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BOCCTAHOBJIEHHUE HPE&Z[HPHHTHPI 3.JIE}(TPOTEXHI/I‘IECKOI?I,
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AHHoTanusi. B crartee paccMmarpuBaeTcs MNpOIECC BOCCTAHOBJIEHUS KAJTMHUHCKUX
3JIEKTPOCTAHIIUM, JJIEKTPOCETEH, HaJIaKMBAHUS MPOU3BOJCTBA Ha KalMHMHCKOM BaroHo-
CTPOMTENBHOM 3aBojic M KalMHMHCKOM 3aBOjJe Pe3MHOBOH mojomBel B KoHIE 1941 — nHawane
1942 r. Ilokazan macmTad M XapakTep pa3pylLICHUi, OMUCAHBI ATallbl BOCCTAHOBUTEIBHBIX
pabot. BrIsSBICHBI IPUYHMHBI, 3aMEUISIBIINE BOCCTAHOBJICHHUE: OCTPBINA NEPHUIUT SHEPTETUIECKUX
pECypCcoB, TpaHCHOpPTa, 00OPYAOBaHUS M WHCTPYMEHTOB, HO MPEXJE BCEr0 HEXBaTKa KBalu-
(GULUPOBaHHBIX KaJIpOB.

KiioueBble ciaoBa: Benukas OtedecTBeHHass BOWHA, BOCCTAHOBUTENBHBIE DPAOOTHI,
KanuHUHCKUI BaroHOCTPOUTEIbHBIN 3aBoj, KamuHuHCKHN 3aBOj pe3unHOBOW mojaomBbl (Kamu-
HUHCKUH PE3MHO-TIOJIOIIBEHHBIH 3aBOJ), KBATH(GHUIIMPOBAHHBIC KaJphl, 11€Xa, 3JIEKTPOCTAHIIHH,
AIIEKTPOCETH.

DOI: 10.46573/2658-7459-2021-4-6-18

B nexabpe 2021 r. ynuBUTEIHHBIM 00pa30M COBMAJIH JIBE 3aMedaTesibHbIe AaThl. [lepBas —
100MIeiiHas B MOJTHOM CMBICTIE ClIOBa — CBsizaHa ¢ TeM, 4yTto 100 seT Hazaj ObUT OCHOBAH BY3,
KOTOPBI TENepb Ha3bIBACTCA TBEPCKOM TOCYAAPCTBEHHBIM TEXHUYECKUN YHHMBEPCUTET H
SBJISIETCA KPYIHBIM y4eOHBIM 3aBEJICeHHEM perroHa. Bropas HarmomMuHaeT HaM OJHOBPEMEHHO O
MeYAIbHBIX U PAIOCTHBIX cOOBITUAX 1941 T., KOT/Ia MOCie AByXMECIYHON OKKymnanuu 16 nexadps
ropoa Kanuuun (HeiHe TBepb) ObUT OCBOOOX/IEH OT HEMIEB. B cTathbe pacckasbiBaeTcs O TOM,
KaK OKUTeNIW OOJAacTHOM  CTOJIMLBI  BOCCTAHABIMBAJIM  IOJYpa3pylI€HHbIE TOPOJCKHE
KOMMYHHUKAIlMM W OOBEKTbl TNPOMBIIUIEHHOCTH, Ha KOTOPBIX CETroJHS TPYIUTCS HeMalloe
KOJIMUECTBO BBITYCKHUKOB YHUBEPCHUTETA.

Ienp myOGnuKanuy 3akiIrodaeTcss B H3YYEHUH Ipoliecca BOCCTAHOBHUTEIBHBIX padoT,
MPOBOAMMBIX HAa HECKOJIbKUX KPYIHBIX NMPOMBIIIICHHBIX NpeAnpusaTusx r. KaivHuHa B nepBbie
MecCsIbl TOCNIe CHATHS OKKynanuu. PaboTa MOJHOCThIO OCHOBAaHA Ha apXHMBHBIX MaTepualiax,
4acTh M3 KOTOPBIX BIEPBHIE BBOAMTCS B HAayUHBIM 00OpPOT, UTO OINMpeAesseT HAayyHYI0 HOBHU3HY
uccnenoBanus. bosee riay0OKOMy MOHMMAaHHUIO TEMbI MOXKET CIIOCOOCTBOBAaTh 3HAKOMCTBO C
JIOKYMEHTaMH, TEKCThl KOTOPBIX MPHUBOJATCS B BHJE NMPHIOXKEHUN K craThe. VX copepxkanue
MIOMOTaeT JIy4lle MPEeACTaBUTh MEXAHMU3Mbl INPUHATUS PEIICHUH M B3aMMOICHCTBHUS MEXIY
MPEJICTAaBUTENISIMA Pa3HBbIX YPOBHEH TOCYJapCTBEHHOM BIIACTH, PYKOBOJUTENISAMU HPEINPUSITUN
TOTO BPEMEHHU.

Ha nepBoM sTane BOCCTaHOBJIEHUS TOPOJICKOT0 XO35MCTBA BAKHENUIIIEH 3a/1auel SBIISIIOCH
HaJIA)KMBAaHUE JHEprocucreMbl. [Ipu IIaHUPOBAaHMM PEMOHTHBIX pabOT Ha KaJIMHUHCKUX
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IEKTPOCTAHLUAX YYUTHIBAJIOCh HAJIWYUE M COCTOSHHE OCHOBHOIO M BCIIOMOIaTElIbHOIO
000pyOBaHus, 3AaHUH M COOPYKEHUH, KOJMYECTBO TOIJIMBA HAa CTAHLUUAX U BO3MOXHOCTb
[OJa4u €ro B KOTEJbHBIC, a TaKXKe BO3MOXKHOCTH ITyCKa O0OpYyHOBaHHUS 0€3 IOCTOPOHHETO
UCTOYHHMKAa ToKa. [lo pesynbrataM Hapy)KHOrO OCMOTpa BBIIBIWJIACh LIE€JIECOO0PA3HOCTD
nepBooyepennoro mycka ['9C Ne 3, 3arem I'OC Ne 2 u TOLL Ne 1. Ilepsast Typobuna I'DC Ne 3
Obuta 3amymieHa 2627 aexabps 1941 r. m Mmo3BoJMja TMOJIy4aTh SHEPTHI0 HAa COOCTBEHHBIC
HYXKIbl NpeAnpusATus, a ¢ 28 sHBaps Hayajach I0Jada 3HEPTUU B rOpoJCKHE ceTh. Bropas
TypOuHa 3apaborana 9—12 suBapst 1942 r. [9, . 28; 12, 1. 37].

[To mnany B mepBbIX unciax ¢eBpaist AoJDKHA Oblia BCTYnuTh B padory I'9C Ne 2, HO
9TOMY HOMEMIAT «PsJl Y3KUX HEU3KUTBIX MECT», B TOM YHCIIE TO 0OCTOSTEIbCTBO, YTO HACOCHI,
TpyOOIIPOBOJBI M BCIIOMOTaTeNbHOE O0OpPYIOBaHME OYEHb CWJIBHO IOCTPAaJaid OT XOJOAA.
[Toutn Bce TpyOKM MaciioOXJIauTeNsl BTOPOro TypOOreHeparopa OKa3ajluch OPBAHbI MOPO3aMH,
a 3amacHble Cropejid, I03TOMY HPHUIUIOCh YCTaHOBUTh PE3EPBHBIA MAacllOOXJIAIUTENb C
TOLI Ne 1. KonzeHcaTHbli Hacoc mepBoro TypooreHeparopa MpHIUIOCH 3allyCTUTh B PaboOTy C
TPEUIMHOM, KOpIyC ObUT CTIHYT CTpyOIMHaMu. Pa3OouThIii TaxoMeTp BTOpPOro TypOoreHepaTopa
ObUT BpEMEHHO 3aMeHeH BuOpainnoHHbIM yactomepoM ¢ TOI[ Ne 1. Bee nurtaTtenbHble HAacOChI
OBLIM TMOBPEXJEHBbl, W JO HX BOCCTAHOBJICHHWS Ha CTaHIMM ObUI BPEMEHHO YCTAHOBJEH
nutatenbHblil Hacoc ¢ ['OC Ne 3, roroBuiiack nepedpocka nuTaTeIbHOrO Hacoca co ctapoid TOLI.
[Ipy  BBICOKOM JaBJIEHMM B KOTJAX ATH HAcCOChl OTKa3blBaIM B paboTe, BBUAY YEr0
9KCIUTyaTHPOBAIUCH MTPU TOHKCHHOM JaBienuu [12, 1. 38].

Jlyiss Toro 4TOoOBI COBPEMEHHBIN YUTATENIb MOT OO0Jiee SICHO IMPEACTaBUTh, KAaKOH 00BhEeM
paboT HYKHO OBLJIO BBIIOJIHUTH NEpe]] HayaloM (YHKIIMOHUPOBAHUS BCEH CTAHIIMU, IPUBEIEM B
Ka4eCcTBE WILTIOCTPAIMH JaHHbIE O paboTax MO BOCCTAHOBJICHHUIO OJHOTO M3 IIEXOB — KOTEIBHOTO.
Tam ObuM 3amMTHI pa3dUThle OKHAa (HAlOMHHMM, 4TO B IE€PHOJA BOMHBI CTEKJIa B IOpOJe
KaTactpoduyecku He XxBaTajio — JI.B.), pa3MOpOXKEHBbI MUTATENbHBIC W JPCHAXKHBIC JTUHUU
TpeX KOTJIOB, IPU 3TOM B JBYX KOTJaxX OHHU ObLIM 3aMeHeHbl. OTpeMOHTHPOBAaHBI TPYOBI y
Oolinepa ¢ ropsiuet Bo/IOH, a TakyKe JIOMHYBIIKME OT MOPO30B BOCEMb TPYO IMaporieperpeBarels;
NPOM3BEACHBI PEBU3UA M 3aMeHa psja jaeTayiedl TypOoHacoca, Hacoca, OTONUTEIbHON CHUCTEMBI
craniuu. Co BCeH IJIOMIAM 30JIbBHOTO MOMEIIEeHUsI yOpaH Jiej| TOJIMHON B 35 ¢cM M OTKavyaHa
BOJ[a. PacuuIeHbl TOMOYHBIC MPOCTPAHCTBA, yAaleHA 30JIa M IUIAK Tpex KoTioB [12, 1. 42].
[Tepe-uncauTh BCe BBINOJIHEHHbIE PAOOThI HETPOCTO, @ BEb OJHOBPEMEHHO BOCCTAHABIMBAINCH
TOTIJIMBHBIN, TYpOMHHBIN I1€Xa, 3JIEKTPOLEX, HacocHas cTaHius. M Bce 3To ObUIO MpojenaHo,
KOI'Jla Ha JIBOPE CTOsJIa 3UMHSISI CTYKa.

Typ6oreneparop I'SC Ne 2 Obin 3amymieH 14 ¢eBpais, OAHAKO B YCIOBHUSX JIEIOBOTO
pekuMa u3-3a 00pa3oBaHMs MPOMOUH OT CITYCKHOW BOJBI €ro MPHILIOCh OCTAaHOBUTH JJISI OTBOJIA
IUPKYJISIMOHHBIX BOA. B pe3ynbrare 1Ba KOTJa W JABE TYpOMHBI CTaHIMU 3apaboTaiy JIUIIb
28 peppanst 1942 1. C modtd MecsSYHBIM ONO37aHWeM K | Mapra 3aBepmImiics PEMOHT Ha
TOLI Ne 1, HO myck TypOHMHBI 33A€PKHUBAJICS, TaK KaK HE XBaTajo TypOUHHOro Macia. [Ipu sTom BHe
miana Ha TOI[ Ne 1 Obuta mymieHa TUIOTHHA W TpU KOTJIa CTapod KortenbHou [4, 1. 10; 9,
n. 28]. B samBape 1942 r. I'DC Neo 3 BeipaGotama 949,15 teic. kBt'u, B ¢eBpane —
1 087 thic. kBr-u; TOLI Ne 1 B dpeBpane mocraBuna 438,35 Toic. KBT 4 anexTposHepruu [4, 1. 11].

Pemennem wucnonkoma ropcoBera oT 2 sHBaps 1942 r. Obul yTBEp)KIeH TIpaduk
MEPBOOYEPEIHBIX HEOTJIOKHBIX pPabOT Mo BoccTaHoBieHMIO . Kanmununa. Ympapisioniemy
«Kanuunnsnepro» I1.A. bananauHy nopy4anoch IPUBECTH B MOPAIOK IEKTPOCETH, MOABOIS-
IIMEe DJIEKTPOIHEPTHI0 K ropoackuM mgomam [1, m. 1]. 3a Bpemsl OKKyIalHMu 3JEKTPOCETH
OKa3aJIMCh B 3HAUUTEILHON Mepe pa3pyIIeHHbIMU: TOTOPENN U MepeOUTHI CHApsIIaMH psijl OIIOp U
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CTOJIOOB, MOPBaHBI MIPOBOJIA, TIOBPEXKICHBI OCHOBHBIC KaOeH; B JTOKyMEHTaX yKa3bIBAaeTCs, YTO
maciirad paspymrenuit gocrurai 80 % [9, . 28].

Bonbmie Bcero mocrpagana ¢uaepHas JTUHUS ceTd 6 KB: MOBpeXIeH MmapHbI Kabeb,
MpoJIOKeHHBIN 10 Bomkckomy mocty st cBsizu ¢ ['DC Ne 2, paspynieHa Bo3ayliHas JUHUS
anekTponepenaun, cBszbiBatomias TOL Ne 1 ¢ I'DC Ne 2, a taxxe aunust 35 kB ot TOLl Ne 1
HosonpowmeitnuienHoro paiona (ceromus MockoBckuid paiion TBepu — JILB.) u np. B mydmem
COCTOSIHUM HaxOJWIach IIECTUKUIIOBOJIbTHAS KaOenbHasl paclpeaeauTellbHas CeTh HEHTPaIbHON
4acTH ropojia. bolbIIMHCTBO TpaHCPOPMATOPHBIX KHOCKOB, PaBHO KaK U KaOelu, COXPaHUIUCh U
OBUIM TOTOBHI K AKCIUTyaTanu. Ho mo npuunne paspyuienus ThMankoro Mocta ObUTH BbIBEICHBI
U3 CTpOsl Ba OCHOBHBIE (uaepa, M3-3a YEro HamNpssKeHUE B LEHTpaibHYK 4dacTh Kannnuna
0Ka3aJIoOCh BO3MOXKHBIM TIOJ[aTh TOJBKO OOXOAHBIM myTeM. Bo Bcex paifonax Kanununa
BO3/yIIHAs ceTh 6 KB Oblia B TON WMJIM MHOM CTENEHU pa3pylieHa, 0COOEHHO CUIILHO MOCTpaaiu
3aBoypkckas M 3aTbMmalkas 4acTH ropoja. IlpumepHO B TOM € COCTOSHUM HaxOJWjiach
HU3KOBOJIbTHASI CETh — BO MHOTHX pallOHaX KpoMe OOpbIBa MPOBOJOB OBLIM PACIICIUICHBI U
cpe3aHbl onopel. Bece moaco0HOe X034HCTBO AJIEKTPOCETEN, PACIIONOKEHHOE MPU LEHTPATbHOM
bugepHoM mMyHKTE: TpaHC(HOPMATOPHBIM IeX (32 HCKIIOYEHHEM YIIEJIEBIIUX B IMPHUCTPOMKE
HeHTpUPYTH U (UIbTIpEcca), MEXaHUYECKass MacTepcKasi, MOMEIICHUE OMEPATUBHOW CITYKOBI
U KOHTOPBI CO BCel JOKyMeHTalueil u nmpudopaMu — ObUIO YHHUTOKEHO B pe3ylbTaTe MoxKapa
[12, 1. 6].

[lepBoouepeanoi 3amadeil, MOCTaBICHHOW IMepen coTpynHukamu «KaluHuHAHEpro»
nocye OCBOOOXKJIEHUSI O0JIACTHOM CTOJMIIBI, SBJIAJACH I[10/1a4a SHEPTrUU BOEHHBIM YaCTAM,
NapTUWHBIM U COBETCKHM YYPEXKICHHUSM, a TaKKe YLEJICBIIMM TOPOJCKUM MPEANPHUITHIM.
3aneicTBOBaB OCHOBHYIO 0a3zy nsHeprocHadxkenus — [DC Ne 3, mpoBogwiu pabory 1o
BOCCTAHOBJICHHIO (priepoB KaOelIbHOU M BO3IYIIHOMN ceTu 6 KB, cBsA3bIBarolieil eHTp ropoja ¢
I'DC Ne 3. PesynbTaTsl paboThl, npojeiaaHHoN 3a nepuoa ¢ 21 nexadbps 1941 r. o 15 ¢epans
1942 r., oTpaxeHsl B Tabiuuie. 3a 3T0 BpeMs >Heprus Oblia MOoJaHa Ha BarOHOCTPOMTEIbHBIN
3aBoja, (abpuxky wum. BopommnoBa, 3aBox um. 1 Mas, 3aBoa CHIMKAaTHOTO KHPIIAYA,
LEHTpaIbHBIM MacTepckuM TopdocTpost u psity Menkux apreneit [12, 1. 6].

Xon paboT 1Mo BOCCTaHOBJIEHHIO dyieKTpoceTeii B . Kamuuune [12, 1. 5, 41]

Beeneno Beeneno
ITo coctosi- | BoIKcIIya- | B JKCIUlya-
HanmenoBanue | En.
ACTKA ey, | THATOHA 1 an- TaLUIO TaLUIO [Ipumeuanus
v " | Baps 1941 r. |Ha2l guBapsi| Ha 15 ¢es-
1942 1. passg 1942 r.
KabGenpHast cetb o | [IpOBEpEHa 1 TIOCTaB-
6 kB o 37,5 252 26,2 (70 %) JIeHa MO/ HalpshKEHUe
Bos1viHas OtpemMoHTHpOBaHA
Y KM 43,6 14,5 23 (52,7 %) |u mocTaBiieHa 1MoJ1 Ha-
ceThb 6 KB
psHKEHHe
DuepHeie . 3 3 3(100%) |Hin
ITYHKTBI
[IpuBeneHsI B cOCTOS-
Tpancdopma- . 83 69 80 (96,5 %) HUE, TOJTHOE K dKCIUTya-
TOPHBIE KHOCKH TalUH, U MOJKJIIOUEHBI
K CEeTH
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OkoHYaHne TaOJIHIEI

BBeneno BBeneno
HaumenoBanue E,I[ ITo cocros- B OKCILTya- B OKCILTya-
ydacTka 1/131\/; HUIO Ha 1 8- TaIHIO TaIHIO [Ipumeyanus
" | Bapa 1941 r. |na?2l suBapsa| Ha 15 ¢es-
1942 1. pans 1942 r.
HuskoBonbpTHAs OrpemonTupoBata
oL KM 150 30 36 (24 %) |u mocTaBiieHa IO Ha-
MPSHDKCHHE
CuitoBbIe TpaHC- . 92 59 71 (77,2 %) [IpoBepeHsbI U MOAKITIO-
(dhopMaTopsI YEHBI
BoccraHnoBiiena cu-
Ceru 35 kB KM/IIIT. 70,5/7 - 7,5/1 JIaMH a0OHEHTA JTHHUSA
na KPEII3

OnHOIl M3 TIaBHBIX NPUYUH, HE IO3BOJIBIIMX YCKOPUTH TEMIIbl BOCCTAHOBUTEIBHBIX
pabot, Obuta HexBaTKa KaapoB. 5 despans 1942 r. rmaBa «Kamununsuepro» I1.A. bananaun
oOpartuiicss K cekperapro obkoma mo TormnuBy u sHepretuke C.A. BecenoBy c¢ mpocsOoit
NIOCTaBUTH INepes; KomaHnoBaHueM KamuHuHCKOro ¢ppoHTa Bompoc 00 OTO3BAaHUU U3 BOMHCKHX
yacTell BBICOKOKBANU(UIIMPOBAHHBIX CHEIHATUCTOB KATMHUHCKUX SJIEKTPOCTAHIIMNA, MOOWIH-
30BaHHBIX B MOMEHT 3BaKyallMd U3 ropoaa. OOOCHOBAHUEM CIIYKUJIO TO OOCTOSATENbCTBO, YTO
OHM HMENHU JOJTOBPEMEHHBIN MpPaKTHUECKUW OMBIT paboThl Ha MAHHBIX JIIEKTPOCTAHIUSX,
XOpOILLIO 3HAJIM OCOOEHHOCTH BBIBEJEHHOIO U3 CTpPOs OOOpYAOBaHUS M MOIVIM IPUHECTU
OOJBIIYI0 TOJB3Y B JIeJle BOCCTAHOBJIEHUS SHEPrOoCHUCTEMbI ropoja. B mpuiaraemMom crmcke
ObLIM yKa3aHbl pamMuiInu 15 BOEHHOCHIYXXAIUX, UX JOJKHOCTH Ha MPEKHUX MECTax paboThl U
HEKOTOPBIE CBEJICHHUS O MECTOHAXOXKICHUHU B apMelcKuX dacTsax. Cpean HUX OKa3aluch npopao,
CTapLINil MAIIMHUCT, MacTep MEKTPOIeXa, ASKYPHbII HHXKEHEp U Ap. Y TOUHSIIOCH, YTO BCE OHU
JI0 OKKyINalluM COCTOSUIM Ha crnenydere. M3 pesomonuu BecenoBa MOXKHO MOHATH, YTO OH
JIOTOBOpPWJICS C OOJIBOEHKOMAaTOM O BO3Bpare HEKOTOPbIX W3 Ha3BaHHBIX TOBAapUUICH.
[TpeamnonoxurensbHO, pedb 1ula 0 8 COTPYIHUKAX, TAK KaK UMEHHO CTOJIBKO (haMMIINH BbIJIEIEHO
B crincke [12, 1. 8, 8 00.].

B mapre banmannuH BHOBB cOOOLIaeT O HEXBAaTKE WH)KEHEPOB, KBATM(PUIMPOBAHHBIX
pabouynx B CBSI3M C 4YE€M OKCIUTyaTallMOHHBIA IepcoHan paboTaeT B JABE CMEHBI, IPO-
JOJDKUTEIIBHOCTh  KOTOpBIX cocTaBisger 12 wyacoB. Ilpu »sTtoM rnaBa «KammHuUHAIHEPro»
HAlIOMUHAET, YTO KAJIMHUHCKHE CHEIUATUCTBI OceHbI0 1941 T. ObUIM HE TOJNBKO MPU3BAHHI B
apMHIO, HO U pacrlpeleneHbl Mo npeanpuartusMm «Boctoksnepro», «3anCubsHepro» u Ipyrum
corylacHo pacnopsbkeHuto Hapoanoro komuccapuara snektponpomsinienHoctu CCCP. Tlo ero
MHEHHIO, BO3BPALEHUE ITUX COTPYAHHUKOB IIPOXOIUIIO CIUIIKOM MEMJIEHHO, U K TOMY MOMEHTY
BepHyJIcs 21 4enoBek, a U3 apMuH ObUIO 0TO3BaHO TOJIBKO JABOE. [loMHMO 3TOrO, B COOTBETCTBUU
¢ mnocraHoBiaeHueM ['KO ot 11 deBpans 1942 r. «O BOCCTaHOBJIEHHUH SHEPIETHUYECKOTO
xo03siicTBa T. KanmuHuHa» TOPOJICKUE AIEKTPOCTAHIIMHN TONYIriid B cueT 250 MOOMIU30BaHHBIX
paboueil konoHHBI 195 wyenoBek, U3 KOTOphIX 68 ciecapei, 16 >MEKTPUKOB, 15 IUIOTHUKOB,
7 IeYHUKOB, 86 pazHOPaOOUYMX, HO UX KBATU(PHUKAIUSA 32 MAJIbIM HUCKIIIOUEHHUEM O0Kazajach OYeHb
HU3Koi# [12, 1. 36].
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«KannHnHsHEPro» TpeOOBAINUCH JIEKYPHBIE Y IIUTA YIPABICHUS, MOHTEPHI, HACOCHUKH,
MAalIMHUCTBI-TYpPOUHUCTBI, MOTOPHUCTHI, Kouerapsl. Jlis MOATOTOBKM HEOOXOJUMBIX KaapOB
IPOBOJMIINCH KYPChl TEOPETUYECKOTO 00y4YeHus: 6e3 OTpbIBa OT MPOU3BOACTBA, MPENO1aBaTh Ha
KOTOPBIX OBLJIO MOPYYEHO HaydalbHUKAM LIEXOB U JIPYruM HHKeHepaMm. Kpamu@uuupoBaHHBIX
COTPYIHUKOB TOTOBWJIM TaKXE€ IyTeM AYOJMpOBaHMsS Ha paboOyuMX MecTaX, KOrja HOBHUYOK
HOJy4aJdl MHCTPYKLHMHM OT OIBITHOTO CHELMaIUCTa IpsMO B Ipolecce MPOU3BOJCTBEHHOM
JESTEIIbHOCTH.

ITonoGHBIE Mepbl OKa3alaMCh HEJOCTATOYHBIMM, M HYXHO OBLIO OOecrneduTh MNPUTOK
CHELHATNCTOB, & C YYETOM CJOXHOCTH U OTBETCTBEHHOCTH INPAKTHYECKH IIOOBIX paboT B
9HEProx0o3aHUCTBE BBIXOJOM U3 IOJOXKEHUS MOIJIO Obl CTaTh CO3/IaHUE IPUBIIEKATEIIBHBIX
ycnoBuid Tpyaa. ['nmaBa «KalmHUHAHEPro» cuurtan HEOOXOJMMBIM YBEIHYUTh HOPMBI BBLIAYH
xneba mus padounx anekrpocraniuii ¢ 500 mo 800 r B CyTKH, COXpaHUTh 3aKPBITHIA CTATyC
crosioBoit Ha ['DC Ne 3 (KOTOpBIN B TOT MOMEHT HApyIIAJCs MO MOHIATHBIM IPUYUHAM), OTKPBITh
IPU CTOJIOBBIX IPOOBOJBLCTBEHHbIE MarasuHbl, KOTOpPbIE MO3BOJIWIM Obl OJAMHOKHUM pabO4YuM
[0JIy4aTh HOPMUPOBAHHBIE IPOAYKTHI 1O KapToukaM. C 3TUMHU IPEJIOKEHUSIMU OH oOpalancs
B O0OKOM M TOpPKOM, YKasblBas Ha TO, YTO yCIIELIHOE BblNoJHeHHEe mnocraHoBiaeHus ['KO o
BOCCTaHOBJICHUU KaJIMHMHCKHUX 3JEKTPOCTAHIMM B KpaT4aMIIMM CPOK HAIPSAMYIO 3aBUCHT OT
BO3MOXKHOCTEH NOJepkaTh (PU3NYECKHE CHJIbl COTPYIHUKOB CTaHLUMN IyTeM OpraHu3aluu
COOTBETCTBYIOLIETO uTanus [6, 1. 43; 12, . 37].

Pocty uucneHHOCTH TpyAOBOro KojulekTuBa «KaJaMHHHAHEPro» He crocoOCTBOBA TOT
¢axT, 4TO y MpEaNpUATHS HE BCErla HAXOIWJINCh CPEICTBA JJIS BBIAAYW 3apaOOTHOM IJIaThI.
@uHaHCOBBIE 3aTPyIHEHUs OBUIM OOYCIIOBJIEHBl CHCTEMAaTHYECKOM HEIUIaTeXecHoCOOHOCThIO
psiia KpYIHBIX NPEANPUATUI — IOTpeOUTENel 3IEKTpUUEcKOol 1 TerioBoil sueprun. K cepenune
mapTa 1942 r. aboHeHTCcKas 33J0/KEHHOCTh IO SHEProcObITY COCTaBuiIa 0KoJio 1 MiIH pyO. mpu
maHoBou nudpe e 6omnee 400 Toic. pyO. Tax, Kanuauuckuil xiaomuaToOyMaXKHbIM KOMOMHAT ¢
Hauana roja 3anomkan «Kamuaunsuepro» 572 teic. py0., KanuHuHCckui pe3nHO-TI0J0IBEHHBIH
3aBoj (KPEII3) u BaronsaBoj ¢ Hadana ¢eBpans coorBercTBeHHO 209 u 112 Thic. py0. B urore
nonru yxe «KanuHuH3HEpro» mnepes nocraBliukamu Topda pocturiau nodtu 600 Teic. pyod.
Kpome TOro, orcyrcTBoBanM CpeiacTBa Uil NPUOOpPETEHHUs 3amyacTeil, 4To MpensTCTBOBAIO
HOpMalibHOU paboTe mnpenanpustus. VcuepmaB 3aBUCEBIIME OT HErO0 MEpbl BO3JCHCTBHSA Ha
HEIUIaTeJbIINKOB, 32 HCKIIOYEHHEM MpPEeKpalleHUusl MOJaud AIJIEKTPOIHEPTUH, YHPaBIISIOIINUN
«KamHUHHEPro» MPOCHIT BMEIIATEILCTBA MAPTHHHBIX OpraHoB [2, i1. 29].

PykoBonutens «KanuHWHAHEpro» Has3blBajl U JApPYrue€ MPUYMHBI, 33J€p’KUBABIINE BOC-
CTaHOBUTEIbHBIE PAaOOTHl, B TOM YHUCIIE HHU3KUE TEMIEpaTyphl, OTCYTCTBHE AaBTOTPAHCIIOPTA,
TeNeQOHHOI CBSI3U U TOT (aKT, YTO BOCCTAHOBJIEHME DJIEKTPOCTAHLUN U CETeH J0Jroe Bpems
npoxoanio 0e3 BCSIKOW MOMOINM MaTepuajaMH M 00OpyIOBaHHEM CO CTOPOHBI TJIaBKa MU
napkomara [12, 1. 36]. IToakaroueHne OBITOBOTO OCBEIICHHS JTUMHTHPOBAIOCH KOJIUYECTBOM
TOIJIMBA Ha CKJIagax W ciaabbiM 3aBo3oM ¢ 0ojoT. OTMETHM, 4YTO MHOTHE TOPOJICKHE
NPENNpUATHS TOTIa HYKAaTUCh B ocTaBkax Topda. Eme 26 gpespans 1942 r. nepssiii cekpeTapb
Kanunaunckoro obkoma naptuu W.I1. BoiitoB obpamancs k Hapkomy myteit coobmmenus CCCP ¢
npock0Ol JaTh yKa3aHUS O MPUHATUU CPOYHBIX MEpP K BOCCTAHOBJICHHIO KEJIE3HOJ0POMKHOIO
MocTa 4epe3 p. TBepuy U KEIE3HOAOPOKHOW BETKH, Bedyllled Ha PeleTHUKOBCKOE
topdonpennpustue (cMm. npui. 1). 3 npencraBieHHON cripaBKy (CM. TPHIL. 2) MOYXHO TOHSTH,
KaK pa3BOpauMBAINCH pabOTHI IO BOCCTAHOBJICHUIO YITOMSIHYTOTO MOCTa B Mapte 1942 r.

BripaboTka smexkTposHepruu 3a anpeib coctaBuia: Ha [DC Ne 3 — 72,4 %; ma 'DC Ne 2 —
63,1 %; na TOI[ Ne 1 — 61,7 % ot ruiana [4, . 25]. B TeyeHne NMOCIEaYIONMX IBYX MECSICB
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CUTyalluss HE YIydlluiach, KOJIMYECTBO aBapuil Ha CTaHOUSIX BO3POCIO. 3aMECTUTEIb
3aBEJIYIOIIETO MPOMBIIUICHHO-TPAHCIOPTHBIM OTAEIOM TOpKOMa OOBSCHSI HU3KHE MOKa3aTesn
OTCYTCTBUEM JOJDKHOM IPOM3BOJICTBEHHOM JMCUMIUIMHBI CpPEAu PYKOBOJSILEIO 3BEHA
3JIEKTPOCTAHIINI, HEYETKUM HCIIOJHEHUEM IPUKA30B JUPEKTOPOB CTAaHLUM, HEBBITOJIHEHHEM
IIPUKA30B O JOBEJIEHUHU JODKHOCTHBIX MHCTPYKLUUH 1O padouyux MeECT M NpPOBEpPKE 3HAHUU
MEPCOHAIIOM MPaBUJ TEXHUYECKOW sKcruryatanuu. [locienHee uM3 Ha3BaHHBIX OOCTOSITENHCTB
HEpeaKo (UKCHPOBAIOCh TpU aHaIM3e NpuduH aBapuid. Tak, 9 mas 1942 r. omuH wu3
tpancopmatopoB Ha ['DC Ne 3 okazaiics BBIBEIEH W3 CTPOS IOCJE TOrO, KaK €ro TPUMKIbI
NBITAINCH BKIIOYUTH IPU SBHO BBIPAXKEHHOM aBapUUHOM COCTOSIHMM, 15 Mas aBapus B
pacupenenuteabHoM ycrpoiictBe TOLl Ne 1 Oputa BbI3BaHA OTCYTCTBHEM Maciia M JBYKPATHBIM
HECEJICKTHBHBIM BKJIIOUEHHEM B paboTy reHepartopa, 26 Mas oTka3 oT paboThI 3amuThl (uaepa
HPOU30IIEIT [0 TPUYUHE OTCYTCTBHS MPEIOXPAHHUTENICH B IENU OMepaTuBHOroO Toka [4, i. 25].
Bo3Hukan 3aMKHYTBIN KpyT: U3-3a aBapuil B CUCTEME HArpy3KH 4acTo 1epedpachIBAIUCH C OJHON
CTaHIIMH Ha JAPYTYIO, PEKUM pabOThl CTAaHIIMN HAPYIIANICS, YTO B CBOIO OYEpEab MPOBOIMPOBAIO
HOBBIC aBapHWHBIC CHUTyallMd. BakHEWIeW NpPEeanoChUIKOW BO3HUKHOBEHHUS I0JIOOHBIX
00CTOSITENNECTB SABIISJICSL BCE TOT JK€ KaApPOBBIA Je(UIUT, BCIEICTBUE KOTOPOTO JIIOASIM
NPUXOJUIOCh, HE oOyiafias MHOTJA JaXe CaMbIMH HEOOXOAMMBIMH 3HAHUSMH M YMEHHSIMH,
BBITMIOJHATH Pa3HOOOpa3HbIe BUABI PadOT, TPYIUTHCS MO MHOT'Y YacoB 0€3 CHa, UCTIBIThIBAS TOJIO]
U OTPOMHYIO (PU3HYECKYIO YCTaJIOCTh. BO3MOKHOCTH IS TIOJTHOIIEHHOTO OT/bIXa HE OBLIO M BHE
pabounx MecT, MOCKOJBbKY H3-3a pa3pyUICHUS U MOBPEKACHUS KWIBIX JOMOB OOJBIIMHCTBO
pabOTHHUKOB MPOKUBAIO B TSDKENBIX OBITOBBIX YCIOBHSAX, & BOCCTAHOBIICHHE XHJIOTO (OHAA B
ropojie MPOMCXOAUIIO TOPa3A0 MeIJICHHEE, YeM BOCCTAaHOBJICHHE MPOMBIILICHHBIX OOBbEKTOB U

pAla ydpexacHUn.
K konmy 1941 r. Ha kpynHedmeMm TropoACKOM mpeanpusitin — KaJauHUHCKOM
BaroHOCTPOMUTENILHOM 3aBOJIE — TIOJHOCTBIO COXPAHWINCh WM MOJNYYWIM YacTUYHBIE

HNOBPEXJCHHS, TMPH KOTOPHIX BOCCTAHOBJIEHHE HE TPeOOBAJIO 3HAYUTENBHBIX KalUTAJIbHBIX
3aTpaT, CIEIyIoIIUe OObEKThl: MEXaHWYECKUH, JIUTEHHBIN, PEeCCOBBIH, PECCOPHBINA, PEMOHTHO-
CTPOUTENbHBIN, TEIEKHO-CBAPOUHBIN, OOPE3HOM, KeNe3HOIOPOKHBIN, TPyOOPEMOHTHBIN 11eXa U
1ex muprnorpeda, a Takke MapoBO3HOE JIETIO, KOTEIbHAs, MOCTOBOM MPOJIET Ky3HMIIbI, yCTAHOBKA
10 TIPOM3BOJICTBY KHCIOPOA, Jieco3aBoa Ha Boure, aBrorapax [3, m. 25; 11, x. 1]. Okazanuch
CHWJIBHO TMOBPEXJIEHHBIMU U TpeOOBaIM OOJIBIINX KalUTAIbHBIX 3aTpaT U JJIUTEIBHOIO BPEMEHU
Ha BOCCTAHOBJICHHE COOpPOYHBIN, MOJIYCKATHBIA, pAaCKPOIHBIN, HHCTPYMEHTAIbHBIN, PEMOHTHO-
MEXaHUYECKUH, AIEKTPOPEMOHTHBIN I11€Xa, 4YacTh JAEPEBOOOAEIOUHOr0 I€Xa, IITaMIOBOYHBIN
OpoJIeT Ky3HHIBl, IEHTpajbHas 3JEKTPOCTaHIMs, Tene(oHHas CTaHIMS M 37aHHE 3aBOJIO-
yhnpasieHus. B mnepedncieHHBIX 1exaX J0 OCHOBAHMS CrOpeNd JEpPEBSHHBIE MEPEKpPITHS,
UHCTPYMEHT OBII YHHUYTOXKEH, O00OpYyIOBaHHWE 3HAUYUTENBHO IOBPEXKIEHO, a 3JIEKTPOOoOOpY-
JIOBaHHE TpeOoBalO MEPEeMOTKM MM 3aMeHbl. OcoOEHHO TPYIHBIM MPEACTaBISIIOCH BOC-
CTaHOBJICHHE 3aBOJCKOW H3MepuTeNbHOU saboparopuu. M3 mmeBmierocs y 3aBoAa KHIOTO
¢donna B 25 ThIC. KB. M 10 ThIC. KB. M CTrOpeso, a OCTajlbHbIe TPeOOBAIM CPEIHEr0 WIIM MEJIKOTO
pemonTa [3, m. 26]. Ilo3ke BOCCTAaHOBJIEHHE BaroHHOTO 3aBOJIa OCJOXKHSIJIOCH TE€M, YTO B
pesynbTaTe nmoxkapa 31 suBaps 1942 r. ObUT TOJIHOCTHIO YHUYTOKEH MEXaHUUYECKHH 11EX.

IlepBbiM Ha 3aBojie cTan (PYHKIHMOHUPOBATh IEX MIMPIOTpeda, KOTOpbId ¢ 9 sHBaps
1942 r. Hauvan BbIMycKaTh XJIeOHBbIE (oOpMBIL, Ta3bl A Oanu. IlpeccoBelii 1eX Hamaguil
IIPOU3BOJICTBO JIOMOB, KYBaJlfl, TOIIOPOB, KJIMHBEB M APYrOM NMPOAYKLUHU, OTCYTCTBHE KOTOPOU
CYIIECTBEHHO 3aMeJIsII0 BOCCTaHOBHTEIbHBIE paboThl B ropozae. K 18 ¢espans 1942 r. Obum
YaCTUYHO BBEJCHBI B OKCIUTYaTallMI0 KUCIOPO/AHAs CTAaHIM, JeC03aBO/l, KOTEIbHbIM, 00pe3HOl,
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PEMOHTHO-CTPOUTENbHBIN 11€Xa, THCTPYMEHTAJIbHAs U TapHas MacTEPCKHE, IIPUBEJIEH B IOPAIOK
BaroHHbIM MNapK, HaJIaXEHO BOJO- U 3JeKTpocHaOxkeHue 3aBoja. OTKPBUIUCH CTOJIOBas U
3npaBOyHKT [3, 1. 29, 30].

8 ssuBaps 1942 r. na KanmnHUHCKOM BaroHHOM 3aBojie paboTtanu 952 yenoBeka. Pabounx
HAaCUUTHIBAJIIOCH 826 uenoBek, B ToM uucie 161 B mexanumdeckom 1uexe, 149 B peMOHTHO-
crpoutenbHOM, 111 Ha 3aBojackom aBope, 94 B XKKO, 90 B sHeproxossiictse, 64 B cOOpOUYHOM
nexe, 40 B Ky3sHeuHOM, 29 B xene3HOJ0POKHOM, 23 B 1iexe muprnorpeda u 16 B rapaxe. Kpome
TOro, 54 deroBeka OTHOCHIIMCH K MIIAJIIeMy OOCITyKHBAIOUIeMy MepcoHany, 51 K MHKEHEepHO-
TEXHUYECKUM paboTHuKaM u 21 Kk KoHTOpckomy mnepconany [11, n. 1]. Tlpeamonaranoch
pacuiMpeHre TPYyIOBOro KOJUIEKTHBA 3aBOojAa /10 3 Thic. paOOTHUKOB, OJHAKO Habop paboueit
CUJIBI 3aMENJISVIO OTCYTCTBHUE JKMJIbA. BBICTPOro pelleHusi NaHHOTO BOIIPOCA OXHUAATh HE INpU-
XOJIMJIOCh, TaK KaK Ha BOCCTAHOBJIEHHM 3aBOJICKOTO J>KMJIOrO (OHJAa B TOT MOMEHT ObUIH
3aIecTBOBaHbl TOJILKO 94 uenoBeka. K Hawanmy mapra uuciao pabouyux M ClyXKallux 3aBoja
coctaBuio 1 678 uenoBek, cpean HUX 125 HHKEHEPHO-TEXHUYECKUX pabOTHUKOB [8, 1. 58].

