MunucTepcTBo 00pa3oBanus M Hayku Poccuiickoit @enepaunu
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHNUE
BhICIIIET0 00pa3oBaHus
«HAITMOHAJIBHBIA UCCJEJOBATEJbCKUM
TOMCKHU MOJJUTEXHUYECKHU YHUBEPCUTET»

WnxeHepHas 1IKoJa MPUPOIHBIX PECYPCOB

Hampasnenue nonrorosku: «HedrerazoBoe nemno»

[Tpoduns noaroroBku: «CTPOUTENHCTBO MTYOOKHX HE(TIHBIX M Ia30BbIX CKBAYKUH B CIIOKHBIX
TOPHO-TE€OJIOTUYECKUX YCITOBUIX)»

Otnenenue HePTEra30BOrO JIeja

MATUCTEPCKASA JTUCCEPTALIUA

Tema paboThbl

Pa3pa6oTka yi1aBiauBaome-noANUThIBAIONIEr0 YCTPOCTBA 1JI51 3aMeHbI H3HOLIEHHBIX
1IAPOB HOBBLIMH NPH HIAPOCTPYIHHOM OYpPeHHH CKBAKUH

VJIK 622.243.43.05-049.32

CryneHt
I'pynna 102 %(0) Hoanuck Hara
2BM6/1 Bunorpanos EBrenuii BsuecnaBoBuu
PykoBogurenn
JosxkHOoCTH L0170 Yd4enas crenenb, MMognuces Jara

3BaAHUC

OLIEHT OTAEJICHUS
A I'op6enko Muxawn
00IIIETEXHUYECKUX K.T.H.

BragumupoBud
mucruiuine HIBUTT A p
KOHCYJIBTAHTDI:
[To pazneny «PUHAHCOBBIN MEHEKMEHT, pecypcor((HEKTUBHOCTh M pecypcocOepexeHIE
JloakHOoCTH DdHUO YuyeHnas creneHb, MMoanucey JlaTa
3BaHue
Makarmesa IOmus
ACCHUCTEHT _
CepreeBHa
ITo pazneny «CoumaibHasi OTBETCTBEHHOCThY
JosxkHOCTH (017 (0] Yd4enas creneHb, IMognuces Jara
3BaHue
3anopoxkHas TaTbsiHa
ACCHUCTEHT K.T.H.
AHaTOJIbeBHA
1o pa3zaeny, BBIIOJHEHHOMY Ha MHOCTPAHHOM SI3bIKE
JosxkHOCTH L0170 Ydenas creneHb, IMognucs Jlara
3BaHHUe
CrpenbHuKOBa AHHa
JlomeHT K.}.H.
bopucosHa
JOIYCTUTD K SAIIIUTE:
PykoBoaurens OOII 107 (0) Y4yeHnas cTeneHb, Hoxmuceh Hara
3BaHHUe
KoBazneB Aprem
JlomeHT K.T.H.
Biiagumuposug

Tomck — 2018 1.




Ilnanupyemble pe3yabTaTthl 00ydeHus no OOII

Kon
pe3ynbTaTa

Pesynbrar 00ydeHus (BBITYCKHUK JTOJDKEH OBITh TOTOB)

P1

[IpuMeHSTh eCTECTBEHHOHAy4YHBbIC, MaTeMAaTHYeCKHUe, T'yMaHHUTapHbIC,
YKOHOMHYECKUE, WHKECHEPHBIC, TEXHUYECKHE U TNIyOOKHE TpPOPeCcCCHOHATHHBIE
3HaHHUS B O0JIACTH COBPEMEHHBIX HE(PTEra30BbIX TEXHOJIOTUH IJIsl PEIleHUs
NPUKTIAOHLIX — MENCOUCYUNTUHAPHBIX — 3A0a4 W UHJICEHEPHBLIX  Npobdem,
COOTBETCTBYIOIIUX MPOQIIIIO MOATOTOBKH (B HEPTETa30BOM CEKTOPE YKOHOMHUKH ).

P2

[InanupoBaTh W TPOBOAHUTH AHATUTHYECCKHE M JKCIEPUMEHTAIbHBIE
uccnedosanusi ¢ UCIOJIb30BAHUEM HOBCHINNX JIOCTHOKCHHUH HAYKHM M TCXHUKH,
yMETh KPUTHUYECKH OIICHHBATh PE3yJIbTaThl U JIENaTh BHIBOJBI, MOJTYYCHHBIC B
COJICHbIX U HEONPEeOeNEéHHbIX  VCI06UsX,  WCIONb30BaTh  MPUHYUNDL
uzobpemamenbcmeda, nNpagosvle OCHOBbL 8 00AACU  UHMELIeKMYATbHOU
cobcmeenHocmu.

P3

[IposiBasiTE MpOheCCUOHATBHYIO 0C8€00MIEHHOCHbL O NEPEO0BbIX 3HAHUAX
u omxpuimusx B o0jacTH HE(PTEra3oBbIX TEXHOJOTHI C YYETOM nepedo8oco
omeuecmeenHo20 U 3apybedcHO20 OTIBITA; UCIIOIb30BATh UHHOBAYUOHHBIU NOOX0O
npu pa3pabOTKe HOBBIX UACH U METOJOB HNpPOeKmuposanusi O0OBEKTOB
He(TEra30BOro KOMIUIEKCA JJISl PelleHUss UHMCEHEPHBIX 3a0ay  pa36Uumust
He(TEera3oBbIX  TEXHOJIOTUH,  MOOepHUZayuu U YCOBEPUICHCHBOBAHUS
HeTera3oBoro MpoU3BO/ICTBA.

P4

Breopsamy, sxcnmyamuposams u 00CnysHcu8ams co8pemerHble MAUUHbL U
MexaHusmMbl  JUIS  peau3aliil  TEXHOJIOTHYECKHX NpOoIeccoB HedTera3oBoi
obnactu, oOecreunBaThb HX 6bICOKVIO 3Pdexmusnocms, cOOMOAATH MpaBUIa
OXpaHbvl 300p06bsi U be30nacHocmu mpyod, BBHIIIONHATh TPEOOBAaHUS O 3aujume
OKpYdicaioujell cpeobi.

P5

beicTpo OpueHTHpOBAThCS W BHIOMPATH ONMUMAIbHLIE pDEUeHUs 8
MHO20(DAKMOPHBIX — CUMYayusx, BIQJIETh ~ METOJaMH U CpEICTBaMU
Mamemamuyecko20 MOOeIupo8arlisi TEXHOJIOTHIECKUX MPOILIECCOB U 0OBEKTOB.

P6

O¢(exkTUBHO HCIOIB30BaTh JIIOOONH MMEIOIMIMNCS apceHall TEXHUYECKUX
CpPEeACTB ISl MAaKCUMAIIbHOTO TIPUOJIMKEHHSI K TIOCTaBJICHHBIM ITPOM3BOICTBEHHBIM
LeJsM TIpU pazpabomke U peanu3ayui Npoexkmos, TPOBOAUTb IKOHOMUUECKUL
ananu3 3ampam, MapKemuH208ble UCCIe008aHUsl, PACCUUMbBIBAMb IKOHOMUYECKYIO
aghgexmusnocmeo.

P7

O¢dexkTuBHO paboTaTh UHOUBUOYAILHO, B Ka4eCTBE UWleHd U
PYKogoOumeins Komanowvl, yMeHue (GopMUpPOBaTh 3aaHUS U onepamusHble naamsl
BCEX BHUJOB JEATEIBHOCTH, PACIpPEACTATh OOS3aHHOCTH YJICHOB KOMAaH]IBI,
TOTOBHOCTb HECTU 0MEEmMCmEEHHOCMb 3d Pe3yibmamyl pabomul.

P8

CaMOCTOSTEIIHLHO YUYUTBECA U HCIIPCPBIBHO noeviuiamob KGClJlud)uKaI/;u}O B
TCYCHHUEC BCCIro Iepruoaa HpO(pCCCHOHaHBHOﬁ JACATCIIBHOCTH, AaKTHBHO enaoems
UHOCMPAHHbIM A3bIKOM Ha YPOBHE, ITO3BOJIAIOIIEM pa6OTaTI) B
HHTepHaHHOHaHBHOf/'I cpeae, pa3pa6aTBIBaTL JOKYMCHTAIIUKO U  3allUIIATh
PE3YIBTATEI HH)I(eHepHOﬁ JCATCIIbHOCTH.




MunucTepcTBO 00pa3oBaHus U HayKku Poccuiickoit @enepanun
denepanbHOE TOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTelIbHOE YUPEKICHUE
BBICHICTO O6pa30BaHI/I$I
«HAITMOHAJIBHBIN UCCJIEJOBATEJIbCKUM
TOMCKH MOJIMTEXHUYECKUMA YHUBEPCUTET»

WmxeHepHas 1IKoJIa IPUPOIHBIX PECYpPCOB

Hamnpasnenue nmoarorosku: «HedrerazoBoe aeno»

[Tpoduns nmoaroroBku: «CTPOUTETHCTBO ITYOOKHX HE(PTIHBIX M Ta30BbIX CKBAXKUH B CIIOKHBIX
TOPHO-TEOJOTHYECKUX YCIOBHUSIX)

Otnenenue HePTETra30BOTO JAETa

VYTBEPXIAIO:
PykoBogutens OOII

Kosasnes A.B.
(ITommuce)  (Mara)

3AJJAHUE
HA BbINOJIHEHNE BBINYCKHON KBAJIN(PUKAMOHHOH padoThI
B dopwme:

MATHCTEPCKOU JUCCEPTALIUN

(baxanaBpckoii pabOTHI, AUTIOMHOTO NPOEKTa/paboThl, MATUCTEPCKOH AUCCEPTALNN )

CryneHry:

I'pynna [0)% (0]

2bM6/] Bunorpanosy Esrenuto BsayecinaBosuuy

Tema paGoThI:

Pa3zpaborka ynasimBae-noANUTHIBAIOIIET0 YCTPOHCTBA AJ1 3aMeHbI H3HOLIEHHbIX
IIAPOB HOBBIMH NPH MIAPOCTPYIHOM OYpeHHH CKBAKUH

VTBepxKaeHa MPUKA30M TUPEKTOpa (1aTa, HOMEP)

CpOK cavyu CTyACHTOM BBIIIOJIHEHHOM pa6OTBIZ

TEXHUYECKOE 3AJIAHHUE:

Hcxonnbie nanHbIe K padore 1. Pe3ynbTaThl aHanM3a KOHCTPYKIHH Y3J0B
IAPOCTPYHHOTO  ammapara M OINbITa HX
MPUMEHEHHS,;

IlepeueHb MoAJIEKAIINX MCCJIEA0BAHNIO, | 1. AHanuThyeckuid 0030p MO JUTEpaTypHBIM

NMPOEKTHPOBAHUIO H Pa3padoTKe MCTOYHUKAM C 1IeJIbIO BBIICHEHUS TOCTHKEHUI

BONPOCOB HAyK{ U TEXHUKH B paccMaTpuBaeMoii 001acT;

2. Knaccu¢ukarusi NpUHIMTIOB BO3JCHCTBUS Ha
M0J13eMHOE 000PYAOBaHHE;

3. Pa3paboTka KOHCTPYKIIMU CHEMHOM COIJIOBOU
HAaCaJIKy;




IlepeBon  onHOM

nus3

4., ®uHaHCOBBIA MEHEKMEHT;
5. CoumanpHast OTBETCTBEHHOCTE;
6 OCHOBHBIX

JUTEPATYypHOTO 0030pa Ha AaHTJIMHACKUH SA3BIK;
7. BoeiBoabl 10 paboTe.

qyacTeu

Ilepedyensb rpaguueckoro Marepuasia

YepTerk CbeMHOM COIJIOBOM HACAJIKH.

KoncyabTaHThI 110 pa3aeaM BbIIYCKHONH KBAJIM(PUKALMOHHOH PadoThI

Pa3nen

KouncyiabTant

DuUHAHCOBBIE  MEHEDKMEHT,
pecypcodhHEeKTUBHOCTH u
pecypcocOepexeHus

Accucrent, MakameBa FOnust CepreeBna

ConmanpHas OTBETCTBEHHOCTD

ACCHCTEHT, K.T.H., 3aj10poxHasi TaTbsiHa AHATOIBEBHA

PaS,I[CJ'IH, BBIIIOJIHCHHBIC Ha
HHOCTPAaHHOM A3BIKC

Houenrt, CtpenpHukoBa AHHa bopucosna

Haszpanus pa3aeioB, KOTOPbIC T0/IKHBI ObITH HAIIMCAHBI HA HHOCTPAHHOM HA3bIKE:

Abrasive Drill for Hard Rocks

JlaTta BbI/1auM 32JaHUS HA BbINIOJHEHUE BHINYCKHOM
KBAJIN(PUKALMOHHOM PadoThI 10 JIMHEITHOMY rpaguKy

3axanue BbI1AJT PYKOBOAUTE/Ib:

JoaxHocTh dUoO Yuenas crenenb, | Iloanuchk JlaTa
3BaHHUe
Houent oraeneHus INop6enko Muxann
00IIIETEXHUUECKUX e — K.T.H
mucoumuind HIBUTT A P
3anaHue NPUHSAJ K MCIIOJHEHUIO CTY/ICHT:
I'pynna PHUO Hoanuce Hara

2BM6/] Bunorpanos EBrenuii BsuecnaBoBuu




3AJAHUE JIJISI PA3JIEJIA
«®PUHAHCOBBII MEHE/JKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEKXEHUE»
Crygenry:

I'pynna 1017 (0]

2bM6/1 BunorpanoBy EBrenuto BsaueciaBoBuuy
IxoJa NIITIP OTtaenenue HedTera3oBoro aena
Yposennb Mmaructparypa | Hanmpasienune/ «CTpOUTENBCTBO TITyOOKHX HEPTAHBIX
o0pa3oBaHus CHEMHMAJIBHOCTD |1 Ta30BbIX CKBA)KHWH B CJIOKHBIX TOPHO-

re0J0rMYECKUX YCIOBUIX»

Hcxonubie nanHblie K pasaeny «ODMHAHCOBbIM MEHEIKMEHT,
pecypcod(pPekTHBHOCTL M pecypcocOepeskeHue):

1.

uenosedeckux

Cmoumocms pecypcos HayuHo2o

uccreoosanus (HH): mamepuanrbHo-mexHuyecKkux,
IHEPeeMU4ecKux, PUHAHCOBLIX, UHPOPMAYUOHHBIX U

2.
pecypcos

Hopmul u nopmamuewr pacxooosanus

3.

chozzwyeﬂ/za}z cucmema Haﬂ02006ﬂ09iC€Huﬂ,

CMABKU HAL0208, OMYUCTEHU, OUCKOHMUPOBAHUS U
Kpeoumosanus

Cmoumocms

mMamepuaibHo-mexHu4ecKux,

SHepeemuiecKux, ¢uHaH006blx u yejroeedyecKkux

pecypcog
paspabomxe

byposozo cHapsioa

HAY4YHo2c0

uccne0o8anus npu

WapocmpytiHo-3#ceKmopHo20

pa3paboTke:

IlepeyeHb BONPOCOB, MO/JIEKANMX UCCTETOBAHNIO, TPOEKTHPOBAHUIO H

1.

Ouera KOoMMepuecKoeo nomeHyuaia,

nepcnekmugHocmu u anomepramus nposeoeruss H/ c
no3UyUlU pecypcodp@hekmusHoCmu u pecypcocoepedicerus

SWOT-ananusz npoexma

2.

ITnanuposanue u popmuposanue 6100xcema

Haquo—uCCﬂedoeame/szKux pa60m

Pacuem:

- 8PeMeHU Ha CRYCKO-NOObeMHble ONepayuu 00
MOOEPHU3AYUU U NOCIE MOOEPHUZAYUU,
- ¢honoa 3apabommuoii niamul npu OypeHuu ¢

npumeneruem LLIDFC;

- amopmusayuu 060py008anUs ¢ NPUMEHEHUEM

LIDBFC u PDC;
- 9KOHOMUHECKO20 aghpexma om
npumenenusi mexnonocuu LLISBEC.
Hepeqenb rpa(l)nlleucoro MaTEPHUAJIA (c mounvim yrazanuem 06a3amenvHbIX yepmedicel) .
1.  Mampuya SWOT
2. Kanenoapuulii epaghux npoeeoenuss HTH
JlaTa BbIIa4M 3aJaHU4A 1JIA pa3/iena o JUHEHHOMY rpauky
3al]aﬂﬂe BbIAJ KOHCYJ/IbTAHT:
Y4eHnas cTeneHb,
JokHOCTH ®UO - Ioanuck Jlata
ACCHCTEHT Maxkaiesa FOnus Cepreesna —
3alla}me INPUHAJ K HCITOJTHCHHUIO CTYJICHT:
I'pynna ()% (0] Ioamuce Jara

2BM6/]

Bunorpanos EBrenuii BsuecnaBoBuu




3AJAHUE JIJISI PA3JIEJIA
«COLAAJILHASI OTBETCTBEHHOCTb»

Crygaenry:
I'pynna PHUO
2BM6]] Bunorpanos Esrenuii BsueciaBoBuu
IxoJa 1Z000000% OTaenenue HedTera3oBoro aena
Yposennb Maructparypa | Hampasienune/ «CTpOUTENBCTBO TIYOOKUX HE(PTAHBIX U
o0pa3oBaHus CHEMHMAJIBHOCTD | Ta30BbIX CKBA)XHWH B CJIIOKHBIX T'OPHO-
r€OJIOTUYECKUX YCIOBHIX»

Hcxonnble nannble K pazaeny «CounanbHasi 0TBETCTBEHHOCTbY !

1. XapakTepucTuka 00beKTa UCCIICIOBAHUS
(BeImecTBo, MaTepual, Mpudop, arOPUTM, METOTUKA,
pabouast 30Ha) U 00JACTH €r0 MPUMEHEHUS

Paspabomxa memoouueckux
peKomeHOayuil o NPOEKMUpPO8aAHUIO
KOMNOHOBOK HU3A OYPULLHOU KOJIOHHbL OIS
PA3IUYHBIX UHIMEPBATI08 OYPEeHUsL.
Komnonosku Huza 6ypuivHotl KO1oHHb U
€€ aeMeHmbl UCNONb3VIOMCAL OJisl OYPeHUs
HeQhMSHBIX U 2A308bIX CKBAICUH.

Hepeqeﬂb BOITPOCOB, NOJJICKALIIUX UCCJTCA0BAHUIO,

MPOEeKTHPOBAHHUIO H pa3padoTKe:

1. IlpousBoacTBeHHAas1 0€30IACHOCTH

1.1. Ananu3 BpeHBIX U OMACHBIX (haKTOPOB,
KOTOPBIE MOKET CO3/1aTh O0BEKT UCCIIEJOBAHUS
1.2. AHanu3 BpeIHBIX U ONACHBIX (HaKTOpOB,
KOTOpBIE MOTYT BOSHMKHYTH B J1a00paToOpuu mpu
IIPOBEJCHUH UCCIIENOBAHUN

1.3. OGocHOBaHME MEPONIPUITUIN IO 3aIUTE
UCCJIE0BATENS OT AEHCTBUS ONACHBIX M BPEIHBIX
(dakTopoB

IIpoananuzuposamsv 6pedHbie U ONACHbIE
gaxkmopol, enusOWUe HA Yel08eKd,
B03HUKAIOWUE NPU UCCTEO0BAHUU!
Tosvliennas memnepamypa no8epxXHOCmu
000pY008aAHUS, NOHUNCEHHASL BLANCHOCTb
6030yXa, HEOOCMAMOK €CMEeCMBEHHO20
ceema, noBvbIUEeHHAS, MeMnepamypa
6030yxa 6 paboueli 30He, HeOOCMAMOYHAS
oceelweHHoCmb pabouyell 30Hbl,
pazopadicaroujue u moKCU4eCKue
@axkmopwl, s1ekmpudeckuii mox.
Ipoananuzuposamsv épedHvie U ONACH»ie
gaxkmopwl, nusAOWUe HA YeN08eKd,
803HUKAIOWUe Npu pabome HA
npouseoocmaee:

NOBbIULEHHAS 3aNbLIEHHOCTb 8030YXA
pabouetl 30Hbl, XUMUYECKUE BeLeCTBd
paszopadicaouje2o delicmausi, sudpayuu,
Wymbl.

2. Jkoyoruyeckas 0e30MacHOCTh

2.1. Aganu3 BIUsIHUS 00BEKTA UCCIIENOBAHUS Ha
OKPY’KaIOIIYIO Cpeay

2.2. AHaju3 BIMSHUS MpoIlecca UCCIICOBaHMS Ha
OKPY’KaIOIIYIO Cpeay

2.3. O0ocHOBaHKE MEPONPUSITUIN O 3aIUTE
OKPY’KaloIllel cpebl

Ananuz enuanus 06vexma uccied08anusl
HA OKPYHCAouyio cpedy, a makice
HeoOX00UMble MEPONPUAMUSA NO 3aujume
OKpydHrcaroujeli cpeowl.

3. be3onacHOCTH B Ype3BbIYANHBIX CUTYALUSIX:

Bosmoorcno o3nuxknoseHue noxcapa na
pabouem mecme.




3.1. Ananu3 BeposATHEIX YC, KOTOpBIE MOKET

HHUIOUHUPOBATDH 00BEKT ucciaea0BaHus

3.2. Ananu3 BeposATHbIX YC, KOTOpbIE MOTYT
BO3HUKHYTh B JJAOOPAaTOPHUH IIPU IIPOBEAECHUI

HUCCIIENOBaHUI

3.3. O6ocHOBaHKME MEPOIIPHUATHH TIO

npeaotBpatieHuto UC u pazpaboTka nmopsiaka

JICUCTBUA B Ciiydae BO3HUKHOBEeHUST UC

IIpusecmu obocHosanue peKomeHoyemvlx
MepOnpusmuti no npedomapalyeHu
nosicapa, u pazpabomams nopsooK
Oelicmautl npu e2o0 603HUKHOBEHUU.

4. IIpaBoBble U OPraHU3AIMOHHbIE BONPOCHI

obecneueHns 0€30MACHOCTH:

4.1. CnennanbHble (XapaKTepHbIS 111 paboueid 30HbI
UCCJIEI0BATEIS) IPABOBbIE HOPMBI TPYIOBOTO
3aKOHOJATEIbCTBA

4.2. Opranu3alMOHHbIE MEPOTIPUATHUS IPU
KOMIIOHOBKE paboyeil 30HbI HCCiIeI0BaTeNsl.

IIpeocmasums mpebosanus,
npeovasisemble K COMpYOHUKAM nepeo
00ONyCcKoOM K pabome, a makaice
pexomeHoayuu 0Jist KOMGpOpmHoU pabomai.

JlaTta BbIIauM 3aJaHUA 1JIs1 pa3/iesa 1o JuHeiiHoMy rpaduky

3agaHue BbI/1aJ KOHCYJIbTAHT:

HoaxHocTh L0170 Yuenast IMognuces Jlara
CTeneHb, 3BaHHue
3anopoxHas TaTbaHa
Accucrenrt K.T.H.
AHaToneBHA
3anaHue NPUHSJ K MCTIOJHEHUIO CTY/IEHT:
I'pynna PHUO Hoanuce Hara
2BM6]] Bunorpanos Esrenuii BsuecnaBoBuu




MunucTepcTBO 00pa3oBaHus U HayKku Poccuiickoit @enepanun
denepanbHOE TOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTelIbHOE YUPEKICHUE
BBICHICTO O6pa3OBaHI/I${

«HAITMOHAJIBHBIN UCCJIEJOBATEJIbCKUM
TOMCKHI NOJIMTEXHUYECKUA YHUBEPCUTET»

NnxenepHas MIKoJIa MPUPOJIHBIX PECYPCOB

HanpaBneHI/Ie IIOATOTOBKH. ((HC(bTel"aSOBOC JCIIO»

[Tpoduns nmoaroroBku: «CTPOUTETHCTBO ITYOOKHX HE(PTIHBIX M Ta30BbIX CKBAXKUH B CIIOKHBIX
TOPHO-TEOJOTHYECKUX YCIOBHUSIX)
Otnenenue HePTETra30BOTO JAETa
YpoBeHb 00pa3oBanus: Marucrparypa
[Tepuon Beimonuenust: (Becennuii cemectp 2017/2018 yueOHOTrO0 roma)

dopma npeacTaBiIeHUs: padOTHI:

MATUCTEPCKAA JUCCEPTALIAA

(baxanaBpckast paboTa, JUIUIOMHBIN TPOEKT/paboTa, MarncTepcKast TUCCePTALIHS)

KAJIEHJIAPHBIN PEUTUHI -TIVIAH

BbINIOJIHEHH S BBIIYCKHOM KBAJTH(PUKANMOHHOH PadoThI

CpOK cavyu CTyAC€HTOM BBIITOJTHEHHOM pa6OTBIZ

Jlara HasBanmue pasgena (moxyus) / MaxkcuMaJjbHbIi
KOHTPOJIs BHJ padoThI (MCCaeJ0BAHUSA) 0aJu1 pazaea (MoayJis)
Buvinonnenue numepamyprozo o63opa 50
IIposedenue 1abopamophulx ucciedo8anuil 40
Ycempanenue neoouemos 6 pabome 10
CocraBuil npenoiaBaTelib:
JoaxHocTh DOHUO YdyeHasn creneHb, MMoanucey JlaTa
3BaHue
JloueHT OTACIeHHs I'op6enko Muxann
O0IIEeTEXHUIECKIX BriaumHpoBiy K.T.H.
qucturuH [TBUTT
COI'JIACOBAHO:
PykoBoaurens OOII 1037 (0) Y4eHnast cTeneHs, Hoanuck Hara
3BaHue
KoBasieB Aprem
JlomeHT K.T.H.

Brnagumuposuu




PEDEPAT

Brinmycknas kBanupukannonHas padota cogepxut 80 c., 13 puc., 9 Tabmn., 32
JUTEPATYPHBIX UICTOYHUKOB, | mpwII.

KitoueBbie cioBa: mapocTpyiiHoe OypeHue, MOJEpHM3aIUs IapOCTPyHHO-
KEKTOPHOrO0 OypOBOrO CHapsija, pa3padOTKa KOHCTPYKIMU IIAPOYJIOBUTENS, IMYTH
MOJICpHU3AINH, aHau3, 3 (HEKTUBHOCTH METO/1a, PDKOHOMHUYECKAs 11eJ1eCO00Pa3HOCTb,
OXpaHa TpyJa, MOJIEJIb, UCCIIEI0BAaHUE, TIOUCK PEIICHHSI TPOOIEMBI.

OOBeKTOM HCCIIeIOBAHUS ABIISETCS MIAPOCTPYUHBIN METOI0M OYpEHHUS.

Lens paboTel — moBbIiieHHE 3PGHEKTUBHOCTH MIAPOCTPYHHOTO OypeHHUs B
TBEPIBIX U KPEMKHX TOPHBIX MOPOJaxX 3a CUET MOACPHHM3AIMU pa3pabOTaHHOTO Ha
Kadenape OypeHHs MIAPOCTPYWHOrO CHAPSAAA, KOHCTPYKIHMS KOTOPOTO ITO3BOJUT
OCYIIECTBJIATH yJIAaBIMBAHUE U3HOIICHHBIX IAPOB 0€3 Mo beMa HHCTPYMEHTA.

B mporiecce nccnenoBaHus MpOBOIMINCH: aHAINW3 MTPUHIIMIIOB BO3ACHCTBUS Ha
Mo/I3eMHOE 000pY/I0BaHUE, pa3padaThIBAINCh CXEMbl ChEMHOM COIJIOBOM HACaJKH, a
TaK)Ke TPHUBEACHBI MEPOIPHUATHS 1O OXpaHE TPYJa, OXpaHE OKPYXKAIOMEH Cpeasl U
MIPUBEIACH TEXHUKO-YKOHOMUYECKUN pacyerT.

