UMITYJIbCOB Ha BXOJl TIPeo6pa3oBaTesss YaCcTOThbI, COKpaIias BpeMs
peaxkImm cucTeMbl Ha Bo3MymieHne. Kpome Toro, cucreMa 3aHuMaercsi c6OpoM U 0ToOpaKeHreM
Ha akpaHe [I9BM HeoOXOAMMBIX TeXHOJOTHYECKUX mMapamMeTpoB. Heo6XoamMo OTMETHTH, YTO
cucreMa crmoco6Ha OBICTPO pearnpoBaTh HA 3HAYUTEJbHBIE aBAaPUU B BOJOCETH.

Kak Bumno w3 puc. 5.12, rje mpuBepeHa yHUBepcaJbHas XapaKTEPUCTUKA HACOCA, COJEp-
kamasg kpuBble QH mpu peryiampyemMoM uucie o60potoB [97], Hacockl MMEOT MaKCHMaJbHBIE
koaddunmentsl nosesnoro aeiicreus (1o 0,95) npu usMeHenun nojgauyu He Gosiee yeM Ha 20 %
OT HOMUHAJIbHOI (B CTOPOHY YMEHbIIEHUS WK yBeandeHus ). JaHHoe 06CTOATENbCTBO HAL0 UMETh
B BU/Iy TIPU ITPOEKTHUPOBAHWYT HACOCHBIX CTAHIINI W WX PEKOHCTPYKIINU, OJHOBPEMEHHO YUUTHIBAS
MIPOTHO3 BoONIOTpe6IeHNs. T cOOOpakeHns, a He cpelHeapudMeTHIecKne 3HaYeHNST PAacX0/I0B
U HaATopoB

o+
Q(;p — len max; (56)
2
Hmin + Hmax
H, = hoin (5.7)

JTIOJIKHDBI JIeXKaTh B OCHOBE MPOEKTOB HACOCHBIX CTAHIINN M UX PEKOHCTPYKIINH.

CaemyeT TakyKe yYUTBIBATh, YTO TIPU PETYJIUPOBAHUN YAaCTOTHI BpallleHNs B 6oJiee MUPOKUX
npenenax KII/] noctenenno nmagaer. OgHako, HECMOTPS HA 3TO, PEryJIUPOBAHUE YACTOTHI Bpalile-
Husg pabouyero KoJeca Hacoca SIBJsieTcss Hanbosiee SKOHOMUYHBIM U MPE/ITOUYTUTENBHBIM CIIOCO6G0M
peryJampoBaHus, TOCKOJIbKY, KpOMe BCEr0o IPOYero, OHO TOJHOCTBIO MCKJIOYaeT TUPOYyAapbl
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Puc. 5.12. YHuBepcasibHas XapaKTepUCTUKa HACOCA
[IPU PA3JIMYHON YacTOTe BpAIEHUS

B TpyO6OIIPOBO/IaX, MO3BOJISIET TPONU3BOANTD IIJIABHBIN 3allyCK M OCTAHOBKY HACOCHOTO arperata,
3HAYMTEJbHO CHMIKAs THpPOMeXaHMYecKHue Harpy3ku Ha o00py/I0BaHMUeE.

B TIIO «XapbroBkommyHtnpoMBoa», HbiHe KII «IITII «Boga», ¢ 1985 r. 6blan HavaTh!
paboTBI 1O OCHAIEHUI0 HACOCHBIX CTAHIUH YaCTOTHO-PETYJIUPYEMBIMH 3JEKTPOIPUBOIAMMU.
B umcae mepBbIxX OblT BHeApeH TpeolOpa3oBaTesb dacToThl MomHOocThio 8000 kBt Ha ITYBX
«[laenp». Ceitvac #Ha o6bekTax KII «IITII «Boga» pa6oTaer mecTb yCTAaHOBOK C peryJupye-
MBIM 3JEeKTPOIPUBOAOM MOMIHOCTHIO OT 1,25 no 8,0 MBT u 6osee 40 ycTaHOBOK MOIIHOCTBHIO
ot 22 no 250 kBr.

IKOHOMUS 3JIEKTPOIHEPIUH B 3aBUCUMOCTH OT peXKUMa pabOThl HACOCHOH CTAHIINN U ee MecTa
B TEXHOJIOTHYECKOI cXeMe BOJoCHa0KeHus1 coctaBsieT 10 20 %.

13 sToro ciaexyer, 4To B HacTosilee BpeMsl I3MEHEHHe YacTOThI BpalleHns: pabovyero Kosjeca
HACOCHOTO arperara sBJsieTcss HanboJiee Mpe/IIOYTUTENbHBIM YIIPABJISIONNM BO3/[eiICTBUEM B CHU-
cTeMe aBTOMATU3aIllNy yIpPaBJeHUsT perTnoHaTbHbIMU cucTeMamu [I1PB.

[TapameTpoM ympaBJieHHsI HACOCHOI cTaHImeil, paboTaiolieil Ha BOJAOIPOBOJHYIO CETh, KO-
TOPBIN HamboJiee MOJTHO OTBedaeT TPeOOBAHMSAM YIIPaBJEHUS W HAJEKHOCTH BOJIOCHAOXKEHUS,
ABJISIETCS [laBJieHre B QUKTyomneil Touke cet [193, 229]. Crabuausaims aToro mapaMeTpa myTeM
N3MEeHEeHUs 4YaCTOThl BpallleHns pabovyero KoJieca HAaCOCHOTO arperata — Ham6oJiee IpUeMJIEeMbIil
croco6 ONepaTUBHOTO YIIPaBJIEHNS Ha BTOPOM 3Tarle.

Heo6xoaumo ormeTuThb, 4To 3(PPEKTUBHOCTD TAKOTO YIIpaBjeHHs Oy/eT BecbMa BBICOKA,
ecJIy JIJIs OTpe3Ka BpeMeHHU 1  pellleH MepBblil 3Tall ONepaTUBHOTO YIPABJIeHUsS — PallOHAJIbHOE
IJIAHUPOBaHNE BOJIOPACIIPE/IeJIeHNs Ha MJIAHOBbBIN mepuopa T .

Ucxons u3 atux tpeGoBaHmii u KJaaccuduranmm, mpuBegeHHol B Taba. 5.1, MoxkHO cdop-
MyJUpOBaTh TpebGOBaHUS K cucteme ympasieHus tmporieccom [IPB kak x cucreme, 6Gamu3koit
K ONITUMAJIbHOM, W ONpeeTuTh ee KPUTEPUH.

Oco6eHHOCTDb MTOX0/1a 3aKJII0YAETCS B TOM, YTO BMECTO OJHOKOHTYPHOI CHCTEMBI yIpaBJie-
HUSI PEKMMOM PabOThl HACOCHOH cTaHIMM Oy/leT pacCMOTpPeHa JBYXKOHTypHas cucrema. CyTb ee
COCTOUT B CJIEYIOIIEM.
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Ha nepsBom asTame pemraercsi 3ajada CHUHTe3a OJHOKOHTYPHOH CHUCTEMbl aBTOMATHYECKOTO
pPeryIMpoBaHus HACOCHOW CTAHIINU NPU CTAaOUIM3AllMK HAMlOpa B JAUKTYIONIell Touke. Ha BTopoM
aTane KOHTPOJUPYIOTCS PACcXO/ BOJbI M HAMOP B y3jaxX ¢parMeHTa CeTH YIPaBJsIeMOil 30HBI
¢ 06paboTKOIl MO crenuaabHONl ImporpaMMe, IMO3BOJSAONIEH ¢ GOJBIION TOYHOCTHIO OIIPE/IEeUTD
BHEIITaTHYIO cuTyaiuio (aBapuio B BOAOCETH, OTKJOYeHHe GOJIbINOI TPYIIIbI MOTpebuTesiei, He-
CaHKIMOHUPOBAHHBII KPYIHBIA 0TOOP BOAbI U T. /.). IlockobKy 06a atu arana (crabuimusaius
U KOHTPOJIb) PEajM3yI0TCs OJHOBPEMEHHO, TO TAKYI0 CHCTEMY YIIPABJIEHUS PEKUMOM PaGOThI
HACOCHOM CTAHIMM MOXKHO Ha3BaTh JBYXKOHTYpHOU. Kak mpaBuJio, TakOW MPUHIMIT YIIPABJICHUS
OCYIIlECTBJIAETCA HAa HUXKHEM YPOBHE JUCIIETUYEPCKOrO YIIPaBJeHUsd, T.e. JOKAJIbHBIM JIUCIeTYep-
CKUM TIYHKTOM.

9.4. AHAJ/IN3 ITIOTOKOPACIIPEJAEJIEHUA B Y3JIAX CETU
N CIIOCOBbI YIIPABJIEHUA

[lns mocTwKeHus TMOCTaBJEHHOW I1eim Hajo OBIJIO BBIMOJHUTH CJEAYIONNe OCHOBHBIE
BU/IBI paboT:

00cJIeIOBATh COCTOSTHUE 3ATIOPHO-PETYJIUPYIONNX YCTPOUCTB B BOIOCETH;

YCTAaHOBUTb KOHTPOJbHO-U3MEPUTEJbHbIE TPUOOPHI [JisT OIEHKU IMOTOKOpacIipemaeeHns
" IIbE3OMETPUU;

onpeaeJiuTb OCHOBHbIE MCXO/JHbIE /IaHHbIE, H606XOI[I/IMI)I€ AJId IpOoBeEAEHUA PpPacCyeTOB
BO/IOCETH.

B xavecTBe mamoCcTpaIuu pacCMOTPUM OCHOBHOM y3eJ Bogopacnpeaenenns KT Ne 15 Anex-
CEEeBCKOr0 KMJIOT0 MacCHBa, MUTAIONMiica oT HacocHo# craniuu Ne 25A (puc. 5.13). Ha stom
PUCYHKE [IOTIOJTHUTEIBHO MTOKA3aHbl MECTA PACIIOJNIOKEHUS TIPUOGOPOB, U3MEPSIONIUX PACXO/ BOJIBI.
3aMepbl IIPOBOJIMJIM HAKJA[HBIM YJIbTPa3dByKoBbiM pacxojgomepoMm UFM 610 p. Kak BugHO u3
Tabu. 5.2 u puc. 5.14, aarebpamdeckasi cyMMa pacxo/iOB 10 y3JaM CeTn Z g, npaKTUYeCKU paBHA
HYJIIO, 4TO COOTBETCTBYET 3aKOoHY Kupxroda, a ciemoBaTesbHO, CBI/I,/IeTéj‘I/bCTByeT 0 I0CTaTOYHOI
TOYHOCTHN HaIINUX I/ISMepeHI/II‘/)I.

% B1
_ h=12,0
d=1000 MM TpiGop4
B1
—»>
Or60p B1
* * O \© h-g.1 Ot60p BOJIBI
d = 400 MM d=300 d =600 MM *
v MM Tpu6op1(4) Tpucop 3(3) h=8,5
1 - d =500 mm
- Bl Bl > <] Bt -»>
‘ Hpm‘or(/. —»
BOJIbI e
d = 600Mm [Tputox BombBI
TIpu6op 2(2)
VL h=38,0 *
Ipu6op 5(1)
A d = 600 MM
X h =8,5
C
A
P
(@]
B
A
B1
MOCT d= 600Mm

Puc. 5.13. ¥3en Bomonposoanoit cetn KT Ne 15
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Ta6suma 5.2
Pacxox Boast mo KT Ne15 (yia. AxcapoBa, AjiekceeBCKHil KUJIOH MaccCuB)
B TeyeHue cytok (15.02.2001 r. — 16.02.2001 r.)

MpuTOK BOABI K Y31y, g, M3/ Ot60p BoAbI OT y3na, g, M%/4
Bpewms cyTok, T, 4
B Touke A B Touke B B Touke C B Touke D

15:00 739,6 115,8 532,2 323,2
16:00 758,0 111,0 530,6 338,4
17:00 783,0 110,0 541,4 351,6
18:00 821,5 108,3 565,4 364,4
19:00 832,2 104,5 567,0 369,7
20:00 871,5 94,5 585,5 380,5
21:00 871,0 97,1 587,2 380,9
22:00 826,4 109,6 534,3 401,7
23:00 606,5 116,1 438,8 283,8
0:00 453,8 115,5 343,3 226,0
1:00 371,2 120,3 305,0 186,5
2:00 348,0 121,4 292,7 176,7
3:00 348,6 122,1 295,5 175,2
4:00 412,9 130,7 324,3 219,3
5:00 540,4 137,0 402,0 275,4
6:00 791,4 118,2 5471 362,5
7:00 861,2 100,6 598,0 363,8
8:00 834,9 91,2 582,4 343,7
9:00 799,3 96,2 563,9 331,6
10:00 805,0 90,3 557,1 338,2
11:00 762,1 17,7 533,7 346,1
12:00 743,1 120,6 530,1 333,6
13:00 748,6 108,6 525,1 332,1
14:00 OTknoYeHne HAaCOCHOM CTaHuunu

15:00 682,5 125,9 522,1 286,3

B ,ZICfICTBymH.IHX CHUCTeMax BOIIOCHaé}KeHI/IH ropoloB Ha O/IHY U Ty K€ BOJAOIPOBO/IHYIO CETb
paéoTaeT, KaK IIpaBnJ/jio, OHOBPEMEHHO HECKOJIbKO HAaCOCHbBIX CTaHHHﬁ, 4YTO IIPUBOAUT K CUJIbHOM
B3aNMO3aBUCUMOCTHU PEKHUMOB UX paéoTbI n K CHHUXEHHNIO KHI[ HaCOCHbIX CTaHHHﬁ. HOCKOHbe
IIPOIECCHI BO,IIOHOTpCéJIGHI/IH B CETHU HNMCIOT Cﬂy‘{aﬁHbIﬁ XapaKTep, B HeynpaBHﬂeMOf/’I CHUCTeMe
BO3HUKAIOT TaKUE CUTYyallUU, ITPHU KOTOPbLIX PEKNMbI paéoTbI HaCOCHbIX CTaHI_II/Iﬁ JAaJIEKU OT OIITU-
MaJIbHBIX. B PE3yJabTaTe YBEJIUUYNBAIOTCA ITOTEPU IJIEKTPOIHEPIUU N HerOI/ISBOlII/ITeJIbelﬁ pPacxo/
BO/Ibl, ITOBbIIIAETCA BEPOATHOCTD aBaprIHbIX CI/ITyaL[I/Iﬁ 1n3-3a BO3paCTaHuA M30bITOYHBIX CBOéO,IIHbIX
HaIllOPOB B y3JlaX CETH. KpOMe TOIro, B CUCTEMaX BOHOCH36>K€HI/IH CKJIaZlbIBAlOTCA CUTYallun, KOr'la
CBOéOlIHbIC Hallopbl B y3JlaX CETU 3HAYUTEJbHO MEHbIIE MUHUMAJbHO [OIIYCTHUMbIX. ITO MOJKET
[IpUBECTU K TOMY, 4YTO 4YaCTb HOTpGéI/ITeJIeﬁ B KaKHME€-TO MOMEHTbI BPEMEHU BOOéH.[G HE ITOJIyYHUT
BO/1bl, 3a YTO HECET OTBETCTBEHHOCTb YIIpAaBJIEHUE cucremoii 11PB.
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Puc. 5.14. Pacupenesienue y3/J0BbIX PAcX0/10B:
! — TPUTOK BOJBI B TOUKe A; 2 — NPUTOK BOIBI B Touke B;
3 — ot6op Boabl B Touke C; 4 — o16op BojAbl B Touke D

[TpwHIUTT TTOCTPOEHUS [BYXYPOBHEBOW CXeMbl yIpaBJjeHus jaeiicTBymomnieii cucremoii 11PB
(puc. 5.15) 1mo3BOJIIET COBEPUIEHCTBOBATH OllepaTHBHOE yIpas/jeHue cucremoii [IPB, moctuub
ee He0OXOJMMOTO KavyecTBA U CTENeHM J[eTaan3aii, HeoOX0AMMOI /IS OMepParlmOHHOTO MO/IeJTH-
posanusa [1PB.

Crenyer OTMETUTDb, YTO aKTUBHBIE 2JIEMEHTBI BOJOTTPOBO/IHBIX ceTell 00J1a/1af0T BBICOKOM CTe-
MEHbI0 Pe3epPBUPOBAHUS, MOITOMY OTKAa3 TOTO WJIW WHOTO arperata He OKa3bIBaeT 3HAYMTEIHHOTO
BJNSAHUSA Ha 9(DHEKTUBHOCTD (PYHKIIMOHMPOBAHNS BOJOIIPOBOIHON CETH, TaK KaK OH OIEPATUBHO
samensercss pesepBHbiM. OTkas (aBapus) JIMHEHHBIX y4aCTKOB BOJOIPOBOMAHOI CETH IPUBOJUT
K 3HAQUUTEJbHOMY yIIepOy BCJE/CTBHE MPIMBIX MOTEPb BOJbI, U3MEHEHUS Mbe30METPUU W PEKU-
Ma (YHKIIMOHNPOBAHMS BOJIOMPOBOHON CETH, BO3HUKHOBEHUS AedUINTA BOJbI B pailoHe aBapuu
" paifoHax, TMPUJIETAIONNX K aBAPUHHOMY YYaCTKY, a B HEKOTOPBIX CJIydYasX U BO BCEH CUCTEMe.

Kpowme T0oro, 3HaunTeNbHbIil yiep6 MOKeT HAHOCUThCS caMoii Boioll (pasMbIB JJopor, 3aTol-
JIeHWe 3JaHuil U T.I.).

3ajaua oO6HAPYKEHUS aBapUIHON CUTYaAINU CBOJINUTCS K UAEHTU(UKAIIUN THe30MEeTPUHN CETH,
OT/IEJTbHBIX YYaCTKOB M 30H BOJIONIPOBO/IHON CETHU, K OTPEeJEeHUI0O CKOPOCTU W BpeMEeHU M3MeHe-
HUS MTHe30METPUU CETU W K MPUHATUIO PEIleHns O HAJUYUU aBapUHHON CUTyaluu 1mo puKcaium
KOHTPOJUPYEMBIX TTapaMEeTPOB CUCTEM, HANIPUMeP 9KBUBAJEHTHOTO TUAPOAMHAMUYECKOTO COTIPO-
TUBJIEHUS] CHCTEMBbI, YTO XOPOIIO BUIHO U3 puc. 5.16.

OmnepatuBHOE yIpaBJeHne BOAOPACIpe/ieIeHNEM B BOJOMPOBO/IHBIX CETSX MPU aBapUIHBIX
CUTyaIusAX 3akJroyaeTcs B OOHAPYKEHUU 3TUX CUTYyallWil, TOWCKE PalMOHAJbHONW CTPYKTYPBI
BOJOTIPOBOAHON ceT (IyTeM NMepeKJIIoYeHHH 3a0PHO-PEryTUPYIONUX YCTPOUCTB), ¢ TeM 4TOGbI
UCKJIIOYUTH U3 Hee aBapUITHBIN y4acTOK M MUHUMHU3WPOBATH CyMMapHble U30bITOUHBIE HATIOPHI.
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I ypoBenn
C [InanupoBaHue peKUMOB VYcoBepleHCTBOBaHNE
03/1aHuE JUHAMUY- -
A A TPaHCTIOPTHPOBAHUS Moziesiel 1 o0ydenune
HBIX DJIEMEHTOB <> .
+ TIPB Y pacupenesIeHus BOIbI MOJIb30BATEIEN
Mojenen i
A (Moenb obecreyeHus MozeJien
U UX CPaBHEHUE
TEXHUYECKOTO M MPOECKTHOTO
C peaJbHOCTHIO
yIpaBICHHS )

CereBoli aHaIN3 U
OLICHKA KayecTBa
MOJIENN |
(YHKITMOHATLHON
cuctemsl [IPB

II ypoBennb

Pa3pabotka 0
NEepaTUBH BIICHU
CTpaTeruu °p 0€ YNpaBJICHHC
0 33/IaHHBIM YCIIOBHSIM
ONITUMU3AINN Eu6
cucrem [IPB pekuMa paboThl CHCTEMBI MOJIMOTEKA CHCTEMBI
IIPB MOJeNen

Puc. 5.15. [IByxypoBHeBas cxema yrpasienusi [IPB

100 8000

90

T 7000

S
g 20 \ T 6000
: j = A
5 / /
S 604 :f"-.> O —
g Py = 1 5000
) o
: . 2 /] g
2 %0 7 3 [ £
= <+
e [ S WAL
5 40t - ca s Nt “—r | - 5
g // / Z
g 30 / I« S NN W A 1 3000
g |
=
20 \-——-W Yl 4
L/ / + 2000
PTeY U I | | 5. A I el - et
i S — rN—— T ——} S ——
\ / T 1000
O s /
AV 5
-10 r 0
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Puc. 5.16. ®@parment namenenus pexxnmos B cucteme [IPB ot macocuoii
crannnu Ne 25A B mepwos ruapoyaapa (13:29:48,1 — 13:30:00) uw asapum (15:25:00 — 15:30:00):
! — naBiieHHe Ha HACOCHOM CTaHINH; 2 — PacXoJ BOJABI HA HACOCHOW CTAHIINN;
3 — nasiaenue B guktyionieil Touke KT Ne 1;
4 — ToTeps Hamopa OT HACOCHOI CTAHINH [0 AWKTYIOMEH TOYKH;
5 — conpotusienue cetun [IPB or macocnoii craniun 1o AUKTYIOMEH TOYKN
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5.5. CTABUJIM3AIISI HATIOPA B JUKTYIOIIEN TOYKE CETHU

PaccMoTrpuM cureiyioniyio yIpoIeHHYI0 9KBUBAJEHTHYIO cXeMy (DYHKIIMOHUPOBAHUS CETH
(puc. 5.17), B KOTOpOI#i ceTh 3aMeHsIeTCss OJHON TPYOOil ¢ H9KBUBAJIEHTHBIM THAPABIMYECKUM CO-
NPOTUBJIEHUEM .S.

Mopenb Bogopactpe/iesieHus B TAaKOH PAacueTHON cXeMe MO’KeT ObITh IpeJCTaBJIeHa B BUJIE

P, -P,—-A" =Sq, (5.8)

H

a 3a/1a4a OLEeHKK cocTosgaus Bogopacnpeesenus (2.56), (2.30)—(2.33) (cm. ruasy 2) npumer Buj

S G T S ¢/ (PP \2—> min
y 512)N H " 5(2] q—q S?gmk ar ar PoPrg < (59)
P, - P, — A"
Q: S =1t ;2 , (5.10)

rae P, Pn — HaIop Ha BbIXO/le HACOCHOW CTAHIMU U B JUKTYIOIIEH TOUYKE COOTBETCTBEHHO;

q — PacCcxo/ BOAblI Ha BbIXO/E€ HACOCHON CTaHIINU,
Ah(r) — Pa3HOCTb MEXAY Ireoe3n4YeCKuMn OTMETKaMUu lII/IKTYIOH_[ef/,I TOYKU M HACOCHOM
CTaHIINN;

A A
2 2
Pu, Pm, S P, 5 Py — CpeHee 3HAUCHHNE HAllOpAa U AUCIIEPCHUA HA BbIXOJAE HACOCHOM CTAHIINU
n B I[I/IKTyIOHleI'/JI TOYKEe COOTBETCTBCHHO;

A
2
qus q — CpejgHee 3HaveHne u JUcCliepcud pacxo/a BO/Jbl Ha BbIX0O/€ HACOCHOU CTaHIIUUN
Ha HEKOTOPOM OTpPE3KE€ BPEMEHU (HaanMep, B OHpeZIGJIeHHbeI YaC CYTOK B TE€UYEHHUE MCCHL[a) CO-
OTBETCTBEHHO.

Puc. 5.17. Crabuausanus Harnopa B AUKTYIOINICH TOYKE CETH:
! — HacocHas cTaHIUs; 2 — BOAOIIPOBOJHAS CETb;
3 — BOJIOBO/I C 9KBUBAJECHTHBIM TUIPABINYECCKUM COTPOTUBJICHUEM BOJIONIPOBOJIHON CeTH;
4 — AuKTyIOImas TOUKa; 5 — CBA3b OT JaTUMKA /IaBJEHUS B JAMKTYIOIEHl TOUKe
JUISL YIIPABJIEHUS HACOCAMM CTaHIIUU
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[TockonbKy TepeMeHHas S He BXOAUT B MUHUMU3UPYEMYIO (DYHKIIMIO, TO penieHue 3a1aduu
(5.9), (5.10) maer caeayoiee:

P. =Py g=q, P, =Pax

AT

AN A h([,)
Pn_ Pm‘_ A
S = 5 ; (5.11)
q
T.e. OIleHKAa M3MePSIeMbIX TapaMeTPOB He 3aBUCUT OT JUCIIEPCUM W COBMAJIA€T C UX CPEeJTHUMU
3HAYEHUSIMU.

Ha puc. 5.19—5.22 nokasanbr usmenenue (B Oyanue anu, cy660Tbl 1 BOCKPECEHbs AeKalOps
2000 r.) gaBienns P na macocuoii cranum Ne 25A, 1aBjieHus B JAUKTyIONIEH TOUKe Pm’ n3MeHeHne
BOZIOTIOTPE6IEHNST ¢ AJIEKCEeBCKOTO JKUJIOTO MAacCHBA OT HACOCHOW CTAHIIUMU U TUAPABIMYECKOTO
conporusaenus S cucrempr [IPB Asnekceesckoro sxumoro maccusa (puc. 5.18).

Puc. 5.18. Cxema Bojopacripe/ieiuTeIbHOM ceTH OT HacocHO# ctanimu Ne 25A
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(5]

Puc. 5.19. V3MeHeHue JaBJICHNS HA BBIXOJE HACOCHOMH cranmum Ne 25A, P = f(T):
a — Oyanue auu; 6 — cy660Ta; 6 — BOCKPECEHDE;
{—P ;2—P +0,3—-—P —oC
.cp H.CD H.C

P
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Puc. 5.20. VsmeHenue naBieHuss B JUKTYIOIIEH TOYKeE, Pqu f(T):

a — Gynuue auu; 6 — cy660Ta; 6 — BOCKPECEHbE;
1 — P 2—-P +o0;3—P — o

ar.cp’ aT.Cp AT.Cp



178 YcTOYMBOCTL BOJOCHAOXEHUS
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Puc. 5.21. Usmenenune Bojgonorpebienus AJeKCeeBCKOTO JKUJIOTO MaCCUBA

ot HacocHoii craunuu No 25A, g = [ (T):

a — 6yanue auu; 6 — cy66ora; 6 — Bockpecense; | — q,.;2 — g, +6;3 — q,~©
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Puc. 5.22. aMeHeHue TuapaBandecKoro conporusienus cucremol [1PB
AJIEKCEEBCKOTO JKUJIOT0 MacCHBa OT HACOCHON craHiuu Ne 25A, S = f(T), naa q_:

cp’

a — Oyanue auu; 6 — cy66ora; 6 — BocKpeceHbe; | — Scp; 2 — Scp+ c; 3 — SCp — 0o
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Kaxk BU/HO, MHTETpaJbHbIE€ OIIEHKN YaCOBbIX PAaCX0/10B, ZIaBJIeHI/Iﬁ N 9KBUBAJIEHTHOTI'O T'/[paB-
JIMYECKOTO COIIPOTUBJIEHUA B T€UYEHUE MeCAlla AOCTATOYHO cTaOMJIbHBI 1 I’pa(bI/IKI/I 9TUX OIIEHOK
C YYETOM TEKYIIUX CYTOK MOI'YyT OBITH MCIIOJIb30BAHDI JUIA pelIeHunda 3a/ladun CTaéHJII/ISaLII/H/I Haltopa
B III/IKTYIOH_Ieﬁ TOYKE CETU B KAa4Y€CTBE IIPOrHO3a Ha CJAEAYIOIINE CYTKHU.

5.6. METO/I IBYXKOHTYPHOI'O YIIPABJEHUY HACOCHOM
CTAHIIUEN

Paspa6otanublii MeTO/l JBYXKOHTYDHOTO YIIPaBJIEHUSI II03BOJISIET HE TOJBKO OCYIECT-
BJISAATb KOHTPOJb 3a cuctemoil IIPB, HO u o6HapyXuBaTb yTe4KU BOJbI M OIpPeJeJAaTb HX
BEPOATHDBIE 30HDI.

Jlns pacdera BbIAeseTcss (parMeHT CeTH, coJep:Kaliuii TpyObl OOJBIIOTO JuaMeTpa W Bep-
MITHBI, WX coefmHgone. Takoil parMeHT mpoie peajsbHON CETH.

B Bepmunax rpada atoro pparmMenTa u3mMepsIoT JaBjieHne, pacXo/ BOJAbI U JlaBJeHNe Ha BbI-
X0/1aX HacoCHbIX arperatoB (Ha Bxozax (parmenta cetu). IIpu 5TOM HPEANOJNATAETCS, YTO BO/A
1o/iaeTcsl Ha BXO/bl HACOCHOTO arperaTta U3 HEKOTOPOW eMKOCTH, KOTOPYIO MOXKHO OTOK/I€CTBUTD
C HyJIeBOIl BepmuHOi. BymeM cuymrtarh, 4TO W3 KaX/OTO y3Ja paccMaTpuBaeMoro ¢parMeHTa
B ATy K€ eMKOCTb IOCTyTIaeT BO/a Takoro oObema, 4ToObI aire6pamdyeckasi cyMMa ee pPacXoj0B
1o Jio6oMy y3Jy (pparmMeHTa paBHSAIACH HYJIIO.

Takum o6pasom, rpad dparmenta 6yIeT coAepKaThb YYacTKU TPEX THUIIOB: BXO/IbI, BBIXO/IbI
U Maructpasibuble yyacTku. O603HauuM UX cooTBeTcTBeHHO L, N m M, Kak 3To [iesajoch paHee.

[Tockoabky kaxable aABa y3jaa ¢parMeHTa COeANUHSAIOTCS TPyOONPOBOJOM 3aJaHHON
IJUHB W AWaMeTpa, TO, UCHOJb3ys o0606meHHble Gopmyast | = f(Re,Z), IIOJIYYCHHbIE
B ryaBe 3 HacTtodmeidl pabOThl, MOXXHO BBIUYHCJUTH PACXOJ BOJBI B 3TOM TPyOOMpOBOIE
o dopmyam

(5.12)
(4650001 s
rael ; = 0’055+L46V5$ e TN (G e M); (5.13)
7
A - 00161477 (5.14)
T + 42,51

3nechb A — K03 punmeHT TpeHuns; V, — CKOpOCTDb /IBHXEHHS BOJbI B Jj-M Tpy6OnIpOBO/IE;
v — K03(h UINEHT KUHETUYeCKONH BSI3KOCTH BOJbI; A — OTHOCHUTEJIbHAsl MIEPOXOBATOCTb TPYO;
T — Bpems skcmayatanuu TpyoO, Mec.

3aMeTuM, 4YTO, MCIHOJb3ys JOCTATOYHO IIPOCTble Pe3yabTaTbl M3MEpPeHHIl TOoTepb Halo-
pa u pacxoga Bojbl, a takxke dopmynabt (5.13) u (5.14), MOKHO TONYYUTH YCPeIHEHHOE
3HaYeHWe MaKpOIIepOXOBATOCTH TPyOONpoBosa. ITO JaeT BO3MOXKXHOCTb TEPUOANYECKH,
He BCKPbIBasi TPyOOIIPOBO/BI, /aBaTb 3aKJIOUEHHWE O COCTOSHUM BHYTPEeHHeH MOBEPXHOCTH
Tpy6OIIPOBO/Ia M MPUHUMATh 3KCIIEPTHOE pellleHre O CBOEBPEMEHHOCTH IIPOBEJEeHUsT CaHAIUU
(puc. 5.23).

B meiicTByonmux ceTsax 1o Jgio6oMy y3iay aiarebpandeckasi CcyMMa pacxXxo/0B He Oy/eT paBHa
HYJIIO, TIOCKOJIbKY B PACYeTHON cXeMe Mbl 0TOpocuan 60JbInyio 4acTh cetu. [loaTtomy pacxosbl,
JIOTIOJIHAIONTNE anreOpandyecKyio CyMMY Pacxo/l0B 10 y3jiaMm ¢pparMeHTta /0 HyJsl, OTHECEM K CO-
OTBETCTBYIOIINM BBIXOJ[aM 3TOTO (pparMeHTa.

Ha puc. 5.24 npusenena cxema BOJONPOBO/JHON ceTn AJieKCeeBCKOT0 MHUKPOpailioHa € BbI-
6paHHBIM (parMeHTOM JIJIs pacyeTa ceTH. JDKBUBAJEHTHAs pacyeTHas cxeMmMa 3Toro dparMenra
(puc. 5.25) couepsxkut aBa Bxoja, 11 BbIX0g0B 1 16 MarucTpabHbIX y4aCTKOB.
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Puc. 5.23. 3apacranue BBoga (d =150 MM) K JKUIOMY JOMY
Ha AJICKCEEBCKOM KIJIOM MaccuBe 3a 18 jer akcrryaranun

Puc. 5.24. PacuerHas cxemMa BHEHIHErO BOJOIPOBO/HOTO KOJIbIA JJI YIIPABJIECHUS HATIOPOM B JINKTYIOLIEH
KOHTPOJIbHOIT Touke 1 (Bepumua (y3esn) 21) AJEKCEEBCKOTO XKUJIOTO MAaCCUBA
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Bri6epem nepeBo rpada dparmenta Takum 06pa3oM, YTOOBI €r0 BETBAMU OBIIU TOJBKO BbI-
xozbl. Torma pacxo/ BoJbl Ha BbIXOJaX B OOIEM BH/E BBIYHC/SIETCS KaK

g = 2, buq, (ieN). (5.15)
reMUL,
Kax BugHO, BBIOOP TAaKOTO JiepeBa aBTOMAaTHYECKN OTHEC K XOP/iaM BCe BBIXO/IbI M MATUCTPATb-
Hble y4acTKU. 3/ech by, — 57€MeHT 1IUKJI0OMAaTUYeCKOil MaTpulbl /14 BeTBeil Jepesa B, .
Marpuna B, fana pacyeTHON CXeMbI puC. 5.25 UMEET BU/L

19 20 21 22 23 24 25 26 27 28 29
if1 00 00 0 0 0 0 —1 0]
2/1 =10 0 0 0 0 0 0 0 0
310 10 0 0 0 0 0 0 0 1
40 001 0 0 -1 0 0 0 0 0
500 010 0 0 0 -1 0 0 0
6/0 00 0 0 0 0 1 0 -1 0
710 00 -1 0 0 0 1 0 0 0
80 00 1 -1 0 0 0 0 0 0
90 0 0 -1 0 0 1 0 0 0 0

Bi=t0lo 0 1 0 0 10 0 0 0 o0
110 1 0 0 0 0 0 0 -1 0 0
1200 40 0 0 1.0 0 0 0 0
130 0 0 0 0 1 -1 0 0 0 0
140 0 0 0 0 0 -1 1 0 0 0
1500 0 0 000 -1 0 1 0 0
6/0 0 1 0 0 0 0 0 0 0 -1
170 0 0 0 0 0 0 0 0 1 0
180 0 0 0 1.0 0 0 0 0 0]

Puc. 5.25. OxBUBaJeHTHAs pacyeTHasl cXeMa BOJOTIPOBOHON ceTH, TIOKAa3aHHO# Ha puc. 5.24
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Cdopmyanpyem 3aady olepaTUBHOTO pacyeTa BOIOCETH.

Wcxonnbie nanuble:

1) dparment cetu B Buje JuHeiiHOro rpada ¢ M MaructpaibHbIMU ydacTKamu, L BXoJgaMu
n N BbIXO/IaMM, NTpUYEM KaX/bIH y3es parMeHTa uMeeT CBOI BBIXO/L;

2) M3BECTHBI T€O/IC3NYECKIE OTMETKU B y3JIaX CETH P].(F) (jeN);

3) sajan pacxos Bojbl Ha BXofax ¢; =¢q; (j € L) u manop Ha BbIXO/AaX P, =P’ (jeN).

Tpebyerca HaliTH pacXo[bl B MarnCTPaIbHBIX yyacTkaX ¢; (j € M), mamopor P (jel)
u pacxo/bl Ha Bbixonax ¢; (7 € N). Tlocnennne kocBeHHo Gy/yT XapaKTepu3oBaTh moTpebieHne
BO/IbI B OTOPOIIEHHO YacTh CeTH B pailoHE COOTBETCTBYIOMINX Y3JIOB.

Torpa Matemarnueckasi moctanoBka 3agaun (puc. 5.26) ¢ ydetroM BbIOpaHHOTO jepeBa dpar-
MEHTa IPUMET BU/J

qg, = Z b1jiqj (i EN); (5.17)
jeMUL
W)= =" (e M); (5.18)
h; :—Z\;bmpi (jeM); (5.19)
h](,f) :mepi (]'eM), (5.20)

ieN

e h](.”)— OTepsl HAIOPa Ha J-M yYacCTKe BOIOCETH.

B 6a0k-cxeme pacuera jeiictBytomnieii cucremsl [TIPB (puc. 5.26):

1 — BBOJ MCXO/HBIX J[aHHbIX;

2 — BbIUKCJEHHUE MATPUIbl B, 10 MCXOAHOW WHPOPMAIMU B BHUJE OPUEHTHUPOBAHHBIX
Y3JIOBBIX TIap;

3 — Bbluucaenue f; u k](r) (7 € M) no dpopmynam (5.19), (5.20);

4 — BBIYKCJICHHE h](.") (j e M) no dopmyie (5.18);

5 — soruncaenue ¢; (€M) mo dopmyaam (5.12) — (5.14) c ucnoabzopanuem
CIIEIUAJIbHON TTOANPOrPaMMbI;

6 — soruncaenue ¢, (j e N) no dopmyne (5.17);

7 — soancaenne ckopocreit V; (7€ M) 1o dopmyaie

Vi =% (jeM), (5.21)
J
rje W, — IJI0IMa/ib cedeHus j-ro TpyGOormpoBo/a;
8 — dopmuposBanue u meyaTb TaGJIUIBI UCXOAHBIX ¥ PACYETHBIX JAHHDBIX.
OcranoBuMcs 6osiee TOAPOOHO Ha pellieHny 3ajaun onpejesienus no dpopmynam (5.12) —
(5.14) pacxo/ia Bo/ibI /Uit J-TO MarkCTPaJIbHOTO yYacTKa 10 N3BECTHOMY 3HAUEHUTO h](.") (q].) (jeM).
B Boipaxkenne (5.12) Bxoaut BeamdnHa | ;, KOTOpast 3aBHCUT OT CKOPOCTH, a CJI€/[0BATEJIBHO,
1 oT pacxojga ¢;. IDTO JIETKO IPEO/I0JeBaeTCs PUMEHEHUEM MeTo/a I0CJe0BaTeNbHbIX TIPHU-
GJIVDKEHUIT, JIJISE Yero UCIIOJIb30BAH METO/ AMXOTOMUM.
[Ipeacrasum Boipakenue (5.12) B Buge

‘ . l.qg )
Jj:hﬁ)_%zo (] eM) (5.22)
j)

1 Oy/leM HCKaTh TAaKOe ¢;, KOTOPOE SIBJISIETCSI KOPHEM TOr0 yPaBHEHHUSI.

B kauyecTBe HauanbHOro NPUG/IIKEHNA BbIOEPEM 3HAYCHHE ¢; B COOTBETCTBUHU C ATIIPOKCH-
Manmeit popmybr Anapusmesa g V, <3 M/c co smauenueM Koadduimenta HeauneiinocTn
n, =2 smecro n; =1,9:

L. )
i =0,001736 57 (j M) (5.23)

J
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BBoa naHHBIX

v

Boruucienne matpunbl B, 110 HCXOAHON
nH@OpMaIUN B BHU/ie OPUEHTHPOBAHHDBIX
V3JIOBBIX I1ap

v

3 .
hy; = _Zbu‘i})i (j eM)
ieN

h;('r) = Zbiji})i (j eM)

ieN
4 W (q,) = h; —h"(j e M)
5 ~_ 0,016147T
T+42,51°
( 46500 .
|, =10,055+ L46500nJ PR C I VR
v,
1,232gd’?

7 85 h, e
Il

6 q, = Z bjq; (G eN)
jeMUL
7 .

v,=L  (jem
T,
8 dopmupoBaHne TabJUIIBI
MCXO/IHBIX M PACYETHBIX [eyarp Tabaupl
JTAHHBIX

.
C om

Puc. 5.26. Brok-cxema pacuera geiictBytomteii cucremsl IIPB
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Torna mavasbHOE TTPUOIMIKEHNE

0) Wd® (e M)
% =\o001736;, : (5.24)

0 . (o
HOZ[CTaBI/IM 9TO 3HaUYeHue C]]( ) B BbIpa’K€HUE (522) " IOJIYYHM 3HaUY€HUE ) ]( ), KOTOpOE 6}7£[6T
OTJIMYHO OT HYJIA.

O _ 50
Ecim OHO TI0JIOKUTENbHO, TO BBIYMCJIUM 3HaueHne (YHKIUU B Touke ¢; =¢; +Aq;

0 o . 0 . (1
(manpumep, Aq; = qE)), B KOTOPOil 1pu gocTaTouHo GosbinoMm Ag; j j(q§)+Aq]-) =]j 5) Oyner
MeHbIe HyJis. Terepb, MpUMeHsIsl METO/T IMXOTOMUN, T.€. [leJIeHHs OTPe3Ka MOoMoJaM ¢ 3aaHHOil
k
TOYHOCTBIO @, GyeM HCKath ¢\, A7 KOTOPOro

i, @) |<e. (5.25)

Ecan B TOuke q}o) j ](0) <0, T0 q?) = (qﬁo) —Aq].), riue Aqﬁo < qﬁo) 1 BBIOMpAETCsl TaKUM 00-
pasom, uto6n1 j ) 610 Gosbine wyss. [lajgee MpUMEHSETCS AHAJTOTHYHBIHA MOIXO/ MOUCKA TOY-

KU1 C/Ek), JIUISL KOTOPOH cripaBeyinBo cooTHomenune (5.25) Ha oTpeske [6]51),6]50)]

B npusenennom pacuere Bogopacnpeaenenns A 7 yacos yrpa (ta61. 5.3) pacxo/pl Ha BXO-

JlaX ¥ JaBJeHus B y3jax (parMeHTa — 3TO COOTBETCTBEHHO 3HAYEHWs PACXOJOB U HAMOPOB,

nsMepsgemble Ha HuX B 7 yacoB yrpa 16.02.2001 r. Pacxos Boabl B MarucTpajbHbIX ydyacTKax

BoruucJsiercss mo dpopmyaam (5.12) — (5.14) ¢ upumenenuem 3apucumocreii | = f(Re,A).
Ta6auma 5.3

Pacuer Bonopacnpegenenust B cucteme IIPB AsekceeBckoro kujoro maccuBa
110 HATYPHBIM 3aMepaM HalopoB B y3JaX BO/J0OCETH
(16.02.2001 r., 7:00 u)

Howep Howep yana - Kowew, Feonesuyeckas oTMeTKa Y31080ii dakTuieckmii
3amepa Hayaso y4actka y4acTka Bepxa;pyﬁbl, rgc'a?ﬁ.; ) ygﬁg’oz "

1 2 0 167,85 11,15 53

2 3 0 164,66 556,46 50

3 4 0 171,40 0,55 48

4 5 0 171,08 107,92 49,5

5 6 0 172,17 74,62 48

6 7 0 171,88 209,10 48,5

7 9 0 170,06 92,29 45

8 13 0 159,40 665,57 55

9 14 0 143,79 -1,99 78

10 15 0 144,65 1,42 78

1 21 0 175,50 281,02 38

CymmapHoe BogonotpebneHune 1998,1
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BOZIOHPOBOIIH&H CETb

>
3
=
g s
S5
Homep Hauano KoweLl, nggr;aaL, nerﬁﬁilr;iha- § % Pac>;o,u, g, | Cxopoctb V, MoTepw
3amepa y4acTka yyacTka v MeTp d, MM = > M3/y M/C Hanopa h, m
] § 5
z %
3
3
it
12 2 3 456 357 -3,19 157,03 0,4358 6,19
13 2 5 278 1200 3,23 870,11 0,2137 0,27
14 3 21 1640 439 10,84 67,2 0,1233 1,16
15 4 21 1206 300 4.1 68,23 0,2681 5,9
16 4 21 876 300 4.1 80,06 0,3146 5,9
17 5 3 544 300 -6,42 101,76 0,3999 5,92
18 5 4 144 300 0,32 88,3 0,347 1,18
19 5 7 132 993 0,8 572,13 0,2052 0,2
20 6 4 200 300 -0,77 60,53 0,2379 0,77
21 6 9 1466 449 -2,11 157,82 0,2769 5,11
22 6 13 1276 308 -12,77 70,06 0,2612 5,77
23 7 6 26 500 0,29 363,03 0,5136 0,21
24 9 21 726 348 5,44 65,53 0,1914 1,56
25 14 2 1416 1200 24,06 1038,29 0,255 0,94
26 15 3 1708 500 20,01 364,87 0,5162 7,99
27 15 13 1636 477 14,75 595,51 0,9257 8,25
VIGTOUHMK leoneanyeckas oTMeTKa Bepxa Pacxogq, dakTnyeckmnit Hamnop,
TPyObI, M g, M®/M H, m
28 0 14 143,79 1036,3 78
29 0 15 144,65 961,8 78
CymmapHas nogaya BoAbl B BOOOMPOBOAHYIO CETb 1998,1
Tabauia 5.4

Pacuer Bogopacnpeaesenust B cucreme [IPB AsekceeBckoro :Kujioro Mmaccuba
JLUIs 0OLIero Hapy kKHOTO KoJiblja BogoceTn (puc. 5.24)
10 HATYPHBIM 3aMepaM HamopoB B y3jax Bogocetu (16.02.2001 r., 7:00 u)

Homep 3a- Homep ysna — Konev, IEDIEA @ Y3noBown pacxog, dakTnyecknii Ha-
Mepa Hayano yyacrka yyactka 0":;;23 fafﬂpxa Q, M3/4 nop B ysne, H, m

1 3 0 164,66 297,66 50

2 6 0 172,17 —-227,88 48

3 9 0 170,06 92,29 45

4 13 0 159,4 665,57 55

5 15 0 144,65 1,42 78

6 21 0 175,5 132,73 38

CymmapHoe BogonotpebneHune 961,8




YcToMumBOCTb BOgOCHaOXeHua 187

BOIIOHpOBO,ZIHaH CETb

g 5
2 S <
Homep Hauasno KoHe, AR B s 5 = Pacxog, CKOpOCTb, MeTE) -
y4acrka, = R 3 nopa,
3amepa y4actka y4acTka oy % 3 5 : S q, M3/4 V, m/c B
3 3=
& 2
7 3 21 1640 439 10,84 67,2 0,1233 1,16
8 6 9 1466 449 -2,11 157,82 0,2769 5,11
9 6 13 1276 308 -12,77 70,06 0,2612 5,77
10 9 21 726 348 5,44 65,53 0,1914 1,56
11 15 3 1708 500 20,01 364,87 0,5162 7,99
12 15 13 1636 477 14,75 595,51 0,9257 8,25
ICTOMHMK ['eopesnyeckast oTMeTka Bepxa Paoxsop,, dakTMeckwi Hanop, H, M
TpyObI, M g, M3/M
3 | o | 15 144,65 961,8 78
CymmapHasa nogaya BoAbl B BOOOMPOBOAHYIO CETb 961,8

Takne Tabauipl, Kak Taba. 5.3 u 3.4, popMupyoTcs B AefiCTBYIOIIEH CUCTEME €XXeCyTOIHO
1 HEIIpEepPbIBHO (C AUCKPETHOCTDbIO S5 MI/IH), 3aTeM IMPOUCXOJUT CpaBHEHUE CPEAHECTATUCTUIECCKUX
PaCcXoa0B Ha BbIXO/I€ C BbIYUCJAAECMbIMU TEKYIIUMU 3HAYCHUAMU.

2
OHpeIIeJIHeTCH TaKsKe JUCIIepCUsl PacXo/0B BOJbl Ha BXO/aX 3a 3TOT JKe IIepuoj S q-

Ecom

A
qje =G| > 35, (] € L) XO0Ts GBI /1711 OJTHOTO J, TO MJIET CUTHAJ TPEBOTH C COMPOBOK/IE-

HUEM CHUPEHDI. HpI/I 9TOM Ha 9KpaH€ AUCIJIEA YKa3bIBa€TCA BbIXO/[ C HanOOJIBIINM OTKJIOHEHUEM
BbIUHNCJIAEMOTO paCXo/la Ha BbIXO/I€ OT CPEAHECTATUCTUYIECKOTO [AJIAd TEKYIIEro Yaca

A

qie —dy

A

G — G| - (5.26)

. Inax
Yx JeN

Paiton, nmpusieratonmii k k-My y3uay ¢dparMenTa, n 6ymaeT MCKOMbBIM.
[TpuBesneM pacyeT cpefHEKBAPATHUYECKOTO OTKJIOHEHHS G BO BpeMs IIPOBEJEHUS 3KCIIEPU-

MeHTa <«ABapus».
Borumcsaum cpenHee 3HaueHue pacxojia Tep

q., = =— (5.27)

rjle ¢; —MTHOBEHHbIE 3HAUEHHS PAcXO/0B Yepes d C;

n — YUCJO U3MEPEHUI 3a MPOMEXYTOK BpemeHu 7.

CpaBHHUM CPeJHECTATUCTHYECKNE PACXO/BI ¢ € OTPeeIEMbIMI TEKYIIUMI 3HAYECHUSAME §; ,
BBIUUCJIUB JIUCTIEPCUTO

Z(ql - 6]cp)2
D=+ (5.28)
n

" CpeAHEKBa/[PaTUYECKOE OTKJIOHEHUE G

s =D . (5.29)
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CpaBHI/IM Tekymee sHadcHne 6, Co CpeAHCKBa/IpaTUICCKUM OTKJIOHCHUEM Gy IIprn yCTaHOBUB-

neMcst pexnMe paboTbl S

a

y

. [Tockosabky ca>30y, TO 3BYUMT CUTHAJ TPEBOTH.

B ta6u. 5.5 u Ha puc. 5.27 npuBeienbl pacyeTnble ganubie 3a mepuoj ¢ 15:00:00 go 16:00:00
16.02.2001 r. npu ycraHOBUBIIEMCS peXUME U IIPU BO3HUKHOBeHUU aBapuu B cetu [IPB Anek-
CEEBCKOTO JKUJIOTO MACCUBA.

Tabauma 5.5

Pacuer cpegHeKkBaJpaTHYECKOr0 OTKJIOHEHHS G IIPH YCTAaHOBUBHIEMCS pe’KuMe
U NpU BO3HNKHOBeHuH aBapuu B cetu IIPB AsekceeBckoro kuimaccua

CpenHee
Mepwropn, Yucno namepenui 3Ha4YeHne CpenHe-
. Jvcnepcus,
Pexvm paboTsl N3MEepeHnii, 3a ykasaHHoe nogayn D KBagpaTnyeckoe
T Bpems, n BOZbl, OTK/IOHEHWE, G
qcpM3/c
Mopaya Boabl npu

A Aib! NP 15:02:40 — _

yCTaHOBMBLLUEMCS 207 1770,7 4521,4 c=67,2
15:19:50 y

pexunme

lMogaya Boabl npu 15:19:55 —

A Abi P o 114 2436,8 55130,9 c=2348
asapuu 15:29:20 a
Ycnosue 00HapyxeHus B a 3 3 S
aBapuy (c,>30,) =35

Y S
y
g, M /a
3500
3000
2500 o Y
2000 f ] ,n
1500 - |
Asapusi
—P
1000
YCTaHOBUBLLMIACS PEXUM
< >
500
0
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOT,C
DV R T A S A S A R L . A W R SR A SA . A S U S A S A S DR A AR SR A S U S A SO L S X
N S O NN 0 O «~ MO F O O O AN MW © O D v~ N S NN O O «~ M F O O O N MW © 0 D
Q2222 T T oL T T T AN ANANANANANOOOOOQY TSI T YN nnnnnin
LLeLeL2Leeee e R0eReRee00eRe o ReReRe e ReReeoee e

Puc. 5.27. Nsmenenue BojonoTpebaeHnst AJEKCEeBCKOTO KUJIOTO MacCHBa
ot "HacocHoi ctanuu Ne 25A ¢ 15:00:00 mo 16:00:00 u 16.02.2001 .

Pacuernl, conepskaiuecss B pa3pab0TaHHOM METO/Ie [[BYXKOHTYPHOTO YIIPABJIEHHUST HACOCHBIMU
CTAHIUSMU, JAI0T BO3MOXKHOCTDb HE TOJbKO aHAJIM3MPOBaTh pabory aeictByionmx cucrtem [1PB
U pelath 3a/laud UX COBEPIIEHCTBOBAHUS, HO M IIPUHUMATh Ba)KHble PelIeHUs MPHU pa3peryJau-
poBke cucrtem IIPB u o6Hapyskenun aBapuii Ha BOJ/IOCETH.
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5.7. TEXHUYECKA{A PEAJIN3AIIUA METOIA
ABYXKOHTYPHOTIO YIIPABJIEHUA HACOCHBIMU CTAHIIUAMU

MeTtos BYXKOHTYPHOTO yTpaBJieHUs paboTOil HACOCHBIX CTAHINII TO3BOJISIET TOCTPOUTH
MHOTOKOHTYPHYIO cXeMy yipasJjenus cucremoii IIPB, rae B kauecTBe ynpasJisioniero Bo3/1eicTBus
HCIOJIb3yeTCsl M3MEHEHNe YacTOThI BpalleHns padoyero Kojeca HACOCHOTO arperata.

[leHTpa/IbHBIil KOMIIBIOTEP U MUKPOKOHTPOJIJIEP HAa MECTHOM jucrerdepckom mytkre (M/IIT),
a TaKkyKe MUKPOKOHTPOJLIEPHI B KOHTposupyeMbix myHkTax (KII) paGoraior B pexkuMe peasbHOro
BPEMEHU B COOTBETCTBUU C Pa3pabOTAHHBIM AJTOPUTMOM.

Tpebyemoe naBienne Bobl B IUKTYIOIIEN Touke 3asaetcs aucnerdepom M/IIIL. lanbheiinme
olepalnuu IIPOU3BOJATCS IEPBbIM KOHTYPOM YIIpaBJeHUs aBTOMAaTHYECKHU yepe3 LEeHTPAJbHBII
KOMITbIOTep U MUKpokoHTpoJtep KOMKOH.

Yupassenne o6beKTOM OCYIIECTBJISETCS B COOTBETCTBUH € IOKA3aHUSMHU JaTUYNKA /[aBICHUS
B JIUKTYIOIEH TOUKe IIPU HelIPepbIBHOM KOHTPOJIE BCEX OCHOBHBIX ITapaMeTPOB HACOCHOI CTaHIINK
U COCTOSHMS BOJOpacIlpejie/IeHNsl B CeTU BTOPbIM KOHTYpPOM yIpasjeHus. Pacxo/pl BoJbl OT Ha-
cocHOll crauiuu, morepu Hamopa (mbezomerpun), comporuBienne cucrembl [IPB cocrasisor

N
BTOPOIl KOHTYD YIPaBJIeHHsI, 1 OTKJIOHEHHE OT 33/laHHbIX 11apaMeTpoB ¢, —q ;> 3s (] eL),

0 YeM CKa3aHo BbIIIIe, SBJSETCS OCHOBHBIM KPUTEPHUEM /IS JUIa, TPUHUMAIOIIETO pelieHne 0 BMe-
1arejbCTBEe B TEXHOJOTMYECKUil pexkuM yrpasJienus cucremoil I1IPB.

BxoaubiMu ananorosbiMu curnasamu KoutpoJssiepa KOMKOH B cxeme ynpasienust paboToit
HacocHoro arperara (puc. 5.28) aBasiorcs:

JlaBJieHNe B JUKTYIOlIell Touke; MOIIIHOCTb aKTHBHAas Ha BBOJAX;
JlaBJieHle Ha BbIX0/[aX HACOCHON MOIIIHOCTb PeaKTHBHAsl Ha BBOJAX;
CTaHIINN; HalpsiKeHue Ha BBOJAX;

pacxo/l Bo/ibl Ha BBIXOJIaX HACOCHOI yPOBEHb BO/Ibl B pe3epByapax;
CTaHIINN; TeMmIilepaTypa BO3/yXa;

41CcJ0 060POTOB HACOCHOTO arperara 4; TeMmIilepaTypa MOJNIMIHUKOB /IBUTATEIS;
JlaBJieHne Ha BbIX0/IaX HACOCHBIX arperaros; JlaBJleHNe B y3JIOBbIX TOYKaX CETH;
TOKM HACOCHBIX arperartos; pacxo/l BO/Ibl B Y3JIOBBIX TOYKAX CETH.

ABapuiiHyI0 CHUTYyaIlWio OIpejesseT WMEHHO BTOPOIl KOHTYP CHUCTEMBbI YIIpaBJIeHUs, KOTO-
pbIli Ha OCHOBAHWM TMOJYYEHHBIX JaHHBIX O JaBJEHUU, PACXOJ/ie BOABLI B Y3JIOBBIX TOYKAX CETH
7 Ha BBIXOJIe HACOCHON CTAHIIUU BBIYMUCJSET COMPOTHUBJIEHWE CETH 10 HANPABJIEHUSM M CKOPOCTDH
ero uamenenus. 3aech kKoutpoJssiep KII mepenaer nadopmaiuio mo paanokaHasy Ha KOHTPOJLJIED
M/II n nanee Ha MEHTPAJbHBIM KOMITBIOTED /I8 aHAJIN3a U TPUHATHS PENIeHUH O JIOKAJIN3aInun
WM JTUKBUIAIAN TIOBPEXIEHNS, I3MEHEHNS PEKMMOB BOJOCHAOKEHUS U T. [I.

[l omepaTUBHOTO ydyacTusi 06CTYKMBAIOIIETO MEepPCOHAJa B MpOIlecce PeryJanpOBaHUS BCS
nHOOPMAIHSI O COCTOSTHIN 00beKTa YIIpaBJeHns oToOpakaeTcss Ha dKpaHe BugeoMounTOpa IBM-
COBMECTHMOTO KOMIIbIOTEPA, KOTOPbIH mojikaoYaeTcsd kK Koutposuepy KOMKOH uepes ogun us
MOCJIeIOBATETbHBIX KOMMYHUKAIIMOHHBIX TOPTOB. Uepe3 aTOT MOPT OT KOMIIbIOTepa K KOHTPOJLIEPY
nepefaloTcs KOMaHIbl OIePATUBHOTO BMEIIATEIbCTBA IEKYPHOTO MO CTAHINHU, KOTOPbIE 3a/1af0TCS
MTOCPE/ICTBOM KJIAaBHATYPbl KOMITbIOTEPA.

KonTpossepnt KII ¢ yacToToit o/iuH onpoc B CEKYH/IY WJIU C JIPYTOH 3aJlaHHON 4acTOTOM orpa-
MUBAIOT JATYNKW JABJIEHUS M PacXo/a, HOPMAJIu3yIOT MOJyUYeHHbIe 3HAUEHWST, BBIYNCJISIOT COMPO-
THUBJIEHUE CETH W CKOPOCTDb €T0 M3MEHEHUS Ha CBOEM yYacTKe, PACXO0J BOJbI HA HACOCHOW CTaHIINH
U B UKTYIONIEN TOUYKE, YIMAKOBBIBAIOT UX B CIleluajbHblie Gydepa W MO 3a1pocy MEeHTPaJbHOTO
KoHTpoJiiepa (a B cirydyae BOSHUKHOBEHUSI aBapUITHON cUTyalun — 110 cOGCTBEHHON MHUIMATHBE )
nepesalnT UX €My depe3 IeHTPAJTbHBIM KOHTPOJLIEp KycTa AJs AajabHelneil o0paboTKu.

Kontpoanep M/III, mosyuus Tpebyembie eMy JaHHBIE, BKJOYAET UX B CBOIW aJTOPUTM BBI-
YUCJIEHWS YIIPABJSIONIETO BO3/I€WCTBUS U, OCHOBBIBAsSICh Ha MOJYYEHHBIX JAHHBIX, BbIpabaTbIBAET
HOBOE YIIpaBJsioliee Bo3/elicTBre 160 OMOBENAeT O BO3MOXKHON aBapwyl M, MCIOJb3ys COIep-
JKamecss B HeM CTaTUCTUYeCKue JaHHble 06 9KBUBAJEHTHBIX MMapaMeTpax BOIOIMPOBOIHBIX ceTeil
10 HAIPaBJEHUSIM, U3MEHEHUN PACCUYNTAHHBIX CKOPOCTEH, M3MEHEHNUN BEJMYWH PACXO/0B BOJIBI
U COMPOTUBJICHUS CETU IO HAITPABJIEHUSIM, BBIYUCJSIET MPEANOJaraeMblii pailoH aBapun.
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[Tpumenenue pazpaboTaHHOTO MeToa B pacyeTax JelictByionieil cuctembl [IPB He TosbKO
UMEET TEOPETUIYECKYIO U MPAKTUYECKYI0 3HAYNMOCTD JIJISI COBEPIIEHCTBOBAHUS TUAPOIMHAMITYECKOM
pa6otel cuctem [IPB, HO n co3naer ocHOBY [ist pemeHus 3a/1a4 pecypcocOepeskeHns .

BbIBO/1bl

1. Pagpaboran MeTO/I IBYyXKOHTYPHOTO YIIPABJIEHNSI HACOCHBIMU CTaHIMSAMU B cuctemax [I1PB,
[IpUBe/IeHbl Pe3yJbTaTbl BHEAPEHUS JaHHOTO MeToza B cucreme IIPB nisa AsekceeBcKoro skuJoro
MaccuBa XapbkoBa. IIpoBejieH sKCIepUMEHT ¢ UMUTAIMEl aBapuu, B KOTOPOM MCIIOJb30BaHUE
pa3zpabOTaHHOTO METO/IA TO3BOJIJIO HE TOJIHKO OTpPeeuTh (haKT aBapuu, HO U JJOCTATOYHO TOYHO
HAWTU MECTO aBapuu.

2. Ilokazano, uro Hanbosee apPEeKTUBHBIM TI0 SHEPTO3aTPATAM CIIOCOOOM YIIPABJIEHUS PEKIMOM
(bYHKITMOHMPOBAHUS HACOCHONW CTAHIINU SIBJISIETCST AaKTUBHDBIN CIIOCO6 yrpaB/ieHnus Ha 6a3e N3MEHEeHUs
YacTOTBI BpalleHus: Baja paboyero Kojeca Hacoca.

3. IlpennoskeH HOBbBINM NPUHIMI peau3allid BTOPOrO0 KOHTYpa yIpaBJIeHHUS, OCHOBAHHDINH
Ha 3aMepax Hamopa B y3sJsax ¢parmenTa cucrembl [IPB ¢ nocaenyioreii criennaabHoii 06paboTKOi
MIOJIyYEHHBIX Pe3yJbTAaTOB U3MEPEHUI.

4. PazpabGoTtan M peajqu30BaH Ha MPAKTHUKE aJTOPUTM 0O6PAGOTKM ITUX M3MEPEHWUIi, 1M03BO-
Jagionuii 3apuKCcupoBaTh He TOJbKO (haKT aBapuu, HO U OPUEHTUPOBOYHOE MECTO 3TOW aBapUU.

5. Onmcan u peasn3oBaH MeTo/ CTAGUIN3AIUN HATIOPA B IUKTYIOIIEH TOUKE CETH C KOHTPOJIEM
1 yKazaHueM 30HbI aBapuu, ONpe/esisieMOil BTOPbIM KOHTYPOM YIIPaBJIE€HUS.

6. IKCrepUMEHTOM WHUIIMMPOBAaHA aBapus, BO BpeMs KOTOpPOil Obljia ucibiTaHa paboTa
BTOPOTO KOHTypa ylpasjeHus. PaspaGoranHas M peajusoBaHHas cuctemMa orpaborasna (1o
cUpeHe) 9Ty aBapuIio M C TOYHOCTHIO 70 1 KM? olpe/e/nia 30Hy aBapuu.

7. CopmympoBaHbl /B OCHOBHBIX 3Talla COBEPIIEHCTBOBAHNUS YIIPaBJIeHUs JAeHCTBYOIUMA
cuctemamu [IPB: nnanupoBanue Bojopacupe/ie/ieHus; olepaTuBHoe yIpaBJeHUeE.

8. Maremaruyecku chopMyaMpoBaHbl KpuTepnuu KadecTBa U adekTuBHOCTH (PYHKIIMOHNPOBA-
nusi CIIPB, nosBossdioniye onepatuBHO pearnpoBaThb Ha BO3HUKHOBEHUE HEINTATHBIX CUTYAIUii.

9. ChopmyampoBaHbl U pellieHbl CaeAyIoNne 3a/laui, XapaKTepHble /I JABYX MOCJIeHIX 3TaIOB:

onTUMHU3aIMsA paboOTbl HACOCHBIX CTAHIUI MPU UX COBMECTHOI paboTe HA CeTb;

ONITUMM3AINS PesKMa PabOThl HACOCHON CTAHIINH;

neHTU(UKAINSA COCTOSHUS BOJOPaCIpe/ie/IeHns .

10. PaccMoTpeHbl pasyimdHble CrOCOObI TIOBBIIEHUS HAJEKHOCTU U 9P PEKTUBHOCTH (DYHKITHO-
Huposanust cucrembl [IPB nyrem Bbi6opa nxX panuoHaJbHON CTPYKTYPHI.

11. O6ocHoBaHa CTPYKTypa peruoHa bHON cuctembl [TPB (rpaBuTaliioHHO-HATIOPHDIIT TOPO/I-
CKOM BOJIOBO/] C JIMHEHHDBIM MO/KJIOUEHNEM HACOCHBIX CTAHIMI), IPH KOTOPOI 3a/a4a onepaTHBHO-
ro yIpaBJeHHus] CBOJAUTCS K CTaOGMJIU3AIMK HAIlOpa B AUKTYIONEeH Touke. [Ipu atoM /goKasaHo, 4To
3a/1aua ueHTU(UKAINN COCTOSIHNS BOJOPACIpe/Ie/IeHHsT B 9TOM CJydae CBOJUTCS K HAXOX/IEHUIO
Cpe/IHUX 3HaueHuii ee mapameTpoB. lIpuBeneno peinienue 3Toi 3aa4u /s AJIEKCEEBCKOTO SKUJIOTO
MaccuBa.

12. TIpeaaosKeHHbIH U peaJn30BaHHblii Ha npakTuke (B XKIIOM MaccuBe AJIEKCEEBKa) METO/
OIEePATUBHOTO YIIPABJIEHUS BOJOCHAGKEHUEM OTJINYAETCS IIPOCTOTON U pean3yeT 3a/a4y ypasJie-
HUS PEKUMOM paGOTbl HACOCHBIX CTAHIIUI 110 KPUTEPHUIO MUHUMAJIbHBIX CyMMAapPHBIX M30bITOYHBIX
HAIMOPOB, CBE/S UX K CTAOWIN3AIMU HAIIOPA B JAMKTYIONIEH TOYKe.
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I'JIABA 6

PA3PABOTKA PEIIEHU, IOBBIMIAIONAX
IDODERTUBHOCTD PABOTBI CUCTEMDI 11PB

6.1. OCHOBHBIE HAIITPABJIEHUA MHTEHCUDOUKAIININ
OYHRKIINMOHUPOBAHUA CUCTEM IIPB

Co6epeskenne NMPUPOIHBIX PECYPCOB SIBJSETCS CBU/ETEJbCTBOM YPOBHS KYJbTYpPbl Hapoja,
ero GepeXHOTO OTHOIIEHUS K OKpYsKamllell cpeje, MokazaTeJqeM 3KOHOMUYECKOTO Pa3BUTHUS
CTpaHbl, HAYYHO-TeXHUYeCKoro mporpecca [187]. Ykpanna — crpaHa ¢ orpaHUYeHHBIMU BO/IHbI-
MU U JPYTUMHU pecypcamu, KOTOpble TaKk HeOOXOJAMMDI /IJIsI ee 9KOHOMUYeCcKOoTo pasputus [167].
[l CHUSKEHMS 1TOTePhb BOJBI U YPOBHS 3arpsi3HEHNs] OKPY’KAlolleil cpe/ibl, BI3BAHHBIX paboTOi
cucrem IIPB roposos, TpebGyloTcst onpejiesieHHble 3HAHUS, YMEHHUE MPEyNPERK/aTh KPUUCHDIE
cuTyanuu, HeoOX0[MMO COBEPIIEHCTBOBATh METO/IbI TIJIAHUPOBAHUS PAOOTHI ATUX CUCTEM.

lFopopaa, crpouBiuecs: Ha MPOTSI)KEHUN BEKOB, UMEIOT PAa3HBIN YPOBEeHb UH(MPACTPYKTYPHI,
B TOM YHCJIe U PA3HYIO MPOOJ/IKUTEIbHOCTD 9KCIJIyaTallun WHXEHEePHBIX ceTell. B ycTapeBimux
cucremax IIPB nmpoucxongar 3HaunTeIbHbIE TOTEPU BOJDI HA MYTH OT UCTOYHMKA BOJOCHAGKEHUS
10 Bogomnorpeburess [38], koropsie coctaBsior ot 20 g0 40 % Bcero o6bemMa BOJBI, TMOLAHHOMN
HACOCHBIMU cTaHIugaMu Bojgornorpeburemnio [193]. Ilokasartesb morepb BOJABI B ropojax MMeeT
Pa3JIMYHBIN XapaKTep, 3aBUCAIINN OT MUKJIMIHOCTA U3MeHeHUs AaBjerns B cucrtemax [IPB. 9to
TpebyeT 0co60ro MoaxXo/1a K UCCJAEI0BAHNIO0 TOTOKOPACIIPE/IeJIeH NS, TIEPECMOTPA JAEHCTBYIOHUX
crangaproB B CHulle [249], ¢ TeM 4TO6bl 06BEKTUBHO OTPas3uTh MPOGJIEMbI, BO3HHUKAIOIIHE
npu akcrryaranuu aeiictpytomux cucrem [IPB. M3Bectno [11], uTo B pe3yabraTe yreuek pac-
TeT AeUIUT BOJAbI B rOPO/IaX, MOBBIMAITCSI (PMHAHCOBBIE 3aTPAThl BOJONPOBO/HBIX XO3S1CTB
rOpo/I0B.

OpHUM M3 TTPUOPUTETHBIX HAIIPABJEHUI B cOEPEKEHUN BOJHBIX PECYPCOB SIBJSETCS COBEP-
IIEHCTBOBAHUE DPETUOHAJbHBIX CUCTEM BOJOCHAGKEHWS, B MEPBYIO O4Yepe/b TaM, TJe UMEIOTCS
3HAYUTEIbHbIE TOTEPH U YTeYKN BO/bI. [IpOM3BOACTBO MUTHEBOI BO/IbI /IS HACEJEHHBIX MTYHKTOB
CBS3aHO ¢ TIOTpe6JeHneM OTPOMHOI0 KOJNYECTBA PA3JIMUHbBIX pecypcoB. Bce aTo B 3HAYUTETbHOI
CTETIeHN BJINSEeT Ha MAaTepHATN3aIUI0 TPY/1a MHOTUX OTpacJ/eil TPOMBINIIeHHOCTH. Tpajiuiimonnbie
METO/Ibl YIPABJIEHUS HEJOCTATOUHDI /IJIs1 HA/IESKHOW M 9KOHOMUYHON KCIJIyaTalluy TPeITPUSTHIl
BofocHaGkenusi. PazpaboTka apPpekTUBHBIX METO/IOB YIIpaBJeHUs BOJOCHAGKEHNEM B YCJIOBUSIX
MIOCTOSTHHO CTapelolieil MHKeHepHON nHPPACTPYKTYPbI MOKET CIIOCOOCTBOBATH 3aMe/IJIEHUIO Pa3-
pPYIIEHUS BOJOCETEH, MOBBICUTD YCTONYMBOCTD UX PAabOThI. PelmuThb 9T TPo6JIEMbI MOKHO ITyTEM
CO3/IaHMSI KOPIOPATUBHBIX aBTOMATU3UPOBAHHBIX CUCTEM YIPABJEHUS BOJAOCHAOKEHUEM.

«Y3KUM» MECTOM CHCTEeM KOH/MIITMOHUPOBAHUS, TIO/IaYN U paCIpe/leJIeHNs BOIbI B TOPO/Iax
YKpaunbl B HacTosllee BpeMs SIBJSETCSI «PyYHOe» yIIpaBJeHNe BOJOCHAOKEHNEM, OTCYTCTBHE
npoctoBepHoit mHGopManuu o pyakimonnpoanun cucrem [IPB [204].

B To ke Bpems skcmuyaranus cucrtem [IPB Ha ocHoBe TiaTesbHO 1M000paHHBIX MOJIE-
Jieil TPOTHO3MPOBAHUSA BOJAONOTPeOJeHNs, aHaan3a 6aHKa JaHHbIX O COCTOSHUM CJOKHOTO
CETEeBOTO XO03sAHCTBA, PabOTbl HACOCHBIX CTAHIUII U pe3epByapoB, OIeHKA PalMOHAJIbHOTO
UCIIOJTb30BAHUSA BOJIBI MOTPEOUTENSAME, BbIPAOOTKA CTPATETHN yCTPAHEHUS THAPABIMYECKUX
n TexHojornyeckux jgedexron B cucremax [IPB moryt crioco6¢cTBoBaTh ontuMusanuu nx pa6o-
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TYIOHIEN TOYKE U [aBJIEHUA

%)

HpI/I 9TOM HeOéXO,I[I/IMO NUMETb B BUAY, YTO BOJIOCETEBDLIE xo3giictBa cuctemsl [IPB B KpyIi-

HBIX TOPO/IaX UMEIOT PsJl 0COOEHHOCTEll:
1. Tpy6ompoBoOAbI TPAaHCTOPTUPYIOT BOAY B YCJIOBUSAX, MPU KOTOPBIX OCHOBHBIE IMapaMe-

Thl 1 OKa3aTb CYyIECTBEHHOE BJIMNAHNE HE TOJIbKO Ha KOHCTPYKIUWIO TUAPAaBJINYECKOU CUCTEMDI,

KoJsie6aHWI TaBJEeHUS U HEYCTAHOBUBIIUXCS PEKUMOB BUAHBI U3 puc. 6.1.

HO M Ha 9KOHOMHUKY BOJAOIIPOBOZHOTO XO03AUCTBA B IE€JOM.

Tpbl — pacxo/libl ¢

®

®

O

Puc. 6.1. IIpuunHbl BOSHNKHOBEHMSI HEYCTAHOBUBIIETOCS MOTOKA Bo/bl B cucteMe [1PB, npusogsmue
K H3MeHeHHIo mapamerpos ¢, . = [ (T); P,
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2. B ropomax Yxpaunbl cucrembl [IPB, B oramume ot ropomos crpan EBponbi, AMepuxn,
A3uu, n3HAYaJIbHO HE MPOEKTUPOBAJNNCH U HE MPOEKTUPYIOTCS C BOJAOHAMOPHBIMU OANTHAMU KaK
C KOJIbIIEBOH, TaK M C TYNWKOBOW CETAMU PAa3JTUYHBIX AUAMETPOB. IJTO CHUKAET BO3MOKHOCTD
CTaOMIM3aIUK CEeTEBbIX HAIOPOB W TalleHus BO3MOKHBIX THApoyaapoB B cucrtemax [1PB.

3. Cucrembl Tpy6onpoBooB (CTaJbHBIX, YYTYHHBIX) MTOBEPKEHDBI IEKTPO- U GHOXUMHUIECKOI
KOppOo3u#, paboTaioT MO/ [AaBJEHUEM, UCIIBITbIBAs U3MEHSIONINECS B MUPOKOM /Malia30He THIPaB-
JudyecKkue Harpys3ku. Ha HUX [elicTBYIOT TaKyKe MeXaHW4eCKue CUJIbI, TaKue, KaK TPaAaHCIIOPT TOpo/ia,
0cajika TPyHTa TOJ1 TPyOOIpOBOJAMK W JAPYTHe KOHIIEHTPUPOBAHHBbIE HArpy3Ku, 06YCJOBJIEHHBIE
KJIUMATUYECKUMU YCJIOBUSIMU.

