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AHHOTALUSA

B cratee 00CyXmaloTCs BONPOCH yCTOWYMBOCTH Pa3BUTHS TEPPUTOPUNl HAa OCHOBE OOBEKTHBHO
CYLIECTBYIOIIUX OTHOCHUTEILHO YCTOWYHUBBIX HCTOPHUYECKHUX 3TaNoOB-YpPOBHEH (opmMHIpoOBaHUS
TPaZOCTPOUTENHCTBA — IIPEIMETHOTO, TIPEAMETHO-TIPOCTPAHCTBEHHOT 0, HH(OpMaIMOHHOTO. [IpiBeieHa MaTpuna
CBsA3EH YKa3aHHBIX 3TaHOB-ypOBHeﬁ C JIOTHUKOH HUCCIICA0BaHUA (HpOGKTI/IpOBaHI/IiI) — CMBbICJIa, BOCIIPpUATHA,
MPUHIUIIOB TPaJoCTPOUTENFHOIO 00BekTa. He3aBHCHMO OT 3KOHOMHYECKONH YCTOMYMBOCTH PpPErHOHOB,
MYHHUIHUMAJIbHBIX ~ PAlOHOB, TMOCEJNCHUH HEOOXOAMMO  3aKOHOJATENbHO O0ECHEeYMTh  CTOINPOIIEHTHOE
(YHKIMOHMPOBAHUE CTAHAAPTHBIX YCIYr Ui JIFOOBIX €JWHMI[ CHUCTEM pacceieHus. JlaH mpumep HOBOTO
MOAYJBHOTO IMOAXO0Ja K (bOpMI/IpOBaHI/IIO CHUCTEMBI COLIMAJIBHOI'O obecredyeHus B3aMeH HOPMATUBHO-3aTpaTHOIO,
nerctByromero coraacHo CIT 42.

ABSTRACT

The article discusses the issues of sustainable development of territories on the basis of objectively existing
relatively stable historical stages-levels of formation of urban planning-subject, subject-spatial, informational. The
matrix of connections of the specified stages-levels with the logic of research (design) — meaning, perception, and
principles of the urban object is given. Regardless of the economic stability of regions, municipal districts, and
settlements, it is necessary to ensure by law that standard services are fully functioning for any settlement system
units. An example of a new modular approach to the formation of a social security system is given instead of the
standard and costly one that operates under SP 42.

KiroueBble ciioBa: rpagoCTpOUTECIILCTBO, yCTOﬁ‘IHBOG Ppa3BUTHC, €AMHUIBI pACCCIICHUA, MaTpylla aHaJinu3a,
CTpaTerusd U JIOTUKAa NMPOCKTUPOBAHU.

Keywords: urban planning, sustainable development, settlement units, analysis matrix, design strategy and
logic.

@®opmupoBanre HHYOPMAIMOHHOTO O0OIIECTBA ¢ nmayunom acnekme. B JepeKTHBHBIX

OIMpeaALiIIeT TCHACHINHU U U3MEHCHUS BO BCCX C(bepax

JKU3HEIEATENbHOCTH, BKJIIOYAst apXUTEKTYpY,
rpagoCTPOUTEIBCTBO. IIpu 3TOM HIMPOKOE
pacrpocTpaHeHne MYJIBTUMEIUAHBIX

MHQOPMALMOHHBIX TPOAYKTOB HAIJSAIHO IOKAa3aJio
CYILECTBYIOIIIME OTCTAaBaHUS B CaMOil Teopuu u

MPaKTHUKE (dbopmupoBaHus NPEIMETHO-
MIPOCTPAHCTBEHHON Cpenpl, 00JacThi0 KOTOPOH W
SABJISACTCA rpagoCTpoOUTECIILCTBO. Kocsennsie

MOKAa3aTeJM CTarHalluk TEOPHH I'PaJl0CTPOUTENBCTBA -
HEepexo] YacTU IrPaJlOCTPOUTENILHBIX ACIIEKTOB B UHBIE
chepsl - B JAHMAPTHYIO apXHUTEKTypy, IU3aiH.
AKTHBM3aIMs B IIOCIEIHHE TOJABI <«JIAHIMAQTHOTO
Ju3aiiHa», «au3aiiHa TOPOJACKOM cpenbl» Hapyluia
YCTOH TIPEIMETHOM 00J1aCTH TPaOCTPOUTEIIHCTBA.

JelicTByromue  IpajoCTPOUTENbHBIE  CBOJbBI
npasui (CII), xkak u ocrampHble cTpouTensHbie CII,
HMEHHO B  CHIy  aKTyalu3aludl  MNPeXHHX
Crpourensupix HOpM u mpaswn (CHull), Tt.e.
YaCTUYHOTO  WM3MEHEHHWs  pelakuud  (BOIPOCOB
TEXHUYECKOI u HOXKapHOU 6e30macHOCTH,
JHEProcOepeKeHHs, MOTPEOHOCTEH MaOMOOMIBHBIX
TpakaaH) He OpUEHTHPOBAHBI HA KOPEHHOE N3MEHEHHE
CoJiep’kaHusl OOBEKTa W MpeaMeTa HOPMHUPOBAHUS
[3,6]. OtcyTcTBHE HOBH3HBI B TPaJOCTPOUTEIHCTBE
MPOSIBIIAETCS:

JAOKYMCEHTAaxX OTCYTCTBYCT pa3Aaci «TCPMHUHOJIOTUS
TpagoCTpOUTEIILCTBA. COOTBETCTBEHHO HE SICHO, 4TO

SIBIISIETCS eIMHULIEH  pacceleHwus, 00BEKTOM
HopMmupoBaHus. Hampumep, Bpsa U 00BEKTOM
HOPMUPOBAHUSL SIBJISIETCA  «CyMMapHas  ILIOLLAJb

03EJICHEHHBIX TEPPUTOPUIN OOIIETro MOIb30BAHUS [ 6,
1m.9.2 ], TOCKONBKY 3TOT MOKAa3aTeNb JIUIIL KOCBEHHO
CBSI3aH C DKOJIOTHEH TeppUTOPHH, HO HE C peKpealuei,
OTIBIXOM HaceneHus. IIpu 3ToM caM 3K0JIOTHYEeCKUi
acmeKT B IPaJOCTPOUTENBCTBE, reorpaduy,
JaHAmadTOBEAGHUH JI0 KOHLA TakXe He SCeH,
MOCKOJIBKY — PSII  BOXHEWIIMX  MOHATHH  (THMHa
«IKOJIOTUYECKUN KapKac», «3KOJIOTMYecKas CeTbY,
«maHamadT» W 1p.) HE0OXOAMMO TPHUBECTH B
COOTBETCTBHE C peausiMH  (YHKIMOHHPOBAHUS
npupoasl [7,c 41 ]. EmE Oonbiiero cooTBETCTBUS
TpeOyeT MOHATHUS KYCTOWYHBOE Pa3BUTHE C PEATHIMU
colManbHbl U3MEHEHU. B mnpoTuBHOM ciyuae,
HampuMmep, B ['pamocTponTEeNBHBIX  HOpPMAaTHBax
MOoCKOBCKOM 001acTH KIacCH(PHUKAIIS «YCTONUNBBIX
CHCTEM pacceJeHU» HOCUT (pOpManbHBIA XapaKkTep B
BHJIE TpEX KaTeropuil — ropojckas, peKpealnuoHHO-
rOpoJicKasl, peKpealuoHHO-arpapHas [4 |, MOCKONbKY
KPUTEPHH «yCTOMYMBOCTH» B ITHX HOPMAaTUBaX HeE
SICEH.
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B rpagoctpourensnom Kogexce PD 2004 roga
MOJi  «YCTOWYMBBIM  Pa3BUTHEM  TECPPUTOPHUM»
MOHUMaeTcsl «obecrieueHne NpU IpagoCTPOUTENLHOM
JIeITeIbHOCTH  0E30IIacCHOCTH W OJIarONpHsATHBIX
YCIIOBUI )KU3HEIESATEIbHOCTH YEI0BEeKa, OrpaHUUCHHE
HEraTUBHOTO BO3JEHWCTBUS XO3SIHCTBEHHOM U WHOU
JEATEIIFHOCTH Ha OKPYXKAIOIIYI0 Cpexy U oOecieueHrne
OXpaHbI ¥ PallOHAIBHOTO HCIOIb30BaHMUS IPUPOIHBIX
pecypcoB B HMHTEpecax HACTOSIIMX M OyXyIIux
nokoneHui» [3. rnl, gactel]. WHaue roBoOps, peub
UET O JBOSIKOM CMBICIIE YCTOHUYMBOCTH: BHEIIHEM (T10
OTHOIIECHHIO K YEJOBEKY), T.e. YCTOHYMBOCTH Kak
OXpaHa NPUPOJIBI; BHYTPEHHEM - YCTOHYMBOCTH NP
coOmoneHnn  06e30MacHOCTH,  OJIAroNmpUsSTHOCTH
YCIIOBUI )KHU3HU YeJIOBEKa.

Bo Bcex cmywasx He craBHTCS  3ajada
YCTOWYMBOTO  TOCTyNaTeIbHO-Pa3BHBAEMOr0,  HO
00s13aTeNBEHO CIIpaBeNINBOTO COLIMATBHO-
(DYHKIIMOHAJIBHOTO COJICP)KAaHUS TOPOACKOW Cpensl,
YTO, TI0 HaIlleMy YOEXICHHUIO, HHTEPECYEeT HaceleHHE;

. 8 Mmemoodonozuueckom acnekme. I'nmaBHas
poGJieMa 3aKITF0YaeTCs B OTCYTCTBHH OOIIETIPHHATOTO
00BEeKTa TMPOEKTUPOBAHMA, IIaHHpOBaHHA. Ecnu B
I'pagocTpoutensHOM Konexce 3a SIUHHILLY
MMPOCKTUPOBAHUA IIPUHATO MYHUIHUIIAJIBHOC
oOpasoBanue, To B CII 42 — no-npexxHeMy (ropojackue,
cesibekue) noceneHus. [1onbITKH NPUHATH 3a TTIaBHBII
00BeKT cucTeMy pacceleHus (0T TOPOICKOW 10
arjJoMepanuy) He noxyynan pasutua. OnpHa 13
NPUYUH — OTCYTCTBHE COLHAIbHO-3KOHOMHYECKOTO
BUJICHWUSA TIpH IUIAHUPOBAHHUHM CTPAaHBl B IIEJIOM,
cyobekToB enepanun. Jpyras npuanHa — Ha3peBIIas
HE0OX0MMOCTh pacuIMpeHHoOro TOJIKOBAHMS
3eMJICYCTPOMCTBA -  3aMEHa  OIECHKH  3EMIIH,
HalleJIEHHOW MCKIIIOYHUTENIbHO Ha HHTEPECHI CETLCKOTO
X035 CTBA (TUI0I0PONE, EMKOCTh KOPMOBBIX YTOJMI U
T..) (cT.12. @3 «O 3emieycTpoiicTBe), Ha OIICHKY
IIUPOKOI'0 CIEKTPa OSKOJOTMYCCKHUX W COLHUAJIBHBIX
neHHocred [ 7, ¢ 415 ]. B osrom cinyuae B
3emuieycTpoiicTBe EBkinioBas (BemHas) CyTh OHITHS

«3EMIL 3aMEHHUTCS Ha COLIMAIILHO-
MPOCTPAHCTBEHHOE, OTHOCUTENbHOE BceX (opm
OBITHS,

. 6 npakmuyeckom acnexme. Peamuzanus

CYIIECTBYIOIINX TEOPETHUECKUX W METOJOIOTHUECKUX
MOJXO/M0B  BCTpEYaeT  HENOHHMaHWE HH Yy
PYKOBOJAIIMX OPraHOB MECTHOTO, DPErHOHAILHOIO
YHOpaBIEHUs, HU y OOBIYHBIX TpakaaH. OOmecTBeHHBIE
00CYXX/IEeHUSI TPaTOCTPOUTENBHBIX IIPOEKTOB HOCAT
dbopmanbHBI  XapakTep  MOCKOJNBKY  KUTelel
MHTEPECYIOT HE HOPMATHWBBI, a WX CIpPaBeAJIHBOE,
MPUOPUTETHOE MOITANHOE AOCTHKEHHE AN TOTO WM
MHOTO paiioHa, MecTa uX HpoxkuBaHui. OObEKTHBHO
3aMHTEPECOBAaHBl M BJIACTH, M HAaceIeHHE B
JIOKA3aTeNbHOCTH NPUHUMAeMOro Oo/pKeTa, €ero
cTareil.

B memnom, mepedncieHHBIE M JPYTHE MOMEHTHI
TPaZOCTPOUTENBHBIX ~ IOAXOJOB  HE  IO3BOJISIOT
3aMpOeKTUPOBATh KaK COIMAIbHO-TIPOCTPAHCTBEHHBIN

OpraHH3M, OTBEYAIOUINH COBPEMEHHBIM TPEOOBaHUSIM
o01ecTna.

[Mpunnmast 3a OCHOBY METOI0JIOTHI0
HCCIIEIOBAaHMs U CTWIb MbInuieHust Posencon M.A. B
obmactu au3aiiHa [5], mocTapaeMcs OTBETUTh Ha
CTpaTeTuIo u JIOTUKY TpasloCTPOUTETHHOTO
HCCIIEIOBAHNS M IPOCKTUPOBAHMS.

Cmpamezusa uccnedoéanus, ONMPAOIIASCS Ha
HACTOpPHYECKHE MapagurMbl (TIPEICTABICHHSA) II0
MOBOly  MHPOYCTPOWCTBA W  pOIM B HEM
IpasloCTPOUTEIHCTBA, BKIIOYACT:

[TpoekTupoBaHKe OTIEIBHBIX NPEAMETOB M HX
KOMILIEKCOB, OMHMparoleecs Ha HbIOTOHUAHCKOE (WIN
0SKOHMAHCKOE) IIOHMMaHHWE IPOCTPAHCTBA  Kak
«AIIMKA, HAIIOJHEHHOT'O Pa3MYHBIMH Tenamu. Takas
MIPOEKTHAS napaaurma Ha3bIBACTCS
«2paoocmpoumenscmeo Kax npedmemmoe
mMeopuecmeo ».

[Tpoexktuposanue, omnmparoeecs Ha
KapTe3MaHCKOE IPEACTABICHUE O MPOCTPAHCTBE Kak
Cpenbl, OCOOBIM COCTOSHHEM KOTOPOH BBICTYMAIOT
OTZAENBHBIC TEJa ¥ OTACNbHBIE CBSI3H. TaKas MpoeKTHas
mapagurMa  HasbIBAaCTICS  «2padocmpoumensCcmeo
npeoMemHo-npoCmMpaAHCMEEHHOU CPedbl»

[MpoektupoBaHre HMHPOPMAIIMOHHBIX OOBEKTOB,
MapKUPYIOUINX BHUPTyaJIbHOE IIPOCTPAHCTBO,
COXpaHsIoIIee OCHOBHEBIE XapaKTePUCTUKH
TPaJULIMOHHOTO TPagOCTPOUTEIILCTBA, HO
pa3BOpAYMBAIOIIEE PEANTBHOCTH JAPYIOro  ypOBHSL.
Takas MPOEKTHAS napagurma Ha3bIBACTCS
«2paoocmpoumenbcmeo 8 UHGPOPMAYUOHHOTU cpedey.

Jozuka uccnedosanus W TPagoOCTPOUTEIHLHOTO
IIPOEKTUPOBAHHUS, KaK Hay4HO-TBOPYECKON
JEeATeIbHOCTH BHYTPH KaK MaTepHalbHOH, TaKk |
JYXOBHOM KyJIBTYPHI HE MOKET 000MTH BOIIPOCHI:

IlepBBIii  BONPOC OTHOCHUTCSI K  BBISBJICHHIO
COJIepKAHUSA COLIMATBbHO-3KOHOMHUECKOTO,
KyJIBTYPHOTO, 3CTETHYECKOTO CMBICIA, BBIPAXKEHHOTO
CpeIcTBaMHU IUTAHUPOBKH, 3aCTPOMKH,
OylaroyCcTpoiicTBa dYepe3 T€ WU HHBIE OOBEKTHl —
MHUKpOpaioOH, TIIapK, JeTckas IuIoN[agKka | Tp.
CnpammBaercs, 4TO  TPafgoCTPOHMTENL  HAMEpEeH
BEIPa3UTh C KaXIbIM HW3MEHEHHEM COIMAIbHO-
SKOHOMHYECKOH, KYJbTYpPHOU u MIPOEKTHOMN
napaaurmbl?

Bropo#i BOIpOC JIEKUT B TNIOCKOCTH BOCIPUSATHUS
TpagonpoIyKTa: KaK IpajioCTPOUTEITHCTBO
MIEPEXKMBACTCS €r0 agpecaToM, KOTJa CTaHOBHTCS
¢eHomenom ero co3HaHusA? OTBET Ha ATOT BOIPOC
OTIMCHIBAET 0COOEHHOCTH BOCTIPHATHS IPAJONIPOAYKTa
B KaXJIOM H3 COIHATbHO-3KOHOMHUYECKHX THIIOB H
THITIOB MUPOIIOHUMaHHS.

Tperuil BoOpoc B 3HAYUTENBHOM CTENEHU
MpOSICHAETCS  OTBETaMM Ha JIBa MpEeAbLAYLIUX.
IIpocnexuBaercs CMeEHa METOHOJIOTHI
rpajloCTPOUTENBLCTBA. Cnocobamu «OBIIAJICHUS
JIECTBUTEIIHLHOCTHIO ¢ TTOMOIIBIO

TpagoCTPpOUTEIIHLCTBA KAaK OJHOTO U3 BUAOB TBOPYCCTBA
BBIABJIIIOTCSA TNPUHIUAINAAIBHBIC pPa3jInyidd B 3TOM
JACATCIIBHOCTHU IJIsA Ka)KZIOﬁ N3 IPOCKTHBIX IMapaJaurm.
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Tabnuna 1.
CTpyKTypa Hccile10BaTeIbCKOM TPaloCTPOUTENbHOM /1eSITeIbHOCTH
HaMpaBJICHUS] UCCIICIOBAHUS
Bocnpusarue
YpoBHHU CMBICITBI, BBIPQKEHHBIE HDOLYKTA Da [puHIUIEL
rpajioCTPOUTEIHCTBA B 00BEKTAX rpajo- Ec?yom r‘gﬂ IpagoCTPOUTEITHHOTO
CTPOUTENHCTBA AIOCTPOUTD MIPOEKTUPOBAHHUS
TENbCTBA
DYHKINOHAIBHO-
I [Ipenmer B KyIbTYpE, B
IIpeamerHoe XY ZI0’)KECTBEHHOE
I'pamocTponTensCTBO Kak CTPOHTEIBCTBE,
MBIIIUICHUE MOJICTUPOBAHHE
MIpeIMETHOE TBOPUYECTBO LUUBUIN3ALUU

MNpeaAMETHOI'O MUpa

Il.
I'papocTpoutensCTBO Kak
KOMITOHEHT TPEeMETHO-
MIPOCTPAaHCTBEHHOU
COIIMAIBHON CpeJIbl

Ennnunia anannsa —
MOBEAEHYECKas
CUTYyaIHs CONMyMa

Bxirouenue
CpenoBoii xapakrep [IPOEKTUPOBAHUS B
BOCHPUATHSA COIMAJIbHO-

MMPOCTPAHCTBCHHLBIC CBA3U

I1. [Ipeononenue
WudopmannoHHbIiH rpaUIecKuX CBOMCTB
KOMITOHEHT TPEeMETHO- 00BEKTOB rpa-
IPOCTPaHCTBEHHOU JOCTPOUTENBCTBA

CpeJibl TPaIOCTPOUTEIIHCTBA

CoOTBETCTBHE CBOMCTB

Cucrema TpeOOBaHUIA 00BEKTOB
BUPTYaJIbHOTO IPaJOCTPOHUTENBCTBA
coOBITHS TpeOOBaHUIM

BUPTYaJIbHOU pPEabHOCTU

Bce Tpu Ha3BaHHBIX YpPOBHS PACCMOTPEHUS
MPUCYTCTBYIOT B TEeOpUn u TIPaKTUKE
TpajoOCTPOUTENBCTBA W HAXOOAT TaM  CBOIO
KOHKPETHYIO HHTEpIpeTaIuio (Tadm. 1)

[IpuxoauTcss KOHCTATHPOBATh, YTO B UCTOPHU H
TEOPUH TPAJOCTPOUTENHCTBA 1O CHX TOp, K
COJKaJIeHHI0, TipeolIamaeT mpeaMeTHBIH YpOBeHb, Ha
(hoHE KOTOPOTO MOSIBIISIOTCS WILTIO3UU (POPMHUPOBAHUS
ontuManeHOTO Topoma, HOP (HOBBEIA 31eMeHT
paccenenuss — I'ytHoB A.D.), HpOHU3BOJACTBEHHO-
cenuTeOHBINA paiioH, TPYINIOBas CUCTEMa HACEIEHHBIX
MECT H TpPOYHe CaMOJOCTATOYHBIE CTATUYHBIE
CIIMHUIIBI pacceleHus. A ecid U ObUIM KOHIICIIIUH
JIMHAMHUYECKH DPa3BUBAIOIIErOCs Topoja (Hampumep,
apxurekropa Jlokresa B.M.), 1O peur mnma o
MPOCTPAHCTBEHHOM Pa3BUTHH, 0€3 yUeTa B3aHMOCBSI3U
" B3aHMOOOYCIIOBICHHOCTH (hyHKIIMOHAITBHO-
OTpacieBhIX u MIPOCTPAHCTBEHHO-BPEMEHHBIX
(haxTopoB pazsutus. [IpuMedarensHO TO, UTO B OO0
SIMHUIIC PacCeICHUs JOJDKHA MMPHUCYTCTBOBATH CXEMa
«TPYI-OBIT-OTABIX», MPEUIOKEHHAS aPXUTCKTOPOM
I'.I'panoBeiM B cepenrHe nponuioro Beka. Hamomuum,
yto B HOP mMenoch TOMBKO /1Ba KOMIIOHEHTa «OBIT-
otabix». Ilo MHenuro B. I'masprueBa «IlopounHocTh
TakoH yIOOHON CXEMBbI KaK «TPYA-OBIT-OTIABIX» B €€
O€HOCTH, B TOM, YTO OECKOHEYHO CJI0KHOE CBOIUTCS
K MPOCTOMY, dJeMeHTapHOMY» [2]. B Takom cimydae
(hopMyITy apXUTEKTYPHI «IIOTb3a-TIPOYHOCTH-KPACOTa»
(BurpyBwuii) Taxke MOKHO CYHTATh «OETHOM».

[lo Hamemy MHEHHIO, IPOOIEMa 3aKIIFOYAETCS B

JpyroM — B OTCYTCTBUM  COLIMOJIOTHYECKH-
TPaJOCTPOUTENHEHBIX  HCCICIAOBAHUMA,  CIIOCOOHBIX
MPaBWILHO OIMHUCaTh COBPEMEHHYIO  COIMAILHYIO

TEXHOJIOTHIO TIOBEACHHUS, CBSI3€H M TeM CaMBIM JaTh
OCHOBY IS TPOEKTHBIX pemieHuid. Tak, B
neicteyromem CII 42 «'pagocTpoOUTENBECTBO»

3aKperyieHa CTaTH4YHas CTyleHdyaTash cuctema s
OpraHu3aIlK COIHAILHOTO OOCIYXKHBaHHUSA, KOTOpas
YOPOHIEHHO TPAaKTyeT YacTOTy MOTPEeOUTENHCKOTO
CIIpoca ¥ MpeajaraeT peajn3oBaTh 3Ty YaCTOTY B BUIE
COOTBETCTBYIOIIIX pannycoB JOCTYITHOCTH
(TIOBCe THEBHON-TIEPHOAMIECKOH-3MTU30 THICCKOM )
HCKIIOYUTENIFHO OT MecTa IpOoXXHBaHUS (THIA
«MAaTpEMIKN»), YTO JEHCTBUTENFHO IPOTHBOPESUUT
TEXHOJIOTUHU TIepeABIDKEHIH, Kak MUHIMYM
TPYJ03aHATOTO HACENIEHHUs, a COOTBETCTBEHHO U POJIU
COIMAJILHOTO OOCIy)XMBaHHS B 0O0IIEM Mpolecce
«YCTOMUYMBOTO pa3BUTHs» Teppuropuil [1]. B atom
cllydae WMeEeT MeCTO OBbITh SIBHOE HapyIlIeHUE
MIPUHIIAIIA BTOPOTO YPOBHSI «TPAIOCTPOUTETHCTBA KaK
KOMIIOHEHTa MPEeIMETHO-NPOCTPAHCTBEHHON CPENb»,
KOTOPBIH  TJAaCHT, UYTO «EAWHUIA aHAIW3a —
MMOBEICHYECKAs CUTYyaIus cormyMa (cM. Tabm.1).
YcToliunBOoCTE  (DYHKIIMOHUPOBAHHUS ~ CHCTEMBI
COLMANTEHOTO 00eCTIeYeHNUs (BKITFOYAs PEKpeaIlHOHHEIC
IIOJICICTEMBI, [TOJICHCTEMBI 00IIIECTBEHHOIO
00CITy’)KUBaHHSI) HA PETHOHAIIEHOM YPOBHE, B TIEPBYIO
odepe/ib, 3aBUCHT OT HAIEKHOCTH MPOTHO30B PA3BUTHS
MPOU3BOJIUTENLHBIX CHJI M CHCTEM pacCeleHHus B

rpanumax  cyoeektroB PO  (obmacte,  Kpai,
pecnybnuka,). CymectBoBaBmme panee B CCCP
<<KOHL[€1'IL[I/II/I pa3BUTHA H pasMEIICHUA

MPOU3BOIUTENBHBIX CHJI (CTpaHBl, pPecHmyOsnK)», B
W3BECTHOH CTENEHU CIIOCOOCTBOBAIM YCTOHYMBOMY
(00OCHOBaHHOMY)  TIOSIBICHHIO  HOBBIX  CHCTEM
paccelieHHsl, HOBBIX TOpPOAOB. A ecnd W ObuM
orcrymienus ot «KoHuenmum», To 310 OBUIO CBS3aHO
wim ¢ mpocuéraMM  WIM  MHBIMH  (pakTopamu
KOPPEKTYpPBl ~ CTPaTeTMyd  Pa3BUTHUSA  SKOHOMHKHU
xo3siicTBa. Bo Beex ciydasx, CyIIeCTBOBAlIO MEpPHIIO
TpajiIoCTPOUTENIBHON YCTOMYHMBOCTH B LIETIOYKE «THI
MPOU3BOJCTBA - KONHYECTBO pPabOYMX MeECT -
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pacdéTHasi YMCICHHOCTb HaceJeHUs - HeoOxomumas
TEPPUTOPUS.

IIpu mnepexone OT MIAHOBOM SKOHOMHUKH K
PBIHOYHON  YCIOXHHICS Y4ET TIpasooOpasyromnmx
(akTopoB. OTHAKO, B OCHOBE YCTOMYMBOCTH Pa3BUTHS
CHCTEM DACCEICHHUS IO-TIPEKHEMY JIEXHT 3aKOH
COOTBETCTBHSI MECT IIPWIOKEHHS TpyHAa, C OIHOH
CTOPOHBI, U MECT MPOKMBAHUS, KOJINIECTBA U BUIOB
00BeKTOB 0OecieueHus, (HOpM UX TPAHCIIOPTHOH CBSA3U
- C IpyroH.

Hns  Tpéx yKa3aHHBIX BHIIIE (HA MpHUMEpe
MockoBckoii  00macTH)  KaTeropuii  pacceyeHus
(ropozckas, PpEeKpealioHHO-TOpOACKa,
peKpeallMOHHO-arpapHasi) B cdepe  COLHMaIbHOIO
obecrieueHns OOBEKTUBHO CYIIECTBYIOT [Ba YPOBHS
OTHOILICHUM:

CMAHOAPMHO-MUHUMUSUDYEMbIE  OMHOWEHUL
00€ecIeunBaOT yNOBICTBOPEHNUE CTEPEOTUITHBIX U
CTaOMIBHBIX MOTPEOHOCTEH; MUHUMHU3HPYIOT 3aTPaThI
BPEMEHH  Ha  IEPEIBIDKCHUS  HACEJNEHHWS K
COOTBETCTBYIOIIINM o0beKTaM COIIMAJIBHOTO
obecrieueHnst (MecTaM TPHIOKEHHUS TPYZAa, OTIbIXA,
YUpPEeXKACHUSM U OPTaHU3AIMIM 00CITyKUBaHUA);

u3bupamenbHo-onMUMUsUpyemvle  OMHOUEHUSA.
00eCIeunBaT YAOBJIIETBOPCHUC HWHAWBUAYAJIbHBIX,
cnenu(UUeCKUX IO COJACPKAHUIO TMOTPEOHOCTEH,
JOMyCKarmomux 4YacTUYHYIO0 3aMCHY aHaJlOTOBbBIMU
00BEKTaMU COLIMAJIBHOTO obecrieueHus c
ONTHMU3AINEH 3aTpaT BPEMEHH Ha NEPEIBIDKCHUS K
HHM;

3710 TO3BONMIO C(HOPMYIHMPOBATH TPHUHIHIIBI
YCTOWYNBOCTH (YHKIIMOHHPOBAHUS CHCTEMBI
ob1ecTBeHHOTO 00cyxuBanus [1]:

COOTBETCTBHE (DYHKIMOHAIBHBIX TApaMeTPOB
cetu YUpEexKACHUN CTPYKTYypE TPYJLOBOH,
MOTPEOUTENHCKOH , PEKPEeallnOHHON aKTUBHOCTH;

JIOCTHKEHUE eanHoo0pa3us B 4acTu

MUHHMAJIBHBIX CTaHIAPTOB 00CITY KHBaHUS 1151 JIFOO0H
KaTerOpuHU PacceleHusl - TOPOJCKON, peKpearioHHO-
TOPOJACKOH, peKpeariMoHHO-arpapHoiny;

BKJIFOUCHHE 3aTpaT BPEMEHH Ha MEPEIBIKEHHS K
CTaH/IApTHBIM OOBEKTAaM B 3a/Jadyd OpraHU3alNN
0O0IIIECTBEHHBIM TPAHCIIOPTA;

coONIoieHNe  PEHTA0ENbHOCTH  YUPEIKACHHH,
OpraHMzanys 3a CYeT NoadOpa WX BMECTHMOCTH
COOTBETCTBEHHO (BKJIIOYAs BUPTyaJbHBIM) IOTOKaM
noTpeOHuTeNIeH.

B pamkax cOagaHCHPOBaHHBIX TII0 MeECTaM
NPWIOKEHUS TpyAa H  YUCIa  TPYXO3aHATOTO
HaCEeJICHHS CUCTEM pacceneHus (Topojia, arioMepanu,
MYHUIUIATbHbBIE obpazoBaHus) KpUTEpUEM
YCTOHUUBOCTH (bYHKIIMOHUPOBaHUS SIBIISIETCS
MPUHINT KOMITEHCAITH - MaTepHalbHO-
obecrieunBaOmMX  OOBEKTOB  IPOCTPAHCTBEHHO-
CBSI3€BBIMU (TpaHCTIOPTHO-KOMMYHHKAI[HOHHBIMH)
YCIIOBHSIMU.

Hanpumep, ecim B mnpenenax TonbarTu-
Kuryn€Bckoil cHUCTEMBI paccelieHUs JIOKaJIU3yeTcs
moutn 100% TpymOBBIX CBs3edl, TO B Tpex
MIPOM3BOJICTBEHHO-CENNTEOHBIX KOMIIIEKCAX-MOIYIIIX
TpyaoBoro TsaroteHus (MTT) cymecTByeT pasHas
cTerieHb cOanmaHCHUpoBaHHOCTH (nucbamanca): Ml
(ABrozaBonckuit) - 60%; M2 (Komcomombcko-

Hlnro30Boit) — 80%; M3 (Kurynésckuit) — 40% [1].
Kpome Toro mis 3THX Tpex MOIyJeH CyIECTBYIOT
pasznuuus B YHCIIEHHOCTH HaceleHUs
(cootBerctBenno 300, 200, 75 Tbic xuTenei);
«CBSI3BHOCTH OCHOBHBIX 30H — MPOXKHBaHUS, TPYyAa,
LIEHTPa TOpoJia — LEMOYKa «OKPIDK» (COOTBETCTBEHHO
48,108,195 wmwuH.); B TpyAHOCTH (KOM(pOPTHOCTH)
TPYAOBBIX cBsizell (coorBercTBeHHO — 1.8, 3.5, 4.2
6amma). C yd4eroM NEpeYnCIICHHBIX OOBEKTUBHBIX
(akTopoB (opMHUpOBAaHHS CHUCTEMBI COIHAIBHOTO
obecrieueHNs IpeaokeHa KOMITCHCUPYIOIIIAst
yKa3aHHBII AucOanaHc CTPYKTypa H30HpaTenbsHOro
YpOBHs 110 MoaynisiM B Buze 28.5, 48.5, 23.0% npoTtus
52.0, 35.0, 13.0% cornacHO HOPMaTUBHOMY MOAXOAY
(ponOpLHOHATIBHO YHUCICHHOCTH XkHuTeneit), B CI1 42.

Takum 00pa3oM, NHOCTPOCHHE YCTOWYHMBOH (K
3ampocaM  HAaceJeHHWs) CHCTEMBl  COLMAIBHOTO
o0ecIieyeHNsT OMHMPAaeTCsl Ha CTPYKTYpPY TPYIOBBIX
CBsI3€H, TIE HETPYHOBBIC CBS3M JCTCPMHHUPYIOTCS
TPYIOBBIMH. [osTomy peryiInpoBaHue
TPaZlOCTPOUTENBHBIX CHCTEM, HCIIOJIBb30BAaHUE HX
TeppuTOpHUil 0053aHO B MEPBYIO OYEPEIb CUUTATHCS C
00BEKTHBHBIM 3aKOHOM cOaTaHCUPOBAaHHOCTU
KOJINYECTBA M KayecTBa MECT MPUIIOKEHUSA Tpyda C
MECTaMH IIOCTOSIHHOTO IIPOKMBaHHUS B Mpeenax
CJIO’KUBIIMXCSI WM IPOEKTUPYEMBIX 30H paccelIeHus-
MOZyJIEH.

BeiBOABI.

1.TepMuH «ycTOHYNBOCTb Pa3BUTHUS TEPPUTOPUI»
TpeOyeT OCMBICICHHS, KOHKpeTm3auuu. PazButne
MOXET HMETh  MaTEepPHANbHBIA,  MaTepHAIbHO-
NPOCTPAHCTBEHHBIN WM BUPTyaldbHbIM acnekr. Ha
COBPEMEHHOM JTalle TPaJOCTPOUTENHCTBA CIEIYeT

MPHU3HATH  YCTAPEBIIUM  METOJ  HOPMHPOBAHUS
00BEKTOB, TEpPUTOPHUIA, MecT obecreueHus
UCKITIOYUTENFHO  MPOMOPIHMOHANIBHO  YHUCICHHOCTH
HaceneHus.  TakoW  MOAXOJ ~ HE  YYUTHIBAeT

(YHKIMOHUPOBAHUE U Pa3BUTHE CHCTEM PacCEIeHHs U
SBIIIETCS 3aTPATHBIM.

2.B  ycnoBusix MPOCTPAHCTBEHHO-BPEMEHHOM
SHTPONIMM  KOMIIOHEHTOB CHCTEMBI  COLMaIbHOIO
obecrieyeHns, peyb JOJDKHA MATH TIPEKAE BCETO O
KPUTEPHSIX CIPABEIIMBOCTH UX KOOPAMUHALIUU MEXKIY
co0oii, a Takke ¢ MecTaMH IIPOXKHUBaHMS HaceneHus. B
NEPBYI0 O4Yepelb - Ha YPOBHE YIOBIETBOPEHHUS

CTaHIAPTHBEIX, TapaHTHPOBAHHBIX  TOCYIapCTBOM
HOTpeOHOCTEH.
3.HosBwrit Tan TpajioCTPOUTENIHCTBA c

HCIOJIb30BAHUEM BHPTYAIbHBIX W JIACTAHIIHOHHBIX
dbopm obecrieueHusi, YNpaBiCHHS HE WCKIIOYAET
HEOOXOAUMOCTH YCTOWYHMBBIX MPSMBIX KOHTAKTOB BCEX
KaTeropuil HaceJICHUs — MEXAy COOOH, ¢ MPUPOTHOMH
Cpelo, ¢ MeCTaMH MPHIOKEHHS TPylda. ITOT ITam
TPajOCTPOUTEIILCTBA  TPeOyeT  JIOTOJHUTEIHHOTO
WCCIICIOBAHUS BO B3aUMOCBS3H C JIO KOHIA
HEpPEIICHHBIMU BOIPOCAMU JICHCTBYOIIECH MPEIMETHO-
MPOCTPAHCTBEHHON CTPATETHH.

