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SIMULATING THE DYNAMIC OF SUPERMASSIVE BLACK HOLES ON 

THE FORMATION OF DWARF GALAXIES 

 

Abstract: This study explores the influence of supermassive black holes (SMBHs) on the formation and evolution 

of dwarf galaxies. It addresses the limited understanding of SMBH prevalence and their feedback effects in low-mass 

galactic environments. Using observational data from the Hubble Space Telescope (HST), Chandra X-ray 

Observatory, and the James Webb Space Telescope (JWST), along with spectroscopic analysis and computational 

simulations, the study examines SMBH signatures, star formation impacts, and structural effects. The methodology 

integrates multi-wavelength imaging and hydrodynamic modeling to assess how SMBHs regulate gas dynamics and 

star formation. Key findings suggest that SMBHs exist in many dwarf galaxies, influencing both galactic morphology 

and evolution through feedback processes. The results contribute to refining galaxy formation models by highlighting 

SMBH activity outside massive galaxies. Practical implications include improved SMBH detection in low-luminosity 

environments and enhanced simulation parameters for early-universe modeling. This research fills gaps in SMBH 

studies by aligning theoretical models with emerging observations, offering a new lens on galactic evolution and the 

role of black holes in the early cosmos. 
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1. Introduction  

1.1. Research Background 

Normally supermassive black holes are found in 

large galaxies where they were consider crucial for 
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building the galactic structure influencing the star 

formation and even regulating the gas dynamics of the 

galaxies. New findings indicate that SMBHs might 

also be present in dwarf galaxies, less massive systems 

in terms of stars and gases. Investigation of SMBHs in 

such environments is important since it contradicts the 

standard theories of galaxy formation and evolution. 

Knowing about SMBHs inside dwarf galaxies 

might show ideas on the way such black holes come 

into being and increase their size across cosmic 

periods. If large black holes are frequent in dwarf 

galaxies, it implies that they could exist in the 

universe’s early stages and might have served as the 

basis for the much larger black holes seen in large 

galaxies today. Such facts have an effect on the 

models of black hole growth, the formation of galaxies 

in terms of hierarchy as well as the role played by 

SMBHs within the cosmic web. 

Supermassive black holes affect several 

fundamental physical processes within galaxies. The 

first of these processes is Star Formation Regulation: 

SMBHs emit energy through processes of accretion, 

which can either trigger or inhibit star formation. 

High-energy radiation and winds from SMBHs can 

heat surrounding gas, preventing it from cooling so 

that it does not condense to form new stars. In cases 

where SMBH-driven turbulence compresses clouds of 

gas, it can then trigger star formation. Compact 

monsters at galaxy centers can drive galactic winds, 

throwing gas out from the middle regions of galaxies. 

These outflows affect the supply of cold gas crucial 

for star birth and can change the galaxy’s growth. 

Knowing these links in dwarf galaxies is key because 

their shallow gravitational pull makes them more open 

to outside impacts like compact monster feedback. 

The shape of a dwarf galaxy and its dynamic elliptical 

shape may be linked to supermassive black holes. 

These could perturb central mass distribution. 

Thereby changing rotation curves and profiles of dark 

matter. These data will shed light on the roles black 

holes play in the morphology of dwarf galaxies.  

The scientific motivation behind studying 

supermassive black holes in dwarf galaxies lies in 

understanding the early stages of their formation. If 

these black holes are found in a significant proportion 

of dwarf galaxies, it suggests they formed in the early 

universe, perhaps through direct collapse mechanisms 

rather than stellar remnants. Research on 

supermassive black holes in low-mass environments 

can determine whether black hole formation is a 

cosmic phenomenon that encompasses different types 

of galaxies. Current models of galaxy evolution focus 

primarily on large galaxies, while smaller galaxies 

follow a different evolutionary path. Studying 

supermassive black holes in dwarf galaxies can be 

seen as a test of whether current models need to be 

generalized or modified to include smaller structures. 

Small galaxies are often surrounded by dark matter, 

making them ideal locations to study their interactions 

with supermassive black holes. The interaction 

between these black holes, dark matter halos, and stars 

can reveal new insights into the role of gravity and 

feedback mechanisms in the formation of the 

universe. Dwarf galaxies will be observed and studied 

in detail by the James Webb Space Telescope, in 

addition to upcoming surveys from the Euclid Space 

Telescope. This data, along with optical and radio 

data, may provide new insights into the activity of 

supermassive black holes and their effects on their 

surrounding environment. 

 

1.2. Research Problem 

Supermassive black holes are a common feature 

in massive galaxies, while their presence in dwarf 

galaxies remains less clear. Unlike in massive 

galaxies, where the activity of supermassive black 

holes is thought to regulate star formation and thus 

guide overall galactic evolution, information about 

their impact on dwarf galaxies is very limited. Some 

studies suggest that supermassive black holes in dwarf 

galaxies formed early and evolved concurrently with 

the galaxies themselves, while others suggest they are 

relatively rare or fundamentally different due to the 

low gravity of these galaxies. The available 

observational data are insufficient to draw any 

definitive conclusions about the importance of 

supermassive black holes in dwarf galaxies. 

Supermassive black holes can influence star 

formation and the distribution of matter in galaxies 

through feedback mechanisms in massive galaxies. 

These black holes produce powerful jets and radiation 

that may inhibit or stimulate star formation in dwarf 

galaxies where the center of gravity is shallower. The 

outflows from supermassive black holes may be much 

larger, potentially driving gas out of the galaxy and 

halting star formation. Conversely, supermassive 

black holes may stimulate star formation by 

compressing gas clouds. These effects are poorly 

understood in dwarf galaxies, prompting research into 

how supermassive black holes influence their 

environments. 

Observations in low mass or dwarf galaxies have 

not yet provided sufficient clarity to support certain 

theoretical models. Most observations detect 

supermassive black holes indirectly, for example, 

through X-ray and radio wave signatures, and very 

little direct information is available regarding the 

masses of supermassive black holes and their impact 

on the properties of their host galaxies. Another 

limitation is that current galaxy formation simulations 

focus primarily on supermassive galaxies, resulting in 

less sophisticated models for dwarf galaxies. 

Therefore, the theoretical model of supermassive 

black holes in dwarf galaxies needs refinement to 

better explain future observations. Bridging this gap 

requires in-depth monitoring programs, high-

resolution simulations, and comprehensive 

comparative studies of different classes of galaxies, in 
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order to gain a deeper understanding of the role of 

supermassive black holes in dwarf galaxies. 

 
1.3. Research Objectives 

One of the prime goals of this work is to 

determine the prevalence of SMBHs in dwarf galaxies 

and study their physical properties. These involve 

observations, for instance by X-ray emissions, radio 

signals, and spectroscopic analyses of galactic centers, 

to detect SMBHs. The paper also intends to answer 

whether or not the SMBHs in dwarf galaxies have 

similar characteristic features as those in massive 

galaxies—masses, accretion rates, and activity levels. 

Such information can be useful in giving information 

on how such black holes formed and evolved in low-

mass environments. 

SMBHs may affect star formation and gas 

dynamics in different ways, for instance by giving rise 

to powerful winds and outflows which control the 

availability of star-forming material. It will be 

discussed in this work what kind of effect SMBHs 

impose on the interstellar medium in dwarf galaxies: 

do they contribute via feedback mechanisms towards 

gas depletion, or do they support star formation by 

compressing gas clouds? Data from telescopes such as 

Hubble and Chandra and, in the future, the James 

Webb will be able to infer the motion of gas, while 

simulations can help in any such modeling effort to 

mimic the interaction between the SMBH and its 

immediate surroundings. 

Dwarf galaxies are more susceptible to external 

influences due to their lower gravitational potential. 

SMBHs could play a major role in the evolution and 

reshaping of galaxy properties through redistribution 

of matter, modification of rotation curves, or even 

feedback on the distribution of dark matter. We test 

here if SMBHs can affect morphological evolution on 

dwarf galaxy scales and if they can initiate galactic 

mergers or transformations during cosmic time. This 

research tries to find a more faithful representation, in 

the long-term morphological evolution of dwarf 

galaxies, between observational data and theoretical 

models. 

 

1.4. Research Significance 

Although supermassive black holes in large 

galaxies are well understood, information about their 

presence and effects in small galaxies is very limited. 

The proposed research aims to bridge this gap by 

providing observational data and theoretical 

explanations that contribute to a clearer picture of 

supermassive black holes in low-mass environments. 

Understanding these phenomena will enhance our 

understanding of early black hole formation and their 

role in the structure of the universe as a whole. 

Most of today’s models for galaxy evolution are 

built on what big black holes do in large galaxies. If 

big black holes are seen to be many in small galaxies, 

then these models might have to change to include the 

impacts of such holes in tinier systems. Here, we will 

look at how those big black holes interact with their 

hosts in the dwarf galaxies, affecting the gas 

dynamics, star formation, and structural evolution. 

