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Kemeposo

KypHan BbIITycKaeTcsi eXKeMeCsIYHO, ITYOJUKYET CTaThH 10 €CTeCTBEHHBIM HaykaMm. [logpoOnee na WwWw.t-
nauka.ru

3a TOYHOCTh MPUBEACHHBIX CBEACHHHA W COJEP)KAHHWE TAHHBIX, HE MOJUICKAIIMX OTKPBITOM MyOIMKamuy,
HECYT OTBETCTBEHHOCTb aBTOPHI.

Penkou.:

Huxkutun [1aBen Uropesuu - rinaBHbIN pelakTOp, OTBETCTBEHHBIH 3@ BBITYCK KypHaa.

basaHoB Urops BaguMoBrY - MaTeMaTHK, CIICIUAIKCT 10 MIOCTPOSHUIO HHPOPMAITHOHHO-
AQHAJIMTUYECKUX CUCTEM, OTBETCTBEHHBIN 3a MEPBUYHYIO MOJEPALINIO, PEIAaKTUPOBAHUE U PELIEH3UPOBAHUE
craTei.

AptemacoB Banepuii BanepbeBud - KaHAMIAT TEXHUYECKUX HAYK, OTBETCTBEHHBIN 32 (DUHATBHYIO
MOJIEPALIAIO U PELICH3UPOBAHUE CTATEH.

3umunHa Mapust UropeBHa - KaHAUJaT TEXHUYECKUX HAyK, OTBETCTBEHHBIN 32 (PMHAIBHYIO
MOJIEPALIAIO U PELICH3UPOBAHUE CTATEH.

Hopmup3aeB Abnykatom PaxumbepareBu - KaHaIuaaT TEXHUYECKUX HayK, HamaHranckuii
WHXUHEPHO-CTpouTeNbHbIi nHCTUTYT (HamMMIIN)

besyrnoB Anekcannp MuxaitinoBud - JOKTOp TEXHHYECKHUX HayK, podeccop kadenps
MaTeMaTUKU U MaTeMaTH4YECKOI0 MoieIupoBanus, FOxHO-poccuiickuii rocy1apCTBEHHbBIN
nonuTexHuyeckuit ynusepcuret (HoBodepkacckuii monurexuuueckuid ”HCTUTYT) uM. M.U .ITnaroga,

HamxapstH Mukaen ToBMacoBuY - KaHIUAT TEXHUYECKUX HAyK, TOUEHT, HanmoHanbHbIN
MOJIMTEXHUYECKNN YHUBEPCUTET ApMEHUH.

[Mymnedun Urops MuxaitnoBud - kanauaat Gu3nKo-MaTeMaTHUYEeCKUX HayK, Kaenpa pu3nuku
TBEPAOTrO Tella BOpOHEKCKOro rocy1apCTBEHHOTO TEXHUUECKOTO YHUBEPCUTETA.

PaBmanos J{unmon YopmianOueBud - KaHIUIAT TEXHUUECKUX HAYK, 3aBEAyIONINI Kadeapoit
«TexHonorus, MalIMHbl 1 000PYAOBAaHUS MOJIUTPAPUIECKOr0 MPOU3BOACTBAY, TaKUKCKUI TEXHUYECKUN
yHHMBepcuTeT uMeHH akageMuka M.C.Ocumu.

KpyrsakoBa Mapraputa BUkTopoBHa — JOLEHT KaHAUAT TEXHUYECKUX HAyK, MOCKOBCKUI
MNOJIMTEXHUYECKUN YHUBEPCUTET.

A.O. CepreeBa (0OTBETCTBEHHBIH aJJMMHUCTpPATOP)[H 1Ip.];
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Bce cratbu mpoxosT perieH3upoBanue (IKCIEPTHYIO OLICHKY).

Touka 3peHus peJaKIuu He BCET/Ia COBMAIAET C TOYKOU 3pEeHHUsI aBTOPOB MyOJIMKYEMBIX CTaTEH.

ABTOpBI cTaTel HECYT MOJHYIO OTBETCTBEHHOCTH 3a COZICpKaHME cTaTel U 3a caM (DakT ux myOIuKaIuu.
Penakuus He HeceT OTBETCTBEHHOCTH TEpe] aBTOpaMH W/MIU TPETHUMH JUIAMH U OpPTaHHU3AIMSIMH 3a
BO3MOXKHBIH yI1ep0, BbI3BaHHBIN MyOIMKaIel cTaThu.

[Tpu ucnonbp30BaHUK Y 3aMMCTBOBAHHH MaTEPHAJIOB CChUIKA 00s3aTeNbHA.
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VK 625.12.033.38
MUHEPAJIBHBIE IOBABKU V151 BETOHOB
MINERAL ADDITIVES FOR CONCRETE

AnHoTauus: OrnpeneneHus: BIUSHAS MUHEPAIbHBIX JOOABOK Ha CTPYKTYpPY M CBOMCTBA IEMEHTA U
06eToHa, CrIocOOBI MOyUeHUsI MUHEPAJIbHBIX 100aBOK.

Annotation: Determining the effect of mineral additives on the structure and properties of cement
and concrete, methods for producing mineral additives.

KiaoueBble ci1oBa: 6eTOH, MUHEpaJIbHBIE JOOABKH, aKTUBHBIE U MHEPTHBIE MUHEPAIbHbBIE JOOABKH,
30J11, OpraHO-MUHEPATbHbIEC JOOABKHU.

Keywords: concrete, mineral additives, active and inert mineral additives, sols, organo-mineral
additives.

JUiss aKTUBHOTO YIpaBJIEHHUSI CTPYKTYpOW W CBOWCTBAMH OCTOHHOM CMecH M OeTOHa, Hapsmy ¢
XUMUYECKMMHU J00aBKaMHM TPUMEHSIOT MUHepalbHble n00aBku (MJI), mnpeacTaBisiolde MOPOIIKH
Pa3IMYHON MHUHEPAIbHOU IPUPOABL, MOTYy4aEeMbIE U3 IPUPOJHOTO UM TEXHOTEHHOI'O CBIPBS: 30JI, MOJIOTBIX
IIJIAKOB, TOPHBIX ITOPOA U AP.

MuHepasnbHble 100aBKH OTIUYAIOTCS OT 3alOJTHUTEINS MEJIKUMHU pazMepamu 3epeH (Menee 0,16 MM, a
yalmie eme MEHbIIE), a OT XUMHUYECKUX MOAM(DUKATOPOB TEM, YTO OHM HE DPACTBOPSIOTCS B BOJE.
Pacrnonarasicb BMecTe ¢ 1IEMEHTOM B IIYCTOTaX HAIOJHUTEINS, OHU YIUIOTHSIIOT CTPYKTYpy O€TOHa, B pse
CJIy4aeB I103BOJISISl YMEHBUIUTD PACXOJ LIEMEHTA.

[Tostomy MJI yacTo Ha3bIBaIOT MUHEpAJIbHBIMU HanojgHuTeaaMu. Ecim onenuBate M/l mo wux
BIMSIHUIO Ha CTPYKTYPY U CBOMCTBA IleMeHTa M O€TOHa, TO B 3aBUCHUMOCTH OT JUCIEPCHOCTH MX MOXKHO
paznenuth Ha M/]-paz6aBurtenu niementa u M/JI-yroraurenu: — M/[-pazbaBurtenu, HampuMep 30J1a, UMEIOT
IpaHyJIOMETpUYECKUN cocTaB, ONM3KMM K LeMeHTy (yaenpHyro mnoBepxHocTs 0,2-0,5 MZ/F). - M-
VIUIOTHUTENU, HAapUMEp, MUKpPO KpEeMHE3eM, HMMEIOT 4YacTUuku npumepHo B 100 pa3 meHble 3epeH
nemMeHTa (ynaenbHas moBepxHOcTh 20-30 Mz/l") U SBIsIIOTCS Ooniee >(pPeKTuBHOM M00aBKOM, Tak Kak
CIOCOOHBI 3alOJIHATH IMYCTOTHI MEXIYy 3€pHAaMHU ILIEMEHTa U O0JIaJaloT TMOBBIIIEHHON peaKkIMOHHON
CIIOCOOHOCTBIO.

MunepanbHble 100aBKH JeNITCS Ha aKTUBHbIe M MHepTHble. AkTuBHble MJ[ cmocoOHbI B
MPUCYTCTBUU BOJBI B3aMMOJEHCTBOBATh C JAMOKCHIOM KaJbIMsl MpPU OOBIYHBIX TeMIleparypax, oOpa3ys
coeuHEeHMs, 00najammue BsDKYIIMMU cBoicTBamu. Ilpu BBeaeHMM B GETOH OHM B3aMMOJEHCTBYIOT C
Ca(OH),, BeIgensomMMcS NpU TUApaTanuu nopriananeMeHnTa. Hekoropele aktuBHble MJI, Hampumep,
MOJIOTBIE€ JIOMEHHbIE IIIJIaKH, CIIOCOOHBI K CaMOCTOSITEIbBHOMY TBEPJIEHHIO, KOTOPOE aKTUBU3HPYETCS MpPH
nobaske m3BecTd. Ha cBoicTBa MUHEpaJbHBIX J100ABOK 3HAYMTEIBHOE BIIMSHUE OKA3bIBA€T MX 3€PHOBOM
COCTaB, ONPEACTSAIOIINN YICIbHYI0 MOBEPXHOCTh M, COOTBETCTBEHHO, PEAKIMOHHYIO CIIOCOOHOCTH WM
BO3MOXXHOCTb YIUIOTHEHUS CTPYKTYphl OETOHA.
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WueprtHble 100aBKM, HampUMep, MOJIOTHIM KBaplLEBBIA MECOK, NpU OOBIYHOM TeMIepaType He
BCTYMAIOT B PEAKLHI0O C KOMIOHEHTaMHU LIEMEHTa, OJJHAKO MpPH OIpeNeJIeHHbIX YCIOBUSIX (HAmpUMep, Ipu
aBTOKJIaBHOM 00pabOTKe) OHM MOTYT HpOSIBIATH PEAKIMOHHYIO CIIOCOOHOCTh. B OonbIIMHCTBE CiiydaeB
MHEPTHBIE J100aBKU HCMOIB3YIOT JJISl PEryJIMpOBaHUS 3€pPHOBOIO COCTaBa U MYCTOTHOCTH TBEPIOH (a3bl
OeToHa (3amOJIHUTENb —IEMEHT- MUHEpalibHas 100aBKa) C EJIbI0 YIIPAaBICHHs CBOMCTBaMU OETOHHOM cMecH
u 6eToHa.

[TpupoaHble MUHEpaJIbHBIE JO0ABKH MOJYYalOT TOHKMM HM3MEIbUCHHEM Pa3IMYHBIX TOPHBIX MOPOJ
BYJIKAHMYECKOTO (Ty(BbI, MEIJIbl, TPACChl) WIH OCAJ0YHOTO (AMAaTOMHT, TPEIes, OMOKa) MPOUCXOXKICHUSI.
HNmenHo k Tydy mnepBOHAa4YaabHO OBLT MPUMEHEH TEPMHH «IIYLIOJAHBD» 10 HA3BAHUIO HTAIBSIHCKOTO
MeCTeuKa, e OH J00bIBajcs. BHocineiacTBUM 3TOT TEPMHH PACHPOCTPAHUIN W Ha JPYrHe aKTHUBHBIC
IIPUPO/IHBIE MUHEpPAJIbHbIE 100aBKUM. M/l BYJIKaHMYECKOIO MM OCAJ0YHOI'O MPOMCXOXKJIEHUS COCTOSAT B
OCHOBHOM M3 KpeMHezeMa u rimHo3eMa (70-90%), koTopble B H3BECTHOH Mepe OIpenessioT UuX
MYLII0JIAHOBYI0 AKTUBHOCTb. OJTU J00aBKM IIMPOKO NPUMEHSIOTCS MpU Ipou3BojcTBe LemeHTa. K ux
HEeZ0CTaTKaM CJIeJIyeT OTHECTH MOBBIIICHHYIO BOJIO TOTPEOHOCTD.