CrnMcok JuTepaTypsbl

l.basunesua  A.M.  TpymoBoe  TAroTeHUE
HaCeJIeHHS - OCHOBa (hopmupoBaHus "
(yHKIMOHUPOBAHUS CHUCTEMBI paccenenus//

«YcToitunBOE pa3BUTHE TEPPUTOPUID» MaTepuansl 2-
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TEXHNUECRNE HAYRIN
YIK 541.123
MCCJIEJOBAHUE PACTBOPUMOCTH B TPOMHBIX CUCTEMAX CYJIb®ATHI
(MEJIU, HUKEJIA 1 MAPI'AHIIA)-MOHO2TAHOJIAMHH-BO/JIA ITPH 10°C
Hcabaes 3., 3axupos B.C.,

OOHUM W3 TEPCIEKTHBHBIX IyTeH ITOBBILICHHS
K03 PHUIMEHTA TTOIE3HOTO JEHCTBUS MUHEPAJIbHBIX H

OpraHOMHHEPAbHBIX ynoOpeHnit SIBIISIETCS
oborameHne WX  (QHU3HOIOTHYECKH  AKTUBHBIMHU
BEILIECTBAMU, 00J1aJafOILIMHU BBICOKOM

O6MOJIOTHYECKO M XHMHUYECKOM AaKTHBHOCTBIO IIO
CpaBHEHHIO ¢ Apyrumu u3BecTHeIMUH DAB [1-3].

B HacTosmee BpeMs A CEIBLCKOIO XO3sHCTBA
BeChbMa aKTyajbHa mpoOjeMa MOIy4eHHUS HOBBIX
XUMHAYECKUX COETMHEHUH u MaTepHajoB,
00J1aiaromuX IEeHHBIMH MOJIE3HBIMU CBOMCTBAMHM IS
pocTa u pa3BUTHUS paCTEHUI.

Lenblo HacTOSIUX HMCCIEIOBAHUN  SBISAETCA
U3y4YeHHE B3aMMOJEHCTBHA  OJTaHONAMUHA |
MHUKPODJIEMEHTOB C MOIYYEHHEM HOBBIX BHJIOB
BBICOKO3(D(DEKTHBHBIX, HKOJIOTHYECKH OE3BPEAHBIX
CTHUMYJIATOPOB pPOCTAa M PAa3BUTUSA PACTCHUH I
CEJbCKOr0 XO35UCTBA.

OTaHONaMUHBI OJaroNpHUATHO BIMAIOT HA POCT U
pa3BUTHE PACTEHUH, YIydIIAIOT YCBOSHHE OCHOBHBIX
AJIEMEHTOB INHTAHHS, YBEIHYMBAIOT YPOXKAWHOCTH U
YCKOPSIIOT CO3PEBaHNE PA3INYHBIX CENbX03KYIbTYp [4-
6].

Uccnenosanue B3aUMOJIEUCTBHUS
MOHO3TaHOJIAMUHA C MUKPO3JIEMEHTAMH IPEACTaBIIAET

3HAYUTENIbHBI  TEOPEeTHUYECKUH M  MNPAKTUYECKUH
HHTEpEC.
HamMu wu3oTepMuueckuM  METOJOM  HM3ydeHa

paCcTBOPUMOCTh KOMIIOHEHTOB B CHCTEME Cyﬂb(baT

Ackaposa M. K., Hcabaes /I.3.,2unynamoea M.b.
Hucmumym obweil u neopeanuueckou xumuu AH PYs3,
Vsbexucman, e. Tawxenm

MeIU-MOHO3TaHOJIAMUH-BOIa IIPU 10°C. PaBHOBecwHE B
CHCTEME YCTaHABIMBAJIOCH B TEYEHHE 5-6 YacoB.
H3oTepma pacTBOPUMOCTH CHCTEMBI COCTOUT W3 IBYX
BETBEH KPHUCTAUIM3AIMHA WCXOIHBIX KOMIIOHCHTOB.
[lepBas BETBb COOTBETCTBYET KpPUCTAJUIM3AIMH B
TBepAoii dase cynbdarta Meau MATH BOAHOU, a BTOpas
-BOMTHOMY COCIUHECHUIO cocTaBa
NH.C>;H40H-CuS0O4-5H.0. Kak BuaHO U3 AuarpaMmsl
pacTBOPHMOCTH, NpHU J00ABIEHHH MOHOITaHOJIAMHHA
(MBA) k HachllleHHOMY pacTBOpy cyibhara Menu
pacTBOpPUMOCTb NOceAHEro noBbimaercs oT 17,90 no
43,36% (puc.1).

[Ipenensr cymiecTBOBaHHS HOBOTO COCIWHCHUS
3aHMMAIOT Ha JOuarpaMMe OoNBIIyI0 OO0JNAcTh U
HaxomiTcss Mexnay 6,88-43,18% cynedara menum u
6,40-15,97% mono3TaHOTaMuHA (Ta0MI. 1).

OO6pa3zoBaBlieecs COCAWHEHHE PacTBOPSETCS B
BOJie KOHrpy3HTHO. [loiyueHHOEe HOBOE COEAMHEHHE
UIEHTU(ULIUPOBAHO METOJlaMH XHUMHUYECKOTO,
rpaguyeckoro, peHTreHoa3zoBoro u
TepMOoTpa(uIecKoro aHaIU30B.

A3zor ompenensnu no Mmerony Kempmams [7],

MOHO3TaHOJIAMUH OTIpeeIs TN TUTPOBaHHUEM
pacTBOPOM  CEpHOM  KHCJIOTBI B TPHCYTCTBHHU
HWHJUKaTOpa METHUJIOBOTO OPaHXEBOTO [8].

Copepsxanue SO? ompeiesiaay METOI0OM OCAMKIEHUS C
MTOCTICTYFOIIUM TIEPECUYeTOM Ha CyITb(paThl METaJUIOB

[9].
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Puc.1. Hzomepma pacmeopumocmu cucmemul cyro@am meou —
Monosmarnoaamut — eoda npu 10 C
Tabmuma 1.
JlaHHBIE 110 PACTBOPMMOCTH CHCTEMBI CYJIb(AT MeI-MOHOITAHOJaMHUH-BoAA npu 10°C
?1)0:31?’]3 1\11;1;12[,1(((;)1/1 Cocras TBep/I0ii (ba3bl, mace, % Kpucramnusyromasicst (1)a3a
NH2C2H4OH CUSO4 Hzo NH2C2H4OH CUSO4 H20
- 17,90 82,1 - 63,79 36,21 CuS04'5H,0
1,32 18,96 79,72 0,44 58,55 41,01 To xe
2,06 20,10 77,84 0,65 57,77 41,58 -1l
3,22 23,42 73,36 1,01 56,60 42,39 -1l
4,38 27,09 68,53 1,20 55,80 43,00 -1l
4,71 31,91 63,38 1,34 54,42 44,24 -1l
4,90 34,19 60,91 1,50 54,20 44,30 -1l
5,05 37,16 57,79 1,92 53,10 44,98 -1l
5,20 40,18 54,62 1,90 53,68 44,42 -1l
6,12 43,24 50,64 2,01 57,90 40,09 -1l
CuS0O4-5H,0+NH,C,H4OH-
6,28 43,36 50,36 8,32 51,52 40,16 CuSO4-5H,0
6,36 43,30 503,4 9,15 51,10 39,75 To xe
6,40 43,18 50,42 15,11 48,36 36,73 NH.C2H4OH: CuS0O4-5H,0
6,90 37,33 55,77 12,87 43,79 43,34 To xe
7,44 32,89 59,76 15,30 44,45 40,25 -1l-
7,98 28,27 63,75 17,66 46,06 36,28 -1l-
9,10 23,16 67,74 16,48 39,37 44,15 -1l-
10,71 19,04 70,25 17,57 41,86 59,43 -1l-
12,16 14,89 72,95 17,50 35,15 47,35 -1l-
14,39 10,77 74,84 18,19 38,20 43,61 -1l-
15,97 6,88 77,15 18,90 35,06 46,04 -1l-

PenrenodasoBblii aHaMM3 HCXOOHBIX COJIEH U
HOBBIX COEAMHEHHWH MpOBeIeH Ha AnuppakToMeTpe
JpoH-2 npu oTPHUIBTPOBAHHOM METOAHOM H3ITyUCHHUN
CuKo mpu Hanpspkenun 25 kB, cume Toka 8 MA, co
CKOPOCTBIO JABMKEHUS cueTurka 2 rpaa/muH [10].

TepMorpaBUMETpUUECKUN aHAINU3 NPOBOJUIM Ha
nepuBarorpape MAM-Bynanemr mnpu  CcKOpocTH

Harpesa BeniecT 10-12 rpaj/MuH pu MaKCUMaJIbHOM
temmeparype 900°C. HMcmonb30Bauch TepMOIIaphI
IUTATHHOPOAMEBbIE, W30JMPOBAHHBIE OT BEIIECTB.
AHanm3 MPOBOIMIIH B IIIATHHOBBIX TUTIISIX C KPBIIIKOH.
UyBCTBUTEIBHOCTh  TaJbBAHOMETPOB  COCTABISUIA
ATA-1/10, OATT-1/15, naBecka 0,12 r-mpokajeHHAS
OKHUCB amroMunus [11].
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Xumnueckuil ananus coegunenuss NH,CoHsOH-
CUSO4'5 HzOZ

Beruncneno, %: NH,CoH4sOH - 19,63; CuSO, -
50,13; H.O — 30,19

Haiineno, %:
49,60; H,0O - 30,44

NH.C,H,OH - 19,86; CuSO4 -

PentrenoazoBplii aHamM3 IOKa3bIBaeT, YTO
HOBOE COCOWHCHHWE SBIACTCA KPUCTAIHIECCKAM
BEIIIECTBOM c WHIUBHIYalbHBIM Habopom

MEXIUIOCKOCTHBIX PAcCTOSHUH W HHTEHCUBHOCTEH
JIMHUH.

OcHOBHBIE MEKIUIOCKOCTHEIC paccTosiHUs
cylab(aTta Memu MMEIOT 3HayeHus 4,68; 4,61; 3,95;
2,32; 1,907A ¢ untencuBHOCTHIO MmHME 90, 100, 40,
30,5, 32 cootBeTcTBEeHHO. J[JI1 HOBOT'O COCIUHEHUS
XapaKTePHBIMU SIBIISTFOTCS CJICYIONIHE
IQpakIuoOHHBIe MaKCUMYMBL: 4,43;2,72; 1,84; 1,71
¢ narencuBHocThIO 100; 57; 27,4; 26 COOTBETCTBEHHO.
Haubomee WHTCHCUBHBIE pediekcs Ha

PEHreHOrpaMMe HOBOTO COEIHHEHMS HAaONIONAI0TC B
obnactu 6-25° (puc.2).

Puc 2. Penmeenocpammol coeounenuii: CuSOs- SH20 (a); NHCoHaOH-CuSOs - SHL0 (6)

Ha nmepuBatorpamme MDA HaOmomaeTcss OIWH
sujotepmudeckuil sddexr npu 180°C, cpsasaHHbIH C
KHUIIEHHEM U OJTHOBPEMEHHBIM pasnoxenneM MOA. Ha
JleprBaToOrpaMme HOBOTO COEIMHEHUS
NH->C,H4OH-CuSQO4-5H,0 HaOII0HAI0TCS pan
sHpoTepMIdeckux 3ddexros mpu 128, 150, 210, 295,
364, 780°C u omuH 3K30TepMUYECKMiT SPPEKT mpu

temneparype  335°C.  IlnaBnenue  coequHEHMS
HauuHaercs npu 85 um 90°C u 3akaHumMBaeTcs Ipu
128°C. OmHOBpEMEHHO UET ACTHIPATAIHS HCXOTHOMH
comn cymepara Meam nATH- BomHOro. K 128°C
ymaixsercss OJHAa MOJIeKyJa KPUCTaUTU3AIOHHON
BOAEHI (puc.3).

400+
2001

)=
K-

100
8004 111

HEIE
!

ATAlSH

20041

] TI 2 \
404 40
T il
i K4

P Bpews, s, — Pl Bpews

, MHH,— s L% Bpews, vinn.—

Pucynok 3. Jlepusamoepammor: a) NH2CoH4OH; 6) CuSO4-5H,0;
6) NH,C,H1iOH CuSO4-5H,0

[ToTeps Beca cocrasnser 7,2%. Hauunas ¢ 210 go
295°C wmper pasnoxkenume MDA. OIHOBpEMEHHO
MPOJIOIDKACTCS YIaJICHHE KPUCTALTH3AIIMOHHON BOBI.
TMoreps Beca mpu 364°C  cocrasnser  48,8%.

JanbHelilee NOBBIIIEHHE TEMIIEPATypbl CBS3aHO C
pa3iokeHueM cyibhaTa MeIu.

Takum 00pa3om, P U3YIECHUH CHCTEMEI CYIb(at
MEIU-MOHOATaHOJAMHH-BOJIa IIPU 10°C YCTaHOBJIEHO,
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yro oOpasyercdi HOBOE COEAUHEHHME COCTaBa
NH>C2H40OH-CuS0,4-5H-0, BOJIHBIN pacTBop

KOTOPOI'0 MOYKHO MPHUMCHATH B CCJIbLCKOM XO03S1CTBE B

KauecTBe  BBICOKOI((EKTHBHOTO,  JKOJOTMYECKH
0e3BpeTHOTO  CTHMYJISITOpa pocTa W pa3BUTHUSA
pacTeHH.

W3otepma pacTBOPHMOCTH CHCTEMBI Cyibdar
HUKEJIST-MOHO3TaHOJIAMIH-BO/Ia npu 10°C
XapaxkTepusyercs HaIMIHeM IBYX BETBEH

KPHUCTAJUTU3allUY, COOTBETCTBYIOIINX BBIJCICHUIO B
TBepaylo ¢a3y cyiabdara HHKEISI U 0Opa30BaHUIO
coemunenust  cocraBa  NH2CoH4sOH-NiSO4-7H.0
(puc.4).

KoHIeHTpallioHHbIE TIPEAesbl  CYIIECTBOBAHUS
HOBOTO COCIMHEHHsS 3aHMMAalOT Ha JHUarpaMme
Ooutbiyro 00acTh U HaxozsTes mexay 12,30-39,40%
cynbdara Hukens u 11,30-23,65% MoHOATaHOIAMHHA.

NiSO;

Broinenenue coemunenus NH.CoHiOH-NiSOg4-7H2.0
ybenurensHo MO TBEPHKAAETCS nepeceueHeM
MPSMOJIMHEHHBIX JIy4eii B OJHOW TOYKE BHYTPH
TPEYroJNbHUKA, YTO CBUAETEILCTBYET 00 00pa3oBaHUU
B CHCTEME TMJIPaTHPOBAHHOTO coeMHeHHs (Tab.2).

KoHrpysHTHO pacTBoprMOe COCIMHCHHUE
NH,C,H4OH-NiSO4-7H,O BBIZIEJICHO B
KPHUCTAUIMYECKOM BHAE M  HACHTU(QHIMPOBAHO
METOJaMH XHMHYECKOT0, rpaduyeckoro,
perTrenoda3oBoro u ZIepUBaTOTpaIIecKOro
aHaAIN3a:

Xumnueckuit ananus NH,CoH4OH-NiSO4-7H,0:

Beruncneno %: NiSO4 - 45,30; NH,C,H,OH -
17,84; H,O — 36,85

Haiineno %: NiSOg - 45,70; NH,C,H4OH - 17,35;
H.0 - 36,20

Q,

2 o)
= 80

o

72]

Z.
\6\0

2

2 40
20

1

1 1

NH,C,H,OH - NiSO, - 7H,O

H,O

20

60

Macc
. %

80 NH.CH,OH

Puc.4. Hzomepma pacmeopumocmu cucmemvl Cyibgham Huxens-worodsmanoramun-6ooa npu 10°C.

Tabmuma 2.
JlaHHBIE 110 PACTBOPHMOCTH CHCTEMBI CyJIb(aT HUKeI — MOHOITAHOJIaMHH — Boja npu 10°C
No CocraB xuakoii ¢a3ser, Mace,% Cocras ;222?,214 basbi, Kpucramnusyromasics haza
NH,C,H,OH NiSO, NH,C,H,OH NiSO,
1 - 31,25 - 55,10 NiSO4 7H,0
2 1,84 31,65 0,92 43,16 To xe
3 3,38 32,81 2,08 40,25 -//-
4 6,19 33,80 5,10 38,92 -//-
5 9,02 36,44 7,04 41,18 -//-
6 11,08 38,96 5,30 48,12 -//-
NiSO,-7H,0+NH,C,H4OH-
7 11,24 39,19 11,16 45,05 NiSO4-7H,0
8 11,30 39,40 15,20 43,76 NH,C,H4OH- NiSO4-7H,0
9 11,84 35,82 14,53 40,09 To xe
10 13,09 32,35 15,14 37,76 -/l-




Eepasutickut Cor3 YueHbix (ECY) # 3(72), 2020 13
11 15,38 31,19 17,17 40,20 -1l-
12 15,16 26,22 17,19 34,12 -/l-
13 17,55 22,46 17,60 37,56 -/l-
14 18,70 18,14 18,58 30,18 -/l-
15 21,15 15,03 19,71 34,90 -/l-
16 23,65 12,30 20,10 36,82 -/l-

PCHTFCHO(I)a?)OBLIﬁ aHaJINW3 TIIOKAa3bIBACT, YTO
HOBO€ COCIUHCHUC ABJIACTCA KPUCTANIMYECKUM U
HMECT CO6CTBeHHy}O KPpUCTAJIIMYECKYIO PCHICTKY.

14095

OCHOBHBIE MEXKIUIOCKOCTHBIX PACCTOSHHS CYyJib(haTa
HUKens uMeroT 3HaueHus: 4,31; 4,03; 2,49; 1,495A ¢
unteHcuBHocThi0 100; 11,8; 7,0; 14,7 (puc.5).

-

s 20

12

Puc.5.Penmeenozpammpl ucxoonozo u nosozo coedunenust NiSOs-7H20, NH2C>2H4OH - NiSO4 -7H,0

Jns  ostaHomamMuH  cynbdara  HHUKEIS B
cooTHOmeHMH  l:1  XapakTepHBIMH  SIBISIOTCS
creyronpe 1 pakiuOHHbIe MaKCUMYyMBI; 4,57; 4,18;
1,887; 1,790A ¢ unrencusnoctsio 100; 95,5; 52; 73.6
cooTBeTCTBeHHO. Hambosiee MHTEHCHBHBIE pedIIeKChI
Ha pEeHTreHorpamme HOBOTO COE/IMHEHUS
HaOJroMat0TCs B 007acTH yriioB §-26°.

Ha  nmepuBarorpamme  NiSOs7HO  (puc.6)
HaOJIOMIAIOTCS Pl SHIOTepMIYecKuX dddexToB mpu 155,
197, 409°C n sx3otepmudeckne 3hQeKTs! ¢ BbIIEIEHHEM
tera 364 u 650°C.

Jleruaparanuss HOBOTO COEAMHEHHS HAYMHACTCS
npu temnepatype 120°C, xoraa TemnepaTypa J0XOAUT
bi (o) 155°C YAAISIOTCS JiBe MOJIEKYJIBI
KPHCTAIN3aIIMOHHON BOJIBI, TOTEPS] MACCHI IIPH 3TOM
cocraBisier 14,20%. Ilpu 197°C ynansiorcs deTsipe
MOJIEKYJIBl KPUCTAJUIM3HOHHOW Boabl, a mpu 409°C
TIOJTHOCTBIO IETUAPATUPYETCS, OTEPS] MACCHI IPH 3TOM
temnepatype coctaBisieT 43,20%. Pasnoxenue NiSO4
nporekaer npu Temneparype Boime 800°C ¢
o6pazoBanuem NiSOz(puc.6).
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Puc.6. [lepusamozpammer: a- NiSOx7H-0; 6-NH,C2H4OH NSO, 7H0

Ha  nmepuBatorpamme ~ HOBOTO  COCHMHCHHSA
NH2CoH4OH-NiSO47H,0  (puc.6) Habmomaercst  psf
sHAoTepMudeckuX 3ddekros mpu 100, 150, 192, 310, 430,
590 u 660°C u 3x303¢pdexter mpu 510, 595 u 745°C.
Jerunpatamyiss HOBOTO COCIVHCHMS HAYMHACTCS TIPU
temneparype 100°C, a mpu 150°C ynamstorcst e
MOJIEKYJTbI KPUCTAIUTM3AIMOHHOM BOJBI M B CBOIO OUepeslb
HaOIFOZIaeTCsl BBICTICHHE aMMHaKa, 3HAYUT HAYMHACTCS
paznoxeHre MOHO3TaHoNaMuHa. [Ipu Temmneparype 192°C
YIAISAIOTCS TPU MOJIEKYJIBI BOJIBL, ITOTEPSt MACCHI [0 KPHBOI
TI cocrasmsiet 20,76%, Borurcieno 20,77%.

B unTepBane Temmneparyp 310-430°C moTepst macchbl
cocrapisier 8,74%, npu 430° C coenuHEeHHE MOJHOCTBHIO
JNETUOpATAPYeTCs, T.€ yOALIeTCS CeMb  MOJICKYJ
KpUCTATU3aLOHHOM BOJIBIL. Pasnoxenue
MOHOATaHOJIAMHHA B TIPHCYTCTBHM Cyjib(ara HHIKEIS
CEMHBOJTHOTO TPOXOAUT 00JIee IUTENEHO TI0 CPABHEHHUIO C
Pa3NOKEHUEM FHUBHIYATFHOTO MOHOATaHONMaMUHA. [Ipu
temneparype 745°C moteps maccel 1o kpuBodt TT
COCTaBJISICT 48,09%. JlanbHeiiiee TOBBIITICHHE
Temnepatypbl cBszaHo (Bbime 800°C) ¢ pasnokeHueM
cynmbdara Hukens, oOmas moteps Beca npu  800°C
cocraBiiet 54,64%.

HUccrenoBanue PaCTBOPHMOCTH u
B3aUMOJICHCTBHS B CHCTeMe cyinb(haT MapraHma -
MOHO3TaHOJIAMUH - Boja mpu Temmneparype 10°C
MOKa3ajio, YTO KCTHHHOEC pPAaBHOBECHE B CHCTEME
YCTaHABJIMBAJIOCh B TEUCHHE 7 dYacoB. B kadecTBe
HCXOJIHOTO BeIIeCTBa HCTIOJB30BaJH
MEePEeKPHCTAIIM30BaHHYI0 CONb - CyJb(haT Maprasia
MapKH «X9» ¥ MOHO3TAHOJIAMUH «1» TePETHAHHBIMN.

N3otepma pacTBOPUMOCTH CHCTEMBI Cyib(daT
MapraHiia-MOHO3TaHOJAMHH -BOJA COCTOHMT W3 JIBYX
BETBEH KPHCTAJUIM3alMM HCXOIHBIX KOMIIOHECHTOB.
[lepBast BEeTBb COOTBETCTBYET KpHCTAUIM3AIHMU B
TBepAyto ¢aszy cyibdaTa MapraHia HSTHBOIHOTO, a
BTOpas OTBEYaCT HOBOMY COCIMHEHHMIO COCTaBa:

NH>C>H4OH- MnSQO4-3H,0. Oo0pasoBasiieecs
COEIMHEHHE PACTBOPSAETCS B BOJE KOHIPYIHTHO (PHC.
7, Tabn.3).

KoHIeHTpallMOHHBIE TIPE/eNbl  CYIIECTBOBAHUS
HOBOI'O COEIMHEHHS 3aHMMAlOT Ha JHarpaMme
GoJibIyt0 001acTh U HaxogsTes Mexay 12,69-28,50%
MOHO3TaHONaMuHA u 8,72-59,86 cynbdara mapranma
COOTBETCTBEHHO. Oto naer BO3MOXKHOCTb
CHHTE3MPOBaTh COEIMHEHHE B IIMPOKUX Ipezenax
KOHLICHTPALMH MCXOAHBIX KOMIIOHEHTOB.

Hosoe COCIUHCHUE BBIJICJICHO B
KPHCTAJUIMYECKOM BHJE W  HMICHTH()HUIMPOBAHO
METOJlaMHi  XUMHYECKOrO, PEeHTreHo(a30Boro u

TEPMHUYECKOTO aHAIU30B.

Xumnueckuit aHamm3 NH2C,HsOH- MnSO4-3
HzOI

Beruucneno %: NH,C,HsOH - 22,93; MnSO, -
56,77; H.O — 20,30

Haiineno %: NH.C,H,OH - 22,56; MnSO, -
56,98; H.O — 20,35

PeHTI‘eHO(l)%BOBI)II\;I aHaJIM3 IIOKa3bIBACT, 4YTO
HOBOC€  COCJUHCHHEC  ABJIACTCA  KPUCTANIMYCCKUM
BC€IICCTBOM C WHAUBUAYAJTbHBIM Ha60p0M

MEXIUIOCKOCTHBIX PACCTOAHUM W HMHTEHCUBHOCTEH
muHUH (Tabm.4).
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Puc. 7. H3omepma pacmeopumocmu cucmemvl Cyib@ham mMapeanya — MOHOIMAanoiamun — 6éooa npu 10°C
Tabmma 3.
JlaHHBIEe 110 PACTBOPMMOCTH CUCTEMBI CYJIb(aT MapraHia-MoHO3ITaHOJIaMUH-BoAa nipu 10°C
CocraB XuIKOH (ha3bl, CocraB TBEPIOTO
No o o
W macc.% «OcTaTKay, macc.% Kpucrammsyromasics daza
NH,C,H,OH MnSQO,4 NH,C,H,OH MnSO,
1 - 57,64 - 62,80 MnS0O4-5H>0
2 2,87 58,10 1,14 59,54 To xe
3 5,53 58,36 2,62 61,12 --//--
4 8,40 58,62 4,25 61,46 --//--
5 12,54 59,58 3,16 62,78 --//--
MnSQO4-5H,0O+NH,C,H,OH -
6 12,63 59,70 16,92 60,14 MnSO4-3H,0
7 12,69 59,86 19,18 57,89 NH>C>H40H- MnSO4-3H,0
8 12,58 55,42 18,20 56,41 To xe
9 1251 51,82 19,90 55,33 --//--
10 12,75 48,81 19,29 53,58 --//--
11 13,10 43,56 20,45 53,54 --//--
12 15,21 39,90 20,16 51,60 --//--
13 16,39 34,33 20,94 50,22 --//--
14 18,30 30,11 21,12 47,49 --//--
15 19,26 24,80 22,08 50,77 --//--
16 22,32 20,39 22,36 45,44 --//--
17 24,10 15,23 23,29 47,63 --//--
18 26,41 12,18 24,48 41,52 --//--
19 28,50 8,72 24,60 45,80 --//--
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Tabauua 4.
MexniaockocTHbie paccrossHust MNSO45H20, NH2C2H4OH-MnSO4-3 H20
MnSQO;, -5H,0 NH,C,H;OH -MnSQO4-3 H,O
dA Jdo dA Jlo dA Jio dA Jio
7,66 10,96 1,634 15,85 11,30 79,331 1,854 27,59
491 60,98 1,616 18,29 7,35 31,03 1,833 34,48
3,82 14,63 1,598 9,76 6,02 51,72 1,799 34,48
3,50 100 1,577 8,54 4,91 34,48 1,774 37,93
3,37 42,68 1537 8,54 4,37 31,03 1,701 34,48
3,14 62,195 1,482 12,195 4,54 48,28 1,674 37,93
2,58 47,56 1,424 6,097 3,79 37,93 1,659 41,38
2,42 9,76 1,301 10,96 3,70 58,62 1,571 41,38
2,36 18,29 3,06 100 1,537 41,38
2,25 23,17 3,00 89,66 1,463 27,59
2,14 15,85 2,82 41,38 1,344 27,59
2,10 17,07 2,60 27,59
2,02 17,07 2,51 51,72
1,972 9,76 2,42 44,83
1,871 10,96 2,10 34,48
1,747 9,76 2,01 34,48
1,717 19,51 1,988 27,59
1675 9,76 1,967 27,59
OcHOBHbIE MEKIIOCKOCTHBIC paccrosiaus  50°C //XKypHn. Heopr. xumun.1987.-T.32, Ne§.-C.2035-

cynmb(ara Maprafna IMATHBOJHOTO HMEIOT 3HAYCHUS
4.91; 3,50; 3,14; 2,58; 2,25A C MHTCHCUBHOCTHIO 61,
100, 62, 48, 20, COOTBETCTBEHHO. Jost
NH2C>2H4s0OH-MnSO4:3H,0 xapakTepHBIMH SBISFOTCS
crenyromue mudppaknuonneie ymHEH: 11,30; 6,02;
4,54; 3,70; 3,06 A ¢ unTeHCHBHOCTBIO 79; 52; 48; 59;
100, COOTBETCTBEHHO.

IIpoBeneHHbIC (hHU3UKO-XUMUYECKHE
WCCIIEIOBAaHMUsI 1O W3YYCHHUIO B3aUMOJICHCTBUS U
PacCTBOPUMOCTA  MOHOJTAHOJIAMUHA C  COJIIMHU
MUKPO3JIEMEHTOB, CUHTE3 HOBBIX COEIMHEHWH Ha HMX
OCHOBE M BbIsIBIeHHE HX OS(OQPEKTUBHOCTH B
CEIIbCKOXO3SICTBEHHOM TIPOM3BOACTBE B KadeCTBE
CTUMYJIITOPOB ~ pOCTa W  Pa3BUTHS  PACTCHUH
MOCTY KW OCHOBOH IJIsi pa3pabOTKH TEXHOJOTHUH
MOJYYCHUSI CTHMYIISATOPOB POCTa HOBOTO MOKOJICHHS
nonu(yHKIIMOHAILHOTO NeiicTBUs. [IpeaBapuTeabHbIe
arpOXMMUYECKUE HCIBITAHUS TOKa3aJd, YTO OHH
MOBBIIIAIOT YPOKAWHOCTh XJIOMYATHUKA U 3€PHOBBIX
KylabTyp Ha 3-7 1m/ra W yIydmiaroT KadecTBO
MIPOTYKITHH.
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AND NATURE NOT CONTRADICTING WITH NEWTONIAN MECHANICS
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The necessity to take into account friction forces momentum (impact losses) in the momentum equation of
interacting deformable bodies is shown. Occurrence of propulsive force in devices with no reaction mass ejection
is explained in terms of Newtonian mechanics exemplified by the so-called inerzoids, due to the gap between the
efficiency coefficient (losses) in the process of expelling and addition of the same sloshing mass. The possibility
of manifestation of this effect at the atomic level under the influence of inertial forces and the magnetic field in
nature and in technology is considered as a hypothesis. A mechanical device creating propulsive force, in the form
of an inerzoid, implementing oarer biomechanics for outer space is proposed.

Keywords: Momentum equation, inerzoid, additional mass, Meshchersky equation, hidden mass, dark
energy, magnetic field, gravitational constant, outer space, oscillating process.

Introduction

To fly in space, jet thrust is required, which is
determined by energy and consumable reaction mass.
If a space-flight unit (SFU) can obtain energy from an
energy-intensive nuclear plant or the Sun, which is
considered to be inexhaustible source of energy, then
the mass of expellant, the consumable mass, is always
limited. Basically, the energy (chemical) and the
consumable mass are combined in the rocket fuel; these
are its reserves on board of a SFU that limit its
capabilities, especially for interplanetary flights.
Therefore creation of the space jet engine with high
specific impulse, even a small thrust, is of current
interest.

In recent decades, numerous experimental studies
confirmed possibility to create thrust in devices with no
mass ejection. But the problem here is to explain this
phenomenon or effect without violating the laws of
conservation. Understanding the physics of the process
of thrust occurrence would qualitatively raise its
efficiency. Existing publications recognize this
phenomenon and attempt to explain it and implement
in the framework of state programs [1, 2, 17]. However,
given that the scientific world is at the beginning of the
way of knowing this process, it is advisable to carefully
consider other versions, even at the level of hypotheses,
which could complement each other. Below we
consider the explanation of this phenomenon in terms
of Newtonian mechanics and its manifestation in nature
and technology.

In paper the explanation of this phenomenon in
terms of Newtonian mechanics and its possible
implementation in technique is considered. The
necessity to take into account friction forces
momentum (impact losses) in the momentum equation
of interacting deformable bodies is shown. Occurrence
of propulsive force in devices with no reaction mass
ejection is explained in terms of Newtonian mechanics
exemplified by the so-called inerzoids, due to the gap
between the efficiency coefficient (losses) in the
process of expelling and addition of the same sloshing
mass. A mechanical device creating propulsive force,
in the form of an inerzoid, implementing oarer
biomechanics for outer space is proposed. Also the

possibility to apply the considered inerzoid mechanism
to create propulsive force at the atomic level is
considered.

This article is of polemical nature.

2. Theoretical principles and concepts of the
effect manifestation.

In the applied gas dynamics [9] for a gas jet taking
into account the friction force, the known momentum
equation for sections 1-2 with constant area F and
without performing work is written as follows:

(p,—p,)F —P; :G(Wz _Wl)'

i.e. here friction force Py is taken into account, and
p and w are the gas pressure and velocity, respectively.

The correlation to define the nozzle thrust [10]
obtained for TJE using a common method from the
momentum equation, introduces the speed ratio, taking
into account the internal losses due to friction and
compression shock waves.

For the thrust augmenting ejector [9], in which the
active (ejecting) and ejected jets interact, the efficiency
coefficient is introduced in the correlation determining
the thrust augmentation ratio, taking into account the
impact losses of the interacting masses.

Bz (n+1)n
R , W)

Where P/Pq is the thrust ratio with the thrust
augmenting ejector and without it (thrust augmentation
ratio);

n = Gy/G; is the ratio for the flow rate of the
ejecting and the ejected gas (the coefficient of ejection);

n is the coefficient of the thrust augmenting
ejector.

In works [9,10], the presented relations subject to
the efficiency coefficient of gas mass interaction
processes in the flow are confirmed by numerous
experiments and are widely used in practice.

In the general physics [11], the law of
conservation of momentum for two interacting solids
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(let us assume that solid m; is at rest before impact)
under the inelastic impact is as follows:

wm, =W, (ml + mz) or,w, (ml + mz)/W1m1: 12

There are no impact losses (friction during
deformation); they are reflected only on the mechanical
energy in the form of the efficiency coefficient of the
interaction process. The work [6] demonstrates the
experiment with a bullet hit in a sand box suspended as
a pendulum which mass is 1000 times more than the
bullet mass. It was found that the efficiency coefficient
of the process is 0.1 per cent. The deflection of the box
was measured; the force generated by the box was not
measured. The question arises: how correct is the
experiment and what would happen to the results if the
box was filled with the material with different
resistance to bullet penetration. Theoretically, all
mechanical energy can be converted into heat and, will
the momentum then also be preserved? Momentum is
the presence of speed, speed is the mechanical energy.
l.e. where no speed is, there is no momentum. This is
qualitative assessment. And now let us mathematically
estimate the validity of the above momentum equation
(2) in terms of the energy conservation law. By inelastic
impact some of the kinetic energy is converted into
heat, i.e. the kinetic energy decreases. Thus, here, as in
the thrust augmenting ejector [4] this ratio of kinetic
energies can be taken for the efficiency coefficient of
inelastic impact.

2
W. +Mm
2 (rn; 2) — 7741
W m
Let us transform this relation for energies into
the relation for the linear momentum. Let us extract

the square root from the left and right sides of the
equation:

& m1+m2 :\/ﬁ
Wy my

and multiply by

m; +m,
my

We will get the ratio of the linear momentum

Wy (Mg+my) m1+m2n
Wy my m

unequal 1, which contradicts the equation (2). This
ratio corresponds to (1), which is obtained in the same
manner.

In view of the above, we can draw the following
conclusion: for deformable bodies in which mechanical
energy is converted into heat (but there are no
absolutely solids in nature), it is necessary to introduce
the friction force impulse into the momentum equation.
And then, in the closed system, if multidirectional and
unequal frictional forces are created (e.g., in the
oscillatory process), then unbalanced (propulsive) force
with no reaction mass ejection will arise.

Effect of occurrence (creation) of the propulsive
force in unsupported motion with no reaction mass
ejection can be considered by the example of the known
mechanical device of an inerzoid (Fig.1) [3,4,12)]
realizing these conditions within the laws of Newtonian
mechanics and in particular the Meshchersky equation:

_dm,
+0
dt

where m is the variable body mass; v is the
variable-mass body velocity; u; is the relative velocity
of separating particles; u; is the relative velocity of
adjoining particles;

m
—2L js the mass flow rate (expelling) per second;

dt

m
d_tz is the mass input (addition) per second; F

is the external force.

Figure 1. Inerzoid.
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Here, for the inerzoid, the particular solution of the
Meshchersky equation is interesting, when for a body
the expelled mass is equal to the added mass, i.e. its
mass is constant. In the actual practice, at the constant
mass subject to the losses, it is possible to create a pulse
when an unbalanced force occurs due to different
efficiency coefficient values of the processes of mass
expelling and adding.

The inerzoid mechanisms, in spite of their variety,
can be brought to a simplified diagram (Fig. 2), where:
1 is the shock mechanism, 2 and 3 are the bodies of
various elasticity located in casing 4. There are two
main phases in the action of the shock mechanism: 1 —
when there is its effects on bodies 2, 3 and 2 — (the
opposite phase), when there is no impact. There is no
wheel drive.

/
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Figure 2. Diagram of propulsive device (inerzoid) with no reaction mass ejection: 1 — shock mechanism;
2 — perfect elastic body; 3 — non-elastic body; 4 — casing.

Let us consider the inerzoid loading pattern (Fig.
2). For better understanding the physics of this process
let us make the following assumptions:

- The mass determining the momentum is focused
within the shock mechanism;

- Body 2 is perfectly elastic;

- Body 3 is non-elastic;

- There is no friction between the parts of the
shock mechanism (it is not fixed on the casing), bodies
2 and 3 and casing 4 walls;

- P, = P, are the forces transmitted by the shock
mechanism to body 2 and 3;

- Py is the frictional force generated at
deformation in non-elastic body 3;

- Py is the residual force transmitted by non-elastic
body 3 to the right end face of casing 4.

