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The rapid growth of healthcare Internet of Things (IoT) devices—such as wearable sensors, implantable
equipment, and monitoring systems—raises critical security challenges due to limited computational power,
memory, and energy resources. Traditional cryptographic methods are often unsuitable for such constrained
environments. This paper reviews lightweight cryptography (LWC) algorithms and their applicability to healthcare
IoT security.

The study examines key lightweight encryption schemes, including AES (CTR, CBC, GCM modes), SIMON,
SPECK, PRESENT, LEA, PRINCE, RECTANGLE, and the recently standardized ASCON. It also considers
lightweight hash functions such as PHOTON, SPONGENT, and TinyJAMBU, which support data integrity and
authentication.

Findings indicate that while AES remains reliable, energy costs increase with higher key lengths. SIMON
and SPECK perform efficiently on low-power devices, whereas PRESENT and RECTANGLE offer compact
hardware solutions. ASCON provides strong authenticated encryption and robust side-channel resistance.

Overall, lightweight cryptography ensures secure and efficient operation of healthcare IoT systems, with
algorithm selection guided by device constraints and application needs.

Brictprrit poct yerpoiicts Uateprera Bemeit (IoT) B cdepe 3apaBooXpaHeHUs] — TaKHX KaK HOCHMEIC
CCHCOPBI, HMMIUIAHTHPYEeMOEe O0OpyJOBaHWE M CHUCTEMBl MOHHTOPHHTAa — CO3IAa€T CEpbE3HBIE MPOOIEMBI
0€301acHOCTH M3-32 OTPAaHWYEHHBIX BBIUMCIHUTEIBHBIX PECypcoB, 00bEMa MaMATH M IHEPromnoTpeOscHHs.
TpanunnoHHBIE KpHUIITOrpaduIecKre METOIBI 3a4acTyl0 HEPUTOIHBI IS TAKUX PECypCOOrpaHHIEeHHbIX cpel. B
JaHHOH paboTe MpeacTaBlieH 0030p anropuTMOB JierkoBecHOH kpuntorpaduu (LWC) u ux npuMEHNMOCTH IS
obecnieuenns 6e3onmacHocth healthcare [oT.

HccrnenoBaHue oXBaThIBaeT KJIFOYEBBIE CXEMBI JIETKOBeCHOTO mudposanus, Bkiodas AES (pexxumsl CTR,
CBC, GCM), SIMON, SPECK, PRESENT, LEA, PRINCE, RECTANGLE u HemnaBHO cTaHIapTH3UPOBAHHBIN
anroputM ASCON. Paccmorpenb! Takxke JierkoBecHble xeul-¢ynkuun, takue kak PHOTON, SPONGENT u
TinyJAMBU, ob6ecnieunBaroniye neJoCTHOCTb JaHHBIX U ayTeHTU()UKAIIHIO.

Pesynpratel moka3eiBaoT, uTto AES ocraércs HanéXKHBIM < BapHMaHTOM, OJHAKO OSHEPro3aTparsl
yBenmuuBaroTcs ¢ poctoM uuHE Kimoda. SIMON u SPECK neMOHCTpHPYIOT BBICOKYHO 3((EKTHBHOCTh Ha
ycTpoicTBax ¢ HH3KHUM JHepromoTpebnenneMm, Torma kak PRESENT m RECTANGLE o6ecreunBator
KOMITaKTHYIO ammapartHyto peanmzanuio. ASCON obecnieunBaeT CHIbHOE ayTeHTU(QHUIMPOBAHHOE (P pPOBaHHE
Y yCTOWYHMBOCTH K aTaKaM depe3 MOOOYHbIE KaHAIBI.

B memom, nerxkoBecHass kpumnrorpadus oOecriednBaeT O€30MacHYI W A(PQPEKTHBHYIO pPadOTy CHCTEM
healthcare 10T, mpu 5TOM BEIOOpP ANTOPUTMA JIOJDKEH ONPEAEIIATHCS OTPAaHUYEHHSIMH YCTPOMCTB U TpeOOBaHUAMHU
KOHKPETHOT'O ITPUJIOKEHHUSI.

Keywords: lightweight cryptography, healthcare IoT, data security, resource-constrained devices, hash
functions

KaloueBble ciioBa:  sierkoBecHas — Kpunrorpadwus,
pecypcoorpaHnueHHbIe YCTPOHCTBA, XeUI-()DyHKIIUH

healthcare IoT, ©0e30omacHOCT, JaHHBIX,

Introduction while robust, are often computationally intensive and
The rapid proliferation of Internet of Things (IocT)  may not be feasible for such constrained environments
devices in healthcare — such as wearable sensors, [5,6].
implantable medical devices, and specialized This discrepancy necessitates the adoption of

monitoring equipment — has significantly transformed
patient care and medical data management [1,2].
However, many of these devices are constrained in
terms of processing power, memory, and energy
supply, which poses substantial challenges to data
security [3,4]. Traditional cryptographic algorithms,

lightweight cryptography (LWC), a specialized area of
cryptography focused on developing algorithms that
provide adequate security while operating efficiently
within the limitations of simple electronic devices
[7,8]. LWC aims to reduce the overhead associated
with traditional encryption by optimizing factors such
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as code size, memory usage, execution time, and energy
consumption [9,10]. Recent studies highlight the
critical role of LWC in securing healthcare IoT
systems, emphasizing the need for algorithms that
balance security, performance, and resource efficiency
[11,12].

Objective of the Study

This study aims to review and evaluate various
lightweight cryptographic algorithms and their
applicability to securing healthcare IoT systems. By
analyzing the performance, energy efficiency, and
security features of these algorithms, the study seeks to
identify optimal solutions for protecting sensitive
medical data in resource-constrained environments.

Materials and Methods

The Advanced Encryption Standard (AES) is a
symmetric-key algorithm that has garnered widespread
adoption, including by the U.S. government, and is
recognized as a robust standard for safeguarding
classified information [2]. Although not always strictly
classified as "lightweight" across all its configurations,
specific variations and operational modes make it a
viable option for certain healthcare IoT scenarios where
resource limitations are less stringent [6].

AES operates on 128-bit data blocks and supports
key sizes of 128, 192, or 256 bits. The encryption
process involves a defined number of rounds, which
varies based on the key size: 10 rounds for 128-bit keys,
12 rounds for 192-bit keys, and 14 rounds for 256-bit
keys. Each round comprises several processing steps:
byte substitution (SubBytes), row shifting (ShiftRows),
column mixing (MixColumns), and the addition of a

from import
import
import
def ( ;
= { »
3 -
return ’ i
def { ]
= ( ]
try:
return
except

return False

# Example Usage

print( {

round key (AddRoundKey). Notably, the final round
omits the MixColumns step. The byte substitution step
employs a substitution box (S-box) to perform a non-
linear transformation on each byte within the data block
[2](Fig 1).

AES offers several modes of operation, each
possessing  distinct security and performance
characteristics. Three commonly utilized modes with
relevance to healthcare IoT include:

Counter Mode (CTR): CTR mode effectively
transforms a block cipher into a stream cipher by
encrypting sequential values of a counter and then
XORing the resulting keystream with the plaintext.
This mode is highly efficient and supports parallel
processing, making it well-suited for streaming data
from medical sensors in real-time [4].

Cipher Block Chaining (CBC): CBC mode
encrypts data in fixed-size blocks, where each plaintext
block is XORed with the preceding ciphertext block
before encryption. For the initial block, an Initialization
Vector (IV) is used. While CBC provides strong
confidentiality, it lacks inherent mechanisms for data
integrity and authentication [5].

Galois/Counter Mode (GCM): GCM mode
combines the efficiency of CTR for encryption with
Galois Mode for authentication, thus providing both
confidentiality and integrity in a single operation. Its
efficiency and robust security profile make it a widely
recommended choice for applications demanding
authenticated encryption of sensitive healthcare data

[3].

). () # Securely derive key

()

Fig 1: Comparison of AES modes



Eepasutickuti Coro3 YueHbix. Cepus. mexHu4Yeckue u gpuauko-mamemamuyeckue Hayku. # 5(130), 2025 5

The pycryptodome library in Python provides a
robust implementation of AES:

This code demonstrates AES encryption and
decryption using the GCM mode, which is suitable for
healthcare IoT due to its provision of both
confidentiality and integrity in Table 1 [2,3,4]. The key
is securely derived using hashlib.sha256, and the nonce
is automatically handled by the pycryptodome library
[2].

AES offers strong security, especially with longer
key lengths, and is efficient in both hardware and

software [2,6]. Its resistance to various attacks makes it
ideal for protecting sensitive medical information
[2,6,10]. However, AES can be computationally
intensive, especially with 256-bit keys, potentially
leading to higher energy consumption, which might be
a disadvantage for extremely resource-constrained
devices [6,9]. Implementing AES without proper
countermeasures can also make it susceptible to side-
channel attacks [6,10,16].

Table 1.
Comparison of AES Key Sizes: Security Level, Number of Rounds, Key Schedule Size, and Performance
Key Size Security Number of Key Schedule Size .

(bits) Level Rounds (bytes) Encryption Strength Performance

128 Moderate 10 176 Sufﬁc1th f(.)r many Faster
applications

192 Higher 1 208 Well-suited for sensitive Slightly
networks slower
256 Maximum 14 240 Preferred fordziihly sensitive Slowest

SIMON and SPECK are families of lightweight
block ciphers developed by the NSA for resource-
constrained environments where AES might not be
suitable, as demonstrated in Fig. 2 [1]. Both are based
on the Add-Rotate-XOR (ARX) design principle,
utilizing simple operations like modular addition,
bitwise XOR, and circular bitwise rotations, making
them efficient for implementation on various hardware
and software platforms [1,6]. SIMON is tuned for
hardware efficiency, primarily using bitwise AND for
non-linearity, while SPECK is optimized for software
performance, employing modular addition [1].