B xome BoccTaHOBIEHHS IEXOB HE YAAaBAIOCH COONIIOAATh HAMEUYEHHBIH Tpaduk pabor,
OCOOCHHO OTCTaBaJl CTPOUTENBHBII M DHEPreTUYecKuil ydacTku 3aBoja. [IpuumHBI 3TOrO
3aKJIFOYAIMCh B HU3KOW IIPOU3BOIUTENBHOCTH TPYAA, KOTOPAsi B CBOKO OUEPEb OOBSICHSIIACH OCTPHIM
neuImMToM MarepuanoB, MHCTPYMEHTOB (TaK, MPOJODKUTENIbHOE BpPEMs OCTaBaNach OYKBaJIbHO
Hepa3pemmMoi npo0JieMa ¢ HEXBAaTKOM MEPUTEIBHOTO WHCTPYMEHTA, KOTOPBIM 3aBOA HE MOT
U3TOTOBUTH CAMOCTOSITENIBHO), @ TAaKXKe MpeoOiIaJaHueM MOBPEMEHHOW OIUIaThl M HEAOCTATOYHO
Hed(h(DEeKTHBHOW OpraHM3alueld Tpyaa, KOTrJAa B TEUCHHWE pPadOYero BpPEeMEHW 4YacTh pabodmx
OKa3bIBaJIaCh HE MOJHOCTHIO 3aHsATOH. Habmoganack iBHas AUCIPOIIOPIHS MEXKAY 00BEMOM padoT U
KOJIMYECTBOM KBau(uimpoBaHHOU paboueit cwibl. Ha mexannueckolr 00paboTKe crienjerane, K
npumepy, BMecto 20 crecapeil Ha 3aBojie TPYAWIUCH CEMEPO, a JIUTEHHBIN 1IeX IpU MOTPeOHOCTH B
25 opmoBIIMKaxX UMEIT TOJIBKO TpoUX padounx [3, 1. 32, 33].

Pa0oTy BaroHOCTpOMTENHLHOIO 3aBOJa TOPMO3WJIA U BBILIEYIOMSHYTas MpoOieMa HEXBATKH
toruiBa. OCHOBHBIM IOCTaBIIMKOM ToluiMBa B Mapre 1942 r. sBiusioch (CaBBaTheBCKOE
TopornpeanpusTe, o BUHE KOTOPOTO PEryIspHO CPBIBANICS IpadHK MOCTaBOK (pe3epHOro Topda,
YTO TPUBOJWIO K IPOU3BOACTBEHHBIM IPOCTOSIM. 3aBOJA OKa3al MPEINpPUSITHIO MPAKTUYECKYIO
HOMOILb pabouel CuIIoM, crienuanucTaMu, JIeConuIoMaTeprualaMu, Ho 00beMbl OTIIPaBKU Topda He
yBeIM4MBaINCh. ExxecyTouno 3aBoj mosmyyan Beero 16—18 T BMecto Harexxammx 130 T[4, . §].

Ilo pemeHNI0 LEHTPAJIBHBIX BJIACTEH 3aBOJCKHME MOIIHOCTH C CaMOIr0 Haudaja Ipouecca
BOCCTAHOBJIEHMSI CTaJIM UCIOJIB30BaThHCS ISl MPOU3BOJICTBA PA3IMYHON MPOJYKIUHA OOOPOHHOIO
HazHaueHus. Pacnopsbkenmem CHK CCCP or 6 ¢eBpans 1942 r. KanunuHckomy
BaroHHOMY 3aBOJAY ObUIO JaHO 33JaHHE HAa M3TOTOBIEHHE 122-MUIIMMETPOBBIX CHAapSIOB U
120-MuIIUMETPOBBIX MHUH M YCTaHOBJIEHA CIIEAYIOIIas Iporpamma: yxe B (eBpaie 3aBoay
ciemoBayio mpousBectd 10 ThIC. CHapsmoB u 6 Thic. MUH, B MapTte — 20 TBIC. CHapsJ0B U
16 TbIc. MUH. B (heBpasie miaH BelTycka 000pOHHOMN NPOIYKIIMH OBbLII COPBaH. Y TIOJTHOMOYEHHBIN
Komuccun maptuitHoro kontposst ipu L{IK BKII(0) mo Kammauuckoi ob6nactu JI.M. 3yOsiHIH
yKazajgl IPUYMHBI CpPbIBA, 3aKJIIOYABILIMECS B HEAOCTATOYHOM KOJMUYECTBE METALIOPEXKYIIUX
CTAaHKOB U W3MEPHUTEIHHOIO HHCTpyMEHTa Ha 3aBoje. HyxXHO OBLIO OTPEMOHTHpPOBATH H
ycTaHOBUTH 150 MeTalopeXylux CTaHKOB, B PEAJIBHOCTH ke K | MapTa oTpeMoHTHpoBaiu 48,
U3 KOTOPBIX (PYHKIHMOHUpOBaIM TosbkO 13. HeoOxomumblil M3MepUTENbHBII WHCTPYMEHT IO
PACHOPSDKEHUIO 3aMECTUTENSI HApKOMa CPEHEro MAIIMHOCTPOSHMS JIOJDKHBI OBUIM HM3TOTOBUTH
3aBobl  «Dpezep», «Kamubp» U MOCKOBCKHMN HHCTPYMEHTAJIbHBIM, KOTOpPbIE JIaHHOTO
pacropsKEHHUsT HE BBINOJHWIM, KaK HE BBIIOJHWIA M BTOPUYHOIO PACHOPSDKEHUS CaMOro
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HapKkoMa. JlOCTaTOYHBIM KOJMYECTBOM KBAJTU(HUIMPOBAHHBIX KaApOB JUIL TMPOU3BOJCTBA
OoerpuacoB BaroHHBIHN 3aBOJI TaKXKe HE pacrosarai [8, 1. 56, 57].

OueBUAHO, YTO BBINOJIHUTH 33/IaHUE TPABUTEIHCTBA C CAMOTO Havyasia ObLIO HEBO3MOXKHO.
@DakTUYeCKH A3TO MpU3HAET U caM 3YOBIHWUH, OIICHHBAas POJb HEKOTOPBIX PYKOBOJIUTENEH
HapKoMara B JJAaHHOW CUTyalluu KakK «HE3aBHJHYIO». Belab oAHOMY U3 3aMecTUTeNell HapKoMa
noHanobunock nenbix 11 gHe#t ans Toro, yroObl M3AaTh MPHUKA3 BO MCIOJHEHHE MpPaBUTEIb-
CTBEHHOTO pacrlopspKeHHst oT 6 (eBpasisi; Mo 3aBOAY K€ COOTBETCTBYIOIIMU MpPHUKa3 ObUT U3aH
23 ¢espana. Bpemenu 11 BbinonHeHUs (EBPaNbCKOTO 3a/laHUs MOYTH HE OCTaBaJIOCh. MOXKHO
IPEIOJIOKUTh, YTO B HAapKOMAaTe CYIIECTBOBAJIO IOHMMAHUE HEBBINOIHMMOCTH MapTOBCKOM
POrpaMMbl, MOCKOJBKY MApTUHHBIA YIOJIHOMOYEHHBIH YIIOMHUHAET O TOM, YTO 3aMECTHTEIb
HapKOMa IIOCBUIAJl B IIPAaBUTEILCTBO IHCBMO C XOJATaliCTBOM O CHUXXEHMHM MapTOBCKHX
[IPOTrPaMM I10 BBITYCKY CHapsioB ¥ MUH Ha 10 ThIC. mT. Kaxayo [8, 1. 58]. OaHako KOHKPETHBIX
pEeLIeHUH IO 3TOMY BOIIPOCY, 110 BUAUMOCTH, IPUHATO HE OBLIO.

B npun. 3 npuBeneH TEKCT MapTOBCKOTO OOpalieHus mepBoro cekperaps KaanmHUHCKOro
obkoma BKII(6) M.II. boiinoBa k Hapkomy cpeanero mammHoctpoenuss CCCP ¢ mpocw6oii o
oMoy B obecredenn KanMHUHCKOTO BAarOHHOTO 3aB0OJIa M3MEPUTEIbHBIMU MHCTPYMEHTAMU U
BO3BpAIlICHUU Psijia 3aBOJACKUX crienuanuctoB. [IpoGiaemsl ¢ 060pyI0BaHHEM U MHCTPYMEHTAMU
3aBOJ] WCIBITHIBAT W B MOCIEAYyIOIIUE Mecsibl. B mpui. 4 comepXuTcs TEKCT HIOJIBCKOTO
oOparmenusi aupexkTopa BaronzaBoga M.A. MopozoBa k boiiiioBy ¢ nmpocs0oil 0 coaeicTBUM B
MOJIy4eHUU HeoOxoaumoro obopynoBanus. [locreneHHo yacTh mpoOieM pazperianach, 3aBOAY
MOCTYNAIA HOBbIE OOOPOHHBIC 3aKa3bl, CIIPABISATHCS C KOTOPBIMU OBLJIO TaK e CI0XKHO, HO B
KOHEYHOM CUeTe KOJUJICKTUBY O3TO yAaBaloch. JIOKYMEHThI, NMpPHUBEACHHbIE B MpWI. 5 U 6,
MO3BOJISIIOT YBUAETh, B KaKOH (opMe PYKOBOAWTENH OOJACTH OTYHTHIBAIUCH IO JaHHBIM
BOIPOCAM IepeJl MPeICTaBUTEISIMU LIEHTPAIbHBIX OPTraHOB BIACTH.

OaHuM M3 BeAYIIMX NPEAUPUITUH XMUMHUYECKOH MPOMBIIUIEHHOCTH B 00JIacTH ObLI
KanuHuHCKMI 3aBOJ PE3MHOBOW MOAOUIBBI, TPYJOBOW KOJUIEKTUB KOTOPOTO JO BOWHBI
HAaCYUTHIBAI 2,5 ThIC. paOOTHUKOB. OCHOBHBIC 3aBOJICKHE 11€Xa, 32 UCKIIOUEHHUEM OTACIIOYHOTO,
COXpaHWINCh, U ¢ 1 deBpans 1942 r. mianupoBanock BO30OHOBUTH pabOTy, HO M3-3a OTCYTCTBHS
AIIEKTPOIHEPTUU MYCK MPEINPUITHS OTKIAJbIBAJICA, U B (eBpaje JUPEKIHs Oblla BBIHYXKICHA
OTIIPaBUTh B aJMMHUCTpaTUBHBIN oTiyck 200 yenosek u3 540 paboumx, a 3HAYUTEIbHYIO YacTb
KBaJIM()ULMPOBAHHBIX CIELUAINCTOB MCIOIb30BaTh HE N0 Ha3HAUYEHHUI0. B 3T0 ke BpeMs 3aBoay
OPUXOJUIIOCH CKHUraTh Ae(OULIUTHOE TOIIMBO JUIS MOAJEPKAHMUSA MAapOBOTO M OTOMMUTEIBHOTO
XO03SICTBA, XOTS MPOU3BOJCTBEHHOE 000py10BaHKe pocTauBaiio [8, 1. 47, 48].

ITnan BoccTaHOBUTENBHBIX paboT kK MapTy 1942 r. B ¢pusnueckom oobeMe ObLT BHIIIOJIHEH
yxke Ha 130 %, u 2 mapra 3aBoj] BCTYNuI B cTpoid. OnepaTuBHOE 3aJJaHUE 1O BBIYCKY PE3UHBI 3a
MapT Obulo BbIMONHEHO Ha 102,7 %, B ampene Mo MpeaNpUATHIO B LEJIOM IUIaH OKazajcs
nepesbinonHed Ha 16 % [5, 1. 2]. K 18 Mas Obutd MOJHOCTBIO BOCCTAHOBJIEHBI II€X YEPHOM
MOJIOIIBBI, MEXaHWYECKUN M pereHepaTopHbIi 1exa. s MOJHOLEHHOro (DYHKIIMOHUPOBAHUS
uMeBLIerocst 000pyJoBaHUs TpeOOBalIOCh OOECHEeUnTh MNPEANpPUATHE TOIUIMBOM, B KadyecTBe
KOTOPOTO MOT TOCIYKUTh MECTHBII TOpd, CBIpheM B BHJE KaydyKa, CEpbl, Ca)KU M JIPYTrux
MaTepuasIoB, aBTOTPAHCIIOPTOM.

Hupektop 3aBojga JI.3. MuHCKuil yKa3blBal Ha HEOOXOAMMOCTb TNPHUPABHUBAHMS
pabOTHMKOB B 4YacTH OpOHHpPOBaHUS paboyeil CuiIbl MO CTPOUTEIBCTBY K CTPOUTEIbHBIM
opranuzaiusM. B 3ToM Bompoce ero mojiepKuBajl HayaJbHUK TJIABHOTO YIPABICHUS I10
BbIpaboTKe 3ameHuTenedl koxxu Hapomnoro xommccapuara jerkoid npomsinuieHHoctd CCCP
(HKIIJT CCCP), oOparuBumiics K mapTUHHBIM opraHam ropoaa Kamumnuna ¢ mpocb0oil 00
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okazannu koHkpetHoi momomu KPEII3. On mpocun mepeGpocuts 3—4 KBaTu(pHUIUPOBAHHBIX
TOKapel C APYruxX FOpOACKUX MPEANPUITHI sl YKPEIUIEHUS! KOJJIEKTUBAa MEXaHUUYECKOro 1exa,
a TaKKe BPEMEHHO IPUKPENHUTHh JMUTEUIMKA C OJHOrO0 W3 KAJIMHUHCKUX 3aBOJIOB s
WHCTpYKTaka u o0yudeHus paborHuka KPEII3, Tak kak OTCYyTCTBHE JaHHOTO CIICIHAIIACTA
3aJIepIKUBAIIO TYCK JIUTEHHOM [5, 1. 15].

B Teyenue 1942 r. octpora KampoBoil MpoOJEMbI Ha MPEANPHUATAN HE CHUXKAIACh, W
IPEKIE BCEr0 3TO Kacaloch 1i€Xa 4epHOW moaoumBel. J[e0 B TOM, YTO UMEHHO B 3TOM II€Xe
ycIoBUSL TpyAda ObUIM CaMbIMHM TSDKEIbIMU, TpeOoBasd OONBIIMX 3aTpaT (PU3NYECKUX CUJ,
BBIHOCIIMBOCTH, H JIO BOHHBI KOJJIEKTHB PAaOOTHUKOB COCTABIISIIM B OCHOBHOM MY>KUMHBI. Tenepsb
e MPUXOAWIOCh HaOMpaTh >KEHUIMH, W O0ECIeYUTh IMPOU3BOJICTBO MPOIYKIMHU 3arllaHu-
pPOBaHHBIX OOBEMOB M KAauecTBa IO IMOHATHBIM MPUYMHAM UM OKa3aJloCh Topa3fo CIIOXKHEE.
3HauuTeNbHAs 0N COTPYIHUKOB HE BBHIXOAWJIA Ha paboywe MecTa M0 MEIULHUHCKUM
MOKa3aHUsAM. B yCIIOBHSX COXpaHSBIIMXCS OTPAHUYCHUI HA BBE3/ B OOJACTHOM LIEHTp HaOpaTh
JIOCTaTOYHOE KOJIMYECTBO pabo4yMX MyTeM BepOOBKM B CaMOM TOpPOJE€ M OKPECTHBIX paiioHax
OBLIIO IPAKTUYECKU HEBO3MOXKHO.

B 3aknroueHue OTMETHM, YTO MPOLECC BOCCTAHOBICHHS TOPOJACKUX KOMMYHHUKALIMM,
IPOU3BOJCTBEHHBIX NPEANPUITUN, YUpPEKIEHUHM, KWIbIX ToMOB B I. KanuHuHe mocie pas-
pYLIEHUW, NPUYMHEHHBIX B Hayane Bemnkoil OTeuecTBEHHOW BOWHBI M B MEPUOJ OKKYIIAILIMH,
MIPOJIOJDKAJICS MHOTO MecsiiieB. [IepBbIii aTan OBbLI CaMbIM TSDKENBIM. B yCIOBHSX 3MMBI, KpaiiHe
CKY/JIHOTO pallliOHa MUTaHHsS, HE MMes HHUKAKUX DJIEMEHTApHBIX OBITOBBIX YIOOCTB, YKUTEIU
00JJaCTHOTO LIEHTPA M OKPECTHBIX DPAOHOB NPUJIOKWIM HEMAJble YCUIMS Uil CKOpeHIero
HaJIKUBAaHUS TOPOJICKOTO XO03sHCTBA. Psq mpobiieM 3amensisil TeMIIbl BOCCTAHOBUTEIBHBIX pa-
00T. DTO NeUINT TOIUIMBA, HIIEKTPOIHEPTUH, OTCYTCTBUE MAaTEpUAIOB, HHCTPYMEHTOB H 000-
pyIOBaHUs, HO B NEPBYIO OYepelb XpPOHHMUYECKas HexBaTka kaapoB. Cpa3y mocie 3amycka Ha
HEKOTOPBIX NPEINPUITUAX HAUMHAJICS BBITYCK MPOAYKIUH A5 (poHTa. B Takoi cnoxHON 00-
CTaHOBKE OOJIBIIIMHCTBO KaJIMHUHIIEB MTPOSBUIM OTBETCTBEHHOCTh, TPYAOII00HE, B3aUMOBBIPYY-
Ky, TepIIeHHE, CIIOCOOHOCTh HAXOJAUTh ONTHUMAJIbHBIE PEIICHHUS B CUTYallMd HEJOCTaTKa BCS-
YECKMX PECYPCOB U BBIIEPKAJIM MUCIBITAHUE, KOTOPOE B TO BPEMS MEPEKUBAJIA BCS CTPaHA.

IMPUJIOKEHUA

IMPUJIOKEHME 1
26 suBaps 1942 r.
MockBa
HAPOJHOMY KOMUCCAPY ITYTEU COOBLIEHUS
toB. .M. KATAHOBUYY

Bemonnsist mocranoBienue ['ocynapcTBeHHOro komurera odboponsl ot 11/1-42 r. 0 Boc-
CTaHOBJICHUH 3JeKkTpocTanimid r. Kamuuuna, KanmuauesHepro mo cocrosiauio Ha 24/1-42 r.
BOCCTaHOBJIEHO 4 TypOoreHeparopa 1o 2 000 KB. KaX/blii.

Jlia obecrieueHust TOMIMBOM 3JIEKTpocTaHIMi r. KanuHuHa HE00XOAMMO BOCCTAaHOBUTH
Teepenkuii Moct (Berka Ha Topdonpeanpustue «BacunbeBckuii MoX») M BOCCTaHOBHTH
’KeJIe3HOJOPOXKHBIE BETKH Ha PernieTHUKOBCKOe TopdonpeanpusTue.

[Ipomy Bammx yka3zaHuil O NPUHATHM CPOYHBIX MEpP K BOCCTaHOBJIEHUIO KEJIE3HO-
JIOPOKHOTO TBEpEKOro MOCTa M JKeJIEe3HOJOPOKHON BETKHA Ha PermeTHHKOBO

Cexkperapb Kanmununckoro ooxoma BKII(0) BOUIIOB

TLYTHU. ®. 147. On. 3. JT. 341. J1. 1.
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MNNPUJIOKEHUE 2
26/111-42 r.
3AB. TPAHCIIOPTHBIM OT/IEJIOM OBKOMA BKII(6) ro. BACEHEBY
CIIPABKA

0 COCTOSIHUU PalOT 110 BOCCTAHOBIIEHUIO TBEPELKOr0 MOCTa BETKH
«BacunbeBckuii Mox»

Moctootpsa Jlenunckoi x.a. (Had. ToB. ['eHdep) mpubObl1 Kk mecty pabor 14 mapra
1942 r., cornacHo TenerpaMMbl HapKoma mmyTei coobmienus JI.M. KaranoBuua, BoccTaHOBJICHHE
MOCTa JIOJDKHO OBITh 3aKOHUYEHO 4epe3 15 muei, 1.e. k 29 mapra 1942 r. OnHako Ha 18 mapra mo
CYIIECTBY K paboTaMm elile He MPUCTYITHITH.

Tos. I'endep rpadux pabor coctaBuin He 10 29 mapra, a HAMETUI CPOK OKOHYAHUSA
20 ampens, oOBSCHSS 3TO TeM, 4YTO TOT, KTo coobman JI.M. KaranoBuuy, He 3HaNm pa3mepsl
pa3pylIeHUH.

OCHOBHOM NPUYMHONW MEJIEHHOTO pa3BopoTa pabOT PYKOBOIUTENIHU CTPOUTENIHCTBA
CUMTAIOT OTCYTCTBHE TPAHCIOPTHBIX CPEACTB (JIOMIAfe), HEAOCTAaTOK IJIOTHUKOB U 3arOTOBOK
psxka. Ho Ha camoM jesie OCHOBHOM NMPUYMHOW SIBJISIETCS TUIOXasi OpraHu3aius paboT caMuMHu
PYKOBOIUTEISIMHU.

B nacTosimmuii MOMEHT BCe HEZOCTATKH, O KOTOPHIX TOBOPUIIM PYKOBOJUTENH, YCTPAHEHBI
U pabOThI TOJKHBI OBITH Pa3BEPHYTHI MTOJIHBIM XOJIOM.

Nuctpykrop ookoma BKII(0) NBAHOB

TLYIHA. ®. 147. Om. 3. JI. 645. JL. 29.

NPUJIOXKEHHUE 3
14 mapra 1942 .
HAPOJHOMY KOMUCCAPY CPEAHEI'O MAILIMHOCTPOEHU A
ToB. AKOIIOBY

Bamu na mapt mecsny 1942 r. KanuHMHCKOMY BaroHOCTPOMTEIILHOMY 3aBOAY ycCTa-
HOBJIEHA ITPOrpamMMa IO BBIITYCKY OOEIpUIIacoB.

OnnoBpemenHo B mnpukaze ot 17.11.-42 1. Bwr o6s3amu 1. JluBmmn u T. ApaBuHa
o0ecreynTh 3aBOjl MHCTPYMEHTAMHU U MaTepraniaMu.

[IpoBepkoil yCTaHOBJIEHO, YTO HU MHCTPYMEHTOB, HU MaTepUalIOB 3aBOAY /10 CHUX IOp HE
BblJIesieH0. OTCYTCTBHE Ha 3aBOJIE COOTBETCTBYIOLIETO 000pyaoBaHHUs (pe3bOoNIIM(OBaIbHOTO
CTaHKa M JIp.) HE J1ae€T BO3MOKHOCTH ITPOU3BECTHU UX HA MECTE.

IIpomry Bac Beinenuts ans uzaenus 122:

MEPUTEIbHBIN INIaJJKUN THCTPYMEHT (CKOOBI) 0 6 HAUMEHOBaHUM;

MEpPUTENBbHBINA Pe3b00BOI HHCTPYMEHT (KanuoOpsl) 1o 11 HauMeHOBaHMIA;

peXyIUi HHCTPYMEHT (CBepia, pe3roopessl) o 11 HanMeHOBaHUH;

ot unenus 120:

peXyIUA HHCTPYMEHT (CBepia, pe3rdodpesnl) 1o 10 HauMeHOBaHUIA;

MEpUTENBbHBINA pe3b00BOH (Kamuopsl) o 11 HauMeHOBaHMIA;

MEPUTENbHBIN IITaKuil (CKOOBI) O 25 HaUMEHOBaHUIA.

Bo3BpatuTe Ha 3aBOJI CHELMATUCTOB-TUTEUIIMKOB U HHCTPYMEHTAJBIIMKOB, OBIBIINX
pabOTHMKOB 3aBOJA, B YAaCTHOCTH TJIaBHOTO MeTajlypra 3aBoja T. JluceHko, macTepos-
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nuteimukoB TT. [laBnoBa, A3onuna, Caryceiid, irHaTteeBa, 3y0apeBa M HHCTPYMEHTAIBIIIMKOB —
1T. bapanoga, Eropuesa, fIcHoBa.
Cekperapp Kanmmauuckoro oo6koma BKII(6) BOUIIOB

TLYIHA. ®. 147. Om. 3. JI. 341. JL. 4.

IMPUJIOKEHUE 4
/V1I-42 r.
CEKPETAPIO KAJIMHUHCKOI'O OBKOMA BKII(6)
toB. BOMILIOBY IM.IL

JInst BBINONHEHMS TPOrpaMMbl MO OoempuIiacaM 3aBOAYy HE00XOoAuMa MHOMOLIb U3
MockBBI:

1) pe3b00BBIM HHCTPYMEHTOM, MEPUTEIBHBIM U PEXKYILHM (CM. IIEPEUYCHb MO H3ICIIHSM);

2) Kpyramu Juisi 3aTOYKH HHCTPYMEHTA IKCTpa U KapOOpyHAOBBIE — 15 IITYK;

3) mnactuHkaMu mooeaut — 30 Kr.

[Ipomry Bamrero BmemarenbCTBa M TOMOIIM, TaK Kak MOHM OOpamieHHs B HapKoMmar
pEaNbHBIX PE3YJIBTAaTOB HE JTAJIH.

Jnsi  nanpHEHIIEro pacHIMpeHHsT TPOM3BOJCTBA HAa 3aBOJIE OTCYTCTBYIOT MOTOPHI,
BOCCTaHOBHUThH TaKOBbIE CBOMMH CHJIAaMH MBI HE MoxeM. OnHOBpeMeHHO ¢ 3TM Ha CHTIEBOI
(dabdprke UMeroTCs 0€37eMCTBYIOINE MOTOPBHI.

[Tpomry Bamero cogelicTBHs B IOJIy4eHUU TAaKOBBIX BO BPEMEHHOE TTOJIb30BaHUE.

JIuTelHBIN U MEXaHWYECKUM 11eXa 3aBojia paboTal0T C MPUMEHEHUEM CXKAaTOTO BO3AyXa.
Bo3nyx Mbl momydaeM oOT 4 MalbIX KOMIPECCOPOB, KOTOphIE HE OOECIIeYHMBAIOT ITyCcKa
HEeCKOCTPYs utst ieTanu HoBoro m3aenus. Ha 3aBoge KPEIT3 nmeercs nBa kommpeccopa BK-200,
KOTOPBII UMU HE UCTIOJIb3YyeTCsl, IPOCUM OJIMH MepeiaTh HaM.

JupekTop 3aBoja MOPO30B

TLYIHU. ®. 147. On. 3. JI. 341. J1. 24.

NPUJIOXKEHMUE 5
13/VI1I-42 1.
MOCKBA HKB/I] BEPUA

Ha Bamy tenedonorpammy Ne 10277 ot 9/VII-42 r. mo BBINOTHEHHIO 33JaHHS JCTAIH
M-30 cooOmraro cieayroiee.

Haunnast ¢ BochbMOro Mol Mpou3BOACTBO u3fenuss M-30 BaroH3aBoJOM HJAET BbIIIE
cpeanecyrouHoro rpaduka. OTcTaBaHHMe TEpBBIX CEMH THEH Mecsa OyAeT YCTpaHeHO K
IECTHAIIATOMY HIOJIS.

Ycranosnennsii mwian 'OKO 3a utons mMecsil 3aBojoM OyI€T BBIITOJIHEH.

OBKOMIIAPT BOMIIOB

TIAHU. ®. 147. On. 3. 1. 341. JI. 30.
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MNMPUJIOKEHUE 6
Mockga [IK BKII(6) ToB. MAJIEHKOBY
HKBJI ToB. BEPUA

[MocranoBneranem ['OKO ot 8 wmrons KanumHuHCKOMY BaroHszaBoay ObLIO JaHO 3aJaHUE
OCBOUTbh U OPraHM30BaTh MPOU3BOACTBO u3neaus M-30, ¢ BoimyckoMm B utoHe 2 000 u B urose
4 000 mTyk.

Hecmotpss Ha Oomnbuiyto paboTy, NHpPOBEACHHYIO KOJUIGKTMBOM 3aBOJa IO BOCCTa-
HOBJICHUIO M MOHTaXXy TOpesioro 00OpyIOBaHMS, U3TOTOBJICHUIO OCHACTKU M IITaMIIOB, BCE K€
WIOHBCKUM TIJIaH OBLI BHIMOJHEH Bcero Juiib Ha 21 %.

B wurone mecsiie nepen 3aBoaoM Obuta moctaBieHa ookomom BKII(0) 3amaua HE TONBKO
BBIMIOJTHUTH MECAYHBIN TUIaH, HO U IOKPBITh OTCTaBaHUE UIOHS.

HacrosamuMm cooOmaeM, 4To KOJIIEKTUB Baronsasona nocranosiaenre 'OKO ot 8 mrons
0 ipou3BojicTBE B UtoHE — utosie 6 000 wt. uzaenus M-30 BbIMOJIHUIL.

Hauunas ¢ 20 wutons mo 31 wurois BKIIOYUTEIHLHO 3aBOJOM BBIMYIIEHO: CBAPEHO —
6 062 wt.; npunsaTo — 6 000 wrT.; oTrpykeHo — 4 943 mir.

Henorpyxennsie 1 057 wt. OynyT OTHpaBieHbl CErOHS.

Cekperapp Kanununckoro o6xkoma BKII(6) FOMITOB

TIYIHA. ®. 147. On. 3. J1. 341. JI. 31.

CIIMCOK JIMTEPATYPbI
. F'ocynapcteennsiil apxus Tsepckoit obnactu. @. P-487. Om. 3. 1. 3.
. TBepckol eHTp AJOoKyMeHTaluu HoBewei ucropuu (nanee — TLAHW). ®. 90. Om. 1. . 571.
. THAHU. @. 90. Om. 1. 1. 577.
. THAHNW.®. 90. Omn. 1. 1. 578.
. THAHU. @. 90. Om. 1. [1. 580.
. THAHW. ®. 90. Om. 1. 1. 586.
. THAHU. @. 147. On. 3. 1. 341.
. THAHW. @. 147. On. 3. /1. 342.
. THAHU. @. 147. On. 3. . 353.
10. THUAHU. @. 147. Om. 3. [I. 645.
11. THAHU. ®@. 147. On. 3. [1. 674.
12. TH/IHU. @. 147. Omn. 3. 1. 687.
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RESTORATION OF THE ENTERPRISES OF THE ELECTRICAL,
MACHINE-BUILDING, CHEMICAL INDUSTRY OF KALININ
AFTER LIBERATION FROM THE NAZI OCCUPATION

L.A. Bolokina
Tver State Technical University (Tver)

Abstract. The article discusses the process of restoring Kalinin power plants, power
grids, and establishing production at the Kalinin Wagon Plant and the Kalinin Rubber Sole
Plant in the end of 1941 — beginning of 1942. The scale and nature of the destruction, the stages
of restoration work are shown. The reasons that slowed down the recovery were identified: an
acute shortage of energy resources, transport, equipment and tools, but above all qualified
personnel.

Keywords: Great Patriotic War, restoration work, Kalinin Carriage Factory, Kalinin Plant
of Rubber Soles (Kalinin Rubber-Sole Plant), qualified personnel, workshops, power plants,
power grids.
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CTPOUTEJILCTBO U APXUTEKTYPA

VK 692.522.2

YUYET CTAJJUHHOCTHU BO3BEJEHUS ITPU NNPOEKTUPOBAHNHA
MOHOJIMTHBIX HOCTHAIIPS’)KEHHBIX KOHCTPYKIIUU
T.P. bapkas', A.B. I'aspunenko', A.B. Jlesuxos', A.B. lllesxuna?
YTeepcroii 2ocyoapemeennuiii mexnuueckuii yuusepcumem (2. Téepw)
2000 «IICK ITozumus» (2. Teepn)

© bapkas T.P., I'aBpunenko A.B.,
JlesukoB A.B., llleekuna A.B., 2021

AHHoOTanus. B craThe npezcTaBieHbl o0LIMe MOAX0/Abl K HA3HAUEHUIO YCUIIUM 00xaTus
IpU pacyere M KOHCTPYMPOBAHMHU IOCTHAIPSHKEHHBIX MOHOJUTHBIX KOHCTPYKIMH C y4eToM
TEXHOJOTMM MX JaJbHEWIIEro Bo3BelAcHMs. llokasaHbl B3aMMOCBSI3UM JTAllOB BO3BENCHUA U
IKCIUTyaTallMM W TEXHUKO-DKOHOMUYECKMX IIapaMeTpOB KOHCTPYKTHBHOro pemeHus. Pac-
CMOTPEHO B3aUMHOE BIIMSHUE KOHCTPYKTOPCKHX M TEXHOJIOTMYECKUX PEIICHHH Ha OCHOBE
aHaJIM3a psiia COOTBETCTBYIOUIMX (DAKTOPOB, ONPEACISAIONIMX ONTHMAJbHBIE IOKa3aTeau pe-
aJIHU3alUK NIPOEKTA B LIETIOM.

KuroueBble ciioBa: :xene300€TOH, IOCTHANPSKEHUE, HaNpsyKeHUe 0e3 CLEeIIEHUs, MOHO-
CTpeHJI, cMATHE 0€TOHA, MOHOJIMTHBIE PaOOTHI, BhIZIEp)KUBaHUE OETOHA.

DOI: 10.46573/2658-7459-2021-4-19-26

BBEJIEHHUE

D¢ HekTUBHOCT, MPUMEHEHHs MOCTHAMNPSKEHHBIX IUIUT B MOHOJIMTHOM CTPOUTENILCTBE
YK€ JaBHO HE BBI3BIBA€T COMHEHUH U HE HyXJaeTcs B o0ocHOBaHMU. boiee yem momayBekoBoOn
3apyOeKHBI OIBIT MPAKTUYECKOTO IMPUMEHEHHs W CIOXKUBINASACS HAa CETOMHSIIHUN JIeHb
3HaUUTENbHAs IKCIEPUMEHTAIbHO-TEOpETHYECKas 0a3a MPOEKTUPOBAHUS CO3JaJIN MPEAIOCHUIKH
JUIsl TIOBCEMECTHOTO BHEAPEHHSI 3TUX CUCTEM Ha MPaKTHKE, YTO B OOJBIIMHCTBE 3ala/IHBIX CTpaH
NOJKpEIUISIeTCSl  BBEJIEHMEM B  HAlMOHAJIBHBIE CTAHJIAPTHl COOTBETCTBYIOUIMX  IIPABHII
IIPOEKTUPOBAHUS W HOPMAaTHBHO-TEXHMUYECKOM JokyMmeHTauuu [1]. MHTepec k cucremam
MOCTHAIIPSKEHNUST Ha TIOCTCOBETCKOM IIPOCTPAHCTBE Takke pacteT. Tak, B bemapycu HOpmbI
NPOEKTHUPOBAHUS JJIsl HANPSHKCHHBIX KOHCTPYKIHUHM 0e3 CLeIuleHus apMarypbl ¢ OETOHOM
nosiBuwinchk eme B 2009 romy, a B Poccum B 2019 romy ObUIO BBEACHO B JEHCTBHE
COOTBETCTBYIOIIIEE METoAnYecKoe mocodue [2] (XoTs m 3HAUMTENBHO B MeHbIIeM oObeme). Jlo
TOr0 OTEYECTBEHHbIE MPOEKTUPOBIIMKM B KAayeCcTBE HOpPMAaTHBAa MOIJIM HCIOJIb30BaTh
akTyanusupoBannyio Bepcuto CHull 2.05.03-84 — «CIT 35.13330.2011. Moctel u TpyOBI»,
MPUMEHEHHE KOTOPOW JJIsi MPOEKTUPOBAHUS KOHCTPYKIMI 3/1aHUN MpEACTaBISETCS HE BIIOJIHE
KOPPEKTHBIM.

Tem He MeHee NOCTymHas UIMPOKOMY KpPYTy HHKEHEPOB HayyHO-TEXHHYECKas JIMTe-
paTypa B COYETAaHUHU C LIMPOKO NMPUMEHSAEMBIMU IIPOrPAMMHO-BBIYMCINUTENBHBIMU CPEACTBAMU
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JTa€T BO3MOXXHOCTh PEAJIM30BbIBATh IPOEKTHI C UCIIOJIB30BAHUEM IOCTHAIPSDKEHHBIX CUCTEM U B
YCIIOBUSAX POCCHHCKOIO HOPMAaTUBHO-TEXHUYECKOIO PETyJIUPOBaHUS.

OpHako HECMOTpPS Ha TO, YTO MHOI'ME METOJIMKH pacueTa IOCTHANPSKEHHBIX 3JIEMEHTOB
MHOT'OKPaTHO arnpoOupoBanbl [3-5] u pa3paborano 00JbLIOE YKCIO KOHCTPYKTUBHBIX PEIICHHUH,
KOTOpBIE MOTYT IPUMEHATHCA B KAueCTBE THUIIOBBIX, @ TEXHOJIOTMH BO3BEJACHHS JIOCTAaTOYHO
IPOCTBI U JOCTYNHBI [6], ocramuce BOMPOCHI, TPeOYIOIIME HPOPAOOTKA M JOMOIHUTEIBHBIX
uccienoBanuil. [Ipu paccMoTpeHuM acmeKTOB HAJEKHOCTU U JOJTOBEYHOCTU Mbl HEMHHYEMO
CTAJIKMBAEMCSl C IPAKTUYECKU IOJIHBIM OTCYTCTBHEM HOPMATHBHOW JOKYMEHTALMM, OIpe-
JeTSIoNIel 3HAYCHHS MapaMeTpoB, 00ECTIEYNBAIOIINE OTHECTOMKOCTh, COXPAHHOCTD IPH arpec-
CUBHBIX BO3JECHCTBUSAX, (GKHBYYECTH» KOHCTPYKTHUBHBIX CHUCTEM IIPU aBapUMHBIX CUTyalUsX,
0COOEHHO MPH TaK Ha3bIBAEMOM «IIPOTpeccHpyromeM o0pymeHun». C TOUKH 3peHUs] TEXHOJIOra,
aKTyaJIbHBIMH SBJIAIOTCS BOIIPOCHI HOPMHUPOBAHUS TPYNO- U MAaTEPUATIOEMKOCTH, OIpPEIEICHUS
NOTPEOHOCTH B CPEICTBAX MEXaHU3alUMU IpU pa3pabOoTKe HPOEKTOB IPOU3BOJCTBA padOT U
OpraHu3aly CTPOUTEIILCTBA.

Takue e CI0KHOCTH BO3HMKAIOT IIPU COCTABJIEHWH CMETHOM JokyMeHTauuu. Ocoboe
MECTO B 3TOM CIHMCKE 3aHHMAlOT IMpoOJieMbl pacdyeTa M KOHCTPYWPOBAHUS, CBA3aHHBIE CO
CTaJIMMHOCTBIO 3arpyXeHus KOHCTpyKUUH. B 11000 mnpeaBapuTenbHO HANPSKEHHOM KOH-
CTPYKIMM HArpy3Kd INpH H3TOTOBJIEHUM (BO3BEJEHMM) M SKCIUTyaTalldd MOTYT MMETh 3Ha4M-
TEJbHBIE OTINYMS, UTO 3a4aCTYyIO ONpeAeIseT JUaMeTPabHO IPOTUBOIOIO0KHOE pacpeIeieHre
YCWJIMH B JIEMEHTE Ha 3THUX J3Tanax. lIpuyem eciau B yclnoBHSX 3aBOJCKOIO M3TOTOBJICHMS
oOaThe Cco3/MaeTcsi, Kak TMpaBWIO, B OCTOHE, HMCIOIIEM XapaKTePUCTUKH, ONHM3KHE K
IPOEKTHOMY KJIACCy, TO IPU MOHOJMUTHOM CTPOUTENbCTBE TaKoH (DakTop, KaK CPOKH Hpo-
U3BOJICTBA pabOT, B HEMAJIOH CTENEHH ONPEACISIIOMNNA HIKOHOMHUYECKHE IT0Ka3aTelu,
IPAaKTUYECKH HE OCTaBJs€T AJS 3TOTO0 HUKAKOM BO3MOXKHOCTH. Takum o0Opa3oMm, HaTsKEHHUE
apMarypbl MPOU3BOJAAT Ha «co3peBaroluil» OeroH. TemM caMbIM CO3JaeTcsi HadyalbHOE
HaNpsHKEHHO-Ie(OPMUPOBAHHOE COCTOSIHHE, KOTOpOE B JalbHEHIIEeM, IOCie MPHIOKEHHS
AKCIUTYaTal[MOHHBIX Harpy30K, MOXET MOBIUATh KaK Ha PacueTHYI0 CXEMY, TaKk U Ha UTOTOBYIO
HECYIIYIO CHOCOOHOCTB, TPEIIMHOCTOMKOCTh U Ae()OPMAaTUBHOCTh KOHCTPYKIUH. OUeBUIHO, YTO
3TO 0OCTOSITENLCTBO JIOJIKHO YUUTHIBATHCS YK€ Ha ATare MPOEKTUPOBAHUS KOHCTPYKIIUH.

MATEPUAJIBI U METO/bI

D PeKTHBHOCTh MPUMEHEHUS KOHCTPYKTHBHBIX CHCTEM C ITOCTHAINPSIKEHUEM OTIpee-
JSETCSl ¢ YYETOM psifia TOCTaTOYHO MPOCTHIX MPHUHIMIIOB U YCIOBUW. B mepByro ouepens 3To
CJIEAYIONIHE COOOPaKEHHS paCUETHO-KOHCTPYKTHBHOTO XapaKTepa:

MaKCHMaJbHOE UCIIOJIb30BaHNE IPOYHOCTHBIX CBOMCTB HANPATAEMBIX KaHATOB;

CHIDKCHHE BeCa KOHCTPYKIIUN ITyTEM YMEHBIIICHHUS pa3MepOB OCTOHHBIX CCUCHHUH 3a CUET
MOBBIIICHHON )KECTKOCTU HAMPSHKEHHBIX KOHCTPYKIIHIA;

MUHUMU3AIAS PAcXoJla HEHANpsIraeMoW apMarypbl 3a CYET ONTHMAJIBHOTO pacIpe-
JIEJICHUsI MOHOCTPEH/IOB;

MOBBIINICHUE KAa4eCTBA TUIAHUPOBOYHBIX PEIICHUHA YBEIIMYECHUEM TIPOJICTOB OAJIOK M ILTUT
M, KaK CJEJICTBUE, YMEHbBIIEHHEM KOJIMYECTBA BEPTUKAIBHBIX HECYIIUX JIJIEMEHTOB (CTEH,
KOJIOHH H TIp.).