Owing to perfectly elastic body 2, force P; is
transmitted to the left end face completely. When the
shock mechanism is in the opposite phase, when there
is no action of the shock mechanism on body 2 and 3,
P1 = 0, P, = 0, the following equation of forces is not
realized (there is no propulsive force).

For the assumed loading pattern the equation of
the forces acting simultaneously on the end faces of the
casing is written to determine only the instantaneous
value of the propulsive force. We assume the direction
of propulsive force Py, as positive.

P

pr

—P

r

R

To determine the P;. let us write down the equation
of the forces acting on the non-elastic body

P, =P + P, then

R-P,+P, =P

or » and

=P,

r

In theory it is possible that P, = 0 (all mechanical
energy transfers into heat), then

Ppr:Pl

In bodies 2 and 3 during the shock mechanism
operation in the oscillating process, mass addition can
occur with an efficiency conditioned by the bodies'
elasticity. Inerzoids are the mechanisms where due to
asymmetric elasticity and accordingly different
efficiency coefficients of the processes of adding and
expelling solid mass in the oscillating process, the
unbalanced force occurs.

If there were the possibility to manufacture the
inerzoid mechanism from absolutely solid material,
then no motion would occur.

It should be noted that such inerzoid was
successfully tested in 1996 in LLC "Faraday" (Tula)
[10]. In [10] it is noted that the idea of the experiment
has long been known — it was reflected in the American
journal "Popular Science" No. 126 of 1935. However,
there was no theoretical justification of the equations in
these publications.

Let us show how this simplified mechanism of
creating propulsive force can be manifested in nature
and implemented in technology. In this case, we will be
guided by the following rules for obtaining scientific
knowledge, established by I. Newton [14]:

- Ontological assumption on the nature simplicity:
do not allow more causes than are enough to explain
visible acts of nature; this rule evolves a well-known



20

Espasutickuti Coros YueHbix (ECY) #3(72), 2020

principle of simplicity by W. Occam, pointing to the
necessity of searching for simple explanations;

- Ontological idea of the uniformity of nature: one
and the same phenomenon should as far as possible be
explained by the same causes.

Since there was no there was no visible interaction
with the ambient atmosphere in experiments with the
inerzoids (Fig. 2), new theories (gravitational, torsional
fields, etc.) were suggested to resolve contradictions
with the law of momentum conservation, which did not
comply with the above-mentioned rules. However, the
new theories did not give well-defined explanations of
the effects achieved, and so they were subjected to
criticism. The following, partly new scientific data can
clear up the question:

1. PJSC "UEC-Saturn" (Rybinsk) has conducted
tests of the experimental pulsejet engine with the thrust
augmenting ejector based on a high-frequency slide
valve constant volume (V=const) combustion chamber
of a new type [3, 4, 12].

It was demonstrated that addition of gas mass
inside the channel that increases the thrust can occur in
the oscillating process, i.e., one and the same gas mass
can create thrust first as an active and then as an
additional mass. In this situation the kinetic energy
(dynamic pressure) is converted to pulse. The
additional mass can repeatedly participate in generation
of thrust in the oscillating process; it is difficult to
measure or to take into account. When determining the
specific characteristics of the engine (attributed to the
mass flow) may even be in conflict with the laws of
conservation due to this "hidden” mass. l.e. by the
indirect estimation the real additional mass can become
"hidden".

2. At NASA Glenn Research Center during
experimental research of a pulsejet thrust augmenting
ejector with a resonance device at inlet [16], the
ejecting process efficiency of 1.15 was obtained that
contradicts the laws of conservation. The reverse gas
flow at definite periods of time was observed. The
authors of the research fell short in their efforts to offer
an explanation for this phenomenon. The contradiction
can be resolved provided one and the same air mass is
used first as an active and then as an additional mass
within the oscillating process, i.e. as in the previous
case.

Under certain conditions, transformation of the
active mass into the additional one is also possible in
the single non-stationary cycle (with continuous
efflux). This occurs when the flowing out gases lose
gradually kinetic energy, e.g. due to friction, or when
the power of the energy source increases (during the
cycle), i.e. the subsequent masses of the gas have a
greater velocity. This effect can be explained via such
time-stretched visual unsteady single process as
volcanic eruption. At the beginning of eruption, the first
masses of erupted magma would remain near the crater
creating momentum as an active mass. However, the
subsequent flowing out of magma masses affects the
previous ones driving them into motion and turning
these masses into the additional ones increasing
momentum. l.e. one and the same mass in the flow
without pulsations participates in creating momentum

twice — first as an active mass, then as the additional
one.

The "hidden mass”, "dark matter", "vacuum
energy" — these usually related concepts are used to
explain some technical and cosmic phenomena, when
there are problems with application of laws, such as the
laws of Newtonian mechanics. However, not
everything has received explicit recognition.

To understand "the vacuum energy" (“the hidden
energy"), such remarkable fact can be referred to from
the unsteady gas dynamics [14], which is not
immediately perceived even by the experienced
specialists in gas dynamics.

When a vacuum vessel is filled with ambient air,
the inside temperature increases by 115K, i.e. the
internal energy increases. Moreover, vacuuming could
be carried out arbitrary long ago, even in the time of the
Big Bang. At first glance this phenomenon can
demonstrate the so-called vacuum or the gravity
energies, but there is fairly simple explanation based on
the first law of thermodynamics, which in the absence
of heat transfer will be written as follows:

Q=U,-U;+L,; =0

When the vessel is filled, there is change in
volume, and hence there is outer work Loy This results
in change in internal energy U, — U; (in more detail in
[14]). Here, the source of increasing internal energy is
the work previously spent on vacuuming the vessel.

It should be noted that the cyclic nature of the
pulsojet operation assumes that each implemented
cycle, as in the experiment with the vacuumed vessel,
at the beginning receives parts of the energy
(temperature increase) from the previous and then
transfers it to the subsequent cycle [14].

The obtained results can help to solve technical
problems arising in the study of unsteady gas-dynamic
processes, especially in terms of understanding their
physics. In addition, as noted above, it is advisable to
consider them in relation to cosmology, where there is
also the problem of the "the vacuum energy" and "the
dark matter". The Big Bang theory, which explains the
origin of the Universe, is now largely accepted. This
assumes a starting point, i.e. a singular state in which
the laws of physics do not apply. However, there is a
point of view [15] that "the basic model of the Big Bang
is not able to explain the three main features of the
observable Universe. Such features encompass
inability to explain the temperature observed in the
modern Universe, existence of galaxies, and expansion
of the Universe. If a new discovery is made that does
not fit into the standard model of the Big Bang, then
scientists introduce new substances wherein, for
example, "the dark energy" and "the dark matter”, the
existence of which also needs to be proved. There are
other theories, e.g. [15] "the cyclic one: endless series
of compression and expansion of the Universes." And
this can be accompanied by the phenomena caused by
increase in temperature (“the dark energy") and
occurrence of the additional mass (“the hidden mass"),
due to the cyclical nature and the explained above. l.e.
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there is no "dark mass and dark energy", but there is the
additional mass and the energy of the previous cycle.
At mass interaction such phenomenon occurs as
unstable accumulation of the additional mass and its
uneven distribution in space [7].

Let us consider as a hypothesis possibility to apply
the considered inerzoid mechanism to create propulsive
force at the atomic level. It is known that all atoms of a
solid execute thermal oscillations. There are strong
interactions between atoms of a solid [16]. The nucleus
in which the mass of the atom is concentrated oscillates
in the system "the nucleus — the electronic shell".
Asymmetry of this system can be created due to the
following factors:

1. Under the influence of the magnetic field, it is
possible to form the electronic shell and to generate an
asymmetric system in which the force interaction is
determined inversely to the square of the distance. As a
result, the atoms as a set of inerzoids in the oscillating
process create total unbalanced propulsive force.

The so-called "impossible™ electromagnetic rocket
engine with no reaction mass ejection invented by
Roger Schauer [18] and Leonov [8] can partly lend
evidence to this phenomenon. The possibility to create
such low-thrust engine is confirmed by NASA, papers
highlight asymmetry in the electromagnetic system of
the engine with a high-frequency magnetron, but there
is no explanation for the mechanism of creating thrust.

It can also be accepted as a hypothesis that the
gravitational force can be formed in this way, without
the gravitational field. Then the well-known problem of
creating the unified field theory is solved. It should be
recalled what Newton said about his gravitation theory:
"It says how bodies move. That should be enough. I've
told you how they move, but not why". However, there
were attempts to answer the "why", but they did not
receive recognition.

2. Under the influence of acceleration, the nucleus,
in which the mass of the atom is enclosed, together with
the electronic shell can also form the asymmetric
system described above creating propulsive force. The
main interest for outer space and the technology is
centrifugal acceleration. Numerous experiments [19]
with rotating masses show encouraging results in the
creation of antigravitational forces.

It is necessary to conduct research at the
subatomic (quantum) level as to creating propulsive
force from the influence of the magnetic field and
inertial forces. Probably, these studies should result in
creating a quantum gravitation theory (so far there are
only hypotheses). This approach will be consistent with
the hypothesis put forward at the University of Leiden
(Holland), according to the results of the latest
fundamental studies of the Universe, which indicates
that the gravity is the temporary phenomenon and the
side effect, but not the reason to what happens in the
Universe. It can be assumed that at every point in the
Universe, the magnetic field and acceleration will
determine the gravitational force, its magnitude and the
direction of action (without the gravitational field).
That is, the gravitational constant at the periphery of the
Universe can change dramatically, as Dutch scientists
discovered.

3. The core can be shifted and made to oscillate
more intensively due to the directed addition of
energies, such as the acoustic or the vibration one.

Within the suggested hypothesis the known
gravitation formula

F - /mM

rZ

remains unchanged, just y should be called the
gravitational constant, e.g. gravitation coefficient
which at each point of the Universe will be different.
Now the gravitational constant is determined
empirically under the conditions of the earth surface,
under specific conditions, but its constancy extends to
the Universe. Proposals to measure it, for example, in
the conditions of the Moon are considered to be
unsubstantiated. And here the question arises, whether
due to this accepted constancy y we have to reckon such
possible versions of the structure of the cosmic bodies:
ferrum inside the Earth, the Moon should have
hollowness, existence of planets being gas giants.
Maybe each planet has its own gravitational constant,
and their density does not differ much, and this will
correspond to the above-mentioned ontological idea of
uniformity of nature.

Attention should also be paid to the following
facts:

- Periodic measurements of the gravitational
constant record its changes, which are attributed to the
measurement error;

- The Earth's magnetic field is changing; the North
Pole is shifting at increasing speed (60 km per year in
2004).

Possibility of pole change is not excluded; it is
assumed that this has already happened. That is, strong
change in the Earth's magnetic field can change the
effect on the mechanism of interaction of masses at the
atomic level and accordingly change the gravitational
constant.

There exists a hypothesis that the extinction of
dinosaurs occurred at the reversal of poles. The square
cube law known in technology (in relation to strength)
is also valid for the musculoskeletal systems of living
organisms. The force created by the muscle is
proportional to the area of its cross-section (the square
of the linear size) and therefore lags behind the mass
(proportional to the cube of the linear size) when the
size of a living organism increases. This reduces the
ratio of the developed strength to the weight and makes
the body less mobile and viable. It can be assumed that
the change of poles has increased the gravitational
constant and the living beings with small mass turned
out to be more viable. It should be noted that the mass
of some species of dinosaurs amounted to 70 tons.

The known phenomenon, i.e. short-time weight
reduction in the human body and other living organisms
under definite conditions called "levitation", has not
received a well-defined explanation so far.

During the experiments on levitation, muscular
trembling was observed with a human being that can be
considered as a peculiar pulsating process. The analysis
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of the musculoskeletal system of a human being
showed its similarity with the inerzoid. More powerful
difference (asymmetry) in bones and muscles elasticity,
compared to an inerzoid, is obvious. Therefore, it is
reasonable to consider the causes of origination of the
force reducing the human body weight as a result of the
mass interaction in muscles (at their high-frequency
contraction) and bones. It is known that some handball
and basketball players can hover over in the air for a
short time, i.e. create the force comparable to the
weight. Probably, subject to knowledge of this
biomechanics, it is possible to develop ability of the
astronauts' organisms to control the movement of their
body in space with the help of training.

3. Example of possible implementation of the
effect in engineering.

To fly in space, jet thrust is required, which is
determined by energy and consumable reaction mass.
If a space-flight unit (SFU) can obtain energy from an
energy-intensive nuclear plant or the Sun, which is
considered to be inexhaustible source of energy, then
the mass of expellant, the consumable mass, is always
limited. Basically, the energy (chemical) and the
consumable mass are combined in the rocket fuel; these
are its reserves on board of a SFU that limit its
capabilities, especially for interplanetary flights.

At the same time, low-thrust rocket engines are
used in space serving to stabilize the position of SFU,
their movement to other orbits, as well as for movement
of astronauts in outer space. Thrust of such engines
usually does not exceed several kilograms, which is
much lower in terms of energy consumption than
physical capabilities of a human being.

It is proposed to use the principle of inerzoid
motion in the device driven by muscular force to move
a SFU in space. Oarers implement the muscular energy
to the fullest extent possible (in boat racing). Here, all
the major muscles of the legs, back and arms are
involved in creating the effort. Fig. 3 shows a device
made in the form of an inerzoid with oarer
biomechanics implementation in two positions: at the
beginning and the end (the dashed line) of the forward
travel. For better understanding of the device, its
construction diagram is considered in the simplest
conventional form. Given the sufficiently large forward
travel of the oarer L (ca. 1.5 m) pulley tackle 1 is
applied setting the working force, providing at the end
of the motion small working travel I and corresponding
increase in force (L/1) for optimal deformation of a non-
inelastic body. The pulley tackle is rigidly fixed on SFU
structure 2 and has a spring mechanism to bring the
device to its original state (during the back travel). The
given designations and the equations, respectively, are
the same as those of the above-mentioned inerzoid.
Non-elastic body 3 is shown here conventionally; it is
easily deformable, it does not lose its properties in the
work (e.g. something like plasticine). To bring the non-
elastic body to its initial state (before the working
travel), there is a mechanism for its reversal by 90° (not
shown in Fig. 3). The working process encompasses
two cycles: the working travel with deformation of the
non-elastic body and the return (preparatory) travel
with rotation of the non-elastic body, i.e. similar to
forging a hot metal work piece. As a result of this
process unbalanced propulsive force is generated.

Figure 3. Device for creating propulsive force in space with implementation of oarer biomechanics;
1 — pulley tackle; 2 — elastic body; 3 — non-elastic body.

The non-elastic body can be of another design, e.g.
in the form of a mechanism, and possibly with
utilization of the released energy, but this requires
special research. This device can simultaneously
perform the function of a sports simulator for
astronauts.

In [20] there is information that in Canada
possibility of such method of movement on the water
was confirmed on a specially created canoe, but the

idea did not go any further. On this occasion, we can
note the following:

- Probably the canoe was moving very slowly and
it did not arouse practical interest;

- Understanding the physics of the process, it is
possible to increase its efficiency (increase the
propulsive force) through constructive measures;

- In space, the small force created with no reaction
mass ejection is also of great importance.

4. Conclusion
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1. Exemplified by using the momentum equation
in the applied gas dynamics, in particular, in the theory
of the thrust augmenting ejector, the necessity to take
into account losses on impact (friction) in the
momentum equation of the interacting deformable
bodies was mathematically proved.

2. The possibility of creating thrust with no mass
ejection is shown on the example of a known
mechanical device of an inerzoid using the momentum
equation (subject to friction). This also corresponds to
the partial solution of the Meshchersky equation, when
the mass of expellant and the additional mass are equal
(one and the same oscillating mass), and the efficiency
coefficient of the processes is different.

3. As a hypothesis, the principle of inerzoid
motion is transferred to the atomic level of a solid,
where the oscillating nucleus with the electronic cloud
under the action of inertial forces and the magnetic field
can create an asymmetric system with the unbalanced
force.

4. The possible manifestation of the identified
propulsive force in nature, space, its implementation in
technology, for example in the device implementing
oarer biomechanics, is shown.
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KOHKPETHBIX MECTOPOXKICHHUN HETH U raza, a TAKXKe MPH BEIOOPE ONTHMAIBHBIX PEKUMOB JTOOBIBAIOIINX CKBAKHH.

KnroueBble cjioBa: yrieBoJOpOAHasl CHCTEMA, Ta30KOHICHCATHOE MECTOPOXKIEHHE, (ha30BOE MOBEICHUE,
JlaBJIEHUE KOHJIECHCAINU, KOHAEHCATOCOAEPKAHNE, PETPOrPAJHOE SBIICHHUE.


https://www.doi.org/10.31618/ESU.2413-9335.2020.1.72.620

Espasutickuti Coros YueHbix (ECY) #3(72), 2020

24

BBenenune

[ponecchl 100bIYM, TpaHCIOPTA U MepepadOTKu
HeTH it ra3oKOHJIeHCaTa, KaK MpaBuio,
COTIPOBOXKIAIOTCS (hazoBBIMU nepexoiaMu.

MHTCHCUBHOCT M OCOOCHHOCTH AITHUX MEPEXOJOB, a
TaKXKe CBOHCTBa oOOpasylommuxcs (a3 3aBHCAT OT
Oompmoro uncna QaxropoB [1-5, 11, 12]. NUmeercs
0oNBIIOe KOJMYECTBO ITyONMKAIMK, MOCBAIICHHBIX
SKCIEPUMEHTAITBHOMY H3YIEHUIO OCOOCHHOCTEH 3TOTO
nporecca [6-10, 13]. BaxxHO OTMeTHTB, 4TO OONBIIas
4acTh ATHX OKCHCPUMEHTANBHBIX HCCIICIOBaHHN
BBIMOJIHSUIACE HAa  OWHAPHBIX, TPOMHBIX W n-
KOMIIOHCHTHBIX HCKYCCTBEHHBIX CMECSX, B TO BpEMs
KaKk 3HAYUTEIBHO MCHBIIC TaKUX HCCICIOBAHUI
BBIMOJIHEHO ISl  ©CTECTBEHHBIX  yIJIEBOJOPOIHBIX
cucTeM, ocobeHHO B obOnactu gaBieHuid Bbimre 40,0-
50,0 MIIa [1, 6, 11]. Bmecte ¢ Tem, 3a nmociaeanue 15-
25 7er OTKPBHITHI W BBEICHBHI B NPOMBIIIICHHYIO
pa3paboTKy TIyOOKO3alerarmme ra30KoHICHCATHBIC
U Ta30KOHACHCATHOHE(TSHBIE  MECTOPOKACHUS,
UMCIOIE aHOMAJHHO BBICOKHE IUTACTOBEIC TABICHUSL
Beimre 70,0-80,0 MITa. 3naHne 0coOEHHOCTEN CBOMCTB
VIJICBOIOPOAOB  TAaKMX  3alekKed,  MpaBHIbHOE
MPOTHO3UpOBaHKE HX ()a30BOT0 MOBENEHHS OYEHb
BaXHO Ui HedrerasomoObIBaromieii otpaciu. Kpome
TOr0, CYHICCTBYIOIIME HA CETOAHANIHUN JCHBb
MAaTEMAaTHYCCKUE METOAbI MOJACIMPOBAHUA q)a30131>1x
MEPEXOJ0B 0a3MPYIOTCs HMEHHO Ha pe3ysbTaTax
SKCIEPUMECHTAIBHOTO W3yUYeHHS 3TOH mpoOieMsl [4,

12]. J4! JanpHeHnIee COBEpLICHCTBOBAaHUE
MAaTEeMAaTUYCCKUX METOJOB MOJICIUPOBAHUS, a TAKKE
CO3/IaHKME TPHUHIUINAIBHO HOBBIX IOJXOJIOB IS
9KCIPECC-MPOrHO3a COCTAaBA M CBOMCTB (ha3 3aBUCAT OT
o0BeMa U KauecTBa HaKOILIEHHBIX
SKCIEPUMEHTANBHBIX JTAaHHBIX B O3TOW o0OmacTu.
[TosToMy paGOTHI B 5TOM HaNPaBICHUH IPOIOIKAIOTCS
mo ceil NeHb, HECMOTpsA Ha IOPOTOBHU3HYy W
TPYAOEMKOCTh caMuX dKcmepuMenTos [11. 12, 14, 15].

B 9TOM  CMBICJIE,  JIOIOJHEHHE  OaHKa
SKCIEPUMEHTANBHBIX JAHHBIX, AIMCIOIIIXCS B MUPOBOH
JIUTEpaType, MAHHBIMH IO YTJICBOJOPOJIHBIM CMECSM
u3 rTy0OKO03aIeTraroIuX MECTOPOXKICHUI
AzepOaiipkana,  HECOMHEHHO, MOXET  BHECTH
CYLICCTBCHHBIN BKJAN W JaTh JOMOJHUTEIbHBIN
UMIYJIBC JJIs YTOYHCHUS MATEMAaTHUCCKUX METOJOB
MOJICIIUPOBaHUs (Pa30BOTO MOBEACHUS TAKUX CHUCTEM,

0COOCHHO B O0JMacTH BBICOKMX JABICHUH U
TeMIIepaTyp.
IKcnepuMeHTAJIbLHbIE HccIeJ0BaAHUSA "

MOJIy4YeHHbIE Pe3yJIbTATHI

OKCIIEPUMEHTHI TPOBOAWINCH C IBYMS THIIAMH
KOHJIEHCAaTOB - Jerkumu (ckB.111) u TsKeTBIMHU
(ckB.56), OTOOpaHHBIMH M3 CKBOKUH MECTOPOXKICHHS
Bymna-nenns (AsepOaiimxkan), OMmKe K HadyalbHOMY
STamy BCTYIUICHMS HX B 3KciutyaTtauuio (1982 u
1989rr.). B Tabn.1, moka3aHbl HauyaldbHBIE COCTABBI
ra3oB M HEKOTOPHIE CBOWCTBA KOH/IEHCATOB U3 CKB. 111
u 56.

Tab6mn.1
CaeieHus1 0 cOcTaBax U cBoiicTBax ¢uilonI0B
Kommo- CkBaxkuna 111 CkBakuHa 56
HEHTHBIN cozeprKaHue, CBOMCTBa COJIepKaHueE, .
N o CBOIICTBA KOHJIEHCATa
COCTaB MOJ.% KOHJICHCATa Moa. %
N, 0 IUIOTHOCTh 0] IJIOTHOCTh
CO; 0.2 745.7 xr/m® 0.21 810.6 xr/m°
Cy 85.05 89.11
C 6.40 MOJICKYJISIpHAs 5.46 MOJIEKYyJIsIpHAs
C, 1.19 macca 1.50 macca
iCs 0.27 M=152 0.23 M=167
nCy 0.40 0.34
iCs 0.16 HavalbHOE 0.13 HavalbHOE
nCs 0.10 KOHJIEHCATOCO- 0.10 KOHJIEHCATOCO-
Cs 0.02 Jiep>KaHne 0.02 Jlep>KaHne
Cr+ 6.21 300 r/ M° 2.9 200 1/ m°

Jns  w3ydeHWs TOBeNeHUs cUcTeMbl CKkB.111
(Tabn.1) mpu pa3nUYHBIX AABIECHUSX M TEMIIEPATypax
ObUTM  ompeneNieHbl 3HAuCHMs JIaBJIEHWsA Hadaia
KOHJeHcauuu B HHTepBane Ttemneparyp 10-140°C.
PesynbraTel u3mMepeHuii B Busie (ha30BbIX OTHOArONINX
Ha puc.l TOCIYXWIM OCHOBaHHEM JuIsi BbIOOpa
TEeMIepaTypbl U COOTBETCTBYIOLIEr0 € JaBieHUs
0JTHO(a3HOTO COCTOSIHMSI CHCTEMBI JJIsI MPOBEICHUS
MOCTEAYIONINX DSTaloB IUIAHUPYEMOTO KOMILIEKCa
HCCIIEIOBAaHUN.  DKCIEPUMEHTH  IOKa3and, dTo,

HECMOTpPS Ha BBICOKOE KOHJIECHCATOCOJEpXKAaHNE,
CHCTeMa JIOCTaTOYHO JIETKO HCIapseTCs B Ta30BYIO
¢da3y naxe npu temmneparype 40°C. Kak BumHO H3
puc.1, mpu remnepatype 80°C naBienue ogHodazHOro
cocrosgHust cocramsier 31,6 MIla. Ilpu sroit
TemImeparype Obuta  WcclieloBaHa — HM30TEpMa
KOHJIeHCaly (pHc.2) B LENIX ONpeAeIeH s JaBlIeHUs
MaKCUMallbHOU KoHjeHcanuu. Kak BuauM, naBieHue
MaKCHMaJIbHOM KOHJIGHCAIIMM HaxoJWUTCAd B pailloHe
18,0-19,0 MITa.
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Puc.2. Konmaxmuasa uzomepma npu T-80°C (cxe. 111)

OTOT Anana3oH AaBjiIeHUs W Obul BeIOpaH must  JIos 9THX yCIOBMH HaMM OINpENETeHbl COCTABBI
n3ydeHus: (a3oBBIX NPEBPAICHWH CHCTEMBl Ta3- Ta30BOM M JKMAKOW (a3 M KOHCTaHTHI (Ha30BOTO
JKHUJKOCTh, IIPH KOTOPOM KOJIMUECTBO XHIKOH (a3pl  paBHoBecHs (K) mis kaxxnoro komrnonenra (tadi.2).
NPUHAMAeT MakCUMajbHOE 3HadeHue - 6,5% obbema.
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Tabmn.2

CocraBbl (pa3 1 KOHCTAHTHI (pa3oBoro papHoBecust mpu P=18.6 MlIla, T=80° C

KOMIOHEHTDI Cocras ra3soBoit CocTaB KUIKOH K
¢assl, Mosb % ¢assl, MOIb %

N2 — — —
CO2 0.2 0.16 1.27
C: 88.67 46.24 1.92
C 6.34 7.0 0.90
Cs 1.13 1.95 0.58
i-C4 1.24 0.56 0.13
n-Cq 0.35 0.95 0.37
i-Cs 0.13 0.49 0.27
n-Cs 0.08 0.34 0.24
Cs 0.02 0.08 0.16
Cr+ 2.85 42.23 0.07

Hamu Taxoke HCCICAOBAHO IIOBCACHUC JKHIKOH
(1)33])1 IOpU KOHTAKTE € Ta3aMH pa3HOT'0 COCTaBa. ﬂﬂﬂ
9TOr'0 SKCIICPUMEHTDBI BKIIOYAJIU CICAYIOINC ITAIlbI:

1. He menss xunkyro ¢asy, rasoas ¢asza mpu
MOCTOSIHHOM JIaBJICHUH OBLIa BHITECHEHA U3 GOMOBI 1
3aMEHeHa Ha [JpYyroil ras, B COCTaBe KOTOPOTO
Haxommioch 17,8 % Na (Tabin.3, cmechl).

Ta6n.3

Cocras "cyxoro' raza

KoMmoneHTht CocraB cyxoro rasa, Moiib. %
cMmech | cMech 2 cMech 3
N> 17.800 8.028 0
CO2 0.172 0.198 0.21
C1 75.058 84.318 91.332
G 5.439 5.722 6.621
Cs 0.862 0.973 1.048
i-Cq 0.189 0.213 0.2301
n-Cq 0.279 0.314 0.3401
i-Cs 0.114 0.129 0.140
n-Cs 0.073 0.083 0.09
Co+ 0.008 0.009 0.0099

Ilpn xoHTakTe >XUAKOHW (ha3sl C ra3oM HOBOTO
COCTaBa, €CTECTBEHHO, MPOUCXOIUT
nepepacripeie/ieHie KOMIIOHEHTOB B (azax, u
M3MeHsieTcsl o0mmast 1ost KUIKoW (a3bl B CHCTEME.
[Tocne ycraHOBiIEeHHS paBHOBECHS OBUTH OMpPEEICHbI
COCTaBBl Ta30BOM M JKUAKOW (ha3pl W KOHCTAHTHI
(hazoBoro paBHOBeCHsI TOKOMIIOHEHTHO (cM.Tabm.4 ).

2. Tlocme s3TorOo YriueBOJOpOJHAS CHCTEMA U3
60oMObI pVT monHOCTHIO OBLITA yaaleHa, 3aTeM OoMba
MPOMBIBAIACh M 3arpy’kanach CHOBa CMECHIO, COCTaB
KOTOpOH NpHBeAeH B Ta0I. 1, T.€. 3KCTIEpUMEHT 3aHOBO
MOBTOPSIICA JUIA TEX K€ YCIOBHH, CHCTEMa OISTh
JIOBOJMIIACH 110 NBYX(azHOTro cocTOsTHMS, Ta3oBas (aza
yaaiadiaacb IpU MOCTOAHHOM JAaBJICHHUW U 3aMCHAIACh
Ha HOBYIO cMmech (Tabm.3, cmech 2). Takum o0pasom,

MOJTy4E€HO HOBOE pAacCHpeliesieHne KOMIIOHEHTOB II0
(a3zam 1 HOBBIC KOHCTAaHTHI paBHOBecHs (Tab.4).

3. ITyHKT 2 HOBTOpSAETCS MOJIHOCTBIO, HO IIPH 3TOM
JUISL KOHTAKTa C JKUJIKOCTBIO HCIOJIB3YETCsl CMECh 3 U3
Tabn.3. Pe3ymbTaThl HCCIEOBaHUMN TNPHBEIEHBI B
Tabn.4. Takum oOpa3oM, HAMH PacCMOTPEHO, KaK TpU
pasHbIe IO COCTaBy Ta3oBbIe cMecH (M3 Tabm.3) mpu
KOHTAaKTe C JKUAKOW (pa3oii (coctaBel w3 TaOim.l)
BIMSIOT Ha (pa30BbIe EPEXObI KOMIIOHEHTOB.

®daxTidecky, cMecH B Tab1.4 pasIuyatoTcs TEM, YTO
B OJMH M TOT K€ II0 COCTaBy Ta3 cerapanuu (cMechb 3)
n00aBIIIOCh pasHoe KoymdecTBO asota (Np). Takum
00pa3oM, MOXKHO MpOCNEUTh, KakK MPOLEHTHOE CO-
Jep)kaHhe a30Ta BIMSET Ha KOHCTAaHTHI (ha30BOrO
pasHoBecust a3 (K) mpu moctostrOM P 11 T.
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Tabn.4

CaeneHusi 00 U3MEHEHUN KOHCTAHT PABHOBECHSI B 3aBUCHMOCTH
ot coaepxkanusi N2 1uis1 KoHaencara cks.111

_ Nz = 0% N, =7.6% Np,=17.8%

£ 8 i = = = 2

S| S| E&| %17 =& | ES SE | Rz

Sl 2| 85| g2 | N g | g2 | X | 52| 82 K

S e ° s ) ° 7 ° 5 3 )

4 = o) s ¥ o) o)

o o Q
N2 0 0 0 - 7.6 2.010 3.78 17.03 3.321 5.127
C02 [ 0.20 | 0.207 0.160 | 1.295 | 0.193 0.145 1.326 0.175 0.119 1.467
C: | 85.05| 89.225 | 44.795 | 1.992 | 83.055 | 39.667 2.094 74.943 | 31.877 2.351
C, | 64 6.628 7.277 | 0911 | 5.804 6.423 0.904 5.560 5.794 0.960
Cz | 119 | 1.094 1.933 | 0566 | 1.017 1.893 0.537 0.912 1.706 0.535
i-Cs | 0.27 | 0.245 0.592 | 0.414 | 0.226 0.591 0.383 0.202 0.542 0.373
n-C; | 0.40 | 0.366 1.036 | 0.353 | 0.336 1.043 0.322 0.299 0.980 0.303
i-Cs | 0.16 | 0.152 0.600 | 0.254 | 0.139 0.615 0.225 0.122 0.590 0.206
n-Cs | 0.10 | 0.098 0.431 | 0.228 | 0.089 0.444 0.200 0.077 0.431 0.179
Cs | 0.20 | 0.013 0.085 | 0.152 | 0.012 0.089 0.129 0.010 0.089 0.112
Cr+ | 621 | 1971 43.09 [0.046 | 1.531 47.08 0.032 0.670 54.543 0.012
Ha puc.3, nokazano m3meHenne K B ¢yHkimu  6omOe. C pocToM a30Ta J0JIs )KUIKON (pa3bl B CHCTEME
MPOLIEHTHOTO  cojepkaHusi azora. Kak BumuMm, pocia ot 3,3 no 4,4 %.

yBenmueHne Ny B CHCTEME NPHUBOINT K CHUIKCHHIO
BenmurHBI K 1t Tsokensix koMrmoHeHToB (C4-Cr4), K
yBenuueHuto Ci-CO2 u  CII0O)KHOMY  TOBEIEHUIO
yraeBogoponoB Cr-Ca, T.e. HE3HAYHTEIHHOMY POCTY
sHaueHnss K mma Cp, a Takke HE3HAYUTEIHHOMY
camkennto K s Cs ¢ pocroM coaepxanus No.
Cnemyer Takke  OTMETHUTb, YTO  CKa3aHHOE,
€CTECTBEHHO, CKa3aJl0Cch U Ha 00beMe KUAKo# (a3l B

Jns  BTOpPOH cepuM  SKCHEPUMEHTOB  OBUIH
WCTIONB30BaHbl OoJiee TSKENBbIE CHCTEMBI, MMEIOIINE
BBICOKYIO IUIOTHOCTH ¥ MOJIEKYJIIPHYIO Maccy KOHJICH-
catra (tabn.1). B »aToit cepum pabor HamMu OBLI
HECKOJIBKO BU/IOM3MEHEH cam XapakxTep
SKCIEPUMEHTOB, T.K. HEOOXOIUMO OBIIO paboTaTh B
obyacti BbICOKMX JaBieHud. [lo aByM cmecsm,
COCTaBbl KOTOPBIX IIpUBEAEHB B TaOI5, ObUIH
HPOBEICHBI CIEAYIOUINE IKCIIEPUMEHTHI.
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Puc.3. H3menenue koncmanm pasHosecust 6 3agucumocmu om cooepoicanust asoma npu P= 18,6 Mlla,

T =80 °C (cxe.111).
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Tab6n.5
HMcxoanbple cocTaBbl TAa30KOHAEHCATHBIX cMeceil
KoMmnoHeHTh1 Cwmech 1 CmMmechb 2
N> 0 12.62
CO2 0.21 0.60
Cy 89.11 77.00
C 5.46 571
Cs 1.50 1.08
i-Ca 0.23 0.16
Nn-Ca 0.34 0.21
i-Cs 0.13 0.08
n-Cs 0.10 0.06
Cs 0.02 0.02
Cr+ 2.90 2.90

1. TIpu Ttemmeparype 80°C OBUTH TOIXyYEHBI
HW30TEepMBI KOHJeHCAUH (cM. puc.4 u 1adn.6). Kak n
CIEIOBAIO OXHIATh, HAJIHMYME a30Ta B CHCTEME

YBEIMYWIO BEJIMYNHY OaBJICHUS Havdala KOHACHCAIUH.
I[anee, JUIA obenx KPUBBIX OIIPEACIICHBI COCTABbI (1)33 n
KOHCTAHTBI pPABHOBECUS IIPU PA3JIUIHBIX JABJICHUAX.

CBeienusi 0 pacnpe/eJeHMH KOHCTAHTHI PABHOBECHSI B 3aBHCHMOCTH faono
OT JaBJIEHHs JIJIsl KOHAeHcaTa cKB. 56. No= 0 %
Ko Cljca;B 40.0 MIa 50.0 MITa 60,0MITa
HOHEH- COCT. COCT. COCT. COCT. COCT. COCT.
TBI rasos. JKUJIK. K ra3oB. JKUJIK. K rasos. JKUJIK. K
(hazbr (hazbr (azsr (azsr (azsr ¢a3sr
N2 0 0 0 0
CO02 0.21 0.21 0.2 1.05 0.21 0.21 1 0.21 0.21 1
C: 89.11 89.77 60.62 1.43 89.39 | 64.09 1.39 89.17 66.76 1.33
C 5.46 5.44 6.22 0.87 5.45 6.16 0.88 5.46 6.11 0.89
Cs 1.50 1.43 2.16 0.69 1.49 2.03 0.73 1.50 1.95 0.77
i-Ca 0.23 0.23 0.38 0.59 0.23 0.35 0.66 0.23 0.33 0.70
n-Cs 0.34 0.33 0.61 0.54 0.34 0.53 0.61 0.34 0.51 0.66
i-Cs 0.13 0.13 0.27 0.46 0.13 0.24 0.54 0.13 0.21 0.60
n-Cs 0.10 0.10 0.22 0.44 0.10 0.19 0.52 0.10 0.17 0.58
Cs 0.02 0.02 0.05 0.36 0.02. 0.04 0.45 0.02 0.04 0.52
Cr+ 2.9 2.29 29.26 0.08 2.64 25.14 0.10 2.34 23.69 0.12

Ha puc.5, 6 u 1abn.6, 7 mpuBencHB NW3MEHCHHUS
KOHCTAaHT (ha30BOIO PABHOBECHS ITOKOMIIOHEHTHO B
(YHKIIMM  JaBIEHWS JIsI  CHCTEM C  Pa3HBIMHU
HOpOLIEHTaMM CcofAepkaHus a3ora. Kak BHIHO U3

COJICpKaHUU a30Ta B CHCTEME, TO MOXHO 3aMETHUTh,
gyro mia cmecd 1 (N2 = 0%) 3Ha4YeHHS KOHCTAaHT
paBHOBeCHS sl  COOTBETCTBYIOIIMX  3HAYCHHM
JIOBOJILHO BbILIE Y KOMIOHEHTOB Co-C7+, yem cmecH 2

PHUCYHKOB, ¢ pocToM AasneHus K s kommonenTos Ca-
C7+ yBenmmuuBaercs, a s komrnoneHnTta Ci1 - Ha00opoT
YMCHBIIACTCA. Ecmn COITIOCTaBUTh N3MCHCHHC
KOHCTAHT PAaBHOBECHUA KOMIIOHCHTOB IIpU pPasHOM

(N2 = 12.6 %). A nas komnonenta Ci HabmomaeTcst
obpatrHas xaptuHa. [Ipu 3ToM Benmumaa K moutu He
HU3MEHSIETCA B 3aBUCUMOCTH OT COJIEP/KAHUS a30Ta.
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Puc.6. 3asucumocms koncmanm pagnogecuii om oaenenus npu N2=12,6 % (cxe.56)
Ta6n.7

CaeeHust 0 pacnpeeleHUH KOHCTAHT PABHOBeCHS B 3aBHCHMOCTH OT JaBJICHHSA 11 KOHAeHCaTa CKB.
56. N2=12.6 %.

