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GEOLOGY

OPTAHU3BAIUA, METOIUKA U PE3YJIbTATBI
UCCJIEJOBAHUN ®UJIbTPAIIMOHHBIX CBOMCTB
MNOKPOBHBIX OTJIOKEHU HA
IKCIHEPUMEHTAJIBHOM YYACTKE UCKYCCTBEHHOI'O
BOCHOJIHEHHAA 3AITACOB ITIOJBEMHBIX BO/{

Kamno. zeon. mun. Hayk, npogheccop 3aesaneii B. A.,
Kynacun B. B.,
Mmazucmp mexuuueckux Hayk Kynvoeesa 3. M.

Pecnybnuxa Kazaxcman, Arimamot, Kazaxckuit Hayuonanvnuiiit Texuuueckuii
yuugepcumem umenu K. U. Camnaesa, kagpedpa I'uopozeonozuu u uniicenepnoii zeonozuu

Abstract. Annotation. The article describes the organization, methodology and results of field
studies on water-physical and filtration properties of alluvial proluvial deposits using modern
diagnostic instruments and laboratory equipment, performed on a unique experimental site in real
conditions of artificial additional supply of groundwater for drinking water supply of the rural
settlement .

Beeoenue

Ha Ttepputopun lOro-Boctounoro Kaszaxcrana A momojgHeHHs 3amacoB IOA3EMHBIX BOJ
MIEPBOTO OT MOBEPXHOCTH 3E€MJIM BOJOHOCHOTO TOPH30HTA INpPH Majold MOIIHOCTH IOKPOBHBIX
CITa0OTIPOHUIIAEMBIX OTJIOXKEHHH HanOosee 3PPeKTUBHB HHPHUIBTPAITMOHHBIE COOPYKEHUSI CUCTEM
MCKYCCTBEHHOTO ITOTIOJHEHUS OTKPBHITOTO THIIA.

JeranpHast XapakTepHUCTHKa BOAHO-(PHU3NYECKHUX, THAPOAMHAMUYECKUX W (QIIBTPAMOHHBIX
CBOMCTB MMOKPOBHBIX OTJIO)KEHHUH U BEPXHUX CJIOEB BOJOBMEINAIONINX MOPOJ BOLOHOCHOTO TOPU30HTA
IOpU HUCCIEIOBAaHUM IIPOLECCOB HCKYCCTBEHHOTO BOCIIOJIHEHMS 3allacOB MOJ3EMHBIX BOJ (naiee
VB3IIB) urpaer o4eHb CyLIECTBEHHYIO U ONPEACIAIOUIYI0 POJb OCOOCHHO MpPU NPOEKTUPOBAHUU
OTKPBITHIX HHQUIBTPALIMOHHBIX COOPY>KEHHU.

B ycnoBusix HOro-Boctounoro Kasaxcrana, rae Her skcrutyatupyemslx cucrem MB3IIB, c
9TOHM LENbI0 Ha MOCTPOCHHON cucTeMe (U3UUECKOW Monenu - MUHM OacceliHa ¢ MH(pacTpyKTypoi
BOJI03a0OPHBIX M KalTaKHBIX COOPYKEHHWH, WMHUTHUPYIOIIMX B MHHHUATIOPE ONTHUMAJBHYIO IS
JaHHoro pernona cucremy MB3IIB, mpoBeneH mosiHBIM KOMIUIEKC MOJNEBBIX HCCIEN0BATEIbCKUX
pabot ¢ npoxoakoit mypdoB 1 0TOOPOM 00pa3IIOB MOPOJI 30HKI AdPAIIHH.

B xauectBe Hambolsiee MPUEMIIEMOTO M AIBTEPHATUBHOTO OOBEKTa HAYYHBIX MCCICAOBAHHUN
nporeccoB MB3IIB u30pan yd4acTok, paclojOXCEHHBIH HA TEPPUTOPHH, MPUIICTAMOIIEH K MOCEIKY
KumuTobe, sBIArOmuiicss MOTEHIMAIBHBIM TIOTPEOMTENEM BOJIBI 3a CYET IMOA3EMHBIX BOJ TIPHU
MCKYCCTBEHHOM BOCTIOJTHEHHH MX 3aI1acoB.

1 Opeanuszayusa yuacmka ucciedoeanuil

Juia mpoBeneHUsT MCCIeAOBaHUN BOAHO-(QHU3MYECKHUX, TUAPOJAWHAMHYECKHX W (DUIBTpaIu-
OHHBIX CBOWCTB IO IIEPUMETPY B yIJlax YCJIOBHOTO KOHBEPTa MPOEKTHPYEMOI0 MHQHIBTPALIOHHOTO
Oacceiina mpoiineHs! 4 mrypda.

B neHTpe sKCHepruMEHTaIbHOTO yyacTka ObLT POHAEH U 000pynoBaH HIypd, UMUTHPYIOIINI
B YMEHBIIEHHOM MaclTabe MPOeKTHPYEMBbIH HH(UIBTPaMOHHBI OacceiiH CyTOYHOTO peryJiu-
pOBaHUs CO CIEIYIOUMMH ITapaMeTpaMu: TIyOuHa 3aj0keHus - 3,0 M ¢ ecTeCTBEeHHBIMH OTKOCAMHU U
pasMepaMH o Bepxy - 2X5M.

2. Memoouka npogedenun IKCNEPUMEHMATbHBIX UCCTE006AHIIL

Hnst monmydeHus: JOCTOBEPHOW XapaKTEPUCTUKH BOAHO-(DM3UYECKUX, BOJHO-XHMMHYECKHX,
THAPOIUHAMUYECKUX U (PMIBTPAIIMOHHBIX CBONCTB MOPO/] 30HBI a3paliy NCCIIEIOBAHUS TPOBOAUIHCH
OTJIENBHO TO KaXIOMy T'€HETHYECKOMY TOPM30HTY MOKPOBHBIX OTJIO)KEHHH Ha BCIO BCKPBITYIO
MoIHOCTh. Ilpn 3TOM mpeaBapuTenbHO OBUT NMPOAHATU3HPOBAHBI BCE CYLIECTBYIOIINE METOJBI,
npuOOpEI U 000PYNOBAHUE, UCTIONIB3YyEMbIE U1 3TUX LEIeH.
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Myp 1 I:l Mypih 2

Munu

Wiyp 3 ‘ Wiypd 4

Puc. 1- Cxema mecmopacnonodxcerus u 00ujutl 810 H0O20MOBIEHHbIX WypPos

B pesynbrare, mus mosydyeHHs HEOOXOAMMBIX INapaMeTpOB, XapaKTePU3YIOUIMX IaHHBIE
CBOICTBA IIpH MIPOBEIEHUH HCCIIENOBaHU, ObLT BEIOpaH yHU(UIIMPOBAHHBIN MOAXOM, IPU KOTOPOM B
KadecTBe 3yM(da HCHoIp30BaHA MeETaJUIMYeckas pama BbIcOTOH 20 cM MpsSMOYTONBHON (GOpMBI C
pasMepaMu, MOBTOPSIOLIMMHU pa3Mephl OTKOCOB IIypda, KoTopas 3aJaBiInBajlach Ha rIyouHy Scm. B
3TOM CJIy4ae UMHUTHPOBAINCH €CTECTBEHHBIE YCIOBHS MIPOCAUYNBAHUA BOJBI A0 MOJIHOIO HACBILIEHHA
HCTBITHIBAEMOM MOLIHOCTU IMOPOJ TOKPOBHBIX OTJIOKEHHH C y4eTOM BceX (PaKTOpOB, TaKHX Kak
pacTtexkaHue HMHOWIBTPALMOHHOTO IOTOKA, 3allEMJICHHBI BO3AyX, TeMIlepaTypa BOZbBI, OIH3KOe
3aJieraHnue YpoBHA I'PYHTOBBIX BOJ U T.J.

[Ipu mpoBexeHUM OMBITHO-MCCIEAOBATENLCKUX paboT METONOM HAaJIHBOB, BO BHYTPEHHEU
pame MoaJepKUBaJICS MOCTOSHHBIA YPOBEHb JI0JIMBA€MOM BOJBI HA OTMETKE 15 cM, T.e. MPaKTHUUYECKU
IIPU OTCYTCTBHUHU BIMSIHUA M3MEHEHUs THAPABIMYECKOro rpajueHTa. McciaenoBaHus MpoBOAUIUCH 10
IOJHOM CcTaOuiIu3allMy pacxoja IOJNMBAaeMOM BOABI B €IMHMIy BpeMeHM, Korzaa (asa IIOJHOro
HACBIILCHUS 10 IOJHOM BJIAaroeMKOCTH MCIBITHIBAEMOHN IOPOJbI 3aMellanach (a3oil OTHOCHTENBHO
ycTaHoBuBIIeiics nHGuMiIbTparmu. Bo Bcex ciydasx ObUI MPUHSAT OJWHAKOBBIM PEXHMM BBIOTHEHHS
U3MEpPEHUI: B TE€UEHUE NEPBBIX O-TH YaCOB C YACOBBIM MHTEPBAJIOM 3aMEpOB, B nepuoj 6- 16 yacos ¢
2-X 9acOBBIM MHTEPBAJIOM 3aMEPOB U B MOCIIEAYIONINX JI0 KOHIIA SKCIIEPUMEHTOB, - 24-4acoB U OoJee
¢ 4-X 4acOBbIM UHTEPBAJIOM U3MEPEHUI.

Hnst onpeneneHusi rpaHyJOMETPHYECKOTO COCTAaBa MEJKO IPABEIMCTBIX M PAa3HO3EPHUCTBIX
MIECUaHbIX TPYHTOB, & TaKKe KPYMHO3EPHUCTON YaCTH IMBUIEBATO-TIIMHUCTBIX TPYHTOB OBUT HCTIONB30BaH
CHTOBOM METOA, a AJIsI ONpelelieHHsl COAepKaHWs B IpyHTE vacTul auamerpoM meHee 0,1 mMm Obun
UCTIONIb30BaH apEOMETPUYECKUH METOZ, OCHOBAHHBIM Ha IOCIIEAOBATENBHOM OIPEACIEHUN IIIOTHOCTH
CYCIEH3UH TPYyHTA Yepe3 OIPeACIEHHbIE IPOMEKYTKH BPEMEHH C TIOMOILIBIO apeoMeTpa.

Onpenenenue Kod(pUIMEHTa (QUIBTPALMU BBINOIHIOCHh METOJOM OTKAaYKH BOJIBI W3
CKBAXXUH Ha 3KCIICPUMCHTAJIBHOM YYacCTKE, AJId 4€ro OBbUIH HCIIOJIb30BAaHbl CKBAYKUHBI pe)I(HMHOﬁ
cetn 3oHaibHOTO I'maporeonoro-menuoparuBHoro nearpa MCX PK - Ne 261 kak meHTpanbHas u
NoNel27, 129, 152, 10 (puc. 2) xak HaOIIOAaTeNbHBIC CKBOKHUHEBI. [locieqnue ObUTH HYXHBI IS
HaOJIONEHUH 32 U3MEHEHHEM YPOBHS BOABI B TOM WM MHOM YJAJCHHUU OT LIEHTPAJIbHON BBIPAOOTKH
IIPU OTKAUKe.

Puc. 2- ®omo yenmpanvuoii u Habarwoamenvrol ckeaxcur NeNe 261,10
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Yem MeHbIne kK03GGUIHUEHT K, TeM OOJBIIEr0 MOHMKEHHUS MOXHO JOCTUTHYTh MIPH HEKOTOPOH
MPOM3BOMTELHOCTH HACOCA. 3aBUCUMOCTb 3Ta BIIOJHE 3aKoHOMepHa. CleIoBaTeNbHO, PEACTaBIIS-
€TCS BO3MOXKHBIM YCTAaHOBUTH BOJONPOHUIIAEMOCTh MMOPOJbI, OMPEACTHB e¢ KOI(h(PUIMEHT
¢unbTpan K MyTeM OMBITHOIO YCTAHOBIICHHS 3aBUCHMOCTH TOHMXKEHHS S BOJABI B THIpOTE-
OJIOTMYECKOH BBIPAOOTKE OT TOTO HJIH MHOTO AeOuTa ( P oTKauke (puc. 3).

IIpu oTkauke BOJBI M3 ICHTPAIBHON BHIPAOOTKH BOKPYT HEE B BOJOHOCHOM TOPH3OHTE
YCTaHABIIMBACTCS ONpECIICHHOS TTOHMKCHUE YPOBHS BOJBI (JI€MPECCHOHHAsl BOPOHKA). B cedeHuu c
BEPTHUKAJILHOW IIOCKOCTHIO 3Ta KPHUBOJHHEHHAs MOBEPXHOCTh JaeT KPHUBYIO, KOTOpas Ha3bIBaeTCs
JICTIPECCUOHHOM KPUBOM, WM KPHBOW JAENPECCHH, M XapaKTEPU3YeTCS IMEePEeMEHHBIM 3HAYCHHEM
TUAPABINYIECKOTO TpaareHTa Jx=dy/dx.

Puc. 3 - Pacuemnas cxema no onpedeneruro kosgpuyuenma pursmpayuu 8
NOJIEBbIX YCOBUAX MEMOOOM OMKAUKU B00bL U3 CKEANCUH

3. Pesynbmamut IKCHEPUMEHMATLHBIX UCCIE008AHUTL

[IpoBeneHHBIE HMHXEHEPHO-TCOJIOTMYECKHE pPa0OThl  TMO3BOJWIMA  OIPEACIUTH  BOJHO-
(u3nyeckue ¥ (UIBTPAIMOHHBIC XaAPAKTCPUCTHKH MOKPOBHBIX OTJIOXKCHUH W BOJIOBMEIIAIOIIUX
MOpPOJ BOJOHOCHOI'O TOPH30HTA M JAaTh MM IMOJIOKHUTEIBHYIO OIEHKY IJIs CO3JaHUs HEOONBIINX
cuctem MUB3IIB (tad:m. 1).

Ha puc. 4 mnpencrarieHa IMOCTpOeHHAs JuarpaMMma JWHAMHKA W3MEHEHHS pacxoia
PO MIETPOBABIIICHCS BOABI B 30HY HEIMOJHOTO HACHIICHHWS W TIyOWHBI TIPOMauyUBaHUS IS
Pa3TUYHBIX CTaINN HACKHIMICHUS BEPXHETO JIMTOJIOTHIECKOTO CIIOSI IOKPOBHEIX cymieceit B mrypde A-1.
WurtepBan uccinenosanuii -100-140 cm. I[Ipoao/mKUTENbHOCTh OMNMBITa COCTaBwia 26 4acoB IPH
[MOJJaHHOM 00BbeMe BoabI 1,147 M Ha BeNMYUHY npomMaurBaHus B 400 MM. Y CTOWUYUBBII pacxoa BOIbI
HacTynui depe3 20 4acoB OT Hayalla OMBITA; OTHOCHUTENBHO CTaOWiIbHas WHOWIBTpanus — depes 6
yacoB. [ImotHocts rpynra— 1,32 r/em® , HadalbHast oOBEMHAs BJIAXHOCTh - 36,7 % oT molyieBoit
BIaroeMkoctd W oObema wiu 0,22; npu mosiHOM HackimeHuu- 73,1% wm 0,44 mpu monHOM
Brnaroemkoctu. [lopucrocts, paBHa 0,6. PasHoCcTh 00yClIOBIICHA HAJTMYUEM 3aIEMJICHHOTO BO3/yXa B
Mopax TpyHTa.

0.14 | | 400 s
012 1%L |CTa MR HaCHILLE HUA / 30 %
8 b 4 = - §
:w 3 - 300 i
) X 3 -’.— Cragua uHGUAbpaL 4 20 2
" 0.08 -//_ |_:| ¥
3 3 00 2
g \ H
8 0% 1m0 B
g * 5
9 004 o w H
g / s S 3

& 002 K] & e
] o= so E

0 0
0 5 10 15 20 25 30
Bpema oT Hayana onbiTa - Yac
= [ny6uHa = &= Pacxog Bogapl,
NPOMAHHBAHMR, MM NOCTYNUBLIKIA
8n04By, M3/4ac

Puc. 4 - JJunamuxa usmenenust pacxooa npopuibmposasuieiicss 600bl 8 30Hy HeNOIHO20 HACHIUeHUs U
27yOUHbL RPOMAYUBAHUSL ]IS PA3IUYHBIX CINAOUL HACKIWEHUsL NOKPOBHBIX cynecell 8 uypge A-1
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Crnenyromuii  JTUTOJOTMYECKUA CJIOM MOKPOBHBIX OTJIOKEHUH 30HBI  aj’paluu  Ha
skcniepuMeHTansHOM ydactke WMB3IIB, wuccnemoBanust koTtoporo mpoBeneHsl B mypde b-2,
IPEICTaBIICH JIETKMMH CYTJIMHKaMH, CEpOTo [BETa, CPEIHEH IIOTHOCTH ciioxeHus (puc. 5). HrepBan
uccrnenoanuit -140 - 200 cm. [IpomomKHUTETHHOCTh OMBITA COCTaBWiIa 60 YacoB IMPH IOJaHHOM
o6beme Boabl 1,240 m° Ha Benmuuny npomaunBanus B 600 MM. YCTOMUMBBIA PacXo/ BOJBI HACTYIIHIT
yepe3 40 4acoB OT Hayaia OMNbITA; OTHOCUTENILHO CTaOWiIbHas WHPHUIbTpanus — 4epe3 16 4acos.
[InotHOCTH rpyHTa — 1,29 r/cM®, HauanbHas OGBEMHas BIAXKHOCTH Cymeceil - 32,5 % OT IoJeBoil
BlIaroeMkoctd u obobema wm 0,23; npu monaHOM Haceimernu - 80,87% wmm 0,57 mpu mOIHOM
BIaroeMkoctH, llopucrocts.otnoxennii pasHa 0,7. CpeqHeB3BEUICHHBIN pacYeTHBI KO3 (GUIIHEHT
¢unprparnum coctaBuin 0,3M/CyTKH.
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Puc. 5- Jlunamuxa uzmenenus pacxooa npoghuibmposaguieiics 600l 8 301y HENOIHO20 HACLIYEHUS U
2NyOUHbL RPOMAYUBAHUS OJIS PA3IUYHBIX CIMAOULL HACKIWEHUsL CY2TUHKO8 6 ulypge B-2,
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Puc. 6 - Juuamuxa usmenenust pacxooa npopunvmposasuieiicss 600bl 8 30Hy HeNOIHO20 HACHIUeHUS U
2NYOUHBL NPOMAYUBANUS 0151 PA3TUYHBIX CMAOUll Hacbiwenus cynecetl 6 wypge B-3

B mypde B-3 nposeneHsl ucciaenoBaHusi BOAHO-(GU3NYECKUX M (UILTPALMOHHBIX CBOWCTB
MIOKPOBHBIX OTJIOXKECHUI, NPEICTABICHHBIX CBETIIO-CEPOM, TOHKOIECUAHOM, CIIOJUCTOU CYNECHI B
untepBaie 230-300cm. OnbIT MPOJO/DKAICS B TEUCHHUE 85 YacoB MPU MOJAHHOM O0BEME BOIbI
1,384 M Ha BenuunHy mpoMaunBanusg B 700 MM. Y CTOMUYMBEIN TIEPEX0] OT MOTHOTO HACHIIICHUS IO
WHOUIBTpAMA HACTYNHWJ dYepe3 75 dYacoB OT HaJajla OIBITa, OTHOCHUTEIBHO CTa0MIbHAS
nHUIbTpanusg — yepe3 § gacoB. [motHOCTh rpyHTa — 1,39 T/cM3 |, HavanpHas 00BEMHAS BIAXHOCTH -
36,7 % ot moJyeBot BIaroeMKocTH U o0bema wim 0,22; pu moTHOM HackImeHuu - 91,38% wmm 0,55,
Ilopuctocts rpyHTa paBHa 0,60. CpemHeB3BEeUmIEHHBIN pacyeTHBI KO3(QGHUIMEHT (QUIbTparuu
cocraBui 0,56 M/cyTKu.

UYerBepThlii IUTOJOTHMYECKUH CIIOM B pa3pe3e 30HBI HEIMOJNHOTO HACBHIIICHHWS Ha
skcriepuMeHTanbHoM yuactke MB3IIB, npencraBieHHBIH MENKO3EPHHUCTBIM MECKOM CEPOro IIBETa,
cmroaucteiM onpoboBad B mypde -4 B unTepBane 310-420cm (puc. 7), ¢ ormetku 390 cm
BOJIOHOCHBIN. [IpoMOIKHUTENBHOCTh OMNBITA COCTaBWIA 95 4YacOB MpH TMOJAHHOM OOBEME BOJBI
0,971 M®. YcToitumBbIi pacxos BOIBI HACTYMHI depe3 82 daca OT HAYada OINBITA; OTHOCHTEIBHO
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craGunpHas WHGUIBTpAIMs — depe3 8 uyacoB. IImoTHOCTH TpyHTa — 1,34 r/cM® | M3HAYanmbHAS
o0BeMHasT BIAXHOCTh - 56,7 % oT moneBoil Bmaroemkoctd W obwvema winu 0,31 ; mpu mosHOM
HaceimeHnn- 52,1% wmm  0,53. Ilopuctocts paBHa 0,55. CpeaHEB3BEIICHHBIH pacyYeTHBIN
KOA(PUIMEHT (PUIBTPAMKA COCTaBUI 2,8 M/CYTKM HA Hayallo MCCIENOBaHWN W 3,4 M/CyTKH IIpH
MOJTHOM HaCBIIICHHU.
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Puc. 7 - JJunamuxa usmenenus pacxooa npoduibmposasuieticsi 600bl 8 30H) HENOJIHO20
HACHIUWEHUS U NPOMAYUBAHUSL OISl PA3TUYHBIX CIAOUL HACLIYEHUsL METKO3EPHUCTO20
cyenuHucmozo necka 6 wiypge I'-4

Ocnognble 6v1600b1:

- y4YaCTOK OKCHEPHMEHTAIIBHBIX HCCIEIOBAaHUNA CII0)KEH HEOAHOPOAHBIMHM IO IUIOIIATU
PacIpoCTpaHeHHsI U MO JIMTOJIOTHYECKOMY COCTaBy, MAJIOMOIIHBIMU c1a00 U BOZOHETIPOHHLIAEMBIMHU
MOKPOBHBIMHU OTJIOXEHHUAMH, CPEIHEH INIOTHOCTH CIIOKEHMSL.

- BEpPXHHUM JHMTOJOTHYECKUM CIIOEM TIOKPOBHBIX OTJIOXKEHHHA 30HBI adpallMd Ha
akcriepuMeHTanbHOM yuacTke IB3IIB siBisiercs cBeTiIo-cepast, TOHKOIECUaHas CyIech;

- CHEIyIOIIMH JIMUTOJIOTMYECKHH CIOH IOKPOBHBIX OTJOXEHMH 30HBI a’paldud Ha
skcnepuMenTanbHoM ydyactke MB3IIB, wuccnemoBanusi xotoporo mnpoBelneHsl B Imypde b-2,
MIPEJCTABIIEH JIETKUMH CYTJIMHKaMHM, CEPOTO LIBETA, CPEAHEN TUIOTHOCTH CIOXKEHMUSL.

- B mypde B-3 npoBeneHsl uccnenoBaHus BOAHO-(PU3NYECKUX U QUIBTPAIIMOHHBIX CBOHCTB
MIOKPOBHBIX OTJIOXKECHUI, NMPEACTABICHHBIX CBETJIO-CEPOM, TOHKOIECUAHOM, CIIOJUCTOU CYNECHI) B
unrepsaie 230-300cm.

- MEJIKO3EPHHUCTHIHN MECOK CepoTo IBETA, CIIOJUCTHIN onpoOoBaH B mypde ['-4 B uHTEpBaIe
310-420cMm, ¢ orMeTkH 390 ¢M BOTOHOCHBIH.

Jiia oneHKkM AWHAMUKK TIporiecca WH(HUIBTpAIMN 4Yepe3 30HYy HETOJHOTO HACBHIIEHHS [0
YpPOBHEH IPyHTOBBIX B MUHU-0AcCceiHe Ha IKCIIEPUMEHTAIIFHOM yJacTKe ObUTH MOTyYeHBI CIIETYIOIIne
apaMeTpsbl:

- HMCXOJHBIH MpoHiIs 00BEMHOM BIIAXKHOCTH (TIEpe]T 3aTOIJICHHEM Oaccelina);

- 3HAu€HME BBICOTHI CTOI0A BOABI B OacceifHe HaJl ero IHOM U €r0 U3MEHEHHE BO BPEMEHH;

- 3HaueHHWe oduiero oObemMa BOJbI, MOAAHHONW HAa MHQHUILTPALUIO W BpeMs UHPUIBTPALUU
(oT Havaa U 10 3aBEpLICHUS);

- TayOMHY IPOMa4yMBaHUS 10 3aBEPILCHUIO OTIBITA;

- npoduias 0OBEMHONM BIAKHOCTH O 3aBEPIICHUIO OIBITA M MPOMEXKYTOUHBIE TI0 BPEMEHH
npoduis 0ObEMHOM BIaYKHOCTH.

[IpoBeneHHbIe HATYPHBIC UCCIEIOBaHUS (PU3NKO-MEXaHUYECKUX CBOWCTB MOBEPXHOCTHBIX BOJ
IOro-Boctouynoro Kasaxcrana uMeroT mpukiIagHOe 3HaYeHHE Ui MPUHATHS MPOEKTHBIX PELIeHUH O
BO3MOKHOCTH WX HCIIOJIb30BaHUS B KauecTBE JOCTOBEPHBIX IOKa3aTelel, B NMPSMOW 3aBHCHUMOCTH
BIIHMSIIOIINX Ha (POPMUPOBAHUE MPOIECCOB KOJIbMATAIIHU.
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NCHOJb30BAHUE HACAJIOK ITIEP®OPATOPOB JJI5A
I'MAPOIIECKOCTPYUHOI'O BCKPBITUA IIJIACTA

Kapumos A. K.,

K.m.H., ooy. Xaarucmamos U. X.,
K.m.H., ooy. Azzamoes IIILK.,
Azzamos K. I11.

Y3oexucman, Tawxenm, TawikenmcKuii 20Cyo0apcmeeH bl MeXHUYecKui
yHueepcumem umenu Aoy Paiixana bepynu

Abstract. The filtrational resistance defining inflow of liquid to a well in big degree depend on
nature of opening of productive layer perforation. Therefore application of perfect ways of perforation
of the wells allowing to receive deep penetration into layer is given paramount value. Layer opening
in character shares on two big stages: opening and drilling of breed when drilling a well (i.e.
technology of opening) and establishment of hydrodynamic communication of layer with a well after
descent of a column (i.e. technology of opening). Layers can be presented by the following groups:

a) the layers which are characterized by abnormally high pressures, high oil-and-gas
saturation and spouting at their opening and development;

b) layers with abnormally low and normal hydrostatic reservoir pressure;

c) layers with a fracture collector.

For the first group of layers special value has reliable arrangement of the mouth of the well
providing accident-free conducting works. For the second and trey groups of wells it is important to
create the conditions favorable for inflow of oil and gas in a well. To create such conditions, it is
necessary to choose first of all correctly flushing solution and a method of opening of object as
perforation. For high-quality opening of layer flushing solution gets out such to lower a water
infiltration from clay solution on porous Wednesday of breed, to prevent absorption it a collector, and
to reduce an adverse effect of a filtrate. In fracture collectors of all types bullet and cumulative
perforation are unacceptable. The technology and technology of opening of layer are chosen in
relation to the geological and physical characteristic of productive layers and reservoir liquids.
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Authors of work developed, made and investigated a design of a konoidal nozzle for the
hydrosanding puncher [3,4].

Hydrosandblasting is carried out by means of special devices — the hydraulic perforators allowing
to direct sand-liquid mixes to a barrier through nozzles from special an abrasive of steady materials. In
practice three standard sizes of nozzles with an internal diameter of 3 are issued; 4.5 and 6 mm.

Keywords: layer opening methods, perforation, designs of nozzles of punchers, choice and
justification of a design of a nozzle.

M3BecTHO, YTO B COPOKOBEIX TO/IaX IyJieBoe meppopUpoBaHre CKBKHUH OBLTO 3a-MEHEHO Ooee
COBEpIIIEHHBIM METOIOM — KyMyJSITHBHOW miepdoparmeii, a 3arem B 1960 r. BHUMHedrerasom Obit
UCIIBITaH U PEKOMEHI0BaH THIPOIECKOCTPYHHBIN METO/I BCKPBITHS MPOIYKTUBHBIX MI1actoB [1, 2,6].

I'moponunaMuyeckast cBA3b IUIACTa CO CKBAXXMHOM C 3aKPBITBIM 3a00€M OCYLIECTB-JISETCS
nepdopanreil win ToprnerupoBaHueM. B Hacrosiee BpeMsi Ha IMOMCKOBO-Pa3BEOYHBIX CKBa)KUHAX
NPUMEHSAETCS] B OCHOBHOM KyMyJIATHBHas nepgopanus. B HOPOBBIX KOJIEKTOpPAaxX C JOCTaTOYHO
XOpOILIEH N3y4eHHOCTHIO TUIACTa 1esieco00pa-3HO MPOBOANTS MyJIEBYIO WIIM TOPIEIHYI0 ephopanuio.
Ecnu npu TaMnoHaKHBIX padoTax MIaCTUYEeCKUE CBOMCTBA LIEMEHTA HE YJIy4YIIeHbl COOTBETCTBYIOIEH
n00aB-KOH, TO MpH MyJIeBOH U TOpHeaHOH mepdopalyy B LEMEHTHOM KaMHE TOSIBIISIOTCS TPELIUHBL,
OTKPBIBAIOIINE CBOOOAHBIA JOCTYH LMPKYJSIIMM MOCTOPOHHUX BOJ M NPO-pbIBa rasza B 3aTpyOHOE
OpOCTPaHCTBO. [/ IOMCKOBBIX CKBaKMH, B KOTOPHIX pa3pe3 He M3Y4eH, PEKOMEHIYETCS KyMyJs-
TUBHas nepdopanus, KoTopas o CPaBHEHHIO C MyJIEBOH MPeAOXPaHseT dKCIUTyaTalluoOHHbIH 3a00H OT
noBpexxaeHus. [leppopanuss MOKeT TPOBOAUTHCS OAWHOYHBIMU BBICTpENIaMH U 3ajllaMH. 3ajroBast
nepdopaurs NPUBOIUT K Pa3pyLICHUIO KOJIbLAa M PACTPECKMBAHUIO IEMEHTHOTO KamHs. [losToMy
pexoMenyercsi epopHUpOBaTh KOJOHHY OTACIBHBIMH BBICTPEIaMH. JTO HECKOJBKO JIOJbINE, HO
Oe3oIacHei 11 meMeHTHOro KoJbna [ 2,3,4 1.

Cormacuo [2], 1 meTp mmacta BCkphIToro monotoMm Nel2, mmeer moBepxHocTh B 1500 pas
Oosblie, 4eM cyMMapHasi IOBEPXHOCTD ITyJIEBbIX KaHAJOB IPU IUIOTHOCTU nepdopanun 10 orBepcTHii
Ha | MeTp MOIIHOCTH TOPU30HTA. BepoATHOCTH BCKPBHIT-UsSI TPEIIMH HHU3KA, IO3TOMY B TPELIMHHBIX
KOJUIEKTOpaX pEeKOMEHIyeTcsl IieneBast nepdopauusi, KOTopas MOXET ObITb JOCTHTHYTa
THAPOIIECKOCTPYHHBIM criocoboM. I'maporeckocTpyitHas nmepdoparmus riay0xe BCKphIBAeT U O0HaXKaeT
3HAYUTEJIHYI0 TIOBEPXHOCTb €ro (MIbTpAlMi, a CIeI0BAaTENbHO, YBENUYHBACT dP(GEKTUBHBIA paj-
UYC CKBa)KUHBI.

I'uaponeckocTpyiiHblil METO SBIIsIETCS BHICOKO3()()EKTUBHBIM CPEICTBOM COOOIIEHUS CTBOJIA
CKBRXMHBl C TIPOJYKTUBHBIM IUIAaCTOM M WHTEHCH(UKAUK JPYyrUX CHo-co0oB 00paboTKu
npu3aboitHoil 30HBI. Boicokas > ¢eKTHBHOCTH mpolecca, MPOCTO-Ta OCYIISCTBICHUS €ro Ha
NPaKTUKE, JAOCTYMHOCTh TEXHUYECKUX CPEACTB M Hele(pH-IUTHOCTh TPUMEHSEMBIX MAaTepHaNOB,
CIOCOOCTBOBAIM  CPaBHHUTENILHO OBICTPOMY M LIMPOKOMY BHEIPEHUIO METOoJa B MPAKTUKY
HedTera3o100bIBaIOIIeH MPOMBIIIUIEHHO-CTH Pa3BUTHIX CTPaH.

Ot npyrux BUIOB nephopaiyy THAPONIECKOCTPYHHAS OTIHYACTCS CIISTYFOIIM:

a) B KaHajlax HE IMPOUCXOJHUT YIUIOTHEHUS IMOPOJLI U HE H3MEHSIOTCS €€ eCTeCTBEHHBIC
(hu3nyeckue CBOICTBA;

0) B 00cagHOM KOJIOHHE HE 00pa3yIoTCs TPEIMHBI, IEMEHTHBII KaMeHb HE pacTPECKUBACTCS;

B) I03BOJISIET [IPOBECTH LIEJIEBYIO Nephopanuio.

HecomHEeHHO, B IOMCKOBO-Pa3BEAOYHBIX CKBAXKHHAX CIEAYCT PEKOMEHIOBaTh T'MIpOIIE-
CKOCTpYiHYI0 nepdoparuro.

[Ipu ruapomecKoCTpyHHOM METO/AE CO3JaHHEe KaHaloB B OOCAAHOW KOJIOHHE, LEMEHTHOM
KaMHE M TIOpOJEe IUIacTa OCYIIECTBISIETCS 3a CUYET HCHOJIb30BaHUs abpa3-WBHOIO W MOHHUTOPHOTO
3¢ ($EeKTOB BHICOKOHAIOPHBIX MECYAHO-KUIKOCTHBIX CTpYH. CTpyH BBUIETAIOT C OONBLION CKOPOCTHIO
U3 a0pasMBOCTOWKHMX TBEPAOCIUIABHBIX HA-CaJIOK CHEHUAIBHOIO TJIIYOMHHOTO YCTpPOHCTBa—
ecKoCTpy#HOro nepdoparopa [2].

OCHOBHOI CYIIHOCTBIO TIpOIlecca SIBISIETCS TO, YTO - OCHOBHBIM DPa0OYMM y3JIOM TIpU
THAPONECKOCTPYHHOM TIpoIiecce sIBIsieTCS Hacaka rnepgoparopa, GopMHUpyomas adpasuBHYyO CTPYIO.

CyliecTByomue KOHCTPYKIIMU HACaZ0K YYUTHIBAIM TEXHHYECKYIO OCHAIIEHHOCTh HedTe— U
ra3of00bIBAOIUX MPEANPUATHH — HACOCHBIE arperarsl, IUaMeTpbl 00Caa-HbIX KOJOHH M HACOCHO-
KOMIIPECCOPHBIX TPyO, MX IIPOYHOCTHBIC XapaKTEPUCTUKH, a TAKKE BO3MOXKHOCTb HX MAacCOBOTO
M3TOTOBJICHUS U3 a0Pa3sMBOCTOMKOIO MaTepuania.

B [2,4] Obun wccrieoBaHBl pa3lMyuHBIC THIIOPAa3MEpPbl HACAIOK, OHH COJACPXKAIH 1O TPU
JUMETpa MPOTOYHOM 4YacTH, HACAAKH SJUIUNTHYECKHE, KOHOMJAIbHBIE M KOHHYECKHE ObUIN
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nuameTpom d; = 3.0; 4.5 u 6.0 MM; Hacagku koHycHbIe - 0;=3.2; 4.3 u 5.2 mm. JaHHBIC TUTIOpa3MEpbI
HACaJIOK OTIIHYAIHCH JITMHOW IMIIMHAPU-IECKOTO BXOHOTO y4acTka L (mpoTovHOI yacT).

Ha puc. 1 mpencraBneHsl 4 Tma pa3iudHBIX MPOQHIS BXOAHOH YaCTH — AIUTUITHYECKUH,
KOHOWJANIGHBIA, KOHWYECKHMH W KOHYCHBIA. llpeacraBneHHBIE THUIOpa3Mepbl XapaKTEepH30BaJVCh
cnenyromumu 3HadyeHusmu: D, = 14.0; 11.0; 15.0 u 20.0 MM COOTBETCTBEHHO, JJIMHA MPOTOYHOM
yactu coctaBiistia Ly = 3.0; 20.0; 12.0 u 8.2 MM cOOTBeTCTBEHHO, npu oduiei amune L = 14.5; 27.0;
30.0 u 20 MM COOTBETCTBEHHO, JUIMHA NPOTOYHOM dYacTh L; JIIMNTHYECKUX, KOHOUJAIBHBIX U
KOHHUYECKHUX HACA0K M3MEHSIACH MPOMOPIHOHAIBLHO COTHOMICHHUIM e€ K quamerpy d ; U cocTaBIsiia
0.5; 2.0 u 3.3 d 1, Konycusle Hacamaku umenu oTHomenue Ly /d ; pasasivu 1.5 n 1.6.

3amauamMu UCCIIeTIOBAaHUH HACAIOK MPOBEACHHBIX B [2] OBLIO:

a) N3y4eHUE THAPABINICCKUX XaPAKTEPUCTHK;

0) m3ydeHue IpoOMBHOM CIIOCOOHOCTH CTPYH;

B) OIICHKA M3HOCOCTOHKOCTH.

OCHOBHBIM KpUTEpHEM OIEeHKH 3(P(EeKTUBHOCTH PabOTHI HACAAKU THUAPOIECKOCTPYHHOTO
nepdoparopa sBisercs e€ nMpoOMBHAS CIOCOOHOCTh — TTyOWMHA KaHaia, BeIpabaThiBaeMas CTPYEH B
nperpage TpU  3aJaHHBIX TEXHOJOTMYECKHX MapaMeTpax mporecca. HMccenenoBanusamu [2,4]
YCTaHOBJICHO, YTO M3HOC HACAJOK 3aBUCUT OT MaTepuaia, U3 KOTOPOTO M3rOTOBJIEHA HAacaluka, OT
(hopMBI 1 €€ KOHCTPYKTHUBHBIX pa3mMepoB. CyIecTBYIOIIME KOHCTPYKIIMH HACAJI0K U3TOTOBIISIIUCH U3
KapOu0 — BOJIb(PPaMOBBIX CIIABOB, KEPAMHUKH U KaJEHBIX HHCTPYMEHTAIBHBIX CTaJICH.

