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AHHoTanus. B paboTre BbINOJHEHB! TaOOpPATOpHbIE HCCIEA0BAHUS Mpoliecca MOABOAHOIO Ha-
MbIBa MPHU 3KCILTyaTallMU XPAHUJIUI OTXOJ0B O0OralleHus ¢ yueToM HapaliuBaHus qam0 oOBaio-
BAaHUSA B CTECHEHHBIX YCJIOBHSX, KOTJIa MPYIKOBas 30HA 3HAYUTENILHO HACTYMAaeT Ha IUIDKHYIO.
[IpuBenena naboparopHas ycraHoBka. [lokazaHbl pe3yabTaThl MPOBEIECHHBIX SKCIIEPUMEHTAIBHBIX
UCCIIEIOBAaHUI € pa3IMyHON KOHIIEHTpauuei TBepaoro. OmpeneneHsl paldoHaIbHble MapaMeTpbl
IUISDKA U MIPYAKOBOM 30HBI IPU MOAETUPOBAHUY MPOIECCa MOJBOIHOTO HAMBIBA. Y CTAHOBJICHO, YTO
B IIpoliecce CKJIaJMPOBAHUS OTXOJ0OB OOOTaIeHUs] 3aCOPEHHOCTh TEXHOTEHHOM pPOCCHINU TIHMHU-
CTBIMH, IbIEBATHIMU M MEJIOBBIMH YaCTULIAMU HE3HAYUTENIbHA, U BU3yalbHO HE OTJIMYAETCS OT OT-
Koca, cpOPMUPOBAHHOTO MPH HAJIBOJHOM HaMbIBE.

KutoueBble cjioBa: TexHoreHHast pocchllb, 1aMba 00BaJIOBaHUS, XBOCTOXPAaHMWINILE, NPY/IOK,
TUTSDK.

OpHa u3 akTyanbHBIX TIpoOsieM GyHKInoHupoBanus oonbsimHcTBa ['OKoB Kpus-
Oacca — OTCYTCTBHE MeCTa ISl CKIAJUPOBAHMS OTXOJ0B OOOoranieHus BOJIU3H CyIIle-
CTBYIOIIMX MpoMILIOoNafoK. [IockonbKy BbI€IEHUE 3€MEIbHBIX OTBOAOB 0] HOBBIE
KapThl XPaHWJIUII 3aTPYIHUTEIBHBI, @ CYIIECTBEHHOE YIJIWHEHUE TPYOOIIPOBOIHBIX
MarucTpaieii SKOHOMUYECKH HepeHTaOelbHO, Hanbosee pacrpoCTpaHEHHBIM pellle-
HUEM JaHHOH MPOOJIEMBI SIBIIICTCS HapamuBanue namo6 xpanwmiia [1-3]. B pe3yib-
TaT€ HEKOTOPhIE XPaHWIMIIA OTXOJOB SKCIUTYaTHPYIOTCSI C CYHIECTBEHHBIM IPEBbI-
IIEHWEM OTMETOK NaM0 HaJ MPOEKTHbIM ypoBHEM. OJIHAKO HCIOJb30BaHUE 3TOTO
METO/Ia OTPAaHMYEHO CTOCOOHOCTHIO TMPYAKa OYMINATH MOCTYMAIONIYI0 B HEro 000-
POTHYIO BOJY OT TJIMHUCTBIX U MEJIOBBIX YAaCTHIl, HE OCENAIOIINX Ha IUISHKAX U MpH
MOJABOAHOM HaMBbIBE.
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Psin skcrutyaTupyeMbIX XpaHUIUI OTXOJ0B YK€ BIUIOTHYIO MPUOIU3UINCH K Ta-
KO CHUTyalluH, B KOTOPOW JajibHElIIee HapallluBaHUe 1aM0O CTAHOBUTHCS HEBO3MO K-
HbIM. DAKTUYECKHU, B PE3YJBTATE COKPAILCHUS TIOMIAAM BEpXa XPAHUIUIIA, TEOMET-
pUYECKHE pa3Mephbl MpPYJIKa YMEHBIIAIOTCS HACTOJIBKO, YTO MOCTYIMAIOIIUE B HETO
YacTHIIbI TBEPAOrO HE YCIEBAIOT OCECTh A0 MOAX0Aa K BOA03a00py.

