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3acTocyBaHs MOJiMEPHO-KOMIO3HIIHHUX MAaTePiaiB I eJIeMeHTIB OypHIbHOI
KOJIOHH

Pozenaoaecmocsa moocnugicmo nioguwyents egpekmusHocmi 008e0eHHs. 0Cb08020 HABAHMAICEHHS HA
00710M0 8 YyM0O8ax OYpPiHHA NOXUNO-CKEPOBAHUX [ 20PUBOHMANBHUX CBEPONIOBUH MA 3aN00IeaHHA ASUWY
NPUXONTIeHHs OYPUIbHOL KOJIOHU.

Buacnioox nasgnocmi cun mepms Mixc OYpUIbHOIO KOJIOHOIO MA HUNMCHbOIO CMIHKOIO Cmosdypa
NOXULO-CKEPOBAHOI YU 20PU3OHMANLHOI C8ePONIOGUHU YCKIAOHIOEMbCA 008E0EHHS ePEeKMUBHO20 0CbOBO2O
HABAHMANCEHHS HA NOPOOOPYUHIGHUL THCINPYMEHM, WO 6NIUBAE HA MEXAHIYHY WeuoKicmy Oypinus. [na
3MEHWEHHA CUl Mepmsi NPONOHYEMbCA 3ACMOCYEAHHA NOAIMEPHO-KOMno3uyitnux mamepianie (IIKM) ons
NOKpUmMmsl NOGEPXHi eflemenmie OypunvHoi xonronu. Hagooumvca memoouka ma mamemamuuni Mooeni, 3a
PAxXYHOK sIKUX € modcausum ompumannsa IIKM i3 nanepeo 3aoanumu Qisuxo-mexaHiuHumu 61acmueoCmsamu,
AKI 6 300080IbHANU BUMO2AM eKCHAyamayii OypuibHux KOIOH Ni0 yac OYPIHHA NOXUNO-CKEPOBAHUX i
20pUSOHMATILHUX C8EPOTIOGUH.

IIpononyemocs mMooenb KOMNIEKCHO20 MEmoOy SPAHUuHUX eleMeHmie 3i 3MIUAaHo0 Kpauogoio
3a0auei0 051 OCHOBHO20 DIGHA CMAYIOHAPHO2O0 NONA | 6 AKOCMI KOHMPONbHOI MOOeNi NpONnoHyemuCsl
3acmocyeamu.  MepMOOUHAMINHUL NIOXIO0 Ha OCHOS8I cmamucmuyno2o memody Moume-Kapno. Taxe
NOCOHAHHS OAE MONCTUBICING OYIHUMU Qi3UKO-MEXAHIUHT 1ACTMUBOCNT MEMANONONIMEPHO20 NOKPUTNMA MA
npaguibHo nidiopamu mun HanosHrogaua 0 [IKM, wob6 nosrow mipoi 3a00801bHUMU BUMOU U000
MIYHICHUX XAPAKMepUCmuK NOKpUmms enemMeHmis OypuibHoi KoloHu ma ii noeepxui Oia OAHUX YMO8
eKcnyamayii i mexHoa02IYH020 npoyecy.

Knwuoei cnoea: nonimepno-xkomnosuyitini  mamepiany, OYpuibHa  KOJIOHA,  CE8EPOOGUHA,
NPOMUBANLHA PIOUHA.

Jlst 3a6e3nedeHHst moTped Jep:kaBu B €HEPrOHOCIAX, 30KpemMa HaTH 1 ra3y, € HeoOXiTHUM
MOCTIMHUN TIPUPICT 00’eMiB OypoBuX poOiT. st hOro 3yCHIUIS CIPSIMOBYIOTHCSI Ha OCBOEHHS
HOBHUX POJIOBHIII Ta IHTEHCU(]IKAIIIIO PO3POOKH THX POJOBHIIL, SKi BXKE SKCILTyaTYIOThCSI.

XapakTepHOol0 0coONMBICTIO HA(pTOBUX 1 Ta30BUX pOJOBHMIN YKpaiHM € 3HadHa
BHUCHA)XCHICTh OCHOBHUX 3allaciB Ta HAasBHICTh BEIMKOI KUIBKOCTI 3alMIIKOBUX 3amaciB y
TYIHKOBUX 1 CJIA00JIPEHOBAHUX 30HAX HA(PTOBUX OOJIIMIBOK Ta30BUX IMOKJIAJIIB Ta BOJIOIUIABHHUX
MoKJ1aaX HaTH 3 HU3bKOIIPOHUKHUMH KOJIEKTOPaMHU.

Jnst migBumeHas eeKTuBHOCTI OypoBUX poOIT, CIPIMOBAaHUX Ha 30UTBIICHHS BHIO0YTKY
HadTH 1 Ta3y, BAXJIMBUM € CTBOPEHHS 1 BIPOBA/KCHHS HOBHUX TEXHOJIOTIH 1 TEXHIYHUX 3aCO0IB.
Haii0inpin epexTHBHUM METOIOM MiABHILEHHS BUAOOYTKY BYTJICBOIHIB € OyIiBHUIITBO MOXHIIO-
CKEPOBAHUX 1 TOPU30HTAIBHUX CBEP/IOBUH.

