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Studies of the Interaction of Nucleons in
Triplets

HCCJ’ICI[OB&HI/IH BSaHMOHeﬁCTBHH HYKJIOHOB B TPHUILICTAX

Kamliya RA.

Annoranus

IIposedenvl meopemuueckue pacuemsl CUl 63aUMOOEUCMBU HYKIOHO8 8 MPUNIEMAX, COOepHCAUUX 08a
HelmpoHa u 0oun npomoH. AnanocuyHele pacuemsi npogedeHsl Oiisl MPUNIEenmos ¢ 0OHUM HeUmpOHOM U
08ymsi npomonamu. Pacuemwvl nposedenvi Ons paziuumblx Kou@ueypayuil mpuniemos. Haiioenu
Haubonee cmadbunbHvie cocmoanus mpuniemos. Ilokazan mexanusm u3o0MepHo2o nepexooa a0pa.

ABSTRACT

Theoretical calculations of the interaction forces of nucleons in triplets containing two neutrons and one
proton were carried out. Similar calculations were performed for triplets with one neutron and two
protons. The calculations were carried out for various triplet configurations. The most stable states of
triplets were found. The mechanism of isomeric transition of the core shown.

Keywords: proton, neutron, electron, interaction, triplet.

Author: lonient AGxa3ckoro rocyaapcTBeHHOro yausepcuteta. Cyxym, Aoxaszus

INTRODUCTION

VccnenoBanusi aTOMOB BEILECTB M UX siZIep HALEJICHB! HA BbIIBICHUE (AaKTOPOB ONPENEIISIOIINX
ux cBoiicTBa. Ecnm mepumomnueckas cucteMa dJIEMEHTOB COACPKUT 118 s1eMeHTOB, TO KOIMUYECTBO
HYKJIMJOB, OTJIMYAIOIIUXCS CBOMCTBaMHM, paBHO mnopsaka 3500 [1]. Mecto B nepuoanuecKOl CHCTEME
3aHUMAET DJIEMEHT C OTPE/ICICHHBIM KOJIHYECTBOM DIICKTPOHOB Ha 000JI0UKE, KOTOPBIE pacrpe/iesieHbI 110
YPOBHSIM 3HEPIHH CBSI3U C SAPOM B COOTBETCTBUU ¢ puHUIMIIoM [laynn.

Ecau B snpe atoma, 3aHuMaromiee onpeaeeHHOe MECTO B IEPUOJUUECKOM CUCTEME, CONICPIKUTCS
JPyroe KOJMYECTBO HYKJIOHOB TIPH TOM K€ KOJHMYECTBE JJEKTPOHOB, TO TaKOW aTOM HAa3bIBAETCS
u3oToroM. Ho OBIBalOT HYKJIMJIbI, MMECKOIIUE OJMHAKOBOE KOJWUYECTBO SJICKTPOHOB M OJIMHAKOBOE
MacCOBOE YHCIIO, HO OTIIMYAIOTCS 110 CBOMCTBaM. Takne 3JIeMeHTHI Ha3bIBaOTCS U30MEPaMHU.

Ecnu pacnpenenenue >neKTpoHOB 3a7aHo NmpuHuunoM Ilaynu, a oH eauH A BceX aTOMOB, TO
OCTaeTCsl MPEIIOIO0KHUTh, YTO CBOMCTBA M30MEPOB ONPEAEIAIOTCS CBOMCTBAMH sIipa — COCTABOM M TEM
KaKk OHM YNaKOBaHBL. Sapa COCTOST M3 CHHIJIOB, MyOJIETOB, TPUILIECTOB, MYJIBTUILICTOB, YIIAKOBAHHBIX
OIIpEeNICHHBIM 00pa30M M B3aUMOJCHCTBYIOUIMX siACPHBIMU cuilaMu. B nutepatype [1] oTmeuaercs kak
(dakT HaIMYMe W30MEpOB, HO HET OOBSICHEHMs NPUYMH CYyIIeCTBOBaHUS H30MepoB.OOBSCHEHUH HET
[IOTOMY, YTO HE SCHa ObUIa MPHUPOAA SOCPHBIX CHJI M TMOYEMY CYLIECTBYIOT CHIIbHBIE M cialble

B3aMO/ICHCTBUS.

B paborax [2,3] mpeampuHsATa TOIMBITKA Pa3raikd MPHUPOILI SACPHBIX CHI. MccrmemoBaHus

B3aUMOJICHCTBHSI HYKJIOHOB s1JIpa SIBJISIETCS aKTyaJIbHOM 3a7jauei.
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Cooepoicanue. JlanHas paboTa TOCBSIIEHA HCCIEAOBAHUSAM B3aUMOJICHCTBUS HYKIIOHOB Pa3IUYHBIX
3
BapUAHTOB TPUILIETOB, KOTOPBIE MOTYT OBITB SJPOM aTOMa CBEPXTSKEIOT0 BOAOPOIA H’ 160 uzorona

remst He’ .

TpI/IHJ'IeT — 9TO COBOKYIHOCTb TPCX HYKJIIOHOB, CBA3AaHHBIX CHUJIbHBIM B3aPIMO,Z[CfICTBHeM. Onn

MOT'YT UMETh Pa3InYHbIE CTPYKTYPHI.

Kaxoe simpo H * 6o He® wMmeer, o Kpaiinell Mepe, OvMH HEUTPOH M, MO KpalHel Mepe,
omuH mpoToH. Kak Obuio mokazaHo B [2,3], Ha OJM3KOM PAacCTOSHUM B3aUMOJCHCTBHE KBapKOB JIBYX
HYKJIOHOB, HalpuMep TMPOTOHA W HEWTPOHA, OPHEHTUPYET MX TaKUM 00pa3oM, YTO, B MOTYyUHBIIEMCS
nyonere (puc.l), IpOTHB KaKAOTO 3apsjga OJHOTO HYKJIOHA PACIOJIONKEH MPOTHUBOIIOIOKHBIA 3apsin
JOpyroro HykJoHa. YepHbIMH TOUKaMH O0O03Hau€H OTPULATEJIbHBIN 3apsi KBapKa, O€JIbIMH KpPYy>KKaMU—
MOJIOKUTENBHBIN. CleayeT OTMETUTh, YTO MpPU TAaKOM B3aMMHOM OpHEHTAllMH, CHJIbI IPUTSKEHUS BCEX
Tpex map 3apsAJ0B OJUHAKOBBI.

y
n b

c 1

Puc.1. JlyGner w3 neiirpona u nmporona
a)CTPYKTYpa 6)BUJT C BEPXY

Opnako, ciemyer yd4ecTb cledylolmiee OO0CTOSTeNhCTBO. [lookuTenbHble 3apsabl HYKIOHOB
uMeroT 3apsaabl +2/3e, a orpunarensHbie - -1/3e. Ha Buge ayoOnmera cBepxy (puc.16) BuUAHO, 4TO
OTHOMMEHHBIC  3apsiibl  PACIIOJIOKEHBI TI0 JWAarOHANH  CTPYKTYpHl. llomokuTenpHBIE  3apsibl

OTTAJIKUBAIOTCS C CHJIOMN Fz , OOJIbIIEH YeM E , C KOTOpOM KBapK e OTTaJIKUBAETCA OT KBAPKOB d U C. F 2
— 3TO CYINEPIO3ULIUs CHJI, JICHCTBYIOIIMX HA KBAPKU d U f, a Flz u F 2, — IIPOEKILIUU Ha OCh Z CUJ Fl u

F2 .HJ'IOCKOCTI/I, B KOTOPBIX JIC)KAT KBAPKU HeﬁTpOHa U MPOTOHA IMapaUICJIbHBI, IMMOCKOJIbKY HNPOTOH

SIBJIAETCS 3€PKaJIbHBIM OTPaKEHNEM HEUTPOHA C N3MEHEHUEM BCEX 3aps/I0B HAa IPOTHUBOIIOJIOKHBIE 3HAKH.
Her cun, xoTopbie HapyImIMiIH ObI TAPAJIIEITBHOCTD.
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Jns onpeneneHHocTH, Mbl CHMTAeM HEWTPOH HEMOABUYKHBIM, a MPOTOH MOXKET MepeMelaThCcs
1MoJi JACWCTBHEM CHJI B3auMojencTBus. Eciam cuma F2z >F., 10 MPOTOH OyAeT CMEmaTbes II0

OTHOLICHUIO K HeflTpOHy Ioa ,Z[eﬁCTBHeM CHJIBI Fzz - Ez . CyLLIGCTByeT HEKOTOPOC 3HAUCHNUC BCIIMYNHDBI

[, cmemenus, npu xotopom £, n F, OyIyT paBHBI. JTO ONTHMAIbHOE 3HAYECHUE 3aBUCHUT M OT

paccTodaHus 14 MCKAY HYKJIOHAMHU. I[J'I}l pdaaa 3HAUCHUN /[ HaI\/'II[eHLI OIITHUMAJIBHBIC 3HAYCHMUA 14

(Tabmuual). B Tperbeil cTpoke TaOMUIBI yKa3aHbl CHIIbI MPHUTSHKCHUS HYKIOHOB MpPU BBIOPaHHBIX

PaCCTOAHUAX.

Tabruyal
[[DwMm] 0.5 0.6 0.7 0.77 0.8 0.9 1.0
l4[DMm] 0.1788 0.245 0.304 0.335 0.3545 0.3545 0.438
F[N] 429 258 167 133 115 83 67

© 2020 London Journals Press

PaccrosHre MeXIy IIOCKOCTSMH KBapKOB, HA KOTOPOE MOTYT MPHUOIM3UTHCS HEHTPOH U IPOTOH
C YUYETOM CMEILEHUs L, npu nuametpe HykinoHoB D=0.84®wm pasHo 0.77dM. B tabmume nmeetcs 310

3HaueHUe | .

