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AHHOTAILIMS

OOBEKT HCCIeIOBaHUS — DKOJOTHMYecKas OOCTaHOBKA BOJHBIX OOBEKTOB.
[Ipenmer wucclieqOBaHUS - MOHHUTOPHUHT SKOJIOTHYCCKOM OOCTAHOBKHM BOJHBIX
00BEKTOB, HAXOAIIUXCS O/ YIPO30H 3arps3HCHHS TMPEITPUATHIMA XUMUYECKOM
MIPOMBIIIICHHOCTH.

Ilear mpoekTa - pa3pabOTKa KOMIUICKCA MOHHUTOPHHTA AKOJIOTHYCCKOM
00OCTaHOBKM BOJHBIX OOBEKTOB, HAaXOMSIIUXCS IO YyTPO30M  3arpsi3HEHUS
IPEANPUATASIMEI XUMHAYECKON MPOMBIIIIICHHOCTH.

B paboTe ObLI0 MPOBEACHO HCCIICAOBAHKE, B X0/I€ KOTOPOTO YCTAHOBJICHO, YTO
CYIIECTBYIONIAE CHUCTEMBl MOHHUTOPHHTA JKOJIOTHYCCKOM OOCTAHOBKH BOJHBIX
00BEKTOB HE O0JaJar0T IMOJHOIICHHBIM KOMILIEKCOM JAaT4YuKOB ISl W3Y4YEHUS
BIUSHUS XWUMHYCCKOW TPOMBINIICHHOCTH HAa MHHEPAIU3alHI0, KHCIOTHOCTH,
TEMIIepaTypy BOMBI, W, YTO BaKHO, HA paclpeneiieHue JTHX ITOKaszarejed Ha
Pa3IMYHBIX TIYOMHAX, BBIJICJICHHE OPraHUYECKUX ra30B. Takke ObLIIO YCTAaHOBJICHO,
YTO OTCYTCTBYIOT CHCTEMBl MOHHUTOPWHTA ATHX TIOKA3aTeIe COCTOSHUS BOJABI B
KOJIOAIAX, MCIOJb3yeMOM JUId JICICHTPaJIM30BaHHOTO BojocHaOxkeHus. Ha
OCHOBaHUH IIOJIECBBIX MCCIIEIOBAHMI OBLJIO OMPEACIICHO MOBBIIIIEHHOE COIEepIKaHHE
MeTaHa B KoJIofle Ha 3araje [ToMMOCKOBBS M OTCYTCTBHE Ha IOTE, UTO TOBOPHUT O
pPa3lIOKCHUU OPTraHMYECKMX BEIISCTB B  BOAC, NpEAHA3HAYAIOIICHCS s
BOJIOCHA0KECHMSI, B TIEPBOM CJIydae, U Kak CIICJCTBHEC, HEOOXOAMMOCTH MOHUTOPHHTA
ATOTO TMOKa3aress JUIsl OINEepaTHBHOTO OIOBEIICHHS TpaxknaH. Ha ocHoBaHuM
Hay4YHBIX JaHHBIX, COACpKAIIMX HHGOPMAITUIO O BOIHBIX 00bekTaX MOCKOBCKOTO
peruoHa, Obljla oOmpelesieHa HeoOXoaumas JJIMHAa COCIWHUTEIIBHOTO KaOens u
YCTaHOBJICHO, YTO TakKas CHCTeMa HeoOXonuma JiJIs OTIEPATHMBHOTO HMCCIICIOBAHMS

HKOJIOTHYECKON OOCTAHOBKH.

Coneprxanue

BBEJIEHUE

1. Haquo — UCCJICA0BATCIIbCKasa 4aCTh




1.1 00630p 1 KIaccupuKaIms 4
1.2 Kiaccudukanust 3a1a4, BBIMOTHAEMBIX allllapaTaMyd MOHUTOPUHTA BOJHOM cpefpl 6
1.3 PazpaboTka nporpaMMHO-anapaTHOrO KOMILIEKCa 7
1.3.1 BbI6Op OCHOBHOIO BbIMMCAUTENBHOIO 31EMEHTa B/10Ka ynpaBieHMsa Komnaekca 8
1.3.2 BbIbOp AaTYMKOB A1 CHATMA NMOKa3aHNM 9

2. KoHcTpyKTOpCKas 4acTh 12
2.1 OnpegeneHune obLero Buaa U KOMMNOHOBKM U3aenus 12

2.2 CospaHue nsgenua 16

3. KoHcTpyKTOpCKas 4acThb 16
3.1 OnpegeneHune obLero Buaa U KOMMNOHOBKM U3aenus 16
3AKJIKOUEHUE 16

BBEJIEHUE

B HacTosiee BpeMs Ha pbIHKE OTCYTCTBYIOT TOTOBBIE CUCTEMBI KOMITJIEKCHOTO
HKOJIOTUYECKOTO MOHUTOPUHIA BOJOEMOB, HAXOMASIIMUXCS B HEMOCPEICTBEHHOU
OIM30CTH OT OOBEKTOB XMMHUYECKOW MPOMBIIUIEHHOCTH: CYIIECTBYIOILAs
anmnaparypa, HarpuMep, He MOXKET OTCJIEKUBATH OJHOBPEMEHHO M Kau€CTBO BOJIBI,
U BBIOPOCHI OpPraHMYECKUX Ta30B, BBIJCJICHHUE KOTOPBIX CBUJIETEIBCTBYET 00
aHa’pOOHOM PA3JIOKEHUU OPraHUYECKUX BEIIECTB O]l BOAOMW, a TAKKE yCHJIUBACT
NapHUKOBBIN AP (DEKT.

dakTHUeCcKoe OTCYTCTBUE, HATPUMED, TOCYIapCTBEHHOI'O KOHTPOJISI BBIOpOCca
MeTaHa U3 KOJOALEB MPUBOJUT K TOMY, YTO HAay4YHbIE JaHHbIE B 3TOU c(pepe KpaliHe
pa3pO3HEHHBI, UTO 3aTPYAHSIET BHIBICHUE aKTyaJ bHBIX MPOOIEM; TEM HE MEHEE, 3TO
BAXXHO, TaK Kak, Hampumep, B 1987 romy BBIOPOC OTXOMOB TMPOM3BOJCTBA
opranudeckod xumuu B T. Kupumm JleHOOnacTy CyliecTBEHHO MOBIMSI Ha
3JI0POBbE MECTHOTO HaceaeHusl. [1]

bbulo  mpoBeeHO  M3yuY€HHWE  OTKPBITBIX HCTOYHMKOB U TMOJIEBbIE
UCCJIEIOBAaHUA, OTIIPAaBJIEHbl 3alpPOChl B pa3iuyHble (UPMBI, MNOATBEPIMBILINE
OTCYTCTBHE MpodusiorpadoB KOMIVIEKCHOTO aHajn3a TaKWX Mokaszareiei, kak pH
(BOIOpOIHBIN MOKa3aresb), TDS (Total Dissolved Solids, oOmas