[Tin gac OymiBHMLTBA IOXMUJIO-CKEPOBAHUX 1 TOPU3OHTAJIBHHUX CBEPIJIOBUH OypHiibHA
KOJIOHA, MiJ JI€0 CHUJIM TSDKIHHS, IPUTHUCKAETHCS 10 HUYKHBOI CTIHKU CBEPAJIOBUHU, YTPYIHIOETHCS
ii BIZTHOCHMI PyX, a I[€ MPU3BOJUTH IO CYTTEBOTO 3POCTAHHS CHUJIM OMOPY MOCTYNaJIbHOMY PYXOBi
OypWJIbHOT KOJIOHM B HampsIMKy BHOOIO CBEpUIOBHHHU, IO, B CBOIO 4Yepry, MepelkopKae
ONTUMAJILHOMY JIOBEIEHHIO OCHOBOI'O HABAaHTAXEHHS Ha J0JOTO. B KiHIIEBOMY pe3yibTaTi
MOHIKYIOTBCSL TMOKa3HUKM POOOTH JIONIT, TMOTIPUIYETHCS SKICTh KEPYBaHHS TPAEKTOPIEIO
CBEP/UIOBUHH.
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3MEHILIEHHSI CHJI TepTS MDK OypHJIBHOIO KOJIOHOIO 1 HIKHBOIO CTIHKOIO CTOBOypa
CBEP/UIOBHHH Ta IMOKPAILIEHHS Nepeaydi OChOBOI0 HABAHTAKEHHS Ha OPOJOPYHHIBHUI IHCTPYMEHT
MO’KHA 3IIMCHUTH BHACIIOK IMOKPUTTS 30BHILNIHIX MOBEPXOHb €JIEMEHTIB OypMIIbHOI KOJIOHH
HOJIMEPHO-KOMITO3UIIITHUMU MaTepiajJaMu.

[TonmimMepHe MOKPHUTTS MOXKE 3aCTOCOBYBATHCS y BHUIJISIIII TOHKOTO INApy, SIKAH HaHOCHUTHCS
Ha 00E3KUPEHY MEeTajeBy MOBEPXHIO 3a JOMOMOIOK 00paHOro crmocoly i TexHousorii. ToBmuHa
MOKPUBHOTO 11apy craHoBUTH 0,3—0,7 MMm.

[TonmiMepHEe MOKPUTTS MOXE HAHOCHTHUCH 3a JOINOMOIOI0 CyMIIIEH, 10 MONTIMEpPU3YIOThCS,
po3IUIaBiB  Ta JApIOHOJUCHEPCHUX MOPOIIKIB. BukopucTaHHs cHemialbHUX eMyJbCiil Jae
MO>KJIMBICTh CTBOPIOBATH MOJIMEPHE MOKPHUTTS 3 TaKUX MaTepialiB, ki cami Mo cobi HE MOXYTh
YTBOPIOBATH MILHOTO aJAre31MHOTO 3’€/IHaHHS 3 METAJIOM. 30KpeMa TakKUMH € (PTOpoIuiacT, SKi
MaroTh BiJIMIHHI ME€XaHI4HI BJIACTUBOCTI LIOJ0 KoedilieHTy TepTs, Moxyns FOHra, koedirienrta
[Tyaccona, ane cami mo co0l BOJIOAIIOTh HU3BKOIO aAre3iiiHOI0 37aTHICTIO. ToMy JUIsl TIOKPUTTS
MeTaJeBUX MOBepXoHb, Takux sk enemMeHTH KHBK Ta 30BHImHS moBepxHs OypuibHUX TpyoO,
(GTOpOIUIacCTH JOLIBHO 3aCTOCOBYBATHM B CYMIlIl 3 IHIIMMU PEUYOBHMHAMH, SIKI HE MOTIpPIIYIOTH
(b13UKO-MEXaHIYHUX BJIACTUBOCTEN MOJIMEPHOTO MTOKPUTTSI.

3aBISKHA CBOIM BHCOKUM aHTHU(QPUKLIHHUM BIACTUBOCTSAM JIOCUThH LIUPOKOIO 3aCTOCYBAaHHS
HaOyB momiterpadropermiieH (P4). Lleil momimep BIZHOCHTBCS IO TEPMOIUIACTIB, ajie B
PO3MJIaBIIEHOMY BUIVIAAI Ma€ Mally TeKydiCTb, TOMY Horo mepepo0ka € yTpyAHEHO0. I'010BHOIO
nepesaroto @4 € Te, M0 BiH BOJIOJI€ HAWHIKYMM 3 YCiX BIJOMUX MOJIMEPiB KOE(DIlliEHTOM TEpTSI.
Oxpim Toro @4 Bonoaie ayxe HU3bKUM Bojo morauHaHHsIM — MmeHme 0,01%. 3patnicts @4 1o
3HAa4YHOI AedopMallii BUKII0Ya€e MOKIUBICTh HOT0 BUKOPUCTAHHS y BUTJIAII TOBCTOCTIHHHUX BTYJIOK,
ajle Te 1[0 € HEeraTUBHUM JUIsl OAHOTO HAINpPSMKY 3aCTOCYBaHHS, € TO3UTUBHUM JUISL 1HIIOTLO.
BifbIIicTh MoNiMEpiB € XIMIYHO CTIHKUMHU OKPIM CBOIX PO3YMHHUKIB, (PTOPOIUIACTH K € CTINKUMHU
K JI0 BCIX BIIOMHX KHUCJIOT, TaK 1 CHJIbHUX OKHCIIOBAYiB Ta PO3UYUHHUKIB.

@ropormiacTi BOJOMIIOTH BUCOKMMH [IENIEKTPUYHHMHU XapaKTEPUCTUKAMH B IIHPOKOMY
IHTEpBaJi YacTOT, MAJIOK IMOPHUCTICTIO, (EHOMEHAIBHOK 1HEPTHICTIO. DTOpOIIIACTH BiMHOCATHCS
JI0 KPUCTATIYHUX TOJTIMEpiB. Ajle KOHKPETHOI TeMIlepaTypy KpUCTallizalii He MaloTh, ICHY€ JIMIIIe
IHTepBaa KpucTam3aiii, 30kpema st 4 1el iHTepBan 3HaXoauThes B aiamazoHi 350+260°C.
MinHiCHI XapaKTEepPUCTHUKH (TOPOIUIACTIB JAOCUTHh BHCOKi, 30KpeMa MIIHICTh Ha pO3pPUB cATAE
30 MIla, BimHOCHE BHAOBXKEHHS Ha pO3pUB CTaHOBUTH 250 %. @DTOpOIIacToBi MONIMEPU
BurotoBsuincss Ha BO «XIopBiHII», Ha JaHUH Yac BHUTOTOBISIIOTHCS HapTONEPEepOOHUMHU
3aBOJIaMH Y BUTJISIII MOPOIIKY 3 po3MipoM dacTok 50—500 MxM, a B emyiibeii — 0,25 MKM.