C npyroii CTOpOHBI, HE MEHEe BaXXHBIMU SIBISIFOTCS M BOMPOCHl SKOHOMHUYHOCTH
MPAKTUIECKON peaTn3aIlii MPOCKTHBIX PEIICHUA, KOTOPhIE B OCHOBHOM CBOJSTCS K CHFDKCHHUIO
TPYJOEMKOCTH TPOIIECCOB U COKPAIIEHUIO CPOKOB BBIMIOJIHEHUs paboT. W ecnu Takue acmeKTh
KOHCTPYKTHUBHBIX pEIICHWH, KaKk CHWXKCHHE Oo0beMa OETOHa W METADIOEMKOCTH, BIIOJTHE
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cornacyrorcs ¢ 3(HEeKTHBHOCTBIO OPraHU3aIMOHHO-TEXHOJIOTHYECKOTO TOPSAKA, TO HEKOTOPBIC
Ipyrue TPUHLHUIBI pacyeTa W KOHCTPYMPOBAHMS CTAJIKHBAIOTCS 3/€Ch C CYIIECTBEHHBIMU
MPOTUBOPCUUSAMHU. DTU TPOOJIEMBbI CBSI3aHBI C BOMPOCAMH TIOJHOTO HCIIOJNIB30BAHHS pecypca
HauboJsee JOPOroCTOSIETO AJIEMEHTa CUCTEMbI TOCTHAIIPSHKEHUS — MOHOCTPEH/A.

OteyecTBEeHHBIE U 3apyOEKHBIE HOPMBI JOMYCKAIOT HATSIKEHUE KaHaTa, MpU KOTOPOM
ucnoinssyetcst 10 80 % ero HopMaTuBHOI MpoyHOCTU Rsn. OmHAKO 3TO ymaercs OCyIIeCTBUTH
JTAJIEKO HE BCET/Ia B CHITy HEJIOCTATOYHOM MPOYHOCTH OETOHA KaK K MOMEHTY CO3JIaHUsI 00XKaTHs,
TaKk U B IPOEKTHOM BO3pacTe. ITO CBS3aHO C OCOOCHHOCTSIMH pabOThl OETOHA HA CMSTHE B 30HAX
aHKEepOBKM KaHaToB. I[IpoOiieMa CMATHS OMOPHOM 30HBI emie Ooliee yCyryomnseTcss mpu
UCIIOJIb30BAaHUU B TEPEKPBITUAX U APYTUX OTHOCUTENHHO HEOOJIBIIUX MO IJIOUIAJAN CEYEHUs
KOHCTPYKIUAX IOJOCOBOIO AapMUPOBAHUSA M, COOTBETCTBEHHO, KOHILIEHTpAIMEH HECKOJIBKUX
MOHOCTPEH/IOB B ITy4OK — TaK Ha3bIBa€MbIi MyJIbTUCTPEH . CleayeT OTMETUTh, YTO ATOT MIPHEM,
CHIDKAIOIIMKA B TOM YHCJIE€ M TPYAOEMKOCTh apMHUPOBAHHUS, HAIE] IIUPOKOE MPUMEHEHHE B
MOCTOCTPOCHHH W JAPYTUX KPYMHOTa0ApUTHBIX KOHCTPYKIUSX, OJHAKO €ro peaau3anus B
KOHCTPYKIUSAX 3JaHWA CBS3aHA C OOBCKTUBHBIMH TPYIHOCTSAMHU. BOTIPOCH ONTHMAaIbHOTO
coueTaHus map «OETOH — MOHOCTPEHI» C Y4Y€TOM HMX KJIAaCCOB MO MPOYHOCTH PacCMOTpeHa B
pabote [7]. OmHako ecTh erie psja MoA00HBIX HIDAHCOB, TPEOYIOMUX 00Jiee o IpOoOHOT0 aHaTH3a.

Hcnonb30BaHre MPOYHOCTH KaHATa OTPAaHUYMBACTCS HE TOJIBKO CMSTHEM OETOHA, HO U
OCOOCHHOCTSIMU PabOTHI CUCTEMBI B IIEJIOM, KOTOPBIC 3aBUCAT KaK OT TEKYIICH MPOYHOCTU U
JKECTKOCTU DJIEMEHTOB, MOHTA)KHBIX HArpy30K, TaK M OT HAaTE€KaHUs MOTEPh MPEAHANPSKCHHUS.
PaccmotpuM 3TH 0coOeHHOCTH Ha mipuMmepe. s apMupoBaHuss MOHOJUTHOM TUTMTHI TEPEKPHITHS
u3 OetoHa kimacca B30 wucmone3yrorcs Hampsiraemble kaHatbl K7-15,2-1650/1860-TY100 ¢
HOMHHAIEHBIM IHaMeTpoM 15,2 MM u mpounoctsio 1 860 H/mMM? ¢ marom packmagxu 170 mm.
MaxkcuManbHOe ycuiiue, MpUIoKEHHOE Ha KOHEI[ HalpsraeMoi apMaTypbsl B MOMEHT HATSKEHHUS,
onpenensiercs mo popmye

Prmax = Gp max * Apkl,

rne Gpmax — MakCHMalIbHOE HANpsDKCHUE, NMPIJIOKEHHOE K HAIpSTalomieMy JJIeMeHTy; Ap —
IUIOIIA/b CEeUeHHUs Hampsraromiero 31ementa; ki = 0,8 — pexoMeHyeMblii K03 UIUCHT YpOBHS
HaTshkeHus [5]. BerumcinenHoe 3Hadenue cocraBut P = 202,4 xH/kanar. [lpuioxkenue Takoi
BEJIMYMHBI MPOEKTHOrO 00XaTus MOXXHO oOecrneuuTh Npu Habope OETOHOM MPOYHOCTH,
COOTBETCTBYMOIIEH Kiaccy B27,5. B ycnmoBusax BeiepkuBaHusi npu Temmeparype 10 °C oty
IIPOYHOCTh MOXHO TIPOTHO3MPOBATH JIMIIb Ha CPOK, HE mpeBblmaromui 24 cyrok. Crueno-
BaTEeJIbHO, JaX€ IpPU MHUHUMAIbHOH 000pauMBaeMOCTH OMNadyOKH NPOEKTHOE HaTSKEHHE
OpUIeTCs CO3/aBaTh YXe Ioclie pacnaqyOKh KOHCTpyKuuu. OuYeBHIHO, UYTO pacranxyOka
HaANpsraeMbIX IUIUT BO3MOXKHA TOJBKO IOCIIE€ CO3JIaHUsS MPEAHANPSKEHUsI, KOTOPOE 00ECeuuT
paboTOCIIOCOOHOCTh TUIMTHI HAa BOCHPUATHE MOHTAXHOM Harpy3ku. B mpoTuBHOM ciyuae
NPUJIETCS 3HAUMTEIHHO MOBBIIIATH HEHANpPSIraeMoe apMHpOBaHHE, BBICTYHAIOLIEe B KauecTBe
paboueil apMaTypsl Ha 3Tane BO3BEJICHHUS.

Haunbonee 3¢dexkTuBHBIM CcMOCOOOM ONTHMHU3AIMK PAOOT C TEXHOJIOTHYECKON TOYKHU
3peHHsl C OJHOBPEMEHHBIM 00eCHeueHHEeM JOCTaTOYHOW NMPOYHOCTH KOHCTPYKIMM SIBIISETCS
MO3TAlHOE HATSDKEHHWE KaHATOB. B OONBIIMHCTBE CilydaeB AJis pealu3alii MOCTHANPSLKEHUS
OKa3bIBAETCSl JIOCTAaTOYHO JIBYX JTalOB HAaTsDKEHHA. /|1 MOJIHOrO HCIOJIB30BAHMS MPOYHOCTU
KaHaTa Ha MEepBOM H3Talle HEOOXOJMMO 3aJlaTh MAaKCHUMAaJIbHO JOMYCTHMOE 3HAUCHHUE YCHUIIUS
HaTSDKEHMSI KaHaTa: MIPAKTUYECKH BCE TIOTEPH 3aBUCAT OT BEIMUYMHBI YCUIIMS HATSDKEHUS, OHAKO
MOTEpH, BO3HUKIIME HA MEPBOM 3Tane, MOTYT ObITh IOJHOCTHIO KOMIIEHCHPOBAHBI IPH
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HaTSHKEHUH Ha BTOpOM 3T1arie. COOTBETCTBEHHO, YEM BBILLE YCUIIUE HATSKEHUS HA IIEPBOM JTarle,
TeM OoJIblllee KOJUYECTBO INOTEPh BO3MOXKHO KOMIIEHCHPOBATH B MPOLIECCE HATSDKEHUS KAaHATOB
Ha BTOpoM H7Tamne. C Ipyroil CTOPOHBI, YCWIME HATSHKEHMsI IEPBOrO dTana JIOJDKHO OBITh
JIOCTaTOYHBIM Ul 00eCreuyeHus] MPOYHOCTH U TPEIIMHOCTOMKOCTH IIJIUThl B MOMEHT paclalyOKu
P MUHMMAJIbHOM KOJIMYECTBE HEHAINpsAraeMoi apmarypsl. [loatomy nenecoobpazHo Ha3HA4aTh
3HA4YEeHUE YCWJIMH MEepBOro 3Tana HauOOJbIINUM, HO JIOIYCTUMBIM U3 YCIOBUS CMSTHUs O€TOHA U
€ro nepeaaToyHou NPOYHOCTH.

IIpu 3TOM crienyer KOHTPOJIMPOBATh HE TOJBKO MPOYHOCTH IUIMTHI, HO U JedopMalnuu
IUTATBI, OETOH KOTOPOW HE JOCTHUT MPOEKTHOH mpoyHOCTH. OYEeBHIIHO, YTO AAJbHEUIIHNH HAOOp
IpoYHOCTH OeToHa OyJneT HMPOMCXOIUTh B YCIOBUSAX €€ Je(pOpPMHUPOBAHHOIO COCTOSHUS, T.€.
nporuObl, BO3HHKIIME IOCIE IEPBOTO HATHKEHHS M MOCIEAYIOLIed pacnamyOKu, ciemyer
OTHOCUTh K HEOOpaTMMBIM M paccMaTpuBaTh KakK HayaJlbHOE HecoBeplieHcTBo. [locie
NPUIOKEHUST TIOJMHOM OKCIUTyaTallMOHHOW HAarpy3kd oOmas BeTuYrMHa MporuboB Oyxaer
CKJIAJbIBaThCSl W3 BEJIMYMHBI HAYaJlbHOTO Mporuba W mpupamieHus nporuda OT BHELIHEH
Harpys3KHu.

PE3YJIbTATBI UCCJIEJJOBAHUS

Bce nepeunciiennbie (hakTOphl B UX B3aUMOCBSI3H C TIOCIIEOBATEIBHOCTHIO HATPYKECHUS
KOHCTPYKIIMHU OBLIH PacCCMOTPEHBI B padote [8].

Jlnisi yHOMSIHYTOM BBIIIE TUIMTHI MEPEKPBITHS 3aHUS HAa3HAYAINCh JTalbl HATSHKCHUS U
IPOBEPSUIOCH  BBINOJIHEHWE BCEX YKAa3aHHBIX YCJIOBHHM PacueTHO-KOHCTPYKTOPCKOTO U
TEXHOJIOTUYECKOT0 XapakTepa. Y CHIHE TEepBOro 3Tamna JODKHO ObLIO 00ECIeYHTh BOCIPHUSITHE
MOHTQ)XHOHM Harpy3K, YUUTHIBAIOIIEH BeC 000pyIOBaHU U PabOYMX MpPU MPOU3BOACTBE padoT
(100 kr/m?), 1 Harpy3KH OT COGCTBEHHOTO BECA HATIPATAEMO KOHCTPYKIMH. [IpH 9TOM BelmdnHa
YCUJIMSI HE TIPEBbIIIANIa MPOYHOCTH OETOHA Ha CMATHE U ONITUMAIIBHBIX TapaMETPOB, CBSI3aHHBIX C
MIPOJIOJDKUTEIHFHOCTHIO BO3BEJICHHSI KOHCTPYKIIMM B YCIIOBHSAX CTPOUTEIFHOW TUIOMIAIKUA. 3aTeM
OTIpENIeNSITUCh MOTEPH HANpsDKEHUs Ha 9TOM 3Tale W BBIYMCISUIOCH MpHUpAllleHHe YCUIMS s
BTOPOTO dTama. BennynHa HaTSHKEHUS BTOPOTO ATana o0ecreyrBalia KOMIICHCAIMIO OOJbIIe
YacTH IMOTEPh MEPBOTO IMPH IMOJHOM HCIOJIb30BAHUM MEXAaHMYECKHX CBOICTB KaHaTa, HO HE
Oosee 3HaueHUM, HalJEHHBIX IO BhILIENpUBEAEeHHONW (opmyne. Onpenensiics Takxke Oezomnac-
HBIi CPOK BBINOJHEHUS KaXA0ro stama. s Kaxaoro srama ¢ y4eTOM COOTBETCTBYIOIIUX
sarpyxenuii B [IK LIRASoft 6bu1a chopmupoBana pacueTHas cxema (PUCYHOK).

’

; 264

254
I 03 l amg ’ll

1.254

Y [ 03
>

=X

NKIMPA

Pacuernas cxema noctHanpsbkeHHoi mtel B [TK LIRA Soft

22



Ne 4 (12), 2021 Bectauk TBepcKOro rocy1apcTBEHHOTO TEXHUYECKOTO YHHUBEPCHUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMHUUECKUE TEXHOJIOTUH»

ITo pesympTaram pacuera ObUIM IIOJy4EHBl HapaMeTphbl MO Hecylleil crocoOHOCTH U
negopManusaM IUIMThL, KOTOpblEe OBbUIM COMOCTABIIEHBI C aHAJIOTMYHBIMM pe3yJbTaTaMu pacyera
TOW 7K€ KOHCTPYKIIMH MIPU OHOITAITHOM 3arpy)KeHUH (Tabiuia).

VYceunus HaTsKEHUs U OCHOBHBIE PE3YJIbTaThl pacyeTa IepeKphITUs
IIPU PA3JIMYHBIX KOMOMHALMAX TAIOB HATSKEHUS apMaTypbl

IlepBsIii aTan Bropoii aran 135::5;;::
lHa'—ly 1K0H1 f’ 2Ha'—l; 2KOH, TI0JIH) f!
BO?;;CT’ PKH PKH Muar/ M MM PKH PKH Munax/Muc | 1, PKH MM
24 202 123,9 1,06 23,89 — — — — 123,9 | 23,89
3 40 34,41 0,6 17,89 | 180 | 130,1 0,46 13,72 | 164,51 | 31,60
3 60 53,11 0,76 6,51 | 160 98,7 0,78 5,38 | 146,82 | 11,89

W3 npuBeneHHBIX JaHHBIX BUAHO, YTO OJAHOITAITHOE HATSHKCHHE H3-3a BBICOKHX IOTEPh
HE TI03BOJICT 00ECIICYNTh TPeOyeMOil HeCyIe ClIOCOOHOCTH U XapaKTepPU3yeTCss OTHOCUTEIHHO
BBICOKMM ypoBHeM nedopmanuil. Kpome Toro, kak yxe ObUIO yKa3aHO, TaKO€ HaTSKEHHE
TpeOyeT 3HAUUTEITLHOTO BPEMEHHU BBIJICP)KUBAHUSI OETOHA U IOTOMY OJHO3HAYHO HETIPHUEMIIEMO C
no3uIMil mpou3BoAcTBa paboT. J[ByxstamHoe HarskeHue Ha 40 m 180 xH coorBeTcTBEeHHO
obOecrieunBaeT BCE TEXHOJOTMYECKUE M KOHCTPYKTHBHBIC IIOKa3aTeNH, 3a MCKIOYEHUEM
CyMMapHOT0 Tporu0a MiIuThl M0 UTOTaM 3arpy»KeHUs Ha dTamax M3rOTOBJICHUS U DKCIUTyaTalluu,
pacyeTHOE 3HAaYEHHWE KOTOPOTO IMPEBHIIIAET HOPMATUBHOE. YBEIMYCHHE HATSHKEHUS HA MEPBOM
sranie 10 60 xkH paer monoXuTenbHBIA pe3ynbTaT B OTHOIICHHWH BCEX paccMaTpUBAaEMBIX
napameTpoB. JlanmbHeiiliee MOBBIIICHUE YCUJIHMS TMEPBUYHOTO OOXKaTHs MPUBOIUT K HEXema-
TETHHOMY POCTY OTPHUIATENbHBIX BHITMOOB TUUTHL. [Ipu sKkcrutyaTanmuu ux KoMmneHcamus Oyner
3aBUCETh OT (PaKTUUECKOTO 3arpy>KeHHUs] KOHCTPYKITUH.

SAKJIIOYEHHUE

Takum 006pa3om, IpH MPOESKTUPOBAHUA MOHOJMTHBIX TUTHT C MOCTHAIMPSHKEHUEM YXKe Ha
JTale Ha3HAYEHUs HANpAraeMoro apMHUpPOBAHUs CIEAYET YYUTHIBATb KOHKPETHBIEC YCIIOBHS
CTPOUTENBCTBA C TMapauIeTbHON MPOPaOOTKON NPUHIUIHAIBHON TEXHOJIOTHYECKON CXEMBI,
yVUUTHIBaIONIeH Takue (aKToOpbl, KaKk OOECHEYEeHHOCTh TEXHOJOTHYECKOH OCHACTKOM,
MEXaHU3alMEN, TPYAOBBIMU pPECYpCaMHU, a TAKKE TEMIEPaTypHO-KIMMAaTUYECKUE YCIOBUS
BO3BEJICHUSI KOHCTPYKIMH. Y4YeT BBIMICYNOMSHYTHIX (DaKTOpPOB IMO3BOJSET MonydaTh dddek-
TUBHBIE KOHCTPYKTHMBHBIE PEUICHUS KaK C MO3ULIUA MaTepUATIOEMKOCTH, TAK U C TOYKHU 3PEHUSA
TEXHOJIOTMYHOCTU BO3BeleHUA. OUeBUAHO, YTO 3a7adya MOJIYYEHHS ONTHUMAIbHOTO PEIICHUS
SBJISIETCSI MHOTO(DAKTOPHOW, HO TIPH 3TOM JIOCTATOYHO MPOCTO anropurMmusupyercs. [lostomy
MEPCIIeKTUBHBIM TPEJCTABISAETCSl €€ pelleHre IMyTeM IMepedopa BapUaHTOB BO3MOXKHBIX
KOMOWHAIIMA Pa3IUYHBIX 3HAYEHWW TapamMeTpoOB W BHIOOpAa HAWIYYIIETO IO KOHKPETHBIM
KPUTEPUSM C MTOMOIIbIO CHENUATN3UPOBAaHHBIX MPoaykToB CAIIP.
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CONSIDERATION OF ERECTION STAGE IN DESIGNING MONOLITHIC
POST-STRAINED STRUCTURES

T.R. Barkaya?!, A.V. Gavrilenko?, A.V. Levikov !, A.V. Shevkina?
Tver State Technical University (Tver)
2000 «PSK Positive» (Tver)

Abstract. The article presents general approaches to the assignment of compression
forces in the calculation and design of post-stressed monolithic structures, taking into account the
technology of their further construction. The interrelationships of the stages of construction
and operation and the technical and economic parameters of the design solution are shown.
The mutual influence of design and technological solutions is considered based on the analysis of
a number of relevant factors that determine the optimal performance of the project as a whole.

Keywords: reinforced concrete, post stress, stress without coupling, monostrend, concrete
crumpling, monolithic works, concrete holding.
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VJIK 691-431

SKCHEPUMEHTAJIBHOE HCCIENJOBAHUE TPOYHOCTH
KEPAM3UTOBETOHHBIX BJIOKOB TOPI'OBOU MAPKH «bAJIAEB BJIOK»

A.B. I'aspunenko, A.B. /lesukos, T.P. bapkas, /[.A. Xanvicun
Tsepckoii cocyoapcmeennblli mexHudweckui ynugepcumem (2. Teepw)

© T'aBpunenko A.B., Jleeukos A.B.,
bapkas T.P., Xansirun J[.A., 2021

AHHoTanusi. B cTatbe mpHUBOAUTCS OMUCaHHE TPEXCIOWHBIX Ma30rpeOHEBHIX OJIOKOB,
peanu3yeMbIX Moj TOproBoit Mapkoiut «banaeB 6510k». [IpuBeeHBI UX OCHOBHBIE NMPEUMYIIIECTBA
u Henoctartku. [IokazaHo, 4TO CIIOKHOCTH C YCTPOMCTBOM IEPEMBIYEK HAJl IIPOEMaMHU B CTEHAX
WHIUBUJIYAJIbHBIX ~ JKAJIBIX  3[aHUW, BO3BOJUMBIX U3 JAaHHBIX OJOKOB, OOYCIIOBIIEHBI
HEJOCTAaTOYHOW TPOYHOCTHIO CPEAHEr0 CJOos M3 KepamM3UTOOETOHA MpH JEHCTBUU MECTHBIX
CKUMAIOIUX Harpy3ok. [lpuBeneHbl pe3yiabTaThl MPOYHOCTHBIX HCIBITAHUN TpeX 00pas3IoB
OJIOKOB TpPH PA3IUYHOM TMOJOXKEHUH M pa3zMmepax mrammna. CaenaH BBIBOJ, YTO MPOYHOCTH
KepaM3UTOOETOHHOTO CJIOSI B psJie CIy4yaeB OKa3bIBAECTCA JIOCTATOYHOM JJIsl ONHUpPAHUs
nepeMbIueK Ha OJIOK Oe3 YCTpOHCTBa paclpeIeTUTEbHBIX MOIYIIEK.

KuroueBble ci1oBa: kepaM3uTOOETOH, CTEHOBBIE OJIOKH, HCTIHITAHUS HA MECTHOE CKAaTHE.

DOI: 10.46573/2658-7459-2021-4-26-32

BBE/IEHUE
B HacTosmee BpEMsA COXPAHACTCA MHTCPCC YACTHBIX U KOPIIOPATUBHBIX BaCTpOﬁIHHKOB K
CT€HaM, BBIIIOJIHCHHBIM H3 JOCTATOYHO IMPOYHBIX U CTOMKHX K aTMOC(bepHI)IM BOS)IGP'ICTBI/ISIM
6J'IOKOB, ABJIAIOMIUXCA B TO KE€ BPEMA BIIOJIHC B(I)(I)CKTI/IBHLIMI/I B IINIaHC TCIINIOTCXHUYCCKUX
CBOUCTB.
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CH0XHOMY KOMIUIEKCY yKa3aHHBIX TPEeOOBAaHUI COOTBETCTBYIOT HEKOTOpBIE W3 TpEJ-
JIO)KEHHBIX Ha pbIHKEe pemieHuil. OJHUM M3 HUX MOXHO CUMTATh Ma3orpeOHeBble OJIOKH,
peam3yeMeble 1o/ TOProBoi Mapkoii «baimaeB 010K».

JlanHble OJIOKM MHOTOCTIOWHBI 1O KOHCTPYKIMU M TOCTABIISIFOTCS 3aKa34MKY B IOJHOM
3aBOJICKOM TOTOBHOCTH, YTO COKpAIlaeT KOJIMYECTBO OlepalMil MO YCTPOHCTBY CTEH Ha
CTPOUTENIbHOM TUIoIaaKke 10 MUHUMyMa. OOl BUJI paccMaTpuBaeMbIX OJIOKOB MpeICTaBIICH
Ha puc. 1. Cpennuil cioif, 3aHUMAlOIIUK OCHOBHOM 00BEM OJIOKa, MMEET TOJIIMHY MOpPsIKa
330 MM U BBINOJHEH M3 TEII03()PEKTUBHOTO KaICYJIHMPOBAHHOTO KEpaM3HTa, MPOMUTAHHOIO
OCTOHHBIM MOJIOUKOM M YCHUJICHHOTO BBICOKOIPOYHBIMH CHHTETHYECKUMH BOJOKHAMH,
yIYy4IIAIOUMMH TPOYHOCTh CBSI3€H MeXAy TpaHylaMmu Kepam3uTa. BHemmHuii cinoit Gnoka
BBHITIOJTHEH W3 OeToHa m uMmeeT ToinmuHy nopsiaka 40...50 mm. HapykHas MOBEpXHOCTH 3TOTO
ClOsl BBINOJNHAETCA (akTypHOH. BepXHSsT W HIDKHSS YacTH BHEIIHErO CJIOS HMEIOT
COOTBETCTBYIOIIIME TMa3 M TpedeHb, UYTO TMO3BOJSET IONYYUTh HAPYKHBIM CJIOH CTEHBI,
IPAaKTUYECKU HETPOHUIAEMBIH JJIs1 BETpa M aTMOC(EpHBIX OCaakoB. biaromaps CcThIKy «ma3 —
rpeOeHb» JOCTHTAeTCsd TaKKe HaNeKHas 3alluTa KEepaM3WTOBOTO BHYTPEHHETO CIJIOS OT
yBIIQXHEHUS U MHQUIbTpaLMU BO31yxa. BHYTpeHHUIl cioil Giioka MMeeT TONLMHY HOopsiaKa
15 MM u Takxe npezacrasiieH 6eToHoM. Hapy»kHasi TOBEpXHOCTh BHYTPEHHETO CJ105 BBIIIOIHSAETCS
POBHOM, YTO MO3BOJISET YIPOCTUTH IPOLIECC NOATOTOBKU CTEH K HAHECEHUIO YMCTOBOM OTAEIIKH.

Puc. 1. OOmmii Bug 6;10k0B koMmItanuu «bamaeB OJI0K»

Krnaaka GJ0KOB MPOM3BOIUTCS HAa CHEIUAIBHBIN KJIEH-TIeHY, YTO UCKIIOYAeT «MOKPBIS)»
MIPOIIECCHl TIPH BO3BEJICHUU CTEH W TO3BOJISIET BECTH PAaOOTHI JaXKe B YCIOBUAX OTPUIIATEIHHBIX
temneparyp. [Ipu pacmupeHun Kiei-mieHa TUIOTHO 3aloJHSET MPOCTPAHCTBO MEXKAY OJIOKamH,
TTO3BOJISIS TTOTYIUTh TETUIBIA U TEPMETUYHBIN IIIOB.

CornacHo JaHHBIM, IPUBEIEHHBIM Ha CaliTe MPOU3BOAMUTENS, Kilaika U3 O610koB «bataeBy
CO IIBAMM M3 KJIEH-TIEHBI OKa3bIBAE€TCS JOCTATOYHO MPOYHOM IS BO3BEACHUS 3[IaHHI BBICOTOM
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70 Tpex ATaxkel. BO3MOXHOCTh BBINIOJIHEHHS CTEH U3 Pa3jIM4HbIX OJIOKOB CO IIBAMU Ha KJEH-
IICHE MIOATBEPIKIACTCs IPUBEICHHBIMY B JIUTEepaType AanHbvu [1-3].

OaHMM K3 OCHOBHBIX MHUHYCOB CTE€H, BBIIIOJIHEHHBIX M3 KPYIIHBIX K€paM3UTOOETOHHBIX
WIN AYeUCTOOETOHHBIX OJIOKOB, SIBJIETCS MX HEAOCTaTOYHASI IPOYHOCTh IIPU MECTHOM JEHCTBUU
Harpy3ku. DTO NPUBOAUT K HEOOXOJMMOCTH YCTPOWCTBA MOHOJMTHBIX HECYHIMX IOSICOB IS
ONMpaHUs NEPEKPBITUM, a TAK)K€ MOHOJUTHBIX WIM COOPHBIX MEPEMbIYEK, TOJIIIMHA KOTOPBIX
JOJDKHA OBITh TPAKTHYECKHM paBHAa OOMIEW TOJNIIMHE CTEHbI JJIsl pPaclpeieieHHus OIOPHOM
peakuuu 1o 6omnblel miomanu. Tspkenblil 6eTOH UMeeT BBICOKYIO TEIJIONPOBOJIHOCTh, OITOMY
€ro HCIOJIb30BaHUE B COCTaBE CTEHBI U3 TEIUIOA(P(PEKTHUBHBIX OJIOKOB BEIET K BOSHUKHOBEHHIO
MOCTHKOB X0JI0/Ia U HApYLIECHUIO HOPMAJIbHBIX MUKPOKJIMMATHUECKUX YCIOBUH B IOMELICHUH.

VYTerieHne mnepeMbluek I03BOJSET PEUIMTh MPOOJIEMY C MX HEAOCTaTOYHOW TEIuIo-
3¢ (EeKTUBHOCTBIO, OJHAKO B 3TOM CJIy4ae YMEHBUIAETCs IUIOLIa/b Nepeaayl ONOPHON peakuu
Ha CTEHY U3 OJIOKOB.

B cBsA3M ¢ 3TUM OKa3bIBaeTcs AakTyalbHOH INpPOBEpPKAa MPOYHOCTH KEpaM3UTOBOTO HU
BHYTPEHHEro OETOHHOTO C¢J0€B OJioKa MpH JCHCTBUM HA HUX MECTHBIX HAarpys3ok, Mo-
JIENTUPYIOIUX OMOPHYIO PEAKIHIO OT EPEMBIUKH, C 1I€JIbI0 BBISBIECHUS pecypca MPOYHOCTH ATUX
CJIOEB U OLIEHKH BO3MOXHOCTH OINMPAaHUsSI IEPEMBIYKU HA KEPAM3UTOOETOHHBIN CIIOH.

MATEPHUAJIBI U METO/bI
[TpOYHOCTHBIM HCIBITAHUSM OBUTH MOJBEPTHYTHI TPH OJIOKA, TPEJOCTABICHHBIC MMPOW3-
BoaMTEIeM. Pa3Mephl HCIIBITAHHBIX OJIOKOB CBEJCHBI B Ta0I. 1.
CornacHO TIPOBEJCHHBIM M3MEPECHHSIM, TUIOTHOCTh KEPaM3UTOOSTOHA B JIAHHBIX OJIOKaX
cocrapmsieT nopsiaka 450 kr/kyo. M.

Tabnuya 1
Pa3smepsr 1 macca 006pasioB 6JI0KOB
Ne Hnuna, | Beicora, | ['myOuHa, Tommura Tommuna Macca,
BHEIITHETO CIIOs, BHYTPEHHETO
oOpa3sia MM MM MM . oS MM KT
1 399,3 190,7 398,7 47,5 15,0 21,7
2 399,0 190,7 399,3 47,5 11,5 20,7
3 398,3 190,7 399,7 47,5 20,0 23,5

HcnbiTanus mpoBOIMIINCH HAa MaTepHAbHO-TEXHUYECKON 0aze naboparopuu kadeapsl
«KoHcTpyk1mu u coopyxeHus» TBEpCKOro rocyapCcTBEHHOT0 TEXHUYECKOTO YHUBEPCHUTETA.

[Ipn wucnbiTanuax obpasuoB Ne 1 m 2 mpumensics wmwramn pasmepamu 140x197 mw,
KOTOPBII pacmojarajics BO BHYTPEHHMX yrylax OJIOKOB TakuM 00pa3oM, YTOObI OOblIast €ro
YacTh OKa3bIBAJIaCh Ha CJI0€ KepaM3uToOeToHa (puc. 2).

Ha oOpazenr Ne 3 narpyska mpukiaapiBajiach depe3 mrami pazmepamu 200x340 mw,
KOTOPBI pacrojaraics B cpeHei yacTu 0J0Ka TakKuM 00pa3om, 4TOOBI Harpy3Ka nepeaaBanach
K KEpaM3UTOOETOHHOMY CJIOIO0 U BHYTpEHHEMY O€TOHHOMY CJIOK0 OJI0Ka.

Harpyxxenue 6mokoB Ne 1 m 2 mpousBoauiock paBHOMepHO co ckopocthio 0,2 xH/c,
a 6moxa Ne 3 — co ckopocTsio 0,5 kH/c.

Paspymenne GJIOKOB MPOMCXOIUIO TUTABHO M COTPOBOXKIAIOCH TaJleHUEM HAarpy3Kd Ha
CHIJIOM3MEpUTEIE Mpecca.
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Puc. 2. O0muii BU HCIIBITATEILHOTO MIpecca
C MOMEILEHHBIM B Hero oopasuom Ne 1

PE3YJIBTATBI UCCJIIEJOBAHUA
Pe3ynpTaThl McnbITaHUI NpUBEAEHBI B Ta0J. 2, U3 KOTOPOil cienyert, uro 010ku «banaesy
CIOCOOHBI BBIJEpXKAaTh MECTHYIO Harpy3ky 1o 33,2 xH npu ee pgeiictBuM Ha MIIOLIAAKY
pasmepamu 140x197 mm. B To xe Bpems ciefyeT oOpaTUTh BHUMaHME Ha OOJbIION pazdpoc B
POYHOCTH OJI0KOB. /[laHHOE 0OCTOATENHCTBO MOXKET OBITH CBSI3aHO C M3MEHUYMBOCTBIO TOJIIMHBI
BHYTPEHHETr0 OETOHHOTO clost (cM. Tabm. 1).

Tabnuya 2
Pe3ynbTarhl HCnbITaHUM GJI0OKOB
Ne TonoskeHme WTamMa Pasmep mrammna, Paspymaromas
obpasua MM Harpyska, kH
JleBbIit BHYTPEHHUH yroJ 49,87
! [IpaBblii BHYTpEHHMI YTroJ 65,00
M m oy 140x197 '
9 JleBbIi BHYTPEHHUH yToJl 34,52
[IpaBblil BHYTpEHHHIA YTOJ 33,21
3 CepennHa BHYTpEHHEH CTOPOHBI 200x340 108,87

XapaxTep paspyiieHus: 0JI0Ka Mpu JSHCTBUH HArpy3KH Ha €ro BHYTPEHHUH yroll MoKa3aH
Ha puc. 3. [lo 1aHHOMY PHCYHKY MOKHO 3aMETHTh, YTO Pa3pylIeHHE BHYTPEHHETO CIIosi OJ0Ka
COTMPOBOXKAAIOCH PACKPAIIUBAHUEM TPaHyNl KepamM3uTOOEeTOHA W HapYIICHHEM CBS3eH Mexay
HUMHA. Bo BHyTpeHHEM OETOHHOM clioe OJoKa OOpa30BBIBATUCH TPEHIWHBI, KOTOpPHIE TpHU
CpacTaHUU TPHUBOJIWIM K HAPYIICHUIO IENIOCTHOCTH OeToHHOro cios. [Ipu paspyiieHun Bcex
0JI0KOB HAOJI01a7I0Ch HAPYIIICHUE CBS3H MEXKY CIOSAMH O€TOHA U KepaM3UTOOETOHA.

29



Ne 4 (12), 2021 Bectauk TBepcKOro rocy1apcTBEHHOTO TEXHUYECKOTO YHHUBEPCHUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMHUUECKUE TEXHOJIOTUH»

Puc. 3. Xapaktep pa3pyuieHus 0JI0ka pu JeHCTBUM HATPY3KH HA BHYTPEHHHUE YTIIbI
yepes mramn pazmepamu 140x197 mm

3AKJIIOYEHUE

C ueneio BBISIBICHHS MPOYHOCTH OJOKOB MPH JIEHCTBUM COCPEIOTOUEHHBIX CHKUMAIOIINX
HAarpy30K OBUIM TIPOBENIEHBI HCHBITaHUS TpeX o0pasnoB OnokoB ¢upmbel «bamaeB», mpeno-
CTaBJICHHBIX MPOU3BOJUTENEM. B pamMKax HCHBITaHUI CKUMAIOIIas Harpy3ka MpUKIaAbIBaIach K
6stoxam uepe3 mraminbl pazmepamu 140x197 u 200%340 mm. Pe3ynbTarsl mpoBeIeHHBIX HCTIBITAHUI
MOKa3aiy, YTO MPOYHOCTH OJIOKOB OKa3bIBAETCS MCUEPITAHHOM MPH ACUCTBUU HATPY3KH BETUYHHOM
He menee 33,2 xH. Ilpm stomM B mccnemoBaHusix HaOmogancs OOJBIION pa30poc 3HaUCHUH
MPOYHOCTU OJIOKOB MpH JEUCTBUM HArpy3Kd MO OJMHAKOBBIM cXxeMaM HarpyxeHus. Ha ocHoBe
MPOBEJICHHBIX HCIBITAHUA MOXKHO C/ENaTh BBIBOA O TOM, YTO B ps/€ CiIydaeB (Hampumep, Mpu
HEOONIBIIMX TIpOJIeTax MEepeMbldeK WM IUIMT MEePeKPhITUH M MalbIX Harpy3kax Ha HHX)
3apKCUpOBaHHASI TIPOYHOCTH OJIOKOB MOKET OKa3aTbCs JOCTATOYHOW Ui OMUPAHUS OalloK
HEePEeKPHITUI WK TepeMbluek Oe3 YCTpOWCTBAa paclpeAeiUTENbHbIX MOAYIIEK U MOHOJIUTHBIX
nosicoB. O/IHAaKO B KaKJOM KOHKPETHOM CiIy4ae KOHCTPYKTHBHOE PELICHUE Y3JIOB JOJKHO paspa-
0aThIBaTHCS MPOSKTHON OpraHu3aIiel Ha OCHOBE MCUEPITBIBAIOIIETO PACUETHOIO 00OCHOBAHUSL.

BJIAT'OJAPHOCTH
ABTOpBI cTaThu BbIpaxkaroT OmarogapHoctb OO0 «banaeB 010k» u mnuHO A.A. banaeBy
3a peJocTaBlIeHHue 00pa3oB OJIOKOB I MPOBEIEHUS UX HATYpPHBIX HCIBITAHUM.
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EXPERIMENTAL STUDY OF PUNCHING SHEAR OF UNBONDED
POST-TENSIONED REINFORCED CONCRETE SLABS

A.V. Gavrilenko, A.V. Levikov, T.R. Barkaya, D.A. Hanygin
Tver State Technical University (Tver)

Abstract. In this paper there is description of three-layer tongue-and-groove expanded
clay concrete blocks, traded under mark “Balaev block”. Their main advantages and
disadvantages are listed. It is shown, that there are difficulties with lintel placing above windows
and doors in walls of individual houses, made of these blocks. It is connected with insufficiency
of compressive strength of internal expanded clay concrete layer under acting of local
compressive loads. Experimental study of three blocks were conducted. Blocks were exposed
to acting of local compressive loads. Compressive test results are given. Variables were the
placing and dimensions of a stamp. Conclusion is made that in some cases bearing capacity of
the blocks is sufficient for placing lintels on internal layer without constructing extra bearing
elements.

Keywords: expanded clay concrete, concrete blocks, local loading, compressive test.
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VJIK 615.035.4

NCHOJBb30BAHUE ®PAKTAJIBHOM TEOPUH ITPU OIIEHKE
CEJIbCKOXO3SIMCTBEHHBIX TEPPUTOPUI

H.II1. Kypoamos
Tsepckoti cocyoapcmeenHblll mexHudeckutl yHusepcumem (2. Teepw)

© Kypb6aros H.I1., 2021

AHHoTanus. CTaThs NMOCBsIIEHA aKTyaJlbHOM MpoOjemMe NMpuMEHEHUs] MaTeMaTHYeCcKOro
anmapara JUisl pellleHus 3aJad IpaJOoCTPOUTENBCTBA U CEIBCKOTrO Xo3sicTBa. lMcnonb3oBaHue
(bpaxkTalbHON TEOPUH MO3BOJISIET pa3paboTaTh METOJbI AKCIPECC-MIPOTHO3UPOBAHUS U paiio-
HUPOBAHHUS OCYIIUTEIbHBIX U OPOCUTEIBHBIX METHOPALUH.

KuroueBsble ciioBa: (pakran, rpagocTpoUTEIbHBIA aHAIN3, SKCIIPECC-TIPOTHO3UPOBAHUE.
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DOI: 10.46573/2658-7459-2021-4-32-37

[Ipu ompeneneHHON arpoTeXHUKE CEIbCKOXO3AWCTBEHHbIE 3E€MJIM OIICHUBAIOTCS IO
CTETICHU 3aCYILIMBOCTH Y€pe3 COOTHOUICHHUE MEXKIY MOTPEOHOCTHIO TaHHON KYJIbTYPHI B BOJE Ha
TPaHCIIMPAIMIO PACTEHUH IUIIOC HCIApeHHe IMOYBBI 32 BETETAI[MOHHBIN MEpUOI U HAIUYUEM
€CTECTBEHHBIX pecypcoB Biaru [1].

Jlerpananusi Mo4B BbIpaXKaeTcs YMEHBUICHHEM MPOAYKTUBHOCTH, YXYAIIeHHEeM (usu-
YEeCKUX, XUMUYECKUX WM OMOJOTMYECKMX HMX CBOMCTB M3-3a BETPOBOM WJIM BOJHOW 3pO3WH,
JOJITOBPEMEHHON yTpaToi ImpUpoHOM OmoThl. [lerpaganus 3emens NPOUCXOAMT B pe3yibTaTe
HapYyIIEHHUS SKOJIOTUYECKOro OanaHca.

PexomengoBanubiii kodddunuent ysinaxuenus K. Topurseiita [6] mpeacrasisier coboii
OTHOILICHHE PECYPCOB BJIaru K MOTPeOHOCTH B BOJIE, ONPEACIIAEMOI uepe3 HCHapseMOCTh:

P
KYT =—"2,

Orox

rae Prox—rogosas cymMma ocaikoB, MM; Eoroy — HCITapseMOCTh 3a T0J1, MM.

