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Annomauyus
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THE RELIABILITY AND SECURITY OF DISTRIBUTED SYSTEMS
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Abstract

The article discusses the concepts of reliability and security of communication systems. There is
comparison of the concentrated and up-diffused system from the point of view of reliability and safety. The authors
reveal the mechanisms for the implementation of functions security.

Keywords: reliability, information security, privacy, authenticity, apellianos, access control.

CI10XHOCTB CO3J1aHHUA CHCTCMbI 3alllMThI I/IH(I)OpMaI.[I/II/I OIPEALIIACTCA TEM, YTO JaHHBIC MOTYT OBITH
MOXUIICHbI U3 KOMIIbIOTEpA U OJHOBPEMEHHO OCTABATHCA Ha MECTC; HEHHOCTb HCKOTOPBIX NAHHBIX 3aKJIIIOYACTCA B
O6J'IaI[aHI/II/I MU, a HC B YHUYTOXCHUHN WU USMCHCHUU. KOHHGHTpaHI/IH I/IH(I)OpMaHI/II/I B KOMIIBIOTEpAX - aHAJIOT'MIHO
KOHIICHTpallU HAJIWYHBIX ACHEI B 0aHKax - 3acTaBiIIET Bce 0oliee YCUIIMBATL KOHTPOJIb B NCJIAX 3alUThI
I/IH(I)OpMaIII/II/I. IOpI/II[I/I‘IeCKI/Ie BOIPOCHI, YacTHaA TaﬁHa, HallMOHaJIbHasA 0€e30I1aCHOCTh - BCE JTHU COO6pa)K€HI/IH
TpeOyIOT yCHJIICHHS BHYTPEHHETO KOHTPOJS B KOMMEPYECKHX M MpPaBUTENBCTBEHHBIX opranm3anusax[l]. Ilox
Ha/IeKHOCTBIO ToHMMaercss B cooTBeTcTBUU ¢ ['OCT 27.002-89 CBOHCTBO CHCTEMBI COXpPaHSATh BO BPEMEHH B
YCTaHOBJICHHBIX MNPEACTIax 3HAUYCHUA BCCX IMAapaMETPOB, XapaKTCPUIYIOMINX CHOCO6HOCTB BBIIIOJIHATH Tpe6yeMLIe
(YHKINU B 32JaHHBIX PEKIMAaX U YCIOBUSAX MIPUMEHEHHUS, TEXHUIECKOTO 00CTYyKMBAaHUS M TPAHCTIOPTUPOBAHMA[2].

MHorue cucTteMbl HE SBISIOTCS a6COJ'[}OTHO HaJACKHBIMH, T.C. CBOMCTBO HAOCXKHOCTH CHCTECMBbI
HUMCEET MECTO HA KOHCYHOM HHTECpBAJIE BPEMCHH, II0 HUCTCUCHHUHU KOTOPOTO IPOUCXOAUT OTKa3 B pa60Te.
I[J'II/ITGJ'H)HOCTI) HUHTCpBaJa 0e30TKa3HOU pa60TLI 3aBUCHUT OT OYE€HbL OOJIBIIOrO YHCIIa (l)aKTOpOB, npeacKa3aTb
KOTOpbIC HEpCajlbHO, IIOTOMY, OTKa3 OOBIYHO CYHTAIOT CHy‘IaﬁHBIM COOBITHEM. Ha):[e)KHOCTB MPpUHATO
XapaKTepru30BaATL BCPOATHOCTBIO OTKa3a B pa60Te (I/IJ'[I/I BEPOATHOCTBIO 0e30TKa3HOI pa6OTI)I) B TCUCHHC
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oIpeieJICHHOro oTpe3ka BpemeHH. Ilog 0e30macHOCThIO NMOHUMAETCS COCTOSIHHE 3alMIICHHOCTH CHUCTEMBI OT
MOTEHIATBHO ¥ PEalbHO CYMIECTBYIOIIUX YIPO3, WM OTCYTCTBHE TaKuX yrpo3. CucremMa HaXOIUTCSI B COCTOSIHUM
0€301acHOCTH, €CIIN ACHCTBHE BHEIIHUX ¥ BHYTPEHHHX (PAKTOPOB HE MPUBOIUT K YXYAIICHHIO MIIH HEBO3MOKHOCTH
ee (DYHKIIMOHHPOBAHMUS. YTPO3BI MOTYT OBITh PA3MYHOTO POJa, B TOM YHCIE yTpo3a GPU3NUECKOTO Pa3pyIICHHS.

WNudpopmanmonnas 6€30MaCHOCTE — COCTOSHHE 3alllUIICHHOCTH HWH(QOPMAIMOHHONW Cpeapl O0IIecTBa,
obecrnieunBaroiiee e¢  (OPMHPOBAHHE, HCIONB30BAaHWE W pPAa3BUTHE B HHTEpecax TIpaKAaH, OpraHHU3aluii,
rocyaapcrsa.

B kauecTBe craHgapTHOM Mozenu 0€30MacHOCTH 9acTo NpuBoIAT Mozeib CIA:

e  koHbuaeHIMaTbHOCTh HHpopMaru — confidentiality (00s3aTeNbHOE YIS BBITIOTHEHUS JIAIIOM,
MOJYYUBIIUM JOCTYII K OIpenesieHHoW uH(opMmanuy, TpeOoBaHUE HE IepeaaBaTh TaKylo
nH(OpMAaLUIO TPETHUM JIMLAM Oe3 COorJIacHsl €€ BiIaAesbla);

e  IeNOCTHOCTH (integrity);

e  nocrtymHOCTH (availability).

Iox xoHGUIECHINATPHOCTHIO TOHIMAETCS JOCTYITHOCTh HH(OPMAIMN TONBKO ONPEACIEHHOMY KPYyTy JIHIL,
MOJ LEJOCTHOCTBIO — TapaHTHS CYIIECTBOBAHHMS HMH(OPMAIMM B HCXOZHOM BHIE, IMOJ JOCTYHHOCTBIO —
BO3MOXKHOCTb NTOJIy4e€HHE HHPOPMAIMK aBTOPHU30BAHHBIM I0JIb30BATENIEM B HY)KHOE JJIs1 HEro Bpemsl. Boinensior u
JpYyrUe KaTeropyu:
®  AYTCHTHYHOCTh — BO3MOXKHOCTH YCTaHOBIICHUS aBTOpa MH(OPMALUH;
®  aNeUIMPYEeMOCTh — BO3MOXKHOCTH JI0Ka3aTh, YTO aBTOPOM SIBJSIETCS MMEHHO 3asiBICHHBIH 4YEJOBEK, W
HUKTO JPYTOM.
Bce ¢dusnueckue sneMeHTHI T1000W CHCTEMBI SBIISIOTCS NOTCHIMAIBHO HEHAJEKHBIMH U YS3BUMBIMH C
TOYKH 3peHust 6e3omacHocTH. HeHaie)kHOCTh 3JIEMEHTOB CHCTEMBI, OCYIIECTBIIONINX IepepadoTKy HH(pOpMAIHH,
MOXET 3aKJII0YaThCsd B MOJHOM OTKa3e OT IepepaboTKH, B HM3MEHEHHH (YHKIMH (CTAOMIBHOM MOIyYCHHH
HEBEPHBIX PpE3yJbTAaTOB), B COOSIX (MEPHOAMIECKOM BO3HMKHOBEHHHM OIMOOK). HeHage>KHOCTh 3IIEMEHTOB,
OCYIIECTBIIIOIINX Mepenady WHPOPMAIMK, MOMKET 3aKJII0YaTbCs B IOJHOM MPEKpallleHWH Nepenadd, B
OIHOCTOPOHHEM ITIPEKPAICHNH Nepeiadn (/1S JBYHAIPaBICHHBIX KaHAJIOB), B BOSHUKHOBCHNH CITyYaifHBIX OIIHOOK
npu nepenade (nomex). Takum oOpa3om, mpoOieMbl HaJCKHOCTH M OE30MaCHOCTH BO MHOTOM DOJICTBEHHBL. OHHU
CBSI3aHBI C BMEIIATEJIHCTBOM B (DYHKIIMOHMPOBAaHHME CHCTEMBI. Paznuyue 3akiroyaercst B TOM, YTO HEHA/IE)KHOCTb
ompejensiercss (pU3MIECKUMH, NPUPOTHBIMU (aKTOpaMH M HE CBsi3aHa C YbUMH-TO LeisiMu. HeOe3omacHocTh
OIpeJessieTcs, B OCHOBHOM, '"delloBedecKHMM (hakTopoM" - HAIMYMEM 3J0YMBIIUICHHUKOB H/MIM OECIEeYHBbIX
CcOTpynHUKOB[3].

CpaBHHB /1BE€ CHUCTEMBI, Sy U Sg,, MIPEHA3HAUCHHBIC JUIS PELISHHsI OJHUX M TeX JK€ 3ahad AJsl OJHOTO M TOTO
e MHOKeCTBa 00BEKTOB. OOBEKTHI NMPEACTAaBISIOT COOOH 3JIEMEHTHI CHCTEMBI, PACIHOJIOKEHHBIC B Pa3INYHBIX
Toukax mpoctpaHcTBa. Ha pucl mpuc. 23TH 0OBEKTH IIOKa3aHbl OAWHAKOBO PAaCMOJIOKEHHBIMH TOYKaMH.
dopmanbHO, 00€ CHUCTEMBI SIBISIOTCS paclpeAeiIeHHBIMH, HO, MOCKOJBKY, B CHCTeMe Ha puc. 1 Bca oOpaboTka
nH(pOopMannK MPOUCXOIUT B OZHOM MECTE, TO ITY CUCTEMY OyJeM CUMTATh COCPETOTOUYCHHOH.

N2

Server -——®
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Puc. 1 - CocpenoroueHHnas cucrema
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Puc. 2 -
PacrnipesieneHnas cucrema

B pacnpeneneHHOi cuUCTeME KOJIMYECTBO 3JIEMEHTOB OOJibllle, YeEM B COCPEIOTOUEHHOW: Sy BKIFOUAeT
TOTIONHUTENBHBIE CEPBEPHI SEIV,, Servy, Serv; 1 A0MOoNTHUTENbHBIE JIEMEHTH (IMHNH cBs3n) L. Konnuecto nuamit
cBsi3u |; 0OOBEKTOB C cepBepaMu B COCPEMOTOUCHHOMN M paclpeIeICHHON CHCTeMaX OJHHAKOBO — OHO OTPEIENeTCs
KOJIMYEeCTBOM 00BeKkTOB. JIMHMM CBA3M C OOBEKTaMH B COCPEIOTOUYEHHOI CHCTeMe HMEIOT OOJbIIyI0, YeM B
pacmpeieieHHO cucTteMe, IIHHY. DTO, HECOMHEHHO, OTpUIATEeNbHBIH (hakTop. OOBIYHO C yBETUYEHHEM JJINHBI
JUHAN YBEJIUYHBACTCS KOJIMYECTBO TOMEX, YBEIHMUUBACTCS CTOMMOCTD ITEpead, yYBEIHUUBAIOTCS BO3MOXKHOCTH
3IOYMBIIIJICHHUKOB 110 CheMY HH()OPMAITIH WIIH TI0 €€ NCKaKESHHIO.

B pacnpenesneHHon CUCTEME, TaKou Kak Ha puc. 2, nMeercs YeThIpe
cepBepa: Serv, Serv,, Servy, Serv.. Berxog u3 cTpost cepBepa Serv He Mmemaer cepepam Serv,, Servy, Serv, pematsb
JIOKaJbHBIE 3a/1a4d 110 00paboTke WH(POPMAMK B OTACIBHBIX MTOIPA3ICIICHUSIX OPTaHU3AIIH TP YCIOBHH, YTO IS
pacyeToB He Hy)KHa OlepaTHBHas MHQOpMAIMs U3 IPYTrUX MOApa3JielieHni WM ¢ TJIaBHOTO cepBepa. Bbixon u3
CTpOsi  cepBepa Serv, ckasplBacTCss  TOJIBKO Ha  pabore mojapasjaesieHus "a" Tpu  yCIOBHH, YTO  JUIs
(GYHKIMOHMPOBAaHUS  JIPYyrMX  CepBEpOB  HE  Hy)KHa  omepaTuBHas  uHopMauus M3 JIPYroro
nojpaszeneHus. CepBep BEpXHEro YpOBHS SErV mepectaeT mnoiydarb MHGOPMAIMIO OT cepBepa Serv,, Mmo3Tomy
gacTh (PYHKIMHA paclpenereHHOW CHCTeMBI MepecTaroT paboTarb. B psme ciydaeB TOBONBHO JIETKO CO37aTh
MIPOrpaMMBbI pe3epBHOM 00pabOTKM Ha (QYHKIMOHHMPYIOIIUX CEpPBEPax IPU BBIXOAE U3 CTPOSI OJHOTO M3 CEPBEPOB,
TIepeHANPaBIISAS MTOTOKH HHPOPMAIIHH.

[Ipu mpOEKTHPOBAHUU CUCTEMBI BCET/Ia IPUXOAUTCS HCKATh KOMIIPOMHUCC MEXKITY Pa3INYHBIMH (DaKTOpaMH,
C MaTeMaTHYeCKON TOYKH 3PEHHUS — peliaTh ONTUMH3ALMOHHYIO 3aauy. Ee cymecTBo B TOM, 4TO, BOOOIIE rOBOPS,
MOXHO o0ecneynTh 00yI0 TpeOyeMyro Ha/Ie)KHOCTh CUCTEMBI, HO YBEIMYEHHE Ha/IC)KHOCTH COIPOBOXKIAECTCS
YBEIMYEHHEM €€ CTOMMOCTH. [Ipmuem, yBeTHMUMBAeTCS KaK CTOMMOCTH IPOCKTHPOBAHMS W Ppean3alliy, TaK
1 CTOMMOCTB HKCIUTyaTaIlHH.

Pexomennanuu X.800 onpenenstoT GyHKIIUN 0€30MACHOCTH, XapaKTEpHbIE IS paclpe/IelICHHBIX CUCTEM,
YPOBHH 3TaJOHHOH ceMuypoBHeBol Moxenu OSI, Ha KOTOPEIX MOTYT OBITH peanTn30BaHbl (YYHKIMH 0€3011acHOCTH,
HCTIONBb3yeMble MEXaHHW3MBI O€30MacHOCTH, a TakXe aIMHHUCTPHpPOBAaHHE cpencTB Oe3zomacHocTH[4]. DyHKIMM
0€3011aCHOCTH BKITIOUAIOT:


https://www.intuit.ru/studies/courses/1146/238/lecture/6144?page=1#image.3.2

e  ayTeHTH(]UKAIHIO;

e  yIpaBJIEHHE AOCTYIIOM;

®  KOH(HUACHINAIHHOCTH JaHHBIX;
®  [IEJIOCTHOCTH JAHHBIX;

®  HEOTKa3yeMOCTb.

Jns peanusanmy  QyHKIMH 0€30IIaCHOCTH MOTYT HCIHONB30BAThCS CIEAYIOIINE MEXAaHU3MBl M HX
komOuHarmu. lludpoBanne noapaszensercs Ha CUMMETPHYHOE (C CEKPETHBIM KIIIOYOM, KOTJia 3HaHWE KIro4ya
mrpoBaHus BIEYET 3HAHUE KIIF0Ya paclin(ppoBKH) M aCHMMETPUYHOE (C OTKPBITHIM KIIIOYOM, KOT/Ia 3HaHHE KIII04a
muppoBaHUs HE MO3BOJISIET Y3HATh KoY pacmmgpoBku). Paznmnuaror Tarke oOpariMoe M HeoOpaTuMoe
mudposanue. [locaeqHee MOXXET HCIONB30BATHCS UL BBIYHMCICHHS KPUNTOTPApUUECKUX KOHTPOJBHBIX CYMM.
MexaHu3M 3JEKTPOHHOW MOANMCH BKJIIOYaeT B ceOsl JIBE MPOLEIYphl: a) BBIPAOOTKY MoamucH; 0) MPOBEPKY
MIOJNIMCAaHHON Mopuuy AaHHbIX. [Ipomeaypa BEIpaOOTKH MOANHCH HWCHONB3YEeT MH(GOPMAIHIO, N3BECTHYIO TOJBKO
JIMIly, TOANHUCHIBAIONIEMY MOPHMIO JaHHBIX. [Ipomeaypa mpoBEpKH MOAMKCH SIBISETCS OOLICHOCTYITHOH, OHAa HE
JOJDKHA TO3BOJISITh HANTH CEKPETHBIN KII0Y mojnucsBatomero[S]. IIpu ynpaBieHHH JOCTYIOM JOCTYHOM MOTYT
HCTIONB30BATHCS CIETYIOIINE BUIBI U ICTOYHUKH HHPOPMAIIHH:

e ba3pl maHHBIX ympaBieHHs IOcTynoM. B Takoil 6ase, momnepkxnBacMod LEHTPAIM30BaHHO WM Ha
OKOHCYHBIX CUCTEMAaX, MOTYT XpaHUTHCA CIIUCKU YIPABJIICHUSA JOCTYIIOM WM CTPYKTYPbI aHAJIOTUIHOI'O
Ha3Ha4YCHU.

e [laponu unu uHas ayreHTH(UKAINOHHAs HH)OPMALIHSL.

° TOKCHLI, 6I/IJ'ICTI)I WU WHBIC YIOCTOBEPCHUA, MPECABABICHUEC KOTOPBLIX CBUACTCIBCTBYECT O HaJIUYHU
IpaB AOCTYyIA.

e  Mertku 6€30MaCHOCTH, ACCOIIUMPOBAHHBIEC C CYOBEKTaMH M 00BEKTaMH OCTYIIA.

e  Bpewms 3ampammBaeMoro gocTyma.

e  MapupyT 3anpanmrBaeMoro J0CTyIa.

e  JInWUTENBHOCTH 3alpaninBacMoro JOCTYIIA.

Paznugator 1Ba acmekTa MeXaHHM3Ma KOHTPONSA IEJOCTHOCTH JIaHHBIX: LEJIOCTHOCTH OTAEIBHOTO
cooOIIeHNsT WK ToMA WHPOPMAIWU M LEIOCTHOCTH IOTOKAa cooOmeHnid mim mnonedl mapopmarmn. Ilponemypa
KOHTpOJISI LEJOCTHOCTH OTHIEJILHOTO cooOuieHus (moiisi) Oa3upyeTcs Ha HCMOJIb30BAaHMU KOHTPOJBHBIX CYMM.
JlaHHBI MEXaHU3M He 3alUIIaeT OT JyOIMpOBaHMs coOOUIeHHH. J{JIsi NPOBEPKH LIENOCTHOCTH MOTOKA COOOIICHHIA
(TO ecTh ANA 3AIMTH OT XMIEHUSA, EPEYNOPSA0UNBaHUS, TyOINPOBAaHUS U BCTABKU COOOIIEHUI) UCTIONB3YIOTCS
MOPSIIKOBbIE HOMEpa, BPEMEHHBIE IITaMIIbl, KpUNTOrpaduueckoe CBs3bIBaHME (KOTAa pe3yibrar Hu(poBaHUS
0YepeTHOTr0 COOOIIEHHUS 3aBIUCUT OT IPEABIAYILET0) WM HHBIE aHaJoru4YHbIe pueMsbl. [Ipu oOmeHun B pexxume 0e3
YCTAQHOBJICHHSI COEAMHEHUSI HCIIOJIb30BAHHE BPEMEHHBIX IITAMIIOB MOET OOECIeYHTh OrpaHHYEHHYIO (OpMy
3aIIMTHI OT AyOIMPOBaHUS COOOLIEHHH.

MexaHu3M ayTeHTH(HUKAIUU MOKET JOCTUTAThCS 3a CUET MCIIONb30BAHMS Maposei, TMYHBIX KapTOUeK MM MHBIX
YCTPOMCTB aHAIOTMYHOTO HA3HAUEHMS, KPUNTOTpaUUecKHX METOJOB, YCTPOHCTB W3MEpEeHHS U aHaiu3a
OMOMETPHYECKIX XapaKTePUCTHK[O].

Takum 00pa3oM, HM OJHa KOMIbIOTEpHAs CHCTeMa 3allUThl MH(OpMalLWK He SBJISETCS aOCOIIOTHO
Oe3omacHoil. OJHAKO aJeKBaTHBIE Mepbl 3alUThl 3HAYMTENIBHO 3aTPYNHSIOT JOCTYN K CHCTEME U CHIDKAIOT
3(1)(1)GKTI/IBHOCTI) yCI/IHI/Iﬁ 3JIOYMBINIJICHHHWKA, OTHOIIECHUE CPEAHUX 3aTpaT Ha B3JIOM 3alllUThl CUCTEMBI U OKHUJIA€MbIX
Pe3yJIbTaTOB TaK, YTO HPOHUKHOBEHHE B CUCTEMY CTAHOBHUTCS HELIEIECOOOPa3HBIM.
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BOCCTAHOBJIEHUE OTCYTCTBYIOIIUX TEKCTYP, C [IOMOIIbIO
SEAM CARVER AJI'OPUTMA

Ypoxaii U.C.
[MI'YTH, kadenpa nporpaMMHOro o0ecieueHUs ¥ yIpaBIeHHs B TEXHUUYECKHX CUCTEMax

Yrto Takoe Seam Carving?

Seam Carving — 3To anropHTM H3MEHEHUs pa3MepOB W300pa)KeHHs, KOTOPBIA YUUTHIBACT COACPKUMOE
n3obpaxkennss (kak HaspiBaloT aBTtopel — Content-Aware Image Resizing Algorithm). Bmepsbie Obin
npoaeMoHcTpupoBaH B 2007 roay U BeI3Bal HEMaJbI HHTEPEC.

Oobmas cxema ajaropurma

Beck anropuT™ cOCTOHUT U3 TAKUX COCTABHBIX YacTeH:

IepBrplii 3Tan. Co3nanue Macku AJi1 U300pakeHUs, Ha KOTOPOH MOJIb30BaTelb OTMETUT, YTO OH XOYET
HETMPEMEHHO COXPAaHUTb, @ YTO yJAIUTh.

Bropoii stan. Haxoxknenue sHeprum kaxaoro nukcens. Cpady OroBoproCh, YTO IOJ dHEpruei Oyaem
MOHMMATh B)KHOCTH MUKCENS B M300paKEHUH, YeM OOJIbIle 3HaYeHUEe, TEM OH Ba)KHEE.

Tperuii >Tanm. HaxoxxneHue Takoil BEpTHUKAIBHOW ILENOYKH MHKCENeH, YTOOBI CymMMapHas SHEpTHs
IIUKCENel, KOTOpBIE BXOAAT B 3TY LENOYKY ObllIa MUHUMAJIbHOM.

Yerpeprolii 3Tan. Korga Mbel Halluld [ENIOYKY ¢ MHUHHUMAJIBHOW HEPTHEW, TO HAM OCTAETCSl €€ TOJIbKO
YIaIuTh, 4TOOBI yMEHBIIUTH H300paxkenue. [locie Toro, Mbl n pa3 MOBTOPHUM ITYHKTHI 3 — 4, 1 ylaluM OOBEKT.

Isreiii 3Tan. /lo6aBieHre n HOBBIX IIETIOYEK HA N300pakKeHHE BMECTO YAaICHHbIX.

bBosnee neranbHbIi pa30op 3TAloOB alropuT™Ma IPUBEJICH HUXKE.

Boruuciienne 3Heprun Touyek. i pemieHus 3TOW 3aJa4yd HCIOJIb3YyeM CICAYIOIIUN MPHUHIUI — OyaeM
CYMTATh U3MEHEHHE 1BETa, 110 CPABHEHHMIO C ero cocesiMu. Dopmyra OyJIeT BBITIISIETh CISIYIOMINM 00pa3oM:

(Rieft — Rright)z + (Grepe — Gright)z + (Biese — Bright)z
E= +
(Rup - Rdown)2 + (Gup - Galown)2 + (Bup - Bdown)2

Brirnaaut Heyno6Ho, HO Ha mpakTHKe epeMeHHble R, G u B cogepikat 3Hadenus neetoB (ot 0 1o 255), a
unnekcel: left, right, up, down — yka3bIBaloT Ha PAaCIOJIOKEHUE IHMKCENs, [IBETA KOTOPOTrO0 HCHOJB3YIOTCS s
pacuera. [Tocne pacyera kapTa SHEPTUU U300pakeHUsT OyIET UMETh CIIEIYIOINA BH/I;

Pucynok 1. Ha 3T0i kapTHHKE, 94eM TeMHee IBET Ha KapTe SHEPTHI — TeM OOJIbIIe YHePTHs.
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Haxo:xaeHue neno4ky ¢ MUHUMAJIBHOM CyMMapHO# dHeprueit

Ilocne TOro Kaxk HaIUIM 3HEPTHI0 Ka)XKJOTO INHKCENs, HAM HYXHO BBIOpPAaTh T€ MHKCENH, y KOTOPBIX
3HAQUEHWE SHEPrHMHM MHUHUManbHoe. Ho eciam HawaTe ynamsaTe W m00aBiIATH NPOHM3BOJBHBIE THKCEIH, TO CaMo
n3obpaxxeHne neGopMUpyeTcsl 10 HEy3HaBaeMOCTH. Takod BapHaHT Hac He ycTpamsaeT. IlosTomy, amnst Hauana,
HY>KHO BBIOpaTh IEMOYKY ITUKCENeH, KOTOPYIO, B CBOIO OUYepedb, MOKHO 0e3 mpoOieM yaaluTe Wid JOOaBHTH
TaKylo ke, 4To Obl pacTaHyTh H300pakeHne. Ho memouka mommkHa OBITH «IIpaBWIBHOI». B deMm 3akirogaercs
npaBwiIbHOCTE? «[IpaBuibHas» NEnoYka MM IIOB — 53TO HA0Op TOYEK, Ja TaKOH, 4TO B KaXJOH CTpOKe
n300pakeHus, BEIOpaH POBHO OMH ITUKCEJb, @ MUKCEIN B COCEAHUX CTPOKAX «COCIMHEHBI» MIIM CTOPOHAMH, WU
yTJIaMH.

