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A Mathematical Model of Automatic Verification of Formalized Proofs and
a Conservative Presentation Interface over Lean

Relevance. Interactive theorem provers such as Lean have fundamentally transformed the verification of mathematical
statements by transferring the final control of correctness from the human mathematician to a small trusted kernel. Nevertheless,
their widespread adoption in research and higher education is still limited by a significant gap between the strict formal language
of the kernel, based on dependent type theory, and the usual intuitive mathematical notation, symbols, and natural-language
reasoning used by mathematicians and students. This discrepancy creates serious obstacles for teaching proof writing,
formalizing new results, and developing effective intelligent educational systems.

Objective. The purpose of this paper is to construct a rigorous mathematical model of automatic verification of formalized proofs
in Lean and to provide a formal justification for building a conservative human-oriented presentation interface together with an
untrusted generative pedagogical component over the trusted kernel without any loss of mathematical rigor.

Methods. The study relies on dependent type theory, metatheoretic properties of the calculus of constructions (soundness, strong
normalization, decidability of type checking), models of elaboration and backward projection between the presentation language
and the kernel, and formal predicates of term-typing correctness. Interface conservativity is expressed as the inclusion of the set
of derivable statements of the presentation layer in the set of kernel theorems. The safety of the generative Al-component is
defined by the condition that every executable artefact must be projected back to the kernel and re-verified by the trusted type-
checker.

Results. The developed model defines the formalizable fragment of mathematical discourse .#L, the kernel-verification
predicate VerL, the course formalizability functional F(S), a complete conservative interface model, and a safety condition for
the generative extension. It is proved that syntactic sugar, macros, notation abbreviations, and Al-generated educational artefacts
do not enlarge the set of derivable statements as long as the trusted Lean kernel remains unchanged and all executable fragments
are re-checked by the kernel. An illustrative example with four theorems from algebra and group theory (uniqueness of the
identity element, intersection of subgroups, kernel of a homomorphism is normal, and binomial identity) demonstrates that
human-oriented notation is fully elaborated into kernel terms while preserving mathematical meaning and verifiability. The
interface fidelity reaches the maximum value of 1.

Conclusions. The obtained results demonstrate that the formal language of Lean can be equipped with a convenient human-
oriented interface and intelligent educational services suitable for scientific and instructional use without compromising rigor.
The only criterion of truth remains repeated verification by the small trusted kernel. The proposed separation between verified
kernel knowledge, conservative presentation layer, and untrusted generative services creates a reliable foundation for building
intelligent educational systems in higher mathematics, discrete mathematics, algebra, and mathematical logic, where formal
correctness is guaranteed independently of the quality of generated explanations and exercises.

Keywords: Lean, dependent types, automatic proof verification, formalized mathematics, conservative interface, generative
pedagogical module.
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1. Introduction

Modern interactive theorem provers have transformed the machine verification of mathematical
statements from a purely logical task into a practical instrument for the formalization of substantial
fragments of contemporary mathematics. Lean is characterized by a small trusted kernel, dependent types
as the basis of its internal language, and an advanced mechanism for syntax extension, elaboration, tactics,
and inference support, while the mathlib library accumulates a large corpus of already verified definitions,
lemmas, and theorems [1-3]. The theoretical foundations of such systems are provided by intuitionistic
type theory, the calculus of constructions, and the correspondence “propositions as types, proofs as
terms” [4-6].

For research and education this means that the control of mathematical correctness can be transferred
from the human agent to the system kernel, whereas the human remains responsible for formulating ideas,
choosing a strategy, selecting notation, and constructing an explanatory layer. Experience with Lean in
proof education, as well as work on controlled natural language and human-oriented interfaces such as
Verbose Lean and Waterproof, shows that the principal obstacle is not verification itself but rather the
mode of interaction between the mathematician and the formal language [7-12].

At the same time, practical intelligent educational systems impose two nontrivial requirements. First,
the mathematically trusted layer must be strictly separated from untrusted service extensions. Second, it
must be formally justified why ordinary mathematical notation, macros, syntactic sugar, or Al-generated
explanations do not alter the set of derivable theorems whenever final verification is performed by the
kernel. Existing studies have already taken steps toward the operationalization of the formalizability of
mathematical tasks for intelligent tutoring systems, as well as toward the representation of mathematical
expressions by structural trees [13-15]; however, the mathematical model of a conservative human-
oriented interface over Lean still requires a separate justification.