MunepasibHble 100aBKM M3 TEXHOTEHHOTO CBHIPhsl (30JIbI, MOJIOTBIE IUIAKH, MHUKPO KPEMHE3eM H
Ipyrue) UMEIOT pa3jMyHblii MHHEpPaIOrH4ecKHil COCTaB W JUCIEPCHOCTb, OT KOTOPBIX U 3aBHCHUT
3¢ (HEeKTHBHOCTH UX MPUMEHEHHUS B IIEMEHTaX U OETOHAX.

3omb1 TOC 00pa3yroTcs NpH CKUTAHWUW TBUICBUIHBIX YIVIEH M3 MX MUHEPAIbHOW 4YacTH, KOTOpas
COJZICPKHUT TIIMHHCTHIC BEIIECTBA, KBApIl M KapOOHATHBIE MOPOAbI. B 3aBHCHMOCTH OT TeMIlepaTypbl TOIKH
(1200-1600°C) u pa3mepoB YacTUIl MHHEpaJbHAs YacTh yIJIEH WM IUIABUTCSA TOJHOCTBIO, WJIH
orIaBseTCss. XMMHUYCCKHI COCTaB 3071 Xapakrepusyercs coaepxanueM 35-60% SiO, , 15-35% Al,Os, 1-
20% Fe;03, 1-30% CaO u HeGonpimoro konumuectBa MgO, SOs, menodel U Apyrux COETUHEHHI.
CooTHoIIEHE KOMIIOHEHTOB 30JIbI IPEAONPEIEISIET €€ aKTUBHOCTD U BSYKYIIIME CBOMCTBA.

Husko ocHOBHBIE 30JbI HIMPOKO HUCHOJB3YIOTCS B KauyeCTBE AaKTHBHBIX MUHEpaJIbHBIX J00aBOK.
Hapsiny ¢ mMunepanbHO# dacThio B 30max TOC ocraercs HeOonpmoe konmmyectBo (1o 5—10% um Gonee)
HECTOPEBILIETO TOIUIMBA, OOBIYHO B BUJE KOKCA. DTOT KOMIIOHEHT 30JIbI OTIIMYAETCS BBICOKON MOPUCTOCTHIO,
YTO YBEJIMYUBAET €€ BOAO IMOTPEOHOCTb, a TaKKE€ MOXKET OTPHULATENbHO BIHATH Ha IPOLECCHI
CTPYKTYypOOOpa30BaHUs IIeMEHTa ¢ 100aBKoii 301bl. [[0aTOMY B cTaHAapTax pa3HbIX CTpaH OTPaHHUYMBACTCS
cojiepKaHue HECTOPEBIIETo yriist (moTepu npu npokanuBanum) 5—10%.

Pa3smepsr yactuil 30561 KoneOmioTes B npeaenax 1-100 MkM 1 ONIM3KH K pa3MepaM 3epeH LIeMEeHTa.
[TockonbKy HECrOpeBUIMI yrojib COAEPKUTCS IJIaBHBIM O0pa3oM B KPYIHBIX YacTHIAX, TO B OTIMYHME OT
JAPYTUX MOPOLIKOOOpPA3HBIX MAaTEPUalOB C TMOBBIIIEHHEM AUCIHEPCHOCTH 30J1 MX BOJO IMOTPEOHOCTh HE
MOBBILIAETCS, a B PAJIE CIIy4aeB JaKe CHUKAETCS.

Cpenssiss IIIOTHOCTB 301l cocTasisieT 1,74-2,4 r/cm®, OHAKO IUIOTHOCTh OTIEIBHBIX bpaxmit
MOKET 3HAYUTENBbHO OTJIMYAThCSl OT CPEAHMX 3HAaueHMH. Meskue yacTHlbl TOIUIMBA NP MbLIEYTOJIBHOM
CKUTAHUU CrOparoT Ha jeTy. [Ipi 3TOM Ha MX MOBEPXHOCTH 00pa3yeTcs IIOTHast 000JI0YKa, & BHYTPU OHH
UMEIOT TOPUCTYIO CTPYKTYpy. llopucTocThio uacTul] oOBSCHSETCS Manas HachbllHAs IUIOTHOCTH 30JIbl,
KoTopasi konebnercs B mpenenax 600-1300 kr/M°. HachIlHasg TJIOTHOCTh 3aBUCHT OT BHUJAa TOIUIMBA U
TEMIIEPATYPHI CKUTAHMSI, OOBIYHO YBETUUYMBASICh C MMOBBILIEHUEM TOCIEIHEN.

Mukpo KpeMHe3eM  SBISETCI  OTXOAOM  IIPOM3BOJCTBA  KPEMHHUMICOAEpPXKAIIUX  CIUIABOB:
beppocunuius, KpUCTANIMYECKOTO KpeMHUs M Jp. B mporecce miaBieHHs MIMXThl U BOCCTAHOBIJICHUS
KBapia npu temnepatype cBbiiie 1800°C obpasyeTcs ra3000pa3Hblil KpEeMHUN, KOTOPBIN MPU OXJIAXKAECHUU
U KOHTaKTe C BO3yXoM okucisgercs 10 SiO; U KOHJIEHCUPYETCsl B BUAE CBEPXMEJIKUX YacTUIl KpEeMHE3eMa.
Conepxanne SiOz B MUKPO KpeMHe3eMe cocTaBisieT 85-98%.

OT npyrux akTUBHBIX MHMHEpAIbHBIX JO0AaBOK MMKPO KPEMHE3EM OTJIMYAaeTCsd OYeHb MaJIbIM
pazmepoM yactuuek (0,1-0,5 MKM) ¥ BBICOKOH ynenbHON moBepxHOCThIO (18-25 MZ/F). Pacnonarasce B
O0eToHE B MOpax LEMEHTHOrO KaMHS, OH CHOCOOCTBYET NOBBIIIEHHIO IUJIOTHOCTU M COOTBETCTBEHHO
MIPOYHOCTH, HEITPOHHUIIAEMOCTH H JJOJITOBEUYHOCTH OETOHA.

OObIYHBIN pacxoJ] MUKpO KpeMHe3ema B OeTroHe cocTaBisieT 5—15% oT Macchl IleMeHTa, 4To
MEHbIIIE, YeM NpU MNPUMEHEHHM JpPYTUX MHHEpaJbHBIX n00aBok. Kpome Ttoro, B 3ToM ciyuae
B3aumozeiicteue B Oerone Ca(OH), u SiO; cpaBHUTENHHO OTPaHWUYEHO W B HEM JUIMTEIIBHOE BpeMs
COXpaHseTcs HeoOXoauMast I 3alIUThl apMaTyphl OT KOPPO3HUH LIETOYHAs Cpefa.

B cyxom Buzae mn3-3a CBEpXBBICOKON JMCIEPCHOCTH HACBINHAsL IJIOTHOCTb MHUKPO KpEMHE3eMa
cocraBmster Beero 0,15-0,2 T/M°, uro 3aTPyIHSET €ro TPAaHCIOPTUPOBKY W IPUMEHEHHE, MO3TOMY B
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MPOU3BOJICTBE OeTOHA OOBIYHO WCHONB3YIOT JIMIIEHHBIM 3TUX HEIOCTATKOB MPEIBAPUTEIHLHO
IpaHyJIMPOBAHHBIN UM OPUKETUPOBAHHBIN MUKPO KPEMHE3EM.

Oprano-MuHepaibHble M00aBKH IOTYYal0T, OOBEAWHSS B EIWHYI0 CHCTEMY OPraHWYecKHil W
MUHEpaJIbHBI KOMIIOHEHTHI, O0JaJarolie KOHKPETHBIM MoaudumupyomuM 3hdexrom. MccnemoBanus
MOKAa3ajly, 4YTO TOHKOJIWCIIEPCHBIE MUHEpAIbHbIC JOOABKM TMOBBIMIAIT 3PPEKTUBHOCTh JACUCTBHS
m1acTu(PUKaTOPOB U, HAOOOPOT, MOCIEIHHE CIIOCOOCTBYIOT IMOJIOKHTEILHOMY JAEUCTBUIO MHHEPAIbHBIX
HATOJHUTENIEH Ha CTPYKTYpY OCTOHHOW cMecH U OeTOoHa.

Kak mpaBuio, opraHo-MuHepajdbHbIE J00ABKM BBITYCKAIOTCA B IMOPOLIKOOOPAa3HOM BHUJE, 4YTO
o0Jieryaer ux BBEJCHHE B OETOHHYIO CMECh.

[Ipy mpoeKkTUpOBaHMM MPUMEHEHHUs 100aBOK HEOOXOJUMO MPOBEICHHE TEXHUKO-3KOHOMHYECKUX
pacyeToB sl MPOTHO3UPOBAHUS 0XUIAaeMoro dgdekra. [Ipu 3ToM ciaenyeT yIuThIBaTh, YTO HCIIOIH30BAHKE
Nn00aBOK MpH MPOU3BOJACTBE OeTOHa TpedyeT IOMOJHUTEIbHBIX 3aTpaT sl CO3/IaHUs CKIIAJOB J100aBOK,
TPAHCIOPTHBIX ~ MarucTpajieid, y3JIO0B MOATOTOBKM  100aBOK, JIOMOJHHUTEIBHBIX  JI03aTOPOB B
0EeTOHOCMECUTENbHBIX IiexaX. HekoToprie J00aBKM HMMEIOT CPaBHUTENIBHO BBICOKYIO CTOMMOCTH M €Ile
nepunuTHbl. [103TOMY HEOOXOAMMO HCIONB30BaTh TOOABKU B MEPBYIO OYEpEllb TaM, /i€ X MPUMCHCHHE
JaeT HAauOOJBIITUN TEXHUKO-3KOHOMHYCCKHH P PeKT.
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HOBBIINEHUE S9OPEKTUBHOCTHU PABOTBI CUCTEM TAI'OBOI'O
IJIEKTPOCHABXEHMUSA ITPU BBICOKO CKOPOCTHOM JIBUKEHUU

INCREASE EFFICIENCY OF WORK OF TRAFFIC ELECTRICAL SUPPLY SYSTEMS
AT HIGH-SPEED MOVEMENT

AnHoTanusi: COBpEMEHHBIN jKeJI€3HOAOPOKHBIA TPAHCIOPT SABJISETCS OJHUM U3 Ba)KHBIX 3BEHBHEB B
CTPYKTYPC S3KOHOMUYCCKOI'O, ITOJIUTUICCKOTO U COITUAJIBHOTO PA3BUTUA PeCHy6J'II/IKI/I V306ekucran. B C(1)epe
I'PY30BbIX U MMACCAKUPCKUX MCPEBO30OK KCJIC3HBIC JOPOTH 3aHUMAIOT JIMAUPYIOUIKUEC ITO3UIIHUU 11O CPABHCHHUIO
C ApyruMu BHJaMH TpPAHCIIOPTA. HepCHGKTI/IBLI Pa3BUTHA KCJIC3HOAOPOKHOI'O TPAHCIIOPTAa HAIPAMYIO
CBA3aHbl C Pa3dBUTHEM CKOPOCTHBIX MW BBICOKOCKOPOCTHBIX TIMACCAKHMPCKHUX TICPEBO30OK, a TaKKC
I'py30IIEpEBO30K MMOC3JaMHn MHOBBIINICHHOM MacChl U JJINHBI.