Pucynoxk 2. IlpuMep «IpaBHIIBHBIX» LIETIOUEK.

Pucynox 3. [Ipumep «HempaBUIBHBIX)» LIEOYEK.

KaK BBITJIAOUT HpaBI/IJ'ILHaﬂ IOCrIo4Ka, Mbl BBISICHHIIN. HO KakK HaI;‘ITI/I €€ Ha H306pa>KeHI/II/I? BapI/IaHT,
KOTOpBIﬁ HUCIIOJIB30BAJl s, 3aKII0YacTCA B UCIIOJIb30BAHHUH JUHAMHWYCCKOI'O HporpaMMI/IpOBaHI/Iﬂ. YFHy6HﬂTBCﬂ B TO,
YTO TaKO€ AJUHAMHYECKOEC HporpaMMI/IpOBaHI/Ie HEC 6y,[[y OHI/H.Hy, KakK 3TO 6y,I[CT BBITJIAACTH KOHerTHO B HalIEM
cmydqae. CHadajia MbI CO3/IaJIMM HOBBIM MacCHB, KOTOPBIN IO pasMepy pPaBeH MACCHBY C SHEPrHAMH THKcesei. B
9TOT MACCUB MbI JId KAXXIOI'O IMHUKCEII 3alluIIEeM CyMMy 3JICMCHTOB MHHHMaﬂBHOﬁ TCIIOYKH HHKCeHeﬁ, KOTOpaH
HAYMHAETCS Y BEPXHETO Kpasi H300paKeHNs U 3aKaHYMBAETCS HA JAHHOM IHKCEIE.

Ecnu hopManuzoBath BEIYHCIEHUE 3TOIO MACCHBA, TO MOJTYYHM CIIEAYIONLYIO POPMyITY:

C eli,jl,ectni=0
sli.jl = {e[i,j] +Min(s[i—1,j —1],s[i = 1,j],s[i = 1,j + 1]),ecau i # 0
,I'’JI€ S — HaIll MaCcCUB CyMM, a € — MaccCuB 3Heerﬁ.

Teneppb, M0 3TOMYy MacCHBY MbI MOXEM OBICTPO HAaWTH LENOYKY C MHUHHMAJIBHONH CYMMOW 3HEprHi.
CHauana MBI HaliieM, KakOW IMUKCENIb U3 HIDKHEH CTPOYKH M300pa)XKCHUS MPUHAAJICKUT ATOHM IENoUKe: JIEMEHT,
YTO MBI HIIEM, OyAeT MMeTh HauMeHblIee 3HAUYCHHE CPea 3JIEMEHTOB HIXKHEH cTpoukd. [loTomy 4TO B JaHHOM
MAaCCUBE 3aIlMCAHbl 3HAYEHUS CYMM 3JIEMEHTOB MHHMMAJBHBIX LIENIOYEK OT BEPXHErO Kpas A0 IaHHOIO ITUKCEIS.
[lenouku, KOTOpbIE HAC UHTEPECYIOT, 3aKAHUMBAIOTCS HA MIMKCeJIe U3 TocieHero paaa. CooTBETCTBEHHO Ul BCETO
pUCYHKa MHHUMaJbHas [ENoYKa OyneT BbIOpaHa Kak MHUHMMalbHAs M3 BCEX MHUHHMMAIbHBIX IIENOYEK, KOTOPHIE
3aKaHYMBAIOTCS HA MUKCENSAX U3 HIDKHEH CTpouku. M3 HMKHEro mukcess Mbl MOKEM IMOMTH TOJIBKO B 3 coceqHHE
IIUKCENM Ha CTPOUKY BBIIIE: CIIEBA-CBEPXY, CBEPXY MJIM crpaBa-cBepXy. Cpenu 3THX NHKceNneil BHIONpaeM IHUKCE C
MUHHMAaJbHBIM 3HAQYEHHEM B MAacCHBE CyMM, U HepexoiuM K Hemy. [IpomomxkaeM, moka He NOHAEM N0 BEpXHEH
CTPOYKH.

SHeprum CYMMbI
503 5(5]3
304 s |67
610 10{12 6 |

11951410 11 ({11 (10( 6

Pucynok 4. IIponiecc HaX0XA€HUSI MUHUMAIBHOMN LIETIOUKH TUKCENEH.
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Pucynox 5. IIpuMep uaeanbHOM LENOYKU HAa PUCYHKE.

Ho u3 Toro 4ro ObUIO CKa3aHO paHee MOXKHO C/ENaTh BBIBOJ YTO HCKAaTh M YAQIATH OY/AEM TOJBKO
BEpTHUKaJIbHBIE LIEMOYKU. BepHeMmcst k MoandukanusM, o KOTopeix s roBopui. [lepBoii Monudukanmeit Ob10 TO,
YTO MBI UCTIONB3YeM alTOPUTM I yAaJeHus o0BeKToB. Bropoit Mogudukanueit Oymer 1o, 4TO anroput™M Oyzaer
BBIOMpATh KaKyl0 LEMOYKY YAAJIUTh, BEPTHKAIBHYIO WM FOPU30HTAIbHYI0. TO €CTh MOCTPOCHUE HEPreTHISCKON
KapThl, W BBYHCJICHHE LEMOYKH OyneT HpOMCXOmuTh aBaxabsl. CriepBa HalieM BEPTHKAIBHYIO LEMOYKY C
HaMMEHBIIICH SHEPTHEH, a 3aTeM TOPH30HTANbHYI0. M300pakeHHs penko WMEOT (GopMy KBaapaTa, M y Ooiee
KOPOTKOH LIETIOUKH OyneT MeHbIuas Heprus. UToObI 3TO He Melajo B CpaBHEHHH, Mbl HOPMHPYEM [BE LICTIOYKH,
MOJICTIMB MX Ha BBICOTY M LIMPHHY M300pa)KCHUSI COOTBETCTBEHHO. 3aTeM M3 JABYX 4HCeN BblOepeM MeHbluee. U
OyzneM paboTaTh C IEMOYKON KOTOPOH MPHHAJICKUT MEHBIIIEE YHCIIO.

YMeHblIeHHEe PUCYHKOB

YMeHbIIeHHe PUCYHKOB. MBI, HaKOHEI-TO, HAIUIM LENOYKYy IHKCENIeH, ¢ KOTOphIMU OyaeM paboTaTh.
BeprukanbHyro Wi ropu3oHTanbHyto. Teneps Hy)KHO ee ynanuth. Ecian Ham Hago yMEHbUINTh IUPUHY KapTHHKH
Ha OJWH ITMKCENb, TO TYT BCE MPOCTO: HAXOAUM BEPTHUKAIBHYIO IENOYKY, KaK 3TO ONUCHIBACTCS BBIIIE, U MPOCTO
yranseM ee u3 nzobpaxeHue. Eciii HaM HaO0 yMEHBLINTH H300pakeHHe He Ha | MuKceln, a Ha GoJiblliee 3HAYCHHE,
TO BBINIOJTHSIEM OMEPALHIO yOaJeHHs LETOYKH CTOJIBKO pa3, CKOJIBKO Halo (KKABIH pa3 MpH 5TOM HaM Hajxo OyxaeTr
9TY IETIOYKY UCKATB).

Xody 0oOpaTHTh BHHMaHHE, YTO ONEpAlMs YMCHBIICHUS H300paXeHHs Ha N MHKCEJed M orepanus
yMEHbBILICHUS U300pakeHHst Ha 1 MUKCeN n pa3 He SBIISIOTCS AKBUBAICHTHBIMU. VX OTJIMYME B TOM, YTO €CIIU MBI
yMeHbIIaeM Ha | MUKcel n pa3, TO MbI JUIsl KQKI0H U3 MPOMEXYTOUHBIX N300paKEHUH UIIEM SHEPTHIO MUKCeNel, a
€CIIM Cpa3y YMEHBIIIaeM Ha N, TO SHEPTUH MUKCEIeH Mbl OepeM U3 HCXOJHOTO N300paKEHHSI.

YBennuenne pucyHKoB

YMeHbIIaTh U300pakeHnsl Ha MPaKTHKE MPOLIe, YeM yBeNnn4uBaTh ero. Toraa, BOIpoc B YeM CIIOKHOCTh
yBeJMueHUs u300paxenusi? OHa B TOM, 4TO BHayajle AyMaellb — 3TO TOYHO TaK K€, KaK M NPU YMEHBLICHHH,
BBIOMPATH LICTIOYKH U UX «PacTATUBaTh». Pe3ynprar OyaeT ClenyomuM:

PucyHok 5. Pe3ynbraT «HETIPaBHILHOT0)» YBEITHMUSHIS H300paskeHHS.

UYroObl Takoe HE MPOU3OINUIO HYXKHO OpaTh HE OJTHY MUHHUMAJBHYIO IEMOYKY, a CTOJIEKO, CKOJIBKO HAJO,
9TOOBI JOMOJHHUTH PUCYHOK IO BBICOTE U ImpuHe. Ho nenmate OymeM 3To mostanmHo. Tak, 4ToObI Ha KaXKJOM 3Tare
OXBaTHIBAIOCh KaK MOXXHO OOIBIIE «HE BAaXKHBIX» 4YacTell H300paKeHHs, M KaK MOXXHO MECHBIIC BaXKHBIX.
VYBennyeHue pa3OUTO Ha 3TAIBl TAKUM 00pa3oM, YTOOBI Ha KaXKJJOM U3 HUX H300pakeHUE YBEIHYUBAIIOCH HE Ooee
geM Ha 50%.

3akioueHune

[IpeanoxKeHHbI aJropuT™M, B CBS3M C TeM, 4To paboTaeT B JBYX HAIpaBlICHHsX, Ooyiee aKKypaTHO
MOJIXOJIUT K TPOLECCY yaalieHns] 00BEKTOB ¢ n3o0paxkeHusi. Ho BMecTe ¢ TeM He CTOUT yIycKaTh U3 BUAY TOT (aKT,
YTO W BpeMsi HEOOXOIMMOE Ha BBIMOJHEHHUS AJITOPHUTMAa BBIPOCIO COM3MEPHUMO MPOJCIaHHON pabore. M3 wero
MOJKHO CJIeJIaTh BBIBOJ, YTO JaHHAs MOAU(DHUKAIMS aJfOPUTMa UMEET MECTO OBITh B TEX CIIydasxX, KOIrZa MOYKHO
MTO’KEPTBOBATH BPEMEHEM B yYroJly TOBEIICHHOTO KAY4eCTBa.
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(CIELIUAJILHOCTD 05.14.00)

CEKIIHSI Ne6.
TOPHASI M CTPOUTEJBHASI TEXHUKA Y TEXHOJIOTUHA
(CIIELIHAJIBHOCTH 05.05.00)

PE3YJIbTATBI UICCJIEJIOBAHUS TEPMOCTOMKHMX LIEMEHTOB ITPU X [IPUMEHEHUU
JJIA KPEIUIEHMA CKBAXKWH HA BBICOKOBA3KYIO HEDOTh

KuexbaeB A A.
acriupanT 2-ro rosa ooyuennss KOV (Kazanckuit @enepansusiii (IIpuBomkckuii) YHUBEpCUTET)

Lenp paOoOTH: TMOBBIIICHHE TEPMOCTOHKOCTH IUIACTA ITyTEM COBEPIICHCTBOBAHUS TEXHOJOTHH
CTPOMTENBCTBA CKBAXKUH MPH TEIUIOBOM OCBOCHUU OUTYMHBIX MECTOPOKICHHH.
OCHOBHBIE 33/1a9H UCCIICTOBAHHUS:
1. Bribop Hambosee palMOHATBLHOTO TEPMOCTOMKOTO IIEMEHTa HAa OCHOBE aHaim3a COBPEMEHHBIX METOJIOB
CTPOUTEIBCTBA U OCBOCHUA CKBAXMH Ha 6I/ITyMHBIX MECTOPOKIACHUAX.
2. JJabopaTopHble UCCIIEAOBAHMS 110 ONPEICIICHUIO IIPOYHOCTH CBOMCTB TEPMOCTONKUX 1IEMEHTOB.
3. Beibop penenTtypsl IIEMEHTHOTO pacTBOpPA ISl KPEIUIEHHUS CKBaKUH B OMTYMHHO3HBIX ITOPOaX.
MeTO}lHKa I/ICCIICJIOBaHI/Iﬁ BKJIFOHAE€T B CC65[ KOMIIIEKC TCOPETHYCCKUX M ISKCICPUMEHTAJIbHBIX I/ICCHeJlOBaHPIﬁ C
HCTOJIb30BaHUEM KaK CTAHIAPTHBIX, TAK M CICIHAAIEHO CO3TaHHBIX METOIHK.
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http://portal.acm.org/citation.cfm?id=1276390
http://www.cns.nyu.edu/pub/eero/wang03-reprint.pdf
http://www.cns.nyu.edu/pub/eero/wang03-reprint.pdf
https://ru.wikipedia.org/w/index.php?title=IEEE_Transactions_on_Image_Processing&action=edit&redlink=1
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http://vmcl.xjtu.edu.cn/Real-Time%20Content-Aware%20Image%20Resizing.files/real_time_content_aware_image_resizing.pdf
https://web.archive.org/web/20110707030836/http:/vmcl.xjtu.edu.cn/Real-Time%20Content-Aware%20Image%20Resizing.files/real_time_content_aware_image_resizing.pdf
https://en.wikipedia.org/wiki/Wayback_Machine
http://imageresizing.net/plugins/seamcarving
http://people.csail.mit.edu/mrub/papers/retBenchmark.pdf
http://people.csail.mit.edu/mrub/retargetme/

IIpaxkTyeckas LEHHOCTb BO3MOXKHOCTB HCIONB30BaHUS PE3yNbTaTOB HCCIEIOBAHUN IPU COBEPLICHCTBOBAHHUU
TEXHOJIOTUH CTPOUTENBCTBA CKBAXKUH 11 OCBOCHUS OUTYMHBIX MECTOPOKIACHHH.

AHanu3 TEXHOJIOTHH CTPOMTENBCTBA CKBaXWMH i JoObau I1b ¢ mcmonb3oBaHMEM TEPMUYECKOTO
BO3/IEICTBUSI HA MPOIYKTUBHBIC ITACTHl  [OKA3aJI:

- Kpemb CKB@KHUHBIL, NpEIHA3HAUCHHAs ISl TEPMHUYECKOTO BO3ACHCTBUS HA NPOAYKTHBHBIC IIIACTHI,
n3y4eHa HEJOCTATOYHO IOJIHO M OTCIOZIa MHOT000pa3ue, MPeAIaraéMblX B Pa3INIHBIX HCTOYHUKAX TEXHHYECKUX H
TEXHOJIOTUYECKUX PELICHUH 0 MOBBIIIEHUIO HaIeXKHOCTU KPEenu;

- OypeHHe CKBaXMH C TOPH3OHTAIBHBIM OKOHYaHHMEM CTBOJIA Ha MEJIKO3QJICTAIOIIUX MECTOPOXKICHUSIX,
IIpeAyCMaTPUBAIOIINX JOOBIYY C TEPMUYECKUM BO3/ICHICTBUEM Ha POYKTHBHBIN IJIACT, SIBJISE€TCS HOBOBBEICHUEM
U BO3HHMKAaeT psi/i BOIPOCOB, TPEOYIOMIMX CHENUAIBHOTO M3YYEHHS W HAaXOXKICHUS HaJeKHBIX MPAKTHYECKUX
PpeLICHNUI;

- HEOOXOAWMO JOTOJHHUTEIbHOE H3YdYCHHE MPOYHOCTH M TEPMETHYHOCTH KPENHU IapOHArHETATEIbHBIX
CKB@)XWH, a TaK)KE CO3MaHHE HOBBIX TEXHWYECKHX M TEXHOJOTHYECKHX PEUICHUH MO CTPOUTENBCTBY CKBAXHH C
TOPU30HTAJIBHBIM OKOHYAHUEM CTBOJIA HA MEITKO3AJIETAIOIINX MECTOPOXKICHUSIX.

He manoBakHy!0 poiib BBIABHTAIOT TPEOOBaHMS K TaMIOHAXHOMY PacTBOPY M KaMHIO: TaMIIOHAXHBIHA
pacTBOp JODKEH WHTCHCHBHO TBEPAETh B YCIOBHSAX HHM3KHX IOJOXHTEIbHBIX Temmeparyp (+8°C), a
00pasyroumicst IpH 3TOM IIEMEHTHBII KaMeHb — 0o0ecIieunBaTh HaJEKHOE pa3o0IIeHUE IIACTOB U BBILACPIKHBATH
OoJbILIE 3HAKOIIEPEMEHHBIE HArpy3KH, OOYCJIOBICHHBIE TEIUIOBBIM PACIIMPEHHEM OO0CalHBIX TPYO NpH Harpese
napom so +200-250°C.

IleMeHTHBIN KaMeHb CHIDKACT CBOIO IMPOYHOCTH C POCTOM TEMIIepaTyphl, OCOOCHHO €CIIH B TEPMOCTOHKYIO
LIEMEHTHYIO CMECh MONagaloT INIMHUCTBIE YacTUIBl WM IMOBBHIIIEHO BOJOCOJEpkaHUe B cMecd. OAHAaKoO cama Mo
ceOe BBICOKas TEMIIEpaTypa HE TaK ONAcHa AJISl KPelH NMapOHarHeTaTeIbHON CKBa)KMHBI, KaK Mepernaj TeMIIepaTyphl
B PaJiMaIbHOM U OCEBOM HaIlpaBICHUSIX.

[osBieHNE TPEIIMH B IEMEHTHOM KaMHE HapylIaeT H30JIIHIO B 3aTPyOHOM IIPOCTPAHCTBE, YTO IPUBOANUT
K TEIUIONOTEPAM IIPH 3aKadke Mapa B IutacT. [ IeMEHTHPOBAHMS ITapOHATHETATEIbHBIX CKBAXKHH IPHMEHSIOTCS
BBICOKOIIPOYHBIE TEPMOCTOIKHE cocTaBbl. OHAKO 3TH COCTAaBHI HE 3(EKTUBHBI, €CIIM CKOPOCTh Habopa mepenaga
TemmepaTyp He orpaHuueH. [loaToMy mporpeB CKBaKHMHBI JOJDKEH BECTHCh IIOCTENCHHO, C YBEIHYCHHEM
TemrepaTypsl napa Ha 5°C 3a onuH uac. [IpodyHOCTH Kpemu HmapoHarHeTaTelbHOW CKBa)KHWHBI INIABHBIM 00pa3oM
3aBHCHUT OT KayecTBa [IEMEHTHPOBAHUS.

[IpaxkTrKa KperieHHe CKBaKMH C BBICOKMMH TeMIIEpaTypaMH NOKa3bIBaeT, UTO B pe3yibTaTe KoJIeOaHus
TEMIIEpaTyp B CKBa)KMHaX, OOCa)KEHHBIX KOJIOHHAMH, IOCJEJHHE B 3HAUUTEIBHOW CTeneHHu Ie(opMHUPYIOTCH,
YBEJIMUYMBAACH WIM YMEHbIIAsCh B JJIMHE, YTO 3aMEYEHO Ha MHOTMX CKBaXMHAaX. OTMEUYEHO TakkKe, YTO B
pe3ynbTaTe BO3HHUKAIOUIMX HANPSDKEHWH B KOJOHHAX BCIEJICTBHE pa3sHOCTH TEMIIEPATyp IPOHMCXOMWIN WX
paspylIeHus. YKa3aHHbIE OCJIOKHEHUWsS XapaKTepHbI IUIS CIIydaeB, KOTJa CKBa)XMHA HAXOAWTCA B OKHIAHWU
3aTBepjeBaHusl neMeHTHoro pactBopa (O3Ll), ocBoeHMs, W HaKOHeIl, SKCIUTyaTalllH, T.€. KOrja Hauboyiee pe3Ku
rpagueHTHl Temreparyp. PabGotel, mpoBenénneie KpacHomapckum ¢umuamom BHHWWuedTH, mNOKa3HIBAOT
3aBHCHUMOCTH JIOTIOTHUTEIBHBIX OCEBBIX TEPMHUYECKHX HAIPSKCHUH B KOJIOHHaX OOCAaTHBIX TPYO, BO3HHMKAIOLIMX
IIPU IKCIUTyaTalluy CKBAXXKHUH, OT BHICOTHI TOABEMA IEMEHTHOTO PAcTBOpA 3a KOJIOHHAMH.

CymiecTByIOIIMe METOABl OIICHKHM JAl0T BO3MOXHOCTH KAueCTBEHHO OLEHHUTh Pa3IHYHBIC BapHAHTHI
COCTOSIHUSL IIEMEHTHOTO KaMHS. AHAJIUTHYECKHH METOJ MpEAIojiaraeT HEKOTOPYIO HACATH3aLUI0 T'€OMETPHUU
COCTAaBHOM Kperu, TeIuIo(pHU3nIecKUX CBOWCTB 3JIEMEHTOB KPENH M HE YUUTHIBAET BO3MOKHBIC M3MEHEHHUS CBOMCTB
9JIEMEHTOB OT Harpesa.

Ha nauvansaom stane OIIP, 1o cTponTenbcTBa CKBaKMH HaMHU IMPOBEJCHBI J1a0OPATOPHBIC WCIIBITAHMS
TEPMOCTOMKHUX 1IEMEHTOB Ha MpPeAMET TEPMOCTOMKOCTH B MPOLIECCE HArpeBa Kpenu MpH 3aKauke TEIUIOHOCHUTENS B
IUIACT, @ TAKXKEe U3MEHEHHE repMETHYHOCTH 3aTPYOHOTO MPOCTPAHCTBA BO BPEMEHH 110 MEpe BO3/CHCTBUS Ha KPEIlb
TEPMOLMKIIMUECKOIN Harpy3Kku Juist yciouit Camapckoit 06macT.

HWccnenoBanus MpOBOAMIN C IPUMEHEHUEM JBYX BHIOB TePMOCTOHKMX meMeHTOB Ne 1 m Ne 2 (cm. tab. 1,
2, 3, 4) mo cruenyromei cxeme: CHauana Ui KaXIOW TaMIIOHA)KHOW CMECH OIBITHBIM ITyTEM TI0I0Mpanu
BOJIOCMECEBOE OTHOIIEHHE. 3aTeM PAacTBOPOM 33JaHHONH KOHCHCTCHIWH 3amoiHWIM (GopMbl pazmepom 20x20x100
MM (1o 12 ¢opM Ha OJHY CMECh) M B TCUEHHE JIBYX CYTOK XpaHWIN B BOASHON Oane mpu Temmnepatype 20-22°C u
aTMoc(epHOM JIaBJICHHH.

[locne 48 wyacoBoro XpaHeHHs TpeTb OOpa3LOB LEMEHTHOTO KaMHS HCIBITAIM Ha MEXaHHUYECKYIO
MIPOYHOCTh ¥ MPOHMIAEMOCTb, a MOJYYEHHbIE BEJIMYHMHBI IMPUHSUIA 3a UCXOJIHBIE IOKA3aTENU, MO KOTOPHIM BeNU
CpaBHEHHE OCTAJBHBIX 00pa3noB. Jpyryro Tperb 00pa3noB EMEHTHOTO KaMHsI U3BJICKIN U3 ()OPM M MOMECTHIIN B

14



aBTOKJIaB C BOJOH, rae oOpasiubl XpaHWIM B TeueHHe Mecsna npu temmeparype 250°C u nasnennu 25 Mlla.

OcraBrrasicst 4acTh 00pa3IoB HAXOAMIACh B BOASHON OaHe npu Temnepartype 20-22°C u atMochepHOM JTaBICHUH.
Tabnmma 1. Pe3ynpraTsl mpoBepky MPOYHOCTH 00pa3moB oberdeHHoro neMeHTa Ne 1 mocie BEIICPKKA B
ABTOKJIABE B TE€YEHHE 5 IIUKIIOB, B COOTBETCTBUU C COTJIACOBAHHOM U YTBEPKIECHHON METOIUKOM.

Ha u3ru6 Ha cixxatue
Ne o6pasma Harpyska, kH [Ipenen mnpouHoCTH, Harpysia, kH IIpenen nmpouyHoCTH,
’ MIla ’ MIla
1 0,232 35 6,691 13,4
2 0,236 3,5 7,284 14,6
3 0,240 3,6 7,729 14,6

Cpemumii penen npoyHocTr Ha u3rud 3,5 Mlla.

Cpennuii mpenen npoyHocTy Ha cxkatue 14,2 Mlla.
B/11 = 0,58; mtoTHOCTSH - 1440 Kr/M3

Tabmnuua 2. Pe3ynbraTsl MPOBEpKH IIPOYHOCTH 00pa3LoB 00JierdyeHHOro reMeHTa Ne 1, BbIiepKaHHbIX TIPH
KOMHATHOH TeMIlepaType B Bo3pacTe 48 4acoB

Ha n3rut Ha c:xxaTne
Ne o6pasma IIpenen npouHocTH, Ipenen
Harpyska, kH MITa Harpyska, kH npounocti, MiTa
1 i i 3,158 6,3
2,903 5,8
2,987 6,0
2 0,141 2,1 : :
2,830 5,7

Cpemamii penen npoyHocTr Ha u3ru6 2,1 MIla.

