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NMPUMEHEHUE HEMPOHHBbIX CETEU B 3A0AYAX
MATEMATUYECKOI'O AHAJIU3A

Lposdos A.U., cmydeHm 2p.250502

Benopycckuli 2ocydapcmeeHHbIl yHU8epcumem UHopMamuku U paduo3ieKmpoOHUKU
2. MuHck, Pecnybniuka benapycb

Jlywakosea Y. H. — kaHO. ¢hus.-mam. HayK

AHHOTaumA. B cBs3u ¢ BbICTPLIM POCTOM HENPOHHBIX CETEN B 3TOM roAly AaHHasi paboTa NPOBOAUT CPaBHUTENbHbIA aHaNM3 Tpex cambix
MOMyNAPHbIX PELLEHWI B NPUKINadHbIX 3adadvax Matematunyeckoro aHanmsa. CpasHusatotca ChatGPT (GPT-4), Google Bard n Bing Chat
No BBEAEHHOWN CUCTEME OLIEHKM.

KntoyeBble cnoBa. HelpoHHble ceTn, matematnyecknin aHanus, chatgpt, google bard, bing chat.

B nocnegHee Bpemsa HabnogaeTca Oym B pa3BUTUM HEMPOHHbIX CeTEN (OCHOBAHHbIX HA TEXHOMOMMM
GPT — Generative Pre-Trained Transformer). B cBI31 ¢ NOCTOSIHHBbIM NMOTOKOM HOBOCTEN O HEBEPOSTHBIX
pesynbTatax 3TUX HEeWPOHHbIX CETEel B COBEPLUEHHO pasHblXx cdepax [5], uenb aTon paboTbl —
npoaHannanmpoBaTb CamMble NOMySsipHblIE U3 PELLUEHUI Ha 3aJadyax MaTeMaTUYecKoro aHanmaa.

Yo Takoe HeVIPOHHbIe cetn? HeﬁpOHHble CeTn —3TO MeTo B NCKYCCTBEHHOM UHTENJIEKTE, KOTOprVI
YYUT KOMNbHOTEPDLI O6pa6aTbIBaTb AaHHbIe TaKMM e cnocobom, Kak 1 YenoBEe4YEeCKUIN MO3T. Vlcnonbayech
MHOXECTBO CJ10€B, Ha4nHaaA OT BXOOHOro, npoxoaa 4epe3 OrpoMHOE KOJIM4eCTBO NMPOMEXYTOYHbIX CIlOEB,
1 A0 BbIXOOHOrO. HeVIpOHHaFI ceTb CnocobHa YYNTbCA Ha CBOUX owmnbkax Ha npegbliaylmx cnosax.

Yto Takoe GPT, KOTOpbIN NEXUT B OCHOBE BCEX HEWPOHHBLIX CETEW, pacCMaTpuUBaEeMblX B 3TON
pabote? GPT — 310 0cobbii BUA TpaHcdopmepa (Moaenb rnyookoro oby4veHus, koTopasi No-pasHoOMy
B3BELUMBAET KaXOyl YacTb BXOAHbIX [OaAHHbIX W aHanuMavMpyeT KaKOyld 4YacTb [AaHHbIX C MOJIHbIM
KOHTEKCTOM M3 NpeablayLLnX 4aHHbIX), KOTOPOMY He HY>HO 00y4yeHune ¢ yumTenem. 3To No3BoNsSeT ropasgo
ObICTpee TpeHMpoBaTb CETU Ha ropas3go 6onblmnx Habopax AaHHbIx. Oby4YeHne coCcTouT M3 ABYX 3TaMNoB:
obyyeHne n HacTpomnka napameTpoB Ha GonblioM o6beme HeobpaboTaHHbIX AaHHbLIX, a 3aTteM bonee
TOYHasA “noakpyTka” nog uHanbHbIM pedynbTaT nog HabnwaeHneMm.

Bbino BeibpaHo 3 pewenus: ChatGPT (GPT-4) [2], Google Bard [3] n Bing Chat [4]. Ucnonb3oBanucb
npumepsbl 3 cbopHuka 3agadv [1].