B pesynbrate nccnenoBanus ObUT BIOpaH HamOoJee ONTUMAJBHBIN CIOCO0
BO3JICHCTBUSI HA IMIAPOCTPYWHO-23)KEKTOPHO OypoBoil cHapsia. B xonme paspaboTku
CXeMbl CHEMHOM COIUJIOBOM HAcajaku, Obljla BBISBIECHA HauboJee MepCreKTHUBHAS
MOJIeJb, TIO3BOJISIIONIAS PEIIUTh IPOOJIeMy 3aTpaT BpEMEHHU Ha OIepalriy 1Mo 3aMeHe
W3HOIIEHHBIX IaPOB HOBHIMHU.

OcHOBHBIE KOHCTPYKTHBHBIE, TEXHOJIOTUYECKHE u TEXHUKO-
OKCIUTyaTaIl[AOHHBIE  XapaKTEPUCTHKH: pacyeT TeOMETPUYECKUX MapaMeTpoB
IapOCTPYMHOIO CHapsIA.

CreneHb BHEAPEHUS: HEOJAHOKPATHO TMPOBOAWINCH pPa3padOTKM B KOHIIE
JIEBSTHOCTBIX TOI0B, KOTOPHIE TaK U HE MO3BOJIMIIN PEIIUTh IPOOIEMY SKOHOMHUYECKOM
nenecoodpasHoctu. [llupokoe npumenenne B OypeHUU He MOTYUHIL.

OO0acTh MPUMEHEHHS: MAPOCTPYHHOE OypeHHe CKBOXKUH MPUMEHUMO, KaK B

He(TAHON MPOMBIIIUIEHHOCTH, TaK U B TPAXKJAHCKOM.



OxoHomuyeckas  3(PGEeKTUBHOCTH/3HAUUMOCTh  Pa0OTBI:  MOJCPHHU3ALIMS
IApOCTPYHHO- 3KEKTOPHOTO OYpOBOTO CHApsia MO3BOJIUIA COKPATUTh O0IIee BpeMsI
Oypenus. Kak crneacTBue COKpaTuianch: (POHJ OIIAThl TPY/la, pacXobl MaTepUasoB,
aMOPTHU3AI[MOHHBIC OTYHUCIICHHSI.

B Oyaymiem miaHupyeTcs BO3MOXKHAS peaTu3aus KOHIENTa U TOBCEMECTHOE

NPUMEHEHHUE MIApOCTPYHHOTO OypeHUs CKBAXKUH.
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BBEJAEHHUE

B wmupoBoii mnpakTthke OypeHHs CKBOXKHMH HaONIOMaeTcs TEHACHLIMS K
YBEIMYECHUIO O0beMa OYpOBBIX CKBAKMH DPA3JIMYHOIO HA3HAYEHUS B TBEPIBIX U

KPETKUX OPOJax.

[IpuMeHeHrne MexaHn4ecKoro crnocoda OypeHus B KPEMKUX U TBEPBIX TOPHBIX
MOpOJIaXx OKa3aJIoCh HEAOCTATOYHO (P (PEKTUBHBIM, HECMOTPS Ha TO, YTO MOCTOSHHO
COBEPILIEHCTBYIOTCA JI0JIOTA.

B naHHBII MOMEHT HW3BECTHO MHOXXECTBO JAPYTHX CIIOCOOOB pa3pylIeHUs
TOPHBIX TIOPOJT TOMHUMO KJIACCMYECKOTO0 MEXaHUYECKOro: THAPABIMYECKUE,
TEPMUYECKHE, B3PBIBOYAApHbIC, DJICKTPUYECKHE M KOMOWHHUPOBAHHBIE CIIOCOOBI
paspyuieHus. Ha nanHom stane pa3BUTHS TEXHUKH HE MPEACTABISAETCS BO3MOXKHBIM
yBenuueHue HGGEKTUBHOCTH pa3pylIeHUss TOpHBIX MOpoa Ha 3aboe mnpu
MEXaHUYECKOM CIoco0e OypeHus BBHUY JOCTATOYHO HU3KOW M3HOCOYCTONYMBOCTH
NOPOAOPA3PYIIAIOIIET0 HWHCTPYMEHTA W OTHOCUTENIBHO MaJlOd  MOIIHOCTH,
MOIBOJTMMOM K 320010.

[To pesynwpraTam wuccnemoBanus npodeccopa CrnuBaka A.M. xorddummeHt
nepeaavyr MOIIHOCTY Ha 3a00i Mpu MexaHuueckoM Oypenuu coctasisieT oT 0,03 o
0,2. AHanu3 ajJbTEPHATUBHBIX CIOCOOOB OypeHHs TOPHBIX MOPOJ] TOKa3aj, YTO B
OJbKalIMe TOJbl BPS JIM OCYIIECTBUMO IIMPOKOE MPUMEHEHHUE Jla3epa, IJia3Mbl,
AJIIEKTPOHHOTO Jy4ya, TEPMOCTPYH M B3pbIBA. T€M HE MEHee, MHOTHE HCCIIeI0BAaTEIn
CUMTAIOT, YTO BO3MOXHO TPUMEHEHUE THUAPABIMYECKUX U THUIPOMEXAHUUYECKUX
CIIOCOOOB pa3pylIEHUsI TOPHBIX MOPOJ.

B Hacrosmuii MOMEHT THIPaBIMYECKUN CIIOCOO NMPUMEHSCTCS B MSTKHX U
PBIXJIBIX TOpojax. Mcmomb3oBaHue 3TOro crocoda sl pa3pylIeHHs] TBEPIBIX H
CpeIHEN KpEemoCTH TOPHBIX TOPOJ TOTpeOyeT 3HAYUTEIBHOTO YBEIWYEHUS
THIPABINYECKON MOIITHOCTH Ha 3a00e. bypeHue TBepAbIX W MPOYHBIX TOPOJ]
OCYUIECTBIISIETCS] THIPOMEXAaHUYECKUM CIIOCOOOM, MTPU KOTOPOM pa3pylIeHHE MOPOJT

Ha 3a0oe IMPOUCXOAUT 3a CUYCT OHCPIHH IIOTOKa HpOMBIBO‘-IHOﬁ KHUIKOCTH C



coJiep)KaHreM aOpa3vMBHBIX YACTHIL JTUOO IMIAPOB C BHICOKOW KHHETUUECKOM IHEPTUECH.

BnepBbie mpemiokuan Crocod IapocTpyHHOro OypeHHsT aMEepHKaHCKHE
yuenble DI Jhiiim u Ocken WN.D., KOTOpbIA OKa3aicsi MEPCHEKTUBHBIM C
MPAKTUYECKON TOYKU 3PCHHUSI.

Psin HEKOTOPBIX TEXHOJOTMYECKUX W TEXHUYECKUX MPOOJIeM, BO3HUKAIOIINX
MIpU peanu3alluu TuIpOIMHAMUYECKOTO CIIOc00a pa3pylieHUs: TOPHBIX MOPOMd, MOXKET
OBITH pelieH 3a CY€T IIapOCTPYHHOTO crocoba OypeHus CKBaXWH, KOTOPBIMA
3aKJII0YAETCSl B Pa3pylIeHUU TOPHBIX MOPOJ yAapaMH BBICOKOCKOPOCTHBIX IIAPOB,
HEIPEPHIBHO ITUPKYIUPYIONINX B MPHU3a00HHOMN 30HE CKBAYKUHBI.

[TapoctpyitHbiii criocod Oypenms uccinenoBanmu A.H. JaBuaenko, O.J1.
Hep6enena, A.B. lyrapusipenos, T.H. 3yokoBa, A.A. Urnatos, B.I1. Koporkos, M.H.
Hypnei6ae, M.M. MaitnnbaeB, A.b. YBakos , H.T. Tysk6aer, A.B. IlItpaccep, F.H.
Deily, L.LE. Eckel, A.B. Hildebrandt, L.W. Ledgerwood, A.W. McCray, E.M. McNatt.
B xoxe uccienoanuit YBakoB A. b. 00HapyXui1 BO3MOKHOCTh TOCTHXKEHUS BEICOKOM
MEXaHU4eCKON ckopoctu Oypenus (1o 20 M/4ac B KpemNKUX TOPHBIX MOpOjaax), a
paboTa kazaxckoro yueHoro C.A. 3aypOekoBa roka3aja MpeBbIICHUE MEXaHUYECKON
ckopoctu Ha 20% u mpoxoaKku Ha 1070TO Ha 43% OTHOCUTENHHO CEPUMHBIX JJOJIOT TIPH
OypeHUH MopoJ CpeIHEN TBEPAOCTH.

B HamuonanbHOM  HCCIIEIOBATEILCKOM  TOMCKOM — TOJIUTEXHHUYECKOM
yHUBepcuTeTe Ha Kadeape OypeHus pa3padoTalid YCTAHOBKY [Jisi aOpa3uBHOTO
OypeHuUsl ¢ MPUMEHEHUEM J10JI0Ta THAPOMOHUTOPHO-2KEKIIMOHHOTO TUIIA, KOTOPYIO B
JanbpHENeM mpeo0pa3oBaii B YCTAHOBKY JIJIs IAPOCTPyHOTO OypeHus. B ee ocHOBY
JIer TPUHIKII pa3pyLIEHUs] TOPHOUM MOPOJIbI TOCPEACTBOM HENPEPHIBHON LIUPKYJIALINU
MOPOJIOpa3pyIIAONIUX YacTUI] Ha 3a00e, KOTOPHIA OCYIIECTBISIETCS 3a CYET
CTPYMHOIO anrapara, IpUBOJUMOTO B IEMCTBUE ITOTOKOM IIPOMBIBOYHOU KUIKOCTH.

B xome naGopaTopHBIX HCCIEJOBAHUM OBUIM BBISBICHBI CYILECTBYIOIINE
npoOJieMbl IIAPOCTPYHHOTO OypeHUs W OIpejeeHbl OCHOBHBIC HAIpaBJICHUS HX
pemenus. B wacTHOCcTH, OblIa MOCTaBIEHA 3a/1a4a 10 3HAYUTEILHOMY COKPAIIICHUIO

BPCMCHM Ha CITYyCKOIIOABEMHBIC OIICPpAlU IIPU IIPOBECACHHUHN TTOJICBBIX pa60T.



PestoMupysi, B JaHHBII MOMEHT HauOoJyiee akTyalibHa pa3padOTKa HOBBIX
TEXHUYECKUX CPEJCTB U ONTHUMAJIbHBIX T€OMETPUUYECKUX IapaMeTpoB OypOBBIX
CHapsI/10B.

Heab padoThl

OcHOBHOM  1enbl0  paboOThl  SBJISIETCS  MOBBIMIEHHE  A(PPEKTUBHOCTH
IapOCTPYHHOrO OypeHHs B TBEPIAbIX M KPENKUX TOPHBIX MOPOJax 3a CYeT
MOJICpHU3AIMN pa3pabOTaHHOrO Ha Kadeape OypeHUs IapOCTPYWHOIO CHapsja,
KOHCTPYKIUSI KOTOPOI'O MO3BOJIUT OCYIIECTBIATH MOANUTKY U 3aMEHY W3HOIIECHHBIX
I1apOB HOBBIMH Y€PE3 ChEMHYIO COILJIOBYIO HAacaaKy 0e3 ojbeMa HHCTPYMEHTA.

IIpeamMeTomM JaHHOIO MCCJIe0BAHMA SIBJICTCS ChbEMHAs COILIOBAas HACAJIKa,
CIIOCOOHasi CHU3UTh 3aTPAaThl BPEMEHH Ha ONEpally [0 3aMEHE M3HOIICHHBIX IIApPOB
HOBBIMH B ITPOLIECCE MLIAPOCTPYHHOTO OYpPEHUS CKBaXKHH.

3axaqu ucciie10BaHUA

HeobOxoaumbie 3a1auu U1l JOCTHKEHHUS €N

® aHaAJIM3 TEHJEHUWHU PA3BUTHS MIAPOCTPYHHOTO OYpEHHS CKBXXKHH C LEJbIO
BBISIBJICHUSA MTEPCIEKTUBHOCTH JJAHHOTO criocoba OypeHus;

e 0030p ¥ aHaJIM3 MMEIOIIErocs 3ajena Mo pa3padOoTKe yaBiIUBaroLIe-
NOJANMTHIBAIOIIETO YCTPOMCTBA;

® aHaJIW3 NPUHIIMIIOB YIPABICHUS 3JIEMEHTaMH 3a00ifHOro 000pyA0BaHUS U
nocjeayomel kiaccupukauy JaHHBIX CIIOCO0OO0B;

e pa3paboTka cxem 3a00HHOM ChEMHOMN COIJIOBOM HACaIKH,

MeToauka ucciae 0BaHUI

MeTonbl UccieI0BaHusl, KOTOPbIE TO3BOJISIT PELIUTh OCTABJICHHbBIE 33/1a4H:

e Ananus CYLIECTBYIOLINX YCCIIEI0BAHUN c IIOCIIEAYIOLIEN
cHUCTEeMaTH3alluel;

B nanHoi padore nmpousBeaeH cOOP M AHAJIMU3 JIUTEPATYPHBIX UCTOYHUKOB
M0 TEeMaTHWKe MIAPOCTPYWHOTO OypeHus, a TakkKe pa3padoTaHa KiIacCHU(PUKAIIUS
IOPUHLIUIIOB BO3ACWCTBUA Ha MOA3EMHOE O00OPYIOBaHHME M KOHCTPYKIHS ChEMHOU

COIZIOBOM HacajKH.



1 JlutepatypHblii 0630p

1.1 TengeHUMH pa3BUTHSI APOCTPYITHOT0 OypeHUsI CKBAKHH

B Hacrosiiiee BpeMs B MUPOBOM MpakTHKE OypeHUs] CKBaXKMH HabIto/1aeTcs
TEHACHIIUA K TOBBIIICHUIO O0beMa OypeHHs B TBEPAbIX TOPHBIX MOPOJAX,
XapaKTEPU3YIOIIETroCss HU3KUMH 3HAYEHUSAMH MEXaHUYECKOW CKOPOCThIO OypeHus U
MIPOXOJIKM Ha JOJIOTO. B CBS3M C 3TUM, aKTyaJIbHOCTh NMPUOOpETaIOT pa3paboTKH
QIBTEPHATUBHBIX CIIOCOOOB pa3pylI€HUs TBEPIBIX TOPHBIX Mopold. OIHUM U3
NEPCIIEKTUBHBIX SBIISIETCS MIAPOCTPYHHOE OypeHue, CyThb KOTOPOTO 3aKJII0YaeTcs B
paspylIeHUH MOPOJ yJapaMu HENPEPbIBHO LUPKYJIUPYIOMIMX B MPU3a00MHHON 30HE
CKBQXUHbl METAINIMYECKUX IIapoB. L{UpKynsuus OCYIIECTBISIETCS MHPH MOMOIIH
mapocTpyriHo-3kekTopHOTO OypoBoro cHapsna (LLIDBC). TlorenuuanbHo, JaHHBIM
Croco0 MOJKET JaTh 3HAYUTEIbHBIM MPUPOCT CKOPOCTH OypeHHs B HMHTEpBaiax
TBEPABIX TOPHBIX MTOPOJ, CHU3HUTH JACHEKHBIC 3aTPATHI 3a CUET COKPALICHUS BPEMEHH
MPOBEJICHUS CITYCKO-TIOABEMHBIX omeparuid. Kpome Toro, mapocTpyiHblii cocoo,
JIETKO BIIMCBHIBAsACh B CYIIECTBYIOIIYIO TEXHOJIOTMIO OypeHHs C BBIHOCOM MIama
IPOMBIBOYHOM JKUIKOCTBbIO, HE NOTpeOyeT 3HAYUTEIBHOro mepeoOopya0BaHus
OypOBOH yCTaHOBKH.

Crioco6 pa3pylieHus TOPHBIX MOPOJ] yAapaMu MapoB ObUT Mpe/jioxkeH B 1955
r. TPYNIOW YYEeHBIX aMepukaHckor HedTsHou kommanun «Kaprep Oiinm K.
Pe3ynbTaThl 3THX UCCIeA0BaHUN OCBeEIIeHBI B padoTax N.0. Dckens, @.I'. JIriinu, JIY.
JlemxepBypna [1, 2]. Hekoropsle nannbie npuBoAsTcs B paborax A.Y. Makkpes u
®.V. Kone [3]. Lensio uccnenoBaHuii Oblia pa3paboTka Oosiee 3(HPEeKTUBHOIO
criocoba OypeHus HEPTSIHBIX CKBOXXHH. YOCAUBIINCH B BO3MOXKHOCTU Pa3pyIICHUS
TOPHBIX TOPOJ] yAapaMu OBICTPOJABMKYIIUXCS IIAPOB, HCCIEIOBATEIN PEIITUIH
npo0semMy co3aHusl YCTPONUCTBA, MO3BOJISIONIETO OCYIIECTBIIATh PA3roH MIapOB U UX
PELMPKYISILHIO. Y CTPOMCTBOM, HanboJiee MOJHO OTBEYAIOLIUM 3THUM TPeOOBaHUSM,
OKa3aJIiCs CTPYWHBIN HACOC.

B pe3ynbTaTe npoBeneHHbIX JadopaTopHbIX uccaeaoBanuit 1M.3. Dckens, O.I°.
oiinu, JIY. JlemkepBypaa ObLIO yCTaHOBJIEHO, YTO HAuOOJbIIAs MeXaHHUYeCcKas
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CKOPOCTb MPOXOJKU HAOJIOaeTCs B ClIy4yae HCIMOIb30BaHUA IIAPOB MAKCUMAIbHO
BO3MOYKHOTO JHAaMETpa, HE 3aKIMHHUBAIOIIMXCS B KaMepe CMEIICHUS CTPYWHOro
Hacoca. Takke yCTaHOBJICHO YBEJIMYEHHE MEXAHUYECKOM CKOPOCTH OypeHus HpH
MaKCUMAaJIbHO BO3MOXXHOM Pacxojie, Py KOTOPOM HE MPOUCXOIUT BHIHOC IIApOB U3
ckBakuHbIL. [Ipu Oypennn u3BecTHsIKa OblIa JOCTUTHYTA CKOPOCTh IPOXOAKHU 6,8 M/4
(mpu pacxone 254 n/MuH, iepenaje JaBiIeHUs B COMIe cTpyiHOro Hacoca 4,4 MIIa).
Hcnonb3oBaHue riIMHUCTOTO PacTBOpa OO0YCIOBWIIO MAaJCHUE CKOPOCTH OypeHHs Ha
25%, a Bo3nyxa - Ha 75 % 1O CpaBHEHHUIO C MCIOJIb30BaHUEM BOJbl. HeoOxoammo
OTMETUTh, UTO JJIsl ONIPEIENICHUS pacXxo/ia IIapoB U CKOPOCTU UX JIBU)KEHUS B KaMepe
CMEILIEHUsI CTPYHHOrO0 Hacoca HCIOJB30BAJICA  CHELUAIbHBIM  IIAPUKOBBIN
AIIEKTPOMATrHUTHBIN JAETEKTOp, a MPOLECC 3aKIMHUBAHUSA IIAPOB B KAMEPE CMEIICHHUS
MCCJIEOBAJICS C TOMOIIBIO BBICOKOCKOPOCTHON BHIEOCHEMKH.

Ha  ocnHoBe  pe3ynbTaToB  J1aOOpPAaTOpPHBIX  MCCIEAOBaHUNA  OBLUIU
CKOHCTPYHMPOBAHBI JIBa IMIAPUKOBBIX Oypa auamerpoM 228,7 MM 1715t OypeHust CKBaXKHH
[1]. Bypsl uMenu cMeHHBbIe Kamepsl cMettieHus quamerpom 89 u 102 mm u Habop comen
auameTpom ot 15,9 o 23,8 MM. CriemyeT OTMETUTB, UTO aImapaThl ObLITH U3TOTOBJICHBI
n3 crann SAE4340 u 3akanensl go tBepaoctu 36-40 C mo Poxsemry. Comna
M3TOTOBIISUIN U3 BOJIb(PamMo-KoOaIbTOBOrO TBEpAOro cruiasa. [llapsl mpon3BoauINCh
Ha crienuagbHoM Tpecce u3 ctanu SAES2100 u 3akansanuck no TBepaoctu 50-53 C mo
PokBemny. VcnbiTanus KamuOpOBOYHBIX Jam TpPH BO3JAEHCTBUM Ha Oyp OCEBOM
Harpy3kn 12,2 TC W KpyTAILIEr0 MOMEHTA, paBHOro 693 Krcm, MoKasaaum HX
yIIOBJIETBOPUTENIbHYIO POUYHOCTD.

B xo/1e mpoMBINIIICHHBIX UCHBITAHWA ObLIO TIpoOypeHo 16,2 M B Mpamope,
U3BECTHAKE M PO30BOM KBapIUTE C MPUMEHEHHEM B KauecTBE IPOMBIBOYHOU
XKUAKOCTU BOABI. B Tabn. 1 nmpeacTaBieHsl ycIoBUs IPOBEACHHS UCTIBITAHUMA.

[Ipu OypeHMHM OKJIaXOMCKOTrO Mpamopa (Msirkas Mmopoja) CpeaHUN JuaMmeTp
CKBa)XKHMHBI paBHsICSA 270 MM, a CpeliHsIsl CKOPOCTh MTPOXOJKHU cocTaBuia 2,29 m/y. Ilo
BUP/)KUHCKOMY H3BECTHSAKY (TIOpOJia CpeaHEil KpermocTH) Oblia MOJydeHa CpeHss

MexaHuveckass ckopoctb 1,22 M/u mpu auamerpe ckBaxuHbl 251 mm. CpenHsas



MEXaHMUYECKasi CKOPOCTh OYpeHHsI PO30BOI0 KBapiuTa (TBepjas Mmopoja) COCTaBUIIa
0,15 m/4, a TuameTp ckBaxuHHI - 246 Mm. [Ipu 3TOM HaGII0/1aJICS MHTEHCUBHBIN U3HOC
KaJTMOPOBOYHBIX JIal TIpu OypeHnn kBapruTa. [Ipu OypeHnn MpaMopa U U3BECTHSIKA
CTaJbHBIE IIApbl MPAKTUUYECKU HE M3HAIIMBAJIUCH, TP OYpEeHUHU Ke KBapiuTa 3a 3,5
yaca Bec nopuuu B 63,5 kr ymenbmmics Ha 1,13 kr. MI3HOC moBepXHOCTEN KaMepsl

CMEILICHUs U APYTUX JeTalleil anmapaTta ObUT HECYIIIECTBEHEH.

Tabnuna 1 — YcnoBus npoBeaeHUs IPOMBILIUICHHBIX UCIIBITAHUHN MIAPUKOBOTO Oypa

Decx, Ml(p, Goc, VBp, dc, dl(c, Per, Apc, Q, dm, Mu, Vi, Y y V> Qm, Vi,

J/MUH, KT st st A
[Mapamerp | mMm Kre'M |kre | 00/ | MM | MM | MIla | MIla MM M| mic | mic | WC mr/c | M/c

MUH

3uauenne | 228,6| 46,4 |736 | 20 |22,1 |89 | 505 |39 1970 | 31,8| 634 (241 |55 | 1,13| 0,95 | 140 | 22,8
533 | 4,18 86,2

IIpumeuanue
DcH — muamertp cHapsiga, Mkp — kpyTsmuii MoMeHT, Goc — oceBast Harpy3ka, VBp — CKOPOCTb BpalieHus, dc — ruameTp coruia, dxc —

JIraMeTp KaMepsl cMenteHus, ko — koaddunmenT a»kekuny, Pct — naBineHne Ha cTosike, Apc — Iepenaj JaBIeHHs B COILIE,
Q — pacxon Boasl, dir — quaMerp mapos, Mir — Macca mapoB, VK — CKOPOCTb XKUIKOCTH Ha BBIXOJIE U3 KaMEPhl CMEIICHUS,
Verl , Ven2 , VB3 — cCKOPOCTH BOCXOISIIEH KUIKOCTH COOTBETCTBEHHO B 3a30pe MEXK/IY alllapaToM M CKBaKHUHOM, BO3JIE COIUIA U

BO3JIC OYypPHIBHBIX TPYO, QI — pacxo/] IIapoB B KaMepe CMEIICHHs, VIl — CKOPOCTh BBUICTA IIAPOB M3 KAMEPBI CMEIICHUS

B pe3ynbrare mpoOBENEHHBIX TEOPETUYECKUX M IKCIEPUMEHTAIBHBIX padoT
ObUIO CHENaHO 3aKJIIOUYEHHUE O BO3MOXKHOCTH «IPOM3BOJUTH pa3pylIEHUE TOPHBIX
NOpOJ, C 3aMETHOM CKOPOCTBIO, YTO MOKa3bIBAET PEANbHOCTb MPUHLMUIIOB OypeHHs
yaapamu 1mapoB. JlanpHeiimne pabdoTbl MOTYT OBITh CHENAHbl JJIA TOJHOTO
ONpEeIeNICHNs UX MEPCIIEKTUBHOCTH B YCIOBUSX MPOU3BOACTBa» [1].

Onnako yxe B 1961 r. oqun u3 yuactaukos rpymmst JI. V. JlemkepByn otmeyan:
«MmnynbcHOE 1I1apuKOBOE OypeHHE HE HMMEET MpakTUdeckoro npumeHenus. Ha
JOCTUTHYTOM YPOBHE C €ro IOMOLIBK0 MOXHO pa3pyliaTe IOPOAbl, HO C
HKOHOMHUYECKON TOYKU 3pEHHsI 3TOT IPOLIECC 3HAUYUTEIbHO MEHEE BBITOJIEH, YeM
oObryHOE  BpamarensHoe Oypenwme» [1]. JlaHHbIE BBIBOJBI  OOYCIIOBJICHBI
METOJAMYECKONW OIIMOKOM: MpU MPOBEACHUHN IKCIIEPUMEHTOB aMEPUKAHCKUE YUEHBIE,
nenasi akUEHT Ha OIpejesieHre (PU3NYECKOM CYIIHOCTH padOThl MIAPOCTPYMHBIX
anmnapaToB, OypuUJIM pa3lMYHBbIE 1O KPEMOCTH TOpPHBIE MOPOJBI MPU OJAMHAKOBOMN
CKOPOCTH BbLJIETa IAPOB U3 arnapara, paBHoit 22,8 m/c. Kpome Toro, 6ypoBoii cHapsi,
KOTOPBIN yUEeHbIE HA3BAJIU KTPABUTALIMOHHO -UHKEKTOPHBIMY, UMEJI PsIJL HEAOCTATKOB.
Crneuuansabie sanbl 7 (puc. 1), KOHTakTHpyrOmHMe ¢ 3a00€M CKBaXHUHbI IS
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HOJIEPKAHUS ONTUMAIBHOIO PACCTOSHUS MEXY JT0JIOTOM U 3a00€M, MEePEKPHIBAIH
yacTh 3a00s, co3/laBasg HEOOXOJIMMOCTh BO BpAIllEHUU CHapsiia, ¥ OTHOCHUTEIJIBHO
OBICTPO M3HAIIMBAIKUCH. TaKke MPUXOAWIOCH MOAIEPKUBATH ONTUMAIBHBIA Pacxo.l
XKHUJKOCTHU, T.K. [P €r0 YMEHBIICHUN «00JaKO PE3EPBHBIX IIAPOB» PaCIOJIArajioch
HIDKE COIUIA, A IPH YBEJIMYEHUH - BBIIIE, YTO IPUBOAUIIO K CHHKEHMIO pacxoja apoB

B KaMepe CMEIICHHUS 1, KaK CJICJICTBHE, K MaIeHNI0 3P PEeKTUBHOCTH OypeHHUSI.
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Pucynox 1. «I'paBUTalIMOHHO-UHXEKIIMOHHBIIN OypoBOU cHapsn [4]:
1 — xonoHHa OYpUIBHBIX TPYO; 2 — corio; 3 — Kamepa cMelienus; 4 — peopa;
5 —mopozopaspymiarmIre mapsl; 6 — msiamMm BEIOYpeHHOM MOPOJIbI; 7 — Jambl; 8 —

«00JIaKO PE3EPBHBIX IIAPOBY.