4. B mporecce aKcmyatanuyu BOJOCETH TTPOUCXO/IAT M3MEHEHUS MeXaHUYecKuX u pusu-
YecKuX CBOWCTB MeTasyia Tpyo.

5. 3HauuUTeJbHBIE TTOTEPU BOJBI B BOJOTPOBOJAHBIX U BHYTPUIOMOBBIX CETSIX OKa3bIBAIOT
CyIeCTBEHHOE BJIMSHME HA POCT JOMOJHUTEIbHBIX KAaUTAJJIOBIOKEHUI /11 BOCIIOJTHEHUS He-
MPOM3BOJAUTENbHBIX TTOTEPH. V3-3a moTepb Boabl B cucteMe [IPB Heo6xoanMo 10TIOJMHUTETHHO
HarpyskKaThb HACOCHbBIE CTAHIIMU, TTOBBINIATH HATIOP BOJBI B CETH, 4TOOBI 06ECIIEYNTh HaceJeHue
BOJION, 4TO, B CBOIO OYepeab, NPUBOJUT K aBapusIM B CETH, B TOM YHUCJE HM3-3a KoJeOGaHUs
JIaBJE€HUS OT Majaonux mubepoB B 3aJBUKKaX.

Ykaszanuble 0COGEHHOCTH OKa3bIBAIOT CYIIECTBEHHOE BJNSHUE Ha BO3HWKHOBEHWE aBapuil
B cuctemax [IPB. Tem He MeHee 0 HACTOSATIETO BPEMEHH MCCJIEJOBAHNS HECTAIIMOHAPHBIX TU/PO-
JMIMHAMUYECKUX U MEXaHUYECKUX MPOIECCOB, BO3HUKAIOIINX B PEATbHBIX BOIOTIPOBO/IHBIX CHCTEMAX,
He poBoAUINCh. OTCYTCTBYIOT PEKOMEH/IAIINN, BBITIOJTHEHWE KOTOPBIX TTO3BOJNJIO ObI COKPATUTD
WM MCKJIOUUTHh aBapuu, o0yCJIOBJIEHHbIE HeCcTallMOHAPHBIME TIpolrieccaMu (B TOM ducjie THAPO-
yJapamu), HalpuMep, HPU OTKJIIUEHUSAX DJIEKTPOIHEPIMU WJIM NPU MTHOBEHHOM II€PEKPBITHU
mm6epoB [17]. Harypubie ucciaenoBanusd, uaeHtudukamnus oObeKTOB YIpaBJeHUs, BHEIPEHUE
B MpaKkTUKy BojgocHa6keHnss ACY TeXHOJOTMYECKUMU TpPOIleccaMi, OTMCAHHBIE B TPEAbIAYIINX
rjaBax, MO3BOJISIOT MOJYYUTh WH(OPMAINIO, aHAJIN3 KOTOPOil OyaeT crmoco6CTBOBATH PENIEHUTO
BBITIEN3TIOKEHHBIX MPOOJIEM.

CymurHoCcTh 9KOHOMUU BOJIBI U COKpamieHus yredek B cucrteme I[IPB 3aksfouaercss B yMeHb-
IIEHNN Pacxo/la MUTbeBON BOJBI B MpoIllecce Mojadyu W pacipejeseHns. 3/1eCb Ha TEePBbIil TJIaH
BBIJIBUTAETCS OI€HKA pekuMa paboThbl HACOCHBIX CTAHIMI B ropoje. Tak, ¢ MOMOIIbIO OIEHKH
pPacxo/loB BOJIBbI, UAYIIEH OT HACOCHOW CTAHIMKU K TOTPEOUTETI0 B HOYHBIE Yachl, U OTHOIIEHUS
aToil cyMMbl pacxozioB Bojbl ¢ 0.00 1o 4.00 4 yTpa K cymMMe PacxXo/ioB BO/Ibl B JIHEBHbIE YACHI
CyTOK oOlleHMBaeTcst KoapuiueHT dddeKTHBHOCTH PaboThl HACOCHBIX craHimil K =~ KOTOpDIil
paccuutbiBaercs mo QopmyJie

~ > q(0 -4 q)

= 100 7.
N g(12-16 )

Ita BeJnYnHA JOJKHA OBITH 0KOJI0 S50 %, uro mocruraercs B ycaoBusx ACY TII nacocHoit
cranuu. Ecim 3TOT nokasaresb Bbille, TO B cucteme IIPB cymecTByioT samMeTHble HapylleHUA
pexxuMa paboThl HACOCOB W YTEYKW B BOJOCETH, He obecriedeHa KOMOMHMpOBaHHas pabora Ha-
COCOB Ha HACOCHOW CTAHINH, CIOCOOCTBYIOIIAs AOCTHKEHNI0 OMM3KNX K MakcuMaabHbiM KII/I,
HauMeHbIIIe 3aTpaThl BOJ/bI U 3JjeKkTposHeprun. [IpuBenem konkperHbiit npumep. Ha puc. 6.2
MOKa3aHbl TpadUKN N3MEHEHNUS 3a CyTKM PacXo/la BOJBI U /IaBJEHNS Ha BBIXO/I€ HACOCHOW CTaH-
mu Ne 27A XapbkoBa, paboraionieii B cucteMe ACY. YKazaubl TakyKe 4achl pabOThl HACOCHBIX
arperaToB, OIpe/le/leHa CyMMapHas Mojadya HacOCHOW crtaniumu 3a cytkun S . = 109068 u aBro-
MaTHYeCKU BbIUUCJAeMblil Koadduiment apdekTuBHOCTH paGOThl HACOCHOH CTAHIUU 3a CYTKH
K, = 48,55 %.

[Tox HAyYHBIM PYKOBOJCTBOM aBTOpPa /IaHHOI KHUTH 6bli1a Brepsble B 6biBiieM CCCP cosnana
ACY BogocHabxeHmneM ropojga XapbKoBa, MpeaycMaTpUBalONias yIpaBJjeHUe TEeXHOJOTHMYEeCKH-
MU TIpoIleccaM¥ W pellieHue 3a7a4 OPTraHM3allMOHHO-I3KOHOMWYECKOTO YIPAaBJEHUS IMTPOU3BOJI-
crBoM [217].

B macrosmee BpeMsi KOMIIJIEKCHI TEXHWYECKUX CPEJACTB JIOKAJbHBIX WH(HOPMAIMOHHO-
YIPaBJISONUX CUCTEM 3aMeHEeHbl KOMIbIOTePU30BAHHBIMU JATUNKAMU, MUKPOIIPOIECCOPAMU H CO-
OTBETCTBYIONIMMHU MAaKeTaMu MPUKJIAIHBIX iporpamm [195]. Metozbl c6opa u ananusza wHbOpMAIIH
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B CHCTeMe BOJIOCHAGKEHNS ITOCTOSIHHO COBEPIIEHCTBYIOTCS. Y CHENTHO (PYHKIMOHUPYET CUCTeMa yTIPaB-
JeHns: 6a3aMu JaHHBIX [IJIs1 OTIPe/le/IeHNs XapaKTePUCTUK 0OBEKTOB M MPOIECCOB BOJOCHAOKEHMS.
BroinosiHsIeTcss TPOrHO3MpPOBaHKe BOAONOTPeOIeHIsT TOPO/ia, KOJINYecTBAa MOBPEK/IECHUI B cucTeMe
[TPB, paspa6arbiBaioTcsi peKOMEHIAIUN TI0 CaHAIMK WJIM 3aMeHe ydacTKoB Bogocetn [198].
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Puc. 6.2. Buzgeokaap rpaduxos usmenenus pacxoga soast (2) u pasaenus (1)
Ha BbIxoze HacocHoll crannuu Ne 27A (ACY TII BogocHaGxkenus XapbKoBa)
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Puc. 6.3. Crpykrypa ceteBOro MO/AEJMPOBAHUS B CHUCTEMe BOJOCHAGKeHUS XapbKoBa
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[Tockosbky nanubie 0 GyHKIIMOHNPOBaHNY cucteMbl [IPB aBstOTCS TPOCTPAHCTBEHHO pactpe-
JIeJIEeHHBIMY, TTPUMEHEHNE BBIYMCIUTENbHON TEXHUKY /I aHAIn3a paboThl CUCTEMbBI, 06ecTieueH s
aBapUITHOTO pearnpoBaHUs U YIIPABJIEHUS CUCTEMOI OCHOBAHO HA MCIIOJb30BAHUYT TEXHOJOTHH T€O-
nuropmaimonubix cucreM (I C-rexuosornii). /JaHHbIe TEXHOJOIMH SABJISIOTCS MOUIHBIM HHCTPY-
MeHTOM c6opa, XpaHeHus, o6pabOTKM, aHAJN3a W BU3YAJTU3AIUH TPOCTPAHCTBEHHO-PACIIPE/IeTH-
teabHOll mHMopMarn. Ocobenno addexTuBHbIM TpuMeHeHne ['VIC-TexHoMornil 0Ka3ansoch s
CETEeBOT0 MOJIETUPOBAHNS, TTO3BOJISIONIETO BBIABISATDH U OIEHUBATH aBapUilHbIE U TPeaBapuitHbIe
cutyanuu, aedpunut m m36BITOK BOJbI B pe3epByapax u T. .

BoruncimrenpbHas TeXHUKaA /I aHaIM3a paboThl M yrpasaenus cuctemoit [IPB, a takxke ce-
TEBOr0 MoJeupoBanust Oblia npumeneHa Ha 6aze ACY TII BogocHaGxkenuss Xapbkosa (mepsoii
ACY TII Bopocua6xenus B 6oiBuieMm CCCP).

B kauectBe kpurtepus ynpasienusd B ACY TII BogocHab:keHMST MPUHUMAIOTCS MUHUMYM cebe-
CTOUMOCTH TI0/IaBaeMOil BOJIbI HEOOXOIMMOTO KavyecTBa W Y/OBJIETBOpeHMe BceX aGoHeHTOB [318],
a TakyKke KPUTEPUU, U3JIOKEHHbIE B TIPE/IbIAYIIIEil TIaBe.

[TpesxHue MeTObl yIpaBJIeHUs TEXHUUECKUM OOCJTYKUBAHUEM B CHCTEMaX BOJIOCHAOKEHUS TO-
poroB B XXI Beke OynyT TIOCTETIEHHO YCTYTaTh MeCTO 6oJiee TIPOrPECCUBHBIM GJ1aro/laps CO3/IaHWIO
apdexTuBHBIX cucTeM, pa3pabOTKe W BHEAPEHWIO CTPATETHYECKOTrO IJIaHAa WHTeHCH(UKAIUU BOJIO-
obecTieueHms.

Co6op pannbix o pabore cucreMm IIPB ropogos na 6aze ACY TII u ux KputuuecKuii aHaans
C 1eJIbI0 MHTeHCU(MUKAIINU CUCTEM BOJIOCHAGKEHUS MOJIKHBI O6bITh GoJiee o6mupHbIME. OCHOB-
HOe BHUMaHWe B OJIVKAIIMe TOAbI CJENyeT Y/IeJsATh BBISIBJIEHWIO PE3EPBOB B CHUCTEME TIO/AYM
U pacrpe/iesIeHnsT BOJIbI, TIOMCKaM MyTell 9KOHOMHWH BOJHBIX W JAPYTUX PECypPCOB, TPU yCJIOBUM
obecrieueHNsT KauyecTBa MUThEBOI BOIBI [/ ropojia B cootBercTBUN ¢ [OCToM «Bona nurbeBas»
n [lepxCanlliH «Boga nutHa». 9TOMy Cc1oco6CTBYIOT:

< pacuer Bogonorpe6aenus ropojga (cM. riasy 4);

=  pacyeT MPOMYCKHON CIOCOOHOCTH MarWCTPaJbHBIX BOJOBOJIOB B TEUEHHME CPOKA WX IKC-

mayaraiuu (cM. raasy 3);
>  OIleHKa YacCTOThI OTKAa30B 2JEMEHTOB TPYOOIPOBOMIHOIN CUCTEMBI pacipeie/IeHUsT BOJIbI
(u3s105keHa B 9TOM TJaBe);

?  OIlEHKa MOTepPb M HEYYTEHHBIX PACXOJ0B BOJBI B CHCTEME TPAHCIIOPTHUPOBKU M pacipe-

jesennst Boabl (M3J10KeHa B 9TON TJ1aBe);
@ KosmdecTBeHHas OlleHKa MUHMMAJbHOIO HEIPOM3BOAMUTEIBHOTO PACX0/1a BOJbI B CUCTEME
IIPB B Hounoe Bpems (1puBeseHa B JaHHOIL IJaBe);

A KOJMYeCTBEHHas OIIEHKA YaCTOThI OTKA30B 3JIEMEHTOB CAHTEXOOOPYAOBAHMS B KUJIOM (DOH-
Jie TOpojia M WX BJIMSHUE Ha HElPOM3BOAMTEJNbHbIE MoTepu Bojbl (IIpHUBeJeHa B JaHHOI
rjaase);
B aHa/ W3 KOHTPOJS Ibe3oMeTpuu paiionoB ropoja c nomoinbio ACY TII cuctemsr 11PB
(nan B aTOll r1aBe);

C TUpuMeHeHUMe TeOoMHMOPMAIMOHHBIX TEXHOJOTHI B cUcTeMe BoJoo6ecTedeHns
(cMm. TiaBy 5);

D TmporpamMma HenpepbiBHOU moaroTtoBku n o6yuenus UTP u oneparopos cucrtem [1PB.

N3noskennoe y6eanTeIbHO CBUIETEBCTBYET O TOM, UTO CJeayeT pa3pabaTbiBaTh U BHEAPSATH
B ropo/laX CTpaTernyecKuil maaH MHTeHcu@uKamm BogoobecnedeHns, crnoco6CTBYIONNN COKpa-
MIEHNIO0 CKOPOCTU U3BATHUS BOABI Y TIPUPO/IbI. DTO OJ{HA M3 BaKHEHINX TPO6IEM, CTOSIIUX Tepe/t
HapOHBIM X0O34HCTBOM Y KPanHbl B yCJIOBUAX HavaJa r100aJbHOTO U3MEHEHNS KauMaTa Ha 3eMJie,
OTPAHMYEHHBIX 3aI11aCOB ITPECHBIX BO/HBIX PECYPCOB B CTPaHe, HETATUBHOTO M3MEHEHUs THAPOONO-
JIOTMYECKOTO M COJIEBOTO cOCTaBa BO/I. BoJbiioe 3HaueHne BO BHEAPEHUN CTPATETNYECKOTO TJIaHa
nHTeHcHUKAIMK BogocHaG)eHus Topoaos (puc. 6.4) HeO6X0AUMO TIpUAaBaTh 3aja4e yOBJIET-
BOpEHUS MOTPeOHOCTEN B BOJE, IPYW YCJIOBUU COKPAIIEHNS TOCY/IaPCTBEHHBIX KATUTAJIOBIOKEHHH,
MaTepHaJbHO-TEXHMYECKUX U JIPYTUX PECYPCOB, PA3BUTHIO HOBBIX MOIIHOCTEN BOAOCHAOKEHWS,
He HapyHIIAloNNX COCTOSHUS TPUPOIHON Cpe/bl, COKpPAIIEeHWI0 B TOpojax cOpoca CTOYHBIX BOJ
B BojiHbIe 06beKThl. PazpaboTka mana wHTEHCH(UKAIUKE BOJIOCHAOKEHUS TOPO/la MOKET CTaTh
MOTIHBIM UMITYyJIbCOM B COBEPINEHCTBOBAHUU COIMAJbHO-PBIHOYHBIX OTHOIIEHUN B Y KpanuHe B OT-
pacau BoJocHAGKEeHUS.
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6.2. AHAIN3 OO®EKTUBHOCTU ®YHKIITUOHNPOBAHUA
ACY TII BOAOCHABKEHHUA XAPBKOBA

Boponorpebsienne — camocrositesbHast 06J1aCcTh BogocHaGKeHns. PexxuMbl 1 06beMbI BOIOTIO-
TpebJIeHNS IBJISIOTCS OCHOBOM /1T TPOEKTUPOBAHMS U IKCILIyaTalln 0ObEKTOB BOJOCHAOKEHMUS,
MJIAHUPOBAHUS U yIpaBJeHus: ux paboroit. Cama Teopus BogonoTpebaeHUs paccCMaTPUBAETCI KaK
HeNpepbIBHbI U HEPABHOMEPHBIIT I[UKJI TT0/Ia41 U paclipejaesieHus Boabl (0T KOHAMIMOHUPOBAHUS
BOJIbI /IO ee TPaHCIOPTUPOBaHKs). BelnunHa u pexxuM BOAONOTPEGJEHUsT B 11€JI0M OKa3bIBAIOT
6oJibiiioe BiHMsiHME Ha paboty cuctem IIPB, a ciaemoBaTtenbho, Ha KavecTBO UM GecriepeGOHOCTD
BOZI006€eCTIeueHNUS .

Pa6ora cucrem I1PB nogunnena 3ajave obecriedeHnst HOPMaJbHOTO BOJIOCHAOKEHMS TIOTpeOuTe-
Jieit ¢ Tpe6yeMbIM PacXo/IOM BO/IbI B KasK/Iblii MOMEHT BpeMenHu. [loTpe6uTesb BObI CaMOCTOATENBHO
peanuayet ee 3a6op u3 cuctembl [IPB B m060ii TPON3BOJIBHBIN TIepUO/l BPEMEHH. IJTO SBJSETCS
OTIPE/IETIAIONINM B pekuMax Bos/eiicTBus Ha cucremy [IPB. Hacro, oco6eHHO B Npa3HUYHbIE IHU,
CYMMapHbI 3aTpeGOBAHHBIN TTOTPEOUTEISIMI PACXO/] BO/IbI TPEBOCXO/UT MPOEKTHBIE TPON3BOIUTEb-
Hoctu cuctembl [IPB, u kak cie/icTBie BO3HUKAEeT BpeMEHHDII 1eUIUT B BOJiE [IJIsT TIOTpeOuTe e,
PACTIOJIOKEHHBIX BOIM3U TUKTYIONX ToUueK. OCOObIN CMBICJ B TAKOM CJIy4Yae TPHOGPETAIOT MTPOIECCHI
MojtesinpoBanus cucteM IIPB u orenka Bo3MOXXHOCTH yIIPaBJISIONIET0 BO3/EHCTBUS HA CUCTEMY.

KoMmmnbioTepuble Mosenn g aHaanda paborsl cuctem IIPB mo3BossiorT oneHuBaTh He TOJIb-
KO pacxo/l BOJIbI U JIaBJeHUe B TOYKAX BOJOCETH, HO M IOTOKopaclpejeneHue B cucreme [IPB,
a TaKKe HaXO/IUThb «y3Kue MecTa», HapylleHusl B U3MEeHEHU! TH/IPABJIMYECKOr0 PeKuMa CUCTEeMbl
[TPB u ap. Boi6op KOHKPETHOII MO/ie/In BOAONOTPeGAEHUsT 3aBUCUT OT T0JIb30BaTe s (Hanpumep,
BapuaHTbhl WHPOPMAIIMOHHOTO BX0/a, rpadukn, naTepdeichl JOMOMHUTEIbHBIX MOLYJIEN).

Kak npasuiio, He0OX0MMO ONIPEeIeTUTh OCHOBHBIE 3JIEMEHTBI M BAPMAHTBI, a 3aTeM BbIOPATh
MO/1eJIb BOJOTIOTPE6IeHNS, Y/IOBJIETBOPSIONIYIO /I€iCTBYIONIUM B IaHHBIII MOMEHT YCJIOBUSIM TH-
npasanueckoro pexxkuma cucrembl [IPB. C BBogom ACY TII nosgBusmach BO3MOKHOCTH OIIEHUTH
U IPUMEHUTb MOJIeJib, JeHCTBYIONIYIO KaK B CTAaTMYECKOM, TaK M B JUHAMUYecKoM peskumax. Ha
puc. 6.5 mpejcTaBieHa cTaTHYecKasg MOJeIb be30MeTpun OT oObeKTa y3ya Ne 15 110 BHelHeMy
KOHTYPY BOJZOCETH AJIEKCEeBCKOTO XXHMJIOTO MacCHBa I10 4acaM CYTOK C y4eTOM MaKCHMaJbHOTO
U MUHUMAJIBHOTO BoOJONOTpebeHnss. MyIbTUIIINKAIIMOHHAS KOMIIbIOTEpHAs MMHUTAIUS PaGOThI
BOJIOCETH BO BPEMEHU /1ajla BO3MOKHOCTb YBU/ETDb [IMHAMUKY BOJOTIOTPEOJIEHUS, ONPE/IeJNTh Ha-
MpaBJIeHUs TIOTOKOB U COCTOSHUS CHCTEeMbI, M300pakeHHoi Ha puc. 6.6.

HarypHble m3MepeHUs II03BOJISIOT CO3/IaBaThb CTATUYECKYI0 6Ga30BYIO MOJEJb CYTOYHOMN
MIbe30MEeTPUU BOJONOTPeGJIeHNST 110 MUKPOPAlOHAM JKMJIOTO MacCHBa HA MPOTSKEHUHM CYTOK
(puc. 6.11).

B neiictByronmux cucremax IIPB, rae cpeansss ckopocTb IOTOKA BOJbI IIOCTOSHHO M3Me-
HSEeTCS BO BPeMeHM, HepaBHOMEPHOEe [BUXXEHHE BOJbI 110 BOJOCETH NPUHUMAET Pas3JUYHbIH
XapakTep BcJecTBUE 3a00pa BO/bI MOTPEOUTENSIMU, OTKJIIOYEHUIT OT CUCTEMbI, HAJTUYUS B CU-
creMe TpyO pasHOTO AMaMeTpa, MEHSIOMUXCSA THAPABANYECKUX YKJIOHOB, N3-32 PA3JUYHOTO
COCTOSHUS 3aIIOPHO-PETYJHUPYIONUX YCTPOHCTB, HEOOXOAUMOCTN 06eCcIeynBaTh 30HAJIbHOCTD
BOJlOpacIIpe/ieIeH NS .

B cucteme [TPB AstekceeBCKOTO JKMJIOTO MaccuBa B MPOIlecCce UCCIeI0BaHns ObLIO BbIJEJEHO
BHeIITHee BO/IOTIPOBO/IHOE KOJIbII0 15—14 /15, TpaccupoBKa KOTOPOTO OKPYKaeT KOJIbIIOM BCe JKUJIbIe
Mukpopaiionsr (puc. 6.6). O6ias IPOTAKEHHOCTh KOJbIla cocTaBiasger 8452 M. Teomesnueckas
BBICOTA JWKTYIONIEH TOYKM MO OTHOUIEHUI0 K y3ay Ne 15, moparoiieMy BOAY B MUKPOPAIOHBI,
cocrasJger 30,85 M.

B coorBercTBUM € TPOEKTOM JETAJbHON MJIAHUPOBKU KUJIOH MaccuB AJIeKCEeBKU 3aCTPOeH
MHOTO9TaKHBIME (JI€BATUITAKHBIMK) 3[AHUSAMK U 3/aHUSIMU TTOBbIIEHHOIT sTaskHocTh (12—16 ara-
skeit). Kpome KuabIX 3maHuil, Ha TEPPUTOPUM AJIEKCEEBCKOIO SKMJIOTO MacCuBa PasMeNieHo
HECKOJIbKO Y4eOHBbIX U HAYYHO-UCCJIEI0BATENbCKUX WHCTUTYTOB, TEXHUKYMOB, YUYUJIUIL U MPE/I-
NPUATHI KyJbTYyPHO-OBITOBOTO 06CTy KMBaHus. AGCOTIOTHbIE OTMETKHI MOBEPXHOCTH KOJIEOIIOTCS
ot 125 no 180 M. OcHoBHas 3acTpoiika KUJIbIX MUKpOpaitoHOB 3aBepiieHa B 1982 roxay. [Ipoektom
3aCTPOIKM yYTEHO MaKCUMaJIbHOE UCIOJIb30BaHue HACOCHOI cranimu Ne 25A, obecrnieunBaroniei
>kustbie paitonbl [TaBiosa Ilosis u [Tomepok. Ilpu npoektupoBannu BogocHa6KeHNsT AJIEKCEEBCKOTO
JKUJIOTO MAacCCUBa B TEPCIHEKTUBE MPeyCMaTPUBAJIOCh paclinpeHe BOJ0CETH.
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Puc. 6.6. Cucrema IIPB AjieKceeBCKOTO JKUJIOTO MacCHBa
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[TpoekToM He TpeaycMaTpuBajach IMOJdTAIHAS 3aMeHa JAEHCTBYIOMMX BOJOCETE, KOTOpbIe
B TeUeHWe BPEMEHU HKCIJIyaTallud MOTYT TIOJTHOCTBHIO TIPUUTH B HETOHOCTb U 3aMETHO CHU3UTDH
CBOIO MPOIYCKHYIO CITOCOGHOCTD. [IpoeKkToM He ycTaHaBJIMBaJaCch AUKTYIONAsS TOYKA HA BOJIOCETH,
a HeoOXO/MMBbIii CBOOO/IHBII HAIIOP OIPEAEIJICSI B 3aBUCUMOCTH OT 3Ta’KHOCTH JKUJION 3aCTPOMKH.
CBOGOIHDBIN HATIOP B BOJIOCETH ITPUHAT paBHBIM 40 M ¢ 11€J1bI0 06ecTieueHnsT TOau BOIBI C YIETOM
NEBATHATAKHON 3acTpoiiku. /s 3panuit, uMeronux 6oJee IE€BATH 9TaKeil, PeyCMaTPUBAJINCDH
MECTHBIE TTOBBICHTEIbHBIE YCTAHOBKHU.

[mapaBanyecknii pacdyeT BOJAOCETH, IMPOBEAEHHDBIH Ha 6a3e WM3J0KEHHOTO B MPEIbIYIINX
rjaaBax, Mo3BOJUJ B ycaoBusaX ACY onTUMU3UPOBATH HATIOPBI BOJIBI /IS SKUJIBIX MUKPOPailOHOB
AJIeKCeeBKM € yU4eTOM CpOKa JKCILTyaTallmy BoJoceTu. B pesysabrare mosiBUJIAach BO3MOXKHOCTD
YMEHBIIUTH Toauy Bojbl ¢ 44099,14 no 39984,5 M3 /cyr uiu cokparuth ee na 1501861,851 M3
B TOJI, YTO COCTABJISIET 3aMETHYI0 9KOHOMUIO BoAbl (Tabm. 6.1).

Ta6aumna 6.1
YacoBbie H3MEHEHHUST pacxoaa BO/AbI AJleKceeBCKOro SKHJIOr0 MacCHBa
Bpems cyTok, [o Brenpenuns ACY TI1 MPB Mocne Breppenuns ACY TI1 MPB
Ty MPOLIEHT OT pacxoaa BoAbl pacxog, BoAbl, MPOLIEHT OT PacxoAa BoAbl pacxopg, Bodpl,
3a CyTKu M3/y 3a CyTKu M3/y
00:00-01:00 3,35 1477,82 2,84 1078,80
01:00-02:00 3,37 1433,22 2,38 904,00
02:00-03:00 3,30 1455,27 2,27 863,50
03:00-04:00 3,20 1411,17 2,26 858,40
04:00-05:00 3,25 1433,22 2,60 987,00
05:00-06:00 3,40 1499,37 3,45 1309,00
06:00-07:00 3,85 1697,82 4,88 1853,00
07:00-08:00 4,45 1962,41 5,26 1998,10
08:00-09:00 5,20 2293,16 5,00 1901,70
09:00-10:00 5,05 2227,01 4,79 1817,90
10:00-11:00 4,85 2138,81 4,76 1806,80
11:00-12:00 4,60 2028,56 4,61 1752,50
12:00-13:00 4,60 2028,56 4,52 1718,50
13:00-14:00 4,55 2006,51 4,54 1724,60
14:00-15:00 4,75 2094,72 417 1584,20
15:00-16:00 4,70 2072,66 4,59 1742,00
16:00-17:00 4,65 2050,62 4,19 1594,70
17:00-18:00 4,35 1918,32 4,30 1642,10
18:00-19:00 4,40 1940,86 4,47 1697,10
19:00-20:00 4,30 1896,27 4,68 1777,60
20:00-21:00 4,30 1896,27 4,77 1812,90
21:00-22:00 4,20 1852,17 4,99 1897,00
22:00-23:00 3,75 1653,72 4,98 1892,40
23:00-24:00 3,70 1631,67 4,66 1771,10
Bcero 3acyTtku 44099,19 37984,90

Pacxopn Bojpl 1 Harop Ha HacocHOH ctaniuu Ne 25A 103BOJIUIN B KPYTIJIOCYTOYHO yIIpaBJisie-
MOM peskuMe o0ecTedynBaTh BOJON KuTeseil AJTeKCeeBCKOro *KUJI0T0 MAacCHBa Ha BCEX aTa)KaX.

N3 rtabn. 6.1 BUAHO, YTO B TeUYeHUE CYTOK IIOCJTE BHEAPEHUS aBTOMATHYECKOW CHCTEMbI
yIIpaBJeHUS MO0 JUKTYIOMEH ToYKe HAGII0aeTcsl pe3koe OTJINYNe YAaCOBOTO PAcXo/a BOJOIOTpe-
6JIeHNsT OT 4aCcOBOTO PAacXojia IPH OOBIYHOM PEXMMe «PYYHOTO» YIIPAaBJEHUS CHUCTEMOI U JaeT
3HAYMTEIbHYIO 9KOHOMMIO BOJIbI U 3JI€KTPOIHEPIHUH.

padux dhaktuyeckoro BosonorpebaeHns B npegenax cyTok 1o u nocsue Bueapennss ACY TII
XapaKTepu3yeT PUTM SKU3HU AJIEKCEeBCKOTO JKIJIOT0 MAcCHBA, OJHOTO U3 «CIAJbHBIX» PAllOHOB
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Xapbrosa (puc. 6.7). Koadgduiumenr vacoBoii HepaBHOMEPHOCTH B T€YEHUE CYTOK OT MaKCUMyMa
K MUHUMYMY cocTaBJseT 2,33.

%

6

T

0 T T T T T T T T T T T T T T T T T T T T T T T

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-1515-16 16-17 17-18 18-19 19-20 20-21 21-22 22-23 23-24

Puc. 6.7. YacoBble n3MeHEHNS BOZONOTPEOJICHNS AJEKCEEBCKOTO JKIJIOTO MACCHBa [0 U IOCJE BHEAPEHUS
ACY TII na nacocHoii craniiun Ne 25A, nporeHT cyTo4Horo Bogonorpebaenus: 1 — no BHeapenus ACY TII;
2 — mocJie BHEJPEHNUS

[TpakTuka mMOKa3bIBA€T, YTO TMOCJE MyCKa B 9KCILJIyaTalnio 3alpPOEKTUPOBAHHONW BOJ/IOCETH,
KakK IPaBuUJIO, OT/IeJIbHbIE €€ YUYaCTKN He paboTaioT ¢ PacYeTHBIMU TTapaMeTpaMu, HECMOTPS Ha TO
4yT10o B cucteme [IPB B 11e;10M MOCTOSIHHO TO/I/IEPIKUBAETCS COCTOSTHUE IMHAMUYECKOTO PABHOBECHS.
Boubioe 3nauenne mpuo6peTaet n3ydeHne 3aKOHOMEPHOCTEN BOIOMOTPEOJIEHNST, OTIPe/IesIsieMoe
B Y3JIOBBIX TOUKAX BOJOCETH, KosiebaHUe W M3MEHEHNe MMOKa3aHuil Tbe30MeTPOB, TPUCOEINHEHNE
1 OTCOeJIMHEHNE MOTOKA BO/bI B y3Jie U T. ]I.

N3ydenmne sTUX MPOIECCOB U UX MO/IEJUPOBAHME TIO3BOJSIOT MOJIHEE PACKPBITH CYNHOCTD
mpolecca BoonoTpe6aeHns, N3yYuTb 0OCOOEHHOCTH W BBISBUTH 3aKOHOMEPHOCTH W PEKUM PaGOTHI
cucrembl [IPB. Pemenne aToil 3a1aun conpsiz>keHO €O MHOTUMHU TPYJHOCTSMHU HM3-32 MHOXKECTBA
dgaxTopoB, cBI3aHHBIX ¢ BojomnOoTpebIeHneM. B aToM cydae ocyIiecTB/sgeTcs: MOuCK (popMabHbIX
peleHnii, yI0BJIETBOPAIONNX TpebGoBaHUAM IIpoiiecca Bojaonorpebsenus. [locTpoenne mMomenn
BOJIONIOTPE6IEHNS, OTpaskaloniell peaJbHyI0 OOCTAaHOBKY, OCYIIECTBJISIETCS ITYTeM 3KCIepUMEH-
TAJIBHOTO uccyaenoBanus cucrembr [1PB.

B nuTeparype eile He TPUBOAUINCH ONMUCAHUS HATYPHBIX MCCJIEAOBAHUI BOJIOMOTPEOIECHUS
B CJIyYasiX MPUCOEUHEHHOTO W OTCOEIMHEHHOTO MOTOKA BOJBI B y3Je BojgoceTu. VccaemoBanus
10 M3MEHEHWIO PEKMUMOB JIBUXKEHUS BO/IbI B y3Ji€ BBITIOJTHEHBI BIIEPBbIE U UX PE3YJIbTAThl TPe/-
craBjeHbl B Tabua. 6.2 u Ha puc. 6.8—6.10.

A
¥,=1,02 g
g
d-300 @_>§[ d-500
7,=0,93
< P4 a <
V,=0,62 @ :
- 7,=0,81
S
S

Puc. 6.8. ¥Y3sen Bogocerun
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Ta6smma 6.2
Pe3ysbTaThl HATYPHOTO HCCJI€IOBAaHUSI Y3JIOBBIX PAacX0/10B
U CKOPOCTH NMOTOKa BO/bI HA YYaCTKaX CETH
AJlekceeBCKOTo KUJIOr0 MacCcHBa
Bpews [lNamMeTp KPeCTOBMHbI Y3NIOBOrO COAMHEHNS!, MM oy Mpouert
CYTOK, 500 300 300 300 4.+ G.+q OTKJIOHEHUS
G g, a, a % AR a,- (6, + .+ q,)
13:10 654,60 258,50 156,20 198,50 613,20 6,32
13:15 651,00 248,40 153,70 207,10 609,20 6,42
13:20 620,60 253,70 156,80 211,50 622,00 -0,23
13:25 579,60 261,30 161,10 212,70 635,10 -9,58
13:30 662,30 254,00 156,50 197,70 608,20 8,17
13:35 663,70 272,50 162,90 181,70 617,10 7,02
13:40 663,80 251,40 154,50 211,70 617,60 6,96
13:45 672,20 261,30 160,60 203,10 625,00 7,02
13:50 648,20 256,80 169,70 186,50 613,00 5,43
13:55 651,70 270,80 159,00 241,00 670,80 -2,93
14:00 663,70 261,80 158,80 212,20 632,80 4,66
14:05 604,40 262,90 157,50 205,90 626,30 -3,62
14:10 644,70 252,20 157,30 228,50 638,00 1,04
14:15 583,20 252,90 154,70 196,30 603,90 -3,55
14:20 664,40 265,70 155,70 201,80 623,20 6,20
14:25 631,20 268,00 164,90 211,50 644,40 -2,09
A 641,21 259,51 158,74 206,73 624,99 2,53
o 0,93 1,02 0,62 0,81

0,9 A

0,8 -

0,7 -

0,6 -

0,5

Puc. 6.9. PesyibraTbl HATyPHbBIX HCCJIEL0BAHMIl CKOPOCTH HOTOKA BOJbI
B y3Jie KOJIbleBoii cetu (3amepnl Ha AsekceeBckoM xunom maccuse, 1.02.2001):
1 — B Touke 1; 2 — B TOouke 2; 3 — B TOukKe 3; 4 — B TOUYKe 4
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Puc. 6.10. PesysbraTbl HATYPHBIX HCCJEL0OBAHI
MOIIbIO HAKJIAJHOIO yJabTpa3Bykosoro pacxogomepa UFM 610 p: / — ckopoctb Iynabcauuu; 2 — CpeiHsas CKOPOCTb
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Kak Buzno us puc. 6.10, B ysne Bogoceru (puc. 6.8) NPOMCXOAUT M3MEHEHHE PACX0/a
OCHOBHOTO ITOTOKA, OT/IEJISIEMOTO OT TOUYKM 1 W B KOJbIEBOH ceTu — OT Tovek 2, 3, 4. CKOpOCTb
MOTOKAa BOJbI B TPyOOTPOBOJAaX pas3JuyHa W 3aBUCUT OT PeXKUMa BOAOTMOTpebJIeHus Ha ITUX
yJacTkax Bojocetn. [loaToMy, He TOBOPSI O HEKOPPEKTHOCTU TPOEKTHBIX PACUYeTOB BOJOCETH,
MIpH 9KCIIEPUMEHTATbHOM M3y4YeHUU MoBejeHus nbesomerpun cucteMbl [IPB mo y3mam BomoceTn
MOYKHO CYAUTh 00 M3MEHEHUMSX BOJONOTPeOJIEHNST HAa y4acTKaxX, MEePHOJUYHBIX N3MEHEHUSX Ha-
MpaBJIEHNST TIOTOKA BOJBI U T. ]I.

B peanbho peiicTByIOIIEl ceTH MPUHITMITNATHHO BasKHOE 3HAUeHUe TPUOOPeTaeT OlleHKa 110 Ja-
caM CyTOK JIeHiCTBYIOIEH The30METPUN U BBISBJIEHNE C TTOMOIIbI0 TeOMH(POPMAITMOHHON CUCTEMBI
«Y3KHX» MeCT BOJOCETH, BKJIIOUas 30HAJbHOE TepepacipejiesieHre MOTOKOB BOJbI B CUCTEME
I[TPB. B mopmatuBHOM nokyMmeHTe [249] He ykasbiBaeTcsl MOPS0K BbIOOpA AWKTYIONIEH TOYKHU
Ha JeiicTByONuMX BojoceTsiX. B apyrux mcrounukax [60] ykaspiBaeTcss, 4To AMKTYOIIAs TOYKA
BBIOUpaeTCcS Kak HamboJsiee HeOJIArONPUATHAS IO paclojlaraeMoMy Hamopy, HanboJiee yaaJeHHas
U UMerolasi caMble BbICOKME Teoe3nueckue otMetku [318]. VMccremoBanusMu mMoTBEPIKIATOTCS
nanabie H. A6pamosa [3] o aukTytomieit Touke. OHAKO OMBITHI MOKA3aJH, YTO AUKTYIOIAs TOY-
Ka Ha BOJOCETU MOKET OKa3aThCs HeOJIArOMPUATHON MO pacroJjaraeMoMy HAmopy M HaXOIUThCS
Ha HeGOJIBIIIOM PACCTOSHUU OT YYacTKa TO/IauM BOJIBI JKUJIOMY MacCuBY. BbI6Op TOUKM B yrpasJie-
Hun cucremoit I[IPB n onpenesnenne ee Kak AMKTYIONIEH JOKHBI OCYIIECTBJSATHCS TTOCTE aHAIN3a
mroma ubix rpadukos (puc. 6.11), oleHKH MOBeeHNUS Tbe30METPUUECKUX JUHUIT 10 OTHOIIEHUTO
K BbIOWpaeMoil AUKTYIONIEH TOYKe 10 YacaM CYTOK, OIIeHKM HalpaBJeHUN Mbe30JUHUN 10 Mpu-
COEeIMHEHUT0 W OTCOEMHEHWIO MOTOKA B y3J1aX BOJOCETH.

[IpoBeneHHbBII aHAN3 COCTOSTHUS BO00OECTIEUeHUST HAaCeJIeHNS PU aBTOMAaTUYeCKOM yTIpaBJie-
HUM TUpaBandeckoil cucrtemoit [IPB o pqukrytorieit Touke mokasas, 4To, onupasich Ha nHGopMa-
nuronnyto 6asy nanubix ACY TII o rugpaBandeckoit pabore cuctempl [IPB, MoXXHO CHU3UTD puCcK
BO3HWKHOBEHUSI BHENITATHBIX CUTYAIlMil W BHEJAPUTH CIEIMaTbHble pa3pabOTKM, HAaNpaBJEHHBIE
Ha ONTUMU3AINIO 3TOW CUCTEMBI.

bmraronaps TMC-rexHoornm 6610 BBITTOJHEHO MOJIeJIMPOBaHue mbe3omMeTpun cuctembl [1PB
B peajibHOM MaciiuTaGe BpeMeHH 110 y3JaM OKpy:KHOro kosbia (puc. 6.11, a—6) u cuenan ru-
JIPAaBJWYECKUIT pacyueT JECTBYIONIEN CUCTEMbI, BKJIOUAs BpeMsI «aBapWuy», IO MMOTEPSIM Haropa
10 y4yacTKaM, yKa3aHHbIM B TabJ. 6.2.

Kak caenyer ns paccmorpenus puc. 6.11 @-6, mbedoMeTpudecKkre HAOPbl B y3JaX OKPYK-
HOTO KOJIbIIa BOJIOCETU MMEIOT pas3jnyHble 3HaueHus. MakcuMmaJsbHas reojie3andeckas OTMETKA
Ha BOJIOCETH KOoJibIla cocTaBsieT 175,5 M. CBOOOAHBII HATIOP B Hell JOJKeH 00eciieunBaTh BOJIOM
JIEBATUATAKHDBIE JJOMAa B TeUeHUWEe CYTOK M HAXOJAMUTHhCS B npenenax 38—42 M BoJ. CT., T.e. Tbe-
30METPbBI JOJIKHBI OBITh He MeHee 213,5 M n He 60see 216,5 M B camoii Boiciieil Touke. Takyio
TOYKy Ha nuomaaubix rpadurax (puc. 6.11) moxno wabmogath B ysae Ne 21. ITokasanus
[Ibe30MeTPa B 9TOM TOUKE Ha MPOTSKEHUH CYTOK U3MEHSINCh: 0T MUHUMaabHoTo 213,5 M (7:00,
8:00, 9:00, 10:00 u) mo makcumanabuoro 216,5 m (15:00, 16:00 4). B cpeanem Ha NPOTIKEHUN
CYTOK ToKa3aHus nbe3domeTpa B y3jae Ne 21 cocrtaBysiu 215 M, T.e. cBOOOJHBIN HAIIOP B BbI-
6paHHOM HAWBBICIIEM IOJOKEHUN Te0/[e3NYeCKOil TOUuKM paBeH 39,5 M Boja. cT. Kak BuaHO 13
puc. 6.11, B yaine Ne 21 cBOoGOMHBIN HAIMOP MPU aBTOMATHYECKOM YIIpaBjeHuu OblJI cTabuIeH
U Ha MPOTSIKEHUU CYTOK TPHUTOK BOJBI 110 Mbe30METPUYECKON JUHUU BO BHYTPHKBApTaJbHbIE
ceru mresi oT atoit Touku (ysma Ne 21), 3a uckaouenuem Bpemenu 7:00, 15:00, 16:00, 18:00,
20:00, 22:00 u 23:00 u. Caenyer oTMeTUTDH, 4TO y3ea Ne 21 paciosiosKeH OT TOUKH MMO/Iaui BOJIbI
Ha paccrosguun 3280 M (mo juHMKM ot yaaa Ne 15-3-21) u B TO Ke BpeMs 10 APYTrOM JUHUK K
yaay Ne 21 (1o yuacrkam 15,/14-13-6-9-21) sro paccrosinue cocrasasger 5172 M, uau B 1,58
pasa 6oJibllle JJIMHBI IPYTOT0 y4acTKa KOJbIla BOJOCETH.

B cootBercTBUM ¢ puc. 6.6 o6benuHEHHAS KOJIbIleBas BOJOCETh, TPUHUMAIOIIAs BOAY OT y3Jia
Ne 15 u tpancnoprupyiomas ee B yzea Ne 21 AsekceeBckoro skumoro maccusa (np. ITo6eupr,
76), uMeeT paBHbIe MOTEPH HaIlopa

n. — I, =11 — 11

15 21 14,/15 217

(15-3-21) (14 ,/15-13-6-9-21)

(6.1)

rae I[I — mbe3oMeTp, M.
ITO MIIIOCTPUPYETCS TaKKe OIeHKOIl moreppb Hamopa (tabi. 6.3).
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n Mbe3omeTpbl Ha y4acTKax ceTv Ha 15 u. 15.02.2001 r. @

225

220 A
W
215 1 '

217,66 216,5 2164

210
205
200

YVanNet5 VsenNe3 VsenNe2i VsenNed YsenNe  VsenNef3  YsenNet5
1708  1640M  726m 1466w  1276m  1636m

n Mbe3omeTpol Ha yyacTkax ceTu Ha 16 4. 15.02.2001 .

225

220

224,25 220,06

223,17
215 4 G 216,5 2164

210
205 |

200 - T
YaenNe15  VYsenNe3  VYsenNe21  VYsenNe9  VYsenNe8  YsenNe13  VYsenNe1S
1708 M 1640 m 726 M 1466 M 1276 M 1636 M

n Mbe3omeTpbl Ha yyacTkax ceTv Ha 17 4. 15.02.2001 r.

21666 | 215, 21505 122017 2159

200 T T T
YaenNe15  VYsanNe3 VsenNe21 VYsenNe9  VYsenNeS  YsanNe13  VYsen Ne1S
1708M  1640m 726 M 1466 M 1276 m 1636 M

MbezomeTpol Ha yyacTkax ceTu Ha 18 4. 15.02.2001 .

216,16 215,06

210
205 |

200 - T
YaenNe15  VYsanNe3  Ysen Ne21 Yaen Ne9 YaenNe6  VYsen Ne13  Vsen Ne15
1708 m 1640 m 726 m 1466 m 1276 m 1636 M

® = JUKTYIOIAsA TOYKa,

4>

¢ HAIIPaBJICHUE MOTOKA BOABI;

(O Bpems 3amepos;

N = mpe3omerpsl, M

n Mbe3omeTpbl Ha yyacTkax ceTv Ha 19 u. 15.02.2001 r.

225

220 1
215 1
210 1
205 1

200 T
YsenNe15  VsanNed  VsanNe21  YsenNe9  VYsarNe6  VsenNe13  Ysen Ne15

1708m 1640 m 726 m 1466m 1276 m 1636 M

220,17

215,06 2157

n
225

Mbe3omeTpol Ha yyacTkax cetu Ha 20 4. 15.02.2001 .

220

215

214,66 | 2145

2101

205 |

200
YsenNe15  YsenNe3  VYsen M1 YSSI'I‘ Ne9 Yserl‘ Ne6 yaer; Ne13  Yaen Nets
1708 m 1640 m 728m 1466 m 1276 m 1636 M

n Mbe3omeTpbl Ha yyacTkax ceT Ha 21 4. 15.02.2001 r. @

225

220 7
215 7
210
205

2154

i
'
1
|
|
1
'
'
200 T T

YsenNe15  VYsenNed  VsanNe21  YsenNe9  VYsenNe6  VYsenNe13  Ysen Ne15

1708m 1640 m 726 m 1466 M 1276 m 1636 M

n MsesomeTphl Ha y4acTkax ceT Ha 22 4. 15.02.2001 r. @
225

2201
215
2154
210+

205

200
YsenNe15  VYsenNe3  VaenNe21 VYsenNe9  VYsenNe6  YsenNe13 Vsen Net5

1708 M 1640 M T26M 1466 M 1276 m 1636 M

N Mbesomerpol Ha yyacTkax cetu Ha 23 4. 15.02.2001 r. @

225
220 4

215‘M

215,66 2155 215,06 2154
210

205

200 T T
YaenNe15  VYaenNe3  YsenNe21  VaenNe9  VaenNe6  VYsenNe13 VsenNetS

1708 M 1640m 726 M 1466 M 1276 M 1636 M

Puc. 6.11. IIpe3oMeTpuueckue nccyae0BaHus IEHCTBYIONIETO0 BHEITHETO KOJIbIA
BOZIOCETH AJIEKCEEBCKOTO JKUJIOTO MACCHBA.
Bpems uccrenosanus: 15.02.2001 r., 15:00 — 23:00 g
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Mbe3oMeTpbl Ha y4acTkax ceti Ha 0 4. 16.02.2001 r. @

Mbe3oMeTpbl Ha y4acTkax ceti Ha 4 4. 16.02.2001 r.

@

n
25 225
220 220 -
259 M 218 M“\/
215,06 0 2144 ’ i 121617
2101 | | | | | 210 | Tones | 2100 TR o
: : : : : : : : : :
205 i i i | f 205 | f ] i i |
I I I I | 200 i i 1 f |
200 + } } + } : : : | |
Y3en Ne15  YaenNe3  YaenNe21  Yaen Ne9 YaenNe6  YaenNe13  Yaen Net5 Yaen Ne15 Yaen Ne3 Yaen Ne21 Yaen Ne9 Yaen Ne Yaern Ne13 Yaen Ne15
1708w 1640m 76wm  1486m  1276m  1636wm 1708 M 1640 M 726M 1466 M 1276m  1636M
n Mbe3oMeTpbl Ha y4acTkax ceT Ha 1 4. 16.02.2001 r. @ n Mbe3omeTphl Ha yuacTkax ceTH Ha 5 4. 16.02.2001 r. @
225 225
220 220 1
215 - 4 215 \/K'*N
218,65 i i
217,65 Y ! T e T : | 2155 [— 121617 T o34
2104 12136 | 222 E 2L o | 2134 210 | e 1 i P
: : : : : : : : : :
205 - ] ] ] f f 205 i i i i i
s A R R N
200 : : : : : 20 ? ? ? ? ?
VaenNe15  YaenNe3  Yaen Ne21  Yaen Ne9 YaoriNe6  YasenNe13  YsenNets — YeenNei5 Ysen Ne3 Yaen Ne21 Yaen Ne9 Ysen Ne6 YaenNe13  VYaen Net5
1708M 1640 M 726M 1466 M 1276 M 1636 M 1708 m 1640m 726m 1466 1276 m 1636 m
n Mbe3omeTpbi Ha y4acTkax ceTv Ha 2 4. 16.02.2001 r. @ n Mbe3omeTpbl Ha yyacTKax ceTi Ha 6 . 16.02.2001 r. @
225 225
220 220
0
215 W 215 w
216,65 1 ' 121548 1 2144 | 21466 ! 2145 121505 1 '
210 121386 1g1ss 21308 : 210 g Bsae : : jEe
i i | | | i i i | |
' ' | | | : ' ' | |
| | i i i i | | i i
205 ] i | | | 205 + i i i | |
: ' | | | : ' ' | |
| | i i i i | | i i
200 T T - - - 200 - - - T T
YsenNel5 VaenNe3 VYaenNe21  VaenNed  YaenNeB  YaenNet3 YaenNel5 YaenNel5  YsenNe3  YoenMNe21  YaenNed  YeenNe6  YeenNe13  Yaen Net§
1708 M 1640 M 726 m 1466 M 1276 m 1636 M 1708 m 1640 M 726 M 1466 m 1276 m 1636 M
n ®
Mbe3oMeTpbl Ha yyacTkax ceti Ha 3 4. 16.02.2001 r. n Miesomerpt Ha yuacTkax cerw Ha 7 u. 16.02.2001 r.
225 225
220 220
|
|
215<\/W 215 22285 T I E
216,65 © | 21548 | 2144 ] | o508 ! 1
210 Domes | 55 1omos | E 210, i 21466 12135 | i | 2144
i i | | | i i i | |
' ' | | | : ' ' | |
205 | | | | | 205 | | | | |
i i | | | i i i | |
' ' | | | : ' ' | |
| | i i i i | | i i
200 - - T T T 200 } + + + +
VeerNe15  YsenNe3  YsenNe21  YaenNed  VaanNe6  VYaanNe13 VYsenNet5  VaenNel5  VaenNe3  VeenNe21  YsanNed  VeenNe6  YsanNe13  VaenNets
1708 M 1640 M 726 M 1466 M 1276 1636 M 1708 M 1640 M 726M  1466m 1276 M 1636 M
® = JKTYIOLIAs TOYKa; O BPEMsI 3aMEpOB;
) HampapJIeHHE TOTOKA BOJEI, M = npe3omerpsl, M
< ’

Puc. 6.11. IIbe3oMeTpuuecKke UCCAEOBAHUS JCHCTBYIONETO BHEIIHETO KOJIbIA
BOJIOCETH AJIEKCEEBCKOTO JKHMJIOTO MAaCCHBA.
Bpems uccaenosanus: 16.02.2001 r., 00:00 — 7:00 4
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n Mbe3oMeTpbl Ha y4acTkax ceTH Ha 8 4. 16.02.2001 r.

Mbe3oMeTpbl Ha y4acTkax ceTv Ha 12 4. 16.02.2001 r.

@

®

®

n
225 225
201 W e
d 1
4 222,65 i 215 | i
2 i ‘ 21508 | 2007 Y5, Uoiage 12155 121506 121947 1 2154
2104 {21465 12136 | ! 2 210 4 j e | } } }
2051 3 3 3 3 3 205 1 i ! ! ! !
: : : : :
200 . . . ‘ ‘ 200 3 3 3 3 3
YaenNe15 YaenNe3  Vaen Ne21 Yaen Ne9 Yaen No6 Yaen Ne13  Yaen Ne15 VaeniNe15  YsenNe3  VYsenNe21  VsenNe9  VsenNe6  Yaen Ne13  Yaen Ne15
1708 M 1640 M 726 M 1466 M 1276M 1636 M 1708 m 1640m 726m 1466m 1276 m 1636 M
MNie3omeTpeI Ha y4acTkax ceth Ha 9 4. 16.02.2001 r. @ n Mbe3oMeTpbl Ha y4acTkax ceTH Ha 13 u. 16.02.2001 r.
225 295
220 ‘ 220 1
‘
' 1
215 ; 15 {2228 ;
4 21917 | 2159
2104 D otaps 2135 | | JE Io1466 12155 121806 |
1 1 1 1 1 210 : : : ! !
: : : : | : : : : ‘
s L 2 D R
200 : : : : : 20 : : : | |
YeenNafs — YeenNad =~ VeenNa21 — YeenNed =~ VeenNsb — YoenNet3 YoenMNat5 VoonNet5  YeerNe3 VeenNs21 VsenNed YoenNeb  VsenNei3 Vaen Net5
1708 tedom  726m 1466m  1276m 1636 1708m 1640 726m  1466M  1276M  1636m
Mbe30MeTpLI Ha yyacTkax ceTH Ha 14 u. 16.02.2001 .
N MNbesoMerpbl Ha yyacTkax cetn Ha 10 u. 16.02.2001 r. n (BoccranoBnenue BogocHabxkexus B cucreme MPB
225 225 nocne ruapoyaapa)
220 220
215
215 2101
210 205720065 1995 19506
205 2001 194,66 g
1951 ‘ ! ; 192,17 THo84
200 190 ; : ; " r
YoenNels ~ VeenNed  VeenNi2i  YenNed ~ VeanNeb ~ Yeanhatd ~YoonNats YoonNe1s YoenNe3 YoenNe2 YaenNed VsenNeb  YaenNe13 YaenNets
1708M 1640 M 726 M 1466m 1276w 1636 m 1708M 1640 m 726 1466w 1276w 1636w
n MbesoMeTpbl Ha y4acTkax ceth Ha 11 4. 16.02.2001 . @ N Mbe3omerpbi Ha yuacTkax ceth Ha 15 4. 16.02.2001 r.
225 295
| 22165
220 i 220 1
261 Do [2oe T 2154 ‘ ‘
1 1 1 1 0 '
20 | | | | 200 i i
2051 ! ! ! ! 205 ‘ : :
1 1 1 1 d J '
200 w 1 1 1 1 200 ; 3 : ‘ 3
YoenNet5 YeenMed — YsenMNe21  YeenNed  YeenNeS  YoenNet3  Ysen Net§ VoenNo15 YeenNo3  YaenNe21 YaenNed  VaenMe6  YaenNet3  Yaen Net5
1708w  1640m 726u 1466 M 1276m 1636 M 1708m 1640 m 726w  1466M 1276  1636m

® = JHKTYIOIIas TOYKa,

4>

> HAIPaBJICHUEC TTIOTOKA BOJBI,

(O Bpems samepos;
N = npe3oMeTpol, M

Mbe3oMeTphl Ha yyacTkax cet B 15 4. 36 mun. 16.02.2001 r.

(y4acTox noBpexaeHusi MarucTpanu sogoceti d=400Mm
Mexay yanamu Ne3 u Ne21)

200

Yaen Ne15
1708 M

Yaen hﬂQ
1466 M

Yaen N921
726 m

YaenNe6  VYsen Ne13  Yaen Ne15
1276 m 1636 M

Yaen Ne3
1640 M

Puc. 6.11. IIbe3oMeTpuuecKue UCCAELOBAHUS [EHCTBYIONETO BHEIIHETO KOJIbIA
BOZIOCETH AJIEKCEeBCKOTO XKUJIOIO MaCcCUBA.
Bpewms uccaeposanus: 16.02.2001 r., 8:00 — 15:36 u
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IIbe3oMeTpuyecKHe HANOPbI M MOTEPH HANOpPa MO BPeMEHH CYTOK
Ha yyactke KT Ne 21 (aukryomas touka) — KT Ne 15 (ya. Axcaposa)

Ta6anna 6.3

Bpewms cyTok, 0, (@ [P P ., 7= M =M
T, u M M M M M M M
15:00 175,5 144,65 44 80 219,5 224,65 -5,15
16:00 175,5 144,65 44 80 219,5 224,65 -5,15
17:00 175,5 144,65 44 80 219,5 224,65 -5,15
18:00 175,5 144,65 40 77 215,5 221,65 -6,15
19:00 175,5 144,65 40 78 215,5 222,65 -7,15
20:00 175,5 144,65 40 78 215,5 222,65 =7,15
21:00 175,5 144,65 40 78 215,5 222,65 -7,15
22:00 175,5 144,65 42 79 217,5 223,65 -6,15
23:00 175,5 144,65 42 76 217,5 220,65 -3,15
0:00 175,5 144,65 42 75 217,5 219,65 -2,15
1:00 175,5 144,65 40 73 215,5 217,65 -2,15
2:00 175,5 144,65 40 73 215,5 217,65 -2,15
3:00 175,5 144,65 40 73 215,5 217,65 -2,15
4:00 175,5 144,65 40 73 215,5 217,65 -2,15
5:00 175,5 144,65 40 73 215,5 217,65 -2,15
6:00 175,5 144,65 39 76 214,5 220,65 -6,15
7:00 175,5 144,65 38 78 213,5 222,65 -9,15
8:00 175,5 144,65 38 78 213,5 222,65 -9,15
9:00 175,5 144,65 38 78 213,5 222,65 -9,15
10:00 175,5 144,65 38 77 213,5 221,65 -8,15
11:00 175,5 144,65 40 79 215,5 223,65 -8,15
12:00 175,5 144,65 40 78 215,5 222,65 -7,15
13:00 175,5 144,65 40 78 215,5 222,65 -7,15
14:00 175,5 144,65 40 78 215,5 222,65 -7,15

ITO 3HAYUT, YTO MOTepU Hanopa oT y3uaa Ne 15 no ysma Ne 21, paccunrtsiBaembie 1o hopmyie
[lapcu—Beiic6axa

M0 RKaKAOMY HallpaBJIEHUIO /[IBUIKEHUA 110 KOJIbIY OHU JOJIKHDbI ObITH

H

15-21

2
115—21 14 15-21

=H

[ V?

| ——»

d 2g

- 114/15721

14,/15-21 7

2

14/15-21

d15—21

28

d14/1s—21

28

(6.2)

(6.3)

(6.4)

Opanako Takoil MeTo/ pacuera JeHCTBYIONIEH CeTH HEe KOPPEKTEeH, TakK KaK B TeueHUe
CYTOK HallpaBJleHHE IIOTOKA B PAa3/JIMUYHBIX BEPUIMHAX y3Jla 110 BHEIIHEMY KOJIbI[Y U3MEHSeTCs
(puc. 6.11). IosToMy pacyer AOJKEH IMPOU3BOAUTHCS OT y3Ja K Y3Jy [0 JAeHCTBUTETbHBIM
OTEePsIM SHEPTUH IIOTOKA BOJbI C YUYETOM pPeasIbHbIX YCJOBHUI IIOTOKOpACIpe/ e eHUs.

Ucnonb3ysa pesysbTaTbl, W3J0KeHHbIE B riaBax 3 W J, a TaKKe M3MePEHUsS pPa3HOCTeN
[Ibe30MeTPUYECKNX HAIIOPOB Ha BHEIIHEM KOJbIle BOJOCETH, MOXKHO PeaJbHO OLlEHUTb PACXO0/bI
Ha yuactkax cetu (ta6n. 6.3).
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Taxoii moaxo/1 ObLI MPUHAT B THPABJIMYECKOM pacuyeTe OKPYKHOHM KOJbIIEBOI BOIOCETH TTPHU
aBToMarnyeckoMm ympasiennu cucremoil [IPB ot toukn y3ma Ne 15.

B Ta6a. 6.4—6.7 npuBeseHbl NCXO/HBbIE JaHHbIE W PACUYeThl BOJOCETH AJIEKCEEeBCKOTO JKUJI-
maccuBa (HacocHas crannus (ysen Ne 15) — aukryromas touka (ysea Ne 21)) /i1 HECKOJIBKHUX
HanboJiee XapaKTepHBIX YaCOB B peaJbHOM MacliTabe BpeMeHH, ¢ PeaJbHbIMI HOMEPaMU B y3J1aX
KOJIbIIEBOH CETU MO METO/y, M3JI0KEHHOMY B TJIaBe J.

Ta6muna 6.4
Pacuer Bonopacnpegenenus B cucteme IIPB AjsekceeBckoro :kujoro maccuBa

0 HATYPHBIM 3aMepaM HamopoB B y3Jjax Bogocetd Ne 15 u Ne 21
(15.02.2001 r., 16:00 4)

[eopesnyeckas . .
Homep Homep ysna — KoHeL, N —" Y3noson pacxog, DakTnyeckuii
pacyeTa Hayasno yyacrka yyacTtka ToYGb Mp Q, M3/ Hanop B y3ane, H, m
1 15 0 144,65 1485,03 79,6
2 21 0 175,5 157,07 41
CymmapHoe BogonotpebneHune 1642,1
BopnonpoBosinas cetb
= =
Homep SkByBa- g % 3
Homep y3na— KoHeL, Anmra JIEHTHBbIV qg’ f g = Pacxog, CkopocTb, [T
yyacrka, SEEC - Hanopa,
pacyeta Havyano y4yacrka Ly onamerp, ] 83 q, M3/4 V, m/c g
yuyacTka ’ d, Mm gz '
28
3 15 21 5104 431 30,85 33,58 0,0639 7,75
4 15 21 3348 471 30,85 123,49 0,1969 7,75
VICTOUHIMK leomesnyeckas oTmeTka Bepxa Pacxso,u,, DaKTMIECKM HANOP, £, M
TpyObI, M q, M3/4
5 0 15 144,65 1642,1 79,6
CymmapHas nogaya BoAbl B BOOOMPOBOAHYIO CETb 1642,1
Ta6mma 6.5

Pacuer Bogopacnpegenenust B cucteme IIPB AsekceeBckoro kujoro maccuna

10 HATYPHBIM 3aMepaM HamopoB B y3Jjax Bogocetu Ne 15—21
(16.02.2001 r., 3:00 u)

[eopesnyeckan . .
Homep Howmep y3na — KoHeL, Y3noBown pacxog, dakTnyeckmin
oTMeTka Bepxa :
pacyeTa Hayano yyactka yyacrka Q, M3/ Hanop B yane, H, m
TpyObl, M
1 15 0 144,65 850,32 72
2 21 0 175,5 4,08 40
CymmapHoe BogonotpebneHme 854,4
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BOIIOHpOBO,ZIHaH CETb

= =
(0]
Homep Lwka SkemBa- 5 g 3 n
Homep yana — KoHey, JIEHTHbIN Z f g = Pacxog, CkopocCTb, oTepN Ha-
yyacTka, SE RS 2 nopa,
pacueTta Havasno yd4acTka L anamerp, ® 8 83 q, M3/4 V, m/c e
y4acTka ’ d, MM gz ’
O
Lo
3 15 21 5104 431 30,85 0,75 0,0014 1,15
4 15 21 3348 471 30,85 3,33 0,0053 1,15
ICTOMHMK ['eopesunyeckas oTMeTka Bepxa Pacxsop,, DakTieckuit Hanop, H, M
TpyObI, M g, M*/y
5 0 15 144,65 854.,4 72
CymmapHas nogaya BoAbl B BOAOMPOBOAHYIO CETb 854,4

Ta6auma 6.6
Pacuer Bogopacnpeenenusi B cucreme [IPB AslekceeBckoro ;Kujioro MaccuBa

0 HATYPHBIM 3aMepaM HamopoB B y3Jjax Bogocetd Ne 15—21
(16.02.2001 r., 7:00 4)

Homep pac- Homep y3na — KoreL, Eizlﬂeii:q::'(:: Y3noBow pacxog, dakTnyeckuii
yeTa Hayasno yyacrka yyacTka TPYGH Mp Q, M3/y4 Harop B y3ne, H, m
1 15 0 144,65 1793,61 78
2 21 0 175,5 204,49 38
CymmapHoe BogonoTtpebneHune 1998,1
BOJIOHpOBO}IHaSI CETb
g7
Homep Nwa DKBUBANEHT- é o 3 NoTenu
Homep y3na — KoHel, yacTka HbIiA 5 g = Pacxoga, CKkopocCTb, a opa
pacyeta Havaso yyacTka y L ’ avamertp, 05 gﬁ, g, M®/M V, m/c H ,'7-' pa,
yyacTka M d, MM 525 M
o §
= =
3 15 21 5104 431 30,85 46,03 0,0876 9,15
4 15 21 3348 471 30,85 158,46 0,2526 9,15
VICTOMHMK leoneanyeckas oTMeTka Bepxa Pacxsop,, GV e ) T 4
TpyObI, M q, M3/4
5 0 15 144,65 1998,1 78
CymmapHasa nogaya BoAbl B BOOOMPOBOAHYIO CETb 19981




212  YcTOM4YMBOCTb BOJOCHAOXEHNA

Ta6auma 6.7

Pacuer Bogopacnpegenenust B cucteme IIPB AsekceeBckoro :kujoro maccuBa

0 HATYPHBIM 3aMepaM HamopoB B y3Jjax Bogocetd Ne 15—21

(16.02.2001 r., 15:36 u)

Homep Homep y3na — KoHev, [eopesnyeckas otmeTka Y3n0Bon pacxog, ®dakTnyeckuii
pacyeta Hayano y4acrka y4qactka Bepxa Tpybbl, M Q, M3/y Hanop B y3ne, H, m
1 15 0 144,65 2364,64 77,5
2 21 0 175,5 290,54 35
CymmapHoe BogonotpebneHue 2655,18
BOHOHPOBOHH&H CeThb
Homep OkBMBa- § ?;S
Homep y3na— KoHeL, Anvra JIEHTHBbIV %, f ‘i" = Pacxog, CkopocTb, NISTETI GED
yyactka, SEEC - nopa,
pacyeta Havyano y4yacrka L onamerp, ® 883 q, M3/4 V, m/c e
yuacTka ’ d, MM g% '
28
3 15 21 3348 471 30,85 219,4 0,3498 11,65
4 15 21 5104 431 30,85 71,13 0,1354 11,65
VICTOUHMK [eope3nyeckas oTMeTKa Bepxa Pacxao,u,, DakTMeGKMF HARAP, £ M
TpYyObl, M q, M3/4
5 0 15 144,65 2655,18 77,5
CymmapHas nogaya BoAbl B BOOOMPOBOAHYIO CETb 2655,18

OmnucanHble 3/1eCh pe3yJbTaTbl U3MEPEHNI JA0T OCHOBaHMe /i (DOPMYTMPOBAHUS MTOAXO0/A
K BBIOOPY PaCIOJIOKEHUST AUKTYIONell Touku. [Ipeke Bcero CTpOAT IJIOMIA/HbIE AUArpaMMbl
Mbe30MeTPUH BOJIOCETH, TOA00HbIe nM306paskeHHbIM Ha puc. 6.11. Cremxyer mmeTb B BHIY, UYTO
TakWe JAuarpamMMbl HEOOXOAMMO CTPOUTD JJS KaKJIOTO daca B TedeHWe cyToK. Ha maHHbIX nua-
rpaMMax n300paskeH Pa3BoOpPOT BHEIIHETO KOJIbIIa BOJIOCETU C €€ Y3JaMU B MeCTaxX TOJIKJII0YeHMS
BHYTPEHHUX ceTeil MUKpopaiioHOB. KpoMe Toro, mokasaubl Tbe30MeTPpUYECKNe HATIOPBI B KaXK0M
y3Jie. Touky mbe3oMeTpuYecKX HAIlOPOB COEIMHSIOT MEXK/y cOO0H MTbe30MeTPUYECKUMU JTUHUSIMU,
KOTOpbIE JIaf0T TIpe/icTaBJIeHne O HallpaBJEeHWH TTOTOKA BOJIBI OT y3Ja K y3Jy. Ilo mbe3omeTpuye-
CKUM JINHUSIM BBISABJISIOT TOYKY C MUHUMAJIbHBIM MTHEe30METPUYECKIUM HAIOPOM.

Boi6op aukrytomeit Touku B JeiicTByoleil cucrteme IIPB ompenmensercsa cuaexyoomumn
daxropamu:

1) HamboJsiee HeOGIATONPUATHON Te0e3MYECKON BHICOTON OTHOCHTEIbHO HACOCHOI CTaHIIUK;

2) BO3MOKHOCTBIO o6eciiedeHns cTaGuIbHOINO MUHUMAJIBHOTO Halopa B J060e BpeMs CyTOK
st GecriepeGOTHOTO cHAOKeHUs MoTpebuTe el BO0I;

3) BeJMUYNHON IOTEPb HAllOpa OT HACOCHOI CTAHIMKM K JAaHHOW TOYKE 110 CPaBHEHUIO C JPY-
TUMU y3JaMHi BOJIOCETH.

YToO6bI c/ies1aTh SCHBIM BBIOOP AMKTYIONIEH TOYKHU, BOCIOJIb3yeMCSI KOHKPETHBIMU HATYPHBIMU
U3MEpEeHUsIMU, TpecTaBIeHHbIMU Ha puc. 6.11. Kak Buamm, B y3iae Ne 21 Habuomaercs Kak
MPUTOK, TaK W OTTOK BOJBI K coceqHuM y3maaMm. Ilocaennum aBym daxropam Ha NPUBEIEHHBIX
MJIONIA/IHBIX JUarpaMMax COOTBETCTBYIOT /iBe TOUKM: y3ea Ne 13 m y3zen Ne 21. O6Ge Touyku Xa-
pPaKkTepU3yIoTCsa CTaOWJIbHO BBICOKMMHU IOTEPAMHU Hamopa oT HacocHoi cranmuu (yszen Ne 15)
B pa3JINYHbIE Yachl CYTOK M CTAaOWJIbHO HU3KUMU IThe3oMeTpuiecKuMu Hamopamu. B ysme Ne 13
B HEKOTOpPbIE Yachl HAOTIO/laeTCsl HE3HAYNTEJIbHOE TI0 CpaBHEHUIO ¢ y3J0M Ne 21 cHMKeHMe TIoKa-
3aHW Mbe3oMeTpa U HeGOJIbIIIOe MIPEeBbIIIeHne TToTepyu Hamopa. M Bce ke B KayecTBe AMKTYIOIIEH
TOYKH B JIaHHOM cJiydae ObLT BbIOpaH y3esa Ne 21, MMOCKOJBKY 9TOT y3eJ MMeeT MaKCUMAaJbHYIO
reojieandeckyio Boicoty (175,5 M) 10 cpaBHEHUIO ¢ JPYIUMU y3JaMu. [eoje3ndyeckas BbICOTA y3Jia
Ne 13 cocraBasier 159,4 M, uto Ha 16,1 M HUIKe Teoe3nueckoit oTMeTKH y3aa Ne 21. Kpome Toro,
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y3ea Ne 13 pacnosniosken Ha paccrosianm 1636 M or HacocHo# ctaniuu, a y3ea Ne 21 — Ha pac-
crosgann 3280 M, T.e. MIpUMEPHO B /IBa pasa JaJbllle OT BOJOPACIpeeuTebHOTO y3aa No 15
(HacocHoii cranmum). CieoBaTe/ibHO, 110 TIepBbIM ABYM Kputepusm ysesa Ne 21 6ojiee moaxouT
JUts BbIOOpa MuKTYyoniell Touku, yeM y3ea Ne 13. 3amerum, uto B y3jae Ne 13 mpoucxomuT mo-
CTOSTHHBIN TIPUTOK BOJBI, a B y3Je No 21 B TedeHUe CyTOK HAOJII0/1aeTCs MPUTOK M OTTOK BOJIBI
npu crabusausaruu Hanopa. CBo6oaubIil Hanmop B y3sae Ne 13 Bbimie B J060€e BpeMsl CYyTOK, 4eM
B y3Je Ne 21, u gocrarouet /st BojgocHa6kenus (gaske u36bIToueH) npu TpeGyeMoM Harope /st
NEeBATUITAKHBIX JoMOB — 40 M.

Takum o6pa3oM, AUKTYIONAst TOYKA — 3TO TOYKA HA BOJOCETH CO CTAOMIbHBIM MUHUMAJbBHO
JIOTTYCTUMBIM HAIlOpOM, TapaHTupyioiias 6ecriepeboitHoe BogoobecedeHne motpeburesis B aoboe
BpeMs CYTOK M OTBedarolas TaKuM TpeOOBaHUAM, KaK Y/aJeHHOCTb OT HACOCHOHN CTaHINU, MaKCH-
MaJibHas reojie3andyeckast BbICOTA U CTAaOMJIbHO BBICOKHE MOTEPH HAINOpPa OT HACOCHOW CTAaHIINH.

B nuktytomeit Touke cucrembl [IPB nosken o6ecrieunBaTbest cTaOUIbHBIN CBOOOIHBIN HAIOD
(puc. 6.12). B TUC foJsKHA HaKalJIMBaThCS CTATHCTUKA PEKUMOB PAGOThI BOJOCETH U CHCTEMBbI
[IPB B 11es0M.

CHCTEMHLWE COOBWEHWA

PemnamerTHoe pasnerie 8 KTNG MM 234

1€ 01 01r. I'io‘repunanopa ot MI'I 254 a0 KTNG

1€ 01 OMr.NoTtepu gaeaeHua B KT N & MN 254

1004001
90 90
g0 80
70 70 7
&0 60
0 S0
40 40 -
30 30 3
20 20
10 10 1

Puc. 6.12. BujeokaJp M3MeHEHHUsI HAIIOPOB HA BbIXOJe HAcOCHOW ctaHiuu Ne 25A XapbkoBa
1 B KOHTPOJIbHOIW TOYKE CETH 1P PEryJIUPOBAHUU 110 JUKTYIOIIEH TOUKe:
! — naByieHue Ha BbIXOJle HACOCHOI CTaHIUu; 2 — IOTEPU HAIIOPA OT HACOCHOU CTAHI[UK /[0 KOHTPOJIbHOU TOUKU
Ne 6; 3 — morepu jaBJieHUS B 3TOI TOYKE 32 CyTKU; 4 — perJlaMeHTHOE JlaBJeHue B KOHTPOJIbHON Touke Ne 6

Ha puc. 6.12 nokaszano naMeHeHure HATIOPOB Ha BBIXOJie HacocHOU ctanium Ne 25A XapbKoBa
1 B KOHTPOJUPYEMON TOYKe ceTw, paboTaronieii B 30HE HACOCHOW CTAHIINU, a TaKXXe M3MEHEHWe
OTepb HATIOPA B 9TOI TOUKe 3a CyTKU. BHU3Y nmokazaHna moyacoBasi pab0Ta HACOCHBIX arperaToB
(Ne 2 ¢ 05.30 10 24.00 u No 3 ¢ 00.00 g0 24.00). Homepa arperaToB yKasaHbl Ha IIIKaJe CJIeBa.
BepxHsis mkajsa — yacbl CyTOK.