[ns cpaBHeHWs Bbina co3gaHa CBOS LKana OUEeHKWU: KaXabli MpUMep oueHMBaeTCs No 3 KpUTepusam
(ot 1 go 10): KOPPEKTHOCTb (NPaBUMBHO N peLleH Mpumep), pauMoHanbHOCTbL (MOXHO Mnu OblNo ero
pewnTb NpoLue) 1 NonHoTa 06bACHEHMS (HACKOMbKO Bbl BbINO NOHATHO pelueHne cTygeHTam).

[nsa oueHkn pe3ynbTaTtoB NCNOJ1b30OBAaINCh cregywuimne (bOpMyJ'IbIZ

S; = [(correct; + rational; + clear;)/3)], (1)
roe Si— oueHka HeMpOHHOW CeTU MO KOHKPEeTHOMY NpumMmepy, a correct; rationali, cleari - oueHka npumepa no
KOPPEKTHOCTU, PaLMOHANBHOCTA U NONHOTE OOBbACHEHUSA COOTBETCTBEHHO.

— 2?:151
s ==, @)
roe S — utoroesas oueHka HEMPOHHOM CeTU, a N — YMUCNO NPUMEpPOB.

B pa60Te npueeaeHbl Hanbonee XapaKTepHble CKPUHLLOTLI OTBETOB U UX KpaTKaaA XapaKrepucTtuka.
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Teopus BelweCTBEHHbIX YACEN U MHOXECTB

2 2 2 nx(n+1)*(2n+1)
1. [HokasaTb, yto 1° + 2% + -+ n* = ————
6

St Step
As: la holds for n = k
14 282 4+ kA2 = (k*(k+1)"2k+1))/6
We ow that the forn +1
142 + o+ k2 + (k1) 2(k+1)+1))/6
Now, add (k+1)*2 to both sides of the assumed formula:
TA24 282 4+ kA2 + (ke 1)A2 = (kK (ke 1)*(2k+1))/6 + (k+1)42
Now, factor out (k+1) from the right side:
182 4202 4 .. + kA2 + (k+1)°2 = (k+1)[(k*Rk+1)1/6 + (k+1)]
Now, simplify the right side
124 272 4 _ + k"2 + (k+1)72 = (ke 1)[(2k"2 + k + Bk + 6)/6]
142 + 282 + .. + kA2 + (k+1)72 = (k+1)[(2k 2 + Tk + 6)/6]
182 4 272 4 . + kA2 + (ke 1042 = (ke 1)[(k+2)*(2k+3)1/6
Now, notice that this is the formulaforn =k + 1:
124 272 % L+ kM2 #+ (ke 1)72 = ((k+ 1)k + 1)+ T)(2(k+ 1)+ 1))/
Since the fermula holds forn = k + juction that the formula holds

© Regenerate response

_— L Rk )2k 4 1)
PP ppt=0 T T

6
We want to show that the equality holds for k - 1, that is, we want to show that

_— . (k it 2)(2k 1+ 3)
AR R (LU | L)

To do this, we can write the left-hand side as follows:

12428 (k+1P =+ + k) + (k+1)

By the inductive hypothesis, we know that 12 + 22 4 ... 4 k? = SELUBRL) g petivyting this into the equation sbove, we get:
, ,  k(k +1)(2k +1) ,
SR OO ) Lt i AL WS §

[
We can then factor the right-hand side as follows:
k(k+1)(2k+1) , 1 o3 1 . p
s (k4 1)° lit.k 1)(2k* + 3k + 6) ?H\' 1)(2k + 3)(k + 2).
] i 3

Therefore, we have shown that 12 + 2% 4 - + (k + 1)? U, as desired

This completes the inductive step. By the principle of mathematical induction, the equality holds for all natural numbers n > 1.

PucyHok 1 — OtBeT ChatGPT PucyHok 2 - OtBeT Google Bard

We can prove this by induction on n.
Base case: For n=1, we have 142 = 1 = (1%(1+1)(21+1))/6

Inductive step: Assume that 12 + 2*2 + .. + k*2 = k(k+1)(2k+1)/6 holds for some positive integer k. We
need to show that it also holds for k+1

We have
102 4 202 + ..o+ kA2 4 (ke1)2
= k(k+1) (2k+1)/6 + (ke1)n2
= (k#1)/6 * (k(2k+1) + 6(k+1))
= (ke1)/6 = (k%2 + 7k + 6)
= (k1) (k+2)(2(k+1)+1)/6

Therefore, by induction, we have proved that 142 + 22 + .. + n*2 = n(n+1)(2n+1)/6 for all positive
integers n.