Cpennuii mpenen npoyHoctu Ha cxkatue 6,0 MIla.
B/I1 = 0,58; utoTHOCTS - 1440 KT/M3

Tabnuna 3 Pe3ynbTaThl IPOBEPKU MPOYHOCTH 00PA3IOB 00JIErYeHHOro reMeHTa Ne 2 1ociie BhIIEPKKU B aBTOKJIABEe

B TEUEHHUE 5 IIUKIIOB, B COOTBETCTBUU C COTJIACOBAHHOM U YTBEPKICHHOW METOUKOM.

Ha u3rué Ha cxxarue
Ne o6pasma Harpyska, kH Il;[/[pl)_i:en MIPOYHOCTH, Harpyska, kH Eﬁ:é[sgnﬂ, i
3,662 7,3
1 0,182 2,7 3.153 6.3
2 0,190 2,9 2,750 55
2,577 52
3 0,172 2,6 3929 59

Cpemumii ipeaen npoyHocTr Ha u3rud 2,7 Mlla.

Cpeanuii mpenen npouyHoctu Ha cxxatue 6,0 MIla
B/I1 = 0,83; motaocTs — 1400K1/M3

Tabnuna 4 Pe3ynpTaThl NMpOBEpKH NPOYHOCTH

KOMHATHOW TeMIlepaType B Bo3pacte 48 4acos.

o0pa3ioB obOyierueHHOro IemeHTa Ne 2,

Ha usru6 Ha cikarue

Ne 06pazua Harpyska, kH &Ii_‘;:eﬂ PO, s rpysKa, kH E;)Oef;g otu, MITa
1,926 3,9

1 0,098 15 2110 4,2
2,047 41

2 0,102 15 2.017 4,0

Cpenumii ipeaen npoyHocT Ha u3rud 1,5 MIla.

Cpeanuii mpenen npouyHocty Ha cxkatue 4,1 Mlla
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[Ipy HarHeTaHWHW TEIJIOHOCHTEJS B IIACT KPEIlb MapOHArHETaTElIbHBIX CKBAXXHH HCIIBITHIBACT OOJIBIIYIO
TETUIOBYIO Harpy3ky. LleMEHTHBII KaMEHb CHIDKAET CBOIO NPOYHOCTH C POCTOM TEMIIEpaTyphl, OCOOEHHO €CIH B
TEPMOCTOHKYIO HEMEHTHYIO CMECh IONAJAI0T TJIMHHCTBIC YaCTUIBI WM IOBBIIICHO BOJOCOJECP)KAaHHE B CMECH.
ITpouHOCTB Kpenu NapoHarHEeTaTeIbHON CKBAXKWHBI TJIABHBIM 00pa30M 3aBHCHUT OT KauyecTBA [IEMEHTHPOBAHMSI.
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HISTORY OF RAIL FREIGHT IN RUSSIA

Crpuxosa E.JL.
PYVT (MUUT), PD, r. Mocksa

Throughout civilization, people have always wondered how to drag or carry heavy, bulky, and indeed any
load that they were not able to carry. So was simple a vehicle as a sled, wagon, raft, boat. When human effort as a
traction force was not enough, people began to use animals: oxen, camels and, of course, horses.

Years passed, the processes of agriculture were improved, handicraft production was replaced by
manufactories and factories were built, but horse traction on transport remained and could hardly provide freight
transportation and delivery of people. The volume of cargo transported had increased significantly, and economic
relations had already developed not between individual cities and settlements, but between states and countries.

The first road developed into the artery, which had established regular routes. But it was not always possible
for the person to transfer cargo on these roads. Rains, loose soil, sand and other prerequisites prevented the
movement of the cart, carriage, chariot and the force applied to vehicles increased many times. Then, in the mid
16th century it was decided to put wooden sleepers (the prototype of the modern railway) under the wheels and
weight and volume on these roads increased significantly, although it resulted in the movement of these vehicles all
the same horse. But in view of the frequent gatherings with gauge the effectiveness of these roads was relatively
small.

Here is how the justification for the construction of Railways is given in the Memorandum submitted to
Emperor Nicholas | by the then progressive figures of the country: "In the harsh climates, railways present a
transportatin more constant, definitive, fast and, therefore, convenient than channels and highways... the speed of
communications will facilitate and multiply trade turnover and significant capital, now lying in vain during slow
traffic and wintering".
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The main types of cargo to be transported in Russia have always been and still are raw materials and fuel: grain,
flour, wood, coal, iron ore, and later — oil. That is, by the middle of the XIX century there were all the prerequisites
for the formation of large-scale raw cargo flows.

The first railway was the Tsarskoye Selo railway, which began to use steam-powered locomotives, but this is not
the case. The first Russian locomotive was put on the rails at Nizhny Tagil in August 1834, thanks to Efim and
Miron Cherepanov. Returning from a business trip from England, Miron Cherepanov brought a progressive idea of
building a steam locomotive for the "wheel". Having brought this to life, the first steam locomotive transported iron
ore, weighing 3.5 tons at a speed of 15.5 km/h on a cast-iron rail road, 800 meters long. The second Russian steam
locomotive of the Cherepanov brothers in 1835 was already able to carry 17 tons of load, which was a prerequisite
for increasing the length of the track to 3.5 kilometers, to the "copper mines”. It was the first freight transportation
in Russia using steam traction and had a huge potential for development.

Until the beginning of the XX century, Russia was able to build tens of thousands of kilometers of railways, so
in 1862 began the transportation of goods and passengers from Moscow to Nizhny Novgorod, and in 1865 rail
transportation from Moscow to Ryazan become regular. In 1887, cargo and passengers began to run on the Moscow
— Kazan railway and in the same year in February, the highest decree on the design, construction and development
of the "continuous railway across Siberia " was issued and in 1899 the Central Siberian railway was combined with
the West Siberian railway.

Today, rail transportation is the best way to deliver a variety of goods (from perishable food to large
construction equipment) around the world. The popularity of such transportation is due to the fact that, despite the
development of alternative options, rail transport is still the most economical, convenient and at the same time fast.
They are beyond competition if it is necessary to transport large technical structures and oversized cargo. Moreover,
modern construction equipment is often already initially designed taking into account the fact that its transportation
will take place by rail.

Cnucok HCTOYHHKOB M JIUTEPATYPBI

1. https://www.transgarant.com/img/content/10_years/book/History of cargo_rail_transportation_in_Russia
web.pdf
http://www.vera-1.ru/articles/istoriya-vozniknoveniya-i-razvitiya-zheleznodorozhnykh-perevozok/
https://kvadlogistic.ru/istoriya-razvitiya-gruzoperevozok-v-rossii

https://www.vvs-info.ru/helpful _information/poleznaya-informatsiya/gruzovye-zhd-perevozki/

C.H. Kucenes, A.A. Xoxios, I'.J[. Ky3smuna Uctopus texuuku. cTopus co31aHUs TEXHUYECKUX CPEICTB

e wnN

obecneueHus: 0€30IaCHOCTH JABWXCHUA .

CEKLIMST Ne9.
ADPO-KOCMHMYECKAS TEXHUKA Y TEXHOJIOTUHA
(CHELIUAJIBHOCTD 05.07.10)

PA3BUTUE IIOXKAPA HA BO3YIIHBIX CYJJAX FPA)K}IAHCKOfI ABUAIINN
I'punnues H.A., Kamaes /I.H., Kocrpukun B./1.
YUT'A, PO, r. YIbIHOBCK

[IyremecTBus Ha BO3AYNIHBIX CyJaX yXKe IJIOTHO BOILIM B HAIly KU3Hb. [IpOM3BOANUTENN H KOHCTPYKTOPBI
BKJIaJIIBAIOT OIPOMHBIE CPEJICTBAa M CHIIBI B pa3pabOTKy HOBBIX Oojiee Oe30macHBIX M KOM(OPTHBIX BO3JYHIHBIX
CyJIOB, U MOJIM(HKAIUIO YK€ CYHIECTBYIOIINX MOJIEIICH.

MHorwue 3KcrepThl U H3JaHUs OTMEYAIOT, 9YTO CaMOJIET SIBJISIETCS CaMbIM 0€30ITacCHBIM BHIIOM TPAHCIOPTA,
OJIHAKO JaHHOE 3asiBIIEHHE HE COBCEM BEpPHO, TaK KakK 3Ta 0E30MIaCHOCTH MOCTPOCHA Ha TOPHKOM OMBITE aBapHid U
OIPOMHOM 4YHMCJIE YEIOBEYECKUX JKEPTB. Tak Xke cIeayeT yuecTb, 4TO, 1aXe CEro/IHs UMEsI OTPOMHBIN TPAKTUUECKUM
1 TEOPETHUYECKUH OIBIT SKCIUTyaTalluy BO3TYIIHBIX CYJOB, JOCTYII K CAMBIM COBPEMEHHBIM TEXHOJIOTHSAM H HMOYTH
HEOTpaHWYEHHBIM (DMHAHCAM, aBapUUHOCTh Ha BO3JYITHOM TPAHCIIOPTE OCTAETCS CYIIECTBEHHOW Yrpo30M IS
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XKM3HU M 3JI0POBbSI TACCAXHUPOB. OTO OOYCJOBJIEHO TEHACHIMEH Iepexoia Ha BO3AYIUHbIE cyna OoJbIIOH
MacCaXUPOBMECTUMOCTH, Hampumep ¢uarmad apuanmuun CCCP 70-x romoB Min-62 mor mpuHsATh Ha 60pT 10 186
genoBek, Um-96 — no 435 maccaxupoB, a caMblii KpyMHBIA TMaccaxupckuii apuanaiinep Airbus A380 — mo 853
YeJI0BEK.

VBennueHne acca)XUPOBMECTHMOCTH BIIEHYET 3a COOOH yBeJIMUYECHUE pa3MepoB (ro3eiishka caMolieTa H ero
KOMIIOHEHTOB, KOTOPBIE ABJISIOTCS XPAHIIMILEM I TOIUIMBA, Macel U THAPOKUIKOCTEH, KOTOPBIE B CBOKO OYepelb
SIBJISIFOTCSL OTAaCHBIMU TOPIOYUMH JKUAKOCTSIMH. COIJIacHO CTAaTHCTHKE Y CaMOJIETOB C JUTMHOW (rozemspka mo 30
METPOB NpH aBapusax B 60% ciryuaeB BOZHUKAIM MOXKaphl, a ¢ AMUHOM cBbie 30 meTpoB B 85% cimydaes [3].

OCHOBHBIMHU TIPUYMHAMH I0KAPOONACHOCTH BO3IYILIHOTO CyJIHA SIBISIOTCS: OTKa3 OTJENbHBIX CHUCTEM M
arperatoB; MoTeps NPOYHOCTH BO3IYLIHOTO CyAHAa NPU ynape O 3eMIII0; BBIKAaThIBAHUE CaMoJjieTa 3a IpeJesibl
B3JIETHO-TIOCa04HOM TI0JIOCHI; HApYIIEHHE PerjliaMeHTa 3alpaBKy TOIIMBOM. Tak e Ha I0’KapOOIacHOCTh BIUSIOT
crienyromye (pakTophl: OOJBLION 3armac TOPIOYNX KHUAKOCTEH; TPUMEHEHHUE IUIACTHKA H CHHTETHYECKHX MaTepPHAIIOB
B OTHeJKe; OoJbIlas MacCaXMPOBMECTHMOCTB; OTPAaHHYEHHBIE pa3Mepbl (io3eishka M CICIOBATENBHO ITyTeH
9BaKyallid; HHU3Kas OTHECTOMKOCTH (r03eiska, OCHOBHBIC ITOYKAPOOIACHBIC 30HBI CaMOJIeTa IPEACTABICHBI Ha

pucyHke 1.

o
é /

OaTapen

Kucopoasbie
GaoHEIe
Cui1oBbIe
YCTAaHOBKH

Puc. 1 OcHOBHBIE ITO’KapOOIaCHbBIE 30HBI CAaMOJIETa

K 3omam TMOXKapOOIIaCHOCTHU OTHECTCs: BCIIOMOT'aTCIbHAA CUJIOBAss YCTAHOBKA; MACJISIHBIC 0aky CHJIOBBIX
YCTAaHOBOK; CUCTEMa KOHAWIIMOHUPOBAHUS; HpOTI/IBOO6HCZ[CHI/ITCHBHa${ CHUCTEMA; aKKYMYJIATOPHBIC 6aTapeM; Oaku c
TUAPOKUAKOCTBIO; KUCJIIOPOJAHBIC 6aJ'IaHI>I; CHUJIOBBIC YCTAHOBKHU.

B 3aBrcuMOCTH OT MecTa BO3HHKHOBEHUS B XapakTepa pas3jin4aroT CJICAYIOMNE BUIABI ITOXKAPOB [2]

. Pa3IUTOrO aBUATOILINBA,
. BHYTPH (h103€TsIKa;

. CUJIOBOM YCTaHOBKH,;

o OpraHOB MMPU3EMIICHUSA.

ABHATOIUIMBO SIBIISICTCS OCHOBHBIM HMCTOYHHKOM TOPIOYET0 Ha BO3AYIIHOM CYIHE, €r0 KOJIMYECTBO B
TOIUTMBHBIX OakaxX M3MepseTcs IeCATKaMH M COTHSIMH TBICSY JIUTPOB, KOTOPHIE PA3IMBAIOTCA HA COTHH M THICSUH
KBaJPaTHBIX METPOB BOKPYT BO3YIIHOIO CyIHA.

JaHHbIi BUJ mOXapa XapakTepu3yeTcsl BbICOKOHM Temmeparypoit (1250-1350° C), Gonbiioli CKOpOCTBIO
pacIpocTpaHeHusl, BO3MOXHOCTBIO B3PbIBa TOIUIMBHBIX 0AaKOB M3-3a WX Harpesa (IMpuMepHO depe3 60cekyH 1 nocie
Hadaia ropeHus)[2].

OcCHOBHasi ONAacCHOCTb — OJTO OBICTpOE TporopaHue (ro3eysHka, HE BO3MOMKHOCTH OIEPAaTHBHOTO
MIPOHUKHOBEHH B (DI03€IIDK M3-3a OOJBIIOHN MIIOIMIaH MmoKapa M BEICOKas TeMIepaTypa.
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[oxaps!l B cajloHe caMoJieTa M €ro Ipy30BBIX OTCEKax MpEeACTaBIsieT coOOOH Mokap B 3aMKHYTOM OOBEMe.
OCHOBHOE TOpIOYEE BEIIECTBO — 3TO JNIEMEHTHI OTACNKH casioHa. OCHOBHAs OMACHOCTH 3aKIIOYAECTCS B TOM, YTO
OTJIETIKa CaMOJIETa BBITIOJIHEHA U3 TTOJMMEPHBIX U CHHTETHYECKHX MaTE€PHalIOB, KOTOPHIE NP TOPEHHUN BBLACIAIOT
TOKCHYHBIC BEIIECTBA (CHHMIBbHAS KHCIOTAa, aMMHaK, AMOKCHA a30oTa U T.1.). JlaHHBIC BemlecTBa OKa3bIBAIOT
HeoOpaTMMOe BO3JEHCTBHE Ha IBIXAaTEIbHYIO CHCTEMY YENOBEKa. TaKk e CIeAyeT OTMETHTh, YTO TOpEHHE
MPOUCXOJUT B OTPAaHWYEHHOM OOBEME M CO BPEMEHEM IIEPEXOJUT B TICHHWE, TYIICHHWE CIEAYET NPOBOIHUTH
OCTOPOXKHO, TaK Kak P OTKPBITUM JIBEpEH IOCTYIUIEHHE KHCJIOPOAa BO30OHOBHT MOXAap M  CO3/acT
JIOMIOJTHUTENBHYIO YTPO3y JUIsl TACCAXKUPOB U criacaTeneil.

K mokapy B CHIJIOBBIX YCTaHOBKAaX OTHOCSTCS: IOKap B IBHrarelle, MOXKap B MAacisSHBIX CHCTEMax H
9JIEMEHTAX TOIUINBHOM CUCTEMBI.

B nauaneHON cTaauu moxap JOKajJeH U JIETKO KOHTPOJIMPYEM, OJHAKO B clydae NPOMEAJICHHS, U3-3a
BBICOKOl TeMIIepaTypbl B KaMepe CrOpaHKs W MOCTYIUICHUS TOIUTMBA, IUIaMsi OBICTPO HarpeBaeT TOIIIMBHBIC Oaku B
KpPBUIBSIX, B ClIydae pacHoJOKEHWs [BHUraTesleil Ha IWIOHAX MOJ KpPbUIOM, WM TPOXHTAeT (ro3emspK u
pacmpocTpaHseTCs IO CAJIOHY B CIIydae pPacroI0oKeHNUs IBUTATeNel B XBOCTOBOH JacT[ 1].

[Toxap opraHoB HPHU3EMIICHHS B OCHOBHOM BO3HHKAET B CIydac IOCAIKH Ha BBICOKOH CKOPOCTH HIIH
9KCTPEHHOTO TOPMOKEHHSI.

OCHOBHEIE TOoproune MaTepuaibl — 53TO pE3UHA, MAarHUEBbLIC CJIaBbl CTOCK MIACCU U TUAPOKUIKOCTH.

Hawubonee pacnpocTpaHeHbl MHOXKapbl TMAPOXKHIKOCTEH NPH pa3pylIeHHH JAHHOW CHCTEMbI WIIH JKe
3aropaHue pe3uHbI U3-3a SKCTPEHHOT'O TOPMOXKEHHS.

JlaHHBII IOXKap 10 ONpe/IeIeHHOTO BPEMEHH HE TPEJICTABISET OOJBILION OMAacHOCTH, HO Mocie 6-8 MUHYT
Iocje Hayajga TOpEHHUs HauMHAaeTCs 3aropaHie MarHUEeBBIX CIUIaBOB. J[aHHOE rOpeHHE OIaCHO M3-3a BBICOKOM
temrepatypsl, okoso 3000° C, koTopast cHadasia OBICTPO MPOKUTaeT (IO3EIDK M MOXKET BBI3BATh IOAJIOM CTOWKH
IIIACCH, YTO MOBJIEYET 32 cOO0H OOJBIINE KEPTBHI M YCIOKHHUT aBapUIHO-CIIacaTeIbHbIE PaOOTHI.

Jus TymeHWs BceX BHAOB IIOKapoB HAa ad’pojpoMe MOJDKHA MpucyTrcTBoBaTh ciyxba ITACOIL,
OCHAICHHass HEOOXOJMMBIM M COBPEMEHHBIM O00OpYJOBAaHMEM M TYLICHUS BCEX THUIIOB MOXXKAPOB M CHACEHHS
KHM3HU NACCAXKHUPOB, TAK KaK 3TO MEPBOCTEIICHHAS 3aJa4a JaHHOH CITy>KOBI.

Takum o0pa3om, B X0Jie JaHHOW HCCIIEA0BATEILCKONW paboThl OBUTH PacCMOTPEHBI OCHOBHBIE NPUYMHBI U
(hakTOpBl MOXKAPOOMACHOCTH BO3AYIIHBIX CYAOB U O0O3HAYCHA aKTYaJIbHOCTh JIAHHOW MPOOJIEMBI, PACCMOTPEHBI
OCHOBHBIE BHJIbI IT0YKapOB Ha BO3IYIIHBIX CyJax, UX OCOOCHHOCTH M CHIeNaH BBIBOJ O TOM, urto: ciyxba [TACOII
a’pornopTa J0DKHA 007a1aTh 3PQPEKTUBHBIM M COBPEMEHHBIM OO0OPYIOBAaHHMEM W OTHETYIIAIMMH BEIIECTBAMU;
KOJIMYECTBO JIMYHOTO COCTaBa aBapUIHO-CIIACATENbHONW KOMAaHABI  JOJDKHO YJIOBIETBOPSATH TPEOOBAaHHUAM IO
YPOBHIO TpeOyeMO# I10KapO3alNThl; OJDKHBI IIPOBOJUTECS PETYIISIPHBIE TPEHUPOBKH, B TOM YHCIE U C WICHAMH
9KHMAXa, Ul COBEPIICHCTBOBAHNS HABBIKOB CcrIacaTelen.
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AHHOTa[II/lfl. Pa6ora TMOCBAIICHA KOMINJICKCUPOBAHUIKO MATCMATHYCCKUX U (1)H3H‘IGCKI/IX Ioaxoa0B B
HHTETPUPOBAHHYIO CUCTEMY 00paOOTKH JaHHBIX M MPUHATHS PEUICHAN, OPHEHTHPOBAHHYIO Ha PEIICHHUE TIPOOIEMBI
corjiacoBaHuA, I/IH(bOpMaHI/IOHHOFO B33HMO)Z[CIZCTBH$I CUCTEM TMIPOCKTUPOBAHUA, WUCIIBITAHUNA U OKCIITyaTalliu C
IECJIBIO MOBBIMICHU Ka4C€CTBa JICTATCIIbHOTO arirapara.

K.]'IIO‘leBble cjioBa: Ka‘IeCTBO aBHaHHOHHOﬁ TEXHUKH, METOHOJIOTUSA KOMIUICKCUPOBAHUSA TEXHOJIOT UM
BBIYUCJIIUTCIBHOTO U @I/ISI/I‘IECKOFO OKCIICPUMEHTA, aJIrOpUTMHU3AIIUA METOAUKHU

Abstract. The work is devoted to the intergration of mathematical and physical approaches in an an
integrated system of data processing and decision making. focused on solving the problems of coordination
information interaction systems design testing and operation with the aim of improving the quality of the aircraft.

Key words: The quality of aviation technology, methodology of inter connecting technology compatational
and physical experiments, algorithmic methods of modelirovaniya.

O0Oecnieyenre BEICOKOTO KayecTBa aBHaHHOHHOﬁ TEXHHUKH SABJIAICTCSA pCIIAOIIMM YCIOBUEM HACBILICHUA CHO
BHYTPEHHETO pBIHKA, CHIDKEHHS pPacxXoJlOB Ha €€ CO3/JaHhe W ee OJKCIUTyaTanuio, oOecredyeHus
KOHKypeHTOCHOCO6HOCTI/I Ha MHPOBOM AaBHUAIIMOHHOM PBIHKE TEPEBO3OK. KJ’IIOHCBBIM MOMECHTOM KOMIIJIICKCHBIX
CUCTEM 06CCH6‘ICHI/I)I Ka4dyecTBa aBHaHHOHHOﬁ MMPOAYKIIUU SABJIICTCA HETIPEPbIBHAA OLICHKA rokKasaTejeH KayecTBa Ha
BCEX JTamax XMU3HCHHOT'O ITMKJIa H3)16HHﬁ 1 NOATBEPKACHUA UX COOTBETCTBUA TPEABABIIACMBIM Tpe60BaHI/I}IM (T.e.
MIPUHITUIT «CKBO3HOI» cepTudukanum). [1]

I/IH(I)OpMaIII/I}O, H606XOI[I/IMyI0 JJI TaKOT'O «CJIC)KCHUS» 3a KAa4Y€CTBOM, HNOJYYAKOT MYTEM MPOBEACHUA
uenoﬁ «OAJTUTPBD) pa3H006pa3HI)IX I/ICHLITaHI/Iﬁ, Ha4YuHag OT MAaTEMAaTHYCCKOI0 MOJACIIMPOBAHUS HA PAHHUX JTallax
pa3pa60T1<M J0 CJIOXKHBIX U JOPOTrOCTOAIINX HATYPHBIX HCIIBITAaHHH.

CI0XKHOCTE M1 MHOT'OIIJIAHOBOCTH np06neM CO3/1aHud TMCPCICKTHUBHBIX 06pa3u013 aBHaHI/IOHHOﬁ TCXHHUKHU,
AWHaMMKa H©X COBCPHICHCTBOBAHWA Ha OCHOBE€ HOBBIX IIPOI'PECCUBHBIX TeXHOJ‘IOFHﬁ, B TOM 4YHuCIE,
WHPOPMALMOHHBIX, MPUBOAUT K HEOOXOIMMOCTH COBMECTHOTO aHajlH3a OTPOMHOW COBOKYITHOCTH JIaHHBIX,
Pa3TUYHBIX TIO CBOEH (M3MUYECKOW TpUpOJE, CrocodaM MONy4YeHHs W MeToAaM o0paboTku. B cBs3M ¢ 3THM
MPEACTABIICHHBIE B CTAThC PE3YyJIbTAThl UCCICIAOBAHUA I10 CO3AaHUIO CUCTEMHOM METOOOJIOTUHN U pa3pa60T1<n
METOAOB KOMIUJICKCUPOBAHUSA TEXHOJIOTMH BBIYUCIUTEIBHOTO U (1)I/I3I/I‘IGCKOF0 OKCIICPUMEHTOB B C€AWHYIO
(yHKIMOHAJIBHYIO CHCTEMY HCIBITAaHHI Ha OCHOBE OJIOUHO-MOIYJIBHON OpraHu3andu HH()OPMAIMOHHBIX U
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TEXHOJIOTUUECKUX MPOLEAYp SBISIOTCA aKTyaJbHbIMH. IIpum 3TOM ocymiecTBisieTcss MHPOPMAIMOHHAS YyBs3Ka
Pa3IMYHBIX Mozeel (MaTeMaTHIeCKnX, (GU3NIECKUX, HHPOPMAIIMOHHBIX ), TEXHUYECKUX U MPOTPAaMMHBIX CPEICTB,
9TO 00ECIICYNBAET COBMECTUMOCTD PA3HOPOAHBIX JAHHBIX, ITOIY9aeMbIX B MIPOLECCE CO3MaHMS u3nens [2].

