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AHHOTANUA

B nanHO# cTaThe paccMaTpUBACTCS CTPOUTEIHCTBO CHCTEM M COOPYKCHHI BOJJOCHA0KEHUS U
BOJIOOTBE/ICHHSI KOTOPBIE COOTBETCTBYIOT aKTyaJlbHBIM ITOAXOJaM W IOMOTAOT ClIejiaTh CHUCTEMBI
BOJIOCHAOKCHMSI M KaHATTU3AIIUH JIyYIIIE.

Onu penatorT ux Oonee >PPEKTUBHBIMU, HAAEKHBIMU M O€30MaCHBIMU IJI OKpY)Karollen
Cpelbl.

KuroueBbie ciioBa
Bonocnabxxenue, BonooTBeaeHue, kaHanuzanus, nonudtuieH (I119), momunporunen (I1I1),
nonuBuHmWIXI0pUA (IIBX)

Teopus

CoBpeMEHHbIE CUHTETHUYECKUE MAaTepualibl, TaKUE€ KaK IOJUITUIICH, MOJIUIPONWIEH U
MOJIMBUHMIIXJIOPHU, IIMPOKO UCIIOIB3YIOTCS B CTPOUTEILCTBE BOAOIIPOBOIHBIX U KaHAIU3ALMOHHBIX
ceTeil Oiarogapsi CBOUM CBOMCTBAM:

JI€rkocTh — moMIMMEpHBIE TPYOBI 00JIaIal0T BECOM, KOTOPBIM 3HAYUTEIILHO MEHBIIE, YeM Yy
METaNIMYeCKUX. DTO JelaeT ux Oonee yJOOHBIMH B TPaHCHOPTHUPOBKE, XPAHEHUU M MOHTaXe, a
TaK)Ke MO3BOJISIET COKPATUTh PAcXO/bl Ha JIOTUCTUKY U UCIOJIb30BAHUE TKEION TEXHUKU.

JlonroBEYHOCTh — MONMMEPBI YCTONYMBBI K KOPPO3HUH, YTO 3HAYUTEIBHO YBEIINUMBAET CPOK
ux ciayxObl. Metamnnueckue TpyObl CO BpPEMEHEM IOJIBEPTaloTCs piKaBUMHE, a IOJMMEpHbIE
MaTepHuabl COXPaHSIIOT CBOM CBOMCTBA HA MIPOTSHKEHNUN JAECATHIICTUI.

[TpocroTra MOHTaxa — TpyObl OTINYAIOTCSI 0COOOM I'MOKOCTHIO M MaJIbIM BECOM, YTO JI€JaeT
MOHTax Oosee ynoOHbIM. M3-3a 3TOro mpokaabIBaTh TPyOOIIPOBOIBI BO3MOXKHO JaKe B CIOXKHBIX
YCIIOBUSIX, I7I€ IPUMEHEHUE METAJUIMUECKHUX TPYO ObLIIO OBl 3aTPYIHUTENBHO.

DKOJIOTMYHOCTh — MOJMMEPHbIE Marepuaibl Oe30MacHbl Ui UCHOJIb30BAHUS B CHUCTEMax
MUTHEBOTO BOJIOCHAOXKEHMSI, TOCKOIbKY OHHM HE BBIIEISIOT BPEIHBIX BELIECTB B BoAy. OHU Tak ke
MOTYT OBITh MOJBEPrHYTHl MNEepepadOTKe, YTO CIIOCOOCTBYET CHIDKEHUIO HX BO3JEHCTBUS Ha
OKpYXKakoIyo cpeny. [4]

OKOHOMUYHOCTh — MHCIOJb30BAHUE TAKUX TPYO CHIIKAET 3arparbl HAa CTPOMTEIBCTBO U
o0cCiTy’)KMBaHHE CUCTEM, TaK >K€ COKpAIAOT TPYA03aTpaTbl U BPEMsI BHIIOJHEHUS padOT, yMEHbBILIAIOT
4acTOTY PEMOHTOB Y 3aM€H, YTO CHMUXKAET IKCIUTYaTallHOHHBIE PACXO/IBI.

bectpaniielinble TEXHOJIOTUU — 3TO COBPEMEHHBIE METO/IbI IIPOKJIAJAKH, PEMOHTA U 3aMEHBI
MOJ3€MHBIX KOMMYHUKAIIUI, OHU MO3BOJISIOT M30€KaTh BCKPBITUS MOBEPXHOCTU. DTH TEXHOJIOTHU
IIUPOKO HCIOJB3YIOTCSI B CTPOUTENBCTBE BOJONPOBOIHBIX, KaHAIM3AIMOHHBIX, Ta30BbIX U JIPYTHX
WH)XEHEpHBIX ceTell. PaccMOTpUM OCHOBHBIE MeETOABI OECTpaHIIEWHBIX TEXHOJIOTMH U UX
npeumyIiecTna.[ 5]

[opuzontansHoe HanpaBieHHoe Oypenue ('HB) — mpeacrapnsieT co0oil MeTOn MPOKIAIKK
TpyOOTIPOBOJIOB MO/ 3eMJIEH C MPUMEHEHHEM CTIEIIHATN3UPOBAHHOTO 000pynoBaHusL.[1]

IIpeumyiecrsa:

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.


mailto:parviit1@mail.ru

N\ MIPU

POCCHACKHR TOCY[APCTOEHHLIA wHoebie udeu 6 naykax o Jemaen
IED.I'IﬂrﬂF'A!EH.IU'IHH.H YHHBEPCHTET
HMMEHH CEFT D QP OHHEMSE
1. MuHHUMalbHOE BIIMSHUE HA OKPYXKAIOIIYIO CPEIy, YTO TO3BOJSIET COXPAaHUTh BHUJT
nanamadTa, T0pOKHOTO MOKPBITUS U 3€TEHBIX HACAKICHUN.
2. Bo3MokHOCTE TIpOKIIaibIBaTh TPYOBI TOJ Pa3IMUHBIMU TIpETrpajamMu, TaKUMU Kak
PEeKH, TOPOTH U 3TaHHUSL.
3. YckopeHre CpoKOB CTPOMTENIbCTBA U YMEHBIIICHUE CTOUMOCTH PadoT.
4. Breicokass TOYHOCTH  TPOKIAAKU  Onaromaps  NPUMEHEHHIO  COBPEMEHHBIX

HABUTAIMOHHBIX CHCTEM.

MUKpOTOHHETMPOBAaHUE — TIPEACTABISAET COOOW METON NPOKJIAJAKU TPyOOIpoBOomoB 0Oe3
MIPOBENICHUS 3MIISIHBIX Pa0OT. J{J1s1 3TOT0 HCIOJB3YIOTCS CIICUATM3HPOBAHHBIC TPOXOAYECKUE IIUTHI
U TpyOBI OOJBIIOTO TUAMETPA.

[Ipeumyiecrna:

1. B03MOXXHOCTH TIPOKJIAIKK TPYOOIIPOBOIOB HA 3HAYUTEIILHON IITyOWHE U B CIIOKHBIX
TPYHTOBBIX YCIOBHSIX.

2. Bbicokasi TOYHOCTh HampaBlICHUS: OTKIOHEHHE COCTaBIsieT He 0Oojiee HECKOIBKHX
MUJUIUMETPOB.

3. MuHUMaJIbHOE BO3/ICHUCTBHE HA TIOBEPXHOCTh U OJHM3JICKANIHE OOBEKTHI
UH(PACTPYKTYPBHI.

4. B03MOXXHOCTE pabOThI B YCIIOBUSX BBICOKOTO YPOBHSI TPYHTOBBIX BOJI.

[Tpokon rpyHTa — 3TO COCOO YCTAaHOBKHU TpyO 0€3 MCHOIb30BaHMs OTKPBITHIX TpaHiiei. B
IIpoLecce TPYHT YIUIOTHSIETCS, HO HE U3BJIEKAETCS.

IIpenmyinecrsa:

l. JlerkocTh ¥ JOCTYHOCTH

2. MuHuManbHOE BO3JEHCTBUE HA IOBEPXHOCTh

3. B03MOXXHOCTB MCTIONB30BAHUS ISl YCTAHOBKH TPYO HEOOJBIIOTO pa3mepa.

o B P T G P

¥ SNSRI SN

) ’ -

Pucynok 1. bectpanieitHple TEXHOIOTHH

KoMmo3uTHbie MaTepuanbl — 00bEANHSIOT XapaKTePUCTUKH PA3TMYHBIX KOMIIOHEHTOB, TAKUX
KaK: MeTaJUTbl, TOJUMEPHl WM YCHJIWBAIONINE BOJIOKHA. OHM TPUMEHSIOTCS B CTPOHUTEIHCTBE
TpyOOIIPOBO/IOB, OCOOCHHO TAE TpeOyeTcs BBICOKAs MPOYHOCTh, YCTOMYHMBOCTH K arpecCHUBHBIM
cpelaM U JUTUTEIbHBIA CPOK CITYKOBI.[2]

CocrTaB u CTPYKTYpa KOMIIO3UTHBIX MaTepHaioB

KoMIto3uTHBIE Marepuaibl COCTOSAT W3 JBYX WM 00jJee KOMIIOHCHTOB, KOTOphIC B
COBOKYITHOCTHU CO3/Ial0T MaTepHual ¢ yITy4IlIeHHBIMU CBOHCTBAMHU.

Marpuia (0cHOBa): 0OBIYHO 3TO MOJUMEPHBIC MaTEPHANIbl, TAKHE KaK SMOKCHUIHBIE CMOJBI,
nonudGupsl Wi BUHUM(UpE.. Matpuiia obecrieunBaeT TMOKOCTh, YCTOWYMBOCTh K KOPPO3UU U
aJre3uI0 C YCHJIMBAIOIUMU dJIEMEHTaMu. [ 3]
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wHoeste udeu s nayrax o Jemuen

YCUNUBAIOLIUE AJIEMEHTHI: 3TO MOTYT OBbITh CTEKIISIHHbBIC, YIJIEPOAHbIE WU 0a3albTOBbIC
BOJIOKHA, KOTOpbIE MPUIAIOT MaTepualy BBICOKYIO MPOYHOCTh U YCTOMYMBOCTH K MEXaHUYECKUM
Harpyskam.

JloGaBKku: AJis yydIICHHS CBOWCTB KOMIIO3UTOB MOT'YT JJOOABIISITHCSI HATIOJTHUTEITH, TAKHUE KaK
rpadut, KepamMHKa U METAJUIMYECKHUE MOPOILKH.

Marepuansl JAJisi IPOU3BOACTBA TPYO:

CrexnornactukoBbie TpyOb GRP.

N3rotoBneHnbl W3 CTEKJIOBOJOKHA W TMOJMMEpPHOro marepuana. OTIUYarOTCsS BBICOKOU
MIPOYHOCTBIO, YCTOMYMBOCTBIO K KOPPO3UM U mepenagaM temneparyp. [Ipumenstorcs B cucremax
BOJIOCHAOXKEHMSI, KAHATTM3AI[UU ¥ IPOMBIIIICHHBIX TPYyOOIIpPOBOAAX.

bazanpronnacTukoBbie TpyOBbI.

B kauecTBe apMHpYIOIIETO 3JEMEHTAa HCIONB3YIOTCS 0a3allbTOBBIE BOJIOKHA, KOTOPHIC
OTJIMYAOTCS BBICOKOM TEPMOCTOMKOCTBIO MU IMPOYHOCTHIO. [IpUMEHSIOTCS B YCIIOBHSIX BBICOKHMX
TEMIIepaTyp U arpeCCUBHBIX CPE/I.

VYriemnacTuKOBbIE TPYOBI.

N3rotoBnenbl U3 yriaepoaHbIX BOJIOKOH, KOTOPBIE MPHUAAIOT Marepuany HUCKIIOUUTEIbHYIO
MIPOYHOCTh M KECTKOCTb. VCIONB3YIOTCS B BBICOKOTEXHOJOTUYHBIX OTpacisiX, TaKUX Kak
a’POKOCMUYECKast IPOMBIIIUICHHOCTh ¥ HepTerazoBasi OTpacib.

[TonuMepHO-KOMIIO3UTHBIE TPYOHI.

Couerator B cebe¢ TOJMMEPHYIO OCHOBY W apMHPYIOIIHME DJJIEMEHTBI, TaKue Kak
CTEKJIOBOJIOKHO WM Kepamuka. [[IMpoko NpUMEHSIOTCS B CTPOUTEIBCTBE BOJONPOBOIHBIX U
KaHaJIM3alMOHHBIX CETEH.

Ta6nmuna 1. CpaBHEHHE C TPaJUIIMOHHBIMU MaTepHalaMy

XapakTepuCcTHKa Komno3suthsie Merannnueckue [HomumepHbIe TPyObI
MaTepHabl TpyOBI
[TpounocTh Beicokas Bricokas Cpennsis
YCTOWUYUBOCTB K Belicokas Huskas Bricokas
KOpPO3HHU
Bec Huskuit Bricokui Huzkuit
Cpok ciry»Obl 50-100 ser 20-30 neT 50 et
CroumMocTh Beicokas Cpennsas Huskas
BriBoanl

B coBpeMeHHOM MHUpe, CO3JMaHHE CHUCTEM BOJOCHAOXKEHUS W KaHAIM3alMH TpeOyeT
HCIIOJIb30BAHUS IIEPECAOBLIX MAaTCPHAIOB U TEXHOJIOTUI. DTO ITO3BOIAET rapaHTupoBaTb HaI[é)KHOCTB,
JIOJITOBEYHOCTD U DKOJIOTUYECKYIO 0€30IaCHOCTh TaKuX cucTeM. CHHTETHUSCKUE MaTepUAIIbl, TAKUE
KaK TIIOJIM3THJICH, IOJHUIPONUICH W IMMOJUBHHWIXJIOPUI, HOPCACTABIAIOT coboi AJIBTCPHATHUBY
TPaIUIIMOHHBIM METAUTHYeCKUM TpyOam. OHHM OTIMYAKOTCS JIETKOCThIO, YCTOWYMBOCTBIO K
KOppo3uu, HpOCTOTOﬁ YCTAaHOBKH U JJIMTCIbHBIM CPOKOM SKCILTyaTaluu. Ot Marepuajbl IOMOTar0T
CHHM3HUTh DPACXOZbl Ha CTPOUTEIILCTBO M OOCITY)XKHMBaHUE, a TaKK€ MUHUMH3HPOBATh HETaTHBHOE
BIIMSHUE HAa OKPYKAIOIIYIO CPE/LY.
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AHHOTanus

B cratbe paccMOTpeHO BiMsHHUE peareHTHOH aedocdoTaluy Ha MpoLecchl OMOJI0rHYecKOn
OUYUCTKU B Omopeaktope. MccnenoBaHo T03UPOBAHKUE PA3IMYHBIX KOATYJISHTOB (IIOJIMOKCHUXJIOPH]T
AIOMHUHHUS, XJIOPHOE KeJe30, CybdaT xkeje3a) B adpoOHYI0 30HYy OMOpeakTopa M B BO3BPATHBIIM
AKTUBHBIN M. DKCIEPUMEHTAIbHBIC PE3yJIbTaThl MOKA3AJIH, YTO MPUMEHEHHE PEareHTOB MPUBOIUT
K YBEJIMYEHHUIO 30JIbHOCTM AKTHMBHOTO WA, YXYIUIEHUIO €ro CEIMMEHTATHUBHBIX CBOWCTB H
CHIDKCHUIO OKHCIHUTEIFHOM MOIIMHOCTH Ouopeakropa. HaOmromaemoe HeraTMBHOE BIIMSHHUE Ha
O0roMaccy akTHBHOTO WJIa CBUJETENHCTBYET O HEOOXOAMMOCTH ONTHUMHU3AIMU CXEM COBMEIICHUS
OMOJIOTUYECKON U PeareHTHON OYMCTKH.

KiroueBnle cjioBa
CtouHble BOJIBI, KOATYJISIHT, OMOJIOTHYECKast OUUCTKA, (PU3UKO-XUMHUYECKasi OUHCTKA

Teopus

[ToBbilIEeHHOE coAepkKaHUE OHOrEHHBIX JJIEMEHTOB B BOAOEMAaxX MPUBOAUT K MX
IBTPOQUKALMU, YTO CHIXKAET YPOBEHb KHCIOPOJAa U CIOCOOCTBYET HAKOIUIEHHUIO TOKCHYHBIX
coequHeHuil. COBpeMEeHHbIE KOMMYHAIIBHBIE OUYHCTHBIE COOPYXKEHHsSI 3a4acTyl0 HE 00eCreuynBaIoOT
JOCTaTOYHOIO0 yJaJleHUs OMOTrEHHBIX 3JIEMEHTOB, OCOOCHHO coeAuHEeHuM Qocdopa, KoTOphIe
SABIISIIOTCSL  JTUMUTHUpPYIOIIUM (pakTopom 3BTpodukanuu. B Poccum OONBIIMHCTBO OYMCTHBIX
COOpPYKEHHHM CIpPOEKTHPOBAaHbl IO YCTApeBIIMM HOpPMaTHBaM, HE IpeAyCMaTpPUBAIOIUM
obsi3atenvHOE ynanenue ¢ocharoB. buonornveckas nedocdoranus MHUPOKO TPUMEHSETCS, HO €€
3¢ EeKTUBHOCTh HECTAOUIIbHA U 3aBUCHUT OT psiia (PakTOpOB, BKIIIOUAsi HU3KKE HArpy3KH HAa aKTHBHBIN
W1 TI0 OpraHu4ecKuM BemiecTBaM. PU3HKO-XMMHUECKHE METO/Ibl 00ecreunBaroT 0osee HaJIEXKHOe
ynainenue ¢ocgopa, o1HaAKO TpeOyIOT 3HAYMTEIBHBIX MaTepHalbHbIX 3aTpar [1,2]. OntumanbHeIM
MIOJIXOJIOM SIBJISIETCSI COUYETAaHUE OMOJOTMYECKOW M (PU3MKO-XUMHUYECKONW OYMCTKH, YTO MO3BOJISIET
JOCTHUYb HOPMAaTHMBHBIX IIOKa3aTellell KadecTBa CTOYHBIX BoJ. B nmaHHO#l pabore uccnemyercs
BJIUSIHUE peareHTHOH nedocdoTanny Ha nMporecchl ONOJIOrHYECKO ouucTKH B Ouopeakrope [3.4].

B Xxome »kcnepuMeHTa NPOW3BOAMIIOCH JO3MPOBAHME PA3JIMYHBIX BHUJOB KOAryJsIHTOB
HENOCPEACTBEHHO B OMOpeakTop. YCTaHOBKa BKIIIouYaia B ceOs JBa OTceka Ouopeakropa HU
BTOPUYHBIA OTCTONMHMK. IlepBbIii oTcek paboTan B aHOKCHIHOM pEXUME, BTOPOH - B a3poOHOM
pexxume. BropuuHblil oTcToMHUK 0OecnieunBal BO3BpAT HUTPATHOM BOJIbI B IIEPBBIN OTCEK YCTAHOBKU
Ui obecrieyeHus MPOLECCOB yaajeHus a3oTa. Bunm Ouopeakropa mpeiacTtaBieH Ha pUcCyHKe la.
VYcTaHOBKa 3KCIUTyaTHpOBAJIach B JIBYX peXHMMax: - B pexume HUTpUPUKALUU; 2 — B PEXKUME
JNEHUTpU-HUTpUPHUKaMU. BTopoil pexum OblT HEOOX0AUM Ui aHaiau3a 3PPEKTUBHOCTH PabOTHI
riyOOKON OHOJIOTHYECKOW OYUCTKM TPU COBMEIIEHHOM YAaJleHUU CcoeluHeHud Qocdopa.
O06o0mieHHas cxema J1a00paTOpPHOI YCTaHOBKH U TOUKH 0TOOpa Mpo0 /I aHaIu3a Mpe/ICTaBlIeHa Ha
pucynke 10.
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Pucynok 1. JIabopaTopHas ycTaHOBKa
Touku 103UpOBaHHA KOATYJISIHTA OTMEYEHBI CHHUM IIBETOM. ToukH 0TOOpa MpoO OTMEUYECHBI KPAaCHBIM
nBetoM (1 — BX01, 2 — BEIXOJT M3 BTOPHYHOTO OTCTOHHUKA, 3 — OHOpPEaKTop)

DKcrepuMeHTallbHasl yCTaHOBKA MPEACTaBIsIET c000i a’dpoOHBIN OMOJIOTHYECKHI peartop ¢
BEPTUKAIbHBIM OTCTOMHMKOM [UIsl MilopaslieneHus. B OuopeakTop Juid NepeMelnuBaHUs Wia U
CO3JIaHMsI HEOOXOJMMOTO KUCIOPOIHOTO PEKUMa KOMITPECCOPOM HarHeTaercst Bo3ayx. Ouunrnaemas
BOJIa TMOJAETCS C OINpeAeNieHHbIM pacxoJOM HAacoCcoM-I03aTopoM u3 Oaka. [l mepexauku
BO3BPATHOTO MJIa U3 BTOPUYHBIX OTCTOMHUKOB B HAYaJI0 OMOPEaKTOpa HCIOIb3yeTcs IpaudT. OTBOA
OYUIIICHHOHN BOJIBI OCYIECTBIISIETCS U3 OTCTOMHMKA B KaHAIM3AIMIO. VccnenoBanus MpoOBOAMIUCE C
WCTIOJIH30BAaHNEM UCKYCCTBEHHO COCTABJICHHOW CTOYHOW JKUAKOCTH Ha OCHOBE IMENTOHA OCHOBHOTO
¢ pobamineHueM azoto — u ochopoconepxkamux coneid. KoHeHTpanuu 3arpsa3HsSOMMX BEIECTB
Obut Hawmboyiee NPUOIMKCHBI K CYIISCTBYIOIIMM B peadbHOW CTOYHOM Bojae Poccuiickoit
®enepanuu.

JlosupoBanue B OHOpEaKTOp pa3IMYHBIX BHJOB KOAryJIsIHTOB [yt  Jedochoranuu
MIPOU3BOJIUIIOCH B COOTBETCTBHH C PUCYHKOM 10u . B pesynbrare ObLIO MCCIIEIOBAHO 1BE TOYKHU
J03UPOBAHUS: B BO3BPATHBIM aKTUBHBINA WJI U HEMIOCPEJICTBEHHO B a3POOHYIO 30HY OHOJIOTHYECKOTO
peakrtopa. [IpuMeHsnoch Tpu BUJa KOArylsHTa: MOJTHOKCUXJIOPU]T ATFOMUHUS, XJIOPHOE KEIe30 U
cynbdar xemeza. [lpuMeHsIMCh TpH MO3UPOBKM KOATYJSHTOB, YUWUTBHIBAIOUINE HOPMATHBHBIC
TpeOoBaHUs U JIabOpaTOPHBIE UCCIICIOBAHMUS.

BEINMONHATNCH CAaHUTAPHO-XMMHUYECKUE aHATTM3bI Ha BXOZAE B OMOpEakTop, B OHopeakTope u
nocjae BTOPUYHOIO OTCTOMHMKA. [loMMMO CaHMTApHO-XMMHYECKUX AaHAJIM30B IMPOBOAMIIOCH
MUKpPOCKOIIMPOBAaHUE sl HAOII0IEHNS 32 OMOMacCOi.

b
-

Pucynok 2. AKTHBHBIN KT 1101 MUKPOCKOIIOM

[Ipu anuTenbHOM JO3MpPOBAaHUM peareHTa s yaaneHus pocdopa B OMOpeakTop, aKTUBHBIH
W1 TpU MHUKPOCKOIIMPOBAHMM JIEMOHCTPUPYET HECKOJBKO NPHU3HAKOB YXY/IICHHS: YBEIMYEHUE
o0beMa XJIONbEB WA, MOSBICHHE HUTYATHIX OaKTEpHil, yMEHbIIEHUE KOJUYECTBA KOJOBPATOK U
Apyrux — npocreiimux. IIpeacraBieHHble  M3MEHEHMsS  CBUAETEIBCTBYIOT O  CHM)KEHUHU
KU3HECIIOCOOHOCTH aKTHBHOTO WJa, YTO MPUBOAMT K YXYAUICHUIO €ro KauyecTBa M CHIKEHHIO
3G PEKTUBHOCTH OUUCTKU CTOUYHBIX BOJ.

Jns omnpeneneHuss BIUSHUS (DU3MKO-XUMHUYECKOW OYHCTKM Ha OHMOJOTHMYECKYIO TaKXKe
OIIPEAECIIAIOTCA CIAEAYIOUINE TapaMETPhI: 1032 UJIa, UIIOBBIN HHAEKC, 30JIBHOCTh WA U OKUCIUTEIbHAS
MOIIIHOCTh OnopeakTopa. Pe3ynbraTel peacTaBieHbl B rpaduyecKkoM BHI€ HAa pUCYHKaX 3-7.
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120

MnoBbiit MHAEKE, MA/T
Po3a una, Mr/n

Otan 1 Oran 2 Oran 3

o 4 8 12 16 20 24 28 32 36
3Tansl ucchepoBaHus

PI/ICYHOK 3. U3meHeHHE JO3bI KJia 1 HJIOBOT'O HHACKCA 110 3TallaM UCCICJOBaHUA
B cooTBeTcTBHU C PUCYHKOM 3 IMPOUCXOAUT YBCIMYCHHUE N03bI WJia, IIPpU OJHOBPEMEHHOM
YBCIIMUCHUN HJIOBOI'O HMHICKCA. VBenuueHue A03bI HIa U HJIOBOIO HHACKCA npu J03UpOBaAHUUN
pfarcaTra CBiA3aHO C UBMCHCHUAMU B CTPYKTYPEC aKTHBHOI'O HMJIa U YXYAIICHHU CCAWMMCHTATHBHBIX

CBOMCTB nja, a TakKKeE C BO3JCHCTBUEM pCarcHTOB Ha MI/IKpO6I/IOJIOI‘I/I‘IeCKI/Ie mponeccbl B CUCTCME
O4YHUCTKH.

I3MeHeHue 30/15HOCTI WA C TEYEHHeM BPEMEHH N0 3TANaM NPK NPUMEHEHUH ANIOMOCOABDKALLErD PearenTa

PI/ICYHOK 4. IToBsbIlIEHKE 30IbHOCTH aKTUBHOTO HJIA C TCUCHHEM BPEMCHHU IIPU NPUMEHCHHUN

AJIFOMOCOIEPIKAIIECTOo pearcHra

PI/IC}’HOK 5. IloBhIIeHNE 30JIbHOCTH aKTUBHOT'O MJIa C TEUCHUEM BPEMCHHU IIPU NIPUMEHCHUN
JKCJIC30COACPIKaIICTO pearcHTa

M3MeHeHHe 30M1bHOCTH MAa ¢ T 1 Bpen ranam n Ac

eYEHHEM BPEMEHH NO 3TANAM NPU NPUMEHEHUH KENeI0CC

1 1

W13 rpaukoB Ha pucyHKax 4-5 BUIHO, UTO YBEIUUYEHHE NTapaMeTpa 30IbHOCTH aKTUBHOTO HJIa
C TEYEeHWEM BpPEMEHU TMpU JIO3UPOBAHMU KaK aJOMOCOJEpIKAIIero KOoaryjisHTa, TakK |
KEJe30CO/IePIKAILEro B pa3IMuyHble TOUKH OMOpeakTopa.

[Ipn auTenbHOM 1O03MPOBAHUM KOAryisiHTa AJs yaajdeHus ¢ocdopa B Mporecce OYMCTKU
CTOYHBIX BOJ| 30JIBHOCTb AKTHBHOI'O MJIa YBEJIMYMBAETCS IO HECKOJBKMM NpUYMHAM. Bo-mepBbIX,
KOAryJisiHT BCTYIIAET B PEaKLUIO C pacTBOPEHHBIMU B BoJie (ocdaTamu, 00pazysi HEpacTBOPUMBbIE
COEJMHEHUs, Takhe Kak (ocdaT allOMUHUSA, KOTOPbIE OCTAlOTCS B AaKTUBHOM HJIE, yBEIMUYUBAs
coJiep’KaHue HEOPraHMYECKUX BEHIECTB. 30JbHOCTh, MPECTABIIAIONMIAs COOOM OO0 MUHEPATIBHBIX
BELIECTB B COCTaBE aKTMBHOI'O MJIA, BO3PACTAET 10 MEPE HAKOIUIEHUs TAKUX OCaJKOB. Bo-BTOpBIX,
KOAryJisiiiysi CIoCOOCTBYET arperalii KOJUIOUMAHBIX YaCTUIl U MEJIKMX B3Beced B KPYIHbBIE XJIOIbS,
KOTOpBIE TaK)Xe OCENAI0T B COCTaBe aKTHMBHOIO WIa, Jenasi ero Oojee IMIOTHBIM. [lockoibKy 3TH
XJIONbS B OCHOBHOM COCTOSIT M3 MMHEPAIbHBIX COEIMHEHUH, WX HAaKOIJICHHEe MPUBOJIUT K
MOBBIIIEHUIO 30JbHOCTU Mila. [ToBBIIEHHAS 30IBHOCTH AKTUBHOTO MJIA OTPULIATENBHO CKa3bIBACTCA
Ha mpotecce Ouonornyecko oyncTku. CorjacHO rMCTOrpaMMaM Ha pUCYHKax 4-5, yBelndyeHue
30JIbHOCTH WJIa TpU J0O0ABICHWM peareHTa B BO3BPATHBIA AKTUBHBIA MJ MPOUCXOAUT Ooee
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WHTEHCUBHO, YeM IpPU €ro BHECEHUHU B a’pOOHYIO0 30HY OHOpeakTopa. JTO CBSI3aHO C TE€M, YTO
MPOLIECC B3aMMOJICHCTBUS peareHTa C AaKTUBHBIM WJIOM Ha4YWHACTCA eIlie B TPyOOmpoBoje
BO3BpPATHOTO IMOTOKA, B Pe3yjbTaTe Yero aKTUBHBIA WJI copOMpyeT B cedsi Oosibliee KOJUYECTBO
MUHEpaTbHBIX COCAMHEHUH.

Pucynok 6. 3aMeHeHne OKUCTUTETHHON MOITHOCTH OMOPEaKTOpa ¢ TeUCHHEM BPEMEHH TIPU TO3UPOBAHUH
peareHTa B a3poOHYIO 30HY OropeakTopa (Tpaduk ciieBa) U B BO3BPATHBIN aKTUBHBIN Wil (TpaduK cripaBa)

Ha rpadukax Ha puCyHKax 6-7 TpPEICTaBICHO HM3MEHEHUE OKHCIUTEIBHOW MOIIHOCTH
OuopeakTopa BO BPEMEHHM IPH JO3UPOBAHMM peareHTra B a’poOHyr0 30HY. CHWXEHHE 3TOTO
MoKa3aTeisi OTMEYAeTCsl KaK INPU BBEJACHHUU AaJTFOMOCOJEPXKAIIETO, TaK U HKEJIE30COACPKAIIero
peareHTa. AHAJOTUYHAS JUHAMHKA CHIDKEHUS HAOJIOMAeTCs TpU JO0ABICHUU KOArylsHTa Kak B
a’poOHyI0 30HY OMOpeaKkTopa, TaK M B BO3BpPATHBIM aKTUBHBIM Wi. OKUCIUTENbHAs MOIIHOCTh
MTOCTETICHHO CHIKAETCS, C HECKOJIBKUMH KOJICOAHUSMU, U B 1IEJIOM JIEMOHCTPUPYET JIOJTOCPOUHYIO
TPEHIIOBYIO JIMHUIO CHIDKEHHsSI, YTO TOATBEP)KIACT OOLIMIA CHajJ OKUCIUTEILHOW MOITHOCTH C
TedeHreM BpeMeHH. CHUKCHHE OKHCIUTEIBHON MOIIHOCTH TOBOPHT O HETaTUBHOM BO3CHCTBHUH
pearenTa Ha Ouomaccy u 3(pPeKTUBHOCT OMOJOTUYECKONH OUUTKHU.

BeiBOABI

HccnenoBanue mokas3aio, 4To NpuMeHeHne KOMOMHIPOBAHHOTO MeToa yaaneHus (pocdopa
IIPUBOJUT K YBEJIMUEHUIO 30JIBHOCTH aKTUBHOI'O WJIA, YXYALLIEHUIO €r0 CEAUMEHTAaTUBHBIX CBOMCTB U
CHIDKEHUIO OKMCIMTENIbHOM MOIIHOCTH Ouopeakropa. Jlo3upoBaHHE KoaryjasHTa B BO3BpaTHbIN
aKTUBHBIM WJI BbI3bIBaeT OoJiee MHTEHCHUBHBIC M3MEHEHUS CTPYKTYpPbl MJia, YEM €ro BBEJICHHE B
a’poOHYI0 30HY. JlMuTeNnbHOE WMCHOJB30BAaHUE PEAreHTOB MPHUBOAUT K HECTAOMIBHOCTH
OMOJIOTUYECKON OYMCTKM H3-32 U3MEHEHMH B MHKPOOHOM COOOIECTBE aKTUBHOro wuiua. s
MOBBIIEHUS ((HEKTUBHOCTH OUYMCTKU HEOOXOAWMO ONTHUMU3HPOBATh JO3MPOBAHUE DPEAreHTOB,
YUUTBHIBAs UX BIMSHUE HA OMOJIOTHYECKUE MTPOLIECCHI.
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cpens! : Marepuansl XXII MexaynapoaHoit HayuHoi koHpepenuuun, Camapkana, 23—27 ceHTsa0ps
2024 ropa.

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

12



N\ MIPU

POCCHACKHRA TOCYIAPCTREHHLIR wHoebte udeu s HAVKIX & 3emaen
TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

Ouucmka cmouHvIX 600 AIPONOPMa 0N NPOMUBOO0D1e0CHUM EIbHOU HCUOKOCIU

baokun B.B.* (000 «BT 9xcnepmy),
Konowpun H.1O. (MI'PH),
Tocuna E.C. (MI'PH),
Coxonoe JLH. (MI'PH)

AHHOTanus

B coBpemMeHHOM Mupe a’pONOPThI  ABJISAIOTCS BaXHBIMU TPAHCIIOPTHBIMHU  y3JIaMHU,
00eCreYnBaAOIIUMHA MEXIYHAPOJHOE U BHYTpeHHEE coolmieHre. OHU HTparoT KIYEBYIO POJIb B
Pa3BUTUHU YKOHOMHUKHU U TypU3Ma, o0ecreunBas ObICTPYIO U KOM(POPTHYIO IEPEBO3KY MaCCAKUPOB U
rpy30oB. OmHaKo, BMeCTE C YBEIMYEHHEM IAaCCAKUPOIOTOKA W OOBEMOB TPY30B, a’POMOPTHI
CTAJIKUBAIOTCS C TIPOOIEMOM OYMCTKUA CTOYHBIX BOJ OT MPOTUBOOOJICICHUTEIHHOM KUIKOCTH.

[lenb paboTel — AHaMHM3 CYIIECTBYIOMIUX METOAOB OYHCTKH CTOYHBIX BOJ OT
MIPOTHBOOOJICICHUTEIILHON KUIKOCTH, TT0100p Haubosee d3(PpPEeKTUBHOTO, MEHEE JOPOTO METOja C
BBIJICJICHUEM YHCTOTO STWJICHIJMKOJIS I €r0 MOBTOPHOTO HCMOJB30BAHMS B IMPOMBIIUIEHHBIX
LeIAX.

[Mpenver wucciienoBanusi — MeETOIbI OYHCTKH CTOYHBIX BOJ, (OPMHUPYEMBIX B XOJE
YKU3HENEATCIIbHOCTH a3POIOPTOB

B nanHoOl cTaThe paccMaTpUBAOTCS BaXKHBIE BOIIPOCHI, CBA3aHHBIE C OUYMCTKOM CTOYHBIX BOJ
a’poriopTa OT MPOTHBOOOJICICHUTEIBHON KUAKOCTH. VccnenoBanue mpoBeeHO C IENbI0 BBISCHUTD
COCTaB MPOTHUBOOOJICICHUTEILHON KUIKOCTH, TEXHOJOTUHW OYUCTKHA CTOYHBIX BOJl, OCOOCHHOCTH
OYHCTKH CTOYHBIX BOJ a’pornopra, COBpPEMEHHBIE METOJIbI 00e3BpeKUBAHUS
MIPOTUBOOOJICICHUTEIIBHON JKUIKOCTH, 3(P(PEKTUBHOCTh Pa3IMYHBIX METOJIOB OYHCTKH, BIIHSHHC
OUMCTKU CTOYHBIX BOJ Ha OKPYKAIOIIYI Cpedy, a TAaKXKe IMEepPCIEeKTUBbI Pa3BUTHUSL TEXHOJOTUU
OYMCTKH CTOYHBIX BOJI a3PONOPTA.

Ki1roueBnle cjioBa
CTouHbIE BOJIBI, Q3POMOPT, STUICHIIIUKOIb, MPOTUBOOOIeAeHUTENbHAS KUAKOCTH ([TOXK)

Teopus

Cocmas cmouHblx 8600 a’3ponopma.

JIuBHEBBIM cTOK oOpa3yercss B TEIOE BpeMs roja U COAEPKUT HEPTENPOIYKTHI,
rpy0oaucriepcHble TpUMECH U aMMOHUNHBIN a30T. Tanblil crok. @opmupyeTcs B Iepro]i BECEHHETO
TasiHUS CHETa, a TAK)KE BO BPEMsI 3UMHHUX OTTEIee!

[Tpon3BOCTBEHHO-APEHAXKHBIK CTOK 00pa3yeTcssi B XOJOJHOE BpeMs Tofa M COJEPKUT
KHUJIKOCTH JJIsl TpeloTBpallieHus] oOJeleHeHUs CaMOJIETOB M AaHTUTOJIONIEAHBIE PEareHThl s
B3JIETHO-ITOCAJ0YHOM MOJIOCHI.

Croku OMOTyaneToB BO3AYIIHBIX cy/0B. IIpu HEOOIBIIOM KOJMUYECTBE CTOYHON >KUKOCTH
MMEIOT BBICOKOE COIEP/KAHME 3arpA3HAIONINX BEIIECTB U XMMHUYECKUX COCAVMHEHUH, OMACHBIX IS
MHUKPOOPIraHU3MOB.

X0341iCTBEHHO-OBITOBBIE CTOKU 00pa3yroTcs OT 00CITYKUBAIOLIETO MEPCOHAa a’poropra 1
IIOCETUTENIEN TEPMUHAIIA.

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.
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N\ MIPU

POCCHACKHR TOCY[APCTOEHHLIA wHoebie udeu 6 naykax o Jemaen
TEONOrOPATBEOYHEIA YHHBEPCHTET

MMEHH CEFT D QP OHH KR 3E

Tabmmma 1. [Tokazatenu copepkaHus 3arpsA3HSIONINX BEIIECTB B CTOYHBIX BOAAaX adpoIiopTa

IHoka3zaresn Coaepxanne B CTOYHBIX TpeOoBanus mocjie O4YMCTKH, MI/J1
BOJAX a3PoONopTa, Mr/Jja
B3BelenHble BelecTBa 1o 100 3
BIIK5S 1o 2500 3
XIK 1o 4000 30
A30T aMMOHHUITHBIH o 150 0,39
Hedrenpoaykrsi 10 50 0,5
ITHIEHTJINKOIb 1o 500 0,25
DTaHoJ o 10 0,3
Ilpomueoobneoenumenvnas  ocuokocmo  (I10JK) —  KHOKOCTH  JUIsl  Ha3eMHOUH

IPOTUBOOOJIEICHUTENbHON 00pabOoTKM BO3IYLIHBIX CyIOB Iepen monéroM. Ilpeacraiser coboit
pacTBOp TIUKOJIS (MOHOATWIECHIVIMKOJb, IUATWIEHIJIMKOIb WM MPONWJICHIVIMKOIL) B BOJE C
pa3IUYHBIMU 100aBKaMU Ul YJIyUIIEHUs SKCIUTyaTallMOHHBIX CBOWCTB (3aryCTUTEINU, KPACUTENIN U
mnp.).

Omunenenukons - c8oUCMBa U 0CoOOeHHOCMU TaK)Ke U3BECTHBIN 1101 HA3BaHUEM 3TAHIUOMN ) —
9TO ABYXaTOMHBIN CIIUPT 0€3 3amaxa, 00J1a1atoIIuid CIaIKOBaThIM BKYCOM. JIaHHBIN BUJ COCTUHEHUS
(xumunueckas popmymna — C2H602) mpencrasisier co0oii 0eCIBETHYIO MACISHUCTYIO KUAKOCTbD,
COXPAHSIIOIIYI0 arperaTHoOe COCTOSHHWE IIpU OTPULATENIIBHON Temmeparype. OTaHAMON JIETKO
pacTBOpsieTCs B BOJI€, YKCYCHOM KUCIIOTE, CIIUPTaX U IPOUYUX OpraHuYecKuX BemniecTBax. OKUCIACH,
OH IIPEBpaIAeTCs B KOMOMHAIMIO 1IaBEIEBOM KUCIIOTHI U INIMKOJeBOro anbaerua. [Ipu serymnenun
B PEAKIIMIO C OPraHMYECKUMH COEAMHEHUAMH 00pa3yeT INIMKOJIATHL, 1ea04u 1 3¢upsl. I1pu konTakTe
C BOJOM KOHLEHTpALMs ATHICHIJIMKOIS YMEHBIIAETCSA, OJHOBPEMEHHO C OSTUM MPOHCXOJIUT
BbIJIeJIEHUE TeIula. BemecTBo CmocoOHO JIErKO BOCIIAMEHATHCS, a MPHU BBICOKOH KOHIEHTpaIUu
MapoB TOKCUYHO JJIsl YEJIOBEKa.

Memoovl ouucmku cmoyHvIX 600 OM IMULEH2IUKOIA

buonornyeckne METObI.

AspoOHBIE poLecchl: a3poOHbIe OaKTEPUN MOT'YT OKHCIISATh, HAITPUMED, 10 YTIIEKUCIIOrOo ra3za
U BOJbl. DTOT METO/]I ABJIETCS SKOHOMHUYECKU 3(PPEKTUBHBIM, HO TpeOyeT 0COObIX YCIOBUM, TAKHX
kak pH, TemnepaTypa 1 JOCTYITHOCTb IUTATEIbHBIX BEILIECTB.

AHaspobHbIe TpoLecchl: AHaIpOOHBIE OaKTEPUU MOTYT IIpeoOpa3oBaTh, HAIPUMEp, B METaH
U YIIeKUCHbld ra3. XoTs 3TOT METO] MOTeHUUaIbHO Oosiee 3(p(HEeKTUBEH, ITOT METOJ MOXKET He
MOJIXOJIUTH JJIs1 BBICOKUX KOHIIEHTPAIMM STUIEHIJIUKOJIS.

XHUMHUYECKUE METOMBL.

Oxucnenue: Mcrnonb3oBaHUE CUIIBHBIX OKUCIMTENEH, TaKUX KakK MEepMaHTraHaT Kajus WIn
MIEPEKUCH BOJOPOA, MOXKET CIIOMAThCsI, HATPUMED, HA MEHEE BPEIHBIE COEAUHEHUS. JTOT MPOLIECC
3¢ (eKTHBEH, HO MOXKET MTPOU3BOIUTH MOOOYHBIE TPOAYKTHI, TPEOYIOLTINE NajdbHEeHIIeH OUUCTKI

Koarynsmust/guokyssiiuust: 9TOT METOJT UCTIONb3YeT XUMHUECKUE BEIECTBA Ul arperanuu
MOJIEKYJT STHJICHTJIMKOJS U BBICAJIKU UX U3 pacTBopa. ITo 3(pPexkTUBHO, HO TpeOyeT TIIATEIbHOIO
MOHMTOPHHIA ¥ YTHIIN3ALMK TPOU3BEAECHHOTO HIIA.

DPu3NYECKUEe METOJIBI

MemOpannas  QuubTpanust: MeMmOpaHbl C  ONpEeAETICHHBIMU pa3MepaMu IOp MOTYT
BBIOOPOYHO yJaNATh, HAPUMEP, U3 CTOYHBIX BOA. DTOT METOJl 3(PPEeKTUBEH, HO TPeOyeT BHICOKOM
SHEPI'UH M CIeHATU3NPOBAHHBIX MEMOpaH.

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.
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POCCHACKHRA TOCYIAPCTREHHLIR wHoebte udeu s HAVKIX & 3emaen
TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

AKTUBHpPOBaHHAs aacopOLus yriepoaa: AKTUBUPOBAHHBIN YIIIEpOa MOXKET aJcopOMpOBaTh,
HamnpuMep, U3 CTOYHBIX BOJ. DTOT MeTol 3(ddekTuBeH, HO TpeOyeT pereHepanuy Uil yTUIH3alun
3arpsA3HEHHOrO yIJIepoja.

Oxucnenue: Hcronb3oBaHMe BO3Qyxa WM JPYIMX Ta30B Uil yAAJIEHMUS JIETYYMX
COEJMHEHUIl, B TOM 4YHCJe, HallpuMep, U3 CTOYHBIX BOJ. DTOT METOJA TpeOyeT OIpeleleHHBIX
YCJIOBUI M MOXKET OBITh MeHEEe Y(PPEKTHUBHBIM IS OU€Hb PACTBOPUMBIX COEIMHEHHM

KomOuHMpoBaHHbIE METObI

['ubpunneie mnpoueccel: CoueTaHWEe HECKOJBKUX METOJOB OYUCTKH MOXET ObITh
BbICOKO?()(PEKTUBHBIM U SKOHOMHUYHBIM. Hampumep: Ouosorndeckas o0paboTKa ¢ Mocieayroen
MeMOpaHHOU (QuIIbTpamuel Wik aKTUBUPOBAHHOU ajicopOIielt yrieposa.

Y COBEpLICHCTBOBAHHbBIE IPOLIECCHl OKUCIIEHUSA: OTa TIpynia TEXHOJOTUH HCMONb3yeT
NepeOBbIe METObl OKHCICHHS, TaKHe KaK O30H, YJIbTpa(UOJIETOBOE H3IyYCHHE WM PEarcHT
®deHTOHA, YTOOBI CIIOMAThHCS, HAIIPUMEpP, B Oojiee MPOCThIe U MEHEE BPEIHbIE COCIAMHEHMs. DTH
METOABI 0YeHBb IPPEKTHUBHBI, HO MOTYT OBITH JOPOTOCTOSAIIIMH.

OurcTKa XPOMCOJEPXKAIUX BOJ C TPUMEHEHHWEM OJTHJICHTJIUKONS WM CTOYHBIX BOJ
a’pONOPTOB.

Tak B xoJe ucciae10BaHUN ObLIM MPOBEICHBI JBa 3KCIIEPUMEHTA C 1IeJIbI0 OUUCTKU CTOYHOM
BOJbI, COJEpKaleii B CBOEM COCTaBE XPOM C IOMOIIBIO 3TUJICHIJIMKOJS WM HCKYCCTBEHHO-
CO3JIaHHOM CTOYHOM BOJIBI OT a3pOIOPTA.

B xoxe skcniepumenta tpedyercst BoccranoButh XpoM (V1) mo Xpowm (HI), mist nmonydenns
HEPaCTBOPHMOI'O COEIMHEHMSI, AJISl €T0 MOCIIEIYIOIIEro OT/AEICHNUS.

OxcnepumMeHT Nel

[TpurorosneHue paboyero pacTBopa XpoMcoepKaleil CTouHON BOJIBI.

2 r 6uxpomata kamust K2Cr207 nobasunu 20 M ceproit kucinotsl H2SO4.

3aukcupoBaHBbI CIEAYIOLINE TOKa3aTeIu:

pH = menee 1,0

Okpacka — OpaH>KeBbIi LIBET

Temnepatypa — 24,3 °C

BBenenue stuneHrmkons B xpomcoaepxanryto soay K2Cr207 (opaHkeBblii p-p)

PesynbTarhl 3KCiepuMeHTa NpeCTaBlIeHbl B Ta0uLe 2.

Tabnuua 2. Pe3ynbTaThl SKCIIEpUMEHTA [0 B3aUMOJICHCTBHIO STHIICHTIIMKOIIS C XPOMCOIepiKaIien
CTOYHO# Bo10# (XpoMm (*6))

Ne Koa-Bo Koa-Bo pH Temnepatypa IIpumevyanns
npoObl | pacTBopa | A00aBJEHHOIO
ITHJICHIJIMKOJISI
1 5 Mn 0,5 mn Memnee 31°C Her usmenennii o 1serty,
1,0 OTMeYaeTcs Ta30BbIICIICHHIE
2 5 M 0,7 mn Memnee 33°C W3MeHeHue 11BeTa B CTOPOHY
1,0 3€JIEHOTO, TIPOIOIDKEHIE
ra30BblLJICIICHHSI
3 5 M 1,7 M Menee 39°C TemHO-3elIeHbIH [BET, OOMIIBHOE
1,0 ra30BELIJCIICHHUE

OxcrepuMeHT Ne2

[TpuroroBneHre UMUTHPOBAHHON CTOYHOM BOJIbI, COEPKALIEH STUIEHTIIIMKOJIb!
50 MII STUIIEHTIUKOIIS, 16 MJI aMMOHHITHOTO a30Ta, 1 MJI 3TaHOIA

BBenenue cTouHbIX BoJ B XpoMcoepxalryto Boay K2Cr207 (opaHxkeBblit p-p)
Pe3ynbrathl KCriepuMeHTa MpeACcTaBieHbl B Tabnuie 3.

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
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TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

Tabmuna 3. Pe3yabTaThl SKCIIEPUMEHTA 10 UCCIISAOBAHUIO TPOIIECCa B3aUMOICHCTBYS CTOUHBIX BOJT
"aspornopTa U XpOMCOAEPKAIIUX CTOUHBIX BOJ

Ne Koxa-Bo Koxa-Bo pH Temmneparypa ITpumeyanus
npoobl | pacTBopa | 100aBJIE€HHBIX
CTOYHBIX BOJ
1 5 M 0,05 mn Menee 31°C Her m3menennit o 1sery,
1,0 OTMEUAETCS Ta30BLIICIICHIE
2 5 Mn 0,35 mn Memnee 35°C Het usmenennii no usery,
1,0 OTMEYAECTCSI Ta30BhIICIICHHE
3 5 M 0,85 mn Menee 36°C Her m3menennit o 1isery,
1,0 OTMEYaeTCs CUILHOE
Ta30BBIJICIICHHE
4 10 M 1,3 Mma Menee 58°C BrigeneHue 3ej1eHOH IIEHE,
1,0 U3MEHEHHUE OKpaca XKHUIKOCTH B
TEMHO-3€JICHBIM, CHIILHOC
Ta30BBIJICIICHHE
5 10 mn 2,0 M Menee 59°C bonee TemMHO-3eeHEIN IBET
1,0 JKUJIKOCTH, TICHBI HET,
ra30BLIICICHHS HET
6 10 mn 3,0 M Menee 68°C TeMHO0-3eneHBIN BET JKUIKOCTH,
1,0 MEeHbI HET, Ta30BbICICHUS HET
BeiBOABI

OuncTKa CTOYHBIX BOJ a’pONoOpTa OT MPOTUBOOOJIECIECHUTENIBHON KHUIKOCTU SIBJISETCS
CIIO)KHOW M aKTyalbHOU mpoOiemoi. B pabore ObUTM paccMOTpEHBI pa3inyHbIE ACMEKThl ITOM
poOJIeMBI, BKIIIOYAsl aHAIN3 COCTAaBa MPOTUBOOOIICACHUTEIBHON KHUIKOCTH, TEXHOIOTUN OYHCTKU
CTOYHBIX BOJl, OCOOCHHOCTHM OYHCTKH CTOYHBIX BOJl adpOINOpPTa, COBPEMEHHBIE METOJbI
00e3BpeXUBaHUS MPOTUBOOOJIEACHUTEILHON KUIKOCTH, 3(()EKTUBHOCTh Pa3IUYHBIX METOJIOB
OUUCTKH, BIUSHUE OYHMCTKHA CTOYHBIX BOJ Ha OKPYKAIOIIYI0 CPely U MEpPCHEKTHBBI Pa3BUTHUSA
TEXHOJIOTMI OYMCTKH CTOYHBIX BOJ| a3pOIOPTA.

Takum o0Opa3oM, aHHas paboTa MO3BOJIAET MOJYYUTh MOJIHOE MPEACTaBIEHUE O Mpodiieme
OYHCTKHU CTOYHBIX BOJI @3pONOPTa OT MPOTUBOOOIIEAEHUTEIHHON KUIKOCTH.

Bbubaunorpagus

1. bonnapenko O. M. [IIpoGiembl  perynupoBaHus  YTMIM3AlMM  CTOKOB
MIPOTUBOOOJIEIEHUTENBHBIX KHUAKOCTEN B asponopTax Poccun u 3a pydexxom // COOpHUK HaydHBIX
tpyaoB  T'ocHMM T'A. - 2010. - Ne. 311. - C. 151-154.  URL:
https://elibrary.ru/item.asp?1d=20145053 (nata obpamenus: 31.05.2024).

2. byzaeea M. B. u gp. VYTunuzanuss oTpaOOTaHHBIX HPOTUBOOOJIEIEHUTENBHBIX

AKHUJKOCTEN C UCTIOIb30BaHUEM 11€0auTOB // I1okapbl U Upe3BbIYaliHbIE CUTYallUU: IPEJOTBPAICHHE,
mukBuaanus. — 2013, — Ne. 4. — C. 10-12.

3. Bukapuyk A. A. u 1p. HanoTtexHoM0rNs ri1y00KONH OYMCTKH CTOYHBIX BOJ] a9POIIOPTOB
OT TOKCHYECKHUX 3arps3HeHUi, MaTepHaibl U obopyroBaHue Ui ee peanusanuu / Bomoouncrka.
Boxonoaroroska. Bogocnaoxenune. — 2018. — Ne. 12. — C. 18-23.

4. Bukapuyk A. A., I'peizynosa H. H. @yHK1MOHanbHBIE MAaTEPUAIIBI U U3JIENIHS U3 HUX,
MpeHa3HauYeHHble IS peaan3anuu 3(Q(EeKTUBHBIX HAHOTEXHOJIOTHHM TITyOOKOM OYMCTKH CTOYHBIX
BOJI OT TOKCHYECKHX 3arpsisHeHni // AkTyanbHble mpobaemsl npouHocTH. — 2018. — C. 327-343.
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Ilpumensnemoie 6 ouucmke 600bl KAMUOHHbBIE NOAUIIEKMPOTUMBL — INO KOAZYIAHMbL UNU
¢nokynanmeor?

T'anoypuna JI.B. (MI'PH, gandurinalv@mgri.ru),
HImeimos/1./1* (MI'PH, stroi-voda-kaf@mgri.ru),
Apawxeeuu B.B. (MI'PH, stroi-voda-kaf@mgri.ru)

AHHOTanus

[IpoBeneHO cpaBHEHHE YIOTPEOIIEMBIX TEPMUHOB ISl OTMPENCICHUS  NPUHAJIC)KHOCTH
KATHOHHBIX MOJIMAICKTPOIIMTOB K U3BECTHBIM IPYIIIIAM PEareHTOB, KOATyJISTHTaM WK (IIOKYIISTHTAM,
B COOTBETCTBHH C WHX (GUBUKO-XMMUYECKUMH M KOAryJsIHOHHO-(IOKYISAIIMOHHBIMU
XapaKTEPUCTUKAMH.

ITokazaHo, 4YTO KaTMOHHBIE NOJMAIEKTpoJuThl co 100 9% mIOTHOCTRIO 3apsna u
MOJICKYJISIPHOM Maccoii MeHee | MITH 10 Ha3HAYeHWIO U MEXaHU3MY JCHCTBUS B OOJBIICH CTETICHH
OTHOCSITCSl K KOAryJUPYIOIUM peareHTam, a He K oluMepHbIM (rokynsatam. [IpenigoxkeHo BBecTn
MIOHSTHE «IOJMMEPHBIE KOATrYJISHTBI» BMECTO CYIIECTBYIOIIETO «OPTraHUYECKUE KOATYISIHTBD) IS
KaTUOHHBIX TOJUMEPHBIX 3JIEKTPOJIUTOB U HCIOJb30BaTh €r0 B IPAKTUKE KOAryJsLHMOHHON
OYHCTKHU BOJBI.

Ki1roueBnle cjioBa
[Tpuponanbie BOIbI, (DIOKYISIHTBI, KOATYISHTBI, TOJUAIEKTPOIUTHL, TOTUMEPHI

Teopus

KoarynsuuHHbINA METO/T TOBCEMECTHO IPUMEHSIETCS JIUIsl OUMCTKU IPUPOIAHBIX U CTOYHBIX BOJL
OT TOHKOJMCIIEPCHBIX U KOJUIOMJHBIX 3arpsizHeHui. Vcnoab3yeMble peareHThl TpaJulMOHHO JIEJISAT
Ha HEOpPraHMYECKUE KOAryJsHTHI U MOJUMEpHbIe (IOKYISHTHL. KoarymsHTsl MpeaHa3HaueHbl s
CHIDKEHMSI 3apsla M JIeCTacTaOMIM3alMd OTPULATENbHO 3apsDKEHHBIX KOJUIOMJIHBIX YAcTHII, YTO
MPUBOJUT K OOpa30BAHHUIO MHUKPOXJIONBEB, HUX CIMIAHUIO W YKpyHHEHHIO. DIOKYISHTHI
IIPEIHAa3HAYEHBl JJIS CBSI3bIBAHUS M arjoMepalii CKOaryJMpOBAHHBIX YAaCTULl  IOJIMMEPHBIMU
MOJIEKYJIaMH B KpYIHBIE Xjomnbsi. K HeopraHmueckuMm KoaryjiasHTaM OTHOCST COJIM aJlOMUHUS U
&KeJes3a, K (pIoKyIsIHTaM - BBICOKOMOJIEKYJISIpHBIE TTOJIMMEPBI HAa OCHOBE akpuiaamuja. CymiecTByer
elle OAHa TIpyIa MPUMEHSIEMbIX A KOaryJIsUOHHONW OUYMCTKHU BOJbI BOJIOPaCTBOPUMBIX
IIOJINMEPOB C BBICOKOW IUIOTHOCTBIO 3apsiia MAaKpOMOJIEKYJ, TaK Ha3blBa€MBbIX KaTHOHHBIX
nosinanekTponuToB (I13), koTopble OHM aBTOPBI  MPHUUYUCIAIOT K KoaryisHTam [1, 2], npyrue
¢baokynsHTaM [3-4], a HEKOTOpPbIE HA3BIBAIOT KOATYIsTHTaMHU-(QIIOKYISIHTaMu [5]. B aT0it cBs3m ans
MIPaBWJIBHOTO MOHUMaHUs MeXaHu3Ma jeictBus 1D u ynpaBieHUs MpoLeccoM OYMCTKU BOABI C UX
NPUMEHEHHEM BO3HUKAET HEOOXOJMMOCTh B YTOYHEHUM TEPMHUHOJIOTUU U  ONpEeAETIeHUU
MPUHAUICKHOCTH KaTHOHHBIX [ID K M3BECTHBIM TIpylmaM peareHToB, KOaryjisHTaM WIH
GbIoKyISTHTAM.

C oT0li LEeNbI0 NPOBEACH aHAJIU3 JIUTEPATYPHBIX NaHHBIX [6-15], B pe3ynpraTe KOTOPOIroO
YCTaHOBJIEHO  CIJIEJYIOIIIEE.

1. ABTOpsl pabor [6-11] OTHOCAT KaThoHHbIE [1D K QrmokynsHTaM  Ha OCHOBAaHUU
CXOXKECTH U3 CBOWCTB (ITOJUMEPHBIA XapaKTep, paCTBOPUMOCTh B BOJIE, BBICOKAs MOJEKYJSpHas
Mmacca). [lo maenuto Beitniepa FO.U. [6, ¢.8] k (I0KyIsIHTaM OTHOCSITCS BCE PACTBOPUMBIE B BOJIC
BBICOKOMOJIEKYJISIPHBIE COETMHEHMS, IPUMEHSEMBIE JUUIsl OTJCJICHUS] TBEPIOH (a3bl OT KUAKOU, U
oOpazyomue ¢ TpyOONIHCIIEPCHBIMA W KOJUIOMJHBIMM YacTUIAMH TPEXMEpPHBIE CTPYKTYpPbI
(arperatsl, xyuonbs, koMiuiekcbl). babenkoB E.JI. [7, ¢.296] Bce ¢uioKyasSHTBI paccMaTpUBaeT Kak
BBICOKOMOJICKYJISIpHBIE BelecTBa, He Boieisis [ID B ormenpHyro rpynmy. B pabore [8, c.23]
(GIIOKYNSHTaMU Ha3bIBAIOT BCE TPYIIBl BOJAOPACTBOPUMBIX IOJMMEPOB, HCHOIB3YEMBIX IS
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(bIOKYISIMOHHON OYHCTKM BOJIbI, HE3aBHCHUMO  OT MX MOJIEKYJISIPHON Macchl M COAEpXKaHHs
noHoreHHslx rpymm. Jparunckuii B.JI ¢ coaBropamu [9, ¢.383] k  ¢uokyasHTaM  OTHOCST
HEOpPraHUYECKHUe WJIM OpPraHMYeCKHe BBICOKOMOJICKYJISIPHBIE COCTUHEHUS, WHTECHCU(PUIUPYIOIINE
Iporecc XJI0mbeoOpa3oBaHMs TPU KOAryJSIUH B3BECH COJIIMH ATIOMHHHSA M JKeJesa. B
TeXHUYECKUX 3alMCKax 1Mo mpoodiemam Boabl ¢upmsl Jerpemon [10, ¢.67] mOIMAIEKTPOIUTAMH
Ha3bIBAET BCE CUHTETUYECKUE IMOJIMMEPHl  HE3aBUCUMO OT HX 3apsA]a U MOJEKYJISIPHOH Macchl,
BKJIIOYAash HEHWOHHBIM noynakpwiamui, KoTopblil [ID He sBmsercs. Takoe ke ompenesieHHe
cuHTeTnueckux [1D kak BOIOpacTBOPUMBIX NOJUMEPOB UCIIONB3YETCS B METOJAMUYECKUX YKA3aHUAX
[11], HO ¢ MX AeNeHreM Ha KOAryJISTHTBI U (DJIOKYJISTHTHI.

2. Ipyrue aBtopsl [9, 12-13] paccmarpuBatoT [13 kak oTaenbHYO TPYIITY BOJOPACTBOPUMBIX
MOJIMMEPHBIX (DIIOKYISHTOB, OTIIMYAIOUINXCA OT MOCIETHUX 10 COAEPIKAHUIO U 3apsAly HOHOT€HHBIX
rpyImI, aacopOounoHHbIM xapaktepuctukam. parunckuit B.JL [9] otHocutr I1D Kk  KaTHOHHBIM
bnokynsaTam, aBTOpbl padoThl [12, ¢.31] paccMarpuBarOT KAaTHOHHBIE IOJMAJEKTPOJIUTHI Kak
HU3KOMOJICKYJISIPHBIE, & BCE OCTalIbHBIC KaK BBICOKOMOJICKYJSpHBIE (QUIOKYISHTHL. B pabdote [13,
c.39], mpu paccMOTpeHUHU aACOPOLMOHHBIX XapaKTEPUCTUK BOJIOPACTBOPUMBIX TMOJMMEPOB,
YCTAQHOBJICH PA3JIMYHBIA MEXaHH3M  aJCOPOIMH BBICOKOMOJICKYJISIPHBIX M HHU3KOMOJIEKYISPHBIX
MOJIMMEPOB Ha dYacTulax aucrnepcHou (aspl. IlokazaHo, YTO Majble MOJIEKYJIbl MOJIUMEPOB, K
KOTOpbIM OoTHOCATCS 11D, ancopOupyroTcsi Ha MOBEPXHOCTH YaCTHI] MTOJIHOCThIO, & HE OTJIEIbHBIMU
3BeHbsIMU. [Ipu agcopOuuu [1D JOMUHUPYIOT 2IEKTpOCTaTUYECKUE CUIbI, a (OPMHUpPOBAHUS Ha
MIOBEPXHOCTHU JIJTMHHBIX MIETEJIb U XBOCTOB, XapaKTEPHBIX ISl BHICOKOMOJIEKYJISIPHBIX IIOJIUMEPOB, HE
MIPOUCXOJIUT.

3. IloHsTHE «KOATYJISHTHI (OpPraHUYECKHE, CHHTETHYECKHE))» IPUMEHHTEIBHO K KATHOHHBIX
I13 cTano nmpumeHsThHCs B ocaennee npa aecsarunetus [11, 14-16]. 1o muenuto pupmer Hanxko [14]
MIOJINMEPHBIE KOATYJISIHTBI - 3TO IMOJIOXKHUTEIBHO 3apsKEHHBIE MOJIEKYJbl C OTHOCUTEIBbHO HU3KUM
MOJIEKYJISIPHBIM BECOM, KOTOpBIE HEe OTHOCcATCA K 3 dekTuBHBIM (riokynsHTtaM. B paborax [8, ¢.23
u 12, c.31] MOAYEPKUBACTCSI, YTO CHUHTeTHuYeckue [ID Ha3pBalOT emie OpraHuYecKUMHU
koaryimsiHTamu. B ykazanusix [11], maHo cneayroniee onpeneieHiue  KoaryJasHTOB U (DJIOKYJISTHTOB,
Ha KoTopble AensaTcs cunrerndeckumu I19. «KoarynsHTsl - 3TO MONMAAEKTPOIUTHI, IPUBOJISALINE K
arperanuy B3BEIICHHBIX YAaCTHIl 3a CUET HEUTpalM3aluu 3apsja U XUMUYECKOTrO CBs3bIBaHUA. B
pe3ysbTaTe NMPUMEHEHHUsS] KOaryJasHTOB MPOUCXOAMUT JecTaOMiIM3alys KOJUIOMAHON CYCHEH3UU U
oOpa3zoBaHre MUKpoxJyionbeB. K (IOKyIsHTaM OTHOCATCS MOJUAIEKTPOIUTHI, CIIOCOOCTBYIOINE
o0pa30oBaHMIO arperaToB 3a CYeT OOBEAMHEHHS HECKOJIBKMX YacTUI[ 4Yepe3 MaKpOMOJIEKYIIbI
a7icopOMPOBAHHOTO WM XMMHMYECKH CBS3aHHOIO TIoyiuMepa. bombinas MojekysspHas wacca
(bIOKYISIHTOB CIIOCOOCTBYET 00pa30BaHUI0 MOCTHKOB MEXAY MUKPOXJIONbSIMH U (POPMHPOBAHUIO
MaKpoOXJIONbeB». boiee ueTkoe M KpaTKoe OINpENeIeHHE OpraHMYeCKHX KOaryJsiHTOB JacTcs B
pabore [15]: «OpraHuuyeckue KOaryjasHTBl SIBJISIFOTCSI KAaTHOHHBIMH pAacTBOPUMBIMU B BOJE
MOJURJIEKTpoIuTaMmuy». JlaHHOE olpenesieHne oTpakaeT IiaBHyloo ¢yHkiuio [19 (koarymsHr) u
OTJIMYUTEIBHYI0O OCOOEHHOCTh (OopraHuyeckuil). JlaHHOE MOHSTHE «OPraHWYECKUM KOarysstHT»
takxke ucnonszyercs B CII 31.13330.2021. BogocHabxenue. HapyxHble ceTH M COOpYXKEHUs
(m.9.17).

C y4eToM BBINIEU3I0KEHHOTO HAMH IIPEVI0KEHO BBECTH I KATHOHHBIX 11D HOBOE noHATHE
«TOJIUMEPHBIA  KOATyJISHT» BMECTO «OpraHu4eckuil koaryiassHT». [lo HamemMy MHEHHIO, TOHATHE
«TTOJTUMEPHBIN KOarysastHT» 0oJjiee TOYHO XapaKTepHU3yeT MOJMMEPHYIO CYIIHOCTh JaHHOM IPYIIIbI
peareHToB.

Tumnbl ¥ OCHOBHBIE XapaKTEPUCTUKU  PEAreHTOB, IPUMEHSEMBIX IS KOAryJIslMOHHON
OYHUCTKHU IPUPOJIHBIX BOJ, PEJCTAaBIECHbI B Tabnuie 1.
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Tabmumal. Buabpl KoaryaupyroImnX peareHTOB U UX OCHOBHBIEC XapaKTEPUCTHKU

[Tapamerp Heoprannueckuin BonopactBopuMslil osmMep
KOaryJstHT
Oprannyeckuit QDIIOKYJISHT
KOAaryJstHT
[Ipupona Comnu anmoMuHus, Huszkomounexkynsipasiii |  BbICOKOMOJEKYIApHbBINA
JKeesa KaTUOHHBIN HEHOHHBIN I UOHHBIN
MIOJIUAICKTPOJIUT MOJIUMED
MonekynsipHas Memnee 1000 30-500tBIC Beitie 6 Mt
Mmacca
Toprosas mapka AnroMuHuR BIIK 402, [Ipaecton 650
CEPHOKHCIIBIMN. Kaycramun, buonar [Ipaecron 2500
[Tonmoxkcuxopun ITpaecron 2530

amfoMUHUS  AKBa-
Aypar 10,18,30.
Cynbdat nunu
XJIOpUJ Keje3a

ToBapHas Kycku, rpanyisl, 8- 20-25 % pacTtBOp I'panyisl
dhopma 17 % pacTBOpBI
KoHnentpanus 5-10; 0,1-5,0; HeriTpanbHBIHA 0,005-0,1;
JIO3UPYEMOTO KHCIIBIA PacTBOP pacTBop HEHUTPATBHBINA PACTBOP
pactBopa, %
Jlo3er, mr/nv° | Jlo 50 (1o okcuy) Jlo 7,0 Jlo 3.0

Kax CJICAYCT U3 Ta6J'II/ILILI OpPraHU4YC€CKUC KOAT'YJIAHTBI OTJIMYAOTCA M0 XapaKTCPUCTHUKAM OT
(bJIOKy.]IﬂHTOB U HCOPraHUWYCCKUX KOAryJadHTOB, YTO NOATBCPIKAAIOT ITPABUJIILHOCTD UX BBIACIICHUS B
OTACIIBHYIO I'PYIITY KOAryJIUPYIOIIHUX CPCACTB KaK «OPraHUYCCKUC KOATr'YJIAHTBD> U «ITOJIMMCPHBIC
KOaryJasaHTBD).

BriBoasbl

1. ITo cBolicTBaM Bce pacCTBOPUMBIE MTOJUMEPHI IEIAT HA MOJMMEPHBIE JIEKTPOJIUTHL U
BOJIOPAaCTBOPUMBIE BBICOKOMOJIEKYJISIPHBIE TIONUMEpPHI. [loMMEpHBIE ANEKTPOIUTHI  COIEpKAT
KaTUOHHYIO TPYIIY B KaXXJOM 3JIEMEHTapHOM 3BEHE IOJHMMEPHOU LIENMU U UMEIOT OTHOCUTEIBHO
HHU3KYIO MOJIEKYJISIPHYIO MacCy MO CPaBHEHUIO C IPYTUMHU BOJOPACTBOPUMBIMH MOJIUMEPAMHU.

2. [lo Ha3HaueHHIO U MEXaHU3MY JEHUCTBUS KaTUOHHBIE 1D sBIsOTCA KOAryJistHTamMu,
n00aBJIEHHE KOTOPBIX B BOJYy NPHUBOJUT K HEUTpalu3alMu 3apsga KOJUIOMJIHBIX YacTHIl, HX
CIIMIIAHUIO | arperanuus. BoaopacTBOpuMbIE BBICOKOMOJIEKYJISIPHBIE TTOJMMEPHI SIBIISIIOTCS
(bIOKYISIHTaMU. TIOCKOJIBKY  YKPYITHEHHUE (araoMeparusi) CKoaryJIupOBaHHBIX YaCTHUI] POUCXOIUT
IMyTEM UX CBA3BIBAHMS IJIMHHOLIEIOYEUYHBIMH MAKPOMOJIEKYJIaMHU C MOJIEKYJISIPHON MacCcol HE MEHEe
6 MIIH.

3. B HacTosimiee BpeMs MOHATHE «OPTAHUYECKHE KOATYJISIHTBD), KOTOPOE UCHOJIb3YETCA
B JIMTEPAaType U HOPMATHUBHBIX JOKYMEHTAaX II0 OYHMCTKE BOJbI, JOCTATOYHO TOYHO OTPaAXKaeT
OpraHnyveckyro npupoay 119 u ux npumMeHeHrne B KauecTBE KOAryJsHTA.

4, [IpennoxeHo BBecTH HOBOE€ TOHSTHUE «IIOJMMEPHBIN KOAryJIsiHT» BMECTO
«OpPraHWYECKUW KOAryjlsiHT», OIPENeNAonee MPUOPUTETHOCTh IMOJIUMEPHOIO Xapakrepa
KOAaryJisiHTOB Ha ocHoBe [19.
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QnIOMUHUA

T'anoypuna JI.B. (MI'PH, gand2@yandex.ru),
Egpemosa IL.P.* (MI'PH, stroi-voda-kaf@mgri.ru)

AHHOTaNuA

[TpencraBiensl pacyeTHBIC (HOPMYITBI TSI OTIPEACICHUS 103 TOJIMOKCUXIIOPUIOB ATFOMUHUS
Y IIEJIOYHOCTH BOJIbI B 3aBUCUMOCTH OT OCHOBHOCTH KOAryJIHTOB, MyTHOCTH Y IIBETHOCTH BO/IbI ITPU
ee KOoaryJsIMOHHON oumcTke. OmnpeneneHsl KOXQQHUIMEHTH Mepecdera 103  KOAryJisiHTOB IO
0€3BOJTHO COJIU B JI03BI IO OKCUAY allFOMUHUSA. [loTydeHbl SMIIUPHUYECKUE CTETICHHBIC 3aBUCUMOCTH
ONTUMAJIBHOM J03bI OJIMOKCHUXJIOPHUIOB PA3HOM OCHOBHOCTH  OT MYTHOCTH MCXOAHOM BOAbl. Ha
OCHOBAHHH MPOBEJACHHBIX PACYETOB MTOKA3aHO, YTO C YBEJIMYEHUEM OCHOBHOCTH MOJMOKCHUXJIOPUJIOB
aJTIOMHUHUS YMEHBIIAIOTCA TpeOyeMble J03bl KOATYJISHTOB JUJIi OUYUCTKH MYTHBIX BOJI i
YBEIUYHMBACTCS HIEIOYHOCTh OYMIIEHHOW BoAbl.  [lomyueHHble pe3ynbTaThl MOTYT OBITh
WCII0JIb30BaHbI IIPH MPOEKTUPOBAHUU PEAreHTHOTO X0341UCTBA BOJIOOYHUCTHBIX CTAHIIHH.