[To mpoOMBHOW CMOCOOHOCTH HACAAKU Pa3dMYHBIX (QOPM OTIUYAIOTCS MEXIY COOOM
He3HAUYMTENbHO. [l03TOMY Ha MpakTHKE palUOHAILHYH (OpMY HACaIKA TOJBKO JIMIIL 1O €€
npoOMBHON CIIOCOOHOCTH OLEHHUTH, OYEBHIHO, HENb3A. TakuM 00pa3oM, MPH OLEHKE ONTHMAaJIbHOM
(hopmBI Hacamkym HEOOXOIMMO VYHTHIBATH €€ THIPABIMYECKYIO XapaKTePUCTUKY, TOJITOBEYHOCTH,
MPOCTOTY H3TOTOBJICHUS, BHI PabOT W KOHCTPYKTHBHBIE OCOOCHHOCTH YCTPOWMCTBA, B KOTOPOM
MOHTHPYETCS] HacaaKa.

ABTOpamu paboThl pazpaboTaHa, M3TOTOBIEHA M HCCIIEN0BaHAa KOHCTPYKIWS KOHOWIAITBHOM
HacaIKd IS THIPOIECKOCTpyitHOro nmepdoparopa [ 5 ]. OmeiTHBIE HccaemoBanus Ha ckB. Nel, mm.
Xomxkamyobapek YIII «MyOapekHedreras» mMmoka3ad €€ XOpOIIyl0 H3HOCOCTOMKOCTh. Cremyer
OTMETUTh, YTO ONBITHBIE OOpa3lbl HACAaAOK OBUIM HW3TOTOBJIEHH W3 PA3IMYHBIX MAaTEpPHAaJIOB,
MOCKOJIbKY MCCIICIOBAHUSAMU PA3IMYHBIX aBTOPOB [2 - 4] ObLTO MOKA3aHO, YTO M3HOC HACATOK 3aBUCHUT
OT MaTepuaa, U3 KOTOPOro U3roTOBJIICHA HACA/IKA, OT €€ ()OPMBI U KOHCTPYKTUBHBIX Pa3MEPOB.

B Hamem ciiydae BIOJHE YJIOBJIETBOPUTEIIEHYIO a0pa3MBOCTOMKOCTH ITOKa3alll HACAJKH,
M3TOTOBJICHHBIE U3 CIUIABOB KapOuia BoJb(pama.

B pabote [2], ObUIO MOKa3aHO, YTO KOPOTKHE HACAJKU HM3HALIMBAIOTCS B MPOTOYHON YaCTH
ropasmo ObIcTpee, YeM JJIMHHBIC, T.e. Tpu oTHomeHud L, / d ; paBuom 0.5, nuamerp Hacajku Ha
BeIXOZle yBenmmumBancs Ha 0.7 MM, a mHacagka ¢ Li/d ; paBHom 3.3, mpum Ooyee IKECTKHX
TEXHOJIOTHYECKUX TIapaMeTpax paboThl U MpOoKadke OONBIINX 00BEMOB MECYAHO-KUAKOCTHOW CMECH
3a 5 9acoB HEMPEPHIBHBIX UCIIBITAHUI HE M3MEHUIIA CBOCTO TUAaMETpPa Ha BEIXOJIE.

Taxkum oOpa3oM, MOKHO YTBEPKIaTh, UYTO HEPAaBHOMEPHOCTh M3HOCA HACAJOK IO WX JJINHE
CBHJICTEILCTBYET O TOM, UTO CTPYKTypa ABYX(}Aa3HOTO MOTOKA MO JIMHE HACAIAKH H3MEHSETCS IPH
(hopMHpOBaHUM CTPYH BO BXOJHOW YaCTH HACAIKH, T.€. TBepAas (aza KOHIEHTPUPYETCS 10 HEHTPY
CTPYH, 8 Y CTEHOK HaCaJIKH JBMXKETCS CIIOH KHUIKOCTH Oe3 TecKa.

Ha puc.2 mnpuBeneHa sKcliepUMEHTalIbHAsT 3aBUCUMOCTh Kod(pQuIimeHTa pacxoma | OT
nuaMeTpa Hacagok O; AHanW3 NPHUBEICHHBIX 3aBUCHMOCTEH TMOKAa3bIBACT, YTO C YBEIHUYCHHEM
JaMerpa Hacaluku koddduuueHT pacxona Bo3pacraeT. Tak, eciu Juist Hacagok auamerpoM 3.0 M
BelMuMHa Kod(uIenTa pacxoaa s kpuBoil 1 — coct-aBisier 0.87, To /Ui HAacaaKu ITUAMETPOM
4.5vM ona Obua 0.88, a mnst Hacamok nuamerpom 6.0 MM cocraBisier yxe 0.9, mis kpuBoit 2 —
cootBeTBTBeHHO 0.84, 0.86 1 0.88, a mns xpusoit 3 — 0.89, 0.9 u 0.91 coorBercTBeHHO. [lomydeHHbIE
HaMH 3KCIIepUMEHTaIbHbIE TaHHbIe ( puc. 2, KpUBas 1) JOCTaTOYHO XOPOILIO COTIACYIOTCS C JAHHBIMH
npuBeCHHBIME B pabore [ 2 ].

B nacrosimee Bpems B Taml TY HallakeHO ONBITHOE NPOU3BOACTBO HACAOK C KOHOMIAJIbHBIM
Bx0JIoM ( puc.l), IMEIOTCS B HAIMYHAU JOCTATOYHOE KOJIMYECTBO HACAIOK YKa3aHHOW KOHCTPYKITHH
(puc.3) mns UCIIONB30BaHUS B MPOMBICIIOBBIX YCIOBHUSAX. Y CIOBHS U TPEeOOBaHUS 10 MCIIOIH30BAHUIO
HaCaJ0K JIJIsl THIPOIIECKOCTPYHHBIX Tep(opaTopoB MPUBEICHBI B [ 6 |.
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Puc. 1. Tunopasmepwvi skcnepumenmanvibix Hacadox neppopamopa [2]:
a — C JIIUNMUYECKUM 8X000M, O — C KOHOUOANbHBIM 8X000M,
6 - ¢ KOHUYECKUM 6X000M; 2 — C KOHYCHbIM 6X000M

BriBoabI.

l'unponeckocTpyiiHasi 00pabOTKa OCYHIECTBISIETCS C MOMOIIBIO CIIEMHUANBHBIX YCTPOUCTB —
TUAPOIIEPPOPATOPOB, TO3BOJISIOMINX HAIPABIATH MECUYaHO-KUAKOCTHBIE CMECH B Tperpamy depes
HACaJlKl W3 CIIEUANBHBIX a0pa3WBOYCTOMYMBHIX MaTepuanoB. Ha mpakTuke BBITYCKalOTCS TpH
TUIIOPa3Mepa HACAOK C BHYTPEHHUM JuameTpoM 3; 4.5 u 6 Mm.

Hacagku nuamerpom 3 MM HCHONB3YIOT AJIS BBIPE3KH NPUXBAYCHHBIX TPYO B 0OCaTHBIX
CKBa)XKMHAX, a TAKKE B CIy4asiX, KOrAa IIyOrHa pe3aHusl JOKHa ObITh MUHUMATBHOM.

n
1.0

0.9 = —

0.8

1.0

0.9 m—

0.8

1.0

0.9

0.8

2 3 4 5 6 d,

Puc.2. 3asucumocmo ko3puyuenma pacxooa Hacadok suoponecKkoCmpyiHo2o
nepgopamopa om ouamempa omeepcmust d ;.
1 — nacaoka c xonoudanvuwvim 6xo0om, 2 - KOHuweckas nacaoka [2];
3 — onnunmuueckas nacaoxa [2].
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Puc. 3. Cxema kopnyca nacaoku ¢ meepooCcniasHol 8UHMosol 6cmaskoul [5].
| - obvrunas cmanw; Il - 6unmosasn ecmaska u3 abpazugoOCMoUK020 Mamepuaid.

Hacagku nuametpom 4.5 MM NpUMEHSIOT AJs nepdopaury CKBaKHWH, a TaKXe HpPU APYTHX
BUAax 00pabOTKH, KOTJa MPOLecC OrPaHUYMBACTCS TEMIIOM MTPOKAYKH YKUIKOCTH.

Hacangku nuamerpoMm 6 MM NPUMEHSIOT IpH 00paboTKax, OrpaHUuYEHHBIX JaBJICHHEM, a TAKKe
BO BCEX CIydyasX, KOrja TITyOMHa BCKPBITHA [OJDKHA OBITh MaKCHUMajbHOH, T.e. pa3BelOYHBIC
CKBa)XMHBI, THULIUMPOBAHUE TPELIUH T'MIPABIMYECKOrO pa3phlBa U T.II.

IIpu rupponeckoCTpyHOM BCKPBITHH HECKOJIBKUX MAJIOMOIIHBIX ILIACTOB, OTCTOSLIUX IPYT
OT JIpyra Ha OOJIBIIOM PAaCCTOSHHM, & TAKKE IJIACTOB OOJNBLION MOITHOCTH U C aHOMAaJbHO BBHICOKHUM
IUIACTOBBIM JIaBJIEHUEM, 11€JI€CO00pa3HO IPUMEHATH OJIOK TUAPONECKOCTPYHHBIX Ep(HOPaTOpOB.

MOoHOIUTHBIE, OJHOPOAHBIE IO MPOHULIAEMOCTH NPOAYKTHUBHBIE IUIACTBI BCKPBIBAKOT
TOYEYHBIMH KaHaaMH. [IoTHOCTH mepdopaniu Npu 3TOM COCTaBIsieT 2—4 OTBEPCTHS HAa MOTOHHBIN
METpP BCKPBIBAEMOW MOIIIHOCTH.

[InoTHbIE, abpa3uBOCTONKHE CIA0ONMPOHUIIAEMBIE U YCTOMYMBBIE KOJUIEKTOPHI (IECYAHUK,
U3BECTHSK, 10JIOMUT) 3 PEeKTHBHEE BCKPHIBATh BEPTUKAIBHBIMU ILEIISIMH.
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Kkageopa «I eonozusn u negpmezazoeoe oeno»

Abstract. In this article "Regularities of Placement Neftegazonosnosnykh of the Areas of
Southern Torgaysky Qil-and-gas Area" the geological structure and regularities of placement the
neftegazonosnosnykh of the areas of Torgaysky oil-and-gas area are considered.

Key words: decantation basin, oil-and-gas complex, oil field and gas, struturny element,
deflection, hollow.

I'eonoro-ctpykrypusle ocoberHHoctu HOxHo-Topraiickoil BHAAWHBL, KOHTPOJIUPYIOIIHE
pacnpezeneHie ra3oHe(TAHBIX 3aJie)Kel MO IUIOMAIN W CTpaTHrpapuyecKoMy paspesy, MO3BOJISIOT
BBIJCNIUTh Ha 3TOM TeppuTOpUH HE(TETa30HOCHBIE KOMIUIEKCHI, CBSI3aHHBIE C IOPCKO-MEIOBBIMHU
OTJIOKEHHUSIM OCaJOYHOr0 YeXJia ¥ HOPOoAaMu (pyHAaMEeHTa.

ITo mamaeiM BomameBckoro 3.C., B coctaBe Topraiickoii HedrerazoHocHOW 00gacTH
BeIZIeNIeHbl  [lenTpansHo-Topralickuii TMepCIeKTHBHBIA HEe(PTEra30HOCHBIA paloH, BKIIOYAIOITHI
JKunaHIIMKCKY10 MEepCIeKTHBHYIO HeTera3oHOCHy0 30Hy U FOxkHo-Topraiickuii HedTera3oHOCHBIN
paiioH, BKIIOYAIOIINN ApPBICKYMCKYI0, AKcaiicKylo, Amucaiickyio HedrerazoHoCHbIe 30HbI 1 Tabak-
Bynakckylo mepcreKTHBHYIO He(hTera3oHOCHY0 30HY [1].

IOxHo-Topraiickuii HeTera30HOCHBIN pPaioH MPEACTaBIIACT CO00M HAMOOJIBIIHIA TTOUCKOBBIN
UHTEpEC, IOCKOJIbKY SBISETCS TOM dacThio Topraiickoit Hedrera3oHOCHOW o001acTH, KOTOpas
XapaxkTepu3yeTcs Hanboyiee BHICOKOH CTENEHBIO T'e0JIoro-Teopu3nIecKoil M3yUYEeHHOCTH U COACPIKUT
MIPOMBILIUIEHHBIE CKOIUIEHHUS YIJIEBOJOPOAOB B TOJINE ME3030MCKMX M YaCTHYHO Male030MCKUX
00pazoBaHUM.

I'eorpadudeckn maHHBIN pailoH 3aHUMAaeT I0T0-BOCTOYHYIO TIOJIOBHHY Topraiickoro mporuoa.
I'eonormueckumu tpannmamu  FOxuo-Topraiickoro HI'P cmykar: Ha BOCTOKE H IOTO-BOCTOKE
COOTBETCTBEHHO 3allafHbIE OKPAaWHBI YIIBITAYCKOTO METAaHTHKIMHOPHA ¥ TOPHO-CKJIaadarbie
coopyxkenuss bompmoro Kaparay; Ha 3amagze W  oro-zamage - BOCTOYHOE IIOTPYXKEHHUE
HixkHechlpAapbUHCKOTO CBOJA, Ha CEBEpe - YCJIOBHOM TrpaHuned sBisercss MpIHOymakckas
ceIoBUHA, Ha 1ore FOxkHo-AKcaiickuii ceox [1].

B nawane 80-x rogoB XX Beka TeppUTOpUSl JaHHOTO HE(TEra3oHOCHOro paiioHa ObuIa
BbIIEJIEHA B KauyeCTBE CaMOCTOSITENIbHOW TeOoCTpyKTypHOH eaumHuiel - FOxHO-Topraiickoit
(Apsickymckoit) Bnagunsl FOxxHo-Topraiickoro ocago4noro 6acceifna o J0MeaoBbIM 00pa30BaHUsM.
AHanu3 HUMEIOLINXCS TeoJoro-reopu3nYeckux MaTephajioB yKa3plBaeT Ha TO, 4To B HOxHO-
Topraiickom OacceifHe HWMEIOTCS  ONAronpUsTHBIE  TEKTOHWYECKHEe, JuTOodanuaibHble |
FeOXMMHMYECKHE YCJIOBUS Ui OOpa3oBaHMSA, MHUIpallMd ¥ aKKyMYJSIUH  YIJIEBOJOPOJIOB.
brnaronpusaTHBIE TE0NOrO-CTPYKTYPHBIE YCIOBUS PErHOHA OMpPENENAIOTCA: Pa3BUTHEM B PETHOHE
pa3HOBEJIMKUX OJIOKOB (yHIaMEHTa, C KOTOPBIMH CBSI3aHbI OpPaxXMAHTUKIWHAIBHBIC CKJIAJKA
pa3HOOOpa3HOTO TPOUCXOKIACHHS, SBIAIONIMECS OCHOBHBIMH JIOBYIIKAMHU Ui HEPTH H Ta3a;
HAIMYMEM B pa3pe3e IOPCKHX UM HIDKHEMENIOBBIX OTJIOKEHHH KOJJIEKTOPOB W IOKPHIIIEK,
pacrpocTpaHeHHe KOTOPBIX TECHO CBS3aHO C OCOOEHHOCTSMH  MAaJCOTEeKTOHHYECKOW W
naneoreorpaduueckoir sBomonun FOxHO-Topraiickoit Bmamuabl. CTpyKTypHash pacwJIeHEHHOCTb
paccMaTpuBaeMOl  BHAAWHBL, OOYCIOBJICHHAs  AKTHUBH3AaLWEH  JOJTOXMBYIIUMX  Pa3lOMOB,
crocoOcTBoBaa (OPMUPOBAHHMIO OTIENBHBIX H30JIMPOBAHHBIX I'paOCH-CHHKIMHAICH, SBHBIIMXCS
ABTOHOMHBIMH oudaramu HegterazoodpasoBanus. CylecTBOBaHHE Ha IOPCKOM JTame pPa3BUTHS
NPUIOJHATHIX OJIOKOB (yHIaMEHTa M KPYIHBIX BalooOpa3HBIX MOJHATHH, pa3leNsBIIMX TIpabeH-
CHUHKIIMHATH, NPEIONpPEAeInIo CcTpaTurpapuyueckoe BBIKIMHMBaHHE W (aluaibHOE 3aMelleHHe
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IOPCKHX OTJIOKEHMH MO TIUJIOMAAM, Co3laBasi TEM CcaMbIM YCIOBHS JUIi  0Opa3oBaHUS
COOTBETCTBYIOIIMX THUIIOB JIOBYIIEK, KOTOpPHIE Ha [JaHHOH CTAaAWM W3YYCHHOCTH pPETHOHA
MIPEJICTABIIIIOT COOOM CTpaTErMYecKuil pe3epB MOUCKOB [2].

B ApsickymckoM mporu0e ycTaHOBJIEHHbIE HE()TETra30BbIC 3aJI€KH W MPOSBICHUS, B LEJIOM,
UMEIOT YETKYIO CTpaTurpauyeckylo MpUYypOYEHHOCTh. B paspese 3TOro KpymHOTO CTPYKTYpHO-
TEKTOHHUYECKOTO DJIEMEHTa BIAIWHBI BBIIEICHO TPH HEPTEra30HOCHBIX KOMIUIEKCA: HIKHEMEJIOBON
(HEOKOMCKUIA), FOPCKUH U IOME3030HCKUA.

IOpckuit HePTEra30HOCHBI KOMIUIEKC COCTOUT M3 TpPEX IMOJKOMIUIEKCOB: HMXKHEE -, HIKHE-
CpeaHe- U BEpPXHEIOPCKUHN, KaXKAbIi U3 KOTOPHIX CIOKEH B HIDKHEH 9acTu Oojee rpy0000JI0MOYHBIMH
MOPOJIaMU C MHOTOYMCIIEHHBIMY TOPU30HTAMHU B TIECUAHBIX KOJIJIEKTOPaxX, a B BEPXHEH - TIMHUCTHIMH
TOJIIIIAMH, SIBJISTFOIIUMUCS (ITIOUI0YTIOPaMH.

Crenyer oTMETUTh, YTO TOME3030HCKUE He(Tera3ooKaaIu3yonye OTI0XKEHU O HEAaBHETO
BpPEMEHH HE BBLIEJAINCH B KaueCTBE CAMOCTOATENBHOIO HE(TEra3oHOCHOTO KOMIUIEKCA, TaK Kak
CUMTAJIOCh, YTO OHU HE 00JIafal0T COOCTBEHHBIM I'€HEPAL[MOHHBIM ITOTEHIIMAIOM, a 3aJIe)Ku HedTu u
rasa B BEpXHEW, AE3MHTErPUPOBAHHON dYacTH (QyHZAMEHTa, PAaCCMaTPUBAINCH KaK BTOPUYHBIC,
o0Opa3oBaBIIMeCS B pe3yJbTaTe MHUIPALMH YIJICBOAOPOIOB M3 HE(PTEMATEPUHCKHX MOPOA IOPCKOTO
Bo3pacTa [3].

OnHako, BBISIBJICHHE MECTOPOXKAEeHHsT KeHNBbIK, IPUypOUYeHHOTO K KapOOHATHBIM 00pa30BaHUsIM
najgeo30sl, JIOKa3blBAeT O HEPTETa30HOCHOCTH A3TUX 00pa3oBaHMU. B CBs3M ¢ 3TUM maneo3olckue
00pa3oBaHMs1, BUIMMO CIIEyEeT PacCMaTpuBaTh KaKk CaMOCTOSTENbHBIN HedTera3oHoCHbIH KomIuteke. OH
CBsI3aH C pa3HOOOpa3HBIMH [0 COCTaBY, CTENEHAMH MeTaMopdHu3Ma U JIe3UHTErPUPOBAHHOCTH
JIOME3030MCKIMH 00Pa30BaHUSIMU, CJIOKEHHBIMU KaK MeTaMOp(UTaMy POTEPO30s, TaK M TPEIIHOBATO-
KaBEepHO3HBIMH, KapOOHATHO-TEPPUTEHHBIMA  00pa30BaHMAMH  KBa3WIDIAT(OPMEHHOTO  KOMIDIEKCa
BEPXHEro 1ajneo30s. JJOBOJIBHO YacThl CKOTUIEHHSI He()TH U ra3a, CBS3aHHBIE C KOPAMH BBIBETPUBAHHMS 110
OTJIOXKEHHSIM TTaJIC030CKO-TIPOTEPO30iickoro (yHmamenTa. [4].

OTO NOATBEPKAEHO NOIYyYEHHBIMM IPUTOKAMH He(QTH M ra3a Ha CTpykTypax KeI3puikus,
Homan, Hypanpl, Axkcaii, AxmaOynmak u psga Opyrux. JeOUTeI Ha OTHETBHBIX CTPYKTypax
coCcTaBIAOT 5,49 M3/CyT npu H gun. — 1385,5 M, a Ha MecTopoxaeHun KeHbIK BO3pacTaroT 10
200 M*/cyT. OTINOXCHHS, MEPEKPHIBAIOLINE OPCKUN KOMIUIEKC MOPOX, MPEICTABICHBI B IIOIHOM
cTpaturpapuueckoM 0O0BbEME MENIOBBIMH M TMAJICOT€HOBBIMU OCAIKaMH C CYMMAapHOH TOJIIUHON OT
700 mo 1700 m.

B memom cTpoeHue, Kak BEPXHEIOPCKMX MPOAYKTUBHBIX MayeK, TaK W HUKHEMEJOBBIX
OpEACTaBICHO B HIKHEH dYacTH Oojiee rpyO0OOOJOMOYHBIMH TOpPOJIAaMH C MHOTOYHCICHHBIMH
TOPH30HTaMH B MECYAHBIX KOJUIEKTOpax. B kadecTBe pernoHaIbHBIX (IIIOMA0YMOPOB-TIOKPBIIICK IS
He(TEra3oBbIX CKOIUIGHHH IOPCKOTO KOMIUIEKCA CIIyKaT TIMHUCTBIE 00pa30BaHUs aKIIaO0yIaKCKOM
CBUTHI BEPXHEH! I0pbI 1 TIMHHUCTHIE MTPOCIIOH, BBIICICHHBIE B OCHOBAHUM HEOKOMa (HM)KHETO Mela).

MenoBoii He(Tera3oHOCHBIII KOMIIEKC IMIMPOKO pa3BUT B mpernenax HOxkno-Topraiickoro
OacceiiHa M MOXeT OBITh OTHECEH K pPErHOHAJFHOMY He(pTera30HOCHOMY KOMIUIEKCy. Ero 3amexwu
YTIIEBOOPOJIOB CBSI3aHBI C MECUYAHBIMH M KOHTJIOMEPATOBBIMH TOJIIAMH, O0JaJafOIINMH BBICOKHMH
(bMIBTPAIIIOHHO-EMKOCTHBIME CBOMCTBaMHU. B HEKOTOPBIX CiTydasx OHHM HE BBIAEP)KaHBI MO TUTOIIAIH
U MOTYT TPEACTaBIATH COOOH JIOKaJbHbIE OOBEKTHI pe3epByapoB. MesoBod HedTerazoHOCHBIN
KOMIIJIEKC LITMPOKO Pa3BUT HA BCell TeppUTOPUU APBICKYMCKOTo nporu6a. IMeHHO 3TO MO3BOJISET €To
BBIJCNIUTh B KAaueCTBE CAMOCTOSTENBbHOW NPOLYKTUBHOM €IUHUIBI, HMEIOIICH peruoHaIbHbIN
XapaxkTep. 3aJie)XH MEJIOBBIX OTJIOKEHHH paccMaTpHBAalOTCSl Kak BTOPUYHBIEC, COPMHUPOBAHHBIC 32
cuer noctymieHus Y B u3 HepTenpon3Bo AKX MOPOI IOPCKUX OTIOXKEHHH [2].

JHome3o0301icknii HedTera3oHOCHBIH KoMITIeKe. OH BbLANISETCA Kak HeTera30HOCHBIH KOMILIEKC,
CBSI3aHHBIH C JIE3MHTEIPUPOBAHHBIMH IMPOTEPO3OHCKMMH 00pa3oBaHMsIMU (YHIAMEHTa M KaBEPHO3HO-
TPEIIMHOBATHIMH KBAIM3UILIAT(OPMEHHBIMU OTJIOKEHUSMH BEPXHETO MaNIe03051, CTPATH(OUIUPOBAHHBIMA
BEPXHE/IEBOHCKO-HI)KHEKAMEHHOYTOJIBHOM BO3pacToM. Ero mpoJyKTMBHOCTH YCTaHOBJIEHa HAa MHOTHMX
wiomaasax KOxuo-Toprakickoro Oacceiina, Takux kak Keibutkus, Kennbik, CeBepHblii KeHIbIK,
Kapabynak, Apsicckas u psge napyrux. Cyrounbie neOuThl HedTH B mpenenax OJHOMMEHHBIX
MECTOPOYK/ICHHI KONEOIOTCS OYeHb IIMPOKO OT HEMPOMBIIIICHHEIX MpHToKoB 0,5 — 1,5 10 200 M%/cyT.
HaubGonee BbICOKME NPUTOKM He(BTH M ra3a MOIYYEHbl U3 TPEIIMHO-KABEPHO3HBIX KOJUIEKTOPOB
BEpXHEMane030icKiX n3BecTHAKOB (Kemnbik, CeBepHBIi KeHITBIK).

IOpckuit HedrerazoHocHBI KoMILIeKc. [laHHBIN KOMIUIEKC MOApa3fenseTcs, Kak ObLIo
YKa3aHO BBIIIE, HA TPH OJKOMIUIEKCA: HIKHUHN, CPEIHUN M BEPXHHH.

Hwxnuil HedTera3oHOCHBIM MOAKOMIUIEKC CTpaTUrpauMyecKd OXBAaThIBAET JABE CBUTHI:
ca3pIMOANCKyI0 M alOONMHCKYIO, TPEACTaBICHHbBIE, COOTBETCTBEHHO, ECYaHO-KOHIIIOMEPATOBONH U
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aJIeBpo-TeCYaHO-apTWITMTOBOH ToImamMu. B ero cocraBe k HacTosmieMy BpeMeHu BoisiBieHo FO-VIII-
O-X npoayKTHBHBIE TOPH30HTHI, YCTAHOBJICHHBIC B TIpeeaX ApbICKYMCKOH Ipa0eH-CHHKIMHAIN Ha
MECTOpOXKACHUAX JloUlaH u IpyTux.

Cpenauii  He()TETa30HOCHBI IMOAKOMIDIEKC TPUYPOYEH K TONIIE, CTpaThrpadpuuecku
OOBEIMHSIONINI OTJIOXKCHHS JIOIIAHCKONH W KaparaHcaiickoit cBut. [lepBas — mpejcraBieHa, B
OCHOBHOM, I€CYaHMKaMH C PEIKUMHU IIPOCIOSIMH AapruUIMTOB, a BTOpas — B IOJABISIOIIEM
OOJBIIMHCTBE CBOEM CJIOKEHa TIJIMHUCTBIMH OC3JIKaMM, BBIPQ)KEHHBIMHM TIJIaBHBIM 00pa3oM
aprIINTaMy. B OTIenbHBIX cilydasx, OHHU, IPHOOpeTast TOHKYIO PAaCCIOMHHOCTh U TPEIINHOBATOCTD,
MOTYT BBIIIOJIHATE POJb KOJJIEKTOPOB, AaHAJOTHYHBIX Oa)kKEHOBCKOW cBHUTE 3amaaHo-CuOupcKoit
HedTerazoHocHOU npoBuHIMN Poccun. JlanHbIN HedTera30HOCHBINH KOMITIEKC oxBaTeiBaeT O -VI —
IO-VII nponyKTUBHBIE TOPHU30HTHI, YCTAHOBJIEHHBIE HA MECTOPOXKACHUAX Apwicckoe, biamHOBCKOE,
yacTHYHO AKIIalyIak u psae IpyTrHx.

Bepxuuit HedTera30HOCHBIN TTOAKOMITIEKC MPHYPOYCH K BEPXHEIOPCKOM TOJIIIE, CI0KEHHOM
MIECYaHO0-aJIeBPOIIMTOBEIMU ¥ TIHHHACTO-apPTHJLTUTOBBIME MMaYKaMU KYMKOJBCKOM W aKIIa0yJIaKCKOM
cBUT. HedTerazoHOCHOCTh TOAKOMILIEKCAa JEMOHCTPUPYETCS MECTOpPOXAeHusMU KyMKoib,
ApbickyMm, Hypanbl, Axcait, Keispuikus, AxmaOynak, MaiiOynak, Konbic u ap. B tomme storo
HeTera30HOCHOTO KoMIuiekca BbiieneHo HO-V — FO-1 mpoaykTuBHBIE TOpPU3OHTHL. B KauecTBe
(haronoynmopa-nmoKPHIIIKA KAk I 3TOTO IMOAKOMIUIEKCA, TaK M BCEX OCTAIbHBIX IMPOJIYKTHBHBIX
YacTell IOPCKUX OOpa30BaHWIl BBICTYNAIOT, IEPEKPBIBAIOIINE HX MEIOBBIC OTJIOXKECHHUS B TOJHOM
cTpaturpapuyeckoM 00bEME 1 MaJeOreHOBbIE 0CAIKU ¢ CyMMapHO# ool ot 700 1o 1700 m. [2].

MenoBoit  He()Tera3oHOCHBIM KOMIUIEKC. JlaHHBIM HEPTEra30HOCHBIM KOMIUIEKC, Kak
OTMEYaJloCh BBIIIE, UMEET B Ipenenax apblCKyMCKOTO NMporuda perdoHaNbHBIN XapakTep. 3alexu
MEJIOBBIX OTJIOXEHHHA PacCMaTPHUBAIOTCA KaK BTOPHUYHBIE, CHOPMHUPOBAHHBIE 32 CUET MOCTyIUIeHns Y B
13 He(pTerazonpon3BOIAMNX IOPCKUX MOpo. HedTerazoHOCHOCTh 3TOr0 KOMITIEKCa MOJTBEPKIACHA
OTKpBITHEM MPOMBIIUIEHHBIX CKOIUIEHWH HedTH M raza Ha MecTopoxnaeHusx Kymkomnb, Axcaif,
Kenemkus, Hypamer, Hdoman, Kemmbik, Apsickym, Konbic, Maitbynak, Apbicckoe, bimHOBCKOE,
Amucaii ¥ MHOTHX IpYTruX. B ero Tomimie BBIABICHBI MPOAYKTHUBHBIE TOpu30HTH M-0, M-I, M-II,
KOTOpBIE, B CBOIO OYepeb, MOAPA3ENIIOTCS Ha MOATOPU30HTHL. [lopomamu dmonpoymopamMu mis
MEJIOBOTO He()TEera3oHOCHOTO KOMILJIEKCa BBICTYIAIOT TJIMHHUCTHIE TOJIIHA BEPXOB apBICKyMCKOTO
TOPU30HTA M BEPXHETO HEOKOMA.

Kouekropsl KyMKOJIBCKOH CBHUTHI B MpejesiaXx OOJBIIMHCTBA Pa3BEAaHHBIX MECTOPOXKICHUN
XapaKTepU3YIOTCsl BHICOKOM He(Tera3oHachILEHHOCTHIO, YTO, MO-BUAMMOMY, SIBISETCS CJIEICTBHEM
MaKCHMaJIbHOW pealn3ainiu He(Terazonporn3BOAMBIIMMHU TOJIIAMH YIMOMSIHYTBIX CBHT CBOETO
TCHEPalMOHHOTO TIOTCHIMANa C OJHOW CTOPOHBI M OJIArOMPHSITHBIMU T'€0JIOT0-CTPYKTYPHBIMH,
FCOXUMHUYECKUMH M TEPMOOAPHUECKIMHU YCIOBUSAMHU ¢ Apyroil. Ilomumo 3Tux (pakTopoB OJHUM H3
BO)XHEHIINX, CIOCOOCTBOBABIINX HE(TEra30HACHIICHUIO KYMKOJIBCKON CBHTHI, SIBJSIFOTCS BBICOKHE
(hmpTparOHHBIE CBOHCTBA KOJUIEKTOPOB, TOPUCTOCTh KOTOPBIX B OTAENBHBIX 00pa3ax JOCTHraeT
30% mnpu cpeaHeM 3HAYCHUW KOJUICKTOPOB, KoyeOmromemcs B mpexenax 20-25 %. Ilopoxsr
akmalOyJlakCKOW CBUTHI, CIOKEHHBIE NPEUMYIIECTBEHHO TJIMHAMH, CIYXKaT JUISI BEPXHEIOPCKUX
3aJekel Ha/IeHBIM (DITFOUIOYTIOPOM, H30JUPYIOMIUM UX OT BEPXHUX HEOKOMCKHX TOPHU30HTOB [3].

PacnpocTpanenune kaparaHcalickoilih M KYMKOJIBCKOM CBHUT TaKXe€ KOHTPOJUPOBAIOCH
rpaHUIlaMH TPaOEHOB, 3a TpeJesilaMi KOTOPBIX JIHMIIb B OTAENBHBIX CIydasX OTMEYalloCh pa3BUTHE
MOPOJT KYMKOJILCKOM CBHTBHI. DTO CIYKUT MOATBEPKIEHHUEM TOTO, YTO IOPCKHE TpaOeHBI SBISIIHCH
ABTOHOMHBIMH OYaramMud He(Tera3oo0pa3oBaHUsi CO CBOWCTBEHHBIMH WM T'€OXMMHUYECKUMH,
TEPMOOAPUUECKUMH U THAPOIUHAMUYECKUMH YCIOBUSAMH, KOTOPBIE B 3aBUCUMOCTH OT aMIUTUTYAbI HX
NOTPYKEHHSI ONpEAESUTM CTEeNeHb peaju3alud  He(Tera3onpou3BOJUBIIMMH TOJLIAMH CBOETO
TreHepalMOHHOr0 NoTeHnuana. Bepxu BepxHeil 10pbl B 00beMe akIIa0ynakcKoil CBUTHI B CPaBHEHUH C
HIDKETIOKAIIMMA HIDKHE - M CPEJHEIOPCKMMHU OTJIOKEHUSMH "BBIIUIECKHBAIOTCS" 3a Tpeessl
rpabeHOB U B APBICKYMCKO#l cucTeMe MPOruOOB MOJBb3YIOTCS TTOBCEMECTHBIM paclpocTpaHeHueM. B
CTPYKTYpPHOM IUIaHE OHH MOTYT OBITh OOBEJUHEHBI C MEPEKPHIBAIOIIUMH MEI-I1AJICOTeHOBBIMU
OTJIO)KCHUSIMH, CBSI3aHHBIMH CO CTAaHOBJICHHEM OPTOIUIAT(OPMEHHBIX YCIOBHH OCaIKOHAKOIIJICHHUSI.
CyOropu3oHTaIbHOE WX 3ajJeTaHHe MacKHpyeT rpadeH000pasHyIo CTPYKTYPY IOPCKHX OTIIOKEHHMH,
(hopMHpyeT aBTOHOMHBIN T€OTEPMHUYECKUI PEXIM HEJp MMOCIEAHUX M CIIOCOOCTBYET, TAKIM 00pa3oMm,
COXPaHEHUIO ONITUMAIIbHBIX TEMITEPATyPHBIX XapaKTEPUCTHK IS TeHEPaIli YTIIEBOIOPOIOB [5].

Ucxons w3  aHanm3oB  ycioBud  He(TEra3oHOCHOCTH  HENp,  3aKOHOMEPHOCTEH
MPOCTPAHCTBEHHOTO Ppa3MEIICHHUsS MECTOPOXKICHUH, HedTera3onposBICHUNH M TMPU3HAKOB HeQTH H
raza, B mnpenenax IOxHo-Topraiickoli BHIAAWHBI, TPEACTABISIONIEH COOOH CaMOCTOSTEIBHYIO
HeTera30HOCHYO 00JIaCTh, T1Ie OTKPBITHI Bce MecTopoxkaeHus HOxuo-Topraiickoi HedTera3oHOCHOM
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0011aCTH, PacHOI0KEHHBI B APBICKYMCKOM HE(TEra30HOCHOM paiioHe. 30HaMK HeTera3oHaKoILICHHS
ABJSIFOTCS KaK MEKTPaOCHOBBIC BBICTYIIBL, TaK M OTACIbHbIC BHYTPCHHUE HMOIHATHS, OCIOKHSIOIIUE
OIUH M3 OOpTOB TIpa0CeH-CUHKIMHAJCH, yYacTKHU JIMTOJIOTO-CTPATUrPaUUECcKOro BHIKIMHUBAHUS
NPOXYKTUBHBIX TOJII M TEKTOHMYECKOTO 3KPaHUPOBAHHUS.
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NEPCHEKTHUBBI BYPEHUSI C OGPATHOM NNPELIECCUEN
HOPOAOPA3SPYIHAIOIIEI'O HHCTPYMEHTA

K. m. n., accoyuuposannutii npogheccop KOY boovines @. A.,
accoyuuposannwtii npogpeccop KOY Kypmanzanuee M. /K.,
mazucmpanm KOY Apvicmanosa A. A.

Pecnyonuka Kazaxcman, 2. Anmamul, Kacnuiickuii 00ujecmeennulii ynugepcument,
Kageopa «I'eonozusn u negpmezazoeoe oeno»

Abstract. In this article, ‘Prospects for drilling with reverse precession of rock cutting tool’
describes the ways and means to combat the distortion of the hole.
Key words: bending wells, linkage.

