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IPUBETCTBEHHOE CJIOBO PEKTOPA YI'TY, IPO®ECCOPA P. B. ATUHEHA

VYBaxkaeMmble KoJieru!
Jloporue y4acTHUKHU U TOCTH
MexayHapoIHON MOJIoIe)KHON KOH(pepeHInn «CeBepreoskoTex»!

S pan nprBETCTBOBATH Bac B CTEHAX Y XTUHCKOI'O TOCYIapCTBEHHOIO TEXHUYECKOTO YHUBEpcUTeTa!

W3nuiHe roBopuTh, CKOJIb MHOTO€ M3MEHHWIIOCH 3a MOCJIEIHHUN I'OJl, U YTO MBI C BAMH JKUBEM
CeroJHs B HECKOJbKO MHOM Poccum. Orta HOBas, coBpeMmeHHass Poccusi — crpaHa, KOoTOpas B3sija
OCO3HAHHBIM KypC Ha Hay4HbIN, TEXHUYECKUM, TEXHOJIOTUYECKUN U UHTEIUICKTYAJIbHBIA CYBEPEHUTET.
OTO CcTpaHa, KOTOpask UMEHHO ceiyac, B HACTOAIIEE BPEMS, aKTUBHO IEPEOCMBICIMBAET CaMy pPOJb
HayKH, a TAaK)Ke KIIFOUEBbIC CLICHAPUU U HAIIPABJIICHUS PA3BUTHs HHKEHEPHON U TEXHUYECKON MBICIIH.

[ToaTomy s yOexaeH, 4TO LEeAH M 3aJaydl MOJOJSKHOW KoH(pepeHIHu «CeBepreodKoTex»
ONMU3KK M BaYKHBI HE TOJBKO MPEACTABUTEINSIM Cyry00 HAyYHOTO COOOIIECTBA, HO U IIUPOKOMY KPYTY
rpaxjaaH Poccuu, KOTopble LIEHAT HAYKy U TEXHUYECKOE TBOPUYECTBO.

B mnoareepxkneHue sToro Tezuca s mory omeperbcss Ha TekeT [locnmanusa IIpesunenrta
Poccuiickoit @eneparnn Penepanbuomy Cobpanuto, rae Bmagumup [lytun — nutupyro — mpusBai
«YETKO pacCTaBUTh IPUOPUTETHI, CKOHLEHTPUPOBATH PECYPChl Ha IIOJYYEHUU KOHKPETHBIX,
MPUHLUIIAAIBHO 3HAYUMBIX HAYUYHBIX PE3YJbTaTOBY.

CoCTOATENBHOCTh 3TOTO0 KOHTEKCTA 00ECTIEUMBACTCS pealn3alueil CTpaTernyecKux NHUIMATHB
U NMpoeKkToB JlecATuaeTss HayKu U TeXHOJIOTHH, GyHIaMEHT KOTOPOTO - MPUYHCICHUE HAYKH K PaHTy
KITIOYEBBIX HAIIMOHAJIBHBIX MPHOPUTETOB. OTO IOJHOCTHIO OTBEYAET IENsIM M 3agadam Qopyma
«CeBepreoskorex». Bo-nepBbIxX, 3TO MpHUBJICYEHHE TATAHTIMBONH MOJIOACKHU B chepy UCCIeI0OBaHUN U
pa3paboToK. Bo-BTOpBIX - COAEHCTBHE BOBJICUCHHIO YYCHBIX B pEIICHHWE BAKHEHIINMX 3a1a4 H
BHEIPEHHE MPOPHIBHBIX TEXHOJIOTHI, CIOCOOCTBYIOLINX YKPEIUIEHUIO CyBEepeHUTeTa U 0€30MacHOCTH
Poccun. U, nHakoHen, BceMepHas MOIMJsIpU3anvs AOCTHKEHHUW W IEPCHEKTHB POCCUICKON HAyKH,
MOBBIIICHUE OCBEIOMIICHHOCTH U HHTEpECa K HAyYHOU JeATEIbHOCTH.

Hoporue npy3ps! VMmeHHO Hamie oOliee CTpemiIeHHWE JOCTUYb 3TUX CTPAaTEerMYecKUX IS
KoH(epeHIMH, yHMBepcuTeTa UM Bcell Poccum 3amad rojx oT roga obecredMBaeT pPOCT MHTEpeca K
dbopymy «CeBepreoskorex». 3a 24 roma CymIeCTBOBAHUS OH Pa3BUIICS JI0 TOJHOIEHHOM IUIOIIAIKH
anpoOaly pe3ysbTaTOB MCCIEJOBAHUN MOJIOJBIX HCCIENOBaTeNlel M3 pPa3IUYHBIX oOjacteit
SKOHOMUKH M IPOMBIIIIIEHHOCTH Poccun.

Yepe3 roa koH(pEpeHLUs OTMETUT cBOe 25-jeTue. DTO XOpOUIMHA 3K3aMeH Ha 3pelocTb U
COCTOSITENILHOCTb, U Balll HEOCIa0eBarOIIMI SHTY31a3M, Balll HAYYHBIN a3apT BHYIIAIOT YBEPEHHOCTH B
TOM, 4TO «CeBEPreo3KoTEX» € YECTHIO ATOT IK3aMEH BBIICPIKHUT.

VYBaxkaeMble YYaCTHUKH KOH(pEpEeHUUHU U HayuHble pykoBoauTenu! [103BoibTe BhIpa3uTh Bam
HCKPEHHIOI OJIaroflapHOCTh 3a Ballly HAyYHYIO CMEJIOCTh M WHHUIIMATUBHOCTb, C KOTOPBIMH BBI
npeJcTaBisieTe Ha GopyMe CBOM MCCIeI0BaTENIbCKUE pa3paboTKH, 3a MIEAPOCTb, C KOTOPOH JIeIUTECh
naesMu. HexkoTopelM U3 3TUX HMIed JaHO U3MEeHUTb Mup. M st0o HenpemenHo ciyuurcs. Ilycrs
«CeBepreoskorex» cTaHeT 3(HPEeKTUBHON CTAPTOBOM TIJIOMIAKON Balllel HCCIIeOBATEIHCKON Kapbephl
Y HOBBIX pa3pabOTOK, KOTOpBIE OCITYKAT OJary Hamiel CTpaHsbl.

Sl xkenmar0o BaM TBOPYECKOTO BJOXHOBEHUS, HMHTEPECHBIX JOKIATOB M COJEPKATEIBbHBIX
nuckyccuii! Y aun u criacu0o 3a BHUMaHue!

P. B. Aeuneii, npeoceoamens  opzKomumema
Kkongepenyuu, pexmop YI'TY, 0okmop mexnuueckux
HayK, npogheccop
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TIJIEHAPHBIN JTOKJAJ]

YK 622.29
IIpumeHeHne TEXHOJIOTUH IJIEKTPOMATHUTHOIO 10JIS IPH 0CBO0OOKIEHUN TPYOOIIPOBOI0B
€rnoco0oM BbITeCHeHHUsI HeTH NMPHU MOMOIIHM HHEPTHO-TA30BOI cMecH

Mumenko E. H.
Axyuonepuoe obuwecmeo « Tpancrnecpmo — Cegepy, 2. Yxma, Poccus

Hayuno-texanyeckoe pazButue ITAO «TpaHcHedTh» OCYIIECTBISIETCS B COOTBETCTBUHU C
[Tporpammoii mHHOBarmoHHoro pas3sutus IIAO «Tpancuedpts» nHa mnepuox 2022-2026 roasl u
HaIlpaBJICHO HA PEaIN3alMI0 CTPATETHYECKUX TPUOPUTETOB U 3a1a4 Komnanuu.

OCHOBHBIM TEXHOJIOTMYECKUM IIPHOPUTETOM, IPERYyCMOTpEHHbIM [IporpamMMoii MHHOBAIMOHHOTO
pazButust ITAO «TpancHedTh» Ha miepuon 2022-2026 Toapl SBISETCS Pa3BUTHE W BHEIPCHUE COBPEMEHHBIX
TIEPEIOBBIX TEXHOJIOTM, 00ECIIEUMBAIOIIMX BBHICOKMI YPOBEHb HAIEKHOCTH, IPOMBIIILICHHOMN U SKOJIOTHYECKOM
0e30MacHOCTH, a TaKKe TMOBbIIIeHHEe 3HeproddexkTrBHOCTH U 3Heprocoepexxenus. Lempio TIporpamMmbr
SIBJISIETCS TIOBBILIIEHNE YPOBHS TexHOsoruueckoro passutusi IIAO «Tpancaedtby.

AHanu3upys akTyalabHbl€ BOMPOCHI, KOTOpBIE CTOAT neped KommnaHuel Ha JaHHBIT MOMEHT B
obmactu Oecriepe0oiiHOM W 0€30MacHOW TPaHCTOPTUPOBKH HEPTH M HEPTEIPOIYKTOB, MOKHO
BBIJIETTUTh BOMPOC OOEcleueHus] BBICOKMX IOKa3aTesield HaJeKHOCTH W Oe3aBapuilHOW paboThl, AJs
KBAJIUTATUBHOTO PEIICHUS] KOTOPOTO HEOOXOIMMO CBOEBPEMEHHO U KAaUYeCTBEHHO YCTPaHATh AC(PEKTHI
B Telie TPyOONpoBOJAa, BBOJIUTH HOBBIE OOBEKTHI, JHUKBUIUPOBATH CTapble M MPOBOAHUTH ApPYyrue
paboThI, CBA3aHHBIE C pa3repMeTn3anueil HeTenpoBoaa.

Jl1ig mpoBeieHusl UCCIIeI0BAaHUSl PACCMATPUBAINCH CYIIECTBYIOLIUE METObI OCBOOOXKICHUS OT
HepTH/HEYTENPOTYKTOB JCHCTBYIOIINX U BBIBEIEHHBIX M3 KCIUTyaTallMd YYAaCTKOB MarucTpajbHOTO
Tpybonposoaa (MT), Takue kax:

- CamoTtekoM;

- COpoc caMOTeKOM C OJHOBpPEMEHHON mojadeld wHepTHOM razoBoit cmecu (UI'C) Bo
BHYTPEHHIOIO MOJIOCTh TPYOONpOBOIa AJIs CO3AaHMS TOMOIHUTEIBLHOTO MOANOPA;

- Ortkauka HepTH/HEPTENPOAYKTOB MEPEABMKHBIMA HAaCOCHBIMU YCTAaHOBKAMHU C MOAayel
UI'C nst co3ganust JOTOTHUTEIBHOTO MOIIOPA;

- BeitecHenue HeTu/HepTenpoaykToB mytem noxauu UI'C;

- BritecHenne Hedtu/HedrenponykToB mnomauern WMI'C  Bo BHYTpEHHIOI MOJOCTh
TpyOONpoBOa ¢ OJJHOBPEMEHHON OTKauKoi He(TH/HEPTENPOAYKTOB HACOCHBIMH arperaraMu;

- Ortkauka BakyyMHBIMU HedrecOopmmkamu Tuna AKH-10.

IIpu BBIOOpE cXeM U TeXHOJIOrui 0cBOOOXAeHUs ydacTkoB MT i nmpoBeieHus: peMOHTHBIX
paloT OJKHBI paccMaTpUBATHCS BapUaHThl KOMOMHAIMM cXeM, TEXHOJIOIMHA, METOJMK U BHIOUpAThCs
BapHaHT IO pe3yJbTaTaM KOMIUIEKCHOIO PAacCMOTPEHMsI BCEX KpUTEpPHEB (MUHHUMAaJIbHOE BpeMs
ocBoOoxaeHns yvyactka MT, skoHomuueckas 3((EeKTHBHOCTh, BIUSHME HAa CMEXHBIE YYaCTKH
OTKa4KH, paboTy MapaieNbHBIX TPYOOITPOBOIOB).

B Hactosimee BpemMsi MeTOJ| BBITECHEHHMS He(TH MNpPHU TOMOIIM HHEPTHO-TA30BOH CMeECH
OOLIMPHO MPHUMEHSIETCS MPU MPOBEACHUN padoT ¢ pasrepMmerusanueil HeprenpoBoaa. PaccMotpum u3
KAaKUX OIEpalui COCTOMT JaHHBIM IIPOLIECC, €ro IUIIOCHI M MMHYCBI, a TaKXe BO3MOXHOCTb
YCOBEpIIEHCTBOBATH MPOLECC C LEIbI0 UCKIOYEHHS HEIITAaTHBIX CUTYaLUH.

B nepByio ouepenp HE0OX0IMMO pazodpaTbes, YTO K€ Takoe BhITeCHeHue ¢ nopadeir UI'C?
DTO 3amojiHeHWe BHYTPEHHEW MOJOCTH TPYOOIPOBOIa MHEPTHOW Tra30BOM CMECHIO ISl 00ECTIeUeHMsI
JIBYDKEHUS TOPILIHS-Pa3/IeIUTENs IPU BEITECHEHUH HePTH/HE(PTEIPOTYKTOB U3 TPYOOIIpOBOIA.

[Ipumenenne TexHoIOruM 0cBOOOXKIeHUsI ¢ mpuMmenenreMm MUI'C He momyckaercs:

- ecnu ocBoboxneHne ¢ npumeHeHueM MI'C mpuBOAMT € TPEBBILICHHEM JOMYCTUMOIO
pabouero nasnenus B MT;
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- TpU HAIMYMM Ta30BO3IYIIHBIX MPOOOK WM YydacTKoB ¢ coxaepkannem [BC Ha
ocBoOoxkaaeMoM ydactke MT (eciau HEBO3MOXKHO MX YCTPAaHUTH JI0 Hayayia paboT MO BBITECHEHUIO
HepTH/HeTenpoaykToB ¢ npumenenuem UI'C);

- pU Tepenaje BHICOTHBIX OTMETOK MEXJy HIDKHEH M BBICHIEH TOYKAMH 10 XOAY
BbITeCHeHHS HedTH/HedTenpoaykToB oT Mecta nogaun MI'C no mecta otkauku 6omee 150 m;

- IpU HEBO3MOXKHOCTHU 00eCNedyeHHs] Ha MEepHOJ] MPOU3BOJCTBA pabOT MO OCBOOOXKIECHUIO
yuactka MT cBoboHoi emkoctu B PIT HIIC ans nmpuema BeITeCHIEMON HEPTH/HEPTETIPOTYKTA;

— IPU OTCYTCTBUU BO3MOKHOCTH KOHTPOJHPYEMON OCTAHOBKHM MOpIIHEH-pa3fenuTenei 3a
3agBkkamMu JIY 1 mepeBaIbHBIMU TOYKaMHU (€CJIM HEOOXOIUMO OJHOBPEMEHHOE BBITECHEHUE BYX U
6osee yuactkoB MT Ha 0IHOM TEXHOJIOTUYECKOM Y4aCTKE);

—  IIPY HEBBIIOJHEHUH 110 PACUETY YCIIOBHS YCTOMYMBOCTH HOJIOKEHNS (IIPOTHB BCILTbITUSA) ydacTka MT;

- ecm BpeMst BbiBogia MT Ha pexxuM, ¢ y4eToM 3arofIHEHHsI Y4aCTKOB, OCBOOOXKIAEMBIX C MPUMEHEHUEM
NI'C, He o3BONIsIeT 00ECTIeUHTh BHITIOIHEHHE IIOCYTOYHOTO Tpadrka MBrbkeHus HedTr/HedrenpomykTa;

—  €CJM pacueTHas MPOJIOJDKUTEIBHOCTh OCBOOOXIeHUs1 Oosiee 24 4, kpome ydacTkoB MT,
CyMMapHO€ BpeMsl pabOT Ha KOTOPBIX HE MPEBBILIAET IPOIOJIKUTENILHOCTH OCTAaHOBKH MT;

- 1npu HeobxomuMoctu ocBoboxaeHus ydactkoB MT Beitecuennem MI'C mpotuB xona
IBIOKEHUS He(TH/HePTENPOayKTa, 32 UCKIIOUCHHEM cliydasi ocBoOokaeHus ydactka MT ¢ mpuemom
nopurHs-pazaenurenss B kamepy nycka COJl u u3BieYeHHs €ro M3 BHYTPEHHEH IOJOCTH
TpyOOIpOBOa MOCE 3aBEPIIEHUS padOT 10 ONOpoKHEHUIO yyacTka MT.

Paccmotpum CXemy BBITECHEHUS HedTH, HIUPOKO IPUMEHSIEMYIO B
AO «Tparcaedts — CeBep» C LEIBIO JIOKATU3AIUHU MPOOIEMBI, HAXOXKICHUS METOJOB €€ PEIICHUS U
JalbHENIIero pacupocTpaHeHus B paMkax Apyrux Kommanuii (pucyHok 1).

OcBoboxnerne ydactka MT ¢ otkaukoii HedtH ¢ ucnonb3oBanueM [THY ¢ momageit UT'C mist
CO3/1aHMs JIOTIOJIHUTENHHOTO MOANOPA, JaHHBIA METOJ MPUMEHSETCS B BUAY HAJIWYUS MOJOTHUX YYacTKOB
TpyOonpoBosia (IPOTSHKEHHOCTBIO Ooniee 1 KM ¢ mepenmazgoM BHICOT 0 | M), Ha KOTOPBIX MpOdHIH
OCBOOOXAEMOr0 y4yacTKa M BEJIMYMHA CTaTUYECKOrO JABJIEHUS B TOUKE OTKAYKM He OOecredyrBaroT
noznopa Ha npueme [IHY, nocrarounoro i obecneuenust HomuHanbHOM nogaun [THY, mubo ¢ nensbto
ocBoOOXxIeHHs ToHoro cedeHust MT B MecTe mpou3BOJCTBa paboT MO MPUUYMHE HAXOXKIEHUS ydacTKa
MOJJIEKAILETO PEMOHTY B HU3KUX TOYKax Npo(Wis W UCKIIIOYEHHs MPHUX0/a HEPTU caMOTeKoM ¢ Oolee
BBICILIMX TOUEK MAaruCTPAIbHOIO TPYOOIIPOBO/Ia HA PEMOHTHBINM KOTJIOBAH.

Texnonmorus ocBoboxaeHusi yuactka MT B pesepByapsi HIIC BeITeCHEHHEM 3a 3aMOpHYIO
apMmatypy c nojgaueit II'C BbinosiHseTCS B CIEAYIONIEM MOPSIKE:

a) Coznanue Heobxoaumoil emkxoctu B PII HIIC nna obGecriedenust mpuema HepTH U3
ocBobOoXxJaeMoro yyactka MT.

0) 3amycK MopUIHA-pa3ICTUTENS;

B) OcranoBka MT nocie ¢pukcupoBaHHs MPOXOXKACHUS MOPLIHEM-PA3IEIUTENEM 3alOPHOM
apMaTyphsl B Hauajie 0CBOO0XKIaeMOro y4yacTka Ha KOTopoi opranu3zyercs nmojgayda UI'C;

r) OcraHoBKa NMOPUIHS-Pa3AETUTENS HA PACCTOSHUH HE MEHEee 3 M 3a 3allOpHON apMaTypoi;

n) OTkIIoYeHrne 0CBOOOXKIAEMOr0 y4acTKa IIyTEM 3aKpbITHE 3alIOPHOM apMaTyphl B Hadaje 1
KOHIIE y4acTKa, OTKJIIOYEHHE OT DJIEKTPONMUTAHU, OIOKUPOBKA IITYpPBAJIOB;

e) Ortkauka HedTH MEXKIy 3alOpPHOM apMaTypol B Hadajge OCBOOOXKIAEMOTO YyJacTKa M
MOpIIHEM-pa3enuTeneM yepe3 Bauty3 Juid nojgaun MI'C o6beMoM — paBHBIM 00beMYy BHYTpPEHHEH
MIOJIOCTH TPYOBI MEXK 1y MOPIIHEM-pa3aenuTeneM u BanTy3oM nojgaun UI'C;

k) [lonxmouenne MKAY x BanTy3y g nogauu UI'C;

3) IlomroroBka mHNMM BeITecHEHMs 110 pe3epByapoB HIIC ¢ mpoBepkoi MOMHOTHI OTKPBITHS 3aITOPHOM
apmarypbl Ha JIU MT u Texnonoruyeckux tpyoonpososax HIIC ot nayana ocBoOokiaemoro ydactka 10 PIT;

1) OTKpbITHE 3allOPHOM apMaTypbl Ha HOJTOTOBJICHHBIX JJIs MpueMa HepTH pe3epByapax
HIIC c onnoBpemennoit nonaueit UI'C (otkpsiTue Banty3a nogauu UI'C);

K) BerrecHenne HedTH, KOHTPOINb 3a JABIDKEHUEM MMOPIIHS-PA3ACIUTENS ¢ 0OeCIIeUeHUEM H30bITOYHOIO
JIABTICHUS] HA YJ9aCTKE Ha YPOBHE, HEOOXOMMOM JUTSL HEJIOIYIIICHNST 00pa30BaHMsI CAMOTEUHBIX YYaCTKOB;

n) Tlocne ¢ukcupoBaHus IPOXOXKACHUS TIOPIITHS-Pa3ACATEs 3aropHoi apMarypbl Ne 2 (pucyHok 1)
npexparuts nopady MI'C, 3akpbITh 3anopHyro apMarypy Ne 2, Ipy 3T0M pacCTOSHUE OT 3arlOpHON apMarypbl Ne
2 J10 TOPIIHSI-Pa3AEUATENs JOJDKHO OBITh HE MEHee 3 M;
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M) C6poc uzbsirounoro aasnenus UI'C;

H) [IpoBepka Hannuusg HepTH B MecTax MPOU3BOACTBA PabOT M Ha pacCTOAHUU He MeHee 40 M

OT MECT NPOU3BOACTBA paboT.
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Bo3M0KHOCTB CpbIBa KOMILIEKCA paboT, TPeOYIOUIMX MPOBEACHHS BHITECHEHHS HEPTH.

v

Hacpiiuenne HedTH a30oTroM, «rasupoBaHHs» HEPTH C TMOCIEAYIONIMM BM)KEHHEM
HEKOHTPOJIMPYEMOH MAPTUU HE

YBenuueHne HEOOXOAMMOTO BPEMEHH OTKAa4Kd He(PTH MEXIy 3aropHO

Hayvaje 0CBOOOKIAeMOT0 Y4acTKa U MOPITHEM-Pa3ICIUTEIIEM;

B cIydyac yxoaa TMOPIIHA-pa3ACIMTCIId JaJIbII€ HA3HAYCHHOrO MCECTa OCTAaHOBKH, MBI

PaCCMOTpI/IM TEXHOJIOTHYCCKYIO OIICpalki0 II0 OCTAHOBKE IMOPIIHA-PA3ACIIUTEIIA IIOCIIC
CTAJIKUBACMCA C LCJIIBIM PAAOM HpO6JICM, TaKHX KaK:

OCTaHOBKM HedTenpoBojia He Oyimke 3 METPOB OT 3aJIBMXKKM Ha KOTOpOi miaHupyercs 3akauka UI'C.
[IpaBuibHbBIN pacyer mecta octaHoBKHM [IPB sBnsercss olHUM W3 OCHOBOIOJIAraromux (hakTopoB

Pucynok 1 — Cxema BoeiTecHeHust HepTH B pezepByapsl HIIC ¢ monaue
YCIIEIIHOTO BBITECHEHUS HE()TH U3 OTKIIOUEHHOI'0 y4acTKa He(TernpoBoia.
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AHanmu3upys 3Ty UH(POPMALUIO, MBI TIOTY4aeM, YTO HEIOMYIECHUE MOJOOHBIX CUTYalluii MOXKHO
NPEeOTBPATUTh, BHEJPUB TEXHOJOTHIO 3JIEKTPOMArHUTHOTO MOJNS C NMPHUMEHEHHEM 3JEKTPOMarHUTOB
ISl OCTAaHOBKY TOPUIHA-PA3ACTUTENS B 3aJaHHON TOUKE TPYOOIPOBO/Ia (PHUCYHOK 2).

e Bawnp

lNoAHOE 3akpbiTHe 3A NOCAE + = : f
il p\'E.H[_.lbi'.,l.'.,:'HH'_—l_[ % e
oroX AeHKA TPB -
OK ASHN /,///
 a
//
ONEKTPOMATHMUT

rPY30MNOAbEMHbIN
AlNMMk 170-60

(KMpOBCKWI 3aBOA 3NEKTPOMETHUTOB)
PI/IcyHOK 2 — Cxema IMIPUMEHCHUA SJICKTPOMArHUTHOI'O IIOJIA JJIA OCTAaHOBKH IMOPIIHA-PA3ACIUTEIIA

Tabmuna 1 — XapakTepuCTUKH U CTOUMOCTHh KOMITJIEKTA 3JIEKTPOMArHUTOB

HaunmenoBanue 3HayeHue

OTpbIBHOE yCWJINE Ha KPYTe, KT 31000
['py30n016€MHOCTH Ha KPYTE, KT 15500
Tok, A 35
MoiHOCTE, KBT 1,7
Macca, kr 2250
CroumMocTh KOMILIEKTa (2 1IT.), ThIC. pYO. 1890
I"abaputnble pazmepsl AxBxC, mm 1700x600x480

B Buny toro, uro ckopocts IIPB B MOMEHT €ro OCTaHOBKM HHUYTO>KHO MaJla B OTHOILIEHUH K
CKOPOCTH CBE€Ta, KOTOpas MpsMO MPOMNOPLUUOHATIBHO BIMSET HA YBEJIMYEHUE MAacCChl Tejla IpHU
YBEIIMYEHUN €ro CKOPOCTH, TO MbI MOXKEM IpeHeOpeub 3TOH XapaKTepUCTUKONM W TNpH BbIOOpe
AJIEKTPOMarHuTa pyKoBOJICTBOBAThCS nmapameTpoM OTphIBHOE yCUITHUE.

B sxoHomuueckoM pacuere (Tabnuua 1) mpeacraBieHa CTOUMOCTh KOMIUIEKTa MaKCHMAJIbHOM
MOIIIHOCTH, HO UCXOJS U3 MOJIYUEHHBIX JAaHHBIX, MBI JIeJIaeM BBIBOJI, UTO MPHU MPOBEACHUN HATYPHBIX
UCTBITAHUA MOXXHO CYIIECTBEHHO CHM3HUTh HEOOXOJMMYI0 MOIIHOCTH, YTO B HUTOre€ NPUBEAET K
JYYIIUM [TOKa3aTessiM 3KOHOMUYECKON 3 (EKTUBHOCTH TaHHOU pa3pabOTKH.

B mHacrosmeil pabore ObLI NpPOBENEH aHAINW3 HMEIOLICHCS JIMTepaTypbl, HOPMATUBHO-
TEXHUYECKON JOKYMEHTAllUM, MPAaKTUUECKUX HABBIKOB M INPOBEIEHBI pacueThbl, KOTOPbIE MO3BOJUIH
BBISIBUTDH NMPOOJIEMY MPH MPOBEAECHUH PAOOT MO BHITECHEHUIO HE()TH U3 ydacTKa MPOM3BOJICTBA PadOT.
PaccmoTpeHo mnpuMeHeHHE METOAMKH 3JIEKTPOMArHUTHOTO TMOJI C IENbI0 OCTAHOBKH IOPIIHS-
pasfenuTess B 3aJaHHOM MeCTe Ul MPOBEICHUS BBITECHEHUS HE(TU M3 MOJIOCTU TPyOOIpoBoa, 1O
UTOTaM 4Yero CZeNIaHbl CIEAYIOUINE BHIBODIL:

- ObecneunBaeTCst OCTAHOBKA MOPLIHS-pa3AEIUTENs TOUHO B 33JJaHHOM TOUKE;

- Hckitouaercst HEOOXOAMMOCTh YBEIMUEHHUS BPEMEHH 3aTpaylBaeMOro Ha OTKauKy He(dTu
MEXy MOPUIHEM-PA3JEIUTEIEM U BaHTY30M 3aKauKd HMHEPTHO-Ta30BOM CMECH HENOCPEICTBEHHO
nepes; HayajaoM IMpOU3BOJCTBA PadoT;

- OOecneunBaeTcss IUIaBHAs OCTAaHOBKA  IOPIIHA-PA3JEIUTENs 32 CYET NPHUMEHEHUS
JIEKTPOMATHUTOB B ITApE, TEM CaMbIM HUBEIMPYETCS] BOSMOKHOCTD HOSIBIICHHS TUAPOYAApa ¥ UCKITIOYACTCs
JeficTBHE pa3pyIIMTENbHBIX HAMPY30K HA ACTAIU MOPIIHS U 000pyI0BaHHUE TPYOOIIPOBO/IA;
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-  CHMmWXaTCs PUCKU MOSBJICHUS KAaBUTALMU U HEKOHTPOJIUPYEMOTO IMPOIECCa HACHIIICHUS
He(TH «1y3bIpbKaMI» Ta3a;

- TlosBastoTCS HOBBIE 00IACTH TPUMEHEHHUS YICKTPOMArHUTOB Ha MPOU3BOJICTBE, TAKUE, KaK
Ipy30M0beMHbBIE MEXaHU3MBI, U CPEJICTB COOpa METaNINYECKUX 0OBEKTOB.

Lo\ [al o [X

Cl" TPAHCHE®Tb
CEBEP

A B

Pucynoxk 3 — CxemarnuHoe n300pakeHHE PJIEKTPOMArHuTa pa3MeIiaeMoro Ha BepxHei odpasyroiei

TpyOoIpoBoa
mgy
m= >
u
1-=
250
m=
L __0.001?
299793,12
m = 250 kr

I'ne, mgy — mauannuas macca 11PB, kr;
U— ckopocte aemkenus [TPB, kv/c;

€ — CKOPOCTh CBeTa, KM/C;

M — Macca [pH 3a1aHHOH CKOPOCTH, KT

Pucynok 4 — Pacyer pesnsiTUBUCTCKON MacChl OPIIHS-Pa3IEIUTENS IPU CKOPOCTH IBUXKEHUS 1 M/c

Bbu6anorpadguyeckuii cnucok:

1. P1-75.180.00-KTH-259-14  MarucrtpanbHblii  TpyOONpPOBOAHBIM  TpaHCHOPT  HehTH U
HerenpoaykToB. MeTonuka pacuera OOBEMOB W BpPEMEHHU OCBOOOXKIEHHUS OT HEPTH U
HE(PTENPOJYKTOB  y4acTKOB MAarucCTPalbHBIX TPYOONpPOBOJOB C TNPUMEHEHHEM MOOMIBHBIX
KOMITPECCOPHBIX a30THBIX YCTAHOBOK JUTSI TPOBEICHUS TNIAHOBBIX padoT — 43 c.

2. P/1-75.180.00-KTH-227-16_I3m.1 MaructpanbHblii TpyOOIPOBOIHBII TpaHCIOPT He(TH U HE(TETIPOTYKTOB.
TexHonoruss 0CBOOOXKICHHS TPYOOIPOBOJOB OT HEe(TH/HEPTENPOMYKTOB M 3aIOJHEHUS TTOCIIE OKOHYAHWS
PEMOHTHBIX paboT. TpeOoBaHws K OpraHM3aIMH 1 IPOBEICHHIO padoT — 153 c.

3.C.M. AobnypaxmonoB, 2.C. XommartoB. [IpuMeHeHHE SIIEKTPOMArHUTHBIX YCTPOWCTB B
npombinuieHHocTH — Scientific-technical journal (STJ FerPI, ®aplld HTXK, HTX @epllH,
crer.BEImyck Ne5). — 63 c.

4. N.N. TonmaueB, MarHUTHBIE METO/BI KOHTPOJIS U IMArHOCTUKU: yuebHoe nocobue / .M. Tomaues.
— Tomck: U3n-so TITY, 2008. — 216 c.

5. A K. 3emmsxona, E.P. Kaiiroponosa, A.H. ITapsikun, H.E. Makees, H.I'. Kynes O630p u ananus
UHTETPAJbHBIX XAPAKTEPUCTHK I OLEHKM (PYHKLIMOHAIBHOIO COCTOSHUS DJIEKTPOMAarHUTOB
WNnxenepusiil BectHuk [Jona, No7 (2021). — 41 c.
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CEKIIUSA 1. ABTOMATHUKA U SJIEKTPOTEXHUKA

YK 621.383.72
JIlnHaMHUKa 3BOJIIOLMHU NPHUOOPOB 3aPsA/10BOii CBA3U M MX NPUMEHEHHS

Crproxkos I1. B., I'ep6ept /1. B.
Hayunsii pykoBoaurens - Haanaes K. E.
Vxmunckuti 2ocydapcmeennvlii mexrnuyeckuil yHugepcumem, 2. ¥Yxma, Poccus

Ceroans, OOJBIIMHCTBO U3 HAC €KEJIHEBHO MOJB3YIOTCA KaMepaMH B CMapT(OHaX, a TaKxKe
CMOTPAT Kakue-11u0o0 Buzaeo. [loBceMecTHBIM pacnpocTpaHeHHEeM TaKOW ammaparypbl Mbl 00s3aHbI, B
NIEPBYIO O4Yepe/ib, OTKPHITUIO U JaJbHEUIIEMY Pa3BUTHIO MPUOOPOB 3apsI0BOM CBsI3U. Y CTpOICTBaA C
3apsoBoit cBs3pio (II3C) (CCD — aHr.) cranu mOBCEMECTHBIMH B COBPEMEHHBIX TEXHOJIOTHSX, OT
U(POBBIX KaMep A0 METUIIMHCKAX CHUCTEM BH3yalIHM3allMd, Oiarojaps X CocoOOHOCTH 3aXBaThIBATh
M300paKE€HUsI C BBICOKOM UYYBCTBUTEIBHOCTHIO M HHU3KMM ypoBHeM Inyma. I[I13C ocHoBaHbl Ha
MIPUHLIMIIAX YCTPOUCTB € 3aps10BON CBSI3bI0, KOTOPBIE MO3BOJISIOT MIEPEIaBATh AIEKTPUUECKUE 3aps bl
MEXIYy COCEIHHUMH O0JacTAMHU MOJIYNPOBOJHUKOBOrO Marepuana. C MOMEHTa CBOEro MOSIBICHUS B
koHie 1960-x romos II3C mperepmenu 3amedaTebHYIO SBOJIONHMI0 C TOYKH 3pEHUS AW3aiiHa,
W3TOTOBJICHUS U IPUMEHEHHUS.

OcHoBHas 11e/1b JaHHOM pabOThl — U3YYEHUE TMHAMUKU 3TOM 3BOJIIOIMH, BKIIIOYas pa3iuyuHbIe
TEXHOJIOTUYECKHE MPOPBIBBL, KOTOpble mo3Boiwin paszpaborats [13C-marpuiel ¢ 0osiee BBICOKHUM
pasperieHrueM, 0ojiee BBICOKOH CKOPOCTBIO CUHMTHIBAHUS M 0oJiee HHU3KHM JHEPronoTpeOiIieHUEM.
OcHoBHBIMU 3a/1a4aMu SIBISIFOTCS: 1) Onucanue npuHIUIIOB paboThl, OCHOBHBIX I BceX BHaoB CCD
Matpuil; 2) OmnpeneneHrue OCHOBHBIX BHIOB TEXHUUECKOW peanu3ai IpruOopoB 3aps10BOi CBs3u; 3)
BrisiBnenne cunbHbIX U cnabbix ctopoH [I3C-texnomoruu; 4) AHajauTHKa TEKYIIET0 MPUMEHEHUS
JTAHHOT'O TEXHOJIOTMUYECKOTO PELIeHHs] B pa3IMYHbIX cepax 4eT0BeUeCKON AeSITEIbHOCTH.

Cawma I13C texHonorust Obita n300peTeHa uccnenosatensmu u3 Bell Labs Yunnapom boiinom
u Jlxonom Cwmutom. OHH OO0BEAMHWIM HCCIEAOBaHUS B 00JIacTU BHUAEOTEICHOHUU U
MOJTYIIPOBOJTHUKOBON MY3bIpbKOBOW maMATH M B 1969 roay cos3manu mepBblif mpoTOTHN IpubOopa
3apsanoBoi cBsizu. [lpu sToM, m3HavanbHO boiin m CMUT mojaraiu, 4To WX U300pETeHHE HaWaeT
IPUMEHEHHE B yCTpOMCTBax mamsaTH. B peanpHOCTH, oaHako, cBoe mecto I13C mpubops! Hauwm, B
NEepByl0 oyepenp, B mpubopax g Busyanusauuu. IlepBeiM peanbHbiM [13C mpubopom ans
BU3yallM3allui ObUT sl OJM3KO pPACIOIOKEHHBIX METAJUIMYECKHX KBaJpaToB Ha IOBEPXHOCTH
OKHCJIEHHOTO KPEMHHUSI, JIEKTPUUECKH COEAMHEHHBIX MTPOBOJIOYHBIMU cOelMHEHUAMU. OH ObLI cO3/1aH
Jbxunom Amenno u Maiikiom Tommncerrom B ampene 1970 ronpa. IlepBblil maTeHT Ha MPUMEHEHHE
[13C nns Buzyanusanuu Obu1 nepenad Tomncerty B Havasne 1971 rona.

Xota II3C ObIBatoT pa3HBIX THUIIOB, BCE OHM HMMEIOT OOIIYI0 OCHOBY — METaJlI-OKCHUJ-
nonynpoBoiHuKoBy0 (MOII) émkocts (PucyHok 1). B oOmem Buae oHa COCTOMT W3 3JIEKTPOAA,
KOTOPBIH OOBIYHO M3TOTOBJIEH M3 METajla MM CHUJIBHOJIETMPOBAHHOTO MOJIMKPEMHUS, TUICKTPUKA
(vamie BCero — B €ro poJIM BBICTYNAET KaKOW-TMO0 OKCHI) M MOJYNPOBOJIHUKOBOM MOI0KKH. Crao
IUAJIEKTPUKAa OTHOCUTENBHO TOHKMH, OOBIYHO ero pasmep coctasiuser 0,05-0,1 mxMm. Ecim
TUDJIEKTPUYECKHUM cIoi OyneT Touile, noje He OyaeT MpOHUKATh TITyOOKO B MOJUIOXKKY, YTO B CBOIO
ouepenb 3aTpyaHHUT ynpasieHue cBoiictBamu I13C. PeanbHyto paGoTy AaHHOW CTPYKTYpBhl MOXKHO
MpOJEMOHCTpHpOBaTh Ha npumepe padoTsl 1 sueiiku [13C-matpunpl. I13C-gueiika cocTouT u3
MIOJINKPEMHHUS, OTAECIEHHOIO OT KPEMHMEBON INOJUIOKKHU, Y KOTOPOM, IIPH MOAAUYE HANPSKEHUS Yepes3
MOJINKPEMHEBBIE 3aTBOPBI, M3MEHSIOTCA AJIEKTPUYECKUE TMOTEHIMaIbl BOMU3U 351eKTponoB. OnuH
anemeHT [13C-matpuubl popmupyercss 00bIYHO TpeMs 3jekTponamu. CHauana Ha JIEeMEHT MOoNaJaloT
dboTonbI U 3a cYET hoTodPdekrTa oOpazyercs (HOTOTOK. 3aTeM MOJOKUTEITLHOE HAMIPSKEHNE Ha OJTHOM
U3 AJIEKTPOAOB CO3AET MOTEHIUAIBHYIO sIMY, U TyZa 0 3aKkoHy KylloHa nepememaroTcs 3JIeKTPOHbI
u3 cocenHeit 30HbI1. [locnenoBarenbHO Nepekitoyas HalpsHKEHUs Ha 3JIEKTPOJIaX, MOYKHO TMepeMeliaTh
MIOTEHLIMAJIBHYIO SIMy, a, CJIEN0BaTElIbHO, U HAXOJAUIMECS B HEH JJIEKTPOHBI B ONPEACIEHHOM
HampaBjieHuU. Tak, K IpUMepy, TPOUCXOIUT nepemenieHre 3apsaaoB B otaenbHoi [13C nuneiike [1].

19



AN3NEKTPUK
okcua 3aTBOp

CTOK NCTOK

MeTann

Pucynoxk 1 - MOII émkoctb

IlepBass npombinuiennas [13C nwuueiika Obita co3mana B Bell Labs B 1971 rony.
Hcnonb3oBanachk OHa TOrJa AJIsl CUCTEMBbI 3aIUThl BOCHHBIX OOBEKTOB 110 3aKkazy MHHOOO0poHb! CIIIA.
Ilo cBoeli cytu 3Ta Oblia JIMHEHHAs CUCTEMA IOCJIEJOBATEIbHOIO C/BMIa, YIPaBICHHUE B KOTOPOMH
OCYILIECTBISUIOCH TPpH oMol 3 ¢as.

CrnenyromuM BechbMa JIOTUYHBIM Pa3BUTHEM NPHUOOPOB 3apsIOBOM CBS3U CTAO OOBEIMHEHHUE
MHoxecTBa [13C nuneek B [13C marpuny. Ilepsoit [13C-marpuueii ctana maTpuiia ¢ MOJIHOKaAPOBBIM
nepeHocoM. Wnes — mocnenoBaTenbHble M IapajljiesibHbIE CIBHUroBble peructpbl IlapamienbHbie
COOMPAIOT AMEKTPOHBI M3 KaXIOH sueliku cToilla, Mocie 4ero ux coOupaer mocieAoBaTelbHBIN
peructp. Ilpu >ToM, moOka moOcCHEeNOBaTENbHBIM pPETUCTP HAKAIJIUBAETCSI W OCBOOOXKIAeTCs,
oTpaloTaBIIMe MapajuleibHbIE PETHCTPHl JODKHBI HAaXOAMTHCS B pexuMe oxuaanus. s storo
HY)KEH CHoco0 CHHXpPOHM3AIMH UX padboThl. OOBIYHO, CHHXPOHM3ALUS JIOCTHIaeTcsl MpU MOMOILU
OOBIYHOTO TaKTOBOTO reHeparopa. Kpome Toro, Hemb3s HauMHATh CUMTHIBATH 3apsi/ibl 10 TOJIHOTO
3aKpBITUSl MCTOYHMKA CBETAa, WHAde BO3MOXEH 3(P¢exT pa3zmaspiBaHus 3apsaa. C Leablo ero
HUBEIMPOBAHUS MIOJHOKAIPOBBIE MATPHUIIBI BHITYCKAJINCh C MEXAaHUYECKUM 3aTBOPOM [2].

OuyeBuaHO, YTO NOJOOHBIE HENOCTATKM HE MOIJIM YCTPauWBaTh YYEHBIX M IMOITOMY ObLI
pa3paboTaH HOBBIM THII MaTpHILbl — MaTpulla ¢ Oydepusanueil kagpa. OCHOBHAs HJesl 3aKIH0YaeTCs B
CO3/IaHMHU JUIS KaXJOM siluelku 3apaaoBoro OydepHoro perucrpa. A yxe OTTyJla OHM IMOJAIOTCS B
MIOCJIE0BATEIbHBIA. DTO CHUIKAET MHTEPBAI MEX]y IOBTOPHBIMH 3KCIIOHUPOBAHUSAMHU BJIBOE, OJJHAKO,
MyTh, TPONACHHBIN 3apsgamMH, TakKe YBEIMUMBAaETCS B JBa pasza, a, KPOME TOro, TEXHUYECKas
peanu3anys NoA00HOH KOHCTPYKIMH OblUIa 3HAYMTENBHO JOPOXKE YeM Y MOJHOKaapoBou. ITpu stom
npobJieMa MEXaHUIECKOTO 3aTBOpa BCE emié ocTaéTcsl.

Cnenyromas peanu3anus HUCHOJIB3YETCST M B HAlM AHW. OTO MaTpulla C KOJOHOYHOU
Oydepuzanueil. OTiaMuue OT NPUEMHHKA 3aKI0YaeTcs B TOM, 4YTO Oydepbl pacrojioKeHbl He
IIOCJIEZI0BATENBHO, @ MEPETACOBAHbI IO BCEH IUIOLIAAM MATPHUIBl, YTO MO3BOJSET 3alUCHIBATh BHUJIEO
npu cpenHerr dactote Oonee 30 KaapoB B CEKyHIY, W, OUYEBHJIHO, OTIATAET HEOOXOIMMOCTH B
MEXaHUYECKOM 3aTBOpPE, 1 BMECTO HETO MOKHO MTOCTAaBUTH 00Jiee OBICTPHINA — 3JIEKTPOHHBIMH.

[TapamnensHo ¢ pazButuem oO1ieit koHcTpykuu [13C matpui sBomonronupoBaia u MOII
émkocTh. Hamboniee BBICOKHMX CHEKTPAIbHBIX XapaKTEPUCTHK YAAIOCh NOOUTHCS Ha CIEAYIOIIMX
KOHCTpyKuusax: 1) MaxkcumanbHo Bo3MoxHOe yroHblieHue I[I3C kpucrtaina W HMHBEPCHOHHAs
obpaboTtka moanoxkku; 2) JlobaBnenue BupTyanbHO# (azel. HecMoTpst Ha To, uto 1 maér Gonbiuumit
addexrt, B O6ompmmHcTBe cBOEM B [I13C Marpuiiax mpuUMEHSIETCS 3HAYUTENBHO OoJiee IEMIEBBIA 2
BapuaHT. Mnes Obuta npemnoxena SIpocnaBom XunedekoM B 1980 rogy. CyTh 3akiioyaercs B TOM,
YTO OJIMH M3 3JeKTpoaoB oObraHOTO [13C 3amMeHseTcs Ha MENKHI CI0M p-Tuna (BUPTYaJbHBIN 3aTBOP)
HETOCPEJCTBEHHO Ha TIOBEPXHOCTH KpPEMHHs, 3aMKHYTbIi Ha cTon-kaHaiubel. Takum oOpasom
CHHYKAETCSI COCTOSIHUE (PUKCAIMK U YIIYYIIaeTCsl TAKTUPYeMbIi niepeHoc (Pucynox 2).
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Pucynok 2 - [13C maTtpuia ¢ BUpTyaJlbHBIM 3aTBOPOM

B coBpemennbix [13C Marpumax s pacro3HaBaHUs IBeTa Ucmoiib3yeTcs ¢uiabTp baiiepa,
NpeACTaBIsIOmUiA  coboir 4 ymH3bl (2 3enéHble, | kpacHas u 1 cuHss). Jlamee 3IEKTPOHBI,
COOTBETCTBYIOIIHME I[BETaM, MEpPEJaroTcs M0 3 pa3HbIM (pa3aM u ganee 0OpadaThIBalOTCS MPH MOMOIIU
aJITOPUTMOB JieOaiiepu3anuy.

OcnoBHas npobiema npuOOpPoB 3apsaoBoi cBsizu — OmymuHT. [lo cBoeit cytu 310 >dexT
pacTeKkaHusi 3JIEKTPOHOB MO sYeiKaM, BO3HHUKAIOIIMNA B CIIEACTBUU IEPECBETKU ONPEIEICHHbBIX
oOiacTeil HampaBICHHBIM HMCTOYHHUKOM CBETa, CO3JAIOMIETO KOJHYECTBO DIIEKTPOHOB, HE
nomMeniaroneecs B noTeHuMandbHyto My (Pucynok 3). JlanHas mpobiema OTHOCHUTENIBHO YCIIEUIHO
pemiaercs MNpU IOMOIIM BHEAPEHHsS AHTUOIYMUHIOBBIX Li€Nedl, OCHOBAaHHBIX Ha JAPEHAKHOM
noreHuane. OQHAKO JaHHBIC IeTH J00aBISIOT HETMHEWHBIE KPUTEPHH B XapaKTEPUCTHKY BBIXOJHOTO
3apsizia, IO3TOMY B HayUHBIX LeJsX ucnonb3ytores [13C maTpuiisl 6€3 31eKTPOHHBIX JpEHAKEH.

Pucynok 3 - O¢pdexr 6mymunra B I13C

TakuM o00pa3oM, MOXHO CKa3zaThb, YTO pa3BUTHE MPUOOPOB 3apsI0BOM CBS3U CUIIBHO
YBEJIMYWIIO JTIOCTYIMHOCTh ()OTO M BHUIEOCHEMKH. [lo mpuunHe OBICTPOro 3aBOEBAaHUS MOIMYISIPHOCTH
cpeau OOBIYHBIX JIOAEH MaTpullbl cTaiu pas3BuBaThes emlé ObicTpee. C pa3BUTHEM TEXHOJIOTUU
nosiBWIIMCh paznuuHbie BUAbl [13C Matpul, npenHasHayeHHBIX Ui pa3HbIX Ienei. TeM He MeHee co
BPEMEHEM CTaJl0 MOHATHO, YTO HEKOTOpble MpOOJEMBbl, TaKh€ KaK BBICOKOE 3HEpromnorpedsieHue,
OorpIas 1eHa COOPKHM — HEBO3MOXKHO PEIINTh 0€3 MPUHIMIHAILHO HOBOTO MOJXOAa. JTO U CTAJO
MPUIUHON TOTO, YTO BO MHOTHX 00JacTsIX, HanmpuMep B kamepax cMmapTdonoB, [13C marpuiibl Ob11H
BBITECHEHBI ox0el TexHonorueit — KMOII matpuniamu.

Bbub6anorpaguyeckuii cnucok:

1. JTazoBckwuit JI. B. Tlpenm3nonnsiii B3rs11 Ha mpuOopsl 3apsaoBoii cesizu. — CI16.: ABTOKC, 2012. —
126 c. TekcT: HEMOCPEICTBEHHBIM.

2. Ilpecc @.I1. ®oTouyBCTBUTEIBHBIC MPUOOPHI C 3apsAA0BOM CBs3bI0. — M.: Panno u cBs3p, 1991. —
264 c. TeKcT: HeMOCPEICTBEHHBIMN.
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YK 621.383.72
HepcnexkTusbl pazputus [I13C MaTpuibl ¢ OPTOrOHAJIBLHBIM MEPEHOCOM KaK CIlocoda
TeXHHYECKOH peaiu3alui KaMepbl, BepHOi ¢ ()eHOMEHO0JIOTMYeCKOii TOYKH 3pEeHust

Crproxkos I1. B., I'ep6ept /1. B.
Hayunslii pykoBoaurens - Haanaes K. E.
Vxmunckuti 2ocyoapcmeennvli mexrnuyeckuil yHugepcumem, 2. ¥Yxma, Poccus

Ha nporsxenun ponroro Bpemenu [13C MaTpuiibl 3aHUMaK JIMIUPYIOLIME TO3UIIMN HA PhIHKE
kamep. Tem He MeHee, y HUX ObUIM HEKOTOpble CEpbE3HbIE HEAOCTATKM, TaKUe Kak OoublIoe
SHEpPronoTpedieHue M BHICOKHE TPeOOBaHUS K KayecTBY TEXHHUYECKOTO IPOIecca IMPOU3BOICTBA.
JlaHHBIE TPOOJIEMBI B, TOM YHCIIE, IPUBOAWIM K eI€ OJJHONW — BBICOKOW cTonMoctu. HecMoTps Ha 3T0,
nonroe Bpems Ha peiHKe y [I3C-MaTpuil He OBUTO KOHKYPEHTOB. DTO OBUIO OJHOW W3 MPHYUH, TIO
KOTOPOM CKOPOCTh MX pa3BUTHS HECKOJbKO ynana. Bc€ wusmenunocs B 1993 romy, korma B
nabopatopusix peaktuBHoro asmwkeHuss NASA  ynamoch peann3oBaTh aKTUBHO-TTUKCEIBHYIO
TEXHOJIOTHIO. OTO MPUBEIO K CO3JaHUI0 cepbE3HOoro KoHkypeHta — KMOII-marpunel, u, kak
CIIEICTBME, K HOBOMY OHBOJIIOLIMOHHOMY BHUTKY pa3BUTUS y MAaTpHUll, OCHOBaHHBIX Ha IPHUHLHUIIE
3apsa0Boit cBs3u [1].

OCHOBHOI 1EJbI0 JaHHOW pabOTH SBISETCS paccMOTpeHHe mepcrnekTuB paszButus [13C
MaTpUIbl C OPTOrOHAJIBHBIM IEPEHOCOM KaK CI0co0a TEXHMUYECKOW peal3allid KaMepbl, BEPHOH ¢
(dbeHoMeHOOrMYecKo TOYkH 3peHusi. OCHOBHBIC 3a/aud, IIOCTABICHHbIE HaMH Ha IyTH K
nocTikeHuto 1enu: 1) Omnucanue OCHOBHBIX NpHHUUINOB paboTbl 111 KMOII-maTtpunel, kak
ocHoBHOro koHkypeHta [13C; 2) M3yuenue xapakrepucruueckux ocoOeHHocred I13C-matpuusl c
opToroHajbHbeIM nepeHocoM; 3) I[IpoBenenue napaneneil Mexay 4eI0BEUECKUM 3pEHHEM U 00BEKTOM
uccinenoanusi; 4) OrmnpeneneHre BO3MOXHBIX IEpCNEKTUB Hcnoiab3oBaHus [13C-maTpunbl ¢
OPTOrOHAJILHBIM IEPEHOCOM.

Unes peanuzoBats aHanor [13C-maTpuiibl Ha OCHOBE TEXHOJOTHUH, B KOTOPOU MCHOJIb3YIOTCS
Iapsl U3 P-KaHAJIBHBIX U N-KAHAJIBHBIX IOJIEBBIX TPAH3UCTOPOB, B3aUMHO JOIMOIHSIIOLINX APYT Apyra
(Tak HaA3BpIBAEMON KOMIUIEMEHTAPHON MeTailui-oKucea-noxynpoBogHukoBoir — KMOII), nmosiBuiacek
IIPUMEPHO uepe3 5 Mecsies nocie nosieiaeHus nepsoil [13C-matpunsl. OqHAKO TEXHOJIOTHYECKH 3TO
OKa3zaJloch BechbMa 3aTpyAHuTenbHO. IlomHocThio peanuzoBath uaero KMOII-matpuns! yaanock
nuwb B 1993 rony.

OcHoBHbIM oTiinuueM KMOII matpuiisl ctano To, 4TO B pe3yJibTaTe UCIOJIb30BAHUS aKTUBHO-
MIUKCEJIPHOTO JAaTYMKA €CTh BO3MOYKHOCTH CUMTBHIBATh KaXKIbIN IHKCEIb HE3aBUCUMO OT OCTAJIbHBIX.
bonee Toro, cuuThiBaHHE MO3BOJSET MOJIYYUTh HE DBJIEKTPOHBI, a YK€ OUMIIEHHBIH OT IIYMOB
aHAJIOTOBBIM WK Jaxe nudpoBoit curHan. Takoil MOAXOJ MO3BOJIAET BBINOJHUTH JaKe KPYIHYIO
MaTpully Ha MOHOKpucrtamie KpemHus. CtannaptHoil cxemoil pabotsl 1t KMOII-matpunsr 6yner
ClIeyroIas MOoCIeI0BaTEIbHOCTD: 1I0CIIE MONAAaHNs 3JIEKTPOHOB B NOTEHUUAIbHBIE MBI, COTJIACHO
CUTHaJlaM CMHXPOHHM3ATOpa (3a4acTylo €ro pojb UrpaeT reHepaTop UMIYIbCOB) 3apsiibl CYUTHIBAIOTCS
U3 KaXJ0Tro MHKCEN MO OTAEIBHOCTH WIM M3 KaKHUX-TO YKa3aHHBIX. 3aTEM CHUTHaJl YCUJIMBAETCS,
OYHIIAEeTCS OT LIYMOB, LU(POBU3YETCS M JMIIb 3aTEM HANpPAaBISETCS B IPOLECCOP, C LENbI0
KOPPEKIUH U CHHTE3UPOBAHHSI HTOTOBOTO M300paKEeHUSI.

HecmoTpss Ha Bce Kaylliuecs, Ha MEpBBIA B3IVIAL, BBIFOJbl HE3aBUCUMOCTH 00pabOTKH
KaX/I0TO OT/IEIBHOTO MUKCENs, B PEaTbHOCTH U300paKEHHsI MOTYT MOJy4yaTbcs He TOUYHbIMU. O HON
U3 Takux npoOsiem sBisieTcs dQ(eKT CKoNb3sIIero 3aTBopa — npodiema, uz-3a koropoir Ha KMOII-
MaTpUIly KpaiiHe CII0)KHO KauyeCTBEHHO CHATH OBICTpOJBHUTarOLIMEecs OOBbEeKThl. TeM He MeHee,
OOJIBIIMHCTBO HETOYHOCTEeW wuchpasisiercss coBpemMeHHbIM [10. ITlostomy B mo6oMm cmapTdone
Haxogutcst uMeHHo KMOII marpunia. OgHako B MecTax, IZle TOYHOCTh KpailHE BakHa (K IIpUMeEpYy,
acTpoHOMHS U cnyTHUKOBas koppekuus) KMOII maTpuiibl moYTH HE UCHOIB3YIOTCS

Otuactu, uz-3a OypHoro pazsutus KMOII Ttexnomoruu, [13C maTpuibl OTKpPBUIM BTOpOE
IBIXaHWE W CeHvac aKkTUBHO pa3BuBarOTCsA. K mpumepy, He Tak JaBHO OBbUT pealn30BaH KpaitHe
nepcrneKkTuBHbIN Bua MaTpuilbl — [13C-matpuna ¢ oproronansubsiM neperocom (OTCCD, OTA) — ato
YCTPOMCTBO, CIIOCOOHOE CMEUIATh 3apsi/i BO BCEX HANPABICHUAX U Pa3pabOTaHHOE Uil KOMIIEHCALUH
JBIDKEHUST M300paKEHMs IO JAaTYMKY B CHUTYAIMsIX, KOTJa JBHKCHUE CIICHbl WU IUIAT(OPMBI
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MIPOU30ILIO BO BpeMsl MHTErpauuu n3odpaxenus. Maes takoro mpubopa Oblia JaBHO, HO HE OBLIO
BO3MOXHOCTEH TeXHUYECKON peanu3auuu [2]. CTOUT OTMETUTh, YTO B BHUAY KpaillHEH CIIOKHOCTH
1o1I00HON TeXHUKH 00paboTKu n3o00pakenus, peanpHas [13C-MaTpuiia ¢ OpTOrOHAIBHBIM TEPEHOCOM
(OTA), npeacrasisier coboii MmaccuB Bentuiieit 6onee meakux Matpuil (OTCCD). Pucynok 1(6) 6oiee
oIPOOHO UILTFOCTPUPYET pacmoiioskeHre BeHTmwiel aByx tunoB siaeek OTCCD B OTA.
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a — reometpuss KMOII tun 1, 6 — reomerpust KMOII tum 2
Pucynox 1 — Pacnionoxxenne Bentuieit B stueitkax KMOIT

Pacnonoxenue nukceneid Ha pucyHke 1(a) UCIONB30BAJIOCh B YCTPOWCTBAX AJIS ONTUYECKOMH
KaMephbl, B TO BpeMs Kak pacloyioKeHue, MoKa3aHHoe Ha pucyHke 1(0), Ha3piBaeMoe reoMeTpuei Tuma
2 wnd “ManbTHICKUN KpecT”, ObLIO M3rOTOBJIEHO TOJBKO B HEOONBIIMX YCTpoiicTBax. B o6omx
Cllydasx MEepeJMBHON JPEHAXX WM LIIUTaT J0JDKEH OXBaTbIBaTh TPU CTOPOHBI MUKCEIBHON MaTpHIIbI,
4TOOBI OMJIOIIATH 3apsi]l, HEPEHOCUMBIN 3a rpaHulbl MaTpuLbl. LlInurar Takxke COeMHEH ¢ BXOIHBIM
KOHIIOM TpeX(a3HOTro perucTpa st 00ecredeHns: MPOMBIBKH ITOCIIE0BATEILHOTO 3apsiia B 00OpaTHOM
HanpaBjieHuU. BakHO OTMETHTH, 4TO, yUUTHIBas MOAOOHYIO KOHCTpyKIHio, s OTA Heobxoqumo 4
(a3l s CUNTHIBAHUS 3apsiaa U 4 cios nomukpemuus (Pucynok 2) [3].
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Pucynok 4 — Pacniono)xeHue JIMHUMA yIIpaBIeHUs U JOTHKH [T Kaxaoi sueiiku OTA
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JIyist MOHMMaHMsI HACKOJIBKO MEPCIeKTUBHA MOJ00Has pa3pabdoTKa pacCMOTPUM YEIIOBEUYECKHIMA
ria3. Ecnu nmocuuTaTh KOJMYECTBO KOJIOOYEK U BBIXOJHBIX aKCOHOB U3 IJla3a, TO MOXHO OINpPENEIHTh,
YTO KAa4eCTBO M300pakeHUs Yy 37J0pOBOTO yesioBeKa mpumepHo 1.5 meranmkcens. Tem He MeHee, Bce
Mbl BUJUM MHp B 3HAUUTENIbHO OosbllieM KadecTBe. Bce neno B TOM, YTO HalllW ria3a COBEPILAIOT
MHUKPO ¥ MaKpOCAaKKaJbl (pa3u4yHble OBICTpPBIC, HEIPOU3BOJBHBIC NBIDKECHHUS Tia3zamMu). Mo3r xe,
UCIIONIb3YS KpPOME MAacCHBa TOJYYEHHBIX M300paKEHUN PETUHANBHYI0 MPOEKLHI0 (CBOMCTBO
3pUTENBHON KOPHI), 00beauHsIeT BcE B 1 M300pakeHne BBICOKOTO KadecTBa. Takum 00pazoM MOXKHO
ckazath, uTo OTA paboTaeT, 1Mo CyTH, KaK YEJIOBEUECKHH TJ1a3. AHAJIIOTOM PETHHAIBHOW MPOCKITUH
TaM CIYXaT CIeIHaJbHble KOPPEKTOPBI, KOTOpbIE (PUKCUPYIOTCS Ha KaKUX-TO OTHOCHUTEIHHO
HETIOJBMKHBIX 00beKTaX (00BbEKTaX C MPEACKa3yeMOn TPACKTOPHEH ).

TakuM o00Opa3oM, MOXHO CcJelaTh BBIBOJ, uTo mpuHIMN padorel [I3C Marpumbl ¢
OpPTOTOHANILHBIM TEPEHOCOM MPAKTUYECKH HICHTUYEH NPUHIUIY paboThl YEIOBEYECKOro TJjia3a.
JlaHHast TEXHOJIOTHUS, HECMOTPS Ha CBOIO MOJIOJIOCTh, UMEET OIPOMHBIE IIEPCIIEKTUBBI. YK€ ceiiuac oHa
BBITECHMJIA BCE aHAJIOTU B acTpoHOMHH. KpaiiHe nmepcreKTUBHO €€ HCIOIb30BaHHe B MOJCIUPOBAHUU
BUPTYaJIbHOW pEaJbHOCTH, B OCOOCHHOCTHM B CHUCTEMAaX peajlbHOrO0 BPEMEHU. B OTHOCHUTENBHO
HeJaleKoM OyayIieM BIOJHE BO3MOKHO CO3JaHUE TJIa3HBIX MMIUIAHTOB, MCHOJB3YIOUINX MOJ00HBIE
UJeu.
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YK 621.314.58
BiMsiHue Napa3uTHBIX SABJIEHUH HA PYHKIMOHMPOBAHUE KAPOUI-KPEeMHHEBbIX
N0JIeBbIX TPAH3UCTOPOB

Kpacnos H. B.
Hayunslii pykoBogurens - [lInenct B. A.
Cauxm-Ilemepbypacxuil copuvil yuusepcumem, 2. Cankm-Ilemep6ype, Poccus

B crathe paccmaTpuBaroTCs mapasuTHBIC SBICHHS, BOSHUKAIOIINE TIPU SKCILUTyaTallui KapOu-
KPEMHHUEBBIX MOJEBBIX TPAH3UCTOPOB C M30JIMPOBAHHBIM 3aTBOpOM. [IpencraBieHo onucanue padoOTHI
MPOCTEHINEe CXEMBbI CHJIOBOTO IPeoOpa3oBaTelisi, BBIIOJHEHHOTO Ha KapOWI-KPEMHUEBOM
TPAH3UCTOPE, C YYETOM BIIMSHUS MAPA3UTHBIX sBIEHUHN. Takke MaHBI PEKOMEHIAIUU MO CHIKEHUIO
HETaTUBHOTO BIIMSHHS TIAPA3UTHBIX SBICHUH W TPUMEHEHHWI0O WX B IENsIX Oosiee A(PGHEKTHBHOTO
MCIOJIb30BAHUS CUJIOBOTO KJIFOYA.

KapOua-kpeMHHEBbIE TIOJIEBbIe TPAH3UCTOPBI ¢ U30aMpoBaHHBIM 3aTBopoM (SIC MOSFET) B
HacTosIIee BpeMsi HaXoJsT Bce OoJiee MHUPOKOe MPUMEHEHHE B Ka4eCTBE CUJIOBBIX KIIOUYEH B cOCTaBe
pa3nmuyHBIX TpeoOpas3oBaTeneil HSHepruu. [IpUMEHEeHWE MaHHBIX TPAH3UCTOPOB TIPUBOIUT K
MOBBIIIEHUIO YHEPTeTHUECKOM 3((HEeKTUBHOCTH paboTHI MpeoOpa3oBaTess B 1IeJIOM, CHIXKEHHIO TOTePh
NpH TEPEeKIIOYEHUN TPAH3MCTOpa, a TaKKe K YMEHBIICHHIO MacChl M TabapHTHBIX pa3MepoB
npeoOpas3oBarens Onarogaps MEHBIIMM pa3MepaM TpPaH3UCTOpPa U CHIDKEHUIO MNOTpeOHOCTH B
pamuatopax. OcHoBHbIM mpeumyinectBoMm SiC MOSFET, oOecneunBaronum 0osiee  BBICOKYIO
3¢ (HEeKTHBHOCTH pabOTHI MO CPABHEHUIO C TPAJAUIIMOHHBIMU KPEMHHEBBIMU TPAH3UCTOPAMHU, SIBIISIETCS
CIIOCOOHOCTh YCTOMYMBOM paOOTHI MPU BHICOKUX YACTOTaX MEPEKIOUCHUS (10 HECKOJIbKUX MI'm).

B 10 xe Bpems paboTa TpaH3HCTOpa MPH BHICOKOW CKOPOCTH MEPEKIIOUYEHUS MPHUBOIAUT U K
BO3HHUKHOBEHHUIO psAlla OTpUIATENbHbIX MociueAcTBUil. K HUM OTHOCATCS [OOBOJBHO BBICOKAs
BEPOSTHOCTh JIOKHBIX CpabaThbIBaHWI TPAaH3UCTOpPA W €ro MPEXAEBPEMEHHOTO0 H3HOCA, a TaKkKe
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BO3HUKHOBEHUE psa TMapasUTHBIX SBJICHUH, 3aMETHO CKa3bIBAIOIIMXCS Ha Impolecce padoThI
tpansucropa. Co3ganne TOUHOM MareMaTHueckoir moaenu padorel SIC MOSFET neBo3MoXxHO 0e3
ydeTa Mapa3uTHBIX SBJICHUH, IPUCYTCTBUE KOTOPBIX SIBIISETCS CIEICTBUEM OCOOCHHOCTEH BHYTPEHHEH
CTPYKTYpBI U MOHTaKa TPAH3UCTOPA HA TTOBEPXHOCTH MEYATHON ILIATHI.

[lapasuTHble SBIEHUS TPHUBOJAT K HEPABHOMEPHOMY pACIpEACICHUIO HANpsKCHUS Ha
napajuieNIbHO BKJIIOYEHHBIX TPAH3UCTOpaX, YBEJIMYEHHUIO AJIEKTPOMATHUTHBIX MOMEX M TOBBIIICHUIO
teroBelx morepb. Ha cxeme Bikmtouenuss SiC MOSFET na pucynke 1 CHjIOmIHBIM KOHTYPOM
o003HaYeHa MOJIeTb TPAH3UCTOpPAa C YYETOM JJIEMEHTAPHBIX KOMIIOHEHTOB, CIIYyXalluX JUJIs
MaTeMaTHYeCKOTO OIMCAaHMUSA TMapa3sUTHBIX sBICHUHA. K 1TaHHBIM KOMIIOHEHTAaM OTHOCSTCS:
MEXDJIEKTPOIHBIE EMKOCTHU 3aTBOP-UCTOK, 3aTBOP-CTOK M CTOK-UCTOK (Cgs, Cgd 1 Cds COOTBETCTBEHHO),
BHYTPEHHUE MHJYKTUBHOCTH 3aTBOpa, UCTOKAa U cToKa (Lg in, Ls in U Ld in) U COOTBETCTBYIOLIUE UM
BHCIIHME HWHIYKTHBHOCTH KOHTAKTOB M TOJAKIIOYEHHBIX NPOBOTHUKOB (Lg out, Lsout ¥ Ld out),
COITPOTHBIICHHUE LIEITH 3aTBOpa Ry M BKIIFOUEHHBIN BCTpeUHO-NapaiesbHo napasutHeiid auoa (VD).

N

ERIRCO

Ld_out
SiC MOSFET

Vdrive

Pucynok 1 - Cxema Bxitouerust SiIC MOSFET ¢ y4eToM mapasuTHBIX 3JICMEHTOB

[TapazuTHble MEXAINEKTPOJHBIE €MKOCTH MPUCYTCTBYIOT MO YMOJYAHHMIO M3-32 €MKOCTHBIX
CBSI3€H MEXy CIIOSIMH MEIHBIX MPOBOJHUKOB M OCHOBAaHHEM TPAaH3UCTOPHOTO Moayisi. Hanbombiiee
BIMsIHME Ha paboTy mpeoOpa3zoBaTensi OKa3bIBaeT eMKOCTh Cgs, MpeBbIIaoOas B CTo U Oojee pa3
OMIKAMIIyIo K Hel 1o 3HaueHuto eMKocTh Cgg [1]. Criegyer oTMETHTD, UTO Mapa3uTHbIe eMKocTH SIC
MOSFET (3HaueHus KOTOpBIX, Kak NpaBuio, He mnpeBblmaiT 10 H®D) 3HAYUTETBHO MEHbIIE
Mapa3uTHBIX E€MKOCTEH TPaJWIIMOHHBIX KPEMHHEBBIX TPAH3UCTOPOB 32 CYET MEHBIINX pPa3MEpoB
KPHUCTAJUIOB U MO3BOJISIFOT YMEHBIIUTD 33JIEPKKY MEKIY NEePEKITIOUCHUSIMH.

[Tpr KaxI0M TMEPEeKITIOYCHNH TPAH3UCTOpa MPOUCXOAUT 3apsIKa MM paspsaKa Mmapa3suTHBIX
€MKOCTEH, YTO MPUBOJUT K BOZHUKHOBEHUIO TOKOB CMEIICHUS. AMIUTUTY/AA MOCIEAHUX OIPeeNsIeTcs
CKOPOCTBIO HM3MCHEHUS HANpsHKCHHUS Ha TapasUTHBIX EMKOCTSIX, WX BEIMYMHAMH W TIOJHBIM
COIIPOTHBIIEHUEM 3a3eMJIeHUs paguatopa. [Ipu 3ToM cieayer OTMETUTh, YTO TOKH CMEIEHHS, TOMUMO
OUYEBUHOTO HETaTMBHOTO BIMSHUSA Ha paboTy mpeobOpazoBaTelnsd U ee 3PPEeKTUBHOCTb, OKa3bIBAIOT U
MOJIOKUTEIbHOE BO3JIEHICTBHE, OTpaHUYMBAsi CKAYOK BBIXOJHOT'O HANpsKeHus [2].

B nmoxymeHTanuu TpaH3MCTOPa, KaK MPaBUIIO, YKA3bIBAIOTCS BXOJHAS M BBIXOJTHAsI EMKOCTH, a
Takoke eMKocThb 00paTHOro BoccTaHOBIIEHHS (Ciss, Coss U Crss COOTBETCTBEHHO). 3Hasi UX, MOXKHO
MOJTyYUTh 3HAYCHUS TTAPa3UTHBIX EMKOCTEH:

Ciss = Cgs + ng
Coss = Cas + ng (1)
Crss = ng
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Heo6xoauMo yduThIBaTh, YTO MOJYYEHHBIE MO TaHHOM (QopMmysie 3HAUYEHHUS Mapa3UTHBIX
€MKOCTEH COOTBETCTBYIOT MOMEHTY PAaBEHCTBA HAIIPSXKEHUs ydacTKa 3aTBOP-UCTOK (Vgs) HANPSHKEHUIO
3BeHa NOCTOSTHHOTO TOKa (Vdc). B IpoTMBHOM cilydae 3HaU€HUS €MKOCTEH KOPPEKTUPYIOTCS C YUETOM
3HA4YEeHUsl HAINPSDKEHMsI y4yacTKa 3aTBOP-MCTOK, TOIOJOTMM CXEMbl M IapaMeTpOB KOHKPETHOI'O
TPAH3UCTOPA, IOCKOJIbKY ITapa3UTHBIE EMKOCTH UMEIOT HEJIMHENHBIE 3aBUCUMOCTH OT Vgs.

[TapazuTHble €MKOCTH OKa3bIBalOT HanOoJbllee BIMsHUE HAa 3(PPEKTUBHOCT pabOThI CXEMBI.
Onpenenutb HSHEPreTUUECKUE IOTEPU IpU padbore mnpeoOpa3oBaTelis, BbI3BAHHBIE I00YEPEAHOMN
3apsIKOM U pa3psAIKON Mapa3uTHBIX EMKOCTEH MOXKHO 10 (popMylie:

P _ fs(Cgsvtizrive+(Cds+ng)(Vds+Vdi0de)2)
C_charge — 2 ) (2)

rze f; — 9acTora MepeKiIoueHHs TPaH3UCTOPA; Vyyipe - AMIUIUTYA YIPABISIOMIETO CUTHANA; Viioge —
HanpsbkeHnue Ha quone VD1,

JUisl CHYDKEHMsI BEJIMYMH Napa3UTHBIX €MKOCTEH MOTYT MPHUMEHSATHCS pa3iMuHble PELICHHUS.
Tak, BO3MOXHO BHECEHHE CIIEIYIONINX U3MEHEHUH B CTPYKTYPY OCHOBAHHS TPAH3UCTOPHOTO MOJYJISL:
BBEJICHUE JONOJHUTEIBHOIO MEIHOIO CJI0S, YBEJIWYEHHE TOJIIMHBI KEPaMHUYECKOM IOJUIOXKKH,
WCTIOJb30BaHNE M3OJHMPYIOUIMX MaTepHajoB ¢ Oojiee HU3KOH MPOBOAUMOCTBHIO. Takke CHUKEHUIO
[Apa3UTHBIX EMKOCTEH CIIOCOOCTBYET CHMXKEHME IIOJIHOTO CONPOTUBJICHUS LENU 3a3eMIICHUS
pazuaTopa U YMEHbBIIIEHHE YaCTOThI MEPEKITIOUYCHUS TpaH3UCTOpa, oiHaKo B otHomeHnn SIC MOSFET
HocjeHee He MMEeT CMBICA, MOCKOJIbBKY MX NPUMEHEHHE OOYCIOBICHO MMEHHO BO3MOKHOCTBIO
paboThI MPH BHICOKHUX YaCTOTAX MEPEKITIOUCHHS.