€ MOXJIMBHM 3aCTOCYBaHHsS HAIlOBHEHHMX MarepiaiiB Ha OCHOBiI ¢ropomtacty D4, ski
MICTATh TpadiT, KOKC, IBOCIPKOBHH MOIOJICH, METalieBl MOPOIIKH, CKJIOBOJOKHO Ta I1HIII
HAIOBHIOBAYi, 10 3a0e3redye MiABHICHHS THX YM IHIHMX (PI3UKO-MEXaHIYHHX XapaKTEPUCTHK
TaKuX SIK TBEPJICTh, 3HOCOCTIHKICTh, 3HWKEHHs nedopmariii i HaBaHTAKCHHSIM, 3HIKCHHS
KoedilieHTa TEepPMIYHOTO PO3MIMPEHHS, MiABHIIEHHS MOAYJS MPY>KHOCTI, MIIIHOCTI HAa CTUCK Ta
igme. di3uko-Mexadiugi BiractuBocti uncroro ®4 naseneHo B Tadi. 1.

Tabmums 1. @izuko-MexaHiyHi BiaacTUBOCTI proporiacta mapku @4

Nen\nn IToxka3HUKH P4
1 2 3
1 I'yctuHa, Kr/M> 2120-2200
2 PyiiniBHE Hanpy>KeHHs ipu po3Tiry, Mlla 14,7-34,5
3 BigHOoCHE BUIOBKEHHSI IPU PO3PHBI, %6 250-500
4 Moyns py>KHOCTI 3a cTUcKy, Mlla 686,5
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IIpoooeoicenns mabauyi 1

1 2 3

5 Monynb npyskHOCTI 3a po3Tsry, MIla 410

6 Tsepaicth (3a bpunenem), MIla 29,4-39,2
7 Koeoiuient remnonposignocti, Bt/(MxK) 0,25

8 [TuToma TernoemMHicTh, KJx/(krxK) 1,04

9 TemnocrTiiikicTs (32 Bika') 110

10 Bononornunenns (3a 1o6y), % 0,00

3a BHIIOI TemmepaTypu HDK Temmeparypa poskiaamanus (415°C) @4 He mepexomuTh y
B'13KOTEKyUHil CTaH, 3a TeMIepaTypy po3iiapieHns 61 370°C B’sa3kicTh craHOBUTH ~ 101! TTa-c.

3acToCcyBaHHsS KOMIIO3MIIIHMX MarepiaiiB B SIKOCTI MOKPUTTS BUMAarae IpOBEICHHS
EKCIIePUMEHTATIbHUX 1 TEOPETUYHUX JOCIIHPKEHb 3 METOI BHU3HAYEeHHs iX (Pi3MKO-MaXaHIYHHX
BJIACTUBOCTEH, OLIIHKKA POOOTO3AATHOCTI, MIIIHOCTI, 3HOCOCTIHKOCTI.

Komnozuniitni matepianu (KM), 3okpema Ha ocHoBi @4, 1e CKiIagHI TeTeporeHHi
CTPYKTYpH, YTBOPEHI KOMOIHAIIEI0 apMYIOUHX €JIEMEHTIB Ta 130TPOIHOTO cepefoBHIna. Marpulis
3abe3neuye moHomiTHICTE KM, dikcye dopmy i1 B3aeMHe pO3MIIICHHS apMyIOYUX EJIEMEHTIB.
Marepiann Marpuii BH3HA4Ya€ METOJ CTBOPEHHS IIOKPUTTS, PIBEHb pOOOYMX TeMIeparyp
KOMIIO3UTY, XapakTep 3MIHM BIACTHBOCTEH 3a BIUIMBY pI3HMX UWHHUKIB. HamoBHIOBaui B
3arajlbHOMY BHWITQJIKy CIPUYHHIOIOTH 3MiHY €(DEKTHBHUX MPYXHHX Ta JehOPMIBHO-MIITHICHUX
XapaKTePUCTHK OTPUMaHOro marepiany. MeToro Takux Moaudikailiil € OTpuMaHHs NMeBHUX (Hi3UKO-
MEXaHIYHUX BIIACTUBOCTEH NOKPUTTA Ui JaHUX YMOB eKcIutyartarii. HalOinmemn BakIMBHUMHU
napaMeTpam, siki KOHTPOJIOIOThCS € ne(OopMiIBHO-MILIHICHI, O CKJIaay SKUX BXOIATh: MOIYJb
NpY>KHOCTI, TpaHU4YHA Jeopmalliss pyHHyBaHHS Ha PO3TAT, MEXa TEKy4OCTi, 3HOIIYBAHICTh HA Yac
Ta Ha MUTSX.