3aBHCUMOCTb CHJIBI B3aMMOJCHCTBUS OT PACCTOSIHUS MEXKIy HYKJIOHAaMH OYeHb pe3Kast. JTa cuiia
3aBHCHUT OT PACCTOSHHUS MEXIYy 3apsAaMHu KBApKOB, KOTOpas OIpenessieTcsd B3auMHOM OpHeHTaIuen
HykioHOB. Ecnmm gmamerp Hykiona paseH 0,84 ®dw, To paccrosHue MEXAy KBapKaMH COCEIHHX

HYKJIOHOB MOXKET OBITh 3HAYUTEIILHO MEHBIIIE YTOM BEJINUYNHEI.

OTMEeTHM HEKOTOpbIE OTIIPABHBIC MOJIOKEHUSI, KOTOPBIX OyeM NMpuaepKuBaThcst. Mbl ronaraem,
YTO KBApKHU HAXOATCS Ha TpaHUIle HYKJIOHOB. Pa3Mmepbl KBapKOB Ha TPHU MOpPsIAKAa MEHBIIE pa3MepoB
HyK/IO0HOB. [loaTOoMy cuMTaeM KBapkW TOUEUHBIMH 3apsjaamMu. [ImMockocTh, KOTOPYIO MOKHO MPOBECTU
Yyepes TPH KBapKa, MPOXOAUT Yepe3 IEHTP HyKIOHA, CYUTAas ero cepoil.

Teneps, korga chopmMupoBaH AyOseT, HauHEeM (hOPMUPOBATH pa3IMYHbIE BAPUAHTHI TPUILIECTOB,
NPUCOEINHSST K JTyONeTy ¢ pasHbIX CTOPOH HEWTPOH WM MpoToH. Llenbio siBisieTcst mouck Hambolee
CTaOMIIBHBIX TPUILICTOB.

[lepBblii BapwaHT TakKoOH CTPYKTypbl u300paxkeH Ha puc.2. Kak Mbl yke TOBOpHIH,
B3aMMOJCHCTBUE 3apAJOB KBapKOB CHOCOOCTBYET ONPEAEICHHOW OpHEHTALMH U PaCIOJIOKCHHS

HYKJIOHOB. BpIOpaHHas CTpyKTypa COAEpKHUT JBa HEHTpOHA W OJMH NPOTOH p MEXIy HEUTpOHaMHU.

TIpoBeJIeHEl pacueThl CUJI B3aMMOJEHCTBUA KakIOTo KBapka HeifTpoHa @;,b,C; ¢ kamawM KBapkoM

JPYTUX HYKJIOHOB 71 U p. PacdeTsl MpoBONWINCH B CUCTEME KOMIIbIOTepHOH MaTeMaTuku Mathcad Prime
3.1. BennuuHbl 3apsioB BHOCHINCH B IporpamMmy c ydeToM 3HakoB. [lo 3akony Kysona cuna
B3aUMOJICUCTBUS 3apsJI0B IPONOPLHOHAIbHA MPOU3BEACHUIO 3TUX 3apsAJI0B U MO3TOMY OTPHUILATENIbHAS
CUJia B3aUMOJAECUCTBUS COOTBETCTBYET IPUTSKEHUIO.
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a)

Puc.2. 1lepBulit BapuaHT TpHILIETA
@)CTPYKTYpPa, 6)BU]l CBEPXY

Kax CIeaAyeT H3 pacyeToB, IPOCKIHA Ha OChb X CHII, HCﬁCTBy}OMHX Ha KBapK bl paBHa
Fbl =26N , 4 HA KBapKu Cll u Cl ;[ef/'ICTByeT culia F;,l = qu =-66N . HOJIy‘II/IJ'II/I, 4YTO KBapK b]
OTTAJIKUBACTCA OT z:y6neTa, a KBapKu Cll nu Cl MPUTATUBAIOTCA U 1OCTATOYHO CHUJIBHO. CTpOFO TOBOps, B

CTPYKTYpe, M300paKCHHOH Ha prc.2a, MOKET OTTAIKHBATHCS JTIOOO0H M3 KBapkoB Dy ,b. Onnako, ecin

[IEPEMECTUTCS KaKOW TO U3 HUX, TO APYTod OCTAeTCs HPUTSHYTHIM K IIPOTOHY. MBI AJIsl OIPEAEIEHHOCTH

moJjraracM, 4To nepeMemacTcsa KBapkK bl " IIpU 3TOM YMEHBIIACTCA CHUJIa OTTAJIKMBAHHSA KBAPKOB bu bl

a KBapK b octaeTcs MPUTSHYTHIM K IPOTOHY.

Ha kakoii yros noBepHercst HEUTpPOH CllblCl ? Paccuntaem cuity, JEHCTBYIONIYIO Ha KBApPK bl npu
yriae O noBopora Heiitpona 90° (puc.26). Bosbmiod omubOku He Oyjer, eciu OyJieM CUMUTaTh, YTO
KBapku @ u € ocTaroTcs HemoJBHKHbIMU. CHIIbI, JEHCTBYIOLUIUE HA KBapK b, PaBHBI F =-20N |
F, =1IN . PapuogeiicTByromas 3THX CHI F, HampaBiieHa MPOTUB 4acoBoW cTpenku. CienoBarenbHo,

YroJi ¢ , IpH KOTOPOM He GyJIeT KpyTSIero MOMeHTa y Heifrpona &0,¢, menbie 90°. Tounoe 3HaueHNMe

9TOro yrjia MOXHO pacCuuTaTb, HO B JAHHOM CJIydac 35TO HC HNPUHIUIINAJIIBHO. Ecnu He 6y,Z[CT
BO3JICCTBHUSI BHEITHHUX CUJI, TaKO€ COCTOAHHUEC TPHUILIETA MOXKET COXPaHUTHCA. 3aMCTI/IM, 4qTO

PaBHOJICUCTBYIOIAS CHUII F, JISUCTBYIOIIAsl TTPOTUB YAaCOBOW CTPEJIKH, Mayia 1o BenuuuHe. [TorTomy,
pu BO3/EHCTBHE Ha HeTpoH &;,b;, ¢ kakux To cum, yrom ¢ Moxer crath Gomsire wem 90°. Toraa

HAYMHAIOT [eliCTBOBATH CHIIBI IIPUTSDKCHNIS KBapka D, K kBapkaM a i ¢. HeHTpoOH Ha4HeT BPAIaThCs 110

qacoBOH CTPCJIKEC U 3aliMeT ITOJIOKCHHUEC, ITIOKAa3aHHOC Ha pI/IC3 Hpomomen HSOMepHLIfI nepexona.
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Puc.3. Bropo#i BapuanTt Tpumiera

[IpoeKiy Ha OCh z pe3yNbTHDPYIOLMX CHIN, AeiCTBylommX Ha kBapkn @& , by, ¢ mpnm

ll =0.630m paBHBL:

OonplMe W JEHCTBYIOT Ha KaxkIbli KBapk. Takas KoHQUrypamus TpHILIETa MOMET CYIIECTBOBAThH

AJIATCIIBHOC BPEMA.

Teneps paccMOTpUM KOH(HTYypaIui, u300pakeHHy0 Ha puc.4. Pacuer cun B3auMoneHCTBUS

ny0reTa ¢ HBUTPOHOM JArOT PE3yJIbTAThI: F, . =F, =-5N F, =34N

Faz=Fcz=-138N, Fbz=-63N. Cuibl IPUTHKCHUS JOCTATOYHO
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a4.q

ac dr

Puc.4. Tperuii BapuaHT TpHILIETA.
a)odbeMHas CTPYKTYpa, 0)yciaoBHOe 0O03HAUSHHE (BHIT CBEPXY )

b1 a, G

" IIPUTATUBAIOTCA C JOCTATOYHO

Ksapk OTTaJIKUBAeTCs OT AyOiera, a KBapKd

Oosbmioit cwioit. [lockosibKy cua TPUTSIKEHHSI KBapKOB %y € snaunrensHo Gonblie CHIBI

OTTAJIKUBAHUS KBapKa 1 5 HeﬁTpOH IIOBOpPAYUBACTCA IIPOTHUB 4acoBOH CTPCJIKKU Ha KaKOM-TO YTroJ.

KBapku %y G ocraores pacTAHYTBIMU K TYIUIETY.

IIpoBenensl pacyeTbl CUJI B3aUMOJICHCTBUSI KBAPKOB al’bl’cl C IYIUIETOM IIpHU yrje IMOBOpOTa

90° (Puc.5). Ilpu TakoM yrie MpoeKUUH Ha OCh X CHJI B3aMMOJEHCTBUS ¢ KBapKaMU @,b,c pasHul HYJIIO.

Hac wHTepecyeT mpoekius Ha OCh X CHIIBI, IEHCTBYIOMIEH Ha KBapK bl , 9TOOBI OTIPENETNTh B KAKYIO

F, =IN
abe, . Pacuersr mokazanu, uro cuma bl Y HampaBslieHa B

CTOpOHY OyAeT Bpamatbcs HEHTPOH

OTPHUIIATEIbHYIO CTOPOHY ocH Xx. CiemoBaTenbHO, HEUTPOH OyJIeT BpaIaThCs MPOTHUB YaCOBOW CTPEIKH.