B crmoxuBLiencs cuTyalurud BO3MOXKHO HCIOJIB30BAHUE TEXHOJIOTMM TMOBBIIAKO-
X 3(QPEKTUBHOCTh OCAXKICHHS B3BECH B MPYAKE, OCHOBAHHBIX HA MPUMEHEHUHU
KOAryJstHTOB U (JIOKKYJISHTOB [4-7]. Takue TeXHOJIOTHH IMIMPOKO IPUMEHSIOTCS TPH
o0oramieHu MUHEPATBHOTO ChIPhS, a TAK)KE MPU OYUCTKE CTOKOB U MUTHEBON BOJIBI.
Opnako Bce OHM TpeOYIOT IPOMO3JIKOTO XO3SMCTBA MO MPUTOTOBIECHUIO PEAreHTOB,
UCKJIIOYAETCSl IOCTaBKa K MPYAKY HAMOPHBIM THAPOTPAHCIOPTOM, a MOIYy4aeMblil C
UX TIOMOIIBIO 0CAJT0K XapaKTEPU3YETCA BBICOKON MMOPUCTOCTBIO, UTO HEKETATEIBHO C
TOYKH 3pEHHUS] YCTOMYUBOCTH siipa XpaHuiuina [8-9].

Jpyroit BO3MOKHOCTbIO 00ECIIEUUTh Cenapalrio TBEPAbIX YaCTULl U3 00OPOTHOM
BOJIbI SIBJIIETCSl YBEJIUUYCHUE T'€OMETPUUYECKUX Pa3MEpPOB MPYJKa, YTO B paccMaTpu-
BA€MOM CUTYyallul BO3MO>KHO TOJILKO 3a CUET IUISKeW HambIBa. DTO pPElIEHUE, B CY-
yae MPUMEHEHHUS €T0 Ha HIDKHUX spycax HaMbIBa, HAPYIIAET TEXHOJOTUYECKUN per-
JAMEHT CKJIAJUPOBAHUs OTXOJOB OOOTAlICHMs] W CHIDKACT YCTOMYMBOCTH OOpPTOB
xpanuuia [8-11]. OnHako BHeApEHHE ero Ha BEPXHHUX spycax, KOTOPbIe HE HECYT,
¥ He OyJIyT HECTH CYIIECTBEHHBIX HArpy30K OT JaMO pacroI0OKEHHBIX BBIIIE, MOXKET
0Ka3aTbCs MEPCIEeKTUBHBIM. B 3TOM citydae rpaHuiia npyaka 0y1eT NpoXoaAUTh BbIIIE
OTMETKH OCAXIECHHs 4YaCTHUI[ C PErJIaMEHTUPOBAHHOU KPYIIHOCTBIO, a IbUIEBATHIE,
TJIMHUCTBIE M MEJIOBBIE YAaCTHIIBI OyIyT OCAXKIAThCsS BMeECTe ¢ Ooyiee KPYIHBIMHU
dpaxuusmu. [Ipu sToM dhopMHUpoBaHKE YACTHUIL TUISHKA M BHYTPEHHETO OTKOCa 1aMObl
YaCTUIIAMHM KPYMHBIX (Ppakiuil OyIeT OCYIIECTBISTHCS MPU IMOABOJHOM HaMBIBE.
[Ipoueccel, mpoucxoAsre Py TAKOM HAMBIBE IpyCa XPAHWUIUIIA, HE UCCIIEAOBAHBbIL,
a M3BeCTHBIC Mozenu mpoieccoB [5-10], B BUIYy 0COOCHHOCTEH TEXHOJIOTHYECKOTO
pernieHus, 6e3 TONMOJHUTEIHLHOM alanTallii He TPUMEHUMBI.

Heabio cTaTbu sBIsSETCS 000CHOBAHUE MOAX0AA K AKCIIEPUMEHTATLHOMY H3y4Ye-
HUIO OCOOEHHOCTEH MPOIIECCOB CKJIAJUPOBAHUS OTXOJOB OOOTAIEHUS MPU COBME-
LICHUU IIPYKA C 30HOM MMOJBOJIHOIO HaMbIBA.