Metoau nocmimkenns KM € nyxe pi3HOMaHITHUMH, BOHH CYTTEBO BIJPI3HSIOTHCS BiX
MiIXOMIB  KJIAaCHMYHOI  MEXaHIKM, Ji¢ TiIo  (3pa30K) BBaXKAEThCA  OAHOpimgHUM.  Jljis
BHUCOKOEHEPIeTUYHUX MaTepiaiiB, SKHMU € KOMIIO3UTH Ha TOJIMEPHIH OCHOBI y (Pi3MUHUX MOJIEISAX
BUKOPHCTOBYETHCS ~ CTPYKTYPHO-MEXAHIYHUN, ME30CKOMIYHMMA, MIKPOCTPYKTYpHUH Ta iHIII
migxoan. MaroTh BOKIIMBE 3HAUEHHS PO3MIPH BKJIFOUEHb (HAIOBHIOBAUIB), OCKIJILKA BOHH CYyTTEBO
BIUTMBAIOTh Ha MEXaHIYHI BJIACTHBOCTI MOKPUTTS: OUTBII POOJATH MaTepial OUIbII MOMATIUBUM,
MEHII — >KOPCTKIMIMM. 3 SIKICHOI TOYKH 30py L€ TOSCHIOETHCS THUM, IO BKIIOYEHHS MOXYTb
CTaBaTH KOHIIEHTpaTOpaMu Hampy»XeHb. Alie B poOoTi [3] Ha OCHOBI MpoBeACHOI OIIHKH (HOPM 1
PO3MIIlIEHh BKIJIFOYEHb HAroJIOMIYETHCS, MIO 3MiHY MIIHICHUX XapakTepucTuk KM BHKIHMKaIOTh
BKJIFOUCHHS, SIKI OPIEHTYIOTHCS B TICBHOMY HAIPSAMKY, PO30pi€HTOBaHI (PO3MIIEHI XaOTHYHO)
BKJTIOYEHHS XapaKTePH3yIOTh aHI30TPOMII0 MIIIHICHUX XapaKTEPUCTHK.

OnHUM 3 OCHOBHHUX TapaMeTpiB, 0 BU3HA4Ya€ AehOpMIBHO-MIIIHICHI XapakTepuctuku KM
Ta MOXIJIUBICTh 3aCTOCYBaHHS B SIKOCTI IIOKPUTTS €JIEMEHTIB OypHIIbHOI KOJIOHH 1 11 CTIHOK € piBEeHb
anresii. Aresis 3yMOBIIOETHCSA THMH CaMUMH TNpUYMHAMH, [0 ¥ azacopOmis. KinbkicHORO
XapaKTePUCTHKOIO anresii € poOoTa, HEOOXigHA A PO3’€MHAHHS TiJ 1 3aJICKHUTH BiJl TOTO, SKUM
YUHOM IIe¥ mporec Oyzae BiOyBaTHCS: MUISXOM 3CYBY B3JIOBXK MOBEPXHI MOIUTY YHM BIAPUBOM Yy
HANpsMKY, SIKAH € IEePIeHANKYJISAPHUM /10 MOBEPXHi. AJre3is iHKOJIM € OUIBIION0, HK KOre3is, 110
XapaKTEePU3ye CHIIM 3YCIJICHHS YacTOK BCEPENMHI Tia. Y IIbOMY BHUIIQJKy PO3PUB BigOyBaeThCs
KOTe31i{HO — BCepeANHI HAMEHII MIITHOTO 3 JJOTUYHHX TiJ.

Jlnst MonienroBaHHs (Bi3MUHUX TPOIECIB Y TUIAX 3 KOMITO3UIIIMHUX MaTepiajiB JOMUIBHUM €
3aCTOCYBaHHSI KOMIUIEKCHOTO METOAY TPAaHUYHUX €JIeMEHTIB [4,5] It po3B’si3yBaHHS 3a/1a4 Teopii
MOTEHIIANY, YCKJIQJHCHUX HASBHICTIO B OJHOPIIHUX TLTaX CHCTEMU HEOAHOPITHUX BKIIOUYCHbD,
skumMu B [IKM € HamoBHIOBaui, HampWKIaa TOPOIIOK Mimi, rpadity Ta iHmi. Posrasgaerbcs
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3MillIaHa KpaiioBa 3a7aya JJii OCHOBHOI'O PIBHSIHHS CTAaI[lOHapHOTO IOJIsl B OJJHO3B SI3HINH 00J1acTi 32
YMOBH, II0 XapaKTEePUCTUKH CUCTEMHU (CEepeIOBHIIA) € HEMEPEPBHOIO (DYHKIII€I0, CTAJIOK CKPi3b Y
i obsacTi, 3a BHHITKOM CKIHYEHOi CYKYMHOCTI MiJf obOjacTeid, Je ICHYe 3alle)KHICTh BiJ
KOOpJUHAT.

Otxe, XapaKTEpUCTHKH cepeloBHma A(z) CTOCOBHO IIE€BHOrO (PI3UYHOrO IIPOLECY,
MOJICJIbOBAHOTO TOTEHLIaToM Oe3BUXPOBOIO BEKTOPHOI'O TOJS € HEMEepepBHOIO (PYHKIIED
JIEKAPTOBUX KOOPJMHAT z = (X, /), CTAIIOK CKpi3b y IIOCKii 01HO3B’ 13Hiit o6macti () 3 nmpocTum

3aMKHYTHM KpaeM I'=T] T, 32 BHHATKOM CKiHYEHOi CYKYIHOCTi JIOKAIbHHMX HEOIHOPIIHHX
rmouens (Y CQ(Qk NQ, =, Q,NIr'=Y, k,l=l,_Kj.
k#l

3milmaHa KpailioBa 3ajaya s OCHOBHOTO DIBHSHHS  CTalllOHApHOTO OIS B
JIOKaJIbHOHEOHOPITHOMY CEPEIOBHUIII 3alUCy€ThCS:

di A(2)gradX(z))=0, zeQ, (1)
0:) = p(2), z€T,, AR A ——g(2), z e, )
IS
K
A2)=1+) ar (@ (2) (zeQ), 3)
k=1

ik(Z) — sKICHa XapaKTEPHUCTHUKA CEpeIOBUIIA B Qk(k =1,_K), JUIS KOl 7»;{ (Z) 2 0, maﬁhk (Z) = 1,

/1k (Z) ‘Zeagk =0; X (Z) — XapakTepucTUYHa QYHKIIiS 001acTi Qk :y, =CONst > -1

3 BpaxyBaHHAM (3), KpaiioBa 3a1aua 3a [5] MaTuMe BUTTISA;

K
k=1
O=p Ha T;; %:—q Ha [, (5)

; V — oneparop 'aminbToHa.