HckpuBieHne CKBaKMH B Ipolecce OypeHHsl, KaK M3BECTHO, OOYCIIOBJICHO HAaIlpaBJICHHBIM
NEePEKOCOM I M3THOOM HH3a OypOBOTO CHAps/ia, BHI3BAHHBIM JICHCTBUEM OCEBBIX COKHMAIOIIUX CHII
WIM BO3JICHCTBUEM Ha IOPOAOpa3pyKallUX HWHCTPYMEHT AHHU30TPONHUHU pPa30ypHUBacMbIX TOPHBIX
nopoa. i ycTpaHeHus MIPUYKH, BBI3BIBAIOIINX HUCKPUBIICHHUE, B MPAKTHKE OYPOBBIX pabOT IIMPOKO
WCTIOJB3YIOTCSI METONbl M TEXHWYECKHE CPEeACTBa, Oasupylommecs Ha NPUHIUNAX yMEHBIICHHS
panuanbHOTO 3a30pa MEXAYy CTEHKaMH CKBOKWH W OypOBBIM CHApSAIOM M YBEIHWYEHHS €ro
JKecTokocTH. Ha 3Toif ocHOBe ObuIM pa3paboTaHbl MHOTOYMCIIEHHBIE KOHCTPYKIMH TSKEIOTO HH3a
(cmpanpHBIe, KBaApaTHBIC) W IEHTPHPYIONAX MPHUCIOCOONCHNN (CTa0MIM3aTOPhl, KaTuOpaTOpHI,
[EHTPATOPHI).

VYka3aHHBIE YCTPOICTBA B pa3IMUYHBIX COYETAHUAX B 3aBUCUMOCTH OT YCIIOBHH, LIEJIeH U 3a1a4
OypeHus BKJIIOYAIOTCSl B COCTaB OypOBOrO CHApsia, YTO B 3HAUUTEIBHON Mepe CHIKAEeT ECTECTBEHHOE
WCKPUBJIEHUE CKBaXXHMH M JaeT BO3MOXKHOCTb OYPUTH OTHOCHTEIBHO MPSIMOJIUHEHHBIE CTBOJIBL.

OnHako ¢ yMEHBIICHHEM JHaMeTpa CKBAXKHH, YTO MPHUCYIIE Te0I0ropa3BeA0uHOMY OYpEHHIO
Ha TBepAble MOJE3HbIE HCKomaemble, 3((EKTUBHOCTh TAKUX METOJIOB CYLIECTBEHHO CHHXKAeTCs,
HECMOTpsI HA YMEHBIIIEHNE PaialbHbIX 3a30POB.

B nouckax myTeit npenynpexxaeHns UCKPUBICHNS CKBRXUH MaJoro JUamMeTpa HaMH M3y4eHbI
3aKOHOMEPHOCTH JIBWKEHHS TOPOAOPA3PYyIIAONIEr0 MHCTPYMEHTa W KOMIIOHOBKM HM3a OypOBOTO
cHapsiza. beuin BeIIeNIeHbI TpH BUAA ABMKEHHUS: U30THYTOTO CHApsa BOKPYT COOCTBEHHON M30THYTOH
ocu (P1); U3OTHYTON OCH KOMIIOHOBKHM BOKPYT OCH CKBa)KMHBI C YacTOTOH, MepeAaromeil KpyTaiiei
MOMEHT - mpsivas npeneccus (@;); HM30rHYTOH OCH B HAlpaBICHHH, OOpPAaTHO BpAIICHHIO,
HepearoIIeMy KPyTSAIIni MOMeHT- obpaTHas nperieccus (Ds).
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B nmaHHBIX HCcCiIeIOBaHUAX OCHOBHOH YIIOp JIeJalicsl He Ha COXpaHeHHe MPSIMOJIMHEHHOCTH OCH
KOMIIOHOBOK, TaK KaK WX W3THOHas »ECTKOCTh YMEHbBINAETCS MPOMOPIUOHAIBHO JMAMETPY B
YETBEPTOW CTENEeHH, a Ha KCIONB30BaHWE 3aKOHOMEPHOCTH BM)KEHHS HW30THYTHIX KOMIIOHOBOK
OypeHHs TPSIMOTMHEHHBIX CKBAYKUH.

W3 oTMeUeHHBIX BUIOB JABM)KCHHUS HAHOOJIee OJIaronpUsATHBIMHE TSl PEIICHHs TIOCTABICHHBIX 33714
sBistoTCs. prkeHnss @, u @3 . [Ipu Takux BHIAaX JBWXKCHUS OTIANAcT HEOOXOIUMOCTh B MPUMCHEHHH
JKECTKMX KOMITOHOBOK, TIOCKOJIBKY TJIABHBIII MOMEHT CHCTEMBI CHJI, ACHCTBYIOIINX HA KOMIIOHOBKY, MOXKET
npuaBaTh el Mmo0yro hopMy M3rubda , UCKIIO4as, TAaKUM 00pa3oM, BO3MOXKHOCTh JIBH)KEHHSI HHCTPYMEHTa
BOKPYT COOCTBEHHOM OCH MJIA BOKPYT JIPYTOM OCH, HE COBIAAIOIIEH C OCHIO CKBAYKHH.

OCHOBHBIE TEOPETHYECKHE MPEANOCBUIKH pPEIIeHUs CBOIATCS K TOMY, UYTOOBI HaWTH
KOJIMYECTBEHHBIE COOTBETCTBUSI MEXIY CHJIAMH BHEIHETO W BHYTPEHHEro TPEHUS TPH JIBUKCHUH
M30THYTHIX KOMIIOHOBOK.

He mpuberas kx aHaIMTHYECKOMY CIOCOOY, OTMETHM pSI BO3MOXKHBIX pEIICHUH s
OCYIIIECTBJICHHS JBIKEHUS 110 BUIY Dj:

1. KoMnoHOBKa C pa3iWYHBIMU W3THOAIONIMM MOMEHTOM I10 TJABHBIM OCSM IOTIEPEYHOTO
CEYCHUs, HANPUMEpP NPSIMOYTOJIbHHUK, JJUTUNC WU Ap. [IpOTHYBIIMCH B IUIOCKOCTH HaWMEHBIIETO
COTIPOTUBJICHHUS W3TUOY, Takas KOMIIOHOBKAa OyJIET COBEpIIaTh OKPYKHOE IBU)KEHHE BOKPYI OCH
CKB2)KUHBI, HABSI3bIBASI STOT BUJI JBIDKEHUS MOPOA0PA3PYIIAIONIEMY HHCTPYMEHTY.

2. KoMmnoHOBKa ¢ BBICOKMM BHYTPEHHUM TpeHUeM. 107 BHYyTpEHHUM TPEHUEM MOHUMACTCS
TpEeHHE BOJIOKOH MaTepHaja MpH YHpyrux AedopMamnusx B MPOLECcCce UX yATHHEHHS-CKATHUS (TETIs
rucrepesuca). B mpuMenseMom Matepuane KOMIIOHOBOK CHJIBI BHYTPEHHETO TPEHUS HEBEJIMKH, HO HX
MOXKHO KPaTHO YBEJIHYUTh MYTEM IMPEICTABJICHUS B BHUJE CyXOr0 TPEHUS, HANPUMED JBYX WM
HECKOJIBKHX TPYyO OIIHA B IPYTYIO C MPEIHATATOM, JIJISI TOTO, YTOOBI TIPH M3rHOe OHU OBI paboTaIl Kak
ABTOMOOMIIEHBIE PECCOPHI.

3. CamoneHTpHpYIOIIHE KOMIIOHOBKU. PeanbHble KOMIOHOBKH, KaK MPAaBHIIO, JTUHAMHUYECKU
HEYpPaBHOBEIIIEHHHBI 32 CYET HECHOCHOCTH, HEPAaBHOMEPHOI TONIIWHBI CTEHOK M Tp. Oojee Toro, 3Ta
HEYpPaBHOBEIIEHHOCTh HOCHT XAOTHYHBIA XapakTep, YTO MPHUBOJUT K CTONh K€ XaOTHYHBIM
KoJIeOaHWsIM KOMIIOHOBKH TIOJ| NEHCTBHEM IeHTpOOeKHBIX CwiI. Ho HeypaBHOBEIIEHHBIE MAacCCHI
MOJKHO YPaBHOBECHUTH SKCIEHTPUIHBIM JUCOATaHCOM M PACTIPENEIHUTD €T0 O JIIHHE KOMIIOHOBKH IO
ornpenesneHHOMY 3akoHy. [TmockocTs u3rnba Takoi KOMIIOHOBKK 00pa3yeT KeCTKyI0 KOH(HUrypamuro,
BpaIllAIONIYI0Cd BMECTE C KOMIIOHOBKOH M YCTOWYMBYIO IO OTHOILIEHMIO K BHEIIHHMM cuiam. Takoe
JIBUKCHUE OyJeT yCTOMYMBBHIM, TMOKA YacTOTa BPAIICHUS HE JIOCTUTHET KPUTHUYECKOTO 3HAUCHUS,
TI0CTIe Yero M0 Mepe POCTa YaCTOThI BpallleHUs] KOMIIOHOBKA MOBEPHETCS TaK, YTO €€ TshKenas CTOPOHa
Oyner oOpailieHa BOBHYTPb M IIEHTPOOEKHBIE CHIIBI OyJyT JECHCTBOBATH B OOPATHOM HAIPaBJICHUH,
YMEHbIIIasi CTpey Nporuda v CHUKast ”HTEHCUBHOCTh MCKPUBJICHHSI CKBaKHH.

[IpuHOMNUANEHO OTIAMYHO OT ONHWCAHHBIX JBM)KEHHE KOMIOHOBKH Mo BuAay Pj;. 3T0
MPOUCXOANUT B TOM CcIlydae, KOTJa BHYTPEHHHE CIJIBI KOMIIOHOBKH HEBEIHWKH IO CpPaBHEHHIO C
BHEIIHUMH. B 3TOM ciy4yae W30THyTass OCb KOMIIOHOBKH COBMECTHO C ITOPOJOpPa3pPyIIAONINM
WHCTPYMEHTOM KATHTCS 110 CTEHKaM CKBaKWHBI B OOPaTHOM HaIpaBlICHUH.

Oro Hambojee SKOHOMWYHBIN BHI ABIKEHHS, TaK KakK 371eCh HE 3aJelCTBOBAHBI CHIIBI
BHENIHETO (CyXOro) TpeHHWsl W TPOUCXOAUT KadaHue Oe3 ckojikkeHus. Ilockombky B Tmporiecce
OypeHHs 3TOMY BUAY ABYDKEHHS TPEMSATCTBYIOT HEHTPOOEKHBIE CHIIBI OT HEYPaBHOBEIICHHBIX Macc,
TO JOJDKHBI OBITh TIPEANPUHATH CIIENUANBHBIE MEpPbhI, BO30YXKIAIOIINE NAHHBIA B JIBIDKESHUS.
[Ipuuem BO30yaUTENEM MOXKET OBITH Kak OypoBas KOpOHKA, TaK U KOMIIOHOBKa. YacTora BpaleHUs
00paTHOH MpeLeccHy OMpeaeseTcsl BHIPAKEHUEM:

A= -0k, (1)

re ® - 4acToTa BpAIlEHHs, Nepejaonas KpPyTSAIIMH MOMEHT; I-paguyc I[opoJopaspy-
IIAIOLIEr0 MHCTPyMEHTa (KOMIIOHOBKH); R- paguyc ckBakunbl; k- K03 (GHUIHMEHT IPOCKaIb3bIBAHUS,
M3MCHSIOLIMICS OT HyJIS 10 €AUHULIBL.

OO6patHas mpeneccusi HE TOJBKO MEPCIEKTUBHA B IUIAHE MPEAYNpPEXICHHS €CTECTBEHHOTO
WCKPUBJICHUSI CKB&XWH, HO M TpPEACTaBisieT co0Oi OEHCTBEHHBIH CIM0c0o0, MOBBIIIAOLINHA
NPOU3BOAMTENBLHOCTh OypeHus. JlaHHBIM BHJ IBWXKEHHS, MO CYTH, SIBISIETCS BBICOKOYACTOTHBIMHU
KoJIe0aHUSIMH, KOTOpBIE MOTYT JOCTUTaTh yJIbTPa3BYKOBbIE W HaKJIaJHbIE Ha IMPOLIECC pa3pyLICHUS
nopoJi. BHENTHUM TpH3HAKOM, XapaKTEepPHU3YIOLIIUM TaKoe IBI)KEHHE IMpPH KOJIOHKOBOM OypeHHH,
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CIy’)KHT JINOO TPaHEHBIH KEepH MpH OYPEHWU TBEPAOCIUIABHBIMH KOPOHKAMH, JTHOO KaarmOpOBaHHBIH
KepH MpH OypeHNH aIMa3HbIMH KOPOHKaMH.

YHOporieHHbIi aHadu3 pPe3yJabTaTOB WCCICJOBAHUN ITO3BOIWI OIPENENIUTh JalbHEHIIe
HampaBleHHss OOpbOBI C €CTeCTBEHHBIM HCKPUBJICHHEM CKBaKWH. OHH  SBISIOTCS  YHCTO
TEXHOJIOTHYECKUM TIPOIleccaM U He TPEOYIOT CIEIMATbHBIX CIIOKHBIX KOHCTPYKIIUH, KAHAJIOB CBS3H C
MOBEPXHOCTbIO, TIOIBOJIA JOMOJHUTEIBLHON SHEPTHH, CIICIHAILHBIX TPeo0pa3oBaTesei u T.11., TaK Kak
HMCTOYHHUKOM JIBMKEHUS SIBIISIETCSL caM OypOBOW CHapSIIL.
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MEPOIIPUATHUA 11O NPEAYITPEKIEHWUIO U BOPBBE C
OCJIOKHEHUAMMU IPU JOBbIYME HE®THU HA
MECTOPOXAEHUHN BOCTOYHbBIU KYMKOJIb
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Abstract. The article describes the prevention and combating of complications associated with the
release of asphalt smolaparafinovyh deposits (AFS ) and the water cut in oil production at the field.
Key words: asphalt-resin paraffin deposits (AFS), watering, fighting paraffin.

OnbIT 3KCIUTyaTaliul HE(PTSHBIX MECTOPOKICHHWHA CBUAETEIHCTBYET O TOM, YTO OIHOW H3
OCTPBIX MPOoOIeM, TPEOYIOMNX KOMIUIEKCHOTO PEIICHHS, SBISETCS MPEAyNpeKACHNE OCIOKHEHHH,
CBSI3aHHBIX C BBIJENIeHUEM achanbTeno-cMmonamnapaguaoBbix ortiaoxernid (ACIIO) n 06BoAHEHHOCTHIO
J100BIBaEMOM MIPOLYKIIMH.

Meponpusmus no npedynpesicoenuio u bopvoe ¢ napaghuHoOmMiIONHCEeHUAMU.

Conepxanue mnapadpuHa B He(TH 3HAUUTEIBHO YCIOXKHsSET 100bdy HedTH. BceieactBue
orioxeHus napaguna Ha creHkax HKT u mwTanr ymeHbIIaeTcss MpOXOJHOE CEYEHHE W CHUXKAETCA
JneOUT CKBaXMHBI. B HEKOTOPBIX ciydasx OTJIOKEHHE NaparHa NPUBOIUT K 3aKIMHUBAHUIO Hacoca U
OoJee CI0KHBIM aBapHsIM.

B mporecce pa3paboTKi MECTOPOXKICHUS B pe3yIbTaTe M3MEHEHHUs AaBJICHUS, TEMIIEpaTyphl U
ra3ocojepkaHusi M3MEHSETCS M TeMmIleparypa HachllleHHs He(TH mapaguHOM. DTOT mMapamerp
ABJISIETCSI BEChbMa BAaXKHBIM JUISI MPOTHO3UPOBAHUS na%aQ)MHoo6pa3OBaHm{. Paznocts Temmepatyp
HACKIIICHHS ILTACTOBOH Hedyu mapaduuaom T mac.m (47°C) u T (54,5°C) xapaktepusyer BelTuIHHy
HACKHIIIEHHS He)TH MapaHOM B IIACTOBBIX ycnoBusx. ITpu Tmm - T mac.mn = < 10°C medrs 6r1u3ka
K Haceienuio [1]. HedTs MecTopoxaeHus Oim3ka K HACBHIIICHHUIO MapauHOM, TTOCKOJIBKY pa3HHIA
MEXIy TEeMIIepaTypoil Iutacta W TeMilepaTypou HaceimeHus paBHa 7,5 C. Crmemayer OoTMETUTh, 9TO
P3a6. = 2,6 — 8,6 Mlla npessimaror 3uadenuns Paac.= 0,9 - 1,13 Mlla, ciemoBarensHO, BBITaICHUE
ACITIO B mpu3ab0itHOI 30HE TPOUCXOAUTH HE OYIET.

OpnHako He(Th OXJIAXIACTCs NPHU IBUKEHUM €€ TI0 CTBOJY CKBaXXMHBI 33 CUET BBIACICHUS U
paclMpeHusi rasa, B pe3yJbTaTe YMEHBILICHHS pPacTBOPSIOIIEH CIIOCOOHOCTH HEe(PTH TBEpAbIe
YIJIE€BOAOPOABl  HAUYMHAIOT  BBLACIATBCS M3 pacTBopa. Takum  o0Opa3oM, INpHUBEICHHE
TEPMOJMHAMUYECKUX YCIOBHH pa3paOOTKM CKBaXXMH K YCJIOBUSM HachllleHHs HedTu mapaduHOM
Ipeaonpenenuio ero Beinagenue B kononHe HKT.

PacueTHpIM myTeM ompeneneHbl ITyOWHBI Hadala OTIOKEHHH mapaduHa B ckBaxuHax Ne 3,
16, 23 [1]. Pe3yabTarhl mpeacTaBieHbl B TadmuIe 1.
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Tabnuma 1 - Pacuer riyOunsl Havana oOpasoBanus ACIIO anst ckBaxuH

0
Ne I'nyouna Terlzlc):lT yl;:ng Tayouna
Ne ni/m - T'opusonr y m OTJI0KEeHNH
CKB. mwiacra, M | macrosasi | HegpTu AT
ACIIO, m.
napaguHoM
1 2 3 4 5 6 7 8
1 3 1O-11 1303 54,5 47 7,5 680
2 16 10-11 1355 54,5 47 7,5 647
3 23 10-1 1390 54,5 47 7,5 747

Kak cnexyer W3 maHHBIX, IPEICTaBICHHBIX B TaOuIE, TIyOWHA OTIOXEHUHN mapaduHa 680,
647, 747 M cooTBeTCcTBYET CKBa>kHaM Ne 3, 16, 23 COOTBETCTBEHHO.

OCHOBHBIM METO/OM yJaJIeHHs OOpPa30BABIIMXCSI OTJIOXKECHUH HA MECTOPOXKIACHUH SIBISIETCS
o0paboTka (MpoMbIBKa) CKBaKHH ropstueit Bogoit (OI'B) u ropsueit nedreio (OI'H). [Ipencrasienst
TEXHOJIOTMYECKHE TapaMeTphl paboThl CKBakMHBI Ne 22 1o u nocie oopabotok OI'B. Ha puc. 1.
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Puc. 1 - Texnonoeuueckue napamempul pabomut cxeaxcunwvt 22 npu OI'B

Kak crmemyer w3 mpeacTaBiIeHHBIX HAaHHBIX, IIOCJIE TMEPBOH MPOMBIBKH JEOUT CKBaYKUHBI
yBENUUYWICS Ha | TOHHY B TEYEHHE 5 CYTOK; IIOCJIE BTOPOH U TPEThEH - 1eOUT CKBaXXMHBI ocTajcs 0e3
M3MEHEHUS; TIOCIIe YeTBEPTOH - CKBaKMHA paboTaja ¢ yBeJIMYEHHBIM 1eOUTOM Ha | TOHHY B TeUCHHUE
4-x cytok. B pesynprare mpoBeldeHHOro aHanu3a ycraHoBieHo, u4ro OI'B  sBisorcs
NpOQUIAKTHYSCKUMHE U JaF0T KPaTKOBPEMEHHbBIN 3P QeKT (4-5 CyToK).

C wmenpto onpexaeneHus SPPEKTUBHOCTH TPOBOAUMBIX MEPOIPHUSATHA IO CKBaKHHAM
omnpenaeneH Mexounctaoi nepuos (MOIT). Pe3ynbraTsl npejicTaBicHbl B Tabnuie 2.

Tabnuna 2 - Mexxo4ncTHbIe Neprob! paboThl CKBaXXHUH NPH IIPOBEACHUH IPOMBIBOK

CpeaHne TeXHOJIOTHYECKHE NIapaMeTPbl pad0Thl CKBAKMH
Ne ckB = — MoI
Qx, M”/ cyT QH, 1/ cyT O0BOAHEHHOCTD, Y0
1 2 3 4 5
16 715 219 62 45
19 132 81 25,5 180
22 19 7,2 58 24
23 24 13 33 45
101 66 44 18 166
104 38 30 3 161
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Kak cnemyer w3 maHHBIX, TNPEACTaBICHHBIX B TaOIMIlE, WHTCHCHBHON mNapaduHU3AINN
nonBepkeHa ckBaxxuHa Ne 22 (MOII — 24cyT), HanmensbIei - ckBaxuHa Ne 19 (MOII — 180 cyT). U3
OTIBITA TIPOMBICIIOBBIX Pa0OT U3BECTHO, YTO HEOOJbINNE ASOUTHI U HEBBICOKAs CKOPOCTH BOCXOISIIETO
MOTOKA JKUAKOCTH CIIOCOOCTBYIOT OTJIOKEHHUSM MapaduHa B HEPTEPOMBICIOBOM OOOPY/IOBaHUH, C
yBEIMYCHHEM JcOnUTa MHTCHCUBHOCTD MapaUHU3AIMHA CHUXKACTCS.

Ha wmecropoxjaeHnn NpefoTBpalllcHUe 3aCThiBaHUS HEPTH B BBIKUIHBIX TPYyOONpPOBOJAX,
0COOEHHO B XOJIOJHBIH MEPUOJ rojia, pemaeTcs MyTeM MpUMEHEHUs TemaoBbIX mpoMeiBok (OI'B). B
2009r. npoBeneHo 12 MPOMBIBOK BBIKMIHBIX JUHHUM, B TOM umcie: Ha ckB. Ne 16, 101,102 - omgna
MPOMEBIBKa, Ha CKB. Ne 20, 21, 22 - nBe MpOMBIBKH, Ha CKB. No 23 - TISTh IIPOMBIBOK.

Crenyer otMeTuTh, 4To 3¢ dexTuBHOCTs OI'B mOBBIMAaETCS Mpu A00AaBICHUU HEOOJBIIIOTO
kommyectBa [TAB. Jlns mpumepa: Ha MecTopoxkaeHnn Y3eHb nobaBka IIAB «Payan -100» x OI'B
MO3BOJIHJIA TTOBBICHTH 3(PPEKTHBHOCTh TEXHOJOTHYCCKUX oreparuii B 1,3 pasa (ctabmansmpoBaics
eOuT cKkBakuH, yBemmumics MOII).

Kpowme toro, mist yaaneHus yxe 00pa30BaBIINXCS OTIOXKEHUH B HE(PTEeJOOBIUE HCTIONB3YIOTCS
MEXaHUYECKHE METO/IbI C UCIIOJIb30BAHUEM CKPEOKOB Pa3IHMYHON KOHCTPYKITUH.

Hampumep, minacThHYaThle CO IMITAaHrOBpamaTteileM, WMEIONIME JBE PEXYIIUe ILIACTHHEI,
cnocoOnbie ounmiate ACIIO TonbKo MpH BpalieHuy.

Juis  pacTBOpeHHS W YJAICHUS OTJIOKEHWH TBEPABIX YIJIEBOAOPOAOB C Pa3IHYHBIM
COOTHOIIIEHWEM ac(albTeHOB, CMOJ M MapauHOB M3 MPHU3a00HHON 30HBI ILIACTA, MOA3EMHOIO H
HA3eMHOTO0  HE(PTENPOMBICIOBOTO  00OpyNOBaHUS  pa3pabOTaHbl  COCTaBbl  YIJIEBOJAOPOAHBIX
pactBoputeneit OTL-7p-14, OTL-7p-15, CHIIX 7p-14.

B Hacrosimee BpeMsi HamOousblllee pACIpPOCTPAHEHHE MOMYYHI cIoco0 HHIHOMpPOBAaHUS
CKBOKMH XHUMHYECKMMHU peareHTamu (mHrmoutopamu): CHIIX — 7920, CHIIX-7941 u wmHOrHe
Ipyrue.

Taxum oOpazom, st BEIOOpa Hamboiee parmoHaIbHOTO U 3h(HEKTUBHOTO METO/Ia OOPHOBI ¢
ACIIO HE00X0IMMO IPOBEACHNE YITYOJICHHBIX SKCIIEPUMEHTATBHBIX UCCIICTIOBAHHIA.
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Puc. 2 Meponpusmus no npedynpesicoenuio u bopvoe ¢ 06600HEHHOCHbIO

Ha Mecropoxaennn 06BOIHEHHOCTh MPOAYKINH CKBaXXUH 3a niepuoy 2007-2009rr. B cpeanem
cocrasister 37,8 %. JlnHamuka pocta 0OBOJIHEHHOCTH B CPEIHEM IIpEACTaBIeHa Ha PUCYHKE 2 U B
Tabumie 3.

Kak crnenyer U3 mpeicTaBiICHHBIX JaHHBIX, HA MECTOPOXKICHHH OOBOJHEHHOCThH MPOAYKIIUU
CKBXXUH C rojamu yBenmuumaercs: 3a 2007r. cocraBnser 22 %, 2008r.- 46,5 %, 2009r. - 44,9 %,
01.01.2010r.- 54 %.

JluraMuka pocta 00BOJIHEHHOCTH 1O ckBakuHaMm 3a niepuos 2007- 01.01.10r. mpencrasieHa B
Tabiure 3.
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Tabnuma 3- JluHamMmuka pocta 00BOJHEHHOCTH CKBaxwHH 3a niepuoxa 2007 - 2009rr.

CKBaKIHA O0BOAHEHHOCTD, %
2007 2008 2009 01.01.2010
1 2 3 4 5
16 0,4 14,1 55,6 69,7
17 28,2 77,6 86,4 90,9
19 3 20,1 27,1 27
20 63,2 88,3 90,1 89,4
21 38,6 50,6 60,4 80,6
22 12,3 56,9 52,5 81
23 11,3 18,1 33 35,4
101 - - 21,3 26,1
102 - - 16,1 25,1
104 - - 6,6 13,1

Kak crmenyet n3 maHHBIX, HanOoJee BHICOKHI TeMIT 00BOJTHEHHUSI OTMEYAeTCsl Ha CKBaKMHAX No
16, 17, 20, 21. i mpuMepa, TMHAMHKA OOBOIHEHHS TMPOIYKITHH CKBaXKUHBI Ne 20 mpemcraBiieHa Ha
puc. 3.

Creaxmma N 20

FHP
3|II| T 100
= - S0
e Boag -
ﬁmgzyn ———————————— - 80 =
= = -0 2
SEO T T T T 0 2
TEBS+—FH—————————— r 303
z = T -
g H 4 =
= 94— — — — — — r20S
= - 10
[:I T T T T T T T T ol T EI
S § % § 8§ § § § 8§ 8 § %8
5 8 8 38 8 8 5 ®8 8 2 = ¢

—— g ——(H %o

Puc. 3 — Jlunamuxa o6600nenus cxeasicunol 20

W3 mpencTaBieHHBIX MaHHBIX CIEAYeT, UYTO C IENbI0 CHIKEHUs obBomHeHHOCTH 17.10.09r.
MPOBEACHB PEMOHTHO - W3omannoHHble paboTel (PHMP). B kauecTBe NHMKBMAANNWW TOCTYIICHHUS
TUTACTOBOM BOJBI B CKBAXXHHY WCIIOJIb30Bajl YCTAHOBKY IIEMEHTHOTO MOCTa C JIOKPEIJICHHEM
KpemHuitopranmdeckoro marepuaia AKOP B o6veme V = om°.

OOBOIHEHHOCTH JI0 TIPOBEACHHUS paboT cocTtaBisa B cpexHeM 92,1 %, mocine — 81 %. Ha
01.01.10r. cpennsss 0OBOAHEHHOCTh CKBaXKUHBI - 89,4 %.

Cnemyer OTMETUTh, 4YTO CJeliaTh OOBEKTUBHYI OlEHKY d¢¢exktuBHoctn PUP
3aTPyIHUTEIHHO U3-3a OTCYTCTBUS MOJHOU UH(popMaTuBHOCTH Hccienoanuii no ['MC-k. B ckBakune
2() HE YCTaHOBJICHBI PUYHUHBI OOBOJHCHUS.

Takum o00pa3oM, Ha OCHOBAHHMH BBIIIEHU3IIOKEHHOTO MOXHO YTBEpXAaTh, UYTO JUIS
3¢ PexTUBHOTO ympaBieHUs NOOBIYM BOIBI HEOOXOAMMO OOecreueHrue AUArHOCTUKUA BOIOTPUTOKOB
(reodusuueckas uHbOpPMAIKI, WHAMKATOPHBIC WCCIICIOBAHUS, aHAIU3 JUHAMUKA OOBOJHEHUS H
cocTaB J0OBIBAEMOM MPOMYKIUN); THUAPOIMHAMHUYIECKOEC MOJCITUPOBAHUE CTPYKTYPHl IOTOKOB B
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IUIACTE; MCIOJIb30BaHUE aJCKBATHBIX TEXHOJOTHMH M MaTEepUaloOB Ui M3MEHEHUs (PUIbTPaLlMOHHBIX
MOJIEH B IJIACTE.

Buioowi:

1. lns GopwrOBI C OTNIOKEHUSMHU TapaduHa B MOA3EMHOM W Ha3eMHOM OOOpYIOBaHHH
NPUMEHSIOTCS. TEIUIOBbIe OOpa0OTKH, KOTOpBIE HMEIOT KPAaTKOBPEMEHHBIH S(QQEKT M SBISIOTCS
NPOQUITAKTUYECKUMH.,

2. IlpexacraBnsieTcs 1enecooOpa3HbIM TPOBECTH pPaOOTBIl MO TIOMCKY HWHTHOMTOPOB IS
3amuTsl 06opynoBaaus o ACIIO. Beibop 3¢ ¢hekTHBHOrO W S5KOHOMHYECKH BBITOJJHOTO WHTHOUTOpA
OTIPE/IETIATH 110 pe3ysbTaTaM JabopaTOPHBIX HUCCIETOBAHUN M OMBITHO-TIPOMBICIIOBBIX PadoT.

3. HeoOxoauMo mpoBeneHHEe TeopU3MUECKUX — HCCIENOBaHWA Uil (OPMHPOBAHMUS
ONTUMAJBHBIX PEHICHUI [0 IIeJCHANPABICHHOMY MpPOIECCY OrpaHUYEHHsS BOJOIPHUTOKOB B
CKBa)KHHAX.

Pexomenoayuu:

1. IIpomokuTh NpUMEHEHHE NPOPHIAKTHICCKUX TEIUIOBBIX 00pabOoTOK Topsdeil Bomoi
(OI'B) ¢ mobaBieHreM oBepXxoCcTHO-akTHBHOTO BeriecTBa (ITAB) wiu ropsiueit Hedrero (OIH).

2. IlpousBecTn momOOp PacTBOPSIOMIMX KOMIIO3UIMKA MO pe3yjibTaTaM H3yYeHHS COCTaBa
TBEPABIX OTVIOKEHHH C LEbI0 MOBBIEHUS 3(P(GEKTUBHOCTH Meponpusatui mo ynanenuto ACIIO.
[IpuMeHeHne TaKuX KOMIIO3UIKI MTO3BOJIUT CHU3HUTH 3aTPaThl U YBEIUYUTH HOOBIYY HEPTH.

3. IlpoBoauTs pabOTHI MO JTUKBUAALMH BOJOIMPOSBICHUH C HCIIOJIB30BAHUEM aJeKBAaTHBIX
TEXHOJIOTHI ¥ MaTepPHAaJIOB AJsl U3MEHEHHUs PIIbTPAIIMOHHBIX MOJIEH B TUIACTe.
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ENERGY EFFICIENT PROCESSING TECHNOLOGY
SECONDARY RESOURCES OIL AND DOMESTIC ORIGIN

Abdullayev D., Abdullaev SH, Safayev M. Halimov C.
Tashkent State Technical University, Tashkent, Uzbekistan

Abstract. This theoretical and analytical material presented results of coke, bezinovym
fraction and commercial gasoline meeting the requirements of modern standards of secondary and
alternative raw material resources by thermochemical conversion of carbon-hydrocarbon compounds.
Scientific novelty is simultaneous desulfurization received production of the composite raw material
mixture. The practical value of the method is a new non-standard technologies conjugate processing
in the composition of traditional and alternative raw materials for metallurgical coke and wide light
fraction hydrocarbons (NGL) with improved ecological and performance characteristics that is - one
of the most topical problems of metallurgy, energy, production of light energy including chemical
technology.

Keywords: municipal solid waste, oil, tar, coke, gasoline, pyrolysis, pyrocondensate, pyrogas.

Currently, industrial production is organized such that from about 70 to 90% of the starting
raw materials becomes waste - residues of raw materials, intermediate products formed during
production and wholly or partially lost source consumer properties. Many waste at its toxicological
effects are acutely and extremely dangerous. Despite this, most of them continue to disperse in the
environment, decreasing its quality and being one of the causes and exacerbation of environmental
problems. The possibility of improving the current unfavorable environmental situation with the need
to increase the volume of production is the development of a skilled technology and development of
low-waste and non-waste technological processes and production waste treatment and disposal.
Recycling (fr. Utilisation, from Lat. Utilis - useful), the use of the benefit, use. Significant share in the
total volume of waste constitute solid waste. Almost without any pre-treatment, they are stored in an
organized burial ground, destroyed or disposed of, some of them randomly scattered in the
environment.

Due to urbanization complicated composition of MSW. Constitute the bulk of paper,
cardboard, various packaging and food waste (about 60%). For the year in the cities accumulated from
300 to 1000 kg of MSW per capita. Under the Waste occupied significant areas of land, which for a
long time after the closing of landfill remediation and are not subject to return into circulation since
the process of organic matter decomposition of waste in the natural environment is slow. Removal and
disposal of municipal solid waste (MSW) - the most significant for the city of the adverse
environmental factor, a key indicator of health welfare of the population and public health. Among the
methods of waste management is now the first place belongs to the landfill, which are taken about 90 -
95% of waste (incineration is not higher than 10%). This predominant opinion: whether it would be if
MSW stored, by the same token they are neutralized. This is far from the truth. Polygons - bombs,
which will operate for decades, causing enormous environmental and social damage to the
environment and thus to the public.

Biodegradable and release of biogas - methane, the content of which can be tens of percent, is
used to collect these gases in certain technologies in landfills. The third area of solid waste disposal is
processing them into organic fertilizer (compost) through bioprocessing in rotating cylindrical drums
(diameter up to 4 meters and a length of 30-60 meters). The process takes place in complete isolation
from the man. The difficulty in the implementation of this method is the need for complicated pre-
sorting and recycling of solid waste. The fourth method - the method of combustion and
pyrometallurgical processing. But it is accompanied by a large release of harmful gases (including
dioxins), requiring very expensive treatment. One of the most energy-efficient environmentally
friendly methods of recycling is the method of pyrolysis, in which solid organic waste consisting of
low-grade combustible substances are processed into high-energy hydrocarbons of petroleum series,
with subsequent disposal of produced energy. The depth utilization reaches 90%. Currently, disposal
of any waste legally considered in the context of the general problems of livelihood, namely the
looming environmental and energy crisis. In this regard, it is desirable that in addition to the
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environmental safety of the technology would be energetically favorable and, in extreme cases, can
minimize the negative energy balance. Initiative creative team developed a method of pyrolysis
processing of carbon-hydrocarbon wastes of different origin in gaseous and liquid hydrocarbon fuel.
The emergence of this method led to the fact that the changed composition of the waste, in particular,
to increase the content of components which are difficult and burning accompanied by the release of
harmful compounds. Pyrolysis - a process of thermal decomposition of hydrocarbons, e.g., wood
(ShNuO?2) in oxygen-poor environment, thereby producing a combustible gas (mixture of CO, H2,
CH4, C2H6, etc.), Liquid products and solid carbonaceous residue: ShNuO2; CO, H2, CO2, SnNm,
S.The quality and quantity of products determined by the composition of the pyrolysis of wastes,
humidity and temperature of the process. Depending on the temperature, the following types of
pyrolysis:

- Low-temperature pyrolysis or carbonization (500 ° C), at which the maximum yield of liquid
products, solid and minimal yield of pyrolysis gas;

- Medium temperature pyrolysis or carbonization temperature medium (500 - 1000 ° C), at
which the output of the gas increases, and the yield of liquid products and reduced coke;

- High-temperature pyrolysis or carbonization (more than 1000 ° C), wherein the minimum
yield of liquid products and solid residue is maximal yield of pyrolysis gas.

A more promising method is the high-temperature pyrolysis, where the increase in rate of
reaction increases the percentage yield of volatile components reduces the amount of slag. In this
method, the volume ratio is changed between the solid and gaseous component of the final product,
which makes it possible to avoid complicated processing techniques further the carbon residue and the
fuel gas is used directly (after cleaning).

Using the proposed method of processing solid waste can not only dispose of waste, but also
to receive valuable hydrocarbons of petroleum series, thereby greatly reduce the cost of recycling. For
practical confirmation of theoretical development was assembled laboratory setup. The raw materials
used in the organic part of solid waste. Material balance can be expressed as the following formula:

Mn =X Mi, (1)

where Mn - initial mass of material to be processed (sample weight), g; Mi - the estimated
total mass of all received products, the deviation of the estimated value of the total weight of the mass
loaded in the unit should not exceed 10%. Deviation calculation explained measurement error and the
potential loss in the process:

Mi =Mm + MF + M, 2

where Mt - final mass of solids g; MF - the mass of the liquid phase, g; Mg - mass of the
resulting gas. From one ton of solid wastes, consisting of 73% of MSW, 7% rubber waste (primarily
tires) and 20% of coal is prepared of 40 kg of the resin used in the boiler, and 1500-2000 m3 wet gas.
The volume fraction of dry gas following components (in%): hydrogen 20, methane, 2, 20, carbon
monoxide, carbon dioxide, 8, 1 oxygen, nitrogen - 50. The NCV 5,4-6,3 MJ / m3. Slag obtained
200 kg / m.