Cospnanue cucrem yrnpasienus [IPB mo aukryonmmm ToukaM croco6CTBYET TEePeXo/y BOIO-
CHAOKeHUs B TOPO/IaX HA PEKUMbBI C 9KOHOMHBIM PACXO0/IOBAHUEM PECYPCOB, KOTOPbIe obecrieyn-
Batorcst ACY.

[Tpuo6perennniii onbiT pazpaborku u akcrayaramun ACY TII BogocHaGKeHUsT TO3BOJISIET
pekomengoBath cosganne ACY TII BomocHaGkeHHs B aBTOMaTM3MpOBaHHOM peskume (¢ yua-
CTHEM YeJI0BeKa), a MO OT/AeJbHbIM HAllPaBJeHHsIM — B aBToMatnueckoM pexume (6e3 yyacrus
4yes0BeKa), HO ¢ 06s3aTeNbHON Pa3paGOTKOil 9J€MEHTOB ABYXKOHTYPHOTO KOHTPOJS yIpaBJe-
Husi. B ACY BomocHaG:keHUeM TOPOJOB I1esiecO06Pa3HO NMPUHUMATD JAUAJOTOBBIH PEXUM, MPH
KOTOPOM OTIePATUBHBIN TIEPCOHAJ yY4acTBYeT B BbIpaGOTKe peKOMeH/iaiuii mo ero apdeKTuBHOMY
ynpasienuto. Crpykrypa ACY BomocHaGxkenuem Xapbkosa (puc. 6.13) mpeacrasisier co6oii
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OPraHu3alMOHHO-TEXHOJOTUYECKYI0 CUCTEMY, KOTOPask COJAEPIKUT TO/ICUCTEMbI OPTAaHNU3AIMOHHO-
sKoHOMUYecKoro yrpasierus u orjesnbibie ACY TII (ACY TII nogaun u pacupeeneHus Bo/ibl
B ropone, ACY TII «/lonenry mw ACY TII «/Ilnenp» — cucreMbl aBTOMaTH3allu¥W IIPOIECCOB
O/ IbeMa, OYUCTKU U TPAHCIIOPTUPOBAHUS BOJIbI).

[lanHag cTpyKTypa sBJseTcs pe3yJbraToM 6oJsiee yem 20-JIeTHETO OINbITA PAa3BUTUS TIEPBOI
ABTOMATU3UPOBAHHON CHCTEMbBI YIIPaBJEHUS BOJOCHAGKEHWEM KPYITHOTO MeEraroJiuca U Mpej-
cTaBJsgeT coOOW WHTETrPUPOBAHHYIO CHUCTEMY, CIHOCOOHYIO OCYIIecTBJSATbh 3(hEHEKTUBHBIN KOH-
TPOJIb W YIpaBJieHWE TEXHOJOTMUYECKUMU W OPTaHU3AIMOHHO-3KOHOMMYECKUMH MPOIeccaMu
B KII «IITIT «Bonma».

[Tportecc cozmanus ACY BojgocHaGKeHNEM, KaK TPABUJIO, HAUMHAETCS ¢ 00CIeJOBAHMS TIPe/I-
NPUATHS U U3YUYEHUST TEXHOJIOTUHU, BbIOOPA TIepPBOOYEPEHBIX 0OBEKTOB M 3a/1a4 aBTOMATU3AIINH,
C OIIEHKU CTOMMOCTH BceX paboT. YuutbiBasg (DUHAHCOBbIE OTPAHNYEHUS, HEOOXOINUM TTOITATTHBIN
npunIiun co3aanuss ACY, ocHOBaHHBIN Ha BBIOOPE TTPUOPUTETHBIX (DYHKITUN CHCTEMBI.

PesyabraTer nccaenoannii u onbiT co3ganus ACY TII BogocHa6:xennss XapbKoBa IMO3BOJSIIOT
ciesaTh BBIBOJL O TOM, 4TO nogoOHas ACY nosmKHA BBITJISAAETD cuaeayiomum o6pasom. Ha o6bek-
TaxX yCTAaHABJIUBAIOTCI MUKPOKOHTPOJLIEPDI, ¢ MTOMOIIbIO KOTOPBIX B IEHTPAJbHbBIN JUCITETYEPCKUM
nyukr (IT/II1) nepepaerca nrgopMalys 0 COCTOAHIN 060PYA0BAHUA U TEXHOJIOTHYECKUX TIPOIECCOB.
Ha II/IIT XapbkoBckoro Bogonposoja (puc. 6.14) ¢ nomoursio [IOBM tuna IBM PC /AT Bezercs
c60p TocTynaloIei co BcexX 06beKToB nHGopMaImu, oToOpakaeMoll Ha saKpaHe aucties, 6aarogapst
YeMy MOKHO YBHJIETh COCTOSTHUE KaK BCEH CUCTEMbBI, TaK M ee OTAEJbHBIX 0OBEKTOB.

OCHOBHBIM TIPUHIIMIIOM KOHCTPYMPOBAHUS YIPABJEHUS ABJSETCS TPUHIMIT JHAJIOTA
«I9BM — 4esoBek», MO3TOMY 3a JUCHETUEPOM OCTABJEHO MPABO ¢ MOMOIbI0 DBM BrIOUATH—
BBIKJIIOUATh HACOCHBIE arperaTrbl, U3MEHSATb 4YUCJ0 0O6OPOTOB JBUTATEJEN [JIS PEryJupoBa-
HUG HAIOpPOB, OTKPbIBATb—3aKPbIBATh 3a/[BUXKKU U YHPABJAATH JAPYTUM TEXHOJOTHUYECKUM
o6opynoBanueMm. C momompio [IOBM ocymniecTBaASOTCS aBTOMAaTHYECKOE pPeTyJIUpPOBaHUE
napamMeTpoB TEXHOJOTUYECKUX TIPOIECCOB, paclio3HaBaHWE aBaApWUHBIX cHUTyaluii, ¢opmu-
poBaHUe OTYETHBIX JOKYMEHTOB, Iepenada MHMOpMAIMM Ha aBTOMATH3UPOBaHHBIE paboune
mecra (APM) pykoBoauTeseil, TeXHUYECKUX CAYKO u Gyxraarepun npeanpusdtus. Oraennb-
Hble APMbl o6bennHeHbl B JJOKAJbHBIE BBIUYMCJAUTEIbHBIE CeTH i o6MeHa WHOpMaImei.
Ecan Heo6XoanMO MOAKJIIOYUTH K CETU yaJieHHble KOMIbBIOTEPbI, UCIOJb3YIOT TesedOHHbIE
U PAJUOMO/IEMBbI.

[Ipu skcmayaTtamuu CHCTEM yIpaBJeHUsS 00eCTeYnBAIOTCS MOCTOSHHAS MOJEPHU3AIUS
TeJeMeXaHNYeCKNUX CPeJICTB, 3JeKTPooOOpyMOBaHMUsA, 3aMeHa YCTapeBIIUX KOHTPOJbHO-
usmepureabHbix npuéopos (KWII) u garunkos. Bce aro coepmencrsyer ACY, HO He u3-
MEHsSeT caM NPUHIUIT yIIPAaBJIEHUS BO BPEMEHU.

B cucremax ACY TII BomocHabkeHnuss HeleaecooOpa3Ho, 4TOOBI yIpaBJIeHHEe KaXKIbIM
06BEKTOM OCYIIECTBJILJIOCH IUCITETYEPOM, TaK KaK 9TO 3a/leP’KUBAET MYCK U yIpaBJieHue Ha-
COCHBIMU CTAHIIUSAMH TOPOJCKON cucteMmbl [IPB.

Co3znanue MOIYJbHOCTH CUCTEM TO3BOJISIET JIETIEHTPAIU3UPOBATD yIIpaBJeHNe, peryanpoBa-
HHEe ¥ WHTETPUPOBAHHDBIN KOHTPOJb TapaMeTpoB. [IpuMeHeHne JIOKAJIbHBIX TPOTPAMMUPYEMBIX
KOMTIJIEKCOB /IaeT BO3MOKHOCTb 06€CTIeYNTh aBTOHOMHYIO Pab0OTy HACOCHBIX CTAHIIUI M OUYNCTHBIX
COOPYKEHUH PN cO0SX CBS3U C IEHTPATbHBIM AUCITETYEPCKUM MMYHKTOM. OTBIT HCTIOJb30BAHUS
paJamokaHaja MoKa3blBaeT, YTO OH He yCTymaeT JUHUSAM Topojckoil teredonnoit cetn [207].

Pagnokanas MoskeT ObITh OPraHN30BaH HA JIUCIIETYEPCKON YacTOTe TPEATTPHUATHS BOAOIIPOBO/IA
B quana3zone Y KB miau Ha crieniuabHO BbIJIEJIEHHON YyacToTe /IS Mepe/laul JJAHHbIX ¢ MCI0JIb30-
BaHmeM paaunoctanimii «J/lens», «Myccon», a B 6yaymiemM 6oJjiee COBEPIIEHHBIX UX aHAJOTOB.

[ToscucTeMbl OPraHM3aIIMOHHO-9KOHOMIYECKOTO YITPABJICHUS Peayn3yioTcs Ha 6a3e JTOKaJbHBIX
BbIYUCANTENbHBIX ceTell [IOBM, B koTopyio BrtoueHbl KoMiibioTepbl ACY TII uepes daiin-cepsep
«Texnonorus». bBiok-cxema ob6mero anmropurma ¢ynknunonupoBanuss ACY TII BogocHabxkeHus
npenacrasiena Ha puc. 6.15.

[lenTpasn30BaHHBI KOHTPOJb TEXHOJOTHYECKUX MTapaMeTPOB M COCTOSTHUS 060PYI0BaHUS T10-
3BOJISIET U3MEPATH, 060pabaThiBaTh U HAKAIJINBATh 3HAUEHUs TTapamMeTpoB (JlaBjeHust, YPOBHS BObI
B pe3epByapax, pacxoja BOAbl Ha BBIXO/E€ HACOCHBIX CTaHIUI, SJEKTPUYECKUX TTapaMeTPoOB U JIp.)
Y CUTHAJIBI COCTOSAHUSA 060pyaoBaHust («BKJIIOUEHO — OTKJIOYEHO», «aBapusi», «OTKPHITO — 3a-
KPBITO» 110 HACOCHBIM CTAHIMAM, Pe3epByapaM U BOAONPOBOAHBIM cetaM — puc. 6.16, 6.17).
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Puc. 6.14. enrpanbubiii qucneruepckuii mynkT KII «IITII «Bogas —
raasuoe 38eno ACY TII BosocHaGkenust XapbKoBa
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Puc. 6.17. Buneoxanp o cocrossanm HacocHoll ctaniun 275 XapbkoBa

Kak Bugno us puc. 6.16, na mmomaake pesepyapos uuctoil Boabl «JloceBo» (Xapbkos)
0oTOOpaKeHbl YPOBEHb BO/IbI B MeTPaX U 06bEM BOJIbI B KyOUUYECKUX MeTpPax Ha TEKYI[U MOMEHT
BPEMEHHU, TEXHOJIOTMYecKass 00BsI3Ka Pe3epByapoB.

s onpenenenns s3anaca (o6beMa) BOAbI B pedepByapax 10Tpe6oBasoCh MPOBECTH CIIEIH-
AJIbHYIO TADUPOBKY BCEX PE3ePBYapoOB, T.€. MOJYUYUTb 3aBUCUMOCTb «YPOBEHb—OOBEM» C YUETOM
reOMeTpUYEeCKNX pPa3MepoB, BBICTYIOB, KOJOHH U T.1. KBajpaTHbIMU CKOOKaMu OGO3HAYEHBI



218 YcToM4MBOCTb BOOOCHAOXEHNA

YCTaBKU HIKHETO U BEPXHETO TIPeJIeJIOB 3alI0JTHEHNST pe3epBYyapoB. Boruncien cyMMapHbIil 3amac
BOJIbI HA TeKylllee BpeMs, B JaHHOM caydae — 45050 m®. Boixogubie (ynpasisieMbie) 3aBUKKH
0603HaYEHbI IBYX3HAYHBIMU HOMepaMu. bykBenubie o6o3nauenus 11 u JI cooTBETCTBYIOT TpaBoii
1 JIEBOI TIOJTOBUHAM PE3EPBYapoB.

Ha suzeokazape (puc. 6.17) nokasan ypoBeHb BOJIbI B pe3epByapax CTaHIMU B MeTpax U 3arac
BOJbI B Ky6nueckux merpax, paboratommuii arperar (Ne 7), Tok ero cratopa — 60 A, jnaBieHue
Ha HAoOpHOM natpyOKe 5,4 Krc,/ cM?, BbIXO/IHbIE [TaBJIEHUS U JABJEHUS B KOHTPOJUPYEMbBIX TOU-
Kax, pacxo/l BO/ibl Ha BbIXo/e cTanmuu. [Tokazanbl TakKe 3HAUEHUS TTOTPEGIEHNS dJIEKTPUIECKOI
MOIIHOCTH U yEJbHBIA PACXO/] 9JEKTPOIHEPTUH 110 CpaBHeHUIO ¢ HopMaTuBoM (cieBa). /laBieHue
B KOHTPOJIMPYeMbIX ToukaX (crpaBa) cpaBHMBAeTCs ¢ YCTAHOBKAMU PErJIaMeHTHbIX JaBJEHMUIl,
OTMEYEHHBbIX KBAJIPATHBIMU CKOOKAMMU.

OmnepaTuBHBIN yYeT 3aKII0YAeTCSI B HAKOIJIEHUN U PETUCTPAINU € 3aJJaHHON MEPUOMYHOCTHIO
mapaMeTpoB TEXHOJOTUYECKUX MPOIECCOB M COCTOSHUS 060PY/IOBAHUS.

Pacuer TeXHUKO-9KOHOMHYECKHUX TIOKa3aTeJell MpelycMaTpUBaeT BbIYUCIEHNE TTOKa3aTe e,
XapaKTepusymonmx paboTy CHCTeM BOJOCHAGKEHUS W CBOJHbBIE TTOKAa3aTeJu 3a CMEHY, CYTKH
(puc. 6.18).

Jluarpamma yaeabHbIX (CYyTOUHBIX) PACXO/I0B 2JEKTPOIHEPIHH U CYMMaPHBIX CYTOUHBIX 110/a4
Boabl (puc. 6.18) nmosBosiseT aHAIM3UPOBATh PAGOTY HACOCHON CTAHIIMU 32 MPOAOJKUTENbHBII
MEePUO/T, BBIABJISATH PEKUMBI C TIOBBINIEHHBIM Y/I€JbHBIM PACXOJ0M 3JIEKTPOIHEPTUH [IJIS TTOCJIe-
JIYIOIIETO MPUHATUS Mep 10 ONTHMU3anuu sHepromorpebaenns [191].

| VnenpHslid pacxon snexktpodneprun HC 25A |
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Puc. 6.18. Buzmeoxanp auarpamMMbl yAedbHBIX PACXO/I0B 3JIEKTPOIHEPTHHN
10 HacocHoil craniuu 3a 16 cytok gexa6pst 2000 r.

OHepaTI/IBHOG IMJIaHUPOBaHME XO/Ja TEXHOJIOTMYECKOI'O IIpolecca o6ecrieynBaeT pacdeThbl pa-
IMMOHAJIbHBIX PEXUMOB paéoTbI HaCOCHbIX CTaHI_II/Iﬁ Ha HPGIICTOHH_[I/Iﬁ Imepuosn.

ﬂI/IaI‘HOCTI/IKa IIPOTEKaHUA TEXHOJOTMYECKUX ITPOLECCOB IPEAYCMATPUBAET BbIIIOJIHEHUE PaAC-
4Y€TOB, CBA3aHHbBIX C aHAJIN30M OTKJIOHEHUH TEXHOJIOTUYECKUX IIapaMeTpoB (,IIaBJIeHI/Iﬂ, pacxoia
U ypOBHA BO/Ibl, J9JIEKTPUYECKUX IIapaME€TpPOB, Harpy3KH arperaTOB) oT TpeéyeMbIX 3HAYEHU N
C TEM, 4TOOBI OIIpeae/JInTb H606XOZII/IMOCTb KOPPEKTUPOBKU TEXHOJOI'MYECKOI'O peEXUMa.
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Ormnpezesierne parmoOHAJIbHOTO PEXKUMa BeJlEHUI TEXHOJOTHYECKOTO TIpollecca IMO3BOJSET
CKOPPEKTUPOBATh ONEPATUBHBIN TJIAHOBBI PEXUM PAOOTHI B COOTBETCTBUU C BBHISBUBIIUMUCS
OTKJIOHEHUSIMU.

OmnepatuBHOE yIpaBJeHNe peajn3yeTcss Ha OCHOBaHWYM WH(OpMAIU, MOJyYeHHON B pPe3yib-
Tare OCYIIECTBJEHUS AUCIETYEPOM ONMUCAHHBIX (PYHKIMI MOCPENCTBOM CPE/CTB TeJeMeXaHWKH.
[Ipu 5TOM BBITOJHAIOTCS HEOOXOAMMbIE ONepali ylpaBjieHuss — BKJYeHne (OTK/I0YeHue)
HACOCHBIX arperaToB, PEryJUpOBaHUE UX MPOU3BOAUTENbHOCTH U T. 1. [318].

B ympassennu cuctemoit IIPB mpencraBisger wHTepec ONTHUMU3ANNS PEKUMOB PabOTHI,
KOTOPasi JIOCTUTAETCS MyTeM I10CJe/0BATEbHOTO PENIeHUsT 33/1a4 OTEePATUBHOTO TJAaHUPOBAHUS
OTNITUMAJIbHBIX PEKUMOB PabOTBI COOPY’KEHWH, TTOCTOSSHHOTO KOHTPOJIS 3a XOJOM TEeXHOJOrnye-
CKOTO TIpoliecca, aHaan3a KOHTPOJUPYEMbBIX TIOKa3aTesiei, ¢ TeM 4TOObI OOHAPYKUTHh OTKJIOHEHUS
OT Tpe6GyeMbIX YCJOBUI SKCIJIyaTallid U CKOPPEKTHPOBATH PEXKUM B CIydyae BO3ZHUKHOBEHUS
otkaoHeHuii. Ilpm arom B mHoOopManmonno-coBeryomux ACY TII omepatuBHOe ymnpaBJieHue
060opyloBaHKeM JIJIsI TIO/IIEPKAaHUS ONTUMAJbHOTO PesKUMa TPOU3BoAUTCcS aAucieryepom (omnepa-
TopoM), a B uHdopmannonno-ymnpassgionmux ACY TII ocyuiectBiasgercss aBToMaTuuecku. Takum
o6pa3oM, orepaTUBHOE TIJIAHWUPOBAHNME CTAHOBUTCS HEOOXOIMMON YaCThIO CUCTEMBI yIIPaBJIEHUS,
ob6ecrieunBarotieit mapopmarmonno-coperyiomnme ACY TII rpadukamu pab6otbl 060py/10BaHuSd,
a nadopmarnmonno-ynpasJisgionme ACY TII — ycraHoBkamMu /Jisi aBTOMaTHYECKOTO PETyJIMpoBa-
HUS TTapaMeTpoB pabOThl HACOCHBIX CTAHIIMI Pe3epBYapoB.

PanmonanpubiM pesxumoM paboThl cucteMbl [IPB aBiisiercst peskuM, pu KOTOPOM cHabKeHue
BOJIOH TOTpebuTesell JOCTUTAETCS ¢ HAUMEHBINMMU 3aTpaTaMy 3JEKTPOIHEPTUU Ha HACOCHBIX
CTAHIMSAX W MOTEPSMU BOJBI B BOJOMPOBOAHBIX ceTsiX, a BeanumHa KII/[ HacocHbIx cranmmii
arperatos gocturaer 60—70 %.

Pacuernr pesxnuMoB paboThl HEOOXOAMMO TMPOU3BOAUTH KaK [IJIsT HOPMAJbHBIX YCJIOBUH 9KC-
TIyaTaluy CUCTEM TIO/a4W W paclipe/leIeHus BOJbI, TaK U JIJIsI aBAaPUWHBIX CUTyalluil, T.e. MPH
OTKJTIOUEHUN TTOBPEXK/IEHHBIX YIaCTKOB TPYOOTIPOBOIOB, MOXKAPOTYIIEHNH, aBAPUITHOW OCTaHOBKE
OT/IEJIbHOW HACOCHOW CTAHIIWU.

6.3. METO/IUKA ONPEJEJEHUA IPUYUH OBPEKIEHUIA
B CUCTEME IIPB

Bakneilmum kpurepueM ontuMmusaiuu ynpasienus cucrtemoil IIPB saBasgerca cHuske-
HUe U3OBITOYHBIX HAMOPOB B ceTH. MHOTrOYMCJIeHHbIE WMCCAEOBAHUS PEXKUMOB PabOTHI CHU-
crem IIPB IIOKa3aJjmnm, 4YTo n36BITOUHbBIE HaIlOpbl B CE€TU BbI3bIBAIOT 3HAYUTEJIbHbIE IIOTEPHU
Bo/Jbl. Bmecre ¢ TeM pasHuIly MeK1y IIOJaHHON M peaJM30BaHHON BOJOI B TeueHHE MecAla
WM Tofa CJyXObl BofgocHaO:KeHWsT (DUKCUPYIOT KaK HEYUYTeHHYIO BOJY M KaK TOTEepHW TIPU ee
pacmpe/ieJieHUN.

[Torepu Bozibl BO BHEITHUX BOJIOMPOBO/HBIX CETSIX TO/IPA3/IENSIIOTCS HA CJIEAYIONINe KaTerOpPHH:

yYyT€4KMn BOAbI BO BHyTpHI[OMOBOﬁ CETU IIpu OTCYTCTBUU BOJOMEPOB Ha BBO/E B JKUJIbIE JOMa;

yTEYKHU BO BCeil BOJOIIPOBOJHON CeTH;

pPacxo/i BOJIbI HA MOKAPOTYIIIEHUE;

OIIOPOJKHEHNE PEMOHTHBIX YYaCTKOB CE€TU, HAIIOJIHEHUE UX W ITPOMbBIBKA;

canutapHas o6paboTKa Mocje PEMOHTA;

IIPOMBIBKA TYIIMKOBOU CeTH;

pa6ora pruOOPOB y4eTa BOJIbI C MOTPEITHOCTIMU, 0COOEHHO NMPU MUHUMAJBHBIX PACXOaX BO/IBI;

IIPOMbBIBKa KaHaJM3allMOHHDbIX CeTefI;

HCIIbITaHUE TTOKAPHBIX THAPAHTOB;

MPOMBIBKA M caHWTapHasi 06paboTKa BOAOPa3OOPHBIX KOJOHOK;

Pacxoji BOJIbI B CETSX /I TIPeJOTBPAllleHns 3aMep3anust TpyO NMpu HU3KOM YPOBHE BOJIOIO-
Tpe6JIeHUsT U HeI0CTAaTOYHON TIyOnHe 3aJ0KeHus TpyO;

OTIOpOJKHEHUE, caHuTapHas 06pab0TKa, HAMOJHEHUE [JIS UCIIBITAHWS, XJOPUPOBAHUE BOJIbI,
MPOMbBIBKA W 3al0JTHEHIE Pe3ePBYapOB UUCTOM BOJIbI;

y6opKa TPOTyapoB U YJIHII;

XUIIEHUE BOABI U JIP.
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N3noxkeHHOe MPUBOAUT K BBIBOAY O HEOOXOJAMMOCTH aBTOMATHU3AIMK TTPOIlecca pacipe/e-
JIEeHUs BOJ/IbI, OCHOBAHHOW Ha KOHTPOJie MUHUMyMa OTPAaHUYEHWH CBOOOJHBIX HAMOPOB B JIMK-
TYIONAX TOYKAX. JTO MPUBOJAUT K «CTJIKUBAHUIO» [UHAMUKN PEKUMOB M K CHVKEHUIO PE3KUX
nepexosoB B I[IPB 3a cuer Bapuanuu Bpemennbix maros [178]. Ontumusanusa pexxumon [1PB
CBOJIUTCS K COTJIACOBAHWIO HECKOJIBKUX KPUTEPUEB ONTHUMU3AINHU, TaKWUX, KAK MUHUMYM II0-
Tpe6GJIeHNs 9HEPTeTHYECKNX, BOJHBIX U JIPYTUX PECYPCOB, YTO KACAETCSI HE TOJbKO 9KOHOMUKH,
HO U 9KOJIOTHH.

PammonasnbHOE MCTIOIb30BaHNE BOJABI — OCHOBHAS 11€JIb CUCTEM BOOCHAGKeHus . V3navasnb-
Has OIEHKA COCTOSTHUS CUCTEMBI pacipe/ie/ieHns BO/bl, HEYUYTEHHBIX PACXO/0B U MOTEPb BOJIBI
OCYIIIECTBJIIETCA TI0 HOYHOMY PACXO/y BOBI B JKUJIBIX MUKPOpailOHaX, KOTOPBIH (PUKCHPyeTCs
MOKa3aHUAMK PAcXOJ0MEPOB Ha HACOCHBIX craHiusax (Tabi. 6.8).

B mexayHapomHO#l MpaKTUKe MPUHSATO CYMTATh, YTO €CJU HOYHOW pacxoj/ BOJBI, TPaHC-
HOPTUPYEMOil 0 Tpy6aM B JKUJIble MUKPOPAOHBI TOPOJA, COCTaBJsieT MeHee 35 % JHEBHOTO,
TO BOJIOTIPOBOJIHAST CE€Th HAXOJMTCS B OTJUYHOM cocTossHuu, mpu 35—50 % — B XOpoIlieM co-
crosanu [183]. B XapbkoBe ator mokasaresnb 3a mepuoa 1998—2000 rr. cocraBisger npumep-
HO 48,8 % [184]. Tlorpe6JieHne BO/JbI Ha XO3SHCTBEHHO-NUTHEBBIE HYIK/bI HACEJEHUSI, Kak
MPaBUJIO, HEPABHOMEPHO W OTPaKaeT PUTM >KU3HeJesaTeJbHOCTH ropoja. C Apyroii CTOPOHBI,
YCJIOBUS 9KCILIyaTalun U TpeOOBaHUS SKOHOMHM AWKTYIOT, 4T0Obl cuctembl [IPB w kownmu-
IIMOHUPOBAHUS MMEJM PaBHOMEPHBIH pekuM paboTbl. [l 3TOTO HEOOGXOAMMO CTPOUTETHCTBO
B TOpOJ/IaX 3allaCHBIX €MKOCTell U BOJOHANMOPHBIX OaimeH. Perymumpymoiime eMKOCTH JOJIK-
HbI UMETh TaKoil 06beM, KOTOPbBI COOTBETCTBOBaJ Obl Kak MUHUMYM 20 %-HOMY CyTOYHOMY
BOJIONIOTPEOIEHNUIO.

Booszabop mpoMbIIeHHBIX TpeAnpusaTii u3 cucrembl [IPB BegeT kK vacTnuyHOMY CrirakuBa-
HUIO TTPOIlecca CTOXaCTUIECKOT0 BOIOMOTPEOJIEHNUS, UTO TaKKe CITOCOOCTBYET COKPAIEHUIO MTOTEPD
" HEYUYTEHHBIX PACXO/IOB BOJIbI, YMEHBIIEHUIO TMOBPEXK/IEHWI B CETEBOM XO3SICTBE, MPOIJEHUTO
paboTOCTIOCOOHOCTU BOIOPACIIPEIETUTETBHBIX CUCTEM.

Cosnmanue BOAOpACIpeeTUTEbHBIX CUCTEM B TOPOAax TpeOGyeT KPYMHBIX KallHUTaJOBJIOXKe-
auii. [last XapbkoBa oHu cocTaB/siior Gosee 50 % CTOMMOCTH OCHOBHBIX (DOH/IOB BCeil CHCTEMBI
BosocHaGkeHusd. OCHOBHOM JOXO/T BOJIONPOBO/IHBIX XO3S4UCTB B 3HAUYUTEJTbHON CTETEHW 3aBUCHT
OT YPOBHS pabOTHI CUCTEMBI BOAOPACIIpe/leIeHNs U CHUKEHUS MOTEPb U HEYUYTEHHBIX PACXO/I0B
BoJibl. OlleHKa coCTOSTHUSA U paboOThl BOJIOPACTIPEIETUTETHbHON CUCTEMBI BKJIIOYAEeT B ce6s OIEHKY
KaK TUPaBINYecKNX TapaMeTPoOB, TaK U CIIOCOOHOCTU CUCTEMbI YMEHBITUTD HEITPONU3BO/INTETbHBIE
norepu [180].

Hanexxnas cratuctudyeckas mHdopMainus o6 MHTEHCUBHOCTH OTKAa30B B BOJOPACIPE/IEJIH-
TeJIbHOW CeTH, aHAJN3 ee TapaMeTPOB, METO/IbI U CTTOCOOBI MHTeHCHMUKAIIN (PYHKIIMOHTPOBAHWS
BO/IOpACIIPe/IeTUTETbHON CETH TTO03BOJISIOT BEIPAaO0TaTh HOBBIE TTOIXO/bI K COKPAIEHWIO U TTPE/I0T-
BpalIeHNIO yTeUYeK, YKa3bIBAIOT HA MOTEHIIMAIbHbIE BO3MOKHOCTHU CJIYKO B CHUKEHUH BOJAOTIOTEPD
U MOBBIIIEHUN 9KCIIYaTAIMOHHOM HaaexHocTn BogoceTu (puc. 6.19).

35,7%
\ CTbIKOBbIE
33,1 % coeavHeHus
BULL

4,5% 10,5% 6,2%
Mpoume Mepenomsl TpeLmHsl

Puc. 6.19. IloBpexaenns Ha maructpansgax un BBogax B 1984—-2000 rr.
(Bcero mospeskaennit 51315)
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Ha BOZOpacCIipee/InTENbHbIE CUCTEMbI B IOpO/[aX OKa3bIBAlOT BJIMAHWE MEXAHWYECKUE Ha-

IPY3KH U HUKJINYECKUE U3MEHEHHUS TeMIIepaTypbl BO3JyXa M BOJAbI B PA3JUUYHbIE C€30HbI IO/IA.

ITOT MPOIECC NPOTEKAET OJHOBPEMEHHO € MEJJEHHBIM pa3pylleHneM marepuaa Tpy6 Mo
JefiCTBIEM XMMUYECKON cpejbl BHYTPU U CHapysku TpyO. Bce aTo IpUBOAUT K aBapusaM pasjind-
Horo xapakrepa (puc. 6.20).

Puc. 6.20. ABapun Ha BOJOIPOBO/IHON CETU

B oramume oT MarmcTpasbHBIX BOJOBOJOB, TJle TPAHCIIOPTUPOBAHUE BOJbI OCYIIECTBJISIETCS
NIPaKTUYECKU B YCJOBUSX yCTaHOBUBIIErocsl JABuskeHusi, B cucreme IIPB takue ycsoBusg orcyT-
ctByior. Cucrema IIPB Ha mpoTsskeHNN CYTOK TOCTOSTHHO paGoTaeT B NMEPEMEHHOM pPeKNMe Kak
10 PacXojy BObI, TaK M 1O AaBjeHuio Ha cetb (puc. 6.21-6.23).

7500 3 W + 7500
7000 - 4 7000
6500 - + 6500
6000 - + 6000
5500 - + 5500
5000 - + 5000
4500 - T 4500
4000 - + 4000
3500 - + 3500
3000 - + 3000
2500 -—rrT 2500

15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 T, y

Puc. 6.21. V3MeHeHNe pacxojaa BOAbI HA HacocHOi ctanmun Ne 25A 1o yacam cytok: 1 — 30.12.2000 r.;
2 — 31.12.2000 r.; 3 — 01.01.2001 r.; 4 — OWBITBI
(HATypHBIE MCIIBITAHUS ABTOMATHYECKOTO YIPABJIEHUS HACOCHOW CTAHIINK
Mo JWKTYyIOIEH TouKe); 5 — exKeAHeBHbIH pacxon B mepuog 15.01—-14.02.2001 r.
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P, kr/cm?
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Puc. 6.22. l3aMmeHenne mgaBjaeHnsT BOABI Ha HACOCHOW cTaHmmm Ne 25A
mo gacam cyTtok: 1 — 30.12.2000 r.; 2 — 31.12.2000 r.; 3 — 01.01.2001 r.; 4 — oWBITHI
(HaTypHBIE UCIIBITAHUS aBTOMAaTHYECKOTO YIIPABJIEHUS HACOCHON CTaHIIMHU MO JUKTYIOIEH TOYKe);
5 — exennesnoe nasienue B nepuoa 15.01-14.02.2001 r.

Puc. 6.23. HacocHas crannus Ne 25A, o6GecriednBaroiiasi BOJON pailoHbI
IIaBnoBa Ilong u AeKceeBCKOIro JKHMJIOTO MacCuBa

Bopopacunpeznenuresnbuble ceTH UMEIOT Pa3/JIMYHbIl CPOK 9KCILIyaTalluu, II0JBEPraioTcsa BHY-
TpeHHell U BHellIHell KOppO3uH, 3HAYUTeJbHAsl X YacTb IIOCTOSIHHO MCIIBITbIBaeT (pu3nvyeckue
HATPY3KH OT TPAHCHOPTHBIX cpeacTs u T.4. (puc. 6.24).

Ha tpy0y B cucreme IIPB Bo3szaeiicTByIoT: Macca /aBsieil cBepXy 3eMJIH, BbI3bIBAIONast Ha-
IpsDKeHne ckatus B Tpy6e; BHyTpeHHee pabodee JaBJeHNe BOJbI B TPyOe; /aBjeHne, BbI3BAaHHOE
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myJbcalieil CKOPOCTH TTOTOKA BOJIBI TP CTOXACTHYECKOM BOJONOTPe6IeHNN; TPAHCIIOPTHBIE CPe/l-
crBa (B 3aBUCHMOCTH OT THUIIA JOPOKHOTO MOKPBITHS W BU/A TPAHCIIOPTA); U3MEHEHUE PesKuMa
JlaBJeHust Ha TpyOy BCJIEJCTBUE 3aMeP3aHusl BO/bI B TIOPAaX I'PYHTA; MOJCTUJIAIONNIN CJI0H TPYObI
W yCJIOBUSI YPOBHSI TPYHTOBBIX BOJI, CMEIEHUE IPyHTa; U3HOC TPyObl (KOPPO3¥si), BHEIIHSS U BHY-
TPEHHsIS KOPPO3Ws, JIEKTPOXUMUYECKast peakius TpyObl ¢ ee OKpyskeHneM («3eMysi — TPYHTO-
Bble BOJABI — TPyGa», «3JIEKTPOIOTEHIMANl — 3eMJsd — TpybGa») u GHOXUMHUYECKas KOPPO3US;
rpaduTuzanua (BblulesaunBaHue xKeaesa).

: - AcdanbTHoe
I < oK PLITVE

1
2
3acsbinka
3
11 4
10 5
6

Puc. 6.24. Cxema MHOTO(AKTOPHOTO BJIMSHUS HA BOJOPACIPEIEIUTENbHYIO CETh BO BPEMs €€ 9KCILIyaTalluu:

! — BIAKHOCTb TPyHTa; 2 — aaekTpudeckue mosst (moteHuman); 3 — HapysKHas KOpposus; 4 — BHYTPEHHSST OGHOXH-
MHIYecKasl KOppo3us; 5 — M3MEHEHHe CKOPOCTH IOTOKA BOJBI; 6 — XapaKTepUCTHKA TPYHTA; / — MaTepHaJ TPYObI;
8 — W3MeHeHHe BHYTPEHHETO JaBJIEHUS; 9 — TeMIepaTypa BOJbI;

10 — nasnvue kucjaopoza B Boje; 11 — pH Boabl

B oriiume ot MarucTpasbHbIX BOJOBOIOB, B TPyOax BOAOPACIIPEETUTENbHBIX CETEll TOPOOB
quamerpoM 100—300 MM TOABAAIOTCS WHKPYCTAIUM, TPOUCXOAUT 3apacTaHue, HECMOTPS Ha TO
4TO HaGJII0/IaeTCs MPOIECC BBIHOCA B KPaHbl BOJAOIOTPeOUTE el HE3HAUUTENbHONM YacTu 06paso-
BaBIelics reaeo0pa3Hoil OKNCH JKeJie3a, J0Js KOTOPOil, KaK ITPaBuJIo, He TTPeBbIIiaeT TpeOOBaAHMS
I'OCTa «Bona nutbeBasi».

Crasnbubie TPyObl BOJOPACIPE/ENUTENBHON CETH C TeUYeHUEM BPEMEHU TePSIOT CBOW Bec
BCJIE/ICTBUE HEJOCTATOYHOW YCTONYMBOCTH K KOPPO3WH, 9p03un U abpasuBHOMY n3HOCy. IIpakTuka
nmoka3biBaeT [187], 4uTto ecsu cTtambHble TPYOBI HAXOAATCS B HOPMAJbHBIX YCJIOBHUSIX, TO CPOK X
CJIYKOBI MOKET COCTaBUTH OKOJIO 40 JieT, 4TO TOpas/o MeHbIe COOTBETCTBYIONIETO MOKa3aTeJs
Juist uyryHubIX Tpy6 [190].
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ITO CBA3AaHO KaK ¢ BHyTPeHHeH KOpposuell Tpy6, Tak U ¢ BJAMSHHUEM BHEIIHETO OKPY KEHUS.
CrasbHasg Tpy6a TepsieT CBOM MeXaHMYeCKue CBOWCTBa. B mporecce KOPpO3Uu MPOUCXOAUT mepe-
HOC 5J1eKTPOHOB (OT y4acTKOB, NMPEACTABJIAIONINX aHOAHYIO COCTABJSAIONIYIO, K YYacTKy, IPUHU-
MaloleMy SJIEKTPOHBI, — KaToJy) U pacTBopeHne merassia (OKMCAUTENN — KUCJIOPOJ U MOHbBI
BOJIOPOJIA).

B kaBepHax BHYTPEHHEil IOBEPXHOCTH CTEHOK CTAaJbHOI TPYObl Pa3BUBAIOTCS KOPPO3UOHHbBIE
[IPOIECCHI U MOCTOSIHHO YMEHbBIIIAETCS HauaIbHas TOJIIMHA TPYObI BCIEACTBIE HEYCTAHOBHUBIIETOCS
[OTOKA BOJIbI, 3aBUXPEHUI BHYTPU TPYObI U ee NCTOHUYEHUS . Paciupssch, KaBepHa BHYTPH TPYObI
[peBpallaeTcss B yCeYeHHbI KOHYC, Y ero BePXHEro OCHOBaHMs Ha IJIOCKOCTH CevdeHus o6pasy-
erca MeMOpaHa, KOTOpas B pe3yJbTaTe M3HOCA B ONPE/IEJEHHbII MOMEHT BPEMEHU He crnocoOHa
BbIJIEPKaTh KosleGanus JasjieHus B cucreme IIPB. Pa3pbiB MeMGpaHbl IPUBOAUT K 06Pa30BAHUIO
CBHIIA HA 9TOM y4acTKe.

Puc. 6.26. 3amepsr TosmmaoMepoM Y T-9311 yuacTka Tpy6bl, HOBPEXJAEHHOTO SI3BEHHON KOPPO3Heit

Takum o6pa3oM, B mpoiiecce sKCIIyaTanuu TpyO6, 0cCOOEHHO CTAJbHBIX, TPOUCXO/UT YMEHb-
IeHKUe TOJIMHBI CTEHOK M IPOSBJSIETCS TaK HasbiBaeMas sizBeHHas Kopposus (puc. 6.25, 6.26),
YTO BBI3BIBAETCS TJIABHBIM 06PAa30M MeTaJIypPrudecKuMu jedeKTamMu, HeOJHOPOJHOCTBIO COCTaBA
MeTaJljla ¢ BKJIOYEHUEM IJIaKa, W3-3a 4Yero NPOUCXOAUT AedopMalius KPUCTAIINYECKON peleTKH.
B Takmx ycJoBUSX KOPPO3Us CTAJbHBIX TPYO HOCUT HEPABHOMEPHBIN XapakTep W NPUBOJUT K
SI3BEHHON KOPPO3UHU, MOBPEXK/IEHUIO CETU B BU/IE CBUINA, a Mepejl ero o6pa3oBaHNEM U3-3a KOP-
PO3BMOHHBIX IIPOIECCOB TOJIUHA TPYObI yMeHblaercs 10 MeMGpanbl (nepenonku) (puc. 6.27).
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50 Mm

10 Mm

§=24mm 8=19MM §=17MM §=1,3mm

ARy

d=14mMm d8=18mMmM 5=2,1Mm &=24mm

8=0,8Mm 3=10,9 mm
Memb6paHa

Puc. 6.27. VI3MeHeHue TOJIUHDBI CTAJbHON TPyObl B MpOIECcce dKCIIyaTaluu n o06pasoBaHue MeMOpPaHbI
(paspes Tpy6nr d = 8,11 cm)

Kak wm3BecTHO, [MaBJieHne, KOTOPOE MOJKHO JONYCTHTh BHYTPU TPYObI, OIpeessieTcs
dopmy.oit

sd

P =
gfrBH ’

H

(6.5)

rie 6 — JOIyCKaeMoe HalpsiKeHnue, Kr,/ cm?;

0 — TOJIIWHA CTEHKU MUJTUHIPA;

Y, — KOI(pPUIHMEHT HACKHOCTI;

r ~— BHYTPEHHUU JUAMETP IUJIUH/PA.

Ipenen ynpyroctn R pist cramn Cr-3 (ycnokoennoii) [248] cocrasaser 2200 xr/cm®. C yue-
TOM CpPaBHHUTEJIbHO HEBBICOKUX CTAllMOHAPHBIX [JOIOJHUTEJIbHBIX Halrpy30K U JOBOJIbHO OOJIBIINX
HECTAallMOHAPHbIX Halr'py30K, INEPEUYNCJJACHHDBIX BbIIIE, KO3(1)(I)I/H_II/I€HT HaJIeXKHOCTHU ’Yf IIpuMEM pPaBHbBIM
3128, 250]. YunurbiBas Tak:Ke MyJabcalliyl JAaBJEHUH, BAUSIONNX Ha MeMOpaHy, 00pa30oBaHHYIO 13-
BEHHOI Kopposueil, mpumeM Koadduument ycaosuii paborsr y, pasubiM 0,7. Torma pomyckaemoe
Harnpspkerne 6yaeT

s =Rg, =2200-0,7 =1540 kr /cn? . (6.6)

Paccmorpum gasee pparmMenTt TpyObI, moKazauHblil Ha puc. 6.25—6.27. Ee BHyTpeHHunii qna-
merp d, = 8,11 cM, TonmuHa Tak HasbiBaeMoii MemOpanbl cocrasiger 0,08 cm. Haiinem mo ¢op-
myJie (6.5) qormyckaeMble BHyTPEHHUE [aBJeHUsT, 6e3 yueTa KOPPO3UOHHBIX SIBJEHUI

~1540-0,39
" 344,055
OHU 3HAYUTEJIBHO BbIIIE BO3MOYKHBIX B IKCIIJIyaTallul MaKCHUMaJIbHbBIX I[aBJIeHHfI. CJIe[[O-

BaTEJIbHO, OCPEHEHHbIE HOPMAaJbHbIC HAIPSDKEHUs B TpyOe He IPeCTaBJSIOT ONACHOCTH /IS
HOBOH TPYOBI.

= 49,37 xr/cm?.
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BwMmecre ¢ Tem coreryer o6paTuTh BHUMaHUE Ha TO 06CTOSITEIHCTBO, YTO TOJIIUHA CTEHKU TPYObI
3a 42 rojla 9KCIIyaTalluy yMeHbIIUIach B MecTe s3BeHHOl koppo3uu ot 0,39 no 0,08 cm. Cue-
JIOBATeJIbHO, CPEeJHSsI CKOPOCTh BHEIIHEH W BHYTPEeHHeH S3BeHHOI KOpPpo3uu TPyObl Ha yyacTKe
o6pasoBaslieiicss MeMOpaHbl COCTABUJIA

V =1(3,9-0,8) /42 =0,0738 mm /roz.

KOp

XuUMUYECKHUIT cOCTaB MeTaJljia uccyeyeMoii TpyObl, KoTopas paboTajia ¢ MOTEHIUATIOM «TPY-
6a — szemiasg» — 0,38B, Buzen us taba. 6.9.

Ta6suma 6.9
XuMHYeCKHil COCTaB MeTaJia Tpyo
c Mn Si P S Ni Cr Cu
0,2 0,45 0,24 0,09 0,024 0,2 0,05 0,05

Cphenaem eme OHY OIICHKY, OCHOBAHHYIO Ha OTIPE/eJEHUM MaKCHMAJbHBIX HAIPSKEHUI
Ha mem6pane. Corsacuo [28] ouu onpenensiorcss Gopmyaoii

2

PR’
%FLJ : (6.7)

smxza4zaE[

rie E — Moaynb ynpyrocru;

R — pammyc meMOpaHbI.

Hamu usmepenusi, npejacraBieHHble Ha puc. 6.23, MOKa3bIBAIOT, YTO JaBJEHUS MOTYT JIO-
cturath 9,5 kr/cm?. Pagmyc mem6panbpl — 5 MM. Torpa MakcuMasbHOe HallpspkeHue Oy/eT

3:9,5:0,5
0,08

25
S max = 0,423 2-106( J =1687 xr /cm?.

Ono upesbimaer gonyckaemoe (cm. Bpipaxkennme (6.6) u pesyabTaT BbIUMCIEHUS
(ta6a. 6.10, puc. 6.28)).

Ta6sauma 6.10
ITokasareau aasJjeHus: B TpyGe

[laBfieHne, Npu KOTOPOM NPOVUCXOAMT PA3PbIB MEMBPAHI, TonuwmHa Mem6parsi,
P, Kr/cm2 8, oM
2,5 0,0247
3,5 0,0346
4,5 0,0445
6,5 0,0642

Pasymeercs, Takue OllEHKH HE MOTYT CUMTATbCS OCHOBAHMEM /I HOPMATUBOB. VX MOKHO
MPU3HATD JIUITH HAYAJIbHBIMU ITOTBITKAMI 060CHOBATD MO/IXO/IbI K OGbSICHEHUIO U TIPE/YTIPEK/IEHUIO
npuyuH aBapuii. HecoMHenHo, 4To B fajbHelieM JOKHBI ObITh U3yYeHbl YCTAJOCTHBIE Pa3py-
nienust Tpy6oOnpoBo1oB. Haia mombITKa OMEeHUTh YNCJI0 TOTYCKAeMbIX ITUKJIOB HECTAIMOHAPHBIX
HarpyskeHuil (Ha OCHOBaHMU MMEIOIUXCS Y HAC WJIM OMyOJUKOBAHHBIX OKCIIEPUMEHTAJbHBIX Ma-
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Puc. 6.28. Bausuue nasienus B TpyGe Ha pa3pbiB MeMOPaHbI
NP Pa3JNvHON ee TOJIINHe

TEPUAIOB) OKOHYMJIACH Heyjadeil. DTOT BOMPOC MPEJACTABJISAETCS KpailHe BasKHBIM, 1 PEllleHUe eTo
JIOJKHO OBITH MPEAMETOM CHEeIMaJbHOTO MCCe/l0BaHusA. TeM He MeHee YCTAHOBJIEHHAs aBTOPOM
13 OIBITOB BEJMYNHA CKOPOCTU SA3BEHHOI KOPPO3UHN MaTepHaJia CTAJbHBIX TPYO, COCTABJSONIAS
npumepHo 0,1 MM /TOJ, W BO3MOXXHOCTH OI[EHMBATh MaKCHMaJbHbIE HAIPSLKEHUS 1O hopMyie
(6.7) npeacTaBSIOTCS UMEIONIUMU OTIPE/IeIEHHOE 3HAYCHHE.

OmmireM MaTepuasibl, KOTOpbIE, TI0 HAIlleMy MHEHUIO, JIOJIKHBI ObITh MCIIOJIb30BAHBI TIPH Pa3-
paboTKe MeTo/la pacueTa YCTAJOCTHBIX pa3pylleHuil Tpy6GOIPOBOIOB.

Kak Bugno us npumepa (puc. 6.23), B 1porecce BKIIOUEHUS U BBIKJIIOUYEHHsT HACOCOB Ha Ha-
COCHBIX CTAHIMSAX MPH MMOYACOBOM peryaupoBanuu B cucteme [IPB mepeman nasienus ne mpe-
Bblmaer 3,5 Kr/ cm?.

KonmdecTBO mOBpek/eHNiT M3-3a BO3HMKHOBEHUS CBUINEH B CTAJbHBIX TPyOax BO3pacTaer
He TOJIBKO IIPU PE3KMX M3MEHEHUSAX PEKMMOB PabOThl HACOCHBIX cTaHIMi (OT MUHMMAJIBHOTO 10
MaKCHMaJbHOTO BOJAONOTPEOTIEHHS U OT MaKCUMaJbHOrO K MUHHMMAaJbHOMY (B TeueHume CyTOK),
a TakyKe Ha MPOTSDKEHUH [ITUTEJTbHOTO CPOKa KCILIyaTallui BOAOPACIPeeJUTENbHON CeTH), HO
1 OT OOBIYHBIX CTallMOHAPHBIX Harpy3ok (puc. 6.29, 6.30). 3amMeTum, 4T0 pekuM paGOThI CUCTEM
BoJlOpacIpe/iesieHust HaxouTcst B auara3one yucea Peitnosbaca 70000 < Re < 600000.

Kpowme Toro, nmpounsseeHHbIe B XapbKOBe N3MEPEHUS CBUETETBCTBYIOT O TOM, YTO B BOJOCETH
cpeaHee 3HAUEHME MOTEHINAJNOB «Tpyba—3emuss» KoJsebuercs B npepenax —0,32B+—0,52B us-3a
OTCYTCTBUS B TOPOJIe KOMILJIEKCHOI 3aIUTHI MTOJA3EMHBIX WHXKeHePHBIX ceTeil. /o HacTosmero Bpe-

0:00-4:00
18:00-23:00 0,4% 4:00-7:00
7,4% 4,3%

15:00-18:00

14,5% 7:00-11:00

53,2%

11:00-15:00
20,2%

Puc. 6.29. KommdecTBo mocTynuBIieil B ANCIETYEPCKYI0 NHGOPMAIMH O MTOBPEKIACHUSIX
B BOJIONIPOBOJIHON ceTu B Teuenue cyTok (cpemnee)
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Puc. 6.30. IToBpesxenns Ha BOJOBOZAX U B BOJOMPOBOJIHBIX CETSIX
Xapbkosa (19842000 rr.): / — Tpemunpl; 2 — IePEJIOMbI; 3 — CBHUILY,
4 — moBpeX/IeHNe CTBIKOBBIX COEJMHEHUIT; 5 — mpouune

MEHU He JOCTUTHYT YPOBEHb 3alUThI MoTeHIMama Bojgoceru, npeaycmorpennniii FOCT 9.602-89
«O6mue Tpe6oBaHNA K 3aluTe OT KOPPO3UN», B KOTOPOM 3AIIUTHBIN IMOTEHIINAJ /IS CTAJbHbBIX
Tpy6 oTHOCHUTETbHO 3emun coctaBiger —0,85B+—1,15B. BrimensnoxxenHoe MPUBOANT K BBIBOIY
0 TOM, YTO BCJE/CTBHE cTapeHus WHMPACTPYKTYPbl BOJOCETH W PA3BUTHUS S3BEHHOH KOPPO3UH
CTAJIbHBIX TPYO NMPOUCXOMASAT HE TOJBKO OTKPBITbIE, HO M CKPBIThIE TOBPEXAeHUS TPYyO, KOTOPBIE
CTAHOBATCS IPUYMHON IOJATOIJIEHUS TOPOJOB, BEAYT K POCTY IOTEPb BOJbI M HEYYTEHHBIX ee
PacxXo/IoB Ha BOJOINPOBOJAX. ITH 06CTOATENIbCTBA TPEOYIOT BBISABJICHUS MeCT HauOOJbIINX II0-
BPEK/ICHUI M UX CaHAIUN.

6.4. OKCIIEPUMEHTAJIbHOE NCCJEAOBAHUE TNAPOYIAPA
B CUCTEME IIPB 1 ETO BJAUAHUE HA INIOBPEK/IEHUE
BOJAOCETHN

WNsmenenne nassenus: B cucreme [IPB nipu oTkII04eHNN 3/1eKTPOSHEPTUN HA HACOCHDBIX CTaH-
UAX ele He N3YYEeHO, B TO BpeMs Kak JJIsI MarucTPaJbHBIX BOJOBO/IOB 3TH PabOTBI NIPOBO-
JUJIACH U IIPOJOJIKAIOT YCIIEIIHO IPOBOAUTHCA BO BceM Mupe. [Ipeamoxenbl u ocylecTBICHBI
pasJjmuHbie ycTpoiictBa u TexHosoruu (racuresu TUAPOyAapa, TPAH3UTHAs M0Jada BOJIBI
B pe3epByapbl U T.[.), TO3BOJSIONINE CrIaAuTh 3P PeKT THAPOyaapa B MaruCTPaJbHBIX BOJIO-
BOJIaX.

B cucreme IIPB roposoB YKkpauHbl OTCYTCTBYIOT BOJOHAIIOPHbIE OaliHM GOJIBIINX €MKO-
cTeilt, crtocoO6Hble IPUHUMATD BOJY OT HACOCHBIX CTAHIIMI U pacipeessaiTh ee B BOJAOIIPOBOIHYIO
ceTh ropojia M0 TOPU3OHTAJbHBIM M BEePTUKAJbHBIM 30HAM BOJIOCHAOKEHUS.

Tpy6onpoBoabr cucrtembl [IPB, kak mpaBuio, nMeoT 6OJBIIYI0O PA3BETBJIECHHYIO KaK KOJIb-
I[EBYIO, TaK U TYIHMKOBYIO CeTb Pa3JUYHBbIX AuaMeTpoB. KauecTBo Marepmasa Tpy6 M MX H3HOC
passnunbl. Ilocaennnii onpejessercs riaaBHbIM 06pa3oM CPOKOM 3KcIIyaTanuu. Kak Oblio 11o-
Ka3aHO paHee, MIPOYHOCTb MaTepuasa CTEHOK TpyO pasMyHa U MOCTOSTHHO U3MEHSIeTCS B IIpoliecce
aKCILTyaTanuu Tpyo.
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[Ipu npoekTupoBanuu cucrem [IPB yaendor BuuManue auimb mog60py HACOCHOTO U APYTOro
060PYIOBAHUS U PACUETY CETH /ISl 0OeCIeueHns CyTOUHON ITOTPeGHOCTH BOABI /IS XO3HCTBEHHO-
[UTHEBBIX U IIPOMBIIIJIEHHBIX HY /1. AHAIU3 COCTOSHUS CETU U €€ aBaPUIHOCTHU IIPU 9TOM He IPO-
BOAUTCA. B yC/I0BUAX OTCYTCTBUS B GOJIBIIMX TOPOAAX BOJOHAIOPHBIX GallleH OlleHKa HaJeKHOCTH
cucrembl [IPB, naBiaennii, BO3HUKAOINX OPH HECTAIIMOHAPHBIX IIPOIleccax, HalpUMep IpH OT-
KJIIOUYEHUN 3JeKTPOIHEPIHH Ha OJHOI MM HECKOJbKUX HACOCHBIX CTAHIMAX FOPOJA, MPH IIPOEK-
TUPOBAHUKU CHUCTEM BOAOCHAGKEHMs He JeJIaeTcs, HeT U PeKOMEeHAalii CayKOaM 9KCILIyaTalun
OTHOCHTEJIBHO MOAOGHBIX CUTYAIMii.

Mesk1y TeM Takue OleHKH He0OXOANMBI, TaK KaK IIPU OTK/JIIOYEHUH 5JI€KTPOIHEPTUU Ha HACO-
CHOIi CTaHIIMK PE3KOe M3MEeHEeHNe JaBJIeHus BOAbI cO3aeT ruapoyaap B cucreme I1PB u npusoaut
K nospexaenuam (puc. 6.31).

3,0

25 +

YHCJIO MMOBPEKACHNUU

2,0 +

N,
—
e

1
1

0,5 +

0 1 2 3 4 5 6 7 T, cyr

Puc. 6.31. Cpeanecratucruyecknue MOKasaTeJau MOBPEKICHUN B CyTKI
[0 ¥ TI0CJIe OCTAHOBKHM HACOCHBIX CTAHIMMI 110Cje OTKJII0YeHus djekTpocHabkenns (XapbkoB):
! — [0 OTKJIIOUEHWS 3JAEKTPOIHEPTuu; 2 — TMOCTE OTKJIIOYCHUA

O1neHKa KoJWYecTBa IMOBPEKAECHUN B BOJOCETH IIOCJi€ OCTAHOBKM HACOCHBIX CTAaHIMH TPH
OTKJII0YeHUn sjekTposHeprun (6.8) 1mM0o3BoJIseT JUCIIETYEPCKOIT BOAOCETH MPOrHO3UPOBATH yBe-
JIMYeHNe YiCc/a aBapUitHbIX OpuTraj| /IS JUKBUAIUK TIOCJAEJICTBUI aBapuii:

N = —6,871+15,034T - 9,207T* + 2,724T° — 0,421T" + 0,0326T° —0,000997°, (6.8)

rae N — KOJIMYECTBO MOBPEXKIECHUIT;

T — Bpemd, cyT.

[Ipu mpoBeneHWyM HSKcIepUMeEHTa Ha HacoCHO# cranium No 25A, mopaiornieil ekecyTOYHO
120 ThIC. M® BOZIBI B JKHJIbIE U IIPOMbIIILIEHHbIE MUKPOPAOHbI TOPO/Ia, CTABUIACH 3a/1a4a UCCJIe[0BATh
MepexXo/IHOE COCTOSTHME BO3HUKHOBEHUS M PACIIPOCTPAHEHUS y/1apHOU BoJiHbI B cucteme [IPB.

K macrosiiiemy BpeMeHM y4eHBIMU TTPOBE/IEHBI UCCIEOBAHUAI THPOY/apa, PEKOMEH/[0BAHbI
MeTO/[bl pacuera ¥ rnojbopa oOpaTHBIX KJalaHOB M Pa3JUUYHBIX TacuTeJiell, MpeaoTBpallaio-
I[UX IOBBINIEHNE AaBJEeHUH Ha HACOCHBIX CTAHIUAX IIPU Iojadve BOJAbI 11O BojgoBogam [19].
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Bmecte ¢ Tem cocrosinue cucrtembl [IPB nipu otkiaoyennn 31eKTpoOsHEepPrun Ha JIeHCTBYOIMX
TOPOJICKUX HACOCHBIX CTAHIMSAX ¥ BO3HMKHOBEHUU TU/IPOYJapa OCTAETCSI He M3YUYEHHBIM, B TO
BpeMs KaK KOJHMYECTBO MOBPEKIEHUI CTBIKOBBIX COeMHEHUI TpyO M cBUIIElH, 0O0pa3yomuxcs
B BOJIOpacIpe/leTUTeTbHON CEeTH B IPOIlecce ee IKCIJIyaTallMu TOCJe OCTAaHOBKM HACOCHBIX
CTaHINi, pacteT. BbpIgB/ieHne 3aKOHOMEPHOCTEW 3TUX SBJEHUN W ToBejeHue cucrtem [IPB
Npu THAPOYy/lape, UX BJIUSHUS Ha oO6pa3oBaHUe MOBPEXIeHUI nMeeT GOJIbIIOE 3HAUEHWE [T
9KOHOMUKY BOJOTPOBOHOTO XO3s1CTBA.

ABTOpPOM TIPOBe/IEHBI HCCJIeI0Banus ToBeieHns cucteMbl [IPB npn BosHuKHOBeHNM THIpOY/Iapa.
N3mepenns mapaMeTpoB IMOTOKA BEJHWCHh HAa HAcOCHON cranmmu Ne 25A ¥ Ha AWKTYIOIIEH TOYKe
BOJIOPaCIIPe/IeTUTENHbHON CETH, PACIOJIOKEHHOM Ha paccTosgann 3280 .M. OT HACOCHOM CTaHIUM.

B cuctemax IIPB skcnsyatanmonnble cKopocTH moTokKa Bojbl coctaBisior 0,2—1,3 M/ c.
[TpoexktupoBmuku cuctem I[IPB u3 skoHoMmuecknx cooOpakeHWil yBEJIMYNBAIOT CKOPOCTH
NIBUKEHUS BOJIBI, XOTSI BeJWMYNHA TOBBLINIEHWS [aBJEHUN MMPU TUAPOYJAape MpPH 3TOM He olle-
HUBAETCS.

BesmuuHbl AMUTETBHOCTY Y TIOBTOPSIEMOCTH «TTUKOB» BOOMOTPEOIEHNS, TaK JKe KaK U TUIAPO-
yaapos B cucrteme [IPB, He mognaoorcss KOppEKTHOMY TEOPETUUECKOMY OIpPE/IeIEHUI0 U TT03TOMY
JIOJIKHBI YCTaHABJIMBATHCSI HA OCHOBE HATYPHBIX mcmbiTanuii. Ha puc. 6.32—6.34 u B tabu. 6.11
MPE/ICTABJIEHBI OTBITHBIE /JAHHbIE M3MEHEHUs [aBJEHUS Ha HAcOCHOW ctaHumm Ne 25A W B JWK-
TyloIel Touke AJTeKCeeBCKOro JKUJIOT0 MacCUBa MPY TUAPOYAape, BO3HUKIIEM M3-32 OTKJIIOUEHUS
3JIEKTPOAHEPTUN HAa HACOCHOU cTaHimu. ONbITHBIE UCIIBITAHUS TTOKA3aJ1, YTO HACOCHAS CTAHIIHS
Ne 25A, pacriosioskeHHas HIKE TTIOBEPXHOCTU 3eMJIH, TIPU TTOBPEK/IEHUN BHY TPUPACIIPEETUTETbHOM
CeTH Ha HACOCHOW CTAaHIMU 0 OOPATHOTO KJalaHa MOKeT OBbITh 3aTOIJIeHA, €CJU BHE CTAHIUU
He OYIyT yCTAHOBJIEHBI OOpaTHbIE KJamaHbl. Takas ycTaHOBKa 06paTHOTO KJallaHa BHE CTAHIIUU
MO3BOJIIET TaK)Ke TOTACUTD /laBJIeHNe BO/bI Mepe/l OOPaTHBIM KJAlaHOM, YCTAHOBJIEHHBIM HETIO-
CPEe/ICTBEHHO Ha HACOCHOW CTaHIIWH.

[Ipu nccaeqoBanny TUAPOYAapa Ha HACOCHOW CTAHIIUU U B JAWKTYIONIEH TOYKE 3aBUCUMOCTHU
Haropa OT BPEMEHU OTPeeJiiJii € TTOMOIIHI0 PETrPECCUOHHOTO aHaan3a Mo MporpaMMe CTAaTUCTH-
yeckoil oO6pa6orku n anasausda ganabix STATISTICA.

B o6oux cayuasx (puc. 6.35 u 6.36) annpokcumManusi 3aBUCHUMOCTEN H, = f(T) ana-
JUTUYECKUMU (DYHKIIUAMHU BBITIOJTHAJACH C YIETOM TOTO, YTO B MCCJIEAYyEMBIX Ipolleccax
U3MEeHEeHWs JaBJeHWs WMeT XapakTep 3aryxaoomux KoJsebanwii. I[loaToMy BbIpa)keHue
N GYyHKIMU, ONMUChIBAIOIIEN U3MEeHEeHNe aBJeHNs C TeYeHueM BPEeMEHNU, MPeJACTaBIsgeTCs
B Buge psaga Dypbe C 9KCIOHEHIMAJbHBIM MHOXKHTEJEeM, OTBETCTBEHHBIM 3a 3aTyXaHUe
KoJe6aHuil:

B B 2pT . 2pT .
H,=f(T)=a,+|%|q cosTi+bi smTi exp (—cT ), (6.9)
rae T, — 1epuo i-ii rapMOHUKH,;
a, — mocrosHHas cocrasJsonas psaga (6.9);
a,u b, — aMILIUTY/Ibl FAPMOHMUK;

cun — Koa(pPUINEHTDI, OTpeaedoNe NHTEHCUBHOCTD 3aTyXaHUs KOJeOaHMil.
Hwuxe mpuBeseHbl pe3yabTaThl pETPECCHOHHOTO aHAJIN3a.
[Ipencrasiennas wa puc. 6.35 sapucumocts H, = f(T) anmpoxcumupyercs dopmy.ioii

H, =36,5 +[0, 366sin(2pT /11) + 0,653 cos(2pT /11) —
—~0,0321sin(2pT / 8) —0,0329 cos(2pT / 8) + 0,0284sin(2p T / 5) —
10,0768 cos(2pT / 5) — 0,0350sin(2p T / 4)
—0,0241cos(2pT / 4)]/0,00486¢%° 157", (6.10)

rue Hy — Harmop, M;
T — Bpewms, c.
Koaddunuent koppessaiun stoit 3aucumoctu R = 0,990.
JloBepurenbnbiii untepsan P = 935 %.
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Puc. 6.32. Vl3menenne gaBeHns Ha HACOCHON CTAaHIIMM TPHU €€ OCTAHOBKE

(OTKJIIOUEHUH DJIEKTPOIHEPIIH)
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1 TOUKE TP OCTAaHOBKE HACOCHOM CTAaHIINU

Puc. 6.33. Vl3menenne gaBieHus B AUKTYIOTIE

(OTKJTIOUEHMN HIEKTPOIHEPTHN)
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Puc. 6.34. Usmenenue pasienust B cucreme I11PB

(OTK/IIOUEHNH 3/I€KTPOSHEPIHIL)

! — pnaBiieHne Ha HACOCHOH cTaHlMM; 2 — JaBJeHUE B JAMKTYIOIICH TOYKE

o

IIpu OCTaHOBKE€ HACOCHOU CTaHIUU
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IIpu ocranoBke HacocHOi cranmu Ne 25A (puc. 6.35, Ta6i. 6.11) BeaeacTBHE OTKIIOYEHUS
9JIEKTPOAHEPTUN W TIOCJE0BABIIEM TIPU 9TOM THUApOyaape Oblan 3aUKCUPOBAHBI TakuWe TOKa-
3aHUS MaHOMeETpa:

T,=0c, H, = 82,41 m;
T, =75¢c, H, =18,83wm;
T,=12c, H,= 45,47 Mm;
T,=16,5c, H,= 33,78 m.

3a TOYKy OTcueTa HadaJia 3alliCu MO0 OCU BpeMeHu npuHATa Touka 13:29:48,1 16.02.2001 .
(BpeMst Havasa THAPOYAApa).
[Ipencrasiennas wa puc. 6.36 sapucumocts H, = f(T) anmpokcumupyercs dopmy.ioii

H, =19,2+[0,083sin(2pT /32) +0,000135cos(2pT / 32) —
- 0,00767sin(4pT /20) +0,0215cos(4p T / 20) —
- 0,003403sin(6p T / 20) —

—0,003072cos(6pT /20)] / 0,00091*1977"* (6.11)

rae Hy — Halop, M;

T — Bpewm4, c.

Koadduruenr xoppessiimun R = 0,992. /loBepurenbubiit untepBan P = 935 %.

[Ipu ocranoske HacocHoil cranmuu Ne 25A (puc. 6.36, ta61. 6.11) u mocae0BaBIIETO THAPO-
yaapa B IUKTYIOIIEN TOUYKe ObLa 3apUKCUPOBAHBI TaKUe MOKA3aHUs MAaHOMETpA!

T,=0c, H, = 39,4 m;
T ="17c, H, = 41,8 m;
T,=16c, H,= 18,3 M.

3a TOuKy OoTcueTa Havyasa 3alucy 10 OCH BpeMeHN! Takke mpuHaTa Touka 13:29:48,1 16.02.2001 r.
(Bpems Havasa ruapoyaapa). [lasienue B AMKTYIOIEH TOYKE MOHU3UIOCH Yepes 7 C.

Jlunamuka nsmeHeHus jgasJjeHus B Tpy6ax cucrtembl IIPB nHa yyacTke oT HacocHO# cTaHIun
JI0 AMKTYIONIEH TOUKK UJLTIOCTPUPYETCS IIOIAAHBIMU AnarpaMMaMy nu3aMepenuii nanopos (1o ce-
KyHzaaMm; puc. 6.37). /IlnarpaMMbl CBUIETENbCTBYIOT, YTO NPHU TuaApoyaape B cucteme [IPB nmeer
MecTO jeMiipupoBaHue JaBJeHUs BOAONOTPeGUTENEM, YTO, €CTECTBEHHO, YMEHDIIAET BEJUINHY
rUpoygapa BO BpeMeHH, TaK Kak ramieHune JaBJeHus BOAbl B TPy6aX MPOUCXOUT Yepe3 BHYTPU-
JIOMOBbBIE CETU U CAHTEXIPUOOPDI JKUJIBIX JOMOB.

Tem He MeHee TpUBeIeHHBIE 3/1eCh 9KCIIEPUMEHTATbHbBIE JaHHBbIE U AMIUPUYEcKre (HOPMY b
MOTYT M JIOJUKHBI ObITh UCIOJb30BaHbl B JlaJibHelileM TIpu pa3pab0TKe MeTOJO0B pacuera ycTa-
JIOCTHOTO pa3pylieHus: Tpyo.

Ta6auna 6.11
HartypHble ucnpiTanusi ruApoyJapa Ha HacOCHOi ctanmuu No 25A
u B AukTtylomeii Touke KT-1 AjekceeBcKoro >Kujioro MmaccuBa
pH OTKJIIOYeHuu djaeKkTposneprun (16.02.2001 r., 13:29:48,1)

HacocHas ctaHums JukTylowas Touka
Yack! dakTnyeckmii pacyeTHbI dakTnyeckmi pacyeTHbIf
o T,c Hanop Hanop NPOLEeHT Hanop Hamnop
YTOK NPOLEHT
npw npwv OTKJ/IOHE- npw npw OTKIIOHEHMS
rmapoynape, rmaopoynape, HUS rmapoynape, rmaopoyanape,
Hyo ™ H,m H,, m H,m
P ) P
1 2 3 4 5 6 7 8
13:29:48,5 | 0,5 75,15 74,15 1,33 41 40,9 0,1
13:29:49,0 | 1,0 74,55 74,92 -0,50 41,6 41,2 0,9
13:29:49,5 | 1,5 79,00 78,64 0,45 40 41,0 -2,4
13:29:50,0 | 2,0 77,80 79,91 -2,72 39,6 40,6 -2,4
13:29:50,5 | 2,5 74,75 75,86 -1,49 40,6 40,2 0,9
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1 2 3 4 5 6 7 8
13:29:51,0 | 3,0 64,80 66,69 -2,92 40,7 40,1 1,6
13:29:51,5 | 3,5 55,05 54,79 0,47 40,2 40,0 0,4
13:29:52,0 | 4,0 40,85 43,16 -5,65 39,5 40,1 -1,6
13:29:52,5 | 4,5 33,25 33,95 -2,10 40,5 40,3 0,4
13:29:53,0 | 5,0 28,70 27,85 2,95 40,9 40,6 0,8
13:29:53,5 | 5,5 28,35 24,28 14,34 39,4 40,9 -3,8
13:29:54,0 | 6,0 25,35 22,13 12,70 39,6 41,3 -4,2
13:29:54,5 | 6,5 21,40 20,52 4,09 40,2 41,6 -3,4
13:29:55,0 | 7,0 19,80 19,26 2,73 40,6 41,8 -2,9
13:29:55,5 | 7,5 26,35 18,73 28,93 40,3 41,8 -3,7
13:29:56,0 | 8,0 24,65 19,53 20,78 39,2 41,5 -5,8
13:29:56,5 | 8,5 25,25 22,03 12,77 40,2 40,8 -1,4
13:29:57,0 | 9,0 27,80 26,09 6,15 40,2 39,6 1,5
13:29:57,5 | 9,5 33,50 31,11 7,14 36,6 38,0 -3,8
13:29:58,0 | 10,0 36,55 36,21 0,94 34,7 35,9 -3,6
13:29:58,5 | 10,5 38,65 40,56 —-4,95 32,1 33,6 -4,6
13:29:59,0 | 11,0 40,70 43,63 -7,21 29,4 31,0 -5,6
13:29:59,5 | 11,5 44,30 45,23 -2,10 26,8 28,4 -6,1
13:30:00,0 | 12,0 41,65 45,47 -9,16 23,6 26,0 -10,1
13:30:00,5 | 12,5 41,10 44,64 -8,61 23,1 23,8 -2,9
13:30:01,0 | 13,0 39,65 43,10 —-8,71 23 21,9 4,7
13:30:01,5 | 13,5 40,20 41,19 -2,47 21,2 20,5 3,5
13:30:02,0 | 14,0 41,15 39,19 4,76 20,4 19,4 4,8
13:30:02,5 | 14,5 38,00 37,32 1,79 21,2 18,8 11,5
13:30:03,0 | 15,0 36,50 35,76 2,02 20,6 18,4 10,6
13:30:03,5 | 15,5 40,00 34,64 13,41 20,3 18,3 9,9
13:30:04,0 | 16,0 37,45 33,98 9,26 19 18,3 3,7
13:30:04,5 | 16,5 37,05 33,78 8,84 20,4 18,4 9,9
13:30:05,0 | 17,0 36,55 33,93 7,17 21 18,5 12,1
13:30:05,5 | 17,5 39,90 34,32 13,99 19 18,5 2,7
13:30:06,0 | 18,0 37,65 34,83 7,50 19,5 18,5 5,3
13:30:06,5 | 18,5 37,15 35,36 4,81 20,1 18,4 8,6
13:30:07,0 | 19,0 37,75 35,87 4,99 19,6 18,2 6,9
13:30:07,5 | 19,5 42,65 36,31 14,87 19,2 18,1 5,8
13:30:08,0 | 20,0 38,75 36,68 5,35 18,5 17,9 3,2
13:30:08,5 | 20,5 38,80 36,96 4,74 19,3 17,8 8,0
13:30:09,0 | 21,0 39,20 37,15 5,23 19,5 17,6 9,5
13:30:09,5 | 21,5 40,15 37,23 7,28 17,5 17,6 -0,3
13:30:12,0 | 24,0 36,30 36,58 -0,77 17,7 17,7 0,0
13:30:12,5 | 24,5 36,45 36,47 -0,05 17,8 17,8 0,0
13:30:13,0 | 25,0 41,20 36,41 11,64 17,2 17,9 -4,2
13:30:13,5 | 25,5 36,65 36,39 0,72 16,6 18,1 -8,7
13:30:14,0 | 26,0 36,00 36,39 -1,09 17,4 18,2 -4,5
13:30:14,5 | 26,5 36,30 36,41 -0,29 17,5 18,3 -4,7
13:30:15,0 | 27,0 36,95 36,42 1,43 15,9 18,5 -16,1
13:30:15,5 | 27,5 35,95 36,43 -1,35 16,5 18,6 -12,6
13:30:16,0 | 28,0 35,05 36,44 -3,97 17,3 18,7 -8,0
13:30:16,5 | 28,5 38,05 36,45 4,20 15,3 18,8 -22,8
13:30:17,0 | 29,0 35,60 36,46 -2,42 15,4 18,9 -22,5
13:30:17,5 | 29,5 34,80 36,47 -4,80 16,5 18,9 —-14,7
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T, yacbl cyToK

Puc. 6.35. [InarpamMMa rujipaBJandecKkoro yjapa B HacocHON cranimuu Ne 25A,
pabotraiomieit Ha paiion IlaBnoBa Ilosst u AekceeBCKOTO KUJIOTO MacCHBa,
[PU OTKJIIOYEHUN 3JIEKTPOIHEPruu Ha CTAHIIMU:

1 — pacdyerHOe 3HauyeHUe HP; 2 — dakTuyeckoe 3HaueHue H(h

5

13:30:16,5 -

13:30:13,5 -

13:30:15,0 -

13:30:12,0 -

13:30:10,5 -

13:30:09,0 -

13:30:07,5 -

13:30:06,0 -

13:30:03,0 -

13:30:04,5 -

13:30:01,5 -

13:30:00,0 -

13:29:58,5 -

13:29:57,0 -

13:29:55,5 -

13:29:54,0 -

13:29:51,0 -

13:29:48,1
13:29:49,5 -
13:29:52,5 -

T, 4acbl CyTOK

Puc. 6.36. [IlmarpaMma THApaBAMYECKOTO yAapa B AUKTYIONEH Touke AJeKCeeBCKOTO JKUJIOTO MaccuBa XapbKoBa
IIPH OTKJIOYEHNHN DIEKTPOIHEPIUH HA HACOCHOM cTanumuu: | — pacueTHoe sHauenne H ;
2 — dakruyeckoe snavenue H
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Puc. 6.37. [lmarpaMmbl u3aMepeHuii HAOPOB HA BOJOCETH MPU OTKJIOYEHUU HACOCHOU craniuu No 25A
ot anexrposneprun (rugpoyaape). Tukryionias touka — KT Ne 1
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6.5. PASPABOTKA METOZAUKUN OIIPEAEJEHUA
NHTEHCUBHOCTHU OTKA30B HA BOAOCETHA

VHTeHCUBHOCTb OTKA30B B BOJOPACIIPE/IENUTENbHON CeTH yBEJNINBAETCS NIPHU KOJTeOaHUIX
TeMIlepaTyp BOJbI M OKpY’Kalollero Bosjayxa. Kpome Toro, Bo BpeMs MOPO30B CO3JAaeTcs [0-
MOJTHUTEIbHOE JlaBjaeHne Ha TPYyOOIIPOBO/bI BCJEJCTBUE pacIINpeHus 3aMmepsaolleil B rpyHTe
BOoZbl. KoMOuHMpOBaHHBIE HArPY3KHM, BO3HUKAIOIIME IPH MOPO3aX, B 3HAUMTEJbHOW CTENeHU
YBEJNYNBAIOT PUCK IKCILIyaTaluu TPyOOIPOBOAHON CeTH, 3JeMEHTbI KOTOPOIl M3rOTOBJSIOTCS
13 Pa3JIMYHbIX MaTepuasoB. [Ipu 3amep3anun rpyHTa aKTUBU3UPYIOTCS JAedEKTbI, KOTOpbIe 06-
pasyIloTcs JIETOM NpU MHTeHCHUKAIUK TIpolteccoB Kopposuu. Crarucrtudyeckass o6padoTKa WH-
TEHCUBHOCTH OTKA30B BOJOCETH MOKA3bIBAET, 4TO 0K0JIO 50,4 % OTKA30B BOJOCETU IIPUXOIUTCS
Ha IOCJe/HNe MAThb MecslleB To/la, U3 HUX IepBble JBa MecsAlla CBA3aHbI ¢ IyCKOHATAJOYHBIMU
paboTaMu MO MOATOTOBKE K 3MM€ CHCTeM OTOILJIEHUS W TOpsYero BOJOCHAGKEHHS, a MOCIe/yIo-
Ke MecsAIbl — C MepHoOM HACTYIJIEHUS XOJIO/I0B.