40,0 MIla 50,0 MIla 60,0 MIla 74,5 Mlla
Hagans-
Kommo- . COCT. | COCT. COCT. | COCT. COCT. | COCT. COCT. | cocT.
HEIT
HCHTBI COCTAB ra3oB. | XKHUJK. K | rasos. | xxunk. K rasoB. | xxuak. | K | rasos, | xkuax. K
¢assl | dazsl ¢aszsl | daszsl ¢asbl | ¢assl ¢asbl | hazsl
N, 12.62 1284 | 6.19 | 207 | 1274 | 7.02 | 1.79 | 1268 | 7.78 |1.63]| 12.63 | 8.53 | 1.48
CO2 0.16 0.16 0.15 [ 1.05 | 0.16 | 0.157 | 1.02 | 0.16 016 [ 10| 016 | 016 | 1.0
C 77.0 77.89 | 50.76 | 1.53 | 7751 | 54.47 | 1.42 | 77.27 | 56.78 [1.36| 77.05 | 59.3 | 1.30
C 571 5.67 6.76 | 0.84 | 569 | 6.69 | 0.85 5.7 6.62 [0.86| 5.71 | 6.54 | 0.87
C, 1.08 1.06 171 1062 | 1.07 | 1.60 | 0.67 | 1.07 153 |0.70| 0.08 | 1.45 | 0.74
i-Cy4 0.16 0.15 0.30 [ 052 ] 0.16 | 0.27 | 058 | 0.16 0.25 [0.63| 0.16 | 0.23 | 0.68
n-Cy 0.21 1.20 044 [ 046 | 0.20 | 0.39 | 053 | 0.21 0.36 [0.58( 0.21 | 0.33 | 0.64
i-Cs 0.08 0.76 0.20 [ 0.38 | 0.08 | 0.17 | 0.46 | 0.38 0.15 [0.52| 0.08 | 0.14 | 0.58
n-Cs 0.06 0.06 0.16 [ 0.35 | 0.06 | 0.13 | 0.43 | 0.06 0.12 [0.49( 0.06 | 0.11 | 0.56
Cs 0.02 0.018 [ 0.066 [0.279] 0.19 | 0.05 | 0.36 | 0.02 0.05 (0.42| 0.02 | 0.04 | 0.50
Cr+ 2.9 1.87 |33.25|0.056| 2.31 | 28.95 | 11.08 | 2.56 | 26.20 [0.10| 2.84 | 23.16 | 0.128
Tab6n.8
Pe3yabTaThl IKCIEPUMEHTOB (pa30BOr0 NMOBeIEHHUs NPOAYKIIUM CKB.56
B 3aBHCHMOCTH OT JIaBJIeHHs U cofepxkaHusi N2
N2 =0 % N,=12,6 %
JlaBnenue, ITn0THOCTB, KI/M® MonapHBIE JOIH ITnoTHOCTB,KI/M° MonbsHBIE 70N
MIla JKUJIKOMN ra3oBou JKUJIKOM ra3oBoOi
rasa CHCTEMBI rasa CHCTEMBI
(hazer ¢azsr ¢azsl ¢azs
40,0 260,18 654,2 0,02292 0,97708 261,5 670,8 0,03266 0,96734
50,0 299,45 666,0 0,00116 0,98884 304,7 607,7 0,02221 0,97779
52,7 - - - - 314,38 674,7 0,01939 0,98061
60,0 329,11 672,0 0,00299 0,99711 337,53 680,6 0,01313 0,98687
63,3 - - - - 346,74 682,7 0,01070 0,98930
70,3 - - - - 364,52 686,1 0,00590 0,99410
74,5 - - - - 374,16 687,3 0,00312 0,99688

Bbeimm Takke ompesneneHbl COCTaBbHl CHUCTEM B
nenoM. B Ta6:1.8 mokasaHbl 10oyM KUAKOH, ra30Boi (a3

U WX MIoTHOCTH. Kak BugHO M3 Tabn.8, ¢ pocTom
JABIICHUS, KaK W OXHIAIOCh, IUIOTHOCTH (a3 u
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MOJIBHBIC JOJIHU ra3oBOM (1)21351 B CUCTEMC BO3pacTaroT.
KpOMe TOT0, OTMEYCHO, 4YTO C POCTOM COJACPIKAHU
a3oTa IIpd MNPOYMUX PaBHBIX YCJIOBUAX IJIOTHOCTH
ra3oBOM (ba31>1 B CUCTEMEC YMCHBIIIACTCA.

3akiouenue

Takmm  00pa3oM,  YCTAaHOBJICHBI  HEKOTOPHIE
3aKOHOMEPHOCTH F3MEHEHWs (Pa3oBOrO  COCTOSIHUSA
TIPOIYKIIUHI CKBaKHH TITyOOKO3aJICTaOIIIero

Ta30KOHIICHCATHOTO MECTOpOXKACHHsT —A3zepOaiikaHa
Bynna-neHn3 B 3aBUCHMOCTH OT JaBIICHUS 1 COEPKAHMS
B cMecH a30Ta. [loka3aHO, 4TO BEJMYMHA KOHCTAHT
(azoBoro  paBHOBECHS  KOMIIOHEHTOB  CHCTEMBI
M3MEHSIETCST B 3aBUCUMOCTH OT (DU3MKO-XMMHYECKUX
CBOICTB MHIUBUAYAIBHBIX YTJICBOAOPOIOB, BEIMYHHBI
JIABJIEHMS, a TAKXKE CBOMCTB CHCTEMBI.

ITosmyueHHbIe TaHHBIE IPEACTABIAIOT HUHTEPEC KaK
B CO37aHMM OaHKa JaHHBIX MO TEPMOJUHAMHYECKUM
CBOHCTBAM Ta30KOHJCHCATHBIX CHCTEM, TaKk H B
pa3paboTke HOBBIX ITIPHEMOB  MaTEMaTH4ECKOTO
MOJICTIMPOBAHMS CBOMCTB CHUCTEM JJIsI  YCIIOBHH
rry0OKO3aJIeraronIuX MECTOPOXKICHNH He(TH 1 Ta3a.
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AHHOTAIIUA

B  nmamHOW cTathe  IOKa3aHO

COCTaBJICHHUC

IUIaHA ~ MHOTO()aKTOPHOTO  3KCIEPHUMEHTa  TI0

B3aMOCOTJIACOBAaHHOMY BO3ICHCTBHIO (DAaKTOPOB H3MENBbUCHHS M (DIOTALMH MEAHOCYIb(QHUIHBIX pyd H
MPOBEICHUE SKCIEPUMEHTOB. [IpoBeleHa OIEHKAa BOCTIPOM3BOOMMOCTH PE3yIbTAaTOB H3MEIBUCHUS PYyIbl B
71a00paTOpHOW LIApOBOW MENBHHIE U C TOMOIIbI0 KpuTepust KoxpeHa ompeseneHa omMOKa 3KCIEPUMEHTa C
JIOBEPHUTEIBHBIM HMHTEPBAJIOM, HE MpeBHINAONIeM 5%, 4TO SABISETCS NPUEMIIEMBIM IUI TEXHOJOTHYECKUX

HPOLIECCOB.

KaioueBble ciioBa: usmesnpyeHue, Guoranus, MeIHOCYIb(UAHBIE PYbI, MATEMAaTHYECKOE TUIAHUPOBAHUE,

Mmeton 3eiinens-I'ayca

BBenenue

3agaga 0TOOpaXKeHUs COBMECTHOTO BO3ACHCTBUS
(akTOpOB ¥M3MENBYECHUS W  (QIOTALUH  SIBISETCS
aKTyaJlbHOM B CBA3M C TEM, YTO OSTH IIPOIECCHI
OCYIIECTBIISIIOTCA B HENPEPHIBHOM TEXHOJIOTHYECKOM
MOTOKE U M3MEHEHHUE PEKUMa M3MENBbUYCHUs Cpa3y e
BBI3BIBAET NEpeMEHbl (DPAKIUOHHOTO COCTaBa KakK B
OTHOIICHHU COJIEP)KAHUS LIENEBOr0 TMPOAYKTA IS
¢dnotanmu — xmacca —0,071 MM, Tak W BBIXOHa
ntaMucTod  ¢pakuuu  pasmepoM  5-10  MHKpOH,
YXYZALIAOLIEN 3TOT POLECC.

B cBorwo ouepenp, (QIOTAIMOHHBIM IpoIecc
6narogapst BO3MOXKHOCTH YIIPABJIICHHUSI UM C TIOMOIIBIO
COOCTBEHHBIX (DAaKTOPOB IO3BOJIAET IOJCTPANBATHCS
MO T€ WJIM MHbIE M3MEHEHNs (PPAKIMOHHOTO COCTaBa
U TEeM CaMbIM BBISBJISITH HE KaKOE-TO EIMHCTBEHHO
BO3MOXKHOE  HawiIyylllee  H3BJICUCHHE  LEJIEBOTO
KOMIIOHEHTa B KOHIIGHTpaT, a Iejble o0iactu
ONTHMAIBHBIX PEKHMOB C KOMOWHamuen (akTopoB
uaMenbueHuss ©  Quotaumu s obecredeHus
M3BJICUYCHHS HE HUKE 3aJ]JaHHOTO YPOBHs, HAlpHuMep,
90%.

TeopeTnueckasi 4acTb

B nmpuHnmme, »Ty 3amady MOXHO PELINTbH
NPaKTHYECKH JIIOOBIM M3  M3BECTHBIX  METOIOB
MaTeMaTHYeCKOTO IUIAaHWPOBAHUSI OKCIIEPUMEHTa C
MOJyYeHHEM €IMHOM MHOTO(AKTOPHOW MOJeNu.
Hcxons n3 crnenudukn IOCTAaBICHHOW 3ajavyd 3Ta
MO/IeJIb I0JKHA 00eCTIeYnBaTh MOJYyYSHUE PACYETHOTO
3HAYEHHs M0 M3BJICUYCHHIO MEAU BO (IOTAIIMOHHBIN
KoHIleHTpaT He Oonee 100%, a Takke He B BHIE
OTPULATENILHON BEJNMYWHBI, TO €CTh IOJYYEHHUs
HeaOCypAHBIX PE3yJbTATOB MpHU JI000H Bapualnuu
PEXKUMHBIX HapaMeTpPoOB, BXOJAMHUX B 000OMIEHHYIO
MaTeMaTHYEeCKyI0 MOJIEIb.

OTHM yCIIOBUSIM B HanOOJIbIIEH Mepe OTBEYaloT
BEPOSITHOCTHO-1€TEPMHHUPOBAHHEIE METOJIBI
MaTeMaTHYeCKOTO IUIAaHWPOBAHUSI HKCIIEPUMEHTa, B
KOTOPBIX ~ NPEIYyCMOTPEHa  BO3MOXKHOCTH  ydeTa
(U3MUECKOT0 W MaTeMaTH4YECKOrO0 CMbICIAa MpH

OIMCAaHMM KAaK 4YacTHBIX, TaK H 0OOOIIEHHBIX
3apucumoctet  [1-5]. Cpemm Hux HaumOobIee
pacmpocTpaHeHHE MONYYMII METOJ, OCHOBAaHHEIN Ha
WCTIONB30BaHUN  MATpPHUIl HAeanbHOro (Hambolee
SKOHOMHOT0) Xaoca B KOMOWHAIMH (akTOpPOB H HX
YpOBHEU ¢ JaipHElIe o0paboTKON pe3ynbTaToB Ha
YaCTHEIE  3aBHCUMOCTH, HX  MaTeMaTHYECKHM
ONMHCAaHMEM C Y4YeTOM (DU3UYECKOTO CMBICTA |
OKOHYATECIIbHBIM OOBEAUHCHHEM B BHUJC YpPaBHCHHS
IIpoTOaBSIKOHOBA, TO €CTh B BUAEC HOPMUPOBAHHOI'O
NPOM3BEACHUS YACTHBIX (DYHKITHIA.

Orta mporenypa mpejiaraiach B3aMeH
TPaTUIIMOHHOTO I10CJIEI0OBATEIBLHOIO H3yYCHUS
YaCTHBIX 3aBHCUMOCTEN 1o metony 3eiaens-I'aycca ¢
MTOCTETNICHHBIM BBIXOJIOM Ha HAWITYUIIHH pe3ynbTar, HO

0e3 eIMHOT0 MAaTeMaTHYeCKOr'o  IPE/ICTABJICHUS
MHOTO(aKTOpHOU (PYHKIINH.
OTOT HEIOCTaTOK OBUI TPEOJOJEeH MyTeM

HOPMHPOBKHM CMEXHBIX YacTHBIX (QYHKIHHA MO HUX
obmemy 3HAUEHUIO c 06001IeHIEM Ha
MHOTO(AaKTOPHYIO 3aBHCHMOCTh THIIA YPaBHEHHSI
[MporoassikoHoBa [2-4].

C menpio OoJiee paBHOMEPHOTO OTOOPaXKCHHUS
0000mIeHHON (YHKIIMM BO BCEM MHOTO(MAKTOPHOM
MPOCTPAHCTBE B pCallbHBIX IpeneiaXx W3MCHEHUS U
BO3JCHCTBUSL  Kaxkaoro  (akropa  JanbHeHmmas
agantauus Metoja 3eiaens-lI'aycca BbIpasuiiachk B
TaKou OpTaHU3aIIH JKCIICPUMEHTA, KorJa
HOPMHUPOBKA YaCTHBIX 3aBUCHMOCTEH MPOBOIUTCS II0
pe3yibTataM  IEHTPAJIBHOTO  JKCIIEPUMEHTa Yy,
KOTOPBIE BXOJST B KAKIYIO YACTHYIO 3aBUCUMOCTB Yi =

fi (Xi)i

_ oy vz v oy sy
Y =W =000
Yu Yu Yu Yy Vi
B orom cnydae o0miee 4HCIO  OMBITOB

COKpalaeTcs Ha YUcCJio (1)aKTOpOB MUHYC €IMHHLIA.
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TTocne NMOJIyuCHUA JaHHOI'O YpaBHCHUA U COOTBeTCTBy}OHlI/Iﬁ IJ1aH u PE3YyIbTAThI
HUCIIOJIb30BaHUA HN3BECTHBIX npouenyp €ro OKCIICPUMEHTA MNPUMCHUTCIBHO K 3aJla4uc¢ JaHHOT'O

orpaHudeHus [6, 7] OHO MOXeET OBITh MPUMEHEHO IS
MOCTPOEHHSI MHOTO(AKTOPHBIX HAMOTPaMM-MaTpHIL C
BBIJICJICHUEM 00J1acTel TOMYCTUMBIX U HEJIOIY CTHMBIX
COUYeTaHUI ypoBHEH (PaKTOPOB, a TEM CaMBIM U I
ynpaBieHus mnporeccoM [8].

paszena npuBeaeHs! B Tabnuie 1.

OMBITHl TPOBOJMIN Ha MEAHOCYIb(QHUIHOW pyne
CasKCKOTO MECTOPOXKAEHHUS C COJepKaHHEM MeIu
0,63%. ®moranuio M3MENbYCHHON PYIbl IPOBOIMIN
Ha nmabopaTopHOit (hoToMammmHe 237®JI-
J1.00.000.P3, gacrora Bpamenus nmresiepa 900-3400
00/MUH.

Tab6muma 1

Il1an U pe3yJibTaThl IKCIIEPUMEHTA 110 BO3eiCTBUIO (PAKTOPOB U3MeJibueHus U ¢GuoTauum Ha
cojep:KaHHe U U3BJICYeHHe MeIH U3 PY/bl B KOHIEHTPAT. BuiesieHb] JaHHBIE VISl HEeHTPAJILHOIO ONBITA
AJ18 M”H(POPMALHOHHOI0 ONITHMYMA

W3Bneuenue meau B Conepaine HubopMalimoHHBIH
YpoBeHb MeJU B N
DaxTophI KOHLICHTPAT, € KpUTEPHiA
¢axTopa KOHIIEHTpaTe, o
% e, % e, OIepaLuu O, J.€.
1 2 3 4 5 6 7
3PS —— 10 66,18 0,6618 17,30 0,1730 0,1145
p 15 73,13 07313 | 16,83 | 0,1683 C0,123D
rﬁf?ﬁ“fgg’;ﬁg‘fzb @0) 78,31 07831 | 12,84 | 0,1284 0,1011
T/, 1= 6 I\:II/IH 25 78,33 0,7833 9,39 0,939 0,0736
’ 30 75,41 0,7541 14,34 0,1434 0,1081
40 71,64 0,7164 13,38 0,1338 0,0960
Pacxos kcanTorenara, K, 80 77,05 0,7705 13,45 | 0,1345 C0,1036>
r/1, np T, =20 mun, B= | (120) 78,31 0,7831 12,84 | 0,1284 0,1006
40 /1, 1y = 6 MuH T60 81,82 0,8182 | 10,02 | 0,1002 0,0820
200 86,67 0,8667 8,48 0,848 0,0735
20 76,81 0,7681 12,47 0,1247 0,0990
Pacxoj BcrieHHBaTENS, 30 79,69 0,7969 12,42 0,1242 0,0990
B, r/1, npu 1, = 20 MuH, @ 78,31 0,7831 12,84 0,1284 0,1006
K =120 /1, 1y = 6 MuH 72,73 0,7273 14,23 | 0,1423 C0,1035>
60 77,42 0,7742 12,72 0,1272 0,0985
P OOBKITENEHOCTE 4 71,88 0,7188 13,25 0,1325 0,0952
poa 5 75,41 0,7541 | 10,10 | 0,1010 0,0762
(proTatuu, Ty, MuH, A T N 78,31 0,7831 | 12,84 | 0,1284 0,1006
T = 20 M, B=40 v/, N 90,16 0,016 | 12,08 | 0,1208 10,1089 _
K=1201/t ; ; ’ ;
8 89,39 0,8939 13,47 0,1347 Q1204
JKCNepUMeHTANIbHAS YaCTh G = Sflmaxz < G(0,05; £; £.), )
Jnia  npoBeneHUs  ONBITOB  NIEPBOHAYAJIBHO u=15u
MPOBOIIMIIA HM3MENbYCHHE PYAbl TPH YKa3aHHBIX B
Tabmume |1  TPONOIDKHUTENBFHOCTSAX — Iporecca ¢ rae G(0,05; f,; f,) - HOpMaTHBHOE 3HaueHHE
oTIpesieIeHIEM (paKIHOHHOTO coctapa kputepusi  (ompenensieTcss [0 CTaTUCTUYECKHM
M3MENBYEHHOro Marepuana. Ilo 3TuM  JaHHBIM Tabnuuam) Tpu 5% ypoBHe 3HaYMMOCTH (Wimh 95%
OCYLIECTBIISIIM  a/IallTAllMI0 BEPOSITHOCTHOW Mozenu  YPOBHE nocroeepHocTd) ana f, = n - uucna
M3MEIBUCHHS] C ONPEIEICHHEM [0 BHIXOLY BepxHero HE3aBHCHMBIX OLCHOK pesynbrata (IpH  pasHBIX
K1acca  SKCIEPUMEHTATBHOTO 3HAYEHMS OJHEpruy  YCIOBHAX OKCIEPUMEHTA) W f — uncma creneneii

aKTUBALIUM pa3pylleHus 3epeH £, U 0 CyMMapHOMY
BBIXOAy HmkHero kmacca —0,071 MM — mapamerpa
Mozenu J*. DTO MO3BOJMIIO yXKE PACUCTHBIM IyTeM
HaXOJUTH COJIep KaHUe IMITIAMHUCTON (PPaKIiH —5 MKM U
OIICHUTH €€ BIUSHIE Ha Pe3yJIbTATHI (IIOTALINH.

B mobom  ciydae — BaXXHO  OLIEHHMBAThH
BOCIIPOU3BOAUMOCTh PE3YIbTATOB 3KCIIEPUMEHTA IS

TOrO, YTOOBI ONpEeNsTh aJIEKBaTHOCTh
OIMMCEIBAIOIIHNX 3TH JKCIIEPUMEHTHI
annpoOKCUMHUPYIOLIUX 503071 (yHIaMEHTaIBHBIX
3aBUCUMOCTEM.

BocIipor3BoAMMOCTD pe3yIbTaTOB IKCIIEPUMEHTA
oreHuBaNM 1o kputepuio Koxpena (nnmm I'oxpena) [9]

CBOOO/BI KaXJIOH OLEHKH, paBHOro M — 1 mpu m
MapajuIeIbHBIX OINBITOB B HE3aBUCHMBIX OIICHKAX;
S2 max - HAMOONBIIAS JUCTIEPCHS CPEIM HE3ABUCUMBIX
oueHok SZ . Ona onpeensercs no popmyJie

m-—1

S = : @A)

B KOTOpOﬁ U — MHJCKC HE3aBUCHUMOI'O OMbITA; P —

HOMEp TapaIeIbHOro (TTOBTOPHOTO) ONBITA; yup -

pe3yJbTaT P-ro NnapajjenbHOro onbiTa; V,, - cpenHee
apuMeTHYECKOE BCEX NMapalIeIbHBIX PE3yJIbTATOB.
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PesynbraThl mapayuiedbHBIX M HE3aBUCHUMBIX — HPOJOJDKUTENBHOCTBIO — TIpoliecca  IPHUBEJCHBI B
OIBITOB 1O BBIXOXY HeneBoro kinacca —0,071 MM npu  Tabmuue 2.
M3MEJbYCHNH B 1a00OPaTOPHOM MEBHUIIE C Pa3InuHOM

Tabmuma 2
Boixoa kiaacca —0,071 MM npu pa3jinyHoOi NPOJOJIKMTEIbLHOCTH H3MeIbYeHHs
HpO)IOJ'DI;I[/I;;J'ILHOCTL, u Yy % Yy % Vg % 7.
10 1 62,93 59,72 58,95 60,53
15 2 80,66 78,29 74,41 77,79
20 3 89,77 90,10 90,33 90,07
30 4 98,13 85,87 97,44 93,81

O0paboTka JAHHBIX TaOJUIIBI 2 AA€T CISAYIOMNE Pe3yIbTaThl Ul HE3aBUCUMBIX SKCIIEPUMEHTOB:

(62,93 — 60,53)2 + (59,72 — 60,53)2 + (58,95 — 60,53)2

S?2 = = 4,456,
! 3-1
(80,66 — 77,79)% + (78,29 — 77,79)? + (74,41 — 77,79)?
§2 = = 9,956,
3—-1
89,77 — 90,07)% + (90,10 — 90,07)? + (90,33 — 90,07)?
52— ( )"+ ( )=+ ( ) — 79251072,
3—-1
(98,13 — 93,81)% + (85,87 — 93,81)2 + (97,44 — 93,81)*
Si= = 47,44,
3—-1
G = 47,44 =0,7661
T 4,456 + 9,956 + 7,925- 1072 + 47,44 '
[o crarucTiaeckum TabmumaM Haxoaum 3HadeHne Go05:4:0) = 0,7679.
Orcrona cnenyet
G= 0,7661 < G(o,05;4;2) = 0,7679.
HepaBencTBO coOmomgaeTcs, S9KCIEpUMEHT BOCIIPOHU3BOINM.
Jucriepcust BOCIIPON3BOJUMOCTH COTIIACHO opmyde [7]
yn_. s2
53 — unl u (4)
paBHa S} = 61,925/4 = 15,48, oTKya HAX0AMM OIIMOKY KCIIEPHMEHTA
Sy = +,/S? ®)

pasHoit S, = +/15,48 = +3,93%.
JloBepuTenbHbIN nHTEpBaN A7 5% 3HAYUMOCTH CTATUCTHYECKUX JAHHBIX HaXoJuTcs 1o ¢popmyue [§]

£0,05:£)Sy
=4 2y
§=+—2, Q)
re t(o,05;f,) - k03 dunment CThroZieHTa (HAXOIUTCS N0 cTaTHCTHYeckuM Tabmuuam) st fy =fufy = n(m — 1)

— YHUClla CTeTeHeil CBOOOIBI TUCTIEPCHH BOCIPOM3BOAMMOCTH. TabimuHoe 3HadeHme lppesg) = 2,31. C yuerom
TMMOJIYYCHHBIX JAaHHBIX HAXOIUM HOBepHTeHBHBIﬁ HWHTEPBAJI B OIIbITAaX IO U3MECJIIBLYCHUTIO

2,31-393
§ =—— = +4,54%.
V4
Takasi TOYHOCTH S3KCIIEPUMEHTAIBHBIX [AaHHBIX  MHOTO(aKTOPHOTO HKCIEPUMEHTA.

BIIOJIHE nmpuemMiieMa JJIA TEXHOJIOTHYCCKUX BOCHpOI/IBBO}IHMOCTB PE3YyIbTAaTOB 110 (bHOTaHI/H/I
nccienoBanuii [8] u OyJeT ucrmonbp30BaHa ISl OIICHKH  OOBIYHO HAXOJUTCS Ha TAKOM e YPOBHE.

aJICKBaTHOCTU AaNIMPOKCUMUPYIOLUIUX 3aBUCUMOCTEH, Uro kacaercsi ”HPOPMAITMOHHOTO ONTHUMYyMa OLE,
MOJTy9aeMBbIX pu obpaboTke PE3yJIbTaTOB  TPHUBENESHHOTO B TabmuIle 1, TO COTIIACHO SHTPOIHITHO-
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WHPOPMALMOHHOTO aHANKM3a TEXHOJOTHYECKUX CXEM
[10, 11], OH oro0Opaxaer CTETNIEHb
cOaTaHCUPOBAHHOCTH MPOTUBOACHCTBYIOIINX
MoKa3aTesiei coiep aHus U HW3BJICUCHUS 1IEJIEBOTO
KOMIIOHEHTa (B JaHHOM Clly4ae MeIu), H €ro
HanOoIbIIIee 3HAYEHHE COOTBETCTBYET HAWIYUIICMY
COYETAHHIO ITUX MOKa3aTeseH.

3akJloueHue
CocraBieH TUTaH MHOTO(aKTOPHOTO
9KCIIEPHMEHTA 1o B3aMMOCOTIIACOBAHHOMY

BO3ACUCTBHIO (DaKTOPOB HM3MENBYCHUS H (QIIOTAIIUHN

MEeTHOCYIb(UIHBIX pyn u MIPOBEEHBI
COOTBETCTBYIOIIIE ONBITHI. B kadecTBe Merona
MaTeMaTHUECKOro  IJIAHUPOBAaHUS  IKCIEPUMEHTa
BBIOpaH  METOA  IOCJEJOBATEIbHOIO  W3y4YECHUS

(akTopoB o 3elpento-I'aycy B HOBOM BapHaHTE €ro
JIOTIOJTHEHUS YCIOBUSMU LIEHTPAIbHOT0 SKCIIEPUMEHTa
¢ 0000mIeHreM YacTHBIX 3aBUCHMOCTEH IIyTEM HX

HOPMHPOBKHA 10 pe3yiibTaTaM HCHTPAJIbHOI'O
OKCIICPUMCHTA.
HpOBez[eHa OIICHKa BOCIIPOU3BOAUMOCTH

pe3yNbTaTOB HM3MEIBUYCHUS PyIbl B JIAOOpaTOpHOI
IIapOBOil MeJIBHUIIE U ¢ TIOMOIIbI0 KpuTepus Koxpena
oIpeieNeHa OmuOKa HIKCIIEPIMEHTA C I0BEPUTEIbHBIM
HMHTEPBAJIOM, HE MpeBbIMIaroImeM 5%, 4To SBIAETCS
MIPUEMIIEMBIM JAJIS TEXHOJIOTHYECKUX MTPOIIECCOB.
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AHHOTANUA

W3BecTHEI pa3Hble MCTOJblI U MNAKET HporpaMMbl IJid PCIICHUS YpaBHCHUSA Pukkartu. OL[HaKO B pa3HbIX
Cllydasax, HallpuMep, Korga UCXOAHbIC MaTPpULIbl YPaBHECHUS UMCIOT OOoJIbIIINE PasMEpHOCTHU, PECHICHNUC YPAaBHCHUA
HU3BCCTHBIMU METOAaMU JAa€T CCPbLE3HLIC MOIPCUIHOCTH. VYuyureiBasg 3TO0 U KOHKPETHO onpez[eneHHmI?[ BUJ
ypaBHeHHs PUKKaTH yIOOHO pemiaTh 3TO YPaBHEHUE ¢ IOMOIIBI0 HEHPOHHOM CETH.

SUMMARY

Various methods and a software package for solving the Riccati equation are known. However, in different
cases, for example, when the original matrices of the equation have large dimensions, the solution of the equation
by known methods gives serious errors. Given this and a specific form of the Riccati equation, it is convenient to
solve this equation using a neural network.

KiioueBble cioBa: muddepeHInanbHEIX YpaBHEHUH, HEHPOHHBIX CeTeH, ONTHMAaJbHOTO CHHTE3a,
OINTUMAJIBHOC YIIpaBJICHUE, HeﬁpoceTeBaa TCXHOJIOT'UA.

Key words: differential equations, neural networks, optimal synthesis, optimal control, neural network
technology.

1.BBenenue [Tycte  nBWKeHHME  OOBEKTa  ONMCHIBACTCS
cucTeMoi tudpepeHaIbHbIX ypaBHEHHN

X(t) = ADX(®) + B(tu(t),  O0<t<T ®

C Ha4YaJIbHBIM YCJIOBUEM

X(0) = x,. )

Tpebyercs HaiiTi Takoi peryistop tenu odparHoi cssu U(t) = K (t)X(t), koTopblit MUHEMH3HPOBa ObI

(hyHKIIHOHAT

3 = [[X(t) o LOX® +U)o | Qut)Ht+ X (T) o Qx(T). ®

%(t) = AOX(t) + BOu(t), 0<t<T @

X(0) = x,. ®)

3nech X(t) — N —MepHBIE  BeKkTOp (Ha30BBIX KOOPAWHAT OOBEKTA, U(t) — M — MepHBI  BEKTOP

YIPABISIIOLUX BO3JIEHCTBUH,

X, () u, (t)
X, () U, (t)
x)={ . |, u(t) =

Xn. (t) Un; (t)

A(t) — nxn, B(t) — nxm, L(t)=L"(t)>0 nxn - mepusie marpun- pyuxmun. | (t)
M X M— MepHast eAMHAYHAS MATPHIIA.

HOKaSaHO, YTO ONTHUMAJIbHOC YIIPABJIICHUEC JJIA 3TOH 3a/1a4u OMpCACIIACTCA (1)OpMyJ'IOI71

u(t) = -B'()S(t)x(1), (6)
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re. K(t)=-B'(t)S(t).3mece S =S(t) sBnsercs pemennmem MmaTpuunOro mUQQEPEHINATHHOTO

ypaBHeHus Pukkarn

S(t) =—AT (t)S(t) - S(t)A(t) + S(t)B(t)BT (t)S(t) - L(t), @)

C yCIIOBHEM

S(T)=Q. ®)

Taxoxe IMOKa3aHo, 4YTO €CJIN

B'(1)S(t) = F() -G(1), ©

rme  omementsl  marpumsl  F (), G(t)

ITOJIOXKHUTCIIBHBIC, TO

KOMITOHCHTBI Y1rpaBJICHUA

u;(t) = (Ui(l) (t),ui‘z’ 1) e FxF,i1=12,...,m, onpenensrorcs Gpopmynoii

U® 1) =G)x® (1) + Ft)x? (1),

u® () =G(t)x? (t) + F(t)x® (1), i=12,...,m.

rac

x () = (x® (), x? (1)) e FxF, i=12,..m .

2. TlocranoBka
pe3yJabTaThl

®opmyna (6) MOKa3bIBaET, YTO PEIICHUE 3aadu
ontuMansHOro cuHre3a (3)-(5) 3aBHUCHT OT peIIeHus
MaTpPUYHOTO muddepenmansHOro ypaBHEHHS
Pukkatu (7). IlosTomMy mpeacTaBisieT HHTEpec
HaXOJKICHHE YpaBHEHUs Pukkartu.

W3BectHO, uTO MaTpuuHoe muddepeHnnaibHoe
ypaBHeHHe Pukkatm He Bcerza yJaercs pemarb
KBazpaTypoid. U3BecTHbI pa3Hbie MeTOb! [ 1-4] 1 maker
OporpaMMbl Il pellleHus YypaBHeHUs Pukkartn.
OpHako B pasHbIX ClydasX, HampuMep, Korja
WCXOJHBIE MAaTpHIBl YPaBHEHUS HMEIOT OoJbIine
pa3sMEpHOCTH, pEILICHHE YypPaBHEHHS W3BECTHBIMU
METOAAMH J1aeT CEPbE3HbIE MOTPEIIHOCTH.

VYuurteiBasi 3TO U KOHKPETHO ONPEACICHHBIA BUJ
ypaBHeHHs PuxkaTtu ygobHO pemarts 3T0 ypaBHEHHE C
MIOMOIIbKO HEHPOHHOU CETHU.

B HacTosimiee BpeMs HelpoceTeBash TEXHOJIOTHs
ABIsIeTCS ~ OAHOW M3  Haubojee  JTUHAMHUYHO
pa3BUBAIOIIKXCA obunacreit UCKYCCTBEHHOTO
uHTeiekTa. OHa yCHelHo NPUMEHSETCS B Pa3INUHBIX
obyacTIX ~ HayKM W  TEXHHKH, TakuX, Kak
pacro3HaBaHHEe O00pa3oB, B CHCTEMax JHAarHOCTUKH
CIIO)KHBIX TEXHHYECKHX OOBEKTOB, 3KOJOTHH, PA3HBIX
3a/1a4ax, CBA3aHHBIX C IPOTHO3UPOBAHUEM U T.1.

D¢ hexTHBHOCTh MPUMEHEHHSI HEHPOHHBIX CeTei
g pemieHns  auddepeHnnaIbHbIX  ypaBHEHHH
OCHOBaHa Ha JByX cBoiicTBax. IlepBbIM cBOMCTBOM
SIBIISICTCS COBIIAJICHHE JIOTHUECKOTOo 0a3nca HeMPOHHOU
CeTH C JIOTHYECKUM 0a3MCOM YHCIEHHBIX METOI0B
pemienust  quddepeHIMANBHBIX  ypaBHEHHH, YTO
MO3BOJSIET  CTPYKTYpPHO  PEaIM30BaTh  pEILEHUs

3agavumn H OCHOBHBIC

muddepeHInaNEHEIX  ypaBHeHHH. Hambonee mnoxHO
UCCIIEZIOBAHO B O3TOM HANpaBICHUM IPHUMEHEHUE
KJIETOYHBIX HEHpOHHBIX ceredl [5-7]. Btopemm
CBOWCTBOM SIBJISIETCSI CIIOCOOHOCTh HEHPOHHOH CceTH
XOPOILO aNMpPOKCUMHUPOBATh (QYHKIHH.

Jna pemieHus ypaBHEHUH Hambonee yJIadyHO
HOAXOMAT CETH, IPUHAJIIEKAIINE K KIacCy HEHPOHHBIX
cereii Xondunma . bonee akTyampHas U MPaKTHKH
npoOremMa 3aKirouaeTcsi B OOJIBIION PecypcoEMKOCTH
ITOPUTMOB 00y4eHHsT HEHPOHHBIX ceTel U OONBIIOM
BpEMEHH OOy4YEeHHUS! COOTBETCTBEHHO. OIHAKO, TaKKe
B2)XKHO HAaWTH BXOJIHBIC W BBIXOJHBIE IAHHBIE IS
o0yuenus. Hamma nenb 31ech 1aTh cXeMy PHUMEHEHUS
HEHPOHHOU CETH K pElIeHUIO ypaBHEHUsI Pukkaru.