Abstract: Modern rail transport is one of the important links in the structure of economic, political
and social development of the Republic of Uzbekistan. In the field of freight and passenger transportation,
railways occupy a leading position in comparison with other modes of transport.

Prospects for the development of rail transport are directly related to the development of high-speed
and high-speed passenger transportation, as well as freight traffic with increased weight and length.

KiaoueBnlie cJioBa: IPY30BbIX W MACCAKHUPCKHUX TIEPCBO30K IKCJIC3HBIC OOPOrd 3aHUMAIOT
JIMIMPYIOIIME MTO3UIIMHU 110 CPaBHEHUIO C APYTMMH BUIaMHU TpaHCIOPTA.

Keywords: In the field of freight and passenger transportation, railways occupy a leading position in
comparison with other modes of transport.

COBpeMeHHHﬁ )KCHC3HO,Z[0p0)KHLII\/'I TPAHCIIOPT ABJIACTCA OAHUM M3 BAXKHBIX 3BCHBCB B CTPYKTYPC
SKOHOMMYECKOTO0, MOJIUTUYECKOTO U COLIMAIbHOTO pa3BuTHs Peciybnuku Y30ekucran. B chepe rpy3oBbIxX u
MaCCAKUPCKUX MEPEBO30OK KCJIIC3HBIC JOPOTrM 3aHUMAKOT JIMAUPYIOIMIHUEC ITO3UINHN 110 CPABHCHUIO C APYTUMHA
BUJaMH TpaHCIIOpTa. HepCHGKTI/IBBI Pa3BUTHA KCIC3HOAOPOIKHOI0 TPAHCIIOPTA HAIIPAMYIO CBA3aHBI C
Pa3BUTHEM CKOPOCTHBIX M BBICOKOCKOPOCTHBIX IACCAKUPCKHUX IIEPCBO30K, a TaKKC TPY30IICPCBO30K
Imoe3gamMun MOBBIIIEHHON MacChl U JJINHBI.

HOCJ’IGI[HGG 0COO€EHHO AKTYAJIbHO I HOKHBIX PETMOHOB B CBA3HU C IMNEPCICKTHBAMHU YBCINMYCHHUA
Ipy30M0TOKa B HalpaBiIeHUH MOpCcKUX noproB Ilakucrana yepes Adranucras.

OT > deKTUBHOCTH pabOTHI JKEIE3HOA0POKHOW HHPPACTPYKTYPHI, B YACTHOCTH TaKOTO €€ Ba)KHOTO
JJIEeMEHTa KakK cucreMa TAroBoro ayekrpocHaOxeHus (CTD) 3aBUCHUT yCHENIHOCTh JIOCTaBKU TPY30B H
MMacCaKrupoB IO YTBCPKACHHBIM Fpa(I)I/IKaM JABUXKCHUS ITOC3J0B.

OaHuM W3 TPUOPUTETHBIX HaNpaBiieHUN moBbilieHUs 3pdextuBHOCTH padoTel CTD sBusercs
CHMIXKCHHUC PACXOOO0B SJICKTPOSHECPIMH HA TATY HOC3)10B[1].

[lepenaua snextposHepruu ot TAroBeix noactraniuit (TII) x snexTponoasuxHOMy coctaBy (DIIC)
compoBoXkaaeTcst HebamancoMm anekTposneprun AW B TsaroBoit cetu. Hebamanc mpenctaBisieT pa3HOCTH
MOKa3aHUI CYETYHKOB OJICKTPOOHCPIUH, OTHYCKaeMOﬁ TATOBBIMHU IIOACTAHIIUAMU U l'IOTpG6J'I$I€MOI>i
QJICKTPONMOABHUIKHBIM COCTABOM

Bbananc OJICKTPOOHECPIUA B TATOBOU CETU HaXOJUTCH IO BBIPAKCHUIO:
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AW, = Wy + AW,

rne W, — cymMMapHBIi pacxoi 3JIEKTPOIHEPrHH Ha TATY MOE370B MO ¢uaepaM KOHTAKTHOH CeTH
OKC taroseix noacranumii; W,,. — pacxon snektposHepruu Ha asmxkenue I1IC.

Pacxon snexkrposnepruu Ha aswkenue DIIC W, ., sBiseTcs OqHUM U3 BaXHBIX MTOKa3aTeNe paboTh
ANEKTPOPUIIMPOBAHHBIX JKEJIE3HBIX JOPOT, OIPEIEISIEMbIM 10 (hopMyIie:

VVsnc = erp + anop + M/nacc )

e Wone Whaco Wiop — MOTPEOIIEHHE DIIEKTPOSHEPTHU HA TPY30BOE, MOPOKHEE TMACCAKUPCKOE
JIBUKCHHUE.

B cBoto ouepenb, Bennunna W, 328BUCUT OT yAENBHOTO PacXxoja JEKTPOIHEPruu Ha Tsry Ay, a
TaKKe rpy30000pora Ply, u maccaxupoobopora Pl -

B nanHoOli paboTe OCHOBHBIM HANpaBICHUEM MO CHIDKCHHIO PACXOIOB 3JIEKTPOIHEPTHH Ha TATY
M0e3/0B MPUHITAa MUHUMU3ALIMA HeballaHCa 3JIEKTPOIHEPTUH B TITOB CETH.

[Tpu onerke 3pPeKTUBHOCTH padOT, SMEKTPUDUIIMPOBAHHBIX KEIE3HBIX AOPOT OBLTH PACCMOTPEHBI
CTAaTHCTHYECKHE ToKa3aTen pabotsr AXK "YTH" 3a 2018 roxa[1].

B kauectBa KpuTepueB pabOThl IUCTAHIMHM 3JIEKTPOCHAOKEHHS TOPOT BBIOPAHBI CIEAYIOLIHE
MoKa3areu: pacxol sJ1ekTposHepruu Ha tary Wy, no ®KC TII, ynenbHbii pacxofl 31eKTpodHeprun Ay, a
TaKxke HebamaHe eKkTporHeprun AW B TSAroBO# ceTH.

B 2012 roxy, cormacHo pesynbTatam paborsl AXK "VTH", HeGagaHC 31EKTPOSHEPIUH B TATOBOH
cetn auctaHuuu snektpocHabxkenus PXKY Bbyxapa (34-8 r.Camapkanna) coctaBun 280,7 muH. kB1-u, nnm
14,5% oOT nma SNMEeKTPOdHEPruu Ha TATY mHoe3noB. llpu 3TOM HOpMHpyeMbIH ypOBEHb TEXHOJOTHYECKHX
MOTEPh AJIEKTPOIHEPTUH cocTaBisgeT 3,4-6,7% OT pacxojlia 3JIEKTPOIHEPTrUU Ha Ty moe3noB. M3 aTtoro
CIIE/IYeT, YTO MOBBIEHHE 3HeproddQeKTHBHOCTH Kele3Hoil moporn AX "YTH" 3a cuer cHukeHHs
HeOaslaHca JICKTPOIHEPTUH B TSTOBOW CETH SBJISICTCS aKTyaJIbHOH 3a1auei.

Jns ee perieHus BBINOJNHEH aHalW3 HeOalaHca SJEKTPOIHEpruu B TAroBod cetu. CTpyKTypa
HebaraHca OMUCHIBACTCS BEIPAKEHUEM:

AW = AW, + AW, + AW ,

rne AW, AW,, AW, -  TeXHOIOIWYECKHUE, [OIOJHUTEILHLIE U KOMMEPYECKHME IOTEPU
AJIEKTPOIHEPIUU TATOBOM CETU COOTBETCTBEHHO.

TexHoNOrnYecKue MOTEPU AIIEKTPOIHEPTUU 3aBUCAT OT BEIUYHHBI TOKA B MPOBOAAX KOHTAKTHOM
CETH UX aKTHUBHOTO COMPOTUBIICHUSA:

t
AWTzf |I;1?R;dt,
0

rje t -pacueTHbIN TEpUOA BPEMEHHM; ;- KOMILIEKCHBIH TOK B i-M 3JeMEHTe TAroBoil ceTH; R -
AKTHBHOE COIPOTHUBIICHHE I-T'0 3JIEMEHTA TATOBOM ceTn[2].

HebanaHnc »1neKTpo’HEPTHU NpU OJHOCTOPOHHEH cXeMme IUTaHWs TATOBOW CeTH oOmperenseTcs
CYMMO} TE€XHOJOTHYECKHX U KOMMEPUYECKUX MOTeph AnekTpodHeprun (AW; = AW,,,; + AW,) To ke Bpems
IIpU JIBYCTOPOHHEH cXeMme MHUTaHus HebajgaHc OyJaeT paBeH CyMME TEXHOJOIMUECKHMX M KOMMEPUECKUX
T0Teph SHEPTMH TONBKO NPU YCIOBUH paBeHCTBAa BekTopoB Hampskenuu: U, = Up Ha mmHax cMexHbIX
TATOBBIX TTOACTaHINI A 1 B.

B 3TOM ciyyae IBYCTOPOHHSS CX€Ma 10 CPAaBHEHHUIO C OJHOCTOPOHHEH CXEMOW IUTAaHMs TATOBOMN
ceTH oOecreuynBaeT MUHUMaJIbHbIE TOTEPU HANIPSKEHUSI U MEHBIIMM HeOallaHC SHEPTUH B TATOBON CETH.

B ycnoBusix Bo3pacTaromux o0beMOB JKEJIE3HOIOPOKHBIX MEPEBO30K U PACXOIO0B 3JIEKTPOIHEPTUU
Ha TATY MOE3]10B, a TaKXKe Tapru(OB HA AIEKTPOIHEPTUIO OOIICTIPUHATASI CXeMa JIBYCTOPOHHErO MUTaHMSI B
HEKOTOPBIX CIy4asXx MOXET oKa3aTbcd HeI()(EKTUBHOW, OCOOCHHO TpU 3HAYUTEIBHOM pPa3HOCTH
HanpspkeHud Ha mmHax cMexHbIX TII. B aTom ciydae TpeGyeTcs BBINOIHUTH CHEHATbHBIE MEPOIIPUSTHS,
HarfpaBJIeHHbIE Ha MOBbIIIeHUE dHeprodppexktuBHOCTH CTO.

B macTosimiee Bpemsi CYIIECTBYIOT CIIEIYIOIIHE METOJbI TOBBIMICHUS S(()EKTUBHOCTH pabOTHI
ANIEKTPU(PUIMPOBAHHBIX JKEIE3HBIX JOPOT, a MMEHHO: 1) aHamu3 peXUMOB pabOThI CHUCTEM TSTOBOTO
ANEKTPOCHAOKEHUS C yU€TOM IrpaUKOB ABHKEHUS TIOE3/10B;

2) mpoBeJieHHE MEPONPUATHI, TOBbIAOMNX 3 dekTuBHOCTH padoThl CTI:

a) TIOBBIIIEHUE YPOBHS HANpSIKEHUS Ha IIMHAX CMEXHBIX TATOBBIX MOJCTAHIMM — IMomepeyHas
(ITTIK) u npomonsuast (IIJK) emxoctHas kommeHcarnus Ha TII; BkiItoueHue Ha TapaieIbHYI0 padoTy
CHJIOBBIX TpaHc(hopmaTopoB; BbIOOp K03 PUlleHTOB TpaHC(hOpMallUU Ha TATOBBIX MOJCTAHIINSX;

0) CHMXXEHHE KOMMEpPYECKHX IOTEeph AJIEKTPOIHEPIUH IyTEM BHEIPEHHUs aBTOMATU3UPOBAHHON
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crcTeMbl KoMMepueckoro yueta anekrposneprun (ACKYD) na ®KC TII u na 3I1C;
B) CHUXXEHHE JOMNOJIHUTENIBHBIX IOTEPh SJEKTPOIHEPIrUU B TATOBOM CETH IyTEM BHEAPEHMS
CKAJIA —cucTeMbl ISt IMCTIETYEPCKOTro yrpasieHus pexxumamu CTI[2].