Koraa KBapK bl OKaXETCA JICBEC OCHU )y, HAYUHAIOT ILCI\/'ICTBOBaTI) CUJIbI NPUTSOKCHUA KBApPKOB 4,cC.

OpHako H30MEpPHOro mepexoia K CTpykType (puc.6) He Oymer. B 3Toil cTpykType KBapk b

F,, =20N I, =0.840m

. Takum obpazom, B

OTTAJIKUBAeTCs OT AyOJera ¢ CHUJION MIPH PaCCTOSTHUH

CTPYKType (pHC.5) HEUTPOH OCTACTCS MPUTSHYTHIM K IYTUIETY C YTIIOM TToBopoTa 6ombire 90°. I1pu Takoit
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Hpyryio KoOHQUrypauuio IMOJy4ydM, €CIM BMECTO HEHTpOHAa Ha puc.4 MOMECTUM HPOTOH C

bl

o a
. B aTom ciywae cwuitbl, neiicTByronme Ha KBapKu 1, L,

3apsgaMu qu, =9, =+2/3e , q,,, =—1/3e

F, =F, =118N

paBHbBL: ~ 77

. o F
[IpoToH moBepHETCs O YaCOBOM CTPENKE HA KAKOH-TO Yro, Cuibl ~ 417, €12 yMeHbIIAITCs, HO

JaXE TIIpU ONTHUMAJIBHOM IIOJIOKCHUU KBapKa bl , HOpu KOTOpOfI Cujia C€ro IpUTAXKCHUA K ILY6HCTy

F, =F, =40N

MakcuMmanbHa 1 paBHa -30N, cuna ~ ¢ clz ™ . [IpoTon oTpriBaeTcs OT aydIeTa.

EnnncrBeHHast ctaOwibHas CTPYKTypa TpHILIETa, coJeprallasl Ba IPOTOHA, M300pakeHa Ha

pI/IC.7. Pacuersr cun BSaHMOHefICTBI/Iﬂ OpoTOHAa C ,Z[y6H€TOM Jainu  clIeAyromue pe3yJibTaThbl:
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Puc.7. [larelii BapuaHT TpUILIETA
Bce Tpm xBapka TPHUTSHYTHI K AyONeTy ¢ JOCTATOYHO OoybmioN cuioi. Tpurier
BBICOKOCTaOMIIHHBIN.

3aknrouenue. Kax HU3BCCTHO, CBOICTBAa aTOMOB OIMpeACTIAOTCA KOJIMYCCTBOM 3JICKTPOHOB, COCTABOM sJIpa

U €ro CTPYKTYpOH. SIApO COCTOWUT U3 CHHIJIOB, TyOJIETOB, TPUIUIETOB W MYJBTHUIUIETOB — 3TO TPYIIIIEI
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HYKJIOHOB CBS3aHHBIX CHJIbBHBIM BSaHMOHeﬁCTBI/IeM. CYH_IGCTByIOT Ppa3JINYHbIC CTPYKTYPbI TPUIUICTOB U

MYJIBTUIIJIETOB, OT KOTOPBIX U 3aBUCAT CBOICTBa AApa 1 atoMa B 1IEJIOM.

UccnenoBanust ANEKTPUYECKOTO  B3aWMOJICHCTBHSI HYKIIOHOB TOKa3ajd, dYTO JitoOas mapa
HYKJIOHOB (HEHTPOH-HEHTPOH, HEHTPOH-TIPOTOH, MPOTOH-TIPOTOH) O0pa3yioT AyOJeT C CAMHCTBECHHBIM
BapHaHTOM B3aWMHOW OpueHTaluu. Eciu K JAymiery J00aBUTh €lie OJUH HYKIOH, TO KOJHUYECTBO
BApUAHTOB CTPYKTYpPbI TPUILJIETOB PE3KO Bo3pacTaeT. KoanuecTBo BapuaHTOB YIIaKOBKH s/jpa BEIHUKO JJIs
sjep ¢ OOJIBIIMM MAacCOBBIM YHCJIOM, B KOTOPBIX TPHUIUIETHI M MYJbTHILICTHI, UMCIONIHE PAa3IUYHBIC
CTPYKTYPBI, MOTYT OBITh €Il YMaKOBaHbI Pa3IHUHBIM 00pa3oM. FIMEHHO MO3TOMY CYIIECTBYET OKOJIO
3500 HyKJIUI0B IPU MAKCUMAJILHOM MacCOBOM uHcie 294 v 3TO HaBEpHOE HE OKOHYaTeIbHast udpa.
JyOneThl, TPUTUIETHl U MYJIBTHILICTH BHYTPEHHUMH CHJIAMHU CKPEIICHBI CHJIBHO, a MEXIy cO00 OHM
B3aMMOJICHCTBYIOT ciiadee. DTUM OOBICHIETCS B PAIMOAKTHBHBIX BEIIECTBAX MCITYCKAHWE HEUTPOHOB U

AACP rejivda, KOTOpbI€ OYCHDb CTaOMILHEL.

Ecnu BozfeiicTBOBaTh Ha S/ApO, HAPUMEP SHEPTUYHBIMH HEUTPOHAMH, TO BHYTPEHHHE CBS3U
MOTYT OBITH HapymieHbl. CIeIcTBHEM MOXKET CTaTh (POPMHUPOBAHUS SApa C APYTroi cTpykTypoii. [loaTomy
JUISL aHaJIN3a TMOBEJICHUS siJiep ¢ OOJBIIMM MAacCOBBIM YHCJIOM IOTPeOyeTCsl MporpaMMHOe oOecTieueHue,
KOTOpOe OyJIeT aHaIM3UPOBATH Mpoliecc GOPMUPOBAHHMS SAPA, ONIPELISTh CTPYKTYPY c(hOPMHUPOBAHHOTO

Spa I IPOTHO3UPOBAHUS €TO CBOICTB.
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ABSTRACT

One of the most indispensable resources in the world is water for both animal and plant lives existence. The
aim of this research is to ascertain the qualities of water samples collected from nine auto-mechanic
workshops located within Ilorin metropolitan areas, in Kwara State. The physiochemical parameters of these
samples were analysed and total petroleum hydrocarbon (TPHC) were determined for any possible
infiltration of engine oils and other petro- chemical products from these randomly selected workshops into
the nearby open wells, using standard methods for the analysis. The physiochemical values of the these
samples for South auto-mechanic workshops (SAMW), East auto-mechanic workshops (EAMW) and West
auto-mechanic workshops (WAMW) were as follows: for SAMW; pH (6.01 to 6.02), colour (1.01 to
12.20pt-Co), electrical conductivity (EC) (387 to 475uS/cm), turbidity (1.21 to 6.23NTU), total dissolved
solids (TDS) (1280 to 1710mg/1), total hardness (TH)(210 to 400mg/1), total iron (TI)(0.05 to 0.26mg/1),
copper (Cu) (0.27 to 0.46mgl), manganese (Mn) (0.04 to 0.16mg/1), nitrate (19.52 to 23.40mg/1), Chloride
(15 to 40mg/1), (TPHC) (0.001 to 0.012mg/1), chemical oxygen demand (COD)(8.15 to 17.06mg/1), biological
oxygen demand (BOD) (10.81 to 14.00mg/1), and for EAMW; (6.71 to 6.87), (0.01 to 0.32pt-Co), (424 to 848
uS/cm), (0.82 to 2.64NTU), (1292 to 1378mg/1), (210 to 410mg/1), (0.10 to 0.79mg/1), (0.27 to 0.71mg/1),
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Open Shallow Wells Water Qualities Located
Around Auto-mechanic Workshops in Some
llorin Metropolitan Areas

M. A. Adedeji?, I. K. Adesina®, EA. Adeniji* & A. O. Chikezie?

ABSTRACT

One of the most indispensable resources in the
world is water for both animal and plant lives
existence. The aim of this research is to ascertain
the qualities of water samples collected from nine
auto-mechanic workshops located within Ilorin
metropolitan areas, in Kwara State. The
physiochemical parameters of these samples
were analysed and total petroleum hydrocarbon
(TPHC) were determined for any possible
infiltration of engine oils and other petro-
chemical products from these randomly selected
workshops into the nearby open wells, using
standard methods for the analysis. The
physiochemical values of the these samples for
South auto-mechanic workshops (SAMW), East
auto-mechanic workshops (EAMW) and West
auto-mechanic workshops (WAMW) were as
follows: for SAMW; pH (6.01 to 6.02), colour
(1.01 to 12.20pt-Co), electrical conductivity (EC)
(387 to 475uS/cm), turbidity (1.21 to 6.23NTU),
total dissolved solids (TDS) (1280 to 1710mg/D),
total hardness (TH)(210 to 400mg/l), total iron
(TD(o.05 to o0.26mg/l), copper (Cu) (0.27 to
0.46mgl), manganese (Mn) (0.04 to 0.16mg/l),
nitrate (19.52 to 23.4omg/l), Chloride (15 to
qomg/l), (TPHC) (0.001 to 0.012mg/l), chemical
oxygen demand (COD)(8.15 to 17.06mg/l),
biological oxygen demand (BOD) (10.81 to
14.0omg/1), and for EAMW:; (6.71 to 6.87), (0.01
to 0.32pt-Co), (424 to 848 uS/cm), (0.82 to
2.64NTU), (1292 to 1378mg/l), (210 to 410mg/D),
(o.10 to o.79mg/D), (0.27 to 0.71mg/l), (0.13 to
0.28mg/1), (17.40 to 23.81mg/1), (20 to 45mg/I1),
(0.001 to 0.007mg/D), (8.26 to 13.61mg/l), (8.48
to 14.11mg/l), respectively. Finally for WAMW;
(6.57 to 6.71), (0.41 to 3.11pt-Co), (348 to 549

© 2020 London Journals Press

uS/cm), (0.24 to 4.11NTU), (1239 to 1378mg/D),
(210 to 250mg/l), (0.10 to o0.79mg/l), (0.11 to
o.somg/l), (018 to 0.28mg/l), (17.47 to
22.01mg/D,(10 to 25mg/l), (0.003 to 0.012mg/1),
(8.15 to 14.21mg/l), (11.22 to 12.42mg/D),
respectively. ANOVA results show that the
coefficient of determination for each physico-
chemical characteristics considered revealed that
the Area and Location factors accounted for
51.17%, 62.75% and 38.51%, for BOD, COD and
TPHC, respectively, for the wells.