Ki1roueBnle cjioBa
OuucTKa BOJbI, KOATYJIALMS, HOTUOKCUXJIOPUABI ATFOMUHHUS, 1032

Teopus

CaMbIMH  pacIpOCTPAHEHHBIMH HEOPTaHUYECKUMH KOAryJIsSHTaMH, [PUMEHSICMBIMA B
OTEUECTBEHHOM MPaKTHKE KOAryJIAIIUOHHON OYMCTKM MPUPOIHBIX BOJ, SIBISIOTCS CyibdaT
amomuaus (CA) u nonmuokcuxsopunsl (ITOXA) pasnoit ocHoBroctH [1,2]. Ilpu mcnonb3oBanun
KOAryJissHTOB CHIDKCHHE MYTHOCTH BOJIbI TPOMCXOJUT BCJCACTBUE HEHTpalU3alMy 3apsia
KOJUTOWIHBIX YACTHI[ TOJOXUTEIbHO 3apsDKCHHBIMA HOHAMH ATIOMHHHSL U PAaCTBOPHMBIMH
MPOJYKTAaMH UX THAPOJIN3a, MOCIEIYIOIIEr0 YBEINYCHHS PAa3MEPOB YaCTHUIl U UX OCAXKICHHS.

Peakuust  THapoSH3a COJNICH aTFOMHUHHS B BOJAHBIX PAcTBOPax MPHBOIUT K 0Opa30BaHHUIO
HepacTtBopuMoro ruapokcuaa amomunus AI(OH)s u cunbabix kucoor [1-3]:

Al; (SO4)3+ 3H20 < 2A1 (OH)3 |+ 3H2 (SO4)
Al(OH)2Cl + H20 < Al (OH)3|+ HC1
[Al3(OH)4]Cls+ 5H20 «> 3A1 (OH)3|+ 5HC1

B npucyrctBuM  ruzppokapOOHAaTOB  (IIETOYHOCTH)  HPOMCXOOUT  HEeHTpanuzanus
00pa3yroIuXCcsl KUCIOT U CHUYKEHHUE IIEJTOYHOCTH BOJIBI 10 PEAKLIHUAM:

H2 SO4 +2NaHCOz+> Nap(SO04) + 2CO2+ 2H20
HC1+ NaHCOz«+> NaC1l + COx+ H.O

I'maponmu3  cynedaTta aqlOMUHUS TOPOMCXOJUT uepe3 00pa3oBaHME PacTBOPUMBIX
TUIPATUPOBAHHBIX TUAPOKCOMILIEKCOB MO PEAKIUSM :

[Al(H20)6]*" + H20 < [Al(H20)s(OH)]** + H:O*
2[Al(OH)(H20)s5]* <> [Al2(OH)2(H20)g]“*+ 2 H,0
[A|2(OH)2(H20)8]4++8H20 <—>[A|4(OH)6(H20)12]6++4H30+

OKCI/IXJ’IOPI/IHBI U  TOJUOKCUXJIOPUJBI ATFOMHUHUA B OTIUYHUC OT cynL(baTa AJIIOMHMHHA HE
COACPIKAT TPCXBAJICHTHBIX HMOHOB AJIIOMUHHA, U HU3HAYAIBHO HNPCACTABIIAIOT c000M YacTHYHO
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rugposnzoBanibie MoHOMepsl Buaa [Al2(OH)s JC1 wiu cMech pacTBOPHMBIX ~ MOHOMEPHBIX H
OJIUTOMEPHBIX OKCUXJIOPUIOB ATFOMUHUS C 001IeH HopmyInoi:

[AI(OH).ClynHoO]m , rie a = 1,2-1,4; b = 3-a; n = 2,4-4,5; m = 1-5

[TpropuTeTHBIMH TIApAMETPaMHU OYUCTKH BOJbI HEOPTaHMYECKUMH KOaryJIsIHTaMH,
onpenesaomuMu 3G GEeKTUBHOCTD X IPUMEHEHUS, SIBJIETCS 1032 U IIEJI0YHOCTb BOJbI [ 1], KoTOphIE
OOBIYHO OMPENEeNAIOTCA SKCHEPUMEHTAIbHO. B OTCYTCTBHM SKCIIEpPUMEHTAJIBHBIX JAHHBIX 03y
cynbdara amoMUHMS 10 0€3BOAHOM COJM M LIEJIOYHOCTh OYMIIEHHOM BOJBI MOXHO ONPEICIUThH
pacyeTHBIM IIyTE€M, UCIONB3Yysl cTpouTenbHble HOpMBI U mpaBuia CHull 2.04.02-84 (paszen 6).
OnHako, 1aHHBIE ITOT0 pa3/ieNa He paclpoCTPAHSIIOTCS HAa COBPEMEHHbBIE KOAryJITHTbI, OKCUXJIOPUIbI
U TOJIMOKCUXJIOPU/IBI AJIFOMMHMSI, U HE IO3BOJIAIOT OIPENEIUTHh A03Y KOaryjiasHTa IO OKCUAY
QJIFOMUHUS, OCHOBHOMY BELIECTBY IIPOM3BOAMMBIX B HACTOAILIEE BPEMsI TOBAPHBIX KOAT'YJISIHTOB.

B oro0if cBs3um menpio naHHOW paboThl ObUIa ajanTanys CYHIECTBYIOIIMX PAaCcUYeTHBIX
CIIOCOOOB  OIpENeNIEHUs] 7103 KOAryJIsHTOB M LIEJIOYHOCTH OYMILEHHOM BOBI MPUMEHHUTENBHO K
OKCHUXJIOpUJAM U MOJIMOKCUXJIOPUIAM AJIFOMUHMSI pa3HOH OCHOBHOCTHU B 3aBUCUMOCTH OT MYTHOCTHU
U LIBETHOCTH NPUPOAHOI BoJbl. [IpoBeeHO Takke CpaBHEHHME C aHAJOIMYHBIMU NapaMeTpamMu 1Jis
cynbdara amomuaus (CA).

OObexTaMH MCCIIEJOBaHUHN SIBUIIUCH CyJb(aT aJIOMUHUS, OKCUXJIOPU] ATIOMUHHS MapKu
«QIIOXA» n MOJIMKCUXJIOPH/IbI aJIFOMUHUS Pa3HOM OCHOBHOCTHU OTEUECTBEHHBIX MapoK AKBa-
Aypatr 10 (AA10), AkBa-Aypar 18 (AA18) u AxBa-Aypat 30 (AA30) ¢upmbr OAO «Aypat»,
OpyTTO-POPMYIIBI KOTOPBIX H3BECTHHI [1]. MICXOMHBIE M pacyeTHBIC XapaKTEPUCTUKHA ATFOMUHUI
COJIep KALIMX KOAryJIsiHTOB IpeACTaBIeHbI B Tabuuue 1.

Tabmuma 1. McxoqHple U pacueTHBIE XapaKTEPUCTHKH aTIOMUHHUI COIEPIKAIIIX KOATyITHTOB

Koarymsar; dopmyna Koarymupyrommii Mou. O, K=
OCHOBHOCTb,% HOH Macca MI/MMOJTBb | Dix/Doxeun
CA Al (SOa4)3 A1 342 57 3,35
DIIOXA,; [Al2(OH)s ]C1 [Al2(OH)s]* 1745 1745 10,24
83,3% [Al2(OH)22]Cl1g | [Al(OH)s2]%8* 189,3 105,2 6,18
AxkBa-Aypar
10; [Al [Al (OH)120]*"** | 109,6 64,1 3,77
70% (OH)1,29]C11,71
AxBa-Aypar [Al (OH)129]4 71" 109,6 64,1 3,77
18; [Al
43% (OH)1,20]C11,71 - 102 17 -
AxkBa-Aypar
30; AlO3
43%
Oxkcun
ATFOMUHUS

* Maccy MMOJIb-3KBUBaJIeHTa KOaryisHToB (OK) Haxowiu mo ¢opmyine: Ok= M/nB, rae
M-MonekyisipHas Macca KOaryJsiHTa, N-KOJIM4eCTBO KOATyJIUPYIOIUX HOHOB, B-CTETIEHb OKUCIICHHUS
(BaJICHTHOCTH ) KOATYJIUPYIOIIETO HOHA.
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Ha ocHoBe nanHbIx Tabmuuel 1 mpeiokeHa cienyromas Gopmyna ajs nepecuera J03bl
KoaryJsiHTa 1o 6e3BoHoi coiu i B 703y 10 OKCUAY aTFOMHHHUSA:

,Z[oxcm[ = I[K / K, Mmr/, I[MB,

rae K—koaddunuent nepecuera mo tabmuie 1. OTtkoppekTupoBaHHas GopMmyia s
OTIpPEJICIICHUS JI03bI KOAryJIsTHTa 110 OKCHJy QJIFOMUHUS B 3aBUCUMOCTH OT IiBeTHOCTH (L1) ncxomnou
BOJBI MIMEET BUJI:

oKeHy = (4\/ 1) /K, mr/mm®

[Ipu McHOIB30BAHNH TTOTMOKCUXJIOPUIOB ATFOMHHUS IIETOYHOCTD OUUIIeHHOM BOABI (1]xon)

CTaHOBHTCS MeHbIIIE, 4eM UCXOTHOH (ILlucx), M MOXKET OBITH OTpeieIeHa 110 cenyroImuM Gopmynam:

]-HKOH = H-Incx - I[oxcym/ aoxcn;la s MMOIJIB/, I[M3
H—IKOH = H-Incx - I[K/ O , MMOJIb/ I[M3

PesynbTarel mpoBeIeHHOTO IepecdeTa 103 KoaryistHTa o 0€3BOHON COJIH, TTPEICTABICHHBIX
B Tabnune 16 CHull 2.04.02-84, B 103bI 10 OKCUAY aTIOMUHUS ISl TTOJTUOKCUXIIOPUIOB pa3HOM
OCHOBHOCTH U CYJb(aTa aJlOMUHUS B 3aBUCUMOCTH OT MYTHOCTH MCXOJHOW BOJBI B IUAIIAa30HE OT
100 10 1500 mr/am® mokasaHmb! Ha pucyske 1.

30
(42} 25 y= 213695)(0,3052
E .
g .......................
; S R
- R g =
gf ........... - ——
S15 e
x .
(o]
8 10 y= 1,2875x9305
©
[s2)
=i
5 y= 0;7715)(0,305
0
0 200 400 600 800 1000 1200 1400 1600

MyTHOCTb MCXOA4HOM BOAbI,, Mr/aAM3

—@— CA oKcug, Jnoxa AA10 AA18(30)

Pucynok 1. 3aBUCHMOCTBH J103BI KOATYJISTHTOB OT MyTHOCTH UCXOJTHOM BOJIBI

Kaxk cnemyer u3 puc.l, Bce KpuBble 3aBUCUMOCTH J03bI KOAryJIsTHTA OT MYTHOCTU MUCXOTHOM
BOJIBI C JIOCTOBEPHOCTHIO R?=0,93 ommchIBaOTCS CTEMEHHBIMH (GyHKIMAMH. IIpH 5TOM pacueTHbIE
710361 TTOJIMOKCUXJIOPHUIOB AIFOMHUHUS HIDKE, YeM Uil CysibdaTa aTlOMUHHUS, U YMEHBIIAIOTCS C
YBEJIMYEHUEM OCHOBHOCTH MOJUOKCUXJIOPUAOB aTFOMUHMUS, YTO COTITIACYETCs C Pe3yJibTaTaMu paHee
MPOBEACHHBIX UCCenoBanwii [1,2].

BriBoabl
1. IlpencraBneHbl  pacyeTHbIE 3aBUCHUMOCTU JJIsi ONPEAENCHUs IIETOYHOCTH BOJBI U 103
MOJUOKCUXJIOPUIOB AFOMUHHS TMPU OYUCTKE MPUPOAHBIX BOJ B 3aBUCUMOCTH OT OCHOBHOCTH
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KOaryJisiHTOB, MYTHOCTH U LIBETHOCTH BOJbI, KOTOpbIE€ MOTYT OBITb HCIOJB30BaHbl MPH
MPOEKTUPOBAHNUH PEATCHTHOI'O X031MCTBA BOJOOUYUCTHBIX CTAHIUM.

2. IlomyueHbl cTeneHHbIE 3aBUCUMOCTH  ONTHUMAJIbHOW J03bI Cylb(ara allOMUHUS U
MOJMOKCUXJIOPUIOB aTIOMUHUS Pa3HON OCHOBHOCTH OT MYTHOCTH MCXOIAHOM BOJBI.
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AHHOTanus

PaccmarpuBaroTCsi METOABl COBEPLICHCTBOBAHMSI IPOECKTUPOBAHMS, CTPOUTENIBCTBA U
JKCIUTyaTalldd CUCTEM BOJOOTBEJEHHUS JUJIi OTBOJIAa CTOYHBIX BOJ. AKIEHTHUPYETCS BHHUMaHUE Ha
METOJIMKE pacdeTa BOJOBOJOB M KOJMYECTBA MEPEKIIOUECHUN MEXy HUMH B LESIX 0OecreyeHus
OecriepeOoitHOI 1MO1aYM CTOYHBIX BOJ 0€3 aBapuitHOTO cOpoca UX B BOJIOEM.

KiroueBnle cjaoBa
CucremMbl BOJOOTBEICHUS, HACOCHBIC CTAHIIMH, BOJIOBOIBI, HAJCKHOCTh

Teopus

B nacrosimee Bpems B Poccun BeyTcs pabOTHI 110 aKTyalTu3aliiil HOPMAaTUBHBIX TPeOOBAHUI
IIPOEKTUPOBAHUS, CTPOUTENbCTBA U SKCIUTyaTalldd CUCTEM BOJOCHAOKEHHUS M BOJOOTBEACHUS C
0000IIEHNEM U YUETOM 3apyOeKHBIX CTAaHIAPTOB, 0€3 UX OO0CYKICHHS, a TaK)Ke MHEHUI BEIyIIHX
CMELUAINCTOB [0 3TUM HAIPABJICHUSAM HAa HAYYHbIX KOH(PEPEHIMIX.

Ecin ydecth naHHOE 3aMedyaHHME, TO MOXKHO CHU3MTh HETOYHOCTH IpPU pPEJaKTUPOBAHUU
TpeOOBaHUI MO NMPOEKTUPOBAHUIO CUCTEM MOJA4YU CTOYHBIX BOJ JUIsl OOBEKTOB KUJIOW 3aCTPOUKH.
Hanpuwmep, TtpeGoBaHHMS TNPOSKTUPOBAHHMS HACOCHBIX CTAHIUMA CHUCTEM  BOJOOTBEACHUS
IPOEKTUPYIOTCS B COOTBETCTBUM C AKTYaJM3UPOBAHHBIMH HOpPMAaTUBHBIMU TpeOoBaHusMHU [3],
KOTOPBIE BOCIIPUHUMAIOTCS M TPAKTYIOTCS HE OJHO3HAYHO M He 0e3 mpoTuBopeunid. B wactHoOCTH,
IIPOTUBOPEYMS BOZHUKAIOT 110 CTETNIEHU 00€CIIeYeHHOCTH MOAa4YH BOJIbI M KJIACCU(PUKAIIMN HACOCHBIX
CTaHIMUA 1O KaTteropusiM. YTBepxkaaercss (cm. 1m.8.1.1[3]), 4TO HacOCHBIE CTAHIIMU CHUCTEM
BOJIOOTBE/ICHUS MOAPA3/EIAIOTCS Ha TPU KaTerOpUM MO HA/IEeKHOCTH AEeHUCTBUS, a HUXe (cM. 8.2.6
[3]) yrounsercs, ... «4MCI0 HAMOPHBIX TPYOOIPOBOJIOB OT HACOCHBIX CTAHIIUU JIOOOM KaTeropuu
Ha/IeKHOCTH JIeHCTBHUS HEOOXOAMMO MPUHUMATh HA OCHOBAHUHU TEXHUKO-3KOHOMHYECKUX PacueToB
C Y4E€TOM BO3MOXHOCTH YCTPOMCTBA aBapuHHOTrO BhINYyCKa (IEpernycka), peryaupyroiieil eMKOCTH,
HCIIOJIb30BAaHUS AKKYMYJIHUPYIOLIEH BMECTUMOCTH MOABOISALIEN CETH, NOIYCKAEMOIO CHH)KECHHS
Bogonorpednenuss cornmacHo CII 31.13330». Otmerum, yro B CII mo HapyXHBIM cHUcTeMaM
BOJIOCHAOXXeHUS [4], HACOCHBIE CTAHLUU KJIACCU(PUUUPYIOTCS HE MO KaTETOpHsM HAJEXKHOCTH, a
KaTeropusiM CTENEeHH 00eCeueHHOCTH noAauu Bojbl. CenoBaTebHO, U HACOCHAs CTaHIUS, KaK €€
MOCJIEZI0BATEIbHBIA 3JIEMEHT, JOJDKHA YIOBJIETBOPATH TpeOoBaHUsAM | Kareropum mo ycioBHUAM
1oJlauu BOAbI. YHCIIO HAMOPHBIX  TPYOONPOBOJOB JIOJKHO MPUHUMAThCA HE MPOU3BOJILHO, a HE
MeHblIe 2-X. Ecy BO3HMKAIOT OTKa3bl HAa BOJOBOJAX, TO MOCIEACTBHS OT UX HEPaOOTOCTIOCOOHOCTH
HE JOJDKHBI CKa3bIBaTbCS Ha YCIOBME IMOJA4YM BOJBI MOTPEOUTENAM. YBETUYEHUE MPOIYCKHON
CIIOCOOHOCTH BOJIOBOJIOB IPU OTKa3€ Ha JIOOOM M3 HUX OOecledyuBaeTcs 3a CYEeT YCTpoilcTBa
MEPEKIIIOYEHU I MEX/1y PEeMOHTHBIMH yJacTKaMu (cM. puc. 1), Tnbo yBeIrnueHHeM YHCiIa BOJIOBOIOB.
KomnnuecTBo peMOHTHBIX y4acTKOB N Ha Ka)KJI0OM BO/IOBOJI€ YCTaHABIUBAETCS TpadoaHaTUTHUECKUM
MeToAoM. Hanmnume peMOHTHBIX y4acTKOB Ha BOJOBOAAX IO3BOJSET 00ECHEeYUTh HEOOXOIUMYIO
110/1a4y BOJIbI TOTPEOUTEIISIM B IIEPHO/ BOCCTAHOBIIEHHUSI HEUCIIPABHOCTHU TPYOOIIpoBOOB (cM. 1. 11.4
[4]). B aTOM He TpynHO YOEIUTHCS, €CIM MPOAHAIM3UPOBATH PE3YIbTAThl IKCIEPUMEHTAIBHBIX
UCIBITAHUNH COBMECTHOM pabOThl HACOCOB M BOJOBOJOB, MPOBOJAMMBIX HAa HACOCHBIX CTAHIIMSIX
00bEeKTOB T'. MOCKBBI 1 MOCKOBCKOM O0JIaCTH, a TakK€ pacdyeTbl HEOOXOJMMOTo KOJIWYEeCTBa
PEMOHTHBIX Y4acTKOB N Ha KaXkJ1oM BojoBoze [1].
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Pucynox 1. Cucrema nogauu BoAbl ¢ HATOPHBIMU BOJIOBOJAAMU
a - IPY HOPMAJILHOM PEXHME; O - IPU OTKJIIOUYEHUH PEMOHTHOT'O y4acTKa

JlomycTuM, 9TO JUIMHA PEMOHTHOTO ydacTka Kakaoro Bogooxa | = L/n, rme L — nmuna
OJTHOTHITHOT'O BOJIOBO/IA, N - YHCJIO PEMOHTHBIX yuacTKoB. Ha npakTrke notepu Harmopa h B BojoBojie
ompeenstoTes no Gpopmyse

h=i-L -k (1)

rae s — noTepu Haropa B BOIOBOE JUIMHOU L, M;

i — TUIPAaBIMYECKUN YKIOH (yIeNbHBIC TOTEPU HANIOPA HA €AWHUILY JJTUHBI);

k=1,1 +1,2 — KO3 PHUIHMEHT, YINTHIBAIOIIHIA TOTEPU HAIOPA HA MECTHBIE COMIPOTUBIICHUS 110
IUTHHE TPYOOIIPOBOA.

[Ipu rpadoaHaTUTHUECKUX OLIEHKAX YCIOBUH COBMECTHOW pabOTBHI HACOCOB M BOJIOBOJIOB C
NEPEKITIOYEHUAMHI BBOJUTCS MOHATHE YAEIBHOI'O CONPOTHBIIEHUS] PEMOHTHOIO y4acTKa S MM BCETO
BosoBOga S = SN, a popmyna (1) mpuBOAUTCS K BUIY

h= sn(%)z = S(%)Z, 2)

rae Q — pacueTHas mojaya BOJEI IO BOJOBOAAM, M/C;

M — KOJIMYECTBO BOJIOBOIOB.

[Ipu BoccTaHOBIIEHHH BOJOBOJIOB OJIMH U3 €r0 YYaCTKOB OTKJIFOUAETCS HA PEMOHT M Pacxojl
Bo/bI Oqp OfaeTes 10 (n-1) yaactkam. Jlomyckaercs [1], 4To Sue. cuc. = (n-1) s, a mpu m=2

h, =S(n—1)%a+SQ§ =@Q:- (3)

COOTHOIIICHHE COTTPOTUBIICHUI BOJAOBOIOB TIPH aBAPUU Sug.cuc. U HOPMATBHOU padoTe  Scuc.
olleHHUBaeTcs 1o popmyne

S  n+3
Sus.cnc= & - Scuc, a == ) (4)
S n

cuc.
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Ecmu:n=2,tT0a=2,5;n=3,T0a=2;n=5,toa=1,6;n=10,Toa=1,3 u ..

Kak mnoxazanu pe3yapTaThl JKCHEPUMEHTANbHBIX UM aHAJIUTUYECKUX HCCIEOBAHUM,
JOMYIIEHUE O MOCTOSHCTBE YAEIHHOTO COMPOTUBICHUS § KaXKJOTO PEMOHTHOIO Y4acTKa BOJAOBOIOB
P HOPMAJIBHOM W aBAapUHHOM IMOga4ye BOABI, pacdyeThl MO ompeneiacHuto n mo Gopmymam (3, 4)
MIPUBOAAT K 3aBBIIICHHBIM OIEHKAM B HECKOJIbKO Pa3, MOCKOJBKY S#Sn , II€ Sp- CONPOTUBIICHHE
PEMOHTHOTO Y4acTKa.

3arparbl SHEPTUU Ha NEepeMelleHHe TypOYJIEHTHBIX TTOTOKOB BOJBI /I 3aBUCST HE TOJIBKO OT
IIEPOXOBATOCTH BHYTPEHHEW MOBEPXHOCTH TPYO, HO M CHJI BHXPEH, MEHSIOIIUXCS MPU KaXKIOM
3Hauenun Q;=f(t;), tae t; -Bpems B ¢, 4. HarmsagHo momoOHas 3aBUCHUMOCTH BBISBISICTCS Ha
mabopaToOpHBIX CTEHAAX, JIMOO TMPU TOCTPOCHHSIX TI'paUKOB COBMECTHOH pabOTHI HACOCOB U
BOJIOBOZIOB [UIsl PACYETHBIX CIIy4aeB IOAa4d BOABI B YaCc MaKCUMAaJbHO-XO3SHCTBEHHOTO
BOJONOTPEONCHUS O max. xo3. B B YaC MOXKAPOTYIEHHUS O wax. xo3.+ nokap. ECIU TOAPOOHO BBIOIHSITH
TUIPABIMYECKUE PAcueThl CHUCTEM IOJa4yM BOJbI Kak KojblleBble ceTd Ha DBM, To Henz0exHO
BBIIAFOTCS PACIICUATKH JAHHBIX C IIEPEMEHHBIMU 3HAYCHUSIMHA CONTPOTHBIICHUH Y4aCTKOB BOJIOBOIOB
hn.

UTo0B! 1OI00HBIC HECOOTBETCTBHSI HE JIOIMYCKaTh, HEOOXOAMMO HE TOJIBKO CTPEMHUTHCS K
YIPOILIEHUIO PAcyeTOB, HO OoOJiee TIIATENbHO MOAXOAUTh K BOMPOCAM TEOPUU THIPOAMHAMUKH U
HAJC)KHOCTH COOPYKEHUI CHCTEM BOJIOCHAOKEHWSI M BOIOOTBEACHHUS, O YeM HEOJHOKPATHO COO0IIAI
H.H. AbGpamoB Ha Bcex HayuHbIXx KoH(epeHuusx [2]. Ecam cucrembl BogocHaOXKeHHS U
BOJIOOTBE/ICHHUSI B3aWMOCBSI3aHBI YCIIOBUSIMU BBITIOJHEHHSI TPEOOBAHHA €IUHOTO ITOTPEOUTEIIS,
(MpakTUYeCKH) MO €AUHCTBY MapaMeTPOB MOAAYH BOJBI, TO U KJIACCU(DUIIUPOBATHCS OHU JOJDKHBI 110
eauHoMy mpaBmiry. O0 5TOM BCIIOMHHAIOT, KOT/Ia CCHUIAIOTCS Ha JOMYCTUMOCTh CHUKEHUS TMOJIa4u
BOJIbI CHCTEMOH BOJOCHAOXXEHUSI MPH HOPMUPOBAHUHU YCIOBHS IOJIaud BOABI KaHATU3alMOHHON
HACOCHOHW CTaHIMM JUIs aBapuiiHOW cutyaruu [3]. WM 3a0bIBAIOT, 9TO  MOTPEOHMTENIO CHUKCHUE
CYTOYHOTO BOJIOMOTPEOICHHUSI HE HOPMUPYETCS, TOCKOJIBbKY BOJIa MIPH BOCCTAHOBJICHHUH 3JIEMEHTOB
CUCTEMBbI BOJIOCHA0KEHUSI MOKET T10/IaBaThCs OT aKKyMYJIUPYIOIIMX E€MKOCTEH, a He cOpachIBaeTCs
B BozioeM. [lepBasi u BTOpasi CUCTEMbI BBHIIOTHSIOT (DYHKIIUH 3aIIUTHI 3[0POBBS YEIOBEKA U OXPaHbI
okpyxatomiei cpenpl. COpOC CTOYHBIX BOJ B BOJOEM HE MOXET CUHUTATHCS JIOMYCTHUMBIM, €CIIH
CUCTeMa CIOCOOHA HOPMAalbHO (PYHKIIMOHUPOBATH MPHU MPABUILHOM YCTPOMCTBE M HKCILTyaTalllu.
DTO B MEpPUOJl pa3pyxH, KOTJa CTpaHa MOJHMMANIaCh M3 PYWMH IOCTE BPAXKECKOTO HAIIECTBUS,
HSKOHOMHIIM Ha BCEM, HE XBaTall0 HU MaTepUalbHbBIX, HU YHEPTeTUUECKUX, HU TPYIOBBIX PECypCOB
JUTSL BOCCTAHOBJICHUS U CTPOUTEILCTBA HOBBIX JKUJIBIX M TIPOU3BOJICTBEHHBIX 00BheKkTOB. [Ipommuio 80
JeT M B CTpaHE HAKOIUJIEH MOTEHIMAN A MPHUHSITHS ONTUMAJIbHBIX WH)XKEHEPHBIX DPEIIeHUIl o
MMPOCKTUPOBAHUIO, CTPOUTENIBCTBY W OIKCIUTyaTallid CHUCTEM BOJOCHAOKEHWS W BOIOOTBEIICHUS.
YCTpoiicTBO aBapuUHHOTO BBHIMYCKa TMepel] KaHATW3alMOHHOW CTaHIMEeW MOXHO JO0MycKaTh, HO
WCIIOJIb30BaTh TOJIBKO TSI KAaTacTPO(QUUYSCKUX CUTYalMil (B TIEPUON BOCHHBIX, JIHMBEPCHOHHBIX,
HempeackazyeMbix  coObiThif). [lmaHOBBIE peMOHTHBIE pPabOTHI  CHCTEM TMOAA4Yd  BOABI
MPOTHO3UPYIOTCS, a aBapUWHBIE MOTYT BBIIOJNHATBCA TaK, UYTO JOIMYCTUMAas IPOITYCKHAS
CHOCOOHOCTh CHCTEMBI BOJOCHA0KEHHUS HIIM BOJIOOTBEACHHS COXPAHSETCS 32 CUET PE3CPBUPOBAHUS
BOZIOBOJIOB, HACOCHBIX arperaroB, PEryJUPYIOIIHX €MKOCTEH, YCTPOWCTB TMEpPEKIIOYEHUA Ha
TpybompoBonax u T.Ja. Tak 3aueM HOPMHUPOBaTH COPOC CTOYHBIX BOJA B BOJOEM HIIM CHHUXKATh
notpebieHue Boabl Ha o0bekTe? HeoOXomuMo COBEpIIEHCTBOBATH TPEOOBAHUS MO HAAS)KHOCTH
CUCTEM BOJIOCHAOKEHUS ¥ BOJAOOTBEICHUSI.

BriBoabI
1. AHanu3 aHAIUTUYECKUX U SKCIEPUMEHTAIBHBIX UCCIECIOBAHUI OLIEHKU MOAaYu BOMBI 11O
BOJIOBOZIaM HacocaMH Ha o0bekTax I. MOCKBBI 1 MOCKOBCKOM OOJIACTH MOKa3aj, YTO OMpeeIeHHe
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KOJIMYECTBA PEMOHTHBIX YYaCTKOB Ha BOJOBOAAX HEOOXOAMMO BBIMOJHATH METOAOM HUTEpaluii, ¢
UCTOJIb30BaHNEM I'padoaHANUTHIECKUX METOZOB pacueTa KOJIBIEBBIX TPYOOIPOBOAHBIX CHCTEM.

2. TpeboBanus 1O (PYHKIMOHUPOBAHUIO COOPYKEHUH CHCTEM BOJOCHAOXKEHUS U
BOJIOOTBEJICHUS HEOOXOJMMO HOPMHUPOBATH B MOJTHOIN B3aMMOCBSI3U C YCIOBUSIMH MOJa4d U OTBOJA
BOJIbI JUIs TOTpEOUTENEH €IMHOTO OOBEKTA.

bubanorpadus
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Ilpeumywecmea u Hedocmamku YacCMoOmMHO20 pezyiAmopa no0a4u 600bl 6 CUCHIEMAX
8000CHAOICCHUA

3eepee C.A.* (MI'PHU, lilpeep19962007@gmail.com),
Kykoe b.B. (MI'PH, zhukovbvi@wmgri.ru),
Ilempaw E.II. (MI'PH, petrashep@mgri.ru)

AHHOTaNus

B cratbe “IIpenmyiniecTBa 1 HEIOCTATKU YaCTOTHOIO PETYJISTOPA MOJAa4u BOJbI B CHCTEMAX
BOJIOCHAOXKEHHS OMUCHIBACTCS MPUHIIUIT PAOOTHI YaCTOTHOTO PEryIsITOpa MOAAaYu BOJIbI, ChEephl B
KOTOPBIX €ro MOXHO HPUMEHHUTh, MPEUMYIIECTBA U HEJOCTATKH HCIOJIb30BAHUS YacCTOTHOTO
pEryyaTopa Mmojiayu BOJIbl B Pa3HBIX CUCTEMAaX BOJOCHAOKEHUS.

KiroueBnle cjaoBa
Bopocnabsxenue, 4aCTOTHBIIN PeryisiTop, HaCOChI, PEryJisiiys, JaBJICHHUE

Teopus

YacrotHsrii perynstop nogauu Boasl (UYPII) — ato yerpoiicTBo, KOTOpoe yrpasiseT padoToit
HAaCOCOB B CHCTEMaX BOJOCHAOXEHMs, U3MEHssS YacTOTy BpallleHUs SJeKTpojBurarens. Takas
TEXHOJIOTUSl AaKTUBHO IMPHUMEHSETCA B OBITOBBIX, NMPOMBIIUICHHBIX M KOMMYHAQJIBHBIX CHCTEMax
Omarozaps cBoeil ciocoOHOCTH ONTUMH3UPOBATH pabOTy 000PYyI0BaHUS.

OcHoBHo#t npunHuun padotrsl YPII. CkopocTh BpamieHusi JBUraTells Hacoca 3aBUCUT OT
4aCTOTHI TIEPEMEHHOr0 TOKa, MojaBaeMoro Ha Hero (oO0eraHo 50 I'm B cranmaptHO#l cetn). YPII
U3MEHSIET 3Ty YacTOTy, YTOObl HAacoC paboTaj ¢ HYXHOW NPOU3BOAUTEIBHOCTBIO, MOAJAEPKUBAs
JIaBJICHHUE Ha 3aJJaHHOM ypoBHe. J[Jil 3TOr0 YCTPONCTBO MUCHOIB3YeT OOPATHYIO CBSI3b OT JATUYHUKOB
JABJICHUS U DJIEKTPOHUKY JUIsl TOYHOM PEryJIUPOBKH.

Kommnonentsr YPII

o 1. Beimpsimurens: [Ipeobpa3yeTr nepeMeHHbIN TOK U3 CETH B OCTOSHHBIM.

. 2. UnBeprop: I'eHepupyeT NEpEMEHHBIM TOK C PETYJIUPYEMOM 4YacTOTOW H
HaIpsHKEHUEM JUISl IBUTATEIIS.

. 3. MukpormpoieccopHbiii  koHTposuiep: OOpabaThiBaeT MaHHBIE OT JaTYMKOB M
YIPABIIIET HHBEPTOPOM.

. 4. Jlatuuk nasieHus: M3mepser Tekyllee 1aBIeHUE B CUCTEME U NEPEAAET JaHHBIE B

YPII.

Ynpoménnasa cxema padorsl YPIL. Cuauana YPII usmepser naBieHue, ¢ MOMOILBIO
CIELMAJIbHO YCTAHOBJICHHOI'O NaTYMKa JAaBJIEHUs, €CJIM OHO HE COOTBETCTBYET 3apaHee 3aJaHHOMY
3HAYEHHUIO, KOTOpPO€ HEOOXOAMMO MOTPEOUTENI0, TO YCTPOHCTBO PACCUMUTHIBAET, KaK HYKHO
U3MEHUTh CKOPOCTh BpAaLIEHUs JIONAcTe Hacoca, 4TOObI NPUBECTH JaBJIEHHE B CHUCTEME K
HeoOXoIuMOMY 3HaueHuto. Ecinu naBiaeHue HIDKE 3aJaHHOro (Hampumep, H3-3a OOJIBIIOro
notpebnenuss Boabl), YPII yBenuumBaer wactoTy Toka (ckaxkeM, ¢ 35 I'm mo 50 I'm). Hacoc
yCKOpsI€TCS, yBEeNUWYMBas Mojady BOJAbl U AaBieHue. Eciu paBieHue Bbllle HOPMBI (IIpU MajioM
pacxojie), yactoTa CHUXKaeTcs (Harpumep, 10 25 I'r), Hacoc 3aMeIIeTcs, ¥ 1aBJIeHUE YMEHbIIAeTCsl.
WuBepTOp reHepupyeTr TOK ¢ HY)KHON 4acTOTON U HampsKeHUEM, oOecreunBas IIaBHOE U3MEHEHUE
CKOPOCTH BpallleHUsI HAacoca. JTO UCKIIIOYAET PE3KUE CKAUYKHU JABJICHMS U MEXaHMYECKHE Harpy3Ku
Ha obopynoBanue. YPII paboraer B pexxuMe peanbHOTO BPEMEHH, MOCTOSTHHO TOJydast JaHHBIE OT
JaTYMKa U MOJICTpanBasi YacTOTY, YTOOBI IaBJICHUE OCTaBAJIOCh CTAOMIIbHBIM.

I'1aBHBIE 1OCTOMHCTBA YACTOTHOIO PEryJiAiTopa MoAa4u.
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[lepBoe, 1 OJJHO U3 CaMbIX BaXKHBIX IPEUMYILECTB, BO3MOKHOCTD MOIEP>KaHUS CTA0UIBHOTO
JaBJeHUs (HArmopa) B CHUCTEME, 3TO HUCKIIOYACT CKAYKH JABIICHUS, YTO OCOOCHHO BAXKHO JIst
YYBCTBUTEIHLHOTO 000PYAOBaHUS U KOM(OPTHOTO UCIIOJIB30BAHUS B OBITY.

Bropoe, UPII mo3BossieT S5KOHOMHTD 3JICKTPOIHEPTHIO, 3aTPAaYNBAEMYI0 Ha paOOTy HACOCOB.
YacToTHBIN perynsaTop MO3BOJSET IUNIABHO PETYINPOBATh CKOPOCTh BPAILIEHHUS HACOCA B 3aBUCUMOCTH
OT TEeKyIIeH MOTPeOHOCTH B BOJIE, 9TO UM CHIDKACT SHEPromnorpedieHue, 0COOCHHO B CHCTEMaX C
MIEPEMEHHBIM PacX0JIOM, Iie TPAJAUIIMOHHBIE HACOCHI Pa0OTAIOT HA MOCTOSHHON MOIIHOCTH, AaXKe
KOT'J1a 9TO U30BITOYHO.

OnekTpornoTpediienne  OObIYHBIX ~ CKB@KHWHHBIX ~ HAcCOCOB ~ 4YacTO  MPEBOCXOAMT
ANEKTPONOTPEOICHIE HACOCOB C YaCTOTHBIM peryiupoBanueM Ha 30-50%. DTo mpoucxoaut u3-3a
TOTO, YTO peajbHble MOTPEOHOCTH B MOIIHOCTH Hacoca B IITaTHOM pexume B 1,5-2 pa3a MeHblile,
94eM MaKCHMallbHasl TPOU3BOUTEIILHOCTh HACOCA.

%]

Pucynok 2. XapakTepucTUKH Hacoca ¢ YaCTOTHBIM PETYIISTOPOM MOJJaud BOBI

Tpetbe, yBenuueHHe CpoKa CIyKObl 000pYIOBaHUs, TIABHBIMN MYCK M OCTaHOBKa Hacoca,
KOTOpPbIE 00ECTICYMBACT PETYIISATOP, CHIKAIOT MEXaHHUECKYIO HArpy3Ky Ha JIBUTATEIb, TOAITUITHUKA
U IPYTHE JIEMEHTBI CHCTEMBI. ITO YMEHBINACT H3HOC U YaCTOTY PEMOHTOB, IIPO/IJICBAst CPOK CITYKOBI
HAaCOCHOTO 000pYyIOBaHUSI.

YerBépTOe, CHUKECHUE THIPABINYECKUX yIapOB, O1aro1aps miiaBHOMY H3MEHEHUIO CKOPOCTH
paboThl Hacoca, YaCTOTHBIN PETyNIATOP MHHUMHU3UPYET THAPOYAAPHl — PE3KHUE CKAYKH JaBJICHUS,
KOTOpbIE MOTYT HOBpPEIUTh TpYyObl M (UTHUHTU. ODTO NOBBIIIAET HAJEKHOCTh BCEH CHUCTEMBI
BOJOCHAOXKEHUSI.

HOCJ’IG}IHI/IM BAXHBIM IPECUMYIICCTBOM JIAHHBIX HACOCOB MABJIACTCA KOMIIAKTHOCTDH
pasmereHus. [Jis 00bIYHOTO HAcOca MOTPeOyeTCs MIIOIAb IS pa3MenieHus 1-2 6akoB EMKOCTBIO
25-50 nuTpoB, pere AaBiaCHHS, Pejie XO0J0CTOr0 X0/1a U COMYTCTBYIOIIEH apMaTypHhI.

HenocTaTky 4acTOTHOTO PeryJisiTopa mojaadm.

Kak u mro0asi TeXHHMKa YacCTOTHBIM pPErynsiTOp HMMEET He TOJbKO JOCTOWHCTBA, HO U
HE/IOCTATKH.
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IlepBbIii, 1ieHa. YacTOTHBIE PEryJATOPbL, 3TO CIOXKHBIE 3JIEKTPOHHBIE YCTPOMCTBA, HX
MOKYTIKa MOTPEOYET 3HAYUTENIBHBIX BIOXKCHHIA YTO JJI1 HEOOJBIINX, B OCHOBHOM YaCTHBIX, CUCTEM
Takoe MpUoOpeTeHNE MOXKET 0Ka3aThCs AKOHOMUYECKU HEBBITOTHBIM.

Bropoe, mpubop 10cTaTOYHO YyBCTBUTEIIEH K BHEIIHUM YCJIOBUSM, SJICKTPOHHUKA YaCTOTHOTO
perynaropa Moxet ObITh yA3BUMA K MepenagaM HaIpsHKeHUs, TOBBIIIEHHOW BIIaXHOCTU WJIH MBLIH.
B cBsi3u ¢ 3TuM sydnie Bcero 3apaHee npenycMarpuBath it YPIL oTnenbHbI mkad4uk, 4ToOBI
n30exaTh NPeXIEBPEMEHHOI0 BBIX0/1a YCTPOMCTBA U3 CTPOS.

Tperbe, BBICOKAsk CTOMMOCTh OOCTY)KUBaHUS, IMPU MOJIOMKE, 3aME€HAa KOMIIOHEHTOB, KaK U
ctoumocth camoro YPII, oGoiaércs mocTaToOyHO IOPOro, YTO OMATH KE MOXKET OKa3aThCs
YKOHOMHYECKHU HEIEeIeCO00pa3HO Ik HEOOIBIINX CHCTEM WIJIH YaCTHBIX JIOMOB.

Pucynoxk 3. YactoTHslii mpeoOpa3oBaTens s Hacoca acr 1500 Bt

1 Hacoc, SQE

2 [nockuit NOABOAHbIN
Kabenb B BOQOHENPO-
Huuaemon obonoyke

3  XomyTbl gns
Kpennenus kabens

4 Tpoc n3 HepxaBsetoLen
cranu

5 KpenneHus tpoca

— 2 WT. Ha KaxXayo

NpoyLUNHY

HanopHas Tpyba

MaHomeTp

3anopHbIN BEHTUNb

Hatuuk nasneHus

0-6 6ap

10 Waposbliii kpaH

11 MembpaHHblit
HanopHbIii bak
8 n/76ap

12 MNpwubop ynpasnexus
n koHTponsa CU 301

13 Cetb anekTponuTaHus

14 CaH.Tex. npubop

O N

Pucynok 4. Cxema BOJIOCHA0KEHNS M3 CKBAKUHBI C YACTOTHBIM PETYJIATOPOM
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BriBoabl

YacroTHelii ipeoOpa3oBaTenb MOAaYM — 3TO COBPEMEHHOE peIIeHUE, KOTOPOe HJICaIbHO
HOJIXOAMUT JUIl CHCTEM, B KOTOPBIX IPUCYTCTBYET CHJIBHO HECTaOMJIbHOE BOJONOTpebIeHHE,
obecrieynBasi IKOHOMHIO PECYpPCOB, CTAOMIBHOCTh U JIOJTOBEYHOCTh 00OpymoBaHus. OmHAKO ero
IPUMEHEHHE TpeOyeT TIATEIbHOIO AaHAlIM3a: BBICOKAs CTOMMOCTb M CJIOKHOCTb 3KCILTyaTalluu
MOTYT CTaThb OTrPAaHUYMBAIOIIMMHU (DaKTOpaMu, H3-32 YE€ro B HEKOTOPBIX CHTYalUAX TaKoe
TEXHUYECKOe pemeHue kak ycraHoBka YPII MoxkeT craTh HEOnpaBIaHHO TOPOTUM YAOBOJIBCTBUEM,
ocoOeHHO nysi HeOompmMX WM HpocThix cucteM. llepen BHenpenunem YPII BakHO OIICHUTH
NOTPeOHOCTH CUCTEMBI, OIO/DKET W YCIOBMS 3KCIUTyaTallMM, YTOOBI MPEUMYIIECTBA TEXHOJIOIMU
IIEPEBELINBAJIN €€ HEJOCTAaTKHU.

bubaunorpagus

1. becnanos B. 4. [lepcrnieKTUBBI CO3/]aHUsI OTE€UECTBEHHBIX JICKTPOABUTATENICH
HOBOTO IMOKOJICHUS TSI YaCTOTHO-PETyIupyeMoro snekrpornpusoaa // ADI1-2004,
Marnuroropck,14-17 centsiopsa 2004 r., C.24-31

2. JleznoB b. C.HacTOoTHO-perynupyemblii 3J1IeKTPONIPUBOJT HACOCHBIX YCTAaHOBOK. —
M.: Mammunoctpoenue, 2013. - 176 c.
3. [Ipenmy1iecTBa U HEAOCTATKN CKBAKUHHBIX HACOCOB C YaCTOTHBIMU

npeodpaszoBaresssMu, oKTa0ps 2023, https://www.str37.ru/stati/preimushchestva-i-nedostatki-
skvazhinnyh-nasosov-s-chastotnymi-preobrazovatelyami/
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AHHOTanus

BrlmotHeHa OIleHKa ypOBHSI aHTPOTIOTEHHOM Harpy3Ky Ha BOJIHbIE 0OBEKTHI Oacceiina p.Y (bl
Y YCTAaHOBJICHBI MHJIEKCHI MX 3arpsi3HEHHOCTH. [Ipu 3TOM HMCHOJIB30BAIMCH MMOKA3aTENN HArpy3Ku
CTOYHBIMU BOJAMHU MPOMIOPEANPUATAN W 3arpsA3HSAIONIMMUA  BEIIECTBAMH B CpPaBHEHUU C
HOpPMAaTUBaMU JIOMMYCTUMBIX cOpocoB. [Tokazano, uto p. Y da B esiom, a TaKKe €€ OCHOBHBIC TPUTOKH
XapaKTePU3YIOTCS BBICOKUMH 3HAYCHHUSIMU QHTPOMOTCHHOW HArpy3KW M HUCIBITBIBAIOT «BOJHBIN
CTPECC» B MAJIOBOJIHBIE TOJIBI.

KiroueBnle cjaoBa
Boanbie o00bexkThl OacceliHa p. Ydbl, CTOYHBIE BOJBI, HAarpy3ka 3arpsA3HAIOIIUMU
BeICCTBaMU, HHACKC 3an$I3HéHHOCTI/I BOJ

Teopus

B ropozae Ya - cronuue pecniyonuku bamkoproctas, mpoxuBaet 1,2 MiIH. 4el., KOJIUYECTBO
NpeanpusaTHil - Bojomosb3oBaTenedl  cocrasnseT 1587. Boanble pecypchl 1O TeppUTOpUU
pecnyOunke pacnpezeneHbl HepaBHoOMepHO. Hanbonee 00:kuThie pailoHbI ¢ BBICOKOM MOTPEOHOCTHIO
B BOJe (3amajHbli, IOXKHBIN, LEHTPAIbHBIA bamKkopTrocTaH) OTIMYalOTCs OETHOCTHIO BOIHBIX
pecypcoB.

Llenpto naHHON pabOTHl SBISETCA OICHKA BIUSHUS  XO3SHCTBEHHO-OBITOBBIX U
MIPOU3BOJICTBEHHBIX CTOYHBIX BOJ Ha BOJHbIE OOBEKTHl Y¢BI [JI COXpPaHEHHS KauecTBa
CYLIECTBYIOIUX BOJHBIX OOBEKTOB U CHUKEHUSI YPOBHS UX 3arpsi3HEHUSI.

OcHoBaHMEM JIJ15 OLIEHKH BIHMSIHHS COPOCOB MPOMBIIIJICHHBIX M X031 CTBEHHO-OBITOBBIX CTOYHBIX
BOJ Ha COCTOSIHME peK Yda W e€ MPUTOKOB SBIAIOTCA KpPUTEpPUU O€30MacHOCTH, KOTOpHIC
(bopMHpYIOT ycl0BUs s oOecredeHus] HeOOXOJMMOT0 TEXHOJIOTHYECKOTO COCTOSIHUSI JIOKaIbHbBIX
OUYHCTHBIX COOPYKEHUN MPEANPUITUNA U KaHATU3AIMOHHBIX OUMCTHBIX COOpYKeHuM ropoza [1].

Jlna vccnenoBaHus UCIIOJIB30BAIMCH JAaHHBIE MOHMTOPHHIA KayeCTBA MOBEPXHOCTHBIX BOJ
Pecniy6nuku bamkoproctan u pe3ynbTaThl UCCiaeAoBaHU yUEHBIX [2]. B ganHOM paboTe n3ydeHo
BJIMSIHME TIPOMBIIUIEHHBIX COPOCOB Ha KAYECTBO BO/IbI TOBEPXHOCTHBIX HCTOYHUKOB, @ UMEHHO PEKU
Va u e€ mputokos: p. lllyryposka, p. FOpro3ans. B Poccun orienky BO3/1€HCTBHIT CTOYHBIX BOJ] Ha
BOJIOEMBI MPOBOJAT 4Y€pe3 pacyeT YAECIbHOro KOMOMHATOPHOTO WHJAEKCa 3arpsi3HEHHOCTH BOJ
(YKI3B). 3a pybOexoM ucrosb3yercs mokasarens — grey water footprint [3-7]. YKU3B (yaenbHbie
KOMOHHATOPHbIE HHAEKCHI 3arpsI3HEHHOCTH BOJT) PACCUMTHIBAIIN JJIS1 KXKJJOTO IPUTOKA peku Y (bl 1
COOCTBEHHO B LIEJIOM JUIsl PEKH C HCIIOJIb30BAHUEM I BCEX IOKa3aTesiell B KaueCTBE MOPOTOBBIX
3Hauenus [1JIK mo kaxnoMy BeniecTny.

HccnenoBanust TO3BOJMIM — PACCUMTATh  YHUBEPCAIbHBIH KOMOMHATOPHBIM  MHJIEKC
3arps3HEHUS BOJIbl M YCTAHOBUTDH KJIACCHI 3arPsI3HEHUH N3YUEHHBIX TOBEPXHOCTHBIX BOJOEMOB (CM.
T1abn.1 u Tabm.2 m puc.l). JJns Bcex uccnemoBaHHbIX BOAoTOKOB YKW3B, paccumranHbie C
ucnosnbs3oBanueM [1JIK, umeroT kputnueckue nokazareiau 3arpsisHeHHocTH. Ha kapTe npencraBieHsl
Kputnueckue Touku 3arpsizHeHuii ¢ YKN3B B kpacHbIX kBagpaTax (cM. puc. 1).
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wHoeste udeu s nayrax o Jemuen

Tabnmumal. KadecTBo BoJbI B peke Yda i ee IprUTOKax Mo MOKa3aTelNsIM, MPEBBIIIAIOIINM HOPMATHBBI

Ko:-Bo ipo6
[TyHkT KonnuectBo [IpeBbiienne
O IToka3zaTenb kayecTBa 1po6 IIJKpx | ¢ npeBsim. TT/TK px,%
TAKpx
BIIKs, MrO2/mm® 62 2 6 7
p.Yda beronbl, Mr/am° 62 0,002 19 28
r.Yoa He(TenpOaYKTHI, 62 0,06 10 18
mr/am°
MeJIb, MKT/IM® 62 1 41 74
MapraHeil, MKT/IM° 62 10 49 79
BIIKs, MrOz/mm® 63 2 15 18
p.lllyryposka (beHoIbI, mr/am° 63 0,002 22 38
r.¥da He(TEnpOIyKTEL, 63 0,06 15 26
mr/om®
MeJIb, MKT/IM® 63 1 51 81
Mapraseil, MKT/M° 63 10 61 98
p-Opro3anb He(TEnpPOIYKTHI, 35 0,06 12 42
n.Yynman mr/mam°
MeJIb, MKT/IM® 35 1 22 76

Tabnuia 2. 3arpsa3Hsonye BeNeCTBa PEeK, KJIACC M MHACKCHI 3arpsA3HEHUN

Kputepuit onenku
3arpsA3HCHHOCTH .Ypa-r. . benas —| p. benas —
JlumuTHpyIO 3})(1)21 1(31) yepre P- I_-Hryrgﬁ)(;BKa I; VYa, 6 ’ r. Yoa
ITJIK, mr/n Tve r. YobI ’ KM BBIIIIE | BO03a00D
MIPU3HAKH ropojaa
Xa0puabl, Mr/a 300 C.-1. 6,70 82,3 123 42,9
Cynbdatsl, Mr/a 100 C.-1. 75,2 266 120 88,4
XTIK, mr/n 15 OO01L.T. 25,7 19 35,4 26,0
BITIKS5, mr/n 2 OO0mL.T. 0,494 0,450 0,38 0,173
NH4, mr/n 0,4 mo T. 0,299 0,175 0,26 0,174
azoTy
NO2, mr/n 0,02 o T. 0,015 0,021 0,012 0,22
azoTy
NOs, mr/n 9,1 o C.-1. 4,16 9,90 6,39 422
azoTy
’Kenezo oOmr.,Mr/a 0,1 Opranonent 0,21 0,074 0,110 0,115
AYECKUH
Menp, MKI/1 0,001 T. 2,50 1,65 2,01 3,18
L{MHK, MKT/1 0,01 T. 3,06 2,40 6,01 3,40
Hukens, MKI/i 0,01 T. 12,3 5,87 1,01 10,2
Maprasnerr, MKr/i 0,01 T. 113 145 134 119
deHosl, MI/1 0,001 P-x 0,003 0,003 0,002 0,002
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Hedrenpos., mr/n 0,05 P-x. 0,186 0,166 0,13 0,10
YKU3B - - 4,44 4,58 4,32 4,47
Knacc - - I'psiznas 4a | I'pssnas 4a (['pszuas 4a| I'psznas 4a

B ykazanHbIX npuToKax peku Y da u cOOCTBEHHO B caMOi peke Boia KilacCu(ULUpyeTcs Kak
«rpsi3Hast 4A», 4TO CBHJIETENBCTBYET OO0 OMACHOM YPOBHE 3arpsi3HEHUS M HETAaTHBHOM BIUSHUU
npeanpusatiii OO0 «bamuedTh-CepBuc HII3», OO0 «Komnanus KPYCy», OAO «YKXII», OO0
«IIpoMobOpyIOBaHNME» HA JKOCHUCTEMY pPEKU. BbICOKME 3HaueHUs IOKa3aTesie CTOYHBIX BOJI,
cOpachIBaeMbIX B BOAOEMBI, 0 HeTenpoayKTaM, (heHOITy, TSKEIBIM MeTalllaM CBUACTEIbCTBYIOT O
HeAoCTaTOYHO (P (EKTUBHON OYUCTKE Ha JIOKATBHBIX OYHCTHBIX COOPYKCHHSX TPEIIPUITUN.

BriBoabI

BrinonHeHa orjeHKa aHTPOIOIeHHON HAarpy3Ku B OTHOILIEHUH BOJ peyHoro OacceiiHa Y ¢bl,
pacmoIoKeHHOTo Ha TeppuTopuu Pecmyonuku bamkoprocTaH.

[IpompbIinineHHbIE NpEeAnpUATHUS, TaKue KakK Ybumckue TO1I, YMIIO,
HedTenepepabaThIBAIONINE 3aBOIBI, & TAKXKE IPYTHE KPYITHBIC TIPOU3BOICTBA, HTPAIOT OTMIACHYIO POJTh
B 3arpssHeHud pek B Yde. CrpoutenbctBo HOBoM TOLl, mpom3BoACTBEHHAs NEATEIbHOCTh U
MYHHIIMITAIGHBICE CTOKH YyCYTYOJIIIOT CHUTYalMio, B TO BpeMs KaK CMBIB C TEpPPUTOPUI
HEACHCTBYIONIUX MPEANPUATHI, TaKuX Kak Y paxumnpom, 106asnseT (eHoN U JUOKCUHBI B BOJHBIC
CUCTEMBI.

[TpoBeneHHbIN aHanmu3 mokaszai, uto p. bemas u p. Yda B 1enom, a Takke ee OCHOBHbBIC
MIPUTOKU XapPaKTEPU3YIOTCS BBICOKUMHU 3HAUYCHUSIMH AHTPOMOTCHHOW HArpy3KM M OTHOCSTCA K
KaTerOpuM «Ips3Has», UCHBITBIBAsA «BOAHBIA cTpecc» 0 25% B ManoBOJHbIE roabl. M3ydeHHbIe
BOJIHBIE OOBEKTHI YK€ CErOJIHS HE B COCTOSIHUU CIIPABUTHCS C MOCTYMAIOIIUMHU B HUX 3arpsi3HEHHBIMU
CTOYHBIMU BOJIaMHM, HECMOTpPsS Ha HMMEIOLIMECS Ha MPOMIPEANPUATHUIX JIOKAIbHBIE OYUCTKH.
Oco0eHHO CIT0KHAsI CUTYAIHs BO3HUKAET B MAJIOBOJIHBIC T'OJIBI ¥ IEPHO/IBI JICTHE - OCEHHEH U 3UMHEH
MEKEHHU.

OnHoil M3 MEPBOOYEPEIHBIX MEp MO 00ECIEeUEeHUI0 BOJOXO3IMCTBEHHOW 0€30MacHOCTH B
Oacceiine Y (bl ABNSETCS yCTAHOBICHHUE HA PEANPUATUAX 2PHEKTUBHOTO OUMCTHOTO 000PYIOBAaHUS
JUTSL JIOKQJTBbHOM OYHCTKU, a TaKXKe MOJEPHHU3ALUs JEHCTBYIONIUX KaHAIM3AIMOHHBIX OYMCTHBIX
COOpYKEHHU ropoja.

Heo6xoauMo BHEIPUTH KOMIUIEKC MEPOTIPUSITHM, HATIPABJICHHBIX HA YCUJICHUE KOHTPOJIA 32
COCTOSIHMEM JIMBHEBOM KaHAJIM3ALlMH, HA YIYUYIIEHUE CUCTEMbI OUUCTKHU CTOKOB, a TAK)KE IPOBE/ICHHE
paboT MO PEKyJIbTHBAIMKA BOJOCOOPHBIX TEPPUTOPH. BaHO Takke aKTUBU3UPOBATH MPOIIECCHI
CaMOOYHUIIEHUS BOJHBIX 00BEKTOB, UTO MOXKET OBITh JOCTUTHYTO 32 CUET CO3/aHUS UCKYCCTBEHHBIX
BOJIHBIX SKOCHUCTEM, CITOCOOCTBYIOIIUX OMOJIOTUYECKOMY Pa3JI0KEHHUIO 3arpsSI3HUTENCH.
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Pucynoxk 1. Unaexcsl 3arps3HEHHOCTH BOJI Ha KapTe OacceitHoB pek benas u Yha (3HaueHUS HHIEKCOB
BBIJICJICHBI Ha KPACHBIX TLIOMIAIKAX )
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Ilpumenenue AOP-mexnonozuii 011 CHUNCEHUA KOHUEHMPAUUIl 0mxo0006 hapmayeemuueckoil
NPOMBIULTIEHHOCIU 6 600HBIX PACMEOPAX

Kanroxk K.H.* (MI'PH, konstantin.kalyuk@gmail.com),
Tozuna E.C. (MI'PH, gogina-es@yandex.ru),
Moposoe H.A. (000 «Mockoeckue o30namopsty, MOrozov.na@maozon.ru)

AHHOTanus

JanHass crtaThs moOcBsleHa wuccienoBaHuto dpdextuBHOocTH cHUWKeHUsT XIIK BomgHBIX
pPacTBOpOB, COJEPKANIMX OTXOIbI (hapMaleBTUYECKOW MPOMBIIUICHHOCTH, TPHU HCIIOIH30BAHUH
YCOBEPIICHCTBOBAHHOTO OKUCIMTEIBHOTO MPoIecca ¢ MPUMEHEHUEM 030HA U MIEPOKCHIa BOAOPOA.

OnHOM 13 KITFOYEBBIX MPOOJIEM COBPEMEHHOCTH SIBIISIECTCS 3arPS3HCHUE OKPYKAIOMICH Cpebl
U KPYIOHBIM  HCTOYHHUKOM  3arpsi3HEHUS  SIBIISIIOTCS.  MPOMBIIUICHHBIE — MPEANPUSATHA.
dapMaleBTUYECKUE TPEANPUATHS OTIUYAIOTCS OT MPOYNX YHUKAIBHBIM CIEKTPOM MPOU3BOAUMOM
MPOAYKLIMH U TaKUM K€ YHUKAJIbHBIM COCTABOM IPOU3BOJUMBIX CTOYHBIX BOJ. TexHomormyeckas
CXeMa OYMCTHBIX COOPYXCHHI (papMaIeBTUYECKONW MPOMBIIIJICHHOCTH JOJDKHA OBITh TINATEIHHO
MpoJyMaHa M CIPOCKTUPOBaHA, OMHPAsACh HAa (PU3NYECKUE, XUMHUYECKHE U OUOJIOTHYECKUe
HCCJIEIOBAHUS B 3TOM HAlPaBJICHUH.

B xome manHOTO 11a00OPaTOPHOrO WCCIEAOBAaHUSA OBLIM CPaBHUTEIBLHO PACCMOTPEHBI JBa
METOJIa OYMCTKH BOJbI: O30HMPOBAHHE W IPOLECC YCOBEPIIEHCTBOBAHHOIO OKHUCJIEHUS C
HCIOJIb30BAaHUEM 030HA U MEPOKCHUA BOIOPOIA.

KiroueBnle ciioBa
CrtouHbIe BOJIBI, 030HHPOBaHUE, (DapMarleBTHIECKAast MPOMBIILIECHHOCTh, AOP-TeXHONMOTHI

Teopus

HcxonupiMu 0oOpa3uamMM 3KCIEPUMEHTa SBISUIUCh TPU KOHLIEHTPUPOBAHHBIX BOJHBIX
pacTBopa, MOJIyYEeHHBIX ¢ (apMaIleBTUYECKOTO TPEATIPHUATHS, CIICAYIOIIEr0 COCTaBa:

1. Boauplii  pactBop  mapareramona  (mapa-auetwiamuHodeHon — CgHoNOy),
KOHIIeHTpanuen 7,92 /i, oobémom 1 1;

2. Bonusiii pactBop ¢ranata Hatpus (6enzonaukapookcunat-1,2 vatpus CgHaOsNaz),
KoHueHTpanuei 20 r/1, 00bémom 1 1

3. Boaubiii  pactBop  cmecu:  amokcunmwuinHa — tpuruapata  (CisHioN3OsS),
KoHUeHTpauuen 1,3 r/n, Tpumermnammonus xsopuna ((CHs)3NHCI), xonuenrpanueit 4 r/n u
ruJIpoxuHoHa (mapa-guruapoxkcudens3on CeHeO2) koHuenTpamueii 4 r/i, o6béMom 1 1.

OxucneHne pacTBOPOB MPOBOINUIIOCH HA IKCIIEPUMEHTaIbHON ycTaHoBKe YJI-2 (pucyHok 1),
MIPEJOCTABIEHHON CrieuanbHO A 3Toi paboTsl opranuzanueit OO0 «MOCKOBCKHE 030HATOPBI».
KonuuecTBO momaBaeMoro 030Ha B XOJE€ BCETrO JIKCIEPUMEHTa cocTaBisuia 2 r/4. Otbop mpobd
OCYILIECTBIISUICSA KaKIble MATh MUHYT B TeueHHe 20-MUHYTHOTO 030HHpPOBaHUs. Bkitoyast HyleByro
poOy, BO BpeMs 030HUPOBAHUS KaXKJOT0 pacTBopa ObuIo 0ToOpaHo 9 mpobd, 00BEM 0THON TIPOOHI
s onpenenenus XIIK cocraBnser 10 mu. XITIK oToOGpaHHON BOIBI OMpENENsics KIOBETHBIM
METOIOM.
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Bosgyxep> 1

Pucynok 1. DkcniepuMeHTaIbHASL CXeMa YCTAaHOBKH O30HUPOBAHUS, T/e: | — KOHIICHTPATOp KUCIopoaa; 2
— IeHepaTop 030HA; 3 —KOHTAKTHAsI KOJIOHHA; 4 — JUCIIEPraTop; 5 — TePMOKATATUTHICCKUH JECTPYKTOD;
6 — MCTOYHMK HAIPSHKEHUS; 7 — IIAPOBOM KpaH i MpobooTOopa

ITocne oxkoHuaHuUs OKCIICPUMCHTA U aHaJIn3a Hp06 BCC JAHHBIC OBUIH 3aHECEHEI B Ta6J'II/II_Iy 1.

Tabmuma 1. HagansHble 1 KOHEYHBIE TIOKA3aTEIH SKCIIEPUMEHTA 110 0O30HUPOBAHUIO PACTBOPOB
(hapMareBTHUYECKUX MpernapaToB

O0beMm
KOJIOHHEI
(DNSO, 1 v 4,416
B.C.), I
Ne pactBopa PactBop Nel PactBop Ne2 PactBop Ne3
Bapuanr
be3 H20O» C H202 be3 H202 C H202 be3 H20» C H202
030HHUPOBAHMS
AMOKCULIMIIIINH
TPUTHIpAT
C16H19N30sS;
Conepoxariuecst [Maparietamonn dranaT HATPHSI TpumeTHIaMMOHUS
peareHTbI CgHoNO- CgHsO4Naz XJIOPU/T
(CH3)3NHCI;
I'mnpoxuHOH
CeHs02
2000
Cpear, MI/TT 7920 20000 4000
4000
Vien. p-pa, MJL 56 37 22
V (H202, 60%) - | 83 - | 67 - | 37
XIMKyex 2328 439 22
XKz buows=5 | 9gg 5 5343 98 1956 1199 3190
MUH
XIIKs, toson- 201 6880 134 3069 1577 4966
=10 MuH
XITKs, Toson- 171 3325 152 3023 984 2416
=15 MuH
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XHKS, t030H-
20 Mun

152 2128 167 2995 476 1341

[Tocne ananm3a MaHHBIX TaONMMIBI | MOXHO CleNaTh BBIBOJ, YTO OKHCIIEHHE pacTtBopa I
(mapaueramon) okaszanoch 3(pdexkTuBHee cucteMoil 0e3 conepxkanus mnepekucu. HaGmromaembie
W3MEHEHHsSI MOTYT TOBOPUTH O TOM, 4YTO0 B mepBbie 10 MuHYT 0Opa3oBbIBatOTCsS OoJee
TPYAHOOKUCISIEMbIE TPOJYKTHI, HAa OOpa30BaHME KOTOPBIX PACXOAYETCsS MEPOKCHI BOAOPOAA,
KOTOPBIE TEM HE MEHEE OKa3bIBAIOTCSl HEYCTONYMBBIMH U TIPH MPOJAODKESHHH OKUCIICHHSI, BEPOSTHO,
MOTYT Pa3JIOKUTHCS Ha OoJiee okucIeHHbIe popmbl. OiHaKO HanboJiee BEPOSITHO TO, YTO JOOABIICHHE
MEPOKCHIa BOAOPOJAA HE BIMSET Ha MPOBEACHUE MpPOIlecca OKUCIEHHS JaHHOTO COCIWHEHHS, a
yBennuenue ypoBHs XIIK cBsizaHO ¢ TeM, 4TO MEPOKCHI BOJIOPO/IAa HA PAHHHUX CTAIHSX ITOIBEPrayICs
OKHCJICHHIO B HE3HAYMTEIBbHOM CTENEHU W OCTAaBaJCA B CHUCTEME, TaK Kak OTOOpaHHBIE MPOOBI
pearupoBajii ¢ KOMIIOHEHTaMU TeCT-cucTeMbl (ypaBHeHHe 1), ¢ oOpazoBanuem cyinbdara xpoma (I1I),
MMEIOIIET0 3eJIEHYI0 OKPACKY, YTO M PETUCTPUPOBAIOCH CHEKTPOPOTOMETPUYECKH.

K26r207 + 4H2504 + 3H202 - CT2(504)3 + 302 + 7H20 (1)

Jns pactBopa 2 (auHatpueBas coiib (PTaneBOil KUCIOTHI) HAOMIOAANCS CaMblii HHU3KUN
ucxoauslii ypoBeHb XIIK, 4To BEpOSITHO CBSA3aHO C MPUPOIOI CaMOro BemecTBa — (hranaT HATpUs
MoxeT He naBaTh peakuuto Ha XIIK. Kak u B ciydae ¢ o3oHupoBaHueMm mpoObl 1, mpoBeneHue
OKHCJICHUS B IPUCYTCTBUHU NIEPOKCHIA BOJOPO/Ia OKA3bIBAIO0 3HaUnTENbHbINA pocT XIIK, cBA3aHHbBIN
C TOM ke mpoOsIeMOoil — HalTMYKMeM HEeJOOKHCIEHHOro 030Ha B pacTBope. YBenuuenue XIIK, mocne
10 MuUHYT O30HMpOBaHHWSA, B TpucyrcTBUM Win orcyrctBue H202, ckopee Bcero, cBsi3aHO C
oOpa3oBaHHeM O0ojiee CIOXKHBIX M YCTOHYMBBIX (OPM OpraHMYECKHX COEAMHEHUU, KOTOpPbIE
HAKaIJIMBAIOTCS B PACTBOPE M MPH aHaIu3e MpoOb! garoT peakmnuto Ha XIIK. s mogo0HbIX cucTteM
MIPOBOAMIIMCH HMCCIEIOBAaHUS MX Pa3NiOKEHUs, U ObUIO MOKa3aHO, YTO HMCIOJIb30BaHUE, TOMHUMO
MEPEKUCH U O30HA, pekuMa KECTKOro Y@ mMo3BOJIIET JOCTATOYHO OBICTPO JOOUTHCS IOITHOTO
pa3IOKEHUST apOMAaTHUUYECKHX KapOOHOBBIX KHCIOT (TepedraneBas, QraneBas, OcH30iiHas) W,
COOTBETCTBEHHO, UX COJICH. [4]

Oxucnenne cMecu 3 (aMOKCHULIMIWH, TPUMETUIAMMOHHS  XJIOPHUI, THIAPOXUHOH)
MOATBEPKIaeT HaOmrogaeMbie W3MeHeHust s cucreM 1 u 2. Tak, Hanmpumep, Oe3nepeKkrcHOe
O30HHMPOBAHME JAHHOM CMECH TaKXe MPHUBOJUT K yBelIHueHuto Habmomaemoro ypoBHs XIIK B
nepBbie 10 MUHYT O30HUPOBAHMS, a 3aTEM YOBIBAET, YTO, BEPOSITHEE BCETO, CBA3AHO C MPOTEKAHHEM
peaKIy OKUCIICHHS THAPOXUHOHA IO XUHOHA (PUCYHOK 2), KOTOPBI MOYKET BBICTYIATh B KAUY€CTBE
MHTHOWTOpa TMpollecca PaguKaIbHOTO PA3JIOKEHHUS OpPraHWKU (PUCYHOK 3) W TPUBOANT K
oOpa3oBanuio 0osee CIOKHBIX KOMIIOHEHTOB, B TOM YHCJIE UMEIOIIUX apOMaTHYECKOe CTPOCHHE,
KOTOPBIE 3aT€M OKHUCIISIFOTCS JUXPOMATOM Ipu nposeAaeHuu Tecta Ha XIIK [3].

OH 0]
|
26 20t | |
+2'e, +2H+ ”
OH O
THIPOXUHOH XHHOH

PI/IC}/HOK 1. HByCTOpOHHHH peaKknuAa nNpeBpalicHus THAPOXUHOHA B XUHOH
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Pucynok 2. MexaHn3M WHTHOUPOBaHYS PaJUKAIBLHBIX PEaKIUil XHHOHOM, TPUBOSIIUN K 00pa30BaHUIO
0oJ1ee CIIOKHBIX COEIMHEHHI

BriBoabI

[Tpumenenne coBmectHOro Bozzaerictust O3/H202 orpunarensuo Biauser Ha XITK BogHBIX
pPacTBOPOB, COAEPIKAIMIUX OTXOIbI (HapMaIleBTHUECKONH MPOMBIIUICHHOCTH M (hapMarieBTUYECKUE
npenaparsl. M3 pe3ynbTaToB SKCHEpUMEHTa CIEAYeT, YTO COBMECTHOE IPUCYTCTBHUE O30HA M
MEPOKCHIA BOJOPOJIa B PEAKIMOHHOW CHCTEME CIIOCOOCTBYEeT oOpa3oBaHHIO 0o0Jyiee CIIOKHBIX,
CTaOUJIbHBIX M YCTOMYHMBBIX K OKHCIIEHUIO COCTUHEHUI.

[Tomy4yeHHBIE SKCIIEPUMEHTAIBHBIC JAHHBIC MO3BOJISIOT CHENIATh BBIBOJ, YTO ONMHCAHHAs B
pabore AOP-TexHOIOTHS UMEET OTPaHUYCHHYIO IPUMEHUMOCTD IIPU Pa3pabOTKe TEXHOIOTUYECKUX
CXeM TI0 OYHCTKE CTOYHBIX BOJA (papMaIeBTUUYECKUX MPEANPUITHH, TpeOys 3HAUUTEIBHOE
yBEJIMYEHNE BPEMEHU peakiuu it 3H(HEeKTUBHOTO NCIOIB30BaHUS.

baaronapuaocTu
OtnenbHbie OnmaromapHocTu BeipakaroTcss OO0 «MockoBckue o3oHaTopb» U HUNCD
PAACH 3a nomouip B IPOBEACHUH SKCIIEPUMEHTA U aHAJIN3A €TI0 PE3YJIbTATOB.
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Ouucmka c1adoOKOHUEHMPUPOBAHHBIX CHIOYHBIX 600 OM OPZAHUYECKUX 3A2PAIHEHUI U
coeOuHeHuil azoma Ha duogurvmpax

Konowpun H.IO.* (MI'PH, n@knd88.ru),
T'ozuna E.C. (MI'PH, goginaes@mgri.ru),
Cnacuébo E.B. (HUHC® PAACH, spasibo.elena@mail.ru)

AHHOTanus

PaccMoTpeHa BO3MOXHOCTh pEIICHUS MPOOJIEMBl OYHCTKH CIa0OKOHIICHTPHUPOBAHHBIX
CTOYHBIX BOJI OT OPraHMYCCKHX 3arps3HCHHI U COCIMHEHMI a30Ta Ha OnodmibTpax. Paspaborana
TEXHOJIOTUYECKas CXeMa PEKOHCTPYKIIMU OYHCTHBIX COOPYKCHHH Mallol MPOU3BOIUTEIHLHOCTH,
UMEIOIMX B CBOeM cocrtaBe OuopmibTpel. [IpennmokeHo uW OOOCHOBAaHO HCIIOJIB30BAHHE
3arpy304HOTr0 MaTepuaa, H3rOTOBJICHHOTO U3 IIEPBUYHOTO TIOJIUIIPOITWIICHA U HMEIOLIETO CETYATYIO
poMOMUecKyto CTpyKTypy. IloarorosieHa abopaTopHas yCTAaHOBKA C IIEJIbIO MOJCIHPOBAHHUS
MPOIECCOB JICHUTPUDUKAIIMU-HUTPUPUKAIIME HAa OHOPHIBTpAX C TMOCICAYIOUIMM MOJy4YCHHEM
pe3yabTaTOB CAHUTAPHO-XMMUYECKUX aHAIM30B U IPOBEICHHEM HCCICIOBaHHNA 00pa3yromiencs
OMOIICHKH.