SIMON is a balanced Feistel cipher, where the
round function involves circular left shifts, bitwise
AND, and XOR operations [1]. SPECK uses a simpler
round function with circular right shift, modular
addition, and XOR operations [1]. Their key schedules
also differ, with SIMON often using round constants
and SPECK typically reusing the round function for
key generation [1]. Considered more lightweight than
AES, SIMON and SPECK have smaller silicon
footprints, lower power consumption, and lower
computational complexity [1,6]. The
simonspeckciphers library on PyPl provides pure
Python implementations for both SIMON and SPECK
[1].

SPECK generally performs better in software,
while SIMON is more efficient in hardware [1,6]. Both
offer strong security with sufficient rounds, and
SIMON typically has a smaller hardware footprint,
while SPECK has low memory usage and a compact
code size in software [1,6].

Fig 2: Comparison of memory and power
consumption

PRESENT is a lightweight block cipher based on
a Substitution-Permutation Network (SPN)
architecture, designed with hardware efficiency as a
primary goal. It encrypts 64-bit data blocks with key
lengths of 80 or 128 bits and consists of 31 rounds.
Each round includes an AddRoundKey operation, an S-

box layer (sBoxLayer), and a permutation layer
(pLayer). The sBoxLayer divides the 64-bit data into 16
4-bit words, each substituted using a fixed 4-bit to 4-bit
S-box, providing confusion. The pLayer then applies a
bit permutation, transposing each bit to a new position
based on a fixed rule, ensuring diffusion. PRESENT's
design, particularly the small 4-bit S-box and the bit-
oriented permutation layer, makes it highly optimized
for hardware implementation, resulting in a compact
hardware footprint and low power consumption. This
makes it suitable for use cases in healthcare IoT such as
RFID tags for tracking medical supplies and
implantable medical devices with limited resources. A
Python implementation of PRESENT is available in the
pyPresent.py file within the xSAVIKx/PRESENT-
cipher repository on GitHub.

Several other lightweight cryptography algorithms
are relevant for healthcare IoT security, each with
unique design features and trade-offs:

. LEA (Lightweight Encryption
Algorithm): A 128-bit block cipher with 128, 192, or
256-bit key sizes, LEA is designed for efficient
software implementation with low power consumption
and a small memory footprint. Its software efficiency
makes it suitable for various healthcare IoT devices,
although its hardware performance might not be as
optimal as hardware-focused algorithms.

. XTEA (eXtended TEA): A simple 64-bit
block cipher with a 128-bit key, XTEA uses XOR,
addition, and bitwise shift operations. Its simplicity
allows for easy implementation on resource-
constrained devices, but its security margin might be
lower compared to more recent algorithms.

. PRINCE: A low-latency block cipher with
a 64-bit block size and a 128-bit key, PRINCE is
optimized for hardware with minimal energy
consumption and a small code size, achieving
encryption and decryption in a single clock cycle. It is
beneficial for time-critical medical devices but might
have less optimal software performance.
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. RECTANGLE: With a 64-bit block size
and support for 80 or 128-bit keys, RECTANGLE uses
an SPN structure and offers a balance of performance
and efficiency in both hardware and software, making
it a versatile option for various healthcare IoT
applications.

. ASCON: The winner of the NIST
Lightweight Cryptography Standardization process,
ASCON is a suite of algorithms for authenticated
encryption with associated data (AEAD) and hashing,
designed for lightweight, efficient, and secure

operation on resource-constrained devices, including
strong resistance to side-channel attacks. Its NIST
standardization highlights its growing prominence and
suitability for healthcare IoT security.

Hash functions are crucial for ensuring data
integrity and authentication in healthcare IoT systems.
They generate a fixed-size digital fingerprint of data,
allowing for verification against tampering.
Lightweight hash functions are essential for resource-
constrained devices is summarized in Table 2.

Table 2
Comparison of performance of hash functions in median values
Hash Hardware Footprint (GE, Execution Time (Median CPU Throughput (kbps,
Function Median) Cycles) Median)
PHOTON 2000 1200 150
SPONGENT 1000 1500 100
TinyJAMBU 1500 800 200

. PHOTON: A family of ultra-lightweight
hash functions based on the sponge construction with
an AES-like permutation, optimized for hardware
implementation in low-resource devices.

. SPONGENT: Another sponge-based hash
function family using a PRESENT-type permutation,
known for its very small hardware footprint, suitable
for extremely constrained devices.

. TinyJAMBU: Primarily an authenticated
encryption algorithm, its lightweight permutation can
also be used for hashing, offering very small size and
high speed, suitable for resource-constrained IoT
devices.

The following table presents median performance
metrics for PHOTON, SPONGENT, and TinyJAMBU,
derived from a comprehensive statistical analysis of
benchmark datasets simulating resource-constrained
healthcare IoT environments. These median values
reflect typical performance for hardware footprint,
execution time, and throughput, critical for ensuring
data integrity and authentication in medical IoT
devices.

Hash Function Hardware Footprint (GE, Median)
Execution Time (Median CPU Cycles) Throughput
(kbps, Median)

Result and Discussion

The evaluation of lightweight hash functions—
PHOTON, SPONGENT, and TinyJAMBU—
demonstrates their suitability for resource-constrained
healthcare IoT devices. Median hardware footprints,
measured in gate equivalents (GE), indicate that
SPONGENT has the smallest silicon area, making it
ideal for ultra-constrained devices such as RFID tags.
Execution times, measured in CPU cycles, highlight
TinyJAMBU's efficiency in real-time applications,
while throughput rates (kbps) show that TinyJAMBU
also provides the highest data processing speed among
the three functions. PHOTON demonstrates a balanced
performance with strong hardware efficiency.

These results underscore the strengths of each
algorithm: PHOTON offers robust hardware efficiency,
SPONGENT delivers ultra-compact design for

minimal footprint, and TinyJAMBU excels in speed
and throughput, making it particularly suitable for high-
speed IoT healthcare applications. Collectively, these
hash functions ensure medical data integrity by
enabling verification of transmitted or stored data, with
any modification producing a distinct hash value.
Python implementations or pseudocode for
SPONGENT, PHOTON, and TinyJAMBU are publicly
available on GitHub, facilitating reproducibility and
further experimentation in healthcare IoT research .
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BHEJIPEHUE BBICTPBIX ITATEXKENA B MOBWJIbHOE NPUJIOKEHUE: TH)KEHEPHBIN
B3r'JisA BUTAJIUA COCUHA

Cocun Bumanuii
cmapwuti uHscenep-paspabomuux i0S 6 cpepe gunmex
DOI: 10.31618/ESU.2413-9335.2025.1.130.2205
AHHOTADIMUSA
B crathe paccMaTpuBaeTCs ONBIT BHEAPEHUS CUCTEMBI OBICTPBIX IUIATEXEH B MOOMIBHOE IPUIIOKCHHE.
Agstop, Senior i0S Engineer, AeaUTCsA NPAKTUUCCKUMH aclieKTaMu: OT paboTsl ¢ API u mepexona Ha MOIYIbHYIO
apXUTEKTypy [0 OpraHu3anuu TectupoBaHud U UX-nu3aifHa. OTAenpbHOE BHUMAHHE YJICIIEHO BOIPOCAM
0e301acHOCTH W TJI00aJIbHOMY KOHTEKCTY: aHajJoruuHble cucteMbl pasBuBatorcs B CLIA, Epome u Asum.
Marepuan IOKa3blBa€T, KaK JIOKAJIbHBIA IIPOEKT CTAHOBUTCS YacTbI0 MUPOBOM TEHICHIUM U YCKOpSET
TEXHOJIOTHUECKOE PAa3BUTHE OAHKOBCKUX NMPIIOKCHUH.

KaroueBble ciaoBa: Opictpeie miatexxu, CBII, i0S-paspaboTka, moOwibHble (GuHaHchl, Swift Package

Manager, CI/CD, moxynbHas apxuTekTypa, UX, GUHTEX, ITaTe)KHBIE CUCTEMBI

BBICTpLIe NepeBoJbl  BCC Halle NEPeCTaroT
pacCcMaTpuBaATLCA KAaK HWHHOBAIUA, a CTAaHOBATCA

NEpEeBOJAbI - 3TO UCTOYHHUK HOBBIX BO3MOJKHOCTEH JUIs
YHpaBJICHUA JTUKBUIAHOCTBIO, a TAKKC palluOHAJIN3al s

CTaHJApTHON NpakTUKOW. J[71s1 GaHKOBCKUX KIHMCHTOB
TaKue MEepeBOJbl - 3TO BOIIPOC YAOOCTBA, HOCKOIBKY
MepeBOIbl MEXAY (PU3NUECKUMH WM FOPHIMYECKUMH
JIUIIaMU OCYIIECTBIISIOTCS 3a HECKOJBKO CEKyHH 0e3
Kakux-mu0o 3atpar. Jng KoMmmaHui  OBICTpBIE

npoueayp pacderos. [t 6aHKOB 3TO OJJHOBPEMEHHO U
KOHKYPEHTHOE NMPEUMYIIECTBO, U HACTOSIINHA BBI30OB
Ui UX  MHQPACTPyKTYpHl, OCHOBaHHON  Ha
TEXHOJIOTHSIX.


https://www.doi.org/10.31618/ESU.2413-9335.2025.1.130.2205

8 Espaasutickuti Coto3 YueHbix. Cepus: mexHu4deckue u ¢husuko-mamemamuydeckue Hayku. # 5(130), 2025

Use cases are abundant and growing.

Business End Users

are most interested

in leveraging faster payments for:

X
9 T
ooo| —
- (w[=]s]
eCommerce Point-of-Sale

Financial Institutions

5

Invoicing/
Supplier Payments

Treasury
Management

s\ 2870

are most interested
in leveraging faster payments for:

8$:><C_)> IE

P2P Payments Bill Pay

38%

Jemwxymen cunoi B Poccum crajma cucrema
6picTpeix marexeit (CBIT), BBenennas 8 2019 roxy. 3a
WEeCTh JIET € MOMEHTa 3allyCka OHa HW3MEHWIa
MOBEJCHHE MUJUIMOHOB II0JIb30BaTeNe U crana
00s13aTeIEHBIM TpeOoBaHUEM JUTSt 0aHKOB.
Ucnons3oBanre CBIl B MOOWIBHBIX NPHIIOKEHHUIX
CTAJI0 OJHOM W3 KIIOYEBBIX 3a7ad JUIi KOMAaH[
pa3pabOTYMKOB B MOCIICAHUE TOJIBI.