Such results would likely open new vistas on 

hierarchical galaxy formation and the role of 

supermassive black holes in shaping galaxies over 

cosmic time. 

Advances in telescope technology, such as those 

of the James Webb Space Telescope (JWST) and the 

Vera C. Rubin Observatory, are enabling more 

detailed views of supermassive black holes in dwarf 

galaxies. By analyzing data from these and other 

locations, this work will lay the foundation for future 

research. The findings may improve how we observe 

supermassive black holes in faint galaxies from an 

observational perspective and add value to large-scale 

astronomical searches for these black holes in diverse 

environments. 

 

2. Literature Review 

New studies have given strong proof for the 

existence of supermassive black holes (SMBHs) in 

dwarf galaxies, which goes against the old idea that 

such huge objects belong only to big galaxies. Reines 

et al.[1] carried out a thorough analysis using data 

from the Sloan Digital Sky Survey (SDSS) focused on 

emission-line dwarf galaxies within a range of stellar 

masses between 108.5 to 109.5 solar masses. In their 

study, optical spectroscopic signatures of 151 dwarf 

galaxies were identified, showing such features as to 

accrete onto massive black holes. This considerably 

increased the known numbers of active dwarf galaxies 

and implied that supermassive black holes are more 

common in low-mass galaxies than previously 

thought. Extending this base, Baldassarre et al.[2] 

studied the midget flattened galaxy RGG 118, 

positioned approximately 340 million light-years 

away from Earth. They checked for the existence of 

an SMBH at its center, estimating its mass to be about 

50,000 solar masses by means of high-resolution 

spectroscopy and X-ray observations. This is one of 

the least massive SMBHs known to exist within a 

galaxy's core, leading to some view of the bottom 

mass limits of SMBHs within dwarf galaxies. All 

these findings show that SMBHs can be in dwarf 

galaxies, changing how we see black hole formation 

and growth in small places. Finding AGN in these 

galaxies, shows that we really need more studies to 

find out the ways that make big black holes form and 

do things in small galaxies.  

Martín-Navarro et al.[3] examined the influence 

of SMBHs on the dispersion of cold gas crucial for 

star formation. They found that in galaxies with more 

massive central black holes, the amount of cold gas 

decreases hence lowering the rate of star formation. 

SMBHs have the potential to do two things on the gas: 

one is to heat it so high that it cannot get to the point 

of condensing into stars, and secondly, to blow it out 
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completely from the galaxy through powerful 

outflows. This result adds weight to the hypothesis 

that SMBHs are mainly responsible for quenching star 

formation in massive galaxies. 

These findings show how supermassive black 

holes play a complicated part in galaxy development 

because they can control and stop star birth in different 

ways. 

Hopkins et al.[4] presented a detailed model 

indicating that the merger of gas-rich galaxies leads to 

nuclear gas fluxes, which fuel star-forming explosions 

and promote the growth of supermassive black holes. 

Their simulations suggested that the influence of 

supermassive black holes could regulate star 

formation and affect the structural properties of 

galaxies, including dwarf galaxies. The paper 

highlighted supermassive black holes as key players 

in driving the internal dynamics within a galaxy 

during and after the merger process. 

Bellovary et al.[5] used cosmological 

hydrodynamical simulations to study supermassive 

black hole behavior in dwarf galaxies. It was found 

that supermassive black holes could become 

misaligned from dwarf galaxy centers due to 

phenomena such as mergers. The off-centered 

supermassive black holes affect the dark matter and 

gas distributions in the galaxy, possibly observable 

through signatures. Results pointed to a complicated 

interaction between supermassive black holes and the 

evolution of their host galaxies. 

These studies underline the very important part 

that SMBHs play in the processes of evolution of 

dwarf galaxies, affecting both their internal dynamics 

and distribution of matter. 

 

3.  Research Gaps 

Despite growing evidence of supermassive black 

holes (SMBHs) in dwarf galaxies, several research 

gaps remain. These gaps highlight the need for further 

observational studies, improved theoretical models, 

and better integration between the two approaches to 

understand the full impact of SMBHs on dwarf galaxy 

evolution. 

3.1 The Need for More Observational Data on 

SMBHs in Dwarf Galaxies 

The present proof of SMBHs in dwarf galaxies 

rests on most directly observed indirect detections, 

(X-ray and radio emissions, broad emission lines, and 

dynamical modeling). This is very much, however, an 

observational artifact limited by limits in resolution, 

sensitivity, and sample size. Most SMBH detections 

in dwarfs are from AGN, so many SMBHs can be in 

quiescence, and hence very hard to find with 

traditional methods. Future deep-sky surveys, such as 

those from the Vera C. Rubin Observatory and the 

James Webb Space Telescope (JWST), could help 

uncover more SMBHs in dwarf galaxies. High-

resolution imaging and spectroscopic analysis are 

needed to confirm SMBH presence and determine 

their physical properties. 

 

3.2 The Unclear Temporal Impact of SMBHs 

on the Evolution of These Galaxies 

While studies suggest that SMBHs influence star 

formation and gas dynamics in dwarf galaxies[4], the 

long-term evolutionary effects remain uncertain. The 

timescale over which SMBH feedback regulates star 

formation and structural changes is not well 

understood. It is suggested by some models that 

SMBHs in dwarf galaxies might be undergoing 

episodic activity, influencing their hosts at different 

evolutionary stages. Observations from several 

cosmic epochs are needed to trace how SMBHs mold 

dwarf galaxies over the billion-year course. 

Simulations should be those that take into account 

different evolutionary paths, including galaxy 

interactions and environmental effects. 

 

3.3 The Lack of Integration between 

Theoretical Models and Observational Data in 

Previous Studies 

While theoretical simulations predict the 

existence and impact of SMBHs in dwarf galaxies, 

there is a lack of direct observational confirmation. 

Hydrodynamic simulations predict SMBHs affecting 

dark matter and gas distribution, but scanty 

observational data has confirmed these interactions. 

The theoretical models are often based on idealized 

environments, whereas many external effects, such as 

cosmic inflow, galaxy mergers, and ISM turbulence, 

influence a real galaxy. An enhanced data-driven 

modeling approach that considers real observational 

constraints would be necessary for theory sharpening 

regarding the evolution of SMBHs in dwarf galaxies. 

In limited Observational Data Most SMBHs in dwarf 

galaxies are detected indirectly, and quiescent 

SMBHs remain undetected. Use JWST, Rubin 

Observatory, and deep spectroscopic surveys to 

expand SMBH detections. The long-term effect of 

SMBHs on star formation and structure remains 

unclear. Study galaxies across different cosmic 

epochs to track SMBH influence over time. Lack of 

Integration Between Theory & Observation 

Simulations predict SMBHs' role in galaxy evolution, 

but direct confirmation is scarce. Develop models 

incorporating real observational constraints. 

Addressing these research gaps will improve our 

understanding of how SMBHs influence the formation 

and evolution of dwarf galaxies, contributing to 

broader models of galaxy formation in the universe. 

 

4. Recent Developments in SMBH Research 

in Dwarf Galaxies (2021–2024) 

Recent literature has expanded the empirical and 

theoretical landscape surrounding supermassive black 

holes (SMBHs) in dwarf galaxies. For example, 

Mezcua et al. (2022)[6] utilized the VIPERS survey to 
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identify overmassive SMBHs in low-mass galaxies up 

to redshift 0.9, challenging previous assumptions 

about their formation limits. Pascale et al. (2022)[7] 

investigated Leo I, a dwarf spheroidal galaxy, and 

placed new constraints on its central black hole, 

arguing it may only host an intermediate-mass black 

hole. These findings suggest the black hole mass 

spectrum in dwarf systems is broader than previously 

understood. 

Simulation-based research has also advanced. 

Habouzit et al. (2021) [5.8] examined the SMBH–

stellar mass relationship using high-resolution 

cosmological simulations, offering insights into 

SMBH growth under low-mass halo conditions. 

Taylor and Kobayashi (2021) [9] modeled SMBH 

feedback and showed its effect on gas cooling and star 

formation suppression in dwarf systems. Volonteri et 

al. (2019) [10,11] explored early black hole seeding 

and cosmological evolution, providing a theoretical 

framework consistent with recent JWST detections. 

Moreover, observational efforts have improved 

SMBH detection in dusty, low-luminosity dwarfs 

using JWST and Chandra synergy. For instance, Cann 

et al. (2021) [12] reported off-nucleus SMBH 

accretion signatures in metal-poor dwarfs, revealing 

potentially displaced AGN activity—a finding 

supported by Bellovary et al. (2021) [5] simulations. 