VicxonHble qaHHBIE IS ypaBHEHUS (4) ABIAIOTCA
marpun - ¢ysxmmm A(t), B(t), L(t) » Q. Dm
JaHHBIE MBI 0JIeM IPUHUMATh KaK MCXOJHBIE JaHHbIE.
Jlnst pasueix xommeix aamaeix A(t), B(t), L(t) u

Q ™l jomksbl pemats 3agaum (7), (8) m Haiitwm

BBIXOJHBIE JlaHHBIe. lcrmonmp3yss OSTH JaHHBIE B
mporecce OOYYCHHS IMOCTPOUM HEHWPOHHYIO CETh.
IToToMm, 3amaBasi Hy>KHbIE HaM BBIXOJHbBIE JaHHbIE Ha
HEHPOHHYIO CETh, TOJYYUM MPHUOIMKCHHBIC PEIICHUS
3amaun (7), (8). BosHmkaeT Bompoc: Kak HaWTH
BBIXOJIHBIC NTaHHBIC - pemreHus 3amaun (7), (8) s
pa3HbIX BXOAHBIX JAaHHbIX? Ecinu ¢ 3Toil 1enbio
obpaTMcsi K HW3BECTHBIM METOJIaM, TOTJa Haila
HelipoHHAas ceTh He OyIeT HaleXHOH, Tak Kak 3TH
METOJBI B HEKOTOPBIX CIydasx JdaloT pEIIeHHe ¢
OOJBIIMMH TTOTPETITHOCTSIMH.
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Z[J'IH HaXOXXACHUA BBIXOJAHBIX JaHHBIX MIPUMCEHACM
CﬂeHyIOHII/Iﬁ moaxond.

Bosbmem pasubie XN -mepupie marpun-dynxkuun S, (t),S, (t),..., Sy (), NxXN u NxmM-
mepubie  matpun-dymkuun A (L), A, (t),....., Ay(t)  u  B(t),B,(t),.....,By(t). Marpuum
L, (t), L, (t),....., Ly (t) u Q,,Q,,....., Oy onpenensiem cnemyromum o6pasom

L (®) =—A; (©)S, (t) — S, A (1) + S, (1)B, (1)By (1)S, (1) —S, (), k=LN,

Q =S (1), k:l’_N-

O‘-IeBI/II[HO, YTO €CJIN Mbl BO3BbMEM

Alt) = A (1), B(t)=B, (1),

LO) =L (1), Q=Q
10 permertem saaun (7), (8) Gyayt marpu -dyrkuwm S, (t),K =1, N . Taxu oGpasom, ecmi Mbr BossMen
A1), A (1), Ay (1)
B, (), B, (t),.... By (1),

L, (1), Ly (£) oo Ly (1),

KaK BXOJIHBIC JAaHHBIC, TO MOJYYHUM BbIXOJHBIC NaHHBIC

S, (),S, (1), Sy, (1),

Kak 1pH perreHun 3anauu (7), (8). Vcnonb3ys 3TH JaHHBIE IPOBOIUM TIPOIIECC O0YICHUST HEHPOHHOM CETH.
ITocne mocTpoeHMs HEMPOHHOW CETH MOXKHO pemats 3anaqu (7), (8) ¢ 1ro0sIMU HCXOIHBIME JaHHBIMU. KauecTBo
pellenuii 1 HaJeKHOCTh HEMPOHHOM CETH 3aBHCUT OT KadecTBa, BHIOOpa 1 komudectBa N HCXOMHBIX TaHHEIX.
st Toro, 4TOOBI BUJIETH 3TO, PACCMOTPUM MPOCTON TpUMED.

Hpumep . [Tycts TpyOyeTcs pemmTh OAHOMEPHOE YpaBHEeHHE PukkaTn

X(t) = x*(t) +3t* —t°, 0<t<1,

y 3
¢ yenosuem X(1) =1. Scro, uro pemennem stoit 3amaun seusercs gyuxmus X(1) =1t1°.

[0.1]

Jns1 petieHnst 3TOT OTPE30K
BBILIE CXEMY.

Bo3bMeM TpexcIiioifHy 0 HEHPOHHYIO CeTh JUIS PelIeHnA 3ToH 3axaun (puc.1)

paszenuM Ha 6 yacTeil ¢ marom h=0.2 Y IPUMEHHM TPEIII0KEHHOE
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Puc. 1.

Ipu nprMEHEHNUH 3TOH HEHPOHHOM CETH OTKIIOHCHHE PEIICHI yKa3aHa TpadudecKu st mpuMepa (puc.2)

@ Moze rew boober bubbons: dats brushing ® lnked ploks % (o8, Blay vides

Puc. 2.

OTKJIOHEHHE PeLIeHHUIT yKa3aHo NOTo4e4HO (puc. 3).

Puc. 3.

Tram
Yalidation
Test
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HNCCIEJOBAHNA BO3MOKHOCTH NPUMEHEHUS U3BECTHSIKA MECTOPOXKIEHUA
«CAPBIKYM» KAK BCIEHUBATEJIA AJIA HOJYYEHUA NEHOCUJIUNKATHOTI'O MATEPUAJIA

Kaszauenxo C., Hapemoexoesa A.K.

Kapaeanounckuii 2ocydapcmeennviii mexHuueckuil yHugepcumen,

C pa3BUTHEM COBPEMEHHOTO OOIIECTBEHHOTO U
YaCTHOI'O CTPOUTCIILCTBA AKTYaJIbHBIMU CTAHOBATCSHA
BOIIPOCHI pa3zpaboTku BBICOK03()(hEeKTUBHBIX
TCIJIOU3OJIAIIMOHHBIX MATCPUAJIOB U IMPOTPECCUBHBIX
W30IITUOHHBIX KOHCTPYKIIUH, CITOCOOHBIX
BBIJICPXKUBATH JOCTATOYHBIC HATPY3KH B COOPYKCHHSAX.
B nmanHOM acmekTe akTyainbHOH SIBIsIeTCS IpoOieMa
BEIOOpa Hambollee PalMOHATBHBIX TEXHOJIOTHYECKHUX
peIIeHMIA, a TaKKe COBEPUICHCTBOBAHWSA WM TMOA0Opa
NPUHIUIAATEHO  HOBOW  CBIPbEBOM  0aszel  Jiis
pa3paboTku Takux wmatepuanoB. OJHUM M3 TaKHX
MaTEepHAaJIOB SIBIAETCS EHOCTEKIIO, KOTOPOE HapsAy C

BBICOKMMH (I)I/I3I/IKO-XI/IMI/I‘IGCKI/IMI/I CBOﬁCTBaMI/I,
o6nauaeT BJIArOHCIIPOHUIIAEMOCTEIO, BBICOKOM
MEXaHHYECKOMU MPOYHOCTHIO, HETOprovuce n

YAOBJIETBOPSIET BBICOKMM CaHUTAaPHO-TEXHUYECKHM
HOpMaM, Tak Kak OHO OMOJIOTMYEeCKH CTOWKO — HE THHET
U HE IIIecHeBeeT. MexaHudeckas IPOYHOCTh
MNEHOCTEKJIA OMpPENeNsieT BO3MOXKHOCTH NPHUMEHEHHs
€ro B MIMPOKOM CIEKTpe MOHTaKHBIX paboT.
KpynHopa3smepHble KOHCTPYKUUM U3 HEHOCTEKI]a
MOTYT OBITh HCIIOJIB30BaHBI JUII MOHTa)Xa OOBEKTOB
CTPOWTENIECTBA B KPYIHONAHENFHOM H OOBEMHOM

JOMOCTPOCHHUH. BHaFOHGHpOHI/IL{aeMOCTB
obecrneurBaeT IOCTOSHCTBO 3HAYCHUH
TCIJIOMPOBOJHOCTH, 4qTo ABJIACTCA peuraronmm
(l)aKTOpOM B HUCIIOJIb30BAHHUHN  TICHOCTCKJIA  JJIA

2. Kapazanoa

TEIJIOBOW M30JsIIMU. TexHomoruueckue pa3paboTKy B
o0JlacTH  TIOJNy4EHUs]  TMEHOCTEKJa  IO3BOJISIOT
CO3/]aBaTh MPOJIYKIUIO BBHICOKOI'O KayecTBa, KOTOpas
OyZeT KOHKYpPEHTOCNOCOOHa U BOCTpeOOBaHa Ha
peiHKE cObiTa. bBonbimyro d9acTe Bcero mporecca
COCTaBJIAET  IMOJOOpP  ONTHUMAJBHBIX  CHIPHEBBIX
KOMITOHEHTOB, KaK Ha OCHOBE TPaJIMIIMOHHOTO CBHIPHS,
TaK M  TEeXHOreHHoro. Tak B KadecTBe
razoo0pasoBaTens  TPAIUIMOHHO  IPUMEHSIOTCS
YIJIEPONUCTBIE KOMIIOHEHTBI, TaKHe, KakK KOKC,
pa3iIu4HbIe BUIBI aKTUBHOM Ca)xH, KapOua KpeMHHUS, a
TaK K€ MCHOJIB3YIOTCA Kap6OHaTI)I, B YaCTHOCTH
U3BECTHSK. TEXHOJIOTHs MOJyYeHHs MEHOCTEKJa [0
MOPOIIKOBOMY METOAY OOIIENPU3HAHHO CUHUTAETCS
ONTHMAJILHOM W TOBCEMECTHO paclpoCTpaHeHa B
TIPOMBIIIUICHHBIX MacIITadax.

Croco6 MPON3BOJICTBA MIEHOCHJINKaTHOTO
MaTepHala WM IIEHOCTEKJIa B JaHHOW paborte
3aKJIF0YaeTCsl B MCIIOJIb30BAaHUU CTEN000sI B CMECH C
rujpokcugoM  Hartpus. [losydeHme — meHOCTeKIa
MPOBOAMJIA TI0 TaK Ha3bIBAEMOMY THJIPAaTHOMY
BerieHnBaHMUIO [1,2]. CyTh 3TOT0 MeTO/a 3aKII0YaeTCs
B CMENIEHMH aMOppHOrO0  OKCHUAA  KPEMHUS,
COZiepKallerocss B CTEKIE CO  INEJIOYbI0 €
o0pa3oBaHWEM IIENOYHBIX THAPOCHINKATOB. B
mporiecce 00paboOTKM cTena THAPOKCHIOM HATpHSA B
MIPUCYTCTBUH BOJIbI IIPOTEKAET PEAKIIMSL:

mSiO2 + 2nNaOH + (p-n)H20 —» nNaOH-mSiO2-pH20

TTomumo KPEMHE3EMCOACPKAINX KOMIIOHEHTOB
HCIIOJIB3YIOTCA TaKKE BCIIOMOTATCIIBHBIC MaTCpUAJIbI,
KOTOpPbIC BBOAATCA IJId KOPPCKTHUPOBKU COCTaBa

HIHUXThI u MIpUaaHUA HCO6XOJII/IMI)IX CBOWCTB
marepuaity. Takum 00pa3soM, IENbI0  JaHHOTO
HCCIICIOBAHUS SBJISCTCS] UCCIIEAOBAaHHE BO3MOXKHOCTH
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HCIIOJIB30BaHUA HM3BCCTHAKA KakK HOHOHHHTGHLHOﬁ
HO6aBKI/I, BBOHHMOﬁ AJId YBCJIWYCHUA TMOPUCTOCTU

IMOJIy4acMoOro NE€HOCTCKOJbHOI'0 MaTepuraa.

B kauecTBe kpeMHecoAepKaIEro MaTepuaia ass
HCCIIENOBAaHMUS B3I OOJIOMKH OKOHHOIO CTEKIa.
XHUMHYECKUN  COCTaB

OKOHHOTO  CTEKJIa HMEET
crenyromryio Gopmyny: Na,0-Ca0-6SiO;
Tabuuma 1
XuMuYeCKHH COCTAB CTEKJIA

Marepuan Na,O CaO 6Si0O;

CTEKJIO 12,9 11,6 75,5
B kadecTBe moOpooOpaszoBarens MNPUMEHSUIH  MM)  OT  MPOJOJDKUTEIBHOCTH  U3MEJIbUYCHUSI.
ruapokcua Hatpus. st ra3000pa3oBaHust OpUMEHsUTH  Beigesnsiemast nocre M3MEINbUCHHUS MmyJibIa

M3BECTHSIK MeCTOpOXIeHUsT « CapbIKym».

MerouKa MOATOTOBKH M3BECTHSIKA BKIIOYACT B
cebs omepanuu ApoOIeHUS PyAbl U MOCIEAYIONIETo ee
MOKpOro u3MelnbueHus. B mporecce H3MeIbYeHUs
onpezesiiack KHHETUKA W3MEJIbYCHUS pYJIbl, T.C.
3aBUCUMOCTh BBIXOJa MeNkoro kiacca (meunee 0,074

HanpasJsUIach 3aT€M Ha MOJy9IEHHE IEHOCTEKIIA.
[MocrynuBmias mpoba u3BecTHsIKA BecoM 82387 T

MOJBEprajlach ~ CHTOBOMY  aHAIM3y C  LEJbIO

OTIpeJieNIeHNs] IPaHyJIOMETPUUECKOT0 COCTaBa.
Pe3ynbraThl aHaIM3a IpeCTaBICHBI B TabuLe 2.

Tabmuna 2
I'panyJioMeTpuYeCKHii COCTAB H3BECTHAKOBOW PYyabl
Krnacc xpynHoctu, MM Macca, r %
-40+20 2756,11 33,45
-20+10 2869,82 34,83
-10+7 768,14 9,32
-7+5 470,11 5,71
-5+3 462,36 5,61
-3+1,6 248,50 3,02
-1,6+1 186,82 2,27
-1+0,63 122,17 1,48
-0,63+0,315 196,44 2,38
-0,315+0,16 75,62 0,92
-0,16+0,1 34,77 0,42
-0,1+0,074 6,59 0,08
-0,074 41,25 0,51
Bceero 8238,7 100

W3 pe3ynbTaToB OMBITOB MO HU3MEIBYCHHUIO
WU3BECTHSIKOBOH PYIBI CIEMyeT, YTO C YBEIHICHUEM
KJlacca KPYITHOCTH PYIBI BBIXOJ MENKOTo Kiacca (-
0,074 MM) TpH OAWHAKOBOH TMPOJOIKUTEIEHOCTH

HU3MCJIbYCHUA YMCHBIIACTCA. 3aBUCUMOCTH BbBIXOJa
MCJIKOI'0 Kjacca OT KPYHDHOCTHU 3arpy>KaeM0ﬁ B

MENBHHILY — pYJBI pu MIPOJIOIKUTEIEHOCTH
n3Mmenpyenust 10 MUH noka3aHa Ha pUCYHKe 1.

Conep:xaHme 100
Knacca

-0,074, % 80 -
60 -
40 -
20 -

0
1

d. MM

Pucynox 1 — 3asucumocme evixoda knacca (0,074 mm) om KpynHocmu 3a2pyicaemori 6 MeibHuyy
U36eCMHAKOBOU PYObl NPU MOKPOM UsMenvueHuu ¢ mevenue 10 munym
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Hpe[lBapI/ITeJ'ILHLIMI/I HUCCICAOBAHUAMHA
YCTAaHOBJICHO, YTO IJIsI MCHOJIb30BAHUSI M3BCECTHSAKA B
KayCCTBC BCIICHUBATCJIA COACpIKaHnC Kjacca

kpynHoctd (- 0,074 MM) pyasl B IyJsble Iocie

H3MeNbUCHHS TOIDKHO ObITh He MeHee 80 %. YcnoBus
H3MEINbUCHHUS M3BECTHSIKOBOM pyZbl,
obecrieunBaroue TpedyeMoe CoAep)KaHue Kiacca
kpynHoctH (- 0,074 MM), peAcTaBiIeHs! B TabauLe 3.

Tab6muma 3

OnTuMaJibHbIe YCJI0BHS MOKPOI'0 U3MeJIbYeHUsI U3BECTHAKOBOM pPy/Abl B J1a00paTOPHOii
CTEepP:KHEBO MeJIbHHULEe

KpynHocTts 3arpyxaemMoit pyasl, CooTHotreHue pyaa:Boaa IIponomkuTENEHOCTD
MM B MCJIBHHIIC W3MEIbYCHHUS, MUH
-3 100 r pyast : 150 mi Bozbl He meHee 10
-5 100 r pyast : 150 mi Bozbl He MeHee 15
-7 100 r pyast : 150 mi Bozbl He meHee 20

Cobnronenne yciuoBHi, yka3aHHBIX B Tabmiwmie 3,
obecrieunBaeT IMONyYCHHUE ITyJIBIBI, HPUTOTHOW IUISA
MOCJICIYIOUIUX HCCICIOBAHUM.

IIpous3BonCTBO TEHOCTEKNA MPOBOAWIOCH IO
CTaHAapTHOW MOpOLIKOBOW TexHonoruu [3]. JaHHbII
croco0 MO3BOJISIET MONIYyYaTh MOPUCTYIO CTPYKTYPY C
PaBHOMEPHBIM ~ paclpeeliCHUEM TMOp  Pa3IUnIHbIX
pa3MepoB. MuxTa W3TOTaBIINBANIACH myTeM
TIIATENEHOTO IMEPEMEIINBAaHUS BCEX KOMIIOHCHTOB B
TOYHO YKa3aHHBIX MPOIMOPIHSIX OO OJHOPOITHOM
Maccel. CregyeT OTMETHTh, YTO JOOaBIICHHE K
MOPOIIKY OWTOrO CTEKJIa IIEJOYHOTO KOMIIOHEHTa
OCYIIECTBIUIOCHh B BHIE BOTHOTO pacTBopa. s
nyumiero B3aumoeictBust NaOH ¢ GUThIM CTEKIIOM B
IIMXTY BBOJMJIACH Boja B KonmuuecTBe 15% (mo macce)

KOTOPYIO BBIACPXKHBAIM B CYLIMIBHOM IIKady Mpu
temneparype 50°C B TedeHHe 2 9 OO0 3aBEpUICHUS

peakiuii  CHIUKAaTOOOpa30BaHUs C  IMOJNy4CHHEM
CUJIMKaTHOW MaccChl.
W3 npuroroBieHHONH MIMXTH  (HOPMOBAIKCH

o0Opasubl B BuAe KyOOB ¢ jumHOM rpanu 10 MM u
Maccoi 5.

ITocme oxnaxAeHWss TeYM [0 KOMHATHOH
TeMIlepaTypsl 00pa3ibl MOABEPraIlCh MEXAHUUECKOMH
00paboTKe A MpUIaHus MpaBIWIbHON GopMel. [lamee
ObUTH ompeneneHbl Macca M 00BbEeM, KaKyIIascs
IUIOTHOCTh ¥ 00Ias MOPUCTOCTh IO (QopMyiam,
MIPUBEJICHHBIX B pabote [4].

Jlnst yBenmuueHHs MOPHCTOCTH IIEHOMaTepHana
ObUT pa3paboTaH psif COCTABOB, IPUBCACHHBINA B

ceepx 100. IlomydeHHy!0O HCXOAHYIO cMechb  Tabmuue 4.
MEpEMCUIMBATIA 10 MOJYYCHU TOMOT€HHOM MaccChI,
Tabnmuna 4
IIIuXTOBbBIE COCTABBI C H3BECTHIKOM
Homep cocTaBa mmxrhl
Mmarepuan 1 5 3 7
riopomox ouroro 40 40 40 40
THJIPOKCHI HATPHUS 10 10 10 10
M3BECTHSIK - 1 3 5
BcrnienuBanne  00pasioB  MPOBOJMIOCH — HPH Pe3ynpraThl 10 IUIOTHOCTH H  TOPUCTOCTH

temmeparypax Bcnenuanus 800, 900°C.

MTOJTYYSHHBIX 00pa3IoB MIPECTABICHEI B TabHIe 5,6

Tabmumua 5
I110THOCTB N0JIY4YEeHHBIX IEHOMATEPHAIOB
Temneparypa TL10THOCTB, KI/M°
BCIICHUBAHUS 1 2 3 4
800 490 375 630 610
900 369 364 442 393
Tabanma 6
ITopucTOCTh MOJIYYeHHbIX IEHOMATEPHAJIOB
Temmeparypa [InoTHOCTB, %
BCIICHUBAHUS 1 2 3 4
800 79 79 70 69
900 84 79 79 70

Pe3ynpraTel TepMuUueckoil 0OpabOTKH TOKa3aiH,
4yTO TIpu fgobasneHnn | % (1Mo Macce) M3BECTHAKA B
MMUXTY MOXHO IOJYYUTH MEHOCTEKIIO C IJIOTHOCTBIO
okosio 370-400 kr/m® mpu Temneparypax 800 — 900°C,
OpU  3TOM 00pa3lbl XapaKTEpU3YIOTCS BBICOKUM

nokasareseM mopuctoctu (1o 84 %). C moBbIIIeHHEM
conepkanus mena 110 3 u 5 % (mo macce) (cocraB 3 —
4), mpu Temmneparype 800°C mopoobpasoBanue
3aMETHO yXYIIIAeTCsI, YTO MOXHO YBHIETh II0
cHIKeHuto mnopuctoctd (mo 70 %), a IIIOTHOCTH
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yBenuuuBaercs g0 630 kr/M® ,  MoOBbIUIEHHE CHHCOK HCI0Ib30BAHHOM JINTEPaTypPhbI

TEMIIepaTyphl B 3TUX COCTaBAX MPUBOAUT K CHUKEHUIO 1. Cenuxk H.A. CoctaBel U TEXHOIOTHUSA
IWIOTHOCTH 710 450 Kr/M3 M yBEMUYEHHIO TOPUCTOCTU 10 MOJTyYEeHHS] TpaHyJIMPOBAHHOTO

78 %. OueBUAHO, PTO CBI3aHO C B3aMMOJCHCTBUEM
W3BECTHSIKA CO INENOYbI0, YTO M TPHUBOJUT K
CHIYKEHMIO aKTHBHOCTH BCIICHUBAHUS.

W3roToBiieHHe TEHOCTEKIAa IO THIPATHOMY
MEXaHU3MY, TJ¢ B KadeCTBE OCHOBHOI'O CBIPHEBOTO
Marepuaia MPUMEHSJIOCh OHTOE CTEI0 B CMECH C
THAPOKCHUZOM  HATPHs, C UCIbI0  YBEIHYCHUS
MOPUCTOCTH BBOJIHJICS KapOOHATHBIN
nopoo0Opa3oBarelib - HU3BECTHSIK. OHako
HCITOJIb30BaHHE 3TOM JI00aBKH 0Ka3ajaoch
HEpalOHAIbHO, TaK Kak TOTOBbIe  00Opasibl
MOJYYaJUCh HEJOCTATOYHO TOPHUCTHIMH H3-3a TOTO,
9TO MPOUCXOJIIIIA XUMUYECKAs PEaKIUsl U3BECTHSIKA C
THIPOKCUIOM HATpHs, B pE3yJlbTaTe KOTOPOH
3aMeJUISII IPOLIECC Ta30BbIICIICHHS.
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AHHOTAIUA

B cratbe packpbIBaroTCSI OCHOBHBIE BHIBI BpeJOHOCHBIX 110 1 MeTo1p1 60pb0BI C HUMHU.

ANNOTATION

The article describes the main types of malware and methods for dealing with them.
KuaroueBbie ciioBa: KommeroTep, mporpamma, HapymieHue, Bupyc, [Iporpammaoe Obecrniedenue, Bpe/.
Keywords: computer, program, violation, virus, software, harm.

Hu s koro He cekper, 4TO B Hamle Bpems,
MOy, OOJNBIINHCTBO MOJIb30BaTENCH OLIYINAIN Ha
cebe BCIO OTPUIATENBHYIO CTOPOHY pa3BHTHS
WHQOPMALMOHHBIX ~ TEXHOJOTHH, KOHKPETHO  —
BpeloHOCHBIX Tporpamm. Ceifuac, korma Ooubiias
4acThb I/IH(bOpMaIlI/II/I XpaHUTCA Ha OJCKTPOHHBIX
HOCUTENSAX, OCOOCHHO Ba)XHO IIOBBIIIATH YPOBEHH
6€301acHOCTH 1 COXPAaHHOCTH ATOW MH(GOPMAIMH OT
BIIMSTHUSL BCEBO3MOXKHBIX yrpo3. JlaHHOe sIBIICHHE HE
o6onwto croponoii u OBJI, Belb B pactiopsKeHHH 3TOM
cucTeMbl (peepaIbHBIX OPraHOB HAaXOJATCS JaHHBIE O

Bcex rpaxnaHax Poccuiickoit  ®enepauuun U
COBEpIIEHHBIX MpecTymeHusx. [lpu 3aBianeHun
TaKUMH JTaHHBIMH, TIPECTYITHUKA OKaxyTCs Ha

MOPSI/IOK OTIACHEE, YeTO JOITyCTUTh HENb3sL.
B CIIO’KHBIITHXCS YCIIOBHSAX
aKTyaJIbHOCTh ~ NIPUOOpETaeT  BOIMPOC
BPEIOHOCHBIMH MIPOTPaMMaMH.
BpenonocHas nmporpamMmma — 3TO KOMITBIOTEpHAast
mporpaMMa, TpeAHa3Hau€HHas Uil [pPUYHHEHUS
ymep6a [1K, HezaBuCHMO OT BUa JaHHOW MPOTPaMMBI.
Wnes cozpanus BpenoHocHsix 11O Bo3HUKIA B
1946 romy. UmenHo Tornma amepukanen J[xoH ¢oH
HbsiimaHH co3nan Teopuro 0 caMOBOCIPOU3BOASIINXCS
nporpamMMax.  JlaHHOe — HWcClIemOBaHWE  SIBHJIOCH

0co0yro
0oprOBI ¢

OTIIPABHOH TOYKOH B MHPE KOMIIBIOTEPHBIX BHPYCOB.
Cnyctss Hekotopoe Bpems, B 1959 romy, ero
cooteuectBeHHHKOM, JI.C.  Ilerpoy3zom  Oblna
OIyOJMKOBaHa CTaThsi O CaMOBOCIIPOM3BOIAIINXCS
MEXaHHUECKUX CTPYKTypaX, B KOTOPOH peup Iuia o
JBYXMEPHBIX CTPYKTypax, CHOCOOHBIX K aKTHBAIMH,
Pa3MHOXEHHIO U 3aXBaTy.

C Tex mop B HalleM MHPE MHOIO 4ero
W3MEHWIIOCh,  TOSBUIMCH ~ MWIIMOHBI  HOBBIX
BPEIOHOCHBIX ~ IPOrpaMM, YyBeIMYMIach U HX
OMacHOCTh Uil obOmectBa. B cBs3m ¢ 3THM, B
VYronosusiit Konexc Poccuiickoit ®enepanun Obutn
BHECEHBI CIEIYIOIUE CTATbU:

oCratps 272 YK P®. HenpaBoMepHBIH 10CTYyM K
KOMITBIOTEPHOM HH(OPMAIIHH.

HemnpaBoMepHbIil JOCTyN K OXpaHIEMON 3aKOHOM
KOMIBIOTEPHOH WHPOPMALUHU, €cIH 3TO JACSHUE

TTOBJICKIIO YHUYTOXXEHUE, GioKMpoBaHUe,
MOANGUKAIMIO JTHO0 KOMHUPOBaHWE KOMITBIOTEPHON
nH}opManuy.

oCratbst 273 YK P®. Co3ganue, ucrnoab30BaHUE
U pacnpocTpaHEHHE BPEJOHOCHBIX KOMIIBbIOTEPHBIX
MIPOTPaMM.
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Co3spnanue, pacrpocTpaHeHHE win  ¢ailnsl, 3arpy>KeHHbIC 13 ceTi VIHTepHEeT; SIeKTpOHHAs

UCIIOJIb30BaHUE KOMITBIOTEPHBIX MPOrpaMM JH00 HHOHM  mouTta; nmuparckoe I[10.

KOMIIBIOTEPHOI uH(pOpMAIIHHY, 3aBEIOMO HapaBHe ¢ BpEIOHOCHBIMH  MpOrpaMMaMH

NpeJHA3HAYCHHBIX  JUIS ~ HECAHKIMOHUPOBAHHOTO  Pa3BUBAIOTCS M METOJBI 3alllUThI OT HUX. Hambonee

YHUYTOXKECHHUS, OJIOKMPOBAHUS, Monubukaimu, 3PPEeKTUBHBIM CpeACTBOM OOpHOBI ¢ BUpycamu

KOMUPOBAHUS KOMIbIOTEPHOH HWH(pOpMALMK HIM  OPUHSATO CYUTATh AHTUBHPYC.

HEWTpaJM3allud  CPEICTB  3aIIUTHI
HHPOPMAIIIH.

oCratess 274 YK P®. Hapymenwne npaBwil
JKCIUTyaTallid CPEACTB XpaHEHWs, OOpaObOTKH WIH
nepenadn KOMITBIOTEPHOH nHpopmManun "
MH()OPMALMOHHO-TEIEKOMMYHHKAIUOHHBIX CETEH.

Hapymenne mnpaBui SKCIUTyaTallid CpPEICTB
XpaHeHHs, 0oOpabOTKM WM Nepenadd OXpaHseMon
KOMITBIOTEpPHOH MH(pOpMAIMU J100 HHPOPMAIMOHHO-
TEICKOMMYHHKALIMOHHBIX ~ CeTe M OKOHEYHOI'O
o0opysoBaHUs, a TaKkKe IpaBWI JOCTyNa K
MH()OPMAIMOHHO-TEICKOMMYHHUKAIMOHHEIM ~ CETAM,
MIOBJICKIIIECE YHHYTOKEHHE, 6roxkupoBaHue,
MOIU(UKAIHI0 JHOO KOMMPOBAHHE KOMIBIOTEPHOM
nH(pOpMaLuK, TPUIMHUBILIEE KPYIHBIH yepo.

BesycnoBHO, Kak 3TO ¥ TOBOPHIIOCH PaHEE, B HAIIIE
BpeMsl CYLIECTBYET MHOXECTBO  Pa3sHOOOPa3HBIX
BPEIOHOCHBIX ~MPOrpaMM, HO UX OOBEIUHSIOT
OJIHAKOBBIE 1IEJIH:

ePacmpocrpanenue BpenoHocHoro I110

eHapymenue paborst [TK

oCoo011IeHHEe MOJIH30BATEII0 3aBEIOMO JIOKHOI
nH(OpMAaLUK O CBOMX JEHCTBUSIX B CHCTEME

¢COKpBITHE CBOUX AECUCTBUM OT aHTUBUPYCHBIX

KOMIIBIOTEPHOI

poTpaMM
Taroke y OONBIIMHCTBA TaKWX MPOTPaMM
JIEHCTByeT OJIMHAKOBAS MTOCTIETOBATEIBHOCTD

JIEUCTBUHN, KOTOpask BBITISIUT CIASAYIONIMM 00pa3oM:
1.3apaxenue 1K
2.AKTHBAIHS BPEIOHOCHOH MPOrpaMMBI
3.ITouck daitioB Ans 3apakeHUs BPEIOHOCHON

IPOrpaMMon

4.3apakeHue BbIOpaHHBIX (aiiJIOB BPEOHOCHOI
porpaMMon

Taxue IPOrpamMMBbl MOTYT HAHECTH

cyiecTBeHHbIN Bpen aestensHoctd OB/l OHu umeror
MHO>KECTBO Pa3HOBHIHOCTEH, OCHOBHbIE U3 HUX:

eKommbroTepHble BUpYychl — BpeaoHocHoe [1O,
CIIOCOOHOE BHEAPSATHCS B KO APYTHX NPOTpaMM,
MOBPEXJAaTh  JAaHHBIE  II0JB30BATeNs, M3MEHATHh
coJiepkuMoe (aiioB U PacpOCTPAHSITHCS.

eCeteBble 4epBu — BpenoHocHoe 10, cocoOHOe
K CaMOCTOSATEIbHOMY  PaclpOCTPAaHEHUIO  Hepes3
JIOKaJbHBIe, 00 TiobanpHbIe (MHTEpHET) ceTtd. Ilo
(yHKIIMOHATY CXOXHM ¢ BHpycamu. llenbio ceTeBbIX

yepBeW  sBIsAETCS  3apaxkeHue  QailiioB s
JalbHEHIIEro  pacnpocTpaHeHHMss  HAa  JApYrue
KOMITBIOTEPEI.

eTposiHCKME mHporpaMMbel — BpenoHocHoe 11O,
CIIOCOOHOE K  BBINIOJHEHHWIO 33jad, CHELUUaJbHO
OHpeHeHéHHBIX IIPaBOHAPYIIUTEIIEM, TaKHUX KakK

HapylieHne paboThl KOMIIBIOTEpa, Kpaka JaHHBIX
MOJIL30BATEJIS, YAAJIEHUE TAHHBIX TI0OJIH30BATEIIS U JIP.

IlyT NpOHMKHOBEHUS NPOrPaMM, BbI3BIBAIOLINX
cbou B paboTe KOMITBIOTEpA M MPUUUHSIONUX yIIepo
MOJIL30BATENI0: ChEMHBIE IWCKH; (JIem-HAaKOTUTEIH;

AHTHBHpYC — 3TO IpOTrpamMma, CO3JaHHas I
OOppOBI  C  HEXEIATeNbHBIMH  MPOTPaMMaMH,
BEI3BIBAIONINMH HapyiieHus B padote I1K, 3apaxenune
1 TIOBPEKACHNE TAaHHBIX TOJIH30BATEIIS.

B OonpmmHCTBE CilydaeB, B aHTHBHpYCaxX
3aJI0’KEHO J[Ba MOJX0/1a K OOHAPYKEHHUIO 3apaXKEHHOTO
¢aiina, mubo camoro BpemoHocHoro IO —
CUTHAaTypHBbIM W MNpOaKTUBHBIA. IlepBbIl H3 3THX
CIIOCOOOB  OCYIIECTBISIET IOMCK  HEXKEJaTeJIbHBIX
MpOrpaMM MO XapaKTEPHBIM Ul HUX YepTaMm, MyTEM
CpaBHEHMsSI  M3BECTHBIX TPU3HAKOB BHUpyca C
MpU3HAKaMH, UMeIonMucs y daiina. [IpoakTUBHBIN
MeToJ] 00HapyKeHus BpedoHocHHIX 110 3axmogaercs
B aHaNU3e MoBeAeHus (aiiia mpu ero padote.

[MoMrMO aHTHBHPYCHBIX HPOTPaMM, TaKXKe €CTh
TakoH cmocod OoprOBI ¢ BpemoHocHBIM [0, Kak
npodunaktiuyeckue Mepbl. OHHM  3aKJIIOYAIOTCS B
peryJIipHO# YHCTKe KOMIIbIOTEPA OT HEHCIIOIb3yEMbIX
U HE3HAKOMBIX MOJIH30BATEINIO MIPOTPAMM.

T'oBopst 0 60pbOE C BPETOHOCHBIMH MPOTPaMMaMU
B OB/, Henb3s He ynmoMsHYTh TOT (akT, 4To ceifuac
JefcTByeT MmporpamMma Iiepexoja C OIeparoHHON
cucremsl Windows Ha poccuiickyro Astra Linux.
CornacHa maHy, IO OTEYECTBEHHOH OTIepariiOHHOM
CHCTEMBI B TaKHX OpraHax rOCYAapCTBEHHON BJIACTH,
kak MB/I, ®CO, ®CHUH u ®Cb B 2020 roxy nomxHa
coctaBiATh He MeHee 80%. OOBACHICTCS 3TO TEM, YTO
OC Linux ropa3go Oe3omacHee, T.e. HMEET
3HAYUTEIbHO MEHbBIIEe KOIMYECTBO HEXKETATEITbHBIX
HIpOTPaMM, YTPOXKAOIINX L[EJIOCTHOCTH u
KOH(UICHIINAILHOCTH JIAHHBIX 10JIb30BATEIIs.

Takum 00pa3oM, MOXHO YTBEpXKIaTh, 4YTO
BPEIOHOCHBIE ITPOTrPaMMBbl JACHCTBUTEIBHO CIOCOOHBI
HAHECTH cephe3HbIi yiepo OB/l B Bue MOBpEkKACHUI
JAHHBIX, TOXWIICHHA BaXXHOH WHPOpPMAIUU U
HapymreHnn pa6oTs! [1K B memom. Bee nepednciienHbie
JNEHCTBUS HANpaBICHBI Ha 3aMe[UICHHE paboTHI
MIPaBOOXPAaHUTEIBHEIX OpraHoB. CrocoOsl OOpHOBI C
HUMH TIOCTOSTHHO JIOJDKHBI COBEPIICHCTBOBATHCS,
YTOOBI JaTh IOCTOWHBINA OTIIOP MPECTYITHUKAM.

Buobauorpadguyeckuii cnucok:

Hctopus BO3HHMKHOBEHHMS BpeOOHOCHBIX [I0 —
https://studwood.ru/1699944/informatika/istoriya_voz
niknoveniya_vredonosnyh

Kommnsrorepusie Bupycsl: IlpoucxoxnaeHue —
https://www.nkj.ru/archive/articles/7889/

Krnaccudukanuss BpeTOHOCHBIX IpOTpaMM —
https://www.kaspersky.ru/blog/klassifikaciya-
vredonosnyx-programm/2200/

HYTI/I MNPOHUKHOBCHUSI BUPYCOB B KOMIIBIOTED —
/Ivuzlit.ru/1035575/puti_proniknoveniya_virusov_ko
mpyuter_mehanizm_raspredeleniya_virusnyh_progra
mm

Cratps «Ilepexon ¢ Windows Ha Astra Linux» —
https://habr.com/ru/news/t/410097/

VYronosusiil Kogexc Poccuiickoit @enepanun
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K BOIIPOCY UCHOJIb30BAHHUSI PECYPCHOI'O MOTEHIMAJIA OTPABOTAHHBIX
KPEMHUIICOJIEP)KAILLIMX MTOJIMUMEPOB

Kpacnoeckux Mapuna Ilagnogna

3asedyrowuii rabopamopueii mepmMuyeckux Memooos aHaiu3d,

accucmenm Kageopvl HeOpeanuiecKo Xumuu,

XUMUYECKOU MexXHOoN02uu U mexHoc@epnoi 6e30nacHocmu.
Tepmckuti cocyoapcmeentbili HAYUOHATbHBIU UCCIE008AMENbCKULL YHUBEpCUmMen,

AHHOTAIIUA

614990, Ilepmo, ya. Byxupesa, 15.