A mixture of geometric fractions of organic components of solid waste after drying and
crushing in its composition comprises a physical moisture (air-dry state). Screw feeder with a residual
moisture content of the mixture fed to the humidity in the low-temperature pyrolysis step to full
dehydration - to the absolute drying. Dehydrated compost is fed to the high-speed pyrolysis, where it
is mixed with a high-flow (500-5500S) gas mixtures, which are products of the combustion of
traditional energy in the rotating reactor. Here organic sorted, dried and crushed mixture leaving an
organic part of municipal solid waste is heated in the absence of oxygen to a temperature 460-4800S,
and it emits vapor-gas mixture containing hydrocarbon vapors are not condensable gases such as H2,
CO, N2, H2S, CH4 and other to form coke in the reactor. This installation is quick (almost
instantaneous) heating the dehydrated mixture. With such rapid heating is not time to be physical and
chemical processes of transformation of raw materials. The rate of temperature rise of raw materials
during the pyrolysis process should be about 700 -800 deg / sec. The high speed of the process is
provided by high-energy input that reduces heat losses to the environment. In this method, the
transition of the organic portion of the feedstock to gaseous and vaporous state.

Gas-vapor mixture is given to the condensation device where the hydrocarbon vapors are
condensed to form a synthetic liquid pyrolysis fuel combustion heat from 25 to 38 MJ / kg, depending

MNe 4(4), Vol.1, December 2015 27



International Scientific and Practical Conference “WORLD SCIENCE” ISSN 2413-1032

on the component composition of MSW. Note that at the attainable superheating linear polymers
undergo 100% pyrolysis and sewn - in part decompose, forming like coal sediment. Semi-coke is non-
condensable gas calorific value of 25 to 48 MJ / Nm3 (determined by the composition of solid waste).
Remaining after condensation of the gas sent for incineration. The distinctive ability of the proposed
technology is the possibility of recycling of solid waste produced in the combustion of the pyrolysis
gas. This allows us to solve many of the environmental, economic and energy challenges.

If the gaseous reaction products are sent to a subsequent partial condensation, while their
presence at high temperature should be as limited. By increasing the holding time at this temperature,
the gaseous substance may be subjected to further modification. The combustion gas residence time
limit gas at high temperature does not really matter, because the calorific value is determined by the
elemental composition mixture burned and not burned structure compounds. Sometimes observed
some dependence of heat generated from combustion at a constant elemental composition is
determined by the dependence of the combustion rate and complete combustion of the combustible
building materials. The remaining gas can be burned to produce heat. The combustion gas cooling is
not necessary.

Upon cooling, followed by partial condensation of the gas produced in a separation of the
pyrolysis of materials for individual applications. When the partial condensation of the gas is collected
liquid substances emitted in a certain temperature range. Pyrolysis gas is sent to the condensation unit
(condenser) to produce liquid pyrolysis fuels (Pyrolyzates).Coke is withdrawn from the reactor in the
air-fountain pyrolysis furnace where it after burned organic compounds in an air stream. While
stressing the heat is used to heat the coolant fly. In a second embodiment, solid carbon-hydrocarbon
mixture is discharged and pelletized for ease of transport, where it may be used as a clean fuel. The
proposed process can serve for processing waste containing polymer components as waste oil
(bitumen, asphalt). The technology can be used for the processing of heavy oil. One of the main tasks
of all countries of the world is a rational and economical use of energy. Due to the high prices and
limited reserves of oil, gas and coal problem research other energy resources. One effective way of
producing energy in the future may be used as fuel solid waste. Using the heat produced during
combustion of municipal solid waste, also provides for the generation of electricity.

The proposed new energy model is advantageous in that it makes the country's energy system
more sustainable, dramatically expanding the raw material base of energy, solves the problem of
accumulated waste, and, most importantly, makes rely on its own scientific and technical potential.
Energy development in this way makes really innovate widely introduce new technologies, improve
and develop them. Such a development would require a rapid revival of energy and mechanical
engineering industries, as well as related industries. Develop and implement a plan for the
reconstruction of power in accordance with the above proposals would lead to enormous changes in
the industry and the economy. Exhaust experience of energy development on a new path can be
replicated in other countries and export related to the described methods of energy recycling
equipment.

This could be a long-term basis for enhancing energy policy of country. Unlike the traditional
method were used as the raw material mixture is traditional and alternative raw material in equal
proportions. In the composition of the product of thermal degradation of the second component are
substances which by virtue of their chemical interactions with the residual sulfur volatiles formed that
promotes desulfurization residual solid carbonaceous mass. It should be noted that the second
component in the raw material compounding existing technological modes Cox easily. When using
only the residual oil in the raw material composition of the final product the residual sulfur occurred at
a concentration of up to 5.5 wt%, against the concentration of residual sulfur in the application of the
compound feed, which had a numerical value in the range of up to 0.5% by weight. Desulfurization
residual products is due to evacuation of the reaction chamber of new light sulfur compounds in the
form of volatile substances, which come in a distillation column, where it is divided into three streams:
the fuel gas, fuel oil, and heavy oil.

This deserves attention coke side of the compound that the second component in the
compounding process forms coke, a chemically carbon grid which is much more active influence on
the process of recovery of the metal in operating conditions in the economy. The technological process
provides a method and technology division rektifakatsionnogo pyrocondensate where there is a
production of light and heavy naphtha. It should be noted that in this case consisting of light naphtha
oxygenates takes place, which improves the environmental and operational performance of gasoline.
The practical value of the method is a new non-standard technologies conjugate processing in the
composition of traditional and alternative raw materials for metallurgical coke and wide light
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hydrocarbon fractions (SHLFU) with improved ecological and performance characteristics that is -
one of the most topical problems of metallurgy, energy, production of light energy including chemical
technology. During the combustion of the organic portion of municipal solid waste is practically at
least an order of magnitude less than the products of incomplete combustion are formed and harmful
acid gases; as oxides of nitrogen and sulfur, including oxygen-containing halogen compounds and
metal oxides - the solid particles, as in the structures of the components of municipal solid wastes
occur oxygen up to 5% by weight. In various forms, all of which favorably affect the complete
combustion of organic material. Other acid gases and oxides of metals, especially heavy, emissions do
not have a place for a very simple reason that the substances in the mixture of the components of
municipal solid waste is minimized by the nature and status of solid waste. Our proposed scheme for
joint use of the organic part of municipal solid waste at the existing power plants and thermal power
sectors highly environmentally friendly way within the framework of recycling - recycling of organic
matter.

The technology of processing organic part of municipal solid waste include pyrolysis of
municipal solid waste. Characterized aspect of the technology is that, for medium temperature
pyrolysis of the organic part of solid wastes use the heat of exhaust gas flows fuel burning power
plants. At the same time obtained in the process of pyrolysis of a gas mixture is fed into the furnace of
a power plant for co-combustion with traditional fuel mixtures. Pyrocondensate formed is collected in
a separate collection and is sent to the refinery for co-processing with traditional hydrocarbons. And
the rest of the solid briquetted and fed as a briquetted environmentally friendly high-energy fuel for
the consumer, including life.

Our proposed technology mini-compact modular processing plant organic part of municipal
solid waste after the wind sorting MSW is designed to introduce into production for processing of
solid waste high-performance and environmentally friendly way of processing (waste-processing)
organic compounds by high-speed pyrolysis. We have developed a modular installation scheme can
solve the problem of destruction of municipal and industrial waste, using environmentally friendly
technology to produce the output of useful products suitable for use in the field of energy and
transport.

The basic concept put forward to realization technology comes from the fact that the majority
of low-grade solid fuels expedient process to obtain one liquid products - high-energy motor and
heating fuel, high-calorie fuel gas, and in some cases and scarce chemical products, including those
which are of oil obtained either fails, or in this case, they are more expensive. The technology has
been tested in a larger scale in the laboratory. The offered technological scheme is highly profitable
and efficient in terms of the timely return on investment. They can handle virtually any organic
substance: unsorted municipal solid waste, wood waste, agricultural residues, polymers.

It is expected that the scheme is designed modular installation for waste treatment plants will
allow to confront tendencies dangerous accumulation of debris, its spontaneous combustion,
spontaneous combustion, getting huge amounts of toxic substances produced in the atmosphere, rivers
and reservoirs. Mechanical sorting of solid waste is technically difficult and is not widely used. We
have developed an aerodynamic sorting unlike all the proposed technology options, is more
economically, environmentally and technologically acceptable and effective Direct recycling or
burning huge amounts of waste technically very problematic, environmentally dangerous and
economically inefficient. Therefore, a solution of solid waste through the implementation of our mini-
plant economically and environmentally efficient. Since their use recycling is to produce useful
products. The technology provides a modular scheme allows the flexibility to adapt to a different
volume of recyclable waste, changes in their composition, which is integrated production. The
modular scheme allows to develop waste processing production stages. Furthermore, there may be
used various items of production equipment. At the initial stage of start-up and during operation of the
installation stage in the process uses the heat of the exhaust gas stream of the power plant. The
operations take place in the modular unit has the following order:

1.Aerodynamic sorting and drying.

2. Crushing and screening otrganicheskoy part of MSW after wind drying and sorting.

3. The pyrolysis unit.

4. The module producing distillates (pyrocondensate).

5. Produce pyrolysis unit.

6. The module of producing a carbon-solid hydrocarbon fuel.

Technological essence of the method of medium high Pyrolysis used in a modular installation.
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A mixture of geometric fractions of organic components of solid waste after drying and
crushing in its composition comprises a physical moisture (air-dry state). Screw feeder with a residual
moisture content of the mixture fed to the humidity in the low-temperature pyrolysis step to full
dehydration - to the absolute drying. Dehydrated compost is fed to the high-speed pyrolysis, where it
is mixed with a high-flow (500-5500S) gas mixtures, which are products of the combustion of
traditional energy in the rotating reactor. Here organic sorted, dried and crushed mixture leaving an
organic part of municipal solid waste is heated in the absence of oxygen to a temperature 460-4800S,
and it emits vapor-gas mixture containing hydrocarbon vapors are not condensable gases such as H2,
CO, N2, H2S, CH4 and other to form coke in the reactor. This installation is quick (almost
instantaneous) heating the dehydrated mixture. With such rapid heating is not time to be physical and
chemical processes of transformation of raw materials. The rate of temperature rise of raw materials
during the pyrolysis process should be about 700 -800 deg / sec. The high speed of the process is
provided by high-energy input that reduces heat losses to the environment. In this method, the
transition of the organic portion of the feedstock to gaseous and vaporous state.

Gas-vapor mixture is given to the condensation device where the hydrocarbon vapors are
condensed to form a synthetic liquid pyrolysis fuel combustion heat from 25 to 38 MJ / kg, depending
on the component composition of MSW. Note that at the attainable superheating linear polymers
undergo 100% pyrolysis and sewn - in part decompose, forming like coal sediment. Semi-coke is non-
condensable gas calorific value of 25 to 48 MJ / Nm3 (determined by the composition of solid waste).
Remaining after condensation of the gas sent for incineration. The distinctive ability of the proposed
technology is the possibility of recycling of solid waste produced in the combustion of the pyrolysis
gas. This allows us to solve many of the environmental, economic and energy challenges. If the
gaseous reaction products are sent to a subsequent partial condensation, while their presence at high
temperature should be as limited. By increasing the holding time at this temperature, the gaseous
substance may be subjected to further modification. The combustion gas residence time limit gas at
high temperature does not really matter, because the calorific value is determined by the elemental
composition mixture burned and not burned structure compounds. Sometimes observed some
dependence of heat generated from combustion at a constant elemental composition is determined by
the dependence of the combustion rate and complete combustion of the combustible building
materials. The remaining gas can be burned to produce heat. The combustion gas cooling is not
necessary. Upon cooling, followed by partial condensation of the gas produced in a separation of the
pyrolysis of materials for individual applications. When the partial condensation of the gas is collected
liquid substances emitted in a certain temperature range. Pyrolysis gas is sent to the condensation unit
(condenser) to produce liquid pyrolysis fuels (Pyrolyzates). Coke is withdrawn from the reactor in the
air-fountain pyrolysis furnace where it after burned organic compounds in an air stream. While
stressing the heat is used to heat the coolant fly. In a second embodiment, solid carbon-hydrocarbon
mixture is discharged and pelletized for ease of transport, where it may be used as a clean fuel. The
proposed process can serve for processing waste containing polymer components as waste oil
(bitumen, asphalt). The technology can be used for the processing of heavy oil. One of the main tasks
of all countries of the world is a rational and economical use of energy. Due to the high prices and
limited reserves of oil, gas and coal problem research other energy resources. One effective way of
producing energy in the future may be used as fuel solid waste. Using the heat produced during
combustion of municipal solid waste, also provides for the generation of electricity.

The proposed new energy model is advantageous in that it makes the country's energy system
more sustainable, dramatically expanding the raw material base of energy, solves the problem of
accumulated waste, and, most importantly, makes rely on its own scientific and technical potential.
Energy development in this way makes really innovate widely introduce new technologies, improve
and develop them. Such a development would require a rapid revival of energy and mechanical
engineering industries, as well as related industries. Develop and implement a plan for the
reconstruction of power in accordance with the above proposals would lead to enormous changes in
the industry and the economy. Exhaust experience of energy development on a new path can be
replicated in other countries and export related to the described methods of energy recycling
equipment. This could be a long-term basis for enhancing energy policy of country.
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BBIPABOTKA TEXHOJIOI'MYECKUX PEINEHUI 11O
HOBEHIEHUIO DOPEKTUBHOCTHU CUCTEMbI CBOPA ,
HOAI'OTOBKHU U TPAHCIIOPTA I'A3A

K. m. n., oouenm Acaooea X. b.,
Xyoaiioepeenos T. X.,
Kaoupoaes H.,

Azumos H.T.

Y3oexucman, Tawmkenm, Tawkenmckuii 2ocyoapcmeennulilt mexHu4yecKuil yHugepcumem,
@Daxkynomem Hegpmu u 2a3sa,
Kageopa «Pazpabomka u IKCnaIyamayus HehmsanviX U 2a306bIX MECHOPOIHCOEHUTL »

Abstract. The article discusses the development of technological solutions for monitoring the
development of natural gas fields which includes monitoring of the parameters of operation of wells
and deposits, with the aim of timely adjustments to conform with the current performance of the
project document and the account when forecasting future developments. Because of the control over
the development largely depends on the reliability of the each well and the fishery as a whole, the final
gas and condensate recovery, technical and economic efficiency of development of the field and of
course for the development of technological solutions for hanging the effectiveness of the collection,
preparation and transport of gas.

In this study, recommendations to improve the transport of gas, the pressure drop in the
pipeline, preventing hydrate formation and stop the pipeline, which means stopping the wells to
eliminate hydrocorks and hydrate formation, stabilization mode wells, whereby the increase in gas
production may reach an average of 50 thousand .m3 per day or up to 20 million m3 per year.

Kontposs 3a pa3zpaboTkoli MECTOPOXKISHHUSI IPUPOJHOTO ra3a BKIIOYAeT B ceOst HaOmoneHne
3a MapaMeTpaMM 3KCIUTyaTallii CKBAXXHH U 3aJIEXKH, C IIeTbI0 UX CBOEBPEMEHHOIN KOPPEKTHUPOBKHU IS
MIPUBEJICHUS] B COOTBETCTBUE C MOKA3aTeNsIMU JEHCTBYIOIIErO NMPOEKTHOTO JOKYMEHTa M ydueTa MpHu
NPOTHO3MPOBAHUM JaibHelnel pa3paborku. OT KOHTpOJS 3a pa3pabOTKOW BO MHOTOM 3aBHCUT
HA/IKHOCTH pabOTHl KaK0W CKBAXXMHBI U MPOMBICIIA B IIEJIOM, KOHEYHAs Ta30- ¥ KOHAEHCATOOTIa4a
T1acTa, TEXHUKO-IKOHOMHUYEcKass 3(p(EeKTUBHOCTh Pa3pabOTKH MECTOPOXACHUS M KOHEYHO K€ I
BBIPA00OTKA TEXHOJIOTHIECKHUX PEIICHUH 10 TTOBEIIEHUIO 3(PPEKTHBHOCTH CHCTEMBI CO0pa, TOATOTOBKH
Y TPaHCIIOPTa rasa.

B 00s13aTenpHOM NMOpSAKE TOIKHO MPOBOJAMUTHCS BCECTOPOHHEE 10 M3yYEHHE MECTOPOXKACHHMS, 1O
pe3yJbTaTaM 3KCIUIyaTallMOHHOTO OypeHHs U pa3pabOTKU MECTOPOKICHUS.

Jns BeIpaOOTKHM TEXHOJOTMYECKHX PEIICHHH 10 MOBEIEHHI0 3((EKTUBHOCTH CHUCTEMBI
cOopa, MOATOTOBKH M TPAHCIOpPTa ra3a ObUIO NPOBEACHO aHaJIM3 CYLIECTBYIOIICH CHCTEMBI cOopa u
MOJIrOTOBKM Traza MecTopoxaeHuss CeBepHblii ['y3ap, KOTOpo€ COCTOMT W3 TpEX BapHaHTOB
Pa3paboTKH, OTIAMYAIOIIUECS KOJINIECTBOM IKCILTYyaTalMOHHBIX CKBaXXHH U TOJOBBIM OTOOPOM rasa u3
MECTOPOXKACHUS!

Hnst Bcex Tpex BapHaHTOB pa3paboTku MecropoxieHus CepepHblii ['y3ap mpombicioBas
MOJITOTOBKA T'a3a OCYLIECTBIsIETCS Ha ycTaHoBke cemapauuu raza (YCI). Ilpu sTom c6op npoaykuun
CKBaXUH MecTopoxeHus CeBepHbid ['y3ap ocyliecTBisercs Ha uMmeroemcs coopaom nyHkre CI1-1

CornacHO MHOTOYHCIICHHBIM TPOMBICIOBBIM U JHTeparypHbiM aaHHbM /8,9,10/ ckopocTh
MOTOKA Ta3a B JIOOOM CEYeHHH JU(PTOBBIX TPyO MO CTBONy CKBAXXHHBI JOJDKHA OBITH HE MeHee 4 —
5w/c. Bo BTOpBIX, 3Ta CKOPOCTh HE MOJDKHA MPEBHIMATH MPEAETHHO JOMYCTUMYIO, KOTOpas i
CEPOBOJIOPOICOIEPIKAIINX Ta30BbIX MECTOPOXKIeHUi, aHanornyHsix CesepHomy ['y3apy, cocraBiser
10 M/c, ucxoas U3 yCIOBUH MUHUMHU3ALMN CKOPOCTH KOPPO3UH CKBaXXMHHOTI'O 000PYI0BaHUS.

Takum oOpa3zoM, 3amada COCTOMT B HAXOKACHUM ONTHUMAJIbHON CKOPOCTH IIOTOKAa rasa B
CKBa)KHHE.

o ycioBusiM BeIHOCA JKUAKOCTH M TBEPABIX MPUMeEceH ¢ 32005 ra30100bIBatOLIeH CKBaKUHBI U
MHHHUMH3ALHH CKOPOCTH KOPPO3UX 000PYIOBAHUSL:

1. Haubonee nogxonsar HKT muamerpom 73 mm. OnHaKo, ¢ 1EIb0 0OCCIIEUCHUS HAJISKHOTO
3amaca MPOYHOCTH, YUUTHIBAs IKCIUTyaTalllI0 B arpeCCUBHOM cpeae, LenecoodpasHo ucnonb3oBars HKT
C BHYTPCHHUM JHAMETPOM 89 MM.

MNe 4(4), Vol.1, December 2015 31



International Scientific and Practical Conference “WORLD SCIENCE” ISSN 2413-1032

Hcxons w3 BBIEH3IOKEHHOTO, W YYHUTHIBasg KOHCTPYKTUBHBIE OCOOCHHOCTH TIa30100bI-
BAIOIIMX CKBXXHH MecTopoxaeHHs CeBepHbId 'y3ap, X SKCITyaTanno peKOMEHAYETCS:

1. OcymiecTBisATh IO KOMOMHHPOBAHHON KOJIOHHE JTU(PTOBBIX TPyO auameTpoMm 89/73 mwm,
CIYIICHHBIX A0 HIKHUX OTBEPCTUH MHTEpBaia nepdoparum.

2. Ucxoas W3 BBIMEH3IOKEHHOTO W TpeOOBaHWI HAAEKHOTO 3amaca IMPOYHOCTH, THII
YCTHEBOM apMaTyphl Uil paccMaTpUBAEMOM TpyINIbl MECTOPOXKJIEHUH HEoOXoauMo MoadHpaTh Ha
JnaBieHue B 1,5 pasa BbIllle MAaKCUMAaIbHOTO CTATUYECKOTO, IS Hariero cirydas 3to 210,0 Kr/cem?,

3. Jlust obecriedeHns: ONTHMAIBHBIX YCIIOBHH BBIHOCA € 320051 BOJIbI, KOH/ICHCATA, XKHIKOCTH U
TBEPHABIX YACTHI, HeoOXxomumo (OHTaHHBIE TPYOBl CIyCKaTh 10 HI)KHHX OTBEPCTHH HWHTepBajia
nepdoparum.

Bricokne Temmbl A00BMM Ta3za U3 MecTopokaeHust CeBepHbIi ['y3ap MOCTHTaNHMCh 3a CYET
3HAYUTEJIFHOIO IPEBBINICHUS! NMPOEKTHBIX NEOMTOB CKBa)KWUH, IyTEM YCTAHOBJCHHS HOBBIIICHHBIX
Jenpeccuil Ha IIacT, 4To 00yCIOBUIO OOBOAHEHHE MPOAYKIHMH I'a30400bIBaOINX CKBaXXUH. Kpome
TOTO, BBICOKME ICTPECCHH Ha IUIACT OOYCIOBHJIM JIOKAIbHBIE IEIPECCHOHHBIE BOPOHKH C HU3KUMH
IUIACTOBBIMH JaBJICHUSAMU B 30HE PACHOJOXKEHHS TIa30J00bIBAIONINX CKBAXHH. A  TOCKOJBKY
BJIArOCOAEPKaHUE IUIACTOBOTO Ta3a (HACHIIIEHHOCTh KOHACHCALMOHHOM BOJOI) 3aBUCHUT B IEPBYIO
oyepenb OT OABJICHUS, a 3aTeM TEeMIIepaTyphl, COCTAaBa Ia3a W MUHEPAIU3ALMU BOJBI, TO 3aMETHOE
CHIDKEHHUE IUTACTOBOTO JIaBJIeHHs 00YyCIOBUIIO TTOBBILIEHHUE BIarocoAep X aHus T0ObIBAEMOTo Ta3a.

OCHOBHOI BBIBOJ BBIIIE MPOBEICHHOTO aHalW3a (aKTHYECKUX JAHHBIX OJKCIUTyaTaluH
mectopoxaeHust CeBepHblii ['y3ap — Tra3omoObiBaiolve CKBRXKWHBI OOBOAHSJIMCH C 3aMETHBIM
CHIDKEHUEM TPOJYKTUBHOCTH M3-3a OTKJIOHEHHH OT MPOEKTHBIX MapaMEeTPOB TEXHOJIOIMYECKOTO
pexumMa ux paboThl.

B mpomecce wuccieoBaHMS Ta30BBIX CKBAXHH CIEAYET OCO00€ BHUMAaHHE YJIENHUTh
BBISIBJIICHUIO (DaKTOPOB, OTPAHUYUBAIOIINX BETMYHHBI pabodnx NeOUTOB, CIOCOOCTBYIOMIMX TOATATH-
BaHUIO TOJOIIBEHHON BOJABI K 3a00M JEHCTBYIOIIMX CKBAXHH W paspylleHuio Iuiacta. Ilostomy B
MIPOMEBICIIOBOM CHCTeMe cOopa ITOOBIBAEMOTO Ta3a HEOOXOAWMMO IIPEIyCMOTPETh BO3MOXKHOCTH
HNOJKITIOUEHNSI KaKIOM CKBAXHHBI K 3aMEpHOMY Cemaparopy Al HHAWBUAYAJIBHOTO 3aMepa
KOJIMYECTBA XKUIKOCTH (KOHICHCATa U BOJbI) B UX INPOIYKIUH.

Pexomenmanuu 1o yay4IeHHIO TpaHCIIOpTa rasa:

[o cymecTByromieit cucreme 100bIBaeMBId Ta3, KOHACHCAT U BOJIA CO CKBAXKHUH HaIrpaBIIsieTCs
Ha cOoopubiid myHKT (CII) 1 nanee mo razonpoBoy Ha ycTaHOBKY cenapaumu rasa (YCI).

OpHako TmpH CHWXKEHMHM [aBIICHWS B Ta30NpoBOJE 3a CUET YMEHbUICHUS o0beMma
TPaHCIIOPTUPYEMOTO ra3a CHIKCHHUSI pab0vero JaBJIeHHs B Ta30MpOBojie (TOUHEE Tiepenaa 1aBiIeHus
B Ta30MPOBO/IE) BO3HUKAIOT THAPONPOOKH, 8 B 3MMHUI Mepro]] HAOIIOAaI0TCs THAPATOOOPa30BaHHUS.

B cBSI3M ¢ HU3KHMM JaBJIEHHEM Tra3 HE MOXKET Pa3pylINTh 0Opa3oBaBIIMECS THAPONPOOKH U
rugpatooOpasoBanus. B pesynbTare Ta3ompoBOA  OCTAHABIMBAETCS, U  COOTBETCTBEHHO,
OCTaHaBJIMBAIOTCS CKBAXMHBI. BEIlIe yKa3aHHBIE HETaTHBHBIE SBJICHHUS MPOMCXOIUT U B Ta30MPOBOJC
Cegepunsriii ['y3zap-VCI'.

Jua  ycTpaHeHHWs TaKWMX HETaTUBHBIX SBJICHWH 3aTpadynMBaeTcsi MHOTO BpEMEHH,
OCTaHaBJIMBAJICS Ta30MPOBOJ, a 3HAYMT M CKBAXWH Ha mpakTtuke. OZHUM U3 METOJOB YCTPaHEHHS
TaKUX SIBJICHUI SIBISCTCS MPUMEHEHHUE 3allyCK CIICLHAJIbHBIX MOPIIHEH B ra3onpoBOJ Ul YAAJICHUS
KHUIKOCTH W3 TOJIOCTH T'a30npoBOROB. ISl mpemoTBpalieHuss M YyCTpPaHEHHs THAPaTooOpa3oBaHUs
npemiaraercs noctpout «CII CeBeprbrit ['y3ap» ycraHOBKY cOopa yTHIIM3allMU TIIACTOBOW BOJBI H
MeYbl0 MOJIOrpeBa Ta3a HACOCHOM 3aKaukd MeTaHojla B TrasonpoBoA. IIpuHuunuaneHas cxema
npeasaraeMoil ycTaHOBKH NpuBeeHa Ha puc. 1.

YcraHoBka paboTaeT Mo CIeIyIoNe TEXHOJIOTUIECKOH cXeMe.

U3 c6opuoro nyHnkra (CII) ra3a >KUAKOCTHAas cMech HampaBisieTcsl Ha Medb MOAOTPEBa, Il
TeMIIepaTypa rasa u KHIKOCTH B 3UMHee Bpems moBbimaercst Ha 20- 25 °C Gonee B 3aBUCHMOCTH OT
TeMIepaTypsl OKpyxaromei cpeasl. [lomorperas razoxuaKocTHasi CMECh HANPaBIISIETCS HA CemapaTop
pa3aenuTenb, Te CBOOOJHAs KUAKOCTh OTAEINAETCs OT ra3a ¥ BBIBOAMUTCS Ha ceraparop Aera3aTop.

I'a3 ¢ ocTaTo4HbIM cojiep)kaHHEeM KOHJAEHCATa M BJIarW HAINpaBlIIeTCs B Ta30lpoBoj. B moTok
ra3a u3 cernaparopa pa3fesuTeNs 3aKauiBaeTCsl METaHOIM, IS TIPEAOTBPAIICHIS THAPATO0Opa30BaH
B rasomnposoze. B cemaparope — nerazaTope MpOMCXOAWT MOJIHOE Pa3ra3sMpOBaHHE KUIKOCTU MOJ
aTMOC(EPHBIM JaBICHUCM.

U3 cenapartopa — merasatropa ra3 BBIBOOUTCS U CXKHraerTcsl Ha Qakele, a IerasupoBaHHAs
KHUIKOCTh HalpasisieTcsl Ha IJIOMAaAKy cOopa U pa3fesieHusl BOJbl U KOHAeHcaTta. Bona BeIBoauTCS Ha
YTUIM3ALHUIO B MOTJIOIIAIOIINE CKBaXKUHBI, 2 KOHJICHCAT aBTOTPAHCIIOPTOM BBIBO3UTCS Ha YCTAHOBKY
cOopa ¥ MOArOTOBKM KOH/AEHCATA.
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[a3-KMAKOCTb
Puc.1.1.
ITeus nmogorpensa

> rasza
T"'azompoBon
CesepHblii ['y3ap -
CII Cesepusiii I'yzap r'\ yCcr
N A
ITomaka cenaparopa Hacocnas 3akaukn
paszenurers B MeTaHOoJIa
Meranon
T'a3
Kuakocrtpt+ras
A 4
Inomanxa IMTnomanaku cGopa.

Ta3 na daxen cemaparopa - KemxocTs Pasznenenus u BeIBOAA
. Acrasaropa | Bonw! Ha yrunuzanuio

Puc.1 Ilpunyunuanvuas cxema. Ycmanosxa coopa,
ymuauzayuu 800wl u nooozpesa 2aza Ha CII « Cesepnutii I'y3ap»

B pesynbrare peamuzanmu JUisl peanu3alUd AHHON pPEKOMEHIAIMH MOXHO CIEIyIoLIue
MOJIOKUTENbHBIE PEe3YIbTaThI:

1. CHmXeHMe NaBICHUS B Ta30MPOBOJIE;

2. IlpenoTBparienue ruapaTooOpa3oBaHMsl U OCTAHOBKH Ta3olpoBOAd, a 3HAUYUT OCTAaHOBKU
paboThI CKBAXXUH, I TUKBUAALNN THAPOTIPOOOK U THAPATO0OPA30BAHUN;

3. Crabunmzanusi pexxuma padoThl CKBaXKHH, 32 CYET YEr0 MPUPOCT JOOBIYHM Ta3a MOMKET
COCTaBHT B cpemHeM 50 THIC.M® B cyTku wi 10 20 MIH.M® B roj.
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NCCIIEJOBAHUE BJIMAHUSA TUITA
KPEMHEKHUCJ/JIOTHOI'O HAITIOJIHUTEJIS HA
TEIHHVIO®PU3NYECKHUE XAPAKTEPUCTUKU
3JACTOMEPHBIX KOMIO3UIIUH

/. m. . Kabnoe B. @.,

0. m. . Hoséononvuesa O. M.,
Jlanun C.B.,

Kouemkoe B. I'.,

Jlanuna A. I.

Poccusn, Bonacckuil, Bonscckuit nonumexnuueckuii uHCmumym
(punuan) @60y BO «Bonzozpadckuil 2ocyoapcmeenHblii MeXHUYeCKUI YHUGEPCUMEm ),

Abstract. The influence of the degree of dispersion and the structural features of silicon
fillers on physical-mechanical, thermal and heat protection characteristics of elastomeric
compositions was investigation.

Articles made from elastomeric compositions used in the rocket, aircraft and marine
applications, including structures for special purposes, operating at extreme temperatures. Therefore,
of particular interest are polymeric composite material with thermal resistance higher than 200 ° C,
the product of which can be operated for a long time at elevated temperatures. This problem is solved
by introducing into the composition a functionally active fillers.

The objective of the work was to determine the effect of the degree of dispersion and the
structural features of the silica fillers on physical-mechanical, thermal and heat protection
characteristics of elastomeric compositions.

The object of the study was a rubber mixture based on ethylene-propylene rubber, EPDM-40
with sulfuric vulcanizing system. As a reinforcing filler used in various brands of white blacks.

Equal weight replacement carbon black on fumed silica practically does not change the
physical and mechanical properties of the vulcanizates, but increases the fire resistance of 84 - 105%
depending on the content of the silane: with increasing mass fraction silane fire resistance decreases.

Thus, investigations have shown that equal mass replacement of carbon black on fumed silica
can increase fire and heat resistant elastomer compositions.

Keywords: fumed silica, silicic acid, heat resistance, heat protection material, organosilanes,
elastomer composition

WN3penuss U3 51acTOMEpPHBIX KOMIIO3MLIMKA INPUMEHSIOTCS B PAKETHOM, ABHALIMOHHOM U
MOPCKOH TE€XHHKE, B TOM YHCJE, A KOHCTPYKLHMI CIEIManbHOTO Ha3HaYeHHs, paboTaloOUMX NPH
SKCTpEeMaJbHBIX TemmepaTypax. [loaTomy o0coOblif WHTEpeC MPENCTaBIAI0T KOMIIO3UIIMOHHBIC
MOJTUMEPHBIE MaTeprasl ¢ TerocToiikocThio Bhile 200 °C, u3aenus U3 KOTOPBIX MOTYT JUJIMTENBHOE
BpeMs1 SKCIUTyaTUPOBAThCS MIPH MOBBIMICHHBIX Temneparypax [1,2]. Ota 3agada penraercsi BBeACHUEM
B KOMITO3MLNIO ()YHKIMOHAIEHO aKTUBHBIX HAIIOJIHUTEINEH.

bermas caxa wmcronb3yeTcss B PE3WHOTEXHWYECKOW MPOMBIIUIEHHOCTH KaK OCHOBHOM
YCUJIMBAIOUIMK HANOJIHUTENb U LBETHBIX M CBETJIBIX Pe3WH. B IIMHHON NpPOMBINUIEHHOCTH OHa
MOXeET OBbITh UCIIOJIb30BAHA B COUETAHNH C TEXHUYECKUM YIJIEPOIOM MIIM KakK €ro ajpTepHaTuBa [3, 4].
Opnrako BBeleHHE OeNoi Cakh B PE3MHOBYIO CMECh CBS3aHO C HEKOTOPBHIMH TPYIHOCTSMH B CHITY
KayuyyKoOOHOCTH €€ TOBepXHOCTH. OJTa mpobieMa pemraeTcs Moaudukanued Oenoil caxwu
On(yHKIIMOHATIBHBIMU CHUJIaHAMH, KOTOpBIE, pearupys ¢ €€ MOBEPXHOCTHIO, 00pa3yloT COCIUHEHUS,
CIIOCOOHBIE B3aMMOACHCTBOBATh C MAaKPOMOJIEKYJIaMH Kaydyka [5].

Kpome Toro 6enasi caka mpUMEHsETCSl B Ka4eCTBE HAIIOJHUTENS B COCTAaBE TEIUIO3AIIUTHBIX
KOHCTPYKIMOHHBIX MaTepUajoB, padOTAIOINX B SKCTPEMAIIbHBIX YCIOBHUSIX KCILTyaTauu [6-8].

Lenpto paboThl SBISIOCH ONpPEACTICHUE BIMSHUSI CTEIEHU IOUCIIEPCHOCTH U CTPYKTYPHBIX
0COOEHHOCTEH KPEMHEKHCIOTHBIX HAIlOJIHUTENeH Ha (PU3MKO-MEXaHWdeckue, Terodusndeckue M
TEIUIO3aIUTHBIE XapaKTEPUCTUKHU 3JTACTOMEPHBIX KOMIIO3HULIUH.
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OOBEKTOM HCCIeIOBaHU SBISIIACH PE3MHOBAs CMECh Ha OCHOBE ATHIICH-TIPONUIICHIUEHOBOTO
kayayka CKOIIT-40 c cepHoif BynkaHM3yIOIIeH Ipynmnoil. B kauecTBe yCHIMBAIOIIETO HATIOTHUTES
UCTOJIh30BAIMCh Pa3IMYHbIE MapKu OenbIXx cax, npudeM caxa bC-120 Obuia mMomuduimpoBaHa
cunanoM Si-694. CoaepikaHue HAMOJIHUTENS MPEACTABICHO B TabmuIe 1.

Tabnnma 1 - ComeprkaHue HAITOJIHUTEINS B PE3HHOBOW CMECH

WNHrpenuent Uingp emecn

100 175 [ 812 | 0-30 | 1-30 | 1,25-30 | 1,5-30 | 1,75-30 | 4-30 [ 5-30
CKOIIT-40 100 | 100 | 100 [ 100 | 100 100 100 100 100 | 100
bC-100 30 - - - - - - - - -
bC-120 - - - 30 30 30 30 30 30 30
Si-694 - - - - 1 1,25 1,5 1,75 4 5
Ocmi-175 - 30 - - - - - - - -
AspocunR812 - - 30 - - - - - - -

KuneTtndeckue mapaMeTpbl pe3MHOBBIX CMECEH OmpenessuInch ¢ moMorisio peomerpa MDR
3000 Professional.

VYBenuueHne AUCIIEPCHOCTH O€OW Ca)XXM MPUBOAMT K IMOBBIIICHHIO ONTUMAIIEHOTO BPEMEHU
BYJIKaHHU3aIIMM PE3MHOBBIX cMeceil. OmHako, 3aMeHa O€lloil Cakh Ha a’pOCHII CYIIECTBEHHO €ro
CHMKACT. MOI[I/I(bI/IKaHI/ISI Oellof CaXM CHIIAHOM 0 OOCTHMXKCHHUA BECIWYUHBI €0 KPUTHUYECKOT'O
coJiep>KaHUsI He OKa3bIBAET CYIIECTBEHHOTO BIUSIHMS Ha KWHETHUKY BYJIKaHW3alHH (Tabd. 2).