Co3naBaeMble Napa3UTHBIMH EMKOCTSMH M MHIYKTUBHOCTSAMHU KoOJIeOaTelIbHbIE KOHTYpPbI
MPUBOAAT K BOSHUKHOBEHHIO BBICOKOYACTOTHBIX 3aTyXarOIIUX KOJeOaHW, JTOKHBIM CpabaThIBAHUSIM
TpaH3MCTOpa W CKauykaM HampsDKeHWsT M TOKa, YTO B CBOIO OdYepelb NPUBOJIUT K YCHIICHUIO
AJIEKTPOMArHUTHBIX TIOMEX, OTPAaHUYEHHUIO paboYMX UAla30HOB TOKA W HAINPSDKEHUS, a TaKkKe K
3aMeJICHUIO paboThI Mpeodpa3zoBaTess.

[TapazuTHBIE HHIYKTUBHOCTHU DJIEKTPOJIOB TPAH3UCTOpPA UMEIOT, KaK MPAaBHIIO, TIPEHEOPEKUMO
Majble 3HAa4YeHHWs OJarojapsi BBICOKOMY KadecTBy KoMmoHoBkH wmoxyieir SIC MOSFET. [lns
YMEHBIICHNS BHEIIHUX Mapa3WTHBIX WHAYKTUBHOCTEH TIPU  TMPOEKTUPOBAHMU  TOMOJIOTUH
npeoOpa3oBarens HEOOXOAMMO MHUHHUMM3HPOBATH [UIMHY COEIMHEHHH BBIBOJIOB TPAH3UCTOpA CO
CMEXHBIMH KOMIIOHEHTaMH. Take MOTyT OBITh HCIIONB30BaHBl JIOTIOJHUTENBHBIE PE3UCTUBHO-
€MKOCTHBIE 1IE€MIH, CHOCOOCTBYIOLIME CHIDKEHUIO BEJIUYMHBl TMapa3sUTHBIX HMHIYKTHBHOCTEH.
[Tocnemnue, omHaKo, MPUBOIAT K YBEIWYCHUIO rabapUTOB YCTPOWCTBA W POCTY IHEPreTUUECKHUX
norepb. KommpomuccoM B JaHHOM OTHOIIEHUH SIBJISIETCS HCIIOJIb30BAaHME CHIJIOBBIX MOJYJEH,
couetaronux BHyTpu Kopryca SIC MOSFET u ¢unbTpyromuit KoHISHCaTOp eMKOCThIO mopsiaka 0.1-
1 Mk®: B JaHHOM ciyyae SHEpPreTHYecKHe MOTEPH YMEHBIIAIOTCA B COYETAHHU C OOecredeHueM
CHIDKEHHS TNapa3sUTHOM HMHIYKTHUBHOCTU MO CPAaBHEHHUIO C BHEIIHUM MOAKIIOYeHHEeM ¢uibTpa [3].
ANBTEpHATUBOW PACCMOTPEHHBIM CIOCO0AM CHIDKEHUS BHEUIHMX Iapa3sHUTHBIX HHIYKTHBHOCTEH
SBIISICTCS BKJIFOUEHHE TOCITEIOBATEIFHO CO CTOKOM TpaH3UCTOpa (eppuToBOro (QuibTpa wWiIH
napajielIbHOe BKJIIOUEHHE KOHJEHCATOPOB IMEPEMEHHOW €MKOCTH: JIaHHBIE PELIeHUs HE MPHUBOIAT K
3HAYUTEIHHOMY YBEITHUCHHUIO YHEPTETUICCKHUX TTOTEPH.

[Tapa3uTHBI MOJI BO3HUKAET M3-3a OCOOEHHOCTEW NpOQUIIs paclpeneneHus JerHpyromen
npumecu B SiC MOSFET. Mexanu3M BO3HMKHOBEHHS Iapa3uTHOTO JMOJa MpH S3KCIUTyaTaluu
KapOuI-KpeMHHEBOT'0 ITOJIEBOTO TPAH3UCTOpA MMOKA3aH Ha PUCYHKE 2.

Hanmane mapa3uTHOTO AMO/Ia OKa3bIBAET CYIIECTBEHHOE BIIMSHHUE HA TIOBEJACHUE TPAH3UCTOPA,
MO3TOMY MPOEKTUPOBIIMKAM TMPUXOAUTCS pacCMaTpUBaTh €ro KakK CaMOCTOSTENbHBIA CXEMHBIH
JJIEMEHT M Ju0O0 TPEeIOTBpamaTh MPOTEKAHWE Yepe3 HEero TOKa TPU HaXOXKICHUH TPaH3UCTOpa B
BBIKJIFOUEHHOM COCTOSTHUM, JIN0OO, HAIIPOTHUB, 3a/IeHICTBOBATH €r0 B 3TUX LENIAX U TEM CaMbIM YIIPOIIATh
cxemy mpeoOpasoBatens. [Ipu BRIKITIOYEHNN TpaH3UCTOpa HAa BBIXOJE MpeoOpa3zoBaresst HabIroaaeTcs
CKAQU4OK TOKa, HAa BEJIMYMHE KOTOPOTO TAKXKE CKa3bIBAIOTCS Mapa3uTHBIC EMKOCTH, BO3HHKAIOIIUE
MEXJy IIMHAMHU MHUTaHUs M BBIXOJHOW IIMHOW mpeoOpa3oBarend. BenmnunHa ckauka TOKa MMeeT
IPSIMYIO 3aBHCUMOCTh OT CKOPOCTH IEPEKJIIOYCHHS TPAH3UCTOPA, MPH 3TOM 3a CUET COKpAIECHUS
JUINTENIBHOCTH 3TOTO CKauykKa CyMMAapHBIA NEPEHOCUMBIN 3aps] OCTaeTcs MPAaKTUYECKU HEU3MEHHBIM
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IpU Pa3IMYHBIX CKOPOCTAX KOMMYyTanuu. CHIKEHHIO paccMaTpUBAEMOrO TOKOBOTO —CKayka
CIIOCOOCTBYET OTBE/ICHHE TOKA MO KOHTYPY IAapa3suTHOIO JHO/a, COOTBETCTBYIOLIETO BBHIKIIOUCHHOMY
Tpansucropy. Eme Ooiblero mnojgaBieHUs CKauka TOKAa MOXKHO JOOMTBCS IIYyTEM YCTaHOBKHU
JOTIOJHUTEIBHOTO O/ MApaJIeIbHO TPAH3UCTOPY, OAHAKO 3TO MPHUBEAET K YBEITHUCHHUIO TEIIOBBIX
MOTEPh U, KaK CIEICTBUE, CHIDKEHUIO 3(p(PEeKTUBHOCTH pabOTHI CXEMBI.

3aTBop

NoA3aTBOPHBIN OKCU[

napasuTHbl
aviof

CTOK

Pucynok 2 — IIpuHIIUT BOBHUKHOBEHHUS Tapa3suTHOro auojaa B crpykrype SiC MOSFET

VYuuteiBasgs (YHKIMOHAIBHYIO 3HAYMMOCTh MAPAa3HUTHOTO JHOJA, €ro BBIXOX U3 CTPOS
MIPEJICTABIISCTCS] HEJOMYCTUMBIM. YBEIMYCHHE MPSMOT0 HAIpPSHKEHHUsS] Ha Mapa3sUTHOM JHMOJE Takke
HEXXEJIAaTeIbHO, TOCKOJIBKY yXyamaeT 3(PQGEeKTUBHOCTh PadOTHI TPaH3UCTOpa W IMpeodpa3oBareis B
nesnoM. [Ipu mpoekTupoBaHMM CXeMbl MpeoOpazoBaTessi HEOOXOIUMO YUUTHIBATh, YTO Mapa3UTHBINA
TIMOJ pa3pymaeTcs Mol AEWCTBUEM HEMPEPBHIBHOTO MPSIMOTO TOKA, YTO MPUBOAUT K TIEpEHANPSHKEHUSIM
1 6oJiee BBICOKOMY PAacCesHUIO MOIIHOCTH [4].

Jlis oTBOAA TOKAa OT MApa3sUTHOrO JMOJa BBUAY €ro YSA3BHUMOCTH BCTPEUHO-TapaieabHO
TPAH3UCTOpPY 3auacTyl0 YCTaHaBIMBaeTCs KapOuJ-kpeMHueBbld  auon  IloTTku, KOTOpBIA
XapakTepusyercsi 0ojiee HU3KMM 3HAUYECHUEM TaJICHHs HANpSOHKCHHS BO BKJIIOYEHHOM COCTOSHHH M
obnanaer Gojiee OBICTPHIM BPEMEHEM BOCCTAHOBIIEHHS. AJbTEpPHATUBOIN JAHHOMY PELICHUIO SIBJISIETCS
noOapiieHre N-COsI, 4YTO MOKeT TMOBBICUTH HamexxkHocTeh SiC MOSFET u  o0ecneunThb
JIOTIOJTHUTENBHBIM KOHTYp TpPOTEKaHUs OOpaTHBIX TOKOB, TE€M CaMbIM IpeaoTBpamas Mmpoooi
MapasuTHOro AMOJA. 3aTpaThl Ha peaN3alUI0 TaKOrO PEIICHHs] HUXKE, YEM B CIydae YCTAaHOBKHU
JonojgHuTeNbHOro nuoaa LloTTku.

Paccmotpum pexumbl pabotel npocteimieit cxemsl BkItoueHuss SiC MOSFET, npuBenennoi
Ha pUCYHKE | ¢ y4eToM pacCMOTPEHHBIX Mapa3uUTHHIX HJIEMEHTOB. B MOMEHT mojaud Ha 3aTBOp
YIPaBISIONIEr0 UMITYJIbCA BKIIFOUEHHUS TPAH3UCTOPA, TOK 3aTBOPA OCYLIECTBIISIET 3apsAIKY Hapa3UTHBIX
emkocteil Cgs u Cgd. B 9T0 ke Bpemst Vgs pacTeT M Hpu JOCTH)KEHHMH MM TOPOTOBOTO 3HAYEHUS
MIPOMCXOUT BKIIOYEHHUE TPAH3UCTOPA; IO STOTO MOMEHTA TOK B LIENU CTOKA OTCYTCTBYET.

Haunnast ¢ MOMeHTa BKJIIOYEHHUS, TOK 4epe3 KaHajl TPaH3HCTOpa BO3PACTaeT OT HYJIEBOTO
3HAUEHUS, YTO TPUBOAUT K TMAJCHHUIO HAMNpsHKEHUS Ha BHYTPEHHHX W BHEIIHUX Mapa3WTHBIX
WHIYKTUBHOCTSIX CTOKAa M WCTOKa M, KakK CIIEACTBHE, K HEOOJBIIOMY CHIDKEHHIO HANpsOKEHHS Ha
yuyacTke cTOK-UCTOK (Vgs). Takxke BO3HHMKHOBEHHME HampspkeHus Ha Lsin M Ls out Cka3piBaeTcsi Ha
MIPOTEKaHWU TOKa B KOHTYpE YIPABIICHHUS; B MOCIEAHEM MPOJOJIKAETCS MPOLIECC 3apsiia mapa3uTHBIX
emkocteil. IIpm 3TOM eMKOCTb, 3apspKarolascs MeEAJeHHee, NPeAOTBpallaeT CHIDKEHHE V.
[TocrenenHo Vgs cranoBUTCS OCTOSHHBIM (Vim), @ TOK yepe3 Cgs CTAHOBUTCS TPEHEOPEIKUTEITHBHO MaJl.
BxitoueHne TpaH3UMCTOpa 3aBepIlaeTcs IO JOCTHKEHHH Vgs pabodyero 3Ha4YeHHs, IOCIE Yero
TPaH3UCTOP HAUMHAET paboTaTh B aKTUBHOM peXHUME; Vgs CHOBA ITPOJOHKAET YBEINYNBATHCS.

B momenT cnaga ympasmsomnero umimyiabca Cgs M1 Cgd HAUMHAIOT pa3pspKaThCs MO KOHTYPY
yrpasneHus, a Vgs maaeT mpyu HEeM3MEHHOM TOKe yepe3 KaHaj. TpaH3uCTop MpoAoinKaeT paboTaTh B
aKTUBHOM PEXHME 70 MOMEHTA, Korza Vgs He CTaHeT paBHBIM Vi, MOCIIE YEero TPaH3HCTOpP MEePEXOIUT B
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pexuM HacwimeHus. [lo Mepe paboThl B peXMME HACHIILICHUS CONPOTHBICHHS KaHala TPaH3UCTOPA
pacter, a 3apsbkeHHble eMKOCTH Cgs 1 Cgg HAUMHAIOT pa3pspKaThCsl HA €eMKOCTh P-N nepexona auoaa VDI,
[locnennee NpuBOAUT K BO3ZHUKHOBEHMIO OMMCAHHBIX PaHEE TOKOB CMELIEHUS U CHI)KEHUIO TOKA 4epes3
KaHaJI TPAH3UCTOpPa, YTO B CBOKO OUYEPE/lb, IPUBOJUT K MHIYLIUPOBAHUIO HANPsDKEHUS Ha Ls in 1 Ls out.

N3-3a u3MeHeHMs MOJSIPHOCTH HAIPSDKEHMsI B KOHType NUTaHUs OTKpeiBaerca auon VD1 u
yepe3 Hero HauMHaeT NMPOTeKaTh TOK KaHaja TpaH3ucropa. Ilocie Toro, kak Vs ctaHeT paBHbIM Vic,
cTeneHb 3apsiia Ha eMKkocTu Cgd mepecTaeT WrpaTh posib B pabOTe KOHTYypa YIPAaBJICHUS U JIMIIb
y4acTBYeT B KOJI€OaHMSAX TOKAa M HANpsDKEHUs B Lenu nuraHus. [lonHoe BbIKIIIOUEHHME TpaH3HCTOpa
obecrieunBaeTcsi, Korjga Vgs CTAHOBHUTCS HYJIEBBIM M TOK Harpy3KH MpOTEKaeT MoJHOCThIo uepe3 VDI,
ITpu 3TOM NpoaOIKAIOT HAOIIONATHCS KOJeOaHHsl TOKA U HANPSDKEHUS] KOHTYpa MUTaHHUS.
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VK 681.121.89.082.74
IIpumeHnenne HOBOro THIIA ABTOHOMHBIX c4eTYHKOB IIII/] Ha OAMHOYHBIX CKBAKHHAX
¢ HeoOyCTpOeHHOH HH(ppacTPyKTYpOit

Kapmanosa K. 1., Kpexosenxkuii SI. M., Kyapsmos A. A.
000 «JIVKOUJI-Komuy TII «JIVKOUJI-Yxmanepmezazy, 2. Yxma, Poccus

TIII JTYKOWJI-YxTanedTeras» 3aHMMaeTcs pa3paboTKOil I0KHOI TPYTITHI MECTOPOIKICHHT
Ha teppuropun PecniyOnuku Komu B 7 paiionax. B coctaB TIIII Bxoxaar 23 mecropoxaenus. s
MOJIEP/KAHUS IIJIACTOBOTO JABJICHUS HA MECTOPOKIEHUAX MCIIONb3YIOTCS HATHETATENIbHbBIE CKBAXKUHBI
Cc 00OpyIOBaHHBIMU y3JaMM Y4e€Ta BOJAbl. OKCIUTyaTallMOHHBIX (POHJ] HAarHETaTEeNbHBIX CKBA)KUH
coctapisieT 348 u 61 Bo103a00pHBIX.

B TIN «JIYKOWJI-YxtanedTeras» CymecTBYeT psiJ HATHETATENBHBIX CKBAKHH HE
o0ecreyeHHbIX WHAVBUAYAJIBHON 3aMepSEMOCTBIO (rpynmoBsle 3aMepbl),
13-3a OTCYTCTBUS MH(PACTPYKTYpPhI IO MECTY, B CBSA3HM C OOJNBIIMMHU 3aTpaTaMH Ha MX KalHUTaJbHOE
CTPOUTENLCTBO, @ UMeHHO: 3ar. Troykckoe H.M: ckB.NeNe 503,246; Pacrrockoe H.M: ckB.Ne6, CeBepo-
Casuno6opckoe H.M: ckB.NeNe 250, 196, [Tanmaunckoe H.M: ckB. NeNe 134, 274, 137, 304, 806.

B paMkax BBIIOJIHEHHs IUIAHOBBIX IIOKa3aTeled IO MHAMBHUIYAIBHOM 3aMepseMOCTH,
MpeyiaraeTcs BHEIPEHWE HOBOro TUNa aBTOHOMHoro cueruuka I[II1/], He ycTynarommii 1o
METPOJIOTHUECKUM XapaKTepUCTUKAaM, CTOMMOCTHM M rabapuram, Ha KYCTOBBIX IUIOIIAAKaX C
HEO0OYCTPOCHHOU HHPPACTPYKTYPOH.

Lenp paboThl: 0OecneunTh HWHAMBHUIYAIbHYIO 3aMepsIeMOCTh HAarHETAaTENbHBIX CKBaXXUH C
HEO00YCTPOCHHOM HHPPACTPYKTYPOH.

JUig NOCTHKEHMS LIETU MIOCTABJIEHBI CIEAYIOLIUE 3a0a4u:

1. PaccmoTpeTs BapuaHThl 00yCTPOMCTBA OIMHOYHBIX CKBaXKHH.

2. OcymecTBUTh TOJ00P 000PYIOBAHMSI COTTIACHO 3asiBICHHBIX TPEOOBAHHIA.

3. TexHuueckas U IKOHOMHUYECKasl OL[EHKa Ipe/IaraéMbIX BapUaHTOB 00yCTPONCTRA.

4. IlpoBecTn aHAJIN3 ONTUMAIBHOIO BapHaHTa JJIs ONIEPATUBHOIO Y4€Ta BOJIBI.

B xonme wuccrnenoBaHHs BBISIBICHBI CIEAYIOIIME BapHaHThl OOyCTPOWCTBA OJAMHOYHBIX
HarHeTaTelbHbIX CKBAXHUH, & UMEHHO!
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1. Ob6ycTpoiicTBO HHDPACTPYKTYPOIA.

2. IlpuMeHeHune HaKIaJHOTo pacxoJoMepa.

3. BHeapeHne aBTOHOMHOTO pacxoioMepa.

PaccmoTpum  mepBblii  BapuaHT oOycrpoiictBa. OH  mpeanosiaraeT  CTPOUTENbCTBO
UHPPACTPYKTYPHI, @ UMEHHO: cTpouTenbeTBO BJI, yeranoBka KTII, montax mkada CTM, y3en ydera
BO/Ibl, YCTAHOBKA MAuThl CBSA3H U MOCTOSHHOE TEXHUUECKOE 00CITy)KUBAHHE.

Takum o0pa3om, 3aTpaThl Ha OOYCTPOHCTBO OJHOW HArHETATEIbHOW CKBAKUHBI COCTaBST
8,95 muH. pyo.

Bropoit BapuaHT 00yCTpOHCTBAa OJMHOYHOM CKBOXHUHBI — TNPUMEHEHHE HAKJIAIHOTO
pacxozomepa.

[Ipu naHHOM BapuaHTE MOXHO BBIAECIUTH PSAJl HEIOCTATKOB:

1. TpeOyet 3HauMTENbHOE KOJIMYECTBO BPEMEHH Il YCTAaHOBKH;

2. H3MepuTeNnbHBI y4YacTOK JOJDKEH OBITh TPUBEICH K ONPEACICHHBIM YCIOBHSM:
MIOBEPXHOCTh TPYOONpOBOAA OHKHA OBITh 3aUMIIEHA JUI YCTAaHOBKHM UYBCTBUTEJIBHBIX 3JIEMEHTOB
HaKJIaJIHOTO (IEPEHOCHOT0) pacxoa0Mepa;

3. Iloka3zaHus pacxo/ia >KUAKOCTH 110 MECTY 3KCIUTyaTalluu, 6e3 rnepeJadn JaHHBIX B CUCTEMY
tenemexanuku KIJIHI;

4. OrpanuueHue paboThl IPU OTPHULIATENIBHBIX TEMIIEpATypax.

Tpetwnii BapuanT 00yCTpOICTBA — BHEAPEHUE aBTOHOMHOTO pacxoomepa YPIXX2KM.

[TpyHIMI [IEHCTBUS PACXOLOMEPOB KUAKOCTU YibTpa3ByKoBbIX YP)XK2KM ocHoBaH Ha
U3MEPEHUU BPEMEHM pACHpPOCTPAHEHHUS HMIIYJIbCOB  YJIbTPa3ByKOBOTO  KosieOaHUS — depes
JBUTAIOIIYIOCS JKUIKOCTb. Pa3HOCTP MeEXIy BpPEMEHEM pPACIPOCTPAHEHMS  YJIBTPa3BYKOBBIX
UMIIyJbCOB B MpPSAMOM U OOpaTHOM HAaNpaBiIEHUSIX OTHOCUTEIBHO JBHKEHMS IKUAKOCTU
IIPONIOPLIOHAJIEHA CKOPOCTH €€ IIOTOKA U, CJIEA0BATEIbHO, €€ PACXOAY.

Bo3Oyxnenue  ynbTpa3BYKOBBIX — KOJI€OAHHMH  OCYIIECTBISETCS  IbE303JEKTPUUYECKUMHU
npeoOpa3oBaTesIsiMU, paclojlaraéMbIMd Ha ydacTKe TpyOOonpoBojaa, B KOTOPOM IPOU3BOAMUTCS
U3MEpeHue pacxoda IKUAKOCTH. B 3aBUCHUMOCTM  OT  YCTaHOBKHM  IbE303JIEKTPUUYECKUX
npeoOpa3oBaresieil OTHOCUTEIbHO CEUYEHHUS MOTOKA CKOPOCTh MOCIEAHEr0 M3MepsieTcs MO IBYM HIIU
OJIHOMY KaHally yJIbTPa3BYKOBBIX KOJIEOaHUH.

Puc.1 — pacxonomep YPXK2KM
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OcCHOBHBIE TPEUMYIIIECTBA JAHHOTO PacxojoMepa — aBTOHOMHOCTb 10 MUTAaHUIO (HE TpeOyeT
anektposneprumn, KTII, sacrakan, mkadhoB CTM); BCTpOSHHBIH NaTYMK JABJICHUS W TEMIIEpPaTyphI;
nepefaya JaHHBIX 10 paauoKaHainy (yXod OT JHMHMH M Mard CBSI3M); IOJHBIA LHKI COOpPKH
OTEYECTBEHHOI'O Mpou3BoAUTENs (YXOJ OT HMMIOPTO3aMelleHus); THOKUM MOoaXoi/peuieHue 1Mo
nepeayy JaHHBIX C HUKHETO Ha BEpXHUH ypoBeHb (cueTuuk-SCADA) 0e3 10nOoJHUTENBHBIX 3aTpaT
Ha [10; oneparuBHOe 0OOHApYKEHHE U IPUHATHE PELICHUS MPU Pa3repMeTH3aUN BOIOBOIA.

B 2022 romy 3akmoueHo cornamenume wMexxy THIT «JIYKOWUJI-Yxranepreras» u
npousBoguteneM 3A0 «TECC-UnxuHupuHTY 0 mepenade Ha O€3BO3ME3IHOM OCHOBE pacxojoMepa
YPX2KM B OIIHN.

B nacrosimee Bpems B KIIHI-3 TII «IYKOWJI-YxTanedrerax» MpOBOLSITCS OIBITHO-
IIPOMBIIIJIEHHBIE HUCHbITaHUS pacxonomepa YPX2KM Ha HarnerarenpHOM ckBaxkuHe Nel37
[TarmHUHCKOTO0 MECTOPOKICHS.

[To pesynpraram OIIU 3a mapT 2023 OTKIIOHEHHI B pabOTE YIbTPA3BYKOBOTO pacxojoMepa He
BBISIBJICHO, TTOKa3aHUSI MTHOBEHHOTO U HAKOMUTEILHOTO pacxoja CTa0HIIbHBIE.

bubauorpaduyecknii CIMcoK:
1. Pacxonomep YPXK2KM Mopgens 2 [Tekct]: pykoBoactBo mno skcruryaranun TECC 421457.015 PO,
Yebokcaper 2020. —41 c.

YAK 681.518.5
Obecneuenune 6ecriepe0OHOr0 MOHUTOPUHIA NAPAMETPOB Pad0Thl MATHCTPAJIBHOIO
He(TenpoBoaa NyreM pa3padoTKi U BHeAPEeHNS MOOMJIbHOTO KOMILJIEKCA TeJleMeXaHUKH

Bsizos /I. C.
Hayunsliif pykoBoautens - Munausipos A. A.
AO «Tpancuedpmo — Cesepy Yxmunckoe PHY, HIIC « Yxma-1», 2. ¥Yxma, Poccus

OCHOBHBIM TEXHOJIOTHYECKUM MIPUOPUTETOM, PETYCMOTPEHHBIM [Iporpammoit
nHHOBalMoHHoro pa3Butus ITAO «TpancHedTb» Ha mepuon 2022-2026 roapl ABISETCS pa3BUTHE U
BHEJIPEHNE COBPEMEHHBIX MEPEOBBIX TEXHOJIOTUN, 00€CTIEUNBAIOIINX BBICOKHI YPOBEHBb HAAEKHOCTH,
MIPOMBIIIJICHHOW M JKOJOTHYECKOW OE30MacHOCTH, a TaK)Ke MOBBIIIEHUE SHEProdPPEeKTUBHOCTH U
SHEpProcOepekeHns. AHaIU3UPYys aKTyallbHbIE BOMPOCHI, KOTOpble cTOAT mepen Komnanued Ha
JAaHHBIA MOMEHT B 00JIaCTH aBTOMAaTU3UPOBAHHBIX CUCTEM YIPABJICHUS TEXHOJIOTHYECKUM MPOIIECCOM,
MOXHO BBIJICIUTH BOMPOC TI00ATBHOTO KOHTPOJISA KaK HaJ TUIOMIAJ0YHBIMH OOBEKTaMU, TaK U HaJ
JIMHEMHON YacThlo. VMIMEHHO € A3TOM LENbI0 OJHUM M3 HAIPABICHUM PA3BUTHSA TEXHOJIOTUHA M
MEePCIEKTUBHBIX HUCCIIENOBaHUM Ha TmepcrekTuBy 10 2036 roma ompeneneHo Co3JaHue CHUCTEMBI
yIpaBICHUS TEXHUYECKUM COCTOSTHUEM OOBEKTOB JIMHEWHOIN YacTH MarucCTpalibHBIX TPYOOIPOBOIOB C
MIPUMEHEHUEM TEXHOJIOTHH «ITU(PPOBBIX TBOWHUKOB.

B nanHoi#l paboTe mpoBoauTCs OleHKa obOecrieueHus OecrepeOoHOro KOHTPOJIS mapamMeTpoB
paboThl TpyOOINPOBOJA B HACTOSIIEE BpeMsl, Mpejyiaraercs crnocod obecreueHus OecniepeOOHHOTO
MOHHUTOPHHTA TTapaMeTPOB pabOThl MaruCTPaIbHOTO HEPTENPOBOAA MyTeM pa3paboTKU U BHEAPEHUS
MOOUJIBHOTO KOMILIEKCa TeleMeXaHUKU. [[JIsi OleHKH TEKYIIEero COCTOSIHHMS ObUI MpPOBEJEH aHalu3
CrocoO0OB  peanu3alMu  mepefadyd HHPOpPMAIMM ¢ JaTYMKOB KOHTPOJIUPYyeMOro oOBeKTa B
JTUCTIETYEPCKUN ITYHKT, BBISBJICHBI TPOOJIEMHBIE MOMEHTHI oTpaciu. BriOpaHa TexHudeckas 0aza
AJIEMEHTOB Ui BBIMONHEHUs mpoekTa. Co3maHa Mojenb OmbITHOro oOpasua. [Ipoananmm3upoBana
paboTa MOJIENW TPU PaA3THYHBIX PEKUMaX M YCIOBUSX. [IpHBEACHO TEXHHKO-DKOHOMHYECKOE
000CHOBaHNE BEIOPAHHOTO PEIICHUSI.

TakuM o0pa3oM, obecrieueHUE MOCTOSHHOTO KOHTPOJS HaJ MapamMeTpaMu padoThl
TpyOOIIpOBOJa SIBNSETCS BaXHOM 3amaueil. OnHaKo, B TPOIECCe TPAHCIOPTUPOBKH HepTH W
He(TENPOAYKTOB MO CHUCTEME MAarucTpalbHBIX TPYOONMPOBOAOB MOTYT OOpPa30BBIBATHCS «CIIEIbIE
30HB» (HEKOHTPOJIUPYEMBIE YYaCTKH) BCJICACTBUE MPOBEACHUS PEKOHCTPYKIUM, aBaApUUHO-
BOCCTAaHOBUTENBbHBIX paboT u T.n. COOTBETCTBEHHO, CYILECTBYET HEOOXOJWMOCTh BpPEMEHHO
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TeJIEMEXaHU3UPOBATh BAHTY3HBIA KOJIOJEL, KOJIOZEI] OTOOpa JaBleHHS 3a CUeT OOECIEUYeHHS HX
aBTOHOMHOCTBIO Ha OIPEETICHHOE BPEMSI.

Hear um 3agaum. llens paboTel — pa3paboTka W BHEOPEHHUE MOOHMIBHOTO KOMILIEKCA
TelIeMeXaHuku i olecrneyeHus  OecriepeOOMHOrO  MOHUTOPHUHIA — [ApaMeTpOB  PabOTHI
MarucTpainbHoro Hegrenposoga (MH).

JUis 1oCTUXKEeHMsI TOCTABIEHHOW 1IeJIN ONpeeIeHb! CIEAYIOIINE 3a1a4u:

1. TlpoBectn aHanmu3 CHOCOOOB peanu3anuy Iepeaadn  MHPOPMAUU C  JaTIYUKOB
KOHTPOJMPYEMOro 0OBEKTa B JUCIIETYEPCKUI TyHKT.

BriOpath TexHu4eckyro 0a3y 3J€MEHTOB /ISl BBIMIOJIHEHUS TPOEKTA.

Co31ath MOJEIb ONBITHOrO 00pa3La.

[Tpoananu3upoBath pabOTy MOJIENIN IPU PA3TUYHBIX PEKUMAX U YCIOBHUSIX.
O060CcHOBaTh TEXHUKO-3KOHOMUYECKYIO 3(PPEKTUBHOCTD BEIOPAHHOTO PEILIEHMS.

MeTOJIbI uccjaenosanmus. OCHOBHbIE TPeOOBAHUSL, IPEABABIIAEMbIE K MOOUIIBHOMY KOMILIEKCY
TeJIEMEXaHUKU BO BpeMsl pa3pabOTKH, 3aKIIOYAOTCS B CIIEAYIOLIEM:

- BO3MOKHOCTb MOJKIIOYEHHS KOMILUIEKCA K pa3IMYHOMY THUILY AAaTYMKOBOM anmnapaTypsl (aHaJI0roBble
JATYUKU: JABJICHUs, TEMIIEPaTyphl 3ara30BaHHOCTH; JUCKPETHbIC NAaTYMKU: CUTHAIM3ATOPbl YPOBHS,
TEPMOCONPOTUBIIEHHUS, BCKPBITHS, 3aTOIJICHUS);

- MOJK/IFOYEHHE KaK K IPOBOIHBIM CETSAM IEpeaau JaHHbIX, TaK ¥ K 6ecrpoBoanbiM (GSM);

- COOTBETCTBHUE TpeOOBAHMUSAM B3PHIBO3ALIUTHI COIrJACHO OTPacCIeBOr0 perjiaMeHTa
ITAO «TpaucHedTHY.

Yactp kosoaneB oT0opa AaBieHHsI, BAHTY3HBIX KOJIOJIIEB pacrojaraeTcs BOIM3U 0J10K-00KCOB
IYHKTOB KOHTpoisiss u ympasienus (IIKY). B stux ciaywasx npoGiieMa MOHUTOpPHHIra MapaMmeTpoB
paboTel TPyOOIIPOBOAA MpPH PEKOHCTPYKIMSAX PEHIaeTCs MPOKIAIKON pe3epBHBIX Kalelel MexIy
mkapom TenemexaHuku (LITM) m parumkamu, pacnojiOXEeHHbBIMH BHYTpH Kojonaua. OjHako, Ha
nepuof pekoHcTpykiuu [IKY, LIIITM Ttepsiercss KOHTpOJIb HaJl NOKa3aTelsiMU paboThl TPyOOIIpoBOa.
Oo6mwekToM uccnenoBanus craHer yuactok MH Vxtunckoro PHY AO «Tpancuedts-CeBep». 3nech
pacrnoyioxkeHo 16 BaHTY3HBIX KOJIOJIIEB, YAAICHHBIX OT KOMMYHHUKAIIUNA. Y TaIEHHOCTh OT OJIMYKANIITNX
KoHTponupyeMbIx MyHKTOB (KII) pasnuunas. CaMblil yiajaeHHbIH BaHTY3HBIN KOJOZEL pacroyaraercs
Ha pacctosauu 13 kM. oT Ommxaitmero KII na yaactke MH «YxTa-SpocnaBiby.

Hcxons M3 AaHHOTO aHalM3a, CYLIECTBYET HEOOXOJIUMOCTh BPEMEHHOW TeleMeXaHU3aluu
kozioaues. KirodueBass mpobiema mpu 3TOM 3akiodaercsd B repeaaue MHGOpMaluy, MOJydyaeMou ¢
JaTYMKOB, a TaKXKe B DJIEKTPOCHAOKEHUH YCTPOMCTB, OCYLIECTBISIONIMX Mepeaady JaHHBIX. Takum
o0OpazomM, TpebyeTcst pa3paboTaTh KOMIUIEKC, COCTOSIIIINI U3 JaTYMKOB U YCTPOMCTB IpHEMa-Tiepe1ayun.
BaxubM (hakTOpoM CTaHOBUTCS MOOMJIBHOCTh [JaHHOM CHCTEMBl — HEOO0XOAMMO OOecreYuTh
BO3MOXXHOCTh CHJIaMU OJHOW Opuraabl B MaKCHUMaJbHO KOPOTKOE BpeMsl pa3BepHYTh Ha MecTe
KOMIUIEKC Y MIPOBECTH IIPEIITYCKOBYIO HACTPOMKY.

Cy1iecTByeT HECKOJIBKO CIIOCOO0B peaan3aluy nepesadyn JaHHbIX ¢ JaTYUKOB, & HMEHHO!
MIPOBOJIHAS CBA3B; paanocBs3b; GSM-cBs3b.

AHanm3upysl JaHHBIC BApHAHTHI PeaI3aliy CBS3H U OLIEHUBAs KapTy MOKpbITHI cetn GSM Ha
oobekrax Yxtunckoro PHY, yrepxknaem GSM-kananm kak OCHOBHOW CIOCOO mepenadyd JaHHBIX
MIPOCKTUPYEMOT'0 MOOMIIFHOTO KOMITIIEKCa (PUCYHOK 2).

[Ipu pa3paboTke MEPEHOCHOTO KOMIUIEKCAa TEIEMEXaHWKH HeOoOXOJUMO 00ecreuuTh
BO3MO>XHOCTb IIPUMEHEHUS ero JUIsl IUPOKOIo Kilacca 0ObEKTOB.

Ha nuneiinoit wactu MH mpuCyTCTBYIOT cleayroliue THIBI JaTYUKOB:l) aHAIOTOBBIE:
natuuku gaBienus  (Yokogawa EJX530A); nmarumku 3arazoBanHoctd  (CI'ODC); maTuumk
temniepatypbl (TCITY 014.10Mun); pamapubie ypoBHemepbl (EClipse); 2) auckperHble: naT4uku
ypoBHs (IIMII -152); natunku Bckpsitus (MO); natunku npoxoxxaeHust ouucTHbIX yerpoicts (UIIC).

Kpome Toro, ectb OOBEKTHI C JAaTYMKAMHU, KOTOPBIE HCHOJB3YIOTCS TOJBKO B KOHKPETHOM
ciydae (M3MEpeHHE 3ara3oBaHHOCTH U KOPPO3MH TPyObl Ha MEPECEYEHUHU C SKEJIE3HOJAO0POKHBIM
nepee3aom 6mu3 HITC «YukmuHo»).

JUis  M3roToBIEHUS MOOMJIBHOTO KOMIUIEKCA TEJIEMEXaHUKU TpeOYyIOTCs  ClEqyIolIue
KOHCTPYKTUBHBIE 3JIEMEHTBHI:

- KOHTPOJLIED;

SRR

31



- GSM-mMonembl asist mpuema-nepeaayd HHGopMaIu OT KOHTPOJLIEPa;

- aKKyMYJISITOpHBIE OaTapeu /Jsi aBTOHOMHOT'O MUTaHUS KOMILIEKCa;

- KOPITyC I MEXaHMYECKOM 3alUThl U 00ECTIeYeHHS YCIOBUS MOOMIIBHOCTH;
- KaOebHBIE BBOBI IS OAKIIIOYEHHS JATYNKOBOM anmapaTypsl;

- IJ1aTa 3apsja akKyMmyJasTopa uis ocymiecTBiaeHus noazapsaku AKbB;

- CPEe/ICTBA TETION3OJISINH U 00eCIICUeHHS ONTHMANIBHBIX YCITOBHH.
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Pucynok 1 — Y nanenHslii BAHTY3HBIN KOJIOIEL]
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~ HIC "MuryHp"
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Pucynok 2 — Kapra nokpsitus cetu GSM moGunsHoro oneparopa MTC u Yota

KiroueBoil cocrapistomieil pa3padaTbiBaeéMoil CUCTEMbl CTAHOBHUTCS KOHTPOJIIEpP, KOTOPHIH

BO3MOYKHO OyJEeT TMOIKIIOUUTh K MIMPOKOMY CIIEKTPY JATUYUKOB. Takke KOHTPOJUIEP JOJDKCH MMETh
BO3MOYKHOCTh OCYIIECTBJISITh KaK MPOBOJHOE TOAKIIOUEHHE K CETSAM Tepefadd JaHHBIX, Tak M
oecripoBogHoe Mo GSM kanany (Hampumep, B ciydae oOpbiBa Kabemnsi CBSI3HM WM MPHU 3HAYUTEITHHOM
ynasnieanu oT [IKY). [ToMuMo 3TOro, KOHTpOJUIEp MOKEH 00J1aaTh HU3KUM SHEPronoTpedieHueM,
LIT06]E;I O6CCHCLII/ITB AO0CTAaTOYHYI0O AaBTOHOMHOCTD. I/IHHOBaI_[I/IOHHLIe IMPOCKTHI, HNPHUOPHUTCTHLIC
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TEXHOJOTHHM W HampaBleHus TexHojorudeckoro pa3Butus I[IAO «TpancHedTh» HampaBlieHBl Ha
o0OecrieueHre TMOJHOM He3aBUCUMOCTH KoMmMmaHuM OT BHEIIHHUX 3apyO€KHBIX PHIHKOB IOCTaBKU
npoaykuuu (umrmopro3amenieHue). CienoBaTenbHo, paCCMAaTPUBAIOTCS UCKITFOUUTEIIBHO KOHTPOJLIEPhI
OTEUYECTBEHHOI'O IMPOU3BOJCTBA. B X0je aHamm3a KOHTPOJUIEPOB, IMPEICTABICHHBIX HA PBIHKE OBLIO
MPUHATO PEIICHUE HCIONBb30BaTh OT€UECTBEHHbIH KOHTposuiep Cartemut-2-02, nmpoussoactsa OO0
«HITA Bupa Peanraiim».

Komnanus  ycnmemno  paboraer ¢ 1989  roma, npemiaraeT  KOMILIEKCHBIE
BbICOKOTeXHOJornueckue pemenus miasg ACY TII u cuctem CBs3M € HCIOJIB30BaHMEM HambOoJjee
MEPCIIEKTUBHBIX U COBPEMEHHBIX TEXHUYECKUX CPEJICTB.

[Iporpammupyembie kouTposuiepbl CATEJIJIMT-9 ucnonnenust 02 uCnoiab3yrOTCs B Ka4eCcTBE
MajoMH()OPMATUBHOTO KOHTPOJIJIEPA B COCTABE MPOrPAMMHO-TEXHUYECKIX KOMIUIEKCOB (PUCYHOK 3).
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Pucynox 3 — Konrpomnep Caremnur-3-02 npousoactsa OOO «HITA Bupa Peantaitm»

Hannune wmHOroo6pasust uHTEp(dEicoB M MOAAEPKUBAEMBIX IPOTOKOJIOB  IO3BOJISIIOT
HCII0JIb30BaTh KOHTPOJIIEPHI JAHHOT'O MCIIOJIHEHUS B KAUECTBE KOHTPOJIIEPOB CBSI3H.

bazoBas mara koHTpossepa paspaboTaHa Ha MUKpOKOHTposuiepe ¢ ARM-sapom ¢
MOJJEPKKOM OmepanuoHHOW cuctemsl peanbHoro Bpemenu (OC PB). [lns mnepenaun
uH(poOpMaIMK B KOHTpOJUIepe npeaycMoTpeHbl nutepdeiicel RS232/RS422/RS485 u Ethernet. Ha
YpPOBHE MPOTPaMMHOro oOecrnedyeHus: TMOAJAEPKUBAIOTCS CcleAylomue 0a30Bble MPOTOKOJIBI
obmena: 'OCT P M3K 60870-5-104, MODBUS RTU, MODBUS TCP. B kauecTBe cepBUCHBIX
npoToKoJIOB moanepxkuBatorcs nporokonsl FTP, SNTP, Telnet. Ilpu wucnonp3oBaHuu
GSM/GPRS monema Bo3MOkHa Tiepegada coObITui uepe3 SMS-cooOmenus. JJonmoaHUTENbHO, K
noptam RS232/RS422/RS485 npenycMoTpeHo moakitoueHrue BHemHuX MoaemMoB (PLC momemsr
17151 pabOThI IO BBICOKOBOJIBTHBIM JIMHUAM, paaunomoaeMsl 433 MI'nu u nip.)

[Tomumo 3ToOro, nMaHHas MojeNb 00JagaeT (YHKIMEH MAYIIEro peXuma, I03BOJISIOLIAs
CYLIECTBEHHO CHM3UTh OJHepromnorpednenne. EcTh BO3MOXHOCTH KaK MPOrpPaMMHOTO BBIBOJA
KOHTpOJUIEpa U3 JKAYILEro PeXHMa, TaKk M MPOOYXKAEHHUS MO BHEIIHEMY BO3MYILICHHMIO (Hampumep,
«CcpaboTKay 3aTOTUICHUSI B KOJIOIIIE).

B 0a30Bo#i KOMIUIEKTAIIMK KOHTPOJIJIEP CIOCOOEH BOCIPUHATH § CUTHAJIOB TEJIEU3MEPEHUN U 2
CUTHaja TeJeCUTHAIM3alMi, HO 3a CYeT MPUMEHEHUs CyOOJIOKOB pacUIMpeHHUs JAaHHBIN MOKa3aTeib
MO>KHO pactMpHTh 10 16/10 cOOTBETCTBEHHO.

BriOpanHbIii KOHTpOJUIEp, KakK OBLIO CKa3aHO BBIIIE, COYeTaeT B ce0e BO3MOXKHOCTh
obecrieueHust kak mpoBoaHoi ces3u (Ethernet), Tak u GecipoBoanoit cBsizu GSM, ¢ BO3MOKHOCTBIO
nepeaadn JaHHbIX mocpeactBoM SMS coobmenuit mwmm mo GSM kanany.

33



Kontpomiep nepenaer nanusie no GSM kanany o npotokony MOK 61870-104. Ecnu Oynet
UCIIOJIb30BAaThCA HECKOJbKO KOHTPOJUIEPOB, TO HMX CpPEACTBAMH MOOMJIBHOIO ONEpaTopa MOXKHO
O0BEIMHUTH B BUPTYAIBHYIO CETh C BO3MOXKHOCTBIO Iepemauu cooOuieHuit apyr apyry u Ha GSM
poyrep B PIII (THIT). M3BHe (¢ npyrux CcUM-KapT WJIM W3 HUHTEPHETA) B ATy CETh IIONACTh
HEBO3MOXXHO. SIM-KapThl yCTaHaBIMBAIOTCS CIELMAIBHBIE - TOJIBKO /IS IEpEAayuu JaHHbIX (Ha 3TUX
KapTax 3a0JJOKHPOBaHBI TOJIOCOBBIE COOOIIEHHMSI, CMC COOOIICHHS U T.1.), 32 Kakaoi SIM-kapToii cBoi
crarnueckuii [P angpec (T.e. IPOU3BOAWTH JCUCTBUS MO Kpa)ke TAKUX KapT s OOCTYKUBAIOIIETO
MepPCOHANIa HET CMbICIIA; BHINTH B HHTEPHET UJIM MIO3BOHUTH C HUX HEIb3s).

Pe3yabTaThl U 00cy:xkaeHHsl. B xauecTBe 00BEKTa HMCCIEIOBAHUS HCIOIB30BAJICS KOJOJEI]
otOopa nasienus. [lepBoHayanbHO KOJIOAEH HEOOXOAUMO 00OpPYI0BaTh HEOOXOAUMBIMU JATUNKAMHU.
B kauecTBe naTuMka 3aTOIUIEHMSI MIPEAJIAraeTCsl UCIOIb30BaTh JBYXYPOBHEBbIE JaTUMKH 3aTOIUICHUS.
Taxxe HeoOXoauMo 00OpyIOBaTh KOJOJEI JAaTYMKOM BCKPBITHUS HAa OCHOBE TepkoHa. B ciyuae
HAJIMYHS OTPAXKICHHS KOJIO/IA, KATUTKY HE0OX0AMMO 000pYyI0BaTh JaTYMKOM BCKpBITUA. Jl06aBUM K
BBIIICTIEPEUNCIICHHOMY JAaTYUK JaBJICHUS W TMOJy4dM oOOIlee KOJUYEeCTBO CHUTHAJIOB, KOTOPOE
He00X0auMo 06e3 TOTepu KauecTBa MepeaaTh B AUCIIETICPCKHMA MyHKT.

Oco0OeHHOCTDh TpeaaraéMoil CXeMbl 3aKJIIOUaeTCsl B HIDKECIEIYIOMIeM: KaKk ObUIO OTMEYEHO
BbIle, KOHTposuiep Catemnut 2-02 mMeeT BO3MOXHOCTh KaK MPOTPaMMHOTO BBIXOJIa M3 KIYIIETO
peXHUMa, TaKk U TPOOYXKACHHs MO BHEIIHEMY BO30YyAeHHIO. Tak Kak 3aTOIMJICHUE KOJIOALA SBISETCS
aBapUIHBIM CHUTHAJIOM, BIUSIONIMM Ha TPAHCIOPTHPOBKY HEPTH, TO MAHHBIE CHTHAIBI OYIyT
«IpoOYKIaTh» KOHTPOILJIEP — CIEAOBATEIbHO OHU OyayT 00Ja/1aTh HETIOCPEICTBEHHBIM TUTAHUEM OT
aKKyMYJIATOpa U IPU 3aMbIKaHUU JaTYMKa (3aTOIUIEHUE KOJIOALA) BbIIaBaTh CUTHAJI HAa KOHTPOJLIED.
Byzner npoucxonuts npoOyxaeHne KOHTPOJUIEpa U OTIPaBKa COOOIICHHS B IUCIETYEPCKUN MYHKT O
BO3HUMKHOBEHHMH aBaApUWHON CUTYyAalUH.

Jlanee npuBeieHa TUIOBAs cXeMa MOAKIF0YEHHUS KOMILIEKCa K KOJIOAIY 0TOOpa IaBJieHus (PUCYHOK 4).

CO6opka MOOHIIBHOTO KOMITJIEKCA IMTPOUCXOIMIA B HECKOJIBKO ATAIOB!

- cO0p HEOOXOAMMBIX KOMITOHEHTOB;

- pa3MellleHHEe 3JEMEHTOB Ha MOHTAaKHOM IUIaTe C IENbI0 OMNPENENIUTh HX ONTUMAalIbHOE
PacIoIOKEHNE OTHOCUTEIBHO APYT ApYra Jjisi MOBBIIIEHUS 3PrOHOMHKH;

- 3aKpeTIEHUE 3JIEMEHTOB, MOHTaX COEIMHEHMI;

- YCTaHOBKA SIM-KapThl, TOAKIIOYSHUE AHTEHHBI;

- HaCTpOMKa CBSA3M KOHTpOJUIep — nepcoHanbHbIi komnbioTep (I1K);

- IepBOHAYaNIbHAs HACTPOIika 000pyIOBaHUS;

- TECTOBBIE CECCUU CBSA3H.

Jlns  OIeHKH peanbHOH paboThl MOOMIBHOTO KOMILJIEKCA TeIeMEXaHUKH Heo0X0IuMo
OpPraHM30BaTh ONBITHYIO JKCIUTyaTallUl0, OLUEHUTh (PAKTUYECKOE BpEeMsl aBTOHOMHOW paloThl, mpu
BBISIBJICHHH HEJIOCTATKOB MTPOBECTH PadOTy MO UX yCTpaHeHHUIo. B nanbHeliem TpedyeTcs: pacupuTh
KOJIMYECTBO MEpeAaBacMblX CUTHAJIOB TEJIEU3MEpPEHUs], TeJIECUTHAIN3AMI, B TOM YHCIe, [1epelaBaTh
JOTIOJTHUTEIBHO CUTHAJ MPOXO0KIEHUSI OUUCTHOTO YCTPOMCTBA.

VYcTaHOBKa KOHCTPYKTHBHBIX 3JIEMEHTOB Ha MOHTAXHYIO MaHeNb M0Ka3aHa Ha PUCYHKE 5.

Hamu mocTosHHO BejeTcss MOMCK MO J0paboTKe, MOAEPHHU3AIMHM MOOWUIBHOIO KOMILIEKCA
TEJIEeMEXaHUKU C IIeJIbI0 YBEJIMYEHUS aBTOHOMHOTO BpEMEHH paloThl, ONTHUMHU3UPOBaHUS (OpM-
¢dakropa. Tak, Hampumep, mpeaIaraeTcs pPacCMOTPETh BO3MOKHOCTH HCIIOJIB30BAHUS COJIHEYHOU
MaHeJN B KaUueCTBE aJIbTEPHATUBHOI'O UCTOYHUKA MTUTAHUS JJISI KOMITJIEKCA.

AKTyaJbHBIM OCTa€TCsl BOIPOC OOECIEeYeHHs CKOPOCTH YCTAaHOBKM KOMIUIEKCa Ha MeCTe.
[Ipennaraercss paccMOTpeTh BONPOC HCIOIb30BAaHUS OBICTPOCHEMHBIX KOHTAaKTOB, KOTOpbIE OYyAyT
obOecrieunBaTh OBICTPOE MOAKIIOUEHHUE YCTPOMCTBA, COXpaHssl MPH ATOM BBIOJHEHUE YCIOBUMN
TFepPMETUYHOCTH, MBbUIEBJIAr03aIUThI, B3PhIBO3AIUTHI.

DakTOpPOM TEXHUYECKOM M IKOHOMUYECKOW 3(PGPEKTUBHOCTH BHEAPEHUS MPEATOKEHUS B
cucreme «TpaHCHEPTH» SABISETCS TO, YTO MOOUIILHBIA KOMIUIEKC TEIeMEXaHUKU MPU3BaH YBEIUUUTh
0€30MacHOCTh W HAaJEKHOCTb OJKCIUTyaTallid He(pTenpoBoga B COOTBeTcTBUU ¢ IIporpammoit
nHHOBanmoHHoTO pa3sutus [IAO «Tpancuedts» Ha mepuon 2022-2026 r.
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PI/ICYHOK 4 — CxeMma MNOAKIIFOYCHUA MOOUIILHOTO KOMILJIEKCA TeJIEMEXaHUKU
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PI/ICYHOK 5 — VYcraHoBKka KOHCTPYKTHUBHBIX 3JICMCHTOB HAa MOHTAXHYIO ITaHCJIb

3akaodenue. B HacTosmel pabore paccMoTpeHa mpobiiemMa obecrieueHus OecriepeboHHOro
MOHUTOpPHUHra THapamMeTpoB paboTel TpyOompoBoga. OOocHOBaHa HEOOXOAWMOCTh BPEMEHHON
TeJIeMEeXaHU3allN BaHTY3HBIX KOJIO/IEB, KOJOAIEB OTOOpa aBJIECHUS, CBS3aHHAs C aBapHUUHO-
BOCCTAHOBUTEJIBHBIMU paboTaMM, PpeKOHCTpYKUUsAMHU. IIpoaHanu3uMpoBaHbl OCHOBHBIE CIIOCOOBI
peannzanuu nepeaayu AaHHbIX. OmnpeaeneHo, yTo Haubosiee MOAXOISAIIMMM SIBISIIOTCS BapHaHTbI
ucnoib3oBanuss GSM-kaHasa U ONTHYECKON JUMHMU CBsi3u. B Xoxe pa3paboTKu ombITHOrO oOpasia
YCTpOMCTBA YCTaHOBWMJIM, 4YTO JJIi U3TOTOBJIEHHS MOOMJIBHOTO KOMIUIEKCA TeJIeMEXaHUKH
noTpeOyoTCs CIIEAYIOIINE IIEMEHTHI:

- IPOrpaMMHPYEMBIN JIOTUYECKUH KOHTPOJIEP — BBIYUCIUTEIbHBIN LIEHT;

- GSM-Monemsl — 11 ipueMa-nepeaun HHPOpMaIui OT KOHTPOJUIEpa;

- aKKyMYJISITOpHBIE OaTtapeu — JJisi aBTOHOMHOT'O IMUTaHUsl KOMIUIEKCa;

- KOPITyC — [T MEXaHUYECKOM 3alUThl U 00ecrieyeHHs yCI0BUS MOOMIIBHOCTH;

- kaOeJIbHbIE BBOJBI — JUIS MTOAKIIOUEHHUS JATYUKOBOM arnaparypsl;

- TUIaTa 3apsja akKyMyJsTopa — JUIsl OCYIIECTBIICHUS MOA3apAIKY aKKyMyJISTOpHOU OaTapeu;

- CpelICTBA TETUIOU3OJISIIUU — JIJIs1 0OECTIeUeHUs ONITUMANIbHBIX YCIIOBUH.

Pa3zpaboTan omnbITHBINA 00pasen; KOMIIEKCa, KOTOPbIM MO3BOJUT 00ECHEYUTh MOHHTOPUHT 32
COCTOSIHUEM KOHTPOJIMPYEMOI'O IyHKTa BO BPEMsI PEKOHCTPYKIMH B peXHME aBTOHOMHOCTU /0 5
CYTOK, U YBEJIMYHUT HAJEKHOCTh U OE30MACHOCTh HKCIUTyaTallui He(TENpPOBOA.

PaccMoTpeH BO3MOKHBINM BapHaHT COOPKM MOOMIJIBHOTO KOMILIEKCA TeIEMEXaHUKH, BBITIOJHEH
no00p HEeoOXOAMMOTO O0OPYAOBaHMS M IMPOU3BEICH pacyeT BPEMEHM pas3psila aKKyMmyssropa B
3aBHCHMOCTH OT TOKA Harpy3KH.

MOOUIIBHOCTD JTaHHOM CHUCTEMBbI MOXKET O00ECIEYUTh BO3MOXKHOCTH CHJIAMH OJHOW Opuraasl B
MaKCHMaJIbHO KOPOTKOE BpeMsl pa3BEpHYTh Ha MECTE KOMIUIEKC U MPOBECTH MPEITYCKOBYIO HACTPOUKY.

[IpoBeneH sKOHOMUYECKUI pAacy€T, KOTOPBIM MOKa3all, YTO MPU UCIOJIb30BAHUU ONTUYECKOTO
KaHaJIa CBSI3U CTOMMOCTh KOMIUJIEKCa TeJIeMeXaHUKU cocTaBUT — 332220 py0., a Ipu UCIOJIB30BAHUU
GSM-kanamna — 89100 py6.
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Takum o0Opa3oM, TpenCTaBIEHHBIH MOOMJIBHBIH KOMIUJIEKC TEJIEMEXaHUKU OTBEYACT
IIOCTaBJIEHHBIM YCJIOBUSIM M MOXET oOecneuuTb OecriepeOONHbI MOHUTOPHUHI MapaMeTpoB pabOThI
MarucTpaibHoro HedrenpoBoga. B nmampHeiimem TpeOyeTcs MPOBECTH ONBITHYIO AKCILUTyaTallUIo
KOMIUIEKCA, PaCIIuPUTh KOJIMYECTBO MEPEAABACMBIX CUTHAJIOB TEJIEU3MEPEHUS, TEIECCUTHAIN3ALUH, B
TOM 4YHCJIE, IEPENABATh JOIOJIHUTEIBHO CUTHAN IPOXOXKACHUS OYUCTHOTIO YCTPOMCTBA.
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YK 621.313
MoaepHu3anys HACTPONKHU CIYTHUKOBBIX AHTEHH HA CTAHLMAX TeJepaguoBellaHusA

Koxkun P. O., Baiinuk K. B.
Hayunslii pykoBogutens — Yasmies A. E.
Yxmunckuii cocyoapcmeennbiil mexnuyeckuu ynugepcumem, 2. Yxma, Poccus

Ha crannmsix TtenepaauioBemaHusi MPUMEHSIOT CITyTHHUKOBBIE AHTEHHBI B KaueCTBE OCHOBHOTO
MCTOYHMKA curHana. CyllecTBYeT HECKOJIBKO MPUYMH, TPEOYIOHMX MepeHACTPONKH CITyTHUKOBOM aHTEHHBI
Ha JIPYrol KOCMHYECKUM armapar: BEPOSTHOCTh BBIXOJA U3 CTPOsi OCHOBHOTO CITYTHMKOBOT'O armapara;
BHEIITHSIS TTIOMeXa, KOTopasi He TI03BOJISIET TIOJIE3HOMY CHTHATY JIOCTHYh aHTEHHBI; HEOOXOMMOCTh B CMEHE
CITYTHHKA M3-32 BBIX0J1a CPOKA IKCIUTyaTallMy UM OKOHUYAHHE CPOKA apeH bl KOCMHUYECKOT'0 amrapara.

JIroboe HapyIieHue BelIaHUs TENEBH3HOHHBIX MPOrpaMM WU PAIUO SIBISETCS HEJOMYCTHMBIM.
Bpewms HapyiieHust BemaHust T0JHKHO CBOJUTCS K MUHUMYMY. B CBsI3U ¢ 3TUM BO3HHUKAET HEOOXOIUMOCTh
B OIIEPATUBHOM IEPEHACTPOMKE CIIYTHUKOBOM AHTEHHBI HA 33JaHHBIM KOCMUYECKUH amrmapar. B maHHOn
paboTe mpeayiaraeTcsi MOJEPHU3MPOBATH CHUCTEMY CITYTHMKOBOTO MpHEMA, YTOOBI COKpallaTh BpeMs
HapyIICHUS BEUIaHUs 10 MUHUMYyMa B Cllydae HEOOXOJMMOCTH B CMEHE KOCMHYECKOT0 anmapara. [1]

OHUM U3 BO3MOXHBIX PEIICHUH JaHHOW MPOOIEMBI SBIISIETCS] TPUMEHEHUE AIEKTPOIPUBOIA B
COCTaBE C PENYKTOpamMu JJsi MO3ULUOHUPOBAHUS CIIyTHUKOBOW AHTEHHbl Ha HYXXKHYIO TOYKY Ha
HeOecHol cdepe. B momomHeHWE K SIEKTPONPHBOAY HEOOXOAMMO pa3paboTaTh MPOTPAMMHOE
obecrnieueHre, KOTOPOE MO3BOJIUT YIIPABIATH AHTEHHOW M MO3UIIMOHUPOBATH €€ Ha 3aJJaHHBIN yroll KaK
10 a3UMYTY, TaK H 11O BBICOTE.

B kauectBe aneKTpomnpuBOAa MpeIaraeTcsi UCIOIb30BaTh MIATOBBIM ABUTaTeNb (PUCYHOK 1),
TaK KaK OH HUMEET PsJ MPEUMYIIECTB: MaJIblii yroJyl Iara, BBHICOKHU YyIEPKUBAIOIIMK MOMEHT Ha
HU3KUX CKOpPOCTSIX BpAIlIEHUs, OTCYTCTBHE HEOOXOJUMOCTH B OOpAaTHON CBS3M TIO YTIIOBOMY
TTOJIOXKEHHUIO, BBICOKAsI paCIIPOCTPAHEHHOCTD IIATOBBIX JIBUTATENEH, HU3Kask CTOMMOCTb. [2]

B cBsi3ke ¢ maroBsIM ABUraTeNeM MpeagaraeTcs UCIoab30BaTh YEPBAUHbIN PeAyKTOp (PUCYHOK 2),
KOTOPBIN UMEET CIICAYIONTNE TPEUMYIIECTBA Mepel IPYTUMH PEAYKTOPAMH: KOMITAKTHOCTh PETYKTOPHOU
nepeiavyr, BBICOKOE MepeNaTOYHOE YHMCIO (BBICOKAs TOYHOCTH IMO3WIIMOHUPOBAHUS HA KOCMHUYECKHUI
anmapar U BBICOKAH MOMEHT), TUIABHOCTh XO71a TepeIaul U YHUKAIBHOE CBOMCTBO YEPBIYHOM Mepenayn —
CaMOTOPMOXEHHE. SIBIICHHE CaMOTOPMOMKEHUSI 3aKJIOYAaeTCsi B HEBO3MOXHOCTH MPOKPYYHMBAHUS
BEZIOMOTO (BBIXOTHOTO) Bajla BHEIITHEW Harpy3KoM MpH MepeaTOYHbIX YHcIax OT 35 U BBIIIE.
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Pucynok 1 — [llaroBblii ABUraTenb

JlanHbIe IperMYIIIeCTBAa YEPBIYHOMN Mepeiadll OUYeHb BaYKHBI MPHU SKCILTyaTallUU CIyTHUKOBBIX
aHTCHH, TaK Kak WX Oonbimoi pasmep (or 1.2 M mo 3.5 M B auamerpe) MPUBOAHWT K BBICOKOU
MapyCHOCTHU — BBICOKAsi BETPOBasi Harpy3ka. [3]

Pucynok 2 — YepBsuHbIl pelyKTOp

B nanHolf pabore ObLIM BBIOpaHBl IIAroOBbIM JABHraTelb M UYEPBSUHBIA PEAYKTOp CO
CIIEAYIOIIMMU MapaMeTpamu: yroi mara 1.8 rpagycos, cuna Toka 3.0 A u moment 1.2 H-M (marossrit
JBUTATENh) U TiepenaTouHoe yuciio 80 (4epBIUHBIA PEAYKTOD).

Paccuntaem MUHMMAIIBHBIN yroJ HOBOPOTa CIYTHUKOBOW aHTEHHBI IIPY OJHOM II1are JABUTATEIIs:

=%
b ="

B nannoit popmysne ¢ — MUHUMaNIBHBINA yroJl MOBOPOTa Bajla peaykropa, ¢ — yron L) u k —
NepeaTouHOe YHUCIO YepBsiUHOro peaykrtopa. [loacTaBuB AaHHbBIE BHIOPAHHBIX HAMHU JBHUraTens U
PEAYKTOpa MOIyUUM:
1.8°
80

¢ = == = 0.0225°.

C y4eroMm TOro, YTO MMUHHUMAJIBHOE PACCTOSHUE MEX]Y T'€OCTAllMOHAPHBIMU CITyTHHKaMH Ha
opOHUTE MOXKET COCTaBIATH yrjoBoe 3HaudeHwe B 0.1 rpamyc, mosydeHHOE MHHHMMAJIBHOE YTJIOBOE
NepeMeIleHe C y4eTOM BBIOPAaHHBIX HAMH JBHUTATeIsl M PEOYKTOpa SBISETCA J1OCTATOYHBIM
(0.0225° < 0.1°).

PaccMoTpuM O510K-CcXeMy MPEeNIoKEHHON CHCTEMBbI MTO3UIIMOHUPOBAHUS (PUCYHOK 3).
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Pucynok 3 — biiok-cxema cuctembl O3ULIMOHUPOBAHUS

[Iponiecc  MO3MIIMOHUPOBAHMSI  HPOUCXOMUT  CIEAYIOIIMM  00pa3oM:  JEKYpHBIH U
00CITY)KUBAIOIINI MTEPCOHAI TP HEOOXOAUMOCTH B IMEPEHACTPOMKE HA IPYrol KOCMUYECKHUN armapaT
BBOJIAT €ro KOOpAMHaThl B rpaduueckuil uurepdeiic nomas3zonarens Ha [IK, [IK nepenaer 3ananHbIi
yron mukpokontpoiepy RP2040 (MK) mo untepdeiicy UART. MuKpOKOHTpOIUIEp M3 33aJaHHOTO
yIJla PacCUUTHIBAET YMCIIO IIAroB, KOTOPOE HEOOXOIUMO ClieNaTh, U HampasieHue BpamieHus. [locne
pacuera uMcia IIAroB M HANpaBICHUS MUKPOKOHTPOJUJIEpP HAYMHAET YINPAaBJIATh JBUraTENIIMU C
MOMOIIIBIO JIpaiiBepoB MaroBbIx asurarenei mo uurepdeiicy STEP/DIR.

Wurepdeiic STEP (mar)/DIR (manpasienwue) npencrasiser u3 ceds cunemyromee: Bxonq STEP
OTBEYAET 3a MOBOPOT BaJjla HA OJIMH IIar IPHU 10J1a4e Ha HEro JOruueckoi enuuunbl, a Bxoa DIR — 3a
HarpaBJieHHE 3TOro mara. B 3aBucumoctu ot Toro, uyto nogano Ha Bxox DIR — noruyeckas egununa
WM JIOTUYECKUI HOJIb — IBUTraTeNb OyJeT BpalaTbes 100 B OJIHY, JINOO B IPYT'YIO CTOPOHY.

Hpaiisepsr L] momydaroT 3JIEKTPONMTAHHE OT MCTOYHHMKA MMITYJIBCHOrO nurtanus. Ilocne
YCTaHOBKM CIIyTHUKOBOM aHTEHHBl Ha 3aJaHHBbI yroJ, IIaroBblii JIBUraTelb TI'E€HEPHUPYET
YAEPKUBAIOIIMM MOMEHT JJIsi TOro, 4TroObl aHTEHHa OblIa HampaBlieHa CTPOrO Ha 3a/laHHBIN
KOCMUYECKHI amnmapar.

Jns OGonee ynoOHOro ympaBlieHHS MO3UIMOHMPOBAHHWEM ObUT pa3zpaboTaH rpaduueckuit
unTepdeiic nonpzonarens (I'UII), mo KOTOPOMY MOKHO YIPaBIIATh CUCTEMOHN (PUCYHOK 4).

Pucynok 4 — I'paduueckuii uatepgeiic moip3oBaress
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C nomomsro I'MIT MokHO 3aaBaTh yroj NOBOPOTAa CUCTEMBI MM IIOBOpPAuMBaTh €€ HA OJIUH
11ar BPy4HYO /Ui 60jiee TOYHON HACTPOMKH.

Cucrema ympaBieHHsI cCOCTOUT U3 MUKpokoHTpoiiep RP2040 (pucyHok 5), kox Ay KOTOpoit
Obu1 HanucaH Ha s3bike C. Jlanubiii MK Obul BbIOpaH MO HECKOJBKUM IMPUYMHAM: BBIYMCIUTENIBbHAS
MOIIHOCTb, HU3Kasi CTOUMOCTb U JIOCTYITHOCTb.[4]

Pucynox 5 — Muxpokontposiep RP2040

Takum 06p3,30M, ObLIa IpeaIoKEeHa MOJACPHU3HUPOBAHHAA CHUCTCMa HaCTpOﬁKH CIIYTHUKOBBIX
AHTCHH Ha SaIIaHHI)If/i KOCMUYECKUHN amnmapar sl YMCHbBIICHHA BPEMCHHM HAPYIICHHA B BCIIAHHU
TCICPAANOBCINATCIbHOI'O 060py,Z[OBaHI/IH.

bubauorpaguyecknii CIMucoK:

1. [IpaBuna HSKcIUlyaTallud TEXHUYECKUX CPEACTB TeleBuaeHus u  paauoBemanus. URL:
https://docs.cntd.ru/document/1200035556 (/lara oopaienus: 02.04.2023)

2. Tlpuunna BeIOOpa maroBsix apurareneit. URL: https://www.texnologia.ru/development/stepper _motor/
([dara obpamenus: 02.04.2023)

3. Ilpuunna BeIOOpa YepBsiuHOTO peaykTopa. URL: http://www.promprivod.ru/articles/chervjachnye-
reduktory-opisanie-preimucshestva-i-nedostatki.htm ([lara o6pamenus: 02.04.2023)

4. Muxkpokontpoiutep. URL: https://nplusl.ru/news/2021/01/21/pi ([Jara oopamienus: 02.04.2023)

YIK 621.31
HNmuTtanuonHasi MojieJib aCHHXPOHHOTO ABUTaTe) s Ha si3bike Julia

Benbix B. B.!
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1 - Coikmuisxapckuil necnou uncmumym, 2. Coikmulexap, Poccus
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ViMuTannoHHOE MOZIEIMPOBAHUE SBISETCS HEOTHEMIIEMON YacThIO MPOLIECCOB UCCIIEIOBAHUS U
MIPOEKTHUPOBAHUS AIIEKTPOMEXaHHMYECKUX crcTeM. Hambosiee M3BECTHBIM M IMUPOKO HCIOIB3YEMBIM
MHCTPYMEHTOM MojenupoBaHus spisercs Matlab/Simulink. Menee nonynspusiM B Poccun siBisiercst
s3Ik MozienpoBanus Modelica u ero cBoOomHO pacmpocTpansiemas peanusamnusi OpenModelica.
HenaBno mosiBuiics HoBbId uHCTpyMeHT ModelingToolkit.jl [1] — cBoOogHO nocTymHas cucrema
MOJICIUPOBaHMsI HAa OCHOBe ypaBHeHMH Ha s3pike  Julia. CrangaptHas — OuOnnotexa
ModelingToolkitStandardLibrary.jl [2] yxe conmepkuT Moaenu 0a30BBIX KOMIIOHEHTOB ISt
MOJICTTUPOBAHUS INEKTPHUUYECKUX W MarHUTHBIX 1eneil. B [3] mokazaHa BO3MOXHOCTE |
spdextuBHOCTs mnpuMeHeHuss ModelingToolkitjl amas  MonmenupoBaHHsST  ANEKTPOMEXaHUYECKUX
MEPEXOJHBIX MPOLECCOB B OONBIIMX 3JIEKTPOIHEPreTUYECKUX cucremax. B gaHHON pabote
pa3pabarbIBaeTCsi MOJENb TPeX(Pa3HOro ACHHXPOHHOTO JBUTATENsl C KOPOTKO3aMKHYTBIM POTOPOM,
JEMOHCTPHpYIOIasi  BO3MOXKHOCTH  ucrmonb3oBanusi  ModelingToolkitjl  mms  momenupoBanus
MEPEXOHBIX MPOIIECCOB B TpeX(a3zHbIX CUCTEMaX MEPEMEHHOTO TOKA.
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MaremaTnyeckasi MojeJib aCHHXPOHHOro aBurartenasi. lMcmonb3yemas B pabore Mojeib
Tpex($a3HOr0 AaCHHXPOHHOTO ABWTATeNsl B cHCTeMe KoopauHar (d,q,0) ONMUCHIBAETCS Clleayromen
cucreMoit i depeHnnanbHbIX U anredpandecKux ypaBHeHHH [4]:

YPaBHEHUSI AIICKTPUIECKOTO PAaBHOBECHSI CTaTOPa

_ . d¥cq

Ueg = Teleg T+ at (‘)kl'pcqa (1)
. A% g

Ueqg = Teleg T dt +wWeq, ()
. ¥,

Ugp = Teleo T dtc ) 3)

YpaBHEHHUS IEKTPUUYECKOTO paBHOBECHUS POTOpa

. d¥pa

Upg = Tplpag + d_: — (Wi — (‘)r)lppq: 4)
) aw

Upg = Tyipg + 7”" + (g — W) ¥Ppa, (5)
) AW,

Upo = Tyipg + d—f; (6)

YpaBHCHU MOTOKOCHCIJICHUS CTATOPA

Wea = Leqleg + Mipd' (7)
chq = Lclicq + Miqd, (8)
Weo = Leolcos )
YpaBHCHU: IOTOKOCLCINICHUS POTOpa
qud = Micd + Lplipd' (10)
Lppq = Micq + Lpliqd: (11)
Weo = Leoicos (12)
YpaBHCHUEC ABUXKCHUS pOTOpA
dwy
T-T. =] —%, (13)

TIE Ucqs Ucqs Ucos Leds Legs Lecos Peds Peqs Peo — MTHOBEHHbBIE 3HAYEHUsI HANPSDKEHU, TOKOB
MOTOKOCLIETIJIEHHUH LIENU CTaTopa;

Upds Upg> Upos bpds Ipg> tpos Ppa WPpg Wpo — MIHOBEHHBIE 3HAYECHUs HANPSKEHUH, TOKOB U
MOTOKOCHEIUIEHHH 1I€MU pOTOpa (MOHATHO, YTO JUIS JABUTATENS ¢ KOPOTKO3AMKHYTHIM POTOPOB Upq =
Upq = Upo = 0);

T¢, Tp — AKTMBHBIE CONPOTHBIIEHHS OOMOTOK CTaropa M poTopa,

Loy =L.—M,, Lo =L,+2M, — UHIYKTUBHOCTH OOMOTKHM CTaropa HpsiMOH U 0OpaTHOM
MIOCJIEZIOBATEIbHOCTH;

Lpy =Ly — M,, Lpo = L, + 2M, — MHIyKTHBHOCTH OOMOTKM pOTOpa NpsAMOK M 0OpaTHOH
MIOCJIEZIOBATEIbHOCTH;

L, — MHIYKTUBHOCTHh OOMOTKH CTaTopa;

L, — "HAYKTUBHOCTh OOMOTKH POTOPA;

M, — B3aUMOMHIYKTUBHOCTh OOMOTOK CTaTOpa;

M, — B3aMMOMHIYKTUBHOCTh OOMOTOK pOTOpA;

M — B3aMMOMHJIyKTHUBHOCTh OOMOTOK CTaTopa U poTopa;

W, — YIVIOBAasi CKOPOCTh BPAILIEHUS POTOPA;

W}y, — YIJII0Basi CKOPOCTH BpallleHUs: cucTeMbl KoopauHar (d,q,0);

J — MOMEHT MHEPLHH POTOPA;

T, — MEXaHUYECKHMI MOMEHT COIIPOTUBIICHUS Ha Bally pOTOpa;
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T — 5neKTpOMarHuTHBIII MOMEHT Ha Bajly pOTOpa, BRIYUCIISAEMBIN 10 (popmyre:

T = (3/2)(lpcdicq - lpcqicd)-

B cumiy CHMMETpPUYHOCTH KOPOTKO3aMKHYTOTO pOTOpa HYICBOH MOCIIENOBATEILHOCTHIO
(popmymsl (6) u (12)) MoxkHO IpeHEOPEYb.

