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AHOTAILUS

VY nepuiomy po3auni poOOTH HABEAEHO OIS JITepaTypud 3 TEMAaTHKU
JnochikeHHs. PO3risiHyTo mpu3HAUYeHHS MOXHJIOCIPSIMOBAHUX 1 TOPU3OHTAIBHUX
CBEP/IJIOBHH, iX 00JIaCT1 3aCTOCYBaHHS, a TAKOXXK OCHOBHI TEXHIKH AJIS 1X OypiHHS.

VY apyromy po3auii BUITYCKHOI poOOTH MpeACTaBICHHUM aHalli3 O0JaiHAHHS IS
pyWHYBaHHS MIIHUX TIPCBKUX TIOpiJ, SKE€ BHUKOPUCTOBYETHCS Ui OypiHHA
MOXUJIOCTIPSIMOBAHUX 1 TOPU3OHTAIBHUX CBEPAJIOBUH. PO3MIsIHYTO rifpaBiiyuHi
BUOIMHI JBUTYHHM, MOJM(]iKOBaHI CKOIIEHI OypOoBI KOPOHKH, ITHEBMOMOJIOTH IS
OypiHHSI Ta MEXaHIYHI CUCTEMHU 3 MOJBIMHMMH IITAaHraMH. TakoX y IbOMY PO3ALIL
IpeJICTaBlICHa KOHCTPYKIIS YAAPHOTO MEXaHi3My, SIKHH BHKOPUCTOBYETHCS IUIs
Oypi1HHS MOXWJIOCTIPSIMOBAHUX 1 TOPU30HTAJIBHUX CBEPIJIOBUH.

Y TperhoMy po3aii  poOOTH MPOBOJWIUCH PO3PaXyHKH OCHOBHUX
KOHCTPYKTUBHUX T[apaMeTpiB MeEXaHi3My, 3A1HCHIOBaBCS Mij0Iip €JIEMEHTIB,
MoJieIoBaiacs podoTa MexaHi3My, OTpUMaH1 IpadidHi 3aJIeXKHOCTI ONUCYE BIUIKB
napameTpiB Ha 3arajibHy €()eKTUBHICTh IPUCTPOI.

B pesyabTaTi nmOCHiKEHHS OTpUMaHO TpadivyHi 3aJ€KHOCTI BIUIUBY
KOHCTPYKTUBHUX TMapamMeTpiB Ha €(EeKTUBHICTH POOOTH MEXaHI3My, IPOBEIECHO
MaTeMaTHUYHE MOJICITIOBAaHHSI.

OO6nacTi0O 3aCTOCYBaHHSI pe3yJIbTaTIB JAHOTO JOCHIDKCHHS € Traly3b
TOPU30HTAJIBLHO CIIPSIMOBAHOTO OYpIHHS, @ CaMe MEXaH13MIB 1 CTIOCOOIBITPOXOKEHHS
TBEPJUX BKIIOUYEHD B T1PCHKUX TOPI.

Kuiro4oBi c¢j10Ba: ropu3oHTaIbHO-COPSIMOBAaHE OYpIHHS, YIApPHUN MEXaHi3M,

CWJIOBHM IMIYJIbC, OypHIIbHA KOJIOHA, TTepeava yaapy.



ABSTRACT

The first section of the paper presents a review of the literature on the subject of
research. The purpose of directional and horizontal wells, their applications, and the
main techniques for drilling them are discussed.

The second chapter of the thesis presents an analysis of the equipment for
destruction of hard rocks used for drilling directional and horizontal wells. Hydraulic
downhole motors, modified beveled drill bits, pneumatic drilling hammers, and
mechanical systems with double rods are considered. This section also presents the
design of the percussion mechanism used for drilling directional and horizontal wells.

In the third section of the paper, the main design parameters of the mechanism
were calculated, elements were selected, the mechanism was modeled, and the
resulting graphical dependencies describe the influence of the parameters on the overall
efficiency of the device.

As a result of the study, graphical dependencies of the influence of design
parameters on the efficiency of the mechanism were obtained, and mathematical
modeling was performed.

The field of application of the results of this study is the field of horizontal
directional drilling, namely, mechanisms and methods for passing solid inclusions in
rocks.

Keywords: Horizontal directional drilling, impact mechanism, power impulse,

drill string, impact transmission.



