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flpe4craneHr ca 65 nayunz ny6marauur, or Korlro eAHa MoHorpa(pux lllu 64 HafrHr c ta;tvln,
ry6nuryn aru.r B p erleH3 upaur M exryH ap o rlavr u3 AaHI{f, KaKTo cneAB a :

- 44 s crurcaHnfl c r.rMrraKr (parrop (Scopus);
- 15 n crrrcanlr.fl 6es uNdnaxr (par<rop;

- 4 n rpyaoBe Ha rcouSepeuquu;
- I crarux [65] e rroA peueH3r,r, KbM MoMeHra.

Ilpe4craneuute 65 HayrrHlr ny6nuraqur.r He rloBTaprt ny6nlrKarllal4Te sa upu4o6l,IBaHe Ha

o6pasoeareJlHa I,I HafrHa crefreH,,,qoKTop".

Crrlacno [pr{noxeHara crrpaBKa 3a rl}rrr{panuxta, za6errfl3arrn ca 147 qlrrlrpaHrrs. H-
rrHAeKcbr rra [peAcraBeHr{Te rry6"rrnr<aquw, e 7. flpegcraneHlare rpyAone ca uy6rI4KyBarI}I B

crrtrcaltrs. cbc cyMapeH rrMrranr Sarrop 381888. ([annme 3a LIMTIaKT (parropNre na
cnrrcaHlr.sra ca B3erkr or 6azata AaHHrr na Scopus.) Hay*rure pe3ynrarll ca [peAcraBeHu Ha

Mexrlr{apo4ura roH(fepeHrlr,rra, cbrJracHo flpunoxeHara aeto6uorpaSux. Bczqru HayqHI4

TpyAoBe, rrpe.qcraBeHu 3aryacrue B KouKypca caB o6nacma Ha MareMarrltlecKrlfl auuwlsnn.o-
cneuHaJrHo B cneAHI4Te Ha[paBJIeHLIf,: . 

",

- flufiepenquarHu HepaleHcmea, ycmoilqulocm, oct4uilaquorunu ceoilcmaa u npu1nucrcenu

peuteHufl Ha uMnyrcHu ttqcmHu du@epeuquanHu ypasHeuun (V[Y) om L-eu ped u napa6onuuuu
ypalHeHun 6KJt. u c Qyuxt4uoHaileH apzyMeHm

- Vucneu aHailu3 Ha uwnyilcnu VfV om l-eu ped u napa6onuuHu ypqsHeHufl. 6Kl. u c

fiyuxquouaneH apzyweHm

- MouomoHHo-umepamunHu uemodu 3o eflunmuqHu u napadonuvruu cucmewu om

on e p am o pH o - d u @ $ e p e Hqu anHu yp as H e Hun

- Paseumue Ha cuHzyil.npHocmu e rcpaituo 6peMe Ha perueHu.flma Ho Kilacoae om ypo*HeHufl u
cucmeMu om rttameMamuqecKama fiusuxa

- Ocquna4u.fl Ha peu,teHuflma u acuMnmomuqHo noeedenue Ha peu.teHuflma Ha Kflacole om

uenuueiluu napa1onuvHu u xunep6onu,auu ypa*HeHun BKr. u c SyurcquoHareH apzyMeHm

- Cucmeau sa @asoou npexodu c xucmep%uceu e@ercm u qucileHo cuMynupoHe Ha mexHume

perueHun. Modenupaue Ho xucmepesuc B nonyila4uoHHama duuaaurca

Craruw [12], [16], [24],l251uuat o6:opeH xapaKrep, Karo crutuuU2l,116l car^arlucaurHa
ruraftcr<r e3r4K, rro rloKalla ua Journal of Henan University (Nat. Sci.).



1. fu$epeHquanHu Hepa*eHcmea, ycmoiluulocm, oct4uilaquouuu ceof,icm*a u npu1nutrceuu

peurcHunHauwnyilcHuqacmHu dufiepeuquoflHuypalHeuua (VfV) om l-eu ped unapadoilttttHu
ypasHeHun 6Kil. u c SyurquoHareH apzyileHm

Ily6maraqrlrre rlo ra3l{ reMa ca: Mouorpa$una [1] ra crarnure: [6], [10], [12], [16], [18],
[19], [21], 1231,124),1251, 128), [30], [33], [36], [38] cbrrracHo crrctKa na ny6nuxall]Illre,
npeAcraBeHlr 3a fracrlre B KouKypca. O6rqusr I,IMTIaKT $artop Ha crIlIcaHI,If,Ta, KbAero ca

ty6luxynanyr re3vr crarutr e 7,946. Ctarluu or riBI{ TeMa ca qI{TI4paHI{ o6rqo 56 rrcru,
cbrJracHo rlpuno xeH aTa crlp aBKa 3 a r\t4Tup aHilflT a.

Ily6nuxaqrar.rre rro ra3[ TeMa r.r3yqaBar MHoxecrBo Btrlpocu cBbp3aHLI c KaqecrBeHara reopl4fl

Ha I,rM[yncHr{Te qacrna ,uu$epeHrlr{irnHr.r ypaBHeHI{, rato 4u$epeHuI{arIHI{ HepaBeHcrBa,

ycrofiunrocr, ocIII{JIaUr4oHHI,I ceoficrna KaKTo I,I MoHoroHH[ MeroAI,I 3a HaMI{paHe Ha rexHI,ITe

perrreHr.rs. Muoro peanHll [poqeclr vt flBileuns. B MexaHI,IKara, Teoperl{rtrrara Qusur<a, 6uo-

TexHoJlorr{vtre u uKouoMlrKara ce xapaKTepv3upur c Sarra, qe B olpereJleH}I nepl{oApl or
BpeMe rrapaMerpr{Te Ha cIzcreMara ca rroAnoxeHlr na 6rpru [poMeH]I BbB BpeMero.

