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Hcropusi ctatbn AHHoTanus. B pamkax nccnenoBaHus OblTa N3y4eHa BO3MOXHOCTh IPUMEHE-
HHS METOJIOB MallIMHHOTO OOYy4YeHUs], B YACTHOCTH I'€HEPATUBHBIX MOJICNICH, TS
CEMaHTHYECKOTO PENAaKTHPOBAHHSA KOCMHYECKHX CHHUMKOB. OCHOBHOE BHHMA-
HHE yAENEHO aKTyalbHOH apXUTEKType Ha ocHOBe AU (Y3MOHHBIX MOJIETCH,
CIIOCOOHOH T'eHepUpOBaTh IIENeBbIe 0OBEKTHl HEIIOCPEACTBEHHO Ha CITyTHHKO-
BBIX N300paxeHusx. OHAKo BBUY crieli(uKy BHIOPAaHHOW NpeaMeTHON 001a-
CTH — IeHEpPAINU PEaTUCTHYHBIX H300paxeHHH 00bEeKTOB He(hTera30BoH HH-
(dpacTpyKTyphl (TaKHX Kak TpyOONPOBOIbI) ObLIM OOHAPYKEHBI CYIIIECTBECHHBIC
ABTOPBI 3aABIIIOT 00 OTCYTCTBHH HEIOCTAaTKH CTaHAApPTHOW MOJENHU B YaCTH pealn3Ma U COOTBETCTBUS OKpYKa-
KOH(IINKTA HHTEPECOB. IOLIeMY KOHTEKCTY. JIJis petieHus JaHHOH npo0ieMbl POBOAMIIOCH TI000yUeHHE
HelipoHHOH cetH. Llenb nooOydeHUs — YIydIlIeHHEe KAauecTBAa BU3yalIH3alliH
MPOEKTHBIX PELIeHUH, CBA3aHHBIX ¢ TpyOonpoBogamu. [IpemnoxeH u neTansHO
OIMCaH METOIUYECKHH OAX0T K (JOPMHUPOBAHHIO CIICHUATH3HPOBAHHOTO 00Y-
yarolero Habopa naHHbIX. Ha ocHOBe peasnbHbIX Tpacce TpyOomnpoBoaos B QGIS
CO3/1aHBI IIPOCTPAHCTBCHHO IPHBS3aHHBIE BEKTOPHBIE CIIOW; CTCHEPHPOBAH
Ha0Op TailIOB KOCMHUYECKHX CHUMKOB C TOUYHBIMU AHHOTALMSAMH I'paHHUI] TPYO.
Pe3ynbraTsl SKCHEpUMEHTAIBHOTO JO00YUYEHHsT MOJIETH MPOAESMOHCTPUPOBAIIH
3HAYMMOE YITy4IlIeHne KaueCTBa TeHePUPYEMbIX N300paXKeH i 00bEKTOB He(Te-
ra3oBoil HH(PACTPYKTYpHl HA KOCMUYECKAX CHIMKAX I10 CPABHEHHMIO C TI0Ka3a-
TEeNSIMHA MCXOIHOM, HeaganTHpOBaHHOW Monenu. Pa3paboTanHast 10o0ydeHHas
MoziesIb  00eCHeYMBaeT BBICOKOPEAINCTUYHYIO TEHEpaluio TPpyOoIpoOBOIOB,
KOPPEKTHO MHTETPUPYS HX B CYIIECTBYIONINH NaHAmadT Ha CHUMKe. Busyainb-
HOE CpaBHEHHE Pe3yJbTaToB 10 U IOCe J000ydeHHs MOATBEPKIAeT yCTpaHe-
HHUe apTeaKTOB U JOCTIDKEHUE HEOOXOIMMOTO YPOBHS Ieranu3aimu. Padora
HoATBepskAaeT 3G PEKTUBHOCTH OAX01a C POPMUPOBAHUEM IPEIMETHO-OPHEH-
THUPOBAHHBIX JaTaCETOB U JOOOYUSHHEM IS PEIICHUs ClieNn(pHIecKuX 3a/1a4d
Bu3yanusanuu B J133.
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Article history Abstract. This study investigated the feasibility of applying machine learning methods,
Received: April 27, 2025 specifically generative models, for semantic editing of satellite imagery. The research focused
Revised: June 27, 2025 on an architecture based on diffusion models capable of generating desirable objects directly
Accepted: July 5, 2025 on satellite images. However, significant shortcomings were identified in the standard model

with regard to realism and relevance to the surrounding context, given the specific nature of
the chosen subject area, namely the generation of realistic images of oil and gas infrastructure
objects (such as pipelines). To address this limitation, fine-tuning of the neural network was