BCTYII

[IpoananizyBaBimm cdepu  3aCTOCYBaHHS  TOPHU3OHTAIHHO-HAMPABIECHOTO
oypianst ('HB) Oyro BusiBneHo, 1m0 icHye HEOOX1AHICTh MIPOBEJACHHS ONEPATUBHUX 1
SAKICHUX  PEMOHTHO-BIJIHOBIIIOBAIBHUX  pOOIT HAa  MOMIKOKEHUX  JIJISTHKAX
TpyOOTIPOBOiB BOJOMPOBIMHWA 1 BOJOBIABITHA MEpPEX B CY4aCHOMY MICTI
oOyMOBJICHa HE€ TUIbKM TEXHIYHHMH aje 1 €KOHOMIYHHUMH, & TaKOX COILIaJIbHUMH
dhaxkTopamu.

OngHuMm 3 HaWOUIBII €(PEeKTHUBHUX Taly3ed, € TOPU30HTAJIbHO CHPSIMOBAHE
OypIHHS 3HAMIIUIO MIUPOKE 3aCTOCYBaHHSI, € OYIIBHUIITBO TaeKCILTyaTallis IiIBOTHUX
nepexoiB. Tpaauiiino MeTo1 OyAIBHUIITBA3aCHOBAHMI Ha MpoIlecaXx MEXaH130BaHOT
PO3p0o0KH OEperoBUX Ta pyCcIOBUX TPaHIIIB. Alle iICHY€ HU3Ka HETATUBHUX SIBUII, 1110
MEPENIKO/KAIOTh [IbOMY MeTOAO0M. J[0 OJIHOrO 3 HHUX MO’KHa BIJIHECTH Yac
OyIIBHMIITBA 3a JOMOMOI'OI0 TOPU30HTAJIBHO CHPSAMOBAHOrO OYypiHHS BOHO 3HAYHO
CKOPOYYEThCSI B TOPIBHSHHI 3 TpagulliiHUMU crocobamu. Takok HE MEHII
aKTyaJbHOIO 3aJIMIIAETHCA cepa 1Mo Oe3TpaHIICHHOI 3aMiH1 CTapuX TPyOONpPOBOAIB

BaxxnuBo, 1110 HIXTO JI0 TETEPITHLOTO MOMEHTY HE BPaXOBYBaB y po3paxyHKax
HemnpsMi (piHAHCOBI BTpaTH, O HUM MOXKHA, MOXJIMBO BiHECTH 30UTKH TPOMAJISH,
NIJIPUEMCTB 1 OpraHi3auiid, BUKJIMKaHI BEJEHHAM pOOIT MO MPOKJIAAII KOMYHIKAIii
abo 3aMiHi TpyOONPOBOMIB BIAKPUTHUM CIIOCOOOM, HANPUKIIA] 3MiHA MapuIpyTy,
BIJICYTHICTh MOXKJIMBOCTI MiJ'i31y TPAaHCTIOPTHUX 3aCO0IB.

Ha mizcraBi BUIlle CKa3aHOTO, TEXHOJIOT1i O€3TpaHILIEHHOT NPOKIAIKN,0TPUMAIIN
[IMPOKE MOMIMPEHHS B 3aKOPJOHHUM 1 BITYM3HSIHOI IPAKTHUIll, HabaraTo e(heKTUBHIIIIE,
YUM TpaIdUIIiHI METOIH.

He3sBaskarouu Ha BC1 iepeBaru 3aCTOCyBaHHsI JAHOTO CIIOCO0Y OypiHHS, ICHYIOTh
TaKOX HEIOJIKH, IKI 00YMOBIIEHI TPOBEICHHSIM OypOBHUX POOIT Y TBEPAUX TIPCHKUX
nopofax. IX HasgBHICTH CTaBUTH MiJ 3arpo3y MOKIIMBICTH HPOBEIEHHS pOOIT i3
CIUTAHOBAHOI 3a3/1aJIeTi/Ib TPAEKTOPii. ¥ 3B'SA3Ky 3 UM aKTyaJbHUM CTA€ MUTAHHS O

3aCTOCYBaHHI €(PEKTUBHUX MEXaHI3MiB, 3/[aTHUX BECTU OYypiHHS B MIIHUX TIPCHKUX

nopiz.