[MonkmoueHnne Mozxenu jaBurareliss K Tpex(da3HOi MOJIENM CETH  BBINONHICTCS  C
ucnonb3oBanueM (d,q,0)-npeoOpazoBanus (aHAJOTHYHO ISl HAMIPSKEHHH )

(14)

leqa = é[icacosa + iy COS (a - 2?”) + i.c cos (a + 2?”)] (15)
g =— % [icasina + iy Sin (a - 2?”) + i, Sin (a + Z?n)], (16)
ico = 5 lica + fcp + icc] (17)

TIe icq, Leps Lcc — MTHOBCHHBIE 3HAYCHUS (a3HBIX TOKOB CTATOPa; & — YTOJI MEKIY CTaTOPOM U
Bparmiaromieics cucreMon koopausar (d,q,0).

MaremaTuyeckass  MoJelb  HCTOYHMKA  HanpsikeHusi.  VcrouHuk — TpexdazHoro
CUHYCOUJIAJIbHOTO HAMPSHKEHUS OMUCHIBACTCSl YPABHECHUSIMU

u, = Uy, sin(wt) — i,R, (18)
u, = U, sin (a)t - %) —ipR, (19)
u, = Uy, sin (cut + %) — iR, (20)

rne Uy, — ammutyaa 9/1C ucrouHuka;

R — BHyTpeHHEee CONPOTUBIICHUE UCTOYHHKA;
W = 2Tf —4YacToTa CeTH.

MopennpoBanue Ha si3bike Julia. Monenu onMcaHHBIX KOMIIOHEHTOB, pa3pa0OTaHHbIE Ha
s3pike Julia ¢ mcnonp3oBanuem ModelingToolkit.jl, npencrasnenst Ha pucynkax 1 u 2. Coznanue
MojleNieil CBOAMTCS K JEKJIApUPOBAHUIO C IIOMOIIBI0 MakpocoB (@parameters U (@variables
COOTBETCTBEHHO MMapaMeTPOB M NMEPEMEHHBIX MOneNel u 3anucu AuddepeHnnanbHo-anre0panaeckux
ypaBHeHUI B ¢opme, OIM3KOH K MaTeMaTHYecKoMy oOInucaHuio. s COeqUHEHHUs >JIEeMEHTOB B
CHCTEMY MOJEJb KaX/10ro KOMIIOHEHTa BKIII0OYaeT MoJiesb TpexdazHoro nopra Pin3.

Komnunsatop cucremsl mozpenuposanusi ModelingToolkit.jl Oeper Ha cebst ¢dopmupoBanue
COBOKYITHOW CHCTEMBI YpaBHEHH, €¢ CHMBOJBHOE MpeoOpa3oBaHMe, YMPOIICHNWE W TeHEPUPOBAHHE
Kofa (yHKIMHA, HEOOXOIMMBIX JUISI YHCIEHHOTO HMHTEIPUPOBAHMS MOJEIH  aJTOPUTMaMH,
npeacraBieHdasiMu B makete DifferentialEquations.jl [5].

Pe3yabTarhl pacyeTHbIX 3JKcnepuMeHToB. Ha pucynkax 3-6 mnpHuBeIeHBI pe3yibTaThl
MOJICTTUPOBAHUS PA3IMYHBIX PEKUMOB M TIEPEXOIHBIX MPOIECCOB, TMOMYUYEHHBIE C HCIIOJIb30BaHHEM
pa3paboTaHHON MOJENM aCHHXPOHHOTO JIBUTATENs ¢ KOPOTKO3aMKHYTBIM POTOPOM, MOJKIIOUYEHHOTO K
MOJIETT! MICTOYHHMKA HANpPsHKCHHUsS HEOTPaHWYEHHOW MOITHOCTH. J[si mpuMepsl B3SITHI MapameTpshl,
COOTBETCTBYIOIIIME JIBUTATENII0 C HOMHHAJIbHOM MomHOCThIO PH = 18,45 kBT, yacToToil BpamieHus
n=3000 o6/Mun u HanpsokeHuemM Un = 220/380 B. MoMeHT CONpOTHBIIEHUS HAa Baly MPHUHSIT
MIOCTOSIHHBIM U paBHBIM MOMEHTY CONPOTHUBIICHUS MPHU HYJIEBOH CKOPOCTH.

3akarouenne. CoBpeMeHHBIN BBICOKOYPOBHEBBIN s3bIK MporpammupoBanus Julia ¢ makeramu
pacummpenust ModelingToolkit.jl u DifferentialEquations.jl mo3Bonsier nerko cos3naBath TpexdasHble
MOJZIESIM DJIEMEHTOB CHJIOBOM JHEPreTUKM W MOXKET BBICTYNATh AJIBTEPHATHMBOM IMPONPUETAPHOMN
cucreme Mmojenupoanus Matlab/Simulink. KoMnoHEHTHBIM TpUHIMIT CO3MaHUS MOZENEH enaer
BO3MOXHBIM OOBEIMHEHHE MX B OUONMOTEKH W TMOCIEAYIONIEe MX HCIOIb30BaHHUE TPHU CO3TAHUHN
MMHUTALMOHHBIX MOJIENeld pa3IUuYHBIX 3JIEKTPOMEXaHWYECKHUX CHCTEM, B TOM 4YHCIE JPYTUMHU
M0JIb30BATEIISIMHU.
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1 function HWCToUHWMKHaNpAXeHWA( ;name, Wm, R, )
2 Enamed p = PLn3(

3 va_start-=e,

- Ia_start-e,

c vb_start=vetsin{-2%pi/3),

[ Ib_start-e,

7 Vo_start=ve*sin{2¥pif3},

] Ic_start=8,

5 ¥

18 pars = @gparameters vm=vVm R=R f=F

11

12 w=m*2Ef

13 eqs = [

14 p.Va ~ vm*sin{w*t) - p.Ia*R

15 p.Vb ~ vm*sin{w*t-2%pi/3) - p.Ib*R
16 p.ve ~ vm*sin(w*t+2*¥pi/3) - p.IC*R
17 ]

18 compose(DDESYstem{eqs, t, [], pars; name=name), p)
19 end

Pucynok 1 — Mopnenp ncTounnka HanpsoKeHHus Ha s3bike Julia

| function AtmopomoRmsaraTess{;nane, Le,Lr, RE, 5, 100,00, TE_start,d)
Enaned = PAn3(

3 va_startee,
a I3 _startee,
S Vb_starta220%in(-2%0172),
¢ b starte22e%sin(-2%p1/2),

7 ve_starte220%sin(2%pi/3),
& Ic_startva2etsin(2*pl/3)

0 5%5 = @veriables begin
1 Izd(t)2
i) I59(t) -2
e Ise(t)-a
14 VSI(tr=0
15 viqit)-2
& vEB(t)ea
17 wk(2)-0
19 wr(t)s0
15 1orit)=2
20 1gr(t)«2
2 We(t)-e
Ke(t)ee
3 ec(t)e
4 wir(t).e
5 Writ).e
-1 (%)
2 To(LIaTe start
5 end
29 pors « @marsseters begin
o (1< ¥4
3 Lratr
g2 LIS
33 Brede
5] VN
25 e
2 ML
7 =3
6 TC_starteTc_start
39 end
“0 LClalc-C
s LEPelged ™G
a2 Ll
A3 W - 129p1
&4 o35 = [
48 156 = (2/D) * (P.In*Cos(W't) + 9. ID*COS(W't - 2p4/0) « p.2ccos{wt « 204/3))
o 15q = -(2/2) * (p.Ia%zin{u't) + p.10%sindet - 2pd/3) « p.Icvsin{utt « 204/3))
a7 158 - (172) * (p.18 + p.Ib « 0.3¢)
an V3G~ (2/3) * (P.V'Cos(¥PT) + DDTCOR(WIT - 290/)) « p.NCTcos{w't « 20470))
oy V5@ = ~(72) * (p.VAaTsin(ett) + 2.RSIN(WT - 2p8/3) + pNCTSEN(RIT o 2p470))
0 VS8 = (1/2) * {(p.Va + p.VD + p.NK)
$1

SPANED - WK
54 T =~ Te start
o ofw) - (T-7) /3

, T =~ (3/2) * (¢6c*Isq - ¢qctIsd)

5y
“ 0{Qoc) - Vsd - RCUISO « wkYgC

61 0{4GC) =~ VSq - RC*Isq - wKUH

62 O{gRc) = VB - RC'IsR

&3 2{Per) ~ @ « Artior o (kvar)'ear

4 O{83r) ~ & - Ar¥igr - (WK-er) i

66 95 = LC1*T30 « M'igr
&7 W~ LEITIS] - Mg

8 WO - LRI
™ QOr ~ M'Izd « Lpitidr

71 W - N'I5g - Lpltigr
’2 1
compOse (QONSystem(egs, L, 5tS, Dars; name«ndne), o)

74

Pucynok 2 — Mojens aCHHXpOHHOTO JIBUTaTes Ha si3bike Julia
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a) TOK (ha3bl A cTaropa, 6) JEKTPOMarHuTHBI MOMEHT U CKOPOCTh pOoTOpa
Pucynok 3 — I[Tyck aBuratens ¥ NpoJODKUTENIbHBIA HEM3MEHHBIA PEXKUM PaOOTHI

oreg 3t [T ]
- 1
px " § Vv st

a ‘
I =t 6

>X~‘|i“’ |

- 4
. (1) s " T " " T

"

@) Tok ¢a3bl A cTtaTopa, 6) SJIEKTPOMAarHUTHBII MOMEHT U CKOPOCTh POTOpa

Pucynox 4 — [lyck nBurartesns u mocieayroliee majeHue HampsoKeHUsI HCTOYHUKA

fr— P
2 il sk \orop wrt
,
]| 6
106 | ‘ ’ ' | 1’
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o (1] o8 &8 2 ¢

10 2 L i "

t

a) ToK (ha3bl A cTaropa, 6) IEKTPOMarHuTHBI MOMEHT U CKOPOCTh pOTOpa

Pucynox 5 — [lyck nBuraresns u mocieayronui Habpoc Harpy3Ku Ha BaTy

3 na B i

1 mw L Ll (1] LL

a) Tok (a3el A cratopa, 6) SJIEKTPOMarHUTHBI MOMEHT U CKOPOCTh pOTOpa

Pucynoxk 6 — Ilyck nBuraresns u nocjienyroniee BbIKIIOUEHUE JBUTATENS
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VK 621.315.1
Onpenenenue napaMeTpoB JJHHUHU IJIeKTPONepeIad 0 CHHXPOHU3HPOBAHHBIM BEKTOPHBIM
H3MepPEeHUsIM: HccJieJ0BaHue HA POrPAMMHO-aNNAPATHOM KOMILIEKCE PeaJibHOr0 BpeMeHH

Munses .11
Hayumslii pykoBoauTess — Xoxnos M. B.?
1 - Coikmuigxapckuil necnou uncmumym, 2. Coikmulexap, Poccus
2 - QU] «Komu Hayunwii Llenmp YpO PAHy UCO u JIIC, e. Cuikmuisxap, Poccus

dakTUYecKue 3HaYEHUs TapaMeTpoB JIMHUM 31ekTporepenaun (JISIT), a uMeHHO conpoTHBIEHHHA
R m X u npoBomumocteld B u (G, WCHONB3YyEeMBIX B EXKEIHEBHOM NPAKTUKE PACUETOB PEKUMOB
anekTposHeprerndeckoil cucrembl (93C), CHIBHO 3aBUCAT OT TOTOIHBIX YCJIOBHM, MepenaBaeMoil
MOIIHOCTA M MOTYT OTJIMYaThCsl OT MPOEKTHBIX 3HaueHud Ha 40% [1]. B mocnemnue romsl akTHBHO
pa3pabaTbIBatOTCS. METObI HENMPEPBhIBHOM akTyanu3anuu napamerpo JIOII myrem ux pacdera U3 JTaHHBIX
CUHXPOHU3UPOBAHHBIX BEKTOPHBIX U3MEPEHNH TOKOB U HANPSHKEHUI MO KOHIIAM JIMHUH [2, 3].

B nannoi#t pabGote uccienyercss oAHa U3 METOJUK Takoro pacuera. C 1enpio MpUOIMKEHUS K
peanbHBIM  YCJIOBMSIM, HCCIIEJOBAHUE BBIMOJHIETCS Ha MPOrpaMMHO-AIapaTHOM KOMILJIEKCE
MOJIEIIMPOBAHMS NIEKTPOIHEPIETUUECKUX CUCTEM C MCIOIb30BAHMEM IPOMBIIUIEHHBIX YCTPOWCTB
CUHXPOHU3UPOBAHHBIX BEKTOpHBIX M3MepeHui (YCBW) u mpoMbIIIEHHBIX MPOTOKOJIOB IEperadn
naHHbIX. [IpeacraBineHsl pe3yabTaTsl, IOJIYYEHHBIE B XOJ€ DKCIIEPUMEHTOB C MMUTALIMOHHOW MOZEIIBIO
99C, a Tak e pe3ylbTaThl pacuera napameTpoB peanbHoil JIDII myreM «mpourpsiBaHus» Ha CTEHJIE
PETPOCIEKTUBHBIX JAHHBIX CHHXPOHU3UPOBAHHBIX BEKTOPHBIX U3MEPEHUH.

JKcIepuMeHTaIbHAsE ycTaHOBKA. [IporpamMHoO-ammapaTHeIi  KOMILIEKC —Jaboparopuu
sHepretrueckux cuctemM MCH u DIIC OUILL “Komu HIL YpO PAH” Bkmtouaer B cebst (pucyHOK 1):
1u(pOBON CUMYIATOP, MpeIHA3HAYEHHBIM IS MMUTAIMOHHOrO MojenupoBanus OOC U BblIauu
IUGPOBBIX TOTOK H3MEPSEMBIX CHUTHAJIOB B PEKUME PEANTbHOTO BPEMEHHM Ha BHEUIHHE MOPTHI;
MOAKI0UYEHHBIE K HUM Y CBU; KOHIIEHTpAaTOp CHHXPOHU3UPOBAHHBIX BEKTOPHBIX JAHHBIX; YCTPONCTBO
CHHXPOHM3AIMU €AMHOTO BPEMEHHU, CHHXPOHU3UPYIOIIEe 10 CUrHajlaM TJI00aTbHBIX HAaBUTALMOHHBIX
CHCTEM BCE€ YCTpOICTBa, 00pa3yromye KOMILIEKC.

Cxema mpoBeIEHMs SKCIIEPUMEHTa IpPEJACTaBI€HAa Ha pUCYHKe 2. B cpene MonennpoBaHHs
Simulink nmoxrorasnuBaetrcsi uMuTanuonHas mozaenb 99C u rerepupyercst C KoJ MOJENH, KOTOPBIN
3arpyxaercs Ui 3allycka B peaJbHOM BpeMeHH B IHM(poBoi cumymsTop. IloToku ornudpoBaHHBIX
BBIOOPOK TOKOB M HANpPSKEHUH, pErUCTPUPYEMBIX MO KOHLIAM OJHOW U3 JIMHUU Moaenupyemonr D9C,
no npotokory MOK 61850 mepenatorcst ¢ cumynsaropa Ha asa YCBMU, e onu npeoOpasyroTcs B
CUHXPOHHM3UPOBAHHbIE BEKTOpHbIE H3MepeHHs. CHHXPOHU3MPOBAHHOE BEKTOPHOE HM3MEpeHHe (WIu
u3MepeHne cuHxpodazopa) mpencrapiser coboil neicTByrolee 3HadYeHHEe U (Pa30BBIA IOl OCHOBHOMN
TapMOHMKHU TOKa WM HaNpsKEHWs, PETUCTPUPYEMOE B OJHO3HAYHO OIPEIEICHHBIE C IOMOIIBIO
100aNbHBIX HABUTALMOHHBIX cUCTeM MoMeHThl BpemeHu [3]. Ilomumo cuuxpodazopos YCBU
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U3MEpSET YacTOTy U CKOPOCTb M3MEHEHMsI YacTOThl B y3JI€ IMPHUCOEAUMHEHMS, a TaK M€ MOXKET
BBIUUCIIATH JIOMOJIHUTENbHBIC TApAMETPhl PEKUMaA, TAKUE KaK aKTUBHYIO U PEaKTHBHYIO MOILHOCTb U
mp. Ilonydyennsie usmepenus no nporokony C37.118 nepenatorcs kaxasie 20 mc Ha [I9BM, rne no
HHUM BBITIOJIHAETCS pacyeT napameTpon JIDII.

__— MOHHTOpPHHTA MOJASTHPYEMOTO IpoLecca

VeTpoHCTBO CHHXPOHH3HPOBAHHBIX BEKTOPHBIX
=" u3Mepenuii (YCBH)

_ VeTpoicTBO CHHXPOHH3ALHH €IHHOT'O BPeMeHH

KOHIIEHTPaTOp CHHXPOHH3HPOBAHHBIX
BEKTOPHBIX H3MepeHHI

KommyTatop

L{ubpoBoii CHMYIATOP

Pucynok 1 — IIporpamMMHO-anmnapaTHbIii KOMIUIEKC MoenupoBanus 99C

Totok olmdporaHHBIX i MV — e
At = 250 Mkc TaxeTs! cuuxpodazopoe [ n V O

At =20 mc for 1, msg Ln snumerste(synchrophasor):
Yo Tine: Soace Cesanator: nsglata - msg.data.pmu_data[0]
1558652 190, 306461 IntelCer J6ifeiad  Iec-TeS7_ferBéime = self v[i] - complex(msgData.phasors[o].real,
1990605 192506711 Dntelor_6:f4cel  Iec-fchl oacotcag | 7 Smohronization word: Swashl 3 - ‘m@umn.xm{- imagirary’
1558654 190, 306711 Dntelor J6:fdiad  Tec-Tcs? od:piiis Framesize: 74 bytes self.v[i+2] - complex(msgData.phasors(1].real »
145545 102 MMOED Dntelfor 36:fdcel Dec-Tedd 04:00:E) PMU/DC 1D nusber (Stress source ID): 1624 , = . mp-m.ph-wn['- s s
1558456 190 ME061  Intelfor 36:fdind Tec-Teh? Gd:0:ad SOC tise stamp: Mae FE, 2823 15:50:76 000000888 UTC - R i - 1 l"{ ry
1856607 100307204 Inteller JE:fd:al  lec-TeS? 04-06:82 » Tise quality flags self.v[144] = complex(msgData.phasors]?].rea. . .
1SI06SE 190.M7214  IntelCor J6:fdind  Iec-TeS? SM:pd:s Fraction of secend (ra): 488 msghata. phasars[ ], imagirery]
1558600 100 MIT4E)  Intellsr 36:f4:ad Lo - Ted?_d=inb: il Fraction of second: 100 milliseconds
15700 190 746 IntelCor J6:fdisd  IecTed? M4co0ibd | v Messursssnt dats self.i[i] - cowplex(wsgbuta.phasors[)].real,
. [oi using configuration from frame: Moeoen] ey msgata.phasors(3]. inagimary
Ethernet T1, Srci IntelCor_36:T6ia8 (98:10121136:14108), Dsti Id ¥ Station: “trergoserys " self.i[i0)]  complex(msgbata.phasars(4].real,
v LSRN Sempled Valuws » tlags msgData. phasors[] . inaginary
] ~ Phasors (6), notation: polar, forsat: flosting point self i[i+4] = complex(msgheta.phasors[5].real,
Lemgth: 108 Phasor B1! “Uphs_a =, 129¢00 800V . 268,715° alt -7997,293+1-129567 380V msghata. phasors[=]. Imaginary,
Reserved 11 @xle0 (8) Phasor 82: “Uphs_b =, 179600 @00V . 148,716% alt -118757,164+367257,905V
Reserwed J: Buidsbl (8) Phasor B3 “Uphs_c ", 129600,800V o 28,718° alt 113658, W1+362273,19W | self f[1] - msgData.freq;
v Phasar 84 “Tphs_s ", 513,308 Z269,857° alt  -1,78845 513,2984
i :‘*‘“"—_‘1 i Phasor #5: “Tphs_b =, 513,300 £149,854° alt -443,87345257, 7964
= '“u_ IHIF (L < 5 5]‘,“ < hhﬁ‘i alt uﬁ,l’?oi.il?i Pacnamnm WOPOB
+ID; KPR_RTTR_ 801 - - s
sapint; 563 luu of duure of «-.ne cy! -8, 00Me/s Hu pact:er Ha ‘p}m
confResr 1
it chabos f3a

Pucynok 2 — Onucanue 3KkcnepuMeHTa
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NmuTanumonHas mogeb. DkcriepuMeHTsl npoBoauiuck ¢ IEEE tectoBoii 9-y3noBoit 99C,
MoO/Ie)Ib KOTOpO# Obuta coOpana B Simulink ¢ ucmonb3oBanuem OuOmmuoreku Simscape Electrical
Specialized Power System (pucyHok 3). Tpu tpexdasubix reneparopa momqHocThio 100 MBT
Kakplid ¥ Hanpspkenuem 13,8, 16,5 u 18 kB nmoakimroueHs! yepe3 moBwIIIaomue TpaichopmMaTopsl K
cetu 220 kB, nuTaromeir Harpy3ku B y3nax S5, 6 u 8. JIuHUM snekTponepenayu, BBHINOJHEHHbIE
omokamu Three Phase PI Section Line, mpexactaBimensl I[I-o0pa3Hoii cxeMoW 3aMelIeHUs C
COCPEIOTOYCHHBIMH ITapaMeTpaMHu.

Jlis  TecTUpOBaHMA METOIMKHM pacuera mnapameTpoB JIOII mo CHHXpOHU3MPOBAHHBIM
BEKTOPHBIM U3MEpPEHHIM BbIOpaHa JTUHUS 7-8, 1yinHa KOTopoil 70 KM, a yaenbHbIe TapaMeTphl MPSIMOi
U HYJIEBOM IOC/eNOBaTeNbHOCTEH: 1, = 0,0642 OM/KM, |, =1,732MI'H/KM, ¢, =1,2809-10° /KM,

-9 o o
r, =0,2760M/kM, 1, =3,5369MIH/kM u C; =95,7866-107 d/km. Onmoit us neneii uccnenosanus

ObLTa TIPOBEpKA METOAHMKHU B YCJIOBHSI MPOTEKAHUS B CHCTEME MEPEXOTHBIX IMpoieccoB. s 3Toro B
y371e 7 MOAENMpPOBaJIOCh OAHO(GA3HOE KOPOTKOE 3aMbIKaHUE.

me= EAqm
X 72078
Rhali) B 1 Aa & a T Am A a Aa T A a Aa T a L Mo T -f0.7207
8 anpde 3£ &b Bb 86 v 3E spder
v cp! cepAcDT Tvoe ] cepaC cp-ACce c chdccp—t &n” T cpdce ! b g ladita
Synchionous Machine Three-phase 78 o8 Three-phase J ISyndwuun Machine
100 MVA 18 KV Transfomer Transfomer 100 MVA 13.8 KV
QU] 100 MVA 1B RV 230KV 100 MVA 138 kY 230 kY [2gpo
£ (=] < L5 < [+
B 7.5 i 2.8 E
- = ] o
4 T
Anpda a An 1 A a A p—
5 80 5T Jo 50 p— = L 6
Discrete —— T c o Cc c| Cc
0.00025 8. a5 l ] 6 l l
PE——_ < (£} m a @ < =]
Three-phase >
T e | uld :
s 100 MVA 185 kV 230 KV ' =
< oo
12550 00 30
® o o
l -
A
p———d e
c
1

Synchrancus Machine
100 MVA 16.5 RV
=3
-
[ b_l
26418

Pucynok 3 — Cxema 90C

Metoauka pacdera nmapamerpos JIJII mo namnsim YCBM. Paccmorpum I1-o6pasnyro
cxeMy 3amernenus ogHou (aszel JIDII, mokazannyro Ha pUCyHKe 4.

11, Uy R+X 2. Us
YBU f———— Y — YCBH

I G+B I G+B

Pucynok 4 — Cxema 3amenienus JIOII
Jli1 9TOM CXEMBI 3aMEILLEHUS CIPABEAJINBO BhIPAKEHUE!
i+U, Y +U,Y =1, (1)

rae Y =G+ jB — IMoJOBHHYATAs MPOBOAMMOCTD JUHHUH. V3 3TOr0 BhIpa)KeHHsI OTydaeM:
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I, 1
u,+U,
ITo nepBomy 3akony Kupxroda Tok, mporekaroiuii uepe3 Z = R+ jX , paBeH:
I, =0+U,Y=1,-U,Y. 3)

[To 3akony OMmy, 3TOT e TOK PaBeH:

(4)

N3 Beipaxenutii (3) u (4) nonyqaem:
Ul _U 2 — Ul _U 2
L+UY [,-U,Y "’

Z= )

Kon mporpammsr pacuera mapamerpoB JIDII mo dopmynam (2) u (5), cOBMEIIEHHBIH €O

CKPHIITOM PacIakOBKU CHHXpOQa30poB, Harmucad Ha Python u 3anmyckaercst Ha npuHuUMaromeit [I9BM.

PesyabTarsl udmepenunii. Ha pucynke 5 npeacraBieHbl U3MEPEHHS ACUCTBYIONIUX 3HAUYCHUN

TOKOB M HAalpsDKEHWH, a TaK K€ MU3MEPEHHE 4YacToThl, rnosydaemble ¢ ogHo m3 YCBU. Tak xe
IIPEJCTaBICHbl JETAIU3UPOBAHHBIE YYAaCTKU TIpadUKOB, OTpa)karolllUe BIUSHHE JIUCKPETHOCTU
U3MEPHUTENBHOTO TPeo0pa3oBaTes.

830 ¢

Sa0 ¢
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Tion § woeiss rown 17 A
-
<

’
.f\
|

/

a '* [~

Mo.qynb'ror(a = i | Moayne Hanpnmeuun

YacTtoTta

802

Yactots ayane 1, My

499

497
1]

PucyHnok 5 — I3MepeHus TOKOB, HAIIPSKEHUM U 4aCTOTHI

[TapameTprl cxembl 3amenieHuss auHUM 7-8 B 9-y3noBorr D3C, paccUUThIBAEMBbIE Ha OCHOBE

U3MEPSEMBIX CHHXPO(]A30pOB TOKOB W HAMPSHKEHUH B KaXKIbIi MOMEHT BPEMEHH HX IOCTYIUICHHUS,
npuBeeHbl Ha pucyHke 6. HaOmromaemblil IIyM B OILEHKaX MapaMeTpoOB OOYCIOBIIEH MOTPEIIHOCTHIO
u3MepeHuil (B TepByI0 ouepeAb OIMMOKaMHM KBAHTOBAaHHUS) W MOXET OBITh JIETKO YCTpaHEH
yCpeIHEHHEM OLIEHOK Ha HHTepBasie BpeMeHHU. llocTosiHHOE cMelleHHe OLEHOK OT (aKTHYECKHUX
3HaueHUi (0003HAYECHbI MYHKTUPHBIMHU JUHHUSIMH) B YCTAHOBUBIIEMCS PeXUME (DYHKIMOHHPOBAHUS
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OOC He mpeBbIIIACT BEJIWYMHBI CIY4ailHOrO IIyMa, 4YTO TOBOPUT O JIOCTAaTOYHO XOPOILIEM
BOCCTaHOBJIEeHUM napameTpoB JIDIL.

Bmecte ¢ Tem, oOpamaer Ha cebsd BHUMAaHHME CKa4OK B TpauKax HHIYKTHBHOTO
COIIPOTHUBIICHUSI U €MKOCTHON IPOBOAMMOCTH IMOCIE KOPOTKOIO 3aMbIKaHUSA. DTO CBA3aHO C TEM, 4TO
9TH HapaMeTpbl 3aBUCAT OT YaCTOThI, KOTOpasl CYLIECTBEHHO OTKJIOHSAETCS OT HOMMHainbHOU 50 I'l B
nepexoqHoM pexxume (pucyHok 5). Ha pucynke 7 npezacraBieHsl rpadUKy 3HAYEHUH MHIYKTUBHOCTH
Y €MKOCTH, BBIYHMCIICHHBIE U3 OIICHOK IMapaMeTpoB X v B ¥ U3MEPEHUs YacCTOTHI 10 (popMyrmam:

X B
L= C=—1.
24 oA
Kax BUJHO, OLICHKHU IIapaMCTpPOB LucC COXpPaHAI0T CTa6I/IJ'II>HOCTB, IOATBEPIXKAAasd IPAaBUIBHOCTH

pacueTHbIX mapamMeTpoB X W B B MEPEXOJHOM pEXUME, YTO BAXKHO B YCIOBUAX HEMPEPHIBHOIO
MPOTEKAHUS TIEPEXOAHBIX MPOLECCOB B peabHbIx DIC.

48
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Pucynok 6 — PacueTHble 3HaUEHMSI TapaMeTPOB CXEMBI 3aMECHHS JTHHUHU 7-8

PesyabTarsl pacdyera mapamerpoB peanbHoil JIDII. Mertoauka omnpeneneHus napameTpoB
JIUHUH dJIEKTporiepeaadn Obuia mpuMenena kK peanbaoi JIDI 220 kB. McxogHbIMu TaHHBIMU CITYKUATTA
PETPOCIEKTUBHBIE MACCUBBI CUHXPOHU3MPOBAHHBIX BEKTOPHBIX M3MEPEHUI TOKOB U HANPSKEHUH IO
koHIIaM 3Toi JIDII, KOTOpble «IPOUTPHIBAIUCE» Ha LU(PPOBOM CHMYISATOPE B PEXHUME PEaTbHOTO
BPEMEHM U IepeaBalnch 1o nporokony C37.118 na npunumaronryro [I9BM.

Pesynbpratel pacdera mpenctaBieHbl Ha pucyHke 8. Otkionenus (2-11 %) B ormeHkax
MapaMeTPOB JIMHUU MOTYT OOBSICHATHCS KaK CHCTEMAaTHUYECKOW IOTPEUIHOCTHI0 H3MEPUTEIBbHBIX
TpaHc(OpMaTopoB TOKA M HANPSKEHUS, TaK U HE COOTBETCTBUEM pEAJIbHBIX 3HAYCHUH MapaMeTpoB
[IaCIIOPTHBIM 3HAYEHUSIM B CUJIy BIIMSHHS TOTOAHBIX YCIOBUM M peXHUMa 3arpy3ku JuHuu. Taxoke
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CIIelyeT Y4YUTHIBaTh, 4YTO mnpuMeHeHHe [I-00pa3HOW cXembl 3aMemieHus Uisl JIMHUW OOJNBIION
MIPOTSKEHHOCTH BBI3BIBAET METOIMYECKYIO MOTPEITHOCTb.

Bce 310 yka3piBaeT Ha HEOOXOAMMOCTh TIPOBEACHUS JAIBHEUIINX MCCIEI0BAHUHN, TOCTAHOBKHU
HKCIEPUMEHTOB C MPUMEHEHHEM MOjeJel M3MEpPHUTENbHBIX TPaHCPOPMATOPOB W MOJEIEH JIMHUU
EKTPOIEepeayu C pPaclpeACICHHbIMUA TapaMeTpaMu C IEJIbI0 YTOUHEHHS] M Pa3BUTHUS METOJIUKH
onpenaenenus napamerpo JIDII mo CHHXpOHU3UPOBAHHBIM BEKTOPHBIM U3MEPEHUSIM.
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Pucynox 7 — PacdeTHble 3HaU€HUSI HHAYKTUBHOCTH M €MKOCTH JIMHUU 7-8
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Pucynok 8 — I'paduiku OIIeHOK TapaMeTPOB PeaTbHOM JTMHUM AJIEKTPONepe1adn
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YK 53.083.91 : 62-531.6 : 62-531.9
Bo3M0:XHOCTH IPUMeHeHHs IBYXBX010BO CTPYKTYPbI H3MePeHHUs

Hementbes U. A., Tpycos A. II.
Hayunbiii pyxkoBogurens - Terepesiiea E. B.
Yxmunckui 2ocyoapcmeennbiti mexnuyeckuu ynueepcumem, 2. Yxma, Poccus

IIpu wu3mepeHun J000H (GU3MYECKON BEJIMYMHBI BO3HUKAIOT OTKJIOHEHUS HTOU
u3MepseMOl BEJIMYMHBI 1O OTHOLIEHHI0 K €€ CpeJHEeCTaTHUCTHYEeCKOMY 3HaueHuto. OHH
omnpeJnensieT CKOPOCTh HM3MEHEHMs 3TOro mapameTpa, T. €. MOTYT ObITh HCIOJb30BaHbl s
aHaJlu3a IMHAMHYECKUX CBOWCTB 00BEKTA.

B 1950x romax coserckuil yu€nbii M. H. LIpIKMH Npeayokun MeTox M3MEpeHHs OTKIOHEHWM
TeMIIepaTypbl OT HEKOTOPOTo yCpeAHEHHOTO 3HadeHus. CyTh METOAA CBOAUTCS K CIEAYIOIEMY: K OOBEKTY
U3MEpEHHs TEMIIEPATyphl MOAKIIIOYAIOTCS IBE TEpMOMaphl (PUCYHOK 1) ¢ pazIMYHON MHEPIIMOHHOCTHIO.

0bvekm
mepmonapa 1 mepmonapa 2
1 €2
Hsmepumens

Pucynok 1 — 3mepenne OTKIIOHEHNH TeMITepaTypbl

Ecnu 1-s1 Tepmonapa umeeT MHEpUUMOHHOCTD 71, a BTOpast — 712, To 3HaueHue JJ{C Tepmonapsl ¢
00JbIlIel HHEPLMOHHOCTBHIO OMPEeNsieT CpeIHeCTaTUCTUYECKUN pe3ynbTaT usmepenus, a JJ1C Bropoit
TEPMONApbl OINpEAEIseT BapUallMOHHBIE OTKIOHEHUs oOTHocutenbHO nepBo JJIC. Pesynbrar
M3MEpEHUS MPU BCTPEYHOM BKJIIOUEHUHU TepMomnap Oyaer

e(t)=e(t)-e,(t). (1)

Tak kak TepMmomapa SBISETCS HMHEPILHOHHBIM 3BEHOM, TO €€ mepelaroyHas (QYyHKIUS
OTHCHIBAETCS MEPENaTOUHON (QYHKIIMEN aneproInYeCcKOro 3BeHa IepBOro nopsijika, T. €.

k k
W -1 . W -2
1(p) Tl (P) Tl )
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roe Wl( p) ) Wz( p) — mepeaaroyHbie (PYHKITUH IEPBOM U BTOPOM TEpMoOTap;
k,» k, — CTaTHYECKU K0>(QPUIMEHT Nepeayy IIEpPBOM U BTOPOH Tepmonap;
T,, T, — HOCTOSIHHBIC BDEMEHH NIEPBOM M BTOPOM TepMoInap;

p — oneparop Jlamaca.
Jnist cucTeMbl, IPeICTaBIEHHON Ha PUCYHKE |, CTpyKTypHas cxema OyneT Kak Ha PUCYHKE 2:

K
nip+1

tO

e(p)

_ ke
Lp+1

Pucynok 2 — CtpykTypHas cxema BKIIOUEHHS TEpMOIIap

O6mass mnepexnaroyHas (yHKIUS CTPYKTYpbl TMpPU YCIOBUM PABEHCTBA CTaTHYECKHE
K02 (UIIMEHTOB Mepeaayd TepMOIap 3aMUIIETCsl KaKk

ko k_ k(mmm)p o kep(T,-T)
T,-p+1 T,-p+1 (T,-p+1)-(T,-p+1) Tl-Tz-p2+(T1+T2)-p+1

W(p):Wl(p)—Wz(p) (3)

Ecnu npoussectu aHanu3 GopMyIbl, TO MOXKHO 3aMETUTh, YTO B YHCIIUTENE CTOUT OJUHOYHBIN
omeparop Jlarmumaca p. Tak kak mnepemarodHas (QYHKIHUS IO OINPENCIICHUI0 €CTh OTHOIICHUE
n3o0paxenuii o Jlaminacy BBIXOMHOM BEIMUYMHBI K BXOIHOW. YKa3aHHBIM OJMHOYHBIN OmNepaTop B
YUCJIUTENE 03HAYaeT, YTO BEJIMUYMHA HA BbIXO/€ Oy/eT 3aBUCETh OT MPOU3BOJHONW BXOIHOM BEIMYMHBI.
JuddepennnanbHoe ypaBHEHHE JUHAMUKN TaKOM CTPYKTYpbl B QYHKIIMK OPUTHMHAJIA 3aMIIETCs KaK

2
T L (1) Dy =k (r,-T) (4)
dx dt

Takum oOpa3zoM, MOA BapHUaLMOHHBIMU OTKJIOHEHUSIMU CJEAYyeT IOHHMaThb CKOpPOCTHBIE
U3MEHEHUSI U3MEPAEMOro MapaMeTpa M0 OTHOUIEHHMIO K €ro CPEeIHECTaTUCTHYECKOMY 3HadeHuro [1].
3nech ke MOKa3aHo, YTO MpU IMOJYyYEHUHU pPe3ylibTara W3MEpPEeHUN KOCBEHHOI0 MeETo/a HeoOXOIUMO
cOOMOleHNe MacIITaOHOCTH OTHENBHBIX MPSAMBIX H3MEPEeHUH, T. €. MacIITaOHOCTH CKOPOCTHBIX
W3MEHEHUH NTapaMeTPOB MPSMBIX U3MEPEHUM.

OTO yCIIOBHE BBINOJIHUMO TOJBKO JJIS CIIydasi IONapHOIO paBEHCTBA MHEPLIMOHHOCTH OTAEIBbHBIX
BapUAIlMOHHBIX KAHAJIOB M3MEPEHMs Ui BBINOJHEHUS MpsMbIX u3MepeHuil. [lpu pazmuuHom ke
MacITabMpOBaHUU KaHAJIOB M3MEpEHHs IepenaTtouHas (QYHKIMS TepseT CMBICI, TaK Kak B 3TOM Cilydae
JMHAMHKA KaHajla U3MEpEeHUs OIHOW BEJIMUYMHBI He OyJIeT COOTBETCTBOBATh JUHAMHKE KaHaia U3MEPEHHs
JPYToi BEIMYMHBL, a PE3yJIbTaT U3MEPEeHUs He OylIeT COOTBETCTBYET JeHCTBUTEIbHOCTH.

Bapunammonnas ctpykrypa, mogo0Hasi pacCMOTPEHHOM, MOXKET OBITh MPUMEHEHAa B KOCBEHHBIX
METOo/IaX M3MEpEHUs] BEMMUYMH. PacCMOTpHM BO3MOYKHBIE BapHMaHThl KOMOMHAIIMM HCIIOIb30BAHUS TAKUX
CTPYKTYp I peaiu3aliiy pa3InyHbIX MaTeMaTHUECKUX ONepalyii ¢ U3MepsieMbIMU BETHYMHAMH.

1. Pesyabrar HM3MepeHHMsl MOJIYy4YaeM MYTEM CYMMHMPOBAHMS pPe3yJbTATOB OT/eJbHBbIX
NPAMBIX H3MepPeHu I

B sTOM ciyudae, cTpyKTypa UMEET [Ba KaHajla MU3MEPEHMsI, BBIXOJbl KOTOPBIX MOCTYNAIOT Ha
OJIOK cIoKeHUs (PUCYHOK 3).
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kl k3
X1 T;p+1 AXyq n AX, Typ+l X
K K,
T, p+1 ly=AX1+AXz Ty pt+l

Pucynoxk 3 — CtpyktypHasi cxema c peajau3aiueil CyMMbl BapUallMOHHBIX OTKJIOHEHUI

Hrorosas nepenarounas GpyHKIuS IpH T1 = T3 = TI; Tz = T4 = T"; k,=k, =k'; k, =k, =k":
o)W (o (o1 K P(T=T) K"p-(T,-T,)
(P) =W, (p)+ W, (p)= 2 + 2 =
T-T,-pP°+(T,+T,)-p+1 T,-T,-p*+(T,+T,)-p+1
~ kl'p'(T"_T') .\ k"'p'(T"_Tl) ~ (kl_l_kll)‘p‘(Tll_Tl)
CTLT p2 +(T +T ")- p+1 T'“T" p2 +(T +T ")- p+1 CTLT p2 +(T'+T")- p +1
[TomywaeTcsi, 9TO B 3TOM Clly4ae UTOrOBas CTPYKTypa MO CBOMM CBOMCTBAM HE OTIUYAETCS OT
PacCMOTPEHHOH BBIIIIE OJHOKOHTYPHOH BapHMAlMOHHON CTPYKTYpbl. OTIHMYUTENBHONH OCOOEHHOCTHIO
SIBJISICTCS JIMIIb YCUJICHUE CTAaTUUECKOTro K03 puilMeHTa rnepeaadu.
2. Pe3yabTar HM3MepeHHs MOJy4yaeM MNYTéM BBIYUTAHUS Pe3yJbTATOB OTHAEJbHBIX
NPSAMBbIX H3MepeHui.

B sToM cityuae, CTpyKTypa MMeeT JBa KaHaja M3MEPEHUs, BBIXO/bl KOTOPBIX MOCTYNAIOT HA
OJI0K BEIUNTAHUSA (PUCYHOK 4).

)

kl k3
X1 Ty p+l AXy A%, Ty p+l X,
K, K4
T2'p+1 ly:AX]_—AXZ T4.p+1

Pucynok 4 — CTpyKkTypHas cxema ¢ peau3anieil pa3HOCTH BapHallMOHHBIX OTKIOHEHUH

[Ipu BBIMONIHEHUHU yKa3aHHBIX BBILIE YCIOBUM Takas CTPYKTYpa HE MMEET CMbICIA, TaK Kak
UTOroBas nepefaroyHas GyHKUuUs Oy/eT paBHa:

O Kkp(TT) k(1T
ST PR (THTY)-p+l TWTp2+(THT")-p+l
(k=K po(T"-T)

T-T"p*+(T+T")-p+1

W(p) =W12(p) _W34( p)

(6)

[Moyyaercsi ycuieHHe CTarhueckoro kosdowumueHra mnepemadn cuctembl, a npu K'=Kk"
nepeaaTrouHas GyHKIUS CTPYKTYphl BOOOIIE 0OpaIiaercsi B HOJb.

3. Pe3yabrar u3dMepeHus mnojgay4aeM MNYTEM YMHOKEHUSI Pe3yJabTaTOB OTAeJIbHBIX
NPAMBIX U3MEpPEHHH.

B atoMm ciyuae, CTpyKTypa MMeeT J1Ba KaHajda W3MEPEHHs, BBIXOABI KOTOPBIX IMOCTYIAOT Ha
ONOK YMHOXEHHsI (PUCYHOK 5).

k]_ k3
X1 Tl'p+1 A%y X A%,y T3'p+1 X,
K, K4
T2p+1 l y:AX:[‘AXZ T4p+1

Pucynok 5 — CTpykTypHas cxema ¢ peajin3alnneil yMHOKEHUSI BApUAIlMOHHBIX OTKJIOHEHU
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Wrorosas nepenaroynas GyHKIUS TPU T1 = T3 =T ; T2 = T4 =T s ki =k, =k"; k;=k, =k":

) . K. p-(T"=T") kp-(T"-T") _
W(p)—le(p)-W34(p)—T..T... D7+ (THT") p+rl T T-p?+(T+T")-p+1

Kk® p?-(T*=T")
(T-T" P +(T+T") p+1)

OcoOeHHOCThIO 3TOW BapHUallMOHHOW CTPYKTYpHI SIBISETCA peanu3auvs (YHKIHH JBOMHOIO
muddepeHIpPOBaHNs B OpUTHHAJE, BE/Ib B YUCIUTENE OTYYEHHOW UTOTOBOM MepenaTouyHON (yHKIUU
omneparop Jlarmiaca p BXOIUT BO BTOpO# cTeneHU. To ecTh BhIXOAHAs BETUUYHHA OyJIeT 3aBUCETh YiKE HE
OT CKOPOCTHU U3MCHCHUA BXOIIHOI>’I BCJIMYHMHBI, a OT eé YCKOPCHMUA. Tax:ke IMeeT MECTO 3HAUMTEIbHOE
YCUJIEHUE CTaTUYECKOro Kod(dulireHTa nepeaayu CuCTEMBI.

4. Pe3yabTaT HU3MepeHHs] NOJy4YaeM NYTEM /leJeHUS Pe3yJbTaTOB OT/AeJdbHBIX
NPSAMbBIX U3MeEpPeHUM.

B sTOoM ciydae, cTpykTypa UMeeT J1Ba KaHaja M3MEPEHUS, BBIXOJbI KOTOPHIX MOCTYIAOT Ha
0ok neneHust (PUCYHOK 6).

(7

k| ks

X1 T, p+l A%y . A%, Ty p+l X2
_k K
T2.p+1 l y:AX;[/AXZ T4.p+1

Pucynok 6 — CTpykTypHas cxema ¢ peajau3alnei 1e1eHusl BApUaluOHHBIX OTKJIOHEHHI
Urorosas nepenarounas GpyHkuus Oyner paBHa:
K p-(T"-T" kK p-(T"-T'
W(p) W (p) My (p) = o TT) KO PATET)
T T"p*+(T,+T,)-p+1 T T"p*+(T+T")- p+1
3 k' p-(T"—T') T.T™ p2+(T'+T")- p+l_ k' _K
_kll p'(T“_T') TI'T"'p2+(TI+T“)'p+1_k"_
Takum 006pa3oM MOXKHO MONTYYHUTh CTAaTUYECKOE 3HAYCHHE U3MEPSEMON BEIMUYUHBI, CBOOOTHOE

OT CTAaTHYECKON OIINOKH.

Hanpumep, wucnonb3ys Takyl0 CTPYKTYpy MOXHO IIPOU3BOAMTH HW3MEPEHMsI KPYTALIEro
MOMEHTa Ha JIBUraresie nprBojia OypusiabHOU KoJoHHBI (MeTof SIryboBa-IlepmuHoBa, [3, 4]).

®)

. P
MOMEHT paBeH OTHOLIEHHUIO MOIIHOCTH K YITIOBOW CKOPOCTH M = —.
1)

Torma crpykrypa OyneT MeTh BapUallMOHHBINA KaHAT U3MEPEHUS] MOIIIHOCTH U BapUaIllMOHHBII
KaHaJl HM3MEpPEHMUsl YIIOBOM CKOPOCTHM Bajia npuBoja. Ha BbIXoAe KaHalla M3MEPEHUsS MOIIHOCTH
[ dP 1 L= n da) "
Ax, =k gers =k "V, , a Ha BBIXOJI€ KaHaJIa U3MEPEHHS YIIIOBOU CKOPOCTH AX, = K g =k"v, .
t t

Ax, kv v

A" P _K.2E=qgradM

[Ipn peneHum pe3ybTaTOB MOITYYUM =— = =g , T. € pe3ylbTar 3THX
AX, k"v, v

KOCBEHHBIX U3MEPEHUI ONPEETUT CKOPOCTHBIE M3MEHEHUSI KPYTSILIEr0 MOMEHTA Ha BaTy IBUTaTellsl PUBOJIA.

[Ipy onMHAKOBBIX HWHEPIMOHHBIX CBOWCTBAX 3BEHBEB KAHAJIOB PE3yIbTaT HM3MEPEHUS
onpeaeNsieT 3Ha4eHHe KPyTAIIEro MOMEHTA Ha BaJly IBUTATENs IPUBOJIA.

DTO CBOWMCTBO BapHallMOHHOW CTPYKTYPhl UMEET CEPbE3HBIE MPEUMYIECTBA MEpPeN IPYyruMHU
METOJIaMU M3MEPEHUs COCTOSIIEE, BO-TIEPBBIX, B 3HAYUTEIILHOM IOBBIIIEHUU TOYHOCTH H3MEPEHUS
MPU OTCEUEHUHN CTATHYECKUX OMMUOOK U BO-BTOPBIX, B MOBBIIICHUH YYBCTBUTEIBLHOCTH [2]/

BrIBOALI:

2]
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1. Bapuanuonsas cTpyKTypa 00JaaaeT cBOMCTBOM AU depeHIIMPOBAHUS.

2. BapuanuoHHble CTPYKTYPbl MO3BOJISIOT MPOBOAUTH HE TOJBKO H3MEPEHHUE KOHKPETHOTO
rapaMmerpa, HO M OIPENENATh CKOPOCTH HM3MEHEHHS €ro COCTaBJSAIOUIMX, YTO KpalHE BaXKHO IS
OLICHKH TMHAMHUKU 00BbEKTa U3MEPEHUSI.

3. Orcekanue CTaTUYECKUX 3HAYCHUH M3MEpSeMON BEIMYMHBI I03BOJSET YCTPAHUTh
CTaTUYEeCKHEe OLIMOKH, YTO CYIIECTBEHHO MOBBIIIAET TOYHOCTh U3MEPEHHUS.

4. Tlpm peanuzanuu (QYHKIMH YMHOXEHHS pE3YJIbTaTOB MPSAMBIX HM3MEPEHUH MOXKHO
MOJIYYUTh 3aBUCUMOCTh U3MEHEHHSI BBIXO/IHOM BETMYMHBI OT YCKOPEHUS BXOIHBIX BEJIUYHUH.
Bbub6anorpaguyeckuii cnucok:
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V MexayHapoaHOW Hay4YHO-TIpakTHUeckoi kKoHpepenuuu, Poccus, MockBa, 15 mapra 2020 .
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VK 620.91
IIpo0JieMBbI COBpeMEHHOI YJHEPIreTHKH B YCIOBHAX NPEPbIBHCTON IeHepanuu

Hekpacos B. II., Poxkusn B. /1.
Hayunsii pykoBogurens - [Toneraes C. B.
Yxmuncxuti 2ocydapcmeennvlii mexnuyeckuil yHugepcumem, 2. Yxma, Poccus

IIpepsiBuctas anbrepHatuBHas re"epauus (ITAI') — 3To He MOCTOSIHHOE, a MOPLIMOHHOE
BbIpa0aThIBAHNUE DJIEKTPUUECKON 3Hepruu. Takoil BUJ reHepaluy OTPHUIATEIbHO BIUSET Ha OOIIYIO
«OKOCHCTEMY» JJIEKTPOIHEPreTUKH, T.K. HE COOTBETCTBYET psly TpeOOBaHUH K HMCTOUYHUKAM
aneKkTposHepruu. I'eneparus, odecreunBaronias S3Hepruei 6a3oByro Harpy3Ky B CETH, JOJDKHA:

1) BeITh AHCIIETUCPU3YEMOIA, T.€. YIIPABISITHCS YETOBEKOM (JHCIIETICPOM).

2) bBbITh MakcHMMaNbHO CTa0MJIBHOW Kak MO HANPSHKCHUIO, TaK M 1O BO3MOXKHOCTH
MOJIIEP>)KUBATh CTA0MIIPHOE MMUTAHUE HArPY3KH B JH000€ BpeMs CYTOK U IpH JIF000# moroe.

3) BoITh Ae1IEBOIA.

4) IMeTh NOCTOSIHHBIN MaKCUMaIbHO BO3MOXHBIH KIT/I.

W3 paccMOTpeHHBIX BbIllle TPEOOBAaHUN UCTOYHUKH MPEPHIBUCTON T'€HEpallMU HE MOAXOAAT HU
no oxHomy. Ecnmm paccmarpuBaTh BO3MOXKHBIE CIIOCOOBI yCTpaHEHHs] MpoOJeM INpephIBUCTOCTH
TeHEPALNH, TO PEMIUTh BO3MOKHO JAJIIEKO HE BCE:

1) [ocTpoiika akKyMyIHPYIOMIUX CUCTEM Ha coTHU MBT u necsatku Bt sHeprum.

2) 'HaTh SHEPruIo U3 JPYrUX SHEPrOCUCTEM B MEPEPHIBAX IEKTPOCHAOKCHUS.

3) CTpOUTH AIIEKTPOCTAHIINH, TAK HA3bIBAEMOTO ITOJICKOKA», T.€. JICKTPOCTAHIIUH, CTIOCOOHBIE
B TeueHun 10-15 MuHYT BbIIaBaTh COTHU MBT 351€eKTpOIHEPTHH.

3a TOCTEIHIO YeTBEpTh BeKa HAOMIoNeTCsl MUK crhajga JoOblYM B YIJIEBOAOPOAHBIX
MECTOPOKICHUSIX, YTO SBJISETCS BECTHUKOM JHEPreTHUYECKHUX Kpu3HCOB. JloOblua HepTH U Ta3a B
HOBBIX MECTOPOXKICHUAX, KOTOPHIE PACIIONIOKEHBl B TPYAHOAOCTYIHBIX I'eorpauueckux YCIOBUSX,
COTPOBOXKAACTCS OOJIBIIMMH SKOHOMUYECKUMHM 3aTpaTtaMu. B cBs3u ¢ 3TuM, ¢ koHna 80-b1x o108 20
BeKa NpaBUTENbCTBOM cTpaH «bombmolr CeMEpku» OBUIO MPHUHATO pEIICHHE O IOUCKE HOBBIX
UCTOYHHUKOB SHepruv. B pesynpTare 1ne06aroB B HaydHbIX Kpyrax IOSBMJIOCH MHEHHE 00
aIbTCPHATUBHBIX MCTOYHMKAX DHEPIUU, TAKUE KAaK: COJHEYHAsl SHEPIUsl, SJHEPTUs BETpPa, NIPUIUBOB U
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T.O. B MOCJICAHUC TOAbl MPABUTCILCTBOM JJaHHBIX CTpaH HOI[O6HOC HaIlpaBJICHUC MOJIYYHUJIO HA3BAHUC
«3enéHas sHepreTuka». B Hacrosimee Bpems B ctpanax EBpo Coro3a, Ascrpanuu, u CIIA nmoctpoeHo
OO0JIBIIIOE KOJMYECTBO BETPSHBIX M COJIHEYHBIX 3JIEKTPOCTAHIIMHA, KOTOpPBIE T€HEPUPYIOT OOJIBIIYIO
4acTh TPeOyeMO MOLTHOCTH.
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Pucynok 1 — I'paduk 3aBucuMocTH JOOBIYM OT BPEeMEHHU

Paccmorpum Ha mpumepe Apctpanuu. B 2020 rony ABsctpamus mnpousBena 63 ['Br/u
B0O300HOBMsieMoii sHeprun. [Ipu sTom B utone 2022 roga ABCTpaluiCKON akaJeMuel TeXHUYEeCKHX
HAayK W WHXUHUPHUHra OBLIO MOJCYMTAHO, 4TO, NpuMepHOo, K 2025 roxy Ascrpamus Oyner
BbIpabaTeIBaTh 0K0JI0 50% 31€KTPOIHEPTUH UMEHHO 13 BO30OHOBISIEMbIX HCTOYHUKOB, a K 2030 roay
3TOT MOKa3zaTesb Bo3pacteT 10 69%. IIpaBurenscTBOM ABCTpanuu ObUIM MPUHATHI MOCTAHOBJICHMS,
yto K 2050 romy nons «3en€Hoi sHepreTHku» B crpaHe cocTtaBUT 100%, T.e. cTpaHa MOJHOCTBIO
nepeiier Ha BO30OHOBIIIEMblE MCTOYHMKU DSHEpPrHMM. ABCTpalidg SBISETCS 3aMKHYTBIM H
000C00JIEHHBIM TOCY/IapCTBOM, HO MPH 3TOM B HEl, KaK YK€ CKa3aHO paHee, Ipeo0aalatoT 2JIeMEHTh
HETPAJAUIIMOHHOW »SHEpreTuku. VIMEHHO TMOodTOMY yAoO0Hee pacCMOTpeTh BIHSHUE «3en&HOoM
9HEPreTUKN» Ha IPUMEPE SHEPTOCUCTEMBI ABCTPAIINH.

OcoOeHHOCTAMU CTPOUTENIbCTBA M BBOJA B DOKCIUIyaTallMI0 BETPSAHBIX M  COJHEYHBIX
AJIEKTPOCTAHLIAN SBIISIOTCS:

1) Beicokuii cTapToBblii KamuTan. DakTHYECKH MOCTPOUTh W BBECTH B IKCIUTyaTAIlHIO
AJIEKTPOCTAHLUIO OYEHb CJOXKHO, T.K. 3aKyNKa U MOHTaX 00OpyAOBaHMS TPEeOYIOT B JECATKH pa3
OoJipllle MHBECTULIMM, YEeM CTPOUTENBCTBO TpaAulMoHHOW anekTpoctanuuu (TOC, ADC)
aHaJIOTMYHON MOUIHOCTH.

2) TepputopuaibHO-Teorpadpuueckue npodaeMbl. Tak Ui CTPOUTENBCTBA BETPSHBIX MApKOB
HE00X0AUMO MOAOMPATh MECTHOCTh C OOJIBIIMM KOJMYECTBOM BETPEHBIX JHEH, BHICOKOW CKOPOCTBHIO
BO3JYIIHBIX MMOTOKOB U T.J. J{Js1 COTHEUHBIX 3JEKTPOCTAHIMI HEOOXOAMMO M0J00paTh MECTHOCTH C
HauOOJIBIIMM KOJIMYECTBOM COJTHEUHBIX THEH U OTPOMHBIM KOJIMYECTBOM ITyCTOTO MECTA.

3) HeBO3MOXKHOCTB MOJHOCTBIO CIIPOrHO3MPOBATh 00bEM BBIPAOOTAHHOU 3eKTpodHeprun. He
IIPEJICTABIISIETCSl BOBMOKHBIM B IIOJIHOM MEHE NPEACKa3aTh XapaKTep W YacTOTy BETPEHBIX THEN Ha
MECTE CTPOUTEIHCTBA JEKTPOCTAHIUH.

4) TlpoGmembl ¢ yTHIM3alMEHl 3JIEMEHTOB BETPSHBIX M COJHEYHBIX JJIEKTpOCTaHIMi. Tak
CYIIECTBYET Ipo0JeMa B yTHIIN3ALMH JIONIACTe BeTporeHepaTtopoB. B HacTosdiee Bpems TeXHUUEeCKast
YTWIM3alUs HE CYIIECTBYET M HX 3aKalblBalOT B IIYCTBIHHBIX paliOHAaX, COJIHEYHBIE IaHENIN
W3TOTaBIMBAIOT U3 PEAKO3EMENbHBIX JIEMEHTOB, OTHOCSIIUXCA KO BTOPOMY Kjaccy OMOJIOTMYECKOMN
ONAacCHOCTH. TeXHUYECKOW YTHUIIM3ALMU COJHEYHBIX ITaHEJIEH TOXKE HE CYLIECTBYET Ha CETOAHSIIHUI
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neHb. COOTBETCTBEHHO B MECTaxX 3aXOPOHEHMsI COJIHEYHBIX I1aHEJIEW HKOJIOrMYecKas CHUTyalus
HapylIaeTcs Ha HECKOJIBKO CTOJETHIA.

5) DBeicTphlii M3HOC W Jerpajanuss KOHCTPYKTHBHBIX 4YacTeid. [1o JaHHBIM HCCIeT0BaHUS
COJIHEUHble maHenu aerpaaupytor Ha 0,5% B mepBwlid roa, u yxe yepe3 5 ner no 1,5% B rox. B
pesynbrate uepe3 20 neT maHenb OyAeT BbIpadaThIBaTh OKOJIO 75% OT BO3MOXKHOTO KOJUYECTBA
anekTposHepruu. C y4€ToM 3arps3HEeHHs] TOBEPXHOCTH COJHEYHBIX MaHeNed, OT KOTOPOro B MOJHOU
Mepe Uu30aBUTbCI HEBO3MOXHO, OKCIUIyaTUPYIOIIME OpraHu3auud ToBopsaT Jsmmb o  40%
BbIpa0aTHIBAEMOI SHEPTUU OT MaKCUMYyMa.

6) [TogoOHBIC MCTOYHMKKM SHEPTHU BBIICISIOT SHEPTHI0 HE MOCTOSHHO, a MOPIHSIMH, OTKY/a
coOcTBeHHO U ee Ha3BaHue «[IpepbIBUCTast reHepaLus».

B 3akiroueHue IMPOBENEHHOIO MCCIEAO0BaHUSA, MOXKHO CHenaTh cleayrolue BbiBojabl. Ha
CETOHSIIIHUN JI€Hb, Y MCTOUYHUKOB allbTEPHATUBHOI AJIEKTPOIHEPTUU C MPEPHIBUCTON reHepanuen
HUKOMM O0pa3oM HE CIIOCOOHBI, Ja)XX€ YaCTUYHO, 3aMEHHTb TPAJAUIMOHHBIE HCTOUYHUKHU
anekTposHepruu. [Ipu BcéM Kakyriemcss MOTEHIMANe U MOJE, HOBbIE UCTOYHUKH HE MPHUTOAHBI AJIs
WCIOJB30BaHUSI B KadyecTBe 0A30BOI0 WCTOYHHMKA DJHEPrUHM, TaK HE COOTBETCTBYET HHU OJIHOMY
TpeOOBaHUIO, MPEABABISAEMBIX K AIEKTpocTaHIUSIM. OCOOEHHO XOUYeTCs MOAYEPKHYTh CTOMMOCTH
AJEKTPOIHEPIHH, BbIPAOOTAHHOMN ajdbTEpPHATUBHBIMU MCTOYHUKaMHU. OHa N3HAYAIBHO UMEET BBICOKYIO
ce0ecTOMMOCT, U Ha BBIXOJE JUJISI KOHEYHOTO MOTPEOUTENss CTOMMOCTh TaKOrO <«QJIEKTPUYECTBA»
OKa3bIBaCTCSI KPAaTHO  BBIIIE€ CTOMMOCTH  DJIEKTPUYECTBA, BBIPAOOTAHHOTO  KJIACCHYECKOM
anekTpocTannuen. Tak ke OCTpO CTOMT Bompoc 00 aKKyMyIHMpOBaHUU Takoil sHepruu. OAHO A€o
3aracTy 3HEPIruI0 JUIs OJHOrO-ABYX >KMUJIBIX 3[aHHM, JPYyroe 3TO COXPaHUTh OIPOMHOE KOJIMYECTBO
ANEKTPOIHEPTHU U1l TOpOAa WM APYroro KPymHOro norpedurens. B coBpeMeHHOM Mupe kpaiHe
MaJI0 CIIOCOOOB OCYIIECTBHTH AKKyMYJIMPOBAHHWE TaKOTO KOJUYECTBA JJIEKTPUUYECKOH DHEPTUH.
Oco0eHHO XOpoIIO Bce MpoOIeMbl OTPaXKaroTCsl B TOCyAapcTBe ABCTpPAIHMH, HA MPUMEPE KOTOPOH U
paccmarpuBanuch uctrounuku [1AT.

bu6anorpadguyeckuii cnucok:

1. Bmsnue BUO Ha CTaOWIILHOCTh SHEPrOCUCTEM [OneKTpoHHBIM  pecypc]. -
https://gecenergetics.ru/2018/04/12/vliyaniye-vie-na-stabilnost-energosistem/ (Jlata obpartenust 16.03.2023).
2. Kak yOuTh dHepreTudeckyro cucteMmy [DnekTpoHHbI pecypc]. - https://regnum.ru/news/2404081
(ata obpamenus 17.03.2023).

VIIK 620.92(943.8)
AHann3 NPUMEHEHUSA COTHECIHBIX naHeJied B yYciioBusIX Kpaifmero ceBepa

Kypunos A. B.
Hayunsiii pyxoBoaurens - lllernaun E. B.
Yxmunckuii eocyoapcmeenHblil mexHuyeckuti ynugepcumem, 2. Yxma, Poccus

B ycnoBusix pailoHOB KpaifHEro ceBepa ¢ Hepa3BUTOW HHQPPACTPYKTYpOll UM OTCYTCTBUEM
3JIEKTPOCETH, aBTOHOMHOE YHEprooOecrneyeHne KpaHOBBIX IUIOMAJ0K M JIPYTUX JTUHEHHBIX 0OBEKTOB
SIBJISIETCSI aKTYaJIbHOW M OCTpOM 3amadeil. B ceBepHBIX MIMpOTax, e TEMIEpaTypa BO3yXa MOKET
ormyckarbcss Huxke oTMeTku -50°C, a ckopocTh BeTpa gocturath 10 m/c, 1 BedHas Mep3/10Ta MEHATh
yron HakjioHa JaHamadTa, NPOKIaJAKa BO3AYLUIHBIX JIMHHUM  3JIeKTporepenad  CTaHOBUTCS
npoOJeMaTHYHOM, a WHOIAa W BOBCE HEBO3MOXHOM 3ajauyeil. YCTaHOBKAa aBTOHOMHBIX
ANEKTPOCTAHIIMKA Ha MCKOMAeMOM TOIUIMBE (IIPUPOJHBIM ra3, AM3elbHOE TOIUIMBO), MPUBOAUT K
OosblIIeMy PACXOJy CPEJCTB B JIOJTOCPOYHOW IEpCIeKTHBE. 3ayacTyio, B He(TerazoBoW OTpaciu,
OOJIBIIMHCTBO Y3JIOB CBSA3H, a TAK)KE KOHTPOJBHBIX MYHKTOB UMEIOT MaJIyl0 MOIIIHOCTh MOTpeOUTENEH,
COOTBETCTBEHHO NpPOKJIaJKka KaOelbHBIX JMHUN WM TNpoBoaoB B ycinoBusix Kpaitnero Cesepa,
ABJISICTCS HIKOHOMMUYECKH HELEeIecO00pa3sHOM, IPU ITOM YCTaHOBKA ra30TypOMHHBIX 3JEKTPOCTAHIIMM,
BEIET K MpoOiieMaTHKe, CBSI3aHHON ¢ MX OOCITYy)KMBaHUEM W HMIIOPT 3aMelleHueM.B cBs3u ¢ 3TuM,
aKTyalbHbIM BOIPOCOM SBISETCA aHalU3, pa3paboTka M  CO3/JaHUE JELEHTPATM30BAHHBIX
BO300HOBIISIEMBIX HCTOYHUKOB SHEPTUU MAJION M CPEeTHEH MOITHOCTH.
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®doTtoaneMeHT (puc. 1) COCTOUT U3 ABYX CI0EB MOIYIPOBOJIHUKOB C P- U N- MPOBOAMMOCTHIO. K
HUM C JIBYX CTOPOH INPHCOEIMHSIOTCS KOHTAKThI, KOTOpbIE IMOAKIOYAOTCA B o0myro nenb. Ilofg
BO3/EHCTBUEM (POTOHOB CBOOOHBIE AIIEKTPOHBI B MPOBOJAHUKE MOTYYAIOT JOCTATOYHYIO SHEPTHIO IS
npeonosieHus O6apbepa p-n nepexoaa. Co3gaercs CBOEro pojaa AUOA, KOJIMYECTBO 3JIEKTPOHOB U ABIPOK
MEHsIEeTCsl, 4TO 00pa3yeT pa3HOCTh MOTEHIUANOB. [Ipy 3aMbIkaHNK Yepe3 (OTOITEMEHT MPOUIET TOK.

EX1 °=h
JRe L ()R

Pucynoxk 1 - ITonynpoBoiHUKOBBIN (OTOITEMEHT.

JUig moay4deHus pa3HbIX apaMeTpoB BhIPAOATHIBAEMOr0 TOKA (POTORIEMEHTHI M IAaHEIU MOTYT
COEAMHUTH MapajuIeIbHO, IS YBEJIMUEHUS CHIIbI TOKA, WIIM MTOCIIeI0BATEIbHO, YTO YBEJIHMUUT PA3HOCTh
noteHuanoB. [lanenn Tak ke MOTYT OBITh CKOMOWHUPOBAHBI C APYTUMH UCTOYHUKAMHU SHEPTHH JJIS
Jy4ILIero pe3ybTara.

Hcnonb3oBaHWE COJHEYHBIX TAHEJIEH CONPOBOXKIAETCS PAJOM MPEUMYLIECTB U
HEJOCTAaTKOB, TAKUX KakK:

* BO3MOXHOCTb pa3MeUIeHUs (POTORIEMEHTOB B TaKUX MECTaxX KakK KpbIIIU 3JaHUH,
TEPPUTOPUU YUACTKOB, CTEHBI;

* CHOCOOHOCTh T€HEPUPOBATh FNEKTPOIHEPTHIO JJaKe B CAMYIO TACMYPHYIO IIOTOTY;

* HU3Kas BOCIIPUHMYHBOCTH K IIEpeTagaM TEMIIEPATyp;

* HET JBWKYIIUXCS 9aCTeH KOHCTPYKIIMH, YTO MPEJOTBPAIIAECT K MEXaHUIECKUM U3HOCAM;

* Hu3Kasg 3PPEKTUBHOCTH COTHEUHON OaTaper B MaCMypHYIO MOTOJY;

* CIIO)KHOCTB UCIIOJIb30BAHUS B PETHOHAX C OOJIBIINM KOJINYECTBOM OCAJIKOB, B YACTHOCTH CHETa;

* BBICOKAs CTOUMOCTD U, KaK CJIE/ICTBUE, IJIUTENbHBIN IEpHO] OKyITaeMoCcTH OaTapeii;

* COJIHEYHBIE IAHEIN TEHEPUPYIOT TOJBKO IOCTOSHHBIM TOK, MO3TOMY JJsl IOJY4YEHHUS
MIEPEMEHHOT0 MOTPEOYIOTCS TOMOIHUTENbHbIE YCTPOICTBA,

* oHeprusi BblpaOaThIBaeTCs JIMIIb B TEUEHHE CBETOBOIO JHSA M JJs €€ HaKOIUICHUS
Heo0xouMo OyeT NpuoOpecTH aKKyMYJISITOPbI;

PaccmoTpuM noapoOHee HEKOTOpbIe MPOOJIEMbI U METOJIbI UX PELLICHMS:

B oTnnumne OT 10KHBIX pailOHOB, IZie B OCHOBHOM pPACIpPOCTPAHEHbI COJHEUYHBbIE MaHEeIH, Ha
ceBepe B 3MMHEe BpeMs, MaHenu OyqyT MOKPBIBATHCSA CIOEM CHEra W MPHUBOAMTH K O00JIEIEHEHHIO
MOBEPXHOCTH DJKpaHa COJHEYHON Oatapeu. /[l pemieHus HTOM NpoOJeMbl MPEANONIaraeTcs
UCIOJIb30BaTh UH(PAKpacHbIi kabenb (puc. 2, a), NpeAHa3HAYSHHBIH U1 HarpeBa COJIHEYHOM MaHeNu.
B cucremy mukpomporeccopa aBTOMaTHYECKOTO YCTPOICTBa HH(PAKpacHOTro Kabens 3alloKeH
aTOpUTM cpalaThIBaHHUsI TMOJOTPEBA COJHEUHBIX MaHeJe B 3aBUCUMOCTH OT JHEBHBIX CYTOK U
MOroAHbIX ycnoBuil. Takke, CyliecTByeT BO3MOXKHOCTh CHCTEMbI OYMCTKH CHEra IOJ JAeWCTBHEM
BUOpAIMK C TTOMOIIBIO PE30HUPYIOIINX MPOBOIOB (puc. 2, 0).

Emé oxnoit mpoGieMoil MCHOIb30BaHUS COJTHEUHBIX MaHeJe Ha ceBepe, SIBISETCS KOPOTKUI
CBETOBOM JIeHb B 3UMHHI 1eproj. JTa mpobiaemMa MOKeT ObITh pelieHa MMyTEM BHEAPEHUs aBapUitHOro
WM JOTIOJIHUTEIBHOTO MCTOYHHMKA 3HEPTUu. st 3Toro Moker ObITh BBIOpAH BETPSIHOM TeHepaTop,
KaK UCTOYHHUK C 0OJIbIleil aBTOHOMHOCTBIO, YeM JTU3ENbHbIN reHepaTop U razoBas TypOuHa. C yueTrom
HEJOCTaTKOB BETPOT€HEpPaTOpOB, OCHOBHOM MpoOieMOoN [ apKTHUYECKUX 30H, MOXET CTaTh
o0JieJileHeHUe JIONacTed, a TaKkKe MX BBIXOJ W3 CTPOs, BBUAY OOJBIIMX CKOPOCTEH BETpa, M Kak
CIIEZICTBUE UX MEXaHUYECKUH M3HOC. J{1s mpenoTBpalieHus 00JIeIeHEeH s JIonacTel U poTopa MOXKHO
UCTOJIb30BaTh TOJIMYPETAaHOBBIE IUIEHKH, MOKPBITHIE COCTaBOM, cojaepkamuM 15-75% d¢ropa u 25-
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85% kucimopona, BOAOpOJA WM YIJIEpOJAA, WM COCTaB M3 KPEMHUS, KHCIOpOJa M YIIIEpoJa,
OonpeAeIEHHBIX METOIOM PEHTT€HOBCKOM CieKTpocKonuu[3].

B kadecTBe mpumepa MPUMEHEHUS! COJHEYHBIX 3JIEKTPOCTAHLMI ObLI BHIOpAH KPaHOBBIHM y3el
Ha ydJacTke MaructpaibHoro rasomnpoBoma Mexay KC-10 (Cocuoropckoe JIIIYMI) m KC-11
(Cunnopckoe JIITYMI'), Tak Kak B 3TOM paiioHe BCTpeyaeTcsi O0OJI0TUCTas MECTHOCTb, YTO 3aTPYIHSAET
MIPOKJIAJIKY JTUHUH 3JIEKTponepeay.
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a) uHdpakpacHblil Kabelb; 0) pe30HUPYIOIINE TPOBOA
Pucynok 2 - CriocoObl OYMCTKH OT CHETa COJTHEUHBIX MaHEeeH.

B snektpocTaHiny, HCXO/s U3 PaCYETOB MOIIHOCTH ObUIM BBIOpaHBI JABE COJTHEUHBIE TTAHETeH ¢
obmmmu napamerpamu: U=48 B, P= 920 Br, n = 22%, 610K U3 IIECTH aKKyMYJISITOPOB C EMKOCTBIO
Bceill rpynmsl 600 A - 4 u HanpsbkeHuem U=24B.

C nenpio yBelMYEHHUS BBIPAOOTKM M MOBBILICHHS aBTOHOMHOCTH OOBEKTa MaHenu OyayT
000py/ZI0BaHbl CEPBONPHUBOJAMH U MH(PAKPACHBIMH YTIIEPOAHBIMH 00OTPEBAIOLIMMH KabeIsiMH, OJI0K
aKKyMYJIITOPOB ITOMEIIEH B SIIMK U OCHAIIEH CUCTEMON OXJIaXkIeHUs Ui OoJiee 10KHBIX pailoHOB. Bo
n30exxaHue nepesapsaa, rIIyoOKoro paspsjia U BbIX0Ja U3 CTPOsl aKKyMYJISITOPOB COJIHEUHbIE MaHeIu
MOAKITIOYAIOTCS K HUM Yepe3 KOHTPoJuIep ¢ GYHKIHMEH KOHTPOJIS 32 TOUKOM MaKCUMaIbHON MOIITHOCTH
JUTSL HAOOJBIIIeH BHIPAOOTKH.