B ta6a. 6.12 u 6.13 moka3aHbl MUKJIWYHbIE U3MEHEHUS TeMIIePaTypPbl BO3/lyXa U BOJIbBI, T10-
JlaBaeMoii 13 TTOBEPXHOCTHOTO NCTOYHNKA, YTO BAXXHO HE TOJIBKO /I THAPABINYECKUX, HO U JIJIS
TEIIOTEXHUYECKUX PACUYETOB CUCTEM, OIIEHKHU MOTPeOHOCTH pecypcoB (rasa, yriist u T. [1.), a TaKKe
JUIST KOPPEKTUPOBKHU pelienuii npu ¢popmMupoBannu TapudoB Ha ropsdee BOJOCHAOKEHUE.

[IporHO3 NHTEHCUBHOCTH OTKa3a BOjOCeTH, 6a3upyIoleiics Ha MHOTOJIeTHEHl CTaTHCTHYeCKO
06paboTKe JaHHBIX 00 UHTEHCUBHOCTH OTKa30B Bojocetu (Tabi. 6.14), sBJiseTcss OCHOBOU Tpu
BBISIBJICHUN IIPUOPHUTETOB [/ aJiPECHON CaHAIlMM UJIM 3aMEHBbI YYaCTKOB BOJIOCETH.

Ta6auma 6.12
[dannbie o cpeaneii Temneparype Bo3ayxa 3a 1980—2000 rr., °C

lon

AHBapb
®despanb
MapTt
Anpersnb
Ma
MioHb
Wionb
ABrycr
CeHTa6pb
OkTA6pb
Hos6pb
Jekabpb

1980 | -10,8 | -7,5 | -5,7 | 6,4 | 12,56 |18,1| 20,1 | 17,0 | 139 | 7,4 0,9 | -0,3| 6,0
1981 -26 | 2,8 | -0,9 | 55 | 149 [221| 22,4 | 20,1 | 141 | 9,4 1,4 0,0 8,6
1982 -1,4 -1,1 | 20| 73 | 13,7 |16,5]| 24,5 | 18,8 | 148 | 6,8 1,6 0,7 7,5
1983 -2,9 | -2,8 09 |11,5| 17,0 |18,0| 20,9 | 18,7 | 145 | 7,8 04 | 24| 85
1984 -29 | 95 |-01 |90 183 |18,7| 19,7 | 181 | 150 | 80 | -0,3 | -8,1 | 7,2
1985 -72 | -134 | -55 | 81 | 173 |176 | 186 | 21,8 | 12,7 | 6,9 | -149 | -49 | 4,8
1986 -3,2 | -10,7 | -0,5 | 10,8 | 14,8 | 20,0 | 19,7 | 20,5 | 13,1 | 6,1 | -1,4 | -46 | 7,1
1987 | -15,6 | -6,2 | -8,5| 2,3 | 15,0 | 18,6 | 20,0 | 16,6 | 12,3 | 59 | -0,2 | 49 | 4,6
1988 -8,2 | —6,6 1,5 | 80 | 146 [209| 223 | 189 | 139 | 66 | -2,8 | -53 | 7,0
1989 -2,0 0,5 49 | 11,1 17,0 | 23,1| 23,0 | 23,5 | 16,5 | 8,8 09 | 241|104
1990 -2,8 0,1 40 (10,7 135 |16,5| 20,2 | 18,2 | 13,0 | 7,8 40 | -1,6 | 8,7
1991 -34 | -79 | 2,1 | 89 | 13,7 |20,7| 22,0 | 18,9 | 13,8 | 9,9 0,7 | -44 | 7,7
1992 -3,2 | -4,6 30 | 74 | 12,9 |188| 195 | 20,7 | 13,0 | 5,9 1,3 | 54| 7,4
1993 -39 | -35 | -13| 71| 155 168|192 | 186 | 108 | 65 | -7,8 | -2,6 | 6,3
1994 -1,0 -91 | -1,1 10,0 13,5 16,6 | 20,5 | 188 | 18,1 | 6,7 | 0,5 | =79 | 7,2
1995 -4,8 0,4 2,6 |10,3| 15,7 |21,1| 20,1 | 189 (146 | 7,0 09 | -7,0 | 83
199 | -11,3 | -81 | -50| 7,2 | 18,4 | 18,8 | 26,8 | 19,2 | 149 | 6,8 49 | =52 | 7,3
1997 -6,4 | 52 09 | 51| 138 20,7 20,8 | 18,8 | 11,2 | 5,7 0,4 | -6,7 | 6,6
1998 -4,9 | -3,7 06 | 88 | 152 |21,4| 21,7 | 191 | 144 | 81 | -3,7 | -6,1 | 7,6
1999 -1,3 -4,1 29 |10,1| 13,5 |23,4| 25,1 | 21,3 | 150 | 6,5 | -2,6 | -0,4 | 9,1
2000 -6,7 | —2,8 05 |12,8| 143 |179| 21,1 | 196 | 124 | 6,4 | -0,3 | 05| 7,9
Ntoro | —5,1 -56 | 05| 85 | 150 (193|192 | 193 |139| 7,2 | -08 | -3,8 | 7,2
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Ta6suma 6.13
[danubie o cpeaHeii Temneparype nutbeBoii Boasl, “C
(ucrounuk — peka Cesepckuii [lonen) 3a 1980—2000 rr.

o A ) o [+

0 = a = Q ¥ ] a &

53 S = @ = z 2 2 © & & & 2

lop, @ o © o s Q =} - [ & & @ @
= o = = = = < > X 9 @ Q

& © < 3 o = 3 o

1980 | 08 | 0,7 ] 08| 54 | 133 [ 199|220 |220| 170 | 110 | 45 | 26| 9.9
1981 | 1,3 [ 15|23 | 52 | 158 | 228 | 251|236 180 | 130 | 51 |20 11,4
1982 | 1,0 |08 | 18| 73 | 144 [ 198 | 220221 196 | 110 | 50 | 23] 105
1983 | 1,2 [ 1,4 [ 30| 11,3 | 182 | 209 | 246 | 236 193 | 126 | 48 [ 05| 11,8
1984 | 05| 05| 13| 68 | 158 [ 202|226 | 21,2 176 | 11,3 | 39 [ 05| 10,2
1985 | 05 |12 | 18| 75 | 158 [ 199 | 21,0 [ 223 | 168 | 109 | 46 | 1.6 | 10,3
1986 | 1,7 | 08 | 26 | 88 | 147 | 220 | 21,8225 171 | 89 | 40 |08 104
1987 | 05 | 07| 11 ] 37 | 125 [ 204 | 230196 153 | 97 | 29 [ 11| 93
1988 | 1,0 | 1,2 |29 | 84 | 142 | 209 | 246|228 | 175 | 107 | 23 [ 08| 9,2
1989 | 16 | 26 | 54| 98 | 17,1 [ 221 | 233|227 175 | 111 | 47 [ 13 ] 115
1990 | 12 |24 | 48] 105 | 158 | 188 | 233 [ 21,7 166 | 112 | 63 | 24| 11,2
1991 | 13 [ 13|27 | 79 | 146 | 223|254 | 224 162 | 137 | 43 | 1,7 | 10,7
1992 | 07|07 [35] 30 | 150 [ 208|222 [ 232 170] 88 | 42 [09] 105
1993 (0,971,927 | 75 | 162 | 199 | 21,6 [ 225 155 | 92 | 21 [ 08| 10,1
1994 | 24 |13 | 24| 81 | 147 [ 187|230 225 195 | 123 | 38 | 081079
1995 | 0,9 [ 1,6 | 25| 86 | 159 | 232 | 237|216 182 | 105 | 45 | 1,1 | 11,03
1996 | 08 | 08 | 1,4 | 49 | 138 | 212|238 |21,9] 162 | 10,1 | 6,9 | 45 | 10,53
1997 | 16 [ 20|27 | 49 | 121 | 186 | 21,6 [ 202 | 148 | 95 | 43 | 1,6 | 9,51
1998 | 2,0 | 26 | 41 | 83 | 16,45 | 22,6 | 23,47(21,92| 16,1 | 10,89 | 4,81 2,22 11,35
1999 | 3,0 [2,75| 4,2 [ 10,83 | 142 | 23,1 [2595(22,96] 17,35 | 12,2 | 3,97 | 1,21] 11,81
2000 | 1,13 [ 2,68 3,27 | 11,03 | 16,38 | 21,26 | 23,27 |23,23| 17,7 | 11,0 | 3,73 | 2,68 11,61
Uroro| 1,24 [1,50] 2,7 | 76 | 151 | 209 | 232 | 222 | 172 | 109 | 43 | 1,6 | 107

Ta6auna 6.14
HHTeHCHBHOCTh OTKa30B B BOJOpaclpe/ieauTeibHOil ceTn XapbKoBa

n = 0 a ]
0 = o o N = o 3 . 3 3 -
5| 2| 8| 3|38 |E| 5|2 8|¢glg|%8| 3| s
lon o @ (5] Q s Q Q - E = & S @ 8
= o) = s = = 2 5 < S o o @
[°N Fat < 15} (@) ac =] @)

1993 | 258 | 261 | 162 | 222 | 214 | 200 | 256 | 290 | 284 | 293 | 315 | 358 | 393 | 3113
1994 | 229 | 203 | 183 | 252 | 225 | 270 | 250 | 287 | 366 | 320 | 376 | 387 | 411 | 3348
1995 | 277 | 230 | 248 | 251 | 249 | 232 | 167 | 355 | 314 | 350 | 310 | 318 | 407 | 3301
1996 | 240 | 202 | 217 | 232 | 310 | 241 | 379 | 370 | 360 | 411 | 362 | 387 | 439 | 3711
1997 | 335 | 262 | 250 | 249 | 314 | 292 | 376 | 364 | 403 | 372 | 316 | 289 | 448 | 3822
1998 | 267 | 200 | 232 | 254 | 244 | 302 | 347 | 372 | 413 | 376 | 372 | 347 | 440 | 3726

1999 | 289 | 206 | 262 | 294 | 268 | 274 | 335 | 420 | 433 | 482 | 446 | 451 | 474 | 4160

2000 | 279 | 197 | 212 | 260 | 278 | 359 | 354 | 419 | 412 | 430 | 369 | 403 | 459 | 3972

CpenHee | 272 | 220 | 221 | 252 | 263 | 271 | 308 | 360 | 373 | 379 | 358 | 368
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Puc. 6.38. /lunamuka xosmdectsa oTka3os 3a 1993-2000 rr. (1),
CPEIHEMECSUHBIX TEMIIEPATyP HAPYKHOTO Bozayxa (2)
W TeMreparypbl Bo0NpoBoAHoN Bozibl (3), °C, Ha IIpOTSKEHnH rofa

Harnspnoe mpejcraBienye 0 3aBUCUMOCTH YHCJa OTKA30B BOJOPACIIPEENUTENBHBIX CeTell
OT TeMTepatypbl BoAbI paeT puc. 6.38. OH uAIIOCTPpUPYeT BO3MOXKHOCTD AllIPOKCUMAIINU 3TOM
3aBucumoctu psagom Dypbe BUzA

p(M)zaO+Zaisin(%Mi]+Zbicos(%Mi), (6.12)
it il

rjpe P — KoJmmuecTBO OTKa30B,;
M — HOMEDP Ha4YMHAIOOIETOCA Mecdlla B I'OAY,

a, — cpejiHee KOJMYECTBO OTKA30B B MECHIL 3a TOJ;
1 — HoMep rapmoHuku B psane Mypoe;
a, 1 b, — aMILINTY/bl FADMOHUK.

AnmipokcuMalius BbITIOJHEHA ¢ ucnojab3oBanneM nporpammuoro makerta STATISTICA. [lo-
CTATOYHO TOYHAS ANIPOKCUMAINS HMMeJia MECTO NPHU OTPAHUYEHMH 3-M IMOPSAKOM Pa3JIosKeHUS
(n = 3). Kak nokasbiBaior pesybTarhl annpokcumanun (puc. 6.39), munumym Ha KpuBoii P(M)
COOTBETCTBYET CTaGUJIbHBIM 3HAYeHUsIM TemiepaTypbl Boibl (deBpasb — mapr). Makcumym
Ha KPUBOIi, ONMMICHIBAIOIIEH AMHAMIKY OTKA30B, IPUXOANTCI Ha aBryCT — JeKaOpb, TaK KaK B 3TOT
epuo/i MPOUCXOANT Hanbosee pe3koe CHUKEHHE TeMIIepaTypbl HApY>KHOTO BO3/[yXa U BOJOIPO-
BoaHoi Boabl (cM. puc. 6.38).

Konkperubiii By s3apucumoct (6.12), 1MOJMyYeHHDbIT METOAOM HAaMMEHBIINX KBaApaToB,
uMeeT BUJL

P =303,7 —74,9sin[%M) +23,6cos[%Mj —13,3sin(%]\/[) +
P (P P
+6,6cos(§M)+3,4sm[5Mj+18,O4cos[5M). (6.13)

C ucrnosb3oBaHMEM 3TOH 3aBUCUMOCTH ObLIM a/[PECHO BBISIBJIEHBI YUYaCTKU BOJOCETH, COOT-
BeTCTByIolue Ha puc. 6.39 MakcuMaJbHBIM 3HaueHMSAM OTKa3oB. Ha artux yudacTkax BojoceTH
6bly1a IpoBe/ieHa 3aMeHa Tpy6 061elt TPOTSI)KEHHOCTDIO 5,7 KM, YTO MO3BOJIMJIO YMEHBIIUTD YNCJIO
0TKa30B BojoceTn Ha 188 enMHUIl 1 COKPATUTb HEy4YTEHHbIE PAcXO/bl U yTEYKU B BoJOpacipe-
JenuTebHON cetn XapbKoBa.
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Puc. 6.39. /luarpaMma MHTEHCHMBHOCTH OTKa30B B BOJOPACIPEAENUTENBHOI
ceru Xapbkosa (1993-2000 rr.)

12 M
Hosi6ps JlekaOpb

Ta6auma 6.15

Conocrasienue pacuernoro (mo ¢popmyae (6.12)) u dpakTuyeckoro 3HaveHuit
HHTEHCUBHOCTH OTKa30B BO/OpacIpe/ieUTeIbHOil ceTn XapbKoBa

Homep mecsiua CpeqHee KonnM4ecTso MporHoaupyemoe MPOLEHT OTKIOHEHNS!
e el I R
1 272 281 -3,3
2 220 217 1,6
3 221 205 7,5
4 252 228 10,7
5 263 238 10,2
6 271 255 6,2
7 308 308 0,0
8 360 359 0,2
9 373 362 3.1
10 379 345 10,0
11 358 347 3,2
12 368 339 8,5

B MupoBoii mpakTHKe, B TOM uncje U B XapbKoBe, PsJl COOPY’KEeHUI BOJAONIPOBO/Ja PaboTaeT
6osee 50—100 ser. IlpeacraBienne o6 OTHOCHTEJNbHBIX CPOKAX JKCILIyaTaliu TPyOOIPOBOOB
XapbkoBa matoT ganabie Taba. 6.16.
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Ta6suma 6.16
IIpo0IKUTENBHOCTD IKCILIYyaTAllMH TPYOONPOBOOB B XapbKoBe

Cpok MpoTakeHHOCTb TPYAO0NPOBOAA
SKcnIyaraLm, et KM MPOLEHT OBLLEN MPOTSKEHHOCTH
0-5 46,6 2,57
5-10 78,3 4,31
10-20 329,9 18,17
20-30 442,4 24,36
Csbiwe 30 918,9 50,6
Bcero 1816,1 100

Ha ocHoBanuu npoBeieHHBbIX MCCJ/Ie0BaHN TTpeiaraeTcs MeTouKa olpe/ie/ieHus NHTEeHCHB-
HOCTH OTKAa30B Ha BOJOCETHU, BKJIOYAIONIAS CJEAYIONIe aTarbl padoT:

1. OcymectBisiercss perpocrnekTuBHas (3a cpok He MeHee 8 jier) BbIGOpKa U3 6a3bl JaH-
HbIXx DBM craTucTuKyM aBapuii 10 BCell ceTH ropoja OTAebHO 3a Kaxablii Mecsi roga M (M =
1-12).

2. Jlns Kaxk0ro Mecsia BbIUUCSETCS cpe/iHee 0 pacCMaTpUBaeMOMY MepHo/ly KOJIUYeCTBO
asapuit P(M).

3. OMnupuueckas 3asucumMoctb P(M) anmnpokcumupyercs psigioM Dypbe ¢ OCHOBHBIM MEPUO-
pom T = 12; mpu anmpokcuMallii OTPAaHUYMBAIOTCS TEPBBIMU TPEMsI TapPMOHUKAMU psijia

P(M)=a, +Z(‘Zi cos(%Mj+bi sin(%MD
i=1 .

Koo PunmenTsr Mypbe BBIYUCASIIOT M0 TpUOGMIKEeHHBIM (hopmynam Iditmepa—Dypbe

18 2 & opi
ay=— > P(M);, a;=—> P(M)cos| =M |;
TM:1 TM:1 T

2 & . (2pi )
b=—=> P(M —M
) T}\; (M)sin T

J6O OTIPENIeNIIIOT ¢ MMOMOIbIO OPAMHAPHBIX cpe/cTB nporpammuoro makera STATISTICA win
KaKoro-jn60 aHaJOTUYHOTO MakeTa nporpamm s [I9BM, mo3Boisiioliero mpou3BOAUTD allllPOK-
cumanuio psjgom Dypoe.

4. Tlonyuennas dbopMmysia MCTOIb3YeETCS A OIEHKW MWHTEHCUBHOCTH OTKA30B JJd JI060TO
MecsIa rofia TMyTeM MTOJCTAaHOBKM B (OpMYyJTy HOMepa Mecsa M, Tocje 4ero TJAaHUPYIOTCS
OpPraHn3arinoOHHO-TeXHUYECKIE MEPOIPUITHS TI0 COKPAIEHNIO TTOBPEKEHNI.

5. Yucsennbie 3HaueHnss KoadpuimeHToB B psijge Dypbe BBIUUCIAIOTCS MO TPETOKEHHOMT
MEeTONKe WHANBUAYAJbHO /IS KaXK/I0T0 TOPO/Ia, UCXOS W3 MPUPOTHO-KJINMATHIECKUX YCIOBUIMA
1 HaKTUIECKOTO TEXHUYECKOTO COCTOSTHUS BOJIOCETEN.

6.6. METOAUKA AJPECHOTIO BbIBOPA /I 3AMEHDI
NJan CAHAIIMY TEXHUYECKU N3HOMEHHbBIX YYACTKOB

B Yxkpaune oTcyTCTBYIOT HOPMATHUBBI /Il IPOCKTUPOBAHUS COOPYXKEHUM, MpeaycMaTpu-
BaloIINe MPOJO/IKUTEIbHOCTD UX pa6oThl. 3aKOHOM YKpauubl «O HAJIOr006J0KEHUN MPUOBIIH
npeanpusatuii> (pegakuus 3akona Ykpanubl ot 22 Mas 1997 r. Ne 283 /97-BP) npeaycmarpu-
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Batorcs (cr. 8 «AMoprusanus...», m.1. 8.6.1) HopMbl aMopTusanuu ajas [ Ipynns B pazmMepe
5 % B roJl 0T 6aJTaHCOBOIT CTOMMOCTH OCHOBHBIX (hOH10B. COOpYy KEHNUs, 3/IaHNUs, TlepelaTOUHbIE
ycTpoiicTBa BojocHaGKeHus otHecerbl K | rpymme. Takum o6pasoMm, MPOEKTHbIE CPOKU IKC-
IJIyaTalu COOPYyKeHuil JO/KHbL 6bITh puMepHo 20 yetT. OHAKO MPaKTUKA OKA3bIBAET, YTO
pa6oratoiias nHGPACTPYKTypa paclpe/iesieHust MUTheBOI BOJbI B 3aBUCUMOCTH OT Pa3MepOB
cuctembl IIPB u cpokoB ciyx6br (6omee 30 ser) poJkHa uMeTh (DUHAHCOBYIO BO3MOXKHOCTD
Juist peHoBanuu (caHalMy MJIM 3aMEHbI) YYacTKOB BOJOCETH, T/le M3-3a CTAaPEHUs MPOUCXO/AT
yacThble aBapuu. B npeabiiyieM MyHKTe TJIaBbl ObIJIO MMOKa3aHO Ha onbiTe XapbKOBa, KaK He-
06X0/IUMO TOJXOJUTD K OI€HKE YAaCTOThI OTKa3a JIeUCTBYIOIIENl BOIOCETH, UCXO/s U3 TPUPO/IHO-
KJIMMATHYeCKUX yCJIOBUIA.

[TyTh K perieHnIo aTUX MPoGJIEM JIEKUT TaKKe B BbisIBJIeHUHU ¢ 1moMolbio ACY ajieMeHTOB
BOJIOCETH, UMEIONNX HanboJiblllee Ynca0 0TKa30B. Ha 6a3e MpOrHo3HOI OlleHKN NWHTEHCUBHO-
CTU OTKa30B B BOJOpACIpe/le/INTeTbHOM ceTn XapbKoBa JIJIsI BbISIBJIEHUS YU4aCTKOB BOJIOCETH,
MOJIJIesKalUX CaHAllMU UJIU 3aMeHe, BbIJAIoTCs ajapechble pekomengaiuu. C momoribio IBM
MPOU3BOIUTCS BIOOPKA TE€X YUYACTKOB CETell, KOTOpble UMEIOT YHCJIO MTOBTOPHBIX OTKA30B OT ()
a0 5; or 5 go 10; or 15 go 25; or 20 u Gosee B roja. Ilocae Bbigaun pexomenganuu (puc.
6.40) npousBoauTCca OlleHKAa (PUHAHCOBBIX BO3MOXKHOCTEI, ONpPeAesaAoTcs MOPsaAoK (pUHAH-
CUpOBaHUs, opranusanus paboT M OIEHUBAIOTCS BO3MOXKHOCTU COKpallleHUs YHhCJa OTKAa30B
BoJloCeTH. PacyeTpbl MOKA3bIBAIOT, YTO [IJIsI PE3KOr0 COKpAIeHNs KOJUYECTBA OTKA30B B BO/IO-
ceTn HEOGXO/IUMO €3KEer0/[HO 3aMeHsITh UJN CAHUPOBATh He MeHee 2 % 00IIeil MpOTSKEeHHOCTH
BO/IOCETH.

Takum o6pasomM, Npe/jiaraeMblii METO/T aJPECHOT0 BbIGOpA /I 3aMeHbl UJIN CAHAIMU TeXHMU-
YeCKH M3HOIIEHHBIX BojoceTell (peHoBali) B ropojiax CBOAUTCSA K YCKOPEHUIO BOCIPOU3BO/ICTBA
U TOBBIIEHNUTO HaeKHOCTH paboThbl cucteMbl [IPB, K CHUXKEHUIO TIPOTSKEHHOCTH M3HOIIEHHBIX
ceTeii, COKpaIeHNIO TIOBPEKIEHII B BOJOCETH TOPO/Ia, a CJIe/I0BATENbHO, K COEPEsKEHIIO BOIHDBIX,
SHEPreTHYECKUX U JPYTUX pecypcoB. IIpumeHeHne MeTo[a aJpecHOr0 BbIOOpA /sl PEHOBAIMH
BOJIOCETH HE TOJIbKO COKpAIaeT JKCILIyaTallMOHHbIe U3/EeP3KKU, HO ¥ COCOOCTBYET COXpaHe-
HUIO IOPOKHBIX MOKPBITUN B TOPO/AaX, CHIKEHUIO MPOIECCa TO/TOIIEHNsI TeppUTOpun. MeToj
aJ[pecHOTo BbIOOpaA BOJOCETE /IS PEHOBAIIMU TIPElyCMAaTPUBAET IIPOBeeHNE CAeJAYIONNX ITAIIOB
paboThI.

1. OcytiecTBJsieTcs mocJeoBaTeibHas BBIGOpKa n3 6a3el ganubix DBM cratuctuku aBapuii
o yyactkam Bojocet (HasBaHue YJMIbI, JAJMHA y4acTKa BOJOCETH, AMaMeTp U MaTepuas Tpy-
Obl), IJle YUCJI0 HEOAHOKPATHO MOBTOPAIONINXCA aBapuii 6b110 HanGoIbIINM 3a Tocegaue 10 jer
U TOCJIeIHUI TOJI Tepe/l HauyajaoM BbIGOPKH.

2. Ha 9BM BbinoHsI€TCS] PAHKIUPOBKA CTATUCTUKU TIOBPEXK/IEHHII 110 YJIUI[AM rOpO/ia Mo MPUH-
IUITY: OT MAKCHMAJbHOIO KOJMYECTBa OTKa30B B BojoceT (110 MX aJpecHON NPUHAIJIEKHOCTH)
K MUHUMAJbHOMY.

3. IlpoBoauTcsi TEXHUKO-9KOHOMUYECKHUI pacyeT, B XO0J/ie KOTOPOTO IO KaXKIOMY y4acTKy
BO/IOCETHU OTIPEIeNIAI0T HeOOXOMMbIe 3aTPAThl HA PEHOBAINIO. [OTOBUTCS perjaMeHTHOe peleHune
06 o6bemMax paboOT U BO3MOXKHOCTH (DUHAHCUPOBAHUS.

4. Ha ocHOBaHWU NPUHSATOTO PErJaMEeHTHOTO PelleHs COCTABJSIETCS aJrOPUTM COPTHU-
poBku Ha IBM u omnpejensercs nepBas ouepe/ib PEHOBAIMU YIaCTKOB BOJAOCETH HA TJIAHU-
pyembiii mepuos. 1o cymmapHOil MPOTSAKEHHOCTH TIPEAIIOIaraeMoil peHOBaI[MU OIeHUBAIOT
MPOIEHT TEMIIOB MOJEPHU3AIUU CeTH OT 06IIell MPOTSIKEHHOCTH BOJOCETH TOPOJIA.

5. Tlocsie BbIGOpA y4aCTKOB BOJOCETH, TIO/IJIEKANUX PEHOBAIMK, [[OTIOJHUTENBHO MTPOBOISAT
MeHe/KMEHT W MapKeTUHT TPeAJOKeHuil (DUPM ¥ CTPOUTEJIbHBIX OPTaHM3AIUIl OTHOCUTETbHO
c1ioco60B, MeTO/I0B, CTOMMOCTH PeHOBAIUU BOJOCETH, UX 3DMEKTUBHOCTH U JIOJTOBEYHOCTH,
BKJIIOYAsi PACCMOTPEHUE BOIPOCA O MpuMeHeHnn GecTpaHIelnHol peHoBaIuu BbIOPAHHBIX Y4YacT-
KOB BO/IOCETH.
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Puc. 6.40. PexomMenmanuu JJist aipecHOi 3aMeHbl UJIM CAHAIIMU yYacTKOB BOJOCETH
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6.7. PASPABOTKA METOIUKU OIIPEAEJIEHUA YTEYEK
1 ITIOTEPH BO/IbI B KN1JIOM ®OH/AE ITOPO/10B

YTeuku Bo/bl Uepe3 BHYTPHIOMOBbIE CAHTEXYCTPOICTBA U BHYTPUIOMOBbIE CETH OKa3bIBAIOT 3HA-
YUTeJIbHOE BJIUSHUE HAa YBEJMYEHHE CKOPOCTU JIBUKEHUSI BOJbI B HAPYSKHOI BOAOPACIIPE/IeUTETbHOI
CeTH, M3-3a Yero pacTyT MOTEePH HAIOpa Ha HUX, a 3HAUYUT, ¥ YMEHBINAIOTCS CBOGOHBIE HAIIOPHI,
HeoOXOo[MbIe Jiis1 06ecTieueHrst BOIOM HACeJEeHNs, SKUBYIIEr0 Ha BEPXHUX TasKaxX JKUJBIX JOMOB.
ITO BBIHYKAET CJIYKObI BOA0OGECTIEYeH s IEPEBOAUTD PEKUMbBI paGOTHI HACOCHBIX CTAHIIMI Ha 10~
[OJTHUTE/IbHOE TIOBBIIIEHIE HATIOPOB B CHCTEME TI0/[aYl U pacipe/ieseHnst Bojbl. Takue BbIHYKIECHHbIE
MepbI TI03BOJISIIOT peniaTh Mpo6JaeMy Moja4di BOJAbI BCEM MOTPEOUTEISIM, HO MPH HTOM BO3HUKAIOT
JlaBjieHns B Tpy6ax, MpeBbIIIaoliie IPOEKTHbIE, a 3HAYUT, PACTYT HE TOJBKO HEITPOU3BOANTEIbHBIE
[OTEPH BOJIbI BO BHYTPUIOMOBBIX chucTeMaX. HenpeaycMoTpeHHoe OBbIIeHne HAOPOB MPUBOIUT
K aBapusiM B BOJOPACIIPEAEUTEIbHON CeTH ropoja. Y TeYKH BOJbI, KaK BO BHYTPUIOMOBBIX, TaK
U BO BHENIHUX pactpeenutebubix cersx, CHulloMm He mpeaycMOTpPeHbl, HECMOTPSI Ha TO, YTO
B J[PYTUX HOPMATHBHBIX JOKYMEHTaX YKa3aHO, YTO JJIs HKCIJIyaTallud BHYTPHIOMOBBIX CHCTEM
JIOJIKHBI OBITH CO3/IaHbI aBapuiiHbie CJIyKObl, B 00513aHHOCTH KOTOPBIX BXOAUT OGCIYKUBAHUE K-
Joro (oH/Ia ¥ TPOBEIEHIHE PEMOHTHBIX pa6oT. Poct morpe6ieHns: BObl, OrPaHUYEHHOCTh BOHBIX
PecypcoB, HEOGXOANMOCTD MOCTOSTHHOTO Pa3BUTHS CUCTEM BOJOCHAGKEHUsT TPEOYIOT TepecMoTpa
CYIIECTBYIOMIEN TIPAKTHKY, He0OX0 UMbl GoJiee s (eKTUBHOE yrpaB/eHre, OlleHKa MPUYKUH T0TePhb
BO/IbI BO BHYTPH/IOMOBOII cHCTEME K100 (POH/IA TOPOIOB U MOUCK METO/I0B, HATIPABJIEHHbBIX HAa UX
COKpallleHHe, a 3HAYUT, — IIOMCK TOTEHINAJIbHBIX PE3ePBOB JJIsI BOA0OGECTIEUeHUsS] HACEIeHNS.

B XapbKkose Gbliin IPOBEIEHbI UCCIE0BAHKS TOTEPb BOABI B skujI0M (ponae. O6cie10BaHbl
KBapTUPbI C EHTPATM30BAHHBIM BOJOCHAGKEHHEM B YeThIPEX aJAMUHUCTPATHBHBIX palioHaXx,
cocrasJasionue okoao 40 % Bcero kunoro Goua ropoga. B HUX BbISABIEHbI yTEYKU BOJbI Yepe3
HEeCOBepIIeHHbIEe CMbIBHbIE GauKu U CaHTeXNPUOOpbl. PesyabraThl (PaKTHUYECKUX ¥ PACYETHBIX
JaHHBIX cBejgeHbl B Tabsuiy (taba. 6.17).

[Mosyuennt 3asucumoct B = f (A); C = f (A), tie A — Kom4ecTBO 00C/Ie/JOBAHHBIX KBAPTUP
C IIEHTPAJN30BaHHBIM BOAOCHAOKEHHEM; B — KOJMYECTBO KBAPTUP C YTEYKAMU BO/IbI B CAaHTEXIIPHU-
6opax; C — KOJMYECTBO KBapTUP C yT€UKaMU BO/bI yepe3 cMbiBHbIE Oauku (puc. 6.41 u 6.42).

Ta6auna 6.17
Jlannbpie 00 yTeukax BOJBI B KBapTHpax kuioro ¢ouga Xapokosa (1997—2000 rr.)
U UX pacueTHOe 3HAYeHHe

o 2 o [ o O o
8 S - -8 83 o = 8
g @ © 5 £ 3 s 8 5 %
%g x 2< i . 2o = = X x @ S © = X
= = - 3 X o= g S 3 43 z @2 s 3
oo E = © 0698 - EEfeT T = ) EfeTs
T = IS0 = o Igea o = T o ) = oI
. o P S QS Iso cg22o T @ < 4 O o I ©
ALMVUHUCTPATUBHLIN ¥ o @ 8o % @ 20O 2218 2 & S 2 <3 o3
= o 235 0@ x SIS c QS s S o ‘:fo(.) 8'_5 SH=
paioH £93 228 g3 E | JEEE 5 Q 23 8o EQ
(&) (&) [
55 | 885 | 8| 85°% | 33| BT |5 i g3
@ 8 ° 5 % | £ =] 6 = £ & c3
Z 7 Z e z 9 <
= = =
< 8 g | g° £ 3 g
YepsoHo3aBoackun | 21 266 8 260 1941 1965 -1,2 1451 1569 -8,1
MoCKOBCKMA 107 077 | 20 540 4143 4500 -8,6 3627 3613 0,4
®pyH3eHcKni 47094 | 31042 6249 6552 -4,8 5190 5272 -1,6
XKOHU-
Opapxonn- 55568 | 38272 | 8506 7926 6,8 6510 6387 | 1,9
KNO3EeBCKUI
NToro 456 727 | 179 389 | 32286 32 316 -0,1 26 264 26 272 0,0
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B, Tbic
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Puc. 6.41. I'paduk 3aBUCUMOCTH MEXAY OOGIIMM KOJUYECTBOM 00CJIE0BAHHBIX KBapTHp A
7 KOJTMYECTBOM KBApPTHP € OOHAPYKEHHBIMU YTEUKAMU BOJIBI
B cantexnpubopax B: 1 — dakrtnueckoe 3HaueHne; 2 — pacuyeTHoe

C, Tbic

36 fororrooerhee S S e e . SR

0 25 50 75 100 125 150 175 A, Tbic

Puc. 6.42. I'paduk 3aBUCHUMOCTH MEXKAY OOIIMM KOJUYECTBOM OOCJIEIOBAHHBIX KBApTUP A M KOJTMYECTBOM KBapTHUD
¢ o6Hapy>KeHHbIMU yTeuKaMH depe3 cMbIBHble Gauku C: /— daxTuueckoe 3HaueHue; 2 — pacueTHOe

3HavyeHNe KOJMYeCTBA OTKA30B O0OOPY/IOBAHUS C YTEYKAMHU 4Yepe3 CaHTeXITPUOOPbI alpOK-
CUMHUPOBAHO 3aBUCUMOCTDHIO

B, =0,5374%",

rae 8260<A<180000, ncxoas n3 KogndecTBa 06CTETOBAHHBIX KBAPTHP.

(6.14)
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KommuecTBo 0TKa30B 060PY/I0BAHUS C yTEUKAMU Yepe3 CMbIBHbIE GauKu
C, = 0,407A% (6.15)

3uavennss B u C , nosyuentpie no dopmysam (6.14) u (6.15), umeror orksionenne o 10 %
OT M3MEPEHHBIX, YTO CJELYeT CUUTATh PUEMIEMON TOYHOCTDHIO.

[TpoBeaeM pacueT HepalMOHAJIbHOIO UCIIOJIb30BAHUS BOJAbI B sKuJI0M (oHe XapbKoBa U3-3a
yTeueK yepes CMbIBHbIE 6auKy U U3 caHTexo6opyaoBanus (KpaHoOB, BeHTHJIEl, cMecuTeneii) B co-
orserctBun ¢ P/IN 204 YCCP 040-84. ITo mHCTPYKIUU HEpaIMOHAJbHBIN pacxo/ Boabl (yreu-
Ki) depe3 KpaHbl, BeHTH/IM, cMecuresn (o6o3Haunm ero ¢,) omenuBaercs kax 0,05-2 m°/cyT;
HepalHOHAIbHbINH pacxon Boabl (yreukn) depes cMmpiBHble Gauku (0603HAYMM €ro ¢,) — Kak
1-4 M3 /cyT.

B pacuere 7151 ¢, u ¢, IPUHEMaeM MHHUMAJIbHBIN IPe/ies HEPAMOHAILHOTO PACX0/A BO/DI
(yreuex) g, = 0,05 m® /cyr, g, = 1 M®/cyr. Takum 06pasoM, /il HEIPOUBOAUTEIBHBIX IIOTEPD
BO/IbI B JKUJIOM (DOHJIE M3-32 yTEUEK Yepe3 CaHTeXIPUOOPDI

q; = 0,5374%'¢,, (6.16)
JUIST HETIPOU3BOAUTETbHBIX MTOTEPD BOJBI B XKUJIOM (DOH/IE M3-3a yTeYEK Yepe3 CMbIBHbIE Oay-
KU
qc = 0,407A4"%q,, (6.17)
rge A — KOJIMYeCTBO KBapTUP C LEHTPaIu30BaHHBIM BogocHaGxenuem (B XapbKose
A = 456727).
CaenopareibHO, ¢y U (. A1 Beero xkunoro ¢ponga XapbKoBa COCTaBAT
qs = 0,537 - 456727°"".0,05 = 3795,2 ™3/ cyT, (6.18)
qc = 0,407 - 456727 .1 =65 535,8 M/ CcyT. (6.19)

CyMMapHble MUHUMAJIbHbBIE TOTepu Bo/bl (M3-3a yTeuek) B kujaoM Gonae XapbKoBa

q=qy+q. =69 331 m°/cyr. (6.20)

Ecau ydectp, uTo Ha oAroToBKY 1 M? TUTHEBOI BO/IBI U €€ TPAHCIIOPTUPOBAHIE 3aTPAUMBAELTCS
1,686 kBt-u ssekTpOIHEpPrUN, TO MUHUMAJTbHbIE HEPOU3BOAUTEIbHbBIE 3aTPATHI JEKTPOIHEPTUI
3a cyTku coctaBar 116892, a B ronq — 42665604 xBT-u Ha cymMMy OKOJIO 8 MJIH I'DH.

Ha ocHose pacuera o dopmymnam (6.15) u (6.16), ¢ yueToM cpeaHecyTOYHOIT 104241 BOJIbI
HACceJIeHUI0 B KBAPTUPBI C IEHTPAJU30BAHHBIM BOJOCHAGKeHueM B o6beme 405713 M? /cyT, mu-
HUMAJIbHbI TPOIEHT HEMPOM3BOANUTENbHBIX MoTepb Boabl (yTeuek) B skujaoM ¢onge XapbKoBa
COCTaBUT

i =100 = 99330 450 _ 47,19, (6.21)
g, 405713
rue g, — 00beM HepalMOHAJBHBIX MOTEPb BOJbI B CYTKH;
q, — 00beM T0/1a4U BO/IbI HACEJEHUIO B CYTKH.

CymMapHbIit 06beM HEIIPOU3BOANTENbHBIX ITOTEPb BO/bI B KUJIOM (hoH/e XapbKOBa JA0CTATOUYEH
JUIS KPYTJIOCYTOYHOTO BOAOCHAaGKeHus /1BYX roposoB — Jlososoit u Uyryesa. IIpu orcyrcrBun
JIOJKHOM KYJIbTYPBI 9KCIJIyaTallul CAHTeX060PYA0BAHUS YTEYKH COCTABJASIOT oKoso 1,5 m? /cyT
Ha YeJ0BeKa B ropojie U MOTYT PAacTH, eCJM He MPUHUMATh Mepbl K UX yCTpaHeHUio. Bo Bpems
MIpOBeJIEHNs dKCcTIepuMenTa B XapbKkoBe Ha npoTskenun gaBapst 2001 r. oTHOcUTE/IbHAS BEJTUYNHA
HEIPOU3BOUTEJNbHBIX MOTEPb W YTEYEK BOJbI B IeJIOM 10 ropoay cocraBuia 31,47 % Bceit mo-
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JTAaHHOH TOPOJY BOJIbI, YTO JOCTATOYHO JJIS KPYTJIOCYTOYHOTO BOJOCHAOXKEHNS KPYITHOTO rOpojia
C YMCJEHHOCTBbIO HaceseHus: 236 ThiCc. YeJOBeK.

YrTeukn Boabl B KuJIoM (oHAE ropoja, KaK IIPaBUJIO, B TeUeHHE CYTOK M3MeHsoTcsa. Ha-
npumep, B HouHoe BpeMs (3:00 4) ropojickoe HacesieHHe TIPAKTHYECKU He MOoJb3yercss Boaoii. B
3TO BpeMs OOJBINYIO YacTh T0/IaBaeMoil B IoMa BOJIBI MOKHO CUUTATh OECITOJIE3HO TIOTEPSTHHOM
n cOPOIIEHHOI Yepe3 caHTeX060pyoBaHNe KUJIBIX JOMOB B KaHAJN3AINIO.

Jlo6uBaTbhCS YMEHBITIEHWS TOTEPh BOJIBI B JKIJIOM (POH/IE TOPOIOB METO/IOM YCTAHOBJIEHUS HOPM
BO/IonoTpebJIeHNS TTpeJICTaBIIsieTcs Hereslecoo6pasHbiM. Hesb3s corsiacutbest ¢ yTBepsK/IeHNueM, 4To
HOPMBI BOJIOTIOTPe6IeHNS CTIOCOOCTBYIOT YKPEIJIEHUI0 caMO(PUHAHCUPOBAHNS TTPEATPUATHI U SBJIS-
I0TCS MOOMJIN3YIOIINM HadaJIoM B 60pb0e ¢ TIoTepsiMI BO/IbI B skujioM doHze. Bosee addexTnBHbIMUI
MepaMu JI0JKHBI CTaTh: YCTaHOBKA BOJAOMEPOB Ha BOJOMPOBOIHBIX BBOJAX B JKUJIbIE JOMA TOPO/IOB,
BBesieHre TapudoB, CTUMYJUPYIOMNUX MOBBIIEHNE KYJIbTYPbI BOJOMOTPEOIEHNS, YCTAHOBKA COBPe-
MEHHOTO pecypcocOeperaroniero canTexo60py/I0BaHus M 3aMeHa TeXHUYEeCKN M3HOIIEHHBIX BHYTPH-
JIOMOBBIX CEeTeil CeTIMM U3 JI0JITOBEYHBIX MaTePHUAJIOB.

Takum o6pa3oM, OTepH BOJIbI Uepe3 CAHTeX060PY/I0BaHNE B KUJIOM (DOH/IE TOPOIOB — OJHO
13 CBU/IETEJHCTB HEY/IOBJIETBOPUTETHHOTO TEXHUUYECKOTO COCTOSTHUS BHYTPUOMOBBIX CUCTEM BO-
JfocHaGKeHusd. Y CTpaHSTh 3TU TOTEPH Tpole, 4eM B Topojckux cucremax [IPB. Ha mpaktuke
HEBO3MOKHO METOJOM M3MEpPEHWI YCTaHOBUTH BCE YTEUKH BOJBI B JKUJBIX JOMaxX KPYIHBIX TO-
po/ioB B peasibHOM MacmiTabe BpeMeHn. OpHako MacimTaObl 3TUX yTeueK U KOJMYEeCTBO OTKA30B
CcaHTexo00pY/I0BaHUs, IIPOIEHT TTOTEPb BO/IBI MOKHO OTIPEEIUTh HA OCHOBE MPE/IJI0OKEHHOI BbIIIIe
METO/IVKHU.

[laHHas MeTO/NMKA CBOJAMTCA K BBITIOJHEHUIO B TOPOJAX CJEAYIOMNX paboT:

1. O6cnenyercst He6OBINON, HO PENPe3eHTATUBHBIN yYacTOK KUJIOTO (DOH/A € IEHTPaJIN30-
BaHHBIM BoJlocHaOKeHNeM, BKIIOYaOIUi He MeHee 8260 KBapTHUP, T/ie OIpe/IessieTcss KOJNUeCcTBO
OTKa30B 060PY/IOBaHUS C yTEYKaMHU BOJbI B CAHTEXNpUOGOpPaxX M yepe3 CMbIBHbIE GAUKM.

2. TTo dpopmynam (6.14)—(6.21) oneHnBaercsa Kak KOJMYECTBO MOTEPH BOJbI, TaK M MPOLEHT
yTeueK OT Bceil MoJaHHOI B o6cJeyeMblil KUI0i (POH/ BOJIDI.

3. [TosyuenHble pe3yabTaTbl KCTPAIOJIUPYIOTCS HA KUJI0H (POHI BCETO ropoja.

4. TlocJie TpOBeIEHHBIX OIEHOK Pa3pabaThbIBAIOTCS TEXHOJIOTUYECKUH perJiaMeHT U TpaduK JIBU-
JKEHUST TPYAOBBIX U MaTepPUATbHBIX PECYPCOB [/ YCTPAHEHUS MOTEPHh BOIBI B JKUJIOM (DOH/IE.

BbIBO/1bl

1. Onpenesienn! npuunHbl noppesxaenuit cucrtem [IPB. Kpurepuem ontumusanuu yrnpapiaeHus
cucremoii [IPB npunsTo cHu:keHne n3ObITOYHBIX HAMOPOB B ceTu. IIpm aTOM ycTaHOBJIEHO, YTO
MHTEHCUBHOCTb Tuapoy/aapa B cucteme [IPB Huxe, yeM B TpaH3UTHBIX MarucTpaJibHbIX BOJOBO-
JlaX, TPAHCHOPTUPYIOUIUX BOJY B rOpo/la U UMEIIHUX MPAKTUYECKN YCTaHOBUBIIEeCs /[aBJeHUe
MIOTOKA.

V3MeHeHue AaBjaeHus pu ruapoyaape B cucreme [IPB (1ipu OTK/IIOYEHUN 91€KTPOIHEPTUH
Ha HACOCHBIX CTAHIMAX) MPEACTABJISAET CYHIECTBEHHYIO OMACHOCTD /ISl TEXHUYECKH U3HOIIEHHbIX
ceTeil, HAXOAANMXCA B dKCIJIyaTalluM, TaK KaK THAPOY/ap BbI3bIBAeT MACCOBBIE TTOBPEXK/ACHUS
TPyOOIIPOBOIOB HA yUacTKaX pacTpyOHBIX CTBIKOBBIX COEJNHEHUI 1 WHTEHCUBHOE 06pa30BaHme
CBUINEH B CTAJbHBIX TPyOax.

[ukryroias Touka B cucteme [IPB sBiisiercs uyBCTBUTEIbHOM K OTKJIIOYEHUIO HACOCHON CTAHITUHN.
3/1ech U3MEHEHNE JaBJIEHUsT TPOUCXOUT ¢ 3ajepskKoii (B HameM ciayyae T =7 ¢) U UHTEHCHMBHOCTD
BOJIHBI TH/pOy/lapa 3HauuTeJbHO MeHble. IIpruunHoil ranenns yJjapHoil BOJIHbL B IUKTYIOLIEH TOUKe
ABJIsIeTCs ee ieMIupoBaHue MOTPEOUTEISIME BOJIbI B JKIJIbIX MUKPOpaiioHax (4epe3 MHOTOThICSYHbIE
JIOMOBbBIE OTBETBJIEHUSI OT BOAOCETH K CAHTEXO0OPY/IOBAHUIO B KasK/I0# KBAPTUPE), a TAKKe APYTUMU
MOTPeOGUTENAMIU — TPOMBINIJIEHHBIMUA TPEANPUATUSIME, OPTraHU3aANUIMEI U TIP.

2. Pazpaborana MeTo/IMKa TPOTHO3MPOBAHNS NHTEHCUBHOCTH OTKA30B B BOJIOCETH, TIO3BOJISIO-
1ast a/ipecHO BBIABJATD YYACTKU CETH, T/e HeoOXoanMa 3aMeHa TPpyO WU X CaHAIlMs.

3. IlpumeHeHne MeTOJMKHU ONpe/eieHUsI YTeueK M IoTepb BOJbI B XXKUJOM (POHJIe TOPO/IOB
MI03BOJISIET 1T0-HOBOMY OIIEHUTDH YTE€YKH BO/bI BO BHYTPHUIOMOBBIX CETX.
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4. YuutbiBasg To, 4yTo B cucteme [IPB akcmmyaTupyiorcs He TOBKO HOBbIE TPYOOTIPOBOJIBI, HO
U Takue, CPOK IKCILTyaTallMy KOTOPBIX YK€ 3HAYUTETbHO TTPEBBICH HOPMATUBHbBIN, HEOOXOIMMO
B OJIMIKaIKe TOJbI CO3/IaTh NMPOrpaMMbl U TeXHHYecKue cpejctBa aas cucteM [IPB, obecrneun-
BAOINX IJIABHOE PEryJUPOBaHUE TTPOIECCOB I0/[aU¥ U paclipejieieHus BOJIbI.

5. YcraHoBJieHO, 4TO pa3paboTKa, BHEPEHNE U AKCIIyaTanuss B XapbKoBe 1MepBOil B OBbIBIIEM
CCCP u B YKpanHe aBTOMAaTU3UPOBAHHON CUCTEMbI YIIPABJIEHUS TEXHOJOTHYECKUMU TTPOTeCcCaMu
BO/IOCHAOKEHUS TIO3BOJIUJIN: COKPATUTh PACcXO/l 3JEKTPOIHEPTUU Ha TO/a4y U pacipejesieHne
BOJIbI HA 7 %; CHU3UTH YTEUYKM M HEIPOM3BOJAUTE/bHBIE OTepr Bojabl Ha 10—12 %; yMeHbIIUTD
KOJIMYECTBO TIOBPEXJEHUN Ha BOJAOCETU B Cpe/HeM Ha 5—7 % B TOJ; MOJYYUTb HKOHOMUIO pea-
TeHTOB, HePTEXMMUYECKUX MaTepHaJioB M MaTePHAJOB, UCIOJb3yeMbIX MPU PEMOHTE YYacTKOB
BOJIOCETH; TTOBBICUTDH KYJbTYPY BeJIEHUST TEXHOJOTUUECKUX TTPOIECCOB, YIYUIIUTD YCJIOBUS TPy
ONEePATUBHOTO TIEPCOHAJA BOJOTPOBO/IA; TTOBBICUTH KAYECTBO MPUHUMAEMbIX PENIeHUH 10 yIpaB-
JIEHWIO BOJOCHAOKEHNEM, PEKOHCTPYKIINU U MOJEPHU3AINN BOJIONIPOBO/IA.
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T'JIABA 7

OBb30P PABOT IIO ITPOBJIEMAM OB, bC, PB,
CIIOCOBHbBIX ITOPAKATDH BOAHDBIE PECYPCbI

B navase XXI Beka, He cuuTas BBICOKOPA3BUTHIX TOCYAAPCTB, 00JIQAIONUX MONIHBIMU 3a-
rmacamMu 6O€BBIX OTPABJISIONMX BENECTB M XUMUYECKUX OOenpuIiacoB, okoJyo 20 pa3BUBAIONUXCS
cTpan Mupa 6yIyT UMeTh XMMUYEeCKOoe U OMOJOTHYecKOoe OpYysKue, Tpe/ICTaBgioniee co6oil TOKCHY-
Hble XUMHUKATbl U UX MPEKYPCOPbI, BBICOKOMATOTEHHbIE MUKPOOPTaHu3Mbl. Kak BUI XUMUYECKOTO
OPYJKUSI MOTYT TaKyKe paccMaTpuBaTbCs TepOUIUbl M30UPATEJbHOTO W CIJIOIIHOTO JIeCTBUS,
nedoNMaHThl U eCUKaHThl. B o6Jactu co3nanms GUOJIOTMYECKOTO OPYSKUS B psjie CTpaH Mpo-
BOJSATCS WHTEHCUBHBIE MCCJIEJOBAHUS BBICOKOITATOTEHHBIX MUKPOOPraHW3MOB, HO30apeaoB, WX
pacrpocTpaHeHus, myTel nepegaun, pa3pabaTbiBAalOTCA BaKIIMHBI U cpe/icTBa Jedenns. Cpean 6uo-
JIOTMYECKUX areHTOB BOEHHOTO HazHaueHus 0co60e MeCTO 3aHUMAIOT BUPYCHI OMACHBIX /IS JKU3HU
nHbEKInii. ITO 0CO6EHHO KacaeTcs IPYNIbl dHIedAJUTOB U TEMOPPATHIYECKUX JUXOPA/IOK.

Ta6uuna 7.1

Hekoropsie Guosornyeckne U XUMHYECKHE YTPO3bI

BO/IOIIPOBO/IHBIM IIPeANPUSTHAM

HasBaHuve BospeiictBre Be;;)l(r);;g;cm O6paboTka
HepBHo-napanntnyeckne BeLecTaa
BcacbiBaHue, BAbI-
XAHME. 11838 KO- rMAPONM3YIOTCS B BOAE A0 HETOKCUYHbIX
GA (TabyH) Hbl,l7| noK (’)B ManoBseposTHO cocrasnaiolumx. Nepuon nonypacnana
Y P P NPV HOPMaJIbHOM YPOBHE OCTaTO4YHOrO
CMEDTENbHOE xnopa coctaenseTt 9 yacos. [10BbICUTb
P YPOBEHb OCTATO4YHOr0 Xaopa
o HepBHo-napanntnyeckne BeLecTaa
= BcacbiBaHue, BAbI-
3 KAHVe. (1338, KOX rMAPONM3YIOTCS B BOAE A0 HETOKCUYHbIX
3 GB (3apuH) Hbl1l7l noK (’)B ManoseposTHO cocrasnsiolumx. Nepuon nonypacnaaa
2 P P P npv HOPMaJIbHOM YPOBHE OCTaTOYHO-
2 CMEDTENBHOE ro xnopa cocraenset 15—600 yacos.
§ P [MOBLICUTb YPOBEHb OCTATOYHOIO X0pa
T
= HepBHo-napanntnyeckne BelecTaa
= BcacbiBaHue, BOpbI-
= XAHME. 11833, KO- rMAPONM3YIOTCS B BOAE A0 HETOKCUYHbIX
5 GD (3omaH) Hbl,l7'l NoK| ,OB ManoBeposTHO cocTasnAiowLyx. Tlepuoa nonypacnazsa
T P P NPV HOPMaJIbHOM YPOBHE OCTATOYHO-
% CMEDTENbHOE ro xnopa cocrtasnget 40—80 yacos.
2 P [MOBLICUTb YPOBEHb OCTATOHYHOIO X0pa
T
HepBHo-napanntnyeckne BeLecTaa
BcacbiBaHue, BAbI-
KAHVE. (1338, KOX- rMAPONM3YIOTCS B BOAE A0 HETOKCUYHbIX
VX Hbl1l7l oK (’)B MasIoBEDOSTHO coctasnatowmx. Nepuop nonypacnaga
P P Npv HOPMasibHOM YPOBHE OCTaTOY-
CMEDTENBHOE Horo xnopa coctasnset 1000 yacos.
P [MOBLICUTb YPOBEHb OCTATOYHOIO X0pa
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HasBaHune Bospeiictane EEPOIEE O6paboTka
yrpossbl
BcacbiBaHue, BObI-
xanve. rmasa Kﬂ)K YacTnyHoe okncneHne MoXeT NPUBECTU
OunLeHHas Hbl,l7'l oK (’)B K 06pa30BaHMI0 TOKCUYHBIX MOBOYHBIX
P ManoBeposiTHO | NPOAYKTOB; AaJlbHENLLIEE OKNCEHNE
ropuyvua (HD)
P MOXET OKA3aTHCS €noco6HO NpMBECTM K 0OpPa30BaHNIO He-
TOKCUYHBIX COEAVHEHWNA.
° CMepTeSIbHbIM
: Bcaceisarive, BAibi- YacTYHOE OKMCIEHE MOXET M
[ pPUBECTU K
3 XaHue, rnasa, Kox-
a Hbi OKDOB 00pa30BaHMI0 TOKCUYHBIX MOOOYHBIX MPO-
e UnpuT (H) P ManoBeposiTHO | AyKTOB; AanbHelllee OKUCNeHNe crocob-
Q HO NPUBECTN K 0OPA30BaHNI0 HETOKCUY-
MoxeT okazaTbcs o
X HbIX COEANHEHNIA.
S CcMepTesibHbIM
BcacbiBaHue, BObI-
XaHue, rnasa, Kox-
Hbi OKDOB OO6bl4HblEe Oe3VHPULMPYIOLLIME CPeacTBa
Jonsut P ManoBeposiTHO | CMOCOGHbI OKUCANTL 4O CPABHUTENIbHO
HETOKCUYHbIX MOOOYHbIX MPOAYKTOB.
MoxeT okasaTtbcs
CMepTeIbHbIM
BaopbixaHne
ApCuH ManoBeposTHO | Hem3BecTHO
o MoxeT okasaTtbcs
§ cMepTesibHbIM
s S Xnop okucnseT umMaHua oo LMaHoreH
E g BcacbiBaHue, BApl- xnopuga (CNCI), koTopbili Takxe 9Bns-
X g XaHWe, KOXHbIA no- eTcs TokemyHbiM. Mpu pH < 8,5, CNCI
[ORN]
s o KpOB coxpaHsietcs; npu pH >8,5 npogonxaet-
c NaHu ManoBeposaTHO
z H A P Ca nepexof, B UMaHaTtbl U HETOKCUYHblE
=S} MoxeT okasaTtbcs no6oYHbIe NPOAYKTLI. TOYHbIX AAHHbIX
y
CMepTesibHbIM 0 TOoKcnYHOCTUK 1 ycTonumeocTn CNCI B
noArOTOBNEHHONM BOAE HET.
o) Bcaceisanve, Bapbl- Mpv BpeHbIX KOHLLEHTPaLMaX B BOAE
g = XaHue, rngsa, cm- GOMBLLMHCTBO MPOMBILLIEHHBIX XMMUKA-
ol 3?8;_"?3'; n%”KOlBKE‘;" TOB YETKO AAI0T 0 cebe 3HaTh (0COBEHHO
3 § PasnnyHble P ManoBeposiTHO | 3anaxom) u Takum 06pa3om nerko noj-
n
5 MoryT 6biTb OT JaioTcs 06Havpy>|<eanc3. OHu He cyuTatoT-
2 BpEeLHbIX [0 CMep- €1 BEPOATHOW Yyrpo30i cuctemam BOLO-
TesIbHbIX cHabxeHus.
HenasecTHO. BbigBuranach runoTesa,
4TO aPNaTOKCUHbI, O4EBUOHO, YCTONYM-
AbnaTokcuH BcacbiBaHue BoamoxHo o ’ ’
¢ Bbl K BO3AENCTBMIO XJ10pa Npu 0ObIYHbIX
OCTaTOYHbIX KOHLEHTpaUmaX.
HeunseecTHO. Mpy HOpMasbHbIX YPOBHSX
AHaATOKCUH BcacbiBaHue Bo3moxHo XTIOp He ,D,eVICTBF;/eT P P
3 .
g BOTVAMHM B >99,7 % nHakTMBaLms CBOOOOHLIM X/10-
g y caceiBane POM Mpu KOHLEHTpaumm 3 Mr/n B TeyeHne
= HECKIA TOK- BoamoxHo 20 MUHYT. XnopammHbl 06bIMHO OKa3blBa-
o) CUH A CwmepTenbHO vT. P
S 0TCH HEAPDEKTUBHBIMU.
§ Xrnop He gencTeyeT. XnopamuHbl — He-
S | MukpoumnctmH BcacbiBaHue Bo3moxHO n3eecTtHO. OOpaTHbIN 0OCMOC CnocobeH
g yaanuts 00 90 %.
3 Xnop He oeincTByeT. XnopaMmnHbl — He-
Puupn B BcacbiBaHne Bo3MOXxHO n3BectHo. OBpaTHbIN 0CMOC crnocobeH
yoanutb 4o 99,8 %.
Xnop He gencTByeT. XnopaMmmHbl — He-
CakcnToKCuH BcacbiBaHne BoamoxHo n3eecTHo. OBpaTHbIN 0CMOC CnocobeH

yaanutb 1o 98,9 %.
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(Xonepa)

HasBaHve BospeiictBre PTG O6paboTka
yrpossbl
o Staphyloccoal o
0 ) Hen3BeCTHO. AKTMBMPOBAHHbBINA YroJib
> Enterotoxin B BcacbiBaHue Bo3moxHO
O 5 B MOXeT 0Ka3aTbC 3PDEKTUBHBIM.
Qz (SEB)
S 3 | Tricothecene y
5 X ) Hen3BeCTHO. AKTMBMPOBAHHbLIA Yrosib
= © | mycotoxins BcacbiBaHne Bo3amoxHO
S (T-2) MOXeT 0Ka3aTbC 3PDEKTUBHBIM.
0 -
Tetrodotoxin BcacbiBaHne Bo3moxHO HensBecTHO
BereTtatneHble KNeTKM MHAKTUBMPYIOTCA
Bacillus 5 mr/n ceoboaHoro xnopa B TedeHve 20
anthracis BcacbiBaHue, BAbI- MUHYT. Cnopbl BblAEePXMBAIOT BO3AEN-
(Cnbnpokas XaHue, Yepes KOX- Bo3moxHO CTBME x0pa n xnopamuHoB. OOpaTHbI
A383) A HbI MOKPOB OCMOC, yNibTpadunbTpaumsa U ynobtpa-
duoneTtosaa nesnHpeKuns MOryT oka-
3aTbCs 3PGDEKTUBHBIMM NPOTUB CrOP.
Brucella 0
melintensis BcacbiBaHue yepes Wnaktuempyetcsa 1 % pactBopom rmno-
U B. suis nopesbl KOXHOro Bo3MOXHO xnoputa Hatpus. [lpyrne cpencrtea
) nokpoBsa e3NHPEeKLNN HEU3BECTHbI.
(Bpyuennes) B P A bexy
Burkholderia BabixaHue, BO3MOXHO HeunssecTHO. MOXeT MHaKTMBMPOBATLCH
mallei (Can) B BCacblBaHve 1 % pacTBOPOM rMNOXnopuTa HATPUS.
Chlamydia
Ll Hewn3eecTHO. MOXeT MHAKTMBMPOBATLCS
psittaci BaobixaHue ManoseposTHO o
1 % pacTBOPOM rMNOXI0pUTa HaTpuS.
(McuTTakos)
Cryptos- OoumcTbl CONPOTMBASIOTCS Ae3NHPEK-
idi N NPOAYKTaMKU Ha OCHOBe xJiopa. Ang
o | P o BcacbiBaHue Boavoxro | M MPoAy pa. [l
S (Kpunto- NHakTMBaumm TpebyloTCa NepeaoBble
S cnopuaos) cuctemsl 06pabotkn. Cm. LT2ESWTR.
8
o Escherichia Jlerko nHakTnBMpyeTcs 0ObIYHBIMU Cpen-
o ) . BcacbiBaHne BoamoxHo
S coli O157:H7 cTBaMM Ae3nHbEKLMN.
g .
Z Francisella
S . Jlerko nHakTnBupyetcs 00bl4HbIMU CPes-
<} tularensis BaopixaHve ManoseposTHO
5 A CcTBaMu Ae3NHpeKUMU.
e | (Tynapemus)
)
£ Salmonella
& typhimurium Jlerko nHakTnBmnpyetcs 00blYHBIMU CPeL,
and S. typhi BcacbiBaHne BoamoxHo Py P
cTBaMu Ae3nHdeKumm
(MvweBoe
oTpasiieHne)
Shigella
gere Muaktuenpyetcsa 0,05 mr/n ceo6oaHOro
dysenteriae BcacbiBaHne Bo3MOXxHO
xnopa B TedeHne 10 MUHyT.
(LWvrennoc)
Yersinia Wraktuenpyetca 1 % runoxnopuTa Ha-
. BcacbiBaHue, Tpus. O BO3MOXHOCTU NHAKTMBMPOBAHMNS
pestis BoamoxHOo
(Yyma) A BObIXaHNE 00bI4HBIM OCTATO4YHBLIM X/I0POM M XNopa-
MWUHaMN HEN3BECTHO.
Muaktnempyetca 1 % runoxnopuTa Ha-
Variola major BcacbiBaHue, BO3MOXHO Tpnsa. O BO3MOXHOCTN MHAKTUBMPOBAHMS
(BeTpsiHka) A BObIXaHWe 00bI4HbIM OCTATO4HbLIM XJIOPOM U XJlIopa-
MWUHaMW HEN3BECTHO.
Vibrio Jlerko nHakTnBupyetcs 06bIYHBIMU CPE
cholerae BcacbiBaHne BoamoxHo Py ben

cTBaMu nesnH@ekLmu.
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HasBaHune BospeiictBre Besch;(T)ggloTb O6paboTka
S Apyrue
@ BMPYChI
()
Ia Hanpumep,
= (reM% ap HeunseecTHO. Kak npaBuio, roBOpuTCS
== PP . BcacbiBaHue HewnseecTHO 0 [fo3ax nHaktueaumm 1 % runoxnopurta
S @ rMYeCcKuni,
=S Q HaTpuS.
20 HopyoJik,
g Obona, poTta-
3 BMpPYChbl) A C

[Mocae mopnucanusi 8 1990 roy 1BYCTOPOHHETO COBETCKO-aMEPUKAHCKOIO COTJIAIEHUS O TIpe-
KpaleHn MPOM3BO/ICTBA XUMUYECKOTO OPYYKUS W COKPAIEHWN €ro 3aMacoB B MUPE CJOXUIACH
6JraronpusTHAs CUTyalus [/ MPAKTUYECKOro BOTLJIOINIEHUS B JKU3Hb PelleHus IO TOJHOMY 3a-
MPEMNEeHNT0 U YHUUTOKEHUIO XUMUIECKOTO W GUOJIOTHYECKOTO OPYKUS, TTPEJCTABISIONIETO 0COOYTO
OTIACHOCTD TTPU TOTIQIaHUM B BOJHbIE UCTOYHUKH BojocHab:kenus [361, 362, 363, 364, 365]. Ho
MPU 3TOM HEJIb3sT UCKJII0YATh BO3MOXKHOCTD XUIIEHUS M3 JaO0paTOPU U CKJIAJOB 3TOTO OPYIKUS
1 XUMHUKO-OAKTEPUOJOTHIECKOTO TTOPaKEeHNST BOJHBIX MCTOUYHWKOB B pe3yJbTaTe AEHCTBUH KC-
TPEMUCTOB, MEXKAYHAPOIHBIX TEPPOPUCTOB.

B 1o xe Bpems B ctpanax HATO, u mpexae Bcero B CIIIA, Bemytcs HUMOKP B o6aactu
CO3/TaHNS TEPCIeKTUBHBIX XUMUYECKUX O0eTPUNacoB, areHTOB OMOJOTHIECKOTO OPYSKHUsS, CPEJCTB
WHIUBUAYAJbHON ¥ KOJJIEKTUBHOW MPOTUBOXUMHUYECKOW W OMOJOTUYECKON 3aliiThi, TPHOOPOB
3a06J1arOBPEMEHHOTO OOHAPYIKEHUsT OTPABJSIONINX BEMECTB U KOMIOHEHTOB OHOJIOTUYECKOTO
OPY’KUS, TEXHUYECKUX CPEACTB KOHTPOJSA 3a COOJIIO/IEHNEM TOTOBOPOB B O6JACTH XUMUYECKOTO
pPa3opy KeHusl.

Ha cna6:xenun apmun CIIIA nmeercs cBbinite 20 TepOUIUAHBIX PEIENTYP, MPeHA3HAUYEHHBIX
JUISI YHUUTOXKEHUS CeJbCKOXO03SIMCTBEHHOM M JIECHOW PACTUTEJIbHOCTH, MOPAKEHUsT BOJbI — UC-
TOYHWKA XKU3HNU YesoBeKka. /lampHelinee coBepiieHCTBOBaHME MTPEMapaToB JAHHOTO KJacca BEJeTCs
KaK MyTeM TMoncKa (PUTOTOKCUKAHTOB ¢ 60Jiee BBICOKMMH MOPAKAONUMI XapaKTePUCTUKAMU, TaK
u myTeM 1moa60opa pas3MYHBIX KOMIIOHEHTOB, YCUJIUBAIONNX TpaHncdopmanmio n 3¢GpdeKTUBHOCTD
OCHOBHBIX [IEMCTBYIONIUX HadaJ.

[Topaskaiornire BO3MOKHOCTH TepPOUIMAHDBIX PELENTyp B 3HAUYUTEJNbHOU CTENEHU 3aBUCST
OT KAQYeCTBEHHBIX M KOJUYECTBEHHBIX COOTHONIEHWH BXOSININX B HUX BENIECTB, a TaKyKe OT TOM
(opmbI, B KOTOPOII OHU BBITIOJTHEHBI JJIS TPAKTHYECKOTO MTPUMEHEHMS.

N3 Bcex pu3MKO-XUMIUECKIX CBOWCTB TepOUIUIOB BaKHEUTITM B (DOPMUPOBAHIH TIPETTapaTiB-
HBIX (DOPM ABJISIETCS UX CMTOCOOHOCTD MEPEXO/IUTh B PACTBOP B BOJIE MM OPTAaHUYECKUX JKUIKOCTSIX.
B 3aBucumocT OT 9TOTO CBOMCTBA OHU MOJPA3EISAIOTCS HA JUNO(PUIbHBIE U THAPO(UIbHBIE.

PactBopurengamu munoduabHbIX TepOUIIIIOB TP MOJYYEeHUN M3 HUX KOHIEHTPATOB CJIYKaT
pasmmunble ppakiun HedTH, TIpeAcTaBIeHHbIe aqndaTnyecKUMI UJIH apOMAaTHYECKUMH YTJIeBO-
JIOPO/IaMU C HU3KWMU TOUYKAMW KUTICHUS.

Kontmentpatel Mmenee aunmopuIbHBIX W THAPODUIBHBIX aKTUBHBIX WHTPENEHTOB MOJYyYaloT
pPacTBOpPEHMEM MX B CMECSX CITUPTOB, TJIUKOJIEH 3(UPOB 1 XJTOPUPOBAHHBIX OPTAHUYECKUX PACTBO-
puTesigX. Y CTOHYMBOCTD PACTBOPOB M MPHUAaHNE UM OOJIbINEH aMyIbTUPYEMOCTH TpU pa3baBIeHUN
BO/I0M 1 (DOPMUPOBAHWHN AMYJbCUHU Tepe/l MPUMEHEHNEeM JOCTUTAIOTCS A00aBJE€HWEM TOJyO0JIa
nim KcujaoJa. BomaHo-MacagHble 3MYyJbCUU CTAOUIN3UPYIOT IMYJTbraTOpaMyu — XUMHYECKUMU
COCIMHEHUSIMU C MOJIEKYJaMi, HeCyImUMH JUTToMDUIbHbIE NI THAPODUIbHBIE yHacTKu. K Takmm
COCIMHEHNSIM OTHOCATCS AJUHHOIETIOYeYHbIe Cyab(UHUPOBAaHHBIE 3(DUPDHI MOJUITUICHT TUKOJIS
U TIOJIMOKCUATHIIeHOIeaTa. KoHcepBanTaMu JOOUBAIOTCS CHUKEHUST CKOPOCTU TTOOOYHBIX PeAKInii,
BeIyNINX K MOTepe aKTUBHOCTH TrepOoutnioB. [lyis aTuX 1meseil ncmoib3yoTes TpOn3BoHbIe GEH3UI-
AIETOHUTPUJIA, HATPUEBbIE COJIN AJKUJIOYTUIIUAMATA, CJOXKHbIE 3(DUPDI HATPUIT-THOOY THJIIHOATA.
B pernenTypbl BBOASTCS TaKXKe JAUCIEPCAHTHI U CBS3YIONIME BEIECTBA, CIIOCOOCTBYIONIHE 00Pa30-
BAHUIO a3P030Jis, OJU3KOTO K MOHOJMCIIEPCHOMY TIPU PACTbIJICHUN, W YAEeP>KUBAOININE YACTHUIIDI
Ha TTOBEPXHOCTH PACTUTETbHOCTU TIPU OCAXKJeHWMW. B KadecTBe TaKMX BENIECTB HMCIOJb3YIOTCS
Marepuasbl, cogep;kamue 6enok (MOJOYHBIE MPOAYKTHI, MyKa 3€PHOBBIX KyJbTYP, alabOyMuH,
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JKeJIaTHH ), Mac/a, PacTUTeNbHbIe KJIeH M KaMeIu, CMOJIbI, KaHUu(OIU, TePHEHbI, a TaKkKe CYJib-
urupoBanHbIe CIMPTHI, HEDTAHBIE CYab(POHATHI, d3(PUPHI KUPHBIX KUCJIOT, 3(PUPHI MOJUOKCH-
ATUJIEHTJIMKOJIS ¥ KAaoJuH. Murpanuio repOuIna ¢ MOBEpXHOCTH K BHYTPEHHUM TKaHSIM JIUCTA
n cTebJid yCUIWBAIOT BBEJAECHUEM B PENENTYPbI PAa3JMYHBIX JUMHUIOB U MOBEPXHOCTHO-aKTUBHBIX
BelecTB: 3(UPOB BBICOKOMOJIEKYISIPHBIX JKUPHBIX KUCJOT, apUJIAIKUJIITONUITHICHOKCUIOB TJIH-
KOJIeH, aJIKMJTaMUHAIETATOB, aJKUJIapuacyabdoHaTOB U ankuadocdaTos.