The aim of the paper is to construct a mathematical model of the automatic verification of formalized
proofs in Lean and to rigorously justify the conservativity of a human-oriented presentation interface and
an untrusted generative component with respect to the trusted kernel of the system.

2. Formal problem statement
Let L be a Lean-like formal system built over dependent type theory. At the minimal level of
abstraction it is convenient to represent it by the tuple

L= (2, Ctx,Term, Type, +,=,K) (2.1)

where X' is the signature of constants and inductive objects, Ctx is the set of contexts, Term is the set of
terms, Type is the set of types, ~ is the typing relation, = is definitional equality, and K is the trusted
verification kernel. The basic judgment has the form

r-t:T (2.2)

where I"is the context of local hypotheses and instances, t is aterm, and T is a type. By the Curry-Howard
correspondence, a proof of a statement T is represented by a term p of that type [4]-[6].

Th(L) ={T € Type | 3p € Term:@ + p: T } (2.3)

Let .4 denote the set of statements formulated in ordinary mathematical language, and let .#L C .4
be the fragment for which an adequate encoding into L exists. Then

M, ={oc €M |3p(o) € Type, Ap € Term: 2 I p: p(0)} (2.9)
Here ¢ is the mapping of a mathematical statement into a formal type. For a finite set of statements
s ={ol, ..., oN}, we introduce the formalizability coefficient
1
F(©S) = EZUES 10’EML (25)

The quantity /A $) generalizes the intuitive claim about what proportion of a course, topic, or problem
bank admits full formalization and automatic verification [13]. In order to avoid an excessively strong
metaphysical thesis about the formalization of “any” proof without qualifications, universality of
automatic verification will henceforth mean universality on the set .#L only.

A formalization will be considered adequate if it preserves the mathematical meaning of the statement:

[oln = [w(0)], (2.6)
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where [Jo# and [JJL denote the semantic interpretations at the levels of informal and formal
mathematics, respectively. Equality (1.6) is the condition of faithfulness of translation from the language
of the mathematician into the language of the kernel.

3. Model of automatic proof verification

At the surface level, the user may build a proof by a tactic script, a term expression, or a combination
of both. After elaboration, the surface text is reduced to a kernel term. Therefore, the model of automatic
verification can be defined through the Boolean predicate

Ver,(T,p) =1 © K accepts p: T (3.1)

In the opposite case, we assume that VerL(T, p) = 0. From the mathematical point of view, any formal
proof may be represented as a derivation tree

D=Wp Eprd), AW)=1,Ft,:T, (3.2)

where the vertices of the tree correspond to local judgments and the edges correspond to applications of
inference rules. If the leaves of D are axioms or directly checkable constructor steps, and the root
coincides with ~p : T, then D encodes a completed proof of the theorem T.

Proposition 1. For any closed T € Type and p € Term, the predicate VerL(T, p) is computable.

Proof. Within the kernel, correctness checking reduces to solving the typing problem p : T while
taking definitional equality into account. For the calculus of constructions and its practical restrictions
used in Lean, the type-checking procedure is algorithmic; therefore, there exists an algorithm that
terminates on every closed input with value 0 or 1 [1], [2], [4], [5].

Theorem 1. Let o € 4L and suppose the adequacy condition (1.6) holds. If VerL(p(s), p) = 1, then
the statement o is true in the intended mathematical interpretation.

Proof. From VerL(p(c), p) = 1 we obtain ~ p : ¢(c). By the metatheoretic soundness of the kernel,
this implies the semantic truth of the formal statement ¢(o) in every model of the system L compatible
with the context. By the faithfulness of translation (2.6), the truth of ¢(o) is equivalent to the truth of o in
the mathematical interpretation.

Thus, any mathematical proof belonging to the formalizable fragment .#L and equipped with a
constructed proof object p is automatically checkable by the kernel. This is the mathematical meaning of
the thesis of automatic proof verification in Lean.

4. Conservative model of a human-oriented presentation interface

To make work with a formal system acceptable for a researcher, teacher, or student, a presentation
layer P is introduced over the kernel language: ordinary mathematical notation, abbreviated forms of
quantifiers, symbols such as x € H, ker f, H = G, templates of natural-language steps, and macros. The
properties of Lean 4 as an extensible environment with a programmable parser, elaborator, and pretty-
printer make such an extension natural [2], while educational systems such as Verbose Lean and
Waterproof demonstrate the pedagogical value of human-oriented syntactic layers [11], [12].