Keyword: open wells, water, quality, analysis,
pollution, auto-mechanic and petro-chemical.
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Environmental Engineering Technology, Federal
Polytechnic, Ede, Osun State, Nigeria.

0. Department of Food and Agricultural Engineering,
University Malete, Kwara State, Nigeria.

p: Department of Agricultural and Bio- Environmental
Engineering  Technology, Federal Polytechnic,
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|, INTRODUCTION

1.1 Important of Water in Society

Water is one of the most vital natural resources
necessary for the existence of life. All life on earth
depends on availability of water for their survival,
growth and development (Simpi et al.,, 2011,
Chikezie et al., 2018). In most urban cities in
various countries such as Nigeria, it is the duty of
the government to provide potable water. Despite
this realization, a significant amount of
contamination already had been released to the
nation's soil and groundwater. Scientists have

since realized that once an aquifer becomes
polluted, it may become unusable for decades. The
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major aim of this research is to ascertain the
physiochemical and bacteriological qualities of
groundwater samples located at or auto-mechanic
workshops in Ilorin Municipality, Kwara State.

1.2 Occurrence of Groundwater Pollution

Site-specific characteristics such as soil type,
depth of the aquifer, weather, season and the
recharge rate of an aquifer all influence the
probability and severity of a particular pollution
incident. The saturated zone is recharged through
the percolation of water through the unsaturated
zone. Any contamination that has percolated
through the unsaturated zone has the potential to
reach the saturated zone, thereby contaminating
the groundwater held in the saturated zone. Areas
that are replenished at a higher rate are generally
more vulnerable to contamination by providing a
pathway for the contaminants (EPA, 2003).

1.3 Petroleum Products in Groundwater

Storing liquid petroleum products, such as motor
fuel and heating fuel, above ground or
underground presents a potential threat to public
health and the environment. Nearly one out of
every four underground storage tanks in the
United States may now be leaking. According to
the U.S Environmental Protection Agency, if an
underground petroleum tank is more than 20
years old and especially if it is not protected
against corrosion, the potential for leaking
increases naturally.

ll.  MATERIALS AND METHODS
2.1 Study Area

Location and size:

The study was conducted within the city three
(South, East West) Local Government area of
Ilorin, Kwara State. Ilorin is located on latitude
8°24'N and 83°6'N and longitude 4°10'E and
4°36'E. It is situated at a strategic point between
the densely populated south-western and the
sparsely populated middle belt of Nigeria. Ilorin is
located in the transitional zone between the

deciduous wood land of the south and dry
savannah of North Nigeria (Jimoh, 2003). The
choice of Ilorin as the State capital has resulted in
its rapid increase in population and urban
development. The 2006 population census figure
showed that the city had a population of 766,000
(Aderigbe, et al., 2008). Ilorin has grown from
what can be describes as “foot city” with
residential houses located around the Emir’s
palace to an ‘automobile city’ (Aderamo, 2003).
The neighboring States and borders by location
are, Niger State to the North, Kogi State to the
East, Republic of Benin to the West, Oyo and
Osun States to the South.

2.2 Surface Drainage and Geological Relief

The state is drained by several river systems. The
dominant once are River Moro, Asa, Niger, Weru,
Adere, and Oshin. Ilorin consists of Precambrian
basement complex rock. The soils of Ilorin are
made up of loamy soil with medium and low
fertility. Because of the high seasonal rainfall
coupled with high temperature, there is tendency
for lateritic soil to constitute the major soil types
in Ilorin due to the leaching of minerals nutrients
of the soil (Ajibade and Ojelola, 2004). The
elevation of the area varies from 273m to 333m in
the western side with isolated hill (Sobi Hill) of
about 394m above the sea level, while on the
eastern side it varies from 273m to 364m. The
lowest level is along the river valleys of Asa and
Oyun while the highest point is Sobi Hill.

Ilorin is mainly drained by Asa River which flows
in a South-North direction. The pattern of the
drainage system of Ilorin is dendritic. Asa River
occupies a fairly wide valley and goes a long way
to divide Ilorin into two parts, namely the eastern
and the western part. The eastern part covers
those areas where the GRA is located while the
core indigenous area of Ilorin falls under the
western part. Other rivers in Ilorin that drains
into Asa River are river Agba, river Alalubosa,
river Okun, river Osere, river Aluko, river Yalu,
river Odota and river Loma.
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2.3 Climate

The climate of Ilorin is characterized by both wet
and dry seasons. The rainy season begins towards
the end of April and last till October while the dry
season begins in November and end in April. The
temperature of Ilorin ranges from 33°C to 35°c
from November to January while from February
to April; the value ranges between 34°c to 37°C.
Days are very hot during the dry season. The total
annual rainfall in the area ranges from 990.3 mm
to 1318 mm. The rainfall in Ilorin city exhibits the
double maximal pattern and greater variability
both temporarily and spatially. The relative
humidity at Ilorin city ranges from 75 % to 88 %
from May to October while in the dry season; it
ranges from 35 % to 80 % (Ajibade and Ojelola,
2004).

2.4 Vegetation

The derived guinea savanna grasslands dominate
the Northern parts of the state while some parts of
Southern Ilorin falls within the rain forest
agro-ecological zone of Nigeria. Parts of the state
especially those surrounding Asa local
government is low lying Nigerian basement
complex of between 300-400 meters above sea
level. In some of the forested savanna areas of the
state, a native African savanna tree can be found.
The tree is heavily used for the following purposes
such as handles for hoes, chewing stick to protect
gum decay, etc.

. MATERIALS

Materials used includes:

e Plastic bottles

e Distilled water
e Cello tape
e Conical flask
V.  METHODS OF ANALYSIS
e Field Investigation
e Laboratory Analysis

4.1 FIELD INVESTIGATION

Each of the sample bottles was rinsed with
distilled water and later with a little quantity of
the sample. Groundwater samples were collected
from wells with the aid of a fetcher and funnels in
the different areas of Ilorin metropolis. This was
done to be able to ascertain the quality of
groundwater located near petrol and diesel
stations and effect of possible petroleum leakage
on groundwater. The sample bottles were then
securely cello taped leaving no space for air.
Samples needed for physiochemical parameters
were collected in proper labeled plastic bottles.
The sample were packed in a cooler provided with
ice pack and taken to the laboratory. The water
quality test was conducted at a competent
laboratory that is authorized by W.H.O (World
Health Organization). The parameters that were
tested for are giving below. Water samples for
physiochemical and bacteriological analysis were
collected at point source and nonpoint source and
analyzed at the approved laboratory. Samples for
bacteriological testing were collected later suitable
batches so as to meet the time limit of 48hours
between collection and analysis in the laboratory.
A geographical positioning system (GPS), German
76 model was used for recording the geographical

e Funnel coordinates of the sampling points of each
auto-mechanic garages.
Table1: Location of control wells within Ilorin metropolitan area
Area Location Latitude Longitude Altitude
Tlorin South Maraba Sabo Oke, beside CAC Church 8°48'99" 4°57'10" 268m
Ilorin West Gari Alimi, behind Total fuel station 8°46'04" 4°50'33" 233m
Ilorin East Oloje 8°52'31" 4°49'12" 315m
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Table2: Samples Location of Mechanic garages within Ilorin metropolitan area
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Area Locations Latitude Longitude Altitude
1. Sabo Oke mechanic garage(SAMW,) 8°48'99" 4°57'10" 271m
. 2. Sango, along Basin mechanic garage
Tlorin South (SAMW,) 8°51'13" 4°59'26" 276m
3. Basin mechanic garage (SAMW,) 8°50'93" 4°59'34" 289m
1. Mechanic, Opposite Kwara College of
Education, (WAMW,) 8°47'44" 4°53'07" 290m
Torin West 2. Mechanic, Opposite NEPA before Sawmill
(WAMW,) 8°47'37" 4°53'01" 286m
3. Mechanic, behind Oando fuel station Gari
Alimi (WAMW.,) 8°46'12" 4°52'03" 322m
1. Mechanic adjacent WAEC office (EAMW,) 8°52'85" 4°49'11" 307m
2. Mechanic, behind S.A Adeeso & Son fuel
Ilorin East station Oloje (EAMW,) 8°52'51" 4°49'37" 307m
3. Mechanic opposite Federal Government
College (EAMW,) 8°52'12" 4°49'85" 322m
4.2 Laboratory Analysis k) Nitrate
. . . 1) Chloride
4.3 Physicochemical analysis m) TPHC
Physicochemical analysis involves the studies of n) COD
both physical and chemical properties of the 0) BOD
samples. The physical properties are in many
Electrical Conductivity:

cases relatively easy to measure and some may be
readily observable by a lay man. Chemical
characteristics tend to be specific in nature than
the physical parameters and are useful in
assessing the properties of samples. The
physiochemical parameters studied in this study
include:

a) EC

b) Colour

c) pH

d) Taste/Odour

e) Turbidity

f) Total Dissolved Solids
g) Total hardness (Ca Mg)
h) Total Iron

i) Cu

j) Mn

HANA Instrument pH/Conductivity meter mode
of H198129 (ELE PAQUAQ LAB SYSTEM) was
used. The meter was calibrated for EC (Electrical
conductivity) using calibration code or solution
H2703 (1413 us/cm) for H198129.25ml of the
sample was measured into a beaker. After
selecting the mode, the measurement was taken
when the stability symbol on the screen was
display

Turbidity:

When a sample of water is clear but contains
suspended matter such as clay silt, finely divided
organic matter which gives it a cloudy appearance
the water is said to be turbid.
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Colour:

Pure water is generally colourless. The presence of
organic matter modifies this colour to green,
straw, yellow or brown.