MonynsHBII TOAXOA K PEIICHHIO 3a7ad HCTBITAHWH 0a3upyeTcst Ha CTPYKTypH3anuu HH(POPMAITHOHHBIX
MIOTOKOB IO CTAJHSAM >KU3HEHHOTO IIUKJIA ¥ COCTOSHHAM JICTaTEIbHBIX AINapaToB, aBTOMAaTH3UPOBAHHON 00pabOTKH
JAHHBIX ¥ MHOTOACIEKTHOM HMCIOIB30BaHUH OJJHOKPATHO BBOANMOI nH(popManum.

3agaya paOOTHI, pe3yJabTaThl KOTOPOW NPE/ACTAaBICHBI B CTaThe, OOBEAMHSECT B ceOe TpU HalpaBIICHUS
uccnenoanus [1], [3].

IlepBoe — KOMIUIEKCHpOBaHUE (U3MYECKOTO W  BBIYUCIHUTEIBHOTO JKCIIEPUMEHTOB B CHCTEMY
TEXHOJIOTUYECKON MOATOTOBKM HWCIBITAaHWH, YTO O3HAa4yaeT LeJeBOe COrjacoBaHHEe M MH(POPMAIMOHHYIO YBSI3KY
MaTeMaTHYeCKUX (AUCKPETHblE MOJENH, MOJAEIMPYIOUIHMEe alIrOPUTMBl U TEOMETPUUYECKHE  MOJIENN),
TEXHOJIOTHYECKNX (MHPOPMAIMOHHBIX W (U3MYECKNX) M OPraHM3alMOHHBIX METONOB MPHHSTHS pEIICHHH,
JIOTHYECKUM JOIOJIHEHUEM 3a/ladyil KOMIUIEKCHPOBAaHUS SIBISETCS 3agada pa3pabOTKH 3TATOHOB, MO3BOJIIOLINX
MIPOAHATU3HPOBATh KAYECTBO MOBEPXHOCTH JIETATEIbHBIX alIapaToB ((hopManu3aIis METOAOB CPABHEHNS).

Bropoe HampasneHne cBsf3aHO ¢ (OpManu3alyeil OCHOBHBIX MPOLERYp CTPYKTypHO-TIAPaMETPHUECKOH
UACHTH(HUKAINY, B YaCTHOCTH, HAeHTHHKarust AJ[X JeTaTenpHBIX anmaparoB, a Takxke ¢ QopMmanusanuer
YaCTHBIX METOJUK AaJaNTHBHOTO IUIAHMPOBAaHUS M ympaBieHus AJ[X neTaTenbHBIX amnmapatoB B CHCTEME
ABTOMAaTH3MPOBAaHHOW 00pabOTKE JaHHBIX.

TpeTbeil KOMIOHEHTON MPOOJIEMBI, OTpaXKAIOIIEH acleKThl e MPaKTHYECKOTO HMCIOJB30BaHUs, SIBISETCS
pasBuTue 3G (HEKTUBHBIX MyTeH MOBBINICHUs Ka4eCTBA BHEIIHEHW MOBEPXHOCTH JIETATEIBbHBIX allllapaToB 3a CYET
pa3paboTKu OPUTHHATIBHBIX HHPOPMAIMOHHBIX TEXHOJIOTHH TPOM3BOACTBA.

B ocHOBe TeopeTHdeckuxX peHIeHUIl MOJOKEHO MPUMEHEHHE METOJ0B MHOTOYPOBHEBBIX MEPAPXUUECKUX
CUCTEM, METOJIOB CTPYKTYpHOTO aHallu3a U CHHTE3a, METOJOB MAaTEMAaTH4YeCKOTO IUIAHMPOBAHUS JKCIIEPHMEHTA,
(U3HIECKOro, MATEMaTHIECKOTO M MUMUTAIIMOHHOTO MOJICTUPOBAHMS CJIOKHBIX TEXHHUECKHUX CHCTEM [5].

B pesynprate aHamm3a mNpeAMETHOH O0ONAacCTH HCCICAOBAHUA B CTAaThe NPEIUIOKEHO CXEMAaTH3aLUs
npoOieMbl  co3laHus eAWHOW WH(POPMAnMOHHONH 0a3bl TEXHOJOTMH BBIYMCIMTEIBFHOTO U (DU3UYECKOTO
JKCIepuMeHTa [4].

CrpyKTyprpoBaHHe WHPOPMAIMU BBINOJIHEHO IO IMpoleccaM (CTaIuu XKU3HEHHOTO LUKIJA) M COCTOSIHUS
JIETaTEeNbHBIX allaparoB, YTO MO3BOJSIET COBOKYIHOCTh NMPOEKTHBIX M TEXHOJIOTHYECKUX MPOLEAYp ONHUCATh B BUEC
«QIEKTPOHHOW» MATpPHUIBl M3JEJNSA B CHUCTEMax YIPABJICHUS MPOEKTAMH M KAa4eCTBOM JIETATENIBHBIX alllapaToB.
VYnopsoueHne MHOOPMAIIMOHHBIX CBS3€H MEXAY dJIeMEHTaMH MaTPUYHOM MOAENH (B y3/1aX MATPHIEI) OMHCAHO
KaK CUCTeMa IPUHSITHS PELICHUN.

SeXY
Ha MHOXECTBE BXOJHBIX X M BBIXOJHBIX Y XapakTepucTHK cucTemsl [1], [2].

[ockonmbKy cucTeMa NMPUHSTHS PEIICHHH (OpMaM30BaHa IOCPEICTBOM MOCTPOSHHS HEPapXUU Mojeneit
«BXOJ-BBIXO/l», Jajee B CTaThe OCHOBHOE BHMMaHME yieisiercs (GopMmMupoBaHMIo ceMeicTBa 3amad My B y3max
MaTpHIBI ¥ METOIaM KOMIUIEKCUPOBAHHS X B HHTEIPUPOBAHHYIO CHCTEMY 00paOOTKH JaHHBIX.

Maremarnueckne W (u3MUECKHe  acTeKThl MPOOJEeMbl  pacCMaTpUBAIOTCS C  TOYKH — 3PEHUS
KOMIUIEKCUPOBAHHS TEXHOJIOTHH BBIYMCINTEIHHOTO M (PU3NYECKOTO 3KCIEPHUMEHTOB, IOOMPEAEIEHHS CHCTEMBI
NPUHSTUS PELICHUH, pa3pabOTKU JUCKPETHBIX Mojesieil M 3(PQEKTUBHBIX BBIYUCIMTEIBHBIX AITOPUTMOB U
AITOPUTMHU3AIIH METOAUK (PU3UIECKOTO MOAETHPOBAHUS.

dopmanuzanus npaBuil 00pabOTKM MHGOPMAIMK Ha PA3IMYHBIX 3Tarax >KU3HEHHOTO LUKIA H3IENus
HOCHT KOMIIJICKCHBIM XapaKTep, BBITEKAIOMIMHA W3 BKIIIOYCHHS B COBOKYHMHOCTH (PM3MYECKHX M MaTeMaTHYECKHX
Mojieneil TeOMEeTPHUYECKON MOIETN U3AEIHs, KOTOpas MOSBISACTCS Ha CTAINH NPOESKTUPOBAHUS M TOCIEIOBATEIHHO
3amoJIHACTCS! PU3NIECKUMH XapaKTEPHUCTHKAMU U TEXHOJIOTMYECKUMH JaHHBIMU.

PaccmaTpuBaeTcs cucteMHasi MOJIETb Ipoliecca 00pabOTKH TeOMETPUYECKUX JaHHBIX B 33/1a4aX ONHCAHUS
Hapy>XXHBIX TTOBEPXHOCTEH JIETATEJIbHOIO armapara ¥ €ro yacrei, oObeIMHSIOmAs MaTeMaTHYECKHE METObI
reOMETPUUYECKUX NpeoOpa3oBaHuii (Ha ocHOBe ad(UHHBIX IpeoOpa3oBaHuii), 38 a4l HHTEPIOISLUH TTOBEPXHOCTH
C HCHOJIB30BAHUEM TEOPUHM NPUOIMKEHUsT (YHKIUA W MEXaHM3MBl CONPSDKCHUSI CHUCTEMBI I'€OMETPHUYECKOTO
MOJICIMPOBAHMS C APYTUMH MOJCHCTEMaMH 00pabOTKH MH(POPMAIUH € IeNbI0 (POPMHUPOBAHUS 3a/JaHHBIX CBOMCTB
BHEIIHEH IOBEPXHOCTHM HAa OCHOBE WHTETPAJIBHON CHCTEMHOIl Mozenu wusfaenusd. Bompockl aneKkBaTHOCTH
TEOMETPUYECKHUX MOJIENICH PEemaloTcsl Ha OCHOBE (GU3NIEeCcKOro dkcrepumenTa [3], [5].
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CEKLIMSI Nel0.
CTPOUTEJILCTBO U APXUTEKTYPA (CHELIUAJIBHOCTD 05.23.00)

BJIMSIHUE MATHUTHOM OBPABOTKU HA KAUYECTBO I'EPMETU3ALIMN
JIE®@OPMAILIMOHHbIX IIBOB XECTKHX [IOKPBITUI ASPOJIPOMOB
N ABTOMOBUJIBHBIX JIOPOI!

Cobo.es E.E., Bypakos A.B., ApremoB A.A.
BYHII BBC «<BBA», PO, r. Boponex

AHanu3 yCIOBMH SKCIUTyaTallMM IIEMEHTOOCTOHHBIX a’pOJPOMHBIX IOKPBITHH IIOKas3aj, 4YTO Ha
MIPOTSHDKEHUH BCETO MepHoAa CIyXObl, OHM pa0bOoTaroT NpPU TOCTOSHHOM HANPSDKEHHH H3-3a 4YacTOH CMEHBI
TEMIEPaTyPHO-BIAXKHOCTHOIO PEXKHMMa, MHOTOKPATHO MOBTOPSIOIUXCS JUHAMUYECKUX HArpy30K, 4TO IPUBOJUT K
BO3HHMKHOBEHHIO M PAa3BUTHIO TpeuH. ONAacHOCTh CKBO3HBIX TPEIIMH 3aKI0YaeTCsl B CHIDKCHUM HeCyIlen
CHOCOOHOCTh 1IEMEHTOOETOHHBIX MOKPBITHH, BCIEICTBUE YEro MPOUCXOAUT NPOHHMKHOBEHHE BOJBI B IPYHTOBOE
ocHoBaHMe. K xapakTepHBIM pa3pyIIeHUAM [IEMEHTOOETOHHBIX IIOKPBITHH OTHOCATCS HApYIICHHUS IEJIOCTHOCTH
CTBIKOBBIX COCIMHEHMH W 3amonHuTenel mmBoB. [lms obOecredeHHs] KaueCTBEHHBIX —JIOJTOBPEMEHHBIX
9KCIUTyaTaI[MOHHBIX  XapaKTEePUCTHK TOKPBITMA HEOOXOAMMO  yIenaTh OonblIoe BHUMAHHE KaueCTBY
repMETH3HPYIOLIETO MaTepHala a3pOAPOMHBIX IBOB [3].

B Hame#l crpaHe [n0Ka3aTEIbCTBOM HEOOXOAMMOCTH HCIIOJIBb30BAHHS KadeCTBEHHBIX a’pPOJPOMHBIX
repMeTHKOB siBisgeTcs padora cnenuanuctoB «HIIO ITPOT'PECCTEX» B 06macté CTpOUTENBCTBA, PEKOHCTPYKIINT
a’pOJIPOMHBIX MOKPBITMH M UX peMoHTa. IIpoBeleHHBIE HCCIENOBaHUS YKa3bIBAIOT HA TO, YTO JIOJTOBEYHOCTH
a3pOJIPOMHBIX OKPBITHH HAIIPSAMYIO 3aBUCUT OT KaueCcTBa Te€pMETU3UPYIOIIKX HIBOB [8].

I'epmeTnsupytomue Marepuanbl, NPUMEHSEMbIe IPU CTPOUTEIBCTBE adpPOAPOMOB, HUMEIOT PA3TUUHBINA
cOCTaB, KOHCHUCTEHIMIO M 00J1alaloT MOKa3aTeIsIMU, U3MEHSIONIMMICS B IIHPOKOM JTHAIa30He, B 3aBUCUMOCTH OT
THIA ¥ YCIOBHUH SKCILTyaTaluH.

I'epMeTrKH XOOTHOTO M TOPAYETO MPUMEHEHHUS 00J1aaloT KaK JOCTOMHCTBAMH, TaK U HEJOCTaTKaMH, TO
€CThb HM OIWH W3 HUX B IIOJHOH Mepe HE COOTBETCTBYIOT TPEOOBaHUSIM, MPEABIBISIEMBIM K a3pPOAPOMHBIM
repMETHKaM.

[oBbimenne (U3NKO-MEXAaHUYECKMX W OKCIUIYaTallMOHHBIX XapaKTEPUCTUK BO3MOXKHO JIOCTHYb C
TIOMOIIBI0 00pabOTKM repMETU3UPYIOIINX MaTEPHUAJIOB B MArHUTHBIX MTOJISIX Pa3JIMYHON MHTEHCHUBHOCTH.

MarauTtHass 00paboTka HaXOAWUT LIMPOKOE NPUMEHEHHWE B IPOMBIIUICHHOCTH JUISi MHTEHCHU(UKAIMK
XMMHYECKHUX MpoleccoB. M3BeCTHBI MONOKUTENbHBIE PE3yNbTaThl, NOIYYEHHBIE NPU UCIOIB30BAHUM MAarHUTHBIX
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MOJICH TpPHU OTBEPXKACHUH MOYEBHUHO-(OpMaNbACITHIHBIX cMoN [5]. YcrtaHoBineHO [4], 4TO HpH BO3ACHCTBHU
MarHUTHOTO TOJISI HAa PacIulaBel TEPMOIJIACTOILIACTOB IOBBIMIAETCS MHKPOTBEPAOCTh M Pa3pbIBHASI NMPOYHOCTH
MTOJIMMEPOB B OJOYHOM COCTOSHHH. ABTOpaMu [2] mpUBeneHB! JaHHBIC IO YBEIWYCHUIO aATre3HOHHOW MPOYHOCTH
MarHuTo00padOTaHHBIX MOJMMEPHBIX MOKPBHITHH Ha METAIUIMICCKHUX IOAJIOKKaX. B craThsiax [6, 7 | moka3zaHo, 9TO
obpabotka OyraameH-ctuponsHOro Jarekca CKC-30 APK marHWTHBIM mojieM B Te€UeHHE ISTH MHHYT U Oosee
MTO3BOJISICT CHU3HUTD PACXO[ KOATryIUPYIOMUX areHToB B 1,5-2 ,0 pas.

Ha ocHOBe WH3JI0’)KEHHOTO BBIIIE, MOXHO ClieNIaTh INPEIIOJIOKEHHE O TOM, YTO MarHuTHas oOpaboTka
TePMETH3HUPYIOIIUX COCTAaBOB TaKXe JIOJDKHA MO3BOJIUTH IIOBBICHTH PsIJl OKCIUTyaTallMOHHBIX IIOKa3aTelei
A3POAPOMHBIX 3aLIUTHBIX MIOKPHITHH U LIIBOB.

C nenpio 00paboTKH 00pa3LoB a3pOAPOMHBIX I'€PMETHKOB B IIOCTOSIHHOM MarHMTHOM IIOJIE€ MTPUMEHSIIN
YCTaHOBKY, 00IIMIT BUA KOTOPOH M300pakeH Ha pHCYHKe 1.

W
(o))

4 1 3 2
1 - HaGOPHBIH MPAMOYTOJBHBIHN CEPAEUHHUK; 2 - KATYIIKH HHIYKTHBHOCTH;

3 — ammepmerp; 4 - mabopaTopHsii aBToTpanchopmarop (JIATP); 5 - Trermonsonsnus cepacyHmKa;
6 - MarHUTHBII MOJIIOC YCTAHOBKHU MPSIMOYTOJILHOM (hOPMBI
Pucynoxk 1 — DkcriepruMeHTalIbHasI YCTaHOBKA JUIsl 00paboTKK 00pa3ioB OUTYMHO-TIOJIMMEPHBIX TePMETHKOB
B TIOCTOSIHHOM MarHUTHOM I10JI€

OO0paboTka repMeTHKa B MarHMTHOM II0JI€ OCYLIECTBIISUIACH CIEAYIOIUM 00pa3oM. YCTaHaBJIMBAETCS
MEXKIIOJIFOCHOE PACCTOSHHE, 3aTeM MOJAETCs AIIEKTPUIECKUH TOK MOCTOSHHOTO HAMPSKEHUS 3aJaHHON BEJINYMHBL,
MHAYKIUIO MarHutHoro mnojis uaMeHsui oT 130MTn go 450mTn. HarpeBaTenbHbIM 3IIEMEHTOM pEryIHpYyeETCs
Temreparypa B paboueil suelike. B pabouyro sueiiky momemaercst €MKOCTb M3 MarHUTOHEBOCIPHMMYHBOTO
Marepuala ¢ 00pasIoM a3poAPOMHOTO repMETHKA.

Oo0pabartsiBatoT B TedeHne 5 u 10 MuH.

IIpoBenen ananu3 aspoapomuoro repmeruka bIII-35 nHa MopozocTtoiikocTs. Jjis IpoBeeHHs
9KCIEPUMEHTOB MPHUMEHSUIN MEOUIHUHCKUI Mopo3mwisbHHK SanyoMDF-U4186S, perynmupyeMmslii Iauamna3zoH
temnepatypsl: -20 ~ -86 °C. TounocTs KOHTPOJsI TemuepaTypbl:i+ 1 °C. MeToa HCCIeq0BaHUsI MOPO30CTOMKOCTH
OCHOBBIBAaETCS Ha OXJIAXICHHH oOpas3ma TepMeTHKa W OIpelesieHHHM TeMIIepaTyphl, MpH KOTOpoil Ha obpasie
TIOSIBJISIFOTCST M3JIOMBI M TPEIWHBI. M3roTaBIuBaloT mecth 00pa3ioB HAHECEHWEM TepMeTHKa ToimuHou 0,5 £0,05
MM Ha TioJocku oipru pazmepom 60 x 15 x 0,025 mm. O6pasiisl BELIEPKUBAIOT HE MeHee | 4 mpu Temmepatype (23
+2) °C.

I'oToBbIe 00pa3Ipl MOMEMIAIOT B MOPO3WIBHYIO KaMepy, B KOTOPO#l BBIAEPKUBAIOT TP Temneparype (-25
+1) °C B Teuenue (20 £5) muH. 1o ncTedennn 3a1aHHOTO BpeMEHN 00pa3Iibl U3BJIEKAIOT U3 MOPO3WIILHOI KaMephl 1
TIPUKJIAABIBAIOT K POBHOW NOBepxHOCTH Opyca. Koner o6pa3ua usrubdaior B Teuenue (2 +1) ¢ BOKpYT 3aKpyTJICHHOH
yacTH Opyca J0 TOCTHKEHUsI JPyroil pOBHOH IMOBEPXHOCTH.

BusyapHO OIIEHMBAIOT HAWYHE TPEIINH U H3JIOMOB.
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Bpewmst ucnbITanust ofHOTO 00pasia He JOJDKHO NMpeBbIaTh 5 ¢. [Ipy 0TCyTCTBUM TPELMH HUCIBITAHUS
MIPOBOASAT, CHIKAsl KXKABIA pa3 TEMIEpaTypy B MOPO3MIBbHOM Kamepe Ha 3 °C, 10 MOSBICHUS TPEIIUH WIN U3JIOMOB
HE MEHEE 4eM y ABYX MCIBITHIBAEMBIX 00pa3IoB. 3a pe3yabTaT UCTIBITAaHHS IPHHUMAIOT MUHAMAJIbHYIO
TeMIepaTypy, IPH KOTOPOil He MEHEe YeM Y IIATH HCIIBITAHHBIX 00pa3ioB He 0OHAPYKEHO TPEIIUH U U3IOMOB [1].

AHanu3 MONMYyYeHHBIX JKCIIEPUMEHTANBHBIX JAHHBIX IMOKa3al, 4YTo 00paboTKa a’spOJpOMHOTO IepMETHKa
BIII'-35 MarHUTHBIM HOJEM NMPUBOAUT K CHMXKEHHUIO TEMIIEPATYPhl XPYIKOCTH. Temneparypa XpyIKOCTH SIBISIETCA
OIHOM W3 OCHOBHBIX OKCIUIyaTallMOHHBIX  XapaKTepHCTHK, BIMSIOMMX Ha KadyecTBO I'€PMETH3ALUH
JedopMaMoHHbIX IBOB.

pu naaykun 200MTa v IpOAOIKUTETBHOCTH MarHUTHOW 00pabOTKM 4 MUH repMETHK PacTPECKUBAETCS
npu temmeparype (-42)—(-43)°C, Torma kak 6e3 MarHHUTHOH OOpabOTKH pacTPeCKUBaHHE MPOHCXOTUT MPH
temrnepatype -37°C. Ilpu nanpHeiieM MOBBILIEHUN WHAYKIMA U BPEMEHH 00paOOTKHM PE3yNIbTaT OCTAETCs TaKHM
xe.

Takum  00pa3oM, SKCIEPUMEHTAIBHO OBUIM  YCTAHOBJIEGHBI pPEXHMBI MAarHUTHOH  00paboTkh
TepPMETH3HUPYIOIIETO MaTeprana, oOecleunBaroNnIie ONTHMAIbHOE COYCTaHHE BPEMEHH OOpabOTKH HCCIIETyEMBIX
MOKa3aTeseH.
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NCTOPUA ®OPMHUPOBAHIA BOHLEPHO—HAHI{LHA‘DTHOPI CPEJIbI 300ITAPKA
Croinax I1.C., bazuieBuuy A.M.
@®I'BOY BO «['ocynapcTBeHHBINH YHUBEPCHUTET 110 3eMiieycTpoicTBy» (I'Y3), r. Mocksa

TepMuH «300mapK» SBISACTCS COKpAICHHOH aOOpeBHATypoil TepMHHA «300J0THUYeCKUil camy. CoriacHo
JUPEKTHBE O 300mHapkax EBpomeickoro coros3a, 300HapK SBISETCS MOCTOSHHBIM YUPEXKICHUEM, I KUBOTHBIC
JUKUX BHUJAOB COACPXKATCA B KA4YECTBEC OJKCIIOHATOB B TCYCHUU 7 unm Ooiee }IHGI\/’I B rony. 21_]'[5[ IIOHHUMAaHUs
COBPEMEHHBIX TEHJICHIIMA B OpTaHWU3allid JIAHIIMAPTHO-BOJIBEPHOW CpEeAbl 300MapKa CIeAyeT pPacCMOTPETh
pasBUTHE 300TapKa, KaK apXUTEKTypHO-TaHAmapTHOrO o0bekTa. McTopudeckoe pa3BUTHE AapPXUTEKTYPHO-
naHAmadTHON CpeIbl 300MapKOB YCIOBHO MOXHO Pa3AeluTh Ha TPH mepuoa [4]:
3BepuHIbl: 10 1750r.
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Jlrony BBICTABISLIN KMBOTHBIX HAa 0003pEHME 33J0JI'0 O TOr0, KaK OHM NPOILIM Yepe3 BXOIHBIE BOPOTa
300JI0THUECKUX TapKoB. DaKTHUYECKH, POKACHHE 3BEPHHIA (KOJUICKIHSA JUKHX >KUBOTHBIX C IETBbIO BBHICTABKH)
HaJasoch ¢ pokaeHus ropoaa. C ropogamMu 3B€pUHIBI CTAIH CHMBOJIAMH BIaCTH U OOraTcTBa.

Kro Ob1 HE 0Osaan BIacTeiO B JPEBHEM MHpE, KOJIEKIIUH K30THUECKUX KXUBOTHBIX IPH JBOPE SIBIISUIUCH
Ba)XHBIM aTpuOyToM OorarcTBa, cTaTyca, HMIEPCKHX aMOWIM ¥ BOEHHOM MOIIM Biajenbua. Hammuaume
9K30THYECKHUX XUBOTHBIX JEMOHCTPHPOBAIHN CIIOCOOHOCTH MOOEXKIAaTh CBOMX BPAaroB, 3aBOCBBIBATH TEPPUTOPHIO U
noOexaath npupony. [4]

Ha npoTtspkennn OoJbliel 4acTH CBOSH MCTOPHUU 3BEPUHIIBI ObUIM TPYOBIMH YUPEKICHUSIMH, TA€ KOJUICKIIH
HUBOTHBIX *KUJIM HEJONTON >KM3HBIO B MaJleHbKUX KieTkax. Ho mo Mepe Toro, kak ropojia yMHOXAaJHCh, POCIO U
KOJINYECTBO XKHUBOTHBIX 32 PELIETKOI.

B To BpeMs Kak TOProBLbI 3aXBaTbIBajld, OTIPABISIM M IPOAABANM JIETHOHBI JKUBOTHBIX KOPOJIEBCKHX
KOJUIEKIMH, HA TIEPEABHKHBIX APMapKax KUBOTHBIE CITY>KHIIH JJIT MECTHBIX Pa3BICUCHUH.

3BEpHHIBI JAHHOTO TEPUOAA BBHINOJIHAIM JEMOHCTPAlMOHHYI0 M pa3BIEKaTeIbHYI0 (YyHKIUH, 9TO H
OTIPENETSIIO MX JaHAMA(THO-BONBEPHYIO OPTaHU3aIHNIO!