Mo 3aBeplIeHHIO KU3HEHHOTO LHKJIA BCE MOJIUMEPHbIC, KaK U KOMIIO3UIIMOHHBIE MaTEpUAIIbl HA X OCHOBE,
MOJJIekKAT yTHIM3aUK. [ TyO0KOe OKUCIICHNE WIIH CKUTAHUE OTXO/I0B MOJIUMEPOB SIBISIFOTCS HA JAHHBIA MOMEHT
HanOoJice IIUPOKO HCIOIB3YEMBIM METOJOM, IO3BOJISIONIAM HCIOJB30BaTh JHEPreTUYCCKUN MOTCHIIHAT
otx070B. OlHAaKO, B Clydyae yTWIH3AIMU TOJTMMEPHBIX OTXOJ0B, UMCIOIINX B CBOEM COCTaBE aTOMBI KPEMHHUS,
CTaHOBHUTCs MPOOIEeMOil 00pasyromuiicss 30bHbIH ocTaTok (50 Macc.% u Oojee), coCTOSIIUI U3 aMOP(PHOTO

KpeMHe3eMa.

[TosTOMy mpezcTaBisieTcsl MEPCIEKTUBHOM pa3padOTKa aJIbTePHATHUBHBIX C)KUTAHHIO METOJI0OB YTHIM3ALUU
MIOJIMMEPOB, OCHOBAHHBIX HA MCIOJIb30BaHUN HEIHEPTETUYECKOTO PECYPCHOI0 NOTEHIINAIIA.

B wuccnenoBaHuM OIpeneneHo, 4YTO NpPU OKHUCIEHUH OTXOJOB KPEMHUUCOAEPXKALIUX MOJIUMEPHBIX
MaTepHaJIOB IPOUCXOANUT 0Opa30BaHUE 30JILHOTO OCTaTKa - OKCHIA KpeMHHsI aMopdHOTOo cTpoeHus. [IpemanoxeHo
KOMIUIEKCHOE MCIOJIb30BaHUE PECYPCHOTO MOTEHLHUANA MOJUMEPHBIX MAaTEPUATIOB, COAEPKALUX KPEMHUH, IS
W3BJICYECHUSI SHEPTETUYECKOr0 MOTEHIMAJa OT OKUCJIEHHUS OPraHM4eCKOM COCTaBISIOLIEH MaTepuana U i
HCIIOJIE30BaHMUS MaTepHAIFHOTO IOTEHIIAAA B (JOPMATE H3TOTOBJICHHUS SYEUCTOTO CHIIMKATHOTO MaTepHaa.

KiroueBble c0Ba: pecypcHBI MOTEHIMAN, CUIMKOHOBBIE MOJMMEpHBIC MaTepHallbl, KPEMHHUH, OTXOMBI,
BTOPUYHOE UCIIOJIb30BAHUE, CHHXPOHHBI TEPMUYECKUN aHAIIN3

VYBenuueHne oOBEMOB BBHITYyCKa M MOTPEOICHUs
MOJIMMEPOB, COAEPKAIUX B CBOEM COCTaBe KPEMHHH,
HEYKOCHHMTEJIBHO BeJeT KaK K JKOJIOTHYECKHUM, TaK U

3KOHOMHNYCCKUM HpO6J’IGMaM nepepa60TKH n
yTuin3anuu Kay4yKoOB, PpCe3uH, I'epMETUKOB,
PE3NHOTEXHUICCKUX I/ISZ[GJII/Iﬁ u APYTrux

KPEeMHHMHCOEPIKaIllNX MaTepuaoB ¢ OTPabOTaHHBIM
pecypcom skcrryaranuu [1].
Beicokass MaTepnaloeMKOCTh NPOMBIIUICHHOCTH

CHUJIMKOHOBOTO  KaydyKa, pE3WHOBBIX CMecedl W
AJIACTOMEPHBIX ~ MaTepUaioB  TpeOyeT  perieHus
mpobyieMbl  GoJiee  PAIMOHAIBHOTO HCIOJIH30BAHUS

peCypcHOro MoTeHIMada OTpabOTaHHBIX MAaTEpHUalOB
[2-4]. OcHoBHbIe cMOCOOBI BTOPHYIHON MEpepabOTKH
IJIACTMACC M 3JaCTOMEPOB CBOJATCA K COPTUPOBKE,
OUYUCTKE, W3MENBUYECHUIO, YaCTUYHOW WIM MOJTHOHN
JECTPYKLIUU OTXOJIOB.

B  pabore  mnpuBomATcs  pe3ynbTaTtel U
oOcyXIaercs NHPOIN3 M OKHCIEHHE II0JIMMEPOB,
CoJepXkallluX B COCTaBE€ arToOMbl KpeMmHus. B
MOJIMMEPHBIX MaTepHuagax KpeMHHHN MOJXET
MPUCYTCTBOBATh B JBYX PA3JIMYHBIX COCTOSHHSX — B
BUE€ KPEMHHHOPTaHWYECKUX COCIMHEHHH OOBIIHO
CUJIOKCAaHOBOI'O THUIIA WM B Kaye€CTBE 3aIIOJIHUTEINS B
KOMIIO3UIIMOHHOM TIOIMMEPHOM MaTepHaje B ¢opme
TUOKCHAAa KpeMHHUs. Bo Bcex ciydasx mpH MOITHOM
OKHCIICHMU MaTepuaia Npu rOpeHuH CleAyeT OKUAATh
00pa3oBaHKe OKCU/IA KPEMHUSI.

OcoOeHHOCTBIO  TOBTOPHOTO  HCIIOJIb30BAHUSA
OTXOJIOB B BHUJE KPEMHHUICOAEP)KAIIUX IOJIUMEPOB
SBIISICTCA NPUMEHEHUE BCEro MOTEHLMala MaTepuana,
KaKk OPraHMYeCcKOW, TaKk W HEOPraHHUYECKOH YacTH.

Oprannyeckas 9acTh KPEMHHICOIepIKaIIIX
HOJMMEPOB  MOXKET OBITh  HCIONB30BaHA U
MOJYYEHHUS TEIUIOBOW YHEPTUU METOJIOM COKUTAHUS.

BeipaboTka SHEPTUH SBIISIETCS Goiee
3¢QEeKTUBHON B HMHTEHCHBHBIX MeToAax. Bcs
OpraHnYecKast 4acTh OKHCIIIETCs B 3ToM npouecce. Ho
SHEPreTUYeCKN TOTEHIHMAI KPEeMHHHCOAEpIKaIIX
PE3MH, KaK MOTEHIMAJ JIO0BIX APYTUX OPraHWYECcKUX
OTXOJIOB, MOXXHO pa3zienutb. [luponus 6e3 Bo3myxa
OPUBOAMUT K TOJYYSHUIO JIETYYHX OpPraHHYECKUX
BEILIECTB M I, KOTOPbIE MOTYT OBIThb OTJEIBHO
UCTIOJIB30BaHBl B JajJbHEHIIEM B KauecTBE TOIUIMBA.
307BHBIM  OCTATOK  COCTOMT W3  aMOp(¢HOro
KpeMHe3eMa, KOTOpOMY Takke MOXKHO HaWTH
npumeHenue [5].

Tepmuueckoe moBeneHne o00pas3noB, (HU3MKO-
XMMHUYECKHE TIPEBpAICHUS] aHAIU3HPOBAINCH Ha
nmpubope  CHHXPOHHOTO  TEPMHYECKOTO  aHallu3a
(omHOBpEMEHHAs ¢ukcanus KPHBBIX
tepmorpasumerpun  (TT) wu  muddepenumansHoi
ckanupyromei kanmopumerpun (JJCK)) Netsch STA449
F1 Jupiter coBMEmEHHOM ¢ MaccC-CIIEKTPOMETPOM
QMS 443 Aéolos. HarpeBanue o0pasioB MpoOBOIUTCS
C IOCTOSIHHOH cKopocThio (20 K/MuH) B TMHAMUYECKOi
WHEepTHOH (aproH) u Bo3aymrHOH aTtMmocdepe (40
MJI/MHUH), JOCTYNHbIE TEeMIlEpaTypHble TPaHHUIIBI
skcnepumenToB 45-1000°C, BakyyMupOBaHHE €YU C
o0pasnoM Tepel aHAJM30M  HPOBOAWIIOCH  TIPH
HEOOXOAMMOCTH, MaTepuan TUIJIS — IUIaTHHA,
BBINOJIHAJIACH KaJMOPOBKa 10 PETEPHBIM BELIECTBAM,
KOppekiust ~ 0a30BOM  JMHUM 1O  METOJMKE,
MTOCTABJIIEMOH C TIPHOOPOM.
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HccnenoBanne (a3oBOro cocraBa MpOBOIUIOCH
Ha peHTreHOBCKOM audpaktomerpe Shimadzu XRD-
7000, cHUMKH 00pas3ylolierocs Marepuaina HoIyYeHb
Ha CKaHHPYIOIIEM 3JEeKTPOHHOM MUKpockore S-3400
Hitachi.

P€3yJ'II)TaTI)I CHUHXPOHHOT'O
TCPMOTPABUMETPUICCKOTO aHaJin3a TUIUYHOU
CHIIMKOHOBOM PE3UHBI MIPEACTABJICHBI Ha PUC. 1.
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Pucynox 1. Kpuevie uonnozo moxa m\z = 44 (yanexucnviii 2a3) u Kpusas Ougpepenyuanivholl Karopuumempuu
DSC, cosmewennvie ¢ kpusoii TI" 6 ammocghepe 6030yxa

IlepBerit cnaOerii muk Ha kpuBoit JICK mpu
310+430°C moxeT OBITH OTHECEH K OKHCICHHIO
BOJIOPO/ICOJEP)KAIMX ~ HMHUPOJM3HBIX  Ta30B,  4TO
MOATBEPXKJAETCSl TOJOTUM y4YacTKOM Ha KpPUBOH
HOHHOTO TOKa m/z=44 (YTJIEKHUCIOro ra3a) IMpu 3TOM
uHTepBasNe Temmneparyp. OOmas mOTeps Macchl
MCXOJIHOTO TOJIMMEPHOTO MaTepualla COCTaBisieT 45
Mmacc.%, ¥ 00pasylomascss Ipy OKHCICHUH SHEPTHus
cocraBisieT 5,2 MJx/kr.

B npotecce OKHCJICHHS obpaszyercst
3HAYUTEJIbHOE KOJMYECTBO 30JIbHOTO OCTaTKa, Oosee
50%. PesynbraThl  peHTreHO(GA30BOrO  aHAIHM3a
MOATBEPXKIAIOT, YTO OCTaTOK, MOJYyYEHHBIH TMpH
TOpPeHUU B 0OBIYHON aTMOcdepe, IpeAcTaBiIsIeT coOon
amopdHbIii KpemHe3eM. Kpome Toro, ropexue B
OoraToil KHciOpogOM arMocdepe TMPHBOIUT K
00pa3zoBaHUIO HeOOoJbIIOTo KOJIMYeCTBa
KpHCTOOanTOBOH (ha3sl B 00paslie KpeMHe3eMa. ITOT
(bakT 00yCIIOBIIEH BEICOKMMH TEMIIEPATYPaMH TOPEHUS
B CllydasXx BBICOKMX KOHIIGHTpalWil KHCIOpOoJa.
OnHaxko, cofiep)aHue KpUCTOOATNTA CIUITKOM MaJio, U
aTa Kpucrtaludeckas (aza He Oynmer wMemiarth
JanpHeWel nepepadboTke aMoppHOTO KpeMHEe3eMa.

KonnuecTBa ra3oB, BBIJEISIONIMXCS B MPOIECCEe
(dopmupoBaHMs CTeKJIa K3 MOJUCHIMKATOB MPHU
TeMIlepaTypax TepMOIUIACTHYHOCTH, MOXET OBITh

JIOCTaTOYHO JUIS CO3JAaHUS SYEUCTOTO CTekIa. Tak Kak
CHHTE3 CTEKJIa U3 TOJIUCUINKATHOHN 1T 110 CYIIECTBY
MpoIiecC yIaleHUs BOIbI, OBIJIO YyCTAHOBICHO, YTO Tap
OyZeT OCHOBHBIM BBIJICIISTIONINMCS Ta30M B TIPOIIECCE
TEPMUYECKOH 00pabOTKH MIETOYHO-KPEMHE3EMHON
KOMMO3uIuu [6].

3011y OT CHJIMKOHOBOHW pE3WHBI, COACPIKAIIYIO
OUOKCHA KpEeMHHS W yIJEepod, CMEIIUBAIA C
pacTBopoM rHuapokcuna Hatpus. [Ipu TemmepaTtypax
TEPMOIJIACTUYHOCTH CTEKJa Tap MOXET aKTHBHO

OKHCIISTh  YIVIEpPOA  IyTeM  peakIu  IapoBOif
koHBepcuu [7]. Takum oOpa3oM, MNPHUCYTCTBUE
yriepoja B JUOKCHJE KPEMHHUs CHOCOOCTBYeT

TIOBBIIIIEHUIO Ta3000pa30BaHusl BHYTPH Marepuayia B
Tporecce TePMUUYECKOH 00pabOTKH.

OO0pa3upl TOTOBWIN IyTeM cMemuBanus 14,5 M
pacTBOpa 'MIPOKCHIA HATPUS M 30JIbI OTPAOOTAHHBIX
CHJIMKOHOBBIX pE3MH C J00aBJIEHHEM yIieposa.
IoxaroroBnenHsle 3aroToBku Harpesanu mnpu 780°C B
TedeHHe OAHOTro dYaca. I MOIy4eHHBIX 00pasloB
MIPOBE/ICHA AJIEKTPOHHAsI MUKPOCKOIHS C TPHUCTABKOM
Ui peHtrerogmoopecieHToro ananusa (PDnA).
CtpykTypa 00pa3loB TMpeacTaBieHa Ha puc. 2.
InotHOCTh 00pasnoB cocrasnser 210-220 kr/m3;
3¢ dexT mpucyTCTBUS KpUCTOOATUTOB B 00pasiax He
OoOHapy’KeH.
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Pucynok 2. Cmpykmypa nonyuennoz2o aueucmozo CUnuKammo20 Mamepuana

HOJIy‘IeHHI)IfI Marepuall MOXCT OBITE
HCIIOJIb30BaH B CTPOUTECIILCTBE B Ka4yCCTBC
3aII0JIHUTCIIA JJIsL CO31aHuA 00JIErYEHHEIX u

TEIUTOM30JISAIIMOHHBIX KOHCTPYKIUH. TakuM oOpazom,
B IMpolecce TEPMUUECKON YTHIM3ALMU MOIMMEPHBIX
MaTepHalioB, COJEpXKALIUX KPEMHHUH, BO3MOXHO
WU3BJIEYEHUE HE TOJIBKO SHEPreTHYECKOIro MOTEHUHUAIa
HCXOJHOTO MaTepuana B pE3yJIbTaTe OKHUCIEHUS
OpPraHUYecKOW COCTaBIISIFOUIEH, HO M HCIOJb30BaHHUE
30JIbHOTO  OCTaTKa, MPEACTABIIONICTO0  COOOM
amMop(dHBII OKCH]I KPEMHHSI, B PECYPCHOM IIHKJIE ITyTEM
CO37IaHMsSI HAa €ro OCHOBE SYEUCTOT0 Marepuala,

BOCTPEOOBAHHOTO B chepe CTPOUTENBHBIX
MaTepuaos.
OTX0Ipl  KPEMHHMHCOAEPKAIIUX  ITOJUMEPHBIX

MaTEPHAJIOB - 3TO YHUKAJIBHBIN PECypc, MOCKOJIbKY OH
coyeraet B cebe MaTepHaIbHOE COJIEPKAHUE TUOKCHIA
KPEeMHHUsI, JOCTYITHOTO B Ka4deCTBE CBIPbS IS
MPOM3BOJICTBA  CTPOWUTEIBHOr0  Marepuaina, U
JHEPreTUYeCKUe  PeCcypcehbl,  JIOCTATOYHBIC ISt
00ECIIeYCHHsT 3TOrO0 MPOM3BOJACTBA CTPOMTEIIBHBIX
MaTepHUaJIOB.

MOXHO 3aKJIIOYHATH, YTO OTKAa3 OT COKUTAHHUS
OTXOJIOB TOJIMMEPHBIX MATCPHAIOB, B TOM YHCJIC H
COIEpXKAIMX KPEeMHHUH, H IEepPexXoa K MeTomam
YTUIN3AIINY, HCTIOJNIb3YIOIINX MaTepUaTbHbINA
MOTEHIMAIT OTXOJO0B, MO3BOJISIET HE TOJILKO CHU3HTH
BpeHbIE BBIOPOCH, HO U TOJNydYaTh pa3IdYHbIE
MPOJIYKTHI.
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[Tpu HEKOTOPBIX JOMYLICHUSIX OOILIETO XapakTepa COCTaBIeHO NUddepeHIHaibHOe YpaBHEHHE B YaCTHBIX

MMPOU3BOJHBIX BTOPOI'O IpAAKa OTHOCHUTCIIBHO KOHIICHTpAllMU BO3/JyXa B BI)Ipa6OTaHHOM MMPOCTPAHCTBE MIAXThI
JUId TIPSIMOTOYHOM cxeMmbl BeHTWIAUH. CPOopMynHpOoBaHBI I'paHHUYHBIC YCIOBHSA M HAa UX OCHOBE IOJYYEHO
AQHAJIMUTUYECKOE PEIICHUE YPAaBHEHUS paclpeiciicHus Bo3Ayxa yredek. IlomyueHa TpexmepHas BU3yalld3alius
pacnpeneneHus Bo3ayxa yreuek 6e3 ydera u ¢ y4eToM HOIUTHIBAOIIEH BO3AYIITHON CTPYH.

ANNOTATION

Under some assumptions of a general nature, a partial differential equation of the second strand is compiled
with respect to the air concentration in the mine shaft for a direct-flow ventilation circuit. Boundary conditions are
formulated and on their basis an analytical solution to the leakage air distribution equation is obtained. Received
three-dimensional visualization of air distribution.

KiroueBble cjioBa: YTE€UKH BO34yXd, MAaTeMaTU4YCeCKasd MOJCIb, PACHPCACIICHUA BO3AyXd, I'PAHUYHBIC
YCIIOBUSI, BRIPAOOTAaHHOE MPOCTPAHCTBO, TPEXMEPHAS BU3YITU3AIIHSL.

Keywords: air leakage, mathematical model, air distribution, boundary conditions, worked out space, three-
dimensional visualization.

BBenenue Bo
BompocaMm aBwkeHHsS BO3ayXa depe3 MOPUCTOE

MHOTHX u3 3THUX Hccae0BaHuM
paccMaTpuBaeTcsi JABW)KEHHE Ta3a B HEQTAHBIX

MMPpOCTPAHCTBO MOCBALICHO MHOI'O HCCHGHOB&HHﬁ. B

HEPBYIO ouepenb 3/1eCh HaJ0 OTMETHUTD
ocHoBomonararomyo padory JI.C. Jleitbensona [1],
KOTOpass  TOMHUMO  OONBIIOTO  TEOPETUYECKOTO

3HAQYEHUS MMeNa M MNPaKTHUECKOe 3HAu€HHE B BHJE
¢dopmyn 1o pacuéry nebura raza Hu3 HEPTSIHBIX
ckBaxxuH, padoty B.W. Apasuna u C.H. Hymepoga [2],
OCHOBAHHYIO Ha TEOpeTHYeCKHX pazpaboTkax [l1],
paboTHI 10 PYAHUYHON a’posioru [3 - 6].

CKBWKMHAaX. B TO >kxe BpeMs NpH pPaccCMOTPEHUU
PSKUMOB IIPOBETPHUBAHMS HMEIOTCS OCOOCHHOCTH,
KOTOpBIE  ONpPEJENSAIOT OTJIMYUS  HPOBETPUBAHUS
PYJHUKOB ¥ IIAXT OT HMCTEYECHHUS Taza B HE(TIHBIX
CKBwKMHaX. OTiauyus  CBSI3aHBI C  yTEYKaMH
10J]aBaéMOT0 Ha IIPOBETPUBAHHME BO3AyXa uepe3
KOHCTPYKTHUBHBIC OJICMCHTBI u BBIpa6OTaHHOC
mpoctpanctBo  [7]. Kpome Toro Bo3gyx Ha
MIPOBECTPHUBAHUEC HO}laéTCﬂ NPUHYAUTEIIBHO
BCHTUIAIIMOHHBIMU YCTaHOBKaMU ( B OTJIMYHEC OT rasa
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He(pTSHBIX MECTOPOKAEHHH), BO3AYX yTEKaeT uepe3
00JIbIIOE MPOCTPAHCTBO OOPYIIEHHOH MOPOJIBI, B TO
BpeMsi KakK ra3bl HE(QTSIHBIX  MECTOPOXICHUI
TPAHCHOPTUPYIOTCS Uepe3 CKBAKUHBI HECOM3MEPUMO
MEHBIINE M0 TeoMeTpuueckuM paszMepaM. Haxonery
pEXKHUMBI  BBIJENEHUS Ta3a M II0JaBacMOro
NPUHYIUTEIBHO  HA  IPOBETPUBAaHME  BO3[IyXa
COBEPILEHHO Pa3IHYHBbI.

Bce 3710 mpuBEno K pa3BUTHIO OOJBIIOTO
KOJIMYECTBA HCCIEIOBAHUN IBIDKCHHS BO3QyXa B
BBIPA0OOTAHHOM MPOCTPAHCTBE PYAHUKOB M IIAXT,
KOTOpOE MpoJojDKaeTed U B Hacrosiee Bpems [9]. B
9Tux uccienoBanusx [10,11] 3HaunTenbHOE BHUMaHKE
YAEIECHO K03 duIneHTY ¢unpTpanun u
MPUMEHUMOCTH 3aKkoHa Jlapcu, yCTaHaBIMBAIOIIETO
JUHEHHYI0 3aBHCHUMOCTh pacxoja BO3AyXa uepes
MOPHCTYIO CPey OT HAaropa, BEI3BIBAIOIIETO IBU)KEHUE
BO3ayXa [6].

Cremyer OTMETUTh YHUBEPCAIBHOCTh 3aKOHA
Hapcu [12]. Opnako psin aBTOPOB CYHMTAET, 4YTO
3aBHCUMOCTb,  pacxojJa BO3dyXa OT  Hamopa
ONpENENAETCS  MECTHBIMH  YCIOBUSIMH  TOPHBIX
MpennpusITHiA U uUMeeT Ooliee CIOXKHBIN BuA. Bupg
3aBHCHUMOCTH IO UX HCCIEIOBAHUAM CBS3aH C YHCIOM
PeiiHonbca 1 MOKeT OBITh cTeneHHbIM [1, 11]

Vv (ng/K
JK V2B,

rae S =2 npu TypOyJIeHTHOU (UIBTPALIH;

W )l/S

1)

W  —ckopoctb  ¢uibTpanuu  (OCTaJbHBIE
cocrapisitoue (1) KOHCTaHTBI), JTUOO TO MHEHHUIO
JIpYyTUX HCCIefoBaTele 3aBUCUMOCTh CKOPOCTH

(unpTpanuu OT pacxoja BO3AyXa B 30HE OOpYyIIEHUs
HOCHT KBaJIpaTHuHbIi xapakrep [3,4,10]

h = a*Q + b*Q? 2

rae h — comporuBieHre QUIBTPALIMOHHOM CPEIbL,
Q — pacxox Bo31yXa, @, b — KOHCTAHTHI.

YuuteiBas, 4YTO BCE aBTOPHl OTMEYAIOT BHJ
3aBUCHMOCTH ¢bunbTpanun BO3yXa gyepes
BEIpaOOTaHHOE TPOCTPAHCTBO OT umMcia PeifHombaca,
MPEUIOKEHBl  Pa3NIMdHBIe METOABI pacdéra dYucia
Peiinonbaca. Ilpu 3TOM Bce CUMTAIOT, YTO YHUCIO
PeliHonbca MOKHO YCTaHOBHUTH TOJIBKO Ha OCHOBE
SKCIIEPUMEHTA B KOHKPETHBIX YCIIOBHSAX, PAacUETHBIC
BEIpaKEHUS I KodduunueHnra  puibTpanmy,
MIPUMEHEHHBIE Ha KOHKPETHOM o0BbeKTe
HCCIIeIOBAaHUMN, JAIOT pPa3HbIe Pe3yJIbTaThl U B CBSI3H C
STUM PEKOMEHAYIOT IMIUPHUYECKHUE u
noJyaMnupudeckue (GopMynbsl aius pacuéra 4ducia
Peitnonbica n koadduipeHTa GUILTPALIUH.

B T10 ke Bpems  obmume  ycioBud
TPAaHCIOPTHPOBAHMUS BO3AyXa Uepe3 BeIpaboTaHHOE
TIPOCTPAHCTBO UCCICAOBAHBI HEJOCTATOYHO.

Henbio nanHoii padoThl ABJIAETCH:

Ha ocHOBaHmmM 00IICTEOPETHUYCCKUX AAaHHBIX U
pu HEKOTOPBIX JIOTTYIIECHIIX MOy IUTh
AHAJIMTUYCCKOC BBIPpAXKCHUC I JABWIKCHUA BO3JYyXa
4yepe3 BbIpaboTaHHOE IIPOCTPAHCTBO, CHOPMYIIUPOBATH
TPaHUYHbBIC YCJIOBHS AJI1 YPaBHEHM, ONUCHIBAIOLIMX
¢bunbTpanuio (UIONAa NpU NPUHATHIX JIOMYIICHUSX,
co3laTh  BHU3yaJHM3allMI0O  pacxoja BO3AyXa B
BBIPAOOTAHHOM IPOCTPAHCTBE.

MeToanka uccjae10BaHus.

BrimonHeHHBIE  WICCIEIOBAHWS OCHOBAaHBI Ha
IpUMepe CXEMBI TOAa4yl BO3AyXa, NMPHUBEIEHHOH Ha
Puc.1 [13].

Qp -

0
Q) == V
|
X

sl 4
Q1=Q0+Qp ——

Puc.1.Cxema Bo30yWHLX NOTOKOE

Janee paccMOTpeH YCTAaHOBHUBIIMMHCS pEXUM
JBIKEHUsT Bo3ayxa. IIpu 3TOM BO3AYLIHBIA MOTOK
W3MEHSAETCS  BIOJb  BEHTWIALMOHHOIO  IITpEKa.

[Mocnennee cBsizaHo ¢ TeM, 4TO U3 BXoasiel ctpyun Qo
IIPU JABW)KEHUM €€ BJOJb JaBbl YacTh BO3IYIIHOTO
MIOTOKAa YXOIHUT B BBIPAOOTaHHOE IPOCTPAHCTBO M
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3aTeM, ABUrascCh B MPOCTPAHCTBE B TOM YHUCIE U B
HanpaBJICHUN BEHTHJIALIUOHHOT O mITpeka,
nobasiseTcs K moanurhiBaromied crpye Qp. Yacts
BO3MymHOro  mnotoka  Qo,  KoTOpas  yXoauT
BBIPA0OTaHHOE MPOCTPAHCTBO BJOJb JIMHUU CBOETO
NEPEIBUKEHUS HE OCTAETCS MOCTOSHHOM.

3agada COCTOHMT B ONPEACIECHHH BEIWIHH 3TOTO
BO3/LyILITHOT'O IIOTOKA BJOJb BEHTWIALMOHHOTO IITPEKa
¢ yu€rom Qp, gactu Qo, KOTOpas OTBETBWJIACH B
BBIPA0OTaHHOE IMPOCTPAHCTBO W OCTATOYHOW YacTH
BXOJIAIIET0 MOoTOKa Bo3ayxa Qo.

PaccMoTpuM cucteMy KOOpAMHAT C HadalioM B
touke O (cM. puc.l) c ocsamMu KOOpAUHAT XYZ, IPUIEM
OCb Z HampaBJ€Ha MEPNEeHAUKYIIPHO IUIOCKOCTH
puc.1.

BeiieuM B IIPOCTpaHCTBE Malblil 3IEMEHT ¢
KOOpAMHATaMH XYZ, uW crtopoHamu OX,dy,dz. Tlpu
MPOMBIIJICHHOM JaBJICHUH BO3yXa, I10JJaBaeMOTo Ha
MPOBETPUBAHNE, HaKOIUICHHEM BO31lyXa B
BBIZICTICHHOM DJJIEMEHTE 3a CYET CXKaTHi MOXHO
npenebpeus. MOXHO Takke NpeHeOpedb BBIXOJOM
BO3/lyXa M3 BBIICJIICHHOTO JIEMECHTAa B HAIPaBICHUU
och 0Z, TaKk KaK OTCYTCTBYET I'PaJHWCHT JaBJICHUS B
9TOM HalpaBJICHUU — NEPICHAUKYJIAPHO IIJIOCKOCTU
puc.1.

Kpome 3TOrO HIDKE paccMaTtpuBaeTcs
CTaHI/IOHapHI:Jﬁ PEKUM U CIICA0BATCIBHO OTCYTCTBYET
U3MEHEHHE pacxoja B BBIJCJICHHOM 3JIEMEHTE BO
BpeMeHHU. HakoHer, B TepBOM NPHOJIMKEHNUN Jlasiee He
YUUTBHIBAJIOCh, YTO B BBIPAOOTaHHOE IIPOCTPAHCTBO
BO3MOXXKHO  HEKOTOPOE  OTBETBJIICHHE  BO3JIyXa
MOATUTKH. O603HaYMM pacxon BO3/yXa,
NOCTYNAIOIIETr0 B BBIACICHHBIA amemMeHT Q(X,Y), rae
(X,y) Texy1ye KOOpJHUHATHI.

HeomHokpaTHO yKa3pIBajoCh, YTO JBHMKCHHE
BO3AyXa TMpPH CTAl[IOHADHOM pEXHUME B IEPBOM
NPUOJIMKEHUH SIBISIETCS AHAJIOTHYHBIM (DUIIBTpALUU
JKUJIKOCTH 4Yepe3 MOPHCTHI CIOH M MOXET OBITh
omnucaHo 3akoHoM [lapcu [14]

opP
Q=-K-(3)

rae Q — pacxox BO3AyXa, MPOIOPIHOHATBHBIN
CKOPOCTH (pHUIBTpPALHH,

K — xoadduimenT puisTpauny,

OP /0l - rpaguent nanenms B HampasieHHE
¢unpTpanuu.

B namHOM ciydae ckopocTh  (pmuIbTpanuu
NpPONOPLMOHANIbHA PacXony Bo3ayXa B Touke (X,Y)
BBIpabOTaHHOTO TPOCTPAHCTBA. B melicTBUTENBHOCTH,
KaKk He OJHOKPAaTHO YKa3bIBAJIOCh, Ha DPa3IHYHBIX
yd9acTKax BBIpaOOTAHHOTO TPOCTPAHCTBA MOXKET
HaOJIIOJIAThCSl JIMHCWHBIN, KBaApAaTUYHBIA U JTaxe
JBYWICHHBIH 3aKoH (unsTpanmu [4]. bonee Toro, Tak
KaK, HalpuMep, MPH IBYYICHHOM 3aKOHE B (GOpPMYIy
BXO/IUT OOJIBIIIE TTapaMeTPOB, MOJATOHKA (GOPMYJIBI O]
peanbHO Ha0mo1aeMble JIaHHBIE JIOJIKHA
ABTOMATHYECKH OBITh Ooyiee TOYHOW. SICHO, 4TO TpH
JalbHEHIIEeM  YCIOXKHEHHUH  (OPMyIBl  MOJENHN
¢unbTpanMy M BBOJE B HE€ OOJNBIIETO KOJIMYECTBA
napaMeTpoB OyAeT IOJTy4eHO enlé JydIlee COBIaICHHE
c JKCIEPUMEHTAIBHBIMU JTaHHBIMH.

He oTtpunas 6e3ycioBHYI0 IPaKTHYECKYIO MTOJIE3HOCTh
Oosiee ClOXKHBIX, ueM 3akoH [lapcu, wmopeneit
(GuIbTpaLUK, CIIEAYyeT OTMETUTh, YTO YCJIOKHEHHUE
pacyéTHOro 3akoHa (UIbTPaLMKM HE OCHOBAHO Ha
KaKHX-JIMOO TEOPETHYECKUX IMOJOKEHHSX. YUHUTHIBAs
H3JIOKEHHOe, Jajee IpHHATA JIMHeHHas MOJENb
¢unprpanmu. [lpm  3TOoM  mpexmonaranoch, 4TO
KOA(HUIHUEHT COMPOTHBIICHHUS, a CJIECIOBATEIFHO W
KO3 unreHT QuIbTpanuu 0OPYIIEHHOTO MacCHBa —

3TO HEKOTOpBIM yCPEOHEHHBI MO  Pa3IUYHBIM
ydacTKam MIPOCTPAHCTBA KO3 PHUIHEHT,
yCTaHaBJIMBAIOIIUH B cpeaHeM JIUHEHHoe

COOTHOILIEHHE MEXAY PacxXoJI0M BO3JlyXa U Nepenagom
JIaBJICHUsI, BBI3BIBAIOIINM TIepeMEIeHUE BO3LyXa.

Takoe mpeacraBieHue, HE TpeTeHAysS Ha
00JIBIIY IO TOYHOCTb, TIO3BOJISIET HarJsIHO
MIPEACTaBUTh BO3IYIIHBIE IOTOKM B BBIPAOOTaAHHOM
npocrpaHcTBe. Kpome TOro, mpum MaiblXx CKOPOCTAX
JOBIDKCHUSI BO3JyXa MOXKHO IIpeHeOpedb BTOPBIM
WICHOM B JABYXWICHHOH ¢Qopmyne u Torma B3TO
ypaBHEHHE OyAeT ToXIecTBeHHO 3akoHy Japen [3].

Cumnras KOX(pPHUIHEHT ¢mIbTpanun B
HalpaBJIEHUH BCEX OCEW KOOPJMHAT OJUHAKOBBIM H
paBubiM K, mpeneOperasi mepemelneHHeM BO3IyXa B
HampaBieHun 0Z BBUIY OTCYTCTBHS HM3MEHEHUS
rpajiieHTa JAaBJIeHHs B 3TOM HalpaBJICHUHU, YYUTHIBAS
HNPUHATYIO CTAI[HOHAPHOCTh PACCMOTPEHMs IIpoliecca
¢bunbTpanuy, npeHeOperas W3MEHCHHEM ILIOTHOCTH
BO3/IyXa, MOJKHO MOJTy9UTh 00IIIee ONMCaHue polecca
($uIbTpanK BO3IyXa B HANPaBICHUH OCCH OX U oY B
BEIpaOOTaHHOM IPOCTPAHCTBE.

Ilpn TNpHHATBHIX NOMyIIEHWAX O0Omas MOJEIb
¢uIbTpanMK BO3AyXa € MaTeMaTHYECKOH TOYKH
3peHusl  aHaJorM4yHa ~ Moxenu  jquddysum  u
TEIUIONIPOBOAHOCTH [12] M omHChIBaeTCS ypaBHEHHEM
Jlannaca

2 2
7 79,
oxX Y
Jdns  momydeHus  pemeHus (4)  ciuemyer

OIIPEAEINTh 'PAaHUYHBIE YCIIOBHSI.

U3 ¢dusnueckux cooOpakeHHH SCHO, 4TO IpH
x=y=0 Q(X,y) = Qo. B BbIpaboTaHHOE MPOCTPAHCTBO
MoxeT yxomute 30-70% moroka Qo [6,15,17,18].
CnenomarensHo, pu X = L, y = 0, Q(X,y) = (0,3 +
0,7)*Qo, rae L - yiuna naBel. B nansHelmux pacuérax
U mpoBepku Monenu npuaiaTo L = 300M. Ocrarok
HayaJIbHOTO II0TOKa B  KOHIE JIaBbl  IPHHAT
Q(L,0)=0.4*Qo.

IIpoBenénnsie B [16] pacdyéTsl MOKa3bIBAIOT, UYTO
TP JUTHHE BEIPpaOOTaHHOTO IIPOCTPAHCTBA MPUMEPHO B
JBa pas3a OoJblle JUIMHBI JIaBbI, BBIXOJ BO3/1yXa B
BEHTWISILMOHHBIN ITPEK NPAaKTHIECKU paBeH HyJro. B
JanbHEHIIeM IPUHSITO, YTO MPH JUTMHE BHIPAOOTAHHOTO
npocTtpanctBa, paaom L Q(X,y) = 0,05Qo. Ilpm
Cc(OPMYIHPOBAHHBIX ~TI'PAHUYHBIX  YCJIOBHSX IS
pemienus (4) ucnonn3zyem metoq Pypre. Bynem nckats
pelieHue B BUIE

Q(x.y) = U(x)*V(y)(5)

U3 (4) u (5) cnenyer
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0°Q 0°U o o
= Vv V * =-U 8
OX 2 9X? ¥) ©) OX 2 oY 2 ®

mm
2 2

o =a—2V2*U (x) Loy 1oV

oY oY U oX? VvV oY?