Let the interface be specified by the tuple

I=(P,CERILK) (4.1)

where P is the presentation language, C is the Lean kernel language, E : P — C is elaboration,R: C — P
is rendering into a readable form, 77: P — C is the projection of executable fragments into the kernel, and
K is the trusted kernel. The set of statements accessible to the user in language P is defined as

Th(P) ={s € P | 3p € Term:Ver,(E(s),p) =1} 4.2)
Then the formal expression of interface conservativity is the inclusion
E(Th(P)) = Th(C) nIm(E) (4.3)

Theorem 2. Suppose every extension of the syntax of P is eliminated by the function E into terms of
the language C, while the rules of the kernel K remain unchanged. Then P is a conservative extension
over C.

Proof. Let s € P be derivable. By definition (4.2), there exists p such that VerL(E(s), p) = 1, that is,
E(s) belongs to Th(C). Hence no statement becomes derivable solely due to the syntactic extension.
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Conversely, any term ¢ € C may be regarded as a trivial element of the presentation language or may be
rendered into it via R. Therefore, P does not enlarge the set of theorems but only changes their mode of
expression.

For practice, the stability of the cycle “kernel — readable form — kernel” is also useful:

NF (E(R(c))) =NF(c), c€C (4.4)

where NF denotes normalization up to a-, -, 6-, 1-, and Z-conversions. If equality (3.4) holds on the
relevant class of terms, the interface preserves not only the set of derivable statements but also syntactic
identity after normalization. For a finite test set X = {cl, ..., cm}, interface fidelity may be measured by
the indicator

QX)) = ﬁZcex 1NF(E(R(C)))=NF(C) o

In the case QI(X) = 1, the interface is fully faithful on the chosen set of formal objects. Several typical
examples of translating ordinary mathematical notation into kernel constructions are given in Table 1.

Tabn. 1. Bioobpaoicenns 3euuaiinoi mamemamuynoi Homayii 6 koncmpykyii Lean-sopa
Table 1. Mapping ordinary mathematical notation to Lean kernel constructions

Mathematician’s language | Kernel form / elaboration Purpose

vV X€ A, P(X) VX, XEA—->PX Bounded quantifier abbreviation

Expansion of the definition of the kernel of a

X € kerf fx=1 homomorphism

H=aG Normal H Abbreviated notation for a normal subgroup
atb=b+a Eq(@+b)(b+a) Equality as a type object

“Let x be arbitrary ...” funx=> ... Natural-language introduction of a quantifier

The general architecture of the proposed conservative interface is shown in Fig. 1

Presentation language P Elaboration E Lean kernel C, K

(ordinary mathematical notation, syntactic sugar, macros, terms, types,
controlled natural language) notation expansion checkingp: T

Rendering R and user-facing explanations

Puc. 1. Koncepsamuena mooens inmepgeticy Hao 008ipenum 10pom
Fig. 1. Conservative interface model over the trusted kernel

5. Generative component as an untrusted pedagogical extension

The construction of a convenient mathematical interface is compatible with the use of Al provided
that Al does not enter the trusted kernel. Let A be a nondeterministic operator that receives a kernel-level
formal object as input and returns a set of pedagogical artefacts: explanations, examples, micro-lectures,
generated exercises, and occasionally fragments of executable Lean code. Formally, let

A:C Y, Y = Yeext U Yexec (5.1)

The elements of the set Yex are purely textual and therefore do not directly affect mathematical
correctness. By contrast, the elements of Yeec may contain Lean fragments or other executable objects;
therefore, they must be returned to the kernel via the projection function 77. We call the extension A safe
if the condition

Safe(A) © Vc:TVy € A(€): Y € Yogee = 3¢ =11(y) A Ver, (T, c") =1 (5.2)
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Theorem 3. If the Al-extension A is safe in the sense of (5.2), then adding it to the interface does not
change the set of derivable theorems and does not weaken the soundness of the system.

Proof. Artefacts from Y are non-executable and therefore logically inert: they do not generate new
objects of type theorem/proof. For every y € Yexec, condition (5.2) requires the existence of ¢’ = I1(y),
which is accepted by the kernel. Hence all executable Al outputs pass through the same verification
channel as ordinary user proofs. It follows that the set of accepted statements coincides with 74(C) N
Im(E), whereas soundness is determined solely by the kernel K.

The safe interaction between the generative component and the kernel is illustrated in Fig. 2.