Y4YuThIBas CII0KHOCTH U3y4aeMbIX MPOIECCOB, OBLT BEIOPAH IKCIIEPUMEHTAIBHBIN
Croco0 MX U3y4YeHUs, JUIs 4ero ObUT pa3paboTaH M U3rOTOBJICH J1a00PaTOPHBINA CTEH],
MO3BOJISIFOIIMN PEAIM30BBIBATh ITPOLECCHl COCPEAOTOUYECHHOTO WM PACIPEIEIIEHHOTO
HaMbIBa C BU3YyaJbHBIM HaONIOJCHHEM M (UKcalMell Ha KUHOKaMepy MpOIEeCcCOB
OCaJeHuss U (POPMUPOBAHUSI BHYTPEHHETO OTKOoca namObl (puc. 1).CTeHm cocTout
u3 JoTKa 1, Mojgenupyronero KapTy HaMblBa U 4acTh NPYJKA, paclpeieIuTeIbHOTO
TpyOONPOBOIA C CUCTEMOU BBITTYCKOB 2, 00ECTIEYNBAIONTUX MT01ady MYJIBIBI B KapTy,
MOIAFOIIETO TPYOOTpOBOAa, 00ECTICUNBAOIIETO MMOavy MTYJIbIIBI HA KOHTYP HAMBIBA,
CMECUTENBHOTO 3yMmiida 3, TIe aKKyMyJIUPYyeTCs MPUTOTOBJICHHAS THUIPOCMECh, U
THUAPOCTATHUECKONW CTOWKHM 4, KOoTopas oOecreunBaeT HAIMoOp JUIsl TEUCHUS TYJIBITBI.
JIOTOK BBIMOJIHEH M3 OPrCTEKia, YTO MO3BOJSET BU3yalbHO HAOJIOAATh MPOIIECCHI,
MPOUCXOJIAIIKME B KapTe COOKY, a Takke (PUKCUPOBATH T€OMETPUUECKUE MapaMeTpPhl
chopMupoBaBIlIErOCs BHYTPEHHETO OTKOca. B miaHe oTok umeer pasmepsl 640 Ha
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1100 mmM, BeicOTa OTKA 320 MM.

1 — noTok, 2 — TpyOONIPOBOJ C CUCTEMOH BBIITYCKOB, 3 — CMECUTENbHBIHN 3yMIl(,
4 — ruapocraTudecKkas CTornka

Pucynok 1 — JlaboparopHas ycTaHOBKa Uil MOJAETUPOBAHUS IIPOLIECCOB, POUCXOSAIINX B XpaHH-
JINIIAX OTXOZOB

PacnipenenurenbHbiil TpyOOTIPOBO CTeHAA 1, BHIMOIHEH U3 TUIACTUKOBOM TPYObI
nuametpoM 40 MM 1 UMEET YeThIpe OOKOBBIX BBIMTYCKa JUAMETPOM 8 MM, TOPIIEBOM
BBINIYCK Y HETO 3ariymieH. J[JlMHa BBIMYCKOB COOTBETCTBYET JJIMHE OTKOCA JAaMOBbI,
YTO TIO3BOJISIET MOJEIMPOBATh COCPEAOTOUYCHHBIM U paclpeieNieHHbI CcrocoObl Ha-
MbIBa. KOHCTpyKIMsS CTeHAa MOMyCKaeT NEMOHTaX MAaHHOTO PaCIpeAeIUTEILHOTO
TpyOOTpOBOJa U YCTAHOBKY TPyOOINpOBOAa Ipyro KOHCTpykmmu. [logatomuii Tpy-
OOTPOBOJ BHITIOJHEH W3 THOKOTO NuIaHra auameTpoM 40 MM, KOTOPBIN MO3BOJISET
oOecreuynBaTh MOIavYy MYJbIBI IPH PA3TUYHBIX PACCTOSHUSX MEXKIY JJOTKOM U CMe-
cuTenbHbIM 3yMidoM. CMeCHTENbHBI 3yMIIp eMKOCTBIO 6 M, B ILIaHe HMeeT (hop-
My KBazpata co ctoponoi 150 mm. Bepxusis gacts 3ymmnda Beicotoit 300 MM CITy)KUT
JUTSE aKKyMYJUPOBAHUS TOTOBOW MYJIBITBI, a HWKHSIS, CYXKAIOMAsACs 4acTh, BHICOTOM
100 MM, — obecrieunBaeT e€e MOCTYIJICHUE B CIIMBHOE OTBEPCTHE auaMeTpoM 46 mwm.
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I'unpocraruueckast croiika BbicoToM 2500 MM, obecrieunBaeT pa3MeIlleHHE CMECH-
TeabHOro 3ymnda, Ha puxcupoBaHHou BbicoTe OT 0,3 10 2,0 M, YTO MO3BOJISAET OCY-
LIECTBIISITH MOJAuy MYJbIbI B JIOTOK C pa3au4yHbIM HanopoM. Ilynemna, 3anuBaemMas B
CMECUTENbHBIA 3yMI(), TOTOBUTHCS B OTIAEIBHOW €MKOCTH MYyTEM MEXaHUYECKOTO
CMEIIMBAHUS CYXHX OTXOJOB OOOTalleHUs U BOJABI B COOTBETCTBYIOLIMX IPOIMOPIIH-
AX.