Nitrate:

This was done with an instrument know as digital
spectrophotometer. 25ml of water sample was
filled into the sample cell and nitrate reagent
which is in powder from (pillow reagent of
nitriver 5 was poured into the 25ml sample).
Shake for one (1) minute and was allowed for
reaction for five (5) minute (reaction between
chemical and water), after that the sample will
change light orange colour which show that
reaction has taken place. Then the
spectrophotometer was programmed to 355 and it
wavelength 500NM. Then press clear zero and
sample was put into the cell holder box press
read/enter, the reading was display on the screen
(Hou, et al., 2007).

TH:

This was done with an instrument known as
DR/890 data logging colorimeter. The
colorimeter was programmed by pressing 30 on
the button and enter which display mg/l CaCO3
and zero, 25ml water sample was poured into a
sample cell and 1.0 ml of Ca and Mg indicator
solution using a 1.0-ml measuring dropper and
shake for one (1) minute. Then allowed for five (5)
minutes for chemical reaction to take place. 1.0 ml
of Alkali solution for Ca and Mg is added into the
sample using dropper and shake very well. And
one (1) drop of 1MEDTE solution added into
another sample cell containing distill water
(blank) and swirl to mix, so also 1.0 ml of Ca and
Mg indicator was added to the sample prepared
and shake several time to mixed. The blank
sample was place into the colorimeter holder and
covered, zero was press and 0.00mg/1 CaCO3 was
display then the prepared sample was placed into
the cell holder and covered and read was press,
then the result was display on the screen in mg/1
Mg hardness (as CaCO3). Without removing the

cell, program was press and 29 was entered and
also press zero and read was entered.

TI:

TI was determined using DR/890 data logging
colorimeter, 25ml of the water sample was filled
into the sample cell and power pillow reagent of
phenanthroline was poured into the sample and
was shook vigorously which was allowed to react
for three (3) minutes and was placed inside
colorimeter cell holder and the result was
displayed on the screen.

Mn:

Mn was determined using DR/890 data logging
colorimeter. 25ml of the water sample was filled
into the sample cell and buffer powder pillow and
sodium periodate was poured into the sample
with vigorous shaking, and was allowed for three
minutes to react and placed into the colorimeter
hold and reading was taken.

BOD:

BOD is the measures the dissolved oxygen of the
water sample both after it is obtained (initial DO)
and after a period of five days (final DO). The
amount of oxygen depleted by micro-organisms
during the five days incubation period is used to
calculate the BOD of the various water samples.
Equation 1 gives the parameters to calculate BOD;

X, +S+0, BN X+ T, +CO, +H,0 (1)
Xo: Initial biomass

S: Organic carbon sources

0O2: Oxygen

N: Nitrogen source

P: Phosphorus source

MN: mineral nutrients

Xf: Final biomass

Tp: Transformation products of biodegradation
COz2: Carbon (IV) oxide

H20: Water

Source: Jouanneau, et al., (2014)
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COD:

COD measures the oxygen-depletion capacity of
the samples contaminants with the hydrocarbon
fuels. COD specifically measures the chemically
oxidize organic compounds in the samples.

V. RESULTS AND DISCUSSIONS

Physicochemical properties of the open-wells:

The result of the physicochemical properties of
each auto-mechanic workshops well water
samples collected from WAMW, SAMW and
EAMW. That is, three samples each, from three
auto-mechanic workshops each, from the three
Local Government areas (Simpi, et al., (2011).

E— bl e T, - I T
| I T |

NNl

PH:

The ph (Fig. 1) values of the water samples
recorded for SAMW varied between 6.42 and 6.01
with sample SAMW, and SAMW, having the

highest and lowest pH values, respectively which
complies with the pH values (6.5-8.5)
recommended by WHO. While the pH values
recorded for EAMW varied between 6.87 and 6.71
with samples EAMW, and EAMW, having the
highest and lowest pH values, respectively. The
pH of the water samples also complied with the
values (6.5-8.5) recommended by WHO, and the
pH values recorded for WAMW varied between
7.62 and 6.5 7 with sample WAMW, and WAMW,
having the highest and lowest pH values,
respectively, with the pH of the water samples in
this location complied with the values (6.5-8.5)
recommended by WHO.

W vells i EAMW
W w=lls in SAMW
Mwrells in WARMW
B Control well
WWHD

control well WHO

Fig. 1. pH of the samples

The pH of water samples may be as result of type
of soil and free carbon (IV) oxide level in the
water samples. The fluctuations in optimum pH
ranges may result in increase or decrease in the
toxicity of poisons in water bodies (Okonkwo et
al., 2008).

Colour:

Colour (Fig. 2) of the water samples recorded for
SAMW varied between 12.20 and 1. 01 with
samples SAMW, and SAMW, having the highest

b,

and lowest colour values, respectively. Colour
values recorded for EAMW varied between 0.32
and 0.01 with sample EAMW, and EAMW, having
the highest and lowest colour values, respectively.
Colour values recorded for WAMW varied
between 3.11 and 1.01 with sample WAMW, and
WAMW, having the highest and lowest colour
values, respectively. Colour of the water samples
in this location conformed to the values (15pt-Co)
recommended by WHO.

M walls in EANMW
W w=lls in SAMW
W wells in WAMW
B Control well

-

Lo B O s

"

1 [l WHO
Control well

Fig. 2: Colour of the samples
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Turbidity:

Turbidity (Fig. 3) of the water samples from
SAMW generally varied between 6.23 NTU and
1.21 NTU; sample SAMW, and SAMW, having the
highest and lowest turbidity level. While the
turbidity level of the water samples for EAMW
varied between 2.64 NTU and 0.82 NTU; sample
EAMW, and EAMW, having the highest and
lowest turbidity level. Turbidity level of samples

L QU B R SR o R

wd Akl

for WAMW varied between 4.11 NTU and 0.24
NTU; sample WAMW, and WAMW, having the
highest and lowest level. Turbidity of the samples
for SAMW, did not comply with standard
requirements, it value exceeded the 5.0 NTU
recommended by WHO, (2006). This may be due
to parental rock activities and surface run off.
However, excessive turbidity in drinking water
may signify a health hazard.

W vells in EANMW
W vells in SAMW
M wells in WAMNW
M Control well
BWHO

Control well

Fig. 3: Turbidity of the samples

EC:

EC (Fig. 4) for SAMW ranged from 475uS/cm and
387uS/cm with SAMW, and SAMW, having the
highest and lowest values, respectively. EC for
EAMW ranged from 848 puS/cm and 424 pS/cm

1200

1000
200
G600
400
un l| h

with EAMW, and EAMW, having the highest and
lowest values. EC for WAMW ranged from 549
uS/ecm and 348 pS/cm with samples EAMW, and
EAMW, having the highest and lowest values.

W vells in EAMW
W vells in SANW
0 wells in WAMW
W Control well
WWHO

Control well WHO

Fig. 4: EC of the samples

TDS:

TDS (Fig. 5) recorded in samples for SAMW values. TDS for SAMW, did not comply with
varied from 1750 mg/1 and 1280 mg/l with sample standard requirements, it value exceeded the 1500
SAMW, and SAMW, having the highest and mg/l recommended by WHO.

lowest values, respectively. TDS recorded in
samples for EAMW ranging from 1378 mg/l and
1292 mg/l with samples EAMW, and EAMW,
having the highest and lowest values, values
recorded for samples within WAMW varied from
1378 mg/1 and 1239 mg/l with samples WAMW,
and WAMW, having the highest and lowest
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W wells in EAMW

B wells in SAMW

W wells in WAMW
B Control well

L WHO
Control well =

Fig. 5: TDS in the samples

TDS represents the percentage of inorganic
substances available in water which reveals the
nature of water quality, High TDS gives
objectionable odour or offensive taste in water
(Aydin, 2007).

TH:

TH (Fig. 6) of 4000mg/l was found in sample
SAMW, while sample SAMW, recorded the lowest

600

300

400

300

200

I
0

TH of 210 mg/l for SAMW water samples. TH
recorded for EAMW ranges from 410 mg/1 to 210
mg/l with samples EAMW, and EAMW, having
the highest and lowest values, respectively. Values
recorded for WAMW varied from 250 mg/1 to 160
mg/1 with samples WAMW, and WAMW, having
the highest and lowest values, respectively.

el in EAMW
W wells in SAMW
W wells in WAMW
M Control well

Comrol Wi e]l

WHO W WHO

Fig. 6: TH of the samples

TH of the sample SAMW, is greater than 500 mg/1
which does not falls within the maximum
permissible limit for drinking water by WHO
(2006).