Contflicts of interest performed. The objective of the fine-tuning was to enhance the quality of visualizing pipeline-
The authors declare that there  related design solutions. A methodological approach for creating training dataset was proposed
is no conflict of interest. and described in detail. Based on actual pipeline routes, spatially referenced vector layers were

created in QGIS, and a set of satellite image tiles with precise pipeline boundary annotations
was generated. The results of the experimental fine-tuning demonstrated a significant
improvement in the quality of generated images depicting oil and gas infrastructure objects in
satellite imagery compared to the original, non-adapted model. The developed fine-tuned
model enables highly realistic pipeline generation, effectively integrating them into the
existing landscape within the image. Visual comparison of results before and after fine-tuning
confirms the elimination of artifacts and the achievement of the required level of detail. This
work demonstrates the effectiveness of the approach involving the creation of specific datasets
and fine-tuning for solving specialized visualization tasks in remote sensing.
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BBepeHue

Vcnonp30BaHNE KOCMUYECKHX CHUMKOB T103-
BOJISIET pemarb MHOTHe 3a1auu. [losTomy paspa-
00TKa MoJIeNield 1 METOIOB 00paboTKH N300paxke-
HH SBJISETCS YPE3BBIYAHO aKTyaJIbHOM.

Lenv uccnedosanuss — OIEHKA UCTIONB30BaA-
HUS HEHUPOHHBIX CeTeil isl BU3yaldu3alud Npo-
KJIaJIKH TPyOOIIpOBOJOB. JIisl pelieHus HOCTaBIeH-
HOIl HAMU 337a4d M3y4YCHBI BO3MOKHOCTH MOJICIH,
npemoxeHHol apropamu crathi “Tackling Few-
Shot Segmentation in Remote Sensing via Inpainting
Diffusion Model” [1].

[IprMeHeHne TaHHON MOJENH IS TPOKIIAIKH
TpyOOIIPOBO/Ia TTOKA3AJI0 €€ HEeJOCTATOYHYIO0 (-
(bexTuBHOCTG. [yt ymydieHus pesyiabTaToB HC-
MIOJTb30BAHUS MOJICIIH ITPOBEIH JOOOydeHHe Ha OC-
HOBE C()OPMHPOBAHHOTO 00yUaroIIero Habopa.

AKXTyaJIbHOCTB TIOJIXO/Ia CBSI3aHA C TIPUMEHe-
HHEM COBPEMEHHBIX HEMPOHHBIX CETEU W peliae-
MO TIpOOTIeMBI BU3yaIH3aIii HeTeTra30BO MH-
(bpacTpyKTypbl HA KOCMHYECKUX CHUMKaX.

1. MeToabl

1. 1. ApxutekTypa He/ipOHHOU ceTu

[Tpoananusupyem npuHIMI pabOTHl MOJEIH,
npenyioxkeHHo# B [1] u cocTosiel U3 HIbKenepe-
YUCIIEHHBIX «OJIOKOBY.

Stable Diffusion — 310 TeHepaTuBHas Aud-
(by3uoHHas MOzieNb, IPEAHA3HAUEHHAS JJIs CO3/1a-
HUsI BBICOKOKAQUeCTBEHHBIX M300paXKeHUM U3 TeK-
CTOBBIX ONMCAHUH WJIN Ha OCHOBE JIPYTUX N300pa-
xeHui. Mozienb paboTaeT ¢ IpoCTPaHCTBOM CKPbI-
TBIX TPU3HAKOB, 32 CUET 3TOT0 CHOCOOHA JOCTH-
ratb BICOKOH 3¢phekTuBHOCTH IIpU paboTe ¢ U300-
paxkeHusiMU. OOyueHHe MOJIEJIN MPOUCXOIUT Ha
3aaye «00paTHOIo IIyMay — OHA YYUTCs MOCTe-
IIEHHO BOCCTaHABJIMBATh M300pakeHHE M3 IIyMa.
ITpu renepanuu Stable Diffusion «aBuraercs B 06-
paTHOM MOPSAIKE» OT CIy4yaiHOro Iryma K cofiep-
KaTeJIbHOMY H300paxeHuro [2; 3].