AKTyaJIbHICTb P0o00TH O00YMOBJIEHa PO3LIMPEHHSAM c(epu 3acTOCYBaHHS.
TOPU30HTAJIBHO CIPSIMOBAHOIO OYpiHHS, K JJIs IPOKJIAJaHH KOMYHIKallil y yMOBax
MICBKOTO CEpEeOBUINA, TaK 1 OYpIHHS CBEPJUIOBHH ISl BUAOOYTKY Ha(TH Ta Tasy.
BypiHHS 3aBXAM CYNpPOBOMKYETHCS HASIBHICTIO Py CKJIAAHOIIIB, OJHIET 3 SKHUX €
OypiHHS MIITHUX TIPCHKUX MOPiA. Y 3B'SI3KY 3 IUM 3aCTOCYBaHHS EKOHOMIYHO BUT1THUX
Ta e(QEeKTUBHUX CHOCOOIB pyHHYBaHHS TIPCHKUX TIOPiA 3HAXOIUTHh IIHUPOKE
3aCTOCYBAHHS B Cy4acCHOI raiay3i TOpU30HTAIBHO CIPSIMOBAHOIO OypIHHS.

Merta po0oTH — BIOCKOHAJICHHS YAApHOTO MEXaHI3My YCTaTKyBaHHS IS
IPOBEJICHHS TOPU30HTAIBHO-CIIPSIMOBAHOTO OYpIHHS.

VY X0/11 BUKOHAaHHSI pOOOTH BUKOHAHO HACTYTHI 3aBJAaHHS

1. BukoHatu aHami3 TEXHIKM Ta yCTaTKyBaHHA 1 OypiHHA
TOPU30HTAJIBHO CIIPSIMOBAHUX CBEPJIJIOBUH;

2. 3anpornonyBaTi TpUHIUIOBY cxemy 1 3D Mopens KOHCTpyKIi
YAAPHOTO MEXaHi13My, AJi1 (OpMyBaHHS CUJIOBUX 1IMITYJIbCIB;

3. BukoHaTu MoJienoBaHHSI MaTEMaTUYHOI MOJIEJIl YIapHOTO MEXaHi3MYy;

4, Po3poOutn pekomennaiii mo BHOOPY 1 3aCTOCYBaHHS ONTHUMAIbHUX
napameTpiB yJapHOTO MEXaHI3MYy.

O00’exkTOM I0CTIIKEHHS € MPOLEC B3a€EMOJIIi TIPCHKUX MOPIJ 3 TEXHIKOKO JIJIst
TOPU30HTAIBHO CIPSIMOBAHOTO OYpIHHS MUJIOTHUX CBEP/JIOBHH.

IIpeamMeTroMm [ocailzKeHHI € yJapHI MEXaHI3MU YCTaTKyBaHHS JJIst
MPOBEICHHS TOPU30HTAILHO-CIIPSIMOBAHOTO OypiHHS.

HaykoBa HOBH3HA mNpoOBeleHUX [OCTi)KeHb — 3alpONOHOBAHO HOBI
KOHCTPYKTHBHI TIapaMeTpu MeXaHI3My, M0 3a0e3MeuyroTh €PEeKTUBHY poOOTYy
yIapHOTO MEXaHI3MYy.

I[IpakTnyHa  3HAYUMMICTHL  HAYKOBOIO  JOCJIIKEHHS  TIOJisira€ B
3alpONOHOBAHOMY MEXaHi3Mi, 110 JO3BOJISI€E TPOXOJUTH JIUISHKH, Ha SKUX
3yCTPIYaIOTHCS BKIIOYEHHS MILHUX T1PCHKUX MOPIA.

J7is JOCATHEHHS TOCTABJIEHOI METH Ta BUKOHAHHS 3aBAaHb JOCTIIKEHHS Oyu
BUKOPHUCTaHI HACTYMHi METOIU:

- AHATITUYHUN METOJT JUIsl BUBUCHHS TEOPETUYHUX OCHOB PYWHYBAaHHS T1IPCHKUX



MopiJ yAapHUM CHocOoOOM, a TaKOoX JUIS aHali3y ICHYIUMX TEXHOJIOTIH Ta
oOaHaHHS JIs1 TOPU30HTATILHO-CIIPSIMOBAHOTO OYPiHHS,

- eKCIEPUMEHTAIbHUNA METOJ JJIS MepeBipKH €(EeKTUBHOCTI 3allPOIIOHOBAHO1
KOHCTPYKIIii yIapHOTO0 MEXaHI3MYy.