JleMOHCTpanoHHas — OOJBIINE TUIOMAAN, CaJibl, TIOIYBOJIBEPHOE COACPIKAHNE KUBOTHBIX.
Pa3BiexaTenbHas - TECHbIE TOMELICHUSI, TEMHHIIBI, PBBI, IOJBAJIBI, KIECTKH.
[Tpoo6pa3bl coBpeMeHHBIX 300mapkoB: ¢ 1750 mo 1950

B KoHIle BOCEMHAIIATOr0 U Hayaje JIeBATHAIIATOIO BEKOB, KOIJla HallMOHAJIbHbBIE TOCYAapcTBA 3aMEHUIIN
KOPOJIEBCTBA, 3BEPUHIIbI IPEBPATIIINCH U3 YACTHBIX KOJUIEKLIUI B rocylapcTBEHHBIE. B 3TOT MOMEHT HHTEHCUBHOTO
IIPUPOCTa HACEJICHHs, NIPOMBIIUICHHON PEBOJIONNY, ypOaHU3AIMM U CO3/IaHUS €BPONEHCKOTr0 U aMEepUKAHCKOIO
«CpEeIHero Kiacca» ¢ JOXOAaMHU, UMEIOIMMUCA Ha PHIHKE, MyOJUUYHBIE KOJJIEKIMH JKUBOTHBIX IPHOOpPENIH HOBOE
cuMBoNIMYeckoe 3HaueHWe. OHM Takxke NpHoOpenn HOBble nMeHa. OOIIEeCTBEHHBIE KOJUICKIMH >KHBOTHBIX,
W3BECTHBIC KaK 300JIOTHYECKHE Cajbl, 300JI0THUECKHE MapKH M B PA3TOBOPHOM peud «300MapKu», BCE eIle
CHMBOJIM3UPOBAIN OOTaTCTBO, UMIIEPHUIO H BIIACTb.

OnHako 300MapKd TAKKEe OBUIM Y3aKOHEHBI KaK YUPEXKICHHS, KOTOPbIE MOITHM Obl 00OraTWTh TpaxIaH,
MIPEAOCTaBUB UM Hay4HOE 00pa30BaHME, MECTO AT OTAbIXA U PA3BICUCHHM.

300mapku JaHHOTO MEPUOJia XOTh M COXPAHWIM CBOM IE€pBOHAYajbHbIC (YHKIIMH, HO ITIOJ BO3ICHCTBHEM
SMOXM TyMaHHW3Ma M TIPOCBEIICHUS, INEpBBIM IUIaH 3aHAIM HayYHO-HCCIIEAOBaTelbCKas, oOpa3oBaTeibHas U
pexpeannonHas GyHkuuu. Jlananradp THo-BoJIbepHas cpelia 300Iapka nprodpeia caeyoIne YepThl:

Hayuno-uccienoBarensckas, oOpa3oBaTelbHas, pPEKpealMOHHAs - IUIAaHMPOBOYHAS CXeMa 300TapKa
CTaHOBUTCA CUCTEMHOMN. [IpuHIMIT 30HUPOBaHUS PHOOPETAET YEPThI, CBOMCTBEHHBIE KaK COOPYXKEHUAM MYy3eHHOTr0
TUNA, TaK W 3€JCHBIM 30HaM OTJbIXa. 300MApKH YacTO CTAHOBATCS KyJIbTYPHBIM M PEKPEAlMOHHBIM IIEHTPOM
ropoza.

JleMOHCTpanMoHHas!, KOJUICKIIHOHHAs — XapaKTepHbl KaK TECHbIE KJIETKH /sl )KHBOTHBIX, TaK U BOJBEPHI,
AMUTHPYIOIIHE €CTECTBCHHYIO cpey oonuTanus. [1]

CoBpemeHHbIH 300mapku — ¢ 1950 no HacTos1ee BpeMs

[epuon, Hauansom kotoporo siBisiercsi 1950 ron, xapakrepusyercs Kak «MH(QOPMAIMOHHBIN B3pBIBY», U
OMOJIOrMYECKUX, COLHAIbHBIX M IOBEICHYECKUX HayK, COTJIACHO KOTOPBIM (DOPMHPYIOTCS HOBBIE JTUETHUECKHE
TpeOOBaHUsI OTHOCUTENLHO COJEPKAHMI )KUBOTHBIX B 300MapKax. [4]

Tem BpemeneM 00111ecTBO Bce O0JIbIe OECIIOKOMIOCH O TOM, KaKk oOpamaTbes ¢ )KMBOTHBIMH B LIEJIOM H B
300MapKax B YaCTHOCTH. PacTeT TeHJCHIMS B pa3BUTUH IPUPOJIOOXPAHHOM (QYHKIMH 300MapKa.

B 1890-x romax HeMeNKUi IpeArpruHUMATENb U Biagernen [ amOyprckoro 3oomapka Kapn XarenOek BbI3Bat
Hepexos K «HaTypaJuCTHIECKUM» BOJIbepaM ¢ co3nanueM Ilanopamsl.

Ha BricTaBkax «[lanopama)» >KMBOTHBIE M3 OJHOM M TOHM K€ IKOCHCTEMbI OBLIM BBICTABIECHBI BMECTE B
€IMHOM KOpIIyCE€ C COOTBETCTBYIOLIIMMH DPACTEHUSIMH, HAPHCOBAHHBIMH (POHAMHM M MCKYCCTBEHHBIMH KaMHSIMH,
KOTOpBIE BCE MOJCIMPOBAIM «HACTOSINUI» melsax. Pesomronmst XarenOeka o3HamMeHOBasa co0o0il mepByro
MIOTIBITKY 300MapKOB CO3JaTh HATypajbHBIE BOJBEPHI, KOTOPHIE JalHM IMOCETUTEISIM WIUTIO3HMI0 HAOJMIOICHUS 3a
KHUBOTHBIMH B JWKOH NPHPOJIE, YTO IOJIOKHIO Hadajo (OPMHPOBAHHUIO 300MapKa, apXUTEKTypHO-JaHImadTHAS
cpela KOTOPOTO ITOBTOPSIET €CTECTBEHHBIE MPUPOIHBIE 30HBI OOMTaHUS SKCIIOHUPYEMBIX KUBOTHBIX. Kaxxmas 30Ha
TaKOTO 300MapKa co4eTaeT B cebe 0COOEHHOCTH OTJENFHO B3STHIX TeorpadnIeckux U JaHAmAaPTHRIX KOMIIOHEHTOB,
a IMEHHO KJIMMaT M JaHamadt, GopMHupys HpU 3TOM JaHMMAGTHBINA NPUHIWI HTPOSKTHPOBAHHS 300mMapka. [2]
(mpumepom sBnsiercst Bencenckuii 3oomapk B [lapuke)
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[MapannensHo ¢ naHAMmWAGTHEIM INPUHIMIIOM TPOSKTHPOBAHUSI TAKXKE pa3BHBACTCA 300reorpaduueckuit
NOPUHIOMI, [PH KOTOPOM TEPPUTOPUS 300IapKa IIOoApa3feNsieTcs Ha CTOPOHBI CBETa, CTPaHbl WM OOJIaCTH.
(mpumepoM siBisieTcs 30omapk B CHHrarmype)

KomnexuyonHas (yHKIHS 300Mapka TEpsAeT CBOIO IVIABCHCTBYIOIIYIO IO3MLHIO, HA CMEHY i HpPUXOAUT
npupomooxpanHasd. [IpuponooxpaHHas M Hay4HO-MCCIeNOBaTeNIbckue (QYHKIHMU (QOPMUPYIOT TakWe NPHUHLIHUIIBI
(hopMHUpOBaHKS BONBEPHO-TAHAMIA(QTHOW Cpensl 300mapka, Kak JIAHAMAPTHBIM W Teorpadudeckuil. JlaHHBIC
NIPUHLIUIBI SBISIOTCS BEAYIIUMHU B HacTosllee BpeMs. Takke COBPEMEHHBbIE TEHACHIIMU OPraHHU3allid BOJbEPHO-
naHamadTHON cpensl 0OOMTaHMs HAalpaBJIEHbl HA CO3/IaHMS B 300IIapKe TaKUX YCIOBHM, IPH KOTOPBIX )KUBOTHBIE HE
TOJIBKO CMOTYT OLIYTHTh c€0sl B €CTECTBEHHOH cpeje OOWTaHUs, HO W YIOBJICTBOPUTH CBOU IIOBEICHYECKHE
norpedHocTH. [3] JlanamadTHas-BogbepHAs cpena 300MapKa JOKHA HE TOJIbKO UMUTHPOBATh JUKYIO IIPUPOIY, HO
U J1aBaTh BO3MOXHOCTb XXMBOTHBIM CJIEJJOBATh CBOUM €CTECTBEHHBIM HOBEICHYECKUM CLIEHAPUSIM.
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APPLICATION OF GYROSCOPES IN TECHNOLOGY
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PYT (MUUT), PO, r. Mockaa

Application of gyroscopes in technics.

Properties of gyroscope are used in devices - gyroscopes, basic part of which is a quickly running around
rotor that has a few degrees of freedom. Gyroscopes, a barycenter of wich coincides with the center of hanger of O,
are named astatic, otherwise - static gyroscopes. The special gyromotors are used for providing high-speed rotation
of the rotor of gyroscope. The sensors of corner and sensors of moment are used for controlling of gyroscope and
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recording the information from it. Gyroscopes are used as components both in the systems of navigation (artificial
horizon, gyro-compass) and in the systems of orientation and stabilizing of space vehicles. The indications of
gyroscope must be corrected by a pendulum at the use in gyrovertical, as there is deviation from the truth of vertical
line because of daily rotation of earth and movement of gyroscope. Besides that, displacement of its centre of mass
can be used in mechanical gyroscopes, that is equivalent to the direct affecting of pendulum gyroscope.

Great application is found by gyroscopic devices for automatic control of motion of airplanes and ships.
For maintenance of the set course of ship serves the "gyropilot”, for airplane - "autopilot”. Free gyroscope with the
large own moment of impulse and small force of friction in the places of gimbal is applied in a device the
"gyropilot". Direction of motion of ship is set by direction of axis of free gyroscope. At any deviations of the ship’s
course, the axis of gyroscope saves the former spatial direction, and gimbal turns in relation to a hull. The turn of
frame of gimbal is watched through the special devices that give out commands to the automats to turn of helm and
return the ship on the set course.

A "autopilot” is provided with two gyroscopes. At one of them an axis is disposed apeak and in such
position gyroscope is untwisted. The apeak located axis of gyroscope sets a horizontal plane. The axis of the second
gyroscope is disposed horizontally, orienting it along the axis of airplane. This gyroscope "knows" the course of
airplane constantly. Both gyroscopes give corresponding commands to the management mechanisms that support
flight of airplane on the set course. Presently all modern airplanes intended for the protracted flights are equipped
with autopilots. A gyroscope is an important component in control system of space vehicles.

Gyroscopes are also applied in the systems of navigation. Inertial navigation refers to such method of
determining the location in space, that doesn’t use any data of some external sources. All sensor elements are
directly aboard a transport vehicle. Inertial measuring devices of linear accelerations — accelerometers are set on the
gyrostabilized platform. This platform, using the properties of gyroscope - to save unchanging the orientation of the
axis in space, provides directly horizontal position of axes of sensitiveness of accelerometers. The measured
accelerations are integrated twice, and, thus, the information about the moving object location increment turns out.
United by the common objective of determining the coordinates of moving object, gyroscopes and accelerometers
form an inertial navigation system. Besides that it supplies with information about the angular orientation of object :
angles of roll, pitches and yawing and the speed of object.

The construction of the modern inertial navigation system incorporates the last achievements of precision
mechanics, theory of automatic control, electronics and computer facilities. Structurally an inertial navigation
system can be divided into two classes: platform and cardan-less. In the first class a gyrostabilized platform is
realized physically as a frame of three-step gimbal. In such systems traditional gyroscopes with a running around
rotor are used. These systems are the part of the board navigation equipment of heavy airplanes.

The other class - strapdown differ in that the plane of horizon is realized mathematically, using data of
gyroscopes and accelerometers. Laser and fiber-optic gyroscopes can be used in these systems. There are no running
around parts, and the angular velocity is measured by the phase delay of laser ray that runs about the continuous
loop. They are substantially structurally simpler and cheaper than platform. A gyroscope is mostly used as a
sensitive element of indicative gyroscopic devices and as a sensor of angle of rotation or angular velocity for the
automatic control devices. On some occasions, gyroscopes are used as generators of moment of force or energy, for
example, in gyrostabilizers.

Simplest gyroscope

The simplest gyroscope is an ordinary child's whipping top quickly running around about the axis. The axis
of whipping top can change the position in space, as it’s upper end is not fixed. At the gyroscopes applied in a
technique, the free turn of axis can be provided, fastening it within the framework of gimbal, allowing the axes of
whipping top to take any position in space. Such a gyroscope has three degrees of freedom. Properties of gyroscope
are manifested at implementation of two terms : the axis of rotation of gyroscope must have the opportunity to
change the direction in space, and the angular velocity of rotation of gyroscope about the axis must be very great as
compared to that angular velocity that an axis will have while changing the direction.

The first property of gyroscope with three degrees of freedom is that it’s axis strives to save the primary
direction in outer space steadily. If this axis is directed at some star in the beginning, then at any moving of the base
of device and casual pushes it would continue to specify on this star, changing the orientation of relatively earthly
axes. First this property of gyroscope was used by French scientific L. Foucault for experimental proof of rotation of
the Earth about it’s axis in 1852. That is why it’s called "gyroscope", it means "look after a rotation" in translation.
The second property of gyroscope reveals, when the force or pair of forces, aspiring to set an axis in motion, start
acting on this axis. Under the action of force the end of axis of gyroscope would deviate in the direction
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perpendicular to this force; as a result a gyroscope together with a framework would begin to rotate around the axis,
besides not speed-up, but with a permanent angular velocity. This rotation is called a precession; it goes the slower,
than quicker a gyroscope runs around about the axis. If at some moment the action of force would stop, then a
precession ceases simultaneously and axis stops instantly, i.e. precessional motion of gyroscope is fast-response.
Along with a precession under the influence of forces an axis of gyroscope can make a nutation - small, but rapid,
usually invisible to eye, vibrations of axis near it’s middle direction. The scopes of these vibrations at a quickly
rotating gyroscope are very small and damp quickly because of the presence of resistance.

Precessional motion can be observed in child's whipping top.

If the axis of such whipping top is put at an angle corner to the vertical line and release, then it would
deviate in perpendicular direction under the action of gravity, and starts to precess round a vertical line.

The precession of whipping top is also accompanied by invisible to eye nutation vibrations that damp
quickly because of air resistance. Under the air resistance the own rotation of whipping top is gradually slowed, and
speed of precession increases. When the angular velocity of rotation of whipping top becomes less certain size, it
loses stability and falls.

Nutation oscillation of the slowly running around whipping top can be quite noticeable and, composed with
a precession, nutation vibrations can change the pattern of motion of axis of whipping top : the upper end of axis
would move in waves or loop-like.

Stabilization systems

There are three basic types of stabilization systems:

1. Power stabilization system (on two-stage gyroscopes).

One gyroscope is needed for stabilizing around each axis. Stabilizing is carried out by a gyroscope and
unloading engine, a gyroscopic moment operates at the beginning, and then an unloading engine is connected.

2. Indicatory-power stabilization system (on two-stage gyroscopes).

One gyroscope is needed for stabilizing around each axis. Stabilizing is carried out by unloading engines,
but a small gyroscopic moment appears at the beginning that it is possible to ignore.

3. Indicator stabilization system (on three-stage gyroscopes)

One gyroscope is needed for stabilizing around two axis. Stabilizing is carried out only by unloading
engines.

New types of gyroscopes

The ever-increasing requirements for accuracy and performance descriptions of gyro devices compelled
scientists and engineers of many countries of the world not only to improve the classic gyroscopes with a rotating
rotor, but also to search for fundamentally new ideas that would solve the problem of creation of sensible sensors for
measuring and displaying the parameters of angular motion of object.

In the USA, EU, Japan, Ukraine and Russia thousands of patents and author's certificates for the
corresponding discoveries and inventions are issued. Since precision gyroscopes are used in long-range strategic
missile guidance systems, information on research in this area was classified as secret information during the cold
war.

Prospects for the development of gyroscopic instrumentation

A third-generation navigation satellite system is presently being developed. It will determine the
coordinates of objects on the earth's surface with an accuracy of units of centimeters in differential mode, at being in
the zone of coverage of correcting signal of DGPS. At the same time allegedly there is no need to use course
gyroscopes. For example, the installation of two receivers of satellite signals on the wings of the airplane , allows to
obtain information about the rotation of the aircplane around the vertical axis.

However the systems of satellite navigational appear incapable to determine position in urban conditions,
with poor visibility of satellites. Similar problems reveal in wooded areas.

In addition, the passage of the signals of the navigation system depends on the processes in the atmosphere,
obstacles and signal reflections. Autonomous gyroscopic devices work in anywhere- under earth, under water, in
space. In airplanes the satellite navigation system is more accurate in long areas than inertial navigation system. But
the use of two satellite navigation receivers to measure the angles of inclination of the airplane gives errors up to
several degrees. The calculation of the course by determining the speed of the airplane with this system is also not
accurate enough. Therefore, in modern navigation systems, the optimal solution is a combination of satellite and
gyroscopic systems, called an integrated system.

In recent decades, the evolutionary development of gyroscopic technology has reached the threshold of
quality changes. That is why the attention of specialists in the field of gyroscopy is now focused on finding non-
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standard applications of such devices. Completely new interesting tasks have been occurred: geological exploration,
earthquake prediction, ultra-precise measurement of the positions of railways and oil pipelines, medical equipment
and many others.

Conclusion

Almost every sea-going vessel is equipped with a gyrocompass for manual or automatic control of the
vessel, some are equipped with gyrostabilizers. There are a lot of additional gyroscopes in control systems for naval
artillery fire, providing a stable reference system, or measuring the angular velocity. Automatic control of torpedoes
is impossible without gyroscopes. Aircraft and helicopters are equipped with gyroscopic devices that provide
reliable information for stabilization and navigation systems. Such instruments include the attitude indicator, the
vertical gyroscope, the gyroscopic pointer and roll twist. The gyroscopes can be as a pointing devices, and sensors
of the autopilot. A lot of the planes provides for gyro-stabilized magnetic compasses, and other equipment and
navigation signs, cameras with gyro. In military aviation gyroscopes are also used in the sights of aerial shooting
and bombing.  Gyroscopes for different purposes (havigation, power) are available in different sizes depending on
the operating conditions and the required accuracy. In gyroscopic devices the rotor diameter is 4-20 (cm), and the
smaller value refers to aerospace devices. The diameters of the rotors of the ship's gyrostabilizers are measured in
meters.
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CRR-it is a system of paid roads in the Moscow region, the purpose of which is to solve the problems of
traffic jams in the Moscow region. The length of the road is about 500 km, and now there is an active construction
of its sections. The ring road is planned to be put into operation by 2025, but since the announcement of the project,
experts have expressed their opinion about its danger to the environment.

The ring road will pass through 13 districts of the Moscow region, combining them into a high-speed
highway (permitted speed — up to 120 km/h). There will be built bypasses around Noginsk, Elektrostal, Khotkovo,
Rostov, Kirov, Khimki, Balashikha, Odintsovo. Klin, Solnechnogorsk, Povarovo, Kubinka, Klimovsk,
Domodedovo, Bronnitsy, Elektrostal, Noginsk and Rakhmanovo are considered as the main hub of development. At
the intersection with 18 radial highways there will be multi-level interchanges, and the crossings with railways will
also be separated into different levels. In total, it is planned to build 31 interchanges and 180 artificial constructions.
The new ring will have the width of up to 3-4 lanes in each direction, between the outer and inner sides of the ring
separation barrier will be built. It is expected that the ring road is one of the most advanced highways in the country:
modern automatic system of traffic control, weather station, platform for helicopters, means of emergency
communication parking for the rest of the drivers and the zone of road service. But having solved the problem of
traffic congestion, the Central ring road creates a huge problem for the environment.

First, from 40 to 60% of the road will run through forest areas. Under the felling fall forests on an area of
more than 5,000 hectares. will be cut down for 3 km on each side of the highway. According to the head of the forest
program "Greenpeace Russia" Alexei Yaroshenko, as a result of the project the green zone of Moscow will be
reduced by 12%. Secondly, the construction of the road will affect valuable natural complexes with hydraulic
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system, different complexity and fragility. The increase in the areas of industrial and residential development within
the catchment area of the upper reaches of the Moscow river and in the territories bordering the drinking water
reservoirs will lead to an increase in the amount of pollutants going to the sources of drinking water supply. Also,
the ring road will affect wildlife refuge. Next to it there are 19 nature reserves, 4 of which stand in the way of the
road. And thanks to the radial "tentacles" that will stretch from Moscow to the Central ring road, to wild corners of
nature with rare inhabitants may fail to remain in place. Especially harmful construction can affect rare species, in
the result species diversity can be greatly reduced. Also, some experts suggest that the ring road can make a
significant contribution to the warming of the mesoclimate of the Moscow region.

Of course, the Central Ring Road will become a global center of freight turnover in the region, will enable
the development of the territories adjacent to it, will reduce the transport flow in the Moscow region by
redistributing the transit of vehicles, will provide convenient communication of the region. But, in terms of ecology,
this project is controversial and makes you think about what is more important: the health of residents and
environmental friendliness of the region or the creation of a new transport hub.
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OCOBEHHOCTU HAKOIUIEHUA TAKEJIBIX METAJIJIOB B PBIBAX
BACCEMHA PEKH VPAJ

Edpemon U.B., 3epena K.A.
Or'Y, PO, r. Openbypr

Bce TkaHM M KJIETKM JKHBBIX OPraHM3MOB COJiepXaT B ce0e XMMHYECKHE 3JIEMEHThl B CBOOOTHOM
COCTOSTHMHM, a TaKXe OOJIbIIOE KOJIMYECTBO XMMHUYECKHX COCAMHEHMH. TshKenble MEeTaibl Cpeld XUMHYECKHX
9JIEMEHTOB Hau0oJiee TOKCHYHBI, TI03TOMY OYEHb BaXXHO M3y4yaTh HMX COJIep)KaHHE HE TOJBbKO B IOYBE, BOJE,
pacTeHusX, HO U B OpraHax M TKaHIX Pa3IMuHbIX BUJIOB KUBOTHBIX.

W3BecTHO, 4TO pPHIOBI YyTKO pearupyloT Ha W3MEHEHHE YCIOBHH OKPYXKAIOIIEH cpelpl, B 4acTHOCTH
XMMHYECKOTO COCTaBa BOJbI, JOHHBIX OTIOXKeHHH. I[loaToMy cpenu CyIIecTBYIOIIMX METOJOB HWHIMKAIUN
9KOJIOTUYECKOTO COCTOSIHUS BOJOEMOB Bce 00Jiee BOCTPEOOBAHHBIMY CTAHOBSATCSI METO/IBI OMOMHAMKAINK. Tak, mpu
OTIpEJICTICHUH CTETEHH 3arpsi3HEHHS BOJOEMOB TSDKEIBIMH METaUIaMH B KayecTBE OMOWHANKATOPOB HCIOJNB3YIOT
PBIO, OIIEHMBAsI YPOBEHb COAEPKaHMUS U XapaKTep HaKOIUIEHUsI MUKPO3JIEMEHTOB B TKAHSIX M OpraHax.

Jisi TMarHOCTUKU OTpaBlCHUS] PbIO B HACTOSIEE BPEMs HCIOJIB3YIOTCS aHaMHECTHYECKUE CBEJICHHS,
KJIMHUYECKHE, MaToJIOT0aHATOMHYECKUE, THCTOJIOTHYECKHE, reMaToJIOTHYECKHE, ¢dusmonoruyeckue,
OnoxuMuueckue, OMO(MHU3NUECKHE METObl HCCIIEJIOBAHUS, & TaKKe METOJ| KUCJIOTHBIX 3PUTPOTrPaMM U METOA
YCIIOBHBIX PeQIICKCOB.

Ha ypoBHe MomeKyn ciemyeT BCKPHITH: 1) CBSI3b CTPYKTYpHI BEIIECTBA C €ro TOKCHYHOCTBIO; 2) MecTa
MOPAXXEHUSI WM TOYKH TPUIOKCHUSI TOKCHKaHTa: CyOCTpaThl B KJIETKE, M3MEHEHHE OMOXMMHYECKHX IPOIECCOB
(HanpuMep, cuHTe3 OeNKa, OKUcIuTeNIbHOe (hochomrpoBaHue, POTOCHHTES).

ConM TSDKENBIX METAIOB (MapraHell, HUKeNb, XpOM, MBIIIbIK, KaJMHUI, CBHHEI, KeJie30, INHK, PTYTh,
MeJib, cepedpo) pa3pymaT pecupaTOpHBIN SIHUTENNH jka0p, BIUIOTh IO TOJHOTO OTIEJICHUS SIHUTENHNS OT HUTEH
Xa0epHBIX IJIACTHHOK, MHOT/A BBI3BIBAIOT KPOBOTEUEHHE M3 Kalp, a Takke M3MEHEHHs CO CTOPOHBI IMMI'MEHTHBIX
KJeToK-xpomMarodopoB. KoxHbie TOKPOBBI U KaOphl 1O/ ASHCTBUEM OTHUX SI0B OOMIIBHO MOKPBIBAIOTCS CIU3bIO,
NPEeNsITCTBYIOMIEH razooOMeHy. B pesynbrare BceX 3THX M3MEHEHHH B OpraHu3Me y pbl0 BO3HHKAET HEIOCTATOK
KHUCJIOPO/a, HAKOIUICHHUE YTIEKUCIOTHI.

