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jfflinpoBcbKUii Jep:J1Ca6111n1 mex11i•mut1 yHi6epcumem 

ABTOMaT1-nau.ia npo1..1ecy a,ll,MiHiCTpysaHHl! OCBiTHhoi' ,ll,illJihHOCTi B 3aKJia,l),ax 

OCBiTI-f € Ba)KJII-IBOIO 3a,ll,a'-lel0 B paMKax cyqacHoro npou.ecy MO,ll,epHhau.ii" OCBiTI-I . 

3aram,Ha 3a,ll,a'-!a aBTOMaTH3a1.di' IlO,ll,iJI»E:ThC)I Ha nesHy KiJihKiCTh phHI-IX 3a,ll,a'-! Ke­

pysaHHll: nnaHysaHH», o6niKy Ta 3BiTHOCTi Toro '-II-I iHworo npou;ecy s ocsiTnii1 

,ll,UIJihHOCTi. 

0,!J,HiE:IO 3 Ba)KJII-IBHX cepe,!1, BHI.J.le3ra,l),aHI-IX 3a,ll,a'-! € 3a,ll,a'-!a aBTOMaTH30BaHoi' 

no6y,ll,OBI-I HaB'-!aJlhHOro IlJiaHy cne1..1iaJ1bHOCTi. CKJia,l),HiCTh ii' nonarae B TOMy, l.J.10 

np1-1 3acTocysaHHi MeTO,ll,iB niHiiiHoro nporpaMyBaHHl! He B,ll,aE:Thc» 6e3nocepe,!1,Hho 

CKOpHCTaTHCll CTaH,!1,apTHI-IMH MeTO,ll,aMH p03B 'll3aHH)I 3a,ll,a'-li JiiHiiiHoro nporpa­

MyBaHHll . Qe nos'»3aHo 3 TI-IM, l.J.10 Heo6xi,l),HO BpaxosysaTH nop»,!J,OK CJii,ll,yBaHH)I 

,ll,HCU.HITJiiH, T06To CTPYKTypHo-nori'-IHY 6y,ll,OBy cne1..1iaJibHOCTi . 

B ,ll,aHiii po6oTi nponoHyE:TbC)I MeTO,ll,I-IKa aHOHCOBaHa B [I] P03B'»3aHH)I u,iei' 

3a,ll,a'-li, »Ka ,ll,03son»e wn»xoM nepeTBopeHH» 3a,ll,a'-li Ha cepi10 3a,ll,a•1, UIO 1-,e o 6y­

MosneHi BHyTpiwHiMI-I nori'-!HHMH 3B'»3KaMI-I HaB'-!aJlhHHX ,ll,HCU.HITJJiJ-1. q» MC'J'O­

,ll,HKa MO)Ke 3aCTOCOByBaTI-IC)I He TiJihKH ,ll,JI)I 3a,ll,a'-li MO,ll,eJJIOBaHH)I 11as,1aJ Jb1J Or 

nnaHy, ane ii iHIIIHX 3a,ll,a'-1, l.J.10 MalOTh CTPYKTypy IlO,!J,i6Hy ,ll,O 3a,!J,a '-! J1i11iih1o r o 

nporpaMyBaHHl! Ta He MO)KyTb 6yTI-I 3Be,ll,eHi ,ll,O Hei" '-1epe3 BHyTpiwHi 3B ' » 3KH Mi)!( 

3MiHHI-IMH TaKHMH, 1110 He BHpa)KafOThC)I HepiBHOCTllMI-1 o6Me)KeHb. 

B111.J.1e3ra,ll,aHa MeTO,ll,HKa IlOJJ)lrae y HacTyITHOMy. 

,[(n» 6y,ll,h-)IK013a,ll,a'-li, l.J.10 CTpyKTypHo Bi,ll,ITOBi,ll,aE: CTaH,!1,aprniii 3a,ll,a'-li JiiHiii­

HOro nporpaMyBaHHl! Ta MiCTI-ITh nesHi 3B'll3KI-1 3MiHHI-IX, »Ki HeMO)KJII-IBO B11pa31-1-

TH HepiBHOCTllMI-1 o6Me)KeHh, Heo6xi,l),HO 3HaiiTI-I KpI-ITepiii, llKHii 611 ,ll,03B0JIHB O,ll,­

H03Ha'-IHO p03,ll,iJIHTH 3MiHHi Ha KJiac11, l.J.10 He MiCTllTh 3B'»3KiB. KpiM Toro u.eii 

KpHTepiii IlOBI-IHeH llBHO BKa3yBaTI-I Ha Te, l!KI-Iii KJiac MiCTHTh 3MiHHi, Bi,ll, l!KHX 3a-