Tox moTpeGnsieMbIii BceM 000py0BaHUEM:

_ PHazpyaKu 1
nazpysku U ( )
arx nuus

PHaepy'sKu = P()am + Ppaduo + PHaep + Pom + Pnpueobbl (2)

Poxfl = Prl()/’)‘t 't ) kucn (3)

PHaZp = PnO/'lH ‘t ’ kllcn (4)

Pnpu@U()O@ = P”lOle 't ’ kucn (5)

Paccunraem OHEPTHUIO HOTpCGI/ITeJ'Ief/'I:

¢ = IHazpy3Ku .tpaﬁombl (6)

rae  Ua — HampsbkeHue OJI0Ka aKKyMyJsTOpOB, B;luyarp — TOK moTpebiisemMplii aBTOMaTUKOM, A;
Ec— Tpebyemblii 3apsa, A - 4;tpacorss — BpeMs paboThI mpubopa, d.
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Pacyersl BBIpaOOTKHM OBLTM CHETAHBI C TMOMOIIBIO (DOPMYJIBI, YYUTHIBAIOIIEH TTOMHMO
CBETOBOTI'O JHs, pab0OTy BO BpeMsl CyMEpPEK U MOTOAHbIE YCIOBUS B KOHKPETHBIE JTHU MECAILIA.

Pcym = (k ) tcyMep +t0Hﬂ) ’ Pco6 ) 77 ’ knoz ; (7)
Pcym
E,=—", (8)
Uc.6. ’ nuue
3000
2500
Bru/cyt
2000
1500
1000
N I I
0 _J T T I T T I T T T T T l T . T l_\
%Q‘o ’b\\v %Q& Q’X\v @,;;X* \QQ;O @g\‘o C\é @Q*o va va va
4 R \ Q 9 & Q& & 2>
& & S ) N ¥ (,‘Z'\;‘\ & RS 9@5
B cpeaHecyTouHoe notpebneHue
Pucynok 3 - I'paduk cpeaHecyToqHOro noTpediieHus no Mecsauam
rae Pem—MolHOCTh  BhIpabaTbiBaeMasi B J€Hb, BT-4/cyT;Pcos.— MOIIHOCTH  yKa3zaHHas

npousBoauteneM, Br;n—cobcrBennsiit KITM, %;t— minHa paccMatpuBaeMoro oTpe3ka BpeMeHH, 4;K—
KOA(QQUIMEHT MCIOIb30BaHUS MNaHEIW IpPH pa3HbIX THEBHBIX YCJIOBUAX (Oe300sauHO, 00JayuHO,
HAaCMYypHO, CYMEpKH);N,z— KIIJ wunBepropa, %;Ecs— BblpaGaTbiBaeMblil 3apsan, A-u;Ucs—
HanpsDKeHHe COTHEeYHOM OaTapew, B.

Mo1HOCTb, BbIpabaThIBaeMas 3a MeCSLl C Y4ETOM MOTO/IHBIX YCIOBHI:

PMec = Pcym -n. (9)

rae  N- KOJIMYECTBO JHEH ¢ paccMaTpUBaeMoON MOT0/10M;

B MecTe ycTaHOBKM COJIHEUHBIX IaHENIEH, MOYKHO MOJIYYHUTh CIEAYIOUINE JaHHbIE BBIPAOOTKU
SHEPI'UH 3a MECSAL] IPU ONPEIeICHHBIX TOTOJHBIX YCIOBUAX (PUCYHOK 4).

Ha ocHoBanmm pacdy€THBIX 3HAYCHHUH NJIs1 MOTPEOIIeMON M BBIpAOATHIBAEMOUM YHEPIHH,B TEX
Cloydasx KOIJa DHEPrus MNOTPeOMTENeH NPEBHIIACT DJHEPrHI0 IAHENeH E, >E, . HEo0X0aumo

pacCcuuTaTb BpEMs pa6OTLI CUCTEMEI C y‘IéTOM IpeaAOTBPAIICHHUA I‘J'IY6OKOFO paspiaa aKKyMyJIsATOpPOB:

EaKCyMM = nEaK (10)
Eaertw = EaKCyMM ’ AE% (11)
E

akpean ( 12)

t =
pabomul
Ec - Ec.6 .

rac N— KOJIMYECTBO NapaJlIcIbHO COCAUHCHHBIX aKKYMYIISITOPOB;
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E,. — €EMKOCTb OZHOTO aKKyMyJIATOpa,A - 1

EaKKCyMM — cymMMapHast EMKOCTb 0JI0Ka,A - U;
[1E% — nuama3oH u3MeHeHus 3apsia, %o;

E ipeas — PeQIBHAS EMKOCTB, A - U;

tpa6ombz_ BpeMA paﬁon, q,
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Pucynox 4 — BeipabaTeiBaeMasi SHEpTHs 110 MecsAIaM

Ha ocHoBanmm aHanmuza u C YUE€TOM BCEX KO3(1)(1)I/II_II/ICHTOB, ObLI IpOU3BCACH

CPEIHECYTOYHOTO 3HA4YCHHsS MOIIHOCTeH IOTpeOJIeHnss Harpy3ku 3a roi. Ipapuk pacuera

IIPEICTaBIIe HA PUCYHKE 5.
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B cpefHecyTo4YHasA BblpaboTKa B cpeaHecyTouHoe notpebneHve

Pucynok 5 - CpaBHeHUE CpeTHECYTOUHON BRIPAOOTKH U MOTPEOICHHUS.
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Hcxons U3 3TUX JaHHBIX, COJTHEYHAS HIICKTPOCTAHLIUS MOXKET 00€CIIEUUTh OOBEKT IOCTATOUHBIM
KOJIMYECTBOM SHEPrUH A1 GYHKIIMOHUPOBAHUS aBTOMATUKH Ha MPOTSHKEHUU BCETO rofia.

Ecnu yyecTb BO3MOXKHYIO YCTAHOBKY OIIOp, JOIMOJHUTEIHHOTO 000pYIOBaHUS M MCTOYHHKOB
SHEPTHH, TO CUCTeMa OyJIeT UMETh OPUEHTUPOBOUHYIO CTOMMOCTh OT 500 ThIC. pyOieit (Tab. 1). B To
BpeMs KakK CTOMMOCTb Kabells C TIOIepedHbIM ceueHueM 35 MM?,1 ero MpoKIajKH Ha paccTosHue 30
KM TIPEBBIIIAET 22 MJIH. pyOJIeH.

Tabmuua 1 — CpaBHeHHE CTOMMOCTH 000y I0BaHUSI.

DJIEKTPOCHAOKEHHE C TIOMOIIBIO ATbTEPHATHUBHBIX UCTOYHUKOB SHEPTHH
CoHeUHLIE TAHE OSDA 460 Br Monojag;CeIIODA460-36-MH, 43 402,00
I'uOpuaHbIi conHeuHbI KOHTpOuIep 3apsaa 2000
KonTpomnnep Br 12 B 24 5 48 8 MPPT 10 031,28 P
AKKYyMYJSTOPBI AGM SunStonePower 200 Ay, 61t 199 728,00 P
CBs3b 6 000,00 P
OxJaxxaeHue 10 608,00
Harpes 900,00 P
Yrennéuuslii mkad 1,5x1x1,8(h)m 5 000,00 P
Berporeneparop Berporeneparop BepTUKaIbHBIN 54 221,00 P
Beimpsimurens MDS100A1600V 1 366,00 P
bpORHpOBAHHEIT KCII3IIB 1x4x0,9, 15M 955,50 P
Ka0enb
TTpBonb! KommutekT it OTCreXKuBaHUS COTHEUHOM 44 520,00 P
Oarapewu, 21T
WNuBepTop Cub6Konrakt MC-24-1500Y DC-AC 19 400,00 P
Bcero | 396 131,78 P
OnekrpocHabxkenune ot CocHoropckoit TOL]
Kab6enn 35 mm? 200 p/M, 30 km 6 000 000,00 P
ITogroroska rpyHra ot 200 p/m, 30 kM 6 000 000,00 P
[Tpoxnanka ot 250 p/m (16-35 Mmm?), 30 kM 7 500 000,00 P
Obpatias sachimka ot 110 p/m, 30 kM 3300 000,00 P
IpyHTa
22 800 000,00
Bcero p

[IpuMmeHeHne albTEPHATUBHBIX MCTOYHHKOB DJHEPrHM HA CETOAHSAIIHUN JEHb SIBISETCS
AKTyaJIbHBIM CIIocoooM JELEHTPAITN30BAHHOMN SHEPrETUKHU, pelaronein 3aJaun no
AJIEKTPOCHAOKEHHUIO YIAJICHHBIX 00BbEKTaX B TPYAHOAOCTYMHBIX MeCTHOCTIX. C KaxapiM rogom KITJ]
AJIbTEPHATUBHBIX UCTOYHUKOB SHEPIUU YBEIUYUBACTCS BBUY PAa3BUTHS JIEKTPOHHBIX KOMIIOHEHTOB,
AJIEKTPOMArHUTHBIX TIpeoOpa3oBaTeel U HOBBIX MaTepuasioB. Kak MmokaspIBaeT aHaan3 BHEIAPECHHS
CONTHEYHBIX TaHeNeW, Ha CEerOAHSIIHUNA JEeHb IeJeco00pa3HO BHEIPEHHE TaKUX CHCTEM
anekTpocHaOxkeHus naxe B ycnoBusax Kpaitnero CeBepa 1 ApKTHUECKHX 30H.

bubiuorpaguyecknii CHUCOK:

1. PeiBkur C. M. ®orosnexkTpuueckue siBieHHs B mnoxynpoBoguukax./ C. M. PpiBkHH.- M.:
N3narenscrBo PUIMATIINT, 2003. — 496 c.

2. bensckuit A.A., I'myxanmu JI.}O., VBanuenko J[.M. DnexkTpocHaGkeHHE KOHTPOIHPYEMBIX
TeJIeMEeXaHNYECKUX ITyHKTOB JIMHEHHOM YyacTu HedTenpoBoaa./

3. https://elibrary.ru/item.asp?id=39261516
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VK 681.5;662.323
ABTOMaTH3anus Npouecca pOTOPHOro OypeHus

bnonxkuii B. P.
Hayunslii pykoBogutens - Iloneraes C. B.
Vxmunckuii 2ocydapcmeennulil mexnuyeckuil yHusepcumem, 2. Yxma, Poccus,

[Tpaktuyeckn 80% OYpOBBIX YCTAHOBOK IPEACTABIAIOT COOOW POTOpPHOE OypeHHE C BEPXHHUM
pacnosoxxeHueM syektpornpuBona, a B Pecnybnmuke Komu Bce 100%. ABromaruzamus mporecca
OypeHHUsl yCKOpsIET MPOXOJKY CKBA)KHMHBI, CHH)KAeT HArpy3Ky Ha OypOBOH WHCTPYMEHT U MOBBIIIACT
KYJIbTYpY TpyZa.

[Iporiecc OypeHusi XapakTepu3yeTcsi HE3aBUCHUMBIMH W 3aBUCHMBIMH mapamerpamu. K
HE3aBHCHMBIM MapaMeTpaM OTHOCSTCS:

- CKOpPOCTb BpallleHus J0J0Ta

- pacxo MPOMBIBOYHOM KUJKOCTH

K 3aBucumbIM napamerpam OTHOCATCS

- BpallalolIuii MOMEHT Ha J0JI0Te

- CKOPOCTb IPOXOJKU

[Ipn aBTOMaTH3alMu Tpolecca OypeHUs KOJOHHA OYpPHIJIBHBIX TPYO paccMaTpuBaeTcsi Kak
aOCOJIOTHO JKECTKHH CTEp)KEeHb, IMapaMeTpbl KOTOPOTO paBHBI IMapaMeTpaM peajbHONH KOJOHHBI
OypunbHBIX TpyO. B mporecce paGoThl KoJIOHHA OYPHIBHBIX TpyO MOJABEpPraeTcsi 0CeBOM U KpyTAlIeit
Harpyske, KOTOpbl€ paclpeaeeHbl 0 JUIMHE KOJIOHHBI U IPUJIOKEHBI B OTAEIBHBIX €€ TOUKaX.

B nporecce paboThl mpu MakCUMaJIbHON Harpy3ke Ha J0J0Te, KOJIOHHA MOXKET 3aKpyYHBAThCS
[0 CIHpaly B BHUJE IMPYXHUHBI, YTO MPUBEAET K aBapuiiHOW cuTyanuu. HamOonpiiee BiMsHUE Ha
CKOPOCTh MPOXOJKH OKa3bIBae€T OCEBas Harpys3ka, MOITOMY OOBIYHO paccMaTpPUBAIOT MOJEIH,
IpeHeOperarolue BIUSHUEM KPYTAIUX MOMEHTOB.

PaccmoTpuM MoJienb KOJOHHBI OypUIIBHBIX TPYO, YKa3aHHYIO Ha pUCYHKE 1, Kak cucTeMmy cHil,
MIPUJIOKEHHBIX K OYpHIIBHOHN KOJIOHHE:

%]
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Pucynok 1 - Mozenbs KOJIOHHBI OypUIIBHBIX TPYO

Beeném ¢usnueckue BeIMUUHBIL:

G — oceBast Harpy3Ka Ha KpIOKE;

G, — oceBas Harpyska Ha J10JI0TO;

S1, S2 — mepemelnieHUEe BEPXHETO M HIYKHETO KOHIIOB KOJIOHHBI,

V1, V2 — CKOPOCTH BEPXHET0 U HUKHETO KOHILIOB KOJIOHHBI;

L — miMHa KOJIOHHBI;

Go — mosiHas cuia Beca OypoBOH KOJIOHHBI.

Ha HwkHUII KOHEI| KOJIOHHBI MPHJIOKEHA OceBasi peakius 32005 U PEaKTUBHBIA KPYTSIIUN
MOMEHT JI0JI0Ta, a [0 JAJMHE PaclpOCTPAHEHBI CUIIbI BECA, NHEPLIMOHHBIE CUJIbI, @ TAK)KE CHJIBI CyXOIo
U BSI3KOT'O TPEHMSI, UTO HAPYIIAET COIVIACOBAHHOCTH B IEPEMEUICHUSIX BEPXHETO U HM)KHETO KOHIIOB
KOJIOHHBI, PE3KO CHUXKAETCS TOYHOCTb H3MEPEHHUs] OCEBOM Harpy3ku Ha J0JIOTO Ha3eMHBIMHU
M3MEPUTEISIMHU, YXYALIAeTCS Ka4eCTBO YIPABJICHUS MPOLIECCOM OypeHusl.

Vcnonb3ys BBeIEHHBIE BEIMUYMHBI COCTABUM YPaBHEHHUE CHUJI, JEMCTBYIOIUX HAa KOJIOHHY, IPU
e€ onycKkaHuM, yKazaHHoe B popmyie 1:

G=G,-G, (1)
CKopoCTh MPOXOJKU OMPEAEISETCS COOTHOIICHHEM, yKa3aHHbIM B popmyne 2 [1].

L dG
ViV S B Ta

()

rne EF — sxecTkoCcTh cedueHus KOJTOHHBEL.
Jlns  ucciegoBaHWs MOJENM MPEACTaBUM IOJYYEHHYIO CHCTEMY YpaBHEHHH B
n3obpaxenuu no Jlannaccy:

G(p) =G,(pP)—G,(p)
AV (p) =V, (p) —V,(p)

. : (3)
| V(P =Va(P) =5 GolP)- P
B pesynbprare noiay4um BeIpakeHUE:
L
AV (p)=—-G p, 4
(P) =2z Go(P)- P (4)
rae obosHayuM 7' = é - IOCTOSIHHASA )KECTKOCTH OYpOBOW KOJIOHHBI.
[ToncTaBUM NOCTOSHHYIO JKECTKOCTH B (popMyITy S:
AV(P) =T, -G,(p)- P (5)
W3 popmyssl 5 mosyduM nepenaTouHyro GyHKIMI0 OYypUIbHBIX TPYO:
AV(p)
W, (p)=—75=T."P, (6)
G,(p)

C yderoM ypaBHEHHUS 6 MOJYYHM CTPYKTYPHYIO CXE€MY KOJIOHHBI OYypMIIBHBIX TpYO, KOTOpas
MOKa3aHa Ha PUCYHKE 2.

BrIXxonHOW BEMMYMHON MOJEnH, T.e. AV (p) ABIAETCS Pa3HOCTh CKOPOCTEN BEPXHEW YacTH
KOJIOHHBI V, (p) ¥ B HWJKHEH 4aCTH KOJIOHHBI V, (p) .

Ha mpakTuke 3Ty BeIMYMHY HEOOXOIMMO MHHHMMHU3HMPOBATH Ul YJIy4IIEHHUs Ipolecca
OypeHwus, Mpu 3TOM caMma KOJOHHA OYpHIBHBIX TPyO oOmamaer nuddepeHIupyOIMMUMI CBOHCTBAMH,
T.€. 11000€ N3MEHEHHE BO3ACHCTBUI MPUBOAUT K CKAUKOOOPA3HBIM U3MEHEHHUAM AV (p) .
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[ToaTomy Ha mpakTuKe OypeHHEe MPOUCXOAUT Ha JOCTATOYHO HU3KOW CKOPOCTU MPOXOAKH IS
YCTpaHEHHS KOJIeOaHHMI KOJIOHHBI OYPHIIbHBIX TPYO.

W3Becten cnoco® OypeHHs MpH KOTOPOM OCYIIECTBISIETCS KOHTPOJIb OJHOBPEMEHHO
HECKOJIbKO ITapaMeTpoB OypeHUs, HK3MEHEHUST KOTOPBIX MOJICPKUBAIOTCS B 33JaHHOM Juarna3oHe. Ero
CTPYKTypHas cxema n300pakeHa Ha PUCYHKeE 3.

Ga(p)

W ()

AV(p)

Pucynok 2 — CTpyKkTypHasi cxeMa KOJIOHHBI OypHIIBHBIX TPYO
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Pucynok 3 — CtpykTypHas cxeMa CUCTEMbl aBTOMAaTUYECKOT0 PEryIMPOBaHUS MOJauu J0JI0Ta.

CornacHo 3TOMy c11ocO0y MOBBIIIEHHE MEXaHUYECKOH CKOPOCTH OypeHHs! TOCTUTAETCs 3a CUeT
TOTO0, 4TO MojajepkuBaercs nuddepeHanbHbli nepenaja AaBieHus nNpu OypeHHH, 3TO NPUBOIUT K
IIOCTOSIHCTBY BEJIMYMHBI KPYTSIIEr0 MOMEHTA Ha JI0JIOTE, YTO IIO3BOJISET:

- YBEIMYMBAaTh BpeMs KOHTaKTa J0J0Ta C 3a00eM, T.€. BpeMs IOCTOSHHOIO pa3pylleHUs
TOPHOM IIOPOABL;
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- CHWXaTh MPOJOJIbHBIE KOJIeOaHUsI HU3a OypHIIBHON KOJIOHHBI M BHEAPSTH JOJOTO B TOPHYIO
MOPOAY C PABHOMEPHOM MOAauei;

- Tpu HEOOXOIUMOCTH YBEIWYCHHS KPYTSIIEr0O MOMEHTa Ha JOJOTE€ YyBEIWYHBATH
3aTpauyrBaeMyI0 SHEPryi0 Ha pa3pylleHHue TOPHOM MOPOJIbI, T.K. B CIydasX IMEPEeMEKEHHUs TOPHBIX
MOPOJI TIO TBEPJIOCTH MPU 3aTPAYUBAHUU OHOW M TOW K€ DHEPTHH HA WX Pa3pyIICHHE MEXaHUYEeCKas
CKOPOCTh MPOXOJKHU OyneT Hen30eKHO MajaTh (B MEHee TBEPABIX MOpPOJAax Ha pazpylieHHE TOPHOU
MOPOJIBI TPATUTCSI MEHBIIIE YPHEPTHH, YEM B TBEPJIBIX, M B TBEP/BIX MOPOJaX HEOOXOAUMO 3aTpavuuBaTh
0oJIbIlIee KOJIMYECTBO SHEPTUHU Ha pa3pyllieHue TOpHO mopoibl). Takke CHIKEHHE U3HOCA SJIEMEHTOB
OypHIILHOM KOJIOHHBI JIOCTHTAETCS 3a CUET TOTrO, 4TO:

- YMEHBIIAIOTCS MPOJI0JIbHBIE KOJIeOaHUs OypHIbHON KOJIOHHBL;

- OTCYTCTBYIOT y/apbl/Tieperpy3bl HU3a OYypHILHON KOJOHHBI O 32001 CKBaXXHHBI [2].

K Hemocratkam 3TOro Meroaa aBTOMATHUECKOIO YIPaBICHHUS OTHOCUTCS HAIM4YUE HHU3KON
CKOpPOCTH OypeHWsl, B CICJCTBHUH OTPaHUYCHUI Ha Mporiecc OypeHHsl MO 3aJaHHBIM MapaMeTpaM, B TO
BpeMs, KaK XapaKTepUCTHKHU Tpolrecca OypeHHs 3apaHee HEU3BECTHbI M 3aBHUCIT OT CBOWCTB
pa30ypuBaeMoro miacTa.

B gpyrom cmocobe TmpenyioKeHO ~YIpaBl€HHE OCEBOM  Harpy3kod B  Ipolecce
HOCJIEI0BATENHLHOTO0 MHTETPUPOBAHUS OCEBOM HArpy3ku ¢ ompenenéuubiM marom AP . Crpykrypnas
cXeMa JaHHOW CHUCTeMbI H300pakeHa Ha pUCYHKeE 4.

|

4

—

6 ———>{9

1 - naTynk oceBol Harpy3kH; 2 - aMILTUTYAHBIH JUCKPUMHUHATOP; 3 - OJIOK BBIYMTAHUS;
4 - BTOpOI1 OAHOBUOPATOP; 5 - BTOPOI1 MOPOrOBBIH 3JIEMEHT; 6 - IEPBBIN MOPOTrOBbII 3JIEMEHT;
7 - mepBBIN KIIIOY; 8 — MHTErpaTop; 9 - mepBbIil onHOBHOpaTop; 10 - BTOpO# Kilroy;
11 - BeruncUTENBHBIN OJI0K; 12 - HHAUKATOP.

Pucynok 3 — CTpyKkTypHasi cXemMa CHCTeMbl aBTOMaTHUECKOTO MojiAep kaHus 3(ppekTrBHOM oceBoit
Harpy3kH Ha JI0JIOTO.

3n1ech BBOIUTCS MOAM(DUIMPOBAHHBIA KpUTEepHid W3 GopMynbl 7, T.e. ylenbHas MPOXOiKa,
SABIIAIOIIAsACA (YHKIMEH 0ceBOM Harpy3kH, KOTopas MpsiMO IPOMOPLUOHATIbHA CKOPOCTH OypeHHus U
00paTHO MPOMOPLHOHATIBHA CKOPOCTH M3HOCA JI0JIOTA.
Ha ocHoBanum »TOro KpuTepusi MNpeajaraercs CpaBHUBATh JBE COCEJIHHE HHTErpajbHbIE
OIIEHKU HAarpy3Ku Ha Baiy u MeHss mar AP onpenensats apdexruBayto Harpysky [3].
AP - At

TR POl 2’ ™

Ine AP - BenmnuuHa u3MeHeHUs HArpy3Kd Ha JI0JIOTO, Ha KOTOPYIO pearupyer BTOPOii
IMOPOTrOBBIM DJIEMEHT;
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At - BpeMsi pa3OypHuBaHMs C OCTAHOBICHHOM IOJAayeid, 3a KOTOPOE OCEBas HArpy3Ka Ha JI0J0TO
m3menutcs Ha mar AP

Pm - MAaKCHUMAaJbHO JOIIyCTUMAas Harpy3Ka Ha JI0JI0TO.
OTO BBIpAXEHUE CTPEMUTCA K MUHUMYMY (£ — min) U CIPaBEeIIUBO NP HEU3MEHHOM IlIare
AP = const. B unrerparope (popMUpyeTCsi CMIHAJ, IPONOPIUOHAIBHBINA BETHYUHE:

A2 A [ APyt (®)

Bennunna [P, — P(t)] dopmupyercs B BBIYMCIMTENHBHOM OJIOKE IyTEM I0Ja4d Ha €ro
BTOPOH BX0J curHaina P(t)

JlaHHBIN C€IOCOO aBTOMATHYECKOTO YIPABICHHUS MPOUCXOIUT TOJBKO B 3aBUCUMOCTH OT
IIPOYHOCTHBIX CBOMCTB OYpOBOrO J10JI0Ta W HE YUUTHIBAET BIMSHUE KOJI€OaHUH OCEBOI Harpys3kH,
KOTOpbIE MOTYT IPUBECTU K YCKOPEHHOMY pa3pyILEHHUIO JOJI0TA.

BbiBoabi: Ha ocHOBaHMH BBILIEHU3JI0KEHHOI'O HEOOXOIUMO:

- U3MEPATH KosieOaHusl 0CEBOM HArpy3ku OypoBOil KOJIOHHBI;

- YUUTBHIBATh, UTO KOJEOAHMsSI OCEBOM Harpy3Ku INepefaroTcs 4epe3 MPUBOAHON MEXaHHU3M
Ha DJIEKTPOJBUTATEIIb.

W3mepsist mapaMeTpbl MTHOBEHHON MOIIHOCTH HOTPEOIIEMON 3JIEKTPOABUraTeIeM, BO3MOKHO
OLICHUTh MI'HOBEHHbIE 3HAU€HHs KOJeOaHUN KOJIOHHBI OypuibHbIX TpyO. M B 3aBUCHMOCTH OT
KoJIeOaHUH MTHOBEHHOW MOIIHOCTH HPHUBOJHOIO 3JIEKTPOJBUIATEINIs, aBTOMATUYECKH OTPAaHUYHUBAThH
OCEBYIO Harpy3Ky Ha JI0JIOTO IIPH COXPAHEHUH BBICOKOI 00IIEH CKOPOCTU IPOXOJIKH.
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CEKIUA 2. APXUTEKTYPA U CTPOUTEJBCTBO

YK 67.21.17
CpaBHHUTe/IbHASI XaPAKTEPUCTHKA IPUTOJHOCTH MHKEHEPHO-T€0JIOTHYECKHUX YCJIOBUI 11
CTPOMTEIBCTBA METPONOJIMTEHA HA puMepe ropoaoB MockBa u Cankr-Ilerepoypr

bapanosckas M. JI.
Cauxm-Ilemepbypacxuil copuvii yvuusepcumem, 2. Cankm-Ilemep6oype, Poccus

BBenenne. JX13Hb COBPEMEHHBIX MEraIojMCOB HEBO3MOXKHO MPEACTAaBUTH 0€3 €KEIHEBHOTO
(GYHKIIMOHUPOBAHMSI METPONOIUTEHA. A C POCTOM UYMCIEHHOCTH HAacelIeHUs — 0€3 CTPOUTENhCTBA U
OTKpBITUS HOBBIX cTaHuuii. B Mockse 1 mapta 2023 roga Obuia otkpsita bonbiras Konbuesas 1uHus,
cocrosmas u3 31 cranuuu. JlaHHBIA MPOEKT CTal CaAMbIM KPYIHBIM B OTPACiId METPOCTPOUTENIHCTBA.
Tem Bpemenem B IlerepOypre mocnegHue ctaHiuu MeTpo Obutd OTKpHITEI B 2018-2019 romax B
KOJIMYECTBE 5 IITYK, a UX NPEAIIeCTBeHHUKH Obuth OTKpBITHI B 2012 roay. Becero B MockBe 3a Bce
BpeMs pabOThl METPOIOIUTeHa OTKpbITO 258 cranuwmii, a B [lerepbypre — 72. Ilomumo paznuuuii
SKOHOMUYECKHUX YCJIOBUM METPOCTPOUTENIbHBIX KOMIAHUN TOPOJOB, CYIIECTBEHHO pa3JIMYarOTCs
re0J0rM4eCKHUE YCIOBUS.

HNnxeHepHO-Teosiornyeckue ycaosusi MockBbl. MoOCKBa pacnoyiok€Ha B LIEHTPaJIbHOU
yactu Bocrtouno-EBponelickoii 1uargopmbl Ha TeppuTOpuH, NpuHamIexamed MocKkoBcKon
cuHeku3e. JlaHHbBII PeruoH SBISETCS TEKTOHMYECKU CTaOMJIBHBIM U HE MOABEPraeTcsl MPOSBICHUIO
COBPEMEHHBIX CEMCMUYECKHX TPOIECCOB M SBIEHHA MarmaruiMa. Kpucrammmueckuil ¢pyHIamMeHT
w1aTGopMbl B IEHTPAJIbHOU YacTu ropoja 3aneraeT Ha riiyounax 1000 metpos.

CoBpemeHHasi TeppUTOpUsl ropojaa pacuwieHeHa pekamu Mocksa, fy3a, CeryHp u ux
MPUTOKAMHU, a TaKXe JACSATENbHOCTbIO JICAHMKA, IPOSBUBIIEHCA B JBYX CTaAMsIX: JOHCKOM M
MOCKOBCKOM. AOCOJIIOTHbIE OTMETKU JTHEBHOW MOBEPXHOCTH BapbUpyloT B npezaenax 130-200 merpos,
3a MCKJIIOYEHHEM TeIuloCTaHCKOW BO3BBIIIEHHOCTH, Ybsl BbICOTA JocTHraer 255 metpos. Ilnomane
ropoa cocrapiser 2561,5 k.

['eoMopdornornyeckoe cTpoeHue ropoja omnpeaensercs pexkoi MOCKBOHM, KOTopas sBIsETCs
IJIaBHBIM TeoMOP(}OJIOTHYECKUM O0OBEKTOM U, CHIIBHO MEaHIPUPYs, IEPECeKaeT Topo/i C CeBepo-3anaaa
Ha I0ro-BocToK. Ob11ee KOIMUeCTBO BOJIOTOKOB Ha TeppuTopuu ropoaa — 800, HO Gosbliiast 4acTh U3 HUX
MyIIeHa 0 KOJUIEKTOpaM WJIM 3achkimaHa. TakuM o0Opa3oM COXpaHWIOCH JIMIIb 355 BOJIOTOKOB, U3
KOTOpbIX 150 — pexkn M MX NPUTOKHU, @ OCTABLIMECS SIBJISIOTCS YYTEHHBIMH BPEMEHHBIM BOJOTOKaMH,
KOTOpbIe HAOIOIat0TCsI B OaJIKaxX M OBparax B MEPUOJ] CHErOTasHUS M OOMIIBHBIX JOXKeH [1].

Bcero Ha TeppuTOpHH BBIAEISAIOT 3 reOMOPQOIOTHUECKUX CTPYKTYPHBI, pa3eIeHHBIX pycliaMu
p. MockBbl U ee rinaBHoOro npuroka — Sys3el: TemocTtaHcKash BO3BBIINIEHHOCTb, PAcloOXKEHHas Ha
npaBoM Oepery p. MoCkBBI, aOCOJIOTHBIE OTMETKH KOTOPOM BapbupyroT B mpenenax 170-230 m; B
Mexaypeube Sy3pr 1 MockBbl - CMOJIEeHCKO-MOCKOBCKasi BO3BBIIIIEHHOCTh, a0COMIOTHBIE OTMETKHU
Kotopoil cocraBisaoT 170-190 M; B 3amagHoOl W Oro-zamajHod yacTsAX ropoaa - Memepckas
HU3MEHHOCTh, CpeTHHUE a0COIIOTHBIE OTMETKH KOTOPOM 3a mpeaenaMu ropozaa coctabisioT 100 m, a Ha
TeppuTopuu Mockssl He npesbimaroT 140-160 metpos [1].

CunpHas pacujIeHEeHHOCTh pesibeda oTpakaeTcsi B MPUMEHSIEMbIX TEXHOJIOTUAX CTPOUTENHCTBA
CETH METPOIOJINTEHA — Ha TeppuTopuu MockBbl 18 HaszemHBIX craHuui U 4 MeTpoMocta. B cBoro
ouepeb cTaHIMs MeTpo «BopoObeBbI TOpHI» pacnoiokeHa Ha METPOMOCTE U UMEET BBIXO/bI K 000UM
6eperaMm MOCKBBI-PEKH.

['eonoruueckoe CTPOEHHUE OCBAMBAEMOIO MOJ3€MHOT0 MPOCTPAHCTBA B XOJE CTPOUTENIHCTBA
METPOTIOJINTEHA TPEACTABICHO TOJIIEH MepecianBaHUs KapOOHATHBIX MOPOJ U TJIMH CpelHe- U
BEPXHEKaMEHHOYTOJIbHOTO BO3pacTa, CpeAHe- M BEPXHEIOPCKUMHU TIJIMHAMH, pPEXe IeCKaMH,
aJIEBpUTAaMHU U HM)KHEMEJIOBBIMU TECKaMH, IECUaHUKAMU, PEKE TIIMHAMH. YeTBEpTUUHBIE OTIOKEHUS
MPEJICTaBISIOT COOOM TIMHHCTBIE M TecYaHble MOPOAbI, CBSA3AHHBIE C JIEATEIbHOCTHIO JIEAHHUKA -
MOPEHHBIE U BOJAHO-JIETHUKOBBIE OTIIOKEHUS.
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Pucynok 2. - 'eonoruueckas kapTa 4eTBEpTHUHBIX 00pa30BaHUI Ha TEPPUTOPUN MOCKBBI
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Best coXHOCTh MPOEKTUPOBAHUS U CTPOMUTEILCTBA INEPETOHHBIX TOHHEIEW METPOIOJIUTEHA
MOCKBBI 3aKIIIOYAETCSI B OIACHBIX HHXEHEPHO-TE€OJIOTMYECKUX IIPOLECCaX, NPUYPOUYCHHBIX K
pa3NUYHBIM CcTpaTurpaduueckux ciosM. B 3aBucuMocTH OT yciaoBud (OPMHUpPOBAHUS TaHHBIC
IIPOLIECCHl PACIPOCTPAaHEHbl IOYTH IO BCEM TeppuTOopuM ropozaa. IlomMumo 3TOro mpoxoaumocTb
re0JOrMYeCKON Cpelpl OCIOXKHSIETCS MajneojoluHaMu KpynHbeIX pek (Mocksa, Sy3a, CeryHb),
CIIO)KEHHBIX ~ YETBEPTUYHBIMU  OTJIOKEHUSIMM, BCJIEJICTBHE YEro oOpa3yercss aHU30TPOIUsS
XapaKTepUCTHK pa3pe3a M TMOABIAETCS HEOOXOAMMOCTh NPHUMEHEHHUS pAa3IMYHBIX METOJUK U
TEXHOJIOTUI CTPOUTEIILCTBA.

Bonbmias yacTh TOHHEJEHW TIyOOKOTO 3aJ0)KEHUsS HaxoAsaTcs Ha riyoune 25-70 MeTpoB OT
JTHEBHOI NOBEPXHOCTH B KapOOHATHBIX IOPOJAAX CPEAHEr0 M BEpXHEro KapOoHa, JUIIb B IOro-
BOCTOYHOM YacTH ropojia TOHHENHU MPOHICHBI B IOPCKUX IMHaX. OCOOEHHOCTh MPOXOJKU TOHHENEH B
KAMEHHOYTOJIBHBIX IIOPOJAaxX 3aKIK4YaeTcsi B TOM, YTO MAacCUB 3aKapcToBaH. HekoTopwle BOpOHKH
3aMOJIHEHBl TJIMHUCTBIM W/WIIM TEPPUTEHHBIM MaTEPUAIIOM BBIMICIEKAINX OTIOKEHUH. B Takux
BOPOHKAaX BO3HUKAIOT OTHOCHUTEIBHO BOJOHOCHBIE M OTHOCHUTEIBHO BOJOYIIOPHBIE  CJIOH,
CYLIECTBOBAHME KOTOPBIX IPUBOJUT K IOSBJIEHUIO JIOMOJIHUTEIbHBIX HAIOPOB IMOJA3EMHBIX BojA. B
TOJIIIaX KapOOHATOB, 3aJleraloUIMX HEMOCPEACTBEHHO IMOJ YETBEPTUYHBIMHM IE€CKAMH U CYIECSIMH,
BCJIE/ICTBUE KOHTaKTa C IIOBEPXHOCTHBIMU BOJAaMH, IMPOJOJDKAIOT pa3BUBATbCsl COBPEMEHHBIE
KapCTOBBIE Mporiecch [1].

[Ipu npoxonake TOHHENEH OTKPBITHIM CIOCOOOM B I€CUAHBIX IOPOJAX UYETBEPTHUUHOIO H
MEJIOBOI'O BO3pAacTOB JEATEIbHOCTh MOA3EMHBIX BOJ HECET Yrpo3y pa3BUTHS CY(H(HO3UOHHBIX
IIPOLIECCOB. 3a CUET BBIHOCA TOHKOM M MbUIEBATOM (paKIUil MOPOJbl BO3HMKAIOT OCEHaHUs WU
IIPOCEaHMsl THEBHOM IIOBEPXHOCTH, KOTOpBbIE HECYT YIpO3y TEXHMUYECKH YIOBJIETBOPUTEIBLHOMY
COCTOSIHMIO TOHHeNeW. B psne ciayuaeB HaHHBIM IpoLecC BbI3BaH TEXHOICHHBIM BO3/EHCTBHEM.
IIposiBnenus cy¢dho3uu NpupoHOro MPOUCXOKACHUS 3a4aCTyI0 IPUYPOUEHBI K CKJIOHOBBIM Y4acTKaM
PEUHBIX WM OBPAXHBIX NOJHMH. Takue TeppuTOpHH HE BCErJa MOJUIekaT 3acTpoiKe, HO Ha Ooprax
MOCKBBI-pEKH  pacloJlaraloTcsl METPOMOCTBI, IpPH IPOEKTHUPOBAHMHM M OKCILIyaTallud KOTOPBIX
cy(pd0o3UOHHBIH MPOIIECC HE MOXKET OBITh 00IEJICH TOJKHBIM BHUMAHHUEM.

Cyddo3ust pazBuBaeTcsi Kak IpH TOBBILICHUH YPOBHS TPYHTOBBIX BOJA, TO €CThb IpH
O0OBOJHEHMH, HANpHUMEp, B MEPUOJ AaKTUBHOI'O CHErOTasHUS, TaK W IPU TMOHM)KEHHUU BCJEICTBUE
0o0pa3oBaHMsl HOBBIX 30H Pa3rpy3KH, KOTOPBIMM MOTYT CTaTh KOTJIOBaHbI ISl CTPOUTENHCTBA
BECTUOMOJIEH CTaHUMN WIM TOHHENH, MPOKIAJbIBAEMbIE€ OTKPHITHIM crocodoMm. Ilomumo sTOro
cy($(O3UOHHBINA TMPOLECC MOXKET MOJYyYUTh CTPEMUTENIBHOE PA3BUTHE NPU BCKPHITUU MPOXOAKOH
MOrpeOEHHON  JOJMMHBI PEKM WJIM  KapCTOBOM  BOPOHKH, 3allOJJHEHHOW  YEeTBEPTUYHBIMU
BOJIOHACBIIIEHHBIMU NIECYaHBIMU NTOPOJAMH [5].

[Tomumo 3TOro, Ha TEPPUTOPUHM TOpoJa Ha KpyThIX Oeperax MOCKBBI-pEKH pPa3BUBAIOTCA
OTOJI3HEBBbIE TPOLIECCH, KOTOPBIE HECYT Yyrpo3y OOIIEMY COCTOSIHUIO T'€OJIOTHUECKOW cpeabl U
METPOMOCTaM, B 4aCTHOCTH [1].

HNuxenepuo-reonornyeckue ycaosusa Cankr-IlerepOypra. Teppuropuss ropoma CaHKT-
[lerepOypr Haxonutcsi B 30He couieHeHHs: Bocrouno-EBpomneiickoii miardopmsl ¢ banruiickum
muroM. BenenctBue storo ceicMuuHOCTh Tepputopuu 1o aanHeiM OCP-2016-D 6 6amios, B cBOIO
ouepenb Ha TeppuTopud MockBbl — 5 OamnoB. HeoTekTOHWYECKHE IBHIKCHHS TPOSIBISIOTCS B
OIlyCKaHMUU I0KHOTO Oepera duHckoro 3amuBa co ckopocthio 0,6-1,5 MM/ron, a B ceBepHOH 4acTu
ropoaa (Konnas JlaxTa, JIucuii Hoc, KaMmeHka) — MOAHATHS CO CKOPOCTHIO 1-2,2 MM/TO/I.

Ha Tepputopuu roposa npociexuBaeTcs CTpyKTypa «OUTO# Tapesnku», o0pa3oBaHHAs CEBEPO-
3amajgHoM, CEBEpO-BOCTOYHOM CHCTEMaMH TPEIIMH M JIOKaJbHBIMU pa3pbIBHBIMH HapyILICHUSMU,
KOTOpbIE 00pa30BAIUCH B MEPUO/IBI JOJEBOHCKUX TEKTOHOMAarMaTUYeCKUX akTUBU3aMi [4].

AOCONIOTHBIE OTMETKHM TEPPUTOPUHU Topona Haxoaarcs B npeaenax 0-5 merpos. Teppurtopus
pacuieHeHa HIKHMM TedeHueM p. HeBbl, ee nenbToi, a Takxke najgeononrHamMu HeBbl U ee MpUTOKOB.
[lenTpanbHas 4acTh ropojia sIBJIAETCS OCTPOBHOM TeppuTopuen. [Tnomans ropoaa cocrasisier 1439 km?.

['eonoruueckoe CTPOEHHME OCBAaMBAaEMOr0  IOJA3EMHOIO  IPOCTPAHCTBA  IPEACTABIEHO
BEPXHEBCHJICKUMH M  HWKHEKEMOPHUHCKMMHM  IJIMHAMH, IPEUMYLIECTBEHHO  IOJIyTBEpAOH
KOHCUCTEHIIMH, a TAK)K€ OJHOBO3PACTHBIMU MECUYAHUKAMU M YETBEPTUUYHBIMHU ME€CUAHO-TIIMHUCTBIMU
OTJIOKEHUSIMH, IO CBOEMY T'€HE3MCY CBA3aHHBIMU C JIEATENBHOCTBIO JIEAHHMKA, NMPOMCXOAMBIIEH Ha
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TEPPUTOPUU TOpoJia B 3 CTaJAMM: BOJOTOJACKYIO, MOCKOBCKYKO M OCTalIKOBCKyl. Kpome Toro, B
paspese BbLIENAI0TCS COBPEMEHHBIE O0JIOTHBIE IPYHTHI.

Xapakrep CTPYKTYpHO-TEKTOHHUYECKOI'O IIOJIOXKEHHUS PETMOHA OTPAXKAIOTCA U B CTPYKTYPHO-
TEKCTYPHBIX OCOOEHHOCTSIX HMKHHMX CJIOEB OCaZ04YHOr0 yexJa. BepxHeBeHICK1e U HHKHEKeMOpUIiCKue
TJIMHBI SBISIIOTCS TPEIIMHOBATO-0JI0YHOM cpentoid. ['opHO-TexHOoMornyecKas Mpoxo/iKa IIIMH OCI0KHEHA
IIPOCJIOSIMA ~ IIECYAHUKOB, C PACIPOCTPAHEHUEM KOTOPBIX CBSA3aHO PACIOJIOKEHUE HANOPHBIX
BOZIOHOCHBIX I'OpU30HTOB. [I03TOMY MO TpemmHaM OCYLIECTBIICTCS MEPETEKaHUE MOA3EMHBIX BOJ M3
HAIlOPHBIX TOPU30HTOB BEHJCKOTO BOJOHOCHOIO KOMILIEKCA B BBILICIEKAIME CIOU, a TAKXKE BOJ
YETBEPTUYHOIO KOMIUIEKCA — B HIDKEIESKAIIME CIOW. B pesyinpTare AaHHOIO IIPOLECCA IJIMHBI
YBIIQKHSIOTCS U 0CIa0€Bat0T, MX KOHCUCTEHIIMS CTAHOBUTCS OoJiee IIaCTUYHOM, ITOKa3aTellb TeKYy4eCTH
NPUOIIKACTCS K 3HAYEHUSIM TYTO-IIACTHYHON KOHCUCTEHINH [4].

il J

Pucynoxk 3. - 'eonoruueckas kapTa T0Y€TBEPTHUHBIX 00pa3oBaHmii Ha TeppuTopun CaHKT-
[TeTepOypra

Pucynok 4. - ['eonoruueckas kapTa 4eTBepTHUHBIX 00pa3oBaHuii Ha Tepputopuu Cankr-IletepOypra
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BrusiHue CTPYKTYpHO-TEKTOHUYECKOTO TIOJOXKEHUS TEPPUTOPHH TMPOCISKHBACTCS U B
naneopensede ropona. K paznomam cyOImmpoTHOrO M CEBEpO-3aMaJHOrO MPOCTUPAHUS PUYPOUCHBI
JONUHBI JAPEBHUX PEK, KOTOPHIE B HACTOSINEE BPEMs CIOXKEHBI PA3IMYHBIMHU JTHTOJOTHYECKUMU
Pa3HOCTSIMHM YE€TBEPTHUYHBIX OTJIOXKEHHH, UTO IPUBOAUT K aHU30TPOIUU UHKEHEPHO-TEOJIOTHYECKUX U
TUAPOTreOJOTUYECKHUX MTapaMeTPOB BEpXHEH YacTH pazpes3a TeppuTopuu [2].

OTnUYUTENBHON OCOOEHHOCTHIO CTPOUTEIBCTBA CTAHLMN TIIYOOKOrO 3aJIOKEHHUS B 30HAX
HEMOCPEJACTBEHHONH OJIM30CTH K TajbBeraM IMajcoJOJIMH  SBISETCS TPOXOAKAa HAKJIOHHBIX
ACKaJaTOPHBIX TOHHEJNEH, Iepecekass BOJOHOCHBIE MEXMOPEHHBIE CJIOM, B KOTOPBIX MOJIYYHIIN
0OJIBIIIOE  PACTIPOCTPAHCHHE PA3JIMYHBIC OWOIICHO3bI, CYIIECTBOBAHWE KOTOPHIX TPUBOAHMT K
MOBBIIICHUIO AarpeCCUBHOCTH TMOJ3EMHBIX BOJ 10 OTHOLIEHUIO K MaTepuagaM KOHCTPYKLHUN
MetpornonuteHa [3]. B gactHOoCTH, TpHu cmycke U3 BecTHOM0Is K miatdopme craniuu «lliomans
JlennHa» Ha TOTOJIKE OSCKAJATOPHOTO TOHHENS MOXHO HaONIoaTh  plKaBble  Pa3BOJIBI,
CBUJICTEIHCTBYIOIINE O MPOHUKHOBEHUH TIOJ[36MHBIX BOJI. TakKe Ha MHOTHX CTaHIUSX HAOIIOJAIOTCS
BBICOJIBI B IIIBaX OOJIUIIOBOYHOMN TIIUTKH.

Pucynok 5. - Bbicosbl B m1Bax 00JMIIOBOYHON IUIMTKH HA CTAHIIMHM MEJIKOTO0 3anoxeHus «[Ipocnekr
Berepanos» (otorpadus asropa)

HauOonpiryro  OMacHOCTh TPH  TPOBEICHUHM TOPHO-TEXHOJOTMYECKUX PA0OT TPEACTaBIIIOT
Ta30HOCHBIE CJIIOM MHUKYIHMHCKOTO (MTHHCKOTO) TOpM30HTa. ['a3oreHepaiusi B TPyHTaX MPUBOIUT K
BO3HHKHOBCHHUIO HAITPSDKEHHOTO COCTOSHHS, YBEIIMICHUIO THIPOAMHAMHYCCKHX HAIIOPOB M OCIA0JICHUIO
UX Hecymiel crocoOHOCTH. JlaHHBIE OTIIOKEHUS SBIISIOTCS TJIMHAMHU U CYTNIMHKaMHU, KOTOPBIE TOCTHTAIOT
MaKCUMaJIbHOM MOIITHOCTH B FOTO-BOCTOYHOM YacTH ropojia B paiioHax O0yxoBo u Pridamkoe [2].

B BepxHux cnosx paspe3a Cankt-lIlerepOypra BBIACNAIOTCS TECUYAHO-TIMHUCTHIE CIIOH,
CBSI3aHHBIC C ITO3JHCYCTBEPUYHON JIEATEIBHOCTRIO banTuiickoro Mops, (GhopMHpPOBaHHE KOTOPBIX
MPOUCXOWIO B HECTaOWIBHOW THApPOIMHAMUYECKONH obOcraHoBKe. Takum o0pa3oMm, B JIaHHBIX
OTJIOKEHUSAX TPOSBIIIMCH THKCOTPOITHO-KOATY/ISIIUOHHBIE CBSI3W, YTO O3HAYaeT ocjabieHue Hecylen
CIIOCOOHOCTH TPU MEXaHO-IMHAMUYECKOM BO3JICHCTBUHU, a TakKKe B TPaHYJIOMETPUYECKOM U
BEIICCTBEHHOM COCTaBaX TPYHTA BBIJCIISACTCS 3HAUUTEIBHOE COJIEp)KaHWE MbLIeBATOW (pakmud u
OpPraHMYECKOTO BEIIECTBA, YTO B YCIOBUSX OOBOJHEHHOCTH pa3pe3a MPUBOAUT K MPOSBICHUIO
TUTBIBYHHBIX ~CBOMCTB. BcnenctBue 3Toro TpeOyercss TPOKIAAbIBATh MEPErOHHBbIE TOHHEIH
METpPOMOJIUTEHA TTY0’Ke JaHHBIX CJIOEB, UTO MOATBEPHKIAET HEBO3MOXHOCTh CTPOUTENHCTBA CTAHIIUN
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MeNKOro 3aynokeHuss B Oonpineit yactu Cankt-IlerepOypra [3]. Ha manHbIii MOMEHT B TOpoOie
IIOCTPOEHO BCEro 5 Ha3eMHBIX U 6 CTAHIMI MEIKOTO 3aJI0KECHHUS.

BoiBoabl. B acnekte cpaBHEHUs MH)KEHEpHO-Teosiornueckux yciaoBuil Caskt-llerepOypr u
MockBa nojiexar ckopee MpoTUBOIOCTABIICHUIO, HEKEIU COMIOCTABIICHHUIO.

1. MockBa pacrnosoxeHa Ha TEKTOHUYECKH HEAKTUBHOW TEpPUTOPHUHU, B IIeHTpe MOCKOBCKOM
CUHEKJIM3BL, IPU 3TOM TIIyOMHBI 3aJIeraHus KpUcTamnyeckoro ¢pynaamenta cocrapisior 1000m. B to
Bpemsi kak Tepputopus Cankt-lIlerepOypra mpuypodeHa K 30HE COWICHEHHsS] PyCCKOW TIUIMTHI ¢
bantuiickum  mmTOM, B  pe3ylbTaTe 4ero oOpa3oBaBIIMECS B MEPUOJBI  JOJIEBOHCKHUX
TEKTOHOMarMaTH4YeCKUX AaKTUBU3AIMN pa3iOMbl U TPEHIMHBI TOJYYUIIU MPOAOJIKEHUE B HUKHUX
CJIOSAX OCaJ0YHOr0 YexJa.

2. Tepputopust Cankt-IlerepOypra mnpuypouena K paenbre p. HeBbl W sBiseTcs OAHOM
reoMophOIOTHYECKON CTPpYKTypoii. B cBolo ouepenab, Ha TeppuTOpud MOCKBBI BBIIEICHO 3
reoMop(OTOrHUeCKUX CTPYKTYPHI € TIeperagoM BeICOT 0T 120 MeTpoB y ypesa BoAbI 10 255 MEeTpOB Ha
BO3BBIIICHHOCTSIX, a TaKke HaOIogaeTcs CUJIbHAs pPACWICHEHHOCTh penbeda esATeIbHOCTHIO
MHOT'OYHUCJICHHBIX TOCTOSTHHBIX M BPEMEHHBIX BOJOTOKOB.

3. Tepputopusi 060UX TOpPOIOB pacuiicHEHa MaNeOAOJMHAMH PEK, KOTOphIE B HACTOSIIEE
BpeMs 3allOJIHEHbl YETBEPTHUUHBIMU OTJIOKEHUSIMU, HO Ha TEeppuUTOpUur MOCKBBI TOMHUMO HUX
BCTPEYAIOTCS aHAJIOTUYHO 3aIl10JTHEHHBIE [1aJIEOKAPCTOBbIE BOPOHKHU.

4. O6e TeppuUTOpUM TIOJIBEPraAINCh BO3JICUCTBUIO UYETBEPTUYHBIX oOJefAcHeHud. MockBa
nperepnena 2 craauu, a Cankr-IlerepOypr — 3.

5. JloyeTBepTUYHOE T€0JIOrHUecKOoe CTpoeHHe MOCKBBI HAMHOI'O pa3HOOOpa3Hee, BCTPEUaroTCs
KapOOHaTHBIE, TIMHUCTBIC U TecuaHble mopoabl. B IleTepOypre ocamounblii 4exon AOYETBEPTUUHOTO
BO3pacTa MPEACTaBJIEH TOJIbKO MTMHUCTBIMU U TEPPUTCHHBIMH ITOPOJAMH.

6. Ha teppuropun MOCKBBI OIacHBIE T€OJIOTMUECKHE IPOIECCHl CBSI3aHbI HE TOJBKO C
YETBEPTUUYHBIMU OTJIOKCHUSIMUA: B KAMEHHOYTOJBHBIX HW3BECTHSKAX pPa3BUBAIOTCS KapCTOBBIC
MIPOLIECCHI, IOPCKHUE TIMHBI CKIOHHBI K MIACTUYECKUM JehopMaIusM U OMOJI3aHUIO Ha OBPaKHBIX H
OeperoBbIX CKJIOHAaX, a B MEJOBBIX NeCYaHMKaxX pa3BuBaroTcs cy(ddo3noHHbIe mpoueccel. B oTnnuune
OT cronulibl, Ha Tepputopun CankT-IlerepOypra OOTBIIMHCTBO OCIOKHEHUH MPH MPOXOJKE TOHHENEH
CB3aHO C HaJMYMEM JBYX BOJOHOCHBIX MEXKMOPEHHBIX T'OPHU30HTOB M HAIMOPHOTO TIA0BCKOIO
TOPU30HTA BEHJCKOTO KOMILJIEKCA, ra30reHEPUPYIOIIUX MHUKYIMHCKHX CJIOEB, a TAKXKE CKIOHHBIX K
MIPOSIBJIEHUIO TUIBIBYHHBIX CBOMCTB O3€PHBIX U 03€pHO-MOPCKHUX MECYAHBIX IPYHTOB.

JlaHHble pa3nuuus HMHXXEHEPHO-T€OJOTMYECKUX YCIOBUM TOPOJOB CBUJIETEIBCTBYIOT O
HEBO3MOXXHOCTH MPUMEHEHUS OJHUX M TeX € TOPHO-TEXHOJOIMYECKHUX pEIIeHUH MU TpeOyroT
pa3paboOTKK YaCTHBIX PEIICHUN COBEPUICHCTBOBAHMS CIIOCOOOB M CKOPOCTH MPOXOAKH TOHHENEH U
KauyecTBa MH)KEHEPHO-TE€O0JIOrMUECKUX U3bICKaHUM MTPU CTPOUTEIHCTBE.
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YK 621.18
AHaJu3 crnoco00B Bpe3KH B KOJLUIEKTOPHI YKPAHOB U NMOBEPXHOCTEl HarpeBa MapoBbIX KOTJIOB

Xapnamona A. P., Uybapos /1. E.
Hayuneiit pykoBoautens - lemunosa A. B.
Unoyempuanvuvii mexnuxym (MU CI1O), Yxmunckuii 20Cy0apcmeentblll mexHu4eCcKull YHusepcumen,
2. Yxma, Poccus

TpyObsl mOBEpXHOCTEH HarpeBa, TPYOONPOBOIOB M KOJUJICKTOPOB pPAOOTAIOT B TSKEIBIX
ycnoBusx. K ux xauecTBy HpeabsBISIIOTCS BBICOKHE TPeOOBaHUS, TaK KaK OT 3TOr0 B 3HAYUTEIHLHOU
CTCTICHH 3aBUCUT HAJICKHOCTHh pabOTHI KOoT/Ia Ha oObekTax | u Il kaTteropun mo oTmycky Temia, rie
HEBO3MOXKHO TOJTHOE IMPEKpaleHHe M0Aauu Teia K HOTPeOUTEIsIM.

IIpOnOIDKUTENBHOCTh  AKCIUTyaTallil  JIEMEHTOB KOTJIA, HAIPETBIX JIO BBICOKOM TeMIIEpaTrypbl U
paboTarOIIMX TOJT BEICOKMM JIaBIeHHEM, OrpaHrdeHa 0ObrMHO 100 ThICSY YacoB, TO €CTh PEMEPHO 14 roamu.

[oBpexxaeHust TpyOHBIX 3IEMEHTOB ITIOBEPXHOCTEN HArpeBa SBIISHOTCS, KaK IIPAaBUJIO, CIIEICTBUEM:

- nedeKToB MPOU3BOJCTBA TPYO METAITyprHuecKoro MPOUCXOXKACHUS — IUICHBI, 3aKaThl,
TPEILUHBI U JPYTHUE;

- nedeKToB TepMUUecKoil 00paboTKH — HE PEKOMEHJI0BAHHOM CTPYKTYpHI MEPIUTHBIX CTalleH,
MEJIKOTr0 3€pHa ayCTEHUTHBIX CTaJlel U Jpyroe;

- KOPPO3HHU U OKAJIMHOOOPa30Bauus Ha HAPYKHON U BHYTPEHHEW MOBEPXHOCTAX TPYO;

- 9po3uu TpyO OT abpasMBHOrO M3HOCA, Hapa K3 OOAYBOUHBIX alNaparoB U Ma3yTHBIX
(bopcyHOK, ynapHOTro AeicTBUS ApoOu (HaKIena) U BO3IeHCTBUS BUOPOOUUCTKY;

- TEIUIOBOM yCTaJIOCTH METAJLIA;

- ieperpesa TpyO BhIIIE pacueTHOW TEMIEPaTyphI;

- MMOJ3YYECTH MeTalljia TPyoO;

- HApYIICHUS YCIOBHM AKCIUTyaTalluH, IPEeIyCMOTPEHHBIX TPOEKTOM (TIPEBBIIICHUS AaBIICHUS,
TEMIIEpaTypbl, HapyLIEHHUs peKMMa MHUTAHUA KOTJIA BOJOW, LMPKYISILIMM B SKPAaHHBIX TpyOax u
TOIOYHOT'0 peKUMa MPH MyCKax U OCTaHOBAX);

- 1e()eKTOB MOHTa)ka U PEMOHTA.

Vcxons 13 BBIBOJOB 3aKIFOUEHUI AKCIEPTH3bI IPOMBIIIUIEHHONH 0€301MacHOCTH, BHITOJHEHHBIX
Ha xo1yiel Mapok TT, TIIE, [ITBM, yctaHoBii€eHO, YTO B CBSI3M C HApAaOOTAHHBIM MAPKOBBIM PECYPCOM
WIM TPU SKCIUTyaTalliM CBEpX MAapKOBOI'O pecypca TpyObl MOBEPXHOCTEH HarpeBa U HKPAaHOB TPYO
TpeOyIOT 3aMeHBI JUIsl BO3MOXHOCTHU JalIbHEHNIIEeN SKCIUTyaTallii KOTI0arperaToB (pUCyHoK 1).

B 3710 ke BpeMs KOoJIeKTopa, B KOTOpbIE Bpe3atoTcs TpyObl SKpaHOB M MOBEPXHOCTEH Harpena
HaXOJATCS B YAOBJIETBOPUTEIHLHOM COCTOSSHUU U M3 BBIIIOJHEHHBIX B paMKax 3KCIIEPTH3bl pacyeTOB
OCTaTOYHOTI'0 pecypca ¢ y4eTOM KOPPO3MOHHOTO M3HOCA HE TOJUIEkKAT 3aMEHE.

B cBs3u c BbllIecKa3aHHBIM IPOEKTHBIMU JIOKYMEHTALUAMU pPa3paldaThIBAIOTCS PEIICHHUS,
HaIlpaBJICHHBIE HA 3aMEHY ITIOBEPXHOCTEW HarpeBa U SKPaHoOB.

B sneprernueckux komiax Ha npeanpustusx TOL[ u I'POC (takux mapok, xak IITBM, TT,
KBI'M u apyrue) TpyObl 3KpaHOB M INOBEPXHOCTEH HarpeBa KpEmuThCs (PUCYHOK 2) C MOMOILBIO
CBapKH, TUO0 KOMOMHUPOBAHHBIM CIIOCOOOM (BAJIBIIOBKOM M CBAPKOW).

Ilo cBoeMy Ha3HAUEHMIO KOJUIEKTOPbI pAa3[ENSlOTCS Ha TapoBble, BOJSHBIE, KOJUIEKTOPHI
raporeperpeBaTens U KOJUIEKTOPhI MaIbIX AUaMEeTPOB, PUMEHsSEMbIE, KaK TPaBUIIO, /1JI1 SKOHOMAN3epOB.

KonnexTopsl mapoBbIX KOTJIOB (PUCYHOK 3) MPEICTaBISIOT COOOW CTajbHBIE TOJICTOCTEHHBIE
CBapHbIE IWJIMHJPUYECKHE KOHCTPYKLIHU. Y KOJUIEKTOPOB OOJIBIIMX IUAMETPOB (MapOBBIX) AHMILA
UMEIOT JIUMNTHYecKylo (opmy. OOeuaiika KOJUIGKTOPOB B MECTE KperuieHHs TpyO HMeeT
YTOJIIIEHHYIO CTEHKY.

Ilepen mpou3BOACTBOM paboT MO Bpe3ke TPyO IMYyYKOB SKPaHOB M TOBEPXHOCTEH Harpesa,
HE00XO0JIMMO BBIMOJHUTD 3aYUCTKY KOJUIEKTOPA OT OCTAaTKOB KOPPO3UU METalljia U MPOBepKa TPyOHBIX
THE3[ B KOJUIEKTOpaX, TaK KaK HAJIMYME Macia, IpsA3H, pKaBUUHbI PE3KO CHUXKAET IPOYHOCTh CBAPHOIO
Y BaJIbIIOBOYHOT'O COETUHEHMS, YTO MOXKET BbI3BAaTh T€Ub B MECTaX CThIKa TPYO.

[Ipu GosblIOM KOJMHMYECTBE TPYOHBIX OTBEPCTUH B KOJUIEKTOPAaX MOIIHBIX 3HEPreTHYECKUX
KOTJIOB 3a4MCTKAa MX O METaJUIMYECKOro OliecKa SIBISETCS TPYIOEMKOH olepalruei, mo3ToMy OHa
JOJDKHA OBITH MEXaHM3MpoBaHA. Ho MpH BBIMOJIHEHUH MOHTAXHBIX pa0dOT B YCIOBUSAX SKCIUTyaTalluu
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KoTioarperara (HampuMep, BO BHYTPEHHEH TOJOCTH KOTJIa — KOJUIGKTOPBI IIHPMOBOTO
napomneperpeBates koTiia TI'-84), ucrmoap30Banue MPUCIIOCOOIEHUS ¢ Kap0JICHTON U BPAIICHUEM OT
MAIIIMHKH J1a€T XOPOIIHE PE3yIbTaThl.

a — TpyOBbl 3KpaHa, 0 — TpyOBI, KOHBEKTUBHOTO B — TPYOBI KOJUIEKTOPOB
HoJyIeXalyue 3aMeHe B oobeme naporneperpeBarens, KOHBEKTHBHOH IMOBEPXHOCTH
100% MOITISIKAIIIE 3aMCHE B naporeperpenarens 6e3
ooseme 100% OTpaHUYEHUS 110 IKCILTyaTalluu

Pucynok 1 — Pe3ynbpTaTsl MpoBEAECHHOM SKCIIEPTH3bI TPOMBIIIIEHHOH O6e3omacHocTr kKotia TITE-480
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a, 6, a— KOM6HHHpOBaHHLIﬁ CHOCO6; B, I' — IIpHU NIOMOIIIH CBAPKH.

Pucynoxk 2 — Cxembl Bpe3Kku TPyO SKpaHOB M TIOBEPXHOCTEH HarpeBa B KOJIJIEKTOP:
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Pucynok 3 — MoHTa»)HO-COOpOUYHBIN YEPTEX KOJUIEKTOpa

PaccMoTpuM BO3MOKHBIE BapUaHTHI BHIMIOJHEHHUS BPE30K B CYIIECTBYIOIIUE KOJUIEKTOpa 0e3
UX JIEMOHTaXKa JUIS BBIIOJIHEHUS paboT 1Mo 3aMeHe TPYO SKPaHOB M MOBEPXHOCTEH HArpeBa.

CormacHo @HIT Ne536 ot 15.12.2020 «IIpaBuna mOpOMBIIUIEHHONH O€30MaCHOCTH TPHU
WCIIONB30BaHUM O00OpyJ0OBaHUs, paboTaromiero moj naeieHuem» u TpeboBanussmu CTO HKTU
10.002-2007 «3OneMeHTHl TpyOHBIE MOBEPXHOCTEH HarpeBa, TPyObl COEIMHUTEIbHBIE B Ipeaenax
KOTJIa ¥ KOJUIEKTOPHI CTallHOHAPHBIX KOTIOB. OOIIMe TeXHUYECKHEe TPEOOBAHMS K H3TOTOBJICHUIO»
IIPEYCMOTPEHO BBIIIOJIHEHUE BPE3OK:

- 0€3 yKperuieHus

- YKpEIJIEHHOE HITYLEPOM

- YKPCIJICHHOC HaKJIaJaKoH

- YKpEIUIGHHOE€ HaKIaJKaMH Ha OCHOBHOM U
OTBETBJISIEMBI TPYOOIPOBOT

[Ipucoeaunenne oTBeTBiIeHUN MO croco0y «be3 ykperuieHus» NMpUMEHSIeTCsl B TeX CIIydasx,
Korjga ocnabjeHne OCHOBHOTO TPyOOINpPOBOAa KOMIIEHCHPYETCS] MMEIOIIMMUCS 3aracaMu MpOYHOCTH
coeauHeHus. JlaHHBIA CIOCOO MPUMEHUM B CllydyasiX, KOTJA BBIIOJIHAETCA 3aMEHa U TPYO SKPAHOB,
IIOBEPXHOCTEN HArpeBa, U KOJUIEKTOPOB.
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B ycnoBusix 3amMeHa TONBKO TPyO Ha KOJUIEKTOPAX HAXOAALIMXCA B 3aBOACKOM (IIPOEKTHOM)
MOJIOKEHNH C YYeTOM HapaOOTKM YacoB CBBINIE IMAPKOBOIO pecypca M3 aHaIM3a ITOJYYCHHBIX
PE3YJILTATOB B paMKax BBIITOJTHCHHBIX 3aKITFOUYCHUN OKCIICPTU3BI HpOMBIHlHGHHOﬁ Oe3omacHOCTH BUJHO,
YTO YTOHEHHE CTEHKH CYIIECTBYIOIIEr0 KOJUICKTOpPAa HE JAaeT BO3MOXKHOCTH BBINOJHHTH CBAapKy Oe3
YKpEIJIeHUs, MO0 BO3pAcTaeT PUCK HAPYIICHUS IPOYHOCTH MOTYYEHHOT'O CThIKa CBAPHOTO COEANHEHUSL.

ITpu paccMoTpeHHMH CHOCOOOB BPE3KH C IOMOIIBIO HAKJIAAKM W aHauM3a KOHCTPYKLUH
MOHTa)XHO-COOPOYHBIX YepTeKeH MOBEPXHOCTEH HArpeBa, a TAK)Ke HSKPAHOB KOTIIOB YCTAHOBIIEHO, YTO
B OOJIBIIMHCTBE CIIy4aeM pAcCTOSHUE MEXKIy COCEIHHMH TpyOaMu IO OCH BpPE3KH MHHUMAJIBHO
COKpameHo Jal0bl  cO34aTh KOMIIAKTHOCTh  MOJCPHU3UPOBAHHBIX WM  PEKOHCTPYHPYEMBIX
MOBEPXHOCTEH HAarpeBa M SKpaHOB. B CBS3M ¢ yeM NpuUMEHEHHE BPE30K C HAKJIaJKOW BO3MOXKHO B
CIy4dasX NPEAYCMOTPEHHBIX MPOECKTHOM JTOKYMEHTAlUUMid C Y4YE€TOM BBIIOJHEHUS PACUYETOB IO
TOIMYCTUM PACCTOSIHUSAM W COTJIACOBAHMS HM3MEHEHHMH KOHCTPYKIMH C 3aBOJIOM HM3TOTOBHTENEM. B
TOXKE BpeMs Yy3€l1 BpPE3KHM B KOJJIEKTOP C NPUMEHEHHEM HAKJIaJKd 3HAYUTEIHHO IOBBIIIACT
HA/IKHOCTh M TPOYHOCTHBIE XapaKTEPHCTHKH y3j1a BpE3KH, a TAaKKe COKpallaeT pPHUCKU
BO3HHUKHOBCHUA IIGCI)CKTOB B IIPOLECCEC BBIMTOJIHCHUSA CBAPOYHBIX pa60T.

JIOTIONTHUTENBHO CTOMT OTMETHTh, YTO BO3MOKHOCTH IPUMEHEHHS HAKJIAJKH Ha OTBETBIISCMBIH
TpyOoIpoBOA (MIPUCOSOMHEHHE IO CIOco0y «YKpEIUIeHHe HaKIaAKaMyd Ha OCHOBHOW M OTBETBIISIEMBIA
TpYOONpPOBO/IY) YCTaHABIMBAIOT IPH OTHOIICHHH AUAMETPOB OTBETBILSIEMOTO M OCHOBHOT'O TPYOOIIPOBO/IOB HE
menee 0,5/], 4To B TOM YmcIie OrpaHUUMBAET BO3MOKHOCTD MCTIOIB30BAHMS JAHHOTO CIIOCO0a.

Crioco6 Bpe3kH «YKpeIUIeHHe MITYLIEpOM», KaK MOKa3bIBaeT MPAaKTHKA, IIMPOKO UCIOIb3YETCS
IIPU BBIMOJIHEHHH CTPOUTEIBHO-MOHTAXHBIX Pa0OT TpH 3aMeHE TPyO IMOBEpXHOCTEH HarpeBa M
9KpaHOB KOTIOB. JlaHHBIA crmoco0 HE MpHaaeT IOMOJHUTEIBHOTO YCWIICHHS WM TOBBIIICHUS
IMPOYHOCTHBIX XaAPAKTCPHUCTUK CBAPHOI'0 COCANHCHUAA.

Crnoco0 mNperMyIIeCTBEHHO BBINOJIHICTCS, MO AHAJIOTy CO BpE3KOW 0e3 yKperuieHus, 3a
HCKIIFOYCHUEM TaKMX 0COOCHHOCTEH, KaK:

- Bpe3Ka OCHOBHOI TpyObl 3MeeBHMKa CEKI[MHM SKpaHa MM MOBEPXHOCTH HarpeBa JJIUHOU OT
TpEX METPOB TPyAO3aTpaTHA, TaK KaK HYXKHBI JIONOJHUTENbHbIE CHOCOOBI M MPHUCIOCOOIEHUS IS
3aKpeIuIeHUs] ee B MPOEKTHOE IMOoJIoKeHHe. B To Bpems, Kak LITYIEp BBINOJIHIETCS MEPHOM ATUHOMN
100-200 MM, 4YTO TO3BOJISIET BHJETH IIOB CO BCEX CTOPOH, a TAaKXKE YIPOIIAET MpoIlecc COOPKH
OTBETCTBEHHOT'0 COCTUHEHHS;

- B ClIy4yasaX BO3HHKHOBCHUA )Ie(l)eKTHOFO COCIMHCHHA B MPOLECCE BBINTOJHCHHNA MOHTAXXHBIX
paboT MM MpH TUAPABIMYECKMX HUCHBITAHUAX IOCIE OKOHYAaHUS PabOT MO 3aMeHe MOBEPXHOCTEH,
JaeT BO3MOXHOCTh B KpaTyaiIllie CPOKH BBHIMOJIHUTH 3aMEHY y3i1a Bpe3Kd, 0e3 JEeMOHTaxa ykKe
CBapeHHBIX KOHCTPYKIMN OBEPXHOCTEH.

Hamn IMPOBEACH aHaJIu3 HOpMaTI/IBHO-TCXHI/I‘IeCKOI;'I AOKYMCHTAaIUH, MaTcpHralioB
BBIMOJIHEHHBIX Ha pasHbix TOLl 3axitoueHHi 3KCrepTHU3 MPOMBIIIICHHON 0e30MacHOCTH M OIbITa
peanm3anun NPpOCKTHBIX I[OKYMGHTaHI/II\/'I Ha 00BEKTaX OHEPICTUKHU, UCXOJd U3 YETO Mbl MOXKEM CACIIATh
IpeBapUTENIbHBIE BBIBOABI JUISI JabHEHINIEro HCCIeJOBaHus, YTO:

1. IlpumeHeHHe crocOOOB BPe3KHM C YKPEIUICHHMEM HAaKIaIKOW YBEINYMBAECT TPOYHOCTHEIC
XapaKTePUCTUKU CBAPHOTO COEAMHEHUs, B TOM YHCIIE B y3JI€ C OCJIA0JIEHHBIM CEUYEHHEM KOJIJIEKTOPa, 4TO
TIO3BOJISIET YBEJIMYUTH CPOK AKCILTyaTalliA KOHBEKTUBHOM YaCTH M SKpaHa COBMECTHO C KOJUIEKTOPOM, a
KakK CJIEJCTBHE COKPATUTh SKCIUTyaTaI[IOHHBIE 3aTPaThl HA BHIIIOJIHEHHE PEMOHTHBIX paldoT.

2. [IpuMeHeHne BpE3KH CO IMITYIIEPOM, JA€T BO3MOKHOCTh COKPATUTh KOJUYECTBO JAE(EKTHBIX
COEIMHEHUI, B MECTE BPE3KH B KOJUIEKTOP TE€M CaMbIM, COKPAaTUTh BPEMs BBIIIOJHEHUS CTPOUTENHHO-
MOHTa>XHBbIX pa60T, a TaK)K€ CHU3UTH 3aTpaThl HA YCTPAHCHUC )Ie(i)eKTHBIX COG}II/IHCHPlﬁ.

bubiuorpaguyecknii CHUCOK:

1. TIpuka3 Ne536 ot 15.12.2020 denepanbHble HOPMBI U TpaBiUIa MPOMBIILIEHHON Oe3omacHocTh «IIpaBuia
TIPOMBIIIITEHHOM O€30MaCHOCTH P UCTIONB30BAHUM 000PYI0BaHSI, pAOOTAIOIIIETO TIO]T TABIICHUEM)).