MUHEPAIA3ALIUS ), ONHOBPEMEHHO UMEIOIIUX MOYJb, U3MEPSIOMINI KOHLIIEHTPALIUIO



OpraHUYeCKHUX Tra3oB, YTO Ba)XXKHO - Ha 3amaje [1oaMOoCKoBBs ObLIO OOHAPYKEHO
BBIJICJICHNE TAKOBBIX M3 IIaXThl KOJIOALA, MPEIHA3HAYEHHOTO JIsl 0TOOpa MUTHEBOM
BOJIbI, YTO TOBOPUT O aHA’pOOHOM PA3IOKEHHH OPTraHUYECKUX BEIIECTB, M, KaK
CJIe/ICTBUE, HEOOXOUMOCTH MOHUTOPUHIA ATOTO MOKAa3aTelIsl.

Kpome toro, B 2020-x IT. oOTMEUaeTcsl yBEIMUYECHUE JOJIU MOA3EMHBIX BOA (110 46 %)
B 00111eM 0ajiaHce HCTOYHUKOB X035MCTBEHHO-TTUTHEBOTO BOIOCHAOXKeHUs. B cBs3u
C 3TUM BCTaET 3ajlada MOHUTOPUHTAa COOTBETCTBUS HKOJOTHMYECKOTO COCTOSHUS
MOA3EMHBIX BOJ HOpMaMm, YycrtaHoBlieHHbIM Canllun. Tak, Hampumep, 3TUM
CTaHJapPTOM YCTAHOBJIEHO MAaKCHUMaJIbHAs KOHIICHTPALMS PACTBOPEHHBIX YACTHIL
1000-1500 mr/m [2], ¥ MOHHUTOPHMHI B 3THUX Npeleiaax BIOJHE OCYIIECTBHM C
MOMOIIIBIO JIelIeBbIX U JocTynHbiX gataukoB TDS (Total Dissolved Solids), a 3a
YPOBHEM BOJbI MOXXHO CJIEAHUTH (C LENbIO MJIAHUPOBAHUS MOTPEOJICHUS BOIBI) C
MOMOIIBI0 M3MEPEHUsI THUAPOCTATUYECKOTO naBieHus. HauumnHas ¢ mocieaHux
necsatunetuit 20 B. HaOmromaeTcs 3arps3HEHUE TMOJ3EMHBIX BOJI, OCHOBHBIMHU
HMCTOYHMKAMHU KOTOPOTO SIBJISIIOTCSI HAKOMUTENIM OTXOJOB M CTOYHBIE BOJBI
MIPOMBIIUICHHBIX TMPEANPUATUNA, HEeDTEPOMBICIOB, CKJIAJ0B TOPIOYE-CMAa30YHBIX
MaTepHuajoB, a TAK)Ke CEITbCKOXO3SIMCTBEHHBIC U OBITOBBIE CTOKH [3]. B cBs3U ¢ 3THM
CTAHOBUTCS aKTyaJbHOU MpoOsieMa MOHUTOPUHTA BOAHBIX OOBEKTOB B IIEJIOM, TaK
KaK 3arps3HEHHbIE TOBEPXHOCTHBIE BOJBl TAKXKE MOILYT CTaTh MPUYUHOU
3arps3HEHUs] MUTHEBBIX MOJA3EMHBIX BOJ. JlaTuMK JaBieHUs BOJIbI, YIOOHBIM st
MOHUTOPUHTA YypPOBHS BOJABI B KOJIOAIE, J€JaeT MPUOOp TMOAXOMAIUM s
UCIIOJIb30BaHUS B KauecTBe Mpoduiiorpada, 4To CyIECTBEHHO pPaCHIUpPSIET KPYT
3a/1a4y, pelIaeMblX HM: Hampumep, 3TO TO3BOJUT TaKXKe CTPOUTH MNPOdUIn
TEMIEPATypbl BOIBI M, KaK CIIEJICTBHE, BBIABISITh TAKKE TEIUIOBOE 3arpsi3HEHUE
MPOMBILIJIEHHBIMA ~ IpeAnpuiaTUssMA. Kpome Toro, pasHble CIIOM BOJOEMOB
WCIIBITHIBAIOT BIIMSIHUE PA3HBIX KUBBIX OPTraHU3MOB, U, KaK CJICJICTBUE, MO-PA3HOMY

MOTYT BOCCTaHABIIMBAThCS TTOCJIE BBIOPOCOB € MPEANPUSTHN.



[enbio mpoekTa sBIsieTCA pa3padoTKa KOHCTPYKIMK U IPOTPAMMHOIO KOMILJIEKCa
MOHHUTOPHHTA SKOJIOTHYECKOW 0OCTAHOBKH BOJIHBIX OOBEKTOB, HAXOMSIIIUXCS IO
yIpo30ii 3arpsi3HEHUS MPEANPUATUSIMU XUMUYECKON TPOMBIIILIIEHHOCTH.

[TocTaBnenHnass B paboTe Ie€7b JOCTUTACTCS BBITTOJIHCHUEM CIICTYIOITUX
Hay4YHBIX 3a]1a4:

1. Ha OCHOBE 0030pa HM3BECTHBIX HCTOYHHMKOB HH(POPMALUU OIPEIACIUTh

HCCJIEI0BATENbCKUE 3a/1a4H;

2. Ha OCHOBE 0030pa H3BECTHBIX HCTOYHUKOB HWH(OpPMAIMM COCTABUTH
KJIaCCU(DUKAIUIO CYIIECTBYIOIIMX alapaToB Pa3IMYHBIX TUIIOB, a TAKXKE MPOBECTU
WX aHaJu3;

3. B COOTBETCTBHH C TpeOyeMbIMU XapaKTEPUCTUKAMU OMPEICIUTh OOIIUNA
KOHIIETIT U3/IeJINSI, COCTaB U KOMIIOHOBKY OT/ICJIBHBIX y3JIOB U almapara B LIeJIOM;