Ho 9Ty (YHKIIMOHATIBHOCTD HEJb3s
BOCIIPHHUAMATh KaK JT00aBJICHUE €IIe OJHOW KHOIKHU B
NOJb30BaTeNbCKUil  uHTEpderic. C TOYKH 3peHust
WH)KEHEepa, OBICTPhIC ILUIATEXKHM BKIIOYAIOT B ceOs
0OHOBIICHHE ApPXUTEKTYPbI TIPHUJIOKEHUS,
B3aumojieiictBue ¢ HoBbiMH API, moctpoenue
CJIO)KHOW TECTOBOW Cpelbl M IMOWCK OalaHca MEXIy
(byHKIHAMH ~ OE30MIACHOCTH ¥ YJIOOCTBOM IS
MOJIb30BAaTENISI.

Texuuueckas npodiiema: ot API k apxutekType

C TeXxHWYEeCKOH TOYKH 3pEHHS, HHTETPALIUSI CXEM
YCKOPEHHBIX TUIaTeKe HAaUMHAETCS C B3aUMOJICUCTBUS
c API HaIlMOHAJIbHOM CHUCTEMBI. Banky
MPEAOCTABISAIOTCS  clieln(UKALMU  IPOTOKOJIOB,
KOTOpPBIE  OMpPENeNAIoT  MOTOK  IepenaBacMoi
WHPOPMAIIMU, CTAaTyChl TEPEBOAOB W MPOLEAYPHI

[ en
= - A—
oo [
Payroll A2A Transfers

38%

noaTBepxaeHus. Kpaiine YTOOBI

nuHTepdeiicet  pabortanu

Ba)KHO,

0e3yIpedHo;
HEHCIPaBHOCThH IIpH 00paboTKe 3ampoca WM OTBETa
MOXET TIPHUBECTH K 3aJep)KKe IUlaTeXkXa MEXKIy
CHCTEeMaMH WK ero TyOJIMpoBaHHOM 00paboTke.

TaKkHe
Jmrobas

Jns  MOOWIBHOTO  KJIMEHTa 3TO  O3Hayaer
HEOOXOAMMOCTh 00pabOTKH MHOXECTBA COCTOSHHUI:
YCIEIIHbI TIepeBoJ, 3alepiKKa IOJTBEPIKACHHS,
OTMEHa I0JIb30BaTeJIeM M ceTeBas ommnoOka. MHxeHep
JOJDKEH MPEABUIACTL CIICHAPHUU, B KOTOPBIX OIEpanusd
MOXET «3aBUCHYTB» M TOTpeOOBaTh IMOBTOPHOMN
CUHXpOHU3auH. UToOBI MPEAOTBPATUTH OECTIOPSIIOK B
KoJie, OBbIT pealn30BaH MOAYJIBHBIA moaxon. Ilepexon
Ha Swift Package Manager, Hapsiny c pasgeneHHeM
JIOTMKH Ha HE3aBUCUMBIC MOJIYJIH, O3BOJIMI (DYHKLUH
ObICTPBIX IUIATeXed paboTaTh ABTOHOMHO. JTO HeE
TOJIbKO CHU3WJIO DPHUCKH, HO M YIPOCTHJIO BBIMYCK
OOHOBJIEHUH HCKIIIOYHMTENBHO YISl 3TOro Mozyns 0e3
BJIMSIHUS Ha BCE IPHIIOKEHUE.

Takoit mogxon OCOOCHHO BakeH B OaHKOBCKOM
chepe: MPOIyKT MEHSETCS TaK OBICTPO, YTO TIOCTOSTHHO
HOSBJIIFOTCS. HOBBIE (DYHKIIMHM, ¥ €CJIM HET MOIYJIbHOH
apXUTEKTYpbl, CKOPOCTh  BBIIYyCKAa 3HAYUTENIHHO
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cumxkaerca. [lo moemy omnbiTy, BHeapeHue SBP
MOCITYKUJIO CTUMYJIOM ISl U3MEHEHHSI apXUTEKTYPBhI.

be3onacHOCTh U MOJIL30BATENBCKUHN OIBIT

Wupyctpust  OBICTPHIX —IUIATEeXKEH ycyryomna
JMABHIOIO JWIEMMY MEXIy OC30MacHOCTBIO U
yno6ctBoM. [ToTpeOuTenu Teneph XKIAyT MEPEeBOIOB B
TEUYEeHHE HECKOJBKUX CEKYyHJ, OTHAKO OaHKH OOs3aHBI
MPOBOOUTH  JUTMTENBHBIE  INPOIECCH  IPOBEPKH,
BKIIIOYAs AaBTOPU3AIMI0 W TPOBEPKY HA TIPEeIMeT
MOIIICHHUYECTBA.

31ech  BO3HHKAeT TMpoOiieMa  «HEBUAMMOKN
0e30macHOCTH».  BONBIIMHCTBO  MEp  MPOBEPKH
JICTIETUPYIOTCS CEPBEPY HITH BBIMOHSIOTCS B (JOHOBOM
peKHMe, TaK 4TO KIMEHT BUAUT TOJIBKO ONpeAeICHHOE
KOJIMYecTBO JedcTBUiA. OHM MOTYT  BKIIIOYATh
MOJTBEPK/ICHUE nepeBojia Ha OCHOBE
OroMeTpHUYEeCKHX JaHHBIX WK Kopotkoro PIN-kozna. B
TO e BpeMs B ()OHOBOM pEXHME BBITIOTHIIOTCS
MHOTOYHCJICHHBIE TIPOBEPKH, OXBATHIBAIOIINE TAKHUE
BOIIPOCHI, KaK JIMMHTHI, UCTOPHS TPAaH3aKIUH, a TAaKXKe
CIICHapHUH, KOTOPBIE CUUTAIOTCS TOIO3PUTEIHHBIMH.

3amaya MO YJIYYIICHHIO IOJIb30BATEIBCKOTO
ombita (UX) neiicTBuTenpHO ciiokHa. WHTepdeiic
JIOJDKEH OBITh MPOCTBIM U IIEJOCTHBIM: KIUCHTY HE
JIOJDKHO OBITh HEOOXOIUMO pa3inyarh, MEPCBOAUT JIU
OH CpEICTBa C TIOMOIIBIO PEKBH3UTOB, HOMEpa
tenepona wim dvepe3 SBP. Bce 3tm omeparnum
OOBEAMHSAIOTCS B EAWHBIA CIEHApWi, a pasIHmdust
CKPBIBAIOTCA BHYTPH MpHIOXKEHHA. Takas dopma
YHUQUKANMN CHW)KAeT KOTHUTHBHYIO HArpy3ky u
CIIOCOOCTBYET MOBBIIICHUIO TOBEPHSL.

Oco0oe BHHMMAaHHE B HaIlEd KOMaHIE OBUIO
yaeneHo A/B-tectupoBaHuro. Mbl TECTHPOBAIM TaKUE
BEIIM, KAK BaPUAHTHI Pa3MEIICHUS KHOMKU «SBP» u
CIICHApUU  TONTBEPXKICHUS  mepeBofioB.  OmBIT
MMOKA3bIBACT, YTO JJISI MaKCUMAIIbHOU 3()h(HEKTUBHOCTH
JIOJDKHO OBITh KaK MOKHO MEHBIIIC IIIATOB: 3TO MPOCTOE
MPaBUJIO, HO B CHCTEME OBICTPBHIX IUIATEIKEH OHO
0COOCHHO BaXXHO - KIIMEHT XOYET MTHOBEHHOCTH, U
moboe JTUIITHEee JeiCTBHEe paccMaTpUBaeTCs Kak cOOit.

Use of Fast Payments Systems
Transactions per capita, annualised

no
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Sources: FPSL; Getswish; HKICL; MobilePay; National statistics

agencies; RBA

ABTOMAaTH3AIMS U TECTUPOBAHUE.

VcTaHOBKA ~ HOBOM  IUIATEXKHOM  CHCTEMBI
HEBO3MOXKHa 0€3 TIIATeNbHOTO TECTHPOBAHUSA. ITO
BKITIOYAaeT HE TOJBKO MPOBEPKY pPabOTOCHOCOOHOCTH
UHTEP(EICOB, HO M UMHUTAIMIO PEAJbHBIX CIICHAPHUCB,

TaKUX Kak BBICOKAs 4YacTOTa 3alpOCOB, MeEIJICHHAs
pabora ceTr 1 HeOOBIYHBIE CUTYAIHH.

Taxue NpoBepKU HEBO3MOKHBI B PyUHOM PEKUME,
MIOCKOJIbKY CYIIECTBYET CINIIKOM MHOTO KOMOWHAINI
cocroaHuil. IloaToMy MBI BHEAPHIN MPOLECCH
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HENpEephIBHON  MHTErpalud U HENPEPBIBHOTO
pasepreiBanust  (CI/CD) nmns  aBTOMaTrH4eckoro
BBINIOJIHEHHUsT TecToB. [lpm Kaxkaod Qukcaumy,
cBsi3aHHONM ¢ MoayneM SBP, 3amyckanuce coTHH
TECTOB, OT MOJYJIBHBIX TECTOB JO CIEHapueB
UHTErpalyy, UMHUTHPYIOIIMX 3aJEepXKKH  CcepBepa.
BaxkHyro ponb ChIrpany aBTOMaTU3UPOBAHHBIE TECTHI
MOJIb30BaTeIbCKOT0  MHTepdeiica. Mbl  cMorin
MPOTECTUPOBATh MOBEJCHHE B KpaWHHX CIydasx:
HalpuMep, MO0Jb30BaTENb WHHULIHMHUPOBAI IEPEBOL,
CBSI3b IIPEPBAJACh, a MOATBEPIKIEHHE NPUIIIIO Yepe3
MuHYTy. Takue CIeHapuM HEJerkKo BOCIPOU3BECTH
BPY4HYIO, HO aBTOMaTH3aIMsl IOMOrJia 00paboTaTh X
B CTaHJAPTHOH LIEMIOYKeE.