OpHako, nepevnciIeHHble METOJbl HAIPABJICHBI TOJBKO Ha IOBBIIMIEHUE OTIEJBHBIX IOKa3aTenen
pabotrsl CTD u He cmocoOHBI B MOJHOH Mepe PelIUTh IMOCTABICHHYIO 3a/ady IO BBHIOOPY HapamMeTpoB
paboThl YCTPONCTB 31EKTPUGUIMPOBAHHBIX JKEJIE3HBIX JIOPOT, HAIPABICHHBIX Ha CHWXKEHHE HeballaHca
AJIEKTPOIHEPTUU B TATOBOM ceTH. YTOOBI pemnTh MOCTABICHHYIO 33/1a4y, HEOOXOAUMO BBIMOJIHUThH aHAIIN3
[IapaMEeTPOB CUCTEMbl BHEIIHEro 3JekTpocHaOxeHus (CBD), TAroBoil ceTw, TArOBBIX MOJICTAHLMU U
OpTaHU3aIMH JIBUKCHUS TI0€3/10B, BIHMIIOMNX HAa TEXHUKO-OKOHOMUYecKue nokazarenu padorst CTO. Ilpu
3TOM MapaMeTpbl MO>KHO pa3ZielIuTh Ha JIBE TPYIIIBI - PEryJIUPYyEMbIC U HEPEryJIupyeMble.

Kax 111 AUCKPETHBIN IIapaMeTp yCTaHABIMBACTCS HA ONPEICIICHHBI HHTEPBAJl BDEMEHHU, B TEYEHUE
KOTOPOI'O OH OCTaeTcsi HEM3MEHHbIM. VI3MeHeHue 3HayeHHue MapaMeTpa CBSI3aHO C IEepPeKIIOYEHUEM
COOTBETCTBYIOLIETO €My KOMMYTALIMOHHOTO ammapara, 00JIaJaloliero OnpeeeHHBIM KOMMYTAllMOHHBIM
pecypcoM.

Hcxons wm3 3TOro, 4yToOBI OLEHUTH BiusHHe napamerpoB CTD Ha TEXHHKO->KOHOMHYECKHE
II0Ka3aTeal, HeoOXOAUMO YUUTHIBAaTh JUCKPETHBIM XapakTep MapaMeTpoB, MHTEpBalbl pabOThl U pecypc
YCTPOMCTB U anmnaparoB. VICXOAHBIMU JaHHBIMH, ONPEACIAIOIIMMU TEXHUKO-DKOHOMUYECKUE MOKa3aTelu
CHCTEMBI TATOBOI'O 3JIEKTPOCHAOXKEHUS, SIBJIAETCS TpaguK ABMKEHHs MOEe310B, 3anatomuid padory CTD, a
Takxke pexxuM paborel CBD B Buze rpad)iKOB HArpy30K.

BeiOpanHass cxemMa @UTaHHUA TATOBBIX HArpy3oK JOJDKHA oOecrneuyuBaTh HaIlpsDKEHUE Ha
tokornpueMHukax OIIC Uspe B mpenenax JONYCTUMBIX IO INpaBHJIaM YCTPOMCTBA CHCTEMBI TATOBOTO
anektpocHabxenus (IIYCTD) nanpsokenuit — muaumansHoro — B 21 kB, u makcumansnoro — B 29 kB, a
TaK)Ke MUHUMAJIbHBIN HEOATaHC U DJIEKTPOIHEPTUH B TATOBOU CETH.

W13 sToro cieayert, 4ToObI JOCTUYb MOCTABJICHHOH 11eJIH, HEOOXOAMMO CPOPMYJINPOBATh CIAEAYIOIINE
3aaun: pa3padoTaTh MOJAETh CHCTEMBI TATOBOTO AJIEKTPOCHAOXKEHHWs, METOAMKY BHIOOpa CXEM IHTaHHS
TATOBBIX HArpy3oK, a TakK€ TEXHHYECKHE CPEJICTBA U METObl OLEHKH 3(PPEKTHUBHOCTH CXEM MNHUTaHUS
TATOBBIX HATPY30K.
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OCHOBHBIE HAITPABJIEHUAA IIOBBIIIEHUA )KUBYYECTH PA3BEJBIBATEJILHBIX
MNOAPA3SJAEJEHNU BO31YIIHO-AECAHTHBIX BOUCK IYTEM CHUKEHUSA
3AMETHOCTHY BOOPYKEHHMS 1 BOEHHOM TEXHUKH

THE MAIN DIRECTIONS OF INCREASING SURVIVABILITY OF INTELLIGENCE UNIT OF
AIRBORNE TROOPS BY REDUCING THE VISIBILITY OF WEAPONS AND MILITARY EQUIPMENT

AHHOTanus: B craThe pacCMOTpEH akTyaJabHBIM BOIPOC OJHOTO M3 KJIKOYEBBIX HAINPABICHHUH IO
MOBBILIECHUIO )KMBYYECTH Pa3BEbIBATEIbHBIX MOAPA3/IEICHUN BO3IYIIHO-1eCaHTHBIX Boiick (B/IB) 3a cuer
MEpONPUATHIA CHUXKEHHS 3aMETHOCTH BOOpY KeHHsI ¥ BoeHHOU TexHuku (BBT).

Abstract: the article discusses the current issue of one of the key areas to increase the survivability
of the reconnaissance units of airborne troops through measures to reduce the visibility of weapons and
military equipment.

KuroueBrble ¢j10Ba: 3aMETHOCTb, )KUBYUYECTh, CKPBITHOCTD, BOOPY)KEHHE, BOCHHAsI TEXHUKA

Keywords: visibility, survivability, stealth, weapons, equipment.

['ocymapcTBeHHass U BoeHHas monutuka Poccuu, B Hactosulee Bpems, (GopMupyercs B YCIOBHIX
HaIpsDKEHHOM BHEUTHENOJIMTHYECKOH OOCTaHOBKH, TIOJ BO3JAEHCTBHEM IPOLIECCOB TI'€OMOJUTUYECKON
KOHKYPEHIIMH ¥ 3KOHOMMYECKOIO MPOTHBOOOPCTBA TOCYIApCTB, TJI00aNU3alMM  MEXITyHApOTHBIX
OTHOILIEHUH.

CornacHo B3rJIfJIaM POCCHHCKHMX W 3apyO€KHBIX aHAJIMTUKOB, OJJHOM M3 CaMBbIX BOCTPEOOBAHHBIX
TEOPETUYECKUX KOHLENIUN BOWH SBJIAECTCS KOHLEHIUSA «CETELEHTPUYECKUX BOWH», CYHIHOCTb KOTOPOU
3aKJII0YAeTCsl B Mepexoie OT (GPOHTAIBHOIO MPOTUBOCTOSHUS K COCPENOTOUEHUIO YCHUIIMM B T€X 00JacTsX,
7l yIaeTcsl BBISIBUTh YSI3BUMOCTh B BOOPY)KEHUH U clloco0ax 00eBbIX JeMCTBUI MPOTUBHUKA, ONpE/eIeHUe
IJIaBHOTO 3B€Ha B CHUCTEME €ro OOEBOro MOCTPOECHMSI M YIPaBJICHWU, HApYLIEHHE KOTOPOrO U SIBJISETCS
nenpto aerictuil Boiick [0]. IIpeBocxoACTBO B MOOMIBHOCTH, MH(POPMALMOHHOM OOECHEYeHMM H, Kak
CIIEJICTBUE, B TOUHOCTH MOPAKEHUS MO3BOJUT BOMCKaM BeCTH OO€BbIE ACHCTBHS B TAKOM TEMIIE U C TaKOH
MHTEHCUBHOCTBIO, KOTOPBIE BEPOSATHBIN IPOTUBHUK HE B COCTOSIHUU BBIIECPXKATh.

3apyOexHble CTpaHbl MPOJOJDKAIOT pa3BUTHUE HOBBIX (OPM TPUMEHEHHS] BOMCK, TakuX Kak
MacCHUpPOBaHHBIM y/lap BBICOKOTOUHBIM OPYXKHEM, COBMECTHOE HCIIOJIb30BaHMU cpencTB POB u ornesoro
MOpaXeHUsI, PeiI0BbIe AEUCTBUS BO3AYIIHO-IITYPMOBBIX COEIMHEHUI (YacTell), cTpaTernueckue JAeiCTBUs
a’pOMOOMIIBHBIX JECAaHTOB. B cBsi3u ¢ »TuM pa3BuTHe Boiick Boopyxkennsix cuin CIIA mpoucxoauio B
COOTBETCTBUHM C Tporpammoil «Apmwus-21», HanmpaBlIeHHOM Ha 3HAUYUTENbHOE paCIIMpPEHHE HMX OOEBBIX
BO3MOJKHOCTEH 3a CYeT ONTHMM3AUUU OPraHU3alUOHHO-IUTATHBIX CTPYKTYP M IIOBBILICHHUS YPOBHS
TEXHUUYECKON OCHalIeHHOCTH. Llenpio nanHoi mporpaMMsl SIBISIOCH co3faHue Oosiee THOKHX, 00J1a1alonuX
BBICOKOM KHBYYECTbIO (DOPMUPOBAHM, CIOCOOHBIX MPOTHBOCTOATH JIFOOOMY MPOTHUBHHKY. JIOCTUTHYTBH
3TOr0 MpeArnojarajioch IMyTeM OCHAIeHUs COEIMHEHUN BoopykeHueM u BoeHHOW TexHukoi (BBT),
pa3paboTaHHBIMM Ha 0a3e HOBEHIIMX IU(PPOBBIX TEXHOJIOIMHA M TMO3BOJISIOUIMMHU (OPMHUPOBATH OpPTraHbI
yrpasieHus Bcex yposreit [0].
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brnarogapss BBICOKOMY pa3BUTHI0O HMH(DOPMAIMOHHO-PA3BEIBIBATEILHON HHPPACTPYKTYpHl B
MHTEpecax OOIIEeBOWCKOBBIX OObEIUHEHUN M COSAMHEHHMN CITy»KaT KOMIUIEKCHl pa3BeIKH Ha OECHHIIOTHBIX
JIeTaTeNbHBIX anmnaparax, crpaTernueckasl pa3BeblBaTelIbHasi aBUAllNs, KOCMHUUYECKHE CUCTEMbI Pa3BEIKU, a
Takke COOCTBEHHBIE CHJIBI U CpEACTBA, CIIOCOOHBIE OJHOBPEMEHHO BECTH ONTHYECKYIO, paaHo-,
PaAMOTEXHUYECKYIO, PAAHOIOKALIMOHHYIO, TEIUIOBYIO U JIA3EPHYIO Pa3BEIKHU.