Fe:

Fe (Fig. 7) in SAMW varied between 0.26 mg/l
and 0.05 mg/l with sample SAMW, and SAMW,
having the highest and lowest Iron values,

respectively. Values recorded for EAMW varied
between 0.79 mg/l to 0.10 mg/l with samples
EAMW, and EAMW, having the highest and
lowest values, respectively. Fe values recorded for
WAMW varied between 0.79 and 0.10 with
samples WAMW, and WAMW, having the highest
and lowest values, respectively, Fe content in the
samples in this location complied with the values
(1mg/1) recommended by WHO.

W wells in ilorion East (EP)
W wells 1n ilorion South (Sp)
Mwells in ilorion West (WP)

(===
Fad=hog o

il_lJl..l..I

Control
wells

B Control wells

WHO B WHO

Fig. 7: Iron in the samples
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Nitrate:

Nitrate (Fig. 8) in samples recorded for SAMW
varied between 23.40 mg/l and 19.52 mg/] with
sample SAMW, and SAMW, having the highest
and lowest values, respectively. Nitrate values
recorded for EAMW varied between 23.81 mg/]
and 17.40 mg/l with sample EAMW, and EAMW,

60
50
30
20
10 Il - m
0

Control w ells

having the highest and lowest values, respectively.
Values recorded for WAMW varied between 22.01
mg/l and 17.47 mg/l with sample WAMW, and
WAMW, having the highest and lowest values,
respectively. Nitrate in the samples in this
location complied with the values (50 mg/l)
recommended by WHO.

W wells in EAMW
W vells in SAMW
Wwells in WAMW
B Control wells

I WWHO

WHO

Fig. 8: Nitrate in the samples

Cu:

Cu for SAMW ranges between 0.46 mg/1 to 0.27
mg/1 with sample SAMW, and SAMW, having the
highest and lowest value, respectively. Cu content
recorded for EAMW varied between 0.71 mg/1 and
0.27 mg/l with sample EAMW, and EAMW,
having the highest and lowest values, respectively.

ST R

Values recorded for WAMW varied between 0.51
mg/l and 0.1 mg/l with sample WAMW, and
WAMW, having the highest and lowest values,
respectively. Cu values recorded for samples in
this location complied with the values (1.5 mg/l)
recommended by WHO.

M vells in EAMW

W wells in SAMW

B wells in WAMW
B Control wells

hown |

Control wells

1 WWHO
WHO

Fig. 9: Cu in the samples

Chloride:

Chloride content in the samples recorded for
SAMW ranges between 40 mg/l to 15 mg/1 with
sample SAMW, and SAMW, having the highest
and lowest value, respectively. Chloride content
recorded for EAMW varied between 45 mg/l and

:

.

20 mg/l with samples EAMW, and EAMW,
having the highest and lowest values, respectively.
Chloride values recorded for WAMW varied
between 25 mg/l and 10 mg/l with sample
WAMW, and WAMW, having the highest and
lowest values, respectively.

W vrells m EANMW
W vells in SANMW
W wells in WANMNW
M Control wells

4

Pl P2 P3

1 WWHO

Contml W e]l&

Fig. 10: Chloride in the samples
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Chloride present naturally in groundwater and
may also originate from diverse sources such as
weathering, leaching of sedimentary rocks and

0.04 mg/l for SAMW. Mn recorded for EAMW
ranges from 0.28 mg/1 to 0.13 mg/l with samples
EAMW, and EAMW, having the highest and

lowest values, respectively. Mn recorded for
WAMW varied from 0.28mg/1 and 0.16mg/1 with
sample Wp, and Wp, having the highest and
lowest values.

infiltration of seawater etc. According to WHO
standards concentration of chloride should not
exceed 250 mg/L. It produces salty taste at
250mg/L. to 500mg/L. (MacDonald, 2002).
Making it unacceptable for human consumption.

Mn:
Mn of 0.16 mg/l was found in sample SAMW,
while sample SAMW, recorded the lowest Mn of

45
ig M vells in ilorion East (Ep)
:"-'5 W vells in ilorion South (Sp)
gS - W wells in ilorion West (Wp)
T I T I 1 Ml Control wells
Pl P2 P3 Control WHO BWHO

wells

Fig. 11: Mn in the samples

TPHC:

TPHC for SAMW ranges between 0.012 mg/l to
0.001 mg/l with samples SAMW, and SAMW,
having the highest and lowest values, respectively.
TPHC for EAMW varied between 0.007 mg/l and
0.001 mg/l with samples EAMW, and EAMW,

having the highest and lowest values, respectively.
TPHC content for WAMW varied between 0.012
mg/l and 0.003 mg/l with sample WAMW, and
WAMW, having the highest and lowest values,
respectively.

B vwells in EAMW
B wells in SAMW
B wells in WAMW

WHO

Pl

P3 Control wells

Fig. 12: TPHC in the samples
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TPHC values recorded in WAMW, and SAMW,
water samples does not complied with the values
(0.007 mg/l) recommended by WHO. ANOVA

(Fig. 13) on TPHC of well water in auto-mechanic
workshops within Ilorin Metropolis.
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Fig. 13: TPHC base on area and location
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COD:

COD recorded for SAMW generally ranged from
17.06 mg/1 to 8.15 mg/l, with sample SAMW, has
the highest value and SAMW, has the lowest
value. Values recorded for EAMW ranges from
13.61 mg/1 to 8.26 mg/1 with sample EAMW, has
the highest value and EAMW, has the lowest

value. COD recoded for WAMW ranges from 14.21
mg/l to 8.15 mg/1 with samples WAMW, having
the highest value and WAMW, has the lowest
value. COD of the samples exceeded the maxi-
mum permissible limit for drinking water; this
could be as a result of the heavy contamination
the water sources are exposed to.

W v=lls in EAMW
W wells in SAMW
Wwells in WAMW
B Control wells

0 T . .
P1 P2 P3

Control wells

| WWHO
WHO

Fig. 14: COD of the samples

ANOVA on COD (Fig. 15) of well water in auto-mechanical workshops within Ilorin Metropolitan

area.
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Fig. 15: COD base on area and location

BOD:

BOD for SAMW generally ranged from 14.00 mg/1
to 10.31 mg/l with SAMW, having the highest
value and SAMW, has the lowest value. EAMW
ranges from 14.11 mg/1 to 8.48 mg/1 with EAMW,
having the highest value and EAMW, has the
lowest value. BOD recoded for WAMW ranges
from 12.42 mg/l to 11.15 mg/l with sample
WAMW, having the highest value and WAMW,

having the lowest value. BOD of the samples did
not comply with the recommended standard value
(5.0 mg/1l) for drinking water. BOD and COD are
used to measure oxygen used and equate it to the
amount of organic matter available in the water
sample (Clarke et al., 2012). BOD measures the
amount of oxygen utilized by microorganisms, in
this case, bacterium, to oxidize organic matter

available within the water sample (Lv et al.,
2002).
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Fig. 16: BOD of the samples

However, ANOVA (Fig. 17) carried out revealed
that the coefficient of determination for each
physicochemical characteristics considered shows
that the factor area and location accounted for
51.17 %, 62.75 % and 38.51 % respectively for

BOD, COD and TPHC, respectively of the wells
(SAMW, EAMW and WAMW) within Ilorin
Metropolitan area. Plates 1-3 show some of wells
while Plate 4 illustrates the laboratory equipment.

Eamelsars clamenll A calases B=lasl =sf ECN SIS B IE M-Il as Ol €3 50w CHE S D3 E Fi o 53 s Ol oo, L O3 oo 5 r
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Fig. 17: BOD base on area and location

Plate 3: EAMW,

VI.  CONCLUSIONS AND
RECOMMENDATIONS

6.1 Conclusions

The analysis of the water samples from open wells
located at auto- mechanical workshops within

Plate 2: WANW,

Plate 4: Lab equipment

Ilorin metropolitan area revealed that samples
collected from WAMW, and SAMW, are polluted
with total petroleum hydrocarbon since the level
of TPHC in these samples are above the level
stipulated by WHO. However, continuous drinks
from these wells can lead to accumulation of

Open Shallow Wells Water Qualities Located Around Auto-mechanic Workshops in Some Ilorin Metropolitan Areas

Volume 20 | Issue 3 | Compilation 1.0

© 2020 London Journals Press



petroleum hydrocarbon in the body tissue which
may cause adverse effect to human health and
petroleum hydrocarbon are known to be
carcinogenic in nature.

6.2 Recommendations

a) Due to the presence of contaminants proper
treatment or disinfection of the water sources
should be carried out before use to reduce the
level of contaminants.

b) It is advisable that wells at auto-mechanical
workshops should be lined and raised at least
0.508 m (20inch) above the ground level to
avoid surface runoff into the well.

¢) Sinking of boreholes will solve the problem of
the contaminated water particularly for
drinking purpose.
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Combinatorial Optimization and Refinery
Operations Resource Solutions Reachability at
the Location

C. R. Mallick®, S. K. Parhi? & L.N Das”

ABSTRACT

In applied mathematics literature,
“Combinatorial Optimization” is a topic that
consists of finding an optimal object from a finite
set of objects. VRP meaning, vehicle routing
problem combined with TSP, or traveling
salesman problem, and MSP minimum spanning
tree problems are some of the examples of
Combinatorial Optimization topics. This topic
further complicates while vehicle route and
terminal junctions are assigned with certain
constraints.

