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Summary. Current scientific research demonstrates a tendency to use artificial intelligence for solving
tasks in various fields of human activity. For example, tasks are addressed in geodesy for the automation of
office processing of spatial data, in geographic information systems for the creation of vector models using
machine learning, and in land management for the development of more automated systems of interaction with
people.

However, certain interdisciplinary tasks, whose solutions require unconventional approaches, must be
addressed at a higher level of information generalization. The highest level of generalization is essential for
solving problems in legislative bodies, where laws are formulated that apply to all activities within the country.

The above considerations lead to the idea of creating a special intelligent system whose knowledge
base would include a model of conditionally noospheric intelligence.
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The term conditionally noospheric intelligence is introduced here because V. I. Vernadsky, in his
doctrine of the noosphere, argued that all humanity on planet Earth influences its biosphere and that a collective
mind, which he referred to as a «geological force» is necessary for the evolutionary transformation of the
biosphere into the noosphere. Unfortunately, the impact of humanity on the Earth’s biosphere is currently
insufficiently studied. Nevertheless, the authors of this work attempt to develop an approach that would allow
higher-quality interaction among specialists who are geographically distant and lack direct connections.

The purpose of this research is to provide a scientific rationale for the formation of the concept of
conditionally noospheric intelligence using ontological and geographic information modeling to utilize the
qualification potential of academic and teaching staff. Applying certain limitations and assumptions, the study
examines the system’s ability to systematically form groups of experts from among the intellectual elite,
experts in their respective fields, to solve practical tasks and contemporary problems, with mathematical
justification and representing scientific potential through a quantitative model constructed using geographic
information technologies. Additionally, in this work, the intellectual elite refers to academic and teaching staff
of higher educational institutions who have the appropriate specialization and a high qualification potential in
their field of knowledge. Such a model may operate using artificial intelligence and information technologies
but is not limited to them.

The study employs methods of system and functional analysis, as well as formal representations from
set theory and utility theory, with the application of ontological and geographic information modeling.

As a result of the research, the term conditionally noospheric intelligence was introduced. For the first
time, a conceptual representation of conditionally noospheric intelligence has been formulated. A core of
conditionally noospheric intelligence has also been developed in the form of a mathematical model. Examples
of potential applications of conditionally noospheric intelligence are presented using geographic information
systems and illustrated within the field of geodesy.

Keywords: conditionally noospheric intelligence, artificial intelligence, analysis, ontological
modeling, geographic information systems, geodesy and land management.

Introduction. The current stage of scientific and technological progress is characterized by intensified
research in the field of artificial intelligence. Information technologies based on knowledge models are being
developed. There is a clear trend toward the rapid growth of information; its volume and capacity are increasing
dramatically, which, according to some scholars, may lead in the near future to an information singularity. In
this context, Grid and Smart technologies — so-called «smart» technologies — are actively evolving, for
example, smart watches, smart homes, smart cities, and so forth.

The authors of works [1-2] attempted to develop a concept for building a smart university. Higher
education institutions are of particular interest to researchers because it is within them that the intellectual
potential of the state is formed and concentrated. Works [3, 4] consider the idea of creating a cadastre of the
state's intellectual resources, based on the already developed Land Cadastre — that is, the idea of establishing
a Cadastre Information Processing Center (CIPC). One of the main functions of this center is to collect and
standardize into a unified format various types of information received from different sources. In addition, this
information must be classified and its properties identified: relevance, reliability, accuracy, and so on.

In this regard, the task of processing large volumes of data and developing corresponding decision-
making solutions arises. It is important to note that it is proposed to solve specific tasks based on information
that has different levels of generalization. For example, agricultural tasks of specific territorial communities
may be solved with a high degree of detail and with reference to a specific geographic area. Environmental
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tasks and problems must be addressed at a higher level of information generalization, as they cover large
geographic regions and include data on enterprises that pollute the environment. Finally, the highest level of
generalization is necessary for solving tasks within legislative bodies, where laws are formed whose effects
extend across all activities within the country.