B Takux yclnoBHSX COBPEMEHHOIO OOIIEBOMCKOBOro 0O0sl OCTAaThCS HE3aMETHBIM Ui MPOTHBHUKA
NPAaKTUYECKH  HEBO3MOXKHO, 4YTO  CHIXKaeT d3((EeKTUBHOCTh  MPUMEHEHHS  pa3BeIbIBATEIbHBIX
noapazaeneHuid. [103ToMy CHMKEHHME 3aMETHOCTH OO0paslioB BoopykeHHs u BoeHHOM TexHuku (BBT)
SBJIAETCS OJJHUM M3 KIIFOUEBBIX HAlpPaBICHUM 00ecriedeHusl CKpITHOCTH. B TO ke BpeMst ckpeITHOCT BBT
€CThb COCTaBHasi 4YacTh OCHOBHOIO OOEBOrO CBOMCTBAa — JKHUBYYECTH, a COOJIIOJICHUE CKPBITHOCTU -
00s13aTeNIbHBIM YCIIOBUEM YCIIeXa IPH BBHIIOJIHEHUH 00EBBIX 3ajad.

KuBydecTh — 0/lHa U3 BaXXHEHIINX XapaKTEPUCTHK, OLIEHUBAIOIIAS CIIOCOOHOCTh BOCHHOM TEXHHUKHU
COXPaHATh WM OBICTPO BOCCTAHABJIMBATH BO3MOXHOCTH (DYHKIIMOHUPOBAHHS MPHU OOEBBIX MOBPEKIACHUSX,
T.€. CIIOCOOHOCTD BHINIOJIHATH OOEBBIC 3a/1a4H UM 00ECIIEYUBATh UX BHIIIOJHEHHE.

JKuBydects oOecrieumBaeTCsl TOJDKHOW MPOYHOCTHIO KOHCTPYKIIMM BOEHHOW TEXHUKH, OpOHEBOM
3alUTONM, YMEHbIIEHHEM Ta0apUTHBIX pa3MepoB, MpUAAHHEM o00pas3llaM BOEHHOM TEeXHUKU (opwm,
CIOCOOCTBYIOIIMX CHIKCHHIO 3aMETHOCTH B ONTHYECKOM M PaJMo0 Juana3oHaX 4YacToT, HaHECEHHEM
MaCKMPOBOYHOM OKPACKH, a TAK)KE CO3/IaHUEM KOHCTPYKIMH, YCTOMYMBBIX K BO3/EHCTBUIO yIaPHOU BOJIHBI,
IIPOHUKAIOIIEH pagualiy U BBICOKOM TeMIlepaTypbl, YCTAaHOBKOW AYOJIMPYIOIIMX HMCTOYHUKOB SHEPIHH,
OpraHOB YIPABJICHUS U JPYIHMX >KM3HEHHO BAXKHBIX CHUCTEM, HAJIMYMUEM CIELUATbHOM 3alIUThl SKUIIAXka, B
TOM YHCJI€ U OMOJIOTHYECKOM 3aIIUTHI.

Bormpocsl coxpaHeHHsI KMBYYECTH aKTyajbHbl Ha BCEX JTalax MPUMEHEHHS pPa3BEIbIBATEIbHBIX
nojpasneneHuii. B menom XuBy4decTh pa3BeKH 00eCHeunBAeTCS OPraHU3AIMOHHO-IITATHOW CTPYKTYPOH,
X TEXHUYECKUM OCHAIICHHUEM, IOJIEBOM BBIYYKON U MOPAIBHO-TICUXOJOTMYECKOW MOATOTOBKON JIMYHOTO
cocraBa. OIHaKO Ha CETOAHSIIHUMI I€Hb 3Ta 3a/laya pelIieHa He MOIHOCTHIO.

AHanu3 opraHuzanuoHHO-TaTHOM cTpykTypsl (OILIC) pa3BenbiBaTeNbHBIX MOIpa3AeleHU
BO3JIYIIHO-JecaHTHBIX BoMck (B/IB) mokaspiBaer, 4To OOJBIIMHCTBO OOBEKTOB BOCHHOW TexHuku BJIB
ObUTH CO3[1aHbl B COOTBETCTBUU C TPEOOBAHHSIMH TOJBKO 110 OCHOBHOMY IIEJIEBOMY Ha3HAUEHUIO, TOITOMY
YPOBHHM 3aMETHOCTH OBUIM 3HAYUTENBHBIMU, a HMMEIOUIMECS TPAJUIIMOHHBIE CPEICTBA MACKHPOBKH H
MMUTAIIH OKa3auch HEd(PPEKTUBHBIMY BBUIY OTPAaHUYEHHBIX BO3MOXXHOCTEH MO UX MPUMEHEHHIO.

B coBpeMeHHBIX YCIIOBHSIX «3aMETHOCTH 00pa3iia BOGHHOW TEXHUKW» XapaKTepH3yeT HEOThEMIIEMOE
CBOMCTBO o0Opasua, NpeicTaBisdiomee co00i COBOKYIMHOCTh OTPaXaTeNbHbIX W M3JIydaTelbHBIX
XapaKTePUCTHK 00BEKTA, OMPENEISIONINX BO3MOKHOCTh €ro 0OHapYXEHUsI, pacCliO3HaBaHUS U HaBEICHUS Ha
HET0 OpYXKUSl.

Boigenstor OCHOBHBIE MMOKa3zaTelIM 3aMETHOCTH (JleMacKupymolue npu3Haku) oObekToB BBT B
pa3IMYHBIX JUANa30Hax JJUH BOJH:

B OITUKO-BU3YyaJIbHOM (BUAMMOM) JHUana3oHe - KOHTPACTHBIM o00pa3 oO0BeKTa, HCKaKEHUE
XapakTepUCTUK (OoHa (TEHH, CO3aBaeMble 0OBEKTOM), UCKa)KEHNE XapaKTePUCTUK (OHA 3a CUeT JABMIKEHUS
00BEKTa;

B uH(ppakpacHoM (M K) nuamasonHe - cpenHIO MO MOBEPXHOCTH Pa3sHOCTh paJuallMOHHBIX
Temneparyp o0bekTa u oHa;

B JIa3€PHOM JlMaNa30He - yJenbHble 23 deKTUBHBIE MOBepxHOCTH paccesHus (JI1P) oobexkra BBT;

B PaJMOJIOKAIIMOHHOM JMana3oHe - cpenHee 3HaueHue OIIP u coBokymHocTh 3HaueHuit DIIP B
Pa3NIUYHBIX CEKTOpax HAONIOJIEHUs] B COOTBETCTBUU CO CTPYKTYpOHM JuarpaMMbl OOpaTHOTO paccesHUs
oObekTa HaOmofeHus (0O30pHBIN pPEXUM); PaTUOJIOKAIIMOHHBIA TOPTPET OOBEKTa (PEXKUM JIeTATbHOU
pa3BeaKn).

AHanu3 ombITa 3apyOeKHBIX CTpaH KOMIUJIEKCHOTo cHUeHHs 3ameTHocTd BBT mokasbiBaet, uTo
OCHOBHBIE YCWJIMsS B JIaHHOW OOJaCTH HalpaBlieHbl HAa CHIKEHHME PaAJMOJIOKAIIMOHHOM M TEIIOBOM
3aMETHOCTH 00pa3IIoB.

CHMKEeHNE ONTUKO-BU3YaJIbHOM 3aMETHOCTH IOCTUTaeTCSL:

Ha JTare KOHCTPYMPOBAHUS: 3a CYET ONTUMHU3ALMHU TE€OMETPUYECKOW (OpMBI M KOMIIOHOBKH
CWJIOBBIX arperaroB M KOPIIyCOB, IPUMEHEHUEM B D3JIEMEHTaX HX KOHCTPYKLUMH KOMIO3UIMOHHBIX M
PasAvoNOrIOUIAIOIINX MAaTEPUAIIOB U TIOKPBITHH.

Ha 0JTale »JKCIUTyaTallud: TPUMEHEHHEM pa3IMYHOro poJia HCKYCCTBEHHBIX JJIEMEHTOB,
ne(GOpMUPYIOIIMX ~ KOHTYphl ~ OOBEKTOB,  (aibmIOOPTOB, MPOTHMBOTEHEBBIX HKPAHOB, CPE3aHHOM
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pacTUTENBHOCTH, MAacOK - TPHUHAUIEKHOCTEH W3  MACKUPOBOUYHBIX  ceTell  (Kak  IpaBuio,
PaINOTIOTIIONMAOIIINX ).

OcHoBable ycuius B MK nuamnazoHe JUIMH BOJIH COCPENOTOUYMBAIOTCS HAa CHMIKEHUU KOHTPACTHBIX
paZvallMOHHBIX TEMIEpPaTyp MOBEPXHOCTH OOBEKTAa M BBHIPABHUBAHUU UX C TeMieparypoil ¢ona. IDToro
JIOOMBAIOTCS MPUMEHEHUEM TETIOM30JISIIIMOHHBIX MAaTEPUATIOB M UCIIOJIb30BAaHUS TAKUX CPEACTB CHIDKEHHS
3aMETHOCTH HazeMHbIX oOpa3noB BBT, kak «qBoiiHas Kpbllla» HaJ MOTOPHBIM OTAEICHHEM OOBEKTOB
OpOHETaHKOBOW TEXHHKH, (ajplIOOpTa M3 PE3WHOKOpIA HAJ HArpeBAIONIUMUCS AJIEMEHTAMHU XOJIOBOM
4acTH, OBICTPO HAHOCHMbBIE U JIETKO CMbIBaeMble IEHBI C Pa3IMYHBIMU MpHUCAJKaMH (B TOM 4YHCIE U
PannoIOKAIIMOHHBIMH ), OBICTPOCHEMHBIE TEIIOU30JIIIUOHHBIEC TIOKPBITUS H T. 1.

Cumwxenune 3ametHoctd BBT B pagmonokallMOHHOM [Auana3oHe UIMH BOJIH OCHOBBIBAeTCS Ha
YMEHBIIICHUE YISIbHON 3D PEKTUBHON MOBEPXHOCTH paccessHUusl 00beKTOB. OIHUM U3 CIIOCOOOB CHUKCHHS
3ameTHOCcTH HazemHoro BBT siBisercs mpumenenue paguonoriomatomux mokpeitaii (PIIIT) u maTepuanos
(PIIM). B coderanue C 3TUM HCIOJNB3YIOT JONOJHHUTEIbHBIE IEPCIEKTUBHBIE CIIOCOOBI CHIKCHHS
PaZMONOKAIIMOHHONW 3aMETHOCTH, TaKHe, KaK MeTaJIM3allis OCTEKJIeHHsS KaOuH U MpPUOOPOB CBETOBOM
CHUTHQJIM3ALMM;  HUCIOJb30BaHUE  OBICTPOCOXHYIIMX  BOJOBO3AYIIHBIX W  IMOJUMEPHBIX TI€H C
PaZMOIOKAIIMOHHBIMU TPUCATKAMU; SKPAHUPOBAHHUE MOJIOCTEH MEXAy KaOMHON M Ky30BOM-KOHTEHHEPOM
ABTOMOOWIILHON TEXHUKH, HHII XOJIOBOW YacTH W T. . Ha ceromgHsmHuN [1eHb aKTHBHO MPUMEHSIOTCS
CTEJIC-TEXHOJIOTUHU, CBA3aHHBIE C U3MEHEHUEM IT'€OMETPUUYECKUX MapaMeTPOB 00Pa3I0B U 3aKIIOYAIOIIUICS B
pa3paboTKe BHEIIHEH 000JI09KH, U3MEHSIOIIEH reoMeTpudeckyto ¢popmy odpasnos BBT.

st oGecrieueHust CKPHITHOCTH 00pa3I0OB BOGHHON TEXHUKH MOTYT TaK)Ke UCIIOJIb30BAaThCs CPEACTBA
BO3ylIHO-KOocMuyeckoil 00oponbl (BKO), cpeactBa panmosnexktpoHHoil 60ppObl (POB), kommiekcsl
WHIVBUAYAIbHON 3alllUThl, CPEACTBA CKPBITUS OOIIEr0 MpUMEHEeHUs (TIEHHbIE W a’pO30JbHbIE CPEICTBA
paanoxumuueckoi, Ouonornyeckoit 3amutbl (PXB3), macku, ceTku U Jip.), HO BCE OHU HE SBIIAIOTCS
MIPUHA/IJISKHOCTBIO 00pa3iia U MPUMEHSFOTCS JIJIsl pa3HBIX 0OBEKTOB.