3a ymMoBH, 110 anpokcumaiis @ (QyHkuii po3s’sasky €& 3amadi (4) i (5) B 061acTi KOXKHOI 3
JIOKaJIbHUX HEOHOPITHOCTEH Qk € BIJJOMOIO, 3a BUBEIEHHSAM B [5], po3B’sa30k ¢ orpumanoi

KpaioBoi 3a/1a4i TPaKTyBaTUMETHCS:

K ~

vzgz—ZakBk[e}(k g Q; (6)
k=1

9=p Ha T;; %=—q Ha T, (7)

SIK aHAJIOT PO3B’SA3Ky BUXIAHOI 3a/1a4i.
Haii po3B’s30k 3amadi (6) 1 (7) 3rigHO [5] 300paxyeThesl y BUTIISIIL:

9(z):u(z)+gpk [z,é], (8)
e

B [Zaé]:;_;imﬁBk [é]ko(C), 9)

u(z) — po3B’ 430K 3a/a4i A piBHAHHSA Jlanaca 3 BUIO3MIHEHUMH KPailOBUMHU yMOBaMU:
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Vu=0 B Q; (10)
u=p=Y R0 w 1, %?q—ZQk[Z,@] T Y
% k

ae Qu |:Z, é} = % P, [z, é] .

lykanuii pos3s’szok 3amaui (10), (11) imterpyerbcs sk u=Rew srimmo [5], ne
w=wz)=u(z)+inz) - avamitmasa B QU QyHKIS KOMIUIEKCHOI 3MIHHOI z =X+,
npudoMy noteHiian U ta ynkuis moroky V € rapmoniiianmu 8 QUI .

bepyuu no ysaru, mo ou =— v ,Ie S - OJMHUYHUII TOJATHOOPIEHTOBAHMIA (TIPOTU CTPUIKU

on os
TOMHHIKA) BEKTOP, T0THUHMIT 10 |, Iepexommo 10 po3s’si3yBaHHs Takoi KpaioBoi 3amadi:
Viu(z)=0 5 Q, (12)
u(z) :P(Z)—Z}i |_z, OJ Ha T; (13)
oMz) _

&~ 10" ZQk[ 9] Ha . (14)

Jns nosineHOi Toukum Z 3amaHoi omHO3B’s3HOI oOmacti () 3 mpocTum 3aMKHYTUM
JI0OIATHOOPIEHTOBAHUM KPAEM I CHpaBeUIMBa iHTerpajgbHa Gopmyia Korri:

%m-j%dg, (15)

HA OCHOBI SIKOT € CIIpaBeUIMBOO auckpern3amis 1 mocmizoBHicTio N rpaHHYHEX eleMEHTIB F,l

(nns sKmx UF anpokcumye I, a U I, — I,), npu MOAEIIOBaHHI KOXKHOTO 3 €JIEMEHTIB 3a
n=[+1

JIOTIOMOI'0I0  BEeKTOpa (@ 0a30BUX iHTepHoNMOYMX (yHKIIH, OB ’SI3aHUX 3 JIOKAIbHONO
HOPMAaJTII30BaHOK) KOOPAWHATOK 77. VY3I0BXK KOXHOTO 3 €JEMEHTIB amlpoKCHUMYyeTbes W
IHTEePIOJIAIIITHIM TIOJIIHOMOM [5]:

wn) =9’ (), (16)
nie W, — BEKTOp HEBIZOMHX BY3JIOBHX 3HaueHb W.
Koxua 3 o6nacreit JIHMCKPETU3YETHCS CUCTEMOIO €PMITOBHX YOTHPHKYTHHX €JIEMEHTIB
ka(m=M) i @ npencraBseThCs IPOOHOIO GyHKIEK [5]:
9(5:,1, ‘22) = \Tfr(é,&z) : ékma (17)
ne ékm — BEKTOp HEBiJOMMX BY3IIOBUX 3HaueHb (YHKIIi ©, 3HaYeHb il HEPIIMX Ta 3MilIAHHUX

MOX1THUX Ha €JICMCHTI ka ,
P — BeKTOp 0a30BUX (PyHKILIH y JOKaIbHIA CUCTEMI KOOPIUHAT & =(E,E,).
3 ypaxyBaHHsM (16) nHCerTHHﬁ anasior (15) naGyBae Burisiny:

LX) C(n)
M)—zm 27 dn-W, . (18)

Bpaxosytouu (17), Pk (s1x 1 Qk) 3aIUCY€EThCS:
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RlO=R 0 E) b,

ac

Pt ([ L py]dedes Ay
k _2_ k W1 a a a a |da1dﬁ_’2 :
Tari© |Z_C(§)| S 0%, S 08,

Cucrema piBHSIHb JJI1 BU3HAUYEHHS BY3JIOBUX 3HAu€Hb OYIye€TbCs 3a METOJOM 3BaXKEHUX
HEB'SI30K, 110 BBOJATHCS SK JUISI KPaOBMX YMOB, Tak 1 JUIsl 0OJIacTel JIOKaJbHUX BKIIIOYEHb Y
MaTpuyHii (opMi, 3a YMOBU BUKOPHCTAHHS HENPSMOro (OpPMYJIOBAHHS METOAY T'pPaHUYHHX
€JIeMEeHTIB, OyJie MaTH BUTJIAL;

1 2 ol 12 p .
Vo Vo Vo V7 G G P
v u T LT Y
u u v v 1 . K é u
r7l 2 fi 7R A ol _
Uul Uul le le 11 + 1K é - 0 ) (19)
. . . . . 1
I I g B o ol :
UuK UuK UvK Uv[( TKI TKK A O
K
e u, 91,...9K,V — BEKTOPU HEBIJIOMHX BY3JIOBHX 3HA4Y€Hb, BIAMOBITHO, IMOTCHINATY Ha