Kiiouessble ciioBa
OuncTka CTOYHBIX BOJ, OHMOQWIBTP, 3arpy304Hbli MaTepuan, JIeHUTpUdUKaLUs-
HUTPpHUDUKAIUS

Teopus

[Ipomecc OYMCTKM CTOYHBIX BOJ Ha OMO(MMIBTPax 3aKI0YAaeTCs B OOTEKAHWU KUIKOCTHIO
MOBEPXHOCTHU 3arpy304YHOT0 MaTepualna, Ha KOTOPOM KOJIOHUSIMH MHKPOOPIaHU3MOB 0Opasyercs u
pa3zBuBaercsa Omosornueckas mieHka. [1] Ha cerogusitiauii n1eHb OOJBIIOE KOJIUYECTBO OUUCTHBIX
COOPYKEHH, HMMEIOIIUX B COCTaBe OMOQPMIBTPHL, (YHKIMOHHPYIOT B PEXKHUME, 3HAYUTEIHHO
OTJIIMYAIOIIAMCST OT TMPOEKTHBIX MapameTpoB. B pesynbraTe MOpanbHOTO W (PU3UYECKOrO M3HOCA
cTaHUuU OuoduiabTpanmu, mnocTpoeHHele B 60-70-ble rojpl HPOILIOro BEKa, HYXKIAIOTCA B
PEKOHCTPYKIIMH, KOTOpast JOJKHA 3aTparuBaTh MOJEPHU3AINIO 3arPy304HOT0 MaTepuana, CUCTEMbI
OpOILLIEHUS U IpeHaka. [2]

BaxxHoil craHoBuTCS NpoOiieMa MHTEHCU(UKALUU MPOLECCOB OMOJIOrMYECKON OYUCTKU B
CYIIECTBYIOIIMX Trabaputax ¢yHIaMEHTHOW Iuiomagku. KadecTBeHHbIE M KOJIMYECTBEHHBIC
MTOKAa3aTeIN CTOYHBIX BOJ, I0JJaBa€MbIX HAa OUUCTHBIE COOPYKEHHUSI, IBJSIOTCS ONPEAEIISIOIIUMHU pU
BbIOOpE TEXHOJIOTHYECKOM CXEeMbl U KOHCTPYKIMH OHopuiibTpa. OCHOBHBIE TEHACHLIUHU MOCIEIHUX
JIET CBUJETENIbCTBYIOT 00 YyBEJIMYEHUH KOHLEHTpPAlUi 3arps3HEHUN B UCXOJHOM CTOKe. B Takux
CllydasX NpU PEKOHCTPYKLUUU OYHMCTHBIX COOPYKEHHH MaJION NPOU3BOIUTEIBHOCTH OLICHUBAIOT
1Ie7IECO00Pa3HOCTh  OTKa3a OT OHOPWIBTPOB C€ TEPEXOJOM Ha MOJIYJIbHBIE CTaHIUU
JNeHUTpU(UKAIUU-HUTPpU(UKALUN B OOpeakTopax. [4]

Haubonee octpoit u akTyaabHOU sIBIAETCS MpOoOIeMa OYUCTKH CIa0OKOHIIEHTPUPOBAHHBIX
CTOYHBIX BOJ: HEOOXOAMMO pa3paboTaTh BapUAHTHl PEKOHCTPYKILIMH, BKIIOYAOUINE BO3MOKHOCTH
OpraHM3aly CTAOWJIBHBIX YCIOBMM Ui OHOJOTMYECKOM OYUCTKHM TMpU CHenu(pHUecKoM
COOTHOILIEHNH KOHUeHTpanuu 3arpssHenuil BIIK/Azor/@ocdop, a Takxke mpeaycMOTPeTh OMIHIO
OMOMOMIUTKH C 1I€JIbIO MOBBIILIEHUS COJEPKAHUS OPIaHUYECKUX BEIIECTB B CTOYHBIX BOJAX.

Omnpeznenenye oNTUMaIbHON pabOThl OMOMUIBTPA 3aKITIOYACTCS B pacdeTe I'MJIPaBINUECKOM
Harpy3ky, KOTopasi MpeJCTaBiseT cOoO0OW OTHOLIEHHE pacxoja CTOYHBIX BOJ K IUJIOLIAAU
3arpy3o4Horo marepuana. [3] YuuTeiBasg IIMPOKUN AUaNa3oH NPUMEHEHUS pa3jIM4YHBbIX BHJIOB
3arpy3o0k (00beMHas ¢ pa3HON KPYMHOCTHIO (PpaKIMi MaTepualia WK MIIOCKOCTHAS KepaMUdecKas,
IUIaCTMACCOBast, METAJUNINYECKAasl, CHHTETHUECKAs C OTIIMYAIOIIEHCS TOPUCTOCTHIO), BBIOOP HOCUTEIS
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wHoebie udeu 6 naykax o Jemaen

OroMacchl UMeeT KiroueBoe 3HaueHne. Hanbomnee pacnpoctpaneHHOH siBisieTcs O0yHas 3arpyska,
COKpaIllalomiasi CPOKH MPOBEJACHUSI PEKOHCTPYKIHH. [5]

B kaudecTBe mccienyemoil B paMkax J1abOpaTopHON ycTaHOBKM Oblila BbIOpaHa 3arpyska,
U3rOTOBJIEHHAs] M3 IMEPBUYHOrO IMOJIMIpONUeHA. JlaHHBIA THUI 3arpy3Kd IOKa3al XOpollue
pe3yNbTaThl MPU €ro NPUMEHEHUH B TPAJAMPHSAX B POJU opocuTens. BBuay pomOuyeckoil ceTku
OJTHOBPEMEHHO O00€CIEUMBACTCS HU3KOE a’pOJMHAMHUYECKOE COMPOTUBICHHWE M  pPa3BUTas
MOBEPXHOCTh Mex(pazHOro B3auMojaencTBrua. OCHOBHBIE XapaKTEPUCTUKK MPUMEHSEMON 3arpy3Ku
NpuUBEJCHBI B Tabmuie 1:

Tabnuma 1. XapakTepuCTHKH 3arpy304HOT0 Marepuaia

CTpyKTypa Certuaras pomOnueckas
Macca 1M°, kr 20
[Topucrocts, % 93-97
TonmuHa TOJTUMEPHOTO BOJIOKHA, 3
00pa3yIoNIero ceTyaTyo 000JI0YKY, MM
V ienbHAas MIOMA/b HOBEPXHOCTH, M2/M° 200

[lepen HayamoM WCHOIB30BAHUS 3arpy3Kd B OMOQHIBTPE MPOBEIEHO HCCIEIOBAaHHE Ha
IpeJMeT BO3MOXKHOI'O BIMSHUS MaTepuaiia (IOJIUIPONUIIEHA) HA KAYeCTBO CTOYHBIX BOJ. DJIEMEHT
HOCHUTEIIS OMOMAacChl BBIACP)KUBAIH B TUCTHJUIMPOBAHHON BOJIE B TEUCHHE OT HECKOJIBKUAX CYTOK JI0
onHoro Mecsina (Pucynok 1), mocne vero npoBoaunu usmepenust 3HadeHuil XIIK. 3nauenue
kodddurmenta nerepmunarmuu R?=0,0008, 4To CBHAETENLCTBYET 00 OTCYTCTBHH BBHIPAKEHHOM
tenaeHunu usMenenusa XIIK ¢ reuenueM BpemeHu.

0,25

0,2

0,15

0,1

0,05

3HaueHue XMK, mrO/am3

lcytkm  3cytkm  5cytkm 10 cyutkm 20 cytkm 30 cyTKmM

Pucynok 1. UccnegoBanue 3arpy304Horo Marepuana

Jns  1abopaTopHOro MOAETMPOBAHUSA TpoOLlecCa OUYUCTKH  CIa0OKOHIIEHTPHUPOBAHHBIX
CTOYHBIX BOJ| OT OpPraHMYECKHUX 3arpsi3HEHUN W COeAMHEHMH a30Ta Ha OuoduiabTpax OblIa
M3rOTOBJIEHA OMBITHAsA ycTaHOBKA (PucyHok 3), KoTOpas mpeacTaBisiia COOOM:

1. unuHap W3 OpraHWYecKoro CTEKJA, 3aKPBITHIA IUIOTHO CHUJIMKOHOBOM KPBIIIKOM,
mruametpoM 100 MM, BeicoTO# 500 MM, BBICOTOM ci10s1 3arpy3ku 450 MM — IEHUTPUPHUKATOD;
2. [unuHap U3 OPraHMYECcKOro CTEKIJIA, OTKPBITHIA B BEPXHEW YacTH, a TAKXKeE C JByMS

OKHaMH il 00ecreyeHns: eCTECTBEHHON a’palliy 3arpy304HOro marepuaina, nuamerpom 100 mw,
BbicoToM 1000 MM, BbICOTOI ciost 3arpy3ku 950 MM — HUTpuUUKaTOp;
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3. HunuHap 13 OpraHuyecKoro CTeKsa, OTKPBITHIN B BEpXHEH yacTH, quaMmeTpoM 100 MM,
BBICOTOM 250 MM — BTOPUYHBIA OTCTONHUK;

4, Hacoc-no3arop Etatron — mogaya cTo4HbIX BOJ;
5. Emxocts 50 1 — mogaroriuii Oak;
6. OnHokaHaNBHBIN IepucTanbTrdeckuii Hacoc BT103-S — perupkysiiust BO3BpaTHOTO

WIIa, BBIHECEHHOTO ¢ OUOTIICHKH;

[TpuHIMNIHATbHAS TEXHOJOTHYECKAs CXeMa MPECTaBIICHa HAa PUCYHKE 2.

YcTaHOBKa MCIBITBIBAETCS HA HMCKYCCTBEHHO CO3JaHHOW CTOYHOM JKHUJKOCTH Ha OCHOBE
OCHOBHOTO0 nenToHa. MickyccTBeHHas CTOYHAsi BOJIa UMUTHUPYET Cl1a00KOHIIEHTPUPOBAHHBIE CTOYHbBIE
BOJIbI, XapakTepHble ais ycinoBuil Poccuiickoit @enepauuu. [ns dopmupoBanus OHOIUIEHKH
HOCHUTEJIb MHOTOKPAaTHO MPOJMBAIM AKTUBHBIM HJIOM, ITOJIYYEHHBIM C JEUCTBYIOIIMX OYMCTHBIX
COOPYKEHHI.

Pucynok 3. O0uwmii Bua 1a00paTopHON YCTaHOBKH
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B n1aGopaTopHbIX yCIOBUSX MOATOTOBICHA UMHUTAIUS CIA00OKOHIIEHTPHUPOBAHHBIX CTOUYHBIX
BOJ CO CIIEAYIONIMMH CPEIHUMH 3HAYEHUSIMH OCHOBHBIX 3arpsasHenuil: BIIKs — 45 mrO2/mm3, Azor
AMMOHHIHBIH — 25 Mr/amS, dochop —2 mr/ame.

3azadeil mepBOro 3rana UCcCiae0BaHN 3aKJII0Yaiach B ONPEACIICHUN THIPABINYECKOM
Harpy3ku (Qpf) U okucIuTenbHOU MotHocTH (OM) 6nodunsTpa. HauanbHble mapameTpsl
(YHKIMOHUPOBAHUS MOJETH YCTaHOBIICHBI CIICAYIOLIHE:

ot — 9,12 M3/m?*cyT

OM — 436,80 mr/m3*cyT

Peunpkynsus - 200%;

Temmnepatypa cTounbIx BoJ - 18°C;

Temneparypa B nomenienuu - 23°C.

CrnenyromuM 3TarnoM SIBISETCS MPOBEACHHE KOMIUIEKCa JaOOpaTOPHBIX HCCIEIOBaHHIA,
HaIpaBJICHHBIX HA OINpe/eIeHNEe OCHOBHBIX CAHUTAPHO-XMMHUYECKHX MOKa3aTeseii HeOUnIIeHHON U
OCBETJICHHOM CTOYHOM BOJABI C LEIBIO IPUHATHS PELICHUS O BO3MOXKHOM KOPPEKTUPOBKE
TUIPaBIMYECKON Harpy3KH Ui HMOBbIIIeHUS 3P(HEeKTUBHOCTH O4MCTKH. He MeHee BaxkHOM 3amaueii
CUMUTAETCS BBINOJIHEHHE IEPUOJUYECKOT0 TUAPOOMOIOrMYECKOr0 aHaliu3a C LEJIbl0 HU3yYeHHUS
pa3zHoo0pa3usi MUKPOOPTaHU3MOB OUOTIIICHKH.

B cnygae OTCyTCTBHS YCTOHYHMBBIX BBICOKHMX PE3YJbTATOB OYHCTKH CTOYHBIX BOJ B
MOJIETTUPYEMBIX YCIOBUAX Oy/IET pacCMOTPEH BOMPOC BHEAPEHHUS B TEXHOJIOTUYECKYIO CXEMY y3Iia
OPraHU4eCKOM MOJIMUTKHU.

BriBoabI

[TapameTpsl BEIOpAaHHOTO THIIA 3arPY30YHOIO MaTepHaja COOTBETCTBYIOT JIJIsl ONITUMAIBHOTO
(GyHKIIMOHUpOBaHMS OWOPWIBTPAa, B TOM 4YHCIE I HapallMBaHUs OWOIUICHKH. B pamkax
MPOJIOJKEHUST MCCIIEIOBAHUSA CJIEAYET ONPEIEIUTh ONTHUMAlbHbIE 3HAUEHUS TUIAPABIMYECKOU
Harpy3kd, BBISSBHTH 3aBHUCHMOCTh 3()DPEKTUBHOCTH OYUCTKH TPU MEHSIOIICH OKHCIUTEIBHON
MOIITHOCTH OMO(HUIBTpa M CceiaTh 3aKIOUYEHHE O BO3MOXKHOCTH PEIICHHUS MPOOJIEMbl OYUCTKH
CJIA0OKOHIICHTPUPOBAHHBIX CTOYHBIX BOJ] C IIOMOIIBIO IPHHSITHIX TEXHOJIOTHYSCKUX PEIICHUM.
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C. 34-43.

5. 3aneroBa H.A., Boponos [O.B. HoBble TexHosornm nsi pemieHus COBPEMEHHBIX
3a7a4 OYHMCTKH CTOYHBIX Boa. BectHuk MI'CVY. 2012. Ne2, 109-111.

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

44



N\ MIPU

POCCHACKHRA TOCYIAPCTREHHLIR wHoebte udeu s HAVKIX & 3emaen
TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

Ilepcnexkmuevt moouguxkayuu memooa eoccmanosnenus azoma u gocghopa usz
6bICOKOKOHUEHMPUPOBAHHBIX CHLOYHBIX 600 NOCPEOCHEOM KPUCMANIUZAUUL CIMPYEUma

JIunamoe B. C. (MI'PHU, vitalylipatov@mail.ru),
T'ozuna E. C. (MI'PH, ruzhitskaya_oa@rudn.ru)

AHHOTaNuA

B macrosmeit  pabore  paccMaTpuBAIOTCS  MEPCIEKTUBBI  MOJU(PHKAIMKA  METOJa
BOCCTaHOBJICHHS a30Ta U (pocopa U3 BHICOKOKOHLIEHTPUPOBAHHBIX CTOUHBIX BOJI C HCIIOJIb30BaHUEM
mporecca KpUCTauIM3auuu cTpyBuTa. IlpoBeneH aHann3 0a30BBIX TEOPETUUECKHUX MOJOXKCHUN
KPUCTAUIM3AaUN M OCAXICHMS, a TaKXKe OLEHKAa IMPUMEHHUMOCTH CYILECTBYIOUIMX METOIMK IS
BHEIPEHHS B IUCCEPTALIMOHHBIE uccienoBanus. Ocoboe BHUMaHNE YAENEHO BIUSHUIO BTOPUYHBIX
BEIIECTB, NMPUCYTCTBYIOUIMX B CTOYHBIX BOJAX, Ha IapaMeTpbl KPUCTAJUIM3ALUU M KauyecTBO
MOJTy4aeMOro MpoJyKTa. Pe3ynmpTaThl aHanm3a YKas3bIBAalOT HAa HEOOXOAMMOCTh JalbHEHIINX
HCCIIEIOBAaHHH 110 ONITUMU3ALMHU 3arpy30K BEIIECTB /Ui UHTeHCU(DUKaUU (OPMUPOBAHUS CTPYBUTA,
YTO MOXKET CIIOCOOCTBOBAThH MOBBIMIECHUIO Y((HEKTUBHOCTH MPOIECCa OYMCTKH M BOCCTAHOBJICHUS
LIEHHBIX KOMIIOHEHTOB.

KiroueBnle ciioBa
CTp}IBI/IT, O4YUCTKa CTOYHBIX BOJA, BOCCTAHOBJICHHEC (1)0C(1)Opa, MHHOBAIIMOHHBIC MCTOObI
OUYHUCTKHU, CTPYBHT, yI0OpeHUE

Teopus

ba3oBasg Teopust KpucTauM3aluuu U (yHIaMEHTAJIbHBIE OCHOBBI IIPOLECCOB OCAXJIECHUS
SIBJISIFOTCSL XOPOILO M3YYEHHBIMU U JI0KA3aHHBIMU KOHLICHIMSIMU, YTO IO3BOJIAET C YBEPEHHOCTBIO
YTBEP)KAAaTh UX MPUTOJHOCTD I MOJIHOTO BHEAPEHUS TEXHOJOTMHU Ha CYLECTBYIOIINE OUYHCTHBIE
coopykeHus. Ho coBpeMeHHbIe HCClIeZJOBaHUSI HE OXBAThIBAIOT, TEOPUIO U MPAKTHKY MOTY4YEHUS
CTpYBUTa C ONMCAHHEM pA3JIMYHBIX YCIOBUH M cpel A Mpolecca KpucTauzauuu. Takum
o0pa3om, rpoben 3HaHUK B AaHHOM cepe MOXKeT ObITh MCIOJIb30BaH B KauecTBe ILIalgapMma Juls
pa3paboTKu MOIM(ULIMPOBAHHBIX METO/IMK BOCCTAHOBIIEHUS a30Ta U (ocdopa U3 CTOYHBIX BO/I.

[TpuMeHNUMOCTh TpPEIOKEHHOW TEXHOJOIMH OO0YyCIOBIEHAa BBICOKOW 3(PHEKTUBHOCTHIO
METOJ1a KPUCTAJUIM3ALUU CTPYBUTA, IMO3BOJISIONIET0 HE TOJBKO CHHUKATh KOHIIEHTPAIMIO BPEIHBIX
BEIIECTB B CTOYHBIX BOJIaX, HO M BO3BPAIATh B IIUKJ TEXHOJIOTUYECKU LIEHHBIE COEMHEHUS, TaKHe
kak ¢ochop u azor. IIpy 3TOM CyIIECTBEHHBIM AaCIEKTOM SBIISETCS BIUSHUE MPUCYTCTBUS
BTOPUYHBIX BELIECTB, XapaKTEPHBIX JJIS1 BBICOKOKOHIIEHTPUPOBAHHBIX CTOUYHBIX BOJ], HA TUHAMUKY U
KauyecTBO MpoIiecca KpUCTaUIN3alui. DTH KOMIIOHEHTBI MOT'YT BBICTYIIATh B POJIM HHTMOUTOPOB WJIH,
HA00OpOT, KaTaau3aTOpoB (OPMHUPOBAHMS KPUCTAJUIMYECKOH a3pl, 4TO TpedyeT NeTaabHOro
U3Y4YEHUsI C TOYKHU 3PEHHS MX KOJIMYECTBEHHOIO COOTHOILIEHHUS U B3aMMOJACHCTBUSI B CIIOKHOM
MaTpHIle CTOYHBIX BOJI.

Kpucrannuzanus crpysura (MgNH4PO4-6H-0) npeacrasnsier coboil mporecc ocaxaeHus U3
pacTBOopa MpU COOJIIOJJCHUH ONTUMANbHBIX YCIOBHH pH, KOHLIEHTpalMil HCXOAHBIX PEAareHTOB U
temneparypbl. CpopMuUpOBaHHbIE KPUCTAIIIBI 00JIaJaI0T BBICOKOM CTENEHbIO YUCTOTHI, YTO JIeTaeT
UX NEPCHEKTHUBHBIMU JUIsl TIOCJIEAYIOIIETO UCIIONb30BaHUs B KauecTBe yJo0peHus. TeopeTndyeckue
MOJIETN KPUCTAJUIN3AlMK YUYUTHIBAIOT TaKKHe MapaMeTphl, Kak CKOPOCTh HapacTaHUs! KPUCTAJUIOB, UX
MOp(OJIOTHs, a TAKXKE BIHUSIHUE PACTBOPEHHBIX BELIECTB, YTO OBLIO MOAPOOHO PACCMOTPEHO B psijie
ucciemoBanuii [1].

MexanuszM (QOpMHUPOBAaHUS CTPYBUTa OOYCIOBICH HECKOJIBKUMH KIIOYEBBIMHM ATaIllaMH:
MepBOHAYAIbHOE TEPEHACHIIIEHUE pacTBOpa, HyKJealus, pocT KPUCTANIOB M HX MOCIEAYIoLas
arperans. Kaxaplii M3 53TUX OSTanmoB MOXET IOJBEPraTbCsl BIUSHUIO JIONOJTHUTEIBHBIX

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

45


mailto:ruzhitskaya_oa@rudn.ru

N\ MIPU

POCCHACKHR TOCY[APCTOEHHLIA wHoebie udeu 6 naykax o Jemaen
TEONOrOPATBEOYHEIA YHHBEPCHTET

MMEHH CEFT D QP OHH KR 3E

KOMITOHEHTOB, MPUCYTCTBYIOLIUX B CTOYHBIX BoJax. MIMEHHO 3Ta 0COOEHHOCTH JENaeT Mpolecc
MOTUGUKAIMK TEXHOJIOTMU aKTyaJbHBIM HAmpaBICHUEM HccienoBaHuil. DyHIaMeHTalbHbIC
MOJIETI OCaXJICHHUS MO3BOJISIIOT MPOTHO3UPOBATH BIUSHUE U3MEHEHUN KOHIIEHTPAIMil BTOPHUHBIX
BemiecTB Ha 3()(HeKTUBHOCTH GOPMHUPOBAHUS KPUCTAIUINIECKOH (Da3bl, YTO OTKPHIBAET BO3MOKHOCTH
JUIS ONTUMM3AIMKM TEXHOJIOIMYECKOro mpoiiecca [3].

[Tpouiecc ocaxnenus crpyBura (MgNH4PO.-6H:20) ocHOBBIBaeTCS HA CTEXHOMETPUIECKOM
YpaBHEHUU:

Mg?* + NH+" + PO+~ + 6H20 — MgNH4PO.4-6H-0

Jlis onTUMH3aIMKM peakry BBIIEISIOT HECKOJIBKO KIIOUEBBIX MapaMeTpOB: KOHIEHTPALUU
HCXO/JHBIX MOHOB, PH pacTBOpa, Temmeparypy, a TakkKe BIHSHUE MOCTOPOHHHUX (BTOPHYHBIX)
BELIECTB.

OnTuManbHbIe YCIOBHUS PEAKIINU:

HccnenoBaHusi TMOKAa3bIBalOT, 4YTO MpPH CHHTETUYECKUX M PEaJbHBIX CTOYHBIX BOJAAX
ONITUMAJILHBIMU SIBIISIOTCS CIIEAYIOIINE YCIOBUS:

. pH: JInamazon 8,0-9,5 (maubonee rhdexTuBHOE OcakaeHue Habmomaercs npu pH
8,5-9,0) [2,4] ;

. Temnepatypa: npubnusurtensao 20-25 °C;

. Hcxonnbie KOHIEHTPAUUU (MOJISIPHbIE COOTHOLIEHUs ) [5]:

o PO*: 60-80 mr/m;

o NH+™: 120-150 mr/m;

o Mg*: 80-100 wmr/m (¢ uzbeitkom 10-20% s KOMIEHCAlMM COEIUHEHUS C
MIOCTOPOHHUMH HOHAMH, TUCCOIIMMPOBAHHBIMU B CTOUYHOW BOJIE);

B skcnepuMeHTax, OMMCaHHBIX B, IPUMEHSIICS MeTo foOaBieHust Maraus B Buge MgCls ans
KOPPEKLMH MOJIbHOTO COOTHOIIEHHUS, TJIe OoNTUMalibHOE 3HaueHue Mg>*:PO+*~ paBusinocsk 1,2:1. Ilpu
3TUX yclnoBUsIX 3D (PEeKTUBHOCT ocaxaeHus qocturana 85-95% mno ocaxkeHnomy docdopy.

BinsiHue BTOPMYHBIX BelIECTB

B cnoxxHoi# MaTpuiie BBICOKOKOHIIEHTPUPOBAHHBIX CTOYHBIX BOJI IPUCYTCTBYIOT BTOPUYHBIE
KOMITOHEHTHI, Takue Kak cynbdarsl (SO4+>), kapoonatsl (COs*>") u nonsl kanbuus (Ca?"), koTopele
MOTYT U3MEHATh JUHAMUKY KpHUcTalau3anuu. B pabore moapoOHO NMpoaHATM3WPOBAHO BIIHMSHHE
cnenyromux GakTopoB:

Hons! kaabuus (Ca*):

[Tpu xonnenTpanusx Ca?* cBoite 20 Mr/n HabI01aeTCsa KOHKYpEeHIUs ¢ Mg?* 3a CBA3bIBaHUE
¢ (ocdar-uOHHBIMU TpyNIamMu. DTO MPUBOIUT K 0OpPa30BAHUIO HEIEJEBOr0 Ocajka (Hampumep,
¢docdar-KanblUEBbIX  COCAMHEHMH) M  CHIDKEHUIO  YHCTOTHI  IOJIy4aeMOro  CTPYBHTA.
DKclepUMEeHTaIbHbIE JaHHBIE TOKa3bIBAIOT, YTO MpH yBeauueHun Ca?" 1o 50 Mr/in 3ppeKTHBHOCTD
(bopMupOBaHUs CTPYBUTA MOXKET CHIDKaThest Ha 15-20% [5].

Cyasgarsl (SO+):

Konnenrpanuu SO+* B nuamnazone 10 100 mr/i1, kak mpaBuiio, He OKa3bIBalOT 3HAYUTEILHOTO
BJIMSIHMS Ha MPOLIECC, OJTHAKO WX B3auMopaencTBue ¢ Ca?" MOXKeT yCuIMBaTh HeraTUBHBIN 3 ekt 3a
cuét oOpa3oBaHUs CyIb(PaTHBIX COEAMHEHUN C KanblueM [4].

Honbl nuaka u mexau (Cu?* u Zn?*):

Hann4re noHOB MeH M IIMHKA TIPUBOIUT MHTHOWPOBAHUIO KPHCTANTIOOOpA30BaHMUS 32 CUET
s¢deKxTa aHTUCKaAIaHTa, KOTOPbIM OKa3bIBalOT MOHBI JAHHBIX METaIoB. Jlaxke He3HAuMTENbHBIE,
KOHIEHTPAallMd MOHOB MEIW W LMHKA 10 2 vacTul Ha MwuuoH (PPM) mpuBoaut k cuibHOMY
YMEHBIIIEHUIO0 UHTEHCUBHOCTU KpHUCTauiooOpazoBanus. Ha pucyHke | mpeacraBieHbl KpUCTaJLIbI
CTPYBHTA, KOTOpPHIe OBLITN BHIPAIIEHB! B OMHAKOBBIX YCIOBHUSAX, HO B IEPBOM CITydae MOHBI MEIH U
IIMTHKA OTCYTCTBOBAJIH, @ BO BTOPOM KOHIICHTpAIHs Oblila 2 YHCTEIbl Ha MIJITHOH. [4].
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PI/ICYHOK 1. BimmsiHre MOHOB MEAY U [IUHKA Ha HHTEHCUBHOCTH KpUCTAJUIM3allU CTPYBUTA

DKCepUMEHTAIbHBIE YCTAHOBKH, OMUCAHHBIE B , UCHOIB3YIOT PEAKTOPHI C HEMPEPHIBHBIM
nepeMeIMBaHieM, TA€ COOJIOJAIOTCS BBINICYKa3aHHbIE YycioBHs. KuHetnka ¢GopMHpoOBaHUsS
KPHUCTAJIJIOB ONPEAeAeTCs TMHAMUYECKIM U3MEHEHUEM KOHIIEHTPAllUi KITFOUeBbIX KOMIIOHEHTOB. B
OJTHOM M3 SKCIIEPUMEHTOB IPY Ha4aJIbHBIX KOHIEHTpausax PO4*" =75 mr/m, NHa" = 135 mr/m u Mg**
= 90 mr/n, mpu pH 8,8 u temmneparype 24 °C, BpeMs TOCTHKEHHUS MaKCHMaJIbHOTO OCAXKICHUS
COCTAaBJISLIO OKOJI0 60 MUHYT, a pazMep KpUCTaILIOB BapbupoBaiics ot 50 10 150 MKM B 3aBUCUMOCTH
OT CKOpPOCTH TNiepeMeniuBaHus. lcroib30BaHHE COBPEMEHHBIX METOJIOB aHaiu3a (Hampumep,
PEHTIeHOBCKas TU(GPAKIHA U CKAaHUPYIOMIAsl AJIEKTPOHHAST MUKPOCKOIHS) TIO3BOJIMIIO YCTAHOBUTD,
YTO YHCTOTA KPUCTAIUIOB CTPYBUTA B ONITUMAJILHBIX YCIOBUSAX npeBbimana 90%, B To BpeMs Kak mpu
Haymynn u3obiTka Ca?* i COs?” uncroTa cHIKanach 10 70—75% [6].

Ha ocHoBe npoBeAEHHBIX HCCIeIOBAaHUN MpeiaraeTcs KOPPEeKTUPOBATh TEXHOJIOTHUYECKHMA
IIPOLECC ITYTEM:

. Tounoro no3upoBanus Mg** 11 KOMIIEHCALlMU KOHKYPEHIIUH cO cTopoHbl Ca**;

. Kontpons yposHs pH ¢ mpumeHeHneM OypepHBIX cHCTEM, 0COOEHHO B IPUCYTCTBHH
KapOOHATOB;

. [TocTOSTHHOTO MOHHTOPUHTA KOHIIEHTPAIM BTOPUYHBIX HOHOB, C BO3MOKHOCTBIO

ONEPATUBHOM KOPPEKLIUH TEXHOJIOIMYECKUX [1APAMETPOB B PEKUME PEATbHOIO BPEMEHH.

IlepcnexkTuBbI MOAMpHKALIMT MeTOAA

VY4uTeIBas MHUPOKUNA CIIEKTP MapaMeTpOB, BIUSAIOIIMX Ha Mpolecc (opMUpOBaHUS CTPYBUTA,
MIPEAJIaraeTCs CIEAYIOMNA KOMIUIEKC MEPOIIPUATUI JUIsl ONTUMHA3ALUN TEXHOJIOTUH:

. KonTtpoas cocraBa cToYHBIX BOJA: BBeneHue npeasapuTeIbHOW CTaAWM aHAIM3a
COCTaBa IMO3BOJISIET KOPPEKTUPOBATh TEXHOJIOTMYECKUE PEKUMBI B 3aBUCUMOCTH OT KOHIICHTPALUN
BTOPHUYHBIX BEILECTB.

. Perynuposanue pH wum temmeparypbl: TouyHOoe mnojaepkaHWe ONTHUMaIbHBIX
3HaueHud pH M TemmepaTypbl COCOOCTBYET YCKOPEHHIO HYKJEAllMd M POCTY KPUCTAIUIOB, UTO
MUHUMU3HUPYET BIUSHUE IOCTOPOHHUX KOMIIOHEHTOB.

. Hcnonb3oBanne WHruOMTOPOB M Karaau3aropoB: OmnpelnencHue  poiu
crenupuuecknx 100aBOK MOXKET OOEeCHeunuTh CTAOMJIBHOCTh MpOIlecca M TMOBBICUTh YHUCTOTY
[IOJIy4a€MOT0 IIPOYKTA.

. Paspaborka apanTtuBHbIX Moaenei: Co3gaHue MaTeMaTHYECKUX MOJIETIEH,
YUUTBIBAIOIIMX IEPEMEHHBI COCTAaB CTOYHBIX BOJ, TO3BOJUT IPOrHO3MPOBATh H3MEHEHUS B
JUHAMHUKE KPUCTAIUIN3ALMN U KOPPEKTUPOBATH TEXHOJOTHUECKHI MPOLECC B PEAIBHOM BPEMEHH.

TakuM 00pa3oM, mepcrneKTUBbl MOAM(UKAIIMK METOJla BOCCTAHOBIIEHUsS a30Ta U ¢ocdopa
yepe3 KPHUCTAIU3AIMI0O CTPYBUTA OOYCIIOBIIEHBI HEOOXOAMMOCTBIO y4ye€Ta BIUSHHS BTOPUYHBIX
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BCIIICCTB. PCBy.]'II)TaTI)I MpEaABapUTEIIbHBIX I/ICCJ'ICI[OBaHI/Iﬁ OTKPBLIBAKOT BO3MOKHOCTDH z[aaneﬁmeI?I
OIITUMHU3AlMKU IpoLecCa, UYTO IMPCACTABIIACT 3HAYUTEIbHBIN HHTCPEC JII OKOJOTrMYCCKU
OPUCHTHUPOBAHHBIX TEXHOJIOTHH U YTUIINW3alu CTOYHBIX BO.

BriBoabl

B pesynbraTe wmccnenoBaHUS YCTaHOBJICHO, YTO 0a30BbIE TEOPETHUYECKHE IOJIOKCHHUS
KPUCTAJUTU3alUA U OCAXKIACHUS 00SCIeYMBAIOT HAJCKHYI0 OCHOBY ISl BHEAPCHHS TEXHOJIOTHH B
Hay4HbIC HCCIEAOBAaHUS U TMPAKTUUYECKUE TMPUIOKEHUS. TEeXHOJOrus TMOJYyYeHHUs CTpyBHUTa
JEMOHCTPHUPYET BBICOKYIO 3((PEKTHUBHOCTh BOCCTAHOBICHUS a30Ta M (ochopa, OJHAKO BIUSIHHE
BTOPUYHBIX BEILIECTB TPEOYET JalbHEHIIET0 IeTaabHOTO U3yueHus. [lepcreKTHBHBIM HapaBIEHUEM
SIBJISIETCS. MOAM(UKAIUS TEXHOJIOTHYECKOTO IPoIiecca Yepe3 alalTaiyio YCIOBHN KPUCTaUTU3aIuN
B 3aBHCHMMOCTH OT COCTaBa CTOYHBLIX BOJ, YTO ITO3BOJISIET MOBBLICUTH MHTEHCHBHOCTH U KaueCTBO
oOpazoBanus cTpyBUTa. IlpakTHueckas peanu3anus NPEIJIOKCHHBIX MEPONPUATHA MOXKET
CYHIECTBEHHO YIYYIITUTH 3PPEKTUBHOCTH OYMUCTKU CTOYHBIX BOJ U BEPHYTH IIEHHBIC KOMITOHEHTHI B
X035HCTBEHHOE 0OpaIlleHue.

bubaunorpadus

1. KomnoBa A.®. Pearearnoe ynanenue docdaroB u3 ciuBHbBIX Boxa / [1azenko T.S5. //
CrtpoutenscTBo U apxutekTypa Cubupckuii dhenepanbubiii yauepcuteT. - Nel( (81). - 2013. - C.
161-163.

2. E. Ariyanto, H. Ang, Impact of various physico-chemical parameters on spontaneous
nucleation of struvite (MgNH4P0O4.6H20) formation in a wastewater treatment plant: kinetic and
nucleation mechanism // Desalination and Water Treatment. - 2014. - Ne52. - C. 6620-6631.

3. Advances in Struvite Precipitation Technologies for Nutrients Removal and Recovery
from Aqueous Waste and Wastewater / Alessio Siciliano, Carlo Limonti, Giulia Maria Curcio,
Raffaele Molinari // Sustainability. - Bem. 12. - 2020.

4. S. Muryanto, A.P. Bayuseno Influence of Cu2 + and Zn2 + as additives on
crystallization Kinetics and morphology of struvite // Powder Technology. - 2014. - Ne253. - C. 602-
607.

S. Struvite as a Sustainable Fertilizer in Mediterranean Soils/ Ana Pérez-Piqueres, Ana
Quifiones, Marta Ribo // Agronomy. - Ne13(5). - 2023.
6. Weiran C., Yi S. Recovery of Phosphorus in Wastewater in the Form of

Polyphosphates: A Review // Processes . - 2022. - Ne7

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

48



N\ MIPU

POCCHACKHRA TOCYIAPCTREHHLIR wHoebte udeu s HAVKIX & 3emaen
TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

Onmumu3zayus npoyecca 6000n0020MOBKU HaA AMYpPCKom
2a30XUMUYECKOM KOMNJIeKce

Cusoe /I.1O.* (MI'PH, danya.azaza.sizov@mail.ru),
Komapoe E.H. (MI'PH, e.i.komarov@rambler.ru)

AHHOTaNuA

[TpoexTrpyeMsblii TpoIiecc BOJOMOATOTOBKM Ha AMYPCKOM Ta30XMMHYECKOM KOMILIEKCE
BKJIIOUAeT B ceOsl HECKOJBKO 3TAIoB, Kbl M3 KOTOPBIX TpeOyeT MPUMEHEHHUs COBPEMEHHBIX
CMELMANIN3UPOBAHHBIX CHUCTEM JUI OYMCTKM BOABI. B pamkax mpoekTa Ipeanoiaraercs
HCIIONb30BaHue Takux cucteM kak ActiveFlow ot Veolia, 6e3nanopssix nmecyansix DynaSand u
yroasHbIX DynaCarbon ¢unstpoB ot Nordic Water, a Taxoke yabTpaduiIbTpanuu.

OnTumuzanusi  mpolecca  BOJONMOATOTOBKM — BKJIIOYaTh B ceOsl  BHEJpPEHUE
aBTOMATH3MPOBAHHBIX CHCTEM KOHTPOJIA U YIpPaBICHUS MpolieccaMy (PUIbTPALH, YTO MO3BOJIIET
CHU3UTH DKCIUTyaTallMOHHBIC 3aTPaThl I MUHUMHU3UPOBAThH BO3ACHCTBHE HA OKPYKAIOIIYIO CPEy.

KiroueBnle ciioBa
HpOGKTI/IpOBaHI/Ie, BOJOIIOAT'OTOBKA, Fa?,OXI/IMI/I‘-IeCKI/Iﬁ KOMIIJICKC, IIC€CUHAaHBbIC H yI“OJII:HBIC
GUABTPHI, yABTPAQUIbTPALIHS, ONTUMH3AIIH

Teopus

Amypckuii  razoxumuueckuii komriekc (AIK) mpencraBnser coboit  macmrTabHOE
cTposlieecs NpeAnpusTie, Tpedyrolee NPOSKTUPOBAHUS U BHEIPEHUS COBPEMEHHBIX TEXHOJIOTUI
BOJIOTIOATOTOBKH, KOTOpBIe CHOCOOHBI oOecneunTh d3(PPEKTHBHYIO OYHCTKY BOIBI IS
IIPOM3BOJICTBEHHBIX HYXJI. Boja g Hyxna kommiiekca OyJeT OuuINaThCsl OT OPraHUYeCKUX HU
HEOPTaHMYECKUX 3arps3HUTENCH, B TOM YHCIIE B3BEIICHHBIX YacTUI, HE()TEIPOIYKTOB, a TaKKe
MHUKPOOPIaHU3MOB, YTO TpeOyeT UCIOIb30BAHUS MEPEIOBBIX (PUIBTPAIIMOHHBIX TEXHOJIOTH.

B pamkax 3TOro mpoekta mpeamnoiaraeTcs MCHOJIb30BAaHHUE MEPEOBBIX CHCTEM, TAKUX Kak
ActiveFlow ot Veolia, 6e3nanopusie necuansie DynaSand u yronsasie DynaCarbon ¢uibTpsl oT
Nordic Water, a Takxe ynbTpapuibTparus:

ActiveFlow ot Veolia npencrasisieT co00i HHHOBAaIIMOHHYIO CUCTEMY (QHIIbTPALIUHU, KOTOpast
WHTETPUPYET HECKOJBKO ITANOB OYMCTKH BOJBI C HMCIIOJIB30BAHHEM €€ IMOTOKa TOJ| AaBJICHHEM H
aKTHUBHBIX MEXaHU3MOB OYUCTKH. ActiveFlow M03BOJISIET CYIIECTBEHHO MOBBICUTH 3(P(PEKTUBHOCTD
mporecca OYUCTKA TPH MEHBIIEM IOTPEOJIEHUH XUMHUYECKUX peareHToB W Bonabl [3]. Omna
3¢ GEKTUBHO yJayseT B3BEUICHHbIE BELIECTBA U OPraHUYECKUE 3arps3HUTENH, a TaKXKe MO3BOJISeT
MUHUMH3HPOBATh HM3HOC (WIBTPYIONIMX MAaTEPUANOB, YTO YBEIMYMBAET CPOK  CITYKOBI
obopynoBanus. Cxema MPOEeKTUPYEMOI YCTAaHOBKM OCBETJIEHUS BOBI MPE/ICTaBIe€Ha Ha PUCYHKeE 1.
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Pucynok 1. Cxema npoeKkTHpyeMOTro OCBETIUTENS

Bbe3nanopusbie necuansie puabTpbl DynaSand ot Nordic Water sBisitorcs ogHuM u3
Haubosee 3QPEeKTUBHBIX PEIISHHH ISl OYMCTKH BOBI OT TBEPABIX YACTHII U B3BEIICHHBIX BEIIECTB.
B ommmume ot TpaamumonHeix ¢(uibTpoB, DynaSand paGoTaer Ha OCHOBE HENPEPHIBHOTO
GUIBTPOBANBHOTO TpOIECcca, MPU KOTOPOM TecuaHasi GUiIbTPYIOIas 3arpy3ka moJaep>KuBaeTcs B
JBWKEHUH, YTO MPENOTBpaIacT oopa3zoBaHue MpoOOK U ycKopsieT GuibTpanuio. JlaHHas cucrema
UJeabHO MOIXOIUT 7Sl pabOThI ¢ OOJIBIIUMU 00bEMaMHU BOJABI U MO3BOJISIET 3HAUUTEIBHO CHU3ZUTH
noTpeOIeHne SHEPruM 10 CPAaBHEHHWIO C HAMOPHBIMU cucTeMaMu ¢uibTpanuu. KoHcTpykuwms
¢bunbpTpa n300paxkena Ha pucyske 2 [4].

Pucynox 2. Baenmawmii Bux 6e3HaIIOpHOTO QHIBTpa
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Be3snanopusie yrojbubie ¢uiabTpbl DynaCarbon ot Nordic Water paGotaror
0e3HanopHO, HO BMECTO MECYAHOH 3arpy3Kd MCIOIb3YIOT aKTHBUPOBAHHBINA yroJb IS aJICOPOITUN
OpPTraHUYECKUX 3arps3HUTEINICH, HEPTEIPOIYKTOB U APYIHX XUMHUECKUX BEIIECTB, HAXOISIINXCS B
BOZIc. AKTHUBHUPOBAHHBIM yrollb HMMEET BBICOKYIO TOPHCTOCTh, YTO TMO3BOJISET 3((HEKTHUBHO
MOTJIONIATh PA3JIMYHbIC 3arpsi3HSIONIME BEIISCTBA, YJIydYIlas KayecTBO OYMINEHHONH BOIBL. ODTH
(GUIBTPHI TaKXKE 00ECTIEYNBAIOT CTAOMILHYIO TPOU3BOIUTEIIEHOCTh M SKOHOMHYHBI B OKCILTyaTaI|H.
MonTaxx GUIbTPOB B OETOHHBIX OacceiHax MpeacTaBicH Ha pucyHke 3 [5].

Pucynok 3. BHemHuit Bu KoMIuiekca 0e3HaropHbIX GUIBTPOB B OETOHHOM
WCTIONTHEHUH

YabTpaduabTpanus mpeacraBiseT co0old MEMOpPaHHYIO CHCTEMY, HCIOJIB3YEMYIO IS
yIQJIeHUsI U3 BOJIbI MUKPOOPTaHU3MOB, KOJUIOMJHBIX YaCTHIl U OPraHWYECKUX MOJIEKYIN, pa3Mmep
KOTOpBIX OOJbllle, YEM Yy MOJEKYJ] BOJbl, HO MEHbBIIE, YEM Yy 3arps3HUTENCH, yAaIsieMbIX
TPaIULMOHHBIMU METOAaMHU. YIbTpaduiabTpanus obecreuuBaeT TIIyOOKYI0 OYHCTKY BOJBI,
MO3BOJISISL MOJIy4aTh HPOAYKT C BBICOKMM KayecTBOM M 0€3 cojep)KaHMsI B3BEIICHHBIX YacCTHII.
MemOpanbl ynbTpaguiabTpaii 00J1aAal0T BBICOKOH YCTOMYMBOCTBIO K 3arps3HEHUI0 U MOTYT
3¢ (deKTUBHO pabOTaTh B yCIOBUSAX MEPEMEHHBIX Kaue€CTB UCXOAHON BOJBI [6].

HpOIIGCC MPOCKTUPOBAHUA CHCTCMbI BOJOIIOATOTOBKH Ha AMprKOM Tra30XuMHYCCKOM
KOMIIJICKCE BKIIHOYACT HCCKOJIbKO KJIHOYCBBIX 3TAIIOB!:

1. OneHKa BOAHBIX PECYPCOB — aHAIN3 XUMHUYECKOTO COCTaBa M KadecTBa BOJHBIX
HMCTOYHUKOB, a TAK)Ke OMpeeNieHue 00beMOB MOTPEOICHUSI.

2. PaspaboTka cxembl BOJOCHA0KeHHsI — TIPOCKTUPOBAHHE BOJ03a00pa U
pacmpeenuTeNbHbIX TPYOOIIPOBOIOB.

3. Bbi0op TexHOOTMH OYMCTKHM — HUCXOJIS W3 COCTaBa M XapPaKTEPHCTHUK BOJIHI,
BbIOMpatoTcs Hanboee 3G (HeKTUBHBIE M SKOHOMHYHBIE METOJIbI OUHCTKH.

4. IIpoekTHpOBaHNE OYHCTHBIX COOPYKEHHIT — pacyeT MOITHOCTH yYCTAHOBOK JIJIS
Ka)KJI0TO dTarna OYMCTKH, T0JA00p 000pyI0BaHUs, MATEPUAIIOB U TEXHOJIOTHH.

5. HHTeraHHﬁ C CYHIECTBYOIIUMH CUCTEMAMHU — BAXHBIM MOMCHTOM SABJISACTCSA

HUHTCTpaluna HpOCKTpreMOﬁ CUCTCMBI BOJOIIOATOTOBKH C O6IJ.ICI>1 HH(I)paCTPYKTypOﬁ KOMIIJICKCA.

Kaxxnas u3 ucmonbp3yeMbIX CUCTEM TPeOyeT THIATEIbHOTO MPOSKTUPOBAHUS, BKITFOUAst BEIOOD
ONTUMABLHOTO 000PYI0BAHUS, pacYeT HEOOXOAUMON MOITHOCTH (PUITBTPYIOIIHNX YCTAHOBOK U BBIOOD
MOAXOASAIINX MAaTepPUAJIOB, YTO MO3BOJIUT JOCTHYb BHICOKOTO KaueCTBa OUMIIIEHHOUW BOJIBI.
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OnTtuMuzanus NpPOLIECCOB  BOAONOArOTOBKM OyJeT BKJIoYaThb B ce0s  BHEIpEHUE
aBTOMATH3MPOBAHHBIX CUCTEM KOHTPOJIS U yIpaBiieHHs npoueccamu (punbTpanuu. Vicnonp3oBanue
UHTEJUIEKTYAJIbHBIX JATYUKOB M CHUCTEMBl MOHHUTOPUHIA IIO3BOJIMT ONEPAaTUBHO KOHTPOJIUPOBATH
napaMeTpsl BOJbl, Takue Kak pH, coaepkaHue 3arps3HsIOMUX BEIIECTB U YPOBEHb (pUiIbTparuu, a
TaKK€ aBTOMATUYECKU DPEryJIMpoBaTh IapamMeTpbl padoThl 00OpYJOBaHUSA, TaKME KaK CKOPOCTb
¢bunbTpanuu U pacxoja peareHToB. Kpome Toro, mpenronaraeTcsi BHEAPEHHE CHCTEMbI 0OpaTHOM
CBSI3U, KOTOpasi O3BOJMUT OBICTPO aJalTUPOBATh PEKUM PabOThI (PUIBTPALIMOHHBIX YCTAHOBOK B
OTBET Ha U3MEHEHNUS Ka4eCTBA BOJIbI HA BXO/I€. DTO IIO3BOJIUT CHU3UTDH PACXO]] pEAr€HTOB U SHEPTUH,
YTO CIeJIaeT Mpouecc 60aee FIKOHOMUUHBIM U SKOJIOTHYECKH O€3011aCHBIM.

BriBoabl

[IpoekTupoBaHre ¥  ONTUMHU3ALUS CHCTEMBI  BOJOMOJATOTOBKM Ha  AMYpPCKOM
ra30XMMUYECKOM KOMILJIEKCE HalpaBlieHO Ha obOecredeHHe CTaOMIbHON paboThl MpEANpUATUs U
COOJTFOICHHSI KOJIOTHYECKIX HOpM. Mcrionib30BaHuE COBPEMEHHBIX CUCTEM, Takux kKak ActiveFlow,
¢dbunbTpanus Ha Oe3HanopHbiXx GuiasTpax DynaSand u DynaCarbon, a takke ynbrpadunbTpanus,
MO3BOJIUT  OOECIICYUTh BBICOKOC KAueCTBO BOABI IS HYXI TPOU3BOJCTBA, CHU3UTH
OKCIUTyaTal[MOHHBIE 3aTpaTbl W MHHUMH3MPOBATh BO3JEHCTBUE HA OKPYXKAIOIIYIO Cpemdy.
WuTerpamusi ¢ aBTOMATH3UPOBAHHBIMH CHCTEMaMU VYIIPABICHUS W MOHHTOPHHTa OOECHEYHT
3¢ (HEeKTUBHOCT U HAJIEKHOCTh CUCTEMBI BOJIOTIOTOTOBKHU.
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AHHOTANUA

Pa3paboTana KOHIIEMIIHS PEeCypcoOCOEepEeKeH s B TaIbBAHUIECKOM IPOM3BOJICTBE HA OCHOBE
KJ1acCU()UKAIMU TIOTOKOB CTOYHBIX BOJ[ B 3aBUCUMOCTH OT KOMIIOHEHTHOTO COCTaBa 3arps3HCHUN U
CHCTEMATHU3allUd TEXHOJOTHYECKUX MPUEMOB H3BIICUYCHUS W3 CTOKOB IIEHHBIX KOMIIOHCHTOB H
BeniecTB. [IpeioxkeHo BocCTaHABIMBAThH B MPOIIECCE OYMCTKH MIECTUBAICHTHBIH XPOM OTXOIaMHU
numdoBaapbHOro  mpom3BojacTBa.  (O0OCHOBaHa  KiIacCH(HKAIUS CTOKOB  TralbBaHUYECKOTO
MIPOU3BOJICTBA M PEKOMEH/IOBAaHBI METOJIbI UX OYHCTKH.

KiroueBnle ciioBa
KOHIICHIII/ISI, KJIaCCI/I(bI/IKaIII/IH, METOABI OYUCTKH, CTOYHBIC BOAbI, IHJH/I(bOBaJII)HI)If/'I njiamMm

Teopus

[Tpennaraercs kiaccuuKamysi MOTOKOB MPOU3BOJICTBEHHBIX CTOYHBIX BOJ MPEANPUATUN
METaJUI000pa0OTKM Ha OCHOBE aHalIW3a KOMIIOHEHTHOTO COCTaBa, (PH3MKO-XMMHYECKHX U
KOJUIOMIHO-XMMHUYECKUX CBOWCTB 3arpsi3HeHUd (Ha TMpuMepe MeTauioo0pabaThIBAIOIIETO
NPEINPUATHS) U C TOYKHU 3peHust obecrnieueHns ux 3(pPpeKTUBHON OUNCTKHU, pereHepalu IOTOKOB U
OCaJIKOB, M3BJICUEHUS M3 HUX IICHHBIX KOMMOHEHTOB (puc.l). Ha manHOM sTame wuccienoBaHUsS
paccMOTpEHbI CTOYHBIE BOJIbI FalbBAHMUECKUX IPOU3BOACTB [1,2,4]. VIX pa3nenstoT Ha ABE TPYIIIbL:
KOHIIEHTPUPOBaHHbIE M pa3daBieHHble. [lepByro Trpynmy CTOYHBIX BOJA B JaHHOM pabote
IIpeIaraeTcs pa3/ieiuTh Ha ATk HOATPYIII, BTOPYIO — HA YETHIPE NOATPYIIIIbL.

[lepBast rpynna — KOHIICHTPUPOBAHHBIE XHUMHUYECKU 3arpsA3HEHHBIE CTOYHBIE BOJBI (OT
raJIbBAHMYECKUX IPOU3BOJICTB) C KOHIIEHTpAUIMH Xpoma (+6) — 3 - 4 r/am® | marnnoB - 6osee 1,5
r/mm3, Hukenst - 6Goxnee 3 /v (motok 1).

1.1 xpomcoaep:xaiue (U3 BaHH 1-T0, 2-T0 OCBETJIEHUS U T.J1.)

1.2 xucneie

1.3 mieouHsIe

1.4 nuancoxaepxaniue

1.5 HuKenbcoaepKaime
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B Cnabo XMMUYECKH B KOHIEHTPUPOBAHHBIE
BarpﬂBHéHHBIC MacJI05MYJIbCUOHHBIC
CTOYHBIC BOAbI, CTOYHBIC BObI,
39,8 % 28,7%
B Cnabo3arps3HEHHbBIE
MacJio U mjiamMo-
coJepariie
CTOYHBIC BObI,
5,5%
KOHIICHTpI/IpOBaHHI)IC
XUMHYCCKH
OtpaboTaHHBIC
3arpsi3HECHHBIC
COAOBO-HUTPUTHBIC
CTOYHBIE BOABI; PACTBODSL;
18,8% ’
’ 7,2%
Pucynoxk 1. JmnarpamMma moToKOB CTOYHBIX BOJI PEANPUATHI METAIII000pabOTKH

Bropas rpymnma — cnabo 3arpsa3HeHHbIe (XUMUYECKH) CTOYHBIE BOJIBI (OT ONEpaIfii IPOMBIBKH
JIeTae raTbBaHUYECKHUX MTPOU3BOCTB) C KOHIICHTpanusimMu xpoma (+6) no 0,6 r/am®, nuannoB — 6
- 35 mr/aM3, mukens — 15 mr/am® (motok 2).

2.1 KACIOTO-11IET0YHBIE BOIEI

2.2 pa30aBieHHbIE XPOMCOJEPKAIINE BOABI OT IPOMBIBOYHBIX BaHH

2.3 pa306aBieHHbIE LIUAHCOAEPIKAIIME BOJIbI

2.4 pa30aBieHHbIE HUKEIbCOAEPKAIINE BOBI.

B HacTosimiee Bpemst 00JibIlIoe BHUMaHUE YAEISAETCS HUCCIECAOBAHUAM 110 yJAJIICHUIO XpOMa
(Cr¥*, Cr®) wm3 crounmeix Box [8]. [ms »ddexrusroro ymamenms Cr¥*, Cr®* us crokxos
rajJbBaHOIIPOM3BO/ICTBA ObUI pa3paboTaH psili METO/I0B, TAKMX KaK aJIcCOPOLUs, SIEKTPOXUMHUYECKas
o0paboTka, (PU3MKO-XMMHUYECKHE METO/Abl, MeMOpaHHas (unbTpanusa. B pamkax pazpaboTaHHOM
KOHIIETIIHH MPeJI0KeH0 BoccTanobenne Cr®" oTxonoM mmmdoBatsHOro Npou3BoacTBa [6].

AHam3 JNeMCTBYIOIUX OYUCTHBIX COOPYKEHHH MPOU3BOJICTBEHHBIX CTOKOB TOKAa3ajl, YTO
MIOTOKHU CMEIINBAIOTCs, 00padaThIBAIOTCS TOBAPHBIMU peareHTaMy Ha JIOKaIbHBIX M 00IIe3aBOJCKUX
OUYUCTHBIX coopykeHusix. He paznenensl motoku 1.2 u 1.3. C yueTom poBeIeHHOM Ki1acCU(PUKALUU
MIOTOKOB CTOYHBIX BOJ 10 KOMIIOHEHTHOMY COCTaBY, (U3UKO-XUMHUYECKUM U KOJUIOMIHO-
XUMHAYECKHM CBOMCTBaM 3arps3HeHHi pa3paboTaHa KiaccH(UKANWs TEXHOJIOTHYECKUX MPUEMOB
OYMCTKM CTOYHBIX BOJ| TaJbBAHUYECKOTO IPOM3BOJACTBA. JlOKAa3aHO B SKCIIEPUMEHTE, 4YTO
pasnenenneM notokoB 1.2 m 1.3 obecrneunBaroTcs yTUIU3alUs KUCIOTHI, HEOOXOOUMOW MpH
BoccTanopeHnn Cr®" u3 motoka 1.1 u u3 moToka 2.2, M yTUIM3ALMA NIETOYM, HEOOXOAUMO Ha
CTai¥ HEUTPATU3AIMHA CTOYHBIX BOJ. DKCIIEPUMEHT TOATBEPANI, YTO XPOMCO/IEPIKAIINE CTOYHBIE
BO/bI 3()(PEeKTUBHO BOCCTAHABIMBAIOTCA CYIb(hATOM ABYXBAJEHTHOTO >xene3a. IIpu HekoTopbIx
BUIaX dQPEKTHUBHOM JTOKATLHOW OYMCTKH CTOYHBIE BOJBI MOT'YT Cpa3y HaINpaBISATHCS HA TIOBTOPHOE
ucnosib3oBaHue. B 001ie3aBoIcKoi cxeme MpeyCMOTPEeH y4acToK Uit 00pabOTKH 0caka CTOYHBIX
Boa. OTpaboTaHHBI OCaZOK MOXKET YTHIU3UPOBAThCS B CBHIPhE CTPOWMATEPHANIOB WA
CKJIaJUPOBATHCS HA MOJUTOHE MTPOMBIIIIEHHBIX OTXOJIOB.

[TpenoskeHHast B JTaHHOH cxeMe BO3MOKHOCTh MCIIOJIb30BaHMS NUTH(OBATFHOTO IJTaMa Kak
peareHTa npu OYMCTKE CTOYHBIX BOJI COOCTBEHHOT'O MTPOU3BO/ICTBA MMEET TaKHe MPEUMYIIECTBa:

- HE BHOCHT JIOTIOJHUTEIBHBIX HEYAASIEMBIX B TPOIIECCE OUYMCTKU HMHTPEAMEHTOB, HE
CBOWCTBEHHBIX TEXHOJOTHUECKOMY IPOIECCY 00pabOTKN METAJIOB PE3aHHUEM;
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- 32 CYET COKpAallleHWs WHTepBaja OT MOMEHTa OOpa3oBaHUS /O MOMEHTa MHcC-
MOJIb30BaHUS OTXO/I0B 00ECIIEUNBACT COXPAHHOCTh €TI0 CBOMCTB, MOJIE3HBIX KaK B MIPOIECCE OYUCTKU
CTOYHBIX BOJI, TAK U JUIsl yTHJIN3ALUN COIYTCTBYIOIINUX KOMIIOHEHTOB;

- He TpeOyeT 3aTpaT Ha NpuoOpeTeHNe U JOCTaBKY TOBAPHBIX PEareHTOB,;

- IIO3BOJISIET YKOHOMUTH KOMIIOHEHTBI CMa3049HO-0XJIaKJAI0IINX KUIKOCTEH;

- UCKJIIOYAET KOPEHHYI0 PEKOHCTPYKLHIO CYHIECTBYIOLIErO0 OOOpYAOBaHUS H
JNEUCTBYIOIUX TEXHOJIOTMYECKUX IIPOLECCOB IIPUTOTOBIEHUS, dKCILTyatauuu U ounctku COX;

- o0ecrieyrBaeT KOHOMHUIO 3a CUET 3aTpaT Ha YHUUITOXKEHUE OTXO/I0B;

- TO3BOJISIET OJHOBPEMEHHO C OYHUCTKOM M MHCIIOJIB30BAHMEM CTOYHBIX BOJ IIOJy4aTh
JIOTIOJIHUTEIIBHBIE CHIPHEBBIE PECYPCHI.

JUid TmodydyeHuss BTOPUYHOIO ChIPbS SKOHOMHYECKHM HauOOJee BBIFOJHBIM SBIISIETCS
HCII0JIb30BAaHNE OTXOJ0B KOHKPETHOI'O IIPOM3BOJCTBA, TAK KaK TEXHOJIOTMYECKasi cXeMa Oy/eT TeM
IpOIlE, YeM MEHbLIE XMMHUYECKMX COEAMHEHMH B HUX HaxoauTcs. B sTom cimywae Tpebyercs
3HAQYUTEJIBHO MEHBIIE CIEHUAIM3UPOBAHHOIO TPAHCIIOPTA, MOHUKAETCA BEPOATHOCTh YXYyILICHUS
9KOJIOTUYECKUX YCIIOBHUH, OOYCIIOBJIEHHBIX aBapusiMu npu mepeBo3ke. IlepepaboTka 0TX070B
HETIOCPEJICTBEHHO Ha MecTe JOJDKHA OBITh yBsi3aHa C MPOM3BOJICTBEHHON TEXHOJIOTHEH, YTO
MI03BOJISICT CHU3UTh KOJIMYECTBO OTXO/IOB, XPAHSAIINXCS KaK HAa JAHHOM IPEANPHUSITHH, TaK U B 00X
MECTax 3aXOPOHEHHS.

C npyro#t cTopoHsl, iepepaboTKa HEMOCPEICTBEHHO Ha MPOU3BOJCTBE MOXET OTPeOOBaTh
HEKOTOpPBIX 3aTPAT Ha CO3/IaHUE YCTAHOBOK I10 MepepabOTKE OTXOJ0B U UX IKCILTyaTaluI0, KOTOPbIE
JOJDKHBl  JIOCTAaTOYHO OBICTPO OKyHaTbCs 3a CUET BO3BpaTa MaTepHaJbHbIX LEHHOCTEH B
MIPOU3BOJICTBO U PE3KOr0 yMeHbIIeHUs mTpadoB. CTOUMOCTH MepepadOTKH 3aBUCHT OT KOJIWYECTBA
[OJIydaeMbIX OTX0J0B. OjHOTHUIIHBIE, OJM3KO paCIOJIOXEHHbIE IPOU3BOJCTBA, JOJKHBI
O00BETUHATHCS JJIS TIEPEPAOOTKH OTXO/I0B.

Konuenmus pa3paboTaHa Ha OCHOBE KJIaCCU(PUKALMU OTOKOB CTOYHBIX BOJ| B 3aBUCUMOCTH
OT KOMIIOHEHTHOI'O COCTaBa 3arpsA3HUTENEN W CHUCTEMAaTU3allMM TEXHOJOTHYECKHX IPHEMOB
U3BJICYEHMS U3 HUX OIPEAEICHHBIX I'PYIII 3arpsA3HSIONIMX BEUIECTB U METOJOB MX O4YMCTKH. lIpu
9TOM peaau3yeTCsl IPUHIUII CUCTEMHOCTH.

OCOOEHHOCTh ~ KOHIIEMLMU COCTOMT B  KOMIUIEKCHOM TOAXOJe K  pa3paboTke
pecypcocOeperaronmx TEXHOJIOTHH B CHCTEME BOJHOTO XO3SHCTBA MPEANpPUSATHS, KOrjaa
TEXHUYECKOE BOJIOCHA0)KEHUE, BOJOOTBE/IEHHE, OYMCTKAa CTOYHBIX BOJI, yJaJleHHUEe U NepepadoTka
OTXOJIOB pACCMATPUBAIOTCS KaK MPOLIECChl €AMHOMN LIEJIOCTHOW 3aMKHYTOM CHCTEMBI, B UX TECHOM
B3aMMOCBS3M U BIMSHMM JIpyr Ha napyra. IIpm sToM OTXOABI paccMaTpUBAarOTCS KaK IOKa3aTellb
HE3aBEPIIEHHOCTH TEXHOJOTHYECKOT0 MpoIiecca, YTO TPeOyeT COBEPILIEHCTBOBAHUS TEXHOJIOTUU C
LI€JIbI0O MUHUMU3AIMH OTXO0/10B, IPEBPAILEHHS X B LIEHHOE ChIPhE (peareHTsl, KoaryasHThl). BaxkHoe
3HAaUYEHUE MMEET KOONEpUPOBAHUE MPEANPUATHI METauI000paboTKU ¢  HPEINpUITUIMU
CTPOMMHAYCTPUH, KOI1a OTXOABI OJHUX CTAHOBATCS CHIPbEM U Apyrux. Mcnonas3oBanue oTxo10B
B CTPOMUHIYCTPUU ITO €CTh IIPOLIECC MPEBPALICHUS UX B U3EIIHS JOITOBPEMEHHOTIO IT0JIb30BAHMS,
HE OKa3bIBaIOIME OTPULIATEJILHOTO BIIMSHUSA Ha NPUPOAHYIO cpeny. B 3ToM ciyuyae mpuMmeHeHHe
OTX0JI0B SKOHOMHMYECKHU 00Jiee BHITOJHO, YEM MPUPOAHOIO CHIPhSI, TAK KaK MCKIIOYAIOTCS PacXO0/bl
Ha J00bI4y CBIPbS, Ha XpaHEHHE OTXOJOB M OTNAJaeT HEOOXOAUMOCTh B OTYYKICHHUU
CEJIbCKOXO35MCTBEHHBIX YIOJIAMN.

BriBoabl

CoxkparieHre NoTpeOIeHHs] CBE)KEH BOJBI HA TEXHUYECKHE HYKIBI 32 CYET MOBTOPHOTO
WCTIOTB30BaHUSI OYHUIIICHHBIX CTOYHBIX BOJI B MPOU3BOJICTBE [3,5,7], CHI)KEHNE KOJMYECTBA OTXOOB
0 MHHMMYMa Ha KaXJIOW TEXHOJIOTHYECKOW CTaauu Mpoliecca MPOU3BOJCTBA, MpeodpazoBaHueE
OTXOJIOB B CBHIPbE, U3BJICUCHUE U3 HUX IIEHHBIX KOMIIOHEHTOB, MCMOJb30BAHHE OTXOJOB OYMCTKHU
CTOYHBIX BOJI B CTPOMMHAYCTPUH — BOT IIEPEUEHB ONEPALMi, IPOBEIECHUE KOTOPBIX B COBOKYITHOCTH
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MO3BOJISIET JOOUTHCS MUHUMAJIBHOIO OTPHUIATENIBHOTO BO3JEHCTBHUS HAa HPUPOIHYI Cpely M
MOJyYUTh MHTETPANbHBINA 3PQexT ans npennpusatus. Kaxnas xe onepanus B OTASIBHOCTH JaeT
JMILIb JIOKAJIBHBIA 3 dexT, HeoOXOAUMBIM I MPOMEXYTOUHBIX Iiefieil, HO He pelaer 3aaady
pecypcocOepexeHns B KOMILIEKCE.

Peanuzanus nmocraBieHHOM 3afauyd B KOMIUIEKCE M II03BOJIIET YCTAHOBUTH TpeOyeMoe
COOTBETCTBHUE MEXKIY IIPOU3BOACTBOM, €TI0 OTXOJAMH U OKPY’KAIOLIEH IPUPOJIHON CPEION.
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AHHOTanus

Hccenenyerces cynecTBYIONMME CTaHAAPThI KA4€CTBA HA BOJly TUTHEBYIO, IPUHATHIE B Poccun
B HAcToOsIllee BpeMs, B CpaBHEHUHU ¢ HOpMmaTuBamu BO3, EBporielickoro cor3a U aMepUKaHCKOTO
areHTCTBA. Y CTAHOBJICHBI PA3JIM4Ms B NIOKA3aTeJAX KAYECTBA U KOJIMYECTBA JOIYCTUMBIX BEILECTB.
[Ipennaraercss HOBOe 0OOCHOBAHUE TMOHATHS «TEXHHYECKAs BOJA» C IEIbI0 COBEPIICHCTBOBAHUS
ONpeIeIeHUs B POCCUICKUX HOPMATUBaX. BbIABIICHBI MPOTUBOPEUNS B 3HAYEHUAX Psia [TOKa3aTesen
KauecTBa C Y4€TOM OCOOCHHOCTEH BOJOMOATOTOBKH Ha OUMCTHBIX CTAHIIUAX.

KuaroueBble cji0Ba
[luTtbeBas BOJAa, HOPMATUBBI KauyecTBA, TMTMEHHYECKHE TpeOOBaHHUS, TEXHUYECKas BOJIa,
KJIAaCCU(UKAIIHS

Teopus

B nacrosmiee BpeMs cTaHgapThl KadecTBa MUTHEBOW BOABI M3MEHWINCH, 110 HEKOTOPHIM
rapaMerpam — J0BOJIbHO 3HAYUTENIbHO. DTU M3MeHeHus1 oroOpakeHbl B HoBoM CanlluH 1.2.3685-
21, rie rUrueHNuYecKue HOPMAaTHUBBI SBJISIOTCS BaKHBIMU WHHOBAILMSIMM B OIPENCJICHUN KayecTBa
Bonbl. Ilo cpaBHenuto c¢ mpeabiaynmm CanlluH 2.1.4.1074-01 HOBbI npenbsiBiser Oosee
cliep’kaHHbIe TpeOOBaHUs 110 COAEePKAHUIO B Bosie Oapus. PasHuia ¢ Tem, uto Obl10, HE3HAYUTENbHA,
Bcero 0,6 Mr/m, 3T0 — Jake MEHbIIe HOpMBI 7 MI/J, pekomeHaoBanHoi BO3. B HoBoM cranmaprte
yCUJIEHbI TPEOOBaHHUS 110 COACPKAHUIO B MMUTHEBON BOJIE AJIFOMUHMUSA, HUKEIS, MOJIMOICHA, CBUHIIA U
xpoma. Ho B TO ke BpeMmsi Henb3si 3a0bIBaTh, YTO ATIOMUHHIA HApAIy C JKEIE30M HCIIOIB3yeTCs
Bonokananamu A OCBETJIEHMs BOJbI, a 3HAYUT UX KOHIIEHTpALlMU MOIYT BO3pacTH B Ipoliecce
BOJIONOATOTOBKU. CyYIIECTBEHHO MOBBICHJIMCH HOPMATUBBI IO COAECPXKAHUIO KPEMHHUS M MarHusl.
Tenepp 3TUX MOJIE3HBIX IS OPraHU3Ma MUKPOAJIEMEHTOB B MUTHEBOM BOJE JOIKHO OBITH OOJIBIIE.
TpeOoBaHus K I[BETHOCTH BOAOIPOBOIHOM BOJBI HE MPETEPIETU HM3MEHEHUH. A BOT K OTTEHKY
CKBR)XMHHOW M KOJIOZIE3HOW BOJ TpeOOoBaHUS cTaiu Oosee JosuibHbIMH. Taioke B HoBoM CanlluH
1.2.3685-21 cHu3wiCcs MOKa3arelb YpOBHS XJIOpa, KOTOPBIN HCIONB3yeTcs Uid 00e33apa’KuBaHus
BOJIbI, M MOSIBUJICSI HOBBIM MOKa3aTelb — OOIMI opraHuyeckuil yrepon (5 mMr/i), oToopakaronuii
YpOBEHb 3arpsi3HEHUs] BOJbl PA3JIMYHBIMU OPraHUYECKUMHU COeAMHEHMsMH. B Ttabmune 1
NPEJCTaBIeHbl KOHKPETHBIC M3MEHEHHs] B OOHOBJIEHHBIX MpaBmwiax. B oTaensHOe MoHsATHE ObLiIa
BbIJIEJICHA TEXHUYECKas BO/A, KOTOPYIO HENb3sl MCIOIb30BaTh ISl MUThS U MIPUTOTOBICHUS MULIH.
PaccmoTpuM 370 nonsTHE 601€e MoipodHo. [Toa TexHuUYeckoi BO10# B cTaHapTe 0003HAYEHA BOJA,
MOJIyY€HHAsl M3 HAa3€MHBIX U MOJ3EMHBIX MCTOYHHUKOB: PEK, 03€p, KOJOALEB, CKBAXXHUH U TOMY
no1o0HbIX. CTporo roBops, TeXHMYecKas BojJa — 3TO Jo0as Bojaa, KpoMe mnuTheBod. OHa
WCIOJIb3YETCSl B PA3JIMYHBIX OOJACTSIX MPOMBILIUIEHHOCTH, a TaKXke B OOCIYy)XKMBaHUH OBITOBBIX U
IIPOU3BOJICTBEHHBIX OOBEKTOB, HampuMmep, I HMX OTOIUIEHUS. B uacTHBIX 1OMOXO03sHCTBax
TEXHHYECKas BOJa MPUMEHSETCSI, B OCHOBHOM, JIJISl TIOJIMBA HACAKACHHUM U OBITOBBIX HYX]I.

Tabmuma 1. CpaBauTtensHbie Tokazarenu CanlluH pasubix et

HaumenoBanue Enununa Yro 6pu10 (CanlluH Uro crano (CanlluH ) AP
noKasaresis U3MEPEHUst 2.1.4.1074-01) 1.2.3685-21)
7,0 mi1st BOABI MUThEBOM 2,0 m1s BoabI MUTHEBOM
OKHCIIIEMOCTh
Mmr Oy/t | 5,0 ast Bcex BHJIOB BOJBI |  HEIGHTPAJIH30BaHHOTO HEUEHTPATM30BaHHOTO
IepMaHraHaTHas
BOJIOCHAOKEHHSI BOLOCHAOKEHHUS

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

o7


mailto:petrashep@mgri.ru

*

MIPU

POCCHACKHA MOCYAPCTREHHEIR
TEQNOrOPATBEAOYHBLIA YHHBEPCHTET
MMEHH CEFT D QP OHH KR 3E

wHoeste udeu s nayrax o Jemuen

BOJIBI (OCTaTOYHBIH)

AnroMuHUN MI/J 0,5 0,2 -0,3
Bbapuit MI/1 0,1 0,7 +0,6
25 (mpu %eCcTKOCTH BOABI |+15 (TIpH KECTKOCTH BOJIBI
Kpeuuii /1 10,0 J10 2,5 MMOJIB/IT) 10 2,5 MMOJIB/JT)
20 ( mpu xecTKOCTH BOabI |+10 (TIpH KECTKOCTH BOBI
Oosee 2,5 MMOJIB/IT) Goree 2,5 MMOJIB/JT)
Maruuii MI/T - 50 +50
Monubaen MI/1 0,25 0,07 -0,18
MpIbSIK MI/T 0,05 0,01 -0,04
Huxenb MI/T 0,1 0,02 -0,08
CBuHeI MT/71 0,03 0,01 -0,02
CepoBoaopo MI/J 0,03 0,05 +0,02
XpoMm MI/T 0,5 0,05 -0,45
Tuanuape! MI/71 0,035 0,07 +0,035
2 17 BOABI MUTHEBOU
[CHTPATH30BAHHOTO +1 1714 BOABI MUTHEBOM
BOJIOCHAOKECHHUS
IIpuskyc 6asuel 2 . HELEHTPAJIM30BaHHOIO
3 11t BOABI MUTHEBOM
BOIOCHAOKEHUS
HEIEHTPaTU30BaHHOTO
BOJIOCHAOKECHMS
20 s BoABI MUTHEBOM 20 n1s1 BOABI MUTHEBOM
[EHTPATN30BaHHOTO [EHTPAJIN30BaHHOTO
BOIOCHA0KCHUS U BOABI | BOJOCHAOKEHHS U BOJBI -5 7151 BOJIBI TUTHEBOM
IIBeTHOCTH Tpamychl | IUTaBaTeIbHBIX OACCEHHOB | INIABATENBHBIX OACCEHHOB | HENEHTPAIN30BAHHOTO
35 ms Bogbl 30 m1st BOAbI MMUTHEBOM BOIOCHAOXKEHUS
MUTHEBOM HEIEHTPAJIN30Ba| HEIECHTPAIN30BAaHHOTO
HHOTI'O BOJIOCHA0KEHHS BOJOCHAOKEHUS
Xiopodopm,
HCIOJIb3YEMBIH TpU Mr/n 0,2 0,06 -0,14
XJIOPHPOBAHHMH BOJIBI
O30H, UCIIONB3YEMBIT
IIPU O30HUPOBAHUU M/ 0,3 0,1 -0,2

TexHuueckast Boga, Kak ¥ MUThEBas, JOJKHA COOTBETCTBOBAThH OINPECICHHBIM CTaHIapTam
(Tabmn.2, Ta6:1.3). IMEHHO ¢ 3TOi LIETBIO €€ BBIIESIUIIHN B OT/ICIHHYIO KATETOPHUIO B HOBBIX CAHUTAPHBIX

MpaBUJIax.