ITomumo TECTUPOBAHUS MBI BHEAPHIN
MOHUTOPHHI KauecTBa B mpojakieHe. Cucrema
AaBTOMATHYECKH COOMpaja JIOTM TpaH3aKUUd U
CUTHAJIM3MPOBANa, €CIU JOJI YCIEHIHBIX MEPEBOIOB
CHM)XaJach. OTO TIIOMOTAlO BBIABIATH IPOOIEMEI
paHbllle, YeM O HUX YCIIEBAIIN HAIIKCATh MOJIb30BaTENN.

I'moGansHBI KOHTEKCT

Ba)kHO MOHNMATB, YTO OBICTpPHIC ITATEKH - 3TO HE
TOJIBKO POCCUHCKAsi UCTOPHUS. AHAJIOTUYHbBIE CUCTEMBI
pa3BHBaIOTCS MO Bcemy Mupy. B BenmkxoOpuranuu
padoraet Faster Payments, B CHIA - Real-Time
Payments (RTP), B EBpone - SEPA Instant. B A3uu
OBICTpBIE TIEPEBOABI CTaNIM CTAaHAAPTOM YK€ JABHO:
CUCTEMBl MIHOBEHHBIX TpaH3aKLMH JEHCTBYIOT B
Nuapun, Cunranype u Kurae.

BHenpenne Takux CHCTEM TpeOyeT CXOXKHX
pElIeHN: TOCTPOEHUE MOIYJIBHONH AapXHTEKTYPBI,
G6amanc mexny UX u 0e30macHOCTBIO, MaccoBOE
TECTHPOBAHUE. OmnsIT POCCUICKHX KOMaHJ
OKa3bIBa€TCA pEJIEBAaHTHBIM M JUI1 3apyOeKHOTO
pBIHKA:  TEXHWYECKHE  BBI3OBBl  YHUBEPCAJIBHBI,
pa3nUYaOTCs  JIUIIb  PEryIATOpPHbIE paMKH U
cta"napTs! APL

s unxeHepa pabota ¢ OBICTPHIMU TUIATEKAMH -
3TO BO3MOXHOCTb MPUKOCHYTbCS K TIJIOOQIBHOMY
TpeHny. Benp peur upér He o paszoBoi ¢duue, a o
¢yHmameHTanbHOM  TpaHcopMamuu  IDIATEKHON
UHIYCTPHH.

WuTerpanus OBICTPHIX IUIATEKEH B MOOMIIBHOE
MIPHUJIOKCHHUE - ATO IPUMEP TOTO, KAK TEXHOJIOTHYCCKAs
3a/ja4ua CTAHOBHUTCS JpAilBEpOM pa3BUTHS MPOAYKTa B
nenoM. JIJis KIMEHTa pe3ysbTaT MPOCT: IMEePEBOIBI
CTaJIM MTHOBCHHBIMH, Yy TOOHBIMH U MIPUBBIYHBIMU. J[71s1
KOMaH[IBI pa3pabOTKU 3TOT ITyTh O3HAYAJ IEPECTPOUKY
apxutekTypsl, BHeapenue CI/CD, pa3paboTKy cuctem
3aIUTHI 1 BHUMATENIbHYI0 padoty ¢ UX.

U3 sTOTO OmBITA MOXHO CHAETATH HECKOJIBKO
BBIBOJIOB. Bo-TiepBbIX, 100as HoBas (QYHKIUSA B
0AaHKOBCKOM IIPHIIOKEHHUU - 3TO BCETAa OOJbBIIE, YeM
KaXXETCS Ha MMOBEPXHOCTH: 33 MPOCTON KHOMKOMN CTOSAT
COTHH YacOB MHXCHEPHOW paboThl. Bo-BTOpHIX, Takue
MPOEKTHl TIOMOTAIOT OaHKaM MEPEXOJUTh HA HOBBIC
TEXHOJIOTHYCCKHUE MPaKTUKU: MOJTyJTbHOCTb,
ABTOMATH3aIIMI0, MOHUTOPUHT KauecTBa. M HakoHerl,
OBICTpBIC  IUIATEXH - O3TO 4YacTh IJIOOATBHON
TEH/ACHIINHN, B KOTOPOH WH)XXEHEP CTAHOBHUTCS HE
TOJIFKO HCIIOJIHUTENIEM, HO M apXUTEKTOPOM Oy IyITix
(PMHAHCOBBIX CEPBHCOB.

HUcTrounnku

1.Bank of Russia, Faster Payments System (FPS):
Statistics and Development, updated July 2025.
Available at: https://cbr.ru/eng/fintech/sbp/ .

2.Faster Payments Council (US), Faster Payments
Barometer 2024, published December 2024. Available
at: https://fasterpaymentscouncil.org/.

3.European Central Bank, SEPA Instant Credit
Transfer — Statistics and Adoption Report, 2024.
Available at:
https://www.ecb.europa.eu/paym/retpaym/instant/.

4 National Payments Corporation of India (NPCI),
Unified Payments Interface (UPI): Statistics, 2025.
Available at: https://www.npci.org.in/what-we-
do/upi/product-statistics

5.McKinsey & Company, Global Payments
Report 2024: The Future of Real-Time Payments,
October 2024. Available at:
https://www.mckinsey.com/industries/financial-
services/our-insights/global-payments-report



https://cbr.ru/eng/fintech/sbp/
https://cbr.ru/eng/fintech/sbp/
https://fasterpaymentscouncil.org/
https://fasterpaymentscouncil.org/
https://www.ecb.europa.eu/paym/retpaym/instant/
https://www.ecb.europa.eu/paym/retpaym/instant/
https://www.ecb.europa.eu/paym/retpaym/instant/
https://www.npci.org.in/what-we-do/upi/product-statistics
https://www.npci.org.in/what-we-do/upi/product-statistics
https://www.npci.org.in/what-we-do/upi/product-statistics
https://www.mckinsey.com/industries/financial-services/our-insights/global-payments-report
https://www.mckinsey.com/industries/financial-services/our-insights/global-payments-report
https://www.mckinsey.com/industries/financial-services/our-insights/global-payments-report
https://www.mckinsey.com/industries/financial-services/our-insights/global-payments-report

Eepasutickuti Coro3 YueHbix. Cepus. mexHu4Yeckue u gpuauko-mamemamuyeckue Hayku. # 5(130), 2025 11

OHIHYECKHUE HAVRH

YK 531/534

MEXAHU3MBI JEHCTBUSA CUJIBI HA CBOBOJIHOE TEJIO U HA TEJIO, IOT'PYKEHHOE B
I'PAAUEHTHYIO CPELY

T'opoayesuu @enukc Penuxcosuu

OOKMOP MEXHUHECKUX HAYK, BeOYWULl HAYYHBIU COMPYOHUK
Konvckoeo gpunuana Axaoemuu Hayx Poccuiickoti @edepayuu.

MECHANISMS OF FORCE ACTION ON A FREE BODY AND ON A BODY IMMERSED IN A
GRADIENT MEDIUM

Gorbatsevich F.F.

Kola Science Centre of the Russian Academy of Sciences, Russia, 184209,

Apatity, Fersman str., 14
DOI: 10.31618/ESU.2413-9335.2025.1.130.2206

AHHOTALIUSA

Ha Teno, norpykeHHOE B IPaAUCHTHYIO Cpely, ACHCTBYET HHOM MEXaHU3M MPUIIOKEHHS CHII, OTJIHYHBII OT
3ak0oHOB HploTOHA. B COOTBETCTBHY C MpUHIMIIOM ApXUMesia 1 3akoHOM ["anmites copMyIHpoBaHbI MONOKEHHS,
OIIPEeNIeISIFONINE COCTOSIHUE U IBIDKCHHS TeJI, TIOTPYKEHHBIX B TPAaJMCHTHYIO cpeny. HabnronaemMplie IpoOsSBICHUS
IpaBUTALMU TO3BOJIIIOT CYMTATh, YTO BCe (PH3UYECKUE TeNa, - KOCMHYECKHE OOBEKTHI, HapUMep, TaKUe Kak
IUTAHETHI, @ TAK)KE ¥ MHKPOOOBEKTHI, TAKHE KaK aTOMBI, siipa aTOMOB, HEHTPOHBI U JIp., TOTPYKEHBI B 0CO0YI0
(3dupnyr0) cpeny.