JMCKPETHOMY aHaji3i I',, AMCKPETHUX aHajorax obmactei CQ,...,€) , a TAKOK HEBiZOMI By3JIOBI

3HaueHHs (QYHKIIH MOTOKY Ha TMCKPETHOMY aHanisi I kpato obmacti ().

broku Vj(/'zu,v), G, (k=1,_K) — CyMH BHECKIB, BIJIOBIHO, JMCKPETHOTO aHaJIora
MOTEHIIaTy 1 TOTOKY Ha Fl (i:LZ), a TaKOX B Qk JIs ysABHOI yacTMHM W Ha I,. Bioku
U; (] :u,v) , ];f (k ZI,_K) — CYMH BHECKIB, BIIIMIOBITHO, aHAJIOTA MTOTEHIIIAY 1 OTOKY Ha F, (i = 1,2) ,
a takox B () s gilicuoi wactumm W Ha T,. Brnokn Uj.,(j:u,v), T;k (k1=LK) — cymn
BHECKIB, BIJIIIOBITHO, JUCKPETHOTO aHAJIOra MOTEHIlIaTy 1 TOTOKY Ha F, (i = 1,2), a TaKOX B Qk IS

JICHOT YaCTUHU W Ha Qk.

V noBinbHilt Touni Z auckperHoro aHangora obnacti {2 3HadeHHs moTeHmiady Ta QyHKIL
MOTOKY 3HAXOATHCA 3 Jonomororo hopmynu (18), kopuctyrounch po3B’s3koM (19).

JlocimipkeHHsT KIHETHYHOI Teopii BUCOKOEITACTUYHOCTI MOJIIMEpIB, 110 3aCTOCOBYIOTHCS IS
BUpIIIEHHS BHIIE3raJlaHuX MpoOjeM CBiuaTh, IO Mija 4ac jAcdopmariii BOHU MPOSBISAIOTH
NPY>KHICTh, TIPUPOJIA KO € TOAIOHOIO 10 MPYKHOCTI ra3iB. Sk i1 cTuck rasdy, Tak i po3rar [IKM
CYIIPOBOJIKYETHCS OIIOPOM PO3TATY 3pa3ka. «Moyib MPYKHOCTI» Tra3y i piBHOBOXHHH MOJIYIh
€JIACTHYHOCTI 3POCTAIOTh MPOMOPLIHHO 0 TeMIepaTypH (3 MiJABHIICHHAM TEMIIEpaTypu 3pOCTae
IHTEHCHUBHICTB TEIJIOBOTO PYyXY 1 3pocTae omip aedopmartii).

Ane y Ta3iB MDKMOJEKYJISipHAa B3aeMoJlisi € He3HayHoto, a y [IKM — 3naunoro. Ilig vac
nedopmartii Ta3iB 3MIHIOETBCA 00’€M (3MEHIIYEThCS BiAJadb MDK MOJICKYJIaMH), a I 4Yac
nepopmanii [IKM o006’em He 3minHmoerscs. Ilinm uwac gedopmarnii [IKM 3MmiHIOETBCS CTYMiHB
3aKpy4EHOCTI MAaKpOMOJIEKYJI, III0 IEPEBOJUTH iX 13 OLIBII HMOBIPHOTO CTaHy y MEHII HMOBIpHHUI
ctaH. [licns mpunMHEeHHS Nii HaBaHTAXXEHHS IMOJIMEPHI JIAHIIOTH 3 IUTMHOM Yacy CaMOBUIBHO ITiJT
JIEI0 TEIUIOBOTO PYXY IMOBEPTAIOTHCS Y MIOYATKOBHUH CTaH.

Po3BuTOK KiHETHYHOI TeOpii BHCOKOEIACTUYHOCTI J1ajJ0 MOXJIMBICTH KUIBKICHO 3B’s3aTH
PIBHOBaXXHI MpPY’KHI BJIACTHBOCTI i€aIbHUX CITOK 3 iX CTPYKTYpHMMH MapaMmeTpamu. B Tteopii
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iZleallbHa TIOJTIMEPHA CiTKa PO3TIISAAETHCA K TPOCTOPOBA CTPYKTYpa, YTBOPEHA IMOJIMEPHUMU
JIAHITFOTaMH, SIKi 3’ €JHYIOThCS MIXK COOO0 BY3JIaMHU.

Takuil miaxig Jae MOXIUBICTh, 3aCTOCOBYIOYM MeTon MonTe-Kapio, otpumaru po3moait
WMOBIPHHUX 3HAY€Hb 3MIHHHMX BEIUYMH BiJl SKUX 3aJCKUTh PE3YNbTAT KU OUIKYETHCS, TOOTO 3a
pPaxyHOK 4OTr0 MOXKHA OTPUMAaTH, B HAIIIOMY BUMAJKY, MIABUIICHHS aare3ii, MiIBUIIECHHS MIITHICHUX
xapaktepuctuk [IKM, orpumaTu KapTUHY IpO PO3MOALT HABAaHTAXXEHb, SKI MOXKE BUTPUMYBATHU
NOKPUTTS Ha TIOBEPXHI €JEeMEHTIB OypWJIbHOI KOJOHM B HPOLECI eKCIUIyaralii B yMOBax
OyIiBHUIITBA TTOXUJIO-CKEPOBAHUX Ta TOPU3OHTAIBFHUX CBEPAIOBUH.

MopentoBanHs 3a MeTogoM MonTe-Kapio nae MOXIHBICTE Oa4UTH SKI came BUXITHI JaH1
MalOTh HANOUTBIINIA BIUTUB Ha KIHIEBUN pe3ysbTaT, OCKUIBKHU 1€ € BaXKIUBUM MJI MOJATBIIOTO
aHaTi3y pe3yJbTaTiB, Ta CKEPOBYBAaHHS HANPSAMKY IPOBEACHHS MOMATBIINX JOCHTIIKCHB. s
NPOBEIEHHS PO3PaxyHKIB 3acTocoByeThcst mnporpama @RISK B Microsoft Excel Ha 0a3si
omnepauiiiHoi cuctemu DOS.