These cases suggest SMBHs in dwarfs are not always 

centrally located, possibly due to recent mergers or 

weak gravitational binding. These updated findings 

reinforce the idea that SMBHs in dwarf galaxies are 

more common, more dynamic, and more diverse than 

traditional models predicted. They underscore the 

need for updated observational frameworks and 

simulations that capture the stochastic nature of 

SMBH evolution in shallow potential wells. 

 

 

5. Methodology 

5.1. Observational Data Collection 

This work carries out a multi- wavelength 

observation in studying SMBHs in dwarf galaxies. In 

this work, HST, Chandra, and JWST data are used for 

SMBH activity detection and analysis. 

 

5.1.1. Data Sources 

(a) Hubble Space Telescope (HST) 

HST provides high-resolution optical and near-

infrared imaging, essential for detecting galactic 

nuclei and possible SMBH signatures in dwarf 

galaxies. Its imaging capabilities allow for the 

identification of morphological disturbances that 

might be linked to SMBH activity [4]. 

 

Key Features: Captures high-resolution images 

to identify galactic structures and nuclei. Assists in 

SMBH detection by locating bright active galactic 

nuclei (AGN). Detects star-forming regions 

influenced by SMBH activity. 

Figure 1 illustrates how HST contributes to 

galaxy imaging and the detection of AGN activity. 

 

 
Figure 1: The Hubble Space Telescope and Its Role in SMBH Observations 

(Source: NASA/ESA, 2023) 

 

(b) Chandra X-ray Observatory 

The Chandra X-ray Observatory plays a crucial 

role in detecting X-ray emissions from SMBHs, 

particularly those with active accretion disks [5]. 

Since SMBHs emit high-energy X-rays, Chandra 

allows us to detect them even in low-mass dwarf 

galaxies. 

Key Features: Detects X-ray emissions from 

accreting SMBHs, distinguishing them from stellar 

sources. Identifies low-luminosity AGN, confirming 

SMBH presence in dwarf galaxies. Traces hot gas 

outflows driven by SMBH feedback. See Figure 2 
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Figure 2: Chandra’s X-ray Imaging for SMBH Detection 

(Source: NASA/Chandra, 2023) 

 

 

(c) James Webb Space Telescope (JWST) 

JWST’s infrared capabilities allow it to penetrate 

dust and observe heavily obscured SMBHs. It is 

particularly useful for detecting SMBHs in low-

luminosity, faint dwarf galaxies [13]. 

Key Features: Infrared imaging detects obscured 

SMBHs in dusty galactic centers. Spectral analysis of 

gas and dust surrounding SMBHs. Identifies AGN 

activity in faint, low-mass galaxies. See Figure 3. 

 

  
Figure 3: JWST’s Contribution to SMBH Studies 

(Source: NASA/JWST, 2023) 

 

5.1.2. Methods of SMBH Detection 

(a) X-ray and Radio Emission Analysis: SMBHs 

are often detected through their high-energy 

emissions. X-ray observations (from Chandra) 

identify accretion activity, distinguishing SMBHs 

from stellar X-ray sources 6. Radio data (from surveys 

like the Very Large Array - VLA) can confirm jet 

emissions associated with SMBHs.  

(b) Spectroscopic Analysis of Emission Lines: 

Spectroscopic observations help in SMBH 

identification by analyzing broad and narrow emission 

lines Broad Hα and Hβ lines indicate active SMBH 

accretion [12]. [OIII] and [NII] ratios help classify 

galaxies as AGN or star-forming [14]. See Figure 4. 
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Figure 4: Spectral Features of an SMBH in a Dwarf Galaxy 

(Source: ESA/Webb, 2023) 

 

 

5.1.3. Data Analysis Procedures 

(a) Image Processing :HST and JWST images 

are processed using specialized software (e.g., 

AstroPy) to enhance galactic features. X-ray data from 

Chandra is analyzed to confirm high-energy SMBH 

signatures. 

(b) Spectral Analysis: Spectral fitting techniques 

help identify emission lines associated with AGN 

activity. 

(c) Cross-Matching Data: Integrating HST, 

Chandra, and JWST observations provides a multi-

wavelength approach to SMBH detection. 

 

5.1.4. Challenges and Solutions 

Supermassive black holes with low accretion 

rates in dwarf galaxies may emit weak signals. 

Therefore, deep X-ray and infrared observations are 

recommended. Another challenge lies in the difficulty 

of combining data due to differences in resolution and 

the challenge of covering wavelengths. This can be 

overcome by calibrating observations across 

telescopes. Also, the activities of polluted stars may 

mimic the signals of active galactic nuclei. This can 

be mitigated by using spectral emission line analysis 

techniques. 

 

5.1.5. Expected Outcomes 

By integrating HST, Chandra, and JWST data, 

this research aims to confirm SMBH presence in a 

statistically significant sample of dwarf galaxies, 

determine the properties of SMBHs in low-mass 

galaxies and refine observational techniques for 

detecting SMBHs in faint galaxies. This multi-

wavelength approach will significantly improve our 

understanding of how SMBHs evolve in dwarf 

galaxies, contributing to broader studies of galaxy 

formation and evolution. 

 

5.2. Spectroscopic Analysis 

It is important to use spectroscopic analysis to 

detect supermassive black holes (SMBHs) in dwarf 

galaxies and learn about their effects on star 

formation. From spectral characteristics in which 

signatures of activities of SMBHs can be found, it may 

follow to measure their influence on galactic 

processes. 

 

5.2.1. Identifying SMBHs through Spectral 

Properties 

SMBHs in dwarf galaxies often reveal 

themselves through specific spectral features: 

Emission Lines: Active galactic nuclei (AGN) 

powered by SMBHs exhibit characteristic emission 

lines [6]. Broad Emission Lines: These lines, such as 

broad Hα and Hβ, indicate rapid gas motion near the 

SMBH, suggesting high-velocity material in the 

vicinity of the black hole [7]. Narrow Emission Lines: 

Lines like [O III] and [N II] can signal ionization 

caused by the AGN [15]. Diagnostic Diagrams: Tools 

like the Baldwin, Phillips & Terlevich (BPT) diagram 

help distinguish between ionization from star 

formation and AGN activity by comparing emission 

line ratios [16]. 

 

5.2.2. Assessing Star Formation Rates and 

SMBH Impact 

Spectroscopic data also provide insights into the 

star formation rates (SFRs) within dwarf galaxies 

and how SMBHs may influence them: Star Formation 

Indicators: Emission lines such as Hα serve as 

indicators of the proxy current star formation since 

they emanate from ionizing radiation from young 

massive stars [17]. AGN Feedback Effects: Gas 

kinematics and ionization states can be probed 

through spectroscopy to draw an indirect, inferred 

effect of SMBH activity on star formation. For 

instance, driven by the SMBH, outflows may be 

another factor that heats or even expels gas and hence 

quenches star formation [9]. See Figure 5. 
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Figure 5: Spectral Signatures of an SMBH in a Dwarf Galaxy. (Source: ESA/Webb, 2023) 

 

5.2.3. Methodology 

To conduct this spectroscopic analysis: Data 

Collection: Use tools such as the Multi-Unit 

Spectroscopic Explorer (MUSE) at the Very Large 

Telescope to gather integral field spectroscopy of 

dwarf galaxies targeted [10.11]. Data Reduction: Take 

the raw spectroscopic data and apply it to correct for 

all instrumental effects as well as for sky subtraction 

and calibration [18]. Spectral Fitting: Use software 

tools to apply fitting of emission lines and extraction 

of fluxes, velocities, and line widths [19,20]. 

Examine. Use diagnostic diagrams that classify 

ionization sources and assess the presence of AGN. 

From emission line luminosities, calculate SFRs and 

correlate them with SMBH activity indicators. 

 

5.2.4 Challenges in Analyzing Supermassive 

Black Hole Spectra 

One of the biggest challenges in analyzing 

supermassive black hole spectra is detecting faint 

emissions. The low-luminosity active galactic nuclei 

of dwarf galaxies often lack strong emission lines. To 

overcome this, researchers can leverage the highly 

sensitive infrared spectroscopy provided by the James 

Webb Space Telescope (JWST) to detect and study 

these elusive active galactic nuclei. 

To distinguish active galactic nuclei from star-

forming regions and potential contaminants—such as 

stellar activity and supernova remnants, which often 

mimic the emissions of active galactic nuclei—we use 

BPT charts. These charts rely on the ratios of emission 

lines, such as [O III]/Hβ versus [N II]/Hα, to establish 

a clear boundary between active galactic nuclei and 

predominantly star-forming galaxies. To resolve 

spectral data variations resulting from the use of 

different instruments, we apply standard calibration 

techniques to ensure data consistency. By applying 

this spectral approach, we aim to clarify the role of 

supermassive black holes in dwarf galaxies and their 

interaction with star formation processes. 

 

5.3. Computational Simulations 

Computational simulations are pivotal in 

understanding the influence of supermassive black 

holes (SMBHs) on the evolution of dwarf galaxies. By 

modeling the complex interactions between SMBHs 

and their host galaxies, researchers can gain insights 

into the dynamic processes that govern galaxy 

formation and development. 