Hanmenosanue
IOKa3areist

BsBeniennrie
BEIlECTBA

3anax

Oxpacka

E quauis
U3MEpPEHUS

MI/JI

OasuIbl
B CTOJIOHKE
BOJILI, CM

Ta6nnua 2. Opl"aHOJ’IeHTI/I‘IeCKI/Ie IOKa3aTe/In Ka4eCTBAa TEXHUICCKOM BOJIbI

B OTKPBITBIX CUCTEMAX TEXHUYCCKOTO
BO,I[OCHa6)K€HI/I$I W JJIs1 IOJIMBA YJIUIL U

Bun rexuuueckoii BOAbI

B cucremax TexHudaeckoro 060pOTHOFO

3eJIEHBIX HaCaKIEeHU I

5,0

JlonycTrmble ypOBHU

BOZ[OCHa6)KCHI/I$I PYYHBIX U
aBTOMAaTHYECKUX MOEK aBTOMOOUILHOTO

TpaHCHOpTa

20,0

60,0 — 1715 KOJIECHBIX MOEK

ABTOTpaHCIIOpTa

3
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J171s KOJIeCHBIX MOEK, KPOME KOJIECHBIX MOEK aBTOTPAHCIIOPTA Ha MOJIMIOHAX TBEPABIX
KOMMYHAQJIBHBIX OTXOZIOB, 00513aTEIIbHBIMHU JIJISI KOHTPOJIS SIBJISTFOTCSI IOKA3aTENN «B3BEIICHHBIC
BemectBay, bIIKs, XITK u HedTenpoayKThI.

Tabmmma 3. O0001IEeHHbBIE TTOKA3aTEIN Ka4eCTBA TEXHUYECKON BOIbI

Bun rexHuueckoi BOIbI

B OTKPBITBIX CUCTEMAX

B crcremax TeXHHYECKOTro 000pOTHOTO
TEXHUYECKOTO

E muantms BOZIOCHAOKECHUS PYIHBIX U
HanmenoBanue nmokaszaresns BOJIOCHAOKEHUS W IS
N3MEPEHUS aBTOMAaTHYECKHX MOEK aBTOMOOHIIBHOTO
TIOJIMBA YIHI] ¥ 3€JICHBIX
. TpaHCIIopTa
HacaXJICHNI

Jomyctumbie ypoBHH
Broxummdeckoe motpebnenue | MrO»/mm

kuciopona (BITKs) Ky0 5,0 10,0
Xumudeckoe noTpedieHne mrO,/om

kuciopona (XIIK) Ky0 30,0 60,0

Hedrenpoayxrst Mr/nM KyO | He TpeOyeT ompenesieHus 1,0

ABTOpBI HE MOTYT COIVIaCUTBCSI C JOCTaTOYHO YIPOIIEHHBIM TOJIKOBAHMEM B CTaHAapTe
MOHATHUS «TEXHUYECKasi BOJA» - OHO CBOJIUTCS K MCIIOJIb30BAHUIO BOJIbI IIPU MOMKE aBTOMOOMIIBHOTO
TpPaHCIOPTa, a TaKXe JJIs [I0JIMBA Y/IMI] ¥ 3€JIEHBbIX HacaxaeHui. B Hacrosiee BpeMs TeXHUYECKas
BOJa WLIMPOKO IPHUMEHSETCS B INPOMBIIUIEHHOCTH. Bopa Ha NpPOMBINIIEHHBIX MPeInpUsTHAIX
HCIOJIb3YETCS, KaK MPaBUJIO, ISl BCIOMOTaTeNbHbIX L€ U B COCTAaB MPOIYKIIUU BXOIUT JIMIIb HA
HEKOTOPbIX TEXHOJIOTMYECKMX IpolleccaXx M B CPABHUTEJIBHO HEOONBLIMX KoJlMdecTBax. B
TEXHOJIOIMUECKHUX OlepalMsX HCHONb3yeTCs HE NUThEeBas, a TEXHUYecKass Bojxa. B muiieBoil u
OpOAMIILHON MPOMBIIIUIEHHOCTH MMUTHEBAs BOJIA BBIIIOJIHSET POJIb TEXHUUECKOH.

Paznuuatot cnenyroniye pa3HOBUIHOCTH TEXHUYECKON BOJIBI:

1. Oxnaxparolast Boja CIYKUT ISl OXJIAXKACHUS KUAKHX M ra3000pasHbIX MPOIYKTOB B
TEIUIOOOMEHHBIX amIaparax, OXJaXKACHUS IEMEHTOB KOHCTPyKIMH. Oxyaxjparomias BOAa He
COIIPUKACACTCSI C MaTepUalbHBIMM TOTOKAaMH (€CIM HE CUMTaTh YTEUeK H3-3a HEHUCIPABHOCTU
000py/n0BaHUs U aBapUHHBIX CUTYalLHi).

2. TexHomoruueckas BoOAa MOAPA3AEIIETCS B CBOK Ouyepelb Ha CPenooOpasyrollylo,
IIPOMBIBAIOIYI0 M peakunoHHyro. CpenooOpasyromias BOJa HUCIOJIB3YyeTCs Ul PacTBOPEHUS U
00pa3oBaHMs MBI IPH 0OOTALIEHUN U TIepepaboTKe Py, THAPOTPAHCIIOPTE MPOTYKTOB M OTXOI0B
MIPOU3BOACTBA, MpPOMBIBAaIOIIAass — JUIsI TPOMBIBKM Tra3000pa3HbIX (aOcopOmusi), KUAKUX
(9KCTpaKIMs) ¥ TBEPABIX NPOIYKTOB U M3/IEIHiA, peaKLIMOHHAs — B KaUeCTBE peareHra, a Takxke npu
a3e0TPOMHON OTrOHKE (HEpa3AeibHO KMILSIIUX C BOJOW BEUIECTB) W B aHAJOTMYHBIX IpOLEcCcax.
TexHonornueckas Bojia HEMOCPEACTBEHHO KOHTAKTUPYET € MPOAYKTAMU U U3ACIUIMHU.

3. DOmneprernueckas Bojga mnoTpebisercd Ais MNOdAydeHMs mnapa (A8 [UTaHus
NaporeHepaTopoB) U HarpeBaHusi 000PyIOBaHUS, TOMELEHUH, TIPOTYKTOB.

TexHwyeckan Boga

¥ } v
‘GHeprEETMHECKaﬂ m Oxnampaatowan b‘ TexHonorku4eckan
] I
: ' ¢ ! l
MognuTodHas ObopotHas | [Cpego- Mpomeieawas | [PeakunoHHas
(modapouHaA) oGpasyioLyan

Pucynok 1. Knaccudukanusi TeXHUI€CKOM BOJIBI [0 LETIEBOMY
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[TorpeOuTenu MOTyT OBITH YIOBJIETBOPEHBI — NMUTHEBAs BOJA, KOTOPYIO OHHU HCIOJIB3YIOT,
JOJDKHA CTaTh Jydile, gumie, 6e3onacHee. OHAKO TOUKA 3pE€HUS MOCTABIIMKOB Ha MPOU30LIE IIINE
M3MEHEHHS He HACTOJILKO MO3UTHBHA. K ipuMepy, CHIKEHHE 10 HOBOM HOPMBI YPOBHS XJIOpodopma
MOJKET MOBJIEYb 3a cO00I HEJOCTATOYHO KauecTBEHHOE o0e33apakuBanue. K coxxanenuto, naxe eciu
Ha BXOJIe B TPYOOITPOBOJI KAYECTBO BOJIBI OYJIET MPHOIMIKEHO K HIICATbHOMY, B TIPOIIECCE IBUKCHUS
10 CTapbIM TpyOaM oHa BOEpeT B ce0st Maccy KpaiiHe HexenaTenbHbIX mpumeceil. KonmyecTsa xiopa
MIPOCTO HE XBATHUT, YTOOBI 3TH NMPUMECH HeHTpann3oBaTh. M3 3TOW cUTyalmu €CTh JBa BBIXOJA:
npuoOperaTs 0ojiee MOPOTOCTOSIINE PEareHThl, MO0 KAaNHWTaIbHO TEPEeCTPanBaTh BCE CHUCTEMBI
[EHTPAJIM30BAaHHOTO BOJOCHAOXKeHUs. M To, U npyroe TpeOyeT BIIOKEHHS COJMIAHBIX JICHEKHBIX
cpeacts. [loatomy BbimosnHuTe CanlluH 1. 2. 3685-21 u npu 3TOM yaep:kaTb CTOMMOCTb YCIIyT
BOJIOCHA0)KEHUS Ha MPEKHEM YPOBHE HE MONyduTcs. Kpome Toro, B HEKOTOPBIX TOCYIapCTBEHHBIX
nabopaTopusix IMOMPOCTY OTCYTCTBYET HEOOXOAMMOE OOOpYIOBaHHE sl ONPEICICHUS YPOBHS
00IIIero OPraHNYECcKOro yriepoa.

BeiBOABI

1. [IpennoxxeHo 00OCHOBAaHWE TOHSATHUS «TEXHUYECKAsh BOJA» B3aMEH IMPUHATOTO B
CTaHJapTe, AaHa KJacCU(UKAIKUI TEXHUYECKOM BOJIBI MO 1IETIEBOMY Ha3HAYCHHUIO.

2. Breinenensr cpaBautenbHbie Tokasatenu CanlluH pasHbIX 56T W TpeacTaBIICHBI
KOHKpETHbIE U3MEHEHUS B OOHOBJICHHBIX CTaH/IapTaX Ha BOJY MUTHEBYIO.

3. YcTaHOBIIEHO, NMUTHEBAs BOJA, IMOATOTOBICHHAS IO HOBBIM CTaHIapTaM, OyIeT
Oe3omnacHee I MOTpeOuTers.

4, BrlisiBnieHBI pOOIEMBI, CBSI3aHHBIC C BHEAPEHHUEM B IIPAKTHKY HOBOTO CTaHIapTa Ha

IIUTHEBYIO BOJY.

bubaunorpadus

1. [TocranoBnenue ['1aBHOrO rocy1apcTBEHHOro caHuTapHoro Bpaya P® ot 28.01.2021
Ne3 «OO6 ytBepxkneHun caHuTapHbix mnpaBui U HopMm CanlluH 2.1.3684-21 «Canutapso-
ANUAEMUOJIOTMYECKHE TPEOOBaHUS K COACPKAHUIO TEPPUTOPHI TOPOACKUX U CETBCKUX MOCEIEHUH,
K BOJHBIM OOBEKTaM, MUTHEBOM BOJE U MUTHEBOMY BOJOCHAOXKEHMIO, aTMOC(EPHOMY BO3IYXY,
MIOYBAM, >KMJIBIM IMTOMEIEHUSM, 3KCIUTyaTallud MPOU3BOJCTBEHHBIX, OOIECTBEHHBIX MMOMEIICHUH,
OpraHu3alii ¥  NIPOBEIEHUI0  CAHUTAPHO-NPOTUBOSNUAEMUYECKHX  (IPOPHIAKTUYECKUX)
MEPONPHUITHIN

2. CanutapHble TpaBUiIa U HOPMBL: «[ UTHMEHUYECKHE HOPMATHUBBI M TpeOOBaHUSA K
obecrieueHnI0 0€30MacHOCTH W (MJIM) O€3BPEIHOCTH IS YesloBeKa (haKTOPOB Cpeibl OOUTAHUSD :
CanlluH 1.2.3685-21. - M.: HHbopMmanroHHO-U3AaTeNbCKUH LEeHTp ['ockoMcaHanuaHaa3opa
Poccun, 2021. - 111 c.

3. CoxonoB JI.M. MHxeHepHbIe CHCTEMBl BBICOTHBIX M OOJIBLICTIPOJETHBIX 3AaHUN U
coopykennii: yueb. nocooue /JI.1.Coxonos.- M.; Bonorna: Uadpa-Nuxenepus, 2019.-604c.

4. BHyTpeHHue cucteMbl BOJOCHAOXEHMS M BOJOOTBEACHMs. YdeOHoe mocobue.

/J1..CokomnoB.- MockBa- Bonoraa: Uadpa -Umxenepus, 2022 — 508¢

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

60



N\ MIPU

POCCHACKHRA TOCYIAPCTREHHLIR wHoebte udeu s HAVKIX & 3emaen
TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

O cosepuiencmeosanuu meponpusmuil no decnepedolinoil nooave CMmoYHbIX 600 HACOCHBIMU
CMAHUUAMU CUCIEM 60000MECOCHUA

Jeprowes JI.I'. (MI'PH, Derjushevl3@mail.ru),
Iasnenko B.JI.* (MI'PH, p.slava2004@yandex.ru),
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AHHOTanus

PaccmarpuBaroTCsi METOABl COBEPLICHCTBOBAHMSI IPOECKTUPOBAHMS, CTPOUTENIBCTBA U
JKCIUTyaTallid CHUCTEM BOJOOTBEJEHHUS JUJIi OTBOJIAa CTOYHBIX BOJA. AKIEHTUPYETCS BHHUMaHUE Ha
METOJIMKE pacdeTa BOJOBOJOB M KOJMYECTBA MEPEKIIOUECHUN MEXy HUMH B LESIX 0OecreyeHus
OecriepeOoitHOI 1MO1aYM CTOYHBIX BOJ 0€3 aBapuitHOTO cOpoca UX B BOJIOEM.

KiroueBnle cjaoBa
CucremMbl BOJOOTBEICHUS, HACOCHBIC CTAHIIMH, BOJIOBOIBI, HAJICKHOCTh

Teopus

B nacrosimee Bpems B Poccun BeyTcs pabOTHI 110 aKTyalTu3aliiil HOPMAaTUBHBIX TPeOOBAHUI
IIPOEKTUPOBAHUS, CTPOUTENbCTBA U SKCIUTyaTalldd CUCTEM BOJOCHAOKEHHUS M BOJOOTBEACHUS C
0000IIEHNEM U YUETOM 3apyOeKHBIX CTAaHAAPTOB, 0€3 UX OOCYKIEHHS, a TAK)Ke MHEHHU BEITyIINX
CMELUAINCTOB [0 3TUM HAIPABJICHUSAM HAa HAYYHbIX KOH(PEPEHIMIX.

Ecin ydecth naHHOE 3aMedyaHHME, TO MOXKHO CHU3MTh HETOYHOCTH IpPU pPEJaKTUPOBAHUU
TpeOOBaHUI MO NMPOEKTUPOBAHUIO CUCTEM MOJA4YU CTOYHBIX BOJ JUIsl OOBEKTOB KUJIOW 3aCTPOUKH.
Hanpuwmep, TtpeGoBaHHMS TNPOEKTUPOBAHHMS HACOCHBIX CTAHIMA CHUCTEM  BOJOOTBEICHUS
IPOEKTUPYIOTCS B COOTBETCTBUM C AKTYaJM3UPOBAHHBIMH HOpPMAaTUBHBIMU TpeOoBaHusMHU [3],
KOTOPBIE BOCIIPUHUMAIOTCS M TPAKTYIOTCS HE OJHO3HAYHO M He 0e3 mpoTuBopeunid. B wactHoOCTH,
IIPOTUBOPEYMS BOZHUKAIOT 110 CTETNIEHU 00€CIIeYeHHOCTH 101a4H BOJIbI M KJIAaCCH(PUKAIIMU HACOCHBIX
CTaHIMUA 1O KaTteropusiM. YTBepxkaaercss (cm. 1m.8.1.1[3]), 4TO HacOCHBIE CTAHIIMU CHUCTEM
BOJIOOTBE/ICHUS MOAPA3/EIAIOTCS Ha TPU KaTerOpUM MO HA/IEeKHOCTH AEeHUCTBUS, a HUXe (cM. 8.2.6
[3]) yrouHsercs, ... «4UCIO HAMOPHBIX TPYOONPOBOJIOB OT HACOCHBIX CTAHIIMH OO0 KaTEropuu
Ha/IeKHOCTH JIeHCTBHUS HEOOXOAMMO MPUHUMATh HA OCHOBAHUHU TEXHUKO-3KOHOMHYECKUX PacueToB
C Y4E€TOM BO3MOXHOCTH YCTPOMCTBA aBapuHHOTrO BhINYyCKa (IEpernycka), peryaupyroiieil eMKOCTH,
HCIIOJIb30BAaHUSl AKKYMYJIHUPYIOLIEH BMECTUMOCTU IOABOJALIEN CETH, JOIYCKAEMOIO CHM)KEHHS
Bogonorpednenuss cornmacHo CII 31.13330». Otmerum, yro B CII mo HapyXHBIM cHUcTeMaM
BOJIOCHAOXXeHUS [4], HACOCHBIE CTAHLUU KJIACCU(PUUUPYIOTCS HE MO KaTETOpHsM HAJEXKHOCTH, a
KaTeropusiM CTENEeHH 00ecreueHHOCTH noAauu Bojbl. CieaoBarenbHO, U HACOCHAs CTAHIUS, KaK €€
MOCJIEZI0BATEIbHBIA 3JIEMEHT, JOJDKHA YIOBJIETBOPATH TpeOoBaHUsAM | Kareropum mo ycioBHUAM
1oJlauu BOAbI. YHCIIO HAMOPHBIX  TPYOONPOBOJOB JIOJKHO MPUHUMAThCA HE MPOU3BOJILHO, a HE
MeHblIe 2-X. Ecy BO3HMKAIOT OTKa3bl HAa BOJOBOJAX, TO MOCIEACTBHS OT UX HEPaOOTOCIOCOOHOCTH
HE JOJDKHBI CKa3bIBaTbCS Ha YCIOBME IMOJA4YM BOJBI MOTPEOUTENAM. YBETUYEHUE MPOIYCKHON
CIIOCOOHOCTH BOJIOBOJIOB IPU OTKa3€ Ha JIOOOM M3 HUX OOecledyuBaeTcs 3a CYEeT YCTpoilcTBa
MEPEKIIIOYEHU I MEX/1y PEMOHTHBIMH ydacTKaMu (cM. puc. 1), 1u6o yBeIrnueHHeM YHCiIa BOJIOBOIOB.
KomnnuecTBo peMOHTHBIX y4acTKOB N Ha Ka)KJI0OM BO/IOBOJI€ YCTaHABIUBAETCS TpadoaHaTUTHUECKUM
MeToAoM. Hanmnume peMOHTHBIX y4acTKOB Ha BOJOBOAAX IO3BOJSET 00ECHEeYUTh HEOOXOIUMYIO
110/1a4y BOJIbI TOTPEOUTEIISIM B IIEPHO/1 BOCCTAHOBIIEHHUSI HEUCIIPAaBHOCTHU TPYOOIIpoBOOB (cM. 1. 11.4
[4]). B aTOM He TpynHO YOEIUTHCS, €CIM MPOAHAIM3UPOBATH PE3YIbTAThl IKCIEPUMEHTAIBHBIX
UCIBITAHUNH COBMECTHOM pabOThl HACOCOB M BOJOBOJOB, MPOBOJAMMBIX HAa HACOCHBIX CTAHIIMSIX
00bEeKTOB T'. MOCKBBI 1 MOCKOBCKOM O0JIaCTH, a Takke€ pacdeThl HEOOXOIMMOTo KOJINYECTBA
PEMOHTHBIX Y4acTKOB N Ha KaXkJ1oM BojoBoze [1].
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Pucynox 1. Cucrema nogauu BoAbl ¢ HATOPHBIMU BOJIOBOJAAMU
a - IPY HOPMAJILHOM PEXHME; O - IPU OTKJIIOUYEHUH PEMOHTHOT'O y4acTKa

JlonycTuM, 9TO JUIMHA PEMOHTHOIO ydacTka Kaxkaoro BogoBoxa | = L/n, rme L — nmuna
OJTHOTHITHOT'O BOJIOBO/IA, N - YHCJIO PEMOHTHBIX yuacTKoB. Ha npakTrke notepu Harmopa h B BojoBojie
ompeenstoTes no Gpopmyse

h=i-L -k (1)

rae s — noTepu Haropa B BOIOBOE JUIMHOU L, M;

i — TUIPAaBIMYECKUN YKIOH (yIeNbHBIC TOTEPU HAIIOPa HAa €AWHUILY JJTMHBI);

k=1,1 +1,2 — KO3 PHUIHMEHT, YINTHIBAIOIIHIA TOTEPU HAIOPA HA MECTHBIE COMIPOTUBIICHUS 110
IUTHHE TPYOOIIPOBOA.

[Ipu rpadoaHaTUTHUECKUX OLIEHKAX YCIOBUH COBMECTHOW pabOTBHI HACOCOB M BOJIOBOJIOB C
NEPEKITIOYEHUAMHI BBOJUTCS MOHATHE YAEIBHOI'O CONPOTHBIIEHUS! PEMOHTHOI'O y4acTKa S MM BCETO
BosoBOga S = SN, a popmyna (1) mpuBOAUTCS K BUIY

h= sn(%)z = S(%)Z, 2)

rae Q — pacueTHas mojaya BOJEI IO BOJOBOAAM, M/C;

M — KOJIMYECTBO BOJIOBOIOB.

[Ipu BoccTaHOBIIEHHH BOIOBOJIOB OJIMH U3 €r0 YYaCTKOB OTKJIFOYAETCS HA PEMOHT M Pacxojl
Bo/bI Oqp OfaeTes 10 (n-1) yaactkam. Jlomyckaercs [1], 4To Sue. cuc. = (n-1) s, a mpu m=2

-0 o 3)

2
Q. +5Q, 2 .

h. =s(n-1)—=%
. =S( )4

COOTHOIIICHHE COTTPOTUBIICHUI BOJAOBOIOB TIPH aBAPUU Sug.cuc. U HOPMATBHOU padoTe  Scuc.
olleHHUBaeTcs 1o popmyne

S ~~ n+3
Sa@.cnc:a'Scnc,a=M= 0 ) (4)

cuc.
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Ecmu:n=2,tT0a=2,5;n=3,T0a=2;n=5,toa=1,6;n=10,Toa=1,3 u ..

Kak mnoxazanu pe3yapTaThl JKCHEPUMEHTANbHBIX UM aHAJIUTUYECKUX HCCIEOBAHUM,
JOTMYIIEHUE O MOCTOSHCTBE YAEIHHOTO COMPOTUBICHUS § KaXKJOTO PEMOHTHOIO Y4acTKa BOJAOBOIOB
P HOPMAJIBHOM W aBAapUHHOM IMOga4ye BOABI, pacdyeThl MO ompeneiacHuto n mo Gopmymam (3, 4)
MIPUBOAAT K 3aBBIIICHHBIM OIEHKAM B HECKOJIbKO Pa3, MOCKOJBKY S#Sn , II€ Sp- CONPOTUBIICHHE
PEMOHTHOTO y4acTKa.

3arparbl SHEPTUU Ha NEepeMelleHHe TypOYJIEHTHBIX TTOTOKOB BOJBI /I 3aBUCST HE TOJIBKO OT
IIEPOXOBATOCTH BHYTPEHHEW MOBEPXHOCTH TPYO, HO M CHJI BHXPEH, MEHSIOIIUXCS MPU KaXKIOM
sHauenuun Q;=f(t;), tae t; -BpemMs B ¢, u. Harmiangno monoOHas 3aBUCHUMOCTH BBISBIISIETCS Ha
mabopaToOpHBIX CTEHAAX, JIMOO TMPU TOCTPOCHHSX TI'paUKOB COBMECTHONW pabOTHI HACOCOB U
BOJIOBOZIOB [UIsl PACYETHBIX CIIy4aeB IOAa4d BOABI B YaCc MaKCUMAaJbHO-XO3SHCTBEHHOTO
BOJONOTPEONCHUS O max. xo3. B B YaC MOXKAPOTYIEHHUS O wax. xo3.+ nokap. ECIU TOAPOOHO BBIOIHSITH
TUIPaBIMYECKUE PacueThl CUCTEM IOJa4yM BOJbI Kak KoJbleBble ceTd Ha DBM, To Henz0exHO
BBIIAFOTCS PACIICUATKH JAHHBIX C IIEPEMEHHBIMU 3HAYCHUSIMHA CONTPOTHBIICHUH Y4aCTKOB BOJIOBOIOB
hn.

UTo0B! 1OI00HBIC HECOOTBETCTBHSI HE JIOIMYCKaTh, HEOOXOAMMO HE TOJIBKO CTPEMHUTHCS K
YIIPOILIEHUIO PAcyeTOB, HO OoJiee TIIATENBHO MOAXOAUTh K BOMPOCAM TEOPUU THIPOAMHAMUKH U
HAJC)KHOCTH COOPYKEHUI CHCTEM BOJIOCHAOKEHWSI M BOIOOTBEACHHUS, O YeM HEOJHOKPATHO COO0IIAI
H.H. AbGpamoB Ha Bcex HayuHbIXx KoH(epeHuusx [2]. Ecam cucrembl BogocHaOXKeHHS U
BOJIOOTBE/ICHHUSI B3aWMOCBSI3aHBI YCIOBUSIMHU BBITIOJHEHHUS TPEOOBAHWMA €IWHOTO ITOTPEOUTEIIS,
(MpakTUYeCKH) MO €AUHCTBY MapaMeTPOB MOAAYH BOJBI, TO U KJIACCU(DUIIUPOBATHCS OHU JOJDKHBI 110
eauHoMy mpaBmiry. O0 5TOM BCIIOMHHAIOT, KOT/Ia CCHUIAIOTCS Ha JOMYCTUMOCTh CHUKEHUS TMOJIa4u
BOJIbI CHCTEMOH BOJOCHAOXXEHUS MPU HOPMUPOBAHUHU YCIIOBHUS IMOJaud BOABI KaHAIW3AIIMOHHOU
HACOCHOHW CTaHIMM JUIs aBapuiiHOW cutyaruu [3]. WM 3a0bIBAIOT, 9TO  MOTPEOHMTENIO CHUKCHUE
CYTOYHOTO BOJIOMOTPEOICHHUSI HE HOPMUPYETCS, TOCKOJIBbKY BOJIa MIPH BOCCTAHOBJICHHUH 3JIEMEHTOB
CUCTEMBI BOJIOCHAOKEHUSI MOYKET TOJIaBaThCs OT aKKyMYJIUPYIOIIMX E€MKOCTEH, a He cOpachIBaeTCs
B BozioeM. [lepBasi u BTOpasi CUCTEMbI BBHIIOTHSIOT (DYHKIIUH 3aIIUTHI 3[0POBBS YEIOBEKA U OXPaHbI
okpyxatomiei cpenpl. COpOC CTOYHBIX BOJ B BOJOEM HE MOXET CUHUTATHCS JIOMYCTHUMBIM, €CIIH
CUCTeMa CIOCOOHA HOPMAlbHO (PYHKIIMOHUPOBATh MPHU MPABUILHOM YCTPOMCTBE U AKCIUTyaTallUu.
DTO B MEpPUOJl pa3pyxH, KOTJa CTpaHa MOJHMMANIaCh M3 PYWMH IOCTE BPAXKECKOTO HAIIECTBUS,
HSKOHOMHIIM Ha BCEM, HE XBaTall0 HU MaTepUalbHbBIX, HU YHEPTeTUUECKUX, HU TPYIOBBIX PECypCOB
JUTSL BOCCTAHOBJICHUS U CTPOUTEIHCTBA HOBBIX JKUJIBIX M TIPOU3BOJICTBEHHBIX 00BheKkTOB. [Ipommio 80
JeT M B CTpaHE HAKOIUJIEH MOTEHIMAN A MPHUHSITHS ONTUMAJIbHBIX WH)XKEHEPHBIX DPEIIeHUIl o
MMPOCKTUPOBAHUIO, CTPOUTENIBCTBY W OIKCIUTyaTallid CHUCTEM BOJOCHAOKEHWS W BOIOOTBEIICHUS.
YCTpoiicTBO aBapuUHHOTO BBHIMYCKa TMeped KaHAIW3allMOHHOW CTaHIMEeW MOXHO JOMycKaTh, HO
WCIIOJIb30BaTh TOJIBKO TSI KAaTacTPO(QUUYSCKUX CUTYalMil (B TIEPUON BOCHHBIX, JIHMBEPCHOHHBIX,
HempeackazyeMbix  coObiThif). [lmaHOBBIE peMOHTHBIE pPabOTHI  CHCTEM TMOAA4Yd  BOABI
MPOTHO3UPYIOTCS, a aBapUWHBIE MOTYT BBINOJNHATHCA TaK, YTO JOMYCTUMAs TPOIYCKHAS
CHOCOOHOCTh CHCTEMBI BOJOCHA0KEHHUS HIIM BOJIOOTBEACHHS COXPAHSETCS 32 CUET PE3CPBUPOBAHUS
BOZIOBOJIOB, HACOCHBIX arperaroB, PEryJUPYIOIIHX €MKOCTEH, YCTPOWCTB TMEpPEKIIOYEHUA Ha
TpyOompoBonax u T.Ja. Tak 3aueM HOPMHUPOBaTH COPOC CTOYHBIX BOJA B BOAOEM WM CHHUXKATh
notpebieHue Boabl Ha o0bekTe? HeoOXomuMo COBEpIIEHCTBOBATH TPEOOBAHUS MO HAAS)KHOCTH
CUCTEM BOJIOCHAOKEHUS ¥ BOJAOOTBEICHUSI.

BriBoabI
1. AHanu3 aHAIUTUYECKUX U SKCIEPUMEHTAIBHBIX UCCIECIOBAHUI OLIEHKU MOAaYu BOMBI 11O
BOJIOBOJZIaM HacocaMH Ha 00beKkTaX I. MocCkBbl 1 MOCKOBCKOW OOJIACTH MOKa3al, YTO OINpeeicHHE
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KOJIMYECTBA PEMOHTHBIX YYaCTKOB Ha BOJOBOAAX HEOOXOAMMO BBIMOJHATH METOAOM HUTEpaluii, ¢
UCTOJIb30BaHNEM I'padoaHANUTHIECKUX METOZOB pacueTa KOJIBIEBBIX TPYOOIPOBOAHBIX CHCTEM.

2. TpeboBanus 1O (QPYHKUIMOHHUPOBAHUIO COOPYKEHUH CHCTEM BOJOCHAOXKEHHS W
BOJIOOTBEJICHUS HEOOXOJMMO HOPMHUPOBATH B MOJTHOIN B3aMMOCBSI3U C YCIOBUSIMH MOJa4d U OTBOJA
BOJIbI JUIs TOTpEOUTENEH €IMHOTO OOBEKTA.
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AHHOTanus

[IpencraBiieHO OMMCAaHUE CTEHA0BOM YCTaHOBKU «DUiIbTpals BObI», TPOU3BOAUTEIBHOCTh
15 nme/muH, paboTtaromieii B HENPEPHIBHOM pPEKUME IO CXEMe: KOaryJysius, OTCTaWBAaHHE,
¢dbunpTpoBaHue, 00€33apaKMBaHHUE. YCTAHOBJICHBI M IIPOAHATU3MPOBAHBI IapaMeTPbl PaOOTHI
OTJICTBHBIX COOPYKEHUH CTeH 1A (TpyOUYaTOro CMECUTEIsI i1l CMEIIICHHUS C PACTBOPAMH KOAryJIsTHTa
1 (QIOKYJISHTA, BEPTUKAIBHOTO OTCTOMHHKA, HACBHIMHBIX (PHIIBTPOB (KEPaM3UTOBOTO, YTOJBHOTO,
KaTaJTUTHYeCKOro), MeMOpanHoro ¢uibTpa. OnpeeneHbl BO3SMOXHOCTH U HETOCTATKU CTEHIOBOU
YCTaHOBKH, KOTOpPBIE HE0OX0IUMO OyJIeT YUUTHIBATh MIPU €€ UCTIOIb30BaHUH B Y4eOHOM IpoIliecce.

KuroueBsble ciioBa
CreHoBasi yCTaHOBKA, OYHCTKA BOJBI, KOATyJsIUs, OTCTAMBAaHHWE, (WIBTPOBAHHE,
obe33apaxuBanue, 3pPEKTUBHOCTD

Teopus

B wu3yueHmHm npomeccOB OYUCTKH BOJBI, pa3pabOTKe HOBBIX M YCOBEPIICHCTBOBAHWUHU
CYIIECTBYIOIMX TEXHOJOTUI BaykHas POJb IPUHAJICKUT HE TOJIBKO TEOPETUYECKUM 3HAaHUSM, HO U
7a00paTOPHBIM W MWJIOTHBIM HCCIIEIOBAaHHUSAM, KOTOpBIE MPHUMEHSIOT Ui TOATBEPKICHHUS
PEKOMEHIyEMBIX TEXHOJIOTHI, COOPYKEHUW, MaTepuasoB, peareHToB [1-3]. CTeHaoBbIe UCTIBITAHUS
MO3BOJISIIOT TPOBEPHUTH A(PPEKTUBHOCTH BHIOPAHHON TEXHOJIOTMH OYHCTKH BOJBI, MOJIyYUTh
JOCTOBEPHBIE U BOCIIPOM3BOAUMBIE PE3YJIbTAThl A1 JAJIbHEHIIEro IMPOeKTUPOBAHMSI, HOIYIUTh
JTaHHbBIE JJI1 TEXHUKO-9KOHOMHUYECKOT0 00OCHOBAHHUS MIPOEKTA;CPAaBHUTH Pa3HbIE YCIOBUSA OYHUCTKU
BOJBI B IMHAMUYECKUX YCIIOBUSX.

[TprimepoM SIBISIFOTCS PE3yAbTaThl MUIOTHBIX UCCIIETOBAHUM CUCTEMBI TOJITOTOBKU BOJIBI HA
oobekTe AO «MeccosixanedTeras», BbIOOpPY I(PGHEKTUBHBIX COpPOEHTOB JJsi OYMCTKU BOJABI OT
Hedrenpoaykros [2, 3]. Kpome TOro, CTeHI0BBIE YCTAHOBKH WUIPAIOT BAXKHYIO POJIb B y4EOHOM
nporecce Mpu M3y4eHUM MPOLIECCOB OYMCTKHM BOJIbI, CIIOCOOCTBYIOT YCBOCHMIO HOBBIX 3HAHMH,
BU3yaJM3allud U YIIIYOJIGHUIO TNPEACTABIEHUN O TEXHOJIOTUSAX OYUCTKU BOJABI, MPUOOPETEHUIO
MIPAKTUYECKOT'0 OMbITa, POPMUPOBAHUIO HOBBIX HABBIKOB U YMeHHUH [4]. B 3T0ii cBsI31U 11e1bi0 paboThI
ObUIO ompeAeNeHue BO3MOXKHOCTEH M TMEpCHEKTUB MPUMEHEHHsS B y4eOHOM Ipoliecce HOBOM
ycTaHOBKH «DuibTpanus Boab.

Jnsa peanuzauuMu  3TOM 1eaud ObUIM  UCHOJB30BaHbl BU3YyalbHBIE, pacyeTHbIE U
HKCIEpPUMEHTAIbHbIE METO/Ibl OLIEHKHU ITapaMeTpOB €€ padoThI.

Crenn «®unbptpauusa BoAesl» (puc.l) mpegHazHauyeH A7 OYMCTKM NPUPOJHBIX BOJA B
HEMPEPbIBHOM PEXUME MO CIEAYIOIIEeH HAOPHOM cXeMe: Koaryisuus U (QIoKyJsus NpuMece,
oTcTauBaHue, QUIbTpalus, agcopouus, ode3xene3nBanue, yiabTpaduabTpalrs, 030HUPOBAHUE U
Y®- obe33apaxkuBanue. Takyl0 CXeMy MOXKHO OTHECTH K COBPEMEHHBIM BBICOKOI((EKTUBHBIM
TEXHOJIOTUSIM TIOJy4yeHHUs] BOJBI MHUTHEBOro KaudecTBa [5], KoTopas JOJKHAa 00ecreynuBaTh
r7TyOOKYI0 OYMCTKY BOJBI OT MYTHOCTH, LIBETHOCTH, NEPMAHTaHTHON OKHUCIISIEMOCTH, YMEHBIIATh
coJiep;KaHue MOHOB JKeJie3a U COoJei.
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Pucynoxk 1. O6muii Bua creana «OunbTpanust BOAbD)

Creny BKIItOYaeT 0aK MCXOIHOW BOJBI, TPYOUATHIil CMECUTENH ISl BBOJIA M CMELICHUS BOJIBI
C KOaryJasHTOM U ()JIOKYJISSHTOM, BEPTUKAJIbHBIH OTCTOMHUK JUISI OCAXICHHUS TIPyOOAMCIEPCHBIX
MIpUMeECeH, MPOMEKYTOUHYI0 €MKOCTh, TpH HaropHbIX ¢uibTpa Canature ¢ otbopom BoIbI yepes
LIEHTPaTbHYI0 TPYyOy (KepaM3UTOBBINA, YTONbHBIN U KaTaTUTUUYECKH ), MeMOpaHHblil puinbTp (MD),
YCTaHOBKY 030HHpOBaHUS 1 Y D-00e33apakuBaHus, 0aK OUUIICHHON BOJIBI.

B kadecTBe KoarynsHTa Ha CTEHJAE TPUMEHSETCS BOAHBIA pPacTBOpP KOaryiasHTa
MOJIMATIOMUHUS THAPOKCH XJopuaa (monmuokcuxyopun amomunusi, [IOXA) ¢ toproBoit Mapkoi
Oxputamt. Dnokynsar ¢upmer ASTRAL POOL Tarke okaszancsi pacTBOPOM KOAaryJisiHTa
nonmokcuxyopuaa amomuaus (IIOXA), Ho mox npyroii ToproBoii mapkoi «@nokymsat 0041
¢upmer ASTRAL POOL. KonueHTpamuu pacTBOPOB PEAareHTOB B OMNHMCAHUM YCTAaHOBKU HE
npusegeHbl. O0a peareHTa NOAAOTCA 103UPOBOYHBIMU HACOCAMU MPOU3BOJUTEIBHOCTBIO 18 1/dac
KaXX/IbIi B HAa4aIo0 (KOATryJISIHT) U KOHEI TpyO4aToro cMecHTes (TaK Ha3bIBAMBIH «(QIIOKYIISTHTY).

B kauecTBe QUIBTPYIOMINX MAaTEPUAIOB IO MACIIOPTY YCTAHOBKH HUCIOJIb30BAHBI:

1) nByxcnoitHast KepaM3UTOBas 3arpyska, ¢ppaxmauii 5-10 mm. u 0-5 MM, BbICOTa 00IIETO CIIOS
He MeHee 500 MM. B peanbHOCTH KepaM3WUTOBBIN (QUIBTP colepkall KEPaM3UT TOJIBKO KPYIHBIX
¢dpaxmuit 10-15 MM 1 oka3ancst HedpPEKTUBEH IS 3a/Iep>KaHUs CKOATyJIMPOBAHHBIX YaCTHII.

2) aKkTUBUPOBAHHBIN yroib, 3pdexruBHblii pazmep — 0,6-1,7 MM, BeicoTa ciost He MeHee 500
MM.

3) MGS mapranieBslii necok, rpanynomerpudeckuit cocra — 0,5- 0,8 MM., BbIcOTa €105 HE
MeHee 500 MM.

Ha ocHoBaHuMm aHanmu3a NpPEACTABICHHBIX JAaHHBIX  YCTaHOBJEHBI  CIEAYIOILUE
KOHCTPYKTHUBHBIEC U TEXHOJIOTHUECKUE HEJJOCTATKH CTEH/IOBOW YCTAaHOBKH, KOTOPBIE OYIIyT CHIXKATh
3G GEKTUBHOCTD (PIOKYISIIIUN U OCBETICHUS BOJIBIL:

- Jlo3upoBaHue KoaryasiHTa BMECTO (JIOKYJISHTA.

- [lonaya ¢uiokynsHTa B KOHEI CMECHUTEISL.

- OTcyTcTBUE B OTCTOMHHUKE KaMepbl XjonbeoOpa3oBaHMs Uis (GOPMUPOBAHUS XJIONBEB U
JIeLIeHTpaIM30BaHHas Mojaya BOJbl HA INIyOMHY, 0OJbIIE BBICOTHI OTCTOWHOW 30HBI, CHIIKAIOIINE
CTEINECHb OCBETJICHHUS BOIBI 10 CPABHEHHUIO C THIIOBBIM OTCTOHHHKOM (Puc.2)

- Bpicokasi KpyImTHOCTbh K€paM3UTOBOM 3arpy3KH OCBETIISIOIIEr0 (QHIBTpa
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Pucynok 2. Cxema THITIOBOTO BEPTHKAIEHOTO OTCTOMHIKA (CJI€Ba) U BEPTUKATHHOTO OTCTOWHUKA Ha CTEH/IE
(ctpaBa). 1- 30Ha oTcTamBaHMs, 2-30Ha cOopa ocaaka, 3-BBOJ BOJHI, 4 -KaMepa XJIObeoOpa3oBaHus, 5 —
BOJIOCJIMB JUIsI COOpa BOABI, 6- BEIXOJI BOJBI

PaGoTta cTeHa0BOI YCTaHOBKM B paboyeM peXuMe IO3BOJMJIA YCTAaHOBUTh, 4YTO IPHU
TaCTIOPTHOI MPOU3BOAUTENLHOCTH HacocoB 50 aM>/MuH nepen otcToitaukoM 1 118 qv®/Mun nepen
(GHUIBTPOM, pacxos BOJBI Uepe3 yCTAHOBKY 06e3 MeMOpaHHOTO (GuiIbTpa cocTaBiseT 15 am3/mun, c
MeMOPaHHBIM (GUIBLTPOM — 2 IM>/MHUH. MeHblue (paKTHUECKHE PACXObI BOIBI SBISIOTCS OUEBUIHO
CIICZICTBUEM 3HAUUTEIBHBIX ITOTEPh HANIOPA B OT/ICJIEHBIX COOPYKCHHUSX.

Ilpu HaiinenHoM pacxofe BoAbl 15 aM%/MMH MakcHMalbHBIE J03bI KAKIOTO pPearcHra,
coctapun 20 cM®/MHH 1 GBLIM PACCUMTAHEI IO 00BEMY, T.K. KOHIIEHTPAIHs PEareHTOB He H3BECTHA.
PaccunTtanHble mapamerpbl (BpeMsi NpeObIBaHUS W CKOPOCTH JBM)KEHHUS BOJbI) B OCHOBHBIX
COOPYKEHMSIX CTEH]Ia IIPEICTaBIICHbI B Tabyuiie 1.

Ta6nuua 1. PacueTHble mapamMeTpbl eMKOCTHOTO 000PYIOBaHHS  COOPYKEHHIA CTECH/IA IPU Pacxoie
Bozbl Q =15 am®/MuH 10 cxeMe 6e3 MeMOPaHHOro (GUILTPa

Coopyskenue O6wem, iv® | T,mun | Cxopocts, | CHull 2.04.02-84
Ho
EMKOCTE NCXOIHOM BOIBI 263 17,5 - -
TpyOuaThiii cMecUTENb 1,85 0,123 1,4 m/c T=0,5-2mun
Ho=0,6-1,2m/c
BepTukanbHbIi OTCTOMHUK 162,45 10,8 0,77 mm/c T=2-3 yaca
(H=0,5 m) Ho=0,5-0,6 mm/c
H=4-5m
BbydepHas eMKocTb 121,5 8,1 - -
HanopHubliii puibtp 36,9 2,46 27 m/gac No=6-15 m/gac
Bak ouuniieHHOIT BOJIBI 263 17,5 - -

Kak cnenyer u3 TalGaMibl CTEHI0Bas YCTaHOBKA B HENPEPHIBHOM pPEXHMME C pacxonom 15
nM3/MuH MokeT paboTats He Gonee 17,5 mun. CpaBHEHHE PACYETHBIX MAPAMETPOB C HOPMATHBHBIMH
MOKa3aTeIsIMH TOKa3bIBAET, YTO MPOJOKUTENBHOCTh NMPEObIBAHUS B CMECUTENIE U B OTCTOMHUKE
3HAQYUTEIIBHO HUXKE, 3 CKOPOCTH JIBM>)KEHUS BOJBI BBIIIE HOPMATUBHBIX BEJIMYHH.

W3 aHanmn3a pacyeTHBIX JaHHBIX CIEAYET, YTO IPU JAHHOM PACXOJE IIEpBasi CTYIIEHb OYUCTKH
oTcTauBaHuWeM He OyneT oOecrneyuBaTh YAOBIETBOPUTEIHHOIO OCBETJICHMSI OYHUIIAEMON BOJbI.
KOHCTpYKTHBHBIE HEAOCTATKN OTCTOMHUKA, BBIBICHHBIE HA CTaIMH BU3YaJIbHOI'O OCMOTpPA, OYNCTKA
BOJbI 0€3 J03upoBaHus (HIOKYISIHTA, HEONTUMAJIbHBIM pa3Mep 3arpy3kd Kepam3UTOBOTO (hUIIbTpa
TaKxke OyayT yXyIaTh YCIOBHs OCBETICHUS BOJIbI OTCTAaUBAaHHEM U (PHIBTPOBAHUEM.
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Pe3ynpTaThl aHanu3a BOJbI, OTOOPAHHOW IOCJIE KEPaM3HTOBOTO (UIBTPA, MOJITBEPIUIT
JaHHBIC BBIBOJIBI (Tabmuma 2).
Tabmuma 2. KauectBo BOIBI

CoopyxeHnue MyTHOCTB, LBeTHOCTB, Comn, | Koarymsur | J[o3a,
MT/J1 rpaj ppM MJ1/7T
Ucxonnas Bona 34,7 51 652 - -
[Toce kepamM3UTOBOTO 44,1 55 - [TOXA 4
¢bmibTpa
ITocne HachIHBIX [Ipo3paunas, | JKenroBaTas - I[TOXA 4
GmIbTPOB
ITocne M® IIpo3paunas | becuperHas 507 - -

I/ICXO[[HaSI n BOJa IIOCJIIC q)HHBTpa HUMCIOT OJWHAKOBYHO MYTHOCTH W HBCTHOCTbH, IIOCJIC
HACHINMHBIX (UIBTPOB BBOJA NIPO3pavHasi, HO jkenroBatas, mocie M@ — npo3paynas u GecrBeTHasl.
Coneconepxxanue nocie M® cumxaercst Ha 22% ¢ 652 no 507 ppm.

BeiBOABI

1. W3yuena pabGorta cTeHI0BOM YycTaHOBKM «®DunbpTpanvs BOJIB» U  ONpPEIEICHbI
KOHCTPYKTUBHBIE Y TEXHOJIOTHYECKHUE HEJIOCTATKU YCTAHOBKHU.

2. OnrumMuzanust paboThl YCTAHOBKH BO3MOXKHA MTyTEM:

- CHIKEHHU pacxo1a BOJIbI

- [Ipumenenns daokymnsarta tTuna «IIpaecton»

- CMeHBI 3arpy3Ku KepaM3UTOBOIO (GHIIbTPa
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Tennoeoe 3A2PA3HEHUE Me2anolucoe — HapyuieHue 3K0102u4ecKo2o
pasrnoeecusn — njiacmuKoeole 00pozu KaK 603Mo0J2iCHOE peuiternue wacmu 6onpocoes

Ikumos IL1O.* (MI'PH, pexotinec.scax@mail.ru)

AHHOTanus

TemnioBoe 3arpsi3HEHHE MEranoJuCcOB — OJJHA U3 HA3pPEBAIOLIUX KOJOTHYECKUX KaTtacTpod
coBpeMeHHOro mupa. [lmacTukoBble JOPOTH — BO3MOXKHOE BPEMEHHOE pelleHue. be3ornacHoCTh,
3¢ PEeKTUBHOCTD, OCBOCHUE M BHEIPEHHE - BOT, YTO TPEOYET pemieHus B Ouxauniinee Bpems.

AKTYaJIbHOCTBIO 3TOTO BOIPOCA SBISIETCS TO, YTO B YCIOBUSX YPOAHU3AIMH U TI100aTH3AIAH
00JIbIII0E YHCIIO UICTOYHUKOB TETJIOBOM SHEPIUH CO3/1al0T YCIOBHUSA 7151 POPMUPOBAHUS «TEILIOBBIX
KYIIOJIOBY, TJI€ IIPOMCXOIUT TEIUIOBOE 3arpsi3HEHUE OKPYIKAIOIIEH Cpeibl, 4TO, HECOMHEHHO, BIIHSICT
Ha )KM3HEAEATEIbHOCTh OPIraHU3MOB.

[lenpro paboOTHl OBUIO M3YYHTH TEIJIOBOE BIMSHHE OPOKHBIX IMOKPBITUH HA TPHUPONY, U
BOZHUKAIOIIUX JKOJIOTUYECKUX MpoOJeM; pacCMOTPETh BO3MOXKHOCTH MPeoOpa3oBaHUs U
ONTUMU3AIMK OMOTEOIIEHO03a Ha YPOAHU3UPOBAHHBIX TEPPUTOPHSIX.

KiroueBnle cjioBa
[T1acTUKOBBIE TOPOTH, TEIUIOBOE 3arPsA3HEHHE, «TEIJIOBOM KYMHO», achaibTOBOE MOKPHITHE,
ypOaHH3aIus, SKOJIOTUYECKOE PABHOBECHE

Teopus

3arayamMy JaHHOW CTaTbhH SIBJISFOTCS:

1. PaccmoTpers BIIMSHUE TOPOAOB U IJI00ANU3alMM HA JKOJOTMIO U HKOJOTHYECKOe
paBHOBecHe, 4YTOObI ITPHUBJICYb BHUMAHUE JIIOJIEH K TaHHOMY BOIIPOCY.

2. IlpoBectu pacueTsl KOHKPETHO IIO TEIJIOBOMY BO3JEHCTBHIO Ha TOPOJCKYIO Cpery
Pa3IMYHBIX UCKYCCTBEHHBIX IIOKPBITUI U €CTECTBEHHOTIO IEPHA.

3. IlpuBecTu mpuMepsl pelIeHns 0J00HbIX 3a/1a4 B MUPE.

4. HaifTu myTH peleHHs BbISIBICHHBIX BOIIPOCOB, JJIsl CO3JJaHUS B TOPOJie KOM(OPTHBIX, HO B
TO K€ BpeMsl 0€30IaCHBIX JJIsl OKPY’Kalolel IPUPO/Ibl YCIOBUH.

Hanpasnenue nccnenoBanus - IoKa3aTh, YTO U3MEHEHHE MTOIX0/1a U TEXHOJIOTUHU TI0POXKHOIO
MTOKPBITUSL MOXKET NPUOIU3UTH K SKOJIOTMYECKOMY PaBHOBECHUIO B paMKax ypOO3KOJIOTHH, a TaKXKe,
o0ecreynTh HaUIeXkKAaIyI0 OXPaHy U BOCIIPOM3BOICTBO OCHOBHBIX €€ KOMIIOHEHTOB — aTMOC(EpPHOI0
BO3/lyXa, BOJHBIX PECYPCOB IOYBEHHO-PACTUTEIBHOTO MOKPOBA, ’KUBOTHOTO MHPA;

A TakXe 3aMHTEpecoBaTh U IIPUBJIEYb HEPABHOAYIIHBIX JIIOJEH K TaHHOM TEME.

Hcmopus sonpoca

Emé B XX Beke nporecc ypOaHU3aIMK cTajil HaOUpaTh CHITY, @ BO BTOPOH MTOJIOBHHE TOTO BeKa
YCUJIWJICS,, TIPUHSB MHUPOBOW MaciiTad. AKTHBHAsl MPOMBIIIJICHHAS JESATEIbHOCTh YEIOBEUYECTBA
IpuBeiIa K TOMY, YTO 4eJIOBEUECKHH (PaKTOp MOXKET CTaTh NPUYMHOHN I100anibHON KatacTpodsl,
HalpuMep - TEXHOT'€HHbIE aBAPUU:

- Asapus razonpoBooB  «CeBepHbIN NOTOK» M «CEBEPHBIN MOTOK - 2» KOMIIAHUU
Nord Stream Aktiengesellschaft mpousomnuia B Houb Ha 26 ceHT0ps 2022 roja, KOTOPbIE HAPYIIHIIH
sKocucTeMy banTuku, a Takke MPUBEIH K MOITHOMY BBIOpOCY B aTMOc(epy MapHUKOBOTO rasa;

- B3psiB HedrsaHOM mardhopmer Deepwater Horizon —  aBapust  (B3phIB M TOXKap),
npouzomenmas 20 anpens 2010 roga B 80 kunmomerpax ot moOepexbs mrarta Jlymsnan, CILIA,
KOTOpBIM cTajd MNPUYMHOM THOEIM [eCATKOB ThICAY MOPCKHX >KMBOTHBIX M NTHI], a TaKXke K
HEKOHTPOJIMPYEMOMY POCTY OAaKTEepHii, BBEAEHHBIX B CUCTEMY JIJIsl O0PHOBI ¢ HEPTHIO.

Tennosoe 3aepsaznenue
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['opona, a Tem OoJiee Meramojuchl, OKa3bIBAIOT CYHIECTBEHHOE BIMSHUE HA OKPYKAIOIIYIO
MIPUPOIY, U OJTHUM M3 HETATHBHBIX BO3JCHCTBUI SBISETCS TEIUIOBOE 3arpsi3HeHue. [IpuuuH Tomy -
MHO>KECTBO:

- 3aKpBITOCTh TOPOJCKUX TEPPUTOPUI M KOHLEHTpAIMs OOJIBLIIOrO YHWCIIa HCTOYHUKOB
TEIUIOBOM HEPIUU BeAyT K (POPMHUPOBAHUIO TEIUIOBBIX KYIIOJIOBY;

- B TOpO/Iax SHEPIHsl HE TPATUTHCS HA UCIAPCHUE JI0XKICBOU BOJIBI, TAK KaK OHAa CTEKAeT B
KaHaJU3alluIo;

- B3BCILICHHBIE YACTHIIbI, IPHCYTCTBYIOIIME B TOPOJACKOM BO3/1yXE 3aMEJISIOT TEII00TaauYy.
B Tedenue HOuM OT/Iaua TEIUIa B TOPOJIE MPOUCXOUT MEJICHHEE, YEM B T10JI€, TJIe TeIIO YHOCUTHCS
BETPOM.

[Ipenmonarato, 4TO OJHUM U3 CYIIECTBEHHBIX (DAKTOPOB, YBEIMUMBAIOIIMUX TEIJIOBOE
3arps3HEHUE TOPOJIOB, SBISIOTCS JOPOTM M acaabTHUpOBaHHBIE TMeEMIEXOAHbIE 30HBL Jls
JI0Ka3aTeNIbCTBA CBOMX CJIOB, IPUBEY 3aMePbl U UCCIIEeI0OBaHUS, C/ICIaHHbIE MHOIO.

Hccneoosanus

Eme B mxone MHOI ObUIH mpou3BeneHbl 3amepbl B 2022 rojy, Koraa B X0Jleé PEMOHTHBIX
paboT 3HAYMTENHHO YBEJIMYHMIIACH IIUPUHA JOPOXKEK, 32 cueT achaabTHpOBaHUsS 3€IEHON TOJIOCHI
BJIOJIb aBTOMOOMIIBHBIX JTIOPOT. 3Has, KaK JIETOM HarpeBaeTcs ac(haibT, s 3aX0TeJ y3HATh Ha CKOJIBKO
IpalyCoB MOBBIIIAETCS TEMIIEpaTypa acpaabTHPOBAHHBIX, OPyCUATHIX U HHBIX TIOBEPXHOCTEH.

BoopyxuBmuce OJIOKHOTOM, KapaHIAllOM H TEPMOMETPOM, s HU3MEPHII TeMIepaTypy
Pa3IMYHbIX JOPOXKHBIX MOBEPXHOCTEH, Takux Kak cepblil achansT (52-54°C), TpoTyapHBIH IUIMTKA
(48-49°C), mopoxnas meiib(48°C), cepoiii (kopuuHeBblit) miactuk (38°C), semis (48-50°C), népu
(37-38°C).

Pa3Opoc mokazateneit  0ObsAcHsAeTCS  (PU3UYECKHMMH  CBOMCTBAMHM  Pa3sHOOOpA3HBIX
noBepxHocTel. Takke MpOCIeKUBACTCS 3aKOHOMEPHOCTh 3aBUCMOCTH HAarpeBaHus OT e€ 1BeTa U
IEPOXOBATOCTU. A UMEHHO, MPUYHHBI PA3HUIIBI TEMIIEPATYP Y PA3HBIX TOBEPXHOCTEH 00YCIOBICHBI
PAIOM TIPHYWH:

- BUJIa IOBEPXHOCTH (OpycuaTka, MpaMop, ac(alibT, €CTECTBEHHOE MOKPBITHE (TpaBa)), T.e.
TEIJIOEMKOCTH BEIICCTBA;

- muppy3HOro korpGUIMEHTa OTPAKEHUS (3aBUCUT OT ILIEPOXOBATOCTH MOBEPXHOCTH).

OxJnaxJieHne JIEPHOBOTO TOKPHITHS TPOU3BOIAMTCS 3a CUET WCHApEHHsS BOIBI, @ BOT C
HCKYCCTBEHHBIX IMOBEPXHOCTEW BOJa CTEKAeT B KaHAIM3AIMIO, U MPAKTUYECKH HE y4acTBYET B
TEPMOPETYIISALINH.

TemnepaTypa — OJMH U3 OCHOBHBIX IKOJIOTHYECKUX (DaKTOPOB.

B wu3BecTHOW CTENmeHW TEIIO TOBBIMACT KHU3HEACATEIBHOCTh W YCKOPSAET >KU3HEHHBIE
MPOLIECChI, OJIArOTBOPHO BIUSIE HA POCT M pa3MHOXKeHUE opraHu3moB. Ho ecnu Temmeparypa
MIPEBBICHUT OIPEICIIEHHBIN MPEIEN, ITH MPOIECCHI OBICTPO MOIABISIOTCS, HAOIIOACTCS TIOUNHEHHE
npasmity Bant-T'odda. [Ipu nanpHeiieM noBBIIICHHH TEMIIEPATYPbl OPraHu3M MMOTUOAET.

Hcmopuueckuti onvlm ucnons3068anusi RIACMUKA 015 O0POHCHBIX NOKPLLMUI.

Bonpoc HecoBepilieHCTBa U MOpalibHAasl yCTapelnocTh ac(haabTOBBIX U OETOHHBIX MOKPBITUN
JOpOT B MHpE C HETaBHETO BPEMEHHM CTaJl aKTUBHO M3y4aThesl. [ oyTaHust OHOM M3 NIEpBHIX Havyaia
CTPOUTh TPAKTHUYHBIE M BECbMa DJKOJOTHYECKH YHCTbIE, C TOYKH 3pPEHUS BO3JCHCTBUSA Ha
OKPYKaIONIYIO IPUPOTHYIO Cpeay, AOPOTH U3 miacTuka (puc.l). [ eHnanbHOCTB HIeH B TOM, 4TO 3TO,
MOKanyd, camblii HeWcuepraeMblii Marepuall, MacmTaObl MPUMEHEHHS KOTOPOTO OTPOMHEI, a
yTunu3anys KpaitHe BpenHa. KoHIenust mpoekra 3aKirodaeTcss B TOM, YTO MaTepHajJoM HOBBIX
JOpoT OYAYIIETO CTaHyT MOAYJIbHBIE TUIUTHI U3 OTXOJOB MJIAaCTMACCHI.
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Pucynok 1. Ykimaaka NiacTHKOBBIX JOPOXKHBIX MTOKPBITHH

du3nuecKkue CBOWCTBA INIACTHKA, TAKWE KaK OTCYTCTBHE CIIOCOOHOCTH HAKAIUIMBATH TEILIOTY,
TUQPy3HbI KOIOUIHMEHT OTpa’keHHs] OTHOCUTCA K IJIaJKUM MOBEPXHOCTSAM, YTO YBEIMYUBAET
OTPaXKaeMOCTb, UJI€ATbHO MOAXOMAAT JUIsl JOPOXKHBIX HMOKPHITHM, B YaCTU YMEHbILEHUS TEIJIOBOIO
s¢dexra. IlnacTukoBble n0pory, BHepBble pazpadoranbl Obuln Pamkaronananom BacyneBanom —
uHankckuit mpodeccop xumum - B 2001 romy. OHM cocTosT M3 acdaabTOOCTOHHOH CMecH ¢
IUTACTUKOBBIMH OTX0/1aMH, BKIIFOUYEHHBIMU B ac(paibTOOETOHHYIO CMECh.

IKon02uyeckas noJ1e3HOCmMyb NAACMUKOBbIX NOKPbIMULL

Oneit I'oyutanauy okasain psj IPEeUMYILECTB MOAYJIBHBIX IJIACTUKOBBIX IOPOT:

- IOCTaTOYHO HU3Kast c€0ECTOMMOCTD M3-32 UCIIOIb30BaHMUs BTOPCHIPHS (HO TOpOKe achanbTa
Ha 3%);

- OTJINYHBIA UCTOYHUK «YTHJIM3ALUW» CIEHIUPUUECKOTO Mycopa — MJIACTHKA;

- MOJyJIbHBIE MJIUTHI UMEIOT MabIil BeC, JETKO TPAHCIOPTUPYIOTCS B OOJBIIMX 00BEMax U
MIPOCTHI ITPH MOHTAXE.

- KOHCTPYKIIHsI 6JI0Ka-TUTUTHI BHYTPH 0J1ast, YTO MO3BOJISIET CBOOOHO MPOKIIAIbIBATH BHYTPH
Pa3IMYHOTO poJa KOMMYHHKAIIUU, Ka0els W BOAOOTBOABI. Takke, MOXKamyd, OJJHUM M3 BECOMBIX
JOCTOUHCTB MOJION CTPYKTYPHI SIBJISETCS BOBMOKHOCTh COOMPATh M XPaHUTh JI0KJIEBYIO BOJY KaKoe-
TO BpeMs. OTO CBOMCTBO MO3BOJIAET MNPEJOTBPATHTh 3aTOIUIEHWE JOPOXKHOIO MOJIOTHA MpU
9KCTPEMAJIBHBIX IIOTOJIHBIX YCIOBHSIX.

- BBICOKAsl yCTOMYMBOCTh K U3HOCY, CPOK CIIY>KObI TaKOW J1OpOrM MPUMEPHO B 3 pasa BhIIIE
0ETOHHOTO WM ac(habTOBOIO MOKPBITHS;

- IJTACTUKOBBIE IOPOTH CTOMKO IKCIUTYyaTHUPYIOTCS IpHU MHTepBaie TeMieparyp ot —40°C no
+80°C

- DKOJIOTMYHOCTb, UCIIOJIb30BAHNE IUIACTUKA MTOBTOPHO, HE CXKUIasl €ro, AA€T BO3MOKHOCTh
3alIUTUTH HATY TUIAHETY OT BEIOPOCOB B aTMOc(hepy BpPEIHBIX BEIIECTB, 8 UMEHHO THOKCHHOB.

HenaBHo o cBoeil HOBOH pa3paOoTke 3asBWiIM yuyeHble IlepMcKOro HaluMOHaIBLHOTO
UCCIIEI0BATENIBCKOTO MOJIUTEXHUYECKOTO HHCTUTYTA - JIOPOKHOIO MOKPBITHS HA OCHOBE OBITOBBIX
IUTACTUKOBBIX OTXOJOB, 3TO pa3pabOTKU B YaCTH J00aBIEHUs IUIACTHKA NpU ac(haibTHUPOBAHUH, HE
OJIOKH.

CriennanucThl JIMNENKOr0 YIIpaBIeHUs JOPOT U TPAHCIIOpTa Mpeylarajli UCIOJIb30BaTh MIPH
CTPOUTETHCTBE JIOPOT TIACTHKOBBI MYyCOp, TTOJABEPTHYTHIM BTOPUYHOUM TiepepaboTke. B xauecTse
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CBIPBS IIpeJIaraiy 3aJelCTBOBATh MCIOJIB30BaHHBIC MJIACTMACCH — HAIPUMEP, OCTATKH MAaKETOB,
OyTBUIOK ¥ YIaKOBOK.

Ho i peanuzanuu nNpoeKToB M0 CTPOUTEIBCTBY IUIACTUKOBBIX A0POT TpeOyeTcst BHEAPEHUE
TEXHOJOTHH 1O cOOpy W COPTHPOBKE IUIACTUKOBBIX OTXOJOB W BHECEHHWE H3MEHEHUU B
3aKOHOJATENBCTBO.

Hemnoro 06 3k010ruyeckoM paBHOBECHU:

XoTtenoch Obl 00paTUTh BHUMAHUE, YTO KaXKasi TOPOKHASI MarkCTpallb, MEMIeX0/IHas J0pora
IIPEJICTABIISIET COOON OTUYKIEHHYIO Y IPUPOIHOM Cpeibl M0JI0CY 3HAYUTEIBHON NPOTSHKEHHOCTH.
W3meHeHus npuBOJAT K BTOP>KEHUIO B MUP JKUBOTHBIX U NTHIL, U MOTYT pa3pylIUTh MECTa OOMTaHUS
KUBOTHOTO MHpa. Y, HECCOMHEHHO, BIMSAET Ha BBDKUBAHHUE YEJIOBEYECKOTI0 COOOIIeCTRa!

- TP MOBBIMICHUH TEMIEpaTypbl B 00bEME BlIOXa KUCIOPOJA CTAHOBUTCS BCE MEHBIIE U
MEHBIIIE;, TpaBla, ecliu c4YuTath KoMmdopTtHOW Temmepatypy 20 TpamycoB, TO KOHIIEHTPAIHS
kuciopona ymenbmaerca Ha 10% tonpko mpu 50 rpagycax. Ckopee, TyT BIAXHOCTb HMEET
3HAUYEHHUE;

- Tepputopus (mpuMepHO 87 ThIC. Ta) Ja)XX€ OYEHb XOPOIIO O03€JIEHEHHOT0 MUJUIMOHHOTO
ropoaa 3a oauH rox npousseneT He 6onee 100...120 Toic. T kucaopoxaa. [loTpedieHue xe 3Toro rasa
MIPOMBIIIIJIEHHOCTBIO, SHEPTETHKOM, TPAHCIIOPTOM Tropoja cocTtaBuT He MeHee 40 muH. T. Ecnu Obl
BO3IyIIHBIA 0acceiiH TaKoro ropoja ObLI OTpaHUYCH KaKOH-ITHOO Mperpasioi, To KUCIOpoJa ero
obutaTenam xBaTuiio Obl Bcero Ha 40...50 jer.

DKOJIOTUYECKOE PAaBHOBECHE B paMKaX YpOO3IKOJOTHU — 3TO CaMOpPEryJisilus, HaJylexKalas
OXpaHa U BOCIPOHU3BOJCTBO OCHOBHBIX €€ KOMIIOHEHTOB — aTMOC(HEpHOro BO3/yXa, BOJHBIX
PECYPCOB [TOUBEHHO-PACTUTENBHOIO IIOKPOBA, )KUBOTHOI'O MHUpA.

BriBoabI

Otoil paboTOi XOTen MpHBJIEYb KaK MOXKHO OOJbIIE JIIOJAEH, TaKk Kak BOMPOC EMKHIA,
O00BEMHBINA, U TpeOyeT yCHIM MHOXKECTBA JIOACH Pa3HBIX cep KHU3HH: SKOJIOTHS, IKOHOMHKA,
¢busuka u 6uomnorus (OMOreoreHo3), MPOM3BOACTBO U IPYIOE.

B Poccun, Ha MO# B3TJIs11, TUTACTHKOBBIE IOPOTH HAMHOTO BBITOJIHEE aC(aTbTOBBIX, TaK KaK
Poccus naeanbHO MOAXOIUT MO KIUMATY.

[Tpu nmpoeKkTUpOBaHUU HEOOXOJUMO OYEHb TOYHO PACCUUTHIBATH IIMPHUHY MCKYCCTBEHHOIO
MOKPBITHS, COBMEINAsi HEOOXOIUMOCTh C I€JIeCO00Pa3HOCThIO, YTOOBI HM30€XaTb HEraTUBHOIO
TEIJIOBOTO BIIMSHHUSL.

Ha craaum mnpoeKTHpOBaHUS M CTPOMTEIBCTBA JOPOT OYAYIIEr0 MOXHO JOOMTHCA
3HAYUTEJILHOTO CHUYKEHHUS] HETaTUBHOTO BO3/JCHCTBUS Ha 3KOCHCTEMY. BBISIBUTH BO3MOKHBIE BUIbI
BO3JICHCTBUSl HAa OKPYXKAOUIyI0 Cpeay OT HOBBIX JOPOr WIM MPOAHAIMU3UPOBATH BIIUSHUE
CYLIECTBYIOIIMX aBTOTpAacC IOMOTYT CIELUUATN3UPOBAHHbIE KOMIIAHUHU, cdepa JesTeIbHOCTH
KOTOPBIX — NH)KEHEPHBIE U3bICKAHUS B COEJUHEHUU C YUEHBIMHU.
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Bnusanue 6000omoopa na akmueuszayuio UHMpPY3uu MOPCKUX 600 HA npumMepe WHCHOI Yacmu
ocmpoea Caxanun

Baoun A.H.* (MI'PH, darknes.awaker@mail.ru),
Kapumosa O.A. (MI'PH, olga221271@yandex.ru),
Opewkun A.3. (000 «I3CI IIpoexmuo-usvickamenvckue pavomet, a.0reshkin95@yandex.ru)

AHHOTanus

B nokname paccmartpuBaloTcs TIpoOiieMaTHKa HHTPY3UM MOPCKUX BOJ, YCJIOBHUSA
(hopMUPOBaHUS U PA3BUTHUS UHTPY3UU MOPCKUX BoJ. OOOCHOBaHA HEOOXOIMMOCTh HCCIICIOBAHUS U
ydera MHTPY3UH MOPCKHUX BOJ| IPHU OpraHU3alMd MUTHEBOTO BOAOCHAOXKEHHUS B OEperoBoil 30He
1I0kHOH vactu octpoBa Caxamun. OrtpakeHbl OCHOBHBIE (DaKTOpbl M TNPEANIOCHUIKH,
XapaKTepu3yollue mnporecc UHTPY3uu. [IpuBeneHbl METOIbl U3yUeHUs, UCCIEeIOBaHMs U pacuera
rITyOUHBI BHEIPEHHS KIIMHA MOPCKHUX COJICHBIX BOJI B IPECHBIN MO3EMHBIN BOJIOHOCHBIN TOPU30HT.
JlaHbl peKOMEeHJAINK 110 00YCTPOHCTBY U KCILTyaTalliu Bo103abopa B OeperoBoii 30He.

Kiiouessble ciioBa
WHTpY3ust MOPCKUX BOJ, TIPECHBIN BOAOHOCHBINA TOPU30HT, OEperoBas JHHUS, PUOPEKHAST
30Ha, METOABI UCCIIEIOBAHUS

Teopus

[IpobGnema UHTPY3UH MOPCKHUX BOJI aKTyaJIbHA JIJIsl BCEX CTPaH, UMEIOIIUX BBIXOJ K MOPCKUM
akBaropusMm. [IpubpexxHas 30Ha MOps ABISETCS MOTPAHUYHON 00IACTHIO MEKTY MOPCKHUMH BOJIaMU
U Cylmell W XapakTepu3yeTcsi OCOOBIMHU THAPOJUHAMUYECKMMH U THAPOTCOXUMUYECKUMHU
ycnoBusiMu. Uepe3 MOABOAHYIO 4YacTh TpaHUIBI pa3fesia cpell MOpckas BoJa IOCTyMaeT B
BOJIOHOCHBIE TOPU30HTHI B OEpEroBOi 30HE M MOXKET PACIPOCTPAHITHCS HA 3HAYUTEIHHBIC
paccTOsIHUS, CMEIIMBAsICh C MPECHOM MOA3EMHOM BOJOH. Takke M3BECTHBIE Clydaul BHEAPEHUS
COJIGHOTO KJIMHA B MPUOPEKHBIE BOJOHOCHBIE TOPU3OHTHI HA JECATKH KHJIOMETPOB, YTO MIPHUBEIO K
YXYALIEHUIO KadyecTBa BOJBI U BBIXOJY U3 JKCILTyaTallid BOI03a00poB. B yclioBusSX opranuzanuu
BOJIOCHAOKEHUSI B TIPUOPEKHOM 30HE BAXKHO IMOHUMATh OCOOCHHOCTH THUIPOJIWHAMHUYECKHUX
MPOLIECCOB, Pa3BUBAIOIIUXCS B HEH, a Takxke (PaKTOpPOB, OKA3BIBAIOIIUX BIUSHUE HA aKTUBHU3AIUIO
WHTPY3UH MOPCKHUX BOJI M JAIIBHOCTh WX PACIIPOCTPAHECHHS IO BOJJOHOCHOMY ILIACTY.

WHTpy3uss MOPCKUX BOJl B MPUOpEKHBIE MPECHBIE BOJOHOCHBIE TOPU30HTHI MOXKET CTaTh
OIHOW W3 TPUYUH, OMPEIEIAIOMUX BBIOOp TEPCIEKTUBHOTO Yy4yacTKa JUig oOecreyeHus
BogocHaOeHuss. OOYCIOBIEHO 3TO BIMSHHEM HMHTPY3HMH MOPCKUX BOJ HE TOJNBKO Ha paboTy
BOJ103a00pa M KaueCTBO BOJBI AKCILUIyaTUPYEMOTO TOPU30HTA, HO M HAa BOJIOHOCHBIC TOPU3OHTHI,
3aJIeraoIIrX BBIIIE U HWKE IKCIUTYaTUPYEMOTO B CiIydae Halnuuus neperekanus. OT KadecTBa BObI
3aBUCHUT €€ TUT U QYHKIIMOHATbHAS HAPABJIEHHOCTH €€ UCI0JIb30BaHUS (TUTHEBOE U XO3SIMCTBEHHO-
OBITOBOE, TEXHOJIOTHYECKOE 00eCIeueHNEe BOJOM ).