- ~N
Al/LLM layer A explanations,
notes, micro-courses, exercises

N E— J
~ - B ) P \\\K""‘"——L )
Non-executable artefacts ' Executable artefacts (Lean
(text, hints, didactic schemes) fragments, code-based tasks)
do not affect soundness - projection N kernel K
A

Verification K(N (y)) is the only
criterion of mathematical
correctness

Puc. 2. Besneune cenepamueHe poswupenHs: tuuie UKOHY8AHI apme@akmu, wo npoekmyomscs Ha3ao y s0po,
MOIHCYMb enjiusamu Ha KOpeKﬂ’lHiCMb
Fig. 2. Safe generative extension: only executable artefacts projected back into the kernel may affect correctness

It is precisely this property that provides a mathematical justification for an Al-generated learning
module built over formally verified theorems. The generative component may produce explanations, short
notes, exercises, and examples; however, every executable fragment must be returned to the kernel via 77
and verified by the predicate K(71(y)). Therefore, mathematical rigor is determined not by the stylistic
quality of generation but by the architecture of interaction with the trusted kernel.

Course,(0) = TLEJ@{A(T), R(T), examples(T), tasks(T)} (5.3)

In other words, the rigor of the course is determined not by the textual quality of the Al output but by
the fact that all executable artefacts from the sets tasks(T) or examples(T) are returned to the kernel
through 77 and checked by it. In this architecture, an LLM is not a proven “mathematician” in the trusted
sense; it is merely a generator of human-oriented presentation, whereas the final judge of correctness is
the small trusted kernel [1], [2].

6. lllustrative example and didactic implications of formalization

To illustrate the model, consider a small set of theorems @ = {T1, T2, T3, T4}, covering both
elementary algebra and basic group theory. All statements were selected so that they admit natural
representation both in ordinary mathematical language and in compact Lean-like notation. Let us
introduce the proportion of automatically verified statements in the set ©:

1
71(9) = EZTE@ 1Elp:VerL(T,p)=1 (6.1)

If formal proof objects have been constructed for all theorems in the set, then (@) = 1. In this
illustrative case, precisely such a situation is considered: the purpose is not empirical measurement but a
demonstration of how a human-oriented interface and kernel-level verification interact on specific
mathematical examples.

For the same set one may evaluate interface fidelity using functional (4.5). If presentation macros for
the symbols €, ker, =, as well as abbreviations of the form “¥'x € A”, are translated by the elaborator into
standard Lean terms without change of meaning, then for the selected set X = {T1, T2, T3, T4} we have
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QI(X) = 1. Hence the user operates with a familiar language, while the kernel operates with the canonical
form.

The four selected theorems together with their formal representations and the role of the interface are
shown in Table 2.

Tabn. 2. Intocmpamugnuil Hadip opmanizosanux meepoxceHsb
Table 2. lllustrative set of formalized statements

Label | Mathematical statement Formal image type VerL | Role of the interface

In a group, the identity Abbreviated notation

T1 . . Velez:G,Idel—>Idez—>elzez 1
element is unique Id, G

The intersection of two

T2 . Sub(H) — Sub(K) — Sub(H N K) 1 Notation N and x € H
subgroups is a subgroup
The kernel of a

T3 homomorphism isa normal | Hom(f: G — G’) — Normal(ker f) 1 Abbreviations ker, =
subgroup

T4 Binomial identity V XY:IR, (Xty)"2=x"2+2xy+y"2 |1 Standard algebraic

notation

It is characteristic that the same principle extends to the construction of a learning module. For
example, for T3 the generative component may produce a short explanation such as “to prove that the
kernel is normal, it is sufficient to show closure under conjugation”, as well as auxiliary exercises on
computing ker f and working with the definition of Normal. However, the correctness of such materials
is not established by the explanatory text itself; it is guaranteed only when all executable fragments are
returned through 17 to the kernel and re-checked by the predicate K(7(y)). This is why even an Al-
supported instructional module may remain mathematically rigorous.

7. Educational opportunities and limits of applicability

The proposed model has a direct didactic consequence: to every formally verified statement one may
assign a learning object ZAT, p), consisting of an explanation, a system of verified examples, a set of
exercises, and hints. Only those components of such an object that are projected into executable kernel
artefacts are mathematically significant; informal texts may improve intelligibility but do not participate
in establishing the truth of the statement.

Therefore a natural requirement for a learning module is the inclusion Exec(ZAT, p)) < Aver, where
Aver is the set of all fragments of the kernel language that successfully pass type checking and thus belong
to verified formal content. Under this condition, any example, proof template, or exercise with a code
fragment preserves the same mathematical correctness as the original proof object p.