TBepmodasHble HOCUTETN IEHCTBYIONUX COEJAWHEHU TepOUIUI0B TIPEJCTaBJIEHbl TpaHy-
JupoBanHOil gopmoit u aycramu. OCHOBOW TpaHyJ SIBJISETCS KAOJWH, a yCTOB — CHJIUKATHO-
kap6oHatHblie moponrku. CiexuBanue W YKPYITHEHUE YACTUIl TPAHYJIUPOBAHHBIX U MOPOIIKOBBIX
pPeenTyp Mnpeaynpesx/1aloT aHTUKOHTJIOMEPATHBIMY CPeJICTBaMU. B yacTHOCTH, N3MEHEHUE ChIlly-
YeCTH PeIenTyp CTAaHOBUTCS MUHWMAJILHBIM ITPU UCIOJb30BAHUU JUATOMHUTA W HATPUEBOW COJIH
MOHO- U quMeTuaHadTaInHCYIb(OoHATA.

B xone paspabotku perentyp amutenpbHoro aeiictBuss B CIIIA B KavecTBe HamoHUTEJS
1 HOCcHUTEJ s (PUTOTOKCUKAHTOB UCIIBITBIBAIOTCS MTOJUAMUIbI, TIOJTUCAXapPU/Ibl, JUTHUHBI, KpaxMaJ,
MOJIMATUIIEH, ToJunponuaeH. Hocutesn ¢ paBHOMEPHO paclpe/ieJJeHHbIMA B HUX aKTUBHBIMU Be-
HIeCTBaMM MO/[BEPraioTcd MUKPOKaICcyJanpoBannio. [1o 3akaouyeHnio aMepuKaHCKUX CITeIUaInCTOB,
MPOJOJKUTETHHOCTD MOPAYKAIOIIEr0 JEHCTBUS U3TOTOBJEHHBIX TaKUM 06Pa30M PEIENTypP MOKET
COCTaBJIATH HECKOJBKO JeT.

3HaunuTeJbHAS YacTh COBPEMEHHBIX TepOUWIIN/IOB CIJIOIMIHOTO W CEJIEKTUBHOTO [I€WCTBUSI,
MCTI0JIb3YEeMbIX B MHTEpPecaxX BOOPYKEHHBIX CHUJI 3allaJIHbIX CTpPaH, IMOpa’kaeT pPacTUTEeJbHOCTh
3a cyeT M36MPaTeJbHOTO HAPYIIEHUS OJHOTO WJU HECKOJbKUX JKU3HEHHO BAXKHBIX IPOIECCOB.
B cBg3u ¢ atuM oHM 06/1a71af0T BBICOKOW (PUTOTOKCUYHOCTHIO MPU OTHOCUTEJIbHO HU3KOM TOK-
CUYHOM BO3/IEHCTBUYM HA MJIEKONUTAIOMMWX. YKa3aHHOE CBOWCTBO OOYCJOBJIEHO 3HAUYUTETHbHBIMU
pasIMUMSAMK B 1eTsAX oOMeHa, XapaKTePHBIX /IS PACTUTEJTbHBIX W KUBOTHBIX opranuamoB. Oj-
HAKO MPH MTPUTOTOBJIEHNN KOHKPETHBIX ITPenapaTuBHBIX (GOpPM TepOUINI0B BOEHHOTO Ha3HAUYEeHUS
B HUX MOTYT BBOJIUTHCSA JOOABKU, KOTOPBIE CYMIECTBEHHBIM 00Pa30M BUIOM3MEHSIOT TOKCUYHOCTD
u pasjpakaroliee JielicTBUe pelenTypbl Ha YesioBeka n kuBOTHbIX. Hakormennbiit onbiT B CIITA
n rocynapcrsax 6;1oka HATO mokasbiBaeT, 4To MposiBJAeHNE TOKCUYHOCTHU TTPEK/E BCETO 3aBUCUT
oT GUBMKO-XUMIUYECKUX CBONCTB BelecTB. Tak, HApuMep, BOJI0PACTBOPUMbIE TepOUTTUILI GBICTPO
BBIBOJIATCS U3 OpPTaHU3Ma M OKa3bIBAIOT B 3aBUCUMOCTH OT JI03bI JIUIIb KPATKOBPEMEHHOE OCTPOE
TOKCWYECKOE JIeliCTBUE, TOT/a KaK JUIOMUIbHbIE TTECTUIIMIBI BBIBOJAIATCS MEIJEHHO U CITOCOOHDBI
HaKalJUBaTbCS, BBI3bIBas XPOHUUECKHUI TOKCUKO3, K KOTOPOMY OOBIYHO TMPUBOINJIO TPUMEHEHNE
T n nmokcwHa, NPUCYTCTBYIONIETO B HEKOTOPBIX TepOUIIUIHBIX PEIenTypax.

B BoeHHBIX MeANMKO-OMOJIOTHYECKUX HccaeoBanugx, mpoBoauMbix B CIIIA u rocymapctBax
HATO, TOoKCHYHOCTDH TpenaparoB, BbI3bIBAIOIINX OCTPbIH TOKCUKO3, OIEHWUBAETCS 110 KOJHMYe-
CTBEHHOMY 3HAYeHHIO cpejHeil yetanbHoil jo3pl (JI ). IIpu aTOM MCIOIb3YIOTCSA JTaHHBIE DKC-
HEePUMEHTOB, TPOBOMMBIX Ha KMBOTHBIX (TOKCUYHOCTb MECTHIIU/OB OIPEIEIAeTCS B OCHOBHOM
Ha KpbIcax).

B CIIIA B 3aBUCHMMOCTH OT Pe3yJ/IbTATOB UCHBITAHUI XuMuueckue coepnnennsa ¢ JI/, Menbie
50 Mr/Kr OTHOCAT K BBICOKOTOKCHYHBIM Bentectam. IIpenaparsr ¢ JIJI, ) Bbime 50 mr/Kr cunta-
I0TCA TOKCUYHBIMHU, CPEJHETOKCUYHBIMU U MAJOTOKCUYHBIMU. BoJjiee TouHOe pasjesenne BelecTB
mo Kjaccam Tokcuunoctu, npunasaroe B CIIIA, mpuBeneno B Tabauie 7.2.

Tabmuma 7.2
Kaaccpl TokcnynoCcTH BEIECTB
Knacc BepostHble JI, | Ang Yenoseka maccoii 70 kr

TOKCUYHOCTM Mr/KT M

6 MeHee 5 menee 0,15

5 550 0,15—5

4 50 — 500 5—28

3 500 — 5000 28 — 473

2 5000 — 15000 473 — 946

1 6onee 15000 Gonee 946
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Haunb6osee pacmpocTpaHeHHBIMU aKTUBHBIMU COCTABJISIONIUMU CYIIECTBYIOMINX TePOUTTHIHBIX
CTPYKTYP ABJSIOTCS TTPOU3BOAHBIE (PEHOKCUYKCYCHBIX KHCJI0T. Ha X 0CHOBE CO3/]JaHO HECKOJIBKO
COTEeH Pa3HOOOPaA3HbBIX IMPenapaTuBHLIX (POPM, KOHIIEHTPATOB U CMECENi, PSI/T U3 KOTOPBIX COCTOUT
Ha cHaGkeHWW Boiick. B wactHoctn, 2,4-D wnam 2,4-puxmopdeHoKCUyKCycHass KHCJI0Ta WMeeT
6osiee 60 pupMeHHBIX BapUAHTOB.

Pasnoo6pasubie GoOpMbI UMEIOT TaKKe KUCJIOTHI:

2,4-DP nmm 2,4-nuxnopdeHoKCunponmoHoBas;

2,4-DB wm 2,4-nuxnopdenokcnbyTuioBas;

2,4,5-T wmm 2,4,5-TpuxaopdeHoOKCuyKCycHas.

[TpousBonubie xaopdenokcunamudaTrniyeckux KUCJIOT U 3GUPOB TMpeACTABJIECHDI
MCPA — (4-xnop-2-merundenokcu)ykeycnas kucjaora (Metaxon, Agroxone, Weedone),
MCPB — 4-(2-merun-4-xaopdenoken)6yrunosas kucaora (Can-Troe, PDQ Thistrol), MCPP —
2-(4-x710p-2-Merniderokcu ) mpornronosas kucaora (mecoprol, Methoxone M, Mecopex, Gondon’s
Mecomec) u aukam6a (Banvel) -2-metun-3,6-guxaop6ensoiinas KUc/aoTa.

Kasnmesble, HaTpueBble 1 aTKUJIAMUHHbBIE COJN (PEHOKCUYKCYCHBIX U (heHOKCHaIN(aTHIecKux
KUCJIOT TTPUMEHSIOTCS B BOJHBIX pacTBOpax. J(PUPHI ITUX KUCJIOT MEHee PacTBOPUMbBI B BOJE
M0 CPABHEHUIO C COJIIMH M MCTIOJb3YIOTCS B BU/IE AMYJIbCHUI.

Cnenudndeckoe pazapaskarolnee AeliCTBUE Ha KOXY, TJa3a, CAU3UCTbIE 000JOUYKH OPTaHOB
JIBIXaHUSA U KeJyJAO0UYHO-KUIIEUHbI TPAKT OKAa3bIBAIOT XJOP(PEHOKCUKHUCIOTHI, MX COJU W 3(DUPBHI.
OHu NMpOHWKAIOT B OPTAaHU3M Yepe3 KUIIEYHYIO CTEHKY, JieTKhe M KoxKy. IIpwuem akkymysims
X B JKMPOBOM IMPOCJIOiKe He HabJogaeTcs. BenecTBa BbIBOJAATCS B OCHOBHOM ¢ Mouoii. IIpowuc-
XOJUT TaKkKe He3HauuTeJbHass 6moTpancdopMalus U CBsI3bIBaHWe XJ0P(EeHOKCUrepOnInIoB.

[Tepuon mosryBbIBeieHNs N3 opranu3ma yesnoBeka 2,4-D B cpeanem pasen 18 wacam; 2,4,5-T —
24 yacam. nauBuayaabHble pa3judns B KUCJIOTHOCTU MOYM MOTYT U3MEHSTH 9TH BEJTMYMHBI OT 4
1o 140 gacoB. Uem MeHbIIIe KUCJIOTHOCTh MOUM, TeM OBICTPEE BBIBOASATCS TePOUIIMIbI.

B skcnepumenTax, mpoBoguMbix B CIIIA Ha KUBOTHBIX, OOJibliiie J03bl 2,4-1D BBI3BIBAIOT
PBOTY, TIOHOC, OTCYTCTBHUE allleTUTa, MOTEPI0 MACChl, M3bA3BJIEHNE TOJOCTH PTAa U TJOTKH, IO-
paskeHue JIETKMX, TOYEeK W IEeHTPaJbHOIl HEPBHOW CHCTEMBI. Y CTAHOBJIEHO, UTO Jl03a 3 MTI /KT,
BBe/IEHHASI YeJIOBEKY OJJHOKPATHO, HEe OKAa3bIBaeT BPEIHOTO BO3/EHCTBUS.

B nporiecce npousso/ictBa repOuiga va 6ase 2,4,5-T npu HapyueHun Texsosoruu (Iipesbiiie-
HIe TeMIiepaTypbl) 06pasyercst BBICOKOTOKCHYHDIN, 00/1aaiolnii KaHIIEPOreHHBIM U TEPAaTOreHHBIM
JleiicTBUEM XJOPANOEH30IMOKCHH. Y Ka3aHHbII KOMIIOHEHT MPHUCYTCTBOBAJ B CMECU TepOUIH/I0B
«Orange-1», KoTOpas NpUMEHJIACh aMepUKaHIlaMu BO BpeMs BoiHbI B IOro-Boctounoit Asum,
nmopaskasi BOJy, 3eMJII0, PAaCTEHUS U BO3IYX.

OTanvuTesbHON 4epToil HUTPO(MEHOTbHBIX U HUTPOKPE30JIOBBIX TePOUTINIOB U TIECTUIIH/IOB,
c1a60 pacTBOPUMBIX B BOJIe, SIBJSETCS PUMEHEHNE UX B OPraHMYecKuX pacTBopuTesax. Psas mpe-
napatoB, Takux kKak auHutpodenos (Chemox PE), munurpokpeson (DNOC, DNC, Chemsect
DNOC, Elgeto 130, Nitrador, Selinon, Sinox, Trifocide), qurnoce6 (DNBP, dinitro, Basanite,
Caldon) u apyrue, ucnonb3yorcs B BUAE SMYJbCHII ¥ CMaunBaeMbiX MOPOIIKOB. OHU BBICOKO-
TOKCWYHBI JIJIST YeJIOBeKa U JKMBOTHBIX, MMOCKOJbKY TPUMEHSIOTCS B BUJ/IE TOHKUX a3p030Jel U X0-
POIIIO TTPOHUKAIOT B OPraHW3M uyepe3 JIeTKUe, KeJTyI0YHO-KUIITEeYHbIN TPAKT U KOXY. BbiBemenue
n 6morpancdopMalusg aTUX HITPOAPOMATUUECKUX COeIMHEHNI OTHOCUTEbHO 3aMe/ieHbl. [lepuos
ITOJIOBUHHOTO BBIBEJIEHMSI U3 OpraHmaMa cocTtaBisier 5 — 14 aHeii. MexaHU3M TOKCHYECKOTO Jleii-
CTBUSI OCHOBAH Ha aKTHUBAIIUM OKMCJUTEJIbHBIX MPOIECCOB B MUTAXOHAPUAX KJIETOK.

Knace punupuanjioB cpeau repOUIMAOB TpeACTaB/JeH TapakBaToM U AuKBatoM. IlepBbrit
XapaKTepPU3yeTcsl CUCTEMHBIM HeCeJeKTUBHBIM KOHTAKTHBIM /IeMCTBUEM W OOBIYHO MTPOU3BOIUTCS
B BUJIE AUXJOPHUAA U AuMeTuicyabdara. Ero TexHmuecKuii mpolyKT XapaKTepu3yeTcs KOHIIEHTPa-
musimu 20— 50 %. TlapakBaT IMHPOKO MCIIOJIB3YETCS B cMecsX ¢ Apyrumu repounugamu. OH U ero
CcMecH TIpM KOHTaKTe ¢ KOJKell BBI3bIBAIOT OSBJIEHNWE 0XKOTOB M U3bsA3BAeHU. [Ipu oTpaBienusax
nmapaksaT o6JiajlaeT crmocoOHOCThIO HAKATIINBATHCS B JIETOYHOUM TKAHM M IOPaskaeT ee 3a CYET re-
HEPUPOBAHUS AKTUBHBIX PAJUKAJIOB KHUCJIOPOAA W MHUIMMPOBAHUS ITEPEKNCHOTO OKHCJEHUS
surnoB. [lomaBuiee BHYyTpDb coenmHenne B go3ax 20 —40 mr /kr uyepes 2 — 3 Hemem B GOJBITIH-
CTBe cJIyyaeB TIPUBOJAMUT K cMepTu. [mbeb HacTymaeT n3-3a riy60KOro HapyIlleHns HOPMaJTbHbBIX
MPOIIECCOB KU3HEAEATETbHOCTH KEJTYT0YHO-KUIEYHOTO TPaKTa, TMOYeK, rmedyeHn u jerkux. [Ipu
no3sax Bbirre 40 mMr/kr cmeptHocTh gocturaer 100 % B teyenuwe 1—7 CyTOK.
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[TapakBaT oco60 omaceH AJs JIOAell TPU aBUAITMOHHOM PACIbIIEHUN JKUIKON PEIENnTyphl.
Babpixanue aspo30Jisi IPUBOJUT K CMEPTH BCJIEJCTBHE BO3HUKHOBEHMS OTeKa JIETKUX IPHU 103aX
6oJiee 4 Mr /Kr.

Juksat (perjion) — repOUIU/ 1 JEeCUKAHT, IIPOU3BOAUTCA B BH/AE AUOGPOMU/IA MOHOTHAPATA.
B >KuKUX KOHI[eHTpaIuaXx ero cogepxkurcsa 20 —25 %. B cpaBHeHUu ¢ mapakBatoM OH B MEHbIIIEi
CTENeHH MmopaskaeT KOXKy, a Takke He HakanuBaercs (usbuparenbho) B jerkux. OCHOBHOIT npu-
YuHOM rubesim opraHu3Ma Mpu OTPaBJEHUN JUKBATOM SIBJISETCS TMOPaskeHue 1movek. 3a cYeT TOK-
CUKO3a TSKEJOMY TMOPaskeHUIO MOJBepTaeTcs IeHTpaJIbHass HEPBHAS CUCTEMA.

[To psanpy mecTUIuIOB BBISBJIEHO, YTO OHU TIPEACTABJAIOT 3HAYMTEIbHYIO YTPO3y HE TOJHKO
JUTST SKU3HU 4eJIOBeKa, HO U JIJIsT cpe/ibl oOuTanus. B ¢BA3KM ¢ 5TUM 110 pelieHnio HAIlMOHAJIbHOTO
areHTCTBa 10 OXpaHe OKPY:Kalollell cpe/bl 3alpenieHo pacnpoctpanenune Ha tepputopun CIITA
6yraxsopa, [/IT, aurpanmmua, tpucbena, nMuIpa3nua, 3HAYNTEJTHHO OTPAHUYEHO NTpUMEHEeHNe Ba-
norona, MK, Mmonypona. [lnanupyercs mMoJHOCTHIO YHUUTOKUTH 3aTTaChl U TTPEKPATUTH UCIIOJTh-
3oBanue auHoce6a, EDB, cunbBekca, 2,4,5-T. Ilo olleHke, Ha U3BSTHE U3 XO3AMCTBEHHOIO 000pOTA
JIMTITB YeThIPEX TOCJeTHUX TpenapaToB norpebyercs okoso 200 muu nosmapos CIITA. Kak Bugnm,
caM 4YeJIOBEK CO3/IaeT CPeICTBa MACCOBOTO MOPa)KEHUs, a 3aTeM, OCO3HaBas WX YPE3BBIYANHYIO
OTIACHOCTDb, CTPEMUTCST K 3aIPeTy X PacIpoCTPaHEHMUS.

BpicokuM pasapakaioniuM JAeiicTBUEM Ha TJias3a, KOXKY W OpTaHbl JAbIXaHUS 06Ja/1aeT TaKKe
o/iHa U3 TpenapaTuBHbIX (popM npomerona (Pramitol 25E).

HecMorps Ha TO, 4TO rubesib JKUBOTHBIX OT OCTPOTO TOKCHKO3a He T03BOJISIET CJIeJaTh BbI-
BOJI O IPYTUX BO3MOXKHBIX BpeJAHbIX apdexrax peuentyp, seanunna JI/[  ocraerca Ha npaktuke
Ba’KHbIM KOJMYECTBEHHBIM KPUTEPUEM OIEHKH TOKCUYHOCTH TepObuimgoB. B Tabmuie 7.3 npu-
segenbl JI/I, Hanbosee TOKCMYHBIX JJS JIOJAEH M KMBOTHBIX (PUTOTOKCMKAHTOB, SABJSAIONIMXCS
MPE/ICTAaBUTEIIMY TPYIITT COeIMHEHNI, HA OCHOBE KOTOPBIX CHMHTE3WPOBAH Ps/l repOUIN/I0B.

Ta6muia 7.3
J103bl TepOUIMI0B, BbI3BIBAIOIIHUX OCTPbIii TOKCHKO3 Y KHBOTHBIX
Xvimnyeckas rpynna dea koo 8,
NPOMBILLIEHHOE dupmeHHoe mr/Kr
1 2 3 4
Anndartmyeckume un 2,4-D Agrotect n gp. 375
GEeHO-KMCNOoThI 2,4,5-T Amine 2,4,5-T v gp. 300-500
MCPA Metaxon un gp. 700
MCPP Mecoprop 930
OunxnopnponvoHoBas Dalapon 970
KucnoTa Basfapon
TpwasvHbl, TPUa3osbl ATpaTtoH Atratone 1465
Gesatamin
CwnanasuH Bladex 288
Fortrol
LecmeTpuH Semeron 1390
MeTpunbyumH Sencor 1100
MpomeToH Pramitol 25E 2276
Ypaumnbl Bpomauun Borea 5200
Bromax
Mpon3BoaHblE JInHypoH Alfalon 1500
MOYEBUHbI Linex 4L
TebyTnypoH Spike 644
Graslan
TeTtpadnyopoH Tomilon 1265
Kap6amarsbl Acynam Asulox 5000
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1 2 3 4
Tuokap6oHaThl Ownannat Avadex 395
Pyradex
Tpuannat Avadex BU 1675
TnobeHkapb Bolero 1300
Saturn
Kap6oxunarsl BapbaH Carbyne 1350
Ben3oHnTpUnbI OunxnobenHun Casoron 3160
AmMunapl Annngoxnop Randox 750
AHUMUIbI Mponaxnop Ramrod 710
Bexton
Mponaxun DPA 1384
Erlan
EUNVONANHb Mapaksar Ortho Paraquat CI 100
bna P Region 157-440
Mpon3BoaHOE NMKONMHOBOW Tordon 8200
Mvknopam
KMUCNOThbI Grazon
dranathl BHpoTan Aguathol 51
®docodoHarthl nndocar Roundup 4300
Glifonox
HukoTnHoBas kucnota £ Arsenal >5000
OxcagnasonmHoH OxcagnasoH Ronstar >3500
N3okcasonmanHoH £ Command 1369
XnoponupunguHui Tpuknonu Carlon 630
ponvpnA P P Grosbow
LinknoreceHoH CeTtokenamm Poast 3125
OnHUTPOaMnHOGEH3EHbI MenonmeTtanuH Prowl 1250
Stomp
DTOPAVHUTPOTONYMUANHDI OnHntpamuH Cobex 3000
Conalan
dnoxnopanuH Tolban 1550
MpodnopanuH Treflan 1808

[lanbHelinee coBepIieHCTBOBaHNE TepOUITIIOB UIET TT0 [BYM OCHOBHBIM Harnpasyenusim. [Ipe-
JKJIe BCETO, OCYIIEeCTBJIsIETCS pa3paboTKa perenTyp, 061aJaloNiX MOBBIMIEHHON (DUTOTOKCIHYHOCTHIO
IPU CHIDKEHUHM TOOOYHBIX TOKCUYHBIX (DaKTOPOB, BO3/IEMCTBYIONUX HA 4YeJOBEKA, SKUBOTHBIX
n HacekoMbIX. Kpome Toro, /g npenapatoB 60eBoro InpejHa3HauYeHUsT BeJIeTCs ITOUCK J00aBOK,
06€eCcIeynBaIMX BOCIPENATCTBOBAHKE YHOTPEeOJeHHI0 NPOAYKTOB nutanus (OoTTaakuBaioumii
3amax, BKyC M T.II.), MOJYYeHHBIX M3 06paGoTaHHOil repOuIMIaMu PacTUTEIbHOCTH.

[Tpennpunnmaembie B pe3yibTaTe y:KecToueHus 3akonogaTeabuoi noantukn CIIA B o6sactu
OXPaHbI OKPYKaoIleil cpe/bl 00CcIe[0BaHNS BOCHHBIX 00bEKTOB TOKA3aJH, 4TO UX JAesITeTbHOCTD
Be/leT K 3arps3HEHMIO TTOYBBI, MOBEPXHOCTHBIX U TMOJ3EMHBIX BOJ, a Takke aTMocdepbl OTpaB-
JISIONUMU TOKCUYHBIMU U PANOAKTUBHBIMU BeIleCTBAMU. Y CTAHOBJIEHO, YTO HAPSAY C OTXOaMU
BOEHHOTO IPOM3BOJICTBA OJHUM 13 OCHOBHBIX NCTOYHUKOB 3arps3HEHUs OKPYysKalolllel cpe/ibl sB-
JIIIOTCS yeTapeBinne XxuMudeckue Goenpumnachl, orpasisioniue BemniectBa (OB) B moarexamomux
KOHTeiTHepax, (PUTOTOKCUKAHTDI, KOMITOHEHTBI PAKETHBIX TOTLJINB M JIPyTHE TOKCUYHbIE COeIMHEHNS,
UCIIO0JIb3yeMble B O0€BOI U TIOBCEIHEBHON /I€ITENbHOCTA APMUH.

[To omenke BoenHbix cremnuanauctos CHIA, pacxojbl Ha MOJHYIO OYKUCTKY OKpYsKawoliei
Cpe/ibl OT BPEHBIX BENIECTB HA 3THX 0ObEKTaX METO/[aMU, MCII0JIb3YEMbIMU B HACTOSIIEE BPeMs,
coctaBsaT okoJsio 200 mapa moamapos CIIIA. Beicokasi cTOMMOCTh OUMCTHBIX paboOT OINpeesnaa
MOTPeOHOCTDh MONCKA HOBBIX MyTell M CcIocOO0B PelleHus 9TOW 3a1aul.
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OmHuM 13 HUX SABJgETCS TpeOOBaAHUE CHIKEHUS YPOBHS TOKCUYHOCTU MTPOMBITIJIEHHBIX OTXO-
JIOB, UTO y>K€ HETOCPE/ICTBEHHO OTPA3nJIOCh Ha TTPOM3BOICTBE GPU3AHTHBIX U B3PbIBYATHIX BEIECTB,
a TakKe KOMIIOHEHTOB XUMUYeCKOTOo U siiepHoro opyskusd. Tak, CIIIA BbIHYK/I€HBI OCYIIECTBJISTD
3aKyIKU TPUHUTPOTOJIYOJA B GOJBIIUX KOJUYECTBAX 3a pyOEsKOM, IOCKOJBKY COOCTBEHHbBIE
NPENPUATUS-TTPOU3BOAUTEIN TTOKA ellle He /[0 KOHIIa OTPaboTaJ i TEXHOJOTHIO 00€3BPeKNBAHMS
0TX0/10B, 06pa3yonuxcs MNPy ero MoJyYeHnn. B To ke BpeMs HEKOTOPBIM 3aBo/IaM, pabOTAIONINM
C HUTPOIIEJLTION030H, YK€ yIaJI0Ch, UCIOJIb3YsT OGMOTEXHOJOTHYECKUNEe U XUMUYECKUe TTPOTIECCHI,
MO6UThCS 06e3BpeKMBaHMs TMOOOYHBIX TMPOAYKTOB W 324 CUET ITOTO COXPAHUTH PabOUYUil pPUTM
CHapsKaTeJbHbIX JUHWH. B yacTHOCTH, 3aBOJI IO TPOU3BO/ICTBY OOETPUIIACOB B T. XOJICTOH /IS
OYWINEHNST CTOYHBIX BOJ[ OT IUKJOTPUMETHIEH-TPUHUTPOAMIHA UCIIOJIb3yeT MUKPOOPTAHU3MBI.

Paspa6oTku Hay4YHO-HCCJIe0BATENbCKOTO eHTpa nHKeHepHbIX Boiick apmun CIIA (ITuka-
TUHHCKUIT apcenadt, mr. Hpro-/[Kepen) mokasain Takske BOSMOKHOCTD Pas3JyioKeHUs: COeIMHEeHNUH,
COJIePIKAIMXCSI B OTXO0/[aX IPOM3BOJICTBA B3PhIBUATHIX BEN[ECTB, C TTOMOIIbBI0O MUKPOOPraHU3MOB
WJIN BBIJIEJISEMbIX 3 HUX (hepMeHTOB. B ncceioBaHngX BHUMaHWe CKOHIIEHTPUPOBAHO B OCHOBHOM
Ha Ouojerpajialiiyi OPTaHNYECKNX HUTPATHBIX 9(DUPOB — AMITUJIEHTJIUKOJE, IMHUTPATEe U HUTPA-
Tax IeJII0J03bl. B aKcnepuMeHTax [OCTUTHYTO JEHUTPUPOBAHWE UITHIEHTJIUKOS IUHUTPATA
C TIOMOIIIBIO TJIIOTAaTHOH-3-Tpancdepasbl, BbIAEJIEHHON N3 TIeUeHN KPOJIMKA MpH 106aBJIECHUN B CPEY
BOCCTAHOBJIEHHOTO TJIIOTATHOHA U JIPYTUX PeareHToB. buojierpasanusi HUTPOIETI0JI03bl OCYIIeCT-
BJieHa B J1abOPATOPHBIX U MOMCKOBBIX Maciitabax c nomoribio rpubka Aspergillus fumigatus
B peakTope o6beMoM 15 i1 ¢ mo6aBienueM 3 % Tioko3bl pu temieparype 25— 30 °C u ucxoiHo
kucaom cocrosgsaun (pH=4,5). [Ipyroii rpu6ok — Phanerochaete chrysosporium paccmarpusaercs
B KauecTBe cpe/cTBa OMoerpajaliuy KuAKUX 0TX0a0B (KpacHOH BO/IbI), 06pasyoIuxcsa B Ipo-
1ecce CMHTE3a TPUHUTPOTOJYO0Aa. OTHAKO HA HETO OKAa3bIBAIOT TOKCUYHOE JICHCTBUE COJIepsKaluecs
B KpPacHOI BOJie HUTPUT-UOHBI. B 3TOl CBSA3W TpelycMaTpuBaeTcs peBapuTebHO, ¢ TPUMEHEHNEM
(bepMeHTa HUTPUT-PENYKTA3DI, TIEPEBOUTH HUTPUT-UOHBI B HEAKTUBHOE 110 OTHOIIEHWIO K TPUOKY
COCTOSIHME, a 3aTeM BECTH JaJbHeHIyo 6Uoerpaanio ¢ MOMOIIbI0 XPU30CITOpUyMa.

O6paneHo BHUMaHUE Ha BO3MOXKHOCTb HUCIIOJb30BAaHUS JIJII OYMCTKU OT PaJHMOAKTUBHBIX
aJIeMeHTOB MUKpoGa-KoHIeHTpatopa GS-15, crmoco6HOT0 cBA3bIBATH HAXOAIIUICSI B BOJIE YpaH.
MUKpPOOpPraHu3M BbIeJeH YUYeHbIMU Teosiorndeckoil jaGoparopun (Pecron, mr. Buppxunus)
U3 JJOHHBIX oTJoKeHuil peku [Toromak. JlabopaTopHO-TIPOMBIIIIEHHbBIE UCITBITAHUS TTOATBEPANIN
aKKyMyJupoBaHne MUKpoO6OoM ypaHa. CUnTaeTcs, 4TO OH clIOCOOEH HAKaIJWBATh TaKKe IJTYTOHUI
U TeXHEeInil.

B 11es15X nCKyccTBEHHOTO YCKOPEHMS MPOIECCOB JETOKCUKAIUT aMEPUKAHCKIE CIIEeI[NaIuCTbI
BeIYT TOWCK ¥ CO3/laHUE IMTaMMOB MHKPOOPTaHW3MOB, 00JIQJA0NUX CIIOCOOHOCTHIO pasJjiararthb
TOKCUYHbBIE BENIECTBA C BBICOKOW CKOPOCTBIO. C IpUMEeHEHNEM MOJIEKYISAPHOI OUOJIOTHY U TEeHHOM
WH)XKEHEPUM TaKue IITaMMBbI MOJIy4eHbI, a U3 MUKPOOOB BbI/leIeHbI (DEPMEHTATUBHBIE CUCTEMBI,
Jlerazupytoine 60eBble OTPABJSAIONINE BENECTBA W pasJaraiollie MMUTATOPbI OTPABJISIONINX Be-
IIeCTB, TepOUIIH/IBI M TOKCHYHBIE OTXO/IbI UX Tpon3Bo/cTBa. OHAKO, TT0 MHEHUIO 3a1a/IHBIX CIie-
IUAJINCTOB, YHUUYTOKEHUE OOTIESJOBUTHIX OTPABJISIONINX BEIIECTB C TTOMOI[bI0O MUKPOOPTaHN3MOB
nmoka maJionepcrekTuBHO. OHM He o6ecnieunBaioT Takke addexktuHyio nerasanuio OB koxHO-
HapBIBHOTO JEHCTBUS, TaK KakK, HallpUMep, UIPUTHI 06J1a/1aI0T aJKUJIUPYIONUM CBONCTBOM, YTO
HPUBOUT K HApyIIEeHUIO Je30KcupubonykiaennoBoii kucaorsl (JIHK) u B KoHeuHOM cuete — K
ru6eim MUKpPOOHOI KJeTKu. brorexHnosornueckas nepepaborka HepBHo-apagutndeckux OB erme
He BBIIIJIA U3 CTAUK TTONCKa 1 J1abopaTOPHBIX UcHbiTanwii. [10aTOMYy OCHOBHOIT aMepUKaHCKUI 3a-
rac ycrapeBimmX 60€BbIX OTPABJSIONINX BEIIECTB MOITAMTHO YHUUTOXKAETCSI XUMUIECKUMU U (PU3NKO-
XuMuyeckuMu Merogamu (HelTpasusaiueil, TepMUYECKUM PA3JI0KEHUEM MU UX COYETAHUEM ).

B To xe Bpemst munuctepcTBo o60ponbl CIITA Ha KOHTPAKTHOII OCHOBE BEJIET MCCJIE0OBAHNE
JPYTUX TO/IXO0/I0B K Jlera3annit 60eBbIX OTPaBJISAIONINX BEMIECTB 32 CYET MCIOJIb30BaHUS MUKPOOOB
n ¢pepMEeHTATUBHBIX CUCTEM, TTOJYUYEHHBIX U3 JKUBBIX OPTAaHU3MOB. JTO MOXKET 06ecneduTb 60.b-
Y10 MMOJHOTY Pa3pylleHuss OTPaBJILIONIEr0 BelecTBa, HaXO/AIerocsi B OTHOCUTETbHO HEBBICOKUX
KOHIIEHTPAINIX Ha MECTHOCTH, B 6OJBIIMX 0O6BbeMaxX BOJbI M BO3/ayXa. PaccmarpuBaroTcs BO3-
MOKHOCTH UCITOJIb30BAaHMS TaKUX (PepMEHTATUBHBIX CUCTEM B KOJIJIEKTUBHBIX CPEACTBAX 3AIUTHI.
PazpaboTku 110 3TOMY HalpaBJIEHUIO BEIyT CIEHAINCTbl HaTMKCKOTO HayYHO-MCCIIe/I0BATETHCKOTO
nenrpa (Hatuk, mr. Maccauycerc), AGepaurckoro nosurona (mr. Mapuiena) u VaanHORCKO-
ro rexHojorunyeckoro uHcturyta (Yukaro, mr. Mismuoiic). OHu npoaHaausupoBasu paGoThl,
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BbinoiHeHHbie Texacckum yauepcuterom (mr. Texac), Aryponosckum (imr. Kaandopaus)
n KanudopHuiickuM TeXHOJOTUYECKUMHU WHCTUTYTaMu, B 06JIACTH WMCHOJb30BaHUS OHOJOTHYe-
CKUX OOBEKTOB, cojepKamux (pepMeHTBI-1eTOKCUPUKATOPDHI, U HAMETUJHU MEePCIEeKTUBBI HCCe-
noBanuii. Bee pepmentoi-gerokcndukaropsl opranodocdaroB (60eBbIX OTPABJIAOIINX BEIIECTB,
umMutatopos OB, TepOUIMA0B, WHCEKTUIUIOB, aKapuiuA0B, (YHTUIUAOB U AP.), HMEIOIIe
HaMMeHOBaHWE aMU/1a3bl, 30MaHa3bl, TAJOTEHUATU/IPOJasbl, docdoTpuacTepasdbl, MapaTUOHTH-
apoaasbl, guusornporui-propdocdaraser (JIMII-aspr), napaokcasbl, ObLIM 06beAMHEHDI B OJHY
rpyniy ¢ oOIUM Ha3BaHWEM aHTUpa3bl opranodocdopHbIX KUCIOT. BbieIeHbl 1 cOTOCTaBIEHBI
0 CIIOCOOHOCTHU THAPOJU30BATH W 00ECIIeYNBATh J€TOKCUKAIMIO GOEBBIX OTPABJISIONINX BENIECTB
HEPBHO-IapaJuTHYECKOro JeiictBus (30MaHa W 3apuHa) aHrHMpasbl U3 Tpex mrammoB Bacillus
stearothermophilus (JD 100, JD 200, JD 300), us asyx mramMmmoB E.coli ATCC 25922 (F-1,
F-2), a takxke Flavobacterium SP 4079 u Tetrahymena thermophila. [{ig addexruBroii paGoTs
¢gepMeHTOB HEOOXOAMMO TPUCYTCTBUE MOHOB MapraHiia. B ucciaenoBanugx wambosee 1moapo6HO
n3y4eHbl OauaagpHble aHTuApasbl. OHa U3 TOJTYUYEHHBIX aHTHApa3 OblIa KOBAJEHTHO TTPUCOEIH-
Hera (MMMOGUIM3MPOBAHA) K XJIOMYATOOYMasKHOIl TKaHM W IPU 9TOM COXPaHHUJA CIIOCOOHOCTD
TUAPOJIU3NPOBATH 30MaH.

B ntesiom amepukanckue pa3paboTKu 0 OMO/IeTpaIalliy TTOKA3bIBAIOT MTEPCIIEKTUBHOCTD M3yde-
HUS WCTIOJIb30BAHUS MUKPOOOB UJI OT/IEJbHBIX X KOMIIOHEHTOB B I€JISAX /IeTa3allui TIOYBBI U BOJIBI,
co/iepsKaluX OTHOCUTETbHO HEBBICOKHME KOHIIEHTPAIIMU TOKCUYHBIX BEIIEeCTB. Y CTAHOBJIEHO, YTO
UMMOOUIN30BaHHbIe (DePMEHTBI COXPAHSIOT CITOCOOHOCTH pa3pymarb OB HepBHO-TIapaIMTHYECKOTO
neiictBusg. OHaKO TTOKAa He BBbIJEJEeHbBI MUKPOOPTaHU3MbI, CTIOCOOHbBIE HAEKHO 00€3BPEKNBATDH
3HAUUTETbHBIE 0OBEMBI GOEBBIX OTPABJSIONINX BEIIECTB BHICOKOW KOHIIEHTPAIIUN W 06€CIeunBaTh
AJbTEPHATUBHBIN MMOIXO0/] K JUKBUIAIMN YCTaPEBIIETO OPY>KUS.

Boennble u Tpakganckue HayudHo-uccaenoBartesabckue yupesxaennus CIITA BeayT pazpaboTky
HOBBIX MMOJX0/I0B K CO3JJaHII0 CPEJCTB Jerazaiuu 60eBbix orpasJsionux semects (BOB). Ilenbio
pas3paboTOK SBJISIETCS TIOJHAs 3aMeHa CYIecTBYIoNiell TexHosorun o6e3speskuBanusi bOB, co-
CTOSITIEN B UX HEUTPATU3AINHU C TTIOMOIIbIO OKUCJIUTENST, HAXOASANIET0Cs B BOAHOM PAacTBOPE WJIH
AMYJIbCUH, TIOBEPXHOCTHO-aKTUBHBIX Ha/M0aBOK M CTAOWJIM3ATOPOB JIETA3UPYIONIEil perenTyphl.
Ncnonb3yemblie perenTypbl B OCHOBHOM NMMPUMEHSIOT B KA4eCTBE OKUCJIUTES XJI0P, KOTOPBIN 06e-
crleymBaeT Jera3anuio pasiandabix TunoB OB. OpgHako Takume perenTtypbl UMEOT OrpaHWYeHUS
B IIPUMEHEHNN WM3-3a CUJBHOTO KOPPO3UOHHOTO JeHCTBUSA. ITO 06YCJIOBINBAET HEOOXOIUMOCTD
MONCKa JPYTUX B PaBHON cTeneHn 3 GEeKTUBHBIX, HO MEHEE arpecCUBHBIX U 60Jjiee n30MpaTe TbHbIX
B XMMUYECKOM OTHOIIEHUU METO/0B JleTa3alliu.

OaHuM ¥3 HaAmpaBJeHUN TaKuX pa3paboTOK SBJISETCS WCIOJb30BaHWe OHOJOTHYECKUX
KaTaanuzaTopoB-pepMeHToB (9H3UMOB), BbIJENSEMbIX U3 )KUBBIX OPraHU3MOB U TIPECTABJISIONIIX
co60ii 6eJKOBbIe MOJIEKYJIbI, KOTOPbIE 3a cUeT KoJieOaTeJbHbIX 006pAaTUMBIX KOH(MOPMAIMOHHBIX
nepecTpoek 6e3 m3MeHeHUusI COOCTBEHHOU MEePBUYHON CTPYKTYPbI 06€CTIeYNBAIOT Pa3PbhIB MOJIEKY T
JIPYTUX BellecTB. B mpoilecce mccyie[oBaHnil BBISBJIEHO GOJBIIOE YUCJI0 (DEPMEHTOB, CITOCOOHBIX
paspymarb OB HepBHO-TIApaJUTHYECKOTO /I€HICTBUS, OJHONH M3 OCHOBHBIX YacCTeil KOTOPBIX SB-
aserca opranodocdopuag kucaoTa. Cpean HUX BbIIEJEHbl OMOKATAIN3aTOPbBI TIPUPOHOTO TPO-
UCXOKEHUS, CIIOCOOHBbIe pa3pymiaTh HepBHO-TlapasuTruieckre OB co cKopocTbio, TpeBbIIaoIIei
B 1000 pa3 cKOpoCTb pasJiosKeHUsI, MPOXO/A[IIEro 1Mo/ AeficTBueM He(epMEeHTHBIX KaTaJanu3aTOpPOB.
Benercs or6op sH3UMOB, CIOCOOHBIX paspymiath aApyrue tuibl OB.

B yacTHOCTH, CIIEIUANNCTBI HAYYHO-KCC/IeJ0BATENbCKOr0 TeXHOIOrnYeckoro nucturyra (r. Yu-
Karo, mr. VJInHONC) M3y4YrIn IPUMEHUMOCTD (pepMerTa — opranodocdopHoil aHrupasbl /s
JIETOKCUKAINHU CBA3aHHBIX ¢ OBepXHOCThI0 BOB — 3apuna, 3oMana m ux umuraropa. MepMeHT
BbBI/IeJIEH W3 TelaTOHAaHKpeaca M 3PUTEJbHBIX TAHTJIMEB BOCTOYHOTO M 3aIa/IHOT0 KaJabMapoB, TTPH-
HaJlIekaIux coorsercTBernto K Bujgam Loligo pealli u Loligo opalenscens.

[lerazupyromuii pactBop, BRovatonuit 60 ex. anruapasel Ha 100 mu1, o6ecnieunBan 3a 6—7
MUHYT Ha 90 —95 % pasJioskeHue CBA3aHHOTO ¢ MOBEPXHOCTHIO Auusonponuadropdocdara (umu-
Tatopa GocPopoopraHnvyecKuX OTPaBIAIINX BemecTs) u 6osiee ueM Ha 80 % B Teuyenue 20 mu-
HyT — 3omana. Mepment B pactsope (100 ex. /100 ma) coxpansier 6osee 96 % cBoeil MCX0AHOI
AKTUBHOCTH TIOCJIE JieTa3allii IOBEPXHOCTH, cojepKaiieit 250 MT 3o0MaHa WU 3apuHa Ha 2,54 MMm?
U MO’KeT OBbITh MCIIOJb30BaH MOBTOPHO. BbicoKoouneHHas anruapasa coxpansger 90 % mcxoHoii
aKTUBHOCTH T0cJe ckJaajupoBanud B TeueHue 230 nueit npu -20°C.
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Jlabopatopusi npuksaamnoit 6morexnosoruu dupmbl «Apryp /[l. JIutta mHKOpmOpenTHI>
(r. Kem6pumsk, mr. Maccauycerc) B Tedenue nocjaegarux 10 jer mayuaer MOJIEKYJISAPHOE B3au-
MOJIEHICTBYE TOKCHYHBIX BEMIECTB € OGMOMOJIEKYyJaMu U oOGHapy’KeHHble 3(D(EKTbl UCIOJb3yeT
B pa3pabOTKe HOBBIX METOJOB B MHAMKAIMK M Aerasaiuu. BzammopeiicrBue tokcuua uaum OB
C MOJIEKYJIIPHBIMU KOMIIOHEHTAMW KJETKU WJIM TKAaHW B OOJBITUHCTBE CJAYYaeB BJEUYET 3a cOOOi
UX CBs3bIBaHue co crenuduutoil Guomosiexyioii (Harpumep, GepMeHTOM, HYKJEHMHOBON KUCIOTO
WJIA PEIeNTOPOM) Ha TIOBEPXHOCTHU KJETKU MU BHYTPH ee. Pe3yibTaToM CBSA3bIBAHUSA MOXKET ObITh
MOJTHOE TIOPa’KeHNe OTHON MJIN HECKOJIBKUX OMOXMMIYECKUX PEAKINil, YTO MPUBOJANUT K HAPYIIEHUTO
dusnonornveckoit pynkiuu. Ha ocHoBe n3yyenus Mexanusma cBa3biBanuss OB HepBHO-TIapanTH-
YeCKOro JIeWCTBUS THPOIN3aTaMi OEJTKOB pa3paboTaHbl TIOBSI3KU [/ OGBICTPOTO 06€33apaskuBaAHUS
pan ot OB. B mouckax 6osiee 3¢HEKTUBHBIX U JIENMEBBIX JeTa3allMOHHBIX CPE/ICTB CUHTE3MPOBAH
PST HOBBIX TENITU/IOB, CBSA3BIBAIOMNX U HellTpasm3ayonux OB HepBHO-TIapaJIuTHYECKOTO JeHCTBUS.
ITH TENTU/IBI MOJEJNPOBAJINCH IO CTPOEHUIO aKTUBHOTO IIEHTPA CEPUHOBON U CYIb(PrupuIbHON
actepa3. OHM MOTYT MPUMEHSATHCS KaK MPU 3aKPBITUN PAHEBOI TIOBEPXHOCTH, TaK U JIJIS JIeTa3alluu
TEXHUKW B yCJOBHUSAX HelTpasbHOTOo pH pacrBopa. ITH MOAXOAbI TO3BOJNUIN UMMOOUIM30BAThH
KpYIIHbIe HAQJMOJIEKYJIsIpHbIe 06pa3oBaHus, TaKue KaKk HePBHbIE PEIENTOPbI, M UCI0Jb30BaTh WX
B 1ensax o6Hapyskenus OB. PazpaboTanHas TeXHOJOTHS TPUMEHNMA KO BCEM BU/IAM PEIENITOPOB
n anturtenam. Coderanne METO/IOB MOJIEKYJISPHOI OMOJIOTUN 1 GMOTEXHOJIOTUN TTO3BOJUJIO BBISIBUTD
HOBBIE CITOCOOBI 3aMUThI OT XuMudecknX OB 1 6uosIormYecKmx TOKCHMHOB.

Paspa6orunkn HaMepeHbl TTOBBICUTH CKOPOCTh passokeHus OB 3a cuer meneHampaBieHHOTO
U3MEHEHUS CTPYKTYPbhI OEJKOBBIX MOJIEKYJI U TTOJy4eHUus PeKOMOUHAHTHBIX hepMeHTOB. [l aTo-
TO pa3BepHYTbI MCCJAEOBAHNS, HATPABJIEHHbIE HA U3yYeHUE B3aMMOCBI3U MEX/y CTPYKTYPHBIMH
1 06beMHBIMI 0COOEHHOCTSIMU OMOMOJIEKYJT ¢ UX KaTAaJUTUIECKON aKTUBHOCTHIO U CTAOMJIbHOCTHIO
B Tporiecce ucroJsib3oBanusi. CTpyKTypa GeJKOB yCTaHaBJIUBAETCS 1O AUQPPAKIUU PEHTTEHOB-
CKUX JIy4eii, si/[epHbIM MArHUTHBIM PE30HAHCOM W MOJIEKYJISPHBIM MOJEJUpPOBaHUEM. Y POBEHD
COBPEMEHHOI OGMOTEXHOJOTUH TMO3BOJISET OCYHIECTBUTH HAPAOOTKY MPUPOJHBIX U PEKOMOMHAHT-
HBIX (PepMEHTOB, MPUTOAHBIX K MCIIOJH30BAHWIO B Jlera3amnuu. [IpuueM cTOMMOCTbh MPOU3BOICTBA
OTHOCHTEJbHO HU3Ka M, TI0 MHEHUI0 aMEPUKAHCKUX CIEINAJUCTOB, He OY/IeT MPensaTCTBUEM I
CO3/laHNs HA OCHOBe (DEPMEHTOB JIETA3UPYIOMMUX PEIENTYP B MPOMBIIIJIEHHBIX 00beMax.

AHam3 mocJe/ICTBUI MacCUPOBAHHOTO 6OEBOTO TPUMEHEHUS TepOUIIN/IOB I YHUUTOXKEHUS
JIECOB M CEJIbCKOXO3SIHCTBEHHBIX TOCEBOB aMEPUKAHCKIMU BOOPY KEHHbIMU cujaMu B VHIOKHUTae
U aBapuil HA XUMWYECKUX TTPOU3BOJICTBAX TIOKA3aJl, YTO MOPAKAIOIINE PACTUTEJIbHOCTD AKTUBHbDIE
WHTPEJIMEHTDI JJINTEJbHOE BPEMs COXPAHSIOTCS B OKPYKAIONIEH cpejie U OKAa3bIBAIOT J[0JTOCPOY-
HOE BpeJHOE BO3EHCTBUE HA 9KOJOTUYECKYI0 0OCTAaHOBKY, U OCOGEHHOE MECTO 3/eCh 3aHUMAIoT
npo6JeMbl, CBI3aHHbIE C TTOPA’KEHNEM MCTOYHUKOB BOJBI. ITO 06YCJIOBJIEHO BBICOKOH (PUTOTOK-
CUYHOCTDHIO, a TaK)Ke 3HAUNTEJbHON XUMUYECKON U TEPMUYECKON CTONKOCTHIO 9KOJOTUYECKH BPE/I-
HBIX BEIIeCTB, K KOTOPBIM, HApsAAy ¢ (DUTOTOKCUKAHTAMM, OTHOCATCS AUOKCUHBI, WHCEKTUIII/IDI,
(pyHrUIIMABI ¥ OTXO/bI XUMWYECKUX MPOU3BO/CTB. Takme BelecTBa Yy>KIbl OKPY’KaIOIIEl cpeje
M YPE3BBIYAITHO MeJIJIEHHO 00e3BPEKMBAIOTCS €CTECTBEHHBIMU MUKPOOHBIMU M PACTUTETbHBIMU
coo0IIecTBaMy MOYBBI M BO/bI. B CBSA3W ¢ 3TuUM HammoHaJbHbIe U MexkayHapoaubie HUUW u xu-
Muveckue GUPMbl — IMIPOU3BOJAUTEJN TIECTUIIU/IOB BEIYT MOUCK TyTell yCUJIEHUsS MPOIECCOB Jie-
TOKCHUKAIMU 32 CUET BbISABJEHUI U MPAKTUUYECKOTO MCIOJb30BaHUA MITAMMOB MUKPOOPTAaHU3MOB,
06JIaaoNUX CIIOCOOHOCTHIO € BBICOKOI CKOPOCTHIO pa3dJaraTh TOKCHMYHbBIE BelecTBa. HamaxkeHo
Tak:Ke TMoJyYeHHe TaKUX NITAMMOB METO/[aMU TeHHOU MHXKEHEPHUH.

Jlaboparopus 10 06e€3BpeKNBAHUIO MECTUINIO0B MUHUCTEPCTBA ceJTbcKoro xo3saiicTa CIIIA
MpoBeJia aHAJN3 BBITIOJHEHHBIX PaboT, B pe3yJbTaTe 4ero OblJIO YCTAHOBJEHO, YTO CYIIECTBYET
peajbHasg BO3MOKHOCTH, WMCIOJb3ysd (PepMEeHTHI, cojepsKamuecss B MUKPOOPTaHM3MaX, BECTH
o6e3BpekuBaHme TepOUINIOB U TMeCTUIUA0B. B mcciaenoBanunm o6061IEeHbI JaHHbBIE IO CIIOCO-
6aM u cpeJcTBaM HeWTpasusanuu HauboJsiee paclpocTpaHeHHBIX perentyp. Cuuraercs, 4TO
B HanGoJIbIIel CTeleHn JJIs 9TUX IleJell MOAXOAAT ruaApoJasbl (aMugasbl, TaJoreHurupo-
Jasbl, acrepasbl). B Kiacce THAPOJa3 BbIABJIEHA TaJOreHUIHAPOJIa3a U3 MUKPOOPraHU3Ma
Pseudomonas putida, kortopas ypasser XJop u3 repOuilMaa ajanoHa, apujalujamMuaza
(Bacillus sphaericus), ¢ BbICOKOII CKOPOCTbIO paspymiaeT repOUIUIbl JUHYPOH, auypoH. Doc-
dborpuacrepassnr, Bbijesentbie u3 Flavobacterium sp., HHaKTUBUPYIOT TapaTHoH U OJIU3KUE K
HEMY 110 CTpOoeHuIo nectuiuabl. [lapatnonruaposasa (Pseudomonas diminuta) ycmnemrso mpu-
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MeHeHa /i1 06e3BpekuBaHnsd opranodocdOpPHBIX WHCEKTUIIN/IOB ¥ OTXOJ0B UX MPOM3BO/ICTBA,
XpaHAMUXCcsS B KOHTeHHepax.

B CIIIA ycranoBieHo, 4To psifi (pepMEHTATUBHBIX CHUCTEM, /I€3aKTUBUPYIONINX TepOUTIH/IBI,
MECTUTIUBI, a TaKyKe TOKCUYHbIE OTXOJbI MUX MPOM3BOJICTBA, 00ECTEYNBAIOT Pa3JIOKEHNE OTPaB-
nasgronux Bentects (OB) u umuratopos OB. Pa6othl B 9T0ii 06/1aCTH 110 KOHTPAKTaM ¢ KOMaH/0-
BanneM HMOKP munucrepcrsa o6oporsl (MO) CIITA, HayyHO-UCCIEI0BATEIbCKUM YIIPABJIECHUEM
cyxonyTHbIX Boiick CIITA, HayyHO-MCCIEq0BATETbCKUM IEHTPOM TEXHWUYECKOTO OOCJYKUBAHUS
BBC CIIIA u areHTCTBOM 10 OXPaHe OKpysKawolieil cpe/bl BeAyT yHuBepcuter lluHIMHHATH
(mrr. Oraiio), Texacckuit yausepcurer (inr. Texac), Aryponosckuii uncruryT (. Kanndopuus),
Nnnunoiicknii 1 KasudopHUiicKUil TEXHOJOTHYECKIE MHCTUTYThI. KOHTPaKThI MpeycMaTpuBaioT
MpOBe/IeHNe CJAeYoNX paboT: KJIOHUPOBaHWe GaKTepUaJbHbIX reHOB hochoTpuacTepas u TeHa,
Koaupytoriero pepment quusonponus dochopodIyopuarnapoaady n3 MOpCKUX MOJIJIIOCKOB, TO-
JiydeHne 9H3WUMOB, THAPOJUIYIONNX (ochopoopraHnyecKkne u JAPyTHe OTPaBJSIONIAE BEIECTBa,
U JIPOKIKEBBIX KYJbTYP, pasJaraiolliinX TOKCUYHbIE XUMUKATHI.

B pesyJsbraTe uccaeqoBaHuii M3 rOJOBOHOTUX MOJIJIIOCKOB BbIIeJieH (DEPMEHT AUN30TPOTINII-
dropdpocdarasa (JIDII-aza), ruaponusyomuii guusonporuiadocdar (umuratop docdopoop-
raHUYeCKNX OTPaBJSAIONIMX BelecTB) u 60eBoe oTpaBJisiollee BEleCTBO — 30MaH. BriioueHue
B pa3palbOTKK APYTIUX KUBBIX 00bekTOoB — Mukpooprauusmos (E. coli, mramm ATCC 25922,
Proteus vulgaris, Saccharomycas cerevisae, Tetrahymena tyrmophila) u Tkaneii Maekonuraommx
(moykyM cBUHEl) BHIABUIIO HAJIMYKME Y HUX CIHOCOGHOCTH TIPOLYUPOBATh (PePMEHT, TUAPOJUIY IONIUI
3oMaH ¢ 6oubieii addextuBHOCThIO, yeM [ MDII-aza Mmosmocka. On nosyuna Hazpanue [[dDII-a3za
Masypa. Hosbiit dhepmeHT Hambosiee aKTUBHO CUHTE3UPYETCS KUMIEYHON masoukoii. MepmeHTa-
TUBHasI CKOPOCTb TUAPOJIN3a 30MaHa MOKeT ObITh yBeJandyeHa 3a cueT A00aBJIEHUS BYXBAJEHT-
HBIX MOHOB MapraHIla U MPHU OTCYTCTBUU B Cpejle Mapraniia ocaxkjaenneM sH3uMa 10-TpoIeHTHbIM
OXJIQJK/IEHHBIM aTaHosioM. MoJsiekyasapHas Macca ae3aktuupyioniero OB dbepmenTa y MOJITIOCKOB
paBHa 26 Thica4aM, a Y MUKPOOPTAHU3MOB U IOYEYHOU TKAHW CBUHEH — 62 ThicadyaM.

Yuctbie Ky abTypbl MUKpoopranuamoB Alcaligenes u Alcaligenes u Arthrobacter — 3a cuer pa-
60TbI COOGCTBEHHBIX OKCUTE€Ha3 B MPUCYTCTBUU KUCJOpoja pazpymaiot 2,4-D. [Ipyroit MuKpo6
Pseudomonas cepacia yuactByer B paspyiienun 2,4,5-T. IIpuMeHeHne reHeTHuecKoil MHKEeHEPUU
MO3BOJIIJIO TOJYUYUTh MYJIbTUILIA3MU/IHbIe BapuanTbl Pseudomonas, croco6Hbie pa3pyiiaTh M-
pokuit crekTp cy6cTpatoB. OMBITHI TTOKa3aJM, YTO C UX MOMOIIBIO MOKHO B TEUYeHHE O CYTOK
ounctuth 1mouBy Ha 80 % oT 2,4,5-T, a Takke or HePTH U TMPOAYKTOB ee MepepaboOTKH.

[To MHEHMIO aMEPUKAHCKUX CITEIMATNCTOB, 0co00e BHUMaHe 3acykuBaet rpu6ok Phanaerochaete
chrysosporium, npoayuupyormuit bepMeHT, TOAO6HBIIT IePOKCUIa3e, KOTOPBIN Pa3pylraer ANOKCHH
(2,3,7,8-Terpaxsnopaubenso-p-aguoxkcun) u JI/1T.

[Taparuonruaposiasa, npoayupyemas Flavobacterium sp. (ATCC 27551), ¢ BBICOKOIT CKOPO-
cTbio ruAposm3yeT kKymadoc (akapunui), npeBpaiias ero B XJa0pdepon u [uaTuatiuodocopHyo
KHcs0Ty. KyabTypa KJIeTok 3Toro Mukpoopraiusma 3a 48 4acoB B ITOJIEBBIX MCIIBITAHNSAX PA3JI0XKNJIA
kyMmadoc, cofepKamuiics B 2,4 TbIC. JIUTPOB OTXOIOB, TIOJYUYE€HHBIX B pe3yJbTarte 06paboTKU CKOTA
B TPaHIIEsIX NPOHBIPUBAHUS BO BpeMs GOPHOBI ¢ MEPEHOCYNKAME STTM300THYECKUX 3a00JIeBaHNI.
(B orxoap gobasisaoch 22,8 1 KyJbTypbl MUKPOOpPraHusMa, 9,5 KI KCuao3bl, 4,5 Kr cyabdara
ammonusd, pH B emkoctu nogaep:xuBasicsa Mmexxay 6,8 —7 3a cuer 1,4 kr ogHOOCHOBHOTO (pocdara
kaausg u 1,8 xr gByxocHoBHOrO (pocdara Kasus, TeMieparypa pacrsopa 6biia 33—36 °C.)

[IBeiinapckue creruanuctsl dpegepaibHoro Texuogornyeckoro uucturyra (Iopux) u dup-
mMa «Cuba-Teiirn» Boigennan aspobuyto kyabrypy (Pseudomonas sp.), marorosusu dpepmeHre-
pbl o6beMoM 2 u 25 1 u nogo6panan HeoOXOAUMbIE YCJIOBUA, obecrieunBaoline 6MO01eTpaaaIinio
aTpasnHa, CUMa3WHa, a TaK)Ke OTXO0/I0B IrepOUIIN/IHOTO TPOU3BOCTBA. PazpaboTka BIepBble 1po-
JIEMOHCTPUPOBAJIA CYIECTBOBAHNE IIPUHIININAIBHON BO3MOXKXHOCTH 06€3BPEKNBAHUS TPUA3MHOB
C TIOMOIIIbI0 MUKPOGOB.

B CIIIA B KammudophuuiickoM yHuBepcutere pa3pabaTbiBaeTcs MEPCIEKTUBHBIN MeTo/l 06e3-
BPE’KMBAHMS OIACHBIX OTXO/I0B. MeTo/| OCHOBAH Ha HENPEPbIBHOM BbIPALIUBAHUY KYJIbTYDP /ABYX
6akrepuii (Pseudomonas putida u Ps.alcaligenes) B KOJIOHKe ¢ KepaMUYECKHM HOCHTEJIEM, T
MUKPOObI OOMEHMBAIOTCS TeHETHMUYECKUM MaTepuaJsioM, 06ecleunBaloNM Pa3JiosKeHle coenHe-
HUI, TUPKYJUPYIOUINX Yepe3 KOJOHKY. YKa3aHHBIH croco6 IMpUMeHeHHNsT MUKPOOOB IT03BOJISIET
COKPATUTb CPOKU OYUCTKU ¢ 8 — 13 MecsieB /10 O/[HOWM HeJeH.
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Metoabl MOJIEKYJIAPHOW OUOJIOTUM W T€HETUYECKON WHIKEHEPUU ITO3BOJISIOT OIpEeIeTUTh
AMUHOKHUCJIOTHBIN cocTaB (DEPMEHTOB, T€HbI, OTBETCTBEHHbBIE 32 UX CHHTE3, a TaK)Ke OCYIIECTBUTD
MepeHoc TeHeTuYecKoil mHdopMalui U3 OJHUX BHU/OB KUBBIX OPTAaHWU3MOB B JIPYTUE C TEJbIO
ob6ecrieuernss Hanboabiell 3pHEKTUBHOCTH 110 CKOPOCTU M CTOMMOCTH (DEPMEHTATUBHOTO Pa3py-
menns OB, repOUIMAOB U APYTUX TOKCMYECKUX BEIIECTB. Y CTAHOBJEHO, YTO 3Ta WHQOpMaIms
3aKO/MpPOBaHa B OCHOBHOM B Je30KcupuboHyKaenHoBoil kucaore (JIHK) mmasmuza, Kortopbie
CYLIECTBYIOT B KJIETKE M KOJUPYIOTCS HE3aBUCUMO OT XpoMocoMbl (reHernueckoii nHdopmaimum)
MUKpo6a. ITo obJierdaeT mepeHoc (HakKTOPOB e3aKTUBAIINN TOKCHYECKUX BEMIECTB U3 OJHOTO BU/IA
MUKpPOO6OB B /ipyrue. B wacTHOCTH, TeHBI Aerpaganuu repoutngaon 2,4-D, gamanona, mapaTnoHa
pacmosioskeHbl Ha miradmMujaax. llpm atom reHermueckass wH@OpMaIms, OTBETCTBEHHas 3a 00-
pasoBaHMe MapaTHOH-TUAPOJIA3bl U, COOTBETCTBEHHO, 3a pas3pyllleHWe TMapaThuoHa, BbIJeJeHa W3
aMmepukaHnckoro mramMmma Pseudomonas diminuta u ycnernino BBefieHa B Jpyrue BUbI OAKTEPHIi.
[lonomuurenpHbie netanbhble uccaenoBanusg mo [JHK-/IHK ru6puansanum nmokasaim, 4To TeHbI,
KOAMPYIOIIUE MapaTHOHIH/POIa3y U3 <«aMepuKaHckoro» n «puaunnuackoro» (Flavobacterium
SP.) MCTOYHUKOB, WAECHTHYHBI, XOTA NMPUHAAIEKAT PA3IUYHBIM MUKPOOPraHU3MaM U HAXOIAATCH
Ha TJIasMuax, OTJNYAONINXCS TI0 pa3MepaM, COOTBETCTBEHHO 66 u 43 Toicsium ocHoBanuii. OHO-
BPEMEHHO BBISIBJIEHO TJTy60KOe OT/Im4ne yuyacTkoB miaadMunbix JTHK, KoTopbie He cOOTBETCTBYIOT
rery ¢epMeHTa.

OJKOHOMUYECKNE pacueTbl Haps/y C JaOGOPaTOPHBIMU U IMOJIEBBIMU MCIHBITAHUSME TTOKA3aJ1
MEePCIEKTUBHOCTD UCIIOJIb30BAHNS MUKPOOPTAHN3MOB B II€JIIX PAa3PYIIEHNS TOKCHYHBIX BEIECTB.
ITo maunubiM mporpammbl «Falmouth Associates», 6mosiornueckast ouncTka OAHON TOHHBI CTOUT
40—70 monmapoB CIIIA, a ee ozosenue tpebyer 250 —550 mommapos CIIA. Amepukanckas
dupma «Biota» 3a 10 Hemeb ouncrua 150 ThicSY KyOUYECKUX METPOB 3eMJU OT He(TSHBIX 3a-
rpsi3HeHuit. 3aTpaThbl HA 3TO COCTABUJIU JIMIIb Y€TBEPTDH TOTO, YTO MOTPE6OBAJIOCH ObI Ha yaJIeH1e
U TPAHCTOPTUPOBKY 3arpsi3HEHHOI TTOUYBDI.

B xome BbIMOJMHSAEMBIX 1O KOHTpakTy ¢ MuHHcTepcTBOM o60poHbl CIIIA ombiTHO-
KOHCTPYKTOPCKHUX PabOT TIO0 CO3/IaHUI0 CUCTEMBI OOHAPYKEHUS OGMOJOTHYECKUX TTOPaKAIONINX areH-
TOB oTz1eJIoM atMochepHbIX uccieaoBanuii Jloc-AaMmocckoii HanmonaabHoi abopatopun (r. Jloc-
Anamoc, mr. Hpio-MeKcrKo) MpoBe/IeHbI T10JIeBble UCTIBITAHUS 9KCIIEPUMEHTATBHOTO MOOUIBHOTO
JINJTAPHOTO KOMILJIEKCa AUCTAaHIIMOHHOTO OIPE/IeJIEHNS B UCKYCCTBEHHO CO3/IaBAEMbIX a9PO30JIbHBIX
atMocdepHbIX 06pa30BaHMSAX BETeTATUBHBIX M CIIOPOBBIX (DOPM MUKPOOPTaHU3MOB.

[Tpuniun o6HapysKeHNS MUKPOOPTAHNU3MOB C MOMOIIIO HEBOCIIPUUMYHMBOTO K CIEKTPY COJI-
HeuHoro usnydenus JIMJJAPa (LIDAR - Laser- Induced Detection and Range) ocHoBan Ha ciio-
COOHOCTH IUKJIMYECKUX aMUHOKUCA0T (Tputodana, GpeHuIalaHnia 1 TUPO3UHA), HAXOASAINXCA
B 6aKTepHaJbHON CTEHKe, TOTJIONAaTh TeHEPpUPYeMOoe Jia3epoM YJabTpaduoseToBoe H3TyUYeHHe
¢ nepeusayderneM curiasos (duyopeciupoBarb) Ha APYTrUX ONPEAEJEHHBIX s PasTHUHBIX
BUJOB U (POPM MUKPOOPraHM3MOB JJIMHAX BOJIH 3TOTO JuamnasoHa (cO CABUrOM K HUKHEH ero
rpanuie). MayopecieHTHOe U3aydeHrne MUKPOOHBIX KJIETOK, KOTOPOE B HECKOJbKO pas IIPEBbI-
nraeT Kak OTpakeHHoe, Tak U (hOHOBOE, YJIABJIUBAETCS 3€PKATbHBIM TEJECKOTIOM W BBIZAEJISIETCS
C TIOMOIIBIO NMPUEMHO-aHAJIUTHYECKOW anmmaparypbl. AmNapatypa MMO3BOJISIET BBISB/IATD HaJIUUNE
6MOJIOTUYECKOTO a’p030Jid, OIpeeaTh €ro KOHIIEHTPAIWIo, pa3Mepbl 00Jaka, yIaJeHHOCTD,
CKOPOCTH W HaIlpaBJIeHUE TepeMeIleHts.

B akcnepumenranbiom JIMJ[APe ucnonbsoBancs skcumephbiii sazep (EMG201E) na dro-
PUCTOM KPUIITOHE, pabOTAONNl HAa JAJUHAX BOJH 248 m 277 HM UMITyJIbCaMH MOITHOCTBIO 6oJiee
0,5 /I:)x ¢ pacxoskjaeHueM Jyda, He mpeBbrimatomum 0,5 Mpaa. B kadecTBe ONTHYECKON CHCTEMbI
JINJIAPa mpumensicsa mapaboandecKuii Tejeckor guaMetTpom 40 cM ¢ TpeMs AU3JIeKTPUIEeCKUME
3epKaJlaMH M ONTUYECKUM pasfiesinteseM jgyda. [locieuuii 1o3BOIs€T OJHOBPEMEHHO C TTOMOIIBIO
hOTOMETPOB BBIJEIATH OTPaskeHHbIH (Ha JJMHE BOJHbBI Ja3ePHOr0 M3aydeHusa) 1 (JayopecieHT-
Hbiii (280 —360 HM) cUTHAJIBI.

B xome moAroTOBKM K TOJIEBBIM UCIBITAHUAM Oblja MpoBegeHa JabopaTopHas KaJnOGpoBKa
JIN/IAPa no kaerkam u cropam Bacillus globiggi, momeniennbiM B pusnoorudeckuii pactBop.
bolio ycranoBiieno, 4To HanboJrbIas pa3peniaonias cliocOOHOCTb TOCTUTAETCS TIPU JIJITITHE BOJHbI
Jazepa 248 HM, KOTOpOil cOOTBeTCTBYeT (DyopeciieHTHOe u3Jaydenne y Kiaetok Bacillus globiggi
B auanasone 290—350 um (¢ makcumymom Ha 310 HM) U CIIOP HTHX K€ MHUKPOOPraHU3MOB —
330—400 um (¢ makcumymom Ha 360 HM). Ilo KaaMGPOBOYHBIM [AAHHBIM ObLIH M0J06PAHBI
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crieKTpaJibibie GUIbTPHI A5 (OTOMETPOB TEJECKOTIA, PACCYUTAHHBIX Ha CHEKTPBI (DIYOPECIIeHITNH
3a/IeICTBOBAHHBIX B MCIBITAHUSIX UMUTATOPOB OGMOJOTUYECKUX areHTOB.

[Tpu mpoBeieHN Y TTOJIEBBIX UCTIBITAHWI HA OTKPBITON MECTHOCTHU MCITOJIb30BAJNCHh CTAIIMOHAP-
Has cucteMa MPo6OOTOOPHUKOB /IS KOHTPOJS WHCTPYMEHTATbHBIX MU3MEPEHUl, JUIapHbIH KOM-
MJIEKC U TeHepaTop GMOJOTUYECKOTO adpo30Jsi. B KauecTBe MMUTATOPOB OGMOJOTUYECKNX areHTOB
MPUMEHSIJIUCH OUYUIEeHHbIe OT NMUTATENbHOI cpejbl KiaeTku u criopel Bacillus globiggi u Bacillus
thuringinesis B ¢dusnosornyeckom pactBope. OG6GJaKO aspo30Jisi CO3/aBAJOCh Ha PACCTOSHUU
300 M oT TIoMAaAKN ¢ TPO6OOTOOPHUKAMU TTePeMeIaloNMMcs TEHEPATOPOM C BBIBOJIOM paboueii
cmecu 0,2 1/ muH. JlazepoM Bestach MOCTOSTHHAS KOPPEKTUPOBKA TTOJOKEHUS aBTOMOOUJIS C a3po-
30JbHBIM T€HEPATOPOM JIJI TOT0, YTOObI co3/taBaeMoe 06JaK0 TTPOXOIUI0 Hal MTPo600TOOPHUKA-
MU HEe3aBUCHMO OT HampaBJyeHus Berpa. O6paboTka maHHBIX, a Takke ymnpabienue JIVIAPom
U TIOJINTOHHBIM 0GOPYZOBAHMEM OCYIIECTBJISAINCH ¢ momolibio DBM Ttuna VAX, BbigaBaBimeit
Tpebyemyto nHdopMaIuio Ha TeJeBU3NOHHBIE MOHUTOPBI, MPUHTEPHI U TPadOmOCTPOUTETH B pe-
aJIbHOM MaciTabe BpeMeHHU.

WcnbITaHusaM peiecTBOBAJIO ONIPe/IeJIeHIe PeabHOM KOHIIEHTPAIMHT a3P030JsI C TIOMONIHIO
cetn 1Po6oOT6OPHUKOB (IIOCPEACTBOM BaKyyMHOro oT6opa Hpob BO3AyXa 3aJaHHOTO o0beMa
C MOCJEAYIONUM TOACYETOM TIJIOTHOCTU BBIPOCHIMX MHUKPOOHBIX KOJOHWH) ¥ JIa3ePHOTO CYeT-
YUKa adpO30JbHBIX yacTull B 1esax kamubposku JIMIAPa. IIpoBenena cepust 3aMepoB 0611ero
¢goHOBOTO M3JMyYeHUS W CUTHAJOB OT IMbBLIEBBIX 00JIAKOB, TPOMBIIIJIEHHBIX W aBTOMOOWJIbHBIX
UCTOYHUKOB 3arpsisHeHus arMocdepbl, eCTECTBEHHBIX 06JJAaKOB M TyMaHa, CTPOEHWH, IepPEBbHEB
U JIPYTUX 3JIEMEHTOB MECTHOCTH. V3/ydeHre oT YKa3aHHbIX 0OBEKTOB MPUHITUITNATIHHO OTJINYAIOCH
oT uryopeciieHIn 6MOJOTHYECKOTO a3P030JsI, KOTOpast 0 MONTHOCTU 3HAYUTEJbHO TPEBBIIIAIA
OTPa’KeHHBIN CUTHAJ.

OcHoBHOIl 06beM HCCTIeOBAHWI ¢ GUOJIOTHYECKUMHU adPO30JISIMH TPOBOJMJCS B CBETJIOE
BpeMsI CYyTOK NpU CKOpocTH BeTpa 2—4 M/ ¢ Ha ynasennn JIM/[APa oT KOHTPOJIbHON TLIOTIAAKH
600 m. CosmaBaJyuch pa3JjuyHble KOHIEHTPAIMKU aspo30Jid. B ogHOM JUTpe BO3mayXa cojepsKa-
Jgoch oT 300 1o 600 a3p0O30JbHBIX YACTUIL, HA KAXKAYI U3 KOTOPBIX MPUXOJUJIOCH B cpenHeM 20
MUKPOOHBIX eInHUI]. B X0/1e aKcIIepuMeHTOB Ha TepMuHaaax dBM ¢ukrcupoBaich 1Be KPUBbLIE,
oToOpaskamlre NHTEHCUBHOCTD (DJIYOPECIIEHTHOTO M PACCETHHOTO M3JydeHunii. Dryopecienims
6MOJIOTUYECKUX YACTHIL, BO3OY KEHHBIX JIYYOM Jla3epa, XapaKTepru30BaJIach BHIPAKEHHBIM MTUKOM,
B TO BpeMs KaK WHTEHCUBHOCTH PACCESHHOTO M3Jy4YeHUs Ha TOW ’Ke JaJbHOCTU Obljaa 6Ju3Ka K
MOpoTy 4yBCTBUTEJNbHOCTH Tipmbopa. CoorHorieHue (GJyopecieHTHOTO CUTHaJA, TOJYYEeHHOTO
OT eIMHUYHOTO UMITYJIbca, K YpoBHIO ¢oHa Ha paccrossanu 600 M Tpu KOHIEHTPAIUKM a3PO30Js
300 gactury Ha uTp coctasisano 2:1. Ilpu 10 mocaenoBaTe bHBIX JIa3ePHBIX UMITYJIbCAaX € y/a-
JleHreM aspo30abHoro obmaka (konnenrpamueit 500 vactui /) 1200 M 9T0 COOTHOLIEHNE PABHS-
Joch 3:1, 4TO CBHU/IETETLCTBOBAJIO O JIOCTATOYHBIX BO3MOKHOCTSIX ariiapaTypbl IO 0OHAPYKEHUTO
MUKPOOPTAaHN3MOB. AMEPUKAHCKUM CIIEINATUCTaM yAaJ0Ch BBIABUTH Ha auctanimu 6osee 1200 m
Haanure B atMocdepe crmopoBbiX opM GakTepuil TPU KOHIIEHTPAIIUU a3p030Js 6 criop B OJHOM
KyO6MYeCcKOM CaHTUMETPE.