BaxxHyto pons B MpPOTHO3WPOBAHUHM Pa3BUTHS WHTPY3UHM MOPCKHX BOJ W pa3padbOTKe
MEPOMPHUATHIA M0 MHHHMH3AIMK yiIepOa, CBA3aHHOTO C 3TUM MPOIECCOM, HTPAIOT pPa3IuYHbIC
Mojenu: PU3nIecKue, aHaTUTUYECKHUE, YUCICHHO-aHATUTHIECKUE U YUCIICHHBIC [3,4].

[lenpro WccnenoBaHUS SIBISETCS BBISBICHUE KIIOUEBBIX OCOOEHHOCTEH (OpPMHUpPOBAHUS U
pa3BUTHSI MHTPY3UH MOPCKHX BOJI, a TakKe HEOOXOJAMMOCTh WX y4e€Ta W HCCIEIOBaHUS TPH
OpraHM3aIiy MUTHEBOTO BOJOCHAOKEHUS B OEpEroBoii 30HE C MOCIEAYIONTUMHU PEKOMEHIALIUSMU 110
00yCTpONCTBY M AKCIUTyaTaIliy BOA03a00pa B pacCMaTpUBAEMOM paiioHe.
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Jis AOCTHKEHMsSI TIOCTaBJICHHOW ILIENTM U PACKPBITUA NPOOJIEMAaTHUKU BBIOPAHHON TEMBI
pelagnch CAeAYOLe 3a0auu:

- OB MPOaHATM3UPOBAHBI U MHTEPIPETUPOBAHBI UCXO/HbIE JIaHHBIE 110 palioHy paboT, B
TOM 4ucCIe KapTorpaduueckue, GOHIOBBIC U OTUYETHBIC MaTCPUAIIBL;

- U3YYEHBl U MPOAHATU3UPOBAHBI I'€OJOTUUYECKHE, TEKTOHUUECKUE U TUAPOTe0IOrHYecKre
yCIIOBUS palioHa padoT;

- ompezeNieHbl U U3y4YeHbl YCIOBHS U (AaKTOpbI, BIUSIONUINE HA aKTUBU3ALMIO U Pa3BUTHE
WHTPY3UH MOPCKHX BOJI;

- HW3y4eHbl METOJbl pacuyeTa M OLEHKH HHTPY3UHM MOPCKHUX BOJ, C MOCIEIYIOIUM
orpeJieieHueM Hauboiee MOAXOIAIINX IPUMEHUTEIHHO K YCIOBUSAM paiioHa paboT.

B agMuHUCTpaTHBHOM OTHOUIEHMM MpeArojaraeMble y4acTKH JUid  00ycTpoicTBa
B0/103200pa PaCHOIOKEHBI:

- yuactok «lIpuosepnslity pacnosioxkeH B 3,5 KM I0oro-socrounee ceina OxoTcCkoe
CaxanuHcKoH o0yiacTu, Mexay o3epoM 3abaiikaner u 6eperoBoit auaHE OXOTCKOTO MOps (3aIuB
MopaBuHOBa);

- yuactok 1 «JlecHoe 03epo» pacnoniokeH B KopcakoBckoM paiione CaxamuHCKO#M o0nacTu,
B 4,4 kM rokHee oT cena OXOTcKoe, Mexy o3epoM UepBsuHoe, MpoTokoM KpacHoapmeilckum u
o3epoM TyHalya;

- yuactok 2 «JlecHoe 03epo» pacnonoxkeH B KopcakoBckoM paitone CaxamuHCKOM o0nactu,
B 2,5 KM 10ro-Bocrousee ot cena OXoTckoe, 3amnaanee nmporoka KpacHoapmenckuii.

[IpocTpaHCTBEHHBIE TPAHUIIBI M PACHONIOKEHHUE YYACTKOB HCCIEAOBAHMUS OTOOPa)KEHBI Ha
puc.l.

HeratuBHble MOCIENCTBUS HHTPY3UH MPOSABIIAIOTCSA TAKXKE B yXYIIICHUH KAYECTBA MUTHEBIX
BOJI (X 3aCOJIEHUH ), CEITbCKOX03MCTBEHHBIX 3€MeJb, B MTOBBIIICHUH arPeCCUBHOCTH IPYHTOBBIX BOJI
Y KOPPO3MOHHOW aKTUBHOCTU IPYHTOB IO OTHOILIEHUIO K METAJTy M OETOHY 3ariyOJeHHbIX YyacTel
3/1aHUM ¥ COOpPYKEHUMN, KOMMYHUKaLUK U ap. [2].

[TpyunHBl BO3HUKHOBEHUS U CYIIECTBOBAaHHUsS MpoIlecca UHTPY3UH OOYCIOBICHO PSAOM
(GakTOpPOB: TEOJOTHYECKUX, TUAPOTCOJOTHUECKUX, TeOMOP(POJIOTHUECKUX, CHHONTUYECKUX U
IpYTUX.

[lepBble BKIIOYAIOT B €€0Sl IeOJOrO-CTPYKTYpHBIE OCOOEHHOCTH MPHOPEKHON 30HBI,
XapakTep NUCIOKAIMi (Kak TUIMKATUBHBIX, TaK U AU3BIOHKTUBHBIX ), TUTOJIOTHIO CJIAralolINX 30HY
aKTUBHOTO BOJI0OOMEHA IMOPO/I, TEMITBI COBPEMEHHOTO OCAJKOHAKOIIIICHUSI (0COOEHHO B 00acTsIX
JTABUHHOM CEJMMEHTAIINN) U T.1.

Ko BTOpBIM OTHOCSTCA THAPOJUHAMUYECKHUE TIapaMeTphl BOJOHOCHBIX TOPHU30HTOB:
MbE30METPUUECKHE YPOBHU (YKJIOHBI), pacXo/l, XapakTep TMAPaBINYECKON CBA3U ¢ MopeM. K rToi
XKe rpynmne (akTopoB CleayeT OTHECTH (QUIbTPALlMOHHBIE CBOWCTBA MOPOJ KOJUIEKTOPOB U
BOJOYTIOPOB.
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Pucynoxk 1. O630pHas kapra paiioHa pabot

['maBHbIe reomopdonornyeckue (HakTopbl - U3PE3aHHOCTh OeperoBoil TMHUU, MOP(HOIOTUS
cybalpanpHON U CyOaKBaIBHON YacTell MPUOPEKHON 30HBI, HATMYUE PEK M KAHAIOB, JPCHAXKHBIX
cucTeM, JaM0 U JPYrHMX TUAPOTEXHUYECKHX TUAPOTEXHUYECKUX COOpy:KeHui. B rpymnmy
CHHONTHYECKHX OOBEAUHSIOTCS (DAaKTOPHI, ONMPEACISIONINE XapaKTep B3aMMOJCHCTBHS OKeaHa U
aTMoc(epbl: MHTEHCUBHOCTD M TIOBTOPSIEMOCTh IIITOPMOB OIIPEICIICHHOT O HAIIPaBIIEHUs, DapuyecKue
oOpazoBanus (ceimm). K cuHONTHYECKUM (paKTOpaM MOYKHO OTHECTHU U HEKOTOPbIE KIMMATHYECKHE
0CcOOEHHOCTH MOOEPEkKHiA, HAIPUMEp, HATUYHE BEYHOH Mep3ioTHI [1,3].

Cpenn Hambosiee 4acTO  BCTPEUAIOIIMXCS  BUJAOB  MHTPY3MM  MOXXHO  Ha3BaTh
HETIOCPEJICTBEHHOE BHEJIPEHHWE MOPCKUX BOJ B BOJOHOCHBIA TOPH3OHT W OMNOCPEIOBaHHOE
BHeapeHue. [locnenHee MpOUCXOMUT B pe3yibTaTe HAaroHa B PeKH M KaHaJIbl MOPCKOW BOJBI C
nocyenyromeil GuIbTpanueil ee B BOJOHOCHBIE TOPU30HTHL. VIHTpy3Uel SBISCTCS M TepeTeKaHne
MOPCKUX M MUHEPAJIM30BAHHBIX BOJI Yepe3 CIa0O0MPOHUIIAEMBIE OTIOKEHHS, TUTOIOIMYECKHE OKHA
M 30HBI TEKTOHHYECKUX HapymeHwid. [leperekanne COIEHBIX BOJ 4Yepe3 JIMTOJOTHMYECKHEe OKHa B
TOPU30HTBl  MpPECHBIX BOJ — JOCTaTOYHO 4YacTO  HaONoJaeMoe  SBJIECHUE, MpUYeM
BBICOKOMHHEPAJIM30BAHHBIC BOJIBI HE 00SI3aTEIHHO JOJDKHBI OBITH MOPCKUMH.

B ecTecTBEHHBIX YCIIOBHSX MOTOK MOJ3EMHBIX BOJ B CTOPOHY MOpS yAEpKHBAET MOPCKHUE
BOJABl OT BHEAPEHUS WIM MOpHcTee OeperoBod JMHHMM, BOJIM3M Oepera WM HECKOJBKO TIIyOKe.
VHTeHCUBHBIN BOJOOTOOP MOXKET MOHU3UTH HATIOPHI B BOJJOHOCHOM TOPU30HTE U BBI3BATh HHTPY3HUIO
[2,3].

[Tpu 03HAKOMIIEHUH € CYLIECTBYIOIIMMHI METOJJUKAMH pacueTa U OLEHKH UHTPY3UH MOPCKHUX
BOJI, @ TAK)KE€ M3YYEHHUEM OCOOCHHOCTEW ee (POPMUPOBAHHS M PA3BUTHS, B paMKaX HCCIIEIOBAHUS
ObUIM PacCMOTPEHbI aHAJIOTHYHBIE OOBEKTHI (BOJ103a00pHI), paCHOIOKEHHbBIE B MPUOPEKHOM 30HE
Uepnoro mopsi, bantuiickoit kocs! (KanmauHrpaackas 001acTs), 3amajHoe modepexne moayocTpoBa
Kamuarka (Ha koce Mex 1y OXOTCKUM MOpeM U pekoid bosnbias).

Tax)ke OCHOBHBIMHU JaHHBIMH JUIS PEIICHUS 337a4 10 pacyeTy U OIeHKE WHTPY3HUH MOTYT
OBITh:
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1. MaTepuanbl 6ypoBbIX pabOT, BBITOJHEHHBIX 110 MPOGUIISIM TIEPIICHIUKYISIPHBIX O€peroBoi
muann. Kak mpaBmiio, ydacTok OYpOBBIX pabOT BKIIOYAET TUIDK, OEper W HIDKHSAS YacTh
MIPUMOPCKOTO CKIIOHA C IPEBHUMH MOPCKUMH TEPPACAMU;

2. MaTepHaibl THAPOTEOIOTHIECKUX HAOMIOACHUH TPH OypeHUN CKBAXKHH;

3. Pe3ynbraThl 1a0OpaTOPHBIX MCCIEAOBAHUIA COCTaBa TOJ3EMHBIX BOJI B COOTBETCTBUU C
TpeOOBaHUSMHU.

4. JlaHHBIC HA3E€MHBIX U CKBA)KUHHBIX JICKTPOMAarHUTHBIX UCCIICIOBAHUI.

MarnornyOuHHBIE 3JIEKTPOPa3BEIOYHBIE METOJIbI, KaK IMOKAa3aJl OIBIT, SBISIOTCA Hamboiee
3¢ GEKTUBHBIMU MOJIEBBIMUA METOJIAMH HCCIICAOBAHUS UHTPY3UH, B TOM YHCIE JUII TPUOIHKEHHON
OLIEHKU TPOCTPAHCTBEHHOTO PACIPOCTPAHEHHSI HHTPY3HH B PUOPEKHBIE BOJIOHOCHBIE TOPHU3OHTHI
OT ype3a BOIbI U pacrpe/iesicHusl IPECHOM, COJIOHOBATOW U COJICHOM Box [2,4].

BriBoabl

1. Ha ocHOBaHMHM cHCTeMaTH3alUsi, aHaIW3a W OOOOINEHHS TIOJIEBBIX, (OHAOBBIX H
oInyOJIMKOBAaHHBIX MaTEpPUaIOB IOJY4YEHO OoJiee MOJHOE MPEACTABICHUE O I'MIPOre0JI0rMYeCcKHX
0COOEHHOCTSIX I0KHOHM YacTu ocTpoBa CaxaiuH.

2. M3y4yeHue 3aKOHOMEPHOCTEH (OPMHUPOBAHUS MOJ3EMHBIX BOJ FOKHOW YacTH OCTPOBa
CaxaliH MO3BOJWIO YCTaHOBUTbH, YTO OJKCIUIyaTallUOHHBIE 3amachl IMPECHBIX BOJ IMUTHEBOTO
Ha3HA4YEHUsS MOT'YT ObITh HE 00eCIIeYeHbl UM 00ecrieueHbl Ha KOPOTKUI MPOMEXYTOK BPEMEHHU.

3. Ilpoananu3upoBaHo, YTO OCHOBHOM IPUYMHON YXY/IIEHHS Ka4eCTBa IPECHBIX MOI3€MHBIX
BOJI BOJIOHOCHBIX TOPM30HTOB IOKHOW 4YacTH ocTpoBa CaxalluH MOXET SBJIATbCS BHEApPEHHE
(MHTpY3Us1) MOPCKUX COJIOHOBATHIX BOJ OXOTCKOTO MOpS IIPU HECOOTIOACHUN YCIOBUH U peXuMa
Bo100TOOpa. Ponb Apyrux (hakTopoB, TaKUX Kak €CTECTBEHHAs TMAPOXMMUYECKAs 30HAIBHOCTb U
TEXHOTE€HHOE 3arps3HEHNE, HE3HAUUTEIIbHA.

bubaunorpagus

1. He Yucr P. Jlixk.M. I'maporeonorus ruaponoruu cymu //OyHaaMeHTalbHbIe TPY/IbI
3apyOeKHBIX YUCHBIX TI0 I'eoJIoTHH, Teodusnke u reoxumuu «Hayka o 3emie». Mocksa: «MUPy,
1969. C. 244-258.

2. Mupontok C.I'., XneOnukoBa O.A. IIpu3Haku U TeoJOTHYECKHE MPEAIOCHUIKH
UHTPY3UH MOPCKOH BOJBI B MPUOpPEXKHBIE BOJOHOCHBIE TOPU3OHTHI (Ha mpumepe UepHOro mMops)
//Tr09k0m00rus1. UH)XEHEepHas TeOJIOT |, THAPOTeoiorThs, reokpuosorus. 2022. Ne 3. C. 24-37.

3. Pactopryes A.B., JleBuukas E.B. UMHTpy3um MOpckuX BOJ K HpUOPEXKHBIM
Bozo3abopaM //MIHHOBamuu B reosoruu, reopusuke u reorpadpuu. COOpHUK MaTepuanoB 4-oif
MesxayHapoiHOM HayqHO-TIpakTH4eckoi koHpepenuu. 2019. C. 113-115.

4. Cemenuyk A.B. JluccepTanus Ha COMCKaHHE YYEHOW CTENEHU KaHJIuaaTa reojioro-
MUHEpPAJIOTHYECKUX HayK Ha TeMy «YcioBus (popMupoBaHHs MOA3eMHBIX BoJ banTuiickoil Kocbl
(Kamununrpanackass oOnacts) //DenepanbHoe TOCYJAapCTBEHHOE OIO/DKETHOE — YUPEXKIICHUE
«Bcepoccuiickuii HaydyHO-UCCIIEI0BAaTENbCKUI reosornueckuii uHCTUTYT M. A.Il. KapnuHckoro.
2018. C. 103-107.
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Yenosua gpopmuposanus pecypcoe noozemnuix 600 dacceiina Bepxuezo /[nenpa

Boavwakos H.C.* (MI'PH, i.s.bolshakov@yandex.ru),
Yepenanckuiu M.M. (MI'PH, vodamch@mail.ru)

AHHOTanus

Onnoit u3 kpynHeimux pek Poccun n EBpomnsr siBnsiercst J{Henp, KOoTopsiii 0epET cBOE Havasio
B CMoeHcKoM 001acT U 00pa3yeT OJH U3 KPYITHEHIIINX PEYHBIX 0aCCeHOB Ha BCEM KOHTHUHEHTE.
B cBsi3u ¢ 3TUM 0c00yI0 BaKHOCTH UMEET BOMPOC (POPMUPOBAHUS PECYPCOB MOI3EMHBIX BOJI BEpXHE
yacTu Oaccelina peku JlHemnp, Tak Kak IMEHHO 3Ta YacTh OKa3bIBAET OIPEEIAIONIEe BO3ICHCTBUE HA
BECh OCTAJILHON PeYHOM OacceiiH, 0COOCHHO ¢ y4€TOM TpaHCTPaHUYHOTO Xapakrepa Oacceitna. s
MIOHMMAaHMsI YCJIOBUI (POPMHUPOBAHUS PECYPCOB OA3EMHBIX BOJ Oacceiina Bepxnero /lnenpa Obuia
COCTaBJieHa KOMIUIEKCHAas XapakTepucTuka OacceiiHa Bepxuero Jluempa c reorpaduyueckom,
re0J0rM4eCKON ¥ THPOTre0IOrMuecKOi TOUEK 3pEHMSL.

Ki1roueBnle cjioBa
Huenp, CMoseHCcKast 00J1acTh, PEYHON OacCeiiH, MO36MHBIC BOJIbI

Teopus

CmoneHckast o0nacTh, K KOTOPOW NMPUYpPOUYEHO BepxHee TeueHue JlHerpa, ¢ TOUKU 3peHust
penbeda, ABIASETCS pAaBHUHHON TEPPUTOPHEH, KOTOpast IpH 3TOM 00J1a/1aeT 3HAUUTEILHON CTETIEHbBIO
pacuneHéHHOCTH. Ha TeppuTOpMM pEernoHa NPUCYTCTBYIOT HECKOJBKO BO3BBIIIEHHOCTEH U
Hu3MeHHoctel.  Kpymueitmeir  ¢opmoit  penbedpa  sBisiercss  CmoneHCKO-MoCKOBCKas
BO3BBIIIEHHOCTh, KOTOpasi IPOTSAHYJIACH C 3al1ajia Ha CEBEPO-BOCTOK. ECTh U Ipyrue BO3BBIILIEHHOCTH
— JdyxoBmuHcKas (Ha ceBepo-3amnaje), Bsasemckas (Ha Boctoke), EnpHuHcKkas (B uentpe). Crenqyer
TaKKe€ OTMETUTh, 4To JlyxoBuimHckas U CMoyieHCKO-MOCKOBCKasi BO3BBIIIEHHOCTU SBIISIOTCA
BOJIOpa3/ieslaMU TaKMX KPYIHBIX peK, Kak 3amajnHas [[Buna, /{nenp u Bosra. M3 Hu3MmeHHOCTEM
MOkHO BbIIeIUTh Coxcko-OcTepckyto (Ha roro-3anaze) u Ba3zysckyro (Ha ceBepo-BOCTOKE).

TemnepaTypa BO31yXa Ha TEPPUTOPUM PETMOHA HW3MEHSETCS HECYIIECTBEHHO —
CpEIHEro10Bble 3HaYeHUs KoyeOmtoTes auiib Ha 1°C, HO MOKHO 3aMETUTh, KaK OHA MOCTEIEHHO
YMEHBILIAETCS ITPU ABM)KEHUH C 3a11a/1a Ha BOCTOK PETHOHA. B OTHOIIEHNH 0CaJKOB MOXHO BBIJEIINTh
CeBepo-3amaHbIi CEKTOP 00JIaCTH, OTHOCSIIHICS K Oacceliny 3anajaHon [[BUHBI, KOTOPHIN 3aMETHO
OTJIMYAETCS KOJMYECTBOM BBINAJAIOIINX OCAAKOB. /[aHHOE SBIEHHE CBSI3aHO C OTHOCUTEIIBHOMN
OJIM30CThIO yuacTKa K bantuiickomy Mopro 1 0COOEHHOCTSIMU pelbeda (Haauune oOpaMiieHus B BUJIE
JyxoBimuHcKoi 1 CMosieHCKo-MOCKOBCKOM BO3BBILIEHHOCTEH). B Gacceiine JlHenpa OTCYTCTBYIOT
KaKue-Tno0 KIMMaTH4YeCKUe aHOMAJTUH.

[Tpu paccMOTpeHNH pa3Inyuil B TEMIEPAType U OCalKaxX B SIHBApE U MIOJIE HA TEPPUTOPUN
CmoneHckoir oOnactu, KosebaHUS TeMIepaTypbl Takxke OyAyT HEe3HAauuTeIbHbIMH, HO C
aTMOC(epHBIMU OCaJIKaMU Jeso o0cTouT uHade. HecMOTpss Ha OTHOCUTENBHO PAaBHOMEPHBIH IO
KOJMYECTBY OCaJKOB SIHBapb, B HIOJE€ 3aMETHbl YYacTKHM, HaxoJsIIMecs Ha ceBepo-3amaje,
OTJIMYAIOIIMECS TOBBILIEHHBIM KOJIMYECTBOM BBINMAJAIOMIUX OCAJKOB Ha (OHE OCTaIbHOMN
TEPPUTOPUHN PETHUOHA.

BricoTa cHexHOro mokpoBa Ha TeppuTopr CMOJIEHCKOM 001aCTH MOBEPKEHA U3MEHEHHSIM,
KOTOpBIE CBSI3aHbl HANpPSIMYI0 C OCOOEHHOCTSIMH penbeda pernoHa. B Oacceitne /lnempa, B
YaCTHOCTH, OTMEYAIOTCS OTHOCUTENIBHO BBICOKME 3HAUEHUS BBICOTHI CHEXHOI'O IOKPOBA, YTO
BEPOATHEE BCETO CBSA3AHO C HAKOIJICHUEM CHEra B HU3MHAX PEYHOM 10JuHbI J[Henpa. Y cTaHOBIEHHE
CHEX)KHOTO ITOKPOBA M0 MEpe NPOABMXKEHHS Ha 3amaj IMPOUCXOAMT IO3]HEE, pa3pylIEHUE XKE €ro,
Hao0O0pOT, paHbllle MPOUCXOAUT Ha 3arajie peruoHa.

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

77


mailto:vodamch@mail.ru

N\ MIPU

POCCHACKHR TOCY[APCTOEHHLIA wHoebie udeu 6 naykax o Jemaen
TEONOrOPATBEOYHEIA YHHBEPCHTET
MMEHH CEFT O QP OHHEMH 3

bacceitn Bepxnero Jlnempa (puc. 1) JeXHT B 30HE H30BITOYHOTO M JIOCTATOYHOTO
YBIIQXHEHUS, UTO OOBSICHACTCS €r0 PACHOJI0KEHHEM 30HE CMEIIaHHbIX JiecoB. B rienom s J{nenpa
npeobiiagaer cHeropoe nutanue (okono 50% croka), Takke BaXKHYIO UrpaeT moazeMHoe (27%) u
noxsieBoe (23%) nuranue. Crnegyer OTMETUTh, YTO COOTHOILIEHUE MEXKYy CHETOBBIM M JI0XKJICBBIM
MUTAaHUEM HU3MEHSETCS BHM3 IO TeueHHIo J[Hempa B CTOPOHY YBEIMYEHHS CHETOBOTO MHUTAHUA.
Takum oOpa3oM, BaxkHyIO poib B (opmupoBaHuu croka Bepxuero /lHempa urpaer nokaeBoe
MUTaHHE.

04.01.00.002 "Onxenp or

r. BOPOroGyx 0 r.CMONEHEK" 04.01.00.001 “Ouxenp or

Xoni - Wlpsbeckiit ucroka go r. loporoByx

Basbma

fyxoBuwmHa
Y 04.01.00.003 "Poccuickan
{ yacTb Baccenna p. filwenp
Huxe r. Cmonexck"

Cawougao Vanewxoko

Apueso
{ Bepxnéamenpobcx iy

I-lopérosym

04.01.00.008 "[lecHa oT ucToKa
Ao rly Cmonexckon A3C"

NounHOK

Crac-lémenck

Pucynox 1. bacceitn Bepxuero [Inenpa
Hctouynnk: Cxema KOMIUIEKCHOTO MCITOJIb30BaHUs M 0XpaHbl BOIHBIX 00bekToB (CKMOBO) Oacceiina peku
Huenp (poccuiickas yacth). CoctaBneHa B coorBeTcTBuH ¢ Ilpukazom Munnpupoast Poccun ot 04.07.2007
Ne 169

CyMMapHBII pacxol U3MEHSAETCS HE3HAUNTENBHO: B IIOJIHOBOAHBIE TOABI IIPEBBIIAET HOPMY
IOYTH B 2 pa3a, B MaJOBOJHbIE ToJbl cocTaBisieT 10 0,5 oT HopMbl. OOece4eHHOCTh BOJHBIMU
pecypcaMu BBICOKasi — cpeiHee 3HaueHue coctaisieT okoino 200 Teic. M3 B rog Ha 1 kmM2. BenuunHa
pedHoro croka Oaccelina BepxHnero JlHenpa OTHOCUTENIbHO CyMMapHOT0 T'0/I0BOT0 CTOKa Kosie0iercs
ot 6,9 1o 7,3%, uro ycrynaer BeIMuuHe cToka GopMmupyemMoil B rpaHunax bemopyccuu, koropas
cocraiseT oT 20,5 no 24,1%. B wactu pacnpenenenus pecypcoB peuHbIx BoJ OacceilH BepxHnero
JHemnpa akkymyaupyet ot 2269 no 3566 muiH M3 cToka (6enopycckas yacTh 6acceifna JlHenpa — ot
9744 no 14391 mun M3).

I'ycrora peunoii cetu GacceiiHa Bepxnero JlHemnpa cocraBnser nopsjaka 0,46 kM/kKM2, 4To
MIpEeBBILIAET AHAJIOTUYHbIE yYacTKU OacceiiHa Ha Tepputopun Poccuiickoit denepannu moutu B 2
pasza. CpeHU MHOTOJIETHHI MOJIyJIb CTOKA COCTABIISIET OKOJIO 7 Ji/c Ha 1 KM2, Cl0il peuHoro croka
— o1 220 1o 240 mM. Ot 60 10 65% OT yKa3aHHOW BEJIMYUHBI CJIOSI PEYHOTO CTOKa (GOpMUPYETCS B
nepuo monoBojbs — 135-145 mm. Takum 00pa3oM, MOKHO C/I€NaTh BBIBOJ, YTO 3HAUUTEIHHYIO
yacTb pEYHOro cToka Oacceiina Bepxuero [Inenpa ¢opMupyer HMEHHO TOBEPXHOCTHAS
COCTaBJISAIOLIAs.

B Bepxwneit yactu 6acceitHa [[Henpa MOXHO BBIJICIIUTh OCHOBHBIE BOJOHOCHBIE KOMILICKCHI,
KOTOpbIE MPUHUMAIOT y4yacTue B (OPMHUPOBAHUHU IMOJ3EMHOTO CTOKA: YETBEPTUYHBIC, BEpXHe-
CpPEIHE/IEBOHCKUE U HIKHEKAMEHHOYTrOoJbHbIEe. [IpenMylecTBEHHO MOA3EMHBIM CTOK B peKu
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MIPOUCXOUT U3 YETBEPTUUHOTO U IEBOHCKOTO BOAOHOCHOT'O TOPU30HTOB. HHyKHEKaMEHHOYT OTbHBIN
BOJIOHOCHBIH TOPU30HT (POPMHUPYET IMOA3EMHBII CTOK UCKIIOYUTEIBHO HAa BOCTOKE OacceiiHa.

[Ton3eMHBIN CTOK YETBEPTUYHOIO BOJOHOCHOTO TOPHU30HTa CBSI3aH C BO3JACHCTBHEM
KIuMaTu4ecknx QaxtopoB. OCHOBHas 10y B (OPMHUPOBAHUU TMOJ3EMHOTO cToka (okoio 70%)
COOTBETCTBYET UETBEPUUHBIM OTIOXKeHUsM, 30% OTHOCHUTCS K BEpXHE- CpEIHEIECBOHCKUE
OTJIOXEHUsIM. B paiioHax, rie ecThb BOCXOonsmIas (MIbTPALUs MOA3EMHBIX BOJ M3 HIDKHEH 30HBI
JPEeHUPOBaHUS (BEPXHEIECBOHCKUE MJIM KAMEHHOYTOJbHBIE OTJIOKEHUS) B BEPXHUI YETBEPTUYHBIN
TOPU30HT, J0JISI HWXKENEeKAlUX TOPU30HTOB cocTaBisieT okojo 70% B cymMmapHOl BeIMYMHE
(dbopMUpOBaHUS TIOJI3EMHOTO CTOKA, HA YETBEPTUYHBIA BOJOHOCHBIA TOPU3OHT MPUXOAUTCA JIUIIh
30%.

Ha yuactke ot ucroka Jlmempa mo r. CadoHOBO mMOA3EMHBIH CTOK (OpPMHUpPYETCS B
HI)KHEKaMEHHOYTOJIBHBIX ~ OTJIOKEHHAX, TI/I€ TepecllauBaloTCs KapOOHATHbIE W TJIMHHUCTO-
KapOoHaTHBIe OTIOXKeHHs. WX monst B moa3eMHOM cToke cocTaBisier okoio 70%. s
BEPXHEIEBOHCKHX OTIOXKECHUH (KapOOHATHBIE, TIIMHUCTO-KapOOHATHBIC U [TECUaHbIE OTIIOKECHHS) OHA
He mnpesbimaer 30%. Tak kak  pervoHaNbHO  BBIIEPKAHHBIM  BOAOYIOP  MEXAY
HUKHEKaMEHHOYTOJIbHBIMU U BEPXHEJEBOHCKUMHU OTJIOXKEHUSMHU 3[1€Ch OTCYTCTBYET, TO BEPOSITHO,
YTO BEPXHEJCBOHCKHE OTJIOXKEHUS TOKE MPUHUMAIOT y4acTHe B OPMUPOBAHUU TTOJI3EMHOTO CTOKA.
Moyb TOA3eMHOTO CTOKa paBeH 2-3 n/c km? (1-2 n/c km? okono uctoka p. Juenp). Bemmunna
eCTeCTBEHHBIX pecypcoB cocTanseT 1380,3 Thic. M%/CyT, Ha HIDKHEKAMEHHOYTOIBHBINA BOJOHOCHBIIA
TOPU30HT HPUXOAUTCA 966,2 THIC. M°/CYT, Ha BepXHEIEBOHCKHil ropu3oHT — 414,1 TeIC. M%/CyT.
CyMMapHbIe YTBEp KIeHHbIE 3aMachl TOA3eMHBIX BOJ cocTaBisoT 106,9 Thic Me/cyT.

Mexnay ropogamu CadonoBo u Cmonenck nopsiaka 70% moa3eMHOro cToka (opMUpyeTcs B
HUKHEKAMEHHOYTOJIbHBIX OTJIOkKEeHHsX. B Oacceiine p. Bomp (mpaBoro mnputoka J[Hempa)
MOJI3EMHBIA CTOK (POPMHUPYIOT UYETBEPTHYHBIC OTIIOKEHHS, COCTOSIINE W3 TECYaHO-TIMHUCTHIX
OTIIOKEHHH. Moyl TOA3EMHOTO CTOKa PaBHBI 2-3 1/c kM2, BelnumHa ecTecTBEHHEIX PecypcoB
coctapisieT 1725,2 Thic. M/CYT, HA HUKHEKAMEHHOYTOJIbHBIH BOJOHOCHBIH TOPH30HT MPUXOIUTCS
1207,6 Thic. M°/cyT (6e3 yuéTa 6acceiina p. Bomb). KoaHmdecTBO yTBep K ISHHbIX 3aMacOB MOA3EMHBIX
BOJ cocTapisieT 299 Teic M3/cyT.

Ot r. CmoneHcka 1o rpanunsl Poceuniickoit depepannu noa3eMHblil CTOK GopMupyercs B
OCHOBHOM B YETBEPTUYHBIX MECUAHO-TIIMHUCTBIX U MECTAMHU MECYAHbIX OTIIOKEHUX (okojo 70%.
Moynb HOA3EMHOTO CTOKA COCTaBIAeT 2-3 11/c kM2, BennunHa eCTECTBEHHBIX PECYPCOB B CPETHEM
coctapysieT 1409,6 Thic. M/CyT, Ha YeTBEPTHYHBINA BOJIOHOCHEIH TOPH30HT IPUXOAUTCA 986,8 ThIC.
M%/cyT, a Ha BepxHeIeBOHCKHIT Topu30HT — 422,8 Thic. M%/cyT. CyMMapHble YTBEpKIEHHBIE 3aMachl
TIOJI3€MHBIX BOJ] COCTABIISIOT 27,6 THIC. M /CYT.

B nelicTByromux KpymHBIX Bojo3a0opax HaOdroAaeTcst crabuiau3alus JUHAMHYECKHX
ypOBHEH MOA3eMHBIX BOJ. bosbiine o0bemMbl 100bIYM MOI3EMHBIX BOJ Ha BO03a00pax MPUBEIH K
(OpMHPOBAHHUIO JIOKAIBHBIX JIEIPECCHOHHBIX BOPOHOK (10 15-50 M), HampuMep B paiioHe TopoioB
CadonoBo 1 CMOJIEHCK B IJIABCKO-XOBAHCKOM U cpeHe(aMeHCKOM BOJOHOCHBIX KOMILIEKcax. B r.
Ca¢poHOBO MakcHUMalbHOE MOHM)KEHUE cocTaBisgeT 55 M, B I. CMOJEHCKE CHMXKEHHE YPOBHS
cocTaBuio 43 m.

O6mas BenMuMHA BOJOOTOOpa cocTaBmseT 0,21 Teic. MS/CyT [ 4YETBEPTHUHOTO
BOJJOHOCHOTO KoMIUIekca, 31,66 Teic. MS/CyT I HHKHEKAMEHHOYTONBHOTO BOJOHOCHOTO
xomrekca u 196,82 Thic. M3/CyT - /15 BepXHEIEBOHCKOTO BOJOHOCHOTO KOMILIEKCA.

BriBoabI

Nmerommecst MporHO3HBIE KIIMMATHYECKUE TaHHBIE HE TOBOPST O CTATUCTUYECKHA 3HAYUMOM
BIUSHUU KIMMAaTUYECKUX H3MEHEHHH B OnwkaiiieM OyaylmieM Ha eCTEeCTBEHHOE IHTaHUe
moA3eMHBIX BoJ Oacceitna Bepxuero [lnenpa. B ocHOBHOM cokpaliieHre moi3eMHOM COCTaBIISIONIEH
PEYHOTO CTOKA OYJET 3aBUCETh OT TE€OJIOTO-TUAPOTEOTIOTUYECKUX YCIOBUHM M BETUYHHBI BOJOOTOOpa
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MOJ3EMHBIX BOJ. Tak, HampuMep, n3-3a ACMPECCHOHHOW BOPOHKH, C(HOPMHUPOBABIIEHCS B paiioHE T.
Cwmonencka, /Inenp HeponomxydaeTr okoio 19 % moa3zeMHOro cToka Ha 3ToM ydacTtke. Takum oOpazom
B CBSI3U C YBEIHUYCHHEM IOTpeOIeHUs MOI3eMHBIX BOoJ Oacceiina Bepxuero /lnenpa HeoOxoaumo
JanpHeHIee 1eTalbHOe M3YYeHUE MPOTHO3HBIX PECYpPCOB U 3aIacoB MOA3EMHBIX BOJ PAa3JIMYHBIX
BOJIOHOCHBIX KOMITJIEKCOB C IIE€JIbI0 KOPPEKTUPOBKH IENIEBBIX MOKa3aTeNeH NX HCIOIb30BaAHMS.

bubauorpadus

1. NudopmannoHHbiii 0I0JUIETEHb O COCTOSIHUU HEZp TeppuTOopru CMOIEHCKON 00J1acTH
3a 2014 roa. Beimyck 20. Cmonenck: 2015.

2. Knénos B.U., [diokoB I1.JI. ['maponornueckoe 000CHOBaHUE YIPABICHHUS BOIHBIMU
pecypcamu B BepxHei yactu Oacceitna J{nenpa. Xypuan «[IpupomoodycrpoiictBo», Ne 4, 2020.

3. CxeMa KOMIUIEKCHOTO HCIOJIb30BaHUS M OXxpaHbl BOJAHBIX 00bekTOB (CKHMOBO)
Oacceitna peku [[uernp (poccuiickas 4acth). CocTaBiieHa B COOTBeTCTBUU C [IprkazoM MUHIPUPOIBI
Poccuu ot 04.07.2007 Ne 169.

4. Uepemanckuiik M.M., Kapumosa O.A., JI3r06a A.B., 3aiineBa A.B. OcHOBHbIC
AJIEMEHTHI BOJHOTO OajaHca M WX BJIMSHHE Ha MOA3eMHBIA cTOK Bepxnero lnempa. XKyphan
«Hcronb3oBaHKe U 0OXpaHa MPUPOAHBIX pecypcoB B Poccuny, 2017, Ne 4 (152).
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N MIPH

POCCHACKHA TOCYIAPCTBEHHbIA wHoebie udeu 6 naykax o Jemaen
TEQNONOPATBEOYHbLIA YHHBEPCHTET
MMEHH CEFT 0 QP& OHAERJ3E

Iokazamenu kauecmea munepanvhou 600wt ""Hapzan"': cpasnumenwvuwlii ananus
OymunupoeanHoil u nPUPoOOHOil 800bl

Byramosa JI.U.* (K(I)@Y, miss.bulatova-dilia@yandex.ru),
TI'apaesa A.H. (K(II) @Y, anastya-solnce@mail.ru),
bawupoe H.JI. (KI) DY, (ilyas2016a3@gmail.com)

AHHOTANUA

B crarbe npuBencHb! pe3yapTaThl HCCIIEI0BAaHUS OCHOBHBIX IT0KA3aTelEe Ka4eCTBA IOKYITHOU
OyTHUIUpOBaHHON MHHEpanbHOW BoAbl «Hap3aH» W pe3ynpTaTbl NPUPOAHOTO HMCTOYHUKA
pacrnoyioxkeHHOoTo B 3komapke «/lommHa Hap3anoB» ypoumme Jlaxpan, Kabapnuno-bankapckas
PecnyOonuka. IlpoBeaenHoe wuccnenoBaHue OyTHIMPOBAaHHON MuHepanbHOW Boxbl «Hapsany»
IIO3BOJISIET YTBEPKIaTh, YTO 0Opa3Libl B MOJIHOM Mepe COOTBETCTBYIOT IEHCTBYIOLIEMY CTaHIApPTy U
HE MEHSIOT cBoe KauecTBo. I[lpuponnbiii «Hap3annsiii ucrounuk Ne8» B skomnapke «JlonnHa
Hap3aHoB», JEMOHCTPUPYIOT XOPOIIME OPraHOJENTUYECKHE I0KA3aTe, HO B OCHOBHOM COCTaBe
IIPUCYTCTBYET ITOBBIIIEHHOE COACPKAHUE JTUTHS.

Kirouessble ciioBa
ByrunupoBanHas MuHepanbpHas BOJa, IOKa3aTeId KadyecTBa, XMMUUYECKUN aHanu3, «Hap3an
ra3upOBaHHBINY, SKonapk «Jlonuna Hap3anos»

Teopus

[Ipupoansit ucrounuk «Hap3an» pacnosnoxen Ha CesepHoM [IpuansOpycke B mpearopbix
Ckamucroro xpebta bonpimoro Kaska3za, Ha Beicore 1300 MeTpoB HaJ ypoBHEM MOpsi, B YPOUHIIE
Jlaxpan. TepputopuanbHO OTHOCUTCS K 30jbckoMy paiiony KabGapauno-bankapuu, Henanexko ot
rpanunbl ¢ KapauaeBo-Uepkecuei. [JonrHa Hap3aHOB pacTsHYJNIACh NPUMEPHO HAa TPU KHUIIOMETpa
BJI0JIb OypHOH peku XacayT, B IOYTH 3aMKHYTOH 3pO3MOHHO-TEKTOHMUYECKOW XacayTcKoi BIaJuHe,
OKPYKEHHOM BBICOKUMH TOPHBIMH XpedTamu. [1]

Pucynoxk 5. [Ipupoassiit nuTheBoi «CepeOpsHbIi HCTOYHHUKY dKomapK «J{omuna Hapzanosy»
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POCCHRCKHA TOCYIAPCTREHHLIA
TEONOTOPASBEAGYHLIA YHHBEPCHTET
MMEHH CEFT D PP OHHEHSE

wHoebie udeu 6 naykax o Jemaen

Pucynox 6. [Tpupoausiii mutheBoii «Hap3anusrit ncrounnk Ne8» sxonapk «J{ommaa Hapzanos»

OO0bexkTamu uccaenoBaHus sBsieTcs nuThbeBol «Hap3anublit uctouHuk N8y, «CepeOpsiHblit
HMCTOYHUK» OTOOpaHHBIM B dKkomapke «JlommHa Hap3anoB» ypoummie Jlaxpan, a Takxke Tpu
OyTUIMpOBaHHbIE MUHEpalibHbIE BOAbI (mpou3BoacTBo AO «Hap3zan» r. KuciaoBonack, ckBakuHa 7-
PD, 107, 2b-6uc) 2024 rona u pe3yabTaThl TpeX OyTHIMPOBAHHBIX MUHEPAIBHBIX Bo1 2022 rofa.

Hccnenyemble 00pasiibl ObIIM M3Y4€HBl HA OPraHOJENTHYECKHE IOKa3aTelH, OIpeliesieHa
BenuurHa pH cpenpl, KOJIMYECTBEHHOE OIpEAEICHHE MHHEPAIbHOIO COCTaBa MPOBOJIMIOCH Ha
cucTeMe KanuusipHoro snekTpodopesa «Kanens-105M» B nabopatopusx UT'uHI'T K(ID)DY.

Tabnuma 1. XapakTepucTrka OpraHOJIeNTUIECKIX TI0Ka3aTelei KadecTBa

Ne HanmenoBanue OpraHosienTH4YECKHE 10Ka3aTEIN
[Tpo3pavyHOCTh [IBeT Bxyc u 3anax
1 | Ilpuponusiii nutheBoit | IIpo3paunas yepes uac Otrenku 3amax
«Hap3zanHblIit nocje oToopa: MyTHasi, | JKEJITOBATOTO | YIIIEKUCIOTHI
UCTOYHUK Ne®» p’KaBoro LIBETA, C 1BeTa u
sKomnapk «JlonuHa PBDKUMU XJIOTIBSIMH. cepoBoJopoaa
Hapzanos»
2 | IIpupoHblit TUTHEBOM IIpo3paunas becuernas 3amax
«CepeOpsiHHBIN KUJKOCTh. | YTJIEKHUCIOTHI
HCTOYHUK» IKOIAPK
«/lonnua Hap3anos»
3 Hap3aH, 3enensiit, [Ipo3paunas xxuakocts, | becuBerHas 3amax
IJIACTHK, 1 11, 0€3 MOCTOPOHHUX KHUAKOCTb. | YTJIEKUCIOTBI
PUPOJIHBIN Ta3 BKJIIOUYCHU.
4 Hap3aH, 3enensiit, [Ipo3paunas xxuakocts, | becuBerHas 3amax
I1acTuUK, 0,5 1, 0€e3 MOCTOPOHHUX KHUIKOCTh YTIIEKUCIIOTBI
ra3upoBaHHas BKJIFOUCHU .
5 Hap3san, 3enensiit, [Ipo3paunas xxkuakocts, | becuerHas 3anax
m1acTuk, 0,5 1, 0e3 TOCTOPOHHUX KUJKOCTh YTJIEKHUCIIOTHI
IIPUPOJHOMN razanuu BKJIFOYECHUH.
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POCCHACKHA MOCYAPCTREHHEIR
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wHoeste udeu s nayrax o Jemuen

6 Hap3an, 3enenbiid, [Ipo3paunas xxuakoctb, | becuBerHas 3anax
mnactuk, 0,5 1, npup. 0€3 MOCTOPOHHHX KHUJKOCTh YTIIEKUCIIOTHI
ras BKJIFOYEHUH.
7 Hap3an, 3enenbiid, [Ipo3paunas xxuakoctb, | becuBerHas 3anax
mnactuk, 1,0 1, npup. 0€3 MOCTOPOHHHX KHUJKOCTh YTIIEKUCIIOTHI
ras BKJIFOYEHUH.
8 Hapzan- Dnura, [Ipo3paunas xxkuakoctb, | becuBerHas 3amax
3eJIeHbI!, TIacTHK, 0,5 0€3 MOCTOPOHHUX KHUJKOCTh YTIIEKUCIOTHI
JI, IPUP. ra3 BKJIFOUCHUH.

Ta6n1/1ua 2. PGByJII)TaTI)I KOJIMYECCTBCHHOI'O aHaJIN3a XUMHWYCCKOT'O COCTaBa IOA3CMHBIX BO THIIA

«Hap3zan»
Honsl IIpuponusiit IIpuponubiii | MunepaneHas | MunepanbHas
ATHEBOU OUTHEBOH BOJIa BOJIa
«CepeOpsinubIil | «Hap3aHHBIN | IPOU3BOJICTBO | MPOW3BOICTBO
HUCTOYHUK» uctouHuk Ne®» | AO «Hapszan» | AO «Hap3zan»
JKOIApK JKOIIapK r.Kucnosoxck | r. Kuciosozack
«JlonuHa «JlonnHa (ckBaXUHBI 7- | (CKBaKUHBI 7-
Hap3anoB» Hapsanos»/ | PO, 107/1,5-0, | PD, 107/1,5-0,
MT/JT 2b-6uc), 2024 | 2b-6uc),2022
r/Mr/a r/Mr/1
HCO3- 650,2 1639,91 1223,4-1449,2 1281-1390
Cl- 11,7 21,59 171,8-196,0 70,5-80,0
S0O42- 30,2 6,86 344,1-418,4 216,2-292,0
NO3- 0 2,5 0 0
Na+ 10,3 194,8 192,0-301,7 75,2-100,3
Mg2+ 30,2 112,9 85,2-97,8 80,4-95,6
Ca2+ 125,4 282,0 242,3-310,4 202,1-264,6
Li+ 0 0,042 0 0
NH4+ 0 0 20,3-25,1 15,2-15,8
M, r/n 0,86 2,27 2,4-2,85 1,96-2,01
KectkocTs, 8,79 23,5 19,22-23,68 25,9-28,45
MI-3KB/II
pH 6,2 6,99 6,23-6,5 6,48-6,64
BriBoabl

Ilo pe3yiibTataM, HNOJYYCHHBIM B XOAC HCCICAOBAHUA O6pa3I_IOB MHHepaHLHOﬁ BOJbI
<<Hap3aH», MOXKHO CACIATh CIICAYIOIIE BBIBOABI:
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- o0Opa3upl OyrunupoBaHHoW Bonabl 2024 roma «Hapsan» 1o coctaBy cyib(haTHO-
ruipokapOOHaTHAs HATPUEBO-MATrHUEBO-KAJIbLIMEBAs MAJOMUHEPAIU30BaHHAs, BOJAa OYEHb
KECTKasl, C COJepKaHUEeM YIIIeKUCI0Thl. HazHaueHue BObI: Je4eOHO-CTOI0Bas, JeucOHast.[2]

-00pa3upl  OytunupoBanHOM Boabl 2022 roma «Hap3an» 1o coctaBy CyibgarHO-
rupokapOOHaTHAs HATPUEBO-MarHUEBO-KaJIbIIUEBAs.

OO6pa3upl MuHepaJibHOW BOJbl B d3komnapke «Jlomuna HapszanoB» ypouumie Jlaxpan
OTJIMYAIOTCSI OT Hap3aHOB OYTWJIMPOBAHHOTO THUIIA CPABHUTEIBHO HU3KUM COJEp>KaHUEM
MUHEPAIbHBIX KOMIIOHEHTOB, @ UMEHHO CY/Ib(aT-HOHOB, XJIOPUIOB, aMMHUAKA.

- Boma u3 «CepeOpsHHOrO HCTOYHHKA» [0 COCTaBy THUIPOKapOOHATHAsi MAarHUEBO-
KaJblLMEBas, MpecHas, kecTkas. Haznauenue Boabl: nutheBas. [10 opraHosenTuyeckuM CBOMCTBaM
BOJa TMpeAcTaBisieT co0oil mpo3pauHylo OeclBEeTHYIO JKHIKOCTh. Vccrmegyemass naHHbIE
COOTBETCTBYIOT TpeboBaHusM ['ocynapcTBeHHOTO cTanaapTa [5]

-Bona u3 «Hapsannoro ucrounumka Ne8» mo cocrtaBy ruapokapOOHaTHas HaTPHEBO-
MarHMeBO-KaJblMEBasl MaJOMHMHEPAIN30BAHHASA, OYEHb JKECTKas, C COAEPKAHUEM IPUPOJHON
yrACKUCHOThL. [lpu mmuTenbHOM CTOSIHMM W HApyIIEHWH KapOOHATHOTO PAaBHOBECHS BBIICISIETCA
Oypeiii ocanok ruapokcunoB sxenesa (II). B «HapszanHom wucrounuke Ne8» NpHCYTCTBYET
MIPEBBILICHHNE MUKPO3JIeMeHTOB: nutus, cornacHo CanlluH 1.2.3685-21 u 'OCT P 54316-2020
coZiepKaHusl TUTUSL He A0JDKHO mpeBbimath 0,03 mr/n. IIpucyTcTBue nuTHS B BOJE CKOpEE BCEro
BBI3BAHO TEOJIOTO-TEKTOHUYECKUMHU YCIOBUSIMU Ha HCCIEIyeMOM Yy4YacTKe B pe3yibTare
IIPOHUKHOBEHUS BOJIbl UEPE3 TPEIIMHOBATHIA MacCUB, IPOXOASIINN Yepe3 AMIOBUAIbHbBIE OTJIOKEHUS
MeTamopdudeckux oopaszoBanuii. [5,3]

bubauorpadus

1. I'eonoruueckas kapra: K-38-1,VII (KucnoBojck). ['ocymapcTBeHHast T€0I0rHIecKast
kapta Poccuiickoit ®enepanuu. U3manue Bropoe. KaBkasckas cepus, macmTad: 1:200000, cepus:
Kagkasckas, coctaBnena: @I'YI'TI KaBkasreoncremka, 2004 1., penaktop(si): DaHa H.JIL.

2. I'OCT 23268.1-91 «Boabl MUHEpaIbHbIC TUTHEBBIC JICUCOHBIE, J1€4eOHO-CTOJIOBBIE U
MIPUPOJIHBIE CTOJIOBBIC». METOIbI ONpeeIICHHs] OPTAaHOJIENTHYECKUX TToKa3aTeiel 1 00beMa BOJIbI B
Oyteuikax: ¢ usm. oT 01.01.2003 r. // Koncopunym «Komekc»: [caiit] — URL: https://docs.cntd.ru/
document/1200022306 ([lata obpamenus 20.02.2025).

3. I'OCT P 54316-2020. Boabl MuHepaibHble NpPUPOAHBIE NHTheBble. OOIUE
texuuuyeckue ycnosus. M: Crangaptuadopm, 2020
4. Jleuenne mMuHepanbHON BomoM Ha Kypoprax Kaskazckux MmuuepanbHbix Box. - T.

Munepansabie Bonbsr: AO «M3natenberBo «KaBkasckast 3apasauay// moxa pen. Cuakesnd E. - 2018.
C.1-72
5. CanlluH 1.2.3685-21

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

84



N\ MIPU

POCCHACKHRA TOCYIAPCTREHHLIR wHoebte udeu s HAVKIX & 3emaen
TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

Bnuanue Knenuxkoeckozo npozuba Ha 2udpozeoiocuieckue ycioeus yeHmpaibHoll 4acmu
Mewepckou énaounni

I'nyxoea C.A.* (MI'Y umenu M.B. J/lomonocosa, glukhovasa@my.msu.ru),
Xapumonosa H.A. (MI'Y umenu M.B. J/lomonocosa, tchenat@mail.ru),
Cyxanoea T.B. (MI'Y umenu M.B. /lomonocosa, tanikamgu@mail.ru)

AHHOTanus

['unporeosnoruueckue ycinoBus (popMHPYIOTCS MOJA BO3ACHCTBHEM pa3IMYHBIX (DAKTOPOB,
OMH W3 KOTOPBIX SIBJISAETCS TEKTOHWYEeCKHid. [IposiBIeHHME TEKTOHHYECKOro (PakTopa MOMKET
IIPUBECTU K U3MEHEHUIO XapaKTepa U YCIOBUM 3aJleraHusl THIPOre0IOrMYeCKuX MOApa3AesICHUN U,
TakuM 00pa3oM, OKa3aTh BJIMSHHE Ha HAIPaBICHHUE JBMKCHUS U (POPMHUPOBAHUE XMMUYECKOTO
COCTaBa MOJ3EMHBIX BOJ, a TAaK)KE€ B3aMMOOTHOLIEHUE CMEXHBIX BOJOHOCHBIX TOpU30HTOB. Ha
OCHOBAHUU MPOBEJICHUS IMHEAMEHTHOT'0, CTPYKTYPHO-T€OMOP(}HOIOTHYECKOTO U T€OJUHAMUYECKOTO
aHAJIM30B B IIEHTpaibHON uactu Memepckoil BnaauHbl (MOCKOBCKHMN pErMoH) BbIAeNEHA
COBpEMEHHAasi TEKTOHUYECKas cTpykTypa — KienukoBckuil nporu6. [IpoBeieHHbIH KOMIUIEKCHBIN
aHaJIu3 MO3BOJIMII YCTAHOBUTH, YTO IIEHTpaIbHas yacTh KienukoBckoro nmporuda sBiseTcss MECTHOM
00JIaCTBIO  pa3rpy3Kd  HAMOPHBIX  MOJ3EMHBIX BOJA  KaMEHHOYTOJBbHBIX  OTJIOXKECHUH B
BbIIIE3aJICTAIOIINI ME30KaHHO30MCKUI BOJOHOCHBIM KOMIUIEKC Y€pe3 TUIPOre0IOrHuecKkoe OKHO B
KEJUTOBEH-KUMEPHDKCKON Cc1abonpoHUIIaeMOl TOJIIe, OOpa30BaHHOE 3a CYET TCKTOHHYECKOTO
(hakTopa.

KuroueBsble ciioBa
KrnenukoBckuil mporud, rUAPOre0JornyecKkoe OKHO, 00JacTh Pa3rpy3Ku MOA3EMHBIX BOJI,
MocKoBCKHUH apTe3naHCKHi 6acceiH

Teopus

Ha ocHoBaHuum mnpoBeAeHUsS JMHEAMEHTHOIO, CTPYKTYPHO-T€OMOP(}OIOrMYecKoro |
re0IMHaMUYECKOro aHAJIM30B B LIEHTpalIbHOM yacT Memepckoit BrnaguHbl (MOCKOBCKUI pErnoH)
BbIJIEJICHA COBpEMEHHas TeKTOHMYecKas cTpykrypa — Kiuenukosckuii nporu6 [1]. Ctpykrtypa
XapaKTepU3yeTcss OTHOCHUTENBHO  IOHM)KEHHBIM  COBPEMEHHBIM  pelbe)oM U BBICOKOH
3a0onoueHHocThi0. K mporudy npuypouens! aoiuHsl pek byxu, [lonmm u Ilpel, a Takxke osepa,
HaszbiBaeMble Bemukumu Memepckumu. BblienieHHbIE Ha TEPpUTOPUN JIMHEAMEHTHI, a TaKkKe
Ky/lnHcooOpa3HOe CTPOEHHE 03€p B LIEHTPAJIbHOM YyacTH NMporuoda npeanonaraeT Haau4uue CABUTOBbIX
nepopmanuii. Takum o0pa3oM, LEHTpaJdbHY0 dacTh KilemmkoBcKOro mporudéa MOMKHO
0XapaKTepU30BaTh KaK CTPYKTYpPY MPUCIBUTOBOTO pa3aBura. OCOOEHHOCTHIO MOJOOHBIX CTPYKTYP
ABJISIETCSA HAJIMYKME 00JIacTH pa3pylieHus, copMUpOBaHHOM HAJ CIBUTOM [5].

[To ruapoOreoornyecKkuM ycaoBHsIM palioH UCCIIEI0OBaHUS IPUYPOUEH K HEHTPaIbHOW YacTu
MockoBckoro apte3naHckoro OacceitHa. B mpenenax KienmukoBckoro mporuba HamopHble
KOMIUIEKChl KaMEHHOYTOJIbHBIX OTJIOXKEHMH OT/AEJIEHbl OT BBIIIE3AJETalollero BOJOHOCHOTO
ME30KailHO30MCKOro  KOMIUIEKCa,  COJAEpKallero  Oe3HamopHble  BOABI,  PErMOHAJIBHO
pacmpoCTpaHEHHON  KeIJIOBEH-KUMMEPHUDKCKOW — CITa0OomMpoHUIaeMoil  Toimeil. B3auMocBszb
KAaMEHHOYTOJIHBIX U ME30KalHO30MCKOTr0 BOJOHOCHBIX KOMIIJIEKCOB OIPEAEISAETCS CTENEHbIO
CIUIOIIHOCTH W (WIBTPALIMOHHBIMU CBOMCTBAMM KEJUIOBEH-KHUMEPHIKCKON crabonpoHuiaeMon
TOJILIH.

BrimonHeHHBIN aHaNW3 pe3ysbTaTOB paHee MPOBEACHHBIX pabOT B palloHE HCCIeI0BaHUS
MO3BOJIMJI YCTAaHOBUTH, UTO B IIEHTPaJIbHOM YacTH KienukoBckoro nporuda NpouCcXoIUT pasrpys3Ka
MO/I3€MHBIX BOJ KAMEHHOYTOJbHBIX BOJOHOCHBIX KOMIIJIEKCOB B BBIIIE3aJETaloMUi KOMILIEKC
ME30KaiHO30MCKUX OTJIOKEHUH Yyepe3 CIaboNpPOHHUIIAEMYIO KeJUTOBEH-KUMEPUIKCKYO ToLy [3—4].
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Pa3BuTHe oGnactu pa3pylieHus HaJl CIBUTOM B KAMEHHOYTOJIbHBIX OTJIOXKEHHSIX MOTJIO MPUBECTH K
00pa3oBaHUIO 00JIACTH MOBBIIIEHHOW MPOHUIIAEMOCTH, THAPOTEOJIOTHIECKOTO OKHA, 32 CUET Yero
BO3MOKHO HM3MEHEHHME YCJIOBUI B3aMMOCBSI3M ME30KAaHHO30MCKOIO W KAMEHHOYTOJIbHBIX
BOJIOHOCHBIX KOMILIEKCOB. Takum oOpa3zom, (hopMupoBaHHE OOJACTH PasTPy3KH MOI3EMHBIX BOJ
MOXET OBITh 00YCIIOBIIEHO TEKTOHUYECKUM (PAaKTOPOM.

Ouenka BnusiHusa KiienukoBckoro nporuda Ha THIPOTre0IOrHYeCKre YCIIOBUSI BBITOJIHEHA Ha
OCHOBaHMM KOMIUIEKCHOTO aHaju3a, BKJIKOYAIOLIEIO0 HW3yYEHHWE YPOBEHHOW IOBEPXHOCTH
BOJIOHOCHBIX TOPU30HTOB M KOMIUICKCOB, (PHIIBTPAIMOHHON HEOIHOPOJIHOCTH BOJOBMEIIAIONIUX U
pa3IeNAOIUX OTIOKEHHH, a TAK)KE XUMUYECKOI'0 U U30TOITHOTO COCTABA MOJI3EMHBIX BOJ.

BrinonaHeHHBIN aHaTU3 THAPOTre0IOrMYeCKUX YCIOBUN U KApThl TUAPOU30IBE3 KACUMOBCKOT'O
KapOOHAaTHOTO KOMIUIEKCA MOKA3bIBAET, YTO B M3y4aeMOM paiioHE aOCOJIOTHBIE OTMETKH YpPOBHS
MOA3EMHBIX BOJl M3MEHstOTCA OT 93 nmo 129 M, cHmxkasch Ha ceBep kK gosmne p. Kiszema. B
ueHTpainbHOi yactu KnenukoBckoro mporuba, B nonvHe Bemukux Memepckux o3ep, adc. OTM.
YPOBHSI MIOJI3€MHBIX BOJ KACUMOBCKOI'O BOJIOHOCHOT'O KOMILJIEKCA 3ajieratoT Ha otMeTkax 114—115 m
[1]. TTonoxeHune Mbe30OMETPUUECKON MOBEPXHOCTU COOTBETCTBYET YPOBHIO pelibeda B mpezenax
KnenukoBckoro nporub6a M ypoBHIO 03€p, YTO KOCBEHHO YKa3blBa€T HA BO3MOXKHYIO TECHYIO
B3aMMOCBSA3b KAaCHMMOBCKOIO BOJOHOCHOTO KOMILUIEKCA C BBIIIE3AJEralolMM  KOMILIEKCOM
ME30KaHO30MCKUX OTJIOKEHUMN. 3aMepbl YPOBHSI TTOJI3EMHBIX BOJI B CKBaKMHAX MOKA3bIBAIOT, YTO B
camoil nonnHe Benukux Meniepckux o3ep ypoBeHb KACUMOBCKOI'O KOMIUIEKCA MPEBBIILIAET YPOBEHb
ME30KaiHO30MCKOr0 BOJIOHOCHOTO KoMIUIekca. Takum o0pa3om, B LEHTpaJlbHOM dYacTu
KrnenukoBckoro mporuba MPOUCXOIUT pasrpy3ka MOA3EMHBIX BOJ KAaCHMOBCKOI'O BOIOHOCHOTO
TOPU30HTA B BBINIE3AJEralOMUi ME30KaHO30MCKUNA BOJOHOCHBIM KOMIUIEKC 4epe3 KeJUIOBEH-
KHUMEPHUKCKYIO CI1a00IPOHUIIAEMYIO TOJIILY.

Ha ocnoBanuu (poHIOBBIX MaTEpHUAIOB BBISIBICHO, YTO BOJOMPOBOIUMOCTh KACHMOBCKOTO
KapOOHATHOTO KOMILIEKca B TIpezieax Melepckoi HI3MEHHOCTH H3MeHseTcs oT 2 1o 12 050 m%/cyr,
cocrasnss B cpeaneM 200—1000 m?/cyt. B nentpansHoii yact Kienmukosckoro nporu6a, B paione
Benukux Memepckux o3ep, BOJOIPOBOJUMOCTh KACUMOBCKOI'O BOJOHOCHOTO KOMIUIEKCA IOCTUTAET
MaKCHManbHbIX 3HaueHni (10—12 Teic. M%/cyT). KennoBeii-KuMepuIKCKIE TTIMHBL, TIEPEKPHIBAIOIIIE
KaCUMOBCKHMM BOJOHOCHBIM KOMIUIEKC B IIEHTpaJbHOW uacTh KienmumkoBCKoro mporuda, Takxke
XapaKTePU3YIOTCS MOBBINIEHHBIMU (DUIBTPAIMOHHBIMU CBOMCTBAMH, JOCTUTAs] MAaKCHUMAIbHBIX TS
TeppuTOpHM Mermmepckoif Hu3MeHHocTH 3HadeHmit 3-102-5.10° wm/cyr. Takum o6pasom, B
neHTpanpHO yactu  KnemukoBckoro mporuba  chopmupoBaHa  00JacTh  MOBBIIICHHON
TPEIIMHOBATOCTH, O0YCIOBIEHHAs MPOSIBIEHUEM TEKTOHUYECKOT o (haKkTopa.

Pe3ynpTaThl TEPMOMETPUUYECKUX UCCIEIOBAaHUM, TPOBEICHHBIX HA TEPPUTOPUU Melepckon
HU3MEHHOCTH ((OHIOBBIE MaTepHalibl), JOKA3bIBAIOT, YTO IIEHTpaJibHas 4YacTh KIemukoBCKOTO
nporu6a, 3anstas Benukumu MemepckuMu 03epaMi, SBISETCS 00IACThIO Pa3rpy3KH MOA3EMHBIX
BOJI KaK KACUMOBCKOTO M TMOJ0JIbCKO-MSYKOBCKOT'O BOJOHOCHBIX KOMILJIEKCOB B BBINIEC3AJIETAOIITHI
ME30KAMHO30MCKUI BOJIOHOCHBIN KOMIUIEKC.

[To pesynbpTaTam rUAPOreOXUMHUYECKOTO OMPOOOBAHUS, MPOBEACHHOTO B XOJI€ ChEMOYHBIX
pabot [2—4], BOIbl KAacCHMMOBCKOIO KOMIUIEKCA MPEUMYIIECTBEHHO TUAPOKapOOHATHBIE, pexe
cynb(haTHO-THAPOKapOOHATHEIE, TIPECHBIE (3HAYEHHs CYyXOro ocTaTka cocTaBisioT 0,24-0,63 /1, B
cpeniem — 0,39 71/m). Boawsl HmKe3anerammero IMoJ0JIbCKO-MSYKOBCKOTO — KOMILIEKCA
MIPEUMYIIIECTBEHHO THIPOKapOOHATHO-CYNb(aTHBIE, OT MPECHBIX A0 COJOHOBATHIX (CYXOH OCTAaTOK
0,83-3,2 r/m, B cpenaeM — 1,6 r/1). B neHTpanbHO# yactn KienmukoBckoro mporuda, B paiioHe
Benukux Memiepckux o3ep, 3apUKCUpOBaHBI MAaKCUMAIbHBIE 3HAUEHUS BEIMYMHBI CYXOr0 OCTaTKa
1 0011Iel KECTKOCTH, a coiepKaHUsl CyIb(PaTOB, a TAaKXKe OTMEYaeTcsl CMeHa XUMHUYECKOT0 COCTaBa
MO/I3EMHBIX BOJI C THIPOKAPOOHATHOTO Ha THApPOKapOOHATHO-CyIbGaTHbIN (Pucynok 1). [Ipu sTom
KauecTBO MOJ3EMHBIX BOJ| KACHMOBCKOTI'O BOJOHOCHOI'O KOMILJIEKCA B OOJIACTH MpeArnoiaracMon
pasrpy3Kkd TMOJ3EMHBIX BOJ| HI)KE3QJIETAIOIIETO TOJOJIBCKO-MSYKOBCKOTO KOMIUIEKCA IMOJ00HO
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KauecTBY MOA3EMHBIX BOJ] IPU COBMECTHOM 00OPYAOBAHUU CKBA)KWH Ha JaHHbIE TOPU30HTHI. TakuM
o0pa3oM, pe3ysibTaThl H3y4eHUS MaKPOKOMIIOHEHTHOI'O COCTaBa TOJ3EMHBIX BOJ B paiioHe
UCCIIEIOBaHMS I0Ka3bIBAIOT HAJTMUKUE 00JIACTH pa3rpy3KH MOJ3EMHBIX BOJ MOA0IBCKO-MSIYKOBCKOTO
KOMIUICKCA B BBIIIE3AJIETAIONINI KACUMOBCKUH B IICHTPAJIbHON YyacTu KienukoBckoro mporuoa.
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Pucynoxk 1. duarpamma Ilaiinepa XuMHuecKoro coctaBa moA3eMHBIX BOJ KAMEHHOYTOJIHBIX BOJIOHOCHBIX
KOMIUIEKCOB paitoHa KirenmnkoBckoro nporuda

BriBoabI

[IpoBeneHHBIN KOMIUIEKCHBIM aHaW3 TMO3BOJIUI YCTAaHOBUTH, YTO IIEHTpaJbHAas YacThb
KrnenukoBckoro mporuda sBIS€TCS MECTHOM 00JacTbIO pa3Tpy3KH HAMOPHBIX MOA3EMHBIX BOJ
KaMEHHOYTOJIbHBIX OTJIOKEHUI B BBIIIC3ATETAOIINAN ME30KaWHO30MCKUIT BOJOHOCHBIN KOMIUIEKC
4yepe3 THAPOTeOIOTUYECKOE OKHO B KEJIOBEH-KUMEPHUIKCKON cIabompoHUIlaeMOr  TOJIIIIE,
00pa3oBaHHOE 3a CUET TEKTOHUYECKOTO (hakTopa.
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T'uopozeonocuueckoe oousyuenue cpeonezo macuimaoa no cpynne aucmoe P@
(na npumepe nucma N-37-1I (Mockea))

Koxopesa /I./1.* (OI'BY «l'udpocneuzeonozusnyn, kokoreva_d@geomonitoring.ru),
Muwenko M.B. (OI'BY «l'uopocneuceonozusn», mishchenko@geomonitoring.ru)

AHHOTaNuA

PaccMoTpeHbl OCHOBHBIE 3a/1a4H, PEIIaeMbIC B IIPOIIECCE MPOBEIACHHUS THAPOreOTIOIMYCCKOTO
JOW3yYeHHUs]  cpefaHero  Macmraba. OxapakTepu30BaHO  COJACP)KAHHE  KOMIUICKTa  KapT
THJIPOT€0JIOTHIECKOTO COJZICpIKAHUS. O003HaYCHBI JabHEeHIINe MEPCICKTUBBI
THJIPOT€0JIOTUIECKOTO KapTUpoBaHusi. [IpuBeeHbI IOJIOXKEHHS, YUUTHIBAEMbIC MTPH TUIAHUPOBAHUU
MIOJIUCTHBIX TE€0JIOTO-ChEMOYHBIX PaboT cpeaHero Macirada.

KiroueBnle cjaoBa
['unporeonoruyeckoe JIOW3y4dyeHUE, cpeaHemaciiTabHas CcbEMKa, KOMIUIEKT — KapT,
THUAPOTeOJIOTUYECKas KapTa, aKTyalu3alus

Teopus

OCHOBY cpefHeMacIITaOHOW THAPOTeONIOTHIeCKol MH()OPMAIMOHHOW 0a3bl TEPPUTOPUH
Poccun cocTaBisIFOT KOMIUIEKTHI KapT THAPOTEOIorndeckoro conaepxkanus macmrada 1 : 200 000,
KOTOpBIE OTBEYAIOT COBPEMEHHBIM TPEOOBAHUSM M OPUEHTUPOBAHBI HAa pelleHHE (elepalbHbIX U
PEruoHajJIbHbBIX 3a/1a4 IO U3YUCHUIO, OLICHKE COCTOAHHA U YIIPABJIICHHUIO I'OCYIapCTBCHHBIM (1)OHI[OM
HeJp B YacTHU PecypcHOW 0a3bl MOJA3EMHBIX BOA U €€ HCIOJb30BaHHE, a TAKKE OCYIIECTBIICHUE
rocyaapCTBEHHOI'O MOHUTOPHHTI'a COCTOAHUA HEAP U APYTUX BHIOB I'COJIOropa3BC€aA0IHbIX pa60T.

['maporeonornyeckoe JOM3y4eHNE CPETHETO MaciiTada, BKIIFOYAIOIIee THAPOre0JIOrHYECKOe
KapTorpa(prOBaHHe, SABJIICTCA OAHHMM M3 TJIaBHBIX MECTOJOB CHCTEMHOI'O I'€OJIOTHYECKOI'O H
THJPOTEOIOTHYECKOTO aHanu3a W 0000IIeHHs OOWIMPHBIX M Pa3HOOOPa3HBIX MAaTepUalioB
reoJ0ropa3BeJOuHbIX padoT.

Jlom3ydeHue 3akKouaeTcss B PEINICHUH HEBBIICHEHHBIX JI0 KOHI[A BOIPOCOB IIOCIE
IIPOBCACHUA ChEMOYHBIX pa60T MMpOoIUIBIX JIET, aHaJIu3€ COBPEMCHHOTIO COCTOSIHHWSA OCHOBHBIX
BOJIOHOCHBIX TOJIPA3JeNICHUH 0 KOJMYECTBEHHBIM M KAa4EeCTBEHHBIM TOKazaTensM. Jlom3ydeHue
HGO6XO)II/IMO IJid YTOUHCHHSA IOAaHHBIX I10 CTpaTI/I(i)I/IKaIII/H/I pa3pe3a B CBA3U C BBIXOAOM HOBOTO
CTpaTUrpaduIecKoro KoJeKca U akTyaln3aliui KapTorpaduuecKiux MaTepHasoB.

Co3aHue COBPEMEHHOTO0 KOMIUIEKTa KapT II0JIpa3yMeBaeT pEIICHHE CIIEAYIOUIHX
THPOTEOIOTUYECKHX 3a/1au:

- YTOYHEHHE BO3pacTa, TPaHUIl U TUIOMIAICH pacpOCTpaHEH sl CTPATH(PUIIUPOBAHHBIX
U HEeCTPaTH(PUIMPOBAHHBIX T'HIPOTCOJIOTUYCCKUX MOAPA3ICICHUM, SBISIOIUXCS OObEKTaMU
THPOTEOIOTUYECKOT0 KapTorpagupOBaHHUS;

— ONUCAaHUE TPaHUI] U IUIOMAJIEH apTe3MaHCKHX OacCeiHOB, THAPOTEONIOTHUYECKUX
CKJIQJYaThIX 00JaCTeH, THAPOre0JIOrMYECKUX MACCHBOB;

- YTOYHEHHE W BBISBICHHE 3aKOHOMEPHOCTEH pa3MemieHuss W (OpPMUPOBAHUS
MOA3EMHBIX BOJ B PA3JIMYHBIX I'€COJIOTO-TUAPOTCOJIOTHYCCKUX YCIOBUAX U IIPUPOJHBIX 30HAX CTPAHBI;

— YTOYHEHUE YCIOBUH (OPMUPOBAHUS TOA3EMHBIX BOJ 1O KOJMYECTBEHHBIM U
Kau4C€CTBCHHBIM IMOKA3aTCIIsAIM U UX U3MCHCHUE IO BIUAHUEM MMTPUPOAHBIX U TCXHOT'CHHBIX q)aKTOpOB;

— OLICHKA THIAPOJMHAMHYECKOTO U THAPOXUMHUYECKOTO COCTOSHUSI MOJ3EMHBIX BOJI 110
KOJIMYECTBCHHBIM N KAYECTBCHHBIM ITOKA3aTCIISIM,

— OLICHKA XapaKTepa W CTEINCHU 3aIUIIEHHOCTH OCHOBHBIX BOJIOHOCHBIX TOPHU3OHTOB,
OKOJOro-TuAPOTrCOIOrHYCCKUX yc.]'[OBPIfI, OPpUPOAHBIX W TCEXHOICHHBIX OIIACHBIX ITPOLECCOB
U3y4aeMbIX TEPPUTOPHIA;
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— OIICHKA PECYpPCHOTO MOTEHIIMAJIa U TIPOTHO3HBIX PECYPCOB MUTHEBBIX, TEXHUYECKHUX,
MUHEPAIBbHBIX, TOA3€MHBIX BOJ B IENAX HMX OXpaHbl W PANUOHAILHOTO WCIOJIH30BAHUS B
COIMAIBHBIX U TEXHUKO-YKOHOMHUYECKHX cepax;

— BBIJICTICHUE TIEPCIIEKTUBHBIX TUIOIIAJICH ISl TOCTAHOBKH OUCKOBO-OIIEHOYHBIX padoT
Ha IOJ3EMHBIE BOJIBI;

— CO3/IaHHME KOMIUIEKTa KapT THIPOTeOJIOTHIECKOTO COIePIKAHNS.