2. CTO IKTH 10.002-2007 «21eMeHTHI TpYOHBIX TOBEPXHOCTEH HAarpeBa, TpyObl COETUHHUTEIbHbIC B
npefenax Komia M KOJUIEKTOpPBl CTallMOHapHBIX KOTIOB. OOIue TeXHUYeCKHe TpeOOBaHUS K
U3TOTOBJIEHUIO)
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YK 69
OnTuMu3anms NPOEKTHO-U3bICKATEIbCKUX Pad0T NP peau3auy NHBEeCTULMOHHOM
nporpammbl OO0 «JIYKOUWJI-Komm»

T"amotuenko A. A.
Hayunsii pykoBoaurens - [lononsckas H. B.
000 «JIVKOHI-Komuy TTIL JIVKOUJI-Yxmanedmezas, 2. Yxma, Poccus

B TIII <<HVKOﬁH-YXTaHeq)Tera3>> CYLIECTBYIOT CIHENYIOIIME IOAXOABI MO COKPAILLIECHUIO
MHBECTUIIMOHHBIX 3aTparT:

1) 3akonomarenbcTBO PD:

e [locranornenue IlpaButenpctBa PO ot 12.11.2020 Nel816 «OO6 yTBEp)KIEeHUU TEpEUHS
CllydyaeB, MpPHU KOTOPBIX JAJS CTPOUTEIbCTBA, PEKOHCTPYKLUMHU IHUHEHHOro oO0BeKTa He Tpeldyercs
MOATOTOBKA JIOKYMEHTAllUM MO IUIAHUPOBKE TEPPUTOPUH, IEPEUHS CIy4daeB, MPU KOTOPBIX IS
CTPOUTENIbCTBA, PEKOHCTPYKIUH OOBEKTa KaMUTAJIbHOIO CTPOUTENBCTBA HE TpeOyercsi MOTy4eHHe
pa3pelieHust Ha CTPOUTEIBCTBO. .. »;

e I'pamocrpoutennhbiii Komekc Poccuiickort @enepannu (vactu 3.8 u 3.9 crateu 49 I'pK
P®) B ciydae BBISBICHHS B IPOLIECCE CTPOUTENHLCTBA (PEKOHCTPYKIMH) OOBEKTa KaIUTAJIBHOTO
CTPOUTENHCTBA HEOOXOJMMOCTH BHECEHHS] MU3MEHEHHH B MPOEKTHYIO JOKYMEHTAIIMIO, MOJYYHBIIYIO
MIOJIOXKUTEIIPHOE 3aKJIIOYEHHE HKCHEPTHU3bl IPOEKTHOM JOKYMEHTAllMM, TaKue H3MEHEHMsS] MOTYT
BHOCHUTHCSI B BUJE OTAEIHLHOTO M3MEHEHHS B COOTBETCTBHH C MI3MEHEHHE MOKET OBbITh BHIIIOJHEHO B
BHJI€ pabouelt JOKyMEHTAIM!

2) B pamkax IIporpammbl obecrnedenust ycroituuBoro pocra (ITOVP): PeamusoBanbr 4
[TacopTa MHUIIMATUBEI 110 COKPAIICHUIO WHBECTUIIMOHHBIX PACXOOB MO 00BEKTaM MPOSKTUPOBAHUS
TIIIT "JTYKOWJI-VxTanedreras

e (CmxeHHe Kjacca ONACHOCTU OMACHBIX NPOMU3BOJCTBEHHBIX 00bekTOB Il Kitacca — cuctem
BHYTPHUIIPOMBICIIOBBIX TPYOOIIPOBOJIOB;

e lckiroueHne MpUMEHEHHUS CPENICTB SJEKTPOXUMHUYECKON 3alluThl Ha TpyOOmpoBOAax ¢
3aIIUTHBIM BHYTPEHHEM U HAPYKHBIM 3-X CIIOHHBIM HOKPBITHEM;

e HcximoyeHne HEOOXOAMMOCTH YCTAaHOBKH 3alllUTHBIX KOXXYXOB TMpPU TIEPECeUEHUU
TpybomnpoBooB u BJI;

e Ha mnpoBeneHHe WCIBITaHUS BCEro TPyOOMpoBOJa B OAMH d3Tall  HAa MaKCHMAalbHOE
nasnenue Pucn=1,5xPpab u uckiIroueHreM UCIBITAHUH YU4aCTKOB TPyOOIPOBO/A HA MEPECEUCHUSIX U B
y3J1ax MOJKJIIOUEHUs! TpyOOIIPOBOIOB.

easn:

1. Amnanus npouecca peaar3aluyd HHBECTUIIMOHHOTO 00BEKTa KalUTEIbHOIO CTPOUTENIbCTBA;

2. BrogBienust (GpakTopoB, OTPUIATENBHO BIUSAIOIIMX Ha CPOKM M CTOMMOCThH peaiu3aliuu
WHBECTUIIMOHHOTO O0BEKTa KAIUTEIIbHOTO CTPOUTEIHCTBA;

3amaun:

1. Vnpoenue 6usHec-ipoliecca OpraHu3aly pean3alii HHBECTUIIHOHHOTO O0bEKTa;

2. Pacuer sxoHOMMYECKOTO 3 deKTa.

JlononHUTENBHO, IPOBEIS AHATU3 CPOKOB J0 Havaia paboT MO MPOEKTUPOBAHUIO HEOOXOIUMO
OTMETHTb, YTO OT Hauana YTeepxaeHus Ilporpamm OOO «JIYKOMJI-Komm» 10 peanmsanuu
WHBECTUIIMOHHOTO MPOEKTA 10 OKOHYAHHS TPOCKTUPOBAHUS TPATUTCS NOPSAKOM 466 nHEH, U3 HUX:

- Ilpoueaypsl 10 Hayana MPOEKTUPOBaHUS 3aHUMaroT nopsaka 100 aHel, rae mpoueaypsl
COTJIACOBaHUs CTOMMOCTH ¢ MHCTUTYTOM M 3aKJIIOYEHHS JOTOBOPA 3aHUMAIOT nopsiaka 60 gHen

B mensix cokpaliieHuss MHBECTUIMOHHBIX 3aTPaT U CPOKOB MO BBIMOJHEHUIO KOPPEKTHUPOBKHU
[TNP, BeneHrst aBTOPCKOTO HAI30pa U BHITIOJHEHUS TTPOCKTOB IO MPEATMUCAHUSM HAI30PHBIX OPTaHOB
PaCcCMOTPEH MOJXO/] CIECIYIOUUX KOMIAHUM:

a. [IpoexkTHO-CcMeTHOE OIOpO UMEETCS B CTPYKTYpE:

- OAO «CypryrHedTerasy» B KOMHUecTBE 12 UenoBeK;

- 000 «JIYKOWJI-Yxranedrenepepaborkay B komudectse 11 gemoBex

b. Jlororopa Ha ayrcrad(huHT 3aKITIOYAIOT:
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- 00O «TpancuedTb»;

- Komnanus PYCAJL

Buasi pador npousBoaumsl I1ICh

1. KoppekTupoBka MpoeKTHOI/paboUeii JOKYMEHTAIMH C BbIAYCH MOITBEPKACHUI

2. KoppektupoBka paboueil JTOKyMeHTaluu

3. BeinosnHenue GyHKIMI aBTOPCKOro HaA30pa

4. BpImosiHEeHUs] TPOCKTHOM U paboyeid MOKyMEHTAlMW IO OO0BEKTaM TEXHUYECKOTO
IIEPEBOOPYKEHHUS, TUKBUIALNN, JEMOHTaXa

5. IlpuBenenne JOKyMEHTAUMU T1OJA (aKT MOCTPOSCHHOTO (IO HEKOTOPBIM 3aMEUYaHHS
IpOEKTHOro oduca Pa3BUTHs CEBEpHBIX MECTOPOKACHUH INpH (OPMHUPOBAHUHU 0Oa3bl JAHHBIX I10
CTPOUTENLCTBY M peKOHCTpyKIMH o0bextoB TIIIT «JTYKOWJI-YxTanedrerasy, KoTopble He TPeOyIOT
IIOJIHOTO TIEPENPOEKTUPOBAHUS 110 OOBEKTY);

6. Yuactue npu noaroroske I1JIITP na ®a3e "Bribop" onpeneneHne HEOOXOAUMBIX 00HEMOB
IIPOEKTUPOBAHHUS

IIpeumymecrsa

1. CokpaiieHue CpOKOB IOAIOTOBKM  IIOJATBEPXAEHUS M BHECEHUE H3MEHEHHH B
JOKYMEHTAILHIO;

2. CokpalleHrue MHBECTUIIMOHHBIX PACXOJIOB;

3. OrcyrcrBue HeoOxoaqumoctu oaroroBku [TATTP u POP;

4. Coxkpamenue Tpyno3arpar npu noxaroroske IIJIIIP, Benenus noroBopHOW pabOThHI IO
00BEKTaM, He BKIIFOUCHHBIM B HHBECTHIHOHHYIO porpammy OO0 «JTYKOMJIT-Komu»

3akiawuyenue pamouHoro gorosopa (ayrcragpguur) no IIChb ¢ OO0 «<HUIIHU HedpTH
urasa YI'TY»

Crpykrypa:
WNnxenep (siexTpuyeckas 4actp) - 1 uen.
WNuxenep ( muHeitHas yacTh) - 1 yen.
Nnxenep (muionagoynbsie 00bEKTHI) - 1 uer.
Wmnxenep (cTpouTenpHas yacTp) - 1 gen.
WNnxenep (renmnan) - 1 gen.
. Nnxenep (KUIIuA)- 1 yemn.

(I)vmcm/m ONOJHHUTEJIbLHBIX cOTPYIHUKOB/TICE:

1. KoppekTupoBka NpOoeKTHOI TOKyMEHTALlUU C Bbllauel OATBEeP K ICHHH

2. KoppektupoBka paboueil JTOKyMeHTaIluu

3. Beinosnnenune QyHKIM aBTOPCKOTO HA/130pa

4. BolnoHEeHUsT TPOEKTHOW M pabouel JTOKyMEHTAalUW 1O OOBEKTaM TEXHUYECKOTO
NEPEBOOPYKEHUS, JTUKBUIALUM, JIEMOHTaXKa, NPUBEICHUE JOKYMEHTAIUU MOoJ (haKT MOCTPOEHHOTO
(MO0 HEKOTOpBIM 3aMeyaHUsIM NPOEKTHOro oduca «Pa3BUTHS CEBEPHBIX MECTOPOXKACHUW» MNpHU
dopMupoBaHHE Ga3bl JAHHBIX 110 CTPOUTENLCTBY M PEKOHCTpYKImH 00bekToB TIII «JTYKOWII-
VYxtanedreras», KOTopble HE TPEOYIOT MOJIHOTO NEPENPOEKTUPOBAHUS 110 OOBEKTY);

5. Yuactue npu noaroroske I1JIIIP na ®daze "Bribop" onpeneneHre He0OX0AUMBIX 00bEMOB
MIPOEKTUPOBAHHS.

JlononuutenbHoe mporpamMmmHoe obOecneueHue He TpeOyercs. IIpenocraBisercs
MPOEKTHBIM HHCTUTYTOM.

CroumocTh Tpyzno3arpar y NPOEKTHOIO MHCTUTYTA MO ToAy Ha 6 4eJIOBEK OPHUEHTHPOBOYHO
coctaBut 21 600 000,00 py6/ros.

Croumocth HeoOXoaAMMOro oOOpYyIOBaHMS W MaTepuajoB sl TPOU3BOJCTBA pabdOT
COCTaBUT OPUEHTUPOBOYHO:

- O6opynosanue equHopa3oBoro npuobdperenus (Oprrerxuuka) — 900 000,0 pyO.

CPO =e TpeOyercs. EcTb y NpoeKTHOTO HHCTUTYTA

HUTOI'O:

E:xxeroanbie 3aTpaTbl cocTaBaT opueHTHPOBO4HO 21 600 000,00 pyo/roa.

Enunopa3zoBble 3aTpathbl cocTaBAT oprueHTupoBouHO 900 000 pyo

BeiBon:

oukrwndE
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Coznanue [ICh umeer psan npeumyIecTs, a8 UMEHHO:

1. CokpaiieHue MmiIaHOBBIX HHBECTUIIMOHHBIX 3aTpat Ha 2022 rox

2. OrcyrcTBUe  HeoOXoAMMOCTH  3akiroueHust goroBopa [IMP  u  koppeKTupoBKH
MHBECTULIMOHHOM IPOrpamMMbl Ha 00beMbI paldoT:

- "He Bomeamux B IIporpammer I'TM wu Pekonctpykmuu TtpyOGomposogos OOO
«JIYKOWJI-Komn»;

- 10 NPEANNUCAHUSAM HaJ30pHBIX OPraHOB

- 10 HEKOTOPBIM 3aMeYaHUsIM IPOEKTHOro oduca «Pa3BuTHs CEBEPHBIX MECTOPOXKICHUN NPH
dopMupoBaHHE Ga3bl JAHHBIX 110 CTPOMTEILCTBY M PEKOHCTpyKImH 00bekToB TIIIT «JTYKOWII-
VYxTtanedrerasy, KOTopble He TPeOYIOT OJHOI'O NEPENPOESKTUPOBAHUS 110 OOBEKTY

- BHECEHHUE U3MEHEHMH B IPOEKTHYIO JOKYMEHTALUIO, IIOJrOTOBKA U BblJa4a MTOATBEPKACHUN
0 COOTBETCTBUU BHECEHHBIX N3MEHEHHH B JOKYMEHTALHIO

- TI0 TEXIIEPEBOOPYKEHUIO OOBEKTOB;

3. CokpalieHus Tpy10o3aTpar Ha 3aKII0UE€HUE U BEIEHUE JOTOBOPHOM paldoThI;

4. OneparuBHocTh B3aumoaencTus ciyx0 TIII u npoexkTHpOBLUIMKOB

YK 69:004.42
Hcnonb3oBanue uu(ppoBoro MoaeTMpPOBAHUS B CTPOUTEIbCTBE B YUeOHBIX LeJIsIX

Otpowrenko U. B.
Hayunslii pykoBoaurens — [leBanbroBekuii E. 3.
Yxmunckuii cocyoapcmeennbviii mexnuyeckuu ynugepcumem, 2. Yxma, Poccus

AnHoTanus.

Otuer o pe3yabTaTax NPOBEACHHOIO UCCIIEA0BAHUS BO3MOKHOCTH M NEPCIIEKTUBHOCTH

WCTIOJIB30BaHUS III(PPOBOTO MOAETHPOBAHUS B CTPOUTEIHCTBE B yUeOHBIX 1ETsX. PaccMoTpeHO
Ha IpUMepe MporpaMMHOro komiuiekca "Renga". Pesynbrar monoxurtensHblid. O0ydenue LM B
CTPOMUTENBCTBE AOCTYITHO U 11€JI€CO00pa3HoO.

Hcropus THUM.

Konuenmus BIM (building information modelling, uro B nepeBone MupopmaninonHol Moaenu
3@HUH; WM TEXHOJOTMM HH(OPMAIIMOHHOTO MOJICIUPOBAaHUS; HUPPOBOro HH(OPMAIIMIOHHOTO
MOJICIIMPOBAHMS) CYIIECTBYET C CEMHUAECATHIX TOJOB TPONIUIOTO BeKa. TEpPMHUH «CTPOUTEIbHAs
MO/IeJIb)» BIEpBbIE OBLT UCIIOB30BaH B paboTax B cepennHe 1980-x ronos: B ctatbe Caiimona Paddia
1985 rona, a 3atem B cTatbe Pobepra Alia — apxutekropa nporpamMmmuoro kommiekca RUCAPS, Ha
KOTOpO€ aBTOp CChbUIAJCS IIPU ONUCAHUM UCIOJB30BaHUS IPOTPaMMHOIO oOOecleyeHus B
MEXTyHAPOIHOM JIOHJJOHCKOM BO3/YIITHOM T€PMHHAIE XHUTPOY.

B 2002 romy Adobe Autodesk company seimyckaer Oportopy moxa Haszsanuem «Building
information modeling» u Bckope apyrue mocTaBuinKy mporpaMMuoro odecredenus (Bentley Systems,
Graphisoft u np.) Takxke HavyaIM 3asBIATH O CBOEM YUaCTHH B 3TOH OOJIACTH.

Passutne xounemnmuu BIM B Poccun.

B nameit crpane BOIpOCHl IPUMEHEHHS MPUHIMIIOB MH()OPMAIMOHHOTO MOJETUpPOBaHUS (B
OJMM3KUX IO CMBICIIy TepMHUHaX) oOcyxkianuch HauuHasg ¢ 1990-x ronoB. M3HauanbHO peup muIa
MIPEUMYIIECTBEHHO O BHeApeHHu B paboumii mporecc mHctpymeHToB CAIIP ArchiCAD, Softdesk,
OlHaKO K KOHIy 90-X cranmu MOSBISATHCS COOCTBEHHbIE pa3pabOTKM B 00JAaCTH MpPOrpaMM-
uHTepdeiicoB nmporpaMMHoro obdecreueHus. B To Bpemst Mojib30BaIMCH MOMYJISIPHOCTRIO MTPOTPaMMBbI
— Masctpo u APKO, kotopsrii B 2000-x rogax TpancgopMupoBaiach B KOMIUIEKCHOE ITPOTrPAMMHOE
peleHre KOMIbIOTEpHOM aBToMaTu3aluu npoektupoBanus Project Studio CS.

Bo BTopoii monoBuHe 200-x nosiBuiack anbrepHatuBa CAIIP Project Studio CS - xonuemnmus
Mind (Model in Drawing) ¢upmer ACKOH. Tlo3:xe, B kommabopanuu ¢ pupmoit 1C pa3paboTkoii
HOBOTO TIPUJIOXKEHUS 00ecTieueHus, peanusytomiero texnonoruto BIM — Renga.
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Pucynok 1 — Mexaynaponuslii JIonoHckuii aspornopt Xurpoy moaens Rucaps

Hopmarushas 6a3a PO®.

[MudpoBoe nHGOPMAITMOHHOE MOAETHPOBAHUE ABIISETCS OBICTPO pa3BUBAIOLICHCSA OTPACIbIO B
CTPOUTENIBCTBE M CTPEMHUTEIBHO MPHUXOIUT HA CMEHY TPaJWIIMOHHOW Mozenu pabotel. MHTErpamus
MIPOUCXOAUT C AKTUBHOM MOJJIEP>KKOM MPaBUTENIbCTBA.

Vka3 Ilpesunenta Poccuiickoit @eneparmu ot 30.03.2022 Ne 166 "O mepax mo obecreueHuto
TEXHOJIOTUYECKON HE3aBUCUMOCTH U 0€30MacHOCTH KPUTHUECKOW WH(POPMAIIMOHHON MH(PPACTPYKTYPHI
Poccuiickoit ®enepaumu"[5] yTBep)KIE€HO HamNpaBICHUWE pa3BUTUS Ha TOBBILIEHHE CYyBEPEHUTETa
CTpaHbl, CO3JaHNE HE3aBUCUMOM HHPPACTPYKTYPHI, IU(PPOBU3ALNN B CTPOUTETHHON OTPACIIH.

[Tocranosnenue [paButensctBa Ne 331 ot 5 mapta 2021 roma[6]. JJoKyMEeHT COAEPKUT TIOTIOKEHHE:
c 1 mapra 2022 roma ¢dopmupoBaHre U BeleHHE HHGOPMAIIMOHHONW MOJENM OOBEKTa KalmuTaJIbHOTO
CTPOUTENBCTBA CTAHOBUTCS OOS3aTENBbHBIM IS 3aKa34MKa, 3aCTPOMIIMKA, TEXHHYECKOTO 3aKa3dhKa,
AKCIUTYaTUPYIOIIEH OpraHu3alliy, €CIi Ha 3TOT OOBEKT BbIJIETIEHBI CPEJICTBA U3 OIO/IKETA.

IMpodcranmapr: 16.151 Coenmanuct B cdepe HHPOPMAITMOHHOTO MOJICITUPOBAHUS B
crpoutensctee Y TBEPXK/IEH npukazom MununcrepcTsa Tpyaa M COLMAIBHOM 3ammThl Poccuiickoin
Oenepanun ot 16 HOosOpst 2020 roga N 7871

HopmarusHnas 6a3a BIM na cerogns

BIM wunu texHosnorus MHPOPMAIMOHHOTO MOJEIMPOBaHUS CHOPMYINPOBAHA ONPEAEICHUSIMU
B CYIIECTBYIOIIEeH HOpMmaTuBHOW 0Oa3e Poccuiickoit ®eneparnuu. Ha naHHBI MOMEHT OmpeseleHue
JIAI0T CIEAYIOLUE aKTyaJbHble HOPMAaTUBHbIE TOKYMEHTHI:

1) TocynmapctBennsiii crangapt [OCT P 10.0.03-2019 Cucrtema  crangapToB
MH(POPMAIIMOHHOTO MOJICTUPOBAHMS 3AaHUN U coopyxkeHui. MubopmarmonHoe MoaenupoBaHUE B
CTPOMUTENBCTBE, MYHKT 3.2:

Texnomorust nHpopmanmonHoro mojenupoBanus (TUM)(3nanuit u coopyxkenwii)(Building
information Modelling - BIM) - geATeabHOCTD MO CO3/IaHHIO, YITPABICHUIO U XPAHEHHIO DJIEKTPOHHOM
nH(OPMAaLIUK O 3AaHUAX U COOPYKEHHSAX Ha BCEX WM OTAENBHBIX CTAAUSIX MX >KM3HEHHOTO IIMKIIA,
pe3yabTaTOM KOTOPOH SIBJISETCS CO37aHne MHPOPMAITMOHHONW MOJIEN 3aHUs WM COOPYKEHHUS.

2) I'panoctpoutensHbit Koaeke Poccuiickoit denepanum, riasa 1, crates 1, mynkr 10.3:

NudopmarmonHasi Mojiesib 00bEeKTa KaUTAIBHOTO CTPOUTENBCTBA (MH(OPMALIMOHHAS MOJENb) -
COBOKYITHOCTb B3aMMOCBSI3aHHBIX CBEJICHHUH, JOKYMEHTOB W MaTepHajioB 00 OOBEKTE KamUTaIbHOTO
CTPOUTENBCTBA, (POPMUPYEMBIX B 3JEKTPOHHOM BHJE Ha JTalax BBHINOJHEHHS WHXCHEPHBIX M3BICKAHUM,
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OCYLIECTBIIEHUSI APXUTEKTYPHO-CTPOUTEIBHOIO IPOEKTUPOBAHUS, CTPOUTENBCTBA, PEKOHCTPYKIINH,
KalUTAIbHOTO PEMOHTA, SKCIUTyaTalllu U (WIK) CHOoca 00BbEeKTa KaluTaTbHOTO CTPOUTENHCTBA.

3) Cox mpasui CII 333.1325800.2020, nysxr 3.1.4:

Hudposas nundopmairionHas MoJelb 00bEKTa KallUTaIbHOIO CTPOUTENILCTBA - COBOKYIHOCTh
B3aMMOCBSI3aHHBIX MH)KEHEPHO-TEXHUYECKUX W HHXEHEPHO-TEXHOJOTHUECKUX JAHHBIX 00 00BEeKTa
KaluTaJIbHOTO CTPOUTENBCTBA, IPEICTABICHHBIX B IU(POBOM 00BEKTHO-TIPOCTPAHCTBEHHOM BUJIE.

[Mynkr 3.1.6: Ludposas wundpopmanmonnas wmonens (LM, tpexmepHas Mojens) -
ANEKTPOHHBINA TOKYMEHT B COCTaBe MH(DOPMALIMOHHONW MOJIENIM 00bEKTa KaUTAIbHOTO CTPOUTENLCTBA
(MM OKC), mnpencraBieHHbIH B HIH(POBOM OOBEKTHO-IPOCTPAHCTBEHHOM Buze. llpumepamu
nudposoit napopmarmonHoit moaenu (LIMUM) sBisiercs mudposast nHGopMarmoHHAsS MOACIIb 00BEKTa
kanutansHoro crpoutenserBa (UMM OKC), umxenepnas uudposas moaens mectnoctu (MLIMM) u
Jpyrue Buabl MHOOPMALMOHHBIX MOJIeNIeH, MPUMEHSIEMBIX ISl Pa3JInYHbIX LIeJIeH.

[Mynkr  3.1.17:  DJEKTpOHHBIA  JOKYMEHT -  JOKYMEHTHpPOBaHHAas  HH(oOpMarms,
MIpPeIOCTaBIIEHHAs! B 3JIEKTPOHHOI opme, TO eCTh B BHUJE, MPUTOTHOM JUISI BOCIIPUATHS YEITIOBEKOM C
UCIOJIb30BAHUEM  DJIEKTPOHHBIX  BBIUMCIMTENBHBIX MalllMH, a TakXke M [epeAaud 1o
MH(OPMALIMOHHO-TEIEKOMMYHUKAIITMOHHBIM CETAM UM 00pa0OTKH B HHPOPMAIIMOHHBIX CUCTEMAX.

Nnes TUM OcHoBaHa Ha BOIUIONICHUH CIAEAYIOMIMUX MTPUHITUIIOB!

- IIpoekTupoBaHuEe OCYIIECTBISETCS B TPEXMEPHOM MPOCTPAHCTBE MAJsi OOJee HarsagHOTO
NPEJCTaBICHUS TEXHWYECKHX pEHICHWH ¥ COTJacoBaHMS pa3HBIX MPEIMETHBIX —objacreit
MIPOEKTUPOBAHUS MEXKIY COOOIA.

- ba3oBoii equHMIICH SIBIIETCS OOBEKT MPEIMETHON 001acTH

- lludpoBas wmozenp Hacelmaercs WHQOpPMALKMEH, KOTOPYIO BIIOCIEICTBUU CMOTYT
HCII0JIb30BaTh BCE YYAaCTHHUKHU IPOLIECCA CTPOUTENHCTBA (MIPOECKTUPOBIIMKH, CMETUUKH, CTPOUTENH,
3aKa34MK, KOHTPOIUPYIOLIUE OPTaHbl U T.1.)

- UepTexku U CTpOUTENbHBIE crienupUKAK (POPMUPYIOTCS Ha OCHOBE MOJIETH W OOHOBIISIOTCS
IIPY U3MEHEHHUH JaHHBIX MOJEIIH.

- IMudpoBas mHPOpManMOHHAs MOJENIb MOXET OBITh IMepeJaHa B pacueTHbIE CHCTEMBI,
CYIIECTBYET BO3MOKHOCTh HHBEHTAPU3ALMM OOBEKTOB, pacueTa HEOOXOIMMBIX MaTepHUajoB, ITAOB U
CTOMMOCTH NPOEKTA.

Ha pucynke 2 n3zobpakeHa mH(porpapuka oxBaTa CTaAMHHOCTU CTPOMUTENHCTBA MPUHIUIIAMU
U(PPOBOro MOJCITUPOBAHUS.

Lenp uccnenoBanusi: HGOPMALIMOHHOE MOJICIIMPOBAHUE B CTPOUTENHCTBE B YUEOHBIX LIEIISX
Ha 6a3e CAIIP «Rengay.

[Iporpammuoe oOecneuenue “Renga” 5310 oTeuectBeHHas CucremMa ABTOMaTH3AIUU
IMpoextuporanus (wiu CAD computer-aided architectural design).

Ha caiite xommannu “AckoH”, 3aHUMArOIIECss Pa3pabOTKO, pacmpocTpaHEeHHEM U TIOAIEPIKKON
3TOTO MPOTrPAMMHOTO 0OECTIEUEHHsI IPUCYTCTBYIOT Kypchl 00ydeHHsl paboTe ¢ MPOTyKTOM.

Kypc “3umnsas mxoma BIM ¢ Renga”, mnpenocraBiasieT mNporpaMMmy KOMIUIEKCHOTO
JTUCTAaHIIMOHHOTO OoOydeHus B ¢opmare BeOuHapoB. Jlyis ynoOcTBa ciymiareneid BeOMHAPhI 3aIMCaHbl
Ha BUJEO U IOCTYIHBI K CKQUMBAHHUIO B IPUBATHOM JIMCTE IIOCIJIE aBTOPU3ALINH.

TpynoémkocTs paccumtaHa Ha 108 akageMUYEeCKMX YacOB 3aHIATHH C MPENOAABaTENIEM,
BBINOJIHEHUE MPAKTHYECKUX paboT camocrosTenbHo. [To 3aBepiieHnu Kypca U MpoBepKe CAETaHHOMN
paboThI MPEOCTABIIAIOT UMEHHOM cepTU(UKAT CITyIaTeNs.

B kauectBe nemoHcTpannu Bo3MoxkHocTed CAIIP nanHO# mporpaMMsbl Ha pUCyHKax 3, 4, 5, 6
MMOKa3aHbl CHUMKH 3KpaHa oreparopa mpu padore.

Kak nokazaHo Ha pucyHke 3 IPOEKTUPOBAHUE MPOUCXOAUT B 3-J] MOZIE€NIH, COTTIaCHO MPUHIIMIIA
TEXHOJIOTUU UH(POPMALIMOHHOTO MOJEIMPOBAHUS 3/1aHUH.

Ha pucynke 4 npoaeMOHCTpUpOBaH IUIaH TUIIOBOTO 3TaXa creHeprpoBaHHbli cpeactBamu CAITP.

Pucynox 5 wmmoctpupyer TiaBHBIA (acam 3maHust U paspe3 1-1, creHepupoBaHHBIN
paccMaTpuBaEMBbIM POTPAMMHBIM 00€CTIEUEHUEM.

Pucynox 6 orobpaxkaer pabouuii 3KkpaH orepaTopa MporpaMMHOTO KOMITJIEKCA MTOCTPOCHHBIN
ABTOMATHUYECKH MO CeYeHUIO Mozienu 1-1 (0603HaueHO Ha pUCYHKE 4).
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Pucynok 5 — I'naBublit dacan, crenepupoBanubiii CAIIP

JIONOIHUTENBHBIM HHCTPYMEHTAPHM.

CymectByeT MHOkecTBO CAIIP BBINONHAIOMMX PYTHUHHBIE 337a4d IPOEKTUPOBIIUKOB, TAKUE
KaK TMOJICYET CMEeT WJIM pacdeT Hecyled crnocoOHocTu KoHcTpykumid. TUM nenaeT BO3MOXKHBIM Kak
IIEPEHOC JAETaJbHBIX JAHHBIX MEXAY Ppa3JIMUYHBIMA IPOTPAMMHBIMM KOMIUIEKCAMH, TaKk U
MOJIKJIFOUYEHUE aBTOMAaTU3UPOBAHHBIX aIMapaTHBIX MOAYJIEH.

3aKIr04YeHuE.

O3HaKOMHUBILIHUCH C TEXHOJIOTHEW MH(GOPMAIIMOHHOTO MOJEIUPOBAHMS 31aHUN U COOPYKEHUH,
B yueOHbIX 1ensx, Ha 6a3ze CAIIP “Renga”, pesromupyro:

1) TexHnonorust akTUBHO BHezApseTcs B PO Ha 3aKk0HOJaTETbHOM YpPOBHE

2) OreuectBeHHOe [1O crpaBisieTcs ¢ TOCTaBICHHBIMU 3aa4aMU

3) Harmsimrocts paboThl ¢ 3 /1 Mo1eTbi0 3HAYUTENIBHO YIPOIIAeT padodne MpOIECCHI.

4) CoBmectHas paboTa mocpenctBoM odayHoro ceppuca “Pilot BIM” nmo3Bonser yCKOpUTh
MIPOLIECCHI COTIACOBAaHUS U OOCYKICHHUS MPABOK.

5) ITony-aBTOMaTU3UPOBAHHOE MIOCTPOCHUE YePTEXKEN U CrICHUPHUKAINNA CYIIIECTBEHHO
MOBBIIIAET 3(PPEKTUBHOCTh pabOTHI TPOCKTUPOBIIHKA.

6) IlepcrieKTUBBI pa3BUTHS JaHHON TEXHOJIOTUHU J0CTaTOYHO MHOTOOOEIIAIOIHE.
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PI/ICYHOK 7 - KOHCTPYKTI/IBHHG MOJCIN 3,Z[aHI/II71, SKCIIOPTUPOBAHHBIE B PACYETHBIC IIPOTPAMMBbI
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Pucynok 8 — CoBmectumocts [IVIM ¢ BHEIIHMMHU pacYETHBIMU IPOrpaMMaMu

Bbubéanorpaguyeckunii cnucox

1. TOCT P 10.0.03-2019 Cucrtema cranmapToB WH()OPMAIMOHHOTO MOJCIMPOBAHUS 3IaHUU U
coopyxennii. UuhopmanimoHHOE MOJIETHPOBAHUE B CTPOUTEIHCTBE.

2. I'papoctpoutensHbiii kogeke Poccutickoit denepamnmm

3. CBoa npasui CII 333.1325800.2020

4. Eastman, Chuck; Tiecholz, Paul; Sacks, Rafael; Liston, Kathleen. BIM Handbook: A Guide to
Building Information Modeling for Owners, Managers, Designers, Engineers and Contractors (2nd
ed.).. — Hoboken, New Jersey: John Wiley. — 2011. — C. 36-37.

5.https://rengabim.com/
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YJK 711.553.17
CoBpeMeHHOE KOHCTPYMPOBAaHHE AaBTOBOK3aJI10B

Ky3nernos A. A.
Hayunsiit pykoBogutens — JleBanbroBckuii E. 3.
Yxmunckuii cocyoapcmeennbiii mexnuyeckuii ynueepcumem, 2. ¥Yxma, Poccus

Ha3HaueHue aBTOBOK3allOB - OOCIyXMBaHHE IACCA)KUPOB Ha KOHEYHBIX IYHKTax
MEXIYyrOpPOJHBIX aBTOOYCHBIX JHMHUKH B Oonpmux roponax. Ilpm HeoOXomuMocTu Ha
aBTOBOK3aJlax OpraHU3yeTcs OOCIyKHBAaHHE TaKXe WU MPUTOPOJIHBIX aBTOOYCHBIX COOOIICHUH.
ABTOBOK3aJIBI M TACCAKUPCKHE aBTOCTAHIIMM - 3TO JOCTATOYHO HOBBIM THUIl COOPYKECHUH,
BbI3BAHHBIM K KU3HM OBICTPBIM pPa3BUTHUEM MEXIYTOpPOJHBIX AaBTOOYCHBIX cooOIeHuil. 3a
nepuos ¢ 1950 mo 1969 r. mepeBo3KM MaccaXupoB MEKAYTOPOAHBIMU aBTOOYCaMH BO3POCIH C
50 MaH 10 Oosee MUIUIMApP/ia YETOBEK B IOJ.

JlonoyIHUTENbHBIE MAPILIPYThl, OPraHU30BaHHBIE B MEPHO/bl CYTOYHBIX U CE30HHBIX "MHKOB",
JIeNIal0T 3TOT BUJ MEPEBO30K YAOOHBIM /ISl KOPOTKMX M CpPEeHUX paccTosiHMH. B HacTosmiee Bpems
MHOTO€ CO3[aeTCs ISl YIYYIIeHHs OOCITY)KMBAaHUS TAacCCAXUPOB MEXKIYTOPOJHBIX aBTOOYCHBIX
cooOuieHnit. CoopyxeHus sl OOCIIy)KHBaHUS MACCAKUPCKUX MEPEBO30K J00aBIE€Hbl B HOBBIE
MIPOEKTHl aBTOMOOMJIBHBIX JAOPOT KaK HEOThEMJIEMBIC 3JIEMEHTHI MX 0OycTpoiicTBa. Ha KOHEUHBIX U
IIPOMEKYTOUHBIX ITYHKTaX MEXKIYTOPOAHBIX U IPUTOPOJIHBIX aBTOOYCHBIX COOOLIEHUH CTPOSATCS
MACCAXUPCKUE aBTOCTAHIIUU M ABTOBOK3AJIBI.

PazMemienne maccaXMpCKOM — aBTOCTAaHIMKM MM aBTOBOK3ajda B TOpoJe  JOJIKHO
COOTBETCTBOBATh TJIABHOMY TpeOOBAaHWIO - oOecredeHue yaoO0CTB M KoM(opTa Ui MacCaKUpOB.
Bb100p OoNTHUMAaIbHOIO PacroioKEeHUs! TaKOM CTaHLIMU MM BOK3aja 3aBUCUT OT MHOIMX (DaKTOpOB:
YIUYHO-IOPOXKHASI CETh TOpPOJIa, Pa3MEIICHHWE LEHTPOB MPUTSHKCHUS MPHOBIBIINX IAaCCAKUPOB U
3HaYMMOCTb IEpecajioK MacCAKUPOB C PEYHOT0, MOPCKOIO, KEJIE3HOJOPOKHOTO WM BO3YLIHOIO
TpaHCIOpPTa Ha TOPOJCKHE aBTOOyCHbIE MapmpyThl. Ha3HadeHHe ONTHMAaIbHOTO MECTOMOJIOKECHHUS
MACCAXUPCKOT0 TepMUHANIA UMEET BaXKHOE 3HAUEHUE I o0ecredeHus: KOM(OPTHOTO MepeIBUKEHUS
rpakJiaH ¥ TIOBBIIIEHHS Ka4eCTBA TPAHCTIOPTHBIX YCIYT B TOPOJIE.

Pa3paboTka TreHepaibHOro IjIaHa: MpU OOJBIION MNPOTSKEHHOCTH 3JaHUS BaXHO
OpraHU30BaTh MOHE3]] TOPOJICKIX TPAHCIIOPTHBIX CPEJCTB K TJIABHOMY BXOJY 3/IaHUS M MPOX0JaM
Ha mnatdopmbl. Takue Mepbl cHOCOOCTBOBYIOT Ooliee yAoOHOMY U 0€30MacHOMY MOAXOIY
MacCaXMPOB K aBTOCTAHIINH.

OcHOBHbIE TOJIOXKEHUS K 000pYZA0BaHUIO aBTOBOK3a110B B Poccuiickoit denepannn
ycranasnuBaeT [Ipuka3z Muntpanca ot 29 nexadbps 2015r. N 387 «O0 yTBep>KAeHUM MUHUMAaIbHBIX
TpeOoBaHUI K 000PYAOBAHUIO ABTOBOK3AJIOB M AaBTOCTaHIIUI».

OO01ue MoJ10KeHUs MPH KOHCTPYMPOBAHUY 31aHUI aBTOBOK3aJa:

Ta6J'II/II_Ia 1 - KJ'IaCCI/I(l)I/IKaI_[I/ISI 3JJaHMHA  aBTOBOK3aJIOB MO MaKCHUMaJlbHOM paC"IeTHOI\/’I
BMECTHUMOCTHU
PacwetHOE CYVTOMHOE OTIPARIEHHE, IACCAKHPOR BMeCTHMOCTE 31aHHA AETOEOKIANA, MACCAKHPOE Krace z7aHus agToBOKzZATa

Or 1001 mo | 2000 BETIOUHTEIEHO 100 Mangiz

2001 " 3000 " 150

3001 " 4000 " 200
Or 4001 Jo | 6000 EKTIYIHIEIEHO 250 Cpenmmit

6001 " 8000 " 300

8001 " 1000 " 400
Or 10001 go | 15000 EKTIOUHTEIEHO 500 bonemoi

15001 " 20000 " 600

20001 " 25000 " 700

Bomee 25000 800
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TaGJII/II_Ia 2 - Pacuer mIomaan 3€MEJIbHOI'0 yUdacTKa AJid CTPOUTCIILCTBA 3JaHUA aBTOBOK3aJIa

Unemo IOCTOR IOCAAKH H BRICATKH

Ce. 3 7o 10 BKTIOUYHTEIEHO

ARTOBOK2a7TEI

Makre aETOBOK2aIIBI

Cpense, OONBIIHE AETOBOKIANIEL

1700

1400

1200

1000

Vae1rHad mIomane 3eMeTBHOTO VIACTA, o fyner

Tabmuma 3 - EauHWYHBIE HOPMBI IUIOMIAJEH W YHCIO MAaCCAKUPOB B IMOMEIICHUSX 3IaHHUNA

Ce. 10 gmo 13 ExmounTensHO
15 | 20
20

ABTOBOK3aJIOB

Hapvenopanne noMemesns

1 BecTrooas, OnepauHOHHEI HIH

pachpeeTHTEIRHEIN 3471, KaCCOBRIN 34T, ol fypee B

TIOMEIIeHHH

2 327 OXHIAHHA, o2 frmce B IOMEINIEHHH

3 O0»eIHHCHHEEN NACCAXHPCKHT 2327, 3F fyzare B

OOMCIOCHHH

4 Komsara mareps ¥ pedeHKa, (.3;“);“ mect 5.4/5 54/10 54/15

5 Koumsara o1sixa BouTeneH, {u? /o) /oo

MECT

Hamvenosasnse nonMemeHns

1 Bectudoas, onepaunoEHEI HIH
pacrpeleTHTENLHLLL 2471, KACCOBENT 321

2 3an osHIAHAS

3 OOrpeguHeHHBIN NaccaAMPCKIT 321 (oM
npHMeuanue 2)

4 Komuara Mateps # peOcHKa

5 [NpeanprATa 0OmMeCTECHHOTO MHTAHAA
(cu mprveuanue 3)

6 Kavepsr xpanenus pyasoil x1agn
7 Ipoane noMemEeHAR KPaTKOEPEMEHHOTO

NpeOBIBAHEA MACCAKHPOB

Takum  obOpazom,

pu

BuecTHMOCTS: 372HHS aBETOBOK3ATA

100 200 300 500 700
1.6 15 15
(1.9)*
- 2.0 1.9 1.9
21| 21
54/25 | 5430
641 641 64/10 6415 6420

900

1.4
(1.8)*

5,4/35

6,2/25

1200

14
a.n*

5,4/40

o
o )
L
L

1300

14
(1.7)*

5,445

6,2/50

Cesoue 1300

1317

5,4/43 + 4 na xaxase 100

naccasHpos cesmme 1500

6,1/50 + 3 na xamasre 100

naccaxupos cesmme 1500

Uncao OJHOBPEeMEHHO HAXOJAIIHXCH B MOMEIeHHAX 3JAHHI ABTOEOKIATIOR TIACCAHEHPOE, %, npH

100

MaKCHMATBHOR pac 9eTHOH EMECTHMOCTH aETOBOK3aTA, NacCaxHpoE

1200 1500
43 3

40 10

8 75

4 43

15 15
Heo0X0anMOo

200 300 500 700 900

39 2 42 3

38 40 40 40

75 an | ® 6 -
8 6 3.6 3.6

11 10 10 10 8

3 3 3 3 4
3 4 14 14 LS

KOHCTPYMPOBAaHHH  aBTOBOK3AJIOB

Ceemue 1500

44

40

HE  TOJBKO

MIPOEKTUPOBATh Hanbojee YHUKAIbHOE U SKOHOMUYHOE 3/JaHH€, HO U MAaKCUMAaJIbHO KOM(OPTHOE ISt
MTOCTOSIHHOTO NMPEObIBaHUS B HEM MMACCaXKUPOB

Hcxons n3 npoBeIeHHBIX UCCIIE0BaHUM, TUII MOETO MPOEKTUPYEMOTO aBTOBOK3aJ1a OTHOCUTCS
K CPEIHUM C COOJIIOJIGHHEM BCEX OCHOBHBIX IMOJIOXKEHHUH coriacHo mnpukazy MuHTpanca ot 29
nexa0pst 2015r. N 387 «O6 yTBep»/1eHUN MUHUMAIBHBIX TpeOOBaHUN K 000PYAOBaHUIO aBTOBOK3AJIOB
u aBTocTaHIuity. Ha puc 1 npeacrasnens! dhacan u miansl 1-ro, 2-ro staxkeid. CUTyarlmOHHBINA TIIaH
(Puc. 2) Taxxe pa3zpaboTaH, UCXOs M3 OCHOBHBIX HOPM M MPABWJI MPHUBEICHHBIX U1 aBTOBOK3aJIOB

cpeanero kiacca (tad. 1 - 2)

Cornacno Tabmuue 3, pa3zpaOaTbiBacMblii MHOW JUIsl BBITYCKHOM KBaTU(pUPHUKAIIMOHHON
palboThI aBTOBOK3aJI BKIIIOYAET B ce0s1 Bce HEOOXOAMMBIE [l 00CITy’)KHBAaHUS TACCH>KUPOB MOMEIIEHUS

u obopynoBanus (Tad. 4)
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Tadnuua 4 - DKCIUIMKALMS [IOMELLEHUN

H::‘EE;}”" Haumenobarue ”‘&”"?“ H:mna Haumerobanue ”'&“"9“
] Tlaccoxuperull 3aa 642,5 18 Jozpyrounaa 328
2 Kacer, nogcolinoe noMEweHus Kkace 84,2 19 MNogeobinoe noMmewenue Kape 55,9
J Cnpabounoe bropo 98 20 Komuoma obwecmbBennax opeonusayul kpackud yeogdx4d
4 Kamepa xpoHerun 550 21 Mogeobnbe noMewerus 276
5 Nouma- cBepracca 18,8 22 Irexmpowumobaa 9.2
6 Komwama gexypuozo no Boxzany 14,6 23 Topzobod son koge wo 100 nocogounox Mecm 167.4
7 KomHoma gexypHo2o no_nocagke 12.4 24 Mogyras cmosobold u xpownold nocyge 307
8 KabuMem Waualesuxa 12,9 25 lopauud uex 672
9 Kenmopa 332 26 JosomoBounas, xoRogHuO uex xaebopesxa 289
10 Onepomopcxas 16,6 27 VbopHtie 84,6
1 fucnemuépckon J9.4 28 308 omUGONUA /1.7
12 Wopepcxas 32,1 29 Mowewenua gra_naccaxupol ¢ gembmu 534
13 Ysea BBoga 1,0 30 Mopukmaxepcraa 377
14 Megnynxm 237 31 Cnaapnee xomHomy 84,0
15 Pasgamouras 54 32 Yien cBasu 182
16 Mlogeobrtie nomewewus Bypema 221 33 Benmeomepn 977
17 Oxsomgaiouiue Kameps 16.4
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Dacag 1—10

Pospes n

Mogm T— 3o amaxa e omsm O.000 MAnom 22— 2Max»xa Mg amm 2.300

Pucynok 1 — @acan, muian 1-ro u 2-ro staxei
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Pucynok 2 — CuTyalluoHHBIN IU1aH
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bub6anorpadguyeckunii cnucok:

1. https://otherreferats.allbest.ru/construction/00210709 1.html

2. https://docs.cntd.ru/document/564542912

3. https://studizba.com/lectures/transport/linejnye-sooruzhenija-passazhirskogo-transporta/25648-
avtostancii-i-avtovokzaly.html

4. https://bcoll.ru/521-trebovaniya-k-avtostantsiyam/

5. http://www.dslib.net/arxitektura-zdanij/formirovanie-arhitektury-avtovokzalnyh-kompleksov-v-rossii.html

YK 331.087
TepMok/IanaHbl CHCTEMBI OTOIJICHUSA

I'aBpusnosa B. C.
Yxmunckuii 2ocyoapcmeennbiii mexnuyeckuii ynueepcumem, 2. ¥Yxma, Poccus

Peanuzanumn sHeprocoepexeHust TpeOyeT yMEHBbLIEHUs 3HepromnorpediaeHus, 3(pQekTuBHOro
WCTIOJIB30BAHUSI PECYpPCOB M BHEIPEHUS aBTOMATH3MPOBAHHBIX CHCTEM yuéTa. DHeprocOepexeHne
CHCTEM OTOIUIEHHs 3JaHUl cleayeT oOecreuuBaTh 3a CYET BBIOOpPA BBICOKOTEXHOJIOIMYHOI'O
00OpYyIOBaHUs, HCIIOJNB30BAHHUS SHEProd(P(EKTUBHBIX CXEMHBIX pPEHICHHH ¥  ONTHMH3ALUU
yIIpaBJICHUS CUCTEMAMHU:

— NpPUMEHEHHE B IMOKBAaPTHUPHBIX CHCTEMaX TEIUIOCHAOKEHUS >KWIBIX 3/IaHUH B KadyecTBE
MCTOYHUKOB TEIJIOThl KOH/IEHCALIMOHHBIX KOTJIOB;

— TPUMEHEHHE B JKWIBIX 3[JaHUAX JBYXTPYOHBIX TOPHU3OHTAJIBHBIX CHCTEM OTOILICHHS C
WH/MBUYAJIbHBIM PETYJIMPOBAHUEM U TOKBAPTUPHBIM YUETOM TEIUIOTHI;

— YCTaHOBKAa H3MEpHUTEJEH TEIUIOTHl Ha OTONUTENBHBIX NPUOOpax B BEPTUKAIBHBIX
CUCTEMaX OTOIUICHUS;

— TpPUMEHEHHWE B 3JaHUSAX C AaBTOHOMHBIM ¥  IIEHTPAJIM30BAHHBIM  OTOILICHHEM
KOMOWHUPOBAHHBIX CHUCTEM C HCIIOJIb30BaHUEM [UI TEIUIOCHA0XKEHHUS! COJIHEYHBIX KOJIJIEKTOPOB,
TETIOBBIX HACOCOB U JP.;

Kpome toro, sHeprocoepekeHue B cucreMax OTOIUICHHS 3laHUI JOCTUraeTcs MyTéM:

— WCIIONB30BAHUS B OTPAKMAIONINX KOHCTPYKIMAX 3MaHWH A(PHEKTUBHBIX TETUIOM30JISIHOHHBIX
MarepualioB (HaprMep, MUHEPAILHON BaThl HA OCHOBE 0a3aIbTOBOTO BOJIOKHA M JIp.),  TAKXKE MPUMEHEHUSI
SHEProcOeperaroX KOHCTPYKINA OKOH, TIO3BOJIFOIINX CBECTH K MUHUMYMY TETIIOBBIE TOTEPH;

— YCTAHOBKHM aBTOMAaTHUYECKUX TEPMOPETYIISTOPOB, O3BOJSIOIIUX PEryINpPOBaTh TEIIOOTAAUY
OTOTHMTENBHOTO TMPUOOPa CUCTEMBI OTOTUICHUS C LENBbI0 YMEHBIIIEHHS PacXoa TEeIIOBOM dHEpruu (110
20 %) u noanepkaHust KOMGOPTHHIX YCIOBUHM B OTAIJINBAEMOM ITOMEIICHUH;

— TPUMEHEHHUS] COBPEMEHHBIX OTONHUTENBHBIX MPUOOPOB, O00JAAAIOIIUX  BBICOKOU
3¢ deKTUBHOCTHIO 000rpeBa nomenieHus (¢ ko puirenToM nojaezHoro aenctaus 6omuee 80 %);

— WCHOJB30BAaHUS TOJMMEPHBIX TPYOOIPOBOAOB, KOTOpHIE HE IOJBEPrarOTCsl KOPPO3UU W
00pa30BaHUIO COJIEBBIX OTJIOKEHHUH, UMEIOT HU3KUH KOA(P(HUIMEHT IIEpPOXOBATOCTH, KaK CIIEACTBUE
MUHHMAJIbHBIE TIOTEPH JABJICHUS HA TPEHHE;

TepMmocTaTuyeckue paauaTOpHble KIAmaHbl HCHOJB3YIOTCS B Poccum M Apyrux cTpaHax c
OJTMHAKOBBIM yCIIEXOM. JTH YCTPOMCTBA HE YCTapeBalOT M HE BBIBOIATCS W3 TMPOW3BOACTBA. B
KOMIUIEKTE C KJAmaHaMHd MOTYT MpoJaBaTbCcs M TEPMOTOJOBKHM, MX TaKXe MOXHO IMPHOOpEeTaTh
OTAeNbHO. TepMOTONIOBKH aBTOMATH3UPYIOT MPOIECC PETYIUPOBAHHS TEMIEPATyphl B TOMEIICHUH.
BHyTpH ycTpoiicTBa HaXOJUTCA TEPMOUYBCTBUTEIBHBIN 3JIeMEHT — CHIIb(OH. FIMEHHO OH pearupyer
Ha TeMIepaTypy B TIOMEIIEHHH, W B ciydae e€ TIOBBINICHWS WM TOHIKCHHS, IT03BOJISET
aBTOMAaTHYECKH PETYIUPOBATh HArpeB WU OXJIAXKCHUE ParaTopa.

Turme! TepMOperynsaTopoB. B 3aBHCHMOCTH OT BHJa U KOH(OUTYPAIIUH OTOIMHUTEIHHON CHCTEMBI
MPUMEHSIOT KJIalaHbl HOHMKEHHOTO MJIM MOBBIIIEHHOTO THAPABIMYECKOTO COMPOTUBICHU. B Hamel
CTpaHe paclpOoCTPaHEHbI JIBAa TUIIA CUCTEM OTOIUIEHUS! — OJHO- U ABYXTPYOHasl.

OpnHOTpYOHBIE CHCTEMBI YCTPAMBAIOT 110 OJTHOW U3 IBYX cXeM. B Oosee mpocToM BapuaHTe BCe
OTOINMTENIbHBIE MPUOOPHI MOCIEN0BATENIBHO CBS3BIBAIOT JIPYT C APYrOoM TPyOaMH, IMPHU 3TOM CTOSIK Kak
TaKOBOW OTCYTCTBYET, ¥ TEIUIOHOCUTEINb MOAAETCS CBEPXY BHU3, MOCTYMAst B KaX/IbIi MOCIETyIONUi
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npubop, yXKe OXJIAJUBIIUCH B MpeabaymeM. YToObl KOMIIEHCHPOBATh HEOCTATOK TEMIEPAaTypHOTO
Haropa, 0ObIYHO Ha HIKHHX 3TaKaX MOHTHUPYIOT OTONHUTEIbHBIE TPHOOPHI OobIero pazmepa. Takas
CHCTEMa PEerylMpOBaHUIO HE TOAJNACTCA B MpHHLUIE. EciaM ycTaHOBHTH TEpMOCTAaT Ha OIHOM
paamarope, 3TO Cpa3y ke CKaKeTcs Ha BCEH IeTIouKe.

B Gonee mpoaBUHYTOM BapuaHTE OJHOTPYOHOW CHCTEMbI CTOSIK CYILECTBYET, M BOAA OT HETro
YaCTHYHO OTBOJMTCS B KQK/IBIA U3 OTONMTEIBHBIX MPUOOPOB, MOCIE YeTO BHOBH BO3BPAILACTCS B CTOSIK.
Jlpyras yactb BOJBI HPOXOAUT MHUMO IpuOopa mo oOBogHOMY KaHady (Oaiimacy). Tak Ha3biBaemast
MPOTOYHAS! CHCTEMa C 3aMbIKAIOIIMMH y4acTKaMH. B Takoii cucreme Boga OCTBIBaeT MEHBINE. 31eCh YKe
MOKHO PEryJHpOBaTh €€ KOJIMYECTBO, MOCTYMAIOIIee B KAaXIbId W3 HArpeBaTelbHBIX NPHOOPOB, C
MOMOIIBIO BEHTHUJISI, YCTAaHABIMBAEMOT'0 Ha BEPXHEH IMOBOIAIIEH TPyOe.

Takast cxemMa He B TOJHOMW Mepe NpeAHa3Ha4YeHa Ui PErYJIMPOBAaHUS, MOTOMY 4YTO IPH
3aKpBITHHM OJHOTO W3 TEPMOKJIANAHOB BOJA MPOXOAWT MO Oaifmacy MHUMO 3TOrO OTOIHUTEIBHOTO
npubopa B MOCIENYIOIIME, HE OXJIQAMBIIUCH, YTO MOXKET BBI3BATh CPa0ATHIBAHUE OCTAJIBHBIX
TEPMOPETYJIATOPOB B JABHHOOOPA3HOM PEKHME.

Eme ogHMM HEZOCTaTKOM OJHOTPYOHBIX CHCTEM SBIISCTCS TIOBBIIICHHE TEMIIEPaTyphI
0OpaTHOI BOJIBI Ha BBIXOJIE M3 CTOSIKA IIPU 3aKPHITUU TEPMOCTATUYECKUX KIIalaHOB, YTO HEJOIMYCTHMO
IIPU HEHTPATU30BAaHHOM TETUIOCHA0KEHUH.

«

Kopmyc
TEPMOTOAOIXM
Cumvgon
Canvrmy
NpeamacTpoixa
|

Kpau-Gywca

Yonotnesmste

35 CULT KOWYCHOR

DOBERXHOCTH
Kostyc xnanana

Y YT .
L —

_conmo Kapnyc xnanana
Pucynok 1 Tepmoperynstop.

B perymupyeMblx OZHOTPYOHBIX CHCTEMax OTOIUJICHUS WCIOJB3YIOT KIIAMaHbl MaJIoTo
THIPaBIMYECKOTO COMPOTUBIEHUS, YTOOBI B OTOMUTENBHBIN MPUOOP MOMAAano KaKk MOXKHO OOIbIIe
BOJIBI (TTO OTHOIIIEHUIO K €€ PACXO/Iy Yepe3 3aMBIKAIOIINN YUaCTOK).

JIByxTpyOHasi cucTeMa JIMIIeHa OJTHUX HEJOCTaTkoB. B Hel oTomuTenbHbIE MPUOOPHI
MTOAKJIIOYEHBI K IBYM CTOSIKaM MapajulesIbHO APYr APYTY: U3 MOJAOIIET0 BOAA MOJAETCS B paiuaTopHI,
mo oOpaTHOMYy — BO3BpallaeTcs M3 HHUX. OJTa CXeMa TMO3BOJIIET PETyIUpPOBAaTh KOJIUYECTBO
TETUTOHOCHUTEJISA, TOCTYIAIOIIETO B KaXKIBIM OTONMUTEIBHBIN TPUOOP.

TepMoperynsTopsl sl IBYXTPYOHBIX CUCTEM OTOIICHHUSI PACCUMTAHBI HA pa0dOTy C OOIBIIUMU
nepernajgaMu J1aBjIeHUs, TaK KaK THApaBIndecKasi 0alaHCUpPOBKA CHCTEMbI BO MHOTOM MPOUCXOJUT 3a
CYET BBICOKHX MOTEPH JIaBJICHUS HA KJIallaHaX.
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YroObl 00eCIeYUTh 3TH MOTEPH, PETYIHUPYIOLINE KJIAaHbl TEPMOPETYIATOPOB UMEIOT OO0JIBIIOE
I'MJIPABINYECKOE COMPOTUBIICHHE (HA MOPAJOK OOJIbIIIE, YEM Y KJIAIIAHOB U1 OAHOTPYOHO! CHUCTEMBI),
a 3HA4YUT, MAJIOE MIPOXOHOE CEUCHHUE.

Bosnee Toro, Bce TepMocTaTHYECKHE KIIanaHbl Ul ABYXTPYOHBIX CUCTEM MOXHO pa3feiuTh Ha
ZIBE TPYHIBI: C MPEABAPUTEIHHON HACTPOMKOW THAPABIMYECKOTO CONpOTHBICHHS U Oe3 Hee. Ecmu
UCIOJb30BaTh KJamaHbl 0€3 IpeJBapUTENIbHOM HACTPOMKH, TO B OCHOBHOM BCE€ OTONMUTENIbHBIE
npuOOpPHI HA CTOSIKE OYIYT UMETh MPUMEPHO OJMHAKOBBIN PACXO TEIIOHOCUTENS, B TO BpeMs Kak OH
JOJDKEH YCTAaHABIMBATbCS B 3aBHCHMOCTH OT MOINHOCTH, a TOYHEE, OT TEIIONOTEPh IOMELICHMS,
KOTOpblE HEOOXOAMMO KOMIEHCHpOBaTh. Hampumep, eciam yepe3 paguatop HPOXOAUT OoJibIe
TEIUIOHOCUTENIS, YeM HYKHO, TO IOMEUICHHE OKaXETCs IEPErpeTo, €CIM MEHbUIE, TO TeMIlepaTrypa
BO3/yXa OyAeT HIKe TpeOyeMoil.

CrienoBaTenbHO, MPEANOYTUTENIBHEE KIANMAHBl C MPEABAPUTEIBHOM HACTPOMKOW. 3anaHue
NPAaBUJIBHBIX 3HAYEHUH HACTPOMKHM Ha KJamaHax 00eCHeuuT ONTHMAJIbHBIM pacxoll M KOM(pOPTHYIO
TEMIIEPATYPY B KaXJ10M IIOMELECHUH.

He crout 3a0pIBaTh, 4TO B CUCTEME OTOILICHHS, T/l TEIIOOTAAUYeH OTOMUTENLHBIX MPHOOPOB
YIPaBJIAIOT C IIOMOILIBIO PAJAUATOPHBIX TEPMOPETYIATOPOB, BO H30€KaHUE BO3HUKHOBEHUS
Ype3MEpHOro LIyMa HU3-3a CYLIECTBEHHOI'O Ieperaja JaBiI€HHUs Ha TEPMOCTATUYECKUX BEHTHIISIX
11€J1ec000pa3HO yCTaHABIMBATh HA CTOSIKaX aBTOMaTHYeCKUe OalaHCUPOBOYHbBIE KJIAllaHbl.

['mapaBnuueckre XapakTepUCTUKU PETYJIUPYIOILEi apMaTypbl B OT€UECTBEHHON MPAKTUKE OOBIYHO
IpesCTaBIeHbl KO3((UIMEHTAMU MECTHOI'O CONPOTHBICHHUS WM XapaKTEepUCTUKAMHM CONPOTHBICHUS,
KOTOPBIE OIPEICIISIOTCS ITIOTEPSIMU JIABIICHUS HA YYacTKe TPYOBI P MOCTOSTHHOM PacXoJie.

WMHorga MOKHO BCTPETUTH 3aBUCUMOCTH IOTEPH AABJICHUS HA PacCMaTpPUBAEMOM YYaCTKE OT
Pa3JIMYHBIX 3HAYEHHUM pacxo/1a TEIJIOHOCUTENS M YPOBHEH IIPEIBAPUTEIBHON HACTPOUKH KJIAIlaHa.

OpHako MHorue GUPMBI TMOJNB3YIOTCS 3apyOCKHBIM ONBITOM M S XapaKTepUCTHKH
TEPMOCTATOB HCIOJB3YIOT pacxomubie Kodddummentsr Kv u Kvs (mmm xo3ddunmenTs npomyckHoOR
criocoOHOCTH KiamnaHa). Kv ompezenser pacxoa TEIJIOHOCHTENs 4Yepe3 KIamaH € YCTaHOBJICHHBIM
TEepMOdJIeMEHTOM (M°/d) M 3aBHCHT OT TIOJIOKEHHMS IITOKA KIATIaHa, a TaKXkKe TOJNOKEHUs YCTPOHCTBA
MIPEeIBApUTEIILHON MOHTa)XHOM HacTpoiku (ecnu Takoe umeercs). Kvs mokasbiBaeT MakCHUMaIbHBIN
MIPOTOK 4Yepe3 KiamaH IMpU CHATOM TEpPMOCTATMUYECKON TOJOBKE WM 3allUTHOM KOJMAykKe WU
MaKCHMaJIbHOM OTKPBITUH YCTPONCTBA MPEABAPUTEILHON MOHTAKHON HACTPOMKH.

Ha ocnoBe 3Hawenuit Kv um Kvs wim nocie nepecdera uMX Ha 3HA4YEHHS MECTHOTO
COIIPOTHBIICHUS] BBIYUCISIOTCS KOA((UIIMEHTHI 3aT€KaHUs U OINPENeNAI0TCs He00X0AUMbIe IJIOLIaIn
HarpeBa OTONUTENIbHBIX TPHUOOPOB.

Jlis OTHOTPYOHBIX CUCTEM OTOIUIEHUS JKEJIaTeIbHO MPUMEHSTh TEPMOCTATHl CO 3HAYEHUEM V
6onbmie 1, a myume Boime 1,5. g AByXTpyOHBIX cuUCTEM OOBIYHO BbIOMparoT TepMocTathl ¢ Kv B
npenenax 0,5-0,9. Ilone3sHo 3HaTh, YTO JUII HUX HE CTOJIb BaKHO 3TO 3HA4YECHME, TaK KakK IJIaBHAs
3aJlaya — yBEJIWYUTh THPABINYECKUE IOTEPU Ha KJlaraHe.

[Tponerypa MOHTa)ka TepMOCTaTa Ha PAUaTOpP OTOIUICHUS HE UMEET eIMHOr0 OOIIETTPHHATOTO
QITOpUTMa M 3aBUCUT OT THUIIA U3/ENIUs, BUJA CUCTEMBbl OTOIUIEHMS, OCOOEHHOCTE €€ BHYyTpEeHHEU
KOHTYPHOM pa3BOJKH, CIIEIU(PHUKH KOHKPETHOM Mojenu M npoyux ¢axtopoB. Huxe, mepedncieHbl
oluire peKoOMEHJaluu MO0 YCTAaHOBKE, IO3BOJSIONUIME CBECTH K MHUHUMYMY KOJHYECTBO TpPYyOBIX
oMOOK Takoro mMepornpuatus. EctecTBeHHO, X HEOOXOIMMO JOMOJHUTh JTaHHBIMH C MHCTPYKIIUU K
proOopy, ONUCHIBAIOIIEH HIOAHCHI MOHTa)Ka B PA3JIMYHBIX CITydasix.

[Tpu MoHTaXXe creayeT oOpamaTh BHUMaHHUE Ha!

1. Hanuune Ttemonocutens. Ilepen Hawamom pabot ciemyer yOemuTbes, dro padouas
KHUJIKOCTh B PaIUaToOpe OTCYTCTBYET, U P HEOOXOTUMOCTH CIUTh TETJIOHOCUTED.

2. Mecto ycraHoBkH TepMmoctata. OH MOHTHpYeTCS Ha BXojae TpyO Mmomadym B paaudaTop.
VYnpomaer nporenypy yCTaHOBKH HaJHM4YUe MaTpyOKa-nryTiepa ¢ MpucoeIMHEHHON HaKUTHOM TaliKOM.
Ha nmpoTuBomoiokHOM CTOPOHE U3/ MPUCYTCTBYET pe3b00BOM MaTPyOOK, MTPOUHO MAKYIOIIUNUCS C
peIMeTaMu OOBSI3KH.

3. Ilonoxenue ronoBku. ['o0BKa OMKHA HaXOAUTHCS B TOPU30HTAIBHOM IIOJIOKEHUH IS
BCEX TUIIOB YCTPONCTB, KPOME PYUHBIX U MOAYJIEH C BBIHOCHBIM JaTUUKOM.
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4. TlpaBunbHbBIN BBIOOP cnocoba mpucoeauHeHus. OH JOKEH KOPPEIHpPOBATHCS C TUIIOM
MaTepuaia, U3 KOTOPOro M3rOoTOBJIEHBI TPYObl. [lJI METayUIOMIACTUKOBBIX KOHCTPYKLUH MOJOHAET
KJIACCUYECKMI METOJl 3alakoBKH mpecc-QpuTHHTAa. MeTaJuInYecKre AaHajJord MPUCOCTUHSIOTCS
HanpsMylo, CUCTEMOM CIOHOB MJIM K€ «aMepUKaHKoi». B cBoro ouepenb Uil MOJUIPONUICHOBBIX
TpyO aKTyasjbHa 3allaKOBKa C TIEPEX0I0OM Ha CBAPHYIO MY(]TY.

5. YcraHnoBky mapoBoro kpaHa. HeoOs3aTenbHas, HO »KenaTenbHas mpolrenypa. MoHTax
JTAHHOT'O KOMIIOHEHTA OCYILECTBIISAETCS MEPE] TEPMOCTATOM.

Ecnu Bo BHYTpeHHEM MOMELIEHUH PACIIONIOKEHO Cpa3y HECKOJIBKO pauaToOpoB OTOIUIEHUS, B
paMKax oJHON KOMHATBI PEKOMEH]IyeTCs MOHTHPOBATh MOJIYJIb Ha CAMYIO MOIIIHYIO OaTapero.

[Tpy noxkIIOYEeHNH TEpMOCTaTa K PaguaTopy ¢ OJHOTPYOHOM CHUCTEMOM TepMOKJIAIaH J0JIKEH
MOJXOAMTH K pazBozke. [locepenune muHMUN oJauu U «0OpaTKU» o0s3aTesieH Oaifiac ¢ AMaMeTpoM Ha
pasMep MeHbIIe OCHOBHOM NpoBOJKU. JIroOble 3amoOpHBIE 3JIEMEHTHI PACHOJAralT TOJBKO B
MIPOMEKYTKE MEXy TpyOOii-iepeMbIukoii u 6arapeei.

Mcnonb30BaHue TEPMOPETYIISITOPOB MO3BOJISIET COKpAIATh Pacxo] 3Heprouocurens Ha 20-25
npoueHToB. OcCyIecTBIsIETCsT ONTHUMM3AUs MUKpOKIMMara B nomeuieHuu. [Ipu wucnosb3oBaHuM
JIEKTPOHHBIX MOJYJEH PEryJnpoBKa MPOU3BOJUTCS B aBTOMAaTHUYECKOM peKUMe 06e3 He0OX0AUMOCTH
peryiaspHON py4HON KOPPEKTUPOBKH.
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¢ pexkTHBHOCTH CHCTEMbI BHYTPEHHEr0 MOA0TPeBa NMPOMBILIJIEHHBIX II0IAT0K
¢ HeJbI0 00pLOBI ¢ 00Mep3aHueM

HUBanos I'. C.
Hayunslit pykoBonutens - Kubopt 1. /1.
Yxmuncxuti 2ocydapcmeennvlii mexnuyeckuil yHugepcumem, 2. ¥Yxma, Poccus

ArpeccuBHOE JA€WcTBHE IbJja HA MPOMBINUICHHBIX M TPaXIAHCKUX OOBEKTax SBISETCS
cepbE3HOM mpobseMoit Bo BceM mupe. JIEN B cuily cBOMX (PU3MUECKHX OCOOCHHOCTEW CIOCOOCTBYET
paspyluieHHI0 OO0OpYIOBaHUS U CTPOUTENBHBIX KOHCTPYKIUH, YXYAIICHHUIO WX XapaKkTEPUCTUK U
KadyeCTBa M, B KOHCYHOM CUECTC, BJIUACT Ha AOJITIOBCYHOCTL U Oe3omacHOCTE. Tak KC, IpOHHKAasA B
CTPYKTYpy MaTepuana, Mpy 3aMep3aHUUd MOJEKYJbl BOJbI yBETUYHMBAIOTCS B oObeme Ha 9 % wu
paciipsArOT €€ U3SHYTPHU, UTO HIPUBOAUT K MOABJICHUIO TPCIIHUH U BBIOOMH.

B cBsi3u ¢ HempenckazyeMOCThIO TMOTOAHBIX YCIOBHM 3aTpaThl Ha YOOpKY CHera Imocie
CHETOIIaJI0B OKA3BIBAIOTCA JIOBOJIBHO BEJIMKHU. 3aTPAThl BBIPAKAKOTCS KAK B JICHEKHBIX PECYpCax, TaK U
B UEJIOBEUYECKUX TPYyA03aTpaTrax, BO3HUKAIOT €XKEroJHO, U TPYAHO MPEACKa3aTh KaKOe KOJIUYECTBO
CHera BBINAJAET. 3a4acTylo, MPUXOAUTCA YyOUpaTh CHEr Bpy4HYI0. B apyrux cimywasx, koraa paboTbl
MPEIyCMOTPEHBI TPaPUKOM U HMEIOT OMPENEICHHYIO MEepUOJAUYHOCTh, JTOCTATOYHO TEXHUYECKHX
CpeICTB JUIsl YOOpKH, HO HEM30EKHO BO3HHKAIOT BPEMEHHBIC MPOMEXYTKH, KOTJIa YJacTKH JOpPOT
(TToImanoK, TPOTYyapoOB) OKA3bIBAIOTCS HENOCTYNMHBIMU i Oe30macHoro mnepenBikeHus. OuyucTKa
TEPPUTOPUH OT CHETa 3aHUMAET ONPE/ICIICHHOE BPeMsI M IPOUCXOIUT YIaCTKAMHU, MPEAYCMOTPEHHBIMH
MapuipyTaMu JBHKEHHsS TeXHUKH. [IpocToif B yOOpke cHera BO3HHUKAaeT BO BTOPOW IOJOBHHE
MapmipyTa, KOTJla TeXHUKAa BBIE3)KACT HA TOUYKM OJIMKE K BEUepy, a HOYBIO WJIM Ha yTPO CHOBA
BBHITNIA/IaCT OMpPEJIEICHHOE KOJIUYECTBO OCAJKOB W Mpobiema cuuTaercs HeycTpaH&HHOU. J[ns Toro
YTOOBI MPEOTBPATHTH CHUTYAIIUIO TPOCTOSI B OYHCTKE CHETa, UCTIONB3YIOT CHCTEMY CHETOTasTHHUSL.