Tabnwma 2 - BynkaHn3allMmOHHbBIE XapaKTePUCTUKN PE3HHOBBIX cMecen ™

[ loxa3aTens 100 [175 (812 [0-30 [1-30 |1,25-30 |1,5-30 |1,75-30 [4-30 [5-30
MuyHUMaTbHBIN

kpytammii - moment| 0,13 | 0,14 |0,13| 0,11 | 0,12 0,12 0,12 0,12 0,14 | 0,15
(Mmin),H'M

MakcruMaIbHBIN

kpyTsammii  moment| 0,94 | 2,68 |1,45] 1,92 | 1,99 1,88 1,90 1,89 1,46 | 1,54
(Mmax), H-m

Bpems Ha4aa
Bynkanmsanun  (1s)| 24 | 3,1 |22 | 34 4.2 43 3,2 3,3 2,7 3,1
MUH

OnTuMansHOE BpeMst
BynkaHmsanuu  (Tg),| 31,4 36,3 |18,1| 30,6 | 31,8 29,1 29,3 28,7 220 | 47,9

MIWH

[loka3zaTenn
CKOpOCTH
Byakanusanun  (R),
MUH

0,17] 0,20 (0,15 0,18 | 0,16 0,17 0,17 0,17 | 0,18 | 0,15

* Temmeparypa Byakanusaimu 165 °C

Omnpenenenne Temao0(U3NUECKUX ITOKa3zaTeJed MPOBOAMIOCH C MOMOILBIO KOMIBIOTEPHOTO
m3mepurens temonpoBogHoctn KUT-Dmacromep. s ONEHKH TEMJIO3AIIUTHBIX XapaKTEPUCTHK
NOJYYEeHHBIXBYJIKAHU3aTOB  ONpEAesIach 3aBUCHUMOCTB  TeMIlepaTypbl Ha  HeoOorpeBaeMoi
HOBEPXHOCTH 0Opasia ToimuHol 12 MMor Bpemenu mporpesa no 100 °C, npu JeWCTBHHM Ha HETO
OTKpPBITOrO IUIAMEHHW IUIasMarpoHa. Ha moBepxHocTH co3maBanach Temmeparypa mopsaka 2000°C
(Tabm. 3).
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Tabmuna 3 - @OuU3HKO-MEXaHWYECKHE, TEMIOGU3UUCCKUE U TEIUIO3alUTHBIE CBOMCTBA
BYJIKAaHMU3aTOB
VYcnoBHas MPOYHOCTD Bpews porpena Kospuumenr
Indp cmecu HoH pacTskerm. MITa 00paTHOM CTOPOHBI TETIOTPOBOHOCTH,
Pup ’ obpasma g0 100 °C, ¢ B1/(M*K)
100 8,81 200 0,2382
175 20,57 274 0,2417
812 17,11 100 0,2431
0-30 9,91 220 0,2326
1-30 10,69 240 0,2405
1,25-30 12,08 230 0,2484
1,5-30 11,83 220 0,2571
1,75-30 11,56 220 0,2659
4-30 9,39 180 0,2747
5-30 9,73 157 0,2847

UroObl MONyYUTh ONTHMATbHBIE PE3YNHTAaThl C KPEMHEKHUCIOTHBIMHU HATIOJHHUTEISMH, HX
HEOOXOAMMO HCIIOJb30BaTh BMECTE C OpPraHOCHJIAHAMH B KadeCTBE CBS3YIONIMX BellecTB. bes
JI0OABJICHUST OPraHOCWJIAHA «CHJIMKa» CO3Ma€T TPOYHYI CETKY HAlOJHUTENS | H3MCHSCT
BYJIKAHU3AIIMOHHBIE XapaKTePUCTUKH W3-32 CBOEW THUAPO(MWIBHONIOBEPXHOCTU. A CBs3YyIOIIEe
BEIIECTBO CHIKACT BA3KOCTh CMECH M YIIyUIIIaeT BYJIKaHU3AIIMOHHEBIE CBOMCTBA. B pe3ynbTaTe MOKHO
MOJIyYUTh BBICOKYIO IIJIOTHOCTH CIIMBOK. I1OCKOJNBKY OM(YHKI[MOHAIBHBIE CHIIAHBI PEarupyroT ¢
MOBEPXHOCTHI0 KPEMHEKHCIIOTHOTO HAITOJIHUTEINS B IPOLECCe CMEUICHHS W 00pa3yroT XUMHUYECKHE
CBSI3U C TIOJIMMEPOM TIPH BYJKAHHW3AIIMH, TO MOXXHO KOMIICHCHPOBAaTh HETaTHBHOE BO3ICHCTBHUE
KpEeMHEKUCIIOTHOTO HarmoHATeIs[ 10]

[To mepe mpuOIKEHUS CONEP)KAaHUS OPraHOCHIAHA K ONTHMAaIbHOMY TOBBIIIAIOTCS (DHU3KO-
MEXaHUYECKHE CBOHCTBA  3JACTOMEPHOM  KOMIIO3WMIUM  M3-32  yBEIMYCHHA  MEX(a3HOTO
B3aMMOJICHCTBHUS MEXIy MMOJIMMEPHON MaTpUIlei W dacTuiaMu HarmosHutesss. OIHAKO NP 3TOM 3a
cuer oOpa3zoBaHus 0o0Jiee YIOPSIOYCHHONH CTPYKTYphI TOBBIIIAETCS TEIUIONMPOBOIHOCTh TaKUX
kommno3unuid [11, 12].

300

HTPOYHOCTD

Puc. 1 — 3asucumocms epemenu npocpesa neobozpesaemoii cmoponst oopasya 0o 100 °C,
VCA0BHOU NPOUYHOCMU NPU PACANCEHUU U KOIDDuyuenma menionposooOHOCMU Om MApKU
KOJLIOUOHOU KPEMHEKUCTIOMbL U COOEPICAHUSL CUNAHA
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XapakTep U3MEHEHHsI TETIONPOBOJHOCTH B 3aBUCHUMOCTH OT TEMIIEPATypPhl MOXHO OOBSICHUTh
TEM, 4YTO C TMOBBIIICHHMEM TEMIEpaTypbl BCICACTBUE TEIJIOBOM (IIyKTyalim MaKpOMOJIEKYI,
BBI3BIBAIOIICH YBEIMYCHUE PACCTOSIHUS MEXAY MOJCKYIAPHBIMH LelsMH (CBOOOAHOrO oObema) H,
CIICIOBATEIbHO, BHYTPEHHETO TEIJIOBOTO CONPOTUBJICHUS, KO3(P(PUIUEHT TEmIonpoBOIHOCTH
YMEHBIIACTCA.

[Ipu ananu3ze mporeccoB NepeHoca Teria yepe3 MPoCTeIe MHOTOKOMITOHEHTHBIE CHCTEMBI
Uil pacyera Kod(Q(uUIMEHTa TEIUIONPOBOAHOCTH C OMNPEACICHHOW CTEMEHBI0 JOMYLICHUS
HNPUHUMAETCS MaKPOCKOIUYECKas TOUKA 3PEHHUs, T.€. HTHOPUPYETCsl TOT (aKT, YTO BELIECTBA COCTOST
M3 aTOMOB M MOJIEKYJI U pPacCMaTpUBAIOTCS Kak KOHTHHYYM [9-14]. IIpu 3TOM ymaercss yCTaHOBUTH
3aBUCUMOCTh K03((HUIIMEeHTa TEIIONPOBOTHOCTH CHCTEMBI OT €€ CTPYKTYpBI, KO3(QQHUIHNEHTOB
nepeHoca Temla KOMIIOHEHTOB, MX KOHIeHTpauuid. [Ipu TakoM moaxole K aHamu3y MpOLEcCOB
nepeHoca TeIyla NPUHUMAETCs PsAA JOOIYILIEHWH: OTCYTCTBUE TEPMUYECKOTO CONPOTHBICHHUSA Ha
TpaHMLe pa3esia MeX 1y KOMIIOHEHTaM1, HEU3MEHHOCTh KOA()(UIIMEHTOB TEIUIONPOBOAHOCTH YHCTHIX
KOMIIOHEHTOB B CMeCU M Jp. B TO ke Bpems Npu CMEIIECHHH B Pe3yJIbTaTe BIUSHHUS HAIOJHHUTENS
MOXET MEHAThCSI HAAMOJICKYJSIpHas CTPyKTypa monmmepa [2], YTO OKa3blBaeT BIUSHHUSA Ha
TETUIONPOBOJHOCTh KOMITO3UIIHH.

JucnepcHOCTh HATIOHUTENS TaK e OKa3bIBaeT BIUSHHE Ha TETIONPOBOJHOCTh KOMIIO3UIIHH.
Y cTaHOBIEHHOE HKCIIEPUMEHTAILHO MOBBIIEHHE KO3 PHUILIHEHTa TEIUIONPOBOIHOCTH ¢ YMEHBIICHUEM
pasmepa yactull (IIpA OJAWHAKOBOM OOBEMHOM COJEPKAHHM JTHUX HAIMOJIHHUTENEH), MO-BUIAUMOMY,
MOKET ObITh OOBSICHEHO MHTEHCH(HKAIIMEH TOBEPXHOCTHBIX SBJICHUN Ha TpaHulle pasaena ¢as [17].
[Ipu 5TOM aKTUBHBIE LEHTPHI HA MOBEPXHOCTH YACTUL OeNol ca)ku 00pa3yloT XMMUYECKUE CBS3U U B
Cllydae JOCTaTOYHOT'O KOJIMYECTBA TAKUX AKTUBHBIX LIEHTPOB YAaCTHLBI HAIIOJHUTENS OyAyT SBIATHCS
MPOBOSIIIUMHA MOCTHKAMHU MEXTy IBYMs M 00JIee MOJIEKYJIaMH AJIacToMepa.

110
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30
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Puc. 2-3asucumocmv memnepamypel Ha Heobozpesaemoli NOGepXHOCU
0bpasya om epemenu npocpesa

PaBHOMaccoBas 3aMeHa TEXHUYECKOTO yriepoja Ha Oelylo caKy NPaKTUUYECKH HE U3MEHSET
(u3uKo-MexaHHMUYECKHE CBOMCTBA BYJIKaHM3aTOB (TaOy. 3), HO TMOBBINIAET OTHECTOHKOCTh Ha 84 —
105% B 3aBUCUMOCTH OT COJEpKaHUS CHJIaHa: C YBEJIMYCHHEM MAacCOBOM JIONHM CHJIaHa
OTHECTOHKOCTh CHUXaeTcs (puc. 2).

Takum o00pa3oM, NpOBEIEHHbIC MCCIEOOBAHMS IIOKa3alMd, YTO paBHOMAccoBas 3aMeHa

TEXHUYECKOTO yTiepoa Ha Oeylo Caxky MO3BOJSET MOBBICHTH OTHETEIUIOCTOMKOCTH DIIACTOMEPHBIX
KOMIIO3HIIUH.
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At present the problem of water resources pollution — lakes, rivers and seas has become very
serious. Annually about 5 million tons of waste get into the ocean. By now more than 100 million tons of
waste has accumulated in the ocean. By uncontrolled waste dumping the man disturbs the natural balance
of water bodies. The river pollution leads to worsening the habitat of animals, the fresh water quality and
leads to increasing the cost of its purification. At the same time using such water in the agro-industrial
complex can drastically worsen the final product and its consumer quality. Great amount of waste in rivers
leads to changes in current velocity, obstacles for fish migration to spawn, etc.

By the latest statistical data the cost of rivers purification in million-cities of Russia is 100 million
rubles per year, the greater part of which is spent on repairs and maintenance of purifiers and equipment
and labor remuneration. At the period from 1972 to 1987 in the USA $24,3 billion was spent on rivers,
springs and bays purification and about $1 trillion was spent for the whole period [1]. That is why it is
necessary to create a more economical and effective method to clean water bodies and rivers. [2]

Cleaning of water bodies is conditioned by the fact for 50 years this problem has been solved by
using the water purification facilities (dykes, collectors, etc.), heavy machinery (big and small dredgers) or
manual labor which in their turn do not cope with their task because of bigger amount of waste flow.

Thus, many systems and facilities to clean the surfaces of water bodies and rivers, but they
have both advantages and disadvantages. For example, the project Ocean Cleanup Array (picturela) is
supposed to clean big surfaces of seas and oceans and collect floating waste. It is an arch of 2000
meter and more in the center of which there is a huge funnel container. Moreover, the project will be
launched only in 2016.

Another system to protect seas and oceans from waste is a design of industrial designer Erik
Borg. It is a platform to clean water and a social robot that can cooperate with similar ones to achieve
a shared goal. Oceanic Cleaning System (fig. 1b) floats on the surface and gradually collects plastic
debris. Only 3D-model of the system has been made yet.

a) b)

Fig. 1. Existing facilities and systems: a - Ocean Cleanup Array; b - Oceanic Cleaning System
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The founder of the company «Dyson» James Dyson is designing the concept of the barge that
will works as a vacuum cleaner. It is constructed by the same technology as domestic and industrial
vacuum cleaners. At first it fishes waste with the help of big net then it sucks it down. Inside the barge
the waste is automatically sorted depending on the material. But unfortunately its size is not suitable
for shallow rivers, channels and small water bodies. [3]

On the basis of existing facilities analogs and means of improving the water resources quality
the engineers of the Astrakhan State University has launched the project in order to develop a
robotized mobile platform to clean water resources and coast line (fig. 2).
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Fig 2. The robotized mobile platform, the side view

The design is an automated platform the propelling agents of which are the side screws, more
known as Archimedean screw conveyors, that enables it to move both on land and water. It can go by
the set in advance GPS coordinates, by the visually static landmarks on ground and also by the run
before route. There are also cameras of technical vision due to which the program can make its own
decisions analyzing non-standard situation. This facility is for different types of works. Special
changed modules have been designed for this each of which is responsible for definite task: weed and
reed mowing (fig. 3-a), waste or scum collecting (fig. 3-b,c).

08n

Fig 3. The used modules:
a — the module of reed capture;
b — the platform with the net for waste collection, the front view;
¢ — the platform with a brush for waste, the front view

Controlling and monitoring the facility is done by a portable navigate system. As a power
source are parallel connected accumulators. Besides the usual power charge it will be possible to
charge form several silicon solar panels that are placed on the surface of the mechanic cleaner trunk,
the full functional scheme is given in fig. 4. [4]
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- - Control
B - Charge type
I - Executive part

Fig 4. The structural scheme of the portable platform

To the estimation of the World Health Organization (WHO) 80% diseases in the world are
caused by bad quality and insanity water condition. In the country the problem of water quality is very
acute and about 90% country citizens in the world constantly use polluted water to drink and bathe. [5]

This facility will help to solve the problem of water resources that will affect not only the
ecological condition of rivers, water bodies but will create favorable conditions to use these resources
in agriculture and other spheres.
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USING HIGHLY MINERALIZED WASHING FLUIDS ON
WELL DRILLING IN THE AREAS OF UZBEKISTAN

Umedov Sh. Kh.
Tashkent State Technical University

In contrast to other minerals oil and gas fields are opened by drilling wells, as a result of what
the confidence of their reserves will be confirmed. Drilling deep prospecting - exploring and
production wells in all oil gas perspective areas of Uzbekistan.

The depth of wells, depending on the area of boring varies from 1500 to 6000 m. Various
geological complications: catastrophic loss of returns, collapse of muck, influence of high-pressure
water-bearing bed with high content of corrosive components occur during the drilling. Stratums with
anomalous high pressure (AVPD) and anomalous low stratum pressure (ANPD), exceeding
hydrostatic pressure column of water for 2 times.

Well drilling is an important direction of petroleum and gas industry, and one of the complicated
and capital-intensive processes. As drilling is accompanied by circulation drill fluid, drilling agent must
meet definite technological requirements, which depends on mining and geological and technological
conditions of drillable areas, fields [1]. Drilling agents are characterized by physical-chemical properties:
density (P), plastic viscosity (1), fluid loss (B), thickness of crust (K), statistic (®) and dynamic shift
voltage (tp), day’s residue (O), stability (C), conditional viscosity (T) and others.

Successful well drilling in many respects depends on conformity of feature and type of drilling
agent to geologic technical conditions. Drilling agents mainly divides into fresh and mineralized, on
water and hydrocarbon base, weighted and non-weighted. Along with it, they are subdivided according
to the structure. In turn mineralized drilling agents are subdivide into poor mineralized, average
mineralized and highly mineralized. The level of mineralization of the agent is estimated by the
content of salts in the water tempering. For the poor mineralized solution total mineralization of water
is 5%, average mineralization 5-10%, highly mineralized — more than 10%.

Stabilized drilling agents are called such agents, treated by different chemical reagent for
improving consistency of their features in the different thermobaric conditions. Drilling agents not
treated by chemical reagents are called un stabilized.

For the stabilization of features of the drilling agents, prepared on the sweet and mineralized
water, exist countless numbers of chemical reagents. Meantime, they are interchangeable. Each
district, region, depending on existing materials, geological conditions, use worked out contents
(receipts) of agents.

Solutions prepared on sea-water, which mineralization is 4-5% are used on drilling wells in
seas, areas near to sea and islands. If there are salt deposits, layers contained highly mineralized water
in the geologic profile, in such case, salt enriched drilling agents, stabilized by salt-tolerant reagents
are used for hole making [2].

Stabilization of drilling agents salted base is more difficult then agent prepared on fresh water
base. Giving technological features, meeting requirements of drilling on salt deposits to the
mineralized agents, requires special chemical reagents.

A lot of organic and synthetic reagents for stabilization technologic features of drilling agents are
known at the present time. But only some of them, are effective on affecting temperature and salt
aggression.

Many scientist from Uzbekistan and foreign countries were engaged in studying features,
working out content of mineralized drilling agents, their preparation in the mineralized water (sea
water), synthesizing salt-tolerant reagents. Particularly this questions found its reflection in the works
of such scientists as A.Aminov, V.S.Baranov, V.D.Gorodnov, N.Yodgarov, S.Yu.Jukhovitskiy,
I.I.Klimashkin, M.Mirzaev, U.D.Mamadjanov, M.K.Turapov, Walter F. Rogers and others.

For reduction water loss of agent Walter F. Rogers recommends organic reagents of the type
of carboxymethyl cellulose (CMC), starch, kverbracho, carragheen moss and others. In the above
stated work was noted that, salt was undesired contaminant in the drilling agents. Even small
contaminants of salt in the liquid mud, prepared in the fresh water increases water loss and statistic
shift voltage (SNS). It complicates preparing steady drilling agents, containing big percent of salt.
Ordinary clays for preparing solutions in the salted water are ineffective. Special salt-tolerant clays
(paligorskit), which creates structure of liquid mud in the salted water for this purpose.
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For lowering water loss of hard mineralized drilling agents, were recommended such reagents
as modified starch (3-4%), CMC (1,5-2,0%), hydrolized polyacrylonitrile (GIPAN), metas (1,5%).
Under high temperature (150-200°C)-CMC-500, CMC-600, GIPAN, carbofen, carbonyl.on
combination of reagents, their usage reduces for half.

The greatest difficulties arise on simultaneous mineralization of solutions with cations, of one
and divalent metals, causing coagulation, increasing water loss and others. The most aggressive is
combination of ions of calcium and natrium, weaker aggression is caused by salts of magnesium. In
such cases the only reagent — stabilizer is starch, but its expenditures will be greatly increased as a
result of its insufficient effectiveness.

Consequently, we can make conclusions from the above given information, that listed
polymeric reagents also devoid separate defects. For example, if they are steady to salt influence, then
not steady to high temperature, or contrary, not steady in the mineralized environments.

Based on above stated, authors set a problem — to take new water-soluble polymeric reagent
from the wastes of acrylic material for processing drilling agent, prepared on formation water with
high mineralization.

In the laboratory conditions was synthesized a reagent, which base were wastes of carpet
weaving factories, mainly containing polyacrylonitrile.

For receiving polymer of higher molecular weight product of alkaline hydrolysis of acrylic
materials carried over polymerization in the presence of radicals — ionic initiator persulfate ammonium
(NH,4),*Si,Os. Reaction occurs in the alkaline medium pH>12. Soda ash (Na,COs) for connecting ions of
calcium and magnesium, forming with polyvalent cations insoluble contaminant are entered to this mixture.

New polymeric water-soluble reagent for the first time was used for processing drilling agent,
prepared on formation water during drilling well No. 13 in the area Surgil (Ustyurt). Well was set with
conductor of the diameter 299 mm to the depth 338 m and cemented till collar. Well of depth 1585 m,
was drilled with using boring solution, prepared fresh transported water. Protection casing @ 219 mm
was dropped and cemented. Lower bottom of column @ 219 mm, with depth 1585 m, till project depth
2970 m, well was drilled with solution, prepared on mineralized formation water, with density of
1050 kg/m?, produced by air lift from water well. Initial drilling agent had a water loss 30 sm*/30 min,
viscosity — 35 s, density 1240 kg/ m®.

2% reagent NPWR was input to solution and after mixing in clay mixer, solution had water
loss 10 sm®30 min, conditional viscosity — 45s. During the process of drilling, a 0.5% reagent NPWR
was added to circulating solution. The well was drilled till 2970 m, and left for making geophysical
investigations. Then casing pipe @ 140 mm, was dropped to the reached depth. During the process of
round-trip operations, tightening and landing of drilling equipments was not noticed. Geophysical
instruments also reached bottom without barrier. Drilling agent, processed by NPWR, had following
indexes: density — 1240-1260 kg/m?, viscosity 40-60 s, water-loss 10-12 sm%30 min. During the well
drilling 16 t of new polymeric water-soluble reagent was used.

Well No. 21 of area V.Berdakh was drilled with solution, prepared in fresh water from
Muynakskiy water supply point. Conductor was let down to the depth of 370 m. Solution had
following characteristics: density — 1200 kg/m?, viscosity 40 s, water-loss 15 sm*/30 min. Due to
deficiency transport means in the depth of 1878 m, it was decided to use water from the hole, drilled
near the boring. For this purpose was prepared new reagent NPWR on the arrangement, prepared and
mounted in the control base in Kungrad city. Bentonitic solution, processes with new polymeric
reagent was prepared on formation water. After preparatory works subdrilling were continued.
Solution had following indexes: p=1220 kg/m® T=40-50 s; B = 10 sm*30 min. The well was
successfully drilled till the depth of 3070 m, set with flow string and put in exploitation. After
perforation of column, industrial inflow of gas was taken without difficulties, which indicates lack of
obstructions in the pore channels of collector. Consequently, NPWR promotes preserving natural
collector features of layers.

Wells No. 6 and 20 in the area Berdakh, where the imported fresh water was changed to water
from wells, were drilled on same receipt. Drilling agent, processed with new reagent, had indexes
corresponding to the project data. Problems related with failure and swelling the layers did not arise
during drilling. Solution was stable and didn’t require frequent processing. 10 tones of NPWR (10%)
was spent for deepening 1235 m.

Deepening of well No. 1 of Karakum area with 2020 m., was made with solution prepared on
mineralized water according to above stated receipt. Solution had following indexes: density: 1180-
1200 kg/m?; conditional viscosity: 60 s; water loss: 10 sm%30 min. With using of this solution the well
was drilled till the depth of 4240 m., well was set a column of @ 140 mm. 20,5 tones of reagent
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NPWR was spent. Round-trip operations were made without tightening and seats. During the drilling
process, water solution NPWR 0,2-0,4% from the capacity of solution (to the dry substance) was
added to circulating solution. Oil in amount of 5-7% was added to solution as an lubricating
component. The temperature in the depth of 4200m, was 115-120 °C, Reagent NPWR was compatible
with reagent CMC, K-4.
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WASHING LIQUIDS WHEN OPENING PRODUCTIVE
LAYER WITH ABNORMALLY HIGH PORE PRESSURE

Umedov Sh. X.,
Akramov B. Sh.,
Egamberdiev B. Sh.,
Gapporov J. B.

Tashkent State Technical University

Opening layer with abnormally high pore pressure (AVPD) is in most cases connected with
intensive oil-gas and water showings, which bring out gas ejection-fountain. Fasten borehole in
condition abnormally high pore pressure not less, in a complicated way, than drilling this horizon.
Often happens annulus oil and gas showings after cementing. These phenomenon specialists are
explains differently.

In recent years in oil and gas regions Uzbekistan, particularly in Bukhara - Khiva, Surkhandarya
and Fergana oil and gas areas are accepted measures on improvement of technologies of the opening,
drilling layer with AVPD and their fastening. Designed technology of the drilling high-permeability reef of
the formation with AVPD on mode, close to balanced, in system layer-borehole on methods two drilling
fluids. The new reagents are used for processing drilling fluids with high density.

The special field researches are conducted for determination parameter and mode priming
drilling fluids for each borehole for the reason ensuring the normal opening layer.

Opening and drilling productive horizon on AVPD is realized with drilling mud heaver.
Density washing liquids varies within 1,6 - 2,25 g/sm®. The preparation such drilling fluids with
rheological and technological characteristics, meeting the demands technologies of the drilling in
complex condition, presents the significant difficulties, but maintenance their parameter in process of
the drilling else more complicated. The difficulty of the regulation characteristic washing liquids with
high density is concluded in that contents dispersed phases in drilling fluids is reached greater values
and accordingly decreases the amount of the dispersion ambience.

To get drilling fluids with high density is added weighting additive - barite, sometimes
hematite or magnetite. There are different compositions of washing liquids, which applicable for
drilling on area with AVPD.

The principle scheme of the preparation drilling fluids with density 1,60 g/sm* are above
concluded in following:

Prepares bentonitic liquid mud with density 1,15-1,30 g/sm® on water base, which is processed
reagent - fluid loss reducer (stabilizer), but then reagent-viscosity reducer (structured-mechanical
characteristic). Hereinafter, in this drilling fluid added accounting amount weighing agent, and
carefully mixed in special mechanical or hydraulic mixer. If it is required, coming from analysis
characteristic of weighted drilling mud, in addition added reagents.
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At initial period launching of technology of the drilling with using weighted drilling mud were
used well known in that years reagents: USCHR (lignin-alkaline agent), CMC-300 (carboxymethyl
cellulose), CMC-600, CSSB (condensed sulfite-cellulose liquor), caustic soda and others some of
these reagents have simultaneously played the role of the stabilizer and viscosity reducer. As
fermenters were used formalin, caustic soda, in the capacity of antifoam agents — NCHK (neutralized
black contact), soap stock, for the reason warning tightening and stuck drilling pipe were used oil.
These additives were used for reduction static and dynamic stress of the shift of the drilling fluids,
which promoted the reduction of the hydraulic resistances. With using specified reagent are drilled
boreholes with AVPD in Fergana and Surkhandarya oil and gas areas.

In recent years high-effective thermobaric-safely chemical reagent appeared in arsenal drillers
for regulation structured-mechanical characteristic drilling mud heaver and vastly changed technology
of their preparation. In connection with appearance different reagent is designed amount composition
of drilling fluid on base all possible combination these reagents.

In Uzbekistan are widely used:

1) Stabilizers: modified CMC-900, carbafen, reagents on polyacrylonitrile base (K-4, K-9,
hypan and others), CSSB, modified starch, and others;

2) Viscosity reducers: USCHR, nitrolignin, sunil, aksel, titanium, chlorolignin and others.

For increasing thermostability of drilling fluids is used bichromate.

The preparation washing liquids by density more than 2,0 g/sm® and regulation its
characteristic much in a complicated way, in particularly, in condition of the aggressions polyvalent
cation. The decision of this complex problem concerned with the laboratory of washing liquids
TASHGTU and JC «IGIRNIGM». The studied characteristics of reagent and their influence upon
regulations characteristic drilling mud heaver.

Compositions of drilling fluid are recommended as a result of these studies for drilling the
boreholes in condition AVPD. By that low-grade barite, which contains more than 2 % clay
admixtures, impossible get the drilling fluid by density above 2,0 g/sm* with satisfactory technological
feature. It is counted that if enlarge density of the barite on 0,1 g/sm* then for reception of the driIIin%
fluid of the same density consumption decreases on 1,5%. At density of the barite 4,3 g/sm® on 1m
drilling fluid its consumption on 32-34 kgs less, than at density 4,2 g/sm® with the result that falls the
contents of the hard phase in drilling fluid.

In laboratory studied the possibility of the joint use the magnetite with barite for making
heavier drilling fluid.

The installed regularities of their influence upon characteristic of the drilling fluid that has
allowed for the first time in Republic to use the mixture of the barite with magnetite for making
heavier, since magnetite, possessing obviously expressed magnetic characteristic, because of
orientation of the particles its dipoles must create the additional structure in high-mineralized drilling
fluid and sharply enlarges stability.

The results of the learning show that plastic viscosity of the drilling fluid falls with increase
the contents of the magnetite. This, obviously, is caused by reduction amount hard phase in unit of the
volume because of significant greater specific gravity of the magnetite in contrast with barite. Such
fact has principle importance at development high-mobility weighted drilling mud for opening subsalt
productive carbonate deposit with AVPD.

At correlation of the barite with magnetite 1:1 static stress of the drilling agent sharply falls
that as it was indicated above, it is important when drilling highly-permeability gas horizon.

Increase the mobility of the drilling agent with growing of the concentrations of the magnetite
is explained by formation solvate shell on the end of the most act of concentration charge small part of
the magnetite, which in determined degree must prevent their rapprochement, and hereunder create the
certain condition for mobility such high weighted drilling mud.

At regulation characteristics of weighted drilling mud is important role plays the contents of
the clay in them.

M.N. Turapov’s researches have shown that at defect of the clayey phase in weighted drilling
mud begins sedimentation particles, with increasing of the temperature particularly.

Aside from this, in mineralized weighted drilling mud can occur the coagulation dilution,
which brings separation of the phases. At excess clays, with increasing of the temperature weighted
drilling mud is thickening, and at concentrations of the clayey phase in amount 17,5% the drilling fluid
becomes stagnant.

However, clay capacity of drilling fluid is different by density over 2,0 g/sm® for different
clays. The optimum contents Nefteabadskoy clays in weighted drilling mud must be within 7-12%
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from total volume. If contents of the clay in drilling fluid below 7%, stability sharply falls, but over
12% - a drilling fluid thickened.

In TASHGTU and JC «IGIRNIGM» is designed and recommended several compositions
weighted drilling mud by density 2,20-2,25 g/sm* on base local polymeric reagent as reducer water-
loss and sunil, as reagent - thinner.

In special container practiced some compositions weighted drilling mud on well No. 4 of area
Pamuk.

The researches JC «IGIRNIGM» is recommended reagent K-4, designed by K.S.AHMEDOV
and others for stabilization weighing agent saturated salt drilling fluid by density over 2,0 g/sm®.
Herewith, additive K-4 is recommended for processing fresh drilling fluid-0,6 % (in dry type) from
total volume, but for salty weighted drilling mud-1,2 %. When increase the contents K-4 in drilling
fluid against specified importance is noted undue familiarity and SNS. Optimum contents of sunil in
drilling fluid 0,5 % from total volume (in recalculation on dry material). The additive sunil more than
0,5% worsens the stability of the drilling fluid and brings fallout of the barite.

For drilling the saline thickness and opening productive carbonate deposit with AVPD on well
No. 4 of area Pamuk are prepared drilling fluid. For making heavier were used barite by density 3,96-
4,10 g/sm® and magnetite by density 4,40-4,57 g;/sm3 at correlation 1:1. The drilling fluid before
injection to borehole had density 2,20-2,26 g/sm”; viscosity 110-180 s., water-loss - 4-5¢m° for 30
minutes, crust 1,5-2,0%, stability 0.

In process of the drilling, this drilling fluid answered all requirements of technology: density
2,20 g/sm?; conditional viscosity 100-180 sec.; water-loss 4-6 sm3; SNS; — 12-50 mgs/sm*; SNS;o —
24-100 mgs/sm?; crust-1,5 mm. For maintain parameter in required limit in circulating drilling fluid
were entered drilling mud, K-4, soda ash, sunil and barite.

On measure of the deeply borehole were corrected density of the drilling fluid, which was
reduced till 2,16 g/sm°.

The well No. 4 of area Pamuk were drilled and cased production well [I1140mmM. In process of
the test the borehole is received small influx of the gas and measured pressures of the layer, which
turned out to be equal 500 atm, rather then 570 atm as it was expected originally.

With using specified drilling fluid was passed interval 2694-2999m, in which occur the strata
of the salts, anhydrite, gypsum and productive carbonate deposit. When drilling with ion calcium and
magnesium drilling fluid contents went up to 1350 mg/l. For reduction of the gross amount two
valence ion to drilling fluid added the soda ash.

Drilling the well No. 4 of area Pamuk with using weighted drilling mud on composition JC
«IGIRNIGM» on base reagent K-4, sunil, weighing agent barites - magnetite have shown the
possibility its widely implementation on area with developed saliferous strata and anomalous high
layer pressures.

However, when opening highly-permeability layer, very sensitive to change hydrodynamic
pressures, drilling necessary in condition, close to balance in system borehole — layer, essential role
play structured-mechanical characteristic and first of all, limiting static stress of the shift(SNS) of the
drilling fluid. For the matter of that sunil not always provided the necessities minimum static stress of
the shift so we have found new reducer SNS and viscosity weighted drilling mud, intended for
opening pre-salt carbonate deposit.

The author were conducted researches of the action of the new reagent NPVR on characteristic
weighing agent by barite of the drilling fluid prepared on layer water. Untilled weighted drilling mud
had following factors: density — 1800 kg/m®; viscosity — 75 with; water-loss — 20 sm%30 minutes;
crust — 5 mms; sludge — 15 %.

Each portion of this type of the drilling fluid was separately processed with the reagents
NPVR and CMC-900 for learning of their influence upon characteristic of the weighted drilling mud.
The results are shown on fig. 1 and 2. NPVR better reduces water-loss weighted drilling mud till
density 1820 kg/m®. The additive of the new reagent in amount 1 % has reduced water-loss drilling
fluid from 20 sm%30 minut till 10 sm*/30 minut. Adding CMC-900 may reduce water-loss weighted
drilling mud till 10 sm*30 minutes, only herewith follows to raise the contents these reagent in
drilling fluid till 2 % that is connected with increase the consumption such deficit reagent.

The accompaniment of the barite in drilling fluid causes its thickening, since he contains in
scant fews to dissolved salts different cations and admixture of the clays. Even introduction reagent
does not render the influences upon viscosity. The reasons thickening consists in that adsorption
characteristic of the particles of weighing compound can a number of the reagent and hereunder by
itself create the systems, possessing determined structured characteristic.
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Fig.1. Parameters of weighted drilling mud, prepared on base mineralized layer water
and processed by reagent CMC-900

Table 1.
é,(\j/?g“égo % ﬁg | TS | B sm*/30 minut | K, mm | @i, 0Pa | pH 0, %
- 1800 75 20 5 40/50 9 15
0,50 1820 80 18 4 43/54 9 14
0,75 1800 85 17 4 40/50 9 12
1,00 1800 85 14 4 43/60 9 12
1,25 1820 90 14 3 44/65 9 10
1,50 1820 90 10 3 44/65 9 5
2,00 1820 95 8 3 45/70 9 5
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Fig.2. Parameters of weighted drilling mud, prepared on base mineralized layer water
and processed by reagent NPVR

Besides, raised viscosity of the drilling fluid, processed by acrylic reagent, can be caused
characteristic of this reagent. The reagents from polyacrylonitril being high-molecular, promote the
compaction of the particles of the clay with the result that growing of viscosity drilling fluid is caused.
So processing weighted drilling mud fluid is produced multifunction, i.e. simultaneous introduction
reducer water loss and viscosity.

Designed new polymeric water-soluble reagent (NPVR) and composition washing liquids for
drilling the boreholes when opening productive horizon with AVPD and realization got result allow to
do the following scientific findings and practical recommendations:
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Revealed particularities of the influence new polymeric water-soluble reagent on characteristic
drilling fluid, as fluid loss additive and stabilizer, raising their resistance to aggressive ambience,
conditioned by specifics of the composition and structure of the reagent;

It is installed that when use offered polymeric reagent, fall the viscosity of the feature and as
static, so and dynamic stress of the shift, bring for reduction turning moment and increase the
hydraulic power, sent on borehole bottom;

Presence in new reagent indissoluble fibrous material, promotes to strengthening structures
drilling fluid that raises their stability when opening productive layer with AVPD.

Table 2.
Additive, p kgM® [ T,c | B,sm*30min | K, mm O1n0, OPa | pH 0, %
NPVR, %
- 1800 75 20 5 40/50 9 15
0,50 1820 75 17 4 43/54 9 14
0,75 1800 75 16 4 40/52 9 12
1,00 1800 70 10 3 43/60 9 10
1,25 1820 70 9 3 44/60 9 8
1,50 1820 65 8 3 44/65 9 5
2,00 1820 60 4 2 43/65 9 3
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OCOBEHHOCTHU ®YHKIIMOHUPOBAHUW A
I'MAPOMEJIMOPATUBHBIX CUCTEM B APUIHOU 30HE
SEMUIEJAEJIUA

lechaKyJIOB Pycmam,
3acoe Cepeeii,
*bo6okynoe Oypkam

1 o .
Kapwiunckuii unscenepno-skonomuseckuii uncmumym 2. Kapwu, Yzoexucman;
2 o« Y .
Mockogsckuii 2ocydapcmeeH bl yHUGEpCcumem npupodoodycmpoiicmea 2.Mockea, Poccus;
SKapuwiunckuii unycenepro-sxonomuneckuii uncmumym 2. Kapuwu, Y3bexucman

Abstract. According to the analysis of the efficiency of irrigation production in many farms
Karshi steppe in this paper considers measures for their improvement. Rational irrigation in
combination with measures to improve soil fertility, are the guarantors of a stable and high yield of
cotton. Under this condition, not only ensured the preservation of the high productive capacity of
cultivated land, but also the optimal use of irrigation water, its smallest loss in filtering groundwater.
The latter, among other things, prevents the ground water level rises and, as a result, reduce the risk
of salinization of irrigated areas.

Kak H3BCCTHO, YIIPOIICHHAA CXEMa OIMPCACICHUA HAACKHOCTH pa60TI>I TUAPOMCEIIMOPATUBHBIX
COOPYKCHHU COCTOUT M3 OLCHKH TpéX OCHOBHBIX DJJICMCHTOB: IPOCKTUPOBAHUC, CTPOUTCIHCTBO U
OKCILTyaTaluus 00BEKTA.
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B mpoektupoBaHue BXOAUT - U3BICKAHHE IMOYBEHHO-PENIbEPHBIX M KIMMATHUYECKUX YCJIOBHH
MEJIMOPATUBHOTO YJIYYLICHUS! 3€MeJlb, PAacuyeThl PEXHMMOB OpPOLICHHS M OCYLIEHUS Ha OOBEKTe,
KOHCTPYHPOBaHHUE HIEMEHTOB OOBEKTA.

CrpouTenscTBO BKJIIOYaeT B ce0s TpeOOBaHMS IO HCIIOJIB30BAHMIO KAYEeCTBEHHBIX
MaTepUaIOB, MOHATHE YPOBHS KaueCTBa CaMOT'0 CTPOUTENHCTBA.