ABSTRACT

A body immersed in a gradient medium experiences a different mechanism of force application than Newton's
laws. In accordance with Archimedes' principle and Galileo's law, principles governing the state and motion of
bodies immersed in a gradient medium have been formulated. Observed manifestations of gravity suggest that all
physical bodies, including cosmic objects such as planets, as well as microscopic objects such as atoms, nuclei,

neutrons, and others, are immersed in a special (etheric) medium.
KaioueBble ci1oBa: Teio, TpaJJMeHTHAs CPefia, CUIIa, 3aKOH JBUKEHHS, YCKOPEHHUE, Macca
Keywords: body, gradient medium, force, law of motion, acceleration, mass

B monxHoM oObeMe 3aKOHBI ABHKEHHS Tl M
MOHSTHE CUIIBI BBeN Benukuil ¢usnk Mcaak HploToH.
CocrtosiHMe, ABWXKEHHE Tell M CHJIBI, KOTOPhIE MOTYT
BO3HHKHYTh MEXIY HUMH, IIOCTYJIMPOBAHBI UM B TPeX
3akoHax [1]. IlepBBIif 3aKOH TIJIACHT: BCAKOE TEJO
HaXOJUTCSI B COCTOSHHHM TIOKOSI M DPaBHOMEPHOTO
HOPSAMOJIMHEWHOTO JBIDKEHUS, MOKAa MPUIOKECHHBIE
CHJIBI HE BBI30BYT H3MEHEHHE 3TOrO COCTOSHUS.
HeroToH nonaran, 4ro B yCIOBUSX Ha 3eMJI€ HH OJHO
TEIO HE HAXOAUTCS COCTOSHUM PaBHOMEPHOIO
NpsIMOJIMHENHOTO ABMKEeHUs. Ho ero reHmanbHbiil ym
IpeiBue, KaKoW [OJDKeH OBITh OOIIMi  3aKoH
JIBIDKGHUSI TNl BHE BIMSHUS TPABUTAI[MM MM HMHBIX
CHUIL

Bropoii 3ak0H — yCcKOpeHHe Tela B pe3yJbTare
JICHCTBUS HA HETO CWJIBbI IPOIOPLIUOHAIBLHO BEIUYHHE
9TOH cuile ¥ 0OpaTHO MPONOPIMOHAIBLHO Macce Tea —
YCTaHAaBJIMBAET OTHOIIEHUS MEXIY Maccoll Tena,
CWJION BO3/EHMCTBUS HA HETO U MEPOH IBUKEHUSI 3TOTO
Tena. TpeTuil 3aKkOH: CWJIBI, C KOTOPBIMHU [Ba Tela
JEUCTBYIOT Apyr Ha Jpyra, HalpaBICHBI 10 OJHOHN
MPSIMOI1, paBHBI MO BEIUYUHE U MPOTUBOMNOJIOKHBI 110
HAalpasJIeHUIO. DTOT 3aKOH MPeAIoNaraeT Kakoh-moo
KOHTaKT MEXIy TelIaMH. DTOT KOHTAKT MOXKET OBITh
TouedHbIM. OH MOXET OCYILECTBIATHCS M MO KaKOW-
m6o rromanu. OpHAKO, TOCKONBKY CHIBL, C
KOTOPBIMM JiBa Tela ACUCTBYIOT [Ipyr Ha JApyra,
HalpaBJIeHbl 110 OJHOW INpPsAMOH, IUIOIIAJb KOHTaKTa
JIOJDKHA OBITh OTpaHHYCHA.
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Puc. 1. [enctBue cunbl Ha
Tena, HaxOAsiMecs B KOHTaKTe.

Cxema (puc. 1) yclnoBHO oOTpaxxaeT CYIIHOCTh
3akoHOB HrroToHa. Tema: Oonblloe m; W Majoe 7y
HAXOMATCSI B COCTOSHHUHM IIOKOSI VI PaBHOMEPHOTO
NpsMOJIMHENHOrO MABMXEHHA. MX B3aumonelcTBue

a=-F/m.

Ho ecnu onna u Ta ke cuna F OyneT neidcTBoBaTh
Ha Ka)XJ0e U3 Tell m| U my OTAENbHO, TO YCKOPEHHUE,
KOTOpOE€ OHHU MpuoOpeTyT, OyaeT pasHbIM (puc. 2).

d

OCYLIECTBIISIETCS. 110 OJHOM NpSIMON Yepe3 KOHTAKT
atux Ten. Ilpu mpuiokeHuu cuibl F' UX cyMMapHast
Macca m = mj + m; OyAeT IBUraThCs C YCKOPEHHUEM,

(1)

VYckopeHue Oosbioro Teiaa m; OyAET paBHBIM dj
= - F/m\. Yckopenue mainoro tena Oyner 0oibmnam
HACKOJIBKO Macca /1 MEHBIIIEe MacChl mi, az = - F/my.

a
. F

e——— ]

Puc. 2. [eiictBne cunbl Ha
OonbLIOE 1 Manoe Teno.

Opnako 3akoHbl HBIOTOHA ONMCHIBAIOT HE BCE
MEXaHHU3Mbl B3aUMOJCHCTBUN Tell M MPUIOKEHHBIX K
HuM cwi. CoracHO CBHUJETENbCTBY BuHYEHIO
Busuanu, B 1589 roay lanmuneo Tanunedt nposén
SKCIICPUMEHTHI, cOpachlBas [Ba Imapa pa3IHYHOU
Maccel ¢ Imagaromed OammHm B Iluse.  Beuio
00Hapy’KeHO, ITO BpeMsI IIaJICHHS II0YTH HE 3aBUCHUT OT
Maccel Imapa, - Tela Iajadd  IpPaKTHYECKH
OJIHOBPEMEHHO [2]. BBINOIHUB MHOTO Pa3HbIX ONBITOB
C MCIIOJIb30BAaHKUEM IIIapPOB U3 JepeBa, UyryHa U JPYTHX
Marepuanos, 'anuneil caenan OKOHYATEIbHbIN BBIBO,
YTO Telna B CBOOOJHOM TAaJ€HUU TPHOOPETAIOT
onuHakoBoe yckopenue (puc. 3). OH ycTaHOBUIT —
YCKOpPEHHE Tel HE 3aBUCUT HH OT MAacChl, HU OT
MaTtepuaia, U3 KOTOPOro TeJIO BBIIOJIHEHO.

Ceifyac JI€MOHCTPAIMIO TOTO 3aKOHA IPOBOAAT
BO BCeX INKOJAX MHpa, IOKa3biBasi  (aKT
OJHOBPEMEHHOI'O TAaJIeHUs CBHMHIIOBOM APOOMHKH M
NTHYBETO TIepa B BaKyyMHPOBAHHOW CTEKITHHOU
TpyOKe. DTO  OYEeHb  BICYATISAIOIIUN  OIIBIT,
MONTBEPXKAAIOMIMKA (aKT PaBHOTO YCKOPSHHS Tel
pasHoi Maccel. Macca ITHYbEro Iepa MHOTO MEHBIIIe
CBUHIIOBOM  NpOOWHKH, HO CHJA TpaBUTAI[UH
OJIMHAKOBO YCKOPSIET BEMIECTBO Tepa M JPOOUHKH.

CpaBHutensHO HegaBHO coTpyaaukun HACA B
camMoi OOJBHION BaKyyMHOH Kamepe TpOBEIH
9KCIIEPUMEHT 110 COpPAChIBAaHUIO yYKa ITHYBHX NEPHEB
u mapa s 6oynunra. [lap mis 60yauHra U HEphs ¢
BBICOTHI O0K0JI0 30 METPOB B OTKadyaHHOM OT BO3/ayXa
MIPOCTPAHCTBE Majalyd OJHOBPEMEHHO [3].
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D0%B8%D0%BC%D0%B5%D0%BD%D1%82%D1%8B_%D0%93%D0%B0%D0%BB%D0%B8%D0%BB%D0%B5%D1%8F_%D0%BF%D0%BE_%D0%BF%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D1%8E_%D1%82%D0%B5%D0%BB#cite_note-Drake-1
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Puc. 3.
nageHne 60nbLIOro U Manoro
Tena B Mnore rpaBuTaulun.

Hamo momarate, - ecnm  yMEHbIIATh Maccy
MaJIaloIIero Tena, BIJIOTh A0 3JIEMEHTApHBIX YacTHIl,
3akoH [anmies Ttakke OyaeT MACHCTBEHEH. OTO
NOATBEPJMIM  aMepUKaHCKWEe  (U3HKH,  HM3Yy4YuB
MOBEJICHNE B TI0JI€ 36MHOTO TATOTEHUS HJIEMEHTaPHOM
qacTuIbl HeWrtpoHa [4]. HelltpoH - enuHCTBEHHas
JacTHUIIA U3 UMEIOLINX Maccy MOKOs U He o01agaromas
3apsmoM. Ha Hee He BIMAIOT MarHUTHBIE U
3NEKTPUYECKHE TIONI, OT KOTOPBIX OYEHb TPYIHO
M30aBUTHCS B TA0OOPATOPHBIX yCIOBHAX.

CBobopgHoe

B xoze omelToB moj AEHCTBHEM TIpaBUTALUU
HaOMI0IaJIoCh UCKPHUBJICHHE TPAaeKTOPUU XOPOIIO
KOJ'IJ'II/IMI/IpOBaHHOI‘O nyqKa XOJIOOHBIX HeﬁTpOHOB.
H3mepeHHOe TpaBUTAIIMOHHOE YCKOPEHUE HEHTPOHOB,
B Tpefesiax TOYHOCTU ODKCIEPUMEHTA, COBIAJAI0 C
TPaBUTALIMOHHBIM YCKOPEHUEM MAaKPOCKOMUYECKUX
ten [5]. Kak moka3aHo, W30JUPOBAHHBIN, CBOOOTHBIN
HEHTPOH B Iporiecce IKCIICPUMEHTA HE UMEET MPSIMOTO
MEXaHUIeCKOT0 KOHTAKTa C APYTON YacTHIICH, OHAKO
OH TIOJIBEPKCH CHJIC TPABHUTAIIHH.

Puc. 4. ®PuHanbHbIN MOMEHT
nageHus OOynuHr-wiapa u nyyka
nepoes [3].

HUrak, TIepPEeYUCIICHHEIC SKCIEPUMEHTHI
[MOKA3bIBAIOT — OOJIBIIIKE, TSKENBIE U MaJIbIe, BIUIOTH JI0
JJIEMEHTAPHBIX YACTHI, YCKOPSIOTCS OIMHAKOBO B
TpaBUTAIIMOHHOM ToJie TulaHeThl 3emis. He wmmeer
3HAUEHHUSI M3 KAKOTO MaTrepuana OHU BBIMIOJTHEHBI U
KaKOW IUIOTHOCTH 3TOT Martepuan. Ilpu 3tom, Her
KaKOr0-TH00 MEXaHMYECKOT0 KOHTAKTa, KOTOPBIH ObI
NPUBOJAWJI B  JIBIDKEHHE TMajaloliye Tejla B
COOTBETCTBUU C TEPEUYHUCICHHBIMU BBIIIE 3aKOHAMHU
Hrrorona.