Mopenb ydacTka HaMmblBa u3rotosiieHa B Macmrtade 1:100. JlamOa m3rotoBiena
U3 HIeOHS KPYMHOM M MeNKoW (pakuuu ¢ 700aBlI€HUEM IIIMHUCTBIX yactull. Hcce-
JOBaHUS MPOBOJMINCH NP 0OOBEMHOM KOHIIEHTpaluu TBepaoro B myieme 10, 15 u
20 % (Tab:. 1) o cieayrooIie METOIUKE.

Tabmuna 1 — TexHonoruueckue yciaoBHs IPOBOJAUMBIX SKCIIEPUMEHTOB

KommnuecTso HanmeHoBaHue XapaKTepUCTHUK OTX0I0B
LIUKJIOB OO0beMm nmynbIbl 3a [IpouentHoe copepxanue Pacxon mynbnsl
HaMbIBa LIMKJ HAMBIBA, M TBEPJAOTO B IynbIe, % Ha KapThl, JI/CeK
15 0,034 20 0,1
15 0,04 15 0,1
15 0,04 10 0,1

I'oToBuNach mysblla COOTBETCTBYIONICH KOHIUEHTPAIMA U 3aJIMBajiaCh B CMECH-
TENbHBIA 3yMII(, YCTAHOBJICHHBIH Ha OINPEICICHHOW OTMETKE THUIPOCTATUYECKOU
ctoiiku. [lo Mepe uctedenus u3 3ymida B HEro MOAIMBAIUCH HOBbIE MOPIIUHU MYJIBITBI
U TaKUM 00pa3oM B JIOTKE CO3/]aBaJUCh YCJIOBHS HAMbIBA, MPU KOTOPHIX YACTh MPY/-
Ka COBMEIIIAETCs ¢ 30HOM MOABOIHOTO HaMbIBa (puc. 2). [lo goctrkeHno cBOOOIHOM
MOBEPXHOCTH MYJIBIIBI B JIOTKE YPOBHS J1aMObl HAMBIB MpEKpaliaics, HEKOTOPOE Bpe-
MsI TUAPOCMECH OTCTaMBAJIacCh M 3aT€M BOJA AKKYpPaTHO BbIYEPIBIBAIACH C MPOTUBO-
MOJIOKHOTO JambOe Kpast oTKa (puc. 3). D10 oldecreynBaeT BU3yaau3alu cPopMu-
POBABIIETOCS B HCCIEAYEMBIX YCIOBHUSIX BHYTPEHHEro OTKOCa J1aMOBbl, MO3BOJISET
OILICHUTH €r0 TEOMETPUUECKHE pa3Mephl U pacupeneneHue (ppakiuii TBepAbIX YaCTHI]
o ToBepxXHOCTH oTkoca (puc. 4). Ilocne BwIchIXaHUA CHOPMUPOBAHHOTO OTKOCA
IIPOBOJIUAJICA €TO Pa3pe3 B MPOAOJIBHOM U MOMEPEYHOM CE€UYEHUAX (PUC. 5), UTO MO3BO-
JSI0 OIICHHUTH pacmpenenieHue Gpakiuid TBEPAbIX YaCTHUIl IO JUTMHE U O MPOCTHpa-
HUIO OTKOCA.

BoiBoabl. B pesynpTaTe mpoBeaeHHBIX J1a0OPATOPHBIX MCCIEIOBAHUN yCTaHOB-
JIEHO, YTO MPOLIECC CKIAAUPOBAHUSA OTXOJ0B 00OTAlEHUs MPYU COBMEIICHUHU NpYJKa
C 30HOM MOJABOTHOTO HAMBIBA XapaKTEPHU3YETCsl CICTYIOIIMMH OCOOCHHOCTSIMMU:

1. ®opMupoBaHue TENa TEXHOTEHHOM POCCHINM NPUHLUHUIHAIBHO HE OTIMYAECTCA
OT clly4dasli HaJIBOAHOTO HaMbIBa, OCHOBHAsI YaCTh PYJOHOCHOI'O Te€Ja PacHoJIOKeHa
HEMOCPEACTBEHHO 32 BHYTPEHHHUM OTKOCOM JaMObl 00BajJOBaHHUS, MOIIHOCTbH 3TOTO
TeJa Mo JJIMHE IUIsKa U3MEHSEeTCs] SKCTPEMalIbHO — YTOHYAETCs BO3Jie AaMOBbI, 3aTeM
YBEIIMYUBAETCS U B JJaJbHEUILIEM CXOJUT Ha HET.