The above considerations suggest the possibility of creating a special intelligent system whose
knowledge base would contain a model of conditionally noospheric intelligence.

The term «conditionally noospheric intelligence» is introduced here because V. I. Vernadsky, in his
doctrine of the noosphere, argued that all humankind of planet Earth influences its biosphere, and that a
collective mind («geological force» according to Vernadsky) is required for the evolutionary transformation
of the biosphere into the noosphere. Unfortunately, it is currently impossible to account for the influence of all
humankind on Earth’s biosphere. Therefore, this work introduces certain constraints and assumptions: namely,
conditionally noospheric intelligence (CNI) is understood as the system’s ability to form expert groups
composed of the intellectual elite — specialists in their respective fields — for solving practical contemporary
tasks and problems.

Furthermore, the term intellectual elite refers to the academic and teaching staff of higher education
institutions who possess the appropriate specialization and a high level of qualification in their domain of
expertise.

Materials and Methods. The methodological basis of the study is a scientific approach to analyzing
the research problems through the application of systematic and functional analysis, formal representations of
set theory and utility theory, as well as ontological and geoinformation modeling.

The aim of the study is the scientific substantiation of the conceptual principles for creating quasi-
noospheric intelligence using ontological and geoinformation modeling.

Main Results. We propose a conceptual model for the formation of conditionally noospheric
intelligence, shown in Figure 1. Here, carriers of natural intelligence (NI) are academic and teaching staff
(ATS), who, in the course of their professional activity, may progress from assistant (early-career lecturer) to
professor, potentially assuming positions such as department head, dean, or rector. This process (T) is
commonly referred to as career growth. A distinguishing feature of this process is that at different stages of
professional activity 7={4, &, 3, &, } an ATS member acquires the necessary knowledge and competencies
and thereby develops and enhances their natural intelligence.

urthermore, in studying human intellectual activity, Howard Gardner [5] identified and substantiated
nine components of natural intelligence, which he termed the components of multiple intelligence.

To strengthen the semantic content of Gardner’s components, instead of the term «componenty», we
will use the term vector, which indicates the directionality of a person’s intellectual activity.

Thus, we denote py, 25, 23, -...P8, Po, 1e pr — naturalistic vector; p, — musical vector; g5 — logical-
mathematical vector; p, — linguistic-verbal vector; ps — existential vector; gg — interpersonal vector, p; —
intrapersonal vector; pg — bodily-kinesthetic vector; pg — visual-spatial vector. Formally, we identify natural
intelligence (NI) with multiple intelligence Y={p3}, =1,9.

Such a decomposition and classification of the natural intelligence of ATS allow a formal description
of the properties characteristic of a particular carrier of natural intelligence, as well as revealing the
directionality of intellectual activity within a specific specialty.

There exist various approaches to evaluating intellectual activity, particularly those oriented toward
assessing the results of intellectual activity. This refers to quantitative indicators such as the Hirsch citation
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index (h-index). Unfortunately, existing methods and tests have a number of limitations that do not allow for
quantitative assessment of collective intelligence.
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Figure 1 — Conceptual Model of the Formation of Quasi-Noospheric Intelligence
Pucynok 1 — Konnentyanpaa Moienb (pOpMyBaHHS YMOBHO-HOOC(EPHOTO IHTEIEKTY

The model presented in Figure 1 consists of two branches, A and B. Branch A represents collective
intellectual activity within organizational structures of different systems. We call this type of activity
administrative intelligence and denote it as (1*). Here, private tasks in various subject domains are solved
collectively using computational tools — for example, at a department meeting in an educational institution, a
technical meeting at an enterprise, or a medical council determining a treatment strategy for a patient.
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Branch B reflects the essence of group intellectual activity focused on working with knowledge models
(KM), that is, with artificial intelligence. Such collective intelligence is referred to as integrated or hybrid
intelligence and is denoted IB.