Pe3ynpTaToM THAPOreOJOTHYECKOTO JOU3YUYEHHUs SBJSIOTCS CO3JaHHBIE C MPUMEHEHHEM
I'MC-TexHonornii aKTyaIM3MPOBAaHHBIC W TMOATOTOBJICHHBIE K W3/JaHUI0 KOMIUIEKTHI KapT
ruaporeojoruueckoro coaepkanus macmrada 1 :200 000 ¢ oOBSICHUTEIBHBIMH 3alUCKAMH M
CTPYKTYPHUPOBAHHBIM (POHIOM I'€0JIOTO-TUAPOreoNIorHueckoii nHpopmarmu. (puc. 1) [1, 4].

| anporeonornqecxaﬂ KapTa ¢ THApOreoJIOTHICCKUMU pa3pe3aMu

| FPI,HpOFeOXI/IMI/I‘ICCKaH KapTa OCHOBHBIX BOAOHOCHBIX nonpasneneHI/n‘/'I

KapTa 3amuinéHHoCT OCHOBHBIX BOJOHOCHBIX TO/Ipa3 e ICHUi BKIIFOYAIOIIast
TCO3KOJIOTUUYECKYIO CXEMY

Kapra nporao3ssIx pecypcoB NOA3EMHBIX BOJ KaTeropuu P,, co cXeMoil eCTECTBEHHBIX
pPECYPCOB MOJI3EMHBIX BOJ

Kommnnekt kapt
|

Kapra pa3menienus miomaaei, mepCrneKTUBHAIX /IS TOCTAHOBKH MIOMCKOBO-OIIEHOYHBIX
paboT Ha MOI3EMHBIC BOJIBI

— CTpyKTypuUpOBaHHbIN (OH]] I'e0IOTO-THAPOTEOIOTUIESCKON NH(OPMAITUU

Pucynok 1. CoctaB KOMIUIEKTa KapT THAPOTEOIOTHUECKOro conepxanus macirada 1 : 200 000

OTan4uTENbHON 0COOCHHOCTBIO XapaKTEePHOU i BceX pernoHoB Poccun siBnsieTcs To, 4TO
IJTAHOMEPHBIE CpeIHEMACIITa0HbIe THIPOTre0IOrHYecKre padOThl MPOBOAMIUCEH 10 90-X ToA0B, B
MOCTEAYIOINUE TOAbl BEJIUCh B OCHOBHOM Ha JIOKaJbHBIX TEPPUTOPHUSIX MPEUMYIIECTBEHHO IS
pelleHrs TMpakTU4YecKuX 3anad [2,4]. B cBsi3u ¢ 4yeMm mosBUIACh HEOOXOAMMOCTH CO3JAaHUA
KOMIUUJIEKTOB KapT Ha OCHOBE COBPEMEHHBIX T€OJIOTUYECKUX KApPT U B COOTBETCTBUHM C
JEHCTBYIOIMMU HOPMATUBHBIMH TpPeOOBaHUSMH, TOJATOTOBIEHHBIX ¢ mpuMeHeHuem [UC-
TEXHOJIOTHH.

[Ipy mnIaHUPOBAHWM TOIUCTHBIX THAPOTEONOTUYECKUX CHEMOYHBIX pabOT CpenHero
Maciitaba He00X0IMMO YUYUTHIBATh CIEAYIOIINUE MOJI0KEHUS:

— HU3Kas M3yYEHHOCTh MUHEpPaIbHO-ChIpheBOil 0a3bl (MCB) OCHOBHBIX THIIOB
MOA3EMHBIX BOJI (B TIEPBYIO OYEpEh — MPECHBIX) a TAK)KE TUIPOTEOJIOTHIECKUX TIEPCIIEKTUB TI0 €T0
HapaliuBaHUIo;

— cnabasi TUIPOTEOIOTHYEeCKass U3YYEeHHOCTh U HEOOXOIUMOCTh OIIEHKH PECYpPCHOTO
MOTEHIIMaja MOA3EMHBIX BOJ JUIS Teolorndeckoro oodecneuenus ¢popmupoBanus MCh nmom3eMHbIx
BO/I B MpeJieJIax HAMEYAEMbIX K OCBOCHHIO TEPPUTOPHIL;

— BEPOATHOE 3HAUUTENBHOE PETHOHAIIBHOE U3MEHEHHUE COCTOSIHUS MOA3EMHBIX BOJI 110
BIIMSIHUEM HAMNPSDKEHHOW BOJOXO3SMCTBEHHOM, CAHUTAPHONW M DKOJIOTHYECKOW OOCTaHOBKH
TEPPUTOPUI C BBICOKOW INIOTHOCTBIO HACEJICHUS;

— HEOOXOJUMOCTh PErHOHABHOTO THUJIPOTEOJIOTHYECKOTO HM3YUYCHHs] HEIp Ul
W3BICKaHUS UCTOYHUKOB BOJIOCHA0KEHHSI B BOJIO/IS(DUIIUTHBIX palOHAX CTPAHBI,
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— HEOOXOAUMOCTb  PETHOHAIBHOIO TUAPOreOJOrMYECKOro H3Y4eHHUs Heap A
M3bICKAHUA HMCTOYHUKOB BOJOCHA0XKEHUS HaceleHUs (KpyMHbIE TOpoAa WM IPOMPAHOHBI),
3aIMIIEHHBIX OT 3arpsI3HEHUS;

— paHee BBISIBJICHHAsI BHICOKAs TMHAMUKA U3MEHEHUS TMAPOANHAMUYECKUX YCIIOBUH B
paillOHax MHTEHCUBHOI'O OCBOCHMS;

— HEO0XOAUMOCTh COOJIIOJICHHS TEOMOTUTHYECKIX HHTEPECOB CTPAHbI IPUMEHHUTEIBHO
K JKCIUTyaTaluy MOJ3€MHBIX BOJ Ha TPAHCIPAHUYHBIX TEPPUTOPUSIX.

Komnnexma kapm euopozceonocuueckozo cooepacanus macumaoba 1 > 200 000
no aucmy N-37-1I (Mockea)

[Tpumepom Takoro oobeKTa MOXKET CIyKUTh TUCT N-37-11 (MockBa).

AKTYaJlbHOCTh TOCTAHOBKM pabOT THUIPOre0JOrHuecKoro JOU3YYEHHUs OIpeAessiiach
CJIEYIOIMMHU aCIIEKTaMu:

— OTCyTCTBHEM COBPEMEHHOUW THAPOTE0JIOTMYECKOl OCHOBBL. [ 'HMaporeosoruyeckas
KapTa IEpBOro IIOKOJIEHUs, OblUla pe3ylbTaTOM IIJJAHOMEPHOW THIPOIre€OJIOrMUECKON CBhEMKH,
BBITTOJTHEHHOU B 1959-1961 rr., HTOrOM KOTOPO# CTAJI0 COCTABJICHHE THIPOTEOJIOTMYECKON KapThl B
1963 rony, a 3ateM B 1968 roay u 0OBSICHUTEIHLHOM 3aITUCKH.

— Hakomiennem oOmmpHoro ¢akrtuueckoro wmarepuana. B 60-80-pix  romax
MIPOBOJIMIIACH Pa3IMYHbIE Teosoropa3BeqouHbie padotel. B 80-x romax mpoBOAMIUCH PabOTHI TO
MOKMCKaM, pa3BellIke M OIICHKE 3amacoB IMOA3EMHBIX BoJ peruoHa. B 90-x romax mpoBOIMIHCH
reojoro-skosiornueckue ucciuegoBanus. Haumnas c¢ 2000 roga ¥ 10 HACTOALIETO BPEMEHH,
MPOBEJICHO MHOXECTBO pabOT MO MOUCKaM M pa3BeAKEe IMOJ3EMHBIX BOJ, IEPEOLEHKE HX
9KCILTyaTallMOHHBIX 3al1acoB.

— 3HAYUTENIbHBIM U3MEHEHHEM COBPEMEHHOTO COCTOSHHUSI PECypCOB MOJ3EMHBIX BOJ,
BKJIKOYAs UX KaYECTBO, YTO CBSA3aHO C BBICOKOM TEXHOT€HHOM Harpy3KoW Ha TEppPUTOPUU I'. MOCKBBI
1 MOCKOBCKOI 0071aCTH.

— CnoxHoi ruipoiMHaMu4ecKoi 00CTaHOBKOM MOCKOBCKOT0O peruoHa.

Pabote! runporeonorndyeckoro gousydenus macimrada 1 : 200 000 nucra N-37-11 (Mocksa)
3aBepiieHsl PI'BY «'uapocnenreonorus» B 2024 romy.

B pesynabrare paboT MOArOTOBIEH K M3/JaHUI0 KOMIUIEKT KapT T'MJIPOre0IOTHYecKOro
COJIepKaHusl.

OnMH W3 OCHOBHBIX DPE3YNIbTAaTOB BBIINOJHEHHBIX PAa0OT KapTa pa3MeIIeHus IUIOIajeH,
MEPCIEKTUBHBIX JIJISI TIOCTAHOBKM TTOMCKOBO-OIICHOYHBIX paboT Ha Moja3eMHble Boabl. [lpm
COCTAaBJIEHMM JAHHOM KapThl YYTEHbI: CYIIECTBYIOIIAs BOJOXO3sMCTBEHHass OOCTaHOBKA,
THIPOTEOJIOTUYECKUE YCIOBHUS (TMIpOreojornyeckas Kapra) U OLIEHEHHAs TUAPOT€OXUMUYECKas
oOcTaHoBKa (Ha 0a3e TUAPOTCOXHMMUYECKMX KapT OCHOBHBIX BOJOHOCHBIX T'OPH3OHTOB),
pacmpesieieHue pecypcHOro TOTEHIMala MHUTHhEBBIX MOJ3EMHBIX BOJ MO IUIOMAAM M UX
3alIUIIEHHOCTD OT 3arpsS3HEHUS.

[Ipr BBIOOpE MEPCHEKTHUBHBIX IUIOMANCH YYUTHIBAIMCH BOAOOOMIIBHOCTH TOPHU30HTOB,
OTHOCHUTEJIbHAS 3AIIMIIEHHOCTh OT TOBEPXHOCTHOIO 3arpsi3HEHMs], KayeCcTBO IO/A3EMHBIX BOJ,
JaHHBIE OYPOBBIX U OMBITHO-(PIIBTPAIMOHHBIX paOOT B TPAHHIIAX IUIOMIAIN, B TOM YHCIIE TPAHUIIBI
CpabOTKM YpOBHS IMOJ3EMHBIX BOJ B pe3ylbTaTe HWHTEHCHUBHOM OHKCIUTyaTallid OCHOBHBIX
BOJIOHOCHBIX TOPHU30HTOB BOKPYT KPYITHBIX TOPOaOB [10IMOCKOBBS, M HaXOXICHUS TUIOIIAJAA BHE
IpaHuIl 0CO00 OXpaHSAEMbIX TPUPOIHBIX TEPPUTOPHIL.

Briienennsbie miomaan npegHa3HadeHbl Uil JOMOJHUTENBHOTO MUTHEBOTO BOAOCHAOKEHUS
Onmu3IekaluX HaceNEHHBIX MYHKTOB C MPOBEACHHUEM pa3BelOYHbIX paboT, U YCTpoWCTBa
BO/I03a00pOB TMOJ3EMHBIX BOJ C Y4YETOM BOJOMOATOTOBKM. HeoOXoauMocTh NpeaycMOTpeTh
MEPONPUATHS MO0 BOAOMOATOTOBKE JJIs [10/1a4M Ka4eCTBEHHON BOJIbI TIOTPEOUTENSIM BBISICHUTCS Ha
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CTaguHM Pa3BEIOYHBIX pPA0OT ¢ O00s3aTEeIbHBIM  ONPEACICHUEM MaKPOKOMIIOHEHTHOTO U
MHUKPOKOMITOHEHTHOT'O COCTaBa, a TAK)KE CYMMAapHBIX alb(a-aKTUBHOCTU U O€Ta-aKTUBHOCTH.

Pe3ynbpTaThl BEIIOJIHEHHBIX PabOT ruaporeoorndeckoro gonsydenus macmrada 1 : 200 000,
MPEJICTABJICHHBIE KOMIUIEKTOM KapT THAPOTEOJIOTHYECKOTO COJCpXKaHUS C OOBSICHUTEIHHOU
3alUCKOM CIY)KaT B KauyeCTBE KapTOrpapUuecKOil TUAPOTeOIOrHYECKOW OCHOBBI IS PELICHHUS
IIUPOKOTO CIIEKTpa 3a7ad TUIAHUPOBAHUS U PAIMOHAIBLHOTO HCIOJB30BaHUS TOCYIApPCTBEHHOTO
(doHIa HEp B YACTH PECYPCOB MOJI3EMHBIX BOJI.

BriBoabl

OTcyTCTBHE COBPEMEHHOW THAPOTreOJIOTMYECKOl OCHOBBI M HAKOIUICHHas Oouiblias 0aza
(akTHYeCKOro M KapTorpapuyueckoro MarTepuaja ONpenessieT HEeO0OXOIUMOCTh IUIAHOMEPHOTO
THIPOTEOIOTUYECKOT0 IOM3YUCHHS CPeIHEro MaciTada Tepputopun PO.

CoBpeMeHHbIE TpeOOBaHMS K COJCPIKAHMIO KOMIUIEKTa KapT THAPOTEOJIOrHYEeCKOro
cogepkanuss macmtaba 1:200000 u HOBBIE TEXHOJIOTMHM UX CO3/[aHUS NPEAONPEICTHIN
HEOOXO0JMMOCTh OOHOBJICHUS] HAYYHO-METOANYECKOr0 (POHA JOKYMEHTOB.

[To pe3ysnbraTaM ruIpOreoJOrHIecKuX CbEMOYHBIX PadOT co3/1aH (POH/ KOMIUIEKTOB KapT I10
rpynie 1uctoB PO ¢ BbIenieHreM NepCeKTUBHBIX IS TOCTAHOBKU TOMCKOBO-OLIEHOYHBIX Pa0OT Ha
MOJI3€MHBIC BO/IbI.

Bynymiee ruaporeonornueckoil kaprorpadguu onpeaessieTcsl KapAWHAIBHBIM H3MEHEHHUEM
CIIOCOOOB M TEXHOJOTHMH MPEACTABICHUS THIPOrCOJIOTHUECKON HH(OpMALMU — IMEPEeXoJ0M OT
CO3JaHus «OyMaXKHBIX» THAPOTCOIOTHUECKUX KapT K CO3JaHUIO IIM(DPOBBIX KOMILJIEKTOB.
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Ouenka 603moxcHocmu ucnoavzoeanus neop Poccuiickoit @edepayuu
C Uenblo CO30aHUA NOO3EMHBIX XPAHUIUW, Hehmu

Komosuu A.J1.* (®I'BY «I'uopocneyzeonozun», kotovich@geomonitoring.ru),
Mapunun A.I'. (®I'BY «l'uopocneuzeonozusny, marinin@geomonitoring.ru)

AHHOTaNuA

O6ocHOBaHa HEOOXOIUMOCTH B CO3/JaHUM TOA3eMHBIX xpanwmun] Hedptn (IIXH).
[Tepeunciensl Tunbl [IXH 1 kpuTepun BbIOOpa y4acTKOB HeIp sl UX co3naHus. IIpencraBiena
0030pHas KapTa paliOHMPOBAHUS IO YCIOBHSIM IPUTOTHOCTH T'€0JIOTUYECKUX CTPYKTYP U1l CO3AaHUS
MOA3EMHBIX XpaHwHIl HeTr TeppuTopun Poccutickoit @enepamuu macmrada 1:5 000 000.

KiaroueBble ci1oBa
[TomzemHble XpaHUIUIA HEPTH, IAXTHBIM TUI, METOJT Pa3MbIBa, KapTa PAOHUPOBAHUS TIO
ycnoBusM cosganus 1IXH

Teopus

B Poccum, kak ®W BO MHOTMX CTpaHaX MHpa, C AaKTUBHBIM pPa3BUTHEM
HedTenepepabaThIBaIONICH U XUMHUYECKOM MPOMBIIIIEHHOCTH PAacTeT HeOOXOJIMMOCTh B CO3/IaHUU
MTOI3EMHBIX X PaHIIIUII )KHJIKHX YTIICBOIOPOIOB. DTO CBSA3aHO, B OOJIBIIICH CTEIICHH, C UICH CO3/TaHus
CTpaTErMyecKoro pe3epBa YIIEBOAOPOAHOTO CHIpbS Il OOECHEYeHUs SKOHOMHUYECKONH U
HAI[MOHAJILHOW OE30MaCHOCTH CTPAaHBI M C PErYJIHMPOBAHHUEM CE30HHOW HEPaBHOMEPHOCTH
notpebieHus HepTENPOAYKTOB U ChIpoit HedTH [5].

OnpenensiromuM  (GaKTOPOM TSI BO3MOXKHOCTH CO3MAaHHS IOA3EMHBIX XPaHWIHIL HEPTH
SBJIICTCS HAJUYHME COOTBETCTBYIOLIUX ONArOMPHUSITHBIX TEOJIOTMYECKUX U THUAPOTEOJIOTHUYECKUX
ycinoBuil. llepCcrieKTUBHBIMU JUIsl 3THX LeJied OBLIM TPUHATH MOPOJBI MarMaTH4YeCKOW U
MeTamopdudeckoii popmaruii (rpaHUThI, 6a3aJIbThI, THEHCHI U 1. ), & TAKXKE COJIEHOCHBIE OTIIOKEHUS
(TUTICHI, aHTUAPUTHI U KAMEHHAs COJIb).

PexoMenganuu mo 0OOCHOBAaHHMIO MPUTOAHOCTH T'€OJOTHYECKHX CTPYKTYp HAJS CO3JaHUs
[TXH 3aBucsaT ot Tuna xpanuiauil. s HepTH OHU OBIBAIOT TOJIBKO OJTHOTO THUIIA — PE3EPBYAPHOTO.
B cBot0 ouepens XxpaHUIHINa pe3epByapHOro THUIIA MOAPA3IEISIIOTCA Ha OECIIaxXTHhIE XPAHUIIHUINA B
KaMEHHOM COJIM, CO3/JaBaeMble METOJOM pa3MbIBa, M XPAHWJIUIIA IIAXTHOTO TUIA — B MOJ3EMHBIX
TOPHBIX BBIPAOOTKAX OTPaOOTaHHBIX MECTOPOXKIACHHUI TBEPABIX MOJIE3HBIX UCKOMaeMbIx [1, 4].

[Toa3eMHbIe XpaHWUJIUINA MIAXTHOTO THIIA TOAPA3JEISIOTCS Ha JIBa BHJA, pa3iuYaronIuecs
CHO0CcOO0M JOCTHKEHUS TEPMETUYHOCTH BBIPAOOTOK-EMKOCTEH:

. B TPEIIMHOBATHIX, YCTOWYHUBBIX MOPOAAX C MOJIOPOM I'PYHTOBBIX BOJ] O€3 BO3BEACHHUS
Kperu;

. B HETIPOHUIIAEMBIX YCTOMUYMBBIX TOPHBIX TOPOIAX.

Pe3epByapHbIMH €MKOCTSIMU B IIAXTHBIX XPaHWIMINAX SBISIOTCS TOPHBIE BBIPAOOTKH, Kak
MpaBUJI0, KAMEPHOTO TUTA. B 00111eM cilydae XpaHWINILE TPEICTaBIsIeT COO0H CUCTEMY BBIPAOOTOK:
BCKPBIBAIOIINX, OKOJIOCTBOJBHBIX, MOJXOJHBIX, BCIIOMOTAaTENbHBIX M COOCTBEHHO BBIPaOOTOK-
eMKocTel. BripaOoTKH-eMKOCTH OT BHEITHEN CPEe/Ibl MITH BCTIOMOTaTeIIbHBIX BRIPAOOTOK OTIEIISIOTCS
CHEIUAIbHBIMU YCTPOMCTBAMU — TE€PMETUYHBIMH IEPEMbIYKAMU. XpaHWIMILA TaKOro THIIA
COOPY’KAIOTCS KaK Ha OJMH, TaK U Ha HECKOJIBKO BHJIOB IIPOIYKTOB (KOMIUIEKCHBIC XpaHUIHUIIa). B
HUX XpaHAT HEePTh, Ma3yT, MU3EIbHOE TOIUIMBO, KEPOCHH, OC€H3UH, Mpe/elbHbIe U HelpeaeIbHbIe
CKMKCHHBIE YTIIEBOJOPOIHBIC Ta3bl.

Co3aHue TIoI3eMHBIX XpaHUIHIT HedTH GombInoro oobema (He Menee | MaH M°) Hamaraet
psan orpanwdeHnii. Ha 0a3e CyIIeCTBYIOIUX HOPMATHBHO-TIPABOBBIX M HMHCTPYKTHBHO-
METOJIMYECKUX JTOKYMEHTOB, OMBITA CO3JaHUS MOI3EMHBIX XPAHWIHUII Ta3a, HEPTH U MPOJTYKTOB UX
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nepepaboTKH, W3TaHHOW JINTEPATyphl U (POHIOBBIX MaTEepUaiIoB ObUIH pa3paboTaHbl TPeOOBAHUS K
ydacTKaM Hep ¥ TOPHBIM IOpoJaMm, NpUroaHsiM ais co3nanus [1XH [2].

OO6mue TpeboBaHus K yyacTkaMm Henp aiist coznanus [TXH:

° YYaCTKH HEIp JIOJDKHBI OBITh BHE TEPPUTOPHUA 30H HAIIMOHAIBHBIX I1apKOB,
3ar0BEIHUKOB, HACEJICHHBIX MYHKTOB, TEPPUTOPUIN 30H PEKPEAIIMOHHOTO U 3alIUTHOI'O Ha3HAUYCHHUS,
3a npenenamu Il mosica 30H caHUTaApHOW OXPaHbI JCUCTBYIOIIMX U MPOSKTUPYEMBIX MOJ3EMHBIX H
MMOBEPXHOCTHBIX UCTOYHUKOB BOJIOCHAOKCHHS;

° YYaCTKH HEJIP TOJDKHBI PACIIONIaraThCsl B paiioHAX C CEHCMUYHOCTBIO MeHee 9 0alioB;

° B IIpejeiiax Y4YacTKOB HEIP HE JOJKHBI OBITh Pa3BUTHI OMACHBIC T'€OJOTHUYECKHE
MPOIIECCHI U SIBJICHUA.

JI1st MoI3EeMHBIX XpaHUIIUII HEPTH MIAXTHOTO TUIIA!

° MIPUTOJIHBIE TTOPOJIbI — HEPACTBOPUMBIC B BOJIE M YIJIEBOAOPOAAX, HE COIEPIKAIINC
BKIJIFOUEHUH, YXYIIIAOIMNUX KadyecTBO He()TH, HE QUIBTPYIOIINE €€, YCTOMYMBEIE TPOTHB TOPHOTO
JABJICHUS U HE TPEeOYIOIMEe YCTAHOBKU aHKEPHOHN KPEIu;

o NOpOJbl NPAKTUYECKU HENPOHUIAEMbl WJIM BOJOHOCHBIE TOJBKO 110 MEJIKHM
TpelrHaM;

. IIPUTOKH MOA3EeMHBIX BOJ MeHee 10 M%/gac 110 Beeii BRIpaboTKE;

o BBIPAOOTKU-EMKOCTH MOTYT PacIioyiaraThCsi B MpeesiaX apTe3HaHCKuX 0acceHOB B

HerOHHHaeMOﬁ TOJIIC TOPHBIX IIOPOA MOIIHOCTBIO HE MCHEC 50 M HWXKe 30HBI AKTHBHOI'O
BOIIOO6MeHa. FI/IIlpOCTaTI/I‘ICCKoe IJ1aCTOBOC JAaBJICHHUEC TOA3CMHBIX BOJ HAa ITIOBECPXHOCTH BI)Ipa6OTOK
AOJIKHO IMPEBLINIATE BHYTPECHHEC NAaBJICHUC He(l)TI/I B BHpa6OTKe'CMKOCTI/I;

o BBIPa0OTKA-€MKOCTh PACIIONAraeTCsl BHE 30H TEKTOHHUECKUX HApYIICHUH.

J1st TOA3eMHBIX XPaHWIUIL HEPTH, COOPYKAEMBIX METOIOM pa3MbIBa:

o COJISTHBIE 3aJIEKH MOTYT OBITH JIFOOBIX CTPYKTYPHBIX (DOpM 3ajieraHus: KyIoJia, IITOKH,
MJIaCThl (MOIIHOCTD IJIACTOBOM coiu He MeHee 40 m);

o HEOOXOJMMO HaJMYMe TOBEPXHOCTHBIX WJIM MOJ3EMHBIX TMPECHBIX, MU
MUHEpaJIN30BaHHBIX (He Ooiiee 35 /1) BOI;

. HEOO0XOAUMBI YCIOBHUS AJISl YTHIIN3ALUU CTPOUTEIHLHOIO Paccoa;

o IUIOIIAJb COJISHOTO Tela B IUIaHE JIOJDKHA 00ECHeuUTh pa3MeIleHUe pe3epByapoB B
KOJIIM4YecTBe, HEOOXOAMMOM JIJIs XpaHEH s opsanka 1 Man M° HedTH;

o COJISTHas 3aJ1€Kb JOJDKHA PacloaraThCsl BHE 30HbI aKTUBHOTO BOJIOOOMEHa;

o COJIsiHAsl 3aliekb B HHTEpBaJIe 3aJI0KEHUS BBIPAOOTOK-EMKOCTEH HE JIOJIKHA

COJZIEP’KaTh COJIEH, JIETKO PACTBOPSIIOIIMXCA B BOAE U XJIOPUIHO-HATPUEBOM paccoiie, a TaKKe
MIPOCJI0EB HEPACTBOPUMBIX TOPHBIX TOPOJI MOILITHOCTBIO 0oJiee 2-X METPOB.

C yueToM aHamu3a TEOJIOTMYECKOTO CTPOEHUS, THAPOTeOJIOTMYECKUX U HHKEHEPHO-
reoJOrM4ecKuX yCIOBHUM B Mpefenax Teppuropun Poccun, ¢ yueToMm mpeabsBisieMbIX TpeOOBaHHM
JUIs BBIOOpA Y4acTKOB HEJP Ul CO3JaHUs MOJ3EMHBIX XpaHWIHUIL HedTH crnenuanuctamu OI'bY
«"'mapocnenreonorus» Op1a co3aana «O630pHas kKapTa paiOHUPOBAHUS 10 YCIIOBUSIM ITPUTOTHOCTH
TeOJIOTUYECKUX CTPYKTYp Ul CO3JaHMs MOJ3E€MHBIX XpaHWIUIL HedTu Tepputopun Poccuiickoi
®enepaunn» macmraba 1:5 000 000 (Pucynok 1). PaccmarpuBanuch TeppuTOpUM Ha pacCTOSTHUU
100 kKM OT CyYIIECTBYIOIIUX, CTPOSALIMXCS M HPOEKTHPYEMBIX HE(TEHPOBOJHBIX CHCTEM.
[IpoBeneHHas olLleHKa MMO3BOJIMT BBACTUThH YIaCTKH HEJp, IEPCIIEeKTUBHBIE I JalbHENIero oonee
JeTalbHOTO M3YyYEHHs] M TMOCTAHOBKM KOMIUIEKCA HCCIIEOBAHUM MO OOOCHOBAHHIO Pa3MELICHHUS
TIO/I3eMHBIX XpaHUIUII HeTH 06beMoM He Meree 1 mma M3 [3].
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Pucynok 1. @parmeHT 0030pHOH KapThl pailoHnpoBanus Teppuropun Poccuiickoit denepanuu mo
YCHIOBUAM IMPUTOAHOCTHU I'€OJIOTMYCCKUX CTPYKTYP AJIA CO3AaHUA ITOA3EMHBIX XPaHWUJINIIL He(i)TI/II 1-—
ncciexyeMas TEppUTOpHs, B IpeAesaX KOTOPOH HET yYacTKOB MEPCIEKTUBHBIX i co3nanus [IXH

eMKOCTBIO | MitH M%; 2 — TeppuTOpHs (heaepaTbHOTO OKpyTa 3a Ipeenamu uceneayemoi 200-
KHJIOMETPOBOI 30HBI; 3 — TPaHMIIbI TPAHCPETHOHAIBHBIX CTPYKTYP; 4 — TPaHMIIBI pETHOHABHBIX CTPYKTYP
(HOMEpa CTPYKTYP COOTBETCTBYIOT CXeME TEKTOHMYECKOTO PAfOHUPOBAHUS); 5 — TPaHHIIBI
pacnpoCcTpaHEeHHs NEPCIEKTUBHBIX KOMIJIEKCOB; TEKTOHUUYECKNE HAPYIIEHUS: 6 — JOCTOBEPHBIE; 7 —
MIPEAIOJIaraeMble; MECTOPOXKACHNS KAMEHHBIX M KaJUIHBIX COJIEH: 8 — SKCIUTyaTHpyeMBIe, 9 — pa3BelaHHbIE
Y 3aKOHCEepBHUPOBaHHBIE; 10 — MECTOPOXKAECHHUS TUIICOB, aHTUAPUTOB; 11 — Moa3eMHBIE XpaHIIIUINA
HEPTENPORYKTOB; 12 — xKene30pyAHbIE MECTOPOKACHUS

Ha xapTte BbIICIIEHBI TEPPUTOPHUH, T/I€ PA3BUTHI TeoJoTHUeCKre GopMaIuu, MepCleKTUBHBIC
st pasmernenuss [IXH, — cruiomHoM Wiau IITPUXOBOW IBETHOM 3aKpacKOW, COOTBETCTBYIOIIHE
JIUTOJIOTUYECKOMY COCTaBy mopoa. Tepputopuu, rie B mpeaesiax HcciaeayeMOl TEppUTOPUU HET
reoJorudeckux Qopmaruii, NepcrneKTUBHBIX A pasmemieHust [IXH, 3akparieHsl cBeTIo-
KOPUYHEBBIM 1IBETOM.

Teppuropust Poccun 3a npenenamu 100 kM 30HBI OT HE(PTEIPOBOJHBIX CUCTEM 3aKpalleHa
CephIM LBETOM. ['paHHuIla HCCIENYyEeMOW TEPPUTOPHUM IMOKA3aHa CIUIONIHON YTOJIIEHHOW JIMHUEH
(buoneToBoro 1BeTa.

BriBoabl
[Ton3zemubie Xpanunuia HeTH SIBISIOTCS OJTHUM U3 3B€HBEB CHCTEMbI He()TeCHA0KEHUSI.

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

95



N\ MIPU

POCCHACKHRA TOCYIAPCTREHHLIR wHoebte udeu s HAVKIX & 3emaen
TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

B 3aBucuMOCTH OT TUIIA MOJA3EMHOTI0 XPaHUIIUINA BBIOOp ydacTka Henp ais cozpanus [1XH
MIPOU3BOUTCS IO OMPEACIICHHBIM KPUTEPHUSIM.

O0630pHas kapTa pailOHUPOBAHUS MO YCJIOBUSM MPUTOJHOCTU I€OJIOTUYECKUX CTPYKTYp AJIs
CO3/IaHUS MMOJA3EMHBIX XpaHwiuil HedTu Teppuropun Poccuiickoii Denepanuu sBiseTCs OICHOYHOM.
CornacHo tpeboBanusMm B mpeneiax 100 kM 30HBI OT HE(TEIPOBOAHBIX CHUCTEM 3aKapTHUPOBAHBI
MAaCCHUBBI TOPHBIX TOPOJI, IMEIOIIUX MOITHOCTh OTJIOKEHUH TaJOoreHHOU (COJICHOCHOM) dhopMaliuu
6onee 40 M, MOpoT MarMaTH4ecKoi, MmeTamopduaeckoit hopmaiuii ¥ TUICO-aHTUAPUTOBON TOJIIIH
MOITHOCTBIO Oosiee 50 M. MUHMMAasbHAs TTyOHHA 3aI0KEHUS PErJIaMeHTUPYETCS MOITHOCTHIO 30HBI
aKTUBHOTO BOJI0OOOMEHa B apTe3MaHCKUX OacceiiHaXx M YpPOBHEM MECTHOro 0Oasuca 3po3uM Ha
TUAPOTreOJOTMYECKUX MAaCCHBaX, a MAKCUMaJIbHAsl — TEXHUYECKUMH BO3MOXKHOCTSIMH (B raJIOr€HHOM
dbopMaluu MakcuMalbHas TJIyOMHA MCIIOJIb30BaHMs IUTacTOB coiu coctasiseT 1 500 M, B rumco-
AQHTUJIPUTOBOM TOJIIIE ¥ B MarMaTHIECKOl u MeTamopduueckoit mopogax — 350—400 m).

CnepyrommmM 1aroM, HEOOXOAMMBIM Il OOOCHOBaHHMS BBIOOpa ydacTka HeOp JUis
MIOCTAHOBKH T'€0JIOTO-THIPOTEOJIOTHIECKUX paboT ¢ OypeHneM ckBakuH 70 1 500 M npu co3nanun
IIXH, sBnsiercs co3ganue kapTol 1:1 000 000 macmrada.
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Hexomopuie npodiemvl pazeumusi NOO3EMHO20 OPEHANCHO20 KOMNIEKCa Kapbepa
Muxaitnoeckozo I'OKa um. A.B. Bapuuesa (KMA)

Kywnepuyx B.B.* (HUY «beal'Y», kuschnerduk@yandeXx.ru),
Ckpunka A.A. (A0 «Muxaiinoeckuit FOK um. A.B. Bapuuesa», alexandrskripka@yandex.ru),
Hznamenxo EIM. (HUY «Benl’Yy», ignatenko_e@bsuedu.ru)

AHHOTanus

OcHOBHas TPOU3BOJCTBEHHAS TPOOIEMaTHKa paOOTHI MTOA3EMHOTO JPEHAXHOTO KOMILIEKCa
CBSI3aHA CO CIIOYKHOCTSIMHU COIPSDKCHHOTO (PYHKIIMOHHUPOBAHUS C KapbepoM (T0ApabOTKa FOPHBIX
BBIPAa0OTOK), a TaKkKe C HApYIICHUSAMH HOPMAIBHOTO PEXUMA HKCIUTyaTallMd BOCCTAIOIIUX
JIPEHAXHBIX CKBAXKUH. 10 pe3ynbTaTtam MpPOrHO3HBIX PacyeTOB OOLICTO MPUTOKA MOJI3EMHBIX BOJI B
Kapbep (MoJenupoBaHUe TeOo(UIBTPAllMM) NPU YBEIMYCHUH pa3Mepa JPEHaKHOTO KOHTypa B
CeBepo-3araJIHOM HalpaBJICHUH B mporiecce pa3BuTus kapbepa MI'OKa, onpeneneno HeoOxoanmoe
KOJIMYECTBO Y3JIOB BOCCTAIOIIUX APEHAKHBIX CKBAXHUH M pa3paboTaHa cCXeMa X PACIIOIOKECHUS JUIS
obecriedeHust 3PPEKTUBHOTO OCYIICHUS Kapbepa BILIOTh 10 2032 T.

KiroueBnle cjioBa
MecTopoxaeHue, IOA3eMHBIE BOJBI, BOJONPHUTOK, IPEHAX, IMOAPaOOTKA, BOCCTAIOIIUE
l[peHa)KHI)IG CKBaXHBI

Teopus

[TpomblmnenHoe ocBoeHue MuxaitnoBckoro mecropoxaenus Ha KMA mpousBoautcs
OTKPBITBIM CTIOCOO0M. ['OpHBIE pabOTHI BEyTCS B TPEX Kapbepax: HEHTPATLHOM, COSTUHUTEIHHOM U
I0’KHOM; CEBEpHBIN Kapbep 3aKOHCEPBUPOBAH M MCIOJB3YETCS AJS CKIAIUPOBAHUS OKHCIEHHBIX
KBapUUTOB. [[111HA Kapbepa 110 KOHTYpPY BCKpbIIK cocTaBisieT 6,0 kM, mupuHa — 2,6 KM, Iri1yOuHa —
340 m, mwiomanp - 15,6 kM2, B CBA3H CO 3HAUMTEILHBIME PAa3MEPAMHU KapbePHOTO MO, a TAKKE s
YMEHBIICHUsI 00beMa BCKPHIIIN €ro OCYIIEHHE MPOU3BOJUTCS KOMOMHUPOBAHHO - MTOBEPXHOCTHBIM
Y TTOA3E€MHBIM criocobamu [1].

OCHOBHBIE  T€0JIOrO-THJIPOTEOJIOTUYECKHE  OCOOEHHOCTH  MCCIEAyeMoro  paioHa
00yCJIOBJIEHbl HAJMYUEM MOIIHOTO OCaJOYHOIO 4eXJa, MEepPEeKpPhIBAIOIIEro MECTOpPOXKICHUE, B
KOTOpPOM BBIJIEJIEHBI BOJIOHOCHBIE TOPU30HTHI B MECUAHBIX OTJIOXKEHUSX YETBEPTUYHOM, MEJIOBOM U
IOPCKON CHUCTEM, B MECUYaHBbIX U KapOOHATHBIX 00pa30BaHMSIX JEBOHCKOM cuctemsl [4 u ap.]. Huxe,
B KPUCTAJIMYECKOM (yHJIaMEHTE IMPOCICKUBAECTCS BOJAOHOCHAs 30HA TPEIIMHOBATOCTU B apXeii-
MPOTEPO30OMCKUX  HU3BEPKEHHBIX M MeTamopduueckux mnopoaax. OcymeHue  Kapbepa
OCYILIECTBIISIETCSI CUCTEMOMN MOA3EMHBIX TOPHBIX BBIPAOOTOK MOJ3EMHOI0 JPEHAXXHOTO KOMILIEKCa
(manee [1/IpK) u mpoOypeHHBIX U3 HUX BOCCTAIOIIMX ApeHaxHbIX ckBaxuH (Hanee BJIC). OcHoBHas
€ro NMpOU3BOJACTBEHHAs MpoOJieMaTHKa CBS3aHA C MOAPAOOTKON TOPHBIX BBIPAOOTOK KapbepoM, a
TaKKe ¢ BbIXoJ0M 13 ctpost Hekotopeix BJIC [2, 3]. B mnanax passutust MI'OKa 1o 2032 r. 3HaunTCs
pacimupenue kapbepa B CeBepo-3amagHoM HampasieHUH, o0benunenue CesepHoro, FHOxHoOro u
IleHnTpasibHOTO KapbhepoB C yriayOiieHHeM JHa oOBbeIMHEHHOro Kapbepa. [Ipu 3TOoM HenzOexHa
noapaboTKa KapbepoM MOA3eMHBIX TopHBIX BbIpadotok IIJIpK (puc. 1), xotopas mpusener K
MOTAIIEHUIO JIPEHAXHBIX TOPHBIX BBIPAOOTOK, MOMAJAIONIMX B 30HY OMACHOTO BO3JCHCTBUS IpU
MPUOIMKEHUN OTKPBITHIX TOPHBIX pabOT K MOA3EMHON BBIpaOOTKeE.
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Pucynok 1. Cxema noazeMHbIX TOpHBIX BeIpadoToK [1/IpK ¢ BeigeneHHO# 30HOH MOApadOTKU KapbepoM
MI'OKa

[Ipu wucnonszoBanuu wuHcTpymMeHToB [MC «l'eomukc» ompeaeneH o0beM paboT 1o
IorauleHuio noapadaTeiBaeMbiX IpeHakHbIX BbipadoTok [1[IpK MI'OK na nepuop 2024-2032r.r.,
cocraBuBlIni 6415m.M. [loramenne 3TuX BbIPAaOOTOK 3aTPYJHUT CAMOTEUYHBIA OTBOJ JPEHAXKHBIX
BOJ C CEBepo-3alajHoro OOpTa Kapbepa B JalIbHEHIIEM, 4YTO MOXKET IIOBJE€Yb 3a COOOM
CYUIECTBEHHBIE  MpPOOJIEMbl  MPOM3BOACTBA  OTKPBITBIX TOPHBIX paboT u  moTpedyer
KOMITCHCAIMOHHOTO UX Bocrpou3BocTBa [3]. OnHako, aHATU3 MEPCIEKTUBHOTO Pa3BUTHUS TOPHBIX
paboT BBISIBIIL, YTO CYIIECTBYIOIIAs CUCTEMA OCYIICHHUS, B 1I€JIOM, MOKET COXPaHITh YCTOWYMBOCTD
onpezeneHHoe Bpems. VckioueHueM SIBISIETCS CeBepo-3amajiHblii 0OpT Kapbepa, KOTOpbIM B
MEePCTIEKTUBE BBIAET 3a Mpe/iesibl CYIIECTBYIONIET0 KOHTYpa MOA3EMHBIX TOpHBIX BbipaboTok [1/IpK
(Cesepo-3zanaansiii u CeBepo-3anaaubiii Ne2 mitpeku). B 3Toil cBsi3H, 11l OLIEHKH BOJIOIPUTOKOB B
Kapbeep u3 6arckux neckoB (6onee 70 % oT oOuiero o6BogHEHUS) pa3paboTaHa YUCICHHAs MOJIENb
¢bubTpanuu moa3eMHbIX Boj paiiona MI'OKa.

Pemenne ¢unabTpaniMoHHON 3aa4M OCYIIECTBIISUIOCH C HCIOJb30BAaHUEM JIMIIEH3MOHHOMN
nporpammbl  Modflow cuctemer GMS (Harbaugh, 2005), peanusyromieit mpocTpaHCTBEHHYIO
(GUIBTPALIMIO TOI3EMHBIX BOJI METOJJOM KOHEUHBIX Pa3HOCTEH B MHOTOCJIONHOM TosIIe A1 o0nacTeit
MpOU3BOJILHON KoH(purypanuu. Ha ocHoBe pa3pabOTaHHOW YHCICHHOM THAPOJAUHAMHYECKON
MOJIETIM TIPOBENEHBI MIPOTHO3HBIE PACUEThl C ILIEJIBI0 OLIEHKM BOAOIPHUTOKA K CHCTEME JpEHaXKa
Kapbepa u3 0aTckux otioxkeHuit (puc. 2). [IporHosnas 3amaya pemranach Ha MEPUOJA MPOCKTHOTO
pa3BuTHs Kapeepa 10 2032 1., yuuThIBas pacHIMpeHHE Kapbepa B CEBEpPHOM U 3alaJHOM
HampaBlieHUsX. MI3MeHeHrne BHEIIHEro APEHaXHOro KOHTYpa B CTOPOHY YBEIMUYEHUS HAa y4acTKe
CEeBEpO-3allaIHOTO HAIpaBJIEHUs] Pa3BUTUS Kapbepa NMPUBOIUT K pocTy BoxomnputokoB k I[1[IpK.
O06beM yBenUYEHHUs IPUTOKA C CEBEPO-3alaIHON YacTH Kapbepa 10 UTOTaM MPOTHO3HBIX pacuyeToB
oleHuBaetcs BenuunHoi B 200 M%/u. Tlo pesysnbTaTaMm pelleHHs MPOTHO3HOM 3a1adyy BHITIONHEHA
OLIEHKA Y/IE€JIbHBIX BOJONPUTOKOB MOA3EMHBIX BOJ 0ATCKOTO BOJOHOCHOTO FOPH30HTA B Kaphep Ha
2032 r. OcHOBHasl 07 MOCTYIUIEHHUsI BOABI U3 HETO MPUXOJUTCS UMEHHO Ha CeBEepO-3alaHblil U
3amagHblii Oopra Kapbepa (6omnee 87 %). PacyeTHblil BOAONPHUTOK M3 OATCKOTO BOJOHOCHOTO
ropusonTa k cucteme BJIC coctaBun 1280 M>/4, «IIpoCKOK» Uepe3 KOHTYP BOCCTAIONINX CKBAKKH —
nopsiyka 220 M3/, a cyMMapHBIii BOZonpuTokK - 1500 M%/a. COTIacHO BBITIONHEHHBIM TIPOrHO3HEIM
pacueraM ¢ UCMOJIb30BaHUEM Ie0(UIBTPAIIMOHHOTO MOAECTUPOBAHUS, OOMIMNA MPUTOK JPEHAXKHBIX
BOJ B Kapbep yBenauuutcs Ha 9%.
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NOA3EMHBIX BOI

Pucynok 2. [IporHo3Has OlieHKa yJIeIbHBIX BOJOTPUTOKOB MOJ3EMHBIX BOJ 0aTCKOTO BOJIOHOCHOTO
ropu30HTa B Kapbep Ha 2032 r.

Takoit poct (mo 5175 m%/u) 06ycnoBIEH NOMOJHUTENHHBIM TOCTYIIEHHEM BOIBI HPH
YBEJIMUEHUU pa3Mepa APEHAXOro KOHTypa, a TakKe POCTOM IPHUTOKA W3 BOJOHOCHOW 30HBI
TPELIMHOBATOCTH MTOPOJI KpUCTAJUINYECKOro pyHnameHTa. [Iporao3upyercs cpejHeroJoBoi MPUTOK
B Kapbep Topsaka 27 mimH. M°. Jns 2¢¢eKTHBHOTO OCYyIIeHHs MOTpeOyeTcs cOOpyKeHHE BIOIb
ceBepo-3amaJHoro OopTa Kapbepa JApeHaxkHoro mrpeka ¢ BJIC Ha ropusonre -100 ™
MPOTSKEHHOCThIO Topsiaka 5 kM. OmnpeneneHo KOJIMYECTBO HEOOXOAMMBIX APEHAXKHBIX Y3JIOB -
BOCCTAIOIINX JPEHAKHBIX CKBAKUH.

Ha ocHoBe monydeHHBIX MaHHBIX ObIa pa3paboTaHa cxema pacnonoxenus BJIC,
HE0O0X0AUMBIX /17151 3(h(HEKTUBHOTO OCYIIEHUS ceBepo-3anaaHoro dopra kaprepa MI'OKa BruoTs 110
2032 r., npeacTaBiIeHHAs HA PUCYHKE 3.
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Pucynok 3. Pacnionoxxenne B/IC Ha ygacTke ceBepo-3amagHoro 60opra Kapbepa

JIOTIOTHUTENBHO, Ui CHU)KECHUST OOBOJHEHHS OOPTOB Kapbepa IO PBIXJIOW BCKpHIIIE
IpeyCMaTpUBAETC COOpPYXKEHHE MPUOOPTOBBIX IPEHAKHBIX KaHAaB HAa BCEX YCTYINax Kapbepa I10
PBIXJION BCKpBIIIE, HAYMHAS ¢ TOPU30HTA +75M U BbIIIE, O0IIEH NMPOTSHKEHHOCTBIO MOPAIKA 22 KM,
Ha3HaueHHUE KOTOPBIX oOecreueHue nepexnara, coopa 1 OTBEICHHsI IPOCKOKOB MOJI3€MHBIX BOJ.

BeiBOABI

Takum o00pa3oM, NPOBENCHHBIE HCCIEIOBAHUS IO3BOJIMJIM  BBIIBUTH  OCHOBHYIO
IIPOU3BOJICTBEHHYIO Mpobsiematuky pabotsl [I[IpK - mnoapabGoTky BbeIpaOOTOK KapbepoM U
HapylIeHUEe HOPMAJbHOIO peXHMa BOCCTAIOLIUX JpeHaXHbIX ckBakuH. CpeactBamu ['MC
«["eomukcy onpeneneHbl 00beMbl pabOT MO MOTALICHUIO IPEHAXHBIX BbIpaOOTOK B nepuop 2024-
2032 r.r. - 6415 n.m. MeTo1aMu YHMCIEHHOTO MOJICTUPOBAHUS BBITIOJIHEH IMPOTHO3 OOIIETro MPUTOKa
MOJ3EMHBIX BOJ B Kapbep IPHU POCTE APEHAKHOTO KOHTYpPAa B CEBEpO-3allaJlHOM HAlpPaBICHUU
BcreacTBue paszButus kapbepa MI'OKa, ompeneneHo HeoOXoIMMoOe KOJIMYECTBO M pa3paboTaHa
cXeMa PACHOJIOKEHUS JIPEHAXHBIX Y3J0B BOCCTAIOIIUX JPEHAXKHBIX CKBAKUH, HEOOXOIUMBIX IS
oOecneuenus r¢dexkTuBHOrO ocymenus kaprepa MI'OKa Brutots 10 2032 1.
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2. Kymmnepuyk B.B., Xaycto B.B., Tronun B.H., CemenoBa JI.A., Kaputomkun A.N. O
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Hccneoosanue ycnosuii hopmuposanus pecypcos u pexcuma noozemuvix 600 paiiona Illakokky 6
Llenmpanvnuonu Moanume

Mun 0.C.* (MI'PH, minnoaksoe95@gmail.com),
Boponuna JI.B. (MI'CY, BoroninaLV@mgsu.ru)

AHHOTaNuA

B cratee mnpuBencHBI pe3yibTATHl HMCCIEAOBAHUS THAPOJUHAMHUYECCKHX U (PU3UKO-
XUMHUYECKHUX XapaKTEePUCTUK BOJIOHOCHOTO ropus3oHTa paiioHa Ilakokky B LlenTpanbHoil MbsiHMe.
[Tonydena peranbHas HHPOPMAIIMU O COCTOSIHUM MOA3EMHBIX BOJ, M (paKTOpax, BIUSIONINX HA MX
dhopmupoBaHue.

Kiarouenrnie ciioBa
AJIJIIOBI/IaJIBHBIe OTJIOXKCHUA, BOI[OHOCHBIfl FOpI/IBOHT, IIOA3€MHBIC BOAbI, I‘I/I,[IpOI‘COJIOI‘I/ISI

Teopus

Paiion Ilakokky B HeHTpalbHON 4acTu MbsSHMBI — pallOH HCCIIEIOBaHUS, XapaKTepU3yeTcs
CIIO)KHBIM TH/IPOT€OJIOTMYECKHM CTPOSHHEM, KOTOPOE OMpeAessieT OCOOCHHOCTH (OPMHUPOBAHUS
MOJ3EMHBIX BOJ M UX KayecTBO. l3ydeHue XapakTepHCTHUK MOA3EMHBIX BOJ U BOJOHOCHOTO
TOPU30HTA B TOM paiioHE UMEET Ba)KHOE 3HAUECHUE JJIs OLIEHKH [TOTEHIIMATIbHBIX PECYpPCOB IIPECHOM
BOJIBI ¥ pa3pabOTKU CTPATErHH YIPaBIECHUS BOJIHBIMH PECYPCAMH.

Paiion [Takokky B eHTpasibHOM yacTu MbsiHMBI HaxoauTces Mexxy 21°30' u 21°50' ceBepHoit
IUPOTHI U BOCTOYHOM 10yroThl ¢ 94°40' mo 95°10' B 30He TPONMYECKOIO KJIMMATa U 3aCyLHUIMBOMN
30HbI. Mccnenyemast Tepputopusi orpaHuueHa peko ANspBaau U MocenkoM TayHITa Ha BOCTOKE,
pekoii Aitsipaau u ropogom HesayHr-Y Ha rore, ropogamu Ilayk n Celiknbio Ha 3amajzie 1 TOpoJioM
Mpsiar Ha ceBepe (Puc. 1). OOmias riomnane ueciaeayeMol TePPUTOPHHA COCTABIISICT MPUOIM3UTEITHLHO
482,177 kMm%

Pucynok 1. Kapra pacrnionoxxeHus uccieryeMoi TeppuTopun

Tepputopust paifona Ilakokky pacronoxkeHa Ha Oepery peku HpaBanu, 0oObIYHO Ha
PaBHUHHBIX yyacTKax. B 3anaanoi yactu Haxonasarces xpeOThl Tanka BeicoToit 317 M u Tepm BbicoTOM
343 m.

B paiione uccnenoBaHMs IJIaBHBIM NOBEPXHOCTHBIM BOJHBIM HMCTOYHHMKOM SIBJISIETCS PEKa
AiisipBasiu, mpoTekaromas 6muiu ropofa [Takokky. B nccienyeMsix paiioHa B 60JIbIIOM KOJTHYECTBE
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UMEIOTCSl PyYbU-MEJIKUE HEOOJbIINE BOJAHBIE OOBEKThI, UMEIOLINE TOHKUE IEHIPUTHBIE Y30DBHI.
Kapra npenaxa uccieayeMoi TeppUTOpUM [TOKa3aHa Ha PUCYHKE 2.
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Pucynok 2. Kapra apenaxa B paiione [lakokky

Pernon MbsiHMBI MOXKHO pa3[eluTh HA YEThIpe JIMHEHHBIX reoMOp(OJOrHUECKUX Mosca,
pacmojoXKeHHbIX ¢ ceBepa Ha ior: BocrouHoe Haropne, lleHTpanbHasi HU3MEHHOCTh, 3arajHble
XpeOThl 1 pulpexHast paBHIHA PakxaifH. DT mosica SIBISIOTCS TPOCTHIM OTPAKCHUEM JISXKAIIEH B
UX OCHOBE CTpaTUrpaduu U CTPYKTYpPBI, IOCKOJIbKY KaX/bIi U3 HUX COJEPKUT JIUTOJOTHYECKUE U
CTPYKTYpPHO CBSI3aHHBIE T'PYIIIBI TOPHBIX MMOpoA. TakuM 00pa3oM, OHU TaKXKe paccCMaTpPUBAIM Kak
OTJeNbHbIe TeoTeKToHHuYeckue npoBuHUUM Onok Illan-Tanuntapu, LlenTpanbHble KaiiHO30lcKHe
nosica, 3arnaJiHbli CKJIaq4aThli M0OsiC U NpUOpexKHbIN nosc PakxaiiH.

IleHTpanbHBIi  KAWHO30MCKUM MOSC IMOAYEPKHYT  PA3IMUYHBIMU  YIOPSAOYECHHBIMU
IIOCJIEIOBATEIILHOCTIMIA ~ KalHO30MCKMX  OCaJO4YHBIX  TONIl.  BcCTpedaroTcss  HEKOTOphIE
MarMaTHuecKkue M Mmeramopduueckue mnopoabl. KalfHO30HCKHE MOpoJbl MOXHO pa3JeluTh Ha
JOLICHOBYIO TPYIILY, OJIMTOLICH-MHUOLIEHOBYIO TIpymiy «rpymnmna Ilera», MHOLEH-IITIMOLEHOBYIO
«popmanus MpaBaau». PerroHaibHble TI'€OJIOTHYECKHE YCIOBHS HCCIEOBAHUS IPHUBEICHBI B
tabsure 1.

Tepputopus B 11e110M OTHOCHUTCA K LleHTpanbHOMY KailHO30MCKOMY nosAcy. B wacTHOCTH, OHA
pacrnioyioxeHa B OacceitHe MuHOY, B KOTOPOM 3aJleral0T TPETUYHBIE OOJOMOYHBIE OTIIOKEHHS
00JbIIION MOLTHOCTH. JTa 006J1aCTh B OCHOBHOM MOKPBITA CIIOSIMU [TECUAHUKA, aJIeBPOJINTA U CIaHLA
¢dopmaruu MpaBanu «MHO-TUIMOLEH», TPABUHHBIMU OTJIOXKEHUSIMU U T€ppacamu «IUIeHCTOLEH», a
TaK)K€ HEAABHUMM AJUIFOBUAIBHBIMU OTJIOXKEHUSMH, COCTOSLIMMH B OCHOBHOM H3 PBIXJIOIO
MIECYaHOT0 TPYHTA, WJIMCTOU MOYBBI U WIIMCTBIX WJIM MEPTEIUCTHIX OTIOKEHUH.

['opHble TOpPOJBI Ha HCCIEAYEeMOM TEPPUTOPHUHM MOXKHO pa3ienuTh: 1) ammoBuid, 2)
upaBaauiickas popmanus u 3) rpynmna [lery.

Tabmuna 1. PernonanbHas crparurpadus paiiona

BricTaBiieHH

Crpaturpagpuueck LI B
Cepus cucrem P pag Jlutonorus N
e HccJaexyeMoit

30HE
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wHoeste udeu s nayrax o Jemuen

= Kenras annroBraibHas
= Henapmuii Bbonee momonon IJIMHA, W, TIECOK U TpaBuii (B PsanoMm ¢
an aJUTIOBU I HEKOTOPBIX MECTAaX TEMHO- Kammoit
'; cepasi MoYyBa)
E TeMHO-KOpHUUYHEBast
= N . CpeHEeUIUCTAas TT0YBa, Psanom ¢
g | Ineicrome bosnee npeBuuit o
= N WIMCTO-TJIMHUCTAS I10YBa JI0 naronou Jles
= H AJTFOBUM M
= KpacHOBaTO-KOPHUYHEBOM Taynry
WJIMCTOM MOYBKI ¥ TPaBUS
Ot o
[110x0 yKpemieHHbIi
BEPXHETO
IeCYaHUK JKEITOBATOrO
MHUOILICHA Panom ¢
dopmMupoBaHUs LIBETa C MPOCIIOAMH TIECKa U N
0 naromoit Jles
= WpaBaau rajabKy, a TaKXKe
2 HIKHETO Taynry
o HEOOIBIIUMU CIIOSIMHU
= | mwieicroue o
=x recyaHoM IJIMHBI M CIaHIA.
= Ha
; MaccuBHBIE TTIMHUCTBIE U
- KOHTJIOMEPATHbBIC MIECYAHUKHU
= o Henanexo ot
Bepxnuii Oyporo 1BeTa ¢ MpUMEChIO
I'pynna Ilery nepesHu KroH
OJINTOLIEH MEeCYaHBIX CIAHIIEB U Yavir
TBEPJIBIX PAKYIICUHUKOBBIX y
HN3BECTHIKOB.

Hcxons U3 reosioruu, JUTOJOTUM U MOP(OIOrUM HCCIeyeMoro paioHa, B 3TOM pailoHe
CYLIECTBYET JBa THUIA BOJOHOCHBIX T'OPU30HTOB. OJTO IMOJ3EMHbIE BOJbl B a/UIFOBUAIBHBIX
OTJIOXKEHUAX U MoJ3eMHbIe BOAbI B popmanuu Mpasanu [1].

AJUTIOBUQJIBHBIE OTJIOKEHUST MOXHO OOHapyKWUTh B 3alaJHOM YacTU HCCIeLyeMOn
TEPPUTOPUHU. AJUTIOBUAIBHBIM BOJOHOCHBIM TOPU30HT B OCHOBHOM COCTOMT U3 JKEJITOTO MEJIKOTO
IECKa, JKEITOr0 KPYIMHO3EPHUCTOTO MECKa U JKEITOr0 KPYIHO3EPHUCTOTO MECKA C MPUMECHIO TPaBuUs
[2,3]. CornacHo 1aHHBIM KapoTaXka CKBa)KUH, YPOBEHb T'PYHTOBBIX BOJI HAXOJUTCS Ha IITyOuHE OT 4
710 6 METPOB HUYKE TOBEPXHOCTHU U BAPUPYETCS OT OJHOTO MECTa K Apyromy. ToJIIMHA BOJOHOCHOTO
CJI0sI AJUTFOBHAJIBHBIX OTJIOXKEHUH cocTaBisieT oT 4 10 6 MeTpoB. ['myOuHa 3aneranus BOJOHOCHOTO
TOPU30HTA AJUIIOBHAJIBHBIX OTJIOKEHUM koinebnercss oT 12 no 36 merpoB. CKOpOCTh HarHeTaHUs
cocTapisieT 850 rajaJoHOB B Yac U3 TPyOUaTOro KoJoa1a JuaMeTpoM 38 MM .

[TecunHKM XOPOILIO OTCOPTUPOBAHBI K UMEIOT OKPYTIYI0 (hopmy. B OCHOBHOM OH COCTOUT U3
roixy0oil IIMHBIL, roly0oro TIMHHMCTOrO MecKa, >KEITOH IMNIMHBIL, roly0oro TJIMHHCTOrO MecKa ¢
IpaBUEM M TOIYOOro KpymHoO3epHUCTOro necka. CorjiiacHO JaHHBIM KapoTa)ka CKBa)XKMH, YPOBEHb
IPYHTOBBIX BOJ HaxXOAMUTCS Ha IiIyOMHe OT 8 10 69 M HMXKE NMOBEPXHOCTU M BapbUpPYyeTCs B
3aBUCHUMOCTH OT MecTa 3ajeraHus. TouluHa BOJOHOCHOrO Tropu3oHTa ¢opmanun Mpasaau
cocTaBisieT oT 6 1o 15 M. 'lmybuna BojloHOCHOTO Topu3oHTa hopMmaruu Mpasanu cocrasnser ot 34
no 106 m. Pacxon Bombl u3 ckBaxkuHbIX auameTpoM 100 mm coctasmsier 4000 rayutoHOB B dac.
ITon3emHbIe BOJBI B 3TUX 3aJI€XkKaX MPUTOAHBI 7Sl IUThs ¥ UCIIOJIb30BaHUS B CEIBCKOM XO3SIICTBE.

JIBuKeHMe TPYHTOBBIX BOJ MOKHO OIPENETUTH C TOMOIIBI0 KOHTYPa YPOBHS TPYHTOBBIX BOJ
[4]. IToTOK rpyHTOBBIX BOJ Ha UCCIIEyEMOI TEPPUTOPUH NTPOTEKAET B FOT0—3araHOM HallPaBJICHUH.
KonTypHas kapTa ypoBHSI TPYHTOBBIX BOJI [TOKa3aHa Ha pUCYHKe 3.

Pe3ynbraThl mokaszaiu, 4TO BOJOHOCHBIH TOpHU30HT paiioHa [lakokky oOinazaer BBICOKOM
CTETEeHbI0 HEOJHOPOHOCTH, UTO 00YCIOBIEHO I€0JOTHYECKUMH OCOOEHHOCTSIMU MECTHOCTH.
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Pucynox 3. KoHTyp cTOKa MOA3€MHBIX BOJ Ha UCCIEAYEMOU TEPPUTOPUH

Pesynbratel uccnenoBanusi OyAyT TMOJIE3HBI IJIs TJIAHUPOBAHUS MEPOINPHUATUM 1O OXpaHe
BOJHBIX PECYpPCOB M pa3pabOoTKe MpOorpamMm palloOHAIBHOTO BOAOIOJIB30BaHUs B peruone. Kpome
TOrO, TIOJY4YEHHBbIE JaHHBIE MOTYT CIYXXUTh OCHOBOM IS  JabHEWUIIEr0  H3Y4YECHHS
TUAPOTre0JOTMYECKHUX YCIOBUN APYruX pailoHOB MbsiHMbI U cocegHux cTpal Oro-Bocrounoil A3un

[5].

BeiBOABI

TakuM oOpa3om, JaHHOE HCCIEAOBAHHME HAINPABICHO HA PCIICHHUE AaKTyalbHBIX 3a7ad B
00JacT OXpaHbl OKPYKAIOIIEH Cpe/ibl U YCTOMYMBOIO PAa3BUTHSI PETHOHA, YTO JIENAET €ro BaKHBIM
BKJIaJIOM B HAYYHOE ITIOHUMAaHUE U MPAKTUYECKOE HUCI0JIb30BAHUE MTOA3EMHBIX BOI.
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Dopmuposanue cocmaesa nPecHvIX NOO3EMHbBIX 600 6 NOJlE PA3GUMUA
nepmckux omaoxncenuii ¢ Pecnyonuxke Tamapcman

Mycun P.X.* (Kazanckuii ghedepanvuutii ynusepcumem, Rustam.Musin@kpfu.ru)

AHHOTanus

OxapakTepu30BaHbl THAPOTCOJIOTHYSCKHUE YCIOBHS BEpPXHEH dYacTh paspe3a PecrmyOnmku
Tarapcran. [TokazaHo, 4TO COCTaBbI OJI3EMHBIX BOJ C MHHEpaM3aIuei 10 250 Mr/1 onpenenstoTcs
KPaTKOBPEMEHHBIM B3aUMOJICHCTBHEM aTMOC(EpPHBIX OCAJKOB C TI0YBAMH U OCHOBHBIMH
Pa3HOBHUIHOCTSIMU IIOPOJI 30HBI a’pauuu. PaccuuTaHbl T'paJMEHThl KOHUEHTPALM OCHOBHBIX
KOMITOHEHTOB COCTaBa IIOJ36MHBIX BOJI, NPOSBISIONIMECS TPU HUCXOIAMEH (uIbTpanuu B
He(TssHOM pernoHe Tarapcrana, u onpeieyeHa X CBI3b ¢ MapaMeTpaMu BOJOHOCHBIX TOPU30HTOB.

KiroueBnle cjaoBa
['pagueHThl KOHIIEHTpAIMi, BOJHBIC BBITSIKKH, HHCXOAAIIAsS (UIbTpAIys, BbICAIMBAHUE
Kap6OHaTOB KaJlb1iyA, HepMCKI/Ie OTJIOKCHUA

Teopus

Pecniy6mnuka Tataperan (PT) pacnonoxena Ha BocToke Pycckoii miiatdopmbl. BepxHsst yactsb
€€ paspesa CI0KEHa IMOJUTCHHBIMH OTJIOKECHHUSIMU IMEPMCKOM, FOPCKOW, MEJIOBOW, HEOT€HOBOU U
YeTBEepTUYHON cucTteM. B 3TOi ocajouyHoil Tomme mUpKyIupyroT mnojazemubie Boabl (I1B)
pPa3HOOOPA3HOTO0 COCTaBa M BAPBUPYIOUICH MUHEpaTu3anmud. MONIHOCTh 30HBI mpecHbIX [1B
nocturaet 250-300 M. @opMUpOBaHKUE UX COCTaBa IEPBOHAYATILHO ONPEICIISIETCS B3aUMOACHCTBUEM
MHOWIBTPYIOIIUXCS aTMOC(HEPHBIX OCAAKOB ¢ Topoiamu paspesa. Llemp paboTel — aHamms
HAYalBbHOTO ATamna (popMUPOBaHUs cocTaBa IpecHbIX [IB B mosie pa3BUTHS NEPMCKOW OCaJT0YHON
tonmu. OCHOBHBIE METOIBI HCCJICIOBAHMM — METOJ BOJHBIX BBITSDKEK U KOMILICKCHBIN
THIPOTCOXUMUYECKHI aHAIN3 IEPMCKHX Pa3pe30B B BOJOPA3IEIbHBIX 001aCTAX HE(DTIHOTO pErnoHa
PT.

Crpaturpadudeckuii 00beM NEPMCKIX OTIOKEHUH B IPUITOBEPXHOCTHOM 30HE (BHIIIE ype3a
pek) TaTapctana BKJIFoUaeT 00pa30BaHUs OT CAKMAPCKOTO spyca HIDKHEH MepMHU JI0 BATCKOTO sipyca
BEpXHEH nepMu. MakCUMaIbHBIM IUIOIIAIHBIM PACIPOCTPAHEHUEM XAPAKTEPU3YIOTCS OTIOKEHUS
Ka3aHCKOTO M YPKYMCKOTO SIPyCOB CpeJHEl MepMu, KOTOpbie 3aHnuMaroT oosee 2/3 tepputopun PT.
[TepBbie OOBIYHO BCKPHIBAIOTCSA B HUKHEH M CpeHEH 4acTH BOJOPA3EIbHBIX CKIOHOB, @ BTOPBIE —
B BEpXHEH 4YacTh OONBIIMHCTBA BOAoOpasnenoB. KazaHCKHE OTIOXKEHHS OTIMYAIOTCS OTYETIUBO
MPOSIBIIEHHOW BEPTHKAIBHOW H JaTepalibHOM  JUTOJOro-(anuanbHOW 30HAIBHOCTHIO. Ha
3HAYUTEIBbHOW YacTH TEPPUTOPHUHM BBEPX MO Pa3pe3y OTMEUAETCS CMEHA MOPCKUX TEPPUTE€HHO-
KapOOHATHBIX (cynbdaTHO-TEppUTEHHO-KapOOHATHBIX ) OTJIOKEHUI KOHTUHEHTAJIbHBIMU
KapOoHaTHO-TeppureHHbIMU. [1o maTepanu Takoe 3aMelIeHre 0TMEYAeTCsl B HAIIPABJICHHUH C 3amaja
Ha BocTOK [l]. Kpome 3TOro, oTiioKeHHs] Ka3aHCKOrO sfpyca XapaKTEPU3YIOTCS PUTMHYHOCTBIO.
CenMMEHTAIIMOHHBIE PUTMBI OOBIYHO HAUWHAIOTCS TMECUaHMKAMU U 3aBEPIIAIOTCS KapOOHATHBIMU
nopoaamu. B moyHBIX pa3pe3ax Ka3aHCKOrO spyca HAaCUMTHIBAECTCS HE MeHee 7 puTMOB. Mopckue
OTJIOKEHUS OTJIMYAIOTCS MpeolialaHueM KapOOHATHOM M TNIMHUCTOM KOMIIOHEHTBI, a TaKXKe cepoil
OKpPACKOW, MOIIHOCTH OTHAEIBHBIX MPOCIOEB MpU 3TOM MOTYT gocturath 8—10 M, pexe Oosnee.
KontunentanbHapie 00pa3oBaHus OOBIYHO MPEACTABICHBI IECYAHO-TIIMHUCTBIME MTOPOIAMH TTECTPOI
(KpacHOIIBETHOI) OKpPACKH, MOIIHOCTH OTAENbHBIX IMPOCIOEB PEIKO KOrJa MPEeBBIAT 3—5 M.
VYpKyMCKHE OTJIOKEHHUSI XapaKTEPU3YIOTCS HE3aKOHOMEPHBIM 4YEpPEAOBAaHUEM TEPPUTCHHBIX U
KapOOHATHBIX MOPOJ, MPH CYIIECTBEHHOM IMpeo0IalaHui MEePBhIX, UMEIOMINX MECTPYIO OKPACKY.
TonmuHbl OTAENBHBIX MPOCToeB — A0 3—5 M. OOmas MOITHOCTh Ka3aHCKUX OTJIOKEHUH MOXKET
nocturatb 160-200 M, a ypxxymckux —120 M.
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B nepmckoii Tomnmie Jokanu3oBaHbl MexiuiactoBeie [IB, dopmupyromue tUnuyHbe
MEXIypeuHble TOTOKH, CBA3aHHbIE BOmooOMeHOM 1o cxeme A.H. MsarueBa. OHM o006namaror
BapbUPYIOUIMMH B HIMPOKUX MpeJielax COCTAaBOM M MHHepanusaluei. B o6iacTsax ¢ HEeBBICOKUM
YPOBHEM aHTPOIIOTCHHOTO BO3/eHCTBUS MUHepanu3aius [1B mocreneHHO yBenTnYuBaeTCss BHU3 110
paspesy U B HalpaBjeHUU K 30HaM pasrpy3ku ot 0,15-0,2 mo 0,6-1,0 r/n (yuactkamu 2-2,5 r/n). [Ipu
atoM ux cocraB usMmensercs or HCO3z/Ca u Mg-Ca no HCOs/Na u SO4/Mg-Ca (KOMITOHEHTEI
MIEPEUYUCIICHbl B TMOPSAKE YBEIMYEHHUS %-3KB KOHILEHTpalUuil, corjacHo [5]). AHTPONOTeHHBIH
¢dakTop B dopmupoBaHuu coctaBa [IB urpaer 3HauMTENBHYIO POJIb Ha TEPPUTOPHH HACEIECHHBIX
MIYHKTOB, B IIpejieiaxX KPYMHBIX IPOM30H, B palilOHaX MOJUTOHOB 3aXOPOHEHUS Pa3IMYHBIX OTXOOB,
a TaKKe Ha IJIOUIAIAX KPYIHBIX HEPTIHBIX MECTOPOKICHUM, pa3pabaTeiBaeMbIX yxe Oomee 70 jer.
Munepanuzanus [1B 31ech MoxeT mocturarb 5—12 /1, a sxéctkocth 80—135 mr-sks/x [2, 4]. Becbma
BXHBIM SIBJISICTCS (PAKT, YTO HA MoJaBIstoneit yactu Tepputopun PT cocrtaBel 1 MuHepamu3anus
npecHbix [IB He mpeTepreny CyecTBeHHbIX U3MEHEHH BO BPEMEHH, PH 3TOM HaMe4aeTcsl TPEH/T
yAy4IIEHUS NX Ka4eCTBECHHBIX MOKa3aresel B cpaBHEHHUH ¢ JaHHBIMU Ha 1960-1980-¢ rr. [3].

Jns ompenenenus ycnoBuil (OpMUPOBaHHs COCTaBa HauMeHee MUHepalin3oBaHHbIX [IB
MCIIOJIB30BaH METOJ] BOJIHBIX BHITSHKEK. Beero mpoananu3upoBaHo 6osiee cTa BBITSHKEK C OCHOBHBIX
Pa3HOBUAHOCTEH MEPMCKHUX MOPOJI, a TAKXKE MOYB U MOKPOBHBIX YETBEPTUYHBIX CYrIHHKOB. [Ipu
MOJITOTOBKE BBITSDKEK MCIIOJIB30BaJach Pa3HOTUITHAS BOJA — MUCTUIUIMPOBAHHAS; Tajas CHETOBas
S04-HCO3/Na-Ca cocraBa ¢ munepanuzanueii 1670 mr/n u pH=5,86-6,64; poauukosas HCO3/Ca
u SO4-HCO3/Mg-Ca cocraBa u munepanusanueii 300 u 470 mr/i. B BeITshkKax onpenensuiuchk pH,
ANEKTPONPOBOJAHOCTD, MyTHOCTD, IIBETHOCTD, IIEPMAHTaHATHASI OKUCIISIEMOCTh, coaepxkanus: HCO3™
, SO4%, CI, NOs", NO2, F, POs*, Ca®*, Mg?*, Na*, K*, NH4", Li*; a Taxoke xonnenrpauun Fe, Mn,
Pb, Ni, Cd, Cu, Co, Cr, Zn. MakCUMaJIbHOU BBIIIECIAUYNBAOIICH AKTHUBHOCTHIO OO0JANAIOT
aTMoc(epHbIE OCaJIKi M AUCTWILIMpoBaHHas Boga. OCHOBHBIME MUHepanu3aTtopamu 1B sBistoTcs
MIOYBBI, INIMHBI U KapOOHATHBIE TOpobI (Tabi. 1). Jlaxke kpaTKOBpeMEHHOE B3aUMOICHCTBUE C HUMU
aTMOC(EepHBIX OCAJIKOB MPUBOIUT K (POPMUPOBAHUIO PACTBOPOB, COCTABBI KOTOPBIX MPAKTUYCCKU
aHAJIOTUYHBI COCTaBY HaIMEHee MUHEpanu30BaHHbIX [1B.