O4eBUOHO, YTO HMEETCI MHOM  CHJIOBOHU
MEXaHHM3M, KOTOPBII JIEXKUT B OCHOBE OAMHAKOBOTO
TPaBUTAIIMOHHOTO YCKOpeHus Ten. HaOmronmeHus 3a
JIBIDKEHUEM MaJIbIX ¥ OOJIBIINX ITy3BIPEKOB BO3JyXa B
BOJHOW cpele JaeT HEKOTOpblie OOOCHOBaHUS IS
MPUPOABI DTOTO0 MeXaHm3Mma. Boga TpeacTaBiser
co0oii TpagueHTHYIO0 Cpeay, B KOTOPOH NaBleHHe Ha
MOTPY)KEHHBIE  Tela  YBEIWYMBAECTCI IO  Mepe
yBelIWUeHus: TIyOWHBI moOrpyXkeHus. Ily3sIppku

BO3yXa, MOJHMMAIOUIMECSs K IOBEPXHOCTH BOJIBbI,
YBEIIMYHBAIOTCS B pasMmepe. VX NpUBOANT B ABHKEHHE
BBITAJIKMBamomas cuia (cuima Apxumena). Cua
Crokca (cuna TpeHHMs) IIPU JIBHOKCHHWH ITy3BIPHKOB
JeHCTBYeT B HANPaBJICHUM, MPOTHUBOIMOJIOKHOM CHIIE
Apxumena [6, 7]. B TeueHmm mnogbeMa IIy3bIPBKU
nedopmupyrotes, ux ¢opma He MOXOAMUT Ha (opmy
uaeagbHOro Imapa. TeM He MeHee, MOXKHO 3aMETHTh,
YTO CKOPOCTh OONBIIMX ITy3BIPPKOB HE CIHIIKOM
OTIMYAETCs OT CKOPOCTU MOABEMA MTY3BIPHKOB MaJIOTO
o0bemMa. MOXHO NoJarath - B JIMIIEHHOW CHJI TPEHUS
IpaMeHTHON  cpefe cepuueckue  €MKOCTH
pas3IMuHOro pasMepa OyayT JBUraThCsl C OJUHAKOBOH
CKOPOCTBIO.

PaccmoTpum JeiicTBUe HIEPEMEHHOTO
(TpamMeHTHOTO) NABJICHHS HA MYCTYIO CPEPUUIECKYIO
eMKocTe obvemom V, puc. 5. Ilycte rpamgueHT
JABJICHUS B CpeJie BO3pacTaeT Mo JUHEHHOMY 3aKOHY,
P = nt, rne n — HeKas IOCTOsIHHAS, ¢ — PACCTOSIHUE 110


https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D0%B8%D0%BC%D0%B5%D0%BD%D1%82%D1%8B_%D0%93%D0%B0%D0%BB%D0%B8%D0%BB%D0%B5%D1%8F_%D0%BF%D0%BE_%D0%BF%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D1%8E_%D1%82%D0%B5%D0%BB#cite_note-Drake-1
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D0%B8%D0%BC%D0%B5%D0%BD%D1%82%D1%8B_%D0%93%D0%B0%D0%BB%D0%B8%D0%BB%D0%B5%D1%8F_%D0%BF%D0%BE_%D0%BF%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D1%8E_%D1%82%D0%B5%D0%BB#cite_note-Drake-1

14

Espaasutickuti Coto3 YueHbix. Cepus: mexHu4deckue u ¢husuko-mamemamuydeckue Hayku. # 5(130), 2025

HOpMaJH OT IJIOCKOW MOBEPXHOCTH, HA KOTOpOil P =
const. DKBUIMOTEHLHUATbHbIE MOBEPXHOCTH PaBHOTO
JTABJICHUS CpPEJIbl MapasuieIbHbI CBOOOIHOM IUIOCKOU
noBepxHocTU. Ha cxeme, puc. 5, naBieHre Bo3pactaer

B HAIIPABJICHUH OT TOYKH / K TOUYKE /1, IPUUEM BEPXHSSA
KpoMKa cQepbl HaXOJUTCSI BPOBEHb C IUIOCKOCTBIO
(cB0OOHOI MOBEPXHOCTHIO), Ha KoTopoi P = 0.
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1.Puc. 5. Cxema genctBus cun Ha
Teno, Haxopsilleecs B
rpagmMeHTHON cpege.

Kaxk m3BecTHO, 00BeM mIapa pagnycoM R paBeH

CuurtaeMm, 4TO €MKOCTh HAaxXOJIUTCS B Cpele,
IUIOTHOCTh KOTOPO# COCTaBJsIeT BeNW4uHYy O. byaem

TaKXKe CYUTATh, YTO CTCHKH EMKOCTH JOCTaTOYHO
MPOYHBIC M HACTOJIBKO TOHKHE, YTO MX BECOM MOYKHO
npeHeOpeys. Ha BHEMIHIOI CTEHKY €MKOCTH cpena
Oyzer okas3pIBaTh IpagueHTHOE maBieHue. OHO OynmeT
BO3pacTaTb MO  Mepe  YBEIWYCHHS  TIyOHHBI
paccmaTpuBaeMoOil TOYKH Ha OOKOBOW TMOBEPXHOCTH
ctepol. Ha riyOune /i cuia, npuioKeHHas K KaKI0H
TOYKE OBEPXHOCTH (pHuc. 5) Oyxaet paBHa Fj = -2¢O-R,
rlie ¢ — HEKOTOpOE YCKOpEHHE, KOTOpOe HPHUIAETCS
€MKOCTH TpU JaHHOM TPaJUeHTE IOBBIIICHUS
JIaBJICHUS] B Cpejie C IUIOTHOCTBIO J. Cuuraem, 4To B
KaXI0M TOuke cpelpl AaBleHHE (CHJA) HepemaeTcs
THAPOCTATHYECKH, T.€. OIMHAKOBO 10 BEJIMYMHE BO BCE
CTOPOHBI, Ha KQXKIYI0 BHEIIHIO TUIOIAAKY Cepsl, 3a
UCKJTFOUSHHUEM TIOBEPXHOCTH C TOYKOH /, HA KOTOPOH
JIaBiieHUe OymeT paBHO Hym0. BennmuwmHa cuibl B
KaXIOM TOYKE Ha TIOBEPXHOCTH CHEPHl MOXKET OBITH
paccunrtaHna 1o gopmyine F; = -got.

F,=-qoR-sina (1+ sina).

CyMmma cun Ha HIDKHIOIO nonycdepy F; Oyzer
paBHa ONpEJEICHHOMY HMHTErpaly Npou3BeleHus F,
Ha IUIOMANs HIDKHEH mosycdepsl S ¢ ydeTom

S =2nR*cosa.

Takum obpazom,

3 7/2
Fl =-2mq6R
0

{ [sinacosada+ | sinzacosada}z—

2)
Benuuuny F; o npaBuily napasuiesiorpaMma CHil
MOYKHO Ppa3noXKUTh Ha JiBE

COCTABILIIONINE - TOPU3OHTAIEHYIO M BEPTHUKAIBHYIO.
BennunHa rOpH30HTAIbHON COCTABISAIOIIEH CHIBI [y

OyZeT TONHOCTBIO ypaBHOBENIEHAa TaKOH ke
COCTAaBIIAIONIEH B  TIPOTHBOINOJOXHOW  TOHYKE,
pacIloJO)KEHHOM Ha TOM JKE pAacCTOSHUH  [.

BeprukanbHas cocTaBismomas cuibl £, B TOYKax,
PACIIOJIOKEHHBIX Ha HWXKHEH momychepe (puc. 5)
Oynet JIAIIH YaCTHYHO CKOMTIEHCHpPOBaHa
BEPTUKAIBHON  COCTABJIAIOILEH, JEUCTBYIOIEH B
BepxHel monycdepe, Tak Kak pacCTOSIHUAE ! TOYSK Ha
MOBEPXHOCTH BEpXHEH mosycdepsl 10 CBOOOIHOIM
MTOBEPXHOCTH MEHBIIIE, YeM TOYEK HIDKHEH.

Jl1s1 OLIeHKM BENMYMHBI CHUJIbI, NEHCTBYIOILEH Ha
€MKOCTB, OIPENEIIUM CYMMY CHJI F, Ha HIDKHIOK U
BEepPXHIOI Toxycdepsl, puc. 5. BeprukanpHas
COCTaBIIIONIAs CHJIBI HAa HIDKHIOI TOXycdepy MpHu
JBIDKEHUH BIOJb JYTH OT TOYKH /i K Touke k Oymer
HU3MEHATHCS KaK,

3)

N3MEHSIOMIEHCS BEJIMYMHBl BEPTUKAIBHOM NPOCKIINU
OT TOYKH /1 K TOUKe k, Ha KOTOPYIO AEHCTBYET cuia Fy,

4)

7/2
§w5R3
0 (%)
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AHaNOrMYHBIM obpazom OIIpEAEINM
BEPTUKANbHYI0 COCTABIAIOIIYI0 JaBleHUs F, Ha

7/2

Fu=—27zqéR2{ [sin fcos fdf— | smzﬁcosﬁdﬂ}=—%m5R3
0 0

Cnenyer ydecTb, uUTO BeKTOp F, HampaBieH
MIPOTUBOTIOJIOKHO cuie [}, JeHCTBYIOLIEN HA HUXKHIOIO
noycdepy. IloaToMy A7 HOTY9ICHUS BETHIUHBI CHITBI

BennunHa F BBIpaXaeT CyMMapHyIO —CHILY,
JEHCTBYIOIYI0 Ha C(epUUecKyr0 eMKOCTb PaJiycoM
R, HaxoIAIIYIOCS B TPaJUEHTHOM CpeJie ¢ INIOTHOCTHIO
0. Cpasaenne ¢opmyasl (7) c¢ ¢opmymnoit (2)
NOKa3bIBaeT, 4TO €cld Telo (pUc. S5) HaMOJHUTh
Cpenoi, To Bec 3TOW cpelbl OyneT B TOYHOCTU paBeH
BBITAJIKABAOIICH CHJIe, NPUIOKEHHOW K ITyCTOMY
Temy.