CHucTeMBI CHETOTAsIHUS 6LIB8.IOT Ha OCHOBC 3MCCBHKA C HUPKYIHPYIOINIUM TCIJIOHOCUTCIICM,
00 DIIEKTPUYECKUMH. B AIIEKTPHUYECKMX CHCTEMax HMCTOYHHKOM TEIUIA SIBISICTCS DJICKTPUYCCKHUNA
HarpeBaTelbHbII KalOenb, KOTOPbI Mpu acdanbTHpOBaHUN (OCTOHUPOBAHMUHU) YKJIAJIbIBAETCS B TEJIO
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JIOPOXKHOTO TOJOTHA. Ha KOHIAX JOpPOXHOTO TOKPBITUS OCTAlOTCS KaOeJbHBIE BBITYCKH IS
MOCTIEIYIOIEr0 HPUCOECIUHEHNU K CUCTEME YINpaBIE€HUS U KOHTpoisd. TexHomorus ycTpoiicTBa
CHCTEMBl C KHMJKHAM TEIJIOHOCHTEIEM aHAJIIOTHYHA JJIEKTPUYECKONW € Y4ETOM 3aMeHbl Kabems Ha
rubkue BoAompoBojsmMe TpyOku. McTouHumkoMm Temya B JaHHOM ciyyae OyAeT SBIATHCS He
AJIEKTPHYECKAsi SHEPTHsL, a MOCTOSIHHO LUPKYIUPYIOUINHA TeTioHocuTeNnb (antudpus). HecoMHeHHBIM
IIPEUMYIIECTBOM CHCTEMBbl TMAPABINYECKON HaJl IEKTPUUECKON sIBIIsieTCs Oojiee HU3Kas CTOUMOCTh
HKCIUTyaTallMOHHBIX 3aTpaT. B pabore [1] B pesymbraTe pacueToB TEXHHKO-IKOHOMHYECKUX
1oKa3aTesjel B CpaBHEHMH BapUaHTOB UCIIOJIb30BAaHUS CUCTEMbI CHErOTAsHUs, II€ BapUaHT MEPBbIH -
CHCTeMa CHETOTasHHUs C TEIUIOHOCUTENEM-aHTU(DPU30M, SBISETCS SKOHOMHYECKH 3(]dexTrBHES
BapUaHTa HOMEp [Ba - 3JIEKTPUYECKOHl cucteMbl cHerorasHus. Ilo pesynbraTam pacdera nepBbli
BapuanT noutu Ha 30% s>¢dexTuBnee. (Pucynox 1)

a) C )KUJKUM TEIUIOHOCHUTENEM, 0) C AIeKTPHUECKUM KabeneM

Pucynok 1 — Cuctemsbl cHeroTastHus

MupoBo#i ONBIT 10Ka3bIBAET, YTO 00OrpeBaTh JOPOKHOE MOJOTHO UJIU MEUIEXOAHbIE JOPOKKH
(TpoTyapbl) NOOBIM M3 JBYX CIIOCOOOB MeHee 3aTpaTHO W 0Oojee MPaKTUYHO, YeM OYHMCTKa
TPaJULIMOHHBIMU METOAAMU — C ITOMOIIBIO PYYHOTO TPYy/Ja, CHEroyOOpOUYHON TEXHUKU U XUMHUYECKUX
pearenToB. [2] Cucrema cHerotassHus Ja€T BO3MOXKHOCTH 0OecreuynBaTh 0€30MacHOCTh: pabOTHHUKAM,
HETIOCPEJICTBEHHO BBIMOJHSIONIMM CBOW (YHKIIMOHAT Ha MPOMBIIUICHHBIX (CIIEIHAIN3UPOBAHHBIX )
TUIONIA/IKaX, JKUTENISIM TOpOJIOB, HA3€MHOMY M BO3AYIIHOMY TPAHCHOPTY B XOJOJHOE BpeMs Troja.
Brrmeykasannasi cuctemMa moMoraeT u30aBUThCS OT TOJIOJIe/ia U TPsI3U, CO3/1aTh 0€30MacHbIe YCIOBUS
TpyJa, YBEIHUUTH CIETNIEHUE TMOBEPXHOCTH IMOJAOIIBHI OOYBH C JOPOKHBIM MOKPHITHEM, COKPAaTUTh
3aTpaThl Ha OJOKCINTyaTalluio CHGIII/Ia.]'H/I3I/IpOBaHHOI71 TEXHUKHW, CHHU3UTH PpPaCXOAHBIC MaTcpuajlbl U
pabouyro cuny sl yOOPKH TEPPUTOPUU OT CHETa, AOJbIIe COXPAHATh KaK IENOCTHOCTh JOPOKHOTO
IMOKPLITHA, 3a CUCT MUHUMHU3AlINUU XUMHUYCCKOI0 U MEXaHNUYCCKOI'O BOS}IGI;'ICTBI/II\/JI Ha €ro MOBCPXHOCTD,
TaK U OTCYTCTBHE 3aMep3IIeii BOJIbI B IIBaX U TPEIINHAX.

Kpome HeocTmopuMBIX JJOCTOMHCTB, CHCTEMA TI0JI0TPeBa JOPOKHOTO MOJIOTHA UMEET eIlle OJINH
wiroc. HecMoTpst Ha BBICOKYIO CTOMMOCTh Ha dTare CTPOUTEIhCTBA, TAKUE JOPOTH UMEIOT OOJIBIINN
CPOK CITy’KOBI. LIMpKysanus TerIoHOCHTEN sl B 00beMe JOPOKHOTO TOKPBITUS IPU HATWYHH CHEXHOTO
MMOKPOBA UCKITIOYAET MOTPEOHOCTh B MEXaHHMUECKOM BO3CHCTBUH HA TTIOBEPXHOCTh, KOTOPAs MPUBOIUT
K TIOSIBJICHWIO BBIOOWH, PAaKOBHH W BBIMBIBAHHIO CTPOMTEIBHOTO MarepHana. Tak ke peryispHbIi
MPOTPEB JTOPOKHOTO TOKPHITUS YMEHbBIAET BO3ACHCTBUE HU3KHX TeMIepaTyp, KOTOpoe Tpu
MEPUOTNIECKOM (IIUKIMIHOM) TPOMEP3aHUHU U OTTAMBAHWU B TEYCHHE XOJIOJHOTO TIEpHO/Ia TIPUBOIUT
K 00pazoBaHUIO JePEKTOB Ha OOBIYHOM JOPOKHOM MOKPHITHH. B TakoM ciiydae ciieyeT y4uThIBaTh,
9TO TIOJOKHTENBbHAs TEeMIlepaTypa TIOBEPXHOCTH JIOPOKHOTO TIOKPBITHS OyHeT 3acTaBIsTh
3acTUJIAONIMKA €€ CHEer TasTh W BOJa MOCTOSHHO, OYJeT BO3JEHCTBOBATh HA KAMHIUISPHO-TIOPUCTYIO
CTPYKTYPYy, TOITOMY HEOOXOAMMO TPEAYyCMOTPETh YyBEIHYCHHE THAPOPOOHOCTH MaTepuiia, W3
KOTOPOTO H3TOTOBIIEHO JOPOKHOE TMOKphITHE. KO BceMy mpodeMy HCIONb30BaHUE COJICH WU
MPOTHBOTOJIOJICTHBIX PEareHTOB CO BPEMEHEM IPHBOIUT K Pa3beIaHHIO MOBEPXHOCTH JOPOKHOTO
MOKPBITHUS (MIPOMBITIICHHBIX TUIOMIAIOK, TPOTYApOB U T.I1.) M 3arPSI3HSIOT TPYHTOBBIE BOIBI.

JIopoXKHOE TIOJIOTHO TI0 OCHOBHOMY BHJY TOKPBITHS, YYUTHIBAs TOJBKO KAIUTAIGHBIA THII
JOPOXKHOM  OEKMbI, pa3leNsercss IO CBOEMY COCTaBy Ha IIEMEHTOOCTOHHBIE MOHOJMTHBIE,
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JKeNe300€TOHHBIE MM apMOOeTOHHbIe CcOOpHBIe M acdanbToOeTOHHbIE. CHCTEMa CHEroTastHUA
HNOJIXOAUT Ul JHOOOr0 IEepeuncIeHHOro BUJia NOKphITUsA. E€ npuMeHeHne NOMOXKeT NpeaoTBPaTUTh
IIOSIBJICHUE TPEIIUH, YTO SBJIAETCS YacTOW IPUYMHOM PEMOHTA WIM IIOJIHOM 3aMEHBI JTOPOXKHOM
ofexabl. I mOIydeHHs MaKCUMalbHOW 3((QEKTUBHOCTH OT CHCTEMbl CHETOTAasHUS CleqyeT
IIPELYCMOTPETh YJIYULIEHUE COCTaBa CMECH, U3 KOTOPOHl M3rOTOBJIEHO JOPOKHOE IOJIOTHO, 3@ CUET
npuMeHeHus: 100aBok. B mgaHHON cTraThe mpuMepoM TakuxX A00aBOK OyJIeT CIyKUTh He]TeluiaM.
[Ipumenenne Hedremama B cocraBe OETOHHOW CMECH Ui HM3TOTOBJICHHUSA IIEMEHTOOETOHHOTO
MOHOJIUTHOTO  JIOPOKHOTO ~TOJIOTHA MOXKET PpEeLIUTh HpodjeMy HNpeApacHoOXKEHHOCTH K
TPEUIMHOOOPAa30BaHUIO M HU3KOM MoposocToiikoctu. (Pucynok 3) Mcxons u3 (U3MKO-XUMHUECKUX
CBOWCTB HedTenuiama, MOKHO MPEIOI0XKHUTh, YTO MPHU 100aBICHUN €ro B OETOHHYIO CMECh MOXKHO
YBEIIMYUTH MPOYHOCTh HA CXKAaTHE, THAPO(POOHOCTh, CTOMKOCTh K TPELIIMTHOOOPa30BaHUIO.

Pucynok 1 — DkcriepyMeHT 1o BIUSHUIO NporpeBa 0€TOHa Ha TPEIIMHO0Opa3oBaHue

Hedrenuram siBrsieTcst ciefcTBueM 00pa3oBaHMs IUIAMOBBIX am0apoB Tmociie OypeHwus,
He(TAHBIX Pa3IMBOB, MPOM3OIIEIIINE B pe3yibTaTe aBapuiHBIX cuTyanuii. HedrempomeblneHHbIe
(HITO) otx0ap! OKa3bIBAIOT OTPOMHYIO IKOJIOTHYECKYIO HArPY3Ky Ha OKPYKAIOIIYIO CPEAY, HO B TO K€
BpeMs SIBJISIFOTCSI LIEHHBIM ChIPbEM, BBIBEIEHHBIM U3 KOMMEPUECKOro 000poTa MpeAnpUsITHH.

B Hedrera3zoBoit oTpaciu TPUMEHSIOTCS (QU3UUECKUE, XMUMUYECKHE, XUMHKO-(hU3HYecKue,
OMoJIOTMYECKHE U TEepMHUYECKHMEe MEeToJbl. TepMuueckuid MeToA HeWTpanu3auuu HedTrenuiama
cuntaercss HambOonee H>PdexTuBHBIM. lccnenoBanus, BBIONHEHHBIE B [ unpomopHedTerase,
MoKa3aJiy, YTO MPU KOHLEHTPAIMU OOBIYHOTO HEOOOMOKEHHOIO 1IlaMa B MOpCKoi Boze Bbiiie 0,5 r/a
JienaeT cpeny obutaHus i opraHu3MoB omacHou. [IpokanuBanue nutama npu temmeparype 300°C
cHmkaeT B 10 pa3 TokcnyHOCTSH 1ama, a mpu 500 °C 06e3BpekrBaeT MOTHOCTHIO.

Ecte mnpumepbl, korga He(pTeNDIaM WCIONB3YeTCS MpPH MPOU3BOJCTBE CTPOUTEIHHBIX
MmatepuanoB. JloGaBieHue HedTenulamMa B IMIMXTY NPH HPOM3BOJCTBE Kepam3HTa CIOCOOCTBYET
VIYYIICHUIO €T0 KauecTBa BCIEICTBIE 00pa30BaHus 0ojiee paBHOMEPHOU MOPUCTOCTH MPOAYKTA.

I'pyHTroGeToHHBIE CMecH, copaepXkale, MOMHUMO TpyHTa M OeToHa, Hedrenuiam, H3BECTb,
Pa3IMYHBIE OTXO/IBI IPOM3BOICTBA MHHEPAITHHOTO MACIIa, UCKYCCTBEHHOTO KaydyKa HMEIOT MOBBIIICHHYIO
MPOYHOCTh, HAUMEHbIIIEE BOJIOIIOTJIONIEHHE U HEBBICOKYIO CTOMMOCTD JIOPOKHOTO IMOKPBITHSI.

Otxonpl mepepaboTkM HePTSHOrO MmIjJamMa B CcocTaBe J00aBKM B OETOH TIOBBIIIAIOT
OMOCTONKOCTh M KOPPO3HOHHYIO CTOMKOCTH MOJU(PHUIIMPOBAHHON 100aBKH IIIACTU(PHUKATOPA.

OmHUM W3 TyTeW TMOBBIMICHUS (PU3UKO-MEXaHUYECKUX XapPAKTEPUCTUK IIEMEHTHBIX OETOHOB
SBJISICTCS MCIOJIb30BaHUE YIbTPAa U HAHOAUCIEPCHBIX MUHEPAIBHBIX J00aBOK. J{J1s moMydeHus Takux
n00aBOK  HCIOJB3YIOTCA  pa3iW4Hble  crmocoObl u  Marepuansl. I[llmam, oOpaboraHHBII
CyHepIutacTu(UKaTOPOM, B MEJIKO3EPHUCTHIX OETOHAX YBEIUYHUBAET UX MPOYHOCTb.
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AHanu3upysi JUTEpaTypHble HCTOYHUKM 110 TEMAaTHKE HWCIOJIb30BaHUSA He(TEIIaMOBBIX
OTXOJIOB, AKCIHEPUMEHTAIBHBIX JaHHBIX, B YacTHOCTH TmpoBoaumbeie OOO «JIYKOI\/'IHBaHaz[»,
INPUXOJUM K BBIBOJY, YTO YHHUBEPCAIBHOTO COCTaBa C HCIOJB30BAaHHEM MPOIYKTOB IEepepadOTKU
He(dTenuIaMoB HET, TaK KaK OTXOJbl mepepaboTku HedTeniaMoB M0 (PU3UKO-XUMHUECKOMY COCTaBy
pa3nuyHbBl U OOYCJIOBJIEHO 3TO, MPEXKJIE BCETO, CTPOCHHEM 3E€MHOW KOpBI M TEeMIIEpaTypou, Hpu
KOTOpOil mpoucxoaut nepepadorka. B padore «IIpobieMsl yrunuzanuu HeTenuIaMoB U CIOCOOBI UX
nepepadoTKU» UCCIE0BAHO BIMSIHUE TeMIIEPaTypHOH 00pabOTKH Ha MPOYHOCTHBIC XaPAKTEPUCTUKH.

ABTOp [3] paccmarpuBaeT BIUSHUE MOJIYJs KPYIMHOCTH HPOAYKTOB IepepadOTKH
He(TeIUIaMOB Ha MPOYHOCTHBIE XapPAKTEPHCTUKU.

Ha ocHoBe mnpoBeneHHOro aHanu3a B pabore [4] BBISIBICHO VYIYYIICHHE JIOPOXKHO-
CTPOUTENBHBIX KauecTB ChIPOH HEe(THIO (MPOYHOCTH HE(PTErpyHTa U BSI3KOCTH HE(PTH) HEOOXOAUMO
N00aBJIATh AKTUBHBIEC BELIECTBA B BUJIE LIEMEHTA U U3BECTH.

Hanpumep, aBTOop MoOHOrpaduum [5] momaraer, 4To BENIHMKO pa3iWyue TPYIIOBOrO M
(bpakHMOHHOTO cocTaBa OUTYMOB M HE(TEIIaMOB, 3TO HE MO3BOJSAET UCIOJIH30BaTh He(TEIIaM
B 3aM€H OuTyMa.

Pa3zpaboran meron npuMeHeHUsI HEPTEOTXOI0B I MOIYy4YeHHUs IPOAYKTOB B (hopMe JIUCTOB C
MOCJEAYIOIUM HX HCIHOJIb30BAaHUEM B KAye€CTBE 3JIEMEHTOB KOHCTPYKIUHU IPU CTPOUTENIHCTBE U
TUIPOU3OJISIIUN TIOJMTOHOB MO 3aXOPOHEHHUIO OBITOBBIX M HE(TAHBIX OTXOA0B. MeToJ OCHOBaH Ha
nobaBiieHHE B OTXOX 30l yHOca, 10 %-HOi BOAHON SMynbcuu THAPOGOOUZUPYIOMIEH KHUIKOCTH,
1eMeHTa, He(TecoIepKalIuX OTX0/I0B U BOJIBL.

HedrenuiaMm MokeT HCIONb30BaTbCsl B IPOU3BOJCTBE TEIUIOM3OJIALIMOHHOIO MarepHaa,
BKJIIOYasl BHICOKOTEMIIEPATYPHOE BOJIOKHO, OTHEYMOPHYIO INIMHY M Moiuakpuiamuia. Vcnons3oBaHue
HedTenuiaMa BO3MOKHO B COCTaBE INMXTHI MPU HPOHM3BOJACTBE (PAcagHON IUIMTKH, a TaKXKe INpPH
W3TOTOBJICHUHM MUHEPAIOBATHBIX TLTUT.

[To pe3ynbraTam psifa UcCieAOBaHUH B He(hTEIIIaMax COOTHOIIEHHE HEPTETIPOIYKTOB, BOABI H
MEXaHUYECKUX MpHUMeced (YacTUIbl MEeCKa, TJIMHBI, P)KAaBUMHBI) KOJIEOJNETCSI B OYEHb IIMPOKHUX
npenenax: yrieBoaopoab! coctaBisitoT 5-90 %, Bona 1-52 %, tBépasie nmpumecu 0,8—65 %. OcHoOBY
MEXaHUYECKUX MPUMECE COCTaBIAIOT OKUCIBI Xkene3a — 50—-80 % ¢ BKIIIOUeHHEM KBapIIEBOT'O MecKa U
CMOJIUCTBIX OTiIOXKeHUH. [TnoTHOCTh HedTenamoB konebdnercs B npeaenax 830—1700 kr/m3.

Ha ocHOBaHMM H370KEHHOTO MOXXHO MPUHTH K BBIBOAY, YTO J0OaBieHUE NepepaboTaHHOTO
HedrenuiaMma B OETOH MO3BOJIMT YBENIMYUTh 3PGEKTUBHOCTH PabOThI CHCTEMbI oOOorpeBa s
II0IAA0K (TpoTyapoB). Kpome TOro, MokeT yBeJIMUUThCS y O€TOHA (JIOPOKHOTO IMOJIOTHA) KOTe3Hs,
MIPOYHOCTh HA C)KaTUE, CHU3UTHbCSI OOBEMHAs Macca, YBEIMYHUTHCS CTOMKOCTh K KOPpO3UU U
YIYULIUTCSI MOPO30CTOUKOCTb.

Bbubanorpadguyecknii cnucok:
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CEKIUA 3. BYPEHUE

VYK 622.24
KomiuiekcHasi 06padoTka 0ypoBoro pactpopa KOMOMHalueil 0MonoauMepa u NOJTHAKPUIAMU/IA,
KaK MeTo/l NOBbIIeHUs epMEeHTATUBHON CTOHKOCTH MPOMbBIBOYHOM KHIKOCTH
Ha BOJHOI OCHOBe

Barkun K. B.
Hayunslii pykoBoaurens - [lykanosa A. H.
Vxmunckuii 2ocydapcmeennulil mexnuyeckull yHueepcumem, 2. Yxma, Poccus.

HaubGonee yacTto HUCHOJNB3yeMBIMH TEXHOJOTHUYECKHUMH IKUAKOCTSIMHU JUIsI TPOMBIBKH
CKBa)XMH B HACTOsIlee BpeMs SABJISIOTCS pacTBOPBI HA BOJHOM OCHOBE, COJEpKalllie MOJUMEpHbIE
n00aBKH, a TaK)Ke PAacTBOPHI C HU3KUM COJIEpKaHUEM TBepAod ¢aspl. Takue CHCTeMBI YCHENTHO
paboraror B ycnoBusix HHB, B Tom wumcine, B CKBaXHMHaxX C JJIMHHOH MPOTSHKEHHOCTBIO
FOPU30HTAIBHOTO ydyacTKa. OCHOBHOM MPUYMHOM PA3IMUHBIX TEXHOJOTUUECKUX OCIO0XKHEHUN MpU
OypeHMHM Ha TakKMX CHCTeMax pacTBopa sBiseTcs jaecrtabuin3anus, oOyCIIOBIEHHas
JIECTPYKTUBHBIMHA U3MEHEHUSIMH, TPOSBISIONMASACS B CHUKEHUU PEOJIOTUYECKUX CBOHCTB OypOBOTO
pacTBOpa U yBEIMYEHUH BOJIOOTIAYH.

K cnocobam, mo3BosSIOmUM 00€CTIeYnTh CTAOMIBHOCTE OYPOBBIX PACTBOPOB, COJACPIKAIINX B
CBOEM KOMIIOHEHTHOM COCTaBE PEareHThl, [10/IBEPKEHHbIE IECTPYKIIMU, MOXKHO OTHECTH:

— OTCJIE)KMBAaHUE M3MEHEHHUsS! BOJOPOJHOIO MOKa3aTess cucreMbl. [laHHbIN crioco0 sBseTcs
yCTapeBILIMM, [TOTOMY YTO MHOT'OYMCJICHHBIE HCCIIEOBaHUS MOKA3bIBAIOT, YTO MUKPOOHOIOIHYECKOe
pa3joKeHUue NpoTeKaeT JaBUHOOOpA3HO, HauyajdbHblE W3MEHEHMsSI B CHUCTEME, MPUBOASILUE K
HEOOpaTUMBIM MOCIIEACTBUAM MPOTEKAIOT IIPU BOJOPOJHOM MOKa3arene B npeaenax ot 9 o 10.

— 00paboTka cHUCTEMBbl pa3IUYHbIMU AHTU()EPMEHTATUBHBIMU J00aBKaMH, TaKUMHU Kak
pacTBOphl coneil u Gakrepunuasl. K MuHycam Takoro croco6a cTaOMIIM3alliil CUCTEMbl OTHOCHTCS
yBEJIMUYEHUE SKOHOMUYECKUX 3aTparT, CBSI3aHHBIX C IIEPEpacX0JOM PEareHTOB U XUMUYECKUX J100aBOK,
HE 11€J1eCO00pa3HbIX MO MPUYHHE HEBO3MOKHOCTH OCTAHOBKH JAECTPYKTHUBHBIX U3MEHEHUH CUCTEMBI.

Ha 6a3e nabopatopun TexHojgoruu OypoBbIX pacTBopoB Kadenpsl Oypenus YI'TY panee
OBLIM TPOBEACHBI HCCIENOBAaHMS, HANpaBiICHHbIE HAa M3y4YEHHUE AECTPYKTHUBHBIX M3MEHEHHH B
pPa3IMYHBIX MOJUMEPHBIX peareHTax, a TaKXKe TJIUHHUCTBIX pacTBOPOB HMX COJEpXKalUX, depe3
OTCJIe)KMBAaHUE OCHOBHBIX MapKepOB AECTPYKIMHU, TAaKMX KakK: BOJOPOIHBIM mMokazarenbp PH,
¢bunpTpanus, peosorus [1].

B xoxe 00paGoTKM NOIYYEHHBIX pe3yabTaTOB BO3HMKJIA MJIES MCCIEIOBAHUS TOBEICHHUS
CUCTEM IMpU HAIUYUU B UX KOMIIOHEHTHOM COCTaBE€ JIBYX IOJMMEpPHBIX PEareHTOB pa3InYHOU
IIPUPOJIBI IPOMCXOXKACHUS 0€3 TOMOIHUTEIbHON 00paboTku. Takoll moaxo npeanoarain 06ecnednTh
cTaOUJIbHOE COCTOSIHME OypOBOTO pacTBOpa 3a CUET CHHEpreTudeckoro 3gdexra mpu COBMECTHOU
00paboTKe OPraHUYECKUM M CHHTE3MPOBAHHBIM MOJIMMEpaMH, OoJiee IIUTEIbHBII epro1 BpeMEHH.

B pesynbrate Obutn chopMUPOBaHbI CIEAYIONIUE 1IeJb U 3aJa4u:

Llenb: crocoO moBbIIeHUs! (HPEPMEHTATUBHON YCTOWYMBOCTH BOJHBIX PACTBOPOB, COJAEPKAIIUX
MOJINMEPHBIE PEAreHTHI.

3aauM UCCIeI0BaHUS:

1. MeToauka npoBeeHHs] KOMIIEKCHOTO 3KCIIEPUMEHTAIBHOTO UCCIIEOBAHMUS.

2. O6paboTKa 1 MHTEpIPETALUS MOTYYEHHBIX PE3yIbTAaTOB.

Jlyig mpoBesieHnsl KOMILJIEKCHOTO MCCIIeI0BAaHUSI MCIOJIb30BAINCH ClieAyrolue o00pya0BaHue,
IocyAa, XMMHUYECKHE peareHThl W Marepuansl: apeomerp ADBP-1 (pucyHokx 1 a), BHUCKO3UMETP
poraunonusiii Fann Model 35SA (pucynok 1 6), ¢unbtp-npecc Huskoro nasienuss LPLT OFITE
(pucynok 1 B), pH-nonocku ¢upmer OFITE (pucyHok 1 ), monuMepHble €MKOCTH JUIsl XpaHEHUs
HCCIIEYEMBIX PacTBOPOB, 00bEMOM 5 JTUTPOB, OCHTOHUTOBBIN MOPOIIOK, 3K30Mmonucaxapua DUo Vis,
AKPUJIOBBIH MMOJIMMEP TOTHAKPUIIAMU «Seurveyy.
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Pucynok 1 — O6opynoBanwe, UCTIONB3YeMOe B UCCIICIOBAHUM: d - apeoMeTp ABP-1, 6 - poTalmoHHbIIH

Brcko3umerp Fann 35 SA, 6 - pusrp-nipece Huskoro pasnenuss LPLT OFITE, e- pH-nonocku ¢pupmer OFITE

XO)I BBITIOJIHCHU A UCCIICIOBAHUA

N3 OeHTOHMTOBOTO MOPOIIKA MPHUTOTABIMBAJICS TIUHUCTBIA PACTBOP 33JaHHON IUIOTHOCTH
(p=1030 xr/m%). 3atem mpoBoammack 06pabOTKa IONYYEHHOTO pacTBOpa GuomomumepoM DuoVis u
aKPWJIOBBIM MOJIMMEPOM — MOJTUAKPUIAMMUIOM «SEUrvey» B 3aJaHHbIX KOHIIeHTpanusax (Tadnuma 1).
ITonydeHHbIe PAacTBOPHl XPAHWIIMCh B OOBIYHBIX YCIOBHAX: Temmeparypa momemenus 20 - 22°C,
OTHOCUTENIbHAS BIAXKHOCTh momemeHusa B mnpeaenax 50 - 60%. OueHka M3MEHEHUH HCCIEAYEeMbIX

MapKepoB JIECTPYKIIMHU BBIIOJHSUIACH B TedeHne 12 mHei (Tabnmma 2).

Tabmuua 1 — [MapameTpsl uccieayemMbIX pacTBOPOB

Ne i/t IT10THOCTB, KI/M° Konrnenrpanus DuoVis | Konrmenrpanus [TAA
PactBop 1 1030 0,2 0,02
PactBop 2 1030 0,2 0,2
PactBop 3 1030 0,2 —

Tabnuna 2 —mokaszaTtenu uccleayeMbIX paCTBOPOB
N JnHamuyeckoe
Bonopoansrit ITmacTrueckas
OunbTpanys, M | HampsDKEHUE CIIBUTA, 3 s
No MMoKaz3aTelb Ma BsA3KocTh, 107 ITa*c
Ip-| 2 | 3p-| 1p- 3p- | 1p- 3p-

b |pp| p P 2p-p P b 2pp P lpp | 2Zpp | 3pp
11769 |78 77 | 142 | 11,7 | 14,2 | 5,72 | 10,04 | 7,88 | 14,85 | 22,64 | 18,75
2 76 | 77| 75 | 135|113 | 135 | 565 | 10,71 | 8,18 | 15,32 | 24,14 | 19,73
3 |775| 8 75 (133|112 | 12 | 565 | 10,71 | 8,18 | 15,32 | 24,14 | 19,73
4 79 | 86| 74 13 | 11,1 | 16 | 565 | 10,50 | 8,08 | 15,32 | 24,26 | 19,79
5 7 72| 7,2 13 11 18 6 10,39 | 8,20 | 14,28 | 24,84 | 19,56
6 6,9 7 72 | 135 10,1 | 20 6 10,39 | 8,20 | 14,28 | 24,84 | 19,56
7 6,8 | 68| 6,8 14 9,2 22 | 557 | 806 |6,82 | 13,81 | 24,94 | 15,69
8 6,5 | 65| 6,2 | 145 9 23 | 506 | 593 |370 | 13,81 | 21,94 | 11,11
9 6,5 | 6,5 6 151 | 10 24 | 402 | 432 | 250 | 13,12 | 18,23 | 7,50
10 | 65 [ 65| 59 | 182|103 | 29 | 4,02 | 432 | 195 | 13,12 | 16,96 | 5,50
11 | 65 [ 65| 57 25 (105 31 | 217 | 3,01 | 1,40 | 10,92 | 13,82 | 3,50
12 | 65 | 65| 57 | 275|105 | 34 | 176 | 236 | 067 | 9,76 | 13,36 | 2,50
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[Io paHHBIM MPOBENEHHOTO KOMIUIEKCHOTO WCCIEIOBaHUs, OBUTM pAcCUUTaHbl OCHOBHBIC
MOKa3aTeJIM PEOJIOTMM JUHAMUYECKOE HaNpsHKEHUE CABUra W IUIacTH4eckas Ba3kocTh [2]. Ha
OCHOBAaHWU TMIOJTYYCHHBIX JaHHBIX, MPHUBEICHHBIX B Ta0Onuie 2, ObUTM IMOCTPOESHBI CIICTYIOIINE
rpaguvecKue 3aBUCUMOCTH: HU3MEHEHHE BOJOPOIHOTO Tokaszarens pH (pucyHok 2 a), u3MEHEHHE
Bogootnaun ®zg (pucyHok 2 0), U3BMEHEHHE TUHAMHYECKOTO HampspkeHus casura t0 (pucyHok 3 a),
M3MEHEHHUE TUIACTHYECKOM BA3KOCTH 1| (PUCYHOK 3 0).
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Pucynok 2 — MI3MeHeHne mapaMeTpa BOAOPOHOTO IMOKA3aTels U (PHIIbTPAIHH
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a) TuHaMHu4Yeckoe Harnpspkenue casura (t0, [1a), 6) mmactuyeckas BsS3kocTh (1, [1a*c)

PI/ICYHOK 3 — I3MeHeHHE ANHAMHWYCCKOI'O HAIIPSPKCHUA CABUTA
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[Ipu mpoBeAeHUN UCCIEAOBAHUS TaKXKE OTCIEKUBAACh TUHAMHKA BHEIIHUX BHU3YaIbHBIX
U3MEHEHHI  HCIBITYyeMbIX 00pa3moB. MHKpPOOMOJIOTHYECKOE Pa3j0KEHUE OPTaHHYECKOTro
MOJIUMEpa  COTMPOBOXKIAJIOCh  BBIIEICHHEM Ta3a (CepoBOAOpOJA, MeTaHa WIH  HHBIX,
COIYTCTBYIOIIUX JKU3HEIEATCIbHOCTH OaKTepuil, ra3oB), B pE3yJbTaTe YEro MPOUCXOJUIIO
M3MEHEHHE I[BETOBOTO IIOKA3aTels pacTBOpa, C TMEpPexXoJOM OT CBETJIO-KOPUYHEBOTO 10
3€JIEHOBATOr0 OTTEHKA (pUCYHKU 4 a u 4 6).

1 pacmeop

s

@) N3MEHEHHUe 1IBETHOCTHU pacTBopa 1, Ha 1-5-12 nHM sKcnepuMenTa,
0) N3MEHEHHNE IIBETHOCTHU pacTBopa 2, Ha 1- 5-12 qHuU sKcniepuMeHTa

PI/ICYHOK 4 — 3ameHeHne HOBETHOCTH PACTBOPOB HA NPUMEPE INTMHUCTBIX KOPOK

[TocTpoennsle Tpaduueckre 3aBUCHMOCTH OICHKH M3MEHEHHUI BOJIOPOTHOTO TMokaszarens pH,
BosooTAaun P30, AMHAMHUECKOTO HAIpsDKeHUs ciBura 10 ¥ IIIaCTUYECKON BSI3KOCTH 1|, IPUBECHHBIC
Ha pHCyHKax 2 a, 2 0, 3 a, 3 0 MOKa3BIBAIOT, YTO KOMOWHHpPOBaHHAs 0OpabOTKa MOJIMMEPHBIMHU
peareHTaMu pa3iU4YHON MPHUPOJIBI MPOUCXOKAECHUS JEHCTBUTENBHO MO3BOJIMIIA 3aMEJIUTh CKOPOCTh
(hepMeHTaTUBHBIX U3MEHEHUH 3a CUeT CHHEepPreTHIecKoro 3(dekra, MO3BOIMB COXPAHUTh CTPYKTYPY
pacTBopa U €ro (UIbTPALMOHHBIE XapaKTEPUCTHKHU Oosiee JUITUTENbHBIA MPOMEXYTOK BpeMEHH. DTO
OOBACHSETCS TeM, 4YTO HCCIeIyeMble MOJMMEpHBIE peareHThl, o0ianas pa3HBIM ypPOBHEM
CTaOMIIN3ALUH, UMEIOT Pa3INYHOE MMOBEICHUE MPH OaKTEPUOIOTHUECKON AECTPYKIUH.

bubauorpapuyeckuii cnucok:
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VK 622.24
TexHoJIOrM4YecKe 0CJI0KHEHUS PHU OypeHUH CKBAKMH HA YHTBHITeHCKOM MeCTOPOKIEeHNH.
IIpuxBaThl: NPUYUHBI BOSHUKHOBEHHS, CIIOCOOBI NpeayNpexIeHus], MeTOAbI JUKBHAAIUN

I'marenko 1O. /1.
Hayunslii pykoBoautens - [lykanosa A. H.
Vxmunckuii 2ocydapcmeennblil mexnuyeckull yHusepcumem, 2. ¥Yxma, Poccus.

[TpoBoaka TyOOKHMX CKBAKMH —CIIOXKHBIA TEXHOJIOTMYECKHH IMpoIecc, 0COOEHHO €clii pedb
UIET O HAKJIOHHO HAMpaBICHHOM M TOPU30HTaIbHOM OypeHuu. [IpucyTcTBHE B T€0JOrHuecKoM
pa3pe3e XeMOTreHbIX TOJIIL, IEPECIanBAIOLINXCS apTHILINTO-aJIEBPOIMTOBBIX U TIIMHUCTBIX MOPOA (11
KOTOPBIX XapaKTepHbI TEKY4YeCThb, PACTBOPEHHE, OCHIIH, 00Balbl, HaOyxaHnue), Hanuuue 30H ABII/l u
cTpaTurpauYeckux yriIOBBIX HECOTJacHil (Hampumep, Pe3Koe YIJIOBOE, KOTAa YIJIbl MaJCHUs CIOEB
pasHEIX Tomm oTamyaroTcs Ha >30°) OKa3pIBAIOT 3HAUMTENbHOE BIMAHHE HA IpoIecc OypeHwus,
0COOEHHO TIPH CTPOUTEIHCTBE TMEPBBIX CKBAKMH HA MECTOPOXKIECHHHM H  CIIOCOOCTBYIOT
BO3HUKHOBEHHUIO PA3IMYHOTO PO/ia OCIOKHEHUH, B TOM YHCIIe, HanOoJee YacThIX - IPUXBATOB.

[TpuxBaThl MOTYT BO3HHKATh KaK B pe3yJbTaTe MEXaHMYECKOTO, TaK U AU (HepeHINaTHHOTO
BO3JeUCTBUSA. MexaHnuecKkoe BO3JIEMCTBHE XApAKTEPHO I CIy4aeB BO3HUKHOBEHHS IPUXBATOB
10 IPUYUHE MOJIBAJIMBAHUSI TOPHBIX OPOJ WU IIJJAMOBAHMS, a TAK)KE 3aKJIMHUBAHME HA y4acTKax
XapaKTEepPU3YIOLIUXCS CI0XKHON reoMeTpuell cTBoja. BOZHMKHOBEHME MMpUXBaTa U3-3a LIJaMa WU
oOBaJMBIIEHCS TOPHOW MOPOABI Yalle BCEro MPOUCXOIUT MPHU MOJABEME HMHCTPYMEHTA, OJHAKO
MPUXBAaT MOXET IMPOU30HUTH M B TOM Clydyae, €CIU B CKBAXXUHE JJIUTEIBHOE BpEMs HET
mupkynsaun. OmxauM u3 nepBeix, Camoroit A. K., mpemnoxun kiaccupuuupoBaTh MPUXBATHI
ciexyomum obpazom [1]:

1) Tlpununasue KOJOHHBI TPYO K CTEHKE CKBaXKHH.

2) 3akJIMHUBAHWE KOJOHHBI TPYO.

3) IlpuxBaT 00BaNIMBIIMMUCS HEYCTOWYMBBIMU TTOPOJIAMH.

4) TIpuxBaT CaTbHHUKOM.

C ToukMm 3peHus aBapUHHOCTH HaubOojee OmacHbl MMEHHO MPUXBAaThl HUIAMOM WM
BO3HUKIIKE [0 MpHYMHE o0OBajga HEYCTOMUMBBIX TOpHBIX mopod. Ilpormecc ocBoboXkaeHUsA
MPUXBAYEHHOW IINIaMOM MJIM OOBaJMBIIEHCS TOPHOM TOPOAONH KOJOHHBI, TEXHUYECKH U
SKOHOMHUYECKHU 0oJiee CI0XKEH M 3aTpaTeH, B CPABHEHUHU C MPUXBATOM KOJIOHHBI, HAlpUMED, B 30HaX
CJIOKHOM TreoMeTpHH CTBOJIA, WJIM BCIEJICTBUE NUPPEpPEHIINANbHOIO JaBIEHHUS, W3-3a YEro MOYTH
TPEeTh TaKWX MPUXBATOB B TIyOOKHMX CKBaXMHAaX MPUBOAUT K HEOOXOJUMOCTH 3a0ypKH HOBOI'O
cTtBosia. OCHOBHOM NMPUYMHONW BO3HUKHOBEHHUS IpUXBaTa IUIaMOM WM OOBaJMBIIEHCS MOPOJOM
ABIIIETCS IJI0Xasi OYMCTKA CTBOJIA CKBaKMHBI MM ciabas yCTOWYMBOCTb CTEHOK, YTO HamNpsSMYIO
CBA3aHO C KAaueCTBOM IPOMBIBOYHOM IKMAKOCTM M HHU3KUMHU CTPYKTYPHO-MEXaHUYECKHUMHU,
PEOJIOTHYECKUMH ¥ (QUJIBTPAllMOHHBIMU  XapaKTEpPUCTUKAMHU, M, COOTBETCTBEHHO, HE BEPHO
BBIODAaHHBIM BHJIOM OypOBOTO pacTBOpa. AHAIUTUYECKUH 0030p MO HcclIenyeMoll TemaTHKe
MOKA3bIBAET, YTO HanuboJIee YacTo MPUXBATHI IPOUCXOJAT MPpU OYpPEHUHU ¢ IPUMEHEHUEM TJIMHHUCTHIX
PacTBOPOB, TaK KaK TaKHe XUIKOCTH MOTYT BBI3BAaTh Mepenajbl 1aBJICHUs, CATbHUKOOOpa30BaHUE U
HapylEeHNEe YCTOWYNBOCTU CTBOJIA CKBAXKUHBI [2].

VYHTHITEICKOE HeDTSIHOE MECTOpOXKIeH e, pa3padaTreiBaeTcs ¢ 1995 roga. OHO pacmosiokeHo B
CypryrckoMm paitone XMAO TromeHckoit o0mactu. OTHOCUTCS K KJIACCy CPETHUX MECTOPOXKICHUH,
M0 BETWYMHE HAYAIBHBIX W3BJIEKaeMbIX 3amacoB OoT 10 mo 30 MiH TOHH HETH, MO T€OJIOTHIECKOMY
CTPOCHHUIO JITaHHOE MECTOPOXKJICHHE OTHOCHTCA K CIOXHBIM. OCHOBHBIM OOBEKTOM pPa3pabOTKU
VYHTHITEicKOTO MecTopoknenust sBisiercs: miact FOCI-4, nambosnee MEpCIEeKTUBHBIM OO0BEKTOM
pa3paboTku YHThIreicKkoro MectopoxxaeHus spisercs miact KOC12, conepkamuii oCHOBHOM 00beM
(HI'3 — 48%, HU3 — 55%) cymmapnbix 3anacoB. [Iponuriaemocts npoaykTuBHON yactu miacta FOC12
— uuskas (B cpenmneM 7 mJl) ¢ m3meHenwem B aumamazone oT 0.8 go 29 mJl mo mporactkam.
YMeHbIIEHHE NMPOHUIAEMOCTH MO pa3pe3y CKBa)XMH IPOUCXOAUT OT KPOBJIM K IOJOLIBE IIIacTa.
Cpennee 3HaueHue HedTeHachlmeHHBIX TonmmH Tuiacta KOC12 mo ckBakuHam cocTaBisieT 6.4 M.
CpenHeB3BENIEHHOE 3HAYEHHE IOPUCTOCTH KOJUIEKTOpPOB cocTaBisieT 17.3 % mnpm puanazone
m3mMeHenusds — ot 123 go 19.3 %. IlponykTuBHBIE NIacTbl YHTBIT€HCKOIO MECTOPOXKIACHUS
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MNpCACTABJICHBI IMOJIMMUKTOBBIMU IMCCUAHUKAMU, MEpa FHI[pO(I)I/IHBHOCTI/I KOTOPBIX JOCTATOYHO HHU3KAa4.
B stux YCIIOBUAX HCO6XOI[I/IMO IIpOBCACHUC MepOHpI/IHTI/Iﬁ 110 ITOBBIIIICHUTO He(i)TeOTI[a‘H/I jiacrTa.
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Pucynox 1- YHTBITElCKOE MecTOpOXKIeHUE Ha KapTe PO

Haunbonee uacto BCTpedaeMoe TEXHOJIOTMYECKOE  OCJIOKHEHHE  XapaKTepHOe Ul
VYHTBITEHICKOTO MECTOPOXACHUSI — TpUXBAaThl. AHaINW3 MPOMBICIOBBIX MAaTE€pUAIOB IO JAHHOMY
MOATBEPANII, YTO OCHOBHOM IPUYMHOM BO3HHMKHOBEHHUS IOCAIOK, 3aTSKEK M INPUXBATOB SBISIETCA
HECOOTBETCTBUE TEXHOJOTUYECKHX XapaKTEPUCTUK U KOMIIOHEHTHOTO COCTaBa OYpPOBBIX PacTBOPOB U
peKuMa IPOMBIBKH T'€0JIOTO-TEXHUYECKHUM YCIOBHUSM BCKPBITHS IUIacTa, HA (POHE HATUYUS OOJIBIIOrO
KOJMYeCTBa TJIMH B pazpe3e. llostomy g Takux ycinoBUil OypeHHs 1LeIeco00pa3HO MPUMEHSTH
MIPOMBIBOYHBIE PACTBOPHI, KOMIIOHEHTHBIH COCTaB KOTOPBIX IO3BOJISET OOECNEYUTh KaueCTBEHHYIO
OYUCTKY CTBOJIa CKBAQ)KUHBI, ONTHMAaJbHbIE CTPYKTYpHO-ME€XaHHYeCKHe, (QUIbTPAL[MOHHbIE U
PEOJIOTNYECKUE CBOMCTBA HA BCEM JTAIle CTPOUTEIBCTBA CKBAXKHH.

Jns npepaynpexaeHusl MpUxBaTa IIJIaMOM PEKOMEHAYETCsl MOBOAUTH PAJl MEPONPUSTUH, IO
OUUCTKE CTBOJA CKB&XKHMHBI, IE€pell INPOBEACHUEM IOJbEMA MHCTPYMEHTAa WM IpPU TOJAbEME
HMHCTPYMEHTA, KOTOPBIX HEOOXOUMO MPEEePKUBATHCS, B 3aBUCUMOCTH OT CUTYallUH:

1) Ecnu 3armshkka Oonblie MakCHMAIbHO AOMYCTHMON, HE HAYMHATh WJIM OCTAaHOBHUTH
MOABEM, CIYCTHUTh OJIHY WJIM JBE€ CBEUYH, C MOCJIEIYIOIIeH MOMBIBKOM CKBaXMHBI J10 YHUCTBHIX
BUOPOCUT, 00ECTIEUNB MaKCUMAaJIbHO BO3MOJKHBIE 110/Jady HACOCOB U 000POTHI OypUIbHON KOJIOHHBI,
OCYUIECTBJISITh pacXakMBaHWe MHCTpyMeHTa. Eciu BBIHOC 1UIaMa TMpU  3TUX JAEUCTBUAX
MPEeKPaTUIICs, MOJIbEM UHCTPYMEHTA UIET 0e3 3aTsHKEK, BeC MHCTPYMEHTa HOPMAJIbHBIN, TO MOAbEM
MO>KHO MPOJIOJIKATD.

2) Ecnu 3aTspkka 00JTbIie MAKCUMaJIbHO JIOITYCTUMO#, HE HAUWHATH WJIM OCTAHOBUTH IOJIBEM,
CIyCTUTh OJHY WJIM J[B€ CBEYH, C IMOCIEAYIOIIEel MOMBIBKOM CKBa)KMHBI JO YUCTBIX CUT, 00ECIeYnB
MaKCHUMaJbHO BO3MOXHBIE I10/1ad4y HAcOCOB U OOOpOTHl OYpWIBHOH KOJOHHBI, OCYIIECTBIISSA
pacxaxuBaHue MHCTpyMeHTa. Eciy BbIHOC 1IJJaMa He MpeKpaTUiIcs, OLIEHUTH IIIJIlaM — B cllydae, eciiu
niaM oOBalIbHBIM, HEOOXOJMMO YBEIHMYUThH YAEIbHBI BEC pacTBOpa, 3aT€M MOMBITh CKBAXXHUHY C
Y4€TOM KPHUBH3HBI JIO YHCTHIX BUOPOCHUT, 00ecredyrB MaKCHUMajJbHO BO3MOXKHBIE MOJauyy HAcOCOB U
000pOTHl OYpUIBHON KOJOHHBI, OCYIIECTBIATH pacXaKMBaHHE WHCTpyMeHTa. Ecim BhIHOC muiama
IIPEKPATHIICS, TIOJbEM MHCTPYMEHTa HJET 0e3 3aTsKeK, BEC MHCTPYMEHTAa HOPMAJIbHBINA, TO MOAbEM
MO>KHO MPOJIOJIKATh.
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3) Ecnm 3arsokka 0OJbIIe MaKCHMMAalbHO JONYCTUMOW, HE HAYWHATh WJIH OCTAHOBHUTH
MOABEM, CIYCTUTh OJIHYy WJIM JBE€ CBEYH, C MOCIEAYIOUIEH IMOMBIBKOM CKBaXXHMHBI O YHMCTBIX
BHOpOCHT, 00ECIIEYNB MAKCUMAaIbHO BO3MOXKHBIC T10/1a4y HACOCOB M 000POTHI OypUIILHOW KOJIOHHBI,
OCYLIECTBJIATh pPAcXaXMBAHUE HMHCTpyMEeHTA. EciM BBIHOC MIJaMa IpU ITUX JEUCTBUSX HE
MIPEKPATUIICS, OIEHUTH [IJIaM — B CIydae €CJIM IIIaM He 0OBaJIbHBIN, IPOU3BECTH JTOTIOJHUTEIHHYIO
MIPOMBIBKY HJIM OOpaTHYI0 MpopabOTKy ydacTKa, 3aTe€M MPOMBITh CKBAXKUHY J0 YHUCTHIX BHOPOCHT,
o0OecreynB MaKCHMaJIbHO BO3MOXHBIC TI0JIady HAcOCOB M 00OpPOTHl OYypHIBHONH KOJIOHHHBI,
OCYLIECTBJISITh pacXaXKMBaHWE€ MHCTpyMeHTa. Eciam BBIHOC 1ulIaMa @pU  3TUX JIEUCTBUAX
MIPEKPaATUIICS, TOABEM MHCTPYMEHTA UJET 0e3 3aTsSKEK, BeC MHCTPYMEHTa HOPMaJbHBIN, TO MOAbEM
MOYHO IIPOJIOJIKATh.

4) Ecnu 3aTsbKKa MEHbBIIIE MAaKCUMAJIBHO JOMYCTUMOM U MOABEM €Ille He HayaT, He0OXO0AMMO
MIPOMBITh CKBRXXHHY J0 YHCTHIX BUOPOCUT, 00ECHEUNB MaKCUMAaJIbHO BO3MOXHBIE M0/Iady HACOCOB U
000pOTHl OYypUIHHOW KOJIOHHBI, pacXa)XMBaHUE WHCTpyMeHTa. Eciaum moabeM MHCTpyMEHTa UAeT 0e3
3aTsHKEK, BEC MHCTPYMEHTA HOPMAaJIbHBIM, TO MOIBEM MOKHO ITPOJIOJIKATD.

5) Ecau 3arskka MEHbIIE MaKCHMaJIbHO JOIYCTHMOM, MOAbEM HMHCTPYMEHTa HICT 0Oe3
3aTsHKEK, BEC MHCTPYMEHTA HOPMAaJIbHBIM, TO MOIBEM MOKHO ITPOJIOJIKATD.

[Ipy HEOOXOAMMOCTH BO3MOKHO MPHMCHCHHE OYHMINAIONIMX I1a4eK, HCIOJIb3YEMBIX IS
paspylLieHus U BIHOCA Ha TOBEPXHOCTh BO3MOXHBIX HAKOIUICHUH ITaMa Pa3IMYHOrO (PpaKIHOHHOTO
cocraBa, ounctku KHBK u o0O0mei o04YuMCTKHM CTBOJA CKBaXHHBI, B TOM 4YHCIEC B KadyeCTBE
npodunakTuyeckoro cpeacTsa. OUHIIAIONINE MAYKKH Pa3JeNsiOT Ha BsI3KUe U Tsokenble. [lepBoiil BUI
MPUMEHSAETCS JIJISl OYMCTKH BEPTUKAIBHBIX CTBOJIOB C 3€HUTHBIMH YIJIaMH, HE TpeBbImarommmu 30
rpajaycoB. BTopoil Tun ounmaronmx nayek NpUMEHsIOT B CTBOJAX CKBa)XUH C 3€HUTHBIMHU YIJIAMH OT
30 rpanycoB u Bblme. OObeMbl O0EMX THIIOB NAYEK PACCUMUTHIBAIOTCS MCXOAS U3 IPUHLUIA
3anonaenus 100-200 meTpoB 3aTpyOHOro mpocTpaHcTBa. MUHUMANBbHBIN 00BbEM Mauku (3aloTHEHHE
100 M 3aTpyObsi) 3aKauMBacTCs MPU UCIOJIB30BAHUU UX B Ka4eCTBE MPOQPHIAKTHUECKOTO CPEICTBA B
CTaHJIAPTHBIX CUTyallusax. MakcuManbHBIH 00BhEM MAavYKH UCIIOJIb3YETCs MPU HECTAOMIBHOCTH CTBOIIA,
JOJITOBPEMEHHOM  OBICTPOIl  MPOXOJKE, 3HAYUTEIHPHOM BpPEMEHU CIIAWMJAMPOBAHUS, HEIITATHBIX
cutyanusx. [Ipomecc nmpokaurBaHus MavyeKk BEAETCS CO CTAHJAPTHBIMM IMOKAa3aTEIsIMU IMPOMBIBKU U
BpallleHUs] WHCTPYMEHTa TpH OypeHWHu MaHHOTO HHTEPBaJ, MPU DTOM JIOMYCTUMO IOBBHIIICHUE
cKkopocTH BparieHuss uHcTpymMeHTa 10 80-100 oO6/MUH Ansi BO3MOMKHOTO YIYYIIEHHS OYUCTKHU
BCJIE/ICTBUE BO3pacTaHusi TypOyJEHTHOCTHM IIOTOKa pPAcTBOpA, YBEIMYEHHE IOJaud HacOCOB
3alpelleHo, H3-32 BO3MOXHOTO YBEJIWYEHUs JaBICHUS MPOKAUYKH, YTO MOXKET MPUBECTH K
NecTabmIM3alid CTBOJIA CKBAXXWHBI M TOMJIOHIEHUSIM pacTBopa. CocTaB Mayku, MPUTOTOBIICHUE,
3aKa4yrMBaHME, BBIXOJ] MAUKH HA CHTA U BBIHOC MIJIaMa PUKCUPYETCS U KOHTPOIUPYETCS HHKEHEPOM T10
OypOBBIM pacTBOpPaM.

MeToapl NUKBUAALMK TPUXBATOB Oa3MpyIOTCS HA TMPHUHIMIE BO3ACHCTBHUS HAa y4acTOK, B
KOTOPOM TMPOM3O0IIENI MPUXBAT MEXAHWYECKH (HAMpUMEp, TUIPABIUYCCKUN YIAPHBI MEXaHHU3M),
THIPABINYECKU (THAPOUMITYIIbCHBIN coco0) min PU3NKO-XUMUYECKH (3aKadKa KHUJAKOCTHBIX BaHH), a
B HEKOTOPBHIX CIydasX HX IyTeM KOMOWHUPOBAHUS, HAlpUMEp, MEXAHUYECKOTO U (HHU3UKO-
XUMHUYECKOTO BO3/ICUCTBHS.

HecomHeHnHO, MpoOBOAKAa CKBAXWMH B CIIOXHBIX TOPHO-T€OJOTHYECKUX YCIOBHUSAX TpeOyeT
OOJBIIUX 3aTpaT, HO B OONBIIMHCTBE CIy4aeB OTH 3aTpaThbl OMPaBIaHbl C TOYKH 3pPEHUS
MEePCIIEKTUBHOCTH HOBBIX pa3padaThIBAEMbIX MECTOPOKICHUH.

bubiuorpaguyecknii CHUCOK:

1. Camotoit A. K. IlpuxBatel konoHH npu Oypenun ckaxut / A. K. Camoroit. - Mocksa : Henpa,
1984. - 204 c. : ni1.; 21 cm.

2. [Tycrosoittenko W.I1. [IpenynpesxaeHrne U METOIbl IMKBUJAIMK aBapUil U OCIOKHEHUH B OypeHuu:
VYuebnoe nmocodbue. — M. : Henpa, 1987 r.- 237 c.

3. bynmatoB A. U. Bypenue ropusonTanmpHbix ckBakuH / A. W. bymarto, E. lO. Ilpocenkos,
1O. M. IIpocenkoB. — Kpacuogap : Coset. Kybann, 2008. — 424 c.

106



VI]IK 622.244.442
OnTumMu3anms MOAX0A0B K JUKBHIANNH MOTJIOIIEHUH B MOPOAAaX ¢ BHICOKOH TPEIIHHOBATOCTHIO

Omnapun B. W.
Hayunsblii pykoBoautesns - MuxeeB M. A.
Yxmunckuti cocyoapcmeennbiii mexnuyeckui ynusepcumem, 2. Yxma, Poccus.

B mnacrosmiee Bpems B Poccum 3HaunTenvHBIE 00beM OypeHus BeleTcs Ha IJIOLIAASX,
pa3nuyarIuXcs Kak M0 reorpapuueckoMy IOJIOKEHHIO, TaK U IO TeOJOrMYeCKOMY CTPOCHHUIO.
[Tonobuoe pa3znooOpasue ycIoBHI MPUBOJUT K BO3MOXKHOCTH HIMPOKOTO CHEKTpa OCIOKHEHUH, B
nporecce Oypenus. OnHUM H3 HanboJee YacTO BCTPEUAIOIIMMCS BUAOM OCJIOXHEHHUS IPU ITOM
SIBJIIETCS OTJIOUICHHE OYPOBBIX PACTBOPOB.

Kak u3BecTHO, 1O/ MOTJIOIIEHHEM B MPAKTHKE OypeHHsI MOHUMAETCS YXOJ TEXHOJIOTHYECKON
KHUJIKOCTH B IIPOHULIAEMBII IJIACT MO IEHCTBUEM Mepenaaa naBieHus 0e3 paznenenus ¢as. [Ipu stom
MOTJIONIEHUE SIBIIICTCS OJHMM W3 HamOolee HempeaCKa3yeMbIX BHJIIOB OCIOXKHEHHUH, dYTO
0o0ycNaBIMBaEeTCsl KaK CIOKHOCTHIO €ro MPOTHO3UPOBAHMS, TaK M MpoOJieMaMu € JIMKBUAAIMEH.
[Tocnennee cBs3aHO ¢ OOJMBIIMM Pa3sHOOOPA3HEM YCIOBUH, MPUBOIAIIMX K BOSHUKHOBEHHIO TAHHOTO
OCTIOKHEHUS, a Takke, B OOJBIIMHCTBE CIy4yaeB, OTCYTCTBHEM JIOCTOBEpHOW HHpOpManuu o
CTPYKTYpE MOTJIOMIA0IIero ropu3onTa [1].

Haubonee cl1oXHO JUKBUAMPYEMBIMHU SBIAIOTCS MOTJIOLICHUS B TPEUIMHOBATHIX IUIACTaX C
HU3KUMH JaBJICHUSIMU U OOJIITUMH pa3MepaMu KaHajioB. [Ipu 3TOM, MOTIIOIIEHHE B TaKMX IDIACTaX
MOTYT MPHUBECTH K IMOTEPU /0 HECKOJBKUX ThICSY KyOOMETPOB TEXHOJIOTUYECKUX KHUAKOCTEH, He
MO3BOJISIS IPOJIOJDKUTE OypeHHe, a TaK)Ke MPOBOLUPYS IOOOYHBIE OCIOKHEHHS, TAKHE KaK HapylIIeHHE
YCTOMYMBOCTU CTEHOK CKBaKUH U HEPTETra30BOAOMPOSBICHUS.

[IprunHON Takoro poja HApPYyLIIEHHWs MOTYT HMMETh KakK I'EOJIOTMYECKUMH XapakTep, Tak M
TexHoreHHbIH. HanpuMep, Ha HEKOTOPBIX MecTOpoXkIeHUsIX Boctounoit Cubupu TpemuHbl B XPyNKUX
MOpOAax SIBJSETCS CIEACTBUEM SIACPHBIX UCIIBITAHUM.

Meroapl npenoTBpalieHUs W JIMKBUAALMH TOTJIOMIEHUNA YCIOBHO MOXHO pa3feiauTh Ha
HECKOJIBKO T'PYIIIL:

1. Orpannyenue 1aBJIeHUs HA IIACT.

2. OnTUMU3aLKs PeOJTOTHIECKUX CBOMCTB TEXHOJOTUUYECKUX KUIAKOCTEH.

3. 3akynopuBaHue OPOBOTO MPOCTPAHCTBA.

Bo3MOXKHOCTh OrpaHMueHUs] JAaBJIEHHS Ha IUIACT 3a CYET CHUKEHHS IUIOTHOCTH OYpOBOTO
pacTBopa JKECTKO orpaHuueHa HeoOxoaumocThio mpenoTspamieHuss HI'BIT [2]. B atoii cutyauun
HauboJsee IeHCTBEHHBIM METOJIOM OIpaHWYEHMs Mepenaaa JaBiIeHHs] Ha IPAHUIIE «CKBaKHMHA-TUIACT»
SBIIETCS OKBHBAJICHTHAS UUPKYISIUOHHAS T1IOTHOCTH (DUII), xXapakTepusyromuM COCTOSHHE
CHUCTEMBI BO BpeMsI LIMPKYJSINMHA W TO3BOJISIOIIMM OLUEHHUTHh PEIPECCHI0 HAa BCKPBHIBAEMBIE IUIACTHI B
nporecce Oypenus. B obuiem Buze, LT MoxHO onpenenuTs no Gpopmyie:

AP3an
Psxs = Pep + W 1)

rie:
Pop — aKTyallbHasl IVIOTHOCTh OYPOBOTO pacTBOPA;
AP3atp — ruipoJMHaMUYECKUE IOTEPHU B 3aTPYOHOM MPOCTPAHCTRE;
G — yckopeHue cBOOOTHOTO MaJICHUS;
h — rmyOuHa CKBaXKHHBI 110 BEPTHKAIIH.
BcenenctBue 3aTpyqHEHHOrO pacyera Mepenana JgaBieHHsS B 3aTPyOHOM TPOCTPAHCTBE
BO3MOYKHO UCIIOJIb30BaHUE SMITUPUICCKON 3aBUCUMOCTH:

0,2Pys

— 2
0,1h @

Poxs = p6p +

rae:
Ppab — pabGouee naBneHue (1aBjaeHrnEe Ha HACOCaX), aTM.
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Kak mnokaszeiBaer mpaktuka, DUII pacrer ¢ yBelMueHHEM AJMHBI CTBOJIA CKBAXKHUHBI U, C
Y4€TOM  COBPEMEHHBIX TEXHOJIOTMH  CTPOUTENBCTBA TOPU3OHTANBHBIX  CKBAXHH  BBICOKOM
MPOTSHKEHHOCTH, MOXET JOCTHTaTh YPE3BBIYAHO OOoNbIMX BenwuuH. K mpumepy, mpu IUIOTHOCTH
6ypoBoro pacteopa 1,1 r/cM® npu jumHe ctBona B mpenenax 4000 M u riy6mre 2000-2500 M 1O
BepTukanu, semmunHa JLIT moxer mocrurats 1,28-1,32 r/cM®, u3 dero ciemyer orpaHHYEHHOCTS
MPUMEHEHUS TaHHOTO MeToja. Takke cielyeT YYUThIBaTh, YTO, KaK MOKAa3bIBAET MPAKTUKA BEICHUS
paboT, orpaHUYCHHE JABJICHUS Ha IUIACT MOXeT d((HEKTHBHO MPUMEHSITHCS, B OCHOBHOM, B IJIACTaX,
IIOPOBOE MPOCTPAHCTBO KOTOPBIX MPEACTABICHO MOPAMU KAMMIUISIPHBIX Pa3MepOB.

OntuMuzanus peoJorHYeCKUX CBONCTB MPOMBIBOYHOM YKUIKOCTH, B CBOIO OYEpPEllb, JAOJKHA
ObITh HaIlpaBJIeHa Ha peElIeHHE JBYX IMPOTHUBOIOJIOKHBIX 3a7au: CHIKEHHE TOTeph JaBJICHUS W,
cootBeTcTBeHHO, DLIII B CTBOJIE CKBa)KMHBI M TOBBIIMICHUS CUJI CONPOTHBICHUS XUIAKOCTH MPHU €€
JBUKEHHUH B IOPOBOM IPOCTPAHCTBE.

HeoOxomuMo y4HTHIBATH, YTO OOJBIIMHCTBO IKHJIKOCTEH, NPUMEHSIEMBIX B OypeHHUH,
OTHOCSITCS K BS3KOIUIACTHYHBIM. JIBM)KEHHE ATOrO THUMA JKUIKOCTEH MOAYMHSAETCS YpPaBHEHUIO
bunrama-11IBeoBa, onuceIBaOIeMy HaIMPSHYKEHUE CABUTA Ye€pPE3 BEIIMUMHY MPEEIbHOTO 3HAUYCHUS:

T=1Ty+1NY 3

rJe T — HalpsDKEHUeE cliBura, l1a; to— npeaensHoe HanpsbkeHue casura, [1a; n — Bsa3kocts, [1a-c;

Y~ CKOPOCTh CIBHTA, ¢t

ry
w4 HETHHEHbI
fzf VUACHOK

Hanpadsicenue cosuza (t)

Cropocms cosuza ()

Pucynok 1 — Peonornueckas kpusas st BIDK

IIpy 5TOM JKHMOKOCTH, HMEIOUIME BBICOKME 3HAYEHUs IPEAEIBbHOTO U JUHAMHYECKOIO
HampsDKeHUs CABUTAa TPeOYyIOT 3HAUMTENbHBIX 3aTpaT PHEPIMHM Ha HAyajo ABUKEHMS, IOCIE Yero
ObICTpO pazxmxarorces [3].

Hcxons w3 BBIIECKA3aHHOTO, CIEAYET BBIBOJ O TOM, YTO ONTHUMAJIBHBIM C TOYKH 3pEHUS
NPEJOTBPAICHUs TMOTJIOIMIEHUs siBiseTcsi OypoBoM pacTBOop ¢ BbicokuMu 3HaueHusimu JIHC,
3aTPYJHSIONIMMHU CTparMBaHUe S>KUJIKOCTH B TOPOBOM IIPOCTPAHCTBE, M HUBKUMH 3HAYEHUSIMU
IUTACTUYECKOM BA3KOCTH, YTO MO3BOJISIET CHU3UTH Tepena/l 1aBJIeHHs B 3aTpyOHOM MTPOCTPAHCTBE.

B cnyyau Hanuuus B milacTe TpeIIMH OONBIIOTO pa3Mepa HU OTpaHUYEHHUE [aBJICHMS, HU
ONTUMH3AIMS PEOJIOTUYECKUX CBOMCTB, HE MOTYT SBIATHCA 3(P(PEKTUBHBIMH METOAaMHU PabOTHI.
EavHCTBEHHBIM peaJbHBIM CIIOCOOOM MPEAOTBpAIICHUS M JIMKBUJIALUUU MOTJIOIIEHUN SBISETCS
3aKy[OpHBaHUE MOPOBHIX KaHaJoB. [Ipu 3TOM B HacTosIIee BpeMsl CYIIECTBYET TpH 0a30BBIX MOJIX0A
K OJIOKMPOBAHMIO 1OP: UCIOIb30BAHNE KOJbMATaHTOB; YCTAHOBKA [IEMEHTHBIX MOCTOB; OJIOKMPOBAHUE
MOTJIOLIAIONIET0 MHTEPBAIa IIepeKpbIBaTesieM [4].
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Tabmuna 1 — CpaBHeHHE pa3IUYHBIX METOI0B JTMKBUIAINH MTOTIOMECHUI

[Ipumenenue [Ipumenenue [Ipumenenue
nepeKphIBaTeIe KOJIbMaTaHTOB LIEMEHTHBIX MOCTOB
1. OTHOCUTENBHO 1. OTHOCUTENBHO
HU3Kast CTOUMOCTh HU3Kast CTOUMOCTh
1. Beicokas
Hoctonncrpa
3¢ (HEeKTUBHOCTH
2. loctynHocThb 2. locTynHoCTh
MaTepUajoB MaTepuasoB
1. Bricokast cTOUMOCTh
1. Tpebyer
1. OddhexTuBHBI HE 1715
HenocraTtku . WCIOJIb30BAaHUS CIIEl.
2. Texnonoruueckas BCEX yCIJIOBUM
TEXHHUKHU
CJI0)KHOCTh IPUMEHEHUS

Tak Kak HMCIOJB30BaHUE NEPEKPBIBATEIICH SIBISETCS METOJOM TEXHOJOTHYECKH CIIOKHBIM M
3aTpaTHBIM, OCHOBHBIMM OCTAalOTCS BAapUAHTBl C HCIOJB30BAHMEM HAIIOJHUTENEH M YCTaHOBKOU
LIEMEHTHBIX MOCTOB. OUeHb 4acTO B MPAKTUKE OypeHUs MPUMEHSIETCS CIEAYIOLINI MOAX0/, BHaYale
MHTEHCUBHOCTD IOIVIOILEHUSI CHMIKAETCSl 3a CUET 3aKa4K{ B 30HY IOIVIOIIEHUS KOJbMAaTHUPYIOLIMX
MaTEepUaJIOB, MOCJIE YEro TPEIIUHbBI OJIOKUPYIOTCS LIEMEHTHBIM MOCcTOM. TeM He MeHee OIBbIT padoT Ha
MecTopoxeHusaX Boctounoit Cubupu nokasbIBaeT, YTO JaHHbIM NPUHIMII MOXXET UMETh OOpaTHBIN
spdext. Kak mnpaBuio, mpu YCTAaHOBKE KOJBMATALMOHHBIX IAa4eK HAOIIOAAIOCh CHUKECHUE
MHTEHCUBHOCTH IOTJIOLICHMS], BIUIOTH IO €r0 IOJIHOTO IpeKpaltieHus. TeM He MeHee, BO BpeMs CITyCKa
WHCTPYMEHTA IOTJIONICHNE BOCCTAHABIMBAIOCh, U Y(PPEKTHBHOCTh NMPUMEHEHHS KOJIbMATHUPYIOIINX
MaTepHalioB MOJIHOCThIO Hcye3ana. CBs3aHO 3TO ¢ 0Opa3oBaHHEM NMPOOOK M3 KOJIbMATAHTOB BBIILIE
30HBI TIOTJIONIEHHS. J[pyriuM BapuaHTOM Pa3BUTHS MPOOJIEMBI B CIIy4al yCTAaHOBKH [IEMEHTHBIX MOCTOB
nocje TpoBeIeHUs pPabdOT IO 3aKayke KOJBMATaHTOB SBJUIOCH IIOJIHOE pa3pylleHHe MocTa U
BOCCTAHOBJICHUE TOTJIOLIEHHUS, YTO CBSI3aHO C HEBO3MOKHBIM IIPOHMKHOBEHUEM IIEMEHTA B ILIACT W3-
32 MOBEPXHOCTHOrO KoibMaTHpoBaHusA. CieacTBueM 3Toro Oojiee MEpCleKTUBHOW MokKaszana celst
TEXHOJIOTUSI YCTAaHOBKM MOCTOB 0€3 INpHMEHEHMs KoibMmaraHToB. IIpu »TOM mnpemgycmarpuBaercs
[IOCJIEI0BATEIbHAs YCTAHOBKA MOCTOB IO JaBJICHUEM, IIPH KOTOPOM 3a CYET OCENAHMs LIEMEHTA Ha
ITOBEPXHOCTh TPEIIVH MPOUCXOIUT NOCTENIEHHOE UX CYKEHHUE, BIIOTH JI0 TIOJIHOTO 3aKPBITHS.

Hcxons u3 BBIIEU3I05KEHHOI0, MOKHO CIENaTh CIECAYIOLIUE BBIBOIBI:

1. TloryomeHne B TPEUIMHOBATHIX TOPU30HTAX, MMEIOLIUX OONBIION pa3Mep KaHAJoB, HE
MI03BOJISIET BECTH PabOTHI 1O MPOBOJIKE CKBAXKUH JI0 €r0 JUKBUIALNY.

2. EnuHCTBEHHBIM METOJIOM JIMKBUAALIMK TAKUX IOTJIONIEHUN, UMEIOLIUM XOpPOIIee KaueCTBO
IIpU AOCTYITHOM LIEHE, ABJISACTCS 3aKyIIOPUBAHUE IPOHUIIAEMBIX TOPU30HTOB.

3. Ilpu paboTax ¢ YCTaHOBKOH ILEMEHTHBIX MOCTOB MCIOJIb30BAHHE KOJbMATAIlMOHHBIX
[1a4€K POTUBOIIOKA3aHO.
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YK 622.24.06.2
CpaBHuTe/ibHbIH aHAIM3 3 (PEeKTUBHOCTH IPUMEHEHHSI AHMOHHBIX MOJUIIEKTPOJIUTOB B
KOMIIOHEHTHOM COCTaBe OyPOBBIX PACTBOPOB /IJIsl PeryJIMPOBaHMS BaKHeH X
TEeXHOJIOTUYECKUX XapaKTePUCTUK (PUIbTPALMOHHBIX H PEOJIOTHYECKUX NTAapaMeTPOB)

Msaanuu U. B.
Hayunsiii pykoBoautens - [lykanosa A. H.
Yxmunckuii cocyoapcmesennbiii mexnuyeckuii ynusepcumem, 2. ¥Yxma, Poccus

dopMupOBaHUE OCHOB TEXHOJIOTMH OypOBBIX PacTBOPOB 3apoiauiochk B KoHie XIX Beka,
Onmaronmapst palMOHAJIBHON Haee (paHIly3cKOro HHKeHepa-u3oOperatenss dosemrs. MimenHo Torna
nepBasi MPOMBIBOYHAS JKUIKOCTb, IMPEACTaBIAIONIasi OOBIYHYIO TEXHUYECKYIO BOIY, HEIPEPBHIBHO
IUPKYJIHUPYIOUIYI0 10 TpybaM u 3aTpyOy, HeoOpaTMMO NOBIHsIa HA JAJbHEHUIIYI0 HCTOPHUIO
CTpPOMTENbCTBA CKBaXHH. llepBble HayyHble HCCIEIOBaHUS B OOJACTH TPOMBIBKH CKBa)KHH,
npoBeaeHHbIe A. XertmanoMm, copmecTHo ¢ [l. [Tommapaom, B 1914 roay, HanpaBiieHHbIE HA U3YYCHUE
METO/I0B NOBBIILIEHUS] YCTOMYMBOCTH CTBOJIA CKBaXXKMHBI, CTaJIM OCHOBOM HAyYHOU IIKOJIBI TEXHOJIOTHH
OyYpOBBIX MMPOMBIBOYHBIX KHJIKOCTEH [1].

CloxHble IO CBOEMY COCTaBY COBPEMEHHBIE CHCTEMBbl OYpOBBIX PacTBOPOB, TPEOYIOT OT
UX pa3pabOTUYMKOB HE TPOCTO TOHMMAHHS 3aKOHOB (U3MYECKOH, HEOPraHHYEeCcKOH W
OpPraHMYecKOil XHWMHHU, HO W YyMEHHUS MPUMEHSITh OJTH 3HAHUSA TakuM o00pa3oM, YTOOBI
IIPOMBIBOYHAS )KUAKOCTh, MOMNABIAs B NPOU3BOACTBEHHBIN LUK 00Jaana Jerkol TeXHOJOoruen
peryiupoBaHusi HEOOXOJAMMBIX TEXHOJOTMYECKHUX MapaMeTpoB, AJIS YCIEIIHOTO BBIMOJHEHUS
3a7a4, IOCTaBJIEHHBIX Nepen OypeHueM. MHOroodpaszue XMMHUUYECKUX PEareHTOB, PUMEHAEMBbIX
Ha pBIHKE OYpPOBBIX PACTBOPOB, MO3BOJISIET MOJYYUTh aIalITUPOBAHHBIE TPOMBIBOYHBIE KUAKOCTH
MPAKTUYECKU IS JIIOOBIX YCIOBHUM, Kak s pa3pe3oB ¢ 3oHamu AHIIJ[ ¢ moBeimeHnHo#M
MPOHUIIAEMOCTHIO TOPHBIX MOPOJ-KOJUIEKTOPOB, TaK W I HECTaOMIbHBIX, CKIOHHBIX K
WHTEHCHUBHBIM OCBHIITAHUSAM U NJIACTUYECKUM TEUCHUSIM.

Kak  wu3BecTHO, OypoBblE  pPacTBOpPHl  0O0ECHNEUMBAIOT  Psii  TUAPOJUHAMUYECKHX,
TUIPOCTaTUYECKUX, (PUIBTPALIMOHHBIX, KOPKOOOPA3YIOUIMX U XMMHUYECKUX (DYHKIIMN, OTBEYAIOIINX 3a
BBIHOC I1JTaMa, o0ecriedeHrne CTabMIbHONW paboThl MOPOI0Pa3PYIIAIOLIEr0 HHCTPYMEHTA, oOecreueHne
neperayd TMIPaBIMYECKON SHEPruu, CTaOWIM3ALMI0 CTBOJIA CKBAXKMHBI, MPEAyNpexaas MpH 3TOM
pa3BHUTHE OCIOKHEHUH, M, KaK CJIEJICTBUE, aBapuii, HEraTUBHBIM 00pa30M BIHSAIOIIMX HAa KaueCTBO
OypoBbIX paboT B 1enoM. MIMEHHO NO3TOMY yAenseTcsl CTOJIbKO BHUMaHUS MpH (OPMUPOBAHUU
KOMIIOHEHTHOT'O cOCTaBa OypOBOI'O pacTBOpa.