B skcmyaTaniioHHY10 YacThb CIeIyeT OTHECTH COOTBETCTBYIOIUME MEPONpPUATHS, B TOM UUCIIE
PEMOHTBI, TpH OTKazax paboT, MOANCPKUBAIOIINE MAEATEILHOCTh OOBEKTa W Mephl  TI0
COBEPIICHCTBOBAHHUIO PA0OTHI €r0 OTENbHBIX JJIEMEHTOB, WX CBS3b C 3AJ0KCHHBIMH NPOECKTHBIMH
YCIIOBUSIMH OPOIIEHUS U OCYyIIEeHHs 3eMelb. HapymieHne cBsI3u MKy HUMH, KaK IMoKasaja MpakTHKa,
MPUBOANT K PE3KOMY YXYIIICHHIO NeATeNbHOCTH O0BeKTa OopomieHuss u ocymeHus. I[losromy,
KOppEKTHasl TeOpHusl HaJeKHOCTH PabOTHI CHCTEMBI MO3BOJSET MPOTHO3WPOBATH M ONTHMHU3HPOBATH
JESATENBHOCT THIPOMENHOPAaTUBHBIX CHCTEM, OT BIMAHMA KaK BHEIIHUX, TaK W BHYTPEHHHUX
BO3JEHCTBHIM Ha Ka)KIbIM DJIEMEHT CHCTeMBI. McciemoBaHue, aHain3, OOOOIIEHHE HEeATENbHOCTH
CHUCTEMBI MOKHO BBIIIOJIHUTE TOJIBKO IIPH M3YYE€HUH B HATYPHBIX MOJIEBBIX YCIOBHSAX CaMOTO PeXHMa
pabotel cucrembl. Tak kak, KamkagapsuHckas o0iacTh peciyOauKku Y30eKUCTaH HaXOAMTCS Ha [ore
CTpaHbI LENbIM PSIIOM 0OCOOCHHOCTEH.

Xapaktep paboTbl BOJOXO3SWMCTBEHHBIX CHCTEM pErMoHa o0magaeT cBoeoOpasueM,
BJIMSIOUIMM Ha paboTy BCel TMAPOMEIMOPATHBHOM cucTeMbl. Hampumep, NpUCYTCTBYIOT 3JIE€MEHTHI
Ipolecca MEJIMOPATUBHOIO YXY/IIIEHHUS: OITyCThIHUBaHNUE 3eMelb (BKJII0Uas BTOPIKEHUSI CyXOBEEB), a
TaKke HapacTaHue AeUIUTa BOJHBIX pecypcoB. [pyroil BaxKHBIH (akTop - MPOSBICHUE YCKOPEHUS
npoliecca 3acoleHUs] 1 UHTEHCH(UKAIUK 3PO3HHU [TOYB B CTEMHBIX U MPEArOPHBIX 30HAX 3eMIIeIeINIusI.
Hdaror o cebe 3HaTh W TPYIHOCTH XO3SMCTBEHHOTO XapakTepa: OCOOCHHOCTH  pa3MEIIeHUs
CENbXO3KYJBTYP, @ TaKXKe YMEHBIIEHHE CpPOKa CIy>KOBI AIIEMEHTOB WPPUTALMOHHBIX CHUCTEM IIOJ
BO3/IEHCTBHEM IPUPOTHO-XO3IUCTBEHHBIX (DAKTOPOB.

Bce aT0 mukTyeT HEOOXOIMMOCTh pa3pabOTKH KPUTEPHEB HAAEKHOCTH pPabOTHI THUAPO-
MEJMOPAaTUBHBIX cucTeM. lIpu 3ToM cienyeT aHanu3upoBaTh PabOTy KaK OTIEJIBHBIX 3JIEMEHTOB
UPPUTallMOHHOW CHUCTEMBI, TaK U BCEH CHCTEMbI BOAOPACIIPENENCHNUS U BOJOOTBEIEHHUS Ha OOBEKTE
MacCHBa OpOILICHUS.

Hawnbonpmmuii ymep0 X03sHCTBaM IPHHOCAT MPOCAJOYHBIC SIBICHHWS B MOYBOTpyHTaX. J[ms
BHYTPUXO3AHCTBEHHBIX OPOCHTEIBHBIX CHCTEM BaXHO YCTAHOBUTh HAaydHO OOOCHOBaHHBIC
COOTHOIIECHHUS (PaKTOPOB, YUUTHIBAIOLINE MPOCAIOYHOCTh II0YB, a TAK)KE MO3BOJISIOIINE 00ECIeYnTh
BBICOKHE ypOXau 3a CYET NPaBUIBHOTO y4éTa BIMSHHUS YCIOBHI OpOLICHHs Ha €ro (OpMUpPOBaHHUE.
[Ipu 5TOM ciefyeT y4YUTHIBaTH OCOOEHHOCTH BOJHBIX M MOYBEHHBIX OCOOCHHOCTEH W CHEeUU(pHUKH
penbeda MectHocTH. [IpH TpamMOTHOM aHamM3e HMX COYETAHUS MOXKHO JOCTaTOYHO JIOCTOBEPHO
NPOTHO3HPOBATh BOSHUKHOBEHUE MPOCATIOYHBIX U CYy(P(O3NOHHBIX SBJICHHH Ha OPOIIACMBIX 3EMIISIX
IPU BO3ACIBIBAHUU CEIBXO3KYJIBTYD B XO34HCTBaX HOBOOCBOGHHBIX 3eMenb. [loa BIMSHHUAM
MPOCAIOYHBIX ABJICHU, B TEUCHUH 3-5 JIET OpOIIeHHUs, AeQOopMalny MOBEPXHOCTH TIOJIEH MPUBOIAT K
HEOOXOAMMOCTH TIPOBEIEHUS PETYJSAPHBIX IUIAHUPOBOYHBIX paboT Ooipmoro odvema (mo 700-
1200 m3 /ra). [Ipu 3TOM, IPOUCXOJAT MPOBATLHBIE TIOTEPH BOJBI Ha QUIILTPAINIO, KOTOPHIE SBISIFOTCS
MPUYUHON YBETWYEHUSI MPOEKTHBIX OPOCHUTENBHBIX HOpM B 1.7-3.2 pasa. OmHOBpEMEHHO MBI
CTAJIKUBAEMCSl C SIBHO NOHMXCHHBIM KAa4e€CTBOM YBJIa)KHEHUS IOJS U C MOTEPSIMH yNOOpPEHHH Ha
MOBEPXHOCTH IOJIS.

IIpocaaku B MOYBOrpyHTaxX BBIBOJSAT M3 CTPOSI JIOTKOBBIC JIMHUHM OPOCUTENIEH M IPEHAKHBIC
CHCTEMBI, TPUBOJAT K OOPYIIEHHIO OTKOCOB KOJUIEKTOPOB. 3aJ0KEHHBIE IO T'HIPOMOAYJIIO
MIPOEKTHBIE PEXUMBI OPOLIEHHS HApyIIaloTCs, BOSHUKHOBEHNE UPPUTAllMOHHOW M BHYTPHUIIOYBEHHOM
3pO3UM TIOYB IPH HEBBITOJHEHUHM ONTUMAIBHOTO PEKMMa OpOIIEHHUS Ha BCel IUIOLAAM IOJIHMBA
BBI3BIBACT MEpepacxo] BoAbl M OOJBINYIO HArpy3Ky Ha JpeHa)X, BCE 3TO BMECTE€ MNPUBOIAT K
CHIDKEHHUIO TOTEHIMAJBbHOTO IUIOAOPOAMS IMOuYBbl. HeBbIMONHEHHE THUAPOTEXHUUYECKUX, MEJINopa-
TUBHBIX, arpOTEXHUYECKUX HOPM, MPEANUCAHHBIX Ha MPOCAJOYHBIX MOYBaX, IPUBOANT K €KETOAHOMY
CHIDKEHUIO yposkas xjiomnka jio 8-20 1y/ra, a o3umoii mieHuisl 10 12-18 1/ra. Takum 00pa3om, BaxKHO
obecrieunTs (epMepoB, JIeXKaH W BIAJENbIECB JIPYruxX Xo3sicTB KapmMHCKON cTenu Haae:KHBIMH
PEKOMEHAIMSIMH 110 SKCIUTyaTallid CUCTEM OPOIIEHHS U APeHaka Ha MPOCATOUHBIX 3eMIISX.

Kak moxasai oneIT OpoLIeHNsI HOBBIX 3€Melb, IPEHEOPEKEHNE 0COOEHHOCTAMHU IPOCaTOYHBIX
TPYHTOB BO B3aMMOCBSI3M C OPOIIEHHEM 3THX 3€MeNb NPUBOAUT K OIMIMOOYHBIM M HEIKOHOMHYHBIM
pewmennsM. YacTo He y4HMTBHIBaeTcA TOT (hakT, YTO MPOLECCHI MPOCAAKU M OCAAKHU MPOAOJIKAIOTCS
necatwieTusaMu. i yMeHbIIeHHs 3aTpaT CpeACTB W TpyHa, a, Takxke, A OOpbOBl € HHUMH,
HEOOXOOMMO TINATENIbHOE M3YUYCHHWE BIHMSHUSA IPOCAJOYHOCTH HA BEPOATHOCTh Ppa3pyLICHUS
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COOpYy>XKeHHH M nedopmauuu opouraeMbix mnoinei. [loaromy Gopbba ¢ mpocagkamMu TPYHTOB MMeEET
Ba)KHOE HAPOJIHOXO3SMICTBEHHOE 3HAUCHHE.

[IpyumHON TpOCAaTOK SBISAETCS COYETAHHE BBICOKOM IOPUCTOCTH JECCOBBIX OCHOBAHMMH
UPPUTALMOHHBIX COOPY)KEHHH M HCIHBITBIBAEMBIM MOPOJOH IPHUPOIHBIM JaBICHUEM, a, TaKXkKe
JABIEHUUM OT HWHXXEHEPHBIX COOpyXkeHui. B camom fnene, co3maHHble NpOCaaKaMH TIPYHTOB
OTJENbHBIE OYark MOHIKEHUH («OMI0/11a») ¥ TOBBILICHNI TOBEPXHOCTH TOJISl IPUBOJST, BO-TIEPBHIX,
K TEepEeYyBIAKHEHUIO M TPOBAJBHBIM MOTEPSAM BOJABI MO 0Opa3oBaBIIMMCH CYy(h(HO3HOHHBIM XOAaM
TPYHTOB W HEIOYBJIA)KHEHUIO Ha TOBBIIMIEHHBIX y4acTKaX. ECTECTBEHHO, UTO 3TO CO37aeT HE TOJBKO
HEPaBHOMEPHOCTh PAa3BUTHS PACTEHHH XJIOMYATHHUKA, HO W, MOMPOCTY, YMEHBIUICHHIO MOYBEHHOTO
TUTOAOPOAYS Ha MOTUBHOM ydacTke. JledhopMupoBanHas mpocaakoil TOBEPXHOCThH MTOJIMBHOTO y4acTKa
CO3/1ae€T IPH OpOIIEHNH HEPAaBHOMEPHOE YBIaKHEHHE, 3aTPYAHEHWS JUIsI HOPMAJbHOW pabOTHI
CENBCKOXO03MCTBEHHBIX MAIIINH.

HecmoTps Ha CHIBHYIO BOJONPOHUIAEMOCTBH ITOYBBHI € JIETKOCYTIIMHHUCTBIM MEXaHHUYECKUM
COCTaBOM, CPOKH OPOILIEHUS SIBJISIOTCSI OOBIYHO 3aTSHYTBIMHU U, KaK CJIE€ICTBHE, IPOU3BOAUTEILHOCTD
NOJIMBa CHIKaeTcsi Ooiee, yeM B 2.2 pas3a, 3aTpaThl BOABI MPEBHIMLAIOT HOPMBI B 2.5...3.5 paza. [na
JMKBUIALMU ATOTO SBJICHUS €KErOJHO B TEUEHHH 3-4 X JIET MPOBOIATCS IUIAHUPOBOYHBIE PAOOTHI C
TekymuMu 3atpatamu oT 20 1o 40% OT mepBOHauYalbHBIX KAaUTAIBHBIX 3aTpaT Ma IUIAHUPOBKY.
OpHako, 1Mo HaOMIOACHUSM PAaOOTHUKOB XO3SHCTB, 3TH MEPONPHUITHS OLEHUBAIOTCSA KaK IMaCCHBHBIN
MeTon 0OpeOBI € MpocaJKaMu TPYHTOB. B Hacrosmiee BpeMs mpomaynBaHue rpyHra B KapmmHckoit
CTEeNH BBI3BIBAET NMOBBIIIEHUE YPOBHS I'PYHTOBBIX BOJ, UX MOCTENEHHbIH MmoabseM ¢ 16 M 10 5 M u
nanee 10 1.5-2 M. Ha oTnenpHBIX y4acTKax TOT MPOLECC 3aCTaBisieT MHTEHCUBHO paboTaTh MHpexke
MOCTPOEHHYIO JPEHAXKHYIO CETh.

Hpyroii ocoOeHHOCTBIO MOYB TMpeAropbs KapImHCKOM cTermu SBISETCS WX MOABEP)KEHHOCTD
MPPUTAITIOHHONW 3PO3UH. JTO CBS3aHO C TE€M, YTO OOJBIIMHCTBO MOYB - MAJi0 CTPYKTYypHBIE CYTIIMHKH
JIETKOTO W CpPEeAHEero MEXaHH4YeCKOro cocTaBa, lomorpaduueckas TIOBEPXHOCTH YacTO HWMEET
CYIIECTBEHHbIE YKIOHBL. [lo 3TOM mpuumHE OpolIacMble MO MOABEPIKEHBI MPPHUTALMOHHOW 3pO3UH
HIOYBBI, CJIOH MOYBBI ObICTPO yMeHbInaroTcs. [Iporncxoaut BeIHOC K3 MOYBHI a30Ta, (ocdopa, kamust. Itu
(akTOpbl  CO3MAIOT  [ONOJIHUTENbHBIE TPYAHOCTH JJIsl OOECIEUEHUS] BO3JEIBIBAHMUS  CEIIbCKO-
XO3SIMCTBEHHBIX KYJIBTYP yAOOPEHHUMH U MOBBIIAET OOy 0 CTOMMOCTh MENUOPATUBHBIX PaboT.

K coxanenuto, coBpeMeHHBIE HOPMBI M TpaBuia OOpeObI C MpocajkaMd TPYHTOB,
pernaMeHTHpYIOUIHe TPeOOBaHUS K NMPOEKTHPOBAHUIO OPOCUTEIBHBIX CHCTEM B IEJIOM B PErHOHE
XJIOIKOBOJICTBA, OTPAKAIOT JIMIIb OTJENbHBIE IIPaBHUia MPOEKTUPOBAHUS 3aKPBITOH OPOCUTENBHON
CEeTH, 3aMOYKH T'PYHTOB TIOJI COOPYKCHUSMH U TUIAHUPOBOUYHBIE paboThl Ha mose. s 3aMeHbl OK-
apbIKOB KOTOpBIE OOOCTPSIIOT MPOCAIKH TPYHTOB IMpEIaraloTcsi TMOKHE MOJMATUICHOBBIE LIAHTH.
OpHaKO, 3TH MEPONPUSATHS HE SBISIOTCS DPaMKaIbHBIMH METOJaMH OOpbOBI C IpocajikaMH IMpH
MTOBEPXHOCTHOM OPOLICHHH.

HecMoTpst Ha TpyJHOCTH OCBOEHHS W OpOILIEHHUS 3THX 3eMenb B KaplmHckod crenu, Io
OIIEHKE TI0YBOBEIOB, JIECCOBBIE TPYHTHI, (HOPMHUPYIOIIME ITOYBOOOPA30BATENBHBIE ITPOIECCHI,
ABIIAIOTCS  HambOosiee OT3BIBUYMBBIMU K PA3IMYHBIM YAOOpPEHUSIM, K TMPAaBUIBHON ArpOTEXHHKE, K
CBOEBPEMEHHBIM M Ka4eCTBEHHBIM TOJMBaM. Ha OTAeNpHBIX MONMBHBIX yUacTKax B Xo3siicTBe CypxaH
B IIEPHUOJ OCBOEHHS HPOCAJOYHBIX ITOYB OTMEUEH YPOXKall XJIONKa-ChIpLa B HepBbId ron 12 m/ra u
mamee mo 30..40 m/ra. - Ha TpeTHHl TOA OpOIIEHHWS NpPU OOECIIEYCHWH HAJEKHON pPaOOTHI
BHYTPUXO3HCTBEHHON CHCTEMBI OPOIIECHUS U JpEeHaXka.

CrenoBaTenbHO, METHOPATUBHBIE MEPONPUATHS ONPABABIBAIOT ce0si B MPOLIECCE OCBOCHUS
3eMelb, ¥ BaXHBI IS PAaKTUKU OCBOEHMsI 3eMenb a KapruHckoit creny.

[To pe3ynbraram ananusa 3QEKTUBHOCTH BEJCHUS MPOU3BOJICTBEHHBIX MOJUBOB BO MHOTHX
xo3aicTBax KapmmHckoil cremn B HacTosmed paboTe paccMaTpHBalOTCSl MEPONPHUATHS IO HX
YCOBEpILIEHCTBOBAaHHUIO. PallnoHambHbIE MOJUBBI B KOMIUIEKCE ¢ MEPAMU IO TIOBBIIIEHUIO TIOA0POIMS
TIOYBBI, SBJISIFOTCS TApaHTAMHU CTa0MIBHOTO U BBICOKOTO YPOXKasl XJIomyaTHUKA. [Ipu 5TOM yciaoBuM He
TOJILKO 00ECIeUnBACTCSl COXPaHEHHE BHICOKOH MPOM3BOAMTEILHON CITOCOOHOCTH OCBOCHHBIX 3€MEITb,
HO U ONTHUMAIIHOE UCIIOJIb30BaHNE OPOCUTEIHHOM BOJbI, HaMMEHBIIUE €€ MOTepH Ha (UIBTPaLUIO B
rpyHTOBBIE BOJBL. [locnennee, TOMUMO MPoYero, MO3BOIsIeT n30eXarh MOABEMOB YPOBHS TPYHTOBBIX
BOJI U, KaK CIIEZICTBHE, YMEHBIIINTh PUCK 3aCOJICHUS TI0YB OPOIIAEMBIX IUIOIIAIEH.

Vcnonp3ys aHanu3 JUTEpaTypHBIX HCTOYHUKOB U HA OCHOBaHMM HAOIIOICHUH 3a POCcaiKaMu
MTOYBOTPYHTOB B XJIOIIKOBBIX X03sHCcTBaX KapImmHCKO# cTeny, cienyeT OTMETUTD Pl OTPHIIATEIbHBIX
MOMEHTOB NPOLIECCa OPOIIECHUS:

- oOmmpHble IIomEaan 3amauuBaHus (go 18-32 TeIc. ra ) MpenonpenessiloT —IOSBJICHHUE
YYacTKOB TOHW)XEHHHM C MEepeyBIaKHEHHEM II0YBBI, «OJIOALEB» M IUIOMAACH C HEJOCTaTOYHBIM
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YBJIQ&)KHEHHEM Ha MOBBIIICHHBIX Y4acTKaxX. B CBS3u ¢ 3TUM TpakTopa HE MOT BhE3KaTh Ha MOJUBHOM
YYacTOK, KIYT KOTZA IIOCIEET » MOYBa AJsl KyJbTHBALUK OOpO3/ HAa MOHIKEHHBIX Y4acTKax, TOrAa
KaK MAaJIOyBJIAayBJIQXKHEHHBIE YYaCTKH YK€ TEpsIOT Biary 3a cu€r ucnapeHus. M3-3a BBICOKOI
BOJIOTIPOHHLIAEMOCTH JIECCOBBIX TPYHTOB M HAJINYMS B HUX NPOCAJO0YHBIX TPELIMH, IIOTEPH BOABI IIPH
NOJMBaX 3HAYUTEIBHO BO3PACTAIOT 3a CUET MHPHUIbTpaUUU. JTO, B CBOIO OYEpenb, MPOBOLMPYET
mpouecc HpI/IGHI/I)KeHI/IH TPYHTOBBIX BOJ K IOBEPXHOCTH II0JIA, 0COOEHHO Ha 3eMIIIX C MAaJIBIMHU
YKJIOHAMH IIOBEPXHOCTH.

CymiecTByomye MpeaoXeHUsT MO COBEPIICHCTBOBAHWIO TEXHHKH OPOIIEHHUS IMoJiel Ha
IMPOCAAOYHBIX I'PYHTaX AOBOJIBHO OIr'paHUYCH M COCTOUT U3 HECKOJBKUX Hp@)j[JIO)K@HPIfI, K KOTOPBIM
CJIEyeT OTHECTH:

- 3aMOYKHM TPaHIIEH MOJ 3aKPHITYIO CETh TPYOOIPOBOIOB;

- MEpOHpUATHA IOCTEIIEHHOH 3aMOYKM C HapallldBaHWEM IJIyOWHBI YBIQXHEHUsS I'DyHTa B
JIeYeHUH 3...5 JIET U HEKOTOPBIE IPyTHE.

- CYINECTBYET HEONpPEAENEHHOCT, B BBHIOOPE IapaMeTPOB IIOJMBHONW CTIPYH M JIMHBI
00p0o37bl B yCIOBUSIX NPOSIBICHUS IPOCATOYHOCTH TPYHTOB,;

- HENOCTATOYHO SICHO TIOJOXKEHHE IO MPOTHO3MPOBAHMIO MPOCAAOYHOCTH TMOYB IpHU
opouieHnH, ocobeHHo B KapmmHckoil cremu, a Takke W3MEHEHUS CBOMCTB Je(OpMAaTUBHOMN
XapaKTepUCTUKH IMPOCAJOYHOM TOJIIM MOYBOTPYHTA IOJ BIUSHHUAM HCIOJNb30BAHHUSA TEXHOJIOIHH
IMPUMCHACMBIX METOJOB OPOLICHHUA U BO3I[€I\/'ICTBI/I$I TEXHOI'CHHBIX q)aKTOpOBZ

CyuecTByomme peKoMeHJauy Mo crnoco0aM MOATOTOBKH MOYB M Jajnee MPUMEHEHHE TeX
WM WHBIX METOJIOB OPOIICHUS B 3THX YCIOBHUSAX TPEOYIOT elle JajJbHEHIIEro COBEpPIICHCTBOBAHMUS C
yueTOM CHGHH(bHKH BEACHHUA HWHTCHCHBHOI'O 3CEMIICACIINA, 0COOEHHO Ha CUJIBHOIIPOCAAOYHBIX
ocBoeHHBIX 3emirsix Kapmmackoi crenm. [Ipu 3ToM 11 pa3paboTKu MPHEMOB OPOIIEHHS] HEOOX0IUMO
YYHUTHIBATh PErHMOHAIbHBIE OCOOEHHOCTH CIeNyIomed Ha o4depequ OCBOeHHs 3eMenb KaprmmHckoit
CTenH, KpPOME€ TOro HeoOXOAWMO YYHMTHIBATh YCIOBHS BIWSHUS Ha 3eMJeleine Ipolecca
OITyCTHIHUBAHMSA 3€MeJIb ora Y30eKucTaHa.

[Toka XJIONIKOBOJACTBO OTPaHUYEHO MEPONPHUATUSIMU IO MPOBEIEHHUIO IUNIAHUPOBOYHBIX POOOT
Ha nose. Kak mpaBwio, 3T paboThl NPOBOASTCS €XKETOAHO, YTO YBEIWYMBAET 3aTPaThl CPEICTB U
TPyZAa Ha OpOIIEHHE 3TUX 3eMeib. [loka OTCYTCTBYIOT Kakue-mubo Oojiee paguKalbHBIE METOAbI
00pBOBI ¢ MpOCcagKaMH TPYHTOB

B cBsi3M ¢ OTMEYEHHBIM BbIIIE, MPOOJIEMBI OOPHOBI C MpPOCagKaMH T'PYHTOB MPHOOPETAIOT
0c00yI0 aKTyaJIbHOCTb. DTO OIpeessieT He0OX0JUMOCTh OCYIIECTBICHHUS! HEOTIIONKHBIX MEPOIIPUSITHH
HO MPEAYIPEIKACHUIO U JIOKAJIM3AlUU MMPOABJIICHUA MTPOCAAO0K I'pyHTA, UCIIOJIB30BaHNUE palliOHAJIbHBIX
NPUEMOB OPOLICHUS sl YBEIIMYEHHsI TPOU3BOIUTEIBHOM criocoOHOCTH 1mouB. OTHAKO, IPU OCBOCHUH
3€MCJIIb I[C(i)OpMaHI/IH IMMOBCPXHOCTU II0JIA, OIpeaciaeMas YCIOBUAMHU YBJIAXKHCHUA W HU3MCHCHUSA
HaIlps’KEHHOI'0  COCTOSIHHA TPYHTOB, JOJIXKHBI OBITH CBCACHBI K MHHUMMH3ALUNU Tp}Il[HOCTeI\/'I
BO3ICIIBIBAHUA XJIOMYaTHUKA U JpP. KYJIBTYDP, 0Cc00€EHHO B COBPEMCHHBIX PBIHOYHBIX OTHOIOCHUAX B
XO34AHUCTBAx.
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Trade researching performed due to a need of definition of basic data for determination of
numerous development parameters of field, gas production and condensate and preparation of gas on
trade. The greatest number of trade researches are the share of initial stage of development of a field.
Validity of decisions on improvement of development system in the course of changing conditions in
many perspectives depends on quantity, quality and trade researchresults. In this regard,research
directed on the analysis and generalization of trade researchis one of therelevant tasks in the field of
development of gas and gas-condensate fields.

The gas-condensate field Northern Guzar is located in the territory of the Republic of
Uzbekistan. As of 01.01.2011 there are 13 drilled wells on Northern Guzarfield, with 8 of which are
currently active, the Northern Guzar field is put into operation in June of 2007. Since 01.01.2011
development of Northern Guzarfield is characterized by the following technological indicators:

- accumulated gas production 0f24.9% of its approved stocks including 19.0% of its
geological stocks taken from subsoil of condensate; The reservoir pressure — 188.7 kgc/cm2 or
decreased by 40.5% in comparison with the initial pressure — (317,0 kgfs/cm2). Increased production
during 2008-2010 is caused by increase of well drilling, and also by deviation from the technological
restrictions provided by the design document. Sharp decline of production in 2010 is caused by
increase of water content in production wells which caused deterioration of filtration and capacity
properties of bottomzone of operating stock’s separate wells. Since 2008, projected level was
exceeded (in 2008 by 1.68 times, in 2009 — 1.69 times, in 2010 — 1.05 times). The actual stock of gas
wells during 2008-2010 exceeded projections.

Output and the coefficient of efficiency dependences of wells from layer depression
constructed by results of gasdynamic research of wells on Northern Guzar field shows that after
achievement of a certain value of depression on layer,there is decline in growth rate or reduction of an
output of wells.

It is established that more considerable reduction of coefficient of efficiency is characteristic
for the wells located in arched parts of a deposit. One of the reasons of such occurrence may be the
insufficient density of breeds of collectors in arched parts of a deposit during its formation. Decrease
in coefficient of efficiency due to deformation of a collector up to 20% in arched wells can be noted
by the end of development of a field.

Results of gas-condensate research of a Northern Guzar field:
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Table 1.
Ne perforation Date research Diameter debit Strip | The potential condensate
well interval fitting, mm m3 / day content,
g/ m3
formation gases | dry gas

1 2982-2970 28.11.2006r. 10 242.98 271.01 281.28
2942-2926 30.112006r. 12 387.43 259.37 269.28
2908-2897 OAO*Nefte- 14 537.14 231.96 240.74

gazissledo-vanie”

1 2982-2897 27.06.2007r. 8 190.059 179.41 185.92

29.06.2007r. 10 275.341 157.50 162.70
OAO”UzLITI 12 332.717 142.33 146.41
neftgaz”

5 2913-2901 30.06.2007r. 8 187.611 186.85 193.93
2942-2932 01.07.2007r. 10 297.323 165.80 171.50
2980-2970 OAO”UZzLITI 12 405.115 165.21 170.97

neftgaz”
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Fig. 1.1. Dependence of the potential content of condensate in reservoir gas from gas deposit.
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Fig. 1.2. Dependence of the potential content of condensate in reservoir gas from

diameter of the union

Theoretical results of Northern Guzar researchare concludedwith determined consistency of
pattern changesin filtration coefficients of the inflowequation, coefficient of efficiency of condensate
wells in extracted gas during the course of development of gas-condensate field.
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The received theoretical and practical conclusions are recommended to be used at justification
of technological operating modes of wells and on similar gas-condensate fields/1,2/

1. It is established that in the course of development, theNorthern Guzarfield has a source of
productive characteristics of wells, exposed by discovery of higher filtration — capacity properties
during the past years.

2. It is established that decrease in coefficient of efficiency of wells depends on layer
depression size. Thus, decline in coefficient of efficiency of wells in process of reservoir pressure
decline during field development in the wells located in arched part of structure makes up 20%, and in
the at-arched wells of 2-10%.

3. It is established that with increased layer depression the potential content of condensate in the
extracted gas decreases. The analysis of output dynamics of wells shows that they were exploited
considerably by big outputs, compared at their optimum sizes established by gas-condensate researches.

Recommendations about increase of efficiency of field development:

1. The analysis of dependences of the potential content of condensate in the extracted gas from
diameter of the union (depression) and an output of wells (fig. 1.1., 1.2) show that with increase in a
depression and an output of wells the potential content of condensate in the extracted gas decreases: in
a well No. 1 (2006) from 271,01 to 231,96 g/m3 (on 39,05 g/m3); in a well No. 1 (2007) from 179,41
to 142,33 g¢/m3 (on 37,08 g \m3) and on a well No. 5 from 186,85 to 165,21 g/m3 (on 21,64 g/m3).

2. The analysis of output dynamics of wells at Northern Guzar field shows that they were
exploited considerably by large outputs, compared to their gas-condensate researches. Obviously, it
led to losses of condensate in the extracted gas because of loss of condensate in layer. As shown in
table 1.1. in 1% quarter 2008 gas outputs in wells No. 1 and No. 5 made 590 and 635 thousand m3/days
respectively, and potential contents of condensate in the extracted gas — 123,6 g/m3 that is
considerably (from 40 to 100 g/m3) less than at gas-condensate researches./3/

3. The received results confirm conclusions of work/5/.

It is known that when developing GKM without maintenance of reservoir pressure the part of
condensate drops out in layer and is notextracted. The size of sheeted losses of condensate depends on
the contents and properties of gas-condensate mix and thermodynamic conditions of layer. The
amount of the condensate lost in layer according to the Leading document "Methodical Guide to
Definition of Composition of Reservoir Gas, Potential Content of Condensate and Components of
Natural Gas of Gas-condensate Fields" is defined by various ways/4/.

At justification of coefficient of extraction of condensate from Northern Guzar
field,calculation of its stocks were based on results of experimental studies on installation of single
balance in which by means of a recombination at sheeted tests of the separated gas and unstable
condensate step pressure decrease from sheeted to the atmospheric imitates process of development of
a deposit on exhaustion were used.

The analysis of the reached sizes of coefficient of extraction of condensate on it is long the
developed GKM shows that in the part suppressing them it is lower, than accepted at calculation of stocks.

Projects of development of GKM are carried out with consideration on alternative calculations
of technical and economic indicators of operation taking into account geological and physical features
of fields and technological restrictions that allows to consider negative influence of the above-stated
reasons on condensate extraction coefficient size. Indirect confirmation of it are coefficient size,
proved in the project of development by the option accepted to realization. Comparison of sizes of
coefficient, shows that in projects its size is much lower, than proved at calculation of stocks.
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Abstract. Results of influence of aluminum, titanium and niobium on thermal resistance and
coefficient of elongation of molded samples from high chromium steels are presented. The optimal
concentration ranges of aluminum and titanium in the heat resistant steel for providing maximum
thermal resistance of molded parts with taking into account the technological properties of the alloys
are determined. The influence of metallurgical and technological defects are determined. In
particular, it was found that the greatest negative influence have microshrinkage cavities and
nonmetallic inclusions in the structure. It was defined that for a reliable evaluation of heat-resistance
for steels of different chemical content it makes sense to accept the amount of cycles until models’
disruption.

Keywords: Heat resistance, thermal resistance, high chromium steel, alloying, aluminum,
titanium.

The main feature or characteristic of heat-resistant alloys for work under extreme conditions is
their oxidation resistance. In other words it is the ability of the material to resist the formation of dross on
the surface of the object under conditions of high temperatures and aggressive environments. However, it is
determined by the practice of heat - resistant details’ exploitation, that choice of an alloy with high level of
oxidation resistance is necessary, but not enough for providing long - term operation of a piece because
most details under conditions of high temperatures work with the periodic heating and cooling, in such way
they respond to temperature changes. Such details go out of operation mainly due to the appearance of
cracks caused by temperature changes of a piece and accumulation of thermal stresses, that exceed
reasonable for given conditions of exploitation. In addition, the continued work of heat-resistant details is
accompanied by the change of sizes of the last ones.

So according to modern concepts heat-resistance must be viewed as three properties of metal:
oxidation resistance, heat-resistance and resistance to grain growth, that’s why the development of
new or improvement of existing heat - resistant steels and alloys should be done with taking into
account these characteristics.

The processes of oxidation of alloys are determined by complexity of both alloys and working
environment. The same factors have substantial influence on heat-resistance as well.

The heat-resistance of alloys mainly depends on sizes of grains [1]. The alloys which are
characterized by grains’ boundaries disruption are less heat-resistant than alloys, in which thermal
fatigue cracks are developed in the volume of the grain.

The large sizes of grains and presence of carbides can promote the formation of thermal
fatigue cracks on interfacial boundaries, as a result of weaking of binding forces between hard solution
and carbide [2]. Chrome steels with ferrite structure have poor resistance to plastic deformation at high
temperatures. During continuous heating at temperatures higher than 850 °C ferrite steels have a
tendency for grain’s growth, resulting in falloff in hardness and plasticity, and this in turn contributes
towards heat-resistance reduction.

Numerous theoretical and experimental works related to heat - resistance of metals and alloys
and which have attempts to link together the amount of cycles of heat changes with disruption of a
detail with physical and mechanical properties of alloys and characteristics of heat cycle do not give
an absolute answer for a question as for common factors of heat-resistant alloys development.

From the works [3...5] basic factors which determine the heat - resistance of a detail are the level
of variable temperatures, inhomogeneity of the temperature field in the volume of the detail, and also
construction of the detail: a heat-resistance goes down with the increase of maximal temperature of a cycle
and temperature drop in the volume of the detail. Poured heat-resistant details with reinforcement ribs and
heat centers are especially sensible to heat-resistance. In such details additional temperature contrast in their
volumes appears very quickly and the local areas of concentrations of stresses and deformations are
developed. The harder the construction of the detail is the quicker its disruption from thermal fatigue will
happen. The manufacture of rigid construction detail is possible only in case when the lifecycle of the detail
does not depend on the change of its form and sizes while operating.
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The typical feature of details’ disruption from thermal fatigue is their susceptibility to
cracking. It is a distinctive characteristic for details of heat - power equipment, especially for heat -
resistant boilers, that is caused by rough temperature variations of details during the change of the
thermal mode of boiler’s operation, by routine and emergency stoppage of heat-power blocks. Thus,
while developing new heat-resistant alloys special attention must be paid to providing propagation of
thermal fatigue for metal of high resistance.

The aim of this work is the research of influence of chrome, aluminium and titatium and
casting defects on heat - resistance of chrome and chrome - aluminium steels.

The authors of works [1...4] notice that the cracks of thermal fatigue can appear in places
where defects of technological origin (shrinkage and gas holes, coarse-grain structure and non-metal
impregnation) are located. At the time, casting defects can not influence metal heat - resistance, if they
did not get to the areas with high concentration of stresses and to the boundaries with the maximal
nonuniformity of the temperature field during heat changes. So, for achieving high heat-resistance it is
necessary to meet demands of the correctly developed technology of castings’ production.

All together, on the basis of literary sources analysis it is possible to arrive to the conclusion,
that the general heat - resistance of material is to be the higher, the higher mechanical properties and
the alloy’s heat conductivity at high temperatures, the lower coefficient of linear expansion and the
higher alloy’s heat-resistance are.

Thus, heat - resistance of the alloy is the function of the whole complex of mechanical,
physical, physical and chemical and technological properties.

The influence of aluminium on heat-resistance of high chromium steel 0,3 % C, 30 % Cr in
the range of concentrations to 5% has been explored. It is determined that aluminium content to 1,0%
in chromium steel improves steel heat-resistance (figure 1) as a result of deep steel deoxidation, stable
ferrite constituent increase, metal purification from gases and nonmetallics. Such content of
aluminium in some way raises coefficient of elongation that leads to heat - resistance improvement.
Further increase of aluminium content in steel, in spite of growth of ferrite constituent contributes
towards heat-resistance reducing approximately on 10...12% on every percent of aluminium through
the increase of ferrite grains sizes and intergranular link weakening. In addition, it can be explained
also by the fact that if such steel contains 0,25...0,30% of carbon, the y-area closes with about 27% of
chrome [4], in other words during heating to 1100 °C in the steel structure some quantity of austenite
appears. During cooling of the model, as a result of y—a. transformation, additional thermal stresses
emerge having negative impact on general plasticity.
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Fig. 1. Change properties of chromic steel (0,3% C, 30% Cr) depending on aluminium (a)
content and chrome - aluminium steel (0,3% C, 30% Cr, 2% Al) depending on titanium content (b):
1 - heat-resistance; 2 — coefficient of elongation

Addition of aluminium in high-chromium steel encourages deep metal degassing,
desulphuration and purification, that increases the limit of steel liquidity and reduces plastic
deformation in every heating - cooling period. The speed of deformation accumulation is the least in
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models from steel with 0,7...1,0% of aluminium. Such content of aluminium improves in some way
coefficient of elongation (see fig. 1, a), that in turn results in heat - resistance improvement.

Heat - resistance reducing of steel due to high content of aluminium can be explained by the
substantial reducing of heat conductivity of metal, increasing of grain’s sizes and coefficient of linear
expansion of steel. A coarse-grain structure, as known, is less heat - resistant than fine-grained
structure [1, 5]. Besides of that, addition to high-chromic steel a quantity of aluminium leads to
formation of thermodynamics conditions for nitrides and oxides of aluminium development, which
have an unfavorable form and serve as stress raisers. Such phenomena can be observed in the structure
of steel with 4,0% of aluminium content. So, aluminium improves the heat-resistance of chromic steel
due to complete transformation of steel into especially ferrite class. Having 1,0...1,5% of aluminium
steel with 30% of chrome, becomes stable to the temperature of melting, phase and structural
transformations in it are absent.