4. CIpOEKTUPOBATH U3JEIUE, TPOU3BECTU YUCICHHOE U TPOTPAMMHOE
MOJIETTUPOBAHKE ITAPAMETPOB MPOYHOCTU U YCTONYMBOCTH pa3pabOTaHHBIX y3JI0B,
MOJICJIMPOBAHUE OCHOBHBIX TUPOJMHAMUYECKUX MAPAMETPOB U3IEIU;

5. pazpaboTaTh MPOrpaMMHBIN KOMILJIEKC ISl CHSITHS TOKa3aHUN

6. MPOM3BECTU HATYPHBIC U MOIYHATYPHBIE HCIIBITAHUS KOMILJIEKCA

1. HayuHo — uccnegoBareyibckas 4acTh

1.1 O630p u KIaccuduxarms

[lo meneBoMy Ha3HAYEHUIO U OCOOEHHOCTSAM TEXHUYECKOTO OCHAIECHHUS
KOMILJIEKCHI THJIPOJIOTUYECKOT0 MOHUTOPHUHIA Pa3AeIsitoT Ha JIBa KJlacca:

— npodunorpadsr CTD;

— anmaparbl, HE OCHAICHHBIC CHUCTEMOW W3MEpPEHUs TIIyOWHBI, W, Kak
CIIEJICTBUE, HE MPHUCTIOCOONICHHBIE K CO3JaHUI0 Tpoduiield 1Mo pa3IuyHBIM
MoKa3zaTeJisiM (J1ajiee — arnmaparbl OCHOBHOTO KJlacca);

[Ipodunorpapesr CTD (conductivity, temperature, depth, TO ecTb

MIPOBOAMMOCTh, TeMIeparypa, ryouna) (pUCyHOK 1) — ammaparbl, OCHAIIEHHBIC



JaTUUKOM THUAPOCTATHUYCCKOIO HaBJICHHUA C OCJIbIO IIOCTPOCHUSA Fpﬂ@HKOB

3aBUCUMOCTH Pa3JIMYHBIX ITOKa3aTeiel OT TTyOHHBI MOTPYKSHHSI armapara.

Pucynok 1 — [Ipodunorpadg-CTD, 30ux "I'mgpomerpuxa 505-Y TII"

['oToBOE penieHre poCcCUiiCKOro MPOU3BOACTBA, BKIIOYAOIIEE 30H/T C JaTYNKOM
JIaBJICHUs, TEMIIEPATypbl BOJbI U MUHEpaIu3auu (con€HocTH). OTCYTCTBYET
JATYUK OPTAaHMYECKUX a30B, MO3BOJSIOMIMI BBISIBISATH aHa3POOHOE PA3I0KEHHUE
oprannyeckux Bemects. He umeer WiFi moayins u natunka BOZOPOAHOTO
nokazaress (pH), 4To He MO3BOJISIET OCYIIECTBISATH MOTHOLICHHBIN YKOJOTUYECKUM
MOHUTOPHUHT U COOOIIATh €r0 pe3yJibTaThl B peajibHOM BpeMeHHU. Vcronb3oBanue
JaTyuKa COJIEHOCTH, UMEIOIIETO Oosiee IUPOKUN AUana3oH U3MEPEHUH, He
BocTpeOoBaHHbIN B LleHTpansHoOi Poccun, ynoposkaer KOHCTPYKLIHIO. ANIapaTsl
OCHOBHOTO Ki1acca (PucyHok 2) npenHa3zHau€HbI 1Sl OCYIIECTBICHUS
CTallMOHAPHOIO MOHUTOPUHTA CHATHEM MOKa3aHUEM 0e3 IPUBSI3KU K
onpenenéHHon ryorHe. MOHUTOPUHT COCTOSIHUS KOJIOAIIEB TAK)Ke 3aTPYIHEH B
CBSI3M C OTCYTCTBHUEM BHEUIHETO IATYMKA AABJICHHUS, YTO JEIAET €r0 MOKa3aHUs
HETOYHBIMH MPHU JOJATOBPEMEHHOM MOHUTOPUHIE U3-3a KoseOaHui aTMoc(hepHOTro

JaBJICHUA.



Pucynok 2 - Aquaread AP 700 [5], naGop 1Jist onepaTUBHOTO MOHUTOPHUHTA

T'oroBoe penienue, BKIIOYAIOIIEE 30H]T ¢ KOMIIJIEKCOM JOPOTOCTOSIIUX
JATYUKOB, B TOM YHUCJIE PACTBOPEHHOTO KUCIOPOAa, c€0ECTOMMOCTh KOTOPOTO
Oomblie, YeM pazpadbaTbiBaeMON KOHCTPYKIIUMH B 1I€JIOM, 4TO JeiacT Oosee
CJIOKHBIM MTPUOOPETEHUE ITOTO AaTUrKa MOTpeduTeneM AJii MOHUTOPUHTA BOJIbI B
CBOEM KOJIOJIE, TAKUM 00pa3oM JIuiiasi mnpuOop MHOTOMYHKIIMOHATHLHOCTH U
OTPaHUYHMBACT TOCYIaPCTBEHHBIC 3aKyNKH. OTCYTCTBYET JaTYNK OPTaHUISCKUX
ra3oB, MO3BOJIAIONINM BBISBISTH AHA3POOHOE PA3I0KEHUE OPTraHUUYECKUX BEIIECTB.
He umeer WiFi Monyns u natyuka riiyOMHBI, YTO UCKITIOYAET BOBMOXKHOCTD
OTCIICKUBATh YPOBEHB BOJIBI B KOJIOMIIE ¥ CTPOUTH TpahpriKi 3aBUCUMOCTH
MoKazaresei oT ITyOUHBI MTOTPY>KEHUSI MOTYJISL.

B pesynbrare anamuza 3amad, BBITTOJHSIEMBIX KOMIUIEKCAMHU JKOJIOTHYECKOTO
MOHUTOPHUHTA BOJAHOU CPEJIbl, U CYIIECTBYIONIUX aHAJIOTOB ObLIIO IPUHSITO PEIICHNE
pa3zpaborarb ManorabapuTHBIM MHOTO(YHKIIMOHAIBHBIN MOIBOMHBIN armapar ajis
MIPOBENICHUS HAOIOCHUH 3a YPOBHEM M Ka4ECTBOM BOJIBI B KOJIOJIIAX, & TAKKE 3a
HKOJIOTUYECKOM OOCTAaHOBKOM B BOAOEMAax Ha TEPPUTOPHH, KOTOpask MOXKET OBITh
MOJIBEPTHYTA 3arpsS3HCHUIO BCIEACTBUE aBapUil Ha TPEANPHATHIX XUMHYECKON
TIPOMBIIICHHOCTH.