()

[oxacrasiss (6),(7) B (5), nomyuum

Tax kak neBas yacTb (9) 3aBUCHUT TOJBKO OT X, a
mpaBasi TOJIBKO OT Y, TO 3TO BO3MOXKHO TOJIBKO €CITH
0o0e 3TH YacTW paBHBI OJHON M TOH K€ MOCTOSHHOM
penmnuune C?. Paspenss ypaenenue (9) Ha JBa
OTJENBHBIX YPABHEHUS U MHTETPUPYs KaXKJI0€ U3 HUX,
MIOJTy4nM o011Iee perieHue

Q(X,Y) = (C1*exp(C* X) + C2*exp(-C * X)) *

*(B1*cos(C *Y) + B2*sin(C*Y))

W3 ycnoBus, 4TO pacxox BO3AyXa B MUTAIOMICH
CTpye HE MOXET OBITh paBeH OeCKOHEYHOCTH,
nosyqaeM Cl1=0. YuurtbiBasg H310XKEHHOE NOJIYy4YaeM
npu X=Y=0 B Havane naBel C2*B1=Qo u cHmxeHHE

MepBOHAYAIILHOTO pacxoza Ha ypOBHE
BEHTUJISIIIHOHHOTO mTpeKa hi (o) 40% oT
MEPBOHAYATBLHOTO

Q(x,y) = Qo*exp(-0.0031*x)*(cos(0.0031*y) - 0.6*sin(0.0031*y))

B nmanpHefimmeM mcnonp3oBaHo BeipakeHue (11)
JUI TIOCTPOCHUS KAPTHHBI pPACHpelelCHHsS pacxoa
BO3/yXa B BEIPaOOTAaHHOM IPOCTPAHCTBE.

Wamensist xoopmuaatel 0<=X<=L, 0<=Y<=300
MOJYYHM KapTHHY paclpe/ieIeHUs IIOTOKOB BO3yXa B
npoctpanctie. M3menss 0<=Y<=300 npu X=L=300 m.
u yuutbiBas Qp, HOJy4yuM pacrpeleseHue pacxoja
BO3/yXa B BEHTWISIIMOHHOM IITPEKE

(10)

Qo*exp(-C*X)*cos(C*Y)=0.4*Qy mpu Y=0 wu
X=L, maxomum C=In(0.4)/300=0.0031.

Ucrmons3yss  ycioBwe, dYTO  TpPH  JUIHHE
BLIPAOOTAHHOTO MPOCTPAHCTBA, paBHOM L Ha yposHe
BEHTHIIAIIMOHHOTO mTpeka paBHoM L Q(X,y) = 0.05Qo

(1)

Qob=Q(0,L) +Qp.

Huxe ©Ha Puc.2 mnpuBeneHa Bulyamuzaius
pacmpenenenus pacxojaa Bo3yxa B MPOCTPAHCTBE MPU
pacxoie moaaBaeMoro OCHOBHOro Bosayxa 4000
KyO0.M/MHH. ¥  JIOTIOJIHUTENHFHOTO  BO3AyXa IIO
BEHTIIIIHOHHOH BBIpaboTke 2000 KyO.M./MUH.
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Puc.2. Busyanuzayus pacnpedenenus 6030yxa 8 npOCmMpancmee
BoiBoabl. 4.Anexnuen C.I1.,Baccepman AL
Ha ocHoBanum mnpoBea€HHbIX wHcchaenoBaHud — Bosnyxopachpenenenune B pyAHMKaxX C  30HAMU
chOpMyIPOBaHbl TPaHUYHBIC YCJIOBHS YpaBHeHHWH  oOpymienus. - JI:,Hayka, 1973 1. - 84 c.
Jlannaca, onMchIBaroUIMX pacxoj] BO3AyXa yTeueK B S.IlyukoB  JLA.  TeopeTHuecKkue  OCHOBBI

BBIpaOOTAaHHOM TPOCTPAHCTBE MIAXT W MOJIYYEHO
BBIPAXKCHHUE, OIUCHIBAIOLIEE 3aBUCHMOCTh pacxoja
BO3AyXa B TPOCTPAHCTBE OT KOOPAMHAT TOYEK
BBIPAOOTaHHOTO MPOCTPAHCTBA, a TAaK)Ke BBIpPAKEHUE
JUIA pacxoja JOINOJIHUTEIBHOIO BO3JyXa C y4ETOM
YaCTHYHOTO BO3Bpara BO3/yXa U3 BHIPaOOTaHHOTO
MIPOCTPAHCTBA B BEHTWIALMOHHBIN mTpek. IlocTpoena
Ha KOHKPETHOM npuMepe BU3yalIU3alus
pacnpezaeneHus BO3/yXa B BEIpabOTaHHOM
MIPOCTPAHCTBE IAXThl ¥ B BEHTUISILIUOHHOM LITPEKE.
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IIpeacraBieH HHKeHEPHBIH MOAX0/ K OLIEHKE MOC/IeACTBUI NOABOJIHOI0 Pa3pbiBa U OLEHKA CTPYKTYPHOM
LeJIOCTHOCTH MOABOJAHOIO 3arj1y0J1eHHOro Tpy0oonpoBoaa.
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QJICKTPOCTAHLIU. BHCILpHIOTCH BO300HOBIIIEMbIE MCTOYHUKHU OHEPrumr, KOTOPHIC MOBBIMIAOT Bq)(i)eKTI/IBHOCTL
MpOonU3BOACTBA, YJIYyUlIaroT BHCpreTI/I‘{eCKHﬁ nopT(bem, CTpaHbI. I[OCTI/I)KGHI/IH B oOjactu 3Hepl“03(1)(1)eKTI/IBHOCTI/I
IMO3BOJIAOT COKPATUTh JSHEPTCTUUCCKUC 3aTpaThbl HpOPIBBO,Z[I/ITeHefI. Hama OHEpPreTuiIecKas I/IH(bpaCprKTypa
HY>XKOAa€TCd B MacIITaOHbBIX HWHBCCTUIUAX, B CTPOUTECIBLCTBEC, HO pa3pa60Tln/H<1/1 CTAJIKUBAKOTCA C HOBBIMHU
npobyieMamMHu.

ObecnieueHre CTPYKTYPHOW IEIOCTHOCTH ITOJBOJHOTO TPYyOONpPOBOIA, MOIABEPTHYTOTO BO3ACHCTBUIO
TIOJIBOTHOTO B3pHIBA - Ba)kHAs 3amada. B paboTe paccMaTprBaeTcs MOACIMPOBAHHUE 3arIyOJICHHOTO IIOABOIHOTO
TpyOOIPOBOa KaK CHCTEMBI TPYOOIIPOBOI-BOJA-TPYHT C YIETOM BIFSTHHS BOAHOU CPENIbl, TPYHTOBOT'O OCHOBAHHS
W B3pBIBAa TPAHCIOPTHPYEMOH cpensl. Pabora BEIONHEHa € MENBI0 Pa3BUTHSA TpeOOBaHWHA oOecTeueHHS
0e30MacHOCTH Ha JEHCTBYIOMUX U Oy Iynix o((IIOPHBIX IIPOEKTaX.

Hens manHO# paboOTHI - MPEICTABUTh HHKCHEPHBIH MOIXO0 K OIICHKE TOCIEACTBAN ITOIBOJTHOTO B3PHIBA H
OLCHUTH CTPYKTYPHYIO EJIOCTHOCTH MOPCKOTI'O 3arﬂy6neHHoro pr60np0130)1a.

MaTepI/Ia.}IbI H METOAbI: CyIIIeCTByIOIlII/Ie MOAXO0JAbI OCHOBAHBI HA MPUMCHACMbBIX MAaTECMATUYCCKUX MOACIIAX
OLICHKHU HEJIOCTHOCTU KOHCTPYKIHHU IIPU B3PBIBHBIX BOBILefICTBHHX C Yy4€TOM BHYTpeHHeﬁ OHCPIruu KOHCTPYKIHU.

Pe3yJIbTaTLI: Pa3pa60TaHLI MPCAJIOKCHUA K TpeGOBaHI/IHM 1o obecneyeHnro 0e30MacHOCTH 3aFJ‘Iy6J‘I6HHLIX
MOPCKUX TOJABOAHBIX pr60Hp0B0,HOB C YUCTOM BOL[HOI71 Cpeabl Ipu BO3)ICfICTBI/II/I B3pbIBa T‘paHCHOpTpreMOﬁ
CpelIbl ¥ yueTe YIpyror 3Hepruu Tpyoonposoa. [TpemtoxxeHus mpecTaBIeHBI Ha paccMoTpeHue B Poccuiickuii
Mopckoii Peructp Cynoxonctsa. [IpoBeeHBI HCCIIETOBAHUS TIO OTIPEIEICHUIO 0€30TIACHOTO PACCTOSIHUS MEKIY
JIBYMS TIOJJBOJTHBIMH TPYOOTIPOBOJAMH.

BLIBO}JLI: PeSyanaTH MOJYYCHbI NYTEM MAaTeMaTU4eCKOro MOJACIMPOBAHHA C€ IMMOMOIINBIO KOHCEYHO-
JJIEMCHTHBIX MOZ[eHeﬁ CHCTEMBI <<pr6OHp0BOZ[-BOJ:[a-FPYHT» s OLICHKH 0€e30IacHOCTH MOPCKOI'0
3arIy0JICHHOTO TPYOOIPOBOIA IPH YUeTe YIPYToil SHEPTUH KOHCTPYKITHH.

ABSTRACT

Introduction: The performance of oil and gas pipeline systems under operational and natural loads is an
important engineering indicator. In the new century, energy resources and methods of transportation have
improved. We have abundant supplies of natural gas and oil; nuclear power plants. Renewable energy sources are
being introduced, which increase production efficiency and improve the country's energy portfolio. Achievements
in the field of energy efficiency allow to reduce energy costs of producers. Our energy infrastructure needs large-
scale investments, construction, but developers face new challenges.

The structural integrity of an underwater pipeline exposed to an underwater explosion is an important task.
The simulation of a submerged underwater pipeline as a pipeline-water-ground system is considered, taking into
account the influence of the water environment, the soil base and the explosion of the transported medium. The
work was carried out to ensure and develop security requirements for existing and future offshore projects.

The purpose of this work is to present an engineering approach to the assessment of the consequences of an
underwater explosion and to assess the structural integrity of an offshore buried pipeline.

Materials and methods: The existing approaches are based on the applied mathematical models for assessing
the integrity of the structure under explosive influences, taking into account the internal energy of the structure.

Results: Proposals to the requirements for ensuring the safety of buried subsea pipelines with the water
medium under the influence of the explosion of the transported medium and the elastic energy of the pipeline. The
proposals are submitted for consideration to the Russian Maritime Register of Shipping. Studies have been carried
out to determine the safe distance between two underwater pipelines. Conclusions: The results were obtained
empirically using finite element models of the pipeline-water-soil system to assess the safety of the offshore buried
pipeline taking into account the elastic energy of the structure.

KiaroueBble cjoBa: 3armyOiieHHBIH TIOABOIHBIA TPyOONpPOBOJ, OE€30MacHOCTh, YyHpyras 3SHEpPrHs,
pa3pyuieHmue, MOACIb KUAKOCTb- TBEPAOC TCJIO, pPUCK, HAACKHOCTD, SHGpFCTI/I‘leCKI/Iﬁ (I)aI(TOp.

Key words: buried underwater pipeline, safety, elastic energy, fracture, liquid - solid model, risk, reliability,
energy factor.

BBEJIEHUE

OHeprus paspylueHus TpyOOIpOBOAOB
TMMOBBIIHACTCA C YBCIIMYCHUEM JUAMETPA U JTaBJICHUA B
TpyborpoBone [1]. Onenka sHepruu paspyumeHus
Ba)KHA JUISl ONPEJICNICHNs] ONACHBIX 30H, 00OCHOBaHUS

paccTosHus MEXTY COCEeTHIMU HUTKAMH
TpyOonpoBo0B (puc.1).
Mopckue HererazoBbie MECTOPOXKICHUS

OTKPBIBAKOT B Ooiee FJ'Iy6OKI/IX BOJax. HO,HBO,HHBIC

TpyOOIPOBOIBI pabOTAIOT MPHU BEICOKUX TEMIIEpaTypax
u  paBieHusAX. lloBpexxaeHme W HapylleHHe
3arTyOJIeHHBIX TOJBOJHBIX TPYOOIPOBOOB OKA3bIBAET
Cepbe3HOE  BO3JEHCTBHME Ha  paboTy  CHCTEMBbI
TPAHCHOPTUPOBKU  yTIEBOAOPOAOB, TPUBOIAT K
KpPYNHBIM 3KOHOMHYECKMM HoTepsM [8]. Bropuunsie
pa3pyLIeHUst U OTKa3bl TpyOOIPOBOAOB YBEITHUMBAIOT
TPYAHOCTU BOCCTAHOBIJICHUSI CUCTEMBI.
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Mopcko# Tpybonposon TpedyeMan 3HEpTHA HempoexTasre
(mapaMeTpEl- JaBTeHHe ———r-| TPaHCOOPTHPOBKH rasa = COCTOAHHA
TPaHCIOPTHPOBKH,

TEMIOEPATYPA, IPOMYCEHAR ] (mederTsl
CIIOCOOHOCTE) Yupyraz SHEpTHA KOHCTpYEIIHH)
TpyOoopoBoTa ESpEIE
- KOHCTPVETHEHEIS
mapaMeTpsl ([JHaMeTp)
be3onacHOCTE BesomacHoe
PACCTOAHE

Puc. 1. I]enu obecneuenus bezonacnocmu 0essmerbHOCmu HOOBOOHbBIX MPYOONPO60008

Ha 6110k-cxeMe moka3aHbl BCe BasKHbIE BOIIPOCHI,
a CTPCJIKU IMOKa3bIBalOT, KaK HpOGJ’IeMLI BJIUAKOT APYT

Ha Jipyra.

TpeOyemas o»Heprus Ha EOUHHIY MacChI
TPaHCHOPTHPYEMOH cpezsl MPOTIOPIHOHATBHA
OTpeNeNeHHBIM  TPAaHCIMOPTHBIM  pacXogaM B

COOTBETCTBUH CO CIEIYIOIKUMHU 3aBUCUMOCTSIMH [1,2]:

Energy _ L AH

(for liquid)
Mass D2 7

1) ;

Energy . L Ap (for gas) 2,
Mass D5 7

rae Hanop H ,000p u [1H (u3MeHeHUe faBleHUS
WIH Hamopa), 1 -TpOIyCKHas CHOCOOHOCTh, D —
quameTp — TpybompoBoma, L- ummHa  yuacrka
TpyOONpoBOAa, . TAaHHOrO ciy4as npu 3amene Dp and
DH 6 cootnomenusx (1,2)

VYpaBrenne (1)2) mpuBomuT K  OOmEMYy
COOTHOIICHHIO MEXIY SHepruen/maccoi u
MPOITYCKHOM CIIOCOOHOCTHIO TPYOOMpOBO/IA.

o
=
< O
g £
=
==
CRE
= o
= f
 x g
= 5 K
OHK

dyHIaMEHTaIbHbIE ypPaBHEHUS, OMUCHIBAIOIINE
TE€YEHHE Ta30’KUIKOCTHBIX cpei Mo TpyOompoBoaaM
(hopMaTbHO HICHTUYHBL. BOJNBIIOW pa3pblB MeExIy
IHaIlla30HaMM  C)KMMAaeMOCTH Ta3a H  JKHIKOCTH
TIPUBOJUT K pa3IMYHBIM TPaHCIIOPTHBIM
XapaKTePUCTHKAM JIJIs1 00OHMX BHIOB CPE/I.

VYpaBHeHHE DJHEPrud - OTO CBS3b MEXKAY
MEXaHHMKOW MOTOKa U TepMOAUHAMUKOU. OCHOBOM ISt
TePMOJMHAMUKH SIBIISIFOTCS TEMIIEpAaTypPHBIC MOJEIH.
JvHamMuka moBeieHHS TPyOONPOBOAHOW CHUCTEMBI
pacCUHTHIBAETCS MyTEM MOJECIMPOBAaHUS B PeaTbHOM
BPEMEHHU HOJIHOU MOJIENH, BKJIIOYas BCE
CYIIECTBYIOIIHUE 3JIEMEHTHI Ta30paclpeeuTeNbHON
CHCTEMBI C TOYKH 3PEHHUS OTOOpPa)KCHHUS pPEabHOrO
MHpa.

OnTuMaTbHBIA

JHaMeTp TpyOomnpoBoaa

OIIpeeNseTcs KPUBOI 3Heprus/mMacca M IOKa3bIBaeT
MHUHHMAJIbHBIC TIPENEIbl IPU TpeOyeMOoi MPOIyCKHOM
cnocob6HocTH [1]. Ha puc.2 mpencraBieH pes3ynbraT
COOTHOIIICHHS JIaBJICHHE- MPOITyCKHAasl CHOCOOHOCTh
npu 3amere [p u [1H.

laroonauIIOpHE

MponyckHan

cnocobHocTb Q

Puc. 2 Obwuii epaghux, unriocmpupyrowuti coomuouerue mexicoy snepauelt / Maccou u
NPONYCKHOU CROCOOHOCMBIO.
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B 3aBucuMocTH OT NPOEKTHOH HArpyskn u
TUIIOpa3Mepa YpOBEHb 3allaceHHOH B MeTaie TpyOo
SHEPruM yIpyroil neopMaiuy MOXET CYLIECTBEHHO
OTJINYAThCS, YTO TPeOyeT yuera JaHHOTo (akTopa npu
(opMHpOBaHMHM  TOKa3zaTeled  CONPOTHUBISIEMOCTH
ra3oMpoBOJIOB Pa3pyIICHHUIO.

B pabote [3] BBeZeH TepMUH «yAeTbHAS YHEPTHS
ynpyroit nedopmamumy. llemecooOpasHocTs ydera
SHEPreTUIECKOTO ¢axTopa 00BsICHACTCS
NPUMCHCHHEM METOAUKH IUIAHUPOBAHUS PEMOHTHBIX
pabor. B OCHOBE METOIUKH JISKHT COOTHOIICHHUE,
ONpeZiesIAioniee  YACIbHYI0  DHEPrHI0  YIpYyroi
JnepopManuu TpyoonpoBoa:

2.86P&D2,Dep

®3)

Y ()mpyﬁonp B

rne Pcp —  cpenHee — JaBieHUHE — Ha
paccmarpuBaeMoM ydacTke Tpybonposozaa, MIla; Den,
Dcp —BHyTpeHHMH © CpeiHWH auamerp Tpyo,
COOTBETCTBEHHO, M; £ — MOJyNb YIPYTOCTU MaTepuaa
CTEHKH TPYyOBI, O - TOJIIUHA CTEHKH T'a301POBO/Ia,

Harpysxenue  razompoBoja,  CBA3aHHOE  C
myJIbcanuei TPAHCHOPTUPYEMOTO POAYyKTa,
MPUBOJANUT K YCKOPEHHMIO Pa3BUTHUS TPEIIUH H K
KOPpPO3HOHHOMY  pacTpeCcKHBaHHIO B  TpyOax.
OMmnuprdeckas 3aBHCHMOCTD CHIDKEHHS
TPEIMHOCTOMKOCTH IPHU IOBBIILICHUN 3allaCEHHOU B
TpyOax yIOempHON OJHEpPTruHM YIpyroil nedopmanuu
npuBeieHa B paboTax [4,5], HO cleayeT OTMETHUTD, YTO
9TH pabOTHI BHITIOJIHEHBI C UCIIOJIB30BAaHUEM TPYOHBIX
craneif - X70, 17'1C, Ha CyXOmyTHBIX Ta30IPOBOAAX,
C YYeTOM BIMSHHUS OKCIIyaTallUOHHBIX Harpy3o0kK

8ES (tabnmua 1).
Tab6muma 1
3aBHCUMOCTD Y/Ae/IbHOI 3HePruM yNnpyrou aAepopManmu ra3onpoBoaioB
OT IKCIVIYATALMOHHBIX XapakTepucTuk [3].
ToJMHA CTEHKH ra30MpoBoAa, MM
60 | 70 | 100 | 120 [ 140 157 | 165 | 195
= 3HaveHus yaeJbHOM YHePpruu ynpyroii nepopmanuu razonponoaa, M/x/m
= | 325 | 0,00271* | 0,00229* - - - - - -
<
§ 530 | 0.00122* | 0,001036 0’00,9704 - - - - -
E- 720 0,003106 | 0,002644 | 0,001812 | 0,001488 ) ) ) )
S * * * *
<
; 102 ) ) 0,00526* 0,00f339 0,003682 ) ) )
= 0
)
= | 122 0.011969 | 0,010598 | 0,01005*
= 0 - - - - *k *k * -
=
142 0,016003 | 0,013395
0 - - - - - 0.016867 - -
* mpu naBienuu 5,4Mlla
** npu nanenun 75,4Mlla
Pazpymienne 1mo3eMHOT0 Ta301POBOIA (mapameTpbl  TPEIIMHOCTOWKOCTH, XapaKTEPUCTUKHU
YacTp BEpOSTHBIX OTKa30B MAarucCTPaIbHOTO  yCTaJOCTH) W CKOPOCTb  KOPPO3WH  BHEUIHEH

TpyOomnpoBoga (MT) He cBsi3aHa ¢ ero BO3pacToM, a
3aBHCHT OT Ka4eCTBa CTPOHUTEIBCTBA, UCIIOIb30BAHMS U

TEXHHUYECKOr0  OOCHyxuBaHus. JIOMHUHUPYIOUMMHU
OPUYUHAME ~ aBAPUUHBIX ~ CHUTYallMid  SIBJISIFOTCSI:
kopposuss — 50%, MexXxaHHYecKHe TOBPEKISHUS

(Bo3melicTBHS SIKOpPEH, TpPajioB) BCIIOMOTATEIBHBIX
CYJIOB M CTPOUTENBHBIX O0apx — 20% ¥ MOBpeXACHNUS,
BBI3BaHHBIC IITOpPMaMH, pa3MbiBaMu gHa — 12%. Ilpu
5TOM OOJBIIMHCTBO WHIMACHTOB MPOHM30IUIO Ha
ydactkax MT B HEMOCPEJACTBEHHOH OJIM30CTH OT
wiatdgopm (B mpenenax ~15,0 M), B TOM uucie, Ha
CTOSIKaXx.

IIpu paspymeHnn NO0ABOJHOIO Ta30IPOBOAA
CKaTbIi ra3 HAYMHAET BBIJEIATHECS B OKPYXKAIOLIYIO
cpeay, U 1oJ1 AeHCTBUEM Pa3HOCTH JaBJICHUH IpaHHIa
KOHTAKTa «ra3 - )KUIKOCTh» HaUNHACT PACIIUPSITHCS 110
MOJIETIH TIPEICTaBIeHHOM B [7].

Bce amemenTtel  MOpcKoro  TpyOompoBoaa
(mMeTamnuueckue  TpyObl,  OammacT,  W3OJISALINS)
paboTaloT B arpeccCMBHON Mopckoit Boxae. OmbIT
SKCIUTyaTaI[H TTOJBOJAHON TEXHHKH IOKA3bIBAET, YTO
HEKOTOpbIE MPOYHOCTHBIE XaPaKTEPHCTHKH MeTajia

MTOBEPXHOCTH TPYOBI 3aBUCAT OT COJEHOCTH MOPCKOU
BOJIEI.

PaccmarpuBast BO3MOKHBIE MEXaHU3MBbI Pa3BUTHUS
IeEeKTOB, CIeTyeT YIUTHIBATS:

— BO3MOXHOCTb HMX pOCTa MO MEXaHU3My
CTpecC-KOPpO3UH,

— BO3MOXHOCTb HMX pOCTa MO MEXaHU3My
YCTaJIOCTH UM KOPPO3UOHHOW YCTAIOCTH.

[TepBoIii MEXaHU3M OTHOCUTCS K nedeKkTaM Bcex

THUIIOB, BTOPOHl — JIMIIb K TPEIIHHOIOIO0OHBIM
nedexram.

Mogenb TPOTHIIOBOTO JKBUBAJICHTA
WCTIONB3YeTCsl Ul MPeoOpa3oBaHUS — DHEPTUU
(U3M4ecKoro B3pHIBA IIOJ3EMHBIX TPYOOIPOBOJIOB.
[pemnoskeHsl 1BE  YOPOINEHHBIE MOJCTH, IS

ormucanus 3(PQPEKTUBHOTO JaHana3oHa (PUIUIECKOrO
B3pbIBa TPyOOIPOBOIA: KOHICHTPHPOBAHHAS Macca U
JMHEHHOE pacpeIeCHIE Ha SAUHUILY IIHHBI
DHEPrur pa3pyIIeHUs] MOXKHO OIPEICIUTh Yepe3
TPOTWJIOBBIN  okBuBajeHt [11], T.e. dHepruio,
BBIICIISIFOLLY FOCST npu B3pbIBE B3PBIBYATOTO
BemectBa(BB), mim kak pabory anmabaTuueckoro
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pacumMpeHds NPOAYKTOB B3pbiBa. TeopeTHuecKH iz P o

pabora aaMabaTHYecKOro PpacUIMPEHHsT MPOLYKTOB Ay = J pdv = dep+ (PaV2 = PV )=y —iz +(p2Va — P1Vi)
B3pbIBa — 3TO HJeaNbHas paboTa B3pbIBa: Vi P2 )

Ay =Q[1—(p%lﬂRR_l, @

3nech: Q-TeruioTa peakiuu  B3pHIBA, p1 -
HavyalbHOE [aBIICHUE, po- KOHEYHOE JjaBieHue, R-
nokasatesb aguabarsl (R=1.31).

BHesanHOe paciiupeHue IpUPOIHOTO ra3a IpH
pa3pylIeHHH ra30IPOBOIa HAXOIUTCS 1O (hopMyIie:

rae Vi, V2 - yaensHbIe 00BbEMBI Ta3a JI0 U MOCIIe
pacummpenus; i1, i>-3HTanbpnus rasa, S= const go p2=0,1
Mua; s — sHTponus.

2
A Ay Dy ©)
U — ’
N,
rae D, - amameTp TpyOompoBoa.
WcxoaHble JaHHbIE ¥ PE3yJbTaThl pacdera
B3pBIBHOTO 3(dexra OT pacmupeHuss raza B

TpyOompoBose auamerpoM 1420 MM TpUBCICHBI B
Tabmue 2.

Tabnuma 2
OHeprus ra3a (B TOHHaX TPOTHIIA) [IPU
Do, Ay, Ay, AMNALEB , a3JIMYHBIX JUIMHAX [Mpo0era TPEMHEI B
£,Mlla Ml\i kJx/xr kJx/M KI/KT A'ud i i (M)p b

100 200 300
55 1220 268,8 12,187 0,0904 4,1 0,41 0,82 1,23
7,5 1220 274,4 17,500 0,0922 5,9 0,59 1,18 1,77
7,5 1420 274,4 23,709 0,0922 8,0 0,8 1,6 2,4
10,0 1420 275,1 32,765 0,0925 11,0 1,1 2,2 3,3
10,0 1420 273,0 39,827 0,0918 13,4 1,34 2,68 4,02

31ech 3HEpPrys ra3a NpuBeJeHA B TOHHAX TPOTHIIA
TIPY pa3IIMYHBIX [UIMHAX TIpo0era TPemuHb B (M)
MexaHu3M pa3pylieHusi OBOJHOI0
He3ar1y0/JeHHOro TPYOonpoBoaa
B a1y npoGnemy 3HaYMTENbHBIH HAyYHBIA BKIa[
BHeceH uccnenoBanusmu [9,10,12,13,14,18,22], HO B

OTKPBITOH JITepaType HAMEETCS HEMHOI'0
UHQOPMALUH.

Kommanust Saipem crankuBaiack ¢ npoOiemMoit
OLICHKH  CTPYKTypHOH  IIEJIOCTHOCTH  MOPCKOTO

TpyOOIIpOBOAa, MOABEPTIIETOCS MOJBOAHOMY B3DPBIBY
B mnpoexre "CeBepHbIil norok"? ([12]).Bo Bpems
BBINOJIHEHUS ~ IPOBEPOYHBIX  OOCIEAOBAaHUHA IS
npoekta "CeBepHbIl MOTOK", ObUTH HaiimeHsl 85
HEepPa3OpBaBIINXCS OOEMPUIIACOB BIOJH BHIOPAHHOTO
Mapmpyta TpyOompoBoma. B paborax [12,13]
paccMOTpeHa METOJOJIOTHSI OIEHKH CTPYKTYpHOM
LEJIOCTHOCTH TPYOOIPOBO/IA OT CIIy4alHOTO B3PHIBA.
PaccMoTprM OCHOBHBIE NapaMeTpbl, BIMSIOIINE
Ha OLIEHKY CTPYKTYpPHOH LEJIOCTHOCTH KOHCTPYKIIHH.
1.Mopckue TpyOOnIpOBOIBI MPEACTABISIOT CO00H

CIIOKHBIE TEXHHYECKHME CHCTeMBI. Pacuér Takux
CHUCTEM Ha TPOYHOCTh, pecypc M OE30MacCHOCTh
MPOBOJST METOJaMU MEXaHUKHU Pa3pyIICHHUS.

Pazpymmenne TOIBOAHOTO Ta30MPOBOJIA HPOUCXOOUM
B OCHOBHOM B BHJI€ OJMHOYHOM MPOTSHKEHHOMN
TPEIIMHBI, KOTOpas JBIDKETCS BAONb Teja TPyOsI,
packpvigas ¢€. Ilpm paspeiBe  TpyOompoBoaa
MPOUCXOJUT B3aUMOAECHCTBHE CKATOrO r'a3a U BOAHOM
cpenpbl.

INordStream-"CegepHblii  TIOTOK"—  9KCIOPTHBII
rasonpoBox u3 Poccun B EBpomy uepes banruiickoe
Mope.

Bo3HUKHOBEHHE aBapUIHBIX Pa3pbIBOB Ha ra3omnp
0BOJIaX CBs3aHO C (u3udeckumu dpdexTamu aBYX

BHJIOB: BHYTPEHHHMH - HECTallMOHAPHBIMU
ra3oJJMHaMH4YECKUMU rpoieccamu B caMMX
TpyOoIpoBoaax, ONpeneAIUMHI JIUHAMUKY

BBIOpOCa MPUPOTHOTO Ta3a B arMochepy; BHEITHIMU -
OTIPEICNIIONTIMHU BO3/ICHCTBHE IPOIIecca pa3pyIeHHs
ydacTKka TpyOOIpoBOJa BBICOKOTO JaBJIEHHS Ha
OKPYXKaIOIIYyIO CPEey.

2.Ananu3 MOABOJJHOTO pa3pylueHus
He3arayOJIeHHOTO TPYOOIpoBoIa.

Bce amemeHTHI  MOpckoro  TpyOompoona
(Merammmueckue  TpyObI,  OayutacT,  HM3OJIALNSA)

paboTaroT B arpeccHBHOW Mopckoi Boxe. OrbIT
9KCIUTyaTalliy TOABOJHON TEXHHKHU IMOKA3bIBAET, YTO
HEKOTOpBIE IIPOYHOCTHBIE XapaKTEePUCTHKH MeTaija
(mapaMeTpbl  TPEIIMHOCTONMKOCTH, XapaKTEePUCTHKH
YCTAJOCTH) M  CKOPOCTh  KOPPO3WH  BHEIIHEH
MOBEPXHOCTH TPYOBI 3aBUCAT OT COJIEHOCTH MOPCKOI
BOJIBI.

JedekTsl moTepu MeTania ONpeAeNsIoTCS Kak

SKCIUTyaTalMOHHbIE. Pa3pylieHue yacTtu Merasia
MIPOUCXOJUT B pe3yiabTare XHMUYECKOTO,
SJIEKTPOXUMHUYECKOTO WA MEXaHUYECKOro
BO3JICHCTBHS.

O4YeBHIHO, YTO OICHKA JOMYCTUMOCTH HcdeKTa
JIOJDKHA UCXOJUTHh M3 TOTO, YTO Je(eKT JOMyCTHM HE
TOJIEKO Ha MOMEHT KOHTPOJISI, HO U OyIeT TOTYCTUMBIM
Ha MOMEHT CJIeyIOIIel THarHOCTUKH.

PaccmatpuBast BO3MOKHBIE MEXaHU3MBI Pa3BUTHS
neeKTOoB, cIeyeT YIUTHIBATE!



58

Espasutickuti Coros YueHbix (ECY) #3(72), 2020

BO3MOXXHOCTh HMX pOCTa MO MEXaHH3MY
CTpecc-KOppo3HuH,
BO3MOXXHOCTh HMX pOCTa MO MEXaHH3MY
YCTAJIOCTH WJIM KOPPO3UOHHOH yCTaJIOCTH.

[epBBIit MEXaHU3M OTHOCHUTCS K Ae(eKTaM BCex

td

s’

b
O
(o}

Poct TpewmuHbl TON JAEHCTBUEM IEpPEMEHHON
COCTABIIIONICH  JKCIUTYyaTallMOHHBIX  HAMPSIKCHUH,
BO3HUKAIONIEH M3-3a MepenajioB 1aBIeHMs, U3MEHEHUS
TEMIIEpPaTyphbl, BO3MOXHBIX TPHIOHHBIX TECUYCHHUH,
MPUHITUIIHATIBHO BO3MOXEH. J[JIsl TAKHX OICHOK MOTYT
OBITh WCIOJNB30BAaHBl PE3YNBTATHl  HMCCIEIOBAHUH
KHHETHKH yCTAJIOCTHOM TPEIIWHBI B TPYOHBIX CTaJIX,
npencTaBieHHbIe Ha puc. 3 [14].
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AKI, MITaAM

Puc.3. Pezynomamol ucnvlmanuii Ha KUHEMuKy yCmaioCmHOU mpewjunsl 06pasyos uz mpyo,
ko3 uyuenm acummempuu 0, 1.

TMIIOB, BTOPOM — JMIOb K TPELIMHONOAOOHBIM
nedeKTaM.
da/dN, M/IHKT
1,E-05
1,E-06
s’
.’
%
«,’
1,E-07 7
' o &
7’ A
o X S
A
g
b o
P o
”
1,E-08 .
10
PaccMOTpEM  MCXOAS M3 OTOTO  KPUTEPHs

JIONYCTHMbIE pPa3Mepbl OJMHOYHOTO KOPPO3HMOHHOTO
TIOBPEXICHHUS], UCTIONB3Ys (GOPMYIIBIZ.

OTHOWICHUE pa3pyIIAIONIero AaBJICHUS
TpyObl Cc nedexktom u OesnedexTHoil TPyOBI
ompenensiercs o popmye:

IUTst
Rs

()

2 Ipunosxenns G “The assessment of corrosion in pipes
and pressure vessels” crannapra BS 7910.

rae donmaca,

Q

TIOTIpaBKa

| 2
1+0.31 —

\/Dt
JUTHHA TI0 00pa3yromei TpyOHbI.

[Mpuaumast BenmunmHy Rs Kak  OTHOIIEHHWE
HalnpspKeHUH pu pabodyeM IaBJIeHHH TPyOOnpoBoia K
JIOITyCTUMOMY HarpspkeHUro [6] (o moxkymenty OAO
«TparcHed1b» Rs = 0.95R¢), MOKHO MOITyYUTH CBS3b
JIOTTyCTHMBIX TlapameTpoB aedekra d u t. PaccMorpum
B KauyecTBa MPUMEPOB BapUaHThl TPYOOIPOBOJIOB,
MPUHATBIE B MpPEABIAYIIEM pasfeiie, C ypPOBHEM
HanpsDKeHud mpu pabouem npasineHnd o = 0.7R..
Huametrp TpyOst — 1220 MM. Pe3ynbTaThl OIEHOK
MIpUBEICHBI B Tabmwe 7.

Q

, d — rybuna nedexra, t —
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Tabmnuwua 7

OuneHka 10MYCTHMBIX J1e()eKTOB THIIA MOTEPs MeTALIa» (KOPPO3HOHHBIH H3HOC).

Ne TommuHa, MM [c]/Re I, MM HlomyeTumoe snatierne
d, Mmm
1 800 5.5
2 16 0.7 400 7.1
3 200 10.1
Mo uaeosornu «PyKOBOACTBa» BHE 3aBUCHMOCTH OT | 4.3
1 800 12.3
2 32 0.7 400 16.7
3 200 23.6
Mo uaeosnornu «PyKoBOACTBa» BHE 3aBUCHMOCTH OT | 8.6

Taxum 06pa3om, yueT KOHEUHOH POTSHKEHHOCTH
ydacTKa  KOPPO3MOHHOIO  H3HOCAa  IIO3BOJIAET
CYILECTBEHHO YBEIMYHTH JOIYCTUMYIO €ro ITyOHHY.
Hns periaMeHTalun JaHHOTO Hauboiee
PacIpOCTPAaHEHHOTO THIA AE(EKTOB  OCHOBHBIM
NpoOJEMHBIM MOMEHTOM  SBIISICTCSl  ONPEACICHUE
MaKCHMAJIbHOTO ~ HAIpsDKCHUsS, KOTOPOE  MOXKET
paccMmarpuBarhes Kak J0MyCTHMOE.