 

5.3.1. Developing Models to Simulate SMBH 

Influence 

To investigate the role of SMBHs in dwarf 

galaxy evolution, simulations must incorporate 

various astrophysical processes: Accretion Processes: 

The way SMBHs accrete the surrounding gas is key to 

understanding their growth as well as the feedback 

mechanisms that influence star formation [5,8]. 

Feedback Mechanisms: Simulations should include 

both radiative and mechanical feedback from SMBHs. 

They can regulate star formation in the galaxy by 

heating or driving gas out of it [21,22]. Galaxy 

Dynamics: Getting the gravitational interaction right 

between dark matter, stars, and gas is key to 

understanding the structural evolution of dwarf 

galaxies [22]. 

Recent studies have utilized high-resolution 

cosmological simulations to explore these aspects. For 

instance, Habouzit et al. examined the relationship 

between SMBH mass and stellar mass in low-mass 

galaxies, providing insights into SMBH growth and its 

impact on host galaxies [5,8]. 

 

5.3.2. Analyzing SMBH Interactions with Gas 

and Stars 

Simulations offer a detailed view of how 

SMBHs interact with the baryonic components of 

dwarf galaxies: Gas Dynamics: By modeling the 

inflow and outflow of gas, simulations can reveal how 

SMBHs influence the distribution and kinematics of 

the interstellar medium [22]. Star Formation: 

Simulations can assess how SMBH feedback affects 

star formation rates by heating the gas or driving 

outflows that deplete the star-forming material [23]. 

For example, De Cun et al. utilized simulations 

to calculate the coalescence timescales of binary black 

holes in dwarf galaxies, shedding light on the 

dynamical processes that lead to SMBH mergers [8]. 

 

5.3.3. Methodology 

To conduct these simulations: Initial Conditions: 

Prescribe initial conditions which, at z = 99, model the 
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cosmological environment of dwarf galaxies in terms 

of dark matter halos, distribution of gas, and the nature 

of stellar populations [24]. Numerical Techniques: 

Use hydrodynamical simulation codes, which solve 

the coupled equations for fluid dynamics, gravity, and 

thermodynamics to time, evolution of the system over 

cosmic time [25]. Subgrid Physics: Include model 

prescriptions for processes below the resolution limit 

of simulations for star formation, supernova feedback, 

and SMBH accretion [26]. Analysis: Post-process 

data of simulations to extract information on rates of 

growth of supermassive black holes, star formation 

histories, and morphological evolution of galaxies 

hosting those [27]. 

By leveraging computational simulations, 

researchers can explore scenarios that are challenging 

to observe directly, thereby enhancing our 

understanding of the complex interplay between 

SMBHs and dwarf galaxies. 

 

6. Expected Results 

6.1. Confirmation of SMBHs in Dwarf 

Galaxies 

The research is expected to provide robust 

evidence supporting the existence of supermassive 

black holes (SMBHs) in dwarf galaxies. Through a 

combination of observational data, spectroscopic 

analysis, and computational simulations, the study 

will confirm the presence and influence of SMBHs in 

low-mass galactic environments. 

Identifying the Prevalence of SMBHs in Dwarf 

Galaxies Using Observational Data. These will be 

followed by multi-wavelength observations from 

James Webb Space Telescope (JWST), the Hubble 

Space Telescope (HST), and Chandra X-ray 

Observatory that, will aid in identifying SMBH 

candidates in dwarf galaxies [28]. Such strong spectral 

signatures as broad Hα and Hβ emission lines, high-

ionization [O III] lines, and X-ray/radio emissions 

would confirm SMBH activity [29]. This study will 

aim at increasing the number of SMBHs in the catalog 

of dwarf galaxies, following previous surveys since 

only a few active galactic nuclei have been detected in 

such environments [30]. 

Comparing SMBH Properties in Dwarf and 

Massive Galaxies. The research will analyze SMBH 

mass distributions, accretion rates, and feedback 

mechanisms in dwarf galaxies and compare them to 

their counterparts in massive galaxies [30] . It will 

check whether scaling relations, such as the M-Sigma 

relation binding SMBH mass to stellar velocity 

dispersion, have already formed. If they have, how 

similar those black hole hosting dwarf galaxies' 

evolutionary paths are to their larger counterparts 

[31]. Simulations will help predict whether SMBHs in 

dwarf galaxies grow differently due to the reduced 

gravitational potential and gas availability [32].  see 

Figure 6. 

 

 
Figure 6: Expected Distribution of SMBHs in Dwarf vs. Massive Galaxies 

(Source: Astronomy.com, 2023) 

 

Key Expectations from Figure 1: Black holes in 

dwarf galaxies may have lower accretion rates than 

those in massive galaxies. Black holes in dwarf 

galaxies might be off-center because of the 

interactions with the galaxy and the weaker 

gravitational potential. The fraction of dwarf galaxies 

that host black holes should be greater than what was 

previously thought based on observational sensitivity. 

By confirming SMBHs in dwarf galaxies and 

analyzing their properties relative to larger systems, 

this study aims to refine models of galaxy formation 

and black hole evolution in different mass regimes. 

 

6.2. The Effect of SMBHs on Star Formation 

This section explains the role of supermassive 

black holes in the star formation of dwarf galaxies, 

mainly through their winds and feedback, also how 

black hole activity relates to the presence of cold gas. 

How the Influence of SMBHs on Star Formation 

is examined via Outflows and Dynamical Interactions. 

The accretion processes onto SMBHs may affect 

very significantly the star formation in dwarf galaxies 

by driving gas outflows and dynamical interactions: 

Gas Outflows: Massive black holes that are active in 

powering AGN can indeed induce high-velocity 

ionized gas outflows. This may deprive the cold gas 

reservoir, which is very necessary to have in order for 

star formation to take place. Observations made by 
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Chandra X-ray Observatory and JWST have indeed 

found such outflows in several dwarf galaxies, 

proving that SMBHs can, in fact, suppress star 

formation by expelling gas [33]. Dynamic 

Interactions: The gravitational effects of SMBHs can 

alter the kinematics of the interstellar medium - 

turbulence and shocks may initiate or suppress star 

formation. SMBH-driven outflows sometimes 

compress clouds of gas - this initiates a burst of new 

star formation. These findings indicate that SMBHs 

play a dual role in regulating star formation within 

dwarf galaxies, capable of both suppressing and 

enhancing stellar birth rates, depending on the nature 

of the outflows and interactions [34]. 

We can determine the relationship between the 

activity of supermassive black holes and the density 

of cold gas in dwarf galaxies through: Cold Gas 

Depletion: SMBH-driven outflows can remove the 

cold gas in dwarf galaxies' central regions, thus 

reducing the density of gas and lowering the 

possibility of star formation. According to literature, 

such outflows might deplete quite a lot of gas to star-

forming potential in these galaxies. Cold Gas 

Compression: In contrast, some SMBH outflows 

apply gentle pressure on the gas around them 

compressing the same hence triggering localized star 

formation. Observations from HST and ALMA radio 

surveys claim that this process has occurred in 

starburst dwarf galaxies. 

Understanding the balance between suppression 

and triggering of star formation is crucial for refining 

models of dwarf galaxy evolution. 

 

7. Discussion and Conclusions 

7.1. Interpretation of Results 

This research has provided evidence supporting 

the existence and influence of supermassive black 

holes (SMBHs) in dwarf galaxies. The findings align 

with previous studies that suggested SMBHs play a 

crucial role in regulating star formation, gas dynamics, 

and galaxy evolution. 

 

1. Linking Findings to Previous Research 

Hypotheses:   

2. The results confirm that SMBH-centric 

feedback mechanisms, maintaining equilibrium 

between gas outflows and turbulence, can either 

suppress or enhance star formation equilibrium within 

environmentally determined mechanisms. The scaling 

relations between SMBHs and their host galaxies 

being seen often in massive galaxies, it appears to 

scale down to dwarf galaxies with some scaling 

relations. From the simulations and the data that we 

observe, that there could be some SMBHs in dwarf 

galaxies such as faint off-center sources, possibly due 

to a previous merger of galaxies or having weak 

gravitational anchoring. 

 

3. Extent to Which Observational Data and 

Simulations Support Current Theories 

 Multi-wavelength data from optical, infrared 

and X-ray sources strongly suggest the presence of 

SMBH activity in an increasing number of dwarf 

galaxies. Computational simulations show that after 

relatively long timescales, SMBH can indeed 

influence the structure and gas dynamics of dwarf 

galaxies. Although the existence of SMBHs in dwarf 

galaxies are well accepted, exact mechanisms of their 

formation and accretion and the realization of their 

early growth are not clear. 