1.2 Knaccudukanus 3aaad, BBHITIOJHIEMBIX arapaTaMd MOHUTOPHHIA BOIHOMN
cpenabl

Brimeyka3zanHbie KOMIUIEKCHI TTPEIHA3HAYCHBI SISl BHITIOTHEHUS Pa3IMYHOTO
crekTpa paboT B BHYTPEHHHX BOAaX, MOPCKHX, NPUOPESKHBIX M OTKPBITBIX
aKBaTOPUSAX W TPUMEHSIOTCS Uil THAPOPU3MYECKOTO M DKOJOTHYECKOTO

MOHHUTOPHHIA.



VYcTaHOBKa JIOMOJHUTENILHOTO OOOpYJOBaHUS Ha TOABOJHBIM armapar
MO3BOJISIET CYIIECTBEHHO YBENIMYUTH cepy MpUMEHEHHS TOAOOHBIX CHCTEM: B
HaIllEM CJIy4ae B KaueCTBE TaKOro 000PY/I0BaHUS BBICTYIIAECT:

- JaTYMK oOpraHudyeckux Tra3oB MQ-5, mnpenHa3sHaueHHBIM i
MOHUTOPHUHTA BBIJCICHUS METaHa, KOTOPHIM MO3BOJISIET COOMpATH JIaHHBIE O
Pa3NIOKEHUH OPTraHWYECKHX BEIECTB B aHa’POOHBIX YCIOBUAX (B TaKOM cliydae
oOpasyercs ra3 [6], COCTOSIIHI MTPEUMYIIIECTBEHHO U3 METaHa, COACPIKAITUI TaKKe
CEPOBOIOPO/L, SIBISIFOIIUICS TOKCUYHBIM razoM. O6a B CMECH C BO3TyXOM SBIISIOTCS
B3pbIBOONIACHBIMU. JlONM IPYrUX OpPraHM4YeCcKUX Ia3oB B OHorase mpeHeOpeKuMo
MaJjibl, YTO TMO3BOJISIET HCMOJB30BaTh JAaTUMK OPraHUYECKUX Ta30B KaK JaT4HUK
METaHa), YTO MOXKET OBITh MPU3HAKOM 3arpsi3HEHHUS KOJIO/IIA, M OLIEHUBATh BIUSHUE
Ha MapHUKOBBIA 3PQekT (MeTaH, Oynydr OCHOBHBIM COCTABJISIFOLUIUM «OOJIOTHOTO
raza» ¥ yYUThIBAEMbIN TaTYUKOM, SIBJIICTCS TAPHUKOBBIM Ia30M, BBIJICJIMBIIIHIICS K€
B HEOOJIBIINX KOJIUYECTBAX CEPOBOAOPO] OBICTPO OKUCIISIETCS KUCIOPOJIOM BO3TyXa
0 CBOOOJTHON cepbl M Ha MApHUKOBBIM 3(dext He BamseT). Kpome Toro,
pa3lioKEHUE OPTraHMYECKUX BEIIECTB B aHA’POOHBIX YCJIOBUSIX — TMPHU3HAK
HeJlocTaTKa pacTBOPEHHOTO B BOjie KUCIopoaa. B pesynsrare nzobiTka hochopHbix
M a30THBIX COCIMHEHUW B TPUPOJHBIX BOJAX CO3AAIOTCS YCIOBUS IS
IBTpO(PUKaIU — OYHHOTO POCTa HEKOTOPHIX MOJBOAHBIX pacTeHuil. OTMuparome
YaCTU PaCTEHUM U JPYyTrue OpraHuueCKUe 3arpsa3HeHuUsl, Morajas Ha THO PEeK U 03ep,
pasnararoTcss moj JedcTBueM OakTtepuil (aHa’dpOOHBIE MHUKPOOUOIOTHYECKUE
MPOIIECCHI), YTO MPUBOJIUT K YMEHBIIECHUIO U J1aXKe TTOJIHOMY Y/IaJICHUIO KUCIOPO/a
u3 Bombl. I[lpu 3TOM 00pa3yroTcsi MeTaH, CEpPOBOJOPOA M APYrHUe BpEIIHbBIC
coeMHeHus. B pe3ynbrare B BOJI€ CO3AACTCsl «MEPTBas 30Ha» [7]. DTo mo3BojiseT
CeNaTh BBIBOJI, YTO ATO KOHIIEHTPAIIMS METaHa SBJISETCS OJHUM U3 CaMbIX BaXKHBIX
MoKazaTeJiei 1Ji1 MOHUTOPUHTA YKOJIOTHUECKOM 00CTaHOBKU BOJ0EMA;

- natauk  pH, mo3BOMSIONIME OMpeNeNsiTh HaIWYue BBHIOPOCOB C
NPEANPUATHNA XUMUUECKOW TPOMBIIIICHHOCTH, OOBIYHO CO3IAIOIINX HEUTPaTbHYIO

WU KHCJIOTHYIO cpeny (HW3-3a TOro, 4YTO COEIUHEHHAs C aroOMOM YIlepoja



TUAPOKCUIIbHAS TpyNIa TMposBIAET, Kak MPaBUIIO, KHUCIOTHBIE CBOMCTBa, a
YIJIEBOAOPO/IbI B BOAE HEPACTBOPUMBI). BOJNBIIMHCTBO PhIO TMOHYT 3a MpeaeaaMu
quana3oHa KHUCJIOTHOCTH 5-9 [8], 4To nenmaeT HeEOOXOAMMBIM H3ydaTh STOT
IIOKA3aTeNb C TOYKU 3PEHHS BO3IECUCTBUSA NPEANPUATHI OPraHUYECKOW XMMHUHU Ha
priooioBcTBO. Kpome Toro, Canllun onpenenser qomyCTUMYIO KUCIOTHOCTh BOIBI
B KOJOAIAaXx B mpenenax 6-9 [2], yTo Takke OOycCIaBIHMBaeT HEOOXOAMMOCTH
WCITOJIb30BaHMS IPUOOpA B TAHHOU CpeE/Ie;