Ha xkapre Poccun mzomunust KYT, paBHas 0,65, cOOTBETCTBYET IpaHMIIE 3acCyIUIMBBIX
3eMelb (CeBepHOM IpaHuIe CyXUX cyOrymuaHbix) [5]. Drta rpaHuiia NpoXoauT B Ipenenax Kak
TUIIMYHO CTEMHBIX, TAK M CYXOCTENHBIX JaHaAmadToB. ['panurieir Mexy CyXumMu CyOryMUIHBIMH
U TI0J1y3aCyUUTMBBIMU 3eMJISIMH Iy kUT n3onunus 0,50. [Tomy3acynuiuBele 3eMiIM NpeCTaBlIeHbI
OTYAaCTH CYXOCTEHHBIMHU, OOJbIIEH YaCTbIO — IMOJIYNYCTHIHHBIMU M MHOI/IAa IyCTHIHHBIMU
naHamadgTamMu.

C yBenuueHHeM 3acCylUIMBOCTH MECTHOCTH BO3pPacTaeT MOTPEOHOCTh KYJIbTYphl B BOJE.
B pesynabrare Bo3HHMKaeT NePUUUT HEOOXOAMMOW BJarn M NOABISETCS HEOOXOAMMOCTH B
OpOILIEHHUH.

@pakTanbHas TEOpHUs, OCHOBaHHas Ha IEJIOCTHOM NPEICTAaBICHUU OO0bEKTa Kak
COBOKYITHOCTH 3JIEMEHTOB, MOXET OBITh UCII0JI30BAaHA /Il PallOHUPOBAHUS TEPPUTOPHUH.

@paxTalibl ABIAIOTCS Cyry0o MareMaTHueckuM noHstueM. B 1967 r. b. Manaens6por [2]
CBsI3aJl CBOWCTBO MPUPOAHBIX 00BEKTOB ¢ (pakTasiaMu. OH NPEIOKUIT HOBYIO XapaKTEPUCTUKY
UX MPOTSDKEHHOCTH — (PPaKTaIbHYIO pa3MepHOCTh ((ppakTan o3HauaeT «pparMeHTUPOBAHHBIN» U
MIPEACTABISIET CO00M OECKOHEYHO CaMOMOJA00HYI0 TreoMeTpuueckyro ¢urypy). McnonszoBanue
(bpakTanbHOI TeOpuH, OCHOBAHHOW Ha IIEJIOCTHOM IPE/ICTaBIEHUN 00bEKTa KaK COBOKYITHOCTH
AJIEMEHTOB, B3aUMOCBSI3b KOTOPBIX MOPOKJIA€T CBOWCTBO CaMOI0/1001s1, BecbMa 3(h(HEKTUBHO Kak
JUIs onucaHus Mopdosnoruu penbeda, TaKk U IS BBISIBIEHUS 3aKOHOMEPHOCTEH JTHMHAMUKHU
reoMopocuctemM, B TOM YHCJIE DPAa3BUTUS SPO3UM UM YBEIHMYEHHS 3POJUPOBAHHBIX CEIHCKO-
XO35IICTBEHHBIX 3€MEJIb.

OxapakTepu30BaTh MPHUPOJHBIN OOBEKT € MOMOIIBIO PPaKTAIBHON Pa3MEPHOCTH MOMKHO
TPaIUIIMOHHBIM CIIOCOOOM: HCCeyeMblii 00BEKT MOKPBIBAIOT CETKON C pa3MepoM siueiiku € U
MOJICYMTHIBAIOT KOJMYECTBO siueek ceTkH N(g), moKphIBaromuX u3ydaeMbiii 00bekT. C yMeHb-
IIEHHEM pa3Mepa & SUCHKH CeTKH KoimudecTBO Takux syeek N(e) yBenmmuumBaercs. EMkocTHas
(paxTanpHas) pa3MEPHOCTh OOBEKTA OTIPENETIAETCS KaK

D = _lim/9N(&) (1)
lge
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Y mpuponHoro ¢paxkTtasia HMHTEpPBAJ CaMOMNOJOOMS OTpaHHYEH pa3MepoM sUYEHKU
HnOKpbITH. Bcee dpaxTansl, obnagaromue XoTs 0bl KAKUMU-HUOY/Ab MPU3HAKAMH CUMMETPHH,
CaMoOIIOI00HBI, T.€. HEKOTOphle (parMeHThl HMX CTPYKTYphl CTPOTO IOBTOPSIOTCS 4Yepes
olpeziesIeHHbIE IPOCTPAHCTBEHHbIE TPOMEXKYTKU. DT 00BEKTHl MOTYT UMETh JIH00YIO IPUPOLY,
npuyYeM uxX BUJ U (opMa ocTaloTCs HEM3MEHHBIMU HE3aBHCUMO OT Maciutaba. Ero pasmep mo-
KET BapbUpPOBATbCS B OINPEACICHHOM JMaNa30He, MAaKCHUMaJlbHOE 3HAa4eHHE KOTOPOTO
OTIpe/IeNIsAeTCS pa3MepaMu O0bEKTa, a MHUHHMAJIbHOE — €ro 3JEMEHTAPHBIM CTPYKTYpPHBIM
3JIEMEHTOM (pa3MepaMu OLHU(PPOBAHHON KapThl 1 MMHHUMAaJbHbBIM 3JIEMEHTOM H300paKeHUs —
MTUKCEIIEM).

@®opmyna (1) He Bcerma NpuMeHHMMa, W A OLEHKM (pakTaabHOM pa3MEpHOCTH
HEO0OXO/IMMO TNPUMEHEHHE YHCICHHOIO AJIrOPUTMa, KOTOPBIM 3aKiIlYaeTcss B IMOIYyYCHUU
3aBUCUMOCTHM YHUCJIa A4Y€eK IOKPBITUS (pakTajia OT pa3Mepa SUYCHKHU, BbIJECIECHUU Ha HeEH
JUHEWHOr0 y4yacTKa M amnmpoOKCMMalMM 3aBUCMMOCTH Ha 3TOM YYacTKe JUHEHHOM (yHK-
uuen [3].

@pakTanpHbli MOAX0A ObUI BIEPBbIE NPUMEHEH B IPAJOCTPOUTENBHOM aHAIMU3E JUIS
OLIEHKHU pa3Mepa, OJHOPOAHOCTH, pa3HOOOpa3usi M CTENEHU IUIOTHOCTH IUIAHUPOBOYHBIX
aneMeHToB. OH cuntaercs Oosee 3(P(HEKTUBHBIM 10 CPABHEHUIO C TPAIUIIMOHHBIMH METOIAMHU
I'PaZlOCTPOUTENIBHOTO aHAJIN3A.

Byayun KOJIMYECTBEHHOM XapaKTEPUCTHKOW CTPYKTYphl 0O0BEKTa, (hpaKTanbHas
pasmepHocTh (D) mosBosser, Hampumep, HaXOAUTh MapaMeTpbl IUIOLWAJUM WIM MEPUMETP
TOPOJACKON 3aCTpOMKM C 3aJaHHBIM YpPOBHEM TMPUONIKEHHUS M HE3aBUCHUMO OT €IMHHI]
u3MepeHus. CoraacHO TEOPETUUYECKUM IOJIOKEHUSAM, (GpaKkTaibHas Pa3MEPHOCTh Ha ABYMEPHOM
M300paXEHUM BapbUpYyeTCs OT BBICOKMX 3HaueHuil (D—2), nmpu KOTOpPBIX CTPYKTypa OOBEKTa
Ooniee OJHOPOJHA, MOJHOCTBIO 3aloOJIHEHA, 10 Hu3kuX 3HadeHuit (D—1), npucymumx OGonee
(dparmeHTapHOl (KpPBaHOW») CTPYKType, HAIPUMEpP TOPOJCKOW IUIAHUPOBKE, XapaKTepPH3YIO-
HIeicsl HaTMYMeM HEOCBOEHHBIX MPOCTPAHCTB JIMOO €CTECTBEHHBIX WJIM UCKYCCTBEHHBIX OTPaHU-
YEHHUII.

OneHky (QpakTanbHON pa3MEpHOCTH METOJOM IUIOTHOCTH 3allOJHEHHUS TOPOACKOM
Tepputopuu sl pasHelx ropoaoB II. ®dpankxayzep B 1998 r. mnpemioxun BBITOIHITH
JBYMsl CIOCO0aMH: C MOMOIIBIO METOJla CETKU M C MOMOILBIO KOHIIEHTPUYECKHX OKPY>KHOCTEH.
DT JBa METO/1a MOTYT ObITh KOMOMHUPOBAHBI.

Teopust ¢pakranoB Obula UCIONBb30BaHa A U3ydeHUs oBpakHO-OanouHoi cetn (OBC)
Ha Tepputopuu r. CaparoBa. AHanM3 IOKa3aj, 4YTO 3HA4YEHUS (PaKTaJIbHOU pa3MepHO-
ctu D HaxozmdTcs B HEKOTOPOM HHTEpBaJie 3HAUYE€HUI pa3MEpHOCTH, 3aBUCSIIEH OT BbIOOpa
yuactkoB: D = 1,59-1,66 (pucynok) [3]. Ilpu uccnemoBanum Emmanckoro maHamadTHOTO
paiioHa OblIa MoJyyeHa Cieayrolas 3aBUCUMOCTh YUCIIa sYeeK MOKPBITUS OT pasMmepa sSUeHKu:
D = 1,61. Otpe3ok, UCIOIB3YeMbIi ISl BHIYUCICHUS BETHYUHBI (PAaKTaIHHONH pa3MEpPHOCTH,
XapaKTepu3yeTcss ABYMs YHCIaMH: MAaKCHUMaJbHbIM M MHUHUMAJIBHBIM pa3MEpaMu sUeeK
HOKPBITUSA (Emax U Erin COOTBETCTBEHHO).
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Crpykrypa OBC Enamanckoro nanamagTtHoro paiiona (r. Caparos) [3]

3naueHne (paKkTaIbLHOW Pa3MEPHOCTH OTPAKAET dHEPreTHUYECKYI0 HampsukeHHOCTh OBC
KaK reoJ0ro-reoMopQoaoruiueckoil cucteMsl Ha aHalIu3upyeMoM ydactke. OBpakHO-0amouHast
CeTh, PAa3BHUBAIOIIASCS B OOJIee JKECTKOM, T€TEPOr€HHOM IO BEIIECTBEHHOMY COCTaBY TOPHBIX
IIOPOJ] TE€0JIOTHYECKOM CyOcTpaTe, XapakTepusyercss Oosiee HU3KUM 3HaYeHHEM (pakTalbHOU
pasmepuoctu D. Hampumep, OBC Jlpicoropckoro nanmmadTHOrO paiioHa, IIaTo KOTOPOTO
CIIO)KEHO Haubosee pPa3sHOBO3PACTHBIMM, pPa3sHO(ALUAIBHBIMM  OTJIOKEHUSIMH, HMeEeT
HanMeEHBIINHA mokasarens D = 1,54.

IToTpeOHOCTh CeNnbCKOXO3AUCTBEHHBIX KYJIbTYp B BOJE OlleHHBaeTcs ¢ nomoiibio KYT.
UYem OostpIiie ero 3Ha4€HUE, TEM OO0JIbIIEe TOTPEOHOCTh CEIbCKOXO3SHCTBEHHBIX KYIBTYP B BOJIE.
Ona BapbHpyeTcsl JUIsl OIHOW M TOM e KyJIbTyphl HE TOJBKO B Pa3IMYHBIX pailioHaX, HO U B
pa3HbIe TO/IBI B OTHOM U TOM K€ paiioHe.

JInsi OLEHKH W pallOHUPOBaHMS TEPPUTOPHUI MOJ OPOIIEHHE C MOMOIIBIO (PpaKTaIbHOM
pa3MEpHOCTH MOXKHO HCIIOJIb30BaTh CIETYIONTYI0 METOHKY:

a) KapTa paiioHa pa30MBaeTCsl Ha KJIETKH, 4acTh KOTOPHIX OyAeT MMETh IUIOIAIH TO0J]
OpOILIEHUE, a YacTh OyAyT MYCTBIMU (CTPOEHHS, JIOPOTH, Jieca, 03epa, CKBEPHl U T.II.); pa3Mep
KBaJ[paTOB B CETKE MOKHO BapbHPOBATh;

0) OospLION pa3Mep KBaJpara, OXBaThIBAIOLIUI BeCh pailoH, ()pakTanbHasl pa3MEpHOCTb
paBHa 2, ecllM YMEHBIIUTh pa3Mmep kBajapara a0 20-50 M, To pa3MepHOCTh yMeHbIIUTCS. [lpu
YMEHBIIICHUU pa3Mepa KBajpaTa (WTepaliyi) W3MEHSIOTCS KOJHYECTBO MOJCYMTAHHBIX
anemeHTOB — kBajaparoB (N) u pazmep uccrnenyemoii ruomanu (r);

B) ¢pakTalibHasg pa3MEPHOCTh MOJCUUTHIBACTCS 110 PopMyJie

D =1Ig N(r) / Ig(1/r), (2

rae I — kodppuueHT (T.e., HanpuMmep, eciau Ipeablayas KieTka IpoouTcs Ha 16 KieTok, To
r=4, ecnmuna 9, To r = 3). 3a N mpuHUMaeM KOJIMYECTBO 3€MEJIbHBIX KBAJPATOB, HYKIAFOIIUXCS
B OpPOIICHWHM Ha aHAIM3UPYEeMOM MacmiTade, T.e. €CJIH IUIOMAJb II0J] OpPOIICHUE HMEETCS
B 9 kBaapatax uz 9, ro D =2, ecnu B 4 kBajgparax u3z 9, to D = 1,26, u T.1.;
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I') IPOBOAMTCS CIEIYIOLIasi UTepaIHsl U MOJICUUTHIBACTCS Pa3MEPHOCTh Ha 00JIee MEIKON
CETKE, T.€. MJET IO3TallHOE COKpAIICHHWE pa3Mepa CETKH JJIEMEHTOB OT KPYIHO- K MEJKO-
3EpPHUCTOMY;

1) Ha KJIETKH pa30MBarOTCs TOJBKO IUIOLIAAN O]l OPOLIEHHE, U IPOBOJUTCS JeTaIU3aIMs
MO0 CTENEeHW 3acyluiuBocTH Tepputopuu. [lo moxkasaremo QpakrampHOocTH (D) MOXKHO
HOJCUUTATh NOTPEOHOCTH B BOJE.

[To xonruecTBy KJIETOK U (pakTaibHOI pasmepHocTH (D) ycraHaBiuBarTCs:

OTHOILICHHE OpOLIAEMBbIX IUIOLIAAeH K 00IeH Mmonany pailoHa;

paccTosiHUSA OT IOJIEH OPOILLIEHUS A0 AOPOT U MEXKIY IOJISIMU OpPOILEHUS;

(GOpMBI M CTPYKTYpPBI CEIbCKOXO035HCTBEHHBIX IIOLIAIeH ¢ AeunuTOM BiIary;

HE0OXO0IMMOE KOJIMYECTBO BOJBI HA OPOIICHHE TOW WM WHOU CEIbCKOXO3SICTBEHHOMN
KYJIBTYDBI;

CUCTEMbI pa3MELIEHUS MEXAaHU3MOB Ui OpOILEHUS M UX IPUBA3KA K TPaHCHOPTHBIM
CETAM;

IJIOTHOCTh HACEJIECHUS U MECTa IIPWIOKEHUS TPyAa.

@pakTaJlbHOE MOJEIMPOBAHUE IO3BOJIAET NPEACTaBUTh M KJIACCU(PUIMUPOBATH Ha-
IIPaBJICHUS MOTEHIMAJIBLHOTO OCBOCHUS ILIOLIAJAEH I10J IPOU3BOICTBO CEJIBCKOXO35MCTBEHHBIX
KyJIbTyp. @pakTan BIMISANT OJMHAKOBO HE3aBUCUMO OT MaclITada.

Metoapl  QpakTagbHOrO aHaau3a MOTYT OBbITh MCHOJb30BaHbl JUId  dKCIIpecc-
IIPOrHO3MPOBAHUSA U PAOHUPOBAHUS OCYILIUTENBHBIX U OPOCHUTEIBHBIX Menuopanuil. OpgHako
pacrnojaras TOJbKO BHEIIHUM BHUJOM OOBEKTAa U HE HCIOJIb3YSd HHUKAKOM JIONOJHUTEIbHON
uH(pOpMaLIMU, UCTUHHBIN €ro pa3Mep OLIEHUTh HEBO3MOXKHO.

[TpuknagHoil acmekT (pakTadbHONH TEOPUHM MOXKET OBITh HWCIOJB30BaH MpPH  KIac-
CUpUKAIMM TEPPUTOPUIM  CEIIbCKOXO3AHCTBEHHOTO HA3HAUEHUS pa3IMYHbIX MacluTalOoB.
[TpumeHneHre (pakTaibHOIO IMOAXO0J]A MO3BOJIAET BBINOIHATH KAYECTBEHHYIO OLIEHKY CEIbCKO-
XO3AUCTBEHHBIX IUIOMAAEH C JeQUIUTOM WM C HEAOCTATKOM BJIalrM BHE 3aBUCHMOCTH OT UX
Mmaciuraba.

CIIUCOK JIMTEPATYPbI
1. KoctsikoB A.H. OcHoBbl Menuopanuu. M.: Cenbxo3rus. 1960. 662 c.
2. ManzgensOpot benya. @pakranbHas reoMmeTpust nmpupoasl. M.: MH-T koMmeioT. uccnea. 2002.
656 c.
3. NBanoB A.B., Koponosckmii A.A., Munroxua .M., fAmkoB NU.A. OnpenencHue GppakTaabHOMR
pa3MepHOCTH OBpakHO-O0anouHoit cetn ropoma CaparoBa /I Hzeecmus 6y306 «ITH».
T. 14. Ne 2. 2006.
4. T'ymmna E.C., CmoryHoB B.B. ®pakranbHas pa3MepHOCTb B OLEHKE IJIAHUPOBOYHOM
CTpYKTYpBl KpymHOro ropona // Cospemennvie nayunvie uccreoosanuss u unnosayuu. 2016,
Ne 2 (58). C. 110-116.
5. 3onotokpeuuH A.H., UepenkoBa E.A. Ilmomans 3acynuimBbeIX 3emenb paBHUH Poccun
Il Apuonwie sxocucmemsr. 2009. T. 15. Ne 1 (37). C. 5-12.
6. United Nations Convention to Combat Desertification. 1994. https://www.state.gov/wp-
content/uploads/2019/02/01-215-Multilateral-Environ-Desertification.pdf ~ (mara  oOpamieHus:
19.10.2021).

36



Ne 4 (12), 2021 Bectauk TBepcKOro rocy1apcTBEHHOTO TEXHUYECKOTO YHHUBEPCHUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMHUUECKUE TEXHOJIOTUH»

CBEJIEHUSA Ob ABTOPE
KYPBATOB Huxonaii Ilaénosuy — ¥XaHI. TEXH. HayK, JOLEHT Kadeapbl TUIPaBIUKH,
TeIoTeXHUku u rujpomnpusoga, ®I'bOY BO «TBepckoilf rocyaapCTBEHHBIM TEXHUYECKHM
yauBepcureT», 170026, Poccus, r.TBepp, ©ab. Ad. Hukutuna, . 22. E-mail:
kurbatov.nikolai@rambler.ru

BUBJINOTI'PA®UYECKASA CCBUIKA
Kyp6aros H.II. Mcnonp3oBanue ¢pakTaabHON TEOPHH IPH OILEHKE CEIbCKOXO3SIMCTBEHHBIX
tepputopuii // BectHuk TBepckoro rocynapcTBEHHOrO0 TEXHHYECKOro yHuBepcutera. Cepust
«CTpoUTenbCTBO. DIEKTPOTEXHUKA U XUMUYeckue TexHomorun. 2021, Ne 4 (12). C. 32-37.

USE OF FRACTAL THEORY IN THE ASSESSMENT OF AGRICULTURAL AREAS

N.P. Kurbatov
Tver State Technical University (Tver)

Abstract. The article is devoted to the actual problem of using mathematical apparatus to
solve problems of urban planning and agriculture. The use of fractal theory makes it possible to
develop methods of express forecasting and zoning of drainage and irrigation reclamation.

Keywords: fractal, urban planning analysis, express forecasting.

REFERENCES
1. Kostyakov A.N. Osnovy melioracii [Basics of land reclamation]. Moscow: Sel'hozgiz. 1960. 662 p.
2. Mandel'brot Benua. Fraktal'naya geometriya prirody [Fractal geometry of nature]. Moscow:
In-t komp'yut. issled. 2002. 656 p.
3. Ivanov A.V., Koronovskij A.A., Minyuhin .M., Yashkov LA. Determination of the fractal
dimension of the gully-beam network of the city of Saratov / lzvestiya vuzov «PND». Vol. 14.
No. 2. 2006. (In Russian).
4. Gushchina E.S., Smogunov V.V. Fractal dimension in estimation of a large city planning structure.
Sovremennye nauchnye issledovaniya i innovacii. No. 2 (58), pp. 110-116. (In Russian).
5. Zolotokrylin A.N., Cherenkova E.A. The area of the arid lands of the plains of Russia. Aridnye
ekosistemy. 2009. Vol. 15. No. 1 (37), pp. 5-12. (In Russian).
6. United Nations Convention to Combat Desertification. 1994. https://www.state.gov/wp-
content/uploads/2019/02/01-215-Multilateral-Environ-Desertification.pdf ~ (date of  access:
19.10.2021).

INFORMATION ABOUT THE AUTHOR
KURBATOV Nikolai Pavlovich — Ph.D., Associate Professor of the Department of Hydraulics,
Heat Engineering and Hydraulic Drive, Tver State Technical University, 22, embankment of
Af. Nikitin, Tver, 170026, Russia. E-mail: kurbatov.nikolai@rambler.ru

CITATION FOR AN ARTICLE
Kurbatov N.P. Use of fractal theory in the assessment of agricultural areas // Vestnik of Tver
State Technical University. Series «Building. Electrical engineering and chemical technology».
2021. No. 4 (12), pp. 32-37.

37


http://elibrary.ru/contents.asp?issueid=642224&selid=12878035

Ne 4 (12), 2021 Bectauk TBepcKOro rocy1apcTBEHHOTO TEXHUYECKOTO YHHUBEPCHUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMHUUECKUE TEXHOJIOTUH»

VJIK 691-431
WCCJIEJIOBAHUE TEOMETPUYECKHX
M TEILIOTEXHUYECKUX TAPAMETPOB
CTEHOBBIX KEPAM3UTOBETOHHBIX BJIOKOB
C IEKOPATUBHBIM ®ACAJIOM

A.B. Jlesukos, A.B. I'aspunenxo, T.P. bapkas, /I.A. Xanvieun
Tsepckoii eocyoapcmeennblli mexHuuweckuil yrugepcumem (2. Teepw)
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bapkas T.P., Xaubirun JI.A., 2021

AHHOTanus. B craTee npencTaBieHBl DPE3yNbTATHl HCCIEAOBAHUS I'€OMETPUUYECKUX
napaMeTpoB Ma30rpeOHEBBIX KEPaM3UTOOCTOHHBIX OJOKOB C JIeKOpaTUBHBIM (acagom. Haryp-
HBIM IIyTeM OIpenesieH Kod()(UIMEHT TerIonpOBOJHOCTH KEepaM3UTOOETOHHOTO Ciosi. BwI-
HOJIHEH pacyeT CONPOTHUBIICHHS Teruionepenadn Onoka B enoM. [IpencraBneHo oOOCHOBaHME
BO3MOYXHOCTH HCIIOJIb30BAaHUS B JKWIIMIITHOM CTPOUTENBCTBE OJOKOB Kak 3HEProd(pPeKTuBHOTO
Mmarepuana. J[aHpl peKOMEHIAMU MO AaJbHEHIIEMY COBEPUICHCTBOBAHHUIO TEXHOJIOTHH IPOU3-
BOJICTBA OJIOKOB C WENBI0 YIYYLICHHS TOYHOCTH BHYTPEHHUX TE€OMETPUYECKHX MapaMeTpPOB
Ka)XJIOT0 U3 CJI0EB OJIOKA.

KiroueBble cjioBa: KepaM3UTOOETOH, CTEHOBBIE OJIOKH, SHEPT03(PPEKTHBHOCTb.

DOI: 10.46573/2658-7459-2021-4-38-43

BBEJIEHUE

CucremaT4eckuii pocT CTOMMOCTH Ha CTPOUTEIbHBIE MaTepUallbl U SHEPrOHOCUTENN
3acTaBiIsieT 3aCTPOMIIMKOB M MHBECTOPOB 0oJiee pallMOHANIbHO MX MCIONb30BaTh. [IpuueM eciu
10 2000-x TT. 4aCTHOTO 3aKa3uMka B OOJbLICH CTENEHH MHTEpecoBajla CTOMMOCTh BO3BEICHMS
3/1aHus, @ pacXo/Ibl Ha IKCIUTyaTaluio B Poccun OblIM HE3HAUUTEIBHBIMU, TO B HACTOSIIIEE BPEMSI
3HAYMMBIM CTaJl BOIIPOC 3KOHOMHUH PECYPCOB HA MPOTSHKEHUH BCETO KU3HEHHOTO LIUKJIA 3/1aHu,
OT MPOEKTUPOBaHUS 10 YyTwiuzanuu. OCHOBHbIE HOpPMAaTHBHBIE TEIUIONOTEPU 3JIaHUS [0
2000-x rr. pacupeaensuiuch IpUMEpPHO cieayronmm oopaszom: 39 % — ctensl; 8 % — nepekpbIThs;
21 % — oknHa; 32 % — Bo3zmyxooOmeH. C 2016 r., cormacHo TpebGoBaHusM [locTaHOBIIEHUS
[TpaButensctBa PO Ne 181 o mnoBbimieHnn »Heprodh(eKTUBHOCTU 30aHUN, paclpenesieHue
Terionoteps caexayrouiee: 17 % — crens! u nepekpeitus, 25 % — okHa u 58 % — BO31yX000MeEH.
[Ipu 3TOM pacueTHbI pacxo] TEIUIOThl HAa OTOIUIEHHE M BEHTWIALMIO cHu3mics ¢ 160—-200 no
66-74 xBt-u/m? [2]. Kak BuaHo, Hambojiee MOCTYMHBIM M MPOCTBHIM CIIOCOOOM MOBBIIEHHUS
HHEProdPPeKTUBHOCTH 3AaHUS OKA3aJOCh MOBBINIEHHE 3((HEKTUBHOCTH BHEIIHEH 000JI0UKU
3/1aHMsI, B YaCTHOCTU CTEHOBBIX KOHCTPYKITHH [1].

['a306eToHHbIE OJOKM AaBTOKJIABHOTO TBEPJCHHS, TIOJYYUBIINE IIUPOKOE pacrpo-
CTpaHEHHUE, TOJHOCTHIO OTBEYAIOT COBPEMEHHBIM TPEOOBAaHUSAM TEIUIOU3OJSIIMUA ISl OJHO-
CJIOMHBIX KOHCTPYKIIHH, OJTHAKO UMEIOT CYIIECTBEHHBIN HETOCTATOK: OHU TPEOYIOT COOJIIOICHHS
0COOBIX MEPOIPUATHI MO TMAPOU3OISLUUN U MOCTEAYIOUIeH Hapy KHOW OTIENKH ISl 3allUThl OT
arpecCMBHOIO BO3JIEHCTBUS OKpykaromed cpensl. OIHUM M3 albTEPHATUBHBIX BapHaHTOB
ra300eTOHHBIM OJIOKaM SBIISIOTCSA NMA30TpeOHEBbIE KEPAM3UTOOETOHHBIE OJIOKU C AEKOPATUBHBIM
dacanom, 3amarentoBanable B 2015 1. [3]. OTIUYUTENbHON OCOOCHHOCTBIO JTaHHBIX CTEHOBBIX
OJIOKOB SIBIIIETCSI HalM4uMe 4YHCTOBOM HapyxkHoiW oTaenkd W 100%-s TOTOBHOCTH 10X
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BHYTPEHHIOIO OTAEIKY. CpaBHUTEIbHO HOBBIM MaTepuan MCIOJb3YEeTCs [UIsl BO3BEACHUSA
HECYLIUX CTE€H OJHOKBAPTUPHBIX XKHWJIbIX 3JaHUI U CAMOHECYLIMX OTPa)kJal0NINX KOHCTPYKLIUN B
MOHOJIMTHOM JIOMOCTpoeHuu. HecMoTpss Ha Hauyano NpaKkTUYECKOro NPUMEHEHHUS, MaJlOu3y-
YEHHBIM U CHOPHBIM OCTAETCSl BOIPOC TEMJOTEXHUYECKUX XapaKTEPUCTHK OJIOKAa U KIAJKU U3
0JIOKOB B LIEJIOM.

Ienpto cTaTby SABJISIETCS MCCIEIOBAaHUE KEPAM3UTOOETOHHBIX OJIOKOB C JEKOPATHBHBIM
dacagoM ¢ BO3MOXHOCTHIO TPUMEHEHHSI B KadeCTBE HHEProcOEperaroIiux CTEHOBBIX KOH-
CTpyKIMH. J{71s1 TocTHKEeHuUs e paboThl IOCTABIICHbI 3a/1a4H:

a) MCCIEJOBAaTh T'€OMETPUYECKUE IapaMeTpbl CJIOeB OJIOKa M IIEOCTHOCTh CTEHOBOMH
KIIQJKU;

0) OIBITHBIM ITyTEM ONPEICTUTH COMPOTUBIICHUE TEIUIONEPEAaYl CTEHOBBIX OJIOKOB;

HccnenoBanue npoBOAMIIOCh HA TpeX 0o0pasliax NpsMOYIroJIbHOM (OpMBbI C 3asBICHHBIMU
pasmepamu: mupuna 400 mm, nuaa 398 MM u Beicota 190 MMm. Kepam3utoOeToHHBIE OJI0KH €
JIEKOPaTUBHBIM (hacajioM MPEICTABISAIOT COOON CIUThIE BOSAMHO JIMLEBOU (hacaaHblii OETOHHBIH,
OCHOBHOH CJION M3 KepamM3uTa ¥ BHYTPCHHUH OCTOHHBIN cioil. B imneBom OeTOHHOM ciioe Ha
BepxHEeH M OOKOBOH cTOpoHax OJ0Ka pacrojiokeH IpeOeHb, a Ha HIDKHEH cTopoHe OJoka u
MIPOTUBOIOJIOKHOW OOKOBOWM — BBIEMKH. BO Bpems KIaakd CTeH maszorpeOHeBas ¢dopma
[O3BOJISIET TOYHO TO3UIMOHUPOBATh BBILIEISKAIINE Psbl OJOKOB HAJ HMKEJIEKALIUMH,
UCKJIIOYAeT CMEILICHUE KJIaJKH U3 BEPTHKAIbHOM IUIOCKOCTH CTEHBI, YJIYyYIlIaeT YCTOHYMBOCTH
KJIaJKU U CLEIUIeHHE OJIOKOB, MPENSATCTBYET CKBO3HOMY IPOAYBAaHHIO IIBOB MEXIY OJOKAMH.
@parMeHTHI KA K1 CTEHBI C Ta30rpeOHEBOM CUCTEMOM MpecTaBieHb! Ha puc. 1, 2.

Puc. 1. ®parmeHT Ki1aJKu CTEHBI CO CTOPOHBI  Puc. 2. @parmMeHT KJIaJKu CTEHbI CO CTOPOHBI
JIMIIEBOTO OETOHHOTO CJIOS BHYTPEHHEr0 OETOHHOTO CJIOs

JluneBoit OGETOHHBIN CIIOM MOXXET HUMETh pPa3Hyl (AKTypy OTIENKH, HCXOId U3
noxenanuii norpedutens. Ilocne kmagku OJOKOB CTEHA OKpAIMBAETCS B COOTBETCTBUU C
[[BETOBBIMU pelleHusIMH (acagoB, Oojiee HUKAKUX CTPOUTENBHBIX PaboOT mo otaenke (acana
IPOM3BOIUTh HE TpeOyercsi, uYTO SABISAETCS 3HAYUTEIbHBIM IUIIOCOM JIaHHBIX OJIOKOB 11O
CPaBHEHHIO C OJIOKAMH U3 STYEUCTHIX OETOHOB.

IIpencraBnenHsle 0Opa3ibl OJIOKOB OBUIM MCCIEIOBAHbI BU3yaJbHO Ha HAJIMYUE CKOJIOB,
TPELINH, NMPOU3BEJCHbI 0OMEpPhl OCHOBHBIX CJIOEB, OINPEJENIEH BeC B €CTECTBEHHOM COCTOSHUH.
Pe3ynbraThl m3MepeHuii MprUBEICHBI B TAOJIHIIE.
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Pesynbrar nusmepeHuii 6J10KOB CTEHOBBIX KEPaM3UTOOETOHHBIX
¢ ma3orpeOHEeBbIM (PaKTypHBIM CI0EM, MM

N3mepsiemblii SaABICHHOC Pesynbrar Otxnonerne
Ne IIoKa3arTelib SHAUCHHUC - leHenus u
HOKA3aTeNs 3mepeHHoe | HopmarusHoe
400; 399;
399; 399;
1 | upuna uznenus 400 399; 399; +1,0 +1,5
400; 400;
399
399; 399;
398; 397,
2 | lnuHa u3aenus 398 399: 399; +1,0 +15
398; 399;
398
190; 191;
191; 191;
3 | Beicora uzmenus 190 190; 191; +1,0 +15
191; 190;
191
[[upuna mure- 48: 45; 49;
4 | Boro 6€TOHHOIrO - 50; 46; 45; +2.5 -
CII0s 47: 49; 50
[Inpuna cnos 12; 15; 20;
5 - 9; 15; 14; +8,0 -
Kepam3uToOeToHa 15: 18: 25
339; 339;
[Hupuna 329; 338;
6 | BHYTpEHHEro - 338; 340; +75 —
OETOHHOTO CIIOS 336; 332;
323

AHanu3upys TOJIyuYeHHbIE pe3yJabTaTbl, OTMETHM XOPOIIYI0 TE€OMETPUIO0 TabapUTHBIX
pa3mepoB 070k0B. IllupruHa BHYTPEHHHUX CIIOEB MMEET 3HAYMTENIbHBIC OTKJIOHEHHS (10 +8 MM),
YTO CBSA3aHO C OCOOEHHOCTSIMHM MPOU3BOJICTBA. BO BpeMsi M3roTOBJIECHUsI OETOHHASI U KEPaM3HUTO-
OeTOoHHas cMecH TpamOyrTcs Ha BHOpoctosie. B mporecce BuOpanuu TpaHylIbl Kepam3uTa
HEpaBHOMEPHO BJABJIMBAIOTCS U BBIJABIMBAIOTCS M3 OETOHHBIX PACTBOPOB, B PE3YJIbTaTe YETro
JUIEBOM M BHYTPEHHHI OCTOHHBIA CJIOM MMEIOT Pa3HYyI0 HMIMPHUHY MO JJIMHE JaKe B Mpeeax
OJTHOTO OJIOKA.

TennorexHuveckue napaMerpsl OJIOKOB OMPEIENSIUCH U3MEPUTENIEM TETIONPOBOIHOCTH
UTI-MI'4 «30H» (puc. 3). JlauHblii npudop npeaHa3Ha4eH Ui ONEPAaTHBHOTO OMpPEACTICHUS
TEIJIONPOBOJHOCTH CTPOUTEIBHBIX MaTepHaioB MeToAoM TeruioBoro 3oHAa mo ['OCT 30256.
W3mepenne npou3BOAMIIOCH MPU TeMiepaTrype Bo3ayxa +22 °C M OTHOCUTENIBHON BIIAKHOCTHU
Bo3nyxa 34 %.
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bbutn mosyueHsl clenyromuye pe3yabTaTbhl M3MEpeHUuH Kod(p(UIMeHTa TeruIonpOBOI-
HOCTH A OJIOKOB CTEHOBBIX KEPaM3UTOOCTOHHBIX:

Howmep n3mepenus 1 2 3 4 5 6 7 8 9

PesyibTar u3MeHCHUS | 197 | 9324 | 0,288 | 0,255 | 0,218 | 0,291 | 0,345 | 0,202 | 0,243
A, Br/m-°C

Puc. 3. [Ipornecc onpeneneHus mapaMeTpoB TEIUIOTIPOBOJHOCTH
KepamM3UTOOETOHHOTO CJIOSl IPU PAa3HOM YBEIUYEHUHU

Pesynpratel u3mepenuss Kod(h(UIMEHTa TEIIONPOBOAHOCTH TOKA3alld  CYIIECTBEHHbBIE
OTKJIOHEHUSI B Tipenenax 25 % OT cpemHero, 4ro OOBSCHSETCS HEOAHOPOAHOCTBIO pacripesiene-
HMS KepaM3uTa M BO3IYIIHBIX MPOCIOEK B KEPAM3UTOOETOHHOM ciioe 010KOB. OTOpOCHM MHUKOBbIE
pe3yibTaThl OTKJIOHEHHH M TPUMEM CpelHee 3HaueHHe KOI(PQPHIIMEHTa TEIUIONPOBOIHOCTH
kepamsurooeTonHoro cimosi A = 0,202 Br/m°C. HWcnonesys dopmymsr (6.6) u (7.4)
CIT 50.13330.2012 «TerutoBast 3amyTa 3AaHWANW», BBIYUCIUM  CPEIHEE COMPOTHBIICHHE
TEIIONEepeaud MHOTOCIOMHON Orpakiaroiieil KOHCTPYKIMU OJIoKa Kak CyMMY COINPOTHBIICHUMN
TETUIONEPEeIaur OTACIBFHBIX OSTOHHBIX CIIOEB M CIIOsl KepaM3uToOeToHa. B utore cpermHee 3HaueHne
COMPOTHBIIEHUs Terulonepenaun OmokoB R = 1,71 m?*°C/Br. CpaBHHB NOIyYeHHOE 3HAYECHHE
conpotuBienus Tertonepenaun u tpedyemoe CII 50.13330.2012 conporuBiieHHe Teruionepeaayu
U3 YCIOBHUH 3HEprocOepekeHus (3HaueHHE KOTOpPOro sl MHOTHX ropofioB Poccum Bblme Tpex
€IUHWI]), MOXXHO C/eNaTh BBIBOJ, O HECOOTBETCTBHHM  COBPEMEHHBIM  TPEOOBAHHUSM
TETIONPOBOAHOCTH MPEICTABICHHBIX OJIOKOB M KKK M3 HUX JUIS OOJIBIIMHCTBA peruoHOB PO.

SAKJIIOYEHHUE

Pe3ynbTaThl ONBITHBIX HWCHBITAHUN MPEJICTABICHHBIX O00pa3loB KepaM3UTOOETOHHBIX
OJIOKOB € JIEKOpPaTUBHBIM (pacazoM MOKa3ajld BBICOKYIO F€OMETPUYECKYI0O TOUYHOCTh BHEIIHUX
pa3mepoB. IlazorpeOHeBasi cuctema OJIOKOB BBI3BOJISIET BBIIOJHUTH LIEIOCTHYIO OJHOPOIHYIO
YCTOHYHMBYIO KJIAJKy CT€HBI. BhICOKas 3aBOjCKasi TOTOBHOCTh OJJIOKOB U MUHUMAJIbHBIE 3aTPAThI
Ha (UHUIIHYI0O HapyXHYI0 M BHYTPEHHIOIO OTJAEIKY JEJal0T UX KOHKYPEHTOCIOCOOHBIM
MarepuasioM. Hannuue 3Ha4MMBIX OTKJIOHEHHUH BHYTPEHHHX I€OMETPUYECKHUX Pa3MEpOB CIIOEB
OTpaHUYMBAET pPACUET CTEHOBBIX KOHCTPYKIMH, CyKaeT HCIOJb30BaHHE OJIOKOB Ha pBHIHKE
CTPOUTENBHBIX MAaTepHajJOoB MHOTOITAXKHBIX 34aHU. ONBITHBIM MyTeM OBUIO OIpeaesieHO
COMpPOTHUBIIEHUE TeIUIoNepeayn OJIOKOB, CpelHee 3HaueHHe KOTOporo cocraBuio R =
= 1,71 M?-°C/BT. DTOro HEJIOCTATOYHO I MACCOBOTO HCIOJB30BAHHSA BO MHOTUX DPETHOHAX
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Poccun, a yuuThIBasi BEKTOp Ppa3BUTHS SHEProcOEperaromux TEXHOJOTHHA B CTPOUTENBCTBE,
MOXHO yTBEPX/aTh, YTO CO BPEMEHEM OJIOKH OKa)KyTCS U BOBCE HEMPUMEHUMbBI Ha TEPPUTOPUN
P® ucxons u3 ycnoBuii YHEProcOSperKeHUS.
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STUDY OF GEOMETRIC AND THERMAL PARAMETERS OF WALL CERAMSITE
CONCRETE BLOCKS WITH A DECORATIVE FACADE

A.V. Levikov, A.V. Gavrilenko, T.R. Barkaya, D.A. Hanygin
Tver State Technical University (Tver)

Abstract. The article presents the results of a study of the geometric parameters of
tongue-and-groove expanded clay concrete blocks with a decorative facade. The thermal
conductivity coefficient of the expanded clay concrete layer was determined in a natural way and
the heat transfer resistance of the block as a whole was calculated. The substantiation of the
possibility of using blocks in housing construction as an energy-efficient material is presented.
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Recommendations are given for further improvement of the block production technology in order
to improve the accuracy of the internal geometric parameters of each of the block layers.
Keywords: expanded clay concrete, wall blocks, energy efficiency.
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YK 625.731:625.711.83
K BOITPOCY CTPOUTEJIBCTBA JJOPOI' HA BOJIOTAX

B.U. Tpogpumos
Teepckoii 2ocyoapcmeennviii mexnuueckutl ynusepcumem (2. Teepv)

© Tpodumos B.U., 2021

AHHoTauus. B ctatbe uccnenyercs akryanabHasi mpobiemMa MOBbIEHUS YPPEKTUBHOCTH
CTPOUTENIbCTBA JOpOr Ha ciabpix TpyHTax. (OOOCHOBBIBAE€TCA, 4YTO TMpPH BO3BEIACHHUU
TPAHCHOPTHBIX COOPY)KEHHH Ha 00J0Tax HEOOXOIUMO YUYUTHIBATh CIOXKHBIE MPUPOIHO-
KJIMMaTHYECKHE YCIIOBUS CTPOUTENIbCTBA, BEICOKYIO CTENIEHb C)KUMAaEMOCTH TOP(SIHBIX TPYHTOB U
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BBICOKYI0 cebecTonMocTh paboT. Kpome ocoOeHHOCTEH TI'pyHTOBBIX YCIOBHH, BIUSIONIMX Ha
YCTOMYMBOCTh JOpOr Ha 00JI0TaX, HEOOXOIMMO COBEPLICHCTBOBAaTh METOAUKY pacyera
IIOBCACHHUA HACHIIIK HA cJiaboM TOp(bSIHOM OCHOBAaHHMHM M TCXHOJIOI'HIO UX BO3BCIACHU. Bricokas
CTOMMOCTh CTPOUTENIBCTBA ¥ IIOBBINICHHAs TPYJOSMKOCTh BO3BEACHHS TPAHCIOPTHOW
UHPPACTPyKTYpbl Ha Oomorax TpeOyooT pa3pabOTKM HOBBIX TMPOEKTHBIX  PEIICHU.
PaccmatpuBaeTcsi BOpoc BbIOOpa pacyeTHOH MOJIENH IO OLEHKE YCTOWYMBOCTH HACBHIIH Ha
ciaboMm TopdsHOM ocHOBaHUH. lIpennaraercs y4uThIBaTh B PacueTHOW MOJETH MHEPIHOHHYIO
COCTABIISIOIYI0, BO3HHKAIOIIYIO IIPU OTCHINIKE HAChIU. Pa3paboTaHa OpUrHHAIbHAS TEXHOJIOTHUS
BO3BE/ICHHUSI JIOPOXKHOI HACKINK HA OOJIOTE.