[Ipu oTpaBiieHUH IIECTUBAJICHTHBIM XPOMOM B OPIOLIHOW MOJIOCTH PbIO CKAIUIMBAETCS OPAHKEBO-KeNTast
®uIKoCTh. CBHHEIl, CallOHWH, CEJIeH, TepOULUAbl U JPYTUe COSAMHEHUs pa3pylIaloT dPUTPOLUTHI, B pe3ysbTare
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CBIBOPOTKA KPOBHM OKpAIIMBAacTCsl B KpacHbIM 1BeT. [Ipu oTpaBieHHM cejleHOM HaONIONAaroTCsl JereHepaTHBHbIC
MPOLECCHl B TEYEHH BOKPYT IEHTPAJBbHON BEHBL. OneMEeHTapHbIH (ocop NpH XPOHWUECKHX OTPaABICHHAX
MPUBOAXAT K AUCTPO(UYECKUM HM3MEHEHMSIM B II€UCHHU, MOYKax (B KiIyOoukax), cepame. B OpromHO# momoctu
CKaIlIMBACTCS JKEJITOBATAS )KUAKOCTb.

OOpaTHMOCTh OTPABICHUS 3aBUCHT OT NPHUPOABI W XHUMUYECKHX CBOWCTB 573, BPEMEHH BO3JCHCTBH,
KOHIICHTPAIUH, CTETICHN MOpPaKeHUs, BUAOBBIX OCOOCHHOCTEH prIO W apyrux QakrtopoB. Tak, mepecaaka prid B
YHUCTYIO BOAY MOCje NpeObIBaHMs X B TOKCHYECKUX PACTBOPAX COJIEH TSIKENbIX METAJUIOB (KaJMUs, PTYTH, HUKEJI,
KoOaJIbTa) He cracaja MX OT 'MOENH, TaK KakK B 9THX Ciy4asx HaOJII0AaInch HeOOpaTHMBbIE MOpaKeHUs KabepHOTro
STHTEIHSL.

B nuTeparype MMEIOTCs CBEIEHHUS, YTO y PHIOBI MOC)IE BO3ACHCTBUS TOKCUKAHTOB, OCOOEHHO JIOKAIEHOTO
XapakTepa, MOHMKACTCSl CONPOTHUBIIEMOCTh OPraHU3Ma K Pa3InYHOro pojia 3a00JIeBaHMsIM; 4acTo pbida crpajsaer
CalpOoJIETHHO30M, KaK 3TO YCTAHOBJICHO Ha TpHMepe ACHCTBHS (eHONIAa. BOIBIIMHCTBO CONEH TSKENBIX METAJUIOB,
XJIOPOPTaHMYECKHUX TECTHIIIOB, PaJIHOHYKINA0OB OKa3bIBA€T TOKCHYECKOE IEHCTBHE HA OPTaHM3M pPBIO B MalbIX
J103aX TIOCPEICTBOM KyMYJISIIIHH.

ConepkaHue TSDKENBIX METAUIOB B OpPraHM3ME pBHIO 3aBHCHT OT XapakTepa WX NHTaHMSA, a TaKKe
MHTEHCHBHOCTH OOMEHHBIX NporieccoB. Ha opraHusm 4denoBeka u >KUBOTHBIX (PU3MOI0THYECKOe NEHCTBIE METAIIIOB
Pa3IMYHO M 3aBUCHUT OT MPUPOJIBI MeTajlla, TUIIA COCIMHEHUs, B KOTOPOM OH CYIIECTBYET B IPUPOAHOH cpene, a
TaKXe ero KOHLEHTPaIUH.

CylHOCTh OMOJIOTMYECKUX METOJIOB OCHOBAaHA Ha BO3/CHCTBUM SJOBUTHIX BEILECTB, COJCPIKAIIUXCS B
BOJle, Ha OHOJIOTHYECKHE TEeCT-OOBEKTHI M YYET HEKOTOPHIX (DMU3HOJIOTHYECKUX IOoKazarenedl (KIMHUYeCKue
NPU3HAKH OTpaBlieHHsl JTHMOO rubesb KUBOTHOTrO). [IprMepamMu 4yBCTBHUTENIBHOCTH OHOJIOTHYECKUX OOBEKTOB K
Pa3INYHBIM SJOXMMHKATaM MOJXET CIYXXHTh PEaKknus JMIMHOK Xao0opyca, pakooOpa3HBIX, U BOISHBIX KIIEIIEH K
nmomuxyopruHery (IIXII). Otpasnenme prido JAT (muxmopaudeHnnT TPUXIOPMETHIMETAaHOM), €0 aHAJIOTaMH,
I'XLI (rekcaxIOpIHUKIOreKCaHOM) MOXKHO YCTAaHOBUTD Ha APO30(HIAX WIM KOMHATHBIX MyXax.

[ 3TOrO Yy OTpaBIEHHBIX PBIO OEpPyT MO3T, NEUYCHB, CENE3EHKY M IIOJIOBBIC NMPOMYKTHI, PACTHUPAIOT B
CTYHKE C HEOOJBIINM KOJIMYECTBOM caxapa M CKapMJIHMBAaIOT KOMHAaTHBIM MyxaMm. OrtpaBieHne pbsio
MIOJITBEPKIACTCA, €CIIU BCE MYXH MOTHOAIOT ¢ TUIIMYHBIMY ITPU3HAKaMU CYAOPOT U Mapaanyeil.

YyBCTBUTENBHOCTh METO/A IMOBBIIIACTCS NPH KOHIIEHTPUPOBAaHHUU si7a B 00bekTe (Boze, pbide). DTo Tak
HAa3bIBAEMbI METOJ «CyXO#l IUIEHKW». IIOJONBITHBIX HACEKOMBIX BBIICPKHUBAIOT B CyXOH IUIEHKE TOKCHYECKOIO
BEILIECTBA, [0JY4aeMOT0 UCTIAPEHHEM JIoCyXa 4acTH oOpa3ia o0bekTa uccienoBanus (Boja, ppioa u np.). s aroro
HCCIIeAyeMbIii OOBEKT 3aJMBAIOT AIlETOHOM, IJIOTHO 3aKPBIBAIOT M TMEPHOANYECKH BCTPIXUBAIOT. DKCTPAKIIHIO
MIPOBOJIAT TIPH KOMHATHOW TeMIiepatype B TedeHue 8-10 qacoB. ATICTOHOBBIN 3KCTPAKT (PHIBTPYIOT B YamiKy [leTpu
Y OCTaBJISIIOT IPU KOMHATHOW TemmepaTrype A0 HojHoro ucnapenus. B yvamky [lerpu nomemaror 20-30 myx. s
KOHTPOJISI CTOJIBKO K€ MYX ITOMEIIAIOT B ApYryto yamky [leTpu, rae HaxoanTcs 0CTaTOK alleTOHOBOT'O HKCTPAKTA MX
HOPMaJIBHOTO (HEOTPaBIEHHOT0) 00beKkTa. OKOHYATENFHO MOTHOIINX MYX IMOJCYUTHIBaIOT yepe3 10 gacoB. Metox
mo3BossieT o0Hapy)kuTh 0,5 MKT THOOCa 1 pyrux ®OC (pochopopraHndecknx coequHEHNUI) B poode.

Pacnpenenenne mMenu mo opraHam kapma (at. Cyprinus) BBIDISIIAT CIAEAYIONIUM 00pa3oM: delrys —
Xabpbl — cepAle — IeYeHb — MBIl — ToHabl. Hanbonbiuas KoHIEHTpanus MeAr y Kaprna HaOmonaercs B
yenrye U jkabpax, Takke 0TMEJaeTcs 3HAaUUTeIbHOE COJiep KaHNe CBUHIIA B 3TUX OpraHax. Y CTAHOBJIEHHOE BBICOKOE
collepKaHWe MeAM B IEUEHH, CEpALE M MBIIIIAX IMOKa3bIBAeT XapaKTep e¢ akKyMyJALUH B OpraHM3Me KapIa.
Bricokoe conepkaHHe XpoMma OTMEYaeTcsl B MBIIIIAX, y CaMOK €ro KOHIeHTparus Bbime. CaMoe BBICOKOE
coJiep)KaHne CBUHIIA OOHAPYKEHO B TIEYEHH W MBIIIIAX Kapra.

B pesynbrare wucciienoBaHUs YCTaHOBJICHO, YTO B OpraHu3Me IMyKH B mpenpenax HopmaTtuBa 11K
coliepxkarcs HUHK, MeJlb, CBUHEL. Bricokoe cojiepxaHnue Mean 0TMEYaeTcsl y KU B IEYEHU U CEpJLE; CBUHLA — B
rOHaJax; XpoMa — B MBIIINAX. YCTaHOBJIEHHbIE HM3KHME 3HA4YE€HHUs XpoMa, CBHHIA B kabpax M uemrye LIyKH,
BO3MO)XKHO, CBU/IETEIBCTBYIOT O TPOPHUECKOH IPUPOJIE UX aKKYMYIISLIUH.

PacmipesienieHre TSDKEBIX METAITIOB B OpraHmn3max jera (;ar. Abramis brama), nryku (nat. Esox lucius) u
Kapma XapakTepu3yeTcs HEOTHOPOIHOCTBIO, YTO Ompenensercss (U3UKOXUMHYECKHIMH CBOHCTBaMHU 3IIEMEHTOB,
(yHKIMOHATIBHBIMH OCOOCHHOCTSIMH TKaHEW M OPTraHOB, IKOJIOT0-OMOIOTHYECKUMH XapaKTEPUCTHKAMH H3y4daeMbIX
BHJIOB PBIO. AKKYMYIALNS TSKEIIBIX METAJUIOB Y Jiela HaOI0AaeTcsi, B OCHOBHOM, B IEYEeHHU (7KeJe30, IUHK, Mellb
Y CBHUHEI]); B MBIIIIAX — XpoMa. YCTaHOBJIEHHAs 3aKOHOMEPHOCTh akKyMyssmuu TM y cuHIa ciemyromas: B
TIEYCHH — XKEJIe30 U CBUHEI; B Yellye — IMHK ¥ MEe/lb; B MBIIIAX U Cep/le — XpOM. 3aKOHOMEPHOCTh HAKOIUICHUS
METAJIOB Yy IIIyKH OIPEAENsIeTCs BBICOKMM COJAEPXKaHHEM B IIEUEHH — JKeJe3a; B 4ellye — MEIH; B MBIIIIax —
KeJesa, XpoMa, CBUHIIA U [IMHKA.
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[NPUOPUTETHBIE HAIIPABJIEHM A B3PBIBOIIOXKAPOBE3OITACHOCTU HA OB BEKTAX
XPAHEHUA HE®TEITPOAYKTOB

Keasiouna B.B., Koctrpuxkun B./I.
YUT'A, P®, r. YIBbSIHOBCK

Ilpusedenvlt cmamucmuueckue OauHble ABAPUUHOCIU HA O00BEKMAX XPAHEHUs HepmenpooyKmos,
paccmompeHvl Haubonee cepbesnvle U macwmabHvle asapuu, cayuuswiuecsi ¢ Poccuu ¢ 2017 no 2019 200, u
NpOAHANU3UPOBAHLl OCHOBHLIE NPUYUHBL UX BO3HUKHOBeHus. IIpedcmaenen KOMNIEKC Op2AHU3AUUOHHO -
MEeXHUYeCKUX Meponpusamuil no obecneyenuro 6e30nacHOCmuU Ha 06bEKMax XpaneHus He@menpooyKmos.

Kniouegvie cnosa: cmamucmuka asaputi, xpanenue He@hmenpoOyKmos, RpUYUHbL aABAPULL, NOlCAp,
pesepayap.

B Poccuiickoit ®enepamuu  SKCIDTyaTHPYIOTCS B OonmbImioM 00BEME pe3epByapHBIE TapKd B
TOIUIMBO3AIIPABOYHBIX KOMIUIEKCAX aBHANpPEIIPHUATHH, KOTOpBIE SBISIOTCS B3PHIBONOXKApOOHMacHBIMH. [loxkapsl
SIBIISIFOTCS] TEXHOTEHHOM KaTacTpodoi, KOTOpBIE MPUBOIAAT K OOJBIIOMY 3KOJOTHMYECKOMY OEICTBHIO, TaK KaK OHU
TPYAHO TYIIATCS, HOCAT 3aTSHKHOM XapakTep, TpeOyIoT NpuBJIeYeHNs OOJBIIOr0 KOJUYECTBA CHJI U CPEACTB AJISI UX
JUKBUAALNH, XapaKTEPU3YIOTCS CIIOKHBIMH MPOIECCAMH PAa3BUTHS, MPUBOIAAT K 3HAYHTEIBHBIM MaTEpHUANbHBIM
yiepbam.

[Toxap B pe3epByapax ¢ He(TENpOAyKTaMH MOXET BO3HHMKHYTh: Ha JbIXaTeJIbHOM apMmarype, NMEeHHBIX
Kamepax, B OOBaJIOBAaHMM pe3epByapa H3-3a IepeliiBa XPaHUMOTO IPOJYKTa WM HapyIIeHHS TI'€pPMETHYHOCTH
pe3epByapa, (IaHIEBBIX COEANHEHUI U B BU/IE JIOKAIBHBIX 0Yaros.

KonmuecTBo 10XapoB, BO3HHKAIOMIMX B pe3epByapax C aBHAKEPOCHHOM, CPAaBHHUTEILHO HEBEIMKO M
coctaBisieT MeHee 15% OT moXkapoB, UIMEIOIINX MECTO Ha 00beKTax XUMHHU U Hedrexumuu. OHAKO 3TO Hamboee
CIIOKHBIE TIOXKaphl, TMPEACTAaBISIONINE ONACHOCTh /IS KOMMYHHKALlMH, CMEXHBIX COOPYKEHHH, a TaKkxKe s
YYaCTHUKOB TylIeHus. OMacHOCTh 3TUX TOXApOB OOYCIOBICHA BO3MOXKHOCTBIO JKHIKOCTEH pacTeKaTbcs Ha
00JIBIION TIIOIAN ¢ OONBIION CKOPOCTHIO PACTIPOCTPAHEHHS TUTAMEHH.

B pesynapraTre aHanmm3za CHUTyanMud B OOJIaCTH B3PBIBOIOKAPHOH O€30MacHOCTH TOINTMBO3AIIPABOYHBIX
KOMIUIEKCOB Ha Tepputopun P® mo odummansaeiM nmaHHeIM PoctexHamzopa c¢ 2014 roma mo 2018 ron
MIPOCJIC)KUBACTCSI HE3HAUWTENbHAs] TEHIEHIWS K YMEHBIIEHHIO BO3HMKHOBEHMS WHIMACHTOB U aBapui
TOIUTMBO3AIIPABOYHBIX KOMIUIEKCOB aBmampeanpuaruii. Ha Pucynke 1 oToOpaskeHO KOJIHMYECTBO HWHIUIEHTOB H
aBapHil TOTUIMBO3AIPABOYHBIX KOMIUIEKCOB M TPYOOIPOBOJIOB, 3KCILTyaTHpytomuxcs B Poccnu.
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Pucynox 1 - KonrgecTBo HHITMIECHTOB U aBapHid TOIUTMBO3AIPAaBOYHBIX KOMIDIEKCOB U TPYOOIpoBOIOB [2].

W3 Pucynka 1 BuIHO, YTO KaXIbld TOJ HMPOUCXOJUT OOJNBIIOE KOJMYECTBO aBapuil M HMHIMJCHTOB.
BoNBIIMHCTBO M3 HUX — 9TO aBapuM B MOJ3EMHBIX M Ha3eMHBIX TPyOONpPOBOAAX, KOTOPHIE HAHOCAT OOJIBLION
HKOHOMHUYECKHH M DKOJIOTHYECKHUH yIIepO.

B pesynbrate ananmuza 0OBEKTOB BO3ropaHusi HE(TENPOAYKTOB OBLIM BBIJEJICHBI OCHOBHBIE OOBEKTHI
MI0KapoB:

- pe3epByapHbBIe mapKu — 36%;

- aBTO3anpaBoYHbIe cTaHIuU — 14%;

- aBTOMOOWJIbHBIC IUCTEPHEI LTI MEPEeBO3KH HePTermpoayKkToB — 8§%;

- CJIMIBO - HAJIMBHBIC 3CTaKabl, XKeJIe3HOJOPOKHbBIC IUCTePHEI — 7,5%;

- pe3epByapsI LIS XpaHEHUs He(TETIPOAYKTOB, CKJIa ] TOPI0Ye-CMa30dHBIX MaTepraioB — 6%;

-npoure 00bEKTHI, He OTHOCSIIHECS K XpaHeHn o HedTenpoaykTos — 28,5% [2].

Takum oOpa3zoM, Ooubllasi 4YacTh MOXAPOB MPOHUCXOTUT HA OOBEKTaX C HEPTENpPOAYKTaMH, 4YTO
MIOJITBEPKIACT UX OMACHOCTb.

VY Bcex aBapuil ¥ MHIMJCHTOB Pa3Hble IPHYMHBI BOSHUKHOBEHHs. PaccMOTpUM U IpoaHAIU3UpYyeM aBapuu
Ha ocHOBaHHUH ciydaeB B Poccuu ¢ 2018 mo 2019 rox.

13.01.2019 roga B CraBpoIOJIbCKOM Kpae MPOM30IUIO BO3TOPAHUE Pe3epByapa ¢ HE(TENPOAYKTOM IpH
MIPOBEJICHUH PadoT 10 OTKauke HeTenpoaykra u3 pesepyapa tuna PBC B aBromucrepHy. B pesynbrate aBapun
TIOJTYYWJIM TEPMHUYECKHE OXKOTH IISITh YEJIOBEK, a IKOHOMHUYECKHH ymepO cocraBwil 89 Teic. pyoneid. [TpnunHOi
cTajo oO0pa3oBaHNE B3PHIBOONACHOM KOHIIEHTPAIIMH ITapOB HEPTENPOIYKTa C BO3AYXOM IPH OTKPBITHH JIFOKA - J1a3a.

19.10.2018 roma B YensOMHCKE Ha CKIaZe Tropiode - CMa30YHBIX MAaTepHaJOB IMPOM3OLIEN B3PHIB C
MOCTIETYIONMM BO3TOpaHUEM IIPH HAJIKMBE TOIUIMBA B aBTOIMCTEpHY. IIpnunHON B3pBIBA CTaNl 3JIEKTPOCTATHIECKUN
paspsi, Tak ke IpU Iepekauke He(TenpoayKTa OTCYTCTBOBAJ KOHTPOIb CO CTOPOHBI JIMII, OTBETCTBEHHBIX 32
MTOJITOTOBKY ¥ MIPOBEICHUE HAMBHBIX ONepaIiiii. DKOHOMHUECKuUil yiiep6 coctaBui 11,217 Thic. pyOei.

29.04.2018 roma B CwmosieHCKOII o00jacTH Ha CcKiaje He(TENpPOAYKTOB IPOM30LIET B3pBIB C
BOCIIAMEHEHHEM IAPOBO3/YIIHON CMECH MpU MPOBEACHHM PabOT MO 3aYMCTKE pe3epByapa. [IpuuuHON CTajo
MIPUMEHEHNE HEMCKPOOOpasyrollero HHCTPYMEHTa (IaedqHoro KIII04a) IIPH YCTaHOBKE (MIAHIIEBOTO COECIMHEHMS Ha
BaKyyMHO - 3a4HCTHYIO TpyOy TpyOoonpoona. [Torn6 onun dyenosek.

27.01.2018 roga B CepryxoBe Ha ckiajie ¢ He()TEIpOoayKTaMH MPOHU30IIEN B3PBIB C BOCIUIAMEHEHHEM H
pasrepMeTn3anueil pesepByapa B BEpPXHEH 4acTH €ro KpbIIU MPH CIMBE OCTAaTKOB HE(TENPOJIYKTa U3 pe3epByapa
tuna PBC - 2000. I[IpuunHO# cTano camMOBOCIUIAMEHEHHE Ta30BO3IYIIHOM CMeCH B pPE3yJbTaTe OTKPBITOTO
KOHTAaKTa MOBEPXHOCTH pabOTAIOMIETO SJEKTPHUECKOTO HarpeBaress. DKOHOMHUYECKH ymepo moctur 3,557 ThIC.
py6neii [3].

W3 paccMOTpEeHHBIX CIy4aeB aBapuil NpHU XPaHEHWH HE(PTEHNPOLYKTOB MOXHO CJEIaTh BBIBOA, 4YTO
OOJIBIIMHCTBO aBapUil MPOUCXOAUT IO IPUIHHAM:

- HeCcOOJTI0IeHUS TpaBUiI 0€30MTACHOTO BBITIOIHEHHS Ta300MaCHBIX PadoT;

- HecOOJTIOJICHNS TTPaBWII TIOXKApHOK 0€3011aCHOCTH M OXPaHbI TPY/a;

- OTCYTCTBUS KOHTPOJISI IIPOM3BOJMMBIX OTIEPALUi;

- JIOIYIIEHHS 10 pabOTHI JIMILI, HE MPOILIEAIINX HHCTPYKTAX, 0e3 oopMIIeHHs Hapsiia - A0IycKa K padore;
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- OTCYTCTBHME KOHTPOJIS BO3AYIIHOH cpenbl (KOHLEHTpAIMi) Iepe HayajaoM paboThl Ha HAJMYUE I1apoB
YTIIEBOJOPO/IOB;

- HCTIONIb30BAaHHUE UCKPOOOPA3yIOIIEro HHCTPYMEHTA.

[To mprumHE HEMOCTATOYHOTO YpPOBHS OOecreueHNsI 0E30MaCHOCTH MPOU3BOACTBA PAOOT, HEAOCTATOUHOTO
YPOBHS NOATOTOBKHU IIEPCOHATA B 00/IaCTH OXpaHbI TPy, HEyMEHHE IIEPCOHANA MPUHATh ONTHMAILHOE PEIICHNE B
ycnoBusIX AeduiuTa BpeMEHN 1 NMCUXO(U3NOIOTHUECKHUX TIEPETPY30K MPOUCXOIAT CEPhE3HBIEC aBapHH, BCIICACTBHC
KOTOPBIX HAHOCUTCS YIIEpO KH3HU U 370POBbBIO IIEPCOHANA, a TaK e IKOHOMHYECKUI 1 SKOJIOTHYECKUH yiepo.

Heo0xomnMo yCHINTh KOHTPOJb M YCOBEPIIEHCTBOBATh OPraHM3AIMOHHO - TEXHUYECKHE YCIIOBHS
B3pBIBOIIOXKAPOOE30MACHOCTH ITPU XPaHEHUH HEPTENPOAYKTOB, @ HIMEHHO:

- COBEpLICHCTBOBAaHUE CHCTEM OOHAPY)KEHHS TPEIeNIbHBIX KOHIEHTpaKi napoB HeTenpoIyKTa;

- KOHTPOJIb pab0TOCIOCOOHOCTH CHCTEM aBTOMATUYECKOTO II0XKAPOTYLICHHS 110XKaPa;

- IPOBEJICHUE HKCTIEPTU3BI IPOMBIIIIIEHHOH 0€30IMacCHOCTH HA 00BEKTAX XPaHEHHS! HE(YTETIPOLYKTOB;

- IPOBEJICHUE BHEOUEPEIHBIX aTTECTAIMH CIICIIHAINCTOB U PAOOTHUKOB;

- obecneunTh MOCTOSHHBIH KOHTPOJIb CO CTOPOHBI OTBETCTBEHHBIX JIMI[ 33 ITOJTOTOBKY M IIPOBEIICHHC
OTHEBBIX PabOT U pabOT MOBHIIEHHOH OMACHOCTH;

- o0ecrieunTh KOHTPOJIb BO3AYIIHOM CPebl epe] ¥ BO BpeMsl paboTHI;

- pa3paboTaTh HHCTPYKIIUH 110 BBHIOJHCHHUIO B3PHIBOMOYKAPOOMACHBIX PaboT.

IIpumenenue OpraHU3allMOHHO - TEXHUYECKUX MEPOIPUATUI 1o o0ecreyeHuIo
B3pBIBOIIOXKAPOOE30MAaCHOCTH TIPH  XpaHEHHH HEe(PTENpOAyKTOB TMO3BOJHMT 3HAUUTEIBHO CHH3UTh PHUCK
BO3HUKHOBEHUS aBapuii [1].
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®OPMUPOBAHUE DPOEKTUBHOM KYJILTYPbI IIOXAPHOI BE3OITIACHOCTH
KAK HAITPABJIEHUE OXPAHBI TPYIA

Kocrpukun B. /1., Haxkuna A.C., Ceménona 10.C., baiibimi0aeB A.A.
VUTA, PO, r. YibsaHOBCK

Hooicapnas 6es3onacHocmv Ha npeonpusmuu  A671s1emcs OOHOU U3 2IABEHCMEYIWUX 3a0ay 10020
pyrogooumens. Ho, k coocanenuio, 00HOU U3 yacmo ecmpeuaroumuxcst npooiem sieisiemcst npoyecc op2aHu3ayuu
noscapuoil 6e30nacHoCmu, KOMopbill 8bi3bl6Aem Y CNEYUAIUCTO8 MACCY 3ampyOHeHUL.

Oonum u3 Hauboee 8aXNCHLIX ACNEKINO08 OPLAHUIAYUU NOHCAPHOU OE30NACHOCMU ABNIAEMCA PopMuposanue
BbICOKOU KYIbmypbl Oe3onachocmu Ha npednpusmuu. B oannoii cmamwve paccmampugaromcsi 0cobeHHocmu
Gopmuposanusi Kyrbmypol 6e30nACHOCMU, a MAKAHCe MPYOHOCMU ee BHEOPEHUsL.

Kniouesvte cnosa: nooicap, 6e3onacnocmv,  Kyabmypa — 6e30nacHOCmu,  KyIbmypa — NOJdCApHOU
bezonacrocmu, nodcap Ha NPeOnPUsIMuU.

Keywords: fire, safety, safety culture, fire safety culture, fire at the enterprise.