Bonpeku orpunarenbHbIM BBIBOJIAM IEPBOOTKPBIBATENEN MIAPOCTPYUHOTO
OypeHusi, MAaHHBIA CMOCOO TMPOMOJDKAT BBI3BIBATH HMHTEPEC Y  HEKOTOPBIX
HUCClIe0BaTelICH.

HecMmoTtps Ha npuBeneHHbie 3akimtoueHus, ¢ 1963 r. B FOxno-Kazaxcranckom
r€0JIOTHYECKOM YIIPABJICHUN HAaYaJIuCh JAJIbHEHIITNE UCCIICIOBAHMS JAHHOTO ClIoco0a
OypeHusi, Ha3bIBAEMOTO IIAPOCTPYHHBIM (MIPU OTOM  MOPOJAOPaA3PYIIAIOIIHMA
unctpyMmeHt ([1PW) naspiBasics «mapocTpyiHbIM anmaparom»). [Ipudem B cuity Toro,
41O 117151 9PPEKTUBHON pabOTHI MIAPOCTPYUHOrO anmnapara HET HeOOXOAUMOCTH B €ro
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BpAILEHUH, €T0 IPUMEHSIIH ISl UCKYCCTBEHHOIO UCKPUBJIEHUSA I'€0JIOIOPa3BEI0YHBIX
cKkBakuH. VIMu ucnonb3oBajiach KOHCTPYKIUS OypOBOTO CHapsa ¢ MEXaHUYECKUM
BOOPY’KEHHEM JIONACTHOTO THIIA [5]. B oTIMune oT aMepruKaHCKOTO BapHaHTa, KOHTaKT
CHspsAJa ¢ 3a00€M CKBa)KMHBI OCYIIECTBIISJICS 3a CUET ONOPHOro Oammaka 2, OJHAKo,

IIPY 3TOM COXPaHsIach HEOOXOAMMOCTh BO BpPAIIEHUH M OCEBOW HArpy3Ke Ha J0JIOTO
(puc. 2).
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Pucynox 2. lllapocTpyitHO-33KeKTOPHBII OypOBOM CHAPSI C MEXaHUYECKUM
BOOPYKEHHUEM JIOMIACTHOTO THIIA:
1 — xopriyc; 2 — mopoaOpa3pyIIAIOIINA ONOPHBIN OamMak; 3 — THe3/10; 4 —

CTPYHHBIN anmapart; 5 — coIjio; 6 — Kamepa CMEIICHUS C OKHaMU; 7 — Iaphl.

AHanmu3upysi ~ pe3yibTaThl ~ aMEPUKAHCKMX  YYEHBIX,  PYKOBOJUTEIb
uccienoBannii A.b. YBakoB yka3bIBala Ha UX HE COBCEM OOBEKTUBHBIC BBIBOJIBI [6].
AMepUKaHIlbl TpPU TPOBEACHUU SKCIEPUMEHTOB JCNaid aKIEHT Ha OIpeieicHue
(bU3UYECKOM CYITHOCTH pabOThI MAPOCTPYWHBIX anapaToB, B TOKE BPEMs BOIIPOCaAM
pa3pylIeHus TOPHBIX MOPOJI YACISIOCh HEOMPaBIaHHO Majo BHUMaHUs. B pe3ynbTare
OHM COBEPIIIIH SIBHYIO OIIMOKY, MBITasICh OYypPUTh pPa3WyHbIE MO KPEMOCTH TOPHBIC
MOPO/IbI TIPU OJIMHAKOBOW CKOPOCTH BBIJIETA IIIAPOB U3 arllapara, paBHou 22,8 M/c.

B pe3ynbTaTe mpoBeeHHBIX UCCIIEA0BaHUM, TOAPOOHO OMMCAHHBIX B paboTax

[6, 7], OBLIN BBISIBJICHBI OCHOBHBIC aHAJIMTUUECKHUE 3aBUCUMOCTH, XapPAKTCPUIYIOIIHEC



Ipoliecc pa3pylieHusi TOPHBIX MOPOJ yJapamMHu IIapoB, pa3padoTaHa METOIUKA
pacyeTa NpoIecCoB MIAPOCTPYHHOTO OypeHus, TPOBEACHBI Ja00OpPaTOPHBIEC U MOJIEBbIC
UCIIBITAHUS, paccuWTaHa »dKOHOMHUYecKas d3(PGEeKTHBHOCTh JAHHOTO Crocoba.
OKCHEpUMEHTAIbHO ~ YCTAHOBJIEHO, YTO B ONTHUMAJIbHOM pEXUME pabOThI
HIAPOCTPYHHBIX anmapaToB MEXaHW4YecKas CKOpOCTb OypeHusi BO3pacTaeT ¢
YBEJIIMYECHUEM KPETIOCTH TOPHBIX MOPOJ U MOXKET ObITh paBHOUW 20 M/4 B KpENKUX U
OueHb Kpenkux mnopojax. [Ipuyem OosbIION M3HOC CHapsia MOXHO HCKIIOUUTH 32
CYET CO3/IaHMsI ONTUMAIBHOM CKOPOCTH BBUIETA IIAPOB, MPU KOTOPOH OTCYTCTBYIOT
OTCKOKHU IIIapOB OT 3a004. YKa3bIBAIOTCS CIEIYIONINE MPEUMYIIIECTBA IAPOCTPYITHOTO
OypeHusi: MPOCTOTa YCTPOMCTBA MIAPOCTPYMHOTO anmnapara, BO3MOKHOCTb YITPOIIICHUS
1 o0serdyeHus OypoBOro CTaHkKa BCJIEACTBUE OTCYTCTBHS HEOOXOJMMOCTH CO3JaHUs
OOJBIIINX OCEBBIX HArpy30K U BPAIIAIOIIUX MOMEHTOB, IKOJIOTHYECKasi 0€30MaCHOCTb.
Takke aBTOpBI YKa3bIBalOT Ha CIEAYIOIIME HEAOCTATKU IIAPOCTPYHHOrO OYpEHHS:
HEOOXOJIMMOCTh YCTAaHOBKM MOIITHOTO HAacoCa M HEBO3MOXHOCTh OTOOpa KepHa. B
nanbpHeieM pa3paboTaHHbld YBakoBeIM A.B. MapocTpyiHbIi CHapsl moaBeprajics
HEOHOKPATHBIM YCOBEPIIICHCTBOBAHUSIM.

B nmmccepranmuu kazaxckoro ydenoro 3aypoexkoBa C.A. 1995 r. [8] Oblam
OTpEJICNICHbI PAIIMOHAIBHBIC MAPAMETPhI IPOLIECCOB Pa3pYILICHUSI PU MIAPOCTPYHHOM
OypeHHH, Ha OCHOBAaHMM 4YETO pa3paboTaHa HOBAas KOHCTPYKIUS IIAPOCTPYUHOTO
caapsga ILICM-216 ¢ comtoM W KaMepor cMelieHus KoJyblleBoi (opMmbl (puc. 3).
[Tepudepuitnas yactb 32005 pa3pylianachk MapOCTPYHHBIM CIIOCOOOM, IIEHTpaIbHAas -
BpaliaTeJIbHBIM TPU TOMOIIM ONOPbl C TBEPAOCIUIABHBIMU 3yObsiMU. Takas
KOHCTPYKITUSI oOecrieunBaia TOJJIEPKAaHUE ONTUMAIBHOTO PACCTOSIHUS MEXKIY
JOJIOTOM U 3a00eM B TMpoliecce OypeHusi, Mo3BOJsIa CHATh OrpaHUYEHUs] Ha
MaKCUMAJIbHBIA PacXo]l MPOMBIBOYHOM >KUAKOCTH, a TaKKE€ HAMPABIATH IIAPHI BO
BITYCKHBIE OKHa. K HEejocTaTkaM MOKHO OBLJIO OTHECTH HEOOXOAUMOCTh BO BpallleHU!
CHapsila M OCEBOM Harpy3ke, OBICTPBIM H3HOC OMOpPHI, CIOKHOCThH YIpaBICHUS

poieccoM OypeHus TPU KOMOMHUPOBAHHOM Pa3pylieHnuH 3a00sl.
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Pucynoxk 3. [llapocTpyitHO-32KE€KTOPHBIN OYpOBOM CHapsiJ C COTUIOM U
KaMepou cMeleHus KoJiblieBol dopmel (1o 3aypoexoBy C.A.):

1 — xanubpaTop; 2 — NepeBOAHUK; 3 — MPUCOCTUHUTETbHAS TOJIOBKA; 4 —
MOABOASIINE KUIKOCTh KaHAJbI; 5 — KaMHOpylollle-lIeHTpupyoiue pedpa; 6 —
KOJIBIIEBOE COILIO; 7 — 3aJiep KUBAlOIIEEe YCTPOMCTBO; 8 — oropa cHapsiaa; 9 —
KOJIbLIEBas Kamepa cMmelienus; 10 — kopryc cHapsna; 11 — TBepaociiaBHbie 3yObs; 12

— HIapBl.

[IpoMbIlIeHHBIE  UCHOBITAHUS  [OKA3alld  MPEBBIINICHUE MEXAHUYECKOU
ckopoctd Ha 20% u mpoxoaku Ha n070TO Ha 43% IO CpaBHEHUIO C CEPUKWHBIMU
nonotamu. [8]. [Tpuyem OypeHHe OCYyIIECTBISIIOCh POTOPHBIM CIIOCOOOM B MHTEPBAJIC
500-1100 m, mpencraBIeHHOM TMOPOJAMHU CpEIHEH KPENOoCTH, TMPHU CIETYIOIINX
napaMeTpax pexuma OypeHus: pacxo xkuakoctu - 30 ji/c, oceBas Harpy3ka - 10 kH,
yacToTa BpamieHus - 90 06/MuH, TIOTHOCTH OypoBoro pactBopa - 1060 kr/m3.

[TonyueHHble pe3ysbTaThl BBI3BAIIM AKTUBHBIM WHTEpPEC HCCeaoBaTeNield U
NpoU3BOACTBEHHUKOB. Pa3paborannbiii YBakoBeiM A.b. u Illrpaccepom B.B.
IIAPOCTPYHHBIN CHapsim i OypeHus ckBaxuH [9] moaBeprajics ganbHEHIIEMY
coBepiieHcTBoBanuio. Jlepoenes JI.C. u np. pazpabortanu cHapsia s SpPO3UOHHOIO
Oypenus [10], cHaOkeHHOE CPEICTBOM IS OTIPEICIICHHUS PACCTOSHHS OT €ro cpesa 10
320051 CKBaXKUHBI, CBA3aHHOE C MEXaHU3MOM Nojauu Hacaaku. A.B. JlyrapisipeHOBbIM

U JIp. 3asBJICHA KOHCTPYKILUs ImapocTpyiiHoro [11] cHapsiia, B KOTOPOM COILIOBas
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HAacaJKa U pa3roHHas KaMmepa COeIMHEHbI IIAPHUPHO-MIOBOPOTHO, YTO 00ECIEYNBAET
TpeOyeMbIil TuaMeTp CKBaXKMHBI 10 Bceil rmyoune. 3yokosa T.H. pa3zpaborana nBe
KOHCTPYKIIUHU MapocTpyiHoro cHapsiaa [12, 13]. B mepBoM HIDKHSIS BHYTPEHHSIS 4aCTh
CHapsiia CHaOKeHa MarHUTaMHU JUIsl YIYUIICHUS [MUPKYISIUNA TOPOAOPa3PYyIIAIOIINX
1IapOB, @ HA Pa3TOHHOIN KaMepe HaXOAUTCS OyHKep JUIsl TOYHOTO HaIpaBJICHHS [LIaPOB
B ee okHa. OCOOEHHOCTBHIO BTOPOTO CHapsijia SIBISIETCS TO, YTO CTPYMHBIN ammapar
PaCIOJIOKEH SKCIEHTPUYHO B KOXKYX€ M KECTKO MpUKperuieH nox yrioMm 20-70° k
3aryyIiKe, CBSI3aHHOM C KOJOHHOW OypUJIBHBIX TPYO C BO3MOXKHOCTBIO KPYTrOBOTO
HEpPEMEIEHUS] OTHOCUTENIBHO BEPTHKAJIbHOM OCH YCTpPOMCTBA, 4TO oOecrnedyuBaeT
paBHOMEpHOE pa3pylLieHHe 3a00sl.

Kpome Toro, u3BecTHbI KOHCTPYKIMHU IAPOCTPYHUHONU OYpOBOii rooBky [14],
TMIPOMOHUTOPHO-2KEKTOPHBIX HACaJOK Ha MIApOUIEYHbIE JOJIOTa M J0JO0Ta
ucruparomiero tumna [15, 16], ruapomoruTOpHOTO Oypa it OypEeHUs PHIXJIBIX TOPHBIX
TIOPOJT ITPH THAPOA00BIYe [17], mapocTpyHHOTO CHapsa ¢ HarpeBaTeIeM JIIs OypeHHS
B MEP3JIBIX TOPHBIX Mmopojax [18].

B XXI Beke uHTEpeC CHENUAIMCTOB K IIAPOCTPYUHOMY OYpEHUIO 3aMETHO
cHuzwicsa. B myOnmkyembpix paboTax daiie paccMaTpUBAIOTCA — POOJIEMbI
KOHCTPYUPOBAHUS TPU HCCIEAOBAHMM KOMOMHUPOBAHHBIX CHOCOOOB pa3pylleHUs
rOpHeIX mopoA. Tak mapocTpyiiHoe OypeHue 3auHTEPEecOBAO YKPAMHCKUX
uccnenonateneit [19-21], kotopsie pa3paboTanv THIPOAMHAMHUYECKHUN CHaps, B
OCHOBE KOTOPOTO JIEKUT KOMOMHAIUSl IIApOCTPYHHOro M ApOoOOBOro OypeHus.
Opnnako nHGOpMAIIMK O TPOBEICHUN JATBHEHIIINX UCCIEA0BaHNUM B paboTax HE ObLIO
IIPEICTABIICHO.

AHanu3 u 00001IeHHe pe3ybTaTOB PadOT, MOCBAIIEHHBIX MCCIEIOBAHUIO
IAPOCTPYUHOTO OYpEeHHUsI, TO3BOJISIET IPUUTH K BHIBOAY, UTO OHO SIBJISIETCS JOBOJIBHO
NEPCHEKTUBHBIM, OJHAKO TpeOyeT MpOBEACHUS HaNbHEHIIMX TEOPETHUECKUX M
HKCIIEPUMEHTAJIbHBIX HMCCIEIOBAHUN, a TaKKe€ KOHCTPYKTOPCKHUX MPOPadOTOK, YTO
MO’KET TIO3BOJIUThH BBINTH HA MPUMEHEHHUE B MPAKTHUKE OypPOBBIX padoT.

C 2012 r. uccnenoBaHusi JaHHOTO crocoba MpoBoJsATCA Ha kadeape OypeHus
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CKBXMH TOMCKOTO MOJUTEXHUYECKOr0 yHUBepcuTeTa. B xone HuX ObUIO JOKa3aHo,
4YTO ONTUMaNbHOUN sBisgeTcss KoHCTpykius IIIDBC c comiom, kamepoilt cMmerieHus
WIMHAPUYECKON (HOpMBI M KOHUYECKHM AU(PPY30pOM € HX MOCIEIOBATEIHHBIM
OCEBBIM pacnojoxeHueM (puc. 4). [IpuHimI 1edcTBIS CHapsAIa CICAYIONIMA: padodast
KUJKOCTh, MOJBOJMMAs K ammapary, YCKOpsieTcsi B coruie 1 W Ha BBIXOJI€ U3 HEro
UCTEKAET ¢ OOJIBIION CKOPOCTBIO B KaMepy cMmenieHus 2. [Ipu 3Tom B mpocTpaHCTBeE,
OKpYaIoIleM BBIX0JI coria 1 ¢ BHENIHEH CTOPOHBI, 00pa3yeTcs 30Ha pa3pspkeHus. B
KOpIIyC€ CHApsa BBIIOJHEHbI TEXHOJIOTMYECKHUE OKHA 3, yepe3 KOTopble Onaromaps
Pa3psHKEHUIO TPOUCXOINUT BCAChIBaHUE Pa00Yeil )KUKOCTH CO B3BEIICHHBIMU IIApaMu
5 u vactunamu nuiama 6 u3 3arpyoHoro npoctpanctBa. Jlanee nByxdazHas cMmech
MIPOXOJIUT Yepe3 KaMepy CMENICHHs 2, mocTynaeT B 1uddy30p 4 u ynapseTcs o Topoay
7, ocymecTBisis pazpyuieHue. Jlamee mapel 5 MNOAHUMAIOTCS B 3aTpyOHOM
IPOCTPAHCTBE, OTPAXAIOTCA OT 33JEPKUBAIOLIET0 YCTpPOWCTBA 8 U 4yepes
TEXHOJIOTUYECKHME OKHA 3 HANpaBISIIOTCS B KaMepy CMeHIeHHus 2. 3aTeM IUKI

IIOBTOPACTCA.
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Pucynoxk 4. lllapocTpyiH03KeKTOpHBIN OypOBOIi CHAPS M MPUHLIUI €10 PadOThI:
1 - comyo; 2 - kKaMepa cMenIeHus ;3 - TEXHOJoTUuIecKue okHa; 4 - nuddysop;5 -
mapel; 6 - YaCTULIBI IJIaMa;/ - pa3pyliaeMas mopoja;8 - 3aIep>KUBAIOIIEE

YCTPOMCTBO.
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Ha ocHOBe TeEOpeTHMYECKHX M SKCIEPUMEHTAIBHBIX HCCIIEIOBAaHUI ObLIM
HOJTyYEHBI CIEAYIOIINE PE3YJIbTAThI:

- BBISIBJICHBI 3aBUCUMOCTH BIIMSIHAS TEXHOJOTMYECKHUX IapaMeTpOB
peXMMa U TEOMETPUYECKUX MapamMeTpoB OypoBOro cHapsaa Ha 3((PEKTHBHOCTb
HIapOCTPYHHOTO OypeHus;

- BIIEPBBIE BBINOJIHEHA BBICOKOCKOpOCTHasA (3600 kaapoB B CEKYHIY)
CbeMKa JUIsl HCCIIEJOBaHMs OBICTPOIPOTEKAIOIIUX IPOLECCOB MIAPOCTPYHHOIO
OypeHwus1, TO3BOJIHMBIIAS pa3padoTaTh GU3HIECKYIO MOJIEIh;

- pazpaboTaHa METOJIMKA pacueTa TEXHOJIOTUYECKUX IPOLIECCOB
IAPOCTPYWHOTO OYpEHHUs B Pa3IMUHBIX T€0JIOTOTEXHUYECKUX YCIOBHUSX.

B nensax panbHeiiiiero nopbimeHUs 3p(HEKTUBHOCTH IAPOCTPYIHOTO
OypeHHs U BHEAPEHUs €ro B MPAKTUKY OYpOBBIX pabOT HEOOXOAUMO MPOIOKUTH
MCCJIEIOBATENILCKUE U ONBITHO-KOHCTPYKTOPCKHE paboThI B CIEIYIOIINX
HanpaBlieHUsX [22]:

- JETANbHOE  M3YYEHME  DJHEPreTHMYECKOro  BOIpPOca C  LEJBIO
ycranosienus KI1/] mapoctpyitHoro OypeHus;

- VICCJIEIOBAHNE BIIMSHUSI PA3JIMYHBIX TUIOB IIPOMBIBOYHBIX KHUIAKOCTEN
Ha 3((HEKTUBHOCTH OypeHMUS;

- pa3paboTKa MaTeMaTU4YeCKOM MOJENM MPOLECCOB IIAPOCTPYIHOrO
OypeHHs CKBa)XMH, IO3BOJISIIOLIYI0 PACCUUTHIBATh OXUAAEMYI0 MEXaHHUYECKYIO
CKOPOCTb OypeHHUs B Pa3JIMYHBIX I'€0JOr0-TEXHUYECKHUX YCIOBUSX;

- pa3paboTKa MEepONpPHUATHUS IO MOBBIIIEHUIO U3HOCOCTOMKOCTH CHAPSAA;

- pa3paboTka ¥  HCHBITAHUE CIIOCOOOB  KOHTPOJISI  MPOIIECCOB
IapOCTPYHHOTO OypEeHUsl CKBaXKUH;

- pa3paboTka KOHCTPYKLIUU yJIaBJIMBAOLIE-TIO AU THIBAIOILET O
YCTPOMCTBA, MO3BOJSIOIETO 3aMEHSITh W3HOILLIEHHBIE IMIAapbl HOBBIMH, JIOCTaBJISTh
miapbl Ha 3200 U MOJHUMATh UX U3 CKBAKUHBI BMECTE C OypOBBIM CHApAIIOM, IS
CHW)KEHMS 3aTpaT BPEMEHH Ha CITyCKO-IIOAbEMHBIE ONEpaLlnN;

- BBITIOJTHEHHUE MCCJIEAOBAaHUNA M OMBITHO-KOHCTPYKTOPCKUX pPaboOT I0
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PCUICHUIO HpO6HeMBI HAaKJIOHHOHAITPaBJICHHOT'O 6prHI/I}I CKBa)XMH C IIOMOIIBIO

IapOCTPYHHO-37KEKTOPHOTO OYpOBOTO CHaps/Ia.

1.1 Umeronruiicsi 3aj1e1 1o pa3padoTke yjaaB/jauBaloile-moANMUTHIBAIOIIETO

ycTpoiicTBa

B Hacrosimee Bpemss Ha kadeape OypeHHS CKBaXHH TOMCKOTO
MOJIUTEXHUYECKOTO YHUBEPCUTETA IPOBOJASITCS TEOPETUUECKHE u
HKCIIEPUMEHTAJIbHBIE HUCCIEIOBAHUS IIAPOCTPYMHOIO crocoda OypeHus, KOTOPBIU
MOJKET JJaTh 3HAYUTENbHBIA IPUPOCT CKOPOCTU OYPEHUSI B TBEPABIX U KPEIIKUX TOPHBIX
IOpOJiax, YBEJIWYUTh MPOXOJAKY Ha a0i0To. Kpome TOro, mapocTpyiHblii cocod
OypeHusi JIerKO BIHCHIBAETCS B  CYLIECTBYIOUIYI0 TEXHOJOTHIO  OypeHHs
MEXaHUYECKUMHU CIOCO0aMU C TMPOMBIBKOM M HE MNOTpedyeT 3HAYUTEIBHOTO
nepeo0opyAoBaHus OypOBOW YCTaHOBKH.

[apocTpyitHblii ciocod OypeHUs: OCHOBaH Ha pa3pyLUI€HUU TOPHBIX MOPOJ
IOCPEACTBOM  BO3ACHCTBHSI METANIMYECKUX MIApOB, 00JaAaromux OO0JIbLION
KUHETUYECKOW DJHEPrueid HEMOCPEACTBEHHO IMEpe] KOHTAKTOM C TMOpPOJOHM H
MHOTOKPATHOTO IIUPKYJIUPYIOIMIUX B MPU3000MHON 30HE CKBAKUHBI 33 CUET CTPYHHOTO
anmnapara, oJIO)KEHHOT'O0 B OCHOBY KOHCTPYKLIMH IIAPOCTPYHHO-37KEKTOPHOTO JI0JIOTA.
['pynmoii yueHbIX U3 TOMCKOT'O MOJIUTEXHUYECKOT0 YHUBEPCUTETA ObLIIO JJOKA3aHO, YTO
HanOosiee >(PGhEeKTUBHON IS pa3pylISHUsT TBEPAbIX U KPEMKUX MOPOA SIBISETCS
KOHCTPYKIUS IIapOCTPYHHO-3KEKTOPHOTO OYpOBOT0 CHapsja C COILUIOM U KaMepoi
CMEIIEHUsl IWIMHAPUYECKOHM (QOpMBI € UX IMOCIEJOBATEIbHBIM  OCEBBIM
pacnionoxenueM. [Ipu 3ToMm kamepa cMeleHus JoJKHA 3aKaHYUBaThes TUpGHy30poMm,
a JIJIs HallpaBJIEHUs IapOB U3 3aTPYOHOT0 MPOCTPAHCTBA HETIOCPEACTBEHHO B KaMepy
CMELIEHUS B KOHCTPYKLHIO CHApsAda JOJDKHO BKIIIOYATHCS —3a/IEpKUBAIOIIEE

YCTPOMCTBO.
1.2.1 PazpaboTka yaaBjuBaoue-noANMTHIBAIOLICT0 YCTPOCTBA
B nponecce mapoctpyiiHOro 0ypeHus: Henz0exKeH U3HOC I1apoB. Pe3ynbraTel
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aMEpPHUKaHCKHUX UCCIeIoBaTeNel CBUAECTENIbCTBYIOT O TOM, YTO MPU OypEeHUH KBapIUTa
3a 3,5 uvaca Bec mopuuu B 63,5 kr ymenwsmmiics Ha 1,13 kr. Ilo pesynbratam
IIPOMBINUICHHBIX HcnblTaHuld YBakoBa A.b. [3] B cpeanem 3a 100 u Oypenus mapsl
W3HAIIUBAIOTCSA MO TUAMETPy Ha 4—5 MM.

[Ipomecc  OypeHHMsT  MApPOCTPYWHBIM  CIIOCOOOM  CKIIQJBIBACTCS U3
OMPEJICJICHHBIX MOCIE0BATENbHBIX ATAIOB: 1) CIyCcK apoB Ha 32001 CKBa)KUHBI; 2)
CIYCK IIAPOCTPYHHO-23)KEKTOPHOTO OypoBOro cHapsna; 3) mporecc OypeHus; 4)
MOTbEM CHapsiJa N3 CKBAXUHBI, 5) yIaBIMBAaHUE MIAPOB 32005 CKBAKUHEI.

[To meroamkam pacyeTa MIAPOCTPYWHBIX CHApSI0B PA3JIUYHBIX aBTOPOB
JTMaMETpP UCTOJIB3YEMBIX IIapoB  OoJibllle  JAMAMETpa TEPBUYHOIO COMUIA, T.C.
HCKJIIOYAETCS BO3MOXKHOCTh CITyCKa IIApPOB Yepe3 KOJIOHHY OypuiabHbIX TpyO. Criyck
IapOB Yepe3 3a30p MEXAY OYpUIbHBIMH TPYOAMH M CTEHKAMU CKBAKUHBI SBJISICTCS
HEpallMOHAJIbHBIM BCJIEJICTBUE BBICOKOM BEPOATHOCTH 3aKJIMHUBAHUSA IIAPOB U HUX
HEJIONMyCKa J10 320051 CKBaXMHBI. B X0/1€ MPOM3BOJCTBEHHBIX UCTBITAHUI CcrOoco0a
OBLIO ONMpPOOOBAaHO JiBa croco0a JOCTaBKH IMapoB Ha 3aboi. IlepBelli crioco6
3aKJTIOYAJICA B JIOCTABKE IIAPOB B OYMa)KHBIX IMaKETax, COpAchIBAEMBIX B CKBAXKHHY,
KOTOPBIE MTOCJIEC Hauaja IUPKYJISIII OYpOBOTO pacTBOpa pa3MsIrdyairch U BHIHOCHIIUCH
Ha ycThe. BTOpol BapuaHT JOCTaBKU — C MOMOIIbIO KOHTEHHEpa, MPEACTaBISIONIETO
3 ce0si KOJIOHKOBYIO TPYyOy, CY)KEHHYI0 B HUXXHEW YacTh U 3a0UTYI0 TJIMHOM.
Konrelinep cryckanu Ha OypuUIIbHBIX TpyOax, BKIIOYEHHEM HAcoca MOJ JIaBJICHUEM
MPOMBIBOYHOM JKMJKOCTH IIapbl BBIIABIMBAIUCH U3 KOHTEMHEpa, MOCJIE 4Yero OH
MOAHUMAJICS.

JIyist u3BedeHus mapoB C 32005 CKBOKUHBI MCTIOJIH30BAIIN MIAPOYIOBUTEIN
Pa3IMYHBIX KOHCTPYKIIUM, CITyCKaeMble Ha 32001 CKBa)XMHBI MOCJIE MOIbeMa J10J10Ta
U3 CKBKUHBI.