KiroueBble ci0Ba: CTPOUTEIBCTBO JIOPOT, OCHOBaHME, TOp(SHBIE TPYHTHI, OoJOTa,
pacueTHast MOZIENb, CHJIa HHEPLHUH.

DOI: 10.46573/2658-7459-2021-4-43-49

CrpoutenscTBO JOpor Ha 00J0TaX CBA3aHO C  CEPbE3HBIMU  TPYIHOCTSAMHU,
BO3HHUKAIOIIMMU KaK IpU BO3BEAECHUHM HEIMOCPEICTBEHHO CAaMOM HachlllM, Tak U IpU ee
OKCIUTyaTaIlH, YTO OOYCIIOBJIEHO BOIPOCOM CTA0MIIM3AIMK €€ OCaJAKH. BO3HHKAIOT cephe3HbIe
npoOjeMbl Ha 3Tanax HNPOEKTHUPOBAHUSA U CTpouTenbcTBa. IlosTomMy st TOro, utroObl gopora
Obl1a MPUro/IHA K MCHOJIb30BAaHUIO B TEUEHHE 33aJJaHHOTO CPOKa, IPOEKTUPOBIIUKUA U CTPOUTEIN
HPUMEHSIIOT HeCTaHJapTHbIe perieHus [1].

Topdsinoe ocHOBaHuE O0O0JOT NpU MOJOKHUTEIBHOM TemIepaType I0 CBOUM Je-
(opMaLOHHBIM CBOMCTBAM SIBJISIETCS CHIIBHO U OBICTPO CKMMAEMBIM PEOJOIMUECKUM TEJIOM [2].
Kpome Toro, cornacuo JI.'T. Poman, npu TOBOJIBHO IIMPOKOM JIHAINIA30HE J1aK€ OTPULIATEIIBHBIX
temneparyp (ot 0 go —8 °C) TopdsiHble TpyHTBI HaXOAATCS B IUIACTUYHO MEP3JIOM COCTOSIHUM,
YTO TAK)K€ TOBOPUT O 3HAYUTEIBHOM CTETIEHH MX Je(hOPMHUPYEMOCTH MO HArpy3Koit [3].

AHau3 BBINOJIHEHHBIX PabOT, MOCBALICHHBIX MpoOJieMaM YCTOMUMBOCTU HACHINH, B
YaCTHOCTH JOPOKHOM Hachld Ha ci1aboM TOp(SIHOM OCHOBAHMHM, MOKa3bIBAET, YTO HMEIOTCH
JIBa OCHOBHBIX TIOAXOJAa K pEIIEHHIO JaHHoro Bompoca. IlepBelii onupaercs Ha
ne(OpMAIlMOHHYIO TEOPUI0 C pacueToM OCaJ0K M MPEAINoaraeT HCIOIb30BaHHE TEOPUU
(GWIbTpallMOHHOW KOHcONMUAAaUuU. Bropoil 06a3upyercss Ha MCHOJIB30BaHMM MPUHIMIIOB
MEXAaHHUKH CIUIOLIHBIX CPEJ, COIVIACHO KOTOPHIM TOP(SHOE OCHOBAaHUE PACCMAaTPUBAETCS Kak
BA3KOYIPYTIOIJIACTUUECKOE TEJIO € OLICHKOM YCTOMYMBOCTH HACBIIIA YEPE3 €ro PEOJIOTMUECKHE
CBOICTBa C yueTOM U3MEHEHMsI HalpshkeHHO-AepopmupoBanHoro coctosinus (HIC).

OrneHka yCTOMYMBOCTH JIOPOKHOW HACHINMM Ha OOJOTE MOXKET BBIIOJHATHCA MO OCAJIKE
HACBINK WX 110 HeCYyIel CIOCOOHOCTH TOP(SIHOIO OCHOBaHUS.

[Tpu pacuere KOHEYHOM OCAJKM HACBIIUM Ha CJaOOM TOP(GSHOM OCHOBAaHUM WU IO
Hecylieil cmocoOHOCTH UCXOJAT U3 TOro, YTO Harpy3ka Ha ocHoBaHMe Fm, paBHas macce Hachl-
o M (Fm = M), ocraercs nocrosHHOH [2]. OJHAKO B MPOIIECCE CTPOUTENHCTBA, PEKOHCTPYKIIH U
SKCIUTyaTallMM Harpy»eHHOe€ OCHOBaHHE JAeQOpPMHUpPYETCS C IMEePEMEHHOW CKOpOCThIO. JTa
CKOpOCTh MaKCHMajbHa B HayaJbHbII MOMEHT HarpyxeHus (OTCBHIKH), a B Ipolecce
ne(OpMUPOBAHUS OCHOBAHHUS IOCTETIEHHO YMEHBIIAETCs, CTPEMACh K HYJIO, T.e. HaChIlb H,
COOTBETCTBEHHO, TOP(sIHOE OCHOBAaHUE MEPEMELIAITCS C 3aMeJIEHHeM — OTPHIATEIbHbIM
YCKOPEHHUEM, YTO BBI3bIBAET MOSBIECHUE, KPOME MACChl HACBINH, JOTOTHUTEIBHOW CHUIIBI — CHIIBI
uHepuuy, 1o HeloToHY paBHON ITPOU3BENECHUIO IBUKYLIENCS MAcChl HA YCKOPEHUE:!

Fi=m - dv/dt, Q)

rae m — macca Haceiny; dv/dt — yckopeHre epeMerieH s HachIIy.
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CrnenoarenbHo, (pakTHyecKas cuia, JeHCTBYOMAs Ha TOp(sIHOe OCHOBaHHE B MOMEHT (B
MIPOLIECCE) €ro Harpy>KeHus, O0JbIle U ONpeeseTcs KaK

F=Fn+F @)
rae Fm = m. Toraa ¢ yuetom gopmysl (1) MOXKHO 3amucaTh.
F=m(1 + dv/dt). (3)

B sTOM ciyyae ckopocTh 0cafKu V U3MEHSETCs OT MAKCUMaIbHOI'O 3HAUEHHSI 10 HYJIS.

[Tocne crabunu3anuy OCAJAKM HACBHIM CHJA MHEPUMU NPAKTUYECKH HCUYE3aeT W Ha
OCHOBaHME JIEMCTBYET TOJIBKO OJHA cuiia Fm, paBHas macce Hachlld M, OJHAKO OOLIas ocaaka
HaCBIIM BbI3BaHa JAeWcTBUEM ABYX cuil — Fmu Fi.

B u3BecTHBIX MeTOAMKax pacyeTa KOHEYHOM ocaaku Sk cuia uHepuuu Fi He
YUUTBIBAIACH, TAK KaK €€ BIMSHHUE HA BEJIMUMHY Sk CUMTAJIOCH McYe3aromie MaibiM. OHAKO, KaK
nokasan M.W. Bepueil, mpu npoBeAeHUH HCCIeI0BAHNM 0 000CHOBAHUIO HOBOTO METO/Ia OLICHKH
pPEOJIOTUYECKUX XapaKTEPUCTUK JIUCHEPCHBIX CHCTEM HA OCHOBE M3Yy4YEHHMs IIpolecca
HOTPY)KEHUS] B HUX KOHMYECKHMX MHJICHTOPOB HEYYeT CHJIbl WHEpPLUH, BO3HUKAIOLIEH IpH
YCKOPEHHOM WJIHM 3aMEIJIEHHOM JBW)KEHUU Tejla, NPUBOAUT K CHIKEHUIO TOYHOCTH MX
omnpenenenuss [4]. MM Obuin NpoOBEIEHbI UCCIENOBaHMS IO CBOOOJHOMY BHEAPEHMIO
KOHMYECKOI0 HMHJEHTOpAa B pAa3JIMYHbIE JIUCIEPCHBIE CBHIMYYHE M CBA3HBIE CHUCTEMbI (IIECOK,
IJIMHA, LIEMEHTHOE TeCTO M Jp.) C 3aMepoM cuiibl MHepiuu. Okas3ajloch, YTO MaKCHMalbHOE
3HAYCHHE ATOHM CHJIBI, B 3aBUCIMOCTH OT BEJIMYHMHBI IBUTAaBIIUXCs Mace, Ha 20-50 % mpeBbimaer
CHITY TSKECTH, ICHCTBYIOIIYIO Ha KOHYC.

JlanHOE OOCTOSATENBCTBO MO3BOJSET CAENATh BBIBOJ, YTO NMPH pacyeTe OCAAKU HACHIITH
HEOO0XO/IMMO YYMTHIBaTh JAEHCTBHE JONOIHMUTENBbHOM Cuibl MHEpUMU. OCOOEHHO Ba)KHO Y4HM-
ThIBaTh JIaHHBIM (PAKTOp MpPU CTPOUTENIHLCTBE JOpOr M AaM0 Ha OosoTax, /i€ B OCHOBAHUU
HaXOJUTCSl CWJIBHOC)KMMaeMasi ropHas mopojga — Top(d, B OTIMYHME OT MAJOCKUMAEMbIX —
MUHEpanbHBIX TpyHTOB. [lo mamapiM JI.C. AMapsina moaynb jaedopManvii U KodPQPUIIUEHT
C)KMMAeMOCTH  BOJIOHACBIIIEHHOT0 Topda Ha TMOPSAOK OTJIMYAIOTCd OT AaHaJOIMYHBIX
XapaKTepUCTHK Ie€CKa, TMIMHBI WU Jp. [2]. DTO TOBOPUT O TOM, YTO U CKOPOCTb HX Je-
(dbopMHpOBaHUs TOJ] HArPY3KOH TaKKe CYIIECTBEHHO Pa3InyaeTcsl.

be3ycinoBHO, Ha CKOpPOCTh JAe(POPMHpPOBAHUS OCHOBAaHHUS, a COOTBETCTBEHHO, W Ha
CKOPOCTh OCaJIKM HACBIMKM OyIyT BIMATH TaKXKe M BEIMYMHA pACHpeAeTIeHHOM Harpysku,
TEXHOJIOTHSI OTCBHIIIKM HAChIlM, (PU3NKO-MEXaHWYECKHE CBOMCTBA TOP(SHOTO OCHOBAaHUSA M
npyrue (GpaxkTopsl.

W3BecTHO, 4TO IUIacTHYECKHe aedopmaly CBSI3aHbl CO B3aUMHBIM IE€pPEMEIEHUEM
YacTUI] NpPU CIBUTE€ OTHOCUTEIBHO Jpyr Jpyra. YacTuipl pacrnpenenaeHbsl Mo 00beMy
neOpMUPOBAHHON 30HBI (sIpa ¥ aKTUBHOM 30HBI A€(QOPMHUPOBAHUS) HEPABHOMEPHO, MTOATOMY
paccMaTpuBaTh IUIACTHYECKYIO Ae(opMaIuio Kak OTHOCHTEIbHYIO 0 OTHOLIECHHIO KO BCEMY
00beMy HEe BIIOJIHE KOPPEKTHO. AHAJIOIMYHO C IUJIOLIA/bI0 BO3AEMCTBUS Harpy3ku. Bo Bpems
IUIACTUYECKOTO0 TEUEHUS HENb3s OJAHO3HAYHO CKa3aTh, MO0 KaKOM IUIOIIAIU paclpeseieHa CHUa,
TaK KakK MPOUCXOJAT MPOIIECChl MepeMEIIeHHs] 3a CUeT CABUIa U Pa3BUTHUS AMJIATAHCUU TPYHTA.
3Ha4YuT, HEOOXOJUMO YCTAaHOBHTH 3aBHCUMOCThH JAe(opMalii OT TFeOMETPUYECKHX DPa3MEpOB
BO3/ICIICTBYIOIIErO CHUJIOBOTO 3JIEMEHTa — HACBIMU (siipa, OOBEMHBIX YacTed — 30H jaedop-
MHUPOBAHHOTO OCHOBAHUS).

PaccmoTpum mpumep paboOThI TOPOXKHON Hachkld Ha TopdstHOM ocHoBaHuu. [lmactu-
4ecKoMy Je(OpMHUPOBAHUIO (IEPEMEIIEHHIO) ONpPEeAEICHHON 30HbI OCHOBAaHUS — fApa YIUIOT-
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HEHHMSI W aKTHBHOH 30HBI Je(OPMHUPOBAHUS MPOTUBOACHCTBYET CO CTOPOHBI OCTAJIBHOM 4YacTH
OCHOBAHMS CUJIa CONPOTUBIIEHUS cpelibl Fs, koTopas 3aBUCUT OT psizia (aKTOPOB, B YACTHOCTU OT
CKOPOCTH HArpy>KEHUs — CKOPOCTH OTCBIIKH HACHIIIH.

Jis ommcanus mnpouecca JedopMHpPOBaHHS TOP(SIHOrO OCHOBAHUSA OT JeHcTBUA
IIOCTOSIHHOW Harpy3Kd — Macchl Hachllld M1 ucnojb3yeM BTopoi 3akoH Herotona (1). Cuia
uHepuuM Fi ckiagplBaeTcss M3 CUIIBI TsHKECTH MY W cuilbl conportuBieHus Fs (cuiel ornopa
yIpYyrol — HEHAPYIIEHHOH 30HBI TOP(GSHOTO OCHOBAHUSA) aKTUBHOM 30HBI 1e()OPMHUPOBAHUS ATPY
YILUIOTHEHHS, T.€. MO>KHO 3aIlucaTh

m - dv/dt = mg — Fs, (4)
501041
m - dv/dt = mg — kv, (5)

rae K — ko3¢ duimeHT npornopuuoHaIbHOCTH MEKAY CKOPOCTBIO OCAJIKU HACBIIH V (U sIpa) U
CUJION COIPOTUBIIEHUS, OKa3bIBAEMOM JIpy aKTUBHOU 30HOM 1e(pOopMHpOBaHUS.

OpHako ¢ y4eToM TOro, YTo B IpoOILlecce OCaJKHU HachllU (opMHpyeTcs: 00JacTh ¢ MO-
BBIIIEHHOM IUIOTHOCTBIO — SIPOM YIUIOTHEHHUA 3, cuia uHepuuu Fi Oyzaer 3aBucerb OT JIBYX
COCTaBJIAIOIIMX: MAacChl HAChIlM M M NPUPOCTa MacChl spa yILIOTHEHHs AM. MoxHO 3amnu-
caTb

Am = mj — mo, (6)
r7Ie Mj — Macca sipa yIJIoTHEHUs; Mo — Macca 00beMa spa A0 YINIOTHEHHUS.

3Has IUIOTHOCTH siipa pi, IUIOTHOCTh HEHApyLIEHHON 30HbBI (MPUpPOJHAs IUIOTHOCTH
JAHHOTO CJI051) Po ¥ 00BEM siipa YIUIOTHEHUS V OTydrM

Am = piV — poV, umm Am = V(pi — po). @)
BcraBum nonydenHoe BeipaxkeHue B hopmyny (5), Toraa
(m + Am)dv/dt = (m +Am)g — kv. (8)

JUig cHuKeHUs BIMSIHMS (akTopa WHEPLUUOHHOW COCTaBISIOLIEH OCAaJKU HACBIA B
npolecce ee OTCHIIKM Ha OoyioTe mpejuiaraercss HoBas TexHosorust [5]. Ee ocoOGeHHOCTH
3aKJIF0YACeTCsl B TOM, YTO HACHIIb OTCHINAIOT BEPTUKAIBHBIME CIIOSIMU (pHc. 1, 2).

CTpouTeNnbCTBO JOPOTrU Ha 00JIOTE OCYILECTBISIIOT CIEAYIOIUM 00pa3oM.

[Ipu ctpoutenscTBE ABYXCIOMHON Joporu B JjeTHee Bpems (puc. la, 2a) BHauane
pacuuiIaloT Tpaccy JOPOTM W NOArOTaBIMBAIOT OcHOBaHue 1 ¢ momomBoi 2. Ilocime storo
MOJIOIIBY 2 JIENST MO HMIMPUHE Ha TPU MPOJIOJIbHBIE MOJIOCH 3, 4 U 5 B mpeaenax AesHbl. 3aTeM
HA4YMHAIOT OTCHIIKY IIEPBOrO CJI0s HACBIIU C KPAaeB IOJIOC 3, 5, BKJIIOYAs OTKOCHI, HAIIPUMEp Ha
HIMPUHY OJHOM TMOJIOCHI JOPOTH U Ha JJIMHY, PaBHYIO IIOJIOBUHE LIMPHUHE HACHIIIM, HO HE MEHEe
2,5byp. [lanee HauMHAIOT OTCHINKY CPEIHEH YacTH HACHIMH IMOJOCH 4, MPOMOJDKAs MPU 3TOM
BBITNOJHATH OTCHINKY HACBIU MO KpalfHUM mojocaM 3, 4.

Bropoii cioit popmupyroT B 06paTHOM nopsiyike. OTCHINAIOT CPETHIOK YacTh — MOJI0Cy 6,
HaMpUMep Ha JUITMHY, PaBHYIO TOJOBHHE IIMPUHBI HACKINH, HO HEe MeHee 2,5bc,. [Tocme storo
HAQUYMHAIOT OTCHINKY KpaHUX NoJIoCc 7, 8, IPOAOJKasl MPU STOM BBINOJIHATH OTCBINIKY CpEeIHEN
yacTu — 1noJjockl 4. B mporecce OTCHINKM MEPBOTO CJIOS HACBIU MPOUCXOAUT (HOPMUPOBAHHE B
ocHoBanuu Haceinu HJ/IC, xapaktepusyemoro cxkatuem (napamerp Jloge, onpenensromuil BUA
HAINpPSDKEHHOTO COCTOSTHMUSA, [l = —1), 1 00Jiee MIIOTHOM CTPYKTYPBI, YTO MOBBIIIAET YCTOWIUBOCTh
cucteMbl U 3((HeKTUBHOCTE criocoba. B mporiecce 0TCHINKM BTOPOToO ClIost B 00paTHOM HOpsi/IKe
MIPOMCXOJUT BBIPABHUBAHUE IOJIA HANpPSOKEHUH B TOP(SHOM OCHOBAaHMU U Pa3zdpoOC CTHIKO-
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BOYHBIX HIBOB — HCCOBIIAACHHUC IIPOAOJIBHBIX IIBOB II0 BBICOTC HACBIIIU, YTO obecrieunBaeT
OIHOPOJAHOCTE I'PYHTA 3EMIIAHOI'O I10JIOTHA I10 IIJIOTHOCTH.

h

EETTIVY)
AETIYIN!

a 0

Puc. 1. Cxema oTCBINIKM HachIK Ha 00s10TE B JieTHee (a) 1 B 3uMHee (0) Bpemst

4

/ Do l 5,> \5 ben N

a 3]

Puc. 2. [1nan oTchInKK HACKINU B JieTHEE (a) U B 3uMHee (0) BpeMs

JInHa OTCHINKH MOJIOC, paBHas 2,50 (2,5b¢) 1 Oonee, BhIOpaHa M3 yCIOBUS CHUKEHHS
B3aMMHOTO BIIMAHHUSA 30HBI JAedopManuii B OCHOBaHMHU IOJl CpelHEH I0JI0COil U 30HBI
nedopMauii B OCHOBAHUHU MO/ KPaWHUMH IMOJIOCAMU B MPOIIECCE OTCHITKH HACBIU 3€MJISTHOTO
MIOJIOTHA.

Ilpu cmpoumensvcmee dopozu ¢ 3umnee épems (cM. puc. 10, 20) BHayasie pacUMIalOT OT
CHEra Tpaccy AOPOTH U MOAroTaBIMBalOT ocHoBaHME | ¢ nmomomBoi 2. Ilocne aToro nogomsy 2
JIETISAT 10 [UPUHE HAa TPU MPOJOJIbHBIE TOJIOCH 3, 4 U 5 B mpeaenax ACNsSHbI. 3aTeéM HAaYMHAIOT
OTCBHIIIKY IIEPBOTO CJIOS CO CpeaHed 4YacTu 4 HachllM, HalpuMep Ha MIMPUHY, PaBHYIO
JIBYM T10JIOCaM JIOPOTH U JJTUHY, PABHYIO MMOJIOBUHE IIUPUHE HACKINHU, HO HE MeHee 2,5D¢p. [anee
HAUMHAIOT OTCBHINKY KpalHUX MoJjoc 3, 5 HACKHINM, IPOAOKAs MPU 3TOM BBIIOJIHATH OTCHIIKY
CpEIHEN YacTH HACBIIIU — MTOJIOCHI 4.
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OTCBINKY NOCIEIYIONUX CIOEB BBHIIOIHIIOT B 0OPaTHOM MOPSAIKE WJIHM MO BCEH IUpPHUHE
JIOPOTH B 3aBUCUMOCTH OT INIyOUHBI 00JI0Ta, YCIOBUM CTPOUTENBCTBA U YCIOBUM IKCILUTyaTallUH.
B mpormecce OTCHIMKM HAchIU MPOUCXOAUT (opmupoBanue B ocHoBanuu Haceimu HJIC,
XapakTepu3yeMoro pactspkeHueM (mapamerp Jloge, ompenensronivii BUJ HaNpsKEHHOTO CO-
CTOSIHHS, [ = +1), 9r0 mpHBOIUT K Ooyiee OBICTPON OCaJKe HACBHIIA B 3MMHEE BpEMs H,
COOTBETCTBEHHO, ee crabmim3auuu. IIpu 3TOM cokpaiiaroTcs CpOKM CTPOMTEIbCTBA U I1O-
BhIIIaeTcs 3pPeKTUBHOCTH crioco0a.

B 3akimroueHume OTMETHM, YTO JJIs CHUXKEGHUS BIUSHUS (AaKTopa WHEPLUUOHHOU
COCTAaBIIIIONICH OCAaJKM HACBIIK HAa TOP(PSIHOM OCHOBAaHMM HEOOXOIMMO B TpoLecce
CTPOMTENBCTBA, OCOOEHHO B JIETHUI NEpUOJl, HMPOBOIUTH TEXHOJOTHUECKHE MEpPONPUSITHSL:
CHI)KATh CKOPOCTh OTCBINKHU HAChIIIU, U3MEHATh TEXHOJIOTHIO CTPOUTENBCTBA (HAIpUMEp, BECTU B
ONPEACICHHON I0CIEI0BAaTEIBHOCTH OTCBIIKY CIOSAMHM WM OTCBIIKY KpPaWHUMH II0JOCAMHU
OJTHOBPEMEHHO), a TaKKe 0 BO3MOXXHOCTH TNPHUMEHSITh B TOP(SIHOM OCHOBAaHHUU CHUCTEMY
IIECYAHBIX JPEH.
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TO THE ISSUE OF ROAD CONSTRUCTION IN SWAMPS

V.1. Trofimov
Tver State Technical University (Tver)

Abstract. The article deals with the current problem of increasing the efficiency of

road construction on weak soils. When erecting transport facilities in swamps, it is necessary
to take into account the complex natural and climatic conditions of construction, the high
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degree of compressibility of peat soils and the high cost of work. In addition to the features of
soil conditions that affect the stability of roads in swamps, it is necessary to improve the
methodology for calculating the behavior of the embankment on a weak peat base and the
technology for their construction. The high cost of construction and the increased labor
intensity of the construction of transport infrastructure on swamps and soils require the
development of new design solutions. The issue of choosing a calculation model for assessing
the stability of the embankment on a weak peat base is being considered. It is proposed to
take into account in the calculation model the inertial component that occurs when filling the
embankment. An original technology for erecting a road embankment on a swamp has been
developed.

Keywords: road construction, foundation, peat soils, swamps, design model, inertia
force.
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VJIK 712.253.011

MPOBJEMbBI U METOJIOJIOT A OBECIIEYEHUA YCTOMYUBOCTH
I'OPOACKHUX CUCTEM PACCEJIEHHMA B YCJIOBUAX TAHAEMUHU

B.B. ®enopos, M.B. ®enopos
Tsepckoii cocyoapcmeennblli mexHuueckui ynugepcumem (2. Teepw)

© ®enopos B.B., ®enopos M.B., 2021

AnHoTanusa. C TO3WIMIA CHUCTEMHOTO aHATN3a PACCMATPUBAIOTCS PA3JIMYHBIC ACIIEKTHI
dbopmupoBanusi npobseMHOro Toyis  (oOecrieueHuss yCTOWYMBOCTH  (YHKIIMOHHUPOBAHUS
TEPPUTOPUATBHBIX CHCTEM paccelieHus). OnpeneneHbl 0COOCHHOCTH Pa3HOYPOBHEBBIX CHCTEM
paccenenusi Poccuiickoit denepanuu. OOCyxaaeTcsi METOAONOTHS PEIICHUs poOsieM pa3nny-
HOro ypoBHs. [lokazaHo, 4TO B aHAIM3UPYEMOW CHTYaIlMM MPEBATUPYET KOHKPETHO-HAYYHAS
METOOJIOTHS, UMEIOIIAs JIeI0 ¢ TEXHUYSCKUMH TPaBUIIAMU, IPEANMMCAHUSIMH, CIIOCOOaMHU Hayd-
HOTO 00OCHOBAHMS KOHIICTITYaJTbHBIX M MMPOCKTHO-KOHCTPYKTOPCKUX penieHuid. Hapsty ¢ mpo6-
JeMaMu TIepeyCTPOMCTBa apXUTEKTYPHO-JTAHIIIA(QTHOW Cpeapl pacCMaTPUBAIOTCS — 3a/1a4yd
COBEPIIICHCTBOBAHUS MOJICIICH W KaHAJIOB COIMAIBHOTO B3aWMOJICHCTBHUS, a TAaKXKe pPaCIpo-
CTpaHCHHUS TPEJICTABJICHUI O «IPAaBUIBHOMY IOBEICHUH, CO3JaHUS HCOTOTMYCCKONH OCHOBBI
OeCIPEnsITCTBEHHOTO OCYIIECTBIICHUS MEP MPOTUBOACHCTBHS TUICMHOJIOTHIECKON yrpo3e.

KarueBble ciaoBa: cucteMa pacceleHHs, YCTOHYHMBOCTh ypOaHHU3WPOBAHHBIX TeEp-
PUTOPUH, SMTUIECMHUOJIOTHIECKAs YTP0O3a, METOI0JIOTHS (POPMUPOBAHUS TIPOOIEMHOTO TTOJISL.

DOI: 10.46573/2658-7459-2021-4-50-55

AKTyallbHOCTh 0O€CHEeYEHHUs YCTOWYMBOTO (PYHKIIMOHUPOBAHUS TOPOJICKUX CHCTEM
paccelieHusi B CIIOKHBIX SHHIAEMHOJIOTMYECKMX YCIOBHUSX CBsi3aHa C TIJI0OanbHOM 3amaueit
nojajepkaHus (Kak MUHMMYM) YCJIOBUN XU3HU HaceneHus. Hapsay ¢ Takumu Hens3O0eXHBIMU
NOCIEACTBUSMM TIAHJEMUH, KaK yXyIUIEHHME SKOHOMHMYECKHMX IIOKa3aTelled M 3KOJOTMYECKOU
00CTaHOBKHM, POCT COLMAIbHON HANpPsDKEHHOCTH M Tp., MEHSIOTCA TaKXKe NpPEJICTaBICHUS O
nenecooOpa3Hoit  (pyHKIMOHATBHO-TIPOCTPAHCTBEHHOM OpraHu3alli CUCTEM  PpacCeNeHHs.
CoBpeMeHHBII MHUpP MMEET BbIpaXEHHBIH ypOAHM3HUPOBAHHBIM XapakTep, MO3TOMY peub HAET
Ipex/ie BCEro 0 rOpoACKON (apXUTEKTYpHO-NaHAmAa(THOM) cpene, B KOTOPOH, COOCTBEHHO, U
MPOTEKaeT XU3Hb coruyma [ 1, c. 52; 2, c. 34; 3, c. 177].

Hanuume apXuTeKTypHO-IpaJOCTPOUTEIBHOIO acCleKTa IPOTUBOACHCTBUSA AIUAEMHUO-
JIOTUYECKUM yrpo3aM (yCJIOBUSI BOCHPOHM3BOJCTBA COLMAIBLHOTO OBITHS) CTaJ0 OYEBHIHO C
cepenubl XIV Beka. Haumnasg ¢ 3TOro BpeMeHHM uyma, OcCla, Xojiepa yHecau B Epore
MUWUIMOHBI Ku3HeH. CerojmHs CyIIeCTBYeT YETKOe IMOHMMaHHe BaXHOCTH MPOBEICHUS
NIOCTOSTHHBIX MJIM BPEMEHHBIX Meponpustuii [4, c. 32; 5; 6]:

a) canuTapuu (0OecredeHus: OXpaHbl 3I0POBbS U MPOPUIAKTUKH 3a00JICBaHUH, a TaKKe
IIPAKTUYECKOT0 IPUMEHEHNUSI CAHUTAPHBIX HOPM U ITPaBuUIl);

0) TOTalbHBIX OTrPAaHUMYEHUN — CTporas H30JSAIHUS HWHOUUHUPOBAHHBIX (TOCHHTANH,
JIOKJIayHBI), YCTAaHOBJIEHUE MTPOITYCKHBIX PEXUMOB, paboTa U 00ydeHHe B peXKMME OHJIANH;

B) COBEPIICHCTBOBAaHUSI 00BEMHO-TUIAHUPOBOYHBIX M IPaJOCTPOUTEIBHBIX PEIICHUN 3/1a-
HUH, COOPY’KEHUI U CUCTEM PACCETIEHUS.
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DTOT NepevYeHb 0XBATHIBAET MEPhI Pa3HOT0 MAacIITada U BpEMEHH peanu3aiiuu (Tadbauma):
OT a’palid M WHCOJUPOBAHMS TOMENICHUH M TOPOJCKHX IPOCTPAHCTB, YIAJICHHUS Mycopa,
CUCTEM BOJIOCHA0KCHHS M KaHATHM3AIMH 10 00eCIIeYeHUs CAHUTAPHO-OBITOBBIX Pa3phIBOB MEKIY
3MaHUSIMU W TIPOCTPAHCTBEHHBIX PEIICHHH TEPPUTOPHAIIBHBIX CHUCTEM pacceieHus. [langemus
COVID-19 BHOCHT cBOM BKJIaJ B MPAKTHKY CO3AaHHs 0e30macHOW M KOM(OPTHON ropoacKou
cpenpl. B 3TOM CBSI3M HaM TIPEACTABISETCS aKTyadbHBIM W OYEHb BAXKHBIM HE TOJBKO
ompejenieHue MPOOJEMHOr0 TOJIs, HO W BBIOOpP aJIeKBAaTHOW METOAOJOTHUU PEHICHHUS CTOJIb
MacmTaObHbIX 3amad [7, c. 17-20]. MeTomonorndeckuii aHajau3 OINpEIeNsieT CIOcOoObl COBMe-
LIEHUS 3HAHUW U MPAKTUYECKON JEATENbHOCTU. Peub UAET 0 KOHKPETHO-HAYYHOM METOI0JIOTUH,
KOTOpasi UMEET JIEJI0 ¢ TEXHUYECKUMHU TIpaBUIaMu, IPEANMUCAHUAMU, (HOPMYITUPYET U OITUCHIBACT
NPUHIUIBI KOHKPETHO-HAYYHOM M MPAKTUUYECKON MESITeNIbHOCTH (HAydyHOTO OO0OOCHOBaHUSA
KOHIICTITYaIbHBIX M MPOEKTHO-KOHCTPYKTOPCKHUX PEIICHUM, BBITIOJIHCHHUSI CAHUTAPHBIX TTPABUI U
HOPM, PEKOMEH AU 110 SKCIUTyaTalluy U TIp.).

[TpoGemHOE 1OJIe 0OECTIEUeHUST YCTOMYUBOCTH CHCTEM PACCEIICHHUS

KiroueBsie AKTyaJlbHBIE TTPOOIIEMBI
poOIeMBI Hampasnenue ConepxaHue
1 2 3
= Biusaune XapaKTepa JIOACKUX IMOTOKOB, JIOKAJIbHBIX CFyMCHHﬁ,
) 5 BO3HHKHOBEHHS OY€pEei Ha TPAHCIIOPTE U B 30HAX KyJIbTYpPHO-
w 2= § % E % o OBITOBOr0 0OCITY>KUBAHUS HACEIECHHS
= H é S exEEg XapakTep adpanud (MUPKYISIUA BO3AYIIHBIX TOTOKOB) B KBap-
%’ 5 ) § é—g* 2 &5 TaJlaX U MUKpPOpaloHaX, OOYCIOBJICHHBIH KOH(UTypalued u
g = g 5= ; 3TaXXHOCTBIO 3aCTPOMKH, PO30i BETPOB, HAJTUYHUEM AKBATOPUM,
o = 8 penbedoM U XapaKTepOM 03€JICHEHHUS
&
§ i o 4 VYBeuueHne KOoJIM4ECTBa MOJIOC JUCTAHIIMOHHOIO IIPUOOPHOIO
E o g g g § % 0 w KOHTpOJIs (OECKOHTAKTHOTO CKPUHHHTA) B KaXKIOM JIFOJCKOM
B |8558552¢8 55 oo
2 5 g S 'S ¢ S2g2 g9 E YMmeHblieHne (MCKIIOUEHHE) 30H IepeceueHus] MOTOKOB Tac-
IS % = 3 §“§ 58 § & B2 B cakupoB M MOCETHTENIEH YUperk/IeH i 00CITy KHBAHH.
SR 8 & é 2 2 2 | MuHMMU3aIMs KOJMYECTBA TEXHOJOTHYECKH HEU30€KHBIX 30H
g § = KOHTaKTa paOOTHUKOB TPAHCIIOPTA M MACCAKUPOB
Ué = IloBcemecTHOE BHEApEHNE TEXHOJIOTUH oOecrieueHus! Oecduiib-
; = = TpoBOil 00paboTku Bo3ayxa. COBEPIIEHCTBOBAHHE CHUCTEM [I0-
= 3 = CTaBKU M yZaJIeHUS BO3IyXa U3 MOMEUIEHUH U MECT MacCOBOTO
=i o = QE)’E CKOIIJICHUS JIIOAeH
% § § ag ObecnieueHre aBTOHOMHU3AIMH KaHAIM3AIUOHHBIX CTOKOB W3
X 3 2 x 2 pasHbIX 30H 34aHUU pa3iM4HOro (YHKIMOHAIBFHOTO Ha3zHaue-
§ 5 % é S HUSI, @ TAK)KE CUCTEM YAaJIeHHs1 OBITOBOTO Mycopa
= 5 == ; Coznanvie pa3BETBICHHBIX CETEH MTOCTYIHBIX CAaHUTAaW3epOB U
2 a S Eox YMBIBAJIbHBIX PAKOBUH
::i % % g‘ % YMeHblIeHnEe NPOCTPaHCTBEHHBIX MAacIITab0B U Z[I/IBepCI/I(l)I/IK?:-
E‘ Q 2 z A M 00BEKTOB TOPTOBIH, KYJIbTYPHO-3PENHUIIHBIX ITOMEIIEHH,
S : paccuuTaHHBIX Ha MaccOBOE MpeObIBaHUE JTH0IEH
OTKa3 OT JKCIUTyaTallid BCTPOEHHO-TIPUCTPOCHHBIX XOCTENIOB
B MHOTI'OKBaPTHUPHBIX AOMAX
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OxoHyaHue TaOJIULBI

3

Brnusinue xapaktepa 3acTpoiku

BnustHue koHpUryparyn

U 3TA)KHOCTU

31aHus TIOBBILIEHHOW 3TaKHOCTH C XOpOUIEH JOCTYHMHOCTBIO
IUIl JIMYHOTO TPAHCIIOPTA OLICHUWBAIOTCS KakK SHMUAEMHOJIOTHU-
YECKHM PHCKOBAHHBIM BapUaHT, MOCKOJBKY JIIOJCKHE MOTOKU
00BEIUHSIOTCS Y BXOJIOB B 3[JaHHUS.

ManosTaxkHas Kuiiasi 3aCTpoiika obecrnednBaeT BEICOKYIO TIelIe-
XOAHYIO JIOCTYIHOCTh, HO TakXe Hed(PPEKTHBHA C SMUAECMHO-
JIOTMYECKOH TOYKM 3pEHHs, TaK KaK He I03BOJSIET CO31aTh
MOJTHOLICHHBI KOMIUIEKC OOCTY)KMBaHUS B IELIEXOAHOH 0-
CTYHHOCTH.

CpenHestakHasi 3aCTpOHKa, OPUEHTUPOBAHHAS Ha MELIEXOIHYIO
JOCTYIMHOCTh YCIYT, SIBISETCS HauOojee BBIMTPBIIIHBIM Bapu-
AHTOM B YCJIOBUSIX HaHAEMUHU

Co3nanue «30H 370pOBbS», TJI€ ONTHMHU3UPOBAHBI YCIOBUS IS
OTJIbIXa M 3aHATUH (PU3KYJIBTYpPO

Bauguaue
IUIOTHOCTHU HACEJIEHUSA

Bricokas MIOTHOCTH HaceleHHsT — MOOYIUTENbHBIN (aKTop
MOJIb30BaHUS OOIIECTBEHHBIM TPAHCIIOPTOM (BO3HUKAIOT YCTOM-
YUBBIC TPYIIBI MOJIH30BAHUS, CAHUTAPHO-IMUICMUOIOTHUECKAS
yrpo3a He BBIXOAMT 32 MPEeIbl TUX TPYIII).

30HBI HU3KOM TUIOTHOCTH HACEICHHS TMPEICTaBISIIOT COOOMH
MeCTa paccelcHHUs, Tlle CO3/laHbl HAWIYUIINE YCIOBHS JUIS
CaMOU3OJISIIHY.

Haubonee mocTpaiaBiiuMKi OT MaHAESMHUM paOHAMH SIBIISIOTCS
MECTa CO Cpe/IHEH IOTHOCTHIO HACEIICHHSI

I'pamocTpoutenbHbie

pelieHus

O0BEMHO-
[JIAHUPOBOYHBIC
pelieHus

Bo3Benenne MHOrOQYHKIMOHAIBHBIX 3[aHUM, KOTOPHIE MOIYT
OBITH UCTIONB30BaHbI B COOTBETCTBUU C MEHSIOIIEHCS SIIHIEMHO-
JIOTUYECKONH O0OCTAaHOBKOM (11 pa3BEPTHIBAHMS JOMOTHUTEIb-
HBIX MECT pa3MeIleHUs] MHOUIUPOBAHHBIX, MMyHKTOB IOMOIIH,
CTOSHOK CHeNTPAHCIIopTa U Ip.)

[ToaroroBka yciaoBwid i OBICTPOrO BO3BEICHHUS BPEMEHHBIX
3MaHUA W COOPYXKCHUU (BPEMEHHBIX MaJaT ¥ TOCHHUTANCH,
CKJIaJIOB MEIMKAMEHTOB U OOJIBHUYHOI'O 000PYIOBaHMS U TIP.)