B Hactosimee BpeMs 3Ta mpobOiemMa BechbMa aKTyalbHa, T.K. 3((eKTHBHAs KyJIbTypa O€30IacHOCTH
SIBIISIETCS BAXKHEHIIIEH COCTABISIIONIEH COBPEMEHHOTO TIPOrPECCUPYIOIIET0 IIPOU3BOICTBA, KOTOPOE 3aMHTEPECOBAHO
B 0E30MacHOCTH CBOMX COTPYAHUKOB W Oyaromoiyunu HaceneHus. Kynprypa ©Oe3omacHocTH —TpeOyeT
MaKCUMAalIbHOH OTIA4d OT PYKOBOJCTBA, OONBIIMX BPEMEHHBIX M JCHEKHBIX PECYpPCOB, a TaKXKe MOCTOSHHOTO
KOHTPOJISI.

IoxapHast 6€30HaCHOCTh — OSTO COCTOSHHE 3alIMIIEHHOCTH JMYHOCTH, HMYIIECTBA, OOUIECTBA W
rocyaapcTBa OT MoXKapoB[S].
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Kynprypa 0€30macHOCTH MNpeanpuATHs — KOMIUICKC WHIUBHIAYQJIBHBIX M KOJUIEKTUBHBIX Mep,
HaTpaBJICHHBIX Ha OCO3HAHHOE 00ecTieueHrne MOKapHOHW 0e30MacHOCTH B IIETISAX COXPAaHEHHS B 00ecIeueH s )KU3HN
1 3I0POBBS paOOTHHUKOB.

Opranms3anust 00s3aHa COCTaBHTh HECKOJBKO JOKAJHHBIX aKTOB, PErilaMeHTHPOBaHHBIX DeneparbHBIM
3aKOHOM [5], B KOTOpPBIE BXOIMT:

— IIpUKa3 0 Ha3HAYCHUH OTBETCTBEHHBIX JIUII 32 TIOKAPHYIO OE30MIaCHOCTE;

— MHCTPYKIHSA 1O TT0KapHOH 0€30MacHOCTH;

— IJTaH BaKyalliy B CIydae 1oxapa;

— IpUKa3 O MOPSJKE NMPOBEJICHNUS CIIEIHaIbHBIX 00yYeHUI 1 NHCTPYKTaXeH, a TaKk)ke NpoBepKa 3HaHUH 10
BOIPOCAM ITI0’KapHOH 0€30I1aCHOCTH;

— J)KypHaJI PErUCTPaLny NPOBEICHUS HHCTPYKTaXEH.

B cBsa3u ¢ stuM MHOTHE pabOTHHKHM HAaWBHO IIOJIATAIOT, YTO WHGOpPMANWs O MOBEACHUH, IIPaBIIIaX
TYIICHHS, OTI03HABATEIHHBIX NMPU3HAKAX MOXapa J0JDKHA B TIEPBYIO OUepels HHTEPECOBATh JIMI, OTBETCTBECHHBIX 32
MoKapHYIo 0e30macHOCTh. TeM caMbIM, CHUMas ¢ ce0s 00s13aTeNbCTBO COOMIOIEHNSI KYNbTypBl O€30MacHOCTH.

He momyctuTh MaTepmanbHBIE YOBITKH M COXPAaHHUTH JKM3Hb M 3[J0OPOBBE COTPYTHHKOB — 3TO OJHA W3
OCHOBHBIX 33J]ad PYKOBOJICTBA TIPEIIIPUATHS B JaHHOU cdepe.

OCHOBOTIOJIAralOIMMH YePTaMy OPraHU3alUH C BBICOKOW KYJIBTYPOil MOXKapHOH 0€30MacHOCTH SIBJISIFOTCSI:

— XOopomasi KOMMYHHUKalusgd MEXKAY BCCMHU YPOBHAMU COTPYIAHUKOB (HOSI/IHI/IX AKTUBHOT'O CJIylHIaHusA
COTPYIHHMKOB M UCIOJIb30BaHUE UX 3HAHUIN);

— B3aUMHOE JI0BEpHE;

— o0uIMe MpeCTaBIeHNs O BAYKHOCTH 0e30MacHOCTH (00ecredeHre BBICOKOTO YPOBHSI MOTUBALIHS);

— YBEpPEHHOCTH B 3()(hEeKTUBHOCTH MPOPUIAKTHICCKAX MED;

— yOeXIEHHOCTh B 3aMHTEPECOBAHHOCTH PYKOBOJCTBA (IIPHOPUTETHOCTH Ha IPOU3BOJACTBE 3IIOPOBHS H
0€30MacHOCTH B CPAaBHCHUH C WHBIMH ITOKA3aTEIISIMH).

[IpuBenem HeKOTOpEIE (haKTOPHI, HETATUBHO BIHAIONINE HA KYJIbTYPY IIOKapHOH 0€30MacHOCTH:

— PpEryIspHO MCHAIOUINECS PEIICHHS PYKOBOJACTBA, KOTOPHIC CYIIECTBCHHO BIMSAIOT Ha OOECICUCHHE
0€30MacHOCTH Ha MTPOU3BOJICTRE;

— HecoOIroIeHne TpeOoBaHNi pabOTHUKAMM;

— CUCTEMHBIC HAPYUICHUA HpOH3BOI[CTBeHHOﬁ JACATCIIBHOCTH,

— HEJI0CTaTOYHO BBICOKUH YPOBEHb KOMIIETEHTHOCTU PYKOBOAMTEIIS.

MHorue npOM3BOJCTBA CCHUIAIOTCSI HAa CKJIOHHOCTH CBOMX COTPYJAHHMKOB COOJIIOAATh IpaBWiia M
JIECTBOBATH COTJIACHO JAHHOW MHCTPYKIH. OTHAKO B YCIOBUAX mokapa v 85-90% mronelt HaOIrogaeTCs peaKIfust
3aTOPMOXKCHHOCTH, KOTOpask MOXET CMEHHTHCS IAHWYECKHUM COCTOSHHEM B CIy4ae OTCYTCTBUS yKa3aHHU
pykxoBoacTBa. [3]

W3 »storo cmemyer, YTO Haxke MpPH JOCTAaTOYHOM OOYYCHHH COTPYAHHUKOB 3HAaHUSAM TOXapHOU
0e30MacHOCTH, MOYKET HaOIII0JaThCsl HECOOMIOICHUE KYIBTYPhI O€30MaCHOCTH.

Kak mnokaspIBaeT NpakTHKa, HAMHCcaTh HHCTPYKIHIO W cobpaTth momamumcu B «JKypHaie perucrpanuu
MHCTPYKT@Xa» — 3TOr0 ele HeI0CTaTOYHO. PaboTHHKM (OpMaibHO, a 3a4acTyl0 OE30TBETCTBEHHO OTHOCSTCS K
COOJTIO/IEHHUIO YCTaHOBJICHHBIX MPaBUIL.

IMosToMy HeoOXxomuMo  pa3paboTaTh  MOTHUBAIMOHHYIO  CTpareruio, KoTopas OylneT HMeTh
HMHAWBUIYaNbHBIA TOIX0I, YAUTHIBAIOLINHA 0COOEHHOCTH KOJIJIEKTHBA.

Hcxons u3 uepapxuu A. Macioy, onpeJensoTcss TOTpeOHOCTH YeIOBeKa, a 3HAYHT 3a/1a4a PyKOBOIUTEIS
COCTOUT B TOM, YTOOBI NPOAHAIM3UPOBATH MOBEACHHE MOIYMHEHHBIX M, UCXOAS W3 ITOrO, CHIENIATh pELICHHE O
croco6ax MOTHBAIMH KOJUICKTHBA B LEJISIX (POPMUPOBAHUS KYJIBTYPBI TIOKapHOK 0€3011aCHOCTH.

Buner MOTHBAIIMK MOXHO pa3JelUTh HAa JIBE OCHOBHBIC TPYIIIBI - MaTepUANbHBIE H HeMaTepHalbHbIe. [10
MHEHHUIO PYKOBOJICTBA, BbICOKas 3apaboTHast mara — Hanbosee 3¢ GekTuBHbII criocod MoTnBanmu. Ho tak mu 3To0
Ha camoM pene? M3 mepapxum Macioy cieayeT, 4To MaTepuaibHble Ojara yaoBIETBOPSIOT TOJBKO JIBa HHU3IIHUX
YpOBHS TOTpeOHOCTel denoBeka. M3 3Toro ciemyer, 4To AaHHBIH crmoco® MoTwBamuu 3()QPEeKTHBEH TOIBKO
HEMpPOIOJDKUTEIBHOE BpeMs, MOCIE Yero COTPYAHHK OILIYIIAeT HEYJOBJIETBOPEHHOCTh B MOTPEOHOCTSX BBICIIETO
YPOBHSL.

Juns  OGomee [ONTOBPEMEHHOTO pe3ylbTaTa MOTHBAIMM HEOOXOJMMO HCIOJIB30BaTh HE TOJBKO
MaTepHualbHbIE, HO U HeMaTepUallbHbIC BUIBI MOTUBAIMH. K TAKMM OTHOCSTCS:

— BO3MOXHOCTb KapbEepPHOTO POCTa;

— MOTHBUPYIOIINE COBELIAHMS;
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—y4acTHe B IPUHITHUY CTPATEIMYECKUX PELICHNUH;

—o0paTHas CBS3b OT PYKOBOJICTBA;

—KyJbTypHbBIC MEPOIIPUSATHS BHYTPH OpPTraHU3aLNH;

—IyOIMYHOE NPU3HAHUE U ITOXBAJIA 33 YCIIEXH.

®opMHpOBaHUE BBHICOKOW KYJIBTYPHI HOXKAPHOH 0€30IacHOCTH KaK BaKHOW COCTABIIAIOMICH A(PPEKTHBHOM
CHCTEMBI COXpPaHEHHS 340POBbA M 0E30MAaCHOCTH Ha MPOM3BOACTBE — 3TO HEOOXOAMMOE YCIOBUE ISl JOCTIKCHUS
LIeJT OpraHu3alyy B 00JacTH OXpaHbl Tpyaa. JlaHHOe yclloBHE ITO3BOJISIET IPUBECTH MaTepHANIBHBII Bpell B Cllydyae
HECYaCTHOro cilydas K MHHUMYMY, @ caMO€ IJIaBHOE — YMEHBINAET PUCK Bpela XM3HU M 370POBBIO JIIOJCH.
D¢ dexTrBHOE BHEIPEHHUE KYJIBTYPHI TOXKAPHOH OE30MaCHOCTH MOXKET HMETh KOJIOCCAILHOE BIUSHUE HE TOJBKO Ha
pe3ynbTaThl TOKasarenedl 0e30macHOCTH, HO M Ha OOLIYI0 INPOM3BOAMTEIBHOCTh TpyHa, €€ TEeMIBl pocTa,
peHTabeNIbHOCTh IPOU3BOICTBA.

HeoOxonnMo moHMMaHHE TOTO, YTO KyJbTypa IOXKapHOH O€30MacHOCTH — 3TO HempepbiBHas pabota
PYKOBOAMTENS, KOTOPBI IOCTOSHHO  yAeJNseT BHUMAaHWE BONpocaM  OE30HAacCHOCTH, a  HJICOJIOTHS
KHU3HEACATECITBHOCTH MPEAIPUATHS TIIACUT O COXPAHEHNH U 00ECTIEICHUH XKU3HH U 310POBbsl paOOTHHUKOB.

[lo3uTHBHAS KyJNbTypa IO3BOJISIET BHEAPSTH Takue 3PQEKTUBHbIE MHCTPYMEHTHI, KaK WACHTH(UKaIMs
MIOXApOB M OIIEHKa WX PHCKOB, YTO IO3BOJSIET HEKOTOPHIM IPOM3BOJICTBAM CYLIECTBEHHO COKPATHUTh KOJIHMYECTBO
HECUACTHBIX CITy4yaeB.
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AHAJIN3 COAEPXKAHM A ITOABUKHBIX ©®OPM TAXEJIBIX METAJIJIOB
B ITOUBAX ITOCEJIKA COJIOBELIKUI

lecrakosa K.A., I[Tonosa JI.®., Tpopumosa A.H.

OI'AOY BO «CesepHslit (Apkrrdeckuil) penepanbHeiii yHuBepcuTeT MeHn M.B. JlomoHOCOBaY,
r. ApXaHrenbck

AHHOTALUA
B cratee mpezacraBieHBl pe3ylnbTaThl XMMUYECKOTO aHalIW3a MO ONPEAEICHUIO COAEPIKaHMS MOABHIKHBIX
¢opM TSKENBIX METaJUIOB B TouBax mocenka CoJoBeUKHH. BONBIIMHCTBO HCCIEIOBAHHBIX II0YB HMEIOT
JIOITyCTUMBIN YPOBEHb 3arpsisHeHus TM, oZHAKO BBISBIEH OIMACHBIM yPOBEHB 3arpsi3HEHHE OTHOCHTEIBHO (hOHA Ha
gerpipex [II1. Upe3Bpr4aliHO OmacHOE 3arpsi3HEHHWE MOYBHI TSOKEIBIMH MeTaulaMHu (110 TOABIDKHBIM (hopMam)
yCTaHOBIEHO Ha mpoOHOH mmomanu «Cyxoi m0k», rae Zemux= 216; Zgou= 6390, coOOTBETCTBEHHO. DTOT BHIBOA
MTOJITBEPIFIIN Ipyrue OnoreoxuMuieckne K03 HUIMEHTHI, TAK CYMMAapHBIH MOKa3aTellb TEXHOT€HHOTO 3aTrPs3HEHUS
coctaBmin 1321694, a uHrerpanbHelii oneHo4HBIH Oamut — 0%. Bo Bcex mcciaeqoBaHHBIX INOYBaX YCTaHOBJIEHO
BBICOKOE cojiepxaHue moABwxHbX Gopm Pb, Co, V, 83% wuccienoBaHHbIX MO4YB 3arps3HeHsl Zn, Mn u Ni,
oTHocuTeNnbHO (ona, 50% - Cu, 17% - Ti.DOTo MOxeT ObITh CBA3aHO KaK C TUIIOM MOACTUNIAIOLIMX IPYHTOB, TaK U C
OJIM3KMM PACIIONIOKEHHUEM UCTOYHUKOB XO35MCTBEHHON JICSITEbHOCTH JIIOJICH.
[ToyBaM apKTHYECKHX M IMPHUAPKTHUECKHX TEPPUTOPUI ynensiercss ocoboe BHHUMaHHE, YTO OOYCIOBJIEHO
KpaiiHe#l ysI3BHUMOCTBIO OKpY)Kalolled NpUpPOJHOM cpelbl, Malol YCTOMUMBOCTBIO SKOCHUCTEM, BaXKHOU
SKOHOMMYECKOHM, COLUMAJIBHONM M D3KOJIOTMYECKOM pOJIBI0 3TUX Teppuropuil. Hapymenue U yHUYTOXKEHHE
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€CTECTBEHHBIX JKOCHCTEM ADPKTHKM HAHOCHT CEpbE3HBII ymiepd He TOJIBKO BCEil IKOCHCTEeME B LIEJIOM, HO U
3J0pOBBIO, KaK KOpEHHBIX »wuTenell CeBepa, Tak W MUIPAHTOB. OTO aKTYaJIbHO M JUIi 0CO00 OXPaHSEMBIX
NPUPOAHBIX TEPPUTOPHH, Takux Kak COJIOBELKHH apXuIenar ¢ ero HCTOPUKO-KYJIBTYPHBIM HacieIueM H
COXPaHMBIIUMCS YHHKQJIBHBIM HPHPOAHBIM JaHmmadroM. Hapymenune Xpynkoil apkTHYeckOH HPHPOIBI MOXET
UMeTh HeoOpaTHMBIH XapakTep. BeiencTBue 3Toro nceiaemoBaHuIo oY yaessercss ocoboe BHUIMaHHE.

Llenp nDaHHOTO WCCIENOBAaHUSA — HCIOJIB3Ys OHOTCOXUMHUYSCKHE KOI(POUIMEHTH NPOaHATU3HPOBATH
0COOEHHOCTH cojiepsKaHusl MOIBIKHBIX (popM (I1D) Tsxenbix MeTamioB B mouBax 1. ConoBenkuii.

B kauyectBe 00OBEKTOB HccieqOBaHMs ObUIM BbIOpaHbl 1MOuBHI 1. COJIOBENKHH, OTOOpaHHBIE B paMKax
oOpazoBarenbHOro mnpoekra «KomIiekcHoe pa3BHTHE TEPPUTOPHHM C YHUKAJIBHBIM IPUPOJHBIM H HCTOPHKO-
KyJNbTypHBIM HacienueM Ha npuMepe CosoBenkoro apxumnenara» B nepuon 2016-2017 rr.

Bcero Obuio 3amoxeno 28 mpoOubix ruiomianei (manee III1) ¢ pa3nuyHOI CTENEHBIO AHTPOIOTEHHOM
Harpy3k# (B paiione Canku, Korenpnoii, Cyxoro [loka, A3C). Konrponsnas [1I1 Opiia 3a10keHa Ha TEPPUTOPUN
0e3 aHTPOIIOTeHHOM HAarpy3KH, BIOJIb 03€pHO-KAaHAIBHOH CHCTEMBI, B HECKOJIBKUX KHJIOMETpax oT I1. COJIOBELIKHIA.

Otb6op mouB mpoommnu cormacao ['OCT 17.4.4.02-84. C 12 TIII mouBBl OTOMpand W3 OTHENBHBIX
TOPHU30HTOB N0 BceMy npodmiro, a ¢ 16 I1I1 — u3 noBepxHOCTHOTO cios (0-20 cm).

Jns xuMugeckoro aHamm3a Obuto otoOpano 19 mousenHsx o6pasnos ¢ 8 I1I1. Mecra 3aknmanku [1I1 ykasanbt
Ha kapte (puc.l).

XuMHYecKuil aHan3 T0YB BHITONHsUICS Ha Oase tabopaTopuu Onoreoxumuieckux uccienoannii CAOY c
ucnons3oBanreM obopynosanus LIKII HO «Apkruka» (CADY) npu ¢unancoBoit nmonaepxkke MunoopHayku PO
(YHHMKaIbHBIT M}IeHTM(bI/IKaTop pa60T RFMEFIS9414X0004) [6]

Pucynok 1 — Mecra 3aknaaxu [111

Onpenenenne noaBmwkHeix Gopm TM B mousax (Pb, Zn, Cu, Ni, Co, Mn, Cr, V, Ti) oCyIecTBIsIOCH
METOJIOM aTOMHO-a0COPOIMOHHOM crekTpockonmuu corimacHo PJ[ 52.18.289-90 [5], ¢ mpuMeHeHHEM aTOMHO-
abcopormonnoro criektpomerpa VISTAICP-OES, n3 ammuauno-aneratnoit Oydeproit BeITsDKKE ¢ pH = 4,8.

Jna onenku HakomneHusa [ID Tspkenblx MeTauioB B HoyBax mocenka ConoBeUKUH HCIONIB30BAUCh
cleayrolye OnoreoXuMuIeckue K3 OUIUeHThI:

CymmapHsIit moka3atens 3arps3Henus (CI13) mo ITIK:

g _5 G~ K C - IVIK "
IIK

rae Cj — cpeaHeB3BenieHHas KOHIeHTpanwsi TM B ucclielyeMoi movBe;
MK — npenenbHO momycTuMast KOHIeHTpanus [1].
CpenHeB3BenIeHHbIe KOHIEHTpay TM paccunuTeiBaim 1o hopmyIe:

©,h)
Ccp.ez’@ememzbzﬁ = zz—h , 2

raeC; — coliepikaHue TSHKEI0ro MeTajuia Ha hj rOpu3oHTe, MI/KT;
h; — TonuHa ropu30HTa, CM.
CII3 o poHOBOI KOHIIEHTPAILIHH:

ZP" =% K. —(n-1); @3)

rae N — 4ucjio aHaJIu3UpPyEeMbIX 3HeMeHTOB-3aI‘pS[3HHTeJIeI>i;
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KO3(1)(1)I/IIII/I€HT TCXHOI'CHHOI'O  HAaKOIUJICHHUSA (KC)I/IJ'II/I KOHICHTpAallUn  XUMHUYCCKOTO DJCMCHTa II0
CPCAHCB3BCUICHHBIM 3HAYCHUAM:

K=z @)
i

Ci 4 — ponosoe conepxanne snemenTa (I «KoHTpoab»).

[Tpu pacuere CII3 no poHOBOW KOHIIEHTPAIUH YYUTHIBAIOTCS TOJIBKO TE JIEMEHTHI, y KoTopbix K >1,0.

OueHKy cTenenu 3arpsizHeHus mouyB TM oCyIIECTBIISIIN COTIIACHO CIEAYIOIIESH Ipajalyu:

CII3 > 128 — upe3BbIUaiHO ONIACHOE 3arpsA3HEHUE;

CII3 = 32-128 — onmacHoe 3arps3HEHUE;

CII3 = 16—-32 — yMepeHHO OTacHOE 3arps3HEHHE;

CII3 < 16 — gonycTuMoe 3arps3aeHue[3].

CII3 oTpaskaeT MHTEHCHBHOCTH 3arpsiI3HEHUS MOYB TEXHOTCHHBIMH MOJUIFOTAHTAMH, HO HE YYHTBIBACT €TO
OTIACHOCTh M3-332 TOKCHYHOCTH IIOJUTIOTAHTOB, ITO3TOMY OYEHb CJIOKHO OTIMYHTH IETOXHMMUYECKHE AHOMAJINH,
00pa3oBaHHBIE CHJIBHO TOKCHYHBIMH BEIIECTBAMH, OT aHOMAJIHWH, C(HOPMHUPOBAHHBIX MAaJOTOKCHYHBIMH
BEIIIECTBAMH.

BcnenctBue uero peKoMeHIyeTcsl paccuuTaTh Oosiee HKOJOTHUYHBIN MOKa3aTelb — CYMMAapHBIA MOKa3aTelb
TokcuyHoro 3arpsizaeHus (CIIT3):

ClT3=) K, -K, —(n-1); ()
rae Ky~ Ko puIueHT TOKCHYHOCTH 3JIEMEHTa, PAaCCUUThIBACMBIi 10 opMyJie:
K — CaﬂeMeHma . (6)
" Hﬂ Kafte,\rleuma ’

IIpu pacuere CIIT3 y4uTsIBatOTCS TOJIBKO T€ 3JIEMEHTHI, Y KOTophix K.>2,0.
WHrerpanbHelii OLIEHOYHBIN Oai, xapakTepusyrouuid cteneHp 3arpsisHeHus: nousbl(b). OH HaxomuTcs B
npenenax ot 0 10 100% u paccuutsiBaetcs mo Gopmyie:

100
b=D, -—
Gon D (7)

raeD — mpuBeneHHBIH CyMMapHbBI KO3(GQUIMEHT KOHIEHTpauuH, Dy, — NpHUBEREHHBIH CyMMapHBIH
KOX(PHUIHEHT KOHIIEHTPAIUH T (POHOBOH ITOYBHI (O1IeHOYHBIH 6ait pasen 100):

C.
D= Z — | K;; (8)
Cis
Dd)ou = Z I‘<i : (9)
Ki — ko3 puiueHT 3HaUMMOCTH 3JICMEHTOB B COCAMHEHIH, PACCUUTHIBAEMbBIN 10 (hopMyIIe:
1
Ki = (10)
Hﬂ Kaﬂe.nftenma

Ecnu coneprkanune smeMeHTa paBHO WIIH HIDKE (DOHOBOTO, TO OTHOILIIEHUE NPUHUMAETCs paBHBIM 1,0.
CreneHb KOHLEHTPALMH 3arpsi3HATENS (J;):

_ G -IJK. . (11)

J1emernma

"Gy~ K e

anemenma

Kommnekcusrit manexc (P), paccyuTeIBaeTCs P aHAIN3 COACPKAHNSA HECKOIBKHX MOJUTIOTAaHTOB[4]:

(12)

Ilo KOMIIJIEKCHOMY MHACKCY ONPECACIACTCA CTCIICHDb 3arpsA3HEHUA 110 Ta6m/1ue 1.
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Tabmuna 1 — I'paganust cTeneHy 3arpss3HEeHKs TI0YB 110 KOMIIEKCHOMY HMHJEKCY([2]

Wnpexe P CreneHp 3arps3HeHAS
0 OtcyrcTByeT
0-0,3 Huskas
0,3-0,6 Cpenusis
0,6-1,0 Bricokas
Cgpime 1,0 OueHb BBICOKAs

AHanm3 3KCIIepUMEHTAJIBHBIX JaHHBIX MOKa3aJl, 4TO BCE PACCUUTAaHHbIE OMOTeOXMMUYECKHE KO3()(DUIIMEHTHI
it mouB, otoOpaHHbIx ¢ [IIT «Cyxoit 10K», HAMHOTO TPEBHILIAIOT ITOKAa3aTeNl, PACCUUTAHHBIE IS OCTAJIbHBIX
noys 1. ConoBerkuid. Tak ko3 QUIMEHTH TEXHOTEHHOTO HAKOIJICHUs 110 OTHOLICHHIO K (JOHOBOMY COZEpPIKAHUIO
noaBHKHBIX GOpM (K por Tv) TM KoOMIEOIIOTCA B INMPOKKX Tpenenax: K ponpt=6296,5; K gonzn=53,6; K¢ ponco=4,0; Ke
d)OHCu=14a0; Kc ¢mHNi:1 1,0, Kc cbonMn:1 5353 Kc cboaV:luO-

CymMMapHBIi ToKazaTelnb 3arpsa3Herns nous 3toif I1I1 (puc. 2) otHocuTenmbHO ITIK cocraBmsror Zeyk =216,
a OTHOCHUTENBLHO QOHA Zcpoy= 6390, YTO COOTBETCTBYET MO LIKAJIE OLIEHKH CyMMAapHOH 3arpasHeHHOCTH noys TM
YPE3BBIYANHO OIACHBIM 3aTrPSI3HEHHEM, 9TO MOXKET IPUBECTH K 3arPsISHEHHUIO COIIPEAETBHBIX CPeA(TPYHTOBBIEC BOIH,
OuoTa ¥ Jp.), yBEIWYEHHIO 3a00J1€BaeMOCTH JIETCKOro HacesjeHus 1. CoJOoBeLKHUH, HApYIICHUIO PENpPOAYKTHBHON
¢GyHKIMKM  OKkeHIIMH  (yBEJIMYEHHE  TOKCHKO30B  OEpPEMEHHOCTH, 4YHCla  IPEeXKAECBPEMEHHBIX  POJIOB,
MEPTBOPOKAAEMOCTH, THIIOTPO(PHH HOBOPOIKICHHBIX).
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1000.0
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Pucynoxk 2 — CymmapHslii noka3sarens 3arpssaenns mous 111 «Cyxoit 1ok» noasmwkHeIMH popmamu TM

CymmMmapHbIii nokasatens TexHoreHHoro sarpsisHeHust (CIIT3)mous IIIT «Cyxoi 1ok» emie BbIIE H
coctapisieT 1321694.