3 
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variabl e type_array_of sized 
array size 

" [" array size variable name 

va r iable type array o f - variable name 
vari able=type_ int 
var i abl e t ype byte sizes 
variable=type=arch-
variable type f l oat 
variable-type-string 
variable=type=bool -

fpaMMaTHKa AJUI H3bIKa nporpaMMHpOBaHHH Go: 
variable defin i tion - variable definition typed I 
variable-definition autotype I-variable definition with assigment 
var i able-defini t ion-typed = "var " II fl va"riable name variable type 
variable=definition=with_assigment - -
va r iable definition with assigrnent = variable type variable name ''= '' 
variab l e-value statement-end 
variable definition autotype = variable name '' := '' expr statement end 
va ri ab l e - assigment ;: var i able name "=" expr statement end I -
variabl e-definition autotype -
variable-name - /[a=zA- ZJ [a- zA- Z0-9 ]+/ 
variabl e-value = expr 
variabl e-type - variable type int I variabl e type float 
variabl e- type string I variable type bool I variable type array of 
variable- type-array of sized= ~ariable name " [ " array size " ] 11 -

array size - /[0-9]+/ - - -
variabl e type array of= variable name '' [ ] '' 
variabl e-type-int =-" int " J " int "-variabl e type byte sizes 
variabl e-type-byte sizes - " 8" I " 16 " I " 32" I " 64 " -
variable=type=arch- - " 32 " I " 64 " 

" ] " 
[ 0- 9]+ 

" [ ] " 

variable t ype float - " float " variable type arch I " float " variable type arch 
var i abl e-type-string = " string " - - - -
variabl e=type=bool - "bool " 

HanpHMep, KOA Ha H3I,IKe nporpaMMHpOBaHHH PHP: $a - 5 MO)l(HO 
npeo6pa3oBaTb cne,nyiomtti1 B KOA Ha Go: a := 5. 

ITpHMep HCnOhb30BaHHH ,nepeaa pa36opa Ko,na Ha PHP AJIH nocTpoeHHH 
Ko,na Ha Go noKa3aH Ha pttcyHKe I. 

variable_ definition_ autotype 
variable_ def i ni I ion_ autotype 

• variable_n <1me 
variable_value 11ariable_name variable_value 

PHP Go 

PttcyHoK I - v!cnom,3osaHtte ,llepesa pa36opa KO,[la Ha PHP LIJlJI nocTpoemrn KO,lla Ha Go 

vlcnoJ1 b30Ba1-111e OAHOTHilHI,IX rpaMMaTHK - npOCTOH H 3<pcpeKTHBHblH 

cnoco6 B KOHCTpyttpOBaHHH TpaHCJIHTOpa H3I,JKOB nporpaMMHpOBaHHH. ECJIH 61,1 

r p8MM a'l"Hl{ (,J AJIII fl3blKOB nporpaMMHpoBaHHH PHP H Go He 6hIJIH OAHOTHilHblMH, 

'1'0 II OCJIC 00CTp0CIIHH ,nepeBa pa36opa KO,na Ha H3bIKe PHP, B npol..(ecce 

lll)UOU('l!l"l()OfllllUI KOAa Ha Go npHWJIOCI, 6bl TpaTHTI, BpeMH Ha napcep pa3JIH'-IHH 

MUll{J IY J(llYMR rpaMM3THKaMH, 'ITO HBJIHeTCH CJIO)l(HOH 3a,na'-1ei1 H ,nenaeT KOA 

)1)11~'1,' CJ IO)l{IILfM , a caMo npHJIO)l(eHHe MeHee npOH3B0AHTeJlbHI,IM. O,nHOTHilHOCTI, 

I JIIIMMIITIII{ II0;jBOJIHeT nponyCTHTI, 3TOT war H Ha'laTI, nocTpOeHHe HOBOfO KO,na 
1111 w11,11,c Go 11 0 y)l(e HMetomeMyc11 ,nepesy pa36opa Ko,na Ha PHP. 