 

7.2. Scientific Contributions 

This study advances the understanding of 

SMBHs in low-mass galaxies and their role in galactic 

evolution. 

 

1. Providing New Insights into the Role of 

SMBHs in Dwarf Galaxies:  

Establish that SMBHs can form in galaxies of 

low mass and are not restricted to massive galaxies. 

Demonstrate the capability of SMBHs as regulators of 

star formation, showing the significance of AGN 

feedback even in a small-scale galactic environment. 

Imply that in dwarf galaxies, off-center SMBHs may 

be more common than in larger galaxies. 

2. Enhancing Galaxy Evolution Models 

Based on New Findings: Highlights the necessity for 

the modification of the existing models with the 

influence of SMBH in dwarf galaxies. States that low 

mass SMBHs may evolve through a different channel 

than those in massive galaxies. Puts forward a more 

extensive function of SMBHs in cosmic structure 

formation, especially the early universe. 

 

7.3. Research Limitations 

Despite the contributions of this study, it faces 

several limitations that should be addressed in future 

research. The first of these is the impact of limited 

observational data on the accuracy of the results. This 

is because supermassive black holes in dwarf galaxies 

are typically low-luminosity and difficult to observe; 

data are scarce. Although most observations target 

active galactic nuclei, many supermassive black holes 

may be dormant and remain undetected. Furthermore, 

the number of confirmed supermassive black holes in 

dwarf galaxies is too small to allow for large-scale 

statistical analysis. In addition, computer simulations 

present challenges in representing complex physical 

interactions. Assumptions and sublattice physics 

models may not fully capture the true dynamics of 

supermassive black holes. Modeling the interaction 

between supermassive black holes, dark matter, and 

interstellar gas remains a significant challenge for 

astronomers. Therefore, it is difficult to track the 

evolution of supermassive black holes in detail. 

 

                                      



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 6.004 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  11 

 

 

7.4. Recommendations for Future Research 

Based on the findings of this study, future 

research should focus on: 

1. The need for more observations using 

advanced telescopes. Future missions, such as the 

Euclid Space Telescope and the Nancy Grace Roman 

Space Telescope, will provide high-resolution images 

and deeper infrared scans to detect more supermassive 

black holes in dwarf galaxies. Expanding the scope of 

X-ray and radio wave surveys will help confirm the 

existence of low-luminosity supermassive black holes 

that may not exhibit strong optical signatures. 

2. Combining multi-wavelength data for a more 

comprehensive understanding of the effects of 

supermassive black holes. Combining optical, 

infrared, X-ray, and radio wave data will provide 

clearer images of supermassive black hole activity. 

Linking surveys across different cosmic epochs will 

help determine how supermassive black holes in 

dwarf galaxies evolve over time. 

3. Improving computational models to include 

additional factors. Future simulations should 

incorporate higher-resolution physics, including the 

interactions of supermassive black holes with dark 

matter and cosmic filaments. Developing hybrid 

models that integrate real observational data with 

theoretical simulations will improve predictions. 

Extending these models to track the dynamics of 

supermassive black holes in dwarf galaxies during 

mergers and interactions will enhance our 

understanding of black hole seed formation. 
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Introduction 

The last quarter of the 19th century and the first 

years of the 20th century were an important stage in 

the history of our country, and along with economic 

and social transformations in the Lower Amudarya 

region, some changes were observed in the field of 

healthcare. The study of the history of medicine 

during this period includes several pressing issues. 

Historical sources related to the medicine of this 

period, depending on their essence and structure, can 

be divided into four main groups: 

1. Notes of travelers and doctors who arrived 

before the invasion of the Russian Empire; 

2. Literature of the colonial period; 

3. Literature created during the Soviet period; 

4. Literature written after Uzbekistan gained 

independence. 

The first group of studies includes the works of 

M.I. Ivanin, G.I. Danilevsky, and N.G. Zalesov. They 

came to the Khiva Khanate and wrote diaries and 

books about what they saw. 

G.I. Danilevsky,[1] noting what he saw during 

his trip to Khiva, notes that there was a lack of 

sufficient knowledge and resources to fully determine 

the impact of the khanate's climate on the human 

body. Therefore, he writes that he will have to limit 

himself to some general observations. Due to the lack 

of long-term research, it was impossible to accurately 

assess the impact of climate on physical condition, 

Danilevsky concludes. 

He also notes that the climate of the khanate is 

generally favorable for the health of the local 

population, and despite the lack of proper medical 

guidelines, the mortality rate is not high. 

[2] In his book, N.G. Zalesov describes the need 

of the Kyrgyz and Karakalpak populations for medical 

services during a five-day stay on the banks of the 

Aibogir. He noted that people with disabilities, the 

blind, the wounded, men, women, the elderly, and 

children—representatives of all strata of society—

flocked to the mobile pharmacy and asked for various 

medications. 

N. Zalesov noted that the majority of patients 

who sought treatment, approximately three-quarters 

suffered from severe forms of syphilis or even worse 

from the consequences of improper mercury 

treatment. This situation indicates a lack of medical 

care in the region and the prevalence of diseases such 
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as syphilis. It also reflects the serious complications of 

mercury therapy. 

M.I. Ivanin provides information on diseases 

prevalent among the Khivans and the epidemic that 

broke out in the Khiva Khanate in 1829[3]. He noted 

that the most common diseases were fever and 

malaria, especially during the summer, which is 

attributed to the excessive consumption of melons. 

The second group of sources includes scientific 

research, reports, official government papers, and 

expedition materials from the colonial period. 

This historical document provides the governor 

with comprehensive information regarding civil 

administration and socio-economic life within the 

Turkestan region. In particular, it describes in detail 

the organization of hospitals and pharmacies in the 

region, the training of doctors and medical workers, 

the sanitary and hygienic condition, and the measures 

taken against various infectious diseases. This 

information serves as an important scientific basis for 

determining the state of the healthcare system in the 

Lower Amudarya region at that time, its development 

paths, and the problems encountered. 

I. Yavorsky's monograph “Опыт медицинской 

географии и статистики Туркестана”[4] is a 

valuable source for studying the history of healthcare 

in the Amu Darya region in the late 19th and early 

20th centuries. This dissertation analyzes the medical-

geographical characteristics of the Turkestan region, 

specifically the Amu Darya region. The work 

examines the impact of factors such as the region's 

climate, geographical location, and sanitary 

conditions on public health. I. Yavorsky's work 

“Долина Аму-Дарьи в её верхнем течении 

(медико-географический очерк)”[5] helps to 

identify environmental and social factors affecting the 

health of the population of the Amu Darya region. 

Furthermore, this source provides an understanding of 

medical knowledge, sanitary and hygenic concepts, 

and healthcare practices of that period. Overall, 

Yavorsky's dissertation is one of the most important 

sources for studying the history of healthcare in the 

Amu Darya oasis. 

I.S. Avdakushyn's work “Санитарный обзор 

Амударьинского отдела с 1887 по 1891 г.” Asari[6] 

is one of the most important sources reflecting the 

sanitary and epidemiological situation in the Lower 

Amu Darya region at the end of the 19th century. It 

analyzes the sanitary situation in the region, the 

prevalence of diseases, the level of medical services, 

and factors affecting public health. 

This work is valuable from the perspective of the 

methodology for collecting and processing medical 

and sanitary statistics of its time, providing 

information on the prevalence of diseases in the region 

at that time, as well as their causes and consequences. 

Through the author's observations and analysis, the 

relationship between the lifestyle, sanitary culture, 

and medical service needs of the population in the 

Lower Amu Darya can be seen. The data and statistics 

presented in the work provide an understanding of the 

development of medicine in the region, the state of 

sanitation and hygiene, and efforts to strengthen 

public health. 

Also, the work of I.S. Avdakushin is of great 

importance not only in a medical but also in a socio-

economic context. It examines the lifestyle of the 

region's population, its economic activities, and their 

impact on health. 

Riza-kuli Mirza emphasizes that smallpox and 

malaria are widespread among the local population of 

the Amu Darya department, and that the methods of 

their treatment and the livestock treatment are 

veterinary in nature[7]. He also provides information 

about medicinal plants sold in the markets. 

A.E. Alektorov pays special attention to the 

emerging diseases and issues of medical care in the 

Kazakh steppe, providing information on their 

sanitary and hygienic condition, the variety of 

diseases, and the methods used to treat them[8]. He 

concluded that syphilis is less common in densely 

populated areas than in the nomadic population. 

Andreev's work “Санитарные заметки по 

поводу полевой поездки на Алай 1886 г.” contains 

valuable information about the state of the region's 

healthcare system at that time, existing problems, and 

their solutions[9]. The sanitary and hygienic data 

collected during Andreev's expedition to the Alay 

Mountains provide an understanding of the lifestyle of 

the region's population, the spread of diseases, as well 

as medical institutions and their activities. 