The paper also contains an example concerning
the mathematical model of a routed ship engine
carrying crude/refined oil vessel ship from a
reservoir port to download at several destination
petroleum refinery port reservoirs, and the ship
operation schedule is based on the multistage
decision-making process. The Indian oil
petroleum  refinery  processors use the
petrochemical solutions carried with the proper
vessel ship shuttles from abroad crude petroleum
exploring oil wells, uploaded at abroad seaport
oil reservoir, and dispatched to Indian refinery
locality seaports within definite sea routes
periodically, in time inventory schedules.

The routed ship carried crude/refined oil vessel
download at several Indian Seaport is compared
to a multistage decision-making model for
uniform distribution of energy resource solutions
considering the operational resource material
needs. The algorithm for solving the problem is a
specific combinatorial optimization

© 2020 London Journals Press

problem-solving technique, which is focused on
the paper.

Keywords: combinatorial optimization, vehicle
routing problem, multi-stage decision-making.
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Engineering, Berhampur, Odisha, India.

0. Assistant Professor, Fakir Mohan University,
Vyasa Vihar, Baleshwar, Odisha, India.

p.  Professor, Delhi Technological University,
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. INTRODUCTION

More or less the specific Operational resource
problems namely Assignment problem, shunt
closure problem, constraint satisfaction problem
[1], cutting stock problem[1], technician
scheduling problem, travelling salesman problem
[1], vehicle rescheduling problem [1], vehicle
routing problem and security protection
combined problems [2] are indirectly solving by
the renewable energy serving agencies while they
are procuring the energy resource material.

1.1 Genetic Algorithm for ship Routing and
scheduling problem with time window

TSP and VRPTW are examples of genetic
algorithms. The TSP or traveling salesman
problem (may be TSP meaning Transit signal
process) based on a salesman who must visit n
clients and return to the initial place of departure.
The objective is to visit all clients without passing
the ones previously visited. The VRPTW or vehicle
routing problem with the time window (or may be
Virtual record process time window), is a
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generalization of TSP where the clients request
either delivery or pickup of a cargo amount. The
VRP differs from TSP is the fact that more than
one vehicle is needed to deliver the cargoes with
the associated costs. Linear shipping, marine
inventory routing and optimal speed, are some of
the constraints to the virtual record process time
window for a Transit signal process. However, (I)
capital depreciation costs relating to the loss of a
ship cargo’s market value with respect to initial

investment, (II) costs for ship and cargo
maintenance, insurance, crew salaries (III)
day-to-day operation costs such as fuel

consumption, port and customs expense, tolls
paid at canals etc. are the constraints to Vehicle
routing Problem and Travelling salesman
problem.

The Vehicle Routing problem can be assumed as
Vessel fleet routing through sea routes to the
seaports of petroleum crude/refined
petrochemical storage locality. The combinatorial
problem “What is the optimal set of routes for a
fleet of vehicles to traverse in order to deliver
cargo to a given set of customers?” is a research
topic. By the way, the problem generalizes
travelling salesman problem. One of the objectives
of the VRP is to minimize the total route cost.

The network supports vessel routing can be
represented paths from the vertex 4, to the vertex
A
vertices in the intermediary stages representing
indexes j=1, 2, ..., (n—1). Each intermediary

along directed arcs joining the effective

n

stage has at most n — 2 states or vertices. Thus the
vehicle routes through the vertices in the n»
stages. For convenience, we denote subscript j is
the index of node vertices and edge arcs. The
initial stage j = 0 is attached to stage j = 1 which
has n-2

connects the final stage j = n with arc links.

states of vertices and sequentially

On each move the vessel routes from stage ; to
stage j+1. In the way vessel passes any one
vertex in stage j to one vertex in stage ;+ 1. The
possible alternative paths from one stage to the

next stage are decided by comparing the arc
variable values w; .

The assignment problem is one of the
combinatorial  optimization  problems. In
reference to the VehicleRouting problem the route
set assignments can be modified for assigning a
number of fleets to specific seaports routes and it
is similar to the assigning number of tasks to a
number of agents. If the number of seaports equal
to the number of fleet vessels, any sea port storage
facility is greater or equal to contained material of
fleet vessels, the concerned seaport can be
assigned to specific fleet vessels. Assignment cost
optimality is decided with the application of
Hungarian algorithm [3].

Il. MULTISTAGE LEAST COST PATH
DETERMINING MODEL

The Petrochemical oil refinery seaports in India
are Koyali, Mumbai, Mangalore, Kochi, Chennai,
Tatipaka, Vizag, Paradip, and Haldia. These port
authorities and oil companies (list is enclosed in
the Appendix -B) import crude or refined
petroleum through fleet vessels transport systems.
The second routing problem consists with the
container train assignment from seaports to
distant refineries in India. The list of refinery
companies and location map location name
refinery capacity are mentioned in the web. But
this list does not contain all the planned
petrochemical storage locations in India.
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The seaport authority India planned to establish a
refined oil storage at seaport Dhamara location
60km east to Paradip. In the above network graph
we assume the nodes represent the formal
location of the seaports. The arcs are transition
paths connecting node to node. The number levels
to arc consists of costs in lakhs. The problem is to
select a sequence of nodes in such a way that
minimize the costs

There are nine seaports in India having facilities
for Crude/refined petroleum storage. The above

Thus F,(x,)=F, (1) = [L+F5(1), T+F;(2), 6+ F;(3)] ;

graph has five stages of nodes. Excluding the
starting node the remaining nodes represent more
than one seaport for material transactions. From
the graph w, is the variable weight assigned to
stage four or A4 and can have numeric values
w, =1 or 7 or 6. Then the prior nodes are x, = 1,
20r 3.

= [wy + F;3(x3)]

Where F,(x;) has three possible options, F;(1), F4(2) and F(3), depending on the values of w,.

Moreover, F,;(1) [T+F,(), 5+F,(2)]

F,(2)[6+F,(1), 4+F,(2), 2+F,(3)]

Fi()=[3+F,(2), 1+F,(3)

The above expressions can be written in the form F, (x;) = [w; +F, (x,)]

The three values of F,(x,) are calculated with possible values of w, and possible values of F, (x,)

depending on w;, .

In a similar manner particular values of F, (1), F,(2), F,(3) can be calculated with the following

relations.

F,()=[1+F, (1), 4+F,(2)]

F,)=[2+ F, (1), 5+F (2), 8+F,3)]

F,3)=[5+F,(2), 83+F,(3)]

In general form, the expressions can be written as F, (x,) = [w, + F (x)].
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Finally
recursion formula

F; (x]) = D E (-

F,(1)=5,F (2)=4, F,(3)=3 ; in general F,(x;)=w

, and derived with the general

1)] for j=4,3, 2 with F, (x,) =w,

This can be summarized to determine F ,(x,) recursively as follows

F, (1)=5F, (2)=4, F,(3)=3

F,(1)=(6,8)=6, F,(2)=(7,9, 11)=7 and F,(3)=(9, 11) =9

Fy(1)=(13, 12)=

12, F,(2)=(12, 11, 13)=11 , F;(3) = (10, 10) = 10

F,(1)=(13, 18, 16) = 13. Which is the least cost path.

The significant feature of the procedure is that

once the minimum F; (xj) for a particular value

of x, or a particular value of jth stage is
computed, in subsequent computations of paths

to x,, through the value of x., only the minimum
J J

path to it is already computed and needs to be
taken into consideration. Other alternative paths
to x; may be ignored. This is similar to Bellman’s

principles of optimality [4].

The principles essentially state that in a
multistage process without feedback, whatever the
previous states and decisions are, The subsequent
decisions must form the optimal policy with
respect to the current state. A Process without
feedback means subsequent decisions do not
affect the states arising from decisions previously
taken.

. CONCLUSION

The import costs mentioned in the form of
network arc levels are tentative and not actual
costs. The actual costs are available to the refinery
companies, seaport authority and oil importing
companies. The statements made in the
multistage least cost path determining model is
synthesized in the form of graph network and
algebraic form of solvation process. If the graph is
more complicated with the larger number of
vertices and arcs, a geometrical representation is
hardly convenient and a numerical approach with
computer application software can solve the
new-port inclusion problem. By the way a new

port in the form of a vertex and connective route
cost in the form of arc labels are included in the
array. Therefore the data in the tabular version of
the problem description and problem solving
procedure, which involves purely numerical
computation starting and iterating tables are
needed. Some of the examples such as transit
node and arc value, state transformations,
recursive operation pre and post operation
numeric representation are also found in the
standard Operations Research book. The tabular
numerical data description is also useful for
writing Computer programs for solving the
Combinatorial ~ Optimization and refinery
operations resource problem.

International newspapers and Electronic media
informs Indian Petrochemical refinery located at
Indian seaports collect petroleum filled vessels
from Kuwait, Oman, and Saudi Arab through the
India western sea route and the ship engine fitted
petroleum filled vessels reach at Indian seaports
from western coast to South Indian coast and
South Indian coast to East Indian coast, within a
definite time period. The receiver seaport
authority maintains Indian custom duty and
alerts shipyard for downloading the petroleum,
diesel and Kerosene oils within a definite time.
The ship's sea route schedule is found from
Merchant navy India web site to the registered
petrochemical trader ships that are built under
the Registrar shipyard supervision or Indian
seaport authority.
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Mineral oil traders with Indian Government
makes Legislation regulating Auto-Fuel trader’s
license and it is used to import refined mineral oil
and it is an agreement between refinery oil
merchant, oil seller and buyer industry to utilize
the oil for healthcare industry product production.