Tabnuma 1. XapakTeprcTHKa YaCTH BOAHBIX BHITSDKEK HA OCHOBE TAIOH CHETOBOM BOJIBI

JInTOTHIIBI HNunexc | Kom-Bo Munepanuzanus, KecTtkocTs,
Bo3pacTta | mpo0 Mr/11 MT-9KB/IT
[TouBa Q 20 116-310 (78-241) 1,4-2,9 (1,0-2,6)
CyrnuHok Q 16 107-266 (86-197) 0,6-1,6 (0,3-1,4)
[Tecuanuk P13 22 33-230 (26-204) 0,25-1,1 (0,14-1,0)
['muna P23 18 72-410 (31-394) 0,6-4,1 (0,3-4,0)
W3BecTHSIK P> 7 141-285 (72-216) 1,4-2,8 (1,1-2,5)

[Mpumeuanue. B nByx nociennux rpadax nepBbie IUPPI OTPAKAIOT A0COTIOTHBIC 3HAUYCHUS, a U P
B CKOOKax — MpPHpPAILCHUS COOTBETCTBYIOIIMX IapaMETPOB OTHOCHTEIBHO XapaKTEPUCTHUK TEPBHUYHOU
(cHEeroBoit) BOIBI

Pons nutonoro-danuansHoro dakropa B hopmupoBannu coctaBa [IB ompenensinace u mo
aHaJIM3Yy JaHHBIX THUJIPOr€OXMMHUYECKOIO MCCIEN0BAaHUS BOJIOPA3/EIbHBIX YYaCTKOB. 3J€Ch
MIPOSIBJIEHBI, KaK JIaTepalibHas, TaK U BepTUKaJIbHas HUCXOAsAs GUIbTpalus, T.K. TOBEPXHOCTHBIE
Bosiopazensl B PT 06b14HO gBisitoTes U Bopopasaenamu [1B. @opmupoanue cocraBa [1B Ha Takux
Y4aCTKax ONPENEIsAeTCs B3aUMOJACHCTBUEM JIMTOICHHOW COCTABISIOIIEH IEPBOHAYAIBHO C
aTMOC(epHBIMHU OCaJIKaMH, a Jlajiee — yKe ¢ UX TpaHc(hopMHUpOBaHHBIMH “‘NepuBatamu’. JlaHHOE
B3aUMOJICHCTBHE MOXKET OBITh OTPAKEHO KOHIIEHTPAIMOHHBIMY I'pajiieHTamMu (Tadd. 2):
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gradC = CZ—EI
2 1

rae gradC — rpaguent xoHueHTpaiuit (mr/(1*m), Mr-3kB/(;1*m)); C2 u C1 — KOHIIEHTpAIMK
KOMITOHEHTOB (3HaueHus apameTpoB) B [1B Ha riiyOuH. ypOBHSX, COOTBETCTBEHHO, h2 u hy.

Jlyist pacueTa KOHIIEHTPAIMOHHBIX TPAAHCHTOB HEOOXOIUMEI “BOJOPA3/IeIIbHbBIC” CKBAKUHBI C
MOCJIeI0BAaTEIbHBIM OMPOOOBAHUEM HECKOJIBKHUX BOJIOHOCHBIX TOPU30HTOB (puc.). Bee oTpaxeHHbIe
Ha pUCyHKE 44 CKBaXUHBI PacHojiokeHbl B HepTssHOM peruoHe PT. VMU BCKpPBITHI OTIOXKEHUS

YP>)KYMCKOTO M Ka3aHCKOTO sIpycoB (Taour. 3).

Tabimma 2. 3HadeHus KOHIICHTPAMOHHBIX TPAIUCHTOB ITPH BEPTHKATHHOW HUCXOATIICH

¢dunpTpanun
Kap6onaTHo- Pazpessi ¢
Teppurenusie
'my6una TEpPUTCHHBIE BIIUSIHUEM
[Tapam paspesbl
eTpHI 3aJIeTaHu paspesbl HedTepa3paboToK
1, M «HOpMATH «HOpMaIb c «HOpMAIb c
C TUIICOM
HBIE» HbIE» TUIICOM HBIE» TUIICOM
71050 3372 6,3 4370 46-163 114-34 64605
Munepa

o 50100 | (L117 | 41449 | 0128 | 16792 | (-3544) | (4)632
S TS100 0106 | 12176 | (239 | 09149 | (28/177

X 1050 | 00601 01 00701 | 01032 | 011051 | 01076
be%mo" 5010 | (0)0 | 0084 | (001 | 008 | (0701 | 004
5100 0003 | (0101 | (0030 | 001-17 | (0202

[Ipumeuanue. I'paueHTsl Ui IEPBOro MIyOMHHOI'O YPOBHS OIIPENIETIEHBI C YIETOM COCTaBa
aTMOC(EpHBIX OCAIKOB; TOJIHBIA BAPUAHT TAOJIMIIBI IPUBEICH B [4]

Pucynok 1. PacnionosxeHrie u3y4eHHBIX OOBEKTOB B Mpejienax Tarapcrana:
1 — ponHukH ¢ MUHEpaiIu3auuei Boasl MeHee 250 Mr/in; 2 — CKBaXKMHBI; 3 — MyHKTHI OPOOOBAaHHS NEPMCKHUX
OTJIOKEHUI; 4 — IIOIAAN KPYIHBIX HEPTSIHBIX MECTOPOKACHUM
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Tabmwmma 3. KoppesiiuoHHbIE CBS3HM 3HAYCHUH KOHIICHTPAITMOHHBIX TPAIHEHTOB C HEKOTOPBIMH
rmapamMeTpaM¥ BOJJOHOCHBIX TOPH30HTOB

ITapamerpbl I'paguenTel
BOJOHOCHBIX 2
FOPH30HTOB Munepa | XKecr HC_Os cr | so2 | ca M+g (Na++ K)
au3anys | KOCThb
['myOnHa KpoRm 0,07 -0,07 | -0,73 0,17 0,52 0,03 0,27 0,12
TeppureHHbIE TOPOIBI i
(KOHTHHEHTAJIbHBIC -0,24 -0,19 0,23 002 -0,44 | -0,26 | 0,00 -0,09
dhanmn) ’
TeppureHHsle opoabl ) - -
(Mopekite dar) 0,06 0,00 0,35 0,05 0,31 0,07 0,13 0,03
['muHUCTBIC TTOPOIBI -0,33 -0,46 | -0,21 0,21 -0,22 | -0,46 0,26 0,21
KapGonaTHbie mopo bl 0,43 0,43 0,18 | 0,26 | 0,35 0,43 | 0,26 0,11
CynbdaTHble MOPOIBI 0,41 0,29 -0,49 | 0,10 | 0,66 0,37 | 0,01 0,23
Paspesel ¢ piusnueM | 59 | 053 | 902 | 0,76 | -008 | 049 | 045 | 0,32
HedTepapaboToK
BeiBOABI

OcoOennoctu cocraBa IIB B BepxHeil wactu paspesa PT BHe 30H HUHTEHCHBHOIO
aHTPOIIOT€HHOI'0 BO3JCHUCTBHS B IIEPBYIO OUYepelb ONPEIEIAIOTCS B3aUMOJICHCTBUEM aTMOC(EPHBIX
0CaJIKOB C MHHEPAJIbHBIM MaTpuKcoM. OTpeneNsonuii BKiaaa B GOpMHUPOBaHNE MUHEPAIN3ALIUN U
coctaBa [IB oka3pIBaloT JUTONIOTMYECKHE OCOOEHHOCTH BOJOHOCHBIX TOPU30HTOB B BHJIE
COOTHOIIICHUA Cy.]'H)(l)aTHI)IX, Kap6OHaTHBIX " TJIMHUCTBIX IMOPOA, a TAaKKC FJ'Iy6I/IHa HUX 3aJIeraHusd,
OIIpeAEIAoNIasl BpeMs B3aUMOJECHCTBUS B cucteme “Bojma-noponaa”.  IlomydeHHble pe3ynbTaThl
MOTYT OBITh HCIIOJIb30BAHbI AJId paduOHAJIBHOTO pasMCIICHUSA U O6yCTp0ﬁCTBa OJMHOYHBIX
CKBRXMHHBIX NHMTHEBBIX BOJ03a00pOB M IPOrHO3HO-NIEPCIEKTUBHBIX OIEHOK pa3Butua IIB ¢
3aaHHBIMU COOTHOIICHUAMU MAaKpPOKOMIIOHCHTOB.
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T'uopozeosxonozuueckue ycnosus Husxcnexamckoit npom3zonwt 8 Pecnyonuxke Tamapcman
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AHHOTanus

OxapakTepu3oBaHbl TUAPOTe0JIOTHYECKUE yCIIOBUS Hrmxnexamckon
HedTenepepabaThIBaIOICH POM3OHBI, SBIAIONICHCS oqHON U3 KpynHeimux B EBpore. [Toka3zaHo,
YTO 3arpsA3HEHHE IPUPOAHBIX BOJ OTIMYACTCS JIOKAIBHBIM XapaKTEPOM PpacHpOCTPAHEHHS,
OOYyCJIOBJICHHBIM BBICOKUMH Oy(epHBIMH CBOMCTBAMM T'€OJOTHYECKOW cpeabl. PaccMoTpeHsl
IIPUYMHBl NOATOIUIEHHUS IMPOMILIOIAAKYA OJHOTO W3 MNPEANPUATHH M OTMEYEHAa BO3MOKHOCTh
KanTa)xa BOJl IHUTHEBOI'O KAauecTBa CKBAKMHHBIMHM BOJ103a00paMM HEMOCPEICTBEHHO B Ipelenax
camMoy IIPOM3OHBI.

KiroueBnle ciioBa
NudunpTpaninonHoe nuTaHue, BOAHO-0ATaHCOBBIE PACUETHI, TOJIUTOH OTXO/I0B, IECTPYKIIUS
3arps3HSAIONIMX BEIIECTB, HedTenepepadboTka

Teopus

Hwxnekamckas HedrenepepadaThIBaIOIas MPOM30HA SBISIETCS OJHOW M3 KPYMHEUIIHX B
EBporie. 31ech pacnoiokeHbl TaKue MPOMBIILIEHHbIE TUTaHThl, Kak [IAO “HuxHexkamckHedTexum”,
ITAO “Hwmwxnexkamckumna”, AO “TAN®-HK”, AO “TAHEKO” u psig 601ee MENKUX MPeIIpUsTHIA.
IIpom3ona Havana QyHKumoHHpoBaTh B 1967 r. OHa pacnosiokeHa Ha JOCTaTOYHO BBICOKOM U
LIMPOKOM 3aJIeCEHHOM BOJI0pa3/ielie 1o JieBooepexbto p. Kama, Boctounee r. Huwxknekamcka. O61mast
eé womaas — He Menee 20 KM2, MPEBBIIICHUE HAJl OCHOBHBIM 0a3ncoM 3po3uu — 150—160 M. BepxHsist
9YacTh TEOJIOTMYECKOr0 pa3pe3a CIIOKeHa IUIaT(GOPMEHHBIMH  KOMILICKCAMH — TTOJHMTEHHBIX
MECTPOLBETHBIX KapOOHATHO-TEPPUTE€HHBIX 00PAa30BaHUM ypKYMCKOro, Ka3aHCKOIo M Y(PHUMCKOIo
SpyCOB CpelHEed U HIKHEH mepMu  oOmed MoiHocThio okono 250 M. B ocHoBanum
HIDKHEKA3aHCKOTO  IOJbspyca  3ajleracT TOPU30HT  “JUHTYJIOBBIX TUWIMH’,  SIBJISFOILIMNCS
pernoHaNbHBIM BOAOYyIOpoM. Ero MomHocTs — 8—12 M, runicomerpudeckue ypoBHU 3aneranus — 0—
40 M. OG1elt 0COOEHHOCTBIO paccMaTPUBAEMOIl 0CaJJOYHOM TOJIIHN SIBJIETCS €€ Pa3HONMOPSAKOBas
PUTMHUYHOCTb. PUTMBI OOBIYHO HAYMHAIOTCSI MECUYaHUKOBBIMHM MAuyKaMH, KOTOPbIE CMEHSIOTCS
aJIEBPOJINTAMH U TJIMHAMH, a 3aBEpIIAIOTCs KapOOHATHBIMH MOPOJAMHM, IPU MOIIHOCTSAX MPOCIIOEB
10 5—7 M. [Ipyroit 0cCOOEHHOCTBIO pa3pes3a sBJSETCS MpeodiajaHue B HEM TITUHUCTBIX TIOPOJI, OIS
KOTOPBIX B CTPOCHHMH OTAEIBHBIX CTPAaTOHOB MOKeT Jocturath 80%. BeHuaeT reonornuecknii pazpes
KOMIUIEKC Y€TBEPTUUHBIX CYTJIMHKOB MOIIHOCTHIO 1-20 M.

HwmwxHekamckasi MpoM30Ha SIBJSIETCS 00JACTbIO PAa3BUTHUS MEKIUIACTOBBIX MOA3EMHBIX BOJ
(IIB), ¢opmupyromMX TUOUYHBIE MEXIAypeuHble MOTOKM. OOnacTsIMM HMX MNUTAHUS SBISIFOTCS
BOJOpA3ACIbHbIE NPOCTPAHCTBA, & Pa3rPy3KU — PEUHbIE NOJUHBL. Pa3HOypOBHEBbIE BOJOHOCHBIE
TOPU30HTHI CBSI3aHbl HUCXOSIINM TepeTekaHneM. MomHocTh 30HbI npecHbIX [IB nocturaer 250—
300 wm. IloBepxHocTHasi THAPOCETh B palOHE UCCIENOBAaHUNA TNPEACTABICHA BEPXOBBIMU
MHOTOYHCJICHHBIX ~ PYYbEB. BelnieoTMedeHHbIE  TPOMIOPENNPUATHS  OTIUYAIOTCS  CaMbIMU
COBPEMEHHBIMU TEXHOJOTHUSAMHU IepepaboTKH ChIpbsi, HAa HUX BHEApPEHa OO0OpOTHas cUcTeMa
BOJIOCHAOKEHUSI; TBEPABIC U TTACTOOOpa3HbIe (B MEHBIIICH CTETICHHU KHUIKHUE) OTXOIbI IPOU3BOICTBA
CKJIaJIUPYIOTCAd Ha IIOJUIOHAX 3aXOPOHEHHUS OTXOAOB, XOpOIIO OCHALIEHHBIX B HMHKEHEPHOM
OTHOIIECHUH [2]; 4acTh JKUIKHUX OTXOJOB 3aKauMBAETCS B MOIJIOMIAOIINE TOPU30HTHI, 3aJerarolue
Ha riybuHax okoijo 1800 M; apyras ux yacTb NepeKauuBaeTcsi Ha OHMOJIOTMYECKHE OYHMCTHBIE
COOPYKEHHS.
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MakcuManbHO HETaTUBHOE BO3JACWCTBHUE TMPEANPUATUS IPOM3OHBI OKAa3bIBAIOT HA
atMocdepy. [IpropuTeTHBIMH 3arpsi3HUTEISIMUA SIBISIOTCS TUOKCHI cepbl (26%), nuoKcuz a3ora
(17%), oxcun yrmepoma (15%) u nmp. [6]. boinee macmTaGHO 3TO BIUSHUE CKa3bIBaeTCs Ha
3aKHCJICHUU aTMOC(HEpHBIX ocaakoB. IIpyu 3TOM MOBBINIEHHAs KUCIOTHOCTh OTMEYAETCS JIMIIb 110
I0’)KHOMY 3aJIECEHHOMY OOpaMJICHUIO TPOM3OHBI HAa PACCTOSTHUM HE MeHee 6 KM OT €€ orpaHUYeHus,
rane pH mpo6 cHeroBoro mokpoBa cocraBiseT 4,89-5,6. B MeHbIIeH cTerneHn HETaTUBHOE
BO3JICHCTBUE CKa3bIBaeTcs Ha kadecTBe [1B mepBpIX 0T MOBEPXHOCTH BOJAOHOCHBIX TOPU30HTOB. Tak
Ha MPOMIUIOMIAJKE OJHOTO M3 MPEANPHITANH MHHEpaIH3alysi TPYHTOBBIX BOA gocturaia 1,25 1/,
P 3HAYCHUIX 00IIeH )KECTKOCTH U TIEPMaHTaHaTHON OKUCIsieMOCTH — 17,7 mr-skB/n u 17,3 mr O/,
TOT/1a KaK B IPUPOTHBIX YCIOBUAX NMPE00JIaAatolie 3HaUeH!s yKa3aHHbBIX apaMeTPOB MPAKTUUYECKU
HE TMPEBBIIIAIN, COOTBETCTBEHHO, 600 mr/n, 7—8 mr-sks/n, 3—4 mr O/n [1, 2]. boiiee HHTEHCHBHO
TpaHC(OPMHPOBAH COCTaB TPYHTOBBIX BOJ B paiioHe neictBytomero ¢ 1982 r. momurona
3axopoHeHus mpoM. oTxoa0B [IAO “HmxuekamckHedTexuMm”’, TA€ MHHEPATU3AIMSI MOXKET
nocturath 12,8 1/, )KECTKOCTh 74 MI-3KB/J, a KOHIEHTPAIMW OCHOBHBIX 3arpsi3HUTENCH (Mr/n):
HedTenpoayKThl — 10 982, denonsl — 13,9, xxene3o — 153. HTepecHO U Ba)KHO, YTO Ha yJAJICHUU
1,0-1,5 KM OT 3TOTr0 MOJMTOHA IO HAPABJICHUIO (GMIBTPALIMOHHOTO MTOTOKA MPU3HAKH 3aTrPSA3HEHHS
KaK MOBEPXHOCTHBIX, TaK U MOJ3EMHBIX BOJ OTCYTCTBYIOT [2]. B mpenenax mpomIiomaaok yxxe Ha
YpPOBHE BTOPOTO OT IOBEPXHOCTH BOJOHOCHOTO TOpPW30HTa oOcoOeHHocTH coctaBa [IB
MpUOMIDKAIOTCS K MPUPOAHBIM. 3arps3HeHue rpyHToBbiX BojJ (IIB mepBoro ot moBepxHOCTH
TOPU30HTa) HOCUT HCKJIFOUUTENILHO JIOKAIBHBIM XapakTtep. [loATBEp)KAEHHWEM STOTO SBISIFOTCS
JaHHbIe 00paOOTKHU Pa3HOBPEMEHHBIX IUIOMIAHBIX T'€OJOTO-TUAPOTEOJIOTUYECKUX HUCCIICTOBAHUMA
ommkaiimmx (0,2—7 kM) okpecTHOCTeH HMKHEKaMCKO# MPOM30HBI, XapaKTEPHU3YIOIIUXCS ITUPOKUM
pa3BUTHEM HHUCXOMSIIUX POJHUKOB, COCTaBbl BOJ KOTOPBIX MPAKTUYECKH HE MPETEpreNd KaKux-
1100 U3MEHEHH BO BpeMeHHOM juanazone 1979-2018 rr. (puc., tabm. [3]).
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Pucynok 1. Kapra pacmonoskeHust onpoOOBaHHBIX POTHHKOB!
1 — HmwkHekaMcKkast IpoM30Ha; 2-7 pOAHUKH, onpodoBaHHble: 2 — B 1970-x rr., 3 — B 1990-x 1T, 4 — B 2018
r.,5-81970-x 1 1990-x rr., 6 — B 1990-x 1 2018 rr., 7 — B 1970-x, 1990-x 1 2018 rT.

Bennuuna wuHuabTpaumonHoro nutanus I[IB B mpupomHBIX YCIOBHSIX TEPPUTOPHU
IIPOM30HBI Ha y4acTKax C YKJIOHOM 3eMHoOM noepxHocTH 0,016 cocraBmsna 14,3% ot rogosoit
HOpMBI atMocdepHbIX ocaakoB B 554,6 mm/ron. M3 nux 12,2% npuxoausnoch Ha TpyHTOBBIN
BOZIOHOCHBI TOPU30HT B COCTaBE YPKYMCKMX OTIOXEHMH U 2,1% Ha moa3emMHbIE BOJBI
BEPXHEKa3aHCKOI'0 BOJIOHOCHOTO KOMILIeKca [2].
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HEH3E

wHoeste udeu s nayrax o Jemuen

Ta6mmma 1. MHTerpanbHbIe TOKa3aTeNy cOCTaBa POTHUKOBEIX BOJ B OKPECTHOCTIX HikHEeKaMCKoi

MPOM3OHBI
[Tepuon Kou- Munepa- | XKé&ctkocts, | Ilepmanranar. | IlpeoGaanaro-
BpEMEHU BO u3aruys, MI-3KB/IM® | OKHCISEMOCTb, | Wi THIT BObI
po0 mr/am® mr Oz/nmm®
1979-1980 rr. 9 382-509,5 3,8-6,0 1,1-57 HCOs/Ca,
448,9+50 5,12+0,68 3,3+1,79 HCOs/Mg-Ca
1994-1999 rr. 27 347,6-623 41-7,6 1,28-4,48 HCOs/Mg-Ca
489,9+61 5,44+0,77 2,28+1,0
2018 r. 16 417,3-587 3,02-6,33 0,48-4,08 HCO:s/Ca,
482,8+37 5,38+0,76 1,60+1,4 HCOs/Mg-Ca

[Mpumeuanue. B uymcnutene npobeli — mnpeneibHbIC 3HAYCHHS, B 3HAMEHATENE — CpeaHEe U
CTaHJIaPTHOE OTKIIOHEHVE; HAMMEHOBAaHUE BOJIBI — COTIIACHO [4]

CrnoxeHne BepxHEHl dacTH paspe3a CIabONMpPOHHMIIAEMBIMU CYTIIMHKaMU W IUIAHUPOBKA
TEPPUTOPUU B IpElENax MPOMILIOAA0K IIPUBEIN K TOMY, YTO HEKOTOPBIE U3 HHMX HCIBITBHIBAIOT
MO/ITOIUIEHUE TPYHTOBBIMHM BOJAMH, YTO YPEBATO HEOJIArONPHUATHBIMU MOCIEACTBUSIMHU, B IEPBYIO
ouepesb B BHUJE M3MEHEHUS (HU3UKO-MEXAHWYECKUX CBOMCTB TIpyHTOB. OOpaboTka JaHHBIX
PEXXUMHBIX HAOIIOJEHUH 32 YPOBHSAMU IPYHTOBBIX BOJ [0 CETU CKBa)XUH OJHOIO U3 MPENNPUITHI
U [IPOBEJICHNUE B €0 Mpeienax 0alaHCOBBIX pacyeTOB MOKA3alIM, YTO BEJIMUYMHA HHPHIBTPALMOHHOTO
MUTaHUS TOJI3EMHBIX BOJ] HA HE APEHUPYEMbIX yyacTkax pocturia 27-30,5% oT HopMBbl 0CaaKoB, a
Ha y4acTKaX ¢ HaJIMYMEM IOBEPXHOCTHOI'O JIOTKOBOT'O JIPEHAKa C MaJbIM PAaJUyCcOM JIEHUCTBUS ITO
mutaaue —  21,7% [1]. CymmapHas BelWuWHA WCHAPEHHS B TNPUPOIHBIX JaHAMAPTaX
paccMarpuBaeMoro paiiona cocrapisget ~ 70—75% oT HopMbI ocankoB [S]. B mpupoaHbIX yCIOBUSIX
10-15% ot nocnenHel NpUXoaMIOCh Ha TOBEPXHOCTHBINA CTOK, KOTOPBII Ha CINIAHUPOBAHHBIX U HE
JPEHUPYEMBIX Y4acTKaX COBPEMEHHBIX IMPOMILIONIAJA0K OJHOCTHIO IEPEBEJIEH B MOJI3EMHbBIN CTOK
(uHUABTPALIMOHHOE NHTaHHUE), K KOTOPOMY J00aBIISIOTCS YTEUYKH M3 Pa3HBIX BOJOBOJOB HU
eMKocTel xpaHeHHsl. Tak BelMunHa NUTaHUs TPYHTOBBIX BOJ B Ipejeax Moiaurona orxoaos [TAO
“HuwxHekamckHerexum” uvepe3 ~30 ser ero QyHkiuoHupoBaHus gocturia 37,5% oT HOpMBI
ocaakoB [2].

JlokanbHBI XapakTep pa3BUTUS 3arps3HEHUs M HEraTUBHOM TpaHchopMalMu COCTaBa
npecHbix [1B B HmkHekamckoll mpoOM30OHE CBsI3aH € JABYMSI OCHOBHBIMH IpPUYMHAMH. JTO caM
JIOKAJIbHBIN XapaKTep MHTEHCUBHOI'O TEXHOT€HHOT'O BO3/IEHCTBUS, a TAK)Ke 3HAYUTEIIbHbIE OyepHbIe
CBOMCTBa Teojornyeckor cpenbl. [lociaeanue ompenenstoTcss mpeodsialaHieM B T€OJOTHUYECKOM
paspese MIIHMH, IIUPOKUM pacpoCcTpaHeHUEeM KapOOHATHBIX TIOPOJ, a TAK)KE JOBOJIBHO 3HAUNTEIIbHON
9PO3UOHHOW PACUIEHEHHOCThbIO Teppuropun. KapOoHaThl HEUTpaM3YyIOT KUCIbIE aTMOC(hEpHbIe
OCaJKH, BEPOSATHOCTD BBINAIECHUS KOTOPBIX B 3TOM pallOHE OYEHb BBICOKA, ITPH 3TOM HEHUTpAIU3aLus
OyleT NpoXOAWTh YK€ Ha YPOBHE IMOYBEHHOro ropusoHta. [Ipeobmamanue B paspese TIJIIMH
OIpeJNieNIIeT €ro BBICOKYI0 COpPOLIMOHHYIO €MKOCTb. A B COBOKYIHOCTH C 3pPO3HMOHHOMN
PacUJICHEHHOCThIO TJIMHHMCTBIE MPOCIOM ONPENENSAIOT KOPOTKHE TMyTH (QUIbTpAUu JJid
MexiiactoBeix IIB BepxHeill wacTtu paspeza. DT BOjbl, (OPMHPOBAHME KOTOPHIX CBSI3aHO C
nHpUIbTpauell aTMOCPEPHBIX OCAIKOB U, BO3MOXHO, KAKUX-TO CTOYHBIX BOJ HJIM TOJMTOHHBIX
GuIbTPaToOB, MPOWIA JOBOJBHO OrpaHMYEHHBIN MyTh IUIAHOBOM (MIBTpalUu (Ha KOTOPOM OHHU
MO/IBEPraloTCsl CaMOOYHMIICHHUIO 3a CYET YHUCTOro HWHOUIBTPALMOHHOIO MHUTAHMS, COpOINH,
i Qy3un, AUCHEPCUN) HAYMHAIOT Pa3rpyKaThCsl B OBparax M MajbIX PEYHBIX JOJMHAX. 3/1€Ch
MIPOLIECCHI CAMOOYHIIIEHHS ITPOIOJIKAIOTCS 3a CUET pa30aBiIeHUs YUCTHIMU BoJaMu (aTMOC(hepHBIMU,
MOBEPXHOCTHBIMHU), COPOIIMH, XeMO- U OMOJAeCTpYKUMU. BO3MOXKHO, YTO B OTAEIBHBIX CIy4asx
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IIPOLIECCHI XeMO- U OMOAECTPYKLMH UIPAIOT OMPEEIIAIOLIYI0O POJIb B CAMOOUHIIIEHUH 3arpsI3HEHHbIX
IIOBEPXHOCTHBIX U IMOJA3EMHBIX BOJ. OJTO MCXOAUT W3 TOrO, YTO OCHOBHBIMU 3arpsi3HAIOIIHMMU
BEIIECTBAMH B JJaHHOHM IPOMBIIIJICHHON 30HE SIBJIAIOTCS OpraHUYyeckue BeuiecTsa. Ecin npuHATH
3Ha4YeHHE TNapamerpa JIecTpyKuuu (A) HEePTEnpOAYKTOB, PaBHBIM 102 cyrl, u ucnons3osats
ypaBHEHUE KMHETHUKH MIEPBOro nopsaka [7]:

ac _
5 = —Axc, c = coe M,

I/ie co — HavaJbHas KOHIIEHTpAIUs MUTpaHTa (KOHTAMHHAHTA),

TO MPU HAYATBHOW KOHIIEHTpAalUKd HE(PTENPOAYKTOB B TPYHTOBHIX BOJaX Ha BBEIXOJAE C
nosmrona orxooB 1000 mMr/om® ux coaepkanue cauzutes 1o 0,1 mr/am® 32 9210 cyTok (25 ner). 3a
3TO BpeMsl 3arps3HEHHBIN (DUIBTPAIMOHHBIN TTOTOK MPU CYIIECTBYIOIINUX YCIOBHIX JOJDKEH MPOUTH
oT orpanudeHus nonurona 1440 M, Ha BceM MPOTSHXKEHUU KOTOPOTO OH elle OyayT pa30aBisThCs
YUCTHIM HHPWIBTPAIIMOHHBIM TUTaHHEM. by epHble CBOMCTBA T€OIOTrHYECKON CPEeIbl IPOSBISIOTCS
U B TOM, YTO Ha TeppuTopur HukKHEKaMCKOM TPOM3OHBI TMPOSBICHA BEPTUKAIbHAS
THAPOTCOXUMHUYECKAsT 30HAJBHOCTh, KOTOpas II03BOJIAET TOJydaTh BOJABI OJIArOMPUSITHOTO
MUTHEBOTO KauecTBa ¢ TyouH 150-240 M HenmocpeACTBEHHO ¢ MPOM3BOACTBEHHBIX IIOMIAI0K [3].

BeiBOABI

Hwxnekamckass mTpoM30HA SIBISETCS SAPKUM TPUMEPOM  pasyMHOro (B  TreoJioro-
THIPOTEOIOTUYECKOM OTHOIICHWH) pa3MEIIeHHUs KPYMHBIX MPOMBIIUICHHBIX MPEANpPUATHN U
IKoJIOrHYecKd Y (HEKTUBHOTO BEJCHHUS MPOU3BOJICTBEHHOM JICATEIIHHOCTH.
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AHanu3 eauaAHUA AamMmMOochepro2o 0asneHus Ha Noa0HceHue YPOEHA NOO3EMHBIX 600
CEHOMAHCK020 8000HOCHO020 20pu3onma na meppumopuu Cepeueeo-Ilocaockozo YHIIII MI'PH

Iasnosa F0.3.* (MI'PH, uliapavlova2003@gmail.com),
Typyno M.M. (MI'PH, turulomm@mgri.ru)

AHHOTaNuA

[TpoBeneHa olleHKa BIHUSHHUS aTMOC(HEPHOTO JTaBJICHHS HA TOJOXKEHHE YPOBHSI TOJ3EMHBIX
BOJI B CEHOMAaHCKOM BOJIOHOCHOM TOpu30HTe Ha Tepputopuu Ceprueso-Ilocagckoro YHIIII ¢
MIPUMEHEHUEM CTaTUCTUYECKUX METOOB.

KiroueBsle ciioBa
CeprueBo-llocanckuit  YHIIII; ceHomMaHCKMN TEppUTEHHBIA BOJIOHOCHBIMH TOPHU30HT;
arMochepHoe naBienue; kodhdunueHnt koppensuuu [Tupcona

Teopus

VYpoBeHb NOA3EMHBIX BOJ SBISETCS OCHOBHBIM MapaMeTpoOM IpH TUIPOJIWHAMHYECKOU
OLIEHKE BOJIOHOCHOTO TOpU30HTA. [Ipu MpOBENCHUH Pa3IMYHBIX ONBITHO-(PHIBTPAIIMOHHBIX PadoT,
UCXOJS U3 TAHHBIX 3aMEPOB YPOBHS, PACCUUTHIBAIOTCS EMKOCTHBIC U (PUIBTPaLlMOHHBIE TAPAMETPhI
mnacrta. 1Ipy npoBeneHMH MOHHMTOPMHIA NMOJA3EMHBIX BOJ IO M3MEHEHMIO YPOBHS BBIIOJIHSAIOTCS
PEKUMHO-0aJIaHCOBBIE PACUEThI, YCTAHABIMBACTCS B3AUMOCBS3b C MOBEPXHOCTHBIMH BOJAMH U JIp.

Opnnako, Ha TpPaKTUKE HU3MEPEHMs] YpPOBHS IMOJ3EMHBIX BOJI COINPOBOXKAAIOTCS PSIAOM
MOTPEIIHOCTEeH, 3aBUCAIIUX OT pa3IUYHbIX (DAKTOPOB: IMOMHMO OYEBUIHBIX TEXHHUYECKHX
MOTPEUIHOCTE MPUOOPOB U3MEPEHUS M YeIIOBEUECKOro (hakTopa, Ha JOCTOBEPHOCTDH IMOTyYSHHBIX
JaHHBIX BIHUSIOT BOJOOTOOp M3 OJM3JIEXalMX BOJA03a00pOB, paboTa IPEHaXKHBIX CHUCTEM U
BOJIOTIPOBOJHBIX ~ceTel (YTeukH), OCOOCHHOCTM KOHCTPYKIMH CKBOXMHBI W T.J. Bce
BBILIENIEPEUNCIICHHBIE YCIOBHS HOCAT B OCHOBHOM AHTPOIIOI'€HHBIA XAapaKTep U CHIIbHEE BCETrO
BO3JICHCTBYIOT Ha IIOJIYYCHHBIE JAHHBIE 110 YPOBHIO. MEHbIlEe, HO IIPM 3TOM HE MEHEE Ba)KHOE,
BJIMSIHME Ha YPOBEHb ITOJI3EMHBIX BOJI OKa3bIBAIOT MPUPOJAHBIE (DAaKTOPBI, TaKHe Kak aTMochepHoe
JIABJICHUE.

AHanu3 OOJBIIMHCTBA MPOU3BOJICTBEHHBIX I'€OJOTMUECKUX OTYETOB IOKA3bIBAET, YTO JJIS
3aMEpOB TIOJIOKEHHUSI YPOBHSA BOJIbI B CTBOJIE CKBAXMH HCIOJBb3YIOTCS MPHOOpHI, KOTOpBIE HE
YUUTBIBAIOT U3MEHEHUs aTMOC(EpPHOro AaBJE€HHs BO BpeMs IpoBejneHus ombita. [Ipu sToM yaie
BCEO0 B OTYeTax OTOT (AaKT WUTHOPUPYETCS, OILIEHKa COOTBETCTBYIOIIMX IOTPEIIHOCTEH He
IIPOBOJUTCH.

Jns u3yueHus B3aMMOCBSI3U YpPOBHSI MOJ3EMHBIX BOJ U aTMOC(EPHOIO JaBJIECHUS Ha
tepputopun CeprueBo-Ilocanckoro yue6HO-HayyHOro Mpou3BoAcTBeHHOro momurona (YHIIIT),
HaxoJsIIerocst B mnpezenax cenbckoro noceneHus Jlozosckoe CeprueBo-Ilocaackoro ropojackoro
okpyra MocKoBCKO# 00:1acTH, OBbLT IOCTaBJIEH ONBIT B OJJTHON M3 CKBaYKUH KYCTa, UCIOJIb3YIOIIEroCs
JUISL IPOBEJIEHUS ONBITHO-(QUIIBTPALIMOHHBIX PabOT B paMKax y4eOHOM MpaKTUKH.

Tepputopus padot pacmnoioxeHa B mpenenax Pycckoii (Bocrouno-EBpornelickoit) paBHUHBI,
B ueHTpe KimHcko-/IMUTpOBCKOIN Trpsiabl, MpencTaBisionie co0oil CHUIBHO pacUICHEHHYIO
MOPEHHYIO XOJIMUCTO-TPSI0BYIO BO3BBIIIEHHOCTh C A0COMOTHBIMU OTMETKaMH MOBEPXHOCTH OT 150-
160 m B nonuHax pek a0 240-285 m Ha Bomopazaenax [1].

Ha paccmarpuBaemoii obnactu mpotekator 3 peku: pp. Tamuua, Toproma u Ilaxka. Onu
SIBJISIIOTCS IPpUTOKaMu peku Bopu u oTHOCATCS K Bommkckomy BogocOopHOMY Oacceriny [1].

Knumar paiioHa yMEpEHHO-KOHTHHEHTAJIbHBIN, C TEIUIBIM JIETOM M YMEPEHHO XOJOJHOU
3UMOM.
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C TOYKHM 3peHMs TMIPOreOJIOTMUECKUX YCIOBUM TEPPUTOPHUS PaACIONOKEHA Ha IJIOLIAId
Bocrouno-EBponeiickoro cioxHOT0 apTe3uaHCKOro 0acceliHa B IEHTPAIbHOM YaCTH F0)KHOTO KpbLIa
MOCKOBCKOTO apTe3uaHCKOro OacceiiHa.

B mpenenax paccMaTpuBaeMOro y4dacTKa BBIACISAIOTCS TPU THAPOTEOJIOTMYECKUX ITaxa:
TIePBbI, BKIIOYAIONIUN B ceOsl BCE ME3030MCKO-KaHO30MCKHUE OTJIOXKEHHsI, BTOPOH, B KOTOPBIN
BXOJIAT BEPXHEKAMEHHOYTOJIbHBIE OTJIOKEHHUS, U TPETHUM, COCTOSIIUI U3 IOPOJI CPEAHETO U BEPXHETO
KapOOHa, a TaK)Ke BCEX HUKE 3aJIeralolluX OTIOKEHUH BIIOThH 10 KPUCTAJUIMUECKOTO (pyHAaMeHTa
[2].

B  nanHOiM  paboTe  pacCMOTpEH  TOJBKO  TEPBBIM, ME3030MCKO-KalHO30MCKHIA,
TUAPOT€OJIOTUYECKUM dTaXK.

Y NOBEpXHOCTH 3alieraloT Oe3HaNoOpHbIE CIa00BOJIOHOCHBIE TOPU3OHTHI COBPEMEHHBIX
PBIXJIBIX OTJIOKEHUH, MMEIOIIMX BECbMa OrPAaHMUYEHHOE IIpPAaKTHUecKoe IpuMmeHeHue. Hinke
pacnpocTpaHeHbl BOJOHOCHBIE TOPU30HTHI, CIOKEHHBIE OTJIOKEHUSMHU MOCKOBCKOTO M JOHCKOTO
oneaeHeHni. C MEOBBIMU IIOPOJIAMU UX pa3JeIiseT BOJOYIOPHbII JOHCKOW JIEMHUKOBBIA TOPU30HT.
Hcnonb3yeTrcss HEKOTOPHIMU OTH3JIEKAIIMMHU MOCEICHUSIMHU B Ka4eCTBE HCTOYHHUKA BOJIBI C TOMOIIIBIO
KOJIOJIIEB ¥ POJITHUKOB.

MenoBoe THUApPOTre0IOrHYECKOe MOJpa3AeiIeHUEe OIPaHUYMBAETCS CBEPXY YETBEPTHUUHBIMU
OTJIO)KEHUSIMHU, CHU3Y PETHOHAJIBHBIM IOPCKUM BOJIOYHNOPOM. BObl MEIOBBIX OTIOXKEHHUI IIMPOKO
WCIOJIb3YIOTCS. MECTHBIM HacelleHHEeM IJi1 BOJOCHaOXeHHs. B JaHHOM wHccieloBaHUHM IENEBBIM
SIBJISIETCSl HUYKHEMEJIOBOM BOJOHOCHBIN alb0-CeHOMaHCKU TeppureHHbI Topu3oHT (Ki-oas). Ha
tepputopun CeprueBo-Ilocagckoro YHIIII s mpoBeneHus: onbITHO-(GUIBTPAMOHHBIX PabOT B
y4eOHBIX IIeNsAX O0OpYJOBaH KYCT CKBOKMH Ha BEPXHIOK YacTh 3TOTO TOPU30HTA, KOTOPBIN
HUCTOPUYECKU UMEHYETCS] KaK CCHOMAHCKUU BOJJOHOCHBIN TOPU3OHT [2].

B pamkax npoBenenus omnbita B ckBakune Ne5 (cm. Pucynok 1 u Pucynok 2) 6611 ycTaHOBIICH
JIoTTep, 3alUChIBAIOIINK JTaHHBIE YpoBHA (M) pa3 B 15 munyt. Jlorrep peructpupyer naBicHHE
BBIIIIEJIE)KAIETO BOJIHOTO CTOJI0A B CTBOJIE CKBAXKUHBI.

PsinoM co CkBaXKMHOUM YCTaHOBJIEH JATYMK MOTOJIHBIX YCIOBUM, U3MEPSAIONINI J1aBJICHUE
(xI1a), Temnepatypy (°C) u BnaxHocTh (%), TakKe 3alMChIBAIOIIMKM JaHHbIE pa3 B 15 MUHYT,
napajulesbHo Jorrepy. Peructpanus 3amepos Benercs ¢ uroHs 2024 roga 1o HacTosIIEee BpeMs.

Pucynok 7. CkBaxxura NeS Ha TeppUTOpUH Pucynox 8. Jlorrep u AaT4MK MOTOAHBIX YCIOBUH
Ceprueso-Ilocanckoro YHIIII

Jnst m3ydeHus BAUSHUS aTMOC(HEpPHOTO JaBJICHUS Ha YpPOBEHb MOA3EMHBIX BOJ OBLIH
MpoaHaTM3UPOBaHbl Hanboyiee MpeCTaBUTENbHBIE JaHHBIE 32 Mecsi B MpoMmexyTtke ¢ 1 mo 31
nexadpst 2024 rona (Pucynox 3 u Pucynok 4).

[Ipy BU3yalbHOM COOTHECEHWH TpadUKOB BUIHO, YTO C YBEIHUYEHHEM aTMOCHEpPHOrO
JABJICHUST TIPOMCXOIUT YMEHBIIICHHE YPOBHS TOA3EMHBIX BOJ M HA000poT. To €CTh MMEEeT MEeCTo
oOparHas 3aBUCUMOCTh. UTOOBI TPOBEPUTH TAHHOE MPEIOJIOKEHHUE U OLIEHUTh CTETICHb
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3aBHCUMOCTH ObLJIa MPOBE/ICHA JINHEHHAs! KOPPEJISLHS JAHHBIX 110 aTMOC()EPHOMY JaBICHHIO
Y YPOBHIO NIOJI3eMHBIX BoJI. Bee pacuers Obutn nipousBeziensl B [10 Microsoft Excel.
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Pucynok 9. I'paduik n3MeHeHUsT YPOBHSI MOJI3EMHBIX BOJI CCHOMaHCKOT'O BOJJOHOCHOTO TOPU30HTA. t - BpeMs
3amepa, cyT; h - abcomoTHAs OTMETKA YPOBHS MO3EMHBIX BOJI, M

102
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Pucynok 10. I'padux m3menenuns atmochepHOro naBineHws. t - Bpems 3amepa, cyT; P - atmocdeproe
naBienue, klla

Koadduunent xoppemnsuuu Ilupcona mexay 3HaueHUSIMH aTMOC(EpPHOTO JaBJICHUS U
YPOBHEM NOJ3E€MHBIX BOJ OBUI MOJYYEH C MOMOUIBIO pa3iena «AHaIW3 JaHHBIX» U COCTABHII
= -0,56995. CnenoBarenbHO, HOCKOJIBKY MOIYJIb KO3(uimeHTa koppensiuuu onmxe K 1 1 HoCUT
3HAK «MHHYC», TO CBSA3b MEXIYy arMoc(epHbIM JaBIEHHEM M YpPOBHEM TMOA3EMHBIX BOJ
CEHOMAHCKOI'O BOJOHOCHOTO TEPPUIE€HHOro ropusoHTa Ha Tteppuropun Ceprueso-Ilocanckoro
VYHIIIT MmoxHO oXapakTepu30BaTh Kak CpeHIO o0paTHyo [3].

besHanopHble BOJOHOCHBIE TOPU30HTHI HE Cpa3y pearupyroT Ha U3MEHEHHE aTMOoc(hepHOro
JaBJIEHHs. DTO CBSA3aHO CO CBOWMCTBaMH 30HBI aspaiuu. Kpome Toro, MoXHO MpPEnIoyoKUTh, YTO
YPOBEHb BOJIBI B BOJIOHOCHOM T'OPU30HTE OyJIeT U3MEHATHCS C HEKOTOPBHIM 3all03JaHUEeM OT YPOBHS
BOJBI B CTBOJIE CKBAXHHBI IO TPUYMHE BIUSHHS THIPABIMYECKOTO COMPOTHUBICHHS (QHIBTPa
CKBa)XMHBI. DTO 3ama3/ibIBaHue OyIeT Ha/leATh IOBEACHUE YPOBHS BOJIbI B CTBOJIE CKBaKMHBI HEKOH
JOTIOTHUTEIILHON «MHEPIIMOHHOCTHION [4].

Jlnis onpeneneHns BpEMEHU OTKJIMKA YPOBHSI MOA3EMHBIX BOJ Ha U3MEHEHHe aTMoc(hepHOro
NaBJIeHUs ObUIM paccuuTaHbl KO3 (GUIIMEHTHI KOPPESIUU CO CMELICHUEM BPEMEHHU 3aMepa ypOBHS
MOJI3EMHBIX BOJI OTHOCHUTENIBHO 3aMepa aTMoc(hepHOro aaBieHus Ha 15 munyt, 30 MUHyT, 45 MUHYT
nu 60 wmunyr (Pucynoxk 5). HaOmromaeTcss 3akoOHOMEpHOE YMEHBIIIEHHE MOMYJS 3HAYCHUS
KO3 pUIMEeHTa KOPPEISUN. ITO 3HAUYUT, YTO YPOBEHb MOJ3EMHBIX BOJ pearupyeT Ha U3MEHEHUE
atMocepHoro naBieHUs MeHee ueM 3a 15 munyt. CienoBaTelbHO, Al TOYHOTO OIpEAeTICHUS
BPEMEHHU OTKJIMKa YPOBHS MOJA3EMHBIX BOJ TpeOyeTcs y4acTUTh MHTEpPBAJbI 3aMEpOB JJIs 000MX
apaMeTpoB.
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Pucynok 11. 3smenenne koaduipieaTa KOppesaud I IpH yBETUYSHUN CMEIIEHHSI 3HAYSHIH YPOBHS
MOJI3EMHBIX BOJI OTHOCHTENHLHO JAHHBIX ATMOC(EPHOTO JIABICHUS

BriBoabl

B xoze uccnenoBanus ¢ moMousio koddduimenta koppensiuun [Tupcona ObI0 BRISABIECHO,
YTO YpPOBEHb IOJ3EMHBIX BOJ CEHOMAHCKOIO BOJOHOCHOI'O TI'OPU30HTAa, HECMOTpPS Ha TIIyOMHY
3ajeranust okojo 50 M, UMEeT JOCTaTOYHO BBICOKYIO OOpaTHYIO 3aBUCHMOCTH OT aTMOC(EepHOro
JaBJICHMSL.

Taxxe, MOCKOJIbKY IO pe3yJibTaTaM pacyeTOB BpeMs OTKJIMKA 0Ka3aJl0Ch MEHbILIE UHTEpBaja
U3MEPEHUH, TO JUI ero onpeeneHus TpeOyeTcst COKPaTUTh POMEXYTOK MEXY 3aMepaMHu.

[Ipu BEINOTHEHNH UCCIIEIOBAHHS HE YUUTHIBAICS (PAKTOP M3MEHEHUS YPOBHS ITOI3€MHBIX BOJT
3a cyeT MHGWIBTPALMOHHOTO MUTAHUS UM UCIAPEHMS IO MPUYMHE OTCYTCTBUS TaKUX JaHHbIX. B
JambHEeHIeM HeoOXO0AUMBI PEKUMHO-0aTaHCOBBIE HCCIIEJOBAHUSI.

ITpu mpoBeneHun Gosee AETalbHBIX UCCIEIOBAaHUH IIaHUpYeTCs pa3paboTaTh METONUKY,
MO3BOJISIONIYI0 C TIOMOIIBI0 MAaTEMaTHYECKOrO ammapara HCKIIOYUTh BIMSHHE aTMOC(epHOro
JaBlieHHs Ha rpaduke ypoBHs MOA3EMHBIX BOA. DTO MO3BOJIMUT Oojiee TOUHO 00pabaThIBaTh JaHHbIE
PEKUMHBIX HAONIOJIEHUH M OMBITHO-(QMIBTPAMOHHBIX PAa0OT (B 0COOEHHOCTH JJIMTEIBHBIX IPU
MaJIbIX 3HAYEHUSIX U3MEHEHUsI YPOBHS BO BPEMEHN ).
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Ocoobennocmu npumeneHus OAHHBIX OUCHAHYUOHHO20 30HOUPOBAHUS 3eMIU NPU
DPECUOHANTBHOUL 2UOP02€0102UYECKOTl CheMKE 6 001aCmU KPUOTUMO30HbL HA npumepe aucma R-
52 (Tukcu)

Ilamoe B.B.* (OI'BY «l'uopocneuzeonozusn», pyatov@geomonitoring.ru),
Jyoposun K.A. (®I'BY «l'uopocneyzeonocusn», dubrovin@geomonitoring.ru)

AHHOTanus

B npokmage mpuBomuTcs 0030p pe3ydabTaToB  pabOT IO aHAIM3Y MaTepUalioB
a’POKOCMOCBEMOK B paMKax CO3[laHus THAporeojornyeckor kaptel macmrada 1: 1 000 000 mucra
R-52 (Tuxkcn). [IpuBenensl oco6eHHOCTH MOAOOPA M aHaIN3a MaTEPHANIOB IaHHBIX IUCTAHIMOHHOTO
3oaupoBanus 3emun (/133) s MenkoMacmTaOHOro KaptupoBanusi. KpaTtko oxapakTepu30BaHbI
UcroJib3yeMble MaTepuaisl. [IpuBeaeHbl HEKOTOpbIE Pe3yabTaThl pabOT MO KOMILJIEKCHOMY aHAIIU3y
MmatepuanoB J[33, Briouaromux: mpsMoe, JaHamadTHoe, MOpP(OIOTHYECKOe, CTPYKTYpPHOE H
CHEKTPAJILHOE BBIACIEHUE IeOIOTUYECKUX U THIPOTeOJIOTHIECKIX 00BEKTOB.

KiroueBnle ciioBa
,Z[I/ICTaHIII/IOHHOG 30HI[I/IpOBaHI/I€, CH@KTpOSOHaJH)HI)IG CHUMKH, paIII/IOMeTpI/I‘-IeCKI/Ie CHUMKH,
THAPOTEeOJIOTHYECKAs KapTa, KPHOJIUTO30HA

Teopus

B xozne paboT mo ruaporeosornyeckoMy KapTUpoBaHuio Teppuropun aucra R-52 (Tukcn)
Mmacmraba 1:1 000 000 aBTopaMu OCYIIECTBISLIOCH Aen(DPUPOBAHUE MAaTEPUATIOB JUCTAHIIMOHHOTO
30H/IMPOBAHUS, CPEIIU KOTOPBIX: CIIEKTPO30HAIbHBIE CHUMKH CO CITyTHHKOB Sentinel-2 u Landsat-8,
paauomeTpuueckue Matepuainsl nporpammbl SRTM, a Takke 1BeTHbIE H300pakeHUs ¢ MIATPOPMBI
ESRI-clarity.

[{eneBbIM Ha3HAUEHHUEM AU PUPOBAHUS MATEPHAIIOB a3POKOCMUYECKUX CHEMOK SIBIISIIOCH
II0JIyYE€HUE HOBBIX JIAHHBIX 10 F€0JIOTO-TUAPOTE€0JIOTUYECKUM U T€03KOJIOTHYECKUM OCOOEHHOCTAM
M3y4aeMOH IUIOUIAJIA B CIIOXKHBIX TI'€0JOr0-T€OKPUOJOTUYECKUX YCIOBHUSX C LIEJBIO ITOBBIIIECHUS
KayecTBa COCTAaBJISIEMOrO0 KOMIUIEKTa LHM(POBBIX KapT T'HAPOTeOJOTHYECKOr0 COJIEpPIKaHuUs,
MOJyYeHUsl  JIOCTOBEpHOW MHGOpMAlMM O COBPEMEHHOH  XO34HCTBEHHO-TPOMBIIIIEHHON
OCBOEHHOCTH TEPPUTOPHH.

OcHoBOM U1 AemuprupoBaHus MOCTYXUIN pa3HOMACHITa0OHbIE MaTepHaIbl KOCMUYECKOH
ChEMKH MociieHuX JieT. [Ipennonaranoch UCHOIB30BaHNE CHUMKOB CPEHETO pa3peleHusl Ha BCIO
TEPPUTOPHIO JIUCTA, a TAK)KE CHUMKOB CPEHETO U BBICOKOT'O PAa3pelEHUsI Ha OTJEIIbHBIE YYaCTKH,
TpeOyrotme 0oyiee 1eTaTbHOTO U3YUCHHS.

OCHOBHBIMH ~METOAAMHU  ACIIU(PPUPOBAHUS M THAPOr€OJIOTHYECKOH HHTEpIpeTaluu
KOCMUYECKHX (POTOCHUMKOB SIBJISUIMCH: MPsIMOE HaOII0AeHHEe, MOP(OIOTHIECKUI U JaHAapTHBIN
aHaJN3, CIIEKTPaJIbHbIN U TUHEaMEHTHbIN aHanu3 [3], BeigeneHne GU3NOHOMUYHBIX 0COOEHHOCTEH
TEPPUTOPUH U MOTyaBTOMAaTUUYECKask KJIaCCU(PUKALUS.

AHanu3 n300pakeHU MPOBOJWICS KaK METOJOM IpPSIMOro HaOitoJeHus ¢ 00paboTkol B
PYYHOM pEXHMe, TaK M C HCIOJIb30BAaHUEM I[10JIyaBTOMAaTUYECKUX PEKHUMOB C MPUMEHEHHEM
MAaIIMHHOK 00paboTKH [2].

PaGota mo nemmdpupoBaHUio BKIIOYaET B ceOs: cOOp MOCTYMHBIX MaTepuanoB 133,
co3manue 1uppoBoir momenu penbeda (LUMP) [5] mo MaTpuie BBICOT pajapHBIX ChEMOK,
COCTaBJICHHE KOMIIO3UTHOTO M300pa)K€HHsI U3 OTJEIbHBIX CHUMKOB Pa30UTHIX MO 30HAM CIIEKTpa,
MPUBSI3KY CHUMKOB K TOTNOTpaduueckoi KapTe, MPHUBSA3KY K CHUMKaM (PaKTHUYECKOTrOo MaTepualia
paHee TMPOBENEHHBIX HA3€MHBIX HCCIIEJJOBAHUM, OKOHTYPHBAHHE OJHOPOAHBIX YYaCTKOB
M300pakeHus], TUITU3ALUIO H300paXeHUH, OTI03HaBaHKE JIAHAAPTHBIX 0COOCHHOCTE! BBIJIENIEHHBIX
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JJIEMEHTOB, a TaKXK€ aHallu3 M COMOCTaBJICHHME IOJYYEHHBIX B THpolecce aemudpupoBaHus
pe3ysIbTaTOB € MaTepuajlaMd  IPEIUIECTBYIOIIUX  I'€OJOTMYECKHX, TIUAPOTre0IOTHYECKUX,
T€0IKOJIOTMUECKUX U IPYTHX PabOT CXOXKeH TeMAaTUKU Pa3IMYHbIX MacIITa0OB.

Hauano paGoTsl B mepByto ouepeab BKIOYAJIO B ceOs OCYHISCTBICHHE aHAIM3a HAJIWYMA,
JOCTYMIHOCTH M aKTyanbHocTu MatepuanoB JI133. I[lpousBoxausics mouck u oTOOp AOCTYIHBIX
MaTepuaioB JUCTAHLIUOHHOTO 30HAMPOBAHUS, TAKMX KAK MHOTOCHEKTPAIbHBIE CHUMKHU CPEIHEr0
paspelleHus U JaHHbIe paJHOIOKAllMOHHON CheMKHU pelibeda.

Martepuans /133 aHaTM3UPOBAIUCH M OTOMPATTUCH C TOYKHU 3PEHUS Hanbosiee 6JIaronpusiTHON
CE30HHOCTH IS BBISABIICHUS TE€X WJIM UHBIX XapaKTEPUCTHUK paccMaTpuBaeMoil Tepputopun. Baxkxno
OTMETHUTb, YTO ILJIOIIA/(b MOKPHITUS OJHOTO0 CHUMKA 3HAYUTEJIbHO MEHbIIIE IUIOMIA/IN JIUCTA, B CBS3U
C 4YeM CHUMKU BBIOMPAJIUCh B KOJMYECTBE AOCTATOYHOM JJisi MOKPBITUS BCEHl TEPPUTOPUU U
YIOBJIETBOPSIOLIEH CTENEHBIO EPEKPHITUS IPYT APYTa.

MHorocnekTpaibHble KOCMOCHHMKH BBIOMPAUCh M3 Haumbojee IMO3IHUX ChEMOK, IO
BO3MOJKHOCTH, CJIeJIaHHBbIE B OJHO BpeMs M HaMMEHee 3alllyMieHHble. MyIbTHUCIEKTPAIbHBIE U
PaMOIOKAIIMOHHBIE CHUMKH OTOOPAJIMCh HE TOJILKO Ha BCIO TEPPUTOPHUIO JIUCTA, HO U C 3aXBAaTOM
MpUJIETAOIIMNX Tepputopuii. Ha ocHOBE MyIbTUCTIEKTPATBHBIX CHUMKOB CO3JaHbl MHOTOKAHAIbHBIC
KOMITO3UTHBIE M300pa)KEHUsI M BBIABICHBI HauOolee MHGOPMATUBHBIE COYETAHUS CIEKTPAIbHBIX
KaHajoB [6,7].

Bcero Obuto  oroOpano 24  paauoOJIOKAIMOHHBIX  CHHMMKA, 100  KOMILJIEKTOB
MHOT'OCHEKTPAJIbHBIX CHHUMKOB JeTHero mnepuoxa 3a 2020 — 2022 rr., 80 KOMIUIEKTOB
MHOTOCIIEKTpaJIbHBIX CHUMKOB 3UMHET0 nepuoja 3a 2021 — 2022 rr. Jlanee, U3 MHOTOCIIEKTpaJIbHBIX
CHHUMKOB JICTHETO Tepuojia ObUIM BbIOpaHbl HanboJiee Ka4eCTBEHHBIE, N0 KOTOPHIM COCTABJICHBI
MHOTOKaHaJIbHbIE KOMITO3UTHBIE H300paxkeHus (Pucynok 1) ans nanpueiimeit pabotsl. [lo ganHbIM
PaINOJIOKAIIMOHHBIX ChEeMOK CPeIHET0 pa3perieHus obi1a cozaana [IMP Ha ocHOBE KOTOpPO# CO3/1aHO
HECKOJIbKO aHATUTUYECKUX CXEM.

N3 crieKTpo30HABHBIX KOCMOCHUMKOB OBLIO CO3/1aHO TIOKPBITHE HA BCIO TEPPUTOPHIO JIUCTA,
MIPOM3BEICHO CO3[IaHME MO3aWKH CHUMKOB U Lu]poBas OamaHcupoBka HabOpa CHUMKOB st
YCTpaHEHHS Pa3pbIBOB JIAHHBIX HA TPAHUIAX OTACIBHBIX CHUMKOB.

[To cnexTpo3oHANbHONW OCHOBE BHU3YAJIbHO W MOJTYaBTOMATUYECKUMH METOAAMH ObUIH
BBIJIEJICHBl HEKOTOPbIE THUIPOreOoJorudyeckue OOBEKThl MU OCOOEHHOCTH. Tak, B pe3ysbTare
BHU3YaJIbHOTO AeMM(PUPOBAHUS YTOUHEHA IPAHUIIa HAJIBUTA, PA3/IeNAoIas TEPPUTOPHIO Ha pa3HbIe
TeOJIOTUUECKHE CTPYKTYPHI. [’ paHuIla XapakTepU3yeTCsl MEPEXOHBIMUA 30HAMHU C PE3KUM PA3TUIHNEM
B JaHamadpTe U pHCYHKE penbeda. YTOUYHEHBI JpYrHWe TPaHUIbI, BBLACHSIONUECS IO
MOP(OCTPYKTYpPHBIM U JTaHAIIAPTHBIM OCOOEHHOCTSIM [4].

[IpencraBnensl Takxke naHamadTHeIE W MOPQOIOTHYECKUE TMPEANOCHUIKH BBIICICHUS
PErHOHANIBHBIX THPOTEOIOTHUYECKUX CTPYKTYp. [Ipon3Benena nuaeHTUUKALIMS TAIbIX YYaCTKOB U
MIpeIoiaraeMbIX 30H BBIX0J1a MOAMEP3T0THRIX BoJ [ 1]. [IpuBeaeHs! mpuMepsl 001Iero pa3aeneHus
obnacTelt 1o reHe3ucy oTioxeHui. [lokazanbl BapuaHThI BBIICTIECHUS U T€HEPATU3alM HEKOTOPBIX
XapaKTepHBIX ~ OOBEKTOB,  JAIONIMX  KOCBEHHOE  MpEACTAaBIEHHE O  PETHOHAIbHBIX
THUAPOT€OJTOTUUECKUX OCOOCHHOCTSX TeppuTOpUU. JlaHbl IPEACTABICHHUS O B3aUMHOW KOPPEIALUH
MOJIYYEHHBIX JAHHBIX MEXAY COOO0W U APYTUMHU JaHHBIMHU.
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Pucynok 1. Criektpo3onanbHbiit caumok Sentinel-2. CeBepHast SIkyTust [KOMIIO3UT CIIEKTPaTbHBIX KAHATIOB
COCTaBJIEH aBTOPaMH |
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BriBoabl

Crnenuduka KpHOIUTO30HBI, XapaKTEPUIYIOMIASCS HATUYHNEM MHOTOJCTHEW Mep3JI0ThHI,
JIOCTHTAIOIICH B Mpeeiax uccieayeMon mioriaan nopsaka 600 u 6ojiee METPOB, a TAKXKE MPOIIECCOB
CE30HHOT'0 TPOMEP3aHUSI-IPOTANBAHUS, ONPEIEISICT HEKOTOPhIe 0COOEHHOCTH METOA0B 00paboTKU
Y UHTEpHOpeTanuu JaHHbix [[33.

O} PeKTUBHOCTh PETUOHATBLHOW THIPOTCOJOTHYECKONH ChEMKH B YCIOBUSX KPHUOJIHUTO30HBI
3HAYMUTEJILHO BO3pacTaeT OJjarojaps MCIOJIb30BaHUIO MaHHBIX [[33 pa3audyHOro CIeKTpaibHOTO
JMana3oHa M MPOCTPAHCTBEHHOrO pazpelieHus. Tak, Hampumep, MHOTOCIEKTPaIbHbBIE JaHHBIE CO
CITyTHUKOB TTO3BOJISIOT BBIJACISTH OOIIMPHBIC 30HBI C PA3TMYAOIIMMUCS HA0OpaMH WHTEPECYIOIINX
XapakTepuUCTUK. Takoll MHTETpUPOBAHHBIA TMOAXOJ 3HAYMUTEJIBHO TOBBIIIAET TOYHOCTh U
3(PEKTUBHOCTD PETHOHATBHOMN TMAPOT€OJIOTHIECKON ChEMKH B CJIOKHBIX YCIIOBUSX KPUOJIUTO30HBI,
CHIDKAsh TMPU 3TOM 3aTpaThl HA HA3eMHBIC HCCIICJOBAHHUS W YCKOPSS IMOJYYCHHUE TPEeOyeMbIX
pe3yIbTaTOB.

Hcnonb3oBaHnne AaHHBIX  JUCTAHUMOHHOTO  30HIMPOBAHUS 3eMJU  O0ecredyrBaeT
OTepaTHUBHOE MOJY4YeHHE HHQPOPMAIMU O TEOJIOTMYECKUX OOBEKTaX M Mpoleccax, HEAOCTYIHON
TPAAUIIMOHHBIMH METOJIaMU Ha CTOJIb CJIOKHBIX MO KOMIUIEKCY YCIOBUU TEPPUTOPHUSAX, a TAKKE
CHOCOOCTBYIOT O60JIe€ TOUHOMY MOJIETUPOBAHUIO THIPOT€OJIOTHIECKONH 0OCTAaHOBKH.

OnHako, HECMOTPS Ha 3HAYUTENIbHBIN MOTEHIIUAN, TPUMEHEHne NanHbIX /(33 B pernonanbHon
THAPOT€OJIOTHYECKON CheMKE KPHOJIMTO30HBI OTPAaHUYEHO MPOOIEMaMH CE30HHON U3MEHUYUBOCTH H
HEOOXOMMOCTPIO HMHTETPAllid  C HA3eMHBIMH TEOPU3HYSCKUMU M THUAPOTCOJIOTHUYECKUMU
UCCIIEIOBAHUAMH IS TIOTYYESHHSI TIOJTHON M IOCTOBEPHON MHGOpMAIUH.
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AHHOTaNuA

OnHOM U3 caMbIX CePhE3HBIX IKOJIOTUYECKUX MPOOIEM BO BCEM MUPE SBISCTCS 3arps3HEHUE
nedrenpoaykramu (HIT) reonornyeckoii cpesipl v, B IEPBYIO 04€peib, MOA3EMHBIX BOJ. DTO CBA3AHO
KaK C IIMPOKHUM PA3BUTHEM TAKOTO 3arpsS3HEHHUS], TaK U OOJBIIMMH TPYAHOCTSIMH €r0 JIOKATH3AIHH
Y JIUKBUJAIIH.

HedrsaHomy 3arpsi3HEHUIO TMOA3EMHOW THIpOChEphl TPATUIIMOHHO YACISECTCS MEHBIICEe
BHHUMaHHE, YeM MOBEPXHOCTHBIM paznuBaM. OqHAKO, B psje CIydaeB KOJUYECTBO IOIABIIETO B
mo3eMHYI0 Tuapochepy HedTenpoaykTa U3MEpSeTCss COTHIMHU U ThICSTYaMU KyOUYECKUX METPOB.

Ki1roueBnle cjioBa
HedrsiHoe 3arps3HeHHME, IMOA3EMHBIC BOJBI, 30HA ad’palyH, JUKBUIALMS 3arps3HEHUS,
Owojerpaianys, MUTPaIKs YrIIeBOAOPOIOB

Teopus

OneIT M3ydeHUs M JUKBUJALUHU YIJIEBOJOPOJHOIO 3arps3HEHUs B Pa3IMYHBIX PETHOHAX
Poccun mosBosiseT yTBEpKJaTh, YTO HAJWMYME YTEUEK M3 XPAHUJIMIL >KUJKOIO TOIUIMBA CKOpEe
IIPaBUJIO, YE€M HCKIIOUEHHE. 3ayacTyl0 YTEUKH MPOMCXOIAT M3 IMOA3EMHBIX TPYOONpPOBOJOB U
€MKOCTEW XpaHEHHs], UTO JEJIaeT UX CBOEBPEMEHHOE OOHApYKEHHE 3aTPYAHUTEIbHBIM U IPUBOJUT
K 3HaYUTEIbHBIM MTOTEPSIM HE(PTENPOTYKTOB a TAKXKE 3arpA3HEHUIO T'€0JIOTUYECKOM CpeIbl.

Dopmbl HaxodcOeHUs HepmenpoOyKmMos 6 B00OHOCHLIX 20PU3OHMAX U 30He AIPAYUU.

B reonorunyeckoii cpeze yriaeBogoposl MOTYT HAaXOAUTCS B Pa3JIMYHbIX (hopMax, TAKUX KaK
camMoCTOsITeNIbHAs KUJKas (a3a, KOTOpas HE CMEUIMBAETCS C BOAOW M HAXOJIUTCS B MOIABHIKHOM
COCTOSIHUH JIM0O OCTATOYHBIM HACBHIIIEHUEM B 30HE a’3palluy; razonas (aza; copoOrupoBaHHas (a3a Ha
YacTUIIaX TPYHTA; PACTBOPEHHOE COCTOSIHUE B ITPYHTOBBIX BOJAX.

BnusiHue BbIlIenepeyrcIeHHbIX (HOpM HaxXOXKJeHHs] He(TEeNpoJyKTOB Ha OOLIUil ypOBEHb
3arpsi3HEHUs] MOKET CHJIbHO BapbupoBarbes. [Ipu HeOonbmioM 00bEME MOMABIIMX B MOA3EMHBIE
BOJIbI HE(TENPOJYKTOB CaMOCTOsITeNbHAs (pa3a MOKET MOJIHOCTBIO OTCYTCTBOBaTh. OJIHaKoO, OHA
CTaHOBUTCSI OCHOBHOM ()OpMOIi 3arpsi3HEHUS, €CIIM 00bEM yTeueK 3HAUUTEIIEH.

Memoovl ozpanuuenus u IUKSUOAYUY 3a2PAZHEHUS.

Bb160p TEXHOMOr MY JIMKBUAALINY 3aTPSA3HEHNS I0JKEH YUYUTHIBATh CBOMCTBA 3arPSA3HSIOIETO
BEIIeCTBA (BA3KOCTh, IUIOTHOCTb, PAaCTBOPHUMOCTb, JIETY4ECTh, COPOMPYEMOCTh, YCTOMUMBOCTH K
Oouojerpasaluu U XUMUYECKOMY BO3/JEHCTBHIO), OCOOEHHOCTH €ro paclpesesieHus B BOJOHOCHOM
TOPU30HTE W B 30HE adpauuu (MaciuTaObl paclpoCTpaHEHMs 3arps3HEHUs B IJIaHE W pas3pese,
pacmpesienieHre o01Iel Macchl 3arpsi3HUTENIS 110 Pa3JIMUHBIM ()OpMaM) U CBOWCTBA Ie0JIOTMYECKOM
cpeabl (IIPOHHUIIAEMOCTh, IMOPUCTOCTh TOPHBIX IOPOJ, a TakKe MapaMeTphbl, OMNpeAesstoIIne
nBUKeHue ¢uironioB B MHorodasHoi cucreme). Ilpu obocHOBaHMM HEOOXOAMMOCTH OYUCTKU U
OCTaTOYHBIX KOHLEHTpAIMi 3arpsA3HUTENs HEOOXOAMMO corocTaBieHue 3((HEeKTHBHOCTH
peabUIUTAIIMIOHHBIX MEPONPUATUI 110 CPABHEHHUIO C PA3JIOKEHHEM 3arps3HEHHS] B €CTECTBEHHBIX
YCIIOBUSIX.

Jlns ouncTKM 3arpsi3HEHHBIX HE(TENpoIyKTaMH TEPPUTOPUN TPHUMEHUMBI AKTHBHBIE U
nacCuBHble MeToAbpl. K aKkTHBHBIM MeTOAAM OTHOCATCSA: DKCTPAaKIUs IapoB; OTKayka
He(TEeNPOAYKTOB C TOMOIIbIO JIPEHAXKHOTO KOHTypa ¢ OOpaTHOW 3aKaykoil B IUIACT; JIPEHAX
CKBa)XMHAaMH, OOOPYJIOBaHHBIMU THAPO(YOOHON ceTKoH; Ouopemenuanusi TPYHTOBBIX BOJ,
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XUMHUYECKOe OKHUcieHne. M3 macCuBHBIX METOI0B MOXKHO BBIIETUTH 00YCTPOMCTBO CTEHBI B TPYHTE
C CUCTEMOM IPEHAXKHBIX KOJIOJLIEB.

Oxcmpaxkyusi naposé Hegmenpodykmog TO3BOJISIET CYHIECTBEHHO CHHU3UTh KOHIIEHTPAIUU
He(TENPOAYKTOB, aJCOPOUPOBAHHBIX HAa TMOPOAAaX B YCIOBHSIX 30HBI adpamuu. CyYIIHOCTH
TEXHOJIOTUU COCTOUT B UCIOJIb30BAaHUU CKBAaXXUH, 00OPYZIOBAHHBIX HA 30HY a’palluu JJisi OTKAuKU
MOYBEHHOT'O Ta3a, 3arps3HEHHOr0 MapamMu HEe(TEnpOayKTOB, C MOCIEIYIOIIEH ero OYMCTKOW Ha
noBepxHOCTU. Hamnydine pe3ynpTaThl 3Ta TEXHOIOTHS AaeT JUIsl HanOoJuiee JeTyYHX 3arpsi3HUTeNeH,
TaKUX Kak OEH3WHBl WJIM OpPraHUYeCKHEe pPacTBOPHUTENH. V3 MUHYCOB JaHHOTO METOJa MOXHO
BBIIETIUTh, YTO MPUMEHEHHUE JAHHON TEXHOJOTUHU JaeT TMOJOXKUTENIbHbIE PE3yNbTaThl TOJIBKO B
OTHOCHUTCIIbHO MPOHULIACMBIX I'PYHTAax.

buopemeouayuss noosemHvix 600 OCHOBaHA Ha CIIOCOOHOCTH OMNPENEICHHBIX TPYII
He(TENPOIYKTOB pasjararth YIJIeBOAOPOAbl. buonerpaganuu MOABEpKEHBI TMPAKTUYECKU BCE
YTIEBOAOPOABl HEPTEH, HO CKOPOCTh IMpoliecca MOHUKACTCA C YBEIMUEHUEM HUX MOJEKYISPHOIO
Beca. Cxema MpHUMEHEHHs JaHHOW TEXHOJIOTMH NPEACTaBIsieT co0oil mojgady OHWOIOTHYecKd
aKTUBHBIX PAcCTBOPOB B 3arpsA3HEHHYI0 30HY. lcmonp3oBaHue OHOpeMenuanuu Ui OYUCTKH
3arps3HEHHBIX TEPPUTOPHIA YaCTO SBISETCA SKOHOMHUYECKH Ooiee 3¢ PeKTUBHBIM, YeM PUMEHEHHE
Opyrux TexHoyoruid. OCHOBHbIE OrpaHUYECHHS OBIBAIOT CBS3aHBI C HHU3KOM MPOHHUIIAEMOCTHIO
3arpsiI3HEHHBIX MTOPOJ, CJIA00H TOIBEPIKEHHOCTHIO 3arpsA3HSIOMINX KOMIIOHCHTOB OMOIerpagaui 1
HaJIMYUEM B TIOJ3€MHBIX BOJIaX TOKCUYHBIX KOMIIOHEHTOB.

Omkauka HepmenpoOyKmos ¢ NOMOUbI0 OPEHANCHO20 KOHMYPa TIPEACTABISIET COOPYKEHHUE
CUCTEMBbI, MPEeAyCMaTPUBAIOIIEH OTKAuKy BOJBI M YTHIU3ALUIO OOJNBIIECH YacTU APEHAXHBIX BOJ
IIyTeM O6paTHOFO BO3BpaTa MX B ILJIACT. B JaHHOM METOAC M3 CKBAXHUHBI IMPOUCXOAWUT OTKA4YKa
OJTHOBPEMEHHO 3arps3HEHHON BOBI U KUAKOM (a3bl HePTEPOAYKTOB. J{JIs1 OTKAUKH, B 3aBUCUMOCTH
OT BbIOpAHHOW CXEMbI, MOT'YT IIPUMEHATHCS OJIMH WK JBa Hacoca (PucyHoxk 1).