This also yields a methodological restriction: the generative component cannot be an independent
arbiter of correctness; it can only serve as a means of explanation, reformulation, and structuring of
already verified content. Accordingly, in the educational process it is expedient to distinguish three levels:
verified kernel knowledge, the presentation interface, and generative support services.

It is precisely such a separation that makes it possible to construct courses for researchers, teachers,
and students in which formal rigor is not lost in the transition to ordinary mathematical language. At the
level of instructional design, this means the possibility of building verifiable examples, parameterized
exercises, and systems of contextual hints for which the only criterion of correctness remains repeated
verification of executable fragments by the Lean kernel.

8. Conclusions

The paper has developed a mathematical model of automatic verification of formalized proofs in Lean
and a model of a conservative human-oriented presentation interface over its trusted kernel. The
formalizable fragment of mathematical discourse, the kernel-verification predicate, a course
formalizability functional, the elaboration and rendering model, and the safety condition for a generative
extension have been defined.
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It has been proved that, given adequate encoding, any statement from the set .#L for which a proof
object p has been constructed can be verified automatically. It has also been shown that ordinary
mathematical notation, abbreviations, macros, and natural-language explanations do not enlarge the set
of derivable statements whenever they are eliminated into kernel terms without changing the rules K.

A separate result is the formal safety condition for the generative component. It shows that generative
technologies may be used to construct learning modules, lecture notes, explanations, examples, and
assessment materials, but should not be regarded as a source of mathematical truth. The practical
significance of the results lies in the possibility of building intelligent educational systems for courses in
higher mathematics, discrete mathematics, algebra, and mathematical logic, in which the rigor of
formalization is combined with an interface suitable for educational use.
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MarteMaTH4Ha MO/ie/Ib aBTOMATHYHOI Bepudikauii ¢popmaJiizoBanux
JA0Ka3iB i KOHcepBaTUBHMI IHTep(eiic npeacras/jieHHs B Lean

AKTyalubHiCTh. [HTEpaKkTHBHI CHCTEMH JIOBEICHHS TeopeM, Taki sk Lean, JO3BOJSIOTH NEPEHECTH OCTAaTOYHMII KOHTPOJIb
MaTeMaTU4HOI MPAaBWIBHOCTI Bi JIOIUHU J0 Majoro AoBipeHoro suapa. OnHak iX IIHUpOKe 3aCTOCYBAaHHS B JOCIHIIKEHHAX 1
BUILIH OCBITI BCe mIe 00MEXEeHE 3HAYHUM PO3PHBOM MK CTPOTHM (hopMaTbHIM MOBOIO SIpa, 3aCHOBAHOIO Ha 3aJIC)KHUX THIIAX,
Ta 3BUYHOIO iHTYITHBHOIO MAaTEMAaTHYHOIO HOTALI€I0, CHMBOJIAMHU H MipKYBaHHSIMH IIPHUPOTHOIO MOBOIO, SIKUMH KOPHCTYIOTHCS
MaTeMaTUKUd Ta cTydeHTH. Llell po3puB CTBOPIOE CEpiO3HI MEpEeIIKoau Uil HaBYaHHA JOBEICHHIO, (opmaiizamii HOBHX
pe3yNbTaTIB i pO3p0OKU ¢(PEKTUBHHX IHTECICKTYaTbHUX OCBITHIX CHCTEM.

Meta. MeToro po6oTH € mo0y10Ba CTPOroi MaTeMaTUIHOT MOJIelTi aBTOMATUYHOT Bepudikarii GpopmarnizoBaHux 1okasiB y Lean
Ta HagaHHA (DOPMAIBHOTO OOIPYHTYBAaHHS MOXKIMBOCTI CTBOPEHHS KOHCEPBATHBHOTO iHTepQelCy, Opi€HTOBAaHOTO Ha
KOpPHCTYyBa4a, pa3oM 3 HEHaAiiHMM TeHEpAaTHBHHM IIEaroriyHiM KOMIIOHEHTOM HaJl IOBIpEHHUM sIpoM 0e3 BTpatu
MaTEMaTU4HOI CTPOTOCTI.