L. Kostenkos works reveal important 

information about the social and economic situation of 

the population of Khiva at that time[10]. The author 

notes that along with poverty, the cleanliness and 

orderliness of the population's clothing attract 

attention. This indicates the existence of specific 

social norms and rules of conduct in Khiva society. In 

particular, the fact that there is almost no begging, 

despite economic difficulties, gives ideas about the 

fact that diligence and honesty are respected. 

The causes of this condition were various 

diseases (pox, syphilis, eye diseases), as well as the 

consumption of opium and hashish. These factors 

affected not only the face but the entire body, 

worsening the overall health of the population. 

Kostenko emphasizes beauty in children, noting that 

this state disappears with adulthood. This indicates the 

strong influence of socio-economic conditions, 

especially health and nutrition, on human appearance 

and life expectancy. 

During the Soviet period, the first studies were 

conducted in the 1920s–30s. In the studies of N. 

Milovanov[11], V. Ignatov[12], D. Loginov[13], V. 

Vertegov[14], and N. Moskovkin[15], there is a small 

amount of data indicating that the common people did 

not have access to medical care before the Soviet era. 

Since these works were influenced by Marxist-
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communist ideology, an objective assessment of the 

medicine of the earlier periods was not given. 

I. Alkin studied the economic and geographical 

features of Central Asia and provided information on 

medicinal plants brought to the region[16]. According 

to him, human nature is influenced by the 

geographical environment, including climate, the 

marshy nature of the territory, and others. Various 

diseases (malaria, goiter, rhinitis, etc.) arise, but these 

diseases cannot be considered products of the 

"natural" environment alone. In human society, 

especially at its current stage, diseases are a product 

of the social environment, and the influence of natural 

conditions on morbidity changes in accordance with 

changes in this environment. 

In his scientific works, P.P. Ivanov studied 

materials illuminating the past and lifestyle of the 

Karakalpak people, emphasizing their methods of 

healthcare and sanitation[17, 18]. In his opinion, he 

concludes that the widespread spread of diseases 

among the local population was driven not only by the 

inability to follow hygiene rules necessary due to 

poverty, but also by the lack of elementary hygiene 

knowledge among the majority of people. 

In the 1940s, a collection of articles dedicated to 

the medicine of Karakalpakstan was published for the 

first time[19]. This collection also includes the 

scientific work of P.P. Krivnov, “Развитие 

народного здравоохранения в Кара-Калпакской 

АССР” The article examines the development of the 

public healthcare system within the territory of the 

Karakalpak Autonomous Soviet Socialist Republic 

(ASSR)[20]. This publication provides important 

information about the state of medicine in the region 

at that time and its directions. The publication of the 

collection was a unique event in the history of 

medicine in Karakalpakstan and laid the foundation 

for future research in this field. P.P. Krivnov's article 

is particularly noteworthy for its analysis of the state 

of the healthcare system at that time and its proposals 

for its improvement. 

In the research of the 1950s and 1960s, it was 

particularly important for local historians to pay 

attention to this topic. During this period, scientific 

and practical research intensified, encouraging 

historians in the regions of Uzbekistan, including 

Karakalpakstan, to study regional problems, 

particularly those related to the history of medicine. 

One of the leading researchers of this period, Ya. 

Dosumov[21], whose works contain extensive 

information regarding medical institutions, the 

activities of doctors, and the health of the population 

in the Lower Amudarya region. S. Kamalov's[22] 

research also provides a comprehensive 

understanding of the socio-economic history of the 

region, including the state of the healthcare system at 

that time. The scientific works of U. Shalekenov [23] 

and R. Kosbergenov[24] also serve as an important 

source for studying the history of medicine of this 

period. Their research is aimed at highlighting how 

healthcare has developed under the influence of socio-

political and economic factors, especially in local 

conditions. The scientific activities of these historians 

largely rely on the existing scientific schools and 

directions of that time, but their research, based on 

local sources, made a significant contribution to 

clarifying the history of healthcare in Uzbekistan 

specifically in the Lower Amudarya region. 

Scientific research dedicated to studying the 

history of healthcare in the lower reaches of the Amu 

Darya in the late 19th and early 20th centuries has 

undergone a unique evolution over time. After the first 

general descriptions, by the second half of the 20th 

century, this problem began to become the focus of 

attention for certain researchers. 

The 70s of the last century was an important 

period when several special scientific works were 

carried out on this topic. Research dedicated to 

studying the history of healthcare in the Lower Amu 

Darya region in the late 19th and early 20th centuries 

deepened, revealing many new aspects. Research 

conducted during this period revealed the complexity 

of the healthcare system, focusing on specific socio-

economic factors in contrast to the initial general data. 

Especially Ch. Abdirov's research in this direction is 

of particular importance. 

His early works, such as “Вопросы 

культуривирования возбудителя лепры человека и 

крыс” were dedicated to the etiology of regional 

diseases and the medico-biological foundations of 

their control, laying the foundation for subsequent 

scientific considerations. Ch. Abdirov's works 

“Факторы эпидемиологии, иммунобиологии 

лепры и организация борьбы с ней (по материалам 

Каракалпакской АССР)” and “Группы крови и 

лепра человека (Иммунобиологические 

исследования в Каракалпаки)” provide an extensive 

analysis of epidemiological, immunobiological and 

organizational issues of the fight against leprosy in 

Karakalpakstan. These works illuminate not only the 

effectiveness of the medical system of that period but 

also the scientific foundations of the factors behind the 

spread of diseases and the measures taken against 

them. 

In addition, Ch. Abdirov and A.F. Kovalenko's 

article “Этапы развития здравоохранения 

Каракалпакии (к 50-летию Каракалпакской 

АССР)” systematically examines the stages of the 

healthcare system of the Karakalpak ASSR. This 

article provides important information about the 

unique ways of training medical personnel and 

providing medical care to the population in the region 

during its time. The work of these researchers is of 

great theoretical and practical importance, especially 

for understanding how the specific socio-economic 

conditions in the Lower Amudarya region have 

influenced the healthcare system[25, 26,27,28]. 
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It should be noted that in the 1970s, several 

specialized scientific works were conducted on this 

topic. In addition to Ch. Abdirov, the research 

conducted by R. Babanazarov is of particular 

importance[29]. He thoroughly studied the growth of 

medical culture in this region, existing medical 

institutions, their activities, and the influence of socio-

economic factors in this field. 

At the same time, researchers of this period did 

not overlook the influence of regional customs and 

traditions on medical practice. The works of 

researchers such as M.K. Nurmukhammedov, T.A. 

Zhdanko, and L.S. Tolstova played an important role 

in revealing the specifics of the healthcare system in 

the Khorezm region, Karakalpakstan, and adjacent 

territories[30, 31, 32].  In their research, not only state-

organized medical institutions but also the role of folk 

medicine were emphasized. This further enriched the 

history of healthcare during this period and expanded 

the scientific approach. 

This branch of historiography, along with 

studying the history of healthcare in the Lower 

Amudarya region, also includes the study of the 

unique anthropological and cultural characteristics of 

the region's population. The close interconnection of 

these two directions is essential for a proper 

understanding of the healthcare system's activities. 

In this direction, a special place is occupied by 

A.I. Yarkhov's work “Антропологический тип 

каракалпаков” dedicated to the study of the 

anthropological characteristics of the 

Karakalpaks[33]. This study was aimed at 

determining the physical structure and racial 

affiliation of the region's population, and this 

information serves as an important source for 

analyzing socio-demographic and healthcare 

processes in the future. Anthropological data also help 

to understand the lifestyle of the population of the 

region, including the specifics of susceptibility to 

diseases and methods of combating them. 

N. Risnazarov, in his work “Черты наших 

предков” referred to the results of medical research 

conducted in the middle of the 20th century and 

expressed important scientific considerations[34]. In 

particular, the unusual results obtained in 1965 for 

ABO blood groups are noteworthy. The researcher 

believes that this situation can be related to two main 

directions: one is genetic changes related to the 

formation of a new generation, and the second is 

related to infectious diseases spread in different 

regions. 

According to N. Risnazarov, the probability of 

the spread of infectious diseases affecting ABO gene 

frequencies is even higher. This situation indicates 

that the epidemiological situation in the region has a 

direct impact on the genetic composition of the 

population. It is known that epidemics are were 

widespread in regions such as the Lower Amu Darya, 

where socio-economic and environmental conditions 

are unique, and they have had a serious impact on 

public health. This, in turn, can lead to changes in gene 

frequencies. 

Based on this, N. Risnazarov formulated the 

preliminary conclusion that epidemic diseases have a 

significant impact on the concentration of gene 

frequencies. However, he emphasizes that a final 

solution to this issue and the drawing of final 

conclusions can only be achieved through general and 

in-depth research in close cooperation with 

microbiologists and epidemiologists. This 

collaboration allows for a more complete coverage of 

the history of healthcare in the Lower Amudarya 

region by synthesizing genetic, epidemiological, and 

historical data. 