Bricokasi TpynoeMKOCTh, HHU3Kas HaJIeKHOCTb W 3HAYUTEIbHBIE TMOTEpPHU
BPEMEHHU Ha CITyCKO-TIOABEMHBIE OIEpallud MPHU BBIMOJHEHUM OTEepalui 1Mo 3aMeHe
W3HOIIEHHBIX IIAPOB HOBBIMH TpPeOYIOT pa3padOTKM TEXHUYECKHX CPEJCTB,

00ecCIeynBaOIIMX MOBBIIIEHUE PEHCOBOM ckopocTu OypeHus. Tak, mpencTaBiseTcs
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BO3MOYKHOU pa3paboTKa YCTpOMCTBa, CIIOCOOHOIO HapsiAy C 3aMEHON HM3HOIIEHHBIX
[IapOB HOBBIMM CITYCKATh IIAPhl HA 32001 U MOJHUMATh UX C 320051 CKBaKUHBI BMECTE
c OypoBbIM cHapsiioM. Mcxonis 13 1ieJeBoro Ha3HauEHUs Pe/IaraeMoro yCTpoiicTBa,
HAa30BEM €0 YJIaBJIMBAIOIE-TIOMUTHIBAIOIIUM.

PaspabotanHasi cxemMa KOMIIOHOBKM HH3a OypWJIBHOHW KOJIOHHBI C
yJaBiIuBarone-noANUThBaOMMM ycrpoiictBoM (YIIY) npeacraBieHa Ha pUCYHKE 5.
IIpu stom VIIY COCTOMT U3 CKJIAIBIBAIOIIETOCS 3aJCP>KUBAIOLIECTO YCTPOHCTBA 2
JIETIECTKOBOTO THIA, 3a00MHBIX MIApONUTATENs 3 U MIapOyIOBUTENS 4.

[Mpunun  pabotet  YIIV 3akiodaercs B BBINOJHEHUU  CIEAYIOIIEH
MOCJIEA0BATEILHOCTH TEXHOJIOTUYECKUX OIEPaLIUA:

1. Coyck npeacraBieHHON KOMIIOHOBKY HU3a OypUITbHOM KOJIOHHBI 70 32005
CKBOXHMHBI (IIPU ATOM 3aJIEP’KUBAIOIEE YCTPONCTBO HAXOJIUTCS B TPAHCIIOPTHOM
MOJIO’KEHHH )

2. Bo3zpeiicTBue Ha 3a00MHBIN MIAPOMMTATENH C IEJBIO MOJA4YM Ha 3300
MIEpBOM MOPIUU IAPOB;

3. BozneiictBue Ha 3amepkuBaroree ycrpouctBo (3Y), mepeBoa ero B
pabouee TOJI0KEHHE;

4. TIpouecc OypeHus 10 MOSBJICHUS TPU3HAKOB YPE3MEPHOIO N3HOCA IIAPOB;

5. BozneiictBue Ha 3V, nepeBoJl €ro B TPAHCIIOPTHOE MOJI0XKEHUE (TIPU 3TOM
aenectku 3Y NepeKphIBaIOT TEXHOJIOTHYECKHE OKHA OYpOBOTO CHapsia);

6. Bxmrouenue OypoBOoro Hacoca, MOAbEM  IIApOB 10  3a00iHOro
IapOYJIOBUTENS, UX YJIABIMBAHUE;

/. BosnaeilicTBue Ha 3a00MHBIN MIAPOTUTATEINb, TIPUBOIAIICE K BHICHITTAHUIO
BTOPO MOPILIMHM IIAPOB HA 3a001;

8. BosneiicTBue Ha 3V, mepeBo €ro B paboyee MoJI0KEHUE;

9. BxiroueHue Hacoca, BO30OHOBIICHHE Mpoliecca OypeHus.
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Pucynok 5. Cxema KOMIIOHOBKH HHM3a OYpUJILHOM KOJIOHHBI C yJIaBJIMBAIOIIIE-
MO THIBAIOIIMM YCTPOUCTBOM:
1 — OypoBoii cHapsia; 2 — 3a7epKUBaroliee YCTPOUCTBO; 3 —

3a00MHBIN IaponuTaTesb; 4 — 3a00MUHBIN IaPOYIOBUTEND.
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BbiBoja 10 TUTEpaTYypHOMY 0030pY

Hcxons W3 BBIMIEU3IIONKEHHOTO MOXHO CHI€NaTh BBIBOJ, YTO KOHCTPYKIIUS
yJIaBIMBAIONIE-TIOAMUTHIBAIONIETO YCTPOMCTBA C YIPABISIEMBIM 3aJ€pPKUBAIOIUM
YCTPOMCTBOM U CMEHHOW TMOpIMEH IIapoB B CHapsijae, SBISETCA TPYIHO

OCYHICCTBHMOIZ, TaK-KaK UMCCT psAJ HCJOCTATKOB!

- Ycaoxuenue koHcTpykuuu [IOBC;
- Kpaiine HexenaTenbHOE YBEIMUEHUE YNCIA MEIKUX MTOIBHKHBIX 4aCcTEH;
- PaboTy Bcex 2JIEMEHTOB YJaBIMBAIOLIE-NIOANUTHIBAIOLIETO YCTPOUCTBA

CJI0KHO CHHXPOHU3UPOBATL.

Heab padoThl

OcHOBHOII ~ 1enbl0  pabOThl  sBIAETCA  MOBbIIEHUE  A(P(PEKTUBHOCTU
IApOCTPYWHOrO OypeHHs B TBEPAbIX U KPENKUX TOPHBIX MOpOJax 3a CYeT
MOJIEpHU3AIMU pa3paboTaHHOTO Ha Kadeape OypeHUs IIapOCTPYWHOTO CHapsja,
KOHCTPYKIIMSI KOTOPOTO TO3BOJIUT OCYIIECTBIISITh MOAMUTKY U 3aMEHY M3HOIIEHHBIX

[IapOB HOBBIMH Y€pe3 ChEMHYIO COTUIOBYIO HAcaIKy 0€3 MoAbeMa HHCTPYMEHTA.

3agaumn

HeobOxoaumbie 3a1auu U1t TOCTHYKSHHUS TICITH:

® aHAJIM3 IPHUHIIMIIOB BO3/ICHCTBHUS Ha MOJ3eMHOE OYpoBOE 000pyI0BaHUE;

e pa3paboTka KOHCTPYKIIMH COTIJIOBOW HACAJIKH;

Pemienue nocraBiaeHHOM 3a/1auy OU€Hb BaXKHO JIJISI IIAPOCTPYHHOTO OYpEeHUS U
OypeHusl B II€JIOM, TaK KaK COKpAaIlaeTcsl BpeMsl Ha CIyCKO-TIOJTbEMHBIE OIEpaIlui,
CTAHOBUTCSI BO3MOXKHOM I10/1a4a U yJIaBJIMBAHUE IIAPOB 0€3 N3BJICUCHUS KOJIOHHBI, UTO
B KOHEUYHOM HUTOT€ BEAET K YBEIMUYCHHUIO PEHCOBON CKOPOCTH U TOBBIIIECHUIO
TEXHOJIOTUYECKOW M IKOHOMHUYECKOH 3(ddexTuBHOCTU. Pemenne 3amauu mo3BOJIUT

COKPATUTBb BPEMA Ha CITYCKO-IIOABEMHBIC OIICpAallnH.
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2 AHaJIM3 NPUHIMIIOB BO3/1elCTBHSI HA MO/J3eMHO€e 000py/I0BaHNe

Bce ciocoOsI BO31€HCTBUS HA TTOJI3eMHOE 000PYI0BAHNE MOXKHO Pa3/ICIIUTh I10

buznyeckoit IIpUpoOJIE BIIVSTHUSL: MEXaHUYECKUE, TUAPABINYECKHE,

I'mAPOMCXaHUYICCKUC, aAKYCTHUCCKHUC, JJICKTPHUICCKHUC U XaPAKTCPY HCﬁCTBHH KaxxJa0r1o.

B ocHOBy paccMoTpeHuss U mocienyromei kiaccudukammuu ObIIO  B3STO

cieayroliee 00OpyJIOBaHHE: CKBAKUHHBIC PACHIMPHUTENIHM, TAaKephl, TOJBECKH
XBOCTOBHKOB, BUHTOBBIC 3a00iHbIe nBuratenu (B3/1).
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Pucynok 6. Knaccuduxanusi cnoco00B Bo37eHCTBUS HA MTOA3EMHOE 000pYI0BAaHUE
2.1 CkBakuHHbIE PACHIUPUTEH

PaBJIBI/I)KHBIe paCcIupuTCiIin  ACATCA IO XApPAKTCPy MPUBCACHUA U3
TPAaHCIIOPTHOTIO B pa6oqee IMOJOXKCHHNC Ha MCXAHHMYCCKUC, THUAPABINYCCKUC,

aKyCTUYECKHE.

['unpaBnuueckue pa3IBWKHBIE PACUIMPUTENH, TNPUBOAITCI B pabouee
MOJIOKEHHWE, TIPU TOMOIIM JABJICHHS, KOTOPOE PAa3BUBAECTCS B HArHETATEIbHOU
MarvucTpajid Hacoca M KOpIlyceé HMHCTpyYMEHTa Ipu InpoMbiBKe. [lociie mpoMbIBKH
IIOCPEACTBOM  BO3BPAaTHOI'O YCUJIUSA IPYXKHH,

MOPOJIOpa3pylIalole OpPTraHbl

3aKPbIBAIOTCA.
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WHepuroHHbIE pa3IBUKHbIE PACIIMPUTENN IPUBOAATCS B pabodee MOJI0KEHUE
3a CUET LIEHTPOOEKHBIX CUJI, KOTOPBIE IEUCTBYIOT Ha OPOJ0OPA3PYyIIAIOIINE OPTaHbl
IIPU BpAILIEHUH NHCTPYMEHTA.

HepasznBwxHblE pacIIMpUTENH IOAPA3NEISAIOTCS HA  OKCLEHTPUKOBBIE,
THAPOMOHUTOPHBIE M KOMOWHUPOBAaHHBIE IO XapakTepy MpHUBEACHHUs B pabouee
MOJIO’KEHHE U BO3JICUCTBUS Ha pa3pyliaeMbii 3a00H.

OKCUEHTPUYHBIE PACIIMPUTENN HMMEIOT HKCLHEHTPUUYHYIO Maccy, KOTopas
CMEIIeHa OTHOCUTEIBHO OCU CKBaXHHBbI. KOJOHHAa TpyO € pacmmpureneM 3a cuer
JEHCTBUS HEHTPOOEIKHBIX CUJI OMMCHIBAET MTPELIECCUOHHOE JIBUKEHHE B cTBOJIE. [locie
4ero 3aKpeIUICHHBIN Ha KOPITyCe NOPOAOPa3pyIIAOIIMI OpraH YBEJINYUBAET JUaMETP
CKB&)KHMHBI 32 CUET pa3pylIeHUs €€ OOKOBOM OBEPXHOCTH.

OCHOBOI THMIPOMOHHUTOPHBIX PACIIUPUTENEH SBISETCA BO3ACHCTBUE CTPYH,
MCTEKAIOIIEW M3 HAcaloK, Ha MOPOMAY, 3aJETAIONIYI0 B MHTEPBAJIEC MPOAYKTUBHOTO
macra. Ilocne cnmycka B 3aJaHHBIM MHTEPBAI M CO3JAHUS PACUYETHOTO Iepemnana
JaBJICHUS Ha HacajJKaxX T'MIPOMOHUTOPHBIE PACIIUPUTENIN NPUBOAATCA B padodee
COCTOSIHUE.

HepasaBuxkHble pacmivpuTeid KOMOWHHPOBAHHOTO JIEUCTBUS COYETAIOT
MEXaHUYECKOE W THUJIPOJIMHAMHUYECKOE BO3JEHCTBUA NpH pa3pylieHuu 3a00s.
[IpuBOAST KOMOMHUPOBAHHBIA paCIIMPUTENIL B paboyee MOJIOKEHUE, 00ecreunBast
LUPKYJSILUIO [POMBIBOYHOM JKHJIKOCTH B CKBaXWHE W BpAIICHUE KOJIOHHBI
OypHWIbHBIX TPYO.

CKBaXMHHBIE  pACIIMPUTENM  MOTYT, KaK  HMETb  BBIJABHKHBIC
NOPOAOPA3PYIIAOIINE OpraHbl, TAK U HE UMETh JJI1 CO3/IaHMS KaBEPH B MHTEPBAJE
IPOAYKTUBHOIO TulacTa. Pa3mep pa3aBWKHBIX —pacIIUpUTENe pasziuyaeTrcss B
3aBUCUMOCTH OT TIOJIOKEHUSI (TPAaHCMOPTHBIN Wiu pabounii). becnpensTcTBEHHBIM
CIIyCK MHCTPYMEHTA B 3aJJaHHBIM MHTEPBaJI CKBaXKMHbBI 00ECIIEUMBAET pa3Mep KopIryca,
HaXOJISALIUNCS B TPAHCIIOPTHOM IOJIOKEHUU C YYETOM JAUAMETPOB 00CaTHBIX TPYO U
Oypenus mwioT cTBosa. [locie cmycka, OOCTUTHYB 3aJaHHOrO HHTEpBaia,

NOPOAOPa3pYIIAIOIINE OpraHbl BBIIBUTAIOTCS W3 KOPIYyca, 3aKOHYUB paCIIUPEHHE,
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youparorcs ooparHo [14].

PazBukHBIE pacHIMPUTENIM PA3JIMYAlOT 10 XapakTepy IMPUBEIACHUS U3
TPAHCIIOPTHOTO B paboyee MOJIOKEHUE Ha MEXAaHUYECKHE, THUAPABIMYECKHUE U
MHEPIIMOHHBIE.

[IpuHUMN [EUCTBUS TUAPABIMYECKHMX W MEXAHUYECKHX PaCIIMPUTEIECH
COOTBETCTBYIOT YCJIOBHUSIM MOAEpHU3aNMK 3Y, MOATOMY OHHU OBUIM B3ATHl Ha
paccMoTpenne. IHEpIIMOHHBIE PACIIMPUTEIN HE PACCMATPUBAIIUCH, TIOTOMY UYTO OHU
JIEUCTBYIOT Ha MOPOAOPA3pyLIAOIIME OpPraHbl 3a CYET BPAIICHWA HHCTPYMEHTA,

KOTOPOC ITPOTUBOPCUYHUT I/ICXOI[HOf/'I KOHICIIIHUHA HI&pOCTprIHOI‘O 6prHI/IH.

Pacmmpurenb MexaHudecKkuin

'] - |
77 —

13
6 — 4
g- : -0
. —1

Pucynox 7. Pacmmpurens MEXaHUUECKHI:
1 — xopryc; 2 — MUJIOT-A0J0TO; 3 — cOeNMHUTENbHAS My(DTa; 4 —
MOPOI0PA3PYIIAOIINE OPTaHbl; 5 — ONMOPHBIE OKHA; 6 — HaIpaBJIsAIoIIue; 7 —
MEePEeBOIHUK; 8, 9 — mocagounbie yyacTky; 10 — kanubpytomas 9acts; 11 —

KOHHNYCCKasA pCiKyIlasa 4acCThb.
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[TpuHLIMIT KEUCTBUS:

PaboTa pacmmpurens 3akiodaercs B ciaeayromieM: bypenue ycTbeBoil yacTu
CTBOJA CKBAXHHBI  MPOU3BOJUTCS  MHIOT-JOJIOTOM 2 ¥ BBIIBUHYTHIMHU
OpOA0pa3pylIAIOIIUMKU opraHaMu 4 Tpedyemoro pasmepa. [locne Oypenus u odcaaku
CKBQXUHBI pACIIUPUTENIb CIYCKAIOT B OOCAJHYIO KOJIOHHY B TPaHCHOPTHOM
MOJIOKEHUM W HAYWHAIOT OYpPUTh MajbiM JHAMETPOM PACHIMPUTENS C HETIOTHOM
OCEBOM Harpy3kod Ha pacmuputenb. [lociae mpoxoxkaeHus MNpu3adOMHON YacTH
CKBOXHWHBI Ha TIIyOMHY, OOJIBIIIYIO BBICOTHI PACHIUPHUTEIS, YBEIMYHUBAIOT OCEBYIO
Harpy3Ky, MOJadyy HWHCTPYMEHTAa W NPOMBIBOYHOM KUAKOCTH, HPU 3TOM MOJ
JEUCTBUEM OCEBOI HArpy3KU CPE3ar0TCs cpe3aHHbIe MTU(THI U KOpIyc | MoCTeneHHo
NEepPEeBOAUTCS B paboyee IMOJOXKEHHE, KOIrJa IOpoJopa3pyllatonue opransl 4
BBIJIBUHYTHl Ha MaKCUMAJIbHBIH JauaMeTp OypeHus, a IMOocaJouHble ydacTku 8§, 9
conpspkeHbl. JlanpHelee OypeHue wu3-moj OamiMaka MPOU3BOJUTCS OOJBIIUM
nuaMmeTpoM pactuputens. [lociie okoHuaHus OypeHus ¢ paclIupeHUEM PacIIuPUTEIb
U3BJICKAIOT B TPAHCHOPTHOM TMOJIOKEHUHM U3 CKBAKUHBI, CKBAKUHY OOCaXKUBAIOT U
nporecc OypeHus H3-Toj OaliMaka O4YepeaHOM 00CagHOM KOJIOHHBI MPOU3BOIST
aHAJOTUYHO TpeabiaymemMy. CMeHy NOpoJaopa3pylIalonuX OpraHoB 4 W MHUIIOT-
JI0JIOTa TPOU3BOJAT MO Mepe HeoOxomumocTth. B mpouecce OypeHust KpyTsauun
MOMEHT OT Kopiyca | mepeaaercss mopoaopa3pylIalolUMU opraHaMu 4, a OT HHUX
coenuHUTenpHONM Mydpre 3 w mwior-gosoty 2. Bo3Hukawmme mnpu  3TOM
BUOpAlIMOHHBIE HArpy3Kd OCTAlOTCs Ha 3a00€ M HUCHOJB3YIOTCS B KauecTBE
JOTIOJIHATENIBHON PaJualibHO-OCEBOM MMPOAYKTUBHOW HArpy3Ku UL pa3pyLICHUS
MOPOJIbI U HE TIEPEIat0TCs OYPHIIBbHON KOJIOHHE.

Pacumpurens rugpaBinyueckuii (puc. 8).
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Pucynox 8. Pacmmpurens rugpaBindeckuit
1 — xopnyc; 2 — BTyJKa; 3 — BaJl; 4 — MOPIIIEHB; 5 — Ipy>KKHA; 6 — jomacTu; 7
— BTyJKa; 8 — uria; 9 — nansuel; 10 — nepeBoanuk; 11 — nentparop; 12 — H>kHUI

LHEHTpaTop; 13 — CMEHHbIE TUAPOMOHUTOPHBIE HACATKH.

[TpuHUMI KencTBUs:

Chauana ocymecTBIsICTCSl BpE3Ka JIONACTEN B CTEHKY CKBa)KMHBI. J[JIsl 3TOTO
HAYMHAIOT BpAIllCHUE MHCTPYMEHTa 0e3 MepeMEIleHHs €r0o BJOJb OCH CKBaXKUHBI.
[TpoMBIBOYHYIO KUAKOCTH OAIOT TI0 OYPHIIBHBIM TpyOaM BO BHYTPEHHIOIO MOJIOCTh
KopIryca 1, rjie MoTOK Ha KphIlike 14 pasznensercs: 4acTh MOTOKa cpadaThiBaeTCsl Ha
THJAPOMOHMTOPHBIX Hacaakax 13, co3maBas TUIPOMOHUTOPHBIM d(dext Ha
pa3dyprBaeMyto0 TOpHYIO MOPOAY, a 4acTh cpabaThiBaeTcs Ha nopiaHe 4. [Ipu sTom
pacuMpuTeslb HAXOJWUTCS Ha BeCy, MEpeMElIeHHUE BIO0JIb CTBOJA CKBAXUHBI HE

OCYHICCTBIIACTCAL.

24



3a cyer Majoro AuaMmeTrpa Hacajgok 13 co3gaeTcst M30BITOYHOE JaBIICHUE,
KOTOpOE NEpeaeTcs Ha MOPIIEHD 4, epefatolui yCuiie Bally 3, 3aCTaBIISIOIIEE €T0
JIBUTATbCS BHU3, CXKUMasl IPYXUHY 5. BeicTynsl B (hopMe 3yObeB Ha HIKHEM KOHIIE
Baja 3, BXOZAIINE B 3y0UaToe 3aleIIeHUE C BBICTYIIaMU JIOTIACTH 6, NEPEJA0T YCUIINE
OT BaJia 3, BBIJIBUras JIOMACTH HAPYXKY, B pabouee nojioxkeHue. B koHue xona Bana,
IIPU TIOJTHOM PACKPBITUU JIONACTEW, WIa & BBIXOAWT U3 LIEHTPAIBHOTO OTBEPCTHS
BTYJIKM 7, BCIIEACTBHE YErO IIPOUCXOAMUT IEPEIyCKAHUE INPOMBIBOYHOU KUAKOCTH
Yyepe3 BHYTPEHHIOIO TIOJIOCTh Bajia 3 M MaJCHUE aBJICHUs, KOTOpoe (UKCUpyeTcs Ha
MaHOMETPE U CBUAECTEILCTBYET O IIOJIHOM PACKPBITUH JIOIIACTEMN.

Jlanee NPOM3BOAMTCA OKOHUYATENbHOE (POPMUPOBAHUE 30HBI BPE3KU -
BpAILICHUE PACIIUPUTEIS B TeUeHHUE 5-10 MUHYT, ITOCIE YEero HAYMHAIOT PaCIIUPEHUE
CTBOJIA CKBAXXMHBI - IUIABHO IIOJAXOT HArpy3ky Ha HUHCTpyMeHT. [IpombiBKa u
OXJIAKJICHUE PEXKYIIEH MOBEPXHOCTH JIOMACTEW MPOU3BOJIUTCS Yepe3 Hacaaku 13 B
KopIryce | u TOKOM KHUJIKOCTH 4epe3 Ias3sl B Kopnyce. Pacmmpenne BeayT 10 ITOJTHOU
cpabotku jomnactedl. IIpm okoHWaHMM pabOT MpeKpalarT Mojaadyy IPOMBIBOYHON
KUAJKOCTH, NMPOMCXOJNUT pa3KaTUE MPYKUHBI U BO3BPAT JIONACTEW B TPAHCIIOPTHOE

MOJIOKEHHE.
2.1 Tlakepsl

Pa3nnuaroT makepsl Cle1yomuX THIIOB:

I[IB — mnakep, BOCIpHHMMAKOWIMN YCWIHS OT Iepenaaa AaBJICHUS,
HanpasJjieHHOro BBepx; [IH — nanpasiennoro Buu3; I1/] — HanpaBieHHOro Kak BHU3,
TaK U BBEPX.

JIns BOCHIpUATHS yCUIIUS OT Mepenaaa JaBJICHUs, NEMCTBYIOIIETO Ha Makep B
OJJHOM MWJIM JIByX HaIpaBJIEHUSAX, IAKEp JODKEH HMETh COOTBETCTBYIOILEE
3asIKOPUBAIOLIEE YCTPOMCTBO (SIKOph), HalW4yuMe KOTOporo B mmmdpe nakepa
o0o3HayaeTcst OykBOH «S». SIKOpU B OCHOBHOM MPUMEHSIOT ¢ nmakepamu TUNoB 1B u
[TH.

[Io cnocoOy mocanku nakepbl NOAPa3JEisA0T Ha ruapaBiauueckue I,
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MexaHnndeckne M u rugpomexannueckue ['M.

[Takep MexaHUYECKUI

(=

Pucynox 9. [Takep MexaHnuueckuii
1 — ronoBKa; 2 — OMOPHOE KOJIbIIO; 3 — OTpaHUYUTENIbHAs BTYJIKA; 4 —
pe3rHOBas 3allMTHAs BTYJIKA; 5 — pa3fenurenbHas maiioa; 6 — pesuHoBast
VIUIOTHUTENbHAS BTYJKa; 7 — KOHYC; 8 — muurc; 9 — numncoaepxarenb; 10 — oOpyd-
orpannuuTenb; 11 — npyxkuHa; 12 — kpeimika; 13 — kpeimika ¢ukcatopa; 14 —
HarpasJsgoumi nas; 15 — cteo.

[TpuHLMIT KEUCTBUS:

B ckBaxkuHy makep cmyckaercsi Ha KojoHHe TpyO. Ilpu stom ¢ukcatop 13
YAEPKUBAET LUINAINCOAEPKATENb 9 B KpallHEM HWKHEM MOJIOKEHUU OTHOCHUTEIIBHO
cTBosia. [Ipu moBopoTe KOJIOHHBI TPYO MO YacOBOM CTpesike (PUKCATOp BBIXOAUT B
JUIMHHYIO IPOpe3b Ma3a Ha CTBOJIE, 0CBOOOXKAasl ITUIcoepxkaTenb. [Ipu onyckanuu

KOJIOHHbl TPYO NUIMIICHI 8 mMOj AeMcTBUEM NpPYKUH 11 NpuMKUMAIOTCS K CTEHKE
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CKB)KHMHBI U YJIEP)KMBAIOTCS Ha MECTEe, U KOHYC 7 3aKJIMHUBAET UX B 00caIHOM TpyoOe.
[IpunoxeHHasi K makepy Harpyska OT Beca KOJOHHBI TpyO depe3 TOJIOBKY U OMOpY
nepemaercs MamxketaM. OHu 1eOPMHUPYIOTCSA M YIUIOTHSIOT nlakep. [Ipu HaTsbkeHnn
KOJIOHH TpyO MaH)XeThl BOCCTaHABJIMBAIOT CBOIO IMEPBOHAYAIBbHYIO (HOpPMY, KOHYC

O0CBOOO0KTa€T MUIAIICHI U TTAKep CHUMAETCS C MECTa YCTAHOBKH.
2.3 [loaBeCKH XBOCTOBHKOB

XBOCTOBUK  3aMEHSET JHOO OKCIUTyaTal[AOHHYIO KOJIOHHY  (CambIid
pacnpoCTpaHEHHBIN ciTydaii), 1100 MPOMEKYTOUHYIO (MCTIONB3YETCS PEXKE).

PaznunuaroT XBOCTOBUKH CIIEAYIOIINX THUIIOB:

Mexannyeckasi KITHHOBasI MOABECKA - TTOCJIE CITyCKa XBOCTOBHKA HA 3a/IaHHYIO
rIIyOMHY KOJIOHHY TPYO MPUIIOJHUMAIOT HA HEOOXOJUMYIO BBICOTY U MOBOPAYHBAIOT
BJICBO. TPU OTOM INTU(PT, MOBEPHYTHIH COBMECTHO C KOPITYCOM, BBIXOIUT U3
3aIleTUICHUS ¢ KPIOYKOM, KOTOPBIH OCTAeTCsl HEMOABIKHBIM OTHOCHTEILHO KOpPITyca
MOJBECKU BCJICJICTBUE JIEUCTBUS CHJ TPEHUS] TPU B3aUMOJEHCTBUU PaACIEPTOro
[IEHTpaTOpa CO CTeHKaMu 00caTHOI KOJOHHBKI. /[anee KOJOHHY MIIaBHO MOJAIOT BHU3,
KOHyCcOOOpa3Hasi My(Ta HaUMHAET BXOIUTh B KIIMHOBUIHBIC TUTAIIIKH, Pa3ABUTAs UX J0
MOJIHOTO PACKJIIMHUBAHUS B KOJBIIEBOM MEKKOJOHHOM 3a30p€. XBOCTOBUK OCTAETCS
MTO/IBEIICHHBIM Ha KIIMHOBHIHBIX TIJIAIIKaX, YITHPAOIIUXCS B CTCHKHA 00CaTHON TPYOBI
MPEIBIAYIIEN KOJIOHHBI.