2. 3aCOpPEHHOCTh TEXHOT€HHOW pPOCCHINU MNIMHUCTHIMU, BUIEBATHIMU U MEJIOBBIMHU
YacTUIIAMH HE3HAUMTENIbHA, U BU3yaJIbHO HE OTJIMYAETCS OT OTKOCa, chopMHUpOBaH-
HOT'O MPU HAJIBOJTHOM HaMbIBE.
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C—

6)

1 — TpyOonpoBOJ C CUCTEMOH BBINYCKOB, 2 — 1amba 00BaIOBaHMS

Pucynox 2 — MoenupoBaHus Ipolecca CKIaMPOBaHUs OTX0JI0B 00OTallleHHsI TPU COBMEILIEHUH
MpyAKa ¢ 30HOH IOJIBOAHOIO HaMbIBa
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1 — TpyOompoBOJ C CHCTEMOI BBINTYCKOB, 2 — 1amba 00BaoBaHusl, 3 — HAMBITOE TEJIO MPH
CKJIaJUPOBAaHUM XBOCTOB 00OTAIIEHHS

Pucynox 3 — Buzyanu3zamus copMupoBaBIierocs BHyTpeHHEro 0TKoca JaMObl
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2

1 — namb6a oOBasIOBaHUs, 2 — HAMBITOE TEJIO IMPH CKIIAMPOBAHUU XBOCTOB 00OTaICHUS

Pucynok 4 — Teno BHyTpeHHET0 OTKOCa 1aMObl, HAMBITOH MPU COBMEILEHUH NPY/IKa C 30HOU MoJ-
BOJTHOTO HambIBa

1 — TpyOOmpoBO C CUCTEMOM BBIITYCKOB, 2 — TE€JIO POCCHINH, CHOPMHUPOBAHHOE IIPU MOIBOJHOM
HaMbIBE

Pucynok 5 — BuyTpeHnHee crpoeHre BHYTPEHHEr0 0TKoca JaMObl HAMBITOW IIPU COBMEILIEHUN
MpyJiKa ¢ 30HOM MMOJBOJHOIO HAMbBIBA

3. YauteiBas OJHOTHIHOCTb CTPOEHHUS PYAOHOCHOTO Teja, APYychl, chopmupo-
BaHHBIE TIPU COBMEIIEHUU TIPYJIKa C 30HOW MOJBOAHOTO HAMBIBA, TO3BOJISIOT MPUMeE-
HEHUE TOMYTHON JOOBIYM TEXHOTEHHBIX POCCHINEH C MOCISAYIOMUM 3arOoJTHEHUEM
BBIPaOOTAaHHOTO MPOCTPAHCTB.

4. TlomryTHast 70OBIYa TEXHOTEHHBIX POCCHITICH C SIPyCOB, CPOPMUPOBAHHBIX MPHU
COBMEIICHHUH TPYAKA C 30HOW MOJABOJHOTO HAMBIBA, C MOCIEIYIONINM 3all0JTHEHHEM
BBIPa0OTAaHHOTO MPOCTPAHCTBA MAaTEPUAJIOM HEOOXOAMMOW MPOYHOCTH, 0OECTICUnBa-
€T YCTOMYUBOCTHh OTKOCOB XPaHUJIHUIIIA.
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AHoTanisi. B po60Ti BUKOHaHI JOCTIKEHHS TIPOLIECY MiBOTHOTO HAMUBAHHS MPU €KCILTyaTa-
il CXOBHWII BIAXOMIB 30araueHHs 3 ypaxyBaHHSM HapollyBaHHs JaM0 oOBalyBaHHS B CTHCIHX
YMOBax, KOJIM TIPYAKOBA 30HA 3HAYHO MepeKpuBac msbkHy. HaBeaeno po3po0bieHuit mabopatopHuit
MPUCTPil. 3MOETHOBaHI MPOIECH, IO TPAIUISIOTHCS i/l Yac eKcIuTyaTaiii xBoctocxoBuia. [loka-
3aHi pe3yJbTaTH MPOBEACHUX CKCIIEPUMEHTAIBHUX JOCHIDKEHb 3 Pi3HOK KOHIIEHTPAIIIEI TBEPIO-
ro. Busnaueni pamioHajapHI MapaMeTpy TUBDKY 1 TMPYAKOBOI 30HU MPU MOJICIIOBaHHI ITiIBOJTHOTO
HaMHBaHHA. BCTaHOBIIGHO, 110 B MPOIIEC] CKIIalyBaHHS BIAXOIB 30aradeHHs 3aCMIU€HICTh TEXHO-
TCHHOTO PO3CHUITY TJIMHSHUMH, MAJTYBAaTHMHU Ta KPEHIOBAaHMMH YaCTMHKaMU HE3HAYHA, a BI3yaJIbHO
HE BIIPI3HIETHCS BiJl YKOCY, KM C(hOPMOBAHO MPH HAJABOJTHOMY HAMHUBAHHI.