OGecrnieueHne BbIIIE YKa3aHHBIX (DYHKIUMH HEBO3MOXKHO 0€3 ONpENeNICHHBIX XUMHUYECKUX
peareHToB, K KOTOPbIM OTHOCSATCS, B TOM YMCJI€, TAKME AHUOHHBIE MOJIUIIEKTPOIUTHI, Kak KMI]
(kapbokcumeTmnnemitono3a) u  ee npousBogHas IIALl  (monmaHmoHHas — LIEJUIIOJIO3A).
KapO6okcuMeTuninenatonao3a, IpeacTaBiseT co00i HaTPUEBYIO COJIb MIPOCTOrO 3(pHpa LHEeJUTI0NI03bl U
[JIMKOJEBOM KHCJIOTHI, TEPMOCTOMKOCTh M CTaOMIM3UpYIOIIee JAeCTBUE Ha IMPOMBIBOYHYIO
KUJKOCTb, KOTOPOW, ONPENEIAIOTCS CTENEHBIO IMOJIMMEPU3AllMM - YEM OHa BBIIIE, TEM BBILIE
JTAaHHBIE XapaKTepPUCTHUKU. OTO MOPOIIOK MEIKOW (pakiMH C IIBETOBBIM IOKa3aTelieM OT Oeynoro
710 KpEMOBOBO OTTEHKA, C COJIepKaHUEM Biaru B npenenax a0 10%, jerko pacTBOpuMbId B BOJE,
MOBBIIIEHUE TEMIIEpaTypbl Cpeabl PACTBOPEHHUS IMOJIOKUTEIBHO BIMSET HA pPacTBOPUMOCTb. B
TEXHOJIOTUU OYypOBBIX pPAcTBOPOB MPUMEHSETCS B KadecTBE peryiuiaropa (uibTPalMOHHBIX
CBOWMCTB, KaK MpaBuiio, B KoHmeHTpamusx 10 0,5 % (mpecubie cuctemsl) [2]. [lonnanmonnas
LEJUTI0JI03a, Tpe/ICTaBIsAomas cob0if pa3sHOBUIHOCTh COJIeH HATpUs KapOOKCUMETHIIIEITION03HI,
o0ylaaeT BBICOKOM cTemeHblo 3amMemeHus. CraemoBaTenbHO, 007aJaeT BBICOKOW 3arymiarolneit
crnocobHocThI0, Kak 1 KMLI, ucnone3yercss B KauecTBe peryinsaropa GuiIbTpalUU Kak B MPECHBIX,
TaKk U B MUHEPAJIM30BAHHBIX MPOMBIBOYHBIX kuAKOCTAX. Buemmne [TAIl cxoxa ¢ KML, paboune
KOHIEHTpAIlMU JaHHOTO MOJUMEPHOTO peareHTa aHajJoru4yHbl KoHueHTpauusM KMILI, yem uacto
MOJB3YIOTCSl TOCTABIIMKA OypoBOW XuMHH, BbImaBas npoaykTel KMI[ 3a monmaHnmoHHYIO
1esuIoNio3y. BenencTeue yero Bo3HUKIA HEOOXOAUMOCTh B pa3pabdOTKe W BHEAPEHHMM CTaHIapTa
Ul ONpeZesieHUsT KayecTBa IMOJMAHMOHHOM ILEJUTI0N03bl M KapOOKCHUMETHIIEIUTION03bI,
BKJIIOYAIOIIEM B ce0sl OICHKY TaKUX IOKa3aTeled Kak: MoKa3aTelb (PUIbTpaluu, CoJAepiKaHue
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OCHOBHOI'O BEIECTBA, a TAKXKE€ OIEHKA PEOJIOTHH BOJHBIX PacTBOPOB. TeXHOIOTMYHOCTH JAHHBIX
peareHToOB U X IKOJOTHYHOCTH (00a SBISIOTCA MOJHOCTHIO OMOpa3iaraeMbIMM M HETOKCUYHBIMU)
OOBSACHAIOT UX MPHUCYTCTBHE B OOJBIIMHCTBE PELENTYP MPOMBIBOYHBIX KUAKOCTEH, MTPUMEHIEMBIX
B OypeHuu, ceroaus.

Ha 06a3e yueOHO-uccnenoBarenbckoil jabopatopuu kadeapsl OypeHHS YXTHHCKOTO
VHUBEpPCUTETA paHee ObUIM TPOBEIEHBI J1a0OpaTOpHbIC HCIBITAHUS psiia  aHUOHHBIX
MOJINAJIEKTPOJIUTOB € LENbI0 HM3Y4YCHHS (U3HKO-XMMHYECKHUX TIPOIECCOB B3aUMOJACHCTBHS
BBICOKOMOJICKYJIIPHBIX BEILIECTB C INIMHUCTHIMU cycneH3usiMu [3]. Llenbro gaHHON paboThI
SBJISIIOCH CPaBHEHHE JAHHBIX, MOJYyYEHHBIX P MPOBEACHUH KOMILUIEKCHOTO uccienoBanus KMI]
u ITAIl pa3nuuHbBIX MapoK, KaKk OTE€YECTBEHHOTO, TaK W MMIOPTHOTO NPOU3BOJACTBA, MJIs
onpeneneHust 3Q(PEKTUBHOCTH KaxI0H M3 HcchneayeMblx 100aBok. B kauecTBe KpuTepuen
OIICHWBAHUSl OBUIM TPHUHATHI 3HAYCHHUS BOJOPOJHOTO TOKA3aTels, OICHHBAEMBIC C TOMOIIBIO
unaukaropuoir Oymaru ¢upmsl OFITE u 3nauenus noka3zanuii poraiimoHHOTO BUCKO3uMeTpa Fann
35 SA (pucyHok 1 a), mpu pa3au4HBIX CKOPOCTSAX BpAIEHUS, C YYETOM BIHMSIHHUS BPEMEHHOIO
dakTopa. [IpoAOMKUTETLHOCTh HCCIEIOBAHMS COCTaBUIa 8 CyToK. B kadecTBe 0a30Boid
IPOMBIBOYHON  KUAKOCTH MCIOJb30BAJM TJIMHUCTBII pacTBOp, MPUTOTOBIEHHBIM ImyTeM
CMEIIMBAaHUSI MPECHONH BOABI ¢ OCHTOHHUTOBBIM IOPOIIKOM, Ha MEIIAJIKe OJHOMIMHHAEIBHON 3-X
ckopoctHoii HAMILTON BEACH® ¢upmer OFITE (pucynox 1 0), mioTHOCTh MHOJy4E€HHOMH
KUJIKOCTH, OlleHUBaeMoii Ha mpubope ABP-1 (pucynok 1 B), cocrapusana p= 1030 kr/m3. Ycnosus
TIPOBEIeHUs JKCIIepUMEHTa: Temmeparypa nomemenus 20 - 22°C, oTHocuTenbHas BIAKHOCTh B
nuanazone 50 - 60%.

a) Buckosumerp Fann 35 SA, 6) Memanka 3-x ckopocTHasi, ) apeomerp ABP-1
Pucynok 1- O6opynoBanue, UCIOIb3yeMOE B KOMILICKCHOM HCCIICIOBAHUN

B rpynny wmccaenyembix pearernToB Bonutu: ITAIl-H, IMTAI-H (momumemn), PAC-LE,
PAC-L, POLY-PAC-UL, KMII-LV, TIAIl-B (momunenn), PAC-RE. IlonumepHbie peareHTHI
BBOJMJIUCh B TJHUHUCTBIM pacTBOp MO LUKIY IMepeMelluBaHUsd, B TOBApHOM BHJE, B
HEOOXOMUMBIX pAacYETHBIX KOHUEHTpauusx. [las ompeneneHuss KOIUYECTBA BBOJUMOTO
peareHTa HCHOJb30Bajach CTaHAapTHbIE (opMynbl pacueTa IJs MaTepUalOB U PEarcHTOB,
BBOJIMMBIX B CyXOM BuJe [4].

[To pe3ynbTaram NpoBEAEHHOTO KOMIIJIEKCHOTO HCCIEA0BaHMS, YACTUYHO NMPUBEIECHHBIM B
tabnuie 1, OBITM MOCTPOCHBI TpadUUEeCKUe 3aBHCUMOCTH M3MEHEHUU BOJOPOJHOTO MOKAa3aTels
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(pPH) (pucyHok 2), TMHAMHYECKOTO HampspKeHus caBura (to) (PUCYHOK 3) M IJIACTUYECKOM
BSI3KOCTH (1)) (pUCYHOK 4).

Tabmuua 1- quHAMUKa W3MEHEHHsI BOJOPOIHOTO TOKAa3aTels U PEOMETPUYECKUX JaHHBIX B
MEPBbIA ¥ KPAaWHUM THU KCIIEPUMEHTA

Yacrora BpamieHus
Hazpanue
Jara pH
pearcHta (600 30 | d2oo | G100 | 1 b10
INAL-H 68 48 38 28 10 | 115 7,5
ITAII-H (monwumesnn) 36 23 18 12,5 4 18 75
PAC-LE 33 20 16 10 2 8 7,5
PAC-L 35 22 12 11 3 15 7,5
09.03.2023 POLY PAC UL 24 14,5 11 7 1 6 7,5
KMII-LV 27 18 14 10 4 21 7,5
ITAII-B (momunern) 69 54 45 34 31 47 7,5
PAC-RE 63 445 | 36,5 26 17 33 75
ITAII-H 51 35 28 20 9 13 6,6
ITAI-H (monuuemnn) 29 18 14 9 4 14 6
PAC-LE 32 20 16 10,5 4 10 6,7
PAC-L 23,5 15 11 7 2 8 6,7
16.03.2023 POLY PAC UL 23 14 11 7 2 6 6,9
KMII-LV 23 145 | 115 8 7 17 6,5
ITAII-B (momuriermn) 60 44 37 28 25 43 6,4
PAC-RE 39 26 20 14 7 20 6,7
8
% -
E 6
Z
g5
=
:,
2
&3
sl
1
0
1 2 3 4 h] (4] 7 8

[leHb Hocae0BAHAA

®[IAII-H  ®IIALL-H (nommment) ®PAC-LE #PAC-L ®POLYPACUL =KMLI-LV ®[JALL-B (nommert) ®wPAC-RE

Pucynox 2 — Ouenka u3MEeHEeHHs BOJOPOTHOTO MTOKA3aTeNsl B TIIMHUCTBIX PACTBOPAX, COACPIKAIINX
AQHUOHHBIE MOJIUAIIEKTPOIUTHI

[lonydyenusle rpaduueckue 3aBUCHUMOCTH TOKa3aJld, YTO HM3MEHEHHS BOJOPOJHOTO
MoKa3aTeisi Ha NPOTSHKEHUU BCErO MCCIEOBAaHMS, MUHUMAJIbHBI, YTO MPEANojaraer OTCyTCTBHE
JNEeCTPYKTUBHBIX HW3MEHEHUNW B HCCIEQYEMBbIX TJUHUCTBIX pacTBopax. Tak Kkak paHee
MPOBEJICHHbIE HCCIeI0BaHUS [3] BBISIBHIIN HE3aBUCUMOCTD (hepMEeHTAaTHBHOTO
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MHUKPOOMOJIOTUYECKOTO PAa3JI0KEHUsI OT HadalbHBIX HW3MEHEHUW BOJOPOJAHOTO IOKa3zaTens,
OI[CHKAa JECTPYKIMH KaK TMOJHUMEPHOW J00aBKM, TaK M TPOMBIBOYHOH IKHUJIKOCTH, €€
coJepkalie, J0JKHA MPOU3BOJAUTHCS, KAK MUHUMYM, €lI€ MO JIBYM MOKa3aTeJIsiM: U3MEHECHUIO
pEOJIOTUYECKUX U QHIBTPAIIMOHHBIX XapaKTEPUCTHK.

40
- 35
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- 4 -0
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a JIEHD HCCTEZOBAHHA 0

E[IALI-H 8 [TALL-H (nomssuenn) & PAC-LE PAC-L aPOLY PACUL = K_\m-[,\' ®[IAL-B (momssuenn) ® PACRE
@) TMHaAMHYecKoe HampshkeHue casura (To, Alla), 6) mactudeckas BsI3kocTs (1), cl13)

Pucynok 4 - I3MeHeHne peonoruueckux XapakTepUCTUK B IIIMHUCTBIX PACTBOPAX, COACPKAILIUX
AQHUOHHBIE ITOJIUAJIEKTPOIUTHI

[Toctpoennsie  Tpaduyeckue 3aBHCUMOCTH OICHKHM HW3MEHCHUW  JUHAMUYECKOTO
HalpsDKEHUsT CHIBUTa M IIJACTUYECKOM BS3KOCTH, NpHUBEICHHbIE Ha puUCyHKax 4 a u 4 O
MOKA3bIBAIOT, 4YTO JecTa0Wiu3anus CHCTeM, OO0pabOTaHHBIX HCCIEAYEMBIMH TOJUMEPHBIMU
no0aBKaMH, IPOTEKAET /JI1 OTEUECTBEHHBIX M UMIIOPTHBIX PEareHTOB OJJMHAKOBO, YTO MO3BOJISAET
NpEAIoJOXKUTb, YTO PCarcHThI pOCCHﬁCKOFO MNpOU3BOACTBA IMPAKTHYCCKHW HE YCTYHIarT II0
Ka4yecTBY  UMIIOPTHBIM  aHajoraM. OQ(EeKTHUBHOCTh  HCMIOJb30BAaHUS  MOJIMAaHUOHHBIX
QJICKTPOJIMTOB HANpAMYIO 3aBUCUT OT MHOTHX (baKTopOB, TaKMX KaK: YCJIOBHA XpPaHCHUIA
peareHToB, BPEMEHHOW IepuoJ MCIOJIb30BAaHUS PACTBOPA, BO3MOKXHOCTb KOMOMHUPOBAHHBIX
00paboTOK, TEOJIOTHYECKHUE YCIOBHS OypeHHUs .
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YK 622.244.442
OueHka BJIAMSHUA BbIOYPEHHBIX IVIMHUCTBIX MOPO/I HA CBOWICTBA HHTMOUPYIOIIHX
0ypoBBIX pPaCTBOpPOB

[Tanmamapuyk B. U.
Hayunsiii pykoBoaurens - Yismesa H. M.
Yxmunckuti 2ocydapcmeennblil mexrnuyeckuil yHugepcumem, 2. ¥Yxma, Poccus

BypeHune CKBaXMH CONPOBOXKIACTCS C OONBIIMM CIEKTPOM PHUCKOB U OCIOXHEHUH. B
OCHOBHOM 3TH OCJIO)KHEHHS 3aBUCAT OT MEXaHU3Ma B3aUMOJEUCTBUS OypPOBBIX PACTBOPOB C TOPHBIMHU
nopojgamu. [Ipudem camoll akTyaqbHOW MPOOIEMON SIBISAETCS BCKPHITUE UMEHHO TJIMHHCTBIX MOPOJT
IIPU UCMOJIb30BAaHUM PAacTBOPOB Ha BOJHOW ocHoOBe. [Ipo0iemMa IIMHUCTBIX MOPOA 3aKII0YAETCS B UX
CIOCOOHOCTH THIIPATUPOBATh U TEM CaMbIM HaOyXaTh U MEPEXOJUTHh B COCTaB PacTBOpa. DTO B CBOIO
ouepellb CONPOBOXKAAECTCA BO3HUKHOBEHHEM TAaKUX OCJIOKHEHHH KaK CY)KEHHE CTBOJIA CKBA)KHHBI,
NPUXBATHl, 3aTSDKKA W HapaOOTKa KOJUIOWAHOW (a3bl, KOTOpas HEraTHBHO CKa3bIBaeTCs Ha
peoIoruyeckre XapakTepUCTHUKU pacTBopa. OOpylleHHas mopoaa, B pe3yibTaTe IOTepu
YCTOMYMBOCTU CTEHOK CKBa)KHH, 3aTPYAHSET IPOLECC IPOMBIBKU U CIIOCOOCTBYET MOCaAKE OYpOBOIO
MHCTpyMeHTa. Ha mepexon INIMHUCTOM MOponbl B COCTaB OypOBOrO pacTBOpa BIMSIOT CIENyHOIUE
(bakTOpBI: MUHEPAJILHBIN COCTAB TNIMHBI, COCTaB OYpOBOTO PAaCTBOPA, B TOM YHUCIIE €T0 MUHEpAIN3aLus,
PEKUM IPOMBIBKU THUI M KOHCTPYKIIHSI UCIIOJIb3YEMOT0 10s10Ta. Bo3elicTBue nepBbIX ABYX (aKkTOpoB
MO>XHO CYAMTHb IO W3MEHEHHIO PEOJOrMYECKHX I[apaMEeTpOB M IO aKTHUBHOCTH B3aUMOJEHUCTBUS
TJIMHUCTOM TOpOibl ¢ OypoBBIM pacTBOpOM. To ecTh 10 CTeNeHU HaOyXaHUs U pa3MOKaHMIO IOPObI.
JlelictBue mocineqHux (aKTOpOB B JaHHOW paboTe HE PacCMAaTPHBAIOTCA, TaK Kak TpeOyroT Ooiee
JeTanbHOro uzydenus|1].

[lenbto naHHOM paOOTHI SIBISIETCS OLIEHKA BIUSHUS BBIOYpEHHOW NOpPOJIbI Ha CBOWCTBA
MOJIUMEPHBIX OYpOBBIX pPacTBOPOB Ha BOAHON oOcHOBe. [IpyM 3TOM CpaBHUBAIOTCS [BE CHUCTEMbI
OypOBBIX PAcCTBOPOB: WHKANCYIUPYIOIIMA U WHrHOWpyromuid. B kauecTBe mmuTaTopa TIMHUCTOMN
MOPOJIbl UCHOJIb30BaH OCHTOHUTOBBIA MOPOIIOK, COAEPKAIIUN (COrNTAaCHO TEXHUYECKUM YCIOBHSIM)
6os1ee 90% MOHTMOPHIIJIOHHUTA, YTO 0OECIIEYNBAET HauboJee KECTKUE YCIOBUSI MPH OLEHKE CTETIEHU
M3MEHEHMSI TEXHOJIOTHYECKUX CBOMCTB OYpOBBIX PaCTBOPOB.

Hrubupyromas U HeQUCHEPrupyromas crnocoOHOCTh OypOBBIX PacTBOPOB MO OTHOLIEHHUIO K
TJIMHUCTBIM TOPOJAAaM OIICHMBAETCs, KaK IpaBWJIO, MO CTEMEeHHM pa3MoOKaHMs (pa3pylleHHs MOJ
JeICTBHEM pPACKIMHUBAIOIIErO JaBieHUs BOAHOM (a3pl) U HaOyxaHus (0OObEMHBIE H3MEHEHHS B
pe3yabTaTe MOBEPXHOCTHOM THapaTalid U OCMOTHYECKOro BiaromnepeHoca). Ha kadenpe Oypenus
MIPOBEJIEH OIpeaenaeHHbI 00beM MOoJ00HBIX pador. Tak, Hampumep, B Tabmuue | mpencraBieHbI
JIAHHBIE 110 pa3pyIIEHUIO TIIMHUCTBIX 00pa3LloB B MOJIMMEPHBIX OYpOBBIX pacTBopax. Ha pucynkax 1-4
MIPEJICTAaBICHbl  pPEe3yJbTaThl HUCCIEOBaHMSI OOBEMHBIX H3MEHEHMH B Cpele TMpecHbIX U
MUHEpAIN30BaHHBIX MOJMMEPHBIX PACTBOPOB, COCTABbI KOTOPBIX MPECTABICHBI B TAOMUIax 2 U 3.

[lepexon BBIOYpEeHHON MOpPOABI B COCTaB PacTBOpa, a UMEHHO C 3THUM CBSA3aHbl W3MEHEHHUS
PEOJIOTMYECKHX M CTPYKTYPHO-MEXAaHHMUECKUX XapaKTEpUCTHK, OOYCIOBIEHBI Kak MpPOIECCOM
Ha0yxaHHMsl, TaK U IpolreccoM pazmokanus. [Iponecc pasMokaHus TITMHUCTHIX MOPOJ] COTPOBOKAAETCS
YMEHBIIEHUEM HX MPOYHOCTH M MACChl, YTO OOBSCHSAETCS ocialOleHHeM BHYTPEHHUX CBs3eU NpH
HaO0yXaHUM TIMHHUCTBIX COCTABJSIOUIMX MOpoabl. Hurke mpuBeneHbl pe3ynbTaThl UCCIEIOBAHUNM Ha
pa3MokaHue 00pa3loB M3 OCHTOHHWTOBOIO TIJIMHOIOPOIIKA. B KauecTBe HcclelyeMbIX pacTBOPOB
WCIIOJIb30BAJICSl HCXOJOHBIA pacTBOp 0e€3 JOMOJHUTENbHBIX J00aBOK, HCXOAHBIH pacTBOp C
runpodpoduzatopom ['KXK 11 1 mcxoaHbIi pacTBOp € XJIOPUCTHIM KanueM. Pe3ynbTaTsl Mcciae10BaHUN
MPUCTABJICHBI B Ta0IHIIE 1.

Kak BugHO M3 Tabnuibl, HauOoJsbIIas MOTEPs] MAacChl HAOIIOAAETCS Y UCXOIHOrO OypOBOTO
pactBopa ¢ ruApodoOu3aTopoM, HAUMEHBIIMA - y MCXOJHOTO pacTBopa 0e3 IOMOIHUTEIbHBIX
100aBOK. ITO MOXXKHO OOBSCHUTH TeM, 4uTo ruapodobdmuzatop ['KXK-11 okaspiBaeT IOMONHUTENBHOE
OMBIBarolIee JieiicTBHe, MpudeM ueM Bbliie pH pacTtBopa, Tem cuibHee 3PPexT.

Jns  uccrenoBaHUS KUHETHKM Ha0yXaHUs TJMHHCTBIX MOPOJ HCIIOJIB30BAICA TECTEp
npononsHoro HaOyxanmsi OFITE. Hcciaemyemass mpoba moaBepraeTcs BO3JICUCTBHIO OypOBOTO
pacTBopa, LHMPKYJIUPYIOLIETO BOKPYr oOpasna. JlaT4ukK NpOJOJIBHOTO YAJMHEHUS H3MEpseT
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pacuipenye npoObl B BEPTUKAIBHOM HAIpaBlICHUH ¢ MHTEpBajoM | muHyTa ¢ ToyHOCcThIO 0,1%. B
Ka4yecTBE MCCIIEyEMBIX PaCTBOPOB ObLIM B3SIThI NOJMMEPHBIN PacTBOP C KOMILIEKCOM MOJIUIVIMKOJIEH
ATREN PG wu xmopkanueBblii OypoBOH pacTBOp NpU pa3HBIX KOHIEHTpamusx. WX cocTaBbl
MpUBEJICHBI B Tabnumax 2 u 3.

Tabmuua 1 - M3meHenune macchl 0Opasia B porecce pa3sMOKaHUs

Macca, mr, uepes
No
Tun pactBopa
OTIbITa
ImvMun | Svue | 10 MuH 15 mun 20 mun | 30 MuH
1. Ucxomublit pacTBOp™ 1 252 212 201 196 191 188
2.Mcxonnslii pactBop 1 +
rugpopodusarop (MKK- | 2 253 228 210 187 173 139
11 - pH 12,0)
3 lexomm® pactsop Pl | a1 | 373 | 351 330 319 | 204

* - 6enronnt (10 xr/m°); kaneouHEpoBaHHas coxa (2 kr/m®); ocnomak-HB (1 xr/m°); ryaposas
kamenp (1 xkr/m®); TIAA mapku FL (1 xr/vd)

Tabnuna 2 — KoMIOHEHTHBII cOCTaB MPECHOT0 MOJIMMEPHOTO pacTBoOpa

KommoneHTsl OyHKIMU KOHHeHTpg,aHHH’
KI/M
buokcan 3arycTuTenb 20-3,0
TV 2458-025-97457491-2010 ’ ’
Kpaxmanbhbiii pearent (Ilonuuenn 3arycTurenb, IOHU3NUTENb 30-40
KP-K) bunpTpanumn ’ '
ITAI] B [Torm3uTens GUIBTPAITUN 3,0-4,0
Kaycruueckas cona PerynupoBanue nmieno4HocTu 2,0-3,0
Imuaran CMa304HbBII MaTepHa 10,0 - 20,0
Hedom [lIenoracurenn 1,0-3,0
Kommiekc moauriaukosen ais
Atren PG COXpaHEHUs MPOHUIIAEMOCTH 10,0 - 20,0
KOJUIEKTOpA
Tabnuua 3 — MuHepaln30BaHHbIHN MOJTUMEPHBIN OypOBOI pacTBOP
Konuenrpanus,
KomnoneHTsI OyHKIU /i’
buokcan
TV 2458-025-97457491-2010 3arycruren 30-40
Kpaxwmanbhsriii pearent (Ilonumernn 3arycTurenb, IOHU3UTENb 200 - 250
KP-K) bunbTpanun ’ ’
ITAIl B [Tormsutens puabTpanuu 2,0-3,0
IMTAITH [Torm3uTens GUIBTPAITUN 2,0-3,0
Kayctuueckas cona PerynupoBanue 1ieno4HocTu 2,0-3,0
XJ10pua Kanmust Wuruburtop 40,0 -50,0
I'muran Cma304HbBINi MaTeprail 10,0 -20,0
Jedom [Tenoracurens 1,0-3,0
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PI/ICYHOK 1 — Kuneruka Ha6yxaHI/I$I B IIPECHOM U MHUHCPAJIM30BaHHOM paCTBOpax

[Ipy mcnosp30BaHUU XJIOPKAJIMEBOrO OYpOBOIO pacTBOpa, HANPOTHB, KWHETHMKAa HaOyXaHuUs
MEHbILIE YeM Yy MOJMIVIMKOJIMEBOro pacTBopa. Y 4yeMm Bblllle COJEp)KaHHE XJIOPKAIUS TeM CUJIbHEe
uHrHONpyronwii 3gdexr. Ho ecnu cpaBHMBaTH 00pasubl M3 TIMHOMOPOIIKA, TO B MEPBOM CIIydae
oOpa3upbl 1enble, 0€3 BHUAUMBIX TPEIIMH, a BO BTOPOM Cllydyae IOJBEPIVIUCH 3HAYUTEIbHBIM
paspymeHusiM. JTO MOXHO OOBSCHUTh OCOOCHHOCTHIO HMHTHOMpYomero 3¢dexkra HMOHOB Kawsl.
Manplii pasmep TI'MIpPaTHPOBAHHOI'O KAaTHOHA Kajus IO3BOJSIET €My INPOHUKAaTh B OCOOble MecTa
KPUCTAJUTMIECKOH PEIIETKH TIIMH U He0OpaTuMO HEHUTpaIM30BaTh OTPUIIATEIBHBIN 3apsia MOBEPXHOCTH
rmuHbl. B pe3ynbraTe  TAakoro - XMMHMYECKOIO  B3aUMOJEWCTBUS  NPOUCXOAST  M3MEHEHUS
MUHEPAIOTUYECKON MPHUPOBI TIIMH, KOTOPBIE MPEBPAIIAIOTCS B BOJOHEYYBCTBUTEIBHBI MUHEpaN —
JIOBOJIBHO XOPOIIO OKPUCTAJUIM30BAHHYIO THAPOCITIONY. TeM caMbIM MOH Kajlusl OKa3bIBaeT HA TJIUHbI
pacKIIMHUBAIOIIIEE IEHCTBHE, KOTOPOE Pa3pymIaeT CTPYKTYPY TIIHH.

Ha ocHOBaHMM pe3ynabTaTOB HMCCIEIOBAHUN MPOBEIEHHBIX Ha Kadeape HUCCIeAOBaHUN ObUIM
MIPOBEJICHBI €Ie JOMOJHUTEIbHBIC WCCIENOBAHUS ISl OLIEHKH CTENeHW HapaOOTKH KOJUIOMIHOTO
KoMmroHeHTa. CyIIHOCTh METO/a OIpeleNieHUs] BIUSHHUS BbIOYPEHHOH TIJIMHUCTOM MHOpOJbl Ha
OypOBOI pacTBOp 3aKJIOYACTCS B OTMPEACICHUN 3aBUCUMOCTH M3MEHEHHSI OCHOBHBIX PEOJIOTHUECKHUX
apaMeTpoB OT KOHIEHTpAalMU KOJJIOWJHOM (ha3bl. [[nsg YUCTOTBI IKCHEPUMEHTOB HCHBITAHHS
MIPOBOJIATCSL C HCIIOJB30BAHUEM OE3TJIIMHUCTBIX ITOJIMMEPHBIX PAacTBOPOB HAa BOJHOW pPacTBOpE,
IIPUTOTOBJICHHBIX IO 3aJaHHBIM peuentypaM. JUis MMHUTAIMM BCKPHITHS MOHTMOPHJUIOHMTOBBIX
OTJIOKEHUN HCIIONB3YyeTCcss OCHTOHHTOBBIN TIMHOIOPOIIOK, KOTOPHIA JOOABIISETCS MOCTEIIEHHO IO
Mepe YBEIUYEHHUS €ro KOHLEHTpalMu B pacTBope. B mepBoM ciyyae HCIONB3YyeTCs CyXou
TJIMHOIIOPOIIIOK, BO BTOPOM TPEABAPUTEIHHO THIPATUPOBAHHBIN B MKCHKATOPE B TCUECHHH 2 CYTOK.
3areM TMpOBOJAATCS H3MEPEHHs IUIACTUYECKOM BSI3KOCTH, JUHAMUYECKOTO U  CTATHYECKOTO
HaMPsOHKEHUI CIBUTOB C MMOMOIIIBIO poTaroHHoro suskosumerpa FAHN 35[3].

[lepen mnpoBeneHUEM HUCCIEAOBAaHUM OBUIM BBIOpAHBI CIEAYIOIIME CHCTEMBI OypOBBIX
pacTBOpOB: HMHKAICYIUPYIOIINK, W WHTHOHWpYMOmMe (XJIOPKAIHMEBBIH, IOJUTINKOIEBBIA |
MOJTUKTITUKOJIEBBIN C CYIb(PUHUPOBAHHBIM OUTYMOM). COCTaBbI ONBITHBIX CUCTEM OYpOBBIX PAaCTBOPOB
npuBeeHbI B Tabnumax 4, 5, 6, 7.

Tabnuna 4 - CocTaB HHKANCYIUPYIOIIETO pacTBOpa

Ha3Banme koMmoHeHTa Konnenrpanus, Kr/mM° Haznauenme
Duo-vis NS 4 CtpyKkTypooOpa3oBaTeIb
NaOH 1 [ToBkIIICHHE TIETOYHOCTH
Na2CO3 1 IToHmKeHne )KeCTKOCTH QHIIbTpaTa
BIIPI" 3) Peryinarop BonooTnauu, BA3KOCTU
ITAA 1 WNuxkancyarop
Pt-Defoam 3,8 [Tenoracurens
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Tabmuna 5 - CocTaB XJIOpPKAIMEBOTO pacTBOPa

Ha3zBanue komnonenra Konuenrpauus Hasnauenne
Duo-vis NS 6 CtpykTypoobOpaszoBareib
NaOH 1 [ToBbImIeHNE IETOUYHOCTH
[TonmxeHue KecTKOCTU
Na2CO3 1
¢unbTpara
KCI 50 Nurn6urop
KpaxmanbpHblii peareHT 3 Perymnsitop Bogootaun

Tabmuna 6 - CocTaB MOJUTIIMKOICBOTO pacTBOpa

Hassanne komnonenra Konuenrpanus Ha3nauenue
Duo-vis NS 4 CrpykTypooOpa3oBareib
NaOH 1 IToBbIlIEHNE 1IEIOYHOCTH
Na2CO3 1 [ToHmxeHue )xecTKOCTH
¢dupTpara
[Tonuraukoss 15 HNHrn6urop
PAC R 3 Perynstop Bogootnauu,
3aryCTHTENb
PAC SL 2 Perynstop Boootnaun

Tabmuua 7 - CocTaB MOJMTIUKOIEBOTO PACTBOPA C CYIb(GUHIUPOBAHHBIM OUTYMOM

Ha3BaHune KoMIOHEHTa Konnenrpanus Haznauenue
Duo-vis NS 4 CtpykTypooOpa3oBarenb
NaOH 1 [ToBbIlIEHNE HIEIOYHOCTH
[ToHmxeHue )xecTKOCTH
Na2CO3 1
¢dunbTpara
[Tosnurnukons 15 Wuruburop
CynbpuHIpOBaHHBIA OUTYM 4 Wuruburop
KpaxManbHblii peareHt 3 Perynsarop BogooTnaun

B pe3ynbrare mpoBeAeHHBIX MCCIEJOBAHUN ObUIM MOJYyYEHBl Pe3yJIbTaThl OTOOpaXxEHHBIE
B Tabnuue 8.

U3 pucyHka 2 BHIHO, YTO 3HAYUTEIBHBIH pPOCT peoJioruH HalmIogaeTcs y
MHKAICYJIUPYIOIETr0 WU MOJUIJMKOIMEBOIO  PacTBOPOB 4Y€M Yy  XJIOPKaJIUEeBOroO U
MOJIUTIUKOJINEBOrO € Cylb(QypUpOBaHHBIM OUTyMOM. IlpudueM peskuil ckayok MPOUCXOAUT MPH
KOHIIEHTpaluu riuHonopoiuka ceeime 20 r/n. Takoe pe3koe U3MEHEHUE OO0BSICHAETCS TeM, 4TO
€CTh TOpPOrOBO€ 3HAaYEHHE KOHIIEHTpPAllMU TJIHMHBI HHUXE KOTOPOro pacTBOpP CHOcOOeH
3¢ dexTuBHO MONaBIATH HaOyxaHue riuH. [lo Mepe panbpHEHIIero yBelWyeHUs KOHIEHTpALUU
MPOUCXOAUT ociabeBaHue HHTHOMpyrouero s¢dexra W pacTBOP HAYWHAET TEPATh CBOIO
YCTOMYMBOCTh U aKTUBHO HAOMPATh KOJUIOMJHYIO (a3y, YTO MPUBOJUT K PE3KOMY YBEIHUYECHHIO
peoJIorHYecKuX napaMerpoB. OTYETINBO 3TO MPOCIEKUBAECTCS Y HHKAIICYJIUPYIOLIETO pacTBopa.
VY KpHBBIX XK€ XJOPKAJIMEBOT'O M MOJIUTIUKOJIEBOr0 C CyJIbHUPOBAaHHBIM OMTYMOM HAmpOTHB, HE
HaOJro1aeTcsl pe3Koro noabemMa, Jaxe eciiu U HabJIroaeTcs, TO C He3HAUUTENIbHbBIM JaJbHEHIINM
pocToM. MOXHO MPEANOI0XHUTh, YTO HHTHOUPYIOMHMA 3¢ PEeKT 3TUX cUcTeM He ociiabeBaeT Jaxe
IIpX BBICOKUX KOHLIEHTPALUAX.

Hewmnoro npyras kaptuna HaOmonaeTcs npu J00aBICHHH YBIAKHEHHOTO TIIMHONOPOIIIKA!
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Tabmuua 8 - Pe3ynbraTsl H3MEpEHUi TP UCTIOIB30BAHUHU CYXOT'O INIMHOMIOPOIIKA

. KOHUCHTpAMHS | 1y o ucan | JTHC, | CHCI (3a 10 | CHC10(3a 10
U1l pacTBOpa TJIMHOIIOPOIIIKA,
By BsI3KOCTh, clI3 | nlla cek), alla MUH.), alla
0 15 33 9 13
10 16 35 9 14
Wukancynupyromui 20 18 38 11 15
40 25 45 17 22
80 40 55 24 30
0 9 26 14 20
10 9 26 14 21
XTOpKaITHEBBINA 20 10 27 15 21
40 13 31 17 23
80 16 34 18 24
0 17 31 9 14
10 17 39 11 15
[TonurnukoaneBbIn 20 18 45 12 15
40 22 61 16 20
80 44 92 32 43
[TonurnukoaueBsblii 0 10 29 19 23
N 10 12 30 19 24
CyIb(UHUPOBAHHBIN 20 13 31 20 24
BuTyM 40 15 35 23 30
80 21 44 24 33
Tabnuma 9 - PesynbpTaThl U3MEpEeHHUH MNpPH  HUCMOJIB30BAHUU  TPEIBAPUTEIBHO
TUJPATUPOBAHHOTO TIIMHOTIOPOIITKA
Tun pactsopa iiigii;%ﬁg: [Tnactuueckas | JHC, | CHCI (3a | CHC10(3a 10
o/ > | Bs3kocTh, clI3 | nlla | 10 cex), nlla | wmun.), alla
0 15 33 9 13
10 18 35 10 14
Nukancynupyromui 20 21 41 11 15
40 25 45 12 17
80 29 80 22 29
0 9 26 14 20
10 10 28 15 24
XopKaIueBbIi 20 11 29 15 24
40 12 30 15 24
80 14 36 18 25
0 17 31 9 15
10 19 31 11 17
[TonurnukonueBbIit 20 20 31 11 17
40 24 40 14 20
80 34 59 21 41
0 10 29 19 23
[TomurIMKOIMEeBBIN + 10 13 33 20 25
Cyb(pUHUPOBAHHBII 20 15 36 21 26
ouTym 40 17 38 21 29
80 21 44 23 31
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Pucynok 2 - /lunaMuka M3MEHEHHUI pe0JIOTHYECKUX apaMeTPOB MIPU UCIIOJIb30BaHUU CYyXOT0
TJIMHOTIOPOIITKA

B »TOM ciydae MOJHO 3aMETUTh, YTO POCT PEOJIOTMH INPOUCXOIAUT Cpasy, Aaxe IpH
HEOOJBIINX KOHIIEHTPALUAX, HO 3aTe€M IOCTENEHHO yMeHbIaercs (pUCYHOK 3). Y KpUBBIX
MOJIUTJIMKOJIEBOTO M HMHKAICYJIHUPYIOIIUX pacTBOPOB, KaK M B IEPBOM ciydae HaOirogaercs
pe3Kuii moabeM Npu KoHIeHTpanuu cBbime 20 r/n. Takoe moBeneHrne KPUBBIX MOKHO OOBSICHUTH
TE€M, YTO YBI@XHEHHBIH TJIMHOMOPOIIOK ObICTpee HaOyxaeT B HadalbHBIM MEepUOJ BPEMEHHU U 10
Mepe cMauuBaHHS OYpPOBBIM pPAacTBOPOM €ro CKOpOCTh HaOyxaHWs IajaeT, CJIe0BaTEeNbHO,
JTUCIIEprUpOBaHUE B PACTBOPE TOXKE OYIET YMEHbIIATHCSA. Y CYXOro INIMHOMOPOIIKA, HA000pOT,
HaOyxaHHME yBEJIHWUYMBAETCS MO Mepe cMauyuBaHUs ero OypoBbIM pacTBopoM. Ho HecmoTps Ha
9TO, KaK U B [IEPBOM CJly4yae, JUHAMUKA POCTA PEOJIOTHH Y XJIOPKAJIUEBOTO U MOIUIIIMKOINEBOTO
Cc Ccyab(UHUPOBAHBIM OUTYMOM pacTBOPOB BCE TaK JXK€ MEHbIIE YeM Yy IOJIUIITHKOJIEBOTO
U UHKAICYJIHUPYIOLIETO.

Ha ocHoBaHuu mpoBeeHHBIX UCCIEIOBAHUM MOXHO CII€JaTh BBIBOJ, YTO MOJUTJIMKOJIEBBII
U XJIOpKaJIMEBBIH OypOBBIE PacCTBOPHI HAMMEHEE MOABEPKEHbI HapaOOoTKe KOJIIOUIHOHN (a3bl. OHU
OKa3bIBAIOT, JOCTaTOYHOE JJIi TOro 4YTOObl HE BbBI3BIBATH CHUJIBHOE HaOyXaHHWe TJIMH,
MHTHOMpYIOIIee 1eHCTBUE U TEM CaMbIM UX PEOJIOTMUECKHE MMapaMeTphl CTaOUIIbHBI.
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Pucynok 3 - Jlunamuka U3MEHEHHUI peoIOTHYeCKUX MapaMeTPOB NP HCIIOIb30BaHUH
[IPEABAPUTEIILHO THAPATUPOBAHHOTO TJIMHOIIOPOIIIKA

B pesynbrate nccnenoBaHuid, NpOBEACHHBIX Ha Kadeape U TeX HCCIeJOBaHUM KOTOpbIE ObLIN
IIPOBEJIEHBl JIOTIOJHUTEIBHO B paMKax JAaHHOM TEMAaTHMKHM MOXKHO CJEJaTh BBIBOJ, YTO CaMbIM
3¢ (eKTUBHBIM OYpOBBIM PACTBOPOM KaK C TOUKH 3PEHUSI KUHETUKH HaOyXaHUs U pa3MOKaHHUS U KakK ¢
TOYKH 3peHHs] HapaOOTKM KOJUIOMTHOW (ha3bl OKazajcs XJIOpKaJueBbld OypoBoil pactBop. Takoif
pacTBOp CHOCOOEH COXpPaHATh CBOM PEOJOTHYECKHE IapaMeTpbl IpPU BBICOKOW KOHIIEHTpAIUH
TJIMHUCTBIX TOPOJI, a TAKXKE HE BBI3BIBATh CHIJIBHOIO HaOyxaHus TMH. Ho 3a cueT pacKIMHUBAIOIIEro
JEeNCTBUS pa3pyllaeT MOpoAy, YTO Ha MPAKTUKE MOXKET MPHUBECTU K CUIIBLHBIM 00Bajo00pa3oBaHUsIM U
KaBepHOOOpa3oBaHUAM. HeMHOro Xxyxe pe3ynbTaThl y MOJUTIMKOJIEBOIO pacTBOpa, KOTOPBIH
CHOCOOEH CHMKaTh Ha0yXaeMOCTh IJIMH TOJIBKO MPH HEBBICOKMX BOJOPOJHBIX Mokaszareneidl pH u npu
OIpeJIeIEHHBIX KOHIIEHTPALUAX MOJUINIMKOJIEBOr0 peareHta. Ero mHrubupyroiee 1eiHCTBHE MOXKHO
YCWJINTh IyTeM T00aBiIeHUsl APYrux MHTHOUTOPOB, HallpUMep, Cyab(huHUpOBaHbIi OutyMm. B ciydae
MHKAICYIHUPYIOUIMX OYPOBBIX PACTBOPOB, TAKUE CUCTEMBI CIIOCOOHBI CIEPKUBATh HA0YXaeMOCTh TJIMH
TOJIBKO JI0 OMNpEeNEeIeHHON KOHIEHTPAlMU TJIMHUCTOIO IJIaMa BbIII€ KOTOPOM PacTBOP CTaHOBUTCS
HECTaOMJIBHBIM U CUJIbHO HapaOaThIBAET KOJUIOUIHYIO (a3y.

Bbubéanorpadguyecknii cnucok
1. Koneces B.I'., ApectoB A.A., TenrepeBa I'.A. OmnbeIT NpPOBOAKM CKBOXHH B YCIOBHUAX
HECTAOWJIBHBIX ApPTHWJUIMTOBBIX OTIOXEHHH Ha MectopoxkaeHusx [IAO «l'azmpom HeDTHY.
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YK 622.244.442
OnTumMu3anus KOJIbMAaTAIMOHHBIX MATEPHAJIOB JJIsA IPUTOTOBJICHHS NIA4Y€eK ¢ TOYKH 3PEHHUS
BpPEeMEHH UX NPUMEHEHUs

MuxeeB M. A., Manadeesckuii A. O.
Yxmunckuii cocyoapcmeennbiil mexuuyeckuu ynugepcumem, 2. Yxma, Poccus

B Hacrosimee Bpemsi BeA€TCS 3HAYMTENBHBIA 00BEM OYpOBBIX pabOT HAa MECTOPOKACHUSIX,
MMEIOIINX CJIOKHOE TeoJIoTHUecKoe crpoeHue. llpm sToM B mporecce BeAeHHS pPadOT MOMKET
HaOMIOAThCSl 3HAYUTEIFHOE KOJIMYECTBO OCJIOKHEHUH, KaK CaMOCTOSTENBHBIX, TaK M SBIISFOIIMXCS
CJIICACTBHUEM TCXHOJIOTHYCCKUX HapymeHI/II\/JI, HE CO6JHOI[€HI/ICM YCTaHOBJICHHBIX peKOMeHILaHI/If/'I.

B kadecTBe mpumepa MOYKHO NPUBECTH HAPYUICHHWE YCTOHYMBOCTU CTEHOK CKBAXKHHBI IPH
MOTJIONICHHH OypOBOTO PAacTBOpa BCIEJACTBHE OKa3aHUS MPOTHUBOAABICHUS HA CTEHKU CKBA)KUHBI
WIA TpUXBaT OYpUIBHOTO MHCTPYMEHTA M3-32 CKA4KOOOPAa3HOTO HM3MEHEHHs CBOMCTB OypoBOTO
pacTBopa B pe3yibTaTe arpeccui.

OnuuM 13 HanboJsee PacpOCTPAaHEHHBIX BUIOB OCIIOKHEHUH SBISIETCS TOTIIONIEHHE OYpOBOTrO
pacTBopa, XxapakTepusyromieecs: mpo0iIeMaMu ¢ MPEICKa3yeMOCThIO U JINKBHIAIHECH.

VY CII0BHO MECTOPOKAECHUS MOXKHO pa3JeliuTh Ha:

1). Xxopo11o pa3BegaHHBbIE;

2). UMerolIe He0CTaTOK MH(OPMAINK [T OJTHOLIEHHOTO OypeHus;

3) HepasBenanusie

IIpu 5ToM eciu B NEpBOM Cilydae MHTEPBaJbl BO3MOXKHBIX IOTJIOMIEHUH W METOJOB HX
JIUKBUJAallMKM  U3BCCTHBI, BO BTOPOM — TIIPOTHO3UPOBAHHUEC IO OAaHHOMY BOIPOCY BCCbMa
3aTPYAHUTENIBHO, TO B TPEThEM IPOTHO3bI HOCAT BAPUATUBHBIN U Mas03(h(HEeKTUBHBIN XapakTep.

B cmywae oOHapyXeHHs TIOTJIOUICHHsT HamOoJjiee paclpOCTPaHEHHBIM METOJIOM  €ro
JUKBUAALMYU SIBJISETCS MPUMEHEHHE KOJIbMATAl[MOHHBIX MaTepHUanoB, KOTOPbIE MOT'YT BBOJIUTHCS B
6ypOB0ﬁ pacTBOp pa3jindYHbIMU METOJaMH, HCIIOJIB3YACH, KaK KOMIIOHCHT CHUCTEMbI, TaK WU B BHIC
KOJIbMaTallMOHHBIX NTaueK. BTopoil BapuaHT siBisieTcss Hanbosee MpUMEHUMBIM.

KOJ’II)MaTaIII/IOHHI)IG IMa4YKH YCJIIOBHO MOKHO PasgCiInThb Ha ABC I'PYIIIBI:

1). onepatuBHbIe (IpeAHA3HAYCHBI IPU HEMEAJICHHOM OOHApYKEHHMM TOTJIOIIEHUs, JOJIT0 He
XPaHATCS U3-32 BO3MOKHOCTH BOSHUKHOBEHHS OMOJIOTUYECKOM JIerpafalum);

2). pe3epBHbIE (MPUTOTOBISIOTCS 3apaHee, XpPaHATCS JO MOMEHTa, IOKa He MOSBUTCH
HE00XOJIMMOCTb UX UCIIOJIb30BAHMUS).

Heo6xoauMo oTMETUTH, 4TO OYpOBOM pacTBOp M, B YAaCTHOCTH, KOJbMATallMOHHBIE MauKu
SABJIIFOTCA YHUKAJIBHBIM ((KOKTeﬁHeM)), COZCpKAIIUM B CBOEM COCTAaBE, KaK IMOJIMMEPHBIC MaTCpUaAJIbI
pa3HBIX TUIIOB, TAK U OPTraHUYECKUE BEIECTBA CAMOCTOATEIBHOM PUPOIBL.

[Tpu >TOM BO3HWKAeT PUCK OAKTEPUOJIOTHYECKOW JETpalalliii MaTepHaioB, YTO HEOOXOIUMO
YUUTBIBATh MPH COCTABJICHUU PELETITYpPHI.

Kax mokasbpiBaeT MpakTHKa, OTIEPaTHBHBIC TTAYKH HE XPaHATCS BOOOIE MM HAXOJITCS B PE3epBe
KOPOTKOE BpeMsi, MOCIIe Yero MCIONb3YIOTCS M0 Ha3HAUeHUI0. B 3TOM cilydae Kakux-1mbo mpodiieM ¢ ux
OMOJIOTMIECKAM COCTOSTHAEM HE HAOIFOIaeTCsI, TOCKOJIBKY TIPOIIECCHI IETPaIAlliH HE YCIIEBAIOT Pa3BUTHCA.

Pe3epBHble MauKky, HAIPOTUB, MOTYT XPAaHUThCA JAIUTENBHOE BpeMs. [Ipu 3ToM B cocTaB pacTBopa
OHM, B DfZIe CIIyYacB, PEryIsIPHO HE IEPEBOJTCS, YTO CIIOCOOCTBYET MX OnopasnoxeHuto. Cremyer
OTMCTUTH, UTO B OOJIBIIMHCTBE CJIy4acB 3TO — KOJIbMATallMOHHBIC ITaYKH, IIPUTOTOBJICHHLIC ITPHU HAJIMYUU B
paspe3e MHTEpPBAJIOB, OMACHBIX C TOYKHM 3pPEHMS BO3HMKHOBEHHs HornonieHus. OCHOBHOE BIMSHUE Ha
MPOUCXOAAIIUC B HUX ITPOLCCCHI HACTO OKA3bIBACT COCTAB KOHBM&T&HHOHHOI‘;I KOMITIO3UIIHUH.
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B nacrosiiiee Bpemst 6ypOBBIMH M CEPBHCHBIMUA KOMITAHUSIMH HCTOIb3YETCs] ITMPOKHUI CIEKTP
KOJIbMaTallUOHHBIX ~ MAaTepUaJIOB,  IO3BOJIIOUIMX ~ OOECHEYMTh  JMKBUAALUI  OOJBIIMHCTBA
nornomeHuii. [Ipy 3ToM He BCe W3 HUX COXPAHAIOT CBOIO AS(PPEKTUBHOCT, NMPH JIUTEIHHOM
XPaHEHUH, B COCTaBE KOJIbMATal[UOHHOM MTAYKH.

KosnpmarannonHble MaTepranbl MOKHO MOAPA3IEIUTh HA HECKOJIBKO IPYIIIL:

1. MuHepaabHOrO MPOUCXOKICHUS.

K TakuMm MmarepuanzaMm OTHOCATCS, B TEPBYIO OdYepenb, pazHO(pakIMOHHBIE KapOOHATHBIC
MaTepHaibl, acOeCT U ero NpoU3BOJHBIC, MUHEPAIbHOE BOJIOKHO, citoja. biarogapst oTHOCUTENbHON
JeIIeBU3HE HOMEHKIIATYpa TAKUX MAaTEPHAIOB OTIMYACTCS 3HAYUTEIBHBIM Pa3HOOOpa3HeM.

C Touku 3peHust OMOJIOTUYECKOM ierpalaliuy JaHHas IpyIa HaloJIHUTENeH XapakTepu3yeTcs
MaKCUMaJIbHOW yCTOMYMBOCTBIO. Ilauku, NPUrOTOBIEHHBIE HCKIIOUUTEIBHO HAa OCHOBE JIAHHBIX
HaIOJHUTENEH, IPAKTUYECKH HE NOJBEPXKEHbl THUEHUIO (32 MCKIIOYEHHEM XMMHMYECKHX peareHTOB,
PEryIUpPYIOIIUX HMX pPEOJOTHYECKue M (PHUIbTpAllMOHHBIE CBOWCTBA). BMmecte ¢ TemM MHOrue
HaIOJHUTENN JAaHHOM Ipynmbl 00JIaaloT 3HAYUTEIBHOM IUIOTHOCTBIO U CKJIOHHBI K BBINAJICHUIO B
0CaJOK JaXe IpPH HE3HAYUTEJIbHOM HapYIIEHUH CBOMCTB MAuKH, a TaKXKE€ I0J BO3JACHCTBUEM
LEHTPOOEXKHBIX CUJI, IIPU PabOTE MepeMelIBaTeIeH.

2. cKycCTBEHHOTO MPOUCXOKICHHUS.

B Hacrosmiee BpeMs 3TOT THUIl KOJIbMAaTaHTOB 00JIafaeT KpailHe MMPOKOM HOMEHKIATypon
MatepuanoB. CocTaB TakKe pas3jinyaercs B IIMPOKHUX Ipenenax. Ilpumepamu Takux KoJbMaTaHTOB
ABJIAIOTCS PE3NHOBAsI KPOLIKA, BACKO3HOE BOJIOKHO, IIPOM3BOHBIE LIEJUTFOJIO3b] U MHOTHE JPYTHE.

bakTepuonornueckas nerpaganus MaTepUaioB 3TON IPYMINbl UM MIPAKTUYECKH OTCYTCTBYET,
WIM Pa3BUBAECTCS JIOCTATOYHO MeayieHHO. [laukm Ha OCHOBE ITHMX MaTepHalOB MOTYT XPaHUTBHCS
JUTMTENIHOE BpeMs 03 3aMEeTHBIX MPoOJIeM, 32 UCKITIOYEHUEM JIECTPYKIUU oiauMepoB. [1pu sTom onn
MMEIOT MEHbBIIYIO0 IUIOTHOCTh M, COOTBETCTBEHHO, MPEABSABISAIOT MEHbIIE TPEOOBAaHUI K COCTOSHUIO
pacTBopa, Ha OCHOBE KOTOpPOTO BEIETCSl MPUroToBJIeHUE Madek. OCHOBHBIM HENOCTATKOM SIBISIETCS,
KaK MPaBUJIO, JOCTATOYHO BBICOKAsi CTOMMOCTb MaTEPUasOB.

3. buonoruueckoro NpoucxoxaeHu .

K nanHOW rpymnme KoOJIbMAaTaHTOB OTHOCSTCS, TJIaBHBIM 00pa3oM, OTXOAbI IHILEBOMH,
LEJUTIOJIO3HOM, CTPOUTENIbHOM, JIeCHOW NpoMbIlIeHHOCTH. Haubonee pacmpocTpaHeHbl opexoBas
CKOpJIyTIa, ONUJIKH, TOPO.

C TOoukM 3peHHs OHMOJOTMYECKOM YSA3BHUMOCTM JlaHHAs TIpylna HaXOJUTCS B 30HE
MaKCUMaJIbHOTO pHcka. TeM He MeHee, OOJBIIMHCTBO MaTepUAIOB CIIOCOOHBI HAXOJIUTHCS B COCTaBE
Ma4YKH JIOBOJIbHO 3HauMTelIbHOE Bpems. [IpakTuka mokas3bIBaeT, YTO Haubosee ySI3BUMbBIMU SIBISIOTCS
MaTepHalibl Ha OCHOBE Topda.

NmenHo TOpd sBISETCS OJHUM U3 OCHOBHBIX MAaTE€pUAOB JUIsl IPUTOTOBJIEHMS Mayek, 4YTO
o0ycioBieHo ero aeuieBu3HoW. OgHAKO BCIIEACTBHE 3aTpaT HAa CTAaOMJIM3ALMIO COCTOSHUS MayeKk M
HEBO3MOXKHOCTH TOJHOCTBIO MPEJOTBPATUTh JAETPaJaliio, IaYKd Ha €ro OCHOBE B psijie CIy4yaeB He
ABJIAIOTCS. ONTUMaNbHBIMU. IIpn 3TOM pa3nokeHue NadyeKk MpU BBICOKOM COAEPKAHUM JITAHHOTO
MaTepuaiga MPOUCXOJUT BHE 3aBHUCHUMOCTH OT THIMA HMCHOJIb30BABIIETOCS Ui MX INPUTOTOBIIEHUS
OypOBOI0 pacTBOpa U UCHOIB30BAHUS OAKTEPHUILINIOB.

[IprurHOl HEBO3MOKHOCTH NPEIOTBPAIICHUS ACTPAJallui SBIISIOTCS KOMIIOHEHTHBIA COCTaB
Topda, UMEIOIIETO B CBOEM COCTaBE MHUPOKUNA CHEKTP OPraHUYECKUX COCIMHEHUH, a TaK)Ke HAJIMYue B
HeM OOJIBIIIOT0 KOJIMYECTBa OakTepHil, YTO CBA3aHO C OCOOEHHOCTSIMH 0Opa3oBaHUs, AOOBIYU U
XpaHEHUs MaTepuaia.

BrimiensnoxkeHHoe MNPUBOAUT K HEOOXOAMMOCTH pa3pabOTKH ajaropuTtMa AeMcTBHIl mpu
UCIOJIb30BaHUU TOp(a B KaUeCTBE OCHOBBI KOJIbMATAIIMOHHBIX MaueK.

Tem He menee, naxe 0e3 UCHONIb30BaHUS TOp(da TUOO MHBIX KOJIBMATaHTOB OHMOJIOTUYECKOTO
MIPOUCXOXKACHUSI B KayeCTBE OCHOBBI, HEOOXOJMMO YYMUTBHIBATH, YTO B COCTAB MAyKH 4YacTO BXOJIAT
MHbIE MaTepHasbl, UMEIOIINE CKIOHHOCTh K Aerpananuu. CBA3aHO 3TO ¢ HEOOXOAUMOCTBIO CO3/IaHuUs
CTaOMIIBHOM JIOJITOBPEMEHHOW CTPYKTYpPHI, MO3BOJISAIONICH YAEP)KUBATh KOJIbMATAaHTHI BO B3BEILICHHOM
coctosHuu. Ilpu sToM obOecnednBarolye 3TO PEareHTbl M MaTepualibl MOTYT HMMETh Pa3JInYHOE
IIPOUCXO0XKACHUE, CBOMCTBA U BPEMEHHYIO YCTONYUBOCTD.
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Pucynok 1 — 3aBuCHMOCTB BpeMEHH MOSIBIICHHS HAYaIbHBIX IPU3HAKOB OMOJIOTHYECKON JeCTPYKIUU
OT KOHLIEHTpaluu Top¢a B pacTBOpe

—
Wcnonssyercs
Ja ¥ Oa HeT OfpaboTka BakTepULMOOM B
o ana obpaboTrM » WcnonesyeTca au
™ . MPOoUECCe NPUIoTOEASHWA B
AKTHBHOW Topd 1
woHuyeHTpauuu 0,5 n/m
CHETEMEI
HeT

Mauku
NAHWPYIOTCA K
ACArOBREMEHHD
MY XPEHEHWH

na ID6pabtoTka BakTepuyMaoom B
Npouecce NPUIOTOBAEHMA B
KoHueHTpaumum 2 n/me. He pexe|
1 pasza & 2 CyTOK NPOBOAMTD
lnoobpaboTky DaKTepUUMaoM KU
lperynaTopamu pH no

rj:armqu ECHOW NoTpeBHoCTM.

KoHueHnTpauma
Topda bonee 30
krfaa?

Mpwu xpaHeHun medee 1 cyTox
AonycTimo He obpabaTeiBaTe

Obpaborka bakTepuumagom B

bakTepuymaom. Mpu Bonbwei
NpogonHuTENEHOCTM obpaboTxa
GaEKTEPULKMACM B NPoOUECCe
NPUroTOBNEHWA B KOHLEHTDA LMY
0,5 nfm?

NPOLECce NPUICTOBNEHMA B
KOHUeHTpauuK 0,5-2 n/mé

OBpaboTka BakTepuuMLom n

OrpaHWyYMTE EPEMA XPEHEHMA NO
daKTHYeCKOMY Npoueccy
Aerpanaumun

perynaTopamu pH no dakTHuecko *
noTpeGHoCTH

Pucynox 2 — AnroputM paboTsl ¢ OBICTPOTHUIOLIMMH MTAaYKaMU
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Tabmuna 1 — OCHOBHBIE CTPYKTypooOpa3oBaTelld, HCIONB3YIOIIHUECS I MPUTOTOBICHHUS

KOJIbMAaTallMOHHBIX ITa4YCK

Haumenosanue [Lrockr Munycsbl
OTHOCHUTENBHASA JelIeBu3Ha, | BrIcOKast 3arps3Hsomas CrocoOHOCTS,
BBICOKAs YCTOMYUBOCTH K | HeCTaOMIBLHOCT,  CBOMCTB,  MOJXKET
['munomarepuanbl N
MHUKPOOHOJIOTMYECKOM noTpedoBaThCs JIOTIOTHHATEIIbHAS
JIECTPYKIINU cTa0OMIn3aIus
OTHOCHUTENBHO BBICOKas
PearenTsl Ha OCHOBE o
yCTOMUMBOCTh K Aerpananuu (B | Huskue 3nauenns CHC
3(hUPOB LEIUTIOIO3bI
KOMIUICKCE ¢ OaKTEPHIIHIIOM )
Bricokas CTOUMOCTb, HU3Kas
Pearentsl Ha ocHOBe | Bo3MOXXHOCTE IIMPOKOTO N o
. YCTOMYHUBOCTh K MHKPOOHOJIOTHYECKOM
OHMOIIOIMMEPOB peryJIupoBaHus CBONCTB
JIECTPYKITUHU

Hcxons u3 BEILIEU3II05KEHHOTO MOXKHO CAEIATh CIEAYIOIUE BbIBOBI:

1). KonbpMaTaMOHHBIE TTAYKH Ha OCHOBE TOp(dcomepKalux MaTepraioB He PEKOMEHIYIOTCS K
HCIIOJIb30BAaHUIO B KAUECTBE PE3EPBHBIX;

2). B Ka4eCTBE OCHOBHBIX MaTEpUaJIOB JUIsl IPUTOTOBIICHUS PE3EPBHBIX MAYEK PEKOMEHAYETCS
HCIOJIb30BAHUE MAaTEPUATIOB MUHEPATIBHOI'O M/MIIM UCKYCCTBEHHOI'O IIPOMCXOXKIECHUS;

3). Tun Marepuanza JUIsl  [PUTOTOBJIEHUS  ONEPATUBHBIX  IAa4yeK
TEXHOJIOTUYECKUMHU COOOpaXeHUAMHU 0€e3 yueTa MUKPOOUOIOrMUECKON Aerpaialiuy;

4). B KayecTBe CTPYKTYypooOpa3yloIlUX MaTepUajoB JJsl MPUTOTOBJIECHUS PE3EPBHBIX MadyeK
PEKOMEHAYeTCs UCIOIb30BaHUE KOMIUIEKCA «IJIMHOMAaTepUua-3(up LeJUTI0I03bI-0aKTepULIUI.

orpezensercs

Bbubanorpadguyecknii cnucok:

1. Muxees, M. A. KOJIbMATALMOHHBIE ITAYKHU KAK WHJAYKTOP HOEIPAJJALIMA
BYPOBBIX PACTBOPOB / M. A. MuxeeB, H. M. Vnsmena, A. H. IlykanoBa. — Tekct
HETIOCPEICTBEHHBIH // CTPOUTEJIbBCTBO HE®TAHBIX N T'A30BbIX CKBAXHWH HA
CYUIE U HA MOPE. — 2023. — Ne 1. — C. 26-30.

2. BnusHue THIIa M TPYNIIOBOTO cocTaBa Topda Ha cBoiicTBa OypoBbix pactBopoB / C.I'. Macnos,
C.M. Honrux, I1.C. UyOuk, E.b. I'onynoB // Xumus pacturenbHoro cbipbs. — 2003. — Ne 3. — C. 57-67.
— URL: https://cyberleninka.ru/article/n/vliyanie-tipa-i-gruppovogo-sostava-torfa-na-svoystva-
burovyh-rastvorov/viewer (nata obparenus 26.03.2023).

3. LykanoBa A.H., Ilykanosa I1.A. HccrnenoBanue mporeccoB AECTPYKIMHA MOJTUMEPHBIX PEareHTOB,
npUMeHsieMbIX B OypoBbIX pacTtBopax // HedrenmpomsicioBass xummus: matepuansl [X MexayHap.
(XVII Bceepoc.) nayu.-npakt. koHG., M., 30 urons 2022 r. — M.: PI'Y nedtn u raza (HUY) um.
N.M. I'y6kuna, 2022. — C. 21-23.

VK 622.24
BinsiHMe KOMIIOHEHTHOI'0 COCTABA HA COXPAHEHHE TEXHOJIOIMYECKHX XaPAKTePUCTHK
NPOMBIBOYHOMH KHIKOCTH U, KaK CJIeACTBHE, HA QHILTPANMOHHO-eMKOCTHBIE CBOMICTBA
KOJIJIEKTOPCKOIO I1acTa

JbiMoB B. A.
Hayunsii pykoBoaurens - Ilykanosa A. H.
Yxmunckuii eocyoapcmeeHnHblil mexHuyeckuti ynugepcumem, 2. Yxma, Poccus

CTpouTEeNnhCTBO CKBAXUH TMPEICTABISET COOOM CIIOKHBIA MPOIECC, TPEOYIOIMHA HE TPOCTO
3HAHUW 3aKOHOB MAaTeMATHKH, (PU3UKU, XUMUU, HO U TIOHUMAHUS UX. YCIEITHOCTh OYpPEHUS 3aBUCUT
HE TOJBKO OT HAaJU4Msi KaueCTBEHHOTO0 HA3€MHOTO0 M IMOA3EMHOT0 OOOPYJIOBAaHMS, XUMHUYECKHX
peareHTOB U MaTepualioB, HO TPEXKAEC BCEro, OT YPOBHSA KBaIM(UKALMK IEPCOHANA,
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OCYIIECTBISIONIETO MPOBOAKY CKBAXHUHBL. OTJIMYMTENbHAs yepTa MPOBOJKH CKBaXHMH 21-ro Beka -
CIIO)KHOE I10 TPOCTPAHCTBEHHBIM TPACKTOPHUSIM M TOPHO-TE€OJIOTMYECKUM YCIOBHUSM OypeHue,
OpPUEHTUPOBAHHOE HA BBICOKMH TEMIT MPOXOJKH, C MUHUMH3AIMEH BCEX MMEIOIUXCA (PUHAHCOBBIX
3aTpaT Ha CTPOUTENBCTBO. B 3TuUX yCIOBUSAX cOXpaHsSeTcs HEOOXOIUMOCTh MaKCHUMAaJIbHOI'O
COXpaHeHHS (DUIBTPAIIMOHHO-EMKOCTHBIX XapPaKTEPUCTHK TMPOAYKTUBHBIX KOJUIEKTOPOB, YTO
HanpsIMyl0 CBS3aHO C KadecTBOM (puiIbTpaTa IPOMBIBOYHBIX JKHIKOCTEH, a CJI€JOBaTEJIbHO, C
COCTAaBOM M TEXHOJOTMYECKMMU XapaKTEPUCTUKAMU JAHHBIX PACTBOPOB.

AHanmu3 TNpPOEKTHOM MOKyMEHTaluu QakTHyeckoro OypeHMs M HaydHOH, BKJIIOYarOLIeH
KOMILJIEKCHI MCCIIEIOBaHMA, JIUTEpaTyphl, IOKa3al, YTo Hanbojee BOCTPEOOBAHHBIMU B TEXHOJIOTUU
IIPOMBIBOUHBIX JKUJKOCTEH, B YCIOBHSX COBPEMEHHOI'O PbIHKA, SBISIOTCS PAcCTBOPbI C HHU3KUM
coZiepkaHueM TBepaoi (a3pl miau Oe3rNIMHKCTBIE, COJIEpHKALINe B CBOEM KOMIIOHEHTHOM COCTaBe
BBICOKOMOJIEKYJIIPHBIE COEIMHEHHSI — IIOJIUMEPBI.

Llenpio uWcCCleAOBaHMS — SIBISICTCS OICHKA CTAOMIBHOCTH OPraHMYeCKHX MOJMMEPOB
IPUPOJHOTIO U CUHTE3UPOBAHHOTO MPOUCXOKICHUS U MEPCIEKTUBBI UX BIUSHUSA HA (PUIBTPALIMOHHO-
€MKOCTHbIE CBOMCTBAa BCKPHIBAEMOIO ILIACTa. 3ajJayaMH MCCIEA0BaHUs SBISAIOTCA: aHAIM3 HaydHOU
JUTEpaTypbl 1O HCCIEIyeMOM TeMaTHKe;, BbIJEJICHHE OCHOBHBIX IPUYMH JecTaOuiIu3aluu
OpPraHMYECKUX TIOJMMEPHBIX pEareHTOB; pa3padOTKa METOAMKH MCCIEAOBaHUS U IPOBEJIECHUE
ucclieloBaHusl; 00padoTKa U MHTEPIPETALUs OTYYEHHBIX JTaHHBIX.

[TonuMepsl — 3TO BELIECTBA, COCTOALIME M3 MHOXKECTBA €IMHUYHBIX YacTe-3BEHBEB,
MOHOMEpPOB, 00BEIMHEHHBIX B €AUHYIO CTPYKTYpY (JIMHEIHYI0, pa3BETBJICHHYIO NPOCTPAHCTBEHHYIO,
TJIOOYISIPHYIO) dYepe3 TJIMKO3UIHBIC CBS3H. YCIOBHO IOJMMEPHI MOXHO KJIACCH(PHUIIMPOBATH II0
MmexanusMy BozueiictBus (ITAB u BemectBa, JeifcTByromue B JUCIEPCUOHHON cpene) U
npoucxoxaeHuto [1]. Hampumep, HnpupoAaHOro mnpoucXokaeHus (Kpaxmai, IyapoBas KaMelb),
CHUHTE3MPOBaHHbIE MPUPOIHBIE (AHUOHHBIE MOIUAIEKTpoanTh! THIIa KMLL 1 ee nmpous3BoHbIE, T'yMaThl,
JUTHOCYIB(OHATHI), K30MOJIMCAXAPUAbI, TIOTy4aeMble B pe3yJibTaTe BO3JCHCTBUSA, Ha TPHUPOIHBINA
MOJIUMEp, INTaMMOB MM OakTepuil (KCaHTaH TOJYy4YaloT uYepe3 TMpouecc (EepMeHTaluu ¢
UCIIONIb30BaHUEeM  Oaktepuit  Xanthomonas campestriS), HCKyCCTBEHHOTO  TPOMCXOXKICHUS-
cunrernueckue (IT1AA, BIIPI u 1.1.).

PearenTts! gaHHOM Ipynmbl UCIOJIB3YIOTCA B Ka4ECTBE CTPYKTYpPOOOPa3yIOIINX, 3aryIlaloninx
100aBOK, MO3BOJISIOT CO3/1aTh ICEBIOIIACTUYHbBIE CTPYKTYphl NP MHHHUMAJIBHBIX KOHIIEHTpPALUX,
o0ecnieunBasi ~ HEOOXOIUMBIE  CTPYKTYpHO-MEXaHUYECKHE,  PEOJIOrMYecKHe  CBOIicTBa U
(GuIbTpallMOHHBIE XapakTepucTHKH. Ho mpu Bcex BbIllI€ NEPEUHCIEHHBIX JIOCTOMHCTBAX y TaKHUX
peareHToB €CThb OJIMH CYIIECTBEHHBIM HEIOCTATOK — IOABEPKEHHOCTh NECTPYKLUUHU - pa3pyLICHHUIO
CTPYKTYpPbl MAaKPOMOJIEKYJIBI C JAJBHEHIINM PACIaOM €€ Ha MOHOMEDBI U pa3pyIIEHUEM TOCIEIHUX.
JlecTpyKTHBHBIE W3MEHEHMsI KaK B BBICOKOMOJIEKYJSPHBIX COEIMHEHHUSX, TaK U B PacTBOpPax, HMX
COJIepKALINX, MPOTEKAIOT BCIEACTBUE: MEXaHHYECKOTO BO3AEHUCTBHUS (MEXAaHOAECTPYKLMS) —
paspylLieHHe TJIMKO3HUHBIX CBSI3€d MPOMCXOAUT MPU BO3ACUCTBUM HA HUX BBICOKMX HampsKEHHH,
HanpuMep IpHU 3aMELIMBaHUU DPACTBOPA, WIM IPOXOXKIEHUM pacTBOpa 4Yepe3 HacaAKu J0JOT;
TEPMHYECKOrO BO3JEHCTBUS (TEPMOJECTPYKLMS) — pa3pyllieHue BCIEACTBUE BO3pACTaHMS, IPHU
MOBBIIIEHUN TEMIIEPATYpbl, BEPOSATHOCTH COCPENOTOYEHHUs HA OJHOM M3 TJIMKO3UIHBIX CBS3Ed
SHEPruM, JIOCTATOYHOM JJIsi €€ pa3pylleHHUs; CBETOBOrO BO3ACUCTBUA ((HOTOAECTPYKIUS) —
paspylleHle TIIMKO3UWAHON CBS3M B pe3yibTaTe BO3JEHCTBHA Ha Hee KBAHTOB CBeTa (HapylIeHHE
YCIIOBUH XpaHEHUS W TPAHCHOPTUPOBKH); OHMOJIOTHYECKOTO BO3JACHCTBUS (MUKPOOMOJIOTHYECKAs
AecTpyKuusi win ¢epMeHTanus, Ouoaerpaganus) — paspylleHHe B pe3yiabTare BO3IeHCTBUS
pa3IMYHbIX ~ MHUKPOOPTaHM3MOB,  OakTepuil, TpuOOB  (HapylleHHWE  YCIOBUI  XpaHEHWS,
TPAHCIIOPTUPOBKH, IPUTOTOBIICHUS, IPUMEHEHUS).

JlecTpyKlUsI MOJIMMEPOB, SABISIOLIIUXCS OCHOBHBIMM KOMIIOHEHTaMU IOJUMEp-TIMHHUCTBIX
PacTBOPOB, paCTBOPOB C HU3KUM COJIep)KaHHEM TBEpa0i (a3bl U O€3TITUHUCTBIX CUCTEM, TPUBOJUT
K IOTepe KOHTPOJISI YIpaBI€HHEM TEXHOJOTMUYECKUMH IapaMeTpamMH pacTBoOpa. DTO, B CBOIO
ouepellb, NPUBOJUT K BO3HUKHOBEHUIO DPA3HOIO poOJa OCIOKHEHMI, HEraTUBHO BIIMSET Ha
BBIHOCHYIO CIIOCOOHOCTh KHMJIKOCTH, PEXKHMBI OYpeHHS M CO3/JaeT BBICOKYIO BEpOSTHOCTb
BO3HMKHOBEHHUSl aBapUUHBIX CHUTyauuid. B Oonbmieil cTemeHuM MOABEPHKEHBI IECTPYKTHBHBIM
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TpaHchopManusIM TPUPOTHBIE W CHHTE3UPOBAHHBIC MOIHCAXapHUAbl, OCOOCHHO C TOYKH 3PEHUS
MHKPOOHOJOTHIYECKON ySI3BUMOCTH [2].