I hope this helps!

Aononmurenshbie coeaerma: 1 2 math. om  +1 ewe 1m20 0

PucyHok 3 — OtBeT Bing Chat

Kak BMOHO 13 CKpMHLLOTOB, BCE CETUM CMOMNN PeLLNTb AaHHbIn npumep. OgHako, B (hOpMaTMpoBaHnm
oTBeTa 1 06BbACHEHNsX ObINM HEKOTOpbIe NPOGeMbI.

Hanpumep, B npoBepke 6a3sbl MHaykumm ChatGPT BbiBeno 21 BmecTto 2*1 (HaBepHoe, NoacTaBnsis
1 BMECTO n, He 3aMeTuB, YTO MOMYYMIIOCb Apyroe 4vcno). Takke UCnonb30Bannchb KBagpaTHble CKOOKM
BMECTO Kpyrnbix (Takad mnpobnema ectb B cTapbix Bepcuax MathCAD), He wcnonb3oBancs
oTchopmaTUpoBaHHbIN BbiBog. OBbsACHEHME AaXe CNULIKOM NoapobHoe (0ObIYHO HET HYXAbl ONUCbIBATb
CrnoBamu Kaxabli Lwar, TONbKO eCrin 3TO HE YTO-TO HEOYEBUOHOE).

Google Bard nmeeT xopoliee 1 paumoHanbHoe pelleHue. 1o 06bemy OObACHEHUIN HE CIULLIKOM
MHOTO M He CMULLKOM Marsio — 3onoTtas cepeamHa. OgHako OH AoMyCTMN oWwnbKy B KOHLIE JoKa3aTenbCTBa:
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OH cKasarn, 4To %(k + 1) (k% + 3k + 6) = %(k + 1)(2k + 3)(k + 2), ogHako NpaBWIbHO %(k + 1)(2k% +
7k +6) = %(k + 1)(2k + 3)(k + 2), 4TO O4EHb NOXOXE Ha “NOAroHKY Nof OTBeT’.

Bing Chat xe Takke umen npobnemsl ¢ dopmaTupoBaHmem 2*1, Ho peLumn npaBunbHo. O6bsICHEHME
OOBOMbHO KpaTKOe M MOXEeT 3anyTaTb U3HavarnbHo.

OueHka (correct/rational/clear):
ChatGPT: 10/9/6

Google Bard: 7/10/10

Bing Chat: 10/10/8

n
2. [HokaszaTb, 4To n! < (nTH) npun = 2

ChatGPT peLunn npuMep NpaBunbHO, OAHAKO He OYeHb paLnoHanbHO. Bee elwé Habnoganuce npobnemsi
¢ opmatupoBaHnem (ecnu OTNPaBUTb MPUMEP HECKONbKO pas, TO WHorga oTBeT Oygetr c
dopmaTtupoBaHmeM, a nHorga 6e3s).

Google Bard gonyctun KpuTudeckme OLMOKNU, KOTOopble HEBO3MOXHO AOMYCTUTh NMPU 0BbIYHBIX YCIOBUSX,
[loKa3aTenbCTBO HEBEPHOE.

Bing Chat HaunHan pewaTtb NpaBuUibHO, HO B UTOre Takke “nogctpounca nog oteeT’. M3 MCTOYHUKOB,
KoTopble OH npepanarar, Obiv BONPOCHl HA NOXOXME MPUMEPbI, OOHAKO He Ha TeKylmin. Taknum obpasom,
OH MbITancsa AeNCTBOBaTb aHaNoOMM4yHo, HO Kaxkabli NpuMep 0COBEHHbI NO-CBOEMY.

I USE Case 1S 11 = 4. 11 LIS GaSE, WE llave,

Therefore, the statement holds for the base case n

Now, assume that the statement holds for some natural number k

We will show that the statement also hekds for k + 1, ie,

(k+ 1) < ((k + 2)/2)*!