I,Iunylcnure 9[Y ca aAeKBareH arapar 3a MareMar]IqecKo MoAenLIpaHe Ha raKVBa npoqec]I I4

rBJreHr{fl. Monorpa$ur [1] ce cbcror4 or rpr{ ocHoBHLI qacrvt, B Kouro e AaAeHo cplcreMarklqHo

r.r3JroxeH[e Ha peAraua Blrrpocr{ or KarrecTBeHaTa reopllfl Ha rlMrlyncnure rl.{v I,I MOHOTOHH}I

Mero,qr,r 3a HaMrrpaHe Ha rexHr.rre perrreHr.r, KaKTo cneABa: B .racr (A) ca pa3r[eAaHLI ]IMnyncHu
qacrHtr 4ratfepenquanHu ra 4u(pepeuqraamro-(pyHKlll{oHaJlHr ypaBHeHI{t or rlr,pBr peA.

floxasauu ca reopeMlr 3a oqenKa Ha pe[reH]Irra, oIIeHKa Ha pa3ilvKara Mex,{Y Ase pemeHl{s,

TeopeMr4 3a eAT4HCTBeHOCT Ha perneHlleTo, pBynTaTI{ 3a HellpeKbcHuta 3aBvIcpIMOCT Ha

perneHrreTo oT HatraJrHrrTe AaHHu H AeCHr{Te CTpaJ{I4 3a I,IMIyICHLI IIaCTHIII AU$epeHqUaJtHu t4

au(bepenquanno-(pyurrlr4oHaJrurr ypanneuur. B tlacr (B) ca pa:pa6oteuu MoHoroHHo

r.rreparr.{BHr4 Merorr{ 3a [MrryncHr.r senunefiua xranep6oln.mu ypaBHeH[fl, KoLITo

arrpoKcr4Mlrpar perrreH[ero Ha raMrryncHa nemrefina 3a4aqa, [ocpeAcrBoM pellreHuflTa Ha

acouurrpaHu nuveintu rrMnyncH[ 3a4ar:;"r. B qact (C) ca pa3rneAaH]I mIapoK KJIac or
gra(pepeuuru cxeMlr 3a HaqarHr4 r.r HaquurHo-fpaHI,IrIHLI sa1aqv 3a rIMrIyncHlI HeJILIHefiuu rI[Y
or rrbpBr,r peA. B crarrrr{re [6] u [18] e pa3rneAaHa Har{aJlHo-rpaHurrHa 3a4a'+'a 3a I{MrIyJIcHlI

xrauep6oluunra ypaBHeHlu or rrbpBlr pel AoKa3aHI,I ca [puHUI4rII{ 3a cpaBHeHue Ha

perrreHllero, Kpl,ITeplrr{ 3a e.{}rHcrBeHocr, raxro u e o6ocuoBaH MoHoroHHo }ITeparpIBeH MeroA

3a HaMprpaue Ha perrreHr4rrra, [ocpeAcrBoM acoIII{I4paHu rruueir:au sal;aqkr. B cratusra [10] sa

rrpbB rrbr ca pa3rneAaurr eJrr4rrrr.rrrHlr ypaBHeHrr.fl c ]IM[yncen elpexr rl ca AoKa3aHpI Ip]IHIII'IIII
3a cpaBHeHrre Ha pemeHr.rsra. lly6maraqnwe ll2l ra [16] ca o6sopnv crarun ro roKaHa

cneq1aanHo ga r<nraficrure q[TareJrrn. Tesz o6sopuu crarur4 pa3rnexAar aBTopoBI{ pe3ynrarla

or reopr{f Ha r.rMrryJrcHr,rre sacrHu 4u(pepeHr6naJtnu HepaBeHcrna, yctofiu}IBocr Ha perrleHl{rra

u gu$epeutrHlr MeroAu. B crarrrl:.al2ll ca HaMepeHuycnoBus 3a pa3peilfiMocr I4 rnaAKocr

Ha perneupr flTanalIMrryJrcHll xznep6onuqlrl4 cllcreMu. .{orasanu ca reopeMl,I 3a cstrIecrByBaHe

14 eAr,IHcrBeHocr Ha pelueHr.rgTa Ha neprroAlrtlHa rpaHI,IqHa3a4aqa3a [MnyncHn xunep6oJIIrtIHI'I

cr4creMlr. Ctatnxta l23l wzytar,a acr{MrrrornqHoro rIoBeAeHpIe a pacrexa Ha pe[reHl4flTa Ha

nolyluuefiHr{ r4Mlyncuu uapa6oJrrrrrH[ ypaBneHl{fl n Banaxou4 rlpocrpaHcrna. flolyqeHllflT
a6crparren pe3ynrar e rrpr{JroxeH 3a AoKa3BaHe Ha cblrlecrByBaue rr eArIHcrBeHocr Ha

Heorpr.rrlarenHo pelreHlre Ha HatriurHo-rpaHuqHa 3ap;aqa 3a uonylraneftuu I'IMrIyncHu

uapa6oruuHr{ ypaBueHus.. Craruure l24l u l25l ca o6sopul.t craruIvl, rpeAcraBrlulr pe3ynrarl'I

or reopr.rfl Ha lrMrryncnure r{[Y B pBAenr,ITe: yctofiuraBocr Ha pemeHl,Irra, ocIII{JIaIIHoHHI'I

cnoficrsa Ha perueHlrtra, uzlyxBane Ha pelreHurra, ,BJIeHlIero "6rteHe" Ha pellreHlaflTa,

pa3nilrrgr.r rpunoxeHlr fl. B 3a1arill or rroflynauuoHuara lv*aNrvna. Crarrute [28], [30] u 136l
lr3cneABar ocrlr4Jraur4oHHure csoficrsa Ha pelIeHI{flTaHaI,IMnyncH}I nenranefinu uapa6onuunz