KnrHoBas moaBecka THAPaBINYECKOTO ACHUCTBUS - IPH TIOBBIIICHUH JTaBJICHHUSI
BHYTPH KOPITyCa Ha TUJIb3Y JEHCTBYIOT CUJIbI, HATIPABJICHHBIE B CTOPOHY HAKOHEYHHKA.
B pacueTHBIIf MOMEHT CHIIBI, TOCTATOYHOTO JJIsi Cpe3a CPE3HOTO DJIEMEHTA, DJIEMEHT
cpe3aercs, TWib3a ¢ HAKOHEUHUKOM, MEePEeMEeIasiCh, TBUTAIOT MOCPEIACTBOM TUIAHOK
MOJBW)XHBIX  KJIMHBEB TOJBWIKHBIE KIWHBS, KOTOPHIE B3aWMOJICHCTBYS C
HETMOJBW)KHBIMA KJIMHBSIMUA OT)KHMAIOTCS, YBEIWYHMBAs JTUAMETP KOHCTPYKIIUH,

(buUKCHpYS TOJABECKY XBOCTOBHUKA BHYTPU CKBAKUHBI.

KnuHoBast moaBecka ruipaBIndecKoro JICHCTBUS
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Pucynox 10. KnuHoBas moaBecka rupaBIndecKoOro JeHCTBHS
1 — xopmnyc MoABECKH; 2 — HEMOABIKHBIC KIIMHBS; 3 — MOJIBMYKHBIC KJIUHBS; 4
— IJIAHKHU TOJIBUXKHBIX KJIIMHBEB; 5 — HAKOHEYHUK; 6 — TWIIb3a; 7 — YINIOTHUTEIbHbIC
y3JIbl; 8 — CpEe3HOM 3eMEHT; 9 — Brynka; 10 — cronopHoe konbo; 11 — Haknagka; 12

— HanpasJiswomas; 13 — crakan

[TpuHUMI KencTBUs:

Ha xopnyce noasecku 1 ycTaHOBIEHBI HENOABMKHBIE KIUHBS 2. [To1BUXkHbBIE
KIWHBA 3 coeauHeHbl ¢ ItaHkamMu 4. Ilmankm 4 coeauHeHBI ¢ HAKOHCUHUKOM 3,
KOTOPBIA B CBOIO OYEPEb KOHTAKTUPYET C THIIb30M 6. ['Miib3a 6 3aKpernieHa Ha BTYJIKE
9 ¢ momoiplo cpe3Horo seMeHTa 8. Brynka 9 3adukcupoBaHa OT MpPOJOJIBHOTO
nepeMenIeHus] BAOIL TpyObl cTomopHbIM KojbioMm 10. Hakmanka ¢ orBepctuem 11
3aKperieHa Ha Kopiyce 1. BHyTpeHHss] MOBEpXHOCTh OTBEPCTUS LIWJIMHIAPUYECKAS C
oOpas3ylolel, OpueHTUPOBAHHOM NapaJlIeIbHO Ocu Kopryca 1. B oTBepcTre Hakaaku
BCTaBJI€HA MPOOJIbHAS HampaBisitomas 12, cOeIMHEHHass C HAKOHEYHUKOM 3.
Konctpykius u3 Hakianok 11 u Hanpapiasomux 12 GUKCHPYET MOABUKHYIO YacTh
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MOJABECKHU B OTHOIIEHUH BpaILEHHUs] BOKPYT OCH Kopiryca 1.

[Ipu noBbIIIEHUH TABIEHUS BHYTPU Kopriyca | Ha THiib3y 6 IEMCTBYIOT CHIIBI,
HaIlpaBJIEHHbIE B CTOPOHY HAKOHEYHUKA 5. B pacueTHbIII MOMEHT CHJIbI, JOCTaTOYHOIO
JUISL cpe3a CPEe3HOro 3JIEMEHTA 8, DJIIEMEHT CpPEe3aeTcs, T'Miib3a 6 ¢ HAKOHEUHHKOM 3,
NepeEMENIAsICh, IBUTAIOT MOCPEICTBOM IUIAHOK IMOABUKHBIX KIMHBEB 4 MOJBUKHBIC
KJIIUHBSL 3, KOTOPBIE, B3AUMOJCHCTBYS C HEMOJBUKHBIMU KIUHBAMH 2, OTKUMAIOTCS,
yBEIMYMBAs JUAMETP KOHCTPYKIMH, (UKCUPYS TOJBECKY XBOCTOBHUKA BHYTpPH

CKBa>XUHBI.
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Pazpensl He mnoanexaniye MyOJUKalMd B CBSI3M C pa3pabOTKOM HOBOU
TE€XHOJIOTUH, TPETEHAYIOLIEH HA MTATEHT:
1 JIutepaTtypHblii 0030p:
— PazpaboTtka cxeM 3a00MHBIX IIAPOYIOBUTENICH.
— Pa3zpaboTka cxeM 3a00MHBIX HIAPOTHUTATETCH.
3 Pa3pa0oTKka KOHCTPYKIMHU CbeMHOI COILUIOBOI HACAJAKN:

— Pa3paboTka cxeM CheMHOMU COIIJIOBOM HACAIKH.
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4 DUHAHCOBbIN MEHEIKMEHT, pecypcod3p(PpeKTUBHOCTH ]|
pecypcocoepexenmne

BBenenue

B nanHOM pa3zerne BbIMYCKHOW KBaIM(PUKALMOHHOW pPaOOTHI MPOU3BOIUTCS
pacyer 3aTparT HAa BHEAPECHHE MOJEPHU3UPOBAHHOIO IMIAPOCTPYHUHO-3KEKTOPHOIO
oypooro cHapsna (ILI95C) B mpor3BOACTBEHHYIO CUCTEMY OYpEHUS! CKBaXHH, a TaKXKe
pacyer SKOHOMHUYHOCTH U TienecoobpasHocty BHenmpenus [IIDBC B3ameH OOBIYHBIX
JIOJIOT.

Peanuzanus npoekra npeanonaraer nocienoBaresbHoe BHeapenue LIDBC ¢
COMYTCTBYIOLIEH MEPEOCHACTKON BCIIOMOTaTEILHOIO 000pY0BAHUS.

Ha xadenpe Oypenusi ckBaxuH TOMCKOTO MOJMUTEXHUYECKOTO YHHBEPCHUTETA
Obula co3/laHa YyCTAaHOBKA JUIsi aOpa3WBHOTO OypeHusi ¢ NPUMEHEHHEM J0J0Ta
THUIPOMOHUTOPHO-KEKIIMOHHOTO THUIIA, B AAJIbHEHIIIEM MpeoOpa3oBaHHAs B YCTAHOBKY
JUIS TIIAPOCTPYUHOTO OYPEHUSI.

B nanHoil paboTe mnpoBeAeHa MOAECPHU3AIMS IIAPOCTPYHHOrO J0JI0OTa C
MEPEPACYETOM €r0 MapaMETPOB ISl PEATTBHBIX MOJIEBBIX UCIIBITAHHM.

[lapannensHo B Apyrod paboTe MpOM3BENEHBbI pacyeT U KOHCTPYHPOBAHHE
ChEMHOM COTJIOBOM HACaJIKu, KOTOPA€ B COBOKYITHOCTH C MOJICPHU3UPOBAHHBIM JIOJIOTOM
MO3BOJIUT MIPUMEHSITH MIAPOCTPYHHOE OypeHure AJisi pa3pabOoTKH U OCBOSHUS CKBRKUH Ha
He(Th, Ta3 U BOIY.

[TprmeHeHre JaHHOro MeToAa OypeHHs OUYeHb BaXKHO Il OYpPEHUS B LIEJIOM, TaK
KaK COKpalllaeTcsl BpeMs Ha CIYCKO-TIOJbEMHBIE OIEpAliH, CTAHOBUTCS BO3MOMXHOMU
nojiaya 1mapoB 0e3 U3BJICUCHUS KOJIOHHBI, YTO B KOHEUHOM HTOTE BEJIET K YBEIIMUEHUIO
pPEHCOBOM  CKOPOCTM W TIOBBIIICHHUID  TEXHOJIOTMYECKOM W AKOHOMHYECKOMN

3¢ (HEKTUBHOCTH.
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4.1 SWOT-ananus

SWOT-ananmu3 mnpeacTaBisieT co00M KOMIUIEKCHBIM aHaIu3 HWHXKEHEPHOTO

npoekTa. Ero mpuMeHsIoT 11l TOro, 4ToObl Mepe/l OpraHu3aieil uiau MEHEIKEepOM

IMIPOCKTAa IIOABHJIACH OTUCTIMBAA KapTUHA, COCTOAIIAA U3 J'Iy‘llﬂeﬁ BO3MOKHOM

I/IH(I)OpMaHHH N JaHHBIX, a TAKXKC CIO0XHNJIIOCHh IOHMMAaHHUC BHCITHHUX CHIJI, TCHHGHHHﬁ,

B YCIIOBUSIX KOTOPBIX HAYYHO-HCCIIEA0BATEIbCKUI TPOEKT OYyAET peaan30BbIBATHCS.

Taomuma 2 — SWOT-aunanu3

CunbHble  CTOPOHBI  HAy4HO-
HCCIe0BATEJbCKOr0 MPOeKTAa:

Cl. YBennueHne cKOpocTd OypeHHs
Ha 20-30%.

C2. He Tpebyet nepexBamupukamumn

Caabble CTOPOHBI HAy4HO-
HCC/Ie10BATEIbCKOT0 MPOEeKTAa:
Cal. OtcyTcTBHE MHKUHUPHUHIOBOU
KOMITaHUH, CIIOCOOHOH MOCTPOUTH
TIPOU3BO/ICTBO IO/ KITFOU»

KaJIpoB. Cn2. HeobxoaumMocTh 3aMEHBI
C3. Unrerpanus B CyIIECTBYIOIIHWE | OypOBBIX  HAacocoB Ha  OoJsee
MEXaHU3MBI. MOIITHBIE.
C4. TlonoxurenbHble pe3yJIbTaTHI
WCIIBITAaHUH.
Bo3moxHoCTH: 1. VYnosnerBopeHue | BepostHOCT HEINPaBUIIBHOTO
B1. CymiecTBOBaHME | MOTEHIMAIBHOTO CIPOCA Ha MPOAYKT | MCIOJIB30BAHUSA IMPOIYKTa B CBS3H C
MTOTEHINAJIHLHOT O crpoca Ha | co CTOPOHBI Pa3BUBAIOIINXCS | HEMPaBHIBHOU HaJIaAKON
IbTEepHAaTUBHBIE CIIOCOOBI OypeHHs | KOMIOAHMH 3a Cc4YeT YBEJIWYEHHUs | 00OpYHZOBaHHUS, a TaKXe
CO CTOPOHBI OYpPOBBIX KOMITAHHH CKOpPOCTH OypeHUs, YMEHBIICHHsS | HeJOCTaTOYHOU MOIITHOCTBIO
B2. Cokpaiienue BpeMeHH Ha | H3HOCa Tpyd M BO3MOXKHOCTH | HACOCOB.
CITYyCKO-TIOJTbEMHBIC oreparuy | AHTCTPaltti B CyIICCTBYIOIIHC
MEXaHNU3MBI
B3. HcKToueHme BpaleHus 2. YBenuueHue peiicoBod CKOpOCTH
GypoBoit KOTOHHEI, a, OypeHuss 3a CYET COKpaIleHHA
CIIEIOBATEIbHO, MEHbIMIT H3HOC | DPOMCHM — HA - CIYCKOTIOABEMHBIC
OypHJIBHEIX TPYO. orepamun
Yrpo3si: 1. HeBo3moxHOCTH uHTerpupoBath | 1. [IpocTom B CBs3M C TIEpexo oM HA
V1. OrcyrctBue  cmpoca  Ha | IPOIYKT B CYIIECTBYIOIINE | IpYroil MeTos OypeHus.
MOJIEpPHU3AITHIO MeXaHU3MBI BCJIEJICTBHE
V2. Pa3BuTas KOHKYpEHIMS WHBIX | KOHCEPBAaTHBHBIX B3MJISAOB | ) He3anHTepeCOBAHHOCT
croco0oB OypeHus KOMIIaHUH.

2. XecTkas KOHKYPEHIUS Ha PHIHKE

B CBSI3H ¢ TTOTABIISTIOIIIUM
HCTIOJIb30BAaHUEM TPaJUIIUOHHBIX
METOJIOB

KOMIIaHUI B IIOKYNKE U 3aMEHE
HAaCOCOB.

32



4.2 AHanM3  KOHKYPEHTHBIX  TeXHHMYECKMX  PpelleHHil ¢  [Oo3UIUH

pecypco3¢deKTUBHOCTH U pecypcocOepexkeHust

AHanu3  KOHKYPEHTHBIX  TEXHHYECKHX  peHICHWA ¢ TO3UIUHU
pecypcoddHEKTUBHOCTH W PECypCOCOEPEKEHUS TO3BOJISET MPOBECTH  OICHKY
CpaBHHUTEIHHOU 3(PPEKTUBHOCTH HAYIHON pa3pabOTKU ¢ UMCIOIIMMHUCS aHAJIOTaMHU U
OTpPEICTUTh HAIpaBICHUS UIA ee OyAyIIero COBEpIIEHCTBOBaHMs. TakoW aHamu3
NIOMOTaeT BHOCHTH KOPPEKTHBBI B HAy4yHOE WCCIIEIOBAaHUE, YTOOBI YCIEIIHEe
IPOTUBOCTOSITh CBOMM COINEpHUKaM. BakHO peanbHO OLEHUTHh CUJIbHBIE U Ci1a0ble
CTOPOHBI pa3pabOTOK KOHKYPEHTOB.

C 3T0i1 1enbo MOKET OBITH MCIOb30BaHA BCS MMEOIIAsAcs MHQOpMAIUs O
KOHKYPEHTHBIX pa3paboTKax:

— TEXHUUYECKUE XapaKTEPUCTUKH pa3pabOTKU;

— KOHKYPEHTOCIIOCOOHOCTh pa3padOTKH;

— OIOKET pa3paboTKy;

— YpOBEHb IPOHUKHOBEHUS HAa PHIHOK

— (pvHAHCOBOE MOJIOKEHNE KOHKYPEHTOB, TEHJICHIIMN €r0 U3MEHEHHUS U T.]I.

Tabnuua 3 - OueHo4yHas KapTa JJisi CPaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX

peLIeHUI
Bec BauIbl Kounkypenro-
Kpurtepuu oneHku KpuTe- CIOCOAHOCTE
pus Bd) BK] BKZ K(’p KK] KK2
TexHu4eckue KpUTEPUN OLCHKHU pecypcod(pPeKTUBHOCTH
1. CnocoGcTBYET pocTy 0,11 4 3 2 0,44 10,44 0,22
MIPOU3BOJIUTEIILHOCTH TPyAa
M10JIb30BATENS
2. Y 1oOHBIN B DKCILTyaTaINH 0,09 3 |2 |2 ]0,27 |0,18]0,18
3. Hanexnpiii 0,1 3 |3 |4 103 0,3 |04

4. Bo3amoxkHocth uaTerparuu B | 0,09 4 |4 |3 0,36 [0,36 0,27
CYIICCTBYIONINE MEXaHU3MbI

6. [IpocToTa ’KCIUTyaTalluK 0,1 3 3 2 0,3 0,3 |0,2
JKOHOMHUYECKHE KPUTEPUHU OLeHKHU P PeKTUBHOCTH

1. KoHKypeHTOCTIOCOOHOCTD 0,09 4 5 2 0,36 |0,45|0,18

IIPOJYKTa
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[Iponomxkenue TadauIbI 3

2. YpoBens nponukHoBeHus Ha | 0,03 2 4 4 0,06 |0,12 0,12
PBIHOK

3. Ilena 0,08 5 3 4 0,4 0,24 10,32
4. IlpeanoniaraeMplii CpOK 0,1 4 3 4 0,4 0,3 (04
DKCILTyaTaliH

5. O6ciy:)KuBaHUE 0,11 3 3 4 0,33 [0,33/0,44
6. DUHAHCUPOBAHHUE 0,03 4 2 2 0,12 |0,06 |0,06
Hroro 1 39 |35 |33 3,34 |3,08]|2,79

e by - bypenue ¢ npumenenuem HIDOBC;
e by — bypenue 3a6oitHbpIM nBuTaTenem c aojgotom PDC;
e by - Poroproe Oypenue ¢ qonorom PDC.

[Tpoananmu3upoBaB JaHHYIO KapTy, MOYKHO CJIeJIaTh BBIBOI, YTO MIPEIIaracMbIid
MPOJYKT MOXET COCTaBUTH JIOCTOMHYIO KOHKYPCHIIMIO CYIIECTBYIOIIAM METOIaM
OypeHusl MO TaKUM IapaMeTpaM, Kak IIeHa, yI00CTBO M MPOCTOTAa IKCILTyaTalluH,
yBEJIMYEHHUE MPOU3BOAUTEILHOCTH. OHAKO IS ’TOTO HEOOXOIUMO BBIBOJIMTH €T0 Ha
PBIHOK, TIIMPOKO PEKIAMHPOBAaTH U Mpejiaratb KOMITAHUSM, ITOJKPETUISS
pe3yNbTaTaMH YCIICITHBIX MTOJICBBIX UCTIBITAHHM.

B ocHOBHOM HH3Kasi KOHKYPEHTOCIIOCOOHOCTh OOBSICHSACTCS OTHOCHUTEIBLHOM
HOBHU3HOM U, KaK CIICJICTBHEC, MAJIOH MOMYJIIPHOCTHIO IMApOCTPYHHOTO OypeHHUS.

4.3 @opvmupoBaHMe OPraHU3alMOHHON  CTPYKTYpPbl  yHnpaBJieHHUs

HHKCHCPHBIM IIPOCKTOM

dopMUpOBaHUE CTPYKTYPHOM CXEMbl HMMEET NPHUHIIMIHAIBHOE 3HAYCHUE,
MIOCKOJIBKY TIPU HEM OTPEICISIFOTCS TJIABHBIC XapaKTePUCTUKH OpPTaHU3AIluH, a TaKKe
HalpaBJCHUs, IO KOTOPHIM [OJDKHO OBITh OCYIIECTBICHO Oojiee JeTalIbHOE
IPOCKTUPOBAHNWE, KaK OPTaHHW3allMOHHOW CTPYKTYpPHl, TaK M APYTHX BaKHCHIIHMX
aCIEKTOB  CHCTEMBbI  (BHYTPHOPTAaHU3AIMOHHOTO JKOHOMHUYECKOTO MEXaHH3Ma,
croco0oB nepepadoTky HHGOPMAIHH, KaAPOBOTO 00CCIICUCHHS).

CaMbIM pacrpoCTpaHEHHBIM BUIOM CTPYKTYPBI HEPAPXHUECKOTO THIIA SBIISICTCS
TUHEHHO-PyHKIIMOHAbHAs (pUcyHOK 5.1). B ocHOBYy €€ MOCTpOeHUs MOJIOKEHBI:

JIMHEHHAs BCPTHUKAJIb YIPABICHHA MW CICHHUAIN3AlHA YIPABICHYCCKOro Tpyda IIO
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(YHKIMOHAJIBHBIM ~ TMOJACHCTEMAaM  OpraHu3aluu  (MapKeTUHT, IPOU3BOJCTBO,

UCCJIeI0BaHMS U pa3paboTKu, GUHAHCHI, IEPCOHA U Jp.).

Onpektop
KOMMaHUn
1
TexHnuecknit [l PVHAHCOBbIN
HNOKP MapkKeTtonor
s oTaen
|

| [ |
[nasHbIN lnasHbIN
BypunbLimk
MeXaHWK TexHonor
L lNMoMOLLHMKN L Cnecapu no
6ypublLMKa peMOHTY

Pucynoxk 11. - JIunelino-¢pyHKUHOHANBbHAS CTPYKTYpPa yIIPaBICHUS

4.4 CocraBJiieHue 010/:KeTa pa3pad0TKH M BHePEeHUs] MHKeHEePHbIX

pemeHui

Pacuer ¢onnma 3apaboTHOM MIIaThl MEpCcOHaNa MPOBOIUTCS B Tabiuie 3.
Pesynbrarthl mgaHHOTO pacyeTa TMOHAMOOSTCS IS ONPENENeHUs KaJIbKYJAINHA
ce0ECTOMMOCTH MOJICpPHU3AITMN OYPOBOM YCTAaHOBKHU, IPUBEACHHON B TaOHIIE 4.

Tabnuna 4 - Pacuer dhonga 3apaboTHOI MIaTHI IEpcOHANTA

CpennenneBH | 3aTpaThbl doHx
Oxknan, Koaddun
HcnomauTens as CTaBKa, BPCMCHH, 3/I1aTHI,
py0./mec. UEHT
py0./nenp JTHU pyo.
Cymnepgaiizep 49000 1750 10 3,24 56700
Bypunbmuyk 45000 1607,14 10 3,24 52072
ITomomrauK
OypuIIbIIIHKA 41000 1464,3 10 3,24 47443
Crnecapn 37000 1321,43 10 3,24 42814
Jluzenuct 32000 1142,85 10 3,24 37029
Hroro: 236058
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Ta6nuna 4 - Kanpkymsius ce0eCTOMMOCTH MPOTYKIIMH

HaumenoBanue crareu pacxona En. uzm. Cymma, pyo.
TommmBo Ha TEXHOJIOTUYECKUE TISTTU 7. 100000
DHeprus BCEX BUJIOB HA TEXHOJOTHYECKUE LIEIIH kBT 165000
3apaboTHas miiata pabouux pyo. 179358
Nzrotosnenne 1IDBC pyoO. 300000
3aKyIka OJIHOTO KOMILJIEKTa IIapOB pyo. 150000
3akymnka 6ypoBoro Hacoca YHBT-950+mpuBoa pyoO. 9000000
JlocTaBka HOBOTO 00OPYOBaHUS HA MECTOPOKICHHE pyo. 150000
3apabotras uratra UTP pyo. 56700
OO011enpOn3BOJICTBEHHBIE PACXOJIbI pyo. 10000
Hroro pyo. 10111058

4.5 IlpoBenenue anaau3a 0e3y0ObITOYHOCTH MH/KEHEPHOI'0 MPOEKTA

Tak kak mwapocTpyiiHoe OypeHHe MPUMEHUMO TOJIBKO ISl KPENKUX U OYEHb
KpENKUX MOpOJI, MPOBEJIEM CPaBHUTEIBbHBIN aHAJIN3 ¢ OypeHHEM B KPEMKHUX MOpoax
nosnotamu PDC, cTouMOCTh KOTOpBIX Aocturaer 1.5 muH. pyOneit, a mpoxoaka Ha
J0J10TO A0 14 ThIC. M.

[TonoxuM, 4T0 OYpUTCS IKCILTyaTaIllMOHHAS] CKBaXKMHA r1yOnHo# 4500 M, mist
KOTOPOM XapakTepHa OoJblIas MPOXOAKa U CKOPOCTh OypeHusa. Bpems Oypenus
JTAaHHOW CKBaXXUHBI cOCTaBIsieT NpubnusutensHo 40 cytok. Takxke JOMyCTHM, 4TO MIPH
OypeHuu OOBIUHBIM crocoOboM mpuMeHsuHCh nBa Hacoca YHDB 600. B cBs3u ¢
MOBBIIIEHHBIM PACX0JI0M OypOBOTO PacTBOpa MpPHU IIAPOCTPYHHOM OYypEeHUU, OAUH U3
HACOCOB, IMOJAIOIINN PAacTBOP B CKBRXHHY HEOOXOIMMO OyJeT 3aMEHHMTh Ha HAcoC
YHBT 950 ¢ 6osiee BEICOKMMU MTOKA3aTENISIMH.

PesynbraTel, nmosydeHueie A. b. YBakoBbIM [5] B xoae 1abOpaTOpHBIX U
MOJIEBBIX HCCJEIOBAaHUN JaHHOro croco0a OypeHus, moKa3add BO3MOXKHOCTb
JOCTHXKEHHSI BBICOKMX MEXaHMYECKUX ckopocred Oypenus (1o 20 m/gac B KpemKux
TOPHBIX MOpOJax), a pe3ynbTarsl padoTel C.A. 3aypOekoBa MOKa3ajiu MPEBBIICHUE
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MEXaHH4YECKON cKopocTu Ha 20% u mpoxoAku Ha A0JI0TO Ha 43% 1o CpaBHEHUIO C
CEpUMHBIMU JJOJIOTAaMU MpU OYpEHUH MOPO/] CPEeIHEN TBEPIAOCTH.

Kak w3BecTHO, 3aTparbl BpPEMEHHM Ha CIIyCKO-IIOJABEMHBIE OIEPALMH
coctaBisitoT 30—40 % o6mumx 3arpat BpemeHnu Ha Oypenue. [Ipumenenue IDBC c
yJIaBIMBAIONIE-TIOAMUTUTHIBAIOIIUM YCTPOUCTBOM MO3BOJSIET CHU3UTH BPEMEHHBIC
3aTpaThl Ha CITYCKO-TIOAbeMHbIe onepanuu Ha 10-15%.

W3 cBeneHmil cepBUCHBIX KOMITAHUI BO3BMEM CPEJIHIOI0 CTOUMOCTb OypeHus
ckBaxuH rryonnou 3500-5000 m paBHo# 90 MitH. pyoO.

['maBHBIA  TONOXKUTENbHBIA  A(h(PEKT  TpUMEHEHUs  MIpeaaraemMoun
MOJICpHU3AIIMN — CHIDKEHHE BPEMEHHM Ha OypeHHe, a CJIeJ0BaTElIbHO yYMEHBIICHHE
3atpaT. BpemeHHbIe 3aTpaThl U3 0011Iel CyMMBbI COCTaBISAIOT 20 MIIH. pyo.

Tabmuia 5 - cxoausle faHHbBIE

['myOvHa CKBa)KUHBI, M L=4500
[TpoaomKUTEeNbHOCTh OypEHUS 10 MOJACPHU3AIINY, THUA tc?6m
[TpoaomkuTeNnbHOCTh OypEeHUs MOCIE MOACPHU3AIINY, THU tg6m
Bpems Ha criycko-nobeMHbIE ONEpaluy 0 MOJIEPHU3ALUH, THU tlo
Bpewmst Ha criyCKoO-TIOIbEMHBIE ONepalliy MOCJIe MOASPHU3ALUU téo
Bpems Ha OypeHue onepaiuu 10 MOAEpHU3ALNH, THUA tgyp
Bpewmst Ha OypeHue onepaiuu nocjae MoJIepHU3aALNN, THUA tgyp
CkopocTh OypeHust 40 MOAEpHU3AINH, M/ICHb |4
CkopocTth OypeHus mociie MoJAepHU3AIuHU, M/ICHb vV
CrouMocTh OypeHHs: CKBaXKHHBI, MITH. PYO. ¢=90
VY nenbHbIEe KaUTAIOBIOKEHHS B MOJIEpHU3AIUIO0 OypOBOii, pyo. K

s OKCIICPUMCHTAJIbHBIX JaHHBIX!
t810 = 0,35+ t%,, = 0,35+ 40 = 14 mueii,

3HauuT Bpema Ha CIIO nmociie MmoaepHU3aMu COCTABUT:
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tcno = 0,3 - tg6,JJL = 12 nueil.

Taxxe u3 OKCIICPUMCHTAJIBHBIX JTAHHBIX:

V=11V, (5.1)
CJICI[OB&TCHBHO:
0 0 0
toyp = tf’ylp _ o 1T1t°6”* -2 ;114 = 23,63 anei. (5.2)
Taxum 06pasoM, ob1iee BpeMst OypeHHst OCIIE MOJEPHHU3AMH COCTABMT:
tosw = tomo + tayp = 12 + 23,63 = 35,63 ~ 36 gmeit.  (5.3)
OKOHOMHS BPCMCHH COCTABJICT!
At = togy — togy = 40 — 36 = 4 AHsL. (5.4)

I[JUI TOrIO, YTOOBI BBIPA3HUTh 3TO B ACHC)KHOM 5KBHBAJICHTC, HaﬁﬂeM CTOUMOCTD

OJIHOTO JTHSI OypeHUS:
20 MJuH.
Cl oHS T

OO611ast 5KOHOMUS TIPU COKpaIIeHUH OYPOBBIX pabOT Ha 4 THSI COCTABUT:

AC = 4-500000 = 2000000 py®.