By the inductive hypothesis, we know that k! < ((k 4 1)/2)*. Therefore, we hav

We can write (k + 1)! as follows:

Wi+ 1) f (k4 1)/2)F (k + 1) = ((k +2)/2)"

(k
This proves that the statement holds

By the principle of mathematical induction, the statement holds for all natural numbers n. > 2.

“_n

PucyHok 4 — Google Bard 3ameHsieT 3Hak “=" Ha “<”

1A fokasaTenbcTBa AaHHOTO HePaBeHCTBa Mbl ByAeM UCMONL30BaTE METOA MaTeMaTiueckon UHAYKLIAK.
Basa nHaykuuu: Mpu N = 2 HepaBeHCTBO BEPHO, Tak Kak 2! = 2 < ((2+1)/2)"2 = 9/4.

LWar uHaykumu: MycTb HepaBeHCTBO BEPHO ANA HeKoToporo N >= 2, Torga (n+1)! = (n+1)n! < (n+1)
((n+1)/2)*n (no npeanonoxermio UHAYKLMM) < ((N+2)/2)(n+1). Takum 0Bpazom, HepaBeHCTBO BEPHO U
anan+l.

Takum O6p830M, Mbl JOKa3anu JaHHOe HePaBeHCTBO METOAOM MaTemMaTMuecKou MHAYKLWW.

JDononnutenshbie ceegenus: 1. math.stackexchange.com 2. khanacademy.org 11220 @

3. math.libretexts.org ~ — nokazatb MeHbLIe

PucyHok 5 —Bing Chat ncnonb3yet HeKOpPEKTHbIA MCTOYHUK

OueHka (correct/rational/clear):

ChatGPT: 10/8/10
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Google Bard: 1/1/7
Bing Chat: 5/7/2

Mpegen uncnoBon nocnegoBaTenibHOCTU

10000n

3. lim

n—oo n2+1

ChatGPT peLwun He cambiM pauuoHarnbHbIM CNocoboM (MogennTb Ha CTapLlyto CTENeHb), OAHaKo
npaBurbHO.

Google Bard cka3an, 4To npegen He cyllecTByeT, fobaBuB Ans AokasaTenbCcTBa Kog Ha Asymptote
Graphics Language (koTopblii He 3anycTuncs).

Bing Chat pelunn npaeBunbHO, 0AHAKO NPUMeHW NpasBuio JlonuTans s 3Toro NpocToro npuMepa.

View other drafts

4, Thelimitlim, . “m—“l does not exist. To see this, note that as n gets larger and larger, the fraction !""f“‘!

However, it never actually equals 10,000. This is because the numerator, 10000n, is always greater than the denominator, n*2+1, so the fraction is

gets closer and closer to 10,000.

always greater than 1

10000

Here is a graph of the function y T

[asy]
unitsize(1 cm);

draw((0,-0.1)--(10,1.1));
draw((0,0)--(10,10000));

label(*n", (10,0), S);
label("y", (0,10000), E);

draw(graph(y=10000*x/(x"2+1),-0.1,10),red);

draw((0,1)--(10,1));
draw((0,10000)--(10,10000));
[7asy]

As you can see, the graph of the function approaches the line y=10,000 as n gets larger and larger, but it never actually touches the line. This

10000

meane that tha limit lim % dnee nnt aviet

PucyHok 6 — Google Bard gymaeT, 4to npegen He cyliectsyeT

OueHka (correct/rational/clear):
ChatGPT: 10/8/10

Google Bard: 0/0/0

Bing Chat: 10/5/8

4. [okaxuTe, YTO NnocrnegosaTenbHOCTb Yncen {x,}, 3agaHHasa ycrioBUsMu

1 a
X, =1; xp41 =E*(xn+x—),n21,a>0,

n

cxoauTtcsa. HainamTe npeaen aToi nocrnenoBaTenbHOCTU.