Lr xunep6olrauuu ypaBHeHr4, c (pyuxuuoHaneH apryMeHr. flocpe4ctnort MeroAa Ha

ocpeAHflBaHeTO Ca ilOnrreHu AocTaTsqHu ycnoBus 3a ocqfinaur4flpt ttpttHyAeHa ocIII'IJIa\LIflIJA



perrreHH{Ta Ha pa3rnexlaHzTe HaqanHo-rpaHr.rrrHr.r 3a,qatrr{. B craruIJlffe [33] u [38] e

pa3pa6oreHo rrpunox{eHue Ha MeroIa Ha Ar,r(bepeHrl}ranHr,rre HepaBeHcrBa 3a .qoKa3BaHe Ha

pe3yJrrarr{ 3a ycToftqr.rBocT r{ acraMrrToTr{qHa ycrofiqr.rBocT Ha pelreHr{flTa Ha cboTBerHo
r4MrryncHu napa6onrqHr{ Ar.r$epeHuuirnHr{ r4 Ar{(bepeHrlr,rarHo-(byHKrllroHaJrHr.r ypaBHeHr{, cbc
3aKbcHeHr4e.

2. Vucneu aHanu3 Ha umnytcruu VIV om ]-eu ped u napa6onuuHu ypa*HeHun 6Kt. u c
QyrurcquouaneH apzyweHm

Ily6rarauurrre rro rir3r{ reMa ca: [3], [5], [7], [8], [11] crrnacno cn]IcbKa ua ny6nuralll{Llre
rrpeAcraBeHr.r 3a ) {acr[re B KoHKypca. O6rqraq:r r.rMlaxr (paxrop Ha crrr{caHuflTa, Klollero ca

ny6maxynauLrre3vr crarvl:zr e 2,801 . Cr.atuu or ra3II TeMa ca qr.rrr.rpaHla o6rqo 5 nrru, cbrJlacHo
npunoxeHaTa cnpaBKa 3a \vTvrpaH.IdflTa.
fly6nraxaqrurre [o ra3pr reMa pa3rnex,{ar 4r.r$epeuuur.r MeroAr.r 3a I,IMlyncHIr qacrHLI

4u(pepeuquanno-(fynrqrroHirnHr.r ypaBHeHr.rfl or nbpBlr pe4. Pasrne4anfi ca3a4a'ta Ha Komu pI

HatriurHo-rpaHr.rrrua 3araqa. BrneAen e o6ut KJIac or 4u(pepen.nra cxeMu [pI{noxLIM 3a I[rrpoK
Kpbr or nenxsefiuu HMnyncHr.r qacrHu 4u$epeuqr,ranno-(fymqrroHzlJlu[ ypaBHeHI{,

(nrcmounaur.r Karo qacreH cnyraft HarrprrMep: ypaBHeHrlfl cbc 3aKbcHeHLIe Ha apryMeHTa,

r,rHrerpo-.{}r([epenqllanH]r ypaBHe:uus. v. ru.). Ae&uHrrpanr.r ca peAlaqu or npN6nIExeHLI

perueHlu Ha acour{}rpaur,r laMrryncnn .4u(pepen.nru-(fynKrlr.roHarln]I ypaBHeHrL or rllna Ha

Bolrepa. Harr,repeuu ca Aocrarbqnr,r ycnoBfifl 3a cxoAr{Mocrra Ha re3}r pe,q}III}I ot upn6uzNeuu
perrreHr,rf KbM peueHlre Ha r.r3xoAHaTa 3a4al{a IIpu [peArroJroxeHple, qe AecHuTe cTpaHI,I

yAoBnerBopsBar ueluueftuu orleuKr,r or rrara na flepou rro orHorueHrle Ha (pynrcqnouurntts.
aprlueHT. .{orasarencrBara ea ycrofiur.rBocrra na gu(pepeurrHr{Te cxeM}I ce 6asupar ua
TeopeMra 3a orIeHKa Ha orKJroHeHlrero ua npu6ruxeHllTe pelreHl{, Ha pa3rJIexAaHI4Te

r,rMrryncHrr 4u(pepenunrz-(pynxquoHaJrHr.r ypaBHeHr{r. Pa:rneAan e v aAeKBareH TIIIIoJIeH

rrpr.rMep. 'I

3. Moruomouuo-umepamltlHlt yemodu 3a eitunmuqHu u napa6oruttHu cucmemu om

onepamopH o - d u $ $ ep e H qu a.'tHLt ypa6H e HLUI :

Ily6nuxaqnure rlo ra3r4 reMa ca: [9], 122], 1341, 1391, 144), [45] crrnacuo crl]IcbKa Ha

uy6nuxaqrarare, [peAcraBeH]I 3a f{acrne B KoHKypca. O6qzsr LIMnaKT (fartop Ha

crrurcalLrflTa, KbAero ca rry6ruryBarrll Te3I{ cruruu e 3,065.
fly6nurcaqzr,rre or ra3r{ TeMa pa3B}rBar rrpunoxeHvre Ha MeroAa Ha MoHoroHHo

I4Tepar[BHara rexHI,IKa 3a HerrplrnaraHu Ao roraBa KJracoBe or ueuunefinr,r qacrHLI

oneparopHo-4zQeperulr4aJrHr.r u 4u(pepenqraanno-(pyuKrllrouaJrHrr ypaBHeHn.s. MoHoroHHo
IareparlrBHara rexHr.rKa rcou6nnprpaHa c MeroAa Ha ropHr,rre I,I .uonHlr perrreHlrf, e MoIueH

floAxo,q 3a HaMr.rpaHe Ha eKcrpeMaJrHr.r peueHr,rs Ha mvpoKrr KJracoBe or nenraueftuu r{.(Y. B
qacrHocr B crarr4r.rre 19) w 122] e pa3Br.rro flp]InoxeHr.re Ha MeroAa cborBerno 3a cnfrafl Ha

orreparopHo-4u(fepenqrranHfi erlarrTuqHr.r vr uapa6onzuHr.r ypaBHeHLIr. ,{or<asano e