= 500000 py®6.

3HauuT, 32 roJl 5KOHOMUS cocTaBUT 20 MIIH. pyO.
CTOUT OTMETUTD, UTO BEAETCA pacueT Ha OHY OypOBYIO YCTAHOBKY.
[Tepconan Takoii OypoBOl YCTaHOBKU OYypHT 3a ToJ1 B cpe/iHeM 10 CKBaXKuH.
IIpoxoaka Ha mapocTpyiHoe [10J0TO cocrtaBisier mpumepHo 10000 m, a
CJIeIOBATEIbHO, MPU OYPEHUU DKCIUTyaTallMOHHBIX CKBaXXHH riayouHout no 5 000 m
TpeOyeTcsl 3aMEHATh JI0JIOTO M COMYTCTBYIOILIME MaTepualbl, B TO BpeMsl KaK HAcoC
YHBT 950 umeer ropa3go OonblInii CPOK CIY>KObI M OTHOCUTCSI K IMOCTOSIHHBIM
3atparam. Takum oOpazom:
FC = 9246058 py®6.
VC = 865000 py®6.
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20000000
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Pucynok 12 — I'paduk cpoka oKyrnaeMoCTH MOAEpHU3ALIUY.
Ha rpa¢uke BUIHO, YTO CPOK OKYTIAEMOCTH MOJIEPHU3ALIMH COCTABIISIET JEBATh
C IIOJIOBUHOU MECHILIEB.
4.6 Ouenka 3()¢eKTHUBHOCTH UHKEHEPHBIX peleHuii
OneHka  DKOHOMHMYECKMX  pE3yJbTaTOB  WHHOBAIIMOHHOTO  IPOEKTa
IIPOM3BOJUTCS HA OCHOBAaHMM TOJOBBIX IIOKA3aTEleH, PACCUUTAHHBIX II0 TOJaM
JUIUTEIBHOCTH KU3HEHHOTO HUKJIA PEATN3ALHUN POEKTAa.

Y — mo mexnayHapomnou tepmuHoiorun NPV — umu uHTErpanmbHbIif

ahdexrt:

YAl = Z R=S)——— (5.7)

(1+ n)*

rae  Ri— pe3ynpTarhl, JTOCTUTHYThIE Ha t-11are pacyera;

Re& Hp+A,

[Ip — yucras npuObLIb;

A — aMOpTU3ALMOHHBIE OTYUCIIEHUS;

St — 3aTpathl, OCYIIECTBISIEMbIE HA TOM K€ I11are;

T — ropu3oHT pacuera, paBHbII HOMEpY Ilara pacyera, Ha KOTOPOM
IPOU3BOJAUTCS JHUKBUIAIMS OOBEKTa, T.e. IMOCIEIHEMY TOAY >KU3HEHHOTO IIMKIIA

MPOEKTA;
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N — HOpMa IMCKOHTA.

Ha npaktuke nosb3yrores MoauGUIIMPOBaHHON (POpMYIION 11 oTipeecHus
YJI1. Jlns1 aTOTO M3 COCTaBa 3aTpaT Sy UCKITIOYAIOT KAITUTAIOBIOKEHUS M 0003HAYAIOT
K: — kanuranoBnoxenus B roja t. CymMma JTUCKOHTHUPOBAHHBIX KalUTAJIOBIOKEHUM

BBIYHCJIISACTCA KaK:

T
K=Y K.(1+n)™" (5.6)

rae t- roj BIOXKEHUs CPEJICTB.

Torna:

T T
_ [Ip;y + A B ¢
yn = ; e ; Ko (1+1)"t (5.7)

Ecmm YJ/I>0, to mpoekt sBisercs >PQexkTuBHbIM (IIpU JaHHON HOpME
nuckonTa). Yem 6ombiie Y1, Tem npoekt s pexTruBHEE.
KanurtanoBnoxxeHus: B MEpBbIA TOJ ObUIM OMPEACNICHBI MPU KAIbKYJISIIUN
ce0ECTOMMOCTH U COCTaBIISAIOT:

K=10111058

20000000 10111058
S (1+0,1)! (1+0,1)1

= 16528926 — 8356246 = 8172680 py6.

YJI/1>0, cinemoBaTeabHO, MPOEKT sBIsACTCA 3)PEKTUBHBIM.
4.7 AHaJn3 NOTEeHIHAJbHBIX PUCKOB M Pa3padoTKa Mep Mo YNPaBJIeHUI0 UMH

Ilog NpOEKTHBIMM pHUCKAMU TOHMMAETCS, KaK IPaBUJIO, MPEANOIaracMoe
YXYAIIEHHE WUTOTOBBIX IMOKa3aTenael 3(PPEeKTUBHOCTH MPOEKTa, BO3ZHUKAIOIIEE IO
BJIUSIHUEM HEONPENEICHHOCTH. B KOJMYECTBEHHOM BBIPAXEHUU PUCK OOBIYHO
ONMpeneNsieTcsl KaK W3MEHEHHE YHMCIICHHBIX IIOKa3aTejledl IpOeKTa: YHUCTOU
npusegeHHoi ctoumoctu (Y1), BHyTpenHeit Hopmbsl noxogHoctu (BH/) u cpoka
OKYNaeMOCTH.

PCBYJ'II:TaTOM Ka4€CTBCHHOI'O aHaJinda PHUCKOB  ABJICTCA OIIMCAaHHC
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HCOHpCHGHCHHOCTGﬁ, IMPUCYHIUX IIPOCKTY, IIPHUYMH, KOTOPBLIC MX BLI3BIBAIOT, W, KdK

pe3ynbTaT, pUCKOB MPOCKTA.

B pe3synbrare Oyaer chopMUpOBaH MEPEYEHb PUCKOB, KOTOPHIM MOABEPKEH

IIPOCKT. I[aﬂee Hnx H€06XOI[I/IMO IMPOPaAHKHUPOBATD 110 CTCIICHU BAKHOCTH W BCIIMYHNHC

BO3MOXHBIX ITOTCPb.

I[GﬁCTBH?I IO CHMIKCHHUIO ITPOCKTHOI'O PHUCKA BCAYTCA B JIBYX HAIIPABJICHUAX:

n30eKaHne MOSBICHUS BO3MOKHBIX PUCKOB U CHHIKCHUC BOSﬂeﬁCTBHH pHUCKa.

ITonHOCTBIO M30EXKATh pUCKa IMPAKTHYCCKHN HCBO3MO’KHO, HO CHH3UTbL HX

yIpo3y PyKOBOJUTENH CIIOCOOCH, YMEHbIIAs JeHCTBHUE HEOIAronpusTHEIX (aKTOPOB.

HGO6XOIII/IMO B OTOM pas3acic COCTaBUTb IICPCUYCHL IIPOCTBIX PHCKOB, a TaAKXKC

MCPOIIPUATHA 110 UX CHUIKCHUIO.

Tabnuua 6. Pucku u Mepsl 110 OrpaHUYEHUIO X MOCIIEICTBHIMA

Bunser puckos

Mepsbl 10 OrpaHUYEHHUIO MTOCIIEICTBUAM

o0crosiTenbCTBA (aBapuH,
CTHXHUIHBIE OCJICTBHUS,
MOJIUTUYECKAST
HECTaOMIHHOCTD)

PHUCKOB

o N3menenns o N3ydenune n3MeHeHni B
3aKOHOJATEIBCTBA POCCUHCKOM 3aKOHOJIaTEIIbCTBE
o Poct Hanoros
o [losiBnenue o CucreMaTnuecKkoe u3y4eHue
aJbTEPHATUBHOTO MPOIYKTA KOHBIOHKTYPHI PhIHKA

o AKTHBHBIE MApPKETUHIOBbIE

JIEUCTBUS
o CHmxeHue o Co3spnanue pesepa mis
MJ1aTeXKECIOCOOHOCTH MOKPBITUSI HENPEABUICHHBIX PACX0JIOB
norpeouTenei ° Pacmimpenue cocraBa
° Nudnsamnus IMOCTaBIIKOB
o Poct 1ien Ha pecypcel
o Henpensunenusie o CrpaxoBaHue UMYIIECTBA U

TPAHCIIOPTHBIX MEPEBO30OK
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[Iponomxkenue TaOIUIIBI 6

o He6pexnocts u o Omnpenenenue Mep Bo3ACHCTBUSA
HEJI0OPOCOBECTHOCTD K HEHUCTIOTHUTEIIbHBIM PaOOTHUKAM
pabOTHUKOB

o Hapymenue o OO6yuenue nepcoHana pabote
TEXHOJIOTUH WM OCBOCHUE Ha HOBOM TE€XHOJIOTHYECKOM

HOBOM TE€XHOJIOTUHU 000py0BaHUU
BriBoj

PesynbTathl gaHHOrO pasziena MOATBEPXKIAIOT IEIECOO0PAa3HOCTh BHEIPEHUS
MO/JIEPHU3MPOBAHHOTO IIAPOCTPYHHO-KEKTOPHOTO OYpOBOTO CHapsiia.

SWOT-ananm3 Tmokasai, dYTo MIapOCTpyilHOEe OypeHue o0mamaeT psaoM
MPEUMYIIECTB IO CPABHEHHUIO C TPAJAUIMOHHBIM OypeHHEM C HCIOIb30BAHUEM
IIapoIIeYHbIX 10I0T U Koot PDC.

OddexkTuBHOCTh MPOEKTa MOATBEpkAaeTcs mnojoxurenbubiM Y. A cpok
OKYNa€MOCTH B JEBATh C IIOJOBUHOM MECAILEB JOKA3bIBAET BBICOKYIO CTEICHb
SKOHOMHUYHOCTHU MPHU 3HAYUTEIHHON CEOECTOMMOCTH.

AHallN3 KOHKYPEHTHBIX TEXHUYECKHUX PEHIEHUW MO3BOJIMI BBISIBUTh, 4YTO
IapOCTPYHHBIA croco0 OypeHHss Majo TPUMEHSIEM BBHUJY €ro OTHOCHUTEIbHOU
HOBU3HBI. OJHAKO B Hallle BpeMsl BEJETCA AaKTUBHBIM MOUCK albTEPHATUBHBIX
pemenuii 1151 Oypenus u ucrnonb3zoBanue HI9BC aBsieTcst BBITOAHBIM HAIIPABICHUEM
U TIPU XOPOILIEM MTPOJABUKEHUU CIIOCOOEH COCTABUTh KOHKYPEHIIUIO TPUMEHSIEMbIM Ha

JAHHBI MOMEHT METOJ[aM OypeHHUSI.
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5 CoumnanbHasi OTBETCTBEHHOCTD

BBenenue

B nanHOl Marucrepckoi AuccepTalMy CHaps IPOEKTUPYETCS JUIs MOJIEBBIX
UCHBITaHUH. B CBsI3U ¢ 3TUM JaHHBIN pa3/ieN MOCBAILIEH aHaIN3y BO3MOYKHBIX OIACHBIX
U BpeIHBIX (aKTOPOB Ipu paboTe Ha OYpOBOM yCTaHOBKE.

B kauecTtBe mnepcoHana paccMaTpuBaeTcd OypuiblIMK. PabounM Mmectom
OypHJIbILIMKA SIBISIETCS MYJIbT YIPABICHHUS.

PabGoty BbIMONHSET B OCHOBHOM cTosi. Cienut 3a MpuOOpaMu Ha MyJbTe
ynpasieHus. PernamentupoBaHHble nepepbiBbl — 3% OT paboyero BpeMeHH!.

B ero o0s3aHHOCTH BXOAMUT Yy4acTUE B MOATOTOBUTENIBHBIX pabOTaxX K IMYCKY
OypoBO#l, pyKOBOJACTBO pabOTaMH MO HPUTOTOBJICHUIO M XUMHYECKOH 00paboTKe
IPOMBIBOYHOW JKUJKOCTH, THOJATOTOBKAa CKBOXMH K TeoPU3UUYECKHUM padoTam,
INPUHATHE NEPBOHAYAIBHBIX MEp IO JUKBHUAALMHA aBapHil U OCIOKHEHH, MPOBEpKa
COCTOSIHMSI TIPOTUBOBBIOPOCOBOM apMaTypbl, MOJATOTOBKA U BBIIIOJIHEHUE PAOOT IO
KPEIUJIEHUIO CKBAXKMHBI, BBINIOJIHEHHE BCEX paldOT, CBA3AaHHBIX C ONPOOOBAHHEM
CKBa)KUHBI.

OCHOBHOI1 LIENIBIO pa3jiena SBISETCS PACCMOTPEHUE ONTUMAIBHBIX HOPM IS
VIyYIIEHHUs] YCIOBHA TpyJa, OOecHedyeHHus MPOU3BOJACTBEHHON O0€30MacHOCTH
4eJI0BEKa, MOBBILICHHSI €r0 MPOU3BOAUTEILHOCTH, COXPAHEHUs pabOTOCIIOCOOHOCTH B

npolecce AeATeIbHOCTH, a TAK)KE OXPaHbl OKPYKarOUIEH CpeIbl.
5.1 IIpousBoacTBEeHHAsI 0€30MACHOCTH

[Ipu pabore co CKBOKMHOM KpOME XMMHUYECKHX BEIICCTB BPEAHOE BIIUSHUE
TaK)Ke€ OKa3bIBaCT MPOU3BOACTBEHHBIN 1yM. B Tabmmie 10 mpuBeaeHbI JOMyCTUMBIC
YPOBHHM 3BYKOBOTO JaBiieHUs. JIJisi CMsTUYeHUS MaryOHOTO BIMSIHUS 3ByKa C BBICOKUM
YPOBHEM [IaBJICHUSI HA CJIyXOBOW ammapaT 4eJIOBEKa, PEKOMEHIYETCS MPUMEHSThH

3BYKOHM30JUPYOIINE HAYIIHUKH. [27]
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Tabmuma 7. JlomycTuMble YpOBHU 3ByKOBOT'O JaBiceHus, 1b

— YposeHb CpemHereoMeTpuuecKas 4acToTa OKTABHBIX MOJIOC, 11y
O0BeEK MECTO 3BYK
a, 1b 63 125 250 | 500 | 1000 2000 | 4000 | 8000
i 30Ha
[lepenBuxHas V mvista
MOIbEMHAs Y 94 91 94 96 90 88 83 75 70
yIpaBICHAS
YCTaHOBKA
B kabune npu
[TepensuxHas 3aKPBITOM OKHE
MobeMHAs WA 113 104 106 106 | 109 107 102 96 89
nebenka JBEPH
B xabune
Arperar (110,1eM) - 100 89 96 95 96 94 87 80
“f_%‘;‘[‘ie Ha ycTbe — | 86 | 84 | 85 | 84 80 | 78 | 73

5.1.1 MeTeopoJioru4yeckue ycJa0Bust

Tak, kak MHOTHE paOOThI Ha MPOMBICIIE TPOU3BOAITCS HA OTKPBHITOM BO3yX€E,
TO CTOMT OOpaTUTh BHUMAHHE HA METEOPOJIOTUYECKHE YCIIOBUA (TemIeparypa,
BJIQXKHOCTb, BETEP U T.[I.) M UX BIMSAHUE HAa pabounx. MeTeoponornyeckue yCcloBUs
KOJICOIOTCSI B 3aBHCHUMOCTH OT BpeMEHH CyTok © ce30Ha. CypoBbie
METEOPOJIOTHYECKUE YCIOBUS, OJWH M3 BaXHBIX (DAaKTOPOB MOIYYEHUS TPaBM U
paboueii HepeecnocoOHOCTU. M3BECTHO, YTO MPHU BBICOKUX TEMIIEpATypax YeIOBEK
TEpSAE€T  KOHLEHTPAaMOHHbIE  KauyecTBa.  [losABIAIOTCA  HEBHHUMATEIbHOCTD,
TOPOIUIMBOCTh M T.A. IlpM HU3KHUX TeMmiepaTypax - HaOmomarTcs (U3NUYecKue
OTKJIOHEHHU (HapylIaeTcsi MOTOPUKA KUCTEN U BCEro TeJla U3-3a MOBBIIIEHHOM TEeIIOo -
notepu opranmsma). Em€ onuH BaxHBIM (HakTOp BIUSIONIMN HA TEIUIO- OTAAdy
OpraHu3Ma-3to BiaaxHocTh. [Ipu Temneparype +18C BinaxkHOCTh J0iKHA OBITH OT 30
mo 70%. Ecam BmaxxkHocth MeHblie yemM 30%, TO BiIakHOCTh-HM3KasA. Eciam ke
BIaXHOCTh BbIe 70% 10 BIaXHOCTh-BhICOKass. Ob0a 3Tux ¢akTtopa, SBISIOTCS
ryOuTeNbHBIMA JI 30pOBbsi 4esnoBeka. Cyxoil BO3JyX YBEJIMYMBAET BBIBOJA U3
OpraHr3Ma BJIaru U IJIOXO BIUSAET HA CIU3UCTHIC YeIoBeKa. BiaxkHbI BO3AYX MEIIAeT

HUCIIAPATHCA )KUAKOCTH C KOXKHW U COOTBCTCTBECHHO MCIIACT TCHHOO6MeHy OopraHuima,
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a TaKk K€ MOXET MOBJIMATH HAa 00OCTpeHHe OOJIe3HEW: TMIepTOHHYEcKask OOJE3Hb,
aTepoCKIIepo3 U T.J.

[Tpu paboTe Ha OTKPHITOM BO3IyX€ MPaBUIIAMU OE€30MIACHOCTH MPETYCMOTPEHBI
MEpONpUATHS 1O  3amMre padoymx OT  BO3JACHCTBHA  HEOJIArompUsATHBIX
METEOPOJIOTHYECKUX (PAaKTOPOB: CHAOKEHHE pabOUnX CHEI0eXKI0M U crell 00yBbIO;
YCTPOHCTBO YKPBITUH, 30HTOB HaJ pabOuYMMHU MECTaMH, IMOMEIIECHHH JBa 000rpeBa
pabounx (KyJabTOYAKH) U T. 1.

Bo BpeMsi CUIIBHBIX MOPO30B, BETPOB, JTUBHEW, BCIKHE pa0OTHI 3alpEIatOTCs.
K duciay mepornpusTuii mo yiydlieHHI0 YCIOBUN Tpyaa mpHu padoTe Ha OTKPHITOM
BO3/yX€ OTHOCHTCS TAKXK€ CO3aHNe MUKPOKIMMATa Ha pabounx MecTax ¢ MOMOIIBIO

COOTBETCTBYIOILIUX arperaToB U YCTPOKCTB.
5.1.2 Dy1eKTpOMarHuTHOE U3J1yYeHune

DNEeKTPOMarHUTHOE II0J€ CBEPXBBICOKMX HANpSKEHUH MOXKET MaryOHO
NOBJIMATH Ha 30pOBbE 4esioBeKa. CTaTUCTUKA MEIULIUHCKUX YUPEKIECHUHN TIIACUT O
TOM, YTO pabouue, KOTOpbI€ HAXOASATCS PSAAOM C BBICOKUM HANpsLDKEHHEM HW3-3a
BJIUSHUSA JJIEKTPOMAarHUTHOTO TOJII B IMPOMBIIIIEHHBIX YacTOTaX IIOJBEPKEHBI
MNOBBILICHHONW yTOMJIIEMOCTBIO, Tpo0JieMaMu C apTepualibHble [aBJICHUEM W
M3MEHEHHUSIM 4acTOThl CEpJECUYHBIX COKpAILlEHHUH, a Tak *e O0onsiM B cepaue. Hiuoke
IPUBEAEHBI pa3pelIMMble YPOBHH 3JEKTPOMArHUTHOIO MTOJISL:

- IPEAENbHO JONMYCTUMBINA YPOBEHb HANPSXKEHHOCTH BO3AeHCTBYOIIEro Ol
yCTaHaBJIMBaeTCA paBHbIM 25 kB/m.

- mpeOwiBanue B DIl HanpspkeHHOCTHIO Oosiee 25 kB/m 6e3 mpumeneHus
CPEACTB 3aIMTHI HE JOIyCKAETCS.

- mnpeObiBanue B DIl HampsskeHHOCTBIO 10 5 KB/M  BKJIIOUHTENBHO
JOMYCKaeTcsl B TEYeHHE paboyero JH.

- npu HanpsbkeHHocTd OII cerme 20 no 25 kB/M Bpemsi npeObiBaHUS
nepconana B OI1 He goymkHo npeBbimath 10 MuH.

B kauectBe CpCacCTB I/IHJII/IBHJIyaJIBHOﬁ 3alIUTBl MMPUMCHACTCA CIICHOACKIA,
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M3TOTOBJIEHHAS U3 METAJTIM3UPOBAHHON TKaHU[29]
5.1.4 Bpeanble BeliecTBa

J171s1 yMEHBIIICHUS OTTACHOCTH BPETHBIX BEILIECTB, /IS YEJIOBEKa OTPaHUYHBAIOT
MIPUMEHEHHE UX T10 YHCITYy U 00BbeMY, a IJie BO3MOXKHO, 3aMEHSIOT BHICOKOTOKCUYHBIC
Ha MEHEEe TOKCUYHBIC, COKpPAIAIOT IJIUTEIbHOCTh MPEObIBAHUS JIOICH B 3arpsI3HEHHOM
BO3AyXe W cheadar 3a AS(QPEKTUBHBIM MPOBETPUBAHUEM MPOU3BOJCTBEHHBIX
noMenieHuii. B 0co60 omacHbIX yCIOBUSX TPUMEHSIIOT CIIEIYIONINE UHIUBUAYIbHbBIC
CpeACTBa 3alllMThL: (PUIBTPYIOIIHME IPOTHUBONBUICBBIC CPEICTBA 3aIlUTHI, TIa30-
MbLUIC3aIMTHRIC CPEJICTBA, TTaHTOBBIC TTpoTHBOTra3kl [1111-1, n3onupyromnime KUcIopoa
npubopsl  (KUII), aBTOHOMHBIE JbIXaTelIbHBIE ammapaTbl, OYKH, MACKH,
CBETO(PMIBTPHI, TPOTHUBONBUICBbIC KOMOWHE30HBI, TIEPYATKH H T.]I.

BypoBbie pacTBOpBI TOTOBSITCSI HEOCPEICTBEHHO HA OypOBOM. 3arpsi3HsIoNIas
CIIOCOOHOCTh OYpOBBIX PACTBOPOB 3aBHCHUT, MPEXKIE BCEro, OT KOJIUYECTBA H
TOKCHUKOJIOTUYECKON XapaKTEPUCTUKHA XUMUUYECKUX PEAr€HTOB MPUMEHSIEMBIX JIJI UX
00paboTKH.

[IpenenbHO AOMYCTUMBIE KOHLIEHTPAIMM HEKOTOPBIX XMMUUYECKUX PEarcHTOB

persiaMeHTUPYIOTCS AJid Bo3ayxa padoueii 3061 o ['OCT 12.1.005-88, Tadnuma 11.

Ta6nuna 8. IIpenenbHO JOMyCTUMBIE KOHIIEHTPALIMU XUMUYECKUX PEareHTOB B

BO3/Iyxe pabouei 30HbI

HaumenoBanue| Llement| OIly Hedts | KMII I'muao- | AcOect | Coma

peareHToB (ITAB) MOPOIIIOK Na,COs
TJIK, mr/m® 6,0 3,0 10 10 4 6 2
Kace 4 4 3 3 4 4 3
OITACHOCTHU

[IpakTrueckn Bce XMMUYECKUE PEAreHThI JOCTABIISIOTCS HA OYPOBYIO B CYXOM
BHUJIE. 3aTapUBAHUE B €MKOCTh INIMHOMEIIAIKHA MPOU3BOJUTCS Y€pPE3 BEPXHUM JIIOK,

Inpu 95TOM HYaCTb XHUMHUUYCCKUX PCAICHTOB OCTACTCA B BO3AYXC H pa60qI/Ie,
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MMPOU3BOAAIIMUC 3Ty OIICPAINIO, AbIIIAT 3THUM BO3AYXOM. Kak CJICACTBHUC, Y pa60‘II/IX

MOT'YT Pa3BUBATbCA HCKOTOPBLIC BUbI 00JIC3HEH.

Tabmuma 9 Crienoaesxia, cernoOyBb U CPEACTBA HHANBUAYATLHOMN 3aITUTHI

Haumenosanue

I'OCT, OCT, TV na
M3TOTOBJICHHE

KonunuecTtso,
T

KocTtiom Gpe3eHTOBBIN miH X/0 ¢

BOJOOTTAJIIKMBAIOIIEH TPOITUTKON

Canoru KHP30BEIC

PykaBuiisl Ope3eHTOBBIC

KocTtiom 3umumii BajgeHku

I'OCT 27651-88
I'OCT 5394-89

I'OCT 12.4.010-75

I'OCT 29335-92

['OCT 18724-88

Ha xaxnoro
qJIeHa
Opurajb

oMo

Pacnieparop tuna «Jlemectok» I'OCT 12.4.028-76 2
[Ipenoxpanutensusiii nosic Bepxosoro | ['OCT 12.4.089-86 2
MoOHTaXHbI€ KOT'TH U TOSIC -

CymMka Ope3eHTOBas ISl MHCTPYMEHTA | _ :
JUTsl pabOThI HA BHICOTE 2
BuOporacamye KOBPUKHM IOJ HOTH | TOCT 26568-85 1
y nynbsTa Oypuibiunka u AKb-3M 6
[I{uTok-Macka 3J1/cBapiiuKa I'OCT 12.4.023-84 6
Ouxku otkpsiThIE (O30) I'OCT 12.4.013-85

Ouxu 3akpsiThie (033) I'OCT 12.4.013-85 2
IToxcraBka qudieKTpuyecKas I'OCT 4997-75 5
Creionexma 1y1s paboTsl ¢ kuciotamu | 'OCT 27652-88

U peareHTaMu 1
AnTedka MEeIUIIMHCKAsI IEPBOM I'OCT 23267-78 1
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5.2 AHa/JIM3 ONACHBIX MNPOM3BOACTBEHHBLIX (aKTOPOB M 000CHOBaHME

MepPONpPUATHI 10 UX YCTPAHEHUIO

Ha KC MoryT ObITh BBISIBIICHBI CJIEYIONIUE MPOSBICHUS ONMACHBIX (DAKTOPOB:
- 3JIEKTPOOE30MacCHOCTb;

- HO)Kap06CBOHaCHOCTI>.