ChatGPT cmor pewnTb gaHHbIA NpUMep 1 06bACHNTbL Ha XOPOLLEM YPOBHE
Google Bard Takke cMmor pewunTb npumep

Bing Chat B pelleHMM MOCTOSIHHO CCbINarnics Ha MCTOYHWK, U MUCMOMb3ys aHanoruio, “aokasan”
cxogumocTb. OpgHako B WCTOYHMKE Obll COBEPLUEHHO ApPYron npuMep, W [oKasaTenbCTBO Obino
HEKOPPEKTHO.
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/[ins Toro utobbl 40Ka3aTk, YTO NOCNEA0BATENbHOCTE CXOAWNTCS, HYXHO MOKasaTb, YTO OHa Of paHU4eHa
CBEPXy U CHU3Y U 4YTO OHAa MOHOTOHHO y6b\BaeT WA BO3pacTaeT.

[N paHHol nocnefoBaTenbHOCTH X1=1, XN+1=1/2*(xn+a/xn), N>=1 MOXHO NokasaTb, YTo OHa
MOHOTOHHO yBbIBaeT npu a>=0 U MOHOTOHHO Bo3pactaer npu a<=0 ' .

Taioke MOXHO nokasaTb, YTO NOCNeA0BaTeNbHOCTb OrpaHMYEHa CBEPXY N CHU3Y Npw a=0 a -
CnegoBatenbHo, NocneA0BaTebHOCTL cxoauTea npr a>0 ' .

Taknm 06pasom, Mbl JOKa3anm, 4To nocnegosatensHocts X1=1, Xn+1=1/2*(xn+a/xn), N>=1 cxoautcs npm
a>0.

Hapaetocb 310 nomorao! Ecan Y Bac eCTb Kakue-mmbo Apyrue Bonpochl UAW yTOYHEeHUs, no*anyﬁCTa, He
cTecHanTeChH cnpawweaTte.

Dononnutenbrble ceenenms: 1. math.stackexchange.com 2. math.stackexchange.com 11220 @

3. math.stackexchange.com  — nokazarb metblLe

PucyHok 7 — Bing Chat ccbinaeTtcsi Ha COBEpLUEHHO HEMOAXOASLLNA NCTOUHMK

OueHka (correct/rational/clear):
ChatGPT: 10/10/9

Google Bard: 10/10/10

Bing Chat: 0/4/4

OnpepeneHHbIN MHTerpan

T
= dx
5_ 2
fO 2-sinx

ChatGPT, Google Bard 1 Bing Chat He cmornu pewmnTb gaHHbI UHTerpan. o4t y Bcex oTBET nony4arncs
In(2), xoTa gorkeH 661N BbITh 3%

To solve the definite integral of dx/(2-sinx) from 0 to n/2, we'll use substitution. Let's start by

making a substitution:
u = sin(x), so du = cos(x)dx.

Now, we have to change the limits of integration according to the substitution. When x = 0,

u = sin(0) = 0. When x = m/2, u = sin(n/2) = 1. The integral becomes

Jtcosix)dx) / (2 - sin(x)) with limits from x=0 to x=m/2

[(du) /

(2 - u) with limits from u=0to u=1
Now, we can integrate with respect to u

J(1 /(2 - uydu = [(1/(2 - u))du = -In|2-u| with limits from u=0 to u=1

Now, let's apply the limits of integration:

* [In]2-1] - In[2-0]]
= - On}1] - 2
=-[0-In(2)]
=In(2)

So, the definite integral of dx/(2-sinx) from 0 to 1/2 is equal to In(2).

PucyHok 8 — ChatGPT HenpaBunbHO pewnn nHterpan

OueHku (correct/rational/clear):
ChatGPT: 0/0/0

Google Bard: 0/0/0

Bing Chat: 0/0/0
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Tabnuua 1 — CpaBHUTENbHbIN aHANM3 HEMPOHHbIX CETEN

Heitpo- ChatGPT Google Bard Bing Chat
CeTb

Ne correct; | rational; | clear: Si correct; rational; clear; | Si correct; rational; | clear; | Si

npumepa
1 10 9 6 9 7 10 10 9 10 10 8 10
2 10 8 10 10 1 1 7 3 5 7 2 5
3 10 8 10 10 0 0 0 0 10 5 8 8
4 10 10 9 10 10 10 10 10 0 4 4 3
5 0 0 0 0 0 0 0 0 0 0 0 0