cbrrlecTByBaHe Ha MlrHr,{MaJrHo r4 MaKCHManHO pemeHr.re Ha piBrnexAaHflTe rpaHLIqHa 3a&alJ.a

or rr{rra na .{npnxne 3a cJrf{afl Ha eJII,Irrr}rrIH[ ypaBHeler4fl, u HatlarHo-rpanltrlHa 3aI,aqa 3a

cnfra, rua napa1or[rrHlr ypaBHeHlrs. PasrneNlaHr{Te [3xoAHI4 3a4aqv ca IIoAxoA-f,uIo

rruHeapv3l.1tpaIJllrLt [ocpe,4cTBoM MoHoToHHo r.rTepaTI4BHa rrpoqeAypa ca rIoJIrIeH[I MoHoToHHpl

peAr,rqu or (pyuxqur{, Kor.rro ca pelreHr4flHare3Lr acorlr{r{paupt nu:r,eituu3a4aqfi.,{oxasano e,
qe Te3Lr peAr.rq[ ca cxoArrqr{ K6M eKcTpeMaJIH}ITe peme}'{uIfl. HA I43XOAHI{Te 3AEAqkr B CeKTOp

4e(fnnupau or ropHlrre lr AonHlr peueHr,rs. [aleuu ca LI KoHKpeTHLI ilpI,IMepI{ 3a rlpunoxeHple



Ha MeToД a 3a CЛ yЧtt Ha HcЛИHeЙHoTo cTaЦИoⅡ apⅡo ypaBHcHИc Ha lllpЬ oДИHrep И HcЛИHCЙHO
napa6oЛИЧHO ypaBHcHИ e cЪc 3aKЪCHЯBaЩ apryMeHT.B cTaTИ ЯTa[44]c pa3「 ЛeДaHa
MOHOTOHHO ИTepaTИ BHa TexHИ Ka 3a HaMИ paHe Ha cKCTpcMa」 IHИ  peШ eHИЯ Ha ЧacTHИ

ДИфepeHЦИa」IHo―фyHКЦИOHttHИ ypaBHeⅡИЯ oT ΠЪpBИ pcД . ДoKa3aHИ  Ca ΠpИHЦИΠИ 3a
cpaBⅡ eⅡИЯ 3aДИфCpCHЦИaЛHO―фyHKЦИOHaЛHИ HcpaBCHcTBa oT ΠЪpBИ pcД.Te3И  ΠpИHЦИΠИ 3a

cpaBHcHИc ca ΠpИЛoЖcHИ 3a ΠOЛフЧaBaHe Ha ИTepaTИ BHa cxcMa,KOЯ TO ДaBa MИ HИMa」IHo И
MaКcИMaJIHo peШ cHИe Ha pa3「ЛeЖДaHaTa 3aД aЧa B ceKTOp.AHaЛoFИЧeH pc3yЛ TaT 3a CЛ yЧaЯ
Ha Πapa6oЛИЧHИ  ДИфCpcHЦИa」IHo…фyHKЦИOHaJIHИ  ypaBHeⅡИЯ e ⅡpcДcTaBcH B [34]. B
cTaTИЯTa[45]c pa3「 」IeДaHa MoHoToHⅡ O ИTepaTИ BHa TcxHИKa 3a 3狐 劉 aTa Πa「 理 ca 3a

xИΠep6oЛИЧHИ ДИфCpeHЦИa」IHo―фyHKЦИOHaJIHИ  ypaBHeHИЯ.ДOKa3aHO C CЪ IIccTByBaHeTo Ha

MИHИMa」IⅡO И MaKCИ MaJIHo peШ cHИc B CeKTOp,Π ocpeДcTBoM MOHOTOHHИ pcДИЦИ OTф yHKЦИИ,
KOИTO Ca pcШ cHИЯ Ha ΠoДxoДЯЩ O ЛИHCapИ3ИpaHИ 3aДaЧИ,・IzИTO peШeHИЯ ЛccHo MOraT Дa
6ЪДaT ⅡaMepeHИ .
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Π y6ЛИKttИИTC ⅡO Ta3И TeMa ca:[2],14],[13],[14],[17],[20],[26],[29],[37],[43],[46]

cЪ
「
ЛacHo cΠИCЪKa Ha Πy6ЛИKaЦИИTe,ΠpeДcTaBcHИ 3aッЧaCTИe B KOHKypca. 06Щ ИЯT ИMΠaKT

фaKTOp HacΠИcaHИЯTa,Ю3ДeTo ca Πy6ЛИKyBaHИ Tc3И CTaTИИ c 5,984.CTaTИ И oT Ta3И TeMa ca

ЦИTИpaHИ o6Щo 15 ΠЪTИ,CЪ
「
ЛacHo ⅡpИЛoЖeHaTa cΠpaBKa 3a ЦИTИpaHИЯTa.

Πy6ЛИKaЦИИTe Ⅱo Ta3И  TCMa И3ンЧa3aT:BЪΠpoca 3a И36yxBaHe Ha peШ eHИЯTa И cЪЩ ecTByBaHe
Ha 
「
Лo6aЛHИ  peШ eHИЯ Ha HcЛ ИHcИHOTO ypaBHcHИ e Ha mpЬ oДИHrcp; BЪΠpoca 3a

HecЪЩ ccTByBaHc Ha rЛ o6aЛHИ peШeHИЯ Ha cЛ cДHИTe ⅡeЛИHcЙHИ ypaBⅡeHИЯ:ypaBHeHИ eTo Ha

KЛ〔Й H…
「
opДoH,ypaBHeHИ cTo Ha bpxoф ,ypaBHcHИcTO Ha TИ MoШ eHKO,KaKTO И CИCTCMaTa

Ha ДCЙBИ―CTIoapTcoH KaKTO CЛ CДBa CTaTИИTc 12],[13],[17],[29]И 3waBaT И36FBaHc Ha
pe】ⅢeHИЯTa Ha HaЧaЛHo―