MA TEMA Tl14HE TA ITP01P AMHE 3A£E3IIE'lEHilll lHTL:J IEKTY AJlbHHX CHCTEM 

OE Q,ll;HOM KJIACCE 3A)J;Aq PABHOBEC IIOM YTTAKOBKH 
C yqETOM 30H 3AilPET A 

KapTawos A.B., Kopo6quucKHi1 K.Il. , .SI.KOBJ1es C.B. 
alexeykartashov@gmail.com, kirill .korobch inskiy@gmail.com, 

svsyak7@ gmail.com 

HalJUOH(lJ/bHbllt a3pOKOCMU'leCKUll YHU6epcumem UM. HE.)KyK06CK020 

«XapbKoecK11u aeuaiJUOHHblU uHcmumy m» 

B AOKJla,ne OnHCbIBaeTCH nocTaHOBKa H MeTOA peweHHH CJ1e,nyiomei1 3a,na'-IH 

paBHOBeCHOH ynaKOBKH. PacCMOTpHM B npocTpaHCTBe R 3 wap So pa,nttyca ro c 

I..(eHTpOM s TO'-IKe po = ( 0, 0, 0) H COBOKYllHOCTI, n wapoB S;, i E J n , paAHYCbl r; 

H Macc1,1 u; KOTop1,1x 3a,naHhI . YnaKOBKY wapos S;, iEJn B wape S0 Ha3oBeM 

paBHOBeCHOH, eCJIH I..(eHTp TH)l(eCTH ceMettCTBa wapos cosna,naeT C I..(eHTpOM wapa 

S0. I10J1o)l(eHHe wapos S; B npocTpaHcTBe 3a,naeTcH napaMeTpaMH pa3MemeHHH 

pi = (x; , Y; ,z;) , iEJn , cosna,na!Oll.lHMH c KOOPAHHaTaMH HX I..(eHTpOB B R 3 . 

3acpHKCHpyeM napaMeTpbi pa3MemeHHH po; =(x0;,Yo; , zo;) wapos S; , iEJk , 

k<n . Tpe6yeTCH HattTH TaKHe napaMeTphl pa3MemeHHH pi = (x;,Y; , z;) , 

i E Jn / J k , KOTOpble o6ecne'-IHBa!OT paBHOBeCHYIO ynaKOBKY wapos S; iEJn B 

wape S0 MHHHMaJlbHoro pa,nttyca r0 . HeTpy,nHo BHAeTh, '-ITO TaKaH 3a,na'-la 

MO)l(eT paccMaTpHBaTbCH KaK 3a,na'-la paBHOBeCHOH ynaKOBKH npH HaJIH'-IHH 30H 

3anpern. 

MaTeMaTH'-leCKaH nocTaHOBKa 3a,na'-IH HMeeT BHA 

r0 ~min 

npH orpaHH'-leHHJIX 

2 2 2 < ( )2 . J Xo;+ Yo;+ zo;- ro-ro; , LE k • 

2 2 2< _ 2 
X; + Y; + z; _(r0 r;) , iEJn / Jk 

(x;-x1) 2 +(y;-y1) 2 +(z; -z1)2 ~(r;-r1)2 , i, j EJn/Jk> i < j , 

(x;-x01 )
2 +(y;-y01 )

2 +(z; - z01 )
2 ~(r;-r0J> 2

, i e ./11 / .Jk, } E .fk> 

(1) 

(2) 

(3) 

(4) 

(5) 
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k n k n 

L xo;uo; + L x;u; = o, L Y o;uo; + L Y;U; = o' 
i=I i=k+l i=I i=k+I 

k n 

Izo;uo;+ L z;u;=O. (6) 
i=I i=k+I 

YcnoBH» (2) H (3) onttchrnaJOT npHHa,nne)KHOCTh rnapy S
0 

o6nacTefi 

3anpern S;,iEJk H pa3MemaeMhlX rnapoB S;,iEJn/Jk. YcnoBHll (4) H (5) 

3a,na10T ycnoBHll nonapHoro HenepeceqeHH» pa3MemaeMhIX rnapoB Me)K,ny co6ofi 

H C 0611aCTl1MH 3anpern. PaBeHCTBa (6) OnHChIBalOT ycnOBHll paBHOBeCHOH 

ynaKOBKH. 

TaKHM o6pa30M, HMeeM 3a,naqy MaTeMaTHqecKOfO nporpaMMHpOBaHHll C 

3(n-k)+I nepeMeHHhlMH r0 ,x;,Y;,z;, iEJn/Jk. B np1rne,neHHOH nocrnHOBKe 

paAHYChl r;, i E J n H MaCChl U; , i E J n mapoB llBJllllOTCll KOHCTaHTaMH. 

3a<pHKCHpyeM r? = r; ' u? = U; ' i E J nl J k H, He Tepllll 06lIIHOCTH, nOJ10)KHM, qTo 

pa,nttych1 ynop»,noqeHhI no B03pacTaHHJO. 