WToro 8 7 7 8 6 5 6 5 5 6 5 6

Mcxoasa ns npoBegeHHOro CpaBHUTENBHOIO aHanuaa, Ha nepeom mecte ChatGPT, notom Bing Chat,
panee ¢ Hebonbwum otctaBaHumem Google Bard. M3 pesdynbTaToB TECTUPOBAHUA MOXHO 3aMeTUTb
ocobeHHocTn Bcex GPT: OHM MMET MHOXEeCTBO NapaMeTpoB, HO KavyeCcTBO UX OTBETOB 3aBUCUT OT
KayecTBa TECTOBbIX AaHHbIX. Tak, GPT-4 nmen Hanbonbwunin Habop TECTOBLIX AaHHbIX. YTO MHTEpPECHO,
Bing Chat nokasbiBaeT cebs B pa3bl xyxe GPT-4, xoT4, no 3assnexHusam Microsoft [6], oH ocHoBaH Ha GPT-
4. BO3MOXHO, 3TO M3-3a (DyHKUUM MOMCKa B WHTEpPHETe nepen OTBETOM, UYTO ckopee cbuBaeT, yem
nomoraet. Google Bard nokasbiBaeT cebs oO4veHb NNOXO B MaTeMaTMyeckux 3agadax, OAHaKo
dopmMaTUpoBaHMe y Hero nydwle Bcero. OT0 anbda Bepcusi, KOTOpPYH “Hay4ymnu cumTaTb’ OyKBaIbHO
HEeCKOMNbKO AHen Hasaa.

Tarke 66110 NpoBEAEHO AONOMHUTENBHOE UCCNEeA0BaHNE HEKOTOPbLIX KNaccoB 3agay Ha bonbliem
yucne npumepos, ucnonb3ys cbopHuk [8]. PedynbTaThl B CpaBHEHMM OCTalOTCH Takvmu xe. Hanpuwmep,
npocTenwine onpeaeneHHble MHTerpanbl MOryT pewntb Bce 3 ceTu (XOTA MHorga oHu owwunbaroTcs B
noacyeTax), a BOT, Hanpumep, UHTerpanbl OT HeaneMeHTapHbIX (PyHKLMI CcMOor pewwnTb Tonbko chatgpt. A
3aJayM Ha HaxoxgeHuwe onpefeneHHbIX MHTerpanoB OT TPUrOHOMETPUYECKMX (YHKUWUWA, a Tak Xe Ha
HaxoXxgeHue ANWHbI AyrM He CMOra peLwwnTb HXN O4Ha HEMPOHHAs CeTb.

Takum o6pas3om, MCMNoNb3oBaTb HEWPOHHbIE CETW TEKYyLero MOKONEHWs MOXHO Ans 3agad
MaTeMaTM4ecKoro aHanmsa, Ho HeobxoaMMO nepenpoBepsATb KX BbiBo4. Ecnu npumepa He Obino B
TECTOBbIX [aHHbIX, TO BO3MOXHO OTBET MOXeT OblTb HenpaBwuibHbIM. M3-3a hakTopa paHgomMusaumun
HEKOTOPbIX BXOAHbLIX NMapamMeTpoB HEBO3MOXHO MOMYy4YUTb BOCMPOU3BOAUMBINA KaxAbld pa3 pesyrbTar.
HelipoHHble ceTun noka uto He gocTturnu AGI (Artificial General Intelligence), noaToMy OHU He MOTYT peLlaTb
NpPON3BOSIbHbLIE MPUMEPHI.
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UDC 004.032.26

APPLICATION OF NEURAL NETWORKS IN CALCULUS

Drozdov A.l.

Belarusian State University of Informatics and Radioelectronics, Minsk, Republic of Belarus

Lushchakova I. N. — PhD in Physics and Mathematics

Annotation. Taking into account the rapid growth of the neural networks in this year, we perform a comparative analysis of 3 most popular

solutions in applied calculus tasks. We introduce a special grading scale. Based on this scale we compare ChatGPT (GPT-4), Google
Bard and Bing Chat.

Keywords. Neural networks, calculus, chatgpt, google bard, bing chat.
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