- MaTeMaThyHe MOJICIIOBAHHS [l BHU3HAUEHHS TMapaMeTpiB YIapHOTO
MeXaHi3My, 10 3a0e3MeuyoTh e(heKTUBHE PYHHYBaHHS T1PCHKUX MOPiJ

CTpykTrypa Ta o0car maricrepcbkoi po0oru. Marictepcbka poboTa
CKJIQIa€ThCS 3 BCTYIY, 3 PO3MiTIB, 3arajJbHUX BHUCHOBKIB, CITUCKY BHUKOPHUCTaHUX
JUKEpeIT; MOBHUM 00csr podotn — 69 cTopiHOK, 24 pucyHKIB Ta 24 TabJIUIlb, CITUCOK

BUKOPHUCTAHUX JKEPEIT CKIANAETHCS 3 42 HAUMEHYBaHb.



INTRODUCTION

After analyzing the application areas of horizontal directional drilling, it was
found that there is a need for prompt and high-quality repair and restoration work on
damaged sections of water supply and sewage pipelines in a modern city due not only
to technical but also economic and social factors.

One of the most efficient industries where horizontal directional drilling has
found wide application is the construction and operation of underwater crossings.
Traditionally, the construction method is based on the processes of mechanized
excavation of bank and channel trenches. However, there are a number of negative
phenomena that impede this method. One of them is the construction time using
horizontal directional drilling, which is significantly reduced compared to traditional
methods. Also, the area of trenchless replacement of old pipelines remains no less
relevant

It is important that no one has so far taken into account indirect financial losses
in the calculations, which may include losses of citizens, enterprises and organizations
caused by the open-cut laying of communications or replacement of pipelines, such as
route changes, lack of vehicle access.

Based on the above, trenchless laying technologies, which have become
widespread in foreign and domestic practice, are much more efficient than traditional
methods.

Despite all the advantages of using this drilling method, there are also
disadvantages associated with drilling operations in hard rocks. Their presence
jeopardizes the ability to carry out work according to a pre-planned trajectory. In this
regard, the issue of applying effective mechanisms capable of drilling in hard rocks
becomes relevant.

The relevance of the work is due to the expansion of the scope of horizontal
directional drilling, both for laying communications in the urban environment and
drilling wells for oil and gas production. Drilling is always accompanied by a number

of difficulties, one of which is drilling through hard rock. In this regard, the use of cost-



effective and efficient methods of rock destruction is widely used in the modern
industry of horizontal directional drilling.

The aim of the work is to study and improve the technique for horizontal
directional drilling to increase the efficiency of drilling in hard rocks.

The following tasks were performed in the course of the work:

1. To conduct a literature and patent analysis of the technique used for
drilling horizontal directional wells at the present time;

2. To propose a schematic diagram and 3D model of the design of a
punchless impact mechanism for the formation of power pulses;

3. To develop and study the mathematical model of the percussion
mechanism;

4, Develop recommendations for the selection and application of optimal
parameters of the impactor.

The object of research is the process of interaction between rocks and equipment
for horizontal directional drilling of pilot wells.

The subject of research is the technique used for horizontal directional drilling
of pilot wells.

Scientific novelty of the research:

- A study of the mathematical model of the impact mechanism was conducted to
determine the effective parameters for rock destruction.

- The design parameters of the mechanism that ensure efficient operation were
proposed.

The practical significance of the scientific research is the proposed mechanism
that allows you to pass areas where hard rock inclusions are found.

The final qualification work contains 84 pages, 24 figures, 10 tables, 42 sources,
1 appendix.