Q
> 7

NWH3a HedTENPOAYKTOB

IvuH3a HedTenpoaykToB

- »

s Hacoc =
u— Hacoc
a) 0)

Pucynok 12. Cxembl IpeHaXHBIX CKBRKHH JJII OTKAYKHU )KHJIKOH (a3l HEPTEPOTyKTOB:
a) IByXHACOCHAs cxeMa; 0) OJJHOHACOCHAs cXeMa

Kpureprem BbIOOpa MX KOJIMYECTBA SBISIOTCA (DMIIBTPALIMOHHBIE TApaMeTPhbl BOJJOHOCHOTO
ropuzoHTa. [Ipu Beicokux xo3dduumentax GuiIbTpaluu UMeeT CMBICI UCIONIb30BaTh JIBa HAcoca,
OJIMH JJIs1 OTKAYKU 3arps3HEHHON BOJBI M CO3JIaHMs JEMPECCHOHHONW BOPOHKH, 00ECTIeUNBAIOIICH
MO/ITOK IJIABAIOILIUX Ha IOBEPXHOCTU TOPU30HTA HEPTEMPOAYKTOB K CKBaYKHMHE, BTOPOH I OTKAYKU
HEMOCPEICTBEHHO KUAKOH (a3bl HedTenpoaykToB (PucyHok 1a). OTKauku BOABI COMPOBOKAAIOTCS
OTKauKaMH He(TenpoAyKToB. 3BieuéHHble HePTENPOAYKTHI OANEKAT YTUIU3ALUY, 3arpsi3HEHHAS
BOJIa Yepe3 3aKauHble CKBAXKHMHBI BBIIIIE 10 TTOTOKY BO3BpAIaeTCsl 0OpaTHO B IJIACT.
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Omxkauusaowue OpPeHA}CHble  CKBAJICUHbL, O0OpYIOBaHHBIE THUAPO(GOOHON  CETKOM
(MeMOpaHoii), TO3BOJISIIOT PA3JeATh KHUIKYIO (hasy HEPTEIPOIYKTOB ¢ BOJOH. DUIBTP CKBAKHHBI
COCTOUT U3 MepHOPUPOBAHHONW TPYOBI, MOKPHITOM TuaApodoOHOM MemOpaHou. ['mapodoOHas
MeMOpaHa MpeJICTaBIIsIeT COO0N HUKETIEBYIO CETKY C pa3MepOM sUeeK B HECKOIbKO MUKPOH (PucyHnok
2). JlaHHas KOHCTPYKIHS TO3BOJISIET B €CTECTBEHHOM IOTOKE TPYHTOBBIX BOJl M YIJIEBOAOPOIOB
pa3AemsATh AIMYJIbCUIO, CMECh BOJIBI U HE(DTENPOIYKTA, Ha COCTABIISAIONINE, TPONYCKasi BO BHYTPEHHEE
MIPOCTPAHCTBO YCTPOHCTBA TOJIBKO Hedrenuiambl. OCHOBHBIM JIOCTOMHCTBOM TOJOOHON CKBa)KUHBI
SBIISICTCS IIPOCTOTA COOPY>KEHUS M 00CTYKMBAHUS.

s ]

Bl

Pucynok 13. CxeMa IpeHaKHOM CKBa)KUHBI JJIs1 OTKAYKU HEPTEIPOIYKTOB, 000PY/I0BAaHHOM rUAPOPOOHOH
MeMOpaHO

Iaccuenas 3awuma TPEACTaBISeT CcOOOW CIEAyIOlIee TEXHUUECKOE pelIeHUuEe -
00ycTpoiicTBO POTUBOPUIbTpAlMoHHOM 3aBechl (I[ID3) Thna «cTeHa B TPyHTE» M JIPEHAKHOTO
ycrpoiictBa B Buze raiepeu (Pucynok 3). KoHcTpykuus npoTHBOGHIBTPAIMOHHON 3aBECHI MOXKET
OBITh IIPEJICTABIIEHA B HECKOJIBKUX BapHaHTaX:

. B Buzme T1IMHAHON NpPOTHUBOPUIBTPALIMOHHONW 3aBechl M TreoMeMOpaHbl U3
MTOJIM3TUIIEHA BBICOKOH TUIOTHOCTH;
. B BUJIE LIITYHTOBOI'O OIPAXKICHUA.

JlpeHaxHas rajgepest IPUMBIKAET K «CTEHE B TPYHTE» CO CTOPOHBI MICTOYHMKA 3arpsA3HEHUS U
COOpY’)KaeTcss B BHUJIE TpaHIIEU TIYOMHOW 10 BOJAOHE(PTIHOTO KOHTAKTa, HE 3ariayOsssich B
BOJIOHOCHBIN TOPU30HT, B KOTOPYIO YKJIA/bIBAIOTCS JIPEHAXHbBIE MOJUITUICHOBBIE TOQPUPOBAHHBIE
TpYyOHBI ¢ puiIbTpytoIEeld 0007109K0ii. Bonb IpeHa)kHOM TpaHIen YCTpauBaroTCs Kele300€TOHHBIE
KOJIO/LIBI C TePMETUYHBIMH KpBIIIKaMHU, 000py/10BaHHbIe HEe(TEIOBYIIIKAMH MTOPOroBoro Tuma. 13
KOJIOJIEB MPOU3BOAUTCS pa3zelibHas OTKauka BOJbl U HEPTEIPOAYKTOB ABYMS pPa3HbIMU HACOCAMHU.
Hacoc nans HedTenpoaykToB paboTaeT IO TMOrpyxkHOW cxeme. Pexum paboTel Hacoca
KOPPEKTUPYETCSL pelie BPEMEHH, KOTOpO€ HACTPauWBaeTCs Ha IEPUOJUYHOCTh BKIIOYEHHUS -
HaToJHEHUE He()TEIOBYIIKH JI0 YPOBHS YCTAHOBKH BCACBHIBAIOIIETO [IUIAHTA.
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H3 KPYIIHOOGIOMOYHOTO
Py [IIryHTOBOE
IPyHTA
orpaxkIcHHe

HJTH MPOTHBO(QHIETPAITHOHHAS
3aBeca ¢ reoMeMOpaHoH

JlpeHaxKHast MOTHAITHIEHOBASA
rodpupoBaHHas Tpyoa
¢ ¢uasTpyromeit oGoTouKOit

Pucynok 14. IlpuHiiunuansHas cxema MacCUBHOM 3aIUTHI

BeiBOABI

HedrsHoe 3arps3HEHIE Te0IOTHYECKOM CpeIbl 3a9acTyI0 O0JIee OIMacHO, YeM IMOBEPXHOCTHBIE
pas3nuBel  He(TenpoAyKToB. JIMKBUOAIMs YIIEBOJOPOAHOTO 3arps3HEHHS SIBISIETCA BeCchbMa
TPpYyHOEMKUM H (UHAHCOBO 3aTPATHBIM IPOIECCOM, YTO OOYCIaBIUBAETCS MHOT0()a3HOCTHIO
3arpsi3HuTeNd. BpIOOp METONOB JMKBUAAIMM 3arpsi3HEHUS TOJ3€MHBIX BOJ U TPYHTOB
He(TENPOIYKTaAMU PA3TMYACTCS B 3aBUCUMOCTH OT UX (POPMBI HAXOXKICHUS B 3arpSI3HEHHON TOJIIIIE,
a TakXKe oT €€ CTPOCHHS ¥ (QUIIBTPAIIMOHHBIX TAPAMETPOB.
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AHHOTanus

[Ipobnema nedunuTa BOIHBIX peCypcoB B Topoiax-Kypoprax KpacHomapckoro kpas
aKTyaJlbHa M3-3a aKTHUBHOW 3aCTPOMKH, POCTA YHUCICHHOCTH HACEJIEHUS W Pa3BUTHS TypU3Ma.
[TonzemHbBIE BOJBI OCTAIOTCSI OCHOBHBIM HCTOYHHUKOM MHUTHEBOI'O BOJOCHAOXKEHUS, a KIHOUYEBBIMU
JKCIUTyaTallMOHHBIMH BOJI03a00pamMu siBJsiOTCS Jkurunckuit 1 Tpounkuii. Hecmotpst Ha Hanmuumne
MHO)KECTBAa pPa3BEAaHHBIX MECTOPOXKJIEHUM, OOJBIIMHCTBO U3 HUX HE OCBAMBAIOTCI M HE
3KCIUTyaTUPYIOTCA. POCT 4YHMCIEHHOCTM HACENEHUS W PA3BUTHE TypU3Ma HE KOMIIEHCHPYIOTCS
KOJMYECTBOM JI0OBIBAEMOr0 BOJOOTOOpa Ha SKCILTyaTUPYEMBIX BOJ03a00pax, YTO MPUBOAUT K
BO3HHUKHOBEHHIO Je(UIIMTa BOJHBIX PECypcoB. B CBsS3M C 3TUM OCOOCHHO Ba)XHO MPOBECTH
KOMIUIEKCHYIO MEPEOLICHKY 3aMacoB MOI3EMHBIX BOJI. ITO MO3BOJIUT Oosiee 3 (HEeKTHUBHO yIpaBIsaTh
pecypcamu B peIuTh podiieMy nedunnTa BOIOCHAOKEHUS.

KiroueBnle cjioBa
Hedunut, Boausie pecypebl, KpacHonapckuit Kpaii, moi3eMHbIE BOJIbI, MECTOPOKICHUE

Teopus

B cBs3u ¢ moBblIeHHEM cIpoca TYPUCTOB Ha ropoja-kKypopTel KpacHomapckoro kpas,
0COOEHHO B JIETHHH NEpHOJ BPEMEHH, BOIIPOC O HEXBATKE HMUTHEBBIX BOJHBIX PECYPCOB CTOUT
JI0OCTaTOYHO OCTpo. bosbiias 3arpykeHHOCTh FOpo10B-KypopToB KpacHomapckoro kpasi, akTHBHas
3aCTpoiiKa, poCT YMCICHHOCTH HaceseHus: KpacHomapcekoro kpasi B mepuog ¢ 2011 mo 2023 rr. oT
10,5 no 11,6 miH. 1 pa3BuTHE Typu3Ma B ropojax-kKypoprax (Anama, HoBopoccuiick, ['enenmxuk)
B niepuos ¢ 2021 mo 2024 rr. ¢ 7,6 no 11,1 mMaH. 4enoBeK, MPUBOAUT K YBEIUYCHHIO MOTPEOICHUS
BOJIHBIX PECYPCOB.

KpacHomapckuil kpail sIBIIETCS pETMOHOM, KOTOPBIN, BCIEACTBUE KIMMAaTHYECKUX YCIOBUN
Y 3HAUYUTEIBHON aHTPOIIOTEHHOM HArpy3Ku Ha MPECHBIE BOJIbI, OCO3HAET OCTPBIM AEPUIUT BOAHBIX
pecypcoB. CpenHee MHOTOJIETHEE 3HaYEHHE BOAHBIX pecypcoB 3a nepuon 1936-1980 rr. cocrasuser
23 xkm®/ron [1].

Yr1oOBl MOHATH, HACKOJIBKO OCTPO CTOUT JJaHHas Mpo0iIeMa, TOCTaTOYHO 0OpaTUTh BHUMAHUE
Ha oduumaneHbelii callT AO «AHama Bopokanam». Ha 3ToM caiiTe mpakTH4yecKu €XeMecsyHo, a
MHOT/Ia ¥ eXeIHEBHO (0COOEHHO B JIETHUH NEepuo[), MyOIUKYIOTCSI HOBOCTH, B KOTOPBIX KHUTEIeH
OTpe/ieNIEHHBIX PailOHOB NMPeAYNPEKIAI0T O BBEIEHUN BPEMEHHBIX OIpaHUYeHUI B BOJOCHA0KEHUH,
BbI3BAaHHBIX 3HAUUTEIIbHBIM YBEJIIMUEHUEM BOJIONIOTPEOICHHS U CYLIIECTBEHHBIM CHUKEHHEM JIe0eTOB
CKBAYKUH.

B KpacHomapckoM Kpae MpakTHYECKH BCS CHUCT€Ma BOJOCHAOXeHHsI Oaszupyercs Ha
noa3zeMHbIX Bojax. Ilo manneiM ®DI'VII «I'mapocnmenreonorus» 3a HOCIEIHHUE TOJbI 3a CUET
MO/3eMHBIX BOJI ocymiecTBisiercs: bonee 90% Bogocuadxkenust KpacHomapekoro kpas [7].

Ha nanHblif MOMEHT OOJBIIMHCTBO MPECHON BOMBI, HCIOIB3YEMOH [UIsl OpOLIEHUS U
BOJIOXO3SHCTBEHHBIX HYXK], TOCTYIAET U3 MOBEPXHOCTHBIX BOJ, @ UMEHHO U3 peku KybaHp 1 ManbIx
pek Kpacnomapckoro kpas [6].

s obecriedeHrs: MUThEBOI BOJOM HAaceleHus ropoJloB-KypopToB KpacHomapckoro kpas
HCIOJIb3YIOTCSL PECYPCHI MOA3EMHBIX BoA. B aTOM cyOobekte Poccuiickoit @enepanuu passenano 38
MECTOPOKIEHHI MPECHBIX MTOA3EMHBIX BOJ, 10 KOTOPBIM YTBEPKIE€HBI IKCIUTYyaTallMOHHBIE 3aI1achl B
KonudecTse 4,3 MITH. M°/CyT M HacumMThIBaeTcs Gonee 8,5 ThIC. BOI03a00PHBIX CKBAKUH, U3 KOTOPHIX
0TOMpaeTcs OKOJO 2,2 MITH. M3/cyT noA3eMHbIX BoJI. Eciii cpaBHUTH 3anackl moa3eMHbIX BoJ B 2010
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u 2018 r, To 3a § yeT 3amackl yMEHbIIWIUCH HA 157,3 ThIC. M3/cyT, 4yTo coctaBisieT 4 %, npu 3Tom
HacesleHue Bblpociao Ha 478,2 Ttbic.,, uro coctaBiger 8% (Pucynok 1). JlanHblil aHanus
MOATBEPIKIACT, YTO 3amachl MOJ3EMHBIX BOJI, KOTOphIe oOecreunBaroT HaceneHue Kpacnomapckoro
Kpasi MUThEBOM BOJIOM, HE KOMIIEHCUPYIOT MPUPOCT YUCICHHOCTHU, YTO W MPUBOAUT K MpoOiieme
ne(UInTa BOJHBIX PECYPCOB.
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Pucynok 1. 3anacel noazemubix o (M%/cyt) KpacHogapckoro kpas B nepuog ¢ 2010 mo 2018 rr. [2,3,5]

HecmoTpss Ha TO, YTO cCyllecTBYeT OOJbIIOE KOJMYECTBO paHEe pa3BEAaHHBIX
MecropoxaeHuit (38), moorue u3 Hux (mopsaka 20), IUTEIBHOE BpeMs HE OCBAaMBAIOTCS, XOTSA
ropoja, 1Jisi KOTOPbIX pa3BeAaHbl 3TH MECTOPOKIACHHUS, UCTIBITHIBAIOT OCTPBIM 1e(UIUT B MUTHEBON
Boze (rr. Tuxopeuk, 'opsunii Kimtou, Anana, Apmasup, Jlabunck - MmectopoxaeHusi CapaToBCcKoe,
IIpaBobGepexbe, UepHOpeube U Ap.).

Kpome mnpoOnembl HeocBaMBaHHMS psAJa MECTOPOXKACHUH, Takxke HaOIomaercs
HEPAaBHOMEPHOE DACIpEE/IEHUE 3alacoB MoA3eMHBIX BoA B KpacHomapckom kpae. OTo co3maer
JIOTIOJIHUTENbHBIE CJIOKHOCTH IPHU PELIEHUH BOIpPOCa BOJOCHAOXKEHHUs B palloHax ¢ HEXBATKOU
MIOJI3EMHBIX BOJI MUTHEBOrO KadyecTBa. C IENBIO MepepacnpeneeHus SKCIUTyaTallMOHHBIX 3a11acoB
MO/I3€MHBIX BOJI U3 PalloHOB ¢ M30BITKOM B pailoHbl ¢ neduuuTom cosnanbl Tpounkuil u Elckuii
IpYIIOBBIE BOJ03a00pPHI, @ TAKXKE pa3BeaHbl 3amachl MOA3EMHBIX BOJI JJIs1 HOBBIX - OTpaJHEHCKOro
1 AHAICKOro.

B 1990 rony 6buta 3aBepiueHa jAeTajlbHas pa3Belka AHAINCKOIO MECTOPOXKICHUS MPECHBIX
TIO/I3eMHBIX BOJ. 3amachl ObLIH yTBEpIKIEHH B 06mIeM KoamdecTse 118 Twic. M%/cyT, B TOM umcre:
YEeTBEPTHUHBI BOJOHOCHBIA KOMILIEKC - 22 ThIC. M°/CYyT MO KaTeropud B, IIHOIEHOBHIIt
BOJIOHOCHBIH KOMILIEKC — 18 Teic. M/cyT mo kareropusm B+Cl, KuMMepuiicKuii BOJOHOCHBI
KoMILTeKC — 78 Thic. M3/cyT no kateropusm A+B (ITpotokon 'K3 CCCP Ne11038 ot 27.03.1991 1.)
[10]. MecropokaeHue B HacTosIIee BpeMsi HE OCBOCHO M He Kciutyatupyercs. B 2016 roxy mo
pe3yabTaTtaM paboT MO OI[EHKE COBPEMEHHOI'O COCTOSIHUS MECTOPOXKIEHU N MUTHEBIX U TEXHUUECKUX
MO/I3€MHBIX BOJ HepacIpeaeaeHHoro (GoHIa HeJlp BETUYMHA U KaTEeTOPUHU YTBEPKJICHHBIX 3aI1acoB
o MecTopoxaeHuio octanuchk 6e3 usmenenus (IIporokon TK3 mo FODO ot 09.12.2016 Ne261/58)
[9].

B 2022 romy Obula 3aBepuieHa Jopa3BeAka (IE€peolleHKa 3amacoB) Tpouikoro
MECTOPOKJCHHS MPECHBIX MOJ3EMHBIX BOJ. 3arachkl ObUTM YTBEPXKJIEHBbI B 0011eM KonuyecTBe 218
ThIC. M/CYT, B TOM umciie 58,8 Thic. MP/CYT 110 YeTBEPTHUHOMY BOJOHOCHOMY KOMILIEKCY u 159,2
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THIC. M°/CYT 110 KPAaCHOAPCKOMY BOJIOHOCHOMY KOMITIEKCY JIJIsl TUTHEBOTO, XO3SHCTBEHHO-OBITOBOIO
BOJOCHA0XKEHHUS U TEXHOJIOTHYECKOT0 00ecIeueH s BOIOH Mo KaTeropuu B Ha CpoK dKcIITyaTanuu
25 net [8]. MecToposkieHHE B HACTOSIIEE BPEMS DKCILTyaTHPYETCS.

OCHOBHBIMH HCTOYHHUKAMH MHTHEBOTO BOJOCHA0KECHHS TPECHBIX MOA3EMHBIX BOJ TOpoja-
KypopTta AHambl ciayxar: Jpkuruackuit yaactok Heap OO0 «KDCKy ¢ 3asBieHHOM MOTPEOHOCTH B
18 ThIc. M%/CYT M HECKOJIBKO MENKHX BOJ03a00pOB, PACIIONIOKEHHBIX BOIM3H I'. AHana (HanpuMep:
B003a00p «x. Bepxuuit Yekon»; Bogo3adop «XaHtydka»). OCHOBHBIMU UCTOYHHUKAMU MMUTHEBOTO
BOJIOCHA0)KEHUSI TPECHBIX TOA3EMHBIX BOJ ropoja-kypopra [emenmxuk, r. HoBopoccwuiicka u
Kpsimckoro paiiona KpacHomapckoro kpas cinyxuT Tpoulkuid yuactok Tpouikoro MecTopoxacHus
MOA3EMHBIX BOJI.

B KpacHogapckoM kpae, MOMUMO «aKTHUBHBIX» UCTOYHUKOB BOJIOCHA0KEHHUSI, CYIIECTBYIOT U
«MACCUBHBIEY, TAKUE KaK BOJOXPAHWIIMINA U pe3epByaphl. J[aHHbIE HCTOYHUKH BOAHBIX PECYpPCOB
HCIOJIB3YIOTCSL M0 Mepe HEOOXOTUMOCTU U SIBISIOTCS JOMOJHUTEIBHBIM 3allacoM MPECHBIX BOJ.
OnHoil U3 cambIX KPYIMHBIX BOJOXPAHWIMIL, PACIOJIOKEHHbIX B KpacHomapckoM Kpae, siBIsieTCs
Kpacnonapckoe, mioiiaab BOAHOTO 3epKana coctasisieT 24,1 ThiC. KM? [7]. Omnako maxe Takoe
KPYITHOE€ BOJOXPAaHWIMINE HAXOAUTCA B HIDKHHUX psIax Cpeau JpPYruX BOJOXPAHWIMIL Ha
teppuropun Poccuiickoii deneparyu mo miomaam [4].

B 2023 romy nskcmeptei Bomgnoro uentpa Cankt-IleTepOyprckoro yHHMBEpCHTETa IO
npurinameHno AO «Anana Bopokanan npoBeian 3KCnepTU3y MOA3EMHBIX BOJI JOJIUHBI peku CyKKO
B AHare ¥ NPUIILIM K BBIBOJY, YTO HEOOXOAMMO MPOU3BECTH KOMIUIEKCHYIO MEPEOIICHKY 3aIacoB
MO/A3eMHBIX BOJI. Tak Kak OOJNBIIMHCTBO BOJI03200POB, U3 KOTOPBIX HJIET MHTEHCUBHBINA BOAOOTOOD,
PaCIOJIOKEHBI B JOJIMHE PEKU M 000PYI0BaHbI HA AJUTIOBHAIIBHBIC OTJIOKEHUS, TO MTOA3EMHBIE BOBI
THIPABIMYECKU CBS3aHBI C MOBEPXHOCTHBIM CTOKOM. Upe3MepHoe BOAONOTPEOIeHUE, B CIEICTBUE
pOCTa YUCICHHOCTU HACEJICHUS, 3aTPOHY MpobieMy neduimTa MoA3EMHBIX U MOBEPXHOCTHBIX BOJI,
YTO MpUBEJICH B KOHEYHOM cueTe K mocTeneHHoMy oOmernenuto KumapucoBoro osepa, rie
pou3pacTaroT 3aHeceHHble B KpacHyro KHUTY OOJIOTHBIE KUMAPUCh. MOXHO cliefaTh BBIBO, YTO
JaHHasi IpobJieMa KOCHETCsl HE TOJBKO KUTeNlel ropoaoB-KypopToB KpacHomapckoro kpasi, HO U
9KOJIOTHIO B LIEJIOM.

BriBoasbl

[IpoGnema nedunuTa BOIHBIX PECYpPcOB B ropoaax-kypoprax KpacHomapckoro kpas
NEUCTBUTENHHO aKkTyalibHa. OCHOBHBIE MPUYUHBI ATOTO e(DUIINTA — POCT YUCIICHHOCTH HACETICHUS U
pazBuTtHe Typusma. HecMmoTps Ha Hanmuyue OOJBIIOTO KOJMYECTBA paHee pa3BeIaHHBIX
MECTOPOXKICHUM, OOJTBITMHCTBO U3 HUX B HACTOSAIIEE BPEMs HE OCBOCHBI U HE AKCIUIYaTUPYIOTCS.
VYBenuueHne YMUCICHHOCTH HACETCHHS M TYPUCTHYECKHX MOTOKOB HE KOMIIEHCHUPYETCS 00beMOM
BOJI00TOOpa Ha JEHCTBYIONIUX BOI03a00pax, YTO U MPUBOAMUT K HEXBATKE BOJIHBIX PECYPCOB.

Pemenust mpobnembl nedunMTta BOAHBIX PECYpCOB MOTYT BKJIIOYATh KOMILIEKCHYIO
MIEPEOIICHKY 3aMacoB MOA3EMHBIX BO/I;

- OcBauBaHue paHee pPa3BENaHHBIX MECTOPOXKIACHUN TPECHBIX MOA3EMHBIX BOJI
(Hampumep, AHATICKOE MECTOPOKICHUE);

— VYBenuueHue BOAOOTOOpa Ha CYIIECTBYIOIIMX BOA03a00pax MyTeM YIIHHEHUS
(bmaHTOB BOA03a00PHBIX Y3JI0B U OCBOCHMSI HMIKEJIESKAIUX BOJIOHOCHBIX TOPU30HTOB (HAIPUMED, B
Tpowuikom Bogo3abope);

— VY4er ce30HHOCTH yBENUYECHHS OTOOpA MOA3EMHBIX BOJI.

DTH Mephl JOJDKHBI OBITh pEaTu30BaHbl B KpaT4aMIIMe CPOKH, YTOOBI TPEIOTBPATUTH
HETaTUBHBIE TOCJIEACTBUS M YIYUIIUTh *U3Hb W 3J0POBbE HACEJIEHHS B TOpPOAAX-KypopTax
Kpacnomapckoro kpasi.
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Ouyenka 3auuéHHOCMU NOO3EMHBIX 8600 NEPCREKMUBHO20 011 NOCHAHOBKU NOUCKOGO-
OUEHOYHBIX padom yuacmka 6 paiione 2opoda Openoypz

Cyzaxoea K.K. (MI'PH, sugakovva@yandex.ru)

AHHOTanus

[Toa3zeMHbIE BOJIBI MTPAIOT KIFOYEBYIO POJIb B OOCCIICYCHHH HACEJICHUS BOJOW MUTHEBOTO
Ka4yeCTBa, KOTOPOE HAIpPSAMYK BIHSIET HAa DKOJOIMYECKYHD) M CAHUTAPHO- TUTHEHUYECKYIO
0€301acHOCTh HaceeHus. B COBpeMEHHBIX YCIIOBUAX POCT aHTPOIIOTEHHOM Harpy3KH Ha IPUPOTHBIC
pecypchl, BBI3BAHHBIM 3HAYUTEIBHBIMH MaciiTabaMu ypOaHHM3aIMKM, HWHTEHCUBHBIM POCTOM
MIPOMBIIIIICHHOCTH, HEIOCTAaTOYHBIM OOBEMOM KaIlUTAJIOBIOKEHUH Ha PEKOHCTPYKIIUIO YKe
CYIIECTBYIOIIMX IPOU3BOACTB, @ TAKKE€ HECOBEPUIEHHOE NPUPOJOOXPAHHOE 3aKOHOJATEIILCTBO
MPUBOJUT K YBEIWYCHHIO PHUCKOB 3arps3HEHHs] MOJ3EMHBIX BOJ. Bmecte ¢ TeM pacrymias
MOTPEOHOCTh HACEJICHHWS B UYUCTOW BOJE OOYyCIABIMBACT HEOOXOAMMOCTh TOCTaHOBKHU
THAPOTCOJIOTUYECKUX PAa0OT, HAMpaBIEHHBIX HA TOMCK «YUCTHIX» TOJ3EMHBIX BOA JUISA
MEPCIICKTUBHONW OpraHm3auy BojocHaOkeHus. OIHUM W3 KPUTEPUEB BhIOOpA TaKUX YYaCTKOB
SIBJISIETCSI  3alUIIEHHOCTh TMOJ3EMHBIX BOJI OT BO3MOKHOCTH IPOHUKHOBEHMS 3arps3HSAIONIUX
BEILIECTB B IPOIIECCe WX OJKCIUTyatanuu. Ha Takux y4yacTkax HE0OXOJMMO HE TOJbKO OILICHHTH
BEPOSITHOCTh 3arps3HEHUS BOJOHOCHBIX TOPHU30HTOB, HO M BBIABUTH (PAKTOPHI, BIMSIONINE HA
3aUIIEHHOCTh TOJ3EMHBIX BOJA. D¢ (deKTHBHAs OIEHKA 3alIUIIEHHOCTH TO3BOJISET YCTAHOBUTH
CTENEHb YSA3BUMOCTH TOJI3EMHBIX BOJHBIX PECYPCOB M CBOEBPEMEHHO pa3padOTaTh MEPHI IO HMX
OXpaHe.

KiroueBnle cjioBa
OrneHKa 3aIMIIeHHOCTH TOJI3eMHBIX BojA, MeToanka B.M. [Nonpnbepra, ¢puiabTpanroHHbIS
CBOMCTBA

Teopus

Bonpocam OLEHKM 3aIIMINEHHOCTH NOJI3EMHBIX BOJA OT NPOHUKHOBEHUS 3arpsA3HSIIOLINX
BELIECTB IOCBALICHbl MHOTOUYMCJIEHHbIE NMYyOJMKAallMM KaK B Halled cTpaHe, TaKk U 3apyOexkKoM.
HecMmoTps Ha TO, YTO OCHOBBI OLIEHKH 3aAIIUIIIEHHOCTH OBLIH 3aJ10K€eHBI e1e B 60-X rogax npouuioro
BEKa, UCCIIE€0BAHNS B 3TOM HAIPaBJIE€HUH aKTyaJIbHbI 1O CUX MOp. B nmpakTrke ruiporeosornyeckux
paloT UCTIONIB3YIOTCS Pa3HOOOPA3HbBIE MOIXO0/IbI K OLEHKH 3aLIUIEHHOCTH MOA3eMHBIX BoA. OHU u3
HUX HAalpaBjeHbl HA OLIEHKY M KapTUPOBAaHUE 3aLIUTHBIX CBOWCTB IMOA3EMHBIX BOJ Kakoi-1nbo
TEepPpUTOpUN O€3 yueTa XapaKTepUCTHK M CBOMCTB KOHKPETHBIX 3arpsi3HUTENEH, Ipyrue — Ha OLEHKY
U KapTUPOBaHUE 3ALUTHBIX CBOMCTB MPUPOJHONW CUCTEMBI IPUMEHUTENBHO K KOHKPETHOMY BUAY
3arpsi3HeHus. HecmoTpss Ha kaxymuecs pasindus B IOAXOJAaX K OLIEHKE 3allUIIEHHOCTH,
MIPaKTUYECKH BCE OHU OPUEHTHPOBAHBI B IIEPBYIO OUYEpEb TAKUE OCHOBHBIE MPUPOIHBIE (PAKTOPHI,
KaK JIMTOJIOTUYECKUH COCTaB IEPEKPHIBAIOIINX BOJOHOCHBIH TOPH3OHT OTJIOKEHHs, TIyOMHa
3ayieraHusl O€3HAMOPHBIX (HAMOPHBIX) MOJ3EMHBIX BOJI, MOITHOCTh W (DUIBTpPAIMOHHBIE CBOMCTBA
MEPEKPBIBAIOLINX CIa00NPOHUIIAeMbIX OTJIOKeHUH. Mcxons U3 BhllenepeuncieHHbIX (akTopoB, B
MIEPBYIO OYepelb CTOUT OTMETUTh METOJIMKY OLIEHKH 3alUIIEHHOCTH KaK JJIs HallOPHBIX, TaK U JJis
0e3HaINOPHBIX MMO/I3EMHBIX BOJ, pazpadoranHyio B.M. ['onpadeprom.

OOBeKTOM HccIeIoBaHUS BBICTYIAeT pailoH paboT (pa3/iereHHbI Ha J1Ba MEPCHEKTUBHBIX
y4yacTka), HaXOJSIIUICs K ceBepOo-BOCTOKY 0T OpeHOypra, OTHOCSIIUIICS K HOMEHKIATYPHOMY JIUCTY
M-40-11. VccreqyeMslii pailoH pacIioyioKeH B TIpejieiax OKPanHHON YaCTH BO3BBIIICHHOCTH OOmwiA
CrIpT u ipuypoueH k foauHaMm pek Cakmapa, Ypan u Bogopasaeiny Mexxay HuMu (puc. 1).

Bonocuabxxenne r. OpeHOypr 6a3upyercs Ha cepur WHOUIBTPAIMOHHBIX BOJI03a00pOB B
TOJIOLICHOBBIX ~ AJUIIOBHAIBHBIX  OTJIOKEHUSX, SIBISIFOIIMXCS BECbMA  HE3AIUIIEHHBIMH  OT
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3arpsi3HeHusi. B Hacrosiiee Bpemsl IeHTpajiu3oBaHHOe BojocHaOkeHue 1. OpenOypra
OCYIIECTBISICTCS BOCEMBIO KPYIHBIMH BOJ03a00pHBIMU coopykeHusiMH. Cemb B01103a00pOB
9KCIUTYyaTUPYIOT MOA3EMHbBIE BObI BOJOHOCHOTO TOJIOLIEHOBOIO aJUIFOBHAIBHOTO TOPU30HTA U OAHMH
— IIOBEPXHOCTHBIE BOJBI P. Ypall.

B reomornueckoM CTpOEHHM paiiOHAa Y4YacTBYIOT OTJIOKEHHS! IMEPMCKOW, HEOT€HOBOM U
4eTBepTUYHOM cucteM. Hanbomnee npeBHHE KYHTYPCKHE OTIIOXKEHHS 3aJIETaloT OJIM3KO K JHEBHOU
MOBEPXHOCTH B BOCTOYHOM 4acTW paioHa, ciaras sapo HexuHckoil aHTukiInHaIM. B 3amagHom
HaNpaBICHUU KYHTYPCKHE OTJIOKEHHUS TOTPYKAIOTCs, 00pasys CIOXKHYI0 10 Mopdonorun
CTPYKTYPHYIO MOBEPXHOCTb, OMNPEICNAIONIYI0 BCIO COBOKYIMHOCTH TI'€0JIOTUYECKOTO CTPOCHHS M
TUIPOr€0JOTHYECKUX YCIOBUN paliOHA.

[upokuM pacnpocTpaHEeHHEM Ha JHEBHOW MOBEPXHOCTH MOJB3YIOTCS OCAJKH TaTapCKOIro
sapyca BepxHeil nepmy, ciararouue Cakmapo-Y panbCKuil BOAOpa3aesl U MPaBblii CKIOH JT0JMHBI pEKH
Caxmapa.

HeorenoBas cucrema npeicTaBlieHa aK4arbUIbCKMM M alIlEPOHCKHUM SIpycaMH BEPXHETO
otzena. OTI0KEHUsI HEOT€HA NIPEUMYIIECTBEHHO BBIIIOJIHAIOT NAJIEON0IMHBI pek Ypai u Cakmapa.
YerBepTuuHble 00pa30BaHUSI PACIpPOCTPaHEHBI MMOBCEMECTHO, HO TMpeolIafaroniee pa3BUTHE IO
IUIOINAAHN U MoUIHOCTH Gosee 10 M OHM UMEIOT B A0IMHAX pek Ypan u Cakmapa.

Pucynoxk 15. I'ocynapctBennas reosnorndeckas kapra Poccuiickoit @enepaunu. Uznanue sropoe. FOxHo-
VYpanbckas cepust. Kapra uerBepTrunbix onoxxeHui, macmrad: 1:200000. Paiion pabot

B 2019 r. na Tteppuropun smucra M-40-11 (OpenOypr) npoBoawinuch paboTHl IO
TUApOreoornueckoMy gousydenuro Macmrada 1:200 000, 1 mo pe3ysabTaTaM BBIMTOJTHEHHBIX padoT
ObUIM BBISIBIICHBl MEPCHEKTHUBHBIE YYACTKU JUIS IMOCTAHOBKH ITOMCKOBO-OLIEHOYHBIX paboT Ha
MoJ3eMHBIE BO/IbL. Ha 3TOM 3Tarne BBIMOHSIINCH PaOOTHI IO OIIEHKH 3aIIUIIEHHOCTH MTOI3EMHBIX BOJT
JUIE TEPPUTOPHUH JIMCTA C YYETOM BBISBJICHHBIX Y4acTKOB. OJHAKO NpHU Mepexojie Ha MOUCKOBO-
OILICHOYHBIE PA0OTHl BO3HHKAET HEOOXOAWMOCTH B JONOJHUTEIBHOM W3YYCHHH M OIECHKE
3alIUIIEHHOCTH MOA3EMHBIX BOJ Ha BBIABJICHHBIX MEPCIIEKTUBHBIX yyacTkax. BeinoiHseMble paboTsl
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MO3BOJIAT BBIABUTH IUIOIIAAM, HA KOTOPBIX OyIET BO3MOXEH OTOOP MOA3EMHBIX BOJ MUTHEBOTO
KauecTBa s BojocHaOxeHus T. OpeHOypra Ha BeCh CpOK paboThl BO03a00p , T.€. MUHUMYM 25
JIeT.

BriBoabl

Taxum 00pa3om, Ha OCHOBE MPOU3BEICHHBIX PACUETOB, BBIICIICHHBIC BOJIOHOCHBIE TOPU30HTHI
HEOOXO0JMMO KIacCH(PUIIMPOBATH B UCCIIEAYEMOM 00IACTH 110 CTETIEHH 3alUIIEHHOCTH. Pe3ynbpTaTsl
BBIUUCIICHUH U MOAPOOHBIN aHAIN3 MO3BOJAT CAETATh BHIBOA O 3aLIUIIEHHOCTH MOJ3EMHBIX BOJ B
Ipezenax BBIICICHHBIX MEPCIEKTHBHBIX YJ4acTKaxX M JaTh OOOCHOBAaHHBIE PEKOMEHJAIMH MO UX
0e30macHoi SKCIUTyaTaluy.

bubaunorpagus

1. INonea6epr B.M., I'agza C. 'uiporeosiorndeckrue OCHOBBI OXPaHbl MOJA3EMHBIX BOJ] OT
3arpsisHeHusi, MockBa, «Henpay, 1984

2. Vrba J., Zaporozec™ A. Guidebook on mapping groundwater vulnerability. —
Hannover, 1994. — 131 p

3. Mycun P. X. Onenka 3amuii€HHOCTH MOJA3EMHBIX BOJ OT 3arps3HEHUs: y4eOHO-
Metoamueckoe nocodue /P. X. Mycun. — Kazans: Kazan. yu-1, 2022. — 38 c.

4. benoycosa A. I1. KauectBo moa3zeMubix BoJ. COBpeMEHHBIE MOAXOAbI K OIIeHKE. — M.

Hayxka, 2001. — 239 c.
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OueHnka 61uAHUA MEXHOEHH020 3aZPA3HEHUs NOY8blL (2PYHMO08) HA KAYECME0 NOO3EMHBIX 600
Ha meppumopuu ovieuieco 3aso0a 3UJI

Aspaxoe H.HU.* (MI'PH, azrakovila@gmail.com)

AHHOTanus

JlaHHast cTaThs MOCBSALICHA OLICHKE BIUSHUSA TEXHOINCHHOIO 3arpsA3HEHMs II0YB HA Ka4€CTBO
MIO/I3EMHBIX BOJ Ha Teppuropuu ObiBiIero 3asoja 3WJI. 3arps3HeHHe MOUYBHI M MOA3EMHBIX BOJ
ABJISICTCS OJTHOM U3 CaMBbIX OCTPBIX 3KOJOIMUYECKUX IPOOIeM, 0COOEHHO B TAKUX KPYITHBIX TOpoJax,
kak MockBa. 3aBox 3WJI, mpencrapistommii coO00i 3HAUYMMOE TNPEANPHUITHE ABTOMOOHMIBHOU
IPOMBIIIICHHOCTH, Ha MPOTSHKEHMH MHOTUX JIET HCIOJb30Ball Pa3HOOOpa3Hble XMMHUYECKHE
BEILECTBA U IIPOU3BOJCTBEHHBIE IPOLECCHI, YTO MPUBEJIO K HAKOIJICHUIO TOKCUYHBIX BEIECTB B
oKpykatomell cpene. M3yueHue naHHOW mnpoOiieMbl MMeeT OOoJIbLIOe 3HAYEHHE JUIsl OLEHKH
MacmTaboB 3arps3HEHHss M €ro BO3ACHUCTBUS Ha HKOCHCTEMY Topoaa MockBel. B ocHOBY
UCCIIEIOBAHMsI MIOJIOKEHBI IIPOBEPEHHBIE M JJOCTOBEPHbIE JaHHbIE 00 MHKXEHEPHO-IKOJOTHUECKUX
yCIIOBUSAX B MOCKBE, MpPEAOCTaBICHHBIE OpraHU3aIueii, MEIONICH MHOTOJICTHHI OIBIT PabOTHI B
3TOM cdepe.

IIpoBeneHue UCCIIEIOBAHNMN 110 3arPsA3HEHMIO ITOYBBI U ITOA3EMHBIX BOJ IIO3BOJIUT HE TOJIBKO
OLIEHUTh TEKYILEE COCTOSHUE 3KOCUCTEMBI, HO M pa3padoTaTh PEKOMEHJAMU 110 MOHUTOPUHTY U
PEKYIbTHBALINY 3aTPA3HEHHBIX TEPPUTOPHUIL. ITO BaXKHO JIJIsl BOCCTAHOBIICHUS IIPUPOIHOTO OaslaHca
U yJIy4lIeHHs KauecTBa )KU3HU B MOCKBe.

KiroueBble ciioBa
TexHoreHHOE 3arpsi3HEHHE, MOYBA «TPYHT», MOI3EMHBIC BOJbI, ObIBIINN 3aBox «3WJIy,
9KOJIOTHYECKAas OI[EHKa, peKOMEHIall1

HcTrouynukn GpUHAHCUPOBAHUA
OTCyTCTBYIOT.

Teopus

Ha tepputopun ObiBuiero 3aBoga 3MJI Oblna BbISBICHA 3HAUMTENbHAs 3arpsA3HEHHOCTh
MOYBBI, KOTOpasi 3aTparuBaeT pa3MuHble YpPOBHU U TIyOMHBL. B YacTHOCTH, MouBa COAEPKUT
OeH3anupeH, HeTEeNPOAYKThl U TsDKENbIe MeTauibl Ha riryoune ot 0,0 1o 7,0 MeTpoB, ¢ HaIHMYUEM
OYaroB 3arpsi3HEHHS, JOCTUTAIOMUX TIYOMHBI 10 35 MeTpoB. ITO CO3Ma€T CEPHE3HYIO
9KOJIOTMUYECKYIO YTPO3Y M HETaTUBHO CKAa3bIBAETCS HA OKPYKAIOILEH Cpele.

[To3emMHbIE BO/IBI TaKXK€E MOJBEPIIINCH 3HAUUTEILHOMY 3arps3HEHHIO, BBISIBIEHHOMY B JIBYX
ropuzonTax: Hagptopckom u Ilomonmbcko-MsiukoBckoM. B mepBoM ropusoHTe Habm0aroTCs
MPEBBILIEHUS MTPeIeabHO 10MycTUMBIX KoHLeHTpauui (I1/1K) mo pa3znuunbeiM BemecTBaM: CyiabhaTsl
- B 1,52 paza, Ouoxumuueckoe norpedienue kucnopoaa (bIIKS) - B 1,07 pasa, HedhrenponykTs! - B
3,2 pa3a, aMMOHUI-NOH - B 2,34 pasa, xxene3o - B 31,47 paza, mapraser - B 3,2 pasa, cBuHeII - B 25,33
pasa, kaamuii - B 1,2 pa3a m muHK - B 6,1 paza. Bo BTOpOM rOpH30HTE NPEBBIMIECHUS TaKXkKe
3HAYMUTENbHBIE: aMMOHHI-HOH - B 2,1 pa3a, xkene3o - B 23,96 paza, mapranen - B 3,9 pasa, Mep - B
424 paza, cuHen - B 34,17 pa3a, kaiMuii - B 2 pa3a U LIMHK - B 6,8 pa3a.

Ha pucynke Ne 1 mpencraBieHa kapTa-cxema OOBEMOB HCCIIEOBAaHMS, OTOOpa)karorias
pacroyio’keHNe CKBaKWH, MPOOHBIX IUIOMIAJ0K, a TakKe TOYKU O0TOOpa MpoO MOBEPXHOCTHOW U
MTOA3E€MHOM BOJBI.
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Yenobrsie 0do3Haderus

- Mecmo_u HoMep moyku omdopo npodu nobepxwocmHou
- Mecmo u HoMep moyku omdopa npods noyBe 08 paduonozudeckux, 00w 078 XuMudeckux QAu300 u u3Mepesul
XUMUYECKUX U MUKPODUO/D2UYeCKUX QHOAU30D U u3MepeHuu

‘ - Mecmo u Homep ckBoxuny, 2nyduna uccaedod 018 pad 4ECKUX v - MECMO U HOMep Modku omdopo. npodel NoAd3eMHOU

i U XUMUMECKUX 0HOAU308 U u3Mepexuu Bodu 0ns xuMuseckux 0Au30B U u3Mepesuu

Pucynok 1. Kapra-cxema 00beMOB UCCIIC0BaHUS, OTOOpaXKarOIIas PaciioIOKeHUE CKBAKHH, TIPOOHBIX
TUIOIIAJIOK, & TAKXKE TOUKHA 0TOOpa Mpod MOBEPXHOCTHOM U TIOJ[36MHOM BOIBI

bbuia BeIsSIBIIEHA B3aMOCBSI3b MEX/1y 3arpsi3HEHUEM ITOYBBI M KAUE€CTBOM MOJI3EMHBIX BOJI, UX
MO>KHO BBIJIEJIUTH B HECKOJIBKUE ACTIEKTHI:

o VCTOYHUKH 3arpsi3HEHUs: 3arpsA3HEHHOCTb IIOYBBI, COJAEpXKAILEH TaKkue BPEIHBIC
BElIECTBa, KaK OeH3amupeH, He(TEenpOAYKTbl M TSDKEIble METaJIbl, SIBJISETCS MOTEHIMAIbHBIM
HCTOYHUKOM 3arpsA3HEHMs] MOA3eMHBIX BoA. [Ipu Bo3melcTBHM OCAaIKOB M JIPYTMX IPHUPOIHBIX
(aKkTOpOB, TOKCHHBI M3 MOYBbI MOTYT IPOCAuMBATHCS B TOPU3OHTHI MOJ3EMHBIX BOJ, YCYTyOIssis
CUTYAaLHUIO;

o riyOuHa 3arpsi3HEHMs: YKa3aHHbIE YPOBHU 3arps3HEHUS] OXBAThIBAIOT 3HAUUTEIbHBIC
MIYOUHBI (710 35 METPOB), YTO MPEIOJIaraeT HEPABHOMEPHOE pacipeieIeHne TOKCUYHBIX BEIIEeCTB.
310 00BEMHOE 3arpsi3HEHHME MOYBBI MOXKET BIMATH Ha Oosiee TIyOOKHE CJIOM MOJ3EMHBIX BO[,
co3/1aBast Mpo0JIeMbl HE TOJIBKO B BEpXHHUX TOPU30HTAX;

. cpaBHenue ¢ [IJIK: nanHbIe 0 MPEBBIIEHUAX NPEIEIBHO JOMYCTUMBIX KOHIICHTPALIMI
(ITAK) BemiecTBa B MOJ3E€MHBIX BOAAX YKA3bIBAIOT HA 3HAUUTENILHOE BO3ACUCTBHE 3arpsa3HUTEINEH,
YXOASIIMX Yepe3 pa3IMuHble MYTH U3 3arpsi3HeHHOW MouBbl. OCOOEHHO KPUTHUYHO, YTO HEKOTOPHIE
BELIECTBA, KAK CBUHEIl U MEJlb, IPEBBIILIEHBI B PAa3bl, YTO MOXKET CBUAETENBCTBOBATH O JUIMTEILHOM
U CepbE3HOM 3arpsi3HEHUH;

. JKOJIOTMYEecKass yrposa: o0a BHAa 3arps3HeHHst (MoYBa U TIOJ3EMHBIE BOJbI)
B3alMOCBSA3aHbl B KOHTEKCTE DJKOJOTMYECKOW YIrpo3bl, IIOCKOJIBKY YXYAIIAIOT KadeCTBO
OKpY>KaroIlen cpesibl U MOTYT HaIIPSMYIO YIPOXKaTh 3I0POBBIO JIOAEH U IKOCHCTEMaM.
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B cBsi3u ¢ BBIIBIIEHHBIM 3arps3HEHUEM MOYBBI Ha Tepputopuu ObiBiiero 3aBojaa 3WUJI, Obuin
JIaHbI CIEYIONUEe PEKOMEHIAINH 110 ee 00paboTKe U MCIIOJIb30BAHHIO:

. YUCTHIE MOYBBI (TPYHTHI): PEKOMEHIYETCS UCII0JIb30BAaTh O€3 OrpaHUUYEHU, TaK Kak
OHU HE MPEJCTABISAIOT YIPO3bl 171 3/10pPOBbs UEJIOBEKA U OKPYIKAIOIIEH Cpebl.
o JIOIyCTUMBIE MOYBbI (TPYHTBI): PEKOMEHAYETCs UCIOJIb30BaTh 0€3 OrpaHu4YeHui, 3a

UCKJIFOYEHHEM OOBEKTOB IOBBIIIEHHOTO PHCKA, TJE€ HEOOXOIMMO INPOBOJIUTH JOMOJIHUTEIbHbIC
UCCIIEJOBAHMUS.

o YMEPEHHO OIaCHBIE MOYBHI (TPYHTHI): MOT'YT UCIOJIB30BaThCS B XOAE CTPOUTEIBHBIX
paboT I 3aCHIIKH KOTJIOBAHOB M BBIEMOK, a TaK)KE HA YY4acTKax O3EJICHEHUS C MOACHIKOH CIIOS
YUCTOI0 TpyHTa TOJMIMHOM He MeHee 0,2 M.

o OIacHbIe TOYBHI (TPYHTHI): OTPAaHUYEHHOE MCIOJIH30BAHUE BO3MOXHO ISl 3aCHIKU
KOTJIOBAaHOB U BBIEMOK C IEPEKPBHITHEM CIIOEM YHCTOrO TpyHTa TONMIIMHON He MeHee 0,5 M.
Heo6xoauMo peryasipHO MPOBOAUTH MOHUTOPUHT COCTOSIHUS TAKUX YYaCTKOB.

o Ype3BbIUAIHO OMNacHble MOYBBI (TPYHTHI): HEOOXOAMMO OPraHU30BaTh BHIBO3 U
YTHIIM3AIMIO Ha CHENUAIM3UPOBAHHBIX MOJMTOHAX, TAK KaK OHH MPEJICTABISIOT CEPhE3HYI0 YIPo3y
IS 3/10POBbS JIIOJIEH 1 SKOCUCTEMBI.

JUist cCHUKEHMsI 3arps3HEHUS MOA3EMHBIX BOJI Ha TeppuTOopuu ObiBIIero 3aBoja 31JI moxHO
HPEAJIOKUTH CIETYIOIINEe PEKOMECHJAlNH:

o MOHHUTOPHHT M OIICHKA COCTOSIHUS TIOA3EMHBIX BOI:

o OpPTraHU30BaTh PETYISAPHBIH MOHHTOPUHI KadyeCcTBa IIOJ3EMHBIX BOJ C LEJIBIO
BBISBJICHUS! MCTOYHUKOB 3arpsi3HEHHUS, a TAaKXKe aHajdu3a AMHAMHKH W3MEHEHHMH KOHICHTpAIMH
3arps3HSIONINX BEIIECTB;

[ ] CO31aThb CCThb KOHTpOJII)HI)IX TOYCK IJIsSI aHAJIN3a pa3JH/I‘-IHI)IX FOpI/I3OHTOB IIOA3CMHBIX
BOJ;

® OYHCTKA ITIOA3€MHBIX BOI:

[ ] pa3pa60TaTL nu BHCIIpI/ITI) TEXHOJOI'M OYHIICHUSA IIOJA3C€MHBIX BOJ, BKIIIOYas

azcopOuuio, QUIbTpalMio, OMOpPEeMEIUaluI0 U JAPYTUe METOJbl, B 3aBUCHUMOCTH OT THUIA U
KOHIEHTPALUH 3arpsI3HSIONINX BEIIECTB;

. MPUMEHATh METOABl (U3UKO-XMMHYECKOW OYHMCTKH I YCTPAHEHUS TSKEIBIX
METAJUIOB, TAKUX KaK M€Jlb, CBUHELl U KaIMHUIA;

. YCTpaHEHHE UCTOYHUKOB 3arpsi3HEHUS:

. MPOBECTH HHBEHTApU3ALMI0 M OLEHKY MWCTOYHUKOB 3arpsA3HEHUs, TaKUX Kak
OCTaBILIHECS TPOU3BOJICTBEHHBIE OTXO/Ibl, OCTATKH TOIUIMBA U XUMHYECKUX BEILIECTB;

. OYHMCTUTH TEPPUTOPHUIO OT TOKCUYHBIX OTXOJI0B U BOCCTAHOBUTH €€ C UCIIOJIb30BAHUEM
AKOJIOTHUECKU O€30MaCHBIX TEXHOIOTHIA,

. CHIKEHHE TTOCTYIUIEHUS 3arPSI3HSIOIINX BEILIECTB:

. YCTAaHOBUTH CUCTEMY cOOpa M YTHJIM3AlUU CTOYHBIX BOJI, YTOOBI MPEJOTBPATUTH UX
TIOIaIaHUE B ITIOYBY U NIOJA3EMHbBIE BOJIBI;

. BHEJPUTH CTaHIAPTHBIE MPOLEIYPHI 11 00pabOTKH MPOU3BOJCTBEHHBIX OTXOJIOB C

LIETTbI0 MUHUMU3AIMHA UX HETaTHBHOTO BO3/IEHCTBUSI HA OKPYXKAIOIIYIO CPEy.

BriBoabl

Tepputopust ObiBmiero 3aBoga 3WJI mopaxeHa 3HAUUTENbHBIM 3arpsi3HEHUEM I10YBBHI,
coJiepKallel TOKCUYHBIE COEIMHEHHUS, TaKhue KakK OeH3amupeH, HEePTENpOIyKThl M TSKENbIE
METaJuIbl. DTO 3arps3HEHHE 3aTparuBaeT 3HAUYMUTENbHBIE TJIYOHWHBI, YTO YBEIWYHBAET PHUCK
HEraTUBHOIO BO3/ICHCTBUS HA MTO/I3€MHbBIE BOJIBI.

ITon3emHblIE BOABI HA TEPPUTOPHUH 3aBOJA TAKXKE NIOJIBEPIINCH 3HAUNTEIILHOMY 3arps3HEHHUIO,
C TMpPEBBILIEHUSIMU MpeAenabHo JonycTuMbix KoHueHTpauui (IIJIK) mo MHOXecTBy omacHbIX

XVl MexdyrapodHOA HOYYHO-MPOKMUYECKOR KOHDEpEHULUA
wHossle udey & HaOyRax O Jemaes
z. Mockea, 03-04 anpena 2025 2.

134



N\ MIPU

POCCHACKHRA TOCYIAPCTREHHLIR wHoebte udeu s HAVKIX & 3emaen
TEQROFOPASBEAOHLIA YHHEEPCHTET
MIMEHH CEPT () P % OHHKRA3E

BellecTB. B HeKOTOpBIX ciayyasx KoHueHTpauuu npesbimatoT [IJIK B pa3sl, 4TO CBUAETENBCTBYET O
CEpPBE3ZHOM U JUTUTEIBLHOM 3arpsA3HECHUU.

3arpsi3HeHue TOYBBI U IMOA3EMHBIX BOJ IPEACTABIAECT CO00M CEPhE3HYIO0 IKOIOTMUYECKYIO
yrpo3y, KOTOpas MOKET HETraTMBHO CKa3aTbCs Ha 3/I0pOBbE JIOJIEH M IKOCHCTEMax. JTO CO3AAET
PUCKU JJI BOAOCHAOKEHUS ¥ KaUeCTBa OKPYKAIOIICH Cpellbl.

BrisBrieHa 4y€Tkas B3aMMOCBSI3b MEXAY 3arpsi3HEHHOCTBIO MOYBBI U YXYJIIICHUEM KayeCTBA
MOA3EMHBIX BOJI. TOKCHYHBIE BELIECTBA U3 IIOYBBI MOT'YT IPOCAYMBATHCSA B BOJIOHOCHBIE TOPU3OHTBHI,
yCyryouisist mpo0iemy.

Pesynbratel uccrnenoBanus TpeOylOT pa3pabOTKU M BHEIPEHHS MEp 10 OYUCTKE
3arps3HEHHBIX TEPPUTOPUKA M 3AIUUTE IMOA3EMHBIX BOJ OT JaJbHEUMIIEr0 3arps3HEHUS.
Pexomenayercs mNpOBOAUTH PEryIspHbII MOHHUTOPHUHI COCTOSIHUSL OKPYXKalIIeW cpeasl H
pa3pabarhiBaTh CTPATETUU 10 BOCCTAHOBJICHHIO 3arPA3HEHHBIX SKOCUCTEM

BaaronapHocTu (Ha Balie yCMOTpPeHUe)

Bripaxato rI1yOOKYIO O51aroJapHOCTh MOEMY HAyYHOMY PYKOBOIUTEITIO,
JI.B. BoponuHo#i, 3a €€ meapyr MOMIEPKKY, COBETHI W MPOPECCHOHATN3M, KOTOPHIE OKa3ald
HEOIICHUMYIO MTOMOIIb B MPOIECCEe HAIMCAHUSl HAyYHOW cTaThu. Balie TeprneHue u cTpemieHHe K
BBICOKMM CTaHAapTaM BIOXHOBUJIM MCHSA Ha IIOMCKHM HOBBIX I/II[ef/'I U JOCTMIKCHUC JIy4dIIUX
PE3yNIbTaTOB.

Takxke Xouyy BBIPAa3HTh NPHU3HATEIHHOCTH 3aBenyromeMy kadenpoir, K.B. Bbemomy, 3a
co3/iaHue OJaronpuaTHON aTMochepsl s HaydyHOIl pabOTHI U 3a MOANEPKKY B peaan3alid MOETro
HUCCIICAOBaHUA. Bamm HECHHBIC COBCTHI U MYAPBIC pCKOMCHAAIINU CTAJIM Ba)KHBIMU OPHUCHTHPAMHU B
MOEM HaIlpaBJICHUU.

bubaunorpadus

1. Anucumos, U. II. OueHka 3arpsi3HeHUs MOYBBI U MOA3EMHBIX BOJ Ha TEPPUTOPUSX
npombinuieHHBIX peanpustuii / U. I1. Auucumos, E. B. IletpoBa. — M.: Hayka, 2022. — 150 c.

2. benos, C. 1. Oxosnornueckre npodaeMbl TEXHOT€HHOM HAarpy3Ku Ha IPUPOJLY: OMBIT U
nytu pemenus / C. J1. benos, M. H. Cunoposa. — CII6.: U3narensctBo CIIOI'Y, 2021. — 200 ¢

3. Kosanes, JI. C. HccnenoBanume kauecTBa IOA3EMHBIX BOJ Ha 3arpsS3HEHHBIX
tepputopusx / JI. C. Koanes, T. WM. Xpucrosa. — Kazanb: Kazanckuii penepanbHblii yHUBEPCUTET,
2022. - 175 c.

4. Psa6unun, H. FO. TexHonoruu ouMcTK rpyHTOB U MOJ3EMHBIX BOJ OT 3arpsi3HEHHH /
H. 1O. Psa6unun, O. C. ConoBbeB. — HoBocubupck: Cubupckoe otaenenue PAH, 2023. — 195 c.
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Tuopozeonocuueckoe kapmozpaguposanue ApKkmuueckoil 30Hbl HA npuMepe noJayYoCcmposd
HAman

Ko3noe F0.A.* (®I'BY «l'uopocneyzeonocuny, kozlov@geomonitoring.ru),
Ezopoe T.C. (®I'BY «I'uopocneuzeonozua», egorov@geomonitoring.ru),
Kawuna H.II. (OI'BY «l'udpocneuyzeonozun», kashina@geomonitoring.ru),
Epwoe B.B. (I'BY «l'uopocneyceonozusny, ershov@geomonitoring.ru),
Hvimoanenko A.A. (OI'BY «I'uopocneyzeonozun», tsymbalenko@geomonitoring.ru),
Ilepezyoos /I.1O. (®I'BY «l'uopocneuzeonozusn», peregudovi@wgeomonitoring.ru)

AHHOTaNuA

PaccmoTpensr ocoOeHHOCTH (DOPMHUPOBAHUSI TIOJ3EMHBIX BOJ| TEPPUTOPHH APKTUYECKOM
30HbI. OTMEUYEHBI CIIOKHBIE THAPOTEOJOTUYECKUE YCIOBHS, CBA3aHHBIE C PaCHpPOCTPaHEHHEM
MHOT'OJIETHEMEP3JIBIX MOPOJI. [IpeacraBnensl pe3yabTaThI MEJIKOMACIITaOHOTO
THAPOTE€OJIOTHYECKOT0 KapTorpadgupoBanus jucta R-42, (43) — m-oB SImaur.

KiroueBnle ciioBa
['maporeonornueckas kapta, (opMupoBaHHE TOA3EMHBIX BOJ, ApKTHYECKas 30HA,
MHOT'OJIETHEMEP3JIbIC TTOPOIbI

Teopus

AKTYaJbHOCTh OCBOCHUSI APKTHUECKOM 30HbI ONPEAEIAETCS FEONOIUTUIECKUMHI aMOUIIUSIMU
Poccuiickoit ®enepaunu, NOTPeOHOCTAMU CTpaHbl B PACIIMPEHUU CBIPbEBOM 0asbl, pa3BUTHEM
CeBepHOr0 MOPCKOTO IMyTHU. YCTOMUMBOE COLMAIBHO-3KOHOMMUYECKOE pAa3BUTHE PETHUOHA
HEBO3MOXHO 03 HaJIe)KHbIX MCTOYHUKOB BOjOCHa0eHus. [lo3eMHble BObl B OOJIbILEH CTENEHU
YeM IOBEPXHOCTHBIEC 3ALIUIIEHbI OT MNOTEHLUUAIbHOI'O TEXHOI€HHOI'O 3arpsi3HEHHs, B MEHbIIEH
CTENEHHU MOJIBEP’KEHb! BIUSHHUIO CE30HHBIX KoJeOaHWH TeMIepaTyp U I100aJbHOr0 HM3MEHEHHs
KJIMMarTa.

MenkomacmrabHoe THUIPOreoJOTHUecKoe KapTorpadupoBaHHE SBISETCS OJHUM M3
CHIO0CO0O0B OIIEHKU M 0000IIEHHS THAPOTE€0IOTHYECKUX YCIOBUM TeppuTOpuH. [ uaporeosornyeckue
UCClIeIoBaHUsI B ApPKTHYECKOH 30HE HMEIOT psAA  OCOOCHHOCTEW: CIOXHBIE MEp3JIOTHO-
THIPOTEOJIOTUYECKUE YCIIOBUS; Majoe KOJIMYECTBO (DAKTHUECKUX [aHHBIX M HUX JIOKaJbHOE
PacIpOCTpaHEHUE; OTCYTCTBHE HHPPACTPYKTYPhI U TPYIHOCTH B IPOBEICHUH MOJIEBBIX pador [2].

ManbIM  KOJIMYECTBOM (PAKTUUECKHX JIaHHBIX OOYCIIOBJIEHO IIHPOKOE MCIOIb30BaHHE
(OHIOBBIX pabOT PErMOHANBHOIO MAacIITaba, B KOTOPBIX MPHUBOJSATCS OCHOBHBIE 3aKOHOMEPHOCTHU
TUIPOJIMHAMUYECKOTO M THIPOXUMHUYECKOIO PEXUMOB MOJI3EMHBIX BOJ, HO HE JAa€TCs MOAPOOHOrO
ONMCaHUs KOHKPETHBIX Iowmwane. M3yuaemas TeppuTopus mnonyoctpoBa SIMan B mpeaenax
TazoBcko-ITypckoro apresunanckoro 0accerina (AbB) sBrsercs kpaeBoit 30HoM 3anagHo-CuOHpPCKOro
cllo)kHOTO apte3uaHckoro OacceiiHa (Puc. 1). Ilonumanue oOmiero HampaBi€HUS BUKEHUS
MO/I3€MHBIX BOJ KaK B BEPTHUKAJIbHOM, TaK U B JIaTEpaJbHOM HAIpPaBJIE€HUH, OCOOEHHOCTEH HX
pacrpocTpaHeHHs ¥ (POPMUPOBAHUS MTO3BOJISET NEPEHTH K IOCTPOSHUIO KapT THIPOTr€0I0THIECKOr0
conepxkanus. IIpm »stoMm, TaszoBcko-Ilypckuii ADbB sBnseTcs THIOBOM TI'HIPOTEOJIOrMYECKON
CTPYKTYpOH it ApPKTHUECKOW 30HBI, IZie B MOJHOH Mepe MpOSBISAIOTCS BCe OCOOEHHOCTH
AKCTpeMalIbHBIX MpHUpoHbIX yciaoBuil Kpaitnero CeBepa u TeppuTopueil, B HauOoblIe crernenu
MIO/IBEPKEHHON TEXHOTEHHOMY BO3ICHCTBHIO B YCJIOBMSIX AKTUBHOIO DPAa3BUTHUS 3/€Ch razo- U
He(dTen00bIYH.
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Pucynok 16. I'unporeonorndeckoe paifoHUPOBaHHE TEPPUTOPHU HCCIICOBAHUS

B Texronmueckom otHomenun TazoBcko-Ilypckuit Ab npencraBnser coboil BhaauHy,
HMEIOIIYI0 JBYXBSPYCHOE cTpoeHHe. HwxHUN 3Tax — CKIagyarbii (QyHIAMEHT, CIIOXKEHHBIN
JTUCIIOIMPOBAHHBIMUA  TMAJC030MCKUMU  JPEBHUMH  OCAQJOYHBIMH, MeTaMop(pUuecKUMU U
M3BEP)KEHHBIMU TIOPOAAMU; BEPXHHUIA — ITOJIOTO 3aJIETAIONIMMHU Ha (PYHIaMEHTE OTIIOKEHHUSIMUA ME30-
KaifHO3051. DOpMUPOBAHME OCAJOYHOM TONIIM MIATHOPMEHHOTO 4Yexja MpoTekano Ha ¢oHe
Pa3IMYHBIX IO aMIUIUTY/IE ¥ IIUPOTE 0XBaTa TEPPUTOPHH KOJIeOaTeNbHBIX ABMKCHUIX (PyHIAMEHTA,
KOTOPBIE COITPOBOXKIATIUCH TPAHCIPECCUSIMU U PETPECCUSIMU MOPS, B CBSI3U C 3TUM B HEll YepeayroTcs
KOHTMHEHTAJIbHbIE U MOPCKHE OCaJKH, 00pa3yrolue BOJAONPOHHULAEMbIE U BOJIOYHNOPHBIE TOJIIN
6omp110¥ MotHOCTH [1].

[Ton3emHble BOABI HAa TEPPUTOPUU HCCIENOBAHUS JENATCA HAa HAIMEP3JIOTHBIE (BOZBI
CE30HHO-TAJIOTO CJIOS, CKBO3HBIX W HECKBO3HBIX TAJMKOB), MEXMEP3JIOTHbIE, BHYTPUMEP3IOTHbIE
(kpuomaru) u noaMep3noTHele [4]. MHoroseTHeMep3ible TOPObI 371eCh SABISAIOTCS BOJAOYIOPOM U
3aTPYIHSIOT MHQUIBTPALMIO aTMOC(EPHBIX OCAIKOB, B PE3yJbTaTe 4YEro MOIAMEP3JIOTHBIE BOIbI
HaXOJATCS B 30HE 3aTPyJHEHHOT0, BECbMa 3aTPyIHEHHOI'0 BOJI0OOMEHA, M 00J1aAat0T MOBBIIIEHHON
MuHepanu3auued. Ha mnomyoctpoBe SIMan Takke paclHpoOCTpPaHEHbl KpPHUONATU — JIMH3BI
BBICOKOMHUHEPAIM30BAHHBIX BOJ, HAaxXOMSIIUECS B XKUIAKOM COCTOSSHUM TIPU OTPULIATEIbHBIX
TeMIIepaTypax.

Haomep3znommnbwie 6001

Ha pexwum, nutanue U HUPKYISIUIO BOJ BEPXHETO TUAPOTE€0IOTMYECKOr0 3Taxa, Hapsaay ¢
reoJIOTHYECKUMHU (paKTOpamu, CYIIECTBEHHOE BIMSHHUE OKa3bIBalOT reOMOP(OIOTHYECKUE YCIOBHUS,
KJIUMAT ¥ CTPOCHUE MHOTOJICTHEMEP3JIBIX TTOpoy [5]. 30Ha aKTUBHOTO BOI00OMEHa (hOPMHUPYETCS B
BEPXHEH YacCTH OTJIOXKEHUI KalHO03051, CIOKEHHBIX MPEUMYIIECTBEHHO aJUIIOBHAIBHBIMU, 03€pHO-
AJTIOBUAJIBHBIMU, 03€PHO-O00JIOTHBIMU U MOPCKHUMH 00pa3oBaHUSIMU. B ceBepHOl U 1eHTpanbHON
qacTAX MoiyocTpoBa SIMan mpeoOmnangaroT MHorojeTHeMepsibsle nopoasl (MMII) cmomHoro u
MPEUMYIIECTBEHHO CIUIOIIHOTO paclpocTpaHeHHs. JTO 00ycCliaBIMBaeT HEOIAronpusTHbIE IS
(bopMHpOBaHUS PECYPCOB MOI3EMHBIX BOJ rMaporeosornyeckue ycnosus. Ilpu stom, Bo3zeiicTBue
XOJIOTHOTO KJIMMaTa CKa3bIBAETCSl Ha M30BITOYHOM YBIAXHEHHH TEPPUTOPUHU, UYTO CIIOCOOCTBYET
Oosiee JIMTENLHOMY NMUTAHUIO MOJ3EMHBIX BOJ. B 30He moBcemecTHOro pacrpoctpanenus MMIIT
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Mep3ible MOpoJsl 00pa3yloT KPYMHBIE MAacCUBBI C PEAKUMHU TajJHMKaMH, PacCHpOCTPAHEHHBIMU B
JIOJIMHAX KPYIHBIX HENEPEMEP3aOLUX PEK U 110 03€paMHU, B KOTOPBIX U COCPEAOTOYECHBI OCHOBHBIE
CKOIUJICHUS TOA3EMHBIX BOJI.

Crenuduueckue THIPOXMMHUYECKHE YCIOBHS —XapaKTepHbl JJIs  3alaJHON  4acTh
MOJIyOCTPOBA. 3HAUUTEIbHBIE YYACTKU TEPPUTOPUU IO TToOepekbio Kapckoro Mopst u ero 3ajuBoB
pacnonaratorca Huke 50-METpOBOM OTMETKHM, MOPCKHE BOJABI MUIPUPYIOT B YCTbSl PE€K, TZ€
CMENIMBAIOTCS C MPECHBIMU peyHbIMH BoAamu. Ha paccrosinum 1o 40 kM OT ycThs BoAa B peKax
HacjaeayeT XMMUYECKUH COCTaB MOPCKUX BOJ, KOTOPBIE, B CBOIO OYepelb, MUTAIOT IOIPYCIOBBIC
Tanuku. BojopasnenbHble BO3BBIILIEHHOCTH IOJIYOCTPOBA OTHEISAIOT €ro 3amagHyl 4YacTb OT
HwuxHEoO0CKO0# KOTJIIOBUHBI, BKITFOUAOIIEH B ceOs 6acceitH HkHeTo TeueHus p. O6u u OOCKoi TyObl.
B 37101 yacTu mosiyocTpoBa peuyHbIE BOJbI, U, KaK CIEIACTBUE, BOJBI MOJPYCIOBBIX TaJIUKOB, KaK
IIPaBUJIO, ABJISIIOTCS IPECHBIMU WIH YJIBTPAIIPECHBIMHU.

Iloomep3nomnusie 600wl

HwxHsist 9acTh KaifHO30MCKUX OTJIOKCHHI B COBOKYITHOCTH C BEPXHHM MeJioM (hopmupyer
PETHOHANBHBIN BOAOYIOP, CIOKEHHBIA TONIIEH TIUHUCTBIX OOpa30oBaHHUIl C TIepecianBaHUEM
necuaHsIX (popMaruii, pa3BUTHIX IOYTH Ha Beel TeppuTopun 6acceiiHa. CIOKHOCTh T€0J0THYECKUX
YCIOBUIM HalllJla OTPaK€HHWE B THAPOTEOJIOTUYECKUX OCOOEHHOCTSIX pa3pes3a: BhICOKAs CTENeHb
3aKpBITOCTH HENpP, XapakTepHas [UIl THUAPOAVMHAMUYECKHX CHUCTEM JJUIM3MOHHOTO THIIA,
CHOCOOCTBYET BBDKMMAHHUIO BOJ| M3 YIUIOTHSIOIIUXCS OCAIKOB W TMOPOJA B KOJUIEKTOPBI, YTO
olpesessieT OAHY M3 THAPOTEOIONMYECKUX OCOOEHHOCTEH MOJIyOoCTpOoBa — aHOMAJbHO BBICOKHE
IJ1aCTOBBIE JaBiieHus [3]. Boabl 31€Ch UMEIOT BBICOKYIO CTEIIEHb MUHEPAIU3ALUU, HEPABHOMEPHYIO
10 IUIOIIAJN: MHUHEpAIM3alMs IOJ3EMHBIX BOJ BO3pacTaeT € 3amaja Ha BOCTOK, YTO MOXHO
OOBSICHUTH TMOTPYKEHHEM TIOpOJl B BOCTOYHOM HampaBieHuH. FOXHas dYacTh MOJIyOCTpOBa
pacroyio’)keHa Ha CPAaBHHUTEIBHO HEOOJNBIINX PACCTOSHHUSIX OT MPHOOPTOBOM wacTu Ta3zoBCKO-
[Typckoro AbB, uTo crocoOCTByeT mpoieccaM MPOMbIBa 0CaJOYHOTO YexJia WHOUIBTPALMOHHBIMU
BOJIaMH M TIOCTETICHHOTO pa30aBICHUsT MMM CEIUMEHTAIlMOHHBIX. Ha pasnnysbli renesmc
MOJ3EMHBIX BOJI, 3aKJIIOYEHHBIX B KOJUIEKTOpax 30HBI 3aTPYAHEHHOTO BOJI0OOMEHa, OOIbIIOe
BJIMSIHUE OKa3bIBaeT Ipoliecc MeTaMoppu3alui, B KOTOPOM YYacTBYIOT KOHJECAaTOI'€HHbIE BOJBI,
JUTOTE€HHBIE, (POPMUPYIOIIMECS 3a CYET IMpolecca TePMOAETpaJallui TIIMHUCTBIX MHMHEPAJIOB, U
CEIMMEHTOTE€HHBIE PACCOJIbI, IPOHUKAIOIINE U3 MaJC030MCKOro pyHIaMeHTa IyTeM BEepPTUKAJIbHOMN
MUTpALH.

BriBoabI

Ha ocHoBe 00O0OIIEHHBIX THUIPOTEOJIOTHYECKUX MaTepUaIOB M HM3YYCHHBIX YCIOBUH
dbopMUpOBaHHS ~ TOA3EMHBIX  BOJ  HMCCIEAYEMOW  TEPPUTOPUU  COCTABICH  KOMIUIEKT
TUJPOTr€OJIOTHYECKON KapThl, BKIIOYAIOIIMI: THUIPOTEOJOTMYECKHE KapThl JIOMJIMOLECHOBBIX H
IUIMOLEH-YETBEPTUYHBIX TUAPOTE€OJOTUUYECKUX IMOAPA3AEICHUN; TUAPOr€OXUMUUYECKYI0 KapTy
OCHOBHBIX BOJOHOCHBIX [MOJpa3JIEICHUI; KapTy 3allUIIEHHOCTH OCHOBHBIX BOJOHOCHBIX
MOJpa3IeJICHUI; KapTy UCIIOJIb30BAaHMS IUTHEBBIX U TEXHUUYECKUX, MUHEPAIbHBIX MTOA3EMHBIX BOI;
KapTy MPOTHO3HBIX PECYPCOB MOA3EMHBIX BOJI KaTeropuu Ps.

Pe3ynbrarhl BHIMOTHEHHBIX PabOT MO3BONAT oOecrneuuTh SIMano-HeHeukuii aBTOHOMHBIM
OKpYT KapTorpauieckoil OCHOBOM s pemieHus ¢eaepalbHBIX W PErHMOHAIBHBIX 3a71a4 110
YIPaBICHUIO TOCYIAPCTBEHHBIM (DOHIAOM HEJp B YACTH PECYPCOB W 3alacoB MOA3EMHBIX BOI U
JTATbHEHTIIETO Pa3BUTUS HHPPACTPYKTYPHI PETHOHA.
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