ITo MmHeHMIO pa3zpabOTUYNKOB, HaKoIJIeHne 6a3bl JaHHbIX D BM 06 atMocdepHbIX TapamMeTpax
U XapaKTepUCTHKAX Pa3JUYHbIX adpo3oJieii, moryuaembix ¢ momoitnbio JIM/IAPa, a Takxe coBep-
NIEHCTBOBAHUE allllapaTypbl, BKJIOYAs yaydlleHne CONPIKEHNS Jla3epa ¢ TeJeCKOIOM, TT03BOJISIOT
YBEJIUYUTD PAANYC AEHCTBUS CO3/JaHHOW YCTAHOBKU /10 2 KM.

JIupapHbIili KOMIJIEKC BBITIOJTHEH B MOOMJIBHOM BapuaHTe C pa3MelleHneM Bcero 060py0BaHus
Ha O/THOM I'py30BUKe. VICTOUHUKOM MUTAHWS SBJISJICS IU3€TbHBIN 2JI€KTPOTEHEPATOP MOIHOCTHIO
12,5 kBT. B ucnbITaHugX MOATBEPIK/IEHBI XOPOITNE IKCILIyaTAallMOHHbIE XapaKTEePUCTUKU KOM-
miekca. Ero nmoaroroska k asnuresbiomy (6osiee 1000 kM) Mapiny AByMs ollepaTOpaMy 3aHUMAeT
3 vaca, a pa3BepTbIBaHNe B KOHEYHOM NMyHKTe — 2 yaca. [Ipm mepememnienun KoMmIiekca Ha He-
60JTbIITNE PACCTOSHUS [/ €ro pa3BepTbiBanus Tpebyercsd MeHee 20 MUHYT.

[TpoBeseHHbIE UCTIBITAHUS JIMIAPHOTO KOMILJIEKCa, paboTaioniero B yabTpadoIeToBOM /ua-
1a3oHe BOJIH, CBUIeTENbCTBYIOT 0 nipoaBikenun B CIIIA pa6oT 1o co3janmio KauecTBEHHO HOBOI
CHUCTEMBl paHHEro OOHapY’KeHUsS U OTOBEIIEHUS O MPUMEHEHWN OMOJOTUYECKUX IMOPaKafoIInX
areHToB. [lo MHEHUI0O aMEPUKAHCKUX CIEIUaanucToB, ocymiectBaenubrii atam HMOKP nossosut
paspaborarb Ha 6a3e CO3aHHOI MOEJTN TTPOTOTHUIT BOWICKOBOTO MOOMITHHOTO JIMIAPHOTO KOMILIEKCA.
YuureiBag panee nposejieHnbie B Jloc-AsaMocckoii 1abopaTopuy 9KCIIEPUMEHTHI 110 0OHAPYKEHUTO
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¢ nomoiblo JIM/ITAPa atoro ke auanazoHa BOJH XMMUYECKUX OTPABJAIOIIUX BelleCTB, MOKHO
0XuaTh mosgBaeHne B 6amskaiimeit mepcnektuse B CIIIA yHuBepcasbHOTo mpnbopa XUMUYECKO
1 6MOJIOTUYECKOI Pa3BE/IKH.

Baxknyio posb B o6e33apaskMBaHUM BO/IbI UTPAIOT OKUCJANUTENN: JUOKCH/L XJI0Pa, 030H, XJOP.
CpaBuuTesbHBIN anaau3 3PpGEeKTUBHOCTA WX JIeficTBUS MOKa3aH Ha puc. 7.1.

\
Ouokcug Y O —
xnopa /
YoUu
O3oH
Xnop \
Bupycbl Bakrepumn Opyrve Mocne OTcyTcTBue 3anax u OpraHuyeckue Kenesoun AMOHMIHBLIV
naToreHHble  AencTBUs ranocopm NPUBKYC  BellecTBa MapraHel asot
MUKpPO-
OpraHU3MbI
Puc. 7.1. CpaBuure/bHblil anamn3 3GEeKTUBHOCTU AEHCTBHS
U IPEUMyIIecTBA OCHOBHBIX OKUCJ/HUTEJell B Boze
Kopnopanueii 1mo paspaborke cpenactB BogocHaOxenusi — General Water Development

Corporation (Ilaan, JIuxTeHmreiin) co3gaHa yCTaHOBKAa HOBOTO THUIIA AJs 06e33apaskuBaHUs
BO/IbI METO/ZOM aHOAHOro okucaenud. OHa npeaHasHadeHa A/ IOJNYYEHUS NMHUTbEBOW BOJABI U3
OTKPBITBIX BOJIOUCTOYHUKOB U 0GECIIEUNBAET €€ XpPaHeHUue B TeYeHue S5 JIeT.

®oro. MobusbHas ycranoBka s ounctku Bojabl OB, BC
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Puc. 7.2. Mo6Gunbnas ycranoBka jus ounctku Bojabl OB, BC
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doto. MobusibHas ycraHoBka s ourctku Bojabsl OB, BC
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Doro. MobusbHas ycTaHoBKa sl ouncTk Bogbl OB, BC

Meton o6e33apakuBaHus MyTeM aHOJHOTO OKHMCJIEHHS OCHOBAH HA NPUHIIHIIE 3JIEKTPOXUMHU-
YecKoll peakIuu, B pe3yJsbTaTe KOTOPOI Ha TPAaHUIle CPebl AaHO-3JEKTPOIUT 06Pa3yioTCs MOHDI
KUCJIOPO/Ia PA3JIMYHON CTENEeHN YCTOMYMBOCTH, pa3pymiaioniine 000J0UHbIe CTPYKTYPBI OaKTepHil 1
BHUPYCOB, 4eM o0ecleunBaeTcs JAJIUTeTbHOe XpaHeHne Bobl. MeTo/1 0671a/iaeT BBICOKOI CTEIEHbIO
HA/IeXKHOCTU U He TpeGyeT JOTOJHUTETHbHOTO MPUMEHEHNS KaKX-JTn60 XUMIYECKUX MTPermaparTos,
MPUBOATINX K OBICTPOMY M3HOCY TEXHOJOTUIECKOT0 000PY/I0BAHUSA 1 BO3HUKHOBEHWTIO TTOOOUHBIX
ABJIEHUN y YeJoBeKa Mpu MOTPeGJIeHNN BOJIBI JIJIS TUTHS.

YcraHoBKa CMOHTHPOBAHA B CIIEIMAJbHOM KOHTellHEpe M COCTOUT M3 peaKkTopa aHOHOTO
OKMCJIEHUSI, MCTOYHUKA ITOCTOSSHHOTO 3JEKTPUYECKOTO TOKa, IyJbTa YIPABJEHUS M CUCTEMbI
Tpy6OTIPOBO/I0B, (DUJIBTPOB U KJAMAHOB [/ MOJauM, MPEABAPUTETHbHON OYUCTKU W pacipeje-
JgeHust Boabl. KoHTelinep ¢ o60opyroBaHueM IPUCIOCOOJIEH /IS YCTAHOBKH HA I1ACCH IPY30BOTO
aBTOMOOUJIA.

TakTHKO-TeXHHUYECKHE XapaKTEPUCTUKHU YCTAaHOBKHU

[Mpon3BoaANTENBHOCTL:
YCTaHOBKM 3000 n/y
yrakoBOYHOM MaLLVHBI 2000 nakeToB B 4ac
Pasmepbi:
OJivHa 6100 mm
LMpUHa 2440 mm
BbICOTA 2590 mm
MakcurmasnbHas MOLLHOCTb ABUratens 14 kBT
Pacxopn anektpoaHeprun Ha 1000 n 0,02—0,1 kBT.4

[Tporecc o6Ge33apaskMBaHMs MOJHOCTHIO ABTOMATU3UPOBAH, KOHTPOJb 3a €r0 XOJOM OCY-
HIECTBJISIETCST C TIOMOIIbI0O MUKPOIIpoIleccopa. ¥ CTAaHOBKA MPOCTA B 9KCIJIyaTallnu, 3KOHOMUYHA
n obecreynBaeT MOJyYyeHUe BOJbI, COOTBETCTBYIONIEH CYIIeCTBYIOIUM CTaHAapTaM. B kadectse
NCTOYHUKA MUTAHUS UCIOJb3yeTcs TpeXdasHblil AM3eabHbII TeHepaTop.

YnakoBoyHast MalHa OCYIIECTBJsAET pacGacoBKy BO/IbI B MHAUBH/IYAJIbHbBIE TTAKETHI 00 HEMOM
0,2—1,5 3. [TakeTbl U3TOTOBJIEHBI U3 CIEINATbHON Ta30HETTPOHUIIAEMOI MSATUCIOWHON CUHTETH-
4yecKoii menkn (Macca 0JJHOrO KBaJApaTHOro Merpa IieHkn 112 r) u BbIAEPKUBAIOT HATPY3KY /0
80 kr. Cpok XpaHeHHs MUTHEBOW BO/bI B MH/UBH/IYAJIbHOM IaKeTe — J JIET.
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CnernuanucramMu Kopropamnuu pa3paboTaHbl pa3JMyHble, B TOM 4uCJe CTallMoOHapHbIE, Ba-
PUAHTBI YCTAHOBOK TPOM3BOAUTENBHOCTHIO 10 1000 ThIC. J1/4, KOTOpPbIE MOTYT MCIOJIb30BATHCS
B Pa3JUYHBIX KJUMATUYeCKUX ycjaoBusax. Cpok skcmyaranuu — He MeHee 15 er.

[To MHEHMIO BOEHHBIX 3MHUIEMHUOJIOTOB, MOOUTHbHBIN BAaPUAHT YCTAHOBKU aHOTHOTO OKHMCJIEHUS,
Mpe/IHa3HAYeHHO /1T NCTI0JIb30BaHMS B TIYHKTAaX MOJEBOTO BOJIOCHAOKEHWS BOCK, MOKET TaKKe
MPUMEHATHCA B AMUJIEMUYECKIX ouarax M 30HaX OMOJOTUYECKOTO 3aparkeHws.

CnernuanaucrtamMu oT/iela TOKCUKOJOTUM WHCTUTYTAa WH(PEKIMOHHBIX 60Je3HEeH CyXOMyTHBIX
Boiick (CB) CIIIA (®Dopr-/lerpuk, mr. Mapuiens) B paMkax paloT 110 COBEPUIEHCTBOBAHUIO
TOKCUHHOTO OPYIKUS MPOBOJIATCI MCCJAEOBAHUA /0B PUPOJHOTO npoucxoxaeHusi. OJHUM u3
HalpaBJIeHN 9TUX PabOT ABJSETCS OlpejleieHne NMMYHOTEHHBIX OcoGeHHOocTell HamboJiee ak-
TUBHBIX KOMIIOHEHTOB HEKOTOPBIX 3MENHBIX SI0B, MPEACTABISIONINX, IO MHEHUIO aMePUKAHCKUX
CIENNAJNCTOB, TIEPCIEKTUBHYIO TPYIITY OGMOJOTUYECKUX TTOPAXKAIONINX areHTOB, MPEBOCXOISANINX
o apdexTuBHOCTH 60EBOTO TpUMEHEHUs TabeJbHble TOKCUHDI.

N3yuyenne mexanuaMma JIeCTBUS 3MEUHBIX S/I0B MTOKA3aJ10, YTO OHU 00Jaal0T N30 paTeTbHBIM
BO3/IEHICTBMEM Ha IEHTPAJTbHYIO HEPBHYIO CHCTEMY YesoBeKa 6Jarofaps BHIPA)KEHHOMY TPOTU3MY
110 OTHOIIIEHWIO K HepPBHOW TKaHW. CpaBHUTENbHAS TOKCHUKOJOTMYECKAs OIeHKA OT/IEJbHBIX KOM-
MTOHEHTOB $I/I0OB HA OPTaHO-CUCTEMHOM, KJETOYHOM U MOJIEKYJSPHOM YPOBHSX CBU/IETETHCTBOBAJA
0 HanboJblIell TOKCHYHOCTH TIENTHA0B Kjaacca (ocdonunasa-A,. PesyabraTbl 1a60paTOPHBIX
UCIBITAHNUN ITOKa3aJn BBICOKYIO 3(h(EKTUBHOCTh MX NPUMEHEHUs B aspo3oJibHOIl dopme. Tok-
CUHBI 3TOU TPYIIIbI, UMEOINNeE, 0 aMePUKAHCKOW OIleHKe, HauboJblliee TPUKJIAHOE 3HAYEHUeE,
npusejenbl Hiske (tabi. 7.4).

OTHOBPEMEHHO € M3YUYE€HNEM TOKCUYHOCTU OCYIIECTBJISAINCH Pa3paboOTKH CTocOO0B MHANKAIINN
6MOJIOTUYECKN aKTUBHBIX KOMIIOHEHTOB 3MEWHBIX S/I0B, a TaK)Ke CPE/ICTB MEeIMITMHCKON 3alIUThI,
OCHOBAHHBIX HAa HEHTpaJM3aIlUM S/I0B AHTUTOKCUYECKUMU CBIBOPOTKAMH.

C 37101 11e1bI0 CIIeuaancTaM MHCTUTYTA METO/IOM SKUJIKOCTHOM XpoMaTorpaduu 1o/l 1aBJe-
HHUEM C TI0CIeyIOMUM 31eKTPOo(ope3oM B rejie IpousBouaach ouncrka dpocdonnmaspi-A, Helipo-
TOKCUHOB OT MpPUMeCceil, KOHEUHBIH TPOAYKT COJepsKaT He MeHee 95 % HeillpOTOKCHHA. AHTHCHIBO-
POTKY K Ka’KJOMY BBIJIEJIEHHOMY TOKCUHY TIOJIyYaJu TIyTeM TUIIEPUMMYHU3AITUN KPOJUKOB B /103aX
or 10 go 100 mxr. Merogamu mmmyHoauddy3un u snekTpodopesa MOATBEPKIAECHO TOSBJIEHHE
MMMYHHOT'O OTBETA, MUK KOTOPOTO PETrUCTPUPOBAJICS cycTd 6 —8 Henesb 1mocje BBeJleHUs aHTH-
reHa. BoisBJiieHre aHTUTEHHBIX 0COOEHHOCTEN TOKCMHOB OCYMIIECTBJISIOCH TTOCTAHOBKOW peaKInu
ELISA ¢ roMOI0OTHYHBIME aHTHUCBIBOPOTKAMU. Pe3yabTaThl CBU/IETENHCTBOBAJIN O 3HAUYUTETHHOM
CXO/ICTBE BEJIMYMH UMMYHOTE€HHOCTHU BCEX MCCJIEYEMBIX SI/I0B, & TaKXKe 0 HAJUYUU TIePEKPECTHOM
AKTUBHOCTHU UX aHTHCBIBOPOTOK B MIMPOKOM /uamnasone. [lo MHEHUIO aMepUKAHCKUX YUEHBIX, a-
ekt Kpocc-HelTpau3anuy CBA3aH ¢ HaJudueM B CTPyKType (docdomnasa-A, HEHPOTOKCHHOB
OJTHOPOJIHBIX 3TUTOIIOB, UYTO TO3BOJSIET OJIHOM AHTUCLIBOPOTKE HEUTPAJN30BBIBATH HECKOJDBKO
TUTIOB Pa3JIMYHBIX TOKCUHOB 9TON rpynibl. Tak, CBIBOPOTKA MPOTUB TEKCTUJIOTOKCHHA MOJHOCTHIO
3anumniaeT JabopaTOPHBIX JKUBOTHBIX OT HOTEKCUHA, TAWTIOKCUHA U TEKCTUJIOTOKCHUHA, BBE/IEHHBIX
B opranusMm B jo3ax 3,50 u 1000 JI/L,, cooTBeTcTBEHHO. Pacyerbl OKa3bIBAIOT, YTO 9KBUBAJIECHTHOE
KOJINYECTBO TEKCTUJIOTOKCMHOBOW aHTUCBIBOPOTKU HEUTPAJMU3YET JIBE MOJEKYJIbl TAWIIOTOKCUHA,
TP MOJIEKYJibl HOTeKcMHA 1 10 TeKCTUJIOTOKCHHA.

[TepexkpecTHy0 aKTUBHOCTDL BO BpeMsI MIPOBE/IEHNS ONBITOB B PA3JIMUHON CTENI€HU MTPOJIEMOH-
CTPUPOBAJIUA U BCe APYyTHe ChIBOPOTKU. OHAKO TOMBITKYU MOA06paTh YHUBEPCAJbHBIN Mpemapar
A MHAMKAIMU BCero crektpa docdonunasa-A, HelipOTOKCMHOB OKa3auch (e3yCHeNIHbIMH,
MOCKOJIbKY, KaK OBbIJIO yYCTAHOBJEHO, M3y4YaeMble TPYIIIbI OTHOCSATCS K Pa3HbIM CEPOTPYIIIaM.
B xome manpHeWmmX nccaegoBaHuii ObIIM HapaOOTaHbI CHBIBOPOTKHU JIJIS KaXK/IOT0 cepoBapuaHTa
TOKCUHOB U TTPOJIEMOHCTPUPOBAHA WX BBICOKAS HEUTPAJU3yIollas akKTUBHOCTb. B To ke BpeMms
0Ka3aJioCh, 4YTO CEPUIHOE TTPOU3BOJICTBO CPE/ICTB UHUKAIIMY U MEJUITUHCKON 3aIUThl HA OCHOBE
MOJIMKJOHATbHBIX aHTUTEJI IBJASETCH TPYJOEMKUM U JOPOTOCTOAIIUM ITPOIECCOM, TTIO9TOMY aMepu-
KaHCKWEe yYeHble MPUCTYIUJN K CO3/[aHUI0 MOHOKJOHOB M K HACTOLIIEMY BPEMEHU TOJYYUJIH
cBbire 50 KJIETOYHBIX JMHUN K 7 M3yYaeMbIM TOKCHHAM.

[lanbHelie uccjae0BaHNd HAMPaBJEHbI HA CO3/[aHME MOHOKJIOHAJbHBIX aHTUTEJ KO BCEM
docdonmnasa-A, HeiPOTOKCHMHAM, HMEIONIUM NPUKJIAJHOE 3HaYCHHE.

[Tomo6HbIN TOAXOM, O MHEHUI0 aMEPUKAHCKUX CIEIUAJINCTOB, MO3BOJHUT CO3JaTh HAaOOPbI
JUTS WHMKAIIM TOKCUHOB B MOJEBBIX ycjaoBugax. OKupaercs Takske, YTO ITPOBOAMMbBIE PAGOTHI
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B ITEPCIEKTUBE TTPUBEAYT K CO3aHUIO JIeYeOHBIX aHTUTOKCHYECKUX TUTIOCTIEIN(PUIECKUX CHIBOPOTOK
U TI03BOJIAT MPUCTYIHUTh K pa3paboTKe CPe/CTB BAKIMHONPOMUIAKTUKN MOPAKEHWIH TOKCHMHAMM
MIPUPOJITHOTO TIPONCXO3K/IEHNUS.

Ta6auna 7.4
Ilepeyenn ¢ocdoannaza-A, HEliPOTOKCHHOB
HassaHve HassaHve 3men — MonekynsipHas }I(_Izm:eﬂ?; CwmepTenbHas fo3a ons
TOKCUHA npoayueHra gaa macca, (k[dan) u,enﬁlaﬂ mblwen JIL ., (MKr/Kr)
TannokcuH TannaH 40 3 2
B-GyHrapoTokcuH Monocartbln KpanT 20 2 20
KpoToKCuH IOxHOamepurkaHckas 20 2 50
rpemyyas 3ames
MoxaBUTOKCUH pemyyasn 3mes 20 2 30
Mojave
KOHKONMOPTOKCUH Kapnukosas 20 2 45
rpemyyas 3ames
HoTtekcuH Turposag 3mes 14 1 17
AMMOOUTOKCHUH EBponeickas ragtoka 14 1 20
ATPOKCTOKCUH 3anagHas 14 1 —
rpemyyas 3ames
BepranamcTokcuH IOxxHOamepukaHckas 14 1 50
rpemyvas 3ames
ATPaTOKCUKH IOxHoa3naTckas 14 1 5000
Kobpa
KaynokcuH Poratas ragioka 14 1 180
TeKCTUNOTOKCUH KopwuyHeBas 3mes 80 4 1
MceynekcuH ABCTpannmnckuin 14 1 1250
YepHbIN NON03
Pseudechis
porphyriacus

B MeaunnHCKOM Hay4YHO-UCCJIE0BATETbCKOM HHCTUTYTE NHQPEKIIMOHHBIX 60JIe3HEN CYXOIyT-
ubix Boiick CIIA (Dopr-/lerpuk, mr. Mapujiena) B paMKax MPOrpaMMbl HCCJIEJOBAHUS TOKCUHOB
MPUPOJIHOTO TPOUCXOK/IECHUS Be/IeTCd U3y4YeHue s1/1a CKOPIHUOHOB. B pa6oTax NpMHUMAIOT yyacTue
CIIEIUAJIUCThI yHUBepcuTeTa T. Mapceab (Dpanius).

Yucsio 97108, BbIJIeJEeHHbIX K HacTosdleMy BpeMenn oT 600 u3BecTHbIX Pa3HOBUHOCTEN 9TUX
4JIeHUCTOHOTUX, mnpesbicuao 90. fABaggch GenkaMu ¢ HU3KOH MOJIEKYJIApHOH Maccoil (0KoJo
7 xJlan), OHM UMEIOT B CBOEM COCTaBe KOPOTKYIO Ielb u3 60 —65 aMUHOKMCIOTHBIX OCHOBAHMIA,
IJIOTHO YHAKOBAHHYIO YeThIPbMS AuCyabGUAHBIMU MOCTHKAaMK. HellpoTOKCHMHBI CKOPITHOHOB 6.J10-
KUPYIOT MOTEHIIMAJ-3aBUCUMble HATPUEBbIe KaHaJbl HEPBHBIX M MbIIIEYHbIX KJETOK, 4YTO BejeT
K HapylUIeHWIO MOHHOrOo oOMeHa W majeHnio MeMO6paHHOro mnoreHnuana. [lopaskaiorcs mpeumy-
IIECTBEHHO KJETKU TepudepruiecKoil HEPBHON CHCTEMbI C O/JIHOBPEMEHHBIM BBICBOOOXKIEHUEM
3HAYKMTEJIBHOTO KOJHMYECTBA MeAuaTtopoB (aleTuaxo/MH U KaTexoJaMuHbl). Yale BCero cMepTb
1o/ ieficTBUEeM 3TUX /0B HACTyIIaeT OT MapaJjnya /bIXaTeJbHOI MyCKYJAaTypbl U OTEKa JIETKUX.
TokcuuHOCTh MX BecbMa BapuabesbHa.
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[To MmexaHu3My TIOpaskeHns OTEHITNAJ-3aBUCUMbIX HATPUEBBIX KAHAJIOB HEWPOTOKCUHDI 1TO/IPa3-
nensiores Ha (anbda), (Gera), (ramma). AMepUKaHCKKE CIIEIMATUCTBI HCCAEA0BAJN 51/ CKOPIIMOHA
Androctonus australis Hector (AaH). Ha nepBom ararie, MCII0Jb3yst BBICOKOIIPOM3BOANTENBHYTO JKH/I-
KOCTHYI0 XpoMaTorpaduio, yaaaoch BbIJIEJUTh YeThipe ero ¢ppakiuu, oTHocamuecs Kk (raMma)-Tok-
cunam: AaH I, AaH II, AaH III u AaH IV. IlonoBunHag JjierajbHas 4034 (]UISO) KasK/I0TO 13
HUX OTJMYajach APYr oT aApyra. Hambosee TokcmyHbIM M3 HUX cumTaeTcsd Komrnonent AaH II.
Ero JI /L, nus MBIIIEH TTPU MTOJIKOKHOM BBEJIEHUN COCTaBJSET 9,4 MKI /KI, B TO BpeMs Kak JI,
npyroro kommonenTa AaH IV paBusanach 122,5 MKr /Kr.

Kpome toro, JI/I,, B 3HauuTeIbHOI CTEIeHM 3aBUCHT OT crocoba BBeJeHus Tokcuna. Hexko-
TOpPbIE JTaHHbBIE TT0 3TOMY BOTIPOCY TIPUBE/EHBI B TabJuie 7.5.

Ha BTopom aTame uccsieJoBanuii /s ONpeieIeHus TeHa, KOANPYIONiero HanboJsiee TOKCHIHYI0
dpakmuio g1a, TKaHDb XKeJae3bl, CEKPETUPYIONIeH 5/, TOMOTEHEe3UPOBAJM M C TTOMOIIIO XPOMATO-
rpaduy B OJUTOTUMUANH-TIEJIIION03€ TTOJydaan ouniieHHyio ot mpumeceit MPHK, comepxariyro
nHdopMaImio o reHe, oTBevaloiieM 3a BbipaboTKy Heiiporokcuua AaH II. /lamee ¢ MPHK 6biia
cuHTesupoBaHa KomrsemeHntapuasa konus JHK (x/IHK), xoropyio BcTpauBajiu B IJIA3MUIY
DCDV-1 u kjoEUpOBaJH € MOMOIIbIO KUIIEUYHON MaJOUYKu. PeCTPUKIIMOHHBIN aHaIn3 KJIOHUPO-
Bannoit k/[HK c¢ ucnonpsoBanuem ¢gepmentoB Pst 1 u BambH 1 nokasas, uto oHa cOmep:KuT
okoJ10 500 map ocHOBaHUIA.

Ta6auia 7.5
3asucumocTb Beaunaunbl JI/I | Bble1€HHBIX
HEHPOTOKCHHOB OT crioco0a BBEAEHHS MbIIIaM
Benununna J14, ) nccnenyembix
Cnocob BBeaeHus HENPOTOKCUHOB, MKT /KK
TOKCVHaA MblLLaM
AaH | AaH Il AaH Il AaH IV

B xenyno4kv ronoBHOro mMosra 0,5 0,025 0,35 0,9
MoaKoXHO 17,5 9,4 24,0 122,5

[lnsa cunatesda HeitpoTokcuna AaH 11 nuasmuay pcD-403 Bk/tounam B reHOM KJETOK TTOYKHU
06e3bsii (kysbrypa COS-7). MakcuMasibHOE BbljieJIeHHE TOKCHMHA HAGJII0/1aJ0Ch HA 1IECTOi JIeHb
n coctaJysio 0,2 Mxr Ha 10° kietok KyabTyphl. [lanee merogom ELISA 6bli0 ycTaHOBJIEHO, YTO
CUHTE3VMPOBAHHbBIE TOKCUHBI CBA3bIBAIOTCS C TOJUKJIOHAJbHBIMUA aHTUTEJIaMM, HApaGOTAHHBIMU K
ucxopnomy Heiiporokcuny AaH II, u Takke croco6Hbl 6GJIOKMPOBATh HAaTpUEBble KaHaJbl. [Ipu
BBe/leHUH 1X sKUBOTHBIM JIJI, okaszainch npubiusutenbuo ogunakospiMu (0,3 HI /MbIlb — JUIs
MCKYCCTBEHHO CHHTE3UPOBaHHbIX 1 0,5 Hr/MbIlllb — s MCXOAHBIX). [lasibHelilee cpaBHeHne
CBOICTB HEHPOTOKCUHOB IO/JTBEP/NJIO UX CXO/CTBO.

[TpoBopumbie B CIIIA HMOKP 1o uccieqoBanuio CTPYKTYypbl OMOJOTMYECKN AKTUBHBIX
KOMITOHEHTOB MPUPOHDBIX SI/I0B U MEXaHM3Ma UX JIeHCTBUS, a Takke popMupoBanue 6M6JINOTEKN
reHOB HEHWPOTOKCHHOB CBH/IETEJbCTBYIOT O ITPOJOJIKEHNN PaboT, HANPABJIEHHBIX HA TOJy4YeHUE
HOBBIX areHTOB TOKCHMHHOTO OPY)KUS M CO3/laHUEe TEXHOJOTMU UX HAPAOOTKU.

B Hay4YHO-HCC/Ie0BATEIBCKOM HHCTUTYTEe MH(PEKIIMOHHBIX 6oJie3Hell cyxonyTHbiX Boiick (CB)
CIITA — USAMRIID (@opr-/lerpuk, mr. Mapuaera) B paMKaX IPOrpaMMbl IPOTHBOOUOIOTH-
YeCKOU 3alMUThl IPOBO/STCS MHOTOIIJIAHOBbIE MCCJIEOBAHUS S/0B IIPUPOJLHOTO IPOUCXOK/IEHNS.
PaccmarpuBasi BbICOKOTOKCHUYHbBIE KOMIIOHEHTBI $1/[0B HEKOTOPbIX BHU/IOB >KMBOTHBIX B KauecTBe
MOTEHIINAJbHBIX aT€HTOB TOKCUHHOTO OPY’KUS, CIIEIIMAJUCTbl HHCTUTYTa Pa3pabaTbiBAIOT METO/IbI
UX UCKYCCTBEHHOTO cuHTe3a. OCHOBHOI 11€JIbI0 TTPOBOMMBIX PA0OT SIBJISETCS CO3/IaHue TEXHOJIO-
I'MH TTPOMBINIJIEHHONW HApa60TKN GMOJIOTUYECKIX TTOPAKAIONINX areHTOB, MPEBOCXOSAIINX 10 TOK-
CUYHOCTH XMMHUYECKIe OTpaBJisgionine BeniectBa. OTcyTcTBUE TAGEIbHBIX CPE/ICTB UHNKAIUN 3THX
coeIMHEHUI U npenapaToB creluduiecKoil NpoUIaAKTUKN U JieYeHUs Topa)KeHuil onpejaesser
MOTEHIINAJbHO BBICOKYI0O 60eBYI0 3(P(PEeKTUBHOCTD WX MIHMPOKOMACIITAOHOTO WU JMBEPCUOHHOTO
pUMEHEeHNs.

JKuBoTHBIE 7B OTIMYAIOTCSA OOJBIIMM pa3HOoOOpasueM B ITPOMCXOXKJACHUU, MeXaHHU3Me
JIeHCTBUST U CTPYKTYpE M MPEJCTABISAIOT c060il OOJbIIYI0 TPYNIYy HENTUIOB, CHHTE3UPYEMbIX
Pa3JINYHBIMKM BUJAMU JKUBBIX OPraHU3MOB. B 1e/IX yIops0ueHsl UCCJIeJ0BATENbCKUX paboT
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aMepUKaHCKNEe BOEHHbBIE CITEINAJJNCThI TPUMEHSIIOT pa3paboTaHHYI0 UMK KJacCupUKAIUo ncce-
JIyEMBIX areHTOB, B KOTOPOH S/bI IO MeXaHU3My (hapMaKOJOTHIECKOTO EeMCTBUS JeJNSITCS Ha:

— HEUPOTOKCUHDI;

— MeMOpaHHO-aKTUBHBIE BENECTBA;

— IMTOTOKCHYECKWE BEIeCTBA.

HefipoTokcunbl, gB/sgsch HanboJiee MHOTOUNCIEHHOW ¥ 3HAYNMON TPYMIOH, 06J1a/1aI0T CIIO-
COOGHOCTHIO TIPEMATCTBOBATD MPOXOXK/IEHWIO UMITYJIbCa B HEPBHBIX OKOHUYAaHUSAX. VI3MeHss TpoBO-
JINMOCTb MOHHBIX KaHAJIOB, a TaKKe Hapyllas MeXaHW3M BBICBOOOK/IEHUS M CBSA3bIBAaHUS CHHATI-
TUYECKUX MEeINaTOPOB, HEHPOTOKCUHBI MapaJu3yiOT /[BUTATEJbHYIO0 aKTUBHOCTD, TPEMSITCTBYIOT
HOPMAJIbHOMY (DYHKIIMOHUPOBAHWIO OPTAHOB M CHUCTEM Y€JIOBEKA.

MeMOpaHHO-aKTUBHbBIE S/IbI HAPYIIAIOT 11€JJOCTHOCTD KJIETOYHBIX U OPTaHOUJIHBIX 060JI0YEK,
B YACTHOCTH 3H/IOTEJUAJbHBIX KJETOK W (DOPMEHHBIX 3JIEMEHTOB KPOBM, YTO B KOHEYHOM HUTOTE
MPUBOJUT K TEMOJIU3Y 3PUTPOIUTOB U KPOBOUBJIUIHUSAM B TKAHIX.

MexaHu3M [1efICTBUSA IUTOTOKCUYECKUX BEMECTB B OCHOBHOM OOYCJIOBJIEH TOpa)kKeHueM
JKU3HEAESATETbHOCTH KJIETOK M TKaHeil, a TakyKe BJIUSHUEM Ha (PaKTOPbI CBEPTHIBAIOIIEH CHCTEMBI
KPOBHU 4eJIOBEKA.

[Tpupomnbie SaBI TPEACTABIAIIOT COO0I TENTU/IBI ¢ OTHOCUTEJBHO HU3KUM MOJIEKYJISIPHBIM
BECOM W CJIOKHOUW CTPYKTypoil. Bbimesenne m3 6eTKOBBIX MOJIEKYJ OMOJOTHYECKUM AKTUBHBIX
cyObeIMHUT] W TTPUMEHEHNE TeHeTHUYECKUX METO0B I WX HapaGOTKNM MUKPOOPTaHWU3MaMU CO-
CTaBJISET OJTHO U3 OCHOBHBIX HAIPAaBJIEHUN BOEHHO-TIPUKJIAIHBIX OMOTEXHOJOTHYECKUX MCCJIE/0-
BaHWUIi, MTPOBOMMBIX B 06JJACTH TOKCUHHOTO OPY KU,

Cruermasuctol oraena tokcukogorun USAMRIID, nucnob3yst TeXHOJIOTHIO PEKOMOMHAHTHOMN
JTHK, pa6oratot HaJl TIOJly4eHIEM IIITAMMOB MUKPOOPTaHU3MOB, CITOCOOHBIX CEKPETUPOBATH B OKPY-
JKAIONYIO Cpely 3a/laHHble TOKCUHBI C MAaKCHUMAJbHO BBICOKUM BBIXOJ0M. IIpn aTOM Mcrmosb3yioTes
CO3/JaHHbIe B UHCTUTYTe GAHKHU T€HOB, COJIEPIKaliie PEKOMOMHAHTHbBIE KJIOHBI C TIOCJIEI0BATETbHOCTSI-
mu [IHK nanbosee cuibHBbIX s70B. B KauecTBe sKCIIpeccupyonmx BEKTOPOB MIMPOKO MPUMEHSIOTCS
npokapuotndeckue Gakrepun Esherichia coli m Bacillus subtilis. Tak, akcripeccusi cunTe3upoBaHHOTO
reHa, Koaupyiomuiero Boipa6otky axucratuta (s raaokn Echis carinatus) B KuieuHyto majiouky,
o6ecrieunio HapaboTKy 1,5 Mr umcroro TokcwHa Ha 1 J1 KyJabTypbl. KioHmpoBaHue u aKcmpeccus
rena Heiiporokcuna B-1V, orBercrBennoro 3a cuntes sifa ckoprnuona Celebratulus Lacteus, mo-
3Bosmam Hapaborarb 12 mr Tokcmua Ha 1 o1 KyabTypbl. Hanmdwme B cTpyKType peKOMOMHAHTHBIX
MIPOYKTOB HEKOTOPHIX MOANGPUKAINI He 0KAa3aJ0 BJAUSHUSI Ha BEJUYUHY criennruecKoil TOKCHY-
HOCTH, KOTOpas 6bljla COMOCTaBUMa ¢ TOKCUYHOCTHIO HATUBHOTO $I/1a.

B 1o Xe BpemMs B X0/ie UCCJIe/IOBAaHNI YCTAHOBJIEHO, YTO TPOKAPUOTHYECKUE X0351€Ba HEe BCET-
Ja cTTOCOOHBI 06EeCTIeYNTDh 9KCITPECCUI0 YYKEPOJIHBIX TEHOB, a CHHTE3WPOBAHHbBIE UMW MPOYKTHI
qacTo 06J1a/1a10T TIOHMKEHHO 6MOJOTMYecKOl aKTUBHOCTBIO. KpoMe Toro, 6akTepuaibHble KJIETKH
He CIOCOOHBI TPOU3BO/IUTH MOCTTPAHCIAIIMOHHBIE MOAN(PUKAIINN, TaKWEe KaK TJIMKO3UJINPOBAHME,
amuupoBanne u ocdopuanpoBanue.

[lng pacmupeHus: mepeyHs CUHTE3WPYEMbIX TOKCMHOB aMepPWKAaHCKWE CIEeIHaJUCThl UC-
MOJIB3YIOT B Ka4ecTBe JAPYTHX IKCIPECCUPYIONNX BEKTOPOB JPOsKIKeBbIe KiaeTkn Sacharomyces
cerevisial, Bupyc ocCIOBaKIMHBI, a TaKyKe KJIETOYHbIE JUHUK HEKOTOPBIX MJEKOMUTAIOMINX.
B wactaoctu, kyaprypa kiaetok COS-7 modeuHoit TKaHW 006€3bsH WMCIOJb30BaJach JJs IO-
JyueHus aHajora sjga ckopnuona Androctonus australis Hector (AaH). Beixoa pekomOGu-
HAHTHOTO TPOAYKTa, WAEHTHYHOTO NpupomHomy say, cocrasua 0,2 mxr Ha 10(6) KieTok.
B nocnemytonieM cuHTETUYECKUI T€H 3TOTO TOKCHHA 6B BcTaBaeH B miiazmuny pAC 380. I1pu
ATOM TIOCJIE/IOBATEJBHOCTH MOHOMEPHBIX OCTATKOB, KOAWPYIONIAas CUTHAJBHBIN METNTU/ Yeso-
BEYECKOT0 WHTepJIeiiKnHa-2, Oblja coeluHEeHAa C TeHOM TOKcHuHa. [losydeHHass KOHCTPYKIIHS
6blJia TocJIeJoBaTeTbHO KJIOHWPOBaHa B muasmMuay pMSV, comepikaniyio BCIO MPOBUPYCHYIO
MOCJIeJ0BATETbHOCTD BO3OYAUTE IS MBIIUHON capKoMbl. [losryuerHas B pe3yJsibrate aTux paboT
mragMua, moayunsinag o6oznauvenne pMSV-IT, onpenennia skcnpeccuio TOKCHHA CKOPTTMOHA
MBIMIMHBIMI (UO6POOIACTOBBIMU KJIETKAMH.

[To pesyabrataM TPOBEIEHHBIX PabOT aMepUKaHCKIE BOEHHbIE CHEIUAINCTDI JeJai0T BBIBOJI
0 HEOOXOAMUMOCTH TIPOIOJIKEHWS UCCAEIOBAHUI B 06JIaCTU MOJIEKYJISIPHON OMOJIOTHY TTPUPO/IHBIX
S710B, OCHOBHBIM HallpaBJIeHHEM KOTOPBIX CYUTAETCS COBEPIIEHCTBOBAHNE TEXHOJIOTUI HAPAOOTKH
3HAUNTETHHBIX 06GHEMOB CUHTE3UPYEMBIX areHTOB.
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B TO Xe BpeMms, 1Mo MMeEONUMCS CBEJEHUSAM, IO/l JaBJeHueM TpeacTaButeseii MoHga sKO-
HOMUYECKUX TEH/IEHINI, 0OBbeIMHUBINET0 CTOPOHHUKOB 3amuThl oKpyskatoteit cpeabr B CIIIA,
ObLIO TIPUHATO IOPHUANYECKOE COorJallieHne, KoTopoe 00sa3biBaeT MUHUCTEPCTBO 060poHbl (MO)
CIITA o6HapomoBaTh JeTaJu OJTHOTO U3 CAMBbIX 3aCEKPEUYEeHHBIX NCCJe0BAaHMI 10 CO3IaHui0 GUO-
JIOTUYECKOTO OPYIKHUSI.

[To ycooBusim cormamenuss MO 10/KHO U3YYNUTD BIMSHUE HA 3/I0POBBE JHO/IEN U OKPYKAIONIYIO
cpey McCJIe/JOBaHMI 110 BCeM MPOEKTaM, TPOBOANMBIM B pamMKax [IporpamMmbl 6nosiorndeckoit 060po-
HBI, BKJIIOYAS U Te, B KOTOPBIX 3aHATHI BEAYINE YHUBEPCUTETHI, W MOATOTOBUTH TMOAPOOHDBINA OTYET.

MO 105KHO OTIEHUTb BEPOSITHOCTD YTEYKHM TTATOTEHHBIX GAKTEPHil, MEPOIIPUSATHS 110 CPOYHOM
9BaKyalluu HaceJeHUs, KapaHTUHHOE W MeJIUIMHCKOe 00CTyKIBaHne paOOTHIKOB MCCJIE/I0BATEThb-
CKUX JabopaTopuii m KuTeseil 6JIM3JeKamnx paioHoB, a TakKe 0OHApPOJOBAaTh Mepbl Gesorac-
HOCTH [IJISI TIPeIoTBpalienns: caboraka u Teppopuctuueckux aktoB. [lo 3akonam CIIIA Bce atm
MepBbI I0JDKHBI ObITh N3BeCTHBI o61ecTBeHHOCTH. Kpome Toro, MO no/:xkHO TPONHGOPMUPOBATDH
DoHa 0 TpoeKTax, KOTOPble OHO TJIAHWUPYET MCKJIIOUYUTL M3 3TOTO CIHCKA, C YKa3aHWEM THTIa
60JIe3HETBOPHBIX OaKTepWil MU BUPYCOB U OMUCAHUEM HKCIIEPUMEHTOB.

Uccnenosanusg mo Ilporpamme 6mosiorndeckoii 060pOHBI 3HAYMTETbHO PACHIUPUINCH B TIO-
caennee necatunerue. B IIporpamme mpunumaioT yuactue 6osee 100 ncceqoBaTeibcKuX MEHTPOB
CIIA. MpbI KaK cremuaJncTbl BOJOCHAOKEHNS B Y KpanHe He TOJbKO JOJKHBI UMETh 3TOT HAabOp
nHdopMaIum, HO co3aaBath cucteMbl 6bicTporo o6Hapyskenus OB, bC u PB nnsa ynpexnenus
U TIOBBINIEHNST 6€30TIaCHOCTH BOI006ECTIEUeHNST TOPOIOB.

OoGecrnieuenne HaceJeHns KaueCTBEHHOW MUTHLEBOH BOJIOH, CAHUTAPHO-TUTUEHUYECKOE OOCITYKH-
BaHWe U TIOCTOSHHAS TOTOBHOCTD 3alUTUTh BOY, TIO/[aBA€MYI0 HACEJEHUIO W HAPOIHOMY XO3SHCTBY
B OKCTPEMAJIbHBIX YCJOBUSX, TIPW 3arpSA3HEHUN WMCTOYHUKOB BOJMOCHAGKEHUs, a Tak)Ke B Cjydae
XUMUKO-OMOJIOTHYECKOTO Teppopu3Ma, obecriedeHre MOCTOSHHON MOOMIM3AIMOHHON TOTOBHOCTH
cay:k6 BOJIOCHAGKEHUS — TPUOPUTETHBIE COIMAIbHbIE, SKOHOMHUYECKNE W TOJUTHYECKHE 3a/1auH,
KoTopbie BXoAAT (110 CTerneHn KOHTPOJISA AUPEKTUBHBIX OPraHOB B CTpaHaX) B 0COGBIN pasjiesl BOEH-
HBIX ¥ 0OOPOHHBIX JOKTPUH BCEX IMBUIM30BaHHBIX rocyaapcts mupa. ([las cnpasku: 100 rpaMmoB
PacTBOPUMOTO JMOKCUHA B BOJE CIIOCOOHBI YHUUYTOXKUTH 14 MUJITMOHOB YesioBeK, 1 rpamMm 6oTy./u-
Ha — 8 MUJTMOHOB YestoBeK. CYIIeCTBYIOT IECATKU W JIPYTUX BEIECTB, B TOM YNCJIE TaK Ha3bIBaeMble
MaJIo/I03UpyeMbie, CTIOCOOHBIE TIOCTETIEHHO Yepe3 BOAY 3a 7 —9 MecsIeB YHUUITOKUTD JIIOJeH B «ILIa-
HUPYEMBIX» perroHax u T.4.). Ha ocHoBaHMM JMYHBIX HAOMIOEHNIT, NCC/IeI0BAHNIT, aHAIN3a COCTaBa
COOpPY>KeHuit 1 TpuOGOPHOTO Mapka BogocHabkerus B Amonmn, dpantmn, l'epmanuu, CIIIA, Vrtanumu,
AHTJIUM W B JIPYyTUX CcTpaHax y6eauscs, 4TO BCE OHUM BJAJEIOT TOJHBIM HAaOOPOM aBTOMATHYECKHUX
U TECTOBBIX CHCTEM OOHAPYKEHMS COBPEMEHHOTO XUMHUKO-OMOJOTHYECKOTO TIOPAKEHUST UCTOYHUKOB
BOZIOCHAGKEHWS, MTOCTPOUIN U MPOIOJIKAIOT CTPOUTH TPUHITMITHAIBHO HOBBIE, B oT/mune ot CHT,
CUCTEMbI KOHJWITMOHUPOBAHUSA BOJIbI C ONEPATHBHBIM YIPaBJI€HNEM BOJOCHAGKEHUEM, WMes TIPH
ATOM pa3JIMYHbIE OPTAHU3AIMOHHBIE CTPYKTYPHI YIIPABJIeHU. JTU TOCYIapCTBA UMEIOT BBICOUANTITYTO
MOOUJIN3AIIMOHHYIO TOTOBHOCTD, TIPOBOJIAT CIIEIUATIBHYIO TIOJITOTOBKY KaIpPOB.

lazoBas xpomarorpadus s JlaGopaTtopHoe 060py/loOBaHUE I/ aHAJIN3a
uccye/J0BaHusl TUTbEeBOW BOJIbI tpuransomeranos B oge (CIITA)
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CnexrpodoromeTp, 000pyI0BaHHBIN TEPMOCTATOM
(xummgeckas maboparopus [lenapramenTa 3apaBooxpanenus . Hpro-Mopka)

Onu pacroJiaraloT He TOJbKO MOIIHBIM 000PYI0BAHMEM J1Jisi KOHTPOJISI KAYecTBa BOJbI, HO U Pe-
3€epPBOM BO/I00GECIIEUEH NS, C ABTOHOMHBIM dHEPTOCHAOKEHNEM, /IJIS1 9KCTPEMATbHBIX YCJIOBUH —
cOOCTBEHHBIMU 3aKOHCEPBUPOBAHHBIMU 324 YEPTOW TOPOJOB IeXaMH IO BBIIIYCKY TaKeTHUPO-
BaHHOI ¥ OGYTBHIITMPOBAHHOW BOJbI, BOJAOCHAGKAOIUMHU TYHHEJSIMU, CIEIUAJbHBIMU pe3ep-
ByapamMu BOJIbI B TOpax ¥ T.J. Bompocbl MOOMIM3AIMOHHONW TOTOBHOCTU He adumupyiorcs,
He pasrjaniaioTcs, HO Ha MEXIYHAPOJHBIX BBICTABKAX W KOHTpeccax MO BOAOCHAGKEHUIO
npodeccuoHasbl 3TOI OTPACTU MOTYT JJOCTATOUYHO GBICTPO CAEJATh COOTBETCTBYION[UE BHIBOJIbI
0 MOOUJIM3AIMOHHOI TOTOBHOCTH, ITPOCMOTPEB BBICTABOYHBIE 00PA3Ibl TPUOOPOB, MATEPUATIOB,
peareHTOB, CXEMbl COCTaBa COOPY’KEHU, CHUCTeM KOHAMIIMOHUPOBaHUSA BOAbI U T./. [locemas
o6bekTbl BogocHabxkenus ropoaos CIIA u apyrux crpan HATO, ux B0m03a60pbl, CUCTEMDI
KOHJUIMOHUPOBAHUS BOJIbI, CAHUTAPHbIE Ta6OPATOPUHU, OLIEHUBAS YCJIOBUS dHEPTrOCHAOKEHUS,
TaK)Ke JleJIaelllb BBIBOJ, YTO FOTOBHOCTbH CHCTeMbI obeciieueHus 6e30MacHOCTU BOJOCHAGKe-
HUS, ee HA/IEXKHOCTb, YCTONYMBOCTD U MOOUJIN3AIIMOHHAS TOTOBHOCTD 3HAYUTEIbHO BBINIE, YeM
B ctpanax CHT.

B uwactu obGecneuenusi BOJ/IOI, B YCJAOBUSAX 3arps3HEHHBIX TTOBEPXHOCTHBIX MCTOYHUKOB
BO/lOCHAOKeHUs, Halla YKpauHa, B orauuue oT Poccuu, MokeT ObITh OTHeCceHa K TOoCyaap-
CTBAM C 9KCTPEMAJbHBIMU YCJIOBUSME BOJOCHAOKEHWS HaceleHs. V13 TTOBEPXHOCTHBIX BOJIHBIX
pPeCypcoB, UCIIOJIb3yeMbIX /JIsI BOJ00GeCTIeYeH s TOPOJOB U HACEJEHHDBIX IMYHKTOB Y KPAaWHbI,
88 % uMeloT nHAeKC 3arpsasHenus 4 — 6 kiacca (3arpsisHenHas WM rps3Has Boja). B pesynb-
tate KatacTpodn Ha UYepHoOblabckoit ADC B 1986 rogy B atmMocdepy Obla HEOJIHOKPATHO
BBIOGpOIIEH GONBIION CIIEKTP He TOJbKO KOPOTKO-, HO U JIOJITOKUBYIIMX PAAUOHYKJINA0B. 1o
BJAUSHUEM reorpaduyuecKux M KJIAUMAaTUYECKNX YCJOBUN OHU MEPEHOCUINCH U TPAHCIIOPTUPOBA-
JIICh B Pa3JIMYHBIX HampaBjeHudax. lIpoucxoanao 3arpsidnenne pa3JinyHOTrO YPOBHS He TOJIb-
KO 3eMJIM, HO M HAINIMX MOBEPXHOCTHBIX MCTOYHUKOB BOJOCHAGKEHWS. A 3TO O3HAYAET, YTO
COOPYKEHWs, TTOCTPOEHHbIE HA [[HENPOBCKOM MCTOYHUKE BOJOCHAGKEHUS TOPOJOB Y KPAWHBI,
TpeOYIOT 3HAYUTETbHBIX 3aTPAaT HAa MX PEKOHCTPYKIMIO W M3MEHEHUEe COCTaBa COOPYKEHUI
KOH/JUIIMOHUPOBAHMS BOJIbI.

Bospact paagmo6uosioruu Kak HayKW HEBEJWK [JIsI TOTO, 4TOOBI OHA MOTJA a/[eKBATHO
OTIpe/IeJINTD CTelleHb BIAUSHUSA ¢ TeUeHUeM BPeMeH! Pa3JIUYHbIX 3aTPA3HSIIONINX BENeCTB, TPU-
CYTCTBYIOIIUX B BoJie B pesyJsbrare aBapuu Ha HAIDC, Ha reneruyeckuil anmnapar deaoBeka,
Ha HAcCJeJICTBEHHOCTh. VM B TO Xe BpeMs, B CBSI3M C OYEBUIHOCTHIO CYIIECTBOBAHUS TECHOI
KOPPEeJSIIMOHHON CBA3U MEX/AY CePAEYHO-COCYAMCTBIMU, NH(PEKITMOHHBIMUA, OHKOJIOTUYECKUMHU
3aboseBaHUSIMU, YIIOTPeOIsIeMOlt BOION U (haTaTbHBIMU TTOCTEJCTBUSMHU JIJISI YeJTOBEKA, HA MO
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B3TJISA/[, C YYETOM 3KOJIOTHYECKUX YCJIOBUI YKpawHbl, Hazpesga HEOOXOAMMOCTb YCUJEHUS
NPAMOTO OPTAaHU3AIMOHHOTO M TEXHUUYECKOTO TOCYJAapCTBEHHOTO YINPaBJeHUS BOJHBIMHU pe-
cypcamu, Bojgoo6ecriedeHneM, BOIOOTBEIEHIEM, BOJIOOXPAHON 1 HeJIONyIeHNs Pa3o6IIeHHbIX
" HECKOOPJAMHWPOBAHHBIX MO/IX0/0B B PAa3BUTUN BOMOCHAGKEHNS TOPOIOB. DTH Mepbl obecrre-
YaT pa3BUTHE SKOHOMUKH W yKpelyieHne 6e30TacHOCTH BO000O€eCTIeYeHNs HAIIeTo HaCeJeHNs .
Cucrembl Bogoo6ectieyeHUs JOJDKHBI (DUHAHCHUPOBATHCSI TO MOOUJIN3AINMOHHON TOTOBHOCTHU
neHTpasn3oBanHbiM opranoM, kak B CIHIA u apyrux crpanax HATO, u 370 10/KHO OBITH
OTpa’keHO B BOEHHOU JOKTpuHe YKpauubl. OTMeUy, 4TO CUCTEMBI BOJIOCHAGKEHNS TOCY/1apCTB
CHT He MOryT cay:XuUTh YKpanHe NPUMEPOM MO YPOBHIO 6€30MACHOCTA W YCTOWYMBOCTH, TaK
KaK CyNIECTBEHHO OTCTAIOT OT COBPEMEHHBIX CUCTEM BOJI0CHAGKeHus rocyaapcts 6;1oka HATO.
Bor nmouemy Ykpanue HEOOXOIMM TPOPBHIB U K BBICOKOI(MPEKTUBHBIM TEXHOJOTUIM, U K CO-
BPEMEHHBIM METO/laM YIIPaBJEHUsS BOJOCHAGKEHUEM TOPOJOB, MPUHUMAS 3a 9TAJOH CTPAHBI
6s0oka HATO.

BonornpoBoaHo-KaHAIM3AIMMOHHOE X03IHCTBO Y KpauHbl MMEET CBOU OTJNYUTETbHbIE 0COOEHHO-
cTu 1 paboTaeT B yCJOBUAX 3aTPSI3HEHHBIX UCTOUHUKOB BOJIOCHAOKEHNUS, B TOM YUCJIE W BCJIEICTBHE
aBapun Ha YADC. BapbepHas poJsib OUMCTHBIX BOJOIMPOBOJHBIX COOPYIKEHUI B TOPOaX Y KPAauHbI
OoTpaHMYeHa W He CJydyaitHo AeUIUT MUTHEBOI BOJBI, MCIOJIb30BaHUE CJa00 KOHTPOJUPYEMbBIX
NCTOYHUKOB BOJIOCHAGKEHUS SBJSAIOTCS OHON M3 NMPWYWH BCIBINIEK Tenatuta A, KOTOPbIE B IO-
cJieTHUEe TOJbl UMeJn MecTO B YKpauHe.

BoponpoBoiabie ouncTHBIE COOPY:KEHUS, KOTOPbIEe TPOEKTUPOBAINCH W CTPOUJIUCH B CO-
OTBETCTBUM C paHee AeHCTBYONMMH HOPMAaTHBAMM, CETO/HSI 6e3 TPUMEHEHWS HOBBIX BBICOKO-
9P dEKTUBHBIX TEXHOJOTMYECKUX PEINIeHNH M PeareHTOB y’Ke He B COCTOSTHUU TPEISITCTBOBATDH
MOCTYTIJIEHWIO B MUTHEBYIO BOJY XUMUYECKUX COEUHEHUH, 4TO TPE/ICTABJLET PEaJbHYI0 YIPO3y
3/I0POBbIO Hapo/ia Y KPauHbI.

[Toutn mosi0BUHA BOMBI Jlaske M3 TMOJ3EMHBIX 3arps3HEHHBIX MCTOYHUKOB CETO/HS MOJAeTCs
KOMMYHaJIbHBIMU BOJIONIPOBO/IAMH C OTKJIOHEHUSIMH OT TpeGOBaHMII cTaHAapTa Mo oO0IIeil KeCTKO-
CTHU, CO/IEP’KAHMIO CyXOTO OCTaTKa, KeJje3a, Mapraiia, ¢propa, HITPATOB U COENHEHWI aMMUaKa.
Csobitire 80 % ceJbCKOro HaceJeHUs MOJIb3YIOTCS BOAOW U3 KOJIOAIEB UM WHAWBUIYATbHBIX CKBa-
JKWH, 6OJIbIIAs 4YaCcTh KOTOPBIX HAXOJUTCS B HEYJAOBJETBOPUTEIbHOM CAHUTAPHO-TUTHEHUYECKOM
COCTOSHUM.

B Ykpanne tak:xe oTCyTCTBYIOT 9KOHOMUYECKHU MTPUEMJEMble TEXHOJIOTUU KOHJAUITMOHUPOBAHUS
MOJI3EMHBIX BO/I, 32 UCKJIOUeHNEM 006e3’Kele3UBaHNs U B KaKOW-TO Mepe y/JajJieHus MapraHiia.

UYucrasg Boa — 3TO 3/J0POBbE HAIUU U €€ MOJHOIEHHBIN TeHOPOH/[. ITOT MPUHITAT UCIIOBE-
JlyeTcsi BCeMU IUBUJIM30BAHHLIMU CTpaHaMu Mupa. K cokaneHuto, YKpanHa He B COCTOSHUM 3a-
TPATUTH GOJIBIINE CPEJCTBA, YTOOBI 0OECIIEYNTh BHICOKNE TPEOOBAHMS K KAUeCTBY MUTHEBOM BO/IbI,
KOTOpbIE cyniecTBytoT, Hanpumep, B I'epmanunm no crangapry DIN-2000. [louck pemnienusi atux
npo6JeM A0JKeH ObITh aKTHBU3UPOBAH.

[TranmpoBanme BoloCHAGKEHNST HACEJIEHHBIX MECT SIBJISIETCS CYTIEeCTBEHHBIM (hDaKTOPOM B OCY-
NIECTBJIEHUN OOIIeHAIIMOHAIBHBIX 3a/1a4 COINAJIHHOTO U 9KOHOMUYECKOTO Pa3BUTHS, COXPaHEHUS
U YJIYUIIEHUST COCTOSHUS OKPY Kaomell cpe/ibl U TOCYAapCTBEHHOH 6€301acHOCTH BO006€eCTIeueHUS
Hapojia. MyHKIIMOHANBHON 3a/1a4ell MJIaHNPOBAHUS ABJSETCA paclpeie/ieHne JeHeKHbIX CPeJ/ICTB
n3 GI0/KETOB pallOHOB, TOPO/IOB, 06JIacTell U TOCyAapCcTBa Ha IeJd BOA00OECTIeYeH s HaceTeHs
B 3aBHCUMOCTH OT MacmTaboB CTPOUTEJNbCTBA W TEPPUTOPHI, WCIIOJH30BAHUS Te€X WJHM WHBIX
peuHbIxX GacceiiHoB. VcmosmHuTeMbHAS BJACTh 06s3aHa CcOCOGCTBOBATH pa3paboTKe W peasm3a-
UM HAIMOHAJbHON TOJUTUKU B BOAOOOECTIEYeHNN HacesJeHus, obecreynBaTh (pUHAHCHUPOBAHWE
n a(pexkTUBHOE BBINOTHEHNE BCEro 06beMa 3a/1au TeXHUYECKOH MOJUTUKI BOJIOXO0351CTBEHHOTO
KOMILJIEKCA W 9KOJIOTUN.

K vum oTHOCHATCH:

— CTPOWTEJIbCTBO W HapallluBaHWe MOIIHOCTEW, pacipejieieHne W HajJieskaliee MCIoab30-
BaHUe BOJHBIX PecypcoB M obecliedyeHrne BOJOCHAOKEHUS C YYEeTOM BBICOKOW MOOMIN3AIMOHHOM
TOTOBHOCTH;

— BOCCTAHOBJIEHWE U TIOJI/IeP’KaHe HAa CBOUX TEPPUTOPUAX €CTECTBEHHOro 6OraTrcTBa BHY-
TPEHHUX BOJIOEMOB U BO/I;

— oboralenne U coOXpaHeHue 30H OT/[bIXa, CBSI3aHHBIX C BHYTPEHHUMH BojgoéMaMu, 60pbOa
C TTAaBOJIKOM W T.[I.
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Crenuanauctbl BojoCHAaGKeHUsS B CUJIY BbBIINEU3J0KEHHBIX OOCTOSITENbCTB W B CBSI3U
C OTPAHMYEHHOCTbIO KAIUTAJbHBIX BJOKEHUN OYIyT BBIHYKIAEHBI [Jis1 obeclieueHus “BbIKU-
BaeMocTu” GoJiee dHEPTUYHO MPOSBJIATH UHUIIUATHBY U OCYIIECTBJISITH MepPblI, HAllpaBJEeHHbBIE
Ha COBEPIIEHCTBOBaHMEe ¥ MHTEHCU(PUKAIMIO TTPOIECCOB KOHAMIMOHWUPOBAHUS BOJbI, BOJO-
u sHeproc6epeskeHne u T.J. ITO JACT BO3MOKHOCTD 6e3 GOJbINNX 3aTpPaT 06eCIeunTh HaceTeHue
JIOTIOJTHUTEIBHBIM KOJIMYECTBOM MHUTHEBOW BOJBI. DyyT co3/maBaThCs OnpejiefieHHbIE YCIOBUS
U Ui Pa3BUTHS 9KOHOMUKHM BojolpoBojaa. M 3mech, paccMarpuBasi npo6JeMbl 9KOHOMUKH
U KayecTBa MHUTHEBOI BObI, MOJyYaeMoil U3 MOBEPXHOCTHBIX MCTOYHUKOB, Mbl 0c060€ BHUMA-
Hue yjessieM 1mpo6JieMe COOPY:KeHUi KOHAMIIMOHUPOBaHus Bojbl. VM 310 He caydvaiino. Cucre-
Ma KOHJAWIMOHUPOBAHUS BOJbI BCerja OblIa W OCTAETCsS BasKHEHIIeH B MOJydYeHUU KOHEYHOTO
KayeCcTBEHHOTO MPOJYyKTa — BOJbI MUTHEBOIA.

ImaBHOE BHUMaHUE JJOJKHO YAEAIThCS U TPoOJIeMaM, KOTOPbIe CIIocOOCTBOBAJN Obl BbISIBJIEHUIO
HOBBIX PE3ePBOB, BKJIOYAs MIOUCK MyTeil ¥ BO3MOKHOCTEH He TOJbKO JIJIsl HAUJIydIlleil CAaHuTapHO-
TUTHEHNYECKOI dKCIIyaTalii yKe MOCTPOEHHBIX COOPYIKEHUI, HO U CHCTEMBI 9KOJOTUYECKOIT
3alUThI BOJI03a00PHBIX COOPYKEHUI, MCTOUHUKOB BOJOCHAOKeHUsT. Kask/blii HCTOYHUK BOJO-
cHAGKEeH WS HaceJeHus I0JI’KEeH OIIeHUBATHCS Ha OCHOBE TIPHUCYIUX eMy WHAWBU/YyaJbHbIX CBOICTB
(bUBUKO-XUMUYIECKOTO, THIPOOUOJIOTHYECKOTO 1 OHAKTEPUOJOTMUECKOT0 KauecTBa Boibl. Onpeiesis
MEePCHEKTHRBY MTPOEKTHOTO COCTaBa COOPYIKEHUIT BOJIOTIPOBO/IA, BaKHO, 4TOOBI OCHOBHbBIE KPUTEPHH
JUIsE BOJIOCHAGKEHUST TOPOJOB U TpeGOBaHUsS K MCTOUHUKY BOJIbI ObILJIM YCTAHOBJIEHBI 3apaHee.
Hy>KHO yuuThIBATH BO3MOYKHOE YXYJIIeHHe KadecTBa WCXOHOW Boabl (cbIpoii) B TeueHue
He meHee 25—30 mer. IIpm paspaboTke TpoeKTa Pa3BEPHYTON CXeMbl KOHIAWUIIMOHUPOBAHUS
BO/IbI TAKN€ MePbI TTO3BOJISAT MOBBICUTH HA/IEKHOCTb U 6€301acHOCTb BOI00GECTIeueH s Hace/Ie-
HUs B TeYeHHe BPeMeHU IKCIJIyaTalluu aTuX coopyskenuii. [TogTBepkaeHneM 3TOMY SIBJISETCS
caMa JKU3Hb, CETOHSIIHEe COCTOSIHUE dKOCHCTEMbI. Y XY/IIeHNe KayecTBa BOJbl MCTOUYHWKOB
BOJIOCHAOKEHUST YK€ MPUBOJAUT K CYIIECTBEHHBIM HETaTUBHBIM M3MEHEHUSIM CIIEKTpPa KavyecTBa
MUTHEBBIX BOJI, MPOIIEANINX OYUCTHBIE COOPYKEHHUs 10 MHOTOYKMCJEHHBIM IOKA3aTeJssiM Kak
(busnueckuM, XUMUYECKUM, TaK U GAKTEPUOJOTUYECKUM TIPU OTCYTCTBUM Ae3UH(EKIITNU BOJIbI.
Yxy/lieHne KauecTBa NCXO/HON BOJIbI BJeUeT 3a cOOON MOTOJTHUTENbHbIE 3aTPAThl HA MOJIEPHHU-
3allMI0 ¥ PEKOHCTPYKINIO JeUCTBYIOMUX coopyskennii. KpanuduiupoBannas omerka npo6Jem
B BOJIOCHAGKEHUU TOPOJOB, TMOUCK PelIeHus MOCTOSIHHO BO3HUKAION[NX 3a/a4 3aBUCUT OT TeX,
KTO 3aHUMaeTCsl 9KCILIyaTallieil U MPOeKTUPOBaHWEM CHUCTEM BOJOCHAGKEHUs, OT YPOBHS WX
nH(GOPMUPOBAHHOCTH, 3HAHWII, KOMIETEHTHOCTU. DTO, B CBOIO Ovepelb, TpeOyeT MOCTOSHHOM
paGoThl B Jiejie TOATOTOBKU U MOBBIIEHUST KBaJuUKAIUKM CIIEIUaJIUCTOB BogocHabKenus. U
JIECTBUTENIBHO, COTJIACUTECH, MEPbI 110 TOBBIIEHNI0 KBAJN(PUKAIINHN CIEIUAJINCTOB BOIOCHAOKe-
HUus HeOOXOIUMbI, TaK KaK HaJ/leKHOe, YCTONYNBOe n 6e30TacHoe BOJOCHAOKeHEe HACeJTeHHbIX
MYHKTOB SIBJSIETCS OJHUM M3 HamboJjiee aKTyaJbHbIX KPUTEPUEB B JIeSATEbHOCTU JO/eil, 3a-
HUMAIOIKUXCST BojjooGectieuenieM ropoioB. OT [eiicTBUS 9TUX JIOJell 3aBUCUT U KOMIIJIEKCHBII
MOAX0/l K COEpPEeKeHUI0 PeCypcoB BOJbI, SHEPIUU, PeareHTOB, CHIKEHUE MaTepHaJOEMKOCTH
TPpyJa B APYTUX OTpacjsiX, paboTaiomux /s obecredeHus] Pa3BUTHS U YCTOWYMBOCTU BOJIO-
cHaOKeHUsI TOPO/IOB, CHUKEHME BEPOSTHOCTH BO3HUKHOBEHWS PUCKOB B 6€30MMaCHOCTU BOJIO-
cHabxeHmsA, obecrieueHrne MOOUIN3AIITMOHHOW TOTOBHOCTU, YTOOBI ITPOTUBOCTOSATH AKCTPEMUIMY
U MEX/IYHapOJHOMY TEPPOPU3MY Ha 00beKTaX BOAOCHAOKeHMs!

Bomocna6skeHiiaMm Bcerjla HY’KHbI €JIMHOMBINIJIEHHUKHM B YJYUIIEHHU OKPYyIKalollei cpe-
JIbl oOuTaHus uejoBeKa. Bmecte ¢ TeM, Jiojeit He HaA0 oOpeMeHsaTbh uHMOpPMalKeill O MO-
BCE/HEBHBIX ITpoOJeMax B cuUcTeMaxX BojocHabkeHusi. bBojee Toro, mobGas uHdopMmalus Mo-
’KeT ObITh MCIOJIb30BaHa JJIsI XUMUKO-OAKTEPUOJOTNYeCKOTO TeppopusMa. Hacesenue Hy:KHO
cBoeBpeMeHHO HHGOPMUPOBATH TOJBKO TOT/A, KOTJa BO3HUKAET TMOTPEGHOCTb B U3MEHEHUH
MO/Ia4¥ BOJIbI, OTKJIOYEHUSX CHUCTEMbBI, a TaK)Ke MPeAyNpekaaTb 0 HeoOXOAMMOCTH Hpodu-
JAKTUYECKOTO KHUIISTYEHUST BOJbI Tepej YIoTpeOJeHneM MpPU BO3HUKHOBEHUM 3KCTPEMAJbHBIX
YCJIOBUM U T.JI.

B 6mmkaiiiiine TObI MPHU OCYIECTBJIEHUH COIMAIbHO-pbiHOUHBIX pedpopm B CHI Bo3HuK-
HYT TPOIECCHI, KOTOPbIE 3aTPOHYT CUCTEMbI BOJOCHAOKEHUs, BKJOYas Mepefady MpeapusTiii
B KoHIileccuio, npusiedenne unsectunmii nmo cucreme BOOT (build-own-operate-transfer —
CTPOUTENBCTBO-BJIaJeHUE-dKCILIyaTallug-Tiepejjaya), IpudeM mocjaegaHee 6ojiee BBITOJHO IS
60JibIIIUX TOPOOB. PacTyias KOHKYPEHIUS U MOUCK HOBBIX AKOHOMUYECKUX (POPM OpraHu3aiuu
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BO/IOCHAOKEHNUS BHECYT U3MEHEHUs U B cCaMy CUCTEMY yIIpaBJieHUs BojocHabkenneM. Hanpumep,
B CHIA, lepmannu cTaju NMpaKkTUKOBATh pasiesieHne CJIy:KO, CBI3aHHBIX € BOAooOecredyeHueM
n KaHasgm3anueit. Oauu cay:KObl 3aHUMAIOTCS IKCILJIyaTalueii, Apyrue, Ha KOHKYPCHOW OCHOBe
10 JIOTOBOPY € 3KCILJIYAaTaIlMOHHBIMU CJIYK6AMU, OCYIIECTBJSIOT PEMOHTHbBIE PAGOThI, CEPBUCHOE
o6CIy;KUBaHUEe IO HaJIa/IKe, CTPOSIT CUCTEMbl BojocHaGkeHus. Bo Dpanmuu a1 QYHKIUUA CO-
BMelleHbl. Kak mpaBu/io, B 0COOBIX caydasdx CIy:KObI HAHUMAIOT TI0 KOHTPAKTY BBICOKOKBaJINU-
IIUPOBAHHBIX CIIEIUAJMCTOB /I TTPOBEEHUS OTPE/IeJEHHbIX BUIOB pabOT MJHU KOHCYJIbTAIUI.
B CIIA un apyrux crpanax 6aoka HATO, B yciaoBusgx cyliecTBOBaHUS pPa3auIHbIX (HopM co6-
CTBEHHOCTH TIPEANPUATHI BOJOCHAOKEHWS, BOTTpocaM 6e30MacHOCTU BOJOCHAOKEHUS Y/IesIeTCs
oco60e BHUMaHUE.

B CIIA 52509 KoMMyHaJbHBIX CHCTEM BOJOCHAOKEHWS, M3 KOTOPBIX 0o0Jiee MOJOBUHBI —
yacTHble. HO YacTHbIe crcTeMbl BOJOCHAOKEHUS MOAAIOT BOJY JIMIIb 15 % HaceJeHUsI CTPaHBbI,
octasibHble 85 % HaceJeHUsI MOJb3YIOTCS yCIyraMi ToCyJAapCTBEHHBIX CJIYKO BOJOCHAGKEHUSI.
B Ascrpanuu, JlaTuHckoit AMepuke BOJONPOBOJHBIE MPEANPUATUS TTePEJAIOTCd B KOHIECCUIO,
UCIIOJIb3YST B OCHOBHOM (PpaHIly3CKyI0 Mojiesib. YacTHble KoMmanuu Bo DpaHIMU pacrpeies-
10T 60Jiee 3,/4 MUTHEBOI BOJbI U 0OeCIIeUnBAIOT BOJIOI OKOJIO 42 MJIH uyesjoBek. Kak mpasuio,
y YacTHBIX KOMIIAHUU BOJOCHAGKeHUs Bojaa mouTu Ha 40 % [0posKe TOCTaBJsSIeMOW rocyjap-
crBeHHbIMU KoMnaHnusMu. B Bocrone (CIIIA) onsaTta 3a BOAY M KaHAJU3AIMIO HA OJHOTO YeJO-
Beka cocrasisger (B cpeaneMm) 545 mosnapos B roj. Ha Bocrounom noGepexbe CIIIA o6brunas
cembsa B 2005 T. miatuia 3a ycayru BojocHaGkeHus m Kanamuzanuu oT 30 mo 70 mommapos
CIIA B mecsrr.

[To gaHHBIM Hccaeg0BaHu, TpoBeaeHHoro Kommnanueii «NUS consulting» (ausapn 2006 1.),
cpennuii Tapud Ha Boay n Kanasusarmio Bo Mpanruu cocrasiasa 3,02 eBpo 3a ky6. M. CorJsacHo
JIAHHDBIM 3TOTO HMCCAe0BaHuA cpegnuil Tapud Ha Boay (6e3 kaHaausanuu) Bo MpaHIKu paBHII-
ca 1,58 monnapa CIIIA, uto menano Mpaniuio ndaToil HauboJiee Hoporoii crpanoit B EBpore 1o
CTOMMOCTH BOjibl U3 14 cTpaH, y4acTBOBABIIUX B MCCJIEOBAHUN.

B 14 cTpanax, kotopbie B 0CHOBHOM aBJsianch yieHamu OICP (Opranusanus 1m0 SKOHOMHU-
YeCKOMY COTPY/AHMYECTBY U pasButuio), tapudnr 6e3 H/C komebanuch or 0,66 gonmapa CIIA
3a ky6. m B CIITA no skBuBasenta 2,25 noanapa CIIA 3a ky6. m B /lanun. OmgHaKo ciemyer
orMeTuTh, 4to mnorpebiaenue Boabl B CIIA m Kanaze (B KOTOPBIX cyliecTBYOT Gojiee HHU3KHE
Tapudbl) ropasao Bbiie, yeM Bo Mpanuuu, B Fepmanuu ke (rpe cyuecrByior Gojiee BbICOKHE
Tapudbl) — Huxke. Takum o6pasoM, cuera 3a BOJY B JKUJIHMIIHOM CEKTOPE MOTYT ObITh BeCbMa
CXOKHMMHM, /la)Ke HECMOTPS Ha pa3HUIly B Tapudax.

[To pesyabratam uccieoBaHus, KOTOPOe MPOBOAMIOCH 10 3aKka3y 'epMaHCKOl acconuanuu
BoaHOM mHAYycTpuu BGW B 2006 1., cpegnauii cuer 3a Bo/ly Ha NIy HaceJEHUs COCTABJISI 85 eBpO
Bo @paniuuu, 4o Bbiie, yeM B lepmanun (82 eBpo) wiu Uramuu (59 eBpo), HO IPpU 9TOM HUXKeE,
yeM B Anuryuu u Yaubce (95 espo) (ra6m. 7.6).