「
paHИЧHa 3狐 aЧa 3h HeЛИHeЙHoTo ンpaBHCHИe Ha HIpЬ oДИⅡrep。

HaMepeHИ  ca ДocTaTЪЧHИ yCЛ OBИЯ BЪpxy HeЛИHeЙHИЯ ЧЛeH И HaЧaЛHИTc ДaHHИ,TaКИBa Чe
pcШ cHИЯTa Ha pa3「Лe刈 aHa 3aД aЧa Hc cЪЩ CCTByBaT FЛ 06aЛHo BЪB BpeMeTo 3a CЛ ンЧaЯ Ha

3Be3Д006pa3HИ  ΠpOcTpaHcTBcHИ 06ЛacTИ.ДaДCHa c И OЦcHKa OT「 Ope Ha ИHTcpBaЛ a oT BpcMc
Ha cЪЩ ccTByBaHc Ha peIIIeHИЯTa[13].И3CЛ eДBaH e acИMΠToTИЧHИЯ ⅡpOфИЛ HapeШ eHИeTo B

6ЛИ30CT ДO TOЧKaTa Ha И36yxBaHc И c ДoKa3aHO,Чe TaM pcⅢeHИeTo фopMИpa oco6eHocT

ΠoДo6Ha Ha ДcЛTa…фyHKЦИЯ.И 3CЛ eДBaII e cЛ〕Чtt Ha И36yxBaHe Ha pc】 IcHИЯTa B

HeЦИЛИHДpИЧHa o6ЛacT [17], cЛ yЧtt Ha И36yxBaHe ⅡpИ HaЛИЧИc Ha ΠoTcHЦИaЛ [13]. B
cTaTИЯTa[37]ca ДaДeHИ cЪЩ o TaKa И ЧИCЛeHИ cИMyЛaЦИИ Ha peШeHИeTo B 6ЛИ30CT Д0

TOtIKaTa Ha И36yxBaHc. B cTaTИЯTa[39]c ДoKa3aHO CЪЩ ccTByBaHc И eДИHcTBeHocT Ha
pcШ cHИeTo Ha HeЛИHcЙHoTo ypaBⅡ cHИ C Ha lIIpЬoДИHrcp B HcЦИЛИHДpИЧHa o6ЛacT.CTaTИИTe

[14]И [20]cЪoTBeTHo И3ンЧaBaT BЪΠpoca 3a HCCЪ Щ ccTByBaHc Ha「 Лo6a」IHИ peШeHИЯ 3a
HaЧa」IⅡo―rpaHИЧHa 3狐 aЧa 3a HCЛ ИHcЙ HИTc フpaBHeⅡИЯ Ⅱa KЙ pxoф  И TИMOmcHKO.
Π ocpeДcTBoM OЦ eHKИ OT CHeprИeH TИΠ ca HaMepcHИ ДocTaTЪЧHII yCЛ OBИЯ BЪpxy HaЧ aЛHИTe

ДaHHИ И HeЛИHeИHИTc ЧЛeHoBc, TaKИ Ba Чe peШ cⅡИЯTa Ha pa3「ЛC翻 aHИTe 3狐 aЧИ He

cЪЩ ecTByBaT 
「
Лo6aЛHo BЪB BpeMeTo. HaMepeHa c oЦ eHKa OTFOpe Ha ИHTcpBaЛ a Ha

cЪЩ ecTByBaHe Ha peШ cHИЯTa BЪB BpcMcTo.Д aДeHa e oЦ cHKa Ha pacTeЖ a Ha peШeHИcTo B

6ЛИ30CT ДO TOЧKaTa Ha И36yxBaHe.AHaЛ o「ИЧHИ oЦeHKИ 3a CЛyЧtt Ha cИ cTcMa OT ypaBHeHИ Я

Ha KИpxoф И IIpЬoДИH「ep ca HaMepeⅡ И B[46].CTaTIttTa[4]И 3)ЧaBa HecЪЩ ecTByBaHc Ha
peШ eHИЯTa Ⅱa ⅡaЧaЛHo―

「
paHИЧHa 3aДaЧa 3a HeЛИHeЙHoTo ypaBHeHИ e Ha KЛaЙ H―FopДoH

ΠocpeДcTBoM ttCKBaTHИ  cHcprИЙHИ oЦcHM.CTaTИ ИTe[26],[37]И [43]pa3「 ЛCX/1aT Htta」 IHo―

rpaHИⅧ a 3鋼劉 a3an― MCpHa ⅡcЛИHcЙHa cИ cTeMa Ha Д eЙBИ―CTIOapTcoH B cЛ ИⅡTИЧHO―

eЛИΠTИЧⅡИЯ CЛyЧaИ . HaMepcHИ  ca ДocTaTЪЧHИ  ycЛ oBИЯ BЪpxy HaЧ aЛHИTc ДaHHИ ,



HenI,IHefiHI,L qJIeH I{ pa3MepHocrra Ha npoc'rpaHcrBoro, TaKr.rBa qe peueHr,rrra c orpr{rlareJrHa
eHeprus pil3Bl{Bar oco6eHocrl4 B KpafiHo BpeMe. Pasrne4anu ca cnyqar4Te ua us6yxBaHe B

Hellrnr,rHApu,tnu olnacru 1371, u:61xnaue npr,r Hanuque Ha aarnxnane [43].