— JaTYUK MHUHEpAU3aliK, T[O3BOJISIONMNA U3MEPUTh COJIEp>KaHUE
HEOPTaHWYECKUX 3arpsi3HUTENCH (Hampumep, MpU MPOU3BOJACTBE LEIJUTHOJIO3bI
UCIIONB3YIOT THAPOKCHUJ HATPHs, TUMOXJIOPUT HATpusl, IUCYAb(PUTHI KalbIlusi,
MarHusi, HaTpusi WJIK aMMOHUS, cynbdun Harpus[9], koTopble, Oyaydd XOpOIIO
pPacTBOPUMBIMU B BOJI€ HEOPraHUYECKMMH BEIIECTBAMHU, SIBIISIOTCS CHUJIbHBIMU
AIIEKTPOJIUTAMH, TOYTH MOJHOCTBIO TOJBEPrasch IUCCOIMALIMI0 HA HOHBI, YTO
JIeJTa€T BO3MOXXHBIM HU3MEPEHUE HEOPraHWYECKOM MUHEpaIu3aluyd pacTBopa
METOJIOM OIPENENEHUS €r0 AIEKTPOIPOBOAHOCTH);

— JATYUK TUIPOCTATUYECKOTO JABJICHHMS, MO3BOJSIONIUMN HCIOIb30BaTh
npubop B kauectBe mnpoduiorpada, a Takxke B IEIAX ydéra YpPOBHS BOIBI B
KoJiofax. B ¢Bsi3u ¢ TeM, UuTO JaBieHue arMochepbl HETIOCTOSHHO U, HAIIPUMED, C
26 no 29 ampenst 2023 roga armocdepHoe napieHue B MockBe yBenuuuiaoch Ha 11
MM PT. cT. [10], To ectb Ha 15 I'Tla (1500 Ila), yTo cooTBeTCTBYET €100 BOAKI B 0,15
M. Kpome toro, npu nogpéme Ha 120 METpOB HM3MEHEHHE BBICOTHI BO3MYILIHOIO
CTOJI0a BBI3OBET M3MEHEHUE aTMOC(HEpPHOTO JABJICHHUS HA Ty K€ BEIWYUHY, UTO
TaKXe BbI30BET UCKAKEHUE MTOKa3aTeNIeH;

—~ JATYUK TEMIIEpaTyphl, MO3BOJISIIONIUN BBISBISTh (DAKTHI TEIIOBOTO
3arpsi3HeHus] (OAHY M3 CTaTed 3arpsA3HEHUs] YEJIOBEKOM BOJOEMOB SIBIISIOTCS
CTOYHBIE BOJIbI, TEMIIEPATypa KOTOPHIX B TEUCHHUE BCETO Iojla HE OMyCKAeTCs HUKE
10-15°C [11]) u u3y4arh TeMIepaTypHyIO CTpaTH(UKAIMIO BOAHBIX TOMII (BCE
BOJIOEMBI CO CTOSTUEH BOJIOM ACNATCA HA MOHO-, MTOJIH-, OJIUTO-, TUMUKTHYECKUE, T.C.

HCIIBITBIBAOIHNC IMMCPCMCIINBAHUC BCIICACTBUC, HAIIPUMCP, U3MCHCHUSA IIJIOTHOCTH



BOJIbI M3-3a €e HarpeBa 10 +4°C [12], ¢ onpenenéHHON 4acTOTOM, YTO BIMSIET HA
HKOCUCTEMBI 3TUX BOJIOEMOB).
1.3 Pa3paboTka nporpaMMHO-anmnapaTHOro KOMIUIEKCa

Anmaparnas 4dacte [IAK mnpencraBneHa OJOKOM 3J€KTPOHHMKHM, KOTOPBIMA
JOJKEH BKJIFOYATh B ce0sl CIEAYIONINE KOMIIOHEHTHI:

- MHUKPOKOHTPOJUIEPHI HA KaXJOM U3 MOAYJIEH JJIsI CHATHS MMOKA3aHUM C
JTaTYMKOB, OTIPABKY JAHHBIX HA YCTPOWCTBO OINEPATOPA;

- COEJIMHUTETHLHOTO KabeJs;

- JATYUKH J1JIs1 CHATHUSA MTOKa3aHUI Ha 00enX YacTsX.

PaccMmoTpum kaxiplii KOMIOHEHT OTAEIBHO.

1.3.1 BpIOOp BBIUKMCIUTENHHOTO AIEMEHTA

K  oCHOBHOMY  BBIYMCIMTEIBHOMY  JJIEMEHTY  OJIOKa  ymOpaBJieHUs
MPEABSIBISIOTCS CIEAYIONINE TPEOOBAHUS:

- nojepxkKa nocnenosarensueix uaTepdeiicos UART u [2C— ¢ nensio
OCYUIECTBJIEHUS HAJIC)KHOM MPOBOJHOM CBSI3W HA PacCTOSSHUU 20 METPOB U CHATUS
MOKa3aHU C JaTYNKa JaBJICHUS;

— aHaJIOTOBBIE BXOJbI JIJIsl CHSTHS MTOKAa3aHUM C JaTYUKOB;

— M (PpOBBIE BBIXO/IBI JIJIs1 OpPraHU3aIuy MEPEeMEHHOTO MUTAHUS TaTYIUKOB
MUHEpaIN3allii U KUCJIOTHOCTH — B CBSI3H C TEM, YTO 00a MOJAI0T HAIPSIKECHUE Ha
ANEKTPOABI, PACIIOIOKEHHBIE B BOAHOM CpPEJIE, SIBIISIOMICUCS SJICKTPOJIMTOM, B XOJIE
UCIIBITAaHUHN OBLIM TOyYEHBI HYJEBbIC 3HAYCHUS! KHCIOTHOCTH U MUHEpaIU3alluu
IIpU HAXOXJIEHUU B BOJAE JIBYX JAaTUMKOB cpasy. B CBsi3U ¢ 3TUM BCTa€T BOIPOC
OpraHU3alliU BKIIOYEHUS-BBIKIIOUEHUS STUX JATYUKOB JIJI1 paOOTHI TOPO3Hb.

— HEOONBIION pa3mMep i yAoO0CTBa XpaHEHHUs, TPAHCIOPTUPOBKH U
METaHUs TTOTPY>KHOTO MOJTYJISI Ha OOJIBIIIOE PACCTOSHUE,

— HEBBICOKAas CTOMMOCTBh, TaK Kak MOpuOOp NpeanojaraeTcs caeiaTh
JIOCTYITHBIM KaK JJIsi TOCYAapCTBEHHBIX OpraHu3alui, TaK 1 1Ji1 YACTHBIX JIUII;

— MOJIJIepKKa OCCIPOBOIHOTO COEAMHEHUS C YCTPOUCTBOM IOJIH30BaTEIS

Kak HamOosiee ymoOHOTO Il CHATHSI TIOKa3aHWM Ha OOJBIIOM PACCTOSHUHU, YTO
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HCO6XOHHMO, HarpuMmep, IIPH OpraHu3aliyd 3KOJOrM4€CKOro MOHHUTOPHHIA B

KOJOo4Iax.