BucHoBku

1.OgauM 3 HaOpsMKIB MiJBUIIEHHS €(QEeKTUBHOCTI OypiHHS MOXWJIO-CKEPOBAHUX 1
TOPU30HTAIILHUX CBEPAJIOBUH € 3aCTOCYBaHHS MOJiMepHO-Kommno3uiiitaux marepianis (IIKM) ans
MOKPUTTS TOBEPXHI €IEMEHTIB OypUIIbHOI KOJIOHH.

2. Bubip tuny IIKM 3anexuTh BiJl TipHHYO-TE€OJIOTIYHUX BJIACTUBOCTEH MOpPOMAU, B SKii
IPOBOAUTHCA OYpIHHS.

3. Bucokumu aHTU(PUKIIHHIMHA BIACTHBOCTSIMHU Ta HAaMEHIIMM 3HAYEHHSM KoedirieHTa
tepts Bojozie [IKM Ha ocHoBi D-4.

4. Jlng moaentoBaHHs (DI3UYHMUX MPOLIECIB Y TiNIaX 3 MOJIMEPHO-KOMIO3UIIIMHIX MaTepialliB
JOUITBHUM € 3aCTOCYBAaHHS KOMILJIEKCHOTO METOJy TPAaHWYHHX €JIEMEHTIB, JI€ PO3TIISAIAEThCS
3MillIaHa KpaiioBa 3ajaya JUlsi OCHOBHOI'O PIBHSHHS CTalllOHAPHOIO MOJIA, L0 /A€ MOKJIMBICTBH
po3paxyBaTH MILHICHI XapaKTepUCTUKH MaTepiany, Ta BHOpatu THN HarmoBHIoBaua [IKM s
MOKPUTTS MOBEPXHI €IEMEHTIB OypHUIIbHOT KOJIOHU.

5. [porec BucokoenactuuHoi aedopmarii [TIKM MoaenroeThesi TEpMOIMHAMIYHAM METOIOM
Ta CTAaTUCTUYHUM MeTofoM MonTe-Kapno Teopii WMOBIPHOCTI, IO Ja€ MOXKJIMBICTH OIIIHHTH
npaBwibHICTE oOpanoro I1IKM, 1 kopuryroun BHXiAHI JaHi, BU3HAUYUTH ONTHUMAJbHI HapamMeTpH
HaloBHIOBAYa.

Cywecmesosanue cun mpeHus mexicoy OYpUIbHOU KOJIOHHOU U HUJCHell CIEHKOL CMB0Ad HAKIOHHOU
U 2OPU3OHMANBHOU  CKEANCUHbL  NPENnsmCmEyem nooaye MAaxKCUMAIbHOU — 0Cegou  HaspysKu Ha
nopooopaspymaowui UHCMpymeHm. Jmo cyuecmeenHo 61usem Ha MeXaHuiecKyio ckopocms 6ypenus. J{is
YMeHbUleHUs. CUll mpeHus npeoiazaemcs UCNONb308aHUe NOTUMEPHO-KOMNO3UYUOHHbIX Mamepuanos (IIKM)
07151 NOKPBIMUsL NOGEPXHOCIMU INEMEHMO8 OYPUNLHOU KONIOHHbL. [Ipueooumcsi memoouka u ucnoib308aHue
MamemMamuiecko2o0 MOOeIUposanus, 3a cuem KOmopwlx 603modcHo nonyuenue IIKM c onpedenennvimu
Pu3suKo-MexanuuecKuMy coUCmeamu, y0081emeopAIOUWUMY YCI08US IKCHIYAMayuu OypuilbHoll KOJIOHHbI
npu Oypenuy HaKIoOHHbIX U COPUSOHMATLHBIX CKEAICUH.

IIpeonacaemca mooenb KOMNIEKCHO20 Memood ZPAHUYHBIX DJIeMEHMO8 CO CMEWaHHOU Kpaegou
3a0aueti 0711 OCHO8HO20 YPAGHEHUS CIMAYUOHAPHO20 NOJIA U 8 Kauecmee KOHMPOIbHOU MOOeNu npeonazaemcs
UCNONL306AMb MEPMOOUHAMUYECKULI NOOX00 Ha basze cmamucmuyecko2o memoda Moume-Kapno. Taxoe
couemanue 0acm 603MOJCHOCMb OYEHUMb QUIUKO-MEXAHUYecKue CeotUCmea MemaiionoauMepHo20
NOKpbIMUSL U NPAsUIbHO noodobpams nanornumenv oas I[IKM, umober noanocmvio y00671emeopums
mpebo6anus NPOYHOCMHBIX XAPAKMEPUCMUK NOKPLIMUSL 21eMEeHMO8 OYPUNbHOU KOJOHHLL U ee NOGEPXHOCIU
07151 ONPeOeNeHHbIX YCI0GUL IKCHIYAMAaYUY U MEXHON02UYECKO20 npoyeccd.

Kniouesvie cnosa: nonumepno-KoMnosuyuoHHvle MAmepudansi, OYPUIbHAS KONOHHA, CKEAJICUMA,
NPOMBIBOYHAS HCUOKOCTb.
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M. Ye. Chernova
Application of polymer-composite materials for elements of burille column

We consider the possibility of improvement of the effectiveness of minimization of axial load on the
drilling bit in the conditions of drilling of the directional and horizontal wells and prevention of sidewall
sticking. As a result of friction forces between the drill string and the low side of directional or horizontal
well, minimization of axial load on the rock destruction tool is complicated and it influences the speed of
mechanical drilling. The use of polymer composite materials for coating of the surface of the drill string
elements is suggested to decrease friction forces. We describe the technique and mathematical models that
enable obtaining of the polymer composite materials with prescribed physical and mechanical properties
that would satisfy the drill string exploitation requirements during drilling of the directional and horizontal
wells. The model of complex method of boundary elements with mixed boundary value problem is proposed
for the main level of stationary field and thermodynamically approach based on Monte-Carlo statistics
method is proposed as a control model. Such a combination enables evaluation of physical and mechanical
properties of metallopolymeric coating and proper selection of the filler for polymer composite materials in
order to fully satisfy the requirements set forth to strength characteristics of the coating elements of the drill
string and its surface under existing conditions of exploitation and technological process.