TakuM o00pa3oM, CHaOXXEHHE pa3BelbIBATCIbHBIX mojpazaeicHuii BJIB  mepcrieKTHBHBIMU
CpeICTBaMH CHU)KCHMSI 3AMETHOCTH OCHOBAaHHBIE HA YIPABJICHUU BTOPUYHBIM MOJIEM PACCEUBAHUS, a TAKKE
HCIOJIb30BaHUE CIIEHUATbHBIX KOHCTPYKIIMOHHBIX MAaTEPHAJIOB U IJIA3MEHHBIX 00pa30BaHUM, IIPU CO3/1aHUE
0a30BBIX KOMITJIEKCOB M TEXHOJIOTHH CHUXEHHSI 3aMETHOCTH OOBEKTOB BOOPYKEHUS M BOCHHOW TEXHUKH
CTIIOCOOHO TIOBBICHTH KUBYUYECTh MOIpa3AeIeHUN 1 3 (HEKTUBHOCTD BEICHUS Pa3BEIKH.
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VJIK 004:681.3

THE EFFECT OF ORGANIZATION OF VIRTUAL LABORATORY EXPERIENCE FROM
PHYSICS

IOPEKT OPTAHU3ALIUUA BUPTYAJIBHOI'O JJABOPATOPHOI'O OIIBITA OT ®U3UKHU

Annotation: Today, the computer is rapidly penetrating all areas of our lives. It is no secret that
many different professionals, entrepreneurs, and creators have been using the computer in their workplace to
create wonderful miracles. It is well-known today that it is impossible to imagine the future without it. Its
capacities are increasing day by day, so it has become one of the most trusted friends in the business, at
home, and even in holidays. In recent years, the accelerated development of computer technology in the
development of science and technology has led to the creation of new information technologies and their
intensive development. In this article | have tried to concentrate on the virtual laboratory for students.

AnHoranusi: CerojgHsi KOMIIBIOTEp OBICTPO NPOHUKAET 4Yepe3 Bce 001acTu Hamwmx >kKu3He. He
CCKPCT, YTO MHOI'MC pPa3JIMYHLIC HpO(l)eCCI/IOHaJ'ILI, NpCANpUHUMATCIIM KW CO34aTCIIM HCIIOJIb30BaJIA
KOMIIBIOTEp Ha cBoeM pabouem mecte. HeBo3MoxHO BooOpasutTh Oyaymee O0e3 Hero. Ero momrHocTn
YBCIIMYHUBAKOTCA ACHb 34 AHCM, TAaKHUM o6pa30M, OTO CTaJI0O OJHHUM H3 IMOJB3YIOIIUXCA HaOOJIBIITAM
JOBEpHeM B OH3HEce, 1oMa, M JaXe B TMpa3AHUKUA. B mocieaHue Toabl YCKOPEHHOE pa3BUTHE
KOMHBIOTCpHOﬁ TCXHOJIOI'HMH B Pa3BUTHU HAYKHW U TCXHUKHU ITPHUBEJIO K CO3AAHUIO HOBBIX I/IH(I)OpMaLII/IOHHLIX
TEXHOJIOTUH M HX HMHTCHCHUBHOMY Pa3BUTHIO. B »sToil crarbe g monwiTaics CKOHLOCHTPHUPOBATLCA Ha
BUPTYyaJIbHOU J1a00paTopuu sl CTYICHTOB.

Key words: computer technology, practical application, electronic versions of textbooks, electronic
textbooks, electronic models, virtual models of events and processes, testing programs, virtual laboratory,
mathematical modeling. optimization of processes or objects, and calculations.

KiaroueBnle ciioBa: KOMIIBXOTCpHAA TEXHOJOI'HA, ITPAKTHYCCKOC IIPUMCHCHUC, SJICKTPOHHBIC BEPCUU
y4eOHUKOB, 3JIEKTPOHHBIX YYEOHHKOB, JJIEKTPOHHBIX MOJENEH, BHUPTYaJdbHBIX MOJAENIEH COOBITUH U
MPOIIECCOB, TIPOBEPsISI TPOrPaMMbI, BUPTYAJIbHYIO J1IA0OpAaTOPHIO, MAaTeMaTHYECKOe MOJICTUPOBAHUE.
OINITUMHU3AIUA TPOUCCCOB NN 00BEKTOB U BHIYNCIICHUI.

In recent years, the accelerated development of computer technology in the development of science
and technology has led to the creation of new information technologies and their intensive development.
New information technology, in turn, enters and is used in all areas of science in the fields of economics,
astronomy, physics, mathematics, chemistry and even physiology. The expansion of the Internet and the
increase in the number of Internet services make a significant contribution to the development of scientific
technical development. New information technologies have become widely used in the educational process.
Particularly, electronic textbooks, various programs have been used in the learning process. This has
resulted in the creation and development of new pedagogical technologies.

At the present stage of development of scientific technique, the growth of modern media and access
to educational systems, and their practical application, will undoubtedly increase the effectiveness of the
course.

Unfortunately, not all educators working in education systems use modern information technologies.
This is because in the course of the lesson the method of modern information technology is not developed in
all directions.

The use of information technology in the education system, especially for teaching physics, includes
electronic versions of textbooks, electronic textbooks, electronic models, virtual models of events and
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processes, testing programs and virtual labs for laboratories, to enhance their interest in physics, deeper
understanding of phenomena and distance learning and independent learning. One of the major problems of
physics education is creation of vitro laboratory labs one of today's urgent problems.

Modern, technology has been used to upgrade the content of traditional education in today's
educational system, radically change the teaching and learning process, and increase the effectiveness of
new learning The course is a transition period. In order to improve the efficiency of the lesson, the teacher
must first define the goals and distinguish between non-traditional and traditional lessons.

The aim of the non-traditional lesson is to introduce innovations in teacher and student activities, use
interactive methods in teaching science, improving laboratory skills in a more meaningful, interesting and
understandable manner, to provide students with a fast and effective assessment.

Laboratory work is essential to the study of physics. Also, doing laboratory work on physics is a
prerequisite for providing students with the knowledge they need. The problem of increasing the
effectiveness of laboratory training in the learning process is complex and versatile. The solution needs to
take into account a number of specific features of laboratory training. The most important of these is to
enhance students' creative abilities by practicing theoretical knowledge, and it is quite natural that any
knowledge may be erased after a certain period of time. Virtual laboratory in the learning process aims to
strengthen theoretical knowledge programs and virtual labs for laboratories, to enhance their interest in
physics, deeper understanding of phenomena and phenomena, and distance learning and independent
learning. One of the major problems of physics education is creation of vitro laboratory labs one of today's
urgent problems.

In order to strengthen theoretical knowledge, using virtual laboratory classes in the learning process
can solve the problem of creativity of students, interest in science and the problem of increasing knowledge.
For this purpose, a student must be able to properly choose the forms, methods, and tools of the laboratory's
physics.

In laboratory work, students should be able to use laboratory equipment, devices correctly, and work
independently and actively participate, with the help of information technology. It is also important to have a
fictitious experience, and have the opportunity to experiment with abstract thinking through information
technology. Rapid processes are slow and vice versa, while faster monitoring is one of the achievements in
using information technology.

The quality of the educational process is just the process of teaching information technologynot only
in practice, but also in the use of modern information technologies, when used correctly and effectively in
the context of the problem solving and laboratory work. The concept of "virtual laboratory" is to describe a
set of hardware and software tools that are added to a simple computer, allowing you to work on your
computer using a component virtual device (like a simple electronic device). An important part of the virtual
instrument and virtual laboratory is a graphical user interface with a user-friendly graphical interface (which
provides a user-friendly, interactive mode of communication with the computer), a graphical menu system,
is calculated. Learning Virtual Laboratory is an end-to-end software product that has its own peculiarities
and uses modern concepts to design large software systems that are automated and designed to improve
project efficiency. The virtual learning laboratory is based on a practical package of practical applications in
the lab or their industry analogues. The main focus of their creation is typically focused on mathematical
modeling, optimization of processes or objects, and calculations. The Virtual Laboratory consists of
animation shows, as well as layout, brief overview and glasses for testing. The most important novelty of the
virtual laboratory is that it has the capability to carry out experiments that have not been able to carry out
some experiments in physics departments so far. We hope that the promotion and popularization of such
virtual laboratories will make a worthy contribution to the implementation of the National Qualification
Program.

References:

1. The Law of the Republic of Uzbekistan "On Education". // Barkamol avlod - the foundation of the
development of Uzbekistan. - T. Sharg. 1997.
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VIIK 621.3
ENERGY SAVING METHODS
SHEPTOCBEPET AIOIIME METO/BI

Annotation: Interest and use of non-traditional and renewable energy sources in our country is
becoming increasingly popular in unprecedented hues. Investments of foreign and international banks are
being introduced for the construction and use of energy facilities for non-traditional and renewable energy
sources. The main goal of energy saving is the use of energy resources more efficiently through the
implementation of measures that can be carried out technically feasible, economically justified and
sociologically and environmentally friendly. To do this, natural resources must be provided with a high
energy coefficient of useful work in the range before consumption from the extracted one. The goal of
energy economics is to reduce the amount of energy that corresponds to the national unity of gross product
production. During the current world financial and economic crisis, there is a decline in production, an
aggravation of the crisis, a deterioration of the living conditions of the population.

AHHOTaHI/IH: I/IHTepec N HCIIOJIb30BAHHUEC HCTPAAWIUOHHBIX M BO300OHOBIISIEMBIX HCTOYHUKOB
OHCPIrun B Hamen CTpaHC an06peTaeT BCC 6OJ'ILI_I_IYIO MOMYyJIIPHOCThL B 66CHpeI_IeI[eHTHBIX OTTCHKAXx.
BBOI{SITC)I HHBCCTHUIMUN HWHOCTPAHHBIX W MCKAYHAPOIHBIX OaHKOB A1 CTPOUTECIIBCTBA M HCIIOJIB30BAHUA
OHCPICTHYCCKUX 00BLEKTOB HCTPAAULIMOHHBIX H BO300HOBIIEMBIX HCTOYHUKOB OHCPIuu. OcHoBHOU OeJIbrO
sHeprocOepexenus sBisieTcss Oonee 3(pPeKTHBHOE HCIOIB30BAHHE SHEPTOPECYPCOB 32 CUET peaTn3aluu
MepOHpHHTHﬁ, KOTOPBIC MOT'YyT OLITH OCYHICCTBJICHbBI TCXHHUYCCKHU OCYHICCTBUMBIMHU, 3KOHOMHNYCCKU
O6OCHOBaHHI)IMI/I 1 COOUAJIBHO U DKOJOTHUYCECKU YHUCTBIMHU. I[JI?I OTOro NMpUpOAHBIC PECYPCHI JOJIKHBI 6I>ITI)
oOecrieueHbl BBICOKUM SHEPICTUICCKUM KOB(I)(i)I/ILII/IeHTOM IMOJIC3HOI'0 TpyJda B AHAIIA30HE OO0 HOTpCGJ’IeHI/IH
oT )106BITOFO. HCJ'IBIO OKOHOMHKHN OSHEPIrC€TUKH ABJIACTCA CHHIXCHUC KOJIMYECTBA OHEPIHUH, KOTOPOC
COOTBCTCTBYCT HAUOUOHAJIBHOMY CAWUHCTBY IPOU3BOACTBA BaJIOBOI'O IPOAYKTA. B Mepruoa HBIHCUIHETO
MHPOBOTO (PMHAHCOBO-?KOHOMHMYECKOT0 KpHU3Kca HAOJI0aeTcs criajl MPOU3BOICTBA, 000CTpEHUE KpPHU3KCa,
YXYAOICHUC yCJIOBI/Iﬁ JKHU3HU HACCICHU.