Onupasice Ha JICIIEBU3HY W YHUKAIBHOCTh B HHUIIE JEHIEBBIX
MUKPOKOHTPOJJIEPOB, 00JAAI0IUX BO3MOXHOCTBIO OECIPOBOAHOIO COEAMHEHUS

ceMeicTBa MUKPOKOHTPoJuiepoB ESP ObL10 perieHo ucnoinb30BaTh caMblil JEIEBBINA

n3 Hux — ESP32 S2.
cepeep
Telegram

6.8/13.4 M3
5.8 meTpos

687 mr/n -
HO p M3

Pucynok 3 — Cxema nepenauu JaHHBIX

[Ipu mepemaye JaHHBIX C MOTPYXKHOTO MOIYJS Ha BHEIIHWUN OBUIO PEIICHO
MCIMOJIb30BATh YETHIPEXKUIIBHYI0 BHUTYIO Tapy, OCHAUIEHHYIO momyneM RS485,
OCYIIECTBIISIOMMM CBsI3b 110 TTpoTokoiry UART c 11enbro 00ecrednTs YeTKUi CUrHaI
Ha niryOuHe B 20 METpoB.

Takum 00pa3oM, OCHOBHBIM BBIUMCIHUTEIIBHBIM  DJJIEMEHTOM  OJoKa
yIpaBJeHus anmnapara sBisitoTcs ase miarel ESP32 S2 u nonkitoueHHbIe K HEMY

Monynu cBsizu RS485.
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1.3.2 BrIOOp MaTYMKOB ISl CHATHUS MOKa3aHUI
ATmmapaTr JOJDKEH OTCJICKHBATh CICAYIOIIHE IapaMeTphl BHEIIHEH CpEIIbI

(oObsAcHEHHE, TOYEeMY HCHONb3YeTCs HMMEHHO JTOT Habop MpuOOpoB, ObLIO
MIPUBE/ICHO BHIIE):

- pH;

- MUHEpaJIU3aIus;

- TeMmIieparypa BOJbl;

- BBIJICJICHUE OPTaHUYECKUX Ta30B;

— IyOuHAa.

ITocne n3yueHus ppiHKa OBLIN BEIOPAHBI CICAYIONTNES TATUHKHU:

- TEPMETUYHBIN TaTUMK JTaBICHUS;

- JIaTYMK KOHIIEHTpAIlMU CoJie Ha ocHOBE MUKpocxeMbl LMC555;

- JIaTYMK OpraHM4ecKux razoB MQ-5;

- repMETUYHBIN JaTuuK Temneparypsl Boabl Dallas18B20;

- JaTYUK KMCJIIOTHOCTH.

2. KoHCTpyKTOpCKas 4acTh U MPOTPAMMHBIN KOMITJICKC
2.1 Onpenenenue o011eT0 BUa U KOMIOHOBKH U3ACIHS
K pazpabareiBacMOoMy H3AETHI0 TPEIBSIBISIOTCS CIEIYIONIUE OCHOBHBIC

TpeOOBaHUsI (TEXHUYECKOE 3a/IaHHE):
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— r1yOuHa norpyxenus 10 20 MeTpoB — a0COIFOTHOE OOJBITMHCTBO 03EP
MOoCKOBCKOTO perioHa UMEIOT IIIyOUHY HIbKE TaHHOM [14];

- HeOoubIon pasmep (10 200 MM B IJTMHY );

- BO3MOXKHOCTh CHUMATh BBIIIEYKa3aHHbIC TOKA3ATEINH;

— BO3MOXXHOCTh muTarbcsi kak or AKDB (B cnydae aBapuifHOTO
OTKJIFOUEHUS 3JIEKTPUUECTBA WIIM OCYLIECTBICHUS KOHTPOJS BOJOEMOB), TaK U OT
cetu 220 B (aBTOHOMHBIN MOCTOSIHHBI MOHUTOPUHI KauecTBa W YPOBHS BOJbI B
KOJIOJIIIC)

Ha OCHOBE BBIIBHHYTHIX TPEOOBAHMM TEXHUYECKOTO 3a7aHUs ObLIH
OTIpe/IeTICHBl OCHOBHBIE KOHCTPYKTHUBHBIC 33/1a4H:

- 00eCneunTh TEPMETUYHOCTh OCHOBHBIX COOPOUHBIX Y3JIOB;

- pa3paboTarh CXeMy MAaKCHUMaJIbHO KOMIAKTHOTO  pa3MelIeHUs
AIIEKTPOHHBIX KOMIIOHEHTOB;

B xome pabGotel ObLT pa3paboTaH NPOTOTHUIT ammapara, KOHCTPYKTHBHO
COCTOSIIIMI U3 ABYX KOMIIOHEHTOB COOPOYHBIX Y3JIOB:

— BHEITHUN MOnynb (pucyHku 12 u 13);

- norpy>kHoil Mmonyab (pucynku 10 u 11), coenMHEHHBIA C BHEIIHUM
kabenem. Ero weGonpimme pasMepsl oO0eCreynBaloT yao00CTBO XpaHEHUS,
TPAHCTIOPTUPOBKU U MCTIOIB30BAHMS KaK MOJIYJS SKOJIOTHYECKOTO MOHUTOPHHTA,
KOTOPBIM MOKET MCIIOJIb30BaThCSl HE TOJBKO IMPH HEMOCPEICTBEHHOM CITYCKE C
JIOAKHU, HO M TIPU U3yYEHHH NapameTpoB ¢ Oepera — JUIsl TOTo, 4TOObI 3a0pOCUTH
MOIY/Th B BOJOEM 0€3 MpUMEHEHUS TEXHHUYECKUX CPEICTB, €ro radapuThl TaKKe

MOJIXOIAT.
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Pucynok 5. C60pka morpy>KHOTO MOy

Bremnuii Moaynbs UCIIONIB3YETCS 1JIsl OpTaHU3ALUN AIEKTPUYECKOTO
MUTAHUS, CHATHS MMOKa3aHUHN KOHIIEHTPAIMK OPTaHUYECKHUX Ta30B U aTMOC(EPHOTO
JABJIEHUS, a TAKXKE Mepeadr oKa3aresaeil Ha yCTPOMCTBO MOJIb30BATENS 1O
oecrpoBoIHOM cBsi3U. [IpeaycMOTpeHbl TpU KperuieHus 1151 001TOB, TBO3/ICH WU
Tpoca AJI1 BOBMOKHOCTH HAJIEKHOTO 3aKPEIJICHUS B JTIOOBIX YCIOBUSX.