The mineral oil trader license scaling process is a
list of actions usually practiced in oil refill
procedures for an unmanned gas station server
pump task actuation logistic analytic. When a
buyer refills fuels at an unmanned fuel station
certain mechanical tasks operations such as
holding pump gasket nozzles before, during and
after refill at a fuel container engine tanker closed
lid open and shut are performed. Container gas
measure procedure such as the gas pressure pipe
stretching jet nozzle on/off actuation after receipt
signal from the electronic device, computing
quantity force pressure to be put at pump end
edges and cost price billing is also printed after fill
the oil into the engine tanker. If the fuel is liquid,
and one end of the pump fitted pipe is subjected
to the engine tanker open lid, the pipe's other end
is merged to the reservoir, and another pipe is
fitted to the reservoir tanker for air pressure
actuation and balancing. The mathematical fuzzy
measure is the volume of oil transformed from a
reservoir tanker layer transported into the engine
oil tank through the pipe internal space. Either
the volumetric difference in oil reservoir tanker,
or the oil inflow and outflow at pipe end jet
pressure or the engine oil tank filled space volume
quantity is to be computed for bill purpose. But an
easier way of oil measure is inner pipe space
measure and multiplied with quantity time oil
transported through the pipe at a normal air
temperature and oil bottom layer pressure.

If the fuel is compressed gas, the mass of the gas
is computed for receipt bill documentation,

Appendix A displays the map of petroleum
refineries in India and Appendix B mentions the
list of Petroleum refinery companies operating in
India.
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https://en.wikipedia.org/wiki/Vehicle_routing_problem
Taha H. A., Operations Research An Introduction, Pearson. Eighth edition. 2007.
Chander Mohan and Kusum Deep, Optimization Techniques, New age publisher, 2017.
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LOCATION OF CAPACITY
NAME OF THE OIL COMPANY REFINERY (MMTPA)
1 BIHAR BARAUNI 6.0
2 GUJARAT KOYALI 13.7
3 WEST BENGAL HALDIA 7.5
4 UTTAR PRADESH MATHURA 8.0
5 INDIAN OIL HARYANA PANIPAT 15.0
6 CORPOR ASSAM GUWAHATI 1.0
7 ATION ASSAM DIGBOI 0.7
8 LIMITED ASSAM BONGAIGAON 2.4
9 (IOCL) ODISHA PARADIP 15.0
IOCL TOTAL 69.2
10 USTAN PETROLEUM CORPORATION MAHARASTRA MUMBAI 7.5
11 LIMITED ANDHRA PRADESH VISAKH 8.3
(HP
@ (HPCL)
12 HPCL-HINDUSTAN MITTAL ENERGY LIMITED PUNJAB BATHINDA 11.3
(HMEL) (JV)
HPCL-TOTAL 27.1
13 BHARAT PETROLEUM MAHARASTRA MUMBAI 12.0
14 CORPORATION LIMITED KERALA KOCHI 15.5
(BPCL)
1 BPCL-BHARAT OMAN REFINERIES MADHYA PRADESH BINA 6.0
5 LIMITED
(BORL) (JV)
BPCL-TOTAL 33.5
1 TAMIL NADU MANALI 10.5
6 CHENNAI PETROLEUM CORPORATION
1 TAMIL NADU CAUVERY 1.0
; LIMITED (CPCL) BASIN
CPCL-TOTAL 11.5
1 ASSAM NUMALIGARH 3.0
8 NUMALIGARH REFINERIES
LIMITED
(NRL)
1 OIL & NATURAL GAS CORPORATION ANDHRA PRADESH TATIPAKA 0.1
9 LIMITED
(ONGC)
2 ONGC-MANGALORE REFINERIES & PETROCHEMICALS KARNATAKA MANGALORE 15.0
) LIMITED
(MRPL)
ONGC TOTAL 15.1
PSU/ JV Total 159.4
% RELIANCE INDUSTRIES LIMITED GUJARAT JAI\(/II%\ITz}SAR 33.0
2 (RIL) GUJARAT JAMNAGAR 352
2 (SEZ)
2 NAYARA ENERGY LIMITED GUJARAT VADINAR 20.0
3 (NEL)
PVT Total 88.2
ALL INDIA 247.6
Appendix-B
REFERENCE
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. INTRODUCTION

The second century of existence of one of the most
important branches of science - thermodynamics -
ends. It is hardly an exaggeration to claim that its
foundations were laid by Sadi Carno [1].
Thermodynamics is often compared to geometry.
Like geometry, it is built on an axiomatic basis. In
terms of the breadth of the coverage of
phenomena, thermodynamics is not equal among
physical theories. In this connection, in the
mid-20th century, A.Einstein wrote [2]:

"The theory gives the greater impression the
simpler its premise, the more diverse the subjects
it binds, and the wider the scope of its application.
Hence the profound impression that classical
thermodynamics has made on me. It is the only
physical theory of general content on which I am
convinced that within the applicability of its basic
concepts it will never be refuted (to a special note
of principled skeptics). "

What did A.Einstein see as the most attractive
features of thermodynamics? Recalling the
creation of the theory of relativity, he emphasized

[2]:

© 2020 London Journals Press

"Only the discovery of a general formal principle
can lead us to reliable results. The sample was
thermodynamics. There the general principle was
given in the sentence: the laws of nature are such
that it is impossible to build an eternal engine (the
first and second kind)... The general principle of
the special theory of relativity is contained in the
postulate: the laws of physics are invariant
regarding Lorentz transformations... This is a
restrictive principle for the laws of nature that can
be compared to the underlying thermodynamics
restrictive principle of non-existence of the
eternal engine. "

The question of compatibility of both axioms
underlying thermodynamics and their compliance
with the laws of nature did not even arise. The
task of thermodynamics from the very beginning
was not so much to find ways to convert heat into
work, but to explain the mechanism of action of
long-existing thermal machines and improve their
characteristics. It put an indelible imprint on her.
The presence of a heater and a cooler is a
characteristic feature of such processes.

Il.  PFAFF EQUATIONS AND ENTROPY

An attempt at general analysis of thermal
processes based on Pfaff equations describing
their course was made by C.Caratheodory [3].
Probably, he did not know that the conditions of
integrability of Pfaff equations in general long
before him were established by G.F.Frobenius [4]
and devoted to the proof of lemma from the
theory of Pfaff equations a separate section of his
article. In his understanding, heat migration
occurs solely as a result of thermal conductivity
and always from the hot body to the cold. Thus,
acoustics were excluded from consideration. The
visibility of the commonality of C.Caratheodory's
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approach can create the set of all possible
processes introduced by him between any two
points of the space of thermodynamic variables, to
which he attributed the property of connectivity
without any reason. Accepting the dependence of
the energy produced on the transition path, he
tacit suggested that all other quantities he used
were unambiguous. As a result, C.Caratheodory
concluded that the Pfaff equations of all thermal
systems at any number of variables are integrable.

Such a strong claim fell on favorable ground and
gave additional weight to the arguments of
supporters of the broadest interpretation of the
concept of entropy. The illusion of the existence of
entropy was not completely groundless. The
number of independent variables of the thermo-
dynamic system by one exceeds the number of its
external parameters. Over the years, the vast
majority of cases have considered different
systems with a single external parameter.
Regardless of their nature, the corresponding
Pfaff equations have an integrating multiplier.

For the case of three independent variables, the
condition of existence of the integrating multiplier
of Pfaff equations was also known by L.Euler.
With the increase in the number of independent
variables, the number of integrability conditions
grows much faster than the number of
independent variables, which makes the very
possibility of integrability of Pfaff equations quite
exceptional [5].

However, you do not need to increase the number
of external parameters to build a non-integrated
system. They have long been known - thermally
non-uniform systems of two gases separated by a
movable heat-tight partition [6]. The condition of
existence of the integrating multiplier of Pfaff
equations for them, and therefore entropy, is the
coincidence of specific heat capacities of gases.
Guided by the additivity property of entropy, the
author "pre-defined" the entropy of the system as
the sum of the entropies of its parts. This
"pre-definition" of non-existent magnitude, along
with the equally meaningless use of known
entropy properties, brought her to the conclusion

that thermally non-uniform systems and
conventional axioms of thermodynamics were
compatible. For many years this clumsy of
ridiculous things not only met no objections, but
also entered into a number of textbooks of
thermodynamics. In fact, the author "held in her
hands" the eternal engine of the second kind, but
without knowing how to use it, "proved" its
inoperable ability. The solution of the issue
literally lay on the surface [7].

. BAROMETRIC FORMULA

The processes of converting heat into work are an
important but far from the only area of mismatch
of thermodynamics findings with facts. First of all,
this applies to the barometric formula for gases.
According to it, the pressure of the Earth 's
atmosphere falls exponentially with altitude, but
the temperature does not depend on altitude. Of
course, the Earth 's atmosphere does not belong to
thermodynamically equilibrium systems, and it is
only possible to talk about its local characteristics
as average in a sufficiently long period of time, but
snow in high-mountain areas is an indispensable
fact. The centrifugal force field has a similar effect
on the gas temperature.

Based on the unlimited decrease of gravitational
interaction with the distance to the planet they
were guided to the conclusion that the atmos-
phere of planets dissipate [8]. Taking into account
the dependence of gas temperature in the
gravitational field on altitude results in a sharp
boundary of the atmosphere of the gas held by the
planet [9].

V. CONCLUSION

Numerous examples of different nature, which do
not fall within the limits of conventional axioms of
thermodynamics, are given by V.A.Etkin [10]. One
can only hope that by its two-century anniversary
thermodynamics will get rid of the illusion of the
impossibility of completely converting heat into
work and gain an adecvate understanding of the
problems before it.
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