5. Ocqunaqufl Ha peueHunma u acuJvtnmomwtHo noeedeuue Ha peweHunmq Ha KnacoBe om
uenuuef,tuu napa6onuuHu u xunepdonuuuu ypanHeHu.n 6Kr. tt c $ynrcquoHefleH opzyweHm

Ily6nuraqur.rre rro ra3r.r reMa ca: [15], 1271,1311, L321, [35], [40], 1411,1471, [48], [49], [50],
[51],[53]c:srJlacHocnlacbKauany6ruaxau]Il4renpelcraBeHlr3aytacrkreBKoHrypca. O6qzsr
I,IMTIaKT $axtop Ha crrIacaHrlrra, KbAero ca uy6nuxyeaura re3rr craruLr e ll,l2l. Craruz or
Ta3LI TeMa carJktrurpalra o6qo 36 rrcru crrnabuo [pl4noxeHara clpaBKa 3a\krrLrpalLrflTa.
Ily6nuxaqurlTe no ra3lr reMa r.r3fraBar oclrllnarluouHoro rroBeAeHr{e Ha perxeHlaflTa Ha
HauanHo-rpaHr.rsHr.r 3a4aqu sa uapa6onuunu u xuuep6onH.nrz 4u(fepeuqna-rlnl,r Lt

4z(fepeuqua-nno-(fyurqlloHanHll ypaBHeHI,Ifl (nxmouureJrHo or HeyrpirneH T[rr, KaKTo r.r

ypaBHeHl{fl c MaKcLIMyMu). flonyreHkr ca AocrarbqHr.r ycJroBr{, 3a ocqrznarlkrfl, Lr ilpvrryAeHa
ocqunalll{.fl Ha pelxeHl4fiTa Karo 3a rlenra ca r,r3rroJr3BaHr.r rtoAxoAsqra rraoau$[Karlr4r{ Ha MeroAa
Ha ocpeAHsBaHero Ia MeroAa ua gn$epeHurrilnHr4re HepaBeHcrsa. B cratrure [15], 1271,132],
[50], [53], [ocpeAcrBoM MeroAa Ha ocpeAHflBanero, Bbnpocbr 3a ocrlr{naqrrfl.HaperueHr{ero Ha

lr3xoAHaTa n-MepHa 3aAaqa e cBeAeH Ao Bbnpoca 3a HecbrrlecTByBaHe Ha eBeHTyanHo
rIoJIoxc{TeJIHLT r4 eBeHTyanHo orparlareJrHr{ pe[reHrrf, Ha acorlr{[paHo 4u(fepeuqr.rirJruo r4Jrrr

4ra(fepeuquanHo-(pynxqrloHanHo HepaBeHcrBo. Hauepenn ca AocrarbqHr,r ycfloBlrs 3a

ocIIHnaIIlIf I{ ilp[HyAeHa ocqunaqllf KaTo ocHoBHa qacT oT [oJrr{eHr.rTe pe3ynTaTr,r ca
I,IJllocrpr.rpaHv c KoHKperHr,r rplrMepu. Ctaruu [31] u [35] pa:rnexAar Bbrrpoca 3a ocqrrJrarlr4,
Ha pemeHl{rra Ha cborBerno uapa6onaunra 4ra$epeuqualuu u 4u$epeuqn.rJtrro-
$ytrxqxoua;rHr,r ypaBHeHuxr' ctryimtit Ha HatriurHo-rpaHr,rrrHa 3aqaataB Herlr4JrlrHAprrnua o6racr,
qLI.f,To crpaHr{qHa rloBtpxHoct ce uporvreHapaItLtutno BbB BpeMero. Harrlepeuz ca AocrartqHr4
ycnoBlr.fl 3a ocullnauus. Ha perrreHrzr.f,Ta, nocpeilcrBoM TpaHcQoprraaqrax Ha Herl[n]rHApr,rqHaTa
o6racr B rlr4nr4HAplrqHa, Merora Ha ocpeAHrBaHero u MeroAa ua 4u(pepeHrlr.rirlrHzTe
IrepaBeHcrBa. Craruu l4ll, l47l u [a8] pa3BuBar Ar{peKruo nprnoxeHvre Ha Mero.ua Ha

4Ia$epenqraanHuTe HepaBeHcrBa (6es ocpe4nxnaue) sa AoKa3BaHe Ha Herpr.rBuanHr.r

ocur{JrarluoHur,r pe3ynraruHa 1azaraua acr{MrrrorlrqHoro rroBeAeHr.re Ha petrreHr4 sta. Cratuure
l49l u [51] rasluanar ocrlrnaqrroHHl{Te cnofictsa Ha cr.rcreMr{ or cborBerno napa6olruqHr u
xrauep6onravnra )paBHeHr,rf c (pyuxuraoHaJreH aprlueHT rrocpeAcrBoM MeroAa Ha H-
ocqunaurr.f,ra. MeroAa cBex,ua Bbnpoca 3a ocqlrnarlutsrama r{3xoAuara cr{creMa.{o Bbnpoca 3a

HecsqecTByBaHe Ha eBeHTyturHo [onoxrrTeJrHr.r pr eBeHTyiuHo oTpr.rrlaTenHr4 perxelJvrfl Ha

cKanapHo gra$epeHquanuo-(pynrcuuoHaJrHo HepaBeHcrBo. flolyrenrr ca AocrarbrrHr,r ycJroBr,rfl

3a ocIII4naIIUfl Ha perrcIJkrflTa fi ca ilaI3lf,I KoHKpeTHr{ rrpl4Meplr, Kor4To raJrrocTpHpaT

AOKa3aH[Te pe3ynrar[.