OcHoBHble KoMnoHeHTHI Stable Diffusion:

1. ABrokomupoBuuk (VAE — Variational
Autoencoder) — ucnonb3yercs A mepeBosa u30-
OpaXeHUl B MPOCTPAHCTBO MPU3HAKOB M 0OPaTHO
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M COCTOWT W3 KOmupoBIIHKa (encoder), KOTOPBIN
C)KMMAaeT U300pakeHHe /10 JATEHTHOTO MPeJICTaB-
neHus u nexoauposinyka (decoder), BoccTaHaBIu-
BAIOIIETO HM300pa)kKeHHEe M3 IONyYEHHOTO KOH-
POBIIMKOM TpencTaBieHus [4].

Hcnionp30Banue aBTOKOIUPOBIIMKA MTO3BOJISIET
3HAYUTEILHO yCKOPUTH 00yUEHHE U TEHEPALUIO IO
CpaBHEHHIO ¢ pabOTOH ¢ OOBIYHBIMU TTHKCEITHHBIMH
N300pKEHUSAMH 32 CUET CHIDKEHHS Pa3MEPHOCTH
JAHHBIX ¥ W3BJICYCHUS TIPU3HAKOB.

2. UNet — 3T0 OCHOBHOI MOmynb, 00pada-
TBIBAIOIINNA CKPBITOE MTPOCTPAHCTBO MPU3HAKOB.

Apxurextypa UNet: cuMMeTprUYHas CETh C
omoxamu downsampling (TTOHMKAIOMIEH AMCKpe-
TH3anuu) 1 upsampling (TOBBITIAOIIEH NHCKpe-
TH3aImn) [5].

B kaxmom 6710Ke UCTIONB3YIOTCS ClIEAYIOIINe
COCTaBIIAIONINE: OCTaTO4YHbIe cBsA3U (residual),
BHHMaHUeE (attention) u HOpMaiu3amus (group
normalization).

Ha Bxox monyns mocTynaer 3alryMIIEHHOE
MPOCTPAHCTBO MPU3HAKOB, BpEMs Il1ara B Iporecce
muddy3un (timestep) U TeKCTOBas MOICKa3Ka (4e-
pe3 cross-attention).

3. Text Encoder (CLIP Text Encoder) —
pa3pabotannbiii OpenAl TeKCTOBBIN KOAMPOBIIUK
CLIP (Contrastive Language — Image Pretraining)
(ViT-B/32), mpeobpasyromuii TEKCTOBYFO MOICKa3Ky
B BEKTOp IMPHU3HAKOB. DTH MPHU3HAKH HCIIONIB3Y-
torcst B UNet depe3 cross-attention MeXaHU3MBI,
9TOOBI HAMPABIISITH TEHEPAINIO N300pakeHus [6].

4. Scheduler (DDIM/DDPM) — ynpaBnsieT
nporeccoM n00aBineHuss M yaaleHus myma. Bo
BpeMsi TeHepaIruu padoTaeT B PEKUME «OOPaTHOTO
npolecca»: HaYuHas Co CIy4aiHOTO TyMa, MOJIENb
MOCTETICHHO MPHUOIIKAET €T0 K N300paKeHHUIO.

[Mpunmun paGoThl 3TOr0 MeToJa 3aKIIoYa-
eTcs B CIIAYIOIEM:

1. Texkct — BekTop mpu3HAKOB: TEKCT 0Opa-
OareiBaeTcs kogupoBiukom CLIP.

2. JlaTreHTHOE MPOCTPAHCTBO: T€HEePaIUs Ha-
YMHAETCS CO CIIyYaiHOTO IIyMa B JJATEHTHOM IIPO-
CTPaHCTBE.

3. IIpouecc muddysun: UNet nureparuBHO
OYHMINAET IIIyM, HAIPABIISAACH BEKTOPOM IPU3HAKOB
TEKCTa.
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4. VAE Decoder: ¢hunHampHOE TAaTEHTHOE MTPE/I-
CTaBIJICHHE JICKOAUPYETCS 00paTHO B M300paKeHHe.

RemoteCLIP — ucnonbs3oBanach i 00-
pabOTKU CIYTHUKOBBIX U a3pO(OTOCHUMKOB (U~
CTaHIIMOHHOTO 30HAMpOBaHUA) [7] U mpeacras-
nsieT coboit agantupoBanHyro Bepcuto CLIP [6].