5.2.1 DaekTpode30nacHOCTh

[Ipu npoexTupoBaHUM PabOYEro MECTa YUUTHIBAIOTCS BCE BO3MOXKHBIE PUCKU
IPU  HWCIIOJNB30BAHWW DJIEKTPOIHEPTHH W TPUMEHSIOTCS METOABl  M30CTaHUs
OMACHOCTEH. JEKTPUYECKUE JIaTYUKU CUCTEM KOHTPOJISI U yINpaBleHUA
TEXHOJIOTUYECKHUM MPOIECCOM JIOJKHBI OBITh BO B3PHIBO3AIIUIIIEHHOM HCIIOJTHEHUH U
pPacCUHMTHIBAThCSI HA TMPUMEHEHHE B YCIIOBHSX BHOpaIuu, oOpa30BaHUS Ta30BBIX
TUIPATOB, OTIOKEHUM napaduHa, coJel U APyrux BEIIECTB JIMOO YCTaHABIMBATHCA B
YCIIOBUSIX, HWCKJIIOYAIONINX TIPSIMOM KOHTAaKT C TPAHCIOPTHPYEMOW CpEIOi.
DnekTpobe3onacHOCT Ha paboueM wmecte KouTpoiupyercs ['OCT 12.1.019-79
«InexrpodesonacHocTs. OOmue TpeOOBaHUS H HOMEHKJIATypa BHJIOB 3alllUTHD,
COTJIACHO KOTOpPOMY BO H30€XaHHWE TOPAKECHUS DJICKTPUYECKUM TOKOM CIEIyeT
MPUMEHSTH TaKHE TEXHOJIOTHYECKUE TPUEMBI, KaK 3a3eMJICHUE, 3aHYJICHHUE, 3alIUTHOE
OTKJIFOYCHHUE, KOHTPOJIb U30JIAIUNA. ITH MPUEMbI MOKHO OTHECTH K KOJIJICKTHBHBIM
cpenctBaM  3amuThl. K  WHAMBHUAyaTbHBIM CPEICTBAM  3aIUTBI  OTHOCSATCS
U30JMpyloIIas onaekaa (MpyM MOHTaXe TOKOBEAYIIMX YacTe YCTAaHOBOK) H

COOJTIOICHHSI TEXHUKU Oe30macHoCTH Ha paboueM mecte [30].
5.2.2 llo:xapo0e30MacHOCTb

[Ipu BeIMOTHEHUU pabOT B He(PTEra30BOM MPOU3BOACTBE MPUCYTCTBYET PUCK
BO3HUKHOBEHHUs IOXKapoB. [lnsd mnpemynpexaeHuss KOTOpPbIX B IIPOU3BOJCTBE
UCIIONB3YIOTCA NPEJOXPAHUTENIbHBIE KIIallaHa, IUIAaBKUE TNPEAOXPAaHUTENU B

AIEKTPOLIENAX U T.II.
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[Ipu TyuieHus noxkapa NpUMEHSIIOT CIEAYIOIINE CPEACTBA: OXJIKICHUE oUara
BO3TOpaHUsS  HWXKE  JIOYCTUMOW  TeMIlepaTypbl;  pa30aBlieHHE  BO3Jayxa
HEBO3TOPAIOIIMMH Tra3aMH J0 KOHLEHTPAUWH KUCIOpPOAa, MPU KOTOPOM TOPEHHUE
MPEeKpaniaeTCs; MEXaHUYECKU YHUUTOXKEHUE TUIAMEHHU CTPYEH raza WM XKUJKOCTH;
CHIDKEHUE CKOPOCTH BO3JICMCTBHUS XUMUYECKOW PEAKIUH, TPOTEKAIOIIEN B IIJIAMECHU;
oOpa30BaHME YCIOBHM OTHEMPETPAKIACHHSI, OT KOTOPHIX IUIaMs MOWIET Yepe3 y3Kue
npoxobl. IlepBuyHBIE CpeACTBAa MOMXKAPOTYIIEHUS Ha MPOMBICIIE: OTHETYIIUTEIIH,
BHYTPEHHHE TOXAPHBIE KPaHbI, MOXXAPHBII MHBEHTAPh (SIIUKU C MECKOM, OOUKH C
BOJIOH, MOXKapHBIE BEApa, COBKOBBIC JIOTAThI, aCOECTOBBIE TOJIOTHA, BOMJIOK, KOIIIMA)
Y TIOKapHBIM HHCTPYMEHT (0arpsl, IOMbI, TOIIOPHI U JIp.).

OpraHu3allMOHHBIE W OPraHU3AIMOHHO-TEXHUYECKUE MPOLEAYPHl IO
rapaHTUPOBAHUIO TOKApHOM O€30MacHOCTH JOJDKHBI BKIIIOYATh OCYIIECTBICHUE
KOHTPOJISL U HaJ[30pa 3a COOJIIOJEHUEM HOPM TEXHOJOTUYECKOTO pEekUMa, MPaBUI U
HOPM TEXHUKH O€30MacHOCTH, TMPOMBIIUICHHOM CaHUTApUM U  TOKapHOU

Oe3omacHoctH [28].
5.3 JkoJioruyeckasi 6e30MacHOCTh
5.3.1 Bo3aeiictBue Ha aTMocdepy.

Bo3nelictBue HepTSAHOW U Tra30BOM MPOMBIIUICHHOCTH Ha OCHOBHBIC
KOMITOHEHTBI OKpYXaromieh cpeapl (BO3MyX, BOY, MOYBY, PACTHUTEIIbHBIN, JKUBOTHBIN
MUp M YeJOBEKa) OOYCIOBICEHO TOKCHYHOCTBHIO TPHUPOIHBIX YTJIEBOJOPOJIOB, HX
CIIyTHHKOB, OOJBIIIMM pPa3HOOOpa3sHMeM XUMHUYCCKUX BEIICCTB, HCIIOIb3YEMbIX B
TEXHOJIOTUYECKHX MPOIECCaX, a TAKKe BCE BO3PACTAIOIINM 00beMOM JT00BIYU HEPTH
W raza, uX TMOATOTOBKH, TPAHCIIOPTHUPOBKH, XPaHECHUS, MEPEPabOTKH M IIUPOKOTO
Pa3HOOOPA3HOTO UCITIOIb30BAHMSI.

[Tpu 6ypennn HePTIHBIX CKBAXKUH B OKPYKAIOITYIO CPEAY MOCTyMaeT OOBIIOE
KOJIMYECTBO 3arps3HSIONIMX BEIISCTB PAa3IUYHONW CTENEHU TOKCHYHOCTH, KOTOPBIC

OKAa3bIBAIOT 3HAYUTEJBHBIN BPE/l BCEM KOMIIOHEHTAM OKPYXaoIIen cpeibl [26].
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| MCTOMHHKM ATPASHEMMS |
Nocroannme Bpemennsie
§ ]
Wnamosnie Hapywenwne Nornowenwe Mexnnacroame 3aronnexne
ambapm TEPMETHYHOCTH Gyposoro nepeToxmM TEPPHUTOPHM
3aKONONHOro pacrsopa Gyposoit
NPOCTPaHCTa
J
_ 3
3
;‘—‘l Y 1 A ll 4
Armocdepa Jiurocdepa fmapocdepa no“(’:::::)
[ OBBEKTI BATPASHEHMA |

Pucynok 13. Cucremarusaiys HCTOYHUKOB 3arpsiI3HEHUS MTPU OYpPEeHUU CKBAKUH.

[ToCTOSITHHBIMM HCTOYHUKAMHU 3arps3HEHUSI aTMOC(EPBI, TOYBBI, TOA3EMHBIX U
MOBEPXHOCTHBIX BOJ SIBJISIFOTCS IIIJIAMOBBIE aMOapbl, KOTOPbIE MPEACTABIAIOT COOOM
IIPUPOIOOXPAHHBIE COOPYKEHUS, ITPEIHA3HAUEHHBIE JIUIs LIEHTPAJIM30BaHHOIO cOOpa,
00e3BpeKUBAaHUS U 3aXOPOHEHUS TOKCUYHBIX HPOMBIIUIEHHBIX OTXOAOB OypeHus

HE(TSAHBIX CKBAYKHUH.

K OCHOBHBIM 3arpsi3HHTENISIM CTOYHBIX BOJ| OTHOCSTCS OypOBBIE PacTBOPHI

(ocob0 omacHbl Ha HEPTAHOM OCHOBE), XHUMHUYECKHE pEareHThl, a TaKXKe
JUCIEPIUPOBAaHHbIE TJUHBI, BBIOYpPEHHBIE TMOPOAbI, YTSHKEIUTENU (MEeXaHUYecKas
PUMECH), CMa304yHble Macia, OypOBOM IUIaM, COJAEpXKallUid BCE XUMHUYECKUE
COEIMHEHMSI, HCIIOJIb3YIOIUECS IPU IPUTOTOBJICHUH OypPOBBIX PaCTBOPOB.

[IpyunHBl OMAcHOTO 3arps3HEHHs] PacTBOpPaMH BOJOEMOB (OCOOEHHO MpH
HaJIMYUM 3€MIISIHBIX aMO0apoB) CBSI3aHblI C MEPEMBAMH U BbIOpOCAMU OYpSIIUXCS
CKB&)XWH, U30BITOYHOTO PacTBOpa, 0Opasyromerocsi nmpu pa3OoypuBaHUU TIUHUCTHIX
opoJi, COPOCOM PacTBOPOB B OBpParu M BOJOEMBI, TEPETOKAMHU WX IO TIOTJIOMIAOIINM
rOpu30HTaM (TutacTam) u Ap.

3arpsi3HEHHE TEPPUTOPUH BOKPYT OypOBOWM MOKHO 3HAYUTEIHHO CHU3HTH
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yAaJieHueM BhIOYpEHHOM MOpoAbl (IUTAMOOYUCTHBIMU COOPYKEHUSIMU). JJ1s 0UrCTKH
pacTBOPOB  MOXHO  3(P(EKTUBHO  HUCIOJB30BAaTh  BUOpPALIMOHHBIE  CHUTA,
THAPOLUKIOHHBIE  TECKOOTIACIUTENH,  [UIAMOOYUCTUTENH,  T'HIPOLUKIOHHBIE
YCTaHOBKHU U HEHTPUYTH.

Ha yuacTkax, BbIICNEHHBIX IS pa3MelIeHUus: OypOBBIX YCTAHOBOK,
IIJIOOPOJHBIN CIIOM 36MJIM CHUMAIOT U CKIIAJUPYIOT.

JUisi  mpenoTBpallleHus 3arpsA3HEHHs OKpYyXKalolled Ccpelbl Toprdye —
CMa30YHbIMH MaTepuajaMu IU3eJIbHOE TOIUIMBO M ApPYTue, roproye — CMa304yHBIC
BElIECTBa, HEOOXOIUMBIE NIl pabOTHl OYpPOBOM YCTAaHOBKH, XPaHAT B CIELUATbHBIX
EeMKOCTSIX.

[Tpu cTpouTenbCcTBE CKBAXKHUH 3arpsi3HEHIE aTMOC(EPHOTO BO3yXa BPEAHBIMU
BELIECTBAaMH IPOUCXOUT Ha BCEX 3TAIaX CTPOUTEIHCTBA.

Crennuka cTpouTeNbCTBA HE(PTAHBIX U Ta30BBIX CKBAKUH XapaKTePU3YETCH,
B OCHOBHOM, HEOPraHM30BAHHBIMHU BBIOpPOCAMH BPEIHBIX BEUIECTB B aTMocdepy,
paccpe0TOUNBAIOIIMMUCS HA 3HAUUTEIbHOW TEPPUTOPHUH.

CHmxeHre BRIOPOCOB BPEIHBIX BEIIECTB B aTMOC(epy OT HEOPTaHM30BAHHBIX
UCTOYHUKOB 00€CIEUNBACTCS TepMEeTH3aUel UPKYIISIUOHHON CUCTEMBI OypOBOTO
pactBopa mnpu Oe3ambapHOM OypeHHUM, TepMeTu3alued eMKocTed  OJoka
npurotoBieHust bP, cuctempl cbopa M o4uMCTKH OypOBBIX BOJ, yCThbS CKBAa)KHHBI,
CUCTEMbI MpUEMa U 3aMepa IJIACTOBBIX ()IIOMIOB, MOCTYHNAIOUIMX MPU HCIBITAHUU

CKBAXUHBI.
5.3.2 3amura ceuTeOHOM 30HbI

Pacnonoxenue mpou3BOACTBEHHOM TEPPUTOPUH OTHOCHUTEJIBHO
CEeJINTEOHOM:

- Ilpu mpoexkTHpoBaHUM 30HBI HEOOXOAMMO OOECIEUUTH  3alUTYy
CEIUTEOHON TEPPUTOPUU OT 3arps3HECHUS] TPOMBINLJICHHBIMUA Ta3aMu, OTXOJIaMH,
CTOYHBIMH BOJIAMH.

- IIpomblnneHHble TpeaAnpusaTas AOJKHBI ObITh YJald€Hbl OT CEIUTEOHON
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TEPPUTOPHUH HA PACCTOSTHUE, COOTBETCTBYIOIIEE CTEIIEHNU BPEIHOCTH PEIIPUSATHUS.

B cootBerctBum ¢ CanurtapasiMu Hopmamu 245-71, B 3aBUCMMOCTH OT BHJIA
MIPOU3BO/JICTBA, BBIACISIEMBIX BPEAHBIX BRIOPOCOB U YCJIOBUIN TEXHUYECKOTO Ipoiiecca
YCTaHOBJICHA MPOTHKEHHOCTh CAHUTAPHO-3AIUTHON 30HBI.

Tepputopuss CaHUTapHO-3AIIUTHON 30HBI JOJDKHA OBITH OJIarOycTpoeHa u
O3eJIeHEHa MO0 TPOEKTy OJIaroycTpoicTa, pa3pabaTbIBaEMOMY OJHOBPEMEHHO C
MPOEKTOM CTPOUTENILCTBA WM PEKOHCTPYKIIMH MPEITPUITHS.

C 1menpl0 YMEHBIICHHS 3arps3HEHHS aTMOC(epHOTO BO37yXa BPEIHBIMU
BEIIECTBAMHU,  BBIICISEMBIMH  CTAl[MOHAPHBIMU  MCTOYHUKAMH:  KOTEJIBHOM,
JIBUTATEJISIMU BHYTPEHHETO CropaHus OypOBBIX YCTaHOBOK, (pakeIbHBIMH OJIOKAMH

pa3MeIlEHNE UX OCYIIECTBIISIETCS C YYETOM IOCIHOJICTBYIOIIETO HANIPABIEHUS BETPA.

5.4 be30nacHOCTb B Ype3BbIYANHBIX CUTYalMAX

5.4.1 Iloxkapsl

OmnacHOCTh TOXKApOB W B3PHIBOB HA MPOU3BOJACTBEHHBIX OOBEKTAX
He(dTerazo00bIBaOIIEH TPOMBIIIUICHHOCTH XapaKTepHA JIJISl BCEX TEXHOJIOTHMYECKUX
MPOIIECCOB HauWHas OT N00bMM HedTH, Ta3za WM KOHACHCaTa M 3aKaHYMBas HMX
nepepaboTkoii. 1lo B3pbIBO— U TMOXApOOMACHOCTU OOBEKTHI HEPTIHONW W Ta30BOMU
MIPOMBIILJIEHHOCTH OTHOCSTCS K KATETOPUU «AY.

[TpruunHbBI B3PHIBOB U MOKAPOB MOTYT OBITh Pa3JIMYHBI:

—  TIPOIYCKH JHM3EIHHOTO TOIUIMBA, PA3JIMBbl HE(PTEPOAYKTOB M TOPIOYUX
BEILECTB;

—  HapyUIEHHE TEePMETUYHOCTU BBIXJIOMHBIX KOJUIEKTOPOB JIBUTATENIEH,
HEUCTIPABHOCTh UCKPOTaCUTENEH;

—  NPUMEHEHUE OTKPBITOTO OTHS, KypeHHUe, MPOBEICHUE CBAPOUYHBIX PadbOT
BOJM3M MECT XpaHeHUs He(TH, ToproYe-CMa30YHbIX MaTepHaoB, CropaeMbIX
KOHCTPYKIIMI U TOPIOYUX BEIIECTB;

—  HEHUCIPAaBHOCTHU  DJIGKTPOOOOPY/OBAaHMS, BBI3BIBAIOIINE HCKPEHHUE,

KOPOTKOC 3aMbIKAHUC, HAI'PECB IIPOBOAOB,

52



—  meperpys3ka JIEKTPUUYECKUX MPUOOPOB, 000PYI0BAHMUS.
BypoBas yctaHoBka JOJDKHa OBITH O0OpYyJOBaHa CJICAYIOIIMMHU

CpeACTBAMHU MOKAPOTYIICHHUS:

—  JIByMS TIOKapHBIMH CTosikamu auamerpom 50-60 mwm;

—  TpeMs MOKapHBIMU PYKaBaMu W JIBYMsl MEPEBOJAHUKAMH TuaMmeTpom S50-
60 MMm;

— or"erymmurenamu OXII-10 B konuyecTtBe OWIT, SIIIUKAMH C MECKOM
eMKOCThI0 0,5M3 (4111T), MOKapHBIMH IMATaMU, 000PYI0BAHHBIMH JIOTIATAMH, JIOMaMHU

TomopaMu, 6arpamu, Beapamu [26].
5.4.2 OTKpbITHIE (POHTAHBI

OTOT BUJ aBapuil BCTpeYaeTcs MOBCEMECTHO, NMPUYEM OCOOCHHO YacTo IMpHU
MIPOBOJIKE CKBAKWH HA HOBBIX MECTOPOKICHMUSIX He(DTH U Ta3a.

OCHOBHBIC PUYUHBI, TT0 KOTOPHIM BO3HUKAIOT OTKPHITHIC (DOHTAHBI:

—  HE COOTBETCTBYIOIIAs F€OJIOTHUECKUM YCIOBUSIM KOHCTPYKITUSI CKBKHH;

—  HEKA4eCTBCHHOE I[EMEHTHUPOBAaHHME 00CAIHBIX KOJOHH, YTO MPUBOIWT K
MPOPBIBAM Ta3a IMpH BEIOPOCAX TOCIIE 3aKPHITHS IPEBEHTOPA;

—  OTCYTCTBHE NMPOTHBOBBIOPOCOBOTO 000PYIOBAHUS HA YCThE CKBAKHUH IIPH
BCKPBITHU TIPOIYKTUBHBIX TOPHU30HTOB, a TaKXK€ HECOOTBETCTBHE €T0 IapaMeTPOB
yCIIOBUSIM OYpEeHUS CKBaXKUH;

—  HeNpaBWJbHAs  DKCIUTyaTaIrus IIPOTHUBOBEIOPOCOBOTO
000opy10BaHUS;

—  HEMpaBWJIBHBIM BBIOOP JJISI BCKPBITHS HAMOPHBIX TOPWU30HTOB W JIJIS
OypeHUs CKBaXHMH ITOCJIE MX BCKPBITHS IJIOTHOCTH TTPOMBIBOYHOMN JKHJIKOCTH;

—  HEJIOCTAaTOYHAas MPOMBIBKA CKBAXXWHBI NMPU OYPEHUU U TMEpe] MOIHEMOM
OypUIIbHON KOJIOHHBI;

—  POCT coJiep KaHMs ra3a B MPOMBIBOYHOMN JKHUIKOCTH B IpoIiecce OypeHus
(Tutoxast merasaiysi BBIXOISIIEH U3 CKBKUHBI IPOMBIBOUYHOM JKHJIKOCTH);

OCHOBHBIMH MEPONPUSATHUSIMHU IO MPEIOTBPALICHUIO U JIMKBUIAALNU aBApUN
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SBIISIIOTCS: TIPOBEPKA COCTOSIHUS TMPOTHBOBBEIOPOCOBOTO OOOPYIOBAHMS, HAITUYHE
CPEJICTB U MaTepHajoB Mo OopbOe ¢ HedTerazonmposBIeHUAMH, 00ydeHue OypoBoOit
Opuraspl.

BckpbiTHEe TpOAYKTHBHOTO Iacta 3amperiaercs npu otcyTtcTtBud B KHBK
KJIallaHa — OTCEKAaTeNs, a Mo BeAyIeld TpyOoil mapoBoro kiamana. [Ipu cHkeHuH
IJIOTHOCTH OYypOBOTO PacTBOpPA BO BPEMs IUPKYIISIIUH 32 CUET HACHIIIEHUS pacTBOpa
IUTACTOBBIM ~ (MIIFOMIOM TMPUHUMAIOTCS HE3aMEUIUTEIbHBIE MEphl K YCHIICHHUIO
IIPOMBIBKY CKBAKHHBI, JIera3aliii O0ypoBOTO pacTBOPa U K JIOBEICHUIO €T0 MMapaMeTPOB
JI0 TEXHOJOTMYECKOM HeoOxoaumocTu. BaxHbiM mpodmeponpusTHeM st
MPEAYNPEXKICHUS OTKPHITOrO (DOHTAHUPOBAHUS ABJISIETCS MPAKTUUYECKAs MOATOTOBKA
OypoBoii Opurajsl. ByprIBIIUK U €r0 TOMOITHUKH 0053aHbBI 3HAThH YCIOBHUS TPOBOIKH

CKBa)XMHBI U TJIyOHHY 3ajieraHus riacra [27].
5.4.3 llopbIBbI, pa3iuBbI HePTH

JlukBumanusi paznmuBOB HE(DTU W TMOATOBAPHOM BOJIBI MPOU3BOAUTCS B
CIIEyIOIed TOCIeA0BAaTeIPHOCTU: TIIATEIbHBIA OCMOTP MeCTa aBapuu, s
ompejieNieHus 00BEMOB, XapakTepa M TMOpsaKa HEOOXOIUMBIX paboT; JOCTaBKa
TEXHUYECKUX CPEJICTB K MECTY pa3iinBa HeTH; TOKATU3ausd HEDTIHOTO 3arps3HEHUS,
BKIIfOUAIONasi B ce0s OKOHTYpHUBaHHWE HE(PTSIHOTO 3arps3HEHUS;, MaKCUMalbHO
BO3MOXKHBIN cOOp CBOOOIHOM HE(TH C penbeda.

BoccranoBnenne mpoayKTHMBHOCTH He(dTe3arpsi3HEHHBIX 3eMeJlb, COCTaB H
MOPSIOK PaboT:

1) mepBuuHOe oOciemOBaHKE He(TE3arpsI3HEHHBIX YY4aCcTKOB (0TOOp Mpob
No4BbI (BO/BI), ONPEACIICHUE TPaHUI] pa3siuBa HePTH;

2) OIICHKa CTENEHH 3arps3HeHUs MOYB HEPTHIO;

3) BBIOOpP COOTBETCTBYIOIIUX TEXHOJIOTUYCCKUX MEPOIPUSITHH;

4) peanu3zaiysi HAMEYCHHOTO KOMIUIEKCa pabOT M TEKYIIUH KOHTPOJb 3a
3¢ (HEKTUBHOCTHIO BBITTOTHIEMBIX MEPOTIPUATHI;

[lo oxoHYaHuM pabOT MPOBOAUTCS cllaya PEKYJIbTUBUPOBAHHBIX Y4YaCTKOB
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KOHTPOJMPYIOIINM OpTraHaM.
[Tomumo YC, cBsizaHHBIX ¢ pabOTOM 00OpYyHOBaHMS, MOTYT BO3HUKHYTH UC
JIPYroro xapakrepa:
—  YC cruxuitHoro xapakrepa (3eMJeTpsiCeHUe, HABOJITHEHUE, yparaH u Ap.);
—  YC sk0510ru4eckoro xapakrepa (Jerpaaamus noyBbl, N3MEHEHUE
COCTOSIHUSI THAPOC(EPhl, HEAOCTATOK KHUCIOpPOAA, PAa3pyLIEHUE O30HOBOIO
CJIOSI ¥ JIp.);
— YC commanpHOro xapakrtepa (IIaHTax, MOIIEHHUYECTBO, TEPPoOD,

3aJIOJKHHUYCCTBO, CYHUIIU], BBICOKMU YPOBCHb 6GILHOCTH, HCXBATKa IIPOJOBOJILCTBUA U

ap.)[26].
5.5 [IpaBoBbIe M OPraHU3aLMOHHBbIE BONIPOCHI 00ecnevdeHnsi 0€30MacHOCTH.

JIroboe  mpeanpusiTHe  JOJDKHO — HaJIekKalnuM  00pa3oM  UCIIOIHSTH
dbenepanbHOE 3aKOHOAATENHCTBO U HOPMATUBHBIC MPABOBBIE AKTHI, PETYIHPYIOIIHE
rOCYJapCTBEHHOE YIIpaBJICHHE B o00JacTH 0€30MacHOCTH KU3HEAESITEIbHOCTH,

3aIIMTHI OKPYKAIOIIEH CPEIbl M YPE3BBIYANHBIX CUTYAIUH.
5.5.1 Oxpana Tpy/aa ’KeHIINH U MOPOCTKOB

3anpelaeTcs NpUMEHEHUE TPY1a KEHIIMH Ha TSHKENbIX padoTax v Ha paboTax
C BpEAHBIMU YCIIOBUSIMU TPYJia, a TAKXkKe Ha MOA3EMHBIX paboTax, KpoMe HEKOTOPBIX
MO/I3€MHBIX pa0oT (He (hu3nveckre paboThl WK pabOTHI 10 CAHUTAPHOMY U OBITOBOMY
00CITy’>KUBAaHUIO).

He nomyckaercs mpuem Ha paboTy il mojoxke 15 ner. 3ampemiaercs
NpUMEHEHUE TpyJa JHI MoJioke 18 yer Ha Tsbkenblx paboTax UM Ha paboTax ¢
BPEIHBIMU U OMACHBIMU YCJIOBHUSIMH TPY/Ia, a TAKXKE Ha MOA3EMHBIX padoTax.

HecoBepmennoneTnue (funa, He gocturmmue 18 j1eT) B 061acTu 0XpaHsl TPy/a,
pabouero BpeMEHH, OTIYCKOB M HEKOTOPBIX APYIMX YCIOBUW TpyJa MOJb3YIOTCS

JBIOTaMH, YCTAHOBJIEHHBIMU TPYAOBBIM 3aKOHOIATEIBCTBOM [27].

5.5.2 PaboTa ¢ BpeIHbIMHU M (WJIN) ONIACHBIMH YCJIOBHSAAMH TPYyda
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Heiicteytomasa ¢ 1 suBaps 2014 r. pemakuus TK P® onpenensier, 4to
paboTHHKaM, 3aHSATHIM Ha paboTax ¢ BpPeAHBIMU U (HUJTM) ONACHBIMH YCJIOBHUSIMU TPYa,
MOJIOKEHBI CIAEAYIONIUE TapAHTUU U KOMIICHCAIUU:

— COKpAIlIeHHAs] TPOJIOJDKUTEILHOCTh Pab0yero BPEMEHH C BO3MOKHOCTHIO
BBITUIATHl JIEHEKHOW KOMIIEHCAIIMU 3a padoTy B mpejenax oOuieycTtaHoBiIeHHOM 40-
yacoBoi padoueii Henenu (ct. 92 TK PO);

- €XKETOJIHbIA  JIOMOJHUTEIBHBIN  OIUIaUMBAEMbId  OTIYCK pPAaOOTHHKaM C
BO3MO>KHOCTBIO BBIIIAThl KOMIIEHCALUH 33 YaCTh TAKOTO OTITYCKa, MPEBBIIIAIONIYIO
MUHUMAJIBHYIO ITPOJIOJKUTENBHOCTS (cT. 117 TK PO);

- MOBBINIEHHAA OIuIaTa Tpyia pabotHukos (cT. 147 TK PO).
5.5.3Padora B HOUHOE BpeMs

[To obmemy npaBuily TpyJa0Bask AESITEIBHOCTD JIOJKHA OCYIIECTBISTHCS THEM,
KOI'JIa OPraHu3M Y€JIOBEKa HAXOJAUTCS Ha NMHMKE aKTUBHOCTU. VIMEHHO B 3TOT nepuon
TPy HauOoJiee MPOU3BOIUTEIIEH U O€301aCEH JIJISl OKPYIKAIOIIMX U CaMOTro paOOTHHUKA.
Ho B coBpeMEHHBIX yCIOBUSIX OTPAaHUYUTHLCS TOJIBKO JTHEBHOU pabOTON HEBO3MOMKHO.
[To caMbIM pa3HbIM PUYMHAM BO3HHKAET HEOOXOAMMOCTh IPUBJIEKATh COTPYIHUKOB
K BBIOJHEHUIO HMX OOSI3aHHOCTEW B HOYHOE Bpems. Jta paboTa CBsi3aHA C
HEOJaronpusITHBIM BO3JECHCTBUEM Ha OpPraHU3M YeJOBEeKa, M 3aKOHOM TaKuUM

pabOTHHKAM TapaHTHPYETCs MIaASIIIN PEeXKUM M IMOBBIIICHHAs oriaTa Tpyaa [31].
5.5.4 Illpumenenue cnenoaexabl 1 CU3

OCHOBHOM  pErIAaMEHTUPYIOIIUN JTOKYMEHT O npumeHeHnn CHU3 wu
cnenogexasl 3To TK P®. OH BHOCUT oOmpenereHue CHenoAekabl KaKk TaKOBOMH,
CPEACTB HWHIMBUYaJbHOW W KOJUICKTMBHOW 3aIlUThI, OMNPEACIICHUE BPEIHOrO M
OTIaCHOTO MPOU3BOACTBEHHBIX (PAKTOPOB.