Cucremsl
pacceneHus

[IpuoputeTHoE pa3BUTHE MONMLEHTPUUYECKHX arjioMepanui,
OTJIMYAIOIIUXCSl MEHbIIEH HHTEHCHBHOCTHIO BHYTpHArioMepa-
LIMOHHBIX CBSA3EU U pa3MepaMHu MOCEIEHHIH.
OcHOBHOH moaxo — COaNaHCHUPOBAaHHBIE PEIICHHUS MO PEKOH-
CTPYKIMH W DPa3BUTHIO TEPPUTOPHM HA OCHOBE MHOIO-
(haKTOPHOTO aHANN3a MOTEHIMAIa PA3BUTHUS

BaxHpIlM MOMEHTOM (I)OpMHpOBaHI/IH HpO6HCMHOFO oJis1t U METOJOJIOTHU PCIICHUA 3a1a1

(oGecrmieueHust yCTOMYMBOTO (PYHKITMOHUPOBAHMS CHCTEM PACCENICHUS B YCJIOBHUSX TaHJIEMUH)
SBIIIETCSL OMpeneieHne oObeKTa M MpeaMera uccienoBaHus. DuUKcUpys B KauecTBE OOBEKTa
HCCIIEIOBAHUSI 20POOCKYIO CUcmeMm)y paccenenusi, Mbl MOXEM €€ peaylupoBaTh K TOPOAY,
KITFOYEBOW YEepTOM KOTOPOTO SIBISETCS HE TOJILKO pa3Mep, HO M, TJIaBHBIM 00pa3oM, XapakTep
3aHATOCTH HaceJeHMs (T.€. pa3IUYHbIE acTeKThl MoBeaeHus mtofeil). [Ipenmer uccnenoBanus —
COBOKYNHOCMb  KIIOUYEBbIX U AKMYAIbHbIX NpoOaeM NpOMUBOCMOAHUA INUOEMUOTIOSUYECKOU
Yyepo3e Memooamu apxumexkmypHo-2padoCcmpoumenbHo20 HPoeKmuposansl.
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Takum oOpa3omM, BeIOOp HaydyHOro MeTona (crmoco0a WCCIEIOBaHWs) O3HAYACT MPH-
MEHEHHE OIPe/IeICHHOI0 HHCTPYMEHTapUs JUIsl pelleHusl TI1aBHOW 3a/1a4M, BKIIOYasi CHHXPOHHO-
JTUAXPOHHBIN TMOAXOJ, a Takke abCTparupoBaHWE W KOHKPETH3AIMIO B ONPEICICHUU POJH
KOHCTPYKTUBHBIX U OOBEMHO-TUIAHUPOBOYHBIX PELICHUH 3/1aHUM, COOPYKEHHMHM M 3aCTpOHKH
B I[EJIOM, aHAJIU3 M CHUHTE3 TEOPETUYECCKUX U AIMIUPUUYECKUX JTaHHBIX PA3IMYHBIX HCCIEO0Ba-
HUU.

B cBsI3M CO CIIOKHOCTBIO COMOCTABICHUS MPOOJIEM Pa3sHOrO MacmiTada M aKTyaIbHOCTH
1eJIeCO000Pa3HO Pa3BECTH MOHSITUS «KIIFOUEBas MpodiemMay U «akTyajabHas mpodnemay [7, c. 33].
B paccmatpuBaeMOM KOHTEKCTE Ktouesds npobiema npedcmasisem codoll pazeepuymslil (Oe-
MATU3UPOBAHHBILL) 8APUAHM ONPEOesleHHO20 HaANPAGIeHUs HAYYHOU U NPAKMUYEecKol (npoekmHuo-
KOHCMPYKMOPCKOU) OesimenvHocmu. B CTPyKTypHO-COAEp)KAaTEIIbHOM IIJIaHE KaXAas U3
KITFOYEBBIX MPOOJIeM (T.€. OTIPABHOM MYHKT 00Jjiee MIMPOKOIro B3IUIAAA) COACPKHUT ONpeAeTICHHOE
KOJIMYECTBO AKMYAIbHBIX NPoOIem CIETYIONIET0 YPOBHS IETaTN3aI[H UCCIICTOBAHMS.

Tunonorusi KJIOYEBBIX M aKTyallbHBIX MpoOJieM oOecrneueHus: YCTOWYUBOTO (PYHKIIHO-
HUPOBAHUS TEPPUTOPUAIBHBIX CHCTEM PACCEIICHUS B YCIIOBUSAX TAHIEMHUU TPEICTABISIET COOOU
00BEKTUBHO HEMOJIHBIN U MOCTOSIHHO TOMOHAEMBII/OTKPBITBIN CIUCOK (cM. Tabmuily). [lousaTHo,
YTO MPOOJIEMBI OTIMYAIOTCA MacmTaboM (pecypcoB, HEOOXOAWUMBIX ISl JIOCTHXKECHHS TI0-
CTaBJICHHOM 11€JIN), BPEMEHEM peallu3alii U YPOBHEM IMCUXOJOTHYECKONH TOTOBHOCTH MacCOBOIO
co3nanus [8; 9]. Hexoropsie mpobiaeMbl He MOTYT OBITH pPelIeHbl B 0003pUMOM OyAyIIeM, HO —
KaK MHHHMYM — JIOJDKHBI OBITH IOCTaBIIEHBI B TMOBECTKY JHsS Ha MepcrekTuBy. Hampumep,
JOMHHHpPYIOIIHE B PocCHM MOHOIICHTPUYECKHE arjoMeparf B JICHCTBYIOIIUX HOPMATHUBHBIX
JIOKYMEHTaX OIpPEAEINSIOTCA KaK «TOYKH POCTa», KOTOpbIe OyayT OMpeNesisTh HAIMOHAJIbHYIO
cUCTEeMy paccelieHusi B 00o03pumoMm OyaymieMm. OJHAKO ONBIT MPOXOXKACHHUS TMaHIEMUU
COVID-19 cBuaetenbcTBYeT, 4TO MOJUIEHTPUYECKUE ariioMepanuu Oolee 1eraecooOpasHbl ¢
TOYKH 3PCHUS BHYTPUCUCTEMHBIX CBSI3eH M MX MEHbBIIICH HHTCHCHBHOCTH.

BBIBO/IbI

1. MHoromepHoe mnpoOiieMHOE Moje OOECHeueHUs: YCTOMYMBOCTH TEPPUTOPUATBHBIX
CHCTEM pacCeNeHHsI MOKET ObITh CTPYKTYPUPOBAHO MO PAa3IMYHBIM U3MEPEHUSM:

a) Macmraba npoOjemMbl, pemlaeMoll Ha YPOBHE apXUTEKTYpPHO-KOHCTPYKTHBHBIX H
00BEMHO-TIJITAHUPOBOYHBIX PELICHUH 3/1aHUM M COOpYXEHHH, FOpPOJCKON 3acTpOMKH WIHM Tep-
PUTOPHAIBHON CUCTEMBI PACCEIICHNUS;

0) KOMIapaTUBHOTO aHAJIM3a HEOOXOJUMBIX MaTEpUAIbHO-TEXHUYECKHX U (PMHAHCOBBIX
PECYpPCOB, a TaKKe TPYAOEMKOCTH, T.€. 3aTpaT BPEMEHH Ha JIOCTH)KEHHUE )KEIIAeMbIX PE3yJIbTaTOB
B chepe MpeIoTBpAIIEeHUs SMUIEMHUOIOTHYECKOH yTpo3bl.

2. Ilpaktndyeckumu GoOpMaMu pean3aluu CTPYKTYpHO-TIpeoOpa30BaTENbHOTO MOTEH-
yaga apXuTeKTYpHO-TPATOCTPOUTEIbHBIX MEp 00eCTIeYeHNsl YCTOWYMBOCTH Pa3BUTHS TEPPHUTO-
pHUAIBHBIX CUCTEM PACCCIICHHA B YCIOBUAX ITaAHACMUN MOT'YT BI)ICTyrIaTI):

a) MepeyCTPOMCTBO MPOCTPAHCTBA COLIMATILHOTO OBITHS (IIpeoOpa3oBaHUE apXUTEKTYPHO-
TaHAIIaGTHOW Cpebl B TUANa30He OT 3/IaHUN/COOPYKEHHUH 10 CUCTEMBI PACCEIICHNUS );

0) coBepILICHCTBOBAaHHE MOJIEIEH U KaHAJIOB COIIMAJILHOTO B3auMOAecTBUS (COOII0AeHNE
COHI/IaJ'IBHOI\/'I JUCTAaHOWH, HUCIIOJIB30BAHHUEC CAHUTAPHBIX CPCACTB MPEAOTBPAIICHUA KOHTAKTOB U
mp.);

B) pactpoCTpaHEeHHe B OOMIECTBE MPEICTABICHUH O «IIPaBUIIEHOMY TIOBEJICHNH, CO3/JAaHHE
U/IC0JIOTUYECKO OCHOBBI OECIPENATCTBEHHOTO OCYLIECTBIEHHS Mep MPOTHUBOJACHCTBUS SIH-
JIEMHOJIOTUIECKOHN YyTpo3€e B HACTOSIIEM H OYTyIIEeM.
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SUSTAINABILITY ISSUES AND METHODOLOGY
URBAN SETTLEMENT SYSTEMS IN THE CONTEXT OF A PANDEMIC

V.V. Fedorov, M.V. Fedorov
Tver State Technical University (Tver)

Abstract. From the standpoint of system analysis, various aspects of the formation of the
problem field (ensuring the stability of the functioning of territorial settlement systems) are
considered. The features of the multi-level settlement systems of the Russian Federation are
determined. The methodology of solving problems of various levels is discussed. It is shown that
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in the analyzed situation, a specific scientific methodology prevails, dealing with technical rules,
regulations, and methods of scientific substantiation of conceptual and design solutions. Along
with the problems of reconstruction of the architectural and landscape environment, the problems
of improving models and channels of social interaction, as well as the dissemination of ideas
about "correct" behavior, creating an ideological basis for the unhindered implementation of
measures to counter the epidemiological threat are considered.

Keywords: settlement system, stability of urbanized territories, epidemiological threat,
methodology of problem field formation.
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VJIK 624.046.3

YIOPYT'OILIACTUUYECKAS YCTOMYUBOCTD CTEPXKHS U3 CTAJIA 45
TP KOMBUHHUPOBAHHOM HAI'PYKEHUU

C.B. Uepemnovix
Teepckoti cocyoapemeennviii mexnuueckutl ynuseepcumem (2. Teepv)

© Yepemnnix C.B., 2021

AnHoTanus. Pemaercs 3amaua 6udypkauum mapHUPHO MOAKPEIUIEHHOTO CTEP)KHS IMPH
IPOCTOM KOMOMHHMPOBAaHHOM JIOKPUTHUECKOM HAarpy>KeHHH C Y4E€TOM YIPYroil u ympyro-
IUIACTUYECKON cTaguu AepopMUpoBaHUs MaTepuasa. PaccMoTpeHo noBeieHne npsMoJIuHENHOTO
CTEpXKHS B HEKOTOPOH YNPYromiacTHYeCKOW cHUcTeMe, MOJBEpraroleiicss JeHCTBUIO0 BHEIIHUX

CWJI B INIOCKOCTH O3, —3; JIeBHaTOPHOro IpocTpaHcTsa aepopmanuii A.A. Unbrommna. Ycra-

HOBJICHO, YTO MOTEPs] YCTOMYMBOCTH CTEPKHS PA3BUBAETCS B IPOLIECCE POCTA HArpy3KH BEChMa
MEJICHHO W Ha TMPaKTUKE €€ TPYAHO 3aMeTHTh. lloirydeHbl pacueTHbie (GOPMYIBI s
KPUTHYECKONH Harpy3ku. [IOkazaHo, 4t0 B 38BHUCHUMOCTH OT YCIOBUM pabOThl CTEpkKHS B
KOHCTPYKLMU KpPUTHYECKas HArPy3ka MOXKET OKa3aTbCsl JII0OOM M3 MHTEepBana OT KACATENIbHO-
MOJYJIBHOTO 3HAYEHUs OHreccepa A0 3HAYEHHUs DWIEPa, MCKIIoYas caMO 3HadyeHue OJilepa,
KOTOPOE JOCTUTACTCS TOJIBKO YIIPYTUM CTEPIKHEM.

KiioueBble ciioBa: cTepeHb, KOMOMHUPOBAHHOE HarpyxeHue, Oudypxaius, mporuo,
KacaTeJbHO-MOYJIbHAsl TEOPHUsl, PUBEICHHO-MOIYJIbHAS TEOPHUS.

DOI: 10.46573/2658-7459-2021-4-56-65

BBEJIEHUE

B cymecrByromux TEOPUSIX YCTOMYMBOCTH 3a NPENEnIOM YNPYrocTu CTEPKHEH,
IUIACTUHOK M OOOJIOUEK TMOCIEAHME PAcCMATPUBAIOTCS H30JMPOBAHHO OT OKPYXKArOIIUX
AJIEMEHTOB KOHCTPYKI[MM, 4TO HE MNO3BOJISIET JOCTATOYHO TMOJIHO OTPa3uTh HMX MOBEAEHHUE B
MOMEHT TOTEPU ycToiumBocTH. B Hacrosmell pabGoTre uHCHOIB3yeTCS MNPEIIOKEHHAS
A.A. UnerommueiM [1] HOBas mocTaHoOBKa 3ajad YmpPYroriaCTU4eCKOi YCTOHYMBOCTH B
IIPUMEHEHUNU K YCTOMYUBOCTH CTEPKHEN.

N3BecTHO, 4TO B 3aBUCUMOCTH OT MCTOPUU IIPOLIECCA HATPYKEHUS YIPYTrOILUIACTUYECKON
CHUCTEMBl €€ OKOHuaTelbHas Aedopmarus, COOTBETCTBYIOLIas OJHOW M TOH e BHELIHeH
Harpyske, Oyner paznuyHoil. Ilosromy mpu HccienoBaHUU 3ajad HEYNPYro yCTONYMBOCTH
CIEeNYyeT UCXOAUTh U3 aHAM3a Pa3IMYHBIX IIPOLIECCOB HArPYKEHUs, IPUBOAAILINUX K Pa3IUYHbIM
KPUTHYECKUM Harpyskam u nedopmanusM. B cBsi3u ¢ 3TUM BO3HHKAeT HE TOJIBKO BOIPOC O TOM
UCTOPUM HArpy»XeHus, KOTOpas MPUBOAUT K MUHUMAJIBLHOMY 3HAYEHUIO KPUTUYECKUX HATrpy30K,
HO U HE MEHEe BaXXHbIH BONPOC O BHIOOPE M OCYLIECTBICHHM TAaKOH HCTOPUM Harpy>KeHus
JJAHHOM CHCTEMBI, KOTOpas JaeT I Hee MaKCHUMAaJbHOE 3HA4YCHHE IIpeleia YCTOMYMBOCTH U
HecyIen cmocobroctu [2, 3].

budypkanuio no Diinepy u Kapmany Ha3bIBaloT nHOrAa OudypKamueil cocTosHuUs, TaK
KaK OHa MPOUCXOAMT MPHU MOCTOSHHOM 3HAYEHUU CXKUMarolied Harpy3ku. Yacto 6udypkanuio
COCTOSIHUS IPOTHUBOIOCTABIISAIOT OM(ypKalluy Mporecca HarpyxeHus u nepopmuponanus. Takoe
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IPOTHBOIIOCTABIICHUE SIBJISETCS MCKYCCTBEHHBIM, MO0 JII000€ COCTOSIHHE PAaBHOBECHUHUS MOXKET
OBbITh IOCTUTHYTO TOJIBKO IIOCJI€ OCYIIECTBJICHUS HEKOTOPOT'O MPOLECca HAarpyXeHUs, UCTOPUIO
KOTOpOTr'0 HEyNpyras CUCTEMa 3allOMUHAET, B OTJIMYUE OT YIPYrol cuctemsl [2, 4].

B pabore paccmoTpeHa YCTOWUYMBOCTh IIAPHUPHO ONEPTHIX CTEPKHEH M IOJIYy4EHBI
pacueTHbie (HOPMYIBI I KPUTHYECKOW Harpy3ku [3]. [lokazaHo, 4To B 3aBUCUMOCTH OT
yCIOBUH pabOThI CTEP)KHS B KOHCTPYKLIMU KpUTHYECKasl HArPy3ka MOKET OKa3aTbCs JH00H u3
MHTEpPBaJla OT KACATEJIbHO-MOJYJIbHOrO 3HAUEHUs DHIreccepa 10 3HAUYEHHs OWUNepa, UCKIoYas
caMo0 3HavyeHHe Diiiepa, KOTOpOe JOCTUraercs TONbKO ynpyrum crepkHem [5-8]. Ilocue-
KPUTHYECKOE MIOBEJEHUE CTEP>KHEH B KOHCTPYKLUSAX B paboTe HE U3Y4aeTCs.

MATEPHUAJIBI U METO/bI

IIycTp NpsAMOJIMHENHHBIA CTEPKEHb CKAT B HEKOTOPOM KOHCTPYKLIMM CHIIAMU, IPHYEM
0CEBOE HANpPSHKEHUE G MPEBOCXOAUT NPENEN Ynpyrocru marepuana. bynem cuurtaTth, 4TO IPH
noTepe YCTOW4YMBOCTM TAKOrO CTEPXKHS IieperaBacmas HA Hero Harpy3ka P Moxer kak
U3MEHHUTHCS HA HEKOTOPYIO BEIMYMHY OP, TAK M OCTAaThCs MOCTOSHHOW. PAacCMOTPuM Takue
CTEPI)KHH, KOHI[bI KOTOPBIX MIAPHUPHO COSIMHEHBI C OCTAIBHOW YaCThI0 KOHCTPYKIUH [3].

PaccmarpuBaeM mporecchl IpocToro (IpOonopLHOHAIBLHOI0) HArpyKEHUs B IEBUATOPHOM
npocTpaHcTBe HanpsbkeHud A.A. Unerommna [9-11] B cootBercTBHM € puc. 1.

IIpoekuus BexkTopa
Hanpsokernus Si, MIla

TN

IIpoexuust BexkTopa
HanpshkeHus Sz, MIla

Puc. 1. Tpaekropus HarpyxeHus

[Ipunumaem [2]

tga=S,/S,, 1)

rae S;, S; — KOMIIOHEHTBI BEKTOPa HAIMPSUKCHHH, IIPUHSATBIC B COOTBETCTBHH C YCIOBHEM [2]:

\/7 Si \/7 o113 S \/_(712 '
(2)

S,=0y,,-0,= 0-11’ Oy = 011r

3 3
rae S;; S, =0, — KOMIIOHEHTHI TEH30pa-IeBUATOpA HANPSDKCHUI; O, — CPEIHEe HANpPsHKECHHE

B TOYKC TCJ1a.
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[ToncraBuB B BepaskeHue (2) 3HaueHus (1), umeem
\/5011 _ i Oy

__N2o, _ 1oy 3
tga 2o, o 3

B TOHKOCTEHHOM KPYrOBOM IOIEPEYHOM CEYEHUH 000IOYKH HATPSHKEHHS IPUMEM:
M. P .
FToaRn S OnT Rt @

[Tonyuynm ypaBHEeHHE
1 P2zR% PR
a=—F= = : (5)
J32zRtM, {BM_

B pesynbrate mpeobpazoBanuii nmpu P =0,,27Rt, a takke BBems NOMOTHUTENBHBIC

Oespasmepuble Benmuunbbl A' =1/ R, pemmm kBagpatHoe ypaBHEHHE

AIZ ) 2 X /1I2 )

m'all+T.o-ll_7[ =0. (6)
OxkoHuaTeapHO UMeeM [2]
2
=3tg%x-E-| -1+ 1+ —" | 7
Oy g 3tgza~ﬂ’2 ()

PE3YJBTATBI UCCIEJOBAHUS
JIns HEeIMHEHHO-yNpYrux CHCTeM 3ajada O OudypKaluu YIpyroro CrepxHs Oblia
BIIEPBBIC pEIICHa DHIeCCepOM Ha OCHOBE KpuUTepus ODiliepa W TOJTy4YeHAa TaK Ha3bIBaeMas
KacaTeJIbHO-MOIyJIbHast Harpy3ka [12, 13].
[Ipu pemennu 3amaun OuypKau CTEPXKHS 3a MPENEIOM YIPYTOCTH MO TEOPUSIM
Onreccepa u Kapmana B ¢opmyny (7) BMecto mMonayns FOHra E HeoOXOAMMO MOACTAaBUTH

KacaTeNlbHbIi MoIynb Matepuana E, mubo mpuseneHHbId Monyns E, —coorBeTcTBeHHO. IlpH

ATOM pENIEHWE, B CHIIy HEIMHEWMHOW 3aBUCUMOCTH KPUTHYECKOTO HAIpPSIKEHHUS OT 3HAYCHMM
COOTBETCTBYIOIIUX MOIYJEH, HE SBIseTcS OAHO3HAYHBIM. [losTOMy pacuer Oyaem BecTd MO
CIIEYIONIEMY arOpuTMYy [2].
B pesynpraTre morepu yCTOMYMBOCTH ILIEHTPAJIBHO CXKATOI'O CTEPKHS B HEKOTOPOU
KOHCTPYKIMHU MPOUCXOIUT MEPEPACIIPECIECHUE YCUITUM MEXKIY €€ dIIEMEHTAMH.
ITpuBenem ypaBHeHue (7) K KBa3WIMHEHHOMY BUIY
oy =a-E(E,), 8

2
=3tg’a | -1+ /1+”— . 9
a=31g°a g’ A ©)

3agagumMcst 3HaueHueM yriaa « (cm. puc. 1). Ilpu npuHITOM ¢ TOCTPOMM TIpaduKH
KBa3WIMHENHON (QyHKIMH (8), TUCKPETHO BapbUpys 3HaueHUs ruOkoct A’ B Bepaxkenuu (8),
JI0 NEPECcEYEH s IAHHBIX TpaduKoB ¢ rpagukamu 3asucumocreit o, [ E (E, ).

e
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Jns crepkHed mocine Oudypkanud MpU HArpyske HaONIOJAeTcs HEeAUHCTBEHHOCTD
peILlICHHs 3a/laud, a TAKKE Pe3Koe BO3pacTaHHe MPOTHOOB, KOTOPOE, KaK MPABUIIO, MPHUBOIHUT
100 K pa3pylIeHUIO CTepPIKHEH, 100 K HEIOMYCTUMO OobuM uXx aedopmanusM. Y cTepkHEr
nocie Oudypkanuu oTMEYaeTcsi Pe3Koe MaJleHHe COKUMAFOIICH HArpy3KH MPH OJTHOBPEMEHHOM
pocte mnepememieHuii. CTEp)KHH BecbMa YYBCTBHTEIBHBI K HadaJbHBIM HECOBEPIICHCTBAM
GopMBI, TIOATOMY MpH aHaIM3€ WX IOBEJICHHS OCHOBHOE 3HAYCHHE HMEET MaKCHMallbHas
HAarpy3ka, KOTOPYIO CTEp)KEHb BBIICPKHMBACT IIepe] HACTYIUIEHHEM KaTacTPO(PHUECKOTO
BhITyunBaHus. Jlyisi  ompeneneHus JKe MaKCUMaJIbHOW HAarpy3kd HEOOXOAMMO PEIIuTh
HEJIMHEHHYIO 3a/1a4y O BBIIYYMBAHUHU C YYETOM HAYaJIbHBIX MPOTHOOB JTUOO JPYruX HadalbHbIX
HecoBepieHeTs [14-17].

Toukn mnepecedyeHuss rpadUKOB TMO3BOJSIOT OINPENEIUTh 3HAUYCHHE KPUTUYECKOTO
HAINpsDKEHUsI, COOTBETCTBYIOUIETO MPHUHATOW rubkoctu A . B kadectBe mpumepa Ha puc. 2, 3
NPOMJUTIOCTPHPOBAHA TPOIEAypa BBIYMCICHUS KPUTUYECKUX HANPSDKEHUH JUIS  Pa3idYHbBIX
yriioB « . Lludpamu Ha pucyHkax 0003Ha4YeHBI: | — pacyeT Mo NpUBEICHHO-MOIYJILHON TEOpHH;
2 — pacyer 1o KacaTelbHO-MOyJIbHON TEOpHUH.

0
1. IIpu a =80
2
T 1 0,10233
0-11 = 35, 672 . EK,Hp . —1+ 1+mﬁ = 96,446 EK,np . —1+ 1+T
Ty

= 450 -
= /]
S 400 / e

£ 350 . . A T— =

©

L 3 / A s -

L 300 ~—— [}

g 20 2=

£ 200 / 7 — = —i=

£ s FL SioH == —{ =

g 100 Vi Pt ]

= L~ 1

§ 50 /157 L] 1t
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=
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Puc. 2. Kputnueckoe HanpskeHHe NPU pacyeTe CTep:KHEN
0
1o Teopusim DHreccepa u Kapmana (o =80")

2. Tpu o =15°

2
0, =3:0,267" -, -| -1+ 1+”—2'i2 =0,215-E_,, -| -1+ /1+—46’1248 :
v 3-0,267* A’ "” Py
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Puc. 3. Kputnueckoe HanpsKeHHe NPU pacyeTe CTEp:KHEN

1o Teopusam DHreccepa u Kapmana (o =15°)

Kpome Toro, mpoBeseHbI pacyeTbl U MOCTPOCHBI IpaUKH 3aBUCUMOCTEH KPUTHUYECKHX
HaIPsDKEHUHN OT 3HaYCHUM IPUBEACHHOTO U KacaTeJIbHOI0 MOAYJISl MaTepHuaa:

mpu o = 70°
2
2 % 1 0,438
o,=3-2,74"-E_, - —1+\/1+3.2’W./1,2 =22,64-E,, | -1+ [1+—— |,
npu o = 60°
2
2 % 1 1,099 |.
01123'1,73 .EK,np. —l+\/1+m'ﬂ,2 :8,97'EK'”‘U' =1+,/1+ /1’2 y

npu o = 30°

2
2 b4 1 9,88159
L O
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B pesynbprare mosydum 3aBUCUMOCTH KPUTHUYECKOTO HAIPSKEHUST OT TMOKOCTU CTEPIKHS
JUIsL TIPUBEACHHO-MOJYJIBHOM M KacaTelbHO-MOIYJbHON Teopuu. B ympyroit craguu paboTsl

Matepuaia, npu o < 250 MITau E = 2,06-10° MIla, peurenne ctpoum 1o hopmyite (9).

Pe3ynbTarhl pacyeToB KPUTUYECKUX HAIPSKEHHUN B 3aBUCUMOCTU OT THUOKOCTH CTEpXKHS
MpeACTaBICHbI B Ta0. 1 1 2.

Tabauya 1
Pacyer 1o xacarenpHO-MOAYIBHON TEOPUU
Kpurnueckoe Hanpsikenue o, Mlla,
a, rpaj pu THOKOCTHU CTEPKHA A

A=10 A=20 A=30
15 407,9 320,8 271,3
30 411,8 322,1 271,5
60 413,5 323,2 272,0
70 414.6 3239 272,6
80 414.8 324,0 272,9
85 4149 324,1 273

Tabauya 2
Pacder 1o npuBeeHHO-MOYJIBHOM TEOpUH
Kputnueckoe Hanpsbxenue o, Mlla,
a, Tpa NpY TUOKOCTHU CTEPXHSA A
A=10 A=20 A=30 A=40

15 462,2 381,0 314,9 269,0
30 463,0 381,8 315,2 269,5
60 463,9 383,2 315,6 270,2
70 464,5 384,0 315,9 270,5
80 464,9 384,5 316,1 270,8
85 467,1 384,7 316,2 270,9

Ha puc. 4 npuBeneH pacueTHbI rpaduk 3aBUCHMOCTH KPUTUYECKOTO HAMPSKEHHUS OT
TUOKOCTH CTEPIKHS JUIA TIPoLiecca KOMOHHHPOBAHHOTO Harpyxenus npu o = 80°
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Puc. 4. 3aBUCHMOCTb KPUTHUECKOTO HAIPSLKEHUs OT ruokocth crepxns (o =80°)

3AKVIIOYEHUE
Ha ocHOBaHWU MOJIyYEHHBIX pEIIEHUH MOXKHO CJeJaTb BBIBOJ, YTO s cTanu 45
3HAQUEHHs yria ( HE UIPAlT CYLIECTBEHHON POJIM IIPU UTOIOBOM OIPEIEICHUU KPUTHYECKUX
HanpspkeHud. Crenyer OTMETUTh, YTO IPU  YMEHBIIEHWH THOKOCTH pa3HULA MEXIY
HaNPsDKEHUSMHU, BBIYMCIEHHBIMU 110 KacaTEIbHO-MOLYJIbHON TEOPUU U IPUBEIECHHO-MOAYIbHON

0 o
Teopuu, yBenuuuBaeTcs. Tak, mpu o =15 u A =30 3HaueHHs HaNpsDKEHWH MO KacaTelbHO-
MoayabHOU Teopun o =271,3 MIla, a no mpuBeneHHO-MOAYyIbHOU Teopun o =314,9 MIla.

Ilpu A =20 3HavyeHHs HAMpsHKEHWH 1O KacaTelnbHO-MOIyibHOH Teopun o =320,8 Mlla, mo
NpUBEICHHO-MOTyIbHOU Teopun o = 381,0 MIla.
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ELASTIC-PLASTIC STABILITY OF THE STEEL ROD 45
UNDER COMBINED LOADING

S.V. Cheremnykh
Tver State Technical University (Tver)

Abstract. The problem of bifurcation of a pivotally supported rod under simple combined
subcritical loading is solved, taking into account the elastic and elastic-plastic stages of material
deformation. Let us consider the behavior of a rectilinear rod in a certain elastic-plastic system
exposed to external forces in the plane of the deviator space of deformations of A.A. llyushin

9, —3;. The obtained graphs show that the loss of stability of the rod develops very slowly

during the growth of the load and in practice it is difficult to notice it. Calculated formulas for the
critical load are obtained. It is shown that, depending on the operating conditions of the rod in the
structure, the critical load can be any of the range from the relative-modular Engesser value to the
Euler value, excluding the Euler value itself, which is achieved only by an elastic rod.

Keywords: rod, combined loading, bifurcation, deflection, tangential-modular theory,
reduced-modular theory.
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IJIEKTPOTEXHUKA
Y- - SN

VIIK 674.093

4TO IPOUCXOAHUT C SJIEKTPONPOBOAHOCTBIO OCAKOB,
BBIITAJAIOIIUX B TBEPUH, I1PU YIJIMHEHUU PAJA HABJIIOJEHUU
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AHHoOTauus. [IpoBeneH CTaTUCTUYECKUU aHAIU3 NapaMeTpOB YAECIbHOW 3JIEKTPONPO-
BOJHOCTH aTMOC(EpHBIX 0canakoB, BeimaBmux B Tepu B 2016-2020 rr., u cBsi3el 3JIEKTpO-
IPOBOJHOCTH C KHCJIOTHOCTBIO M KOJMYECTBOM OCAIKOB, a TaKXKe C TEMIIEpaTypoil BO3myXxa
Opu yAJUHEHUH psaa HaOmoaeHuid Ha oauH rona. IloctpoeHbl oaHO(AKTOpHBIE M MHOTO-
(aKTOpHBIE PETPECCHOHHBIE MOJAETH CBS3EH JJIEKTPOMPOBOAHOCTH C METeO(aKTOpaMH Y UIv-
HUBIIETOCS pAIA.

KiroueBble cjioBa: yaenbHas 3IEKTPONPOBOAHOCTh, KHUCIOTHOCTh, aTMOC(EpPHBIC
OCaJIKM, TeMIlepaTypa BO3[yXa, MOJelb, KOppessius, perpeccus, (pakTopsl, TPEHH, CE30HHAs
KOMITOHEHTA, TIOKa3aTellb KUCIOTHOCTH PH.

DOI: 10.46573/2658-7459-2021-4-66-74

DNEeKTPONPOBOAHOCTh aTMOC(EPHBIX OCATKOB CYLIECTBEHHO OIpPEIENSeT COCTOSHUE
IOPUPOJHON Cpelibl U B 3HAYUTEIHHONH Mepe OoOycloBJIeHa aHTPOIOTE€HHBIM BO3/EHCTBHEM Ha
cpeny. MccnenoBanue 3Toro (haktopa npeacTaBiseT Kak HaydHbIN, TaK U IPAKTUUECKUA HHTEPEC
¥ JJaBHO HAXOJUTCS B T0JIC BHUMAHHMsI CIICIIUATMCTOB pa3HbIX mpodueii [1-6].

Habmtonenuss 3a ynenbHOM 3JEKTPONPOBOAHOCTHIO BBINAAAOIIKMX B TBepu 0CaJIKOB
(0003HaUMM ee CW) MpOBOMASATCS JabopaTopreil MOHHTOPUHra OKpYyKaromiel cpeibl TBepcKoro
IEHTpa MO Tujapomereoposiornn yxe HauuHas ¢ 2016 r. B teuenue 2016-2020 rr. Owuio
npousBeneHo 640 u3Mmepenuil (t.e. oxonmo 11 m3MmepeHuit B Mecsi). Pe3ynbTaTsl CpOYHBIX
u3MepeHuil CW mnokazansl Ha puc. 1. C 1990 r. nabopatopusi MOHUTOPUHIA MPOBOJUT TaKXKe
HaOJTI0/ICHHS 32 KUCIOTHOCTBIO 0CAIKOB (ITOKa3aTelb KUCIOTHOCTH 0003HavYaeTcs qanee kak pH).
CpouHble M3MEpEHUs] 00EUX BEJIMYUH (DJIIEKTPONPOBOTHOCTH U KHCIOTHOCTH) IMPOM3BOISTCS
OJIHOBPEMEHHO, UHTEPBAJIBI MEXAY U3MEPEHUSIMU U3MEHSIOTCS OT OJHUX CYTOK JI0 JBYX JI€Kal.
[TpoBoasiTcst Takke HAOMIONEHHS 3a TEeMIEpaTypod BO3/1yXa, OCaJKaMH U JAPYIHMMHU
MeTeodakTopamu.

VY nenpHas 3J€KTPONPOBOJAHOCTD OCAIKOB CW n3MepsieTcs B MKCM/cM (MUKPOCUMEHCHI Ha
CaHTHMET)), [TOKa3aTeab KUCIOTHOCTH PH — Oe3pazMepHas BelnynHa.
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Puc. 1. Pe3ynbrarsl u3mMepeHuil 351€KTpOIIPOBOJHOCTH CW
32 2016-2020 rr.

ABTOpOM HacTOALIEH MyOJUKAIMK €KEroJHO MPOBOJUTCS CTATUCTUYECKUI aHalu3
BPEMEHHBIX IOCJIEA0BATEIBHOCTEN CPOUYHBIX 3HAYEHHUH YIEIbHOM 3JIEKTPONPOBOJHOCTU CW H
MoKa3aTessi KUCIOTHOCTH PH, a Takke MOcCielnoBaTeNIbHOCTEH MX CpeIHEMECSYHBIX 3HAYCHUN
amcw u ampH [3-5]. B crathe H3IOXKEHBI PE3yNbTAThl MCCICIOBAHUS CBSI3CH YICIbHON
AIEKTPONPOBOJAHOCTH OCAJIKOB C UX KHCIOTHOCTHIO M KOJMYECTBOM, a TaKXKe C TeMIlepaTypou
BO3/IyXa.

B paGore [5] Hamu Obl1 MOAPOOHO (IPUMEHHUTENBHO K 4-leTHeMY psly HaOJroAeHui,
¢ 2016 mo 2020 rr.) 0OCYXACH BOIPOC O BBHIOOpPE MOJEIH TPEHJA BPEMEHHOTO psja CW W,
COOTBETCTBEHHO, MOJENH TPEeHJa psAga amcw. M3 MHOKecTBa perpecCHOHHBIX MOAENIEH amCcw
ObUTM B3STHl JJII  COINOCTABJIEHUS TPU MOJEIH TPOCTOM perpeccud: JUHEHHas, 3KC-
NOHEHIMaIbHas U Jorapupmudeckas. ConocraBieHue MMOKa3ano, YTo JUIsl KOPOTKHUX (4-JIETHHX)
PAIOB BMHOJIHE MOAXOJAIIECH OKa3bIBAC€TCS JUHEWHAs MOJENb TPEHIA, KOTOPOM COOTBETCTBYET
koadurmeHt xkoppensiuu 0,22466. YpaBHEeHHE pErPECCUN UMEET BU]T

amcw = 14,2591 + 0,0970909:-n, 1)

r7ie N — HoMep MecsIia B psAy HabIoeHU.

YnvHenue psga amcw Ha OJWH TOJ NPUBEIO K M3MEHEHHIO IapaMeTpOB JIMHEWHON
MoienH (puc. 2): k03pPUIHEHT KOppensuuu yMeHbInumcs a0 3Hadenus 0,150329, ypenuuminch
3Ha4YeHUsl amCW B Hauaje psja, BIABOE CHU3UJICS TEMIl pOCTa 3HAYEHUI amCW. DTH U3MEHEHUS
KaueCTBEHHO XapaKTEPU3YIOT TMOBEJEHUE DIIEKTPONPOBOJHOCTH OCAIKOB B TEUCHHE S-JETHETO
nepuo/ia HaOMoeHUH. Y paBHEHUE S-JIETHETO JTMHEHHOTO TPEH 1a UMEET BU/T

amcw = 15,1585 + 0,0483038:-n. @)
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IIepemeHnHsle:

o —amcw,
* — JIMHEWHBINA TPEH]T;
° — KBaJpPaTUYHBIN TPEHJI.

Puc. 3. 5-netHuit psim amCw U ero TpeH bl
(2016-2020 rr.)

JIMHENHBIN U KBaAPaTUYECKUN TPEH bl MAJIO OTIMYAIOTCA APYT OT APYra, OJHAKO BTOPOU
U3 HUX YKa3bIBaeT Ha cj1a00 BBIPaKEHHBIN MakCUMyM amcw, npuxozsimuiics Ha mapt 2019 r., u
HE ONPOBEPracT BBIBOJAA U3 aHAJIM3a JMHEWHOTO TPEHAA O CYLIECTBOBAHUHM MEUIEHHOI'O poOCTa

CpEaAHUX 3HAYCHUI paaa SJIEKTPOIPOBOJHOCTH C TCUCHUEM BPEMCHU.

CBs13p MEXYy CPEIHEMECIYHBIMU 3HAUEHUSMU IEKTPONPOBOJIHOCTH aMCW M IIOKa3aTes
KUCIOTHOCTH ampPH 1ist 4-eTHero psja ONnuchIBaeTCs TUHEHHON perpecCHOHHON MOIENbIo [4]

amcw =-10,0444 + 4,7351- ampH.
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VYpaBHeHHE MOJIEH ISl S-JIETHETO Psiia UMEET BUJL
amcw = —6,64687 + 4,14616- ampH. 5)

Jlvaum perpeccuu i1 000X PsIOB ToKa3aHbl Ha puc. 4. KoaddunuenTt xoppensuuu is
4-netHero psga amcw coctasisieT 0,272486, a nis 5-nmerHero oH Heckoabko MeHbie — 0,246955.

20 F ! . ! - Ilepemennsie:
I ~ ] = —4rona;

18 | 7 — 5 ner.

16 .

14 :

12 H | . | o
4.8 5,2 56 6 6,4

ampH16_20

Puc. 4. Jlunun perpeccun amcw-ampH psaos qnunoi B 4 rona (2016-2019 rr.)
u 5 mer (2016-2020 rr.)

JIunelHas CBA3b MEXKAY CPOUYHBIMU 3HAYEHHUSAMM IEKTPOIPOBOJHOCTH CW M ITOKA3aTess
pH xapakrepusyercs ypaBHEHUSIMH PETPECCUM BUJIA!
111 4-11eTHero psijaa

am = -5,39213 + 3,82533-pH; (6)
JJIA 5-J'IeTHeF 0 pdaa
am = -5,70818 + 3,905-pH. 7)

Koapduument xoppemsiumu s 4-netHero psaa CW coctasinser 0,20234, a s
S5-nerero — 0,198448. Koppensuus Mexay CpeIHEMECSYHBIMU 3HAUEHUSMU CHIIbHEE, uYeM
MEXIY CpOYHBIMH, YTO SBISETCS 3aKOHOMEPHBIM pE3YyJlbTaTOM OCPEAHEHHs 3HA4YCHUU
AIIEKTPONPOBOIHOCTH M TOKa3aTesss KUCIOTHOCTH HpPHU MEpexo/ie OT CPOYHBIX 3HAUEHUH K
CPEIHEMECSYHBIM U HE SIBIISIETCS OTPAKEHUEM CBOMCTB UCCIIENYEMBIX BEIMYMH.

VYanuHenue psaa HaOMIOJEHUI Ha TroJl NMPUBENO K YMEHBIICHHIO 3HAYEHHH KOd(-
(UILMEHTOB KOPPENSAIMH KaK CPOYHBIX, TaK U CPEIHEMECIYHBIX 3HAYEHUHN 3JEKTPONPOBOJIHOCTH
U TI0Ka3aTeJisl KUCIOTHOCTH.

[10J10)KUTENBHOCTD CBSI3U MEKIY 3JEKTPOIPOBOJHOCTHIO M II0KA3aTEIEM KHCIOTHOCTH
MIO3BOJISIET TPEIOJIOKNAT, YTO CIIOKHUBIICHCS 3a mocnenHue 20 ¢ JIMNIHAM JIeT TeHACHIUH
K TOBBIIIECHUIO KUCIOTHOCTH aTMOC(EPHBIX 0CAAKOB COOTBETCTBYET MMOCTENIEHHOE CHIDKEHUE UX
JIEKTPOIPOBOTHOCTH B 3TOT MEPHOJ,.
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Bnusinue temmeparypbl Bo3[yxa Ha 3JEKTPONPOBOAHOCTh OCAAKOB JJisi 4-eTHEro psijaa
[4] oueHuBanIOCh MO TOM K€ METOAMKE, YTO U CBSI3b DJIEKTPOIPOBOJHOCTU C KUCIOTHOCTBHIO
ocankoB. JluHelHass perpeccusi CpeIHEMECAYHBIX 3HAUYEHUM HIIEKTPOIPOBOJHOCTH aMCW U
CpeIHEMECSIYHBIX TeMIIepaTyp amt onuchIBaeTCs ypaBHEHUSIMH BUJIA!

st pana 2016-2019 rr.

amcw = 15,5888 + 0,176449- amt; (8)
st pana 2016-2020 rr.
amcw = 15,544 + 0,176707- amt. 9)

CpaBHenue ypaBHeHui (8) u (9) nokaspiBaeT (M puc. 5), YTO IpU YUIMHEHUU psAJa Ha
OIMH TOJA TMapaMeTpbl Mojelnu ocTanuch npexHumu. Koadduuuents koppensiuu
CpaBHHBaeMbIX psoB paBHBI 0,256527 u 0,265817 COOTBETCTBEHHO, T.€. BECbMa OJM3KH JPYT
Ipyry. OTO O3HA4aeT, 4TO JHUHEHHas MOJenb CBS3M amCW u amt ajaekBaTHa pealbHOMY
BpEMEHHOMY Ipoueccy. CBs3b MEXAY CPOYHBIMU 3HAUEHUSMU SIIEKTPONPOBOJHOCTH CW H
TemmeparypamMu Bo3ayxa t xapakrepusyercs koddduuuentom koppemsiun 0,19183  mus
4-netnero psga u s S-netHero 0,192743 coorBeTcTBEeHHO. 3HAYEHHUSI 3TH 3aMETHO MEHBIIIE,
yeM Ui amCW u amt, HO HECYyIIEeCTBEHHO OTJIMYalOTCA JpYr OT JApyra. YpaBHEHUs
KOPPEJSILIMOHHBIX JIMHEWHBIX MOJIETEH JIsl CPOYHBIX 3HAUEHUI CW UMEIOT BU/I:

Ui 4-eTHETo psaja

cw = 14,4524 + 0,249723t; (10)
I 5-1eTHero psja
cw = 14,4018 + 0,259573-t. (12)
M IlepeMeHHEIE:
I | -= —pan 4 roxa;
19- | | —pAan S mer.
17 L N

-10 -5 0 5 10 15 20
amt 16 _20

Puc. 5. CBsa3p amCcw u cpeiHEMECAYHBIX TEMIIEpaTyp Bo3ayxa amt
1uist psaoB 4 roaa (2016-2019 rr.) u 5 ner (2016-2020 rr.)