We highlight an important component in the formation of the core of conditionally noospheric
intelligence, denoted (). This collective intelligence is not formed by all ATS in Ukrainian higher education
institutions, but only by those who rank highest within their respective specialties. To explain this, let us
characterize the relationships and connections that may arise during the formation of CNI. o achieve this, we
reformat Figure 1 and abstract from minor details. In Figure 2, we highlight the time axis T, which reflects
temporal relations in the process of forming CNI. These relations include learning, knowledge accumulation,
and competence formation in ATS, characterized by their qualification potential.

Let us denote Qf — the relation «to be useful for solving specific (local) tasks» within a given collective

(e.g., performing program guarantor functions within a department); Q;‘f —a set of relations forming morphism
cones within  for solving complex tasks in various subject domains; Qj-’;n — «to be useful for solving weakly

structured, multicriteria complex tasks» within a group of experts forming integrated intelligence; Q‘},V —aset
of relations forming morphism cones within Q for solving complex tasks in various subject domains.
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Figure 2 — Illustration of the Relationships Between the Elements of Conditionally Noospheric Intelligence
Pucynok 2 — ImrocTpartisi BIZHOCHH MiX eJleMEHTaMH YMOBHO-HOOC(H)EPHOTO iHTETIeKTY

Abstracting from specific details of forming the CNI core, we express it analytically as:
signature

i e s s

M1 )= (OO QF QT <. T).

Haykosuii sxypHain «ABTOMOBUILHI JIOPOT'M I JIOPOXXHE BY AIBHULITBO», 2025. Bunyck 118. Yactuna 2.
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD), http://addb.ntu.edu.ua.
Scientific journal «kAUTOMOBILE ROADS AND ROAD CONSTRUCTION», 2025. Issue 118. Part 2.

152


http://addb.ntu.edu.ua/

TEOJE3IS TA BEMJIEYCTPIN / GEODESY AND LAND MANAGEMENT

Graphical and analytical interpretation of the CNI formation process allows us to conclude that the
CNiI core is formed for a specific task or problem. This implies that the foundation of the entire process is the
qualification potential of carriers of natural intelligence, represented by the diversity of multiple intelligence

Y={p3}.

CNI represents a conceptual model of an intellectual environment encompassing human, social,
cultural, natural, and technotronic components, based on the experience of leading specialists in specific
domains of knowledge. If developed as a real model of interaction and application of knowledge, it possesses
a higher level of generalization than traditional artificial intelligence, whose features have been considered in
[6-8]. Such a model may function using Al and information technologies but is not reducible to them..

In examining the peculiarities of knowledge-based models in geographic information systems and
related fields [9-13], the idea emerged to reflect the scientific potential of Ukraine, which can become the
foundation for implementing CNI. This mathematical model establishes the basic principle for determining
guantitative effectiveness of ATS, enabling more detailed ranking models for selecting researchers to address
specific tasks within academic disciplines and university research domains. For example, Figure 3 presents a
guantitative model of higher education institutions (HEIS) in Ukraine by region, based on GIS data derived
from [14-15]..
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Figure 3 — Model of the number of Higher Education Institutions (HEIS) by regions of Ukraine
Pucynok 3 — Mogens xinbpkocti 3BO mo obnactsam Ykpainu

Using this model, which characterizes only the quantitative scientific development of Ukrainian
regions, it becomes possible to enrich it qualitatively by calculating parameters of individual CNI components
and linking them to HEI-related data.
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These data are current and closely aligned with reality based on the conducted experiment and open
sources of the Ministry of Education and Science of Ukraine. They demonstrate changes in HEI scientific
performance depending on ATS composition. However, fuller and more reliable modeling requires a larger
dataset, using not an averaged experimental indicator but relevant data for individual ATS.

Conditionally noospheric intelligence is a tool for integrating knowledge and professional experience
across fields, forming an aggregated intellectual field. This field enables well-founded recommendations for
solving complex cross-disciplinary tasks. The system takes into account factors that individual ATS members
may overlook, especially in cases beyond classical solutions.

For example, in geodesy and land management, CNI can provide a much broader context for evaluating
data — from legal aspects of land administration to ecological, social, and technical interdependencies that
influence spatial measurements, their interpretation, and the use of non-standard geodetic technologies. This
enables specialists to obtain not only results but interdisciplinary recommendations derived from the collective
experience of experts from multiple scientific fields.