[IpuMmeHeHne  CHENNUTaHUS HM  0CO00ro  JIeueOHO-TIPOPUIAKTHIECKOTO
00CITyKUBaHUSI.

JleueOHO-TIpOUIIAKTUYECKOE TMTAaHUE - JTO CIEIUaIbHO TMOJA00paHHbBIC
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palMOHbl MHTAHUSA, CHOCOOCTBYIOLIME NPEAYNPEKICHUIO HapyLIeHUs OoOMeHa
BELIECTB MO/ JEHCTBUEM BPEIHBIX NPOPECCUOHATIBHBIX (PAKTOPOB.
B pamuon pabounx BpeaHbIX Mpodeccuii BKIIOYAIOTCS MUIIEBbIC BEIIECTBA:

®  YCKOPSIOIIME WIM 3aMELISIONINE ITPEBPALICHUE B OPTAHU3ME TOKCUYHBIX
BELIECTB MJIM MPOAYKTOB X MeTa00In3Ma

®  YCKOPSIOIIHE BBIBEICHNE TOKCUYHOIO BEIIECTBA U3 OpraHu3Ma

®  TOPMO3SIIKE NPOLECCHl BCACKIBAHKS TOKCUYHOTO BEIIIECTBA B KUIIIEUHUKE
5.5.5 Hax3op 3a oxpaHou Tpyaa

OCHOBHBIM OPTaHOM T'OCYIAPCTBEHHOTO HAJA30pa U KOHTPOJIA 34 COCTOSSHUEM
oXpaHbl Tpyaa saBisgeTcs DegepanbHas CiIyx0a 1o Tpyay U 3aHATOCTH. B ee cTpykTypy
BXOJAT YIpaBJ€HUE HAA30pa U KOHTPOJS 32 COOJIOJEHHMEM 3aKOHOJATENbCTBA O
TPyAE, TEPPUTOPHUAIBHBIE OPTaHbl MO TOCYJIAPCTBEHHOMY HAJ30pY M KOHTPOJIIO 3a
COOJII0/IEHUEM TPYAOBOT0 3aKOHO/IATENILCTBA U MHBIX HOPMATHUBHBIX NMPABOBBIX aKTOB,
COAEpKAIIMX HOPMBI TPYJIOBOrO IIpaBa, TOCYJAPCTBEHHbIC HWHCIEKUUHA TpyAa
cyonrekToB Poccuiickoit deneparuu. Ita cucTeMa OCYIIECTBISET HAA30p U KOHTPOJIb
3a COOJIIOJIGHUEM POCCHUIMCKOr0 3aKOHOJATENbCTBA O TPYJIEe M OXpaHe Tpyaa,
HOPMAaTUBHBIX aKTOB O BO3MEIIEHUU BpeJia, TPUUYMHEHHOTO 37]0pOBbI0 PAaOOTHHKA, O
COLMAIBHOM CTPAXOBAaHWHM W  BBINOJHEHWHM KOJUIEKTUBHBIX JOTOBOPOB Ha
OPEANPUSATUIX, B YUYPEKICHUSX U OpPraHu3alMsasX HE3aBUCUMO OT (QOpMBbI

COOCTBEHHOCTH.
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Abrasive Drill for Hard Rocks
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Water and abrasive jetting, and mechanical techniques facilitate hard rock

drilling

The U.S. Bureau of Mines has patented and introduced into the industry an
abrasive enhanced water-jet rock drill. This drill incorporates three novel components:
a collimator, jet deflectors for cutting clearance, and an unpressurized swivel, which
rotates at 1,000 rpm while passing 20 gpm of an abrasive slurry flowing at 1,000 ft/s[1].

Drilling occurs through the action of a 10,000-psi, 20-gpm water. The pumps,
hoses, and fittings are those commonly used in the water-jet-cleaning industry. Only
inexpensive, common sandblasting abrasives are used.

This drill can cut through hard rocks with moderate-pressure jets; e.g., rocks
with a compressive strength of 73,000 psi can be drilled with a 10,000-psi abrasive jet.
In addition to drilling holes, the drill can cut deep, narrow kerfs; collar a hole at any
angle; drill through rubble; and chamber holes.

The development of the abrasive jet drill is a significant advance in hard-rock
drilling. It was suggested by George A. Savanick and Walter G. Krawza. The
Government of the United States has licensed the abrasive jet drill patent to
Weatherford Water Jetting Systems.

The Bureau’s abrasive-enhanced water-jet drill offers the following advantages
over other rock drills.

1. Can operate with a pressure that is far lower than that of conventional
water-jet drills. The abrasive water- jet drill can cut hard rock with a compressive
strength of 70,000 psi with 10,000-psi water pressure. Other water-jet drills must use a
pressure approximately equal to the compressive strength of the rock. The abrasive-
enhanced water-jet drill uses only commercially available hoses and fittings commonly
used in the water-jet-cleaning industry.

2. Does not physically contact the rock and, thus, does not have to absorb
the force of the rock pushing back on the drill rod. This permits the drill to be built of
much lighter materials than conventional drills.

3. Does not require a bit.

59



4. Can enlarge (chamber) selected parts of the drill hole by slowing the
penetration rate. This capability would be helpful to mine operators who must blast
tough rock. The chambers can be loaded with extra explosive to put increased rock-
breaking power where it is most needed.

5. Can penetrate uncompacted, loose rock. This ability could be used to drill
probe holes or blastholes in gob areas of mines.

6. Can drill holes that overlap. Overlapping holes can be strung together
to create a kerf.

7. Can make small-diameter (less than 1 in) holes. These small holes are
ideal for resin-grouted rock bolts because their smaller size decreases the volume of
grout required.

8. Conventional rotary or percussive rock drills are incapable of

performing the functions described under items 5, 6, and 7. [1]
Retractable pellet impact drill bit

The invention of John M. Camp and John E. Eckel, Tulsa, Okla assignors to
Standard Oil Development Company concerns a novel form of drill bit of a nature
permitting insertion and retraction of the drill bit through and from a drill string or
casing maintained in drilling position in a borehole. The drill bit of this invention
embodies what has been called the pellet impact drilling method. In accordance with
this method, apparatus is provided to eject a high velocity directed jet of fluid in which
a multitude of spherical pellets are entrained. Impact of these pellets against the
formation to be drilled causes a fracturing or pulverizing action to accomplish effective
drilling. It is the purpose of this invention to provide a drill bit arrangement such that
the full benefits of pellet impact drilling may be obtained while permitting insertion
and retraction of the drill bit through a drill string on which the drill bit is to be
employed. [2]

The invention of John M. Camp and John E. Eckel, Tulsa, Okla couples two

basic objectives to provide a desirable form of drill bit. First the invention utilizes the
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impact of a multitude of pellets to secure drilling action. It has been found that this type
of drilling offers many advantages. For example, pellet impact drilling does not require
maintenance of weight on the drill bit so that lightweight tubing may be employed if
desired. Again rotation of the drill bit is optional and if employed may utilize a slow
rotational rate requiring little rotary torque. Finally, drill bits of the character pellet
impact drilling may be constructed to have a prolonged operational life, as no portion
of the drill bit is called on to directly bear against the formation for drilling purposes. [2]

The objective of employing this desirable form of drilling is coupled in this
invention with the objective of permitting “drilling with casing.” In drilling with
casing, the purpose is to support the drilling tool on a string of conventional casing
rather than on the drill pipe which is conventionally employed. The casing will have a
diameter somewhat less than the borehole drilled so that it can be lowered without
obstruction into the borehole. To make this technique practical it is necessary that all
drilling operations be conducted without necessity for withdrawing the casing from the
hole. This entails the necessity for providing an extensible form of drill bit which can
be passed through the casing and extended below the casing to drill a borehole which
is greater in diameter than the casing. Again it is necessary that such a drill bit be
retractable to permit removal through the casing itself without necessitating removal
of the casing from the borehole. [2]

John M. Camp and John E. Eckel claimed in 1954:

1. A retractable drill bit comprising in combination: a tubular drill collar
having at least one interior circumferential groove, a tubular mandrel element fitting
within said drill collar in sliding relationship therewith, said mandrel having at least
two exterior circumferentially spaced longitudinal grooves, a plurality of support
members each positioned within one of said longitudinal grooves in slidable
relationship between said mandrel and said drill collar, a plurality of shroud segments,
one suspended from each of said support members, a latching means pivotally fixed to
each of said support members and adapted to extend into one of said circumferential.

grooves whereby to limit downward movement of each support with respect to the drill
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collar, and at least one nozzle element fixed to the lower termination of said tubular
element.

2. Drill bit as defined by claim 1 including a latching means pivotally fixed
to said mandrel and adapted to extend into one of said circumferential grooves whereby
to limit upward movement of said mandrel relative to said drill collar.

3. Drill bit as defined by claim 1 including a packing element between said
drill collar and said mandrel whereby to provide a fluid seal there between.

4, Drill bit as defined by claim 1 wherein each of said longitudinal grooves
is provided with an inwardly extending recess at a selected point along its length to
receive one of said latching members whereby to transfer lifting force from said
mandrel to each of said support members.

5. Drill bit as defined by claim 4 wherein individual recesses are spaced at
different vertical levels whereby upon raising said mandrel said shroud segments will
be retracted into said drill collar in sequence.

6. Drill bit as defined by claim 1 wherein the lower termination of said
mandrel is adapted to bear against each of said shroud elements when said latching
means extends into said circumferential groove whereby to wedge said shroud
elements against the lower termination of the drill collar.

7. Drill bit as defined by claim 1 wherein four support members, four
shroud segments, and four longitudinal grooves are employed, each of said longitudinal
grooves having an inwardly extending recess at a selected point along its length to
receive one of said latching members whereby to transfer lifting force from said
mandrel to each of said support members, two of said recesses being at a different level
than the remaining two whereby, upon raising said mandrel, said shroud segments will

be retracted into said drill collar sequentially in pairs. [2]
Shot drilling-pellet impact drill bit

The invention of Ramsey G.H. in 1955 concerns a novel method and apparatus

for the drilling of bore holes. The invention utilizes what has been called pellet impact
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drilling in combination with the shot drilling effect. Accordingly, apparatus is provided
to eject a high velocity, directed stream of pellets against the central portion of a bore
hole. The pellets are directed through a nozzle assembly for this purpose, which is
arranged in an enlarged, massive head member having the general configuration of the
drilling pattern cut by pellet impacts. The outer portion of this body member is
provided with helical grooves. The pellets are circulated after impact so as to seat in
these grooves and roll upwardly during rotation of the drill to “shot drill” the walls of
the bore hole. [3]

In 1955 it was discovered that remarkably effective drilling action may be
obtained by directing a stream of high velocity pellets against an earth formation to be
drilled. By the nature of this process, pellet impact drilling is best adapted for
penetrating the central portion of a bore hole to provide a drilled opening of limited
diameter. It is the purpose of G.H Ramsey’s invention to improve this basic pellet
impact drilling technique by employing therewith an apparatus which is adapted for
enlarging the hole diameter normally obtained during pellet impact drilling. At the
same time it is the purpose of this invention to provide apparatus which is effective in
spacing the jet nozzle used to propel the pellets at an optimum distance from the bottom
of the bore hole. It is an additional objective of this invention to provide improved
recirculation means for the pellets employed, to facilitate their continuous return and
entrainment in the fluid jet used to propel the pellets. This is accomplished so as to
maintain a high density of the drilling pellets in the drilling zone. The drilling apparatus
of this invention is further characterized by providing a gauge size hole of fixed
diameter. [3]

Ramsey G.H. claimed:

1. The method of drilling a bore hole comprising the steps of: directing a
high velocity jet of fluid against the bottom of the bore hole, introducing a plurality of
essentially spherical pellets of substantial size into said high velocity fluid jet whereby
said pellets are impinged against said borehole bottom, removing said pellets from the

bottom of the bore hole by carrying said pellets outwardly and upwardly along the
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walls of the bore hole in a spiral path while forcing the pellets against the said walls
and thereafter reintroducing said pellets into said high velocity fluid jet.

2. Drilling apparatus comprising in combination: a jet nozzle assembly
attachable to the lower end of a drill pipe and having at least one jet nozzle adapted to
provide a high velocity jet of fluid directed against the bottom of a bore hole, and a
drill head member fixed to said nozzle assembly and having an internal cutaway
portion defining with said nozzle assembly an annular space adapted to receive pellets
of substantial size, said cutaway portion terminating in a bore below and in general
alignment with said nozzle assembly, said bore being essentially smooth and free of
obstructions whereby pellets passing there into from said annular space will be
admixed with and accelerated by said fluid jet and impinged against the bore hole
bottom, said drill head member having a generally cup-shaped outer configuration,
with its maximum diameter above the bottom of the body and provided with a plurality
of upwardly extending helical grooves on its outer surface, said drill head member
having an opening, above the region of maximum diameter, of sufficient size to permit
entry of pellets into said annular space.

3. Drilling apparatus comprising in combination: a jet nozzle assembly
attachable to the lower end of a drill pipe and having at least one jet nozzle adapted to
provide a high velocity jet of fluid directed against the bottom of a bore hole, an
essentially cup-shaped drill head member supported by said nozzle assembly, said drill
head member having its maximum diameter at its upper end and having a central bore
whose upper diameter is greater than the outside diameter of said nozzle assembly, said
central bore being essentially smooth and free of obstructions, the upper portion of said
drill head member surrounding the lower portion of said nozzle assembly and defining
therewith an annular space adapted to receive and pass there through into said central
bore essentially spherical pellets of larger than granular size, the exterior side wall of
said drill head member being provided with a plurality of helical grooves extending

upwardly to the upper end of said drill head member. [3]

64



Pellet recycle control in pellet impact drilling

G.H. Ramsey in 1958 is particularly directed to a novel means and method for
improving the efficiency of recycling of the pellets in the vicinity of the drilling zone.
In accordance with this invention, the paths of the recycled fluid and recycled pellets
are separated whereby the pellets may be more efficiently reintroduced into the high
velocity fluid stream. [4]

The basic principles of the pellet impact technique for the drilling of bore holes
in the earth involves the use of a stream of fluid pumped from the surface of the earth
through a tubular member to a jet nozzle adapted to provide a high velocity jet of fluid
directed downwardly toward the bottom of the bore hole. Means are provided to entrain
in the high velocity fluid jet a multitude of hard, dense pellets which are accelerated to
high velocity in the jet stream and thereby acquire considerable kinetic energy so that
when the pellets impinge against the formation the resulting impact and fracturing
forces exert a drilling action. Means are also provided for separating pellets from the
up-flowing returning stream of fluid and reintroducing the pellets into the jet stream.
Preferably the pellets that are employed are smooth, non-abrasive, essentially
spherical, and of substantial size, in the range of about one-eighth inch to about one
inch in diameter. [4]

Ramsey G.H. claimed:

A method of drilling a bore hole in the earth which comprises creating a
constricted high velocity jet of fluid, directing said fluid jet into a mixing chamber,
introducing into and entraining in said fluid jet a plurality of pellets in said mixing
chamber, directing the mixture of fluid and pellets forcibly against the formation to be
drilled and centrally of the bore hole, circulating the mixture of fluid and pellets, after
impact, upwardly in an annular channel flow adjacent the walls of the bore hole,
separating and diverting a first portion of the fluid from the up-flowing mixture of fluid
and pellets into the top of said mixing chamber, directing the pellets and remaining up-
flowing fluid upwardly in said annular channel to a region above said mixing chamber,

separating said pellets and a second portion of said fluid from the remaining up-flowing
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fluid in said region and conducting said pellets and said second fluid portion
substantially separately from said first portion into said mixing chamber through an
annular channel flow concentric with said first annular channel, whereby improved

efficiency of pellet recycle into said mixing chamber is attained. [4]
Pellet impact drilling apparatus

The invention of Philip S. Williams, Tulsa concerns a novel method and
apparatus for drilling bore holes in the earth, and particularly for drilling petroleum
wells. The drilling method of this invention employs novel principles to secure the
circulation of solid pellets in a bore hole so as to forcefully impinge on the bottom of
the hole. The impact of the pellets provides percussive forces, pulverizing the
formation being drilled. Circulation is maintained by a particular arrangement of
apparatus permitting the propulsion and recirculation of pellets in a stream of fluid.
This method, and the apparatus embodying the method, provides a unique and desirable
drilling technique. [5]

This invention of Philip S. Williams, Tulsa is particularly adapted to overcome
some of the disadvantages of conventional rotary drilling to supply certain
advantageous features heretofore unobtainable in known drilling procedures. This
patent application is a continuation-in-part of Ser. No. 268,873, now abandoned, filed
January 29, 1953, in the name of Philip S. Williams and entitled “Pellet Impact Drilling
Method and Apparatus”. [5]

In accordance with this invention, drilling action is secured by impinging hard
dense pellets on the bottom of a bore hole, propelled by a high velocity fluid jet. The
action of these pellets, carried by the high velocity jet, is somewhat similar to that of
sand blasting. While there is some doubt as to the complete mechanism of the drilling,
it appears that the action is primarily that of surface pulverization caused by the forceful
and multitudinous impingement of the solid pellets against the earth formation
encountered. Frictional wear and fluid erosion also contribute to the drilling action

which occurs; but these appear to be relatively unimportant factors in comparison with
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the impact phenomenon. [5]

Philip S. Williams claimed:

1. An apparatus for drilling a bore hole in the earth in conjunction with a
liquid drilling fluid which comprises in combination, a plurality of spherical steel
pellets having a diameter of from about 1/8 to 1 inch, a tubular support member
extending into the bore hole, a downwardly directed primary nozzle secured to said
tubular support, an open ended tubular secondary nozzle supported from said tubular
support and concentrically aligned with and extending below said primary nozzle, said
secondary nozzle having an internal diameter at least about twice the diameter of the
pellets, the upper end of said secondary nozzle being sufficiently spaced from said
primary nozzle to define a passageway there between of a size sufficient to enable the
pellets to pass there through, whereby said pellets are continuously recirculated through
said secondary nozzle when said liquid drilling fluid is jetted through said primary and
secondary nozzles from within said tubular support member.

2. An apparatus as defined in claim 1 in which the secondary nozzle has a
length equal to at least about 10 internal diameters of the secondary nozzle.

3. An apparatus as defined in claim 1 in which the ratio of the diameter of
the pellets to the inner diameter of the secondary nozzle is about 0.38/1.

4. An apparatus as defined in claim 1 in which at least one extension member
is attached to said apparatus and extends below the secondary nozzle a distance
equivalent to about 2.4 to 3.8 secondary nozzle diameters.

5. An apparatus for drilling a bore hole through formations in the earth in
conjunction with a liquid drilling fluid which comprises a jet pump having primary and
secondary nozzles and adapted to be supported at the lower end of a string of well pipe,
means for forcing the drilling fluid down through the well pipe and thence through the
primary nozzle of the pump, the secondary nozzle of the pump being spaced from the
primary nozzle to define a passageway there between large enough to pass drilling fluid
and solid pellets, said pellets having a diameter within the range from about Ys inch to

1 inch and a density greater than the earth formation and about 3 to 10 times the density
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of the drilling fluid, the secondary nozzle having a diameter at least twice that of the

diameter of the pellets. [5]

Controlling off-bottom position of pellet impact drill

The invention of Eugene M. McNatt is concerned with a novel method and
apparatus for the drilling of bore holes into the earth’s substrata. It is particularly
concerned with an improved method and apparatus for the production or the recovery
of oil from the earth’s substrata. The drilling method of the present invention employs
novel principles to secure the recirculation and replenishment of solid pellets utilized
in a bore hole for effectively drilling the hole. The force of the pellets impinging on the
bottom of the hole pulverizes the formation and materially aids in the drilling of the
hole. Circulation of the pellets is maintained by a bit arrangement involving the
propulsion and recirculation of pellets in a fluid stream. The particular function of the
present invention is to provide a novel and effective means for controlling the off-
bottom position of the pellet impact drill. [6]

Basically the pellet impact technique for drilling bore holes in the earth
involves the use of a stream of fluid pumped from the surface of the earth through a
tubular member to a jet nozzle assembly adjacent the bottom of the bore hole. The jet
nozzle assembly is adapted to direct a high velocity jet of fluid against the formation
being drilled and is provided with means for entraining in the jetted fluid a multitude
of pellets which are accelerated to high velocity in the jet stream and thereby acquire
considerable kinetic energy so that when the pellets impinge against the formation the
resulting percussive and fracturing forces exert a drilling action. Preferably the pellets
that are employed are smooth, non-abrasive and essentially spherical and are of
substantial size, preferably in the size range of about Vsinch to about 1 inch or more m
diameter. It is preferred that hard, dense, tough metallic alloys be employed as the
pellet material. [6]

Eugene M. McNatt claimed:

2. An apparatus for drilling a bore hole in the earth by pellet impact which
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comprises a tubular support member, a cylinder fixed to and surrounding said support
member, a nozzle barrel slidably surrounding said support member, said nozzle barrel
terminating below said support member in a primary nozzle in fluid communication
with the bore of said support member and terminating at its upper end in a piston fitting
slidably within said cylinder in a manner defining a first annular chamber below said
piston between said cylinder and said nozzle barrel and a second annular chamber
above said piston between said cylinder and said support member, said cylinder having
a lower exterior port into said first annular chamber, an upper exterior port into said
second annular chamber and a passageway establishing fluid communication between
said first annular chamber and the bore of said support member, a secondary nozzle
fixed to said nozzle barrel and spaced below said primary nozzle, said secondary nozzle
including a segment movable in response to changes in the pressure differential across
said secondary nozzle, and means controlling the opening of said lower port in response
to the motion of said movable segment.

3. Apparatus as defined by claim 1 including means controlling flow
through said passageway in response to the motion of said movable segment.

4. Apparatus as defined by claim 1 including means controlling fluid flow
through said primary nozzle in response to the motion of said movable segment.

5. Apparatus as defined by claim 1 wherein said nozzle barrel is provided
with a port in the wall thereof so located that said port is closed off by said tubular
member except when said piston has moved to a position adjacent its lowermost point
of travel, whereby exposure of said port will cause a drop in pressure within said
support member indicative of said lowermost positioning of said piston.

6. Apparatus as defined by claim 1 including means for restricting flow
through the bore of said tubular support member and means for activating said flow
restricting means when said piston has reached a position adjacent its uppermost point
of travel, whereby said flow restriction will cause a pressure buildup within the bore of
said tubular support indicative of said uppermost positioning of said piston.

7. Apparatus as defined by claim 1 wherein said means for controlling the
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opening of said lower port comprises a slide valve and a lever linking said slide valve
to said 5 movable nozzle segment in a manner causing said slide valve to close said

port on outward movement of said segment. [6]
Pellet impact core drill

The invention Fredric H Deily is concerned with an improved method for
securing core samples during the drilling of a well bore hole. The invention is more
particularly concerned with a core bit wherein the desired core is cut by utilizing
circulating pellets which are jetted against the well bore hole bottom. In accordance
with the present invention, a core is secured by using a core drill wherein pellets are
positively directed into a series of primary fluid jets so as to cut an annular hole, leaving
a core which is removed to the surface with the bit. [7]

In prospecting and drilling for oil it is a conventional procedure during the
drilling of the bore hole to determine the character and nature of the substrata through
which the bore hole is being drilled. One method is to periodically remove cores at
particular depths, to bring these cores to the surface and to analyze them for the
purposes stated. Many procedures and apparatuses have been developed for the
effective removal of representative cores from an earth substratum. In general, these
coring devices or core bits remove an annular hole, leaving a center core which is
broken off and taken to the surface by various means. The present invention is directed
toward an improved core bit wherein the annular hole about the core is drilled, utilizing
small pellets which are recirculated in the bottom of the bore hole in the vicinity of the
area where the core is being removed. [7]

The basic principles of pellet impact drilling are that hardened, dense pellets
are impinged on the bottom of a bore hole, propelled by a high velocity fluid jet. The
action of these pellets, carried by the high velocity fluid jet is somewhat similar to that
of sandblasting. [7]

F.H. Deily in 1955 claimed:

An apparatus for cutting a core from an earth formation encountered by a bore
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hole, which comprises in combination: a tubular support member of smaller external
diameter than said bore hole, a shroud member supported by and positioned below said
tubular mem- her, said shroud member having an external diameter, at least at its lower
end, essentially that of the bore hole, a centrally disposed elongated cylindrical plug
element supported by and extending below said shroud member, the external diameter
of the major portion of said plug member being substantially less than that of said
shroud member, said plug member having a central bore open at its lower end to receive
the core cut by the apparatus, a cylindrical sleeve of larger internal diameter than said
plug member and of less external diameter than the lower external diameter of said
shroud member, means supporting said sleeve in concentric relation about said plug
member in a manner defining therewith an annular passage, sufficient clearance being
maintained between the top of said sleeve and the underside of said shroud member to
permit pellets to enter the top of said annular passage from the annulus between said
sleeve and the bore hole, a plurality of primary nozzles circumferentially arranged
about the plug member in a manner directing the outlets of said nozzles into said
annular passage, means establishing fluid communication between said primary
nozzles and the interior of said tubular support member, and at least one return fluid
passageway extending through said shroud member from the underside there of to the
bore hole annulus above the shroud member, whereby fluid may be circulated from
within said tubular member through said primary nozzles into said annular passage to
impart Kinetic energy to a plurality of pellets directed into said annular passage, said
pellets will impinge on the formation to drill an annular hole, fluid and pellets will flow
upwardly in the bore hole annulus exteriorly of said sleeve, up flowing pellets will be
directed into said annular passage by said shroud member and up flowing fluid will
pass through said return fluid passageway into the annulus above the shroud member.
[7]

Foreign and Russian scientists have investigated well abrasive drilling for more
than 70 years. However, the problem of a significant number of downhole operations

to replace pellets with new ones required to be solved. So, a jet-ejection-water type bit
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has been designed in Drilling Department at TPU to increase the efficiency of abrasive

drilling in hard rocks.
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3AK/IIOYEHUE

B nanHOM MarucTepcKon AMCCEPTALUN U3J10KEHBI PE3YIIBTATH TEOPETUIECKUX
U AHAIMTHYECKUX HCCIENOBAHUM TEXHOJOIMYECKUX IIPOLIECCOB IIApPOCTPYWHOIO
OypeHus ¢ UCIOJIb30BAHUEM COBPEMEHHBIX METOJUYECKUX CPEACTB U MPOTPAMMHOIO
KOMIIBIOTEPHOrO oOecrieueHusl. AHaNu3 pe3y/lbTaToOB HUCCIENOBAaHUM IOKa3all, 4TO
HIapoCTpyliHOE OypeHue oOJafgaeT psAOM MNPEUMYLIECTB [0 CpPaBHEHHIO C
TpaJAULIMOHHBIMU:

- LICHA;

- yI00CTBO M MPOCTOTA IKCILTyaTal1H;

- YBEIUYECHHUE MPOU3BOAUTEIBLHOCTH.

Pe3ynbTaThl paboThl 3aKIIOYAOTCS B CIAEAYIOIIEM:

—  pazpaboraHa kiaccU(UKaIMs TPUHIIMIIOB BO3ACHCTBUS Ha

[OJI3€MHOE 000pY/I0BaHUE.
—  pa3paboTaHa KOHCTPYKIIUSI ChEMHOU COIJIOBOM HACaJKH, IMO3BOJISIOIIAS
HOBBICUTH PEHCOBYIO CKOPOCTh OYpEHHS.

B nensx pganpHemero BHEIPEHUs MAPOCTPYHHOTO OypeHUS U TOBBIIICHUS
ero 3(p(HEeKTUBHOCTH HEOOXOIUMO TMPOJOKUTH HCCIEAOBATEIbCKUE M OMBITHO-
KOHCTPYKTOpPCKHE pabOThI B CIEAYIOIINUX HAPABICHUSIX:

1. pa3paboTaTh KOHCTPYKTUBHBINA JOKYMEHT ISl JAJIbHEUILIEH peain3aluy;

2. IMPOBCCTHU NCIBITAHUA B IPOU3BOJACTBCHHBIX YCIIOBUSAX.
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