B cratee [5] mst 4-netHero psijga HAOMIOACHUI ObLIa YCTAHOBJIEHA OTHOCUTENIBHO cliadast
3aBUCHUMOCTh YJIETbHONU AJIEKTPONPOBOJAHOCTH CW OT CYTOYHOTO KOJHMYECTBA BBHIMANAIONINX
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0CaZKoB pre (Mm). DTa 3aBUCHMOCTh XapaKTEPHU3YeTCs OTPUIATEIBHBIM KO03(h(UIIMEHTOM
koppesun (—0,210906) u ypaBHEHHEM CBS3H

cw = 18,2157 — 0,429436-pre. (12)

s S5-netHero psina HaOMIOJIEHUN oOTpuUllaTenbHass (M MOYTH TaK K€ OTHOCHUTEIBHO
cnabasi) 3aBUCUMOCTb YZAEIBHOM 3JEKTPOIPOBOAHOCTH CW OT CYTOYHOI'O KOJMYECTBA OCAKOB
pre xapakrepusyercs kodddurmentom koppemsinuu —0,229997 u ypaBHEHHEM CBS3H

cw = 18,4397 — 0,463309-pre. (13)

bin3ocTh 3HaueHUI apaMeTpoB CBSI3U CW U Pre y psaoB Pa3sHOW NMPONOJDKUTEIBHOCTH
CBHU/IETEJILCTBYET 00 YCTOHYMBOCTHU ATOM CBSA3H.

OneHka COBOKYIIHOTO BIIMSHHUS Ha YACIBHYH JJIEKTPOINPOBOAHOCTh KHUCIOTHOCTU
0Ca/IKOB U TEMIIEpaTypbl BO3/lyxa Oblia caenaHa B cTaThe [5] amst 4-JeTHero pajga MoCTpOSHUEM
IBYX(aKTOPHOI'O YpaBHEHUS pErpeccur BUAa

cw = —2,91824 + 3,15328-pH + 0,199623-1, (14)
Z[J'ISI 5'J'I€TH€1"O pAAa YpaBHCHHUEC PETrpeCCrUU IIPUHAIIO BU
cw = ~3,9433 + 3,32968-pH + 0,218769-1. (15)

3naueHuss Kod(G(UIMEHTOB Tmepen NepeMeHHbIMH B ypaBHeHusx (14) u (15) mano
OTIIMYAIOTCSL JPYr OT Jpyra, YTO YKa3blBaeT HA YCTOHYHMBOCTH CBSI3M, @ WX COOTHOIICHHE
CBUJICTENLCTBYET O COXpPAHEHUHW JOJM BKIaga 3TUX (DAaKTOPOB B KOHEUHBIM pe3yibTaT Mpu
VIJTUHEHUN psga HaOmogeHuid. [Ipu 3TOM BIHMSHHE HaA SJCKTPOIMPOBOAHOCTH TOKA3aTEIIs
KHCIOTHOCTH PH B moaTOpa pa3a cuiibHee BIUSHUS KOJIUYECTBA OCAJAKOB Pre.

PaccmoTpuM TpexdakTOpHYIO CBSI3b YAETBHON AIIEKTPOIPOBOJHOCTH CW C MOKa3aTeaeM
KUCTIOTHOCTH PH, cpenHecyTouHO#l TemmepaTypoil Bo3ayXxa ! M CYTOUHBIM KOJIWYECTBOM
BBINAJAIONINX OCAJKOB Pre. YpaBHEHHE perpeccuu uisi 4-JEeTHEero psiia UMEeT B OTOM cliydae
BUJ [4]

cw = 5,15888 + 2,0501-pH + 0,288872-t — 0,492704-pre, (16)
a aJid 5'J'ICTHCFO psaaa
cw = 5,58455 + 1,93833-pH + 0,32845-t — 0,546285-pre. (17)

W3 conocraBnenus ypaBHeHui (16) u (17) BUaHO, 4TO NpH YATUHEHUHU psAJa HAOIIOICHUN
Ha OJWH TOJ pOJIb TOKa3aTesis KUCIOTHOCTH PH HEe3HAayuTeNnbHO YMEHbIIWIAch, a pOJU
TEMIIEPATYPhI BO3ayXa t 1 0cagKoB Pre 3aMETHO yCHUIIHIINCH.

Jlnst cpaBHEHMsI BHYTPUIOJIOBOM JIMHAMMKHU YJEIBHOM 3JIEKTPONPOBOJHOCTH OCAIKOB
amcw 4-1eTHer0o M S-JIETHErO psA0B HCIOJIb30BAHBI CE30HHBIE KOMIIOHEHTHI (MECSYHBIE
MHJEKChI) BpEMEHHBIX pA0B 3THX (hakTopoB [8]. Ilepuon ce30HHBIX KojeOaHUN aMCW MPUHST
PaBHBIM YMCIY MECSLEB B roay, T.e. 12. OueHKoi Ce30HHOW KOMITOHEHTBI CIYXHT CpelHee Si
OTKJIOHEHWIT 3HAaYeHMH aMCW OT TpeHaa (7;, T.e. TOJNOKEHO, YTO JUIS CPEIHEMECTIHOM
AIIEKTPONPOBOIHOCTH

A 1 ~ .
§i=— Z?Lo(amcwmp — trin) msi=1,...,p, (18)

riem+1=4um+1=5 - yucno (ronoBeIX) NepruogoB B 4- u 5-1eTHeM psiay HaOIIOaEHUI
COOTBETCTBEHHO. ['padmku BHYpUroJOBOM IWHAMHUKM aMCW TIOKa3aHbl Ha puc. 6. OOumii
XapaKkTep BHYTPUTOJ0BOTO MOBEAEHUS YAENIbHOMN 3JEKTPONPOBOAHOCTH aMCW MpH YAJTUHEHUH
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psina HaOroeHui coxpanuics. JlokanpHble MUHUMYMBI 1 MAKCUMYMBI O0OUX PSAZI0B HACTYMAIOT
B T€ € Mecslsl roja. [7o0anbHbIE MakCUMyM (HECKOJBKO MEHBIIMA y 5-7leTHero psaa)
IPUXOJUTCS HAa HIOJb, MUHUMAJIbHbIE 3HAYEHUS HMHJIEKCOB COOTBETCTBYIOT 3MMHHUM MeECsALaM,
YTO COIJIACOBBIBAETCS C BHYTPUTOJOBBIM XOJ0M TEMIIEpATyp BO31yXa.

12 Psanwr:

L 1 B —4rona;
9__ ] =< —5 ner.
6_ _

J
>

3 /
{EWAS

K,

0 2 4 6 8 10 12
KonnuecTBO MecsiieB

Puc. 6. 'on0Bo# X0/1 C€30HHBIX KOMIIOHEHT (MECAYHBIX HMHJEKCOB) PSAOB amMCW
quaHoi 4 roga (2016-2019) u 5 xer (2016-2020)
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WHAT HAPPENS OF A LENGTHENING OF TIME SERIES
FOR ELECTRICAL CONDUCTIVITY OF THE PRECIPITATION IN TVER

F.V. Kachanovsky
Tver State Technical University (Tver)

Abstract. A statistical analysis of the parameters of the specific electrical conductivity of
atmospheric precipitation that fell in Tver in 2016-2020 and the relationship of electrical
conductivity with acidity and precipitation amount, as well as with air temperature has been
carried out with an extension of the series of observations by one year. One-factor and
multifactor regression models of relationships between electric conductivity and meteorological
factors of the lengthened series were constructed.

Keywords: specific conductivity, acidity, precipitation, air temperature, model,
correlation, regression, factors, trend, seasonal component, pH acidity index.
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BBEJIEHUE

[ToBbimienre TpebOoBaHUN K 3IeKTpooOopynoBanuio (D0) BbI3bIBAET HEOOXOIMMOCTH
aHaM3a CBS3M MEXIy MaTeMaTHYECKUMHM METOJaMH pacdera HaJIeKHOCTH M (PHU3HUECKOU
npuponoil otkazoB. Tak, Ay peuieHus: SKOHOMHUKO-MaTeMaTHYeCKHUX 3a7ad TEXHHUYECKOIro
oociyxuBanus (TO) D0 HeoOxoauMo O0OOCHOBAaHHO BBHIOPATh (YHKIHMIO pPaCHpeAeTICHHS
YpOBHEH HAIEKHOCTH H30JISILIUU, OOYCIOBIECHHYIO PEaJbHBIMU (U3UYECKUMHU IpOLIECCaMU ee
paspymieHus. Ilockonbky (GyHKIMS —paclpeleneHuss MPEeACTaBIsieT Co0OW  HEKOTOPYIO
3aBHCUMOCTH pacIpe/ie]IeHHs Ynucia 0TKa30B OT BpeMeHHU (HapaOoTKH, cpoKa CIyKO0bl), TO Ui ee
BbIOOpa  HEOOXOAMMO  BOCIIOJIb30BAaThCSl BPEMEHHBIMH  XapaKTEPUCTUKAMH  W3MEHEHHS
JTURJIEKTPUUECKUX CBOIMCTB M30JISIIUU B MPOIIECCe IKCILTyaTal|H.

st Toro uto6s1 D0 ObLI0 pabOTOCTIOCOOHO, COMTPOTUBICHUE H3OJISAIIUN HE JTOJDKHO OBITh
HUKE YCTaHOBJIEHHOT'O KPUTHYECKOTro ypoBHs. B mpoTuBHOM ciyyae TuOO MPOUCXOAUT MPoOon
U30JISIIAN, JTHOO HadyWHAIOTCS cOom B padore DO, uTo kBamupuuupyeTcs Kak oTkas. [lostomy
BpeMmsi 0e30TKa3HOW padOThl B OCHOBHOM OINpEIENseTCS MOMEHTOM, KOT/Ia CONPOTHBIICHUE
U30JISIIUHN CTAHOBUTCS HUKE KPUTHYECKOTO YPOBHSI.

OOBIYHO mTpoIlecC MOCTOSHHOTO YXYIIICHHUS CBOMCTB W3OJSIMH CBA3BIBAIOT C €€
TEIUIOBBIM CTapE€HUEM, BO3HUKAIOMIUM Npu neperpy3kax 0. [Ipu 3ToM cpok cirykO0bl H30II0UU
OTpezeNsieTCss Ha OCHOBAaHUHU y4yeTa pabouyux TeMIeparyp, a MpH AJUTENbHBIX Meperpy3kax
BBITOJIHSICTCSI COOTBETCTBYIOIIAs KOPPEKTUpOBKa. O/HAKO, KaK IMOKAa3bIBAIOT CTATUCTHYECKHE
uccienoBanus HanexkHOCTH DO, 3KCIUTyaTallMOHHBIM CPOK CIIY:KObI M3OJSIIIMM BO MHOTO pa3
MEHBIIIE CpPOKa €€ TEIJIOBOIO CTAPEHHUs, & OCHOBHOW NPUYMHON BBIXOAA U3 CTPOSI U3OJISILIUU
CTAHOBATCS MECTHBIC AeheKTHI [3, 4].

3HAUUTENIFHO CHU3UTH aBapuiHOCT, OO W MOJHATH YPOBEHb €ro HaJIeKHOCTH B
9KCITyaTalldd MOKHO TIOCPEICTBOM JajbHEHIIero CoBepIICHCTBOBaHUS cuctembl 1O,
0osiee KaueCTBEHHOTO MPOBEACHUSI KOHTPOJS HCIPABHOCTH, OCMOTPOB U PEMOHTOB. AHAIu3
NEMCTBYIOIMX PEMOHTHBIX HOPMAaTHBOB IOKa3blBaeT, uro cucrema TO DO He nuiieHa
HEJIOCTaTKOB M HYXJAeTcs B coBeplieHCTBOBaHuM [3, 4]. B dacTtHOCTH, cCyliecTBYyromas
ctpykrypa TO Hu3koBoIBTHOrO D0 MpeaycMaTpuBaeT OO0JIBIIOE YHCIO PEMOHTHBIX OCMOTPOB, a
CPOKH X TIPOBENICHHS IUTAaHUPYIOTCS 0e3 audepeHIIMPOBaHHOTO yUeTa HAJACKHOCTH Pa3IMIHBIX
Bu0B D0 M yCIOBUH €ro 3KCIIyaTaltu.

OnTtumuzanus MeporpusaTiii no TO mpou3BOIUTCS HA OCHOBE MaTEMaTH4YEeCKUX MOJeei
[3, 4], anexkBaTHO OTpaKAIOLIMX OCHOBHBIE CTpaTeruu oOciyxuBaHUs pasHbix TUnoB D0. Iloxg
CTpaTerueil OOCITY)KHBAaHUSI TMOHUMAETCS OIPENEIIEHHBINA TOPSAIOK BBIMOJHEHHUS MEPOTPHUSTHIA
no TO, 00yciioB/IeHHBIIf HEKOTOPBIM HAOOPOM BO3MOXKHBIX JIEMCTBUI KakK MOCIEaBapHUIHOI0, TaK
U TIPEIYyNPEIUTENBHOIO XapaKTepa.

MATEMATHYECKOE OITUCAHUE UCXOJA
JUATHOCTHUKHU DJIEKTPOABUI'ATEJIA

B paGote [1] mana knaccudukanus mepornpustiuii TO u chopmyaupoBaHbl THUIOBBIE
CTpaTeruy OOCITY>KUBAHUS 1151 HU3KOBOJIBTHOTO B3pbIBOOEe30macHoro 30, 3KCITyaTHPyeMOro Ha
NPEINPUSATHSIX ~ YTOJBHOW TPOMBIIUICHHOCTH. [lokazaHo, 4YTO IS DIEKTPOABHTATENCH
nenecooOpasHa IU1aHOBas crparerust rpynnoBoro TO ¢ IMarHOCTUKON COCTOSHUS M3OJSIIUU U
noJiHbIM aBapuiiHeIM pemMoHTOM (APII) mpu otkaze (ctpareruss TO ¢ APII mpu otkasze).
OO6cnyxuBaHWE MPOU3BOAUTCS IHMKJINYECKH [0 HMCTEYEHUH OIPEJIeIEHHOr0 KaJleHIapHOro
BpeMeHU Tri. OCHOBHBIM KOHTPOJIMPYEMBIM IapaMeTPOM SIBISIETCS OMHYECKOE COMPOTHBIICHHE
U30JISALUH.
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CocrosiHue U30JISIIUY TIOCIIE MTPOBEICHHS AMArHocTHKH onumeM ¢ynknuerd Z = (0 V 1),

KOTOpasi TMpuHUMaeT 3HaueHue (0, ecau ee CONPOTUBIICHWE BHINIE KPUTHYECKOTO [2] M OT-
CYTCTBYIOT HEUCIPAaBHOCTH MEXaHWYECKUX 3JIEMEHTOB, WK | — B MPOTUBHOM ciydae. Bepo-
STHOCTH COOTBETCTBYIOIINX COObITHI 0003HaunM P{Z = 0} u P{Z = 1}.

Cayuaiinsnii mpouiecc X(t) TO anexkrpoasurareneit nmpu crparerun TO ¢ APII npu oTkasze
uMeeT ofHO pabouee cocTosHue FEo, TPH BOCCTAHOBUTENIBHBIX coctostHus Ei (I = 1, 2, 3) u
OTHMCHIBACTCS BBIPAXKCHUEM BUJIA

E,, ecu B MOMeHT t anekTpoaBUraTesns UcnpaseH (paboTaer);

E,, ecnu B MomenT t nponssourcs APII;

X(t) =

E,, ecnu B MomenT t mpousBeneHa quarnoctuka u Z =0,

E,, eciin B MoMeHT t iponsBenena auarnoctuka u Z =1.

HEJIEBAA ®YHKIUA OITUMU3ALIUN
TEXHUYECKOI'O OBCJIYKUBAHUSA DJIEKTPOABUT'ATEJIA
B kawectBe meneBoil (yHKIMHM ONTUMHU3AIMHM pa3Mepa Tn W3 DKOHOMHYECKHX
cooOpakeHHH 11e71eco00pa3HO HUCMOJIb30BaTh YJENIbHbIE CTOMMOCTHBIE 3aTpaTrbl B EAMHUILY
BpeMenu padbotsl D0 (py0./4):

C= Z MG®/T,,, @)

i=1
rae Ty — nepuoaudHocTs mianoBoro TO, u; | — HOMEp BOCcCTaHOBUTEIbHOU padoTsl (1 = 1, 2, 3),
cootBeTcTByIOmIEH cocrosuuio Ei; MG® — cpennme cymmapHble CTOMMOCTHBIE 3aTpaThl
(MaTeMaTHYeCKOe OXKHIAaHUE) TMPH HAXOXJACHUHM DSJCKTPOJIBUTATENS B I-M BOCCTAHOBHUTE/b-
HOM cocTosHMM Ei 3a Mexnpodunaktuueckuii nepuon Tr, py6.; GV — cpenmss crommocts
I-ii BOCCTAHOBHUTEIBHOM paboTHI, pyoO.

Omurmmem G cocrasroit dbyHKIHEH BIIa

G, 1=1 x(t)eE;
GV =1G?, i=2, x(t)eE,;
Gl =G’+G,, i=3, x(t)<E,

rne G3 — JIOTMONHHUTENBHBIE CTOMMOCTHBIE 3aTpaThl Ha PEMOHT JIIEKTPOABHUTraTeNsi, HE BbI-
JIepKaBILIET0 TUarHOCTUKY, PYO.

[Tpu 3TOM 3aTpaThl Ha MPOBEJEHHE BOCCTAHOBHUTENIBHBIX PabOT OyqyT CKIIaJbIBAThCSA W3
3arpaT Ha APII n TO, onpenenseMbIx U3 BbIpa)KEHUN:

MG® =G, -H(T,); MG® =G-P{Z=0}; MG"=G,-P{Z=1}, (@)

rne H(Tp) — GyHKIMS BOCCTAHOBIICHHS OTKa30B (Kak HW3OJIAIMH, TaK W MEXaHHYECKHX
DIIEMEHTOB) DJIJIEKTPOJBUTATENIel, COOTBETCTBYIOIIAs CpEIHEMY KOJHMYECTBY OTKAa30B Ha
unrepsaie (0,77).

Torma, moncrasus (2) B (1), momydaum

c:Ti{Ga.H(TH)+G}3-P{Z:O}+G§-P{Z:1}}. ©)

1
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Hnst ocymiecTBiaeHUs BO3MOXXHOCTHU BBIYMCICHUN onNTUMaibHOM mnepuoguyHoctu TO
anekrpoasurareneii mo (3) ompeaenum aHanuTHueckoe BeipakeHue mas P{Z =0} npu manHOR
CTpaTeruy 00CIyKUBaHUS.

Cobwitrie {Z =0}, cocrosiiee B TOM, YTO M3OJIAIMSA SJIEKTPOABUTATENSI HE COICPIKHT
NneeKTOB, CIIOCOOHBIX MMPUBECTH K CHUYKCHUIO COITPOTHBIICHHS U 0TKa3y Ha untepBaie (711, 277,
IpU YCIOBUHM €€ 0e30TKa3HON paboThl O MOMEHTAa BpeMEHH 177 MOXKET OCYIIECTBUTHCS IO
OJIHOMY U3 JIByX BapHAHTOB:

a) DSJEKTpoJBUTaTeNb 0e30TKa3HO mpopabotaer Bpemss t =Ty W mocie MpoBeneHUs
JTUATHOCTHKYU COMPOTUBIICHUE U3OJISINH OyIET BBIIIE KPUTHUECKOTO;

6) B Hekoropeiii MoMmeHT t=7(0<7< Tpy) okoHuurcs BHemIaHoBbli APII, mamee
JIBUTATENh TpopaboTaer 0e30TKa3HO Ha WHTepBaie (7, T;] M AWMATHOCTUYECKAs MPOBEpPKa B
MOMEHT 717 He OOHapYXUT AePEKTOB M3O0JIALMU, CIOCOOHBIX MPUBECTU K OTKAa3y Ha WHTEpBaJe
(Tr, 2T1), T.€. CONPOTHUBIICHUE U3OJIALIUK OY/ICT BBIIIE KPUTHUIESCKOTO.

Beposataocts coOpitus {Z = 0} (HOJOKUTEIBHOTO UCXOJa IUATHOCTUKH) B CUTYAIHH «@»
MOJKET OBITh MPEICTABIICHA B BUJIC

v (2T,)
() ©

rae W(t) =1 — F(t) — 3nauenus QyHKIMH pacrpeescHUs YpOBHEH HaaekHOCTH (0e30TKa3HOM
paboThl) U3OJSAIMU AJIEKTPOIBUTATEs] B MOMEHTHI BpeMenu t = Ty u t = 2777; F(t) — 3HaueHus
GbyHKIIMM pacrpeneieHus HapaOOTOK Ha OTKa3 M3OJSIUU DJIEKTPOJABHUTraTeNs JIsi MOMEHTOB
BpemeHu t = Tput =277

[Tpu onpeneneHnm BepoATHOCTH cOObITUSA {Z = 0} B cuTyaluu «0» pacCMOTPUM IPOLIECC
BOCCTaHOBJIEHUS, 00pa3yemblii MomeHTamMu APII na untepsaie (0, 777]. Ecniu 0o603HaunTh vepes
h(t) = H'(t) mIOTHOCTP BOCCTaHOBJEHHS B MOMEHT BpEMEHH [, TO MOXHO ONPEICITHTh
BEpOATHOCTh TOro, yto MomeHT APII nactynut B unrtepBane (i, t + At). Dra BeposTHOCTH
OTIpeieNsIeTcs KaK

P{Z :0}:l—P{Z :1}:

h(t) - At + 0(At) = H'(t) - At + O(At),
rae 0(At) — ucuesarorie Masas BeJIMYrHa 00jiee BHICOKOTO TIOPSIKA TPHOIKEHHS.

VYuuThiBas 3TOT BEPOSTHOCTHBIA CMBICH (GYHKIMU BocctaHoBieHus H(t), ompenemim
BEPOATHOCTH coObITUS {Z = 0} B cuTyanuu «6» no Gpopmysie nojaHoN BEPOSATHOCTU

Tj-”{l(ZT 7) 4h H(e) = J-‘PZT 7)

0 \P(T ) T z‘) h(z)dz.

Torna

P{Z=0)=

¥ (2T,) +Tf (2T, -7)
Y(T,) Y(T,-71)
[ToncraBus (5) B (3) u yuuThIBas, 4TO P{Zzl}zl—P{ZzO} u G; :G:"‘Gg,

OKOHYATENIbHO TMOJIYYMM BBIPDOKEHHE 1eJeBOW (YHKIIMM ONTUMHU3AIMU JJsl OMpEeeIIeHUs
nepuoguyHoCcTH TO 37EeKTpOIBUTATENECH:

Tl[
C:i G, -H(T,))+G°’+G, - \P(Tﬂ)_T(ZTH)_J‘T(ZT 7)

T, ¥(T,)  ¥(T,—7)

h(r)dz. (5)

0

h(z)dr | ;. (6)
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3aMeTuM, YTO JJIsi HEKOTOPBIX 3aKOHOB PACHpPENEICHUs TPYIHO ONPEAEIUTh B SBHOM
Buze (yHkiuio BoccraHoBienus H(7r). B atom ciywae, kak mokazanHo B [3], MOXHO
BOCITIOJIb30BAThCSI MPHOIMKEHHOMN OIICHKOM:
T17
H(T,)~ [ f(®)dt=F(T,),
0
[Tockonbky onTuManbHblid iepro TO MeHble BeIWYHHBI HApaOOTKU HA OTKAa3 M3Jeus,
BEPOSTHOCTh TOTO, YTO 3a BpeMsi [j7 W3AEIHE OTKaXET Ooiblle ABYX pa3, OUYeHb Maja.
MakcumainbHasi OTPEIIHOCTh YIpOoIleHHOro Metona onpenenenus H(7T) He npesbiinaet 8 %,
YTO MIPUEMIIEMO ISl HHKECHEPHBIX PACYETOB.

3AK/IIOYMEHUE
[Tonyuennass maremaruyeckass wmojenb I1eneBod ¢yHkiuun TO snektponBurateneit
HaIpaBlieHA Ha OMpeJeleHHe ONTHUMAIbHOTO HHTEpBala OOCITY>KMBAaHUS JBUTATENS C IEIbI0
cokpaieHus 3atpat npu crpareruu TO ¢ auarHocTukoi coctostaus uzonsuuu u APIL.
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ECONOMIC AND MATHEMATICAL MODEL OF OPTIMIZATION OF REPAIR
AND PREVENTIVE MAINTENANCE OF ELECTRIC MOTORS WITH DIAGNOSTICS
OF THE INSULATION CONDITION

G.S. Kuzmin
Tver State Technical University (Tver)

Abstract. The article presents a probabilistic, economic and mathematical model and the
output of the objective function for optimizing the frequency of maintenance of electric motors,
taking into account operational preventive tests of electrical insulation and complete emergency
repairs in case of failure.

Keywords: electric motor, repair, prevention, maintenance, distribution function,
reliability, time to failure, electrical isolation, objective function, probability model.
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BJIMAHUE 3AIBIMJIEHHOCTH ATMOC®EPBI U BBICOTbBI IIIVIAKA
HA TEIIVIOOBMEH B AYTI'OBbIX CTAJIEIIVTABHJIbBHBIX ITEYAX.
YACTSD I|l. BIUAHUE BbICOTHI IHIIVTAKA HA TEIIVIOBBIE HAI'PY3KH
HA CTEHbBI 1 PACXO/J 3JIEKTPOOHEPI'MU

A.H. Maxkapoe
Tsepckoii cocyoapcmeenHblli mexHuueckui ynugepcumem (2. Teepw)

© Makapos A.H., 2021

AHHoTanus. VccnenoBanaoch BIMSIHUE BBICOTHI CIIOS IIJIAKA Ha TEIUIOBbIE HArpy3Kd Ha
BOJIOOXJIAK/IAEMbIE TMAHEJIM CTeH JYrOBBIX CTaJCIUIABMIIBHBIX Me4Yei. Y CTaHOBIEHO, YTO MOTOKHU
TEIJIOBOTO M3JIy4YEHHUs JYr Ha BOJOOXJIAXKIAEMbIC MAHETHW CTEH MaKCUMalbHBI TpU HE3a-
IyONEHHBIX Ayrax U Jydenpo3padHoil armochepe neun. C yBeIHMueHUEM BBICOTHI CIIOS IILJIaKa U
MOTJIONIATENIbHOM CIIOCOOHOCTH TBIJIEra3oBoi aTMoc(depsl Meun TEIUIOBbIE HArpy3Kd OT AYT Ha
BOJIOOXJIAKIAEMbIE TIAHEIM CTEH YMEHBIIAIOTCA M JOCTUTal0T MHHHUMYMa TPHU TOJHOCTHIO
MNOTPYXKEHHBIX B I[UIAK Iyrax W MaKCUMaJIbHOM KOI(PQUIIMEHTE MOTIOMICHHs IbUIEra30Bon
aTMocdepsl rmeyu.

KuroueBble cjioBa: 3JeKTpocTaib, AJIEKTpUYECKas Iyra, TEIUIOOOMEH, TEIIOBOE W3-
Jy4eHHE, NeYb.

DOI: 10.46573/2658-7459-2021-4-80-88

BBEJIEHUE

DneKTpUUecKue IyrH sBISIOTCS OCHOBHBIMHM UCTOUHHUKAMHU TEIIJIOBOM YHEPIHH B TyTOBBIX
cranemnaBwibHblx nevyax (JCII), ma ux pmomo mpuxomurca 55-65 % TemyoBoit sHepruw,
noctymnawtmie B coBpemennyto JCII [1-13]. [Ins cHukeHUs MOTPeOJICHUS DJIEKTPUUECKOU U
TEIUIOBOM PHEPrHUU HEOOXOAMMO opraHnu3oBaTh pexkuM padoTsl ayr JICII Takum oOpa3zom, 4ToObI
TEIUIOBOM MOTOK M3IY4YEHMs Iy MaKCUMaJIbHO IONAJaJl Ha METAJUIOUIMXTY U BaHHY MeTajljla U
MHUHMMaJIbHO Ha (pyTepOBaHHbBIE OTKOCHI, BOJOOXJIAXAaeMble MaHeNu cTeH U cBoga. CoriacHo
MHOTOJIETHUM 3KCIIEPUMEHTAJIbHBIM HCCIIEI0OBAaHUSM HAay4YHO-HCCIIEA0BATEIbCKUX KOJUIEKTHBOB
[1-7], TemnoBoii motok ayr B JICIT Ha 92-96 % COCTOMT M3 MOTOKA TEIUIOBOTO M3Iy4YEHHS; Ha
MOTOKH TETUIONPOBOTHOCTH, KOHBEKIIMU MPUX0AUTCS 4—8 % MorHocTH [3-5].

B XX Beke OTCYyTCTBOB&IM [aHHBIE AHAIWTHYECKOIO HCCIEHOBAHUS DPACHpEIEICHUs
TEIUIOBBIX MOTOKOB HM3IY4YEHHs IYr MO MOBEPXHOCTU CTEH, CBOJAA, BaHHBI MeTamia. B koHie
XX Beka aBTOpOM cTaThbM Obula pa3paboTaHa muoHepckas Teopus teruooomena B JICII [1],
KOTOpasi MO3BOJISIET PACCYUTATh TEIIOBBIE MOTOKU M3JIy4eHUs TyT Ha MOBEPXHOCTH CTEH, CBOJA,
BaHHBI MeTaylia. Bocmonb3yeMcss METOAMKON pacyeTa Terioo0MeHa, MoIpoOHO HM3JI0KEHHOW B
paborax [1, 2], ans aHanM3a BIUSHUS BBICOTHI CIIOS IIJIaKa Ha TEIUIOBBIE HATPY3KH OT AYT Ha
BOJIOOXJIaXKJa€MbI€ IIAHEJIM CTEH U Ha yJENbHbIN pacxon 3nexkTposnepruu B JICII.
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CXEMA JJISI PACYETA MOTOKA TEIIJIOBBIX U3JIYUYEHUM YT
HA CTEHBI 1YTOBBIX CTAJIEIIJIABAJIBHBIX ITEYEN

Cxema juist pacyeTa MOTOKOB TEIUJIOBBIX M3IYyYEHUU IYr Ha BOJAOOXJIAXKIAEMbIC MaHEIU
CTEH IpejcTaBlieHa Ha puc. 1, rie UCIoIb30BaHbl CIEAYIONUE 0003HAUYCHHUS !

|, — uHa nyry;

lorc — JUTHHA OTKPBITOM YacTH TYTH;

a, f, I — YTIIbl U pacCcTOsSIHUE, ONPEeNsieMbIe U3 TOCTpoeHul B mporpammax AutoCAD u
Excel. [T1oTHOCTH MOTOKA TEIUIOBOTO M3JIyYCHHUS JYTH, MAJAI0IIEr0 Ha PACUCTHYIO TUIOMIAKY Ha
crenax J[CII, onpenensum no BeipaskeHuo [ 1]

__ QP cos a cosP Loy . e‘kr

m2r2], !

IJI€ Ocm — JOJS MOIIHOCTH, BBIACJSIOIICHCS B cTOJ0E ayru; Pj — MONIHOCTH Ayru; K — Ko-
s¢unrent nornomenus razosoit cpeast JCII, k = 0-0,7.

P

Puc. 1. Cxema 11 pacuera OTOKOB TEIUIOBBIX U3YyYEHHI yT Ha CTEHBI.
1-5 — Homepa pacueTHBIX 1UI0IIA0K Ha cteHe J(CII

3HauuTeNbHbIE TEIUIOBbIE HArpy3KHM Ha BOJOOXJIAKJAEMble IAHEIH CTEH BBI3BIBAIOT
MOBPEXACHNS NAHEJIEH, BHITEKAHNUE BOJBI M3 MOBPEXKIECHHBIX MAHEIEH HAa BaHHY METajlla, YTO
ABIIIETCS aBapuiiHOM cutyanueil. HeoOXo1uMo BBINOJHUTH pacyeThl TEMJIOBBIX IMOTOKOB Iy Ha
BOJIOOXJIAXXKJaeMble maHenu creH B BblicokoMmomuHbiXx JICII-100 Bmectumocthio 100 TOHH,
MottHocThio 90 MBA. Crnenyer BBISICHUTB, KaKOBa MaKCUMallbHAsl BEJIMYMHA TETUIOBBIX [TOTOKOB
U3JTY4YEHUs YT Ha BOJOOXJIAXK/IAeMbIe MaHEeNIM CTEH, KaK BJIMSAET MOTJIOoUaTelbHas CIIOCOOHOCTD
MBLIEra30BOM Cpenbl Ha BEIMYMHY TEIUIOBBIX MMOTOKOB M3JIy4€HHs Iyr Ha cTeHbl. HeoOxomumo
TaK)K€ BBIICHUTH, KAKOBO BIIMSHUE BBICOTHI CJIOS 1IUIAKa HA TEIUIOBBIE IOTOKU M3JIy4E€HHUS Iyl HA
BOJIOOXJIAXKTaeMble maHenu creH. [lapamerpsr kaxkaoi u3 tpex ayr JCII-100: Pz = 18 MBHT,
I = 300 MM, 0wz = 0,92. KoaddurmenT normomeHust 1uis Ty4enpo3payHoil aTMOc(epsl Mmedn
k = 0; s 3anmbuteHHO# atMocdeps kK = 0,7.
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BJIMAHUE BBICOTHBI CJ10A HIJTIAKA
HA TEIIVIOBBIE HAI'PY3KH HA CTEHBI U KIIJ AYT
Jlnist yBeTMueHMsI BBICOTHI ¢J10s utaka 10 250-350 MM He06X01MMO HHTEHCU(UITUPOBATD
paboTy MH)KEKTOpa YroJbHOI'O MOPOLIKA, MPU 3TOM M3 NEUU yIAIAETCsl MaKCUMAaJbHBIH 00beM
MbLIEra30Boi cmecu (puc. 2).

Puc. 2. Cucrema ynanenus razos u3 JICII

BbinmonHunM pacueT MOTOKOB TEIUIOBBIX u3nydeHuid ayr Ha creHsl JICII-100 mpu
3arnyOiieHnd Oyr B BaHHY MeTanna W nwiak Ha 300 mm. [Inmuna nyr cocrasmser 300 mwm,
CJIeIOBATENILHO, OHH IOJHOCTBIO MOTPYXKEHBI B BaHHY MeETajula W IIIak. Pe3ynbrarel pacdera
IIPUBENIEHBI HA puC. 3.

[Ipy TOJHOCTBIO TMOTPYKEHHBIX B IDIAK Jyrax MaKCHMAaJbHbIE TOTOKH TEIUIOBOTO
M3JydeHHsl yT HAa y4acTKM CTEH, PAcIONOKEeHHBIE HAMpPOTHB AyT, cocTaBisiorT 300 kBt/mM? B
nydenpospauHoii cpene n 230 kBt/M? B mormomaromeii cpene, uto B 2—1,6 pa3a MeHbIIE IO
CpPaBHEHMIO C pabOTOl MeYu ¢ OTKPBITHIMHU AYramMH MpH MX 3ariayO0JeHHHd B BaHHY MeTallja Ha
70 Mmm. TerutoBble TIOTEPU C OXJTAKIAIOIMICH BOJOH MPOMOPIMOHAIBHBI TEIJIOBBIM ITOTOKAM
U3ITy4eHUs JIyT, MaJaloluM Ha BOJOOXIaKAaromue naHenu. Cie1oBaTeNnbHO, IPU YMEHBIICHUN
TEIUIOBBIX TMOTOKOB M3Ty4YeHHs AYr Ha CcTeHbl B 2—1,6 paza Ha aHAJOTUYHYIO BEJIUYUHY
YMEHBINAIOTCSA TEIUIOBBIE MOTEPH C OXJIKIAIONIEH BOJOW M HAa CTOJBKO K€ YBEIUYUBAIOTCS
M0JIE3HbIE TIOTOKU TEIUIOBOTO M3JIy4YEeHHs IyT Ha BaHHY MeTailia U miak, noseimaercs KII/I ayr,
YMEHbINIAETCsl YAeIbHOE MOTpedlieHne Medblo dNeKkTposHepruu. Pesynpratel pacuera KIIJ myr
neun JICII-100 mokaseiBatot [14—16], uyTo mpu 3araybieHnn Ayr B BaHHY MeTauia v nwiak ¢ 70
1o 300 mm KIIJ{ nyr Bo3pacraer ¢ 0,46 no 0,74, 1.e. B 1,61 paza. U3BectHo, uto KII/I nyru — ato
OTHOIICHHE IOJIE3HON MOIIIHOCTH JIyTH, U31y4aeMOi CTOJIOOM Jyry Ha BaHHY MeTaljia U IJakK, K
MOIIIHOCTH AYT. MI3BeCTHO, uTO YeM OOoJIbIle BHICOTA HE 3ariTyOJIEHHON B BaHHY MeTajlia U IIJIaK
cronba ayru, tem wmenbmie ee KIIJ [14-16]. Haumenbmmit KITJ] ayr umeroT mia3zMeHHO-
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JYTOBbIE M€YM, Y KOTOPBIX CTOJO Jyrd HMOJHOCTbIO OTKPHIT U m3nydaer 10 80 % MouiHOCTH B
CBOOOJIHOE MPOCTPAHCTBO, a okoio 20 % — Ha BanHy Metaia (puc. 4). KIIJ[ ayr nmna3meHHO-
JIYTOBBIX Teueit cocrasisier 20-25 % [1].

Hem, M

20 \\
15

a5 )
0 w180 270 Kbm

700 4 M

20 &
15

a5

0 a 80 270 q K@‘”
M
3]

Puc. 3. Pacnipenenenne mioTHOCTEN NOTOKOB TEIUIOBBIX U3Iy4eHUH Oyr BeicoTON 300 MM
no BeicoTe cteH neun JJCII-100 npu BeicoTe 3armyonenus ayr 300 MM B mpo3paydHoit atMocdepe
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neun (l), B mornomaromeii armocdepe neuu (1) mo ygactkam creH,
PacIoJIOKEHHBIM HAPOTUB IyTH (a) U MeXIy nyramu (0)

Puc. 4. Cron6 nyru B 1mia3sMeHHO-IyroBOM Iedn

Pesynprarhl pacuera IUIOTHOCTEW IOTOKOB TEIUIOBBIX M3JIYyYEHHUH Jyr Ha CTEHbI
JCII-100 monrBepxknaensl npaktukoi skcryaranuu JCII. C yBeamdyeHHEM BBICOTBI CIIOS
nutaka ¢ 238 mo 325 mm B meun JCII-120 ynmy4ymminochk SKpaHHpOBaHHE TEIUIOBBIX H3ITyde-
HUN AYr Ha BOJOOXJAXJAaeMble IAHEIM CTEH M CBOJA, YBEIWYWINCh IOTOKH TEIJIOBOTO
W3JIy4eHUsl YT Ha BaHHY MeTaia, nuiak, moseicwics KIIJ ayr, va 22 % cHu3MICS yAenbHBII
pacxon aiiekTposHepruu [17]. AHanoruusble AaHHBIE O BO3PAaCTaHMM YCBOCHHMS TeIUla YT
BaHHOM Mertaiia B 1,5-1,8 pa3a mnpu MNOBBINIEHHH BBICOTHI CJIOSI IJIaKa O TIOJHOTO
3ariay0OJsieHus: Iyr B IJIaK NMpuBeAeHbl B ucToyHukax [18, 19]. Takum obGpa3om, pacueTHble U
JKCIIEpUMEHTaIbHbIe JNaHHble [17—-19] HaxoaATCs B MOJIHOM COOTBETCTBUU JPYr JAPYry: MpHU
YBEJIMYEHUH BBICOTHI CJIOS IIVIaKa HA JEHCTBYIOIIUX IN€4aX YMEHBIIMIIUCH MOTOKU TEIJIOBOTO
U3JIYyYEHUs IyT Ha CTEHbI, YBEIUYMINCH MOTOKH TEIUIOBOI'O M3JIyYE€HUs Oyr Ha BaHHY MeTajula
U IUIaK, HNOBBICWINCH TeluloycBoeHHe BaHHbI M KIIJ[ nyr, cHM3MiCS yIEnpHBIM pacxon
ANEKTPOIHEPTHH.