Key words: non-traditional and renewable energy, gross product production, "the global financial
economic crisis, reduction of energy wasting, heating, hot and cold water transfer, creating an artificial
climate, generators, high-temperature gas reactors, reactors, energy-saving program.

KaroueBnle cioBa: HCTpaAULIUOHHAsA H BO300HOBIIsIEMAs OHCPIrCTHKaA, IIPOU3BOJACTBO BaJIOBOI'O
MPOJYKTa, " MUPOBOM (PMHAHCOBO-3KOHOMHUYECKUN KPU3HC, CHUKEHUE IHEPro3arpar, OTOIIEHUE, Iepeaayda
FOpH‘ICfI u XOJ'IO)IHOI71 BOAbI, CO3MAaHUC HCKYCCTBCHHOI'O KJIIMMATa, I'CHEPATOPbI, BBICOKOTCMIICPATYPHLIC
ra3oBbl€ PEaKTOPbI, PEaKTOPbI, IPOrpaMma SHeprocoOepeKeHus

The first president of the Republic of UzbekistanA.One of the ways to reduce the impact of the crisis
in the booklet called "the global financial economic crisis, the ways and measures of its elimination in the
conditions of Uzbekistan", " the further strengthening of the competitiveness of our economy, the raising of
population well-being is largely dependent on how we use our existing resources, first of electricity and
energy resources." Types of energy-saving. Economic growth is associated with the growth of energy
consumption in all aspects. The cost of energy depends on how much energy is used in the last stadia. Price
determination should serve as an important factor in energy saving. The cost of energy is necessary to come
out according to the following factors: the burning heat of the fuel, in addition, it is necessary to try to
effectively use energy resources. Increasing the cost of energy, it is worth trying out the ways of bringing
energy supply and energy consumption together, looking forward to new technological solutions and
implementing them into production. The governments of the countries must adapt to the mechanism of the
market economy and take measures to stimulate effective use of energy.
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The government can implement policies that include the following measures:

1) reduction of energy wasting;

2) stimulation of energy-saving technical solutions;

3) compression of one type of energy resources with another type of energy;

4) limit the production of products that consume a lot of energy (restriction);

5) introduction of national standards for energy-consuming devices into force;

6) to provide funds for scientific research on non-traditional and other energoresurses.

It is possible for the government to adopt laws on saving electricity, encourage conducting activities
with some incentives in funds and tax payments. For example, it is necessary to introduce production for the
industry. The energy economy should stimulate structured programs for the production of domestic
equipment. It is necessary to carry out combined heat and electric power generating works. This will save a
lot of energy on the work. Moving from industrial enterprises should expand the use of low-explosive heat,
for the second time in central heating systems. According to preliminary estimates, about 11% in metallurgy,
sellyulyuyus 4-12% in the paper industry, 8% in the production of ceramic and glass products, while in the
production of aluminum — 6% can be energy-saving. The development of Transportation is highly dependent
on petroleum products. Therefore, the measures taken from transport to the economy of energy will lead to a
very large fuel savings. To do this, it is necessary to increase the chance of fuel economy of cars and reduce
fuel consumption. A large amount of energy is spent in buildings: heating, hot and cold water transfer,
creating an artificial climate, etc. It is necessary to introduce materials and equipment for the construction of
construction sectors, improved types of construction equipment, building buildings and equipment for
energy economy. It is necessary to carry out a thermostatically controlled arrangement of temperature in
buildings. In order to raise the economy of energy supply, it is possible to make radical changes only in the
future. To do this, of course, it is necessary to master the fuel elements and have developed new
technologies and processes. Fuel technologies are these-magnetoyrodynamic generators, high-temperature
gas reactors, reactors and thermoynadro reactors, which are quickly based on neutrons. A large part of
energy saving is carried out in the process of gradually implementing improved technologies. In order to
implement the energy-saving program for life, it is necessary to raise the consumer with economic, energy
prices and to provide him with funds for savings, to be interested in the way of granting privileges, to
provide funds for energy research and establish international cooperation.
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3KBUBAJIEHTHOCTH IIONCKA ONITUMAJIbHBIX 3HAYEHWUH PET'YJIUPYEMBbIX
IHAPAMETPOB 1PU MUHUMU3BALIUU ITIOTEPH MOIITHOCTH B QJIEKTPUYECKUX
CETAX

EQUIVALENCE OF FINDING OF OPTIMAL QUANTITIES OF CONTROLLABLE
PARAMETERS AT MINIMIZING OF POWER LOSSES IN ELECTRICAL NETWORKS

AHHOTaIII/Iﬂ: B cratbe IMPUBOJUTCA PE3YyJIbTAThI I/ICCJIGI[OBaHI/Iﬁ 10 OMpECACIICHUIO SKBUBAJICHTHOCTH
HaXO0XICHHUS OIITHMAJbHbIX 3HAYEeHUH HaIIpsAXKCHUA, peaKTI/IBHoﬁ MOIITHOCTHU Y3JIa " KOS(i)(I)I/ILII/IeHTa
TpaHcopMaIK TIOBBIIIAIONIETO TpaHchopmaropa, 0OECIEUMBAIONINX MHUHUMAIbHBIC MOTEPH AKTUBHOM
MOIITHOCTU B D3JICKTPHUYCCKUX CCTAX. I[aHBI PE3yIbTaTbl PACYCTHBIX OJKCIICPUMCHTOB Ha KOHKPCTHOM
IMpuMEpE, rAC MoKazaHa OJJMHAKOBOCTb OIITUMAJIBHBIX PEKHUMOB 110 ICPCUHCIICHHBIM IMapaMETpaM.

Abstract: In the article the results of research on determining of equivalence of finding of optimal
quantities of bus voltage, reactive power and transformer coefficient of step-up transformer, which provide
the minimum of power losses in networks are presented. The results of calculating experiments in example,
where the equality of optimal regimes on abovementioned parameters are given.

KiamoudeBbie ciioBa: OHTI/IMI/IBaL[I/IH, MHUHUMH3AOUA TIOTCPb, 3KBUBAJICHTHOCTD, ONTUMAJIbHBIN
peXKUM, IapaMeTp, ONTUMAIBHOE INIAHUPOBAHUE, OIIEPATUBHOE YIIPABICHUE.

Keywords: Optimization, minimization of losses, equivalence, optimal regime, parameter, optimal
planning, operative control.

OI[HOﬁ N3 OCHOBHBIX 3a1a4, pCIIACMbIX IIPU INJIIAHUPOBAHUN U OTICPATHBHOM YIIPABJIICHUU PCKUMaAMU
anekTposHepreTudeckux cucrem (23C), sBISETCSs ONTUMHU3AIMS PEKUMOB HMX CETEH. Ona
npeaycMarpuBacT MHUHUMHU3ALUIO TIOTCPb aKTUBHOU MOIIHOCTU B HOHYCTHMOﬁ o0Jactu PEKUMOB
anektpuyeckor cern 3ODC. Ilpu 3ToM ompenenstoTcs ONTUMalbHbIE YPOBHU HANpsDKEHUH B
KOHTPOJHMPYEeMbIX Toukax D3C, peakTHBHBIE MOIIHOCTH HCTOYHMKOB M KOX(PPHUIMEHTH TpaHchopMaIuu
peryiupyeMbIx TpaHcQopMaTopoB, 0O0eCHeUMBAIOMIMX MPUHYIUTEIbHOE SKOHOMUYHOE paclpeleieHne
IIOTOKOB MOI.LIHOCTCfI B KOHTYpax BHGKTpH‘{eCKOﬁ CCTH. I/ICXO,[[HBIMI/I JAHHBIMHU ABJIAKOTCA AKTUBHBIC U
PCAKTUBHBIC HAIPY3KHU BCEX Y3JIOB, d TAKKE aKTHBHBIC TCHCPUPYEMBIC MOITHOCTH BHGKTpOCTaHHHfI. B uncio
3aIaHHBIX MMTapaMETPOB BXOAAT TAKKC MUHHUMAJIIBHO U MAKCHUMAJIbHO BO3MOKHBIC 3HAYCHUA PCTYIUPYCMBIX
nmapaMeTpoB MW HEKOTOPBIC HX (1)YHKIII/II/I, KOTOPBIMH OIIPCACIIAOTCA oOJactu JOMMYCTUMBIX PEKHUMOB
AJIEKTPUYECKOM CETH.

P acCMaTpuBacMas 3aia4a ONITUMU3AIUN (I)OpMyJII/IpyeTCH CJICAYIOIUM O6p330M2

MUHUMU3HUPOBATh (PYHKLIUN CyMMapHBIX MOTEPh AKTUBHOW MOIIIHOCTH B 3JIEKTPUUYECKUX CETAX
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n

n=Y P —min (1)
i=0

MIPY BBITIOJIHEHUU YCIIOBHIA:

a) OajaHca MOIIIHOCTEH B y3J1ax:

W =P -P =0, iel +H;

. _ _ (2)
W' =Q -Q =0, iel,+H
6) PEXKUMHBIX H TCXHUYCCKHUX OFpaHI/IIIeHI/Iﬁ B (bOpMe HEPABCHCTB!
Uy <U; <UL, el +H; ®)
QiminSQi S(gi,max; el =TI : 4)
l‘<':I'I|min < l<'II'| < I<':I'I|mlm , I e-I-K ’ (5)
KTImin < KTI < KTI max
leinSPISPImax1 IGLP; (6)
IImingllgllmax ! IEI—I; (7)

re N- 4KCIo Y3JIOB B DJIEKTPHUYECKOW ceTth; H, I’ - MHOXXECTBO Harpy304HbIX U T€HEPATOPHBIX
y3710B (32 UCKIIIOUEHHUEM OalaHCHUPYIOIIETO Y3J1a), COOTBETCTBEHHO; /1 - MHOXECTBO I'€HEPATOPHBIX Y3JIOB,
pCaKTHBHBIC MOIIHOCTH KOTOPBIX Heperynupyemble; 71, - MHOXECTBO BETBEH, COICpIKaIIUX
TpaHcHOpPMATOPBI C PETYIHPYEMBIMU KO3 duiineHTamMu TpanchopMaiuu (B o0meM cirydae ¢ MpoJI0JIbHO-
MOTMEePEeYHbIM  perynupoBanueM); Lp, L — MHOXeCTBO BeTBeH, B KOTOPHIX KOHTPOJHPYHOTCS MOTOKH

akTuBHBIX MomHocreil u Toxku; P, Q. , P, Q.- pacuernbie u 3aqaHHbIe 3HAYCHUS AKTHBHOW M PEaKTHBHOM

MOIIHOCTEH I-T0 y3J1a, COOTBETCTBEHHO.