It is found by comparing of characters of heat-resistance change of steel and coefficient of
linear expansion, that heat-resistance of chromium steel with aluminium over 1,0% is practically
completely defined by the coefficient of linear expansion level. To provide high heat-resistance of
chrome — aluminium steel with 28...32% of chrome, content of aluminium must be limited at the level
of 1,0...1,5%, but for details which work at the temperatures higher 1200°C, the content of aluminium
should be increased to 2, 0...3,0% aiming to improve its oxidation resistance. Taking into account
good oxidation resistance and simplified process of alloying of chromium steel by aluminium, for
work at the temperatures 1100...1250°C it is enough to add 1,0...2,0% of aluminium to it.

Structure refinement and heat-resistance improvement of chrome — aluminium steel can be
obtained by additional titanium or niobium alloying. The Influence of titanium on properties of
chrome — aluminium steel in the range of concentrations to 2,0% is explored. It is determined, that at
little additions of titanium (0,1...0,2%) loss of heat-resistance of steel (fig. 1,) is observed as a result
of metal contamination by the products of deoxidatio and weakening of intergranular links. Chrome —
aluminium steel gets high stable properties at titanium content in the range 0,3...0,5%, keeping high
metal oxidation resistance. Moreover its heat-resistance continuously increases with the rise of
titanium content, in spite of some increase of linear expansion coefficient.

So, it can be considered that the best variant how to increase chrome — aluminium steel heat-
resistance is its treatment both with titanium in the amount of 0,30 to 0,35% or 0,10...0,15% of niobium.

Beside of that it was found, that the most unfaurable effect on heat-resistance have
microshrinkage cavities emerged as a result of wrong risering of steel castings during their production.
Such cavities accelerate the development of thermal fatigue cracks, as they present finished disruption
defects. Samples of all examined steels with microshrinkage cavities were disrupted after 15...20
cycles. So, defects of metallurgical and technological origin indeed have dominant influence on the
heat-resistance of details.

As determined by researches of heat - resistance during thermal cycling of chrome —
aluminium steel in the mode 1100<>20 °C, to obtain high working characteristics of moulded pieces
from heat-resistant steel it is necessary to alloy it additionally by 1,0...2,0% of aluminium, 0,3... 0,5%
of titanium or 0,10...0,15% of niobium.

For reliable evaluation of heat-resistance for steels of different chemical content it makes
sense to accept the amount of cycles until models’ disruption.
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TRANSPORT
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Abstract. Due to the urgency and importance in recent years in the world strategy of transit-
oriented development (TOP) in the article the analysis of such a strategy aimed at the liberation of the
city of Almaty, depending on road transport. The main provisions of the transport policy, as reflected
in the modern metropolis Almaty transport strategy developed and implemented on the basis of the
project (UNDP-GEF) "Sustainable transport of Almaty." In particular, it analyzes the main areas of
activity, plans, prospects and projects for the city in order to provide the population by 2023 with
high-quality and safe transport services while reducing negative impacts on the environment.

The city plans to displace private cars from the city center, making attractive walking and
cycling. Particular emphasis is placed on achieving that public transport has become an attractive
and affordable, able to quickly deliver passengers to the places of work, school, in shopping centers,
recreational areas, gradually eliminate the passage of transport with high levels of emissions through
the city center. Modern projects also suggest to monitor specialized monitoring stations and
surveillance cameras, both for safety and to reduce greenhouse gas emissions and other pollutants
into the air. It is assumed to reduce taxes on vehicles with zero emissions.

Keywords: sustainable transport strategy, public transport, walking, cycling, urban planning
and land use, urban transport system.

Ha coBpemeHHOM ypoBHE pa3BuTHs 00OmIecTBa aOCOJIOTHO MOHATHO, YTO 0€3 TPaHCIOPTHOH
MHPPACTPYKTypbl HEBO3MOXKHO CaMO CYNIECTBOBAHWE YEJIOBEUECKOW NMBHIM3AIMH. llpakThdecku
TPAHCIIOPT SBJISIETCS TaKOW ke chepoit KU3HeNIeATEIbHOCTH, Kak 00pa3oBaHNe WIIH 3IpaBOOXPaHEHHE.
IIpoGmema cocTouT B TOM, YTO B JIIOOOM KPYITHOM Tropoje MpeodiiafjaeT WHAUBUAYANbHBIN, a He
oOIIecTBeHHBIN TpaHCTIOPT. He uCKiIrfoueHueM sBISETCS W caMblii KpymHBIA Tropox KaszaxcraHa —
Anmartsl, B KOTOpoM HacuuThiBaeTcsi Oosee 500 ThICSY TPAHCTIOPTHBIX CPEJNICTB, U3 KOTOPHIX MOPSIIKA
88% - nerkoBbIe aBTOMOOIIH.

Ecmu cpaBHHBaTH KOJIMYECTBO MOE3/I0K, OCYIIECTBISIEMBIX C TIOMOIIBIO JINYHBIX aBTOMOOHIIEH
Y C IOMOIIBIO OOIECTBEHHOI'O TPAHCIIOPTa, TO NOJIYYHM COOTHOIEHHe 75% K 25% COOTBETCTBEHHO.
Bnob6aBok ko Bcemy Ooznee 90% mnaccaxxupoB OOIIECTBEHHOTO TPAHCIOPTA MPEANIOYUTAIOT €3UTh
aBroOycamu. [IpennouyTeHus HCIONB30BAaHUS JIMYHOI'O TPAHCIIOPTA MOHATHBL: KOM(OPT, YHCTOTA,
Oojee ObICTpOE NEpEABMKEHUE, B TO BpeMs, Kak B aBTOOycax HUMEIOT MECTO MpOoOIeMBbI C
HEJOCTaTOYHOM BMECTHMOCTHIO, HEOOJBIION CKOPOCTHIO, HU3KMM KaueCTBOM IE€PEBO30OK Ui TOTO,
YTOOBI pACCMATPUBATh MX KaK MPHUBJICKATEIBHYIO AJIbTEPHATUBY YACTHOMY aBTOTPAHCIIOPTY.

He menee BakHas mpobGiieMa, KOTOpast UIMEET MECTO B AJMAaThl - COCTOSIHHE BO3yIIHOTO
OacceliHa, 3arpsA3HEHHE KOTOPOTO SBIISETCS BEAyIIMM (AKTOPOM BO3JACHCTBHS Ha OKPYIKAIOIIYIO
Cpeoy W OKa3bIBaeT KpailHe HETaTHBHOE BIMSHHE HA 3/10poBhe HaceneHus. [Ipm stom Gomee 80%
3arpsI3HCHHUI BO3/IyXa MPUXOIUTCS HA aBTOMOOWIBHBIM TpaHCTOpPT. B Tabnwime 1 mokazanel JaHHBIE,
XapaKTepHu3yIoIue 3arpsizHeHne Bo3ayxa B Anmartsl B 2014 roxy.

B 2014 romy, kak ®w B TpenblAylide TOJBI, aTMOC(EpHBIH BO3IyX MeETarojinca
XapaKTepu3yeTcsl BBICOKHMM YypPOBHEM 3arps3HeHWs. VIHTErpUpOBaHHBIA WHICKC 3arpsi3HEHHS
atmocgepsl (MU3A) cocrasmn 10,0.

Kak OblIO OTMEYEHO BHIIIE, OCHOBHOW BKIaJ B 3arpsA3HEHHEC BO3JyXa BHOCHT
MOTOPH30BAaHHBIN TPAHCIOPT U PACCUUTAHO, YTO €CIM HE MPEANPUHUMATH PEIIMTENbHBIX IIAroB K
JICHCTBHIO, TO B CIEAYIONIME NIECATh JET KOJUYECTBO BBIOpOCOB Bo3pacter Ha 70%. Dkcrepthbl
paccuuTaNd, YTO BEIOPOCHI YTIIEKUCIIOTO Ta3a OT aBTOTPAHCIIOPTa BBIPACTYT OT 2,65 MUJIIMOHOB TOH B
2012 rony, mo 4,99 mummmonoB ToHH K 2023 romy, BRIOPOCH OKHCIOB a30Ta MOTYT YBEIHYUTHCS JO
60%, a BEIOPOCHI TOKCUYHOTO YTapHOTO ra3a yJIBOSTCA.

Kpome skonormdeckoro ymepba MMeEeT MECTO M 3HAYUTEIBbHBIM SKOHOMHYECKHH yIiepO,
KOTOPBIN TPUHOCAT TPAHCIOPTHBIE 3aTOphl. B dWacTHOCTH, YOBITKH 3a CYET 3aTOPOB COCTABISIOT
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nopsinkam 300 miH. nomutapoB B rof. Ilo mporHoszam okumaeTcs pocT SKOHOMHUYECKUX YOBITKOB 3a
cyet 3aTopoB B 2023 roxay B pazmepe 700 MuH. oimapoB B ro. Bmecte ¢ TeM okugaeTcsl yBenuueHUE
BpEMEHH, IPOBOAMMOTO B 3aTOPaX Ha YJIMLAX METANOINCa, ¢ 95 MUIIIMOHOB YEJI0BEKO-YacoB B FOJ 10
220 MWUIMOHOB YEJIOBEKO-4acoB B IO, HaJCHHE CKOPOCTH aBTOOYCOB B YTPEHHHE Yachl MUK C
15 km/gac no 12 kmM/4ac, 4TO MOBJIEUYET 32 COOOI MOBBINICHUE OMEPAI[MOHHBIX 3aTPAT OOIIECTBEHHOTO
TpaHcmopTa [2].

Tabmuma 1 - XapakTepucTrKa 3arpss3HeHUs aTMOC(PEpHOTo Bo3myxa . AnmMatsl B 2014 romy

Cpennss MakcuMabHO pa3oBasi Yucao ciyyaeB
KOHUEeHTpauus (Jcc) | KOHUeHTpauus (Qup.) npesbimenns K
IIpumecn KpaTtHocTh KpaTtHocTn
Mr/Mm> NpeBbIICHUSA Mr/m> MpeBbIIICHUS SIJIK PSIAK  P10TAK
K. NAK v,
B3BellIeHHbIe 5 139 | 999 1,200 P,400 96
BeleCTBA
Bi3BelieHHbIe
vactunsl PM -10 0,012 0.614
HMOKCH/JI CEPBI 0,036 0,720 1,998 [3,996 2970
Oxcun yriaepoaa 1,363 0,454 18,108 3,622 5897
JImoxcua a3oTa 0,077 [1,914 1,000 [11,765 30330 673 105
Oxcun a3ora 0,014 0,229 1,000 2,500 589
Denon 0,001 10,399 0,013 11,300 2
Dopmanbaeru 0,011 3,719 0,038 (1,086 2

Hctounuk: [1].

Taxum oOpazoM, B AJMAaThl Ha3pela OcTpas HEOOXOIUMOCTh W3MEHEHHS TPaHCIOPTHOM
HOJIMTUKY, HAalpPaBJICHHOM Ha CO3JaHME YCJIOBHUH, B KOTOPBIX BIAAEIbLbI JIUIHOTO aBTOTPAHCIOPTa
J0OpoBONIBHO OBl OTKAa3ajJMCh OT MHCIOJB30BAaHUS MALIMH WIM MaKCHUMalbHO COKPAaTHIIN
caMmocTosTeIbHbIe Noe3aku. CrenaTh MCIONb30BAHUE YACTHBIX aBTOMOOWIEH HEBBITOJHBIM MOXHO
TOJIBKO TIPH YCIIOBHM CO3JaHHsI TPHUBICKATEIBHOCTH OOLIECTBEHHOTO TPAHCIOPTA, Pa3BUTHUS
CKOPOCTHOTO OOIECTBEHHOTO TpPAHCIOPTa: CKOPOCTHBIX TpPaMBacB, CKOPOCTHBIX JIMHUHA IO
BBIJICJICHHBIM OJI0CaM ISl YAJTMHEHHBIX aBTOOYCOB U TPOJJIEHOYCOB ¢ OO0MbILEii BMECTHMOCTHIO.

B stux mensx Obu1 paspaboran mpoekt ['mobanbHOoro Okonoruyeckoro ®Ponpma (I'DD) u
IIporpammer Pazeutuss OOH (ITPOOH) B Ka3zaxcrane «YcToW4YMBBIA TpaHCHOPT ropoaa AJIMaTh»,
OCHOBHOW IIEJIbI0 KOTOPOTO SIBISIETCSI CHUIKEHHE pPOCTa BbIOpocoB mapHUKOBBIX ra3zoB (IIIN) ot
TpaHCIIOpTa M YJIydIlIeHHe TOPOJICKOM OKpyskatoliei cpenbl. Ha ocHOBaHMH MPOEKTa MECTHBIE OPTaHbI
BJIACTH pa3paboTaly U OCYIIECTBISIOT «CTpaTeruio ycToinuuBoro Tpancmnopra Anmater Ha 2013-2023
roaer». OCHOBHBIM IPOTPAMMHBIM TOKYMEHTOM JUISI peali3allii CTPaTeTHH YCTOWIHUBOTO TPAHCIIOpTa
apnsiercst «Konmemmus mo mepexomy PecrmyOnmmikm KazaxcraH K «3€lI€HOW» JKOHOMHKEY, JIBE
KOJIMYECTBEHHO OIICHWBAEMbIE I KOTOPOW M3 [ECATH HAmpsAMYyIO CBS3aHBI C TPAHCIIOPTOM:
cHmkeHue BeIOpocoB I1I" u 3arps3uenus Bozayxa. [lo Beiopocam I1I' mens yka3aHHOW KOHUENIMH K
2020 romy coxpanuth ux Ha ypoBHe 2012 rozga, a k 2030 u 2050 romaM CHH3UTH YPOBEHb BHIOPOCOB
Ha 15% u 50%, cootBercTBeHHO. CormnacHo cTpareruu ycroiunsoro tpancnopta (CYT) 3HaunTenpHO
CHHM3HTCS] YPOBEHb 3arpsi3HEHHs BO3AyXa B Topoje, yMeHbluaTcs BoiOpocsl 11T B Teuenue S-netHero
nepuoja, ¢ TeHJIeHIuel oopaieHus pocrta B pa3mepe 5% B rof (CeroiHs) B CTOPOHY CHHKEHHUS Ha -
1% B roxa ¢ 2020 roxa [3].

[lonsiTne «ycTOHYMBBIN TpaHCHOpPT» (WM «3€JE€HBI TPAHCIOPT) O3HAYaeT TPAHCIOPT U
TPAHCIIOPTHBIE CHCTEMBI, KOTOPhIE OKa3bIBAlOT MUHUMYM BPEIHOTO BO3AEHUCTBUS Ha OKPY’KAIOLIYIO
Cpeay, a IMEHHO: OOIIECTBEHHBIH TPAHCIIOPT BMECTO JIMYHBIX aBTOMOOWIEH (BpeIHbIC BHIOPOCH B
atMocdepy MoOryT cHU3HUThCS B 10 pa3); memme NporyJKH WM €3]la Ha BEJOCHIIEE; PaluoOHAIbHOE
TOpPOJICKOE IUIAHUPOBaHHE M 3EMIICHIONB30BaHME, KOTOPOE COKpAallaeT MOTPEOHOCTh B IOE3/KAX;
pa3sBUTHE CHCTEM TIOpPOJCKOTO TPAHCIOPTA, KOTOpPhlEé SKOHOMHUYHBI B HCIIOJIb30BAaHWU TOIUIMBA,
KOMITAaKTHBI ¥ CLIOCOOCTBYIOT 370POBOMY 00pa3y >KH3HH.

st Toro, 4ToOBI Oosiee TIIYOOKO TIpOaHAIM3UPOBATH MOJUTHKY YCTOHYHBOTO TPAHCIIOPTA,
NPUHATYIO TOPOAOM, CPAaBHUM TPH CLIEHApHs Pa3BUTHUS TPAHCIOPTHOM cucTeMbl Anmatsl. CrieHapui,
roe Oyner peann3oBaHa CTpaTerws YCTOHYMBOro tpaHcmopra - «CreHapuii —yCTOHYMBOIO
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TPAHCIOPTa»; CIIEHAPHUIl MPOJAOKEHHUS CYIIECTBYIOIIECTo MyTH - « ClieHapHi BeJICHUS JIe B 00BIYHOM
TIOPSIIKE» WIIM MHEPIUOHHBIN CIIEHAPHU; CIIEHAPHH, KOTOPBIH MOCTPOCH MUCKIIOYUTENLHO UCXOS U3
NPEANOCHUTOK PabOThl TOJNBKO CYIICCTBYIONIMX MPOEKTOB, YCIYr M OOBEKTOB MO COCTOSIHUIO Ha
CETOIHSIIHUN JIeHb, 03 Kakoro - JuO0 OYIyIIero pa3BUTHS TPAHCIOPTHOW cucTeMbl — «CrieHapuit
OTCYTCTBHS JeHCTBUi». CpaBHUTENbHAS XapaKTEPHCTUKA TPEX YKa3aHHBIX CICHApUEB IMOKa3aHa B
Tabmuue 2.

Tabmura 2 - CieHapuu pa3BUTHS TPAHCTIOPTHOU CHCTEMBI AJTMATHI

OtcyrcTBHe neiictBuii | MIHEpIIMOHHBIN YceroitunBsii
TPaHCHOPT
CeTtb aBTO0pOT Tonbko yKe | 3HAUUTENIbHOE CTpOoUTENbCTBO TOJBKO
YTBEP>KICHHBIC CTPOUTEIBLCTBO B MecTax, rue
OpOeKThl —  Oosee OTCYTCTBYIOT  ApYrHe
HHUKaKOIr'0 BO3MOXKHOCTH
OOBEKTHI Te xe, uro u cerogus | Te xe, uro u cerogns | KpynHeie wuHBecTHIINH
0OIIECTBEHHOIO + TOpoAJIEeHHE BETKU | + TMPOJJICHUE BETKU | B HOBBIE CHCTEMBI
TpaHCIopTa MeTpo Ha 3amax (2 | merpo Ha 3aman + aPT- | MacCOBBIX CKOPOCTHBIX
CTaHIINHN) 1 IIEPEBO30K
Yenyru Texymuit mapk + 200 | Texymmiit mapk + 200 | 3HauuTensHOE
00IIEeCTBEHHOTO aBToOycoB Ha Kl aBToOycoB Ha Kl YBEIUYCHHE Tapka |
TpaHCcIopTa OoJiee TUTOTHBIN rpaduk

paboThI

Benocuneqnoe wu | Ilo  cocrossauio Ha | [lo  coctosHmio Ha | KpynHble wuHBecTHIUH
MEeIIeX0IHOE CETrOTHSIIHUN AeHb CErOTHSIIHUN AeHb B UHQPACTPYKTypy H
JBIDKCHHE nponarasay

Hctounuk: [3].

B Tabmune 2 moka3aHbl OCHOBHBIC TPAaHCHOPTHBIE Mokazarenu «CreHapus yCTOHYHUBOTO
TPaHCIIOPTa», a UMEHHO - YIIOp Ha UCIOJIb30BaHUEe O0Jiee YUCTHIX M SKOJIOTHYECKH 0€30MacHbIX BUIOB
TPaHCIIOPTa, B3aMEH HCIOJIB30BAaHMS JMYHBIX aBTOMOOWIEH, obOecredeHne BBICOKOTO  KadecTBa
TPAHCIIOPTHOTO  OOCIYXUBaHUS, CIHOCOOCTByOmmEro Ooiee dPHEKTUBHOMY  HCIOIH30BAHHIO
MMEIOIINXCS 3eMENIbHBIX PECYpPCOB U 3alUTE CYIIECTBYIOUINX JTaHAMA(THRIX U 3€JICHBIX 30H.

Crnenyer oco00 OTMETHTb, 4YTO TOpPOJ CUMUTAET CBOUM JOJIIOM OOECIEUYHUTh TI'OpPOKaH
TPAHCIIOPTHOW CHCTEMOH, B KOTOpod OymyT peanmuzoBaHbl npuHIMNBl «FARSICOM», a umeHHo,
obOciyxuBanue: ObicTpoe n udactoe (Fast&Frequent), moctymHoe mo tieHe (Affordable), nagexHoe
(Reliable), OesomacHoe (Safe) w mpocroe B wucnomb3oBaHum (Simple touse), MOIHOCTHIO
unrerpuposanHoe (Integrative), yno6noe (Comfortable), onepammonno ycroitunBoe (Operationally
sustainable) u oxBaTbIBatolee Bech Meranosuc (Metropolitan Coverage) [3, c. 27].

B Tabmmue 3 mpuBeneHbI OXXUAAEMblE TMOKa3aTeIH KOJIMYECTBEHHOro 3ddekra crpareruu
ycroitunBoro Ttpancrnopta (CYT), B comocTaBieHMH CO CLIEHapHeM, B PaMKax KOTOPOTO TOpOJ]
NPOJIOJDKUT JIBUTATHCS B CYHIECTBYIOLIEM HAIIPABICHUH, T.€. UHEPIIMOHHBIM CIICHAPHUEM.

Taxum o6pazom crassres nenu k 2023 roay 6onee 55% Bcex nepeaBIKEHHH OCYHISCTBIIST
YCTOMYMBBIME BUIAMH TPAHCIIOPTa: CKOPOCTHBIM o0mecTBeHHbIM TpaHcopToM (COT) - 6omee 22%,
aBTOOyCcOM - Tpoyuieiioycom — mopsinka 16%, nemkom - 12% u Ha Benmocunene - 5-6%. [Ipu srom
OXKMIAETCS COKPAIEHHE KOJMYECTBA MEPEABIKEHNH Ha aBTOMOOWJISIX Ha MOJMHJUTHOHA TMOE3J0K B
mes - ¢ 1,75 mo 1,22 mMumoHa; KONMWYECTBa MAIIWHO-KWJIOMETPOB, TPOJIENBIBAEMBIX B ITYTH
aBTOMOOHIISIMH, OoJiee YeM Ha 6 MIJUTHOHOB KHJIOMETPOB €KEIHEBHO.

OobyctpoiictBo 8-10 mapmpyTtoB COT mact BO3MOXHOCTH TpeoOpa3oBaHus AJIMaThl B
JUHAMHUYHBIA METaroJucC ¢ JOCTYITHOCTHIO BCEX OOBEKTOB AJISl BCEI'O HACEJICHHS], @ B COBOKYIIHOCTH CO
BCIIOMOTaTeIbHBIM aBTOOYCHBIM U BEJIOCHIIEAHBIM OOCITYXKMBaHHEM OyAeT Urparh 3HAYUMYIO POJIb B
KOHOMUYECKOM pPa3BUTHUH, CIIOCOOCTBOBAaTh NPHUBJICYCHUIO HALMOHAIBHBIX M MEXIYHApOIHBIX
MHBECTULIMH. BHeapeHne HaleXHOH, NMpUBJIEKAaTEIbHON, YAOOHOW W JOCTYIHOM IO LIEHE CHUCTEMBI
OOIIECTBEHHOT'O TPAHCIIOPTa 0OECHEUUT MEPEXO KHUTENEH OT MONb30BaHHUS aBTOMOOWISIMH U TaKCH
Ha OoJiee yCTOWYMBEIC BUIBI TPAHCIIOPTA, CIEJOBATENBHO, YMEHBIIATCS 3aTOPBl Ha JOPOTax, BpeMms,
MOTpauyeHHOE Ha TEpeIBIDKEHHWE Ha aBToMoOmie, cokpatutcs ¢ 40 mo 33 muHyT (IO pacueTam
9KCIIEPTOB), CKOPOCTH MEPEIBIIKEHNUS B yTPEHHUE YaChl UK yBeIU4uTcs ¢ 15 km/4 1o 18 xm/4 [3].

Oco00 HEoO0XOAMMO OTMETHTh, YTO YCIENIHAas peaju3alisl CTPaTerud yCTOHYHBOTO
TpaHCIIOpTa AAcT BO3MOXKHOCTH T'OPOJY BBICBOOOAWUTH U3 IOA acaimbTa OrpOMHBIE TEPPUTOPHH,
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CO34aTh HOBBIC MAPKU, CKBCPbI, 3CJICHBIC HACAKACHHA, BEJIOCUIICAHBIC JOPOKKH, MCIICXOAHBIC 30HbI,
UT'POBBIC TIIIOMIAAKU.

Tabnuma 3 - Oxxunaemple MoOKazarenn KonmdecTBeHHOTo 3ddexta CYT

ITapameTpsl Hacrosmee WHEPLUUOHHBIN | yCTOWYUBBII

BpEMsI CLlEHapuil  — | TpaHCHIOPT —
2023 r. 2023 r.

CpenHsisi CKOPOCTh ABMKCHHS aBToMoOwmrel B | 19,1 15,0 18,3

YTPEHHHE Yachl MUK - KM/4

CpenHsist CKOPOCTh MBIKEHUS 001mecTBeHHOTO | 15,5 11,8 19,2

TpaHCHOPTa B YTPESHHHUE YaChl KK - KM/4

Beiopocer III' ot TpancmoptHOoro cekropa - | 2,650,000 4,990,000 3,420,000

meTpuueckux ToH CO2-3kB

OOmee  Bpews, €)XKeIHEBHO Bryctyio | 300,000 gwacos | 700,000 wacos | 400,000

MIOTPAYCHHOE B MyTH AaBTOMOOWIMCTAMH U 4acoB

raccakupamu 00ILIECTBEHHOTO TPaHCIOpTa

Hacenenune, xuBymee B 500 wmerpax ot | 8 18 51

crannu COT - %

Iloesnku Ha Benocuiemax ot oOmero | medee 0,5 15 6

KOJIMUECTBA M0e30K - %

[lepememennss  ycTOWMYuBBIMA ~ MeToaaMu | 42 35 55

(nemrkom, Ha Benocunene, OT) - %

KonuuectBo mepememiennit Ha aBromoOwitsx | 1,13 mun . mo- | 1,85 mun . mo- | 1,37 muH .

U o0m@as NPOTSHKEHHOCTh Takux moe3nok | e3nok / 10,34 | e3nok/20,04 moe3goxk  /

(exeTHeBHO) MJIH .KM MJIH .KM 14,10 mumH

KM

Hctounuk: [3].

B unenmom k 2023 romy muiaHupyeTcsi CO34aThb HHTEIPUPOBAHHYIO CETh CKOPOCTHOTO
OOIIECTBEHHOI'O TPAaHCHOPTa, KOTOpas Oyner ©0a3upoBaTbcs Ha 3JIEKTPOHHOM CHUCTEME OIIaThI
OuneroB ¥ MHGOpMAUMU A MACCAKUPOB, M BKIIOYATh B ce0sl 1B JIMHUM METPO, IIBE JIMHUH
JIETKOPENILCOBOT'O TPAHCIIOPTA U ISATh CKOPOCTHBIX aBTOOYCHBIX MEpeBO30K. B HacTosmiee Bpems ceTh
TOPOACKOTO OOIIECTBEHHOTO TPAHCIOpPTa COCTOUT W3 OJHOW JuHMM MeTpo, 110 aBToOyCHBIX
MapHIpyToB, 12 TpoyiedOyCHBIX U ABYX TPaMBaHHBIX MapIIPyTOB.

B 2014 rony Havancss NpoeKT MO ONTHMHU3ALMK MapUIpyTHOM CETH, OCHOBaHHOH Ha
oOecrieueHun JIOCTyIa K yciayraMm OOILIECTBEHHOTO TpaHcmopTta jyis Beex ropoxkad. C 15 urons 2015
roja B AjMaThl BBIICIWIN MOJIOCH! JJis 00IeCTBeHHOro TpaHncropta. Ha 2017 roj 3ariaHupoBaHO
CTPOUTEILCTBO HOBOTO MEXAyHapoaHoro aspornopra. B 2017-2018 rr. miuaHupyeTrcs BBECTH
ckopocTHOIi aBToOYycHBII TpaHncnopT (BPT) co cpemneil mporHo3upyemMoil CKOPOCTHIO TT0 KOPUIOPY
BPT - 23 xmmomerpa B 4yac, ¥ KOJMYECTBOM IEPEBO3UMBIX MACCAKUPOB - 10 140 THICSY 4YeloBEeK B
IeHb. B 3T0 ke BpeMs B Topo/ie MOSBUTCS JIETKOpenbcoBId TpancnopT (JIPT) — ckopocTHOM TpaMBaii.
Oxwunaercs nmporskeHHOCTh JuHNK JIPT - 22,3 xumomeTpa co CKOPOCTBHIO TEPEABIKEHUSI COCTABOB
nopsika 26 KWJIOMETPOB B 4Yac, YTO 3HAUMUTEIBHO pa3rpy3uT ropoj ot 3aropoB. B 2020 romy
TOPOJCKHE BIACTH IUIAHUPYIOT MPOUINTh METPO HA 3amaj YeThIPpbMsSI HOBBIMU CTaHUUAMH, a B 2023 -
Ha ceBep (C JKEIIE3HOMOPOXKHOTO Bok3ama Anmartbli-1 g0 Anmatei-2). KpomMe TOro cCKoOpocTHOI
0O0IIECTBEHHBIN TPAHCHIOPT 00ECTICUUT COOOIICHNE ATIMATHI ¢ IPUTOPOJAMHU.

[lo HameMy MHEHHUIO, Ba)KHOM 4acTblO TPAHCIOPTHON CTPAaTETHH ABISAETCS pEIICHUE 3aaul
BBeaeHuss Ha 500 ocraHOBKax cHCTEMbl MH()OPMHUPOBAHUS MACCAKUPOB B PEaJbHOM BpPEMEHH M
BHEJIpEHUS] B OOILIECTBEHHOM TPAHCIOPTE CHCTEMBI 3JCKTPOHHOTO OWIIETHPOBAaHUS, KOTOpas yKe
Hayvaja JeiicCTBOBAaTh Ha BCEX aBTOOYCHBIX MapIIpPyTax.

B 2015 - 2018 rr. 3amuraHUpoBaHbl MEPONPHUSATHS B YUEOHBIX YUPEKICHHSIX, Ha paboumx
MeCTax, HallpaBJIeHHbIE Ha MOMYJIpU3alMI0 BEIOCUIIEHOTO ABMKEHNs. Beero e B AnMatsl ropoze
nosBsaTcs 140 kM Benocumnequeix popoxek, S00 emoctosHok, 100 cranmuii mpokaTa 0OIIECTBEHHBIX
BEJIOCUIIENIOB.

Ocoboe BHHUMaHHE B CTpaTeTHM YIENAeTCs M SKOJIOTHMH ropoja. Bmactu ropona miaHupyer
IOCTENEHHO MCKIIOYUTH MPOE3] TPAHCIOPTA C BHICOKUM YPOBHEM BhIOpOCa depes3 LIEHTp ropona. 3a
cOOJIIOZICHnEeM TpaBui OyOeT BECTHCh KOHTPOJIb CIIELUAIbHBIMH MOHHTOPHHIOBBIMH CTAHIMAMHU U
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Kamepamu HabmroneHust. Ha TpaHcnopTHBIE cpecTBa ¢ HyJIEBBIM YPOBHEM BBIOPOCOB Oy YT CHUKCHBI
Hanorn. K 2018 romy mnaHupyrT yOparh ¢ JOpOT CTapblii TPS3HBIH TPaHCIOPT MyTEM BBIBOJA U3
IKCIUTyaTallly yCTapEeBIINX aBTOMOOUIIEH.

Taxum oOpazom k 2023 romy, TpaHCIOpTHasl cUCTeMa T'. AJIMaThl OyJeT WHTEeTPUPOBAaHHOM,
YCTOMYMBOM, O€30MacHO# 1 OyJeT MpeaoCTaBIsITh BBICOKOKAYECTBEHHbIE YCIYTH BCEMY HACEJICHUIO, a
TaKke CHOCOOCTBOBATh JKOHOMHYECKOMY Pa3BUTHIO TOpOJa, HapsAAy C YMEHBUICHHEM CTEeleHU
BO3/ICMCTBHUS Ha OKPYIKAIOUIYIO CPEAY.
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PHYSICS AND MATHEMATICS

AN APPROACH FOR SOLVING THE INTERVAL SYSTEM
OF LINEAR ALGEBRAIC EQUATIONS

Jomartova Sh. A.,
Mazakov T. Zh.,
Karymsakova N. T.,
Zhaydarova A. M.

Kazakhsta, Almaty, al-Farabi Kazakh National University

Abstract. The article discusses the interval system of linear algebraic equations. For these
systems, a solution algorithm is proposed, using introduced interval mathematics, where the intervals
are presentedin terms of the center (expected value) and the spreading respectto the center (variance).
The application of this algorithm and its efficiencyare illustrated by several examples.

Keywords: interval system of linear algebraic equations, interval mathematics, mathematical
expectation, variance, Gaussian elimination.

Introduction

In work [1], the author suggestedinterval mathematics that works with intervals that are
independent normally distributed variables. "Classical” interval arithmetic [2] assumes that all values
on interval are equally probable. Therefore, all the results obtained with it cover all possible values
and are "super sufficient".
In [1ﬂ there is a formal concept of the interval that is introducedin the following form:

a=|la-—g,a+g, |=\a¢

a)s
where a- the middle of the interval (or expectation) - ¢, width of the interval (or variance).

We denote the set of all such intervals as I,(R).
Leta, b, ¢ - intervals from I,,(R). Then proposed the following interval arithmetic:
1. the addition of the two intervals a, be 1,.,(R): c=a+ Db

c=a+b; g =& +&;

2. subtraction of two intervalsa, b €l,,(R): c=a - b,
c=a—b; g =&’ +¢&;

3. multiplying two intervalsa, b el,.,(R): c=a* b,
- = = -2 =2

c=a-b, g =+a -e+b -&;

. . 1
4. inverse intervala €l ,,(R): ¢ =—;
a

-1 €
c==; g ==5,
a

o))

- . 1
5. division two intervals a, b l,,(R): ¢ =—;
a

—2

2 2
a -¢ €
—b+ a

—4 =2
b b

In [1] considered and proved properties of these arithmetic operations, and provides
examples and functions.

Algorithm for solving interval systems of linear algebraic equations

Next, consider the interval system of linear algebraic equations (ISLAE)

Ax=Db, 1)

C==; g, =

ol o
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here A ={a;} - nxn - matrix and b ={b;}- n - vector whose elements are the intervals and
can be represented as

min max o a
a = {aij 8jj }= (a“ ’ 8ijj ’
1

]
b, = b™ = (b;.2").
Az{Ap :{agﬂ a!} e{a;"”,agﬁx}} - set of dot matrices A whose elements belong to their
corresponding interval elements of the original matrix.
In [3], there is a theorem on the applicability of the method of Gauss: Let 1<n<2 and
the set A doesn’t contain non-degenerate "point” matrices A, € A . ThenGauss’s methodcan be

applied.
This approach is not constructive because of the restrictive properties of the classical
interval mathematics.

We introduce interval dot matrix A ={a;j} whose elements are the midpoints of intervals

corresponding to the original interval matrix A € A .

It is further proposed algorithm for solving ISLAE using the entered interval mathematics.

Theorem. For the applicability of the method of Gauss it is enough thatthe dot matrix be
non-degenerate.

The Gauss algorithm with a choice of main element of solution of ISLAE based on the input
interval mathematics:

Step 1. Leti=1.

Step 2. If i<n, make the following steps, otherwise go to step 7.

Step 3. In the i-th row select j-th element with the highest absolute midpointvalue.

Step 4. If the selected element contains a zero, then the system is considered to be degenerate,
which has no definite interval solutions and exits the algorithm. If the selected element does not
contain zero, then swap the i-th and j-th columns.

Step 5. Conduct transformation of interval matrix A and vector b according to the formulas,
since the i-th row:

. a. . x —
ay =a; —a;*%, j=i+ln, k=in,
i

a, =2k k=in, )

: L 0 L
b, =b;-a; - J=in

1
Step 6. Increase the value of i by one and go to step 2.
Step 7. As a result, we obtain an upper triangular intervalmatrix. We find the required interval
solution according to the formulas:

bn
X, =—"1,
a‘nn
n o @)
x;=(b;— > a;*b;), i=n-11

j=i+l
Note: It is assumed that in the formulas (2) and (3) used input interval arithmetic [1].
Considering ISLAE of type:
X =Bx+cC, 4)
here B :{bij}- nxn- matrix and ¢ ={c;} - n - vector whose elements are the intervals.

We introduce a dot interval matrix B ={b;}, whose elements are the midpoints of the

correspondingintervals of the original interval matrix B € B.
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Theorem. In order to the method of successive approximations
xT=Bx*+c¢, k=01.., (5)

beconverged to the solution of the system (4) it is sufficient that ||B|| <1.

The proof is obvious by virtue of the correctness of the theorem for the case of a point system
of linear algebraic equations (SLAE) and properties of the introduced interval arithmetic does not
produce displacement of the middle intervals multiplication and division.

Successive approximation algorithm for solving interval linear systems based on the input
interval mathematics:

Step 1. Let k = 0, we choose the initial approximationx°. In particular, we can take x° =c.
We define the required accuracy of finding the solution &, it can not be less than the specified
accuracy of intervals:

e= max[maxgg, maxglc]
ij i

Step 2: Calculate the new approximation of the desired interval by the formula (5).
Step 3: Calculate the value

— k+1 —k
d= mix(abs(xi T »
i=1,n
—k . . o
here Xi - the middle of the interval of k-th approximation.
Step 4. If the value d > ¢, the value of k = k + 1 is incremented by one and go to step 2.
—k

Otherwise, x - the approximate interval solution.

Examples

Consider an example from [3]: Suppose we want to calculate the stress distribution in the R-

circuit shown in Figure 1. In accordance with the method of nodal potentials conductionl; =R,
entered. The system of equations for determining the potential u,,u,,u,given by

n+rn-+r L 0 U, vr
-1 R+r,+r —r; |u,|=]0]|
0 - Iy r; + r; \Ug 0
R,
| T u A itz Rs iy

T“ P R, Re

=
Fig. 1

Let circuit elements have the following ratings:

n=r=r,=0%L rpb=r,=20;, v=6.3.