Mogenb o0y4aeTcsi COMOCTaBIATh CIYTHH-
KOBBIE U300paKEHUS C TEKCTOBBIMU OMUCAHUSAMH.
N300paxenus U TEKCThl KOAMPYIOTCS B oOliee
MPU3HAKOBOE MPOCTPAHCTBO, IJe OJNU3KHUE MO
CMBICITY TIapbl HAXOAATCS PSAOM.

RemoteCLIP comepkuT cienyromme 0CHOB-
HbI€ KOMITOHEHTBI:

1. KogupoBmuk uzo0paxenus (image en-
coder) o0bruHO Hcnonb3ytoT ResNet [8] nnu Vision
Transformer (ViT) [9]. Koguposmuk npeodpazyer
n300pakeHre B BEKTOPHBIE NIPECTABIEHUS, C 1Ie-
JbI0 YMEHBILIEHUSI 00beMa JaHHBIX I Hepeaayu
HCIIOJIb3Y€ETCs KBAHTOBAHUE WJIM KOMIIPECCHSL.

2. TexcroBblii koqupoBmuk (Text Encoder)
(Ha cepepe / B 0b61aKe) — UCIONB3YET TpaHchop-
Mep (Transformer) nns nmomydeHust BEKTOpa MpH-
3HAKOB TEKCTOBOW MOJCKA3KH.

3. KomMmyHukanuonHblii uHTEpPQeiic mnepe-
JlaeT BEKTOPHI MPU3HAKOB OT KJIMEHTa K CepBepy.
BaxxapiMu 3aaqaMu SBISIIOTCS C)KaTHe, Oe3ormac-
HOCTb U CTAOMJILHOCTD ME€peayuu.

4. Fusion Module (Ha cepBepe) — cormocras-
JSIeT BU3YaJbHBIM M TEKCTOBBIA BEKTOp MpH3HA-
KOB, BBIYHCIISISI KOCHHYCHOE CXOJICTBO.

Bzaumooeiicmeue: Stable Diffusion +
RemoteCLIP. Ha nepBoM atane Stable Diffusion
HCIIONB3YETCs B PEKHMME JOPUCOBKH (inpainting)
JUTSL 3aTIOJTHEHHS 00JacTH n300paskeHus (C 3amaH-
HOI MacKO#) CHHTETHYECKUM OOBEKTOM.

BmecTto TekcToBOrO 3amnpoca nojgaeTcst BUsy-
anbHbBIN 00pazel (M300paskeHre ¢ IPUMEPOM 00b-
€KTa Hy»KHOT0 Kjacca).

Ha cnenyromem stane RemoteCLIP mpume-
HSETCSI B KaueCTBE KOAMPOBIIMKA M300paskeHUs,
YTOOBI MOJTYYUTh BEKTOp MPHU3HAKOB OOBEKTA U3
pedepeHCHOro U300paXKeHHS.

[TonmyueHHble BEKTOpHI NMPU3HAKOB MeEpesa-
torcs B Stable Diffusion xak ycinoBue renepamum,
T.€. MOJIEJIb IOHUMAET, KaKoil 00BEKT HEOOX0IUMO
«HapHUCOBaTh» B 00JIACTU MACKH.

1.2. @opmupoBarHue obyyarowyero Habopa

[To mapmpyTam cymecTByroumx Tpyodompo-
Bon10B B QGIS (cB0OOIHAs OecrutatHas reorpadu-
yeckasi WHGOpPMAIMOHHAs CUCTEMa C OTKPBITHIM
KO7I0M ) OBLTH TIOCTPOCHBI BEKTOPHBIE CIIOH. 3aTeM
Uit (hopMupoBaHusl OOydaromiei BBIOOPKHU ISt
MapuUIpyTOB TPYOOIIPOBOAOB OBLIM MOTyUEHBI KOC-
MHYECKHE CHUMKH M BEKTOPHbIE JaHHBIE C TOY-
HBIM PacIoIOKEHUEM TPYO, KOTOPBIE UCTIONIB30Ba-
JUCh JJIs 100OyUSHHS MOZEIIH.

dopmupoBanne olydaromiero Habopa Ha4H-
HaeTcs ¢ noArotoBku cioes B QGIS u npeobdpazo-
BaHUSl KOOpJAMHAT. 3arpy:KaeTcsi BEKTOPHBIN JIH-
HEHHBIN ciIoi (MapmpyT TpyOOmpoBOaa) U pacT-
pOBast MOJUIOXKKA, TIOCTIE YEro ONpeessieTcst HeoO-
XOJIUMOCTb IepexoJia MeX/1y CUCTEMaMU KOOPAH-
Hat. Eciiu tpeOyeTcs, To Bce JTHHEWHbIE 0OBEKTHI
U3 cios MpeoOpasyloTcss K CUCTeME KOOpAWHAT
MIOJUTOMKKH.