B COOTBeTCTBHH c MeTO)lOM paCIIIHpeHHll npocTpaHCTBa [I] ocna6HM 

orpaHHqeHHll Ha pa,n11ych1 rnapoB r;, i E J n/ J k 11 6y,neM cq11TaTh 11x 

He3aBl1Cl1MhIMl1 nepeMeHHhlMl1 . TiocTp011M TaKOH 11HTepnOJ1llU110HHhl H DOJ111HOM 

u = f(r) (B o6meM cnyqae (n-1)-ofi CTeneH11), qTO ,nnll nap ToqeK (r;0 , u?) 6y,nyT 

BhlnOJlHllTl,Cll YCJ10B11ll 

x,i 

u?=f(r/), iEJn/Jk· 

CcpopM11pyeM c11cTeMy orpaHHqeH11H 

n n 
0 

Lr;= Lr;, 
i=k+I i=k+I 

lnl 
Lr;:2:}:ri+;, \:/0.cJn/Jk, 
iED i=I 

n ( )2 n ( 0 )2 L r; -1 = L r, -1 

i=k+l 1=k+l 

(7) 

(8) 

(9) 

(10) 

MATEMATWJHE TA IIPOrPAMHE 3A£E3 TTE4 EI-IH51 IHTEJJEKTYAJihflliX CHCTEM 

l n 0 
r,ne ,=-- L r; . 

n-k i=k+I 

CttcTeMa ypaBHeHHH H HepaBeHCTB (7)-( 10) on11c1,rnaeT MHO)KeCTBO 

{ o o o} BCeB03MO)l(HbIX nepecTaHOBOK 113 L[l1Cen rk+I• rk+2• .. . , rn . TaKl1M o6pa30M, 

MeTOA 11CKYCCTBeHHOfO pacrnHpeHHll npocTpaHCTBa no3BOJ111J1 ccpopMHpOBaTb 

3a,naqy (1)-(10) B npocTpaHcTBe nepeMeHHhlX r0 , X;, y ;, z;, r; , U; , i E J n/ J k. 

CymecTBeHHhlM AOCTOl1HCTBOM cpopMaJ1H3aU11H 3a,naq11 paBHOBeCHOH 

ynaKOBKl1 rnapoB B BHAe (l) - ( l 0) llBJllleTCll TOT <paKT, L[TO 3a)la4a llBJllleTCll 

KBa.[lpaTHLIHOH. O,nHaKO KOJlHLleCTBO JlHHeHHhlX orpaH11L1eHHH s CHCTeMe (8), (9) 

paBHO 2 n-k. Tio:noMy peaJ1113al\Hll KJlaCCHLleCKHX MeTOAOB HeJJHHeHHOH 

onTHMl13aU1111 orpaHHLIHBaeTCll pa3MepHOCThlO 3a)la4H. BMeCTe C TeM yL1eT 

CBOHCTB J111HeHHhlX 11 KBa.[lpaTl1L[HblX <pyHKI..\11H Ha KOM6HHaTopHb[X 

MHOrorpaHHHKaX no3B0JllleT B pll,ne cnyL1aeB o6xo,nHTh B03Hl1KaJOmHe TPYAHOCTl1 

[2) . 

3a,na411 paBHOBeCHOH ynaKOBKH 11MeeT III11pOKOe npaKTHL[eCKOe 

npHJlO)KeHHe H AOCTaTOL[HO IIIHpOKO 11ccne,ny10TCll B COBpeMeHHOH Jll1TepaType 

[3,4) . 3aMeTHM, L[TO 11CDOJlh30BaHHe pa,n11yc0B KaK He3aBl1Cl1MhlX nepeMeHHhlX B 

paMKax HHOfO KOHuenTyanhHOfO no,nxo,na K perneHHIO HeKOTOpblX KJlaCCOB 3a,na4 

ynaKOBKH paCCMOTpeHbl B [5) 11 no,nrnep,n11n11 nepcneKTHBHOCTh yKa3aHHOfO 
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k n k n 

L xo;uo; + L x;u; = o, L Y o;uo; + L Y;U; = o' 
i=I i=k+l i=I i=k+I 

k n 

Izo;uo;+ L z;u;=O. (6) 
i=I i=k+I 

YcnoBH» (2) H (3) onttchrnaJOT npHHa,nne)KHOCTh rnapy S
0 

o6nacTefi 

3anpern S;,iEJk H pa3MemaeMhlX rnapoB S;,iEJn/Jk. YcnoBHll (4) H (5) 

3a,na10T ycnoBHll nonapHoro HenepeceqeHH» pa3MemaeMhIX rnapoB Me)K,ny co6ofi 

H C 0611aCTl1MH 3anpern. PaBeHCTBa (6) OnHChIBalOT ycnOBHll paBHOBeCHOH 

ynaKOBKH. 