6. Cucmeuu sa Qasoeu npexodu c xucmep%uceu efuercm u qucreHo cuMylupqHe Ha mexHume
peweHufl. ModenupaHe Ho xucmep%uc s nonyilaquoHHomo duuauurca
lly6nraraqur4re rro ra3r4 reMa ca: 1421,152),1541, [55], [56], [57], [58], [59], [60], 16ll, [62],
1631, L641, [65] crrnacHo crracbKa ra rty6trurallrIl{re, rrpeAcraBeHkr 3a yeracr}Ie B KoHxypca.
O6ruusr r4MrraKr (f axrop Ha crucaHr.rsra, KtAero ca uy6maxyBanlr re3r4 crawrkr e 7 ,971 . Craruu
or ra3r.r reMa ca lq:zrupauu o6rqo 35 nsrz, cbrJracHo [punoxeHara crrpaBKa 3a\lzrrurpanursra.
lly6nrxaqnlrre or ra3r{ TeMa [3yrraBar Bbflpoca 3a cbqecrByBaHe rr eAI4HcrBeHocr Ha

perrreHufiTa Ha MHoxecrBo KJracoBe or nenrauefiun cr{creMr.r npra HaflruLte Ha e(ferr na
xlrcrepe3uc. Pa"srnex,qan[Te c]rcreMr.r orrrcBar KaKTo cJreABa: cruwrkr p2lu 162l ca Mo.qenl{



Ha (ha3oBLI rpexoAI4 c e(beKr Ha xllcrepe3l4c orrrcBaHra or o6raxnoeeHra .qu([epeuqr{anHr4
ypaBneHrrf,,crarvtvl52l,L54l, [56] [57], [59], [63],164lcaMoAenr,rnaSasonrarpexoAr.rce(fexr
Ha xllcrepe3rlc orrrcBaHr,r or uapa6onuwtr ypaBHeHtrfl,, crutvtyt [55], [58], [60], [61], [65]
pa3rnex,4ar Mo.{enu Ha eBoJrroqurr Ha 6uororuqnra [olynarlr4lt rrpu HaJrr{qrrero Ha

xl4crepe3r.rcen e(ferr. Cucreuure pirrnexAaHw e 152f, [54], [56] [57], [59], 163], [64]
BrrrorrBar Kr{Herr4rrHoro ypaBHeHt4e Ha rrapaMerbpa Ha rroApel6a vt ypaBHeHr{ero Ha 6anartca
rra BbrperuHara eHepryrfl Ha ctorBeruara Sraszuecxa clrcreMa rrperbprrrBarqa 1pa:on flpexoA.
E(pexra Ha x[crepe3lrc ce orrrcBa rrocpeAcrBou 4n(pepeHrlr.raJrHo BKJrroqBaHe cbAbpxarqo
cy6araQepeHrlr.raJr Ha r.rHIr.rraropna lpyuxqm Ha I,IHTepBan (urra rranoxectno), qrr.f,To AtnxlrHa
(crornerno Soprraa) saB:,rcu or eAHa or Her.r3BecrHI{Te Ha clrcreMara- B cnyrra, TeMrreparypara
ua lpasonrax [pexo.{. Tosu noAxo.{ Ha orrr{caHr{e ua e(ferra Ha xr{crepesuc plar,a Bb3MoxHocr
sa oilvrcalkre Ha {BJreHr,r-f, Karo rrpeoxJrax,4aue t4 [peHarpsBaue rrpla olr4caHue ua Sasonx
rrpexoAra. 3asucprllocrra Ha cy64z(pepeHur{Erna Ha r,rHAr{KaropHara (lyuxqux or eAHa or
Her3BecrHrrre Beflr.rrrr.rHra (n cnyuar reMrreparypata) na clrcreMara flpeAcraBn-f,Ba eAHa or uaft-
roJreMr,rTe MaTeMaTr.rqecKa Tpy.4HocTI,r flpu pellaBaHe Ha upo6nenru oT To3r,r Tr4rr.

Ilpeo4onxnaHero Ha re3rr upo6reuu r{3r{cxBapa3pa6otnane na cnequ([ErreH auaJrra3 rrpr,rroAeH

3a KoHKperHara 3aplaqa, 6azupay Ha reopr{flTana cy6au(pepenquanr{ 3aB[ceqr{ or BpeMero }r

MeroAr,r or Sl,nrqraoHaJlHr.lf, amaJrkr3. flo-r<onrpetuo, B crarvrs, [56] e u3yqeH Bbrrpoca Ha

cbqecrByBaue 14 elrrncrBenocr Ha pe[reHr.rrra Ha cr{creMa or HeJrr.rHefiuu 9,{Y, oflucBarrla
MoAen ua (fasoe npexoA rplr Hiurrrqlae Ha xracrepe3laceu u 4ra(pysaoHeH e$err. Pe:yrnarr:r sa

cbrrlecrByBame Ha pe[reH]rrrra e AoKasaH [ocpeAcrBoM Mero,4a Ha alpoKcr{Mauus ual4oltuga,
enepruftnu HepaBeHcrBa r{ MeroAr.r or lr3rrbKHaJrvs. auaJrvts. Oco6eHa rpyAHocr npeAcraBJlflBa
Bbrrpoca 3a eAr,IHcrBeHocTfa Ha pemeHI,IrITa Ha raKI,rBa clrcreMll nopaAl4 3aBucilMocTTa Ha

cy6gu$epeHrlr{ana Ha r4HAr,rKaropHara Synrrlrla or eIHa or Heu3BecrHr.rre eerzquHr,r. Ta3r4

TpyAHocr e flpeoAonsua -rrpe3 paspa6orcn BapLIaHT Ha MeroAa ua Lr - rronyrpyrrare r,r e
AoKa3aH pe3ynrar 3a eAlrHcrBeHocr. B crarwffa e Aa,{eHa ra uo4po6ua KoMrrrorbpHa
cuMynarlu_s Ha pe[reH[rflTa Ha pa3fnexAaHaTa clacTeMa npv pa3Jrr4rtrrr{ AaHHr.r 3a HaqaIHIITe
ycJroBr{fl, AecHr{Te crpaHr,r u gn$yzuoHHlr, "e(berr. Crarra-f,ra 163) LtsyqaBa cr.rcreMa or
ue;rusefiuu 9[Y c BeKTopeH x]rcrepe3rrc. B crarusra e AoKa3aH p*ynrar 3a cbrrlecrByBaHero
Ha noranHr,r u rno6a-nHll pelreHl{r, KaKTo kr pe3ynrar 3a eArlHcrBeuocr Ha pe[Ieurlna.3a
AOKa3BaHe Ha CbrrIeCTByBaHe Ha pelreHlrflTa e LI3[OI3BaH MeTOAa Ha arrpOKCv{Is[AU-Ufl. HA