KarwuoBi ciioBa: TexHOreHHa po3cul, Jamba 0OBaTyBaHHS, XBOCTOCXOBHIIE, TPYIIOK, TUISIK.

Summary. A process of underwater inwash of dams in operational phases of waste storages
was studied in lab with taking into account constrained conditions for the further extension of the
dam embankment when a pond area critically approaches a zone of dry tailings. Laboratory equip-
ment is described. Results of the laboratory studies conducted with various concentrations of solids
are presented. Rational parameters were determined for the zone of dry tailings and pond area when
simulating the underwater inwash process. It is stated that impurity of the man-made placer with
clay, dusting and chalky particles in the operational phases of waste storing is insignificant andthe
slope does not visually differ from the slope formed by surface inwash.

Keywords: man-made placer, dam embankment, waste storage, pond, the zone of dry tailings.
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AHHoTanus. B paMkax uzydeHus yciaoBHil oOecrieyeHUsI HaIeKHOTO (YHKIIMOHUPOBAHUS TE€X-
HOJIOTMYECKOTO 000pYyIOBaHUS TOPHBIX MPEANPUATUNA ONpeesieHbl PE30HAHCHbBIE XapaKTePUCTUKI
TUIPABIMYECKUX CUCTEM TEXHOJIOTUN J0OBIYM U MepepadOTKH MUHEPAILHOTO ChIPbS, B TOM UYHUCIIE
MOA3EMHBIX TUAPOTEXHUYECKHUX chcTeM. [IpoBeieH aHaIu3 OCHOBHBIX CIIOCOOOB U CPEJICTB 3aIUTHI
TUAPOTPAHCIIOPTHBIX CHUCTEM OT THUJPABIMYECKOTO yAapa, 00ecTeyMBaIOIUX WX HAACKHYIO JKC-
ryatanuio. O0ocHOBaH oAMH U3 3()(HEKTUBHBIX CIIOCOOOB YMEHBIICHHUS YIPYTHX CBOMCTB TpaHC-
MOPTUPYEMOIl IO TPYOOTIPOBOIY TUAPOCMECH, TAKMM 00pa30M, UTO JTOCTUTaeTCsl yMEHbIIIEHUE 3Ha-
YEeHHsI MOJIYJISl YIIPYTOCTH TUIPOCMECH, @ IMEHHO: BITYCK BO3[lyXa B €€ MOTOK, T. €. adpUPOBaHUE, a
YMEHbILIEHUE MOJAYJS YIPYTOCTH THAPOTPAHCIIOPTHOM CHUCTEMBbI — U3MEHEHHEM YIPYTHUX DJIEMEH-
TOB, Pa3MEILEHHBIX MO MarucTpaiau. YCTAaHOBJIEHO HAapacTaHUE 3HAUYCHUS yJApHOTO JABJIEHUS C
YBEIIMYEHHEM KPYIMHOCTH TPAHCIOPTUPYEMOTO TBEPAOTO MarepHaia B TPYOOMPOBOIHBIX MarucT-
payixX MallbIX AUAMETPOB.

KuroueBble c¢Jji0Ba: HANoOpHbBIE THIPOTPAHCIIOPTHBIE CUCTEMBI, HECTALIMOHAPHBIE MPOLECCHI,
MOJ3€MHBIE THAPOTEXHUYECKUE CUCTEMbI, PE30HAHCHBIE SIBJICHHUS.

BBenenue. B nacTosmiee BpeMs pa3paOOTKa W OCBOCHHUE YTOJNBHBIX U PYTHBIX
MeCTOPO)KI[eHI/Iﬁ OCYHICCTBIIACTCA C UCIIOJIb30BAHUCM 3Heproc6eperafomlzlx TEXHO-
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