Jlanee BBINOJNHSAETCS CO3laHUE (PparMeHTOB
KapThl (TailJIoOB) — KBaJPATHBIX 30H C LIEHTPHPO-
BaHUEM BJOJb JIMHEHHOTO oOBbekTa. KommyecTBo
U PacIlOIOKEHUE PACCUUTBIBACTCS C YUETOM IIPo-
LIEHTA MEePEKPBITHUS coceIHUX TaiioB. Kax bl mo-
JYYeHHBIH Y9acTOK J00aBIsieTCsl B AMsITh B BUJIE
MIOJIUTOHA C YHUKAJIBHBIM UICHTH(PHKATOPOM.

ITocne 3TOrO JUIs KA’kKJ0r0 MOITY4YEHHOTO MO-
JIMTOHA TPOBEPSIETCS, MEPECEKACT JIU €ro XOTS OBl
oJIHa U3 TpyOOINpoBOAHBIX TUHMH. Eciu nepeceue-
HUE OOHAPYXKEHO, BHIYUCIISIOTCS MPSMOYTOJIbHBIC
rpanuiisl (bbox) B MAKCENBHBIX KOOPIWHATAX OT-
HOCHTEINIbHO Taiina. KoopauHare! monmuronos bbox
COXPAHSIOTCS B TEKCTOBBIX (haiimax B (opmare
YOLO pansa nanbHEWIIEro MCIoJIb30BaHUS B 3a-
Jade 0OHapy)KEHHUSI 00ObEKTOB.

Ha srtane coxpanenust nisi kaxmoro ¢par-
MEHTa KapThl (popmupyeTcss BpeMeHHBIN (aiin
GeoTIFF B mpenenax rpaHul] Taitia, KOTOpbIN 3a-
TeM npeodpasyercsa B popmar JPEG ¢ momoripto
nncrpymentoB GDAL ¢ mocnemyromuMm yane-
HUEM HCXOHOTro (aiina. daiin ¢ TeKCTOBBIMU KO-
opArHaTaMu bbox coxpaHseTcs MoJ] TEM K€ Ha3Ba-
HHUEM, YTO U H300paKEHHE.

[Mony4ennsiii HAOOp A1t TOOOYUYCHUST UMEET
CJIEYIOIIYI0 PEKOMEHJOBaHHYIO CTPYKTYpy [10],
MpEICTABIICHHYIO Ha pucC. 1.
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Puc. 1. CtpykTypa o6y4atoLero Habopa JaHHbIX:

bbox — BekTOp 06bEKTA;
images — cooTBeTCTBylOLLEE M300paxeHne
N ¢ T04HwMK: BbINOAHEHO LLI.M. MagxmneBbim

Figure 1. Training dataset structure:
bbox — object bounding box coordinates;
images — corresponding image
Source: by Sh.M. Gadzhiev

2. Pe3synbTaThl M 00CcyXaeHue

2.1. JoobyyeHne

JlooOy4enne TpeboBanoch MPOBECTH U3-3a OT-
CYTCTBHSI B Ha4YaJIbHOM 00yuaroieM Habope Kiacca
¢ Tpybamu. CremoBaTenbHO, MOJIEeIh Obla HE CITo-
coOHa ux reHepupoBarh. i1 reHepanuu HeoOXo-
JIUMBI U3HaUaJIbHOE N300pakeHne, Macka 00JIacTH
W HEMOCPEACTBEHHO OOBEKT, KOTOPHIH MbI OyneM
BCTaBIATh. [Ipu momaue B KadecTBe pedepeHca
ydacTKa TpyOOIpOBOAa CO3MaHHasl TpyOa BBIIIS-
nena Kak Oenast iuHus (puc. 2, a, 0).