Kak mpaBuiio, yciaoBUsS TPAHCIIOPTUPOBKH U XPAHECHUS BHICOKOMOJICKYIISIPHBIX COCTHMHEHUN
COOTBETCTBYIOT TEXHUUYECKUM TpeOoBaHUSIM Oe3omacHocTH. Toraa kak ycioBUs Cpelibl, B KOTOPYIO
BBOJISITCS PEareHThl, MOTYT HMMETh CYIIECTBCHHBIC OTKJIOHCHHS, OT TpeOyeMbIX (Hampumep,
HEKOTOpbIE TOJUMEpHbIE [00aBKM PEKOMEHAYETCS BBOJUTH B PACTBOPBHl C OMNpPEACICHHBIM
ypoBHeM PH, moprnuoHHO) Kak Ha JTane MNepBHUYHONW O0OpabOTKHM, TaKk M, YTO 4Yalle BCEro
BCTpeUYaeTcsi, NpH MOBTOPHBIX oOpaboTkax. B pesynbrare paspylieHuss TOpPHBIX IOPOJA B
MPOMBIBOYHYIO  JKHUJIKOCTb, BMECT€ C LIJAMOM, IIOCTYNaeT MHOXECTBO  Pa3JIUYHBIX
MUKPOOPraHU3MOB, OOUTAIONIUX B HEApPax 3eMJIU, CIIOCOOHBIX KAUYECTBEHHO BJIMATh Ha, HAYAIbHOM
JTare, TeXHOJOTHYECKHE IMapaMeTpbl pacTBOPA, a B MOCIEACTBUU, HA (GUIBTPAIMOHHO -€MKOCTHBIC
CBOMCTBA KOJUIEKTOPCKOTO IUIacTa, Ha OKCIUIyaTallMOHHOE oO0OpylnoBaHUE, Ha J100BIBaeMble
bmronnpl. {1 npeaynpexIeHus] HeraTUBHOTO BO3JCHCTBHS MUKPOOHOIOTHYECKOW JECTPYKIUH,
IpU UCIOJb30BAaHUM B KOMIIOHEHTHOM COCTaB€ IIPOMBIBOYHON IKHUAKOCTU MOJUCAXapHUIOB,
pPEKOMEHAYeTCs WCIOJIb30BaTh JIOOABKM HAIMpPaBICHHOIO aHTH(EPMEHTATUBHOTO JICHCTBUS,
O6aktepunuabl. DPGPEeKTUBHOCTh OaKTEPHUIIMIOB 3aBUCUT OT MHOXeCTBa (AKTOPOB, TaKUX Kak
JOCTATOYHOCTh KOHIICHTPAIIMU B KOHKPETHBIX YCJIOBHUSX, CTPOroe COOIIOJCHHUE MEPUOTUIHOCTH
00paboTtok u T.1. [IpeneOpexerHne TakuMu (HakTopamMu OJarompHUATHO IS JIFOOOTO BUIa OaKTEpHiA,
TaK KaK OHU JIOCTATOYHO OBICTPO M JIETKO AaJanTUPYIOTCS K IOCTENEHHO HM3MEHSIOIUMCS
ycioBusiM. B pesynbTaTe dero, mocieayromue o0paboTku aHTU()EpPMEHTATOPOM CTAHOBSTCA
a0CcoIFOTHO HEAP(DEKTUBHBIMU M BJIEKYT 32 COOOH TOJIBKO JIMING JTOMOJHHUTEIbHBIC (PUHAHCOBBIC
pacxoabl, a B TOCJIEACTBUM U BPEMEHHBIE — H3-3a HEOOXOJUMOCTH 3aMEHBI MPOMBIBOUHOMN
KUJIKOCTH, MIOJIHOCTHIO YTPATUBILIECH yIPaBIsIeMOCTh TEXHOJOTHUYECKUMH MTapaMeTpaMH.

K mnaubomee akTUBHBIM, B clydae MHUKPOOMOIOTUYECKOTO BO3JACUCTBUSA, OTHOCSTCS
cyiab(aTBOCCTaHABIMBaOIIME OakTepuu. SIBisomuecs, MO CBOEH mpupone, aHadpOOHBIMU
MPOKApUOTaMHU, CIIOCOOHBIMU HCTOIB30BaTh CYIb(aT B Ka4eCTBE aKIENTOPA AJIEKTPOHOB B JBIXaHUU
JAHHBIE BUABl OaKTEpUN CHOCOOHBI YBEIMYMBATH TOIYJISIMIO B MPAKTHUECKH JIIOOBIX cpefax, OT
KpallHEe KHCJBIX, JI0 KpailHe IIEeNOYHbIX, B CpeJaX ¢ pa3HbIM YPOBHEM MHHEpAIHU3AIIIH.
depMEHTATUBHBIN THAPOJIN3 OPraHUYECKHMX KOMIIOHEHTOB OYPOBBIX pAacTBOPOB B pe3yibTaTe
peayuupoBaHusi  Cynb(aTBOCCTAHABIUBAIOUIUX  OakTepwii,  SBJISIOMIMXCA  OHOJOTHYECKUM
KaTaJu3aTopoM, HAHOCUT KOJIOCCAJIbHBIM BpeJ JKOHOMHUKE HedrerazoBoil ortpaciu. Poct
OakTepuanpHoi akTHBHOCTH CBB compoBoknaromuiicss 00pa3oBaHUEM 3HAYUTENHHOTO KOJIMYECTBA
CepOBOJIOPO/A, NPUBOJUT HE TOJBKO K YTpaTe TEXHOJIOTMYECKUX CBOMCTB OypOBBIX PpPacTBOPOB,
MOBPESXKIACHUIO O0OpPYAOBaHMA, HO M K HApYyIIEHUI0 (UIBTPAIIMOHHO-EMKOCTHBIX CBOMCTB
KOJUUIEKTOPOB, CHWKEHHIO KayecTBa 1o0biBaemMoro duouna [3].

Hcxons w3 BbIlIe M3T0KEHHBIX IIEJIH HCCIEIOBAHMS W 3a/ay, B JIAOOPATOPUU TEXHOJOTHHU
OypoBBIX pacTBOpoB Kadeapbl Oypenust YI'TY Obut pazpaboTaH W peaqv30BaH IUIaH MPOBEICHUS
OKCIIEPUMEHTAIBLHOTO  HCCIEAOBaHUs, JUIS OLEHKH CTaOWJIBHOCTH TMOJUMEPOB MPUPOIHOTO
MIPOMCXOXKICHUS, BKJIIOYABIINI B CeOsl CIEAYIOIIME MyHKTHI: BBHIOOP PEareHTOB ISl TPOBEICHHS
WCCIIETIOBAHMS; OIpe/ieJeHHe KOHIIEHTPAlU BOJHBIX PAacTBOPOB HCCIENYEMBIX PEareHTOB; BHIOOP
TEXHOJIOTHYECKUX TTOKa3aTeNel /Il OTCICKUBAHUSI U3MEHEHH; BEIOOP 000PYy/I0BaHUS M MaTEPHAJIOB,
JUIS  TIPOBEJEHUS HCCIENOBAaHUS; MPUTOTOBJICHHE PACTBOPOB; €XKEIHEeBHOE  OlLICHUBaHHUE
TEXHOJIOTUYECKHX TOKa3aTelneil; 00paboTka MOJydeHHBIX pe3y/IbTaTOB MCCIEA0BaHUs C JajbHeilen
WX UHTeprpeTanuei. B wuccmegyeMyro Tpymmy BOIUIM CIEAYIONIME peareHThl: 1) aHHOHHBIE
nosmanekTponutel: Poly — Pac UL; Pac — LE; Pac — RE; 2) pearentsl Ha ocHoBe Xanthomonas
campestris: DuoVis; N — Vis; Xanthan GUM; 6uokcan; rammaxkcan; Xanthan Petroel; Xanthan.

Xoa TpOBENEeHUs] DKCIEPUMEHTATHHOTO WCCIIECIOBAHMS: W3 PEareHTOB, BKIIOYCHHBIX B
UCCleIoBaHue, ObUTH MPUTOTOBJICHBI BOJHBIE MOJMMEPHBIE PAacTBOPHI B KoHIeHTparuu 1% u 5%, ¢
L0 OTCIEKUBAHUS U3MEHEHHS! BOJOPOIHOIO IMoKaszaress PH, sBistomerocs ogHUM U3 MapKepoB
JECTPYKLUUU MHKPOOHOJIOTHYECKOT0 XapaKTepa, C MOMOIIbI0 MHIUKATOPHBIX TecT-mojocok OFITE u
pH — wmerpa Oakton (pucynok 1 a, 1 6). HMccinenoBanue mpoBoawiaock 17 gHEH, pe3ynbTaThl
HCCIIEIOBaHMsI IPUBEJICHBI HA pUCYHKaX 2-4.
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a ]
a) unaukaropueie Tect-nosocku OFITE, 6) pH — metp Oakton

Pucynok 1- marepuaiiel 1 000pyA0BaHHE JJIsI TPOBEICHUS IKCIIEPUMEHTATBHOTO UCCIICIOBAHMS
9

9
o 8
/
g £
6
2 X6
g 5 8 5
g4 g 4
E 3 8 3
=] g
5 2 =2
I 1
0 0
89 19
1112 13 3
JeHb HCCTeI0BARNA 13 14 15 16 17 R
a) 1-% pacmsopst .
i -opremaop 0) 5-% pacmeopei
W Poly - Pac UL ®Pac - LE ® Pac - RE # DuoVis ~ MN-Vis B Xanthan GUM BBHOKCAH — BIAMMAKCAH

u Xanthan petroel m Xanthan

PI/ICYHOK 2- U3MEHEHHE BOAOPOIHOI'O ITOKA3aTCIIA

17 oenwn

PI/ICYHOK 3- OLICHKA BHEIIHUX W3MEHEHUI HCIBITYCMBIX 06p331_[0B
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B X04€ MPOBCACHUA KOMIIIICKCHOTO HMCCIICAOBAHUA HauOOoJIbIIIEN MHKpOﬁHOHOFI/I‘ICCKOﬁ
JNECTPYKUUU ObUTM TOABEpXKEHBI 5-% pacTBOpbl PEareHTOB, SBISIOUIMXCA MPOU3BOJAHBIMHU
Xanthomonas campestris.

Xanthan GUM 5%

Xanthan 5%

Pucynok 4- o6pa3oBaHue TIECEHN Ha MIOBEPXHOCTH UCTIBITYEMBIX 00pa31oB (KpaliHUI 1eHb
9KCIEPUMEHTA)

MHOXeCTBEHHBIE PACCIOCHHST BHYTPH CTPYKTYPBI, CONPOBOXKAAIOIINECS BBIACICHHEM
CEepoBOZIOPOAA W AKTUBHOE pa3pacTaHue IUIECEHM Ha TIOBEPXHOCTH BOJHBIX PacTBOPOB
9K30IOJIUCAXAPUIOB (PUCYHOK 4), CBHUICTEIHCTBYET OO0 aKTHBAIMH >KH3HEICATEIHHOCTH OaKTEPHIA.
IToaTOMYy POMBIBOUHBIE JKUIKOCTH, BKIIOYAIOLIIE B CBOM KOMIOHEHTHBIM COCTaB TaKUE PEareHThl, B
00s3aTeNIbHOM ~ TIOPSIIKE,  JOJDKHBI  oOpa0aThIBaThcs  aHTH(EPMEHTATHBHBIMH  J0OAaBKaMHU.
OTtpaboTaHHbIE pacTBOPBI, IOCIIE 3aBEPIICHUs OypeHHs, TaKKe TPeOYIOT TIIATeNTbHOr0 KOHTpos. Tak
KaK JINCTIEPCHOHHAS Cpella, OCTAIOMIAsCs OT PacTBOpa, Mocie yJalleHUs] U3 HEro JHMCIEePCHOH (a3sbl,
BO3MOXKHO OyZeT HCHOJb30BaHA /I 3aKaYyKW B CKBaXHHBI HArHETaHUs, AJS HMHTEHCHU(HUKALUN
MPUTOKA B  OKCIUTyaTHPYeMBIX  OoOBekTaXx. UYTO TIOBJIEUeT TMOBTOPHOE  pEAyIHPOBAaHUE
Cynb(aTBOCCTAHABIMBAIONINX OaKTepui, 3arps3HEHHE IOPOBOTO IPOCTPAHCTBA M yXY[IICHUE
(GUITBTPalMOHHO-EMKOCTHBIX CBOWCTB MPOTYKTUBHOM 30HBI.
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VK 622.24
Kpeniienue ckBa:kKiuH B yCJI0BHSIX CEPOBOAOPOJIHOI arpeccuu

Kosasienko M. B.
Hayunsiit pykoBoautens - Kamenckux C. B.
Yxmunckuii cocyoapcmeennbiii mexnuyeckuii ynueepcumem, 2. ¥Yxma, Poccus

IleMeHTHBI KaMeHb B YCIOBHUSX CEPOBOJOPOAHON arpeccuy IOABEPKEH WHTECHCUBHON
koppo3uu [1-5 m 1p.], B pe3ynbrare 4ero BO3MOXHBI 3aKOJIOHHBIE IPOSBIICHUS, MEXKIUIACTOBBIC
MEPETOKH, HEKAUYeCTBEHHOE IIEMEHTHpPOBaHHE U Jpyrue HeratuBHble mnocheacTBus. I[loatomy
pa3paboTKa TaMIIOHAXKHON CMeCH, 00eCreunBaloniell KaYeCTBEHHOE KPETJICHHE CKBAXKUH B YCIOBUSIX
CEpOBOJIOPOAHOMN arpeccui, ABISETCS aKTyaJIbHOU 3a/1a4eil.

Bonpocamu KkadecTBEHHOIO KpEIUIEHUS CKBAXKUH B YCIOBMSX CEPOBOJAOPOJHONM arpeccuu
3aHUMAJIOCh OOJIBIIIOE YHCIIO OTEUYECTBEHHBIX U 3apyOekHbIX yueHbIX: ®.A. Arzamos, [1.I1. BynHukos,
AN. bynaros, B.C. Jlantomesckuii, ['.I1. 3o03ynsa, B.M. Kpasuos, FO.C. Ky3nenos, 1.M. Kyp6aHnos,
A.H. Jlunmoeuxnii, ¥Y.JI. Mamamxanos, [.®@. Hosoxarckuii, B.Il. Opunnaukos, U.JI. Ocaguas, A.A.
Ilepeiima, A.Il. TapuaBckuii u MHorue apyrue. IIpoBeneHHbBIE YYEHBIMH JKCIIEPUMEHTHI
MPEJICTABIISIOT BBICOKYI0 HAyYHYI) W MPAKTUYECKYI0 IEHHOCTh M TO3BOJWIH CHOPMYIUPOBATH
OCHOBHbIE TpeOOBaHMSI K LIEMEHTHOMY KaMHIO B YCJIOBHSIX CEpOBOJOPOAHOM arpeccuu. OCHOBHBIMU
TEXHOJIOTUYECKUMH TPEOOBAHUSMU SBIISIOTCS:

- TAMIIOHA)KHAS! CMECh JIOJDKHA (DOPMUPOBATH KAMEHB C YCTOMYUBBIM (hPa30BBIM COCTaBOM;

- [IEMEHTHBIM KaMEHb JTOJKEH UMETh MOHMKEHHYIO IOPUCTOCTH U MMPOHUIIAEMOCTb.

[IpoBeneHHBIN aHaIM3 pe3yabTaToB paboT [1-5 u ap.] MO3BOJIMI BBIABUTH KOPPO3UOHHO-
YCTONYMBBIE K CEPOBOOPOTHOM arpecCUu [IEMEHTHI, U3 KOTOPBIX CIEyeT BbIACIUTH:

- 0e3100aBOYHBII MOPTIIAH/ALIEMEHT;

- TJIMHO3EMHUCTHIN [IEMEHT;

- Koppo3uoHHocToikue marepuainl ooserdennslie (LTOK) u yrsxenennsie (LITYK);

- IJIaKornecyanbie cMecu coBMecTHoro nmomosa (LLITTIC, VI, OIIILY);

- cynbdarocToiikuii nopraanaueMent mapok G (ITLT [-G CC-1) u H (ITOT I-H CC-1) u ap.

Cynbdartoctoiikuii moprinanauementT Mapku [T |-G CC-1 mpousBoautcs Ha Bonbckom
uemeHTHOM 3aBojie corsiacHo ['OCT 1581-96. Xumudeckuii 1 MUHEPAJIOTMYECKUN COCTaBHI IIEMEHTA
mapku LT I-G CC-1 npencrasnens! B Tabnuuax 1 1 2 cOOTBETCTBEHHO.

Tabmumna 1 — Xumuueckuii cocraB iementa mapku LT -G CC-1

Ilokazarens Benuuuna, % Tpebosanue 'OCT 1581-96

SiO2 20,9 -
Al,O3 3,7 -

CaOo 64,5 -

Fe,O3 4.6 -

MgO 1,2 He Oosee 6

TiO2 0,1 -

P20s 0,3 -

SO3 2,4 He Oonee 3

Na.O 0,3 -

K20 0,4 -
Na2O»kB. 0,6 ue oonee 0,75
IT.ILII. 1,0 He Oonee 3

Cl 0,01 He 6onee 0,1

CogepxaHue B TOPTIAHANEMEHTE ONTHMAIBHBIX KOHIICHTPAIMA OKCHAOB HATpUs, KaJHs,
docdopa u tutana (Na2O - 0,3 %; K20 - 0,4 %; P20s - 0,3 % u TiO2 - 0,1 %) compoBoxmaercs
YCKOpeHHOﬁ FHIIpaTaHI/ICﬁ IHEMEHTHOTO TECTa U MOBBIIICHHON MMPOYHOCTBIO HEMCHTHOI'O KaMHH.
[TonmxenHnoe koauuecTBo cBoOoHOM okucu Kaibius (CaO - 0,3 %) B KIIMHKEpe CHUXKAET CKOPOCTh
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THJIPOJIM3a TIPU BO3ACUCTBUM arpeccuBHbIX ¢uronnoB [1-3 u ap.]. Huskoe conepxanue aqOMHUHATOB
Kanbus (2,4 %) U MeN0YHbIX COeIMHEHUN B MUHEPAJIOTUYECKOM cocTaBe kinHkepa nementa [T I-
G CC-1 nagenser LeMEHTHBIM KaMEHb KOPPO3UOHHOW YCTOWYMBOCTBIO K BO3JCHCTBUIO arpecCUBHBIX
¢dbmonnos. Llement mapku IILT 1-G CC-1 sBnsercs KIMHKEPHBIM, MO3TOMY OTJIMYHO COBMECTHM C
OOJIBIIMHCTBOM XUMHYECKUX PEareHTOB, KOTOPHIE MO3BOJIIOT 00ECIEUNTh HYKHBIE TEXHOJIOTHIECKUE
U PEOJIOrMYECKHe apaMeTpbl TAMIIOHAXXHOTO PacTBOPA WIIM CMECH.

Tabnuua 2 — MuHepaloTH4ecKuii COCTaB KIIMHKEpa

Ilokazarenn 3nauenue, %
CsS 69,7
CoS 11,4
CsA 2,4
C.AF 16,2
CaOs. 0,3

B paGote [3-5 u ap.] mpeiaraercs MCHOJIB30BaTh B YCIOBUAX CEPOBOJAOPOAHOM arpeccuu
cynbdartocroiikuii moptnanauemedT mapku [T -G CC-1 ¢ noGaBkamu K >KMJIKOCTH 3aTBOPEHUS
(Boze) razbioka rmpu BogocMeceBoM oTHoueHuu 0,45.

OauuM U3 TyTed MOBBIMIEHUS KOPPO3MOHHOM CTOMKOCTH IIEMEHTa SIBISETCS CHIDKEHUE
BOJIOIIEMEHTHOTO OTHOIICHUs. [l0ATOMYy aBTOpPOM IPOBEICHBI HCCIIECIOBAHUS CYJIb()ATOCTOUKOTO
noptiaanaiementa Mapku [T -G CC-1 ¢ mobaBkamu K KUAKOCTH 3aTBOpeHHUs (Boje) razdiioka B
konnenrpauusx 0,3; 0,5 u 0,8 % npu BogocmeceBom otHoueHuu 0,44. Pe3yiabTaThl SKCIIEPUMEHTOB
Mpe/ICTaBJIeHbl Ha pUCYHKaxX 1-5.
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— Mg/c=045

Kr/ard
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Kounentpanus rasbaoka, %

Pucynok 1 — 3aBUCHMOCTH TUIOTHOCTH OT KOHIICHTPAITUH ra30J10Ka U BOJOCMECEBOTO OTHOIICHHS
nemenra [T I-G CC-1
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Kounenrpanns rastaoka, %

PrcyHOK 2 — 3aBHCHMOCTh pacTeKaeMOCTH OT KOHIICHTPAIIMH Ia30JI0Ka ¥ BOJJOCMECEBOTO OTHOIICHHUS
uemenTa [T I-G CC-1
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Pucynok 3 — 3aBUCUMOCTh TPOYHOCTH KaMHS OT KOHIIEHTPAIMU ra30J0Ka U BOJOCMECEBOTO
otnomenus nementa [T I-G CC-1
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Pucynok 4 — 3aBUCHMOCTb Havaja CXBaThIBAHHS OT KOHIICHTPAIMH ra3010Ka U BOJOCMECEBOTO
otHomenus nemenra [T I-G CC-1
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Pucynok 5 — 3aBUCHMOCTB KOHITa CXBAaThIBAHUSI OT KOHIIEHTPAIIMK T'a30JI0Ka U BOJIOCMECEBOTO
otHomenus nementa [T |-G CC-1

AHanu3 pe3yibTaTOB HCCIEAOBAaHUM (pUCyHKH 1-5) TMO3BOJMMJI yCTaHOBUTh, YTO
YMEHbIIIEHHEM BogocMeceBoro otHomeHus ¢ 0,45 no 0,44 He3HAYUTENTBHO:
- YBEIMUYMBAETCS TIOTHOCTH TAMIIOHAKHOM cMecH B cpenHeM Ha 40 xr/m® (2,2 %);
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- YMEHBIIAETCS pPacTeKaeMOCThb B cpeaHeM Ha 20 mum (8,4 %);

- MOHIYKAIOTCS CPOKHU cxBaThiBaHus Ha 0,4-0,6 yaca (4,7-5,9 %);

- MOBBILIACTCS TPOYHOCTH KaMHsl B cpennemM Ha 0,3 MIIa (0,3 %).

B wutore, u3MeHeHHWE OCHOBHBIX I[apaMETPOB TaMIIOHKHON CMECH TMIpH CHIDKEHUHU
BojocMeceBoro otHomenus ¢ 0,45 no 0,44 ne npessimaet 8,4 %.

Cornacuo [4] koaduruent koppo3uonHoii croiikoct (KKC) moptimanauementa mapku LT
I-G CC-1 ¢ mobGaBkoi K XHMIKOCTH 3aTBOpeHHs (Boxae) rasbioka B koHuentpauuu 0,5 % mpu
BogocmeceBoM oTHomenun 0,45 cocraBmser 1,12 (KKCi12=1,12). B pabote [5] ykaspiBaeTcs Ha
MOHIKEHHYIO TPOHHUIIAEMOCTh IIEMEHTHOTO KaMHs TaMIOHaXHOW cMecu ¢ razbiokom (0,4 m/l) mo
cpaBHeHHIO ¢ 0a30BbIM LieMeHTOM (0,8 m/[). Takum oOpazom, Cyiab(haTOCTOMKUN MOPTIAHALIEMEHT
BO3MOXKHO HCIIOJIb30BaTh B  YCJOBHUSIX CEPOBOJAOPOJAHOM  arpeccuu, 4YTO MOATBEPXKIACTCS
MPOMBICJIOBBIM OIBITOM €ro ucnoiab3oBanusd. Hanpumep, OO0 «Jlykoin-Komu» Ha MECTOPOXKIACHUAX
Tumano-Ileqopckoii mpourammu (H2S 10 18,5 % 00.) mpumensier cynbdaroctorikuii mement LT I-G
CC-1 ¢ no6aBkaMu MOHU3UTENS BOJIOOTIAAUM, 3aMEATUTENS CPOKOB CXBAThIBaHUS, IacTuukaTopa u
crabunmzaropa. [TIAO «["azmpom» Ha ActpaxanckomM ['KM (H2S mo 26,7 % 00.) mpuMeHsIeT [IeMEHT
[T I-G CC-1 ¢ nobaBKkaMu KHAKOTO CTEKJIa, 3aMEITTUTENs CPOKOB CXBaThIBaHUS, IUIacTU(UKATOpA U
MIEHOTaCUTEJIS.

Bbubanorpadguyeckuii cnucok:

1. ArzamoB, @. A. JlONroBEYHOCTb TAaMIOHAXXHOTO KaMHs B KOPPO3MOHHO-aKTHUBHBIX cpeaax /
®. A. Arzamos, b. C. U3myxambetos. — CI16: OOO «Heapar, 2005. — 318 c.

2. bynaroB, A. W. 3akaHuMBaHUE CKBa)XUH B YCJIOBHSX MposBieHHs cepoBojopoaa / A. U. bynaros,
A. TI. Kpe3y6. — MockBa: BHUMOODHI', 1986. — 59 c.
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arpeccuu / C. B. Kamenckux, T. /I. Jlanuna, E. B. IllapoB // CtpoutenscTBO HEPTAHBIX M Ta30BBIX
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4. Boponuk, A. M. HccnenoBanue KOPpO3MOHHOM CTOMKOCTH LIEMEHTHOIO KaMHS B YCJIOBHSX
cepoBonopoanoi arpeccuu / A. M. Boponuk, C. B. Kamenckux, E. B. [llapoB // CTpouTenbcTBO
He(TSIHBIX U Ta30BBIX CKBAXXUH Ha cyle u Ha Mope. — 2017. — Ne 2. — C. 38-43.

5. Boponuk, A. M. UHccrnenoBanue (GU3NKO-MEXaHMYECKHX CBOICTB KOPPO3MOHHO-CTOMKOIO
nementHoro kamus / A. M. Boponuk, C. B. Kamenckux, B. H. Ilewepun, E. B. Illapos //
CtpoutenbcTBO HE(PTAHBIX M ra30BbIX CKBAXXMH Ha cyuie U Ha Mope. — 2017. — Ne 11. — C. 25-30.

YK 622.244.442
CMma3zouHble 100aBKHY U MX BJIHSIHHE HA PE0JIOTHYECKHEe CBOIicTBa OYpOBBIX PACTBOPOB

[TesanakoB E. 1.
Hayunslii pykoBoaurens - Yismesa H. M.
Yxmunckuti 2ocydapcmeennvlii mexnuyeckuil yHugepcumem, 2. ¥Yxma, Poccus

CTpoHTENbCTBO CKBAKHH CIIOKHOTO TMPOCTPAHCTBEHHOTO MPO(UIIS COMPOBOXKAAETCS BO3paCTaHUEM
CHWJI TPEHHWS, VISl YIpPABJICHHS KOTOPBHIMH HCIONB3YIOTCS CMa304HBIE MaTepUasbl Pa3IMYHON IPUPOIBL.
AHaM3 TEOPETHMYECKHX WCCIIEIOBAaHMM TIOKa3al, YTO OCHOBHOE BHHMAaHHE IIpU OSTOM YAENSAETCS
WCCIIEIOBAHUIO CMa309YHOM CIIOCOOHOCTH OYypOBBIX PacTBOPOB, HE YYHTHIBAasS BHYTPEHHHE MPOIECCHI,
BIUSIIOLIME HA APYTHEe TEXHOJIOTMUECKUE XapaKTePUCTUKH OypOBBIX PaCTBOPOB. B CBsI3U ¢ BbIIIECKa3aHHBIM,
3a/1auell JAHHOTO WCCIIEIOBAHUs SIBJSIETCS] M3YUCHUE BIMSHUS CMA30YHBIX OOABOK HA PEOJIOTUUECKUE H
CTPYKTYpHO-MEXaHHYECKHe CBOMCTBA OypOBBIX PAaCTBOPOB, B TOM YHCIIE MUHEPAIU30BAHHBIX.

B kadectBe 0a30BOil CHCTEMBI Ui WCCIENOBAaHHWN WCIIONB30BaH  COJICHACHIIICHHBIN
MHTHOUPYIONUI O€3TTUHUCTHIN OMOTOTMMEPHBIN OypOBOW PacTBOP CIEAYIOIIETO COCTaBa:

1. Na2COs — 1,5kr/m® (kanbIIMHUPOBAHHAS COJIA, PETYIISATOP KECTKOCTH);

2. NaOH — 1,5 kr/m® (kaycTuueckas coja, peryasTop MelI04HOCTH);

3. DuoVis NS — 3 kr/m® (6rononmmep (KCaHTaHOBas CMOJIA), CTPYKTOPOOOPA30BaTENb);

4. POTASSIUM CHLORIDE — 90 kr/m® (XJ10p11 KaJusi, HHTHOUTOp IJIUH);
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5. NaCl — 90 kr/m® (MuHepanIu3aToOp, UCIONb3YEMbI U B KAUECTBE YTSKETHTENS);
6. Reatrol — 25xr/m® (MoaMQUIMPOBAHHEIH KPaXMaJl, PEryJIsTOP BOJOOTIAYH);

7. Remacid — 0,4kr/m® (6akTepuum).

CoiicTBa OypoBOT0 pacTBOpa MpeacTaBieHbl B Tabmune 1.

Tabmuma 1 - Peonorudeckue u CTpyKTYpHO-MEXaHHUECKHE XapaKTEPUCTUKU UCXOTHOTO pacTBOpa

JHC, ITa IInactryeckas BI3KOCTH 1), clI3 CHC (10 ¢), alla CHC (10 mun), alla
39,5 115 12,7 16,4

B wuccnenoBaHuy MCIONIB30BAINCH KUJIKUE CMa3sKd Ha YIVIEBOJOPOAHOM OCHOBE U TBEpIbIE
Marepuaibl, B TOM 4YKciIe 0OecrieunBarolye TpeHre kauenust. Huke npeacrabieHa ux XapakTepucTHKa:

1. EcoLube (mpoaykr mpencraBiseT cOOOH pPacTBOp KOMIIO3UIMHA MOTU(PHIUPOBAHHBIX
BBICIIMX JKUPHBIX U CMOJISIHBIX KHCIIOT B HE(TAHBIX Macjax ¢ J0OaBJIEHUEM MPUCAIOK, YIyUIIAIOIINX
IIPOTUBOM3HOCHBIE, aHTUKOPPO3UOHHBIE, IPOTUBO3AIUPHbBIE CBOWCTBA);

2. Muxkan-40 (MHOro(yHKIMOHaJIbHasi cyXas cMa3ouyHas J00aBKa, cojepxalas B CBOEM
coctaBe THIPO(GOOM30BAHHBII MYCKOBUT, MCHOJB3YIOUIAsICS MEpea CIYCKOM OO0CaIHBIX KOJIOHH, a
Takxe B Ipolecce OypeHus);

3. Verlead (;1yOpukaHT BBICOKOTO JICHCTBHUSI HA OPraHUYECKOH (CMECh Macei) OCHOBE);

4. Alpine Drill Beads (cthepuueckue CTEKISHHBIC IIAPUKH, HCIOJIb3yeMbIe MPH CIIYCKE
00CaIHBIX KOJOHH, OypeHHH HAKJIOHHO HAaINPaBJICHHBIX CKBAXWH M CKBAXUH C HPOTHKCHHBIMH
TOPU30HTAILHBIMU YYaCTKaMH).

ConepxaHne CMa304YHBIX MAaTE€pPHajoB B OypOBOM pacTBOpE NP MPOBEACHUU HCCIECIOBAHUIN
M3MEHSIOCh B IIMPOKOM JHana3oHe KOHIeHTpauui. J{is BcecTopoHHEH INTyOOKON OLIEHKH MOBEIEHUS
HCCIIelyeMbIX MAaTEpPUANOB MCIIONb30BaHbl HEOOMbIINE KOITHYECTBa TIyOpuKkanToB (MeHee 10 kr/m®) u
UX KOHIIEHTPALlMK, BXOA1IKe B pabounii 1uana3oH B OYpOBBIX pacTBOPAX pa3IMYHOIO COCTaBa.

HccnenoBanuss NpOBOAMINCH Ha POTALMOHHBIX BUCKO3UMETPAX C  HCHOJIb30BAaHUEM
OOIIENPUHATBIX METOMUK. Pe3ynbTaThl MCCIENOBAaHUS PEOJIOTUYECKUX (IIACTHYECKOM BSI3KOCTU M
JUHAMHYECKOTO HANpPSDKEHUS CABUTA) U CTPYKTYPHO-MEXAHMYECKHX XapaKTePUCTHK (CTaTUYECKOe
HanpsbkeHue cisura 3a 10 ¢ u 10 MuH) npuBesieHbl Ha pUCYHKax 1-4.

HccnenoBanusi ¢ UCIONB30BAaHUEM JKHIKMX CMa304HBIX MaTepuajioB, a MMeHHO EcCO Lube u
Verlead, mokasanu OAMH MHTEPECHBII MOMEHT MPH HEBBICOKHMX KOHIICHTPAIMSAX MATEPUAOB: PE3KOe
CHIDKEHUE PEOJIOTHUYECKUX U CTPYKTYPHO-MEXAHUUECKUX XapaKTEPUCTHK OYpOBBIX pacTBOpoB. [luamna3zon
TaKoOro MOBEJICHUS LUPKYIMPYIOIIEro areHTa cocrasisieT B cpegHeM ot 0,1% no 0,5% 06. Anamuzupys
MOJTy4YEHHbIE PE3YJIbTAThl U BOZMOKHBIE (PU3MKO-XHMHUUECKHE MPOLECCHl HAa MOBEPXHOCTH pasziena ¢as, B
JITAHHOM CJTy4ae Ha MOBEPXHOCTH BBICOKOMOJIEKYIISIPHBIX resieo0pazoBaTesieil, MOXKHO MPENON0KUTb, YTO
MPU HWCIOJB30BAHUM CMa304YHBIX JI00ABOK, B COCTaBe KOTOpbIX coxaepxkutcs [IAB, obpasyercs
MOHOMOJIEKYJISIDHBI CJIOM HA AaKTUBHBIX LEHTPAX, PE3KO CHIJKAIOIIMN CTENEHb B3aMMOJEHCTBHS.
JlanbHeiiliee TMOBBINIEHHNE KOHILIEHTpALMK JIyOPUKAaHTOB 110 paboyero auama3oHa COMPOBOKAAETCS
YBEJIMUEHNEM M PEOJIOTMUECKMX KOHCTAHT, M CTAaTMUECKOrO HANpsDHKEHUs ciasura. Takol mporecc,
BO3MOXKHO, CBfI3aH C ONpeneneHHoN ruapodoOu3almeil MoIMMEPHOTO PacTBOpa MO0 € HEKOTOPHIM
BCIICHMBAaHMEM IIPOMBIBOYHOIO pacTtBopa. M To, m Apyroe MOXKeET BbI3BaTb POCT PEOJOTMYECKHUX M
CTPYKTYPHO-MEXaHMUECKMX MEXAHHYECKHMX CBOMCTB. MOXHO TaKkKe MPEeNNoioKuTh, YTO MpH
JabHEHIIIEM MTOBBIIIEHUH KOHIIEHTPAIMU CMa3KH (BbIlIe pabouyero 1uana3zoHa) KpUBble H3MEHEHUs OyayT
CTPEMUTHCA K MMOCTOSHHBIM 3HaYeHUSAIM. OKOHYATENbHBIA BBIBOJI MOYKHO CJIENIaTh MOCIE JOMOTHUTEIbHBIX
MCCIIEZIOBAHMIA, B TOM YMCIIE B IPUCYTCTBUM TBEPOH (ha3bl U IIEHOTaCUTEIISL.

[Ipu ucnonp3oBaHMU cMa304HOM J100aBKM MmukaH-40 MOXXHO OTMETUTHh HE3HAUYHUTEITHbHOE
YMEHBILIEHHE JuHaMu4eckoro HampspkeHns casura (JJHC) mpu HM3KMX KOHIEHTpAlMsAX U YBEJIMYEHHUE
BCEX PpEOJOTMYECKUX U CTPYKTYpPHO-MEXaHWYECKUX IlapaMeTpoB Mpu paboumx KOHLEHTPAIHIX.
VYmensuienne JIHC cBsi3ano ¢ npucyrcrBreM ruipodoousaropo. [ToBbiIeHE BI3KOCTH M TPOUYHOCTHBIX
XapaKTePUCTUK MHHEPAIN30BAaHHOIO IOJMMEPHOIO pacTBOpa CBA3aHO C MPUCYTCTBHEM TBEPAOH
BBICOKOJIUCTICPCHOM (ha30i CIOMCTOrO CTPOEHHMS, YTO YBEIMUMBACT BEPOSITHOCTH B3aUMOJCHCTBUN MEXTY
MaKpOMOJIEKYyJIaMH rejeo0pa3oBaTess U TBEPAbIM KOMIIOHEHTOM JTyOpHUKaHTa.
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OOpaboTka OypoBOTO pacTBOpa CMa3O4YHBIM MaTEpHAOM, TPEICTABISIONIUM COOOU
BBICOKOIUCIEPCHBIN chepuueckuii marepuan, Alpine Drill Beads mpuBogur K 3HAYHTEIHLHOMY
YBEJIMYEHUIO BCEX PEOJIOTHUCCKHUX (OCOOEHHO IIACTUYECKOM BSI3KOCTH) U CTPYKTYPHO-MEXaHUUIECKUX
mapamMeTpoB OypoBOro pactBopa. OTH SIBICHHS CBsI3aHbI C  IOBBIIICHHEM KOJHYECTBA
BBICOKOMCIIEPCHOM (ha3bl. CHIDKEHUE TPEHHSI, KOTOPOE OTMEYAETCS U B JaOOPaTOPHBIX YCIIOBHSX, U
HETOCPEICTBEHHO MPH CITYCKO-TIOABEMHBIX OMEPAIUsIX, B TOM YHCJE HMPU CIYCKE 0OCAJHBIX KOJOHH,
CBSI3aHO C B3aMMOJICHCTBHEM C METAUIMYECKHMH [OBEPXHOCTSIMH, OCOOEHHO MPH BBICOKHX
KOHTaKTHBIX Harpy3kax. B OypoBBIX pacTBOpax, B KOTOPbIX OTCYTCTBYyeT TBepaas ¢asza, Ha
BHYTPEHHEE TPEHUE U CTPYKTYPOOOpa30BaHKE BIMSAET TOIBKO JOMOIHUTEIBHBIA TBEP/IBIA MaTEpHAIL.

Takum 00pa3oM, cMa30uyHbIe 1OOABKH MOKHO CUMUTATh aKTUBHBIMH KOMIIOHEHTaMU OYypOBOTO
pactBopa. Heo0X0muMO OICHHBATh BO3MOYKHBIC H3MEHEHHS PEOJIOTHUCCKMX W CTPYKTYPHO-
MEXaHMYECKUX MapaMeTPOB, YTOOBI MPEIYPEAUTh BO3MOXKHbBIC OCI0KHEHHS, HHIIUICHThI U aBapUH.

bubauorpaduyecknii CIucoK:

1. BypoBble MPOMBIBOYHBIE M TAMIIOHAYKHBIE PACTBOPHI : ydeOHO-MeTo . mocobue / H. M. Ynsmesa,
A. M. Boponuk, M. A. MuxeeB. — Yxrta : YI'TVY, 2019. - 79 c.

2. Ou3MKO-XMMHUYECKHE METOABl OOphOBI C OCIOXHEHHAMHU : yued. mocobdue / H. M. VYismesa
[1 op.]. — Yxra: YI'TY, 2015. - 119 c.

VK 622.244.42
AHaJM3 NPUMeHEeHHs MOJIMMEPHBIX 0YPOBBIX PACTBOPOB B HEYCTOIYMBBIX INIMHUCTBIX
OTJIOJKEHUSIX HA MPUMepe YHTBITeiiCKOro MeCcTOPOKIeHU U

bensaxos H. B.
Hayunsiii pykoBoaurens - Yistmesa H. M.
Yxmunckuii cocyoapcmesennbiil mexnuyeckuil ynusepcumem, 2. Yxma, Poccus

UccnenoBanus, pe3yapTaThl KOTOPBIX IPEACTaBICHbl B JIAaHHOW paldoTe, MpPUYpOYEHBI K
CTPOUTENIBCTBY CKBaKUH Ha YHTBIT€HCKOM MecTopoxaeHuu. Paiton pabot pacnonoxkeH B TroMeHCKOM
obnactu, CypryrckoM paiioHe XaHTbl-MaHCHICKOro aBTOHOMHOTO Okpyra-FOrpsl, Ha YHTbBITelicKoM
MecTOpoXkJIeHUH He(Tu (pucyHok 1). PaiioH npuypoueH Kk LeHTpanbHOM yacTu 3anagHo - Cubupckon
paBHUHBI, B Ipejaenax r0kHON dactu CpeaHeoOCKOW HHU3MEHHOCTH. YHTBHIT€HCKOe MECTOPOXKIACHUE
He(TH SKCIUTyaTHPYETCsl MHOTO JIET M SBISETCS TEppUTOpHUEd C OOJBIION CTENeHbIO TEXHOT€HHOU
Harpy3ku, K KOTOPOM OTHOCSTCSI: IPOMBIIUICHHbIE IJIOLIAJAKH, Pa3BeIOUYHbIE CKBa)XUHBI, KOPUAOPHI
KOMMYHHKAIHH - HerecOOpHbIEe CETH, BOJJOBO/IbI, aBTOJOPOTH, JIMHUU JIEKTpoIepeiay u 1p.

[laneorenoBass cucreMa TMpeACTaBlI€Ha TIJIMHUCTO-TNIECYaHBIMU IOPOJAaMHM, a HWMEHHO,
aJIeBPOJINTAMH, aKTUBHBIMHU CIa00TUTH(GULIMPOBAHHBIMY INIMHAMU U NeckaMu. B npeaenax MenoBoit
CHCTEMBI pa3pe3 CJI0KEH IMEeCYaHUKOM, aJleBPOJIMTOM M apri/UIMTOM. B ropckoil cucteme mopopbl
MIPUCTABIIAIOT COOOM aJeBPOJIUTHI U MecYaHUKH. bojee moapoOHO MOPObl, APYChl, CBUTHI U CUCTEMBI
ITOKA3aHbl HA PUCYHKE 2.

AHanu3 NpoMBICIOBBIX MAaTEPUAIIOB, B TOM YUCIIE IIPOEKTHON TOKYMEHTAIMH, TI03BOJISIET OLIEHUTH
OCJIOKHEHHOCTh pa3pe3a. Hampumep, mox KOHAYKTOp, TJie BCKPHIBAIOTCS OTJIOXKEHHSI aKTUBHBIX TJIMH U
HECIIEeMEHTUPOBAHHBIX TTECKOB, BEPOSTHBI CYXKEHHE CTBOJIA CKBAXXKMHBI, 3aTSHKKU, CATbHUKOOOpa30BaHUE
Ha gomotre u anementax KHBK, mpopabotku B pesymprare ochineil. [Ipakthdecku aHaJoOruMyHble
OCJIOKHEHHS NpU OypeHHH MOJ1 SKCILTyaTallMOHHYIO KOJIOHHY: cajlbHuKooOpa3oBanue Ha aonote 1 KHBK
B aKTUBHBIX IJIMHAaX M CY)KEHHE CTBOJIA CKBAXXMHBI B pe3y/ibTaTe MX TMIpaTalud U HaOyXaHUs TpH
KOHTAKTe C BOJHBIMHM PAaCTBOPAMH, HECTAOMIIBHOCTh apTHILTUTOB.

Takum o0pa3zom, Bce mepedHclIeHHbIE OCIIOKHEHHS B TOW WM MHOW CTENEHH CBSI3aHBI C
MPUCYTCTBUEM B pa3zpe3e TIUHHUCTBIX TOPOJA pa3IMYHOW CTENeHU JIUTH(PUKALUU, B TOM YHCIE
MOJIOJBIX, CKJIOHHBIX K THApaTalui, Ha0yXaHHUIO U aare3un. B cBs3M ¢ 3THM 3ajaueil uccieaoBaHus
ABIISICTCS OLIEHKA IOBEIEHUS TNIMHUCTBIX MOPOJA B cpelae OypOBBIX pacTBOPOB HAa BOJHOW OCHOBE
Pa3IMYHOTO KOMIIOHEHTHOTO COCTaBa. B paMkax HMCCIE€NOBaHHS BBIIOJHEHO |2 JKCIIEpUMEHTOB, B
X0JIe KOTOPBIX MCIIOJIb30BAIUCH MOJIMMEPHBIE PAacTBOPbI, MUHEPAJIN30BaHHAs BOJA, BOJA, a TaKXKe
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pPacTBOp C MOJMAKPUTIAMHUIOM (MHKKATNCYIATOp, QuokynsHT). K monumMmepHbIM pacTBOpaM B KadyecTBe
WHTUOUPYIOMINUX 00aBOK ObUTH TOOABICHBI XJIOPHI KAJIHSI, IIOJTUIKOIb.
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Pucynok 1 — Pacnionoxxenne YHTBIT€MCKOT0 MECTOPOKIEHUS

B xagectBe oOpa3ia ObLT HCIOJNB30BAaH CIPECCOBAHHBIN OCHTOHUTOBBIA MOPOIIOK U
YBJIQKHEHHBIM OEHTOHUTOBBIM oOpasen. Pe3ynbrarel uccienoBaHuil HaOyxaHUs MOPOA B cpene
OYpOBBIX PaCTBOPOB MPEACTABIEHBI HA PUCYHKAX 3-4.

HccnenoBanusi mokaszald, YTO B CYXHMX TJMHUCTBIX oOpaslax HauOoiblne OObEeMHBIC
W3MEHEHUs HaOII0JAr0TCsS B BOJE M B BOJHOM PAacTBOPE XJIOpWIA Kalus. DTO CBSI3aHHO C BBICOKOH
CTCTICHBIO THJIpaTalliK, KAMWUIAPHBIMU IpoleccaMu (MEPBUYHOE YBIAKHEHHUE) C IMOCICAYIONUM
OCMOTHYECKHM  BJIArOMEPEHOCOM, HHU3KOW BSI3KOCTBIO HCTUHHBIX BOAHBIX  PAacTBOPOB W,
CJIeIOBATEIbHO, YCKOPEHUS MPOIIecca YBIaXKHEHHUS.

3HauMTENbHOE BIUSHUE HAa KUHETUKY HaOyXaHWs OKa3blBaeT [MOJIMAKPUIAMH, YTO
MIOATBEPKIAET HMCCIICIOBAHUs, MTPOBEICHHBIC paHee Ha Kadenpe bypenms [1, 3]. DTo cBs3aHO CO
CHIDKEHHEM CBOOOJHOM BOJbI (TOBBIMIEHHAS! TUAPOGUIBHOCTh peareHTa), BBICOKON MOJIEKYISpHON
MacCcoi W HaJIMYMEM 3HAYMTEIHLHOTO KOJUYECTBA aKTHBHBIX T'PYII, CIIOCOOHBIX aJcOpOMpOBaThCS Ha
aKTUBHBIX IEHTpPaxX, 00pa3zysi CBOCOOPA3HYIO KArcyilry. DTO MPEMSITCTBYET NMPOHUKHOBEHHUIO BOIBI B
TJIMHUCTBIA 00paszell.
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CreneHb HaOyXaHUsI CHHXKAETCSI M TIPH UCTIOJIb30BAHUM TIOJIMMEPHOT0 OE3TIMHUCTOrO OYypOBOTO
pacTBOp, 4TO O0YCIIOBICHO aJCOPOIMEi BEHICOKOMOJIEKYIISIPHBIX COSTUHEHUI Ha MOBEPXHOCTH 00pa3ia
1 00pa30BaHMsI TaK HA3bIBAEMOW MOJIMMEPHON TUICHKH, KOTOPAsi MPETATCTBYET MPOHUKHOBEHHIO BOTHON
¢daspl (pumbTpara) B obpazen. [Ipu moOaBieHUN B MOJUMEPHBIN OC3TIIMHUCTBIN PACTBOP MOJIMAKOIIS,
YCWJIMBAET JICHCTBUE MOJMMEPOB MO CHI)KEHHIO MHTEHCHBHOCTH HAaOyXaHUsS TJIMHHUCTBIX 0OpasIoB 3a
cueT ruapoGoOU3NPYIOIINX CBOKCTB. JIOTIOTHUTENLHBIN BBOI XJIOpHIA KaTHsl (KaTHHXIIOP-TIOJIMMEPHBIN
pacTBOp) HE CHOCOOCTBYET CHM)KEHHIO OOBEMHBIX M3MEHEHUH TIIMHUCTBIX 00pa3loB. JTO CBS3aHO C
YBEIMUSHUEM BOJIOOTIAYN M CHIDKCHUEM BS3KOCTH (IIIBTpATA.
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Pucynok 3 — KuneTtnka HaOyXaHusi CyXHUX IIIMHUCTBIX 00pa3IioB

B cBs3uM ¢ TeM, YTO TpH HCHOJIB30BaHUHM OOPA3IOB TIMHUCTBIX 0O0pa3IOB, KOTOPHIC
NpeIBapUTENbHO T'MAPATUPOBAaHbl, B HUX HEBO3MOXKHBI KamWUIsspHbIe mpouecchl. Ilpu o6padoTke
BOJBI TMOJIMAKPHUIIAMUIOM TIPOUCXOTUT pe3KOoe MajeHne oO0béMa oOpasla 3a CyYeT pa3pyILICHHS
MOBEPXHOCTHOTO CJIOSI MPU YAaCTUYHOW (IIOKYJSALMHU, a 3aTeM HaOJIoJaeTcsi pe3Koe yCKOpeHHe
npoiecca HabyxaHHUs, 4TO CBA3aHO C HENOCTATOYHBIM KoiuuecTBoM ITAA, ocraBuierocs mocie
¢baokynsauuu, a8 GOpMUPOBAHUS MOTUMEP-TIUHUCTON CTPYKTYPHI Ha MOBEPXHOCTU TIMHUCTOTO
oOpaszna. Jlo6aBka B MOJMMEPHBIH pacTBOP XJIOpPHUAA KaJWs, TAaKKe KaKk W MPUMEHEHHE BOJIHOTO
pacTBoOpa XJOpUAA KalHs MO3BOJISIET COXPAHATh TIMHUCTBIE 0Opasibl 3a CUET OCMOTHYECKOIO
npoliecca, HampaBJIEHHOTO M3 TIMHHUCTOTO oOpasma (Bojga B mopax oOpasiia mpecHas) B pacTBOP
(MuHepanuzoBaHHbIN). OJHaKo B JajgbHEHIIEM B BOJHOM pPAacTBOPE XJOpHUIA KalHs HAYMHACTCS
mpolecc pa3MOKaHWs, 4YTO CBS3aHO C HMHTCHCHBHBIM BBICYIIMBAHWEM TIIMHUCTBIX 00pasIoB,
MOSIBICHUEM TpPEIIMH U TOCTENEeHHBIM pa3pylieHueM. lcnonb3oBaHHe HEMHMHEPAIN30BaHHOTO
MOJIUMEP-OE3TIMHUCTOTO0 OYPOBOTO pacTBOpa HE MpEAyNnpekaacT HaOyxaHus 00pa3IoB HECMOTPS
Ha MPUCYTCTBUE BBICOKOMOJIEKYJISIPHBIX CO€AMHEHHH, UTO CBSI3aHO, MTO-BUAUMOMY, C MTOBBIIIEHHON
IEJIOYHOCTHIO, BBI3BIBAIOIICH TOTIOJHUTEIHHOE TUCTIEPTUPOBAHUE TIUHUCTHIX YACTHII, BXOJISIIAX
B COCTaB MCKYCCTBEHHBIX 00pa3noB. OJHAKO AOMOIHUTEIbHBIN BBOJ THAPO(YOOHU3aTOPOB MO3BOIUT
o0ecneynTh COXpaHEHHE TJIMH. OTO MOJATBEPKIAETCS MNPUCYTCTBUEM IOJUIKOJA: CHUKEHUE
0o0BeMHBIX U3MeHeHui coctaBisgeT 40% depes 2 yaca.
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PI/ICYHOK 4 — Kunetuka Ha6yxaHI/151 BJIA’XKHBIX TTIMHUCTBIX o6pa3u013

AHanmu3 pe3ylbTaTOB MCCIECAOBAaHUNA M TPOMBICIOBBIX MAaTE€pPUAIOB IO3BOJWI  CHEIATh
CJIEYIOLLME BBIBOIBI:

e [IpumeHeHHE NOJUMEPHBIX OYPOBBIX pPACTBOPOB Ha YHTBIFCHCKOM MECTOPOXKIACHUU
oOecnieunsio 6e3aBapUiiHyI0 MPOBOJKY CKBaXXUHBI. [Ipr 3TOM OTCYTCTBOBaIM CIOXKHBIE MOMEHTHI IpU
OypeHUM TJHH, T.€. OTCYTCTBOBAIM OCJIOKHEHHs, CBSI3aHHbIE C JlecTaOuiIn3annedl TIMHUCTBIX MOPOJ
Pa3IMYHON CTENEHU JIUTU(DUKALINN.

e [IpuMeHEHHE MOIMMEPHBIX PACTBOPOB B YCIIOBHUAX IOHMKCHHOW BIIAXKHOCTH TJIMHHUCTBIX
00pa3loB TOATBEPXKIACT pe3yiabTaThl OypeHHs Ha YHTBITEHCKOM MecTopoxiaeHuu. Ilpu sTom
OTMEYaeTCsl HETaTUBHOE BO3/IEWCTBUE MOBBIIIEHHON MUHEPAIA3ALUH.

e [Ipu moBBIIEHNN BIAXKHOCTHU TNIMHUCTBIX 00pa3loB TpeOyeTcs JOMOJHUTENbHAs 00paboTKa
MOJIMMEPHBIX OE3TTTMHUCTBHIX PACTBOPOB TUAPOPOOU3ATOPOM UM MUHEPAIU3ATOPOM.

Bbub6anorpadguyeckuii cnucok:

1. Texnonorus OypoBbix pacTBopoB [Tekcr] : yueb.-meton. Ilocobme / H. M. Vinsmesa,
M. A. Muxees, B. B. lypkun. — Yxrta :YI'TY, 2019. — 112 c. un.

2. llemunckas, H.I'. Mcnonp3oBaHne WHTHOUPYIONIMX OYpPOBBIX PACTBOPOB JUIS TPEIOTBPAIICHUS
00BasnioB B MHUHKUCTHIX oTinoxkeHusx Tekct. / H.I'. lemunckas // Te3. qOKJI. MEKPETHOH, MOJIOEKHON
koH(. "CeBepreoskorex 2001", YI'TY, VYxra, 2001 r., C. 63-64

3. Ynsmesa, H.M. Texunonorus 6ypoBsix skuakocteil Teker.: Teker nekunit/ H.M. Vismesa. Yxra:
YUH, 1997 r.
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CEKIUA 4. TEOJIOT'UA U TEODPU3UKA

YJIK 550.832(470.13)
HccnenoBanue 1eiicTBYIOIIHUX CKBAKIH 10 TEXHOJIOTHH NMPEIBAPUTEIBHOIO CIyCKa Npudopa
1O/I 3JIEKTPOLEHTPOOEKHbII HACOC

Ky3nenosa I'. 4.
000 «JIVKOUJI-Komuy TIII «JIVKOUJI-Yxmanepmezazy, 2. Yxma, Poccus

JlaHHBIH TOKIIAA MOCBSIIEH PACCMOTPEHHUIO aKTyalbHOM MPoOIeMbl HU3KOH HHPOPMATUBHOCTH
MpoBeJeHUS] Te0(PU3NUECKUX UCCIETOBAHUN CKBaKUH C aHOMAJIbHO HU3KHUM IJIACTOBBIM JaBJICHHUEM,
BBICOKUM KO3()()UIIMEHTOM MPOAYKTUBHOCTH IUIAaCTa NPU OCBOCHHHM M BBIBOJE HA PEXKUM
cBabupoBaHueM U ctpyitHbIiMH Hacocamu (YOI'MIC) na npumepe Iledopckoit rpynibl MECTOPOKICHHUI
TIII «JIYKOIJI-YxTanedrerasy.

Ha mectopoxnenusx TIII <<HYKOﬁH-YXTaHe¢)Tera3>> HCIIONB3YIOTCA 2 CTAaHJAPTHBIX METO/1a
BBIBOJIa CKBaXMHBI HAa PEXUM C Leibilo nposeaeHus komiuiekca I'MC mno ompeneneHuto npoduiis
MPUTOKA ¥ UCTOuHKMKA 00BogHEeHUs (CBabuposanue u YII'UC). [2]

1. CBabupoBaHHe — MPOLECC WHTEPBATLHOTO NMOHW)KEHUSI YPOBHS JKUJKOCTH B CKBA)XHUHE IO
mudty HKT ¢ uenpio CHMKEHHS THAPOCTATHYECKOTO JaBIEHUS IS BbI30Ba MPUTOKA M3 miuacTta. K
HelocTaTkaM MeToja oTHocutes: 1) Henmpoxosknenue cBaba 10 3amaHHOW rimyOuHBbL, 2) PeiBKH mpu
nogbeme (morepss oObeMa mogHuMaeMmoro durouna); 3) Pucku oOpeiBa cBaba; 4) HeobxomumocTh
yacroir npombiBky JmpTa HKT; 5) docrarouno monruii cnocod ocBoenus; 6) He nmpumenumo mnpu
Hu3koM P mo oObexram.

2. OtpaboTKa CKBKHUHBI CTPYWHBIM HACOCOM - BBI30B IMPUTOKA M3 ILJIACTa IMPHU MOMOIIH
CTpYHHBIX anmapaToB IyTeM CHIDKEHUsS 3a00HHOro JaBlieHUs B moanakepHoi 3oHe. K HemocTaTkam
Merona otHocutcs: 1) Yacteie 3acopenust cornen Hacoca otioxkenusimu ACIIO; 2) Heob6xomumocTs
YacTOW 3aMEHbl 3aKauMBaeMoOro areHta; 3) PUckM BO3HMKHOBEHHUS IMPHUXBAaTOB I'€PMETU3UPYIOIIMX
BCTaBOK B KOPITyCE€ Hacoca 110 IPUYMHE HAPECCOBAHUS BSI3KUX (paKIMil Ha BEpXHEN 4acTu y3JI0B.

OcobenHoctH 3KcIUTyaTaiuu rpymmsl [ledopekux mecropoxxaeHuit: 1) M3pnekaemsiit ¢umona c
BeicokuM conepkanreM ACIIO; 2) Breicokas npoayKTUBHOCTb mjiacTa; 3) AHOMAJIbHO HU3KHE IJIaCTOBbIE
naienust; 4) CKBOKUHBI SKCIUTYaTHPYIOTCSI MEXaHU3UPOBAHHBIM criocoboM yeraHoBkamu DIH u IIT'H. [1]

Mertonpl paboure, HO 3a CUET BOZHHUKAIOUMX IMPOOJEM KauyecTBO MPOBOJMMBIX HCCIEIOBAHUI
HU3Koe. Mudopmarms, nonagaromas B 6a3bl AOOBIBAIONIMX NPENPUSATHI, HE BCEraa J0CTOBEpHA IO
MPUYMHE HECTAOWIbHBIX U HEPETYJSIPHBIX HCCIIEI0OBAaHUM, KOTOPBIE, B CBOIO OUEpE/Ib, AAIOT MPUOIIMKEHHBIE
JlaHHBIE U (POPMHUPYIOT CYLTHOCTH PELIEHUH, MPUHUMAEMBIX B ITpOLIEcCe pa3pabOTKU MECTOPOMKICHHH.

AHanu3 MH(OPMATUBHOCTH TeO(U3MUECKUX HCCIEJOBAaHUM TIpU OCBOEHHHM METOJOM
cBabupoBanus 1 YOI'UC ckB. rpynmsl [leyopckux MecTopokeHU IpeCcTaBiIeH Ha pUCyHKe 1.

Kak BuaHO 13 aHanM3a Ha CErOAHSIIHUN JeHb Ka4eCTBO IPOBOJAUMBIX MCCIIEI0BaHUN HU3KOE U
3a4acTyi0 HeMH(POPMATUBHO.

C yueToM 0COOEHHOCTEN Ha MECTOPOXKAEHUSX Ipymiibl [leqopckux MecTopokIeHUuN Xopolas
albTepHATHBa JaHHBIM METO/JaM METOJMKa MCCIEN0BaHUS ACHCTBYIOIIMX CKBA)XMH I10 TEXHOJOTUU
MpeABaAPUTEIILHOTO cITycka nmpubopa moa DI[H.

TexHONOrMsT HampaBieHa Ha BO3MOXHOCTH OIpPEICNICHUs] XapaKTePUCTUK MHOT0(a3HOro
MoToka (irouga MO CTBONY CKBaXHHBI B peajbHBIX YCIOBUSAX J1OOBIYM, BBISIBICHHS HCTOYHUKA
OOBOJIHEHHMSI, ONpEAETCeHUS WHTEPBAJIOB IMpPHUTOKAa HEPTH U Traza B CKBAKHHAX C BBICOKUM
KO3 (ULIMEHTOM TPOIYKTUBHOCTH, AHOMAJbHO HHM3KHM IIJJACTOBBIM JABJIEHHEM, BBICOKHM
conepkanueM ACIIO uzBnexkaemoro ¢uronsa.

MeTon OCHOBaH Ha HCCIIEOBAaHMIX IIJJACTOB IpPU paboTe MOTrpy>KHBIX HACOCOB IOCIIE
oxHoBpemenHoro crycka DI[H (IIII'H) u kommiekcHoro reogusnyeckoro npudopa. Kadenu DLH u
npudopa MPOXOAST Yyepe3 MIaHIIain0y ¢ IByMs KaOeIbHBIMU BBOJAMU U TI0 3aTPYOHOMY ITPOCTPAHCTBY
C MPUMEHEHHEM CIIEHUAIBHOTO0 000PYIOBaHUS - JACLEHTPATOPOB, 00ECIIEUNBAIOIIETO CBOOOJHBIN X0
npudopa Bo BCEM MHTEPBAJIEC UCCIIEIOBAaHUI.
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Pucynok 1 - Ananu3 uHGOpPMAaTUBHOCTH Te0(PU3MUECKIX MCCIIEIOBAHUN TP OCBOCHUH METOI0M
cBabupoBanus 1 YOI'MC ckBaxuH rpymnimsl [ledopckux MecTOpoxIeHHH.

Pabotsl npoBossATCs B ABa 3Tana.

Ha nepBoM sTane nocie moarotoBku ckBakxuHsl K ' UC, mpou3BoAUTCS CIYCK reo(pr3nIecKoro
mpudopa B MHTEPBAJ UCCIICAOBAHUN U PETUCTPAIIUU (POHOBOTO 3amepa.

Bropoit stan 3akmtouaercs B cnycke DI[H ¢ Bkmouenumem B moasecky HKT cnennanbHbix
JCTICHTPATOPOB C (hUKcaueld KapOTaKHOTO Kaleis B MEXTpyObe CKBaXHHBI. [lociie OKOHYAHUS
CIycKa TOJBECKH MPUOOP HAXOIUTCS HUXKE Hacoca M HMMEeT CBOOOJHBIM XOJ IJs MPOBEIEHUS
uccnenoBanuil. K kononne HKT kapoTaksblil kabeib KpenuTcs CHENUAIbHBIMU ACLIEHTPaTOPaMH.
OcHOBHBIE 2JIEMEHTHl CKBaXMHHOTO 00OpYyIOBaHUs MpEICTaBleHbl Ha puc. 3. Bce mocnemyromue
reo(OU3NYeCKre MCCIICIOBAHMS MPOBOJATCS 0e3 MPUBJICUEHUST OpUTAJ MOA3EMHOTO M KAIMHUTaIHHOTO
PEMOHTA CKBayKUH.

JIJ1st KOHTPOJISL 32 padOTOW CKBaXUHBI B MIEPUOJIBI MEKIY TeO(PU3NICCKUMH UCCIICIOBAHUSIMHA
Ha YCTh€ CKBXHHBI pa3MEIIaeTCsl ClelUaIbHbIi TMOBEPXHOCTHBIA OJIOK MHTAHUS U PErHCTpalluH,
KOTOPBIA ITO3BOJISICT PETUCTPUPOBATh W XPAaHUTh BO (DIDII-IAMATH HHPOPMAIUIO C JATYUKOB
CKBOKMHHOTO mpudopa. [Ipu He0OX0MMOCTH JaHHBIE, MTOTYYaeMbIe CO CKBaXKMHHOTO TPpUOOpa, MOTYT
nepeiaBaThCs 0 paioKaHaly B peKUME peaJbHOTO BpEMEHH.

BaxHbIMH TTONIOKUTETHHBIMU ACTIEKTAMH MPUMEHEHUS TEXHOJIOTUU SIBIISIOTCS: BO3MOXKHOCTD
MOHUTOPHWHTA JUHAMHUKU paboThl CKBaXKUHBI 0e3 m3BneueHus [ HO u mpusnedenust 6purag KPC Ha
MPOTSHKEHUH BCETO MEKPEMOHTHOTO TEpPUOJa; MPOBEIEHUE MPSIMOTO WHCTPYMEHTAIBHOTO 3amepa
3HAYCHU 3a00WHOTO MaBJIEHHWS W TMOOOBEKTHOE OIpejeieHne ae0uTa W CcOocTaBa MPOAYKIIMH B
paboTaroleil CKkBaXMHe C TMOCIEAYIOIINM TTOCTPOSHHEM MPOMUIIS TPUTOKA; KOHTPOIIb 32 pa3padoTKOi
HOBBIX CKBa)KHH B ITPOLIECCE MX OCBOCHMSI M BBIBOJA HA paOOUMl pexUM SKCIUTyaTallul; BO3MOYKHOCTh
JKCIUTyaTallid OJHUM HAacOCOM CKBaXMH HMEIOIIUX HECKOIBKO OOBEKTOB pa3paboTku, 0e3
npumMeHenust cuctremsl OPO 1 HeoOxonumocTu crycka aonoiaHuTtensHoro ['HO;

Taxxe, onmpeeNneHbl TEXHUYECKUE OTPaHNYEHUS] TPUMEHEHUS JaHHOW TEXHOJOTHH: JOCTaBKa
CKBOKMHHOTO mNpubopa 10 HHTEpBaJla HCCIEIOBAHUN OCYIIECTBISETCS TOJBKO TMPH CIYCKO-
noaseMHbIX oneparusx [HO ¢ mpusneuenuem Opuransl KPC; 3eHUTHBIN yron CKBaXUHBI HE Oolee
25°; nuameTp CKBakXMHbI HE MeHee 146MM npu nuamerpe Hacoca 103mm, u 168MM nmpu nuametrpe
Hacoca 117mm.
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1 - komnencartop

2 - MOrPY:KHOIT YTeKTPOABUIraTe/Ib
3 - ruapo3ammuta

4 - Hacoc

§ - kononna HKT

6 - kabe.tb - TOKOMPOBOJL

7 - kabeab reodu3nyecKui

8 - reopusuueckuii npudop

9 - JKCTIYaTAHOHHASI KOJIOHHA
10 - uenrparop

11 - nnanmaiida ¢ AByMsi Kabe/bHBIMH BBOTAMH
CYV - cranuus ynpas.iienusi

Ub - m3mepuTenbHblii 6:10K
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Pucynok 2 — Cxema MOHTaxa 000pyI0BaHUs ISl UCCTIEI0OBAHUS CKBAKUHBI C TIPEIBAPUTEIHHBIM
crryckom nipubopa moa I1H.

[TogBons uTOr HEOOXOAMMO OTMETHUTh, UTO MpEJCTaBlieHHass paboTa BHOCUT 3HAYUTEIbHBIN
BKJIQJ B YacTH TIPOBEIEHHS BBICOKOWH(OPMATHBHBIX WCCIEJAOBAHUA Ha MECTOPOXKICHHUIX C
aHOMAQJIbHO HM3KUMH IIJIACTOBBIMH JaBJICHHSIMU, BbICOKUM coaepxanueM ACIIO B pexume
MPOMBIIINICHHON AKCIUTyaTallii CKBA)XWHBI, TJAE HCCICJOBaHUS C TNPHUMEHEHHEM TPaJUIIMOHHBIX
croco0oB (cBabMpoBaHUe, CTPYHHbIE HACOCHI) HE MO3BOJISIOT MOJYYUTh JOCTOBEPHYIO HH(POPMALIHIO O
COCTOSIHUM pa3pabOTKHU 3aJIeKel yriIeBoI0pOI0B.

bu6anorpadguyeckuii cnucok:

1. «TexHonornyeckuit MpoeKT pa3padoTku A HeTIHOrO MecTopoxkaeHus» - 2021 r.;

2. Oruer — «/lomonHEeHNEe K TEXHOJOTHUYECKOW cxeMe paszpaborku B HedTssHOTO MecTopoxmeHus
Pecniy6nmuku Komm» - 2021 r.;

3. Ortuer — «/lomosHEeHUE K TEXHOJOTHMUYECKON cxeme pa3paborku C HedTerazokoHIEHCATHOTO
Mectopoxxaerus Pecryonmku Kommy» - 2019 .
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YK 553.98(470.13)
CpaBHuTebHas1 XapakTepucTuKa 3aj1exkeil FO:xuo-KpIpTaeabckoro u
CeBepo-KoxBHHCKOro MecTOpPOsKAeHUIT

OckonkoBa M. /1.
Hayunslit pykoBoautens — 3aboposckast B. B.
Yxmunckuti 2ocydapcmeennblil mexnuyeckuil yHueepcumem, 2. ¥Yxma, Poccus

Tumano-Iledopckuii HeQTera30HOCHBIN OacceiH SBISETCS MPEUMYIIECTBEHHO HEPTECHOCHBIM.
JlnanaszoH ra30HOCHOCTH TaK K€ IHUPOK. bacceliH BKiIoUYaeT B ceds JecsaTh HeTera3oBbIX o0IacTei
(HI"O), xaxxgast ©3 KOTOPBIX COIEPXKUT OT OJHOTO 0 AecATH HedTerazoBsix paiionos (HI'P).

OOBbeKThl MHTEpeca, pacCMOTPEHHblE B JaHHOW pabore, oTHocaTca K [lewopo-KonBuHckoit
HI'O. Ona pacnonoxeHa B Ipejenax oJHOMMEHHOI'O aBjakoreHa u Bkitouaer jecsate HI'P, B uncio
koTopbix BxoauT Keipraens-Ilewoporoponckuii HI'P.

Keipraens-Ilesoporopoackas 30Ha He(TEra3oHaKOIUICHHS DPACHOJIOXKEHAa Ha  IOKHOM
okoHuanun [lewopo-KoxBuHCKOro  MeraBaza W Ipuieralomed K HEMYy  TEPpPUTOpUHU
CpenHeneyopcKoro nomnepevyHoro nogHATHs (PUCYHOK 1).

e
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Pucynok 5 — O630pHas kapta Keipraens-Ilewoporopoackoro HI'P
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JIaHHBII PETMOH XapaKTepU3yeTcs JOCTATOYHO BBICOKOW CTEIIEHbIO U3YYEHHOCTH. .

B mnpenenax Keipraenscko-Ileuoporopoackoro HegTerazoHOCHOro paiioHa OTKpBITO U B
pa3nuyHO# cTeneHu paszenano 16 Hedrsaubix (Curaseiickoe, CeBepo-Koxpunckoe, KOxno-JIsnkckoe,
IOxno-JIucTBennunoe, 3amagno-Ilewoporoponackoe), razonedTsubix  (FOxxHo-KbIpTaensckoe),
Hedrerazokonaencatbix (FOruackoe, Keipraensckoe u [1e40pOoKOKBUHCKOE) M Ta30KOHACHCATHBIX

(ITegyoporopoackoe) MECTOPOKACHH (PUCYHOK 2).
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Pucynok 6 — Pacnionoxxenne Ceepo-KoxBunckoro u FOxHo-KbIpTaeabckoro MecTopoxaeHuin

Ceepo-KoxsuHckoe HeQTsIHOE MecTOpokIeHrue OTKpbITOo B 1977 1, KO)xHO-KbIpTacibckoe B
1976 1. B cooTrBercTBUM ¢ He(TEra3oreojJoruueckuM paioHupoBaHueM Tumano-Ileyopckoit
MIPOBUHIIMK 00a MeCTOpOXKAeHHsI OTHOCATCS K JIbbkcko-KbIpTaenbckoil 30He HeTera30HaKOIIEHUS B
npenenax  Keipraenscko-Ilewoproponckoro  HedrerazoHocHoro paiiona Ilewopo-KonBuHckoi
He(Tera3oHOCHOM 00J1acTH.

B rtekronmdyeckom otHomeHun IOxHO-KBIpTaenbckoe MECTOPOKIAEHHE IPUYPOUEHO
K OJHOMMEHHOMY no/iHATHIO [leuopo-KokBHHCKOrO MeraBana v NpeACcTaBIsIeT cOO0N MPUPa3TIOMHYIO
AaHTUKJIMHAJIBHYIO CKJIQJKy CEBEpO-3allaJiHOTO  IMPOCTHpaHMs, pa30OMTyI0 Pa3sHOBO3PACTHBIMHU
HapyLIEHUSIMU Ha OJIOKH.

[TpomblinieHHass  HE(TEra3oHOCHOCTh  MECTOPOXKAEHHUS  CBS3aHa C  TEPPUTCHHBIMU
OTJIOKEHUSIMU CPEIHEIEBOHCKO-HIKHE(PPAHCKOTO HEeTera3oHOCHOro komiuiekca. B 1976 r. nepsasi,
npoOypeHHast B Ipefenax CTPYKTYpbl, OUCKOBast CKB. 21 OTKpbLIa 3ajie)Xb HE(YTH B OTIOKECHUAX
CPEIHErOo JEBOHA.

Ha wMecTopoXkaeHMM yCTaHOBJIEHBI JIBE 3alleKM: HAa OCHOBHOM YacTH  IUIOLIAAU
He(Tera3okoHIeHcaTHasi (OCHOBHasl) B IMECYaHMKAaX CTApOOCKOJICKOTO HAaJrOpU30HTa (J3esbcKas,
U3BENIbCKas CBUTHl M BEPXHEUYMKIIMHCKAS TOJICBHUTA) CPEIHEro JIeBOHA M THMAaHCKOTO TOPU30HTA
BEPXHEro JI€BOHA U BTOpas HeOoiblIas HedTsHas 3aleXb B MECYaHMKAaX THMAaHCKOIO TOPH30HTa
BEPXHETO0 JICBOHA HA I0YKHON MEPUKIMHAIN CTPYKTYPbI (PUCYHOK 3).

MecTopoxkaeHre pa3HOQUIIONIHOE, MEJIKOE [0 BeJIWYMHE 3amacoB HEPTH, CIOXKHOE
II0 T€0JIOTUYECKOMY ~ cTpoeHuto.  OcHOBHble — mapaMerpsl  3anexedl  FOkHo-KbIpraenbckoro
MECTOPOKICHUS MPeCTaBlIeHbI B TabiuLe 1.

CeBepo-KoxBuHckoe HePTIHOE MECTOPOXKICHHE OTKPHITO B 1977 T.

[TpombinienHo HepTeHOCHBIMH Ha CeBepo-K0XXKBUHCKOM — MECTOPOXKICHUH  SBIISIOTCS
cpeaHedpaHckue, THMAHCKO-CapraeBCKHe, JKBEPCKUE, SpaHCKHE, JA3€JbCKUE  OTJIOKEHUS
¢ mpoaykTuBHbIMU Tutactamu Dafz Dstm+sr, Dadzr, Dzjar, D2dz (pucynok 4 u 5). ITo xapaxtepy
HaCBIIIEHUS M1acThl HeTsiHbIe. OCH