J11s1 TOr0o, 4TOOBI M3rOTOBIICHHOE U3/CINE ObLIO 0€30IaCHBIM IS
OKpYXaIOIlEeH Cpelibl, KOPIYC U3rOTOBJIEH U3 (DOTOMOIUMEPHON CMOJIBI
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TPEXMEPHOM NIE€YATHIO U MOCIEAYIOINM 3aTBEPAEBAHUEM IO ACHCTBUEM
yABTPaUOIETOBOTO U3IYYCHHUS, & BMECTO KJIesl IPEYyCMOTPEHO MarHUTHOE
KpEIUIEHNE, UMEIOIIIEE TaKKe MPEUMYIECTBO ObICTPOIl cOOpKH-pa300pKH.
[Tomumo BUTOM Maphkl, Uit PUINIECKOTO COSAMHEHHUS C 30HIOM HUCIIONB3YeTCs
METaJUIMYECKUI TPOC, 3aKPEIUIEHHBINA K HEMY Ha XOoMyTax. Bo uzbexanue
KOPPO3UHU METAJUIMYECKUX JIEMEHTOB IUIAHUPYETCS UCIIONb30BAaHUE SIMOKCHIHON
CMOJIBI I KPEIUIEHUE TPOCOB Ha IUIACTUKOBYIO KPBILIKY, TaK KaK IpU
UCIOJIb30BaHUM METAJUINYECKUX OOJITOB MOKET BO3HUKHYTh KOPPO3UOHHBIH

QJICMCHT.

Pucynok 6 — CO0opka BHEUTHETO MOMYJIsS
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PI/ICYHOK 7 — KoMIIOHOBKA BHEIIHETO MOIAYJIA

2.2 Co3nianue u3enus

Pesynbratom IpOEKTa ABIIACTCA 3aKOHYEHHOE u3JIeue —
MHOTO(YHKITMOHATBHBIA KOMIUIEKC SKOJIOTHYECKOTO MOHUTOPHUHTA.

Bonpmiasgs 4acTe CHOpOEKTUPOBAHHBIX AETAj€d HM3rOTOBIEHO MPU MOMOIIU
aJIIUTUBHBIX TeXHOJOTUH PoromnomumepHoii 3D meuaru. [eranu, He Tpedyromue
repMeTu3aliy, I[e4YaTalTcsl ¢ MPUMEHEHHEM NPOLEHTHOIO 3alojdHEHUs —
HalpuMep, KOPIyC BHEMIHETO MOAYJS M KPOHIUTEWHBI 3JIEKTPOHUKHU MOTPYHKHOTO
repMeTH3auu He TpeOyIoT.

JUisi coenMHEHUs 3allUTHOM CETKH, KPBIIIKA MU KOpIyca HpPUMEHSIOTCS
BTYJIKH, BILJIABJISIEMbIE B KOPITYC.

2.3 IIporpaMMHBI KOMILIEKC

CHsTBIE C [aTYMKOB I[IOKa3aHUSl TEPEJaloTCsl Ha aHaJOrOBBIE BXOAbI
BBIYHMCIIUTEIILHOTO —ammapara, IMOCJie Yero mpeoopasylorcs B COOOIICHUE,
nepegaBaeMoe Ha BHEIIHUN Moaynb ¢ nomomibio UART-unTepdeiica no kadesto,
KOTOPBI TEpeaeT MX Ha CEepBEpP C MPUBA3KOM KO BPEMEHM U J00aBIECHUEM

nokasareist KoHueHTpamuu wMeraHa. C cepBepa uH(opmanus mnepenaércs B
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TenerpamM-00T MOJb30BaTeNsl, TA€ OH MOXET OIEpPaTUBHO KOHTPOJIUPOBATH
UH(OPMAIIIIO C IPUBSI3KON KO BPEMEHH C TIOMOIIBI0 aHaIN3a rpa)iKOB U YHCITOBBIX
3HAYCHHU.

B nporecce paGoThl Ha1 M3EIMEM BBISICHIIIOCH, YTO OJTHOBpEMEHHas paboTa
JIaTYNKOB KHUCIIOTHOCTM W MHUHEpal3alMd B BOJHOU Cpele, SBISIOMIEHCA
MIPOBOJIHUKOM, BBI3bIBAET KOPOTKOE 3aMbIKaHHWE, YTO OOYCJIOBUJIO CO3JaHUC

(byHKIMH, OTBEYAIOIICH 3a MOOYEPEAHOE MTUTAHUE BBIIICYKAa3aHHBIX JATYHKOB.

3. Hcmonw3oBaHue U3aenus U 1ejieBast ayAuTOPHS
Opranuzanuu DKOJIOTHUYECKOTO u TUAPOJIOTUYECKOTO MOHUTOPHHTIA,
OCYILIECTBISIIONIME HAA30p 34 DKOJOTHMYECKOM OOCTaHOBKOW BOJHON CpeJibl
BOJIOEMOB, MOTYT OBITh 3aMHTEPECOBAHBI B M3yUYCHUU W3MEHEHHS TOCIEACTBUMN
XUMHUYECKOTO M TEIJIOBOTO 3arpsi3HEHUS B 3aBUCHMOCTH OT INTyOUHBI; phIOOJIOBHBIC
XO35IMCTBAa 3aMHTEpPECOBaHbl B OJAroNpUATHOW SKOJOTHYECKOH OOCTaHOBKE
BOJI0EMA, M3 KOTOPOTO JI0OBIBAIOTCS PHIOHBIC PECYPCHI; JTUIA, MTOTYYaIOIIue BOLY U3
KOJIOJLIEB, TAK KaK HAIMYMUE JTATYMKA JTABJICHUS BOABI MTO3BOJISIET IOMUMO Ka4eCTBA

OTCIICKUBATh KOJICOAHHS YPOBHS BOJIBI C IIEIBIO INTAHUPOBAHUS €€ TOTPEOICHUSI.
3.1  Anroput™m paboThl yCTpOHCTBA

B komoftie pazmeniaeTcs morpykHoil MOyJib, HaJl IAXTOM Ha 0OJITaX MU TPOCcax
pa3Mmeniaetcs BHemHUN. Yepe3 WiFi ycraHaBnuBaeTcsi CBSI3b MKy MOOUIIBHBIM
YCTPOMCTBOM MOJI30BATENS U BHEIIHUM MOJYJIEM, ITPU MPEBBIIIEHUH YPOBHS

3arpsi3HEHUs WJIK HEOOJIBIIIOM KOJIMYECTBE BOJIbI OTIIPABIISIETCSI COOTBETCTBYIOIIEE

YBEIOMIICHUE.