ilorlmlae roNa6l.rHarlr{, c HoB eHeprlreH Mero,4 AaBarrI orpaurlrrreHocr Ha perueHr.r{Ta. Oco6esa
TpyAuocr s uoAo6eu Bkrrsa4a'tu [peAcraBffBa AoKa3BaHe Ha orpaH]rrreHocr Ha pelreHl{fiTaHa
arrpoxcrrMr,rpanmauo I4orunAa3a4aqa. flocpegcrnorra paspa6orenvrs. eHeprlreH MeroA n [63] e

nonrreH pBynTaT 3a orpaH[rreHocT Ha perxeHr4rra He caMo Ha r{3xoAHaTa 3al.aqa, Ho cblrlo
rar<akr Ha arrporclrMr.rpaHara 3araqa. Crarraure [55], [58], [60], [61], [65] u:yranar Mo,qenLI Ha

6uororuqru4 norrynarlkrkr rrpkt HaJrlrqrrero Ha xr.rcrepe3lrceH e(fexr B [poueca Ha eBoJlrorll4rra
Ha Br{AoBere. B [58] e AaAeH cucrev,arurqeH rroAxoA 3a MoAenr.rpane Ha xr{crepe3r{ceH e(fercr
rrpa rrolynarluoHH[ Br{AoBe, 6azwpau Ha rroAxola LI3rroJBBaH ga orrvrcauute Ha xllcrepe3[c B

rpoqecu ua $a:onu rpexo,{u. Craruure [55] u [60] ananu3r.rpar cr,rcreMl{ ot sernueftuu r{.{Y
ollrcBarqu MoAewr Ha xurrlHuK-xeprBa c xucrepe3uceH e$exr. ,{orasarur ca pe3ynrarvr 3a

Heorpr,rrlareJrHocr Il orpaHuqeHocr Ha perrreHvrra. floxasan e pe3ynrar 3a cbrrlecrByBaHe Ha

noHe eAHo pelrenrre Ha pa3rnexlauara 3a4aqa [ocpeAcrBoM arrpoxclrMl4paHe, eueprufinx
rrepaBeHcrBa r{ TeopeMra 3a HerroABLtxHr.I TotIKI{. B crarusra 163) ca pa3rneAatil pa3lruuuur

MoAenlr na $a:onu [poMeHIa, Kordro ca nprdnoxvMn 3a MareMarlrrrecKo oflrtcaulae Ha

MHoxecrBo MoAenrr or nonynarllroHHara Ar{HaMlrKa c xrrcrepe3ucen eQerr. Paspa6oreHu ca

KOMrrroT'bpHr4 cr4}.dyila\uu Ha pe[reHr{.,rTa Ha pa3rnexAaH}r 3a\aqu B 3aBr{cr4MocT oT

6uororrrHoro B3ar4MoAeficre[e (xuqnux-Neprna), HaqarHI,ITe AaHHI{, AecHIaTe crpaHI,I,

Hanr,rqr4e na 4ra$ysuoHeH rrapaMerbp I4 T. H.
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7. Cmamuu u yue6nuqu csbp3aHu c uemodurca Ha npenodaeauemo Ha MamewqmuKa u dp.;

Yqacrsan cbM B HarlrlcBaHero Ha cJreAHr.rre 4na c6opur4Ka cB6p3alu c o6yreuuero u
lperroAaBaHero Ha MareMarr4Kau $usuxa, KaKTo cne.qBa:

"MemodurtecKo pb*osodcmeo 3a perualaHe Ho sadaqu no nuueilua anze6pa u oHarumuqHa
eeorvtempun" (cuaemop: ,[pyau Eailuoe), Irlsd. tr4unync-M, Co$un, 1997.

C6opHLrxrr [peAcraBn-f,Ba MeroALItIecKo pbKoBoAcrBo 3a cryAeHTr.r 3a peruaBaHe Ha 3aAaqrz no
Blaclrra MareMarI,IKa B pircAenvrce: tuneitna anre6pa Lr aHarrurvtqHa reoMerpux. C1opH[Kbr
raBa B HaqaJloro Ha BceKr{ uaparpaQ o[pereJreHr4-f,, Teoperr{lmr4 lr3Bo4ra ra SopMyJrr.rre,
neo6xoglaurl 3a peuraBaHe Ha 3a,4arrr{Te. flo-ronsnrar:a qacr or 3aAaqrare ca peflreHl{ HarrbJrHo,
a 3a Ipyra qacT ca IaAeHlI KoHKpeTHLI yKa3aHLL 3a pe[IaBaHeTo Iarrr. B Kpa.f, Ha BceKrr naparpa$
ca raAeH:z Ir HepelreHu 3a4arilt c orroBopr{Te }rM. Ilpra no46upauero Ha 3ararir*tre e c[a3eHo
I'I3LtcKBaHeTO Aa ce [peMI{HaBa IIocneAoBaTeJIHO OT IIo-eJIeMeHTapHII KbM [o-TpyAHvI3AI\aqv.

"Cdopuurc 6 nou4ou4 ua npenodonomeilu u yqeHuryu 6 u.tKolu no $usurca", (cae6mopu; Pycrca

,[pazueea u Benuzap Tenaeuuapoe), usd. Ha neqamHa 6asa rua MRHII, ]988.

C6opurartt e flpe.untrHaqeH 3a IIIKoJIIa r{ Kpbxoqrr no $usraxa. 3a4a.rurc B rl-rrnoro ]r3JroxeHr{e
ca c [oBarueHa rpyAuocr. B MeroruqecKara qacr ca flocoqeHra Qopnaynu r{ MeroAr,rtrecKr4

yKa3aHI,IrI Karo e na6neruaro Ha re3r,r, Korrro npe.{craBnflnar nafi-ronsMa rpyAHocr.

IloAnrac: W
EuNn Mrurqee
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