Bo Bpemst 1000ydeHunst MOXKHO 3aMETUTh, KaK
€ Ka)J0M 3ITOXOM MOJIEINb CITPABISIIACh C 3a1a4e
TeHeparuu TpyO Jaydlie u iydiie. B kadecTBe MeT-
pUKH ObIIa BRIOpaHa CTTaKeHHAs OIMOKa BaJIU 1a-
My (SKCMOHEHIMalbHOEe cpeaHee). [IpuBeaem
CpaBHEHHUE BEJIMUMHBI Ha 5-11 1 9-11 urepauuu, rae
3HaueHune ymeHnmiock ¢ 0,86 1o 0,77 (puc. 3 u 4).

[Tocie mooOyueHus MozienTn Ha OCHOBE 00Y-
Yaromield BHIOOPKU C YUETOM BEKTOpa KOOPIWHAT
TPYOBI Ha HOBBIH KJIACC — «TPYOBD» MOJIEIb CTana
JIy4Ilie BCTPaMBaTh TPyOOIPOBO B KOCMHYECKHIA
CHUMOK. Pe3ynbrar npejicrapieH Ha puc. 5.

a

6

Puc. 2. NpuMeHeHre OpurmHanbHoONn Moaenu ansa reHepaumm Tpybonposoaa:
a— nogasaemMble NapamMmeTpbl; 6 — NOJIyYeHHbIN pe3ynbTaT
M ¢ T0o4HuMK: BbinosHeHo LW.M. MNagxmnesbim
Figure 2. Application of the original model for pipeline generation:
a— input parameters; 6 — obtained result
Source: by Sh.M. Gadzhiev

Average Peak memory 22746.30MiB

Epoch 5, global step 1949: val/loss simple ema reached 0.08618 (best 0.08618),

Epoch 6: 8% 40/474 [00:24<04:22,

1.65it/s, loss=0.153, v_num=0, train/loss

Data shape for DDIM sampling is (1, 4, 64, 64), eta 1.0

Puc. 3. 3HaueHmne noTepb Ha 5-11 anoxe
M ¢ T04HKK: BbinonHeHo LL.M. Napxvesbim

Figure 3. Loss value at epoch 5
Source: by Sh.M. Gadzhiev
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Average Peak memory 22747.53MiB

Epoch 9, global step 3249: val/loss simple ema reached ©.07785 (best ©.07785), saving model to
1.27it/s, loss=0.11, v num=0, train/loss simple step

Epoch 9: 100% 474/474 [06:13<00:00,

Puc. 4. 3HavyeHne noTtepb Ha 9-11 anoxe
N ¢ T04HwKK: BbinonHeHo LLL.M. MNagxumeBbim

Figure 4. Loss value at epoch 9
Source: bySh.M. Gadzhiev
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Puc. 5. NpumeHeHne 0oobyy4eHHon Mogenu ons reHepauum Tpybonposoaa:
a— nopaBaeMble napameTpbl; 6 — NONyYeHHbI pedynbTaT
M € T0O4HMK: BbINONHEHO LW.M. MNaaxmnesbim

Figure 5. Application of the fine-tuned model for pipeline generation:
a— input parameters; 6 — obtained result
Source: by Sh.M. Gadzhiev

3aknioyeHve

B mccnenoBannym paccMarpuBaiachk mpoodiaeMa
BH3yaJu3allud OOBEKTOB He(TerasoBod HWHIY-
CTPUU HAa CHUMKAX JIMCTAHIIMOHHOTO 30HIUPOBA-
Hus 3emutn. B xome paboTh! ObUT M3y4eH u 10pabo-
TaH MOJXO/ Ha OCHOBE MTU((y3MOHHBIX MOJIEIICH.
JInst ynmydieHns: pe3yabTaToB u3ydaeMol MOAEIH
OBLTO OCYIIECTBIICHO JOOOY4YeHHE Ha OCHOBE C(Hop-
MHPOBaHHOTO Habopa JaHHbIX. [locie Haiero mo-
00yueHHsI MOJIEIIH IOBBICUIIOCH KaU€CTBO CHUMKOB,
MOYYSHHBIX B XOJIe TCHEpaIMd PeaMCTUYHBIX
M300pakeHU He(Tera3oBol HHPPACTPYKTYPHI
Ha KOCMHYECKUX CHUMKAX 110 CPAaBHEHHUIO C MOJIe-
JIb10, B pe(pepeHCHOM CTaThe.
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