Technologically, these values can be maintained not exact but with some error. Moreover,
they are often dependent on temperature and other operating conditions. Suppose that as a result,
denominations are hold within £ 10%. Thus, the actual:

1,1, €[009011] r,r, c[1.822] ve[5.676.93]
With any combination of these data system matrix M is non-degenerate matrix. Denoted by A
- interval matrix, b - an interval vector of right side of equations:
[1.98,2.42] [-22-18  [0,0]
A=|[-22.-18] [3.69,451] [-2.2,-18]|
[00] [-22-18] [1.89,2.31]
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b =1{0.5103,0.7623] [0,0],[0,0]}

According to the classical definition of arithmetic, interval matrix is a degenerate.

Using introduced in [1] definition of arithmetic, we obtain the following values of the
potentials:

u, =[-0.108,3.443]= (1.667,1.775);
u, =[-0.422,3.460] = (1.519,1.941);

u, =[-0.737,3.630] = (1.447,2.183)
Consider the example of Raikhman [3]. Given interval matrix
1 [0,a] [0a
S(a)=[[0,a] 1 [0,a]|
[O, 0.] [O, a] 1
For (\6—1)/2 < a < 1,using classical interval arithmetic, the calculation of the determinant of
the Gauss method we find that the interval matrix S(o) is a degenerate. This example was given in [3]

to show that in case of transition from the conventional method of Gauss to the interval version, its
properties, in general, gets worse.

When using the input interval arithmetic operations, implemented as a library of routines and
functions, this restriction has been cancelled, and we got a solution of a system of linearinterval
algebraic equations

[11]
S()x(e) =| [L1]
1]
For different o :
[0.244,0.968]) ((0.606,0.362)
x(0.65) = | [0.132,1.080] | =| (0.606,0.474)
[0.075,1.137]) | (0.606,0.531)
[0.187,0.989] | ((0.588,0.401)
x(0.70) =| [0.065,1.111] |=|(0.588,0.523)
[-0.002,1.178]) |(0.588,0.590)
[0.060,1.052] |\ ((0.556,0.496)
x(0.80) =| [- 0.077,1.188] | = | (0.556,0.533)
[-0.1661.277]) |(0.556,0.721)
[-0.095,1.147]\ ((0.526,0.621)
x(0.90) =| [~ 0.236,1.289] | =| (0.526,0.762) |
[-0.350,1.403]) |(0.526,0.877)

Conclusion

The proposed algorithm in the article gives a solution for ISLAE in the case when intervals
represented as its middle -it is the expected value, and the spread - is the variance of independently
normally distributed variables. The article gives examples, for which the resulting algorithmis used for
solving ISALE and shows the effectiveness of the introduced interval mathematics.
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XAJBKOT'EHUBI LiGaS, AND BaGa,S; AJIs1
IPPEKTUBHOI'O YACTOTHOI'O ITPEOBPA3OBAHNA B
CPEJHEM UK JUAITA3ZOHE CIIEKTPA

Rena J. Kasumova,
Safarova G. A,
Kerimova N. V.

Physics Department, Baku State University

Abstract. In this work, LiGaS, and BaGa,S; crystals of mid-infrared range of spectrum are
reported. For study of nonlinear optical properties of the investigated type of crystals it is expedient to
resort to the constant—intensity approximation, in contrast to the constant—field approximation,
permitting to take into account the influence of phase effects on the process of frequency conversion of
laser radiation in the given crystals of mixed type. This approximation is used by authors for

investigations of nonlinear interaction of optical waves in LiGaS, crystal in case of eo— e scalar

phase matching in the xy plane and for BaGa,S; crystal the oo — e process is chosen (e polarized
pump wave) in the xz plane. It was shown, despite of a small nonlinear coefficients for LiGaS, and
BaGa,S; absence of two-photon absorption makes these crystals suitable for optical parametrical
converters at 1.0642 mcm.

Keywords: parametric interaction, mid-IR region, constant-intensity approximation.

[Mocneanue mECATUIICTHS MPOJODKACTCS IMOMCK HENMHEHHBIX KPUCTAUIOB, IMO3BOJISIOIINX
OCYIIIECTBUTh YaCTOTHOE MpeoOpazoBanme B cpemHioro MK obmacts cmektpa BOmm3u 1 Mim. [l
pelIeHrs 3TOW 3alauyd YCHEIIHO HMCIOJIb3YIOTCS TPOMHBbIE XalbKOre€HWJHbIE KpucTamibl [1-2]. Kak
u3BecTHo LiGaS; n BaGa;S; mo cBoMM CBOWCTBAM OTHOCSITCS K HEOKCHUIHBIM COSAWHEHHSAM [2] U
aBIstOTCS Kpuctammamu cpeqHero MK muamasona criektpa. HecMoTpst Ha To, 4TO 3TH JBa KpHCTalIa
HE OTJMYAIOTCS BBICOKMMHU HEJIMHEHHOCTSMHU, TEM HE MEHEe OHHU IPEACTABISIOT WHTEPEC Kak
a¢dekTuBHBIE TpeoOpa3oBaTeny 4YacTOTHl. Tak Hampumep, B psAle DKCICPUMEHTAIBHBIX padoT
JokJaapiBaeTcs 00 3pPEKTUBHOCTH UX UCIOJIH30BAHMS B KAUECTBE MapaMETPHUECKUX TEHEPATOPOB B
UK nuanasone.

JlJis  aHaTUTHYECKOr0 UCCIIEAOBaHUS IapaMETPUUYECKOr0 MpeoOpa3oBaHMs B KpUCTAJLIaX
LiGaS, and BaGa;S; Obi1a WCMOMB30BaHA CXeMa  B3aMMOJCHCTBHS, OKCIEPHUMEHTAIBHO
paccmotpennas B [3-4]. Crmemyer OTMETHTh, uYTOo 00a COCAMHEHHS SBISIOTCS JBYOCHBIMH
KPHUCTAJLTAMHU.

PemreHne craHIapTHBIX YKOPOUYEHHBIX YPaBHEHUH JUISl TApaMETPUUECKOr0 B3aUMOJEHCTBUS C
MMPUMCHCHUEM TpPaHUYIHBIX yCHOBI/Iﬁ 3aJa4ur IO3BOJIACT IOJYYUTH IJIdI HHTCHCHUBHOCTHU XOJIOCTOM
BOJTHBI Ha BBIXOJE KPHUCTAJUIA CIEAYIONIee BEIpakeHue [6]

. 2
é_i_’YiAsoApo sinh? q 4
Ao q’

1,(¢,) = 1., exp(=28.4,)| cosh®q ¢, + , @

rie
2
=T -I? —AT L =YYl T5 =YYl
Y; 0003Ha4aeT HENMHEHHBIC KOXPQUUUCHTBL, § ;- MOTEPH B KPUCTAJLIC HA YaCTOTE (0 JUIA j-
ot Boxmbl ( ] =S, 1, P), coorBeTcTBeHHO, A = k, =K, —k; onpenenser pasoyro paccrpoiiky mesxy
B3aMMO/ICHCTBYIOIIIMH BOJTHAMH.

PaccmarpuBaiics ciydaif, Koraa Xosocrasi BOJIHa M3lydaa Ha JUIMHE BOJHbI A, =5.457 MKM [yist

LiGaS, xpucramia. CpaBHeHHe pe3ysbTaTOB TEOPETHUECKOrO0 aHalM3a B TPHOMIMKEHHHM 3aJaHHOM
UHTEHCHMBHOCTH (1) M OKCIIEPUMEHTANBHBIX PE3yNbTaroB [4] mMoka3ano, 4TO Jydlliee COOTBETCTBHE

PE3yNBTaTOB HAOIMIONAETCS TP COOTHOIIEHMH uHTeHcuBHOCTel BomH [ /T »=0.00001 1 Al 2Fp =0.01,
NP 3TOM JTMHA Kprctauia paprsuiack 0.8 cMm. B ciyuae BaGa,S; kpricTaiia AjMHa u3TydeHus paBHSIIach
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A, =6.217 Mxm. VI3 cpaBHEHHS PE3yNIBTATOB T 0O0MX KPUCTAILIOB TIOKA3ATIOCTETyeT, uT0 MAKCHMATbHAs

SHEPTHS XOJIOCTOH BOJIHBI | i (|) B BaGa,S; kprcrasie mouty B 4 paza NpeBbIIACT aHAJIOTHYHBIA pe3yIbTaT

B LiGaS,. JlanHblii (akT paHee ObLT SKCTICPUMEHTAIBHO TOMyUeH aBTopamu [3-4].

AHanu3 HETMHEHHO ONTHYECKMX CBOMCTB JBYOCHBIX KpucTauioB LiGaS, m BaGa,S; B
NpUOIIDKEHUH 33JaHHOW MHTCHCUBHOCTH W CPaBHEHHE C CYNIECTBYIOIIMMH SKCIEPUMEHTATbHBIMH
pe3yibTaTamMH, II03BOJSIET OOHApPYKUTHh ONTHUMAJbHBIC MapaMeTpbl 3aJadyd [Js I[OBBILICHUS
3¢ dexkTrBHOCTH YacTOTHOTO npeoOpa3oBanus B cpeaaeM MK nmamasone criekrpa.
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THE ROLE OF THE WRF MODEL PARAMETERIZATION
SCHEMES ON THE QUALITY OF METEOROLOGICAL
VARIABLES FORECAST OVER TANZANIA

L2PhD student Kondowe A. L.
Dr. Aniskina O.G.

'Tanzania, Dar es Salaam, Tanzania Meteorological Agency (TMA).
’Russia, St. Petersburg, Russian State Hydrometeorological University (RSHU).

Abstract. The combinations of cloud microphysics, cumulus, planetary boundary layer,
radiation and land-surface schemes in the model play significant role in the formation of complex
meteorological variable. Therefore, the purpose of this study is to assess the performance of different
WRF model physical parameterization schemes on the quality of the forecast of meteorological
variables, compare the results to the observed data and select the best model configuration. The model
was integrated for 72 hours from 08" - 22" April 2014, the main focus being the period from 11" -
13" April 2014 because it was associated with strong downpour over the coastal areas of the Indian
Ocean. The model configured with Purdue Lin - Grell 3d - Asymmetric Convective Model (ACM2)
scheme was selected for April rainfall forecast over the coastal areas of the Indian Ocean.

Keywords: Tanzania, Indian-Ocean, WRF model, Meteorology, Parameterization schemes.
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1.Introduction.

The WRF model is a numerical weather prediction (NWP) and atmospheric simulation system
designed for atmospheric research, operational forecasting and dynamical downscaling of General
Circulation Models (GCMs). The development of WRF-ARW has been a multi-agency effort to build a
next-generation mesoscale forecasting model and data assimilation system to advance the understanding
and prediction of weather and accelerate the transfer of research advances into operations.

One of the most important task in adapting a numerical model to use in a particular area is to
find its appropriate physical model configuration because each region has its own features which have
direct impact on the whole mechanisms of weather formation. So, default and best model setting for
one region might not work perfectly for another region.

Two rainfall seasons and patterns are experienced over the country. The long rains of March —
May (MAM) and short rains of October — December (OND), and bimodal rainfall regime (MAM and
OND) mainly; the northern part and the northern coast including Dar es Salaam, Tanga, Zanzibar and
Pemba islands) and, unimodal rainfall regime (November to April) mainly; the central, Southern and
Western part of the country respectively. These rains are normally associated with the northwards and
southwards seasonal movement of Inter-tropical convergence zone (ITCZ).

Numerical and climate models have not been extensively studied for research and operational
weather forecasting in developing countries including Tanzania. Therefore, this kind of work must be
done in order to improve the quality of meteorological parameters forecasts and fully utilize the
capabilities of the model as a helping tool for a forecaster. The post processing was done using the
Climate Data Operator (CDO) and Python scripting language.

2. The principal components of the WRF system and the WRF model system of
equations.

The principal components of the WRF system includes the WRF Software Framework (WSF)
which provides the infrastructure that accommodates the dynamics solvers, physics packages that
interface with the solvers, programs for initialization, WRF-Var, and WRF-Chem. There are two
dynamics solvers in the WSF: the Advanced Research (ARW) WRF solver (originally referred to as
the Eulerian mass or “em” solver) developed primarily at NCAR, and the Non hydrostatic Mesoscale
Model (NMM) solver developed at NCEP. The WRF model consists of WRF preprocessing System
(WPS) and model initialization, WRF model (dynamic model ARW or NMM and parameterization),
WRF-Var and WRF Post processing System.

The ARW dynamics solver is fully compressible, nonhydrostatic model. The equations are
cast in flux form using variables that have conservation properties, written in Cartesian coordinates by
using horizontal and orographic n coordinate, which resembles a sigma-coordinate, but differs from it
in the sense, that it is not determined by the total pressure p, but through its hydrostatic component Py.
The grid staggering is Arakawa C grid. Higher order numeric are Runge Kutta 2™ and 3" order time
integration schemes, and 2™ to 6" order advection schemes in both vertical and horizontal directions.

3.Data and methodology.

WRF-ARW two nested domains were configured to set up a 14 day numerical simulations
from 08™ April 2014. These dates were selected because they were associated with periods of strong
downpour over the coastal areas of Indian Ocean, in Tanzania especially from 11" to 13™ April 2014.
The courser and finer domains were at 15 and 5 km with 101x244 points from South to North and
147x322 points from west to east respectively. Map projection used is Mercator in the Cartesian
system coordinate. The package setting for treating clouds microphysics, cumulus and boundary layer
physics that probably will gives the good results for this study are presented in Table 1. It should be
noted that only simple ensemble combinations of clouds microphysics schemes (Kessler (KS),
Thompson (TH), Purde Lin (PL) and Weather Sophisticated Model six class (WSM6), cumulus
schemes (Kain-Fritsch (KS)-New Eta, Betts-Miller-Janjic (BMJ), Modified ensemble Grell-Devenyi
(GD) and ensemble Grell 3d (G3d and boundary layer schemes (Yonsei State University (YSU),
Miller-Yamanda-Janjic TKE (MYJ) and Asymmetrical Convective Model (ACM2)) are changed. Of
the fixed physics Unified Noah land-surface was used to represent land-surface atmosphere
interaction, surface-layer by Monin-Obukhov (Janjic) scheme, Rapid Radiative Transfer Model
(RTMM) for long wave radiation, and shortwave radiation by Goddard scheme.

Initial conditions are 6h dataset (083.2) derived from global final analysis (FNL) at 1.0°x1.0°,
generated by the National Center for Environmental Prediction (NCEP) Global Data Assimilation
System (GDAS).
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Fig. 1. WRF modeling inner domain, terrain height (m) and location of stations

Table 1 - Total number of cases analyzed in this paper

Case mp_physics | cu physics pbl_physics ID Nests
08-24/04/2014 KS KF YSU 111 2
KS BMJ NCEP 123 2
PL BMJ MYJ 222 2
PL G3 ACM2 237 2
WSM6 BMJ YSU 621 2
WSM6 GD NCEP 633 2
TH GD MYJ 832 2
TH G3 ACM2 857 2

4 Results:

Model outputs for variables such as terrain height, temperature, pressure, winds and rainfall
were first interpolated to station location and verified against reanalysis data and station observations.
The Mean Absolute Error (MAE), Root Mean Square Error (RMSE), Mean Bias (MB), and the
Correlation Skill Score (CSS) were computed over the entire 2 day period.

If X and Y represent the simulated by the model and observed data respectively,

Where

2
RMSE Z[xli\l vil ; 2)
= ZX o

ZN:(xi ~X)Y; -V)
CSS ==t : (4)
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- 1y

x:N;x (4a)
- 1 Q

Y = NZY (4b)

i=1

N — Total number of days.

RMSE is a measure of the differences of the values forecasted by the model and actually
observed or predicted by another model. The RMSE tends to aggregate these differences into a single
power of predictive power, the least the value the better. MB is a measure of how much off the
predicted values are from the observed ones. A positive bias for a particular variable means the model
over predicts the quantity while the negative value of the bias implies the model under predict the
guantity. A large bias means the errors are systematic caused by the instruments, models or
misinterpretation of the results. The closer the bias to zero is the better.

CSS indicates degree of linear dependence between parameters. It varies from -1 to 1. A
positive value implies that statistical relationship is increasing linearly while a negative value of CSS
indicates decreasing of linearity.

Figure 2 shows the stations actual height compared with the height used in the model. The
maximum difference of 303.4 m is found at Mahenge and the minimum of 0.6 m at Arusha. On
average over all stations the difference is 62.7 m. Therefore, terrain is fairly well modeled.

= NModel Height = Actual Height
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Fig. 2. Model terrain height compared with actual terrain height at each station

From figure 3, chronological plot depicts that in the first case (left panel) of numerical
experiment, diurnal temperature change was well reproduced by the model up to 18 hour time step, but
the model struggled during the second case (right panel), the period associated with strong downpour

independently of the combination of parameterization schemes.
Result in figure 4 shows the best performance was obtained when the model was configured

with an experiment 237 with CSS and RMSE of 3.80 and 0.85 respectively. Spatial maps for rainfall
tendency (In Fig 5a), outgoing long wave radiation (In Fig. 5b) and geopotential height and winds at
850 (In Fig. 6b) as well as skew-t diagram at JNIA (In Fig. 6a) as predicted by the best selected
scheme. It can be seen that, the Indian Ocean, north eastern highlands and almost entire country were
under the influence of strong easterly and south easterly winds. Skew-t diagram shows significant
moisture and strong winds at low levels.
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Fig. 4. The CSS against RMSE for rainfall at INIA Met. Station per different experiments

Animated surface dew point temperature and 10 m winds fig.5 (a,b,c) shows that the coastal
area of Indian ocean was dominated by strong south easterly and strong humid easterlies along the
southern and eastern coast respectively. The moist air then became south easterlies over the land in the
northern part over the country while south easterlies to easterlies were persisted over the land
throughout the country.

Thermodynamic diagrams, fig.5 (d,e,f) shows dry conditions and significant humidity at mid
and low levels respectively, and strong south easterlies at low and high levels between 300 and 200
hPa. These conditions probably led to strong thunderstorms over these areas.

Spatial maps for 1 hour rainfall tendency displayed in fig.5 (g,h,i) indicates how the model
configured with schemes 237 performed.

Conclusion.
The objectives of this study have been addressed and the following initial conclusions were

made:

According to the results in figures 2, 3, 4 and 5 and, together with the results for other
parameters, the WRF model configured with Purdue Lin — Grell 3d — Asymmetric Convective
Model (ACM2) scheme was selected for April rainfall forecast over the coastal areas of the Indian
Ocean. It is possible that the best setting has not yet configured, therefore as future perspectives,
efforts are in progress to simulate and evaluate large data set with the aim to obtain best model setting

for the entire country.
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CYCLONE REGIME IN THE NORTHERN AND SOUTHERN
HEMISPHERE
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Abstract. The main objective of this paper is to solve a problem of numerical identification of
cyclones basing on reanalysis data, it includes methods for calculating the basic characteristics of
cyclones. In this paper, the global data of daily surface pressure from 1948 to 2013 have been
analyzed. Initial conditions are 2.5%2.5° reanalysis dataset with 6hours time step downloaded from
National Center for Environment Prediction (NCEP).

The results show that the amount of cyclones is growing, the number of cyclones is more in the
Northern Hemisphere than in the Southern Hemisphere and cyclones in the Northern Hemisphere are
deeper than the ones in the Southern Hemisphere and they become much deeper each year. In the
Northern Hemisphere the number and characteristics of low pressure systems are undergoing greater
change than in the Southern. High precision of these methods makes their further use and development
possible.

Keywords: cyclone identification, atmospheric circulation, cyclonic activity, regime of
cyclones, cyclone regime.

Introduction

The issues of climate changes are very interesting for many researchers, however, there is no
scientific facts on the causes and especially about the mechanism of these changes. Traditionally,
scientists analyzed climate data, but in today's age it could be more realistic to look at these causes
from synoptic point of view. The transfer of heat, moisture and momentum in the atmosphere is
determined by the general circulation, the most important part of it is cyclones. Cyclones occur as a
result of the transition relatively stable state to unstable state in the atmosphere. Most often they are
associated with the occurrence of atmospheric fronts. Fronts are areas of the largest reserves of
potential energy which is converted into kinetic energy through vortex circulation. In view of the fact
that cyclones arise as perturbations on the front between the two main air masses, cyclones passing
entails a sharp change in weather conditions. The exchange of heat and moisture is mainly caused by
the distribution of low pressure. Therefore, this study of cyclones identification by analyzing their
characteristics and changes using numerical methods is very important task.

Data and methodology

In this paper, the global data of daily surface pressure from 1948 to 2013 have been analyzed.
Initial conditions are 2.5%2.5 reanalysis dataset with 6hours time step downloaded from National Center for
Environment Prediction (NCEP) which is under the National Center for Atmospheric Research (NCAR) [
1 ]. This dataset is produced by NCEP spectral model, which is based on full hydrodynamic equations of
the atmosphere using basic parameterization schemes of atmospheric processes. The NCEP spectral model
is one of the most successful models amongst the General Circulation Models (GCMSs) of the atmosphere.
Outputs from the reanalysis represent dynamically coordinated field of meteorological variables, covering
period of more than 60 years of recent past. In this study, the globe domain has been used, therefore
computations were carried out around the whole globe.

Today, there are many numerical schemes for the identification of cyclones [2,3]. In this
study, preference was given to the method developed at the Laboratory of Ocean-Atmosphere
Interactions and Monitoring of Climate Changes of Institute of Oceanology (LOAIMCC («Cyclone »,
Ne2006612244)) [4]. This method was selected because it is simple, express well the physical nature
of the atmosphere, valid and less expensive in terms of computational cost. The identification
procedure began with finding the local minima. The pressure value 1015 hPa is set as the threshold
maximum value. Thereafter, the pressure value is compared to the pressure of 12 nearby points, and
the node with minimum value is determined (Fig. 1.). (1,2,3)
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Fig. 1. Nearby points for identification of cyclone
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Earlier described algorithm was implemented in a software, which we developed ourselves using
the FORTRAN language, for the use of Numerical Weather prediction and climate modelling. An example
of the resulting field of surface pressure with centers of cyclones is illustrated by Fig. 2.

18204JAN1978

I
990 985 1000 1005 1010 1015 1020 1025 1030

Fig. 2. The resulting field of surface pressure with centers of cyclones (white points)

After that the boundary of the cyclone is determined. In this study, the boundary of a cyclone
was considered to be the point where the pressure gradient is zero or changes sign. If a point was not
found, then pressure at a distance of 1500 km is taken to be the actual pressure and is memorized, but
if this occurred during the first time step, and taking into consideration the fact that grid resolution was
not that much finer then for further computations for small cyclones, pressure at a distance of 200 km
was used [ 5,6 ]. After defining the boundaries of the cyclone, the main characteristics were calculated.
Area of cyclone (S) is calculated as the sum of squares of four triangles with vertices at the center and
on the borders of the cyclone. Since the main goal of this study was to examine the regime of
cyclones, approximation errors can be neglected. The volume of transported air near the surface was
calculated as the volume of a cone

V= %Sh, 4
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S - the area of the cyclone, h—height , which is calculated using the following formula:
- —
h =—(Pg — Pc) (5)

where Pg —is a minimum pressure on a boundary of the cyclone. Pc - pressure in center of the
cyclone. The resulting difference is multiplied by 8 m/hPa.

The Cyclone Activity Index (CAI) [7] in this study was calculated. The CAl is defined as the
difference between the pressure at the center of the cyclone and monthly climatological average at that
point. For each point, which has been identified as the center of the cyclone, these values were
summed up. Pressure at each node was calculated as the average value of the pressure at that point for
66 years. In order to analyze how the depth of cyclones was changing, the so called average cyclone
was calculated. This was done as the pressure at all points, which were identified as the center of the
cyclone was summed and divided by the total number of cyclones.

Results

In this research the following results figure 3 were obtained; total number of cyclones for each
month for the whole period under this study area was estimated and the total annual number of
cyclones in the Northern and Southern Hemisphere was determined.

§—0—4 i thc Scuthern Hermisphere

————— Linear trend in the Southern Hermisphere

H—. n the Meorthern Hemisphere

————— Linear trend i the Northern Hermisphere

2000 —

1800

1600

1400

Total number of cyclones

1200

1000 =—

(1t r
1950 1960 1970 1980 1990 2000 2010 2020
Year

Fig. 3. Change in the total number of cyclones in the Northern and Southern Hemispheres

The chronological graph above shows that in both hemispheres there is a tendency to an
overall increase in the number of cyclones, coefficient of linear trend in the Northern and Southern
Hemisphere was found to be 2.78, and - 3.93 respectively.
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It means that the number of cyclones in the Southern Hemisphere is increasing rapidly.
However, the total number of cyclones in the Northern Hemisphere was found to be more than in the
Southern, which can be caused by the fact that, largest land surface is in the north, and therefore huge
temperature contrast between the land and the sea.

It is considered that the first global warming occurred at the end of the XIX century to 1940, then
there was the decline in global temperature to around 1975 and then from 1985 the global temperature
increased again [8]. However in this study, the biggest increase in the number of cyclones was in the
second half of the 1950s, when the warming wasn’t observed. In the 1980 years a significant change of the
number of cyclones was not observed. The beginning of the 1990s marked with reduction of the total
number of cyclones. In that period the total number of cyclones has fallen in both hemispheres.

To evaluate the dynamics of changes in the number of cyclones in more details, periods from
1948 to 1980 and from 1980 to 2013 were estimated separately. In the first period the change in the
number of cyclones in the Southern Hemisphere is smoother than in the Northern Hemisphere. The
maximum amplitude number of oscillation of cyclones in the Southern and Northern Hemisphere was
319 and -455, while the coefficient of linear trend was found to be -7.29 and 10.17 respectively. This
implies that, the number of cyclones increased rapidly to 1980, maximum fluctuations in the number
of cyclones have been observed at the same time. Almost always a local maximum of the number of
cyclones in the Northern Hemisphere corresponds to their local minimum in the Southern.

Since 1980, the linear trend line has become flatter in both Hemispheres. The total number of
cyclones has become less smooth in both hemispheres. This is mostly seen in the Northern Hemisphere,
where the emission has become much more. The amplitude of the oscillation in the Southern Hemisphere
has increased and amounted to 386 cyclones but in the Northern Hemisphere it even decreased and
amounted to 277 cyclones. Interesting result was obtained in the Southern Hemisphere, whereby the total
number of cyclones has been increasing much faster than in the Northern. The coefficient of linear trend in
the Northern Hemisphere was 1.35 and 4.31 in the Southern.

In the course of this study, the number of cyclones was computed for each month of the year
in each Hemisphere. It was also noted that, the number of cyclones is growing in the transitional
months. However, since 1980 the growth rate is reduced in both Hemispheres.

As for cyclonic activities, the deepest cyclones with respect to the climatic norm in both
hemispheres are observed July. Less deep cyclones (i.e. with normalized to the maximum cyclonic
activity) in the Southern Hemisphere are more frequently observed in December, while in the
Northern Hemisphere with almost equal frequency observed in January and December. So, with
respect to the climate norm the deepest cyclones in the Northern Hemisphere occur in the summer and
cyclones with the least depth - in the winter. This tendency is opposite in Southern Hemisphere,
whereby the deepest cyclones with respect to the climatic norm more common in winter, and cyclones
with the less deep more common in summer.

The average value of the normalized value of cyclonic activity decreases in both hemispheres.
It says that around the globe, cyclones become deeper on average. Besides the rate of their deepening
are the same.

As for the maximum value of the normalized cyclonic activity characterizes the change in
pressure in cyclones with the least deep in Southern Hemisphere, there is a tendency to decrease this
value, i.e. cyclones over the years is becoming deeper. In the Northern Hemisphere on the contrary,
pressure in cyclones increases as the depth increases.

The range between maximum and minimum anomaly of cyclone activity in the Northern
Hemisphere is much more than in the Southern and spatial distribution increases from year to year.
This suggests that in the Northern Hemisphere the amount of cyclones with abnormal high or
abnormal low values of pressure at the center are increasing. Mean anomaly of cyclonic activity in
both hemispheres remains close to zero, i.e., average vortex is constant in time.

In this research, results depicted that, the largest volume of air near the surface of the cyclones
was obtained in the Northern Hemisphere in July. In the Southern Hemisphere until the 1980s the
maximum amount of air near the surface corresponded to May, but over the past 30 years certain
maximum is observed in March. The smallest amount of transferred near the surface air in both
hemispheres is in February.
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Cyclones with the largest area in the Southern Hemisphere were observed in July, but in the
last 30 years maximum observes in April more often, cyclones with the lowest area corresponded to
February. In the Northern Hemisphere, the results are not that much clear.

Cyclones with the least area are more common in winter (February), but cyclones with a
maximum area almost equally likely corresponded to March and May.

In the Northern Hemisphere until 1981 the deepest cyclones observed in July more often,
during the period from 1982 to 2013 they corresponded to October and November. In the Southern
Hemisphere the deepest cyclones are more common in summer (December and January).

Conclusions

The principle objective of this paper was attained and the following results were obtained; The
amount of cyclones is growing, but there is no direct relationship between the number and global
warming found in this paper. On average, there is no much changes in the value of the minimum
pressure at the center of the cyclones. The number of cyclones is more in the Northern Hemisphere
than in the Southern Hemisphere. In addition, cyclones in the Northern Hemisphere are deeper than
the ones in the Southern Hemisphere and they become much deeper each year.

In the Northern Hemisphere the number and characteristics of low pressure systems are
undergoing greater change than in the Southern. So, in the Northern Hemisphere cyclones occur more
often with abnormal high or abnormally low values of the pressure in the center. The maximum depth
and area of the cyclones was found during warm seasons. In addition, the warm season in both
hemispheres have a maximum of transfer of surface air.
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Abstract. In the paper investigated the mathematical model of a modern electropower
complex, consisting of turbine generators and complex of multiply power units, which is a system of
nonlinear ordinary differential equations. It should be noted that the mathematical modeling of
various processes and systems, including electric power, is closely linked with the problems of making
the best decisions. Optimization problems, as well as the creation of algorithms for constructing
controllability by the feedback principle for such systems and it still attracts the attention of many
researchers and relevant.

It is known that the basics of the theory of optimal control is the principle of Portnyagin’s
maximum, the method of the R. Bellman dynamic programming. The application of the latter method,
usually requires to solve the nonlinear partial differential equations of the first order type of
Hamilton-Jacobi’s equations, i.e, it becomes necessary to find the so-called Bellman’s function,
representing the well-known problem of the theory of differential equations.

By classical theory of optimal control methods are adjacent the Krotov sufficient optimality
conditions and the extension principle [3] characterized by significant diversity of approaches and
results. They have been widely and effectively used to solve many problems of optimal control of large
dimension and different complexity.

Keywords: T-controllability, controllability, phase systems, optimal control, power systems.

B nmanHO#l pabore m3yuaercsi BOMpockl T-ympaBisieMOCTH MHOTOMEPHOU (Pa30BOW CHCTEMBI.
OHa NPUBOAMTCS K CUCTEME HEIMHEHHBIX T depeHnanbHbIX YpaBHEHUH METOAOM, TIPEII0KEHHON
B pabore [l].Ilpu pemenun 3amad ympaBieHHE U paccMaTpUBAEMOM CHCTEMBI HCIOIb30BaHbBI
MPUHIMIBI TTOKa3aHHbIe B pabote [2]. B pesymprate moctpoeno T-ympasienne B (opme cuHTE3a,
o0ecrnieunBaroniee CBOMCTBO T-ynpaBisgeMoCTH UccieayeMoi (ha30BOi CHCTEMBI.
PaccMmoTpum ypaBHEHHE BO3MYIIIEHHOTO ABHKCHUS, BKIIFOYAIOIINE YIIPABIISIOIINE CHIIBL:
dx
— = X(x,u,t),X(0,0,t) =0, (1)
dt
X(tO) = XO! te[tO!OO)
rie  XeE", X(X,u,t)—n-mepnas  BekTOp-pyHKmusa, U(X,t)—M-  MepHBI  BEKTOp
yHpaBsiomux BosaeicTui. U(X,t) e U c E™
Omnpenenenne 1. Heosmymiennoe mmkenne X =0 cucremsr (1) Oymem HaszwiBarh T-
YCTOMYMBBIM, eciii cucteMa (1) ycroiunBo mo JIAmyHOBY U CyIIeCTByEeT MOMEHT BpeMEHH i, UTo
limx(t) =0.
=t
Omnpenenenne 2. Ynpasmsiemblii mpouecc (1) Oymem HaspiBath T-ympaBisieMbIM, €CIU
Haiigercs ynpasieHue U(X,t) € U, obecrieunBatomniee T-ycTOWIHBOCTS.

PaccMoTpuM  JUHAMUKY CIOKHBIX JJIEKTPUYECKUX CUCTEM, YUMTBHIBAIOLIUX JCHCTBUE
ABTOMATUYECKUX PETYJISTOPOB CKOPOCTH:

db, _
dt "
d3; '
Hi 5 =D —ElYysinay —Psin@; —a;) - > Pysin(s; o)+ P, @)
j=Lj#
dP -
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raed; — yros IOBOPOTa POTOpa | — ro reHepaTopa OTHOCUTEIBLHO HEKOTOPOH CHHXPOHHOM
OCH BpallleHHUs ;S;— CKOJBXKEHHEe | — ro reHeparopa; H, — mocrosHHas WHEpLHH | — O MaIlWHBI;
U; =P, — MexaHHYecKne MOIIHOCTH, KOTOpble INOABOIATCA K reHeparopy ;E;- DJAC i — oit

CHHXPOHHOW MammHbl; Y;— B3aUMHas MPOBOJIMMOCTb | — W M j — ¥ BeTBed cuctemsl; U=const -

ij
HaIIps’KEHUE HAa MMWHAX MOCTOSHHOI'O HAIIPSIXKCHUA | Yi.n 41— XapaKTepusyeT CBA3b i—r0 reaeparopa

¢ IMHAMH NOCTOSHHOTO Hanpsxkenus, D; =const >0 mexanuueckoe nemnduposanue; XLjj, Oy, Ojj —

IMMOCTOSIHHBIC BCIIMYWHBI, YYWUTLIBAIOIIUC BJIUAHHUC AKTUBHBIX COHpOTI/IB.IIeHI/Iﬁ B CTATOPHBIX MLCIIAX

reHepatopoB. CIIO)KHOCTh aHAIHM3a MOJETH 3aKII0YacTCs B yUeTe Otij, 00JTaJarOIIMX CJIETYIOTITIM

cBoicTBOM Qjj = OLjj . Tak Kak npu 3TOM J;; =—0;;, TO MOJEJb HE SBISCTCS KOHCCPBATHBHOW; He

ji>
yaaeTcs MOCTPOUTh sl Hee (yHKImio JIsmyHoBa B (hopMme mepBoro uHTerpana, Tp —IIOCTOSIHHAs
BPEMEHHU TaKTa PETyJUPOBaHMs TapOBON TypOHMHEI; U — yrpasistomue Bo3aeiicteue MY T (MexaHnu3m
yrmpaBieHus TypOuHOIT); S- CKonbxkeHHs reHepartopa; E- pacuernas OJIC remepartopa; o1-
JIOTIOJTHUTENILHBIA YrOJN COOCTBEHHOTO CONPOTHUBIICHUE, Ol1,- JOMOIHUTENBHBIA Yrod B3aWMMHOTO

conpotusnenus. P; =Py — MomHocTs i-0if TypOuHBI; g, _ 1 . T, >0,9; - ko3bdunuenT cratuzma

Ti8i
i-To perynaTopa; U; — BBIXOJHBIEC YIIPABISIOINE CUTHAIIBI PETyJIITOPA.

VYpaBHenue (2) ectb ypaBHeHHE 00beKTa, a (3) — ypaBHEHHE peryysitopa ckopocTd. IlycTs
IIEPEMEHHBIE COCTOSIHUS U YNpPaBICHUs B YCTAHOBHUBIIEMCS IIOCICaBApPUIHOM PpEXKUME HMEIOT
CJIEAYIOIINE 3HAYCHUS;

S, =0,8,=8,P =P U, =UJ,i=1]l

YroObl MOTyYUTH CHCTEMY BO3MYIIEHHOTO IBWKEHHS, IIEPEXOJUM K YPaBHEHUSM B
OTKJIOHEHHUSIX, TI0JIarast

Hanee, nist ynoberBa Au;, Ad;, AS;, AP, 3aHOBO 00603HauuM uepes U;,d;,S;,P; .

ds;

= Si ,

dt
ag; _ 1
d_tl :H_i(_DiSi —L;(8)+M;(8)+P),

% =—viP —g;S; +u;,i :]j_,te[O,OO),

311eCh -
Li(8) =1 (8;) + N;(8),i=11

Y I0BIETBOPSIET YCIOBUIO HHTETPUPYEMOCTH (2.58).
CaenaeM CIeAyIOLIYIO 3aMeHy [EPEMCHHBIX:

q; () = R (1) + M; (8 (1)).i =11, t £[0,0)

HIIN

P.(t) =q; (8) - M; (8(),i =11, t € [0,0)

Vnpasnenust U;,i =11 BeiOepem Tak

I
rae v, € R}- Hew3BecTHbIE, CHHTE3UpYIONIHE (yHKIIHA.
[Tocrne Bcex 3aMeH | MOJICTAHOBOK B UTOTE MOJyYUM 3a/ady | -yIpaBiIsieMOCTH ISl CHCTEMBI:
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dt

ds, 1
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8=(8;,--,8,),S=(S,,---,S),q=(qy,.--,0)
HaYaJIbHBIMU JaHHBIMA B

6;(0) =84, S;(0)=S;,, i (0) =0, i =11
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B o6mactu D={(5,5,q)| V(5,5,9) >0}, T.e. B 00macTu OIpeAeeHHON IIOJOKUATETLHOCTH
¢ynkmmii  JlsmynoBa  V(3,S,q). B wacTHOCTH, AN 9TOr0  JIOCTaTOYHO  PacCMOTPETh
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Hapsiny ¢ cuctemotii (2,75),paccMOTpUM CHCTEMY

—i=5s
dt
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To YCII0BUsA TECOPEMBI O T-ynpaBHHeMOCTI/I BBITIOJTHAKOTCA.
CJ'IG,Z[OBaTeJ'IBHO CHUHTCE3UPYIOLICC YIPABIICHUC ,OGCCHC‘IHB&IOH_IGC T-yCTOI/I‘H/IBOCTL CHUCTCMBI

C aBTOMATHUYCCKOM peryJIHTOpOM HUMEECT BI/I,H
n . —
-=——( 3+ M) '(5) S)- “ls'g |q" P11

q
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