Overall, the development and implementation of CNI will ensure a qualitatively new level of decision-
making across various domains of human activity.

Conclusions. This study formulates conceptual principles for the formation of conditionally
noospheric intelligence as the next stage in the evolution of humanity’s information space.

For the first time, the term «conditionally noospheric intelligence» has been introduced, based on the
works of V. I. Vernadsky.

For the first time, conceptual principles for the formation of CNI using ontological and geoinformation
modeling have been developed, relying on the knowledge and experience of ATS.

For the first time, ontological models of the functioning of conditionally noospheric intelligence have
been constructed.

Examples of information support for CNI and its potential applications in geodesy and land
management have been presented.

Overall, the results of this study constitute a development that, in contrast to existing research in
artificial intelligence, proposes a concept that anticipates modern technological understanding, while Al
methods and tools can facilitate the implementation of the complex structures of CNI..
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AHoTanis. B icHyIOUMX HayKOBUX IOCHIDKEHHSIX CIIOCTEPIrac€ThCsS TEHACHINS BUKOPHCTAHHS
LITYYHOT'O IHTENEeKTY U1 BUpILIEHHS 3aJad B PI3HUX Traly3sX OiUIBHOCTI JIoAMHU. Tak, Hampukmai,
BHINTYIOTHCA 3amadi ¥ B cdepi reomesii g aBTOMaTH3aIil KaMepaabHOT 0OpOOKH MPOCTOPOBUX NAaHUX, B
reoin(opMaIiiH1X cucTeMax st popMyBaHHS BEKTOPHHUX MOJIEIICH 3a JIOTIOMOTO MAIlIMHHOTO HAaBYaHHS, B
3eMIIeyCTpOi Tt (popMyBaHHS OUTBIT aBTOMATH30BAaHUX CHCTEM B3aEMOJIIT 3 JTIOIBLMHU.

AJie TeBHI MDKIMCIUIUTIHAPHI 3a/1a4i, BUPIMIEHHS SIKUX MMOTpeOy€e HECTaHAAPTHHUX MiAXOIIB MAalOTh
BUpILIyBaTHCA Ha OiNbII BHCOKOMY PiBHI y3araJibHeHHs iHQpopmarii. HaliBummii piBeHb y3arajlbHEHHS €
HEOOXiAHUM AJIsl BUpPIIIEHHS 3alad y 3aKOHOJABUMX OpraHax Biaid, 1¢ (OpMYIOTbCS 3aKOHH, Hisl SKHX
MO PIOIOTHCS HA BCIO AisUIbHICTH BCEPEIMHI KpaTHHU.

Buieckazane Hpu3BOIUTH 10 AYMKH IPO MOXKJIMBICTH CTBOPEHHS CHELIANbHOI 1HTENEKTYyaIbHOI
cuctemu, 0aza 3HaHB SKOi MICTHIIA O MOJIETTh YMOBHO-HOOC(HEPHOTO 1HTEIEKTY.

TepMmiH «yMOBHO-HOOC(EPHHH THTEIEKT» TYT 3allpOBaKEHO ToMy, 110 B. 1. BepHancekuii y cBoeMy
BUEHHI PO Hooc(hepy CTBEPHKYBaB, 1110 BCE JIFOJCTBO TUTAHETH 3eMIIsl BILTUBAE Ha ii 6iocdepy i HeoOXimHui
KOJICKTHBHHI pO3yM («reosioriuHa cuia» 3a BepHaachkuM) JUisi €BOJIOLIHHOTO MEPETBOPEHHS Oiocdepu Ha
Hoocgepy. Ha xaib, BpaxyBaTy BIUIHB JIFOJICTBa Ha Oiocdepy 3eMili HUHI HEIOCTATHLO BUBYCHO, aJIe aBTOPH
IaHoi poOOTH HaMararloThes c(hOpMyBaTH TMEBHUHM MiIXid, SKWAH O3BOJUTH OUTBII SKICHY B3a€EMOZIIO
CTELiaNiCTIB Ha BEUKiH BIICTaHI Mi>K HUIMH Ta TIPH BIICYTHOCTI Mi>K HUMH TPSIMUX 3B’ SI3KiB.