TaKHM o6pa30M, HMeeM 3a,naqy MaTeMaTHqecKOfO nporpaMMHpOBaHHll C 

3(n-k)+I nepeMeHHhlMH r0 ,x;,Y;,z;, iEJn/Jk. B np1rne,neHHOH nocrnHOBKe 

paAHYChl r;, i E J n H MaCChl U; , i E J n mapoB llBJllllOTCll KOHCTaHTaMH. 

3a<pHKCHpyeM r? = r; ' u? = U; ' i E J nl J k H, He Tepllll 06lIIHOCTH, nOJ10)KHM, qTo 

pa,nttych1 ynop»,noqeHhI no B03pacTaHHJO. 

B COOTBeTCTBHH c MeTO)lOM paCIIIHpeHHll npocTpaHCTBa [I] ocna6HM 

orpaHHqeHHll Ha pa,n11ych1 rnapoB r;, i E J n/ J k 11 6y,neM cq11TaTh 11x 

He3aBl1Cl1MhIMl1 nepeMeHHhlMl1 . TiocTp011M TaKOH 11HTepnOJ1llU110HHhl H DOJ111HOM 

u = f(r) (B o6meM cnyqae (n-1)-ofi CTeneH11), qTO ,nnll nap ToqeK (r;0 , u?) 6y,nyT 

BhlnOJlHllTl,Cll YCJ10B11ll 

x,i 

u?=f(r/), iEJn/Jk· 

CcpopM11pyeM c11cTeMy orpaHHqeH11H 

n n 
0 

Lr;= Lr;, 
i=k+I i=k+I 

lnl 
Lr;:2:}:ri+;, \:/0.cJn/Jk, 
iED i=I 

n ( )2 n ( 0 )2 L r; -1 = L r, -1 

i=k+l 1=k+l 

(7) 

(8) 

(9) 

(10) 

MATEMATWJHE TA IIPOrPAMHE 3A£E3 TTE4 EI-IH51 IHTEJJEKTYAJihflliX CHCTEM 

l n 0 
r,ne ,=-- L r; . 

n-k i=k+I 

CttcTeMa ypaBHeHHH H HepaBeHCTB (7)-( 10) on11c1,rnaeT MHO)KeCTBO 

{ o o o} BCeB03MO)l(HbIX nepecTaHOBOK 113 L[l1Cen rk+I• rk+2• .. . , rn . TaKl1M o6pa30M, 

MeTOA 11CKYCCTBeHHOfO pacrnHpeHHll npocTpaHCTBa no3BOJ111J1 ccpopMHpOBaTb 

3a,naqy (1)-(10) B npocTpaHcTBe nepeMeHHhlX r0 , X;, y ;, z;, r; , U; , i E J n/ J k. 

CymecTBeHHhlM AOCTOl1HCTBOM cpopMaJ1H3aU11H 3a,naq11 paBHOBeCHOH 

ynaKOBKl1 rnapoB B BHAe (l) - ( l 0) llBJllleTCll TOT <paKT, L[TO 3a)la4a llBJllleTCll 

KBa.[lpaTHLIHOH. O,nHaKO KOJlHLleCTBO JlHHeHHhlX orpaH11L1eHHH s CHCTeMe (8), (9) 

paBHO 2 n-k. Tio:noMy peaJ1113al\Hll KJlaCCHLleCKHX MeTOAOB HeJJHHeHHOH 

onTHMl13aU1111 orpaHHLIHBaeTCll pa3MepHOCThlO 3a)la4H. BMeCTe C TeM yL1eT 

CBOHCTB J111HeHHhlX 11 KBa.[lpaTl1L[HblX <pyHKI..\11H Ha KOM6HHaTopHb[X 

MHOrorpaHHHKaX no3B0JllleT B pll,ne cnyL1aeB o6xo,nHTh B03Hl1KaJOmHe TPYAHOCTl1 

[2) . 

3a,na411 paBHOBeCHOH ynaKOBKH 11MeeT III11pOKOe npaKTHL[eCKOe 

npHJlO)KeHHe H AOCTaTOL[HO IIIHpOKO 11ccne,ny10TCll B COBpeMeHHOH Jll1TepaType 

[3,4) . 3aMeTHM, L[TO 11CDOJlh30BaHHe pa,n11yc0B KaK He3aBl1Cl1MhlX nepeMeHHhlX B 

paMKax HHOfO KOHuenTyanhHOfO no,nxo,na K perneHHIO HeKOTOpblX KJlaCCOB 3a,na4 
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