Key words: polymer composite materials, drill string, well, washing liquid
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Pe3yabTaThl ucciiefoBannii pu3nko-MexaHN4yeCKHX CBOCTB TAMIIOHAKHOTO
TEPMOIJIACTHYHOT0 KOMIIO3UIIHOHHOT0 MaTepraJjia Ha OCHOBeE MOJUITWIeHTepedTasaTa

Lenvio pabomuvl saensemcsa ycmanognenue 3aKOHOMEPHOCMU USMEHEHUsl CE0UCME MAMNOHANCHO20
MEPMONIACMUYHO20 KOMNOUYUOHHO20 MAmepuaia om e20 cocmasa, 000cHO8aHue U paspabomka
PpeKoMeHOayuil No  U320MOBNEHUI0 MEPMONIACIUYHO20 KOMNOSUYUOHHO20 ~MAMepudld Ha OCHO8e
8MOPUYHO20 NOAUIMUIEHmMepedmanama.

Ilocmasnennvle 3a0auu pewianicb KOMNIEKCHbIM MemMOOOM UCCIe008AHUS, BKIIOUAIOWUM AHATU3 U
0000WeHIe TUMepamypHbIX U NAMEHMHbIX UCMOYHUKO8, NPO8edeHUe IKCNEPUMEHMANbHBIX UCCTE008AHUII.
Obpabomka 3KCHepUMEHMANbHLIX OaHHbIX nposoounacs Ha I[IDBM ¢ ucnoavzoganuem memooos
MamemMamu4eckou Cmamucmuky. IDKCnepuMenmanbHble UCCIe008aHUs. BbINOTHEHbl C UCNONb308AHUEM
No0JiceHUll 0OWell meopuu Hay4Ho20 IKCNEPUMEHMA U MeOPUU CYYAHBIX NPOYECCOB.

Ilpusedenvr  pesyibmamvl  UCCTIEO08AHUSL  QUBUKO-MEXAHUYECKUX — CBOUCME  MAMNOHANCHOZ0
MePMONIACMUYHO20 KOMNOZUYUOHHO20 MAmMepuania Ha ocHoge noaudsmunenmepedpmanama. Onpedenenvl
MexanuuecKue —c6olcmea  nolusmuieHmepegmanama u  noaudIMuUIEeHmepepmanrama ¢ - 006a6KaMu
Hanonnumeneu, NOAUBUHUIXIOPUOA U noaudsmunena. Jlana oyenka 6nuaHus 000AB0K HA  CBOUCMEA
MAMROHANCHO20 MEPMONIACTNUYHO20 KOMNOZUYUOHHO20 MAMePUad Ha OCHO8e NOAudImMuiIeHmepehmanama.
Obocrosana onmumanbHas peyenmypa mamnoHadCHo20 MepMONIACMUIHO20 KOMNOZUYUOHHO20 Mamepuaa.

Bnepsvie obocnosana u 00Ka3aHA 603MOICHOCMb NPUMEHEHUSs OA  U30AYUU NO2NOUWAIOUUX
2OPU3OHMOB OYPOBLIX CKBANCUH 6 Kauecmee MAMNOHANCHO20 MEPMONIACMUYHO20 MAmepuana Oblmoguix
0mMX0008 HA OCHOGe NoaUdIMUIeHmepedhmanama.

Ha ocnosanuu npogsedennvix ucciedo8anuil GusuKo-mexanuieckux ce0olcme noKa3aHa 603MONCHOCHIb
NPUMEHEHUS. 8 CKBAMNCUHHBIX YCAOBUAX MAMNOHANCHOLO MEPMONIACMUYHO20 KOMKOZUYUOHHO2O MAMeEpUuand
Ha ocHoge noausmunenmepepmanama. (O6OCHO8AH COCMAE MAMROHANCHO2O —MEPMONIACMUYHOLO
KOMKO3UYUOHHO20 ~MAmMepuanla Ha OcHose hoausmuienmepegmanama. Paspabomana mexnonocus
U320MOBNEHUA MAMNOHANCHO20 MEPMONIACTIUYHO20 KOMAOZUYUOHHO20 Mamepuad.

Pesynomamul  uccneooeanuii Hawiiu nNpakmuueckoe NpuUMeHeHue npu: paspabomke MexHON02UU
U320MOGNEHUA ~ MEPMONIACMUYHO20 — MAMNOHAICHO20 — KOMNO3UYUOHHO20 —Mamepuana,  paspabomke
MEXHON02UU UZ0TAYUU NOTLOWAIOWUX 20PUZOHIMOE; PA3PAOOMKE MEXHOIO2UYECKO20 PeNaMeHma u3onAyul
NO2IOWAIOWUX 20PU3OHINOE, ONLIMHO-NPOMBIUUIEHHOM BHEOPEHUU MEXHON02UU UZ0TAYUU NO2TOUWAIOUUX
20PU3OHMOE MEPMONNACMUYHBIMU MAMNOHANCHLIMU KOMAO3UYUOHHBIMU MAMEPUATIAMU.

KnioueBble cl10Ba: Oypenue cK8adcuH, nO2IowWarouuti 20pu30Hm, MamMnoHAN*CHbIE MAMEPUATDBL.
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