Metonu. JlocmimKeHHS IPYHTY€ETHCS Ha TEOpil 3aJIe)KHUX TUIIIB, METATEOPETUYHHIX BIACTUBOCTIX OOYHMCICHHS KOHCTPYKIIH
(KOpEKTHICTh, CHJIbHA HOpMaJIi3alis, po3B’I3HICTh NEPEBIPKU TUIIB), MOJEISAX PO3POOKH Ta 3BOPOTHOI MPOEKIIii MiXk MOBOIO
MPEACTABICHHS 1 MOBOIO S/Ipa, a TaKOX (POPMATBHUX MPEIUKaTaX MPaBWIBHOCTI TUIMi3aLii TepMiHiB. be3neka renepatHBHOTO
Al-xoMIIOHEeHTa BU3HAYAETHCS YMOBOIO, 1110 KOKEH BUKOHYBaHHMI apTedakT Mae OyTH CIIPOSKTOBAaHU Ha3aj y SAPO i IOBTOPHO
HepeBipeHnii OBIPEHNM MEXaHi3MOM IepEeBipKHU THIIIB.

PesyabTatn. Y po3poOiieHil Mojei BU3HAUCHO (OpMani3oBaHUN (pparMEHT MaTEeMaTHYHOTO TUCKYpCYy 4L, mpeaukar
Bepudikanii sapa VerL, ¢pyukuionan gopmarizoBanocti kypey [F(S), moBHY MOJIENs KOHCEPBATHBHOTO iHTEp(dEHCY Ta yMOBY
0e3MeKH TeHepaTHBHOTO PO3IUpeHHs. J[0BeIeHO, 10 CHHTAKCHYHUIT IyKOp, MaKPOCH, CKOPOUEHHs HOoTalil Ta Al-reHepoBaHi
OCBIiTHI apTe(aKTH He PO3MIKPIOIOTH MHOKHHY BUBITHUX TBEPIXKEHB, IKIIO JAOBipeHE SApO Lean 3anmnmaeTscs He3MiHHNM 1 BCi
BUKOHYBaHI ()parMeHTH ITOBTOPHO MEPEBIPSIOTHCS SIPOM. [IIFOCTpaTHBHUI MPUKIIA] 3 YOTHPMA TEOpPEMaMH 3 areOpu Ta Teopii
TPyl JAEMOHCTPYE, IIO HOTAIlisl, OPIEHTOBaHA Ha KOPHCTYBaya, MOBHICTIO PO3TOPTAETHCS B TEPMIiHH siapa 31 30epekeHHAM
MaTEeMaTUYHOTO 3MICTy Ta IepeBipioBaHOCTI. [loka3HHUK BipHOCTI iHTEpQelcy Ha TECTOBOMY Ha0Opi AOCSITaE MaKCHMAaJIbHOTO
3Ha4eHHS 1.

BucnoBkn. OTpumaHi pe3yibTaTd JEeMOHCTPYIOTh, 10 (opmansHy MOBY Lean MoskHa OCHacTUTH 3pydHHMM iHTepdeiicom,
OpIEHTOBaHMM Ha KOPHCTyBaya, Ta IHTEJIEKTYaJIbHUMH OCBITHIMH CEpBiCaMH, MPUAATHUMH JUI1 HAYKOBOTO Ta HABYAJIHHOTO
BUKOPUCTaHHs, 0€3 BTpPAaTH MaTEMAaTH4YHOI CTPOTOCTi. €IMHUM KPUTEPiEM iCTHHHOCTI 3aJIMINAETHCS MOBTOPHA BepHikalis
MaJHMM JOBIPEHHM SAPOM. 3allpONIOHOBaHE PO3AUIEHHS MDK BepH(IKOBAaHUMH 3HAHHSAMHM sJ[pa, KOHCEPBATHBHHUM IIapOM
MPEACTaBICHHS Ta HEHANIMHUMH TEHEPaTUBHUMHU CEpBiCaMH CTBOPIOE HaliifHy OCHOBY Ui MOOYHOBH iHTEJIEKTYaJbHUX
OCBITHIX CHCTEM 3 BHIIOI MAaTeMaTHKH, AWCKPETHOI MaTeMaTHKH, aireOpd Ta MaTeMaTH4YHO!I JIOTiKH, y SKHX (opMajbHa
MPaBUIIBHICTh TAPAHTYETHCS HE3AJIEKHO BiJI SKOCTI 3reHEpOBAaHMX MOSICHEHb 1 BIIPAaB.

Knrouosi cnosa: Lean, sanexcni munu, agmomamuyna eepudikayis 00Kasie, hopmanizoeana Mamemamurda, KOHCEP8AMUGHUL
inmepdgeiic, eenepamusHull neda2o2iuHUL MOOYb.
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