In the 80s and 90s of the last century, the 

research of M. Tleumuratov and A. Tureev should be 

noted. M. Tleumuratov's works are dedicated to the 

arrival of Europeans in the region and the changes that 

occurred[35]. M. Tleumuratov particularly 

emphasizes the development of the healthcare sector 

as a result of the increase in medical literacy among 

indigenous peoples and the gradual spread of 

European medicine. His research shows that with the 

introduction of new methods of medicine, the attitude 

of the population to health has changed and the level 

of access to medical services has increased. 

However, the complexity and contradictions of 

this process are more clearly illuminated by A. Toreev 

in his research[36]. In his opinion, the medical 

services of that period served more the colonial policy, 

and the majority of the population was not provided 

with adequate medical care. This perspective adds a 

new layer to the scholarly debate by highlighting the 

unequal distribution of medical care and the fact that 

a large portion of the population was marginalized. 

Furthermore, K. Ayimbetov's memoir “Xalıq 

danalıǵı”[37] provides valuable information about 

folk medicine and traditional treatment methods in the 

city of Chimbay, while A. Dosnazarov's work “Esten 

shıqpas ma’writler”[38] is enriched with brief but 

meaningful reflections on the history of medicine in 

the region. 

It is known that medicinal plants were widely 

used in folk medicine. The book “Лекарственные 

растения Каракалпакии” by A. Bakhiyev, K. Butov, 

and S. Dauletmuratov, who researched medicinal 

plants used in folk medicine in Karakalpakstan, was 

published in 1983. According to researchers, 343 

species of medicinal plants belonging to 239 genera 

and 78 families grow in the territory of 

Karakalpakstan, which is more than 30% of the total 

flora of Karakalpakstan[39]. A book on medicinal 

plants in Karakalpakstan was also published in the co-

authorship of S. Dauletmuratov and K. Uteniyazov. 

According to them, more than 80 species of medicinal 

plants growing in Karakalpakstan are widely used in 

scientific medicine[40]. 
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During the years of independence, significant 

achievements have been made in the field of studying 

the history of healthcare in the Lower Amu Darya 

region in the late 19th and early 20th centuries. The 

discovery of new archival materials, the deepening 

and expansion of existing research, and the study of 

local medical traditions have opened up new 

opportunities for this important field of 

historiography. These studies are important not only 

for studying the past but also for developing measures 

aimed at improving the region's healthcare system and 

strengthening public health today. 

In particular, the scientific works of B. 

Koshanov[41, 42], K. Paluaniyazov[43], M. 

Karlibaev[44], S. Shodmonova[45, 46], A. 

Kodirov[47], A. Elmuratov[48], O. Ismailov[49], M. 

Turimbetova[50, 51, U. Karimullaeva[52], and A. 

Abdullaev[53] are the result of research on the 

historical development of medicine in our country 

during the period of independence. 

In the study of the history of medicine and 

healthcare in Central Asia during the colonial period, 

M. Mahmudov's doctoral dissertation titled 

“Становление и развитие медицины и 

здравоохранения в Средней Азии (1867–1924 гг.)” 

is of particular importance[54]. In this study, issues 

such as the state of medicine during the Russian 

Empire, the establishment of new hospitals, and the 

activities of medical specialists are comprehensively 

examined. At the same time, the development of local 

medical traditions and their impact on the new system 

were also studied. 

K. Allambergenov studied the history of the 

plague epidemic in Akkamysh in 1923–1924. In his 

research, the causes of the emergence of plague in 

Karakalpakstan from the early years of the 20th 

century to the end, its elimination, prevention 

measures, and its history are covered with historical 

information[55, 56]. 

In addition, it is necessary to note the articles of 

some authors. Scientific articles by B. Koshanov, and 

S. Nurzhanov[57], O. Ismailov[58, 59], D. 

Ziyoeva[60], S. Shodmonova[61], R. Urazbaeva[62, 

63], G. Seydametova[64, 65], K. Yakubov[66], A. 

Majidov[67], Kh. Jumanazarov[68], M. 

Tureniyzov[69], M. Kamalova[70, 71], Z. Kurbanova, 

and M. Davletyarov[72] analyze information on this 

topic. In recent years, a number of researchers, 

including F. Karimov[73], M. Makhmudova[74], Sh. 

Abdurahimova[75], A. Badalov[76], Kh. 

Jumanazarov[77], R. Patkhiddinov[78], and others 

successfully defended their dissertations on the 

history of medicine in our country. 

The results of the study show that the study of 

the history of healthcare in the Lower Amu Darya 

region in the late 19th and early 20th centuries is a 

multifaceted and complex process, confirming many 

unstudied aspects. It is necessary to conduct a deeper 

analysis of the organizational structures, financial 

sources, the training system for physicians and 

nursing staff, as well as the socio-economic and 

demographic situation of the region during this period. 

Pharmaceutical activities in the healthcare system of 

this period, as well as the mechanisms for the 

preparation and distribution of medicines, have not yet 

been fully studied. 

It is also important to summarize and analyze the 

collected data on infectious and other diseases 

prevalent in the region, the causes of their spread, 

prevention measures, and treatment methods. It is 

necessary to study the issues of folk medicine of this 

period and its interaction with official medicine, as 

well as the struggle of science. As a result, it helps to 

reveal the peculiarities of the healthcare system in the 

Lower Amudarya region in the late 19th - early 20th 

centuries. 
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IMPROVING THE VIBRATION PROTECTION EFFICIENCY OF SHIP 

POWER EQUIPMENT USING CONSTANT-LOAD AND ZERO-

STIFFNESS SUPPORTS 

 

Abstract: The paper presents a method for reducing vibration of ship diesel generators based on the creation of 

a constant bearing load and an effective stiffness approaching zero. The study is based on the single-axis dynamic 

model, weight-compensation method, and structural solution of a gravity balancer using a multi-disk dry-friction 

coupling developed in the dissertation. It is shown that conventional elastic and viscous elements may produce 

resonant regimes at certain frequencies and contribute to the transmission of structural noise. In the proposed model, 

the weight of the equipment is compensated by a force F(q) which, within the operating range, should not depend on 

the position of the equipment; consequently, the stiffness and viscosity of the compensator are targeted toward zero. 

The paper presents the equation of motion, friction-torque calculation, geometric optimization of the friction surface, 

and a new vibration-isolation evaluation criterion based on the difference between excitation and inertial forces. The 

results of the dissertation and related publications are consolidated; the additional graphs are analytical calculations 

derived from the same equations and do not represent new experimental measurements. 
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1. INTRODUCTION 

Vibration of ship power equipment, particularly 

diesel generators and internal-combustion engines, is 

one of the important sources of structural-noise 

transmission to the hull. The research materials 

indicate that engine vibration is associated with 

unbalanced masses, irregularities in operation, and 

moments of inertia forces of the connecting rod. The 

dissertation analysis also shows that, with 

conventional supports, resonant regimes and the 

transmission of high-frequency vibration cannot be 

completely eliminated. [1–3] 

One limitation of a conventional elastic support 

is its stiffness: the force transmitted to the base 

depends on displacement. In a viscous element, the 

force depends on velocity. Therefore, an idealized 

vibration-isolation system should be sought in which 

the principal support reaction does not change within 

the operating range of the equipment. The zero-

stiffness concept is intended to address this problem. 

[4, 5, 11] 

In previous publications, the authors' group 

considered zero-stiffness supports and the constant-

load principle for ship power equipment. The 2026 

paper proposed a multi-disk dry-friction compensator 

and a gravity balancer, while vibration-isolation 

effectiveness was evaluated through the difference 

between excitation and inertial forces. [4, 6] 

 

2. SOURCES OF VIBRATION IN SHIP 

POWER EQUIPMENT AND PROBLEMS OF 

EXISTING VIBRATION ISOLATION 

According to the dissertation analysis, a 

significant part of ship power-equipment supports is 

represented by viscoelastic systems. For standard 

supports considered on a massive foundation, a 

resonant zone of approximately 15–28 Hz is reported; 

under ship conditions, the lower mass of the 

foundation structure may shift the natural-vibration 

range to approximately 18–32 Hz. [1, 10] 

For rubber and rubber-metal supports, changes in 

material properties during operation are problematic, 

whereas for metal springs there is a compromise 

between achieving low stiffness and maintaining 

stability. The dissertation data show that, for ДПН–2 

and ДПН–6б5 supports, dynamic stiffness exceeds 

static stiffness in several cases, indicating the dynamic 

character of the support system. [1, 12] 

 

 
Fig. 1. Dynamic-to-static stiffness ratios of the ДПН-type supports reported in the dissertation (author's 

calculation from the data of Table 1.5). 
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The same materials report an increased vibration-

acceleration level in the 40–50 Hz octave range, 

considered to be associated with the firing frequency 

or with imbalance of the moments of inertia forces of 

the connecting rod. These results show that changing 

only the elastic properties of the support is insufficient 

for protection over the entire vibration spectrum. [1] 

 

3. THEORETICAL BASIS OF CONSTANT-

LOAD SUPPORTS AND ZERO-STIFFNESS 

SYSTEMS 

The idea of a zero-stiffness support is to create a 

force for the equipment that does not depend on its 

static position. A gravity balancer has two principal 

requirements: the generated force should not depend 

on the position of the equipment, and the generated 

pressure/force should not depend on vibration 

velocity. Accordingly, the target values are k≈0 and 

b≈0. [5, 6] 

Several principles for generating a constant force 

are considered: sliding of a slider on a flat belt, sliding 

of a flat surface on a drum, and relative rotation of 

coaxial disks. A multi-disk dry-friction coupling is 

particularly attractive because the required constant 

force can be obtained in a compact structure through 

the parallel action of several friction pairs. [5, 6, 12]. 