Ta6auna 7.6
CpaBHeHHne cYeTOB 3a BOAY M KaHaJU3alHMIO 3a roj B yeTbipex crpaHax EC
Tapud Ha Boay Tapud Ha kaHanuaaumio Bcero
"epmaHung 82 eBpo 111 eBpo 1938 eBpo
AHrng 1 Yansc 95 eBpo 93 eBpo 188 eBpo
®dpaHums 85 eBpo 90 eBpo 175 eBpo
Ntanns 59 eBpo 40 eBpoO 99 eBpo

[lenpl Ha MUTBEBYIO BOMY Pa3HATCS MeXIy co60il He TOJbKO B cTpaHaxX EBporbr, AMepukn,
A3uu, HO ¥ B Pa3HbIX ropo/jlax B IIpejiesiaX 0HOro rocyapcTBa pe3Ko OTINYaloTcs Apyr OT Apyra
1 BO MHOTOM 3aBHUCSAT OT COCTaBa COOPY’KEHUI CHCTEM BOJOCHAGKEHUS, YAAJEHHOCTH NCTOYHIUKOB
oT Topo/ioB U T.1. CpaBHUBATH I[€HBI MEX/IY TOPOJaMHU U JeJIaTh BBIBOJBI O 1IeHOOOPA30BAHNH B
BO/JIOCHAOKEHNN B MHOTO(AKTOPHBIX YCJOBUSAX MPOU3BOJCTBA MUTHEBON BObI, €€ TPAHCIOPTH-
POBKH, IIOJa4¥ U paclpereseHus HEKOPPEKTHO.
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Ha nporsikeHun Bcero mepuo/ia pasBUTHs CUCTeM BojocHaOKeHus HaceaeHHbix Mmect B CHT,
Haps/ly ¢ BBICOKUMU TPeOOBAHUSAMMY, ITPEIbABIIEMbIMU K HA/IESKHOCTH PAGOTHI COOPYsKeHui, 6e30-
MMAaCHOMY KauyeCTBY TPAHCIIOPTUPYEMOIT BOJIBI, CIIEIMAJNUCTBI BOJJOCHAOKEHMS IOCTOSTHHO paboTaioT
HaJT Tpo6JIeMOoil CHUKeHMST ce6ecTONMOCTH Boibl. [lonck myTelt perneHns aToit mpo6aeMbl TpedyeT
Bce GOJIBIIETO BHUMAHWS W NMPUHSATHS COOTBETCTBYIONIUX Mep, 0COOEHHO B YCJIOBUAX TOTJINBHO-
sHepretndeckoro gedpuruta B CHI', pocTa 11eH Ha 9HEPTOHOCUTEIN, PeareHTbl, ropiove-CMa30uHbIe
MarepuaJibl, 000PyJA0BaHNe, METAJJ, MAIWHDBI, MEXaHU3MBbI U 1Ip. Hy>XHO y4UTBIBATH M BJUSIHUE
JIOTIOJTHUTEIbHBIX 3aTPaT, KOTOPble TPeGYIOTCA 1751 06ecTieueHrusl CAHUTaPHO-3KOJOTUIECKON 3a1u-
ThI HICTOYHUKOB BOIOCHAGKEHHS ¥ KOTOPbIE OTPAKAIOTCS Ha PocTe ce6ecTOMMOCTH BoJIbl. Pa3BuTue
CUCTeM BOJOCHAGKEHUS TOPOIOB TPeOYyeT MOCTOSTHHOTO MPOBEIeHNs HaYyYHO-MCCJIe/0BATETbCKIX,
MPOEKTHBIX, CTPOUTEJIbHBIX PaboT, a TakKe pabOT MO COBEPIIEHCTBOBAHUIO YPOBHS dKCILJIyaTa-
U 1 o6CTaYKUBAaHUS cHCTeM BojoobGectieuerus. Bo muornx ropogax CHI yske Bo3HuKJa Ha-
cynrHas mOTpPe6HOCTh B PEKOHCTPYKIIMKM W MOJIEPHU3AINK IEHCTBYIONIETO COCTaBa COOPYKEHUI
KOHAUIIMOHUPOBAHUS BOJbI. B CBS3M ¢ 3TUM BO3HUKHYT M HOBbI€ KOHIIENIIUHM BOJIOTIOATOTOBKU
JIJIST BOJOCHAOKEHN HaCeJIeHUs.

HecomuenHno, coctossHue oOKpysKalieil cpeibl motpedyeT B OJMKaNIINe TO/Ibl CO3/IaTh COBPe-
MeHHY0 dumocoduio Booo6ecieueHnsi, HOBYIO MMPOJAYKTUBHYIO UI€0JIOTHIO B BOIIPOCAX BOJO- U
sHeprocHepeKeHnsT, OIeHKN COOCTBEHHBIX TUIPOPECYPCOB /JIST MOJYYEHUS SHEPTUU, KYJbTYPbI
AKCILIyaTalliy U TTOJIb30BAaHMS BOJHBIMY PeCypcaMu y HaceJeHusd u T./1. Hapsany ¢ Bbilenspoxken-
HBIM, KaK IIOKa3bIBAeT OIIbIT PAa3BUTHIX CTpaH MHUpa, HEOOXOJAUMO IIPOBejeHne PaboT IO OIeHKe
KayecTBa IMMOBEPXHOCTHBIX M IT0/[3eMHBIX UCTOYHUKOB BOJOCHAGKEHNUS TOPOJIOB Ha PErMOHAJTbHOM
U TOCYyJIlapCTBEHHOM ypoBHe. Hy)XKHO TOMHUTB, YTO Y Ka’KJOTO ropojia ata mpobJjeMa uMeeT CBOU
0COOEHHOCTH, HECMOTPS Ha TO YTO IO TEXHOJIOTHSM WM COCTaBy COOPY’KEHUH BOJOCHAOKEHUS
TOPOJIOB OHU TIOXOXKU MEXJy co00¥, HO OTJMYAIOTCS JIPYT OT ApyTra Tak ke, Kak W JaHamadT
rOPOJIOB.

MHorue wu3 BblIlIeepeYnCAeHHbIX TIpo06JgeM JOJKHBI pPellaTbCsd Ha PeruoHAJbHOM
ypOBHE YIpaBJIeHWs CHCTEMOW BOgo06ecIedyeHnusI C BBICOKUM YPOBHEM OTBETCTBEHHOCTH
3a TIOBCEJHEBHYI0 MOOUJIM3ANMOHHYIO TOTOBHOCTb CHUCTEM BOJOCHAGKEHWS TPOTHUBOCTOSTD
Bosueicteuio OB, BC, PB.
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TJIABA 8

KOHTPOJIb KAYECTBA BO/Ibl

8.1. OCHOBHBIE IIPOBJIEMbI KOHTPOJIAI KAYECTBA BO/Ibl

OcHOBHOe Ha3HAUYeHME CUCTEMbl OYMCTKHM BOJbI 3aKJII0UaeTcs B Takoil ee oOpaboOTKe, IPHU
KOTOPOIl Ha BbIXOJle 3TOH cucTeMbl Oy/eT MOJydeHa BOJa dKOJOTHYECKH unuctas u Ge3ornacHas
[T TIOTpebuTe i B COOTBETCTBUN ¢ JelicTBytonuM ctangaptom [OCT-2874-82 «Boma nutbeBass»
n npusaTbiM B 1996 rony [lep:xxCanlliHom «Boga nutHas .

Bosa n3 apTeamaHCKNX CKBa’KMH CO3/IAeT JIOXKHOE TIPe/ICTaBIeHNe Y TTOTPeOuTes sl Kak O YUCTOMN
Bojie. VI B 9TO /1eiicTBUTETHHO MOYKHO TTOBEPUTD, €CJIM PEYb UJeT 060 OPTAaHUYECKUX COENHEHUSX,
6akTepusix, BUpycax u xJjope. Ho BMecTo HuMX apTe3maHCKas BOJa, KaK MPaBUJIO, HACBIIEHA
BPE/IHBIMU HEOPraHWYECKUMU 3JEeMEHTAaMU, KOHIEHTPAIMSI KOTOPBLIX BO3PACTAET C yBEJIMYEHUEM
rIyOMHBI CKBRKMHBI, 13 KOTOPOH OCYIIECTBJIETCS BO/103a00p. B moa3eMHBIX BOJaX MOXKHO 00-
HapYy>KUTb TaK)Ke TOKCUYHbIE BENIECTBA, TaKue KakK JUTHii, 60p, cTpoHImii, hbTop, 6apuii, aJroMu-
Huii. CyMMapHbIii KPUTEPUl TOKCUYHOCTH 3TUX METAJIJIOB IIPEBBINIAET B IecTb-BoceMb pa3 [1/[K
(npesesbHO JOMYCTUMYIO KOHIEHTpaluio). B Boje M3 POAHUKOB, MCIOJb3yEMbIX HaceJeHUEM,
MOYKHO OOHAPYKUTH HUTPATBI, CEJEH, KaJMWil, CBUHEI], KOTOPbI€ BBI3bIBAIOT AUCTPO(UIO MBITIII
U TeYeHM, TMOPaKaT MOoYKu. B 1esoM mro6ast Boja AJs1 MUTHS IOJKHA U3Y4aTbCs 110 KAa4eCTBY
1 00513aTEJIbHO TI0/[BEPTaThCsl OUNUCTKE.

N3-3a c/I0KHOI 9KOJIOTMYECKOl 0OCTAaHOBKHU BOJla KaK NMPOJAYKT IEPBOCTEIIEHHON Ba*KHOCTH
JUIS 3JI0POBbS JIaBHO TepecTynuia 6apbep JeNeBOro MPUPOIHOTO ChIPbs U TpeOyeT TPUMEHEHUS
K ce6e UCKYCCTBEHHBIX Mep, 4TOObI OHA CTaJa KUBOH M 3/J0POBOI /I YeJOBEKA.

[Tepexon nacenenns CHI nHa ncrnosb3oBanue Tak Ha3biBaeMOl OYTHIIMPOBAHHOW BOJBI, KaK
B CIIIA, EBporie, Kutae, — oiuH 13 BbIX0/IOB U3 CO3/IaBIIEr0Ccs KaTacTpOMUIECKOT0 MOJOKEHUS
¢ utbheBolt Bosoii. Onuako GyTteunpoBannas Bojga B CHI B 6osbIireit vactn cBOeil COMHUTEb-
HOTO KadecTBa. B IMBUIM30BAHHBLIX CTpPaHaX /[aBHO MPUMEHSETCS CETh CHeNUaJu3npPOBAHHDBIX
¢upmM, MarazmHOB, NMPOU3BOASANINX W TTPOJAIONINX IKOJOTHUYECKH YUCTYIO BOAY /JISI HACEJEHUS
KaK ONTOM, TaK W B PO3HUILYy. JTH BOJIbI MPOBEPSIOTCA HA COOTBETCTBUE CTAHIAPTY M KECTKO
KOHTPOJUPYIOTCS CAHUTAPHBIMU CJIYKOAMU.

[Tpumio BpeMs 1 HaM HaBeCTH TIOPS/JIOK B Y KpawHe, 4TOOBI HAIl HAPOJI, NCIIBITABININIT Ha cebe
nocyenctBus KaracTpodbl Ha HAIDC, nmuJ BICOKOKAYECTBEHHYIO BOJY, CIIOCOOCTBYIONIYIO YKpe-
MJIEHWIO UMMYHHOI CHCTEMbBI YeJIOBEKa.

OTBeTCTBEHHOCTD CJIyKO BOJOCHAOKEHUS Tepe/l oTpeduTeseM MOKHO 0O0OIIUTD CJIe1yio-
UM 00pa3oMm:

— Boga 1o/mkHa TOCTOSTHHO TOJABATHCS B IOCTATOYHOM KOJIMYECTBE U ¢ TPeGyeMbIM HAIIOPOM.

— B pesepByapax 4mMCTON BOJbI, a TAKXKe B ITPOMEKYTOUHBIX TOUKAX paclpeaesUuTeTbHON
CUCTEMbI JIOJIKHO TIO/I/IeP>KUBATDCS JIaBJIeHNEe BOJbI U PACXO/l B Ipejesax o61ieil HopMbl Bojoo6ec-
nedennst u He Mexee 70 % oT 06Ieil 1mMogaun BOJbI B 30HBI BOJAOCHAGKEHWSI BO BpeMs GOJIBIINX
aBapuii, 60JBIINX MOXKAPOB UM PEMOHTA CYNIECTBYIONIEN CUCTEMBI.

— Texunueckoe o6cyKUBaHNE PACIIPEETUTETbHON CUCTEMBI JI0JIKHO MJIAHUPOBATHCS, OCY-
IECTBJATHCSI U KOHTPOJUPOBATHCSA HA TOM K€ ONTUMAJIbHOM yPOBHE, KOTOPBIN ITPelyCcMaTpUBAJICS
NI TIPOEKTUPOBAHUS, CTPOUTENHCTBA COOPYXKEHUM W 9KCIIYATAllMd OYUCTHBIX COOPY KEHUH,
a TaK’Ke 3alUThl UCTOYHUKA BOJIbl OT CJIYYAWHOTO 3arpsi3HEHUS.

— PyxkoBoauTtesn paiioOHHBIX, TOPOACKUX, OOJACTHBIX COBETOB M OOMIECTBEHHOCTH JOJIKHBI
MTOCTOSTHHO TIOJIy4YaTh peasibHyIo nHGOopMaIuio 0 GyHKIIMOHUPOBAHUY KU3HEHHO BasKHOM CJTY KOBI
— BoJloCHAOKeHUs. DTO He0OX0UMO 1 /7151 obecrieueHus Toro, 4To6nl TpebyemMoe (puHaHCHPOBaHUE
MIOCTYIIAJIO HE TOJIBKO JIJIsT CTPONTEIbCTBA, MOIEPHU3AINY M PACIINPEHNUs, HO TaKxXe /171 6e3omnac-
HOM 9KCIIJTyaTaly, TEXHUYECKOTo OOCTYKMBAHUS U KOHTPOJIS BCEH CHUCTEMbl BOJOCHAGKEHUS.
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— OmnpIT MOKa3bIBaeT, 4TO IeHA JUTPA BOJbBI, 1O/[aBAEMOl MOTPeOGUTENTIO, YBEJIUUYNBAETCS
B CBS3U C POCTOM 3aTpar Ha pabouyyio CHUJy, aBTOMATHU3aInio, Ja00PaTOPHBI KOHTPOJb, YCO-
BepiieHcTBoBaHue cucteMbl [IPB, ounctky Boabl. [losToMy AOKHBI OBITH MPUHSATHI MEPHI, Ha-
NpaBJIeHHbIE Ha yCTPaHEHWeE MOTePb BOJIbI, YT€UEK W HEPa3peleHHOro moTpebJeHnss BOAbl. ITO
JIOCTUTAETCS TIyTeM YCTAaHOBKU CYETYMKOB y TOTpebuTesell A1 u3MepeHns 1mogaBaeMoro o6beMa
BOJIbI, & TAaK)Ke TOCPE/ICTBOM €XKeMEeCSIYHON OIeHKW HEYYTEHHOTO PacxXojia BOJIbI, YTO IMO3BOJIUT
OIIEHUTH BCIO CHCTEMY BOJOCHAGKEHUS W MPEANPUHIATH MEPBI 0 €€ ONTUMU3AINH.

— Jlng toro 4to6bI COKPATUTH /10 MUHUMYMa BEPOSTHOCTb BO3HUKHOBEHUS 3a60JIEBAHUN, Tepe-
JIAIOIIUXCST Yepes3 BOJLy, a TaKyKe BO3MOXKHOCTD JIOJITOCPOYHBIX MJIM XPOHUYECKUX BO3EUCTBUN HA 3/10-
POBbE YeJIOBEKA, BOY M3 TIOBEPXHOCTHBIX U TIOJ3€MHBIX NCTOYHUKOB HY>KHO KOH/IUIIMOHUPOBATDH, YTOOBI
OUNCTUTH €€ OT 3arPSI3HSIONIINX BEIIECTB WU K€ COKPATUTh WX co/lep:KaHue 0 6e301acHOTO YPOBHSI.

— Ha o6bexTax BomocHaGKeHUS KOHTPOJIb KayecTBa BOJBI MO (GU3NIECKUM, XUMUUECKUM,
MUKPOOMOJOTUYECKUM W PAIMOHYKJNUIHBIM TTapaMeTpaM JI0JKEH BBITIOJTHATLCS eKeaHeBHO. Jla-
6opaTopus, akKKpeauToBaHHas opraHamu [occrangapra m MuH3apaBa, cO CJIOKHBIM aHAJTUTHYE-
CKUM 000PY/IOBaHMEM JIOJIKHA MMETh B CBOEM IITaTe CIeluajucTa mo canruruene. Muadopmanms
110 Ka4ecTBY BO/IbI JIOJIXKHA AHAJIU3NPOBATLCS €XKEe/IHEBHO, U PE3YJbTAThbl AHAJU30B ITPEJCTABIATHCI
B aHAJUTUYECKUX 0630pax.

— EsxerogHo MOJKHBI COCTABJSATHCS CIENMAJbHbIE aHAJTUTUYECKUE 0630pPbl /JIS OIEHKHU
HECTAaHJAAPTHBIX U BHEMITATHBIX CHUTYyallMili, BO3HWKAIONINX B CHCTEME BOJOCHAGXEHUS B Teue-
HUe Tojia.

— Heo6x0auMo oCyIecTBIATH MOCTOSHHBIN KOHTPOJIb HeJIeTaJbHBIX MOAKJIIOUEHW U Kade-
CTBA CAHMTAPHO-TEXHUYECKUX PpabOT /IS 3aIMUTHI PacClpeeTUTeTbHON CUCTEMBI OT TIOMaaHus
3arpsisHEHUI B TTUTHEBYIO BOJY.

— OTJNYHO CIPOEKTUPOBAHHAS U CJaKeHHO paboTalolias cucTeMa BOJAOCHAOKEHNS HE CMO-
JKET JI0JITO OCTaBaTbCSl TaKOBOif, ecm eé OyneT o6CTYy>KMBAThb HEKOMIIETEHTHDBIN TepCcoHaJ, KO-
TOPBIN HAPYNIUT MPaBHUJIa dKCIJIyataluu 1 o6CHTYKUBAHUS WU TTPOUTHOPUPYET WHOOPMAIIUIO
06 U3MEeHEHUIX KauecTBa BO/Ibl. KOHTPOJIb omiepatopoB 1 J1ab0pPaTOPHOTO MePCoHaMa Ha MpeMeT
o6pa30BaHMsI, OIBITA, MOCTOSHHON yueObl, BKJIOYAas TakKe aTHYecKWe W TpodeccruoHa bHbIE
KavyecTBa, CHUKAET PUCK B BOJ0O6ECTIeYeHUN MOTpeOuTeIei.

— KonTtposb 3a paboToii onepatopoB, 00CTYKUBAIONIETO TEPCOHANA U COTPYHUKOB Jlabopa-
TOPUI OCYIIECTBJISAIOT PYKOBOAUTEN TTPEANPUATUN BOJOCHAOKEHNS U COOTBETCTBYIOIINX CJIYKO.
OnHun 10JKHBI HecTH TPOdecCHOHaTbHYI0 OTBETCTBEHHOCTD Iepel MOTPeOUTEeNIMU W OpraHaMu
3apaBooxXpaHeHusd. B nx o6s3aHHOCTH BXOUT ocyIecTBaeHne 3(pPeKTUBHOTO Ha/130pa 3a paboToi
nepcoHasa U CUCTEM, TIPU 3TOM KA4eCcTBO BO/Ibl, /IaBJEHUE B CUCTEME U HENPEPbIBHOCTb MOJAaun
JIOJKHBI OBITH B YHCJE€ OCHOBHBIX mpuoputetoB. C ydyeTroM Tpe6OBaHWIl 3KOHOMUKHU W TEXHUYE-
CKOTO COBEPIIEHCTBOBAHUS B 9TOW OTpaC/iM, HEOOXOAMMO 06eCcTIeunBaTh TTOCTOSIHHOE TOBbBIIIEHNE
KBaanuKanun paGOTHUKOB U WX BBICOKHWI TpodeccrnoHaan3m.

— PyxkoBoautess BogocHabkeHusd ropojia, o6actu 06513aH MPeI0CTaBIATh Ha pacCMOTpPeHNe
TOPOJICKOTO COBETA, JIJISI BKJTIOUEHUS B TO0BOI OIO/PKET, TEXHUYECKYIO JOKYMEHTAITNIO TI0 KasK/IOMY
MyHKTY, TpebyoleMy (puHaHCUPOBaHUS, a TakKke 000CHOBATH CBOM TPEOOBAHWMS OTHOCUTEJIHHO
¢ oHI0B KANTAJBHOTO CTPOUTETHCTBA MPOTPAMMOI, TIO KpaitHeil Mepe, ATUIETHEH MO/IePHU3AINH
U PEKOHCTPYKIINHU CYIIECTBYIOMMX COOPY KEeHNH 1 (DPUHAHCUPOBAHWS MEPOIIPUATHIT, CITOCOGCTBYIO-
IIUX TTOBBINIEHUIO KAYeCTBa BOJIbI.

O6o61mas Bce, uTO OBLJIO CKa3aHO paHee O MPOMECCUOHATBHON OTBETCTBEHHOCTH B 06JACTU
KOHTPOJISI KauecTBa BOJbI, KPATKO IMOJBITOXKY TO, YTO HE JIOJKHO OCTATbCS He3aMeUeHHBIM WJIN
3a0BbITBIM B JIAGUPUHTE MHOKECTBA MMapaMeTPOB, COCTABJISIONINX 3Ty 3a/1a49Y:

— AJIeKBaTHBIN pacxo/l W JaBJieHUE BOJIbI.

— CoorBeTcTByIOIIlee XPAaHEHWE U CTPATErHYeCKOe PACIIONOKEHNE 3aIacoB BO/IbI.

— TouHbBI U TTOCTOSHHBIN KOHTPOJIb, TEXHUYECKOE 0OCTYKUBAHNE PaCIpeleTuTe bHON CH-
CTEMBI, 3allUTa UCTOYHUKOB BOJIBI U BO/I03a06OPHBIX COOPY KEHMUII.

— Munumusanusg noTpe6JaeHns BO/bI HA YTy HaceJIeHus.

— Yjasenue WM COKpalieHne co/epKaHus 3arpsi3HSAIONINX BEIEeCTB 10 6e3011acCHOTO YPOBHS.

— CoortBercTByMolIee tabopaTopHoe 060py/I0BaHUE.

— CocraBienne rpaduKa U OCyIIeCTBJIEHNE HA/30Pa 32 OIEHKON KauyecTBa BOJIBI.

— OcyriecTBieHE TTPOTPAMMBI TTPEJIOTBPANICHUST CAYYAHHOTO TIO/IKJII0YEHUS K BOJOTIPOBO/LY .
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— IlocTrosgHHOE TTOBbBILIEHHE KBaJII/I(l)I/IKaLII/II/I OIIEPAaTOPOB N OéyquI/Ie TeXHHUKe 6e30I1aCHOCTHU
OéCHy}KI/IBaIO]_Hel‘O IIepCcoHaJia.

— CaMOOL[eHKa pPeE3YyJIbTAaTOB paéoTbI YIIpaBJ€HYECKOTIO II€pCOHaJla € aKIIEHTUPOBAHUEM
BHHMaHHA Ha BOIIPOCAaX 9KOHOMUKU M TEXHUYECKOIO COBEPIIEHCTBOBaHUA.

— CocTaBjieHre TOYHOTO 6IOII>KeTa, H606XOlII/IMOFO JLJIA BOIIOCH&é)KGHI/IH ropozaa, 0060CHOBA-
HHEC (bOH,ZIOB KallUTaJIbHOI'O CTPOUTEJIDbCTBA AJIA obecIieyeHns KauyecTBa U KOJMYEeCTBA HO]IaBaeMOf/,I
HOTpCéI/ITGJIHM BO/IbI IIOCPEACTBOM [AOJITOCPOYHOI'O IIJIaHUPOBaHUA.

K COJKaJIEHNIO, HEMHOTI'ME TOpO/la MHUpa IIpupoa oJgapuiia ATAJIOHHOM YUCTOM BOﬂOﬁ, NMEI0-
H.[eﬁ €CTeCTBEHHbBIE CBOIICTBA BBICOKOTO Ka4dyeCcTBa, a 3Ha4urT, HOBbIHIaIOLLleﬁ 1 KadyeCTBO JKN3HU
yeJsioBeka. Tak MOXKHO CKa3aTb, HallpuMep, O MMUTHEBOIT BOJE T. MIOHXGHa, KOTOpasdad OTHOCUTCA K
O,ZIHOI71 U3 HanJaydlinx BO/J B EBpOHC. Caesxasg n COBEpPHIEHHO 6e3 TeXHOJIOrnYeCKO’ OépaéOTKI/I,
OHa T€4YET U3 BOJOITPOBOJHBIX KPaHOB Mionxena. HeoObIKHOBEHHOE KAa4eCTBO IMUTHEBOM BO/IbI B
MionxeHe IMOATBEPIKAAIOT PE3YJIbTATbl XUMNYECKOI'O aHaJIn3a.

Omna [Ipuro/iHa AJigd NPpUroOTOBJIEHUA ITATAHUA I'DYAHDbIX lIeTefI n JUETNYECKOTO IIMTaHuA, TaK
KaK Y/IOBJIETBOPAET HEMEIIKUM TpeéOBaHI/IHM K Ka4yeCTBY MI/IHepaJIbHOﬁ 1 CTOJIOBOII BO/IbI. KpOMe
TOro, IIMUTbEBasA BO/a MioHxeHa uMeeT JIyHIIue IoKa3daTeJn XUMHUYECKOro CcoCraBa, 4€M MHOTHE
MUHEPaJIbHbIE BO/bl, UMEIOIINECA B IIPOJaKeE.

I/IH(lDI/IJIprOBaHHaH, KallTa)KHada MIOHXEHCKad BO/la, POKAEHHaA JEeJHNKaM1 AJTBIIUICKUX rop,
HE HYIKAA€ETCA B lIOHOJIHHTGJIbHOfI IIOJATOTOBKE AJIA NCIIOJIb30OBaHUA B IIMTbEBBIX 1 X03A1CTBEHHO-
OBITOBBIX neJdax. HpI/IMeHeHl/Ie Kakux-a16o BOZOIIPOBOJHbBIX (pHJIprOB Ha BbIXO/I€ BOAOIIPOBO/-
HOWl cetn B MIoHXeHe COBEPHIEHHO M3JIMIIHE, a IIpu HeraBI/IJIbHOfI UX YCTAHOBKE U OTCYTCTBUU
HalIJIe)KaH.[efI TUTUEHbI Ka4eCTBO MMUTHEBOM BO/IbI MOJKET [[aK€ YXYAININUTbCA.

Ta6suma 8.1
IIutheBas Boxa B r. Miouxene, anpeab 2007 r.
TexyIiue pe3ybTaTbl aHAJIN30B B 1[€JIOM MO TFOPOAY:

(JTa6oparopust pupmbr SWM Services GmbH,
akkpeanToBana Hemenkum xuMmueckuM akkpeantarmonabiM nentpom (DACH GmbH)
B cootserctBun ¢ DIN EN ISO /IEC 17025 (DAC-PL-0190-03-00)

PesyanaTbl aHanu3a
o _ MpenenbHoe 3HavyeHue
N3UKO-XUMU4Yeckue no TrinkwV'
napameTpbi ;lﬁﬂe:i‘: Min Max 2001
Temnepatypa (°C) 9,6 7,6 12,9
pH (en. pH) 7,59 7,32 7,91 6,5-9,5
Pacteopumocts CaCO, (mr/n) -15,1 -33,3 3,6 5
MpoBogumocTb (MkS/cm npu 20°C) 464 388 541 2500
OkuncnaemMocTb (Mr/n) <0,5 <0,5 <0,5 5
PQY — pacTBOpeHHbI OpraHn4eckmii 0.4 0.3 2.0
yrnepog (mr/n)
OQY - 06uwuii opraHNyYeckuii yrnepon, 07 0.3 2.0
(mr/n)
Pe3yﬂbTaTbl aHanu3a "pep‘enbﬂoe 3HayeHue
XecTtkocTb BOAbI CpenHee T . no ;(r)lgl;wv
3Ha4YeHue
1 2 3 4 5

LLlenoyHocTb pH 8,2 (Mmonb/n) 0,329 0,100 0,700
KucnotHocTtb pH 4,3 (MMonb/n) 4,92 3,70 6,00
Koap60|-|aTHa9| XECTKOCTb 13.8 10.4 16,7
("KH — rpapyc kapboHaTHO XeCTKOCTI)

" TrinkwV — nopmamuse na numvesyio 600y.
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1 2 3 4 5
(CJ&A&T;;? LLIeNoYHO3eMe bHble MeTabl 2,711 2,233 3,096
O6uias xectkocTb ("dH — HeMeLkunii rpa- 15.2 125 17.3
yC XeCTKOCTH)
AHanutuyeckue AaHHble I'Ipen.eanoe 3HayeHue
MukpoGuonoruyeckue 1o TrinkwV
napameTpbl CpepHee Min Max 2001
3Ha4YeHue
Escherichia coli (KOE/n) 0 0 0 08 100 mn
:(}ggléc/pno)pMHble MWKPOOPraHN3Mbl 0 0 0 08 100 mn
OHTepokokkn (KOE/n) 0 0 0 08100 mn
Yucno kononun npu 20°C+/-2°C 0 0 0 1008 1 ™mn
Yucno konoxuii npu 36°C+/-1°C 0 0 2 1008 1 Mn
AHanuTuyeckue gaHHbie (Mr/n) NpeaenbHoe 3HaueHne
Xumunyeckme BeLecTBa no TrinkwV
;’;‘ff;:‘;‘: Min Max 2001
1 2 3 4 5
MbiLLbSK (MF/n) <0,001 <0,001 <0,001 0,01
Cypbma (mr/n) <0,001 <0,001 <0,001 0,005
CsuHel, (Mr/n) <0,001 <0,001 <0,001 0,01
Kagmunia (mr/n) <0,0005 <0,0005 <0,0005 0,005
Xpom (mr/n) <0,005 <0,005 <0,005 0,05
Linanngpl (mr/n) <0,005 <0,005 <0,005 0,05
®ropugpl (Mr/n) 0,12 0,07 0,26 1,5
Hukenb (Mr/n) <0,002 <0,002 <0,002 0,02
HutpaTtbl (Mr/n) 7,3 3,7 10,8 50
Hutputbl (Mr/n) <0,05 <0,05 <0,05 0,5
PtyTb (Mr/n) <0,0002 <0,0002 <0,0002 0,001
Monnupnknuyeckme
apomMaTtnyeckme yrneBoAopPOAb! <0,00002 <0,00002 <0,00002 0,0001
(cymma 13 4 napameTtpoB) (Mr/n)
BeHsa(a)nupeH (mr/n) <0,0000025 | <0,0000025 | <0,0000025 0,00001
Xnopcoaepxauine coeanHeHNs:
1, 2-gnxnopataH (Mr/n) <0,0003 <0,0003 <0,0003 0,003
TpuxnopaTunex (mr/n) <0,0003 <0,0003 <0,0003 cymMmma
TeTpaxnopatuneH (Mr/n) <0,0003 <0,0003 0,0003 0,01
TpuranoreHmeTaHbl (Mr/n) <0,0012 <0,0012 <0,0012 0,05
Mectnunabl (3KCTPAKT)
ATpasuH (Mr/n) <0,00002 <0,00002 <0,00002
CumasuH (Mr/n) <0,00002 <0,00002 <0,00002
Jesatunatpasud (Mr/n) <0,00002 <0,00002 <0,00002 oTaenbHOoe
MponasuH (mr/n) <0,00002 <0,00002 <0,00002 BeLLeCTBO
LnypoH (mr/n) <0,00002 | <0,00002 | <0,00002 0,0001
M30npoTypoH (mr/n) <0,00002 <0,00002 <0,00002 cymma
OTMAMMYPOH (Mr/n) <0,00002 <0,00002 <0,00002 0,0005
MeTasaxnop (mMr/n) <0,00002 <0,00002 <0,00002
MeTonaxnop (mr/n) <0,00002 <0,00002 <0,00002
2,6-amxnopbeHdamug, (mr/n) <0,00002 <0,00002 <0,00002
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1 2 3 4 5
AntomMuHMn (Mr/n) <0,02 <0,02 <0,02 0,2
AMMOHWI (Mr/n) <0,05 <0,05 <0,05 0,5
Cynbdatbl (Mr/n) 23,8 7,8 52,1 240
Xnopuabl (Mr/n) 7,7 4,7 10,0 250
Hatpuii (mr/n) 3,9 3,1 4,7 200
Kanuii (mr/n) 1,0 <1,0 1,4
Marnuii (Mmr/n) 19,9 16,8 23,4
Kanbunin (Mr/n) 75,9 61,8 87,0
MapraHey, (cym.) (mr/n) <0,005 <0,005 <0,005 0,05
>Keneso (cym.) (mr/n) <0,02 <0,02 <0,02 0,2
Megb (cym.) (Mr/n) <0,2 <0,2 <0,2 2
CeneH (mr/n) <0,001 <0,001 <0,001 0,01
LnHk (cym.) (mr/n) <0,2 <0,2 <0,2
Kucnopog, (mr/n) 9,2 7,1 10,7
2;(3;I((c;?;qa?r;f)mcyTCTByeT B BUOE 4.3 3.6 5.3 15"
®docparsl (PO,) (Mr/n) <0,05 <0,05 <0,05 6,7
CtpoHummn (mr/n) 0,6 0,2 1,5
Bop (mr/n) <0,1 <0,1 <0,1 1
JByokuch yrnepoga (mr/n) 14,3 3,7 31,5
M'mopokapboHaThl (Mr/n) 294,9 220,7 366,5
Kap6oHatbl (Mr/n) 0,5 0,2 0,8

PesyabraTsi:

1. Tocrasasemas npeaupusitueM Stadtwerke Munchen GmbH (SWM) — IlltagrBepke Mionxen I'm6X — nurbe-
Basg BOJIa TI0 MHUKPOOHOJIOTHYECKIM U XMMUYECKHM CBOUCTBAM YZOBJIETBOPSIET TPEGOBAHUSAM HOPMATHBA HA IHTHEBYIO
soay (TrinkwV) or 01.01.2001 r.

2. MionxeHCKas MUTbeBas BOJA MPHUTOHA JJsI TIPUTOTOBJIEHIS NUTAHUS TPYIHBIX JeTell M ANeTHYeCKOro MUTa-
HUSI.

3. Bce ucnosnbayemble s BojocHAOKeHHS T. MIOHXEHA BENIeCTBA M MaTepHasbl, HAa KOTOPBIX MMeeTcsl KOH-
TpoJbHbIN 3HaK DVGW, purofnsl 1J1s CAaHUTapHO-TEXHIYECKOT0 000PY/J0BAHUS 3aHMil 1 6€30TACHBI TT0 CAHUTAPHDBIM
HOPMATHBAM.

4. TlpuMeHeHnue OIMHKOBAHHBIX CTAJbHBIX TPYO JJisl MoJauu ropsiueil Bojbl ¢ Temieparypoii Boime 70 °C ne
PEKOMEH/IYEeTCS.

[l mosryyeHus BOJbI BBICOKOTO KayecTBa B I'. XapbKoBe MOXKeT ObITb M30paH 1MyTb, 6asu-
PYIOUIHIiCS Ha CTPOMTEIbCTBE MPUHIIUIIMAJBHO HOBOrO cocTaBa coopyskenuii (puc. 8.1).

BoimosHenne GyHKIIMOHAJBHOTO HA3HAYEHUS OYHMCTHBIX COOPY’KEHUI HEBO3MOXKHO 6e3 To-
CTOSTHHOTO KOHTPOJIA KadecTBa 06pabOTaHHOI BOJbI, a TaKyKe KOHTPOJISI KayecTBa BOJIbI, MOCTY-
napoiieil Ha OYNCTHBIE COOPYKEHUS HA PA3JMYHBIX aTanax eé o6paboTKH.

CoBpeMeHHbBIE pernOHAJIbHbBIE COOPYKEHUST KOHAMITMOHNPOBAHNS BO/IbI IPEJCTABJSIOT OO0
CJIOJKHDIE TPOM3BO/ICTBEHHDBIE OOBEKThI, HA KOTOPBIX MPOTEKAIOT PA3INYHble MEXaHUYeCKHe, TH/PaB-
andeckue, (pu3NKo-XxuMu4yeckue u OGMOJIOTMYecKue IPoIlecchl, 4To 00ycaaBanBaeT He0OX0/MMOCTb
MOCTOSTHHOTO ¥ ONEePATHUBHOTO MPUHATHUS OOCJTYKUBAIOIIUM TIEPCOHAJIOM BAaKHBIX TEXHUYECKHUX
pemiennii. OmepaTUBHBIN KOHTPOJb 3TUX TIPOIECCOB HAPS/LY CO CTAIIMOHAPHBIMU Ja60PATOPUSIMU
HCCJIeI0BAaHUST BOJIbI OCYIIECTBJISETCS U € UCIIOJb30BaHUEM CPE/ICTB aBTOMATU3AIUN.

" Alonycmunoe xorunecmeo 006a60K COZAACHO NEPEUHI0 Gew,ecms, UCNOAb3YEMbIX 05 6000N00Z0MOGKU, U 0e3UNPUUUPYIOUUX
cpedcme ¢ TrinkwV 2001 (Hopmamus na numvesyio 60dy, 2001 z.).
Mionuxenckas eoda eewecmea 04 6000n0020mosKu He codepkum!
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MpepnoxeHue No CTpoUTENbLCTBY HOBbLIX BOAONPOBOAHBLIX O4UCTHLIX COOPYIKEHUN
B noc. KoyeTtok Ha mecTe gencteyrowero 1-ro 6noka (noctpoeH B 1932 r.)

p. Ces. /J,S‘Heu, ﬁloKep

aspatopbl ,} BOm03aGopHas p.CeB. JoHeL,

pbibo3awmTta
ranepest  npac. cT.

peLueTka, ;
-fro nogbema
Lpublf(?::m:::’ HZQ= 600 TbiC. M3/cyT
y t nabopaTopus

Q=400 Tbic. Ma/CyTBo,qoso,le Ha 3- 1 2-11 6rok

1-ro nogbemMa O4YUCTHbIX
COOPYXXEHWUW (OeCTBYHOLLNI)

p.5a6r<g<

You

+npunbopbl
. yyeTta Q=200 TbIC. M3/cyT
NHUNETpaLMOHHBIN 030HMpoBaHue Boabl (Os) g )
BoA03abop |— cmecuTens o2
i g9 3
KOarynsHT. » el . = oS
PNOKYNAHT——>| | | | | | | | | | | | | | |A//—0TCT0VIHVIKVI Ha 74 © 2 0
nrowaaka sanaca necka g s
030HaTOpHast =8
O
peareHtHoe c6poc ocagka—> D
XO35IMCTBO ——» = <
CO CKnagom IO
a0
'9 [0
22
necyaHbIi i YronbHbIN PUNETP 9 o
coopyxeHue ans cbpoca uneTp V-4 M 2©°
ocafka v ounsTpaLmm V-4mMy ——p
Ha npecce (Co crycTutenem) ceopo-
BO34YyLUHOU
OTMbIBKOWM
PUB Hac. CT. 2-ro
3aBog, byTbiNnMpoBaHHON Boapbl ] noavema, 1,5 6ap
Ha Oz 1 COz gnsa YC I ¥
C OXnaxkaeHuem Boabl U < g Q — PUB
aBTOLMCTEPHAMMU N © Q
y 3 -
aKBapWyMHbIA TeCT —»I:l«— o z
TR
aBapynHbLIN
v Cl na6oparopus
uan___, ——
ACYT Hac.CT.
3-ro nogbema
y4eT BoApbl
BOAOBOAbI U3 CTEKOMNIACTUKOBbIX
Tpy6 d = 1400 mm, L=35 km
Bce coopy:keHus1 10/KHBI OBITH
aBTOMATH3MPOBAHbI U Pad0OTATH B naGoparopus
aBTOMATHYECKOM peKHuMe YyNpaBJIeHHs YL B0 _
JloceBo
XapbKOB lMpednoxeHue
paspaboman

90.m.H. npogheccop
B.A. lMempocos

Puc. 8.1. IIpoekT cxeMbl COBPEMEHHOTO COCTaBa COOPYKEHHIl BOJOIOATOTOBKN JIJISl MOJYYCHUS
BO/JIbI BBICOKOTO KauecTBa U obecriedenuss 6e301MacHOCTU BojocHaGKeHus T. XapbKoBa,
YYHUTBIBAIONUI BJAUSHME I'JT00AJbHOTO U3MEHEHHS KJAUMaTa Ha BOJHBIC PECypPChl
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8.2. METOJAbI KOHTPOJIA KAYECTBA BO/Ibl

loToBas

» VcTouHuK (1) K noTpebrieHnio
BOfb! (Cbipast BOAA) nuTbeBasi BOAA,

KpaH
BogornotpebuTens

TpaHcropTUpyemast

3 2 o BofoBoLAM
] —

z)

Coopy>eHust

N —

HacocHble craHumm.

*Ln
|

— —
KOHVLIMOHMPOBAHMS! &
B BOAbI Bogoaonbll

}

b= CuicTEMa nogaun
’ A O KpaH Bogonotpebutens.

W pacnpegerneHus

CaH. 6ak. xum.

—>

P

[~ Bombi B ropone  ——<

] nabopatopus O=0—=0 l ﬂ BopopasbopHasi  KoroHKa.

4

YRS el |
1 i
YnpaeneHve 3 t < —» 3 i
A

'«— | v Hapzop 3a
Ka4ecTBoM BOAb!

]

B CTallMOHAPpHBIX YCJIOBUAX AJIA KOHTPOJIA KadeCTBa BO/IbI H606XO,ZII/IMO NMETb COBPEMEHHOE

Puc. 8.2. Cxemarumueckoe HSOépa)KeHI/Ie KOHTPOJIA KadeCTBa BO/bl
110 dJjieMeHTaM CHUCTEMbI BOHOCHaé)KeHI/IH

OCHallleHune XUMHUYECKONH U MHKpOéHOJIOFI/I‘{eCKOfl JIaGOpaTOpI/II/I.

[lng xuMudeckoil mab6opatopuu cieayimoliee 060py/0BaHNUe [OJKHO ITTPUCYTCTBOBATH KakK

CTaH/lapTHOE:

[lns 6akTepuOJOrn4ecKOT0 aHaanu3a Mpo6 BOJbBI C MCIOJb30BAHUEM
(uabTpoB 6akTepuosiornueckas JabopaTopus J0JKHA UMETh cjeayioliee 060pyoBaHue:

aAHAJMTHYECKHUE BECHI;

doromerp (crnekrpodoromerp);

pH-metp;

dmroopumeTp;

MOHOMED;

ATOMHBINT a0COPOIIMOHHBIN CIIEKTPOMETP;
ra3oBbIil XpoMartorpad;

U3MEepUTETb MPOBOJAMMOCTH;

JKMJIKOCTHBIN XpoMmaTtorpad;
BasKX-xpomarorpad;
XPOMATOMaCC-CIEKTPOMETD;

cucTeMa KaluJIIPHOTO aJieKTpodopesa
CymuIbHBIN TIKad;

9KCUKATOP;

HarpeBartesibHas TJIUTKA;

XOJIO/INJIbHYIK;

JabopaTopHas 1mocy/la — CTeKJSHHad, IJIACTUKOBAsl, MeTaJJIndecKas;
HarpeBareJsibHasl BoJsiHas 6aHs ¢ MENIAJIKOIi;
MarHUTHas MeIaJiKa;

nreiikep;

ABTOMATHYECKNe J03aTOPbI KUCJOT, IieJoveil, pacTBOpUTeiel;
IUTIEeT-/103aTOPbI;

CTEILJIEPhI.

pH-meTp;
BECHI;

YcnoBHble 0603HAYEHUs :
—> Q< YpaBHUTENNbHbIE, HAKONUTESNbHbIE Pe3epByapb, BOAOHAMOPHbIE GaLlHM.
2
] |

YCTaHOBKW XIOPVPOBAHNS U [IOXIOPVPOBAHUS BObI.

4u BapmaHT MEepPBUYHOTO O30HMPOBAHWA BOAbl B3aMeH MEPBUYHOMO XIOPUPOBAHUA.

[BxeHne noToka Bodbl B TPybax M KOHTPOrb KadecTsa BOAbl.

METO/la MeMépaHHbIX
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— TEpPMOMETPBI WK PETUCTPATOPHI HEMPEPHIBHOTO EHCTBUS;

— BosayuHble (MM ¢ BOASHBIM KOKYyXOM) MHKyOatopbl (BojsHbie GaHW), aJlOMUHUEBbIE
6J10K-UHKY6ATOPBHI;

— QaBTOKJIaB;

— XOJIOAWJIbHUK;

— OITHUYECKYI0 OCBETUTEJbHYIO annapaTypy /JIs cueTa KOJOHUIL;

— ob6opyoBanue [t UHOKY.JIstin (06sizaTesibHOe);

— o6GopyaoBanue A MeMOpaHHON (pUIbTpaInu;

— MeM6paHHble (UIBTPHI;

— 71a60paToOPHYIO MOCY/ly — CTEKJSHHYIO, TJIaCTH-
KOBYIO, METaJIJINYECKYIO;

— UW3MEPUTEJbHYIO amlmnaparypy;

— YaIlK# AJs KyJbTyp;

— KyJbTypaJjbHble MPOOUPKU W KPBITIKU.

Tak, B r. XapbpkoBe B KII «IIpousBoacrBenno-
TeXHOJIOTUYeCcKoe mpeanpusaTue «Boga» mom pyxko-
BOJICTBOM aBTOpa co3jaHa JabopaTopus CAaHUTAPHO-
3MUEMUOJTOTHIECKOTO KOHTPOJISI KayecTBa BOJBI —
KPpyHnHeHmuil B YKpawHe CHenNuaJu3upOBAHHDBIN
MEeHTp, 3aHUMAIONHUICId HWccaeJOBaAHUEM KauyecTBa
BO/IbI, CIOCOOHBIN OGCHYKMBATh COTHU 3aKa34u-
KOB — KaK KPYIHbIE MPEANPUATHS W OPraHu3alumu,
TaK W YaCTHBIX JIUII. E

Esxerogno MHKpOOUMOJOrHYECKUil, XUMUYECKUIA,
pusuko-xuMUYEeCKUN W PAAMOJTOTUUYECKUN OT/I€JTIbI
BeimoJiHAI0T cBbime 50000 ananuzos 13000 mpo6 mu-
TbEeBOW BOJIbI, ompejesig 86 IMokaszaTeJjell KadecTBa
Bo/bl. HakomsieH yHUKaJbHBIH [T YKPaWHbBI OIIBIT
B OPTaHU3alMu KOHTPOJS KauyecTBa MUTHEBOW BOJbI
B IIEHTPAJM30BAaHHBIX CHCTEMAaX BOJOCHAOXKEHUS
MEramoJificoB.

Jlabopatopusi ocHallleHa YHWUKAJbHBIM COBpPEMEH-
HBIM aHaJUTHYeCKUM o6GOopymaoBaHWeM s (PU3UKO-
XUMUYECKUX, PAJUOJOTUIECKUX U MUKPOOHOJIOTHYE-
CKMX aHaJu30B. B codyeranum c BbICOKOH KBamduKa-
el M OMBITOM CITeIIMAJNCTOB Hall MPUOOPHBIN MapK
MO3BOJISIET JOCTUYb TOYHOCTU BBITTOJIHEHUS aHAJM30B,
COOTBETCTBYIOIIEH TPeOOBAHUSAM MEK/yHAPOIHBIX CTaH-
JIapTOB.

MuKpoOHOJIOTHYECKHIT OTE

OTnen MUKPOOHMOJIOTHYECKUX METO/I0B aHAJIM3a
HPOBOJUT KOMIIJIEKCHbIE MCCJIeJJOBAHUS BOJbBI, JAI0-
e BCECTOPOHHIOIO OIEHKY ee KadecTBa Mo GakTe-
PUOJOTUYECKUM, BUPYCOJOTHYECKUM, TTaPa3UTOJIOTU-
YeCKUM U THAPOOUOJIOTNYECKUM MoKazaTeasM. OTaen
OCHAII[eH COBPEMEHHBIM TEIJIOBBIM 000pYyJA0OBaHUEM,
60KcaM¥, aBTOKJaBaMM, MUKPOCKONAMM; TTUTATEJb-
HBIMU cpepamMu, MeMOpaHHBIMU GUAbTpaMu, OMOXU-
MUYECKUMH CUCTeMaMu UAeHTU(UKAINT; COBPEMEH-
HBIMU JIO3UPYIONUMH YCTPOUCTBAMU U PACXOHBIMU
MartepuagaMu; o6ecrnednBaIUMNI HeoOXOJUMbIe
yYCJOBUS JIJIs IPOBE/JleHNsT aHAJAN30B 1 6€3011acHOCTD

Tpyza.
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Bbaxmepuonoeusn

OmnpenesisieMmble TapaMeTphI:

— O6ee Mmukpo6Hoe uucyo mnpu 37 °C

— Tmoko3omosoxkuTebHbIE KOJMMMOPMHDBIE OaKTepun

— Wnpexc BI'KII

— O6mue xoanugopmbl

— TepMmoTonepanTHbie KOJMMOPMDI.

Ucnonb3ytores caHuTapHO-0aKTEPUOJIOTHYECKIE Me-
TOAbl aHaJ/Jn3a BO/Ibl, pEKOMEH/0OBaHHble HOPMATUBHbBIMU
JNIOKYMEeHTaM#u Y KPauHbl.

Bupycoaoeus

OmnpepensgeMbie TTOKa3aTen:

— Komudarn

— AwnTuren Bupyca renatura A.

Ucnonp3yorcss MeTo/ibl, peKOMeHJ0BaHHble MuH-
3/ipaBoM Y Kpaunbl, BcemupHoil opranusaiueii 3gpaBo- |
oxpanenusa (WHO).

ITapa3umoaozus

OmnpenessgeMbie TTOKa3aTeU:

— Hucrpr aaM6ami

— Hucrsr ame6

— dina reJpMUHTOB.

Ucnonb3yoTesi MeToibl Mapa3uTOJOTHUYECKUX HC-
CJIeJOBAHUI BOJIbI, YCTAHOBJEHHbIE YKPAUHCKUMH HOP-
MATUBHBIMU JJOKyMEHTAMH.

Tuopoobuoaozusn

OmnpenensgeMmble TOKa3aTeJU:

— O6mas 6uomacca Mo rpynmnam

— OO6muasg YNCJAEHHOCTD 110 TPyIIaM

— OGriee yuca0 BUJOB B TPYIIIie

— MWupekc canpo6uoctu no Ilantie u Bykky B Mo-
nudukanun Cragedera

— HWuaexkc BUIOBOTO pa3HOOOPa3us

— Ilpeob6sasatornime BUIbI

— 3oHa canmpoOHOCTH MPeobIafaloNX BUAOB, % OT 0O0IIeil YnCJIeHHOCTH

— Kiacc xkauectBa BOJ

— Wpentudukanus rugpo6uoHToB 10 Buaa: okoso 300 Bugos durtonnankrona n 160 BugoB
300IJIAaHKTOHA

— IIpomepnr MmaccoBbix opM HUTO- U 300TJIAHKTOHA.

Oaun TuApoOHOIOTUYECKHIT aHAIN3 BKJIOYaeT uccaeaoBanus Ha duromaankton (1o 27 ma-
paMeTpoB) U Ha 300ILTaHKTOH (10 33 mapaMeTpos).
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Du3uKO-XUMHYECKHI OTAe _

Du3nKo-XUMUYeCKUl oTaea omnpejessgeT HHTe- |
rpaJjibHble XapaKTepPUCTUKU KadyecTBa BOJIbI, MeTaJlJibl,
OopraHmyeckue M HeOpraHWyYecKHue COeJMHEeHUs, pPajauo-
HYKJIU/IBI.

Omnpenesisiemble TOKa3aTeNu:
Tsskesble MeTaJJIbI
lenounble MeTaIbl
[IlerouHO3€eMeIbHBIE METaJIJIbI
HedrenpoaykTe
Denobl
[Tonuukanyeckne apoMaTHyecKue yrJeBo0PO/IbI
OG6muit 1 opraHnvYecKuil yriaepo/
[ToBepxHOCTHBIE aKTUBHBIE BelleCTBa
Papnonykaupl
Jleryune rasoreHoprannyeckue CoeJMHEHUS.
Metonbl aHa/an3a BOJIbL:
DoopuMeTpud
IToTentuomerpus
@doTomeTpus
Kamnnagapubrii anexrpodopes
lazoBag xpomarorpadus
sKuakoctHas xpomarorpadus
Anbda-, 6era-, raMMa-ClIEKTPOMETPUN
AToMHO-a6CcOpPOIMOHHAS CIIEKTPOMETPUS C IJIEK-
TpoTepMUYeCcKOll aToMu3saiueit

— DBpoicokoadderTuBHAg KUAKOCTHAS XPOMATO-
rpadus.

OcHoBHOE 000pyOBaHHeE:

— Cucrema xanuaagphHoro ajektpodopesa
«Kanemnb»

— Anamm3zatop o6mero yraepoga TOC-Vesn dup-
mbt Shimadzu

— ATOMHO-a6COPOIMOHHBIN CIIEKTPOMETP C AJIEK-
TporepMuyeckoii aromusaruein MI'A-915

— Xpomarorpadudeckuii kKomiiekc <«dDmpoopar-
02-2M»+ B2JKX-3

— Aubda-, 6era-, raMMa-CIIEKTPOMETPbI
Nonomep
dotomerppr KOK
FazoBbie xpomaTorpadbl
sRKugkoctapie xpomaTtorpadbl
D100pUMeTphI.
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XuMHYecKuii oTae

XUMUYECKHUI OT/Ie/1 BbIIIOJIHAET XUMUYECKHUE aHaJIN-
3bI BOJIbI, ompejessas 6oJee 20 mokaszaresieil KayecTBa
— MHTeTpaJibHble XapaKTEePUCTUKH, OOIIKe TTOKA3aTeJH,
HeOpraHuyecKue coeuHeHus.

OmnpenensieMmble TOKa3aTeH:

— @DusuKo-XxuMHUecKue moka3aTesan

— Heopranunueckue coeuHenus

— OprasoJieniTuyecKkue moKa3aTean

— PacrBopenHble rasbl.

MeTozbl aHa/U3a BOJIDL:

— I'paBumeTpus

— Typ6uaumerpus

— OprasoJsienTuka

— IloTenmuomerpug

— Turpumerpus

— CnekrpodoTomeTpus.

OcHoBHOe 000py/0BaHUE:

— AHaJUTHYeCKue BeChbl

— Honomepni

— pH-merpor Metler Toledo

— DOTOKOJOPUMETPHI

— Iludposbie 6opeTku.

O6ecneyeHue KayecTBa

JIOCTOBEPHOCTh M OOBEKTUBHOCTh PE3YJIbTATOB aHa-
JU30B — Hallla TJaBHag 3a6ota. TOUHOCTb aHAJIN30B 06e-
CIIEYMBAETCSA 32 CYET CTPOrO PErJIaMeHTHPOBAHHOI CUCTEMBI
or6opa po6, BHYTPEeHHEl crucTeMbl 00ecieeHrs KauecTsa,
s¢dexTnBHOIT Opranusanun pa6oT, IPUMEHEHHsT COBPEMEH-
HOTO 060PY/I0BAHU, TOJATOTOBJEHHOrO epPCOHAA.

Tounocmov anaau3oas

Bbicokast 4yBCTBUTETBHOCTD U TOYHOCTD OTIPE/IeIeHN
COOTBETCTBYIOT HOPMAaTUBHBIM TpeGOBAHUSIM, TIPUHATHIM B Y Kpaunte, Poccun u crpanax EC. TIpodec-
CUOHAJIM3M, BBICOKas KBATM(UKAIMA W ONBIT WHXEHEPOB, TEXHUKOB M JTaGOPAHTOB, UCIOJIb3YIONIIX
B CBOeil paboTe caMoe COBPEMEHHOe aHAJNTHYeCKoe 0O0pYy/I0BaHMe, a TaKKe BbICOKOA(deKTHBHAS
cUCTeMa KOHTPOJIS KauyecTBa TapaHTUPYIOT MaKCUMAaJIbHO BO3MOKHYIO TOUHOCTb PE3YJIbTATOB.

Buvicokasa komnemenmuocmos

Texnuueckass KOMIIETEHTHOCTh UM He3aBUCUMOCTb JlabGopaTopuu mOATBep:KAeHa ATTecTaToM
akkpeautaiuun Ne8 /1 or 10.01.05 r. (Bbigan Merposiornyeckoit cay:x6oii TocygapcTBeHHOTO
Komurera YKpauHbl 110 BOIPOCAM KUJIUIHO-KOMMYHAJIbHOTO XO3SiiCTBA).

KauecTBO uTheBOI1 BOBI, ITOaBAEMOI IIEHTPAJTM30BAHHON CUCTEMOI BOJAOCHAGKEHNS T. Xaphb-
koBa (ra6s1. 8.2), coorBercrByer TpeGoBanusm TOCT 2874-82 «Boaa nurbeBas. [Mruennyeckue
TpeGOBaHUS U KOHTPOJb 32 KaueCTBOM> .
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Ta6aumna 8.2
Boaponposoanas Boaa r. XapbkoBa
] Hopwmbl Skonoru- ﬁiigv.clll:/lechl;M

Ne MokazaTenu kayecTsa BOAbI FOC<:I'B(2)i;4-82 JepxCanliH yeckas B BOAE (cpe:u,-

e e B )
1 2 3 4 5 6
1 | Banax npu 20°C, 6an 2 2 1-2
2 | 3anax npu 60°C, 6an 2 2 1-2
3 | Bkyc n npuskyc npu 20°C, 6an 2 2 1-2
4 | UgeTHOCTb, rpag. 20 20 8
5 | MyTHOCTb, Mr/om® 1,5 0,78 0,7
6 | Mpo3payHoCTb Mo WpndTy, CM 30 He HOPM. 30
7 | Leno4yHoCcTb, MMOJb/OM® He HOpM. 0,5-6,5 1,5-6,0 5,5
8 | Ocapok OTCYTCTBYET | OTCYTCTBYET OTCyTCTBYET
9 | Okucnaemocts, MrO,/am® HE HOPM. 4,0 6,5
10 | Xnopwuapel, mr/om® 350 250 30 39
11 | AMOHMIA-MOHBI (N0 a30TYy), Mr/om? 2,0 2,0 0,05 0,04
12 | HUTpUTHI (MO HUTPUT-MOHY), Mr/om3 3,3 3,0 0,01 0,003
13 | HuTpatsl (N0 HUTPAT-NOHY), Mr/am? 45,0 45,0 5,0 1,0
14 | CBoGOAHbIV Xnop, Mr/om? 0,3-0,5 0,3-05 0,4
15 | CBsi3aHHbI xnop, mr/om® 0,8-1,2 0,8-1,2 1,0
16 | >Keneso (lll), mr/om® 0,3 0,3 0,1 0,14
17 | pH, en.pH 6-9 6,5-8,5 7,0-8,0 8,08
18 | CyxoWt ocTatok, Mr/om? 1000 100-1000 150-600 659
19 | )KecTtkocTb 00Was, MMONb/am3 7,0 7,0 2,5-5,0 5,8
20 | XKecTkocCTb yoansemasi, MMonb/om® He HOPM. He HOPM. 4,5
21 | XKeCTKOCTb NOCTOSIHHASA, MMOJb/AM? He HOpM. He HOpM. 1,3
22 | Kanbumit, mr/om® He HopM. He HopM. 40-100 89,6
23 | Marnwui, mr/gm® He HopM. 10-80 6-30 15,1
24 | Cynbdarsl, Mr/om? 500 250 40 128
25 | Yrnekucnota, mr/om® He HOpM. He HOpM. 6,6
26 | F'vppokapboHaTsl, Mr/omd He HOpM. He HOpM. 353,8
27 | Kanuin, mr/om® He HopM. He HopM. 40 6,8
28 | Hatpwii, mr/om® He HopM. 200 64
29 | O6Lwmin opr. yrnepoa, Mr/am? He HopM. 3,0 7,6
30 | Monndocdartsl, Mr/om? 3,5 3,5 0,8
31 | MoBepPXHOCTHO-aKTUBHbIE BELLLECTBA, MI/aM? 0,5 0,5 0,015
32 | HedrenpoaykTbl, Mr/om? 0,3 0,3 0,018
33 | deHonbl, Mr/omd 0,001 0,001 <0,001
34 | Xnopodopm, mr/am? He HopM. 0,06 0,06
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1 2 3 4 5) 6

35 | TeTpaxnopmeTaH, Mr/omd He HOpM. 0,006 <0,0005
36 | TpuxnopatuneH, mr/gm® He HOpPM. 0,06 <0,0005
37 | beHs/a/nupeH, mr/omd He HOPM. 0,000005 OTCYTCTBYET
38 | BaHagwuit, mr/om® He HOpM. 0,1 oTCyTCTBYET
39 | bapwit, mr/om® 0,1 0,1 OTCYTCTBYET
40 | bpom, mr/om® HE HOpM. 0,2 oTCyTCTBYET
41 | CBuHel, Mr/om? 0,03 0,01 0,01 <0,0005
42 | ANOMUHWIA, Mr/am® 0,5 0,2 0,13

43 | Mapraxeu, mMr/om® 0,1 0,1 0,1 0,006
44 | UnHk, mr/om® 5,0 1,0 0,1

45 | Megb, mr/om® 1,0 1,0 0,05 0,014
46 | dTop, mr/omd 1,2 0,7-1,5 0,9 0,22

47 | bop, mr/om® HEe HOPM. 0,5 OTCYTCTBYET
48 | Kobanbt, Mr/om? HEe HOpM. 0,1 oTCyTCTBYET
49 | MonnbneH, mr/om? 0,25 0,25 0,07 OTCYTCTBYET
50 | Cypbma, mr/om® HEe HOpM. 0,05 oTCyTCTBYET
51 | MbiwbsK, Mr/ome 0,05 0,05 0,0023
52 | Xpom (VI), mr/om® 0,1 0,1 0,01 0,004

53 | Nutnia, mr/om® He HOPM. 0,03 OTCYTCTBYET
54 | PtyTtb, Mr/om? HEe HOPM. 0,0005 OTCYTCTBYET
55 | Tannuin, mr/omd HE HOpM. 0,0001 <0,0001
56 | Hukenb, mr/om? 0,1 0,1 0,1 0,02

57 | Kagpmunia, mr/om® 0,001 0,001 0,0005 <0,0001
58 | CeneH, mr/om® 0,01 0,01 <0,0001
59 | CtpoHuuii, Mr/om? 7 7 2.1

60 | Bepunnuin, mr/gm3 0,0002 0,0002 <0,0001
61 | CymmapHas 6eTa-akTMBHOCTb, Kn/am? 3*10" 3*10" 1,14*10"
62 | Lleanin-134, Kn/om? 8,6%10° 8,6%10° OTCyTCTBYET
63 | Lleanin-137, Kn/om® 5*1010 5*10-1° 3,9-10°1°
64 | CtpoHumin-90, Kn/am? 4,0%101° 4*101° 2,110
65 | Pagnin-226, Kn/om® 5,4-10" 5,4-10" 1,2-10
66 | AMepuunin-241, Ku/gm? 1,9-10° 1,9-10° OTCYTCTBYET
67 | Llepwuii-144, Kn/om® 1,2-108 1,2-108 OTCyTCTBYET
68 | O6uiee MmmnkpobHoe ymcno, KOE/cm?3 100 100 0

69 | Mnpekc BIKM, KOE/om® 3 3 <3

70 | Konudaru, BOE/gm?® He HOpPM. | OTCYTCTBYeT OTCYTCTBYET
71 | AHTureH Bupyca renatmnta A He HOPM. oTCyTCTBYET OTCyTCTBYET
72 | Tmppobronornyecknii nokasaTenb, Opr. OTCYTCTBYET | OTCYTCTBYET oTCyTCTBYET

HpI/IFOIIHOCTI) BO/IbI AJIA IINTbA HE JOCTUTAETCA HpOCTOfI pa3pa60TK0171 CTaHAapTOB, B3ATUEM
Hp06 WUJIA OIEHKOH HaéopaTOprIX aHaan30B. Boimomnenus CTaH[apTOB, HPUHATBIX Ha OCHOBE [1a’KE
HauJay4dlnx HOPM, HEAOCTATOYHO AJIA rapaHTHUU 6€301aCHOCTH ITUTHEeBOMI BO/bI, AJIA obecreyeHnst
COOTBETCTBHA BCEM XUMHNYECKUM U 6aKT€pI/IOJIOFI/I‘-IeCKI/IM ITapaMeTpaM. bounee TOro, HeBO3MOKHO
IIpOBECTHU IMOJIHBIII aHaJu3 MUThEBOU BOJbI. JTo Oéyc.]IOBJIeHO HEJOCTAaTKOM Hay4YHbIX 3HAHUM.
Kaxk IIpaBuJo, AJiA IPOBEAEHHA TIIATEJbHbIX aHaJIN30B TpeéyeTCH MHOTI'O Bp€EMEHM — HEIEJIH,
BO3MOJKHO, MECAIbI, TOT/la KaK PE3YJIbTaTbl Kau€eCTBa BO/AbI JOJIKHbI ObITH IOJIy4€Hbl B p€aJibHOM
Maciitabe BPEMEHU IIPpU B3ATUUN HpOéI)I. Takum 06pa30M, B HacCTodIllee BpeMda €CTb TOJIbKO O/IHO
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pelenue Js 3alUThl KOHEYHOTO MOTPEOUTEIA: OHO COCTOUT B TIOCTOSTHHOM KECTKOM KOHTPOJIE
CBIPOI BOJBI B BOJOWCTOYHWKE MPHU BOA03a60pe, B COOIONEHUN TEXHOJOTUU KOHAWITMOHUPOBA-
HUS U eé pacrpejeseHun 1o cetu. PykoBomurtesn ciysk6 sKCIIyaTallud BOJAOCHAGKEHUS MO-
TYT TIOJTHOCTHIO OIIEHMBATh, KOHTPOJUPOBATH U aHAJM3WPOBATH CKJA/BIBAIONIYIOCS CUTYAIHIo,
PYKOBOJICTBYSICb COOTBETCTBYIONIUMHU CTaHAAPTAMHU ¥ HOPMaMM, KacalONIMMUCS KayecTBa BOJIBI.
Ecau at0o menath Mo/KHBIM 06pa3oM W MpodeccroHaTbHO, TO 3TO SABJSETCS €IMHCTBEHHOI ra-
paHTHel TOTo, 4To OyJeT MCIOJb30BaHA HOBEHIIasg TeXHOJIOTHS /IJIsT 3aIUThI MOTpeOuTe s B He-
MIPEPBIBHO MEHSIONIEICS CUTYyalluu B UCTOYHUKAX BOJIOCHAGKEHUS W CUCTEME BOJAOTOTPeGIeHNS
TOPOJIOB, C Y€M CBSI3aHbI CKOPOCTH KOHAWIIMOHUPOBAHUS HA COOPYKEHUSIX M, COOTBETCTBEHHO,
KauyecTBO BO/IbI.

BomocHa6xenne MUTheBOI BOJIOI M ee TAPAHTHPOBAHHOE KAY€CTBO SABJISIOTCS HEOTHEMJIEMbIMU
TPeOOBAHUSAMMY [IJIsI COXPAHEHUS 3/I0POBbs 0OIIECTBa.

HecmoTrps Ha yBesmuuBaionmecs pacxo/ bl Ha CTPOUTENIHCTBO, MOJIEPHU3AINIO M PEKOHCTPYK-
IIUI0 COOPY’KEHWUI, BO3pacTaiolre pacxo/bl Ha pabouyyio CHUJIYy, BBeJIEHUE CJOKHOTO paboyero
060PYIOBAHNS U CUCTEMBI YIIPABJIEHUS KOHTPOJEM BOJIbI, CTOMMOCTH o6ecriedeHus 6e30macHoil n
BKYCHOI1 BOJIOI BCe ellle SIBJSETCS CPAaBHUTEJBHO JOCTYIHON /I TOTpeOuTe s, KaK, HallpuMep,
B CIHIA. IIpuynmHa roToBHOCTH TOTpebUTEsel TJIATUTh 3a BOJAY — IOHWMaHUE TOTO, YTO BOJA
ABJISIETCS TIPE/IMETOM TePBO HEOOXOANMOCTH, W HAJOTOTJIATETbIITNK XOPOIIO OCO3HAET CBOIO TO-
Tpe6HOCTDh B Hell. DWHAHCOBBIE TapAHTUU BOJAHBIX KOMITAHUN BBICOKO I[€HSTCS Ha PbIHKE WHBe-
cruriuii CIITA u3-3a nx HajsesxHocTH. B pesyibraTe NMpPOIEHTHBIE CTAaBKU HU3KHE, a PACXO/Ibl Ha
KaluTaJbHOE CTPOUTETHCTBO B YCJIOBUSIX COIMATHHO-PBIHOYHBIX pedopM MOTYT GbITD ITepeBeIeHbI
B OYeHb HeOOJIbINNE MTOBBIEHNS TOOBBIX TapudoB. /g yMEHbIIEHUS KOJNYECTBA CTOYHBIX BOJI
caenyet y6eskaaTh ropoJIcCKoe HacesleHne B He0O6XO0IUMOCTH YCTAHOBKH, TEXHUYECKOTO 0OCJTY K-
BaHUS W YCOBEPIIEHCTBOBAHUS CYETYMKOB BOJBI, YTO MO3BOJMT HACEJEHWIO TIJIATUTHh TOJBKO 3a
axtnueckn norpebaennyio Boay. llpu aTom He 6ymer pacTu oOIaTa 3a yCJYTd KaHAJU3AIUH,
1, Kak CJIe/ICTBUE, COKPATATCS 3aTpPaThl U Ha OXPaHy OKPY’Kaolleil cpejIbl.

B Ykpaune noka emé He paGoTaeT MOJHOIIEHHO 3aKOH O MUTheBOi Boze. [loatomy TeM, oT Koro
3TO 3aBUCHUT, ¢ GOJIBIIUM yIOBOJBCTBUEM PACcCKaKy O TaKOM 3aKoHe, neiictByiomiem B CIITA.

[lo 1974 r. B CIIIA denepanbuble cTaHIapPTHI 110 Boje n3aaBamuch Ciy:x60ii ToCy1apcTBeH-
Horo 3apaBooxpanenus CIIIA Bo riase ¢ eé riaBupiM BpadoM (r. Bammurron, okpyr Konym6us).
[Tpu stom 3a6ota 0 370pOBbe Jfo/leil Oblja OCHOBOMOJAraoImuM (GaKTOpPOM, a JelCTBUE HTUX
CTaH/IaPTOB PACIPOCTPAHSIOCH TOJBKO Ha TPAHCIIOPTHBIE CPEJICTBA, OCYIIECTBJISIONINE TEPEBO3KU
Meskay mratamu (moeszga, Kopa6/iu, caMoJIeTbl U T.1.).

Onu 6biam usganbl B 1914 r., 3atem mnepecmorpenbl B 1925, 1942, 1946 u 1962 ropax.
Crangapter 1962 roma 6biu 6oJiee KOHKPETHBIMU C TOYKW 3peHus (GU3NIECKUX, XUMUIECKUX
1 MUKPOOUMOJIOTUYECKUX TTapaMeTpoB. ITU CTAHAAPTBI, € HEOGOJBIIUMU U3MEHEHUSIMU, ObLIN
npuHATbl Bcemu S50 mraramu. Ha oprannueckme XmMuuyecKue BellecTBa He obpaliajym BHUMA-
nug emte 10 ger. B ganpHeiinmeM 03a604€HHOCTH OOIIECTBEHHOCTH KAa4eCTBOM ITMTHEBOW BO/IbBI,
MOTEHIIMAJbHO 3arpsI3HEHHON JEeTyYMMU WJIU CUHTETUYECKUMU OPTAaHUYECKUMH XWUMUYECKUMU
BentectBamu, mobyanaa Konurpece B 1974 r. npuHaTh denepaabubiii 3aKoH 0 6€30TIaCHOI MUThe-
Boii Bojie (3BIIB). 3arpsasHeHue MUTHEBOI BOJBI MECTUIUAAMKU ¥ POMBINIJIEHHBIMU CTOYHBIMU
BOJIaMM JIESKUT B 06JIACTU KOHTPOJIS 3a OKpYysKatwoleit cpenoit. Ilo aroit nmpuunne genepaabHOii
opraHu3aieil, OTBETCTBEHHOI 32 pa3paboOTKy W M3JaHNWe HOBBIX CTaHapTOB, I'JIABHBIM 06pa3oM
0 MaKCUMAJbHBIX YPOBHSX 3arpsi3HEHUs, a TakKe TpeOOBaHWI 10 06ECIeYeHU0 ITOBBIEHUS
KavyecTBa MUTHEBOM BOJBI B MaciiTabaxX Bceil cTpaHbl, cTaJ0 ATEHTCTBO MO OXPaHe OKPY’Karolei
cpennt CIIIA.

B 3akone o 6ezomacHoil nuThbeBoit Boje OT 1974 r. oroBopeHbl KOHKpETHBbIE OOSI3aHHOCTH,
BpEMEHHBbIE PAMKHU U OIpe/leIeHbl TapaMeTpbl. B Hero ObLIM BKJIOYEHBI TOJIOKEHHS IO MEpaM,
KOTOpbIE JIOJGKHBI ObITh IMPUHATHI MITATOM B IEPBYIO odepeib (jejernpoBaHue MOJTHOMOYMI Ha-
pssy ¢ (DMHAHCOBOM TIOMOIIBIO), a TaKXKe IMOJOXKEHUS OTHOCUTEJbHO WH(POPMUPOBAHHOCTU OO6IIe-
CTBEHHOCTH ¥ pa3pabOTKM IMPOTPaMMbl, HalpaBJIEHHOW Ha 3allUTy TOJ3EMHBIX HMCTOYHUKOB
MMATHEBOI BOJIbI.

[Monpasku Kk aToMy 3akoHy npunumMaauch B 1977 r., 1979 r., 1980 r., a ocHoBHas ToONpaBKa —
B 1986 r. [lonmosHuTebHble TpeGOBAHUS TIO KOHTPOJIIO 3arpsg3HEHUS] CBUHIIOM ObIJIN BHECEHDI
B 1988 r. HoBbie namenenus 6ol mpuHATHI B 1996 T.
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Bo ucnonnenne 3akona o 6esomnachoii nutbeBoil Boje EPA (ArentctBo CIITA 1o oxpane
OKpY’Kafomieil cpebr) pazpaboTao U yCTAaHOBUJIO HAIMOHAJIbHbIE HOPMATHBbBI MUTHEBOIT BOJIBI.

HarmoHaibHble iepBUYHbIe HOPMATUBbI UTheBOi BoAbl (NPDWR, uin niepBudHbie cTaHap-
ThI) ABJIAIOTCSA 00A3aTeIbHBIMU /i1 OOIECTBEHHBIX BOJOIPOBOHBIX ceTeli. [lepBuuHbIe cTaHAaPTHI
3aIUIIAIOT KAa4eCTBO MUTHhEBOI BOJIBI, OTPAHMYNBAS YPOBHU OIPE/I€IEHHBIX 3arps3HeHNi, KOTOpbIe
MOTYT HeGJIarOMPUSATHO BJUATh HA 3/[0POBbE TOTpeOuTE el BOIBI, U BCTPEYAIOTCS B OOIIECTBEHHBIX
BOJOTIPOBOAHBIX cersix (Tabu. 8.3).