Ananu3 k03 duiueHToB TexHOreHHoro Hakomienus TM B mouBax m. ComoBenkuid (kpome IIT «Cyxoit
nok»)no donopoit koHueHTparmn (K¢ pou)(pUc.3) yKazan Ha BeICOKOE cofepkanue noasmxkHbIX dopm Pb,Co, V Bo
BCEX HCCJIEIOBAHHBIX MOUBaX. 83% HMCCIENOBaHHBIX MOUB 3arps3Hensl Zn,Mn uNi, otHocuTensHo GoHa,50% - Cu,
17% - Ti. Conepxanne moaBrkHbIX popMm Cr B mousax stux 111 Hike doHa.
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Pucynox 3— KoadpuumeHTh TeXHOTeHHOTO HAKOIUICHUS IMOABIKHEBIX (opM TM B mouBax

CoryiacHO CyMMapHOTO TIoKa3aTens 3arps3HeHus (puc. 4), pacCYUTaHHOTO ISl TouB 1. CooBelKuid (Kpome
IIT «Cyxo#t nok») kak orHocutenbHo I1JIK, Tak u oTHOCHTENbHO (oHA mouBbl ToJbko 2-X IIIT («Cranka 3» U
«/luzenpHast craHuus 2») HMMEIOT JONycTUMYyIO creneHb 3arpssHeHus [1d TM (Z umxel3).Bce ocranbHble
HCCIICIOBAaHHBIC TIOYBHI XapaKTEPU3YIOTCS OTHOCHTENBHO (POHAOMACHBEIM YpOBHEM 3arps3HeHms mouB 11O TM
(Zcxonebnercst ot 40 10 66).9T0 MOXKET IIPUBECTH K YBENUUCHHIO 00MIEH 3a601eBAGMOCTH JKUTEJIEH ITOCEIKa, TUCITY
gacTo OoJelomMX AeTel, NeTell ¢ XPOHWYECKHMMH 3a00JCBaHHAMH, HApPYIICHHIO (YHKIMOHAIBHOTO COCTOSHHSA

CepACYHOCOCYTUCTON CUCTEMBI.
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Pucynox 4 — CymmapHsIii oka3aress 3arpss3HeHns 1mouB 1. CoioBenkuil moaBmwkHeIMUA popmamu TM

CyMMapHBIil TIOKa3aTenb TEeXHOreHHOro 3arpssHenus (puc. 5) mous mn. Conoseukuii(kpome IIIT «Cyxoii
JIoKk») Koneosercs ot 1,9 no 87,1.CornacHo, 3TOro nokasareisi HanboJjee TEXHOTEHHO-3arpS3HEHHBIMU SIBIISIOTCS

noussl I1IT «CBanka 2».
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Pucynok 5 — CymMapHBIi TOKa3aTenb TEXHOTCHHOTO 3arpsA3HeHNs 1104YB 1. COJIOBEUKHI ITOABIKHBIMH
dhopmamu TM

Jlis sxosormdeckoi oneHkw 3arpsisHeHus nmous 1. Cososernkuit [1d TM Obin paccuMTaH MHTETPATbHBIN
OLICHOYHBIN Oami (puc. 6), KOTOpBIH MOATBEpAMI O4eHb cuibHOe 3arpsisHeHue nous [II1 «Cyxoil nok» 3THMHU
nojuttotaHTaMu (b= 0 %), a TOYBBI BOKPYT AU3EIBHON CTAHIIUHM U CBAJKH UMEIOT CTENEHb 3arpsA3HEHUS CPEIHIO U
ke cpenneii (b konednercs ot 15% mo 50 %).
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Pucynox 6 — VIHTerpayibHbIi OLIEHOUHBIH 0asul, XapaKTepHU3YIOIIIH CTEIIeHb 3arpsA3HEHHMS MT0YB II.
ConoBenkuii moABMWXHBIME (popmamMu TM

CorylacHO KOMIUIEKCHOMY HMHJIEKCY cTeneHb 3arpsisHenus nous I1I1 «Cyxoil 10ok» o4eHb BBICOKAasl CTENEHb
sarpsisaeHus (P = 22). [Noussr octanpubix [1I1 m. Conosenkuii, 3arpsisaensl Menbiie (P konednercs ot 0,9 mo 1,0),
HO TI0 TPA/IaIlliH BCE )K€ MMEIOT BBICOKYIO CTETICHB 3arpsI3HEHUS MOIBIKHBIMA opmamu TM.

Takum  o0pa3oMm, NpOAaHANM3MPOBAB BCE  pACCUUTAHHbIE  OHOTCOXMMHYECKHE  KOA(DQUIHEHTHI,
HCIIONIb30BAaHHbIC Uil OLEHKH CTereHu 3arpsisHeHust mouB 1. CosoBeukuid mnoaBmwkHbIME (opmamu TM,
ycranoBwiH, 9To mouBkI [1I1 «Cyxoi 10K» IMEI0T Ype3BBIYaifHO OMacHyo cTenens 3arps3neHus [1d TM. OnacHerid
YPOBEHB 3arpsi3HEHUS] OTHOCHTEIHHO (hoHa BhIsBIEH eie Ha deThipex M1 («CBanka 2»; «Jlu3enpHas ctaHius 1»;
«IuzenpHas cranmus 3»; «JlusenpHas craHmms 4»). OcranpHble TOYBBI 1. COJIOBEIKHHA XapaKTEPHU3YIOTCS
JIOMyCTUMBIM YpOBHEM 3arpsi3HeHus ux [1d TM.
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CEKLIMSI Nel7.
WHXWHUPUHTOBBIE M HAVYHO-TEXHUYECKUE CUCTEMBI 1 TIJIAT®OPMbI
(CHELIUAJIBHOCTD 05.13.12)

CEKIIUA Nel8.
OPI'AHM3ALNUA ITPOU3BOACTBA U MEHE/IZKMEHT, CUCTEMbI YIIPABJIEHUSA
KAYECTBOM (CHEIMAJIBHOCTD 05.02.22, 05.02.23)

CEKIMS Nel9.
HAHOTEXHOJIOTUUA U HAHOMATEPHAJIBI (CIIELIMAJIBHOCTH 05.16.08)

OCOBEHHOCTU KOMITAKTNPOBAHUWA KEPAMNWYECKIX HAHOITOPOLIKOB
JIUI U3TOTOBJIEHUS OIITUYECKU I[TPO3PAUHOM KEPAMUMKU YAG:YB

MauasiBun @.P., Yukyauna U.C., Hukoa M.C., KpaBuos A.A.,
3bipsinoB B.C., Mensinuk E.B.

OI'AOY BO «Ceepo-Kaskaszckuii penepasnbHbiii yHuBepcute™, PO, r. CraBponois

Bricokonpo3padnas KepaMHKa Ha OCHOBE WTTPHUI-aJIOMHHHEBOTO TpaHAaTa, JETHPOBAHHOTO HTTEpOHEM
(YAG:YD), siBisieTcst mepClIeKTUBHBIM MAaTEPUaIOM JIsl CO3JaHHsl aKTUBHBIX TeJ BHICOKOMOIIHBIX TBEPAOTEIbHBIX
Ja3epoB ¢ AuoAHoN Hakaukol [4, 5]. Cornacho [1, 3] ans mosyueHHs BBICOKONPO3PAUYHONW ONTHUECKOH KEPAMUKU
HEOOXOAMMO  HCIOJb30BaHHWE  YIBTPAJIUCICPHBIX  KEPaMHYECKHX  IOPOIIKOB.  Pa3BHTas  HOBEpXHOCTh
yIBTPAAUCHEPHBIX MOPOLIKOB MPHUBOAUT K 3HAYUTENBHOMY TPEHUIO IPU OJHOOCHOM IPECCOBAHUU H
(dopMupoBaHuI0O MakpojaeekToB B Kommnakrax [2]. PemaromuM ¢daxkTopoM, NpHBOIAIIMM K HOSBICHHIO
MakpoZe(eKTOB B KOMITAKTaX B MPOIECCE OJHOOCHOTO NPECCOBAHUS, SIBISAETCS BHIOOP HETIOAXOASIICH BETHYNHBI
nasneHus. Llempro maHHOW paboOTHI SBISUIOCH ONpEAENiCHHE ONTHMAIBHOTO JAWana3oHa MaBICHWH OIHOOCHOTO
npeccoBanus (P) ¢ y4eToM JUCTIEpPCHOCTH MOPOINKA, IIPH KOTOPHIX B KOMITAKTaX HE 00pa3yroTcss MaKpoae(eKTh.

B skcriepumenTe GBUTH HCTIONB30BAHBI KepaMudeckue mopoinku cocraa YAG:Yh, momydeHHsie METOI0M
obpatHoro TrerepodazHoro coocaxaeHus. Konmentpamus wuttepOusi coctaBisuia 20 ar.%. JlucnepcHoCTh
KEpPaMHUYECKHX MTOPOIIKOB OLEHUBAJIACH 110 BEJIMYHMHE YAEIbHON IO OBEPXHOCTH S, KOTOPask U3MEHSIACh OT
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1,50 mo 12,39 m?/r. Pa3zmep kpucramauroB coctasist 50-100 aM. IIpeccoBanue mpoBOAMIOCE C MCHOIb30BaHUEM
npecca [1JII'-20 B cTanbHBIX TIpecc-hopMax B nuanazone nasieruit 50-200 Mlla.

D¢ HEeKTHBHOCTh KOMIAKTUPOBAHHUS KEPAMUYECKHX IOPOIIKOB OLEHHWBANACh IO 3HAYCHUIO BEIMYHMHBI
OTHOCHTEIIFHOW TIOTHOCTH (f) KOMIIAaKTOB IOCJE OJHOOCHOTO IPECCOBAHMUS, COXPAaHCHHIO ()OPMBI KOMIIAKTOB U
OTCYTCTBHUIO MaKpOIe(EeKTOB (TPEIINH U PACCIOCHUI).

Ha pucynke 1 a npencTtaBieHsl pe3yabTaThl, HILTIOCTPUPYIOIINE 3aBUCUMOCTh OTHOCHUTEIBHON INIOTHOCTH
KOMITaKTOB OT BEJIMYHMHBI yIENBHOHM IUIOIAAM MOBEPXHOCTH NpH (ukcupoBaHHOM 3HaueHHMH P=50 MIla. U3
NIPE/ACTAaBICHHBIX JAaHHBIX BHUJIHO, YTO NPH YBEIMYCHUH YICJIBHON IUJIOIAAN IIOBEPXHOCTH KEpaMHYECKUX
MOPOIIKOB OTHOCHUTEJIbHAS IUIOTHOCTh KOMIIAKTOB CHIDKaercs. HaumOonee cymiecTBeHHOe yMeHblieHue 6
IPOMCXOIHT MPH 3HAYCHIAX S Gonee 6 M/T.

KpuBble yIioTHEHHS!, ONUCHIBAIONIME 3aBUCUMOCTh OTHOCHTEIILHOM TUIOTHOCTH OT JaBJICHUSI OJTHOOCHOTO
NIPECCOBAHUA Ul KEPAMUYECKUX MOPOUIKOB C MUHUMAJbHOM M MaKCUMAaJbHOM BEJIMYMHOW YAEIBHOW IJIOIIAAU
nosepxHocTH (S=1,50 1 12,39 M*/r COOTBETCTBEHHO) NPE/ICTABICHBI Ha PHCYHKE 1 6.
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PucyHok 1 — 3aBHCUMOCTh OTHOCHTEJIBHOM IUIOTHOCTHA KOMITAKTOB OT YICIBHOM IIIOIIAAH TOBEPXHOCTH
KEepaMHYEeCKOro MOPOINKa (a); KPUBbIC YIUIOTHCHHS KEPAMUYIESCKHUX MOPOIIKOB C BEIMIMHOM YICIbHOMN IJIOMIa 11
nmoBepxHocTd S = 1,50 m 12,39 M/t (6)

[Ipu yBenmu4eHUN NaBICHUS OJHOOCHOTO MPECCOBAHUS HE3aBHCHMO OT YACIHHOH IUIOMAAN MOBEPXHOCTH
IUIOTHOCTh KOMIIAKTOB MPOTOPIHOHANTBHO Bo3pacTaeT. Hamboilee WHTEHCHBHOE YIUIOTHEHHE HaOIIOgaeTcs B
nuanazone 3HadeHnit P ot 50 mo 150 MIla. {anprelimee yBemmuenwe P ot 150 mo 200 MIla He mpuBOguT K
CYIIECTBEHHOMY YBEIUUCHHIO 0.

Hcnonp3oBanne NaBleHU OIHOOCHOTO TpeccoBaHus Oonee 50 MIla mis kepaMHYECKUX TOPOIIKOB CO
3HaueHuIMH S Gosee 6 M°/r MPUBOANT K (POPMHPOBAHMIO MAKpOAE(EKTOB, MPOSBISIONINXCS B BHIE Pa3pyIICHHH
KpoMok. [Ipu manpHeimeM yBeTWUeHUN YIEIbHON TUIONIAIN TTIOBEPXHOCTH M JaBJIEHUS OJTHOOCHOTO MPECCOBAHMS
JaHHbIe YQPEKTH YCUINBAIOTCSA, TIOSBIISIOTCS TPEUTUHBI U PACCIOSHHSI, 3HAYUTEIIHO MOBBIMIASTCS MPOIICHT Opaka
mpu mnpeccoBaHnu. HawmbGonee sBHO oOmMcaHHBIE MaKpoAe(EeKThI BBIPaXXCHBI ISl OOpas3loB, IMOJNYYCHHBIX U3
KepaMHYECKHX ITOPOIIKOB cO 3HaUYeHueM S Ooiee 10 m/r. Ha PUCYHKE 2 TpeicTaBIeHbI (HOTO 00pa3IOB KEPAMHUKH C
MakpojedekTamu.
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Pucynok 2 — @ororpaduu obpasios ontuyeckoit kepamuku YAG:Yb nocne BakyyMHOTO CriekaHHs KOMIIAKTOB,
TIOJTYYCHHBIX TPH UCTIOIB30BaHUH JaBICHUH 01HOOCHOTO nipeccoBanms 50, 100, 150 u 200 MIla. Y nenpHast
IUIOIA/Ih TTOBEPXHOCTH KEPAMIYECKOTo mopomka 12,39 m%/r.

Ha ocHOBaHWH MOJyYEHHBIX PE3YIBTATOB MOKHO 3aKJIIOYHTH, YTO C YBEIMUYCHHEM YIEIbHOM IUIOIIAIN
MOBEPXHOCTH  TIPECCYEMOCTh W (HOPMYEeMOCTh  KEPaMHUYECKHX  MOPOIIKOB  3HAYUTENBHO  yXYAIIAOTCS.
DKCIepUMEHTAITBHO OMPECICHO, YTO ONTUMANIBHBIN IHANa30H 3HAYCHHH AaBICHUI OJHOOCHOTO MPECCOBAHMUS s
KepaMHUYECKHX MOPOLIKOB CO 3HaueHmsIME S oT 1,5 10 ~6 M%/r cocraBmser 50 — 200 MIla, 1 He Gonee 50 MIla s
KePaMIYCCKHX [TOPOIIKOB CO 3HAUCHHUAMH S Gonee 6 M7/T.
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CEKIIUS No20.
WH®OPMAILIMOHHBIE TEXHOJIOT MM (CIELUAJTBHOCTD 05.25.05)

HNCCIIEJOBAHHWE KBAHTOBOI'O KOMIIBIOTEPA
Kaumosa IL.A., Pyouosa T.C., I'ypos A.N.
PYT (MUUT), P®, r. Mockea

Quantum computer research.

The IDF(Industry Development Fund) under the Ministry of Industry and Trade of the Russian Federation
on February 13, 2017 launched the IP1 4.0 discussion platform, where the prospects for the 4th industrial revolution
in Russia will be discussed. The aim of the work is to study the structure, the principle of operation of a quantum
computer. Quantum computing is one of the technologies of the 4th industrial revolution. The development of
quantum computing allowed us to reconsider the possibility of implementing a quantum computer.

Demand for computing power

Moore's law expresses a certain growth trend in the performance of already existing computers. We know
that computers are becoming more powerful from year to year, but behind this is a reduction in the element base, its
miniaturization. Thanks to our progress in creating transistors, we can create less and less of them, and arrange
everything more tightly into an elementary unit of area. However, this trend has a fundamental limit.
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We can hardly create a single atom transistor. This requires at least a few atoms. However, if Moore's law
continues as it continues, then in 2020 we will need to create computers with a single-atom transistor. And it seems
impossible.

If we come very close to Moore's law, we will have tasks that the classical computer solves very badly. The
first is the search optimization task. It is rather poorly solved on classic computers.

The second is the modeling of complex physical systems. For example, using simulation from first
principles, it is very difficult to model some rather complex physical system. This requires a huge amount of
resources. And even if we get close to the limit of Moore's law, we will not be able to solve such problems.
Humanity would like to get a physical system that will allow solving these tasks in a more optimal way. It turns out
that it exists, and it appears in the context of a quantum computer.

Quantum computer architecture

The schematic diagram of the operation of any quantum computer can be represented as follows. Its main
part is a quantum register - a collection of a certain number of L qubits. Before entering information into a
computer, all register qubits must be brought into basic (boolean) states. This operation is called preparation of the
initial state or initialization. Further, each qubit is subjected to selective action, for example, using pulses of an
external electromagnetic field, controlled by a classical computer, which will translate the basic states of certain
qubits into non-ground states. In this case, the state of the entire register goes into the superposition of the basis
states. While entering information into a quantum computer, the state of the input register is converted into the
corresponding coherent superposition of the basic orthogonal states by means of the corresponding impulse effects.
In this form, the information is then exposed to a quantum processor that performs a sequence of quantum logical
operations, determined by an unitary transformation acting on the state of the entire register. By the time t, as a
result of transformations, the initial quantum state becomes a new superposition, which determines the result of
transforming information at the computer output.

The total of all possible operations at the input of this computer, which form the initial states, as well as
carry out unitary local transformations corresponding to the calculation algorithm, methods for suppressing
coherence loss - the so-called decoherence of quantum states and correcting random errors, play the same role here
as “Software” in a classic computer.

Quantum computer application

Accurate modeling of molecular interactions, the search for optimal configurations for chemical reactions.
Such "quantum chemistry" is too complicated. So, with the help of modern digital computers it is possible to
analyze only the simplest molecules.

Chemical reactions are quantum in nature, since they form highly entangled quantum states of
superposition. But fully developed quantum computers will be able to count even such complex processes without
problems.

Google is already raiding this area, simulating the energy of hydrogen molecules. The result is more
efficient products, from solar panels to pharmaceuticals, and especially fertilizers; Since fertilizers account for up to
2% of global energy consumption, the implications for energy and the environment will be enormous.

Cryptography

Most cyber security systems rely on the complexity of factoring large numbers into simple ones. Although
digital computers, which calculate every possible factor, can cope with this, the long time required for “hacking
code” results in high costs and impracticality.

Quantum computers can do this factoring exponentially more efficiently than digital computers, making
modern protection methods obsolete. New methods of cryptography are being developed, which, however, take
time: in August 2015, the NSA began to compile a list of quantum computing-resistant cryptographic methods that
could withstand quantum computers, and in April 2016 the National Institute of Standards and Technology began a
public assessment process that will last from four to six years.

Financial modeling

Modern markets are one of the most complex systems . Although we have developed many scientific and
mathematical tools for working with them, they still lack the conditions that other scientific disciplines can boast of:
there are no controlled conditions to conduct experiments. To solve this problem, investors and analysts turned to
quantum computing. Their immediate advantage is that the randomness inherent in quantum computers is congruent
to the stochastic nature of financial markets. Investors often want to evaluate the distribution of results with a very
large number of randomly generated scenarios.
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Another advantage that quantum computers offer is that financial transactions like arbitration can
sometimes require many consecutive steps, and the number of miscalculation possibilities is far ahead of what is
permissible for a regular digital computer.

Comparison of computers

Ordinary computers obey the laws of classical physics. They rely on binary numbers: one and zero. These
numbers are stored and used for mathematical operations. In ordinary memory devices, each bit is determined by the
charge, that is, the bit can be either one or zero.

And in quantum computers, a bit can be at the same time one and zero. The laws of quantum physics allow
electrons to occupy several states simultaneously. Quantum bits or qubits thus exist in several mutually overlapping
states. This superposition allows you to perform operations with many values in one fell swoop, while ordinary
computers do everything consistently.At least that’s the theory. The problem is that this hypothesis has not yet been
tested experimentally. Still.

Robert Koenig, a professor of the theory of complex quantum systems, together with his colleagues
demonstrated the advantage of quantum computers. For this, they developed a quantum circuit that can solve a
certain complex algebraic problem. The new chain has a very simple structure - it can perform only a fixed number
of operations on each qubit. It is believed that such a chain has a constant depth. During the experiment, the
researchers proved that the classical chain of the same depth simply could not solve the mathematical problem of
their choice. Moreover, they answered the question why quantum algorithms are superior to any sequential
algorithms: quantum ones use the nonlocality of quantum physics.

Prior to this work, the advantage of quantum computers was neither proven nor experimentally confirmed,
despite all the theoretical calculations.
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AUTOMATED TEXT TRANSLATION
Mactepos A.C., Kapnos B.C.
PYT (MUUT), P®, r. MockBa
Automated translation - is a sub-field of computational linguistics that investigates the use of software

to translate text or speech from one language to another. Machine translation can use a method based on linguistic
rules, which means that words will be translated in a linguistic way. You can see the scheme of this approach below.
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Now we will compare two translators.

YandexTranslator (formerly Yandex.Translation) is a Yandex web service designed to translate a part of a
text or a web page into another language.

The system builds its correspondence dictionaries based on the analysis of millions of translated texts. The
text for translation is first compared by the computer with the base of words, then with the base of language models,
trying to determine the meaning of the expression in context.

In addition, the translator is embedded in the Yandex Browser and automatically offers to translate text in a
foreign language.

The translator from Yandex, like other automatic translation tools, has its limitations. This tool aims to help
the reader understand the general meaning of the content of a text in a foreign language; it does not provide accurate
translations.

Google Translator (Google Translate) - Google's web service, designed to automatically translate part of a
text or web page into another language. For some languages, users are offered translation options, for example, for
technical terms that should be included in future updates to the translation system.

Google uses its own software. It is assumed that the company uses a self-learning machine translation
algorithm. In March 2017, Google fully switched the translation engine to neural networks for better translation.

The translator has 103 languages available.

Google Neural Machine Translation (GNMT) is a neural system (NMT) developed by Google and
introduced in November 2016, which uses an artificial neural network to improve the fluency and accuracy of
translation.

GNMT improves the quality of translation using the example-based machine translation method (EBMT),
in which the system “learns from millions of examples”.

It often happens that we need to use an online translator. Usually, Google and Yandex. Translators are at
hand. What are convenient services, what features do they have and which one is better?
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Table: comparing translation services

Beautiful, harmonious and decorated
in minimalism. Panel with additional
features below.

The interface is more comfortable and looks spacious due to a lighter color
gamut.

Voice input, handwriting recognition Enter from the keyboard, microphone or photo, there is a function of
and photo reading. predicting the input words.

Recognition of 103 languages. The

translation is of medium quality, many Recognition of 95 languages. The translation is qualitative, the meaning is
ranslation quality phrases and sentences do not sound  fully revealed, the correct placement of punctuation marks and the correction
literary, the meaning is not fully of word endings_

revealed.

Copy buttons to the clipboard, open
application mode to full screen, the

ability to work offline with 59 Nt Yoice transiation transiation and
languages. Voice speaking translation. = ‘anauages.-

Ability to view a more detailed dictionary entry with synonyms, the meaning of
Additional functions

Free, available for Android and i0S. Free, available for Android and i0S.

When installing an application from the store, each user is interested in the issue of functionality, the
presence of a user-friendly interface and stability of work. Of course, products from Google appeared much earlier,
and in most cases Yandex simply tries to reproduce ready-made applications in their laboratories, slightly changing
them.

Sometimes this kind of developer behavior may seem demeaning, but in this case, the global race for
technology is worth it.

Yandex.Translate can be called a worthy and high-quality competitor to Google Translate, because it does
an excellent job with its main function. Well, a1 the developers add a few additional functions, it will be able to
become a leader among similar programs.

During our research we have developed our own application. This application was written on Java programming
language using regular expressions. The method is that a file with words in English and their translation into another
language is loaded into the application. With the help of regular expressions in the file there is the word and the next
character is /. After that, when you press the Translate
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