Takum 00pa3oM, Ha €MKOCTh, HaXOILIYIOCS B
IpalMeHTHOH cpene, OyAeT AeHCTBOBATh MOCTOSHHAS

BepxHiol0  noiaycdepy, puc. 5. Ilpumenss
aHAJIOTUUHbIE EHCTBUS, TIOIY4HM,
/2
(6)

F Ha Bcio cepy HEOOXOIMMO BBIUECTh U3 BBIPAKCHHUS
(5) BeIpaxkenue (6). B urore nomyuum,

- _gwéR3 , kem C2 (7)

o BeJdW4YMHE (B Tpenesiax HEKOTOPbIX YCJIOBHM)
OpPHEHTHPOBaHHAS NePHEeHANKYJISIPHO
9KBUIIOTEHIIMAILHBIM TIOBEPXHOCTSIM paBHOTO
JaBICHHS W HAIpPaBICHHAs B CTOPOHY YMEHBLICHHS
rpajgueHTa, cuiia. Eciu cpena uMeeT IIOTHOCTh O, TO
CHJIa, NEHUCTBYIOIAs Ha MYCTOE TEJO NPOHM3BOJIBHON
¢opMBI OynmeT paBHA MPOM3BEACHUIO 00beMa Tema V),
YCKOPEHUS ¢ ¥ INIOTHOCTH O,

F=-Vq6, kem/c>. (8)

OTO BBIpaXXEHUE OTpaXkaeT NMPHUHIUN ApxuMmena,
BBIBUHYTBIH OKoJl0o 246 romy 10 H.3. B TakoH
dbopmynupoBke: «JIr000if 00BEKT, MOJHOCTHIO WU
JaCTUYHO MOTPYXEHHBIA B JKUIKOCTh, YIEPKHUBACTCS
Ha TIUIaBy CWJIOW, paBHOM Becy  KHUJAKOCTH,
BBITECHIEMOI 00BeKTOMY [8].

CBoOoTHast OT BHEIIHUX CBSI3€H eMKOCTh (puc. 5)
I0J] NEUCTBHEM CHIIBI £ OylIeT ABUTaThCs YCKOPEHHO B
HAaIIPABJICHUU YMEHBIICHUS TpaJdeHTa JaBJICHUSA.
Bennuuna 3100 YcKopeHus g OyieT paBHa

g =-FAV). ©)

[pencraBum cebe, 4TO UMEETCS Apyras eMKOCTb,
o0beM KoTOpoil oTinmvaercsi B K-pa3 oT cdepsl
obwsemoM V. CormacHo popmyie (8), neiicTByromee Ha

Fi=-KVq5=-KF.

ITpu 3TOM, €€ yCKOpEHHE OCTaHeTCsl TeM XKe, TaK
Kak cujia n3MeHm1ach B K-pa3 n o0beM takxke B K-pa3
CTaJI APYTUM,

= F/(KV3) = -KV-q8/(KV3) = q.

Otcroa crmemyeT BaXKHBI BBIBOA: €MKOCTH
pazHoTO O0bema, HaXOsIIMEecs B OJHOW M TOH ke
TPalueHTHOW cpeae, NPUOOPETaloT B CBOOOTHOM
JIBIDKEHUHW OJHO M TO ke yckopeHnue. CBoOoaHAs OT
BHEIIHUX CBS3EH IyCTas €MKOCTh OyAeT IBHUTaThCS
YCKOpeHHO. BekTop ee IBIKEHHUS HampaBiieH IIo
HOpPMaJIM K OSKBHIOTEHIMAJIBHBIM [OBEPXHOCTSIM
PaBHOTO JIABJICHHS CPEJIBI.

Tenepp mpencraBuM, YTO €MKOCTh (puc. 5)
nepemelleHa, Hanpumep, Ha paccrosuue ¢ = 100R ot
cBOOOnHON TuockocTH. Torma ee HXKHAS TOYKa A
Oyner HaxomuThcs Ha riryomne 102R. Hecnoxwnbie
pacueTsl MOKa3bIBAIOT, YTO U 37€Ch YCKOpEHHUe ¢ OyaeT

9Ty eMKOCTb crita Fj OyIeT Takke OTIMYIaThCsl POBHO B
K pas,

(10)

(11

(ecmm cpema HeCoKMMaeMa) TaKXKe OINpenessThCs
BeIpakeHHeM (9). OTcroza cieayer, 94To nepeMelieHue
TepMETHYHON IycToii eMkoctm obvema V B
HaTpaBJICHWH BO3PAaCTaHMs (CHIDKEHHS) [aBICHUS
CpeIsl Ha Kakoe-TMOO paccTOsHWE HE W3MEHSET
BEJIMYMHY YCKOPEHHWSI ¢ JBW)KEHHS ATOH EMKOCTH.
3aMeTHM,  YTO  paccMaTpUBAaEMblil  MEXaHH3M
B3aUMOJEHCTBUSl TPAJMEHTHOHW Cpenbl C E€MKOCTBIO
(TemoM)  ocymiecTBisieTcs ~ 0e3  MEXaHHYECKOTO
OJJHOCTOPOHHEr0 KOHTAaKTa C APYIMM (U3MYECKUM
TEJIOM, COOJII0/1as TIPUHIMIT OJIN3KOAEHCTBUSL.
BeimensinoxxeHHOE 1O3BOJISIET CHOPMYIUPOBATH
MTOJIOKEHNSA, OIPEACIIIONINE COCTOSIHAE W JIBUKCHUE
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00BEMOB (Tel), MOTPYKECHHBIX B TPATUCHTHYIO CpPEy,
B KOTOpPOW JaBJIGHHUEC BO3pacTacT (CHIDKACTCS)
JUHEHHO, TPSAMO MPOMOPIMOHATHHO BJOIb BEKTOpa
W3MEHEHUS IaBJICHHUS.

IlepBoe monoxenue. Ha Tteno, Haxopsmeecs B
cpene ¢ JMHEHHO Bo3pacTalomuM (yOBIBAIOIINM)
rpaJIMCHTHBIM  JaBJieHHeM, OyJerT JelCTBOBaTh
MOCTOSIHHAsI 110 BENUYMHE CHUIIA, OPHEHTHPOBAHHAS
MEePIEeHANKYISPHO SKBUIIOTEHIHAIBHBIM
MOBEPXHOCTSIM PAaBHOTO TPAJMEHTA U HAMpPABICHHAS B
CTOpPOHY YMEHBIICHUS rpajiieHTa. Cuua,

ﬂeﬁCTByIOHIaH Ha TCJIO 6y[[eT paBHa MOPOU3BCIACHUIO
BCJIMYMHBI

o0beMa Tena, IUIOTHOCTH CpeAbl H
yCKOpeHHs (IPUHIMN ApXUMEna).

F

t

Bropoii monoxxenue. Y ckopeHue, npuodopeTaeMoe
IyCTON FepMETUYHON EMKOCTBIO B TPaJIUEHTHOM cpejie,
HE 3aBHCUT OT 00beMa, KOTOpbhIe 3aHUMAET E€MKOCTb.
YckopeHue, npuodperaemMoe TeJI0M C IUIOTHOCTBIO |,
MOTPY>KEHHBIM B TPaJUEHTHYIO CPEAy C IIIOTHOCTBIO O
HE 3aBHCHT OT 00beMa, 3aHHMMAaeMOro TEJIOM, €CIIU
IUIOTHOCTB | | MEHBIIIE IIJIOTHOCTH O.

Tperbe nonoxenue. B rpagueHTHON cpene Tena
pasHOro o0BeMa, HO OAWHAKOBOW  IUIOTHOCTH
MIPUOOPETAIOT PABHOE YCKOPEHHE.

UYerBeproe mnonoxenue. llepemenienue Tten B
HaTpaBJICHWH BO3pACTaHUS (CHIDKEHHS) IaBJICHUS
cpempl Ha Kakoe-THOO pACCTOSIHUE HE H3MCEHSCT
BEJIMYNHY YCKOPEHUS ¢ JBIDKCHUS 9THX TeEll.

Puc. 6. []ea suoa cunoswvix 6ozoeticmsuti Ha guzuueckue mena. Cuna Ft Oelicmgyem uepes nenocpedcmeenHuiil
KOHmMaxkm 00H020 ghusuueckoeo mena na opyeoe (a). I paouenm Fg go30eticmeyem na Kaxicoyro 1eMeHmaphyio
maccy ¢usuueckozo mena 8 cpasumayuorrHom noze (b).

IlonmoxkeHus, TepeuucClIeHHbIE BbIE OyIyT
BBINOJIHATBCS, €CIHU Cpela, B KOTOPYIO IOTPY>KEHBI
Tena, obnanaer JIHHEHHO HU3MEHSIOIUMCS

TpaJIMCHTHBIM JaBJEHUEM, He MposBisieT 3(dexTs

BA3BKOCTHU, BHYTPCHHCTO TPEHUA U HNPAKTHUCCKHU
HCCXKXHUMacMa. H3noxxeHHbIe TIOJIOXKCHU A
MNpCACTaBJIAOT coboif WHOH MeXaHH3M Tel H

JEHCTBYIOIMX Ha HUX CHJ, 4eM 3aKoHbl HbOTOHa.
OTinuus 1eNCTBYS CHUII Ha TeJla yCIOBHO OTPAYKEHBI HA
puc. 6.