Ta6auma 8.3
HanuonabHble TEPBUYHbIE HOPMATHBbBI MUThEBOIl BO/IbI

: MoTeHunanbHoe BO3OENCTBUE HA 300-
[Mokasarenu MCL <
2 poBbe Npu NonagaHUn B OpraHU3m 13 McToUHMKM 3arpa3HeHnsa nMTbeson BOAbI
v TT? (mr/n) o
NM1MTbEBOW BOAObI
1 2 3 4
HeopraHuyeckune KOMMOHEHTbI
BbiGpochl HedTeneperoHHbIX 3aBOA0B;
YBEIMUMBACT CONCPXAHNE B KPO- BeLLLeCTBa — 3aMELINTENN FOPEHNS;
Cypbma 0,006 BW XOJIECTEPMHA; YMEHbLUAET CO- KeLuaMMKa- onexT (‘)uHHbIe KOMI'IF())HeHT,bI'
[ep>XaHue roKo3bl P . P ’
npunon
o BbIGpochl Npy NpoM3BOACTBE NO-
3aboneBaHnsa KOXu; BO3AENCTBME
NyNpOBOOHMKOB, HedTeneperoHHbIX
Ha KPOBEHOCHYIO CUCTEMY; YBe-
MblILLbsiK 0,05 o 3aBO/J0B; KOHCEPBAHTbI APEBECHHbI;
NNYEHHBIV PUCK OHKONOTMYECKNX
o [o0aBku B KOpMa; repbuumibl; 3po3uns
3aboneBaHui N
NPUPOAOHBIX OTIIOXEHUI
Acbect .
(BONIOKHA> 7 MIH YBennyeHHbIN pUCK passuTus N3Hoc acboLeMeHTHbIX TPYO; apo3us
10 MKm) BOJIOKOH/N | MSAIFKMX KMLUEYHbIX MOJIMMOB NMPUPOIHBIX OTNOXEHWNI
HanonHutenu npu 6ypeHnn CKBaxuH;
Bapwui 2 lNoBbILLEHNE KPOBAHOrO AaBneHus | BbIOpochl MmeTannoaddrHaxHbIX 3aBO-
[0B; 9p03US NPUPOOHBIX OTIIOXEHWNA
BbiGpockl MeTanoad@urHaxHbIX
N KOKCOra3oBbIX 3aBOJ0B; BbIOPOCHI
Bepunnuin 0,004 3aboneBaHuns KMLLIEYHMKA npennpuaTniA 3N1eKTPOTEXHNYECKON,
adPOKOCMMYECKON U 0OOPOHHON Npo-
MbILLSIEHHOCTH
Kopposus ouMHKOBaHHbIX TPYyO; 3po-
31S MPUPOLHBIX OTIIOXEHWNIA; BbIOPOCHI
Kagmuin 0,005 3aboneBaHns noyek MeTannoapPrHaKHbIX 3aBOJ0B; Nona-
haHve n3 otpaboTaHHbIX 6aTapeek 1 n3
Kpacok
HekoTopble nogun, ncnonb3yowme
B TEYEHVE MHOMMX NeT BOAY, CO- BbIBpochl cTanennTenHbix
Xpom (o6Lwnin) 0,1 [epXaLLylo XpOM C NPEBbILLEHNEM | U LLeN0N03HO-0YMaXHbIX 3aBOA0B;
MCL, moryT cTpagaTtb anfiepruye- | 3po3us NPUPOLHbLIX OTIOXEHUIA
CKUM LepMaTUTOM

" MCL — maxcumanotoiii 0onycmumvlii YyposeHs 3azpa3Heusi 600bl, KOMOPAs NOCMABAIEMCsL 1060MY NOLb3068AMENI0 00UECTNEEHHO
6000nposodnoii cemu. MCL — obszamenvrvie noxazamenu. Hopmamusor MCLG zapanmupyiom, umo neboavuoe npesviuenue MCL
He npedcmagaiem 3HauUmMesvHoz0 puckd 0as 300Po6bsl.

2

2 Memoduka oépaéomku — 0043amenvras K 6binoJIHeHUIO npoueaypa UIU YpoBEeHL MEXHUUECKOZ20 BblNOJIHEHUS, KOMOPbIM QONLKHBL

caedosamn 061%66771667{7{17[6 8000np06061—1bze cemu, umob L zapanmuposamov ynpdeienue 3depA3sHeHUAMU.
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1 2 8 4
KpaTkocpo4Hoe BO3aencTBume:
Xenygo4HO-KMLIEeYHOe PacCTpon-
. CTBO. [lniMTenbHOe BO3OEeNCTBNE:
HencTeeHn- Koppo3aus gomatlHux pac-
o 3a60neBaHNs NeyYeHn Um noyexk.
HbIi YpO- npeaenuTenbHbIX CUCTEM; SPO3Us
Menb 2 Mpw 6onesHn BuncoHa cneny- N
BeHb=1.3; NPUPOOHBIX OTJIOXEHWI; BbIAENEHNS
. €T YTO4YHUTb C BPa4OM YPOBEHb
TT npwn KoHcepBaLMn opeBeCuHbl
3arps3HeHns Meablo BOAbl pac-
npenennTensHOM BOLONPOBO-
[OHOM ceTn
Liana BbiGpockl MmeTannoobpabaTtbiBaloLLmx
(Kak CBOBOA 02 3ab0s1eBaHNa HEPBHOWM CUCTEMBI | U CTANENNTENHbBIX 3aBOA0B; BbIOPOCHI
HbliA LaHA) ’ WU LUMTOBUOHON Xenesbl 3aBOJOB MO BbIMYCKY MJACTUKOB UK
MUHepasbHbIX YA0OpeHNi
®dTopupoBaHMe BOAbI; 9pO3nNS Npu-
KocTHble 3aboneBaHus (60u Prp Ael; 9p P
N POZHBIX OTNIOXEHWI; BbIOPOCHI 3aBOAOB
®dropua 4,0 N IOMKOCTb KOCTEW); NATHUCTOCTb
o o no NPOM3BOACTBY MUHEPANbHbIX YA0-
3yOHol amanu y neten o
OpeHuii N antoMUHKS
YpoBeHb | MnapeHupl 1 fetu: 3agepXkku
BO34ENCT- | PU3NYECKOro MM YMCTBEHHOIO Koppo3usa goMaluHux pacnpe-
CauHey, Bus=0.015; | pa3suTns. B3pocnble: NoYeyHble | AeNUTENbHbIX CUCTEM; SPO3US MPUPOa-
TT? 3a60neBaHNS; BbICOKOE KPOBAHOE | HbIX OTNIOXEHWIA
nasneHune
Op0o3uns NPMPOAHbLIX OTAOXEHWUI; Bbl-
HeopraHnyec- Opocbl HedTenepepabaTbiBAIOLLMX
P 0,002 3aboneBaHns noyekx P .cb pep »
Kas pTyTb 3aBO[OB; BblAEIEHNS U3 MYCOPHbIX
CBa/IOK M MAaxOTHbIX YrOauii
OcTpoe 3aboneBaHve MnaaeHLUEB
Mocnencremsa YpesmepHOro UCMoJib-
Hutpar [0 WeCT MecsLeB — NOCUHEHNe _
30BaHusa ynobpeHuit; BoloeneHns ns
(B nepecyerte 10 pebeHka 1 oapllka — yrpo3a s M
KaHann3awLMOHHbIX OTCTONHMKOB; 3p0-
Ha asoT) XUN3HW 6e3 HeMeLNEHHOro BMe- o
31S1 NPUPOAHBIX OTNOXEHWI
LwaTenbCTea
Octpoe 3aboneBaHve MmnageHues | lNocneacTms Ype3mMepHOro NCnosb3o-
HuTput (B [0 WeCT MecaLeB — MOCUHEHWE | BaHUS yOOOPEeHN;
nepecyete 1 pebeHka 1 oapllka — yrpo3a s | BblAeNIEHUS 13 KaHaNM3aUMOHHbIX OT-
Ha asoT) XUN3HW 6€3 HEME[IEHHOr0 BMe- | CTOMHUKOB; 3p031sl MPUPOLHBIX OTJIO-
LaresibcTea XeHui
BeinageHne BoNoC 1 HOrTewt; oHe- | Beibpockl HedTenepepabaTbiBaoLLmx
CeneH 0,05 MeHue nanbLes; 3aboneBaHns 3aBOI0B; 9PO3MS NPUPOLHBIX OTIOXE-
CUCTEMbI KPOBOOOPALLEHNS HWIA; BbIAENEHWS U3 LWaxT
BolwenaynaHve n3 HbIX OTBAJIOB;
MoTteps Bonoc; 3aboneBaHns t PyA
o BbIOPOCHI 31IEKTPOHHON NPOMbILLIIEHHO-
Tannni 0,002 KPOBW, NOYeK, KULLEYHUKA WIn
CTW, 3aBOAOB MO NPOU3BOACTBY CTEKNa
neyeHu
N nekapcTB

> Ceuney u medv pezyrupyromes 6 memoouxe obpabomku, Komopas mpebyem, umobuvi cucmemvi Opaiu o6pasyv. 6000nNPOEOOHO
600bl HA YUACIKAX CO COUHUOBHIMU UIU MEOHLIMU MPYOAMU, KOMOpble UMM CEUHYOBHII NPUNOU U/ UAU 00CIYKUSAIOMCS
€ uUcnoav306anuem ceunyd. Mepvi D0JKHL Obimb NPUHAMYL, €Cau COOepKanUe CeUHYA uau Medu npesviueno 6 onee uem 10 %
00pasuos 6000npoeodHoll 600vi; 0 medu — 1,3 me/a u das ceunya — 0,015 me/n.
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nieBaHun

1 2 3 | 4
OpraHunyeckune coeanHeHns
3aboneBaHns HEPBHO CUCTEMbI
. . MNMonagaHune B BOAY W 13 CTOYHBIX BOS,
Axkpunamng, TT NN KPOBU; YBENNYMBAET PUCK
< nnm 06paboTaHHbIX CTOYHBIX BOS,
OHKONOrMyeckmx 3aboneBaHnin
3aboneBaHus rnas, neyeHu,
MoctynneHue ¢ repbuumaamm ans
NoYeK U CeneseHku, yee-
Anaxnop 0,002 o NPOPEXNBAHNS C LieSIblo NOBbILLEHNS
NNYEHHBIV PUCK OHKONOTMYECKNX OXANHOCTH
3aboneBaHnin, aHemus yp
3aboneBaHna cepagyHo-
ATpasuH 0,003 COCYOWCTOM CUCTEMbI; HapyLUe- MocTtynnenue ¢ repbuumaamm
HVe PenpodyKTUBHON OYHKLMU
AHemus; yMeHbLLeHne Tpombo- .
. < BbIOpOChI 3aBOAOB; YTEHYKM U3 LIUCTEPH
Benson 0,005 LUMTOB KPOBW; YBEJIMYEHHbIV PUCK
o DN XpaHeHUs ra3oB 1 CO CBAsIOK
OHKONIOrMyeckmx 3aboneBaHnii
BeH3o(a)nm- HapyLieHve penpooykTMBHOW BolgeneHne 13 ¢ytepoBkn UMCTEPH
oH 0,0002 PYHKUMW; YBENMYEHHBIA PUCK OH- | AN XPAHEHUS BOAbI U pacnpenenm-
P Konormyeckux 3abonesaHui TebHbIX IMHUIA
NEeBaHNS KPOBU U HEPB-
33?0 a . po b MNMonapaHwe B Mo4yBy npu pymuraumm
Kap6odypaH 0,04 HOW CUCTEMBI; PENPOAYKTUBHbIE
puca 1 nlouepHsbl
TPYOHOCTU
YeTbipexxsio- NEeBaHNs NeyYeHn; yBenyeH-
pexxno 3a§o a Y BbIGpOCHI XMUYECKMX 3aBOLOB U ApY-
PUCTBIR yrie- 0,005 HbI PUCK OHKONIOrMYeckmnx 3a6o-
o rMX MHOYCTpUAbHbIX 0ObEKTOB
poa, neBaHui
3aboneBaHnsa nevyeHn nam Heps-
XnoppaH 0,002 HOWM CUCTEMbI; YBENIMYEHHbIA puck | OCcTaTkn 3anpeLLeHHoro TepMmumaa
OHKONOrmMyecknx 3aboneBaHui
BbIGpOCHl XMMUYECKMX 3aBOAOB U 3a-
Xnop6eH3on 0,1 3aboneBaHnsa neveHn 1 noyek BOJOB MO MPOM3BOACTBY arpoOXmMMuKa-
TOB
NEeBaHNS NOYeK, NeYeHn
2,4-D 0,07 3abonesa oHeK, MocTtynnenue ¢ repbuunaamm
1 HaaN04€4YHUKOB
He3HaunTenbHble M3MEHeHNs
JananoH 0,2 Moctynnexue ¢ repbuumaamm
B Moukax
1,2-0nbpom- PenpoaykTvBHble TPYAHOCTY; MocTynneHve/BollLenadnsaHme U3 no-
3-xnopnponax 0,0002 YBEJIMYEHHbBI PUCK OHKOJSIOTMYe- | YBbI NPW dymMUraumm com, xorka, aHa-
(DBCP) CKMx 3aboneBaHni HacoB 1 B cagax
OpTo-amnxnop- 3aboneBaHnsa nevyeHn, NoHeK nnm
o ’ Bobl bl XMIMUYeCKNX 3aBOA0B
BeH3on 0.6 KPOBEHOCHOW CUCTEMbI Gpoc Ckix 3aBORO
AHeMus; NOBPEXAEHNE NeYeHN,
Mapa-guxnop- PexA .
6eH30N 0,075 NnoyYyek Unu ceneseHku; 3MeHe- BbIGpOCHI XMUYECKMX 3aBOLOB
HUS B KPOBM
1,2-gnxnop- BEJ/IMYEHHBIN PUCK OHKONOrnYe-
»£-ANXTI0P 0,005 Yeeniie pu1CK OHKONOTMHE BbIGpoChl XMMMUYECKMX 3aBOA0B
3TaH ckux 3aboneBaHuit
1,1-guxnop-
’aihng:p 0,007 3aboneBaHns neyeHn BbIGpoChl XMUYECKMX 3aBOLOB
ne-1,2-gn
Ume-1,2-n 0,07 3aboneBaHns neyeHn BbIGpoChl XMUYECKMX 3aBOLOB
XNOP3TUNEH
TpaHc-1,2-gu-
PaHC-1,2-A 0,1 3aboneBaHusa nevyeHn BbIBpocChl XMMYeCcknx 3aBOA0B
XNOP3TUNEH
3ab0neBaHns nevyeHn; yBenmnyeH-
N ’ Bobl bl XIMUYECKNX 1 MaLeBTu-
JduxnopmeTaH 0,005 HbIi PUCK OHKONOrM4yecknx 3abo- Gpoc c bapmau

4eCknx 3aBoaoB

4 Ans kax0ot 6000npoeodnoll cemu D0LKHO Obimb YyKka3ano 6 nucomennot gopme (¢ yuacmuem mpemvezo Juya uiu cO2idCHO
cepmucpuxamy npougo0umens), wmo npu UCNOIb308AHUU 6 CUCTNEMAX 00PABOMKU NUMbEBOT 800bl AKPUAAMUIA U SNUXIOPZUOPUHA
codepiKanue Imux MOHOMEPOE 6 NUMbesoll 600e He npesviuaem 0J:
axpunamuda = 0.05 %, dosupyemviii 6 1 mz/n (uru sxeusaienmmo);
snuxaopzudpun = 0.01 %, dosupyemviii ¢ 20 mz/ 1 (uiu sK8USALEHMHO).
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1 2 3 4
1-2-guxnop- YBENNYEHHBIN PUCK OHKOSOrnYe-
A P 0,005 pnc BbIGpoChl XMUYECKMX 3aBOLAOB
nponax CKMx 3aboneBaHuni
o BbilwenayvBanne U3 NOANBUHWUAXIIO-
n O6Lesn0BMTOE BO3OENCTBUE i N N
pPUAOHbIX YacTeW pacnpenennTesnbHOM
(2-aTmnrexkcun) 0,4 nnu 3ab0neBaHna penpoayk- .
_ CUCTEMbI; BbIOPOCHI XMMNYECKMX 3a-
agvnat TUBHOW CUCTEMBI
BOOOB
I PenpoaykTvBHblE TPYOHOCTY; 3a-
6oneBaHNs NevyeHu; yBeMYeHHbln | BeibpoChl XMMNYECKMX U PE3UHOTEXHN-
(2-aTmnrekcumn) 0,006
PUCK OHKOMNOrmMyecknx 3abonesa- | 4eCkMx 3aBOLOB
dTanar o
HUA
MoctynneHve ¢ repbuumaamm ans cou
OunHoce6 0,007 PenponykTBHble TPYAHOCTH yr povumA A
0BOLLEN
PenpoaykTvBHble TPYOHOCTY; 3AMu1cCKsa NpU CKXUraHnm OTXOL0B
HwnokeuH (2, 3, o .
7, 8- TCDD) 0,00000003 | yBeNMYEHHbIA PUCK OHKONIOTUYe- | M APYrMX BUAAX FOPEHUst; BbIOPOCHI
’ ckunx 3abonesaHui XMMUWYECKMX 3aBOAOB
[wvkeat 0,02 KaTapakTa MocTtynnenne ¢ repbuumnamm
XKenypoyHo-kuniueyHble 3abone-
OHpoTann 0,1 Bquﬁu MocTtynnenne ¢ repbuumnamm
OHApWH 0,002 3aboneBaHus HePBHOW cucTtembl | OCTaTkM 3anpeLLeHHOro MHCeKTUUmMaa
SnnMxnopria- ComaTtunyeckune penponykTuBHble | BeiBPOCHI XMMUYeCKMX 3aBOOOB;
Mf TT 3a001eBaHNs; NOBLILEHHBIV PUCK | MONagaHne B npoueccax 06paboTku
P OHKONIOrMyeckmnx 3aboneBaHni BOAbI
OtunbeHson 0,7 3aboneBaHusa neveHn namn novek | Beilbpockl HedpTeneperoHHbIx 3aBOA0B
ComaTtunyeckne penponyKTUBHble
OTuneH- . o
mpomma 0,00005 | 3aboneBaHns; NOBbILLEHHbIA PUCK | BbIOPOCH HedTeneperoHHbIX 3aBOL0B
P OHKONIOrM4eckmx 3aboneBaHni
3aboneBaHnNs noyek; penpoayk-
Mngocoar 0,7 penpoay MocTynneHue ¢ repbuumnamm
TUBHbIE TPYAHOCTU
3aboneBaHVs NeYeHn; yBenmnyeH-
"enTaxnop 0,0004 HbIi PUCK OHKONOrnyecknx 3abo- | OcTaTkM 3anpeLLeHHOro TepMmLmaa
NneBaHui
3aboneBaHns NeyeHn; yBenmyeH-
"enTaxnopa- o y
MOKCHE, 0,0002 HbIi PUCK OHKOMOrMyecknx 3a6o- | MpoaykT pasnoxeHns rentaxaopa
neBaHui
3aboneBaHns NeYeHn UM noyek
enTaxnopbeH- 0.001 penpoayKT1BHbIE TPYAHOCTH; yBe- | Boibpochl MeTannoaddrHaxHbIX 3aBO-
30n ’ JINYEHHBIV PUCK OHKONOrMYEeCKUX | OB U 3aBOAOB arpOXMMUKATOB
3aboneBaHui
I"ekcaxnopumk- MoyeyHble 1 xenynoyHble 3a60-
bu 0,05 YA BbIBpOCHI XMMUYECKMX 3aBOAOB
noneHTaameH neBaHus
lMocTynneHune/BobilwenaynBaHne NHcek-
TUUMIOB, NPUMEHSEMBIX MPU 06paboT-
JIvHpaH 0,0002 3aboneBaHna NevYeHn 1 xenyaka LA P P P
Ke nunomaTtepuasnos As KOPOBHUKOB
1 B cajax
MocTynneHve/BollLeNna4YnBaHne NHCEK-
MeTokcuxsnop 0,04 PenponykTrBHble TPYOHOCTU TULMAO0B, NPUMEHSEMbIX 419 GPYKTOB,
OBOLLLEN, NIOLEPHbI, LOMALUHEro cKoTa
o lMocTtynneHve/BobilWenayvBaHe NHCek-
Heb6onbLioe Bo3aelicTeme
Okcamun 0,2 TUUMOOB, NPUMEHSIEMbIX N5 SO0K,
Ha HEPBHYIO CUCTEMY
KapTogens n ToMaTos
3ab0oneBaHns KOXHU; TUMYCA;
Monuxnop- y
nmmyHogeduumnT; 3aboneBaHms
TPOBaHHbIE o o MocTynneHve n3 mycopa, BbllLenayu-
0,0005 pPenpPOAYKTUBHOWN U HEPBHOW CU-
OupeHunb ) . BaHVE N3 XMMUYEeCKNX OTXOLO0B
(PCB) CTeM; MOBbILUEHHbIA PUCK OHKOO-

rmyeckmnx sabonesaHui
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HO)

CcKMx 3aboneBaHui

1 2 3 4
3ab0oneBaHNa NeYEHN N MOYEK; .
MeHTaxnop- . ’ BbloeneHns npeanpusTnii no KOHcep-
beHon 0,001 MOBbILUEHHbIN PUCK OHKOMOrnye- BALMN [DEBECHHDI
ckux 3aboneBaHuii P
Muknopam 0,5 3aboneBaHNs neyYeHun MocTynnexue ¢ repbuumoamm
CumasuH 0,004 3aboneBaHNs KPOBK MocTynnenHve ¢ repbuumaamm
BbiGpockl 3aBOA0B MO NPON3BOACTB
3aboneBaHNs NneyYeHun, noyex P A POVISBOACTBY
Ctupon 0,1 PE3MHOTEXHNYECKUX U3OENUIA 1 NNacCT-
N cUcTeMbl KpOBOOOpaLLLEHNS
Macc; BblAeneHns n3 Mycopa
3aboneBaHns neyeHn; NoBbl-
TeTpaxsnopaTu- _
neH 0,005 LLIEHHBIM PUCK OHKONOIrMYECKNX BbiGpochl 3aBOA0B U XMMYMCTOK
3aboneBaHnin
Tonvon 1 3aboneBaHna HepBHON cucTeMsl, | Beilbpockl HedpTenepepabaTbiBaloLLMX
y MoYeK U NeveHn 3aBOJOB
3aboneBaHNs NeYeHn, nodek 1nm
Obuee konm- EeHTpasIbHO HepPBHOM cucTeMbl; | MoBOYHBIA NPOAYKT Ae3MHMEKLMM MK
4ecTBO Tpura- 0,10 HEeHTP 1 Hep ’ o oAy
MOBBILLEHHbI PUCK OHKONOrMYe- | TbeBOW BOAbI
NOMeTaHOB g
ckux 3aboneBaHui
3aboneBaHnsa Noyek, nevyeHu
o MocTynneHne/BollLenaynBaHme NHCEK-
WNN LWMTOBUOHON Xenesbl; NoBbl-
TokcadeH 0,003 N TUUMAOB, NPYMEHSAEMBIX A5 XJI0MKa
LUEHHBbIA PUCK OHKONIOMMYECKMX
9 M poraToro ckota
3aboneBaHuni
2,4,5-TP (cun-
’ BeKC)( 0,05 3aboneBaHns neyeHn OcTarok 3anpell,eHHoro repbuumnaa
MN3meHeHnsa Hagno4YeyHu-
1,2,4-Tpnxnop- .
6eH300 0,07 koB, 3a60/iIeBaHNS CUCTEMBI Bbibpochkl habpuk no oTaenke TKaHewn
KpoBooOpalleHus
3aboneBaHNs nevYeHn, HepBHOM
1,1,1-Tpuxnop- BbiGpochkl y4acTKOB 06e3XMpuBaHNS
0,2 CUCTEMbI UM CUCTEMbI KPOBO-
aTaH meTanna n opyrnx 3aBofos
obpaleHns
1,1,2-Tpuxnop- 3aboneBaHMsa NeYeHn 1 noyek
&P P 0,005 . BbIGpOCHI XMMUYECKMX 3aBOA0B
aTaH NI UMMYHHOW CUCTEMBI
3aboneBaHns NeyYeHn; NoBbI-
Tpuxnopatu- o
e 0,005 LUEHHbIV PUCK OHKONMOMMYECKNX BbliBpockl HePTEXMMNYECKNX 3aBOA0B
3aboneBaHui
. BolwenaunsaHme 13 NoANBUHUA-
MOBbILLIEHHBIA PUCK OHKOSIOTNYeE-
BuHunxnopupg, 0,002 . XNopuaHbIX TPYO; BbIOPOCHI 3aBO0B
ckux 3aboneBaHuit
no NPon3BOACTBY MiacTMace
KcuneHsl
o BbiBpochl HEPTEXMMUYECKNX N XMMU-
(oOuLee co- 10 3ab0oneBaHnsa HEPBHON CUCTEMBI
4eCKMX 3aBOAOB
hepxaHue)
PapuoHyknngbl
BeTta-yactmupl .
1 MMTTEDH 4 munnn MoBbILLEHHbIN PUCK OHKOMIOMMYe- | Pacnag npupoaHbIX U @HTPOMNOreHHbIX
6ap/rog CKkmnx 3aboneBaHuin OTNOXEHUN
¢$OTOHOB
CymmapHas 15 nuko- .
MoBbILLEHHBIA PUCK OHKOSIOTNYe- o
anbda akTuB- Kiopu/n < Opo3ma NPUPOLHBIX OTNOXEHU
ckux 3aboneBaHuit
HOCTb 4YacTul, (nKn/n)
Ra 226 n Ra o
MOBbILLEHHBIN PUCK OHKONOTMYe- o
228 (coBmecCT- 5 nKu/n Opo3na NPUPOLHBIX OTNOXEHWUI
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1 | 2 | 3 | 4
MukpoopraHnamsi
N . . Jlambnmnos, 3abonesaHus
Giardia lamblia TT dekanmun 4yenoBeka u XMBOTHbIX
xenyaka
"eTepoTpod- TTS Nuoukatop adpdekTMBHOCTU yaa- B
HbIi MHOEKC NEeHNs MUKPOOPraHM3MOB
Legionella T BonesHb nermoHepos, 06bIMHO OO6HapyxwvBaeTCs B BOAE, HaKanamea-
9 NPOSBASIOLLANACSH KaK MHEBMOHUS | €TCS B CUCTEMAxX KOHANLMOHNPOBAHMS
O6wwe konu-
Mcnonb3yeTcs Kak MHAMKATop,
opwmbi (BKri0- 4TO MOFYT MPUCYTCTBOBATb [
Yas dekab- 5,0%° yT npncy Py dekanun 4yenoBeka 1 XMBOTHbIX
rme NOTeHUManbHO onacHole Oak-
Hble Konnoop- .
; Tepuu
Mbl 1 E. coli)

BaskHelmmM s71€eMEHTOM CHCTEMbI KOHTPOJIS KauyecTBAa MUTHEBON BOJbBI SIBJISETCS CXeMa OT-
60opa npo6 Bo/bl HA 06BEKTAX BOJOCHAGKEHUS.

[upextusa 98 /83 /EC or 03.11.1998 rona «O kauecTBe BOJbI, TpeHA3HAYEHHO /1 yTIO-
TpebJIeHNsT YeJIOBEKOM» B CT. 7 YEeTKO YCTAHABJMBAET, YTO MPOOBI JOJKHBI OTOMPATHCS TaKUM
06pa3oM, 4ToObI /1aBaTh MPEACTaBIECHNE O KAaYeCcTBEe BOJ/bI HA MPOTSKEHUH To/1a, a MyHKTBl 0TO0pa
npo6 MOJKHBI ObITH OTIPe/leIeHbl KOMIIETEHTHBIMU OpTraHaMH.

B Ykpawne npeanpusitus BOAOCHAOXKEHUS PYKOBOJCTBYIOTCS MPOrpPaMMaMU KOHTPOJS Ka-
YyecTBa MUTbEBOI BOJIbI, coriacoBanubiMu ¢ opranamMu COC, KOTOpble YCTAaHABIMBAIOT NEePEYEHD
06BEKTOB, YaCcTOTY OT6OpaA MPO6 U BU/BI IPOBOJAMMBIX AHAJIU30B.

OTMeTuM, 4TO TIPH OIIEHKE KAvyecTBa MUTbEBOI BOBI IO pe3yJbTartaM JabopaTOPHOTO KOH-
TPOJISi HEOOXOJAUMO YUYUTBHIBATH BO3MOKHYIO HEJIOCTOBEPHOCTb /AHHBIX, BBI3BAHHYIO OMUOKAMU
U HETOYHOCTSIMU, JIONYNIEHHBIMU NPU OTGOPE M TPAHCIOPTUPOBKE MPO6 BOJbBI B J1aGOPATOPHUIO.

Hanpumep, B 1. 1.4. TOCTa 18963-73 «Boma nutbeBasi. Merojibl caHuTapHO-6aKTEPHO-
JIOTHYECKOTO aHaJIN3a» YCTAaHOBJIEHO, YTO MPOObI XJIOPUPOBAHHON BOJOIPOBOHOIT BoAbI (¢ aMMO-
Husanuei niau 6e3 Hee) oTOMPAIOT BO (DJIAKOHBI € AEXJ0PATOPOM: BO (BJIAKOH, IPeIHa3HAYEHHbII
g or6opa 500 cm? Bozbl, 0 crepuaunsdanuu BHocsAT 10 Mr cepHOBaTHUCTOKMCIOTO HaTpusi. He-
BBITIOJTHEHUE 3TOTO YCJOBUS MPUBENET K UCKAKEHUIO PE3YJIbTATOB CJIOKHOTO M JOPOTOCTOSIIETO
6aKTEPUOJIOTNYECKOTO AHAIN3A, YTO B KOHEYHOM UTOTE MOXKET MPUBECTU K ONIMOOYHBIM /1€HiCTBUIM
0 KOPPEKTUPOBKE TEXHOJOTUYECKOTO IMpolecca 06e33apa’kKuBaHUus BOJIbI.

Tak:xe oco6ble TpeGOBAHMS BBIIBUTAIOTCS K OTOOPY P06 BOJIDBI [IJIT KOHTPOJISI OPTAHUYECKOTO
sarpasnenusi Boabl. Hampuwmep, JCTY ISO 10301:2004 «KauectBo Boabi. Onpenenenue Jier-

> Ipasuna o6pabomxu noeepxHocmuvlx 600 mpedyiom om cucmeM, UCNOALIYIOUUX NOGEPXHOCMILbLE 600bL UJU ZPYHMOBbIE 600bL
100 NPAMBIM AUSHUEM NOBEPXHOCIHBIX 600, NPOBOOUMb De3UunPeKYUI0 IMUX 600 U UX PUILMPAYUIO.

IIpu smom nusxecaedyowue nokasamenn 00LKHoL ObimMb MAKUMU:

Giardia lamblia — 99.9 % y6umol/unaxmusuposaro;

supycvl — 99.99 % ybumor/unaxmusupoeanvl;

Legionella — npedexn ne ycmanoenen, no EPA noaazaem, wmo, ecau 1amOauu u supycol UHAKMUSUPOEAHbL, MO LeZUOHELLA MAKKE
Oydem unaxmusuposand;

mymuocmo — ne Goxee 5 negpenromempuuecxux edunuy, mymuocmu (NTU ). Cucmemvl purvmpayuu 001xHbL 2apanmupo8amy, 4mo
mymuocmo noayuennoi 60dvl ne eouwe, wem 1 NTU (0.5 NTU das o6viunoti unu npsamotl purvmpayuu), no xpatinei mepe, y 95 %
exednesno omobpannvlx 06pasyos 6 11060M mecsue;

muxpobuonozuuecxuil nokasameav HPC — ne 6oaee uem 500 Gaxmepuanvnvlx KOJOHUL HA M.

5 He Goaee uem 5,0 % om obwezo xoiunecmsa 00pasyos 3a mecsy, 0aiom noioKumessnyio peakuuio na 6axmepu KUueunot pynnu.
(02151 000NP0oGOINBIX Cemetl, Komopbie ombupaiom menvwe npob, uem 40 o6viunvix npob 3a mecay, ne 6oxvue, uen odun obpasey
MOKem 0asaMy NOLOKUMENLHYIO PeaKyuio na baxmepuu kuweunol epynnvt). Kaxovui o6paseu, xomopuiii umeem obujee KoIuuecmeo
KOAUPOPM, D0NKen Oblmb NPOANAIUSUPOEA HA (hexarvible Korupopmol. He donycxaiomes niobvie pexanvivie KosupopoL.

7 @exanvnvie xoaupopmor u E. coli yxasweaiom, umo eoda moxem Gvimb 3azpsi3Hend 4el08eUecKUMU OMX00AMU U 0MxXo0amu
KUBOMHOBOOCEA. DMU MUKPOOPZAHUIMbL MOZYM 6bI3LIEAM NOHOC, CRAIMbL, MOULHOMY, 2071068Hble 00U UU OPYeue CUMNIMOMDL.
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KOJIETYYHNX TaJOTEHNPOBAHHBIX YTJIEBOOPO/IOB METOJIOM Ta30BOil XpoMaTtorpaduus pacruchbiBaeT
JIOBOJTbHO TIOIPOGHYTO TIPOTlelypy 0T6GOpa Mpo6bl BO/IBI, TTO3BOJISIONTYI0 NCKJIIOYUTD MIPU JleTa3aluni
MOTEPIO XJOPOPTAaHMYECKUX BEINEeCTB M, KaK Pe3yJabTaT — 3aHMKEHWe WX KOHIIEHTPaIllMu B BO/JIE.

OdeBUHO, YTO pacHiupeHre TepPeuHs KOHTPOJUPYEMBIX MMapaMeTPOB YCJIOXKHSIET paboTy
po600TOOPIIHIL U TpeOyeT OT HUX IMOCTOSHHOTO TIOBBINIEHNS KBaJU(MUKAIINU, TPUYEM IO CAMbIM
Pa3HOCTOPOHHUM HAIPaBJEHUAM KOHTPOJIS — GU3XUMUST, MUKPOOUOJIOTHS, PAJIMOJIOTHS, OPTXH-
MUs. YCTAHOBJIEHHBIN ellle B COBETCKOe BpeMs JJis Mpo6ooTOOPIINIL 2-if pa3psa Mo TapudHOi
CeTKe B HACTOAIee BPEMsS HE COOTBETCTBYET peaJbHOMY ToJoKeHuo nen. Hampumep, B 1a6o0-
patopum KII «IITII «Boma» r. XapbkoBa, BIepBble B YKpanHe aKKPeJAUTOBAHHOW Ha IPaBO
KOHTPOJIST KauecTBa BoJbl 110 86 mokasarenam o TpeboBanusam [lep:xCanlliHa «Boaa nutHay,
Ha JOJUKHOCTSAX Tpo6oorbopuiuil 2 paspsga paboTaioT CHEMUaJUCTbhl € BBICIIUM W Cpe/lHe-
TEXHUYECKUM 0Opa30BaHUEM, T.€. IO CYTH 3TO YPOBEHDb MH)KEHEPHO-TEXHUYECKNX PAaOOTHUKOB.
NurepecHo orMetnth, 4To Bo Dpanimu oT6op mpob BOAbI Ha 06BEKTAX BOJAOCHAOKEHUS BBITIOJI-
HSIOT CAHUTApPHbIE MHCIIEKTOPA C BBICIIUM MEJIUIUHCKUM 06Pa30BaHUeM, OTHOCSIINECS 10 TITATy
K CAHUTAPHDBIM JlenlapTaMeHTaM. JTO TapaHTUPYeT PelpPe3eHTATUBHOCTb U JOCTOBEPHOCTH BCEW
npoieaypbl po6ooT6opa.

MeToabl KOHTPOJISI TTapaMeTpOB KauyecTBa BOBI TO/PA3IedioT Ha XUMUYeckue, (HU3UKO-
xuMuyeckue, pusnyeckre M OMOJOTHYECKHE B 3aBMCUMOCTH OT BHJa ITPOIECCOB, 3aJOKEHHBIX
B OCHOBY M3ME€pPEHWS KOHTPOJUPYEMBIX TapamMeTpoB. Kak mpaBu/o, cucTeMbl BOAOCHAOKEHUS
pacroJiaraloT MOIHBIMU CAaHUTAPHO-6aKTepuoorndeckumu jaboparopuamu. OgHAKO TTPOBE/IeHTE
MOJIHBIX aHAJM30B BOJbI 3aHUMAET 3HAUNTEJbHOE BpeMs — OT 48 "yacoB u 6oJiee. B coBpeMeHHDBIX
YCJIOBUSAX B Pa3BUTBIX CTPAHAX KOHTPOJb BOJbI ocyniectBisgercs mo 130+180 napamerpam.

MeToabl KOHTPOJISI OCHOBAHbI HA aHaJM3e BOAbLI — uAeHTHdUKAINN €é cocTaBa, KOHIIEHTpA-
UM W IPYTUX CBOWCTB MO PaHee JOCTOBEPHO YCTAHOBJIEHHBIM CIENM(MUIECKIM XapaKTePUCTHKAM.
Kaxx/ioe xuMuueckoe BeNecTBO UMeEeT YHUKAJbHBINA «IACIOPT» TAaKUX XapaKTePUCTHK, 10 KOTO-
poOMYy ero uAeHTUUIUPYIOT.

[Tponenypa anasusa 3akjrodaeTcs B 00s3aTeJbHOM BO3/EHICTBUN HA HEM3BECTHOE aHAJM3M-
pyeMoe BellecTBO C 11eJibI0 BbI3BaTh €ro peakinioo. Peakiuu Ha BO3/eMCTBUE PETrUCTPUPYIOTCS
1 COIMOCTABJISIOTCS ¢ PaHee MOJYYEeHHBIMU OT aHAJOTMYHOTO BO3/IECTBUS HA M3BECTHDIE BENECTBA.
AHa/u3 BellecTBa, Kak MPaBUJIO, BKJIOUAET MOCJAeA0BaTeIbHOCTh (KOMOUMHAIMIO) BO3/eiicTBUI
Pa3JIMYHON NMPUPOIbI, JIOCTATOUHBIX JIJISI OJTHO3HAYHOTO PACIIO3HABAHWS HEM3BECTHOTO BEIleCcTBA
U €ro CBOWCTB.

Buz Bo3jelicTBUS HA HEM3BECTHOE BEIECTBO, XapaKTep ero peakiiuu Ha BO3/eCTBHUE U CIO-
co6 puKcanum aToil peakiuyu WK KOJMYECTBEHHOIO M3MEePEeHUsl mapaMeTpoB peakiuu (curHasa
OTKJIMKA Ha BO3JEHCTBHE) B COBOKYITHOCTH OIPEAEIAI0T METO/ aHaJn3a.

Kak 6b1s10 cKazaHO BbINle, paclo3HaBaHWE BENECTBA OCHOBAHO Ha YK€ M3YYEHHBIX CBON-
CTBax BelecTBa. Tak, yCTaHOBJEHO, YTO XJIOPO(MUIT 3€IEHBIX PACTEHUI, B TOM YHCJE ¥ MUKPO-
BOJIOpOCJel, Tpu OO6Jy4eHUN CUHWM I[BETOM HAUYMHAET IeHEPUPOBATh KPACHBIN CBET, KOTOPBIN
MOJKHO PErucTpUpOBATh € IMOMOIIbIO CIEUAaIbHON UYYBCTBUTEJIbHOU amnmapaTypbl U MMOJy4aTb
MHOTO IIeHHOI WH(OpMaIuu 0 TPUPO/ie XJI0POPUIIa, ero TEKYIeM COCTOSTHUH, KOJIMYeCTBEHHBIX
XapaKTepucTuKax u T.II.

Ho 6ema B ToM, 4TO CyIIecTBYIOT pacTeHus, JuieHHble xjgopodumara. Hekoropbsie Bogopoc-
Ju OGBIBAIOT 3€JIEHBIMH TOJBKO Ha CBETY, B TEMHOTE XK€ OHW yTPAuMBAIOT XJOPOMUII U KUBYT,
MUTAsCh 3a CYET OPTAHMYECKOTO BEIECTBa CPebl OOUTAHUS.

Jluis aKcTpecc-KOHTPOJIST KaueCcTBa BOJbI TI0 MIPUHITUAILY «XOPOIIO» — <IIJI0OX0» Ha COOPYIKEHUSIX
BO/IOCHAOKEeHNST HeOOXO UMbl He TOJIBKO CJIOJKHBIE BBICOKOUYBCTBUTEIbHBIE OMOCUTHAJIM3ATOPHI,
usMepsionme peakiuio pbi6 (pagyskHoil (opes, HUIbCKON MYKH, YyIPs W T.J.) Ha TOKCHKAHT,
HO 1 6oJiee IPOCThie OMOJIOTHYECKIE TECThI-KOHTPOJIEPBI HA MUKPOOPTaHu3Max, Aafoliue mpubm-
3UTEJbHYIO OIEHKY 3arpsi3HeHUs BO/Ibl. buorecT moJ/keH 6a3upoBaThCs HAa UCIOJTb30BAHUN HOPM
ITJIK ans kask/0ro oTaenbHoro BeniecTBa (M rpyminbl GJIM3KUX 110 MEXaHU3MY GHOJIOTHYECKOTO
JeiiCTBUST BENIECTB), MOJYYEHHBIX Ha OCHOBAHMU IPEJBAPUTEIBHBIX THIATEJbHBIX HCITBITAHWI
B TaGOPATOPHBIX YCJIOBUSX.

B peanbHBIX yca0BUSAX pPabOThl PETMOHAJIbHBIX CUCTEM BOJOCHAGKEHUS aHAJNU3Y IOJBEP-
raetcs He Kakoe-TMO0 KOHKPETHOE BEIIeCTBO, a cMech BelecTB. lIpm omnpemeseHun OmaHOTO
WHTPE/IMEHTa CMECH OCTaJibHble MOTYT OKa3blBaTh HesKeJsiaTeJbHOE BaMgHMEe. B pesyabrare ns-
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MepEHNUsT peakIiil Ha BO3/elicTBIEe Ha KOHKPETHOE BEIEeCTBO MBI IoJydaeM oT o6pasia (cmecn)
CyMMapHBbIil curnasa S:

S=5,+S,, (8.1)

rjae S, — I0JIe3HbIid CUTHAJ OT KOHKPETHOTO MHTPEeJNeHTa;

S - donosbiii curnan (1rym), co3/aBaeMblil OCTAJIbHBIMU MHTPE/MEHTAMU.

Yto6bl 136€KaTh BJAUSHUSA IIyMOBBIX WHTPENEHTOB HA U3MepeHue, HeoOXouMo 6o yaa-
JUTb N3 CMECH BCe MOMEXOTeHepHUPYIOINe WHIPEeJINEHTDI, Jn60 BBIEJIUTD MOJE3HbIH CUTHAJ W3
myma. OHaKoO Ha IPaKTHKe TaKUX yCJOBUN TPyAHO gocTuub. [losTomy wamie Besnumny mryma
OTIpe/IeIAIOT TP KaJNOPOBOYHBIX N3MEPEHNSIX CUTHATA PEaKIMN CMecH Ha Bo3jeiicTBue 6e3 Ha-
JUu4us B Hell aHaJIu3upyeMoro UHTPe/UeHTa.

i Toro 4To6bI cUrHa S O3B0/ ONPEAETUTD MOJE3HbIH CUrHAI S, €ro HEeOOXOUMO CO-
IOCTaBUTh C CUTHAJIOM .S OT 9TaJOHHON CMeCH, COCTaB KOTOPOl M3BECTEH U KOTOPAsA HE COAEPIKUT
UCCJIelyeMOro HaMU UHIpe/ieHTa:

S, =S-S5, (8.2)

[Ipu ananuse NPUPOAHBIX M CTOYHBIX BOJ, YYUTBIBas WX CJIOXKHBIM COCTaB U CBSI3aHHbIE
C 9TUM TPY/IHOCTH KOHTPOJIS KavyeCcTBa BOJbI, B TOCJE/HEE BPEMS HCIIOJb3YIOTCS MHTETPaTbHbIE
[oKasareJn KayecTBa. B aToM ciydae HCXOAAT U3 TpeGOBaHUil GHOJIOrMYECcKOil moHoneHHOCTH (B
cjiydae TIPUPOAHON WM MUTHEBON BOJBI) WJIM 9KOJOTHYeCKON GesomacHocTu (B ciydae CTOYHBIX
BOJ) mccaeayeMoii Bogbl. Oco6y0 3HAUUMOCTh NMPUOOPETAIOT METO/bI U anmaparypa 6uoiozuue-
ckoezo mecmupoeanus [367].

MeTo/1bl 6MOJIOTMYECKOTO TECTUPOBAHUS UMEIOT CBOIO MCTOpUI0. MHOrue u3 HUX (GopMupo-
BaJINCh TapaseIbHO C XO/0OM 3BOJIIOIMOHHOTO Pa3BUTHS YeJOBEUYECTBA.

Pa3BuBasicb B OKPY’KEHHMH MHOTOYHCJEHHBIX BUIOB KMBBIX OPraHM3MOB, YeJOBEK He MOT
He 06paTUTh BHUMaHIe Ha OCOOEHHOCTH UX PeArkpOBaHMs HA Te WJIM UHbIE BO3EHCTBUS OKPYIKAIO-
el cpejbl, a TakyKe MMeJ BO3MOKHOCTb MHOT/[a COIOCTABJISITD 9TH PEAKIUH ¢ COOCTBEHHBIMU.

OcoO6blit nnTepec [Js YeJoBeKa MpeACcTaBisajg Goratelinnii Habop OKPYIKAIOMUX €r0 XUMU-
YeCKUX 3JIEMEHTOB M BEIIECTB OPraHUYeCKOl M HeOPraHu4eCcKOl Mpupo/ibl. MOKHO YTBEPIKIATD,
41O 6e30IacHoe JIaBUPOBaHUe YeJJOBEKa B MUPe XUMUYECKNX COeJMHEHN 06eciieyeH0 3HaHUSIMU,
MOJIyYeHHBIMU B X0/l HaOI0IeHuil 3a )KuBbIMU opranusmamu. [lo-BugumMomy, yke Torjaa, B ca-
MOM Hauajie UCTOPHUH YeJOBEYeCTBa, 3aKJa/IbiBaJach OCHOBA JBYX HaIpaBJeHU GUOJOTHIECKUX
MEeTO/[OB KOHTPOJISI OKPYJKAIOIIell cpe/ibl — Ououndukauyus u buomecmuposanue.

buonnaukanuss — 310 HaOJIOJEHNE 3a Peakilieil JKMBBIX OPTraHU3MOB B cpeje OOUTaHMUSI,
KOTOpBIE TI0/IBEPKEHbI BHEIIHEMY BO3/I€CTBUIO.

Kaxk mpaBusio, GHOWH/MKAIINS ONEPUPYET KATETOPUSIMU CO0OUeCMEd, NONYLAUUL, OUOUEHO3d,
COBOKYNHOCMU HECKONbKUX 6U006. KOHTPOJIb COCTOSTHIS BOJHOTO OObEKTA TI0 PeaKIK obuTarte/ei
BO/JIOEMA COCTABJISIET CYIHOCTh OMOMH/IUKAIIUH,

BuotectupoBanue mMeeT HECKOJIBKO APYTYIO 3aja4y — KOHTPOJIb KayecTBa BO/IbI 110 peak-
1 60 omdeavnvix ocobeil, 60 0zpaHuUenHol ux cogokynHocmu. B obieMm ciaydae mpu
6MOTECTUPOBAHUN M3YYAIOT PEAKIIUH CIEIHAJbHO MOJATOTOBJIEHHBIX JKUBBIX OPraHU3MOB UJU MX
MojleJieii, 4TO ompe/essieT 0co6yio 3HAYUMOCTh B OMOTECTUPOBAHUK TTPOGJIEM KYJIbTUBUPOBAHUS
U TIOATOTOBKHU OMOJIOTHYECKUX TeCT-00BHEKTOB.

Wcxomst 3 9THX XapaKTEPUCTUK METOHA0B OMOMHAMKAIIMU U OMOTECTHPOBAHUS, MOXKHO 3a-
KJIOYUTh, YTO [epBOe HaIlpaBJieHUe MPeCTAaBIeHO GOJIbIIell YacThl0 pe3yJbTaTaMy MacCUBHOTO
HAOJIIO/IeHUsT U YMO3aKJIOYeHHsI, TOT/la KaK BTOPOe Ipe/roJaraeT HeoOXOAMMOCTb aKTUBHBIX
uccienoBannii u skcrepuMeHToB. OHAKO 006a 3TH HANpaBJIEHUS YPE3BBIYAWHO CJIOKHBI IIPH
peanusaiuu U TpeOyIOT XOpoliei npodeccnoHaabHON MOATOTOBKU UCCJIEI0BATEIEN.

UYto Kacaercss GMOMHIUKAIIMK, TO CJIeYeT CKa3aTh, YTO B HACTOsIEe BPeMs IPAKTUYECKH pe-
niera npo6eMa GOpMUPOBAHKS COBOKYITHOCTU UHIUKATOPHBIX BU/OB [IJISI KaXK/[OTO KOHKPETHOTO
BofoéMa. 1o coCTOSTHUIO MHIMKATOPHBIX BU/IOB MMEETCS BO3MOKHOCTH OI[EHUTD TEKYIIee COCTOS-
HU€e BOJHOTO OObEKTa U JaTh IIPOrHO3 U3MEHEHUs 3TOr0 COCTOSIHUS B YCJOBUSX aHTPOIOTEHHOI
narpysku. Ho mpoiiecc 3TOT upe3BblYaiiHO TPYALOEMOK U MPAKTUYECKH HCKJIOYAEeT BO3MOKHOCTD
ABTOMATHU3AIMH IIPOIECCA KOHTPOJIS.

BuotectupoBanue B 3TOM OTHOIIEHHH MMeeT HEOCIIOPUMOe TIPerMyIiecTBO. KoHTposib Kaue-
crBa BOAbl (CTOYHOM, NMPUPOAHOI MM THUTHEBOI) OCYUIECTBJSETCS ONEPATHBHO M MOKET ObITh
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MOJIHOCTBIO AaBTOMATH3UPOBAaH. 3aTpaThl Ha TEXHUYECKOe oOeciiedeHue He IMPEBBIA0T 3aTpat
Ha anmaparypy s THAPOXUMUYECKOrO aHa/n3a, OAHAKO MO3BOJISIOT TOJyYaTh WHOOPMAIIHIO
B 06001I[EHHOM BHU/IE, YTO [IA€T CYIIECTBEHHYI0 9KOHOMUIO cpeacTB. [l0aTOMy MeTo/bl 6GHOTECTH-
POBaHMS BO MHOTHX CTpaHaX MHTEHCHUBHO PAa3BUBAIOTCS M MHOTHE W3 HUX BKJIOYEHBI B CUCTEMY
roCyJIapCTBEHHBIX CTAHAPTOB MO KOHTPOJIO KauyecTBa BO/IbI.

W naxonell, ¢ MOMOIIBIO METOJ0B OMOTECTUPOBAHUS MOXKHO BechbMa 3(hdEKTUBHO peliaTh
npo6yieMy CKPUHHUHTA OMOJIOTMYECKOW aKTUBHOCTH KaK MPHUPO/HBIX, TaK M CHHTE3UPOBAHHBIX
XUMHWYECKHUX BEIIECTB, COEANHEHUIT U MpernaparosB.

BceBospacramolee KOJM4eCcTBO 3arpsI3HAIONINX BEIIECTB, cOPACHIBAEMBIX B BOIOEM, OTCYTCTBUE
060CHOBAHHBIX HOPM perjaMeHTanun cOpoca Ha MHOTHE BellecTBa, 3HAYMTEJbHOE OTCTaBaHUE
B pa3paboTKe W BHEAPEHHHM TEXHUYECKHX CPEACTB KOHTPOJISI KadecTBa BO/IbI 110 OTAEJbHBIM I10-
KasaTeJssM CO3/1al0T CYIIEeCTBEHHbIE TPYAHOCTH NP pa3paboTKe CHCTEM KOHTPOJIS KavecTBa BOI,
6a3uPYIONUXCS HA MPUHITKIIE TTPEAebHO AOTYCTUMbIX KOHIIeHTpaluii unrpeanenToB. Co3aaercs
MOJIOJKEeHWE, TPU KOTOPOM BO3MOKHOCTU KOHTPOJISI KAUeCTBa BOJbI HE COOTBETCTBYIOT MPobJieMam
OXPaHbl ¥ MCIIOJb30BAHUS BOJHBIX PECYPCOB.

ITO TO3BOJISIET CJleJIaTh BBIBOJ[, YTO CTaHAAapTU3al[Ms KadecTBa BOJbI Ha OCHOBe pas3pabo-
TAHHBIX TIPEIeJbHO JOMYCTUMBIX HOPM JIOJUKHA 3aMEHSTHCS MPUHIUIIUATBHO HOBBIM MOX0/IOM
— 3K0J102UUECKUM HOPMUPOBAHUCM.

[TpuHIKIIBI AKOJIOTHYECKOTO HOPMUPOBAHUS 00YCAABIAUBAIOT 3HAYMMOCTH OMOJIOTUYECKHUX TI0-
KazareJsell 3arpsisHeHHOCTH. Ha omnpenenennn peakium OMOJOTHYECKOTO TeCT-00beKTa Ha BO3MY-
HraioIee Bo3/1eiicTBie OCHOBAaHbI METO/Ibl OMOTECTUPOBAHUS, SIBJISIONINECS €CTECTBEHHBIM ITPUEMOM
OIIEHKH TOKCUYHOCTU BOJIbI. B psijie ciyuaeB, Hanpumep, B yCJAOBUSX MOJHONW HEONPEIEJEHHOCTH
XUMUYECKOTO COCTaBa 3arpsisHeHuil, GUOTECThI MOTYT MPEACTABJIATh COO0N eIMHCTBEHHBIN METO/
MHTErpabHON OIEHKN KauyeCTBa BOJIbI.

[Ipu umHTerpaJbHON OIleHKE KadecTBa BOJ IMPUHIMITHAJIBHO Ba)KHO HMMeThb OGOCHOBAHHBIN
kpurepuil (1okasaresib) KauectBa. Hanbosee pacipocTpaHeHHbI KPUTEPUN TOKCUYHOCTUH — 3TO
BBIKMBAEMOCTb OMOJIOTHYECKOTO TecT-00bekTa. OMHAKO HMCIOJb30BaHNE HTOTO KPUTEPHST MMEET
CYNIECTBEHHBIN HEAOCTATOK — MPOJAOJKUTETHbHOCTh aHaJ n3a cocTaBiser 48 yacoB u 6osee. B To
JKe BpeMsl BO3jleliCTBHE TOKCHKAHTa MOKHO OOHApY’KUTh U 10 6oJiee paHHUM U3MeHeHUsM OGuo-
JIOTUYECKOTO TeCT-00beKTa.

Ha6op TecToBBIX peakiuil AJst J0O0TO JKUBOTO OPraHu3Ma MOJKeT ObITh JJOCTATOYHO OOIINP-
HbIM. B X0/1e 9BOIIOIMOHHOTO Pa3BUTHS JKUBbIe OPraHU3Mbl BbIPAOOTAIN Ha/IEKHBIE MEXaHU3MbI
3alIUThl OT BHEITHUX BO3MYIAONUX BO3JEHCTBUI, B TOM YHCJE OT XUMUYECKUX YYKEPOIHBIX
JUIsl opranu3Ma BeriecTB. [Ipu BbICOKOI YyBCTBUTENBHOCTH U paspemniaoiieii CiocoOOHOCTU CIIeIn-
AJIbHBIX JTATYUKOB U U3MEPHUTEJTbHBIX YCTPOUCTB CTAJIO BO3MOKHBIM OOHAPYKUTb C/IBUTH B 3THX
MexXaHM3MaX Ha HAYaJbHBIX CTAJUIX peakiuu. TeM caMbIM CYIIECTBEHHO COKpPAIAeTCs BPeMs
oOHapPY KEeHNsST TOKCUYECKUX BellecTB. EcTecTBEHHO, YTO MIPU 3TOM BO3pacTaeT 3HAYMMOCTb MHTe-
IrpajbHOTO TI0Ka3aTessd KayecTBa BOJbI, TaK KaK ITOSBJSETCS BO3MOYKHOCTb OIEPATUBHOIO Iepe-
KJIIOYEHUSI CHCTEMbI KOHTPOJISI ¢ OTpeiesieHus 0000IIEeHHBIX XapaKTePUCTUK Ha aHAJIN3 OT/I€IbHBIX
COCTaBJISTIONINX 3arps3HEeHNUs .

Takum o6pa3oM, GUOTECTUPOBAHUE MIPEACTABJISIETCS €JUHCTBEHHO BO3MOJKHBIM B HACTOSIIEE
BpeMsI METO0M MHTerpasibHoil (06001mEeHHON) OleHKH KayecTBa BOJA. Pa3BuTie 5TOro HalpasJe-
HUS TTO3BOJIUT CJIYK6AM KOHTPOJIS OCYNIECTBJISTh HEIPEPBbIBHOE HAOJIIO/IEHNE 32 COCTOSTHUEM BOJIBI
(cTouHOIi, IPUPOAHOI, IUTHEBOI) 1 HanboJIee PAlMOHAJbHBIM 06PA30M IIePEK/II0UaTh BHUMAHNIE
Ha TIOJIyYeHWe JaHHBIX 10 OT/EeJbHBIM Mokasatesm [368].

C noMoIIbi0 MeTO/0B OMOTECTUPOBAHMS MCCJIEA0BATEN MBITAIOTCS PENIUTh IMUPOKUI KPYyT
3a/1a4 KOHTPOJIsSI KayecTBa BOAHOI Cpe/bl, B YACTHOCTH:

— BbISIBJIEHUE COOTBETCTBUS YCJOBUI CyIIeCTBOBaHUs OGHOJOTHUECKUM TPEOOBAHUSIM TH/IPO-
OMOHTOB ¥ ONACHOCTU NOBbINEeHUA (MM MOHMKEHMS) KOHIIEHTPALUil OOBIYHBIX MHIPEUEHTOB
BOJIHO# Cpebl;

— OIleHKa TOKCUYHOCTU CTOYHBIX BOJl U €€ MPOSIBJIEHUE B YCJIOBUSIX B3aMMO/EHCTBUS C TIPU-
poaHbiMU (haKTOPaMU BOJHOI CPE/IbI;

— CpaBHHTeJbHAs OI€HKA YYBCTBUTEJIbHOCTH U YCTOWUYUBOCTU PA3JUYHBIX THAPOOMOHTOB K
TOKCUYECKUM BEIeCTBAM U UX COYETAHUSAM;

— TOJIyuYeHUue «MOHUTOPUHTOBOW» MH(POPMAIUU O CTENEeHU BAMSHUS cOPOCAa CTOUHBIX BOJ
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Ha BOJHBIN 0ODBEKT, YPOBHE 3arpsA3HEHHOCTU MPUPOJHBIX BOJ, aKTUBHOCTU CAMOOYMINEHWS BO-
noéma, a Takke 06 YpPOBHE OCTATOYHOTO 3arpsi3HEHUs; MOJIydeHue MCXOAHON WHQOpMaIUu s
BBIPAOOTKM PBHIGOXO3SIUCTBEHHBIX W 9KOJOTHMYECKUX ITPEeJTbHO JOMYyCTUMBIX KOHIIEHTPAINii
BPE/IHBIX BEIeCTB;

— mpeaBapuTeJbHasA OIEHKA TOKCHMYHOCTH (9KOJIOrO-TOKCUJIOIMYECKUIT CKPUHHUHT) IIPH-
POJHBIX ¥ BHOBH CHHTE3UPYEMBIX BEINECTB, BBOJAMMBIX B HAPO/IHOXO03SICTBEHHBINT 060pOT; 0TOOP
OMOJIOTUYECKH aKTUBHBIX mpenapaToB (aJbrUIu/Ibl, MOJIIOCKUIM/AbI, repOUIuAbl U ApP.), TPe/-
HazHavYeHHbIe /IS 60pbOBI ¢ BPEHBIMU THIPOOMOHTAMU.

ITU 3ajlaud BXOAAT B 6oJjiee MUPOKUI Kpyr mpobieM — OMOMOHUTOPUHTOBBIX, KOTOpbIE
OTHOCATCS K cdepe HOPMAJIbHOTO >XKM3HeoOecTleueHUs HaceJeHUs PEeTMOHOB B YCJOBHUSIX He-
6J1arOTIPUSTHOTO BO3/IENICTBUS, HAIIPUMeEDP, aHTPOTOTEHHOTO XapakKTepa, WJIW CHelNHaJbHOTO WC-
MOJIb30BAaHUS BOJHBIX pecypcoB. IIpu aToM o4eHb BaKHO 00J1a/1aTh TOCTOBEPHON W ONepaTUBHOM
nHdopmarmeii.

EcrecTBeHHO, 4TO KOHTPOJIMPOBATH OJJHOBPEMEHHO BECh CIIEKTP 3arpssHeHnii (TOJIbKO BelecTs,
Ha KOTOpbIe pa3paboTaHbl IPEIESbHO A0IYCTUMbIE HOPMbI, CYIIECTBYeT 60Jiee ThICAUN) HEBO3MOKHO.
Heo6xomum MoTIHbBIN WHTErpaTop Beell nHMOpPMAIMK O KayecTBEe BOJbI, KOTOPbIN ObI aJleKBAaTHO CO-
OTHOCUJI PETUCTPUPYEMbIE TTAPAMETPbI ¢ PeAJbHOU IefCTBUTEIbHOCTBIO. [10CKObKY MCKYCCTBEHHDIN
MHTErpaTop TaKOrO THIIA He CKOHCTPYUPOBAH, MPUXOAUTCS NMPUOETaTh K ONMpeAeEHHBIM YIIpoIe-
HUSM u jgonynieHusM. Hanpumep, 4ToObI OIEHUTH GUOJIOTUYECKHE TIOCJTE/ICTBUS cOPOCAa CTOUHBIX
BO/Il B BOJIOXPaHUJIUIIE U BO3MOXKHOE YXY/IIIIeHNe KauecTBa MUTheBOM BOIbI, BO3/IEUCTBYIOT CTOUHOM
BOJIOH € 3aJlaHHON KPATHOCTHIO pas36aBJieHUs Ha ONpeeJEHHBINN 6MOTECT-00HEKT, a TaKKe TpH-
POJTHOI BOJION HA /IPYTOii 6GUOTECT-0OBEKT U 110 MOJYYeHHBIM Pe3yJbTaTaM BbIYMCJSIOT TTOKA3aTe b
TOKCUYHOCTH BOJ. B aHHOM cirydae To/pazyMeBaeTcsl, 4TO peakiuu 6MoTecT-06beKTOB aHAJIOTUIHbBI
peakiu BOAHON sKocucreMbl (B epBoM caydae) u yesoBeka (Bo Bropom ciydae). O4eBuHO, 4TO
Takoe TPeANoJoKeHne MOXKeT ObITh omnbouHbIM. TeM He MeHee, B MacmTabaX MOHUTOPUHTOBOTO
KOHTPOJIS, TO €CTh MUPOKOMACIITAOHOTO ¥ HETIPEPBIBHOTO CJIEKEHUS 32 COCTOSTHUEM BOJIHOTO 00b-
exTa, 3¢ deKTuBHEE MEeTOZ0B OMOTECTUPOBAHUS TIOKA HE CYIIECTBYET.

3HAYNMOCTD U aKTyaJIbHOCTh METOJI0OB GMOTECTUPOBAHUS 3aKJIIOYAETCS B TOM, YTO B YCJIOBUSIX
HeoIpe/IeJIEHHOTO COCTaBa XUMUUECKOTO 3aTrPsI3HEHUST BO/IHOM CPe/Ibl OHU SABJSIOTCS €/IMHCTBEHHO
MIPUEMJIEMBIMU 110 METOIMYECKUM, TEXHUYECKUM W COIMAJbHO-9KOHOMUYECKUM KPUTEPUIAM METO-
JlaMU WHTETPAJbHOUM OIEHKHU COCTOSTHUS BOJIHBIX 3KOCHCTEM.

YuurbiBag, 4TO B HAaCTOSAIIEEe BPeMs OTCYTCTBYET JIOCTOWHAS aJIbTEPHATABA KOHTPOJIS JaXKe B TE€O-
PETUYECKUX TPE/INTOJIOKEHUIX, METO/IbI OMOTECTUPOBAHMS TPUOOPETAIOT 0COOYIO aKTYaJTbHOCTD.

MeTopl 6MOTECTUPOBAHUS MOTYT TIOMOYb B PEIIeHNN TaKNUX Ba’KHBIX TPo6JeM, KaK 060CHO-
BaHHBIN JONYCK XUMUYECKNX BEIIECTB B MPUPOJIHYIO CPe/ly U HAJEKHBIH KOHTPOJb TOKCUYECKUX
COe/INHEHUH.

JTO AByeIMHAs 3ajlaya — HEBO3MOXKHO PENIUTh BOIPOC KauyecTBa MUTbEBON BOABI 6Ge3 obe-
crieyeHnsT HOPMaJIbHOTO (DYHKIIMOHUPOBAHUS BOJHBIX 3KocucTeM. OHa OCTaHETCS aKTyaJbHOU
JI0 TeX Top, ToKa He Oy/JeT peajn3oBaHa Wes IMOJHOCTbIO 6€30TXOHOTO0 WH/YCTPHUAJIbHOTO
M CeJIbCKOXO03SHCTBEHHOTO TTPOM3BO/ICTBA. B HacTosIee BpeMs Mbl IOJIKHBI CYUTATHCA ¢ (haKTOM
MOCTOSIHHOTO 3arpga3HeHNs OKPYKAIOIIEN Cpe/ibl, B TOM YucJe W BOJIHOW. BbIHYK/eHHOEe NCTI0JIb-
30BaHUE IPOIECCOB CAMOOUUINEHUS TPUPOJHBIX BOJOEMOB OT CTOKOB, TO €CTh MCIOJIb30BaHUE
pe3epBHOTO (DOH/Ia BOIHON 9KOCUCTEMBI, KOTOPbIIT o6ecrieunBaeT eé yCTONYMBOCTb U HAAEKHOCTD
DYHKIIMOHUPOBAHUSA B 9KCTpeMaIbHbIX (HO eCTeCTBEHHOrO MPOUCXOK/IEHH) YCIOBUSAX, OIACHO.
Bo-niepBbIX, 9TO MOKET MPUBECTU K THOETN CUCTEMBI, a BO-BTOPBIX, HE TaPAHTUPYET TTOBCEMECT-
HOTO U TOCTOSTHHOTO COGJIIO/IeHUs M KOHTPOJSI HOPM cOpOcCa CTOKOB.

[TosTomy mocrenenHas gerpaganuss OGMOIEHO3a THIPOIKOCUCTEM MOMKET MOCJYKHUTH TEPBO-
MPUYMHON BHE3AITHOTO YXY/IIIEHN KaueCTBa BOJL 110 TTOKA3aTeJsIM TOKCUUYHOCTH, KaHI[EPOTeHHOCTH
U MYTareHHOCTH, KOTOPbIE TPY/IHO ONPEIEJUTh B ONEPATUBHOM KOHTPOJIE.

B 271011 cBSI3M MOHUTOPUHTOBAS CHCTEMa KOHTPOJIS IOJIKHA BKJIIOYATh B cebsl TPEXYPOBHEBBIN
OTIEPaTUBHBIN KOHTPOJIb C MCIOJb30BAHUEM METO/0B OMOTECTUPOBAHUS W TEKYIIMH KOHTPOJIb
(¢ yuéTOM eCcTeCTBEeHHDBIX IMKJOB PAa3BUTHSA U CYKIIECCUU TUAPOIKOCHUCTEM) C HUCIOJb30BAHUEM
MeTo/10B 6uonHAMKaIuu. [lepBoIil ypoBeHb KOHTPOJIS 06€eCIeunBaeT KCIPECC-KOHTPOJIb KauecTBa
CTOYHBIX BOJ| Ha c6pocax B BOJOEM, BTOPOIl — OIIEHKY COCTOSIHUS Ka4ecTBA BObI TUAPOIKOCHCTE-
MBI, & TPETUHM — KOHTPOJb BOJOTIOJIb30BATEIEM.
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JlelicTByIONuit cocTaB BOJIONPOBOJIHBIX COOPYKEHWH B0103a6OPOB, KOHAMIIMOHUPOBAHUS
BO/IbI, TPAHCIIOPTUPOBKHU, MOJA4YU U pacIpe/leJIeHNsT BOIbI, He TOBOPS yKe 00 OpTaHu3aiimoHHO-
AKOHOMHMYECKOM YIIPaBJEeHWN M KOHTPOJE KadecTBa BOJbI, Ha npeanpudarusax BKX B crpanax
CHT un Ykpawne, 3a uckaouenuneM Mocksbl, Cankr-Ilerep6ypra, XapbkoBa, KueBa m HeKOTOpPbIX
JIpyTux, B 6OJIbIIEH CBOEH YacTW 3HAYUTEJbHO OTCTAET OT COBPEMEHHBIX TpeOOBaHWH 1, 06pa3HO
BbIPaXKasich, HE/IAJEKO YIIeJ OT KaMEeHHOTO BeKa.

Kak O6bl710 TOKa3aHO BBINIE, KA4eCTBO BOJbI XapaKTePU3YeTcs MHOXKECTBOM MapaMeTpoB,
OT/IeJTbHBIE W3 KOTOPBIX MOKHO OTpPeeJiATh MpoBeJeHneM JTabopaTOPHBIX aHAJIN30B HA JTUHUU
OT MCXOMHOM BOJBI 0 o6paboranHoii. Ho oTcyTcTBME BO3MOKHOCTHU TMOJyYeHUsT WHMOPMAI B
peasibHOM MaciiTabe BpeMeHu, a 3HAYUT, BO3MOKHOCTH B peskuMe on-line KOHTPOJIMPOBATh Kaye-
CTBEHHbIE TTapaMeTpbl GYHKIIMOHUPOBAHUS BCEX COOPYKEHMUI, /1eJ1aeT HEBO3MOKHBIM TTPUHSATHE OT-
BETCTBEHHBIMHU JITIaMU 3(PPEKTUBHBIX OTIepaTUBHBIX penieHnii. OnTuMa bHas paboTa COOPYKEeHUI
CTajla 3aBUCETh W OT HAJUYUs MPOTPAMMHOTO obecriedeHns HaKOTJIeHnsT 1 06paboTKu pe3yJabTa-
TOB MOHUTOPUHTA KauyecTBa BO/IbI, TTO3BOJUBIIETO ObI €Ke/IHEBHO KOHTPOJUPOBATH COOTBETCTBUE
napamMeTpoB 06pabOTKM BOJBI U 9KOHOMUYECKUX 3aTpar, obecrieunBast 3TUM PallMOHATbHBIN pac-
X0/ pecypcoB. IIporpaMMHO-TeXHWYECKUI KOMILJIEKC, Oyydu TUOKMM MHOTOMAapaMeTPUYeCKUM
CPEeJICTBOM, JOJKEH 6a3MpOBATHCS HA COBPEMEHHBIX MOCTKeHUAX [ T-Texnosornii, obecneunBas
c60p, HaKOIJIeHNe, XpaHeHne n 06pabOTKy BCeX TeXHUYECKUX JAaHHBIX O paboTe COOPYKEHWUIT,
YTO MO3BOJUT KOHTPOJUPOBATDL KJOUYEBDIE ITapaMeTpbl /I PelleHnsd 3a/1a4 yCTOWUUBOCTH U Ha-
JIESKHOCTH pabOThl CUCTEMBI BOJIOCHAOKEHNUS, 06eCTIeYUT TOJyUYeHre JaHHbIX B (hOpMe OTYETOB U
6aJIaHCOB KaK 10 OTIePaTUBHOMY 3aIpOCy, TaK W MO YCTaHOBJIEHHOMY BPEMEHH.

Hy:xHO 4YeTKO MOHMMATh, YTO AEHCTBYIOIIHME CHCTEMBbI BOJOCHAGKEHUS TOPOJOB TPeGyIoT
MOJIHOTIEHHOTO TI0/IX0/Ia KaK K YHWKAJbHBIM MPOMBIIIJIEHHBIM IIJOIAJKaM, T/e TeXHUUYEeCKoe
o6CTy;KuBaHWe, KOHTPOJIb KauyecTBa BOJABI W T.J. HEBO3MOKHBI 6€3 BBICOKOTO YPOBHS 3HAHUI
nmepcoHasa B Pa3JIMUHBIX 00JIaCTSAX HAYKW U TEXHUKU, YITPABJIEHUS B YCJIOBUAX PACTYIIETO M3Me-
HEHUS TUPOOMOJIOTTIECKOTO W COJIEBOTO COCTaBa BObI, a TaKKe TEXHMYECKON CJIOKHOCTH CHCTEM
Bo/locHAOKeHMs. KoJieKTnBbI mpodeccnonaoB BoI0CHAGKEHNS TOPOIOB 00s3aHbI 06€CIIeunBaTh
YCTOMYMBYIO 1 HA/IEKHYIO pabOTy CHCTEM BOJIOCHAOKEHMS, CTOCOOCTBOBATD TOMY, YTOOBI TEXHUYE-
CcKoe 00OCJIY;KUBAHUE CTAJI0 CTPATErNYECKOil 3a/jauell 0 HeTTPEPbIBHOCTH TTPEOCTABISIEMBIX YCIYT
C Ka4eCTBOM BOJIbI B COOTBETCTBUY C HOPMATUBHBIMU TPeOGOBAHUAMU, PEHTAOETbHOCTH NHBECTUIIHI
3a CYeT MPOJJIEHUS CPOKa CJIy:KO6bI o6opynoBanus ¢ Bbicokum KIT/I.

Takum 06pa3zoM ONTUMHU3UPYETCS TOTOBHOCTD 9KcnnyaTaqu
COOPY’KEHUI TTPU MUHUMAJbHON 0611ell CTOUMOCTH
9KCILIyaTanuu. 3/ech MPOU3BOJACTBEHHBIE CJIYKOBI
U TeXHUYEeCKoe 00CTyKMBaHNe UME0T BHYTPEHHIOO
B3aMMHYI0 TpaHCchOPMAINIO 32 CYET KAYeCTBEHHOTO
(pYHKIIMOHAJIBHOTO YIIPaBJIEHUS.

3a mportiejnie /Ba JeCATUIETHS TTPOUSOIIIN
3HAQUUTEJIbHbIE JOCTUKEHUST B HAYUYHO-TEXHUYECKOM
Pas3BUTUM CUCTEM BOJOCHAOXKEHUS TOPOJIOB MUpA.
OHu cTaam KJII0YOM K yCIexXy B TOBBIIIEHUN YCTOM-
YUBOCTH CHUCTEM BOJIOCHAOXKEHUsS, KayecTBAa BOJIBI,
COTMAJbHOTO PAa3BUTUSA, 3ANUTHl OKPY’KAIOIIEH
cpe/ibl, 9KOHOMUKH BOJIONIPOBOJIOB U T.[I. B e

lFoponam YKpanHbl HEOOXOAUMO oéecnngTb O’ZIOHPOBO,T_I,& 1‘0’90
CBOEBPEMEHHOE TPOEKTUPOBAHNE COOPYKEHUN CHU-

CTEM BOJIOCHAOKEHUS C pelleHreM 3a/ad B 06JIaCTH TTPOMBINIIEHHOW WH(MOOPMATUKUA U CTPYKTYP
aBTOMaTu3aInu, o6ecreynBast BBICOKMI YPOBEHb KOHTPOJIS KayecTBa BOJIBI U YCTOMYMBOCTH CHCTEM
BOZIOCHAGKEeHWS, 4TO OGy/IeT TapaHTHell 3/[0POBbs M JIOCTOWHOTO YPOBHS JKU3HU HAIIero Hapo/a.

B T. 4. KOMIIbIO-
HaJIbBHOE TEpHOE C 06paT—

ynpaB]IeHHe HOH I/IH(POpMa'
ITUOHHOMU CBA3BIO

oreparopa

BEHHBIE
CITYKOBI
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Ipuiaoxenue A

HcxonHble 1aHHbIE U1 PErPECCUOHHOIO aHaIN3a 3aBUCUMOCTH KO3 puimenTa
TMIPABINYECKOTO CONPOTUBIIEHUS OT BEJIMYMHBI OTHOCUTEIBHON

MaKpOILIEPOXOBATOCTH U uyncia PeliHonbaca
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