SAKJIIOYEHHUE

W3 BeimonHeHHOTO aHanmu3a sHeprodanancoB twiaBok cranu B JICII cmemyer, uto B
mpolecce MPOAYBKM BaHHBI KHUCIOPOJOM M pPa0OThl WHKEKTOpa YroJILHOTO MOPOIIKa st
BCIIEHMBAaHUsl [UIaKa TMbUIeTa3oBasi aTMocdepa TMe4YM XapaKTepus3yeTcss MaKCHMalbHBbIM
ko3 duurentom noriomenus. [Ipu 3ToM TemoBoe U3ydyeHHe AyTr B CBOOOJIHOE MPOCTPAHCTBO
ne4yd morjiouiaercs mbliera3oBoi armocdepoit mneuu. Ilpu makcumanbHOM KO3 dHUIEHTE
MOTJIONISHHUS MbUIeTa30Bas aTMocdepa IKpaHUPYET BOJOOXJIAXkTaeMble MTaHeIH CTEH W CBOJAA OT
TETJIOBOTO M3JIYYCHHS YT, PU STOM TEIJIOBBIE TIOTEPH C OTXOAAIIUMHU Ta3aMi MaKCUMaJIbHBI, a
C OXJIKJIAOLIEN BOJIOM — MUHUMAJIbHBI.
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B orcyrctBHe mNpoAayBKM BaHHBI KHUCIOPOAOM M TpU HEpaOOTAIOMIEM HHKEKTOpe
YJrOJIBHOTO TMOpOIIKa aTtMocdepa IMeyd Jydemnpo3pauHa, TEIUIOBOE U3IydeHue Aayr Oec-
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HPEMSATCTBEHHO MPOXOANUT Yepe3 CBOOOIHOE MPOCTPAHCTBO MEUX U MaJaeT Ha BOJOOXJIaKIaeMbIe
naHesd creH W cBoja. Ilpu myuempospauyHoit aTtmocdepe meud TeIJIOBble HArpy3Kd Ha
BOJI0OXJIAkK/IaeMble MAHEIN CTEH IOCTHIal0T MAaKCHMAlbHBIX 3HaueHHi B 600 KBT/M? U BhIIIE.
[lepuon paboTel ¢ Jyuenpos3pauHoil aTmocdepoil sBiseTcs Hambosnee omacHbIM, Haunbolsee
TEIUIOHANIPSDKEHHBIM JIJISl TIAaHEJIe CTeH W cBoja meuu. [lpu mydenpospadnoit armochepe nedu
TEIUIOBBIE MOTEPH C OXJIAXKJAolIeH BOJONH MaKCHMalbHBI, C OTXOIAUIMMH Ta3aMd — MHUHU-
MaJbHBI.

TemnoBele MOTOKM, MaJarolIMe Ha BOJOOXJIAXK/IaeMble MMAaHEIU CTEH, MaKCUMaJbHBI B
JTy4enpo3pavHoi cpejie U MPU HE3HAYUTEITLHOM 3ariyOJIeHU! AYT B IIJIAKUA JOCTUTAOT 3HAYCHUN
600 kB1/M? 1 BbIme. IIpu He3HauMTENbHOH BbIcoTe ciios mutaka KIIJ[ ayr mMam M cocTaBisier
0,46, ycBoeHue Teluia AYr BaHHON HE3HAUMUTENIBbHO, PAcXo]] IEKTPO’HEpruu ypenudeH. llpu
yBeJMYEHUH BbICOTHI cinod 1uaka KITJ ayr u temnoycBoeHune BaHHBI Bo3pacTtatoT. [Ipu moiaHoM
norpykeann B 1wiak KIIJI myr nocruraer 3uauenusi 0,74-0,78, TemiaoycBoeHHE BaHHBI
MaKCHUMaJbHO, YAEIbHBIN pacXo]] 3IEKTPOIHEPTUN YMEHBIIIAETCS.
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INFLUENCE OF ATMOSPHERIC SMOKE AND SLAG HEIGHT
ON HEAT EXCHANGE IN ARC STEEL MELTING FURNACES.
PART Il. INFLUENCE OF SLAG HEIGHT ON WALL THERMAL LOADS
AND ELECTRICITY CONSUMPTION

A.N. Makarov
Tver State Technical University (Tver)

Abstract. The influence of the height of the slag layer on the thermal loads on the water-

cooled panels of the walls of arc steel-making furnaces was investigated. The fluxes of thermal
radiation from arcs to water-cooled wall panels are maximum when the arcs are not buried and

87



Ne 4 (12), 2021 Bectauk TBepcKOro rocy1apcTBEHHOTO TEXHUYECKOTO YHHUBEPCHUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMHUUECKUE TEXHOJIOTUH»

the atmosphere of the furnace is transparent. With an increase in the height of the slag layer and
the absorption capacity of the furnace dust and gas atmosphere, the thermal loads from the arcs
on the water-cooled wall panels decrease and reach a minimum when the arcs are completely
immersed in the slag and the maximum absorption coefficient of the furnace dust and gas
atmosphere.

Keywords: electric steel, electric arc, heat exchange, heat radiation, furnace.
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BbIBOP METOAUKHU U KOJIMYECTBEHHOE OIIPEJEJIEHUE
COJAEPKAHUSA XJIOPUJA-NOHOB B OBPA3IAX BETOHA
MOCTOBBIX KOHCTPYKIIUI
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Tsepckoii cocyoapcmeennblli mexHuieckuil yrusepcumem (2. Teepw)
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AHHoTauusi. B pabore paccMOTpeHbI BHIOOP METOIUKH U KOJTUYECTBEHHOE ONPEICIICHHIE
COJIepKaHUs XJOPUI-MOHOB B 0Opa3lax OeTOHa MOCTOBBIX KOHCTPYKLUMH M JIPYTHX TpaHC-
MOPTHBIX COOPYKEHUH, K KOTOPHIM MPEIbSBIISIIOT MOBBIIIEHHbIE TPEOOBAaHUS 110 KOPPO3ZUOHHOU
CTOMKOCTH M JOJroBeuHocTH. HapylieHne maccMBHOM IUICHKH, 3alUINAIOIIEH METaJUIMYECKYIO
apMaTypy B JKeJl1e300eTOHe, BO MHOTOM BO3MOYKHO 3a CUET MPOHUKHOBEHHUS K TTIOBEPXHOCTH CTAJIH
arpecCUBHBIX XJIOPUI-UOHOB, IIOITOMY CBOEBPEMEHHBIN KOHTPOJIb COJAEPKAHUS XJIOPUI-HOHOB B
o0pa3max 0eToHa MOCTOBBIX KOHCTPYKIMK HEOOX0muM uis oOecriedeHus 3pPpeKTuBHON pabOThI
9THX OTBETCTBEHHBIX MHXEHEPHBIX COOPYKEHUI.

KuroueBble cjioBa: XJI0pUJI-MOHBI, O€TOH, KOPPO3Hs apMaTypbl, MOCTOBBbIE KOHCTPYKIIHH.

DOI: 10.46573/2658-7459-2021-4-89-95

Koppo3noHHast cTOMKOCTh — 3TO CIOXHBIM (DU3UKO-XMMHUYECKUH Ipolecc B3auMo-
JIEHCTBHS COCTaBHBIX KOMIIOHEHTOB O€TOHA M HEOJIaronpusTHOW BHELIHEH cpesibl, B pe3ysibTare
KOTOpPOTO B CTPYKTYpEe MOSBISIOTCS HOBOOOpa3oBaHUS M M3 O€TOHA BBIBOJAMUTCS YacTb
KOMITIOHEHTOB, YTO IIPUBOJUT K CHUJKEHUIO €r0 IPOYHOCTH U MOCIEAYIOLEMY Pa3pyLIEHUIO.

Koppo3nonnast croiikocTb OeTOHAa 3aBUCUT OT €ro IPOHUIAEMOCTH U CHOCOOHOCTH
LIEMEHTHOIO KaMHsI M 3allOJHMUTENEH BCTYNaTh B XMMHMUYECKYH) PEAKIMI C arpecCHBHBIMU
BemectBamu [1, 2]. TlepeHoc arpeccuBHOW cpeasl B TOPHUCTOM CTPYKType OeToHa
OCYILIECTBIISIETCS. TI0 MEXaHW3My BSI3KOIO TEYEHHUs IOJA ACHCTBHEM TIpaJUEHTAa JaBJICHUS U
KalWUIIPHBIX CHWJI M TI0 MeXaHu3Mmy nuddy3uoHHoro mnepeHoca (Mpu HAIUYUHM TpaJUCHTA
KOHIICHTPALIMK arpecCHBHOTO BellecTBa). B 0eToHaxX ¢ MHKPOCKOMMYECKUMH MOPaMH
arpeccuBHasl cpefia MpoHUKaeT no Auddy3noHHOMy MexaHusMmy. Ha nud¢ysmnonssiit nepeHoc
OKa3bIBAa€T BIMSIHHUE 3apsii IMOBEPXHOCTH Nop. Tak, OTpULATENbHBIA 3apsii 3aTpyIHSET
TG dy310 HOHOB XJIOPUIOB U CYIb(}aTOB.

ParoHanbHeIM 110A00POM 3€pHOBOTO COCTaBa MOXHO 3((EKTUBHO CHU3UTH HPOHM-
11aeMOCTh 0€TOHA ¥ TOBBICUTH €T0 KOPPO3HOHHYIO CTOMKOCTh. CaM 1o cebe 1eMEeHTHBIN KaMeHb
UMeeT MUHUMAIbHYIO0 MpoHHUIaeMocts. C no0aBlieHMEM MEJIKOTO0 M KPYIHOTO 3alloJHUTEINS
CKOPOCTh TOPMOXEHHSI KOPPO3UM CHUXkaeTcsa. KpymHblil 3anoaHuTens cnocodctByeT nuddy3uu
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arpecCUBHBIX Cpell B CTPYKTYPY O€TOHA, TaK KaK KOHTAKTHBIE MOBEPXHOCTH MEXAY EMEHTHBIM
KaMHEM | 3arlOJIHUTENIEM SBISIFOTCS CIa0bIMH 4YacTsAMU OETOHHOM Marpuibl. B ycioBusx
arpeccUBHBIX Cpell HauOojee palMOHAIBHBIM SBISAETCS HCIOJIb30BAHUE MEJIKO3EPHHUCTHIX H
MIOPOIIKOBBIX OETOHOB, TOCKOJIbKY OHHM HMMEIOT IOBBIIICHHYIO KOPPO3MOHHYIO CTOWKOCTh H
CHIDKCHHYIO TIPOHUIIAEMOCTb [3].

Bosbmmoe 3HaveHue st 6ETOHA, SIKCIUTYaTUPYEMOTO B TOM MIIM HHOM arpecCUBHOMU cpejie,
UMEeT TMpaBWIbHBIA NOAOOP BSsDKyHIEro. B  KauecTBe BSDKYIIMX BEIIECTB MPUMEHSIOT
NOPTIAHAIEMEHT, MOPTIAHAIIEMEHT C MHUHEpPAIbHBIMU J00AaBKaMH, IIIAKOMOPTIAHAIIEMEHT,
Cynb(})aTOCTOMKKE LEMEHThl W TIMHO3EMHUCThIC LEeMEeHThl. [10 JaHHBIM aBTOpOB cTaThi [4],
KOJMYECTBO BSKYIIETO TOKHO COCTAaBIAThH He MeHee 300 kr/me.

Koppo3noHHyt0 CTOWKOCTh O€TOHAa MOXKHO YIYYIIUTh BBEJICHHEM BBICOKOAKTHBHBIX
QTIOMOCHITUKATOB M TMOJHMKApPOOKCHIATHBIX IMOJMMEpPOB. Takue peaklMOHHOCIIOCOOHBIE MOJIH-
Mephl 3a CYeT TOBBIINICHUS IUIOTHOCTH O€TOHA W TUAPATAIMOHHON aKTUBHOCTH CHCTEMBI
MIO3BOJISIOT MOJIYYUTh OCTOH ¢ KO3 PHUIIMEHTOM XuMU4eckoi croiikoctu 10 K > 0,96 B cpenax
5%-ro pactBopa Na,COsz u 5%-ro pactBopa MQgCl> [5]. Panee cxokee wucciemoBaHue
NPOBOJWIOCH C TPUMEHEHUEM Cpa3y JBYX KOMIUIGKCHBIX JI00aBOK, OJHA H3 KOTOPBIX,
MOJTy9YEeHHAs! HA OCHOBE MOJMKAPOOKCHUIIATHBIX TOJIMMEPOB, OblIa MOAH(PHUIIMPOBAaHA BEIIECTBAMU
HEOPraHMYECKOW TPUPOJBI, a Jpyras, Ha OCHOBE TPYJHOPACTBOPUMBIX COJICH MarHusi, ObLia
MOU(PHUIIMPOBAHA THOKCHIOM KPEMHHS.

B pesynprare ObLI TOJMY4YeH OCTOH C MPOYHOM M IUIOTHOM CTPYKTYpOW, B KOTOPOU
HaOJII0MaMCh TPYJHOPACTBOPUMBIE THAPOCHIIMKAT KAJIBIUS U KapOOHAT MarHus, MOBBIIIAIONINE
Kod(duIMeHT Koppo3uoHHo croiikocTu 10 0,95 u Gonee, B cpenax 5%-ro pactBopa NaxCO3 u
5%-ro pactBopa MgCl. [6].

C ycrexoM MPHUMEHSIOT JUIsl yJAy4IIeHHs KOPPO3UOHHOW CTOMKOCTH OETOHA aKTUBHBIC
MHUHEpaJIbHbIE JT00aBKH: 30JIy-YHOC, MHKPOKPEMHE3eM H Jpyrue, CHOCOOHBIE CBS3BIBATH
00pa3youuiicss MpH THIpaTallMd IIEMEHTa THUAPOKCH] KalbIHs B HU3KOOCHOBHBIE KpHCTAll-
JMYECKUE COCAMHEHUsS. Ba)kHO MOMHUTH, YTO M30BITOYHOE KOJIWYECTBO TaKUX JOOABOK MOMKET
yXyIIaTh XapaKTepucTHKH OeroHa. Tak, BBeICHHE 30IBI-yHOCAa CBEPX HOPMBI MOXKET CHH-
3UTh €r0 KOPPO3MOHHYIO CTOWKOCTh M MOPO30CTOWKOCTh M3-3a HAJHUYUS OPTaHUYECKHX OCTaT-
KOB [7].

[Tomumo koppo3uu caMoro OeToHa, B KENe300€TOHHBIX M3ACNUAX U KOHCTPYKIUSIX
POMCXOIUT KOPPO3HsI apMaTyphl, KOTOpasi K TOMY K€ CIIOCOOCTBYET Pa3BUTHIO KOPPO3HMOHHBIX
IPOIIECCOB B 30HE KOHTakTa OeToHa M apMmarypbl. KOppOo3WOHHBIN TpoIecc Ha CTalld MOXKET
Pa3BHUTHCS B TOM Cllydae, €Clii OyIyT CO3JaHbl YCIOBHS JUIS MPOTEKAHUS DIEKTPOXMMHUYECKUX
NapUUabHBIX  PEAaKIMiA: KaTOJHOTO Tpolecca JeNoJspu3aldd H aHOAHOTO Ipolecca
pacTBOpeHUs. DTO CTAaHOBHUTCS BO3MOXKHO TIPH HAapyIIEHWH NACCHBHOM IUICHKH, KOrjaa K
MOBEPXHOCTH CTalld MPOHHUKAET KHUCIOPO (IETOISIpU3aTOp KAaTOJHOTO MpoIlecca), CO3MAr0TCs
JOKaIbHBIE KAaTOAHBIE ¥ AaHOMHBIE YYaCTKHM W BO3HHMKAeT pa3HOCTh IIOTEHIMAJIOB, T.C.
dbopmupyroTCST MUKpOTanbBaHomapsl. C y4eToM TOro, 4To OETOH MMEET JTOCTATOYHO BBICOKYIO
HOPHUCTOCTh, BEPOSTHOCTH IMPOHUKHOBEHHS K TOBEPXHOCTH apMaTypHOW CTalld KHCIOpoJaa —
JeTIoNISIPU3aTOpa KaToTHOTO TpoIiecca — BeChbMa BBICOKA.

Hapymenue mnacCHMBHO#M TUIGHKH, 3alUIIAIONICH METaJul, BO3MOXXHO IO CIEIYIOUIHM
NPUYHHAM:

1) ymenbienne pH mopoBoii ®HUIKOCTH 0 BenHUuH Hike 11,8;

2) IPOHUKHOBEHHE K MMOBEPXHOCTHU CTAJIM arpPECCHBHBIX XJIOPH/I-HOHOB,

3) ycKopeHHe aHOJHBIX MPOLIECCOB PACTBOPEHUS CTAJIH.

91



Ne 4 (12), 2021 Bectauk TBepcKOro rocy1apcTBEHHOTO TEXHUYECKOTO YHHUBEPCHUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMHUUECKUE TEXHOJIOTUH»

Eciu nepBasg u TpeTbsl IPUUMHBI CaMM SIBJISIOTCS CIEACTBUSIMH PACCMOTPEHHOI'O BBILIE
HOBBIIIEHUS TPOHUIIAEMOCTH OETOHA, TO BTOpasi — 3TO MEPBONPUYMHA JJAHHOI'O BUJIa KOPPO3UH,
BO3HUKAOIAsA, B YacTHOCTH, 3a CUeT I[IONAaJaHUs XJOPUA-MOHOB B OETOH B COCTaBe
3aIlOJIHATENEH, a TAKKe IPOTUBOTOJIONIEIHBIX PEarcHTOB. B HEKOTOPBIX Cilydasx Urpaer poib U
NpUMEHEHHE TPU MPOU3BOACTBE OETOHA YCKOPUTENEH TBEpIEHHS — XJIOPCOAEPKAIIUX T00aBOK.
[TosTOMY KOJNIMYECTBEHHBIN aHAINU3 XJIOPUA-UOHOB B COCTaBE OETOHHOI'O KaMHsI HEOOXOAUM JUIs
OLICHKM CKOPOCTM IPOTEKAHMUSI KOPPO3UMOHHBIX IIPOLECCOB U MPHUHATUS COOTBETCTBYIOLIMX
MEpONPUATHHA 10 00ECIIEYEHHIO JOITOBEYHOCTH TPAHCIIOPTHBIX COOPYKEHUH.

K TpynHOCTSM KOJNIMYECTBEHHOIO aHajlIM3a B JAHHOM Cily4dae CJIEAYeT OTHECTH
o0ecrieyeHrne MOJIHOIO MepeBojia XJIOPUI-MOHOB B PACTBOP, A TAKXKE CEIEKTUBHOCTb U BBICOKYIO
qyBCTBUTEIHHOCTh METO/IA, IOCKOJIBKY B aHAIM3UPYEMBIX 00BEKTaX COJEPIKAHUE XJIOPHI-MOHOB
BO3MO)XKHO HAa YPOBHE COTBIX M TBICSIYHBIX JOJIECH MPOLIEHTA, a IOJIy4aeMble IIPM IOATOTOBKE
AQHWINTUYECKUX MPOO KHUCIOTHBIE BBITSKKU COAEPXKAT KOHLEHTPUPOBAHHBIE PAaCTBOPHI COJIEH
KaJIbLUs, AIFOMUAHUSA U IPYTUX METaJIOB.

[Ipu oueHke conepkaHHWs XJOpHIAa B CBEKEM W 3aTBepiAeBIIeM OeToHe HamOoiee
nonysspen Meroq Bonapaa [8], corinacHo koTopomy o61iiee KOJIMYeCTBO XJIOPHIOB ONPEACTISIOT
pacTBopeHueM TpoObI B a30THOH KuCiOTe, (QuiabTpoBanueM U TuTpoBanueM AgNOs3 ¢ wuc-
I10JIb30BAHNEM XJIOPUJ-CEJIEKTUBHBIX JJIEKTPOIOB.

Pasnoxxenne nmpoO MpoOBOIWIM B COOTBETCTBUU € peKOMeHIanusIMu [9] myreM o0paboTKu
HABECKM H3MENbYEHHOro oOpasuma Maccoil 1o 22 r pactBopom HNOsz (mpmmmBamu 100 cm®
kucaotbl 1:10) mpu xomHaTHON TeMmieparype. B HekoTophIx ciiydasx HaOmroaanoch OypHoe
BbIJICJIEHUE YIJIEKHCIOoro raza. IlomydeHHbIH KUCIBIA pacTBOpP OTGUIBTPOBBIBAIN M JOBOAUIH
o6wem 10 100 cm® Bosoii B MepHOIi Ko16e. I aHANM3a MCHIOIB30BATH ATUKBOTHI HOTyYeHHBIX
pacTBOpPOB.

[Ipu BbIOOpPE METONMKM aHanu3a ObUIM MCHBITAHbl TPU CIOCO0a €ro OCYIIECTBIICHHUS:
npsMOe TUTPOBaHME CTAHJAPTHBIM PACTBOPOM a30THOKHUCIIOTO cepedpa ¢ HCIOJIb30BaHUEM
XpoMmaTa Kajius B KauecTBe IBETHOro uHaukaTtopa [10], obpaTHOE TUTpoBaHUE N30BITKA HUTpATA
cepebpa poganuaoM kanus no @onsrapay [11] u norenumomerpudeckoe TuTpoBanue [12, 13].

AHanu3 CIENOBBIX KOJUYECTB XJIOPUA-MOHOB TMEPBBIMU JBYMsI METOAaMHM H3-3a
3HAYUTEIbHON OMIMOKM B ONpEAETICHUH KOHEUHOW TOYKM THUTPOBAHHUS OKA3aJICs MPAKTUYECKH
HEBO3MOXKHBIM.

IIpy mnpoBeeHMH MOTEHIMOMETPUYECKOTO THUTPOBAHUS MNPUMEHSUIM CYIb(QUAHO-
cepeOpsiHbI MOHOCENEKTUBHBIN 3nekTpon ¢upMbl Crytur M creuuanbHO HM3TOTOBJIEHHBIN
KaIllWJIJISIPHBINA cepeOpsHBIN 3JIEKTPO/I CPaBHEHHS.

B kauecTBe THUTpaHTa HCHOJB30BAJIM pacTBOp HHUTpaTa cepedpa ¢ KOHIEHTparuei
0,005 M. Jlns THTpOBaHHS TNPUMEHSIH sueiiky o6beMoM 50 cM® M aBTOMATHYECKYIO
MHKpOOIOpeTKy ¢ meHoii memenmst 0,02 cm®. Sdeifky CTaBMIM Ha MAarHMTHYIO MEIIANKY,
NPUIMBAJIN AJMKBOTHBIM 00BEM pacTBOpa, COAEPIKAIIErO XJIOPUIbI, TMOMEINAIH B PacTBOP
cepeOpOCEeNeKTUBHBIA U KaNMWULIPHBIM 3J€KTpoAbl. B KamwmispHBIN 3JE€KTPOJl 3acachlBallv
pacTBOp, OOECTEUMBAIOIIMN JIIEKTPUYECKHH KOHTAKT, W HAUYMHAIM THUTPOBAHUE IIyTeM
MpUJIMBaHUs TUTpaHTa nopuusimu no 0,1 em®. TTocite Ka)XJIOTO T0O0ABJICHUS] TUTPAHTA MTOTEHITHAIT
MH/IMKAaTOPHOTO 3JIEKTpOJa pPErucTpupoBain ¢ mnomoinsio noHomepa W-130. Ompenenenue
HKBHUBAJIEHTHOTO 00bEeMa TUTPAHTa BEJIU IIyTE€M pacueTa NepBON MPOU3BOJHOM OT MOTEHIMaNa
1o o0bemy npmiutoro AgNOs.
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Hwxe npuBeneHbl JaHHBIC MO COACPIKAHUIO XJIOPUJ-MOHOB B HCCIICIOBAHHBIX 00Opa3iiax
0eToHa MOCTOBBIX KOHCTPYKLHUN, OTOOpaHHBIX MPU OOCIIEJOBAHUU TPAHCIIOPTHBIX COOPY>KEHUN
Ha Tepputopun TBEpPCKO 00IaCTH:

Ne | HaBecka, r COHep)I%ZHHe cr, Ne Hagecka, T Conep )KOZHHG cr,
1 13,89 0,0077 13 5,44 0,0197
2 9,74 0,0328 14 7,65 0,0093
3 14,55 0,0147 15 9,89 0,0108
4 18,34 0,0077 16 18,14 0,0196
5 12,72 0,0084 17 6,20 0,0458
6 14,45 0,0270 18 10,16 0,0105
7 14,78 0,0096 19 11,61 0,0122
8 11,77 0,0081 20 9,59 0,0481
9 14,28 0,1040 21 12,55 0,0113
10 20,22 0,0053 22 8,04 0,0133
11 22,66 0,0439 23 12,25 0,0145
12 11,64 0,0092 24 12,88 0,0083

Takum 00Opa3om, B psjie MCCIENOBAaHHBIX 00pA3OB, OTOOpPAHHBIX IPH 00CIETOBAHUU
TPAHCIIOPTHBIX COOPYXCHHUH Ha TeppuUTOpUU TBepcKoW 001acTH, colepKaHUe XJIOPUA-HOHOB
cocrapnsier Oosee 0,1 %, 4TO MpeACTaBIAET ONPEACIECHHYIO YIpo3y COXPaHHOCTH CTajJbHOU
apMaTypbl B Kelle300€TOHE U JOJITOBEYHOCTH COOPYKEHHH M TpeOyeT NMPUMEHEHHUs COOTBET-
CTBYIOIIUX MEP MO 3aIIUTE 3TUX KOHCTPYKUUI OT KOPPO3HH.
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METHOD SELECTION AND QUANTIFICATION CONTENT
OF CHLORIDE IONS IN CONCRETE SAMPLES
OF BRIDGE STRUCTURES

V.V. Belov, V.I. Lutsik, Yu.V. Chursanov
Tver State Technical University (Tver)

Abstract. The paper considers the choice of methodology and quantitative determination
of chloride ion content in concrete samples of bridge structures and other transport facilities,
which are subject to increased requirements for corrosion resistance and durability. The violation
of the passive film protecting the metal reinforcement in reinforced concrete is largely possible
due to the penetration of aggressive chloride ions to the steel surface. Therefore, timely
monitoring of chloride ion content in concrete samples of bridge structures is necessary to ensure
the effective operation of these critical engineering structures.

Keywords: chloride ions, concrete, reinforcement corrosion, bridge structures.
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HNCCIEJOBAHUE DOPEKTUBHOCTU CYIIEPIIVIACTU®UKATOPOB
HA OCHOBE HOJIMMETHJIEHHA®TAJIUMHCYJAb®OKHUCJIOT
N NMOJIUKAPBOKCHUJIATHBIX D®UPOB

10.10. Kypamnukoe
Teepckoti cocyoapcmeennblil mexnuueckuil yHueepcumem (2. Teepv)

© Kypsarnukos 10.10., 2021

AHHoOTauusl. B ctarbe mpencrtaBiieHbl pe3ylbTaThl SIKCIEPUMEHTAIbHBIX MCCIIEJOBAHUMN
no omnpeaeneHuo 3()(HEKTUBHOCTH CyNepIuIacTU(PUKATOPOB HA OCHOBE CYIb(UPOBAHHBIX
MeJlaMUH(pOPMaJIbIEruI0B, CylIb()UPOBaHHBIX HadTanuH(OpManbIeruoB U MOIUKapOOKCHIIAT-
HBIX 3¢upoB. OnrcaHbl MEXaHU3MBI HX JICHCTBHSL.

KiroueBble cjioBa: cyneprulacTU(QUKaTOp, XUMUYEcKas J100aBKa, TEXHUYECKUE JIUTHO-
cynb(poHaThl, CYyIb(UPOBAHHbIE MeJIaMUH(POPMaNbAETHAbI, CYIb(QUPOBaHHBIE Ha(TaIUH-
dbopmanbaeruibl, Bogopeayuupyomuil 3hdexr.

DOI: 10.46573/2658-7459-2021-4-95-100

BBEJIEHHUE
V:xe Oosiee MOTyBeKa N3BECTHBI MIACTU(UKATOPBI, a B IIOCIEAHNE AECATUIETUS Cylep- U
runeprmiactTuukaropel — 3hdexkTuBHBIE A00aBKH, MO3BOJAIONIME B IIHPOKUX Ipelenax

perynupoBarh ya000yKIJIaJbIBAEMOCTh OETOHHBIX CMeceil, IPOYHOCTh, BOJIOHENPOHHUIIAEMOCTbD,
MOpPO30CTOMKOCTh U Jpyrue cBoiicTBa OeToHa. B HacTosiee Bpemsi MOXHO BBIIEIUTH TPU
OCHOBHBIX KJlacca IUIaCTU(PUIMPYIOMUX J100aBOK, HCIHOJB3YEMBIX B IPOMBIIUIEHHOCTH
CTPOMUTENBHBIX MAaTEpUAIOB: COEJUHEHHS Ha OCHOBE TEXHUYECKHUX JIUTHOCYIb(OHATOB;
cynb(pupoBaHHBIC MeTaMUHGOPMaIbICTH ] WIH HadTamuH(DOpMaTbACTUT; TOTUKAPOOKCHUIIATHBIC
a¢upsl (ITKC).

Jlo6aBkM TEpBBIX JBYX KIJIAcCOB OONAagar0T JMHEHMHON MOJIEKYNIIpHON CTPYKTYpO
(puc. 1, 2), ¥ UX YCIOBHO MOXHO OTHECTH K IpPEIbIAYyIIeMy MOKOJECHHUIO IMIacTU(UKATOPOB.
MexaHu3m JeHCTBUSL ATUX J00ABOK OCHOBBIBAETCS Ha 3JEKTPOCTATHUYECKOM OTTAJIKHWBAHUU 32
CYET XeMOCOPOIIMH MOJIEKYJI IIacTU(UKATOpPa HAa MOBEPXHOCTH YaCTUI] IEMEHTHOTO KIIMHKEpa U
o0pa3oBaHUsl JBOMHOIO 3JEKTPUUECKOrO CJOs, YTO NPHUBOJUT K CMEIIEHUIO 3HAYCHUU
(-noreHnmana B 0ojee 3JIEKTPOOTPHUILATENbHYIO 00JacTh M CIOCOOCTBYET AMCIEPTHPOBAHUIO
cuctembl (puc. 3). OnmHako dYepe3 KOPOTKOE BpEMs C pPOCTOM NPOAYKTOB THApaTallMd Ha
MOBEPXHOCTU 3€pPEH LIEMEHTA MPOMCXOAMT PE3KOE YXYIIIEHHE €ro AMCIEPTUpYIOLIEH CIOo-
CcOOHOCTH U, KaK CJe/ICTBUE, YXY/IIEHNE MOIBUKHOCTH OETOHHOM cMecH.
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Puc. 3. DnexTpocTaTdeckoe OTTAIKUBAHUE YaCTHUII

B ormimume ot mepBbIx ABYX KiaccoB no0aBok, IIKC oGmanaroT pa3BeTBICHHOH CTpPyK-
TYpOH W COCTOSIT M3 OCHOBHOM MOJHMKApOOKCHIBHOHM IIeTH, a TaKKe OOKOBBIX MOJUI(PHPHBIX
otBeTBiIeHUH (puc. 4). Takoe cTpoeHne oOecrieynBaeT YacTULAM LIEMEHTA JIEKTPOCTATUYECKOE U
cTepuyeckoe (IPOCTPAaHCTBEHHOE) OTTajKuMBaHue. Hammune MOHHOrO 3apsiia OCHOBHOH Lienu
HEoO0X0oauMO s ajcopOuuM MoJuKapOOKcHiaTa Ha TOBEPXHOCTH LIEMEHTHBIX 3€peH U
(bopMHpOBaHUS ANEKTPOCTATUYECKOTO AdeKTa, TOoraa Kak OOKOBBIE IEMOYKH MOJIEKYIIBI
o0ecrneynBaoT CTEPUYECKOe OTTAJIKMBAHUE, YTO YCHWIMBAET W YUIMHSET JUCIEprupyoliee
newctue [1, 2].

CH,— CH — | — |—CH, — CH —
I I
¢-0
I

O(CH,CH,0) H

Puc. 4. CtpykTypa nonukapOOKCHIaTHOTO hupa

Ha ceroansmmmii 1eHs Hanbosee XopoIo uecieaoBan cynepruiactudukarop C-3 (1 ero
Pa3HOBUIHOCTH), PEAYLMPYIOIINI Bomocoaepkanue Oonee dyeM Ha 20 % W MPaKTUYECKH HE
3aMeUISIONINIA THApaTaliio MuHepanoB kiuHkepa [3]. OmHako OGETOHHBIE CMECH, MOIU(H-
[IUPOBaHHbIE OONbIIMM KoyimdecTBOM C-3 WM JOpyruMH CynepruracTUUKATOpaMHd Ha €ro
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ocHOBe, mpu Oonpimoil monBmwkHOCTH ([14-I15) WMEIOT CKIOHHOCTh K PACCIaMBAHHUIO U
00JBIIOMY BO3/TyXOBOBIICUEHHIO, UTO YXYAIIaeT (U3UKO-MEXaHUYECKUE CBOMCTBA OETOHA.

B pabore [4] wuccinemoBaHo BIMsAHWE pa3IUuyHBIX —cynepmiactudukaropos (/-11,
C-3, Tlomumaact CII-3, Cympanadr, Mypamract ®K 88 (050), ITomummact CII-4, Sika
ViscoCrete 5-800, SikaPlast 2135) na cBoiicTBa IIEMEHTHO-TIECYaHBIX pacTBOpoB. Hamboee
3aMETHOE BIIMSHHE Ha IPOYHOCTH PacTBOPOB okasbiBatoT nob6aBku [lommmiact CII-3 u Sika
ViscoCrete 5-800. B mocneanue rojspl JUisi IIEMEHTHBIX OCTOHOB M PAacTBOPOB pa3paboTaH
psaa 3pGEeKTUBHBIX TUIEPIUIACTU(UKATOPOB HAa OCHOBE MOJUKAPOOKCHIATHBIX IOJIHMMEPOB
(cm. puc. 1): Melment F10, Melflux 1641F, Melflux 2651F u np. Dt runepriacTuuUKaTOPbI
MO3BOJIAIOT 00ECMEUUTh MOTyYeHHEe KaueCTBEHHO HOBOTO 3(eKTa U CHU3UTH BOJOMOTPEOHOCTD
IIEMEHTHBIX cucTeM Oosiee ueM Ha 30 % [5].

MATEPHUAJIBI U METO/IbI

Hamu BBINONHEHBI SKCIIEPUMEHTANBHBIE HCCIEIOBAHMS IO OmpeneneHuo 3¢ eKTuB-
HOCTU oTedecTBeHHbIX cynepriactudukaropos CII-3 BCII-7, Penamukc M2 u CII-1. B ka-
YEeCTBE BSDKYLIEro Mcnojib3oBanu noptriaananemeHT mapku [I[S0010-H AO «ManbuoBckuii
noptnanauement». Cynepmiactuduxarop CII-3 BCII-7 (TY 5745-006-58042865-2014) coor-
BercTBYeT TpeboBanusM ['OCT 24211 k mnacTuuuupyomuM 1 BOJIOPEayIUPYIOIUM 100aBKaM
U TPEACTaBIseT co00il comommmep MoJuMeTHICHHA(TATMHCYIb(pOHATa U JIMTHOCY/Ib(OHATA
Hatpus. Cynepmiactudukarop CII-1 (TY 5870-005-58042865-05) cooTBeTCTBYET TpeOOBaHUIM
['OCT 24211 k mmacTHPUUUPYIOIIMM € BOJIOPEIYLHPYIOUIMM JJ00aBKaM U IPEICTABISET
co0oil cMech TOMUMETHICHHADTATUHCYIb()OKUCIOT —pPa3IMYHOM MOJIEKYJISIPHOM  MaccChl.
Penamuke M2 (TY 574570-58042865-2012) coorBerctByer TpeboBanusm ['OCT 24211 k
WIACTU(UIHUPYIONIUM, BOJIOPEAYLUPYIOIUM J00aBKaM U YCKOPHUTENSM TBEpICHUS U Tpe-
cTaBisieT co0o0il cMech HaTaTMHCYIb(POHATOB U OPraHUUECKOTO YCKOPUTEIIS.

PE3YJIbTATBI UCCJIEJOBAHUS
JI7ig HaxOKJEHUS ONTUMATBHON TO3UPOBKH KOIMYECTBO M00aBOK BapbupoBaiu oT 0 110
0,6 % mo macce. Bnusnue conepkanusi 100aBOK Ha BOJOMOTPEOHOCTHh IIEMEHTa M BOJOpE-
ayuupyoomui 3¢ GheKT nmpeacTaBieHo Ha puc. 5, 6.

=@==Pesamukc M2
== CM-3 BCMN-7
cn-1

0 0.2 0.4 0.6 0.8
CopepxaHue go6asku, %

Puc. 5. 3aBucumocThb BOI[OHOTpC6HOCTI/I OEMCHTA OT COACPKaHUA ILOGaBOK
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0 0.2 0.4 0.6 0.8
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Puc. 6. 3aBrucuMOCTh Botopeynupyromero g dexra
OT COJIepKaHuUsI T0OABOK

[Ipu BBemenuu Bcex no00aBok B konudectBe 0,2 % BOAOMOTPEOHOCTH LIEMEHTA PE3KO
cHIKaerca. Bomopenyumpyrommii 3¢dext mpu stom cocraBmser: Pemammke M2 — 11 %j;
CII-3 BCII-7 — 14 %); CII-1 — 19 %. Haubonpmuii Bogopeayuupyroimii 3¢ hekt odecrneunBaoT
CII-3 BCII-7 u CII-1 — 33 % npu coaepxanuu 0,6 %. MakcumanbHbI BOJOpEyLUPYIOIINN
s dext nobaBku Penamuke M2 coctasnser 26 % npu ee conepxkanuu 0,5-0,6 %.

Bbutn  BBITIOJTHEHBI AKCIIEPUMEHTATIBHBIE HCCIEOBAHUS TI0 ONPEACICHHIO CBOWCTB
0eTOHHOI cMecH M OE€TOHAa B 3aBHCHMOCTH OT BHAa M KoauuecTBa gobaBok (SikaPlast E4,
CII-3, IT1, JTunamuxc [1K) npu oquHaKOBOM pacxojie [IeMEHTa U MOIBIKHOCTH OETOHHOM cMecH.
MakcuManabHYyI0 PaHHIOI M MapoyHYIO NMPOYHOCTh Mokaszal OeToH c¢ pobOaBkoit SikaPlast E4
(trabn. 1). Kpome Ttoro, coxpanseMocTh OeToHHOW cmecu c nobaBkoi SikaPlast E4 umeer
HauOosbiee 3HayeHne — 120 muH (Tabn. 2). MUHUMaIbHYIO PAaHHIOI U MapOYHYIO MPOYHOCTH
nokazain OeroH ¢ go6askoi CII-3. MuHumanbHas coXpaHsIeMOCTh OETOHHOW cMecH ¢ J0OaBKOU
[Homummacr 11 — 40 muH.

Tabnuya 1
CaolicTBa O€TOHHOM cMecH 1 0€TOHA B 3aBUCHMOCTH OT BHa J00aBKH

Konnye- [IpounocTh Ha cxaTue,

Ocanka IInotHOCTE
CTBO B/L1- 6 o MIla, B BO3pacre, cyT

Bunx nobasku OT MACCEI KOHYyCa OTHO- €TOHHOU

(OK), CMECH,
IIEMEHTA, HIEHHE 3 3 7 28
o cM KI/M
0

SikaPlast E4 0,6 20,5 0,625 2 309 32,0 42,0 48,3
[Momummact CIT-3 1,0 19,0 0,591 2261 29,9 38,2 43,3
[Momumnacr I11 0,7 20,5 0,613 2323 29,9 40,8 47,6
JImaamukc ITK 0,8 21,0 0,617 2316 30,9 38,8 46,1
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Tabauya 2
CoxpaHseMOCTbh OSTOHHOM CMECH B 3aBUCHMOCTH OT BHJIa JOOaBKH
Bpewms nocne okoHuaHust
Bun no6asku NepeMeTuBaHuUs, MHH Crxenne OK,
0 40 80 120 o
SikaPlast E4, 0,6 % 19,5 18,5 15,5 12,5 7,0
IMomumnact I11, 0,7 % 18,0 9,0 - - 9,0
JImaomuxkc I1K, 0,8 % 19,0 15,0 11,5 - 7,5
3AKJIIOYEHUE

Takum 0Opa3zom, mpUMEHSS CyNepIuIacTUGUKATOPEI, MOXKHO YPPEKTHBHO PErYIHPOBATH
cBoMcTBa OeTOHHOU cMmecu u OeToHa. Jlo6aBka SikaPlast E4 nanGosiee moaxoauT Juisi TOBapHBIX
OCTOHHBIX CMECEH, TaK KaK TIO3BOJISICT TOJYYUTh BBICOKYIO COXPAaHSIEMOCTh M IPOYHOCTb.
Ho6aeky Ilomumaact [11 onTuMalbHO WCIONB30BaTh JUIi HM3TOTOBJICHUS JKEIIE300€TOHHBIX
U3JICAA B 3aBOJICKMX YCIIOBHUSIX, TaK KaK OHA MMEET OTHOCHUTEIHHO SKOHOMHUYHBIA Pacxoja U
HEBBICOKYIO CTOMMOCTB. Il «3aBOJCKUX» JI00ABOK HE TpeOyeTcs BBICOKAs COXPaHIEMOCTb
OCTOHHOI CMECH.
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INVESTIGATION OF THE EFFECTIVENESS OF SUPERPLASTICIZERS
BASED ON POLYMETHYLENE NAPHTHALENE SULFONIC ACIDS
AND POLYCARBOXYLATE ESTERS

Y.Y. Kuryatnikov
Tver State Technical University (Tver)

Abstract. The article presents the results of experimental studies to determine the
effectiveness of superplasticizers based on sulfated melamine formaldehydes, sulfated
naphthalene formaldehydes and polycarboxylate esters, the mechanisms of their action are given.

Keywords: superplasticizer, chemical additive, technical lignosulfonates, sulfonated
melamine formaldehyde, sulfonated naphthalene formaldehydes, water-reducing effect.
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