[pu peLeHuu 3a1auu UCIIONb3yeTCs
KOMIUIEKCHBIM TMOJIX0X K IpoOieMe pa3pyluieHus
TpyOonposoaa, OCHOBAHHBIN Ha
COYETaHWH METOJIOB MEXAHUKH CIUIOLIHBIX CPe[

MATEPHUAJIBI U METO/IbI

[Tpu uccnenoBaHUM pa3pyIleHUs TpyOOpOBOIa B
cllydae IIOJBOJHOTO pa3pelBa  He3ariayOJICHHOTO
TpyOomnpoBoaa YUYHUTHIBAIOTCS CIIe Y IOIIIe
¢u3M4ecKkHe W TeOMETpUYEeCKHe mapameTpel: ¥
NHKOBOE JaBJICHHE IIEPBUYHOH yIapHOW BOJHBI, Pmax
(MPa); * mwmkoBOe HaBIICHWE BTOPUYHOW yAapHOI

T ~1.95
W 2 D
Pmax(DW)=20.5 o com 1S 0.32
W 2
T 1113
w3 D
Pmax(DW)=52.5 D com 1 >0.32
W 2

Bpems mnpuObITHS B TOYKY U3MEpeHHS to
OTIPEJICNISICTCSI CKOPOCThIO YaapHOH BOIHBL. CKOPOCTH
3Byka B Boae (~1550 M/ c) mpuHsATa 32 CKOPOCTH
yIapHOU BOJIHBI,

CrtpykTypHas [EJIOCTHOCTh ITOJIBOJTHOTO
TpyOompoBoa, MTOJIBEPTHYTOTO MIOIBOJTHOMY
BO3JICHCTBUIO  pa3pblBa HMEET IEePBOCTEINEHHOE
3HaueHue [15].

Peakuust TpyOOnpoBOa, MO/IBEPTHYTOT'O

BO3I[CﬁCTBI/IIO MOJABOAHOTO pa3pbiBa 3aBUCUT OT

BOJIHBI, MakcuManbHOe (MIla); * Bpems moaxoja B
3a]aHHyI0 TOYKY MCPBUYHOM BOJHBI  (HAYaIO
MOBBIIICHUST TABIEHHUS {g) WCTOpPHSA SBJICHUS BO
BpEMEHH, t U to (CeK).

JlaBneHue, CBsI3aHHOE C HAYalbHBIM (POHTOM

yIapHOH BOJHBI, MOXHO PpacCUMTaTh, HCIONB3YS
crenyromiee ypasaenue [11]:
t—1tp
= ®)
P = Pmax(DW)exp 3(D,W)
B OTKPBITOM JIATEpaType JOCTYIIHBI

COOTHOIICHUS s KPHUBBIX pmaX(D,W) 54 S(D,W)-

JlaBneHue, CBA3aHHOE C HAYAJIbHBIM ()POHTOM yIapHOU
BOJIHBI M JUTUTENILHOCTh MMITYJIbCA JABJICHHS CBSI3aHBI
cooTHomeHusIMH (9):

0.35
o
9(D,W)=0.0001048 -W 3 .| —-
1 ecnu
w3
D
—1< 2.7
W3
0.35
I D
9(D,W) =0.0001163-W 3 - il com 17 2.7
w3 w3

BO36y)KI[€HHI)IX MOJaJIbHBIX q)OpM U  4aCTOTHOI'O

CIEeKTpa NPWIOKEHHBIX CHI (yZapHOHW BOJIHEI).
Jnnamuka TpyOompoBoa MOXET OBITH
MIPOAHATU3UPOBAHA C TOMOIIBIO aHAJIM3a YaCTOTHOU
XapaKTepUCTHKH.

AHanmu3 BBITOJHAIOT MO CIEIYIONUMH JTaram:
OLIECHKa COOCTBEHHOIl 4YacTOTBI TPyOOIPOBOIHOM
CHCTEMBI; aHAJIN3 YaCTOTHOT'O CIIEKTPa yJapHbIX BOJH
JIaBJICHUSI.

Tabmuma 3

AHaJHu3 peakuud TPYOONpPOBoaa: COOCTBEHHOH YacTOTHI U (POPMBI MO TPYGONpPoOBOAA:
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2
e (o) =M _, oW
oX axz
2
xg(x,9t)=L N ___Z  OW, W .,
R0% R-(R+z)px2 R+z
2
xxg(x,g,t)=@+lai_2i o"w
X RO% R 090
9T10 06’beL[I/IHeHHI>Ie MOaJIbHBIC MOJICIN

noBesieHus. [locie moy4eHust HCTOPUH KOMIIOHEHTOB
CMEUIeHHs BO BpEMEHH, HEOOXOAWMO paccuUTaTh
BEJINUMHBI HATIPSDKEHUH U 1eopManuii.

JlokaneHOE U TT100aIbHOE MMOBEACHUE CIUTAIOTCS
HECBA3aHHBIMH [0  CJIEAYIONMM  NPHYHHAM:
riobanbHele  (0aJOYHBIE) €CTECTBEHHBIC MEPHUOIBI
KoneOaHMi  TPyOOmpoBOJa  3HAYMTEIHHO  BBIIIE
JIOKAJIBHBIX (000JI0YEUHBIX); B IEPBBIC MIJUTHUCEKYHIBI
mocyie  JETOHAlMM  mpeobiafaer  00onoyeyHoe
(JlokanmpHOE) TMOBeNeHHE, a 0ano4yHoe (raodanbHOE)
MOBEJICHHE BO3HUKACT B MOCICAYIOUUIl HepHox
BpeMeHU. [IpofosibHBIe, KOJIBIIEBBIE U CABHUIOBBIE
nedopmanmy W HampsDKEHUS PacCUUTHIBAIOTCS €
HCIIOJIb30BaHUEM OOBIYHBIX (HOPMYJT I 000JI0UCK.

VYnapHas BoJHa, BO3HHUKAIOIIas B pe3yJbTaTe
MIOZIBOTHOTO B3PBIBA, OOABIAETCS K CYIIECTBYIOLIEMY
ruapocratnyeckomy  naeineHuro  [15].  Xapaxtep
BXOJIHOM yAapHOH BOJTHBI oTpeemsieTcs
71a00paTOPHBIMHU JAHHBIMH, KOTOPBIE OBUTH ONMCAHBI B
paborax [16,19].

OueHka 0€30MacHOTO  PACCTOSHUS — MEXIy
He3ariayOJIeHHBIMHY T0JIBOIHBIMHU TPYOOIIPOBOIAMH

Jis oueHkn ©6€30macHOTO PACCTOSIHUS MEXIY
TpyOOIIPOBOAAMH, MOXHO HCIOJIb30BAaTh IIOJXO]I,
M3JI0KEHHBIH B OTYETE MTAJbSIHCKUX HCCIeoBaTesen
[1].

Ilar 1: Onpenemurs Maccy 3KBUBAJIEHTHOIO 3apsijia
(M), B peIionoKeHNH, YTO MaKCUMAIIbHOE JIaBJICHUE BOJIBI
(p,,a) PaBHO MAaKCHMAIBLHOMY (IOIyCTUMOMY) pabodeMy
nasneruto raza (100 6ap). [To popmye (1) u3 padoTs! [1
| umeem:

1.13
W 0.33333

Pmax=52.5 (12)

2.655
W :( Pmax J 3 (13)

52.5
9T0 BI)Ipa)KCHI/IC ITIO3BOJISACT OLUCHUTH
JUTUTEIIBHOCTh UMITYJIbCA NaBieHus ()
H 0.25
$=0.0001163v03333| 1| (19
W 0.3333

SAPIRP111

i j (x,8)= A-cosi-9). Cos(ijj

Vi j(x,8)=Bsin(i .19).sin(j|7iRj (i >1)(11)

w; j (x,8)=C -cos(i - 8)-sin (Jl’jRj

rne W- macca 3apsana, (Kr), Pmaxo-MakcumansHoe
nasnenve, (M(4)I1a), r- BHEWIHHA pagHyC CTATBHOI
TpyOBbI; 3 - HOCTOSIHHAS BpEMEHH (CEK) = JUTNTEIBHOCTh
UMITyJIbCa JIABJICHHWS MpPU TOJPHIBE HEOOJIBIIOro
cepuueckoro 3apsna.

PaccrosHMe MexIy TOUKaMU IMIIMHAPUYECKOrO
3apsaga U OChK mapauiesbHoro tpyoomposoga (He)
3aIUIIEeM CIIeTYIOIIM 00pa3oM:

H. =cowt (15)

1€ Cw - CKOpOCTh 3ByKa B Boje, t- Bpems

pacrpocTpaHeHusl BOJIHBL 10 TPyObI, HauuHas OT
to = M/cy,

3anumieM, BbIpaXKEHHE U1 NPHUXOJAIIETO
NMKOBOT'O JIaBJICHUsI, BKIIFOYask KO3((GHUIMEHT YCUICHUS
nmasneHus [11]:

1.13
W 0.33333

c(t—tg) (16)

Pmax=105

B03MOKXHOCTE JIOKAJILHOTO MOBPEXKICHHS
coceqHero TpyOOMpOBOJA OLEHUBAETCS MO  JIBYM
apameTpaMm: Pmax ¥ JUIMTEIBHOCTH ICHCTBYS JABICHUS
ynapHo# BosiHbl 9 uiu (1. - to) B 3aBUCHMOCTH OT TOTO,
KOTOpbIi Ooibiie. Bpemsi tc cBs3aHO C JaBieHHEM
Pmax= Pcoll CMATHS TPYOBbl BHEUIHUM BO3/ICHCTBHEM.
JaBneHue cMmsTUSL TPYOBI peoll PACCUUTBHIBACTCS MO
CTaHI[apTy3 HUIX B COOTBETCTBUU C PYKOBOAAIIHUMH
yKazaHusIMH [S5] cienyromuM oopa3om:

pcollzaiyt2 17
o,r
Et?

r| 1+4-

[Manenue naBieHHs B 30HE pa3pblBa OLIEHEHO B
IPEANIOJI0XKEHNHN, qTOo BOJIHA BO3MYHIICHUSA
(TOHWXEeHUs JaBICHHWSA) PACHpPOCTPaHAETCS BIOJb
TpyOOMpOBOJIa CO CKOPOCTHIO 3BYKa B raze (MeTaHe).
Ha}IGHI/Ie JTaBJICHUS B HaYyaJIbHBIA nepuoa NporucCxoauT
C HIKeCNeaylei HHTeHCHBHOCThIO. [loTepu rasza
4yepes3 pa3phiB B TpyOe OyIyT magath, a BMECTE C 3TUM
Oyner CHMXKAThCA WHTEHCUBHOCTh
HU3KOTEMIIEPAaTypPHOTO BO3JCHCTBHS Ha COCETHHI
TpyOOIPOBO/.
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mgy —GRT
Ap. mg -GRT. my =25 ac (18)
2AC RT,
31ech: Mg- Macca Trasa U3 TOBPEKICHHOI'O

yuactka TpyOompoBoga, G- pacxox Trasza uepes
paspbiB(Crlgpsc) c= ckopocTh 3ByKa B rase, r-BHELIHUIH
paauyc TpyObl, lg — mAnauMHA paspsiBa, ps — IIIOTHOCTH
rasa nociie pacumpenus), R — yauBepcasibHas ra3oBas
TIOCTOSIHHAsSI JJIsl MeTaHa, [, — KOHEYHas TeMIeparypa
nocyie paciuupeHus, Ir - TeMmeparypa rasa Mocie
pacmmpenus, Ai — IUIOMIAAb IONEPEYHOr0 CEUCHUS
TpyOBI, Ps- AaBIECHUE OKPY’KAIOIIECH CPEIBI,

B 1O ’Xe Bpems, mManeHHE MAaBICHHUA B 30HE
pa3pbIBa MOKET OBITH OLIEHEHO B PEIIOJIOKEHUH, YTO
BOJIHA  BO3MYIIeHHUS  (TIOHMKCHHUS  JaBJICHHSA)
pacipocTpaHseTcs BOJIb TPYOOIIPOBO/ia CO CKOPOCTBIO
3ByKa B Ta3e (MeTaHe).

IIpoexktHbie kputepuu. MMeromuecs B HAIUYUU
NpaBWia U PyKOBOJSIIME IPUHIUIEL TPOSKTUPOBAHUS
MOBOHOTO TpPyOOIpOBOAa HE BKIIOYAIOT B ceOs
KPUTEpUH TPOBEPKH, OXBATHIBAIOLIME CTPYKTYypHBIE
MIOCJIE/ICTBHS TI0/IBOJTHOTO B3PHIBA.

[epeuncinum naHHBIE KPUTEPHU:

1.Kpurepnii Ha OCHOBE BMATHH
Ki1acCU(DUIMPyeMBbIii KaK HE3HAYHUTEIHHOE
noBpexzaeaue (D1), pemoHT He Tpebyercs, HO
MPOUCXOIUT BBIOPOC YIIIeBOAOpoaoB. OTHOLIEHHE
BMSTHUHBI K JMaMeTpy TpyOONpoBOJia OTpaHHYECHO
5,0%. IIpenensHoe cocrostaue (ULS) cTeHKH TpyOBI —
HaOIoAa0TCs 3HAYNTEIIbHBIC IUTACTUYECKHUE
nepopmanmy, HO pa3pelB  CTEHKH TpPyObl HE
paccmarpuBaercst. OCHOBHBIM KPHUTEPHEM IIPOBEPKH
SBJISIETCS MAaKCUMaJIbHAas SKBUBAJICHTHAs AedopMarys,
KoTOpast JoJnkHA ObITh HIKE 10% (4TO COOTBETCTBYET
TpesieNTy paBHOMEPHOTO Y/UTMHEHNS).

2.MaxkcumansHoe HampspkeHune (o Museca
JIOJDKHO COCTaBJIATh MeHee 96%
SMYS(MunumaneHplii  mpemen  TEKydecTH) B

COOTBETCTBHH C OpHTAaHCKUM CTaH,E[apTOMS JUTS
KoMOWHanud  (YHKIMOHANBHBIX W CIyYalHBIX
Harpy3ok. Kputepuii, OCHOBaHHBIII Ha HaNpPsSDKEHUU:
CTCHKH TpyOONpOBO#a HE WCHBITHIBACT HUKAKHX
MOBPEXICHUHN M3-3a MTOIBOTHOTO B3PHIBA.

3. TpyOompoBoi He JOMKEH TMOJBEPTaThCs
ype3MEPHOH OBaJ'II/ISaL[I/II/IB, He npessimaromeit 3.0%.
[Ipenenbhble cocrosiHus padoTocrnocodbHocTH (SLS) -
9TO COCTOSHHS, NPU KOTOPBIX 3HAUYEHHE HIDKE
MakCUMalbHOM  OBajJM3allu¥,  NPUBOASMIEH K
0o0OpyIIeHuro TPyObI MPHU 33JAHHOM THAPOCTATHYECKOM
nasnenun. Kpurtepuil, OCHOBaHHbIH Ha BMSTHHE
qu/ITI,IBaeT7 HeOoupmoe noBpexacHue (D1) xorma
PEMOHT HEOOXOJMM U JIFOOOW OTIYCK YIJIepoaoB
npoucxogur. OTHOLICHHE BMSATHHBI K JHAMETPY
TpyOorpoBoga OyJaeT OrpaHHYeHO BEIWYMHOH 10

‘DNV RP-F107: “Risk Assessment of Pipeline
Protection”, Det Norske Veritas, Norway

SBritish Standard 8010: “Code of Practice for Pipelines
— Part 3 Pipeline Subsea: Design, Construction and
Installation”

5,0%. D10 3HAaUCHHE HIDKE MaKCHMaJlbHOM HavalbHOM
OBaJIM3allMHY, BBI3BIBAIOIIEH paspylueHue TpyObl IpH
THJPOCTaTUYECKOM JIaBJICHUH.

Crienyer OTMETHTh, 4YTO TIIPH IPEAEILHOM
cocrosHun nepsoil rpymmel (ULS) crenka TpyObl
HCTIBITHIBAET 3HAYNUTEIIbHBIC IUTACTUYECKHE
nedopManuy, HO pa3pblB CTEHKH TPYOBI IIIM yTedKa
rasa He NoABIATCS. OCHOBHBIM KPUTEPUEM TIPOBEPKU
SBISIETCST TO, YTO MAaKCHMalbHAs SKBUBAJICHTHAS
nepopmanms  OomkHa  ObITh  HIke  10%  (uto
COOTBETCTBYET PABHOMEPHOMY NpEeITy yzmpmenms).

B npuBoaumbIx paboTax paccMOTPEHBI B3PBIBEI
He3arayOJIeHHOTO IMOoABOAHOTO TpybompoBoma. Ho B
nensix Oe30MacHOCTH W COXPAaHHOCTH  MOPCKHE

TpyOOIIPOBOABI IO BO3MOXKHOCTH 3ariIyOJsIIOT B
MOPCKOE JTHO.

BeimomHEM ~ aHanm3  paspbiBa  [IOJBOJHOTO
3arayOieHHOrO  TpyOompoBoda. 3ajada  aHajim3a
paspyLeHus HOABOJHOTO 3ar1y0JICHHOTO

TpyOOIIPOBOAA MPHUBOIUT K PACCMOTPEHHUIO CIOXKHON
MoJIeNu B3auMoJieiicTBrsA. O4eHb BaXKHO HUCIIONIb30BaTh
pacueTHble TPOTPaMMBI B CBSI3KE C TNPHHATBIMU
CTaHIapTaMu 1 MeToaukamu («best practices). ...
OcHOBHBIE MPUHIUIIBL MIOCTPOEHHUS
pac4y€THON MoJeJIM MOJABOJIHOI0 TPYOONIPOBOJA.
Pacuer noBo1HOTO TPYOOIIPOBOAA HAYMHACTCS C
IIOCTPOEHHS Ka4ECTBEHHOMN reKCca’IpUIECKON CETKU.
OOmas TeMa JWHAMHYECKOTO B3aUMOJACHCTBUS
BOJa-KOHCTPYKIHS, CBsA3aHA c JUHAMUKOM
TpyOOIPOBOAHON KOHCTPYKIMH ¥ THUAPOAWHAMHUKOU.
Kaxnast 13 3THX ABYX 00NacTeil sBISETCS CIO0XKHOU.
3ajaya B3aMMOJCHCTBUS CTAHOBUTCS €Ille CIIOXHEe.
JUis mony4yeHHs YHCICHHBIX PEIIeHUH (CBSI3aHHBIX)
CMEIIaHHBIX 3a/a4 HCIONIb3YIOTCd BapHAIlMOHHBIC

TMPUHIIAIIBIL. MHuorue HUCCICa0BATCIIN IbITAJINCh
NPUMCHUTDH BapHuallMOHHbIC (l)yHK].[I/IOHaJ'IBI JUIs
PA3INIHBIX KJ1aCcCOB 3aga4 B3aHMO,I[eI>'ICTBPIH

KOHCTPYKIUS - )KUJKas cpefa.

I'maBHBIC ypaBHEHUs JUHAMHYIECKON 3a/1a49u.

Junamuueckuii aHaIu3 B3aUMOJICHCTBUS
CHCTEMBl TPYHT-KHUAKOCTH-KOHCTPYKLIUS BKJIFOUACT
BCE aCMEKThl MEXAaHUKU XKMIKOCTH M TBEPAOTO Teia
(B3ammopelcTBHEe TeKydel (KHUIKOH) CTPYKTYPHI
(coenunenne kiacca I) m B3aumojneiicTBHE TPYHT-
KHUAKOCTh  (coemmHenme Ttuma 1I)) [2,4,8,10].
PaccmoTpuM Kitacchl CBSI3aHHBIX CUCTEM:

Kmacc I: comepxur 3amaud, B KOTOPBIX
MPOUCXOJUT COEJUHEHUE TMONeH B3auMOJEHCTBUSL
yepe3 TpaHUYHbIE YCIOBUS WM MEXIY IOJAMH,
KOTOpbIe (M3MYECKH TIOXOXKH, HO HCIOJIB3YIOTCS
pa3HbIe IPOLECCH! TUCKPETU3ALIH.

Heo0xoanMoOCTh  MCHONB30BaHUS  PAa3IMYHOM
OUCKPETH3allud  BBI3BaHA pa3HBIMH  [PUIHMHAMH
(Zienkiewicz u Teitnop [4]):

(1) pa3nuuHBIE CETKM KOHEYHBIX 3JIEMEHTOB,
BBITOJIHBIC JIJISI OIIMCAHUS pa3HBIX o0iacTeil.

SDNV OS-F101: “Submarine Pipeline System”, Det
Norske Veritas, Norway.

DNV RP-F107: “Risk Assessment of Pipeline
Protection”, Det Norske Veritas, Norway

8DNV RP-C204: “Design Against Accidental Loads”,
Det Norske Veritas, Norway
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(2) pasnuuHblE  TPOLEAYPHl  CONPSDKEHMS Korma cunel  uwHepnuu  TBepAOro  Tena
MOZLeHeﬁ, COUYCTaHUusg METOO0B u TpaHUYHBIX 3HAYUTCIIbHBI, TO o Mepe YBCJIMYCHUSA

aneMeHTOB. Il Kiacc coaepX T 3anad, B KOTOPBIX
pa3IUYHbBIE TOJISl MEPEKPBIBAIOTCS (TOJHOCTHIO MK
4acTUYHO). 37eCh MPOUCXOIUT COEIUHEHUE C
MOMOINBI0  JU(G(PEPEeHINATBHBIX  YIPABISIONIAX
ypaBHEHHI, OIMCHIBAIOIINAX PAa3WYHBIC (PU3NICCKHE
sBiieHUs. KOHCTpyKLUs M KUAKOCTH IPEACTABIEHBI
UAeaIN3UPOBAHHBIMU MOJEIISIMU. CBsi3aHHBIC
YpaBHEHHsI  [OBUXKEHMS NpU  IPOCTPAHCTBEHHOU
JTUCKPETH3allMd MPEJCTAaBICHBI JIByMs HabopaMmu
T QepeHIMaTbHbIX YpaBHCHHI BTOPOTO MOPSIKa
[8,11,12,13,15].

Juckperuzanusi MOAETM METOAOM KOHEUHBIX
9JIEMEHTOB. B MozensXx KHUAKOCTh-TBEPIOE TeJ0
clenaeM CIEAYIOIINe MPeINON0KEeHHUS:

1) )KUJKOCTh SBJSICTCS JIMHCHHOM, CKUMAaeMOW U
HEBSI3KOM; 11) TedeHHe sBIsIeTCs] OE3BUXPEBBIM; iii)
MEXIY XKHUIKOCTBIO M TBEPIBIM TEIIOM HET TPEHHUS; 1V)
TEIUIOBOE BO3ACUCTBUEC HE3HAYHTEIBHO, V) TBEpIOE
TEJIO MOIBEPTaeTCs TUTACTHYSCKUM JeOPMALIUIM.

[Ipennonaraercs, 9to oboy0YKa TPyOOIpOBOIA
OeCKOHEYHO JUIMHHAS M HempepbiBHas. OKpyKaromui
TPYHT TIPHUHSIT OJHOPOAHBIM, U30TPOIHBIM U JTHHEHHO
YOpYTUM C KOHCTaHTamMu JlamM® ¥ IUIOTHOCTBIO p.
PaccMoTpuM npeanonoxkeHus, NPUHATHIE B MOJICIH:

JUISL HEC)KUMAEMOM )KUAKOCTH CKOPOCTbh 3BYKA, Cm;
JKUJIKOCTh TNPUHUMAeTCsl OSCKOHEYHOH. YpaBHEHHUS
CBOJISITCA K BULY:

Mou+Csu+Kqu=fg —Mgd +LP (19);
M¢P+C¢P+KiP="F; —psLTu+(d) (20)

3necs o0o3HadeHO: Ms= MaTpUIla MacChl
TBepnoro ckemeta; Cs = MaTpula AeMIIQUPOBAHHS TIO
Panero; Ks= o0wemHBII MOmyns TBepmon ¢assr; L =
MaTtpuua B3aumojeiicteus; P —naBnenue, Cs MaTpuia
CKHMaeMOCTH TpyHTa, Mg = wMaTpuma Maccel
KUAKOCTH, Kf = 0OBEMHBIH MOIYIbh KUIKOCTH, Pf =
IJIOTHOCTD XKUAKOCTH, L. = MaTpuia B3auMo/IeicTBHYS,

U = nepemeinenue TBepAoi (aspl, fs- kKodhduIHeHT

hopmbl TBEPJIOTO CKellera,
fg = J. NJtdF + J. NJ PbdQ onpenenseMslii c
Tu Q

yuera ¢yHKuHu Gopmbl opoBoro nasineHust Ny, Q -
obmacte, I'- rpammma Ttema, fi - koddpduHenT
YUUTBIBAIOIINN CKOPOCTH JBHIKCHUSI KHIKOCTH.

MPOHHUIIAEMOCTH ypaBHeHue GunbTpaimu (mpu K— oo )
CBOJUTCA K BUAY:

KpP=-fp+ Mu (1] 0

Eciu Brnag MU man wis OTIpENIeIEHHBIX YacTOT
BO30YXKIICHUS, TO YPABHCHUS PACICIUISIOTCSA. B Takmx
ClIlydasix CTaOWIIBHOCTP M TOYHOCTh 3aBHCAT OT
CKOpPOCTH BOJIHEI.

Y4uuTeiBaeTCs YCIOBHUE IJISL BOJIBI:

V2P +&VZP=P/c? 1)

JluneapuzoBaHHOE Hagsre-Crokca

(20), &'= ‘V 5 TI€ U- IMHAMHYCCKAs BA3KOCTH
3p¢cC

ypaBHEHHE

KUIKOCTH U C2=K/p.

K = OO0beMHBII MOIYJb YIPYTOCTH KHIKOCTH.
OOBEMHEBII MOy TTH YOPYTOCTH XapaKkTepu3yeT
CIOCOOHOCTh MaTepHralia CONPOTHBIATHCS H3MECHCHHIO
ero o0béMa, HE CONPOBOXKIAIOIIEMYCS H3MEHEHHEM
($hopMBL

(a) I'paHn4HbBIE YCIOBHUSL:

i) Ha JBWKYLIMXCS TIpaHMUax (Ha TrpaHUIe
paszena ¢ TBEPABIM TeJIOM), IZie KHUAKOCTb HMeEeT

HOpMajlbHOE ycKopeHue U,, N -HampaBleHHUE

€IMHUYHOW HOpMAIll K TpaHUIE, TPATUCHT TaBICHUI
BBIpQKCH KaK: 6%n =—pilUp;
(6) Ha dukcupoBaHHBIX IPAHULIAX: a%n =0

ii) sxecTKast CTpyKTypa U C)KUMaeMas XKUIKOCTh

PaccmorpuM ciy4ail skecTkash KOHCTPYKIHS U
HeC)KMMaeMas JKUAKOCTh. YpasHeHus (19 u (20)
CBOJSTCSI K:

MfP+CfP+KfP=—pf LTd

Ha cBo6oaHOM moBepXHOCTH 0€3 TOBEPXHOCTHBIX
BoJiH: P =0;

ill) Ha M3JIydYalOIIUMX TpaHUIax
OTCYTCTBUSI OTPa)KCHUSI BOJIHBI JIABIICHHUS

He yuutsiBas GUIbTpalrIo BOJBI PEIIUM 33/1a4y
0 pacyere 3ariyOJI€eHHOro TpyOOIIpOBOAA, YUHMTHIBAS
MPEIIONIOKEHHS 1) - iV).

-yCIoBHE
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IIpumep
Hepemewenue X(Z) mm Hepemewernue X(Z) mm
Buo 6 ocsix XZ Buo s ocsix YZ
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i airsind
[ ——— ;ﬁfrfrﬁﬁl‘?,_:iiﬂﬁiiyylgir;ﬂﬂii::i;il; /
. [
Bona ‘ ‘ T
s 7 Sarunybnennblii
‘ TpyGonpoBoa
3arnyOnerH it
MOpCKOC TpyOOmpoBOa
IIHO
Z
e, x
Puc.3. Koneuno-snemenmunas mooens 3a2nybiennozo noosoo0H020 mpybonpoeooa

OrneHKa HaIe)KHOCTH IOJJBOTHOTO 3arTyOJ€HHOTO  PUCK  MOXET OBITh OIIGHEH II0  CIICAYIOMEeMY
TpyOomnpoBoaa. CieayeT Mpu3HATh, YTO TPYOONPOBOS  YpPaBHEHHIO:
00OBIYHO HE UMEET OCTOSHHON BEPOATHOCTH OTKA3a I10
Bceit mmHe. TpyOompoBox JODKeH OBITH pa3/ielieH Ha L
CeKIIMM TI0 TaKWM TpHU3HAKaM KaK: TPYHTOBEIC IR = Z ?i j P.dL (22)
YCIIOBHS, TOKPHITHE, KOHCTPYKIIUS, KaTOJHAS 3aIUTa, i 0

WJIM BO3pacT TpyOonpoBoja. IHTEHCHBHOCTh OTKA30B
B OMPEICTICHHOM y4acTke TpyoonpoBosa [15,16,17,18]
3aBUCUT OT MHOTHUX TICPEMECHHBIX, TaKuX Kak
YIIOMSIHYTBIE BBIIIE NPU3HAKH M TIIyOMHA IPYHTOBOTO
TMOKPBITUA, TUAPOCTATUYCCKUC HWCIBITAHWUA, MATPYJIb,
TPEHUPOBKA, OOCTYKIBAaHUE, U TaK Jlalee.

Od4eHp  TPYyNHO  y4YeCTb  BIHSHHE  3THUX
MIEPEMEHHBIX HA WHTEHCUBHOCTH OTKA30B, TIOCKOJBKY
JAaHHBIX 00 aBapuiIX NOJBOJHBIX TPyOOIPOBOIOB
HEIOCTaTOYHO Ui  CTaTUCTHYECKOTO  aHalu3a.
Boobuie, i aHanmi3a pucka UHTEHCUBHOCTh OTKa30B
TPyOOIPOBO/Ia OIICHEHA M0 HCTOPUYCCKUM JTaHHBIM.

Jns TpyGomnpoBoia BEICOKOW MPOYHOCTH OOIIUIA
PEeXKHMM OTKa3a — 3TO IUIACTHUECKHUHU JedeKT, mpenesn
MJIACTUYHOCTH, Harpyska yIpyro-IulacTU4HON
KOHCTPYKIIMH, XapaKTepPH3YIOUIascs MaKCHMaJbHOM
Hecytien CIOCOOHOCTBIO. Konctpykuum,
CKOHCTPYHPOBAaHHBIE HA OCHOBAaHUH IIACTUYHOCTH,
MO3BOJISIFOT OMPENEIIUTh PEallbHBIA 3amac MPOYHOCTH
KOHCTPYKIIUH.

Takum  oOpa3oMm, Harpyska B  Ipenen
TUTACTHYHOCTH SIBJITFOTCS. BYKHBIMH MapaMeTpaMu JUIst
OTIpeJIeNIeHUs] Hecylel CrmocoOHOCTH TpyOompoBoIa
MO/ ZIABJICHUEM, LIEJIOCTHOCTH KOHCTPYKIIHH.

Tak Kak MHTEHCHBHOCTH OTKa30B TPyOOIpPOBOIA
MCHACTCA B 3aBUCHUMOCTH OT PA3JIMYHBIX yCHOBI/Iﬁ
BJOJb TPAcchl TPyOONpOBOJA, TAKUX KaK I'PYHTOBEIE
YCIIOBHS, BUJ TOKPBITHS, YCIOBHS MPOCKTHPOBAHMUS,
WIA BO3pacT TpyOoOmpoBoaa, TO TPyOOHPOBOJ
HEOOXOMUMO pa3/ieuTh HAa YYacTKH, B THpeaenax
KOTOPBIX JTH YCJIOBHS Mall0 H3MEHSIOTCS. B
MPEJIOIOKEHHH O HWHTCHCHBHOCTH OTKa30B B
mpejieNiax yJacTka TpyOOIpoBONa, WHIUBHITYaTbHBIH

HVHTECHCHBHOCTh OTKa30B pr60np030/:[a JUIA
KaXJI0ro CiueHapus aBapuu OUCHUBACTCA:

@i :z(/’i,j,OKj(aliaZ’a&...) (23)

j

I7Ie ¢i- OXKHAaeMas MHTEHCHBHOCTh OTKA30B HA
ennHUIly UHBL TpyOompoBoma (1 / rom km), jijo
OCHOBHasi MHTEHCUBHOCTh OTKa30B 10 JUIMHE y4acTKa
tpybompoBopa (1/ron kM), K; -koppekrupyromas
(byHKUMSA, CBA3aHHAS C IPUYMHON pa3pylIeHus, TIe ak-
nepeMeHHble  (QYHKIUM  KOPPEKIMH, HWHIEKC |1,
0003HAUaAIONMi  KOHKPETHBIH CLEHapuid  aBapuu
(nanpumep, HeOonblIOe, cpeaHee W OoJbIIOE
OTBEpCTHE B TPYOOIPOBOJIE), a MHIACKC j 0003HAYACT
MpuunHBL  c00s1  (HampuMmep, BHEIIHHWE IIOMEXH,
JedexTsl KOHCTPYKIMH, KOPPO3Hsl, IBIKEHNE TPyHTa
n gapyrue. VIHTEHCHBHOCTH OTKa30B TpyOONpoBoOJa
HUMEEeT Pa3MEepHOCTh YHCIIA OTKA30B B T'0J] HA €IMHUILY
JUIMHBL TpyOompoBonia, 1l/rom KM, TIpH YCIIOBHH
OJTHOOOpAa3HOCTH MPU3HAKOB BJOJb HCCIEIYEMOTO
ydacTka TpyOompoBoja.

YacToTHBI aHAIU3 YJApHON BOJIHBI JaBJICHMSL.
JUis  oueHKM Tpenena YOpyroctd TpyORl  WiIH
MPEIEeNbHBIX  COCTOSIHHH  paboTOCIOCOOHOCTH 10
JI000r0 paspbiBa CTEHKH TPYObl WM YTEUKH Trasa
UCTIONB3yeTcs YacToTHbIA aHanmu3 [3,7,20]. B ocHoBe
JAaHHOTO MeToJla HCHOJIB3yeTcs NpeoOpa3oBaHHe
Dypbe (MaTemaTH4ecKoe npeoOpa3oBaHue,
UCTIONB3YeMOe IJIsl TPeoOpa3oBaHUs CUTHAJIOB MEXKIY
BpEMECHHOW  (TMPOCTPAHCTBEHHOW) W  YaCTOTHOH
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001acThi0). MeTO TO3BOJISIET YMCHBIIIUTH 3aBUCSIIYIO
OT BpeMeHU (QYHKIUIO g(t) B JIMHEHHON KOMOMHAIIUN
IPOCTBIX NEPUOAMYECKHX QYHKIMI®:

olt)= [Glio) e 2400

—00

(24)

PE3YJIbTATBI UCCJIEJOBAHUS
1. CompotuBneHne 3ariTyOJIeHHOTO TpyOOmpoBoaa

()"

Pmax

52.5

HONEPEYHOMY CBHTY.

Pacuer mnpoomurcs mo dopmyne (1) min 14-
moiiMoBoro M 30-110MMOBOrO  TpyOOIPOBOJOB  NPH
MHUHHMAJIbHOW BBICOTE MOKPBITHUS:

Pu = 7hNgnD =9-0.753-10-0.506
Py =7nNgnD =9-0.971-12.0.942kH/m

2 JloxampHOE TOBEICHUE TPYOOMNPOBOAA MPHU
BO3ICHCTBUY MMITYJIbCA YIAPHOH BOJHBI 14-TIOWMOBBIH
TpyOompoBOx:

kH/m

>

10

2.655
J .0.178°3 =0.000069 kr
52.5

0.25
H
9=0.0001163nv 93333 T | —0,000013cex(0,000016cex) 1)
W0.3333
61.48W 0.3333
=t—tg= ¢ =0.00018 cek; ot =419
oyr r| 144
Ml+d-—— Et’
Et
2 MIla ra3onpoBojia HE CINOCOOEH BBI3BATh  MECTHBIE
Crenyer OTMETUTh, YTO JaBJIEHUE, OKA3bIBAEMOE  TIOBPEXICHHSA COCEIHEH MapaieNbHO yIOKeHHOH 14-
cTpyeid Ha  TpyOONpOBOA, TPH MHHUMAIBHBIX  JFOWMOBOM TPYOBL

pa3HECEHUX TPyOOIIPOBOJIOB B2 M M 5 M, HE TIPEBHIIIIACT
OJIHOM IIIECTOM JaBJIEHUS CMATHA i1 14-Ir0iMOBOIO
TpyOOIIpOBOIA TPH JOMYIICHHWH, YTO MAaKCHMalbHAs
rTyOWHA KOPPO3HH 3 MM.

C TouKHM 3peHHUsI JTOKATLHOTO aHaJIM3a HATIPSHKSHUH,
HE BBI3BIBAET COMHEHHUS TOT (aKT, UYTO pa3phIB

)"

9=0.0001163n %3333 {

Pmax
52.5

WO.

61.48w 0-3333
C

e =t-tg = 0.885
ayr2

ril+4-
Et2

3AKJ/IIOYEHHUE U OBCYXJIEHUE
B Hacrosei craTbe paccMaTpHUBaeTCs Ciydan
MPOJIOIBHOTO pa3pylIeHHs TPYOOIpOBO/ia Kak Hanbosee
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e AprtadoHOB BaAuyecnas BopucoBMY, KaHAMAAT OPUANYECKMX HayK, A0UeHT Kadeapbl
3K0JI0rMYecKoro 1 npupogopecypcHoro npasa (Mocksa, PO);

e WrHatbeBa WpuHa EBreHbeBHa, KaHAMAAT 3KOHOMMYECKMX, Npenogasatenb Kadegpbl
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