PO31J1 1 OIJIAA JIITEPATYPU

1.1. HpI/I3Ha‘IeHHﬂ MOXHUJIOCTIPAMOBAHUX INPU30OHTAJIBHHUX CBEPAJIOBUH

Po3BuTOK TpyOONMpOBIAHUX CHUCTEM Ta KOMYHIKALIHHUX MEpPEeX CTBOPIOE
noTpedn B KOMIAKTHUX YCTAaHOBKAX TOPU3OHTAIBHO HampaBlIeHOTo OypiHHS (aii
['HB) nnsa micbkuit cepeioBuina. 3 30UTbIIEHHSM 00CITy pOOIT CyMa IHBECTHIIIH Y 1110
TEXHIKY TaK0oX 3pocTa€. [IiApsHIKN X0UyTh MPAIIOBATH HA HEBEJIUKNX, MAaHEBPEHUX
Ta BOJHOYAC JIOCUThH MOTY)XKHUX yCTaHOBKax.BaxiuBuUM (QakTopoM Mo MiATPUMIN 1
PO3LIMPEHHS TPYOONpOBiIIHUN 1HGPACTPYKTYpH y BCbOMY CBITI € CKJIAJHUM
3aBJaHHAM. TpaauiiiiHi METOIM 3aMiHM 1 PEMOHTY KOMYHIKalli 3a1HCHIOIOTHCS
BIJKPUTUM TpPAHIIEHHUM crocoboM. JlaHuil METOJ 4acTO BUSBISETHCS JOPOTUM 1
TPYJIOMICTKMM, OCOOJMBO B YMOBaX Cy4YacHOI TII€PEBAHTAKEHOIO MICHKUUI
iH(ppacTpykTypu. LLlibHa 32a0yA0Ba MICT Ta PO3BUTOK IXHBOI 1HYPACTPYKTYPH POOUTH
MpOKJIaJlaHHd KOMYyHiKaiii wmerogqom ['HB Bce Ouiblll akTyanbHUM, TOMY IO
BIJIKpDUTH CIOCIO MPOKJIAJKH HE 3aBXAU AJOCTynHUM. Bucoka BapTicTh Oy/IIBHHIITBA
TpaHIIed dYacTo OOyMOBJIEHAa HEOOXITHICTIO BIJIHOBJICHHS JOpIT, MPOI3MIB 1
0JIaroyCTpOI0 MPUIIETJIOl TepuTopii. [HII MpobiaeMu 4acTo MOB'sI3aHi 3 MOPYIICHHSAM
pYyXy Ta MIJBUILEHO0 HEOE3MEKOIO /7S PALliBHUKIB B 30HaX IHTEHCUBHOTO pyXy. [I{06
MO/0JaTH HEAOJIKM OYIIBHUIITBA TPAHIIIB, JepKaBHA, KOMYHallbHa 1 OyiBelbHA

rajy3i noyaju IIyKaTh aJbTEPHATUBHI METOAM 3aMIHM Ta PEMOHTY MIJ3€MHOI

1H(}pacTpyKTypH.
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3AT'AJIBHI BUCHOBKHA

Y poOoTi BUPIIIEHO BaXJIMBY HAyKOBO-TEXHIUHY 3a/layy 3 YAOCKOHAJICHHS
MEXaHIYHOTO TPHUCTPOIO, 3JaTHOIO0 PYHHYBAaTH MilHI TIPCBbKI TIOPOAM TPH
TOPU30HTAILHOMY CHPSMOBAaHOMY OypiHHI.

1.  Iloxwuio-cnpsiMOBaHI Ta TOPU3OHTAJIbHI CBEPIJIOBUHHM — 1€ €(EeKTUBHMUIA
croci® BUIOOYTKY BYTJIEBOIHIB 1 BUPIIIICHHS T'€OJIOTIYHHUX 3aBNIaHb, K1 TI03BOJISIOTH
JOCSITTA BXKKOJIOCTYITHUX IJIACTOBUX 00JacTel, MiHIMI3yBaTH BIUIMB Ha JOBKIJUIS Ta
3MEHIITUTH BapTICTh OypiHHS.

2.  VYpapamii MexaHi3M € eQeKTHUBHHM CIIOCOOOM pyHHYBaHHS MIIIHUX
TIPCHKUX MOPiJ MPU TOPU3OHTAIBHO CIPSMOBaHOMY OypiHHI. BiH 103BOJIsIE TOCATTH
BHUCOKOI MTPOJTyKTUBHOCTI OypIHHS IPU BITHOCHO HEBEJIIMKUX BUTPATax €HEPrii.