B cityyae MOHUTOPHHTA COCTOSIHHS BOIOEMOB TAKKE OCYIIECTBISIETCS CBA3b C
nosab3oBareneM uepe3 WiFi, morpyxHoi MOAyIllb Ha TPOCE OMyCKAeTCsl B BOJOEM
nM 3a0pacbIBaeTcs TyJa ¢ Oepera, 3aTeM MEIJIEHHO U3BJIEKAETCS C LIEJIbIO CHATUSA
MOKa3aHUM U U3yUYEHUS! KOPPESILIY C IITyOUHON NOTPYKEHUSI B MOMEHT MX

CHATHA.
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MNonszoBarent B oTKpaITei
B xonogew = i
oA NnoMeLLaeT BOA0EM !
Lycmnﬁcmn E BOOY J
Mone3oeaTeNk
NoCTENEHHD
Morpy:HoH MogyNk W3BMEKasT
CcoOWpasT QaHHEIE YCTPOWCTEOD W3
BOOOEMA
Mepenaqya O8HHLK Ha
EHELHWA MOOYb
. Morpy*Hol Mgy
BHEWHMI MOTYTb ﬂ&pE,EI,E'-JEIh,CI,EIHHbI}( Ha IOy 00y
NPUHAMBET AaHHLIE W BHELLHWA MOAYTb CODHpAET faHHble C
CcoOWpasT QaHHEIE PAcMpEREneHiem
, nokazaTensi no
BHEWHEN Cpeawl
PeA L rmyGuHamM
QTnpaeka
OaHHEL
Monk3oeaTenks
NoMyYaeT QaHHER B
TenerpamM GoTe

B xome paboTel ObuUIM ONpPENETIEHBI OCHOBHBIE TAaKTHUKO-TEXHUYECKUE
XapaKTEPUCTUKU U POpM-(aKTOp KOMILIEKCa:

- m1yOrHa norpyskeHus 10 20 MeTpos;

—~ OecrnpoBo/iHAs Mepeaadya TaHHbIX;

— OCYIIECTBIICHUSI OTCIICKUBAHUS MapaMeTPOB BHEIITHEH CpeJbl, TaKuX
KakK TeMIleparypa, MHHepaIn3alus, yOnHa, BeIJICIEHUE OpraHnIecKuX razos, pH.

B pabore mnpoBeaéH aHanM3 CyIIECTBYIOIIMX allaparoB, BbIACIEHBI U
KJIaCCU(UIIMPOBAHBI OCHOBHBIE THUIIbI, ONIPEJIEIIEH XapaKTeP BHIOIHAEMBIX 3aa4.

[lo pesynabraraM BBINOJIHEHUS MPOEKTHO—KOHCTPYKTOPCKOW pPabOThI ObLI
pa3zpaboTaH OPOTOTHI KOMILJIEKCA MOHHMTOPHUHIA SKOJOTMYECKON 00CTaHOBKU
BOJHBIX OOBEKTOB, HAXOMAIIMXCS IO YIPO30iM 3arpsS3HEHUs NPEANPHUATHUIMU
XUMHYECKON MPOMBIIIJIEHHOCTH (UTO COOTBETCTBYET 3asiBICHHON LIeNU paboTh),
KOHCTPYKTUBHO COCTOSIIIMKA W3 JABYX MOIYJEH — BHEIIHETO W TIOTPY)KHOTO C
npumeHeHueM monenupoBanus coopku B CAITP Autodesk Inventor.

Jletanu HaneuyaTansl Ha (OTOMOIMMEPHOM MpHUHTEpE, Benércs cOopka

KOpIyca ¥ BHECEHHUE JOpa0OTOK B YEPTEKH MPOEKTa Ha OCHOBAHUHU HEIOYETOB,
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BBISIBIICHHBIX B pe3yiaprare  mpouecca paboTel €  MPOU3BEACHHBIMU
KOMILUIEKTYIOIUMH.

B cpene mporpammuoro obecneuenus Arduino IDE Benércs paspaborka
IPOTPaMMHO-aIMapaTHOTO KOMIUIEKCA.

IIpoBeneH psin MONEBBIX MCHBITAHWM: B ONHOM M3 KOJIOALEB Ha 3araje
[ToMMOCKOBBST BBIIEISIOTCS OPTaHUYECKHE Ta3bl, YTO TOBOPHUT 00 aHa’3pOOHOM

Pa30KEHNU OPraHUYECKHUX BEUIECTB (PUCYHOK 8).

PucyHok 8 — moneBbie UCCeI0BaHMS, BBISIBUBIINE MTOBBIIIEHHOE
coJiep>KaHuE TOPIOYMX I'a30B B IIAXTE KOJIOALA
B pesynbrare n3yueHns KOCMUYECKUX CHUMKOB ObLila TTofTydeHa HHGOpMaIus
O PacroJIO)KEHHWH OTBaJIa OTHOTO M3 MOJMOCKOBHBIX XMMHYECKUX KOMOWHATOB B

OTacHOM OJU30CTH OT BogoéMa (PUCYHOK 9).
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Pucynok 9 - OtBansl xuMuyeckoro komouHara r. Pormans MockoBckoit
obnactu

OCHOBHBIMM NIEPCHIEKTUBAMU PA3BUTHUS SIBISIOTCS:

— cOopka paboyero mpoToTUIa;

— WCIIBITAHUS B PEATIbHBIX YCIOBUSX;

- pacuIMpeHne OCHaIIEHUs JaTYnKaMH;

— n00aBIeHUE BOZMOXKHOCTH 0TOOpa Mpo0d 3a00pTHOM BO/IBI HA 3aIaHHOM
r1yOuHe i 6oJiee AeTaIbHOTO aHAJIN3a, JJI Yero B KOHCTPYKIIUU MTPETyCMOTPEHO
CBOOOJITHOE MPOCTPAHCTBO, MECTO KOTOPOTO 0O€3 MEPEKOMIIOHOBKH MOXKET 3aHSITh
CEPBOIPHUBO/I U IIIMPHILI, KOTOPbIE OYIyT UCIOJI30BATHCS KaKk 0aTOMETP.
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