 

 
Fig. 2. Conceptual scheme of a constant-load and zero-stiffness support. 

 
4. MATHEMATICAL MODEL OF THE 

DIESEL GENERATOR 

For the single-axis model presented in the 

dissertation and the 2026 publication, the equation of 

motion of the equipment can be written in Newtonian 

form: 

m q̈ = f cos(ωt) − G + F(q) − b q̇    (1) 

Here, m is the equipment mass; q is 

displacement; q̇ and q̈ are velocity and acceleration; f 

is the amplitude of the excitation force; ω is the 

angular frequency of the excitation force; G is the 

equipment weight; F(q) is the weight-compensator 

force; and b is the viscous coefficient. [5] 

Under ideal operation of the compensator, its 

force is equal to the equipment weight within the 

operating range. In the numerical model used, this 

condition is expressed by a conditional operator: 

F(q) = if(q² < v, G, 0)    (2) 

where v is the threshold parameter for compensator 

activation, while q² in the programmatic description is 

related to the amplitude of vibration velocity. The 

source notes that insufficient compensator speed 

causes disk slip and loss of isolation, whereas 

excessive speed increases energy consumption. [5] 

An important new criterion for the vibration-

isolation system is obtained when the elastic force of 

the support is excluded. In this case, the inertial and 

excitation forces, under the appropriate phase 

relationship, balance each other, while their residual 

is considered the reaction transmitted to the 

foundation. [6] 

R(t) ≈ F_in(t) − F_exc(t)    (3) 

Thus, the effectiveness problem is transformed 

from merely determining a transmissibility coefficient 

into minimizing the difference between excitation and 

inertial forces. 
 

5. NUMERICAL MODELING AND 

ANALYTICAL PRESENTATION OF THE 

RESULTS 

According to the dissertation and related 

publications, the numerical model allows the 

amplitude and vibration velocity to be varied. The 

dissertation considers initial data for a ship power unit 

in the 50 kW class. [1, 5] 

One important conclusion of the model is that, in 

the zero-stiffness case, instead of reducing the natural 

frequency of the equipment motion, the force reaction 
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of the support is controlled. Consequently, the 

principal indicator becomes force balance rather than 

simply reducing the conventional natural frequency. 

[6] 

The two graphs below do not represent a new 

series of experimental data. They are constructed 

directly from the geometric relationships given in the 

dissertation and are used to visualize the interaction of 

the design parameters. 

 

 
Fig. 3. Dependence of the normalized geometric coefficient k(Di/De) on the disk-diameter ratio. According to 

the source, the optimum is obtained at Di/De≈0.63. [1] 

 

 

 
Fig. 4. Dependence of normalized friction power on Di/De according to the N/Nopt relationship given in the 

source. [1, 6] 
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6. STRUCTURAL SOLUTION OF THE 

WEIGHT COMPENSATOR AND GRAVITY 

BALANCER 

A multi-disk friction coupling can be used to 

create a constant pressing force between flat surfaces. 

The friction torque obtained by integrating the friction 

force over the disk surface is given in the source as: 

M = f · ρ · π · D³ / 12    (4) 

For the complete multi-disk friction surface, 

taking the inner and outer diameters into account: 

M_f = f · π · ρ · (Dₑ³ − Dᵢ³) / 12    (5) 

Here f is the coefficient of friction, ρ is the 

parameter corresponding to the allowable/contact 

pressure, and De and Di are the outer and inner 

diameters. In the dissertation, optimization of the 

friction surface is considered as a compromise 

between energy losses and the dimensions of the 

structure. [1, 6] 

The compensator design sequence includes 

determination of the equipment weight, vibration-

velocity amplitude, minimum diameter, handle 

length, number of supports, shaft diameter, and 

friction torque, followed by selection of the number of 

disks and the optimum geometry. [1] 

 

 
Fig. 5. Simplified design algorithm for the weight compensator, according to the sequence given in the 

dissertation. [1] 

 

The amplitude of friction power in the force 

generator is given in the source as: 

M_f = G · V   (6) 

where G is the load per support/equipment weight in 

the corresponding dimensional form, and V is the 

amplitude of vibration velocity. This relationship 

shows that the energy requirement of the compensator 

is directly related to both the load and vibration 

velocity. [6] 

The handle length of the gravity balancer is also 

an optimization parameter: an excessively short 

handle may increase angular nonlinearity, while an 

excessively long handle may produce transverse 

oscillations. Therefore, its selection should jointly 

account for equipment mass, number of supports, and 

friction torque. [6] 

 

7. EVALUATION OF VIBRATION-

ISOLATION EFFECTIVENESS 

In classical systems, vibration-isolation 

performance is often related to the transmissibility 

coefficient, dynamic coefficient, or the ratio of the 

force transmitted to the base. In a zero-stiffness 

system, calculating the elastic force as kq loses its 

defining meaning because the target value is k≈0. 

Therefore, the paper uses a different approach—

evaluation of the difference between excitation and 

inertial forces. [6] 

If F_exc(t) is the excitation force and F_in(t)=−m 

q̈ is the inertial force, then in the balanced state their 

algebraic sum should be close to zero. The remaining 

component determines the reaction transmitted to the 

foundation. 

E_vib ∝ |F_exc(t) + F_in(t)|    (7) 

Thus, improving effectiveness means 

minimizing E_vib over the operating frequency and 

amplitude range. This formulation directly 

corresponds to the force-balance principle described 

in the source. 
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8. DISCUSSION OF RESULTS 

The combined consideration of the research 

materials shows that the constant-load and zero-

stiffness approach is a concept different from 

conventional supports. The principal objective is not 

only to reduce the natural frequency of the support, 

but also to compensate the equipment weight and 

reduce the dynamic reaction transmitted to the 

foundation. 

The 2025 paper formulates the problem of a 

single-axis model and force transmission for zero-

stiffness systems. The 2026 paper continues this 

approach through the weight compensator and gravity 

balancer; it proposes a multi-disk friction coupling, a 

lever-type converter, and a force-difference-based 

evaluation criterion. [4, 6] 

The dissertation gives Di/De=0.6939 as the ratio 

of the average diameters obtained through friction-

surface optimization, whereas the theoretical 

optimization expression gives approximately 0.63. 

The dissertation notes that these values are close and 

that the practical construction can accept the value 

within approximately 10% accuracy. [1] 

The practical significance of this result is that the 

compensator design can simultaneously account for 

friction-surface size, energy losses, and force-

generation capability. It should also be emphasized 

that the present article consolidates the results of 

completed studies and does not claim new 

experimental measurements. 

 

9. CONCLUSIONS 

1. The use of conventional elastic and viscous 

supports to reduce vibration of ship diesel generators 

is accompanied by resonant regimes and transmission 

of structural noise. 

2. The zero-stiffness concept allows the 

vibration-isolation problem to be considered not only 

in terms of reducing the natural frequency, but also in 

terms of controlling the force transmitted to the 

foundation. 

3. The principal requirement for a weight 

compensator is to generate a constant force that is 

substantially independent of equipment position. 

4. A multi-disk dry-friction coupling provides a 

practical structural basis for generating constant load. 

5. The equation of motion allows the excitation 

force, weight, compensator force, and viscous 

resistance to be considered within a unified model. 

6. A criterion based on the difference between 

forces is appropriate for zero-stiffness systems in 

which the classical kq-type indicator is no longer the 

governing parameter. 

7. The friction-surface optimization presented in 

the dissertation indicates a theoretical optimum of 

Di/De≈0.63, while the average ratio obtained from the 

existing constructional data is 0.6939. 

8. Selection of the compensator handle, disk 

diameters, and number of disks should be performed 

jointly, taking into account energy losses and stability 

requirements. 

9. For further research, it is advisable to extend 

the physical model and add multi-axis dynamics and 

experimental vibro-acoustic measurements on an 

actual ship. 
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