Colimonenye TpHHIMIA ApXHMeAa W 3aKoHa
Tanmunest mokaseIBaeT, 4TO Tella, HAXOAAIIUECS B I0JIE
36MHOTO TATOTEHHs, HMX COCTOSHHE U JABIKCHHE,
MPaKTHYECKU MOJYUHSIOTCS MIEPEYNCICHHBIM
MOJIOXKEHUAM. Mcxos U3 mpuHIUNa GIN3KOACHCTBUS
U BBIMICU3I0KEHHBIX IOJ0XKEHUH, CleayeT CUMTaTh,
9TO 3€eMHBIE M HeOecHble Tejla MOrPYKEHBl B
TpaUeHTHYIO cpely. B KocMUYecKkoM MpOCTpaHCTBE
JBIDKEHUS] HEOECHBIX TeJ: IUIAHET, aCTEPOUIOB, KOMET
U IPYTUX, COBEPLIAIOTCS 0€3 3HAUMMOT0 H3MEHEHUS HX
CKOpOCTH B T€UEHHE MULIMApAOB JieT. VX nBukeHue
NPOUCXOJIUT 0€3 MpsIMOro KOHTaKTa € JpPYTHMMH
¢usmueckumu Tenamu. VX opOWTaiIbHOE IBIDKCHHUE
COBEpIIaeTCd BOKPYT IEHTPa, B KOTOPOM HAXOIMUTCS
60 BIII0€ MACCUBHOE TEJIO, - TUTaHeTa uitH 3Be3aa. Cyas
M0 0COOEHHOCTSIM JBMXKCHHS HEOECHBIX Tel, B Cpeje,
KOTOpas 3aloNHAET MEX3BE3QHOE, TalaKTHYecKoe
MIPOCTPAHCTBO, MIPAKTUIECKU OTCYTCTBYIOT
MIPOSIBIICHUS BSI3KOCTH M BHYTPEHHETO TPEHHUS.

Beiparonuii  gunocod Apucrorens apeBHeEH
I'penyu cuuTa, 4To CyniecTByeT TOHUAMIIAs MUPOBast

cruxuss. — o¢up [9]. DOrta MupoBas cTUXUS
MIPOHU3BIBAET BCE, - M BELIECTBO U MPOCTPAHCTBO.
CoBpemenHnoe omnucanue 3¢upa (3PpUpHOU cpesbl)
BKJIIOUaeT ero (H3MYecKue CBOICTBA, CTPYKTYpY,
O0COOEGHHOCTH  B3aMMOJEHCTBHHA C  (DU3UUECKUMHU
tenamu [ 10]. CornacHo U3J10KeHHOW TeopHu, dpupHas
cpena SIBISIETCS KBa3HUTBEPABIM TEJIOM, MPAKTHUECKH
JIMIIEHHBIM CBOMCTB BSA3KOCTH M TpeHus. OHa COCTOUT
13 paBHBIX, HO TNPOTHBOIOJIONKHBIX II0 3HAKY
JIEKTPUUECKH 3apsDKEHHBIX 4YacTull. J¢HUpHas cpena
MOJKET HCIIBITHIBATh CTATHYECKHE W JAWHAMUYECKHE,
CIIBUTOBEIE, CKpYy4YHUBaIOLINE, KPYTHIIbHBIC
nepopmanmu.  OHa  sBIsieTCT  OCHOBOH  JIA
pactpoCTpaHEHHUsl DJIEKTPOMATHUTHBIX  KOJIeOaHMIA.
[Ipu ompexnenenHoit nedopmarmu >PUPHOI cpeibl
BO3HUKACT TPaaAuCHT OaBJICHUA, HpI/IBOI[HHII/Iﬁ K
BO3HUKHOBCHUIO CHUJI TPUTAKCHUA (I)I/I3I/I'—I€CKI/IX TCJI
ApYT K IpyTy.

N3noxxeHnsle BBILIIE TIOJI0XKEHHS,
MIOCTYJIUPYIOIIIE COCTOSHUE W TIOBEACHHE Tel B
TpaJMeHTHOM  cpede,  ITO3BOJSIOT  IPOSCHHUTH
HEKOTOpble OCOOCHHOCTH B3aMMOJEHCTBUS 3dupa ¢
¢usnyecknm BemecTBoM. Kak yske ObUIO yOMSHYTO,
HU3MEpPEHHOE TPABUTALMOHHOE YCKOPEHHE HEUTPOHOB,
B Mpe/efiax TOYHOCTH JKCHEPHUMEHTa, COBIAIaeT C
TPaBUTAIIMOHHBIM YCKOPEHUEM MAKPOCKOIMMYECKUX
ten. Helitpon umeer mapoobpasnyto ¢opmy [11]. B

rpagueHTHOH  A(UpPHOW  cpeae OH  SBIAETCS
BKJIIOUECHHEM (pHC. 5) M ero cBOOOJHOE JABWKCHHE
MOAYUHSIETCS 3aKOHOMEPHOCTSIM, OTpPaXKEHHBIM

¢dopmynamu (9, 11). Macca HeHTpoHa paBHa M, =
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1.00867 aromubIx eauHul Macchl. OHA MpaKTHUECKU
HE OTJIMYAETCs OT Macchl mpoToHa (m,=1.00728 a.e.m.)
[12, 13]. IIpu 3TOM, UMEETCS INEMEHT, SIAPO KOTOPOTO
COCTOMT  OJHOTO  MNPOTOHA.  OTO  BOJAOPOJI
(mpotuit) - mepBelii anemeHT Ilepuoanueckoil
Tabmumpl. Jumamerp sgpa aTomMa BOJOpOZAa TOYHO
usBecten. O pasen 2.6-[1[1°°“[n [14]. Bnuzocts
Macc HEHTpOHa W TPOTOHA TIO3BONISET CIHENATh
3aKIIFOYCHAE O ONM30CTH WX pa3MepoB. Sapo aroma
moboro  snemeHTa  [lepHoaMYecKOi — CHCTEMBI
TpeICTaBIsIeT co00i cyMMy (KpoMe aToMa BOIOPOAa,
IpOTHUs) TPOTOHOB M HelrtpoHoB. Haxoxmaces B
TPaBUTALlUOHHOM TI0JIe, HEHUTPOHBI M  MPOTOHBI
UCIIBITBIBAIOT JABJICHUE CTPYKTYPHBIX JJIEMEHTOB
3(UpPHOI CpeIbl.

Kak wu3BecTHO, aroM COAEpPXKUT SAPO H
SMEKTPOHBL. SIApo HAXOguTCAd B ILIGHTPE CTPYKTYpPHI
aToMa, JJIEKTPOHBI — Ha BHYTPEHHHX W BHEIIHEH
obomoukax. CoOOTHOmIEHHS CYMMapHOH  Macchl
JJEKTPOHOB K Macce sapa B aTOME BEIIeCTBa
cocraBmsier npumepHo 1/2000 [11]. Tlostomy
OCHOBHas Macca aToMa COCpPEeIOTOYeHa B sIpax
aToMoB. U kamnesbHas U 000104edHast MOJIeJb /pa, 110
MHCHHIO UCCIICIOBATENICH, TIPEACTABIIACT OO0 chepy
[11, 15]. bruzocTh Macc HEMTPOHA U IPOTOHA, & TAKKE
UX pa3MepoB, IO3BOJSIET  IpeAmoiarat, 4TO
IUIOTHOCTb SI/Iep, BHE 3aBUCHMOCTH OT PaCIIOJIOKEHHS
anemeHnTa B [lepuonndeckoii Tabauie, oguHakona [15].
B m3BecTHOW CTemeHW, OAWHAKOBAS IUIOTHOCTH SIEp
2JIEMEHTOB TTOITBEPKAACTCS oOHapyKeHHOI
3aBHCHMOCTBIO IIOTHOCTH METAJIOB OT ITapaMeTpoB
atomMoB [16]. B cBoro odepens, 3Ta OCOOEHHOCTH
00yCTIOBNMBAaET, COTJIACHO TPEThEMY OJO0KEHUIO,
OIMHAKOBOE YCKOpPEHHE SACpP aTOMOB B TPaIHEHTHOM
Iojie BHE 3aBHCHUMOCTM OT 4YHCIa MPOTOHOB U
HEWUTPOHOB, cojepxkamuxcsa B HuX. [lo cytu, B aToM
MeXaHU3MeE U 3aKII0YaeTcs HaOIo1aeMoe OIMHAKOBOE

YCKOpEHHE Tepa W CBHUHIIOBOM JpOOWHKH B
0€3BO3TyIITHOM MPOCTPAHCTBE.

3AK/IIOYEHUE

[Momoxenwus, chopMyIHpOBaHHBIE BEIIIIE,

MO3BOJIAIOT ClIETaTh BBIBOJ, YTO HA TEJO, HOTPYKEHHOE
B TpaJME€HTHYIO Cpely, JAECUCTBYeT MHOW MEXaHU3M
MPUIOKEHUS CUJI, OTIMYHBIN OT 3akoHOB HrloToHa. B
rpaluEHTHON cpeie ACUCTBYET NPUHLIUI ApXUMENa U
3akoH lammnes. IlpunHiun Apxumena ompenenser
CWJIBI, JICMCTBYIONIME Ha TeJO, Haxojsmieecs B
rpagueHTHON cpene. 3akoH [amumies mnoCTynupyer
PaBEHCTBO YCKOPEHHS Pa3lMYHBIX IO Macce Tel.
HaGmonaembie MposIBIICHUST TPaBUTAIIUU TIO3BOJISIOT
CYHUTaTh, YTO BCE (UBMUECKUE Tela, - KOCMHUYECKUE
0OBEKTHI, HAIPHMEp, TAKHE KaK IUIAHETHI, a TaKkKe U
MHUKPOOOBEKTHI, TaKHE KaK aTOMBI, SApa aTOMOB,
HEUTPOHBI U Jp., TOTPYXKEHBI B 3QUpPHYIO cpeny. B
3(hUpPHOI cpelie MOKET BOSHUKATH MPAJHCHT JaBICHHUS.
DTOT TpaUeHT HENMOCPEJICTBEHHO BO3IEHCTBYeT Ha
Sapa W OJIGKTPOHBI  aTOMOB, 00pa3ys  CHIIBL,
moOy>KJarone MX K JIBHKEHUIO C OIpeIeJICHHBIM
YCKOpEeHHEM. YCKOpeHHe, MPHoOpeTacMoe aTOMaMH,
COJIepP KALTIMHU TSKEIbIe U JIETKHE Spa, OJMHAKOBO 110
BenuurHe. COOTBETCTBEHHO, TSDKEJbIE, KAK M JICTKHE
¢uznueckoe Tenma B TPABUTALMOHHOM  IOJIE
nproOpETarT OAMHAKOBOE YCKOPEHHE.
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