3. OCHOBHMMH IapaMeTpaMH, IO BINIMBAIOTH Ha POOOTY yIapHOTO
MEXaHI3My, € aKTHBHa Maca, XOPCTKICTh MPYXUHH 1 TMOMNEPEHE MIATUCKAHHS
NPYKMHU. 3MIHA LHUX MapaMeTpiB JA03BOJIAE JOCATTH Oa)XaHOTO pe3yJjbTaTy B
dbopMyBaHHI CUIOBHUX IMITYJIbCIB. OCOOJIMBO BaXKJIUBHUM € BILTUB )KOPCTKOCTI MPY>KUHU
1 BeJIMYMHU TIOTIEPETHBOTO MmiATUCKaHHs. [Ipu onTuMansHOMY BUOOPI IIUX TapaMeTpiB
MOXHa 320€3MEeYUTH MAaKCUMaJIbHY aMIUIITyAy CUJIOBOTO IMITYJIbCY, 110, BIJMOBIIHO,
npu3Bene [0 TMiJBUINECHHS e()EeKTUBHOCTI pYyWHYBaHHS TMOPOJU  METOIOM
TOPU30HTAJIBHO CIIPSMOBAHOTO OYpIHHS.

4. llwmiHOpudHa TpYyXXUHA CTUCHEHHS, sIKA& BUKOPHCTOBYETHCA B
TIpOIMITYJIbCHOMY MEXaH13Mi, Ma€ JOCTaTHIM 3amac MIIHOCTI 1 JoBromiyHocTi. Lle
JT03BOJISIE BUKOPUCTOBYBATHU 11 JIJIsl pyHHYBaHHS TFPChKUX MOPIJT BUCOKOI TBEPIOCTI
IIPY TOPU3OHTAIIBHO CIIPSIMOBAHOMY OYypiHHI.

5.  IlmymxepHi HacocH 3AaTHI CTBOPIOBATH THUCK B cucTemi 10 27 Mlla, mo
JOCTaTHBO JJi1 (POpMYyBaHHSI CHIIOBUX 1IMITYJIbCIB HEOOX1AHOI amMIutiTy . Kpim toro,
HACOCH MalOTh BUCOKY F€pPMETHUYHICTb, IO 3a0e3Meuye HalliiHy poOOTy MeXaHi3My.

6. Ha miacraBi oTpuMaHuUX  pe3yidbTaTiB  MOXHa  C(HOPMYJIOBATH
peKoOMeHaIi Moa0 MIABUIIEHHS €(PEKTUBHOCTI POOOTH YAAPHOTO MEXaHI3MY:
aKTMBHA Maca yJIapHOTO MeXaHi3My MOBMHHA OyTH B aiama3oHi Big 7 mo 20 kr.,

KOPCTKICTh IPYKUHU yJIapHOTO MEXaHI13My NOBMHHA OyTH He MeHuie 50 kH/m.

11



GENERAL CONCLUSIONS

In the master's thesis, we considered the urgent task of creating a mechanical
device capable of destroying hard rocks during horizontal directional drilling.

As a result of the research, the following results were obtained.

1. Directional and horizontal wells are an effective way to produce
hydrocarbons and solve geological problems. They allow to reach hard-to-reach
reservoir areas, minimize environmental impact and reduce drilling costs.

2. The percussion mechanism is an effective way to fracture hard rocks in
horizontal directional drilling. It allows achieving high drilling performance with
relatively low energy consumption.

3. The main parameters affecting the operation of the impactor are the active
mass, spring stiffness and spring preload. Changing these parameters allows to achieve
the desired result in the formation of power pulses.

4, The influence of spring stiffness and preload is especially important. With
the optimal choice of these parameters, it is possible to ensure the maximum amplitude
of the power pulse, which, accordingly, will lead to an increase in the efficiency of
rock destruction by horizontal directional drilling.

5. The cylindrical compression spring used in the hydraulic pulse
mechanism has a sufficient margin of safety and durability. This allows it to be used
for the destruction of high-hardness rocks in horizontal directional drilling.

6. Plunger pumps are capable of creating a system pressure of up to 27 MPa,
which is sufficient to generate power pulses of the required amplitude. In addition, the
pumps have high tightness, which ensures reliable operation of the mechanism.

7. Based on the results obtained, the following specific recommendations
can be formulated to improve the efficiency of the impactor:

- The active mass of the impactor should be in the range of 7 to 20 kg.

- The spring stiffness of the impactor should be at least 50 KN/m.

- The preload of the impactor spring should be at least 1100 N.
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