PaccmarpuBaemasi 3ajiada OTHOCHUTCSI K KJIAcCy CJIOXHBIX 3ajjad HEJIMHEHHOro MaTeMaTHYecKOro
IIporpaMMupoBaHus. B HacTosiee Bpemsi HanboJsiee paclpoCTpaHEHHbIHN 01X0/1 MpU €€ pelIeHUH OCHOBaH
Ha pasjieJieHHue Ipolecca pelIeHUs Ha LMKIbl UTEpaluid, B KaKIOM M3 KOTOPBIX BBIIOJHSETCS IIar
ONTHMHU3ALMU U PACUET YCTAaHOBUBIIETOCS peXUMa 3JeKTpUuueckoil cetu [1-4]. B mumpoko npumeHseMbIx Ha
MpaKkTUKe anroputMmax [2, c¢.346-357] ontumu3zauusi OCYLIECTBISETCA TI'PAJUEHTHBIM METOJOM, a pPacyeT
YCTaHOBHBILETOCS PEXXKUMA IIEKTPUIECKOl ceTn — MmeToioM Hetorona-Padcona. Dtu anroputMel 061a1aoT
pPAIOM IPEMMYIIECTB, XapaKTEPU3yEMbIX, B OCHOBHOM, IIPOCTOTOM, BO3MOXHOCTBIO JIETKO YUYUTHIBATH
MIPOCTBIE M CJOXHBIE OrpaHWYeHMs. BmecTe ¢ TeM, MX HENb3sl CUMTaTh COBEpIIEHHBIMH. (CXOIMMOCTH
UTEPALMOHHOIO TPOIECCa BBIYMCICHUS SIBISETCS MEIUICHHOM, a MHOTJA, IPH ONTUMU3ALUN PEKUMOB
CIIO)KHBIX 3JIEKTPUUECKUX CeTel ¢ OOJbIIMM KOJIMYECTBOM Y3J0B U OTPAaHUYEHHUSMU B BUJE PAaBEHCTB U
HEPABEHCTB, HEHANEkKHOU. Takne HENOCTaTKH, HENONYCTHMbIE IPU KPAaTKOCPOUHOM IIJJAHUPOBAaHUU H
OTEPATHBHOM YIPABJICHUH PEKHUMaMH MIEKTPUIECKUX CEeTeil, MOKa3aHbl, B YaCTHOCTH, B padote [3, ¢.58-61]
Ha KOHKDETHOM IIpUMEPE ONTHUMHU3ALMUU PEKUMOB JJIEKTPUUYECKUX CETEH M0 HANpPSDKEHUSAM Y3JIO0B.
[lepeuncnenHble TPYIHOCTH CBSI3aHbl, B YaCTHOCTH, C pPa3HOMACIITAOHOCTHIO ONTUMHU3UPYEMBIX
napaMeTpoB. B cBsi3M ¢ 3TuM, 3aM€Ha ONTUMU3ALKHU 10 MEPEYUCICHHBIM BBIIIE ITapaMeTpaM C MEHBIIUM
KOJMYECTBOM OOOOIIEHHBIX IapaMEeTpOB, MpPU ONTHUMAJIBHBIX 3HAYEHHUSIX KOTOPBIX OOecrnedrBaeTcs
MUHHMYM CYMMAapHBIX [TOT€Pb aKTHBHOW MOILITHOCTH B JIEKTPUUYECKHX CETSAX BBI3bIBAET OCOOBINH HHTEpEC.
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115 kB
| s.92+22760m 1 3,05+j18,750m | 2 | TR
o | o.000106 cwm 0,00013 Cwa 1,6+j56 Om
0,0 X/
$3=35+]15 $2=25+]10

3,16+16,74 Om

3,4+13,05 Om
0,000158 Cm

0,000078 Cra

$3=25+]10 MBA

Pucynok. Cxema uccieayemMon 31eKTpUuuecKoil ceTn

B nanHoO# paboTe ¢ MeNbI0 BBIABJICHHUS TaKOro 0OOOIIEHHOTO MapameTpa MPHBOJMUTCS PE3yJIbTAaThl
MCCJIEIOBAHUST aBTOPAMHU SKBUBAJICHTHOCTH TOUCKA ONTUMAIbHBIX 3HAYECHUN PEryJIUPYEMbIX MapaMeTpoB,
T.€. PEaKTHUBHOW MOIIHOCTH y3Jia, HaMpsDKeHU y3la U koddduimenta tpancGopmaiii MOBBIIIAIOIIETO
TpaHchopmaTopa B y3ie.

Onrtumuzanus 0o OTAEIbHBIM MapaMeTpaM OCYILECTBIIEHA M0 AJITOpUTMaM, OIMUCaHHbIM B [4, c.113-
153].

UccnenoBanus BBINOJHEHBI, B YAaCTHOCTH, Ha MpPUMEpPE DJIEKTPUYECKOM CETH, CXeMa KOTOPOM
npeAcTaBieHa Ha pucyHke. OcylecTBieHa OTAEIbHAs ONTUMM3AIUSA [0 HAIMPSKEHUIO, PEAKTHUBHOU
MOIIHOCTH y371a 4 1 ko3 puiMeHTy TpancGopmalii MoBbIMAKIIET0 TpaHCchOopMaTopa B 3TOM Y3IIe.

B rabmume 1 mnpuBemeHsl pe3yiabTaThl pacyeTa HMCXOJHOTO YCTAHOBUBIIETOCS — PEXHMA
AJIEKTPUYECKOMN CETH.

Tabmmna 1. [TapameTpsl HCXOHOTO YCTAHOBUBIIETOCS] PEXKHUMA JIEKTPUIECKON CETH.

Howmep Ui, kB 0, pan. P, MBT Q, MBAP
y3ia, |
0 115,0 0,0 -30,610 -14,980
1 111,130 -0,0499 35,0 15,0
2 111,980 -0,0333 0,0 0,0
3 110,573 -0,0564 25,0 10,0
4 10,669 0,0981 -30,0 -12,0
CymMmapHbIe IOTEpH aKTUBHOM MOIIHOCTH B 3JleKTpuueckux cersx: 0,610 MBt
[lpy  onTUMH3aLUU 1O HANPSHKEHHUIO y3la Kod(pduuueHT TpaHchopMauu TpaHchopmaTopa

IIPUHUMAJIHN KaK IMOCTOSTHHBIM W PaBHBIM HA 3HA4YECHME, IPUBEJICHHOE HA PUCYHKE, 4 PEaKTHBHAs MOIIHOCTH
y3Jla Kak 3aBUCHMas NepeMeHHas. A NMpH ONTHUMHU3ALUHU 10 PEaKTHMBHON MOIIHOCTH TOXe K03(duuumeHt
TpaHcpopMaIi MPUHUMANIaCh KaK MOCTOSIHHBIN, a HallpsDKEHUE y3J1a — Kak 3aBUCUMoOe nepeMeHHoe. [Ipu
BBIMOJIHEHUM ONTHUMHU3ALMU TO KOA(PPHUIMEHTY TpaHCPOpMalMK MOBBILAOLIEr0 TpaHchopMaTopa
HampspKeHUE y3jida IpUHMManoch paBHbIM Ha 10,5 kB, a peakTuBHas MOIIHOCTh — Kak 3aBUCHMast

[epeMEHHasl.
B taGnuiie 2 npuBoAUTCS pe3yNbTaThl ONTUMU3ALMH PEXUMA IEKTPUUECKONW CETH MO HANPSIKEHHUIO
y3na 4.
Tabmuna 2. [lapameTpbl ONTUMANIBHOTO PeKUMA SJIEKTPUUECKON CETH 0 HANPSHKEHUIO y371a 4.
Howmep y3ia, i Ui, kB d, pan. P, MBt Q, MBAP
0 115,0 0,0 -30,588 -8,665
1 112,390 -0,0513 35,0 15,0
2 113,839 -0,0361 0,0 0,0
3 112,113 -0,0581 25,0 10,0
4 11,100 0,0873 -30 -18,397
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‘ CyMMapHbIe TOTepU aKTUBHOM MOILTHOCTH B 3JieKTpuyeckux cetsax: 0,588 MBt ‘

B Tabnuue 3 mpuBeneHb OCHOBHBIC PEKUMHBIC MapaMeTpbl U CyMMapHbIe MOTEpH AaKTUBHOM
MOIIHOCTH, MOJYYCHHbIE B pe3ylbTaTe OTACIbHOW ONTHMHU3AIMU PEKUMA DJICKTPHUECKOW CETH II0
HaNpsHKEHUIO, PEAKTUBHOM MOIIHOCTH Y3712 4, a Takke 1o K03 uuueHTy TpaHchopManuy MoBBIIIAIONIETO
Tpancdopmaropa. CreyeT OTMETUT, OCTAIBHBIC ITAPAMETPHI PEXKUMa BO BCEX CIy4asX IMOJIyYaIlCh TAKUMU
’Ke, 4YTO M B Tadnuie 2.

Tabmuma 3. Pe3ynbTaThl ONTUMH3ALNH PEKUMA IEKTPUIECKON CETH MO OTJEIBHBIM PETYIHPYEMbIM
napameTpam.

OnTuMu3upyeMbli Us, kB Q4 , MBAP K124 7w, MBT
napaMmerp
Hcxoomwiii pesicum 10,669 -12,0 11,0 0,610
Us, xB 11,100 -18,397 11,0 0,588
Q4 , MBAP 11,100 -18,387 11,0 0,588
K24 10,5 -18,392 11,629 0,588

ConocTaBuB 3TU pe3yibTaThl, yOeAMMCS B TOM, UYTO ONTHMAJbHbIE PEXKHUMbI IO OTIEIbHBIM
rapaMeTrpaM OJIMHAKOBbIE. JTO IIOKa3bIBA€T BO3MOXKHOCTH OINPEICIEHUS ONTHUMAJIbHOIO pPEXHUMA
IEKTPUYECKON CETH BBIIOJIHAS ONTHUMM3ALMH 110 OJHOMY U3 PEryIMPYEMBIX IMApaMETPOB. A 3TO CO3JAECT
JOTIOJTHUTEIbHBIE BO3MOXKHOCTH JUIS TOBBIIEHUS 3(P(EKTUBHOCTH aIrOPUTMOB ONTHMH3ALUN PEKUMOB
NEKTPUYECKUX

BriBojbI.

1. Ilouck oNTUMaJIbHBIX 3HAYEHUN pEAKTHMBHOM MOIIHOCTH M HANpsDKEHUS Y3da, a Takke
KOMIUIEKCHOTO K03 duimenTa TpaHCPOpPMALMU TOBBIIIAIOMIETO TpaHchopMaTopa B y3ie SBISAETCS
9KBUBAJICHTHBIMH.

2. DKBHBAJCHTHOCTh IIOMCKA ONTHUMAJIBHBIX 3HAYCHHWH Y3JIOBBIX PEryJIMPYEMBIX IapaMeTpoOB
CO3/1a€T BO3MOXKHOCTb BEJCHHSA ONTHUMM3ALMHU 10 OJHOMMEHHBIM Y3JIOBBIM I1apaMeTpaM. OJTO IOBBILIAET
HAJEKHOCTH CXOJIMMOCTH UTEPATUBHOTO MPOIEcca ONTUMU3AIINH.
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