Metoro 1pOro JAOCHIIKCHHS € HayKoBe OOIpYHTyBaHHS (OpPMyBaHHS KOHLEIIIl YMOBHO-
HOOC(EPHOTO IHTENEKTY 3 3aCTOCYBAaHHSIM OHTOJIOTIYHOTO Ta TeOiH(POPMAIiHHOTO MOICITIOBAHHS IS
BUKOPUCTAaHHS KBaliikamiiHOrO TMOTEHLialy HayKOBO-TIEAArOriyHUX MpALiBHUKIB. 3aCTOCOBYIOUH
OOMEKEeHHS Ta MPUITYLIEHHS, @ caMe PO3IJIIHYTH HOro 34aTHICTh CUCTEMHO (pOopMyBaTH Ipynu €KCHEpTiB i3
Yrcia IHTeNeKTYIbHOI eJiTH, eKCIIEPTIB Y CBOIX raily3sX, JJs BUPIIICHHS NPAaKTUYHUX 3aBJaHb Ta MpobieM
CY4acHOCTi, 3 3aCTOCYBaHHSM MAaTE€MaTU4YHOro OOIPYHTYBaHHS Ta BiJOOpaXyrouWm HAyKOBHUH MOTEHLiaJ
KUTBKICHOIO MOJIEIITIO C(hOPMOBAHOIO 32 JOTIOMOT OO0 TeoiH(opMaIIiitHIX TexHoIoTiH. KpiMm Toro, B 11i#i po0OOoTI
i IHTETEKTYJILHOIO €JIITOI0 PO3yMilOTHCSI HAYKOBO-TIEIAarOT14HI MPAl[iBHUKH BUIIMX HAaBYAIBHUX 3aKJIaliB,
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SIKi MAIOTh BIATIOBIIHY CHEIIabHICTD 1 BUCOKUH KBaTi(hiKaliiHUHA MOTEHITIAN Y CBOIl Tary3i 3HaHb. [lomioHa
MOJIeNIb MOKe (PYHKIIOHYBaTH, BHKOPHCTOBYIOUM 3acOOM ILITYYHOTO IHTENEKTYy Ta iHQOpMaliiHuX
TEXHOJIOT1H, alle He 3BOJIUTHCS IO HUX.

B po6oTi BUKOpPHCTOBYBaIM METOAM CHCTEMHOTO, (PYHKIIOHAIHFHOTO aHAJI3y, a TakoX (hopMaibHi
ySIBIIEHHA Teopii MHOKHMH 1 Teopil KOPHUCHOCTI 3 3aCTOCYBaHHSM OHTOJIOTIYHOIO Ta TeoiH(opMaliiHoro
MO/IETTFOBAaHHSI.

B pesymprari mochmimkeHHS BHBEOEHO TEPMIH «YMOBHO HOOC(hEpHHU-IHTENeKT». Bmepiie
c(OpPMOBaHO KOHILIENTYalbHE MPEACTABICHHS YMOBHO HOOC(EpPHOro-iHTesnekTy. Takox, po3poOiaeHo sapo
YMOBHO-HOOC(EPHOTO IHTENEKTY y BUTIIAAI MareMatwdHoi momeni. IlpemcraBieHi MpUKIAAW MOMKIHMBOTO
3aCTOCYBaHHs Y MOBHO-HOOC(EPHOTO iHTeIeKTY 3a goromororo I'IC Ta Ha npukiaai reozesii.

KuarouoBi caoBa: ymMoBHO-HOOC(EpHUH IHTENIEKT, INTYYHHH IHTEICKT, aHali3, OHTOJOTIUHE
MOJICITIOBaHH, Te0iH(OPMAIIiitHI CHCTEMH, Te0/Ie31s Ta 3eMIICYCTPii.
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